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ʄɸɿʄױʅʓ 
 

ʂᴆʃɯʂ, ʂᴆʃɯʂʊɯʂ ʀʅɾɽʅɽʈʀʗ 

¶  ɹʆʃɸʐɸפʊɸ ױʐɸʊʓʅ ʂᴆʃɯʂ ʇʃɸʊʌʆʈʄɸʉʓʅʓר ʇʈʆʊʆʊʀʇɯ 
ʊʝʤʳʨʙʘʡ ʏʠʛʘʤʙʘʝʚ, ɽʣʝʥʘ ɹʘʭʪʠʷʨʦʚʘ, ɸʙʘʡ ʏʠʛʘʤʙʘʝʚééééééé...ééé16-23 

¶  ᴄʋɽ פʆɿנɸʃʊפʓʐʊɸʈʓʅʓר ʊʋʈɹʀʅɸʃɸʈʓʅ ɾᴆʅɼɽʋ ɾᴄʅɽ              
ʊɽʍʅʀʂɸʃʓפ פʓɿʄɽʊ ʂᴆʈʉɽʊʋ 
ʂʘʨʣʳʛʘʰ ɾʘʥʜʽʣʜʠʥʦʚʘ, ɸʡʜʦʩ ʄʦʣʜʘʙʝʢʦʚ, ʄʠʣʝʥʘ ɹʘʪʘʥʦʚʘ,                                           
ʐʦʣʧʘʥ ʂʦʰʘʥʦʚʘééééééééééééééééééééééééééé..24-31 

¶  ɺʀɹʈʆפʆʈנɸʋ ʌʋʅʂʎʀʗʉʓʅ ʉɽʈɯʇʇɽʃɯ ɯʃʋ ɸʈפʓʃʓ ʆʈʓʅ-ɼɸʋ 
ʉɽʅɯʄɼɯʃɯɻɯ ʊʋʈɸʃʓ ʊתʉɯʅɯʂ 
ʉʝʡʜʫʣʣʘ ɸʙʜʫʣʣʘʝʚ, ɸʙʜʠʢʘʨʠʤ ʂʘʨʘʞʘʥʦʚ, ɹʘץʳʪʞʘʤʘʣ ɼװʡʩʝʤʙʘʝʚʘ,                              
ɽʨʣʘʥ ɸʩʢʝʥʦʚ, ײפʨʤʘʥסʘʟʳ ʉʘʨʩʘʥʙʝʢʦʚééééééééééééééééé...32-41 

¶  ʊɸʋ-ʂɽʅ ʂᴄʉɯʇʆʈʓʅɼɸʈʓ תʐɯʅ ɾɽʊɽʂ ɹɸʈɸɹɸʅʓʅʓר                               
ʊɸʉʇɸʃʓ ʂʆʅɺɽʁɽʈɼɯפ רɸʇʊɸʄɸʉʓʅʓר ʈɸʎʀʆʅɸʃɼʓ                  
ʇɸʈɸʄɽʊʈʃɽʈɯʅ ɸʅʓפʊɸʋ ᴄɼɯʉɯʅ ᴄɿɯʈʃɽʋ 
ʆʣʞʘʩ ɾʘʩʳʤʙʝʢʦʚ, ʄʘʜʠʥʘ ʀʩʘʤʝʪʦʚʘ, ɻʘʟʝʣʴ ᴄʙʽʣʝʟʦʚʘéééééééééé..42-55 

¶  ɯʐʂɯ ɾɸʅʋ פʆɿנɸʃʊפʓʐʓʅʓר ʇɸʁɼɸʃɸʅʓʃנɸʅ ɻɸɿɼɸʈʓʅ 
ʕʃɽʂʊʈʆʀʄʇʋʃʔʉʊɯ ʊɸɿɸʈʊʋ ʇʈʆʎɽʉɯʅ ɿɽʈʊʊɽʋ 
ɽʚʛʝʥʠʡ ʂʨʶʯʢʦʚ, ʀʛʦʨʴ ʇʘʢ, ɸʜʠʣʴ ʂʘʜʳʨʦʚ , ʈʫʩʪʝʤ ʉʘʭʘʧʦʚ,                                             
ɸʣʠʷ ʂʫʢʝʰʝʚʘééééééééééééééééééééééééééééé56-64 

¶   ʂᴆʇ ʂʆʄʇʆʅɽʅʊʊɯ ʅɸʅʆױפʈʓʃʓʄɼʓ ɾתʁɽʃɽʈɼɽɻɯ פɸʊʊʓ                  
                   ɿʓʃʋ ʄɽʍɸʅʀɿʄɼɽʈɯʅױʊʆɿʋ ɾᴄʅɽ ɹ רʆʈʓʊʇɸʃʓ ɸʉʇɸʇʊʓפ
ɿɽʈʊʊɽʋ 
ʂʝʥʝʩ ɾʫʩʫʧʦʚ, ʈʫʩʪʝʤ ʂʦʟʙʘʛʘʨʦʚ , ɽʨʙʦʣ ʂʘʣʠʝʚ , ɾʘʥʘʨʢʫʣʴ ʄʘʢʘʪʦʚʘ ,                     
ʅʫʨʙʦʣ ʂʘʤʟʘʥʦʚéééééééééééééééééééééééééééé65-73 

¶  ʂᴆʇ ʌɸʂʊʆʈʃʓ ʇɸʈɸʄɽʊʈʃɯʂ ʊɸʃɼɸʋɼʓ פʆʃɼɸʅʋ ɸʈפʓʃʓ                             
ɹʋʃʔɼʆɿɽʈ ʂʆʅʉʊʈʋʂʎʀʗʉʓʅ ᴄɿɯʈʃɽʋɼɯר ʊɽʆʈʀʗʃʓפ ʅɽɻɯɿɼɽʈɯ 
ɹʘʭʪʠʷʨ ʉʫʣʝʝʚ, ɹʘʢʳʪ פʫʨʤʘʰʝʚʘéééééééééééééééééééé..74-81 
 
ʂᴆʃɯʂʊɽɻɯ ʃʆɻʀʉʊʀʂɸ, ʊɸʉʓʄɸʃɼɸʋɼʓ ױʁʓʄɼɸʉʊʓʈʋ 

¶  ᴆרɯʈʃɽʈɼɽ פɸʋʓʄɼɸʉʊʓʈʓʃנɸʅ ʃʆɻʀʉʊʀʂɸʃʓפ                         
ʆʈʊɸʃʓפʊɸʈʓʅ ɼɸʄʓʊʋ ɾᴄʅɽ ɹɸʉפɸʈʋ ʉʊʈɸʊɽɻʀʗʉʓ 
ɻʘʣʳʤʞʘʥ ɾʘʥʙʠʨʦʚ, ɾײʣʜʳʟ ʀʟʪʝʣʝʫʦʚʘ, ɾʫʤʘʞʘʥ ɾʘʥʙʠʨʦʚ,                                            
ɾʘʥʥʘ ɽʣʝʰʦʚʘéééééééééééééééééééééééééééé...82-90 

¶  ɸʉʇɸʃʓ ʂʈɸʅʅʓר ɾתʂ-ɸʈפɸʃʓנʓʅʓר ɼʀʅɸʄʀʂɸʃʓפ                                 
ʄɯʅɽɿ-ױפʃפʓʅʓʅ ʄɸʊɽʄɸʊʀʂɸʃʓפ ʄʆɼɽʃɯʅ ᴄɿɯʈʃɽʋ ɾᴄʅɽ 
ʂʆʄʇʔʖʊɽʈʃɯʂ ʄʆɼɽʃʔɼɽʋ 
ʄʘʜʠʥʘ ʀʩʘʤʝʪʦʚʘ, ʆʣʞʘʩ ɾʘʩʳʤʙʝʢʦʚ, ʄʘʨʘʣ ɯʟʪʝʣʝʫʦʚʘ, ɻʘʟʝʣʴ ɸʙʣʝʟʦʚʘéé.91-105 

¶  ʊɽרɯɿ ɾᴄʅɽ ɸʈʊפʓ ʂʆʅʊɽʁʅɽʈʃɯʂ ʊɽʈʄʀʅɸʃɼɸʈɼʓר                   
ʊɽʍʅʆʃʆɻʀʗʃʓפ ᴆɿɸʈɸ ɯʉ-פʀʄʓʃʓʅ ʄɸʊɽʄɸʊʀʂɸʃʓפ                          
ʄʆɼɽʃʔɼɽʋ 
ɸʙʟʘʣ ʊʘʙʳʣʦʚ, ʅʘʙʘʪ ʉʫʡʝʫʦʚʘ, ɸʩʛʝʨʙʝʢ ʖʩʫʧʦʚ, ʂʘʤʘʨ ʈʟʘʝʚʘ,                                  
ɻʫʣʴʤʠʨʘ ɹʠʣʘʰʦʚʘéééééééééééééééééééééééééé106-116 

                                 ᴄʃɽʋɽʊɯʅ ɯʉʂɽ פʊʈɸʅɿʀʊʊɯʂ-ʕʂʉʇʆʈʊʊʓ רʉʊɸʅʅʓפɸɿɸפ  ¶
ɸʉʓʈʋɼʓר ɾɸרɸ ʄתʄʂɯʅɼɯʂʊɽʈɯ ʄɽʅ ʇɽʈʉʇɽʂʊʀɺɸʃɸʈʓ 
ɽʨʞʘʥ פʘʨʩʳʙʘʝʚ , ʄʘʨʘʣ ʀʟʪʝʣʝʫʦʚʘ, ɽʨʣʘʥ ɸʙʩʘʪʦʚééééééééééé..117-126 

¶  ʂʆʅʊɽʁʅɽʈʃɯʂ ʊɸʉʓʄɸʃɼɸʋɼʓר ᴄʃɽʄɼɯʂ ʅɸʈʓנʓʅɼɸנʓ 
ʀʅʅʆɺɸʎʀʗʃʓפ ɹʃʆʂʏɽʁʅ ʊɽʍʅʆʃʆɻʀʗʃɸʈʓʅʓר ʊʀɯʄɼɯʃɯɻɯʅ                 
ɹɸנɸʃɸʋ 
ʅʘʙʘʪ Cʫʡʝʫʦʚʘ, ɸʙʟʘʣ ʊʘʙʳʣʦʚ, ɸʩʛʝʨʙʝʢ ʖʩʫʧʦʚ, ʂʘʤʘʨ ʈʟʘʝʚʘ,                         
ɻʫʣʴʤʠʨʘ ɹʠʣʘʰʦʚʘéééééééééééééééééééééééééé127-136 
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¶  ʍɸʃʓפɸʈɸʃʓפ ɼᴄʃɯɿɻɽ ɸʋʓʈʊʇɸʃʓפʉʓɿ פʆʉʓʃʋ תʐɯʅ                

ʃʆɻʀʉʊʀʂɸʃʓפ ɼɸʄʋɼʓר ᴆרɯʈʃɯʂ ʀʅɼɽʂʉɯʅ פɸʃʓʇʊɸʉʊʓʈʋ 

ɸʡʩʫʣʫ ʊʘʡʩʘʨʠʥʦʚʘ, ɻʘʫhʘʨ ʂʝʥʞʝʙʘʝʚʘ , ʉʘʣʪʘʥʘʪ ɹʘʜʘʤʙʘʝʚʘééééééé137-145 

¶  ʂʆʆʈɼʀʅɸʊʊʓ ʀʅʊɽʈɺɸʃɼʓ ʈɽʊʊɽʋ ɾתʁɽʉɯ ɹɸʈ ʊɽʄɯʈ ɾʆʃ                   

ɾɽʃɯʉɯʅ ʀʄʀʊɸʎʀʗʃʓפ ʄʆɼɽʃʔɼɽʋ 

ʉʘʫʣʝ ɹʝʢʞʘʥʦʚʘ, ʄʘʢʩʘʪ ʆʨʫʥʙʝʢʦʚ, ɻװʣʬʘʨʠʟʘ ʉװʣʝʡʤʝʥʦʚʘéééééé...é146-156 

                   ɸɺʊʆʄʆɹʀʃʔ פʉʊɸʅɼɸ ɾʆʃɸʋʐʓ ʊɸʉʓʄɸʃɼɸʋʃʓפɸɿɸפ  ¶

ʂᴆʃɯɻɯʅɼɽ ᴆɿɯʅ-ᴆɿɯ ʈɽʊʊɽʋ ʀʅʉʊʀʊʋʊʓʅ ɾתɿɽɻɽ ɸʉʓʈʋ 

ɽʨʢʠʥ ɼʞʘʡʣʘʫʙʝʢʦʚ, ʉʘʙʠʪ ɸʤʘʥʙʘʝʚéééééééééééééééééé157-166 

¶  ʉɸʊʓʇ ɸʃʋ ʃʆɻʀʉʊʀʂɸʉʓɼɸנʓ ʄɸʊɽʈʀɸʃɼʓפ                           

 ɸɾɽʊʊɯʃɯʂʊɽʈɼɯ ɾʆʉʇɸʈʃɸʋ ɾᴄʅɽ ʊɸʃɼɸʋפ

ʉʘʥʜʳʛʫʣʴ ɸʭʤʝʪʢʘʣʠʝʚʘ, ɽʨʙʦʣ ɾʘʥʙʠʨʦʚ, ɸʡʛʝʨʠʤ ʂʘʞʤʫʨʘʪʦʚʘééééé..167-179 

 ʕʅɽʈɻʀʗ רʂᴆʃɯʂ ʉɽʂʊʆʈʓʅʓ רʉʊɸʅ ʈɽʉʇʋɹʃʀʂɸʉʓʅʓפɸɿɸפ  ¶

ʊʀɯʄɼɯʃɯɻɯʅ ɸʈʊʊʓʈʋɼʓר ʅɽɻɯɿɻɯ ɹɸנʓʊʊɸʈʓ 

ɸʩʳʣ ʊʘʞʤʫʨʘʪʦʚʘ, ʀʥʜʠʨʘ ʉʘʫʢʝʥʦʚʘ, ɸʩʝʤ ɽʙʝʩʦʚʘéééééééééé..é180-188 

 

ɸɺʊʆʄɸʊʊɸʅɼʓʈʋ, ʊɽʃɽʄɽʍɸʅʀʂɸ, ɹɸʁʃɸʅʓʉ,                           

ʂʆʄʇʔʖʊɽʈʃɯʂ נʓʃʓʄɼɸʈ 

¶  ʂʆʅɺʆʃʖʎʀʗʃʓʂ, ɾʕʅɽ ʊɽʈɽʎ ʅɽʁʈʆʅɼʓʂ, ɾɽʃʐɽʈ 

ɺʣʘʜʠʤʠʨ ʄʘʜʠʥ, ʆʣʴʛʘ ʉʘʣʳʢʦʚʘ, ʀʨʠʥʘ ʀʚʘʥʦʚʘééééééééééé..é189-197 

¶  IPSEC VPN ʊɽʍʅʆʃʆɻʀʗʉʓ ʅɽɻɯɿɯʅɼɽ ʊʈɸʌʀʂʊɯ פʆʈנɸʋɼʓ                         

ɾתɿɽɻɽ ɸʉʓʈʋ ɾᴄʅɽ ENSP ɹɸנɼɸʈʃɸʄɸʃʓפ ʆʈʊɸʉʓʅɼɸ                                

ɾɽʃɯʅɯ ʄʆɼɽʃʔɼɽʋ 

ʋʣʘʥ ɽʩʝʥʞʦʣʦʚ, ʅʫʨʙʦʣ ʂʘʣʠʘʩʢʘʨʦʚéééééééééééééééééé198-204 

¶  RSA ɸʃɻʆʈʀʊʄɯ תʐɯʅ ʉɽʅɯʄɼɯʃɯʂ ɸʈɸʃʓנʓʅ ʇɸʁɼɸʃɸʅʓʇ                                  

ʂɯʃʊ ʂɽרɯʉʊɯɻɯʅ ɸʅʓפʊɸʋ 

ʉʘʣʘʤʘʪ ɾװʥװʩʙʘʝʚʘ, ɾʘʥʥʘ ɸʣʠʤʞʘʥʦʚʘéééééééééééééééé..205-213 

¶  ʂɽʉʂɯʅɼɽɻɯ פʆʃʊɸרɹɸʅʓ ʊɸʅʋ 

ɸʡʥʫʨ ʊʦʣʝʫʰʦʚʘ, ʀʤʘʥʩʘʢʠʧʦʚʘ ɸʷʛʦʟ, ɸʡʛʫʣʴ ʄʦʣʜʘʢʘʣʳʢʦʚʘ,                                     

ɺʝʥʝʨʘ ʂʝʨʠʤʙʘʝʚʘ, ɹʘʣʞʘʥ ʊʘʣʧʘץʦʚʘééééééééééééééééé...214-221 

¶  ɹɸנɼɸʈʃɸʄɸʃɸʋɼɸ ʅɽʁʈʆʅɼʓפ ɾɽʃɯɻɽ ʅɽɻɯɿɼɽʃɻɽʅ                             

ʏɸʊɹʆʊʊɸʈɼʓ ʇɸʁɼɸʃɸʅʋ: ʐʆʃʋ 

ʀʥʜʠʨʘ ɹʫʢʝʥʦʚʘ, ʄʝʡʨʘʤʢװʣ ɾʘʩײʟʘץʦʚʘ, ɹʘʣʞʘʥ ʊʘʣʧʘʢʦʚʘ,                                         

ʊʝʤʠʨʣʘʥ ʍʫʩʘʠʥʦʚéééééééééééééééééééééééééé222-231 

¶  ɽʂɯ ʕʃɽʂʊʈʆʅɼʓ ʂɺɸʅʊʊʓפ ɾתʁɽɼɽɻɯ פɸʈʇʋ                                         

ʇʆʊɽʅʎʀɸʃʓʅ ɸʅʓפʊɸʋ 

ʉʘʫʣʝ ɾʘʫʛʘʰʝʚʘ, ʂʘʤʠʣʘ ʅײʨʣʘʥ, ɹʘʷʥ ʊʦʣʳʤʙʝʢʦʚʘ, ʅʘʟʳʤ ɾʫʩʫʧʦʚʘ,                          

ʄʘʜʠʥʘ ɸʙʠʝʚʘéééééééééééééééééééééééééé..é.232-239 

¶  ʂʆʄʇɸʅʀʗʃɸʈɼʓר ʉʓʈʊפʓ ʈɽʉʋʈʉʊɸʈʓʄɽʅ ɯʐʂɯ ɼɽʈɽʂʊɽʈ                    

ɹɸɿʓʅʓר ʊʀɯʄɼɯ ɹɸʁʃɸʅʓʉʓ תʐɯʅ ʎʀʌʈʃʓױפ פʈɸʃɼɸʈ ʄɽʅ 

ʊɽʍʅʆʃʆɻʀʗʃɸʈɼʓ ʊɸʃɼɸʋ 

ʃʘʫʨʘ ᴄʣʽʤʞʘʥʦʚʘ, ʅײʨʛװʣ ʄʘʫʣʠʥʘ, ɾʘʥʩʘʷ ɾʘʩʙʦʣʘʪ, ɸʡʛʝʨʽʤ ʅײʨʣʘʥʙʝʢé...240-247 

¶  ʉױʁʓפʊʓפʊɸנʓ ɻɸɿ ʂᴆʇɯʈʐɯɻɯʅɼɽ ʆɿʆʅ ɸʃʋנɸ ɸʈʅɸʃנɸʅ                  

 ʓʅʓ ᴄɿɯʈʃɽʋנʈʓʃױפ

ʉʘʤʘʣ ɸʙʜʨʝʰʦʚʘ, ʄʘʜʠʥʘ ʄʘʥʩʫʨʦʚʘ, ʉʘʥʜʫʛʘʰ ʆʨʘʟʘʣʠʝʚʘ,                                             

ɻʫʣʴʤʠʨʘ ɸʙʜʨʝʰʦʚʘ, ɹʝʢʟʘʪ ʄʳʨʟʘʙʝʢéééééééééééééééé.é.248-256 

¶  ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ S-ɹʃʆʂʊɸʈɼʓ ʊɸʃɼɸʋ ɾᴄʅɽ ʉʀʅʊɽɿɼɽʋɻɽ  

ɸʈʅɸʃנɸʅ ɹɸנɼɸʈʃɸʄɸʃʓױפ פʈɸʃ 

ɽʨʞʘʥ ʉʝʡʪʢʫʣʦʚ, ʈʫʩʣʘʥ ʆʩʧʘʥʦʚ, ʅײʨʣʘʥ ʊʘʰʘʪʦʚ, ɹʘʥʫ ɽʨʘʣʠʝʚʘ ,                                      

ʅʫʨʙʝʢ ʉʠʩʝʥʦʚéééééééééééééééééééééééééé..é257-266 

https://vestnik.alt.edu.kz/index.php/journal/article/view/1052
https://vestnik.alt.edu.kz/index.php/journal/article/view/1052
https://vestnik.alt.edu.kz/index.php/journal/article/view/1055
https://vestnik.alt.edu.kz/index.php/journal/article/view/1055
https://vestnik.alt.edu.kz/index.php/journal/article/view/1078
https://vestnik.alt.edu.kz/index.php/journal/article/view/1078
https://vestnik.alt.edu.kz/index.php/journal/article/view/1092
https://vestnik.alt.edu.kz/index.php/journal/article/view/1092
https://vestnik.alt.edu.kz/index.php/journal/article/view/1107
https://vestnik.alt.edu.kz/index.php/journal/article/view/1107
https://vestnik.alt.edu.kz/index.php/journal/article/view/1129
https://vestnik.alt.edu.kz/index.php/journal/article/view/1146
https://vestnik.alt.edu.kz/index.php/journal/article/view/1146
https://vestnik.alt.edu.kz/index.php/journal/article/view/1146
https://vestnik.alt.edu.kz/index.php/journal/article/view/1149
https://vestnik.alt.edu.kz/index.php/journal/article/view/1149
https://vestnik.alt.edu.kz/index.php/journal/article/view/1163
https://vestnik.alt.edu.kz/index.php/journal/article/view/1167
https://vestnik.alt.edu.kz/index.php/journal/article/view/1167
https://vestnik.alt.edu.kz/index.php/journal/article/view/1171
https://vestnik.alt.edu.kz/index.php/journal/article/view/1171
https://vestnik.alt.edu.kz/index.php/journal/article/view/1177
https://vestnik.alt.edu.kz/index.php/journal/article/view/1177
https://vestnik.alt.edu.kz/index.php/journal/article/view/1177
https://vestnik.alt.edu.kz/index.php/journal/article/view/1123
https://vestnik.alt.edu.kz/index.php/journal/article/view/1123
https://vestnik.alt.edu.kz/index.php/journal/article/view/1206
https://vestnik.alt.edu.kz/index.php/journal/article/view/1206
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 רʓʃʓʄʀ ᴄɼɽɹʀɽʊɯʅɯנ ʈɽʎɽʅɿʀʗʃɸʅɸʊʓʅ רʉʊɸʅʅʓפɸɿɸפ  ¶

ɹʀɹʃʀʆɻʈɸʌʀʗʃʓפ ɾᴄʅɽ ʈɽʌɽʈɸʊʊʓפ ɹɸɿɸʉʓʅ ױפʈʋ 

ʊʦʣʛʘʥʘʡ ɹʘʡʪʦʢʦʚʘ, ʄʘʨʞʘʥ ʉʧʘʙʝʢʦʚʘéééééééééééééééé.é267-274 

¶  ɾʆʃ ɾɸʄʓʃנʓʉʓʅʓר ʂתʁɯʅ ɹɸפʓʃɸʋ תʐɯʅ ʊɸʃʐʓפʊʓ                         

ɼɸʊʏʀʂʊɯ ʄʆɼɽʃʔɼɽʋ ɾᴄʅɽ ɾʆɹɸʃɸʋ 

ɻʫʣʴʞʘʥ ʂʘʰʘʛʘʥʦʚʘéééééééééééééééééééééé..ééé275-281 

¶  ᴄʉʂɽʈʀ ʊɽʍʅʀʂɸנɸ ʊɽʍʅʀʂɸʃʓפ פʓɿʄɽʊ ʂᴆʈʉɽʊʋɼɽ VR/ɸR 

ʊɽʍʅʆʃʆɻʀʗʃɸʈʓʅ פʆʃɼɸʅʋ תʈɼɯʉɯ 

ʐʠʥʛʠʩ ʂʘʜʠʨʢʫʣʦʚ, ɺʣʘʜʠʤʠʨ ʏʝʨʥʦʚ, ɽʨʢʝʙʫʣʘʥ ʄʘʢʘʝʚ,                                           

ɸʙʳʣʘʡʭʘʥ ʄʘʥʘʪʙʝʢʦʚéééééééééééééééééééééééé.282-291 

¶  ʄɽʊɽʆʈʆʃʆɻʀʗʃʓפ ɼɽʈɽʂʊɽʈɼɯ ʀʅʊɽɻʈɸʎʀʗʃʓפ ʊɸʃɼɸʋ                              

                                     ʁɽʉɯʅ ɿɽʈʊʊɽʋ ɾᴄʅɽתɾ פʈɸʄɼʓױפ פɼɸʈʃɸʄɸʃʓנʐɯʅ ɹɸת

ᴄɿɯʈʃɽʋ ᴄɼɯʉʊɽʈɯ 

ʅʫʨʣʘʥ ʊʘʰʘʪʦʚ , ʄᴇʣʜʽʨ ᴄʰʽʤʦʚʘ , ɻʫʣʴʥʘʨʘ ʀʩʘʝʚʘéééééééééé..é292-305 

 פʇɸʈɸʊʊʓפɸ רʁɽʃɽʈɯʅɯתʓɿʄɽʊ ʂᴆʈʉɽʊʋ ɾפ ʊɸʅפʊɸפɸʐʓפ  ¶

ɾɽʃɯʃɽʈɯʅɼɽ ʂʀɹɽʈפɸʋɯʇʊɽʈɼɯ ʄʆɼɽʃʔɼɽʋ 

ɹʘʭʳʪʞʘʥ ɸʭʤʝʪʦʚ, ʄʦʣʜʠʨ ɸʡʜʘʨʢʫʣéééééééééééééééééé306-314 

¶  ʀʅʉʊʀʊʋʊ ɹɸɿɸʉʓʅɼɸ ɿʀʗʊʂɽʈʃɯʂ ɾɸʈʓפʊɸʅɼʓʈʋ ɾתʁɽʉɯʅ                 

ɹɸʉפɸʈʋ ɸʃɻʆʈʀʊʄɯʅ ᴄɿɯʈʃɽʋ 

ʆʨʘʣʙʘʡ ɹʝʢʝʥ, ɾײʣʜʳʟ ɸʣʠʤʩʝʡʪʦʚʘ, ʌʝʨʫʟʘ ʄʘʣʠʢʦʚʘééééééééé.é315-323 

 רʗʃʓ ɹɸʁʃɸʅʓʉ ɾɽʃɯʃɽʈɯʅɯױ ʓנʉʊɸʅ ʈɽʉʇʋɹʃʀʂɸʉʓʅɼɸפɸɿɸפ  ¶

ʄɸרʓɿɼʓ ɸפʇɸʈɸʊʊʓפ ʀʅʌʈɸױפʈʓʃʓʄʓ ʆɹʒɽʂʊɯʃɽʈɯʅ ɹᴆʃʋ                     

ɾᴄʅɽ ʉɸʈɸʃɸʋ ʄᴄʉɽʃɽʃɽʈɯ 

ɸʙʟʘʣ פʳʟʳʨץʘʥʦʚ, ʄʘʭʘʙʙʘʪ ɹʘץʳʪ, ʐʳʥʘʨ ʄʫʩʠʨʘʣʠʝʚʘ, ɻʘʥʠ ɹʘʣʙʘʝʚ,                        

ɻʫʣʴʥʘʨʘ ʊʫʣʝʰʝʚʘééééééééééééééééééééééééé.é324-334 

                                 רʓʃɸʋɼʓפɸʅ ʂʆʅʎɽʅʊʈɸʎʀʗʉʓʅ ʀʅɺɸɿʀɺʊɯ ɽʄɽʉ ɹɸפ  ¶

ɼᴄʃɼɯɻɯʅ ɾɸפʉɸʈʊʋɼʓר ʉʇɽʂʊʈʆʄɽʊʈʀʗʃʓפ ᴄɼɯʉɯ ɾᴄʅɽ                    

ʆʇʊʀʂɸʃʓפ ʉɽʅʉʆʈʓ 

ᴄʣʠʷ ɿʽʣסʘʨʘʝʚʘ, ʅײʨʞʽʛʽʪ ʉʤʘʡʳʣʦʚ, ʉʝʨʛʝʡ ʇʘʚʣʦʚ, ʐʘʨʘʬʘʪ ʄʠʨʟʘʢʫʣʦʚʘé..335-342 

¶  ʊױʈנʓʅ תʁ ʂɽʐɽʅɯʅ ʉʋʄɽʅ ɾɸɹɼʓפʊɸʋנɸ ɸʈʅɸʃנɸʅ 

ɸɺʊʆʄɸʊʊɸʅɼʓʈʋ ɾᴄʅɽ ɹɸʉפɸʈʋ ɾתʁɽʃɽʈɯʅɽ ʊɸʃɼɸʋ  

ɸʩʭʘʪ ɸʩʝʪ , ɸʢʰʦʣʧʘʥ ʂʦʧʝʩʙʘʝʚʘ , ɺʘʜʠʤ ɾʤʫʜʴ, ʄʘʜʠʥʘ ʄʘʥʩʫʨʦʚʘ,                            

ʅײʨʣʘʥ ʉʘʨʩʝʥʙʘʝʚéééééééééééééééééééééééééé343-351 

¶  ʌɸɿɸʃʓפ ɸʅʊɽʅʅɸ ʊʆʈʓʅʓר ʉᴄʋʃɽʃɽʅʋ ʕʃɽʄɽʅʊʊɽʈɯʅ ɿɽʈʊʊɽʋ 

ɸʡʛʫʣʴ ʂʫʣʘʢʘʝʚʘ, ɸʩʭʘʪ ɹʘʪʳʨʛʘʣʠʝʚ, ɾʘʜʳʨʘ ʆʥʛʝʥʙʘʝʚʘ,                                                    

ɹʘʛʜʘʪ ʂʦʞʘʭʤʝʪʦʚʘ, ʈʫʩʣʘʥ ʂʘʤʘʣééééééééééééééééééé352-361 

¶  ɾʆʃ ɾɸɹʓʅʓʅʓר ʂתʁɯʅ ɹɸפʓʃɸʋ תʐɯʅ ʊɸʃʐʓפʊʓ ɹʈʕɻɻ                                     

ʊʆʈ ʅɽɻɯɿɯʅɼɽɻɯ ʊɸʃʐʓפʊʓ ɼɸʊʏʀʂʊɯױפ רʈʓʃʓʄɼʓפ ʉױʃɹɸʉʓʅ 

ɿɽʈʊʊɽʋ ɾᴄʅɽ ᴄɿɯʈʃɽʋ 

ɻʫʣʴʞʘʥ ʂʘʰʘʛʘʥʦʚʘ, ɼʠʥʘʨʘ ʆʨʘʟʙʘʝʚʘééééééééééééééééé362-371 

 פʍɸʃʓ רʓ ʉʋ ʃɸʉʊɸʅʋʓʅʓנʉʊAʅ ʆɹʃʓʉʊɸʈʓʅɼɸפAɿAפ  ¶

ɼɽʅʉɸʋʃʓנʓʅɸ ᴄʉɽʈɯʅɯר ʂᴆPʉEʊʂɯʐʊEPɯʅ OɹʒEʂʊɯʃɯʂ-ʂEרɯʉʊɯʂ 

ɼEPEʂʊEPʄEʅ ʀʅʊEɻPAʎʀʗʃAʋ תʐɯʅ ʄOɼEʃɯʅ ᴄɿɯPʃEʋ 

ʄʘʜʠʥʘ ʄʘʥʩʫʨʦʚʘ, ᴄʩʝʣ Oʩʧaʥ , ʃʘʫʨʘ ɼʫʡʩʝʤʙʘʝʚʘééééééééééé372-381 

 

ʕʅɽʈɻɽʊʀʂɸ 

¶  ʂᴆʄɯʈʄɽʅ ɾױʄʓʉ ɯʉʊɽʁʊɯʅ ʕʃɽʂʊʈ ʉʊɸʅʎʀʗʃɸʈʓʅʓר                                   

ɸנʓʅɼʓ ʉʋʃɸʈʓʅ פɸʁʊɸ ᴆרɼɽʋ ɸʈפʓʃʓ ʊתʊɯʅ ɻɸɿɼɸʈʓʅ 

ʂתʂɯʈʊʉɯɿɼɽʅɼɯʈʋ 

ɾʘʥʘʨ ɸʡʜʳʤʙʘʝʚʘ, ɸʣʤʘ ɸʨʰʘʙʝʢʦʚʘ, ʕʣʴʤʠʨʘ ʅʫʨʤʘʜʠʝʚʘéééééééé382-388 

https://vestnik.alt.edu.kz/index.php/journal/article/view/1208
https://vestnik.alt.edu.kz/index.php/journal/article/view/1208
https://vestnik.alt.edu.kz/index.php/journal/article/view/1215
https://vestnik.alt.edu.kz/index.php/journal/article/view/1215
https://vestnik.alt.edu.kz/index.php/journal/article/view/1223
https://vestnik.alt.edu.kz/index.php/journal/article/view/1223
https://vestnik.alt.edu.kz/index.php/journal/article/view/1223
https://vestnik.alt.edu.kz/index.php/journal/article/view/1227
https://vestnik.alt.edu.kz/index.php/journal/article/view/1227
https://vestnik.alt.edu.kz/index.php/journal/article/view/1252
https://vestnik.alt.edu.kz/index.php/journal/article/view/1252
https://vestnik.alt.edu.kz/index.php/journal/article/view/1263
https://vestnik.alt.edu.kz/index.php/journal/article/view/1263
https://vestnik.alt.edu.kz/index.php/journal/article/view/1263
https://vestnik.alt.edu.kz/index.php/journal/article/view/793
https://vestnik.alt.edu.kz/index.php/journal/article/view/793
https://vestnik.alt.edu.kz/index.php/journal/article/view/793
https://vestnik.alt.edu.kz/index.php/journal/article/view/1017
https://vestnik.alt.edu.kz/index.php/journal/article/view/1017
https://vestnik.alt.edu.kz/index.php/journal/article/view/783
https://vestnik.alt.edu.kz/index.php/journal/article/view/1109
https://vestnik.alt.edu.kz/index.php/journal/article/view/1109
https://vestnik.alt.edu.kz/index.php/journal/article/view/1109
https://vestnik.alt.edu.kz/index.php/journal/article/view/1121
https://vestnik.alt.edu.kz/index.php/journal/article/view/1121
https://vestnik.alt.edu.kz/index.php/journal/article/view/1121
https://vestnik.alt.edu.kz/index.php/journal/article/view/1130
https://vestnik.alt.edu.kz/index.php/journal/article/view/1130
https://vestnik.alt.edu.kz/index.php/journal/article/view/1130
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¶  ɸʋʓʃɼʓפ ɸʋʄɸפʊɸʈɼɸ ɸɺʊʆʅʆʄɼʓ ɾױʄʓʉ ɾɸנɼɸʁʓʅɼɸ                            

ɾɽʃ פʆʅɼʓʈנʓʃɸʈʓʄɽʅ ʕʃɽʂʊʈ ʕʅɽʈɻʀʗʉʓʅ ɻɽʅɽʈɸʎʀʗʃɸʋ 

ɸʡʛװʣ ʉʘסʳʥʜʳץʦʚʘ, ʉʘסʳʥסʘʣʠ ʍʠʟʘʪéééééééééééééééééé389-397 

¶  ʂɸʈɹʆʅɼʓ ɾʓʃʋ ɹᴆʃɽʊɯʅ ʀɯʃɻɯʐ ʄɸʊɽʈʀɸʃɼɸʈʓ ɹɸʈ                     

ɾʓʃʓʊפʓʐʊʓ ɾᴄʅɽ ʂתʅ ʉʊɸʅʎʀʗʉʓʅ פʆʃɼɸʅʋɼʓ ɿɽʈʊʊɽʋ 

ɸʤʘʥʛʝʣʴʜʳ ʐʘʷʭʤʝʪʦʚ, ʉᴅʙʠʪ ʀʩʤײʨʘʪʦʚ, ʊʘʪʴʷʥʘ ɹʝʜʳʯ, ɸʥʘʨʘ ʋʤʫʨʟʘʢʦʚʘ...398-405 
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ɿɽʈʊʊɽʋ 
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ʕʂʆʃʆɻʀʗʃʓפ ɸʉʇɽʂʊɯʃɽʈɯ ɾᴄʅɽ ᴄʉɽʈɯ 
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ʉʆɼɽʈɾɸʅʀɽ 
 
ʊʈɸʅʉʇʆʈʊ, ʊʈɸʅʉʇʆʈʊʅɸʗ ʀʅɾɽʅɽʈʀʗ 

¶  ʇʈʆʊʆʊʀʇ ʇʃɸʊʌʆʈʄʓ ʃɽʊɸʖʑɽɻʆ ʊʈɸʅʉʇʆʈʊɸ ɹʋɼʋʑɽɻʆ 
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¶  ʊɽʍʅʀʏɽʉʂʆɽ ʆɹʉʃʋɾʀɺɸʅʀɽ ʀ ʈɽʄʆʅʊ ʊʋʈɹʀʅ ɸɺʀɸʎʀʆʅʅʓʍ 
ɼɺʀɻɸʊɽʃɽʁ 
ʂʘʨʣʳʛʘʰ ɾʘʥʜʽʣʜʠʥʦʚʘ, ɸʡʜʦʩ ʄʦʣʜʘʙʝʢʦʚ, ʄʠʣʝʥʘ ɹʘʪʘʥʦʚʘ,                                       
ʐʦʣʧʘʥ ʂʦʰʘʥʦʚʘééééééééééééééééééééééééééé..24-31 

¶  ʇʆʅʗʊʀɽ ʆ ʅɸɼɽɾʅʆʉʊʀ ɺʓʇʆʃʅɽʅʀʗ ʈɽʉʉʆʈʅʓʄ                          
ʇʆɼɺɽʐʀɺɸʅʀɽʄ ɺʀɹʈʆɿɸʑʀʊʅʓʍ ʌʋʅʂʎʀʁ 
ʉʝʡʜʫʣʣʘ ɸʙʜʫʣʣʘʝʚ, ɸʙʜʠʢʘʨʠʤ ʂʘʨʘʞʘʥʦʚ, ɹʘץʳʪʞʘʤʘʣ ɼװʡʩʝʤʙʘʝʚʘ,                               
ɽʨʣʘʥ ɸʩʢʝʥʦʚ, ײפʨʤʘʥסʘʟʳ ʉʘʨʩʘʥʙʝʢʦʚééééééééééééééééé...32-41 

¶  ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼɸ ʆʇʈɽɼɽʃɽʅʀʗ ʈɸʎʀʆʅɸʃʔʅʓʍ                             
ʇɸʈɸʄɽʊʈʆɺ ʌʋʊɽʈʆɺʂʀ ʆɹɽʏɸʁʂʀ ʇʈʀɺʆɼʅʆɻʆ ɹɸʈɸɹɸʅɸ 
ʃɽʅʊʆʏʅʆɻʆ ʂʆʅɺɽʁɽʈɸ ɼʃʗ ɻʆʈʅʆɼʆɹʓɺɸʖʑʀʍ ʇʈɽɼʇʈʀʗʊʀʁ 
ʆʣʞʘʩ ɼʞʘʩʠʥʙʝʢʦʚ, ʄʘʜʠʥʘ ʀʩʘʤʝʪʦʚʘ, ɻʘʟʝʣʴ ɸʙʣʝʟʦʚʘéééééééééé..42-55 
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ʆʊʈɸɹʆʊɸɺʐʀʍ ɻɸɿʆɺ ɼɺʀɻɸʊɽʃʗ ɺʅʋʊʈɽʅʅɽɻʆ ʉɻʆʈɸʅʀʗ 
ɽʚʛʝʥʠʡ ʂʨʶʯʢʦʚ, ʀʛʦʨʴ ʇʘʢ, ɸʜʠʣʴ ʂʘʜʳʨʦʚ , ʈʫʩʪʝʤ ʉʘʭʘʧʦʚ,                                             
ɸʣʠʷ ʂʫʢʝʰʝʚʘééééééééééééééééééééééééééééé56-64 

¶  ʀʉʉʃɽɼʆɺɸʅʀʗ ʄɽʍɸʅʀɿʄʆɺ ʀɿʅɸʐʀɺɸʅʀʗ ʀ ʈɸɿʈʋʐɽʅʀʗ 
ʊɺɽʈɼʆʉʇʃɸɺʅʆɻʆ ʀʅʉʊʈʋʄɽʅʊɸ ʉ ʄʅʆɻʆʂʆʄʇʆʅɽʅʊʅʓʄʀ 
ʅɸʅʆʉʊʈʋʂʊʋʈʀʈʆɺɸʅʅʓʄʀ ʉʀʉʊɽʄɸʄʀ 
ʂʝʥʝʩ ɾʫʩʫʧʦʚ, ʈʫʩʪʝʤ ʂʦʟʙʘʛʘʨʦʚ , ɽʨʙʦʣ ʂʘʣʠʝʚ , ɾʘʥʘʨʢʫʣʴ ʄʘʢʘʪʦʚʘ ,                            
ʅʫʨʙʦʣ ʂʘʤʟʘʥʦʚéééééééééééééééééééééééééééé65-73 

¶  ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʈɸɿʈɸɹʆʊʂʀ ʂʆʅʉʊʈʋʂʎʀʀ                                 
ɹʋʃʔɼʆɿɽʈɸ ʇʋʊɽʄ ʇʈʀʄɽʅɽʅʀʗ ʄʅʆɻʆʌɸʂʊʆʈʅʆɻʆ 
ʇɸʈɸʄɽʊʈʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ 
ɹʘʭʪʠʷʨ ʉʫʣʝʝʚ, ɹʘʢʳʪ פʫʨʤʘʰʝʚʘéééééééééééééééééééé..74-81 
 
ʃʆɻʀʉʊʀʂɸ ʅɸ ʊʈɸʅʉʇʆʈʊɽ, ʆʈɻɸʅʀɿɸʎʀʗ ʇɽʈɽɺʆɿʆʂ 

¶  ʉʊʈɸʊɽɻʀʗ ʈɸɿɺʀʊʀʗ ʀ ʋʇʈɸɺʃɽʅʀʗ ʀʅʊɽɻʈʀʈʆɺɸʅʅʓʄʀ 
ʃʆɻʀʉʊʀʏɽʉʂʀʄʀ ʎɽʅʊʈɸʄʀ ɺ ʈɽɻʀʆʅɸʍ 
ɻʘʣʳʤʞʘʥ ɾʘʥʙʠʨʦʚ, ɾײʣʜʳʟ ʀʟʪʝʣʝʫʦʚʘ, ɾʫʤʘʞʘʥ ɾʘʥʙʠʨʦʚ,                                             
ɾʘʥʥʘ ɽʣʝʰʦʚʘéééééééééééééééééééééééééééé...82-90 

¶  ʈɸɿʈɸɹʆʊʂɸ ʀ ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ                              
ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʇʆɺɽɼɽʅʀʗ                         
ʂʆɿʃʆɺʓʍ ʂʈɸʅʆɺʓʍ ɻʈʋɿ ɹɸʃʆʂ 
ʄʘʜʠʥʘ ʀʩʘʤʝʪʦʚʘ, ʆʣʞʘʩ ɼʞʘʩʠʥʙʝʢʦʚ, ʄʘʨʘʣ ɯʟʪʝʣʝʫʦʚʘ, ɻʘʟʝʣʴ ɸʙʣʝʟʦʚʘéé91-105 

¶  ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ 
ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʄʆʈʉʂʀʍ ʀ ʊʓʃʆɺʓʍ ʂʆʅʊɽʁʅɽʈʅʓʍ                    
ʊɽʈʄʀʅɸʃʆɺ 
ɸʙʟʘʣ ʊʘʙʳʣʦʚ, ʅʘʙʘʪ ʉʫʡʝʫʦʚʘ, ɸʩʛʝʨʙʝʢ ʖʩʫʧʦʚ, ʂʘʤʘʨ ʈʟʘʝʚʘ,                                    
ɻʫʣʴʤʠʨʘ ɹʠʣʘʰʦʚʘéééééééééééééééééééééééééé106-116 

¶  ʅʆɺʓɽ ɺʆɿʄʆɾʅʆʉʊʀ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɽɸʃʀɿɸʎʀʀ                            
ʊʈɸʅɿʀʊʅʆɻʆ  ʀ ʕʂʉʇʆʈʊʅʆɻʆ ʇʆʊɽʅʎʀɸʃɸ ʂɸɿɸʍʉʊɸʅɸ 
ɽʨʞʘʥ פʘʨʩʳʙʘʝʚ , ʄʘʨʘʣ ʀʟʪʝʣʝʫʦʚʘ, ɽʨʣʘʥ ɸʙʩʘʪʦʚééééééééééé..117-126 

¶  ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʅʅʆɺɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ                     
ɹʃʆʂʏɽʁʅ ʅɸ ʄʀʈʆɺʆʄ ʈʓʅʂɽ ʂʆʅʊɽʁʅɽʈʅʓʍ ʇɽʈɽɺʆɿʆʂ 
ʅʘʙʘʪ Cʫʡʝʫʦʚʘ, ɸʙʟʘʣ ʊʘʙʳʣʦʚ, ɸʩʛʝʨʙʝʢ ʖʩʫʧʦʚ, ʂʘʤʘʨ ʈʟʘʝʚʘ,                                  
ɻʫʣʴʤʠʨʘ ɹʠʣʘʰʦʚʘéééééééééééééééééééééééééé127-136 

https://vestnik.alt.edu.kz/index.php/journal/article/view/1194
https://vestnik.alt.edu.kz/index.php/journal/article/view/1195
https://vestnik.alt.edu.kz/index.php/journal/article/view/1195
https://vestnik.alt.edu.kz/index.php/journal/article/view/916
https://vestnik.alt.edu.kz/index.php/journal/article/view/916
https://vestnik.alt.edu.kz/index.php/journal/article/view/1029
https://vestnik.alt.edu.kz/index.php/journal/article/view/1029
https://vestnik.alt.edu.kz/index.php/journal/article/view/1029
https://vestnik.alt.edu.kz/index.php/journal/article/view/1060
https://vestnik.alt.edu.kz/index.php/journal/article/view/1060
https://vestnik.alt.edu.kz/index.php/journal/article/view/1069
https://vestnik.alt.edu.kz/index.php/journal/article/view/1069
https://vestnik.alt.edu.kz/index.php/journal/article/view/1069
https://vestnik.alt.edu.kz/index.php/journal/article/view/1115
https://vestnik.alt.edu.kz/index.php/journal/article/view/1115
https://vestnik.alt.edu.kz/index.php/journal/article/view/1115
https://vestnik.alt.edu.kz/index.php/journal/article/view/1218
https://vestnik.alt.edu.kz/index.php/journal/article/view/1218
https://vestnik.alt.edu.kz/index.php/journal/article/view/1242
https://vestnik.alt.edu.kz/index.php/journal/article/view/1242
https://vestnik.alt.edu.kz/index.php/journal/article/view/1242
https://vestnik.alt.edu.kz/index.php/journal/article/view/848
https://vestnik.alt.edu.kz/index.php/journal/article/view/848
https://vestnik.alt.edu.kz/index.php/journal/article/view/848
https://vestnik.alt.edu.kz/index.php/journal/article/view/925
https://vestnik.alt.edu.kz/index.php/journal/article/view/925
https://vestnik.alt.edu.kz/index.php/journal/article/view/1024
https://vestnik.alt.edu.kz/index.php/journal/article/view/1024
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¶  ʌʆʈʄʀʈʆɺɸʅʀɽ ʈɽɻʀʆʅɸʃʔʅʆɻʆ ʀʅɼɽʂʉɸ ʃʆɻʀʉʊʀʏɽʉʂʆɻʆ                
ʈɸɿɺʀʊʀʗ ɼʃʗ ɹɽɿɹʆʃɽɿʅɽʅʅʆɻʆ ʇʆɼʂʃʖʏɽʅʀʗ ʂ                      
ʄɽɾɼʋʅɸʈʆɼʅʆʄʋ ʂʆʈʀɼʆʈʋ 
ɸʡʩʫʣʫ ʊʘʡʩʘʨʠʥʦʚʘ, ɻʘʫhʘʨ ʂʝʥʞʝʙʘʝʚʘ , ʉʘʣʪʘʥʘʪ ɹʘʜʘʤʙʘʝʚʘééééééé137-145 

¶  ʀʄʀʊɸʎʀʆʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɾɽʃɽɿʅʆɼʆʈʆɾʅʆʁ                                    
ʃʀʅʀʀ ʉ ʂʆʆʈɼʀʅɸʊʅʆʁ ʉʀʉʊɽʄʆʁ ʀʅʊɽʈɺɸʃʔʅʆɻʆ                        
ʈɽɻʋʃʀʈʆɺɸʅʀʗ 
ʉʘʫʣʝ ɹʝʢʞʘʥʦʚʘ, ʄʘʢʩʘʪ ʆʨʫʥʙʝʢʦʚ, ɻװʣʬʘʨʠʟʘ ʉװʣʝʡʤʝʥʦʚʘééééé..éé146-156 

¶  ʈɽɸʃʀɿɸʎʀʗ ʀʅʉʊʀʊʋʊɸ ʉɸʄʆʈɽɻʋʃʀʈʆɺɸʅʀʗ ʅɸ                       
ʇɸʉʉɸɾʀʈʉʂʀʍ ɸɺʊʆʄʆɹʀʃʔʅʓʍ ʇɽʈɽɺʆɿʂɸʍ ɺ ʂɸɿɸʍʉʊɸʅɽ 
ɽʨʢʠʥ ɼʞʘʡʣʘʫʙʝʢʦʚ, ʉʘʙʠʪ ɸʤʘʥʙʘʝʚéééééééééééééééééé157-166 

¶  ʇʃɸʅʀʈʆɺɸʅʀɽ ʀ ɸʅɸʃʀɿ ʄɸʊɽʈʀɸʃʔʅʓʍ ʇʆʊʈɽɹʅʆʉʊɽʁ ɺ 
ɿɸʂʋʇʆʏʅʆʁ ʃʆɻʀʉʊʀʂɽ 
ʉʘʥʜʳʛʫʣʴ ɸʭʤʝʪʢʘʣʠʝʚʘ, ɽʨʙʦʣ ɾʘʥʙʠʨʦʚ, ɸʡʛʝʨʠʤ ʂʘʞʤʫʨʘʪʦʚʘééééé..167-179 

¶  ʆʉʅʆɺʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʇʆɺʓʐɽʅʀʗ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ 
ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʉɽʂʊʆʈɸ ʈɽʉʇʋɹʃʀʂʀ ʂɸɿɸʍʉʊɸʅ 
ɸʩʳʣ ʊʘʞʤʫʨʘʪʦʚʘ, ʀʥʜʠʨʘ ʉʘʫʢʝʥʦʚʘ, ɸʩʝʤ ɽʙʝʩʦʚʘéééééééééé..é180-188 
 
ɸɺʊʆʄɸʊʀɿɸʎʀʗ, ʊɽʃɽʄɽʍɸʅʀʂɸ, ʉɺʗɿʔ,  

ʂʆʄʇʔʖʊɽʈʅʓɽ ʅɸʋʂʀ 

¶  ʉɺɪʈʊʆʏʅʓɽ ʀ ɻʃʋɹʆʂʀɽ ʅɽʁʈʆʅʅʓɽ ʉɽʊʀ 
ɺʣʘʜʠʤʠʨ ʄʘʜʠʥ, ʆʣʴʛʘ ʉʘʣʳʢʦʚʘ, ʀʨʠʥʘ ʀʚʘʥʦʚʘééééééééééé..é189-197 

¶  ʈɽɸʃʀɿɸʎʀʗ ɿɸʑʀʊʓ ʊʈɸʌʀʂɸ ʅɸ ʆʉʅʆɺɽ ʊɽʍʅʆʃʆɻʀʀ IPSEC                         
VPN ʀ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉɽʊʀ ʅɸ ʇʈʆɻʈɸʄʄʅʆʁ ʉʈɽɼɽ ENSP 
ʋʣʘʥ ɽʩʝʥʞʦʣʦʚ, ʅʫʨʙʦʣ ʂʘʣʠʘʩʢʘʨʦʚéééééééééééééééééé198-204 

¶  ʆʇʈɽɼɽʃɽʅʀɽ ʇʈʆʉʊʈɸʅʉʊɺɸ ʂʃʖʏɽʁ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 
ɼʆɺɽʈʀʊɽʃʔʅʆɻʆ ʀʅʊɽʈɺɸʃɸ ɼʃʗ ɸʃɻʆʈʀʊʄɸ RSA 
ʉʘʣʘʤʘʪ ɾװʥװʩʙʘʝʚʘ, ɾʘʥʥʘ ɸʣʠʤʞʘʥʦʚʘéééééééééééééééé..205-213 

¶  ʈɸʉʇʆɿʅɸɺɸʅʀɽ ʇʆɼʇʀʉʀ ʅɸ ʀɿʆɹʈɸɾɽʅʀʀ 
ɸʡʥʫʨ ʊʦʣʝʫʰʦʚʘ, ɸʷʛʦʟ ʀʤʘʥʩʘʢʠʧʦʚʘ, ɸʡʛʫʣʴ ʄʦʣʜʘʢʘʣʳʢʦʚʘ,                                             
ɺʝʥʝʨʘ ʂʝʨʠʤʙʘʝʚʘ, ɹʘʣʞʘʥ ʊʘʣʧʘʢʦʚʘééééééééééééééééé...214-221 

¶  ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʏɸʊ-ɹʆʊʆɺ ʅɸ ʆʉʅʆɺɽ ʅɽʁʈʆʉɽʊɽʁ ɺ 
ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʀ: ʆɹɿʆʈ 
ʀʥʜʠʨʘ ɹʫʢʝʥʦʚʘ, ʄʝʡʨʘʤʢװʣ ɾʘʩײʟʘץʦʚʘ, ɹʘʣʞʘʥ ʊʘʣʧʘʢʦʚʘ,                                         
ʊʝʤʠʨʣʘʥ ʍʫʩʘʠʥʦʚéééééééééééééééééééééééééé222-231 

¶  ʆʇʈɽɼɽʃɽʅʀɽ ʇʆʊɽʅʎʀɸʃɸ ʋɼɽʈɾɸʅʀʗ ɺ ɼɺʋʍʕʃɽʂʊʈʆʅʅʆʁ 
ʂɺɸʅʊʆɺʆʁ ʉʀʉʊɽʄɽ 
ʉʘʫʣʝ ɾʘʫʛʘʰʝʚʘ, ʂʘʤʠʣʘ ʅʫʨʣʘʥ, ɹʘʷʥ ʊʦʣʳʤʙʝʢʦʚʘ, ʅʘʟʳʤ ɾʫʩʫʧʦʚʘ,                      
ʄʘʜʠʥʘ ɸʙʠʝʚʘééééééééééééééééééééééééééé...232-239 

¶  ɸʅɸʃʀɿ ʎʀʌʈʆɺʓʍ ʀʅʉʊʈʋʄɽʅʊʆɺ ʀ ʊɽʍʅʆʃʆɻʀʀ ɼʃʗ                     
ʕʌʌɽʂʊʀɺʅʆʁ ʂʆʄʄʋʅʀʂɸʎʀʀ ɺʅʋʊʈɽʅʅɽʁ ɹɸɿʓ ɼɸʅʅʓʍ ʉ 
ɺʅɽʐʅʀʄʀ ʈɽʉʋʈʉɸʄʀ ʂʆʄʇɸʅʀʁ 
ʃʘʫʨʘ ᴄʣʽʤʞʘʥʦʚʘ, ʅײʨʛװʣ ʄʘʫʣʠʥʘ, ɾʘʥʩʘʷ ɾʘʩʙʦʣʘʪ, ɸʡʛʝʨʽʤ ʅײʨʣʘʥʙʝʢé...240-247 

¶  ʈɸɿʈɸɹʆʊʂɸ ʋʉʊʈʆʁʉʊɺɸ ɼʃʗ ʇʆʃʋʏɽʅʀʗ ʆɿʆʅɸ ɺ ʇʋɿʓʈʔʂɽ                              
ɻɸɿɸ ɺ ɾʀɼʂʆʉʊʀ 
ʉʘʤʘʣ ɸʙʜʨʝʰʦʚʘ, ʄʘʜʠʥʘ ʄʘʥʩʫʨʦʚʘ, ʉʘʥʜʫʛʘʰ ʆʨʘʟʘʣʠʝʚʘ,                                       
ɻʫʣʴʤʠʨʘ ɸʙʜʨʝʰʦʚʘ, ɹʝʢʟʘʪ ʄʳʨʟʘʙʝʢééééééééééééééééé..248-256 

¶  ʇʈʆɻʈɸʄʄʅʓʁ ʀʅʉʊʈʋʄɽʅʊ ɼʃʗ ɸʅɸʃʀɿɸ ʀ ʉʀʅʊɽɿɸ 
ʂʈʀʇʊʆɻʈɸʌʀʏɽʉʂʀʍ S-ɹʃʆʂʆɺ 
ɽʨʞʘʥ ʉʝʡʪʢʫʣʦʚ, ʈʫʩʣʘʥ ʆʩʧʘʥʦʚ, ʅʫʨʣʘʥ ʊʘʰʘʪʦʚ, ɹʘʥʫ ɽʨʘʣʠʝʚʘ ,                                 
ʅʫʨʙʝʢ ʉʠʩʝʥʦʚéééééééééééééééééééééééééé..é257-266 

https://vestnik.alt.edu.kz/index.php/journal/article/view/1052
https://vestnik.alt.edu.kz/index.php/journal/article/view/1052
https://vestnik.alt.edu.kz/index.php/journal/article/view/1052
https://vestnik.alt.edu.kz/index.php/journal/article/view/1055
https://vestnik.alt.edu.kz/index.php/journal/article/view/1055
https://vestnik.alt.edu.kz/index.php/journal/article/view/1055
https://vestnik.alt.edu.kz/index.php/journal/article/view/1078
https://vestnik.alt.edu.kz/index.php/journal/article/view/1078
https://vestnik.alt.edu.kz/index.php/journal/article/view/1092
https://vestnik.alt.edu.kz/index.php/journal/article/view/1092
https://vestnik.alt.edu.kz/index.php/journal/article/view/1107
https://vestnik.alt.edu.kz/index.php/journal/article/view/1107
https://vestnik.alt.edu.kz/index.php/journal/article/view/1129
https://vestnik.alt.edu.kz/index.php/journal/article/view/1146
https://vestnik.alt.edu.kz/index.php/journal/article/view/1146
https://vestnik.alt.edu.kz/index.php/journal/article/view/1149
https://vestnik.alt.edu.kz/index.php/journal/article/view/1149
https://vestnik.alt.edu.kz/index.php/journal/article/view/1163
https://vestnik.alt.edu.kz/index.php/journal/article/view/1167
https://vestnik.alt.edu.kz/index.php/journal/article/view/1167
https://vestnik.alt.edu.kz/index.php/journal/article/view/1171
https://vestnik.alt.edu.kz/index.php/journal/article/view/1171
https://vestnik.alt.edu.kz/index.php/journal/article/view/1177
https://vestnik.alt.edu.kz/index.php/journal/article/view/1177
https://vestnik.alt.edu.kz/index.php/journal/article/view/1177
https://vestnik.alt.edu.kz/index.php/journal/article/view/1123
https://vestnik.alt.edu.kz/index.php/journal/article/view/1123
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¶  ʉʆɿɼɸʅʀɽ ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʆʁ ʀ ʈɽʌɽʈɸʊʀɺʅʆʁ ɹɸɿʓ ɼɸʅʅʓʍ 

ʈɽʎɽʅɿʀʈʋɽʄʆʁ ʅɸʋʏʅʆʁ ʃʀʊɽʈɸʊʋʈʓ ʂɸɿɸʍʉʊɸʅɸ 

ʊʦʣʛʘʥʘʡ ɹʘʡʪʦʢʦʚʘ, ʄʘʨʞʘʥ ʉʧʘʙʝʢʦʚʘéééééééééééééééé.é267-274 

¶ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ɺʆʃʆʂʆʅʅʆɻʆ ɼɸʊʏʀʂɸ ɼʃʗ   

ʄʆʅʀʊʆʈʀʅɻɸ ʉʆʉʊʆʗʅʀʗ ɼʆʈʆɾʅʓʍ ʇʆʂʈʓʊʀʗ 

ɻʫʣʴʞʘʥ ʂʘʰʘʛʘʥʦʚʘéééééééééééééééééééééééé..é275-281 

¶  ʇʈʀʄɽʅɽʅʀɽ ʊɽʍʅʆʃʆɻʀʁ VR/AR ɺ ʇʈʆʎɽʉʉɽ ʆʊʈɸɹʆʊʂʀ                      

ʅɸɺʓʂʆɺ ʆɹʉʃʋɾʀɺɸʅʀʗ ɺʆɽʅʅʆʁ ʊɽʍʅʀʂʀ 

ʐʠʥʛʠʩ ʂʘʜʠʨʢʫʣʦʚ, ɺʣʘʜʠʤʠʨ ʏʝʨʥʦʚ, ɽʨʢʝʙʫʣʘʥ ʄʘʢʘʝʚ,                                         

ɸʙʳʣʘʡʭʘʥ ʄʘʥʘʪʙʝʢʦʚéééééééééééééééééééééééé.282-291 

¶  ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʀ ʈɸɿʈɸɹʆʊʂʀ ʇʈʆɻʈɸʄʄʅʆʁ ʉʀʉʊɽʄʓ                          

ɼʃʗ ʂʆʄʇʃɽʂʉʅʆɻʆ ɸʅɸʃʀɿɸ ʄɽʊɽʆʈʆʃʆɻʀʏɽʉʂʀʍ ɼɸʅʅʓʍ 

ʅʫʨʣʘʥ ʊʘʰʘʪʦʚ , ʄʦʣʜʠʨ ɸʰʠʤʦʚʘ , ɻʫʣʴʥʘʨʘ ʀʩʘʝʚʘééééééééééé292-305 

¶  ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʀɹɽʈʋɻʈʆɿ ɺ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉɽʊʗʍ                           

ʉʀʉʊɽʄ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ʆɹʉʃʋɾʀɺɸʅʀʗ 

ɹʘʭʳʪʞʘʥ ɸʭʤʝʪʦʚ, ʄʦʣʜʠʨ ɸʡʜʘʨʢʫʣéééééééééééééééééé306-314 

¶  ʈɸɿʈɸɹʆʊʂɸ ɸʃɻʆʈʀʊʄɸ ʋʇʈɸɺʃɽʅʀʗ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʁ                   

ʉʀʉʊɽʄʓ ʆʉɺɽʑɽʅʀʗ ʅɸ ɹɸɿɽ ʀʅʉʊʀʊʋʊɸ 

ʆʨʘʣʙʘʡ ɹʝʢʝʥ, ɾʫʣʜʳʟ ɸʣʠʤʩʝʡʪʦʚʘ, ʌʝʨʫʟʘ ʄʘʣʠʢʦʚʘééééééééé.é315-323 

¶  ʇʈʆɹʃɽʄʓ ɺʓɼɽʃɽʅʀʗ ʀ ʈɸʅɾʀʈʆɺɸʅʀʗ ʆɹʒɽʂʊʆɺ                          

ʂʈʀʊʀʏɽʉʂʆʁ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ                                        

ʉʆʊʆɺʓʍ ʉɽʊɽʁ ʉɺʗɿʀ ɺ ʈɽʉʇʋɹʃʀʂɽ ʂɸɿɸʍʉʊɸʅ 

ɸʙʟʘʣ פʳʟʳʨץʘʥʦʚ, ʄʘʭʘʙʙʘʪ ɹʘץʳʪ, ʐʳʥʘʨ ʄʫʩʠʨʘʣʠʝʚʘ, ɻʘʥʠ ɹʘʣʙʘʝʚ,                     

ɻʫʣʴʥʘʨʘ ʊʫʣʝʰʝʚʘéééééééééééééééééééééééééé324-334 

¶  ʉʇɽʂʊʈʆʄɽʊʈʀʏɽʉʂʀʁ ʄɽʊʆɼ ʀ ʆʇʊʀʏɽʉʂʀʁ ʉɽʅʉʆʈ                         

ʇʆɺʓʐɽʅʀʗ ʊʆʏʅʆʉʊʀ ʅɽʀʅɺɸɿʀɺʅʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ    

ʂʆʅʎɽʅʊʈɸʎʀʁ ʂʈʆɺʀ 

ɸʣʠʷ ɿʠʣʴʛʘʨʘʝʚʘ, ʅʫʨʞʠʛʠʪ ʉʤʘʡʣʦʚ, ʉʝʨʛʝʡ ʇʘʚʣʦʚ, ʐʘʨʘʬʘʪ ʄʠʨʟʘʢʫʣʦʚʘé335-342 

¶  ɸʅɸʃʀɿ ʉʀʉʊɽʄ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʀ ʋʇʈɸɺʃɽʅʀʗ ɼʃʗ                    

ɺʆɼʆʉʅɸɹɾɽʅʀʗ ɾʀʃʆɻʆ ʂʆʄʇʃɽʂʉɸ 

ɸʩʭʘʪ ɸʩʝʪ , ɸʢʰʦʣʧʘʥ ʂʦʧʝʩʙʘʝʚʘ , ɺʘʜʠʤ ɾʤʫʜʴ, ʄʘʜʠʥʘ ʄʘʥʩʫʨʦʚʘ,                           

ʅײʨʣʘʥ ʉʘʨʩʝʥʙʘʝʚéééééééééééééééééééééééééé343-351 

¶  ʀʉʉʃɽɼʆɺɸʅʀɽ ʀɿʃʋʏɸʖʑʀʍ ʕʃɽʄɽʅʊʆɺ ʌɸɿʀʈʆɺɸʅʅʆʁ              

ɸʅʊɽʅʅʆʁ ʈɽʐɽʊʂʀ 

ɸʡʛʫʣʴ ʂʫʣʘʢʘʝʚʘ, ɸʩʭʘʪ ɹʘʪʳʨʛʘʣʠʝʚ, ɾʘʜʳʨʘ ʆʥʛʝʥʙʘʝʚʘ,                                                      

ɹʘʛʜʘʪ ʂʦʞʘʭʤʝʪʦʚʘ, ʈʫʩʣʘʥ ʂʘʤʘʣééééééééééééééééééé352-361 

¶  ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʈɸɿʈɸɹʆʊʂɸ ʉʊʈʋʂʊʋʈʅʆʁ ʉʍɽʄʓ                       

ɺʆʃʆʂʆʅʅʆɻʆ ɼɸʊʏʀʂɸ ʅɸ ʆʉʅʆɺɽ ɺʆʃʆʂʆʅʆʁ ʈɽʐɽʊʂʀ                                   

ɹʈʕɻɻɸ ɼʃʗ ʂʆʅʊʈʆʃʗ ʉʆʉʊʆʗʅʀʗ ɼʆʈʆɾʅʆɻʆ ʇʆʂʈʓʊʀʗ 

ɻʫʣʴʞʘʥ ʂʘʰʘʛʘʥʦʚʘ, ɼʠʥʘʨʘ ʆʨʘʟʙʘʝʚʘééééééééééééééééé362-371 

¶  ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ ʆʎɽʅʂʀ ɺʆɿɼɽʁʉʊɺʀʗ ɿɸɻʈʗɿʅɽʅʀʁ                                    

ɺʆɼ ʅɸ ɿɼʆʈʆɺʔɽ ʅɸʉɽʃɽʅʀʗ ɺ ʈɽɻʀʆʅɸʍ ʂɸɿɸʍʉʊɸʅɸ ʉ                         

ʆɹʒɽʂʊʀɺʅʆ-ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʓʄ ʆɹʅɸʈʋɾɽʅʀɽʄ 

ʄʘʜʠʥʘ ʄʘʥʩʫʨʦʚʘ, ɸʩʝʣɹ Oʩʧaʥ , ʃʘʫʨʘ ɼʫʡʩʝʤʙʘʝʚʘééééééééééé372-381 

 

ʕʅɽʈɻɽʊʀʂɸ 

¶  ɼɽʉʋʃʔʌʋʈʀɿɸʎʀʗ ɼʓʄʆɺʓʍ ɻɸɿʆɺ ʇʋʊɽʄ ʋʊʀʃʀɿɸʎʀʀ               

ʉʆɹʉʊɺɽʅʅʓʍ ʉʊʆʏʅʓʍ ɺʆɼ ʋɻʆʃʔʅʓʍ ʕʃɽʂʊʈʆʉʊɸʅʎʀʁ 

ɾʘʥʘʨ ɸʡʜrʤʙʘʝʚʘ, ɸʣʤʘ ɸʨʰʘʙʝʢʦʚʘ, ʕʣʴʤʠʨʘ ʅʫʨʤʘʜʠʝʚʘéééééééé382-388 
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¶  ɻɽʅɽʈʀʈɸʎʀʗ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ ɺɽʊʈʆʋʉʊɸʅʆɺʂɸʄʀ ɺ                 

ɸɺʊʆʅʆʄʅʓʍ ʋʉʃʆɺʀʗʍ ʈɸɹʆʊʓ ʅɸ ʉɽʃʔʉʂʀʍ ʊɽʈʈʀʊʆʈʀʗʍ 

ɸʡʛʫʣʴ ʉʘʛʳʥʜʠʢʦʚʘ, ʉʘסʳʥסʘʣʠ ʍʠʟʘʪéééééééééééééééé...é389-397 

¶  ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʀʄɽʅɽʅʀʗ ʆɹʆɻʈɽɺɸʊɽʃʗ ʉ ʂɸʈɹʆʅʆɺʓʄ 

ʊɽʇʃʆɺʓɼɽʃʗʖʑʀʄ ɻʀɹʂʀʄ ʄɸʊɽʈʀɸʃʆʄ ʀ ʉʆʃʅɽʏʅʆʁ                       

ʉʊɸʅʎʀʀ 

ɸʤʘʥʛʝʣʴʜʳ ʐʘʷʭʤʝʪʦʚ, ʉaʙʠʪ ʀʩʤײʨʘʪʦʚ, ʊʘʪʴʷʥʘ ɹʝʜʳʯ, ɸʥʘʨʘ ʋʤʫʨʟʘʢʦʚʘ...398-405 

¶  ʀʉʉʃɽɼʆɺɸʅʀɽ ʂɸʏɽʉʊɺɸ ʀ ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ                         

ʈɸɹʆʊʓ ʕʃɽʂʊʈʆʆɹʆʈʋɼʆɺɸʅʀʗ ʇʈʆʄʓʐʃɽʅʅʆɻʆ ʇʈɽɼʇʈʀʗʊʀʗ                              

ɺ ʂɸɿɸʍʉʊɸʅɽ 

ɹʦʣʘʪ ʂʦʞʘʛʝʣʜʠ, ʄʫʨʘʪ ʊʘʰʠʤʙʝʪʦʚ, ɾʘʢʩʳʣʳʢ ʆʤʘʨʦʚ, ɸʡʞʘʥ ɾʘʥʧʝʡʠʩʦʚʘ,   

ɿᴅʫʨʝʰ ʄʳשʙʘʝʚʘéééééééééééééééééééééééééé...406-414 

¶  ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʇʃʆʄɸʉʉʆʇɽʈɽʅʆʉɸ ɺ ʂɸʇʀʃʃʗʈʅʆ-                       

ʇʆʈʀʉʊʓʍ ʉʀʉʊɽʄɸʍ 

ɸʣʝʢʩʘʥʜʨ ɻʝʥʙʘʯ, ʂʘʨʣʳʛʘʰ ʆʣʞʘʙʘʝʚʘ, ɾʘʜʨʘ ʉʝʠʪʦʚʘééééééééé...415-422 

¶  ʏʀʉʃɽʅʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʎʀʃʀʅɼʈʀʏɽʉʂʆʁ ʊʆʇʂʀ                    

ɺʆɼʆɻʈɽʁʅʆɻʆ ʂʆʊʃɸ 

ɸʙʘʡ ɼʦʩʪʠʷʨʦʚ, ʄʘʜʠʥʘ ʂʫʤʘʨʛʘʟʠʥʘ, ɼʠʘʩ ʋʤʳʰʝʚééééééééééé..423-434 

¶  ʇʈʀʄɽʅɽʅʀɽ ʉʄɽʉʀʊɽʃʔʅʆɻʆ ʅɸɻʈɽɺɸʊɽʃʗ ʅʀɿʂʆɻʆ ɼɸɺʃɽʅʀʗ                              

ɺ ʊʋʈɹʀʅʅʆʁ ʉʀʉʊɽʄɽ ʊʕʎ 

ɻװʣʟʘסʠʨʘ ʄʘʥʘʧʦʚʘ, ɹʘʣʞʘʥ ɹʘʭʪʠʷʨ, ɾʘʜʨʘ ʉʝʠʪʦʚʘ, ʄʘʭʤʫʜʘ ʄʘʭʘʥʦʚʘéé..435-442 

¶  ʇʈʆɹʃɽʄʓ ʆʈɻɸʅʀɿɸʎʀʀ ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ ʉɽʊʀ 5G 

ɾʘʥʘʪ ʄʘʥʙʝʪʦʚʘ, ʇʘʚʝʣ ɼʫʥʘʝʚ, ʄʘʥʘʪ ʀʤʘʥʢʫʣ, ɾʘʥʳʙʝʢ ʂʘʣʠʝʚéééé.é443-450 

¶  ʌʆʊʆʃʖʄʀʅɽʉʎɽʅʎʀʗ ʄʆʅʆʂʈʀʉʊɸʃʃʆɺ ɸʃʖʄʆ-ʄɸɻʅʀɽɺʆʁ 

ʐʇʀʅɽʃʀ ʆɹʃʋʏɽʅʅʆʁ ɹʓʉʊʈʓʄʀ ʊʗɾɽʃʓʄʀ ʀʆʅɸʄʀ 

ʄʝʨʫʝʨʪ ʄʘʤʘʪʦʚʘ, ʅʠʢʠʪʘ ʂʠʨʠʣʢʠʥ, ɸʙʜʠʨʘʰ ɸʢʠʣʙʝʢʦʚ,                                                  

ɸʣʤʘ ɼʘʫʣʝʪʙʝʢʦʚʘ, ɸʩʳʣ-ɼʘʩʪʘʥ ɹʘʟʘʨʙʝʢéééééééééééééééé451-461 

 

ʕʂʆʃʆɻʀʗ ʀ ɹɽɿʆʇɸʉʅʆʉʊʔ ɾʀɿʅɽɼɽʗʊɽʃʔʅʆʉʊʀ 

¶  ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʆʏʀʉʊʂʀ ʀ ʆɹɽɿɿɸʈɸɾʀɺɸʅʀʗ 

ʇʆɺɽʈʍʅʆʉʊʅʓʍ ɺʆɼ ʉ ʇʆʄʆʑʔʖ ʆɿʆʅɸʊʆʈʅʆʁ ʋʉʊɸʅʆɺʂʀ 

ɸʩʢʘʨ ɸʙʜʳץʘʜʳʨʦʚ , ʉסשײʘʪ ʄʘʨʢʩײʣʳ , ɽʨʣʘʥ ʊʘʰʪʘʡ, ɸʡʥʫʨ ʂʫʪʪʳʙʘʝʚʘéé462-478 

¶  ʕʂʆʃʆɻʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʀ ɺʃʗʅʀɽ ʅɸ ʀɿʄɽʅɽʅʀʗ                            

ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʓ ʅɽʂʆʊʆʈʓʍ ʇʆʃɽɿʅʓʍ ʕʃɽʄɽʅʊʆɺ                                        

ʀ ʆʇɸʉʅʓʍ ʊʗɾɽʃʓʍ ʄɽʊɸʃʃʆɺ ɺ ʆɺɽʏʔɽʄ ʀ ʂʆʈʆɺʔɽʄ ʅɸɺʆɿɽ 

ʈʫʩʣʘʥ פʘʩʳʤ, ɸʣʤʘʩ ɹʘʡʤʫʭʘʥʙʝʪʦʚ , ɻʫʣʴʥʘʟ ɽʨʤʦʣʜʠʥʘ,                                                  

ʄײʨʘʪʙʝʢ ʀʩʘʭʘʥʦʚ , ɸʤʘʥʞʦʣ ʊʦʢʤʦʣʜʘʝʚéééééééééééééééé479-489 

 

ɺʆɽʅʅʆɽ ɼɽʃʆ  

¶  ʆʉʅʆɺʅʓɽ ʇʈʆɹʃɽʄʓ ʈɸɿʈɸɹʆʊʂʀ ʉʀʉʊɽʄ ʋʇʈɸɺʃɽʅʀʗ               

ʄɸʊɽʈʀɸʃʔʅʆ-ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ɺʆʁʉʂ ʇʈʀ                           

ʈɸɿʃʀʏʅʓʍ ʋʉʃʆɺʀʗʍ ɺʆɽʅʅʓʍ ɼɽʁʉʊɺʀʁ 

ʐ.ʂ. ʂʘʜʠʨʢʫʣʦʚ, ɺ.ʅ. ʏʝʨʥʦʚ, ɽ.ʊ. ʄʘʢʘʝʚ, ɸ.פ. ʄʘʥʘʪʙʝʢʦʚ ..............................490-497 

¶ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʆʁ ʂʆʄʇʆʅʆɺʂʀ 

ʇʈʆʊʀɺʆʊɸʅʂʆɺʆʁ ʈɸʂɽʊʓ 

     ʅײʨʩײʣʪʘʥ ɾʝʪʝʥʙʘʝʚ, ɸʡʜʦʩ ʉײʣʪʘʥ, ɸʙʫ-ɸʣʠʤ ɸʷʟʙʘʡ,  

     ɽʨʢʝʙײʣʘʥ ʅײʨסʠʟʘʪ, ɾʘʥʜʦʩ ʂʦʞʘʙʝʢ......................................................................498-506 

 

 

https://vestnik.alt.edu.kz/index.php/journal/article/view/1137
https://vestnik.alt.edu.kz/index.php/journal/article/view/1137
https://vestnik.alt.edu.kz/index.php/journal/article/view/1193
https://vestnik.alt.edu.kz/index.php/journal/article/view/1193
https://vestnik.alt.edu.kz/index.php/journal/article/view/1193
https://vestnik.alt.edu.kz/index.php/journal/article/view/1056
https://vestnik.alt.edu.kz/index.php/journal/article/view/1056
https://vestnik.alt.edu.kz/index.php/journal/article/view/1056
https://vestnik.alt.edu.kz/index.php/journal/article/view/806
https://vestnik.alt.edu.kz/index.php/journal/article/view/806
https://vestnik.alt.edu.kz/index.php/journal/article/view/1075
https://vestnik.alt.edu.kz/index.php/journal/article/view/1075
https://vestnik.alt.edu.kz/index.php/journal/article/view/1103
https://vestnik.alt.edu.kz/index.php/journal/article/view/1103
https://vestnik.alt.edu.kz/index.php/journal/article/view/1117
https://vestnik.alt.edu.kz/index.php/journal/article/view/1011
https://vestnik.alt.edu.kz/index.php/journal/article/view/1011
https://vestnik.alt.edu.kz/index.php/journal/article/view/1126
https://vestnik.alt.edu.kz/index.php/journal/article/view/1126
https://vestnik.alt.edu.kz/index.php/journal/article/view/1154
https://vestnik.alt.edu.kz/index.php/journal/article/view/1154
https://vestnik.alt.edu.kz/index.php/journal/article/view/1154
https://vestnik.alt.edu.kz/index.php/journal/article/view/1214
https://vestnik.alt.edu.kz/index.php/journal/article/view/1214


ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 3 (126), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 3 (126), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

12 

ʉONTENTS 

 

TRANSPORT, TRANSPORT ENGINEERING 

¶  PROTOTYPE OF FUTURE FLYING TRANSPORT PLATFORM 

Temyrbay Chigambayev, Yelena Bakhtiyarova, Abai Chigambayevééééé.ééé.16-23 

¶  MAINTENANCE AND REPAIR OF AIRCRAFT ENGINE TURBINES 

Karlygash Zhandildinova, ɸʡʜʦʩ ʄʦʣʜʘʙʝʢʦʚ, Milena Batanova,                                           

Sholpan Koshanovaééééééééééééééééééééééééééé..24-31 

¶  THE CONCEPT OF RELIABILITY OF PERFORMING SPRING SUSPENSION 

VIBRATION PROTECTION FUNCTION 

Seidulla Abdullaev, Abdikarim Karazhanov, Bakytzhamal Dyusembayeva,                                   

Yerlan Askenov, Kurmangazy Sarsanbekovéééééééééééééééééé32-41 

¶  DEVELOPMENT OF A METHOD FOR DETERMINING THE RATIONAL 

PARAMETERS OF THE LINING OF THE DRIVE DRUM OF A BELT                            

CONVEYOR FOR MINING ENTERPRISES. 

Olzhas Jassinbekov, Madina Isametova, Gazel Abilezovaéééééééééééé..42-55 

¶  STUDY OF THE PROCESS OF ELECTRIC PULSE CLEANING OF INTERNAL 

COMBUSTION ENGINE EXHAUST GASES 

Evgeniy Kryuchkov, Igor Pak, Adil Kadyrov, Rustem Sakhapov, Aliya Kukeshevaéé..56-64 

¶  STUDIES OF THE MECHANISMS OF WEAR AND DESTRUCTION OF                                  

CARBIDE TOOLS WITH MULTICOMPONENT NANOSTRUCTURED                            

SYSTEMS 

Kenes Zhussupov, Rustem Kozbagarov, Erbol Kaliev, Zhanarkul Makatova,                             

Nurbol Kamzanovéééééééééééééééééééééééééééé.65-73 

¶  THEORETICAL FOUNDATIONS OF THE DEVELOPMENT OF A                               

BULLDOZER DESIGN THROUGH THE USE OF MULTIVARIATE                           

PARAMETRIC ANALYSIS 

Bakhtiar Suleev, Bakyt Kurmashevaééééééééééééééééééééé74-81 

 

TRANSPORT LOGISTICS, ORGANIZATION OF TRANSP ORTATION  

¶  STRATEGY OF DEVELOPMENT AND MANAGEMENT OF INTEGRATED               

LOGISTICS CENTERS IN THE REGIONS 

Galymzhan Zhanbirov, Zhuldyz Izteleuova, Zhumajan Zhanbirov,                                                  

Zhanna Yeleshovaéééééééééééééééééééééééééééé82-90 

¶  DEVELOPMENT AND COMPUTER MODELING OF A MATHEMATICAL                    

MODEL OF THE DYNAMIC BEHAVIOR OF WEIGHTS OF OVERHEAD                            

CRANE BEAMS 

Madina Isametova, Olzhas Jassinbekov, Maral Izteleuova, Gazel Abilezovaéééé...91-105 

¶  MATHEMATICAL MODELING OF TECHNOLOGICAL INTERACTION OF                  

MARINE AND REAR CONTAINER TERMINALS 

Abzal Tabylov, Nabat Suyeuova, Asgerbek Yusupov, ʂʘmar Rzaevʘ,                                        

Gulmira Bilashovaééééééééééééééééééééééééééé106-116 

¶  NEW OPPORTUNITIES AND PROSPECTS FOR REALIZING THE TRANSIT                    

AND EXPORT POTENTIAL OF KAZAKHSTAN 

Yerzhan Karsybayev, Maral Izteleuova, Erlan Absatovéééééééééééé..117-126 

¶  EVALUATION OF THE EFFECTIVENESS OF INNOVATIVE BLOCKCHAIN 

TECHNOLOGIES IN THE GLOBAL CONTAINER TRANSPORTATION                         

MARKET 

Nabat Suyeuova, ɸbzal Tabylov, Askerbek Yusupov, Kamar Rzaeva,                                            

Gulmira Bilashovaééééééééééééééééééééééééééé127-136 

https://vestnik.alt.edu.kz/index.php/journal/article/view/1194
https://vestnik.alt.edu.kz/index.php/journal/article/view/1195
https://vestnik.alt.edu.kz/index.php/journal/article/view/916
https://vestnik.alt.edu.kz/index.php/journal/article/view/916
https://vestnik.alt.edu.kz/index.php/journal/article/view/1029
https://vestnik.alt.edu.kz/index.php/journal/article/view/1029
https://vestnik.alt.edu.kz/index.php/journal/article/view/1029
https://vestnik.alt.edu.kz/index.php/journal/article/view/1060
https://vestnik.alt.edu.kz/index.php/journal/article/view/1060
https://vestnik.alt.edu.kz/index.php/journal/article/view/1069
https://vestnik.alt.edu.kz/index.php/journal/article/view/1069
https://vestnik.alt.edu.kz/index.php/journal/article/view/1069
https://vestnik.alt.edu.kz/index.php/journal/article/view/1115
https://vestnik.alt.edu.kz/index.php/journal/article/view/1115
https://vestnik.alt.edu.kz/index.php/journal/article/view/1115
https://vestnik.alt.edu.kz/index.php/journal/article/view/1218
https://vestnik.alt.edu.kz/index.php/journal/article/view/1218
https://vestnik.alt.edu.kz/index.php/journal/article/view/1242
https://vestnik.alt.edu.kz/index.php/journal/article/view/1242
https://vestnik.alt.edu.kz/index.php/journal/article/view/1242
https://vestnik.alt.edu.kz/index.php/journal/article/view/848
https://vestnik.alt.edu.kz/index.php/journal/article/view/848
https://vestnik.alt.edu.kz/index.php/journal/article/view/925
https://vestnik.alt.edu.kz/index.php/journal/article/view/925
https://vestnik.alt.edu.kz/index.php/journal/article/view/1024
https://vestnik.alt.edu.kz/index.php/journal/article/view/1024
https://vestnik.alt.edu.kz/index.php/journal/article/view/1024


ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 3 (126), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 3 (126), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

13 

¶  FORMATION OF A REGIONAL LOGISTICS DEVELOPMENT INDEX FOR                
PAINLESS JOINING THE INTERNATIONAL CORRIDOR 
Aisulu Taisarinova, Gauhar Kenzhebaeva, Saltanat Badambaevaéééééé.é......137-145 

¶  SIMULATION OF RAILWAY LINE WITH A COORDINATE BLOCK SYSTEM 
Saule Bekzhanova, Maxat Orunbekov, Gulfariza Suleymenovaééééééééé..146-156 

¶  IMPLEMENTATION OF THE INSTITUTE OF SELF-REGULATION ON                 
PASSENGER ROAD TRANSPORT IN KAZAKHSTAN 
Erkin Zhailaubekov, Sabit Amanbayevééééééééééééééééééé157-166 

¶  PLANNING AND ANALYSIS OF MATERIAL NEEDS IN PROCUREMENT              
LOGISTICS 
Sandygul Akhmetkalieva, Erbol Zhanbirov, Aigerim Kazhmuratovaéééééé.é167-179 

¶  THE MAIN DIRECTIONS OF IMPROVING THE ENERGY EFFICIENCY                                 
OF THE TRANSPORT SECTOR OF THE REPUBLIC OF KAZAKHSTAN 
Assyl Tazhmuratova, Indira Saukenova, Asem Ebesovaééééééééé.ééé180-188 
  

AUTOMATION, TELEMECHANICS, COMMUNICATIONS,  

COMPUTER SCIENCE 

¶  CONVULSIVE AND DEEP NEURAL NETWORKS 
Vladimir Madin, Olga Salykova, Irina Ivanovaééééééééééééééé...189-197 

¶  IMPLEMENTATION OF TRAFFIC PROTECTION BASED ON IPSEC VPN 
TECHNOLOGY AND NETWORK MODELING ON ENSP SOFTWARE              
ENVIRONMENT 
Ulan Yessenzholov, Nurbol Kaliaskarovéééééééééééééééééé.198-204 

¶  DEFINING THE KEY SPACE USING THE CONFIDENCE INTERVAL FOR                                  
THE RSA ALGORITHM 
Salamat Zhunusbaeva, Zhanna Alimzhanovaééééééééééééééé...é205-213 

¶  IMAGE SIGNATURE RECOGNITION 
Ainur Toleushova, Ayagoz Imansakipova, Aigul Moldakalykova,                                                  
Venera Kerimbayeva, Balzhan Talpakovaééééééééééééééééé...214-221 

¶  USING NEURAL NETWORK-BASED CHATBOTS IN PROGRAMMING: AN 
OVERVIEW 
Indira Bukenova, Meyramkul Zhasuzakova, Balzhan Talpakova, Temirlan Khusainov..222-231 

¶  DETERMINATION OF THE RETENTION POTENTIAL IN A TWO-                        
ELECTRON QUANTUM SYSTEM 
Saule Zhaugasheva, Kamila Nurlan, Bayan Tolymbekova, Nazym Zhusupova,                             
Madina Abievaéééééééééééééééééééééééééééé..232-239 

¶  ANALYSIS OF DIGITAL TOOLS AND TECHNOLOGIES FOR EFFECTIVE 
COMMUNICATION OF THE INTERNAL DATABASE WITH EXTERNAL                 
RESOURCES OF COMPANIES 
Laura Alimzhanova, Nurgul Maulina, Zhansaya Jasbolat, Aigerim Nurlanbekééé..240-247 

¶  DEVELOPMENT OF A DEVICE FOR PRODUCING OZONE IN A GAS                                           
BUBBLE IN A LIQUID  
Samal Abdreshova, Madina Mansurova, Sandugash Orazalieva, Gulmira Abdreshova,                  
Bekzat Myrzabekééééééééééééééééééééééééééé..248-256 

¶  SOFTWARE TOOL FOR ANALYSIS AND SYNTHESIS OF CRYPTOGRAPHIC                            
S-BOXES 
Yerzhan Seitkulov, Ruslan Ospanov, Nurlan Tashatov, Banu Eralieva,                                          
Nurbek Sisenovéééééééééééééééééééééééééééé257-266 

¶  CREATION OF A BIBLIOGRAPHIC AND ABSTRACT DATABASE OF                            
REVIEWED SCIENTIFIC LITERATURE OF KAZAKHSTAN 
Tolganai Baytokova, Marjan Spabekovaéééééééééééééééééé..267-274 

https://vestnik.alt.edu.kz/index.php/journal/article/view/1052
https://vestnik.alt.edu.kz/index.php/journal/article/view/1052
https://vestnik.alt.edu.kz/index.php/journal/article/view/1055
https://vestnik.alt.edu.kz/index.php/journal/article/view/1078
https://vestnik.alt.edu.kz/index.php/journal/article/view/1078
https://vestnik.alt.edu.kz/index.php/journal/article/view/1092
https://vestnik.alt.edu.kz/index.php/journal/article/view/1092
https://vestnik.alt.edu.kz/index.php/journal/article/view/1107
https://vestnik.alt.edu.kz/index.php/journal/article/view/1107
https://vestnik.alt.edu.kz/index.php/journal/article/view/1129
https://vestnik.alt.edu.kz/index.php/journal/article/view/1146
https://vestnik.alt.edu.kz/index.php/journal/article/view/1146
https://vestnik.alt.edu.kz/index.php/journal/article/view/1146
https://vestnik.alt.edu.kz/index.php/journal/article/view/1149
https://vestnik.alt.edu.kz/index.php/journal/article/view/1149
https://vestnik.alt.edu.kz/index.php/journal/article/view/1163
https://vestnik.alt.edu.kz/index.php/journal/article/view/1167
https://vestnik.alt.edu.kz/index.php/journal/article/view/1167
https://vestnik.alt.edu.kz/index.php/journal/article/view/1171
https://vestnik.alt.edu.kz/index.php/journal/article/view/1171
https://vestnik.alt.edu.kz/index.php/journal/article/view/1177
https://vestnik.alt.edu.kz/index.php/journal/article/view/1177
https://vestnik.alt.edu.kz/index.php/journal/article/view/1177
https://vestnik.alt.edu.kz/index.php/journal/article/view/1123
https://vestnik.alt.edu.kz/index.php/journal/article/view/1123
https://vestnik.alt.edu.kz/index.php/journal/article/view/1206
https://vestnik.alt.edu.kz/index.php/journal/article/view/1206
https://vestnik.alt.edu.kz/index.php/journal/article/view/1208
https://vestnik.alt.edu.kz/index.php/journal/article/view/1208


ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 3 (126), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 3 (126), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

14 

¶ MODELING AND DESIGN OF A FIBER-OPTIC SENSOR FOR MONITORING THE      

CONDITION OF THE ROAD SURFACE 

Gulzhan Kashaganovaééééééééééééééééééééééééé..275-281 

¶  APPLICATION OF VR/AR TECHNOLOGIES IN THE PROCESS OF                    

DEVELOPING MILITARY EQUIPMENT MAINTENANCE SKILLS 

Shingis Kadyrkulov, Vladimir Chernov, Yerkebulan Makaev,                                                

Abylaykhan Manatbekovéééééééééééééééééééééééé..282-291 

¶  RESEARCH AND DEVELOPMENT METHODS OF A SOFTWARE SYSTEM                        

FOR THE INTEGRATED ANALYSIS OF METEOROLOGICAL DATA 

Nurlan Tashatov , Moldir Ashimova , Gulnara Isaevaéééééééééééé.é292-305 

¶  MODELING OF CYBER THREATS IN INFORMATION NETWORKS OF                    

REMOTE SERVICE SYSTEMS 

Bakhytzhan Akhmetov, Moldyr ɸidarkuléééééééééééééééééé306-314 

¶  DEVELOPMENT OF AN ALGORITHM FOR CONTROLLING AN                        

INTELLIGENT LIGHTING SYSTEM BASED ON THE INSTITUTE 

Oralbay Beken, Zhuldyz Alimseitova , Feruza Malikovaéééééééééééé315-323 

¶  PROBLEMS OF SELECTION AND RANKING OF OBJECTS OF CRITICAL 

INFORMATION INFRASTRUCTURE OF CELLULAR COMMUNICATION   

NETWORKS IN THE REPUBLIC OF KAZAKHSTAN 

Abzal Kizyrkanov, Mahabbat Bakyt, Shynar Musiralieva, Gani Balbaev,                                    

Gulnara Tuleshevaééééééééééééééééééééééééééé324-334 

¶  SPECTROMETRIC METHOD AND OPTICAL SENSOR FOR IMPROVING                             

THE ACCURACY OF NON-INVASIVE MONITORING OF BLOOD   

CONCENTRATIONS 

Aliya Zilgarayeva, Nurzhigit Smailov, Sergey Pavlov, Sharafat Mirzakulovaéééé335-342 

¶  ANALYSIS OF AUTOMATION AND CONTROL SYSTEMS FOR THE                                     

WATER SUPPLY OF A RESIDENTIAL COMPLEX 

Askhat Aset, Aksholpan Kopesbaeva, Vadim Zhmud, Madina Mansurovʘ,                                  

Nurlan Sarsenbaevééééééééééééééééééééééééééé343-351 

¶  RESEARCH OF RADIATING ELEMENTS OF A PHASED ANTENNA ARRAY 

Aigul Kulakayeva, Askhat Batyrgaliyev , Zhadyra Ongenbayeva ,                                                     

Bagdat Kozhakhmetova, Ruslan Kamaléééééééééééééééééé...352-361 

¶  RESEARCH AND DEVELOPMENT OF A SCHEMATIC DIAGRAM OF A                           

FIBER SENSOR BASED ON A FIBER BRAGG GRATINGS FOR MONITORING                       

THE CONDITION OF THE ROAD SURFACE 

Gulzhan Kashaganova, Dinara Orazbayevaééééééééééééééééé.362-371 

¶  DEVELOPMENT OF A MODEL FOR ASSESSING THE IMPACT OF WATER 

POLLUTION ON POPULATION HEALTH IN REGIONS OF KAZAKHSTAN                               

WITH OBJECTIVE SPATIAL DETECTION 

Madina Mansurova, Assel Ospan , Laura Duisembayevaéééééééééééé372-381 

 

ENERGY 

¶  DESULFURIZATION OF FLUE GASES BY UTILIZATION OF OWN WASTE                    

WATER OF COAL POWER PLANTS 

Zhanar Aidymbayeva, Alma Arshabekova, Elmira Nurmadievaéééééééé.é382-388 

¶  GENERATION OF ELECTRICITY BY WIND TURBINES IN AUTONOMOUS   

WORKING CONDITIONS IN RURAL AREAS 

Aigul Sagyndykova, Sagyngali Khizatéééééééééééééééééé.é389-397 

 

https://vestnik.alt.edu.kz/index.php/journal/article/view/1210
https://vestnik.alt.edu.kz/index.php/journal/article/view/1210
https://vestnik.alt.edu.kz/index.php/journal/article/view/1215
https://vestnik.alt.edu.kz/index.php/journal/article/view/1215
https://vestnik.alt.edu.kz/index.php/journal/article/view/1223
https://vestnik.alt.edu.kz/index.php/journal/article/view/1223
https://vestnik.alt.edu.kz/index.php/journal/article/view/1227
https://vestnik.alt.edu.kz/index.php/journal/article/view/1227
https://vestnik.alt.edu.kz/index.php/journal/article/view/1252
https://vestnik.alt.edu.kz/index.php/journal/article/view/1252
https://vestnik.alt.edu.kz/index.php/journal/article/view/1263
https://vestnik.alt.edu.kz/index.php/journal/article/view/1263
https://vestnik.alt.edu.kz/index.php/journal/article/view/1263
https://vestnik.alt.edu.kz/index.php/journal/article/view/793
https://vestnik.alt.edu.kz/index.php/journal/article/view/793
https://vestnik.alt.edu.kz/index.php/journal/article/view/793
https://vestnik.alt.edu.kz/index.php/journal/article/view/1017
https://vestnik.alt.edu.kz/index.php/journal/article/view/1017
https://vestnik.alt.edu.kz/index.php/journal/article/view/783
https://vestnik.alt.edu.kz/index.php/journal/article/view/1109
https://vestnik.alt.edu.kz/index.php/journal/article/view/1109
https://vestnik.alt.edu.kz/index.php/journal/article/view/1109
https://vestnik.alt.edu.kz/index.php/journal/article/view/1121
https://vestnik.alt.edu.kz/index.php/journal/article/view/1121
https://vestnik.alt.edu.kz/index.php/journal/article/view/1121
https://vestnik.alt.edu.kz/index.php/journal/article/view/1130
https://vestnik.alt.edu.kz/index.php/journal/article/view/1130
https://vestnik.alt.edu.kz/index.php/journal/article/view/1137
https://vestnik.alt.edu.kz/index.php/journal/article/view/1137


ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 3 (126), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 3 (126), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

15 

¶  INVESTIGATION OF THE USE OF A HEATER WITH A CARBON FIBER                             

HEAT-GENERATING FLEXIBLE MATERIAL AND A SOLAR STATION 

Amangeldy Shayakhmetov, Sabit Ismuratov, Tatiana Bedych, Anara Umurzakovaé...398-405 

¶  STUDY OF THE QUALITY AND IMPROVEMENT OF THE EFFICIENCY OF 

ELECTRICAL EQUIPMENT AT INDUSTRIAL ENTERPRISE IN                               

KAZAKHSTAN  

Bolat Kozhageldi, Murat Tashimbetov, Zhaksylyk Omarov, Aizhan Zhanpeiissova,                 

Zauresh Mynbayevaéééééééééééééééééééééééééé..406-414 

¶  STUDY OF HEAT AND MASS TRANSFER IN CAPILLARY-POROUS                          

SYSTEMS 

Alexandr Genbach, Karlygash Olzhabaeva, Zhadra Seitovaééééééééééé415-422 

¶  NUMERICAL STUDY OF A CYLINDRICAL FURNACE OF A WATER                            

BOILER 

Abai Dostiyarov, Madina Kumargazina, Dias Umyshev ééééééééééé   .423-434 

¶  APPLICATION OF A LOW PRESSURE MIXING TYPE HEATER IN SCHEMES                       

OF STEAM TURBINE INSTALLATIONS OF THERMAL POWER PLANTS 

Gulzagira Manapova, Balzhan Bakhtiar, Zhadra Seitova, Mahmuda Makhanovaé..é435-442 

¶  PROBLEMS OF ORGANIZING THE 5G NETWORK INFRASTRUCTURE 

Zhanat Manbetova, Pavel Dunaev, Manat Imankul, Zhanybek Kalievééééééé443-450 

¶  PHOTOLUMINESCENCE OF ALUMINUM-MAGNESIUM SPINEL                                    

SINGLE CRYSTALS IRRADIATED WITH FAST HEAVY IONS 

Meruert Mamatova, Nikita Kirilkin, Abdirash Akilbekov, Alma Dauletbekova,                                   

Asyl-Dastan Bazarbekééééééééééééééééééééééééé..451-461 

 

ECOLOGY AND LIFE SAFETY  

¶  INVESTIGATION OF THE PROCESS OF PURIFICATION AND DISINFECTION                          

OF SURFACE WATERS USING AN OZONATOR PLANT 

Askar Abdikadyrov, Sungat Marxuly, Erlan Tashtai, Ainur Kuttybayevaééééé...462-478 

¶  ENVIRONMENTAL ASPECTS AND IMPACT ON ENVIRONMENTAL                         

CHANGES OF SOME USEFUL ELEMENTS AND HAZARDOUS HEAVY                         

METALS IN SHEEP AND COW MANURE 

Ruslan Kassym, Almas Baymukhanbetov, Gulnaz Ermolina, Muratbek Isakhanov,                     

Amanjol Tokmoldaevééééééééééééééééééééééééé...479-489 

 

MILITARY  SCIENCE 

¶  MAIN PROBLEMS OF DEVELOPMENT OF CONTROL SYSTEMS FOR THE     

LOGISTIC AND TECHNICAL SUPPORT OF TROOPS UNDER VARIOUS    

CONDITIONS OF MILITARY ACTIONS 

Sh.K. Kadirkulov, V.N. Chernov, E.T. Makaev, A.K. Manatbekovéééééééé490-497 

SIMULATION OF THE AERODYNAMIC LAYOUT OF AN ANTI-TANK MISSILE 

Nursultan Zhetenbayev, Aidos Sultan, Abu Alim Ayazbay,  

Yerkebulan Nurgizat, Zhandos Kozhabek...........................................................................498-506 

 

 
 

 

 

 

 

 

 

https://vestnik.alt.edu.kz/index.php/journal/article/view/1193
https://vestnik.alt.edu.kz/index.php/journal/article/view/1193
https://vestnik.alt.edu.kz/index.php/journal/article/view/1056
https://vestnik.alt.edu.kz/index.php/journal/article/view/1056
https://vestnik.alt.edu.kz/index.php/journal/article/view/1056
https://vestnik.alt.edu.kz/index.php/journal/article/view/806
https://vestnik.alt.edu.kz/index.php/journal/article/view/806
https://vestnik.alt.edu.kz/index.php/journal/article/view/1075
https://vestnik.alt.edu.kz/index.php/journal/article/view/1075
https://vestnik.alt.edu.kz/index.php/journal/article/view/1103
https://vestnik.alt.edu.kz/index.php/journal/article/view/1103
https://vestnik.alt.edu.kz/index.php/journal/article/view/1117
https://vestnik.alt.edu.kz/index.php/journal/article/view/1011
https://vestnik.alt.edu.kz/index.php/journal/article/view/1011
https://vestnik.alt.edu.kz/index.php/journal/article/view/1126
https://vestnik.alt.edu.kz/index.php/journal/article/view/1126
https://vestnik.alt.edu.kz/index.php/journal/article/view/1154
https://vestnik.alt.edu.kz/index.php/journal/article/view/1154
https://vestnik.alt.edu.kz/index.php/journal/article/view/1154
https://vestnik.alt.edu.kz/index.php/journal/article/view/1214


ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 3 (126), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 3 (126), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

16 

ʂᴆʃɯʂ, ʂᴆʃɯʂʊɯʂ ʀʅɾɽʅɽʈʀʗ 

TRANSPORT, TRANSPORT ENGINEERING  

ʊʈɸʅʉʇʆʈʊ, ʊʈɸʅʉʇʆʈʊʅɸʗ ʀʅɾɽʅɽʈʀʗ 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

 

UDC 629.423       DOI 10.52167/1609-1817-2023-126-3-16-23 
 

T.O. Chigambayev1 , Ye.A. Bakhtiyarova2, A.T. Chigambayev3 
1Academy of logistics and transport, Almaty, Kazakhstan 

2International Information Technology University, Almaty, Kazakhstan 
3School-lyceum ˉ48, Almaty, Kazakhstan 

ɽ-mail: chigambaev_timur@mail.ru 
 

PROTOTYPE OF FUTURE FLYING TRANSPORT PLATFORM  
 

Abstract. This paper is devoted to the analysis of the existing eVTOL flying vehicles and 

consideration of the capabilities of the flight controller based on the STM32F722 

microcontroller, as well as the evaluation of the characteristics of various sensors and devices 

and the study of their capabilities using the BetaFlight firmware. The main result of this work is 

the development of a prototype (prototype) of the flying transportation platform of the future, for 

which both hardware and software parts of the flying vehicle system have been developed and 

tested. 

Within the framework of the research there was created an interface between the flight 

controller based on STM32F722 and BetaFlight, worked out all technologies and systems for 

creating eVTOL-based flight vehicles. Also, comprehensive testing of the prototype system was 

performed and data transfer technologies were worked out. Functional and circuit diagrams of 

the prototype were also developed, as well as the simulation of mechanical-physical properties of 

the aircraft's frame reactions.  

An important result of this work is experimental research, the results of which show that 

the force structure is able to withstand the design loads. The results make it possible to improve 

the design of eVTOL aircraft and create more efficient data transfer systems. The results of the 

experimental studies show that the force structure is capable of withstanding the design loads. 
 

Keywords. Hexacopter, aerial vehicle, drone, UAV. 
 

Introduction.  

With the advent of the realities of urbanization, the issue of optimizing logistics processes 

and transportation within metropolitan cities is rising very sharply in today's world cities. One of 

the most promising methods of solution is - flying cars, air taxis and eVTOL. 

The world of drones is diverse enough to allow you to choose a device depending on the 

flight characteristics and payload capacity of the drone, the purpose of its use, camera 

capabilities and the installation of various additional equipment. 

Drones are distinguished not only by the way they are used in certain areas of our life or 

by the difference in design, but also by more stable parameters and characteristics, such as take-

off weight, range, height and duration of flight, the size of the vehicles themselves, etc. 

Drones resemble a helicopter with four blades. They differ in size, functionality, flight 

range, autonomy and other characteristics. 

Conventionally all drones can be divided into 4 groups [1-2]: 

1) micro - weight less than 10 kg, maximum time in the air - 60 minutes, flight height - 1 

km. 

2) Mini - weight of the units reaches 50 kg, time in the air reaches 5 hours, flight altitude 

varies from 3 to 5 km. 
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3) midi - weight up to 1 ton, designed for 15 hours of flight, the UAV rises to a height of 

10 km. 

4) heavy drones - weight over a ton, developed vehicles for long-distance flights lasting 

more than a day, altitude up to 20 km. 

When choosing a drone (quadcopter, hexacopter, tricopter or octocopter), the individual 

parameters and objectives of the drone should be guided. 

At present, hexacopters are in high demand as two extra engines provide them with 

relatively high speed, excellent power and increased payload. The increased number of motors 

has a positive effect on flight safety, a failure of one of the motors does not lead to an accident, 

and the flight functionality of these machines is focused on obtaining high-quality video footage. 

A hexacopter is an aircraft whose power plant consists of six engines. The standard 

variant assumes the machine has six beams, but models with three beams (Y6 layout scheme) are 

also available. The Y6 configuration has two engines per beam, one of which is a pulling engine, 

and the other is a pusher. An example of such an aircraft is the Walkera QR Scorpion Y6 [1, 2]. 

Cargo hexcopters are capable of lifting considerable weight and carrying it considerable 

distances. Radio-controlled professional hexacopters are often used in industry (monitoring 

bridges, pipelines, power lines, etc.) as well as in professional video recording. The Y6 scheme 

finds application in the construction of relatively small aircraft. 

The disadvantages of such systems are their significant size and rather high cost. 
 

Materials and methods. 

During the design of the system, the following components were selected as shown in 

Figure 2. Below is a list of the selected components of the system: 

- flight controller based on stm32f722 microcontroller [3, 4]; 

- dji e2000 motors; 

- 3-6s Blheli Dshot600 speed controllers; 

- power distribution board; 

- Jumper R1 receiver; 

- Control hardware with FrSky D16 protocol support. 

The electrical diagram of the aircraft is shown in Figure 1. 
 

 
 

Figure 1 ï Electrical diagram of the aircraft 
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The technical specifications of the selected components are shown in Table 1. 
 

Table 1 ï Technical characteristics of the components 
 

Components Technical specification 

NVision722HD Name: N-F722-HD Flight Controller 

Brand: TCMMRC NVision 

MCU:216MHz STM32F722 

Gyro: MPU6000 

BEC:5V/3A; 9V/2.5A 

Input Voltage: 3-6 S Lipo 

Receiver Support: PPM, Ibus, Sbus, Dsmx 

Black box: Yes 16m 

Barometer: Yes BMP280 

Firmware: GEPERCF722(STM32F7X2) 

Buzzer Interface: Yes 

Betaflight OSD: Yes AT7456E 

Fitting Hole: M4*30.5mm*30.5mm 

Weight: 7.9g 

DJI E2000 Max Thrust 5100 g/rotor (50 V, Sea Level) 

Recommended Battery 12S LiPo 

Recommended Takeoff Weight 1800 - 2500 g/rotor (Sea Level) 

Powertrain Cable Length 750 mm 

Compatible Arm Tube Outer Diameter 28 mm 

Powertrain Weight (Single) 430 g 

Operating Temperature -10Á to 50Á C 

Cyclone 45A 

BLHeli_S D-Shot 

150/300/600 ESC 

Voltage: Supports 2-6S power supply (8.4-25.2v) 

Operating Current: 45A continuous current, 55A/10s peak 

Support protocols: dshot 125/300/600, onehot 125 

Weight: 6g 

Size: 13*28.5 

Jumper R1 Number of channels: 16 channels (SBUS) 

RSSI (Signal Strength Indication) output: 0 - 3.3V analogue 

Data transfer: S.Port 

Operating voltage range: 4 ~ 6V 

Power Consumption: 80mA at 5V 

Range: > 1.5km 

Compatibility: FrSky D16 Protocol / Taranis D16 Mode 

Size: 20 x 15 x 4mm 

Weight: 2.3g 
 

The principle of the aircraft system is shown in Figure 2 [5] . 
 

 
 

Figure 2 ï Principle of aircraft system operation 
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Designing a prototype frame. 

As the basis for the design of each complex industrial product is performed 3D modeling, 

the choice of SolidWorks was made due to the availability of the following functions [6-8]: 

1. solid modelling with the development of products that have the properties of very real 

physical objects. It is practically ideal, allowing a visual representation of the product. 

2. Surface modelling, which is realised in this software by performing actions with curves 

or splines. The result is a smooth product with normal, smooth curves. 

3. Frame modeling, which allows you to represent the shape of the object. 

Using this program drawings of frame beam and main frame web are developed (Figures 

3-4). 

 

 

 

  

Figure 3 ï Frame arm drawing Figure 4 ï Drawing of the main frame plate 
 

Results and discussion. 

Physical and mechanical simulations were carried out, a fragment of which is shown in 

Figure 5. 
 

      
   

 a) hexarm-Static 2-Stress-Stress1 b) hexarm-Static 2-Displacement-Displacement1 
 

          

 c) hexarm-Static 2-Strain-Strain1        d) overall picture of change 
 

Figure 5 - Physical and mechanical modelling results 
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An analysis of the movement of the points on the part from the initial state shows the 

elements on the part that have the highest point movement (coloured red) and the lowest point 

movement (coloured blue). The colouring is done according to the criterion for the distribution 

of the safety factor on the material of the part. In our example this coefficient is 1. Therefore 

parts of the part are coloured blue where the coefficient is greater than 1 and red where it is less 

than 1, i.e. the red colour indicates that the material in that area does not pass the strength test, 

i.e. it cannot withstand the load. 

The maximum deformed state of the part after the application of loads is shown by the 

result of Figure 5, b. Figure 5, d shows a general picture of the changes, from which it can be 

seen that the developed frame beams are able to withstand the applied physical and mechanical 

loads. 

The assembly process for the beam, the main frame web and the connection of the 

electronics are shown in Figure 6. 

 

    
 

Figure 6 ï Process of assembling the frame and connecting the electronics 

The developed prototype of the flying transport platform of the future is shown in Figure  

 

 
 

Figure 7 ï Developed prototype of the flying transport platform of the future 
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Conclusion. 

In general, the future of flying transport is connected with the use of drones, and we can 

expect that further innovations in this field will lead to new possibilities and solutions that will 

make their use more efficient and safer. 

The developed prototype of the flying transport platform of the future allows us to work 

out modern technologies of creation, programming and further adjustment according to the set 

parameters. 

Thus, it should be noted that developed a cheap and environmentally friendly way to 

solve the transport and logistics problems of megacities. 

In the future, it is planned to refine and bring the prototype to the stage of a flying and 

working prototype, adding positioning systems to it. Thanks to these refinements, the flying 

vehicle will be able to work autonomously, using only its sensors.  

The eVTOL flying vehicle is a very user-friendly and economically and environmentally 

beneficial type of transport, which simplifies and speeds up travel within the city limits. 

In conclusion, we can say that drones have great potential as a future means of flying 

transport. Due to their flexibility and mobility, they can be used for various purposes, including 

delivery of cargo and passengers, as well as for monitoring and maintenance of various objects 

and territories. However, the safety and regulation of drones is still unresolved, and more 

research and development is needed to make sure that their use will not harm the environment 

and society. Nevertheless, with an ever-increasing technological base and innovative ideas, we 

can confidently say that drones will play an increasing role in the future of flying transport. 

In addition, the benefits of using drones as vehicles include significant savings in time 

and resources. Drones can be used to deliver products and goods to hard-to-reach or remote areas 

where traditional vehicles cannot reach. This can be particularly useful for regions with poor 

infrastructure and for providing emergency medical care. 

However, there is a need to develop more accurate and reliable navigation and control 

systems for drones to ensure safety in their use. It is also important to consider the environmental 

impact of drones, including noise and emissions, which can cause human and animal health 

problems. 
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ɸשʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘ EVTOL ʪʠʧʪʽ ץʦʣʜʘʥʳʩʪʘסʳ ײʰʫ ʘʧʧʘʨʘʪʪʘʨʳʥ ʪʘʣʜʘʫסʘ ʞᴅʥʝ 

stm32f722 ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʽ ʥʝʛʽʟʽʥʜʝ ײʰʫ ʢʦʥʪʨʦʣʣʝʨʽʥʽש ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ץʘʨʘʩʪʳʨʫסʘ, 

ʩʦʥʜʘʡ-ʘץ ᴅʨʪװʨʣʽ ʜʘʪʯʠʢʪʝʨ ʤʝʥ ײץʨʳʣסʳʣʘʨʜʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʙʘסʘʣʘʫסʘ ʞᴅʥʝ 

BetaFlight ʤʠʢʨʦʙʘסʜʘʨʣʘʤʘʩʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʦʣʘʨʜʳש ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʟʝʨʪʪʝʫʛʝ 

ʘʨʥʘʣסʘʥ. ɹײʣ ʞײʤʳʩʪʳש ʥʝʛʽʟʛʽ ʥᴅʪʠʞʝʩʽ ʙʦʣʘʰʘײ ץʰʘʪʳʥ ʢᴇʣʽʢ ʧʣʘʪʬʦʨʤʘʩʳʥʳש 

ʧʨʦʪʦʪʠʧʽʥ (ʧʨʦʪʦʪʠʧʽʥ) ᴅʟʽʨʣʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣ װʰʽʥ ײʰʫ ʘʧʧʘʨʘʪr ʞװʡʝʩʽʥʽש 

ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʣʳץ ʙᴇʣʽʢʪʝʨʽ ᴅʟʽʨʣʝʥʜʽ ʞᴅʥʝ ʩʳʥʘʣʜʳ. 

ɿʝʨʪʪʝʫ ʘʷʩʳʥʜʘ STM32F722 ʞᴅʥʝ BetaFlight ʥʝʛʽʟʽʥʜʝ ײʰʫ ʢʦʥʪʨʦʣʣʝʨʽ ʘʨʘʩʳʥʜʘ 

ʠʥʪʝʨʬʝʡʩ ײץʨʳʣʜʳ, evtol ʪʠʧʪʽ ײʰʫ ʘʧʧʘʨʘʪʪʘʨʳʥ ײץʨʫʜʳש ʙʘʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʤʝʥ 

ʞװʡʝʣʝʨʽ ʧʳʩʳץʪʘʣʜʳ, ʩʦʥʜʘʡ-ʘץ ʧʨʦʪʦʪʠʧ ʞװʡʝʩʽʥʝ ʢʝʰʝʥʜʽ ʪʝʩʪʽʣʝʫ ʞװʨʛʽʟʽʣʜʽ ʞᴅʥʝ 

ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʧʳʩʳץʪʘʣʜʳ. ʉʦʥʜʘʡ-ʘץ, ʞײʤʳʩ ʙʘʨʳʩʳʥʜʘ ʧʨʦʪʦʪʠʧʪʽש 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ʞᴅʥʝ ʧʨʠʥʮʠʧʪʽʢ ʩʭʝʤʘʣʘʨʳ ᴅʟʽʨʣʝʥʜʽ, ײʰʫ ʘʧʧʘʨʘʪʳ ʨʘʤʘʩʳʥʳש 

ʨʝʘʢʮʠʷʣʘʨʳʥʳש ʤʝʭʘʥʠʢʘʣʳץ-ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʤʦʜʝʣʴʜʝʫ ʞװʨʛʽʟʽʣʜʽ. 

ɹײʣ ʞײʤʳʩʪʳש ʤʘשʳʟʜʳ ʥᴅʪʠʞʝʩʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, 

ʦʣʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽ ʢװʰ ײץʨʳʣʳʤʳʥʳש ʝʩʝʧʪʽʢ ʞװʢʪʝʤʝʣʝʨʛʝ ʪᴇʪʝʧ ʙʝʨʝ ʘʣʘʪʳʥʜʳסʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ʅᴅʪʠʞʝʣʝʨ eVTOL ʪʠʧʪʽ ײʰʘץʪʘʨʜʳש ʜʠʟʘʡʥʳʥ ʞʘץʩʘʨʪʫסʘ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ 

ʙʝʨʫʜʽש ʪʠʽʤʜʽ ʞװʡʝʣʝʨʽʥ ײץʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾװʨʛʽʟʽʣʛʝʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʢװʰ ײץʨʳʣʳʤʳʥʳש ʝʩʝʧʪʽʢ ʞװʢʪʝʤʝʣʝʨʛʝ ʪᴇʪʝʧ ʙʝʨʝ 

ʘʣʘʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʉᴇʡʣʝʫ, ʩᴇʡʣʝʫ ʭʘʙʘʨʳ, ʘʫʳʟʰʘ ʩᴇʡʣʝʫ ʭʘʙʘʨʳ, ʘʢʫʩʪʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ. 

ʊʝʤʳʨʙʘʡ ʏʠʛʘʤʙʘʝʚ, ʢ.ʪ.ʥ., ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ, ɸʢʘʜʝʤʠʷ ʣʦʛʠʩʪʠʢʠ ʠ 

ʪʨʘʥʩʧʦʨʪʘ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ,  t.chigambayev@alt.edu.kz 
ɽʣʝʥʘ ɹʘʭʪʠʷʨʦʚʘ ɸʞʠʙʝʢʦʚʥʘ, ʢ.ʪ.ʥ., ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ, 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 

y.bakhtiyarova@iitu.edu.kz 
ɸʙʘʡ ʏʠʛʘʤʙʘʝʚ, ʫʯʝʥʠʢ, ʐʢʦʣʘ-ʣʠʮʝʡ ˉ48, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ,  

abaychig@gmail.com 

 

ʇʈʆʊʆʊʀʇ ʇʃɸʊʌʆʈʄʓ ʃɽʊɸʖʑɽɻʆ ʊʈɸʅʉʇʆʈʊɸ ɹʋɼʋʑɽɻʆ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʪʠʧʘ eVTOL ʠ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʣʝʪʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʥʘ ʙʘʟʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32F722, ʘ ʪʘʢʞʝ ʦʮʝʥʢʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ ʠ 

ʫʩʪʨʦʡʩʪʚ ʠ ʠʟʫʯʝʥʠʶ ʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʰʠʚʢʠ BetaFlight. ʆʩʥʦʚʥʦʡ 

ʨʝʟʫʣʴʪʘʪ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʪʦʪʠʧʘ (ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ) 

ʧʣʘʪʬʦʨʤʳ ʣʝʪʘʶʱʝʛʦ ʪʨʘʥʩʧʦʨʪʘ ʙʫʜʫʱʝʛʦ, ʜʣʷ ʢʦʪʦʨʦʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʢʘʢ ʘʧʧʘʨʘʪʥʘʷ, ʪʘʢ ʠ ʧʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 
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ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʟʜʘʥ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʧʦʣʝʪʥʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ ʥʘ ʙʘʟʝ 

STM32F722 ʠ BetaFlight, ʦʪʨʘʙʦʪʘʥʳ ʚʩʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ ʩʦʟʜʘʥʠʷ ʣʝʪʘʪʝʣʴʥʭr 

ʘʧʧʘʨʘʪʦʚ ʪʠʧʘ eVTOL, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʨʦʪʦʪʠʧʘ 

ʠ ʦʪʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʊʘʢʞʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʧʨʦʪʦʪʠʧʘ, ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʤʝʭʘʥʠʢʦ-ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʝʘʢʮʠʡ ʨʘʤʳ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ.  

ɺʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʠʣʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʦʩʦʙʥʘ ʚʳʜʝʨʞʠʚʘʪʴ 

ʨʘʩʯʝʪʥʳʝ ʥʘʛʨʫʟʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʠʪʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʪʠʧʘ eVTOL ʠ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ 

ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʠʣʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʦʩʦʙʥʘ ʚʳʜʝʨʞʠʚʘʪʴ ʨʘʩʯʝʪʥʳʝ ʥʘʛʨʫʟʢʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɻʝʢʩʘʢʦʧʪʝʨ, ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʜʨʦʥ, ɹʇʃɸ. 
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MAINTENANCE AND REPAIR OF AIRCRAFT ENGINE TURBINES  
 

Abstract.  The turbine is the main part of the aircraft engine responsible for converting 
fuel into energy to drive the propeller blades. The article is devoted to the maintenance and 
repair of an aircraft turbine, including the basic procedures and techniques used to detect and 
correct defects and damage in the turbine. It also describes the process for diagnosing and 
analyzing turbine failures, and how to prevent such failures from occurring in the future. Turbine 
maintenance is critical to flight safety, and the article can be useful to both aviation professionals 
and the general public interested in aviation and technical issues. Reliability and resource, as 
practice shows, depend more on the number of load cycles and thermal cycles associated with 
starts, stops and changes in the engine operating mode than on the total number of hours of 
operation. The turbine is the most important unit of the engine, which determines its service life 
and reliability of operation. Cooled rotor blades make it possible to increase the working 
temperature of the gas in front of the turbine or to use less scarce materials for the manufacture 
of blades. Currently, two types of cooled rotor blades are mainly used: frame and composite 
blades. 

 

Keywords. Blade, rotor, stator, axial turbine, radial turbine, radial-axial turbine. 
 

Introduction.   
Aircraft turbine maintenance and repair are important components of flight safety. The 

turbine, which is a key part of an aircraft engine, is responsible for generating the thrust required 
to lift and propel the aircraft. Regular maintenance and repairs are required to keep the turbine 
running smoothly. 

Turbine maintenance includes a number of procedures that must be carried out in 
accordance with international aviation safety regulations and standards. These procedures help to 
detect and eliminate possible malfunctions in the turbine before they occur during flight. Turbine 
repair, in turn, involves the implementation of a number of measures aimed at restoring its 
performance and guaranteeing flight safety. 

Gas turbines offer a number of advantages over other types of engines, including high 
power, relatively low weight and compactness, and the ability to accelerate quickly. These 
factors make gas turbines particularly suitable for use in aircraft [1]. 

However, gas turbines also have their disadvantages, including high cost, complexity and 
high cost of maintenance, as well as significant noise and emissions. 

In this work, we will consider the main aspects of aircraft turbine maintenance and repair, 
as well as get acquainted with the methods of diagnostics and fault analysis. This information 
can be useful not only for aviation specialists, but also for anyone interested in technical issues 
and flight safety.  

The gas turbine is a blade installation necessary to ensure the movement of the electric 
generator (figure 1). 

Its main parts are a rotor and a stator with blades. 
The blade is a metal part, which is a plate with a shank attached to the disk. As a rule, the 

width of this plate is a quarter of its length. 
Rotor - a movable shaft on which discs with blades are mounted. One disc is called the 

rotor stage. The number of stages and the size of the blades on each of them depends on the 
characteristics of the work and the required power of the unit. 

mailto:k.zhandildinova@agakaz.kz
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The stator is a fixed element of the turbine, which is a blade of a different shape, fixed in 

a housing around the rotor. It serves to direct the gas to the rotor plates at the desired angle. This 

increases the efficiency and reliability of operation, and also prevents the disruption of the flow 

of material [6]. 

Together with the combustion chamber, the gas turbine is a gas turbine plant. 

 

 
 

Figure 1 - Gas turbine plant 

 

With the help of a turbocharger, the incoming air is compressed and fed into the 

combustion chamber. There it heats up and expands. 

Combustion products under pressure are supplied to the turbine blades, which drives the 

rotor, which is the drive of the electric generator. 

With the same power as steam gas plants, they have less weight and dimensions, are put 

into operation faster, and are easier to maintain [2].  

Unlike an internal combustion engine, a gas turbine has fewer moving parts and low 

vibration during operation, a higher power-to-size ratio, low emissions, and low fuel 

requirements. 

The use of gas turbines is associated with some disadvantages. Among them are high cost 

due to the complexity of parts production, high power consumption, slow start compared to 

internal combustion engines, low efficiency at low loads. 

Materials and methods. 

Analysis of structures and identification of cracks in the most loaded areas, as well as 

regular maintenance. 

Distinctive features. ñThe main feature of a gas device in comparison with steam and 

combined-cycle turbines is the invariability of the aggregate state of the incoming substance 

throughout the entire working process. This allows them to operate at higher temperatures and 

increase efficiency.ò 

According to the direction of the gas flow, gas turbines are axial (most common), radial 

and mixed. 
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Axial turbines in modern gas turbine engines are predominantly used. Such turbines 

approximately retain the axial direction of gas movement at the inlet to the turbine stage and at 

the outlet from it (figure 2). 
 

 
 

1 and 3 - nozzle devices of I and II stages; 2 and 4 - impellers I and II stages; 5 and 6 - bearings 

of the second rotor; 7 and 8 - bearings of the first rotor; 9 to 10 - shafts. 
 

Figure 2 - Scheme of a two-stage twin-rotor axial turbine 

 

In addition to the axial turbines discussed above, in the flow parts of which the steam 

flow moves along the rotor axis, radial and radial-axial turbines have found wide application. 

Radial turbines are those in which the steam current lines are in a plane perpendicular to 

the rotor axis. If the steam moves in the direction from the periphery to the axis of the rotor, such 

turbines are called centripetal; if from the rotor axis to the periphery - centrifugal. 

The radial turbine is more reliable in operation and has a longer service life with less 

maintenance requirements. 

Radial-axial turbines are those in which the steam flow in the nozzle blades is directed 

from the periphery to the axis of the turbine, and the flow in the working blades has a radial-axial 

direction [3]. 

 

Results and Discussion. 

Repair of gas turbines: measures to restore performance and ways to reduce wear of parts. 

Gas turbine equipment operates under extremely difficult conditions: extreme rotational speeds 

and temperatures (gas heated to approximately +1000 ÁC is supplied to the blades), high loads, 

long-term continuous operation lead to corrosion and damage to parts, failures in the operation of 

units. 

Small particles enter the system along with the incoming gas. Air filters cannot cope with 

a large amount of dust, it moves into the working chamber and stimulates abrasive wear of the 

elements. 

Turbine blade roots are subjected to fretting corrosion - wear due to constant micro-

movements of parts relative to each other in a corrosive environment. In addition, they quickly 

become dirty and require cleaning with a non-abrasive material (figure 3). 
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Figure 3 - Damaged turbine blade 

 

Nozzle guides are cracked and damaged due to temperature fluctuations. To restore, they 

are welded. 

The turbine shaft can become misaligned due to significant rotational speeds, which leads 

to increased vibration during operation and accelerated bearing wear. 

The plain bearing experiences high pressures and operates under conditions of increased 

friction. At the start-stop moments of the unit, the risk of damage is maximum. When using low-

quality protective materials or with a lack of lubricating fluid, the element quickly fails [4]. 

Repair of damage to parts of a gas turbine plant. Returning to possible defects in GTU 

parts and their elimination, we note that the main causes of defects in GTU parts are as follows: 

high-temperature corrosion, destruction due to vibration, thermal deformation, mechanical and 

erosive wear, and non-compliance with fuel preparation requirements [7]. 

The nature of the damage caused by these causes, in most cases, allows them to be 

detected only by non-destructive testing methods, and eliminated by welding. In more detail 

about some possible damage to parts of the gas turbine:[5] 

Repair of a crack in the turbine nozzle guide vane. 

Crack in the turbine nozzle vane (figure 4) - cracking caused by thermal cycles "heating-

cooling". 

The size of the crack exceeds the allowable limits, and this segment should be replaced in 

the near future, regardless of the timing of the scheduled inspection. 

 

 
 

Figure 4 - Crack in the turbine nozzle guide vane 
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This defect can be eliminated by crack sampling, subsequent welding, mechanical and 

heat treatment and application of a thermal barrier coating at the final stage. Subsequently, the 

repaired segment can be used to replace a similar damaged one; 

Damage to the blades of the 1st stage of the turbine (Figure 5) - the condition of the rotor 

blades in the picture is typical for most of the rotor blades of the 1st stages of the gas turbine hot 

gas path, which have worked out before the next inspection and must be replaced. 
 

 
 

Figure 5 - Damage to the blades of the 1st stage of the turbine (erosive wear of the leading edge) 

 

This condition corresponds to normal wear and tear and is caused by the cumulative 

effect of the above causes. 

Cooled rotor blades make it possible to increase the working temperature of the gas 

before the turbine or to use less scarce materials for the manufacture of blades. The blades are 

mainly cooled by air taken from the compressor, although cooling is also possible with liquid 

coolants (water, fuel, molten metals, such as sodium, etc.). Creating a successful design of 

cooled blades is associated with great design and technological difficulties, since it is necessary: 

- ensuring a uniform temperature field over the cross section; unevenness leads to the 

appearance of thermal stresses, which can nullify the cooling effect; 

- maintaining the necessary strength and vibration resistance; 

- design manufacturability. 

Cooling the blades by removing heat to the disk rim is the simplest method, but its 

effectiveness depends on the type of blade fastening lock and the thermal conductivity of the 

blade material. 

Currently, two types of cooled rotor blades are mainly used: frame and composite. The 

frame blade consists of a supporting frame-frame and a thin-walled shell covering it. Between 

the frame and the shell there are channels for the passage of cooling air. In terms of their 

aerodynamic properties, such blades are not much inferior to solid, uncooled ones, but the 

presence of transverse grooves on the rods greatly reduces their strength. Composite blades are 

made of two separate parts. Each part is made separately, and then channels are milled on the 

joined surfaces. After connecting both parts, cavities are formed inside the blade for the passage 

of cooling air. (Fig. 6) In addition to the listed methods of cooling the rotor blades, cooling with 

a protective film (barrage cooling) is possible. This method is based on the principle of creating a 

protective coolant layer between the hot gas and the blade surface. In this case, there are a 

number of slots in the blade walls through which the coolant is blown into the gas boundary 

layer near the blade. 
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Figure 6 - Scheme of cooling of rotor blades 

 

Conclusion.  

In conclusion, it can be noted that aircraft gas turbines are one of the most important 

components of aircraft, which provide the necessary thrust for their movement. Maintenance and 

repair of gas turbines is critical, as any failure in their operation can lead to dangerous situations 

that can lead to an accident. 

To ensure the reliable and safe operation of aircraft gas turbines, regular maintenance is 

necessary, which includes checking and replacing components, as well as repairs if necessary. It 

is also necessary to observe the correct mode of operation of gas turbines, including optimal load 

conditions, fuel quality control and other factors. 

In general, the correct maintenance and repair of gas turbines are important factors for the 

safety and reliability of air transport. 
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ɸʡʜʦʩ ʄʦʣʜʘʙʝʢʦʚ, ʭ.ס.ʢ., ʜʦʮʝʥʪ, ɸʟʘʤʘʪʪʳץ ʘʚʠʘʮʠʷ ʘʢʘʜʝʤʠʷʩʳ, ɸʣʤʘʪʳ, 

 ʩʪʘʥ, a.moldabekov@agakaz.kzץʘʟʘפ

ʄʠʣʝʥʘ ɹʘʪʘʥʦʚʘ, ʤʘʛʠʩʪʨ, ɸʟʘʤʘʪʪʳץ ʘʚʠʘʮʠʷ ʘʢʘʜʝʤʠʷʩʳ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ, 

milena.batanova@agakaz.kz  

ʐʦʣʧʘʥ ʂʦʰʘʥʦʚʘ, ʤʘʛʠʩʪʨ, ɸʟʘʤʘʪʪʳץ ʘʚʠʘʮʠʷ ʘʢʘʜʝʤʠʷʩʳ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ, 

s.koshanova@agakaz.kz  

 

ᴄʋɽ פʆɿנɸʃʊפʓʐʊɸʈʓʅʓר ʊʋʈɹʀʅɸʃɸʈʓʅ ɾᴆʅɼɽʋ ɾᴄʅɽ 

ʊɽʍʅʀʂɸʃʓפ פʓɿʄɽʊ ʂᴆʈʉɽʊʋ 

 

ɸשʜʘʪʧʘ. ʊʫʨʙʠʥʘ - ᴅʫʝ ʚʠʥʪʽʥʽץ שʘʣʘץʪʘʨʳʥ ץʦʟסʘʫ װʰʽʥ ʦʪʳʥʜʳ ʵʥʝʨʛʠʷסʘ 

ʘʡʥʘʣʜʳʨʫסʘ ʞʘʫʘʧʪʳ hײʘץ ץʦʟסʘʣʪץʳʰʳʥʳש ʥʝʛ̔ʟʛʽ ʙᴇʣʽʛʽ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ʄʘץʘʣʘʜʘ ᴅʫʝ 

ʢʝʤʝʩʽʥʽש ʪʫʨʙʠʥʘʩʳʥʘ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʛʝ ʞᴅʥʝ ʞᴇʥʜʝʫʛʝ ʘʨʥʘʣסʘʥ, ʦʥʳש 

ʽʰʽʥʜʝ ʪʫʨʙʠʥʘʜʘסʳ ʘץʘʫʣʘʨ ʤʝʥ ʟʘץʳʤʜʘʥʫʣʘʨʜʳ ʘʥʳץʪʘʫ ʞᴅʥʝ ʪװʟʝʪʫ װʰʽʥ 

 ץʘʣʘʜʘ ʩʦʥʜʘʡ-ʘץʣ ʤʘײʦʣʜʘʥʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʧʨʦʮʝʜʫʨʘʣʘʨ ʤʝʥ ᴅʜʽʩʪʝʨ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹץ

ʪʫʨʙʠʥʘʣʳץ ʘץʘʫʣʘʨʜʳ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ ʧʨʦʮʝʩʽʥ ʞᴅʥʝ ʙʦʣʘʰʘץʪʘ ʤײʥʜʘʡ 

ʘץʘʫʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫ ʞʦʣʜʘʨʳ ʩʠʧʘʪʪʘʣסʘʥ. ʊʫʨʙʠʥʘסʘ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ 

ʢʝʟʽʥʜʝ ײʰʫ ץʘʫʽʧʩʽʟʜʽʛʽ װʰʽʥ ʞᴅʥʝ ʘʚʠʘʮʠʷ ʤʘʤʘʥʜʘʨʳ װʰʽʥ ʜʝ ᴇʪʝ ʤʘשʳʟʜʳ, ʤײʥʜʘסʳ 

ʘץʧʘʨʘʪʪʘʨ ʘʚʠʘʮʠʷʣʳץ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ ʤᴅʩʝʣʝʣʝʨʛʝ ץʳʟʳסʫʰʳʣʳץ ʪʘʥʳʪץʘʥ ʢᴇʧʰʽʣʽʢ 

 ʤʳʩײʤʢʽʥ. ʊᴅʞʽʨʠʙʝ ʢᴇʨʩʝʪʢʝʥʜʝʡ ʩʝʥʽʤʜʽʣʽʢ ʧʝʥ ʨʝʩʫʨʩ, ʞװʰʽʥ ʜʝ ʧʘʡʜʘʣʳ ʙʦʣʫʳ ʤװ

ʫʘץʳʪʳʥʳש ʞʘʣʧʳ ʩʘʥʳʥʘ ץʘʨʘסʘʥʜʘ, ץʦʟסʘʣʪץʳʰʪʳש ʞײʤʳʩ ʨʝʞʠʤʽʥ ʽʩʢʝ ץʦʩʫ, ʪʦץʪʘʪʫ 

ʞᴅʥʝ ᴇʟʛʝʨʪʫʛʝ ʙʘʡʣʘʥʳʩʪʳ ʞװʢʪʝʤʝ ʮʠʢʣʜʘʨʳ ʤʝʥ ʞʳʣʫ ʮʠʢʣʜʝʨʽʥʽש ʩʘʥʳʥʘ ʢᴇʙʽʨʝʢ 

ʙʘʡʣʘʥʳʩʪʳ. ʊʫʨʙʠʥʘ ץʦʟסʘʣʪץʳʰʪʳץ שʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽʥ ʞᴅʥʝ ʞײʤʳʩ ʩʝʥʽʤʜʽʣʽʛʽʥ 

ʘʥʳץʪʘʡʪʳʥ ʝש ʤʘשʳʟʜʳ ʙʽʨʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʫʳʪʳʣסʘʥ ʨʦʪʦʨ ץʘʣʘץʪʘʨʳ ʞᴅʥʝ 

ʧʳʰʘץʪʘʨ ʪʫʨʙʠʥʘ ʘʣʜʳʥʜʘסʳ ʛʘʟʜʳש ʞײʤʳʩ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʞʦסʘʨʳʣʘʪʫסʘ ʥʝʤʝʩʝ ʛʘʟ 

ᴇʥʜʽʨʫ װʰʽʥ ʪʘʧʰʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʘʟʳʨʘץ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ 

ʩʘʣץʳʥʜʘʪʳʣסʘʥ ʨʦʪʦʨ ץʘʣʘץʪʘʨʳʥʳש ʥʝʛʽʟʽʥʝʥ ʝʢʽ ʪװʨʽ ץʦʣʜʘʥʳʣʘʜʳ: ʨʘʤʘʣʳץ ʞᴅʥʝ 

ʢʦʤʧʦʟʠʪʪʽ ץʘʣʘץʪʘʨ. 

 

ʊװʡʥ̔ʜʽ ʩᴇʟʜʝʨ. פʘʣʘץʰʘ, ʨʦʪʦʨ, ʩʪʘʪʦʨ, ʦʩʴʪʽʢ ʪʫʨʙʠʥʘ, ʨʘʜʠʘʣʜʳ ʪʫʨʙʠʥʘ, 

ʨʘʜʠʘʣʜʳ-ʦʩʴʪʽʢ ʪʫʨʙʠʥʘ. 

 

 

 ,ʘʨʣʳʛʘʰ ɾʘʥʜʠʣʜʠʥʦʚʘ, ʤʘʛʠʩʪʨ, ɸʢʘʜʝʤʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ɸʣʤʘʪʳפ

ʂʘʟʘʭʩʪʘʥ, k.zhandildinova@agakaz.kz  

ɸʡʜʦʩ ʄʦʣʜʘʙʝʢʦʚ, ʭ.ס.ʢ., ʜʦʮʝʥʪ, ɸʢʘʜʝʤʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ɸʣʤʘʪʳ, 

ʂʘʟʘʭʩʪʘʥ, a.moldabekov@agakaz.kz 

ʄʠʣʝʥʘ ɹʘʪʘʥʦʚʘ, ʤʘʛʠʩʪʨ, ɸʢʘʜʝʤʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 

milena.batanova@agakaz.kz  

ʐʦʣʧʘʥ ʂʦʰʘʥʦʚʘ, ʤʘʛʠʩʪʨ, ɸʢʘʜʝʤʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 

s.koshanova@agakaz.kz 

 

ʊɽʍʅʀʏɽʉʂʆɽ ʆɹʉʃʋɾʀɺɸʅʀɽ ʀ ʈɽʄʆʅʊ ʊʋʈɹʀʅ ɸɺʀɸʎʀʆʅʅʓʍ 

ɼɺʀɻɸʊɽʃɽʁ 

 

ɸʥʥʦʪʘʮʠʷ.  ʊʫʨʙʠʥʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʜʚʠʛʘʪʝʣʷ ʩʘʤʦʣʝʪʘ, ʦʪʚʝʯʘʶʱʝʡ 

ʟʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʦʧʣʠʚʘ ʚ ʵʥʝʨʛʠʶ ʜʣʷ ʧʨʠʚʦʜʘ ʣʦʧʘʩʪʝʡ ʚʦʟʜʫʰʥʦʛʦ ʚʠʥʪʘ. ʉʪʘʪʴʷ 

ʧʦʩʚʷʱʝʥʘ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ ʪʫʨʙʠʥʳ ʩʘʤʦʣʝʪʘ, ʚʢʣʶʯʘʷ ʦʩʥʦʚʥʳʝ 
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ʧʨʦʮʝʜʫʨʳ ʠ ʪʝʭʥʠʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʠʩʧʨʘʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ 

ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʪʫʨʙʠʥʝ. ʆʥʘ ʪʘʢʞʝ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʘʥʘʣʠʟʘ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʪʫʨʙʠʥʳ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʢʠʭ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʙʫʜʫʱʝʤ. ʆʙʩʣʫʞʠʚʘʥʠʝ ʪʫʨʙʠʥʳ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, ʠ ʩʪʘʪʴʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʢʘʢ ʘʚʠʘʮʠʦʥʥʳʤ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʪʘʢ ʠ 

ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʠ, ʠʥʪʝʨʝʩʫʶʱʝʡʩʷ ʘʚʠʘʮʠʝʡ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʚʦʧʨʦʩʘʤʠ. ʅʘʜʝʞʥʦʩʪʴ ʠ 
ʨʝʩʫʨʩ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʙʦʣʴʰʝ ʟʘʚʠʩʷʪ ʦʪ ʯʠʩʣʘ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ ʠ 

ʪʝʧʣʦʩʤʝʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʧʫʩʢʘʤʠ, ʦʩʪʘʥʦʚʢʘʤʠ ʠ ʠʟʤʝʥʝʥʠʷʤʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, 

ʯʝʤ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʦʚ ʥʘʨʘʙʦʪʢʠ. ʊʫʨʙʠʥʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʫʟʣʦʤ 

ʜʚʠʛʘʪʝʣʷ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʝʛʦ ʨʝʩʫʨʩ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ, ʆʭʣʘʞʜʘʝʤʳʝ ʨʘʙʦʯʠʝ 

ʣʦʧʘʪʢʠ ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʚʘʪʴ ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʠʣʠ ʧʨʠʤʝʥʷʪʴ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʦʧʘʪʦʢ ʤʝʥʝʝ ʜʝʬʠʮʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪ ʚ 
ʦʩʥʦʚʥʦʤ ʜʚʘ ʪʠʧʘ ʦʭʣʘʞʜʘʝʤʳʭ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ: ʢʘʨʢʘʩʥʳʝ ʠ ʩʦʩʪʘʚʥʳʝ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʃʦʧʘʪʢʘ, ʨʦʪʦʨ, ʩʪʘʪʦʨ, ʦʩʝʚʘʷ ʪʫʨʙʠʥʘ, ʨʘʜʠʘʣʴʥʘʷ ʪʫʨʙʠʥʘ, 

ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʘʷ ʪʫʨʙʠʥʘ. 
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ʉ.ʉ. ɸʙʜʫʣʣʘʝʚ1 , ɸ.ɸ. ʂʘʨʘʞʘʥʦʚ2, ɹ.ʐ. ɼʫʡʩʝʤʙʘʝʚʘ2,  

ɽʨʣʘʥ ɸʩʢʝʥʦʚ1, ʂ.ʂ. ʉʘʨʩʘʥʙʝʢʦʚ1 
1Satbayev University, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ 

2ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ.ɻʫʤʠʣʝʚʘ,  ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

ɽ-mail: Seidulla@mail.ru 
 

ʇʆʅʗʊʀɽ ʆ ʅɸɼɽɾʅʆʉʊʀ ɺʓʇʆʃʅɽʅʀʗ ʈɽʉʉʆʈʅʓʄ 

ʇʆɼɺɽʐʀɺɸʅʀɽʄ ɺʀɹʈʆɿɸʑʀʊʅʓʍ ʌʋʅʂʎʀʁ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʚ 

ʫʢʘʟʘʥʥʦʤ ʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ. ʇʘʨʘʤʝʪʨʳ ʨʝʩʩʦʨʥʦʛʦ 

ʧʦʜʚʝʰʠʚʘʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʠʟʥʦʩʘ ʠʣʠ ʩʪʘʨʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʟʘ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʫʯʘʡʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʵʢʠʧʘʞʘ (15ð 20 ʤʠʥ), ʧʘʨʘʤʝʪʨʳ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʶʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ 

ʵʢʠʧʘʞʘ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ, 

ʧʨʠʯʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʩ ʥʘʨʘʙʦʪʢʦʡ. 

ʕʪʦ ʜʦʧʫʱʝʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʨʘʙʦʪʢʠ ʚʳʯʠʩʣʠʪʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɼʂ ʠ ʟʘʪʝʤ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʨʝʩʩʦʨʥʳʤ ʧʦʜʚʝʰʠʚʘʥʠʝʤ ʚʠʙʨʦʟʘʱʠʪʥʳʭ ʬʫʥʢʮʠʡ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ, ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ, ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʦʚ 

ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ.  
 

ɺʚʝʜʝʥʠʝ.  

ɺ ʨʝʩʧʫʙʣʠʢʝ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʛʨʫʟʦʚʳʭ ʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʨʘʩʪʘʶʱʠʭ ʦʙʲʝʤʦʚ ʧʝʨʝʚʦʟʦʢ 

ʪʷʛʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ ʥʝʦʙʭʦʜʠʤʳ ʩʨʦʯʥʳʝ ʤʝʨʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʠ 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʦʚʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʥʦʚʳʝ 

ʠʣʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʣʦʢʦʤʦʪʠʚʦʚ ʩʚʷʟʘʥʘ ʩ ʢʦʤʧʣʝʢʩʦʤ ʟʘʜʘʯ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʚʠʙʨʦʟʘʱʠʪʳ ʨʝʣʴʩʦʚʦʛʦ ʵʢʠʧʘʞʘ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʦʪ 

ʥʝʜʦʧʫʩʪʠʤʳʭ ʫʨʦʚʥʝʡ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʵʣʝʤʝʥʪʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʣʦʢʦʤʦʪʠʚʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʥʦʨʤʳ ʩʦʜʝʨʞʘʥʠʷ 

ʧʫʪʠ, ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ ʣʦʢʦʤʦʪʠʚʦʚ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʦʧʫʩʢʘʝʤʳʭ ʫʨʦʚʥʝʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ, ʦʮʝʥʠʚʘʶʱʠʭ ʚʠʙʨʦʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʣʦʢʦʤʦʪʠʚʦʚ, ʧʨʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʧʨʠ 

ʙʝʟʫʩʣʦʚʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʠʣʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʠʧʦʚ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʉ ʫʯʝʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʙʣʶʜʝʥʠʷ ʥʦʨʤ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʫʪʴ ʵʢʠʧʘʞʥʦʡ ʯʘʩʪʠ ʵʪʠ ʚʦʧʨʦʩʳ ʤʦʞʥʦ ʫʩʧʝʰʥʦ ʨʝʰʠʪʴ, ʝʩʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʘʤʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʵʪʦʤ ʢʘʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ, ʪʘʢ ʠ ʥʘʪʫʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ ʠ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ɺ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʦʢʦʤʦʪʠʚʦʚ ʠʟ-ʟʘ ʨʘʟʙʨʦʩʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʠ 

https://удк.xyz/widget


ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 3 (126), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 3 (126), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

33 

ʦʪʢʣʦʥʝʥʠʡ ʚ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʪʠʭ ʜʝʪʘʣʝʡ ʚʦʟʥʠʢʘʶʪ ʦʪʢʣʦʥʝʥʠʷ 

ʜʝʡʩʪʚʠʪʝʣʥɹʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʪ ʠʭ ʨʘʩʯʝʪʥʳʭ ʠ ʜʘʞʝ ʥʦʨʤʘʪʠʚʥʳʭ 

ʟʥʘʯʝʥʠʡ. ʊʘʢ, ʞʝʩʪʢʦʩʪʠ ʧʨʫʞʠʥ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʥʘ 30 % ʚ 

ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʢʦʚ ʥʘ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ɿʘʤʝʨʳ ʞʝʩʪʢʦʩʪʝʡ 

ʢʦʤʧʣʝʢʪʦʚ ʧʨʫʞʠʥ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʵʣʝʢʪʨʦʚʦʟʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ ʢ ʨʘʩʯʝʪʥʳʤ, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ  ʩʦʩʪʘʚʣʷʶʪ 

ʧʨʠʤʝʨʥʦ 0,047 ʜʣʷ ʙʫʢʩʦʚʦʛʦ ʠ 0,035 ʜʣʷ ʢʫʟʦʚʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʳʡ 

ʨʘʟʙʨʦʩ ʠʤʝʶʪ ʪʘʢʞʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʝʡ 

ʢʦʣʝʙʘʥʠʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʇɼʂ ʨʘʟʣʠʯʥʳʭ ʣʦʢʦʤʦʪʠʚʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʪʠʧʘ 

ʙʫʜʫʪ ʨʘʟʥʳʤʠ ʠ ʜʘʞʝ ʚʥʦʚʴ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʣʦʢʦʤʦʪʠʚ ʤʦʞʝʪ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʜʦʧʫʩʪʠʤʳʤ ʟʥʘʯʝʥʠʷʤ ʇɼʂ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʠʟʥʦʩʘ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʫʱʠʭʩʷ ʧʘʨ ʚʦ ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʷʭ ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ ʫʟʣʘʭ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʫʪʝʯʢʠ ʞʠʜʢʦʩʪʠ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʛʘʩʠʪʝʣʷʭ, ʩʪʘʨʝʥʠʷ ʨʝʟʠʥʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʪ.ʧ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʤʝʥʷʶʪʩʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʚʦʟʦʚ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʧʨʦʙʝʛʝ 7500 ʢʤ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ɓ ʫʤʝʥʴʰʘʶʪʩʷ ʚ 1,2 ʨʘʟʘ, ʘ 

ʝʛʦ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ ʚ 2 ʨʘʟʘ. ɸʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʜʣʷ ʩʠʣʳ ʪʨʝʥʠʷ ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ 

ʛʘʩʠʪʝʣʝʡ ʵʣʝʢʪʨʦʚʦʟʦʚ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ, 

ʢʅ, ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʙʝʛʘL ʢʤ: 

 

. 

 

ɺʩʝ ʵʪʦ, ʚʤʝʩʪʝ ʚʟʷʪʦʝ, ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʭʫʜʰʘʶʪʩʷ. ɼʣʷ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʨʝʩʩʦʨʥʦʛʦ 

ʧʦʜʚʝʰʠʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʥʘʨʘʙʦʪʢʠ ʠʣʠ ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʧʨʦʙʝʛʘ ʵʢʠʧʘʞʘ (ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ), ʧʨʠ ʫʯʝʪʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʧʨʠʯʠʥ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ [5].  ʆʛʨʘʥʠʯʠʤʩʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʦʮʝʥʢʠ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʚʦʡʩʪʚ ʥʘʜʝʞʥʦʩʪʠ ð 

ʙʝʟʦʪʢʘʟʥʦʩʪʠ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʝʚʳʰʝʥʠʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʶʙʳʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ  ʩʚʦʝʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʥʘʯʝʥʠʷ [] ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ, ʪ.ʝ. ʢʘʢ ʦʪʢʘʟ (ʥʘʨʫʰʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʚʳʧʦʣʥʝʥʠʷ ʚʠʙʨʦʟʘʱʠʪʥʳʭ ʬʫʥʢʮʠʡ). ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɼʂ ʢʘʢ 

ʬʫʥʢʮʠʠ ʩʣʫʯʘʡʥʳʭ ʘʨʛʫʤʝʥʪʦʚ, ʪ. ʝ. ʇʘʨʘʤʝʪʨʦʚ , ʠ , ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ 

ʥʘʡʜʝʥʘ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʝʡ ʬʫʥʢʮʠʠ ʩʣʫʯʘʡʥʳʭ ʘʨʛʫʤʝʥʪʦʚ, ʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʫʧʨʦʱʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʀʟ ʧʦʩʣʝʜʥʠʭ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʤʝʪʦʜ ʪʝʦʨʠʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʥʝʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ( ,  , , ) = 

ʧʨʠl = 1,2, é.,nl; k=1,2,é, nk;j=1,2,é, nj;ʨʘʟʣʘʛʘʝʪʩʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ  , ʠ ,  ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʥʘʡʪʠ ʤʦʤʝʥʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʣʶʙʦʛʦ ʧʦʨʷʜʢʘ ʬʫʥʢʮʠʠ . ɿʜʝʩʴ ʦʙʦʟʥʘʯʝʥʦ: nj; ð ʯʠʩʣʦ ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʇɼʂ; nk ð ʯʠʩʣʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ; njð ʦʙʱʝʝ ʯʠʩʣʦ ʩʣʫʯʘʡʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʦ ʥʘʡʜʝʥʥʳʤ ʤʦʤʝʥʪʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʝʡ  ʧʦʜʙʠʨʘʶʪ ʟʘʢʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ f ( ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʨʘʩʯʝʪʘʤʠ, ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇɼʂ ʜʣʷ ʣʦʢʦʤʦʪʠʚʦʚʙʣʠʟʢʠ ʢ ʛʘʫʩʩʦʚʳʤ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʝʨʚʳʭ ʜʚʫʭ ʤʦʤʝʥʪʦʚ ʪ.ʝ.  ʠ  
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ʈʠʩʫʥʦʢ 1 - ɻʨʘʬʠʢ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʨʝʩʩʦʨʥʳʤ ʧʦʜʚʝʰʠʚʘʥʠʝʤ 

ʕʇʉ ʚʠʙʨʦʟʘʱʠʪʥʳʭ ʬʫʥʢʮʠʡ 

 

ʇʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ ʇɼʂ ʟʘʚʠʩʷʪ ʥʝ  ʪʦʣʴʢʦ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ v, ʥʦ ʠ 

ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʦʪ ʧʨʦʙʝʛʘ L, (ʥʘʨʘʙʦʪʢʠ), 

ʥʘʡʜʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ  ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʥʳʤf ( ,L). ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩ ̫ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʝʥʠʷ ʥʠ 

ʦʜʥʠʤ ʠʟ ʇɼʂ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ, ʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʣʘ ʧʦʣʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 

ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʝʝ ʧʨʠʙʣʠʞʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ: 

 

  .                (1) 

 

ɿʜʝʩʴ ʫʯʪʝʥʦ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʥʘʩʪʫʧʣʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʙʳʪʠʡ 

ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ ʢʘʞʜʦʛʦ. 

ʈʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (1) ʟʘʚʠʩʠʤʦʩʪʴ   ʜʣʷ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ 

ʕʣʝʢʪʨʦʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩʫʥʦʢ 1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʘ ʦʞʠʜʘʪʴ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʥʘʨʘʙʦʪʢʠ, ʧʨʠʯʝʤ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʙʝʛʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʥʠʞʝʥʠʷ  ʚʦʟʨʘʩʪʘʝʪ. ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʧʨʠ 

(L=0)  ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʙʨʦʩʦʤ ʧʘʨʘʤʝʪʨʦʚ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʧʫʩʢʦʚ.ɿʥʘʷ ʟʘʚʠʩʠʤʦʩʪʠ  ʠ ʥʦʨʤʠʨʫʷ ʜʦʧʫʩʪʠʤʳʡ 

ʫʨʦʚʝʥʴ ʙʝʟʦʪʢʘʟʥʦʩʪʠ, ʤʦʞʥʦ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦ ʥʘʟʥʘʯʘʪʴ ʤʝʞʨʝʤʦʥʪʥʳʡ ʧʨʦʙʝʛ Lʤʨ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʦʚ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʚʠʙʨʦʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 

ʠʩʧʦʣʴʟʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʞʝʩʪʢʦʩʪʴ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʦʧʠʩʘʪʴ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. 

ʆʙʦʙʱʝʥʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʨʝʩʩʦʨʥʦʛʦ 

ʧʦʜʚʝʰʠʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ʆʥʘ ʫʯʠʪʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʨʝʩʩʦʨʥʦʤ ʧʦʜʚʝʰʠʚʘʥʠʠ ʧʨʫʞʠʥ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤʠ ʛʘʩʠʪʝʣʷʤʠ 

ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʥʝʚʤʦʨʝʝʩʦʨ. ʇʨʠʥʠʤʘʷ ʦʪʜʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʞ0i, b0i, ʞic, bi0, ʞi0 ʠ 

bi1 (ʛʜʝ i - ʠʥʜʝʢʩ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ) ʨʘʚʥʳʤʠ ʥʫʣʶ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʭʝʤʫ 

ʧʦʜʚʝʰʠʚʘʥʠʷ ʩ ʧʘʨʘʣʣʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʤʠ ʧʨʫʞʠʥʦʡ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʛʘʩʠʪʝʣʝʤ 

ʢʦʣʝʙʘʥʠʡ (ʨʠʩʫʥʦʢ 3,ʘ), ʠʣʠ ʩʭʝʤʫ ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʨʫʞʠʥʳ ʠ ʧʘʨʘʣʣʝʣʴʥʦ ʚʢʣʶʯʝʥʥʦʛʦ 

ʫʧʨʫʛʦ-ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʜʝʤʧʬʝʨʘ (ʨʠʩʫʥʦʢ 3,ʙ). ʅʘ ʨʠʩʫʥʢʝ 3,ʚ,ʛ 

ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʥʝʚʤʦʵʣʝʤʝʥʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʝ ʘʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟ ʠʩʭʦʜʥʦʡ ʩʭʝʤʳ ʨʠʩʫʥʦʢ 2. ʇʨʠ ʵʪʦʤ ʩʭʝʤʘ 

ʨʠʩʫʥʦʢ 3, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʤʝʥʝʥʠʶ ʚ ʨʝʩʩʦʨʥʦʤ ʧʦʜʚʝʰʠʚʘʥʠʠ ʧʥʝʚʤʦʛʘʩʠʪʝʣʷ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʦʨʧʫʩʦʤ, ʨʠʩʫʥʦʢ 3,ʛ - ʧʥʝʚʤʦʨʝʩʩʦʨ ʙʝʟ ʫʯʝʪʘ ʞʝʩʪʢʦʩʪʠ ʨʝʟʠʥʦʢʦʨʜʥʦʡ 
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ʦʙʦʣʦʯʢʠ. ʇʨʠ ʞi0 ʠ b0i ʨʘʚʥʳʤʠ ʥʫʣʶ ʙʫʜʝʤ ʠʤʝʪʴ ʩʭʝʤʫ ʧʦʜʚʝʰʠʚʘʥʠʷ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʩʭʝʤ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3, ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʜʘʥʥʳʤʠ ʧʥʝʚʤʦʵʣʝʤʝʥʪʦʚ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ i-

ʪʦʡ ʩʪʫʧʝʥʠ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 
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ʛʜʝ ʉʭʝʤʘ ʦʙʦʙʱʝʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ ʞi(jw) 

 

ʈʠʩʫʥʦʢ 2 

 

ʉʭʝʤʘ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʫʞʠʥ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʜʝʤʧʬʝʨʘ (ʘ), ʧʨʫʞʠʥ ʠ ʫʧʨʫʛʦ-ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʜʝʤʧʬʝʨʘ (ʙ), 

ʧʥʝʚʤʦʛʘʩʠʪʝʣʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʦʨʧʫʩʦʤ (ʚ), ʧʥʝʚʤʦʨʝʩʩʦʨʳ (ʛ) 

 
ʈʠʩʫʥʦʢ  3 
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ʀʥʜʝʢʩ çʥʦʣʴè ʦʧʨʝʜʝʣʷʝʪ ʤʝʩʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʠʙʢʦʛʦ ʠ ʜʝʤʧʬʠʨʫʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ, ʘ ʠʥʜʝʢʩ ñiò - ʥʦʤʝʨ ʩʪʫʧʝʥʠ 

ʧʦʜʚʝʰʠʚʘʥʠʷ. ʊʘʢ, i=1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʚʠʯʥʦʤʫ (ʙʫʢʩʦʚʦʤʫ) ʧʦʜʚʝʰʠʚʘʥʠʶ, ʘ i=2 - 
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ʚʪʦʨʠʯʥʦʤʫ (ʮʝʥʪʨʘʣʴʥʦʤʫ) ʧʦʜʚʝʰʠʚʘʥʠʶ. ʇʦʩʢʦʣʴʢʫ ʚ ʙʫʢʩʦʚʦʡ ʩʪʫʧʝʥʠ ʨʝʩʩʦʨʥʦʛʦ 

ʧʦʜʚʝʰʠʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘʭʦʜʷʪʩʷ ʬʨʠʢʮʠʦʥʥʳʝ ʛʘʩʠʪʝʣʠ 

ʢʦʣʝʙʘʥʠʡ ʠʣʠ ʣʠʩʪʦʚʳʝ, ʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩ̫ ʥʝʦʙʭʦʜʠʤʳʤ ʚʚʝʩʪʠ ʚ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ 

(ʨʠʩʫʥʦʢ 3,ʘ) ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ ʙʫʢʩʦʚʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʅʘ 

ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ [1] ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦɻʬʬʠʮʠʝʥʪʦʚ ʜʝʤʧʬʠʨʦʚʘʥʠʷ bɻj ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ 

ʜʠʩʧʝʨʩʠʡ ʥʘ ʚʳʭʦʜʝ ʥʝʣʠʥʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦ ʠ ʧʦʩʣʝ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʬʦʨʤʫʣʘʤ: ʜʣʷ ʬʨʠʢʮʠʦʥʥʦʛʦ ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ 
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ʛʜʝ Fʪʨ - ʚʝʣʠʯʠʥʘ ʩʠʣʳ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʬʨʠʢʮʠʦʥʥʦʛʦ ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ; 

SDj - ʩʪʘʥʜʘʨʪ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʥʝʣʠʥʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ; 

fʩʪ - ʩʪʘʪʠʯʝʩʢʠʡ ʧʨʦʛʠʙ ʣʠʩʪʦʚʦʡ ʨʝʩʩʦʨʳ; 

ʞ - ʞʝʩʪʢʦʩʪʴ ʣʠʩʪʦʚʦʡ ʨʝʩʩʦʨʳ; 

j - ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʣʠʩʪʦʚʦʡ ʨʝʩʩʦʨʳ; 

j - ʥʦʤʝʨ ʥʝʣʠʥʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʦʤʝʨʫ ʢʦʣʝʩʘ ʠʣʠ ʢʦʣʝʩʥʦʡ 

ʧʘʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʢʠʧʘʞʘ. 

ɺʳʨʘʞʝʥʠʷ (3) ʠ (4) ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ Dj. ʊʘʢ ʢʘʢ SDj 

ʥʝʠʟʚʝʩʪʥʦ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʣʠʰʴ ʧʦʩʣʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʧʨʝʜʝʣʠʪʴ bɻj, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʢʦʪʦʨʳʡ 

ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʵʢʠʧʘʞ-ʧʫʪʴ ʟʘʜʘʝʪʩʷ 

ʧʨʦʠʟʚʦʣʴʥʦʝ ʟʥʘʯʝʥʠʝ bɻj(K), ʜʣʷ ʢʦʪʦʨʦʛʦ ʚrʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ SDj. ɼʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ SDj ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ bɻj(K+1) ʧʦ 

ʬʦʨʤʫʣʝ (3) ʠʣʠ (4) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʥʝʨʘʚʝʥʩʪʚʘ ( ) ()( ) () ebbb ¢-+ KKK ʵjʵjʵj 1100 , ʛʜʝ e=3%, ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ 

ʟʘʢʘʥʯʠʚʘʣʩʷ. 

 

ʈʝʟʫʣʴʪʘʪʳ. 

ʈʝʟʫʣʴʪʘʪʳ, ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ. 

ɺʳʧʦʣʥʝʥʥʳʭ [2]  ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʙʫʢʩʦʚʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ bɻj ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʥʝ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ 

5-6%. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʣʠʥʝʘʨʠʟʘʮʠʶ ʩʠʩʪʝʤ ʧʦ ʦʜʥʦʤʫ 

ʥʝʣʠʥʝʡʥʦʤʫ ʵʣʝʤʝʥʪʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʠ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʦʙʦʙʱʝʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʨʝʩʩʦʨʥʦʤ ʧʦʜʚʝʰʠʚʘʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʦʩʥʦʚʥʳʭ 

ʚʠʜʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʣʠʥʝʡʥʳʭ ʠʣʠ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʫʧʨʫʛʠʭ ʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʚʷʟʝʡ, 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʛʘʩʠʪʝʣʴ ʢʦʣʝʙʘʥʠʡ ʦʙʣʘʜʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ 

ʜʣʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ [3]  ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʯʝʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʚʰʠ ʩ ʵʪʦʡ 

ʮʝʣʴʶ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʛʘʩʠʪʝʣʴ. ʕʛʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʝʤʧʬʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʛʘʩʠʪʝʣʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʦʟʨʘʩʪʘʝʪ ʛʦʨʘʟʜʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʛʘʩʠʪʝʣʷ, ʘ ʟʘʪʝʤ, ʜʦʩʪʠʛʥʫʚ ʤʘʢʩʠʤʫʤʘ, ʫʙʳʚʘʝʪ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʛʘʩʠʪʝʣʴ ʢʦʣʝʙʘʥʠʡ ʠʤʝʝʪ ʙʦʣʝʝ ʧʨʦʩʪʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʣ ʙʦʣʴʰʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʝʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ. ɺ ʨʘʙʦʪʝ  ʧʨʠʚʝʜʝʥʳ ʩʦʦʪʥʦhʝʥʠʷ, 
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ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʙʠʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʝʛʦ ʜʝʤʧʬʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʦʜʥʘʢʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʘʩʠʪʝʣʷ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʘʚʪʦʨʦʤ ʙʳʣʘ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʛʘʩʠʪʝʣʷ, 

ʪ.ʝ. ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʡ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʚʳʧʦʣʥʷʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ 

ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʛʘʩʠʪʝʣʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʚ ʜʝʧʦ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

ʛʘʩʠʪʝʣʷ, ʧʨʠʥʷʪʘʷ ʧʨʠ ʵʪʠʭ ʠʩʧʳʪʘʥʠʷʭ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ.6. ɺʦʟʤʫʱʝʥʠʝʤ ʧʨʠ ʵʪʠʭ 

ʠʩʧʳʪʘʥʠʷʭ ʙʳʣʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ () ftztz p2sin0= ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʘʩʠʪʝʣʷ, ʘ 

ʟʘ ʚʳʭʦʜʥʫʶ ʢʦʦʨʜʠʥʘʪʫ ʧʨʠʥʷʪʦ ʫʩʠʣʠʝ Q3(t) ʚ ʰʪʦʢʝ ʧʦʨʰʥʷ ʛʘʩʠʪʝʣʷ, ʠʟʤʝʨʷʝʤʦʝ 

ʧʨʦʚʦʣʦʯʥʳʤʠ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ 1 ʠ 2. ʀʩʧʳʪʘʥʠʷ ʛʘʩʠʪʝʣʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʯʝʪʳʨʝʭ 

ʟʥʘʯʝʥʠʷʭ ʘʤʧʣʠʪʫʜʳ ʚʦʟʤʫʱʝʥʠʷ z0=5, 10, 15, 20ʤʤ. ʋʩʠʣʠʝ ʚ ʰʪʦʢʝ ʧʦʨʰʥʷ ʦʢʘʟʘʣʦʩʴ 

ʪʘʢʞʝ ʚʝʩʴʤʘ ʙʣʠʟʢʠʤ ʢ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʠʩʘʥʠʷ 

ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʴʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʩʠʣʠʷ Q (ɻf) ʦʪ ʯʘʩʪʦʪʳ ʚʦʟʤʫʱʝʥʠʷ ʠ ʬʘʟʦʚʘʷ ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

(ʌʏʍ} ʛʘʩʠʪʝʣʷ jɻ(f), ʦʧʨʝʜʝʣʷʶʱʘʷ ʦʪʩʪʘʚʘʥʠʝ ʧʦ ʬʘʟʝ ʫʩʠʣʠʷ Q (ɻt) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʚʦʟʤʫʱʘʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ z(t). 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ ʧʥʝʚʤʦʛʘʩʠʪʝʣʷ ʟʘʚʠʩʠʤʦʩʪʴ Q (ɻf) ʙʳʣʘ 

ʧʝʨʝʩʯʠʪʘʥʘ ʚ ʘʤʧʣʠʪʫʜʥʫʶ ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ɸʏʍ) ʛʘʩʠʪʝʣʷ ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ ʢ 

ʩʠʣʝ: 
 

()
()

0Z

fQ
fɸ ʕ

ʕ = ,     (5) 

 

ʛʜʝ Z0 - ʘʤʧʣʠʪʫʜʘ ʚʭʦʜʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ Z(t); 

f - ʯʘʩʪʦʪʘ ʚʭʦʜʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ, ɻʮ. 

ʅʘ ʨʠʩʫʥʢʘʭ 4-5-6 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ɸʏʍ ʠ ʌʏʍ. ʜʣʷ ʨʘʟʥʳʭ ʚʝʣʠʯʠʥ ʜʠʘʤʝʪʨʘ 

ʜʨʦʩʩʝʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ d, ʟʘʨʷʜʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʈ0 ʠ ʘʤʧʣʠʪʫʜʳ ʚʭʦʜʥʦʛʦ 

ʚʦʟʤʫʱʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʛʨʘʬʠʢʠ ɸɻ(f) ʠ jɻ(f), ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʧʨʠ ʨʘʟʥʳʭ 

ʟʥʘʯʝʥʠʷʭ Z0, ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ, ʘ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʦʙʲʷʩʥʷʶʪʩʷ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʥʝʢʦʪʦʨʦʡ ʩʣʘʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ Z0. ʇʨʘʢʪʠʯʝʩʢʦʝ 

ʩʦʚʧʘʜʝʥʠʝ ʛʨʘʬʠʢʦʚ ɸɻ(f) ʠ jɻ(f) ʧʨʠ ʨʘʟʥʳʭ ʚʝʣʠʯʠʥʘʭ Z0 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʤʦʜʝʣʴ ʛʘʩʠʪʝʣʷ ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ. 

 

ʈʠʩʫʥʦʢ 4 
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ʈʠʩʫʥʦʢ 5 

 

 

ʈʠʩʫʥʦʢ 6 

 

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ ʥʘ ʚʠʙʨʦʩʪʝʥʜʝ. 

ɼʣ̫  ʚʳʙʦʨʘ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ ʛʘʩʠʪʝʣʷ ʧʦ ʫʩʨʝʜʥʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ɸʕ(f) ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ L (ɻf) - ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʘʤʧʣʠʪʫʜʥʳʝ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʃɸʏʍ), 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ, ʘ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ: 

 

() ()fAfL ʕʕ lg20= ,   ʜɹ         (6) 

 

ɼʣ̫ ʧʨʠʤʝʨʘ ʚ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ  Lʵ(f), ʧʦʩʪʨʦʝʥʥʳʝ ʜʣʷ ʈ0=0,6ʄʇʘ ʠ 0,8ʄʇʘ ʠ d 

= 5ʤʤ. ʊʘʢʦʡ ʚʠʜ ʃɸʏʍ ʙʣʠʟʢʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʟʚʝʥʫ ʩ ʯʘʩʪʦʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 
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fTj
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fjW
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p
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2
2

+
=      (7) 

ʜʣʷ ʢʦʪʦʨʦʛʦ 
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ʛʜʝ                                           
12

1

f
T

p
= ,  

20
lg

a
AK = . 

 

(ɸ lg(¶) ʦʟʥʘʯʘʝʪ ʘʥʪʠʣʦʛʘʨʠʬʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʯʠʩʣʘ). 
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ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʪʘʢʦʛʦ ʟʚʝʥʘ [4],   ʘ ʤʝʭʘʥʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ ʷʚʣʷʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ ʧʨʫʞʠʥ ʞʝʩʪʢʦʩʪʴʶ ʂ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʛʘʩʠʪʝʣʝʤ, 

ʠʤʝʶʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ b=ʂʊ . ɼʠʥʘʤʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ ʪʘʢʦʡ ʩʭʝʤʳ 

ʟʘʤʝʱʝʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
 

( )

wb

w

j

K

K
jʞ

+

=

1

.     (9) 

 

ɺ ʯʠʩʣʠʪʝʣʝ ʜʨʦʙʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ.1, ʫʢʘʟʘʥʳ ʚʝʣʠʯʠʥʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʥʝʚʤʦʛʘʩʠʪʝʣʷ, ʘ ʚ ʟʥʘʤʝʥʘʪʝʣʝ - ʚʝʣʠʯʠʥʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʤʝʪʦʜʠʢʝ. 

 

ʊʘʙʣʠʮʘ 1 - ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʥʝʚʤʦʛʘʩʠʪʝʣʷ 

 

ɺʝʣʠʯʠʥʘ ʟʘʨʷʜʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʜʠʘʤʝʪʨʘ 

ʜʨʦʩʩʝʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʈ0, ʄʇʘ d, ʤ ʂ, ʢʅ/ʤ ʊ, ʩ b, ʢʅʩ/ʤ f1, ɻʮ 

0,6 
0,004 689/734 0,0690/0,0594 47,5/43,6 2,30/2,68 

0,005 785/734 0,0339/0,0286 26,6/21,0 4,69/5,56 

0,8 
0,004 981/943 0,0503/0,0462 49,3/43,6 3,16/3,44 

0,005 1050/943 0,0234/0,0223 24,6/21,0 6,80/7,14 

 

ʆʙʩʫʞʜʝʥʠʝ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʛʘʩʠʪʝʣʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩ ʦʜʥʦʡ 

ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʥʦʡ ʯʘʩʪʦʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸ(ɻf) = j02/j01, ʛʜʝ j01 ʠ j02 - ʘʤʧʣʠʪʫʜʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʤʫʱʝʥʠʷ ʠ 

ʫʛʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʙʘʣʘʥʩʠʨʘ ʩ ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʢ ʥʝʤʫ ʤʘʩʩʦʡ m. ɻʨʘʬʠʢ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ɸʏʍ ɸʪ(f). ɿʘʚʠʩʠʤʦʩʪʴ ɸʊ(f) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʟ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʙʘʣʘʥʩʠʨʘ ʥʘ 

ʧʨʫʞʠʥʝ ʩ ʞʝʩʪʢʦʩʪʴʶ ʞ=800ʢʅ/ʤ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʦʤ ʛʘʩʠʪʝʣʝ ʢʦʣʝʙʘʥʠʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʂ=785ʢʅ/ʤ ʠ ʊ=0,0339 ʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʈ0=0,6ʄʇʘ ʠ d=5ʤʤ. 

 

ɿʘʢʣʶʯʝʥʠʝ.  

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ 

ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʯʘʩʪʦʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʟʚʦʣʠʣʘ ʨʘʟʨʘʙʦʪʘʪʴ ʩʭʝʤʫ 

ʟʘʤʝʱʝʥʠʷ ʧʥʝʚʤʦʛʘʩʠʪʝʣʷ. ʇʨʦʚʝʨʢʘ ʩʚʦʡʩʪʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ ʧʥʝʚʤʦʛʘʩʠʪʝʣʷ 

ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʧʦʢʘʟʘʣʘ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʝʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. 

1. ɿʘʜʘʯʫ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ 

ʵʣʝʢʪʨʦʚʦʟʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʝʰʘʪʴ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʦʤ 

ʩʢʦʣʴʟʷʱʝʛʦ ʜʦʧʫʩʢʘ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʩʨʝʜʥʝʝ ʯʠʩʣʦ 

ʧʦʣʦʞʠʪʝʣɹʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʟʘ ʯʝʪʳʨʝʭʤʝʨʥʫʶ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ 

ʩʦʩʪʦʷʥʠʡ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʘ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ 

ʘʣʛʦʨʠʪʤ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʙʥʳʭ ʪʦʯʝʢ 

ʪʦʯʢʠ ʃʇt - ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʥʞʠʨʦʚʘʥʠʝʤ ʧʘʨʝʪʦʚʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ 

ʢʨʠʪʝʨʠʶ ʩʫʤʤʘʨʥʳʭ ʜʦʧʫʩʪʠʤʳʭ ʧʦʪʝʨʴ. 
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2. ʇʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ ʠ ʙʫʢʩʦʚʦʤ ʧʦʜʚʝʰʠʚʘʥʠʠ ʚ ʜʦʧʫʩʪʠʤʳʭ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʝʜʝʣʘʭ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ, 

ʙʣʠʟʢʠʤʠ ʢ ʟʥʘʯʝʥʠʷʤ ʚ ʩʠʩʪʝʤʝ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʛʘʩʠʪʝʣʷʤʠ ʢʦʣʝʙʘʥʠʡ. 
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ɺʀɹʈʆפʆʈנɸʋ ʌʋʅʂʎʀʗʉʓʅ ʉɽʈɯʇʇɽʃɯ ɯʃʋ ɸʈפʓʃʓ ʆʈʓʅɼɸʋ 

ʉɽʅɯʄɼɯʃɯɻɯ ʊʋʈɸʃʓ ʊתʉɯʅɯʂ 
 

ɸשʜʘʪʧʘ. ʉʝʥʽʤʜʽʣʽʢ ʪʝʦʨʠʷʩʳʥʳש ᴅʜʽʩʪʝʨʽ ʥʝʛʽʟʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʩʝʨʽʧʧʝʣʽ 

ʩʫʩʧʝʥʟʠʷʥʳש ʞײʤʳʩ ʽʩʪʝʫ ʳץʪʠʤʘʣʜʳסʳʥ ʙʘסʘʣʘʫסʘ ʙʦʣʘʜʳ. ʊʦʟʫ ʥʝʤʝʩʝ ץʘʨʪʘʶ 

ʩʘʣʜʘʨʳʥʘʥ ʞײʤʳʩ ʢʝʟʽʥʜʝ ʢᴇʢʪʝʤʛʽ ʩʫʩʧʝʥʟʠʷ ʧʘʨʘʤʝʪʨʣʝʨʽ, ᴅʜʝʪʪʝ, ʙʘʷʫ ᴇʟʛʝʨʝʜʽ. ɹײʣ 

ʨʝʪʪʝ ʵʢʠʧʘʞʜʳש ʢʝʟʜʝʡʩʦץ ʪʝʨʙʝʣʽʩʪʝʨʽʥʽש (15ð 20 ʤʠʥ) ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

ʝʩʝʧʪʝʫ ʢʝʟʽʥʜʝ ץʘʥʘסʘʪʪʘʥʘʨʣʳץ ʜᴅʣʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ץʘʞʝʪʪʽ ʫʘץʳʪ ʽʰʽʥʜʝ 

ʢᴇʢʪʝʤʛʽ ʩʫʩʧʝʥʟʠʷʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽ ʽʩ ʞװʟʽʥʜʝ ᴇʟʛʝʨʤʝʡʜʽ. ʆʩʳʣʘʡʰʘ, ʵʢʠʧʘʞʜʳש 

ʜʠʥʘʤʠʢʘʣʳץ ʩʘʧʘ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʪʝʢ ʩʝʨʽʧʧʝʣʽ ʩʫʩʧʝʥʟʠʷ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʢʝʟʜʝʡʩʦץ 

ʤᴅʥʜʝʨʽʥʝ ʪᴅʫʝʣʜʽ ʜʝʧ ʩʘʥʘʫסʘ ʙʦʣʘʜʳ, ʘʣ ʦʩʳ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ɾײʤʳʩ ʢʝʟʽʥʜʝ ᴇʟʛʝʨʫʽ ʤװʤʢʽʥ. ɹײʣ ʙʦʣʞʘʤ ᴅʨ ʞײʤʳʩ ʤᴅʥʽ װʰʽʥ 

ʢʦʤʧʴʶʪʝʨʜʽש ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʝʩʝʧʪʝʫʛʝ, ʩʦʜʘʥ ʢʝʡʽʥ ʚʠʙ-ץʦʨסʘʥʳʩ 

ʬʫʥʢʮʠʷʣʘʨʳʥ ʩʝʨʽʧʧʝʣʽ ʪʦץʪʘʪʘ ʪײʨʫ ʘʨץʳʣʳ ץʠʳʥʜʳץʩʳʟ ʦʨʳʥʜʘʫ ʳץʪʠʤʘʣʜʳסʳʥ 

ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɾʳʣʞʳʤʘʣʳ ײץʨʘʤ, ʩʝʨʽʧʧʝʣʽ ʽʣʫ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʤʦʜʝʣʴʜʝʨʽ.  
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THE CONCEPT OF RELIABILITY OF PERFORMING SPRING SUSPENSION 

VIBRATION PROTECTION FUNCTION  

 

Abstract. It is possible to estimate the probability of failure-free operation of the spring 

suspension in the specified one on the basis of the methods of reliability theory. The parameters 

of spring suspension in operation due to wear or aging change, as a rule, quite slowly. At the 

same time, during the time required to ensure satisfactory accuracy in calculating the statistical 

characteristics of random fluctuations of the crew (15-20 minutes), the parameters of the spring 

suspension practically do not change. Thus, it can be assumed that the indicators of the dynamic 

qualities of the crew depend only on the random values of the parameters of the spring 

suspension, and the statistical characteristics of these parameters can change with time. This 

assumption makes it possible to calculate the statistical characteristics of the PC for each 

operating time value and then determine the probability of failure-free performance of vibration-

protective functions by spring suspension. 

 

Keywords. Railway track, rolling stock, models of spring suspension elements.  
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ʊɸʋ-ʂɽʅ ʂᴄʉɯʇʆʈʓʅɼɸʈʓ תʐɯʅ ɾɽʊɽʂ ɹɸʈɸɹɸʅʓʅʓר ʊɸʉʇɸʃʓ 

ʂʆʅɺɽʁɽʈɼɯפ רɸʇʊɸʄɸʉʓʅʓר ʈɸʎʀʆʅɸʃɼʓ ʇɸʈɸʄɽʊʈʃɽʈɯʅ 

ɸʅʓפʊɸʋ ᴄɼɯʉɯʅ ᴄɿɯʈʃɽʋ 

 

ɸʥʜʘʪʧʘ. ɹʘʨʘʙʘʥ ץʠʤʘʣʘʨʳʥʜʘסʳ ʢʝʨʥʝʫʣʝʨʤʝʥ ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳ ʘʥʳץʪʘʫʜʳש 

ʢװʨʜʝʣʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʘʥʘʣʠʪʠʢʘʣʳץ ᴅʜʽʩʧʝʥ ʙײʣ ʤʘשʳʟʜʳ ʤᴅʩʝʣʝʥʽ ʘʨץʳʣʳ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʩʘʥʜʳץ ᴅʜʽʩʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʰʝʰʫ ײʩʳʥʳʣʘʜʳ. ʂʦʤʧʴʶʪʝʨʣʽʢ 

ʤʦʜʝʣʴʜʝʫʜʽש ʘʣʜʳʥ-ʘʣʘ ʢʝʟʝשʽ ʙʦʣʳʧ ʙʘʨʘʙʘʥʥʳש ʘʡʥʘʣʫ ʙײʨʳʰʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ᴇʟʛʝʨʝʪʽʥ ʘʡʥʳʤʘʣʳ ץʳʩʳʤʜʳ, ʘʡʥʳʤʘʣʳ ʕʡʣʝʨ ʢװʰ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥ ʩʠʧʘʪʪʘʡʪʳʥ 

ʜʝʪʝʨʤʠʥʠʩʪʽʢ ץʘʪʳʥʘʩʪʘʨʜʳ ץʘʤʪʠʪʳʥ ʝʩʝʧʪʝʣʛʝʥ ʤʝʭʘʥʠʢʘʣʳץ ʪʽʟʙʝʢʪʽ ʜʘʡʳʥʜʘʫʜʘʥ 

ʪײʨʜʳ. 

ɽʩʝʧʪʝʫ ʩʭʝʤʘʩʳʥʜʘ ʩʦʥʳʤʝʥ ץʘʪʘʨ װʡʢʝʣʽʩ ʢװʰʽʥʽש ᴇʟʛʝʨʤʝʣʽ ץʳʩʳʤʳʥ ʝʩʢʝʨʫ 

 ʘ ʘʫʳʩʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ʂʦʤʧʴʶʪʝʨʣʽʢסʙʘʨʘʙʘʥ שʣ ʪʘʩʧʘʥʳײʩʳʥʳʣʘʜʳ, ʙײ

ʝʩʝʧʪʝʫ ʵʢʚʠʚʘʣʝʥʪʪʽ ʢʝʨʥʝʫʣʝʨʜʽ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ, ʪʘʥʛʝʥʩ ʢʝʨʥʝʫʣʝʨʽʥʽש 

ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʢʝʨʥʝʫ ʪʝʥʟʦʨʳʥʳש ʤʘʨʢʝʨʽ ʘʨץʳʣʳ ʘʥʳץʪʘʣʜʳ. ɹʘʨʘʙʘʥʥʳץ שʘʣʳʧʪʘʫ 

 .ᴇʟʛʝʨʫ ʛʨʘʬʠʢʪʝʨʽ ʩʘʣʳʥʜʳ שʙʦʡʳʥʜʘ ʪʘʥʛʝʥʩ ʢʝʨʥʝʫʣʝʨʽʥʽ שʳʥʳסʘʙʳץ

ʂʦʤʧʦʥʝʥʪʪʝʛʽ ʪʘʥʛʝʥʩ ʢʝʨʥʝʫʣʝʨʽʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ʝʩʝʧʪʝʫ ץʘʙʳʨʰʘץʪʘʥʫ ʞᴅʥʝ 

ʞʳʨʪʳʣʫ ʙʝʨʽʢʪʽʛʽ ʩʠʷץʪʳ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʙʦʡʳʥʰʘ ץʘʧʪʘʤʥʳײ שʪʳʤʜʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʪʘשʜʘʫסʘ, ʩʦʥʜʘʡ-ʘץ ʙʘʨʘʙʘʥʥʳש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ʪʘʨʪʫ ʢװʰʽʥ ʘʨʪʪʳʨʫ װʰʽʥ, ʩʦʥʜʘʡ-ʘץ 

ʞʘʙʜʳץʪʳש ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ץʘʞʝʪ ʪᴇʩʝʤʥʽש ʢᴇʣʙʝʫ 

ʙײʨʳʰʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʊʘʩʧʘʣʳ ʢʦʥʚʝʡʝʨ, ʙʝʨʽʢʪʽʢ, ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ, ʙʘʨʘʙʘʥ, ʩʦסשʳ 

ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽ, ʢʝʨʥʝʫʣʽ ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡ, ʪᴇʩʝʫ. 

 

ʂʽʨʽʩʧʝ. 

ʊʘʫ-ʢʝʥ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʜʘ ʪʘʩʧʘʣʳ ʢʦʥʚʝʡʝʨʣʝʨ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ, ʩʝʙʝʙʽ 

ʰʘʭʪʘʣʘʨʜʘ, ʢʝʥʽʰʪʝʨʜʝ ʞᴅʥʝ ʢʘʨʴʝʨʣʝʨʜʝ ʘסʳʥʜʳ ʪʝʭʥʦʣʦʛʠʷʥʳ ʝʥʛʽʟʫ ʪʘʫ-ʢʝʥ 

ᴇʥʜʽʨʽʩʽʥʽש ʪʝʭʥʠʢʘʣʳץ ʜʝשʛʝʡʽ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. ʊʘʩʧʘʣʳ ʢʦʥʚʝʡʝʨʣʝʨʜʽש 

ʟʘʤʘʥʘʫʠ ʜʘʤʫʳʥʳש ʪᴅʥ ʪʝʥʜʝʥʮʠʷʩʳ ʦʣʘʨʜʳײ שʟʳʥʜʳסʳ ʤʝʥ ᴇʥʽʤʜʽʣʽʛʽʥ ʘʡʪʘʨʣʳץʪʘʡ 

ʘʨʪʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʘʩʧʘʣʳ ʢʦʥʚʝʡʝʨʣʝʨʜʽש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ 

ʙʝʨʽʢʪʽʛʽʥʝ, ʜʝʤʝʢ, ʝש ʞʘʫʘʧʪʳ ʞᴅʥʝ ʞװʢʪʝʣʛʝʥ ʢʦʤʧʦʥʝʥʪʪʝʨʛʝ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨ װʥʝʤʽ 

ʘʨʪʳʧ ʢʝʣʝʜʽ [1,2,3]. 

ʊʘʩʧʘʣʳ ʢʦʥʚʝʡʝʨʜʽש ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʙʽʨʽ: ʪʘʩʧʘʣʳ ʩʦʟʳʣʘʪʳʥ ʞᴅʥʝ 

ʞװʢʪʝʤʝʥʽ ʢᴇʪʝʨʝʪʽʥ ʢʦʨʧʫʩ; ʞʝʪʝʢ, ʘʫʳʪץʫ, ʘʡʥʘʣʤʘ ʞᴅʥʝ ײץʡʨʳץ ʙʘʨʘʙʘʥʜʘʨʳ; ʨʦʣʠʢʪʽ 

ʪʽʨʝʢʪʝʨʜʽש ʙʘסʳʪʪʘʫʰʳ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳ ʙʘʨ ʢʦʥʚʝʡʝʨʣʽʢ ɹʦʣʘʪ; ʞʦסʘʨסʳ ʞᴅʥʝ ʪᴇʤʝʥʛʽ 

ʨʦʣʠʢʪʝʨ; ʞʝʪʝʢ ʙʣʦʢʪʘʨʳ; ץʦʩʘʣץʳ ʞᴅʥʝ ץʦʨסʘʥʳʩ ײץʨʳʣסʳʣʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ 

 .ʟʜʽʢʩʽʟ ʢᴇʣʽʢ ʤʘʰʠʥʘʩʳװ

ʂʦʥʚʝʡʝʨʣʽʢ ʢᴇʣʽʢʪʽש ʟʘʤʘʥʘʫʡ ʜʘʤʫʳ ʦʥʳש ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʪʘʩʳʤʘʣʜʘʫ 

 ,ʢʪʝʤʝʥʽװʫ ʙʘʨʘʙʘʥʜʘʨʳʥʘ ʞץʣ ʞʝʪʝʢ ʞᴅʥʝ ʘʫʳʪײʘʨʪʫʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, ʙ שʳʥʳסʪʳץʟʘײ

ʩʦʥʜʘʡ-ʘץ ʢʦʥʚʝʡʝʨʜʝʛʽ ʙʘʨʘʙʘʥʜʘʨ ʩʘʥʳʥ ʘʨʪʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ. ɹײʣ ʢʦʥʚʝʡʝʨʣʝʨʜʽש 

ʞʘʣʧʳ ʩʝʥʽʤʜʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʝʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʞײʤʳʩʳʥʳש ʪʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʥʘʰʘʨʣʘʪʘʜʳ. ɯʩʪʝʥ ʰʳץץʘʥ ʙʘʨʘʙʘʥʜʘʨʜʳ ʘʫʳʩʪʳʨʫ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥ 

 ʘʪʘʨץ ʘʡʪʫ ʞʦʣʜʘʨʳʥ ʪʘʙʫ ʢʝʨʝʢ, ʩʦʥʳʤʝʥסʣײ ʰʽʥ ʙʘʨʘʙʘʥ ᴇʥʜʽʨʽʩʽʥװ ʘʪʪʘʥʜʳʨʫסʘʥʘץ
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ʦʣʘʨʜʳ ʪʠʽʤʜʽʨʝʢ ʧʘʡʜʘʣʘʥʫ ʢʝʨʝʢ. ɹײʣ ʪʘʧʩʳʨʤʘʥʳש ʢװʨʜʝʣʽʣʽʛʽ ʢʦʥʩʪʨʫʢʮʠʷʥʳ ʦʜʘʥ ᴅʨʽ 

ʞʝʪʽʣʜʽʨʫ ʞʦʣʜʘʨʳʥ, ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽʥ ʞᴅʥʝ ʪʘʩʧʘʣʳ ʢʦʥʚʝʡʝʨ ʙʘʨʘʙʘʥʜʘʨʳʥʳש 

ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫʜʳ ʰʝʰʽʤʽʥ ʪʘʣʘʧ ʝʪʝʜʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʤʝʪʘʣʣ 

ʩʳʡʳʤʜʳʣʳסʳʥ ʪᴇʤʝʥʜʝʪʫ ʞᴅʥʝ ʞʘʙʜʳץʪʳש ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʩʝʥʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʵʥʝʨʛʠʷ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʪʘʩʧʘʣʳ ʢʦʥʚʝʡʝʨ ʙʘʨʘʙʘʥʜʘʨʳʥʳש ʢʝʨʥʝʫʣʽ-

ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽʥ ʝʩʝʧʪʝʫ װʰʽʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴ ײץʨʫʜʳס שʳʣʳʤʠ ʤʽʥʜʝʪʽ 

ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʊʘʩʧʘʣʳ ʢʦʥʚʝʡʝʨʜʽש ʞʝʪʝʢ ʙʘʨʘʙʘʥʳ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʢʝʨʥʝʫʣʽ ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ 

ʢװʨʜʝʣʽ ʢװʡʽ ʙʦʣʳʩʳʧ ʢʝʣʝʩʽʣʝʨ ʘʥʳץʪʘʣʘʜʳ: ץʘʣʳʧʪʳ ʞװʢʪʝʤʝ ʘʡʪʘʨʣʳץʪʘʡ 

ʪʘʥʛʝʥʮʠʘʣʜʳ ʞװʢʪʝʤʝʤʝʥ ʙʽʨʽʢʪʽʨʽʣʝʜʽ ʞᴅʥʝ ʦʣʘʨ ʮʠʢʣʜʽʢ ʙʦʣʘ ʦʪʳʨʳʧ, ʪʘʩʧʘ ʢʦʥʚʝʡʝʨ 

ʙʘʨʘʙʘʥʳʥʳש ᴇʟʛʝʨʤʝʣʽ ʢᴇʣʙʝʫ ʙײʨʳʰʳʥʘ ʠʝ [4]. 

ɹʘʨʘʙʘʥʜʳ ʞʘʩʘʫ ʢʝʟʽʥʜʝ ʦʥʳץ שʘʙʳץʰʘʩʳʥʳץ שʘʣʳשʜʳסʳ ʪʳʤ ʞʦסʘʨʳ ʜʝʧ 

ʝʩʢʝʨʩʝʢ, ʙײʣ ʢᴇʙʽʥʝʩʝ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʤʘʡʜʳ, ʙʽʨʘץ ʙʘʨʘʙʘʥʥʳש ʞᴅʥʝ ʦʥʳש ʪʽʨʝʢ 

 ץʵʥʝʨʛʝʪʠʢʘʣʳ שʪʳץʳʥʳʥ ʘʨʪʪʳʨʘʜʳ, ʦʩʳʣʘʡʰʘ ʞʘʙʜʳסʤʝʪʘʣʣ ʰʳ שʨʳʣʳʤʳʥʳײץ

ᴇʥʽʤʜʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʝʜʽ. 

ɾʝʪʝʢ ʙʘʨʘʙʘʥʜʳ ʞʦʙʘʣʘʫʜʘ ʢʝʨʥʝʫʣʽ ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽʥ ʘʥʳץʪʘʫʤʘשʳʟʜʳ 

 ʘʥ ʢʝʨʥʝʫʣʝʨ ʤʝʥסʪʘʣץʨʳʩ ʘʥʳײʳ ʜסʩʝʢʮʠʷʣʘʨʳʥʜʘ ץʘʙʳפ .ʘʜʘʤ ʙʦʣʳʧʪʘʙʳʣʘʜʳץ

ʜʝʬʦʨʤʘʮʠʷʣʘʨ ʙʘʨʘʙʘʥʥʳש ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʜʘ, ץʘʧʪʘʤʘ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʪʘשʜʘʫסʘ ʜʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ʙʘʨʘʙʘʥʥʳש ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʤʘשʳʟʜʳ. 

 

ɿʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽ. 

ɿʝʨʪʪʝʣʝʪʽʥ ʙʘʨʘʙʘʥ ʞʦסʘʨʳ ץʫʘʪʪʳ ʪʘʩʧʘʣʳ ʢʦʥʚʝʡʝʨʜʽש ʞʝʪʝʢ ʙʘʨʘʙʘʥʳʥʳש 

ʬʠʟʠʢʘʣʳץ ʤʦʜʝʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʘʫ ʢʝʥ ᴇʥʜʽʨʽʩʽʥʝ ʘʨʥʘʣסʘʥ ʪʘʩʧʘʣʳ ʢʦʥʚʝʡʝʨ 

ʙʘʨʘʙʘʥʳʥʳש ʢʦʥʩʪʨʫʢʮʠʷʩʳ 1 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

 
 

1 ʩʫʨʝʪ- ɹʘʨʘʙʘʥ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ᴇʣʰʝʤʜʝʨʽʥʽש ʰʘʨʪʪʳ ʙʝʣʛʽʣʝʨʽ 

 

ɿʝʨʪʪʝʣʝʪʽʥ ʙʘʨʘʙʘʥʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽ: 

D=500 ʤʤ - ʙʘʨʘʙʘʥʥʳשʜʠʘʤʝʪʨʽ 

ɺ=1000 mm - ʪʘʩʧʘʥʳשʝʥʽ 

ʈ=575ʢʅ ï ʘʫʜʘʥ ʢװʰʽ 

S=137 ʢʅ - ʙʘʨʘʙʘʥʜʘסʳ ʞװʢʪʝʤʝ 

 ʡʢʝʣʽʩ ʢʦʵʬʬʠʮʠʝʥʪʽװ -

ɹʘʨʘʙʘʥ ʤʘʪʝʨʠʘʣʳ 10G2S1 

[5,6,7] ᴅʜʝʙʠʝʪʪʝʨʜʝ ʢʦʥʚʝʡʝʨ ʙʘʨʘʙʘʥʜʘʨʳʥʳײץ שʨʳʣʳʤʜʳץ ʵʣʝʤʝʥʪʪʝʨʽʥ 

ʙʝʨʽʢʪʽʢʢʝ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽʥ ײʩʳʥʘʜʳ. ʊʘʩʧʘʣʳ ʢʦʥʚʝʡʝʨʜʽש ʞʝʪʝʢ ʙʘʨʘʙʘʥʳʥʳש ʢʦʨʧʫʩʳʥ 

ʝʩʝʧʪʝʫ ʘʨץʘʣʳץ ʪʝʦʨʠʷʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ. ʆʣ ʢʝʣʝʩʽ ʞװʢʪʝʤʝʣʝʨ װʰʽʥ ʞʘʙʳץ ʮʠʣʠʥʜʨʣʽʢ 

 ʳסʟʳʥʜʳײ שʪʳץʘʙʳץ) ʘʨʘʩʪʳʨʘʜʳ: ʦʩʴʪʽʢ, ʨʘʜʠʘʣʜʳ ʞᴅʥʝ ʪʘʥʛʝʥʩץ ʠʽʣʫʽʥ שʪʳץʘʙʳץ

ʙʦʡʳʥʰʘ ʞᴅʥʝ ʦʥʳש ʝʥʽʥʽש ʢʽʰʢʝʥʝ ʙᴇʣʽʛʽʥʜʝ ʙʽʨʢʝʣʢʽ ʙᴇʣʽʥʛʝʥ). 
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[8] ᴅʜʝʙʠʝʪʪʝ ʜʠʩʢʽʜʝʛʽ ץʦʟסʘʣʳʩʪʘʨ ʤʝʥ ʢװʰ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ 

ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ײʩʳʥʘʜʳ. ɾʝʪʝʢ ʙʘʨʘʙʘʥʳʥʳש ʙʽʣʽʛʽʥʽ1800 ש ʪʘʩʧʘʥʳש ʘʡʥʘʣʫ 

ʙײʨʳʰʳʥʜʘ ʠʽʣʫʽʥʝ ʩᴅʡʢʝʩʽʥʰʝ ʜʠʩʢʽʣʝʨʜʽש ʦʨʳʥʜʳץ ʞʘʟʳץʪʳץʪʘʨʳʥʜʘ ᴅʨʝʢʝʪ ʝʪʝʪʽʥ ὖ 

ʞᴅʥʝ ὖ' ʢװʰʪʝʨʽ ʩʝʙʝʧ ʙʦʣʘʜʳ ʜʝʧ ʩʘʥʘʣʘʜʳ. ɹʘʨʘʙʘʥסʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʢװʰʪʝʨʜʽש ʦʩʳʥʜʘʡ 

ʞʝשʽʣʜʝʪʽʣʛʝʥ ʞװʡʝʩʽʤʝʥ ʢʝʣʽʩʫ ʤװʤʢʽʥ ʝʤʝʩ-ʙײʣ ʤʝʭʘʥʠʢʘʜʘ ץʘʙʳʣʜʘʥסʘʥ ץʘʪʪʳ ʜʝʥʝʛʝ 

ᴅʩʝʨ ʝʪʝʪʽʥ ʢװʰʪʝʨ ʤʝʥ ʩᴅʪʪʝʨʜʽ ʢʝʣʪʽʨʫ ᴅʜʽʩʪʝʨʽʥʝ ץʘʡʰʳ ʢʝʣʝʪʽʥʽʥ ʘʡʪʘ ʢʝʪʫ ʢʝʨʝʢ. 

[9]-ʜʘ ʙʽʟ ץʘʙʳץʰʘ ʝʥʽ ὦὯ ʞᴅʥʝ ץʘʣʳשʜʳסʳ Ὧ ʩʘץʠʥʘʣʳ ʞʘץʪʘʫʤʝʥ ʢװʰʝʡʪʽʣʛʝʥ 
ʞʘסʜʘʡʜʘ ʪʘʩʧʘʣʳ ʢʦʥʚʝʡʝʨ ʙʘʨʘʙʘʥʜʘʨʳʥ ʝʩʝʧʪʝʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʜʝ ץʘʨʘʩʪʳʨʘʤʳʟ. 

ɿʝʨʪʪʝʫʣʝʨ ʘʨʤʘʪʫʨʘʣʳץ ʩʘץʠʥʘʥʳץ שʘʙʳץʪʘסʳ ʽʰʢʽ ʢװʰʪʝʨ ʤʝʥ ʢʝʨʥʝʫʣʝʨʜʽ ʘʟʘʡʪʘʪʳʥʳʥ 

ʢᴇʨʩʝʪʪʽ. 

ʉʦʥʜʘʡ-ʘץ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʢʦʤʧʴʶʪʝʨʣʽʢ ʞʦʙʘʣʘʫ ʞװʡʝʣʝʨʽʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, 

ʙʘʨʘʙʘʥʥʳש ʜʝʬʦʨʤʘʮʠʷʣʳץ ʢʝʨʥʝʫʣʽ ʢװʡʽ ʪʫʨʘʣʳ ʙʽʨʰʘʤʘ ʟʝʨʪʪʝʫʣʝʨ ʙʘʨ. [10] ʙʘʨʘʙʘʥ 

ʙʝʪʽʥʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʢװʰʪʝʨ ʤʦʜʝʣʴʜʝʥʽʧ, ʙʘʨʘʙʘʥ ץʘʙʳסʳʥʳש ʢʝʨʥʝʫʣʽ 

ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽ ʘʥʳץʪʘʣʜʳ. ʆʩʳ ʤʦʜʝʣʴʜʽ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʩʦסשʳ ʵʣʝʤʝʥʪʪʽש 

ʤᴇʣʰʝʨʽ ʤʝʥ ʬʦʨʤʘʩʳʥʳש ᴅʩʝʨʽ ʙʘʨʘʙʘʥʥʳש ʢʝʨʥʝʫʣʽ ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽ ʟʝʨʪʪʝʣʜʽ. 

ɸʚʪʦʨ ʙʘʨʘʙʘʥ ʦʩʽ ʙʦʡʳʤʝʥ ʞװʢʪʝʤʝʥʽש ʪʘʨʘʣʫʳ ʤʘʢʩʠʤʘʣʜʳ ʢʝʨʥʝʫʛʝ ʤᴇʣʰʝʨʽ ʤʝʥ 

ʦʨʥʘʣʘʩʫʳ ʙʦʡʳʥʰʘ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʘʪʘʧ ᴇʪʝʜʽ.  

ʂʝʨʥʝʫ ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽʥ ʝʩʝʧʪʝʫ ʢʝʟʽʥʜʝ ʞʦסʘʨʳʜʘ ʪʘʣʜʘʥסʘʥ ʞײʤʳʩʪʘʨʜʘ 

ʢʝʨʥʝʫ ʪʝʥʟʦʨʳʥʳש ʢʦʤʧʦʥʝʥʪʪʝʨʽ, ʘʪʘʧ ʘʡʪץʘʥʜʘ, ʰʝʰʫʰʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʪʘʥʛʝʥʩ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽ ץʘʧʪʘʤʘ ʙʝʪʽʥʽש ʧʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷʩʳ ʞᴅʥʝ ץʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽʥ 

 ʜʘʫ ʤᴅʩʝʣʝʣʝʨʽʥʜʝ ʝʩʢʝʨʽʣʤʝʡʪʽʥʽʥ ʘʪʘʧשʪʳʤʜʳ ʪᴇʩʝʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʪʘײ ʰʽʥװ ʟʘʨʪʫײ

ᴇʪʢʝʥ ʞᴇʥ [11]. 

ʅᴅʪʠʞʝʩʽʥʜʝ, ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʜʽש ʙʘʩʪʳ ʤץʩʘʪʳʥʳש ʙʽʨʽ ʙʘʨʘʙʘʥʥʳש ʙʝʨʽʢʪʽʛʽʥ 

ʝʩʝʧʪʝʫ ᴅʜʽʩʽʥ ʪʘשʜʘʫ ʞᴅʥʝ ʪᴇʩʝʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʪʘשʜʘʫ ʙʦʡʳʥʰʘ ץʦʩʳʤʰʘ ײʩʳʥʳʩʪʘʨ ʘʣʫ 

 ʢʦʤʧʴʶʪʝʨʣʽʢ שʘʣʘʫʜʳסʡʽʥ ʙʘװʘʥ ʢסʢʝʨʥʝʫʣʽ-ʜʝʬʦʨʤʘʮʠʷʣʘʥ שʰʽʥ ʙʘʨʘʙʘʥʥʳװ

ᴅʜʽʩʪʝʤʝʩʽʥ ᴅʟʽʨʣʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʆʩʳ ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʢʝʣʝʩʽ ʤʽʥʜʝʪʪʝʨ ץʦʡʳʣʜʳ: 

ï ʙʘʨʘʙʘʥ ץʘʙʳסʳʥʳש ʢʝʨʥʝʫʣʽ-ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴʜʝʫ 

ʪᴅʩʽʣʽʥ ᴅʟʽʨʣʝʫ; 

ï ʙײʣ ʪᴅʩʽʣʜʽ ʢʝʨʥʝʫ ʪʝʥʟʦʨʳʥʳײץ שʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽʥʽש ʪʘʩʧʘʣʳ ʢʦʥʚʝʡʝʨ 

ʙʘʨʘʙʘʥʳʥʳץ שʘʧʪʘʤʘʩʳʥ ʪʘשʜʘʫסʘ ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫʛʝ ץʦʣʜʘʥʫ. 

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

 

ʊʘʩʧʘʣʳ ʢʦʥʚʝʡʝʨʜʽϬ ʞʝʪʝʢ ʙʘʨʘʙʘʥʳʥʳϬ ϨʘʙʳϤʳʥʘ ʪʘʩʧʘʥʳϬ Ϩʳʩʳʤʳʥ 

ϨʘʣʳʧʪʘʩʪʳʨʫʜʳϬ ʤʘʪʝʤʘʪʠʢʘʣʳϨ ʤʦʜʝʣʽ. 

ɾʝʪʝʢ ʙʘʨʘʙʘʥʳʥʳש ʢʝʨʥʝʫʣʽ ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽ ʥʝʛʽʟʽʥʝʥ ʦʥʳש 

ʢʦʥʩʪʨʫʢʮʠʷʩʳʤʝʥ, ʢʽʨʽʩ Ὓinc ʞᴅʥʝ ʢʘʩʢʘʜʪʳ Ὓcas ʪʘʩʧʘʩʳʥʳש ʙʫʳʥʜʘʨʳʥʜʘסʳ ʢʝʨʥʝʫʤʝʥ 

ʞᴅʥʝ ʰʝשʙʝʨ ʜʦסʘʩʳʥʜʘסʳ ʢʝʨʥʝʫʜʽש ᴇʟʛʝʨʫ ʩʠʧʘʪʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ɹʘʨʘʙʘʥ ʙʝʪʽʥʽש ʪʘʩʧʘ 

ʰʝשʙʝʨʽʥʽש ʙײʨʳʰʳ ʤʝʥ ʞʝʪʝʢ ʙʘʨʘʙʘʥʳʥʳש ʢʽʨʽʩ ʞᴅʥʝ ʂʘʩʢʘʜ ʪʘʨʤʘץʪʘʨʳʥʜʘסʳ ʢʝʨʥʝʫ 

ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ ʦʨʥʘʪץʘʥʜʘ, ᴅʜʝʪʪʝ ʃ. ʕʡʣʝʨ ʘʣסʘʥ ʙʝʣʛʽʣʽ ץʘʪʳʥʘʩ ץʦʣʜʘʥʳʣʘʜʳ: 
 

(1) 

 

ʤײʥʜʘ Ŭ ï ʞʝʪʝʢ ʙʘʨʘʙʘʥʳʥʳש ʪʘʩʧʘʩʳʥʳש ʙײʨʳʰʳ, Õ ï ʪʘʩʧʘ ʤʝʥ ʙʘʨʘʙʘʥ 

ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ʢʦʵʬʬʠʮʠʝʥʪʽ. 

ɺʣʘʩʦʚ ʪʝʦʨʠʷʩʳʥʘ ʩᴅʡʢʝʩ ץʘʙʳץʪʳש ʢʝʨʥʝʫʣʽ ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽʥ ʝʩʝʧʪʝʫ 

 ʦʣʜʘʥʳʣʘʜʳ. [12, 17]. ɽʩʝʧʪʝʫʣʝʨץ ʰʽʥ 2 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʤʦʜʝʣʴ ʝʩʝʧʪʝʫ ᴅʜʽʩʽ ʨʝʪʽʥʜʝװ

ʢʝʣʝʩʽ ʙʦʣʞʘʤʜʘʨʤʝʥ ʦʨʳʥʜʘʣʘʜʳ: ʙʘʨʘʙʘʥ ʙʽʣʽʢʢʝ ʤʳץʪʘʧ ʙʝʢʽʪʽʣʛʝʥ, ʪʽʨʝʢ ʜʠʩʢʽʣʝʨ 

ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץ ʪʘʩʧʘʥʳש ʝʥʽʥʝ ʪʝש, ʪʘʩʧʘʥʳש ʝʥʽ ʙʦʡʳʥʰʘ ʪʘʩʧʘʥʳש ʢʝʨʽʣʫʽ, 
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ʪʘʩʧʘʥʳ ʙʘʨʘʙʘʥʤʝʥ ײʩʪʘʧ ʘʣʫ ʰʝשʙʝʨ ʜʦסʘʩʳ ʙʦʡʳʤʝʥ ʞװʨʝʜʽ, ʢװʰ ʕʡʣʝʨ ʬʦʨʤʫʣʘʩʳʥʘ 

ʩᴅʡʢʝʩ ʙʝʨʽʣʝʜʽ. ɹʘʨʘʙʘʥ ʢʦʨʧʫʩʳʥʳש ʜʝʬʦʨʤʘʮʠʷʩʳ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʢʝʥ ʢʝʟʜʝ ʜʠʩʢʽʣʝʨ 

ʤʝʥ ʙʽʣʽʢʪʝʨ ʙʽʨʛʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ɾʝʪʝʢ ʙʘʨʘʙʘʥʳʥʳש ʢʦʨʧʫʩʳʥʘ ʪʘʨʘʪʳʣסʘʥ ʨʘʜʠʘʣʜʳ ʞᴅʥʝ ʪʘʥʛʝʥʮʠʘʣʜʳ 

ʞװʢʪʝʤʝʣʝʨ ʙʘʨʘʙʘʥ ʪʘʩʧʘʩʳʥʳש ʰʝשʙʝʨ ʜʦסʘʩʳʥʳש ʦʨʪʘʩʳʥʘ ץʘʪʳʩʪʳ ʬʫʨʴʝʥʽש 

ʪʨʠʛʦʥʦʤʝʪʨʠʷʣʳץ ץʘʪʘʨʳʥʘ ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʞʦʣʜʘʨ ʪװʨʽʥʜʝ ײʩʳʥʳʣʘʜʳ: 
 

                                                      (2) 

 

                                    y(Ŭɓ)=Ƅɛ(Ŭ,ɓ)        (3) 
 

ʤײʥʜʘ 
 

                          ,                          (4) 

 

                             (5) 

 

ʤײʥʜʘ Ŭ, ɓ ï ᴇʣʰʝʤʩʽʟ ʢʦʦʨʜʠʥʘʪʪʘʨ. 

ʄײʥʜʘ ʢʝʣʝʩʽ ʙʝʣʛʽʣʝʨ ʝʥʛʽʟʽʣʛʝʥ: R ï ʰʝשʙʝʨ ʨʘʜʠʫʩʳ, ʮʠʣʠʥʜʨʣʽʢ ץʘʙʳץʪʳש 

ʦʨʪʘסשʳ ʙʝʪʽ; X, Y, Z ï ʙʝʪʢʽ ʂװʰʪʝʨʜʽש ʦש ʙʘסʳʪʪʘʨʳ; u, y, ɤ ï ץʘʣʳʧʪʘʩʪʳʨʫʰʳ ʙʘʨʘʙʘʥ 

ʙʦʡʳʤʝʥ ʳסʳʩʫʜʳשʩʫʜʳש ʦש ʙʘסʳʪʪʘʨʳ, ʦʥʳש ʰʝשʙʝʨʽʥʽש ʜʦסʘʩʳʥʜʘ ʞᴅʥʝ ʙʦʡʳʤʝʥ 

ʨʘʜʠʫʩʳ. 
 

 
 

2 ʩʫʨʝʪ-ɽʩʝʧʪʝʣʛʝʥ ʙʘʨʘʙʘʥ ʤʦʜʝʣʽ [18] 

 

ʉʝʨʧʽʤʜʽʣʽʢ ʪʝʦʨʠʷʩʳʥʳש ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʰʝʰʫ װʰʽʥ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʜʽ ץʘʥʘסʘʪʪʘʥʜʳʨʘʪʳʥ ʞʘʣʧʳʣʘʥסʘʥ F (Ŭ, ɓ) ʢʝʨʥʝʫ ʬʫʥʢʮʠʷʩʳ 

ʝʥʛʽʟʽʣʝʜʽ: 
 

,                                         (6) 

 

ʘʨץʳʣʳ 
 

; ; ,                                                (7) 

 

ʤײʥʜʘ ɡ ï ʇʫʘʩʩʦʥ ʢʦʵʬʬʠʮʠʝʥʪʽ. 

ʊʝשʜʝʫʜʽש ʞʘʣʧʳ ʰʝʰʽʤʽ ʢʝʣʝʩʽʜʝ ʘʥʳץʪʘʣʘʜʳ: 
 

,                                                            (8) 
 

ʤײʥʜʘ ʬ0 ï ʙʽʨʪʝʢʪʽ ʪʝשʜʝʫʜʽש ʞʘʣʧʳ ʰʝʰʽʤʽ; ʬ, ʬyï̔ ʰʽʥʘʨʘ ʰʝʰʽʤʜʝʨ. 
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 :ʪʘʣʘʜʳץʰ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʤʝʥ ʘʥʳװʘʣʳʩʪʘʨ ʤʝʥ ʢסʦʟץ ʳסʪʘץʘʙʳפ
 

,                         (9) 

 

, 

 

       [13]                            (10)  

 

ʄײʥʜʘʡ ʤʽʥʜʝʪʪʝʨ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʽʩʢʝ ʘʩʳʨʫ װʰʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʢװʨʜʝʣʽ ʞᴅʥʝ 

ʫʘץʳʪ ʰʳסʳʥʜʘʨʳʥ ʪʘʣʘʧ ʝʪʝʜʽ. ɸʣʘʡʜʘ ʙײʣ ץʠʳʥʜʳץʪʘʨʜʳ ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʤʦʜʝʣʴʜʝʫ ʘʨץʳʣʳ ʘʡʥʘʣʳʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ. 

 

ʉʘʥʜʳϨ ʤʦʜʝʣʴʜʝʫʜʽϬ ʝʨʝʢʰʝʣʽʢʪʝʨʽ. ʉʘʥʜʳϨ ʪʘʣʜʘʫ. 

ʂʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴʜʝʫʜʽש ʘʣʜʳʥ-ʘʣʘ ʢʝʟʝשʽ ʝʩʝʧʪʝʣʛʝʥ ʤʝʭʘʥʠʢʘʣʳץ ʩʭʝʤʘʥʳ 

 ʳʣʳ ʙʽʟ 3 ʩʫʨʝʪʢʝץʨʘʩʪʳʨʫʜʳ ʤʦʜʝʣʴʜʝʫ ʘʨײץ ʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʘʩʧʘ ʤʝʥ ʙʘʨʘʙʘʥʜʳײץ

ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʤʝʭʘʥʠʢʘʣʳץ ʢʦʥʩʪʨʫʢʮʠʷ ʩʳʟʙʘʩʳʥ ʞʘʩʘʜʳץ.  

ɼʠʘʛʨʘʤʤʘ ʙʘʨʘʙʘʥסʘ ʪʘʩʧʘ ᴅʩʝʨ ʝʪʢʝʥʜʝ ʝʢʽ ʢװʰ ʬʘʢʪʦʨʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳʥ 

ʢᴇʨʩʝʪʝʜʽ-ʙײʣ ʘʡʥʳʤʘʣʳ ץʳʩʳʤ ʢװʰʽ ʞᴅʥʝ װʡʢʝʣʽʩ ʢװʰʽ. 
 

 
 

3 ʩʫʨʝʪ- ɾʝʪʝʢ ʙʘʨʘʙʘʥʳʥʜʘסʳ ץʳʩʳʤʥʳש ᴇʟʛʝʨʫ ʩʠʧʘʪʳ 

 

ɸʡʥʳʤʘʣʳ ץʳʩʳʤ ʤʝʥ װʡʢʝʣʽʩ ʢװʰʽʥʽש ᴇʟʛʝʨʤʝʣʽ ʞʘסʜʘʡʳ ʤʦʜʝʣʴʜʝʥʛʝʥ. ʂ. 

ɻʨʠʤʤʝʨ, ɼ. ʊʦʨʤʘʥ ʪʝʦʨʠʷʣʘʨʳʥʘ ʩᴅʡʢʝʩ, ʘʡʥʳʤʘʣʳ װʡʢʝʣʽʩ ʢװʰʽ ʘʡʥʳʤʘʣʳ ʽʣʽʥʽʩʫ 

ʢʦʵʬʬʠʮʠʝʥʪʽʥʽץ ‘ שʳʩʳʤʥʳש ὴ ʧʘʡʜʘ ʙʦʣʫ ʞʘסʜʘʡʳʥʘʥ ʪʫʳʥʜʘʡʜʳ. 4 ʩʫʨʝʪʪʝ ʛʨʘʬʠʢʪʝʨ 
ʢᴇʨʩʝʪʽʣʛʝʥ [13]. 

 

 
 

4 ʩʫʨʝʪ - ɸʡʥʳʤʘʣʳ ץʳʩʳʤ ʞᴅʥʝ ʘʡʥʳʤʘʣʳ װʡʢʝʣʽʩ ʛʨʘʬʠʢʪʝʨʽ 
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ɻʨʘʬʠʢʪʝʨʜʝʥ ʢᴇʨʽʧ ʦʪʳʨסʘʥʳʤʳʟʜʘʡ, ‘ ʽʣʽʥʽʩʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʙʘʨʘʙʘʥʜʘסʳ 

ʪʘʩʧʘʥʳץ שʳʩʳʤʳʥʘ ʪᴅʫʝʣʜʽ, ʜʝʤʝʢ, ʰʝשʙʝʨ ʜʦסʘʩʳʥʜʘסʳ ʪʘʩʧʘʥʳש ʘʡʥʳʤʘʣʳ ʢʝʨʥʝʫʽʥʝ 

ʘʡʪʘʨʣʳץʪʘʡ ʪᴅʫʝʣʜʽ. ɹʘʨʘʙʘʥ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʢʝʨʥʝʫ ʢװʡʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʪʘʩʧʘʥʳש 

ʙʘʨʘʙʘʥ ʙʝʪʽʥʝ ʘʫʳʩʧʘʣʳ ʢʝʨʫ ʢʦʵʬʬʠʮʠʝʥʪʽʤʝʥ ʙʘʨʘʙʘʥ ʙʝʪʽʥʜʝʛʽ ʢʝʨʥʝʫʜʽש ᴇʟʛʝʨʫ 

ʩʠʧʘʪʳʥ ʘʥʳץʪʘʫ ץʘʞʝʪ [14,20]. 

ʊʘʩʧʘ ʤʝʥ ʙʘʨʘʙʘʥʥʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʧʨʦʙʣʝʤʘʩʳ ײץʨʘʩʪʳʨʫ ʨʝʪʽʥʜʝ 

ʤʦʜʝʣʴʜʝʥʽʧ, ʢʝʡʙʽʨ ʪʝʭʥʠʢʘʣʳץ ʢװʨʜʝʣʽʣʽʢʢʝ ᴅʢʝʣʜʽ, ʙʽʨʘץ ʙײʣ ʪײʞʳʨʳʤ ʥʘץʪʳ 

ʬʠʟʠʢʘʣʳץ ʤʦʜʝʣʴʜʽ ʙʘʨʳʥʰʘ ʢᴇʨʩʝʪʝʜʽ. [15,19]. 5 ʩʫʨʝʪʪʝ ʩʦסשʳ ʵʣʝʤʝʥʪʪʝʨʜʽש ʪʦʨʳ 

ʢᴇʨʩʝʪʽʣʛʝʥ (1-ʧʦʟʠʮʠʷ). ʊʘʩʧʘʥʳש ʝʥʽ ɺ=1000 ʤʤ ʞᴅʥʝ ʜʠʘʤʝʪʨʽ Ὀ=500 ʤʤ ʙʘʨʘʙʘʥ 
 ʨʽ - ʪʦʨװʳ ʵʣʝʤʝʥʪ ʪסשʩʘʥʳ ʰʘʤʘʤʝʥ 4000 ʙʦʣʜʳ. ʉʦ שʳ ʵʣʝʤʝʥʪʪʝʨʽʥʽסשʩʦ שʳʥʳסʘʙʳץ

ʢᴇʨʽʥʽʩʽ Quad 4 Isomesh. 

 
 

5 ʩʫʨʝʪ- ʉʘʥʜʳץ ʞʝʪʝʢ ʙʘʨʘʙʘʥʳ ʤʦʜʝʣʽʥʽש ʩʦסשʳ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʪʦʨʳ 

 

ʂװʰʪʽש ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨʳ Fields ʬʫʥʢʮʠʷʥʳש ʢᴇʤʝʛʽʤʝʥ ʘʡʥʳʤʘʣʳʣʘʨ ʨʝʪʽʥʜʝ 

ʦʨʥʘʪʳʣʜʳ, ʦסʘʥ PLC ʙʘסʜʘʨʣʘʤʘʣʘʫ ʪʽʣʽ ʢʽʨʝʜʽ. 1 ʢʝʩʪʝʜʝ ʽʣʽʥʽʩʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש 

ʘʡʥʳʤʘʣʳʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʪʘʩʧʘʥʳש ʘʡʥʳʤʘʣʳ ץʘʣʳʧʪʳ ץʳʩʳʤʳ ʤʝʥ װʡʢʝʣʽʩ ʢװʰʽʥʽש 

ʪᴅʫʝʣʜʽʣʽʢ ʟʘשʜʳʣʳץʪʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

1 ʢʝʩʪʝ - ɹʘʨʘʙʘʥʳʥʳש ʢʝʨʥʝʫʣʽ ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽʥʽש ʢʦʤʧʴʶʪʝʨʣʽʢ 

ʤʦʜʝʣʽʥʽש ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨʳʥʘ ʘʨʥʘʣסʘʥ ʜʝʨʝʢʪʝʨ  

 

 ʫʘʪפ

ʢʦʵʬʬʠʮʠʝʥʪʽ 

ʌʫʥʢʮʠʷ 

P 
, ʄʇʘ 

ʈ ï ʢʽʨʽʩ ʪʘʨʤʘסʳʥʜʘסʳ ʢװʰʪʽץ שʳʩʳʤ ʢװʰʽ 

ï ʨʝʪʪʝʣʝʪʽʥ ʽʣʽʥʽʩʫ ʢʦʵʬʬʠʮʠʝʥʪʽ 

ïʪײʨʘץʪʳ ʙʘʡʣʘʥʳʩ ʢʦʵʬʬʠʮʠʝʥʪʽ 

 

T 

 

. 

ʈ ï ʢʽʨʽʩ ʪʘʨʤʘסʳʥʜʘסʳ ʢװʰʪʽץ שʳʩʳʤ ʢװʰʽ 

ï ʨʝʪʪʝʣʝʪʽʥ ʽʣʽʥʽʩʫ ʢʦʵʬʬʠʮʠʝʥʪʽ 

ïʪײʨʘץʪʳ ʙʘʡʣʘʥʳʩ ʢʦʵʬʬʠʮʠʝʥʪʽ 

 
ὴÒ 0,6 ʄʇʘ,  ά ḙ 1,25 
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6 ʩʫʨʝʪʪʝ ʙʘʨʘʙʘʥʜʘסʳ ʪʘʩʧʘʥʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʽש ʝʩʝʧʪʝʣʛʝʥ ʩʭʝʤʘʩʳʥʳש 

ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 
 

 
 

6 ʩʫʨʝʪ -ʊʘʩʧʘʥʳש ʙʘʨʘʙʘʥʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʽש ʝʩʝʧʪʝʣʛʝʥ ʩʭʝʤʘʩʳʥʳש ʢʦʤʧʴʶʪʝʨʣʽʢ 

ʤʦʜʝʣʽ 

 

ʊʘʧʩʳʨʤʘ ʩʪʘʪʠʢʘʣʳץ ץʦʡʳʣʳʤʜʘ ʰʝʰʽʣʜʽ, ʙײʣ ʪʘʩʧʘ ɻʫʢ ʟʘשʳʥʘ ʙʘסʳʥʘʪʳʥ 

ʩʝʨʧʽʤʜʽ, ʩʳʟʳץʪʳ ʜʝʬʦʨʤʘʮʠʷʣʘʥʘʪʳʥ ʜʝʥʝ ʜʝʛʝʥ ʙʦʣʞʘʤ ʞʘʩʘʜʳ. 

 

ʅᴅʪʠʞʝʣʝʨ. 

ʂʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴʜʝʫ ʥϸʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʫ. 

ʂʦʤʧʴʶʪʝʨʣʽʢ ʝʩʝʧʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʙʘʨʘʙʘʥ ץʘʙʳסʳʥʳש ʢʝʨʥʝʫʣʽ-

ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽʥʽש ᴅʨʪװʨʣʽ ʜᴅʣʜʽʢ ʜʝשʛʝʡʣʝʨʽ ʙʘʨ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳש ʙʝʨʽʢʪʽʛʽʥ 

ʪʝʢʩʝʨʫ ʝʩʝʧʪʝʫʣʝʨʽʥʝ, ʩʦʥʜʘʡ-ʘץ ʢʦʥʚʝʡʝʨʣʝʨʜʽש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ʪʘʨʪʳʤʜʳʣʳסʳʥ ʘʨʪʪʳʨʫ 

ʤʘץʩʘʪʳʥʜʘ ײʪʳʤʜʳ ʪᴇʩʝʫ ײץʨʘʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʞᴇʥʽʥʜʝʛʽ ײʩʳʥʳʤʜʘʨסʘ ʞʘשʘ ʩʘʥʜʳץ 

ᴅʩʝʨʣʝʨʽʥ ʘʥʳץʪʘʡʜʳ. 

 

 ʳʩʳʤ, ʄʇʘפ ʳʩʳʤ, ʄʇʘפ
  

  
 

7 ʩʫʨʝʪ - ʊʘʩʧʘ ʤʝʥ ʙʘʨʘʙʘʥʜʘסʳ ʢʝʨʥʝʫ ʜʠʘʛʨʘʤʤʘʩʳ 

 

7 ʩʫʨʝʪʪʝ ʪʘʩʧʘʜʘ ʜʘ, ʙʘʨʘʙʘʥʜʘ ʜʘ ʄʠʟʝʩ ʢʝʨʥʝʫʽʥʽש ʪʘʨʘʣʫ ʜʠʘʛʨʘʤʤʘʣʘʨʳ 

ʢᴇʨʩʝʪʽʣʛʝʥ. ʊװʩʪʽ ʠʟʦʣʷʩʳʟʳץʪʘʨ ʙʘʨʘʙʘʥʥʳש ʙʽʣʽʢʢʝ ʦʪʳʨסʳʟʫ ʘʡʤʘסʳʥʜʘ ʤʘʢʩʠʤʘʣʜʳ 

ʢʝʨʥʝʫʣʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ, ʤײʥʜʘ ʤʘʢʩʠʤʘʣʜʳ ʢʝʨʥʝʫʣʝʨ ůmax=65 ʄʇʘ ʞʝʪʝʜʽ. 

10ɻ2ʉ1 ʢ=4,2 ʙʦʣʘʪ ʤʘʨʢʘʩʳ װʰʽʥ ʂʝʨʥʝʫʜʽש ʦʩʳ ʜʝשʛʝʡʽʥʜʝ ץʘʫʽʧʩʽʟʜʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ 

ʙʝʨʽʢʪʽʢʢʝ ʞʝʪʢʽʣʽʢʪʽ. ʐʘʤʘʜʘʥ ʪʳʩ ʙʝʨʽʢʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ ײץʨʳʣʳʤʥʳש ʤʝʪʘʣʣ 

ʩʳʡʳʤʜʳʣʳסʳʥʳש ʘʨʪʫʳʥʘ ᴅʢʝʣʝʜʽ, ʞʘʙʜʳץʪʳש ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʝʜʽ. 

 ץʨʳʩ ʝʩʝʧʪʝʫ ʢʝʟʽʥʜʝ (ʪʝʭʥʠʢʘʣʳײʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ ʙʝʨʽʢʪʽʢʢʝ ʜשʠʤʘʩʳʥ ʦץ שʪʳץʘʙʳפ

ʪʝʢʩʝʨʫʛʝ ʜʝʡʽʥ ץʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽ 1000 ʩʘסʘʪʪʳ ײץʨʘʫʳ ʢʝʨʝʢ) ʙʘʨʘʙʘʥʥʳש ʞײʤʳʩʳʥʘ 

ʵʥʝʨʛʠʷ װʥʝʤʜʝʫʛʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ. 

ɹʘʨʘʙʘʥʥʳש ʙʝʨʽʢʪʽʛʽʥ ʘʣסʘʰץʳ ʙʘסʘʣʘʫ ʢʝʟʽʥʜʝ ץʘʞʫʜʳ ʦʜʘʥ ᴅʨʽ ʝʩʝʧʪʝʫ ʪʫʨʘʣʳ 

ʘʡʪʫסʘ ʙʦʣʘʜʳ, ʦʥʳ ײʟʘץ ʤʝʨʟʽʤʜʽ ץʘʞʫ ᴅʜʽʩʽʤʝʥ ʞװʨʛʽʟʫ ʢʝʨʝʢ. ɹʽʣʽʢʪʽש ʢʝʨʥʝʫʣʽ-

ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽʥ ʝʩʝʧʪʝʫʜʽש ʞʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʥᴅʪʠʞʝʣʝʨʽʥʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, 
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ʢᴇʧ ʮʠʢʣʜʽ ץʘʞʫʜʳ ʝʩʝʧʪʝʫʜʽש s-N ᴅʜʽʩʽʥ ʥʝʛʽʟʜʽ ʪװʨʜʝ ʪʘשʜʘʫסʘ ʙʦʣʘʜʳ, ᴇʡʪʢʝʥʽ ʢᴇʧ 

ʮʠʢʣʜʽ ʰʘʨʰʘʫ ʢʽʨʽʩʪʽʣʽʢ ʰʝʛʽʥʝʥ ʝʜᴅʫʽʨ ʪᴇʤʝʥ ʢʝʨʥʝʫʣʝʨʜʝ ʧʘʡʜʘ ʙʦʣʘʜʳ (ů_max< 0,6 

ů_0,2), ů_max< 0,6 ů_0.2 ʰʘʨʪʳ ʦʨʳʥʜʘʣʘʜʳ [16]. 

ʊʘʩʧʘʥʳש ʝʥʽ ʙʦʡʳʥʰʘ ʢʝʨʥʝʫ ʜʝשʛʝʡʽʥ ʪʘʣʜʘʫ ʢʝʟʽʥʜʝ ʘʣʳʥסʘʥ ʰʝʰʽʤʜʝʨʜʽש 

ʞʘʣʧʳ ʤʘʩʩʠʚʽʥʝʥ ʙʘʨʘʙʘʥʥʳש ʝש ʢʝʨʥʝʫʣʽ ʘʡʤʘסʳʥʜʘ ʙװʢʽʣ ʙʝʪʽʥʜʝʛʽ ʪװʡʽʥʜʝʨ ʪʦʙʳ 

ʪʘשʜʘʣʜʳ. ʂʝʨʥʝʫʜʽש ᴇʟʛʝʨʫʽʥʽש ʥᴅʪʠʞʝʩʽ 8 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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 ʳʩʳʤ, ʄʇʘפ

 
 

ʂʝʨʥʝʫʜʽש ᴇʟʛʝʨʫʽ, ʄʇʘ 
 

8 ʩʫʨʝʪ - ɻʝʥʝʨʘʪʦʨ ʮʠʣʠʥʜʨʽʥʽש ʙʦʡʳʥʜʘסʳ ʢʝʨʥʝʫʣʝʨʜʽש ᴇʟʛʝʨʫ ʛʨʘʬʠʛʽ 

 

ɻʝʥʝʨʘʪʦʨ ʮʠʣʠʥʜʨʽʥʽש ʙʦʡʳʥʜʘסʳ ů=24 ʄʇʘ ʢʝʨʥʝʫ ʰʳשʜʘʨʳ ʜʠʩʢʽʣʝʨʜʽץ שʘʙʳץ 

ʙʝʪʽʤʝʥ ʪװʡʽʩʢʝʥ ʞʝʨʽʥʜʝ ʰʦסʳʨʣʘʥסʘʥ ʳץʪʠʤʘʣ ʞʘʨʳʣʫ ʧʘʡʜʘ ʙʦʣʫʳʥʳש ʤʘשʳʟʜʳ 

ʥװʢʪʝʣʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ, ʙײʣ ʜᴅʥʝʢʝʨʣʝʫʜʽ ʙʝʨʽʢʪʽʢ ʧʝʥ ץʘʞʫʜʳ ʦʜʘʥ ᴅʨʽ ʝʩʝʧʪʝʫ װʰʽʥ 

 .ʳʟʤʝʪ ʝʪʝʜʽץ ʩʳʥʳʩʪʘʨ ʨʝʪʽʥʜʝײ

ʕʢʚʠʚʘʣʝʥʪʪʽ ʢʝʨʥʝʫʣʝʨ ʜʝשʛʝʡʽʥʝ ʞʘʥʘʤʘ ʢʝʨʥʝʫʣʝʨʜʽװ שʣʝʩʽʥ ʘʥʳץʪʘʫ װʰʽʥ 

 .ʦʣʜʘʥʳʣʜʳץ ʘʩʳץʩײʥ שʢʝʨʥʝʫ ʪʝʥʟʦʨʳ ʤʘʨʢʝʨʽʥʽ שʘʥ ʵʣʝʤʝʥʪʪʽץʙʝʪʽʥʜʝ ʞʘʪ שʪʳץʘʙʳץ

 

 
 

9 ʩʫʨʝʪ - ʂʝʨʥʝʫ ʪʝʥʟʦʨʳʥʳש ʙʝʣʛʽʩʽ 

 

ɾʘʥʘʤʘ ʢʝʨʥʝʫʣʝʨʽʥʽש ʙʝʣʛʽʣʽ ʙʽʨ ʤᴅʥʜʝʨʽ ʙʘʨʘʙʘʥʥʳץ שʘʧʪʘʤʘʩʳʥʳש ʤʘʪʝʨʠʘʣʳʥ 

ʪʘשʜʘʫʜʳש ʤʘשʳʟʜʳ ʤᴅʩʝʣʝʩʽʥ ʜײʨʳʩ ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ʢʪʝʣʛʝʥ ʢʝʟʜʝװʤʠʥʠʤʘʣʜʳ ʤᴅʥʽ ʙʽʨʥʝʰʝ ʨʝʪ ʞ שʳʥʳסʘʪʪʳʣʳץ ʳʩʫסʳ שʘʧʪʘʤʘʥʳפ

 ʪʘʥ, ʦʣʘʨ ᴇʟʘʨʘץʘʞʫ ʪʦʟʫʳʤʝʥ ʰʝʢʪʝʣʝʪʽʥʽ ʙʝʣʛʽʣʽ. ʉʦʥʜʳץ שʘʧʪʘʤʘ ʤʘʪʝʨʠʘʣʳʥʳץ

ᴅʨʝʢʝʪʪʝʩʢʝʥ ʢʝʟʜʝ ʙʝʣʜʽʢ ץʘʤʧʪʘʤʘʩʳ ʤʝʥ ʙʘʨʘʙʘʥ ץʘʧʪʘʤʘʩʳʥʳװ שʡʢʝʣʽʩ ʪʦʟʫʳʥʳש 

 ʘʧʪʘʤʘץ ʦʣ ʞʝʪʢʽʟʝʪʽʥץ ʘʩʠʝʪʪʝʨʽʥʝץ ʘʨʳ ʪʘʨʪʫסʞʦ שʦʣʘʡʣʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʤʝʥ ʞʝʪʝʢʪʽץ

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʪʘשʜʘʫ ײʩʳʥʳʣʘʜʳ. 

 

ʊʘʣץʳʣʘʫ.  

ʂʦʥʚʝʡʝʨ ʪʘʩʧʘʩʳʥʳץ שʘʧʪʘʤʘʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʽש ʪʝʦʨʠʷʣʳץ ʪʘʣʜʘʫʳ ʦʥʳש 

ʢᴇʣʝʤʜʽʢ ʜʝʬʦʨʤʘʮʠʷʣʘʨʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʙʘʨʘʙʘʥʥʳש ʝʥʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ʪʘʨʪץʳʰ 

ʳסʳʩʫ ʢʝʨʥʝʫʣʝʨʽʥʽש (ʞᴅʥʝ ʢᴇʣʜʝʥʝש ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳש) ʙʝʨʽʣʫʽ ʙʝʣʛʽʣʽ ʙʽʨ ʤᴅʥʜʝʨʛʝ 

ʞʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ, ʦʣʘʨʜʳ ץʘʧʪʘʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʪʘשʜʘʫ ʞᴅʥʝ ʜᴅʣʽʨʝʢ ʤᴅʥʜʝʨʜʽ ʘʥʳץʪʘʫ 

ʢʝʟʽʥʜʝ ʝʩʢʝʨʫ ץʘʞʝʪ. ʂʝʨʥʝʫ ʪʝʥʟʦʨʳʥʳש tx, ty ײץʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ʝʩʝʧʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ (9-ʩʫʨʝʪ) ʙʘʨʘʙʘʥʥʳש ʙʝʪʽʥʜʝ ץʘʜʘʤʤʝʥ ʙʘʨʘʙʘʥʥʳש ʘʡʥʘʣʫ 
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ʙײʨʳʰʳʥʘʥ ʤʘʢʩʠʤʘʣʜʳ ʳסʳʩʫ ʢʝʨʥʝʫʣʝʨʽ ʥʝʛʽʟʽʥʜʝ ʜʠʘʛʨʘʤʤʘ ʪײʨסʳʟʳʣʜʳ. ɽʢʽ ʪʘʩʧʘ 

ʦʧʮʠʷʩʳ װʰʽʥ Ŭ=30Á: ʩʝʨʧʽʤʜʽʣʽʢ ʤʦʜʫʣʽ E=40 ʄʇʘ ʤʘʪʘʜʘʥ ʞʘʩʘʣסʘʥ ʪʘʩʧʘ ʞᴅʥʝ 

E=5,8Ā103 ʄʇʘ ʩʠʧʘʪʪʘʤʘʩʳ ʙʘʨ ʨʝʟʝשʢʝ ʪʘʩʧʘʣʘʨ. 
 

 
 

ʓסʳʩʫ ʢʝʨʥʝʫʽ, ʄʇʘ 
 

1 ï ʤʘʪʘ ʪʘʩʧʘʩʳʤʝʥ Ű =12 ʄʇʘ, 2 ï ʨʝʟʝשʢʝ ʪʘʩʧʘʥʳש ʢᴇʤʝʛʽʤʝʥ Ű =1 Mʇa. 
 

10 ʩʫʨʝʪ - ʊʘʥʛʝʥʩ ʢʝʨʥʝʫʣʝʨʽʥʽש ʘʡʥʘʣʫ ʙײʨʳʰʳʥʘ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ 

 

11 ʰʽ ʩʫʨʝʪʪʝʛʽ ʛʨʘʬʠʢʢʝ ʢᴇʟ ʩʘʣʩʘץ, ʦʥʜʘ ʙʽʟ ʪʘʩʧʘʥʳש ʩʝʨʧʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ 

ʪʘʥʛʝʥʩ ʢʝʨʥʝʫʣʝʨʽʥʽש ʜʝשʛʝʡʽʥʝ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ, ʘʟ ʩʝʨʧʽʤʜʽ ʪʘʩʧʘ 

ʢʝʨʥʝʫʣʝʨʜʽש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥ ʙʝʨʝʜʽ, ʤʘʪʘ ʪʘʩʧʘʩʳ Ű =12 ʄʇʘ, ʨʝʟʝשʢʝ ʪʘʩʧʘʩʳ Ű =1 ʄʇʘ. 

ʊʘʥʛʝʥʩ ʢʝʨʥʝʫʣʝʨʽʥʽש ty ʜʝשʛʝʡʽʥʽש ʪʘʩʧʘʥʳש ʝʥʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽ ʪʘʣʜʘʥʜʳ (11 

ʩʫʨʝʪ). 
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ʉʝʨʧʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ, ʄʇʘ 
 

11 ʩʫʨʝʪ -ʊʘʩʧʘʥʳש ʝʥʽ ʙʦʡʳʥʰʘ  ʢʝʨʥʝʫ ʪʝʥʟʦʨʳʥʳײץ שʨʘʤʜʘʩ ʙᴇʣʽʛʽʥʽש ᴇʟʛʝʨʫ ʛʨʘʬʠʛʽ 

 

-ʢʝʨʥʝʫʣʽ שʪʳץʘʙʳץ ʰʽʥװ ʜʘʫשʪʳʤʜʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʦʜʘʥ ᴅʨʽ ʪʘײ שʘʧʪʘʤʘʥʳפ

ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣסʘʥ t_x, 

t_y ʢʝʨʥʝʫʣʝʨʽʥʽש ʪʘʥʛʝʥʮʠʘʣʜʳ ʢʦʤʧʦʥʝʥʪʽʥʽש ʧʘʨʘʤʝʪʨʣʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ. 

ʂʦʤʧʴʶʪʝʨʣʽʢ ʝʩʝʧʪʝʫ ʤᴅʥʜʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ץʘʧʪʘʤʘʥʳש ʤʘשʳʟʜʳ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ: 

1) ʈʝʟʝשʢʝ ʪʘʩʧʘʥʳש ʩʦʟʳʣʫ ʙʝʨʽʢʪʽʛʽ 
 

(11) 

 

 .ʰʽװʝʨʝʢʰʝ ʢ שʪʘʥʫʜʳץʘʙʳʨʰʘפ (2
 

ʄʇʘ,                                          (12) 
 

ʤײʥʜʘ ï - ʞʝʪʝʢ ʙʘʨʘʙʘʥʳʥʳש ʪᴇʩʝʤʜʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʨʝʟʝשʢʝ ץʦʩʧʘʣʘʨʜʳש 

ʨץײʩʘʪ ʝʪʽʣʛʝʥ ץʘʙʳʨʰʘץʪʘʥʫ ʢװʰʽ. 
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3) ɻʦʬʨʣʝʥʛʝʥ ץʘʧʪʘʤʘʥʳײ שʪʳʤʜʳ ʙײʨʳʰʳ. 

ɻʦʬʨʣʝʥʛʝʥ ץʘʧʪʘʤʘʥʳץ שʘʣʳʧʪʳ ʞײʤʳʩʳ װʰʽʥ ײץʙʳʨʜʳש ʙʦʡʣʳץ ʦʩʽʥʝ Ŭ 

ʦʡʳץʪʘʨʳʥʳש ʢᴇʣʙʝʫ ʙײʨʳʰʳ ʙʝʣʛʽʣʽ ʙʽʨ ʰʝʢʪʝʥ ʘʩʧʘʫʳ ʢʝʨʝʢ. 

ʩʝʨʧʽʤʜʽ ʪʘʩʧʘ ʩʳʨסʫ ʞʳʣʜʘʤʜʳסʳ 2 ʢʦʤʧʦʥʝʥʪʪʝʥ ʪײʨʘʜʳ, ʦʣʘʨ Vx ʞᴅʥʝ Vy, 

ŰʭʞᴅʥʝŰʫ ʦʣʘʨ ʪʘʥʛʝʥʮʠʘʣʜʳ ʢʝʨʥʝʫʣʝʨʜʽש ʤᴅʥʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. 
 

(13) 

 

ɹײʜʘʥ ᴅʨʽ ʦʡʳץʪʘʨʜʳש ʦʨʥʘʣʘʩʫ ʙײʨʳʰʳ ʢʝʣʝʩʽʜʝʡ ʘʥʳץʪʘʣʘʜʳ 
 

                                                                        (14) 

 

ɿʝʨʪʪʝʣʝʪʽʥ ʙʘʨʘʙʘʥ װʰʽʥ ʦʡʳץʪʳש ʙײʨʳʰʳ Þ=61Á. 

 

 ʦʨʳʪʳʥʜʳʣʘʨפ

1. ɾʝʪʝʢʰʽ ʙʘʨʘʙʘʥʳʥʳץ שʘʙʳסʳʥʳש ʢʝʨʥʝʫʣʽ-ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽʥ ʝʩʝʧʪʝʫʜʽש 

ʞʘשʘ ʪᴅʩʽʣʽ ײʩʳʥʳʣʜʳ.  

2. ʄʠʟʝʩ ʙʦʡʳʥʰʘ ʢʝʨʥʝʫ ʜʝשʛʝʡʣʝʨʽ ʘʥʳץʪʘʣʜʳ, ʦʣʘʨ ů max  ʙʘʨʘʙʘʥ װʰʽʥ 65 ʄʇʘ 

ʞᴅʥʝ ʪʘʩʧʘ װʰʽʥ 36 ʄʇʘ ʜʝשʛʝʡʽʥʝ ʞʝʪʪʽ. 

3. ʂʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴʜʝʫ ʜʠʩʢ ʧʝʥ ץʘʙʳץʪʳש ʜᴅʥʝʢʝʨʣʝʫʽʥʜʝʛʽ ʞʘʨʳʣʫʣʘʨʜʳש 

ʧʘʡʜʘ ʙʦʣʫʳʥʳש ʝץ שʘʫʽʧʪʽ ʞʝʨʣʝʨʽʥ ʢᴇʨʩʝʪʪʽ, ʜᴅʣ ʦʩʳ ʝש ʢᴇʧ ʞװʢʪʝʣʛʝʥ ʦʨʳʥ װʰʽʥ 

ʟʘץʳʤʜʘʥʫʜʳ ʞʠʥʘץʪʘʫ ᴅʜʽʩʽʤʝʥ ʨʝʩʫʨʩʪʳץ ʝʩʝʧʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʝʜʽ. ɹײʣ ʘʡʤʘץʪʘסʳ 

ʵʢʚʠʚʘʣʝʥʪʪʽ ʤʝʭʘʥʠʢʘʣʳץ ʢʝʨʥʝʫʣʝʨ 16 ʵʣʝʤʝʥʪʘʨ ʙᴇʣʽʤʥʝʥ ʪײʨʘʪʳʥ ʢװʨʜʝʣʽ ʮʠʢʣ ʢʝʟʽʥʜʝ 

65 ʄʇʘ-ʜʘʥ 27,258 ʄʇʘ-סʘ ʜʝʡʽʥ ᴇʟʛʝʨʝʜʽ. 

4. ʂʝʨʥʝʫ ʪʝʥʟʦʨʳʥʳש Űy, Űx ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʘʥʳץʪʘʣʜʳ, ʦʣʘʨ ʨʘʮʠʦʥʘʣʜʳ ץʘʧʪʘʫ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʪʘשʜʘʫסʘ ᴅʩʝʨ ʝʪʝʜʽ.  

5. ʊʘʥʛʝʥʩ ʢʝʨʥʝʫʣʝʨʽʥʽש ʜʝשʛʝʡʽʥʽש ʪʘʩʧʘ ʤʘʪʝʨʠʘʣʳʥʳץ שʘʩʠʝʪʪʝʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽʥ 

ʢᴇʨʩʝʪʝʪʽʥ Űy, Űx ʛʨʘʬʠʢʪʝʨʽ ʩʘʣʳʥʜʳ ʞᴅʥʝ ʦʡʳץʪʳש ʢᴇʣʙʝʫ ʙײʨʳʰʳ ʝʩʝʧʪʝʣʜʽ, Þ=61Á.  

 

 ʩʪʘʥ ᴇʥʝʨʢᴅʩʽʙʽץʘʟʘפʳʨʳʙʳ BR18574141 çץʣ ʟʝʨʪʪʝʫʣʝʨ ʪʘײʘʨʞʳʣʘʥʜʳʨʫ. ɹפ

 ʥʝʤʜʝʫʜʽ ʘʨʪʪʳʨʫװ ʰʽʥ ʵʥʝʨʛʝʪʠʢʘ ʤʝʥ ʤʘʰʠʥʘ ʞʘʩʘʫʜʘ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʨʝʩʫʨʩװ

ʞᴇʥʽʥʜʝʛʽ ʢʝʰʝʥʜʽ ʢᴇʧ ʤʘץʩʘʪʪʳ ʙʘסʜʘʨʣʘʤʘè פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ נʳʣʳʤ ʞᴅʥʝ 

ʞʦסʘʨʳ ʙʽʣʽʤ ʤʠʥʠʩʪʨʣʽʛʽ  ץʘʨʞʳʣʘʥʜʳʨʫ ʛʨʘʥʪʳ ʝʩʝʙʽʥʝʥ ʞװʨʛʽʟʽʣʜʽ. 
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ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼɸ ʆʇʈɽɼɽʃɽʅʀʗ ʈɸʎʀʆʅɸʃʔʅʓʍ ʇɸʈɸʄɽʊʈʆɺ 

ʌʋʊɽʈʆɺʂʀ  ʆɹɽʏɸʁʂʀ ʇʈʀɺʆɼʅʆɻʆ ɹɸʈɸɹɸʅɸ ʃɽʅʊʆʏʅʆɻʆ 

ʂʆʅɺɽʁɽʈɸ ɼʃʗ ɻʆʈʅʆɼʆɹʓɺɸʖʑʀʍ ʇʈɽɼʇʈʀʗʊʀʁ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ 

ʩʝʯʝʥʠʷʭ ʙʘʨʘʙʘʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʠʪʴ ʵʪʫ ʚʘʞʥʫʶ ʟʘʜʘʯʫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʝʜʚʘʨʠʪʝʣʝʥʳʡ ʵʪʘʧ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʩʷ ʚ ʧʦʜʛʦʪʦʚʢʝ ʨʘʩʯʝʪʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʭʝʤ,r 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʧʝʨʝʤʝʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʠʟʤʝʥʷʶʱʝʝʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʙʘʨʘʙʘʥʘ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ ʕʡʣʝʨʦʚʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʣʳ. 

ɺ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʪʘʢ ʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʜʘʚʣʝʥʠʝ ʦʪ ʧʝʨʝʤʝʥʥʦʡ ʩʠʣʳ 

ʪʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ ʣʝʥʪʳ ʩ ʙʘʨʘʙʘʥʦʤ. 

ʂʦʤʧʴʶʪʝʨʥʳʡ ʨʘʩʯʝʪ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʤʧʦʥʝʥʪʳ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʨʢʝʨʘ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ. ʇʦʩʪʨʦʝʥʘ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚʜʦʣʴ ʬʦʨʤʫʶʱʝʡ 

ʦʙʝʯʘʡʢʠ ʙʘʨʘʙʘʥʘ. 

ʂʦʤʧʴʶʪʝʨʥʳʡ ʨʘʩʯʝʪ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʤʧʦʥʝʥʪʝ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ 

ʨʘʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʫʪʝʨʦʚʢʠ ʧʦ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʢʘʢ ʧʨʦʯʥʦʩʪʴ ʥʘ ʦʪʩʣʘʠʚʘʥʠʝ 

ʠ ʨʘʟʨʳʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʥʘʢʣʦʥʘ ʬʫʪʝʨʦʚʢʠ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʙʘʨʘʙʘʥʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʂʦʥʚʝʡʝʨ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʵʥʝʨʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʙʘʨʘʙʘʥ, ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʬʫʪʝʨʦʚʢʘ. 
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DEVELOPMENT OF A METHOD FOR DETERMINING THE RATIONAL 

PARAMETERS OF THE LINING OF THE SHELL OF THE DRIVE DRUM OF THE 

CONVEYOR BELT FOR MINING ENTERPRISES  

 

Abstract. Due to the complexity of determining deformations with stresses in drum 

sections, it is recommended to solve the ambiguous problem by analytical method using 

numerical method of finite elements. The preliminary stage of computer modeling consisted in 

the preparation of a calculated mechanical circuit, which contained deterministic relations 

characterizing variable pressure, variable Euler force coefficients, which vary depending on the 

angle of rotation of the drum. 

In the calculation scheme, it is also recommended to take into account the variable 

pressure of the friction force, which depends on the coefficient of transition of the tape to the 

drum. Computer calculation allowed to determine the equivalent stresses; components of 

tangential stresses were determined using stress tensor markers. The graph of changes in 

tangential stresses along the forming membrane of the drum is constructed. 

Computer calculation of tangential stresses in the component makes it possible to choose 

rational parameters of the lining according to such indicators as strength to peeling and tearing, 

as well as to determine the angle of inclination of the lining, which is required to increase the 

reliability and traction force of the drum, as well as to increase the indicators of energy 

efficiency of the equipment. 

 

Keywords. Conveyor belt, durability, drive drum, stresses, deformation, finite element 

method, lining. 
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STUDY OF THE PROCESS OF ELECTRIC PULSE CLEANI NG OF INTERNAL 

COMBUSTION ENGINE EXHA UST GASES 
 

Abstract:  The paper presents the results of experiments carried out on the 

developed equipment, which makes it possible to study the parameters of exhaust gas 

purification by electric pulse. The general structure of the electric-pulse cleaning stand with 

moving electrodes, the description of the principle of its operation is given. The analysis 

of the results of the experiments makes it possible to draw a conclusion about the 

effectiveness of electric-pulse purification of exhaust gases and determine the optimal modes 

of operation of electric-pulse equipment of the designed systems of internal combustion 

engine exhaust gas purification.  
 

Keywords. Internal combustion engine, exhaust gases, toxicity, electric pulse, cleaning  
 

Int roduction.  

One of the significant sources of environmental pollution is motor transport 

equipped with internal combustion engines. Exhaust gas includes many chemical 

compounds, numbering more than 300 components. The most toxic components of internal 

combustion engine exhaust gases are nitrogen oxides, soot, hydrocarbons, carbon monoxide, 

hydrocarbons, etc. [1,2] There are several ways to clean the exhaust gases. The most 

widespread are the methods of catalytic neutralization, which are quite effective, but at the 

same time one of the most expensive [3,4]. Therefore, there is a necessary to find alternative 

methods of purification of exhaust gases of internal combustion engines. Known method of 

gas purification by electric impulse, the operating principle of which is based on generation 

of static charges, well-proven in the industry when cleaning gases from suspended particles 

[5,6,7]. The aim of the study was to determine the parameters of electric-pulse purifi cation 

of exhaust gases depending on the mode of engine operation and the distance between the 

electrodes. Scientific novelty lies in determining the dependence of the efficiency of the electric- 

pulse method for cleaning of exhaust gases of internal combustion engines on the design 

parameters of electric-pulse equipment.  
 

Materials and methods.  

We have developed an electric pulse cleaning bench with moving electrodes (Figure 1), 

which allows to take a number of indicators of the content of substances in exhaust gases at 

different crankshaft speeds and distances between the electrodes [8].  

Installation (Figure 1) consists of a cylindrical body 1, made of asbestos, which 

has low electrical conductivity; inlet 6 and outlet 2 holes for the passage of exhaust gases; high 

voltage generator 3; batten rail  5 to change the distance between the electrodes.  

Location of spiral electrodes inside the electropulse unit is shown in Figure 2. On a 

special bar rail  3 (Figure 2) are mounted two electrodes 1, 2 (Figure 2), to which from the 

generator 3 (Figure 1) by high-voltage wires 4 is fed an electric current of high voltage. 

Exhaust gas entering through the inlet opening 2 in the experimental setup is exposed to an 

electric field of high voltage. As a result, shock ionization and changing of the exhaust gas 

composition take place. The purifi ed gas exits into the atmosphere through the exhaust port 3.  

mailto:i.pak@mail.ru
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1 - cylindrical body; 2 - exhaust port; 3 - high voltage generator; 4 - high- voltage wires; 5 - 

bar-rail to change the distance between the electrodes; 6 - inlet port 

Figure 1 - Stand for electric pulse cleaning with moving electrodes 

 
1 - anode; 2 - cathode; 3 - rail  to change the distance between the electrodes; 4 - inside 

surface of the unit body 

Figure 2 - Arrangement of spiral electrodes inside the electropulse stand: 

 

The tests were conducted in three stages:  

- the first stage, in which the toxicity of the exhaust gases at 700 rpm was determined;  

- the second stage, in which the toxicity of the exhaust gases at 1400 rpm was 

determined;  

- the third stage, in which the toxicity of the exhaust gases at 1900 rpm was 

determined.  

At each stage in determining the toxicity of the exhaust gas using a gas analyzer, 

the values of the excess air ratio ɚ, oxygen content O2, % vol, carbon dioxide CO2, % vol, 
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hydrocarbons HC, ppm vol, carbon monoxide (carbon monoxide) CO, % vol were 

determined.  

The plan of the experiment [9] is presented in Table 1.  

 

Table 1 - Plan of the experiment 
 

Stage  Operations 

1 2 

P
re

p
a
ra

to
ry 

S
ta

g
e 

1. To start the internal combustion engine and wait until the coolant is at operating 

temperature  

2. To connect the diagnostic complex to the vehicle  

3. To connect the experimental bench to the silencer of the car  

T
h

e
 f
ir
s
t 
s
ta
g

e
 (

a
t 
7

0
0

 r
p

m
) 4.Measure the toxicity of exhaust gases at 700 rpm of the engine crankshaft 

5. To reset the gas analyzer to zero 

6. To set the distance between the electrodes R=0.002 m 

7.Turn on the experimental bench and measure the toxicity of exhaust gases 

8.Reset the gas analyzer to zero  

9. To set the distance between the electrodes R=0.004 m  

10. Turn on the experimental bench and measure the toxicity of exhaust gases  

11. To reset the gas analyzer to zero 

12. To set the distance between the electrodes R=0.006 m 

13.Turn on the experimental bench and measure the toxicity of exhaust gases  

14.Record and process the results 

T
h

e
 s

e
c
o

n
d

 s
ta

g
e
 (

a
t 
1

4
0

0
 r

p
m

)
 15.Increase the engine speed to 1400 rpm of the engine crankshaft  

16. Measure the toxicity of exhaust gases  

at 1400 rpm of the engine crankshaft  

17. To reset the gas analyzer to zero 

18. To set the distance between the electrodes R=0.002 m  

19. Turn on the experimental bench and measure the toxicity of exhaust gases  

20. To reset the gas analyzer to zero  

21. To set the distance between the electrodes R=0.004 m  

22. Turn on the experimental bench and measure the toxicity of exhaust gases  

23. To reset the gas analyzer to zero  

24. To set the distance between the electrodes R=0.006 m  

25. Switch on the experimental bench and measure the toxicity of exhaust gases  

26. Record and process the results  

S
ta

g
e
 T

h
re

e
 (

a
t 
1

9
0

0
 r

p
m

)
 

27. Increase the engine speed to 1900 rpm of the engine crankshaft  

28. Measure the toxicity of exhaust gases  

at 1900 rpm of the engine crankshaft  

29. To reset the gas analyzer to zero  

30. To set the distance between the electrodes R=0.002 m  

31. Turn on the experimental bench and measure the toxicity of exhaust gases  

32. To reset the gas analyzer to zero  

33. To set the distance between the electrodes R=0.004 m  

34. Switch on the experimental bench and measure the toxicity of exhaust gases  

35. To reset the gas analyzer to zero  

36. To set the distance between the electrodes R=0.006 m  

37. Turn on the experimental bench and measure the toxicity of exhaust gases  

38. Record and process the results  
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Results and discussions. 

Table 2 shows the results of the first stage of the experiment conducted on a  

gasoline engine at engine crankshaft speed n=700 rpm without the effect of the electric pulse and 

with the effect of the electric pulse at different values of the interelectrode distance R.  

 

Table 2 - Results of the first stage of the experiment, conducted on a gasoline engine 

 

 

Measured 

parameter 

 

Engine speed, n=700 rpm 

Without exposure 

to an electrical 

impulse 

Distance between 

electrodes, 

R=0,002 m 

Distance between 

electrodes, 

R=0,004 ʤ 

Distance between 

electrodes, 

R=0,006 ʤ 

ɚ 1,134 1,395 1,304 1,300 

ʆ2, % vol 2,97 6,42 5,34 5,29 

ʉʆ2, % vol 12,45 10,22 10,86 10,83 

ʅʉ, ppm vol 280 236 241 252 

ʉʆ, % vol 0,298 0,256 0,268 0,281 

 

The second stage of the experiment yielded the data shown in Table 3.  

 

Table 3 - Results of the second stage of the experiment, conducted on the gasoline engine 

 

 

Measured 

parameter 

 

Engine speed, n=1400 rpm 

Without exposure 

to an electrical 

impulse 

Distance between 

electrodes, 

R=0,002 m 

Distance between 

electrodes, 

R=0,004 ʤ 

Distance between 

electrodes, 

R=0,006 ʤ 

ɚ 1,065 1,069 1,055 1,211 

ʆ2, % vol 1,81 1,89 1,64 4,05 

ʉʆ2, % vol 13,4 13,11 13,25 11,53 

ʅʉ, ppm vol 209 206 211 180 

ʉʆ, % vol 0,445 0,476 0,493 0,374 

 

As a result of the third stage of the experiment we obtained the data shown in Table 4.  

 

Table 4 - Results of the third stage of the experiment, conducted on the gasoline engine 

 

 

Measured 

parameter 

 

Engine speed, n=1900 rpm 

Without exposure to 

an electrical impulse 

Distance 

between 

electrodes, 

R=0,002 m 

Distance 

between 

electrodes, 

R=0,004 ʤ 

Distance 

between 

electrodes, 

R=0,006 ʤ 

ɚ 1,020 1,018 1,030 1,020 

ʆ2, % vol 0,95 0,93 1,11 0,98 

ʉʆ2, % vol 13,71 13,71 13,64 13,65 

ʅʉ, ppm vol 187 194 187 193 

ʉʆ, % vol 0,535 0,559 0,466 0,566 
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According to the experimental data obtained, plots of changes in the measured parameters 

of the exhaust gas analyzer without and with the influence of an electric field of high voltage as a 

function of the inter-electrode distance R at various engine crankshaft speeds n were plotted. The 

zero value of R corresponds to the values of the measured parameters without the influence of 

the electric pulse. The change in the excess air coefficient ɚ as a function of the interelectrode 

distance R at different n is shown in Fig. 3. 

 
Figure 3 - Dependence of the excess air ratio ɚ on the interelectrode distance  

R at different n 

 

The parameter ɚ in the optimal case of fuel combustion should have a value close to one. 

An increase in the "lambda" parameter indicates that the mixture is depleted and the oxygen is 

not burned completely. This refers only to the case when the composition of the exhaust gases is 

measured in the silencer without switching on the electric pulse equipment [10]. When exposed 

to the pulse ɚ in the best case should increase, because as a result of ionization the value of 

oxygen increases and the content of harmful gases decreases.  

The change in the oxygen content O2, %vol in the composition of the exhaust gas from 

the interelectrode distance R at different n are shown in Fig. 4.  

 
Figure 4 - Dependence of the oxygen content O2, %vol in the exhaust gas on the interelectrode 

distance R at different n 
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Figure 4 shows that the maximum oxygen content is at 700 rpm at a distance of 0.002m 

between the electrodes. At 1400 and 1900 rpm at a distance of 0.006m.  

Plots of the carbon dioxide CO2 content, %vol in the exhaust gas from the interelectrode 

distance R at different n are shown in Fig. 5. 

 
Figure 5 - Dependence of carbon dioxide CO2 content, %vol in the exhaust gas from the 

interelectrode distance R at different n 

  

Figure 5 shows that the point of minimum carbon dioxide content at 700 rpm is observed 

at a distance of 0.002m between the electrodes. At 1400 and 1900 rpm at 0.006m. 

Plots of dependence of HC hydrocarbons content, %vol in the exhaust gas composition 

on the interelectrode distance R at different n are shown in Fig. 6 

 
Figure 6 - Dependence of HC hydrocarbons content, %vol in the exhaust gas composition on the 

interelectrode distance R at different n 

 

Figure 6 shows that the point of minimum hydrocarbon content at 700 rpm is observed at 

0.002m, at 1400 rpm at 0.006m, and at 1900 rpm at 0.004m.  

Plots of the dependence of carbon monoxide CO, %vol in the exhaust gas composition on 

the interelectrode distance R at different n are shown in Fig. 7. 
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Figure 7 - Dependence of carbon monoxide CO, %vol in the exhaust gas on the 

interelectrode distance R at different n 

 

Figure 7 shows that the point of minimum carbon monoxide content at 700 rpm is 

observed at 0.002 m, at 1400 rpm at 0.006 m, and at 1900 rpm at 0.004 m.  

 

Conclusions.  

From the analysis of the dependencies shown in Figures 3 - 7, it follows that there is a 

tendency to increase the content of carbon dioxide and carbon monoxide simultaneously with an 

increase in engine crankshaft speed. While the content of oxygen and hydrocarbon, on the 

contrary, decreases with increasing revolutions. The decrease in hydrocarbons is explained by 

the fact that there is better combustion of fuel, with enough oxygen.  

After switching on the electric pulse, with a distance of 0.002m between the electrodes at 

700 rpm of the crankshaft, a sharp increase in oxygen (by 116.16%), a decrease in carbon 

dioxide (by 21.82%) and carbon monoxide (by 14.09%) and hydrocarbons (by 15.71%) is 

observed. It follows that the distance between the electrodes of 0.002m is optimal at 700 rpm, as 

the analysis of histograms shows that the values are minimum for all three harmful gases, and 

maximum for harmless oxygen. At crankshaft speed n=1400 rpm, the greatest reduction in 

carbon monoxide CO and HC hydrocarbons is observed at R=0.006 m, and at n=1900 rpm - at 

R=0.004 m. 

The results obtained are necessary to establish the modes of effective operation of electric 

pulse equipment when designing promising systems for the purification of combustion engine 

exhaust gases. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʕʃɽʂʊʈʆʀʄʇʋʃʔʉʅʆʁ ʆʏʀʉʊʂʀ 

ʆʊʈɸɹʆʊɸɺʐʀʍ ɻɸɿʆɺ ɼɺʀɻɸʊɽʃʗ ɺʅʋʊʈɽʅʅɽɻʆ ʉɻʆʈɸʅʀʗ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʧʦʟʚʦʣʷʶʱʝʤ ʠʩʩʣʝʜʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʦʯʠʩʪʢʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʦʤ. ɼʘʝʪʩʷ ʦʙʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩʪʝʥʜʘ 

ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʥʦʡ ʦʯʠʩʪʢʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʦʧʠʩʘʥʠʝ ʧʨʠʥʮʠʧʘ ʝʛʦ ʨʘʙʦʪʳ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʥʦʡ ʦʯʠʩʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʩʠʩʪʝʤ 

ʦʯʠʩʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ɼɺʉ. 
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ɸʥʥʦʪʘʮʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʦʩʧʣʘʚʥʳʝ ʧʣʘʩʪʠʥʳ ʩ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ɺʳʷʚʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʥʘ ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʩʫʙʩʪʨʘʪʘʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʠʣʴʪʨʫʝʤʦʛʦ ʢʘʪʦʜʥʦ-

ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʦʩʘʞʜʝʥʠʷ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠʟʥʘʰʠʚʘʥʠʷ ʠ 

ʨʘʟʨʫʰʝʥʠʷ ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʤʝʪʘʣʣʦʬʠʟʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʳ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʝʞʫʱʠʭ ʩʚʦʡʩʪʚ, ʧʨʦʚʝʜʝʥʥʳʝ ʧʨʠ ʧʨʦʜʦʣʴʥʦʤ ʪʦʯʝʥʠʠ, ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʠʩʪʝʤʳʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʠʟʥʦʩ ʚ 3-4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʙʝʟ ʧʦʢʨʳʪʠʷ ʠ ʚ 1,5-2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʧʦʢʨʳʪʠʝʤ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʠʟʥʘʰʠʚʘʥʠʷ ʩ ʙʦʣʝʝ ʪʚʝʨʜʳʤʠ ʠ 

ʤʝʥʝʝ ʧʣʘʩʪʠʯʥʳʤʠ ʠʟʥʦʩʦʩʪʦʡʢʠʤʠ ʩʣʦʷʤʠ ʠʤʝʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʦʪ ʤʝʭʘʥʠʟʤʘ 

ʠʟʥʘʰʠʚʘʥʠʷʩ ʤʝʥʝʝ ʪʚʝʨʜʳʤʠ ʠ ʙʦʣʝʝ ʧʣʘʩʪʠʯʥʳʤʠ ʠʟʥʦʩʦʩʪʦʡʢʠʤʠ ʩʣʦʷʤʠ, 

ʚʢʣʶʯʘʚʰʠʤʠ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʥʠʪʨʠʜʳ ʮʠʨʢʦʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʦʢʨʳʪʠʷ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ, 

ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ. 

ʉʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʂ ʪʘʢʠʤ ʬʘʢʪʦʨʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠʢʨʠʩʪʘʣʣʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦ-

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʞʫʱʝʡ ʯʘʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʠ  ʪ.ʜ.ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʝʟʘʥʠʷ ʫʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʩʪʘʥʦʚʠʪʴʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤʠ 

ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʧʨʠʦʙʨʝʪʘʶʪ ʚʪʦʨʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʨʠ ʨʝʟʘʥʠʠ ʫʯʘʩʪʢʦʚ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʠʭ ʥʦʤʠʥʘʣʴʥʦʡ 

ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ. ʅʘ ʫʯʘʩʪʢʘʭ ʬʘʢʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʣʦʢʘʣʴʥʦʝ ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʩʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʤʝʪʘʣʣʘ, ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʶʱʝʝ ʘʜʛʝʟʠʶ ʤʝʞʜʫ ʢʦʥʪʘʢʪʠʨʫʶʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʨʠʯʸʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ 

ʨʘʟʨʫʰʝʥʠʝ ʤʦʩʪʠʢʦʚ ʘʜʛʝʟʠʦʥʥʦʡ ʩʚʷʟʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ, ʜʦʩʪʠʛʘʶʱʝʡ 

ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʨʘʟʨʫʰʝʥʠʡ ʚ ʤʠʥʫʪʫ [1]. ʋʩʪʘʚʣʝʥʦ, ʯʪʦ ʨʘʟʤʝʨʳ ʦʪʜʝʣʴʥʳʭ 

ʘʜʛʝʟʠʦʥʥʳʭ ʧʷʪʝʥ ʢʦʣʝʙʣʶʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ ʜʦ ʩʦʪʳʭ ʜʦʣʝʡ ʤʠʣʣʠʤʝʪʨʘ, ʘ 

ʬʘʢʪʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 10-60 % ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ 
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ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʥʘ ʦʜʥʦʤ ʤʝʪʨʝ ʧʫʪʠ ʨʝʟʘʥʠʷ ʢʘʞʜʘʷ ʪʦʯʢʘ ʢʦʥʪʘʢʪʘ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʩʜʚʠʛʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʢʘʟʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʦʢ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʘʜʛʝʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʭ ʠʟʥʘʰʠʚʘʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʥʠʞʝʥʠʷ ʜʘʥʥʳʭ ʚʠʜʦʚ ʠʟʥʘʰʠʚʘʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʚʝʨʜʦʩʪʠ, ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʦʢʨʳʪʠʝ, ʦʙʣʘʜʘʶʱʝʝ ʤʝʥʴʰʠʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʜʛʝʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʦʢ ʠʥʩʪʨʫʤʝʥʪʘ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʢʨʳʪʠʡ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʤʥʦʛʦʩʣʦʡʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʧʣʦʱʘʜʴʶ 

ʤʝʞʦʟʸʨʥʳʭ  ʠ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮ. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʦʚʳʰʝʥʥʫʶ 

ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʨʘʟʨʫʰʝʥʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ - ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ  ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʢʨʳʪʠʷ ʚʝʜʝʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʜʦʣʛʦʚʝʯʥʦʩʪʠ  ʠ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʥʘʨʘʱʠʚʘʥʠʷ  

ʚʨʝʤʝʥʠ ʥʘʨʘʙʦʪʢʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʦʪʢʘʟ[2]. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʢʨʳʪʠʶ, ʢʘʢ 

çʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳè ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʥʦʩʣʦʡʥʳʝ 

(ʤʦʥʦʩʣʦʡʥʳʝ, ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ) ʧʦʢʨʳʪʠʷ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʤʦʛʫʪ  ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʚʳʰʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʪʘʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʦʪʚʝʯʘʶʪ ʤʥʦʛʦʩʣʦʡʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ, ʩʣʦʠ ʚ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʨʘʟʣʠʯʥʦʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ(ʄʅʉ)ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʪʚʝʯʘʶʱʠʝ ʧʨʠʚʝʜʝʥʥʳʤ 

ʚʳʰʝ ʫʩʣʦʚʠʷʤ: 

- Zr-ZrN-(ZrCrAl)N, Cr-CrN-(TiCrAl )N, Ti-TiN-(NbZrTiAl )N, Zr-ZrN-(ZrNbTiAl )N, 

ʦʩʘʞʜʘʝʤʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ FCVAD;  

- Ti-TiAlN -TiAlN, ʦʩʘʞʜʘʝʤʦʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠLARC. 

ʊʦʣʱʠʥʳ ʧʦʢʨʳʪʠʡʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʦʩʪʘʚʠʣʠ 2.44-11.7 ʤʢʤ, ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ 

ʪʦʣʱʠʥ ʙʳʣ ʚʳʙʨʘʥ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʡʩʪʚʠʷ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ.ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʄʅʉ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ1. 

 

ʊʘʙʣʠʮʘ 1 - ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʄʅʉ ʠ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʘ ʩʪʦʡʢʦʩʪʠ 

ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʄʅʉ 

 

 ̄ ʉʪʨʫʢʪʫʨʘ ʄʅʉ 

ʉʪʦʡʢʦʩʪʴ 

Tc (ʤʠʥ), 

[hʟ] = 0,4 ʤʤ 

ʊʦʣʱʠʥʘ 

ʩʫʙʩʣʦʝʚ(ʥʤ) ʠ 

ʦʙʱʘʷ ʪʦʣʱʠʥʘ 

ʧʦʢʨʳʪʠʷ (ʤʢʤ) 

ʇʨʦʯʥʦʩʪʴ 

ʘʜʛʝʟʠʦʥʥʦʡ 

ʩʚʷʟʠ, 

LC2, ʅ 

ʊʚʝʨʜʦʩʪʴ 

HV, 

ɻʇʘ 

ʥʤ ʤʢʤ 

1 ɹʝʟ ʧʦʢʨʳʪʠʷ 8 - - - 18 

2 TiN 18 - 2,85 31 30 

3 Cr-CrN-(TiCrAl)N 31 30-45 2,75 >40 38 

4 Ti-TiN-(NbZrTiAl)N 35 45-60 3,30 >40 34 

5 Zr-ZrN-(ZrCrAl)N 37 15-45 2,44 39 36 

6 Ti-TiAlN -TiAlN  36 55-76 11,7 >40 37 
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ʈʝʟʫʣʴʪʘʪʳ ʩʪʦʡʢʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʄʅʉ ʧʨʠ ʪʦʯʝʥʠʠ ʩʪʘʣʠ 45 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ1 - ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʥʦʩʘ ʧʦ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ hʟ ʦʪ ʚʨʝʤʝʥʠ ʨʝʟʘʥʠʷ ʧʨʠ ʪʦʯʝʥʠʠ 

ʩʪʘʣʠ 45  
 

1 ï ʙʝʟ ʧʦʢʨʳʪʠʷ; 2 ï TiN; 3 ï Cr-CrN-(TiCrAl )N; 4 ï Zr-ZrN-(NbZrTiAl )N; 

5 ï Zr-ZrN-(ZrCrAl)N; 6 ï Ti-TiAlN -TiAlN  

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʚʝʨʜʦʩʧʣʘʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʄʅʉ ʧʨʠ 

ʧʨʦʜʦʣʴʥʦʤ ʪʦʯʝʥʠʠ ʩʪʘʣʠ ʥʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʞʠʤʘʭ ʨʝʟʘʥʠʷ ʠʤʝʣʠ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʩʪʦʡʢʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ 31-37 ʤʠʥʫʪ, ʧʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʠʟʥʘʰʠʚʘʥʠʷ 

ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʄʅʉ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ [3].  

ɺ ʯʘʩʪʥʦʩʪʠ, ʄʅʉZr-ZrN-(ZrCrAl)N ʦʙʝʩʧʝʯʠʚʘʣʠ ʥʘʠʙʦʣʴʰʝʝ ʧʦʚʳʰʝʥʠʝ 

ʩʪʦʡʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʩʦʩʪʘʚʣʷʶʱʝʝ 37 ʤʠʥʫʪ ʧʨʠ ʩʪʘʙʠʣʴʥʦʡ ʢʠʥʝʪʠʢʝ ʠʟʥʘʰʠʚʘʥʠʷ 

ʥʘ ʵʪʘʧʘʭ ʧʨʠʨʘʙʦʪʦʯʥʦʛʦ, ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ. ʇʦʯʪʠ 

ʩʪʦʣʴ ʞʝ ʩʪʘʙʠʣʴʥʫʶ ʢʠʥʝʪʠʢʫ ʠʟʥʘʰʠʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʠʥʩʪʨʫʤʝʥʪʳ ʩ ʄʅʉ Zr-ZrN-

(NbZrTiAl )N, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʫʶ ʩʪʦʡʢʦʩʪʴ, ʩʦʩʪʘʚʣʷʶʱʫʶ 35 ʤʠʥʫʪ 

(ʨʠʩʫʥʦʢ 1). 

ʀʥʩʪʨʫʤʝʥʪʳ ʩ ʄʅʉ Ti-TiAlN -TiAlN  ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ 

ʩʪʦʡʢʦʩʪʴ, ʩʦʩʪʘʚʣʷʶʱʫʶ 36 ʤʠʥʫʪ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʥʝʝ ʨʘʚʥʦʤʝʨʥʘʷ ʢʠʥʝʪʠʢʘ 

ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʘʷ ʠʤʝʣʘ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʚ 

ʪʝʯʝʥʠʝ 31 ʤʠʥʫʪʳ ʨʝʟʘʥʠʷ (ʧʨʠʨʘʙʦʪʦʯʥʳʡ ʠ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʵʪʘʧʳ ʠʟʥʘʰʠʚʘʥʠʷ) 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʙʳʣʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʄʅʉ Zr-

ZrN-(ZrCrAl)N ʠ Zr-ZrN-(NbZrTiAl )N, ʪʦ ʧʦʩʣʝ 31 ʤʠʥʫʪʳ ʨʝʟʘʥʠʷ ʠʟʥʘʰʠʚʘʥʠʝ 

ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʄʅʉ Ti-TiAlN -TiAlN ʨʝʟʢʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʣʦʩʴ ʠ ʧʨʠʦʙʨʝʣʦ ʭʘʨʘʢʪʝʨ 

ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ (ʨʠʩʫʥʦʢ 1). ʀʥʩʪʨʫʤʝʥʪ ʩ ʄʅʉCr-CrN-

(TiCrAl )N ʠʤʝʣ ʥʘʠʤʝʥʴʰʫʶ ʩʪʦʡʢʦʩʪʴ ʩʨʝʜʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʳ. ʇʦʩʣʝ 31 ʤʠʥʫʪʳ 

ʜʦʩʪʘʪʦʯʥʦ ʨʘʚʥʦʤʝʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠʟʥʘʰʠʚʘʥʠʷ ʥʘʩʪʫʧʠʣʘ ʟʘʤʝʪʥʘʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ 

ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʄʅʉ Cr-CrN-(TiCrAl )N. 
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ʆʙʱʠʡ ʭʘʨʘʢʪʝʨ ʦʯʘʛʦʚ ʠʟʥʦʩʘ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʩʤʝʥʥʦʡ ʤʥʦʛʦʛʨʘʥʥʦʡ ʧʣʘʩʪʠʥʳ 

(ʉʄʇ) ʩ ʄʅʉZr-ZrN-(NbZrTiAl )N ʧʨʠ ʧʨʦʜʦʣʴʥʦʤ ʪʦʯʝʥʠʠ ʩʪʘʣʠ 45 ʩ v = 250 ʤ/ʤʠʥ, s = 

0,2 ʤʤ/ʦʙ, t = 1 ʤʤ ʧʦʩʣʝ 35 ʤʠʥʫʪ ʨʝʟʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʦʢ 2. 
 

 
 

ʈʠʩʫʥʦʢ 2 - ʆʙʱʠʡ ʭʘʨʘʢʪʝʨ ʠʟʥʦʩʘ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʉʄʇ ʩ ʄʅʉZr-ZrN-(NbZrTiAl )N ʧʨʠ 

ʧʨʦʜʦʣʴʥʦʤ ʪʦʯʝʥʠʠ ʩʪʘʣʠ 45 

 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʘ ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ  

ʨʝʞʫʱʝʛʦ ʢʣʠʥʘ ʉʄʇ ʩ ʄʅʉ Zr-ZrN-(NbZrTiAl )N ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʧʦʧʝʨʝʯʥʳʡ ʰʣʠʬ 

ʦʙʨʘʟʮʘ ʉʄʇ, ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʯʘʛʦʚ ʠʟʥʦʩʘ ʝʛʦ ʧʝʨʝʜʥʝʡ ʠ 

ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʩʣʝ 35 ʤʠʥʫʪ ʨʝʟʘʥʠʷ (ʨʠʩʫʥʦʢ 3). ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʘʥʥʦʛʦ ʰʣʠʬʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʧʦʣʫʯʝʥʳ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʯʘʛʦʚ ʠʟʥʦʩʘ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ CI (ʨʠʩʫʥʦʢ 4). 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ (ʨʠʩʫʥʢʠ .2 ʠ 3), ʨʘʟʚʠʪʠʝ ʦʯʘʛʦʚ 

ʠʟʥʘʰʠʚʘʥʠʷ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʉʄʇ ʩ ʄʅʉ Zr-ZrN-

(NbZrTiAl )N ʥʦʩʠʪ ʨʘʚʥʦʤʝʨʥʦ-ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʙʝʟ ʚʠʜʠʤʳʭ ʩʢʦʣʦʚ ʠ ʦʯʘʛʦʚ 

ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʢʘʭ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʉʄʇ ʠ 

ʫʣʫʯʰʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʦʥʳ ʝʸ ʠʟʥʘʰʠʚʘʥʠʷ [4]. 

ʄʝʭʘʥʠʟʤ ʠʟʥʘʰʠʚʘʥʠʷ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʉʄʇ ʩ ʄʅʉ Zr-ZrN-

(NbZrTiAl )N ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʧʨʠʨʦʜʫ.  

ɺ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʠ ʠʟʥʘʰʠʚʘʥʠʠ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ  ʧʨʝʚʘʣʠʨʫʶʪ 

ʘʜʛʝʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ ʢʦʥʪʘʢʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʧʦ ʚʝʣʠʯʠʥʝ ʥʘʧʨʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʟʥʘʰʠʚʘʥʠʷ ʢ 

ʨʘʟʫʧʨʦʯʥʝʥʠʶ ʣʦʢʘʣʴʥʳʭ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʯʘʩʪʢʦʚ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʧʣʘʩʪʠʥʳ ʠ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ 

(ʨʠʩʫʥʦʢ 5). 
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ʅʘ ʨʠʩʫʥʢʝ 5 ʚʠʜʥʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʢʚʦʟʥʳʭ ʠ ʪʫʧʠʢʦʚʳʭ ʪʨʝʱʠʥ (1-3) ʠ  

ʧʨʦʥʠʢʘʶʱʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʧʦʢʨʳʪʠʷ ʤʠʢʨʦʢʘʧʝʣʴ ʤʘʪʝʨʠʘʣʘ ʢʘʪʦʜʘ (1, 2), 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ. ɼʣʷ ʟʦʥʳ ʘʢʪʠʚʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʣʝʛʘʶʱʝʛʦ ʢ ʨʝʞʫʱʝʡ ʢʨʦʤʢʝ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʭʘʨʘʢʪʝʨʥʳ ʤʝʭʘʥʠʟʤʳ ʢʘʢ ʘʙʨʘʟʠʚʥʦʛʦ, ʪʘʢ ʠ ʘʜʛʝʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʘʢʪʠʚʥʦʤʫ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ. 
 

 
 

ʈʠʩʫʥʦʢ 3- ʇʦʣʦʞʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʰʣʠʬʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʫʥʢʠ ʠʟʥʦʩʘ ʧʝʨʝʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʉʄʇ ʩ ʄʅʉ Zr-ZrN-(NbZrTiAl )N 

 

 
a ʙ 

 

ʈʠʩʫʥʦʢ 4- ʍʘʨʘʢʪʝʨ ʠʟʥʦʩʘ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʉʄʇ ʩ ʄʅʉ Zr-ZrN-(NbZrTiAl )N ʧʨʠ 

ʧʨʦʜʦʣʴʥʦʤ ʪʦʯʝʥʠʠ ʩʪʘʣʠ 45 
 

 
 

ʈʠʩʫʥʦʢ 5 - ʆʩʦʙʝʥʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʷ ʥʘ ʧʣʦʱʘʜʢʝ ʧʝʨʝʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʨʝʞʫʱʝʡ ʢʨʦʤʢʦʡ ʠ ʣʫʥʢʦʡ ʠʟʥʦʩʘ 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 3 (126), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 3 (126), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

70 

ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʩʧʫʩʢʘʝʤʦʛʦ ʠʟ ʦʙʣʘʩʪʠ, 

ʚ ʢʦʪʦʨʫʶ ʧʦʧʘʜʘʝʪ ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʢʘʟʳʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʘʚʝ ʦʙʲʝʢʪʘ ʧʦ ʯʘʩʪʷʤ [5]. 

ʉʦʩʪʘʚ ʄʅʉ ʧʦ ʵʣʝʤʝʥʪʘʤ ʠʩʩʣʝʜʦʚʘʣʩʷ ʚʜʦʣʴ ʫʩʣʦʚʥʳʭ ʣʠʥʠʡ, ʥʘʯʠʥʘʶʱʠʭʩʷ ʚ 

ʦʙʣʘʩʪʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʤʳʢʘʶʱʝʡ ʢ ʚʝʨʰʠʥʝ ʨʝʟʘʥʠʷ, ʠ ʧʨʦʜʦʣʞʘʶʱʠʭʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 45 ʤʢʤ ʦʪ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʚʜʦʣʴ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʇʝʨʚʘʷ ʣʠʥʠʷ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 0.1 ʤʢʤ ʦʪ ʛʨʘʥʠʮʳ çʧʦʢʨʳʪʠʝ ï 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣè, ʚʪʦʨʘʷ ï ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 1.5 ʤʢʤ ʦʪ ʜʘʥʥʦʡ ʛʨʘʥʠʮʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʠ 6 ʠ 7. 
 

 
 

ʈʠʩʫʥʢʠ 6 - ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ,ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ 

ʩʦʩʪʘʚʘ ʄʅʉ Zr-ZrN-(NbZrTiAl )N (N, O, Zr, Nb, Ti, W) 
 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʠʩʫʥʢʦʚ 6 ʠ 7, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (N, O, Zr, Nb, Ti, W) ʚ ʄʅʉZr-ZrN-

(NbZrTiAl )N ʩʚʷʟʘʥ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʩʥʠʞʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʟʦʥʘʭ ʩʢʚʦʟʥʳʭ ʪʨʝʱʠʥ ï ʚ ʟʦʥʘʭ 1, 2 ʠ 3 (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 5). ʇʨʠ ʵʪʦʤ 

ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʟʦʥʝ ʩʢʚʦʟʥʳʭ ʪʨʝʱʠʥ 

ʟʘʤʝʯʘʝʪʩʷ ʚ ʪʨʝʱʠʥʘʭ ʚʙʣʠʟʠ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʉʄʇ ʠ ʚ ʟʦʥʝ ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʷ. 

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʚ 

ʟʦʥʘʭ ʧʦʢʨʳʪʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʢʨʦʢʘʧʝʣʴ, ʩʦʩʪʦʷʱʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʠʟ Ŭ-Ti ʬʘʟʳ. ʇʨʠʯʝʤ ʵʪʠ ʧʨʦʮʝʩʩʳ ʙʦʣʝʝ ʟʘʤʝʪʥʳ ʜʣʷ ʟʦʥ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʤʠʢʨʦʢʘʧʝʣʴ (ʟʦʥʘ I, ʨʠʩʫʥʦʢ 5). ɸʢʪʠʚʥʦʝ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʧʦʢʨʳʪʠʷ, 

ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʩʥʠʞʝʥʠʝ ʘʟʦʪʘ ʟʘʤʝʯʘʶʪʩʷ ʚ ʟʦʥʝ I. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʣʷ ʟʦʥ 

ʄʅʉ, ʩʦʜʝʨʞʘʱʠʭ ʪʫʧʠʢʦʚʳʝ ʤʠʢʨʦʪʨʝʱʠʥʳ, ʦʪʤʝʯʝʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ.  
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ʈʠʩʫʥʦʢ7 - ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ  ʵʣʝʤʝʥʪʦʚ(N, O, Zr, 

Nb, Ti, W) ʥʘ ʜʣʠʥʝ 45 ʤʢʤ, ʧʨʦʭʦʜʷʱʝʛʦ ʚ ʟʦʥʝ ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʷ 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʯʘʩʪʠʯʥʫʶ ʜʠʩʩʦʮʠʘʮʠʶ ʩʣʦʞʥʳʭ 

ʥʠʪʨʠʜʦʚ ʄʅʉ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

ɿʘʢʣʶʯʝʥʠʝ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʘʤ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʨʝʟʢʠʡ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʚʝʨʜʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʧʨʦʯʥʳʭ ʦʢʩʠʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʪʠʧʘ TiN2, Al 2ʆ3, 

ʨʘʟʨʫʰʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʨʝʟʢʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ 

ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʦʢ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʥʠʟʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʢʨʳʪʠʡ, ʥʘʥʦʩʠʤʳʭ ʥʘ 

ʪʚʝʨʜʦʩʧʣʘʚʥʳʝ ʩʫʙʩʪʨʘʪʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ arc-PVD ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʪʚʸʨʜʦʩʧʣʘʚʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʣʴʪʨʫʶʱʠʝ ʩʠʩʪʝʤʳ, ʙʣʦʢʠʨʫʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʢʘʧʝʣʴ, 

ʯʪʦ ʟʘʤʝʪʥʦ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʢʨʳʪʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʘʥʠʝʤ. 

 

ʃʀʊɽʈɸʊʋʈɸ 
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[3] ɸ.ɼ. ʂʦʨʦʪʘʝʚ, ɼ. ʇ. ɹʦʨʠʩʦʚ, ɺ.ʖ. ʄʘʰʢʦʚ, ʉ.ɺ. ʆʚʯʠʥʥʠʢʦʚ, ɸ.ʅ. ʊʶʤʝʥʮʝʚ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʠ ʫʧʨʫʛʦʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ 

ʩʚʝʨʭʪʚʝʨʜʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ TiN. ʌʠʟʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ ˉ5, 2011. ʉ. 87-97. 

[4] ɸ.ɸ. ʂʘʤʝʥʝʚʘ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʩʣʦʞʥʳʭ ʥʠʪʨʠʜʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʳʤ ʠʩʧʘʨʝʥʠʝʤ. 

ʂʦʥʩʪʨʫʢʮʠʠ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ˉ3, 2007. ʉ.49-57. 

[5] ɺʝʨʝʱʘʢʘ ɸ.ʉ., ʉʝʡʪʢʫʣʦʚ ɸ.ʈ., ɾʫʩʫʧʦʚ ʂ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ ʩ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʧʨʠ ʧʨʦʪʷʛʠʚʘʥʠʠ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ // ʅʘʫʢʘ ʠ ʤʠʨ, ˉ10, 2016, ʉ.35-39. 
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ʂᴆʇ ʂʆʄʇʆʅɽʅʊʊɯ ʅɸʅʆױפʈʓʃʓʄɼʓ ɾתʁɽɼɽʈɼɽɻɯ פɸʊʊʓ 

  ɿʓʃʋ ʄɽʍɸʅʀɿʄɼɽʈɯʅ ɿɽʈʊʊɽʋױʊʆɿʋ ɾᴄʅɽ ɹ רʆʈʓʊʇɸʃʓ ɸʉʇɸʇʊʓפ

 

ɸשʜʘʪʧʘ. ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ ʨʝʪʽʥʜʝ ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ʥʘʥʦײץʨʳʣʳʤʜʳ ʞװʡʝʣʝʨʽ ʙʘʨ 

 ʥʜʳʨʫʜʳײʘʣʳ ʪסʟʽʣʝʪʽʥ ʢʘʪʦʜʪʳ-ʚʘʢʫʫʤʜʳ-ʜʦװʘʥ. ʉסʰʘʣʘʨ ʘʣʳʥץʦʨʳʪʧʘʣʳ  ʪʘʙʘץ ʘʪʪʳץ

ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ץʘʪʪʳ ץʦʨʳʪʧʘʣʳ ʩʫʙʩʪʨʘʪʪʘʨʜʘסʳ ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ʥʘʥʦײץʨʳʣʳʤʜʳ 

ʞװʡʝʣʝʨʜʽש ʧʘʡʜʘʣʘʥʫ ץʘʩʠʝʪʪʝʨʽʥ ʘʨʪʪʳʨʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʘʥʳץʪʘʣʜʳ. ʄʝʪʘʣʜʳץ-

ʬʠʟʠʢʘʣʳץ ʪʘʣʜʘʫʜʳש ʟʘʤʘʥʘʫʠ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ 

ʥʘʥʦײץʨʳʣʳʤʜʳ ʞװʡʝʣʝʨʤʝʥ ץʘʪʪʳ ץʦʨʳʪʧʘʣʳ ײץʨʘʣʜʳש ʪʦʟʫ ʞᴅʥʝ ʙײʟʳʣʫ 

ʤʝʭʘʥʠʟʤʜʝʨʽʥʝ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ. ʂᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ʥʘʥʦײץʨʳʣʳʤʜʳ ʞװʡʝʣʝʨʽ ʙʘʨ 

ʞʘʨʳץʰʘץʪʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʤʝʥ ʤʝʭʘʥʠʟʤʜʝʨʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɸʩʧʘʧʧʝʥ 
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ʙʦʡʣʳץ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʞװʨʛʽʟʽʣʛʝʥ ʢʝʩʫ ץʘʩʠʝʪʪʝʨʽʥʽש ʟʝʨʪʪʝʫʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ᴇשʜʝʣʛʝʥ 

ʞװʡʝʣʝʨ ʪʦʟʫʜʳש ʢʝʤʫʽʥʝ ʞʘʙʳʥʩʳʟ ײץʨʘʣʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 3-4 ʝʩʝ ʞᴅʥʝ ʪʠʪʘʥ ʥʠʪʨʠʜʪʽ 

ʩʪʘʥʜʘʨʪʪʳ ʞʘʙʳʥʳ ʙʘʨ ʘʩʧʘʧʧʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 1,5-2 ʝʩʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.פʘʪʪʳ ʞᴅʥʝ 

ʠʽʣʛʽʰʪʽʛʽ ʘʟʜʘʫ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽ ץʘʙʘʪʪʘʨʳ ʙʘʨ ʪʦʟʫ ʩʠʧʘʪʳʥʳײץשʨʘʤʳʥʘ ʮʠʨʢʦʥʠʡ 

ʥʠʪʨʠʜʪʝʨʽ ʢʽʨʝʪʽʥ ץʘʪʪʳʣʳסʳ ʘʟʜʘʫ ʞᴅʥʝ ʠʽʣʫʛʝ ʠʢʝʤʜʽʣʽʛʽ ʞʦסʘʨʳʣʘʫ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽ 

 .ʪʘʣʜʳץʘ ʠʝ ʝʢʝʥʜʽʛʽ ʘʥʳסʪʘʨץʪʘʡ ʘʡʳʨʤʘʰʳʣʳץʘʙʘʪʪʘʨʳ ʙʘʨ ʪʦʟʫ ʤʝʭʘʥʠʟʤʽʥʝʥ ʘʡʪʘʨʣʳץ

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɾʘʙʳʥʜʘʨ, ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ʞװʡʝʣʝʨ, ʞʘʙʳʥʜʘʨʜʳץ שʘʩʠʝʪʪʝʨʽ, 

ʘʩʧʘʧʪʘʨʜʳש ʪʦʟʫʳ,ʞʘʨʳץʰʘץʪʘʨʜʳש ʪװʟʽʣʫʽ. 
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STUDIES OF THE MECHANISMS OF WEAR AND DESTRUCTION OF HARD -

ALLOY TOOLS WITH MULTICOMPONENT NANOSTRUCTURED SYSTEMS  

 

Abstract. The object of the study is carbide plates with multicomponent nanostructured 

systems.The possibilities of increasing the operational properties of multicomponent 

nanostructured systems on carbide substrates using filtered cathode-vacuum-arc deposition are 

revealed.The mechanisms of wear and destruction of a carbide tool with the developed 

multicomponent nanostructured systems using modern methods of metallophysical analysis have 

been studied.The features and mechanisms of cracking with multicomponent nanostructured 

systems are considered.Studies of cutting properties carried out during longitudinal turning have 

shown that the developed systems can reduce wear by 3-4 times compared to a tool without 

coating and by 1.5-2 times compared to a tool with a standard titanium nitride coating.Itwas 

found that the wear pattern with harder and less elastic wear-resistant layers had significant 

differences from the wear mechanism with less hard and more plastic wear-resistant layers, 

which included zirconium nitrides in their composition. 

 

Keywords. Coatings, multicomponent systems,coating properties, tool wear, cracking. 
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THEORETICAL FOUNDATIONS OF THE DEVELOPMENT OF A BULLDOZER 

DESIGN THROUGH THE USE OF MULTIVARIATE PARAMETRIC ANALYSIS  

  

Abstract. The article presents the scope, purpose and design of the bulldozer. The main 

brands of bulldozers used in our republic are given. Their main characteristics are considered, 

such as: weight, power, blade width and blade height. As a result of the analysis of parametric 

information, the standard deviation, average value, coefficient of variation, asymmetry and 

kurtosis were determined. A correlation matrix has been compiled that describes the relationship 

between the parameters of the machines. 

Based on the results obtained, a cluster analysis was carried out in the StatGraphics 

Centurion software. A histogram of the distribution of bulldozer indicators is constructed, with 

the determination of the left and right boundaries, and the number of models in the interval. 

Using the obtained parametric analysis data, the equations for determining the coefficient 

of the technical level were formed. Using the obtained equation, the coefficient of the technical 

level and the prospective values of the machine parameters are determined.      

 

Keywords. Bulldozer, dump, working body, histogram, power, traction calculation. 

  

Introduction . 

The modern market of construction and road vehicles is quite different. The volume of 

manufactured equipment is steadily growing every year. One of the main types of construction 

and road equipment is a bulldozer. This machine has found its application both in primary 

earthworks and in the construction of highways. In the process of construction of buildings, 

industrial enterprises, the bulldozer is used for clearing the roadbed and garbage collection. A 

bulldozer is a type of earthmoving equipment that can be mounted on a tracked, wheeled or other 

special mover, the working equipment of which is a dump, which can be both turntable and non-

rotary. For the most part, the machine is used to cut off the upper soil layer of the soil and 

transport it to the desired location.  

The authors [1,2,3,4,5,6,7,8,9] have developed recommendations for the design and 

improvement of the design of machines.  

Along with the main working equipment, additional equipment is used, such as a ripper, a 

grubber, a brush cutter. 

With the help of brush-cutting equipment, work is carried out to remove green spaces, 

stumps are uprooted with the help of a rooter, and preliminary loosening of frozen and durable 

soil is carried out with a ripper. The general view of the bulldozer is shown in Figure 1. 

 

mailto:culeev_bahtiyar@mail.ru


ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 3 (126), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 3 (126), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

75 

 
ʘ 

 
b 

 
c 

 
d 

 

a) wheel mover; b) crawler mover; c) grubber; d) brush cutter 
 

Figure 1 ï General view of the bulldozer 

 

The purpose of the study is to develop recommendations on the design of a bulldozer 

based on the obtained coefficient of technical level. 

The scientific novelty of the work consists in determining the coefficient of the technical 

level on the basis of a multivariate analysis of parametric data. 

 

Materials and methods. 

In order to develop recommendations on the design of the bulldozer, the use of 

StatGraphicsCenturion software is proposed. Multivariate analysis of parametric data was carried 

out in the software environment, cluster analysis was carried out, distribution histograms were 

constructed. 

 

Results and Discussion 

In order to form an expert opinion on the level of development and manufacturability of a 

technical system, such an indicator as the coefficient of technical level can be used. Knowing the 

values of this indicator, it is more likely to say that the object has a high degree of 

manufacturability and novelty.  

To calculate the values of this indicator, it is necessary to collect statistical data that will 

allow their multiparametric analysis. The brands of bulldozers and their specification data are 

presented in the table below. 
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Table 1 ï Technical characteristics of the bulldozer 
 

 ̄ Brand Weight, tn Power, kW Blade width, m Blade height, m 

1 Bell 700J 14,2 92 3,353 0,998 

2 CAT D7R 24,7 179 4,5 1,553 

3 CAT D11R 104,6 634 6,35 3,26 

4 Dressta 7M STD 7,6 55 2,62 0,84 

5 HTZ T-150 9,5 128,7 2,52 0,7 

6 Komatsu WD600 42,8 362 3,5 1,47 

7 BelAZ 50 312 4,8 1,47 

8 Tasmark BKU 20,6 173 3,8 1,3 

9 Baltiets 702 13,4 173 3,8 1,3 

10 Baltiets 703 13,4 173 4,5 1,5 

11 BelAZ-78231 5 360 4,8 1,47 

12 KIROVETS K-702 20,8 173 3,8 1,3 

13 KIROVETS K-703 17 184 4,515 1,43 

14 MoAZ-4048 30,4 264 4,2 1,37 

15 STANISLAV- 704 20 294 3,75 1,3 

16 STANISLAV-DKB1 20 294 3,85 1,3 

17 STANISLAV-DKB2 18 236 3,75 1,3 

18 STANISLAV-DKB3 18 294 3,2 1,1 

19 Tasmark DM-15 16,3 173 4,515 1,44 

20 Tasmark UDM 2 23 173 3,8 1,3 
 

To estimate the coefficient of the technical level of the bulldozer, we will use the 

statistical data processed in the StatGraphicsCenturion application package, presented in Table 2. 

 

Table 2 - Multivariate analysis of bulldozers 
 

 Blade height, m Weight, kg Power, kW Blade width, m 

Quantity 20 20 20 20 

Average 1,38 24473,7 236,3 3,99 

Variation 0,49 21710,7 125,8 0,84 

Coeff of variation 35,6% 88,7% 53,2% 21,1% 

Minimum 0,7 5000,0 55,0 2,52 

Maximum 3,26 104600, 634,0 6,35 

Range 2,56 99600,0 579,0 3,83 

Assimetrija 5,34 5,38 2,98 1,38 

Excess 10,85 9,26 3,94 2,03 

 

Table 3 - Correlation matrix of bulldozer indicators 
 

 Blade height, m Weight, kg Engine power, 

kW 

Blade width, m 

Blade height, m  0,87 0,82 0,88 

  (20) (20) (20) 

Weight, kg 0,87  0,8083 0,67 

 (20)  (20) (20) 

Power, kW 0,82 0,80  0,69 

 (20) (20)  (20) 

Blade width, m 0,88 0,67 0,69  

 (20) (20) (20)  
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As the tabular analysis showed, there is a great dependence between such indicators as 

the weight of the bulldozer equal to 0.87, the engine power of the machine equal to 0.82 and the 

width of its knife equal to 0.88. This is due to the fact that the discrepancy between these 

indicators may lead to the fact that the traction calculation carried out to ensure the operation of 

the bulldozer will not meet the requirements for the full functioning of the machine. 

In order to determine what is the probability of the machines listed above falling into the same 

statistically homogeneous class, you can use the StatGraphics Centurion program tool Euclidean 

distance. To do this, let's turn to the data presented in Figure 2.  

 

 
Figure 2 ï Cluster analysis of bulldozers 

 

After conducting a cluster analysis in the StatGraphics Centurion software, we 

determined that from the presented statistical analysis of the data on the bulldozer indicators, it 

can be revealed that all models with the exception of the CAT D11R machine belong to the same 

group. The fact that the presented equipment was not included in the group of other machines 

can be explained by the fact that its statistical data differ from others by a multiple of three to 

five. The presented data allow us to construct the histograms of the distribution shown in Figure 

3 and to analyze them based on the constructed histograms, the data of which are presented in 

Table 4. 

 

Table 4 - Characteristics of the modal intervals of the bulldozer indicators 

 

The name of the indicator 

Basic values of the interval and its 

limitations Number of models 

in the interval 
left edge center edge right edge 

Machine weight in tons 5,0 10,0 20,0 12 

Power generated, kW 133,35 200 266,6 10 

Blade width, m 3,13 3,5 3,91 10 

Blade height, m 0,66 1,0 1,33 11 

 
The analysis of the obtained data showed the following: 

- the mass of equipment with a limited interval on the right side equal to 20000 kg and on 

the left side equal to 5000 kg has an average value equal to 10000 kg; 

- the power generated by the unit has its average value equal to 200,000 watts; 
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- the modal interval of the statistical value of the width of the working equipment of the 

machine is 3500 mm; 

- the middle of the interval of the statistical value of the height of the working equipment 

on the visor is 1000 mm. 

 

a b 

  
c d 

 

a) the mass of the bulldozer, tons; b) the power developed by the bulldozer kW; c) the width of 

the bulldozer blade, m; the height of the bulldozer blade, m. 
 

Figure 3  - Is a histogram of the distribution of the bulldozer indicators 

 

By conducting research in the StatGraphicsCenturion application package and obtaining 

data that are reflected in the results of a multiparametric analysis, a matrix of statistical 

interrelation of indicators, a characteristic of the average values of the object under study, they 

can solve the problem of determining the level of technical progression of technology or the 

coefficient of technical level. 

To determine the KTL, we will use the known equations.  

 

   (3.1) 

 

ʛʜʝ ɔb, ɔN, ɔh, ɔm ï accordingly, the weighting coefficients of the indicators are the width 

of the blade, power, height of the blade, mass;  

bbi, Nbi, hbi, mbi ï accordingly, the basic values of the indicators are blade width, power, 

blade height, mass. The calculated values are shown in Table 5. 

The values of the basic indicators, criteria of significance and the weighting coefficient of 

the bulldozer are presented in Table 5, and the calculated values of the technical indicators of the 

KTU are presented in Table 6. 
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Table 5 - Values of the basic indicators of the bulldozer 

 

 ̄ Indicator Basic value Significance  

criterion 

Weighting  

factor 

1 Weight, tons 10 0,6 0,179 

2 Power, kW 200 0,85 0,255 

3 Blade width, m 3,5 0,9 0,268 

4 Height, tone 1 1 0,298 

 

Table 6 - Calculated values of the KTL bulldozer indicator 

 

 ̄ Brand KTL (m) KTL (N) KTL (b) KTL (h) KTL 

(gen) 

1 Bell 700J 0,125 0,117 0,256 0,297 0,79 

2 CAT D7R 0,072 0,228 0,344 0,462 1,1 

3 CAT D11R 0,072 0,228 0,344 0,462 1,10 

4 Dressta 7M STD 0,234 0,070 0,200 0,250 0,75 

5 HTZ T-150 0,187 0,164 0,192 0,208 0,75 

6 Komatsu WD600 0,041 0,461 0,268 0,438 1,2 

7 BelAZ 0,035 0,397 0,367 0,438 1,23 

8 Tasmark BKU 0,086 0,220 0,290 0,387 0,98 

9 Baltiets 702 0,133 0,220 0,290 0,387 1,03 

10 Baltiets 703 0,133 0,220 0,344 0,447 1,14 

11 BelAZ-78231 0,358 0,459 0,367 0,438 1,62 

12 KIROVETS K-702 0,086 0,220 0,290 0,387 0,98 

13 KIROVETS K-703 0,105 0,234 0,345 0,426 1,11 

14 MoAZ-4048 0,058 0,336 0,321 0,408 1,12 

15 STANISLAV- 704 0,089 0,374 0,287 0,387 1,13 

16 STANISLAV-DKB1 0,0895 0,374 0,294 0,387 1,14 

17 STANISLAV-DKB2 0,099 0,300 0,287 0,387 1,07 

18 STANISLAV-DKB3 0,099 0,374 0,245 0,327 1,04 

19 Tasmark DM-15 0,109 0,220 0,345 0,429 1,1 

20 Tasmark UDM 2 0,077 0,220 0,290 0,387 0,97 

 

ʉonclusion. 

For bulldozers, promising models with a high KTL index include the following models: 

1. BelAZ-7823; 

2. Komatsu WD600; 

3. STANISLAV-704-BKU. 

According to the promising indicators of the machines, drawing works were carried out, 

according to general types. Thus, the promising indicators of the bulldozer are the following: 

- the engine power should be 312 kW with a total weight of 50 tons, a blade width of 4.8 

meters and a blade height of 1.47 meters; 

- the engine power should be 362 kW with an overall weight of 42 tons, a blade width of 

3.5 meters and a blade height of 1.47 meters; 

- the engine power should be 194 kW with an overall weight of 20 tons, a blade width of 

3.75 meters and a blade height of 1.3 meters 
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ʂᴆʇ ʌɸʂʊʆʈʃʓ ʇɸʈɸʄɽʊʈʃɯʂ ʊɸʃɼɸʋɼʓ פʆʃɼɸʅʋ ɸʈפʓʃʓ 

ɹʋʃʔɼʆɿɽʈ ʂʆʅʉʊʈʋʂʎʀʗʉʓʅ ᴄɿɯʈʃɽʋɼɯר ʊɽʆʈʀʗʃʓפ ʅɽɻɯɿɼɽʈɯ 

 

ɸשʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ʘʚʪʦʢᴇʣʽʢʪʽש ʧʘʡʜʘʣʘʥʳʣסʘʥ ʛʘʟʜʘʨʳʥʳש ʟʠʷʥʜʳ 

 ʘʥ. ʆʩʳסʘʨʘʩʪʳʨʳʣץ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʩʽ שʳʥ ʪᴇʤʝʥʜʝʪʫʜʽסʫʳʪʪʳʣʳ שʨʘʫʳʰʪʘʨʳʥʳײץ

ʤᴅʩʝʣʝʥʽ ʰʝʰʫ ʤʘץʩʘʪʳʥʜʘ ʽʰʪʝʥ ʞʘʥʫ ץʦʟסʘʣʪץʳʰʪʘʨʳʥʳש ʧʘʡʜʘʣʘʥʳʣסʘʥ ʛʘʟʜʘʨʳʥ 

ʪʘʟʘʨʪʫ ʞװʡʝʩʽʥ ʞʝʪʽʣʜʽʨʫ ʙʦʡʳʥʰʘ ʙʘסʳʪ, ʷסʥʠ ʘʚʪʦʢᴇʣʽʢ ʙᴅʩʝשʜʝʪʢʽʰʽʥʽײץ שʨʳʣסʳʩʳʥʘ 

ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʩᴅʫʣʝʣʝʥʜʽʨʛʽʰʪʽ ʝʥʛʽʟʫ ײʩʳʥʳʣʜʳ. ʋʣʴʪʨʘʜʳʙʳʩʪʳץ ʩᴅʫʣʝʣʝʥʜʽʨʛʽʰʽ 

ʙʘʨ ʙᴅʩʝשʜʝʪʢʽʰʪʽש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ץʦʥʜʳʨסʳʩʳ ʞʘʩʘʣʜʳ. ʋʣʴʪʨʘʜʳʙʳʩʪʳץ 

ʙᴅʩʝשʜʝʪʢʽʰʪʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʫ װʰʽʥ ץײʩʘʩʪʳץ ʪʝʦʨʠʷʩʳ ᴅʜʽʩʽ ʤʝʥ ᴇʣʰʝʤʜʽʣʽʢʪʽ 

ʪʘʣʜʘʫ ᴅʜʽʩʽʥʽש ʥʝʛʽʟʽʥʜʝ ʵʢʩʧʝʨʠʤʝʥʪ ʞʦʩʧʘʨʳ ʞʘʩʘʣʜʳ. ʋʣʴʪʨʘʜʳʙʳʩʪʳץ ʙᴅʩʝשʜʝʪʢʽʰʪʽש 

ʦשʪʘʡʣʳ ʞײʤʳʩ ʨʝʞʠʤʜʝʨʽʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ᴇʣʰʝʤʩʽʟ ʢʨʠʪʝʨʠʡʣʝʨ ʘʣʳʥʜʳ. 
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ʊװʡ̔ʥʜʽ ʩᴇʟʜʝʨ. ɯʰʪʝʥ ʞʘʥʫ ץʦʟסʘʣʪץʳʰʳ, ʘʚʪʦʢᴇʣʽʢ ʙᴅʩʝשʜʝʪʢʽʰʽ, ʧʘʡʜʘʣʘʥʳʣסʘʥ 

ʛʘʟʜʘʨ, ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʢʦʘʛʫʣʷʮʠʷ, ץײʩʘʩʪʳץ ʪʝʦʨʠʷʩʳ ʞᴅʥʝ ᴇʣʰʝʤʜʽʣʽʢ ʪʘʣʜʘʫʳ, 

ᴇʣʰʝʤʩʽʟ ʢʨʠʪʝʨʠʡ, ʵʢʩʧʝʨʠʤʝʥʪ ʞʦʩʧʘʨʳ. 
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ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʈɸɿʈɸɹʆʊʂʀ ʂʆʅʉʊʈʋʂʎʀʀ ɹʋʃʔɼʆɿɽʈɸ 

ʇʋʊɽʄ ʇʈʀʄɽʅɽʅʀʗ ʄʅʆɻʆʌɸʂʊʆʈʅʆɻʆ ʇɸʈɸʄɽʊʈʀʏɽʉʂʆɻʆ 

ɸʅɸʃʀɿɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʘʢʪʫʘʣʴʥʳʡ ʚʦʧʨʦʩ ʧʦ ʩʥʠʞʝʥʠʶ ʪʦʢʩʠʯʥʦʩʪʠ 

ʚʨʝʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʘʚʪʦʤʦʙʠʣʷ. ʉ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʧʨʝʜʣʦʞʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʝʜʥʝʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʦ ʛʣʫʰʠʪʝʣʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ. ʀʟʛʦʪʦʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʛʣʫʰʠʪʝʣʷ ʩ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʠʟʣʫʯʘʪʝʣʝʤ. ʉʦʩʪʘʚʣʝʥ ʧʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʛʣʫʰʠʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ ʠ 

ʘʥʘʣʠʟʘ ʨʘʟʤʝʨʥʦʩʪʝʡ. ʇʦʣʫʯʝʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʨʠʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʛʣʫʰʠʪʝʣʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɼʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʛʣʫʰʠʪʝʣʴ, 

ʦʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ, ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʢʦʘʛʫʣʷʮʠʷ, ʪʝʦʨʠʷ ʧʦʜʦʙʠʷ ʠ ʘʥʘʣʠʟ ʨʘʟʤʝʨʥʦʩʪʝʡ, 

ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʨʠʪʝʨʠʡ, ʧʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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ɽ-mail: 7997709@mail.ru 

  

ᴆרɯʈʃɽʈɼɽ פɸʋʓʄɼɸʉʊʓʈʓʃנɸʅ ʃʆɻʀʉʊʀʂɸʃʓפ  

ʆʈʊɸʃʓפʊɸʈʓʅ  ɼɸʄʓʊʋ ɾᴄʅɽ ɹɸʉפɸʈʋ ʉʊʈɸʊɽɻʀʗʉʓ 

  

ɸשʜʘʪʧʘ. ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʤʠʥʠʩʪʨʣʽʛʽʥʽ30.07.2022 ש ʞʳʣסʳ  ʤᴅʣʽʤʝʪʽʥʝ 

ʩᴅʡʢʝʩ, ʤʘʰʠʥʘ-ʪʨʘʢʪʦʨ ʧʘʨʢʽʥʽש  ʦʨʪʘʰʘ  ʪʦʟʫʳ  ʰʘʤʘʤʝʥ  80%  ײץʨʘʡʜʳ.  ʉʦʥʳש ʽʰʽʥʜʝ 

ʪʝʭʥʠʢʘʥʳש ʝש ʞʠʽ ץʦʣʜʘʥʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʪװʨʣʝʨʽʥʽװ שʣʝʩʽ (15 ʞʘʩʪʘʥ ʞʦסʘʨʳ 

ʧʘʡʜʘʣʘʥʳʣסʘʥʜʘʨ): ʪʨʘʢʪʦʨʣʘʨ - 79%, ʢʦʤʙʘʡʥʜʘʨ- 54%, ʩʝʷʣʢʘʣʘʨ- 86%,  ʞʘʪʢʘʣʘʨ- 63%. 

ɽʛʝʨ ʪʝʭʥʦʣʦʛʠʷʥʳ ʞʘשʘʨʪʫʜʳץ שʘʞʝʪʪʽ ʜʝשʛʝʡʽ ʞʳʣʳʥʘ10 õ 12,5%   ײץʨʘʩʘ,  

 ʘʞʝʪ ʝʪʝʪʽʥ ʪʨʘʢʪʦʨʣʘʨ ʤʝʥץ ʨʘʡʜʳ. ʕʥʝʨʛʠʷʥʳ ʢᴇʧײץ .ʳʪʪʘ  ʘʫʳʩʪʳʨʫ 1õ3 3%ץʘʟʽʨʛʽ  ʫʘץ

ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʪʝʭʥʠʢʘʣʘʨʳʥʳש ʞʝʪʽʩʧʝʫʰʽʣʽʛʽ ᴇʥʜʽʨʽʩ ʢᴇʣʝʤʽʥʽש ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʜʽ, 

ʙײʣ ʘʛʨʦʪʝʭʥʠʢʘ ʙײʟʳʣסʘʥ ʢʝʟʜʝ ᴇʩʽʨʫʜʽש ʞʝשʽʣʜʝʪʽʣʛʝʥ ʩʭʝʤʘʣʘʨʳʥ ץʦʣʜʘʥʫסʘ, װʟʜʽʢʩʽʟ 

ʞײʤʳʩʪʳש ʦשʪʘʡʣʳ ʤʝʨʟʽʤʜʝʨʽʥʝ, ʞʦסʘʨʳ ʝשʙʝʢ ʰʳסʳʥʜʘʨʳʥʘ ʞᴅʥʝ ʥᴅʪʠʞʝʩʽʥʜʝ ʝʛʽʥʥʽש 

ʙʘʨʣʳץ ʢʝʟʝשʜʝʨʽʥʜʝ ʞʦסʘʨʳ ᴇʥʜʽʨʽʩʪʽʢ ʰʳסʳʥʜʘʨסʘ, ʝʛʽʥ ʞʠʥʘʫסʘ, ᴇשʜʝʫʛʝ, ʩʘץʪʘʫסʘ ʞᴅʥʝ 

ᴇʥʽʤʜʽʣʽʢʪʽש ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʜʽ. 

ɿʝʨʪʪʝʫ ʧᴅʥʽ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ ʤʝʥ ᴇשʽʨʜʽש 

ʰʘʨʫʘʰʳʣʳץʪʘʨʳʥʜʘסʳ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ᴇʥʜʽʨʫʰʽʣʝʨʽ ʘʨʘʩʳʥʜʘסʳ ײʡʳʤʜʳץ-

ʵʢʦʥʦʤʠʢʘʣʳץ ץʘʪʳʥʘʩʪʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ ʞʝʪʽʣʜʽʨʫ ʧʨʦʮʝʩʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɸʫʳʣ  ʰʘʨʫʘʰʳʣʳסʳʥʳש ʤʘʪʝʨʠʘʣʜʳץ-ʪʝʭʥʠʢʘʣʳץ ʙʘʟʘʩʳʥ ʞʘסשʳʨʪʫ ʤʽʥʜʝʪʽ 

ʨʝʩʧʫʙʣʠʢʘʥʳש ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʽʥ ʜʘʤʳʪʫ ʩʪʨʘʪʝʛʠʷʩʳʥʘ ʝʥʛʽʟʽʣʛʝʥ. ɸʫʳʣʜʳץ 

ʞʝʨʣʝʨʜʝ ʪʝʭʥʠʢʘʥʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫ ʞװʡʝʩʽʥʜʝ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ 

ʤʘʰʠʥʘ-ʪʨʘʢʪʦʨ ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳץʪʘʨʳ ײʡʳʤʜʘʩʪʳʨʫ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. ʆʣʘʨ 

ʙװʛʽʥʛʽ ʪʘשʜʘ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ, ʢװʨʜʝʣʽ ʵʣʝʢʪʨʦʥʜʳ ʞᴅʥʝ ʛʠʜʨʘʚʣʠʢʘʣʳץ 

ʞװʡʝʣʝʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ ʤʘʰʠʥʘʣʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʘʜʳ. ɹײʣ ɸᴆʂ 

ʠʥʞʝʥʝʨʣʽʢ-ʪʝʭʥʠʢʘʣʳץ ʞװʡʝʩʽʥʝʥ ʤʘʰʠʥʘʣʘʨʜʳש ʙʘʨʣʳץ ʧʘʡʜʘʣʘʥʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

ʩʝʥʽʤʜʽ ʩʘץʪʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɸʫʳʣʰʘʨʫʘʰʳʣʳץ, ʤʘʰʠʥʘ-ʪʨʘʢʪʦʨ, ʪʦʟʫ, ʞᴇʥʜʝʫ, ʪʝʭʥʠʢʘʣʳץ 

 .ʳʟʤʝʪ, ʣʦʛʠʩʪʠʢʘץ

 

ʂʽʨʽʩʧʝ. 

 ʞᴅʥʝ ʦʣʘʨʤʝʥ שᴇʩʫʽ ʩʘʫʜʘ ʙʘʡʣʘʥʳʩʪʘʨʳʥʳ ץʵʢʦʥʦʤʠʢʘʣʳ  שʽʨʣʝʨʽʥʽשʩʪʘʥ  ᴇץʘʟʘפ

ʙʽʨʛʝ ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ץʘʪʳʥʘʩʪʘʨʜʳש ʜʘʤʫʳʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ, ᴇʡʪʢʝʥʽ 

 ʰʽ ʢᴇʣʽʢ ʞᴅʥʝ ʪʨʘʥʟʠʪʪʽʢװʘʫʰʳ ʢסʦʟץ ʥʝʛʽʟʛʽ שʜʘʤʫʳʥʳ ץʵʢʦʥʦʤʠʢʘʣʳ שʩʪʘʥʥʳץʘʟʘפ

ʪʘʩʳʤʘʣʜʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [1]. 

 ʘ ʜʝʡʽʥʛʽסʩʘʪʳʥʜʘ 2050 ʞʳʣץʵʢʦʥʦʤʠʢʘʥʳ  ᴅʨ ʪʘʨʘʧʪʘʥʜʳʨʫ ʤʘ  ץʣʪʪʳױ

ᴇʥʝʨʢᴅʩʽʧʪʽʢ-ʠʥʥʦʚʘʮʠʷʣʳץ ʜʘʤʫ ʩʪʨʘʪʝʛʠʷʩʳʥʳש ʢʝʡʽʧʢʝʨʽ ײʣʪʪʳץ ʢʣʘʩʪʝʨʣʝʨʜʽ, ʦʥʳש 

ʽʰʽʥʜʝ ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪʪʝʨ ʩʘʣʘʩʳʥʜʘ ײץʨʫ ʙʦʣʳʧ  ʪʘʙʳʣʘʜʳ,  ᴇʡʪʢʝʥʽ  ʩʦסשʳ  

ʦʥ  ʞʳʣʜʳץʪʘ ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪʪʝʨ ʥʘʨʳסʳ ᴅʣʝʤʜʝʛʽ ʝץ שʘʨץʳʥʜʳ ʜʘʤʳʧ ʢʝʣʝ 

ʞʘʪץʘʥ ʥʘʨʳץʪʘʨʜʳש ʙʽʨʽʥʝ ʘʡʥʘʣʜʳ [2].  
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ɽʣʜʽש  ʘʟʳץ-ʪװʣʽʢ  ץʘʫʽʧʩʽʟʜʽʛʽ ɼʦʢʪʨʠʥʘʩʳʥʜʘ  ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ  ʢʝʰʝʥʜʽ 
ʞʘסשʳʨʪʫסʘ ʢᴇʧ ʢᴇשʽʣ ʙᴇʣʽʥʝʜʽ. ɸʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʥʽש ʞʘʡ-ʢװʡʽ ʤʝʥ ʪʘʙʳʩʪʳ ʞײʤʳʩ 
ʽʩʪʝʫʽ ʢᴇʙʽʥʝʩʝ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʪʝʭʥʠʢʘʩʳʥʳש ʪʝʭʥʠʢʘʣʳץ ʞʘʙʜʳץʪʘʣʫ ʜʝשʛʝʡʽʥʝ, 
ʦʥʳש ʞʘʡ-ʢװʡʽʥʝ, ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ץʘʨץʳʥʜʳʣʳסʳʥʘ 
ʙʘʡʣʘʥʳʩʪʳ 

ɼʝʛʝʥʤʝʥ תʢʽʤʝʪʪʽש ʙʝʣʩʝʥʜʽ ץʳʟʤʝʪʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʝʣʜʽש ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ 
ʢʝʰʝʥʽʥʽץ שʘʟʽʨʛʽ ʞʘסʜʘʡʳ ʪײʨʘץʩʳʟʜʳץʧʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. פʘʟʽʨʛʽ  ʫʘץʳʪʪʘ 
ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ  ʢʝʰʝʥʜʽ  ʜʘʤʳʪʫ ʙʽʨץʘʪʘʨ ʪʘʙʠסʠ, ץʘʨʞʳʣʳץ, ʪʝʭʥʦʣʦʛʠʷʣʳץ, ᴅʣʝʫʤʝʪʪʽʢ 
ʬʘʢʪʦʨʣʘʨʤʝʥ  ʰʝʢʪʝʣʝʜʽ. ױʣʪʪʳץ ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʥʽש ʜʘʤʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʦʥʳש 
ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʞʘסʜʘʡʣʘʨʳʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ [3]. 

ɸʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʥʽש ʞʘʡ-ʢװʡʽ ʤʝʥ ʪʘʙʳʩʪʳ ʞײʤʳʩ ʽʩʪʝʫʽ ʢᴇʙʽʥʝʩʝ ʦʥʳש 
ʪʝʭʥʠʢʘʣʳץ ʞʘʙʜʳץʪʘʣʫ ʜʝשʛʝʡʽʥʝ ʙʘʡʣʘʥʳʩʪʳ, ʦʣ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ  ᴇʥʜʽʨʽʩʽʥʽש  
ʪʝʭʥʠʢʘʣʳץ  ʞʘʙʜʳץʪʘʣʫʳʥ  ʞʝʪʽʣʜʽʨʫʛʝ  סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʪʝʭʥʠʢʘʣʳץ ʞʘʡ-ʢװʡʜʽ 
 ʳ ʪʝʭʥʠʢʘʩʳʥסʪʘʫʤʝʥ  ʩʠʧʘʪʪʘʣʘʪʳʥ  ʘʫʳʣ ʰʘʨʫʘʰʳʣʳץʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ʩʘײ
ʘʫʳʩʪʳʨʫʜʳץ שʦʣʜʘ ʙʘʨ ʞʘסʜʘʡʣʘʨʳ ʤʝʥ ץʘʨץʳʥʜʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ.  

  ʘʨʘʤʘʩʪʘʥ ᴅʣʝʤʜʽʢץ ʨʽʥʝװʜʘʡʳʥʜʘ ʤʝʥʰʽʢ ʪסʘʟʽʨʛʽ ʞʘץ שʙᴅʩʝʢʝʣʝʩʪʽʢʪʽ שʘʪʘפ
ʥʘʨʳץʪʘ  ʢᴇʣʽʢ  ʢᴅʩʽʧʦʨʥʳʥʳש  ʥʝʤʝʩʝ ʬʠʨʤʘʥʳש ʩᴅʪʪʽ ʞײʤʳʩ ʩ̔ʪʝʫʽʥʽש ʰʘʨʪʳ ʪʝʭʥʠʢʘʣʳץ  
 ץʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: ʢʦʥʩʫʣʴʪʘʮʠʷʣʳײץ ʪʳ  ʞʝʣʽʩʽʥץʞᴅʥʝ  ʥʘ  שʢʝ  שʘʤʪʘʤʘʩʳʟ  ʝʪʫʜʽץ
ʦʨʪʘʣʳץʪʘʨ, ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʦʨʪʘʣʳץʪʘʨʳ (ʊפפʆ), ץʦʡʤʘʣʘʨ, ʦץʫ 
ʦʨʪʘʣʳץʪʘʨʳ, ʞᴇʥʜʝʫ ʰʝʙʝʨʭʘʥʘʣʘʨʳ ʞᴅʥʝ ʪ. ʙ. [4]. 

ɽʣʜʽש ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʪʝʭʥʠʢʘʣʳץ ʙʘʟʘʩʳʥ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʜʽ ץʘʨץʳʥʜʘʪʫ 
ʞʦʣʜʘʨʳʥʳש ʙʽʨʽ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʪʝʭʥʠʢʘʩʳʥ  ʞʘשʘʨʪʫ ʞᴅʥʝ 
ʞᴇʥʜʝʫ-ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞײʤʳʩʪʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
ɸʫʳʣʜʳץ ʞʝʨʣʝʨʜʝ ʪʝʭʥʠʢʘʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫʜʽש ʙʘʣʘʤʘ ʞװʡʝʩʽʥʜʝ 
ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʟʘʤʘʥʘʫʠ  ʤʘʰʠʥʘ-ʪʨʘʢʪʦʨ ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳץʪʘʨʳʥ ײץʨʫ 
ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ.      

ʉʦʥʜʳץʪʘʥ  ʞײʤʳʩʪʳש  ʤʘץʩʘʪʳ "פʘʟʘץʩʪʘʥʥʳש ᴇשʽʨʣʽʢ ץʘʫʳʤʜʘʩʪʳʨʳʣסʘʥ 
ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳסʳʥ (ᴆפʃʆ) ʜʘʤʳʪʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʥʝʛʽʟʜʝʫ" ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

ɿʝʨʪʪʝʫ ʧᴅʥʽ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ ʤʝʥ ᴇשʽʨʜʽש 
ʰʘʨʫʘʰʳʣʳץʪʘʨʳʥʜʘסʳ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ᴇʥʜʽʨʫʰʽʣʝʨʽ ʘʨʘʩʳʥʜʘסʳ ײʡʳʤʜʳץ-
ʵʢʦʥʦʤʠʢʘʣʳץ ץʘʪʳʥʘʩʪʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ ʞʝʪʽʣʜʽʨʫ ʧʨʦʮʝʩʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʘʙʩʪʨʘʢʪʽʣʽ-ʣʦʛʠʢʘʣʳץ, ʝʩʝʧʪʝʫ-ײץʨʳʣʳʤʜʳץ, ʵʢʦʥʦʤʠʢʘʣʳץ-
ʩʪʘʪʠʩʪʠʢʘʣʳץ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ-ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩʠʷץʪʳ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ, ʩʦʥʜʘʡ-ʘץ 
 ʪʘʨʳʥץʜʳʣʳשʜʘʤʫʳ ʤʝʥ ᴇʟʛʝʨʫ ʟʘ שʘʪʳʥʘʩʪʘʨʜʳץ ץʵʢʦʥʦʤʠʢʘʣʳ-ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ
ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʘʨʥʘʡʳ ʙʘʩץʘʨʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʘʪʳʥ ʙʦʣʘʜʳ. 

ɿʝʨʪʪʝʫʜʽש ʦʩʳ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʞײʤʳʩʪʳש ʥʝʛʽʟʛʽ סʳʣʳʤʠ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ 
ʤʽʥʜʝʪʪʝʨʽʥ ʰʝʰʫʛʝ, ʞʘשʘ, ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʣʛʝʥ ʪײʞʳʨʳʤʜʘʨ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
ɿʝʨʪʪʝʫʜʽש ʪʘשʜʘʫʣʳ ᴅʜʽʩʪʝʨʽʥʽש ʧʘʡʜʘʩʳʥʘ ʦʣʘʨʜʳס שʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʤʽʥʜʝʪʪʝʨʜʽ 
ʰʝʰʫʜʝʛʽ ʞʘʣʧʳ ץʘʙʳʣʜʘʥסʘʥ ᴅʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝʩʽ ʥʝʛʽʟ ʙʦʣʘʜʳ [5]. 

ɿʝʨʪʪʝʫ װʰʽʥ סʳʣʳʤʠ ᴅʜʝʙʠʝʪʪʝʨʜʽש ʢʽʪʘʧʭʘʥʘ ץʦʨʣʘʨʳ, ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ  
ʢʝʰʝʥʜʝʛʽ ᴇʥʜʽʨʽʩʪʽʢ  ץʳʟʤʝʪʪʝʨ ʩʝʢʪʦʨʳʥ ʜʘʤʳʪʫ ʞᴇʥʽʥʜʝʛʽ ʦʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ 
 ʞʳʨʳʤʜʘʤʘʣʘʨ ʤʝʥײʘʥ ʥʦʨʤʘʪʠʚʪʽʢ ʘʢʪʽʣʝʨ, ʪסʩʳʥʳʣײ ʙʝʢʪʝʨʽʥʜʝשʝ שʘʣʳʤʜʘʨʜʳס
ʛʠʧʦʪʝʟʘʣʘʨ, ʞʝʪʝʢʰʽ ʰʝʪʝʣʜʽʢ ʞᴅʥʝ ʦʪʘʥʜʳס ץʘʣʳʤʜʘʨʜʳש ʧʘʪʝʥʪʪʽʢ ʙʘʟʘʩʳ ʤʝʥ 
ʪᴅʞʽʨʠʙʝʩʽ, ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʥʽש ʞʳʣʜʳץ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʝʩʝʧʪʝʨʽ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ 
ʙʦʣʘʜʳ. 

 ʳʥסʪʳʣʳץʦʨʥʳ ץʵʢʦʥʦʤʠʢʘʣʳ שʤrʩʳʥʳײʞ  שʳ ᴅʜʽʩʪʝʨʤʝʥ  ʦʣʘʨʜʳסʘʟʽʨʛʽ ʟʘʤʘʥפ
ʪʘʣʜʘʫ ʦʩʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש  ᴇʟʽʥʜʽʢ  ײץʥʳʥʳײץ שʨʳʣʳʤʳʥʜʘסʳ  ʣʦʛʠʩʪʠʢʘʣʳץ  
ʰʳסʳʥʜʘʨ װʣʢʝʥ ʞᴅʥʝ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʞᴇʥʜʝʫ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳ ʞʦʙʘʣʘʫ 
ʤʝʥ ʙʘʩץʘʨʫʜʘ ʝʩʢʝʨʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  
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ɿʝʨʪʪʝʫ ʟʘʤʘʥʘʫʠ ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥ ʞװʡʝʩʽʥʜʝ ʞᴇʥʜʝʫ-ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ 
ʢᴇʨʩʝʪʫʜʽ ײʡʳʤʜʘʩʪʳʨʫʜʳש ʣʦʛʠʩʪʠʢʘʣʳץ ʘʩʧʝʢʪʽʣʝʨʽʥʝ ʢʝʰʝʥʜʽ ʪʘʣʜʘʫ ʞװʨʛʽʟʫʛʝ 
ʘʨʥʘʣסʘʥ. 

  ʘʟʽʨʛʽ ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢץ ,ʘʨʘʤʘʩʪʘʥץ ᴇʟʝʢʪʽʣʽʛʽʥʝ שʘʥ ʤᴅʩʝʣʝʥʽסʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨפ
ʞװʡʝʜʝ ʞᴇʥʜʝʫ-ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʩʘʣʫ  
ʧʨʦʮʝʩʪʝʨʽʥ  ʦשʪʘʡʣʘʥʜʳʨʫ  ʙʦʡʳʥʰʘ  ʘʨʥʘʡʳ סʳʣʳʤʠ ײʩʳʥʳʩʪʘʨ ᴅʟʽʨʣʝʫ ᴇʪʝ ᴅʣʩʽʟ [6]. 

ɸʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ᴇʥʜʽʨʽʩʪʽש ʪʠʽʤʜʽ ʞײʤʳʩ ʽʩʪʝʫʽ ʦʥʳש ʤʘʪʝʨʠʘʣʜʳץ-ʪʝʭʥʠʢʘʣʳץ 
ʙʘʟʘʩʳʥʳש ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ, ʤʘʰʠʥʘʣʘʨסʘ 
ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞᴅʥʝ ʞᴇשʜʝʫ ʞװʡʝʣʝʨʽʥʽש  ʞᴅʥʝ ʦʣʘʨʜʳװ שʟʜʽʢʩʽʟ ʜʘʤʫʳʥ 
 ʳʟʤʝʪ ʢᴇʨʩʝʪʫץ ʳ ʪʝʭʥʠʢʘʩʳʥʘסʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɸʫʳʣ ʰʘʨʫʘʰʳʣʳװʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤץ
ʩʘʣʘʩʳʥʜʘ ʣʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪʪʝʨʜʽ ʜʘʤʳʪʫ ʙʦʡʳʥʰʘ ʽʟʜʝʩʪʽʨʫ ʩײʨʘʫʣʘʨʳ 
ʨʝʩʧʫʙʣʠʢʘʥʳש ᴅʨʪװʨʣʽ ᴇשʽʨʣʝʨʽʥʜʝ ʦʩʳ ʙʠʟʥʝʩʪʽ ʞʝʪʽʣʜʽʨʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʫʳ ʤװʤʢʽʥ, 
ʙײʣ ʘʫʳʣʜʳ ʪʝʭʥʠʢʘʣʳץ ץʦʣʜʘʫ ʜʝשʛʝʡʽʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʫʛʝ ʪʠʽʩ. 

ʉʦʥʜʳץʪʘʥ ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʜʽ ʤʘʪʝʨʠʘʣʜʳץ-ʪʝʭʥʠʢʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 
ʞװʡʝʩʽʥʽש ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ ʤʘʰʠʥʘʣʘʨסʘ ʪʝʭʥʠʢʘʣʳץ ʣʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞᴅʥʝ 
  ʽʩ-ʰʘʨʘʣʘʨʜʳ  ץʵʢʦʥʦʤʠʢʘʣʳ - ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ ʨʫ ʙʦʡʳʥʰʘײץ ʡʝʩʽʥװʜʝʫ ʞשʘʡʪʘ ʞᴇץ
ʜʘʡʳʥʜʘʫ ʞᴅʥʝ ʽʩʢʝ ʘʩʳʨʫ ᴇʟʝʢʪʽ ʤʽʥʜʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 

ʅᴅʪʠʞʝʣʝʨ.  
ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʤʠʥʠʩʪʨʣʽʛʽʥʽש ʩʘʡʪʳʥʳש ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ 

 שʳ ʞʳʣʞʳʤʘʣʳ ʪʝʭʥʠʢʘʩʳ ʧʘʨʢʽ 141 ʤʳסɸʫʳʣ ʰʘʨʫʘʰʳʣʳ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ
ʪʨʘʢʪʦʨ ʤʝʥ 36 ʤʳש ʢʦʤʙʘʡʥʜʳ ײץʨʘʡʜʳ. ʇʘʡʜʘʣʘʥʫ ʜʝשʛʝʡʽ 10 ʞʳʣʜʘʥ ʘʩץʘʥʜʘʨʳ  80% 
ʜʝʧ ʙʘסʘʣʘʥʘʜʳ. 

  ʪᴇʤʝʥʛʽ שʝ שʘʨʪʫʜʳשʳ ʪʝʭʥʠʢʘʩʳ ʧʘʨʢʽʥ ʞʘסʩʪʘʥʜʘ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳץʘʟʘפ
ʪʝʭʥʦʣʦʛʠʷʣʳץ ʜʝשʛʝʡʽ 6 ʧʘʡʳʟ ʜʝשʛʝʡʽʥʜʝ ʙʝʣʛʽʣʝʥʜʽ, ʘʣʘʡʜʘ ʦʣ ʩʦסשʳ ʞʳʣʜʘʨʳ ʽʩʢʝ 
ʘʩʳʨʳʣʤʘʡʜʳ. ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʤʠʥʠʩʪʨʣʽʛʽʥʽש ʩʘʡʪʳʥʘ ʩᴅʡʢʝʩ, 2020 ʞʳʣʳ 
ʘʣʤʘʩʪʳʨʫ ʜʝשʛʝʡʽ 4,1% ײץʨʘʡʜʳ. ɽʛʝʨ ʦʣ ᴇʪʢʝʥ ʞʳʣʳ ʦʜʘʥ ʜʘ ʪᴇʤʝʥ ʙʦʣʩʘ, ᴇʪʢʝʥ ʞʳʣʳ 
ʬʝʨʤʝʨʣʝʨ ʥʝʙᴅʨʽ 3% - סʘ ʞʘשʘʨʪʪʳ. 

"2021 ʞʳʣʳ פʘʟʘץʩʪʘʥʜʘ 5714 ʪʨʘʢʪʦʨ ʤʝʥ 1400-ʜʝʥ ʘʩʪʘʤ ʢʦʤʙʘʡʥ ʩʘʪʳʧ ʘʣʳʥʜʳ. 
ʆʥʳש ʪʝʢ 11% -  r ʠʤʧʦʨʪץʘ, ʘʣ ץʘʣסʘʥ 89% -  r  ᴇʥʜʽʨʽʩʢʝ ץʩʪʘʥʥʘʥ ʦʪʘʥʜʳץʘʟʘפ
ʪʠʝʩʽʣʽ.ʆʪʘʥʜʳײ ץʩʘײץ ץʨʘʣʜʘʨ ʤʝʥ ץʦʩʘʣץʳ ʙᴇʣʰʝʢʪʝʨ ᴇʥʜʽʨʝʪʽʥ ʢᴅʩʽʧʢʝʨʣʝʨʛʝ ץʦʣʜʘʫ 
 .ʘʞʝʪ [7]ץ

 ʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽץ ץʤʘʰʠʥʘ-ʪʨʘʢʪʦʨ ʧʘʨʢʽʥʝ ʪʝʭʥʠʢʘʣʳ שʩʪʘʥʥʳץʘʟʘפ
  ʳ  ʤʝʥ ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ  ʙʦʡʳʥʰʘסʪʳʣʳץʨʘײʪ  שʡʳʤʜʘʩʪʳʨʫʜʳ  ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ  ʦʥʳײ
  ʳʟʤʝʪ  ʢᴇʨʩʝʪʫץ  ץʩʳʥʳʤʜʘʨʜʳ ᴅʟʽʨʣʝʫ ʪʝʭʥʠʢʘʣʳײ ץʜʘʡʣʘʨ ʤʝʥ ʧʨʘʢʪʠʢʘʣʳסʳʣʳʤʠ  ʞʘס
ʩʘʣʘʩʳʥʜʘסʳ  ײʡʳʤʥʳש   ʜʝשʛʝʡʽʥʝ  װʣʢʝʥ ᴅʩʝʨ ʝʪʝʜʽ. 

ʊʝʭʥʠʢʘʣʳץ  ץʳʟʤʝʪ  ʢᴇʨʩʝʪʫʜʽש  ʣʦʛʠʩʪʠʢʘʣʳײ ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ ʞװʡʝʩʽʥ 
ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ װʰʽʥ:  

- ʙʽʨʽʥʰʽʜʝʥ, ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥʜʘסʳ ʪʝʭʥʠʢʘʣʳץ ʩʘʷʩʘʪʳʥ 
ʥʝʛʽʟʽʥʝʥ ʜʝʨʙʝʩ ʘʥʳץʪʘʡʪʳʥ ᴇʥʜʽʨʽʩʪʽʢ, ʢʦʨʧʦʨʘʪʠʚʪʽʢ ʞᴅʥʝ ʭʦʣʜʠʥʛʪʽʢ ײץʨʳʣʳʤʜʘʨʜʳ 
  ;ʨʫ ʢʝʨʝʢײץ

- ʝʢʽʥʰʽʜʝʥ, ʘʡʤʘץʪʳץ ʢʦʤʧʘʥʠʷʣʘʨʜʳ, ʘʡʤʘץʪʳץ ʠʥʞʝʥʝʨʣʽʢ ʢʝʰʝʥʜʝʨʜʽ ʞᴅʥʝ 
ʙʘʩץʘ ʞʘʙʜʳץʪʘʨʤʝʥ ץʦʩʘʣץʳ ʙᴇʣʰʝʢʪʝʨʜʽ ᴇʥʜʽʨʫʰʽʣʝʨʜʽ ʜʘʤʳʪʫ ץʘʞʝʪ. 

ʆʩ r ʥʝʛʽʟʜʝ ʢʦʨʧʦʨʘʪʠʚʪʽʢ, ᴇשʽʨʣʽʢ, ʙʠʟʥʝʩ-ץʳʟʤʝʪʪʝʨʜʽש ʢװʨʜʝʣʽ ʢʝʰʝʥʜʽ 
ʙʽʨʣʝʩʪʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨʫ ץʘסʠʜʘʪʪʘʨʳʥʘ ʙʝʡʽʤʜʝʣʛʝʥ  ʪʝʭʥʠʢʘʣʳץ  
 ʘʣʳʧʪʘʩʘʜʳ. ʉʦʣ ʩʝʙʝʧʪʽ ʢʝʣʝʩʽ ʤʽʥʜʝʪʪʝʨץ ʨʳʣʳʤʳײץ ʨʜʝʣʽװʢ  שʳʟʤʝʪ  ʢᴇʨʩʝʪʫʜʽץ
 :ʦʡʳʣʘʜʳץ

-ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʪʝʭʥʠʢʘʩʳʥ ʞᴇʥʜʝʫ ʤʝʥ ʧʘʡʜʘʣʘʥʫʜʳ ʣʦʛʠʩʪʠʢʘʣʳץ 
 ;ʳʪʫ ʞᴅʥʝ ᴅʟʽʨʣʝʫץʥʝʛʽʟʜʝʨʽʥ ʦ ץʞʳʨʳʤʜʘʤʘʣʳײʪ שʡʳʤʜʘʩʪʳʨʫʜʳײ

-ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʜʝ ʤʘʰʠʥʘʣʘʨ ʤʝʥ ײץʨʘʣʜʘʨסʘ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ 
ʢᴇʨʩʝʪʫʜʽ ײʡʳʤʜʘʩʪʳʨʫʜʳש ʪʝʦʨʠʷʣʳץ ʘʩʧʝʢʪʽʣʝʨʽʥ ʟʝʨʜʝʣʝʫ ʞᴅʥʝ ᴇשʽʨ 
ʰʘʨʫʘʰʳʣʳץʪʘʨʳʥʳש ʤʘʰʠʥʘ-ʪʨʘʢʪʦʨ ʧʘʨʢʽʥʽש ʞʘʡ-ʢװʡʽʥ ʪʘʣʜʘʫ; 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 3 (126), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 3 (126), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

85 

- ʤʘʰʠʥʘ-ʪʨʘʢʪʦʨ ʧʘʨʢʽʥʝ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥʜʘ ʣʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪʪʝʨʜʽ 

ʪʠʽʤʜʽ ײʡʳʤʜʘʩʪʳʨʫʜʳײ שʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʬʘʢʪʦʨʣʘʨʳ 

ʤʝʥ ʧʨʠʥʮʠʧʪʝʨʽʥ ʘʰʫ ʞᴅʥʝ ʞװʡʝʣʝʫ; 

- ᴇשʽʨʜʽש ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʪʝʭʥʠʢʘʩʳʥʳש ʞʘʡ-ʢװʡʽʥʝ ʞᴅʥʝ ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ 

ʢʝʰʝʥʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʪʘʣʜʘʫ ʞװʨʛʽʟʫ, ʪʨʘʢʪʦʨ ʤʘʨʢʘʣʘʨʳ ʙʦʡʳʥʰʘ ʰʘʨʫʘʰʳʣʳץʪʘʨʜʘ 

ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʳʣסʘʥ ʞײʤʳʩʪʘʨʜʳץ שʘʞʝʪʪʽ ʢᴇʣʝʤʽʥ ʘʥʳץʪʘʫ; 

  ץʳʥʜʘ ʤʘʰʠʥʘ-ʪʝʭʥʦʣʦʛʠʷʣʳסʙʝʣʛʽʣʽ ʙʽʨ ʘʡʤʘ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ -

ʢᴅʩʽʧʦʨʳʥʜʘʨʳ  ʙʘʟʘʩʳʥʜʘ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ ʞʝʪʽʣʜʽʨʫʛʝ, ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ 

ʢᴇʨʩʝʪʫ ײץʨʳʣʳʤʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʞᴅʥʝ ʞᴇʥʜʝʫ-ʩʝʨʚʠʩʪʽʢ  ʢᴅʩʽʧʦʨʳʥʜʳ  ʤʦʜʝʣʴʜʝʫʛʝ  

ʙʘסʳʪʪʘʣסʘʥ  ̔ ʩ-ʰʘʨʘʣʘʨ ʢʝʰʝʥʽʥ ᴅʟʽʨʣʝʫ. 

 

ʊʘʣץʳʣʘʫ. 

ɽʣʜʽװ שʣʢʝʥ ʘʫʤʘסʳʥ ʞᴅʥʝ ʪʘʫʘʨʣʘʨ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫסʘ װʣʢʝʥ  

ʰʳסʳʥʜʘʨʜʳ  ʝʩʢʝʨʝ  ʦʪʳʨʳʧ,   ʣʦʛʠʩʪʠʢʘʣʳץ ʞʝʣʽʣʝʨʜʽ ʜʘʤʳʪʫ ʙʘʩץʘʰʘ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʫ  rʢʝʨʝʢ. ʃʦʛʠʩʪʠʢʘʣʳץ ʞʝʣʽ-ʤʘʪʝʨʠʘʣʜʳץ ʞᴅʥʝ ʦʥʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʘץʧʘʨʘʪʪʳץ 

ʞᴅʥʝ ץʘʨʞʳʣʳץ ʘסʳʥʜʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʞʠʳʥʪʳסʳ. 

ᴆʟ ʢʝʟʝʛʽʥʜʝ, ᴇשʽʨʣʽʢ ʣʦʛʠʩʪʠʢʘʣʳץ ץʘʫʳʤʜʘʩʪʳʨʳʣסʘʥ  ʦʨʪʘʣʳץʪʘʨ ʥʝʤʝʩʝ ʣʦʛʠʩʪʠʢʘʣʳץ 

ʞװʡʝ - ʙײʣ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʵʣʝʤʝʥʪʪʝʨʜʝʥ  ʽʰʢʽ, ʩʳʨʪץʳ ʞװʡʝʣʝʨʜʝʥ ʪײʨʘʪʳʥ  ʢװʨʜʝʣʽ  

ʘʥ  ɻסʡʳʤʜʘʩʪʳʨʳʣײ ʢʦʥʦʤʠʢʘʣʳץ  ʞװʡʝ.   
ᴆשʽʨʣʽʢ  ץʘʫʳʤʜʘʩʪʳʨʳʣסʘʥ ʣʦʛʠʩʪʠʢʘʣʳץ  ʦʨʪʘʣʳץʪʳש ʤʽʥʜʝʪʪʝʨʽ:  

-ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨ ʤʝʥ ʩʘʪʳʧ ʘʣʫʰʳʣʘʨʜʳ ʽʟʜʝʫ, ʪʘʫʘʨʣʘʨʜʳ ʙʘסʳʪʪʘʫ, 

ʢʦʥʢʫʨʩʪʳץ ʥʝʛʽʟʜʝ ʙᴇʣʫ ʧʨʦʮʝʩʪʝʨʽʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ץʦʣʜʘʫ; 

- ʢʦʥʪʝʡʥʝʨʣʝʨʜʽש ʪװʨʣʝʨʽ ʤʝʥ ᴇʣʰʝʤʜʝʨʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ;  

- ʟʘʤʘʥʘʫʠ  ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʣʝʨʽ ʤʝʥ ץʦʡʤʘʣʘʨʜʳ ײץʨʫ, ʦʣʘʨʜʳ ʩʘʫʜʘ 

ʞʝʣʽʣʝʨʽʥʜʝ ײʪʳʤʜʳ ʙᴇʣʫ; 

- ʪײʪʳʥʫʰʳʣʘʨ װʰʽʥ ʢᴇʣʽʢ-ʵʢʩʧʝʜʠʮʠʷʣʳץ ץʳʟʤʝʪʪʝʨ, ʢʦʤʧʘʥʠʷʣʘʨ ʤʝʥ ʩʘʫʜʘ 

ʞʝʣʽʣʝʨʽʥʽץ שʦʨʣʘʨʳʥ ʙʘʩץʘʨʫʜʳ ʢʦʤʧʴʶʪʝʨʣʝʥʜʽʨʫ; 

-  ʤʘʪʝʨʠʘʣʜʳץ, ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ץʘʨʞʳʣʳץ ʘסʳʥʜʘʨʜʳ ʤʦʜʝʣʴʜʝʫ [8]. 

ɹװʛʽʥʛʽ ʪʘשʜʘ ʦʪʘʥʜʳץ ʩʘʨʘʧʰʳʣʘʨʤʝʥ ʤʘʤʘʥʜʘʨ ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳץʪʘʨ ʞʝʣʽʩʽʥ 

 ʢ ʪʘʩʳʤʘʣʜʘʫ ʧʨʦʮʝʩʽʥʝװʞ-ץʦʨʪʘʣʳ ץʘʞʝʪʪʽʣʽʛʽ ʪʫʨʘʣʳ ʘʡʪʘʜʳ. ʃʦʛʠʩʪʠʢʘʣʳץ ʨʫײץ

 ʦʧʝʨʘʮʠʷʣʘʨ ץʪʘʨʳʤʝʥ ʣʦʛʠʩʪʠʢʘʣʳץʪʘʡʣʳ ʞʝʪʢʽʟʫ ʘʫʤʘשʦ שʪʳץʘʡʤʘ שʘʪʳʩʫʰʳʣʘʨʜʳץ

ʞʠʳʥʪʳסʳ. ɼʝʤʝʢ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ײץʨʘʣʜʘʨʜʳ, ʤʘʪʝʨʠʘʣʜʘʨʜ r

ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ʞʘʙʜʳץʪʳ ʙᴇʣʽʩʫ, ᴅʨʪװʨʣʽ ʞʝʪʢʽʟʫʰʽʣʝʨʤʝʥ ʙʽʨ ʙʘסʳʪʪʘ 

ʪʘʩʳʤʘʣʜʘʫʜʳ ʙʽʨʽʢʪʽʨʫ, ʩʘʪʳʧ ʘʣʫ ʙʦʡʳʥʰʘ ʙʽʨʣʝʩʢʝʥ ץʳʟʤʝʪ ʞᴅʥʝ ʪ.ʙ. [8]. 

ɹײʣ ʨʝʪʪʝ "ᴇʥʽʤʜʽ ᴇʥʜʽʨʫ-ʪײʪʳʥʫ"  ʢʝʟʝשʽʥʜʝ ʤʘʤʘʥʜʘʨʜʳש ʙʘסʘʣʘʫʳ ʙʦʡʳʥʰʘ 

ʫʘץʳʪʪʳ5-10%  ש-  r ʩʘʪʳʣסʘʥ  ᴇʥʤ̔ʜʽ  ᴇʥʜʽʨʫʛʝ, ʘʣ  ץʘʣסʘʥ  ʫʘץʳʪʪʳ90-95%  ש -  r ʢᴇʣʽʢ, 

 ʨʜʝװʪʳ ʪץʨʘײʳʥʜʘʨʳ ʪסʪʘʫ ʰʳץʥʠ ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ ʩʘסʤʩʘʣʘʜʳ. ʗײʳʟʤʝʪʪʝʨʽʥʝ ʞץ ʦʡʤʘץ

ʞʦסʘʨʳ ʞᴅʥʝ ʩʳʨʪץʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʝʥ 2-2, 5 ʝʩʝ ʞʦסʘʨʳ, ʷסʥʠ ʦʣʘʨ ᴇʥʽʤʥʽש ᴇʟʽʥʜʽʢ ײץʥʳʥʘ 

25-30% ʥʝʤʝʩʝ ʦʜʘʥ ʜʘ ʢᴇʧ ʞʝʪʝʜ ̔[9]. 

ʄײʥʜʘʡ ʞʘסʜʘʡʣʘʨʜʘ ʪʘʨʠʬʪʽʢ ʩʘʷʩʘʪʪʳ ײʡʳʤʜʘʩʪʳʨʫ, ץʦʣʜʘ ʙʘʨ ʢᴇʣʽʢ, ʪʝʨʤʠʥʘʣ 

ʞᴅʥʝ ץʦʡʤʘ ץʫʘʪʪʘʨʳʥ װʥʝʤʜʽ ʧʘʡʜʘʣʘʥʫ, ᴇʥʽʤʥʽש ᴇʟʽʥʜʽʢ ײץʥʳ ʙʦʡʳʥʰʘ ʢᴇʣʽʢ 

ʰʳסʳʥʜʘʨʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʽʩ ʞװʟʽʥʜʝ ʤװʤʢʽʥ ʝʤʝʩ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʝʣʜʝʛʽ ʘʚʪʦʤʦʙʠʣʴ ʩʘʥʜʘʨʳ  ʽʰʢʽ ʠʥʬʨʘײץʨʳʣʳʤʜʘʨ ʞʝʣʽʩʽʥʽש 

ʜʘʤʫʳʥʘʥ ʘʣʜʘ ʢʝʣʝʜʽ. ʊʨʘʥʟʠʪʪʽʢ ʞװʢ ʘסʳʥʜʘʨʳ װʰʽʥ ᴇשʽʨʣʽʢ ʙᴅʩʝʢʝʣʝʩʪʽʢ ʢװʰʝʡʽʧ ʢʝʣʝʜʽ 

ʞᴅʥʝ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽ  ץʘʪʘשʜʘʪʳʣʫʜʘ. ʉʦʥʳʤʝʥ ץʘʪʘʨ 

ʵʢʦʥʦʤʠʢʘʥʳ ʢᴇʣʽʢ ʢʦʤʧʘʥʠʷʣʘʨʳʥʳש ʞʝʪʢʽʣʽʢʪʽ ʢᴇʣʽʢʪʽʢ-ʞװʢ ʤװʤʢʽʥʜʽʢʪʝʨʽʤʝʥ 

  ʢ ʪʘʩʳʤʘʣʜʘʨʳʥ  ʙʘʨʳʥʰʘ  ʞʝʜʝʣʜʝʪʫʜʽ  ʞᴅʥʝװʣ ʞײʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʪʠʽʩ, ʙץ

ʪʘʩʳʤʘʣʜʘʨʜʳש ʥʘץʪʳ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ ʟʘʤʘʥʘʫʠ 

ʢᴇʣʽʢ ץʳʟʤʝʪʪʝʨʽʥ ײץʨʫʜʳש ʘʞʳʨʘʤʘʩ ʙᴇʣʽʛʽ סʘʥʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [10]. 
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ʊʝʭʥʦʣʦʛʠʷʣʳץ  ʧʨʦʮʝʩʪʽש  ʙʘʨʣʳץ  ʜʝʨʣʽʢ  ʙʘסʳʪʪʘʨʳ  ʨʝʪʽʥʜʝ ץʘʟʽʨʛʽ  ʫʘץʳʪʪʘ  

ʤʘʤʘʥʜʘʨ  ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʜʝʧ:  ʢʦʥʪʝʡʥʝʨʣʽʢ,  ʤʫʣʴʪʠʤʦʜʘʣʴʜʳ  ʪʘʩʳʤʘʣʜʘʫʜʳ ʜʘʤʳʪʫ, 

ʢʦʤʧʴʶʪʝʨʣʝʥʜʽʨʫ, ʪʘʨʘʪʫ ʦʨʪʘʣʳץʪʘʨʳʥ, ʪʝʨʤʠʥʘʣʜʳץ ʞʝʣʽʣʝʨʜʽ ײץʨʫʳ ʝʩʝʧʪʝʡʜʽ. 

ʆʩʳסʘʥ  ʙʘʡʣʘʥʳʩʪʳ  ᴇשʽʨʜʝ  ʳʥʪʳʤʘץʪʘʩʪʳץ ʪʨʘʥʩʬʝʨʪʪʝʨ ʤʝʥ ʰʘʤʘʜʘʥ ʪʳʩ 

ʞװʢʪʝʤʝʣʝʨʜʽש ʠʥʬʨʘײץʨʳʣʳʤʳ, ʩʦʥʜʘʡ ð ʘץ ʪʠʽʩʪʽ ʵʢʦʥʦʤʠʢʘʣʳײ ,ץʡʳʤʜʳץײץ-ץʳץʪʳץ 

ʪʝʪʽʢʪʝʨʽ ʙʘʨ ʢᴇʪʝʨʤʝ ʞᴅʥʝ ʩʘʫʜʘ ʢᴅʩʽʧʢʝʨʣʽʛʽʥʽש ʟʘʤʘʥʘʫʠ ʭʘʣʳץʘʨʘʣʳץ ʩʳʥʘʣסʘʥ 

ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʩʽʥ ײץʨʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. 

ɾʘᴃʘʥʜʘʥʫ ʞʘסʜʘʡʳʥʜʘ ʵʢʦʥʦʤʠʢʘʥʳ ʜʘʤʳʪʫʜʳש ᴅʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝʩʽ ʭʘʣʳץʘʨʘʣʳץ 

ʩʪʘʥʜʘʨʪʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʙʠʟʥʝʩʪʽ ʞװʨʛʽʟʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ, ʝʣ 

ʥʘʨʳסʳʥʳש ʝʨʝʢʰʝʣʽʛʽ ʞװʢ ʪʘʩʳʤʘʣʜʘʫ ʩʘʣʘʩʳʥʜʘסʳ ץʳʟʤʝʪʪʽ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ 

ʢʦʤʧʘʥʠʷʣʘʨʜʳץ שʳʟʤʝʪʽʥʝ ʰʝʢʪʝʫʣʝʨ ץʦʷʜʳ. 

ɼʘʡʳʥ ᴇʥʽʤʜʽ ʪʘʨʘʪʘʪʳʥ ʢʦʥʮʝʨʥ, ʢᴅʩʽʧʦʨʳʥ ʥʝʤʝʩʝ ʬʠʨʤʘ ʪʘʩʳʤʘʣʜʘʫסʘ 

ʙʘʡʣʘʥʳʩʪʳ ʙʽʨץʘʪʘʨ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʽʧ, ʝש ʘʣʜʳʤʝʥ ʢᴇʣʽʢ ʪװʨʽʥ, ʪʘʩʳʤʘʣʜʘʫʜʳ 

 ,ʜʘʫ ʢʝʟʽʥʜʝשʨʘʣʳʥ ʪʘײץ ʜʘʫʳ ʢʝʨʝʢ. ʂᴇʣʽʢשʨʽʥ ʪʘװʡʳʤʜʘʩʪʳʨʫ ʪᴅʩʽʣʜʝʨʽʥ ʞᴅʥʝ ʢᴇʣʽʢ ʪײ

ʝש  ʘʣʜʳʤʝʥ, ʦʥʳש  ʪװʨʽʥʽש ʪʘʩʳʤʘʣʜʘʥʘʪʳʥ ʞװʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʩᴅʡʢʝʩʪʽʛʽʥʝ ʥʘʟʘʨ 

ʘʫʜʘʨʘʤʳʟ. 

ʂᴇʣʽʢʪʽ ʙʘʩץʘʨʫסʘ ʩײʨʘʥʳʩ ʘʨʪʳʧ ʢʝʣʝʜʽ, ʰʘʨʫʘʰʳʣʳץ ʞװʨʛʽʟʫʰʽ ʩʫʙʲʝʢʪʽʣʝʨ 

ʢᴇʣʽʢʪʝ װʥʝʤʜʝʡ ʙʘʩʪʘʡʜʳ, ᴅʨʪװʨʣʽ ʢᴇʣʽʢ ʪװʨʣʝʨʽʥ ʙʽʨʽʢʪʽʨʫʜʽ ץʦʣסʘ ʘʣʤʘʡʜʳ. 

ɾʘʣʧʳ ʙװʛʽʥʛʽ ʪʘשʜʘ ʪʘʧʩʳʨʳʩ  ʘʣʫ װʰʽʥ ʙᴅʩʝʢʝʣʝʩʪʽʢʪʝ "ʫʘץʳʪ-ʙʘסʘ" 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʦשʪʘʡʣʳ  ץʘʪʳʥʘʩʳʥ  ײʩʳʥʫ ʞʝʪʢʽʣʽʢʩʽʟ. ʆʣ  ʽʣʝʩʧʝ  ץʳʟʤʝʪʪʝʨ ʩʧʝʢʪʨʽʥ 

ʢʝשʝʡʪʫʛʝ ʤװʜʜʝʣʽ (ʝʩʽʢʪʝʥ ʝʩʽʢʢʝ ʜʝʡʽʥ ʪʘʩʳʤʘʣʜʘʫ, ʪʘʩʳʤʘʣʜʘʫʜʳ ײץʞʘʪʪʘʤʘʣʳץ-

 שʪʘʥʜʳʨʫʜʳץʢʪʝʨʜʽ ʩʘװʘ ʢᴇʣʽʢ ʪʽʟʙʝʢʪʝʨʽ ʙʦʡʳʥʰʘ ʞץʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʙʘʩץ ץʘʨʞʳʣʳץ

ʘʰʳץ ʞװʡʝʩʽ). 

ʕʢʦʥʦʤʠʢʘʣʳץ ʜʘסʜʘʨʳʩ ʞʘסʜʘʡʳʥʜʘ ʤʘʰʠʥʘ-ʪʨʘʢʪʦʨ ʧʘʨʢʽʥʽש ʩʳʡʳʤʜʳʣʳסʳ 

  ʤʳʩ ʤʦʜʝʣʽʥײʘʥ ʞסʪʘʡʣʘʥʜʳʨʳʣשʦ שʢᴅʩʽʧʦʨʳʥʜʘʨʜʳ ץʘʥʳʩ ʞᴅʥʝ ʞᴇʥʜʝʫ-ʪʝʭʥʠʢʘʣʳסʦʨץ

ʘʣʫ  װʰʽʥ ץʘʞʝʪʪʽ ʪʦʨʘʧʪʘʨ ʤʝʥ ʘʛʨʝʛʘʪʪʘʨʜʳש ʦשʪʘʡʣʳ ʩʘʥʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [11]. 

ʄʘʰʠʥʘ-ʪʝʭʥʦʣʦʛʠʷʣʳץ ʣʦʛʠʩʪʠʢʘʣʳץ ᴇʥʜʽʨʽʩʪʽʢ ץʫʘʪʪʘʨʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ 

ʦʣʘʨסʘ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞᴇʥʽʥʜʝʛʽ ץʳʟʤʝʪʪʝʨʛʝ ʰʳסʳʥʜʘʨʳʥ ʝʩʝʧʪʝʫʜʽש 

ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ ʥʝʛʽʟʜʝʣʛʝʥ ʩʭʝʤʘʩʳ ʤʝʥ ʘʣʛʦʨʠʪʤʽʥ ᴅʟʽʨʣʝʫ 

ʢʝʨʝʢ [12]. 

ʄʘʰʠʥʘ-ʪʝʭʥʦʣʦʛʠʷʣʳץ  ʦʨʪʘʣʳץʪʘʨʜʳ  ʦשʪʘʡʣʳ  ʦʨʥʘʣʘʩʫʳʥ  ʘʡץʳʥʜʘʫ ʞᴅʥʝ 

ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʥʽש ʪװʟʝʫ ʦʙʲʝʢʪʽʣʝʨʽʥ ʘʰʳץ ʘʫʤʘץʪʘ ײʪʳʤʜʳ  ʦʨʥʘʣʘʩʪʳʨʫʜʳ  

ʥʝʛʽʟʜʝʫ, ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ  ʢʝʰʝʥʥʽש  ʞᴇʥʜʝʫ-ʩʝʨʚʠʩʪʽʢ  ʙʘʟʘʩʳʥʳש  ʞװʢʪʝʣʤʝʛʝʥ  

ᴇʥʜʽʨʽʩʪʽʢ  ᴅʣʝʫʝʪʽʥ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ʘʡץʳʥʜʘʫ. 

ʊʝʭʥʠʢʘʣʳץ  ץʳʟʤʝʪ  ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥʜʘסʳ  ʵʢʦʥʦʤʠʢʘʣʳץ ץʘʪʳʥʘʩʪʘʨʜʳ ʙʘסʘʣʘʫ, 

ʜʘʤʫ ʙʘסʳʪʪʘʨʳʥ ʘʥʳץʪʘʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʞʝʪʽʣʜʽʨʫ ʙʦʡʳʥʰʘ ײʩʳʥʳʩʪʘʨ ʜʘʡʳʥʜʘʫ. 

ʄʘʰʠʥʘ-ʪʨʘʢʪʦʨ   ʣʦʛʠʩʪʠʢʘʩʳ  ᴇשʽʨʣʽʢ  ץʳʟʤʝʪʽʥʽײ שʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ - 

  שʪʳץʜʝʫ ʩʘʣʘʩʳʥʜʘ  ʰʘʨʫʘʰʳʣʳשʩʭʝʤʘʩʳʥ ʞʘʩʘʫ ʞᴅʥʝ  ʞᴇ ץʬʫʥʢʮʠʦʥʘʣʜʳ ,ץʪʳץʳץײץ

ʧʨʦʛʨʝʩʩʠʚʪʽ  ʥʳʩʘʥʜʘʨʳʥ  ʣʦʛʠʩʪʠʢʘʣʳײ ץʡʳʤʜʘʩʪʳʨʫ ʙʦʡʳʥʰʘ סʳʣʳʤʠ ʥʝʛʽʟʜʝʣʛʝʥ 

 .ʩʳʥʳʩʪʘʨʜʳ ʜʘʡʳʥʜʘʫײ

ɸʫʳʣ  ʰʘʨʫʘʰʳʣʳסʳʥʳש ʤʘʪʝʨʠʘʣʜʳץ-ʪʝʭʥʠʢʘʣʳץ ʙʘʟʘʩʳʥ ʞʘסשʳʨʪʫ ʤʽʥʜʝʪʽ 

ʨʝʩʧʫʙʣʠʢʘʥʳש ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʽʥ ʜʘʤʳʪʫ ʩʪʨʘʪʝʛʠʷʩʳʥʘ ʝʥʛʽʟʽʣʛʝʥ. ɸʫʳʣʜʳץ 

ʞʝʨʣʝʨʜʝ ʪʝʭʥʠʢʘʥʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫ ʞװʡʝʩʽʥʜʝ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ 

ʤʘʰʠʥʘ-ʪʨʘʢʪʦʨ ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳץʪʘʨʳ ײʡʳʤʜʘʩʪʳʨʫ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. ʆʣʘʨ 

ʙװʛʽʥʛʽ ʪʘשʜʘ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ, ʢװʨʜʝʣʽ ʵʣʝʢʪʨʦʥʜʳ ʞᴅʥʝ ʛʠʜʨʘʚʣʠʢʘʣʳץ 

ʞװʡʝʣʝʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ ʤʘʰʠʥʘʣʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʘʜʳ. ɹײʣ ɸᴆʂ 

ʠʥʞʝʥʝʨʣʽʢ-ʪʝʭʥʠʢʘʣʳץ ʞװʡʝʩʽʥʝʥ ʤʘʰʠʥʘʣʘʨʜʳש ʙʘʨʣʳץ ʧʘʡʜʘʣʘʥʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

ʩʝʥʽʤʜʽ ʩʘץʪʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. 

ɸʫʳʣʰʘʨʫʘʰʳʣʳץ ʪʝʭʥʠʢʘʩʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʪʝʭʥʠʢʘʣʳץ 

 :ʦʣʜʘʥʳʣʘʜʳץ ʨʣʝʨʽװʪᴇʤʝʥʜʝʛʽʜʝʡ ʪ  שʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽץ
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 ;ʜʘʡʜʘסʘʥ ʞʘסʘʞʝʪ ʙʦʣץ -

- ʞᴇʥʜʝʫ-ʩʝʨʚʠʩʪʽʢ  ʽʩ-ʰʘʨʘʣʘʨʜʳש ʫʘץʳʪʳ ʤʝʥ ʤʘʟʤײʥʳ (ʞײʤʳʩ ʫʘץʳʪʳ ʥʝʤʝʩʝ 

ʢװʥʪʽʟʙʝʣʽʢ ʫʘץʳʪ) ʙʦʡʳʥʰʘ; 

- ʤʝʨʟʽʤʜʽ ʥʝʤʝʩʝ װʟʜʽʢʩʽʟ ʙʘץʳʣʘʫʤʝʥ (ʜʠʘʛʥʦʩʪʠʢʘʤʝʥ) ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡ. 

ɹʽʨʽʥʰʽ - ʢװʪʧʝʛʝʥ  ʞʝʨʜʝʥ  ץʘʞʝʪʪʽ ʞᴇʥʜʝʫ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ.  

ɽʢʽʥʰʽ ʩʪʨʘʪʝʛʠʷ ʞʦʩʧʘʨʣʳ-ʧʨʦʬʠʣʘʢʪʠʢʘʣʳץ ʩʠʧʘʪץʘ ʠʝ.  

 .ʰʽʥʰʽ - ʞʦʩʧʘʨʣʳ  ʞᴅʥʝ  ʘʣʜʳʥ-ʘʣʘ ʝʩʢʝʨʪʫ  ʙʦʣʳʧ ʪʘʙʳʣʘʜʳת

ʉʪʨʘʪʝʛʠʷʥʳ ʪʘשʜʘʫʜʘסʳ ʥʝʛʽʟʛʽ ʢʨʠʪʝʨʠʡ-ʪʝʭʥʠʢʘʣʳץ ʜʘʡʳʥʜʳץ ʢʦʵʬʬʠʮʠʝʥʪʽ 

ʞᴅʥʝ ʞʘʙʜʳץʪʳ ײʩʪʘʫסʘ ʢʝʪʝʪʽʥ ʤʠʥʠʤʘʣʜʳ ʰʳסʳʥʜʘʨ. ɽש ʪʠʽʤʜʽ ʩʪʨʘʪʝʛʠʷ-

ʜʠʘʛʥʦʩʪʠʢʘʣʳײץ ץʨʘʣʜʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʪʝʭʥʠʢʘʣʘʣʘʨʜʳש ʥʘץʪʳ ʜʘʡʳʥʜʳסʳʥʘ ץʦʣ 

ʞʝʪʢʽʟʫ. 

ʆʩʳʣʘʡʰʘ, ץʘʟʽʨʛʽ ʞʘסʜʘʡʜʘ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʢᴅʩʽʧʢʝʨʣʽʢʪʽ 

 ʳʣʳʤʠס  ʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥץ ʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫʜʳײ ʡʳʤʜʘʩʪʳʨʫ  ʤʘʰʠʥʘ-ʪʨʘʢʪʦʨ ʧʘʨʢʽʥײ

ʪᴅʩʽʣʜʽ ץʘʞʝʪ ʝʪʝʜʽ ʜʝʧ ʘʡʪʫסʘ ʙʦʣʘʜʳ. 

ʇʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳ ץʘʟʽʨʛʽ ʞʘסʜʘʡʜʘ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ  

  ץʳʪʪʘʨʳʥ  ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʽʩʢʝ ʘʩʳʨʫ, ʩʦʥʜʘʡ-ʘסʥʝʛʽʟʛʽ  ʙʘ  שʡʳʤʜʘʩʪʳʨʫʜʳ  ʞʝʪʽʣʜʽʨʫʜʽײ

ʤʠʢʨʦʩʭʝʤʘ  ʤʳʩʘʣʳʥʜʘ  ʘʛʨʦᴇʥʝʨʢᴅʩʽʧ ᴇʥʽʤʜʝʨʽʥ ʪʽ ץʘʡʪʘ ᴇשʜʝʫ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ 

ʢᴇʨʩʝʪʫ ʞװʡʝʩʽʥʜʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʳʟʤʝʪ  ʢᴇʨʩʝʪʫ ʩʘʧʘʩʳʥ  ʘʨʪʪʳʨʫ  ʞᴅʥʝ ʰʳסʳʥʜʘʨʜʳ 

ʘʟʘʡʪʫ ʤʽʥʜʝʪʪʝʨʽʥ ʰʝʰʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ 

 

 .ʦʨʳʪʳʥʜʳפ

ɸʛʨʦᴇʥʝʨʢᴅʩʽʧ ᴇʥʽʤʜʝʨʽʥ ץʘʡʪʘ ᴇשʜʝʫ, ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʜʘʨʳʤʝʥ ʤʘʰʠʥʘʣʘʨʳʥʘ 

ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ ʪʠʽʤʜʽ ײʡʳʤʜʘʩʪʳʨʫʜʳש ʤʘשʳʟʜʳ ʰʘʨʪʳ ʙʘʩץʘʨʫʜʘ ʞװʡʝʣʽ 

 ,ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫ ץʦʣʜʘʥʫ, ʠʥʥʦʚʘʮʠʷʣʳץ ʳʣʳʤʠ ʪᴅʩʽʣʜʽס

ʩʦʥʜʘʡ-ʘץ  ʞʦסʘʨʳ  ʙʽʣʽʢʪʽ  ʢʘʜʨʣʘʨʤʝʥ  ץʘʤʪʘʤʘʩʳʟ  ʝʪʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ɾᴇʥʜʝʫ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽש  ʣʦʛʠʩʪʠʢʘʣʳץ  ʞװʡʝʩʽ 

ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥ ᴇʥʜʽʨʫʤʝʥ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʤʝʥ ʘʡʥʘʣʳʩʘʪʳʥ  

ʬʝʨʤʝʨʣʽʢ ʰʘʨʫʘʰʳʣʳץʪʘʨ ʤʝʥ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʣʦʛʠʩʪʠʢʘʣʳץ ʙʘʟʘʩʳʥ ײʪʳʤʜʳ 

ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ײץʨʳʣʫʳ ʢʝʨʝʢ. ɽʣ ᴇשʽʨʣʝʨʽʥʜʝ ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ 

ᴇʥʜʽʨʽʩʪʽש ʝʨʝʢʰʝ ʞʘסʜʘʡʣʘʨʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ  ʩʘʣʘʩʳʥʜʘסʳ  

ʢᴅʩʽʧʦʨʳʥʜʘʨ ץʳʟʤʝʪʽʥʽש ᴅʨʪװʨʣʽ ʙʝʡʽʥʜʝʨʽʥ ײץʨʫ ץʘʞʝʪ:  

  ;ʘʥסʨʽʤʝʥ ʘʡʥʘʣʳʩʘʪʳʥ ʤʘʤʘʥʜʘʥʜʳʨʳʣװʙʽʨ ʪ שʳʟʤʝʪʪʝʨʜʽץ -

  ;ʙʽʨʥʝʰʝ ʩʘʣʘʩʳʥ ʙʽʨʽʢʪʽʨʝʪʽʥ ʨʝʪʪʽʢ שʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽץ -

- ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ  ʥʝʤʝʩʝ  ᴇʥʝʨʢᴅʩʽʧ  ᴇʥʽʤʜʝʨʽʥʽש ʙʝʣʛʽʣʽ ʙʽʨ ʪװʨʣʝʨʽʥ 

 ʳʟʤʝʪʪʝʨʤʝʥץ ʜʝʫ ʞᴇʥʽʥʜʝʛʽשʘʡʪʘ ᴇץ ʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ᴇʪʢʽʟʫ, ᴇʥʜʽʨʫ ʞᴅʥʝץ

ʘʡʥʘʣʳʩʘʪʳʥ ʦʨʪʘʣʳץʪʘʨ. 

ɸʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ᴇʥʜʽʨʽʩʪʽש ʪʠʽʤʜ ̔ʞײʤʳʩ ʽʩʪʝʫʽ ʦʥʳש ʤʘʪʝʨʠʘʣʜʳץ-ʪʝʭʥʠʢʘʣʳץ 

ʙʘʟʘʩʳʥʳש ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ, ʤʘʰʠʥʘʣʘʨסʘ 

ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞᴅʥʝ ᴇשʜʝʫ ʞװʡʝʣʝʨʽʥʽװ  שʟʜʽʢʩʽʟ ʜʘʤʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʪʝʭʥʠʢʘʩʳʥʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥʜʘ 

ʣʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪʪʝʨʜʽ ʜʘʤʳʪʫ ʙʦʡʳʥʰʘ ʽʟʜʝʩʪʽʨʫ ʩײʨʘʫʣʘʨʳ ʨʝʩʧʫʙʣʠʢʘʥʳש ᴅʨʪװʨʣʽ 

ᴇשʽʨʣʝʨʽʥʜʝ ʦʩʳ ʙʠʟʥʝʩʪʽ ʞʝʪʽʣʜʽʨʫ װʰʽʥ  ʧʘʡʜʘʣʘʥʳʣʫʳ  ʤװʤʢʽʥ, ʙײʣ ʘʫʳʣʜʳ ʪʝʭʥʠʢʘʣʳץ 

 .ʧʘʣ ʝʪʫʛʝ ʪʠʽʩץʘ ʳסʛʝʡʽʥ ʘʨʪʪʳʨʫשʦʣʜʘʫ ʜʝץ

 

ᴄɼɽɹʀɽʊʊɽʈ 

 

[1] ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʥʘ 2017 ï 2021 ʛʦʜʳ//ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʦʪ 12 ʠʶʣʷ 2018 ʛʦʜʘ ˉ 423. https://adilet.zan.kz/ 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 3 (126), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 3 (126), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

88 

[2] ɼʦʨʦʭʦʚ, ɸ. ʉ. ʈʦʣʴ ʢʘʯʝʩʪʚʘ ʚ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ɸʇʂ /              

ɸ. ʉ. ɼʦʨʦʭʦʚ ï ʊʝʢʩʪ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // ʊʨʫʜʳ ɻʆʉʅʀʊʀ. ï 2016. ï ʊ.125. ï ʉ. 62-69. 

[3] ʄʘʣʳʭʘ, ɽ. ʌ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʨʳʥʢʘ ʧʦʜʝʨʞʘʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʩʠʩʪʝʤʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ: ʜʠʩéʢʘʥʜ. ʵʢʦʥʦʤ. ʥʘʫʢ: 08.00.05: ʫʪʚ. 05.03.2013. ʄ., 2013. ï                 

155 ʩ. 

[4] ɼʦʨʦʭʦʚ, ɸ. ʉ. ʈʝʟʝʨʚʳ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʄʊʇ ʚ 

ɸʇʂ / ɸ. ʉ. ɼʦʨʦʭʦʚ, ʅ. ɸ. ʇʝʪʨʠʱʝʚ, ʀ. ʄ. ʄʘʢʘʨʢʠʥ ʠ ʜʨ. ï ʊʝʢʩʪ : ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʪʝʭʥʠʢʘ: ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ. ï 2018. ï ˉ 11. ï ʉ. 34-39. 

[5] ʄʘʣʳʭʘ, ɽ. ʌ. ʆʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ ʘʛʨʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ /                 

ɽ. ʌ. ʄʘʣʳʭʘ, ʖ. ɺ. ʂʘʪʘʝʚ ï ʊʝʢʩʪ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // ʕʢʦʥʦʤʠʢʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ï 2019. ï ˉ 6. ï ʉ. 62-68. 

[6] ɼʠʜʤʘʥʠʜʟʝ ʆ. ʅ., ʂʦʨʥʝʝʚ ɺ. ʄ. ʊʝʭʥʠʯʝʩʢʠʡ ʩʝʨʚʠʩ ʚ ɸʇʂ. ʄ. : ʋʄʎ 

çʊʨʠʘʜʘè, 2015. 110 ʩ. 

[7] https://qazindustry.gov.kz/ru/article/2136-traktornoe-i-selskokhozyaystvennoe-

mashinostroenie-v-kazakhstane-tekushchee-sostoyanie-problemy-i-perspektivy-rosta 

[8] ʂʣʠʤʝʥʢʦ, ɺ. ʎʝʣʝʚʳʝ ʦʨʠʝʥʪʠʨʳ ʨʘʟʚʠʪʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ 

ʨʘʟʨʝʟʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʪʨʘʪʝʛʠʠ ʈʌ ʜʦ 2030 ʛʦʜʘ / ɺ. ʂʣʠʤʝʥʢʦ // ʃʦʛʠʩʪʠʢʘ. ð 2019. ð 

ˉ 7. ð ʩ. 35-39. 

[9] ʂʫʜʨʷʚʮʝʚʘ, ʉ. ʉ. ʈʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʥʘ ʧʨʠʥʮʠʧʘʭ ʤʦʜʝʣʠ ʦʪʢʨʳʪʳʭ ʠʥʥʦʚʘʮʠʡ // ɸʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʜʫʢʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ: 

ʄʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨ. ʥʘʫʯ. ʧʨʘʢʪ. ʢʦʥʬʝʨʝʥʮʠʠ. ð ʂʘʟʘʥʴ: ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʢʦʦʧʝʨʘʮʠʠ, 2016. ʩ. 323-324. 

[10] ʂʦʨʥʝʝʚ ɺ. ʄ., ʂʘʪʘʝʚ ʖ. ɺ., ɺʷʣʳʭ ɼ. ɻ. ʆʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʪʝʭʥʠʢʠ ʚ ʛʘʨʘʥʪʠʡʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ // ʉʝʣʴʩʢʠʡ ʤʝʭʘʥʠʟʘʪʦʨ. 2017. ˉ 4. ʉ. 39-

40. 

[11] ʄʘʣʳʭʘ ɽ. ʌ. ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ ʟʘʨʫʙʝʞʥʦʡ 

ʪʝʭʥʠʢʠ // ʀʟʚʝʩʪʠʷ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʠ ʘʛʨʘʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 2015. ʊ. 1. ˉ 25. ʉ. 

120-122. 

[12] ʄʘʣʳʭʘ ɽ. ʌ., ʂʘʪʘʝʚ ʖ. ɺ., ɺʷʣʳʭ ɼ. ɻ. ɼʠʣʝʨʩʢʘʷ ʬʦʨʤʘ ʦʨʛʘʥʠʟʘʮʠʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ ʤʘʰʠʥ // ʅʘʫʢʘ ʙʝʟ ʛʨʘʥʠʮ. 2017. ˉ 8. ʉ. 29-34.  

  

REFERENCES* 

 

[1] Ob utverzhdenii Gosudarstvennoj programmy razvitija agropromyshlennogo 

kompleksa Respubliki Kazahstan na 2017 ï 2021 gody//Postanovlenie Pravitel'stva Respubliki 

Kazahstan ot 12 ijulja 2018 goda ˉ 423. https://adilet.zan.kz/ 

[2] Dorohov, A. S. Rol' kachestva v inzhenerno-tehnicheskom obespechenii APK// 

A. S. Dorohov ï Tekst: neposredstvennyj // Trudy GOSNITI. ï 2016. ï T.125. ï S.                

62-69. 

[3] Malyha, E. F. Jekonomicheskij mehanizm rynka poderzhannoj tehniki v sisteme 

tehnicheskogo servisa: disékand. jekonom. nauk: 08.00.05: utv. 05.03.2013. M., 2013. ï 155 s. 

[4] Dorohov, A. S. Rezervy povyshenija proizvoditel'nosti i nadezhnosti MTP v APK//A. 

S. Dorohov, N. A. Petrishhev, I. M. Makarkin i dr. ï Tekst: neposredstvennyj// 

Sel'skohozjajstvennaja tehnika: obsluzhivanie i remont. ï 2018. ï ˉ 11. ï S. 34-39. 

[5] Malyha, E. F. Ocenka tehnicheskoj osnashhennosti agrarnogo proizvodstva//E. F. 

Malyha, Ju. V. Kataev ï Tekst: neposredstvennyj // Jekonomika sel'skogo hozjajstva. ï 2019. ï 

ˉ 6. ï S. 62-68. 

[6] Didmanidze O. N., Korneev V. M. Tehnicheskij servis v APK. - M.: UMC çTriadaè, 

2015. 110 s. 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 3 (126), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 3 (126), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

89 

[7] https://qazindustry.gov.kz/ru/article/2136-traktornoe-i-selskokhozyaystvennoe-

mashinostroenie-v-kazakhstane-tekushchee-sostoyanie-problemy-i-perspektivy-rosta 

[8] Klimenko, V. Celevye orientiry razvitija logisticheskoj infrastruktury v razreze 

transportnoj strategii RF do 2030 goda / V. Klimenko // Logistika. ð 2019. ð ˉ 7. ð s. 35-39. 

[9] Kudrjavceva, S. S. Razvitie transportno-logisticheskoj infrastruktury rossijskoj 

jekonomiki na principah modeli otkrytyh innovacij // Aktual'nye zadachi upravlenija kachestvom 

i konkurentosposobnost'ju produkcii v sovremennyh uslovijah: Materialy Mezhdunar. nauch. 

prakt. konferencii. ð Kazan': Rossijskij universitet kooperacii, 2016. s. 323-324. 

[10] Korneev V. M., Kataev Ju. V., Vjalyh D. G. Obespechenie rabotosposobnosti tehniki 

v garantijnyj period jekspluatacii // Sel'skij mehanizator. 2017. ˉ 4. S. 39-40. 

[11] Malyha E. F. Aktual'nye problemy tehnicheskogo servisa zarubezhnoj tehniki // 

Izvestija Mezhdunarodnoj akademii agrarnogo obrazovanija. 2015. T. 1. ˉ 25. S. 120-122. 

[12] Malyha E. F., Kataev Ju. V., Vjalyh D. G. Dilerskaja forma organizacii 

tehnicheskogo servisa mashin // Nauka bez granic. 2017. ˉ 8. S. 29-34. 

 

 

Zhumajan Zhanbirov , doctor of technical sciences, professor, Academy of logistics and 

transport, Almaty, Kazakhstan, janbirov_jg@mail.ru 

Zhuldyz Izteleuova, doctoral student, al-Farabi Kazakh National University, Almaty, 

Kazakhstan, zh.izteleuova@mail.ru 

Galymzhan Zhanbirov, ʤaster's degree, Academy of logistics and transport, Almaty, 

Kazakhstan, 7997709@mail.ru 

Zhanna Elesheva, ʤaster's degree, Academy of logistics and transport, Almaty, 

Kazakhstan, Zhanna_ekesheva@mail.ru 
 

STRATEGY OF DEVELOPMENT  AND MANAGEMENT  OF  

INTEGRATED  LOGISTICS CENTERS IN THE REGIONS 
 

Abstract. According to the Ministry of agriculture as of 07/30/2022, the average wear 

and tear of the machine and tractor fleet is about 80%. Of these, the share of the most commonly 

used main types of equipment (used over 15 years of age): tractors - 79%, combine harvesters - 

54%, seylocks - 86%, jacks - 63%. 

If  the required level of Technology Upgrade is warming up to 10 õ 12.5 percent, the 

replacement is currently 1õ3 percent. The lack of energy-intensive tractors and agricultural 

machinery leads to a decrease in production volumes, which leads to the use of simplified 

cultivation schemes when agricultural technology is violated, optimal deadlines for continuous 

work, high labor costs and, as a result, high production costs at all stages of crop production, 

harvesting, processing, storage and a decrease in productivity. 

The subject of the study is the processes of organization and improvement of 

organizational and economic relations between maintenance enterprises and agricultural 

producers on the farms of the region. 

The task of modernizing the material and technical base of Agriculture is included in the 

strategy for the development of the agro-industrial complex of the Republic. An important role in 

the system of solving the problem of efficient use of equipment in rural areas is played by the 

organization of specialized machine and tractor logistics centers. They increase the productivity 

and quality of machines that today are equipped with information technologies, complex 

electronic and hydraulic systems. This requires reliable compliance with all operational 

characteristics of machines from the engineering and technical system of the agro-industrial 

complex. 
 

Keywords. Agricultural, machine and tractor, wear, repair, maintenance, logistics. 
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ʉʊʈɸʊɽɻʀʗ  ʈɸɿɺʀʊʀʗ  ʀ ʋʇʈɸɺʃɽʅʀʗ ʀʅʊɽɻʈʀʈʆɺɸʅʅʓʄʀ 

ʃʆɻʀʉʊʀʏɽʉʂʀʄʀ ʎɽʅʊʈɸʄʀ ɺ ʈɽɻʀʆʅɸʍ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʦ ʜʘʥʥʳʤ ʄʠʥʩʝʣʴʭʦʟʘ ʥʘ 30.07.2022, ʩʨʝʜʥʠʡ ʠʟʥʦʩ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 80%. ʀʟ ʥʠʭ ʜʦʣʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʪʝʭʥʠʢʠ (ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʩʪʘʨʰʝ 15 ʣʝʪ): ʪʨʘʢʪʦʨʦʚ - 79%, ʢʦʤʙʘʡʥʦʚ - 

54%, ʩʝʷʣʦʢ - 86%, ʞʘʪʦʢ - 63%. 

ɽʩʣʠ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʦʙʥʦʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʘʚʣʷʝʪ 10 õ 12,5 ʧʨʦʮʝʥʪʘ ʚ 

ʛʦʜ, ʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʤʝʥʘ ʩʦʩʪʘʚʣʷʝʪ 1õ3 ʧʨʦʮʝʥʪʘ. ʅʝʭʚʘʪʢʘ ʵʥʝʨʛʦʝʤʢʠʭ 

ʪʨʘʢʪʦʨʦʚ ʠ ʩʝʣʴʭʦʟʪʝʭʥʠʢʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʧʨʦʱʝʥʥʳʭ ʩʭʝʤ ʚʳʨʘʱʠʚʘʥʠʷ. ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʘʛʨʦʪʝʭʥʠʢʠ, 

ʦʧʪʠʤʘʣʴʥʳʤ ʩʨʦʢʘʤ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ, ʚʳʩʦʢʠʤ ʪʨʫʜʦʟʘʪʨʘʪʘʤ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚʳʩʦʢʠʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʟʘʪʨʘʪʘʤ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʩʙʦʨʘ ʫʨʦʞʘʷ, ʫʙʦʨʢʝ ʫʨʦʞʘʷ, 

ʧʝʨʝʨʘʙʦʪʢʝ, ʭʨʘʥʝʥʠʶ ʠ ʩʥʠʞʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʚ ʭʦʟʷʡʩʪʚʘʭ ʨʝʛʠʦʥʘ. 

ɿʘʜʘʯʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʚʢʣʶʯʝʥʘ ʚ ʩʪʨʘʪʝʛʠʶ ʨʘʟʚʠʪʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʩʧʫʙʣʠʢʠ. ɺʘʞʥʫʶ ʨʦʣʴ 

ʚ ʩʠʩʪʝʤʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ 

ʠʛʨʘʝʪ ʦʨʛʘʥʠʟʘʮʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ. 

ʆʥʠ ʧʦʚʳʰʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʤʘʰʠʥ, ʦʩʥʘʱʝʥʥʳʭ ʩʝʛʦʜʥʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʩʣʦʞʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʦʪ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɸʇʂ ʥʘʜʝʞʥʦʛʦ ʩʦʙʣʶʜʝʥʠʷ 

ʚʩʝʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʰʠʥ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʠʟʥʦʩ, ʨʝʤʦʥʪ, 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʣʦʛʠʩʪʠʢʘ. 
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ɸʉʇɸʃʓ ʂʈɸʅʅʓר ɾתʂ-ɸʈפɸʃʓנʓʅʓר ɼʀʅɸʄʀʂɸʃʓפ ʄɯʅɽɿ-

 ʄʆɼɽʃɯʅ ᴄɿɯʈʃɽʋ ɾᴄʅɽ פʓʅʓʅ ʄɸʊɽʄɸʊʀʂɸʃʓפʃױפ

ʂʆʄʇʔʖʊɽʈʃɯʂ ʄʆɼɽʃʔɼɽʋ 

 

ɸʥʜʘʪʧʘ. ʊʘʫ-ʢʝʥ ᴇʥʜʽʨʽʩʽʥʜʝ ʪʘʫ ʞʳʥʳʩʪʘʨʳʥ ᴇʥʜʽʨʫ ʤʝʥ ʙʘʡʳʪʫʜʳש 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʽ ʢʝʟʽʥʜʝ ʘʫʳʨ ʞװʢʪʝʨʜʽ ʢᴇʪʝʨʫʛʝ ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘʫסʘ ʘʩʧʘʣʳ 

ʢʨʘʥʜʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ. ɸʩʧʘʣʳ ʢʨʘʥʥʳש ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ײץʨʳʣʳʤʥʳש ʞʦסʘʨסʳ 

ʞʘסʳʥʜʘסʳ ʢᴇʣʜʝʥʝש ʘʨץʘʣʳץʪʳ (ʞʦʣʘץʪʳ) ץʦʣʜʘʡʪʳʥ ʪʽʢ ʪʽʨʝʢʪʝʨ (ʘʩʧʘʣʘʨ) ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʈʝʣʴʩʪʝ ʞװʢʪʝʨʜʽ ʢᴇʪʝʨʫ ʞᴅʥʝ ʞʳʣʞʳʪʫ װʰʽʥ ʰʳסʳʨ ʥʝʤʝʩʝ ʛʨʝʡʬʝʨ ʩʠʷץʪʳ 

ʞװʢ ײʩʪʘʫ ʤʝʭʘʥʠʟʤʽ ʦʨʥʘʪʳʣסʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʨʘʥʜʘʨʜʘ ץʘʰʳץʪʘʥ ʙʘʩץʘʨʫ ʧʫʣʴʪʽ 

ʥʝʤʝʩʝ ʦʧʝʨʘʪʦʨ ʢʘʙʠʥʘʩʳ ʩʠʷץʪʳ ᴅʨʪװʨʣʽ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽ ʙʦʣʫʳ ʤװʤʢʽʥ. ɸʣʘʡʜʘ, 

ʢʨʘʥʥʳש ʞײʤʳʩʳ ʙʘʨʳʩʳʥʜʘ ʦʥʳש ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʘ ʞʦסʘʨʳ ʪʘʣʘʧʪʘʨ ץʦʡʳʣʘʜʳ. 

ʂʨʘʥʥʳש ʞײʤʳʩʳ ʢʝʟʽʥʜʝ ʧʘʡʜʘʣʳ ʞװʢʪʽש ʘʫʳʪץʫʳ ʩʠʷץʪʳ ʞʘסʳʤʩʳʟ ᴅʩʝʨʣʝʨ ʧʘʡʜʘ 

ʙʦʣʘʜʳ, ʙײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʢʨʘʥ ʘʨץʘʣʳסʳʥʳש ʜʠʥʘʤʠʢʘʣʳץ ʢװʡʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ. ᴆʟʽʥʜʽʢ 

ʞʠʽʣʽʢʪʝʨʜʽ ʘʥʳץʪʘʫ ʞᴅʥʝ ʨʝʟʦʥʘʥʩ ײץʙʳʣʳʩʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳʥ ʦʜʘʥ ᴅʨʽ ʪʘʣʜʘʫ װʰʽʥ 

ʦʣʘʨʜʳ ʙʘסʘʣʘʫ ʤʘץʩʘʪʳʥʜʘ ʧʘʡʜʘʣʳ ʞװʢʪʝʤʝʥʽ ʘʡʥʘʣʜʳʨʫʜʳש ʜʠʥʘʤʠʢʘʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʞᴅʥʝ ʢʨʘʥ ʘʨץʘʣʳסʳʥʳש ʪʝʨʙʝʣʽʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʟʝʨʪʪʝʫ, ʦʩʳ ʤᴅʩʝʣʝʥʽ 

ʰʝʰʫ װʰʽʥ ʝʢʽ ʝʨʢʽʥʜʽʢ ʜᴅʨʝʞʝʩʽʥʝʥ ʪײʨʘʪʳʥ ʞװʡʝʥʽש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʽ ʞʘʩʘʣʜʳ. 

ʇʘʡʜʘʣʳ ʞװʢʪʝʤʝʥʽ ʩʠʧʘʪʪʘʡʪʳʥ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʜʽש ʰʝʰʽʤʽʥ ʪʘʙʫ װʰʽʥ ʈʫʥʛʝ-

ʂʫʪʪʘ ʩʘʥʜʳץ ᴅʜʽʩʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ץʦʣʜʘʥʳʣʜʳ.  ʇʘʡʜʘʣʳ ʞװʢʪʽש ʤʘʩʩʘʩʳ ʤʝʥ ʘʨץʘʥ 

 ʰʽʥװ ʪʘʫץᴅʩʝʨʽʥ ʘʥʳ שʨʣʽ ʢʦʤʙʠʥʘʮʠʷʣʘʨʳʥʳװʪʝʨʙʝʣʽʩ ʞʠʽʣʽʢʪʝʨʽʥʝ ᴅʨʪ שʳʥʳסʟʳʥʜʳײ

ʝʩʝʧʪʝʫ ʵʢʩʧʝʨʠʤʝʥʪʽ ʞװʨʛʽʟʽʣʽʧ, ʪʝʨʙʝʣʽʩ ʞʠʽʣʽʛʽ ʬʫʥʢʮʠʷʩʳʥʳש ʞʘʫʘʧ ʙʝʪʽ ʩʘʣʳʥʜʳ. 

ɸʨץʘʣʳץʪʳש ʤʝʥʰʽʢʪʽ ʪʝʨʙʝʣʽʩ ʞʠʽʣʽʢʪʝʨʽ NASTRAN ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘסʳ ʘץʳʨʣʳ 

ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʣʜʳ. ʂʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴʜʝʫ ʙʘʨʳʩʳʥʜʘ ʪʠʽʩʪʽ ʪʝʨʙʝʣʽʩ 

ʞʠʽʣʽʢʪʝʨʽʥ ʞᴅʥʝ ʢʨʘʥʥʳש ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש ʞʘץʳʥʜʳסʳʥ ʢᴇʨʩʝʪʪʽ, ʷסʥʠ ʙײʣ ʜʝʛʝʥʽʤʽʟ 

ʙײʜʘʥ ᴅʨʽ ʢʨʘʥ ʘʨץʘʣʳסʳʥʳש ʧʘʡʜʘʣʳ ʞװʢ ʪʝʨʙʝʣʽʩʽʥʽש ʘץʘʫʳʥʘ ʞᴅʥʝ ʞʠʽʣʽʢ ᴅʨʝʢʝʪʽʥʽש 

ʦʜʘʥ ʘʨʳ ʟʝʨʪʪʝʫʽʥ ʪʘʣʘʧ ʝʪʝʜʽ.  

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɸʩʧʘʣʳ ʢʨʘʥʳ, ʤʦʜʝʣʴ, ʜʠʥʘʤʠʢʘ, ʝʩʝʧʪʝʫ ʵʢʩʧʝʨʠʤʝʥʪʽ, ʞʠʽʣʽʢ 

ʪʝʨʙʝʣʽʩʪʝʨ, ʤʝʥʰʽʢʪʽ ʬʦʨʤʘʣʘʨ, NASTRAN. 

 

ʂʽʨʽʩʧʝ. 

ɽʣʽʤʽʟʜʽש ʞʝʨ-ʘʩʪʳ ʙʘʡʣʳסʳʥ ץʘʟʫ, ʦʥʳ ᴇʥʜʽʨʫ ʞᴅʥʝ ᴇשʜʝʫ ʪʘʫ-ʢʝʥ ᴇʥʜʽʨʽʩʽʥʜʝ 

ʞʘʩʘʣʳʥʘʜʳ. ᴆʥʝʨʢᴅʩʧʪʽש ʝש ʘʫʳʨ ʞᴅʥʝ ʧʘʡʜʘʩʳʤʝʥ ʰʳסʳʥʳ ʪײʩʧʘ ʪײʩ ʢʝʣʝʪʽʥ ʪװʨʽ ʙײʣ 

ʪʘʫ-ʢʝʥ ᴇʥʜʽʨʽʩʽ, ʦʣ ʙװʛʽʥʛʽ ʢװʥʛʝ ʜʝʡʽʥ ʙװʢʽʣ ʘʜʘʤʟʘʪ װʰʽʥ ʤʘשʳʟʜʳ ʩʘʣʘ ʙʦʣʳʧ ץʘʣʘ 

ʙʝʨʝʜʽ. ɸʩʧʘʣʳ ʢʨʘʥʜʘʨ ʪʘʫ-ʢʝʥ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʪװʨʣʽ ʩʘʣʘʜʘ ץʳʟʤʝʪʪʝʨ ʘʪץʘʨʘʜʳ, ʦʣʘʨ: ʪʘʫ 

ʞʳʥʳʩʪʘʨʳʥ ᴇʥʜʽʨʫ ʤʝʥ ʙʘʡʳʪʫʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʽ ʢʝʟʽʥʜʝ ʞװʢʪʝʨʜʽ 

ʪʘʩʳʤʘʣʜʘʫʜʳש ʥʝʛʽʟʛʽ ʞʘʙʜʳסʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʫʳʨ ʧʘʡʜʘʣʘʥʫ ʰʘʨʪʪʘʨʳ, ʪʘʫ-ʢʝʥ 

ᴇʥʝʨʢᴅʩʽʙʽʥʽש ʞʘʙʜʳץʪʘʨʳ ʞᴅʥʝ ʪ.ʩ.ʩ ʙʘʨʣʳץ ʢʨʘʥ ʵʣʝʤʝʥʪʪʝʨʽʥʝ ʞʦסʘʨʳ ʪʘʣʘʧʪʘʨ ץʦʷʜʳ. 

ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʩʝʥʽʤʜʽʣʽʢ ʧʝʥ ʙʝʨʽʢʪʽʢ, ʩʦʥʜʘʡ-ʘץ ʢʨʘʥʥʳש ʥʝʛʽʟʛʽ ʞʘʫʘʧʪʳ ʞᴅʥʝ ʞʦסʘʨʳ 

ʞװʢʪʝʣʛʝʥ ʙᴇʣʽʢʪʝʨʽʥʽש ʜʠʥʘʤʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ, ʳʣסʘʣ ʤʝʥ ʞʘʥסʳʰ ʟʘʪʪʘʨסʘ 

ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ ʧʘʡʜʘʣʘʥʫ ץʘʫʽʧʩʽʟʜʽʛʽ. ɹײʣ ʪʘʫ-ʢʝʥ ʞʘʙʜʳץʪʘʨʳʥ ʞᴇʥʜʝʫ ʫʘץʳʪʳʥ 

ʘʟʘʡʪʫסʘ ʞᴅʥʝ ʧʘʡʜʘʣʳ ץʘʟʙʘʣʘʨʜʳ ᴇʥʜʽʨʫʜʽש ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ 
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ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʢʨʘʥʜʘʨʜʳש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ʩʘʧʘʩʳ. ʊʘʫ-ʢʝʥ ᴇʥʝʨʢᴅʩʽʙʽ ʩʝʢʪʦʨʳ 

ʪᴇʪʝʥʰʝ ʞʘסʜʘʡʣʘʨʜʘ ץʘʫʽʧʩʽʟ ʞײʤʳʩ ʽʩʪʝʡ ʘʣʘʪʳʥ ʙʝʨʽʢ ʠʥʞʝʥʝʨʣʽʢ ʞʘʙʜʳץʪʳ ץʘʞʝʪ 

ʝʪʝʜʽ. ɸʣʘʡʜʘ, ʢʨʘʥʥʳש ʞײʤʳʩʳ ʢʝʟʽʥʜʝ ʧʘʡʜʘʣʳ ʞװʢʪʽץ שʘʞʝʪʩʽʟ ʪʝʨʙʝʣʽʩʽ ʩʠʷץʪʳ 

ʞʘסʳʤʩʳʟ ᴅʩʝʨʣʝʨ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʆʩʳʣʘʡʰʘ, ʧʘʡʜʘʣʳ ʞװʢʪʝʤʝʥʽש ʢʽʰʢʝʥʝ ʘʡʥʘʣʫ 

ʙײʨʳʰʳʥ ʩʘץʪʘʡ ʦʪʳʨʳʧ, ʘʨʙʘʥʳש ʦʨʥʳʥ ʜᴅʣ ʙʘץʳʣʘʫ ץʠʳʥ [1, 2].ʉʦʥʜʘʡ-ʘץ, ʘʨʙʘʣʘʨ ʤʝʥ 

ʧʘʡʜʘʣʳ ʞװʢʪʝʤʝ ʘʨץʘʥʥʳש ʦʨʥʘʣʘʩʫ ʧʨʦʙʣʝʤʘʣʘʨʳʥʘʥ ʙʘʩץʘ, ʢʨʘʥʜʘʨʜʳש ʘʨʘʣʳסʳ 

 ʘʞʝʪץ ʜʽʨʽʣʜʝʨʽ ʧʘʡʜʘ ʙʦʣʘʜʳ [3], ʦʣʘʨʜʳ ʝʩʢʝʨʫʜʽ שʪʘʨʳʥʳץʘʣʳץʘʥ ʩʘʡʳʥ, ʢʨʘʥ ʘʨסʘʡסʣײ

ʝʪʝʜʽ. ɸʩʘ ʘʫʳʨ ʩʘʣʤʘץʪʳ ʟʘʪʪʘʨʜʳ ʘʨʪʫ ʞᴅʥʝ ʪװʩʽʨʫ ʢʝʟʽʥʜʝ; ʢװʪʧʝʛʝʥ ʙײʨʳʣʳʩ ʧʘʡʜʘʣʳ 

ʞװʢʪʽש ʞʦסʘʣʫʳ ʞʘʟʘʪʘʡʳʤ ʦץʠסʘʣʘʨסʘ ʞᴅʥʝ ʢʨʘʥʥʳש ʟʘץʳʤʜʘʣʫʳʥʘ ʥʝʤʝʩʝ 

 שʪʳץʘʣʳץʘʣʫ ᴅʩʝʨʽʥʝʥ ʘʨסʦʟץ שʤʢʽʥ. ʄʘʩʩʘʥʳװʘʪʪʘʥʫʳʥʘ ᴅʢʝʣʫʽ ʤץʞʘʨʘ שʳʟʤʝʪʢʝʨʣʝʨʜʽץ

ʜʠʥʘʤʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʩʳ ʘʨץʘʣʳץʪʳש ʜʽʨʽʣʽʥ ʪʘʣʜʘʫʜʘ װʣʢʝʥ ʤʘשʳʟסʘ ʠʝ. 
 

 
 

1 ʩʫʨʝʪ  - ʂᴇʤʽʨ ᴇʥʜʽʨʝʪʽʥ ʢᴅʩʽʧʦʨʳʥʜʘסʳ ʘʩʧʘʣʳ ʢʨʘʥʳ 

 

 ʘʥʳʥʘʥ ʞᴅʥʝץʢʪʝʤʝ ʘʨװʩʘʪʳ ʘʨʙʘʜʘʥ, ʧʘʡʜʘʣʳ ʞץʤʘ שʘʣʘʥʳץʳʣʳʤʠ ʤʘנ

ʞװʢʪʝʤʝʥʽש ᴇʟʽʥʝʥ ʪײʨʘʪʳʥ ʢʨʘʥʥʳש ʜʠʥʘʤʠʢʘʣʳץ ʤʦʜʝʣʽʥ ײץʨʫ. ʇʘʡʜʘʣʳ ʞװʢʪʽש 

ʪʝʨʙʝʣʽʩʽʥʽש ʜʠʥʘʤʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴʜʝʫʜʽ 

ʞװʨʛʽʟʫ ʞᴅʥʝ ʦʣʘʨʜʳש ʠʢʝʤʜʽ ʢʨʘʥ ʘʨץʘʣʳסʳʥʳש ʜʽʨʽʣʽʥʝ ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ. 

ʂʘʨʠʤʠ ʤʝʥ ɿʠʵʡ-ʈʘʜ [4] ץʦʟסʘʣʤʘʣʳ ʤʘʩʩʘʥʳש ᴅʩʝʨʽʥʝʥ ץʦʟסʘʣʘʪʳʥ ʪʽʨʝʢʪʝʨʤʝʥ 

ʩʳʟʳץʪʳ ʝʤʝʩ ʙʘʡʣʘʥʳʩʪʳ ʘʨץʘʣʳץʪʳש ʜʽʨʽʣʜʝʨʽʥ ץʘʨʘʩʪʳʨʜʳ ʞᴅʥʝ ʪʘʣʜʘʜʳ. ɿʝʨʪʪʝʫʣʝʨ 

ʢᴇʨʩʝʪʢʝʥʜʝʡ, ץʦʟסʘʣʤʘʣʳ ʤʘʩʩʘ ʤʝʥ ʘʨץʘʣʳץʪʳ ʙʽʨʽʢʪʽʨʫ ʞװʡʝʣʝʨʽ ʥʝʛʽʟʽʥʝʥ ʤʘʩʩʘʥʳ 

ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʧʝʥ ʞʳʣʞʳʪʫ ʢʝʟʽʥʜʝ ʘʨץʘʣʳץʪʳש ʜʠʥʘʤʠʢʘʣʳץ ʨʝʘʢʮʠʷʩʳʥʘ 

ʙʘסʳʪʪʘʣסʘʥ. 

[5] ʤʘץʘʣʘʜʘ ʧʦʨʪʘʣ ʢʨʘʥʜʘʨʳʤʝʥ ʪʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝ ʞװʢʪʝʨʜʽש ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʤʽʥʝʟ - ײץʣʳװ ץʣʛʽʣʝʨʽ ʘʣʳʥʜʳ, ʝʢʽ ʞᴅʥʝ װʰ ᴇʣʰʝʤʜʽ ʢʝשʽʩʪʽʢʪʝ ʞװʢʪʝʨʜʽץ שʦʟסʘʣʫ 

ʞʘסʜʘʡʣʘʨʳ ץʘʨʘʩʪʳʨʳʣʜʳ. ɸʚʪʦʨʣʘʨ ʘʣʳʥסʘʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨʜʽ ʢᴇʪʝʨʛʽʰ 

ʢʨʘʥʜʘʨʜʳ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥ ʦʜʘʥ ᴅʨʽ ʜʘʤʳʪʫ ʞᴅʥʝ ʞװʢʪʽש ʜʽʨʽʣʽʥ ʙʘץʳʣʘʫ װʰʽʥ ʩʳʟʳץʪʳ 

ʪװʨʜʝ ʞʘʩʘʜʳ. 

ʄʳʥʘ [6] ʤʘץʘʣʘ ʘʚʪʦʨʣʘʨʳ  ʘʨʙʘʥʳץ שʦʟסʘʣʳʩʳ ʤʝʥ ʧʘʡʜʘʣʳ ʞװʢʪʝʤʝʥʽש 

ʪʝʨʙʝʣʽʩʽʥʝʥ ʪʫʳʥʜʘסʘʥ ᴅʩʝʨʛʝ ײʰʳʨʘסʘʥ, ʰʝʢʪʽ ʞװʢʪʝʤʝʩʽ 60 ʪ ʙʦʣʘʪʳʥ ʥʘץʪʳ ʘʩʧʘʣʳ 

ʢʨʘʥʳ ʞװʨʛʽʟʽʣʛʝʥ ʘץʳʨʣʳ ʵʣʝʤʝʥʪʪʝʨʜʽ ʪʘʣʜʘʫʜʳש ʥʝʛʽʟʛʽ ʥᴅʪʠʞʝʣʝʨʽʥ ײʩʳʥʘʜʳ. 

ɾײʤʳʩʪʘ ʘʨץʘʥʥʳײ שʟʳʥʜʳסʳ ʤʝʥ ʞװʢʪʽש ʤʘʩʩʘʩʳʥʳש ʪʽʨʢʝʩʽʤʽʥʽש ᴅʨʪװʨʣʽ 

ʢʦʤʙʠʥʘʮʠʷʣʘʨʳʥʳש ʘʨץʘʣʳץʪʳש ʪʝʨʙʝʣʽʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ᴅʩʝʨʽ ʙʘסʘʣʘʥʙʘסʘʥ. 

ɸʣ [7] ʤʘץʘʣʘʜʘ  ʞʝʨ ʩʽʣʢʽʥʽʩʽʥʝ ʪᴇʟʽʤʜʽʣʽʢʢʝ ʘʨʥʘʣסʘʥ ʘʩʧʘʣʳ ʢʨʘʥʳ ʤʝʪʘʣʣ 

 שʧʦʨʪʘʣʳʥ ʤʦʜʝʣʴʜʝʫʜʽ שʨʳʣʳʤʳʥ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʤʝʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ʂʨʘʥʥʳײץ
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ʞʝשʽʣʜʝʪʽʣʛʝʥ ᴅʜʽʩʪʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. ײפʨʳʣʳʤʥʳץ שʘʫʽʧʪʽ ץʠʤʘʩʳʥʳש ʧʣʘʩʪʠʢʘʣʳץ 

ʜʝʬʦʨʤʘʮʠʷʣʘʨʳʥ ʤʦʜʝʣʴʜʝʫ ᴅʜʽʩʽ ײʩʳʥʳʣסʘʥ. 

ɿʫʙʦʚ ʩʝʡʩʤʠʢʘʣʳץ ʞװʢʪʝʤʝʥʽש ʙʽʨʣʝʩʢʝʥ ᴅʩʝʨʽʥʝʥ ʢᴇʧʽʨ ʢʨʘʥʳʥʳש ʪʝʨʙʝʣʽʩ 

ʧʨʦʮʝʩʽʥ ʟʝʨʪʪʝʜʽ ʞᴅʥʝ ʘʨʙʘʥʳץ שʦʟסʘʣʳʩʳ ץײʩʘʩ ʝʢʽ ʢʝʟʝשʥʽש ʢʝʟʝʢʪʝʩʫʽ ʪװʨʽʥʜʝ 

 ʘʣʤʘʜʳ (çʽʨʢʽʣʫèסʦʟץ ʘʪʳʩʪʳץ ʜʝʨʜʝ m1 ʤʘʩʩʘʩʳ ʞʝʨʛʝשʘʨʘʩʪʳʨʳʣʜʳ. ʂʝʡʙʽʨ ʢʝʟʝץ

ʘʡʤʘסʳ), ʙʘʩץʘʣʘʨʳʥʜʘ ʝʢʽ ʤʘʩʩʘʥʳש ʜʘ ץʦʟסʘʣʳʩʳ ʙʦʣʜʳ. ɸʚʪʦʨʣʘʨ ʢʨʘʥ ʢᴇʧʽʨʣʝʨʽʥʽש 

ʘʨץʘʣʳץʪʘʨʳʥʜʘסʳ ʠʽʣʫʜʝʥ ʙʦʣʘʪʳʥ ʤʘʢʩʠʤʘʣʜʳ ʢʝʨʥʝʫʣʝʨ ץʦʣʜʘʥʳʩʪʘסʳ ʝʩʝʧʪʝʫ 

ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥסʘʥʥʘʥ ᴅʣʜʝץʘʡʜʘ ʢᴇʧ ʙʦʣʫʳ ʤװʤʢʽʥ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳסʘ ʢʝʣʜʽ. 

ʉʝʡʩʤʠʢʘʣʳץ ᴅʩʝʨ ʝʪʫ ʢʝʟʽʥʜʝʛʽ ʢᴇʧʽʨ ʪʠʧʪʽ ʢʨʘʥʜʘʨʜʳש ʞײʤʳʩʳʥ ʟʝʨʪʪʝʫ [8]. 

ʗʥʛ ʞᴅʥʝ ʙʘʩץʘ ʘʚʪʦʨʣʘʨ [9] ʞײʤʳʩʳʥʜʘ ʩʳʤ ʘʨץʘʥסʘ ʽʣʽʥʛʝʥ ץʦʟסʘʣʤʘʣʳ ʤʘʩʩʘʥʳ 

ʘʣʳʧ ʞװʨʝʪʽʥ ʢᴇʧʽʨ ʩʘʣʫ ʤʘʰʠʥʘʩʳʥʳש ʜʠʥʘʤʠʢʘʣʳץ ᴅʨʝʢʝʪʽʥ ʟʝʨʪʪʝʜʽ. ɼʝʤʧʬʠʨʣʽʢ 

ʢʦʵʬʬʠʮʠʝʥʪ ʞᴅʥʝ ʘʨץʘʥʥʳש ʩʝʨʧʽʤʜʽʣʽʢ ʢʦʥʩʪʘʥʪʘʩʳ ʝʣʝʫʣʽ ʘʫʳʪץʫʣʘʨסʘ ᴅʢʝʣʜʽ. ɸʣʘʡʜʘ, 

ʙײʣ ʜʠʥʘʤʠʢʘʣʳץ ʤʦʜʝʣʴ ʧʘʡʜʘʣʳ ʞװʢʪʝʤʝʥʽש ʘʫʳʪץʫʳʥ ʝʩʢʝʨʤʝʜʽ. ɾײʤʳʩʪʘ [10 ï 13] 

ʘʨץʘʣʳץʪʳש ʜʠʥʘʤʠʢʘʣʳץ ʤʽʥʝʟ-ײץʣץʳʥʘ ʘʨץʘʣʳץʪʳש ʤʘʩʩʘʩʳ, ץʦʟסʘʣʘʪʳʥ ʞװʢ, ʞװʢʪʽש 

 ʪʳ ʢᴇʧʪʝʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨ ᴅʩʝʨ ʝʪʝʪʽʥʜʽʛʽץʘʣʘʨʳ ʩʠʷץʳ ʞᴅʥʝ ʙʘʩסʞʳʣʜʘʤʜʳ שʢʪʽװʜʝʫʽ, ʞװ

ʢᴇʨʩʝʪʽʣʜʽ. 

ɹײʣ ʤʘץʘʣʘʜʘ ʙʽʟ ʪʝʢ ʧʘʡʜʘʣʳ ʞװʢʪʝʤʝ ʤʝʥ ʢʨʘʥ ʘʨץʘʣʳסʳʥʳש ʜʽʨʽʣʽ ʘʨʘʩʳʥʜʘסʳ 

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʜʽ ʟʝʨʪʪʝʫʛʝ ʪʳʨʳʩʘʤʳʟ. ɼʠʥʘʤʠʢʘʣʳץ ʪʝשʜʝʫʣʝʨʜʽ ʰʝʰʫʜʝʛʽ ʥʝʛʽʟʛʽ 

ʤᴅʩʝʣʝ ʧʘʡʜʘʣʳ ʞװʢʪʝʤʝʥʽש ʪʝʨʙʝʣʫ ʝʨʢʽʥʜʽʛʽʥʽש ʜᴅʨʝʞʝʩʽ ץʦʩʳʣסʘʥ ʢʝʟʜʝ ʧʘʡʜʘ ʙʦʣʘʜʳ, 

ᴇʡʪʢʝʥʽ ʙײʣ ʢᴇʙʽʨʝʢ ʵʬʬʝʢʪʪʝʨ ʤᴅʩʝʣʝʩʽʥ ʪʫʜʳʨʘʜʳ. ɹײʣ ʞײʤʳʩʪʘ ʠʢʝʤʜʽ ʢʨʘʥ 

ʘʨץʘʣʳסʳʥʘʥ, ʘʨʙʘʜʘʥ ʞᴅʥʝ ʙʝʣʩʝʥʜʽ ʧʘʡʜʘʣʳ ʞװʢʪʝʤʝʜʝʥ ʪײʨʘʪʳʥ ʢᴇʧ ʤʘʩʩʘʣʳ ʢʨʘʥʥʳש 

ʜʠʥʘʤʠʢʘʣʳץ ʤʦʜʝʣʽ ʞʘʩʘʣʜʳ. ɽʢʽʥʰʽʜʝʥ, ʙײʣ ʞװʡʝ װʰʽʥ ʜʽʨʽʣ ʪʝשʜʝʫʽ ʃʘʛʨʘʥʞ 

ʪʝשʜʝʫʽʥʝʥ ʰʳסʘʨʳʣʜʳ. ɸץʳʨʣʳ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʘʨץʘʥʥʳש ᴅʨ ʪװʨʣʽ 

 ʪʳץʪʝʨʙʝʣʽʩʽ ʩʠʷ שʢʪʝʤʝʥʽװʳ ʧʘʡʜʘʣʳ ʞסʢʪʝʤʝ ʤʘʩʩʘʩʳʥʜʘװʳ ʤʝʥ ʧʘʡʜʘʣʳ ʞסʟʳʥʜʳײ

ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ ʢʨʘʥʥʳש ʤʝʪʘʣʣ ײץʨʳʣʳʤʳʥʳש ʤʝʥʰʽʢʪʽ ʪʝʨʙʝʣʽʩʪʝʨʽʥʽש 

ʞʠʽʣʽʢʪʝʨʽ ʤʝʥ ʬʦʨʤʘʣʘʨʳ ᴇʪʧʝʣʽ ʧʨʦʮʝʩʪʽ ʞᴅʥʝ ʘʨץʘʣʳץʪʳש ʜʽʨʽʣ ʞʠʽʣʽʛʽʥʽש ʨʝʘʢʮʠʷʩʳʥ 

ʦʜʘʥ ᴅʨʽ ʙʘסʘʣʘʫ ʤʘץʩʘʪʳʥʜʘ ʘʥʳץʪʘʣʜʳ. 

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ-20 ʪʦʥʥʘסʘ ʜʝʡʽʥʛʽ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ 

ʘʩʧʘʣʳ ʢʨʘʥʳ. ɾװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ 20 ʪʦʥʥʘʣʳץ ʘʩʧʘʣʳ ʢʨʘʥʳ ʞװʢ ײʩʪʘʡʪʳʥ ʵʣʝʤʝʥʪʢʝ 

(ʪʨʘʚʝʨʩ, ʛʨʝʡʬʝʨ, ʤʘʛʥʠʪ ʞᴅʥʝ ʪ.ʙ.) ʙʘʡʣʘʥʳʩʪʳ ʢʝʟ ʢʝʣʛʝʥ ʩʠʧʘʪʪʘסʳ ʘʫʳʨ ʞװʢʪʝʨʤʝʥ 

(ʩʫʩʳʤʘʣʳ, ʘʛʨʝʛʘʪʪʘʣסʘʥ ʞᴅʥʝ ʪ. ʙ.) ʞײʤʳʩ ʽʩʪʝʫʛʝ ʘʨʥʘʣסʘʥ. ʂʨʘʥʥʳש ʞײʤʳʩʳ ʢʝʣʝʩʽ 

ᴅʨʝʢʝʪʪʝʨ ʪᴅʨʪʽʙʽʤʝʥ ʞװʨʝʜʽ - ᴅʜʝʪʪʝ ʢᴇʣʽʢʢʝ ʢʽʨʝʙʝʨʽʩʽ ʙʘʨ ʢʨʘʥ ʞʦʣʜʘʨʳ ʙʦʡʳʤʝʥ 

 ʘץץʘʣʳץʢʦʥʩʪʨʫʢʮʠʷʩʳ ʪʽʨʝʫʽʰʪʝʨʽ ʙʘʨ ʥʝʛʽʟʛʽ ʘʨ שʩʫ. ʂʨʘʥʥʳװʘʣʘʪʳʥ ʢᴇʪʝʨʽʣʫ ʞᴅʥʝ ʪסʦʟץ

ʠʝ. ɸʨץʘʣʳץʪʘʨʜʘסʳ ᴇʟ ʞʦʣʜʘʨʳʤʝʥ ʞʝʢʝ ʧʦʣʠʩʧʘʩʪʳ ʙʘʨ ʞװʢ ʘʨʙʘʩʳ ץʦʟסʘʣʘʜʳ. 2 

ʩʫʨʝʪʪʝ ʢʨʘʥʥʳש ʩʳʟʙʘʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ: 

 
 

2 ʩʫʨʝʪ  - ɸʩʧʘʣʳ ʢʨʘʥʳʥʳש ʩʭʝʤʘʩʳ 
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ʕʢʨʘʥʜʘ ʘʨץʘʥ ʪʘʨʪץʳʰʳ ʙʘʨ ʘʨʙʘ ʦʨʥʘʪʳʣסʘʥ. ʀʽʣʛʽʰ ʞʝʪʝʛʽ ʙʘʨ ʞװʢ ʘʨʙʘʣʘʨʳ 

ʥʝʛʽʟʽʥʝʥ ʘʫʳʨ ʞᴅʥʝ ʦʨʪʘʰʘ ʞװʢʪʝʨ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ʜʠʟʘʡʥʥʳש ʙʘʩʪʳ 

ʘʨʪʳץʰʳʣʳסʳ-ʘʨץʘʥ ʪʘʨʪʫ ʤʝʭʘʥʠʟʤʽ ʘʨʙʘʥʳש ʤʘʩʩʘʩʳʥ ʞᴅʥʝ ʦʥʳש ʞʘʣʧʳ ᴇʣʰʝʤʜʝʨʽʥ 

ʘʡʪʘʨʣʳץʪʘʡ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [14]. ɼᴇשʛʝʣʝʢʪʝʨʜʽ ʨʝʣʴʩʪʝʨʤʝʥ ʽʣʽʥʽʩʫ ʙʦʡʳʥʰʘ 

ʰʝʢʪʝʫʣʝʨʜʽש ʙʦʣʤʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʤײʥʜʘʡ ʩʭʝʤʘʜʘ װʣʢʝʥ װʜʝʫʣʝʨʤʝʥ ʞᴅʥʝ ʢᴇʣʙʝʫ 

ʞʦʣʤʝʥ ʘʨʙʘʥʳץ שʦʟסʘʣʳʩʳ ʤװʤʢʽʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʰʘסʳʥ ʨʝʜʫʢʪʦʨʣʘʨʤʝʥ ץʦʟסʘʣʳʩ 

ʤʝʭʘʥʠʟʤʜʝʨʽʥ ʞʠʥʘץʪʘʫʜʘ ץʠʳʥʜʳץʪʘʨ ʙʘʨ. ʄײʥʜʘʡ ʘʨʙʘʣʘʨʜʳש ʙʘʨʣʳץ ʢʝʤʰʽʣʽʢʪʝʨʽʥʝ 

 ʘʣʳʩסʦʟץ ʳʰʳ ʙʘʨ ʘʨʙʘʣʘʨ ʢʽʰʢʝʥʪʘʡ ʨʝʜʫʢʪʦʨʣʘʨʤʝʥץʘʥ ʪʘʨʪץʘʨʘʤʘʩʪʘʥ, ʘʨץ

ʤʝʭʘʥʠʟʤʜʝʨʽʥ ʞʠʥʘץʪʘʫ ץʠʳʥʜʳץʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʢᴇʙʽʥʝʩʝ ʞʘשʘʜʘʥ ʝʥʛʽʟʽʣʛʝʥ ʢʨʘʥ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʜʘ ʘʩʧʘʣʳ ʘʨʙʘʣʘʨ ץʦʣʜʘʥʳʣʘʜʳ.  

ɸʩʧʘʣʳ ʢʨʘʥʥʳש ʜʠʥʘʤʠʢʘʣʳץ ʤʦʜʝʣʽʥ ײץʨʫ ʢʝʟʽʥʜʝ ʝʢʽ ʘʡʥʳʤʘʣʳ ʤʘʪʝʨʠʘʣʜʳץ 

ʥװʢʪʝʣʝʨ ʞװʡʝʩʽ ʙʘʨ ʞᴅʥʝ ʙʘץʳʣʘʫʜʳ ץʘʞʝʪ ʝʪʝʪʽʥ ײץʨʳʣʳʤʜʳץ ʩʭʝʤʘ ʪʘשʜʘʣʜʳ. 

ɾװʡʝʥʽש ʤʝʭʘʥʠʢʘʣʳץ ʤʦʜʝʣʽ.  

ʂʨʘʥʜʘʨʜʳ ʤʦʜʝʣʴʜʝʫ ʘ) ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʘʨץʘʣʳץץʘ ʞʳʣʞʳʪʫ װʰʽʥ ʢװʰ 

 ʘʥ ʢʦʦʨʜʠʥʘʪʪʘʨʜʳסʰʪʝʨ ʤʝʥ ʞʘʣʧʳʣʘʥװʦʣʜʘʥʳʣʘʜʳ (3-ʩʫʨʝʪ) ʞᴅʥʝ ʢץ ʦʣʜʘʥʫ ʩʝʨʽʧʧʝʩʽץ

ʢᴇʨʩʝʪʝʪʽʥ ʝʩʝʧʪʝʣʛʝʥ ʤʝʭʘʥʠʢʘʣʳץ ʩʭʝʤʘʜʘʥ ʙ) ʙʘʩʪʘʣʜʳ.  
 

         
                           

ʘ)                                                                     ʙ) 
 

3 ʩʫʨʝʪ-ʂʨʘʥʥʳש ʤʝʭʘʥʠʢʘʣʳץ ʩײʣʙʘʩʳ 

 

ɹײʣ ʞװʡʝ װʰʽʥ ʙʘʩʪʘʧץʳʜʘ ʢʠʥʝʪʠʢʘʣʳץ ʞᴅʥʝ ʧʦʪʝʥʮʠʘʣʜʳץ ʵʥʝʨʛʠʷʣʘʨ 

ʝʩʝʧʪʝʣʝʪʽʥ ʃʘʛʨʘʥʞ ʤʦʜʝʣʽ ʞʘʩʘʣʜʳ [15]. ɹײʣ ʤʦʜʝʣʴ װʰʽʥ M ï ʘʨʙʘʥʳש (ʦʙʲʝʢʪ 

ʪʝʤʽʨʞʦʣʜʘ) ʩʘʣʤʘסʳ, 1mï ʤʘʷʪʥʠʢʪʽש ʩʘʣʤʘסʳ,2m ï ʤʘʷʪʥʠʢʪʽש ᴇʟʝʢʰʝʩʽʥʽש ʩʘʣʤʘסʳ, q ï 

ʪʽʢ ʞᴅʥʝ  ʘʨץʘʥ ʘʨʘʩʳʥʜʘסʳ ʙײʨʳʰ, ʞװʢʪʽש, l ï ʘʨץʘʥʥʳײ שʟʳʥʜʳסʳ, ʭ ï ʘʨʙʘʥʳש ʦʨʳʥ 

ʘʫʳʩʪʳʨʫʳ. 

1 ʰʽ ʬʦʨʤʫʣʘʜʘ ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʷ ʪʝשʜʝʫ ʘʨץʳʣʳ ʢᴇʨʩʝʪʽʣʛʝʥ  
 

,                                                                             (1) 

 

ʤײʥʜʘסʳm - ʤʘʩʩʘ,  - ʞʳʣʜʘʤʜʳץ, ʘ - ʜʝʥʝʥʽש ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʷʩʳ.  

ɹײʣʞʝʨʜʝ װʰʜʝʥʝ, ʘʨʙʘ, ʤʘʷʪʥʠʢ ʞᴅʥʝʘʨץʘʥ ʙʘʨ. 2 ʰʽ ʬʦʨʤʫʣʘʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, 

ʘʨʙʘʥʳשʢʠʥʝʪʠʢʘʣʳץʵʥʝʨʛʠʷʩʳ: 
 

                                                                               (2) 

 

ʄʘʷʪʥʠʢʪʽש ʪʨʘʥʩʣʷʮʠʷʣʳץ ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʷʩʳ: 
 

,                                     (3) 

 

ʤʘʷʪʥʠʢ ʘʨץʘʥʳʥʳש ʪʨʘʥʩʣʷʮʠʷʣʳץ ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʷʩʳ: 
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                                  (4) 

 

ʄʘʷʪʥʠʢʪʽʢ ʘʨץʘʥʥʳש ʘʡʥʘʣʫ ʵʥʝʨʛʠʷʩʳ: 
 

                                                                        (5) 

 

ɾᴅʥʝ ʤʘʷʪʥʠʢʪʽש ʘʡʥʘʣʫ ʵʥʝʨʛʠʷʩʳ: 
 

,                                                                 (6) 

 

ʤײʥʜʘסʳ - ʪʘʩʳʤʘʣʜʘʥʘʪʳʥ ʞװʢʪʽ ʤʦʜʝʣʴʜʝʡʪʽʥ ʩʬʝʨʘʥʳש ʨʘʜʠʫʩʳ 

 

ɾϮʡʝʥʽϬ ϸʣʝʫʝʪʪʽ ʵʥʝʨʛʠʷʩʳ 

ʗסʥʠ, ʞװʡʝ ʩʝʨʽʧʧʝ ʤʝʥ ʤʘʷʪʥʠʢʪʝ ᴅʣʝʫʝʪʪʽ ʵʥʝʨʛʠʷʥʳ ʩʘץʪʘʡʜʳ, 
 

,                                                                                 (7) 
 

ʙײʣ ʞʝʨʜʝ- ʩʝʨʽʧʧʝʣʽ ʪײʨʘץʪʳ. ʄʘʷʪʥʠʢʪʽש ᴅʣʝʫʝʪʪʽ ʵʥʝʨʛʠʷʩʳ: 
 

,                                                     (8) 
 

ʤײʥʜʘסʳ ʛʨʘʚʠʪʘʮʠʷʣʳװ ץʜʝʫ ʰʘʤʘʩʳʥ ʙʽʣʜʽʨʝʜʽ. 

 

ʕʡʣʝʨ-ʃʘʛʨʘʥʞ ʪʝשʜʝʫʽ. 

ʂʝʟ ʢʝʣʛʝʥ ʞװʡʝʥʽש ʣʘʛʨʘʥʞʜʳ ʬʫʥʢʮʠʷʩʳ ʘʨץʳʣʳ ʘʥʳץʪʘʣʘʜʳ 
 

,                                                                                (9) 
 

ʄײʥʜʘסʳ  - ʢʠʥʝʪʠʯʝʩʢʘʣʳץ ʵʥʝʨʛʠʷ, ʘʣ  - ʧʦʪʝʥʮʠʘʣʜʳץ, ʩʦʥʜʳץʪʘʥ ʙײʣ ʤʦʜʝʣʴ 

 ,ʰʽʥװ
 

(10) 
 

ʕʡʣʝʨ-ʃʘʛʨʘʥʞ ʪʝשʜʝʫʣʝʨʽ ʢʝʣʝʩʽʪʝשʜʝʫ ʘʨץʳʣʳ ʙʝʨʽʣʛʝʥ 
 

                                                      (11) 

 

ʤײʥʜʘסʳ  ʞʘʣʧʳʣʘʥסʘʥ ʝʨʢʽʥʜʽʢ ʜᴅʨʝʞʝʣʝʨʽʥ ʙʽʣʜʽʨʝʜʽ, ʙײʣ ʞʘסʜʘʡʜʘ ʝʢʽ ʝʨʢʽʥʜʽʢ 

ʜᴅʨʝʞʝʩʽ ʙʘʨ, ʦʣʘʨ  ʞᴅʥʝ x, ʜʝʤʝʢ, ʪʝשʜʝʫʜʝʥ 
 

                                                                  (12) 

 

                                                                   (13) 

 

(12) ʞᴅʥʝ (13) ʪʘʨʤʘץʪʘʨʳʥʘʥ ʤʝʭʘʥʠʢʘʣʳץ ʤʦʜʝʣʴ װʰʽʥ ʕʡʣʝʨ-ʃʘʛʨʘʥʞ ʪʝשʜʝʫʽ 

ʘʣʳʥʜʳ. 
 

= 0,                                  (14) 

 

                                     (15) 
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ʤײʥʜʘ, 
 

,                                                              (16) 

 

,                                                                                 (17) 

 

                                                                         (18) 

 

ʉʘʥʜʳϨ ʤʦʜʝʣʴ. 

ʂʨʘʥʥʳש ʩʘʥʜʳץ ʤʦʜʝʣʽʥ ײץʨʫ װʰʽʥ ʪʝשʜʝʫʣʝʨʜʝʛʽ ʪײʨʘץʪʳ ʤᴅʥʜʝʨʜʽ ʘʣʤʘʩʪʳʨʘʪʳʥ 

ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʜʽש ʥʘץʪʳ ʤᴅʥʜʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ʤᴅʥʜʝʨ ᴅʜʝʙʠ ʜʝʨʝʢʢᴇʟʜʝʨʜʽ ʪʘʣʜʘʫ 

ʘʨץʳʣʳ ʘʣʳʥʜʳ. 

ʊʝשʜʝʫʣʝʨʜʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʤʦʜʝʣʴʜʝʥʝʪʽʥ ʞװʡʝʥʽש ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹʽʨʢʝʣʢʽ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʝ ʞʘʪʘʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨ 

ʘʣʜʳʤʝʥ ʝʩʝʧʪʝʣʽʥʜʽ:  

1) ɾװʢ ʘʨʙʘʩʳʥʳש ʩʘʣʤʘסʳ ʘʥʳץʪʘʣʜʳ [16]: 
 

 
 

ʤײʥʜʘסʳ - ʢʨʘʥʥʳש ʞװʢ ʢᴇʪʝʨʽʤʜʽʣʽʛʽ, ʢʛ 

2)ɸʨץʘʥʥʳץ שʘʪʪʳʣʳסʳ 
 

 
 

ʤײʥʜʘסʳ  

  

 

 1 ʢʝʩʪʝ-ʄʦʜʝʣʴʜʝʛʽ ʪײʨʘץʪʳ ʤᴅʥʜʝʨ 

 

ʄᴅʥ  ʄʘrסʥʘʩʳ  

l 

g 

K 

 

 
M 

r 

 

= 10 [ʤ] 

= 9.81 [ʤ/ʩ2] 

= 40 [ʢʅ/ʤ] 

= 20  103[Kg]  

= 120,01  [Kg]  

= 5  103 [Kg]  

=1 ʤ   

 

 

ʆʩʳ ʤᴅʥʜʝʨʜʽ (14) ʞᴅʥʝ (15) ʪʝשʜʝʫʣʝʨʽʥʝ ʘʫʳʩʪʳʨʘ ʦʪʳʨʳʧ, 
 

= 0,                                       (19) 
 

              (20) 

 

ɹʘʩʪʘʧץʳ ʰʘʨʪʪʘʨʜʳ ʘʥʳץʪʘʫ װʰʽʥ ʞװʡʝʥʽש ʧʦʪʝʥʮʠʘʣʜʳץ ʵʥʝʨʛʠʷʩʳʥ ץʘʨʘʩʪʳʨʫסʘ 

ʙʦʣʘʜʳ. ɹײʣ ʤʦʜʝʣʴʜʝ ʦʣ ʝʢʽ ʙᴇʣʽʢʪʝʥ ʪײʨʘʜʳ: ʩʝʨʽʧʧʝʤʝʥ ʞʠʥʘʣʘʪʳʥ ʵʥʝʨʛʠʷ ʞᴅʥʝ ɗ 

ʙײʨʳʰʳ ʥᴇʣʛʝ ʪʝש ʙʦʣʤʘסʘʥ ʢʝʟʜʝ ʤʘʷʪʥʠʢʧʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʵʥʝʨʛʠʷ. ɾװʡʝʥʽש                          

ʪʦʣʳץ ʧʦʪʝʥʮʠʘʣʜʳץ ʵʥʝʨʛʠʷʩʳʥ ʢʝʣʝʩʽʜʝʡ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ: 

= 0 (19)  ʞᴅʥʝ  

  (20) 
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                          (21) 

 

ʊײʨʘץʪʳʣʘʨʜʳש ʩʘʥʜʳץ ʤᴅʥʜʝʨʽʥ ʘʫʳʩʪʳʨʫ (21) ʪʝשʜʝʫʜʽ ʬʦʨʤʘʜʘ ץʘʡʪʘ ʞʘʟʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ 
 

 .                                       (22) 
 

(19) ʞᴅʥʝ (20) ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʦʨʪʘʜʘ PYTON ʢᴇʤʝʛʽʤʝʥ 

ʰʝʰʝʤʽʟ, ʘʣʛʦʨʠʪʤ ʢʦʜʪʘʨʳ ʪᴇʤʝʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ, ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽ 

ʈʫʥʛʝ ïʂʫʪʪʘ ᴅʜʽʩʽʤʝʥ ʰʝʰʽʣʝʜʽ.  

ɾװʡʝ ץʘʙʳʣʜʘʡ ʘʣʘʪʳʥ ʵʥʝʨʛʠʷʥʳש ʰʝʢʩʽʟ ʤᴅʥʜʝʨʽ ʙʘʨ, ʜʝʛʝʥʤʝʥ, ʙʽʟʜʽ ʤʦʜʝʣʴʜʽ 

ʘʨʘʣʘʩץʘʥ ʞװʡʝʛʝ ʘʡʥʘʣʤʘʡʪʳʥʜʘʨ סʘʥʘ ץʳʟʳץʪʳʨʘʜʳ, ᴇʡʪʢʝʥʽ ʦʣ ʢʦʥʩʝʨʚʘʪʠʟʤʜʽ 

ʞʦʙʘʣʘʡʜʳ, ʷסʥʠ. ʤʘʷʪʥʠʢʪʽש ʙʘʩʪʘʧץʳ ʢװʡʽʥʝ ʞᴅʥʝ ʩʝʨʽʧʧʝʥʽץ שʳʩʳʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʵʥʝʨʛʠʷʥʳש ʧʘʡʜʘ ʙʦʣʫʳ ʥʝʤʝʩʝ ʞʦסʘʣʫʳ, ʜʝʤʝʢ, ʙʘʨ ʵʥʝʨʛʠʷ ʜʝשʛʝʡʽ ʙʦʣʤʘʡʜʳ. ʉʝʨʽʧʧʝ 

 ʦʨʥʘʣʘʩʫʳ ץʨʳʰʪʳײʙ שʘ ʙʦʣʘʜʳ, ʘʣ ʤʘʷʪʥʠʢʪʽסʰʽʥ -0,1-ʜʝʥ 0,1-ʛʝ ʜʝʡʽʥʛʽ ʤᴅʥʜʝʨʜʽ ʘʣʫװ

 ץʰʽʥ ʛʨʘʬʠʢʘʣʳװ ʤᴅʥʜʝʨ ץʰʽʥ -  ́ʞᴅʥʝ .́ ʆʩʳ ʤᴅʥʜʝʨʜʝʥ 0, 0,1 ʞᴅʥʝ 0,2 ʵʥʝʨʛʝʪʠʢʘʣʳװ

ʢʦʥʪʫʨʣʘʨʜʳ ײץʨʫסʘ ʙʦʣʘʜʳ, ʝʛʝʨ ʘʥʳץʪʘʤʘʣʳץ ʞװʡʝ (ʥᴇʣʜʽʢ ʧʦʪʝʥʮʠʘʣʜʳץ ʵʥʝʨʛʠʷ) 

ʤʘʷʪʥʠʢʪʽש ʘʡʥʘʣʫ ʦʨʪʘʣʳסʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ. 3-ʩʫʨʝʪʪʝ ʞװʡʝʥʽש ʧʦʪʝʥʮʠʘʣʜʳץ ʵʥʝʨʛʠʷ 

ʜʝשʛʝʡʣʝʨʽ, ʘʣ 4-ʩʫʨʝʪʪʝ װʰ ʪװʨʣʽ ʵʥʝʨʛʠʷ ʜʝשʛʝʡʽʥʽש ʢʦʥʪʫʨʣʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

4 ʩʫʨʝʪ - ʇʦʪʝʥʮʠʘʣʜʳ ʵʥʝʨʛʠʷ ʬʫʥʢʮʠʷʩʳʥʳש ʞʘʫʘʙʳ. ʘ) ʞʘʫʘʧ ʙʝʪʽ ʙ) ʜʝשʛʝʡ 

ʠʟʦʩʳʟʳץʪʘʨʳ 

 

ɸʣסʘʰץʳ ʰʘʨʪʪʘʨʜʳ ʘʥʳץʪʘʡ ʦʪʳʨʳʧ ʥᴇʣʜʽʢ ʵʥʝʨʛʠʷ ʜᴅʨʝʞʝʩʽʥ ʘʣʫ װʰʽʥ, ʪײʨʘץʪʳ 

 ʪʘ ʙʘʡʣʘʥʳʩʪʳץʩʳʟʳ ץʠʩʳץ ʦʩʳ ,(ʪʳץ4-ʩʫʨʝʪʪʝʛʽ ʛʨʘʬʠʢ ʩʠʷ) ʳʤʝʥ ʞʘʙʘʪʳʥסʪʦʣʳ ץʠʩʳץ

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʰʝʰʫ װʰʽʥ ʙʘʩʪʘʧץʳ ʞʘסʜʘʡʣʘʨʜʳש ʤᴅʥʜʝʨʽ ʘʣʳʥʘʜʳ. (19) ʞᴅʥʝ (20) 

ʪʝשʜʝʫʣʝʨ. ʓסשʘʡʣʳʣʳװ ץʰʽʥ ʤᴅʥ ʥᴇʣʛʝ ʪʝץ שʘʙʳʣʜʘʥʘʜʳ, ɗ = 0, ʦʣ װʰʽʥ x = 0,5 ʤ. 

ʉʦʥʳʤʝʥ ʙʘʩʪʘʧץʳ ʰʘʨʪʪʘʨ 

 

2 ʢʝʩʪʝ - ɹʘʩʪʘʧץʳ ʰʘʨʪʪʘʨ 

 

ɹʘʩʪʘʧץʳ ʰʘʨʪʪʘʨ 

x(0)         = 0,5 ʤ  

 

 
_  

 

ɼʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʝʩʝʧʪʝʫ ʢʝʟʽʥʜʝ PYTON ʫʘץʳʪ ʚʝʢʪʦʨʳ ʤʝʥ 

ʪᴇʨʪ ʞʦʣʜʘʥ ʪײʨʘʪʳʥ ʤʘʪʨʠʮʘʥʳ ץʘʤʪʠʪʳʥ ײץʨʳʣʳʤʜʳ ץʘʡʪʘʨʘʜʳ, ʦʣʘʨʜʳש ᴅʨʙʽʨ ʨʝʪʽ 

ʪʠʽʩʽʥʰʝ x, , ɗ ʞᴅʥʝʙʦʣʘʪʳʥ ʘʡʥʳʤʘʣʳʣʘʨʜʳש ʰʝʰʽʤʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
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 ʳסʘʥʜʘץʨʣʽ ʢʦʤʙʠʥʘʮʠʷʣʘʨʳ ʙʘʨ ʘʨװʢʪʝʤʝʩʽ  ᴅʨʪװʳ  ʞᴅʥʝ ʧʘʡʜʘʣʳ ʞסʟʳʥʜʳױ

ʞװʢʪʝʤʝ ʪʝʨʙʝʣʽʩʪʝʨʽʥʽש ʞʠʽʣʽʛʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʝʩʝʧʪʝʫ ʪᴅʞʽʨʠʙʝʣʝʨʽ ʞװʨʛʽʟʽʣʜʽ.ɿʝʨʪʪʝʫ 

 ץʜʘʣʜʳ, ʦʣ ʙʘʨʣʳשʞʦʩʧʘʨ ʪʘ ץʢʦʤʧʦʟʠʮʠʷʣʳ ץʨʳʣʜʳ. ʆʨʪʘʣʳײץ ʰʽʥ ʪᴅʞʽʨʠʙʝ ʞʦʩʧʘʨʳװ

ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ, ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʥʝʛʽʟʛʽ ʜʝשʛʝʡʽʥʽש ʦʨʪʘʩʳʥʳש ʘʡʥʘʣʘʩʳʥʜʘ ʩʠʤʤʝʪʨʠʷʣʳ 

ʪװʨʜʝ ʦʨʥʘʣʘʩʫʳʤʝʥ ʞᴅʥʝ ʜᴅʡʝʢʪʽ ʪװʨʜʝ ʩʘʣʳʥʫʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ (3-ʢʝʩʪʝ). ɹײʣ ʞʘסʜʘʡʜʘ 

ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽש ʞʘʣʧʳ ʩʘʥʳ 4 ʙʦʣʜʳ, 2 - ᴅʨʙʽʨ ʬʘʢʪʦʨʜʳש ʜʝשʛʝʡʣʝʨʽʥʽש ʩʘʥʳ; 2 - 

ʬʘʢʪʦʨʣʘʨʜʳש ʩʘʥʳ. ɸʨץʘʥʥʳײ שʟʳʥʜʳסʳ ʤʝʥ ʧʘʡʜʘʣʳ ʞװʢʪʽש ʤʘʩʩʘʩʳ ᴅʨ ʪװʨʣʽ 

ʙʦʣʜʳ.ɹʘʨʣʳץ ʬʘʢʪʦʨʣʘʨ ʙʽʨ ʫʘץʳʪʪʘ ᴇʟʛʝʨʜʽ. 

 

3 ʢʝʩʪʝ -ʕʢʩʧʝʨʠʤʝʥʪʪʽ ʞʦʙʘʣʘʫ ʤʘʪʨʠʮʘʩʳ 

 

ʕʢʩʧʝʨʠʤʝʥʪ  -ʙʽʨʽʥʰʽ 

ʬʘʢʪʦʨ ʙʝʣʛʽʩʽ 

- ʝʢʽʥʰʽ 

ʬʘʢʪʦʨ ʙʝʣʰʽʩʽ 

-ʞװʢ 

ʩʘʣʤʘסʳ, 

ʢʛ 

-ʢᴇʪʝʨʫ 

ʙʠʽʢʪʽʛʽ, 

ʤ 

-

ʞʘʫʘʧɻʮ 

ˉ 1 ʇʣʶʩ 1 ʇʣʶʩ 1 20  8  
ˉ 2 ʄʠʥʫʩ 1 ʇʣʶʩ 1 5  8  
ˉ 3 ʇʣʶʩ 1 ʄʠʥʫʩ 1 20  2  
ˉ 4 ʄʠʥʫʩ 1 ʄʠʥʫʩ 1 5  2 32.89 

 

ɹײʣ ʝʩʝʧʪʝʫ ʵʢʩʧʝʨʠʤʝʥʪʽ ץʳʟʳץʪʳ, ʦʣ ʥʦʨʤʘʣʘʫ ʧʨʦʮʝʜʫʨʘʩʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, 

ʞʘʫʘʧ ʙʝʪʽʥ ʪײʨסʳʟʫ ʘʨץʳʣʳ ʞװʢʪʽש ʪʝʨʙʝʣʽʩ ʞʠʽʣʽʛʽʥʽש ʘʨץʘʥ ײʟʳʥʜʳסʳʥʘ ʞᴅʥʝ ʞװʢʪʽש 

ʤʘʩʩʘʩʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽʥ ʝʣʝʩʪʝʪʫʛʝ ʙʦʣʘʜʳ. ʄײʥʜʘʡ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ץʘʫʽʧʪʽ 

ʪʝʨʙʝʣʽʩ ʞʠʽʣʽʢʪʝʨʽʥ ʙʦʣʜʳʨʤʘʫ ʞᴅʥʝ ʢʨʘʥ ʘʨץʘʣʳץʪʘʨʳʥʳש ʪʝʨʙʝʣʽʩʪʝʨʽʥ ʘʟʘʡʪʫ װʰʽʥ 

ʘʨץʘʥ ײʟʳʥʜʳסʳ ʤʝʥ ʞװʢʪʝʤʝ ʤʘʩʩʘʩʳʥʳש ʢʦʤʙʠʥʘʮʠʷʩʳʥ ʪʘשʜʘʫ ʙʦʡʳʥʰʘ ײʩʳʥʳʩʪʘʨ 

ᴅʟʽʨʣʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

ʅᴅʪʠʞʝʣʝʨ. 

ɼʠʥʘʤʠʢʘʣʳץ ʝʩʝʧʪʝʫʜʽש ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʽ ʵʣʝʤʝʥʪʪʝʨʜʽש ʪʘʙʠסʠ ʪʝʨʙʝʣʽʩ ʞʠʽʣʽʢʪʝʨʽʥ 

ʘʥʳץʪʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʪʘʣʜʘʫ ײץʨʳʣʳʤʜʳץ ʵʣʝʤʝʥʪʪʝʨʜʽש ʪʘʙʠסʠ ʞᴅʥʝ ʤᴅʞʙװʨʣʽ 

ʪʝʨʙʝʣʽʩʪʝʨʽʥʽש ʞʠʽʣʽʢʪʝʨʽʥʽש ʳץʪʠʤʘʣ ʩᴅʡʢʝʩʪʽʛʽʥ ʞʦʶ װʰʽʥ ץʘʞʝʪ. ɹʦʣʘʰʘץʪʘ ʙײʣ 

ʞʘסʜʘʡʜʘ ʢʨʘʥʥʳש ʤʝʪʘʣʣ ײץʨʳʣʳʤʳʥʳש ʪʝʨʙʝʣʽʩʪʝʨʽʥʽץ שʦʟסʘʫʰʳ ʢװʰʽ ʨʝʪʽʥʜʝ 

 ʫץʡʜʝʥ ʘʫʳʪװʪʽʢ ʢ שʘʥʥʳץʵʣʝʤʝʥʪʪʝʨ ʘʣʳʥʘʜʳ. ɼʝʤʝʢ, ʘʨ ץʨʳʣʳʤʜʳײץ ʘʣʘʪʳʥסʦʟץ

ʞʠʽʣʽʢʪʝʨʽ ʤᴅʞʙװʨʣʽ ʪʝʨʙʝʣʽʩʪʝʨʜʽש ʞʠʽʣʽʢʪʝʨʽ ʨʝʪʽʥʜʝ ץʘʙʳʣʜʘʥʘʜʳ. ʊʘʙʠסʠ ʞʠʽʣʽʢʪʝʨʜʽ 

ʘʥʳץʪʘʫ װʰʽʥ ʩʦסשʳ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥ ʞᴅʥʝ ʞץײʘ ץʘʙʳʨסʘʣʳ ײץʨʳʣʳʤʜʘʨʜʳ ʝʩʝʧʪʝʫ װʰʽʥ 

ʘʥʘʣʠʪʠʢʘʣʳץ ᴇʨʥʝʢʪʝʨʜʽ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ɾײʤʳʩʪʘʨʜʘ [17] ʪʘʙʠסʠ ʞʠʽʣʽʢʪʝʨʜʽש 

ʤᴅʥʜʝʨʽʥʝ ʳסʳʩʫʣʘʨʜʳ ʝʩʝʧʢʝ ʘʣʫʜʳש ʝʣʝʫʣʽ ᴅʩʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʂᴇʧʽʨ ʩᴅʫʣʝʩʽʥʽש ʜʠʥʘʤʠʢʘʩʳʥ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʪʘʙʠסʠ ʞʠʽʣʽʢʪʝʨʜʽ ʘʥʳץʪʘʫ װʰʽʥ 

nastran/PATRAN ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʩʳ ץʦʣʜʘʥʳʣʜʳ. ɸʩʧʘʣʳ ʢʨʘʥʳʥ ʜʠʟʘʡʥ ʤʦʜʝʣʽ 

ᴇʟʝʢ ʵʣʝʤʝʥʪʪʝʨʽʥʝʥ, ץʦʩ ʪʘʚʨʦʣʳ ʘʨץʘʣʳסʳʥʳץ שʠʤʘʩʳʥʘʥ, ʪʽʢʙײʨʳʰʪʳ ץʠʤʘʥʳש 

 ᴇʟʝʢ שʠʤʘʩʳʥʘʥ ʞʘʩʘʣʜʳ, 5-ʩʫʨʝʪʪʝ ʢʨʘʥ ʜʠʟʘʡʥʳʥʳץ שʪʽʨʝʢ ʵʣʝʤʝʥʪʪʝʨʽʥʽ שʙʳʨʳʥʳײץ

ʤʦʜʝʣʽ ʢᴇʨʩʝʪʽʣʛʝʥ 
 

 
 

5 ʩʫʨʝʪ -ɸʩʧʘʣʳ ʢᴇʧʽʨʽ ʞʘץʪʘʫʳʥʳײץ שʨʳʣʳʤʳ 
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ʇʦʨʪʘʣ ʘʨץʘʣʳסʳʥʳץ שʠʤʘʣʘʨʳ ץʦʩ ʪʘʚʨʜʳץ 45 ˉ שʠʤʘʩʳ ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʩװʡʝʥʝ 

ʦʪʳʨʳʧ ʦʨʥʘʪʳʣʜʳ, ʝʩʝʧʪʝʫ װʰʽʥ ʢʽʨʽʩ ʤʘʪʝʨʠʘʣʜʳץ שʘʩʠʝʪʪʝʨʽ ʙʦʣʜʳ (ʙʦʣʘʪ): 

- ʩʝʨʧʽʤʜʽʣʽʢ ʤʦʜʫʣʴ E= 2,1; 

- ʇʫʘʩʩʦʥ ʢʦʵʬʬʠʮʠʝʥʪʽ . 

ɹʦʣʘʪ ʪʳסʳʟʜʳסʳ ʛ ץʠʤʘʣʘʨʜʳש ʛʝʦʤʝʪʨʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʝʩʝʧʪʝʣʜʽ 6 ʩʫʨʝʪʪʝ ץʠʤʘʥʳש ʩʠʧʘʪʪʘʤʘʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

6 ʩʫʨʝʪ -פʠʤʘʥʳש ʛʝʦʤʝʪʨʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʩʳ 

 

ʅᴅʪʠʞʝʩʽʥʜʝ ʘʩʧʘʣʳ ʢʨʘʥʳʥ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש ᴇʟʝʢ ʞװʡʝʩʽʥ ʘץʳʨʣʳ-ʵʣʝʤʝʥʪʪʽʢ 

ʤʦʜʝʣʴʜʝʫ ʤʦʜʝʣʽ 52 ʵʣʝʤʝʥʪʪʝʥ ʪײʨʜʳ , 101 ʞᴅʥʝ 103 ʰʝʰʫʰʽʣʝʨ ʪʘשʜʘʣʜʳ, ʝʩʝʧʪʝʫ ʪװʨʽ 

ʩʪʘʪʠʢʘʣʳץ ʞᴅʥʝ ʤʝʥʰʽʢʪʽ ʪʝʨʙʝʣʽʩʪʝʨ ʪʘשʜʘʣʜʳ. ʄʦʜʝʣʴʜʝʫʛʝ ʤײʥʜʘʡ 1D ʪᴅʩʽʣ 

ʥᴅʪʠʞʝʣʝʨʜʽש ʙʘʨʘʙʘʨʣʳסʳʥ ʙײʨʤʘʣʘʤʘʡʪʳʥʳʥ ʞᴅʥʝ ʤʘʰʠʥʘʥʳש ʝʩʝʧʪʝʫ ʨʝʩʫʨʩʳ 

ʪײʨסʳʩʳʥʘʥ ʘʟ ʰʳסʳʥʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʳʥ ʘʪʘʧ ᴇʪʢʽʤ ʢʝʣʝʜʽ [18]. 

 

ʊʘʣץʳʣʘʫ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʰʝʰʫʜʽש ʥᴅʪʠʞʝʩʽ (19), 

(20) PYTHON ʦʨʪʘʩʳʥʜʘ ʘʫʳʪץʫ ʰʘʤʘʩʳ ɗ ʞᴅʥʝ ʞװʢ ʘʨʙʘʩʳʥʳץ שʦʟסʘʣʫ ʰʘʤʘʩʳ x, ʦʩʳ 

ʰʘʤʘʣʘʨʜʳש ʫʘץʳʪ ʙʦʡʳʥʰʘ ᴇʟʛʝʨʫ ʜʠʘʛʨʘʤʤʘʩʳ ɗ װʰʽʥ 7 - ʩʫʨʝʪʪʝ, ʘʣ X װʰʽʥ 8-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 
 

 
 

7 ʩʫʨʝʪ -ɾװʢʪʝʤʝʩʽ ʙʘʨ ʘʨץʘʥʥʳש ɗ ʘʫʳʪץʫ ʙײʨʳʰʳʥʳש ᴇʟʛʝʨʫ ʜʠʘʛʨʘʤʤʘʩʳ 
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8 ʩʫʨʝʪ -ɾװʢ ʘʨʙʘʩʳʥʳץ שʦʟסʘʣʳʩ ʢʦʦʨʜʠʥʘʪʪʘʨʳʥ ᴇʟʛʝʨʪʫ ʜʠʘʛʨʘʤʤʘʩʳ 

 

5-ʩʫʨʝʪʪʝʛʽ ʜʠʘʛʨʘʤʤʘʣʘʨʜʳ ʪʘʣʜʘʫʜʘʥ ʘʨץʘʥʥʳש ʚʝʨʪʠʢʘʣʴʜʘʥ  120 ʰʘʤʘʩʳʥʘ 

ʤʘʢʩʠʤʘʣʜʳ ʘʫʳʪץʫʳʥʳש ʤᴅʥʽ ʘʡץʳʥ ʢᴇʨʽʥʝʜʽ, ʜʠʘʛʨʘʤʤʘ ʨʘʜʠʘʥʤʝʥ ײʩʳʥʳʣסʘʥ. ɾᴅʥʝ 

ʪʝʧʝ-ʪʝשʜʽʢ ʢװʡʽʥʝʥ ʤʘʢʩʠʤʘʣʜʳ ʘʫʳʪץʫʳ 1,8 ʤ ײץʨʘʡʜʳ. 

ʇʘʡʜʘʣʳ ʞװʢʪʽש ʪʝʨʙʝʣʽʩ ʞʠʽʣʽʛʽʥ ʝʩʝʧʪʝʫ ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ ʞװʢʪʽש ʪʝʨʙʝʣʽʩ 

ʞʠʽʣʽʛʽʥʽש ʬʫʥʢʮʠʷʩʳʥʳש ʞʘʫʘʧ ʙʝʪʽ (9-ʩʫʨʝʪ) ʘʨץʘʥʥʳײ שʟʳʥʜʳסʳ ʤʝʥ ʞװʢʪʽש ʤʘʩʩʘʩʳ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʝʥ ʩʘʣʳʥʜʳ. 

 
 

9 ʩʫʨʝʪ -ʇʘʡʜʘʣʳ ʞװʢʪʽש ʪʝʨʙʝʣʽʩ ʞʠʽʣʽʛʽʥʽש ʬʫʥʢʮʠʷʩʳʥʳש ʞʘʫʘʧ ʙʝʪʽ 

 

ɾװʨʛʽʟʽʣʛʝʥ ʝʩʝʧʪʝʫ ʘʨץʘʥʥʳײ שʟʳʥʜʳסʳ ʤʝʥ ʤʘʩʩʘʩʳʥʳש ᴅʨʪװʨʣʽ 

ʢʦʤʙʠʥʘʮʠʷʣʘʨʳʥʜʘסʳ ʧʘʡʜʘʣʳ ʞװʢʪʽש ʪʝʨʙʝʣʽʩʪʝʨʽʥʽש ʤʝʥʰʽʢʪʽ ʞʠʽʣʽʢʪʝʨʽʥʽײ שʟʳʥʜʳסʳ 

2 ʤ ʞᴅʥʝ ʩʘʣʤʘסʳ 200,2 ɻʮ ʝש ʪᴇʤʝʥʛʽ ʤᴅʥʛʝ ʠʝ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ, ʘʣ ʘʨץʘʥʥʳש 

 ʘʨʳ ʤᴅʥʛʝ ʠʝ. ɾʘʫʘʧ ʙʝʪʽʥסʞʦ שʳ 5 ʢʛ ʢʝʟʜʝ 30 ɻʮ ʝסʳ 2 ʤ ʞᴅʥʝ ʩʘʣʤʘסʟʳʥʜʳײ

 ʳʥʜʘסʟʳʥʜʳײ שʘʥʜʘʨʜʳץʜʘʡʳʥʜʘ ʞᴅʥʝ ʘʨסʢʪʝʤʝ ʞʘװʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʢʝʟ-ʢʝʣʛʝʥ ʞץ

ʧʘʡʜʘʣʳ ʞװʢʪʽש ʪʝʨʙʝʣʽʩ ʞʠʽʣʽʛʽʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ. ʄʝʥʰʽʢʪʽ ʞᴅʥʝ ʤᴅʞʙװʨʣʽ 

ʪʝʨʙʝʣʽʩʪʝʨʜʽש ʞʠʽʣʽʢ ʩᴅʡʢʝʩʪʽʢʪʝʨʽʥ ʫʘץʪʳʣʳ ʘʥʳץʪʘʫ ʞװʡʝʜʝ ʨʝʟʦʥʘʥʩʪʳ ʙʦʣʜʳʨʤʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʤʳʩʘʣʳ, ʵʣʝʢʪʨ ץʦʟסʘʣʪץʳʰʳʥʳש ʪװʨʽʥ ᴇʟʛʝʨʪʫ ʥʝʤʝʩʝ ʘʨץʘʣʳץʪʳש 

ʛʝʦʤʝʪʨʠʷʩʳʥ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ. 

ʂʨʘʥ ʘʨץʘʣʳסʳʥʳש ʙʝʨʽʢʪʽʛʽʥ ʪʘʣʜʘʫ. 

ɸʩʧʘʣʳ ʢʨʘʥʳʥʳײץ שʨʳʣʳʤʳʥ ʩʪʘʪʠʢʘʣʳץ ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ 10-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 
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10 ʩʫʨʝʪ -ɼʠʘʛʨʘʤʤʘ ʘ) ʢʦʥʩʪʨʫʢʮʠʷ ʜʝʬʦʨʤʘʮʠʷʩʳ ʙ) ʢʝʨʥʝʫ ʜʠʘʛʨʘʤʤʘʩʳ 

 

ʂʝʨʥʝʫʣʽ-ʜʝʬʦʨʤʘʮʠʷʣʘʥʘʪʳʥ ʢװʡʜʽ ʪʘʣʜʘʫ ײץʨʳʣʳʤʥʳש ʙʝʨʽʢʪʽʛʽʥʽש ʞʝʪʢʽʣʽʢʪʽ 

ʢʦʵʬʬʠʮʠʝʥʪʽʥ ʢᴇʨʩʝʪʝʜʽ, ʦʩʳʣʘʡʰʘ ʤʘʢʩʠʤʘʣʜʳ ʠʽʣʫ ʢʝʨʥʝʫʽ  =137 ʄʇʘ ʤᴅʥʽʥʝ 

ʞʝʪʝʜʽ, ʙײʣ ʙʝʨʽʢʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ =3,28 450 ʄʇʘ ʙʦʣʘʪ װʰʽʥ ʞᴅʥʝ 

ʘʨץʘʣʳסʳʥʳש ʤʘʢʩʠʤʘʣʜʳ ʘʫʳʪץʫʳ , ʙײʣ , ץʘʪʪʳʣʳץ ʰʘʨʪʳʥʘ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, L - ʙʘʩʪʘʧץʳ ײʟʳʥʜʳץ ʘʨץʘʣʳץʪʘʨ. 

ʂʨʘʥ ʘʨץʘʣʳסʳʥʳש ʪʘʙʠסʠ ʪʝʨʙʝʣʽʩ ʞʠʽʣʽʛʽʥ ʪʘʣʜʘʫ. 

11-ʩʫʨʝʪʪʝ ʢʨʘʥʥʳש ʜʠʟʘʡʥʳ ʢᴇʨʩʝʪʽʣʛʝʥ, ʘʣסʘʰץʳ ʘʣʪʳ ʪʘʙʠסʠ ʞʠʽʣʽʢʢʝ ʩᴅʡʢʝʩ 

ʢʨʘʥʥʳש ʜʝʬʦʨʤʘʮʠʷʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ 
 

 

 
 

11 ʩʫʨʝʪ -ʂʨʘʥ ײץʨʳʣʳʤʳʥʳש ʪʝʨʙʝʣʽʩʪʝʨʽʥʽש ᴇʟʽʥʜʽʢ ʬʦʨʤʘʣʘʨʳ 

 

ɹʽʨʽʥʰʽ ʤᴅʥ 0,218 ɻʮ, ʘʣ ʘʣʪʳʥʰʳ ʤᴅʥ 3,288 ɻʮ; ʘʡʪʘ ʢʝʪʫ ʢʝʨʝʢ, ʦʣʘʨ ʧʘʡʜʘʣʳ 

ʞװʢʪʽש ʪʘʙʠסʠ ʪʝʨʙʝʣʽʩ ʞʠʽʣʽʢʪʝʨʽʥʝ ᴇʪʝ ʞʘץʳʥ. ɹʦʣʘʰʘץʪʘ ʨʝʟʦʥʘʥʩʪʳ ʘʥʳץʪʘʫ װʰʽʥ 

ᴇʪʧʝʣʽ ʧʨʦʮʝʩʪʽ, ʩʦʥʜʘʡ-ʘץ ʞװʡʝʥʽש ʞװʢʪʽש ʪʝʨʙʝʣʽʩ ʢװʰʽʤʝʥ ʙײʟʳʣʫʳʥʘ ʨʝʘʢʮʠʷʩʳʥ 

ʪʘʣʜʘʫ ץʘʞʝʪ. 

 

 .ʦʨʳʪʳʥʜʳפ

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʥʝʛʽʟʽʥʜʝ ʢʝʣʝʩʽ ʪײʞʳʨʳʤʜʘʨ ʞʘʩʘʣʜʳ: 

1) ɾװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ 20 ʪʦʥʥʘʣʳ ʘʩʧʘʣʳ ʢʨʘʥʥʳש ʜʠʥʘʤʠʢʘʣʳץ ʤʽʥʝʟ-ײץʣץʳʥʳש 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʽʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ץʦʟסʘʣʳʩ ʪʝשʜʝʫʽʥ ʰʝʰʫ 

ʘʣʛʦʨʠʪʤʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʢʨʘʥʥʳש ʘʨʙʘʩʳ ʤʝʥ ʙײʨʳʰʪʘʨʳʥʳץ שʦʟסʘʣʳʩʳʥʳש ᴇʟʛʝʨʫ 
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ʛʨʘʬʠʢʪʝʨʽʥ ײץʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɸʨץʘʥʥʳש ʤʘʢʩʠʤʘʣʜʳ ʘʫʳʪץʫ ʙײʨʳʰʳ 120, 

ʘʨʙʘʥʳש ʘʫʳʪץʫʳ 1,5 ʤ ʙʦʣʜʳ. 

2) ɸʨץʘʥ ײʟʳʥʜʳסʳʥʘʥ ʞᴅʥʝ ʞװʢʪʽש ʤʘʩʩʘʩʳʥʘʥ ʧʘʡʜʘʣʳ ʞװʢʪʽש ʪʝʨʙʝʣʽʩ 

ʞʠʽʣʽʛʽʥʽש ʞʘʫʘʧ ʙʝʪʽʥ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ ץʘʫʽʧʪʽ ʪʝʨʙʝʣʽʩ ʞʠʽʣʽʢʪʝʨʽʥ ʙʦʣʜʳʨʤʘʫ ʞᴅʥʝ ʢʨʘʥ 

ʘʨץʘʣʳסʳʥʳש ʪʝʨʙʝʣʽʩʪʝʨʽʥ ʘʟʘʡʪʫ ʤʘץʩʘʪʳʥʜʘ ʪʨʦʩ ײʟʳʥʜʳסʳ ʤʝʥ ɾװʢʪʽש ʤʘʩʩʘʩʳ 

ʢʦʤʙʠʥʘʮʠʷʩʳʥ ʪʘשʜʘʫ ʙʦʡʳʥʰʘ ײʩʳʥʳʤʜʘʨ ᴅʟʽʨʣʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴄʨ ʪװʨʣʽ 

ʢʦʤʙʠʥʘʮʠʷʣʘʨʜʘסʳ ʞװʢʪʝʤʝ ʞʠʽʣʽʛʽʥʽש ᴇʟʛʝʨʫ ʜʠʘʧʘʟʦʥʳ 0,2 ɻʮ-ʪʝʥ 30 ɻʮ-ʢʝ ʜʝʡʽʥʛʽ 

ʤᴅʥʜʽ ײץʨʘʜʳ. 

3) ʉʠʤʫʣʷʮʠʷʣʳץ ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʽʥʜʝ NASTRAN ʞװʡʝʩʽ, ʂʨʘʥʥʳש ʤʝʪʘʣʣ 

 ʠ ʞʠʽʣʽʢסʪʘʣʜʳ, ʙʽʨʽʥʰʽ ʪʘʙʠץʪʝʨʙʝʣʽʩ ʬʦʨʤʘʣʘʨʳ ʤʝʥ ʞʠʽʣʽʢʪʝʨʽ ʘʥʳ שʨʳʣʳʤʳʥʳײץ

0,212 ɻʮ ʘʣʪʳʥʰʳ 3,288 ɻʮ, ʙײʣ ʧʘʡʜʘʣʳ ʞװʢʪʽש ʪʝʨʙʝʣʽʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ᴇʪʝ ʞʘץʳʥ. 

ɸʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ᴇʪʧʝʣʽ ʧʨʦʮʝʩʪʽ ץʦʩʳʤʰʘ ʪʘʣʜʘʫ ʘʨץʳʣʳ 

ʨʝʟʦʥʘʥʩ ʩʠʷץʪʳ ץʘʫʽʧʪʽ ײץʙʳʣʳʩʪʳש ʧʘʡʜʘ ʙʦʣʫ ʤװʤʢʽʥʜʽʛʽʥ, ʩʦʥʜʘʡ-ʘץ ʩᴅʫʣʝʣʽʢ ʞװʡʝʥʽש 

ʞװʢʪʽש ʪʝʨʙʝʣʽʩ ʢװʰʽʤʝʥ ʙײʟʳʣʫʳʥʘ ʨʝʘʢʮʠʷʩʳʥ ʙʘסʘʣʘʫסʘ ʙʦʣʘʜʳ. 

 

 ʰʽʥ ʵʥʝʨʛʝʪʠʢʘ ʤʝʥ ʤʘʰʠʥʘװ ʩʪʘʥ ᴇʥʝʨʢᴅʩʽʙʽץʘʟʘפʘʨʞʳʣʘʥʜʳʨʫ. ɿʝʨʪʪʝʫ çפ

ʞʘʩʘʫʜʘ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʨʝʩʫʨʩ װʥʝʤʜʝʫʜʽ ʘʨʪʪʳʨʫ ʞᴇʥʽʥʜʝʛʽ ʢʝʰʝʥʜʽ ʢᴇʧ ʤʘץʩʘʪʪʳ 

ʙʘסʜʘʨʣʘʤʘè BR18574141 ʛʨʘʥʪʳ ʙʦʡʳʥʰʘ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ נʳʣʳʤ ʞᴅʥʝ ʞʦסʘʨʳ 

ʙʽʣʽʤ ʤʠʥʠʩʪʽʨʣʽʛʽ ץʘʨʞʳʣʳץ ץʦʣʜʘʫʳʤʝʥ ʦʨʳʥʜʘʣʜʳ. 
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DEVELOPMENT AND COMPUTER MODELING OF A MATHEMATICAL MODEL 

OF THE DYNA MIC BEHAVIOR OF WEIGHTS OF OVERHEAD CRANE BEAMS  

 

Abstract. In the mining industry, gantry cranes are used for lifting and transporting 

heavy loads during the technological processes of mining and enrichment of rocks. During the 

operation of the crane, undesirable effects such as the rocking of the payload occur, which in 

turn affects the dynamic state of the crane beam. The purpose of the article was to investigate the 

dynamic rolling parameters of the payload and the oscillation parameters of the crane beam, in 

order to determine the natural frequencies and their evaluation for further analysis of the 

occurrence of the resonance phenomenon. In order to solve this problem, a mathematical model 

of the system was developed, which consists of two degrees of freedom. To find a solution to the 

differential equation describing the payload, the Runge-Kutta numerical method was 

automatically applied. The results of solving the equation were graphs of changes in the angle of 

deviation of the cable from the vertical and the movement of the trolley. To identify the 

influence of different combinations of the combination of payload mass and cable length on 

oscillation frequencies, a computational experiment was carried out and the response surface of 

the oscillation frequency function was constructed. The natural oscillation frequencies of the 

beam were determined by the finite element method in the NASTRAN program. In the course of 

computer modeling, they showed the corresponding oscillation frequencies and the proximity of 

the crane design, which means that it requires further study of the frequency behavior of the 

crane beam to the defect of the payload oscillation. 

 

Keywords. Gantry crane, model, dynamics, computational experiment, oscillation 

frequency, eigenforms, NASTRAN.  
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ʈɸɿʈɸɹʆʊʂɸ ʀ ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ 

ʄʆɼɽʃʀ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʇʆɺɽɼɽʅʀʗ ʂʆɿʃʆɺʓʍ ʂʈɸʅʆɺʓʍ ɻʈʋɿ 

ɹɸʃʆʂ 

 

ɸʥʥʦʪʘʮʠʷ. ʂʦʟʣʦʚʦʡ ʢʨʘʥ - ʵʪʦ ʚʠʜ ʧʦʜʲʝʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʜʲʝʤʘ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʪʷʞʝʣʳʭ ʛʨʫʟʦʚ ʥʘ ʛʦʨʥʦ-ʜʦʙʳʚʘʶʱʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ. ʂʦʟʣʦʚʳʝ ʢʨʘʥʳ ʧʦʣʫʯʠʣʠ ʩʚʦʝ ʥʘʟʚʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʢʦʪʦʨʘʷ ʥʘʧʦʤʠʥʘʝʪ ʚʥʝʰʥʠʡ ʚʠʜ ʢʦʟʣʘ ʩ ʚʳʪʷʥʫʪʦʡ ʰʝʝʡ. ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʢʦʟʣʦʚʳʭ ʢʨʘʥʦʚ ʷʚʣʷʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʦʡʢʠ (ʢʦʟʣʳ), ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʙʘʣʢʫ (ʧʝʨʝʢʣʘʜʠʥʫ) ʥʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ ʧʝʨʝʢʣʘʜʠʥʝ 

ʫʩʪʘʥʦʚʣʝʥ ʛʨʫʟʦʟʘʭʚʘʪʥʳʡ ʤʝʭʘʥʠʟʤ, ʪʘʢʦʡ ʢʘʢ ʣʝʙʝʜʢʘ ʠʣʠ ʛʨʝʡʬʝʨ, ʢʦʪʦʨʳʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʲʝʤ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʫʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʟʣʦʚʳʝ ʢʨʘʥʳ ʤʦʛʫʪ ʠʤʝʪʴ 

ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʫʣʴʪʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ 

ʢʘʙʠʥʫ ʦʧʝʨʘʪʦʨʘ. ʆʜʥʘʢʦ, ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʦʩʪʨʳʡ ʚʦʧʨʦʩ, 

ʧʨʝʜʲʚʣʝʤʳʡ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʘʥʘ. ɺʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʨʘʥʘ 

ʚʦʟʥʠʢʘʶʪ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʨʘʩʢʘʯʠʚʘʥʠʝ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, ʯʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʙʘʣʢʠ ʢʨʘʥʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʥʠʷ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ 

ʧʦʜʢʨʘʥʦʚʦʡ ʙʘʣʢʠ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʠʭ ʦʮʝʥʢʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʷʚʣʝʥʠʷ ʨʝʟʦʥʘʥʩʘ. ʉ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ, ʙʳʣ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠʤʝʥʝʥ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʳ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʙʳʣʠ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʪʨʦʩʘ ʦʪ 

ʚʝʨʪʠʢʘʣʠ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʣʝʞʢʠ. ʏʪʦʙʳ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 

ʩʦʯʝʪʘʥʠʷ ʤʘʩʩʳ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʜʣʠʥʳ ʢʘʙʝʣʷ ʥʘ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ, ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʧʦʩʪʨʦʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʬʫʥʢʮʠʠ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ. ʏʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʙʘʣʢʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ NASTRAN. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ 

ʙʣʠʟʦʩʪʴ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʧʦʣʝʟʥʦʛʦ ʛʨʫʟʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʟʣʦʚʦʛʦ ʢʨʘʥʘ, ʯʪʦ 

ʦʙʦʩʥʦʚʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʯʘʩʪʦʪʥʦʛʦ ʦʪʢʣʠʢʘ ʢʨʘʥʦʚʦʡ ʙʘʣʢʠ ʥʘ 

ʚʦʟʤʫʱʝʥʠʝ ʩʠʣʦʡ ʢʦʣʝʙʘʥʠʷ ʧʦʣʝʟʥʦʛʦ ʛʨʫʟʘ. 

 

ʂʣʯʁʝʚʳʝʩʣʦʚʘ. ʂʦʟʣʦʚʦʡ ʢʨʘʥ, ʤʦʜʝʣʴ, ʜʠʥʘʤʠʢʘ, ʚʳʯʝʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, 

ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʷ, ʩʦʙʩʪʚʝʥʥʳʝ ʬʦʨʤʳ, NASTRAN. 
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ʊɽרɯɿ ɾᴄʅɽ ɸʈʊפʓ ʂʆʅʊɽʁʅɽʈʃɯʂ ʊɽʈʄʀʅɸʃɼɸʈɼʓר 

ʊɽʍʅʆʃʆɻʀʗʃʓפ ᴆɿɸʈɸ ɯʉ-פʀʄʓʃʓʅ ʄɸʊɽʄɸʊʀʂɸʃʓפ ʄʆɼɽʃʔɼɽʋ 

ɸʥʜʘʪʧʘ.  ʊʝשʽʟ ʧʦʨʪ ʤʘשʳʥʜʘסʳ ʢᴇʣʽʢ ʪʦʨʘʧʪʘʨʳʥʜʘסʳ ʪʝʤʽʨʞʦʣ ʞᴅʥʝ ʪʝשʽʟ 

ʢᴇʣʽʛʽʥʽש ᴇʟʘʨʘ ʽʩ-ץʠʤʳʣ ʤᴅʩʝʣʝʩʽʥ ʟʝʨʪʪʝʫʜʽש ᴇʟʝʢʪʽʣʽʛʽ ʦʥʳש ʘʜʘʤʜʘʨʜʳש ᴇʤʽʨ ʩװʨʫ 

ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫסʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʫʽʤʝʥ ʞᴅʥʝ ʤʝʤʣʝʢʝʪʪʽש ʙװʢʽʣ ʢᴇʣʽʢ ʢʝʰʝʥʽʥ ʜʘʤʳʪʫ, 

ʦʥʳש ʞײʤʳʩʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʤʘשʳʟʜʳʣʳסʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. ʄʘץʘʣʘ ʞʝʨ 

 ʳץʽʟ ʞᴅʥʝ ʘʨʪשʙʝʨʽʥʜʝ ʪʝשʤʳʩʳʥ ʞʦʩʧʘʨʣʘʫ ʰʝײʞ שʢ ʪʘʨʘʪʫ ʞʝʣʽʣʝʨʽʥʽװʩʪʽ ʞװ

ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʝʨʤʠʥʘʣʜʘʨʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴇʟʘʨʘ ʽʩ-ץʠʤʳʣ ʤᴅʩʝʣʝʣʝʨʽʥʝ ʘʨʥʘʣסʘʥ. 
ɿʝʨʪʪʝʫʜʽש ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʽ-ʝʢʽ ʙʫʳʥʜʳ ʞװʡʝʜʝ ʞᴅʥʝ ʪʝʨʤʠʥʘʣ ץʦʡʤʘʣʘʨʳʥʳש 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʜʝ ʪʝשʽʟ ʞᴅʥʝ ʘʨʪץʳ ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʜʘʨʳʥʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴇʟʘʨʘ ʽʩ-

 ʳ ʢʦʥʪʝʡʥʝʨץʽʟ ʞᴅʥʝ ʘʨʪשʘʞʝʪʪʽ ʤᴅʣʽʤʝʪʪʝʨ ʘʣʫ ʞᴅʥʝ ʪʝץ ʛʝʡʽ ʪʫʨʘʣʳשʜʝ שʠʤʳʣʳʥʳץ

ʪʝʨʤʠʥʘʣʳʥʳץ שʦʡʤʘʩʳʥʜʘ ʞװʢ ʢᴇʣʝʤʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʤʝʭʘʥʠʟʤʽʥ ᴅʟʽʨʣʝʫʜʽ ʪʘʣʜʘʫ. 

ɸʥʘʣʠʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨʤʝʥ ʪʝʨʤʠʥʘʣʜʘʨ ץʦʡʤʘʣʘʨʳʥʳש ʤʘʢʩʠʤʘʣʜʳ ʩʳʡʳʤʜʳʣʳסʳʥ 

ʝʩʝʧʪʝʫ ʬʦʨʤʫʣʘʩʳ ʰʳסʘʨʳʣʜʳ ʞᴅʥʝ ʵʢʩʧʦʨʪʪʳץ ʞᴅʥʝ ʠʤʧʦʨʪʪʳץ ʙʘסʳʪʪʘʨ װʰʽʥ ʪʝשʽʟ 

ʞᴅʥʝ ʘʨʪץʳ ʪʝʨʤʠʥʘʣʜʘʨ ץʦʡʤʘʣʘʨʳʥʳש ʙʘʟʘʣʳץ ʩʳʡrʤʜʳʣʳסʳʥʳש ʤᴅʥʜʝʨʽ ʘʥʳץʪʘʣʜʳ. 

ɽʢʽ ʙʫʳʥʜʳ ʞװʡʝʥʽש ʠʤʠʪʘʮʠʷʣʳץ ʤʦʜʝʣʽʥ ײץʨʫ װʰʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ ᴅʜʽʩʪʝʨʽ 

 ʳ ʪʝʨʤʠʥʘʣʜʘʨץʽʟ ʞᴅʥʝ ʘʨʪשʣ ʪʝײʳ ʪʝʨʤʠʥʘʣ, ʙץʽʟ ʪʝʨʤʠʥʘʣʳ-ʘʨʪשʦʣʜʘʥʳʣʜʳ: ʪʝץ

 שʙʽʨʢʝʣʢʽ ʢʝʣʤʝʫʽʥʽ שʨʘʣʜʘʨʳʥʳײץ ʤᴇʣʰʝʨʽʥʝ ʢᴇʣʽʢ שʘʞʝʪʪʽ ʢᴇʣʝʤʽʥʽץ שʦʡʤʘʣʘʨʳʥʳץ

ᴅʩʝʨʽʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʧʦʨʪʪʳץ ʩʘץʪʘʫ ץʦʡʤʘʣʘʨʳʥ, ץʘʡʪʘ ʪʠʝʫ 

ʞʘʙʜʳץʪʘʨʳʥʳש ʧʘʨʢʽʥ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʪʝʨʤʠʥʘʣסʘ ץʘʞʝʪʪʽ ʧʘʨʪʠʷʣʘʨʜʳש 

ʪװʩʫ ʤᴇʣʰʝʨʽ ʤʝʥ ʞʠʽʣʽʛʽʥʽש ᴇʟʛʝʨʫʽʥʝ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʞʘʫʘʧ ʙʝʨʝ ʦʪʳʨʳʧ, ץʘʡʪʘ ʪʠʝʫ 

ʪʝʭʥʠʢʘʩʳʥʳש ʞײʤʳʩ ʢᴇʣʝʤʽʥ ײʪʳʤʜʳ ʙᴇʣʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ 

ʪʝשʽʟ ʢᴇʣʽʛʽ ʤʝʥ ʪʝשʽʟ ʧʦʨʪʳʥʳש ʠʥʬʨʘײץʨʳʣʳʤʜʳץ ʥʳʩʘʥʜʘʨʳʥʳש ʞײʤʳʩʳʥ ʦשʪʘʡʣʳ 

ʞʦʩʧʘʨʣʘʫ װʰʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʂʦʥʪʝʡʥʝʨʣʝʨ, ʪʝשʽʟ ʧʦʨʪʪʘʨʳ, ʞװʢ ʤʘʡʜʘʥʳ, ʘʨʪץ rʪʝʨʤʠʥʘʣʜʘʨ, 

ʞʦʩʧʘʨʣʘʫ, ʤʦʜʝʣʴʜʝʫ, ʞװʢ ʪʘʨʘʪʫ ʞʝʣʽʣʝʨʽ, ʞװʢ ʘסʳʥʳ, ײץʨסʘץ ʧʦʨʪ. 

 

ʂʽʨʽʩʧʝ. 

ʉʦסשʳ ʫʘץʳʪʪʘ ʪʝשʽʟ ʧʦʨʪʪʘʨʳ ʤʝʥ ʘʨʪץʳ ʪʝʨʤʠʥʘʣʜʘʨʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴇʟʘʨʘ ʽʩ-

 ʙʝʢʪʝʨשʳʣʳʤʠ ʝס ʳʨʳʧ ʙʦʡʳʥʰʘץʠʤʳʣ ʤᴅʩʝʣʝʣʝʨʽʥʝ ʙʝʣʩʝʥʜʽ ʥʘʟʘʨ ʘʫʜʘʨʳʣʫʜʘ, ʦʩʳ ʪʘץ

ʩʘʥʳ װʥʝʤʽ ᴇʩʽʧ ʢʝʣʝʜʽ. ɸʣʘʡʜʘ, ʢʝʡʙʽʨ ʥʝʛʽʟʛʽ ʬʦʨʤʫʣʘʣʘʨ ʤʝʥ ᴅʜʽʩʪʝʨ ʢᴇʧʪʝʛʝʥ 

ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘסʘʥʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʪʝשʽʟ ʧʦʨʪʳ ð ײץʨסʘץ ʧʦʨʪ ʞװʡʝʩʽʥʜʝʛʽ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʤʝʥ ץʦʡʤʘʣʘʨʜʳש ʩʳʡʳʤʜʳʣʳסʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʤʽʥʜʝʪʽ 

ʰʝʰʽʣʤʝʛʝʥ ʢװʡʽʥʜʝ ץʘʣʳʧ ʦʪʳʨ [1]. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳ 

ʦʙʲʝʢʪʽʣʝʨʽ ʘʨʘʩʳʥʜʘסʳ ʙᴅʩʝʢʝʣʝʩʪʽʢʪʽש ʘʨʪʫʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʰʝʰʽʤʜʽ ʪʘʙʫ ʞᴅʥʝ ʪʠʽʩʪʽ 

 ʳץʽʟ ʞᴅʥʝ ʘʨʪשʨʜʝ ᴅʟʽʨʣʝʫ ᴇʟʝʢʪʽ ʤʽʥʜʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʝװʩʳʥʳʤʜʘʨʜʳ ʞʘʣʧʳ ʪײ

ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʜʘʨʳ ץײʩʘʩ ʬʫʥʢʮʠʦʥʘʣʜʳ ײץʨʳʣʳʤ ʤʝʥ ʤʘץʩʘʪʪʳ ʙʽʨʽʢʪʽʨʝʜʽ (ʞװʢʪʽ 

ʢᴇʣʽʢ ʪװʨʣʝʨʽ ʘʨʘʩʳʥʜʘ ʙʝʨʫ, ʞװʢ ʘסʳʥʜʘʨʳʥ ʢʝʣʽʩʫ, ʢʦʤʤʝʨʮʠʷʣʳץ ʩʘץʪʘʫ, ʣʦʛʠʩʪʠʢʘʣʳץ 

ʧʳʩʳץʪʘʫ). ɼʝʛʝʥʤʝʥ, ʪʝʨʤʠʥʘʣ ʪװʨʣʝʨʽʥʽש ᴅʨץʘʡʩʳʩʳʥʜʘ ʦʣʘʨʜʳײץ שʨʳʣʳʤʳʥʳש 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʘʥʳץʪʘʡʪʳʥ ʙʘʩʳʤ ʬʫʥʢʮʠʦʥʘʣʜʳ ʧʨʦʬʠʣʴ ʙʘʨ. ʊʝשʽʟ ʢʦʥʪʝʡʥʝʨʣʽʢ 
ʪʝʨʤʠʥʘʣʜʘʨʳʥʳש ʥʝʛʽʟʛʽ ʬʫʥʢʮʠʷʣʘʨʳ ʪʝשʽʟ ʞᴅʥʝ ʞʝʨ װʩʪʽ ʢᴇʣʽʛʽ ʘʨʘʩʳʥʜʘסʳ 

ʢʦʥʪʝʡʥʝʨʣʝʨʜʽ ʙʝʨʫ ʦʧʝʨʘʮʠʷʣʘʨʳ, ʢᴇʣʽʢʪʽ ײʰʪʘʩʪʳʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ 

ʢʦʥʪʝʡʥʝʨʣʝʨʜʽ ʞʠʥʘʫ ʞᴅʥʝ ʢʝʜʝʥʜʽʢ, ʢᴇʤʝʢʰʽ ʦʧʝʨʘʮʠʷʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʝשʽʟ 
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ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʝʨʤʠʥʘʣʳʥʳש ʢʝʤʰʽʣʽʛʽ - ʘʫʤʘץʪʳץ ʰʝʢʪʝʫʣʝʨ ʞʘסʜʘʡʳʥʜʘ ʧʦʨʪʪʳש 

ʧʦʨʪʪʘʨʜʳש ʽʰʢʽ ʞװʢ ʘסʳʥʜʘʨʳʥʳש ʙʽʨʢʝʣʢʽ ʩʥʠʞʩʪʽʛʽʥ ʪᴇʤʝʥʜʝʪʫ ʧʨʦʙʣʝʤʘʩʳʥʳש ʙʦʣʫʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʇʦʨʪ ʘʫʤʘסʳʥʳש ʰʝʢʘʨʘʩʳʥʘʥ ʪʳʩ ʦʨʥʘʣʘʩץʘʥ ʘʨʪץʳ ʢʦʥʪʝʡʥʝʨʣʽʢ 
ʪʝʨʤʠʥʘʣʜʘʨ (ײץʨסʘץ ʧʦʨʪ) ʦʥʳʤʝʥ ʞװʢʪʝʨʜʽ ᴇשʜʝʫʜʽש ʙʽʨʳסשʘʡ ʪʝʭʥʦʣʦʛʠʷʩʳʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ, ʩʦʥʳש ʝʩʝʙʽʥʝʥ ʪʝשʽʟ ʢᴇʣʽʛʽʥʝʥ ʞװʢʪʝʨʜʽ ʘʫʳʩʪʳʨʳʧ ʪʠʝʫʛʝ ʙʘʡʣʘʥʳʩʪʳ ʝʤʝʩ 

ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʧʦʨʪ ʘʫʤʘסʳʥʘʥ ʰʳסʘʨʫ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ɸʨʪץʳ ʢʦʥʪʝʡʥʝʨʣʽʢ 

ʪʝʨʤʠʥʘʣ ʧʦʨʪʪʳש ʽʰʢʽ ʞװʢ ʘסʳʥʜʘʨʳʥʳש ʙʽʨʢʝʣʢʽ ʝʤʝʩʪʽʛʽʥ ʪᴇʤʝʥʜʝʪʫʜʽש ʞᴅʥʝ ʧʦʨʪʪʳש 

ʘʫʤʘץʪʳץ ʰʝʢʪʝʫʣʝʨʽ ʞʘסʜʘʡʳʥʜʘ ʪʝשʽʟ ʧʦʨʪʪʘʨʳʥʳש ᴇʪʢʽʟʫ ʞᴅʥʝ ץʘʡʪʘ ᴇשʜʝʫ ץʘʙʽʣʝʪʽʥ 

ʘʨʪʪʳʨʫʜʳש ʪʠʽʤʜʽ ײץʨʘʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ 

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

ʊʝשʽʟ ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʳʥ ʢʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩ ʘסʳʥʜʘʨʳʥ ץʦʩʫסʘ ץʳʟʤʝʪ ʝʪʝʪʽʥ 

 ץʨʣʳײץ ʘץʘʨʘʩʪʳʨʘʤʳʟ  (ʩʫʨʝʪ. 1).       ʇʦʨʪץ ʘʨʘʧʘʡʳʤ ʬʫʥʢʮʠʦʥʘʣʜʳ ʵʣʝʤʝʥʪ ʨʝʪʽʥʜʝץ

ʢᴇʣʽʛʽʤʝʥ ʢʝʣʽʧ ʪװʩʝʪʽʥ ʞᴅʥʝ ʧʦʨʪʪʳש ʞʝʨװʩʪʽ ʞװʢ ʤʘʡʜʘʥʳʥʜʘ (ʙײʜʘʥ ᴅʨʽ ð ɾתɾʄ) 

ᴇשʜʝʣʝʪʽʥ Qʧʘʡʜ. ʵʢʩʧʦʨʪʪʳץ ʞװʢ ʘסʳʥʳ Q_ɾתɾʄ (t), ʘʣ ʦʜʘʥ ʪʝשʽʟʙʝʥ ʢʝʤʽʧ ʙʘʨʘ 

ʞʘʪץʘʥ ʞᴅʥʝ ʧʦʨʪʪʳש ʪʝשʽʟ ʞװʢ ʤʘʡʜʘʥʳʥʜʘ (ʙײʜʘʥ ᴅʨʽ ð ʊɾʄ)  Q_ʊɾʄ (t) ʨʝʪʽʥʜʝ 

ʙʝʣʛʽʣʝʥʝʜʽ. 
 

                                        (1) 

ʤײʥʜʘסʳ: E0-ץʦʡʤʘʜʘסʳ ʞװʢʪʽש ʙʘʩʪʘʧץʳ ץʦʨʳ ʨʝʪʽʥʜʝ ʘʥʳץʪʘʣסʘʥ ʝʨʽʢʪʽ ʪײʨʘץʪʳ. 

 

 

1 ʩʫʨʝʪ - ʂʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʳ ʣʦʛʠʩʪʠʢʘʣʳץ ʵʣʝʤʝʥʪ ʨʝʪʽʥʜʝ 

 

ʄײʥʜʘʡ ʪᴅʫʝʣʜʽʣʽʢʪʽש ʩʠʧʘʪʳ 2 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ɾװʢʪʽ ʧʦʨʪץʘ ᴅʢʝʣʫ ᴅʜʝʪʪʝ 

ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽʤʝʥ ʜʝ (ʰʘסʳʥ ʞװʢ ʧʘʨʪʠʷʣʘʨʳʤʝʥ) ʜʝ, ʪʝʤʽʨ ʞʦʣʤʝʥ ʜʝ (ʦʨʪʘ 

ʧʘʨʪʠʷʣʘʨʤʝʥ), ʘʣ ʞװʢʪʝʨʜʽ ᴅʢʝʪʫ ʽʨʽ ʢʝʤʝ ʧʘʨʪʠʷʣʘʨʳʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʄײʥʳש ʙᴅʨʽ 

 ʽʟשʙʽʨʢʝʣʢʽ ʟʘʚʩʪʽʛʽ ʪʝ שʢᴇʣʝʤʽʥʝ ʪᴅʥ ᴇʟʛʝʨʽʩʪʝʨʛʝ ᴅʢʝʣʝʜʽ. ᴄʢʝʣʫ ʤʝʥ ᴅʢʝʪʫʜʽ שʦʡʤʘʥʳץ

ʪʝʨʤʠʥʘʣʳʥʳץ שʦʡʤʘʩʳʥʜʘ ʞװʢʪʽש ʘʨʪʳץ ʥʝʤʝʩʝ ʪʘʧʰʳʣʳסʳʥʘ ᴅʢʝʣʝʜʽ. ʆʩʳסʘʥ 

ʙʘʡʣʘʥʳʩʪʳ ʧʦʨʪʪʘ ʞװʢʪʽ ʙʽʨ ʢʝʤʝ ʧʘʨʪʠʷʩʳʥʳש ʤᴇʣʰʝʨʽʥʝʥ ʘʩʘʪʳʥ ʢᴇʣʝʤʜʝ ʩʘץʪʘʫ ʪʘʣʘʧ 

ʝʪʽʣʝʜʽ. ʗסʥʠ, ʪʝʨʤʠʥʘʣ ץʦʡʤʘʩʳʥʜʘ ʢᴇʣʽʢ ײץʨʘʣʳʥʳש (ʢʝʤʝʥʽש) ʢʝʣʤʝʫʽ ʩʘʣʜʘʨʳʥʘʥ 

ᴅʢʝʪʫʜʽש ʢʝʰʽʛʫʽ ʢʝʟʽʥʜʝ ʪʫʳʥʜʘʡʪʳʥ ʘʨʪʳץ ץʦʨʜʳ ʩʘץʪʘʫ, ʩʦʥʜʘʡ-ʘץ ʢʝʤʝʥʽש ʙײʨʳʥ 

ʢʝʣʛʝʥ ʤʝʨʟʽʤʽʥ ʞװʢʪʝʫʛʝ ʘʨʥʘʣסʘʥ "ʩʘץʪʘʥʜʳʨʫ" ץʦʨʳʥ ʞʠʥʘץʪʘʫ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʫʳ 

 ʽשʙʝʣʛʽʣʽ ʙʽʨ ʢʝʟʝ שʳʪʳʥʳץʳʥʳ ʢʝʟʽʥʜʝ ʊʩʘϨʪ. ʫʘסʢ ʘװʞ ץʳʨʳʥʜʘ, Q ʞʳʣʜʳץʘʞʝʪ. ɸץ
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ʽʰʽʥʜʝ (ʤʝʤʣʝʢʝʪʪʽʢ ʦʨʛʘʥʜʘʨʜʳש ʪʘʣʘʧʪʘʨʳ ʙʦʡʳʥʰʘ ʥʝʤʝʩʝ ʢʣʠʝʥʪʪʽש ʪʘʧʩʳʨʤʘʩʳ 

ʙʦʡʳʥʰʘ) ʞװʢʪʽ ʪʝʨʤʠʥʘʣʜʘ ʩʘץʪʘʫ ץʘʞʝʪʪʽʣʽʛʽ ץʦʡʤʘʜʘ E0 ץʦʩʳʤʰʘ ʪײʨʘץʪʳ ץʦʨʳʥʳש 

ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʝʜʽ. 

ʉʘץʪʘʫסʘ ʙʘʡʣʘʥʳʩʪʳ ʊʩʘϨʪ. ץʦʡʤʘʜʘסʳ ʞװʢʪʽש ʢᴇʣʝʤʽ ᴅʢʝʣʫ ʤʝʥ ᴅʢʝʪʫʜʽש ʦʨʪʘ 

ʩʳʟʳץʪʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʪʽʛʽʥʝʥ ץʘʰʳץʪʳץץʘ ʪʝש: 
 

                        (2) 

 

(1) ʞᴅʥʝ (2) ᴇʨʥʝʢʪʝʨʜʽ ʙʽʨʽʢʪʽʨʫ ʘʨץʳʣʳ ץʦʡʤʘʜʘסʳ ʞװʢ ʢᴇʣʝʤʽʥʽש ᴇʨʥʝʛʽʥ ʘʣʫסʘ 

ʙʦʣʘʜʳ: 
 

                           (3)             

 

ʊʘʩʳʤʘʣʜʘʫ ʪʽʟʙʝʛʽʥʝ ʪʘסʳ ʙʽʨ ʵʣʝʤʝʥʪʪʽ-ײץʨסʘץ ʧʦʨʪʪʳ ʝʥʛʽʟʫ ʪʝשʽʟ ʞᴅʥʝ ʘʨʪץʳ 

ʪʝʨʤʠʥʘʣʜʘʨ ʘʨʘʩʳʥʜʘ ʢᴇʣʽʢ ײץʨʘʣʳʥʳש (ʢʝʤʝʥʽש)ʢʝʣʤʝʫʽ ʩʘʣʜʘʨʳʥʘʥ ᴅʢʝʪʫ ʢʽʜʽʨʽʩʽ 

ʢʝʟʽʥʜʝ ʪʫʳʥʜʘʡʪʳʥ ʘʨʪʳץ ץʦʨʜʳ ʩʘץʪʘʫ ʬʫʥʢʮʠʷʣʘʨʳʥ ײʪʳʤʜʳ ʙᴇʣʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, 

ʩʦʥʜʘʡ-ʘץ ʢʝʤʝʥʽש ʙײʨʳʥ ʢʝʣʛʝʥ ʤʝʨʟʽʤʽʥ ʞװʢʪʝʫʛʝ ʘʨʥʘʣסʘʥ ʩʘץʪʘʥʜʳʨʫ ץʦʨʳʥ ʞʠʥʘץʪʘʫ 

[2]. ʊʝשʽʟ ʧʦʨʪʳ ð ײץʨסʘץ ʧʦʨʪʪʳש ᴇʟʘʨʘ ʽʩ - ץʠʤʳʣ ʞװʡʝʩʽʥʜʝ  ײץʨʣʳץʪʘסʳ ʞװʢ 

ʘסʳʥʳʥʘʥ ʞᴅʥʝ  ʰʳסʘʪʳʥ ʪʝשʽʟ ʞװʢ ʘסʳʥʳʥʘʥ ʙʘʩץʘ, ײץʨסʘץ ʧʦʨʪʪʘʥ ʪʝשʽʟ 

ʧʦʨʪʳʥʘ -  (t) ʞװʢ ʘסʳʥʳ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɽʢʽ ʙʫʳʥʜʳ ʞװʡʝ ʢʦʤʤʝʨʮʠʷʣʳץ ʩʘץʪʘʫʜʳ ʪʳʣ 

ʘʫʤʘץʪʘʨʳʥʘ ʢᴇʰʽʨʫ ʝʩʝʙʽʥʝʥ ʝש ʪʘʧʰʳ ʞʘסʘʣʘʫ ʘʡʤʘץʪʘʨʳʥʜʘסʳ ץʦʡʤʘ ʢᴇʣʝʤʽʥʝ 

 ʢʪʽ ᴅʢʝʣʫ ʤʝʥװʞ ץʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʩʦʥʜʘʡ-ʘװʘ ʤסʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨʜʳ ʙʘʨʳʥʰʘ ʘʟʘʡʪʫץ

ᴅʢʝʪʫʜʽש ʙʽʨʢʝʣʢʽ ʬʫʥʢʮʠʠʩʪʽʛʽ ʙʫʬʝʨʽʥʽש ʬʫʥʢʮʠʷʣʘʨʳʥ ײץʨסʘץ ʧʦʨʪץʘ ʽʰʽʥʘʨʘ ʙʝʨʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɽʢʽ ʙʫʳʥʜʳ ʞװʡʝ ʙײʣ ʬʫʥʢʮʠʷʣʘʨʜʳ ʪʝשʽʟ ʞᴅʥʝ ʘʨʪץʳ ʪʝʨʤʠʥʘʣʜʘʨ 

ʘʨʘʩʳʥʜʘ ʙᴇʣʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙʽʨʽʥʰʽʩʽʥʝ ʪʝʢ ʪʝשʽʟ ʢʝʤʝʣʝʨʽʥ ᴇשʜʝʫ ʬʫʥʢʮʠʷʣʘʨʳʥ 

 .ʘʣʜʳʨʘʜʳ [3,4]ץ

 

 

2 ʩʫʨʝʪ - ʇʦʨʪ ץʦʡʤʘʩʳʥʜʘסʳ ʩʘץʪʘʫ ʢᴇʣʝʤʽʥ ʙʘסʘʣʘʫ 

 

ʊʝשʽʟ ʪʝʨʤʠʥʘʣʳʥʘʥ ײץʨסʘץ ʧʦʨʪץʘ ʘסʳʥ ʪʝʨʤʠʥʘʣ ʦʧʝʨʘ-ʪʦʨʳʥʳש ʪʦʣʳץ 

ʙʘʩץʘʨʫʳʥʜʘ ʙʦʣʫʳ ʤװʤʢʽʥ (ʝʛʝʨ ʦʥʳ ʽʩʢʝ ʘʩʳʨʫ װʰʽʥ ʢʽʨʤʝ ʞʦʣʜʘʨ ʧʘʡʜʘʣʘʥʳʣʩʘ) ʥʝʤʝʩʝ 

ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʩʳʡʳʤʜʳʣʳסʳʥʘ ʞᴅʥʝ ʦʣʘʨʜʳץ שʦʟסʘʣʳʩ ʢʝʩʪʝʩʽʥʝ ץʘʥʜʘʡ ʜʘ ʙʽʨ 

ʩʳʨʪץʳ ʰʝʢʪʝʫʣʝʨ ʙʦʣʫʳ ʤװʤʢʽʥ (ʝʛʝʨ ʪʝʤʽʨʞʦʣ ʪʘʩʳʤʘʣʜʘʨʳ ʦʧʝʨʘʪʦʨʳʥʳש ʞʘʣʧʳ 
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ʧʘʡʜʘʣʘʥʫ ʞʦʣʜʘʨʳ ʧʘʡʜʘʣʘʥʳʣʩʘ). ɹʘʨʣʳװ ץʰ ʘסʳʥ ʞװʢ ʘסʳʥʳʥʳװ שʟʜʽʢʩʽʟʜʽʛʽʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ: 

                                                              (4) 
 

ʕʣʝʤʝʥʪʪʝʨʜʽש ʢʽʨʫʽ ʤʝʥ ʰʳסʫʳʥʜʘסʳ ʞװʢ ʧʘʨʪʠʷʣʘʨʳʥʳש ʤᴇʣʰʝʨʽʥʽש 

ʘʡʳʨʤʘʰʳʣʳסʳ ʤʝʥ ʪװʩʫ ʢʝʩʪʝʣʝʨʽʥʽש ʩᴅʡʢʝʩ ʢʝʣʤʝʫʽ ʦʣʘʨʜʳש ᴅʨʝʢʝʪ ʝʪʫ ʩʠʧʘʪʳʥ ץʦʡʤʘ 

ᴇʣʰʝʤʜʝʨʽʥʝ ᴇʟʛʝʨʪʝʜʽ. ɽʛʝʨ ʵʢʩʧʦʨʪʪʳץ ʞᴇʥʝʣʪʽʣʽʤʜʝʨ ʢʝʟʽʥʜʝ ʪʝשʽʟ ʪʝʨʤʠʥʘʣʳʥʘʥ ʝʢʽ 

ʙʫʳʥʜʳ ʞװʡʝʜʝ ᴅʢʝʪʫ ᴇʟʛʝʨʽʩʩʽʟ ץʘʣʩʘ, ʦʥʜʘ ʵʢʩʧʦʨʪʪʳץ ʞװʢʪʽ ʪʝשʽʟ ʪʝʨʤʠʥʘʣʳʥʘ ᴅʢʝʣʫ 

ʝʥʜʽ (t)  ʘʨʘʣʳץ ʞװʢ ʘסʳʥʳʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ.  ʞʝʨ װʩʪʽ ʪʝʨʤʠʥʘʣʳʥʳש 

ʢʽʨʝʙʝʨʽʩʽʥʜʝʛʽ ʞװʢ ʘסʳʥʳ ᴇʟʛʝʨʽʩʩʽʟ ץʘʣʘʜʳ ʞᴅʥʝ ʦʜʘʥ ʰʳסʘʨʫ (t) ʘʨʘʣʳץ ʘסʳʥʳʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ. 

ʆʩʳʣʘʡʰʘ, ʪʝשʽʟ ʧʦʨʪʳʥʳץ שʦʡʤʘʩʳʥʜʘסʳ ʞװʢ ʢᴇʣʝʤʽʥʽש ʘʙʩʦʣʶʪʪʽ ʤᴅʥʽ: 
 

                           (5) 

ʘʣ ʢᴇʣʝʤ ײץʨסʘץ ʧʦʨʪ ץʦʡʤʘʩʳʥʜʘסʳ ʞװʢ ʢᴇʣʝʤʽʥʽש ʤᴅʥʽ ʪװʨʽʥʜʝ ײʩʳʥʳʣʫʳ ʤװʤʢʽʥ: 

                          (6) 

ɽʛʝʨ  ʘʨʘʣʳץ ʘסʳʥʳ ʪʝʨʤʠʥʘʣ ʦʧʝʨʘʪʦʨʳʥʳש ʙʘʩץʘʨʫʳʥʜʘ ʙʦʣʩʘ ʞᴅʥʝ ʙʝʨʫ 

ʤᴇʣʰʝʨʽ ʤʝʥ ʞʠʽʣʽʛʽʥʜʝ ʰʝʢʪʝʫʣʝʨ ʙʦʣʤʘʩʘ, ʦʥʜʘ ʦʥʳ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ʢʝʟ ï ʢʝʣʛʝʥ 

ʤᴅʩʝʣʝʥʽ ʰʝʰʫʛʝ ʙʦʣʘʜʳ-ʪʝשʽʟ ʪʝʨʤʠʥʘʣʳʥʜʘ ʩʘץʪʘʫʜʳ ʪʦʣʳסʳʤʝʥ ʞʦʶʜʘʥ ʙʘʩʪʘʧ, ʘʨʪץʳ 

ʪʝʨʤʠʥʘʣʜʘ ʩʘץʪʘʫʜʳ ʪʦʣʳסʳʤʝʥ ʘʣʳʧ ʪʘʩʪʘʫסʘ ʜʝʡʽʥ. ɯʰʢʽ ʞװʢ ʘסʳʥʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ 
ʞᴅʥʝ ʢᴇʣʽʢ ʪʽʟʙʝʛʽʥʽש ʙʫʳʥʜʘʨʳ ʘʨʘʩʳʥʜʘ ʬʫʥʢʮʠʷʣʘʨʜʳ ʙᴇʣʫ ʞᴇʥʽʥʜʝʛʽ ײʩʳʥʳʤʜʘʨʜʳ 

ᴅʟʽʨʣʝʫ ʤʘץʩʘʪʳʥʜʘ ʤʳʥʘʜʘʡ ʰʘʨʪʪʘʨʜʳ ʩʘץʪʘʫ ץʘʞʝʪ: 

- ʝץ שʳʤʙʘʪ ʘʫʤʘץʪʘ ʩʘץʪʘʫʜʳ ײʡʳʤʜʘʩʪʳʨʫ װʰʽʥ ץʘʞʝʪʪʽ ʘʫʤʘץʪʳ ʘʟʘʡʪʫ (ʢװʨʜʝʣʽ 

ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫ); 

- - ʪʝשʽʟ ʪʝʨʤʠʥʘʣʳʥʜʘ ʧʘʨʢʪʽש ʘʟʘʶʳ ʞᴅʥʝ ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ ץʘʡʪʘ ʪʠʝʫ ʞʘʙʜʳסʳʥʳש 

ʞײʤʳʩ ץʘʨץʳʥʜʳʣʳסʳʥʳש ʙʽʨʢʝʣʢʽ ʙᴇʣʽʥʫʽ; 

- ï ץʘʞʝʪʪʽ ʧʘʨʪʠʷʣʘʨʜʳש ʤᴇʣʰʝʨʽʥʽש ᴇʟʛʝʨʫʽʥʝ ʙʘʨʘʙʘʨ ʞʘʫʘʧ ʙʝʨʫ ʤװʤʢʽʥʜʽʛʽ. 

ʂʦʥʪʝʡʥʝʨʣʽʢ ʪʝʨʤʠʥʘʣʜʘ ʞװʢʪʽ ʩʘץʪʘʫ ײץʥʳ ʪʝʨʤʠʥʘʣ ʠʝʩʽʥʽש ʠʥʬʨʘײץʨʳʣʳʤʜʳ 

 .ʪʘʥ, ʦʜʘʥ ᴅʨʽ ɽʪʝϬ.Ϩʦʡʤץʘʥʜʳסʳʥʜʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣסʣʝʩʪʽʢ ʰʳװ ʤʩʘʡʪʳʥײʘ ʞסʩʪʘʫײ

ʪʝʨʤʠʥʘʣʳ ץʦʡʤʘʩʳʥʳש ʩʳʡʳʤʜʳʣʳסʳʥ ʞᴅʥʝ ɽʞϮ. Ϩʦʡʤ.  "ײץʨסʘץ ʧʦʨʪ" ץʦʡʤʘʩʳ 

ʘʥʳץʪʘʫסʘ ʢᴇʰʢʝʥ ʞᴇʥ. 
 

 

3 ʩʫʨʝʪ - ʊʝשʽʟ ʧʦʨʪʳ ץʦʡʤʘʩʳ ʢᴇʣʝʤʽʥʽש ʜʠʥʘʤʠʢʘʣʳײץ ץʨʘʤʜʘʩ ʙᴇʣʽʛʽ 
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ʅᴅʪʠʞʝʣʝʨ. 

ʆʩʳʣʘʡʰʘ, 3 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʽ ʪʘʣʜʘʫ ʵʢʩʧʦʨʪʪʳץ ʞװʢ ʘסʳʥʳ װʰʽʥ ʪʝשʽʟ ʧʦʨʪʳ 

 ʪʳ ᴅʢʝʣʫ ʞᴅʥʝ ᴅʢʝʪʫץʨʘײʳʥ ʪסʠʩʳץ שʨʘʤʜʘʩ ʙᴇʣʽʛʽʥʽײץ ץʜʠʥʘʤʠʢʘʣʳ שʦʡʤʘʩʳ ʢᴇʣʝʤʽʥʽץ

ʢʝʟʽʥʜʝ ץʦʡʤʘʜʘסʳ ʞװʢ ʢᴇʣʝʤʽʥʽש ʝש ʞʦסʘʨʳ ʤᴅʥʜʝʨʽ V ʢʝʤʝ ʧʘʨʪʠʷʩʳʥʳש ʢᴇʣʝʤʽʥʝʥ 

ʘʩʧʘʡʪʳʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. 

ɼʝʤʝʢ, ʪʝשʽʟ ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʳʥʳש ʩʳʡʳʤʜʳʣʳסʳʥʳש ʤʘʢʩʠʤʘʣʜʳ ʙʘסʘʩʳ 

ʢʝʣʝʩʽ ᴇʨʥʝʢʪʽ ʙʝʨʝʜʽ: 
 

                                         .                              (7) 

ɹײʣ ʞʘסʜʘʡʜʘ ʢʦʤʤʝʨʮʠʷʣʳץ ʩʘץʪʘʫ ʬʫʥʢʮʠʷʩʳʥ ײץʨסʘץ ʧʦʨʪץʘ ʪʦʣʳץ ʙʝʨʫ, ʷסʥʠ 

ʊʩʘϨʪ.=0, ʪʝשʽʟ ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʳʥʳש ʤʘʢʩʠʤʘʣʜʳ ʩʳʡʳʤʜʳʣʳסʳʥ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ 

ʢʝʣʝʩʽ ᴇʨʥʝʢʪʽ ʙʝʨʝʜʽ: 

                                                  (8) 

        
ɸʨʪץʳ ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʳ װʰʽʥ ʞʘסʜʘʡ ץײʩʘʩ ʙʦʣʘʜʳ. ʊʝʤʽʨʞʦʣ ʢᴇʣʽʛʽʤʝʥ 

ᴅʢʝʣʽʥʛʝʥ ʢʝʟʜʝ ʪʝʨʤʠʥʘʣסʘ  ʢʽʨʝʪʽʥ ʞװʢ ʘסʳʥʳ ʞʝʜʝʣʜʝʪʽʣʛʝʥ ʢʦʥʪʝʡʥʝʨʣʽʢ 

ʧʦʝʟʜʘʨʤʝʥ (ʙײʜʘʥ ᴅʨʽ - ɾʂʇ)  - Vʞʢʧ ʞʝʪʢʽʟʽʣʝʪʽʥ ʞװʢ ʢᴇʣʝʤʽʤʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥ ʙʦʣʘʜʳ, 

ʘʣ ײץʨסʘץ ʧʦʨʪ ץʦʡʤʘʩʳʥʘʥ ʞװʢʪʽ ᴅʢʝʪʫ Vɹʊ ʙʣʦʢ-ʪʨʝʡʥʽʤʝʥ ᴅʢʝʪʽʣʝʪʽʥ ʞװʢ ʢᴇʣʝʤʽʤʝʥ 

ʩʠʧʘʪʪʘʣʘʪʳʥ ʙʦʣʘʜʳ [5].  ʄᴅʥʽ Vʞʢʧ > Vɹʊ, ᴇʡʪʢʝʥʽ ɾʂʇ ץʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨסʘʥ 

ʞʝʣʽʜʝʛʽ ʤʘʛʠʩʪʨʘʣʴʜʳץ ʞʝʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʘʣ ʙʣʦʢ-ʪʨʝʡʥʜʝʨ ʬʠʜʝʨʣʝʨ ʨᴇʣʽʥ 

ʘʪץʘʨʘʜʳ. ײפʨסʘץ ʧʦʨʪʪʳש ʢʦʥʪʝʡʥʝʨ ץʦʡʤʘʩʳʥʳש ʢᴇʣʝʤʽʥʽש ʜʠʥʘʤʠʢʘʣʳץ ʢʦʤʧʦʥʝʥʪʽʥʽש 

 .(ʩʫʨʝʪ. 4) ץʨʘʡʳײץ ʳʥסʠʩʳץ
 

 

4 ʩʫʨʝʪ - ɸʨʪץʳ (ʪʳʣʜʳץ)ʪʝʨʤʠʥʘʣ ץʦʡʤʘʩʳ ʢᴇʣʝʤʽʥʽש ʜʠʥʘʤʠʢʘʣʳײץ ץʨʘʤʜʘʩ ʙᴇʣʽʛʽ 

 

 ʢʝʣʪʽʨʽʣʛʝʥ שʨʘʤʜʘʩ ʙᴇʣʽʛʽʥʽײץ ץʜʠʥʘʤʠʢʘʣʳ שʦʡʤʘʩʳ ʢᴇʣʝʤʽʥʽץ ʧʦʨʪ ץʘסʨײפ

 ʘʨʳסʞʦ שʝ שʢ ʢᴇʣʝʤʽʥʽװʳ ʞסʦʡʤʘʜʘץ ʪʳ ᴅʢʝʪʫ ʢʝʟʽʥʜʝץʨʘײʳʥ ʪʘʣʜʘʡ ʦʪʳʨʳʧ, ʪסʠʩʳץ

ʤᴅʥʜʝʨʽ ɾʂʇ-Vʞʢʧ. ʧʘʨʪʠʷʩʳʥʳש ʢᴇʣʝʤʽʥʝʥ ʘʩʧʘʡʪʳʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ɼʝʤʝʢ, ʞװʢ 
ʘסʳʥʳʥ ᴇשʜʝʫʛʝ ʘʨʥʘʣסʘʥ ʘʨʪץʳ ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʳʥʳש ʤʘʢʩʠʤʘʣʜʳ ʩʳʡʳʤʜʳʣʳסʳ 

ʢʝʣʝʩʽ ᴇʨʥʝʢʪʽ ʙʝʨʝʜʽ: 

                                                       (9) 
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ʂʦʤʤʝʨʮʠʷʣʳץ ʩʘץʪʘʫ ʬʫʥʢʮʠʷʩʳʥ ʪʝשʽʟ ʧʦʨʪʳʥʘʥ "ײץʨסʘץ ʧʦʨʪץʘ" ʪʦʣʳץ ʙʝʨʫ, 

ʷסʥʠ ʊʩʘϨʪ. > 0, ʩʦʥʳʤʝʥ ץʘʪʘʨ ץʦʡʤʘʜʘʥ V ʢʝʤʝ ʧʘʨʪʠʷʩʳʥ ʩʘץʪʘʫ ʤװʤʢʽʥʜʽʛʽʥ ʪʘʣʘʧ ʝʪʝʜʽ: 

 

                                                                (10) 

 

ɹײʜʘʥ ᴅʨʽ ʵʢʩʧʦʨʪʪʳץ Qʕʂʉʇ. ʞᴅʥʝ Qʀʄʇ.-ʠʤʧʦʨʪʪʳץ  ʞװʢ ʘסʳʥʜʘʨʳʥʳש ʝʢʽ ʙʫʳʥʜʳ 

ʞװʡʝʩʽʥʝ ʙʽʨ ʤʝʟʛʽʣʜʝ ʢʝʣʽʧ ʪװʩʫ ʞʘסʜʘʡʳʥ ץʘʨʘʩʪʳʨʫ ײʩʳʥʳʣʘʜʳ 

ɹײʣ ʞװʢ ʘסʳʥʜʘʨʳʥ ʰʘʨʪʪʳ ʪװʨʜʝ ץʦʡʤʘʣʘʨʜʘסʳ ʞװʢʪʽ ײʣסʘʡʪʫסʘ (ײץʨסʘץ ʧʦʨʪʪʳש 

ɾתɾʄ ʘʨץʳʣʳ ʵʢʩʧʦʨʪʪʳץ ʞװʢʪʽ ᴅʢʝʣʫ, ײץʨסʘץ ʧʦʨʪʪʘʥ ʪʝשʽʟ ʧʦʨʪʳʥʳץ שʦʡʤʘʩʳʥʘ 

ʵʢʩʧʦʨʪʪʳץ ʞװʢʪʽ ᴅʢʝʣʫ, ʪʝשʽʟ ʧʦʨʪʳʥʳש ʊɾʄ ʘʨץʳʣʳ ʠʤʧʦʨʪʪʳץ ʞװʢʪʽ ץʘʙʳʣʜʘʫ, ʪʝשʽʟ 

ʧʦʨʪʳʥʘʥ ײץʨסʘץ ʧʦʨʪץʘ ʠʤʧʦʨʪʪʳץ ʞװʢʪʽ ץʘʙʳʣʜʘʫ) ʞᴅʥʝ ץʦʡʤʘʣʘʨʜʘסʳ ʞװʢʪʽ ʘʟʘʡʪʘʪʳʥ 

(ʵʢʩʧʦʨʪʪʳץ ʞװʢʪʽ ᴅʢʝʪʫ) ʙᴇʣʫʛʝ ʙʦʣʘʜʳ ʪʝשʽʟ ʧʦʨʪʳʥʳש ʊɾʄ ʘʨץʳʣʳ ʵʢʩʧʦʨʪʪʳץ ʞװʢʪʽ 

 ʽʟ ʧʦʨʪʳʥʘʥשʢʪʽ ʪʝװʞ ץʦʡʤʘʩʳʥʘ ᴅʢʝʪʫ, ʠʤʧʦʨʪʪʳץ שʽʟ ʧʦʨʪʳʥʳשʧʦʨʪʳʥʘʥ ʪʝ ץʘסʨײץ

 ʳʣʳץɾʄ ʘʨתɾ  שʧʦʨʪʪʳ ץʘסʨײץ ʢʪʽװʞ ץʦʡʤʘʩʳʥʘ ᴅʢʝʪʫ, ʠʤʧʦʨʪʪʳץ שʧʦʨʪʪʳ ץʘסʨײץ

ᴅʢʝʪʫ). 

 

ʊʘʣץʳʣʘʫ. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨסʘ ץײʩʘʩ ʧʘʡʳʤʜʘʫʣʘʨ ʪʝשʽʟ ʞᴅʥʝ ʘʨʪץʳ ʪʝʨʤʠʥʘʣʜʘʨʜʳש 

ʢʦʥʪʝʡʥʝʨʣʽʢ ץʦʡʤʘʣʘʨʳʥʘ ץʘʪʳʩʪʳ ʵʢʩʧʦʨʪʪʳץ ʞᴅʥʝ ʠʤʧʦʨʪʪʳץ ʙʘסʳʪʪʘʨ װʰʽʥ 

 ʤʢʽʥʜʽʢװʘ ʤסʘʨʫסʨʜʝ ʰʳװʪ ץʤᴅʥʽʥ ʘʥʘʣʠʪʠʢʘʣʳ שʳʥʳסʩʳʡʳʤʜʳʣʳ ץʙʘʟʘʣʳ שʦʡʤʘʥʳץ

ʙʝʨʝʜʽ: 
 

      (11) 
 

     (12)     
 

ʊʝשʽʟ ʪʝʨʤʠʥʘʣ ץʦʡʤʘʩʳʥʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʥʳץʪʘʫ װʰʽʥ ץʘʞʝʪʪʽ ʜʝʨʝʢʪʝʨʜʽ ʘʣʫ 

  ʩʫ ʢʝʟʽʥʜʝװʳ ʪʝʨʤʠʥʘʣ ɽʘʨʪϨ. ʝʢʽ ʙʫʳʥʜʳ  ʙʽʨ ʤʝʟʛʽʣʜʝ ʪץʰʽʥ ɽʪʝϬ.Ϩʦʡʤ. ʞᴅʥʝ ʘʨʪװ

ʵʢʩʧʦʨʪʪʳץ ʞᴅʥʝ ʠʤʧʦʨʪʪʳץ ʞװʢ ʘסʳʥʜʘʨʳʥʳש  ʤʦʜʝʣʴʜʝʫ [3] - [9] ʤʦʜʝʣʽʥ ץʦʣʜʘʥʫ 

 ʩʳʥʳʣʘʜʳײ

ɹʦʣʞʘʣʜʳ ʤʦʜʝʣʴʜʽש ʩʠʧʘʪʪʘʤʘʩʳ. 

ɽʢʽ ʪᴅʫʝʣʩʽʟ ʢᴇʣʽʢ ʞװʡʝʩʽ ʙʦʣʩʳʥ: ʪʝשʽʟ ʧʦʨʪʳʥʘʥ ʪײʨʘʪʳʥ ʙʽʨ ʙʫʳʥʜʳ ʞᴅʥʝ ʪʝשʽʟ 

ʧʦʨʪʳ ʤʝʥ ײץʨסʘץ ʧʦʨʪʪʘʥ ʪײʨʘʪʳʥ ʝʢʽ ʙʫʳʥʜʳ. ʉʦʥʜʘʡ-ʘץ, Qʕʂʉʇ.-ʪʳש ʙʝʨʽʣʛʝʥ 

ʵʢʩʧʦʨʪʪʳץ ʞװʢ ʘסʳʥʳ ʞᴅʥʝ Qʀʄʇ.-ʪʳש ʠʤʧʦʨʪʪʳץ ʞװʢ ʘסʳʥʳ ʢʝʤʝʣʝʨ ʞװʡʝʩʽʥʝ Tʢʝʤ. 

ʠʥʪʝʨʚʘʣʳʤʝʥ ʞᴅʥʝ  ʊɾʄ - Tʪʞʤ. ʠʥʪʝʨʚʘʣʳʤʝʥ ʪװʩʫʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʩʳʥ.  ɾʂʇ 
ʞװʢ ʢᴇʣʝʤʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ- Vʞʢʧ., ʪʝשʽʟ ʢʝʤʝʣʝʨʽ V ʞװʢ ʢᴇʣʝʤʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, ʧʦʨʪ 

ʧʝʥ "ײץʨסʘץ ʧʦʨʪ" ʘʨʘʩʳʥʜʘסʳ ʞʝʣʽʜʝ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʙʣʦʢ-ʪʨʝʡʥʜʝʨ Vɹʊ ʞװʢ ʢᴇʣʝʤʽʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ, ʊɾʄ ʈʪʞʤ, TEU/ ʪᴅʫʣʽʢ ᴇʥʽʤʜʽʣʽʛʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, ʘʣ ɾתɾʄ ʈʞϮʞʤ 

TEU/ʪᴅʫʣʽʢ ᴇʥʽʤʜʽʣʽʛʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ʊʝשʽʟ ʞᴅʥʝ ʘʨʪץʳ ʪʝʨʤʠʥʘʣʜʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ 

ʞװʢ ʘסʳʥʳ װʰʽʥ ʪʠʝʫ ʤʘʡʜʘʥʳʥʳש ᴇʥʽʤʜʽʣʽʛʽ ᴇʥʽʤʜʽʣʽʢʧʝʥ ʩʠʧʘʪʪʘʣʘʜʳ ʈϧʇ, ɹʊ/ʢװʥ. 
ʄʦʜʝʣʴ ʣʦʛʠʢʘʩʳʥʳש ʨʝʩʤʠ ʩʠʧʘʪʪʘʤʘʩʳ 

ɸʣʜʳʤʝʥ ʪʝשʽʟ ʧʦʨʪʳʥʘʥ ʪײʨʘʪʳʥ ʝʢʽ ʙʫʳʥʜʳ ʢᴇʣʽʢ ʞװʡʝʩʽʥ ץʘʨʘʩʪʳʨʳשʳʟ ʞᴅʥʝ 

 :"ʧʦʨʪ ץʘסʨײץ"

 .ץʢ ʞʦװʦʡʤʘʣʘʨʳʥʜʘ ʞץ שʳ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʝʨʤʠʥʘʣʜʘʨʜʳץʽʟ ʞᴅʥʝ ʘʨʪשʘʜʘʤ. ʊʝץ-0

ʇʘ- ʤʦʜʝʣʴʜʝʛʽ ʘʫʳʩʳʤ ʘʨʘʣʳסʳ 1 ʢװʥʛʝ ʪʝש ʜʝʧ ץʘʙʳʣʜʘʥʜʳ. 

 ʢ ʪʳʣ ʢʦʥ ʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʳʥʘװʞ ץʘʜʘʤ. ʊʝʤʽʨ ʞʦʣ ʢᴇʣʽʛʽʤʝʥ (ɾʂʇ) ʵʢʩʧʦʨʪʪʳץ-1

ɾתɾʄ ʘʨץʳʣʳ ʢʝʣʽʧ ʪװʩʝʜʽ ʞᴅʥʝ ʩʘץʪʘʫ ʤʝʨʟʽʤʽ ʊʩʘϨʪ. ʽʰʽʥʜʝ ʦʥʜʘ ʙʦʣʘʜʳ. 
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-ʜʘʡʳʥʜʘ ʙʣʦʢסʳʥʜʘʫʳ ʞʘץʘʥ ʞʘסʳ 10 ʪᴅʫʣʽʢʢʝ ʞʦʩʧʘʨʣʘʥסʘʣʜʘ שʘʜʘʤ. ʂʝʤʝʥʽץ-2

ʪʨʝʡʥ ʞװʡʝʩʽʥʽש ʢᴇʤʝʛʽʤʝʥ ʞװʢ ʢʝʤʝ ʢʝʣʫʽʥ ʢװʪʽʧ ʪײʨסʘʥ ʘʡʣʘץʪʘ ʢʝʤʝ ʙʦʣʤʘסʘʥ ʞʘסʜʘʡʜʘ 

 ʦʡʤʘʩʳʥʘ vʙʪ ʤᴇʣʰʝʨʽʥʜʝʛʽץ ʢʦʥʪʝʡʥʝʨʣʽʢ שʽʟ ʪʝʨʤʠʥʘʣʳʥʳשʩʽʨʽʣʝʪʽʥ ʪʝװʘ ʪסʦʡʤʘץ

ʧʘʨʪʠʷʣʘʨʤʝʥ ʞʝʪʢʽʟʽʣʝʜʽ. ɽʛʝʨ ʢʝʤʝ ʘʡʣʘץʪʘ ʪײʨʩʘ ʞᴅʥʝ ʵʢʩʧʦʨʪʪʳץ ʞװʢʪʽ ץʘʙʳʣʜʘʫסʘ 

ʜʘʡʳʥ ʙʦʣʩʘ, ʦʥʜʘ ʞװʢ ʪʽʢʝʣʝʡ ʥײʩץʘ ʙʦʡʳʥʰʘ ʢʝʤʝʛʝ ʪʠʝʣʝʜʽ 

 ʙʦʨʪʳʥʘʥ ʄɻʌ שʨʝʜʽ. ʂʝʤʝ ʦʥʳװʢʝʣʫʽ Tʢʝʤ. ʠʥʪʝʨʚʘʣʳʥʜʘ ʞ שʘʜʘʤ. ʂʝʤʝʥʽץ-3

ʘʨץʳʣʳ ʢʝʣʛʝʥʥʝʥ ʢʝʡʽʥ ʠʤʧʦʨʪʪʳץ ʞװʢ ʪʦʣʳסʳʤʝʥ ʪװʩʽʨʽʣʝʜʽ, ʦʣ ʪʝשʽʟ ʪʝʨʤʠʥʘʣʳʥʳש 

ʢʦʥʪʝʡʥʝʨʣʽʢ ץʦʡʤʘʩʳʥʘ ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ. 

 ʢװʘʥʥʘʥ ʢʝʡʽʥ ʞסʪʘʣץʩʽʨʫ ʘʷװʢʪʽ ʪװʞ ץʘ V ʢᴇʣʝʤʽʥʜʝ ʠʤʧʦʨʪʪʳס-ʘʜʘʤ. ʊɾʄץ-4

ʘʣʫʰʳʣʘʨסʘ ʪʝשʽʟ ʘʨץʳʣʳ ʞᴇʥʝʣʪʫ װʰʽʥ ʢʝʤʝʛʝ ʵʢʩʧʦʨʪʪʳץ ʞװʢʪʽ ʪʠʝʫ ʙʘʩʪʘʣʘʜʳ (ʙײʣ 

ʨʝʪʪʝ ʵʢʩʧʦʨʪʪʳץ ʞװʢ ʧʘʨʪʠʷʩʳʥʳש ʤᴇʣʰʝʨʽ ʠʤʧʦʨʪʪʳץ ʞװʢʪʽש ʤᴇʣʰʝʨʽʥʝʥ ʘʟ ʜʘ, ʦʜʘʥ ʜʘ 

ʢᴇʧ ʙʦʣʫʳ ʤװʤʢʽʥ, ʙʽʨʘץ ʢʝʤʝʥʽש ʝש ʞʦסʘʨʳ ʩʳʡʳʤʜʳʣʳסʳʥʘʥ ʘʩʧʘʫʳ ʪʠʽʩ). 

 ʙʽʨʽʥʰʽ ʧʘʨʪʠʷʩʳʥ שʘʥ ʪʝסʣʢʝʥ ʥʝʤʝʩʝ ʦװ vʙʪ-ʜʘʥ שʢʪʽװʞ ץʘʜʘʤ. ʀʤʧʦʨʪʪʳץ-5

ʪװʩʽʨʫ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʙײʣ ʧʘʨʪʠʷ ʙʣʦʢ-ʪʨʝʡʥʛʝ ʙʘʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʩʦʣ ʢװʥʽ "ײץʨסʘץ 

ʧʦʨʪ"ץʦʡʤʘʩʳʥʘ ʞʽʙʝʨʽʣʝʜʽ. 

 ʢʦʥʪʝʡʥʝʨʣʽʢ שʢ ʪʳʣ ʪʝʨʤʠʥʘʣʳʥʳװʞ ץʘʜʘʤ. ʊʝʤʽʨ ʞʦʣ ʢᴇʣʽʛʽʤʝʥ ʠʤʧʦʨʪʪʳץ-6

 .ʙʝʣʛʽʣʽ ʙʽʨ ʤʝʨʟʽʤʽ ʽʰʽʥʜʝ ʩʦʣ ʞʝʨʜʝ ʙʦʣʘʜʳ שʪʘʫʜʳץʩʝʜʽ ʞᴅʥʝ ʊʩʘϨʪ. ʩʘװʦʡʤʘʩʳʥʘ ʪץ

 שʘʥ ʪʝסʣʢʝʥ ʥʝʤʝʩʝ ʦװ ʢᴇʣʝʤʽ שʢʪʽװʳ ʞסʦʡʤʘʩʳʥʜʘץ "ʧʦʨʪ ץʘסʨײץ" .ʘʜʘʤץ-7

ʙʦʣסʘʥʥʘʥ ʢʝʡʽʥ Vʞʢʧ, ʩʦʜʘʥ ʢʝʡʽʥ Vʞʢʧ ʠʤʧʦʨʪʪʳץ ʞװʢ ʧʘʨʪʠʷʩʳ ɾʂʇ-סʘ ʪʠʝʣʝʜʽ ʞᴅʥʝ 

ʞװʢ ʘʣʫʰʳʣʘʨסʘ ʞᴇʥʝʣʪʽʣʝʜʽ. 

 ʥʛʝװʘʡʩʳʩʳ ʙʽʨ ʢץᴅʨ שʨʘʜʳ, ʦʣʘʨʜʳײʘʜʘʤ. ʄʦʜʝʣʴ 365 ʠʥʪʝʨʚʘʣ ʩʝʨʠʷʩʳʥʘʥ ʪץ-8

ʪʝש. 

ᴄʨʽ ץʘʨʘʡ, ʙʽʨ ʙʫʳʥʜʳ ʢᴇʣʽʢ ʞװʡʝʩʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ: 

 ʳ ʜʘ 1סʳʪ ʘʨʘʣʳץʄʦʜʝʣʴʜʝʛʽ ʫʘ .ץʢ ʞʦװʦʡʤʘʩʳʥʜʘ ʞץ שʽʟ ʧʦʨʪʳʥʳשʘʜʘʤ. ʊʝץ-0

ʢװʥʛʝ ʪʝץ שʘʙʳʣʜʘʥʘʜʳ. 

 ʽʟשʳʣʳ ʪʝץɾʄ ʘʨתʢ ɾװʞ ץʘʜʘʤ. ʊʝʤʽʨ ʞʦʣ ʢᴇʣʽʛʽʤʝʥ (ɾʂʇ) ʵʢʩʧʦʨʪʪʳץ-1

ʢʦʥʪʝʡʥʝʨʣʽʢ ץʦʡʤʘʩʳʥʘ ʪװʩʝʜʽ ʞᴅʥʝ ʊʩʘϨʪ. ʩʘץʪʘʫʜʳש ʙʝʣʛʽʣʽ ʙʽʨ ʤʝʨʟʽʤʽ ʽʰʽʥʜʝ ʩʦʥʜʘ 

ʙʦʣʘʜʳ. 

 ʙʦʨʪʳʥʘʥ שʨʝʜʽ. ʂʝʤʝ ʦʥʳװʢʝʣʫʽ Tʢʝʤ. ʠʥʪʝʨʚʘʣʳʥʜʘ ʞ שʘʜʘʤ. ʂʝʤʝʥʽץ-2

ʢʝʣʛʝʥʥʝʥ ʢʝʡʽʥ ʊɾʄ ʪʝשʽʟ ʪʝʨʤʠʥʘʣʳʥʳש ʢʦʥʪʝʡʥʝʨʣʽʢ ץʦʡʤʘʩʳʥʘ ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ 

ʠʤʧʦʨʪʪʳץ ʞװʢʪʽ ʪʦʣʳסʳʤʝʥ ʪװʩʽʨʝʜʽ. 

 ʢװʘʥʥʘʥ ʢʝʡʽʥ ʞסʪʘʣץʩʽʨʫ ʘʷװʢʪʽ ʪװʞ ץʘ V ʢᴇʣʝʤʽʥʜʝ ʠʤʧʦʨʪʪʳס-ʘʜʘʤ. ʊɾʄץ-4

ʘʣʫʰʳʣʘʨסʘ ʪʝשʽʟ ʘʨץʳʣʳ ʞᴇʥʝʣʪʫ װʰʽʥ ʢʝʤʝʛʝ ʵʢʩʧʦʨʪʪʳץ ʞװʢʪʽ ʪʠʝʫ ʙʘʩʪʘʣʘʜʳ (ʙײʣ 

ʨʝʪʪʝ ʵʢʩʧʦʨʪʪʳץ ʞװʢ ʧʘʨʪʠʷʩʳʥʳש ʤᴇʣʰʝʨʽ ʠʤʧʦʨʪʪʳץ ʞװʢʪʽש ʤᴇʣʰʝʨʽʥʝʥ ʘʟ ʜʘ, ʦʜʘʥ ʜʘ 

ʢᴇʧ ʙʦʣʫʳ ʤװʤʢʽʥ, ʙʽʨʘץ ʢʝʤʝʥʽש ʝש ʞʦסʘʨʳ ʩʳʡʳʤʜʳʣʳסʳʥʘʥ ʘʩʧʘʫʳ ʪʠʽʩ). 

 ץʘʥʥʘʥ ʢʝʡʽʥ, ʘʨʪʳסʪʘʣץʩʽʨʫ ʘʷװʙʽʨʽʥʰʽ ʧʘʨʪʠʷʩʳʥ ʪ שʢʪʽװʞ ץʘʜʘʤ. ʀʤʧʦʨʪʪʳץ-5

ʥʝʤʝʩʝ ʪʝש Vʞʢʧ,  ʠʤʧʦʨʪʪʳץ ʞװʢʪʽש ʧʘʨʪʠʷʩʳ Vʞʢʧ  ɾʂʇ-ʛʝ ʞװʢʪʝʣʝʜʽ ʞᴅʥʝ ʞװʢ 

ʘʣʫʰʳʣʘʨסʘ ʞʽʙʝʨʽʣʝʜʽ. 

 .שʥʛʝ ʪʝװʘʡʩʳʩʳ 1 ʢץᴅʨ שʨʘʜʳ, ʦʣʘʨʜʳײʘʜʘʤ. ʄʦʜʝʣʴ 365 ʠʥʪʝʨʚʘʣ ʩʝʨʠʷʩʳʥʘʥ ʪץ-8

ɸʣʳʥסʘʥ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʟʝʨʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ.- ʙʽʨ ʙʫʳʥʜʳ ʞᴅʥʝ ʝʢʽ ʙʫʳʥʜʳ ʞװʡʝʣʝʨʜʝʛʽ ʪʝשʽʟ ʞᴅʥʝ ʘʨʪץʳ ʢʦʥʪʝʡʥʝʨʣʽʢ 

ʪʝʨʤʠʥʘʣʜʘʨʜʳש ᴇʟʘʨʘ ʽʩ-ץʠʤʳʣʳ. 

ʄʦʜʝʣʴʜʽש ʢᴇʤʝʛʽʤʝʥ ʠʤʧʦʨʪʪʳץ ʞᴅʥʝ ʵʢʩʧʦʨʪʪʳץ ʞװʢʪʝʨʜʽ ץʦʡʤʘʣʘʨסʘ 

ᴅʢʝʣʫ/ᴅʢʝʪʫ ʜʠʥʘʤʠʢʘʩʳ, ᴅʨ ʫʘץʳʪʪʘ ץʦʡʤʘʣʘʨʜʘסʳ ʞװʢʪʽש ʤʘʢʩʠʤʘʣʜʳ ʞᴅʥʝ ʤʠʥʠʤʘʣʜʳ 

ʢᴇʣʝʤʽ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʘʣʫסʘ ʙʦʣʘʜʳ. 

ɾװʨʛʽʟʽʣʛʝʥ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʤʝʥ ʠʤʠʪʘʮʠʷʣʳץ ʤʦʜʝʣʴʜʝʫ ʵʢʩʧʦʨʪʪʳץ ʞᴅʥʝ 

ʠʤʧʦʨʪʪʳץ ʢʦʥʪʝʡʥʝʨʣʽʢ ʘסʳʥʜʘʨʜʳ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʪʝשʽʟ ʞᴅʥʝ ʘʨʪץʳ ʢʦʥʪʝʡʥʝʨʣʽʢ 

ʪʝʨʤʠʥʘʣʜʘʨ ץʦʡʤʘʩʳʥʳץ שʘʞʝʪʪʽ ʤʘʢʩʠʤʘʣʜʳ ʩʳʡʳʤʜʳʣʳסʳʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ [7,8]. 
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ʂʦʤʤʝʨʮʠʷʣʳץ ʩʘץʪʘʫ ʬʫʥʢʮʠʷʩʳʥ ʘʨʪץʳ ʪʝʨʤʠʥʘʣסʘ ʪʦʣʳסʳʤʝʥ ʙʝʨʫ ʢʝʟʽʥʜʝ 
(ʷסʥʠ, ʪʝשʽʟ ץʦʡʤʘʩʳ װʰʽʥ txp = 0), ʝש ʢᴇʧ ץʘʞʝʪ - ʪʝשʽʟ ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʳʥʳײץ שʥʳ 
ʞᴅʥʝ ʢʝʣʝʩʽ ᴇʨʥʝʢʪʽ ʙʝʨʝʜʽ: 

 

                                                 (13) 

 

ʂʦʤʤʝʨʮʠʷʣʳץ ʩʘץʪʘʫ ʬʫʥʢʮʠʷʩʳʥ ʪʝשʽʟ ʧʦʨʪʳʥʘʥ" ײץʨסʘץ ʧʦʨʪץʘ " ʪʦʣʳץ ʙʝʨʫ 
(ʷסʥʠ Txp > 0 ʘʨʪץʳ ʪʝʨʤʠʥʘʣʳ װʰʽʥ) ץʦʡʤʘʜʘʥ V ʢʝʤʝ ʞײʙʳʥ ʜʘ ʩʘץʪʘʫ ʞᴅʥʝ ʪʝשʽʟ 
ʢʝʤʝʣʝʨʽʥʽש ʙʽʨʢʝʣʢʽ ʝʤʝʩ ʞʘץʳʥʜʘʫʳ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʪʝʨʙʝʣʽʩʪʝʨʜʽ ʪʝʛʽʩʪʝʫ 
ʤװʤʢʽʥʜʽʛʽʥ ʪʘʣʘʧ ʝʪʝʜʽ ʊʩʫʜ. 

ʆʩʳʣʘʡʰʘ, ʘʨʪץʳ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʝʨʤʠʥʘʣ ץʦʡʤʘʩʳʥʳש ʤʘʢʩʠʤʘʣʜʳ ʩʳʡʳʤʜʳʣʳסʳ 
ʩʽʟ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ: 

 

(    (14) 

 

ʀʤʠʪʘʮʠʷʣʳץ ʤʦʜʝʣʴʜʝʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʪʘʩʳʤʘʣʜʘʫ ʪʽʟʙʝʛʽʥʝ ץʦʩʳʤʰʘ ʙʫʳʥ-ʘʨʪץʳ 
ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʝʨʤʠʥʘʣʜʳ ʝʥʛʽʟʫ - ץʦʡʤʘʣʘʨʜʳש ʞʘʣʧʳ ʢᴇʣʝʤʽʥʽײ שʣסʘʶʳʥʘ ᴅʢʝʣʝʜʽ ð 
Emor.ʉפʃ + ɽʪʳʣ.ʙʽʨ ʙʫʳʥʜʳ Escl ʞװʡʝʩʽʥʽץ שʦʡʤʘʩʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ SKL, ʷסʥʠ 
Emor. ʉפʃ + ɽʪʳʣ. SCL > Escl. ʅʝʛʽʟʛʽ ʩʝʙʝʧ - ʝʢʽ ʞײʧ ʧʘʨʪʠʷ ʢᴇʣʝʤʽʥʽש ʙʽʨʢʝʣʢʽ 
ʧʘʨʳʩʪʽʛʽʥ ʞᴅʥʝ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʪװʩʫʽʥ ᴇʪʝʫ ץʘʞʝʪʪʽʣʽʛʽ. 

1. ɹʽʨ ʙʫʳʥʜʳ ʞװʡʝʜʝ ʣʦʛʠʩʪʠʢʘʣʳץ ʵʣʝʤʝʥʪʪʽש ð ʪʝשʽʟ ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʳʥʳש 
ʞײʤʳʩ ʽʩʪʝʫʽ ץʦʡʤʘʜʘ ʘʨʪʳץ ʥʝʤʝʩʝ ʞʝʪʽʩʧʝʡʪʽʥ ʞװʢʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʝʜʽ. 
ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʧʦʨʪʪʘ ʢᴇʣʽʢ ײץʨʘʣʳʥʳש (ʢʝʤʝʥʽש) ʢʝʣʤʝʫʽ, ʩʦʥʜʘʡ-ʘץ ʤʝʨʟʽʤʽʥʝʥ 
ʙײʨʳʥ ʢʝʣʛʝʥ ʢʝʤʝʥʽ ʪʠʝʫʛʝ ʘʨʥʘʣסʘʥ "ʩʘץʪʘʥʜʳʨʫ" ץʦʨʳʥʳש ʞʠʥʘץʪʘʣʫʳ ʩʘʣʜʘʨʳʥʘʥ 
ᴅʢʝʪʫʜʽש ʢʝʰʽʛʫʽ ʢʝʟʽʥʜʝ ʪʫʳʥʜʘʡʪʳʥ ʘʨʪʳץ ץʦʨʜʳ ʩʘץʪʘʫ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʫʳ ץʘʞʝʪ. 

2. ʊʝשʽʟ ʪʝʨʤʠʥʘʣʳ - ʪʳʣ ʪʝʨʤʠʥʘʣʳʥʳש ʝʢʽ ʙʫʳʥʜʳ ʢᴇʣʽʢ ʪʽʟʙʝʛʽʥʽש ʞײʤʳʩ ʽʩʪʝʫʽ 
 ʳʥʜʘסʳʤʙʘʪ ʧʦʨʪ ʘʫʤʘץ ʦʧʝʨʘʪʦʨʳ שʽʟ ʪʝʨʤʠʥʘʣʳʥʳשʜʘʡʜʘ ʪʝסʘʥ ʞʘסʡʳʤʜʘʩʪʳʨʳʣײ
ʩʘץʪʘʫ ʘʣʘשʜʘʨʳʥ ʘʟʘʡʪʫסʘ, ʩʘʷʙʘץʪʳ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ʪʝʨʤʠʥʘʣʜʘ ץʘʡʪʘ ʪʠʝʫ ʞʘʙʜʳסʳʥʳש 
ʞײʤʳʩʳʥ ʙʽʨʢʝʣʢʽ ʙᴇʣʫʛʝ ʤװʤʢʽʥʜʽʢ ʘʣʘʜʳ, ʩʦʥʜʘʡ - ʘץ ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ ʧʘʨʪʠʷʣʘʨʜʳש 
ʤᴇʣʰʝʨʽ ʤʝʥ ʙʝʨʫ ʞʠʽʣʽʛʽʥʽש ᴇʟʛʝʨʫʽʥʝ ʙʘʨʘʙʘʨ ʞʘʫʘʧ ʙʝʨʫ ʤװʤʢʽʥʜʽʛʽʥ ʘʣʘʜʳ. 

3. ᴆʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʘʨʥʘʣʘʨʳʥ ʙʘʩץʘʨסʘʥ ʞʘסʜʘʡʜʘ, ʪʝשʽʟ 
ʪʝʨʤʠʥʘʣʳʥʳש ʦʧʝʨʘʪʦʨʳ ʪʝשʽʟ ʪʝʨʤʠʥʘʣʳʥʜʘ ʩʘץʪʘʫʜʳ ʪʦʣʳסʳʤʝʥ ʞʦʶסʘ ʜʝʡʽʥ ʢʝʟ-
ʢʝʣʛʝʥ ʤᴅʩʝʣʝʥʽ ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʘʣʘʜʳ. 

4. ɸʥʘʣʠʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʫ ʵʢʩʧʦʨʪʪʳץ ʞᴅʥʝ ʠʤʧʦʨʪʪʳץ ʙʘסʳʪʪʘʨ װʰʽʥ 
ʪʝשʽʟ ʞᴅʥʝ ʘʨʪץʳ ʪʝʨʤʠʥʘʣʜʘʨ ץʦʡʤʘʣʘʨʳʥʳש ʙʘʟʘʣʳץ ʩʳʡʳʤʜʳʣʳסʳʥʳש ʤᴅʥʜʝʨʽʥ 
ʰʳסʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

5. ʀʤʠʪʘʮʠʷʣʳץ ʤʦʜʝʣʴʜʝʫ ʪʝשʽʟ ʞᴅʥʝ ʘʨʪץʳ ʪʝʨʤʠʥʘʣʜʘʨ ץʦʡʤʘʣʘʨʳʥʳץ שʘʞʝʪʪʽ 
ʢᴇʣʝʤʽʥʽש ʤᴇʣʰʝʨʽʥʝ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʙʽʨʢʝʣʢʽ ʢʝʣʤʝʫʽʥʽש ᴅʩʝʨʽʥ ʙʘסʘʣʘʫסʘ, ʩʦʥʜʘʡ-ʘץ 
ʪʝʨʤʠʥʘʣʜʘʨ ʘʨʘʩʳʥʜʘסʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴇʟʘʨʘ ʽʩ-ץʠʤʳʣʜʳץ שʘʞʝʪʪʽ ʜʝשʛʝʡʽ ʪʫʨʘʣʳ 
ʤᴅʣʽʤʝʪʪʝʨ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ʦʥʳ ʢᴇʣʽʢ ʧʝʥ ʠʥʬʨʘײץʨʳʣʳʤʜʳץ 
ʦʙʲʝʢʪʽʣʝʨʜʽש ʞײʤʳʩʳʥ ʞʦʩʧʘʨʣʘʫ װʰʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. 

6. ʊʝשʽʟ ץʦʡʤʘʩʳʥʜʘ ʩʘץʪʘʫʜʳש ʤʝʥʰʽʢʪʽ ײץʥʳ ʘʨʪץʳ ץʦʡʤʘʜʘסʳʜʘʥ ʝʜᴅʫʽʨ ʞʦסʘʨʳ 
ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ, ʝʢʽ ʙʫʳʥʜʳ ʞװʡʝʥʽש ʢᴇʣʽʢ ʪʽʟʙʝʛʽʥʜʝ: ʪʝשʽʟ ʞᴅʥʝ ʘʨʪץʳ ʢʦʥʪʝʡʥʝʨ 
ʪʝʨʤʠʥʘʣʳʥ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽ ʘʥʘײסʨʣʳʤ ץʦʣʘʡʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 

 ʦʨʳʪʳʥʜʳפ

ʆʩʳʣʘʡʰʘ, ʝʢʽ ʙʫʳʥʜʳ ʞװʡʝʥʽש ʠʤʠʪʘʮʠʷʣʳץ ʤʦʜʝʣʽʤʝʥ ʪʝשʽʟ ʞᴅʥʝ ʘʨʪץʳ 
ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʜʘʨʳʥʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ 
ʤʦʜʝʣʴʜʝʫ ʪʝשʽʟ ʪʝʨʤʠʥʘʣʳ ï ʘʨʪץʳ ʪʝʨʤʠʥʘʣ ʪʝשʽʟ ʧʦʨʪʳ ʪʝʨʤʠʥʘʣʜʘʨʳʥʳש ᴇʪʢʽʟʫ 
 שʳ ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʜʘʨʳʥʳץʽʟ ʞᴅʥʝ ʘʨʪשʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʪʽʥ ʪʝסʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʫץ
ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʽײ שʪʳʤʜʳ ʜʝשʛʝʡʽʥ ʘʥʳץʪʘʡʜʳ 
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MATHEMATICAL MODELING OF TECHNOLOGICAL INTERACTION OF MARINE 

AND REAR CONTAINER TERMINALS  

Abstract. The relevance of the study of the problem of interaction between rail and sea 

transport in port transport hubs is explained by its direct impact on improving the quality of life 

of people and the importance for the development of the entire transport complex of the state, 

increasing the efficiency of its work. The article is devoted to the issues of technological 

interaction of sea and rear container terminals in the framework of planning the operation of 

land-based cargo distribution networks. The main objective of the study is to obtain the 

necessary information about the level of technological interaction between the sea and rear 

container terminals in a two-link system and the parameters of terminal warehouses and to 

analyze the development of a mechanism for the formation of cargo volume in the warehouse of 

the sea and rear container terminal. Analytical methods have been used to derive a formula for 

calculating the maximum capacity of terminal warehouses and to determine the values of the 

base capacity of warehouses of sea and rear terminals for export and import directions. 
Mathematical modeling methods were used to build a simulation model of a twoïlink system: a 

marine terminal - a rear terminal, which allows to assess the impact of the uneven arrival of 

vehicles on the amount of the required volume of warehouses of the marine and rear terminals. 
This makes it possible to minimize the port storage areas, the fleet of transshipment equipment 

and ensures a rational distribution of the volume of work of transshipment equipment with a 

proportionate response to changes in the size and frequency of the required shipments to the 

terminal. The results of the study can be used for optimal planning of the operation of sea 

transport and infrastructure facilities of the seaport. 

 

Keywords. Containers, seaports, cargo front, rear terminals, planning, simulation 

modeling, cargo distribution networks, cargo flow, dry port. 
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ʂʘʤʘʨ ʈʟʘʝʚʘ,  ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, Yessenov University, ɸʢʪʘʫ, ʂʘʟʘʭʩʪʘʥ, 

sisenkyzy@mail.ru   

ɻʫʣʴʤʠʨʘ ɹʠʣʘʰʦʚʘ,  ʤʘʛʠʩʪʨ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, Yessenov University, 

ɸʢʪʘʫ, ʂʘʟʘʭʩʪʘʥ, ms.bilashova @mail.ru 

 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ  ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʄʆʈʉʂʀʍ ʀ ʊʓʃʆɺʓʍ ʂʆʅʊɽʁʅɽʈʅʓʍ 

ʊɽʈʄʀʅɸʃʆɺ 

ɸʥʥʦʪʘʮʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʠ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʧʨʠʧʦʨʪʦʚʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʟʣʘʭ 

ʦʙʲʷʩʥʷʝʪʩʷ ʝʸ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʣʶʜʝʡ ʠ 

ʚʘʞʥʦʩʪʴʶ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚʩʝʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʦʩʫʜʘʨʩʪʚʘ, ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʨʩʢʠʭ ʠ ʪʳʣʦʚʳʭ ʢʦʥʪʝʡʥʝʨʥʳʭ ʪʝʨʤʠʥʘʣʦʚ ʚ ʨʘʤʢʘʭ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʥʘʟʝʤʥʳʭ 

ʩʝʪʝʡ ʛʨʫʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ 

ʩʚʝʜʝʥʠʡ ʦʙ ʫʨʦʚʥʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʨʩʢʦʛʦ ʠ ʪʳʣʦʚʦʛʦ ʢʦʥʪʝʡʥʝʨʥʳʭ 

ʪʝʨʤʠʥʘʣʦʚ ʚ ʜʚʫʭʟʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʠ ʧʘʨʘʤʝʪʨʘʭ ʩʢʣʘʜʦʚ ʪʝʨʤʠʥʘʣʦʚ ʠ ʘʥʘʣʠʟ ʚʳʨʘʙʦʪʢʠ 

ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʲʝʤʘ ʛʨʫʟʘ ʥʘ ʩʢʣʘʜʝ ʤʦʨʩʢʦʛʦ ʠ ʪʳʣʦʚʦʛʦ ʢʦʥʪʝʡʥʝʨʥʦʛʦ 

ʪʝʨʤʠʥʘʣʘ. ɸʥʘʣʠʪʠʯʝʩʢʠʤʠ  ʤʝʪʦʜʘʤʠ ʚʳʚʝʜʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʝʤʢʦʩʪʠ ʩʢʣʘʜʦʚ ʪʝʨʤʠʥʘʣʦʚ ʠ ʦʧʨʝʜʝʣʝʥʳ  ʟʥʘʯʝʥʠʷ ʙʘʟʦʚʦʡ ʚʤʝʩʪʠʤʦʩʪʠ ʩʢʣʘʜʦʚ 

ʤʦʨʩʢʦʛʦ ʠ ʪʳʣʦʚʦʛʦ ʪʝʨʤʠʥʘʣʦʚ ʜʣʷ ʵʢʩʧʦʨʪʥʦʛʦ ʠ ʠʤʧʦʨʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʜʚʫʭʟʚʝʥʥʦʡ ʩʠʩʪʝʤʳ: ʤʦʨʩʢʦʡ ʪʝʨʤʠʥʘʣ ï ʪʳʣʦʚʦʡ ʪʝʨʤʠʥʘʣ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʚʝʣʠʯʠʥʫ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʩʢʣʘʜʦʚ ʤʦʨʩʢʦʛʦ ʠ ʪʳʣʦʚʦʛʦ ʪʝʨʤʠʥʘʣʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ   

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ  ʧʦʨʪʦʚʳʝ ʩʢʣʘʜʩʢʠʝ ʧʣʦʱʘʜʠ ʭʨʘʥʝʥʠʷ, ʧʘʨʢ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʘ ʨʘʙʦʪʳ ʧʝʨʝʛʨʫʟʦʯʥʦʡ 

ʪʝʭʥʠʢʠ  ʩ ʩʦʨʘʟʤʝʨʥʳʤ  ʨʝʘʛʠʨʦʚʘʥʠʝʤ ʥʘ  ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʠ ʯʘʩʪʦʪʳ ʧʦʩʪʫʧʣʝʥʠʡ 

ʪʨʝʙʫʝʤʳʭ ʧʘʨʪʠʡ ʥʘ ʪʝʨʤʠʥʘʣ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ 

ʤʦʨʩʢʦʛʦ ʧʦʨʪʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʂʦʥʪʝʡʥʝʨʳ, ʤʦʨʩʢʠʝ ʧʦʨʪʳ, ʛʨʫʟʦʚʦʡ ʬʨʦʥʪ, ʪʳʣʦʚʳʝ 

ʪʝʨʤʠʥʘʣʳ, ʧʣʘʥʠʨʦʚʘʥʠʝ, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʝʪʠ ʛʨʫʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʛʨʫʟʦʧʦʪʦʢ, ʩʫʭʦʡ ʧʦʨʪ. 
 

*****************************************************************************  

 

 

 

 

 

 

 

 

 

 

 

 

 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 3 (126), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 3 (126), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

117 

ʋɼʂ 656.225               DOI 10.52167/1609-1817-2023-126-3-117-126 

 

ɽ.ɽ.ʂʘʨʩʳʙʘʝʚ 1, ʄ.ʉ.ʀʟʪʝʣʝʫʦʚʘ2 , ɽ.ʉ.ɸʙʩʘʪʦʚ 3 
1ɸʢʘʜʝʤʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
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ʅʆɺʓɽ ɺʆɿʄʆɾʅʆʉʊʀ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɽɸʃʀɿɸʎʀʀ ʊʈɸʅɿʀʊʅʆɻʆ ʀ 

ʕʂʉʇʆʈʊʅʆɻʆ ʇʆʊɽʅʎʀɸʃɸ ʂɸɿɸʍʉʊɸʅɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʫʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʨʦʩʪʘ 

ʪʨʘʥʟʠʪʥʳʭ ʧʝʨʝʚʦʟʦʢ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʚʦʟʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʩʪʨʘʥʳ, ʤʦʪʠʚʘʮʠʷ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʨʘʥʟʠʪʥʳʝ 

ʧʫʪʠ, ʧʨʦʭʦʜʷʱʠʝ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʧʦʣʠʪʠʢʫ ʛʦʩʫʜʘʨʩʪʚʘ ʠ 

ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʦʙʦʟʥʘʯʝʥʥʳʝ ʩʪʨʘʪʝʛʠʠ ʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʫʩʢʦʨʷʶʱʝʤʩʷ ʚ ʩʚʦʸʤ ʨʘʟʚʠʪʠʠ ʤʠʨʝ [1]. ʂʘʟʘʭʩʪʘʥ ʠʤʝʝʪ ʚʳʛʦʜʥʦʝ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ 

ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʤʦʩʪʘ. ɽʛʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘ ʩʪʳʢʝ ɽʚʨʦʧʳ ʠ ɸʟʠʠ ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʪʨʘʥʟʠʪʥʦʛʦ ʧʨʦʧʫʩʢʘ ʛʨʫʟʦʧʦʪʦʢʦʚ, ʯʪʦ ʧʨʠʥʝʩʝʪ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʚʳʛʦʜʳ. ʂʘʟʘʭʩʪʘʥ, ʧʨʘʚʠʣʴʥʦ ʠʩʧʦʣʴʟʫʷ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ, ʥʝ 

ʪʦʣʴʢʦ ʟʘʨʘʙʘʪʳʚʘʝʪ ʟʘ ʩʯʝʪ ʪʨʘʥʟʠʪʘ, ʥʦ ʠ ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴ ʨʝʛʠʦʥʳ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʚʣʝʯʝʥʠʷ ʠʭ ʢ ʦʙʤʝʥʫ ʪʦʚʘʨʘʤʠ, ʩʦʟʜʘʥʠʷ ʤʝʩʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʚʘʨʦʚ, 

ʧʦʣʴʟʫʶʱʠʭʩʷ ʩʧʨʦʩʦʤ ʥʘ ʚʥʝʰʥʝʤ ʨʳʥʢʝ, ʯʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʦ ʙʳ ʟʘʥʷʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʠ 

ʚʳʛʦʜʥʦʝ ʤʝʩʪʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʡ ʣʦʛʠʩʪʠʢʠ. ʊʘʢʦʝ ʚʳʛʦʜʥʦʝ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʩʫʭʦʧʫʪʥʦʤ ʢʦʨʠʜʦʨʝ ʤʝʞʜʫ ɽʚʨʦʧʦʡ ʠ ɸʟʠʝʡ ʧʨʝʜʩʪʘʚʠʪ 

ʵʪʦʪ ʤʘʨʰʨʫʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚ ʢʘʯʝʩʪʚʝ ʵʢʦʥʦʤʠʯʥʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʢʦʨʠʜʦʨʘ ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʠ ʖʛʦ-ɺʦʩʪʦʯʥʘʷ ɸʟʠʷ ï ʂʠʪʘʡ ï ʎʝʥʪʨʘʣʴʥʘʷ ɸʟʠʷ ï ɽʚʨʦʧʘ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɻʨʫʟʦʧʦʪʦʢʠ, ʣʦʛʠʩʪʠʢʘ, ʭʘʙ, ʊʨʘʥʩʢʘʟʘʭʩʪʘʥʩʢʘʷ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʤʘʛʠʩʪʨʘʣʴ, ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʳʡ ʪʦʚʘʨʦʦʙʤʝʥ, ʙʦʣʴʰʦʡ ʪʨʘʥʟʠʪ. 

 

ɺʚʝʜʝʥʠʝ.  

ʆʮʝʥʠʚʘʷ ʚ ʮʝʣʦʤ ʩʦʩʪʦʷʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠʛʨʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ. ʂʘʟʘʭʩʪʘʥʩʢʠʝ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 47,2 % ʛʨʫʟʦʦʙʦʨʦʪʘ ʠ 6,6% 

ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʩʪʨʘʥʳ. ʆʩʥʦʚʥʳʝ ʦʙʲʝʤʳ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʧʝʨʝʚʦʟʢʘʭ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ [2]. 

ʀʩʧʦʣʴʟʫʷ ʫʥʠʢʘʣʴʥʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ, ʂʘʟʘʭʩʪʘʥ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʤʠʨʦʚʦʡ ʪʦʨʛʦʚʣʝ ʛʦʪʦʚ ʩʳʛʨʘʪʴ ʨʦʣʴ ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʠ ʪʨʘʥʟʠʪʥʦʛʦ ʤʦʩʪʘ ʤʝʞʜʫ 

ɽʚʨʦʧʦʡ ʠ ɸʟʠʝʡ.  

ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʝʨʝʚʦʟʦʢ ʤʝʞʜʫ ɿʘʧʘʜʦʤ ʠ ɺʦʩʪʦʢʦʤ ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ 

ʝʚʨʦʘʟʠʘʪʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʚʷʟʝʡ ʟʘ ʩʯʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʠʭ ʥʘʟʝʤʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʷ ʣʦʛʠʩʪʠʢʠ. ʆʩʥʦʚʥʳʤʠ ʩʪʨʘʥʘʤʠ ʥʘʟʥʘʯʝʥʠʷ ʪʨʘʥʟʠʪʥʳʭ 

ʛʨʫʟʦʧʦʪʦʢʦʚ ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ ʷʚʣʷʶʪʩʷ ʩʪʨʘʥʳ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ (ʋʟʙʝʢʠʩʪʘʥ ï 45%, 

ʂʳʨʛʳʟʩʪʘʥ ï 20%, ʊʫʨʢʤʝʥʠʩʪʘʥ ï 6%, ʊʘʜʞʠʢʠʩʪʘʥ ï 9%, ɸʬʛʘʥʠʩʪʘʥ ï 5%). ʅʘ ʈʦʩʩʠʶ 

ʧʨʠʭʦʜʠʪʩʷ 5,6%, ʥʘ ʂʠʪʘʡ ï 4,5% [2].  

ɺ ʫʩʣʦʚʠʷʭ ʫʭʫʜʰʘʶʱʝʡʩʷ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʩʧʝʮʦʧʝʨʘʮʠʠ ʈʌ, ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʦʙʣʝʤʘ ʣʦʛʠʩʪʠʢʠ ʤʝʞʜʫ 
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ʂʠʪʘʝʤ ʠ ɽʚʨʦʧʦʡ. ʂʘʟʘʭʩʪʘʥ, ʦʙʣʘʜʘʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠ ʪʨʘʥʩʧʦʨʪʥʦ-

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʠʤʝʝʪ ʦʛʨʦʤʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʠʣʠʪʴ ʩʚʦʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʠ ʧʦʣʠʪʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʩʦʣʠʜʘʮʠʠ ʛʨʫʟʦʧʦʪʦʢʘ ʯʝʨʝʟ 

ʪʝʨʨʠʪʦʨʠʶ ʩʪʨʘʥʳ. ɺ ʩʣʦʞʠʚʰʠʭʩʷ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʊʨʘʥʩʢʘʩʧʠʡʩʢʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ 

ʪʨʘʥʩʧʦʨʪʥʳʡ ʤʘʨʰʨʫʪ (ʜʘʣʝʝ ʊʄʊʄ) ʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʪʘʪʴʝ, ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʱʝʡ ʤʝʪʦʜʠʢʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʘʥʘʣʠʟ ʨʘʥʥʝʝ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɺʦʟʨʦʩʰʘʷ ʨʦʣʴ ʊʄʊʄ ʚ ʩʚʷʟʠ ʩ ʤʝʥʷʶʱʝʡʩʷ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʦʛʦ ʨʝʘʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʘʥʥʳʡ 

ʢʦʨʠʜʦʨ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʝʨʨʠʪʦʨʠʠ ʂʠʪʘʷ, ʂʘʟʘʭʩʪʘʥʘ, ʘʢʚʘʪʦʨʠʶ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ, 

ɸʟʝʨʙʘʡʜʞʘʥʘ, ɻʨʫʟʠʠ, ʊʫʨʮʠʠ ʠ ʜʘʣʝʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʘʨʠʘʥʪʳ ʧʦ ʏʝʨʥʦʤʫ ʤʦʨʶ, 

ʩ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚ ʩʪʨʘʥʳ ɽʚʨʦʧʳ ʠʣʠ ʥʘʟʝʤʥʳʤʠ ʠ ʚʦʟʜʫʰʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ɽʚʨʦʩʦʶʟ. 

ʏʣʝʥʘʤʠ ʘʩʩʦʮʠʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʢʦʣʦ ʜʚʘʜʮʘʪʠ ʢʦʤʧʘʥʠʡ. ʉʶʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʘʜʤʠʥʠʩʪʨʘʮʠʠ, ʧʦʨʪʳ, ʩʫʜʦʭʦʜʥʳʝ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ ʠʟ 

ʧʨʠʚʝʜʝʥʥʳʭ ʩʪʨʘʥ [1].  

ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʪʦʛʦ, ʯʪʦ ʚʦʟʜʫʰʥʳʡ ʪʨʘʥʩʧʦʨʪ ʜʦʣʞʝʥ ʙʳʪʴ ʚʢʣʶʯʝʥ ʚ 

ʛʣʦʙʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ 

ʦʬʠʮʠʘʣʴʥʦʛʦ ʚʠʟʠʪʘ ʚ ʛ. ɸʥʢʘʨʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʷʜ ʚʩʪʨʝʯ ʩ ʚʝʜʫʱʠʤʠ ʪʫʨʝʮʢʠʤʠ 

ʢʦʤʧʘʥʠʷʤʠ ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʝʡʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʦʧʝʨʘʪʦʨʩʪʚʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ 

ʚ ʩʬʝʨʝ ʣʦʛʠʩʪʠʢʠ ʠ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʭʘʙʦʚ ʢʦʤʧʘʥʠʝʡ GTI, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ 

ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʪʫʨʝʮʢʠʭ ʧʫʥʢʪʦʚ ʧʝʨʝʩʝʯʝʥʠʷ ʛʨʘʥʠʮʳ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ  ʧʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʫ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʝʨʝʜʘʯʠ [3]. ʇʨʦʝʢʪʥʳʤ ʦʬʠʩʦʤ ʧʨʦʚʦʜʠʪʩʷ ʨʘʙʦʪʘ ʧʦ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʭʘʙʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʈʝʟʫʣʴʪʘʪʦʤ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ 

ʩʪʘʣ ʧʦʜʧʠʩʘʥʥʳʡ ʜʦʢʫʤʝʥʪ ʚ ʨʘʤʢʘʭ ʚʳʰʝʥʘʟʚʘʥʥʦʛʦ ʦʬʠʮʠʘʣʴʥʦʛʦ ʚʠʟʠʪʘ ʧʦ 

ʄʝʤʦʨʘʥʜʫʤʫ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ 

ʧʨʦʝʢʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʚʠʘ-ʢʘʨʛʦ ʪʝʨʤʠʥʘʣʘ ʚ ʨʘʤʢʘʭ ʎʝʥʪʨʘ ʪʨʘʥʩʛʨʘʥʠʯʥʦʡ ʪʦʨʛʦʚʣʠ 

çɽʚʨʘʟʠʷè. ʆʧʳʪ ʘʚʠʘ-ʢʘʨʛʦ ʪʝʨʤʠʥʘʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʘʵʨʦʧʦʨʪʘ 

ʛ.ʉʪʘʤʙʫʣ, ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʢʦʤʧʘʥʠʠ S Sistem ʷʚʣʷʝʪʩʷ ʜʦʩʪʦʡʥʳʤ ʧʨʠʤʝʨʦʤ ʜʣʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʦ ʩʦʟʜʘʥʠʶ ʫʟʣʦʚʳʭ ʛʨʫʟʦʧʝʨʝʚʘʣʦʯʥʳʭ ʭʘʙʦʚ 

ʷʚʣʷʶʱʠʭʩʷ ʟʚʝʥʴʷʤʠ ʚ ʛʣʦʙʘʣʴʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʧʦʯʢʘʭ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʚʦʟʜʫʰʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʨʠʜʦʨʳ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʧʨʦʜʚʠʞʝʥʠʷ ʛʨʫʟʦʧʦʪʦʢʘ ʧʦ ʩʨʝʜʠʥʥʦʤʫ ʢʦʨʠʜʦʨʫ (Middle 

Corridor) ʨʝʘʣʠʟʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʧʨʦʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʩʪʨʦʝʥʥʳʡ ɸʢʪʘʫʩʢʠʤ ʄʦʨʩʢʠʤ 

ʉʝʚʝʨʥʳʤ ʊʝʨʤʠʥʘʣʦʤ (ɸʄʉʊ), ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʤʦʨʩʢʦʛʦ ʧʦʨʪʘ ʂʫʨʳʢ ʢ ʊʄʊʄ, ʢʦʪʦʨʳʡ 

ʩʦʢʨʘʪʠʣ ʩʨʦʢ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʠʟ ʍʦʨʛʦʩʘ ʚ ʉʪʘʤʙʫʣ ʚ ʧʷʪʴ ʨʘʟ (ʨʠʩʫʥʦʢ 1). ʅʦ ʥʘʟʚʘʥʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʦʩʚʦʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʨʫʟʦʧʦʪʦʢʦʚ, 

ʧʦʪʦʢʦʚ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ʚ ʥʦʚʳʭ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʝʭʚʘʪʢʘ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ʚʦ ʚʩʝʤ 

ʤʠʨʝ, ʥʘ ʢʦʪʦʨʫʶ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʝ ʯʘʱʝ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʆʆʅ, ʩʪʘʣʦ ʝʱʝ 

ʟʘʤʝʪʥʝʝ ʠʟ-ʟʘ ʚʦʡʥʳ ʈʦʩʩʠʠ ʧʨʦʪʠʚ ʋʢʨʘʠʥʳ. ʇʦ ʦʮʝʥʢʝ ʛʝʥʝʨʘʣʴʥʦʛʦ ʩʝʢʨʝʪʘʨʷ ʆʆʅ, ʚ 

2022 ʛʦʜʫ ʥʝʭʚʘʪʢʘ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠ ʬʠʥʘʥʩʦʚʳʡ ʢʨʠʟʠʩʳ ʩʪʘʥʫʪ ʝʱʝ 

ʦʱʫʪʠʤʝʝ ʠʟ-ʟʘ ʚʦʡʥʳ ʈʦʩʩʠʠ ʧʨʦʪʠʚ ʋʢʨʘʠʥʳ [4].  
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ʈʠʩʫʥʦʢ 1 - ʊʨʘʥʩʢʘʩʧʠʡʩʢʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʤʘʨʰʨʫʪ 

 

ʉʦʛʣʘʩʥʦ ʆʪʯʝʪʘ ʧʦ ʠʪʦʛʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʊʨʘʥʩʢʘʩʧʠʡʩʢʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʨʰʨʫʪʘ (ʜʘʣʝʝ ï ɸʩʩʦʮʠʘʮʠʷ) ʟʘ 

2021 ʛʦʜ ʙʳʣʦ ʧʝʨʝʚʝʟʝʥʦ 25,2 ʪʳʩʷʯ ʢʦʥʪʝʡʥʝʨʦʚ ʚ ʜʚʘʜʮʘʪʠʬʫʪʦʚʦʤ ʵʢʚʠʚʘʣʝʥʪʝ (ɼʌʕ) 

ʠ ʵʪʦ ʥʘ 20% ʙʦʣʴʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 2020 ʛʦʜʦʤ [8]. ɺ 2022 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʚʳʰʝʥʠʝ ʧʝʨʝʨʘʙʦʪʢʠ ʛʨʫʟʦʚ ʚ ʰʝʩʪʴ ʨʘʟ, ʧʨʠʤʝʨʥʦ ʥʘ 3,2 ʤʣʥ. ʪʦʥʥ. ʇʝʨʩʧʝʢʪʠʚʦʡ 

ɸʩʩʦʮʠʘʮʠʠ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʛʨʫʟʦʚ ʜʦ ʫʨʦʚʥʷ 50 ʪʳʩʷʯ 

ʢʦʥʪʝʡʥʝʨʦʚ ʚ ʜʚʘʜʮʘʪʠʬʫʪʦʚʦʤ ʵʢʚʠʚʘʣʝʥʪʝ (TEU), ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ 

ʦʩʚʦʝʥʠʷ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʚ ʩʚʷʟʠ ʩ ʫʭʫʜʰʘʶʱʝʡʩʷ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ ʩʦʟʜʘʚʰʝʡʩʷ ʩʣʦʞʥʦʡ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, 

ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʯʪʦ, ʚ ʙʣʠʞʘʡʰʠʝ 10 - 15 ʣʝʪ ʙʦʣʴʰʦʡ ʪʨʘʥʟʠʪ ʧʦ ʩʝʚʝʨʥʳʤ ʜʣʷ 

ʂʘʟʘʭʩʪʘʥʘ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʙʫʜʝʪ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥ. ʊ.ʝ. ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʨʘʟʚʠʪʠʷ ʩʨʝʜʥʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢʘʢ ʥʝʬʪʝʧʨʦʚʦʜʦʚ, ʪʘʢ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘʟʝʤʥʦʛʦ ʠ ʚʦʟʜʫʰʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. ɺ ʮʝʣʷʭ ʨʝʰʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʛʫʤʘʥʠʪʘʨʥʦʡ ʧʨʦʙʣʝʤʳ, ʘ ʪʘʢʞʝ ʧʨʦʙʣʝʤʳ 

ʩʣʦʞʠʚʰʠʭʩʷ ʭʘʦʪʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʨʰʨʫʪʦʚ ʩʦ ʤʥʦʛʠʤʠ ʫʟʢʠʤʠ ʤʝʩʪʘʤʠ ʠ 

ʟʘʪʦʨʘʤʠ ʚ ʧʨʠʛʨʘʥʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʟʣʘʭ ʠʟ-ʟʘ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʥʦʚʳʝ ʰʘʛʠ ʠ ʩʪʘʚʠʪʴ ʘʤʙʠʮʠʦʟʥʳʝ ʟʘʜʘʯʠ [5]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ, ʪʝʭʥʦʣʦʛʠʯʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʦʛʦ ʪʦʚʘʨʦʦʙʤʝʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʦʭʨʘʥʥʦʩʪʠ 

ʛʨʫʟʦʚ, ʧʨʠʟʥʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʚʦʟʦʢ ʢʦʥʪʝʡʥʝʨʥʳʤʠ ʧʦʝʟʜʘʤʠ.  

ʅʘ ʧʝʨʝʤʝʱʝʥʠʠ ʛʨʫʟʦʧʦʪʦʢʦʚ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʠʟ ʧʦʨʪʦʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ (ʚ 

ʪ.ʯ. ʧʦʨʪʦʚ ʂʅʈ) ʚ ɽʚʨʦʧʫ ʧʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʤʘʛʠʩʪʨʘʣʷʤ ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ 

ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʦʪ 11 ʩʫʪʦʢ ʜʦ ʙʣʠʞʥʠʭ ʛʨʘʥʠʮ ɽʚʨʦʧʳ ʠ ʜʦ 20 ʩʫʪʦʢ ʜʦ ʜʘʣʴʥʠʭ ʛʨʘʥʠʮ. 

ʕʪʦʤʫ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʣʝʜʦʚʘʥʠʝ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʧʦʝʟʜʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 48-ʤʠ 

ʩʦʨʦʢʦʬʫʪʦʚʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʩʦ ʩʙʦʨʥʳʤ ʛʨʫʟʦʤ, ʦʪʧʨʘʚʣʝʥʥʳʡ ʠʟ ʂʠʪʘʷ (ʛ. ʏʫʥʴʮʠʥ) ʚ 

ʌʠʥʣʷʥʜʠʶ ʧʦ ʊʄʊʄ ʚ ʤʘʝ 2022 ʛʦʜʘ. ʉʣʦʞʥʳʡ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʚ 9 ʪʳʩ. ʢʤ 

ʜʦ ʬʠʥʩʢʦʛʦ ʛʦʨʦʜʘ ʂʦʫʚʦʣʘ ʩʦʩʪʘʚ ʧʨʝʦʜʦʣʝʣ ʟʘ 20 ʜʥʝʡ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ 2005 ʛʦʜʫ ʛʨʫʧʧʦʡ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʂʘʟʘʭʩʪʘʥʘ ʧʦ ʟʘʜʘʥʠʶ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʤʙʠʮʠʦʟʥʳʡ ʧʨʦʝʢʪ ʧʦ ʪʝʭʥʠʢʦï
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ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʊʨʘʥʩʢʘʟʘʭʩʪʘʥʩʢʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʤʘʛʠʩʪʨʘʣʠ 

(ʊʂɾʄ) [6] ʢʦʣʝʠ 1435ʤʤ (ʜʘʣʝʝ ï ʇʨʦʝʢʪ). ʇʨʦʝʢʪʠʨʫʝʤʳʡ ʤʘʨʰʨʫʪ ʜʦʣʞʝʥ ʙʳʣ 

ʧʨʦʭʦʜʠʪʴ ʚʜʦʣʴ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪ ʩʪʘʥʮʠʠ ɼʦʩʪʳʢï

ɸʢʪʦʛʘʡïʄʦʡʳʥʪʳïɾʝʟʢʘʟʛʘʥ. ɿʘʪʝʤ, ʩʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʫʟʢʦʡ ʢʦʣʝʠ 

ʜʦʣʞʥʦ ʙʳʣʦ ʧʨʦʡʪʠ ʧʦ ʤʘʨʰʨʫʪʫ ʦʪ ɾʝʟʢʘʟʛʘʥʘ ʜʦ ʉʘʢʩʘʫʣʴʩʢʘ ʠ ʜʘʣʝʝ ʥʘ ɹʝʡʥʝʫ. ʆʪ 

ɹʝʡʥʝʫ ʥʘʤʝʯʝʥʳ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ:  

- ʜʦ ʧʦʨʪʘ ɸʢʪʘʫ ʠ ʜʘʣʝʝ; 

- ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʊʫʨʢʤʝʥʠʩʪʘʥʘ, ʀʨʘʥʘ ʠ ʜʘʣʝʝ ʩ ʚʳʭʦʜʦʤ ʥʘ ʇʝʨʩʠʜʩʢʠʡ ʟʘʣʠʚ ʠ ʩ 

ʦʪʚʝʪʚʣʝʥʠʝʤ ʥʘ ʊʫʨʮʠʶ (ʨʠʩʫʥʦʢ 2).  

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʜʦʩʪʘʚʢʠ ʧʦ ʫʟʢʦʡ ʢʦʣʝʝ, ʯʪʦ ʙʫʜʝʪ 

ʦʙʝʩʧʝʯʝʥʦ ʟʘ ʩʯʝʪ ʫʩʢʦʨʝʥʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʛʨʘʥʠʮʳ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʄʘʨʰʨʫʪ ʊʨʘʥʩʢʘʟʘʭʩʪʘʥʩʢʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ  

ʤʘʛʠʩʪʨʘʣʠ ʢʦʣʝʠ 1435ʤʤ [6] 

 

ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʚʳʜʝʨʞʢʠ ʠ ʮʠʪʘʪʳ ʠʟ ʇʨʦʝʢʪʘ [6]:  

- ʊʨʘʥʩʢʘʟʘʭʩʪʘʥʩʢʘʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʤʘʛʠʩʪʨʘʣʴ ʙʝʨʝʪ ʥʘʯʘʣʦ ʦʪ ʛʨʘʥʠʮʳ 

ʂʠʪʘʷ ʩ ʂʘʟʘʭʩʪʘʥʦʤ, ʧʝʨʝʩʝʢʘʝʪ ʩʪʘʥʮʠʠ ʄʦʠʥʪʳ, ʂʳʟʳʣ ɾʘʨ, ɾʝʟʢʘʟʛʘʥ, ʉʝʢʩʝʫʣ, 

ɹʝʡʥʝʫ. ɿʘʪʝʤ ʧʝʨʝʭʦʜʠʪ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʊʫʨʢʤʝʥʠʩʪʘʥʘ ʠ ʧʦ ʥʝʡ ʠʜʝʪ ʢ ʀʨʘʥʩʢʦʡ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʭ ʧʨʦʝʢʪʘ, ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʣʠʥʠʡ ʦʢʦʣʦ ʪʨʸʭ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʧʨʠʤʝʨʥʦ 700 

ʢʠʣʦʤʝʪʨʦʚ ʚ ʊʫʨʢʤʝʥʠʩʪʘʥʝ ʠ ʧʦʨʷʜʢʘ 90 ʢʠʣʦʤʝʪʨʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʀʨʘʥʘ. 

ʊʘʢʞʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʘʨʰʨʫʪʘ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʚ ʦʙʭʦʜ ʦʟʝʨʘ ɺʘʥ ʚ 

ʊʫʨʮʠʠ.  

ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ, ʛʨʫʟ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʚʣʝʥ ʩ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʠʪʘʷ ʚ 

ʈʦʪʪʝʨʜʘʤ ʟʘ 18 ʜʥʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʦʜʜʝʨʞʘʥʦ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ 

ʂʠʪʘʷ, ʊʫʨʢʤʝʥʠʩʪʘʥʘ, ʀʨʘʥʘ ʠ ʊʫʨʮʠʠ, ʥʦ ʙʳʣʦ ʩʦʛʣʘʩʦʚʘʥʦ, ʯʪʦ ʝʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ 
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ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʞʜʦʡ ʠʟ ʩʪʦʨʦʥ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʩʩʠʠ ʠʣʠ ʠʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʥʘ ʠʭ 

ʪʝʨʨʠʪʦʨʠʠ. ʉʪʦʠʤʦʩʪʴ ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3,5 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʊʂɾʄ, ʩʣʝʜʫʶʱʠʝ: 

- ʧʝʨʝʭʦʜ ʥʘ ʝʚʨʦʧʝʡʩʢʠʡ ʩʪʘʥʜʘʨʪ ʧʦ ʰʠʨʠʥʝ ʢʦʣʝʠ ʥʘ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʩʪʘʥʮʠʠ 

ɼʦʩʪʳʢ ʜʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʳ ʊʫʨʢʤʝʥʠʩʪʘʥʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 3070 ʢʤ [10]; 

- ʧʝʨʩʧʝʢʪʠʚʘ ʧʨʠʚʣʝʯʝʥʠʷ ʪʨʘʥʟʠʪʘ ʥʘ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʪ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʜʦ 

ɽʚʨʦʧʳ, ʠ ɹʣʠʞʥʝʛʦ ɺʦʩʪʦʢʘ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʜʘʥʠʷ ʝʚʨʦʧʝʡʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʢʦʨʠʜʦʨʫ ʉʝʚʝʨ-

ʖʛ; 

- ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʫʯʘʩʪʥʠʢʦʚ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ; 

- ʩʦʢʨʘʱʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʤʝʞʜʫ ɽʚʨʦʧʦʡ ʠ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʝʡ 

ʠ ʥʘʦʙʦʨʦʪ [10]; 

- ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʨʦʪʘ ʧʦ ʚʳʭʦʜʫ ʥʘ ɽʚʨʦʩʦʶʟ ʠʟ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʢʘʞʜʦʡ ʩʪʨʘʥʳ-ʫʯʘʩʪʥʠʮʳ ʧʨʦʝʢʪʘ. ʉʠʪʫʘʮʠʷ ʥʝʦʜʥʦʟʥʘʯʥʘʷ, 

ʧʦʵʪʦʤʫ ʵʢʩʧʝʨʪʘʤ ʧʦʪʨʝʙʫʝʪʩʷ ʩʝʨʴʝʟʥʦ ʧʦʨʘʙʦʪʘʪʴ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʫʯʘʩʪʥʠʢʠ, ʘ ʪʘʢʞʝ ʪʘʢʠʝ 

ʩʪʨʘʥʳ ʢʘʢ ʉʐɸ, ʉʘʫʜʦʚʩʢʘʷ ɸʨʘʚʠʷ ʠ ʊʫʨʮʠʷ, ʧʨʝʜʣʘʛʘʣʠ ʧʫʩʪʠʪʴ ʜʘʥʥʳʡ ʤʘʨʰʨʫʪ ʚ 

ʦʙʭʦʜ ʈʦʩʩʠʠ, ʥʝ ʫʯʠʪʳʚʘʷ ʠ ʊʨʘʥʩʩʠʙʠʨʩʢʫʶ ʠ ɹʘʡʢʘʣʦ-ɸʤʫʨʩʢʫʶ ʤʘʛʠʩʪʨʘʣʠ, ʩʯʠʪʘʷ, 

ʯʪʦ ʚ ʥʠʭ ʥʝʪ ʙʦʣʴʰʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʍʦʪʷ ʥʝ ʥʘʜʦ ʟʘʙʳʚʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʊʨʘʥʩʩʠʙʠʨʩʢʘʷ 

ʤʘʛʠʩʪʨʘʣʴ ʙʳʣʘ ʧʝʨʚʳʤ ʤʦʩʪʦʤ, ʩʦʝʜʠʥʠʚʰʠʤ ɽʚʨʦʧʫ ʩ ɸʟʠʝʡ, ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʩ ʊʠʭʠʤ 

ʦʢʝʘʥʦʤ. 

ʇʨʦʪʠʚʦʩʪʦʷʥʠʝ ʩʪʨʘʥ ʟʘ ʪʨʘʥʟʠʪ ʟʘʩʪʘʚʣʷʝʪ ʥʘʩ ʠʩʢʘʪʴ ʥʦʚʳʝ ʧʫʪʠ, ʘ ʪʘʢʞʝ ʠʩʢʘʪʴ 

ʦʪʚʝʪʳ ʥʘ ʚʦʧʨʦʩʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʨʘʥʟʠʪʥʳʭ ʤʘʨʰʨʫʪʦʚ. ʇʦʵʪʦʤʫ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʚʝʜʦʤʩʪʚ ʥʘʜʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʪʨʘʥʟʠʪʥʳʝ ʤʘʨʰʨʫʪʳ ʯʝʨʝʟ 

ʪʝʨʨʠʪʦʨʠʶ ʩʪʨʘʥʳ ʚʦʟʤʦʞʥʦ ʥʘʣʘʜʠʪʴ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʩʪʘʙʠʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʧʝʨʝʚʦʟʢʠ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʛʦ ʪʘʨʠʬʘ ʠ ʫʩʣʦʚʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʭʨʘʥʥʦʩʪʠ ʛʨʫʟʦʚ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ. 

 

ɺʳʚʦʜʳ. 

1. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʚʠʪʠʷ ʪʨʘʥʟʠʪʥʳʭ ʧʝʨʝʚʦʟʦʢ ʯʝʨʝʟ ʪʝʨʨʠʪʦʨʠʶ ʂʘʟʘʭʩʪʘʥʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ɸʟʠʷ-ɽʚʨʦʧʘ: ʧʨʠʦʨʠʪʝʪ ʦʪʜʘʝʪʩʷ ʢʦʥʪʝʡʥʝʨʥʳʤ ʧʝʨʝʚʦʟʢʘʤ ʠʟ ʶʞʥʳʭ 

ʧʦʨʪʦʚ ʂʠʪʘʷ ʠ ʩʪʨʘʥ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʨʝʛʠʦʥʘ ʚ 

ɽʚʨʦʧʫ. ʠ ʦʙʨʘʪʥʦ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʠ ʧʦ ʤʦʨʶ. 

2. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʠʟ ɿʘʧʘʜʥʦʛʦ 

ʨʝʛʠʦʥʘ ʂʠʪʘʷ ʚ ʩʪʨʘʥʳ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʉʅɻ, ʂʘʩʧʠʡʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʯʝʨʝʟ ʪʝʨʨʠʪʦʨʠʶ 

ʂʘʟʘʭʩʪʘʥʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʦʚ ʪʨʘʥʟʠʪʥʳʭ 

ʛʨʫʟʦʚ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʤʝʞʜʫ ʵʪʠʤʠ ʨʝʛʠʦʥʘʤʠ. ɿʘ ʧʦʩʣʝʜʥʠʡ ʛʦʜ ʜʘʥʥʳʡ ʚʠʜ ʧʝʨʝʚʦʟʦʢ 

ʚʳʨʦʩ ʥʘ 4%. 

3. ʋʯʠʪʳʚʘʷ ʛʣʦʙʘʣʠʟʘʮʠʶ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʘ 

ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʵʢʦʥʦʤʠʢ ɽʚʨʦʧʳ ʠ ɸʟʠʠ, ʨʦʣʴ ʂʘʟʘʭʩʪʘʥʘ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʨʳʥʢʝ 

ʚʠʜʠʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʟʠʪʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʤʦʩʪʘ - ʩʘʤʦʛʦ ʢʦʨʦʪʢʦʛʦ ʠ ʙʳʩʪʨʦʛʦ 

ʩʦʦʙʱʝʥʠʷ. 

4. ʅʘ ʧʝʨʝʤʝʱʝʥʠʠ ʢʦʥʪʝʡʥʝʨʦʚ ʠʟ ʧʦʨʪʦʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʚ ɽʚʨʦʧʫ ʧʦ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʤʘʛʠʩʪʨʘʣʷʤ ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ ʠʤʝʝʪ ʤʝʩʪʦ ʚʳʠʛʨʳʰ ʧʦ ʚʨʝʤʝʥʠ ʙʦʣʝʝ 

ʯʝʤ ʚ 2 ʨʘʟʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʦʚ ʠ ʤʝʥʴʰʝʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ, ʯʝʤ ʪʨʘʥʩʩʠʙʠʨʩʢʘʷ ʤʘʛʠʩʪʨʘʣʴ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʦʪʧʨʘʚʠʪʝʣʴ ʛʨʫʟʦʚ 

ʧʦʣʫʯʘʝʪ ʚʳʠʛʨʳʰ ʥʝ ʪʦʣʴʢʦ ʥʘ ʪʘʨʠʬʘʭ, ʥʦ ʠ ʚ ʩʦʢʨʘʱʝʥʠʠ ʩʨʦʢʘ ʧʦʩʪʘʚʦʢ ʪʦʚʘʨʘ [7].  

5 ʋʯʠʪʳʚʘʷ ʪʨʘʥʟʠʪʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʊʂɾʄ, ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʨʦʙʝʛʘ ʪʨʘʥʟʠʪʥʦʛʦ ʛʨʫʟʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʝʛʦ ʤʘʨʰʨʫʪʘ. ʀʟ 
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ʢʠʪʘʡʩʢʦʛʦ ʧʦʨʪʘ ʃʷʥʴʶʥʴʛʘʥ ʥʘ ɾʝʣʪʦʤ ʤʦʨʝ ʛʨʫʟ ʜʦʩʪʘʚʣʷʝʪʩʷ ʚ ɽʚʨʦʧʫ ʥʝ ʙʦʣʝʝ ʯʝʤ ʟʘ 

16,1 ʜʥʷ. ɺʨʝʤʷ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʦʪ ʩʪʘʥʮʠʠ ɼʦʩʪʳʢ ʜʦ ʧʦʨʪʘ ɸʢʪʘʫ ʩʦʢʨʘʪʠʪʩʷ ʩ 

ʥʳʥʝʰʥʠʭ 4,5 ʩʫʪʦʢ (ʩ ʫʯʝʪʦʤ ʧʝʨʝʛʨʫʟʢʠ) ʜʦ 1,5-2 ʩʫʪʦʢ ʧʨʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ 

50 ʢʤ/ʯ ʙʝʟ ʫʯʝʪʘ ʚʨʝʤʝʥʠ ʥʘ ʧʦʛʨʘʥʠʯʥʳʝ ʠ ʪʘʤʦʞʝʥʥʳʝ ʦʧʝʨʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʝʨʝʥʘʧʨʘʚʠʪʴ ʛʨʫʟʳ, ʪʨʝʙʫʶʱʠʝ ʩʨʦʯʥʦʡ ʜʦʩʪʘʚʢʠ ʚ ɽʚʨʦʧʫ, ʩ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʢ 2010 ʛʦʜʫ 

ʧʣʘʥʠʨʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʝʨʝʚʦʟʦʢ ʜʦ 40 ʤʣʥ ʪʦʥʥ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʦʩʣʝ ʚʚʦʜʘ 

ʚʪʦʨʦʡ ʢʦʣʝʠ, ʦʙʲʝʤ ʪʨʘʥʟʠʪʘ ʤʦʞʝʪ ʜʦʡʪʠ ʜʦ 100 ʤʣʥ ʪʦʥʥ ʚ ʛʦʜ. 

6. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʨʰʨʫʪʥʳʭ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʦʝʟʜʦʚ ʩʦʟʜʘʝʪ ʦʩʥʦʚʫ ʜʣʷ 

ʧʨʠʚʣʝʯʝʥʠʷ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʝʡ, ʛʨʫʟʦʧʦʣʫʯʘʪʝʣʝʡ, ʵʢʩʧʝʜʠʪʦʨʦʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʨʘʥʟʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʂʘʟʘʭʩʪʘʥʘ. ʇʨʝʠʤʫʱʝʩʪʚʦ 

ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʦʝʟʜʦʚ - ʚ ʜʦʩʪʘʚʢʝ ʛʨʫʟʦʚ ʚ ʩʘʤʳʝ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ, ʩ ʥʘʠʤʝʥʴʰʠʤʠ 

ʟʘʪʨʘʪʘʤʠ ʠ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʩʝʨʚʠʩʘ.  

7. ʉʦʟʜʘʥʠʝ ʊʂɾʄ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ 

ʨʝʩʧʫʙʣʠʢʠ ʚ ʮʝʣʦʤ. ʈʦʣʴ ʠ ʟʥʘʯʝʥʠʝ ʂʘʟʘʭʩʪʘʥʘ ʢʘʢ ʢʨʫʧʥʦʛʦ ʪʨʘʥʟʠʪʥʦʛʦ ʫʟʣʘ 

ʝʚʨʘʟʠʡʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʫʪ. ʉ ʦʪʢʨʳʪʠʝʤ ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʨʦʩʪʘ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʪʦʨʛʦʚʣʠ, ʚʦʟʨʦʞʜʝʥʠʝ ʪʫʨʠʟʤʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʪʦʢʘ ʠʥʦʩʪʨʘʥʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. 

ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ. 

ʊʘʢ ʢʘʢ ʂʘʟʘʭʩʪʘʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʯʘʩʪʠ 

ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʤʦʩʪʘ, ʦʥ ʥʘʜʝʝʪʩʷ ʧʦʣʫʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʘʣʶʪʥʳʡ ʜʦʭʦʜ ʦʪ 

ʪʨʘʥʟʠʪʘ ʪʦʚʘʨʦʚ ʠ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ. ʉʪʨʘʥʳ ɽʉ ʪʘʢʞʝ ʦʞʠʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʚʳʛʦʜ ʦʪ ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʤʦʩʪʘ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʠ ʚʳʭʦʜʷʪ 

ʥʘʧʨʷʤʫʶ ʥʘ ʢʠʪʘʡʩʢʠʡ ʨʳʥʦʢ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʂʠʪʘʷ. ʉʪʨʘʥʳ ɽʉ ʫʩʪʫʧʘʶʪ ʪʦʣʴʢʦ 

ʗʧʦʥʠʠ ʚ ʪʦʨʛʦʚʣʝ ʩ ʂʠʪʘʝʤ ʠ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʙʘʣʘʥʩ. ɺʦ-ʚʪʦʨʳʭ, 

ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʤʦʩʪ ʧʦʟʚʦʣʷʝʪ ʩʪʨʘʥʘʤ ɽʉ ʨʘʟʚʠʚʘʪʴ ʪʦʚʘʨʥʦ-ʩʳʨʴʝʚʳʝ ʨʳʥʢʠ 

ʛʦʩʫʜʘʨʩʪʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʩʦʟʜʘʚʘʪʴ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʨʘʟʣʠʯʥʳʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʙʘʟʳ 

[6]. 

- ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʚʢʣʶʯʘʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ 

ʧʦ ʧʨʦʝʢʪʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʊʂɾʄ ʰʠʨʠʥʦʡ ʢʦʣʝʠ 1435 ʤʤ ʚ ʂʘʟʘʭʩʪʘʥʝ (ʧʨʦʪʦʢʦʣ ʧʝʨʚʦʛʦ 

ʟʘʩʝʜʘʥʠʷ ʇʦʜʢʦʤʠʪʝʪʘ ʂʘʟʘʭʩʪʘʥʩʢʦ-ʢʠʪʘʡʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʚ ʦʙʣʘʩʪʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ). 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʦʜʠʪʴ ʪʨʘʥʟʠʪʥʫʶ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʧʦ ʊʂɾʄ 

ʠʟ ʧʦʨʪʦʚ ʂʠʪʘʷ ʚ ʧʦʨʪ ʈʦʪʪʝʨʜʘʤ ʚ ʪʝʯʝʥʠʝ 18 ʜʥʝʡ. ʉʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʢʦʥʪʝʡʥʝʨʦʚ ʠʟ 

ʩʪʨʘʥ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚ ʩʪʨʘʥʳ ɽʉ ʠ ʦʙʨʘʪʥʦ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʝʥʘ. ʇʣʘʥʠʨʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʜʦ 35-40 ʤʣʥ ʪʦʥʥ, ʘ ʚ 

ʧʝʨʩʧʝʢʪʠʚʝ ʜʦ 100 ʤʣʥ ʪʦʥʥ ʚ ʛʦʜ, ʩ ʤʦʤʝʥʪʘ ʝʛʦ ʟʘʧʫʩʢʘ ʚ 2010 ʛʦʜʫ. 

8. ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʘʛʠʩʪʨʘʣʠ ʩʦʩʪʘʚʣʷʝʪ 3,5 ʤʣʨʜ. 

ʜʦʣʣʘʨʦʚ. ʆʩʥʦʚʥʳʝ ʨʘʩʯʝʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʦʝʢʪʘ ʧʨʦʠʟʚʝʜʝʥʳ ʠʩʭʦʜʷ 

ʦʪ ʨʘʟʤʝʨʦʚ ʜʚʠʞʝʥʠʷ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʨʘʥʟʠʪʥʦʛʦ ʧʦʪʦʢʘ ʧʦ ʜʝʚʷʪʠ ʧʦʢʘʟʘʪʝʣʷʤ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʦʙʲʝʤʦʚ ʧʨʦʧʫʩʢʘ ʪʨʘʥʟʠʪʥʦʛʦ ʛʨʫʟʦʧʦʪʦʢʘ: 60, 50, 40, 35, 30, 25, 17, 10, 

5 ʠ ʜʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ). ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʊʂɾʄ  ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 3,7 ʜʦ 28,9 ʣʝʪ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʜʝʨʞʝʢ ʠ ʮʠʪʘʪ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʇʨʦʝʢʪ, 

ʥʝʩʦʤʥʝʥʥʦ, ʙʳʣ ʘʢʪʫʘʣʴʥʳʤ, ʚʳʛʦʜʥʳʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʂʘʟʘʭʩʪʘʥʘ, ʥʦ ʜʘʚʣʝʥʠʝ ʠʟ ʚʥʝ ʥʘ 

ʥʘʰʫ ʩʪʨʘʥʫ ʥʝ ʧʦʟʚʦʣʠʣʠ ʥʘʯʘʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʦʛʦ ʢʦʨʠʜʦʨʘ. ʇʨʦʝʢʪ ʦʩʪʘʣʩʷ ʥʘ 

ʩʪʘʜʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʠʚʝʜʝʤ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʩʪʨʘʥʠʯʢʠ Facebook ʀʥʪʝʨʝʩʥʘʷ ʞʠʟʥʴ ʅɽ 

ʊʆʃʔʂʆ ɸʩʪʘʥʳ [9].  
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1. ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʧʦ ʩʭʝʤʝ ʈʦʩʩʠʷ-ʋʢʨʘʠʥʘ-ɽʚʨʦʩʦʶʟ. ɼʦ 2019 ʛʦʜʘ ʂʘʟʘʭʩʪʘʥ 
ʧʨʦʜʘʚʘʣ ʩʚʦʡ ʛʘʟ ʚ ʈʦʩʩʠʶ ʧʦ 166 ʜʦʣʣʘʨʦʚ. ʕʪʦʪ ʞʝ ʛʘʟ ʈʦʩʩʠʝʡ ʧʝʨʝʧʨʦʜʘʚʘʣʩʷ ʚ 
ʋʢʨʘʠʥʫ ʧʦ 350-450 ʜʦʣʣʘʨʦʚ. ʇʦ ʠʜʝʝ, ʂʘʟʘʭʩʪʘʥ ʜʦʣʞʝʥ ʧʨʦʜʘʚʘʪʴ ʛʘʟ ʋʢʨʘʠʥʝ ʙʝʟ 
ʧʦʩʨʝʜʥʠʢʦʚ, ʘ ʈʦʩʩʠʷ ʜʦʣʞʥʘ ʧʦʣʫʯʘʪʴ ʦʧʣʘʪʫ ʪʦʣʴʢʦ ʟʘ ʪʨʘʥʟʠʪ. ʆʪ ʵʪʦʛʦ ʂʘʟʘʭʩʪʘʥ 
ʪʝʨʷʝʪ ʦʢʦʣʦ 1 ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ ʚ ʛʦʜ [9]. 

2. ɺʪʦʨʦʡ ʧʨʠʤʝʨ ʢʘʩʘʝʪʩʷ ʟʘʢʣʶʯʝʥʠʷ ʩ ʂʠʪʘʝʤ ʩʦʛʣʘʰʝʥʠʷ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ 
ʞʝʣʝʟʥʦʡ ʫʟʢʦʢʦʣʝʡʥʦʡ ʜʦʨʦʛʠ. ɺ 2000-ʭ ʈʦʩʩʠʷ ʧʦʤʝʰʘʣʘ ʧʦʜʧʠʩʘʥʠʶ ʩʦʛʣʘʰʝʥʠʷ ʩ 
ʂʠʪʘʝʤ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʫʟʢʦʢʦʣʝʡʥʦʡ ʪʨʘʥʩʢʘʟʘʭʩʪʘʥʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʯʝʨʝʟ ʀʨʘʥ, 
ʊʫʨʮʠʶ ʚ ɽʚʨʦʧʫ. ʉʦʛʣʘʩʥʦ ʩʜʝʣʘʥʥʳʭ ʧʨʦʛʥʦʟʦʚ ʦʞʠʜʘʣʦʩʴ, ʯʪʦ ʢ 2020 ʛʦʜʫ ʛʨʫʟʦʦʙʦʨʦʪ 
ʤʝʞʜʫ ʂʠʪʘʝʤ ʠ ɽʉ ʜʦʩʪʠʛʥʝʪ 600 ʤʣʥ ʪʦʥʥ. ɹʝʨʷ ʥʘ ʩʝʙʷ ʚʩʝʛʦ 20 ʧʨʦʮʝʥʪʦʚ ʵʪʦʛʦ 
ʦʙʦʨʦʪʘ, ʙʳʣʦ ʙʳ ʚʦʟʤʦʞʥʳʤ ʧʨʦʧʫʩʪʠʪʴ ʯʝʨʝʟ ʥʘʰʫ ʪʝʨʨʠʪʦʨʠʶ 120 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ 
ʪʨʘʥʟʠʪʥʳʭ ʛʨʫʟʦʚ. ɺ 2012 ʛʦʜʫ ʦʙʱʠʡ ʦʙʲʝʤ ʪʨʘʥʟʠʪʥʳʭ ʛʨʫʟʦʚ, ʧʝʨʝʚʝʟʝʥʥʳʭ ʧʦ 
ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ, ʩʦʩʪʘʚʠʣ 16 300 000 ʪʦʥʥ, ʘ ʚʳʨʫʯʢʘ ʦʪ ʵʪʦʛʦ ʩʦʩʪʘʚʠʣʘ 
ʦʢʦʣʦ 1 ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ [9]. 

3. ʂʘʟʘʭʩʪʘʥ ʠʤʝʝʪ ʟʝʨʥʦʚʦʡ ʪʝʨʤʠʥʘʣ ʚ ʧʦʨʪʫ ɺʝʥʪʩʧʠʣʩ. ɼʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦ 
ʩʚʦʝʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘʰʠʭ ʵʢʩʧʦʨʪʝʨʦʚ ʟʝʨʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʨʪʘ ɺʝʥʪʩʧʠʣʩ, ʈʦʩʩʠʷ 
ʫʩʪʘʥʦʚʠʣʘ ʪʨʝʭʢʨʘʪʥʳʡ ʪʘʨʠʬ. ɺ 2009 ʛʦʜʫ ʯʝʨʝʟ ɺʝʥʪʩʧʠʣʩ ʧʨʦʰʣʦ ʚʩʝʛʦ 75 000 ʪʦʥʥ 
ʟʝʨʥʘ, ʘ ʤʦʱʥʦʩʪʴ ʪʝʨʤʠʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 1 500 000 ʪʦʥʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʝʞʝʛʦʜʥʦ ʚ 
ʂʘʟʘʭʩʪʘʥʝ ʫʥʠʯʪʦʞʘʝʪʩʷ ʠ ʪʝʨʷʝʪʩʷ ʥʘ ʧʦʣʷʭ ʦʢʦʣʦ 1 ʤʣʥ ʪʦʥʥ ʟʝʨʥʘ, ʧʦʪʦʤʫ ʯʪʦ ʵʢʩʧʦʨʪ 
ʟʝʨʥʘ ʥʝʚʦʟʤʦʞʝʥ, ʘ ʧʦʨʪʳ ʈʌ ʟʘʙʠʪʳ ʩʦʙʩʪʚʝʥʥʳʤ ʟʝʨʥʦʤ [9]. 

ʉʝʡʯʘʩ ʤʳ ʛʦʚʦʨʠʤ ʦ ʧʦʩʪʨʦʝʥʠʠ ʅʦʚʦʛʦ ʂʘʟʘʭʩʪʘʥʘ. ɺ ʩʦʟʜʘʥʠʠ ʥʦʚʦʛʦ 
ʂʘʟʘʭʩʪʘʥʘ ʩʧʝʮʠʘʣʠʩʪʳ ʠ ʫʯʝʥʳʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ ʜʦʣʞʥʳ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 
ʧʨʠʚʣʝʯʝʥʠʠ ʙʦʣʴʰʦʛʦ ʪʨʘʥʟʠʪʘ ʠ ʩʦʟʜʘʥʠʠ ʧʫʪʝʡ ʜʣʷ ʵʢʩʧʦʨʪʘ. ʇʦʵʪʦʤʫ ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ 
ʧʦʨʘ ʩʥʷʪʴ ʩ ʧʦʣʢʠ ʟʘʣʝʞʘʚʰʠʡʩʷ ʇʨʦʝʢʪ ʠ ʜʘʪʴ ʭʦʜ ʝʛʦ ʦʩʥʦʚʥʦʡ ʠʜʝʝ. ʈʝʯʴ ʠʜʝʪ ʦ 
ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʩʦʟʜʘʥʠʠ ʫʥʠʢʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩ ʢʦʣʝʝʡ 1435ʤʤ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʠʘʪʨʘʥʩʧʦʨʪʘ ʠ ʪʝʨʤʠʥʘʣʦʚ ʛʨʫʟʦʚʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 
ʨʘʟʤʝʱʘʝʤʳʭ ʥʘ ʥʘʯʘʣʴʥʦʤ ʠ ʢʦʥʝʯʥʳʭ ʧʨʠʛʨʘʥʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʟʣʘʭ - ʍʦʨʛʦʩ, 
ɸʢʪʘʫ. ʇʨʦʝʢʪʦʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ Rail ï Air, ʩʢʦʨʦʩʪʥʳʭ ʢʦʥʪʝʡʥʝʨʥʳʭ ʰʘʪʪʣ ï ʧʦʝʟʜʦʚ ʠ ʜʨʫʛʠʭ 
ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [3]. ʕʪʘ ʠʜʝʷ ʙʳʣʘ ʦʟʚʫʯʝʥʘ ʚ ʤʘʝ ʧʨʦʰʣʦʛʦ ʛʦʜʘ ʥʘ ʚʩʪʨʝʯʝ 
ɻʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ʉʊʂ KAZLOGISTICS ɸʙʩʘʪʦʚʘ ɽ.ʉ. ʩ ʧʨʦʬʝʩʩʦʨʩʢʦ-
ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʩʪʫʜʝʥʪʘʤʠ ɸʆ ɸʢʘʜʝʤʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. 

ʅʘʫʯʥʦʩʪʴ ʠʟʣʦʞʝʥʥʳʭ ʬʘʢʪʦʚ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʣʘʩʪʝʨʘ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʝʩʧʫʙʣʠʢʠ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʝʢʪʦʨʝ ʠ ʨʘʟʚʠʪʠʠ 
ʪʨʘʥʟʠʪʥʳʭ ʧʝʨʝʚʦʟʦʢ ʯʝʨʝʟ ʈʂ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʠ ʫʩʣʦʚʠʡ ʜʣʷ ʚʥʝʰʥʝʵʢʦʥʦʤʠʯʝʩʢʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ, ʜʣʷ ʠʥʜʫʩʪʨʠʘʣʴʥʦ-ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ, ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ 
ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ ʨʘʟʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʛʣʦʙʘʣʴʥʫʶ ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʮʝʧʦʯʢʫ ɺʦʩʪʦʢ ï ɿʘʧʘʜ ʢʦʣʝʠ 1435ʤʤ 
ʙʝʟ ʩʦʤʥʝʥʠʡ ʙʫʜʫʪ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʥʝ ʪʦʣʴʢʦ ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʩʪʨʘʥʳ ʂʘʟʘʭʩʪʘʥ, ʊʫʨʮʠʷ, 
ɸʟʝʨʙʘʡʜʞʘʥ, ɻʨʫʟʠʷ, ʥʦ ʠ ʩʨʝʜʥʝʘʟʠʘʪʩʢʠʝ ʙʨʘʪʩʢʠʝ ʩʪʨʘʥʳ. ʇʨʠ ʩʦʟʜʘʥʠʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦïʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 
ʢʦʣʝʠ 1435ʤʤ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʦʪ ʧʦʨʪʘ ʃʷʥʴʶʥʴʛʘʥ ʯʝʨʝʟ ʫʟʢʦʢʦʣʝʡʥʳʡ ʂʘʟʘʭʩʪʘʥ, 
ʫʟʢʦʢʦʣʝʡʥʫʶ ʧʘʨʦʤʥʫʶ ʧʝʨʝʧʨʘʚʫ ʯʝʨʝʟ ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ, ʯʝʨʝʟ ʫʟʢʦʢʦʣʝʡʥʳʡ ʂʘʚʢʘʟ 
(ɸʟʝʨʙʘʡʜʞʘʥ, ɻʨʫʟʠʷ), ʜʘʣʝʝ ʊʫʨʮʠʷ ï ɽʚʨʦʧʘ ʪʦʚʘʨʳ ʖʛʦïɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ʂʘʟʘʭʩʪʘʥʘ, 
ʩʪʨʘʥ ʉʨʝʜʥʝʡ ɸʟʠʠ ʙʫʜʫʪ ʜʦʩʪʠʛʘʪʴ ɽʚʨʦʧʫ ʦʪ 5 ʜʦ 15 ʩʫʪʦʢ ʩ ʜʦʩʪʘʚʢʦʡ ʧʦ 
ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 

 

ɿʘʢʣʶʯʝʥʠʝ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤ 3 ʚʘʨʠʘʥʪʘ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʨʘʟʚʠʪʠʷ ʊʄʊʄ ʠʣʠ 

Middle Corridor ʟʘ ʩʯʝʪ ʠʜʝʠ ʧʨʦʜʦʣʞʝʥʠʷ ʫʟʢʦʡ ʢʦʣʝʠ 1435 ʤʤ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ 
ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ Rail ï Air:  
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1 ʚʘʨʠʘʥʪ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʘʵʨʦʧʦʨʪʘ ʛ. ʊʘʣʜʳʢʦʨʛʘʥ ʚ ʢʘʯʝʩʪʚʝ 
ʫʟʣʦʚʦʛʦ ʛʨʫʟʦʧʝʨʝʚʘʣʦʯʥʦʛʦ ʭʘʙʘ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʢʦʣʝʠ 1435 ʤʤ ʦʪ 
ʩʪʘʥʮʠʠ ɸʣʪʳʥʢʦʣʴ ʠʣʠ ɼʦʩʪʳʢ, ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ ʩʦʟʜʘʥʠʷ ʚ ʛ. ʊʘʣʜʳʢʦʨʛʘʥ ʢʨʫʧʥʦʛʦ 
ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʭʘʙʘ; 

2 ʚʘʨʠʘʥʪ - ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʦʛʦ ʘʵʨʦʧʦʨʪʘ ʚ ʛ. ʂʦʥʘʝʚ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 
ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʢʦʣʝʠ ʢʦʣʝʠ 1435 ʤʤ ʦʪ ʩʪʘʥʮʠʠ ɸʣʪʳʥʢʦʣʴ ʠʣʠ ɼʦʩʪʳʢ, ʩ 
ʧʝʨʩʧʝʢʪʠʚʦʡ ʩʦʟʜʘʥʠʷ ʢʨʫʧʥʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʭʘʙʘ; 

3 ʚʘʨʠʘʥʪ ï ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʦʣʝʠ 1435 ʤʤ ʦʪ ʩʪʘʥʮʠʠ ɸʣʪʳʥʢʦʣʴ ʠʣʠ ʩʪʘʥʮʠʠ 
ɼʦʩʪʳʢ ʜʦ ʤʦʨʩʢʦʛʦ ʧʦʨʪʘ ɸʢʪʘʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 
ʘʵʨʦʧʦʨʪʘ ʛ. ɸʢʪʘʫ ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ ʩʦʟʜʘʥʠʷ ʢʨʫʧʥʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦ-
ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʤʝʛʘ ʭʘʙʘ ʩ ʫʯʘʩʪʠʝʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ, ʤʦʨʩʢʦʛʦ, ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ, 
ʚʦʟʜʫʰʥʦʛʦ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ɺ ʢʘʞʜʦʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʩʫʱʝʩʪʚʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʜʣʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 
ʨʝʛʠʦʥʘ, ʢʦʪʦʨʳʡ ʧʦʜʣʝʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ.  

ɿʘʜʘʯʘ ʠʥʪʝʛʨʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʂʘʟʘʭʩʪʘʥʘ ʚ ʤʠʨʦʚʫʶ ʪʨʘʥʩʧʦʨʪʥʫʶ 
ʩʠʩʪʝʤʫ ʧʫʪʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʨʦʚʥʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ ʧʫʪʠ 
ʩʣʝʜʦʚʘʥʠʷ ʊʄʊʄ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʥʟʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʨʘʥʳ.  

1. ʉʦʟʜʘʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʨʫʟʦʚ, ʩ ʫʯʝʪʦʤ ʥʦʚʳʭ 
ʚʚʦʜʥʳʭ ʧʦ ʧʝʨʝʦʨʠʝʥʪʠʨʦʚʘʥʠʶ ʛʨʫʟʦʧʦʪʦʢʦʚ. 

2. ʅʘʨʘʱʠʚʘʥʠʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʫʪʝʤ 
ʛʘʨʤʦʥʠʟʘʮʠʠ ʧʨʘʚʦʚʳʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʜʫʨ (ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʠʝ 
ʤʠʥʠʤʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ), ʘ ʪʘʢʞʝ ʧʨʦʜʚʠʞʝʥʠʝʤ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ ʫʢʨʝʧʣʝʥʠʷ ʥʝʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʠʜʦʨʘ.  

3. ʈʝʘʣʠʟʘʮʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʢʘʢ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʤʦʜʝʣʠ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʊʄʊʄ. 

4. ʅʘʨʘʱʠʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʄʂ ʧʫʪʝʤ ʦʢʘʟʘʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʠ 
ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

5. ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʤʝʩʪʥʳʭ ʨʘʙʦʯʠʭ ʛʨʫʧʧ ʠ ʧʨʦʚʝʜʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʙʳʩʪʨʦʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 
ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʣʦʛʠʩʪʠʢʠ. 
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ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʧʝʨʝʚʦʟʢʘʭ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʂʠʪʘʡ-ʂʘʟʘʭʩʪʘʥ ï ɽʚʨʦʧʘè, ɸʆ 

çKTZ Expressè, 2015ʛ. 

[6] çʉʪʨʘʪʝʛʠʷ ʤʘʨʢʝʪʠʥʛʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʊʕʆ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʊʂɾʄè, ʛ.ɸʣʤʘʪʳ, 

2005ʛ. 

[7] ʄ.ɸ. ʂʦʙʜʠʢʦʚ. ʉʪʨʘʪʝʛʠʷ ʤʘʨʢʝʪʠʥʛʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʊʕʆ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 
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[8] ʆʪʯʝʪ ʧʦ ʠʪʦʛʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʲʝʜʠʥʝʥʠʷ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ çʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ çʊʨʘʥʩʢʘʩʧʠʡʩʢʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʤʘʨʰʨʫʪè (ʜʘʣʝʝ ï 

ɸʩʩʦʮʠʘʮʠʷ) ʟʘ 2021 ʛʦʜ 

[9] ʉ ʋʢʨʘʠʥʦʡ ʠ ɹʝʣʘʨʫʩʴʶ ʚʩʝ ʷʩʥʦ. ɸ ʢʘʢ ʫ ʈʦʩʩʠʠ ʩ ʂʘʟʘʭʩʪʘʥʦʤ? 

prostopasha1914 ð LiveJournal https://prostopasha1914.livejournal.com 

[10] ʉʫʙʨʝʛʠʦʥʘʣʴʥʘʷ ʛʨʫʧʧʘ ʐʆʉ. ɸʥʘʣʠʟ ʧʨʦʙʣʝʤ, ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʧʝʨʩʧʝʢʪʠʚ 

ʨʘʟʚʠʪʠʷ. ʄʦʥʦʛʨʘʬʠʷ/ http://bibliorossica.com 
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ʤʦʣʘʡʪʫʜʳ ʳʥʪʘʣʘʥʜʳʨʫ ʞʦʣʜʘʨʳ ץʘʨʘʩʪʳʨʳʣסʘʥ. ʄʝʤʣʝʢʝʪ ʘʫʤʘסʳ ʘʨץʳʣʳ ᴇʪʝʪʽʥ 

ʪʨʘʥʟʠʪʪʽʢ ʙʘסʳʪʪʘʨ ʤʝʤʣʝʢʝʪʪʽש ʩʘʷʩʘʪʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ʞᴅʥʝ ʦʥʳש ʜʘʤʫʳʥʜʘ ʞʳʣʜʘʤ 

 ʘסʟʝʛʝ ʘʩʳʨʫװʘʥ ᴅʣʝʤʜʽ ʧʦʟʠʮʠʷʣʘʫʜʘ ʙʝʣʛʽʣʝʥʛʝʥ ʩʪʨʘʪʝʛʠʷʣʘʨʜʳ ʞץʜʝʧ ʢʝʣʝ ʞʘʪװ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [1]. פʘʟʘץʩʪʘʥ ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʜʳ ʢᴇʧʽʨʜʽש ʪʠʽʤʜʽ ʦʨʥʘʣʘʩʫʳʥʘ ʠʝ. 

ʆʥʳש ɽʫʨʦʧʘ ʤʝʥ ɸʟʠʷʥʳץ שʠʳʣʳʩʳʥʜʘ ʦʨʥʘʣʘʩʫʳ ʞװʢ ʘסʳʥʜʘʨʳʥ ʪʨʘʥʟʠʪ װʰʽʥ 

ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʧʘʡʜʘ ᴅʢʝʣʝʜʽ. פʘʟʘץʩʪʘʥ 

ᴇʟ ʞʘסʜʘʡʳʥ ʜײʨʳʩ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʪʨʘʥʟʠʪ ʘʨץʳʣʳ ʪʘʙʳʩ ʪʘʫʳʧ ץʘʥʘ ץʦʡʤʘʡ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ᴇשʽʨʣʝʨʜʽ ʪʘʫʘʨ ʘʡʳʨʙʘʩʪʘʫסʘ ʪʘʨʪʫ, ʩʳʨʪץʳ ʥʘʨʳץʪʘ ʩײʨʘʥʳʩץʘ ʠʝ 

ʪʘʫʘʨʣʘʨʜʳש ʞʝʨʛʽʣʽʢʪʽ ᴇʥʜʽʨʽʩʽʥ ײץʨʫ ʘʨץʳʣʳ ʜʘʤʳʪʘ ʘʣʘʜʳ, ʙײʣ ʦסʘʥ ʩʪʨʘʪʝʛʠʷʣʳץ 

ʪײʨסʳʜʘʥ ʜʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʤʫʣʴʪʠʤʦʜʘʣʴʜʳ ʣʦʛʠʩʪʠʢʘʥʳ ʜʘʤʳʪʫ װʰʽʥ ץʦʣʘʡʣʳ ʦʨʳʥ. 

ɽʫʨʦʧʘ ʤʝʥ ɸʟʠʷ ʘʨʘʩʳʥʜʘסʳ ײץʨʣʳץ ʜᴅʣʽʟʽʥʜʝʛʽ ʦʩʳʥʜʘʡ ʪʠʽʤʜʽ ʛʝʦʛʨʘʬʠʷʣʳץ ʞʘסʜʘʡ ʙײʣ 

ʙʘסʳʪʪʳ ʆשʪװʩʪʽʢ-ʐʳסʳʩ ɸʟʠʷ ï פʳʪʘʡ ï ʆʨʪʘʣʳץ ɸʟʠʷ ï ɽʫʨʦʧʘ ʙʘסʳʪʳʥʜʘסʳ 

ʵʢʦʥʦʤʠʢʘʣʳץ ʙʘʣʘʤʘ ʜᴅʣʽʟ ʨʝʪʽʥʜʝ ʪʘʨʪʳʤʜʳ ʝʪʝʜʽ. 
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NEW OPPORTUNITIES AND PROSPECTS FOR REALIZING THE TRANSIT AND 

EXPORT POTENTIAL OF KAZAKHSTAN  

 

Abstract. The article presents ways for further improvement and growth of transit traffic, 

increasing the efficiency of using the carrying capacity of the country's transport system, and 

motivating their reproduction. Transit routes passing through the territory of the state fit into the 

policy of the state and allow the implementation of the designated strategies in positioning the 

rapidly accelerating world in its development [1]. Kazakhstan has an advantageous location of 

the transcontinental bridge. Its location at the crossroads of Europe and Asia makes it possible to 

use cargo flows for transit, which will bring economic and other benefits. Kazakhstan, correctly 

using its position, not only earns through transit, but can also develop regions by attracting them 

to the exchange of goods, creating local production of goods that are in demand in the foreign 

market, which would also allow it to take a strategically advantageous place for the development 

of multimodal logistics . Such an advantageous geographical position in the land corridor 

between Europe and Asia will make this route attractive as an economical alternative corridor in 

the direction of Southeast Asia - China - Central Asia - Europe. 

 

Keywords. Freight traffic, logistics, hub, Trans-Kazakhstan railway, transnational trade, 

large transit. 
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EVALUATION OF THE EFFECTIVENESS OF INNOVATIVE BLOCKCHAIN 

TECHNOLOGIES IN THE GLOBAL CONTAINER TRANSPORTATION MARKET  

 

Abstract. The article examines innovative blockchain technologies used in the global 

container transportation market. The review article examines innovative blockchain technologies 

used in  The rapidly developing blockchain technologies in logistics are designed to systematize 

the transportation management process based on the consolidation of all partners-entities 

involved in the supply chain. The use of blockchain technology in the container transportation 

system as a tool for improving the transport logistics system will significantly simplify and 

accelerate a wide range of logistics processes, solve the problem in communications between 

supply chain participants, reduce the cost of transportation in this area. Promising digital 

technological solutions of a number of the largest container transport operators for the 

implementation of blockchain platforms in the global containerization developed on the basis of 

blockchain technology have been identified and their effectiveness has been evaluated. Solutions 

based on blockchain technology for the container transportation industry using digital currency 

and optimizing the redistribution of capital to increase the efficiency of companies in the 

shipping industry are considered. An open system built on the basis of creating cryptographic 

protection of data and implemented in security mode allows you to optimize the search for 

carriers, minimize the cost of time and money, eliminate hacker attacks on a simple interface. 

 

Keywords. Containerization, container turnover, container transportation system, supply 

chain, digital transformation, business process, blockchain technology, sea container terminals, 

blockchain platforms, crypto projects digital currency. 

 

Introduction.  

In modern conditions of economic development, the innovative and rapidly developing 

blockchain technology has found wide application in various industries and at present, the range 

of transport services representing the highest possibilities of automation of business processes is 

determined by the need to use digital logistics in the transport business. In the global container 

transportation market, this is dictated by the pressing issues of competitiveness of transport 

companies in this area. 

According to a Fortune Business Insights report, the main reason for the growth of the 

global blockchain technology market is that more and more enterprises around the world are 

increasing their investments in blockchain research and development from within. The current 

market for blockchain-based solutions is growing at a rapid pace. The dynamics of the market in 

question can be approximately represented in Figure 1.  Transport processes with container cargo 

flows are aggravated due to the minimum speed of logistics cycles in supply chains; long 

duration and the presence of errors in document flow and issues of cargo safety. 

Currently, in the container cargo transportation system, problems are being found with 

the use of a fragmented system for processing and presenting information between partners of 

the logistics chains of the transport process, causing an increase in transformational and 

transaction costs and an increase in the logistics cycle as a whole. 

 

mailto:nsuyeuova@mail.ru


ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 3 (126), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 3 (126), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

128 

 
 

Figure 1 - Growth dynamics of the global blockchain technology market 

 

The length of logistics chains and the final price of complex services in the container 

cargo transportation system is determined by the number of logistics intermediaries and the 

rhythm of interaction between participants in the transport process. In addition, the lack of 

probability of the implementation of control of delivery processes by cargo owners is one of their 

common 

grounds for the formation of controversial and problematic issues. All this predetermines 

the development of a rational and transparent system of mutually beneficial cooperation of 

logistics intermediaries in the supply chain, which in general will ensure the development and 

rise of the transport business to a high-quality level [1,2]. 

The relevance of the topic of the scientific article is due to the fact that the sphere of 

container transportation is a complex and voluminous transport system, where, in addition to 

ensuring the safety of goods, it is necessary to minimize delivery times and document flow and 

automate all transportation costs. This is the most important condition for raising the transport 

business in the container transportation system to a qualitatively new level based on the use of 

blockchain technologies. The purpose of the study is to analyze modern innovative blockchain 

technologies in the global container transportation market, to determine the role and promising 

opportunities of these technologies to improve the efficiency of global business processes in this 

area. 

To achieve the set goals, the following tasks are solved: 

- review and analysis of promising digital technological solutions of a number of the 

largest container transport operators for the implementation of blockchain platforms in the global 

containerization; 

- evaluation of the effectiveness of blockchain technology in the global container 

transportation market. 

The scientific novelty of the research consists in the fact that a new pragmatic aspect of 

known information is applied, which reveals the object of research in depth in the new 

conditions of digitalization of the current economy. 
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Table 1 - The main characteristics of blockchain technology in transport logistics 

 

Evaluation 

criteria  

 

The advantage of blockchain technology The lack of blockchain 

technology for this parameter 

Costs The use of blockchain technology reduces 

transaction costs associated, for example, 

with the collection of fees by the data 

holder and verifier for their services. 

The introduction and use of 

technology entails significant 

financial costs. 

Efficiency Processing of an operation/transaction is 

faster than using a bank or a person. 

The processing speed of the 

operation/transaction is limited 

(for example, the VISA system 

is more productive). 

Anonymity Confidentiality of operations determines 

the safe protection of individual user 

materials. 

 

The confidentiality of 

transactions and the publicity of 

data create acceptable conditions 

for illegal transactions for the 

blockchain 

Safety All computers connected to the network 

have the same array of information, which 

significantly complicates any 

unscrupulous manipulation of it. It is 

extremely difficult to make changes to the 

information block after adding it to the 

chain 

There are no unconditional 

assurances of the stability of data 

transmission, regardless of the 

advantages of the system of 

computing computer networks 

built on blockchain technology, 

hacker attacks take place. 

 

Materials and methods. 

The theoretical basis of the study was the methods of comparison, review analysis, 

synthesis. As part of the digital transformation strategy, the world's largest operators in the 

container shipping market, in a local form, carry out digital business on the basis of the 

implementation of blockchain technology, which is a multi-purpose, multi-level information 

technology in the form of an extensive digital database and secured against unauthorized access 

in order to sustainably evaluate and register a variety of transactions, assets, systematizing 

transportation management processes based on the consolidation of all partner entities that 

simplify and optimize a wide range of logistics processes. 

Blockchain technology is the largest innovation considered today and comparable to the 

widespread digitalization of the current economy. 

Innovation in the container cargo transportation system is determined by the fact that the 

implementation of blockchain provides promising opportunities to accelerate the implementation 

of business processes in the logistics supply chain, with the implementation of high authenticity 

and transparency of information for the selection and implementation of motivated decisions. 

This will provide ample opportunities to reduce costs created to avoid possible risks and 

eliminate processes that are of little value to customers and clientele. 

blockchain network. In technological terms, the blockchain, representing a distributed 

chain of blocks, acts in the form of a centralized register of all transactions in the information 

network. From the point of view of the principles of management systems in logistics supply 

chains, this technology provides unique opportunities to overcome difficult problems in 

implementing the principles of inter-organizational regulation on the development of 

transparency of information movement and ensuring mutual trust of counter-agents of logistics 

supply chains in the system of container cargo transportation on the world market. The 
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paramount importance and role of the implementation of blockchain technology in the global 

container transportation market is determined by the implementation of promising opportunities 

to improve the efficiency of global business processes in this area [3]. 

Results. 

Let's analyze the implementation of blockchain platforms in the global containerization, 

developed on the basis of blockchain technology. In 2019, the largest container transportation 

operator in the world, A.P.MollerïMaersk, together with IBM, a well-known developer and 

manufacturer of hardware and software on the world market, launched the "TradeLens" 

blockchain platform, an applied software product for improving the container transportation 

system developed on the basic platform of blockchain technologies. Hyperledger Fabric and 

IBM Cloud. 
 

 
 

Figure 2 - Integrated, seamless logistics ecosystem, blockchain technologies 

 

The çTradeLensè blockchain platforms are represented by a complex of neutral industry 

platforms of a general type, which includes modules of blocks of operations closed in a chain 

that perform functions in the container transportation system (UPC): 

- accumulation of information on all completed operations; 

- storage and exchange of information; 

- control and management of cargo transportation and supply chains in maritime 

transport; 

- implementation of step-by-step tracking of the movement of cargo flows in online 

modes; 

- ensuring electronic cooperation of all participating partners involved in the supply chain 

in matters of cooperation and acquiring access to information on pressing issues; 

- reducing costs and reducing the delivery time of goods; 

- stimulating innovation 

The TradeLens blockchain platforms are designed to consolidate all partners-entities 

involved in the supply chain, including cargo owners and representatives of state regulatory 

authorities. The innovative solution of this project is to connect over 100 participants from 22 

countries of the world to the TradeLens blockchain platform (the largest Asian and European 

world ports and customs authorities, border control services, a network of global container 

terminal operators Global Container Terminals, Singapore Pacific International Lines, Procter 

Multinational Corporation & Gamble, and others). In comparison with the traditional form of 
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document management, the predominant advantage of the company's EDI is the provision of 

opportunities for information sharing by partners in modes of interest in the field of freight 

transportation, with the advantage of the security of the transmission of this information [4]. 

The development of the Russian company çVostokè in 2019 of a universal blockchain 

solution for scalable digital infrastructure - the international intermodal logistics blockchain 

platform çVostok Tradeè, implemented on the basic foundation of a distributed registry system 

for transport operations. 

 

Table 2 - The use of blockchain in transport logistics 

 

Project Brief description 

IMMLA - International 

multimodal logistics application 

The founders are SBSolutions (an IT company with a focus 

on logistics), as well as the leaders of the logistics industry 

çGlobal Transport Investmentsè ʠ çHellmann Worldwide 

Logisticsè. 

çTrade Lensè is an application 

product developed on the basic 

platform of blockchain 

technologies (Hyperledger Fabric 

ʠ IBM Cloud). 

A logistical result combining the immediate analysis of 

applications and the conclusion of contracts in the 

multimodal transportation system based on the optimal 

pricing. Guarantees cooperation between the cargo owner 

and the carrier at all stages of the transport process based 

on the Etherium blockchain. A logistics solution for 

digitizing all trade operations and cargo control, provides 

access to tracking the movement of goods along the chain, 

having full clarity of finding each container online 24/7. 

Market participants are presented with transparency of the 

status of all customs documents. 

çFilamentè  - an international 

hardware startup based on 

blockchain 

Logistics solution to improve the container transportation 

system, connects shipping containers and industrial 

machines with blockchain technology through the Internet 

of Things (IoT) chip. Things must follow instructions on 

their own, via the Blocklet software. 

Ship Chain (TGE, SHIP 

tokens) ï international 

platform 

Registration of deliveries on the Ethereum blockchain, 

using a sidechain to track individual encrypted 

geographical points through each smart contract. The value 

of each cryptographic waypoint is accessible only by the 

parties involved in the sending itself. This facilitates the 

interaction of the participants in the process. Upon delivery 

and confirmation of shipment, the contract is filled out and 

stored on the main blockchain. 

 

The following innovations stimulated the creation of the Vostok Trade blockchain 

platform with connected UPC elements, including a network of seaports and services of terminal 

operators, shippers, carriers, customs brokers and end users, etc.): 

- a complex of workflow automation processes; 

- ensuring data verification and immutability; 

- increasing the level of traceability of goods and others. 

The basic functional elements of the blockchain platform are: 

- implementation of document management digitalization; 

- formation of automation of UPC business processes; 
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- implementation of an API for consolidation with systems for obtaining information 

about transport process events; 

- accessible and rational interface; 

- performing tracking of transport operations; 

Tracking containers on the way and at terminals will allow you to optimize the shipping 

process, see which destinations are most popular, as well as promptly fix downtime. 

An innovative solution for the implementation of the Vostok Trade blockchain platform, 

which ensures the efficiency of the UPC, is: 

- the possibility of automating the document flow of the transport process; 

- implementation of data verification based on the information of the transport process; 

- the possibility of implementing integration with existing platforms; 

- the possibility of implementing measures for the economic security of transport 

processes; 

- implementation of transparency of the management model; 

- representation of intellectual rights among participants in the transport process; 

- the presence of an affordable pricing policy. 

The implementation of innovative solutions in transport production on the basis of a 

single platform "Vostok Trade", which provides for the use of the technological method of the 

distributed registry, is a highly effective course in the development of the infrastructure of the 

transport and logistics industry of the post-Soviet countries. In 2019, an innovative ship 

maintenance system "Digital Port" was put into production in Russia, representing the combined 

development of the ICONIC blockchain integrator and çInfotech Baltikaè JSC, the largest 

Russian freight forwarder with a wide agency network in seaports. 

The system is based on the technological processes of management of dedicated registers 

of accounting and certification of rights, ensuring the transfer of document flow of marine 

vehicles with port infrastructure to the electronic version. This blockchain technology provides a 

significant reduction in the amount of production loads on the port staff, contributes to the 

growth of port capacity by 5-10% and improves the quality of services provided to the fleet. The 

innovative vessel maintenance mechanism "Digital Port" provides participants with ample 

opportunities to locate and carry out production activities in a single information field, where a. 

clear fixation of the complex services provided by facts, time periods and volumes is carried out 

In 2021, the Global Shipping Business Network (GSBN) company, registered in Hong Kong, 

launched a new blockchain-based platform with the potential to track shipping containers around 

the world. GSBN, a company focused on cargo sea transportation for the creation of a 

blockchain platform, pursues the goal of digitalizing a third of container transportation for 

document management in logistics operations [5]. 

In order to ensure the control of information, the company provides encryption of the 

database before sending it to the blockchain platform. This deprives partners of access to the 

database without authorization and provides potential opportunities for GSBN to cooperate with 

disconnected competing participants in the global container market. In June 2021, GSBN 

implemented an innovative blockchain-based software product "Cargo Release" in China, 

designed to minimize data processing deadlines due to the rejection of paper documentation and 

data storage on the blockchain. In May 2021, the company launched the first application based 

on the Cargo Release blockchain, which aims to speed up the processing time of the database by 

moving away from traditional paper documentation while maintaining the database on the 

blockchain [6,7]. 

The global company CargoX Ltd (Denmark), which develops solutions for the delivery of 

documentation based on blockchain transactions and ownership verification platforms, focused 

on problematic issues in communications among supply chain partners in the intermodal 

container transportation system and accordingly adopted an innovative solution for the rational 
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use of the bill of lading. The essence of the solution lies in the development of an open system 

based on the Ethereum blockchain technology and the creation of cryptographic protection of 

data located in a distributed database, providing the creation and exchange of bills of lading 

using a server tool for secure remote access to the database of information resources and 

responsible storage of the database. 

The interaction operations of partners participating in supply chains in the intermodal 

container transportation system are carried out in the following sequence: 

1) At the port of departure, it is applied and issued by the carrier company to the exporter 

in the form of a token, including a set of DApp applications, to create a "smart" bill of lading 

with the presence of blockchain addresses of exporters. 

2) At the end of financial settlements for the goods, through 

the DApp application, the exporter transfers to the importer all rights certifying the 

ownership of the token of the "smart" bill of lading. 

3) Upon presentation of tokens using the DApp application, the parties of importers are 

given the prerogative of the authority to own goods at destination ports. 

4) Upon verification of the ownership of the token, the importer is issued goods from the 

carrier at the port of arrival. 

In the process of interactions between partners participating in supply chains in the 

intermodal container transportation system, a block of confidential information under a trade 

agreement is subject to secrecy from public viewing and is presented only to the owners of the 

token - importers, exporters and carriers [8]. In addition to this, the issues of secure protection of 

complete information on trade agreements between partners are subject to increased attention. 
 

 
 

Figure 3 - The scheme of a blockchain transaction on the example of an operation in the Bitcoin 

network 

 

The company 300Cubits (China, Hong Kong), specializing in sea container cargo 

transportation, has implemented a project based on blockchain technology in the container 

transportation industry using the digital currency TEU2 Tokens. The implementation of these 

tokens is provided by the support of the TEU ecosystem. The implementation of the project 

determines the possibilities of conducting a transport business in conditions of security and 

independence from intermediaries. TEU tokens, which perform the functions of a digital 

currency, provide unique opportunities for obtaining industry solutions and services for business 

users free of charge in the global container transportation market [9]. 
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The implementation of the project does not require corrections in the corporate systems 

of partners participating in supply chains in the intermodal container transportation system and 

this provides opportunities for independent and early entry into the global container 

transportation market. It is planned to implement an innovative solution of 300Cubits for the use 

of the digital currency TEU2 Tokens in the transport system of feeder, cargo container and other 

transportation, which are subject to the requirements of booking operations 

The module implementation algorithm includes: 

1) Performing operations for sending TEU tokens by users for the number of reserved 

units required by them. 

2) Performing operations to notify the transport vessel of the sent tokens via e-mail. 

3) Performing operations to control the compliance of TEU tokens for booking 

confirmation. 

4) Performing operations on clientele notifications about the corresponding deposit 

booking via e-mail. 

The implementation of this project provided significant opportunities to reduce 

significant losses for UPC, supported the strategic management of the global supply chain and 

optimized the redistribution of capital in order to increase the efficiency of companies in the 

shipping industry. Crypto projects within the framework of this project make it possible to 

optimize the search for carriers, minimize the cost of time and money, taking into account the 

fact that the entire system is implemented in security mode and eliminates hacker attacks on a 

simple interface [10]. 

The implementation by the world's largest container transportation operators - digital 

solutions in UPC based on blockchain technologies, representing a distributed database of digital 

data protected from unauthorized access - provides a number of innovative measures that 

determine a number of advantageous factors: adaptation of internal business processes; 

increasing the efficiency of container transportation; monitoring the location and condition of 

cargo; reducing the time of work with cargo; optimization of personnel activities; reduction of 

business risks through the implementation of online payments; taking effective measures in cases 

of force majeure and others. 

 

Conclusions 

Currently, innovative blockchain technologies, which contain a significant potential for 

changing the structure and reducing costs in UPC transport business processes, have real 

opportunities to change the sphere of container transportation. The logistics blockchain in the 

UPC minimizes the number of participants in the chain of the transport process, removing 

unnecessary links in the final reduces transport costs and risks during deliveries. 
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ʂʆʅʊɽʁʅɽʈʃɯʂ ʊɸʉʓʄɸʃɼɸʋɼʓר ᴄʃɽʄɼɯʂ ʅɸʈʓנʓʅɼɸנʓ 

ʀʅʅʆɺɸʎʀʗʃʓפ ɹʃʆʂʏɽʁʅ ʊɽʍʅʆʃʆɻʀʗʃɸʈʓʅʓר ʊʀɯʄɼɯʃɯɻɯʅ 

ɹɸנɸʃɸʋ 

 

ɸʥʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫʜʳש ᴅʣʝʤʜʽʢ ʥʘʨʳסʳʥʜʘ 

 ʳסʙʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʟʝʨʪʪʝʣʛʝʥ. ʃʦʛʠʩʪʠʢʘʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʠʥʥʦʚʘʮʠʷʣʳץ

ʞʳʣʜʘʤ ʜʘʤʳʧ ʢʝʣʝ ʞʘʪץʘʥ ʙʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʝ ץʘʪʳʩʘʪʳʥ 

ʙʘʨʣʳץ ʩʝʨʽʢʪʝʩʪʝʨ-ʩʫʙʲʝʢʪʽʣʝʨʜʽ ʰʦסʳʨʣʘʥʜʳʨʫ ʥʝʛʽʟʽʥʜʝ ʪʘʩʳʤʘʣʜʘʫʜʳ ʙʘʩץʘʨʫ 

ʧʨʦʮʝʩʽʥ ʞװʡʝʣʝʫʛʝ ʘʨʥʘʣסʘʥ. ʂᴇʣʽʢʪʽʢ ʣʦʛʠʩʪʠʢʘ ʞװʡʝʩʽʥ ʞʝʪʽʣʜʽʨʫ ײץʨʘʣʳ ʨʝʪʽʥʜʝ 

ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫ ʞװʡʝʩʽʥʜʝ ʙʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʫ ʣʦʛʠʩʪʠʢʘʣʳץ 

ʧʨʦʮʝʩʪʝʨʜʽש ʢʝש ʘʫץʳʤʳʥ ʝʜᴅʫʽʨ ʞʝשʽʣʜʝʪʫʛʝ ʞᴅʥʝ ʞʝʜʝʣʜʝʪʫʛʝ, ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʝ 

 ʳסʳ ʧʨʦʙʣʝʤʘʥʳ ʰʝʰʫʛʝ, ʦʩʳ ʩʘʣʘʜʘסʳ ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨʜʘסʘʪʳʩʫʰʳʣʘʨ ʘʨʘʩʳʥʜʘץ

ʢᴇʣʽʢʪʽʢ ʪʘʩʳʤʘʣʜʘʫ ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʠʷʩʳ 

ʥʝʛʽʟʽʥʜʝ ᴅʟʽʨʣʝʥʛʝʥ ᴅʣʝʤʜʽʢ ʢʦʥʪʝʡʥʝʨʣʝʫʜʝ ʙʣʦʢʯʝʡʥ-ʧʣʘʪʬʦʨʤʘʣʘʨʜʳ ʽʩʢʝ ʘʩʳʨʫ 

ʙʦʡʳʥʰʘ ʙʽʨץʘʪʘʨ ʽʨʽ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫ ʦʧʝʨʘʪʦʨʣʘʨʳʥʳש ʧʝʨʩʧʝʢʪʠʚʘʣʳץ 

ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʰʝʰʽʤʜʝʨʽ ʘʡץʳʥʜʘʣʜʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ 

ʦʨʳʥʜʘʣʜʳ. ʎʠʬʨʣʳץ ʚʘʣʶʪʘʥʳ ʧʘʡʜʘʣʘʥʘʪʳʥ ʞᴅʥʝ ʢʝʤʝ ץʘʪʳʥʘʩʳ ʩʘʣʘʩʳʥʜʘסʳ 

ʢʦʤʧʘʥʠʷʣʘʨ ץʳʟʤʝʪʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʢʘʧʠʪʘʣʜʳ ץʘʡʪʘ ʙᴇʣʫʜʽ 

ʦשʪʘʡʣʘʥʜʳʨʘʪʳʥ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫ ʠʥʜʫʩʪʨʠʷʩʳ װʰʽʥ ʙʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʠʷʩʳʥʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʰʝʰʽʤʜʝʨ ץʘʨʘʣʜʳ. ɼʝʨʝʢʪʝʨʜʽ ʢʨʠʧʪʦץʦʨסʘʫʜʳ ײץʨʫ ʥʝʛʽʟʽʥʜʝ ײץʨʳʣסʘʥ ʞᴅʥʝ 
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 ʡʝ ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨʜʳ ʽʟʜʝʫʜʽװʞ ץʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ʘʰʳװʘʫʽʧʩʽʟʜʽʢ ʨʝʞʠʤʽʥʜʝ ʞץ

ʦשʪʘʡʣʘʥʜʳʨʫסʘ, ʫʘץʳʪ ʧʝʥ ץʘʨʘʞʘʪʪʳש ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫסʘ, ץʘʨʘʧʘʡʳʤ ʠʥʪʝʨʬʝʡʩʪʝ 

ʭʘʢʝʨʣʽʢ ʰʘʙʫʳʣʜʘʨʜʳ ʙʦʣʜʳʨʤʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʂʦʥʪʝʡʥʝʨʣʝʫ, ʢʦʥʪʝʡʥʝʨ ʘʡʥʘʣʳʤʳ, ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫ 

ʞװʡʝʩʽ, ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽ, ʮʠʬʨʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ, ʙʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʠʷʩʳ, 

ʪʝשʽʟ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʝʨʤʠʥʘʣʜʘʨʳ, ʙʣʦʢʯʝʡʥ ʧʣʘʪʬʦʨʤʘʣʘʨʳ, ʢʨʠʧʪʦ ʞʦʙʘʣʘʨʳ ʩʘʥʜʳץ 

ʚʘʣʶʪʘ. 
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ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʅʅʆɺɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ  ɹʃʆʂʏɽʁʅ 

ʅɸ ʄʀʈʆɺʆʄ  ʈʓʅʂɽ  ʂʆʅʊɽʁʅɽʈʅʓʍ ʇɽʈɽɺʆɿʆʂ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ  ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʳ ʠʥʥʦʚʘʮʠʦʥʥʳʝ  ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ.  ɹʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʝʩʷ  

ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʚ ʣʦʛʠʩʪʠʢʝ ʧʨʠʟʚʘʥʳ  ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʝʚʦʟʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʢʦʥʩʦʣʠʜʘʮʠʠ   ʚʩʝʭ ʧʘʨʪʥʝʨʦʚ-ʩʫʙʲʝʢʪʦʚ,  ʫʯʘʩʪʚʫʶʱʠʭ  ʚ ʮʝʧʠ 

ʧʦʩʪʘʚʦʢ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʚ ʩʠʩʪʝʤʝ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ  ʢʘʢ  

ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ, ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʨʝʰʠʪʴ  ʧʨʦʙʣʝʤʫ ʚ 

ʢʦʤʤʫʥʠʢʘʮʠʷʭ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʮʝʧʝʡ ʧʦʩʪʘʚʦʢ,  ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʧʝʨʝʚʦʟʢʠ ʚ ʵʪʦʡ ʩʬʝʨʝ. ʆʧʨʝʜʝʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ  ʨʝʰʝʥʠʷ 

ʨʷʜʘ ʢʨʫʧʥʝʡʰʠʭ ʦʧʝʨʘʪʦʨʦʚ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ ʧʦ ʨʝʘʣʠʟʘʮʠʠ   ʙʣʦʢʯʝʡʥ-

ʧʣʘʪʬʦʨʤ ʚ ʤʠʨʦʚʦʡ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʠ  ʙʣʦʢʯʝʡʥ ʠ  

ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʭʥʦʣʦʛʠʠ 

ʙʣʦʢʯʝʡʥ ʜʣʷ ʠʥʜʫʩʪʨʠʠ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʮʠʬʨʦʚʫʶ ʚʘʣʶʪʫ ʠ 

ʦʧʪʠʤʠʟʠʨʫʶʱʠʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʧʠʪʘʣʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʡ ʩʫʜʦʭʦʜʥʦʡ ʦʪʨʘʩʣʠ. ʆʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʙʘʟʝ   

ʩʦʟʜʘʥʠʠ ʢʨʠʧʪʦʟʘʱʠʪʳ ʜʘʥʥʳʭ ʠ ʨʝʘʣʠʟʫʝʤʘʷ  ʚ ʨʝʞʠʤʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦʠʩʢ ʧʝʨʝʚʦʟʯʠʢʦʚ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʩʪʚ, 

ʠʩʢʣʶʯʠʪʴ   ʭʘʢʝʨʩʢʠʝ ʥʘʧʘʜʝʥʠʷ ʥʘ ʧʨʦʩʪʦʤ ʠʥʪʝʨʬʝʡʩʝ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʂʦʥʪʝʡʥʝʨʠʟʘʮʠʷ,  ʢʦʥʪʝʡʥʝʨʦʦʙʦʨʦʪ, ʩʠʩʪʝʤʘ ʢʦʥʪʝʡʥʝʨʥʳʭ 

ʧʝʨʝʚʦʟʦʢ, ʮʝʧʴ ʧʦʩʪʘʚʦʢ, ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ, ʪʝʭʥʦʣʦʛʠʷ 

ʙʣʦʢʯʝʡʥ, ʤʦʨʩʢʠʝ ʢʦʥʪʝʡʥʝʨʥʳʝ ʪʝʨʤʠʥʘʣʳ,  ʙʣʦʢʯʝʡʥ-ʧʣʘʪʬʦʨʤʳ, ʢʨʠʧʪʦ-ʧʨʦʝʢʪʳ 

ʮʠʬʨʦʚʘʷ ʚʘʣʶʪʘ. 

 

*****************************************************************************  
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FORMATION OF A REGIONAL LOGISTICS DEVELOPMENT INDEX FOR 

PAINLESS JOINING THE INTERNATIONAL CORRIDOR  

 

Abstract. The purpose of the study is to pay attention to the regional aspect of 

Kazakhstan logistics formation with the connection to international ñWestern Europe ï Western 

Chinaò corridor. The article analyzed Kazakhstan regions, assessed the potential, identified weak 

chains. Identified area with more potential. Proposed information-gathering scheme to form a 

regional development index, which will help reduce risks when connected to the corridor. 

Offered, scheme can be used by decision-makers to assess the level of regional logistic 

development. This article will be useful to persons engaged in research in the field of regional 

logistics.  

 

Keywords. Western Europe-Western China (WE-WC), BRI (Belt Silk Road), GDP 

growth, transport corridor, regional transport infrastructure, road, fright turnover, regional 

logistic, Regional Capability Index (RCI). 

 

Introduction . 

The concept of creating a BRI corridor (Belt Road Initiative), in later versions of çOne 

Belt - One Roadè, çBelt and Roadè and later sources published under the name - çEconomic 

Silkè, the belt requires the construction of economic corridors. The çWestern Europe-Western 

Chinaè trade corridor (WE-WC), which is part of the land route of the BRI (Belt Silk Road), 

recently announced by China as a concept, passes through the territory of the Republic of 

Kazakhstan [1]. However, this corridor does not stimulate the economic development, as GDP 

growth in commodity areas such as Aktobe and Karaganda regions does not mean a high level of 

logistics. 

The indicators of logistics impact such as logistic center, cargo turnover, and availability 

are evaluated after the reconstruction following the results before and after the implementation. 

The disadvantage lies in the difficulty of predicting the growth of these indicators. The 

economic impact indicators do not take into consideration flow connections as there are no 

statistics for collecting data on the corridor. Mostly it is limited to connections to export and 

import. A criteria-based evaluation is a more modern approach to impact evaluation and is 

related to the impact of several indicators. However, a challenge of collecting statistics arises: 

inaccurate official statistics can lead to overestimates. In recent years, it has become necessary 

to assess the region at the level of maturity of connection to the corridors. 

 

Material and ʤethods. 

The authors used statistical data to analyze and synthesize the main factors affecting the 

development of regional logistics in Kazakhstan along the WE-WC corridor. Data on regional 

trade (export, import) were used as basic data.  

To assess the region with higher capabilities, an analysis of data on the socio-economic 

and material and technical condition of the regions was carried out. Social status was assessed 

by the level of GDP, the technical condition of the transport infrastructure. Further, the results 

mailto:taisarinova@gmail.com
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obtained were divided into five periods (2003-2006, 2006-2009, 2009-2012, 2012-2015, 20015-

2018). Periods and section of WE-WC international corridor was finished, which revealed the 

picture of the possible connection of the region to the work of the corridor.  

The methods of modern visualization and chronological sequence were used in the work, 

which made it possible to present a reliable picture from the day the construction of the WE-WC 

corridor began to its completion. 

For a more accurate description of the regions, the method of systematization and 

classification was applied. Further, the data obtained were combined in time periods 

corresponding to the completion of the reconstruction of the corridor section in each of the 

analyzed regions. By the method of grouping, the results obtained were combined into sections 

describing the flow of goods along the corridor. An analysis of indicators allowing to assess the 

level of readiness of the region to open the corridor is carried out.  

Next step of analyze were revealed by the method of system analysis the reasons for the 

inaccuracies in the collection of statistical information. Based on the results of the analysis, an 

indicative assessment method was proposed, which most accurately describes the readiness of 

the region to connect to the corridor.  

 

Results and discussion. 

The Kazakhstan section of the WE-WC transport corridor includes rehabilitation of 2452 

km [2] highways passing through the territory of Aktobe, Kyzylorda, Turkestan [3], Zhambyl, 

and Almaty regions of Kazakhstan, and Almaty and Shymkent cities having the status of 

regional importance:  

The total length of the WE-WC transport corridor in the Aktobe region is 590.64 km. The 

main economic sector of the Aktobe region is the mining industry, whereas, most of the mined 

natural resources such as oil, chromium, copper, zinc, ferrous metals [4] are exported by 

railways. Due to the poor development of the agricultural sector, the imported products by the 

Aktobe region mainly include food products, such as meat, cheese and fruit.  

The total length of the WE-WC transport corridor in the Kyzylorda region is 810 km [4]. 

The main economic sectors of the Kyzylorda region are mining and agriculture. The main 

minerals are oil, zinc, lead, uranium, gold, and silver [4]. The region has one of the worldôs 

largest deposits of vanadium [4] (salt and rice constitute the main share of exported products, 

about 90% of all Kazakhstani rice grown in Kyzylorda region.   

The total length of the WE-WC transport corridor in the Zhambyl region is 427 km [4]. 

From the South the region borders with Kyrgyzstan. The mining sector is an important source of 

the region's economy and its main resources include minerals, phosphates, gold and gas [3]. 

Moreover, the region has great potential for the agricultural sector. The main cultivated products 

are grains, vegetables and sugar beets. 

The total length of the WE-WC transport corridor in the Almaty region is 460 km [3]. 

The region borders with China and Kyrgyzstan. On the territory of Almaty region, there are 

many production companies producing beverages, juices, canned goods, cigarettes, etc. The 

region has a well-developed agricultural component. The area is the main supplier of onion, 

tomato, cucumber, fresh watermelons [5].  

The total length of the WE-WC transport corridor in the Turkestan region is 294 km [3]. 

The region is located in the extreme south of the country, bordering Uzbekistan. The main 

economic sectors of the Turkestan region are mining and agriculture. Among exported natural 

reserves it is possible to highlight uranium and its compounds. The first export position is 

occupied by the fresh and chilled vegetables followed by untreated cotton. Imported goods in 

most of the timber, building materials [3]. The region has a favorable geographical and climatic 

position and is one of the most densely populated districts, thus having a great potential for 

trade. 
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Almaty city is the largest city of the country, its contribution to GDP is 20.9% [5]. About 

15% of the Kazakhstan population is working in the city. The main transit flows are 

concentrated in Almaty; main offices of large international companies are predominantly located 

in the countryôs main economic powerhouse. These functions are underpinned by the presence 

of many warehouses for storing goods in the city. Unfortunately, the amount of equipment at 

these premises is rather problematic to identify with official statistics, as there is no database for 

information collection. Almaty is a leader in the purchase of breeding animals, agricultural 

machinery, building materials and energy equipment [6]. 

Shymkent is the third largest city in Kazakhstan [7]. Its advanced sectors include oil 

refinery and food industry [7]. The main export goods are aluminum, copper and black metals. 

Imports are mainly focused on the construction needs of the surrounding regions, such as timber, 

glass and furniture [7]. In view of the actively developing interregional trade in Shymkent in 

recent years, a strong logistics infrastructure has been built, and companies specializing in trade 

with Central Asia have established their regional centers here.  

The main direction of China-Europe WE-WC (figure 1), passes through (Aktobe + 

Kyzylorda + Turkestan + Shymkent city + Jambyl + Almaty + Almaty city).  

Figure 1 shows the fright turnover increase by 4 internal sections forming WE-WC 

corridor.  

I section Russia-Uzbekistan (Aktobe + Kyzylorda + Turkestan + Shymkent).  

II section China-Uzbekistan (Almaty + Almaty city + Jambyl + Turkestan + Shymkent). 

III  section China-Kyrgyzstan (Jambyl + Almaty + Almaty city). 

IV section Russia-Kyrgyzstan (Aktobe + Kyzylorda + Turkestan + Shymkent + Jambyl). 

 

 
 

Figure 1 - Fright turnover increase by 4 sections 

Compiled by the authors on the basis of data analysis of the Committee on Statistics of the 

Republic of Kazakhstan [7] 

 

The period of corridor reconstruction is about 12 years from 2006 to 2018 years. For 

analysis convenience we divided it into 5 stages (3 years), which correspond to the completion 

of the main sections (Table 1).  
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Table 1 - Corridor conditions 

  
2003 ï 

2006 

2006-2009 2009-2012 2012-2015 2015-2018 

Aktobe 

region 

Aktobe-

Karabutak- 

(273 km) 

 

 

Developmen

t of the road 

rehabilitatio

n design 

projects, 

including 

technical 

and 

feasibility 

study, social 

and 

environment

al 

assessment 

Karabutak-

Kyzylorda  

(215 km) 

Martuk 

-Aktobe 

(102 km) 

- 

Kyzylorda 

region  

- - Aktobe-

Kyzylorda-

Shymkent 

(1062 km) 

- 

Turkestan 

region and 

Shymkent 

city  

- - Kyzylorda-

Shymkent (203 

km) 

- 

Jambyl 

region 

- Jambyl-Taraz 

(480 km) 

Taraz-

Shymkent-

Jambyl 

 (203 km) 

- 

Almaty 

region 

- - - Almaty-Horgos 

(480 km), 

Almaty-

Bishkek  

(154 km)  
 

Compiled by the authors on the basis of data analysis of the Committee on Statistics of the 

Republic of Kazakhstan [7]  

 

First section Aktobe-Karabutak (273 km) was built period between 2003-2006 years, 

when the national government initiate the WE-WC corridor. This part of the road was impetuses 

for connecting Russia with the countries of Central Asia. The most active started working 

section Russia - Uzbekistan, the increase in cargo turnover was (26.7%), China - Uzbekistan 

(25.3%), China - Kyrgyzstan (23.5%), Russia - Kyrgyzstan (25.2%). China-Europe cargo 

turnover changes was less significant (18.1%).  

2006-2009 years the period of the first site completion. This period interesting, because 

in 2009 yea there was a global crisis, which affected all sites by a sharp drop in cargo turnover 

by an average of 1.7 times. 

During 2009-2012 years period were built the main sections of the road Karabutak-

Kyzylorda (215 km), Jambyl-Taraz (480 km). It caused cargo turnover increase Russia - 

Uzbekistan (42,8%), Russia - Kyrgyzstan (42%), China - Uzbekistan (35.2%), China - 

Kyrgyzstan (28.5%). It is worth noting that in this period is activated the full route China-

Europe (32,1%).  

The most active period of reconstruction was 2012-2015 years. Were launched sections 

Martuk-Aktobe (102 km), Aktobe-Kyzylorda-Shymkent (1062 km), Kyzylorda-Shymkent (203 

km), Taraz-Shymkent-Jambyl (203 km). As plots are connected, the southern areas are activated 

China-Uzbekistan (18.3%), China-Kyrgyzstan (15.1%), followed by Russia-Uzbekistan 

(12.4%), Russia-Kyrgyzstan (12.2%). Moreover, the most noticeable changes occurred in the 

previously lagging Jambyl region by 3 times. Leading Almaty region showed an increase of 2.3 

times. 
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2015-2018 years completion period, Almaty-Khorgos (480 km). The Almaty-Bishkek 

site (154 km) is under reconstruction at the beginning of 2020 year. It was assumed that the 

corridor should be finally completed in 2017 year. But, unfortunately, some sections of the road 

are still being reconstructed. In this regard, we see a predicted drop in cargo turnover in 2012-

2017 years. The government expects that the situation should stabilize by 2020 year, when the 

reconstruction of WE-WC corridor will have been completed (figure 2).  

 

 
Figure 2 - Fright turnover increase in 5 involved regions  

Compiled by the authors on the basis of data analysis of the Committee on Statistics of the 

Republic of Kazakhstan [7] 

 

The freight turnover of automobile transport is the most flexible sensitive to the woes of 

the regional economy. Noteworthy that in regions involved in WE-WC, cargo turnover has 

grown rapidly only at the borders Aktobe (39%), Turkestan region (40.4%) and Almaty city 

(76.3%). The most active of the four sections is China - Uzbekistan and Russia - Kyrgyzstan. 

In 2009, 2012 years the rate of cargo turnover growth fell by an average of 2.5 times in 

all directions, this is due to the global crisis, which affected not only Kazakhstan, but also 

neighboring states. 

The increase in cargo turnover is closely related to the periods of sections construction of 

the corridor WE-WE. For all regions involved in the corridor as a whole during the period of 

construction of the corridor, the turnover increased by 67.7%. 

Noteworthy that the corridor led to an explosion of economic activity even for such weak 

regions as Jambyl. In 2011-year, cargo growth was observed in all 5 regions. On average, not 

less than 30% and this record figure can be associated in the policy of transition to a new stage 

of economic development. Involved in the competition of major participants in the game, such 

as China, the United States and Russia, the Central Asian states should not forget about reducing 

transport costs, which determine the main task of creating such corridors [8,9]. 

Often, internal flows formed over the years change their direction thanks to the strategy 

of these same major players. Uzbek fruits exported to Europe and caused by the increase in 

prices for them in the region [10]. Flows of raw materials from Kyrgyzstan to China, exported 

by sea, despite the shortest distance through Kazakhstan, etc. Price growth in the countries of 

neighboring countries. çUzbek agricultural producers supply products not only to the countries 

of the region. Recently, they have started supplying fresh cherries to China and Korea [11].  
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The diversification index (RCI) tests the regionôs ability to develop. The corridor impact 

criterion, expressed in the dynamic growth of fright turnover, will assess the risks and benefits 

after connecting to the corridor. The advantage of the proposed index is a deeper assessment 

with Regional Capability Index (RCI) and Corridor Impact Index (CII). The next step of 

assessing the region should be the formation of a strategic development plan. Moreover, the plan 

of the agricultural region will be very different from the raw material region.  

The most important objective of this criteria is to develop mechanisms to monitor the 

reaction of a rapidly changing economy at the regional level and to develop a strategy painless 

connection to the corridor. Implementation of the proposed indicators in planning, in our 

opinion, will expand the information base of state regulation of the economy of the Republic of 

Kazakhstan and Central Asia as a whole.  

As it turned out, there are different models for the formation of regional logistics. 

However, there is a prevailing need to understand what is the role of this transit corridor in the 

development of regions of Kazakhstan. The cargo turnover of Almaty, Aktobe, Zhambyl, 

Kyzylorda and Turkestan regions have started to increase after the reconstruction and 

commissioning of óWestern Europe ï Western Chinaô transit road. Moreover, it can be argued 

that the Almaty region is the most developed in the logistic plan and can be considered the 

leading potentially ready for the development of the region 

Inside the corridor for each region has a common connection, the picture is not 

homogeneous, despite the exact they all belong to çWestern Europe-western Chinaè. The 

proposed indicators will reveal growth points for all regions attached to the corridor. The criteria 

should include real information on the state of regional links based on a survey of experts, since 

official statistics for a transparent picture will not be enough.  

According to a 2014 study by the EBRD, all regions of Kazakhstan can be divided into 

groups with high potential, medium, and low. The study showed that the development of a 

sustainable development strategy should be described as diversifying each region. Below, (Table 

2) shows the RCI results. This study is of particular value because it was carried out at the time 

of the corridor launch. 

 

Table 2 ï Regional Capability Index (RCI)  
 

Regions Regional 

Economic 

Complexity 

Index 

(RECI) 

Contribution 

to Services 

sector (SC) 

Regional 

Revealed 

Comparative 

Advantage 

(number of 

RCA) 

Contribution to 

Processing 

sector (PC) 

Regional Capability 

Index (RCI)  

Weights 25% 25% 25% 25% 0.25*RECI+0.25*SC+ 

0.25*nRCA+0.25*PC 

Almaty 100 22 60 44 81 

Jambyl 74 7 38 36 52 

Turkestan 30 6 26 48 33 

Kyzylorda 15 13 1 1 1 

Aktobe 15 8 4 24 9 

 

Compiled by the authors based on [11] 

 

According to calculations, Kazakhstan, like other countries involved in the construction 

of the corridor, needs to develop a strategy to solve the problem independence on natural 
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resources, not even distribution of investment. In addition, this approach will help to address the 

chaotic development of the services sector and bring regions to a new level of social economic 

development. 

According to analyze the high intelligent export potential was found in Almaty, Jambul 

and Turkestan regions. 

 

Conclusion. 

The main goal of China is to use the BRI initiative as an instrument of economic growth, 

both for itself and for the acceding states. One of the reasons for launching BRI is the economic 

activity development in the western region. Inasmuch as this project will connect the landlocked 

Xinjiang province with energy-rich Central Asia and the Middle East by road and sea. In addition 

to developing transport infrastructure, the corridor is designed to form economic ties between 

regions and restructure existing trade relations between Asia and Europe. Which in turn are 

aimed at creating a platform for the sustainable development of countries in the framework of 

mutual cooperation. 

The proposed model (Figure 3) will allow collecting data on the socio-economic state of 

the region not only in relation to countries, but also through the channels of goods promotion 

(strategically important goods, partners, participants in goods distribution, existing infrastructure, 

investments, etc.), it is important. These data will form an idea of the value chain relative to the 

channels of goods promotion. 

To assess the impact of the corridor, specialists traditionally use gross domestic product 

(GDP) as a sensitive criterion of countryôs economy change. Regression usually is used as an 

analysis method. Her aim to show how closely exists the relationship between indicators. But 

this method does not reflect influence of each industry on the economy development as a whole. 

 

  

Figure 3 - The data to form an idea of the value chain in the region 

Compiled by the authors based on [11, 12] 

 

The diversification index (RCI) tests the regionôs ability to develop. The corridor impact 

criterion, expressed in the dynamic growth of fright turnover, will assess the risks and benefits 

after connecting to the corridor. The advantage of the proposed index is a deeper assessment with 
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Regional Capability Index (RCI) and Corridor Impact Index (CII). The next step of assessing the 

region should be the formation of a strategic development plan. Moreover, the plan of the 

agricultural region will be very different from the raw material region.  

The most important objective of this model is to develop mechanisms to monitor the 

reaction of a rapidly changing economy at the regional level and to develop a strategy painless 

connection to the corridor. Implementation of the proposed indicators in planning, in our 

opinion, will expand the information base of state regulation of the economy of the Republic of 

Kazakhstan and Central Asia as a whole.  
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ʍɸʃʓפɸʈɸʃʓפ ɼᴄʃɯɿɻɽ ɸʋʓʈʊʇɸʃʓפʉʓɿ פʆʉʓʃʋ תʐɯʅ 

ʃʆɻʀʉʊʀʂɸʃʓפ ɼɸʄʋɼʓר ᴆרɯʈʃɯʂ ʀʅɼɽʂʉɯʅ פɸʃʓʇʊɸʉʊʓʈʋ 

 

ɸשʜʘʪʧʘ. ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ - çɹʘʪʳʩ ɽʫʨʦʧʘ-ɹʘʪʳʩ פʳʪʘʡè ʭʘʣʳץʘʨʘʣʳץ ʜᴅʣʽʟʽʥʝ 

 ʽʨʣʽʢ ʘʩʧʝʢʪʽʩʽʥʝ ʥʘʟʘʨשᴇ שʘʣʳʧʪʘʩʪʳʨʫʜʳץ ʣʦʛʠʩʪʠʢʘʩʳʥ שʩʪʘʥʥʳץʘʟʘפ ,ʦʩʳʣʘ ʦʪʳʨʳʧץ

ʘʫʜʘʨʫ. ʄʘץʘʣʘʜʘ פʘʟʘץʩʪʘʥʥʳש ᴇשʽʨʣʝʨʽ ʪʘʣʜʘʥʜʳ, ᴅʣʝʫʝʪʢʝ ʙʘסʘ ʙʝʨʽʣʜʽ, ᴅʣʩʽʟ ʪʽʟʙʝʢʪʝʨ 

ʘʥʳץʪʘʣʜʳ. תʣʢʝʥ ᴅʣʝʫʝʪʽ ʙʘʨ ʘʡʤʘץ ʘʥʳץʪʘʣʜʳ. ɼᴅʣʽʟʛʝ ץʦʩʳʣʫ ʢʝʟʽʥʜʝ ʪᴅʫʝʢʝʣʜʝʨʜʽ 

ʘʟʘʡʪʫסʘ ʢᴇʤʝʢʪʝʩʝʪʽʥ ʘʡʤʘץʪʳץ ʜʘʤʫ ʠʥʜʝʢʩʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ʘץʧʘʨʘʪ ʞʠʥʘʫʜʳש 

 שʣʦʛʠʩʪʠʢʘʥʳ ץʪʳץʘʙʳʣʜʘʫʰʳʣʘʨ ʘʡʤʘץ ʘʥ ʩʭʝʤʘʥʳ ʰʝʰʽʤסʩʳʥʳʣױ .ʘʥ ʩʭʝʤʘʩʳסʩʳʥʳʣײ

ʜʘʤʫ ʜʝשʛʝʡʽʥ ʙʘסʘʣʘʫ װʰʽʥ ץʦʣʜʘʥʘ ʘʣʘʜʳ. ɹײʣ ʤʘץʘʣʘ ʘʡʤʘץʪʳץ ʣʦʛʠʩʪʠʢʘ ʩʘʣʘʩʳʥʜʘסʳ 

ʟʝʨʪʪʝʫʣʝʨʤʝʥ ʘʡʥʘʣʳʩʘʪʳʥ ʘʜʘʤʜʘʨסʘ ʧʘʡʜʘʣʳ ʙʦʣʘʜʳ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɹʘʪʳʩ ɽʫʨʦʧʘ-ɹʘʪʳʩ פʳʪʘʡ (ɹɽ-ɹʂ), BRI (ɾʽʙʝʢ ʞʦʣʳ ʙʝʣʜʝʫʽ), 
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ʣʦʛʠʩʪʠʢʘ, ʘʡʤʘץʪʳץ ʤװʤʢʽʥʜʽʢʪʝʨ ʠʥʜʝʢʩʽ (RCI). 
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ʌʆʈʄʀʈʆɺɸʅʀɽ ʈɽɻʀʆʅɸʃʔʅʆɻʆ ʀʅɼɽʂʉɸ ʃʆɻʀʉʊʀʏɽʉʂʆɻʆ 

ʈɸɿɺʀʊʀʗ ɼʃʗ ɹɽɿɹʆʃɽɿʅɽʅʅʆɻʆ ʇʆɼʂʃʖʏɽʅʀʗ ʂ 

ʄɽɾɼʋʅɸʈʆɼʅʆʄʋ ʂʆʈʀɼʆʈʋ 

 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ - ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʡ ʘʩʧʝʢʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʛʠʩʪʠʢʠ ʂʘʟʘʭʩʪʘʥʘ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʢʦʨʠʜʦʨʫ 

çɿʘʧʘʜʥʘʷ ɽʚʨʦʧʘ - ɿʘʧʘʜʥʳʡ ʂʠʪʘʡè. ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʛʠʦʥʳ ʂʘʟʘʭʩʪʘʥʘ, 

ʜʘʥʘ ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ, ʚʳʷʚʣʝʥʳ ʩʣʘʙʳʝ ʮʝʧʦʯʢʠ. ɺʳʷʚʣʝʥʘ ʦʙʣʘʩʪʴ ʩ ʙʦʣʴʰʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʝʢʩʘ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʳʡ ʧʦʤʦʞʝʪ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʢʦʨʠʜʦʨʫ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʣʠʮʘʤʠ, ʧʨʠʥʠʤʘʶʱʠʤʠ ʨʝʰʝʥʠʷ, ʜʣʷ 

ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʣʦʛʠʩʪʠʢʠ. ʕʪʘ ʩʪʘʪʴʷ ʙʫʜʝʪ ʧʦʣʝʟʥʘ ʣʠʮʘʤ, 

ʟʘʥʠʤʘʶʱʠʤʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʣʦʛʠʩʪʠʢʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɿʘʧʘʜʥʘʷ ɽʚʨʦʧʘ-ɿʘʧʘʜʥʳʡ ʂʠʪʘʡ (ɿɽ-ɿʂ), BRI (ʇʦʷʩ 

ʐʝʣʢʦʚʦʛʦ ʧʫʪʠ), ʨʦʩʪ ɺɺʇ, ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʦʨʠʜʦʨ, ʨʝʛʠʦʥʘʣʴʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʜʦʨʦʛʘ, ʛʨʫʟʦʦʙʦʨʦʪ, ʨʝʛʠʦʥʘʣʴʥʘʷ ʣʦʛʠʩʪʠʢʘ, ʀʥʜʝʢʩ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ (RCI). 

 

*****************************************************************************  
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ʀʄʀʊɸʎʀʆʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɾɽʃɽɿʅʆɼʆʈʆɾʅʆʁ ʃʀʅʀʀ ʉ 
ʂʆʆʈɼʀʅɸʊʅʆʁ ʉʀʉʊɽʄʆʁ ʀʅʊɽʈɺɸʃʔʅʆɻʆ ʈɽɻʋʃʀʈʆɺɸʅʀʗ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʘʥʘʣʠʟʠʨʫʝʪ ʩ ʢʨʘʪʢʠʤʠ ʦʧʠʩʘʥʠʷʤʠ ʨʘʟʣʠʯʥʳʝ 
ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 
ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʧʨʦʩʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʥʘ 
ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʘʢʪʫʘʣʴʥʦʩʪʠ 
ʧʨʠʤʝʥʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʙʘʟʝ ʜʘʥʥʳʭ Web of Science ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣʦ 
ʘʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ OpenTrack ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʘʥʘʣʦʛʦʚ, ʟʘ ʧʦʩʣʝʜʥʠʡ 10 ʣʝʪ ï 29 ʩʪʘʪʴʝʡ.  ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ 
ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʣʦʢʦʤʦʪʠʚʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʧʠʩʘʥʳ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʠ ʤʝʪʦʜ ʕʡʣʝʨʘ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 
ʘʧʧʘʨʘʪ OpenTrack. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʫʯʘʩʪʢʘ 
ʂʫʨʦʟʝʢ ï ɾʘʨʩʫ, ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʚ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʛʨʘʬʠʢ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 
ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʠ ʪʝʭʥʦʣʦʛʠʶ ʧʦʜʚʠʞʥʳʭ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ ʧʨʠ ʩʠʩʪʝʤʝ ʉʀʈɼʇ-ɽ. 

  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʥʘʣʠʟ, OpenTrack, ʣʦʢʦʤʦʪʠʚ, 
ʤʝʪʦʜ ʕʡʣʝʨʘ, ʛʨʘʬʠʢ. 

  

ɺʚʝʜʝʥʠʝ. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʝʞʘʪʴ ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʭ 

ʟʘʪʨʘʪ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ ʜʣʷ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʦʨʛʘʥʠʟʘʮʠʶ ʧʝʨʝʚʦʟʦʢ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ 
ʪʨʘʥʩʧʦʨʪʝ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʟʘʯʘʩʪʫʶ ʩʪʘʥʦʚʠʪʴʩʷ ʥʝʚʦʟʤʦʞʥʳʤʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʧʳʪʘ ʠ ʟʥʘʥʠʡ ʧʦ 
ʢʦʥʢʨʝʪʥʳʤ ʨʘʟʜʝʣʘʤ ʤʘʪʝʤʘʪʠʢʠ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʩʫʞʘʝʪ ʚʳʙʦʨ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʦʚ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʧʨʦʚʝʨʠʪʴ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ.  

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 
ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʀʄ). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 
ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʥʝʢʦʪʦʨʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 
ʧʨʦʜʫʢʪʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ 
ʪʨʘʥʩʧʦʨʪʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ɸʥʘʣʠʟ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
 

 ̄ ʅʘʟʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ 
ʧʨʦʜʫʢʪʦʚ ʀʄ 

ʉʘʡʪ ʨʘʟʨʘʙʦʪʯʠʢʘ ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 
ʣʠʮʝʥʟʠʡ 

1 RailPlan www.trapezegroup.com ʇʣʘʪʥʘʷ 

2 RailSys www.rmcon-int.de ʇʣʘʪʥʘʷ 

3 OpenTrack www.opentrack.at ʇʣʘʪʥʘʷ 

4 Rail Traffic Controller (RTC) www.berkeleysimulation.com ʇʣʘʪʥʘʷ 

5 RailOS www.railwayoperationsimulator.com ɹʝʩʧʣʘʪʥʘʷ 

mailto:m.orunbekov@alt.edu.kz
http://www.trapezegroup.com/
http://www.rmcon-int.de/
http://www.opentrack.at/
http://www.berkeleysimulation.com/
http://www.railwayoperationsimulator.com/
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RailPlan ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʠʩʪʝʤ 

ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʚʩʝʡ ʩʝʪʠ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʧʦʝʟʜʦʚ, 

ʧʣʘʥʠʨʦʚʘʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʪʝʩʪʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ 

ʘʚʘʨʠʡʥʳʭ ʩʮʝʥʘʨʠʝʚ [1]. 

RailSys ï ʵʪʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʘʢʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʠʟʘʮʠʠ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʤʦʜʫʣʠ, ʦʙʣʝʛʯʘʶʱʠʝ 

ʫʧʨʘʚʣʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʩʦʩʪʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ. ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ 

ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʩʦʟʜʘʚʘʪʴ ʦʯʝʥʴ ʙʦʣʴʰʠʝ ʤʦʜʝʣʠ, ʯʪʦ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʛʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʦ ʚʩʝʛʦ ʤʠʨʘ. 

ʄʦʜʝʣʴ ʦʩʥʘʱʝʥʘ ʩʠʩʪʝʤʦʡ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʠ ʘʣʛʦʨʠʪʤʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ 

ʤʘʨʰʨʫʪʦʚ [2, 3] 

OpenTrack ʦʧʠʩʳʚʘʝʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʫʶ ʩʝʪʴ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʛʨʘʬʘʭ, ʥʘʟʳʚʘʝʤʳʭ 

ʛʨʘʬʘʤʠ ʩ ʜʚʦʡʥʳʤʠ çVertexè. ɺ ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʪʦʧʦʣʦʛʠʶ ʩʝʪʠ ʛʨʘʬʠʯʝʩʢʠ. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʛʨʘʬʠʢʘ ʩʦʜʝʨʞʠʪ ʨʘʟʣʠʯʥʳʝ 

ʘʪʨʠʙʫʪʳ. ʅʘʧʨʠʤʝʨ, ʵʣʝʤʝʥʪ çEdgeè ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʝʛʦ ʜʣʠʥʝ, ʫʢʣʦʥʝ, 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʧʦʝʟʜʦʚ ʠ ʤʥʦʛʦʤ ʜʨʫʛʦʤ. ʇʦʣʴʟʦʚʘʪʝʣʴ 

ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʦʙʲʝʢʪʳ ʜʣʷ çedgeè ʠ çvertexè, ʘ ʪʘʢʞʝ ʩʠʛʥʘʣʳ, ʩʪʨʝʣʢʠ, ʩʪʘʥʮʠʠ, 

ʤʘʨʰʨʫʪʳ ʠ ʫʧʨʘʚʣʷʪʴ ʵʪʠʤʠ ʦʙʲʝʢʪʘʤʠ [4]. 

Rail Traffic Controller (RTC) ï ʵʪʦ ʧʨʦʛʨʘʤʤʘ ʥʘ ʙʘʟʝ Windows, ʢʦʪʦʨʘʷ ʠʤʠʪʠʨʫʝʪ 

ʜʚʠʞʝʥʠʝ ʧʦʝʟʜʦʚ ʧʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʩʝʪʷʤ ʥʘ ʜʝʪʘʣʴʥʦʤ ʠ ʨʝʘʣʠʩʪʠʯʥʦʤ ʫʨʦʚʥʝ. ʆʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʘʤʳʭ ʨʘʟʥʳʭ ʮʝʣʝʡ, ʥʘʯʠʥʘʷ ʦʪ ʪʘʢʪʠʯʝʩʢʦʛʦ ʫʣʫʯʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʦʪʦʢʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʪʦʛʦ, ʢʫʜʘ ʩʣʝʜʫʝʪ ʧʦʪʨʘʪʠʪʴ ʩʨʝʜʩʪʚʘ ʥʘ ʢʘʧʠʪʘʣʴʥʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ [5].  

Railway Operation Simulator (RailOS) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʝʚʨʦʧʝʡʩʢʠʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʝʪʝʡ, ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʢʦʣʠʯʝʩʪʚʘʤʠ ʩʚʝʪʦʬʦʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʝʡ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʜʦʩʪʫʧʝʥ 

ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʪʠʧʦʚ ʵʣʝʤʝʥʪʦʚ ʧʫʪʠ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʮʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʧʣʘʪʬʦʨʤ, ʚʝʩʪʠʙʶʣʝʡ ʠ ʧʝʰʝʭʦʜʥʳʭ ʤʦʩʪʦʚ. ʊʘʢʞʝ ʜʦʩʪʫʧʥʳ ʵʣʝʤʝʥʪʳ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʙʝʟ ʥʘʟʚʘʥʠʷ ʩʪʘʥʮʠʠ ʜʣʷ ʧʦʜʲʝʟʜʥʳʭ ʧʫʪʝʡ, ʨʘʙʦʪ, ʜʝʧʦ ʠ ʪ.ʜ. ʅʘʟʚʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʡ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʰʨʠʬʪʦʤ, ʩʪʠʣʝʤ, ʨʘʟʤʝʨʦʤ ʠ ʮʚʝʪʦʤ, ʢʦʪʦʨʳʝ 

ʚʳʙʠʨʘʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ [6].  

ɺʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʚʦʟʦʢ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʠʤʝʶʱʠʭʩʷ ʧʦ ʙʘʟʝ ʜʘʥʥʳʭ Web of Science ʥʘʫʯʥʳʭ ʩʪʘʪʴʝʡ (ʨʠʩʫʥʦʢ 1).  
 

 
 

ʈʠʩʫʥʦʢ 1 ï ɸʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʙʘʟʝ ʜʘʥʥʳʭ Web of Science ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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ɸʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʠ [7-12] ʧʦ ʙʘʟʝ ʜʘʥʥʳʭ Web of Science ʧʦʢʘʟʳʚʘʝʪ ʘʢʪʠʚʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ OpenTrack ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 

ERASMUS + ɸʆ çɸʢʘʜʝʤʠʷ ʣʦʛʠʩʪʠʢʠ ʠ ʪʨʘʥʩʧʦʨʪʘè ʙʳʣʘ ʩʦʟʜʘʥʘ ʣʘʙʦʨʘʪʦʨʠʷ çRailway 

Simulationè ʩ ʣʠʮʝʥʟʠʷʤʠ OpenTrack ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʝ 

2. ɼʣʷ ʚʚʦʜʘ ʜʘʥʥʳʭ ʧʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʤʝʥʪʳ 

ʪʘʢʠʭ ʢʘʢ çVertexè ʠ çEdgeè. ʂʘʞʜʳʡ ʦʙʲʝʢʪ (ʩʪʨʝʣʦʯʥʳʝ ʧʝʨʝʚʦʜʳ, ʩʚʝʪʦʬʦʨʳ, 

ʧʝʨʝʝʟʜʳ, ʙʘʣʠʟʳ, ʜʘʪʯʠʢʠ ʠ ʪ.ʜ.) ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʫʯʘʩʪʢʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʵʣʝʤʝʥʪ çVertexè, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʥʘʟʚʘʥʠʝ, ʦʨʜʠʥʘʪʫ 

ʦʙʲʝʢʪʘ ʠ ʦʩʥʘʱʝʥʥʦʩʪʴ ʩ ʠʟʦʣʠʨʫʶʱʠʤʠ ʩʪʳʢʘʤʠ ʨʝʣʴʩʦʚʦʡ ʮʝʧʠ ʠʣʠ ʧʫʪʝʚʳʤʠ 

ʜʘʪʯʠʢʘʤʠ [4]. 

ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ çVertexè ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʝʜʠʥʷʶʪʩʷ ʯʝʨʝʟ ʵʣʝʤʝʥʪʳ çEdgeè. 

ɸʪʨʠʙʫʪʳ ʵʣʝʤʝʥʪʘ çEdgeè ʚʢʣʶʯʘʶʪ ʜʣʠʥʫ (ʤʦʛʫʪ ʙʳʪʴ ʣʶʙʦʡ ʜʣʠʥʳ), ʨʘʜʠʫʩ ʠ 

ʛʨʘʜʠʝʥʪ. ʂʨʦʤʝ ʪʦʛʦ, ʫʢʘʟʳʚʘʝʪʩʷ ʥʘʣʠʯʠʝ ʪʫʥʥʝʣʝʡ, ʦʩʥʘʱʝʥʥʦʩʪʴ ʧʫʪʝʚʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʟʨʝʰʝʥʥʘʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʯʝʨʝʟ ʜʘʥʥʳʡ ʦʪʨʝʟʦʢ ʧʫʪʠ. 
 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʫʯʘʩʪʢʘ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ

ʀʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʠʣʦʚʘʥʠʝ

ʈʘʩʧʠʩʘʥʠʝ ʜʚʠʞʝʥʠ̫ 

ʧʦʝʟʜʦʚ

ʊʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥrʝ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ

ɺʭʦʜʥr ʝ ʜʘʥʥr ʝ ʜʣ̫ 

ʤʦʜʝʣʠʨʦʚʘʥʠ̫

ʈʘʟʣʠʯʥrʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥrʝ

ɻʨʘʬʠʢ ʜʚʠʞʝʥʠ̫ 

ʧʦʝʟʜʦʚ

ʈʘʟʣʠʯʥrʝ ʜʠʘʛʨʘʤʤr  

ʟʘʚʠʩʠʤʦʩʪʝʡ

ʇʦʣʫʯʘʝʤr ʝ ʨʝʟʫʣɹʪʘʪr  

ʦʪ ʤʦʜʝʣʠʨʦʚʘʥʠ̫
 

 

ʈʠʩʫʥʦʢ 2 ï ʕʪʘʧʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ OpenTrack 

 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʚʚʦʜʘ ʜʘʥʥʳʭ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʯʘʩʪʢʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩʣʫʞʠʪ 

ʤʘʩʩʘ, ʜʣʠʥʘ, ʩʢʦʨʦʩʪʴ, ʪʷʛʦʚʘʷ ʩʠʣʘ ʣʦʢʦʤʦʪʠʚʘ, ʚʠʜ ʪʷʛʠ ʥʘ ʫʯʘʩʪʢʝ, ʜʣʠʥʘ ʠ ʦʙʱʘʷ 

ʤʘʩʩʘ ʩʦʩʪʘʚʘ, ʢʘʪʝʛʦʨʠʷ ʧʦʝʟʜʘ ʠ ʪ.ʜ. OpenTrack ʦʧʨʝʜʝʣʷʝʪ ʪʨʠ ʢʘʪʝʛʦʨʠʡ ʧʦʝʟʜʘ: 

ʛʨʫʟʦʚʦʡ, ʩʢʦʨʦʩʪʥʦʡ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʨʫʟʦʚʘʷ 

ʢʘʪʝʛʦʨʠʷ ʧʦʝʟʜʘ ʩʦʛʣʘʩʥʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʜʘʥʥʳʤ ʫʯʘʩʪʢʘ ɾʝʪʠʛʝʥ ï ɸʣʪʳʥʢʦʣʴ. 

ɺʚʦʜ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʯʝʨʝʟ ʦʢʥʦ çEnginesè, çTrainsè, çTrain 

Categoriesè. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʣʦʢʦʤʦʪʠʚʦʚ ʥʘ ʩʝʪʠ ɸʆ 

çʅʂ çʂʊɾè, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʦʢʥʦ 

çEnginesè ʠ çTrainsè. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʂʘʟʘʭʩʪʘʥʝ 
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ʣʦʢʦʤʦʪʠʚʦʚ ʜʣʷ ʚʚʦʜʘ ʚ ʦʢʥʝ çEnginesè [13]. ɺ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʣʦʢʦʤʦʪʠʚʘ ʪʠʧ ï ʊʕ33ɸ. 
 

ʊʘʙʣʠʮʘ 2 ï ʇʘʨʘʤʝʪʨʳ ʣʦʢʦʤʦʪʠʚʦʚ 
 

 ̄ ʇʘʨʘʤʝʪʨʳ ʄʦʜʝʣʠ ʣʦʢʦʤʦʪʠʚʦʚ 

ʊʕ33ɸ ʊʕʇ33ɸ KZ4AC KZ8A 

1 ʈʦʜ ʩʣʫʞʙʳ ɻʨʫʟʦʚʦʡ ʇʘʩʩʘʞʠʨʩʢʠʡ ʇʘʩʩʘʞʠʨʩʢʠʡ ɻʨʫʟʦʚʦʡ 

2 
ʂʦʥʩʪʨʫʢʮʠʦʥʥʘʷ 

ʩʢʦʨʦʩʪʴ, ʢʤ/ʯ 
120 160 200 120 

3 ɼʣʠʥʘ ʢʫʟʦʚʘ, ʤ 20,8 20,8 20 35 

4 ɺʝʩ, ʪ 138 138 85,5 200 

5 ʈʦʜ ʪʦʢʘ - - 
ɸʉ 25 ʢɺ,  

50 ɻʮ 

ɸʉ 25 ʢɺ,  

50 ɻʮ 

6 
ʄʘʢʩʠʤʘʣʴʥʦʝ ʪʷʛʦʚʦʝ 

ʫʩʠʣʠʝ, ʢʅ 
533 533 264 833 

 

ɿʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʧʦʜʛʦʪʦʚʢʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ OpenTrack 

ʷʚʣʷʝʪʩʷ ʚʚʦʜ ʜʘʥʥʳʭ ʦ ʩʫʱʝʩʪʚʫʶʱʝʡ ʨʘʩʧʠʩʘʥʠʡ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʝ ʵʣʝʤʝʥʪʳ ʢʘʢ çCourses/Servicesè, çCourseè ʠ çTimetableè. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ OpenTrack ʤʦʜʝʣʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ ʚʩʝʭ ʧʦʝʟʜʦʚ, 

ʢʫʨʩʠʨʫʶʱʠʭ ʧʦ ʩʝʪʠ ʧʫʪʝʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʥʘ ʵʪʘʧʝ ʚʚʦʜʘ ʜʘʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʚʢʣʶʯʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʬʠʟʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʟʘʜʘʥʥʦʝ ʨʘʩʧʠʩʘʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ OpenTrack ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʦʧʨʝʜʝʣʷʪʴ ʤʥʦʞʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ, 

ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʜʝʨʞʢʠ. ʊʘʢʞʝ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʢʘʟʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʘʥʠʤʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʝʟʜʦʚ, ʥʘʩʪʨʦʡʢʠ 

ʩʠʛʥʘʣʘ, ʟʘʥʷʪʳʝ ʠ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʧʫʪʠ), ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʥʘ 

ʵʢʨʘʥʝ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʩʠʤʫʣʷʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʪʝʢʫʱʠʝ 

ʯʘʩʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʩʦʦʙʱʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ 

ʚʦ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

OpenTrack ʫʧʨʘʚʣʷʝʪ ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ 

ʬʘʡʣʦʚ: ʜʦʢʫʤʝʥʪʳ, ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʦʮʝʥʢʠ. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʵʪʠʤʠ ʬʘʡʣʘʤʠ ʠ 

OpenTrack ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3 [4].  
 

* .depot   * .trains   * .courses   * .timetable   * .stations   * .dest

* .opentrack       * .otsimcor * .vs                * .as                  * .tt

ɼʦʢʫʤʝʥʪr ɺr ʭʦʜ (ASCII-Text)

ɹʘʟʘ ʜʘʥʥrʭ

 
 

ʈʠʩʫʥʦʢ 3 ï ʌʘʡʣʦʚʘʷ ʩʪʨʫʢʪʫʨʘ OpenTrack 
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ʌʘʡʣʳ ʤʦʞʥʦ ʨʝʟʶʤʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) ɼʦʢʫʤʝʥʪʳ ï OpenTrack ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʪʨʝʢʘ ʠ 

ʛʨʘʬʠʢʠ ʧʦʝʟʜʦʚ ʚ ʚʠʜʝ ʜʦʢʫʤʝʥʪʦʚ. ʕʪʠ ʬʘʡʣʳ ʤʦʛʫʪ ʙʳʪʴ ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʳ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ (ʠʣʠ ʠʥʩʧʝʢʪʦʨʘ). ʂʦʣʠʯʝʩʪʚʦ 

ʜʦʢʫʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʥʝ ʦʛʨʘʥʠʯʝʥʦ. 

2) ɹʘʟʳ ʜʘʥʥʳʭ ï OpenTrack ʠʩʧʦʣʴʟʫʝʪ ʰʝʩʪʴ ʨʘʟʣʠʯʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʘʚʝ, ʩʪʘʥʮʠʠ ʠ ʨʘʩʧʠʩʘʥʠʠ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ: ʜʘʥʥʳʭ ʦ 

ʣʦʢʦʤʦʪʠʚʝ, ʜʘʥʥʳʭ ʦ ʧʦʝʟʜʝ, ʜʘʥʥʳʭ ʦ ʢʫʨʩʝ, ʜʘʥʥʳʭ ʦ ʨʘʩʧʠʩʘʥʠʠ, ʜʘʥʥʳʭ ʦ ʩʪʘʥʮʠʠ ʠ 

ʜʘʥʥʳʭ ʦ ʤʘʨʰʨʫʪʝ. ʄʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʚʝʨʩʠʡ ʣʶʙʦʛʦ ʬʘʡʣʘ 

ʜʘʥʥʳʭ, ʦʜʥʘʢʦ ʪʦʣʴʢʦ ʦʜʥʘ ʚʝʨʩʠʷ ʤʦʞʝʪ ʙʳʪʴ ʘʢʪʠʚʥʘ ʜʣʷ ʜʘʥʥʦʛʦ ʟʘʧʫʩʢʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

3) ʆʮʝʥʢʠ ï OpenTrack ʩʦʭʨʘʥʷʝʪ ʦʮʝʥʦʯʥʳʝ ʜʘʥʥʳʝ ʠʟ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʬʘʡʣʳ. ʕʪʠ ʜʘʥʥʳʝ ʩʦʩʪʦʷʪ ʠʟ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ ASCII, 

ʨʘʟʜʝʣʝʥʥʳʭ ʪʘʙʫʣʷʮʠʝʡ. ɽʛʦ ʤʦʞʥʦ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ ʚ ʪʝʢʩʪʦʚʦʤ ʨʝʜʘʢʪʦʨʝ ʠʣʠ ʚ 

ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʨʘʙʦʪʳ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʪʘʙʣʠʮʘʤʠ. 

OpenTrack ʨʝʘʣʠʟʫʝʪ ʩʤʝʰʘʥʥʳʡ ʧʨʠʥʮʠʧ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʧʨʝʨʳʚʥʳʭ ʠ ʜʠʩʢʨʝʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ. OpenTrack ʠʤʠʪʠʨʫʝʪ ʜʚʠʞʝʥʠʝ ʧʦʝʟʜʘ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

(ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ) ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɼʠʩʢʨʝʪʥʳʝ ʧʨʦʮʝʩʩʳ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʪʘʢʠʝ ʩʣʫʯʘʠ, ʢʘʢ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʫʩʪʘʥʦʚʦʢ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, 

ʩʦʩʪʦʷʥʠʷ ʩʠʛʥʘʣʦʚ) ʠʣʠ ʟʘʜʝʨʞʢʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ (ʤʝʪʦʜ 

ʕʡʣʝʨʘ), ʧʦʩʢʦʣʴʢʫ ʥʝʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʚ ʩʘʤʦʜʦʩʪʘʪʦʯʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʝ. ʄʝʪʦʜ ʕʡʣʝʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʝ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɹʘʟʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ (ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ) ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʩʯʝʪʘ 

ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ [4]: 
 

                                                                  (1) 
 

ʛʜʝ  ï ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ ʜʚʠʛʘʪʝʣʷ, ʅ;  ï ʤʘʩʩʘ ʧʦʝʟʜʘ, ʢʛ;  ï ʫʩʢʦʨʝʥʠʝ ʧʦʝʟʜʘ, 

ʤ/ʩ2. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʝʟʜ ʨʘʟʦʛʥʘʣʩʷ, ʪʷʛʦʚʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʜʦʣʞʥʦ 

ʧʝʨʝʜʘʚʘʪʴ ʥʘ ʨʝʣʴʩ ʫʩʠʣʠʝ, ʧʨʝʚʳʰʘʶʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʷʛʝ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʪʷʛʦʚʳʤ 

ʫʩʠʣʠʝʤ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʷʛʝ ʥʘʟʳʚʘʝʪʩʷ ʠʟʙʳʪʦʯʥʦʡ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʚʳʨʘʞʘʝʪʩʷ 

ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
 

                                                      (2) 
 

ʛʜʝ  ï ʠʟʙʳʪʦʢ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ, ʅ;  ï ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ, ʅ;  ï cʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʨʝʥʠʶ, ʅ;  ï ʩʢʦʨʦʩʪʴ, ʤ/ʩ; s ï ʧʨʦʡʜʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʤ. 
 

                                                  (3) 

 

ʛʜʝ  ï ʠʟʙʳʪʦʢ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʅ;  ï ʫʩʢʦʨʝʥʠʝ, ʤ/ʩ2;  ï ʤʘʩʩʘ, ʢʛ;  ï 

ʤʘʩʩʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʚʨʘʱʘʶʱʠʭʩʷ ʤʘʩʩ, ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 1. 

ʄʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʟʛʦʥʘ ʧʦʝʟʜʘ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʧʫʪʠ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʣʦʢʦʤʦʪʠʚʘ ʠ ʚʝʩʘ ʧʨʠʮʝʧʥʳʭ 

ʚʘʛʦʥʦʚ. 
 

                              (4) 
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ʄʝʪʦʜ ʕʡʣʝʨʘ ʨʘʙʦʪʘʝʪ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʩ ʟʘʜʘʥʥʦʡ 

ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʦʡ. ʆʥ ʦʮʝʥʠʚʘʝʪ ʢʘʞʜʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʠʩʧʦʣʴʟʫʷ 

ʧʨʝʜʳʜʫʱʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ), ʧʨʝʜʳʜʫʱʫʶ ʧʨʦʠʟʚʦʜʥʫʶ 

ʬʫʥʢʮʠʠ ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʰʘʛ. ʄʝʪʦʜʘ ʕʡʣʝʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. 
 

ttt - ȹt 

v (t - ȹt) 

v (t) 

v 

 
 

ʈʠʩʫʥʦʢ 4 ï ʄʝʪʦʜ ʕʡʣʝʨʘ 

 

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ, ʬʘʢʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʧʦʝʟʜʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʫʪʝʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʥʦʡ ʥʠʞʝ ʬʦʨʤʫʣʳ ʤʝʞʜʫ ʜʦʧʫʩʪʠʤʳʤʠ ʧʨʝʜʝʣʘʤʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʫʨʘʚʥʝʥʠʠ: 
 

                                                          (5) 
 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʡʜʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʦ ʧʫʪʝʤ 

ʧʦʚʪʦʨʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ: 
 

.                                                          (6) 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

OpenTrack ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ 

ʂʫʨʦʟʝʢ ï ɾʘʨʩʫ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ ɾʝʪʠʛʝʥ ï ɸʣʪʳʥʢʦʣʴ, ʚʩʝ ʩʪʘʥʮʠʠ ʜʘʥʥʦʛʦ 

ʫʯʘʩʪʢʘ ʦʙʦʨʫʜʦʚʘʥʳ ʩ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʮʝʥʪʨʘʣʠʟʘʮʠʝʡ Ebilock-950, ʘ ʥʘ ʧʝʨʝʛʦʥʝ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʉʀʈɼʇ-ɽ.  

OpenTrack ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʝʟʜʦʚ ʠ ʩʠʛʥʘʣʦʚ ʚʦ ʚʨʝʤʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʦʝʟʜʘ ʦʪʦʙʨʘʞʘʶʪʩʷ ʧʫʪʝʤ ʧʦʜʩʚʝʪʢʠ ʵʣʝʤʝʥʪʦʚ çEdgeè, ʟʘʥʷʪʳʭ 

ʧʦʝʟʜʦʤ, ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, ʘ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʘʨʰʨʫʪʦʚ ʧʦʝʟʜʥʳʭ ʤʘʨʰʨʫʪʦʚ ï 

ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ. ɺ ʧʨʦʮʝʩʩʝ ʟʘʥʷʪʠʷ ʧʦʝʟʜʦʤ ʫʯʘʩʪʢʦʚ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʤʘʨʰʨʫʪʫ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʝʤʥʦ-ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ. ʅʘ ʨʠʩʫʥʢʝ 5 ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʧʦʝʟʜʘ ʧʦʜ ʥʦʤʝʨʦʤ ç003è ʚ ʨʝʞʠʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ OpenTrack. 

OpenTrack ʧʨʝʜʣʘʛʘʝʪ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ. ʄʘʨʰʨʫʪ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʨʠʩʫʝʪʩʷ ʛʨʘʬʠʢ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ, ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʜʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʠʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʦʣʞʥʦ ʩʦʭʨʘʥʠʪʴ ʚʩʝ ʜʘʥʥʳʝ ʨʘʩʧʠʩʘʥʠʷ, ʯʪʦʙʳ ʤʘʨʰʨʫʪʳ, 

ʧʦʜʣʝʞʘʱʠʝ ʦʮʝʥʢʝ, ʪʘʢʞʝ ʤʦʛʣʠ ʙʳʪʴ ʚʳʙʨʘʥʳ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʠʩʫʥʦʢ 6 
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ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʪʨʝʭ ʧʦʝʟʜʦʚ. ʅʘ ʨʠʩʫʥʢʝ 6 ʪʘʢʞʝ 

ʧʦʢʘʟʘʥʳ ʦʢʥʘ çSimulationè, çTrain Diagramè ʠ çMessagesè.  
 

 
 

ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ʫʯʘʩʪʢʘ ʂʫʨʦʟʝʢ ï ɾʘʨʩʫ ʚ ʨʝʞʠʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

OpenTrack ʟʘʜʘʶʪ ʧʘʨʘʤʝʪʨʳ, ʢʘʩʘʶʱʠʝʩʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʦʢʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʢʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠ ʚʳʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʚʢʣʶʯʘʷ ʚʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
 

 
 

ʈʠʩʫʥʦʢ 6 ï ɻʨʘʬʠʢ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ 
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ʇʨʦʛʨʘʤʤʘ OpenTrack ʛʝʥʝʨʠʨʫʝʪ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʪʠʧʘ ʩʦʦʙʱʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 6): 

1) ʅʦʨʤʘʣʴʥʳʡ ï ʦʙʳʯʥʳʝ ʩʦʦʙʱʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʯʠʭ 

ʰʘʛʘʭ, ʢʦʪʦʨʳʝ ʥʝ ʚʣʠʷʶʪ ʥʘ ʟʘʧʫʩʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʎʚʝʪ ʩʦʦʙʱʝʥʠʷ ï ʟʝʣʝʥʳʡ. 

2) ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ï ʩʦʦʙʱʝʥʠʷ ʦ ʥʝʦʧʪʠʤʘʣʴʥʦʤ ʧʦʚʝʜʝʥʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʝ ʚʣʠʷʶʪ ʥʘ ʟʘʧʫʩʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʎʚʝʪ ʩʦʦʙʱʝʥʠʷ ï ʞʝʣʪʳʡ. 

3) ʆʰʠʙʢʘ ï ʩʠʤʫʣʷʮʠʷ ʦʙʥʘʨʫʞʠʣʘ ʦʰʠʙʢʫ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʜʦʣʞʝʥʦ. ʎʚʝʪ ʩʦʦʙʱʝʥʠʷ ï ʢʨʘʩʥʳʡ. 

OpenTrack ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʦʟʜʘʚʘʪʴ ʛʨʘʬʠʢʠ ʧʦʝʟʜʦʚ ʜʣʷ ʢʦʨʠʜʦʨʦʚ ʠ 

ʜʘʥʥʳʭ ʜʣʷ ʧʦʣʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʷʪʴ ʠʤʠ ʩ ʧʦʤʦʱʴʶ ʀʥʩʧʝʢʪʦʨʘ çTrain 

Diagramè. ʆʪʦʙʨʘʞʘʝʪʩʷ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʝ (ʫʪʚʝʨʞʜʝʥʥʦʝ, ʥʘʧʨʠʤʝʨ ɸʆ çʅʂ çʂʊɾè) ʠ 

ʬʘʢʪʠʯʝʩʢʦʝ (ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʝ) ʚʨʝʤʷ ʧʨʠʙʳʪʠʷ ʠ ʦʪʧʨʘʚʣʝʥʠʷ ʧʦʝʟʜʦʚ. 

ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʝ 2 ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, OpenTrack ʚ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʅʘ ʨʠʩʫʥʢʘʭ 7-9 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʢʦʨʝʥʠʷ ʦʪ ʧʨʦʡʜʝʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʨʝʤʝʥʠ, ʘ 

ʪʘʢʞʝ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʦʝʟʜʘ ʧʦʜ ʥʦʤʝʨʦʤ 

ç003è ʢʫʨʩʠʨʫʶʱʝʛʦ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʂʫʨʦʟʝʢ ï ɾʘʨʩʫ. 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʢʦʨʝʥʠʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʦʝʟʜʘ 
 

 

 
 

ʈʠʩʫʥʦʢ 8 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʢʦʨʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʦʝʟʜʘ 
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ʈʠʩʫʥʦʢ 9 ï ɻʨʘʬʠʢ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʚʨʝʤʝʥʠ  

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ OpenTrack ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ ASCII 

ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʳ ʠʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʪʝʢʩʪʦʚʳʭ ʨʝʜʘʢʪʦʨʦʚ ʠʣʠ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʪʘʙʣʠʮʘʤʠ, ʪʘʢʠʭ ʢʘʢ MS-Excel. 

 

ɿʘʢʣʶʯʝʥʠʝ. 

ʆʩʥʦʚʥʦʡ ʚʦʧʨʦʩ, ʥʘ ʢʦʪʦʨʳʡ ʪʨʝʙʦʚʘʣʦʩʴ ʦʪʚʝʪʠʪʴ ʚ ʵʪʦʡ ʩʪʘʪʴʝ, ʟʘʢʣʶʯʘʣʩʷ ʚ 

ʪʦʤ, ʚʦʟʤʦʞʥʦ ʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ OpenTrack ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ ɾʝʪʠʛʝʥ ï ɸʣʪʳʥʢʦʣʴ. 

ɹʳʣʘ ʩʦʟʜʘʥʘ ʨʝʘʣʴʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʂʫʨʦʟʝʢ ï ɾʘʨʩʫ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʳʰʝʥʘʟʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʝʟʜʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ OpenTrack ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʩ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʦʡ 

ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʧʦʜʜʝʨʞʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʚʠʞʥʳʭ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ. ʕʪʦ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ OpenTrack ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ 

ʦʮʝʥʢʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʣʠʥʠʡ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ. ʉʪʘʪʴʷ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʂʅ ʄʅɺʆ ʈʂ, ʚ 

ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʀʈʅ ɸʈ15473668 çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʧʦʝʟʜʦʚè. 
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ʂʆʆʈɼʀʅɸʊʊʓ ʀʅʊɽʈɺɸʃɼʓ ʈɽʊʊɽʋ ɾתʁɽʉɯ ɹɸʈ ʊɽʄɯʈ ɾʆʃ ɾɽʃɯʉɯʅ 

ʀʄʀʊɸʎʀʗʃʓפ ʄʆɼɽʃʔɼɽʋ 

 

ɸשʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ ץʳʩץʘʰʘ ʩʠʧʘʪʪʘʤʘʣʘʨ ʙʝʨʝ ʦʪʳʨʳʧ, ʪʝʢ ץʘʥʘ ʪʝʤʽʨ ʞʦʣ 

ʢᴇʣʽʛʽʥʜʝʛʽ ʧʦʡʳʟʜʘʨ ץʦʟסʘʣʳʩʳʥ ʞʦʩʧʘʨʣʘʫ ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʟʝʨʪʪʝʫʛʝ 

ʘʨʥʘʣסʘʥ ʤʦʜʝʣʴʜʝʫʜʽש ᴅʨʪװʨʣʽ ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨʳ ʪʘʣʜʘʥסʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʠʤʠʪʘʮʠʷʣʳץ ʤʦʜʝʣʴʜʝʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʳש ʟʝʨʪʪʝʫʣʝʨʜʝʛʽ ᴇʟʝʢʪʽʣʽʛʽʥ ʘʥʳץʪʘʫ 

ʤʘץʩʘʪʳʥʜʘ Web of Science ʜʝʨʝʢʪʝʨ ʙʘʟʘʩʳʥʜʘסʳ ʞʘʨʠʷʣʘʥʳʤʜʘʨ ʪʘʣʜʘʥסʘʥ. ʊʘʣʜʘʫ 

ʥᴅʪʠʞʝʩʽ ʙʘʩץʘ ʙʘʣʘʤʘʣʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ OpenTrack ʙʘסʜʘʨʣʘʤʘʩʳ ʤʦʜʝʣʴʜʝʫ 

 ʳ 10 ʞʳʣʜʘ ï 29סשʳʥ ʢᴇʨʩʝʪʢʝʥ, ʩʦסʦʣʜʘʥʳʣʘʪʳʥʜʳץ ʨʜʝװʨʘʣʳ ʨʝʪʽʥʜʝ ʙʝʣʩʝʥʜʽ ʪײץ

ʤʘץʘʣʘ. ʉʦʥʜʘʡ-ʘץ ʦʩʳ ʞײʤʳʩʪʘ ʤʦʜʝʣʴʜʝʫ ʧʨʦʮʝʩʽʥʜʝ ʧʘʡʜʘʣʘʥʫ װʰʽʥ פʘʟʘץʩʪʘʥʜʘסʳ 

 ʘʥ. ʇʦʡʳʟסʧʘʨʘʤʝʪʨʣʝʨʽ ʪʘʣʜʘʥ ץʪʝʭʥʠʢʘʣʳ שʳ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽסʦʣʜʘʥʳʩʪʘץ

 ʘʧʧʘʨʘʪʳ ʨʝʪʽʥʜʝ ʕʡʣʝʨ ᴅʜʽʩʽ ץʜʝʫʣʝʨʽ ʞᴅʥʝ OpenTrack ʤʘʪʝʤʘʪʠʢʘʣʳשʪʝ שʘʣʳʩʳʥʳסʦʟץ

ʩʠʧʘʪʪʘʣסʘʥ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ײפʨᴇʟʝʢ-ɾʘʨʩʫ ʪʝʣʽʤʽʥʽש ʠʤʠʪʘʮʠʷʣʳץ ʤʦʜʝʣʽ 

ᴅʟʽʨʣʝʥʛʝʥ, ᴅʨʪװʨʣʽ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʢʪʝʨʽ ʘʣʳʥסʘʥ ʞᴅʥʝ ʟʝʨʪʪʝʣʝʪʽʥ ʪʝʣʽʤ 

ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ʉʀʈɼʇ-E ʞװʡʝʩʽʥʜʝ ץʦʣʜʘʥʘʪʳʥ ʞʳʣʞʳʤʘʣʳ 

https://www.railwayoperationsimulator.com/
mailto:s.bekzhanova@bk.ru
mailto:m.orunbekov@alt.edu.kz
mailto:g.suleimenova@alt.edu.kz
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ʙʣʦʢ-ʪʝʣʽʤʜʝʨ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʘʚʪʦʤʘʪʪʳ ʨʝʞʠʤʜʝ ʧʦʡʳʟʜʘʨ 

 .ʘʥסʢʝʩʪʝʩʽ ʞʘʩʘʣʳʥ שʘʣʳʩʳʥʳסʦʟץ

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʀʤʠʪʘʮʠʷʣʳץ ʤʦʜʝʣʜʝʫ, ʪʘʣʜʘʫ, OpenTrack, ʣʦʢʦʤʦʪʠʚ, ʕʡʣʝʨ 

ᴅʜʽʩʽ, ʛʨʘʬʠʢ. 
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SIMULATION OF RAILWAY LINE WITH A COORDINATE BLOCK SYSTEM  

 

Annotation. This article analyzes, with brief descriptions, various simulation software 

tools designed exclusively to study the issues of planning and organizing the movement of trains 

in railway transport. In addition, in order to determine their actuality in research, publications on 

the Web of Science database were analyzed using simulation software. The analysis showed, 

relative to analogues, the active use of OpenTrack as a modeling tool, over the past 10 years ï 29 

articles. The paper also analyzes the technical parameters of operating locomotives in 

Kazakhstan for use in the simulation process. The equations of train movement and the Euler 

method as a mathematical apparatus of OpenTrack are described. In the course of the study, a 

simulation model of the Kurozek-Zharsu section was developed, dependence graphs of various 

parameters were obtained, and a train schedule was developed in automatic mode, taking into 

account the parameters of the infrastructure of the studied section and the technology of moving 

block using the SIRDP-E system. 

 

Keywords. Simulation, analysis, OpenTrack, locomotive, Euler method, graph. 
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ʅɸ ʇɸʉʉɸɾʀʈʉʂʀʍ ɸɺʊʆʄʆɹʀʃʔʅʓʍ ʇɽʈɽɺʆɿʂɸʍ  

ɺ ʂɸɿɸʍʉʊɸʅɽ 
 

ɸʥʥʦʪʘʮʠʷ. ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ 

ʪʨʘʥʩʧʦʨʪʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʘʢ ʚʳʩʦʢʘʷ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʠ 

ʧʦʜʚʠʞʥʦʩʪʴ, ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʈʘʟʚʠʪʠʝ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʧʝʨʝʚʦʟʦʢ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʫʩʣʦʚʠʡ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʦʚ.  ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʢʘʭ 

ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.  

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʚ ʧʘʩʩʘʞʠʨʩʢʦʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ ʂʘʟʘʭʩʪʘʥʘ ʧʫʪʸʤ ʧʝʨʝʜʘʯʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʚ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʝ ʦʨʛʘʥʠʟʘʮʠʠ (ʉʈʆ) ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʧʝʨʝʚʦʟʦʢ, ʩʧʦʩʦʙʩʪʚʫʷ ʦʙʝʩʧʝʯʝʥʠʶ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ.  

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʠʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʝʢʪʦʨʘ 

ʚ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʫʶ ʩʨʝʜʫ, ʨʘʟʨʘʙʦʪʢʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʦʩʥʦʚ, 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʥʝʜʨʝʥʠʷ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʝʨʝʚʦʟʢʘʭ.  ʇʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʧʝʨʝʚʦʟʦʢ 

ʧʘʩʩʘʞʠʨʦʚ ʠ ʫʩʣʦʚʠʡ ʚʥʝʜʨʝʥʠʷ ʉʈʆ ʚ ʦʪʨʘʩʣʴ. ʆʧʨʝʜʝʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʉʈʆ ʩ 

ʧʝʨʝʚʦʟʯʠʢʘʤʠ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ, ʘ ʪʘʢʞʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʝ ʠ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʝʨʝʭʦʜʘ ʦʪʨʘʩʣʠ ʥʘ ʧʨʠʥʮʠʧʳ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʥʝʜʨʝʥʠʶ ʉʈʆ ʥʘ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʧʝʨʝʚʦʟʢʘʭ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ. ʇʨʝʜʣʦʞʝʥʳ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʧʘʩʩʘʞʠʨʩʢʦʤ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ, ʦʩʥʦʚʥʳʝ ʧʨʘʚʠʣʘ ʠ ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʝʨʝʚʦʟʦʢ ʉʈʆ, ʠ ʵʪʘʧʳ 

ʚʥʝʜʨʝʥʠʝ ʉʈʆ ʚ ʂʘʟʘʭʩʪʘʥʝ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʘʩʩʘʞʠʨʩʢʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʧʝʨʝʚʦʟʢʠ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʬʫʥʢʮʠʠ, ʬʦʨʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ, 

ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʩʪʨʫʢʪʫʨʘ, ʧʨʘʚʠʣʘ, ʚʥʝʜʨʝʥʠʝ. 
 

ɺʚʝʜʝʥʠʝ.  

ʈʘʟʚʠʪʠʝ ʧʘʩʩʘʞʠʨʩʢʠʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʧʝʨʝʚʦʟʦʢ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʫʩʣʦʚʠʡ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʦʚ. ʊʘʢʦʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ï ʝʛʦ 

ʚʳʩʦʢʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʴʶ ʠ ʧʦʜʚʠʞʥʦʩʪʴʶ, ʜʦʩʪʫʧʥʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʝʥʴʰʠʭ 

ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʜʨʫʛʠʝ. 

ʅʘ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʢʘʭ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ 

ʧʨʦʙʣʝʤ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʩʫʙʩʠʜʠʨʦʚʘʥʠʝ ʫʙʳʪʦʯʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʥʘ ʤʘʨʰʨʫʪʘʭ ʩ 

ʨʝʛʫʣʠʨʫʝʤʳʤ   ʪʘʨʠʬʦʤ   ʠ   ʥʠʟʢʘʷ  ʜʦʭʦʜʥʦʩʪʴ  ʥʘ  ʤʘʨʰʨʫʪʘʭ  ʩʦ  ʩʚʦʙʦʜʥʳʤ  ʪʘʨʠʬʦʤ, 
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ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʜʝʬʠʮʠʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʦʜʠʪʝʣʝʡ, 
ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʠ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 
ʫʩʣʫʛ ʧʘʩʩʘʞʠʨʘʤ, ʨʘʟʚʠʪʠʝ ʥʝʣʝʛʘʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ. ʇʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʢʘʭ 
ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ.  

ɺ ʦʙʣʘʩʪʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ ʂʘʟʘʭʩʪʘʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʘʡʥʝ 
ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ 
ʮʝʥʪʨʘʣʴʥʦʤ ʠ ʤʝʩʪʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʘʭ ʩʫʱʝʩʪʚʫʝʪ ʜʝʬʠʮʠʪ ʰʪʘʪʦʚ ʧʦ 
ʠʩʧʦʣʥʝʥʠʶ ʬʫʥʢʮʠʡ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 
ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʣʫʞʘʱʠʭ. ʅʠʟʢʘʷ ʩʪʝʧʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 
ʧʦʨʦʞʜʘʝʪ ʤʥʦʞʝʩʪʚʦ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ: 
ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʥʦʮʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʝʨʝʚʦʟʦʢ, ʥʠʟʢʘʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ 
ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʳʭ ʧʨʠʥʮʠʧʦʚ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ 
ʠ ʪʘʢʪʠʢʠ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʚ ʧʘʩʩʘʞʠʨʩʢʦʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ ʂʘʟʘʭʩʪʘʥʘ, ʠʩʭʦʜʷ ʠʟ 
ʧʝʨʝʜʦʚʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʧʳʪʘ, ʧʫʪʸʤ ʧʝʨʝʜʘʯʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʚ 
ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʝ ʦʨʛʘʥʠʟʘʮʠʠ (ʉʈʆ) ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʧʝʨʝʚʦʟʦʢ, ʩʧʦʩʦʙʩʪʚʫʷ ʦʙʝʩʧʝʯʝʥʠʶ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ.  

ʈʝʰʝʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʚ ʩʬʝʨʝ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 
ʩ ʧʝʨʝʜʦʚʳʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʦʧʳʪʦʤ, ʚʠʜʠʪʩʷ ʚ ʧʝʨʝʜʘʯʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʚ 
ʉʈʆ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ ʚ ʩʬʝʨʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʝʨʝʜʘʯʫ ʬʫʥʢʮʠʡ ʢʦʥʪʨʦʣʷ ʦʪ ʛʦʩʫʜʘʨʩʪʚʘ 
ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ. ʕʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʠ 
ʧʨʠʚʣʝʢʘʪʴ ʢ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʩʚʦʠʭ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʳʭ ʯʣʝʥʦʚ, ʧʨʠʤʝʥʷʷ ʢ ʥʠʤ ʤʝʨʳ 
ʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ: ʦʪ ʚʳʥʝʩʝʥʠʷ ʧʨʝʜʧʠʩʘʥʠʷ ʥʘʨʫʰʠʪʝʣʶ ʜʦ ʠʩʢʣʶʯʝʥʠʷ ʝʛʦ 
ʠʟ ʯʣʝʥʦʚ ʉʈʆ. ʉʦʯʝʪʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʠ ʩ 
ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʩʫʙʲʝʢʪʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 
ʚʳʩʪʨʘʠʚʘʥʠʶ ʜʝʡʩʪʚʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦʜʜʝʨʞʢʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ, ʩʦʟʜʘʥʠʶ 
ʧʨʦʟʨʘʯʥʦʛʦ ʨʳʥʢʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ, ʝʛʦ ʦʯʠʩʪʢʝ ʦʪ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʳʭ ʫʯʘʩʪʥʠʢʦʚ 
ʠ ʚʚʝʜʝʥʠʶ ʯʝʪʢʦʡ ʩʭʝʤʳ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ ʧʝʨʝʜ ʣʶʙʳʤʠ ʪʨʝʪʴʠʤʠ 
ʣʠʮʘʤʠ ʧʨʠ ʫʩʠʣʝʥʠʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ. [1, 2, 3]. 

 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʠʟ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʝʢʪʦʨʘ ʚ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʫʶ ʩʨʝʜʫ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 
ʚʟʘʠʤʦʩʚʷʟʴ ʉʈʆ ʩ ʧʝʨʝʚʦʟʯʠʢʘʤʠ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ, ʘ ʪʘʢʞʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʝ 
ʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʝʨʝʭʦʜʘ ʦʪʨʘʩʣʠ ʥʘ ʧʨʠʥʮʠʧʳ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠ 
ʦʨʛʘʥʠʟʘʮʠʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ ʚ ʩʪʨʘʥʝ.  

ɿʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ 
ʧʝʨʝʚʦʟʦʢ ʧʘʩʩʘʞʠʨʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʫʩʣʦʚʠʡ ʚʥʝʜʨʝʥʠʷ ʉʈʆ ʚ ʦʪʨʘʩʣʴ, ʨʘʟʨʘʙʦʪʢʘ 
ʧʨʝʜʣʦʞʝʥʠʡ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʥʝʜʨʝʥʠʶ ʉʈʆ. 

ʆʖʃ çʉʦʶʟ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʢʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥè ʥʘʯʠʥʘʷ ʩ 2015 ʛʦʜʘ ʧʨʠ 
ʩʦʜʝʡʩʪʚʠʠ ʅʇʇ ʈʂ çɸʊɸʄɽʂɽʅè, ʉʊʂ çʂɸɿʃʆɻʀʉʊʀʂʉè ʩʦʚʤʝʩʪʥʦ ʩ ʮʝʥʪʨʘʣʴʥʳʤ 
ʫʧʦʣʥʦʤʦʯʝʥʥʳʤ ʦʨʛʘʥʦʤ, ʚ ʣʠʮʝ ʤʠʥʠʩʪʝʨʩʪʚʘ ʠʥʜʫʩʪʨʠʠ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ 
ʈʂ, ʧʨʦʚʦʜʠʣ ʨʘʙʦʪʫ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʠʥʩʪʠʪʫʪʘ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ ʧʘʩʩʘʞʠʨʩʢʠʭ 
ʧʝʨʝʚʦʟʢʘʭ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. [4, 5, 6]. 
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ʇʨʦʚʦʜʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 
ʧʘʩʩʘʞʠʨʩʢʠʤʠ ʧʝʨʝʚʦʟʢʘʤʠ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʡ 
ʦʧʳʪ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʩʠʪʫʘʮʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ ʚ ʩʬʝʨʝ 
ʘʚʪʦʙʫʩʥʳʭ ʠ ʪʘʢʩʦʤʦʪʦʨʥʳʭ ʧʝʨʝʚʦʟʦʢ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʢʨʳʚʘʶʪʩʷ ʧʨʠʯʠʥʥʦ-
ʩʣʝʜʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ ʨʘʙʦʪʳ ʙʠʟʥʝʩʘ ʚ ʪʝʥʝʚʦʡ ʵʢʦʥʦʤʠʢʝ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ 
ʜʚʠʞʝʥʠʷ, ʠʟʥʦʩ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ.  

ʇʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʠʥʩʪʠʪʫʪʘ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ ʧʘʩʩʘʞʠʨʩʢʠʭ 
ʧʝʨʝʚʦʟʢʘʭ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʥʷʪʠʷ ʛʦʩʫʜʘʨʩʪʚʦʤ ʨʝʰʠʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ ʧʦ ʫʨʝʛʫʣʠʨʦʚʘʥʠʶ 
ʧʦʣʦʞʝʥʠʷ ʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ ʠ ʧʝʨʝʭʦʜ ʥʘ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʝ ʦʨʛʘʥʠʟʘʮʠʠ 
(ʉʈʆ) ʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʢʘʭ ʚ ʂʘʟʘʭʩʪʘʥʝ. 

 

ʈʝʟʫʣʴʪʘʪʳ.  

ʇʘʩʩʘʞʠʨʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ ʚ 
ʧʝʨʝʚʦʟʦʯʥʦʤ ʧʨʦʮʝʩʩʝ, ʪʘʢ ʢʘʢ ʥʘ ʝʛʦ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ 98 % ʦʙʲʝʤʘ ʧʝʨʝʚʦʟʦʢ ʦʪ ʦʙʱʝʛʦ 
ʦʙʲʝʤʘ ʧʝʨʝʚʦʟʦʢ ʚʩʝʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ. ʇʘʩʩʘʞʠʨʩʢʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʧʝʨʝʚʦʟʢʠ ʧʦ 
ʭʘʨʘʢʪʝʨʫ ʜʝʣʷʪʩʷ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʝ, ʤʝʞʦʙʣʘʩʪʥʳʝ, ʤʝʞʨʘʡʦʥʥʳʝ (ʤʝʞʜʫʛʦʨʦʜʥʳʝ 
ʚʥʫʪʨʠʦʙʣʘʩʪʥʳʝ), ʧʨʠʛʦʨʦʜʥʳʝ ʠ ʛʦʨʦʜʩʢʠʝ. ʉʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʘʮʠʡ ʧʝʨʝʚʦʟʦʢ 
ʧʘʩʩʘʞʠʨʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ ʚʠʜʥʦ ʧʦ ʩʫʱʝʩʪʚʫʶʱʝʡ ʥʘ ʩʝʛʦʜʥʷ ʩʪʨʫʢʪʫʨʝ ʨʳʥʢʘ ʧʝʨʝʚʦʟʦʢ 
ʧʘʩʩʘʞʠʨʦʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ (ʪʘʙʣʠʮʘ 1). ʅʘ ʨʝʛʫʣʷʨʥʳʭ ʘʚʪʦʙʫʩʥʳʭ ʧʝʨʝʚʦʟʢʘʭ ʚʩʝʭ 
ʚʠʜʦʚ ʫʯʘʩʪʚʫʶʪ 1100 ʧʨʝʜʧʨʠʷʪʠʡ ʧʝʨʝʚʦʟʯʠʢʦʚ, 15913 ʘʚʪʦʙʫʩʦʚ ʥʘ 2801 ʤʘʨʰʨʫʪʝ. 
ɼʝʡʩʪʚʫʶʪ 38 ʘʚʪʦʚʦʢʟʘʣʦʚ, 113 ʘʚʪʦʩʪʘʥʮʠʠ ʠ 29 ʧʫʥʢʪʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ. 

 

ʊʘʙʣʠʮʘ 1 - ʉʪʨʫʢʪʫʨʘ ʨʳʥʢʘ ʧʝʨʝʚʦʟʦʢ ʧʘʩʩʘʞʠʨʦʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʚ ʂʘʟʘʭʩʪʘʥʝ 
 

 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʈʝʛʫʣʷʨʥʳʝ ʘʚʪʦʙʫʩʥʳʝ 
ʧʝʨʝʚʦʟʢʠ 

ʅʝʨʝʛʫʣʷʨʥʳʝ 
ʧʝʨʝʚʦʟʢʠ 

ʛʦʨʦʜʩʢʠʝ ʚʥʫʪʨʠ 
ʦʙʣʘʩʪʥʳʝ 

ʤʝʞ 
ʦʙʣʘʩʪʥʳʝ 

ʤʝʞʜʫ 
ʥʘʨʦʜʥʳʝ 

ʘʚʪʦʙʫʩ 
ʥʳʝ 

ʪʘʢʩʦ 
ʤʦʪʦʨʥʳʝ 

ʂʦʣʠʯʝʩʪʚʦ 
ʧʝʨʝʚʦʟʯʠʢʦʚ 

294 556 189 61 625 5335 

ʂʦʣʠʯʝʩʪʚʦ 
ʘʚʪʦʤʦʙʠʣʝʡ 

10525 2722 2056 610 112 57944 

ʂʦʣʠʯʝʩʪʚʦ 
ʤʘʨʰʨʫʪʦʚ 

1244 1156 284 117 - - 

 
ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ 

 
ɸʚʪʦʚʦʢʟʘʣʳ 

 
ɸʚʪʦʩʪʘʥʮʠʠ 

ʇʫʥʢʪʳ 
ʦʙʩʣʫʞʠʚʘʥʠʷ 
ʧʘʩʩʘʞʠʨʦʚ 

38 ʝʜ. 113 ʝʜ. 29 ʝʜ. 
 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʝʨʝʚʦʟʦʢ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʚ ʠ 
ʢʦʜʝʢʩʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʈʂ), ʘ ʪʘʢʞʝ ʥʦʨʤʘʪʠʚʥʳʤʠ ʧʨʘʚʦʚʳʤʠ ʘʢʪʘʤʠ [7, 8, 9]. 
ɿʘʢʦʥ çʆʙ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝè ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 
ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʝʚʦʟʦʢ ʧʘʩʩʘʞʠʨʦʚ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. 

ɿʘʢʦʥʦʜʘʪʝʣʴʥʘʷ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ 
ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʤʝʞʦʙʣʘʩʪʥʳʭ ʧʝʨʝʚʦʟʦʢ ʧʘʩʩʘʞʠʨʦʚ ʚ ʮʝʣʦʤ 
ʩʬʦʨʤʠʨʦʚʘʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʩʪʴʶ ʠ ʩʠʩʪʝʤʥʦʩʪʴʶ ʚ ʦʭʚʘʪʝ ʚʩʝʭ 
ʪʨʝʙʦʚʘʥʠʡ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʥʘʩʝʣʝʥʠʷ ʢ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʜʘʥʥʳʭ ʧʝʨʝʚʦʟʦʢ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 
ʩʫʱʝʩʪʚʫʝʪ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʩʪʨʘʥʳ, ʚʩʣʝʜʩʪʚʠʝ ʢʦʪʦʨʳʭ 
ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʚ ʨʘʟʚʠʪʠʠ ʧʝʨʝʚʦʟʦʢ.  

ɺ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪʨʘʩʣʠ 
ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʷ ʧʦ ʠʩʢʦʨʝʥʝʥʠʶ ʠ ʥʝʜʦʧʫʱʝʥʠʶ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʝʣʝʛʘʣʴʥʳʭ 
ʧʝʨʝʚʦʟʦʢ.   ʆʪʩʫʪʩʪʚʫʶʪ   ʧʦʣʦʞʝʥʠʷ   ʧʦ  ʥʝʜʦʧʫʱʝʥʠʶ  ʧʨʦʷʚʣʝʥʠʷ  ʘʬʬʠʣʠʨʦʚʘʥʥʦʩʪʠ 
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ʘʚʪʦʚʦʢʟʘʣʦʚ (ʘʚʪʦʩʪʘʥʮʠʡ) ʩ ʧʝʨʝʚʦʟʯʠʢʘʤʠ ʠ ʧʦʣʦʞʝʥʠʷ ʠ ʥʦʨʤʳ ʧʦ ʨʘʟʚʠʪʠʶ 

ʧʝʨʝʜʦʚʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɿʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʙʘʟʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ ʦʪʩʪʘʠʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʨʝʥʝ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʣʴʥʦʡ ʧʝʨʝʛʦʚʦʨʥʦʡ ʧʦʟʠʮʠʠ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʦʪʨʘʩʣʠ.  ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ, ɹʝʣʦʨʫʩʩʠʠ, ʋʟʙʝʢʠʩʪʘʥʝ, ʂʳʨʛʳʟʩʪʘʥʝ ʩʫʱʝʩʪʚʫʶʪ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʚʝʜʦʤʩʪʚʘ, ʜʝʧʘʨʪʘʤʝʥʪʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʅʀʀ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʝʥʥʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʟʘʱʠʪʫ ʠʭ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʠʥʪʝʨʝʩʦʚ. 

ʆʩʥʦʚʘʥʠʷʤʠ ʜʣʷ ʧʝʨʝʭʦʜʘ ʥʘ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʝ ʦʨʛʘʥʠʟʘʮʠʠ (ʉʈʆ) ʚ ʦʪʨʘʩʣʠ 

ʷʚʣʷʶʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʚʥʝʜʨʝʥʠʷ ʉʈʆ, 

ʨʘʟʨʘʙʦʪʘʪʴ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʧʝʨʝʚʦʜʘ ʦʪʨʘʩʣʠ ʥʘ 

ʉʈʆ, ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʥʝʦʙʭʦʜʠʤʳʭ ʠ ʜʦʩʪʘʪʦʯʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʦʙʨʦʩʦʚʝʩʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉʈʆ, ʦʮʝʥʢʫ ʩʫʱʝʩʪʚʫʶʱʝʛʦ IT-ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʫʨʦʚʥʷ 

ʮʠʬʨʦʚʠʟʘʮʠʠ, ʥʘʡʪʠ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʮʠʬʨʦʚʳʭ 

ʧʣʘʪʬʦʨʤ ʜʣʷ ʧʨʝʩʝʯʝʥʠʷ ʥʝʣʝʛʘʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ.  

 

ʆʙʩʫʞʜʝʥʠʝ.  

ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʥʘ ʧʘʩʩʘʞʠʨʩʢʦʤ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʎʝʥʪʨʘʣʴʥʳʡ ʘʧʧʘʨʘʪ ʉʈʆ ʚʢʣʶʯʘʝʪ ʢʦʥʪʨʦʣʴʥʳʡ 

ʦʨʛʘʥ, ʤʝʪʦʜʠʯʝʩʢʠʡ ʩʦʚʝʪ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʠ ʢʦʣʣʝʛʠʘʣʴʥʳʡ ʦʨʛʘʥ. ʌʫʥʢʮʠʠ ʵʪʠʭ 

ʦʨʛʘʥʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʈʝʛʠʦʥʘʣʴʥʳʝ ʬʠʣʠʘʣʳ ʉʈʆ ʩʦʩʪʦʷʪ ʠʟ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʣʫʞʙʳ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʣʫʞʙʳ, ʩʣʫʞʙʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ, ʩʣʫʞʙʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʢʫʨʩʦʚ ʠ ʩʣʫʞʙʳ ʢʦʥʪʨʦʣʷ ʧʝʨʝʚʦʟʯʠʢʦʚ.  ʌʫʥʢʮʠʠ ʩʣʫʞʙ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʉʈʆ ʥʘ ʧʘʩʩʘʞʠʨʩʢʦʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ. 

 

ɿʜʝʩʴ ʥʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʠ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʈʂ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʚ ʪʝʦʨʠʠ ʚʩʝ ʩʪʦʨʦʥʳ ʦʨʛʘʥʠʟʘʮʠʠ ʉʈʆ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʜʨʦʙʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʘʚʘ ʠ ʦʙʷʟʘʥʥʦʩʪʠ  ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʦʡ  ʦʨʛʘʥʠʟʘʮʠʠ,  ʧʨʘʚʠʣʘ  ʧʨʦʚʝʜʝʥʠʷ 
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ɸʈɺ, ʦʩʥʦʚʳ ʦʧʨʝʜʝʣʝʥʠʷ ʛʦʪʦʚʥʦʩʪʠ ʨʳʥʢʘ, ʫʢʘʟʘʥʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʘʷ ʦʩʥʦʚʘ ʚ ʚʠʜʝ 

ʩʧʠʩʢʘ ʘʩʩʦʮʠʘʮʠʡ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʧʝʨʝʯʝʥʴ, ʧʨʦʚʝʜʸʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʝʨʝʜʘʯʝ 

ʥʝʢʦʪʦʨʳʭ ʬʫʥʢʮʠʡ ʚ ʩʬʝʨʝ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʢʦʥʢʫʨʝʥʪʥʫʶ 

ʩʨʝʜʫ. ʉʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʘʚʠʣ ʉʈʆ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.  

ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʚ ʮʝʣʦʤ ʚʦʟʥʠʢʘʝʪ ʪʨʠ 

ʟʘʜʘʯʠ ʠ ʧʨʦʙʣʝʤʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʝʚʦʟʢʘʤʠ. ʂ ʧʝʨʚʦʡ ʦʪʥʦʩʠʪʩʷ ʚʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ ʧʨʦʙʣʝʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʦʡ ʦʪʨʘʩʣʴʶ. ɺʪʦʨʦʡ ʧʨʦʙʣʝʤʘʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʦʩʥʦʚʥʳʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʚ ʢʦʥʢʫʨʝʥʪʥʫʶ ʩʨʝʜʫ ʠ ʧʝʨʝʭʦʜ ʥʘ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʦʪʨʘʩʣʠ. ʊʨʝʪʴʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʦʪʨʘʩʣʠ ʥʘ 

ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʚʳʧʦʣʥʠʤʦʩʪʴ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪʨʘʩʣʠ.  

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʠʥʩʪʠʪʫʪʘ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʚ ʩʬʝʨʝ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʧʝʨʝʚʦʟʦʢ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʥʢʨʝʪʥʳʡ ʦʧʳʪ ʢʘʢʦʡ-ʣʠʙʦ 

ʩʪʨʘʥʳ ʚ ʧʦʣʥʦʤ ʦʙʲʸʤʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʫʩʧʝʰʥʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʧʨʘʢʪʠʢʘ 

ʩʣʦʞʠʣʘʩʴ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʙʝʟ ʩʤʝʥʳ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʩʪʨʦʷ ʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ.  

ʉʧʝʮʠʬʠʢʘ ʂʘʟʘʭʩʪʘʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʢʣʶʯʘʝʪʩʷ: 

- ʚ ʧʝʨʝʭʦʜʝ ʦʪ ʧʣʘʥʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʢ ʨʳʥʦʯʥʦʡ ʙʝʟ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ; 

- ʚ ʥʘʤʝʨʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʘ ʨʝʘʣʠʟʦʚʘʪʴ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʵʪʘʧʥʦ ʚ ʦʪʜʝʣʴʥʳʭ 

ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ; 

- ʥʘʣʠʯʠʝʤ ʪʝʥʝʚʦʡ ʵʢʦʥʦʤʠʢʠ - çʥʝʣʝʛʘʣʴʥʦʛʦè ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ, 

ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʥʘ ʪʘʢʩʦʤʦʪʦʨʥʳʭ ʙʦʣʝʝ 95% ʠ ʥʘ ʘʚʪʦʙʫʩʥʳʭ ʙʦʣʝʝ 75% ʨʳʥʢʘ 

ʧʝʨʝʚʦʟʦʢ. ɹʠʟʥʝʩ ʚ ʪʝʥʝʚʦʡ ʵʢʦʥʦʤʠʢʝ ʥʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʚ ʧʨʦʟʨʘʯʥʦʩʪʠ;  

- ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʙʠʟʥʝʩʘ (ʘʩʩʦʮʠʘʮʠʡ, 

ʩʦʶʟʦʚ), ʟʘʱʠʱʘʶʱʠʭ ʧʨʘʚʘ ʠ ʠʥʪʝʨʝʩʳ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ ʚ ʩʬʝʨʝ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʧʝʨʝʚʦʟʦʢ; 

- ʧʨʘʚʦʚʦʛʦ ʥʠʛʠʣʠʟʤʘ ʩʫʙʲʝʢʪʦʚ ʙʠʟʥʝʩʘ; 

- ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʝ, ʩʣʘʙʳʤ ʫʨʦʚʥʝʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʪʝʨʝ ʢʦʥʪʨʦʣʷ ʠ ʥʘʜʟʦʨʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʢʘʭ. 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʦʜʝʨʞʘʥʠʝ ʧʨʘʚʠʣ ʉʈʆ 
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ɻʣʘʚʥʳʤ ʚʳʚʦʜʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʝ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʩʧʦʩʦʙʥʦ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦʜʭʦʜʳ ʠ 

ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʛʦʩʫʜʘʨʩʪʚʘ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʘʚʪʦʙʫʩʥʳʭ ʧʝʨʝʚʦʟʦʢ. 

ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʧʦʨʷʜʢʘ ʨʘʙʦʪʳ ʉʈʆ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʝʚʦʟʯʠʢʘʤʠ, ʠʭ 

ʧʨʘʚʘ ʠ ʦʙʷʟʘʥʥʦʩʪʠ ʠ ʦʧʠʩʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʝʨʝʚʦʟʦʢ, ʧʨʘʚʠʣʘ ʠ 

ʩʪʘʥʜʘʨʪʳ (ʨʠʩʫʥʦʢ 3):  

1) ʦʨʛʘʥʠʟʘʮʠʷ ʜʦʩʪʫʧʘ ʢ ʧʝʨʝʚʦʟʢʘʤ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʧʘʩʩʘʞʠʨʩʢʠʤʠ ʧʝʨʝʚʦʟʢʘʤʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ; 

2) ʦʪʙʦʨ ʧʝʨʝʚʦʟʯʠʢʦʚ ʥʘ ʤʘʨʰʨʫʪʳ ʚ ʨʝʛʫʣʷʨʥʦʤ ʩʦʦʙʱʝʥʠʠ; 

3) ʢʦʥʪʨʦʣʴ ʠʩʧʦʣʥʝʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʈʂ ʧʝʨʝʚʦʟʯʠʢʘʤʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʝʨʝʚʦʟʦʢ ʚ ʉʈʆ: 

1) ʤʝʪʦʜʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʬʠʣʠʘʣʦʚ ʠ ʧʝʨʝʚʦʟʯʠʢʦʚ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ; 

2) ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʦʚ ʠʟʤʝʥʝʥʠʡ ʅʇɸ, ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʠʭ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚ 

ʫʧʦʣʥʦʤʦʯʝʥʥʦʤ ʦʨʛʘʥʝ ʠ ʜʨ. ʤʠʥʠʩʪʝʨʩʪʚʘʭ ʠ ʚʝʜʦʤʩʪʚʘʭ; 

3) ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʸʪʦʚ ʪʘʨʠʬʦʚ ʥʘ ʧʨʦʝʟʜ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʸʤʦʚ 

ʩʫʙʩʠʜʠʨʦʚʘʥʠʷ ʫʙʳʪʢʦʚ ʧʝʨʝʚʦʟʯʠʢʦʚ ʥʘ ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʝʨʝʚʦʟʢʘʭ; 

4) ʦʨʛʘʥʠʟʘʮʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʩʝʯʝʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʣʝʛʘʣʴʥʳʭ 

ʧʝʨʝʚʦʟʯʠʢʦʚ; 

5) ʠʥʳʝ ʜʝʡʩʪʚʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ.  

 
ʈʠʩʫʥʦʢ 3 ï ʄʝʭʘʥʠʟʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʉʈʆ 

 

ɺʥʝʜʨʝʥʠʝ ʉʈʆ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʩʦʛʣʘʩʥʦ ʧʣʘʥʦʚ ʄʀʀʈ ʈʂ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʜʚʘ 

ʵʪʘʧʘ ʚ 2024 - 2026 ʛʦʜʘʭ: 

1-ʡ ʵʪʘʧ ï ʚʥʝʜʨʝʥʠʝ ʉʈʆ ʥʘ ʨʝʛʫʣʷʨʥʳʭ ʠ ʥʝʨʝʛʫʣʷʨʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ 

ʤʝʞʦʙʣʘʩʪʥʳʭ ʧʝʨʝʚʦʟʢʘʭ ʧʘʩʩʘʞʠʨʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʪʘʢʩʦʤʦʪʦʨʥʳʭ ʧʝʨʝʚʦʟʢʘʭ, 2024- 2025 

ʛʦʜʳ; 

2-ʡ ʵʪʘʧ ï ʚʥʝʜʨʝʥʠʝ ʉʈʆ ʥʘ ʨʝʛʫʣʷʨʥʳʭ ʛʦʨʦʜʩʢʠʭ, ʧʨʠʛʦʨʦʜʥʳʭ ʠ     

ʚʥʫʪʨʠʦʙʣʘʩʪʥʳʭ ʧʝʨʝʚʦʟʢʘʭ ʧʘʩʩʘʞʠʨʦʚ, 2025- 2026 ʛʦʜʳ. 

 ɺ ʮʝʣʷʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʝʨʝʚʦʟʦʯʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ  ʧʦʜʛʦʪʦʚʣʝʥ ʧʨʦʝʢʪ ɿʘʢʦʥʘ ʈʂ çʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʠ ʜʦʧʦʣʥʝʥʠʡ ʚ 

ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʂ ʧʦ ʚʦʧʨʦʩʘʤ ʧʝʨʝʜʘʯʠ ʥʝʢʦʪʦʨʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʬʫʥʢʮʠʡ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ ʧʘʩʩʘʞʠʨʦʚ ʚ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝ, 

ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʦʙʷʟʘʪʝʣʴʥʦʤ ʯʣʝʥʩʪʚʝ (ʫʯʘʩʪʠʠ)è. 
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ɿʘʢʣʶʯʝʥʠʝ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʚ ʧʘʩʩʘʞʠʨʩʢʦʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ ʂʘʟʘʭʩʪʘʥʘ ʧʫʪʸʤ ʧʝʨʝʜʘʯʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʚ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʝ ʦʨʛʘʥʠʟʘʮʠʠ (ʉʈʆ) ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ, ʧʦʚʳʰʝʥʠʷ ʬʠʥʘʥʩʦʚʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʨʝʚʦʟʯʠʢʦʚ, ʩʧʦʩʦʙʩʪʚʫʷ ʦʙʝʩʧʝʯʝʥʠʶ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʥʝʜʨʝʥʠʶ ʉʈʆ ʥʘ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʧʝʨʝʚʦʟʢʘʭ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ. 
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