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ʄɸɿʄױʅʓ 

 
ʂᴆʃɯʂ, ʂᴆʃɯʂʊɯʂ ʀʅɾɽʅɽʈʀʗ 

¶ ɾɸʈʓפʊʓר ʇɸʁɼɸ ɹʆʃʋʓʅ ɽʉʂɽʈɽ ʆʊʓʈʓʇ, ɸʃɼʓʅ ɸʃɸ                          

ʂɽʈʅɽʃɻɽʅ ʊɽʄɯʈɹɽʊʆʅ ʂʆʅʉʊʈʋʂʎʀʗʃɸʈʓʅ ɽʉɽʇʊɽʋ 

ʀʚʘʥ ɹʦʥʜʘʨʴ, ʅʘʨʟʘʥʢʫʣʴ ʄʘʭʤʝʪʦʚʘ, ʄʠʭʘʠʣ ʂʚʘʰʥʠʥééééééééééé..é..16-24 

¶ ᴆɿɼɯɻɯʅɽʅ ɾɸʅʋנɸ ɹɽʁɯʄ ʉʋʃʔʌʀɼʊɯ ʂɽʅɼɽʈɼɯר                                      

                                         ɸ ʊɸʈɸʃɸʊʓʅ ɿʀʗʅɼʓנʁɯʅɼɯʃɽʈɯʅɽʅ ɸʊʄʆʉʌɽʈɸת

ɿɸʊʊɸʈɼʓ ɸɿɸʁʊʋ 

ʉʘʣʠʘץʳʥ ʂᴅʨʽʧʙʘʝʚ, ʄʘʭʤʝʜʠʷ ɹʠʤʘסʘʤʙʝʪʦʚ, ɸʡʜʦʩ ʄʦʣʜʘʙʝʢʦʚ,                                        

ʐʦʣʧʘʥ ʂʦʰʘʥʦʚʘ, ɾʘʥʘʨ ɸʟʝʣʭʘʥʦʚʘéééééééééééééééééé...éé.25-33 

¶ ʄɸʐʀʅʀʉʊʉʓɿ ʇʆʁʓɿɼɸʈʄɽʅ ɸɺʊʆʄɸʊʊɸʅɼʓʈʓʃנɸʅ                                    

ʄɽʊʈʆ ɾɽʃɯʉɯʅ ɽʅɻɯɿʋ ʄᴄʉɽʃɽʉɯʅɽ 

ɾʘʥʘʪ ʄʫʩʘʝʚ, ʄʫʢʘʥʛʘʣʠ ʊʫʨʢʝʙʘʝʚ, ɸʢʝʨʢʝ ʋʪʝʧʦʚʘ, ɸʢʤʘʨʞʘʥ ʂʘʩʳʤʦʚʘ,                       

ɹʘʫʨʞʘʥ ʂʫʨʤʘʰʝʚééééééééééééééééééééééééééé...é..34-42 

¶ ɸɺʊʆʄʆɹʀʃʔ ɾʆʃɼɸʈʓʅʓר ɾɸɹʓʅɼɸʈʓʅ ɹױɿʋנɸ ɸʈʅɸʃנɸʅ 

ɾױɼʓʈʓפʐɸʃʓ ʂɸʊʆʂʊʓר ʇɸʈɸʄɽʊʈʃɽʈɯʅ ɸʅʓפʊɸʋ 

ʈʫʩʪʝʤ ʂʦʟʙʘʛʘʨʦʚ, ʄʘʭʩʫʪ ɾʠʝʥʢʦʞʘʝʚ , ʂʘʣʤʘʥʙʝʪ ʐʘʣʙʘʝʚ,                                                 

ɸʡʛʫʣʴ ɹʘʡʢʝʥʞʝʝʚʘ, ʅʫʨʙʦʣ ʂʘʤʟʘʥʦʚéééééééééééééééééé...éé43-51 

 

ʂᴆʃɯʂʊɽɻɯ ʃʆɻʀʉʊʀʂɸ, ʊɸʉʓʄɸʃɼɸʋɼʓ ױʁʓʄɼɸʉʊʓʈʋ 

¶ ɸʃʄɸʊʓ ʊɽʄɯʈ ɾʆʃ ʊʆʈɸɹʓʅɼɸ פɸʃɸ ʄɸרʓʅɼɸנʓ                                      

ɾʆʃɸʋʐʓʃɸʈ ʊɸʉʓʄɸʃʓʅ ױʁʓʄɼɸʉʊʓʈʋ                                                      

ʇʈʆʎɽʉɯʅɯפ רɸɿɯʈɻɯ ɾɸנɼɸʁʓ 

ʃʠʣʠʷ ɺʘʭʠʪʦʚʘ, ʆʣʴʛʘ ʂʠʩʝʣʝʚʘ, ɼᴅʫʣʝʪ ᴆʪʝʛʝʥʦʚ, ʊʠʤʫʨ ʉʘʛʳʤʙʘʝʚéééé...é...é52-59 

¶ ʂᴆʃɯʂ פɸʋɯʇʉɯɿɼɯɻɯʅ ɸʈʊʊʓʈʋ ɾʆʃɼɸʈʓ 

ɸʣʠʷ ʀʟʙʘʠʨʦʚʘ, ɾʘʥʘʨ ɸʣʴʪʘʝʚʘ , ʄʝʡʨʘʤ ʅʫʨʞʘʫʙʘʝʚ,                                                            

ɼʘʥʘ ᴄʣʠʘʢʙʘʨץʳʟʳéééééééééééééééééééééééééééé....60-70 

      ʂ ɸɺʊʆʄʆɹʀʃʔɼɽʈɯʅ ʇɸʁɼɸʃɸʅʋתɯʈʃɽʈɯʅɼɽ ɾרʉʊɸʅ ᴆפɸɿɸפ ¶

ʃʆɻʀʉʊʀʂɸʉʓ 

ɹʝʢʙʦʣ ʈʘʤʘʟʘʥ, ʀʥʜʠʨʘ ʉʘʫʢʝʥʦʚʘ, ʇʝʨʠʟʘʪ ɸʨʠʤʙʝʢʦʚʘééééééééééé...é.71-78 

                                   ʉʊɸʅ ɯʐʂɯ ʊɸʉʓʄɸʃɼɸʋ ʊɯɿɹɽɻɯʅ ʋʅʀʄʆɼɸʃʔɼʓפɸɿɸפ ¶

ᴄɼɯʉʇɽʅ ױʁʓʄɼɸʉʊʓʈʋ ʊʀɯʄɼɯʃɯʂʊɽʈɯ 

ɹʝʢʙʦʣ ʈʘʤʘʟʘʥ , ʀʥʜʠʨʘ ʉʘʫʢʝʥʦʚʘ, ʄʫʩʣʠʤ ɸʡʢʫʤʙʝʢʦʚéééééééééé..éé79-87 

                  ʓ ʂᴆʃɯʂ ʃʆɻʀʉʊʀʂɸʉʓʅ ʂᴆʇ ᴆʃʐɽʄɼɯנʉʊɸʅɼɸפɸɿɸפ ¶

ʉʊɸʊʀʉʊʀʂɸʃʓפ ʊɸʃɼɸʋ 

ʂʘʡʳʨʞʘʥ ʂʘʟʙʝʢʦʚʘ, ʀʣʭʦʤ ʋʤʘʨʦʚ , ʈʘʫʟʘ ʀʩʤʘʠʣʦʚʘééééééééééé..éé88-96 

¶ ʃʆɻʀʉʊʀʂɸɼɸ ɹʃʆʂʏɽʁʅ ʊɽʍʅʆʃʆɻʀʗʃɸʈʓʅɸ ᴆʊʋ ʈɽʊɯʅɼɽ                  

ʂʆʄʇɸʅʀʗʅʓר ʂʆʄʄɽʈʎʀʗʃʓפ ʌʋʅʂʎʀʗʃʓפ ʇʈʆʎɽʉʊɽʈɯʅ 

ʈɽʀʅɾʀʅɽʈʀʅɻɯ 

ʊʘʪʴʷʥʘ ɼʨʦʟʜ, ʈʦʟʘ ʄʫʩʘʣʠʝʚʘ, ɸʣʜʘʥʳʰ ʊᴇʣʝʧʝʢʦʚʘ, ɽʨʞʘʥ ʂʘʨʩʳʙʘʝʚ,                             

ʄʘʨʘʣ ʀʟʪʝʣʝʫʦʚʘééééééééééééééééééééééééééé...é..97-109 

¶ ʃʆɻʀʉʊʀʂɸ ᴄɼɯʉʊɽʈɯʅ פʆʃɼɸʅɸ ʆʊʓʈʓʇ, ʊɽʄɯʈɾʆʃɼʓר ᴆʊʂɯɿʋ                    

 ɸɹɯʃɽʊɯʅ ɸʈʊʊʓʈʋפ

ʂʘʣʜʘʨ ɸʣʜʘʥʘʟʘʨʦʚ, ʄʫʩʣʠʤ ɸʡʢʫʤʙʝʢʦʚ, ʄʘʨʘʪ ʐʫʨʝʥʦʚ;                                                 

ɻװʣʞʘʥ פʘʣʘʤʙʘʝʚʘééééééééééééééééééééééééé..éé..110-119 

                                              ʓɿʄɽʊɯʅɼɽפ פʃʆɻʀʉʊʀʂɸʃʓ רʂʆʄʇɸʅʀʗʅʓ פʃʊʊʓױ ¶

CRM פʆʃɼɸʅʋ 

ʈʦʟʘ ʄʫʩʘʣʠʝʚʘ, ɸʣʜʘʥʳʰ ʊʫʣʝʧʝʢʦʚʘ, ʊʘʪʴʷʥʘ ɼʨʦʟʜ, ɽʨʞʘʥ ʂʘʨʩʳʙʘʝʚ, ɸʣʠʷ 

ʊʦʭʪʘʤʳʩʦʚʘéééééééééééééééééééééééé...ééé...120-128 
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                    ʂᴆʃɯʂ פɸʈɸʃʓפʉʊɸʅ ʊɽʃɯʄɯʅɼɽɻɯ ɯ ʊʈɸʅʉʂɸʉʇʀʁ ʍɸʃʓפɸɿɸפ ¶

ʄɸʈʐʈʋʊʓ ʄʓʉɸʃʓʅɼɸ ʊɽʄɯʈɾʆʃ ɼᴄʃɯɿɼɽʈɯʅɯר ʊʈɸʅɿʀʊʊɯʂ                  

ɹɸנʓʊʊɸʈʓʅ ʊɸʃɼɸʋ 

ʐʘʤʩʠʛװʣ ʂʦʙʜʠʢʦʚʘ, ɹʝʢʙʦʣ ʈʘʤʘʟʘʥ, ʇʝʨʠʟʘʪ ɸʨʠʤʙʝʢʦʚʘéééééééé..éé129-137 

                       רʂʆʄʇɸʅʀʗʃɸʈɼʓ פʓ ʂᴆʃɯʂ-ʃʆɻʀʉʊʀʂɸʃʓנʉʊɸʅɼɸפɸɿɸפ ¶

ɾױʄʓʉʓʅ ʄʆɼɽʃʔɼɽʋéééééééééééééééééééééé..éé138-146 

ɾʘʥʜʦʩ ʂʝʛʝʥʙʝʢʦʚ, ɸʟʘʪ ɾײʤʘʥʦʚ, ɸʣʠʤʘ ɸʣʠʧʦʚʘ; ɻʫʣʴʯʘʪ ɽʩʞʘʥʦʚʘ 

¶ ɸɺʊʆʂᴆʃɯʂ ʂᴄʉɯʇʆʈʓʅɼɸʈʓʅʓר ʂᴆʃɯʂʊɯʂ-ʃʆɻʀʉʊʀʂɸʃʓפ                           

 ɸʈʋפʓɼɸ ɹɸʉנʈױʊ פʄʓʉʊɸʈʓʅ ʉɸʇɸʃʓױʓɿʄɽʊ ʂᴆʈʉɽʊʋ ɾפ

ʂᴆʈʉɽʊʂɯʐʊɽʈɯʅ ɸʅʓפʊɸʋ 

ɸʩʳʣʙʝʢ ʊʦʡʣʳʙʘʝʚ, ʉʘʢʝʥ ʇʝʨʥʝʙʝʢʦʚ, ɸʷʞʘʥ ᴄʜʽʣʙʝʢ, ʂʘʤʰʘʪ ʂʫʤʝʢ,                          

ɹʘʢʜʘʫʣʝʪ ɸʩʢʝʨééééééééééééééééééééééééééé...é...147-153 

¶ ɸɺʊʆʂᴆʃɯʂʇɽʅ ʊɸʉʓʄɸʃɼɸʋ ʊɯɿɹɽɻɯʅ ɹɸʉפɸʈʋ ɾתʁɽʉɯʅɯר                  

ʊʀɯʄɼɯʃɯɻɯʅ ʄʆɼɽʃʔɼɽʋ 

ɻװʣʜʘʥʘ ʅסײʳʤʘʥʦʚʘééééééééééééééééééééééééé...é...154-165 

¶ ɸɺʊʆʄʆɹʀʃʔɼɽʈɼɯר ɾױʄʓʉʓʅ ɹɸʉפɸʈʋ ɾתʁɽʉɯ ʄʆɼɽʃɯʅɯר                 

ʇɸʈɸʄɽʊʈʃɽʈɯ ʄɽʅ ɹɸʈɸɹɸʈʃʓנʓʅ ɸʅʓפʊɸʋ ᴄɼɯʉʊɽʄɽʉɯ 

ɻװʣʜʘʥʘ ʅסײʳʤʘʥʦʚʘééééééééééééééééééééééééé...é...166-173 

 

ɸɺʊʆʄɸʊʊɸʅɼʓʈʋ, ʊɽʃɽʄɽʍɸʅʀʂɸ, ɹɸʁʃɸʅʓʉ,                                          

ɸפʇɸʈɸʊʊʓפ ɾתʁɽʃɽʈ 

¶ ʕʃɽʂʊʈʆʄɽʍɸʅʀʂɸʃʓפ ʊתʈʃɽʅɼɯʈɻɯʐʊɽʈɼɯת רɼɽʄɽʃɯ                     

ʉʀʇɸʊʊɸʄɸʃɸʈʓʅ ɹɸʉפɸʈʋ תʐɯʅ ɹױʈʓʐʊʓפ ɾʓʃɼɸʄɼʓפʊʓ                       

ᴆʃʐɽʋ ɸʈʅɸʉʓʅ ᴄɿɯʈʃɽʋ 

ɸʡʜʘʥʘ ʂʘʣʘʙʘʝʚʘ, ɺʘʣʴʜʝʤʘʨ ɺʫʡʮʠʢ, ɻʫʣʞʘʥ ʂʘʰʘʛʘʥʦʚʘ,                                                     

ʂװʣʞʘʥ ʊʦʛʞʘʥʦʚʘ, ɾʘʢʩʳʛʫʣ ʉʘʨʳʙʘʝʚʘééééééééééééééé...ééé174-185 

¶ ʅɽʁʈʃɯʂ ɾɽʃɯʃɽʈɼɯ ɼɸʄʓʊʋ ɾᴄʅɽ ɾתʈɻɯɿʋʐɯʅɯר ʂתʁɯʅ                                        

ʊɸʅʋנɸ ʆפʓʊʋ 

ʆʣʴʛʘ ʐʚʝʮ, ɹʘʫʳʨʞʘʥ ʉʤʘʢʘʥʦʚ, ʃʝʚʝʥʪʝ ʂʦʚʘʯ, ɻʴʦʨʛʠ ɻʴʦʨʛéééééé..éé..186-195 

¶ ɸפʇɸʈɸʊʊʓפ-ᴆʃʐɽʋ ɾתʁɽʃɽʈɯʅɯר ʄɽʊʈʆʃʆɻʀʗʃʓפ                     

ʉʀʇɸʊʊɸʄɸʃɸʈʓʅ ɸʃʋ ᴄɼɯʉʊɽʄɽʉɯ ʄɽʅ ױפʈɸʃɼɸʈʓʅ ᴄɿɯʈʃɽʋ 

ɸץʝʨʢʝ ʉʝʡʩʝʥʙʘʝʚʘ, ɸʣʠʷ ʂʘʣʠʞʘʥʦʚʘééééééééééééééééé...éé196-202 

¶ ʇʈʆʊʆʅɼɸʈ תʐɯʅ ʂɸʉʂɸɼʊʓ-ʓפʊʀʄɸʃɼʓפ ʌʋʅʂʎʀʗʃɸʈʓʅ                       

ʄʆɼɽʃʔɼɽʋ 

ʊʘʪʴʷʥʘ ʐʤʳʛʘʣʝʚʘ, ᴄʣʽʰʝʨ ᴄʙʜʽʭʘʥʠʝʚééééééééééééééé...ééé.203-210 

                                רʊɸʋɼʓפʂᴆʐɯʈʄɽʉɯʅ ʉɸ פʊʓפʉɸ רʇʀʗ ɼɽʈɽʂʊɽʈɼɯױפ ¶

ɸפɸʋʃɸʈנɸ ʊᴆɿɯʄɼɯ ɾתʁɽʉɯʅɯר ɾױʄʓʉ ɯʉʊɽʁʊɯʅ ʄʆɼɽʃɯʅɯר                    

 ɸʋɯʇʉɯɿɼɯɻɯʅ ʊɸʃɼɸʋפ

ʆʣʞʘʩ ʊʘʩʤʘʛʘʤʙʝʪʦʚ , ɽʨʞʘʥ ʉʝʡʪʢʫʣʦʚ, ʈʫʩʣʘʥ ʆʩʧʘʥʦʚ, ʉʝʨʽʢ ɾװʟʙʘʝʚ,                              

ɹʘʥʫ ɽʨʛʘʣʠʝʚʘéééééééééééééééééééééééééééé...é.211-222 

¶ ɼɸʋʓʉʊʓפ ɸʋʊɽʅʊʀʌʀʂɸʎʀʗʃʓפ ɾתʁɽʉɯʅ ʄʀʂʈʆʂʆʅʊʈʆʃʃɽʈɼɽ                    

ɾɸʉɸʋ ɾᴄʅɽ ɾɸʉɸʅɼʓ ʀʅʊɽʃʃɽʂʊɽ פʆʈנɸʋ ᴄɼɯʉɯʅ ɾɽʊɯʃɼɯʈʋ 

ʍʫʨʘʣʘʡ ʄʦʣʜʘʤʫʨʘʪ, ʉʘʙʳʨʞʘʥ ɸʪʘʥʦʚ, ʈʦʤʘʥ ʊʘʙʝʨʭʘʥ, ɸʡʜʳʥ ʂʘʥʞʝʢʝʝʚ,                   

ʐʳʥʘʨ ʄʫʩʠʨʘʣʠʝʚʘéééééééééééééééééééééééééé......223-232 

¶ ɹɸʈʃʓפ ɾɽʈɼɽ ʂɽɿɼɽʉɽʊɯʅ ɿɸʊʊɸʈ ʀʅʊɽʈʅɽʊɯ 5G ʅɽɻɯɿɯʅɼɽ ʉʋʓפ                      

ʊɯɿɹɽʂʊɯ ʃʆɻʀʉʊʀʂɸʃʓפ ʀʅʊɽʃʃɽʂʊʋɸʃɼʓ ɾתʁɽʅɯ ױפʈʋ                         

ɹʆʁʓʅʐɸ ɿɽʈʊʊɽʋʃɽʈ 

ʉʝʡʜʫʣʣʘ ɸʙʜʫʣʣʘʝʚ , ɸʟʘʤʘʪ ɸʣʴʧʝʠʩʦʚ, ɾʘʥʝʨʢʝ ʉʝʡʜʘʤʝʪʦʚʘ,                                               

ɸʩʝʣʴ ɸʙʜʫʣʣʘʝʚʘéééééééééééééééééééééééééé...éé233-245 
                             רɸʄʊɸʄɸʉʓɿ ɽʊʋɼɯפ ɸʋɯʇʉɯɿ ɹɸʁʃɸʅʓʉʊʓפ ʃɽʉʊɯʈɯʃɻɽʅת ¶
ɸפʇɸʈɸʊʊʓפ-ʊɽʆʈʀʗʃʓפ ʊᴄʉɯʃɯ 
ʉʳʤʙʘʪ ʉʘʪʳʙʘʣʜʠʝʚʘ, ʉʫʥʛʘʪ ɾʘʥʠʙʘʡ, ʈʘʙʠʛʘ ʉʳʟʜʳʢʦʚʘéééééé..éééé.246-253 
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https://vestnik.alt.edu.kz/index.php/journal/article/view/704
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https://vestnik.alt.edu.kz/index.php/journal/article/view/962
https://vestnik.alt.edu.kz/index.php/journal/article/view/963
https://vestnik.alt.edu.kz/index.php/journal/article/view/963
https://vestnik.alt.edu.kz/index.php/journal/article/view/1070
https://vestnik.alt.edu.kz/index.php/journal/article/view/1070
https://vestnik.alt.edu.kz/index.php/journal/article/view/1070
https://vestnik.alt.edu.kz/index.php/journal/article/view/1016
https://vestnik.alt.edu.kz/index.php/journal/article/view/1016
https://vestnik.alt.edu.kz/index.php/journal/article/view/1028
https://vestnik.alt.edu.kz/index.php/journal/article/view/1028
https://vestnik.alt.edu.kz/index.php/journal/article/view/1032
https://vestnik.alt.edu.kz/index.php/journal/article/view/1032
https://vestnik.alt.edu.kz/index.php/journal/article/view/1034
https://vestnik.alt.edu.kz/index.php/journal/article/view/1034
https://vestnik.alt.edu.kz/index.php/journal/article/view/1034
https://vestnik.alt.edu.kz/index.php/journal/article/view/1040
https://vestnik.alt.edu.kz/index.php/journal/article/view/1040
https://vestnik.alt.edu.kz/index.php/journal/article/view/1061
https://vestnik.alt.edu.kz/index.php/journal/article/view/1061
https://vestnik.alt.edu.kz/index.php/journal/article/view/1061
https://vestnik.alt.edu.kz/index.php/journal/article/view/1063
https://vestnik.alt.edu.kz/index.php/journal/article/view/1063
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¶ ɾʓʃɾʓʄɸʃʓ ɹʆʃɾɸʋ ɸʈɸʃʓנʓʅɼɸנʓ ɹɸʉפɸʈʋ ɾתʁɽʃɽʈɯʅ 
ʆרʊɸʁʃɸʅɼʓʈʋɼʓפ רɸʁʊɸʃɸʅɸʊʓʅ ɸʃɻʆʈʀʊʄɯ 
ɾʘʟʠʨʘ ɼʞʫʣʘʝʚʘ, ɺʘʣʴʜʝʤʘʨ ɺʫʡʮʠʢ, ɻʫʣʞʘʥ ʂʘʰʘʛʘʥʦʚʘ, ʂװʣʞʘʥ ʊʦʛʞʘʥʦʚʘ,              
ʅײʨʞʘʥ ɾײʤʘʭʘʥééééééééééééééééééééééééééé...é.254-262 
¶ ɹɸʉפɸʈʋɼʓר ɹʆʈʊʊʓפ ɾתʁɽʉɯ תʐɯʅ ɼתʈʂɯʅɼɽʊɯʇ ʆפ ɸʊɸʊʓʅ                 
ʈɽɸʂʊʀɺʊɯ ɾתʁɽɻɽ ʐʆʃʋ ɾᴄʅɽ ʊɸʃɼɸʋ 
ʅײʨʩײʣʪʘʥ ɾʝʪʝʥʙʘʝʚ, ɸʨʤʘʥ ʋʟʙʝʢʙʘʝʚ, ɽʨʢʝʙײʣʘʥ ʅײʨסʠʟʘʪ,                                                       
ɸʙʫ-ɸʣʠʤ ɸʷʟʙʘʡ, ʂʫʘʥʳʰ ɸʣʠʧʙʘʝʚéééééééééééééééééé..é...263-273 
¶ ʆɿʆʅɸʊʆʈ פʆʅɼʓʈנʓʉʓʅʓר ʕʃɽʂʊʈ ɾɽʊɽʂʊɽʈɯʅɯר ʂתʁɯʅ                    
 ʈɼɯʉɯʅ ɿɽʈʊʊɽʋת ʓʃɸʋפʊɸʅ ɹɸפɸʐʓפ
ɸʩʢʘʨ ɸʙʜʳʢʘʜʳʨʦʚ, ʉʝʡʜʫʣʣʘ ɸʙʜʫʣʣʘʝʚ, פʫʨʤʘʥʛʘʟʳ ʉʘʨʩʘʥʙʝʢʦʚ ,                                     
ɸʩʝʣʴ ɸʙʜʫʣʣʘʝʚʘ, ʉסשײʘʪ ʄʘʨʢʩײʣʳééééééééééééééééééé..é274-282 
¶ ʀʆʅɼʓפ ʉᴄʋʃɽʃɽʅʋ ʂɽɿɯʅɼɽ ʈɸɼʀɸʎʀʗʃʓפ ɸפɸʋʃɸʈɼʓר                             
ʇɸʁɼɸ ɹʆʃʋ ʇʈʆʎɽʉɯʅ ʄʆɼɽʃʔɼɽʋ 
ʊʘʪɹ̫ ʥʘ ʐʤʳʛʘʣʝʚʘ, ɹʘץʜʘʫʣʝʪ ʊʘסʘʡʙʝʢéééééééééééééééééé....283-292 
                      ʄʆʅʀʊʆʈʀʅɻ ɾᴄʅɽ רʈʓʃʓʉ ʂʆʅʉʊʈʋʂʎʀʗʃɸʈʓʅʓױפ ¶
ɼʀɸɻʅʆʉʊʀʂɸʃɸʋ תʐɯʅ ʊɸʈɸʊʓʃנɸʅ ʊɸʃʐʓפʊʓ-ʆʇʊʀʂɸʃʓפ 
ɼɸʊʏʀʂʊɽʈɼɯר ʆʇʊʀʂɸʃʓפ-ʕʃɽʂʊʈʆʅɼʓפ ɾתʁɽʉɯʅ ʊɽʉʊɯʃɽʋ 
ɸʣʠʷ ʂʘʣʠʞʘʥʦʚʘ, ɸʡʥײʨ ʂʦʟʙʘʢʦʚʘ, ʄʫʨʘʪ ʂʫʥʝʣʙʘʝʚ, ɾʘʣʘʫ ɸʡʪײץʣʦʚ,                            
ʐʳסשʳʩ ʂʝʥʰʠʤʦʚééééééééééééééééééééééééé..éé..293-301 
                              ɸʋנʆʈפ פʗʃʓ ɹɸʁʃɸʅʓʉ ɾɽʃɯʃɽʈIʅɼɽɻɯ ʂʈʀʇʊʆɻʈɸʌʀʗʃʓױ ¶
ɾᴄʅɽ ɸʋʊɽʅʊʀʌʀʂɸʎʀʗ ᴄɼɯʉʊɽʈɯ 
ɼʠʥʘ ʉʘʪʳʙʘʣʜʠʥʘ, ɺʠʢʪʦʨ ʗʢʦʚʣʝʚ, ɹʘʥʫ ɽʨʛʘʣʠʝʚʘ, ʈʫʩʣʘʥ ʆʩʧʘʥʦʚ,                                     
ʉʘʫʣʝ ɸʤʘʥʞʦʣʦʚʘééééééééééééééééééééééééé..é...é302-314 
¶ çʕʃɽʂʊʈʆʅɼʓ ʄױʈʓʅè ʊʀʇʊɯ ɻɸɿ-ɸʅɸʃʀʊʀʂɸʃʓפ                         
ʄʋʃʔʊʀʉɽʅʉʆʈʃʓפ ɾתʁɽʅɯ ױפʈʋ ɾᴄʅɽ ʕʂʆʃʆɻʀʗʃʓפ                        
ʄʆʅʀʊʆʈʀʅɻ ʊɸʇʉʓʈʄɸʃɸʈʓ תʐɯʅ ʆʅʓר ᴆʅɯʄɼɯʃɯɻɯʅ                                  
ɿɽʈʊʊɽʋ 
ɼʠʥʘ ʉʘʪʳʙʘʣʜʠʥʘ, ᴄʣʠʷ ʀʩʘʡʥʦʚʘ, ʆʣʞʘʩ ᴄʣʩʝʡʽʪʦʚ, ʄʘʨʘʪ ɹʘʡʜʝʣʜʠʥʦʚ,                     
ʐʘʭʤʘʨʘʥ ʉʝʠʣʦʚééééééééééééééééééééééééééé...é315-323 
¶ ɸɺʊʆʄɸʊʊʓ ɹɸʉפɸʈʋנɸ ɸʈʅɸʃנɸʅ ʄɸʊɽʄɸʊʀʂɸʃʓפ ʄʆɼɽʃʔ 
ɾʘʟʠʨʘ ɼʞʫʣʘʝʚʘ, ɺʘʣʴʜʝʤʘʨ ɺʫʡʮʠʢ, ɻʫʣʞʘʥ ʂʘʰʘʛʘʥʦʚʘ,                                                    
ʂװʣʞʘʥ ʊʦʛʞʘʥʦʚʘ, ʉʘʢʝʥ ʄʘʤʙʝʪʦʚééééééééééééééééé...ééé324-333 
¶ ɾױʄʉɸפ ɽʉɽʇʊɽʋʃɽʈ ʅɽɻɯɿɯʅɼɽ פʓʈנʓʐ ʂʆʅɺɽʁɽʈ                             
ɾɽʊɽʂʊɽʈɯʅɯר ɾױʄʓʉ ʈɽɾʀʄɼɽʈɯʅ ɹɸʉפɸʈʋ ʄʆɼɽʃɯʅ ᴄɿɯʈʃɽʋ 
ɹʘסʣʘʥ ʀʤʘʥʙʝʢ, ʅײʨʙʦʣʘʪ ʉʘʛʠʜʦʣʣʘéééééééééééééééééé.....é334-342 
¶ ɹʀʊʋʄ ᴆʅɼɯʈʋ ʇʈʆʎɽʉɯʅ ɸɺʊʆʄɸʊʊɸʅɼʓʈʋ 
ɻʫʣʴʩʘʨʘ ʄʘʤʙʝʪʘʣʠʝʚʘ, ɻʫʣʴʤʠʨʘ ɹʠʣʘʰʦʚʘ, ɻʫʣʴʤʠʨʘ ɹʫʣʝʢʙʘʝʚʘ,                                    
ʄʘʨʞʘʥ ʏʘʞʘʙʘʝʚʘ, ɸʤʠʥʘ ɹʫʢʘʝʚʘééééééééééééééééééé.....é343-353 
¶ ʕʃɽʂʊʈʆʂɸʈɼʀʆɻʈɸʄʄɸ ɾᴄʅɽ ʌʆʊʆʇʃɽʊʀʉʄʆɻʈɸʄɸʃʓפ                    
ʉʀɻʅɸʃɼɸʈ ʅɽɻɯɿɯʅɼɽ פɸʅ פʓʉʓʄʓʅʓר ɼɽרɻɽʁɯʅ ɹɸנɸʃɸʋנɸ                      
ɸʈʅɸʃנɸʅ ᴆʃʐɽʋ ױפʈʓʃנʓʅ ᴄɿɯʈʃɽʋ 
ɸʣʝʢʩʝʡ ʉʘʚʦʩʪʠʥ, ɸʣʝʢʩʘʥʜʨ ʃʘʨʛʠʥ, ɻʘʣʠʥʘ ʉʘʚʦʩʪʠʥʘ, ɼʤʠʪʨʠʡ ʈʠʪʪʝʨ,                             
ɸʙʘʡ ʂʦʰʝʢʦʚééééééééééééééééééééééééééééé.....354-362 
¶ 5G ʊɽʍʅʆʃʆɻʀʗʃɸʈʓ תʐɯʅ ɾɸרɸ ʂʆʄʇʆɿʀʊʎʀʗʃʓפ                            
ʄɸʊɽʈʀɸʃɼʓ ʇɸʁɼɸʃɸʅɸ ʆʊʓʈʓʇ, ʐɸנʓʅ ɻɸɹɸʈʀʊʊɯ ʈɸʄɸʃʓפ 
ɸʅʊɽʅʅɸʅʓר  ʂɽʃɯʉʋɯ 
ɹʘʣʘʫʩʘ ʅʘʢʠʩʙʝʢʦʚʘ, ʇʘʚʝʣ ɹʦʡʢʘʯʝʚ, ɸʩʝʣ ɽʨʞʘʥ, ɸʣʴʥʫʨ ʆʤʘʨʙʝʢʦʚʘéééé......363-371 

¶ ʊɸʃʐʓפʊʓ ɹʈʕɻɻ ʊʆʈʃɸʈʓʅ פʆʃɼɸʅʋ ɸʗʉʓ ɾᴄʅɽ ʆʃɸʈɼʓ                  

ʇɸʁɼɸʃɸʅʋ ʄתʄʂɯʅɼɯʂʊɽʈɯ 

ɻʫʣʠʤ ʂʘʜʠʨʙʘʝʚʘ, ʂʘʪʠʧʘ ʏʝʞʠʤʙʘʝʚʘ, ɺʘʣʴʜʝʤʘʨ ɺʫʡʮʠʢ,                                                

ʄʫʭʘʙʙʘʪ ʍʠʟʠʨʦʚʘééééééééééééééééééééééééé...éé.372-380 
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¶ ᴆʈʊʊɯ ɹɸʈʃɸʋ ʄɽʅ ɹɸפʓʃɸʋ ʊɸʇʉʓʈʄɸʃɸʈʓʅ ʆʈʓʅɼɸʋ תʐɯʅ 

ʂɺɸɼʈʆʂʆʇʊɽʈɼɯ ɹɸʉפɸʈʋ ɽʈɽɾɽʃɽʈɯʅ ʉʀʅʊɽɿɼɽʋ 

ɼʘʥʠʷʨ פʘʣʠʝʚ, ʆʣʴʛʘ ʐʚʝʮéééééééééééééééééééééééé..381-389 
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ʉʆɼɽʈɸʅʀɽ 

 

ʊʈɸʅʉʇʆʈʊ, ʊʈɸʅʉʇʆʈʊʅɸʗ ʀʅɾɽʅɽʈʀʗ 

¶ ʈɸʉʏɽʊ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʇʈɽɼɺɸʈʀʊɽʃʔʅʆ ʅɸʇʈʗɾɽʅʅʓʍ                   

ʂʆʅʉʊʈʋʂʎʀʁ ʉ ʋʏɽʊʆʄ ʊʈɽʑʀʅʆʆɹʈɸɿʆɺɸʅʀʗ 

ʀʚʘʥ ɹʦʥʜʘʨʴ, ʅʘʨʟʘʥʢʫʣʴ ʄʘʭʤʝʪʦʚʘ, ʄʠʭʘʠʣ ʂʚʘʰʥʠʥéééééééééé..éé..16-24 

¶ ʉʅʀɾɽʅʀɽ ɺʓɹʈʆʉʆɺ ʆʇɸʉʅʓʍ ɺɽʑɽʉʊɺ ɺ ɸʊʄʆʉʌɽʈʋ ʀɿ ʃɽʅʊ 

ʉʋʃʔʌʀɼʅʓʍ ʈʋɼ 

ʉʘʣʠʘʢʳʥ ʂʘʨʠʧʙʘʝʚ, ʄʘʭʤʝʜʠʷ ɹʠʤʘʛʘʤʙʝʪʦʚ, ɸʡʜʦʩ ʄʦʣʜʘʙʝʢʦʚ,                                      

ʐʦʣʧʘʥ ʂʦʰʘʥʦʚʘ, ɾʘʥʘʨ ɸʟʝʣʭʘʥʦʚʘéééééééééééééééééé...éé.25-33 

¶ ʂ ɺʆʇʈʆʉʋ ɺʅɽɼʈɽʅʀʗ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʃʀʅʀʀ ʄɽʊʈʆ ʉ 

ɹɽʉʇʀʃʆʊʅʓʄʀ ʇʆɽɿɼɸʄʀ 

ɾʘʥʘʪ ʄʫʩʘʝʚ, ʄʫʢʘʥʛʘʣʠ ʊʫʨʢʝʙʘʝʚ, ɸʢʝʨʢʝ ʋʪʝʧʦʚʘ, ɸʢʤʘʨʞʘʥ ʂʘʩʳʤʦʚʘ,                       

ɹʘʫʨʞʘʥ ʂʫʨʤʘʰʝʚééééééééééééééééééééééééééé...é..34-42 

¶ ʆʇʈɽɼɽʃɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʂʋʃɸʏʂʆɺʆɻʆ ʂɸʊʂɸ ɼʃʗ                              

ʈɸɿʈʋʐɽʅʀʗ ʇʆʂʈʓʊʀʁ ɸɺʊʆʄʆ-ɹʀʃʔʅʓʍ ɼʆʈʆɻ 

ʈʫʩʪʝʤ ʂʦʟʙʘʛʘʨʦʚ, ʄʘʭʩʫʪ ɾʠʝʥʢʦʞʘʝʚ , ʂʘʣʤʘʥʙʝʪ ʐʘʣʙʘʝʚ,                                             

ɸʡʛʫʣʴ ɹʘʡʢʝʥʞʝʝʚʘ, ʅʫʨʙʦʣ ʂʘʤʟʘʥʦʚééééééééééééééééé...ééé43-51 

 

ʃʆɻʀʉʊʀʂɸ ʅɸ ʊʈɸʅʉʇʆʈʊɽ, ʆʈɻɸʅʀɿɸʎʀʗ ʇɽʈɽɺʆɿʆʂ 

¶ ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʇʈʆʎɽʉʉɸ ʆʈɻɸʅʀɿɸʎʀʀ                               

ʇʈʀɻʆʈʆɼʅʓʍ ʇɸʉʉɸɾʀʈʉʂʀʍ ʇɽʈɽɺʆɿʆʂ ɺ ɸʃʄɸʊʀʅʉʂʆʄ 

ɾɽʃɽɿʅʆɼʆʈʆɾʅʆʄ ʋɿʃɽ 

ʃʠʣʠʷ ɺʘʭʠʪʦʚʘ, ʆʣʴʛʘ ʂʠʩʝʣʝʚʘ, ɼʘʫʣʝʪ ʆʪʝʛʝʥʦʚ, ʊʠʤʫʨ ʉʘʛʳʤʙʘʝʚééééééé..52-59 

¶ ʇʋʊʀ ʇʆɺʓʐɽʅʀʗ ʊʈɸʅʉʇʆʈʊʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ɸʣʠʷ ʀʟʙʘʠʨʦʚʘ, ɾʘʥʘʨ ɸʣʴʪʘʝʚʘ, ʄʝʡʨʘʤ ʅʫʨʞʘʫʙʘʝʚ, ɼʘʥʘ ᴄʣʠʘʢʙʘʨץʳʟʳéééé..60-70 

¶ ʃʆɻʀʉʊʀʂɸ ʕʂʉʇʃʋɸʊɸʎʀʀ ɻʈʋɿʆɺʓʍ ɸɺʊʆʄʆɹʀʃɽʁ ɺ                           

ʈɽɻʀʆʅɸʍ ʂɸɿɸʍʉʊɸʅɸ 

ɹʝʢʙʦʣ ʈʘʤʘʟʘʥ, ʀʥʜʠʨʘ ʉʘʫʢʝʥʦʚʘ, ʇʝʨʠʟʘʪ ɸʨʠʤʙʝʢʦʚʘééééééééééé...é.71-78 

¶ ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʆʈɻɸʅʀɿɸʎʀʀ ɺʅʋʊʈɽʅʅɽʁ ʊʈɸʅʉʇʆʈʊʅʆʁ                    

ʎɽʇʆʏʂʀ ʂɸɿɸʍʉʊɸʅɸ ʋʅʀʄʆɼɸʃʔʅʓʄ ʄɽʊʆɼʆʄ 

ɹʝʢʙʦʣ ʈʘʤʘʟʘʥ , ʀʥʜʠʨʘ ʉʘʫʢʝʥʦʚʘ, ʄʫʩʣʠʤ ɸʡʢʫʤʙʝʢʦʚéééééééééé..éé79-87 

¶ ʄʅʆɻʆʄɽʈʅʓʁ ʉʊɸʊʀʉʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʊʈɸʅʉʇʆʈʊʅʆʁ                               

ʃʆɻʀʉʊʀʂʀ ɺ ʂɸɿɸʍʉʊɸʅɽ 

ʂʘʡʳʨʞʘʥ ʂʘʟʙʝʢʦʚʘ, ʀʣʭʦʤ ʋʤʘʨʦʚ , ʈʘʫʟʘ ʀʩʤʘʠʣʦʚʘééééééééééé..éé88-96 

¶ ʈɽʀʅɾʀʅʀʈʀʅɻ ʇʈʆʎɽʉʉʆɺ ʂʆʄʄɽʈʏɽʉʂʆʁ ʌʋʅʂʎʀʀ                               

ʂʆʄʇɸʅʀʀ ʂɸʂ ʇʋʊʔ ʂ ʇɽʈɽʍʆɼʋ ʅɸ BLOCKCHAIN ʊɽʍʅʆʃʆɻʀʀ                                

ɺ ʃʆɻʀʉʊʀʂɽ 

ʊʘʪʴʷʥʘ ɼʨʦʟʜ, ʈʦʟʘ ʄʫʩʘʣʠʝʚʘ, ɸʣʜʘʥʳʰ ʊᴇʣʝʧʝʢʦʚʘ, ɽʨʞʘʥ ʂʘʨʩʳʙʘʝʚ,                                

ʄʘʨʘʣ ʀʟʪʝʣʝʫʦʚʘééééééééééééééééééééééééééé...é..97-109 

¶ ʇʆɺʓʐɽʅʀʗ ʇʈʆʇʋʉʂʅʆʁ ʉʇʆʉʆɹʅʆʉʊʀ ɾɽʃɽɿʅʆʁ ɼʆʈʆɻʀ ʉ 

ʇʈʀʄɽʅɽʅʀɽʄ ʄɽʊʆɼʆɺ ʃʆɻʀʉʊʀʂʀ 

ʂʘʣʜʘʨ ɸʣʜʘʥʘʟʘʨʦʚ, ʄʫʩʣʠʤ ɸʡʢʫʤʙʝʢʦʚ, ʄʘʨʘʪ ʐʫʨʝʥʦʚ;                                                  

ɻʫʣʞʘʥ ʂʘʣʘʤʙʘʝʚʘééééééééééééééééééééééééééé....110-119 

¶ ʇʈʀʄɽʅɽʅʀɽ CRM ʊɽʍʅʆʃʆɻʀʀ ɺ ʃʆɻʀʉʊʀʏɽʉʂʆʁ                            

ɼɽʗʊɽʃʔʅʆʉʊʀ ʅɸʎʀʆʅɸʃʔʅʆʁ ʂʆʄʇɸʅʀʀ 

ʈʦʟʘ ʄʫʩʘʣʠʝʚʘ, ɸʣʜʘʥʳʰ ʊʫʣʝʧʝʢʦʚʘ, ʊʘʪʴʷʥʘ ɼʨʦʟʜ, ɽʨʞʘʥ ʂʘʨʩʳʙʘʝʚ,                                  

ɸʣʠʷ ʊʦʢʪʘʤʳʩʦʚʘééééééééééééééééééééééééééé......120-128 
¶ ɸʅɸʃʀɿ ʊʈɸʅɿʀʊʅʓʍ ʅɸʇʈɸɺʃɽʅʀʁ ɾɽʃɽɿʅʆɼʆʈʆɾʅʓʍ                          
ʂʆʈʀɼʆʈʆɺ ʅɸ ʇʈʀʄɽʈɽ ʊʈɸʅʉʂɸʉʇʀʁʉʂʆɻʆ ʄɽɾɼʋʅɸʈʆɼʅʆɻʆ 
ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʄɸʈʐʈʋʊɸ ʅɸ ʂɸɿɸʍʉʊɸʅʉʂʆʄ ʋʏɸʉʊʂɽ 
ʐʘʤʩʠʛʫʣʴ ʂʦʙʜʠʢʦʚʘ, ɹʝʢʙʦʣ ʈʘʤʘʟʘʥ , ʇʝʨʠʟʘʪ ɸʨʠʤʙʝʢʦʚʘééééééé.éé.129-137 
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¶ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɸɹʆʊʓ ʊʈɸʅʉʇʆʈʊʅʆ-ʃʆɻʀʊʀʏɽʉʂʀʍ                          

ʂʆʄʇɸʅʀʁ ɺ ʂɸɿɸʍʉʊɸʅɽ 

ɾʘʥʜʦʩ ʂʝʛʝʥʙʝʢʦʚ, ɸʟʘʪ ɾײʤʘʥʦʚ, ɸʣʠʤʘ ɸʣʠʧʦʚʘ; ɻʫʣʴʯʘʪ ɽʩʞʘʥʦʚʘééé...éé138-146 

¶ ʆʇʈɽɼɽʃɽʅʀɽ ʇʆʂɸɿɸʊɽʃɽʁ ʂɸʏɽʉʊɺɽʅʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ                     

ʊʈɸʅʉʇʆʈʊʅʆ-ʃʆɻʀʉʊʀʏɽʉʂʀʄʀ ʋʉʃʋɻɸʄʀ ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʓʍ 

ʇʈɽɼʇʈʀʗʊʀʁ 

ɸʩʳʣʙʝʢ ʊʦʡʣʳʙʘʝʚ, ʉʘʢʝʥ ʇʝʨʥʝʙʝʢʦʚ, ɸʷʞʘʥ ɸʜʠʣʙʝʢ, ʂʘʤʰʘʪ ʂʫʤʝʢ,                        

ɹʘʢʜʘʫʣʝʪ ɸʩʢʝʨééééééééééééééééééééééééééé...é...147-153 

¶ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ                           

ʎɽʇʗʄʀ ɸɺʊʆʄʆɹʀʃʔʅʓʍ ʇɽʈɽɺʆɿʆʂ 

ɻװʣʜʘʥʘ ʅסײʳʤʘʥʦʚʘééééééééééééééééééééééééééé..154-165 

¶ ʄɽʊʆɼʀʂɸ ʆʇʈɽɼɽʃɽʅʀʗ ʇɸʈɸʄɽʊʈʆɺ ʀ ɸɼɽʂɺɸʊʅʆʉʊʀ ʄʆɼɽʃʀ               

ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʈɸɹʆʊʆʁ ɸɺʊʆʄʆɹʀʃɽʁ 

ɻװʣʜʘʥʘ ʅסײʳʤʘʥʦʚʘéééééééééééééééééééééé...éééé...166-173 

 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ, ʊɽʃɽʄɽʍɸʅʀʂɸ, ʉɺʗɿʔ,                                          

ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʉʀʉʊɽʄʓ 

¶ ʈɸɿʈɸɹʆʊʂɸ ʀɿʄɽʈʀʊɽʃʔʅʆɻʆ ʂɸʅɸʃɸ ʋɻʃʆɺʆʁ ʉʂʆʈʆʉʊʀ                                          

ɼʃʗ ʋʇʈɸɺʃɽʅʀʗ ʈɸɿɻʆʅʅʓʄʀ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʄʀ                       

ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʀʍ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ 

ɸʡʜʘʥʘ ʂʘʣʘʙʘʝʚʘ, ɺʘʣʴʜʝʤʘʨ ɺʫʡʮʠʢ, ɻʫʣʞʘʥ ʂʘʰʘʛʘʥʦʚʘ, ʂװʣʞʘʥ ʊʦʛʞʘʥʦʚʘ,                 

ɾʘʢʩʳʛʫʣ ʉʘʨʳʙʘʝʚʘééééééééééééééééééééééééé...é...174-185 

¶ ʈɸɿʈɸɹʆʊʂɸ ʀ ʆɹʋʏɽʅʀɽ ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ ɼʃʗ ʈɸʉʇʆɿʅɸɺɸʅʀʗ  

ʉʆʉʊʆʗʅʀʗ ɺʆɼʀʊɽʃʗ 

ʆʣʴʛʘ ʐʚʝʮ, ɹʘʫʳʨʞʘʥ ʉʤʘʢʘʥʦʚ, ʃʝʚʝʥʪʝ ʂʦʚʘʯ, ɻʴʦʨʛʠ ɻʴʦʨʛééééééé..é..186-195 

¶ ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʀʂʀ ʀ ʉʈɽɼʉʊɺ ʇʆʃʋʏɽʅʀʗ                              

ʄɽʊʈʆʃʆɻʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʀʅʌʆʈʄɸʎʀʆʅʅʆ -                  

ʀɿʄɽʈʀʊɽʃʔʅʓʍ ʉʀʉʊɽʄ 

ɸץʝʨʢʝ ʉʝʡʩʝʥʙʘʝʚʘ, ɸʣʠʷ ʂʘʣʠʞʘʥʦʚʘéééééééééééééééééé...é196-202 

¶ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂɸʉʂɸɼʅʆ-ɺɽʈʆʗʊʅʆʉʊʅʓʍ ʌʋʅʂʎʀʁ ɼʃʗ                   

ʇʈʆʊʆʅʆɺ 

ʊʘʪʴʷʥʘ ʐʤʳʛʘʣʝʚʘ, ɸʣʠʰʝʨ ɸʙʜʠʭʘʥʠʝʚééééééééééééééééé......203-210 

¶ ɸʅɸʃʀɿ ɹɽɿʆʇɸʉʅʆʉʊʀ ʄʆɼɽʃʀ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ                   

ʆʊʂɸɿʆʋʉʊʆʁʏʀɺʆʁ ʉʀʉʊɽʄʓ ʈɽɿɽʈɺʅʆɻʆ ʍʈɸʅɽʅʀʗ  

ʂʆʅʌʀɼɽʅʎʀɸʃʔʅʓʍ ɼɸʅʅʓʍ 

ʆʣʞʘʩ ʊʘʩʤʘʛʘʤʙʝʪʦʚ , ɽʨʞʘʥ ʉʝʡʪʢʫʣʦʚ, ʈʫʩʣʘʥ ʆʩʧʘʥʦʚ, ʉʝʨʽʢ ɾװʟʙʘʝʚ,                             

ɹʘʥʫ ɽʨʛʘʣʠʝʚʘéééééééééééééééééééééééééééé...é.211-222 

¶ ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ɻʆʃʆʉʆɺʆʁ ɸʋʊɽʅʊʀʌʀʂɸʎʀʀ ʅɸ 

ʄʀʂʈʆʂʆʅʊʈʆʃʃɽʈɽ ʀ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʄɽʊʆɼɸ ɿɸʑʀʊʓ ʅɸ 

ʀʉʂʋʉʉʊɺɽʅʅʆʄ ʀʅʊɽʃʃɽʂʊɽ 

ʍʫʨʘʣʘʡ ʄʦʣʜʘʤʫʨʘʪ, ʉʘʙʳʨʞʘʥ ɸʪʘʥʦʚ, ʈʦʤʘʥ ʊʘʙʝʨʭʘʥ, ɸʡʜʳʥ ʂʘʥʞʝʢʝʝʚ,                   

ʐʳʥʘʨ ʄʫʩʠʨʘʣʠʝʚʘéééééééééééééééééééééééééé......223-232 

¶ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʆ ʇʆʉʊʈʆɽʅʀʖ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʁ ʉʀʉ-ʊɽʄʓ 

ʃʆɻʀʉʊʀʂʀ ʍʆʃʆɼʆɺʆʁ ʎɽʇʀ ʅɸ ʆʉʅʆɺɽ ʇʆɺʉɽʄɽʉʊʅʆɻʆ                   

ʀʅʊɽʈʅɽʊɸ ɺɽʑɽʁ 5G 

ʉʝʡʜʫʣʣʘ ɸʙʜʫʣʣʘʝʚ , ɸʟʘʤʘʪ ɸʣʴʧʝʠʩʦʚ, ɾʘʥʝʨʢʝ ʉʝʡʜʘʤʝʪʦʚʘ,                                 

ɸʩʝʣʴ ɸʙʜʫʣʣʘʝʚʘééééééééééééééééééééééééééé...é233-245 

¶ ʀʅʌʆʈʄɸʎʀʆʅʅʆ-ʊɽʆʈɽʊʀʏɽʉʂʀʁ ʇʆɼʍʆɼ ʂ ʆɹɽʉʇɽʏɽʅʀʖ 

ʈɸʉʇʈɽɼɽʃɽʅʅʆʁ ɿɸʑʀʑɽʅʅʆʁ ʉɺʗɿʀ 

ʉʳʤʙʘʪ ʉʘʪʳʙʘʣʜʠʝʚʘ, ʉʫʥʛʘʪ ɾʘʥʠʙʘʡ, ʈʘʙʠʛʘ ʉʳʟʜʳʢʦʚʘééééééééé..é.246-253 
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¶ ʈɽʂʋʈʈɽʅʊʅʓʁ ɸʃɻʆʈʀʊʄ ʆʇʊʀʄʀɿɸʎʀʀ ʉʀʉʊɽʄ ʋʇʈɸɺʃɽʅʀʗ                        
ʅɸ ʉʂʆʃʔɿʗʑɽʄ ʀʅʊɽʈɺɸʃɽ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ 
ɾʘʟʠʨʘ ɼʞʫʣʘʝʚʘ, ɺʘʣʴʜʝʤʘʨ ɺʫʡʮʠʢ, ɻʫʣʞʘʥ ʂʘʰʘʛʘʥʦʚʘ, ʂװʣʞʘʥ ʊʦʛʞʘʥʦʚʘ,               
ʅײʨʞʘʥ ɾײʤʘʭʘʥééééééééééééééééééééééééééé...é.262-262 
¶ ʆɹɿʆʈ ʀ ɸʅɸʃʀɿ ʈɽɸʂʊʀɺʅʓʍ ʉʀʉʊɽʄ ɿɸʃʇʆɺʆɻʆ ʆɻʅʗ ɼʃʗ                    
ɹʆʈʊʆɺʆʁ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ 
ʅײʨʩײʣʪʘʥ ɾʝʪʝʥʙʘʝʚ, ɸʨʤʘʥ ʋʟʙʝʢʙʘʝʚ, ɽʨʢʝʙײʣʘʥ ʅײʨסʠʟʘʪ,                                                        
ɸʙʫ-ɸʣʠʤ ɸʷʟʙʘʡ, ʂʫʘʥʳʰ ɸʣʠʧʙʘʝʚééééééééééééééééé..éé...263-273 
¶ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ʂʆʅʊʈʆʃʗ                     
ʉʆʉʊʆʗʅʀʗ ʕʃɽʂʊʈʆʇʈʀɺʆɼʆɺ ʆɿʆʅɸʊʆʈʅʆʁ ʋʉʊɸʅʆɺʂʀ 
ɸʩʢʘʨ ɸʙʜʳʢʘʜʳʨʦʚ, ʉʝʡʜʫʣʣʘ ɸʙʜʫʣʣʘʝʚ, פʫʨʤʘʥʛʘʟʳ ʉʘʨʩʘʥʙʝʢʦʚ ,                                        
ɸʩʝʣʴ ɸʙʜʫʣʣʘʝʚʘ, ʉʫʥʛʘʪ ʄʘʨʢʩײʣʳéééééééééééééé..éééééé274-282 
¶ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʈɸɼʀɸʎʀʆʅʅʆɻʆ                      
ɼɽʌɽʂʊʆʆɹʈɸɿʆɺɸʅʀʗ ʇʈʀ ʀʆʅʅʆʄ ʆɹʃʋʏɽʅʀʀ 
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ʈɸʉʇʈɽɼɽʃɽʅʅʓʍ ɺʆʃʆʂʆʅʅʆ-ʆʇʊʀʏɽʉʂʀʍ ɼɸʊʏʀʂʆɺ ɼʃʗ                       
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¶ ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ɼʃʗ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʋʇʈɸɺʃɽʅʀʗ 
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                                                 ,ʘʥʠʙʝʢ ʉʘʥʩʳʟʙʘʡ, ɽʣʝʥʘ ɹʘʭʪʠʷʨʦʚʘ,  ʄʫʩʣʠʤ ɹʘʪʳʨʭʘʥʦʚפ
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ɸɺʊʆʅʆʄʅʓʍ ʈʆɹʆʊʆɺ 
ɸʙʟʘʣ פʳʟʳʨץʘʥʦʚ,  ʉʘʙʳʨʞʘʥ ɸʪʘʥʦʚ,  ʉʘʤʘʪ ʂʘʩʳʤʭʘʥʦʚ, ᴄʣʽʙʝʢ ʆʨʳʥʙʝʢ,                   
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ʕʅɽʈɻɽʊʀʂɸ 
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ʇɸʈɸʄɽʊʈʆɺ ʀɿʆʃʗʎʀʀ ɺ ʉɽʊʗʍ ʉ ʀɿʆʃʀʈʆɺɸʅʅʆʁ ʅɽʁʊʈɸʃʔʖ 
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ʆɹʃʋʏɸʊɽʃɽʁ ɼʃʗ ɺʓʈɸʑʀɺɸʅʀʗ ʊɽʇʃʀʏʅʓʍ ʈɸʉʊɽʅʀʁ 
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ʉʘʥʘʪ ɸʭʤʝʪʦʚ, ɹʘʣʞʘʥ ɹʘʭʪʠʷʨ , ʂʘʤʘʣʭʘʥ ʉʘʢʠʧʦʚéééééééééééé...é.468-476 
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¶ ɺʓɹʆʈ ʂʆʄʇʃɽʂʉʅʆɻʆ ɼɽʁʉʊɺʋʖʑɽɻʆ ʈɸʉʊɺʆʈɸ ʀ                                                              
ʆɹʆʉʅʆɺɸʅʀɽ ɽɻʆ ʋɼɽʃʔʅʆɻʆ ʈɸʉʍʆɼɸ ʅɸ ʋɺʃɸɾʅɽʅʀɽ                          
ɺɿʈʓɺʅʓʍ ʉʋʃʔʌʀɼʅʓʍ ʈʋɼʅʓʍ ʂʆʈʇʋʉʆɺ, ʇʈɽɼʇʆʃɸɻɸɽʄʓʍ 
ʉɸʄʆɺʆɿɻʆʈɸʅʀʗ 
ʂʘʨʣʳʛʘʰ ɾʘʥʜʠʣʴʜʠʥʦʚʘ, ɸʡʜʦʩ ʄʦʣʜʘʙʝʢʦʚ, ʄʘʭʤʝʜʠʷ ɹʠʤʘʛʘʤʙʝʪʦʚ,                            
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ʈɸʉʏɽʊ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʇʈɽɼɺɸʈʀʊɽʃʔʅʆ ʅɸʇʈʗɾɽʅʅʓʍ 

ʂʆʅʉʊʈʋʂʎʀʁ ʉ ʋʏɽʊʆʄ ʊʈɽʑʀʅʆʆɹʈɸɿʆɺɸʅʀʗ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʫʯʝʥʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʅɼʉ) 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʙʘʣʢʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩ 
ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʝʪʦʜʦʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʙʘʟʝ ʚʘʨʠʘʮʠʦʥʥʦʡ 
ʬʦʨʤʫʣʠʨʦʚʢʠ. ɾʝʣʝʟʦʙʝʪʦʥʥʘʷ ʙʘʣʢʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʚʠʜʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʢʦʥʝʯʥʦʛʦ 
ʵʣʝʤʝʥʪʘ, ʧʨʠʯʝʤ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʫʤʤʘʨʥʫʶ ʤʘʪʨʠʮʫ ʞʝʩʪʢʦʩʪʝʡ, ʪ.ʝ. 
ʙʝʪʦʥʘ ʠ ʘʨʤʘʪʫʨʥʳʭ ʩʪʝʨʞʥʝʡ. ɼʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠ 
ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ, ʪ.ʝ. ʰʘʛʦʚʳʡ ʤʝʪʦʜ ʧʨʠʨʘʱʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʘʙʩʦʣʶʪʥʦ 
ʫʩʪʦʡʯʠʚʦʡ ʠʪʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʦʡ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʘʩʯʝʪʥʳʡ 
ʘʣʛʦʨʠʪʤ ʠ ʤʝʪʦʜʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮ ʙʘʣʦʯʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ 
ʫʯʝʪʦʤ ʪʨʝʱʠʥ. ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʘʨʤʘʪʫʨʳ ʟʘʤʝʥʝʥ ʢʘʩʘʪʝʣʴʥʳʤ ʤʦʜʫʣʝʤ ʘʨʤʘʪʫʨʳ ʜʣʷ 
ʪʝʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʪʨʝʱʠʥʳ.  ʄʥʦʛʦʚʘʨʠʘʥʪʥʳʝ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 
ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ  ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʨʦʛʠʙʦʚ ʚ ʩʨʝʜʥʝʤ ʩʝʯʝʥʠʠ ʙʘʣʢʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝʤ ʟʦʥ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʦ ʅɼʉ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 
ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʤʦʤʝʥʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʝʱʠʥ ʚ ʙʝʪʦʥʝ ʠ ʧʦʷʚʣʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ 
ʜʝʬʦʨʤʘʮʠʡ ʚ ʘʨʤʘʪʫʨʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʅɼʉ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴʶ ʠ ʞʝʩʪʢʦʩʪʴʶ 
ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʙʘʣʦʢ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʥʘʛʨʫʞʝʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɾʝʣʝʟʦʙʝʪʦʥ, ʧʨʦʛʠʙ, ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ, ʥʘʧʨʷʞʝʥʠʝ, 
ʜʝʬʦʨʤʘʮʠʷ, ʧʣʘʩʪʠʯʥʦʩʪʴ. 
 

ɺʚʝʜʝʥʠʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʙʘʣʢʠ ʧʨʠʥʷʪ ʞʝʣʝʟʦʙʝʪʦʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʙʝʪʦʥʘ ʠ 
ʘʨʤʘʪʫʨʥʳʭ ʩʪʨʝʞʥʝʡ, ʪ.ʝ. ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ ʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʦʡ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 
ʩʚʦʡʩʪʚʦ ʢ ʪʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ. ɺ ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʫʯʪʝʥʳ 
ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʜʥʘʢʦ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ 
ʧʨʠʚʝʜʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʣʠʥʝʡʥʦ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʙʝʟ ʫʯʝʪʘ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ. 
ʉʦʚʨʝʤʝʥʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ʠʤʝʶʪ ʥʝ ʪʦʣʴʢʦ ʣʠʥʝʡʥʳʝ ʧʣʦʩʢʠʝ 
ʵʣʝʤʝʥʪʳ, ʥʦ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʧʨʠ ʩʣʦʞʥʳʭ 
ʥʘʧʨʷʞʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ɻʠʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ ʥʝʧʨʠʤʝʥʠʤʘ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 
ʵʣʝʤʝʥʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʪ.ʝ. ʪʦʯʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 
ʨʘʩʯʝʪʦʚ ʟʘʚʠʩʷʪ ʦʪ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʦʨʘ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʟʫʣʴʪʘʪʳ 
ʨʘʩʯʝʪʘ ʤʦʛʫʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʘʣʴʥʦʤʫ ʥʘʧʨʷʞʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʵʣʝʤʝʥʪʦʚ 
ʢʦʥʩʪʨʫʢʮʠʡ. ʇʦʵʪʦʤʫ ʨʘʩʯʝʪ ʚʳʧʦʣʥʝʥ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ï ʤʝʪʦʜʘ 
ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), ʫʯʪʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, 
ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʤʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ. ʄʂʕ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʣʝʜʠʪʴ 
ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʅɼʉ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʥʘʛʨʫʞʝʥʠʷ. [1-4] 

ɾʝʣʝʟʦʙʝʪʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩ ʩʦʙʦʡ ʥʝʦʜʥʦʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʧʨʠ 
ʧʦʷʚʣʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʪʨʝʱʠʥ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ. ɿʦʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 
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ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʚ 
ʧʨʝʜʝʣʘʭ ʨʘʟʤʝʨʘ ʢʦʥʝʯʥʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʎʝʣʴ ʨʘʩʯʝʪʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ 
ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʫʞʝʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ 
ʙʘʣʢʠ. [5-7] 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʄʦʜʝʣʴ ʙʝʪʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʡ 
ʥʘ ʫʩʣʦʚʠʷʭ ʧʣʘʩʪʠʯʥʦʩʪʠ ʉʝʥ-ɺʝʥʘʥʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʛʨʘʤʤʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 
ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʢʫʯʝʩʪʠ. ʇʣʘʩʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʯʠʩʪʳʡ ʩʜʚʠʛ, ʘ ʜʝʬʦʨʤʘʮʠʷ 
ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʬʦʨʤʘ ʫʨʘʚʥʝʥʠʡ 
ʪʝʦʨʠʠ ʪʝʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʦʨʠʝʡ, ʙʦʣʝʝ ʧʦʣʥʦ 
ʦʪʨʘʟʠʪʴ ʠʩʪʦʨʠʶ ʥʘʛʨʫʞʝʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯʘʭ, ʪʘʢ ʢʘʢ 
ʠʪʝʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʤʘʣʳʭ ʧʨʠʨʘʱʝʥʠʡ ʥʘʛʨʫʟʦʢ. ʇʨʠʨʘʱʝʥʠʝ ʧʦʣʥʦʡ 
ʜʝʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʫʧʨʫʛʦʡ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʯʘʩʪʝʡ ʚʝʢʪʦʨʘ 
ʜʝʬʦʨʤʘʮʠʠ [1] 

                                       {} {} {},pe ddd eee +=                                                           (1) 

 

ʛʜʝ {} { }
xzyzxyzyx ddddddd gggeeee ,,,,,= ; {}ed e  ʠ {}pd e - ʧʨʠʨʘʱʝʥʠʷ ʫʧʨʫʛʦʡ ʠ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʡ. ʇʨʠʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ 
ʧʨʠʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʠ ʤʘʪʨʠʮʫ ʫʧʨʫʛʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ ɻʫʢʘ 
 

                                           {} [] {}se dDd e

1-
= ,                                                  (2) 

 

ʛʜʝ []D - ʤʘʪʨʠʮʘ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ;  

{} { }
xzyzxyzyx ddddddd tttssss ,,,,,= - ʧʨʠʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ ʘʢʪʠʚʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʜʣʷ ʣʶʙʳʭ ʥʘʧʨʷʞʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʬʫʥʢʮʠʝʡ ʪʝʢʫʯʝʩʪʠ. ʌʫʥʢʮʠʷ ʪʝʢʫʯʝʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 
ʧʝʨʝʭʦʜ ʤʘʪʝʨʠʘʣʘ ʠʟ ʫʧʨʫʛʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʧʣʘʩʪʠʯʝʩʢʦʝ, ʪʦʛʜʘ ʩʦʛʣʘʩʥʦ 
ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʟʘʢʦʥʘ ʪʝʯʝʥʠʷ ʧʨʠʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 
 

                                   {}
{}s

le
µ

µ
=

F
d p ,                                                                (3) 

 

ʪ.ʝ. ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʢʪʦʨʫ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʠ ʪʝʢʫʯʝʩʪʠ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ. ɿʜʝʩʴ ɚ 
ʥʝʢʦʪʦʨʳʡ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʡ ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ ʤʥʦʞʠʪʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʟʥʘʯʝʥʠʝ 
ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʩʦʦʪʥʦʰʝʥʠʝ (3) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʣʘʩʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ 
ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʢʫʯʝʩʪʠ. ʌʫʥʢʮʠʷ ʪʝʢʫʯʝʩʪʠ ʟʘʜʘʝʪʩʷ ʢʨʠʪʝʨʠʝʤ 
ʪʝʢʫʯʝʩʪʠ ʄʠʟʝʩʘ. 

ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʞʝʣʝʟʦʙʝʪʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʦʜʥʦʨʦʜʥʳʤ ʢʦʥʝʯʥʳʤ 
ʵʣʝʤʝʥʪʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʙʝʪʦʥʘ ʠ ʘʨʤʘʪʫʨʥʳʭ ʩʪʝʨʞʥʝʡ. ɾʝʩʪʢʦʩʪʴ ʪʘʢʦʛʦ ʵʣʝʤʝʥʪʘ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʞʝʩʪʢʦʩʪʝʡ ʙʝʪʦʥʘ ʠ ʘʨʤʘʪʫʨʳ, ʠ ʟʘʜʘʝʪʩʷ ʜʣʷ i-ʛʦ ʵʣʝʤʝʥʪʘ ʚ 
ʚʠʜʝ ʩʦʦʪʥʦʰʝʥʠʷ: 
  

[] [ ] [ ] [][ ][] [][ ][]ä ñ ä+=+=
S

SS

T

Sb

T

Sbi HKHdvBDBKKK ,                   (4) 

ʛʜʝ [ ]bD - ʤʘʪʨʠʮʘ ʫʧʨʫʛʠʭ ʧʦʩʪʦʷʥʥʳʭ ʙʝʪʦʥʘ;  

[ ] [][]ñ
-

=

1

1

xadBBAEK
T

SSS
- ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ, SS AE , - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʜʫʣʴ ʖʥʛʘ 

ʠ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ s-ʛʦ ʘʨʤʘʪʫʨʥʦʛʦ ʩʪʝʨʞʥʷ. 
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ʉʫʤʤʠʨʫʷ ʚʳʨʘʞʝʥʠʝ (4) ʧʦ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ 

ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ:  

 

{} []{}qKP = ,                                                              (5) 

 

ʛʜʝ []K - ʛʣʦʙʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ;  

{}q - ʧʝʨʝʤʝʱʝʥʠʷ ʠ {}P - ʩʠʣʳ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʩʠʩʪʝʤʳ. 

ɽʩʣʠ ʫʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʜʦʩʪʠʛʥʫʪʦʛʦ ʫʨʦʚʥʷ 

ʚʝʢʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, ʪʦ ʤʝʞʜʫ ʥʠʤʠ ʩʫʱʝʩʪʚʫʝʪ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, 

ʢʦʪʦʨʘʷ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʩʦʦʪʥʦʰʝʥʠʷ (2). ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʦʜʥʦʟʥʘʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʙʝʨʝʪʩʷ ʥʝʣʠʥʝʡʥʘʷ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʘʷ 

ʤʘʪʨʠʮʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʢʘʩʘʪʝʣʴʥʦʡ ʤʘʪʨʠʮʝʡ, ʩʚʷʟʳʚʘʶʱʝʡ ʧʨʠʨʘʱʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ 

ʠ ʜʝʬʦʨʤʘʮʠʡ: 
 

   { } [ ]{ }bbb dDd es = .                                                (6) 

 

ʊʦʛʜʘ ʦʩʥʦʚʥʦʝ ʨʘʟʨʝʰʘʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʄʂʕ ʜʣʷ i-ʛʦ ʵʣʝʤʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

{ } []{ }
iii qKR D=D .                                                     (7) 

 

ʇʫʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʝ (7) ʧʦ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ ʧʦʣʫʯʠʤ ʦʩʥʦʚʥʦʝ 

ʨʘʟʨʝʰʘʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʄʂʕ ʜʣʷ ʩʠʩʪʝʤʳ ʚ ʧʨʠʨʘʱʝʥʠʷʭ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
 

{ } []{ }qKP i D=D ,                                                        (8) 

 

ʛʜʝ []K - ʢʘʩʘʪʝʣʴʥʘʷ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠ 

ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʩʥʦʚʥʦʤʫ ʨʘʟʨʝʰʘʶʱʝʤʫ ʫʨʘʚʥʝʥʠʶ ʄʂʕ (7) 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʨʠʨʘʱʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʰʘʛʘʤ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʘʙʩʦʣʶʪʥʦ ʫʩʪʦʡʯʠʚʦʡ 

ʩʭʝʤʦʡ ʠʪʝʨʘʮʠʠ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʰʘʛʦʚʦʛʦ ʤʝʪʦʜʘ  
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ʀʟʣʦʞʝʥʥʳʡ ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʝʪʦʜ 

ʢʘʩʘʪʝʣʴʥʳʭ ʞʝʩʪʢʦʩʪʝʡ, ʢʦʪʦʨʳʡ ʨʝʘʣʴʥʦ ʦʪʨʘʞʘʝʪ ʬʠʟʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ ʤʘʪʨʠʮʳ 

ʞʝʩʪʢʦʩʪʠ. ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ 

ʙʘʣʢʠ, ʚʳʧʦʣʥʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʳʭ 

ʟʘʜʘʯ.  

 

ʈʝʟʫʣʴʪʘʪʳ. 

ʈʠʩʫʥʦʢ 2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʨʤʠʨʦʚʘʥʠʝ ʙʘʣʢʠ ʠ ʝʝ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʦʧʳʪʥʳʤʠ ʜʘʥʥʳʤʠ ʥʘ ʙʘʣʢʫ ʧʨʠʣʦʞʝʥʘ ʩʠʤʤʝʪʨʠʯʥʘʷ  ʥʘʛʨʫʟʢʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ, ʧʦ ʩʪʫʧʝʥʷʤ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʧʝʥʝʡ ʨʘʚʥʦ 20) ʚ ʚʠʜʝ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ ʈ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʨʠʣʦʞʝʥʥʦʡ ʥʘ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ. ʈʠʩʫʥʦʢ 3 ʩʦʜʝʨʞʠʪ ʚʝʣʠʯʠʥʳ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʠʣ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʪ.ʝ. ʩʦ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ, ʧʨʠʢʣʘʜʳʚʘʣʠʩʴ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʠʣʳ, ʧʨʠʨʘʱʝʥʠʝ ʢʦʪʦʨʳʭ ʪ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʠʘʣʦʚ ʚʟʷʪʳ ʠʭ ʦʧʳʪʥʳʝ ʟʥʘʯʝʥʠʷ: ʙʝʪʦʥ -  ʄʇʘ,  ʄʇʘ, 

ʄʇʘ, , , , ʘʨʤʘʪʫʨʘ 400=sR  ʄʇʘ, 

ʄʇʘ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʷʤʦʫʛʦʣʴʥʦʝ ʩʝʯʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ 

 

ɼʣʷ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʙʘʣʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ 

ʯʝʪʳʨʝʭʫʟʣʦʚʳʝ ʵʣʝʤʝʥʪʳ ʠ ʦʜʥʦʤʝʨʥʳʝ ʣʠʥʝʡʥʳʝ ʵʣʝʤʝʥʪʳ - ʚʩʪʘʚʢʠ, ʘʜʝʢʚʘʪʥʦ 

ʦʧʠʩʳʚʘʶʱʠʝ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʘʨʤʘʪʫʨʳ (ʨʠʩʫʥʦʢ 3). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ: ʚ ʩʨʝʜʥʠʭ ʩʝʯʝʥʠʷʭ ʙʘʣʢʠ ʚʝʣʠʯʠʥʳ ʧʨʦʛʠʙʦʚ (ʨʠʩʫʥʦʢ 4); 

ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 5). ʕʧʶʨʳ 

ʠʟʤʝʥʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʙʘʣʢʝ ʧʦ ʚʳʩʦʪʝ ʩʝʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. 

ʈʠʩʫʥʢʠ 7-9 ʩʦʜʝʨʞʘʪ ʣʠʥʠʠ ʨʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (ʠʟʦʣʠʥʠʠ) ʥʘ 14 - ʩʪʫʧʝʥʠ ʥʘʛʨʫʞʝʥʠʷ.  

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʙʘʣʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʠʣ 
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         ʈʠʩʫʥʦʢ 4 ï ɼʠʘʛʨʘʤʤʘ ʧʨʦʛʠʙʘ ʚ ʩʨʝʜʥʝʤ ʩʝʯʝʥʠʠ ʙʘʣʢʠ 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ɿʦʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʕʧʶʨʳ ʠʟʤʝʥʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʙʘʣʢʝ ʧʦ ʚʳʩʦʪʝ ʩʝʯʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 7 ï ʀʟʦʣʠʥʠʠ ʥʘʧʨʷʞʝʥʠʡ xs   ʥʘ 14 ʩʪʫʧʝʥʠ ʥʘʛʨʫʞʝʥʠʷ 
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ʈʠʩʫʥʦʢ 8 ï ʀʟʦʣʠʥʠʠ ʥʘʧʨʷʞʝʥʠʡ ys  ʥʘ 14 ʩʪʫʧʝʥʠ ʥʘʛʨʫʞʝʥʠʷ 

 

 
 

ʈʠʩʫʥʦʢ 9 ï ʀʟʦʣʠʥʠʠ ʥʘʧʨʷʞʝʥʠʷ  xys  ʥʘ 14 ʩʪʫʧʝʥʠ ʥʘʛʨʫʞʝʥʠʷ 

 

ʆʙʩʫʞʜʝʥʠʝ. 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠʟʫʯʝʥʦ ʅɼʉ ʚ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʚ ʤʦʤʝʥʪ ʧʦʷʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ ʚ ʙʝʪʦʥʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʥ 

ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ (ʧʣʘʩʪʠʯʝʩʢʠʭ) ʚ ʘʨʤʘʪʫʨʝ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʤʝʪʦʜʝ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʧʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝ ʩʝʢʫʱʝʡ, ʘ ʢʘʩʘʪʝʣʴʥʦʡ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ, ʪ.ʝ. ʧʝʨʝʤʝʥʥʦʡ ʤʘʪʨʠʮʳ 

ʞʝʩʪʢʦʩʪʠ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʫʶ 

ʥʝʚʷʟʢʫ ʩʠʣ.  ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʥʘʯʘʣʝ ʰʘʛʘ ʥʘʛʨʫʞʝʥʠʷ ʩʪʨʦʠʪʩʷ 

ʨʝʰʝʥʠʝ ʧʦ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʠ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ. 

ʇʝʨʝʤʝʥʥʘʷ ʯʘʩʪʴ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʜʦʩʪʠʛʥʫʪʦʛʦ ʫʨʦʚʥʷ ʅɼʉ ʚ 

ʢʦʥʮʝ ʰʘʛʘ. ɿʘʪʝʤ ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ ʠʪʝʨʘʮʠʠ, 

ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʧʝʨʝʤʝʥʥʫʶ ʯʘʩʪʴ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʠ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʝʢʪʦʨʘ 

ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʡ ʥʝʚʷʟʢʠ ʩʠʣ, ʪ.ʝ. ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. 

ɺ ʩʣʫʯʘʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʥ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠʣʠ ʧʦʷʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʪʨʝʱʠʥ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʠʡ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʦʡ ʜʠʘʛʨʘʤʤʳ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʦʚʝʨʷʝʪʩʷ ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ 

ʩʠʣ, ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʝ ʵʪʠʭ ʩʠʣ [1,8-10]. 

ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʚʳʧʦʣʥʠʪʩʷ ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ 

ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʩʠʣ, ʘ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʦʤʫ ʤʦʤʝʥʪʫ, ʷʚʣʷʶʪʩʷ 

ʠʩʪʠʥʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʨʝʘʣʴʥʦʝ ʅɼʉ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʙʘʣʢʠ. 

ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʠ ʚʳʯʠʩʣʝʥʠʷ ʤʘʪʨʠʮʳ ʢʘʩʘʪʝʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ 

ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʝʱʠʥ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥ ʢʘʩʘʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʜʣʷ ʘʨʤʘʪʫʨʳ ʚʤʝʩʪʦ ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʪʝʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʪʨʝʱʠʥʳ. ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʜʘʥʥʳʤʠ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʚʳʝ 

ʥʦʨʤʘʣʴʥʳʝ ʪʨʝʱʠʥʳ ʧʦʷʚʣʷʶʪʩʷ ʚ ʨʘʩʪʷʥʫʪʦʡ ʟʦʥʝ. 
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ʅʘ ʦʩʥʦʚʝ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʪʨʝʱʠʥʳ 

ʧʦʷʚʣʷʶʪʩʷ ʧʦʜ ʫʛʣʦʤ ʢ ʘʨʤʘʪʫʨʥʳʤ ʩʪʝʨʞʥʷʤ ʚ ʩʣʫʯʘʝ ʩʣʦʞʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʪʘʢ ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʝ ʘʨʤʠʨʦʚʘʥʠʷ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʙʝʪʦʥʝ. ʄʥʦʛʦʚʘʨʠʘʥʪʥʳʝ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʜʘʝʪ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʫʶ 

ʦʮʝʥʢʫ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʙʘʣʦʢ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ 

ʥʘʛʨʫʞʝʥʠʷ. ʉʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʄʂʕ ʠ ʉʅʠʇ, ʚ ʧʨʝʜʝʣʘʭ 

ʜʦʧʫʩʪʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ.   

 

ɿʘʢʣʶʯʝʥʠʝ. 

ʀʟ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʵʧʶʨ ʥʘʧʨʷʞʝʥʠʡ ʚʠʜʥʦ ʩʦʙʣʶʜʝʥʠʝ ʛʠʧʦʪʝʟʳ 

ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʙʣʠʞʝʥʠʝ ʬʦʨʤʳ ʵʧʶʨʳ ʠʟʤʝʥʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʙʘʣʢʝ ʧʦ ʚʳʩʦʪʝ ʩʝʯʝʥʠʷ ʢ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʦʨʤʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʨʦʩʪʦʤ 

ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʚʳʩʦʪʘ ʩʞʘʪʦʡ ʦʙʣʘʩʪʠ ʚ ʙʝʪʦʥʝ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʄʂʕ, ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʚʳʝ 

ʪʨʝʱʠʥʳ ʚʦʟʥʠʢʣʠ ʧʨʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʝ1=P ʪ ʠ  ʫʨʦʚʥʝ ʥʘʧʨʷʞʝʥʠʠ  8.8=xs ʄʇʘ 

(ʥʘ 3 ʩʪʫʧʝʥʠ ʥʘʛʨʫʞʝʥʠʷ). ʇʨʠ ʚʝʣʠʯʠʥʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ 5.6=P ʪ (ʥʘ 14 ʩʪʫʧʝʥʠ 

ʥʘʛʨʫʞʝʥʠʷ) ʧʨʦʠʟʦʰʣʦ ʨʘʟʨʫʰʝʥʠʝ ʙʘʣʢʠ. ɺ ʩʞʘʪʦʡ ʦʙʣʘʩʪʠ ʚ ʤʦʤʝʥʪ ʨʘʟʨʫʰʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʝ ʜʦʩʪʠʛʣʦ ʟʥʘʯʝʥʠʷ 1.43=xs ʄʇʘ, ʘ ʧʨʦʛʠʙ ʩʦʩʪʘʚʠʣ 13 ʤʤ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʜʦʧʫʩʪʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʩʭʦʜʷʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʠ ʥʦʨʤʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ɽʚʨʦʢʦʜʝ [4]. 
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ɾɸʈʓפʊʓר ʇɸʁɼɸ ɹʆʃʋʓʅ ɽʉʂɽʈɽ ʆʊʓʈʓʇ, ɸʃɼʓʅ ɸʃɸ ʂɽʈʅɽʃɻɽʅ 

ʊɽʄɯʈɹɽʊʆʅ ʂʆʅʉʊʈʋʂʎʀʗʃɸʈʓʅ ɽʉɽʇʊɽʋ 

 

ɸשʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ɺʘʨʠʘʮʠʷʣʳץ ʪײʞʳʨʳʤʜʘʫ ʥʝʛʽʟʽʥʜʝ ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʽʢ ʪʘʣʜʘʫ 

ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʪʽʢʙײʨʳʰʪʳ ץʠʤʘʥʳש ʘʣʜʳʥ-ʘʣʘ ʢʝʨʥʝʣʛʝʥ ʪʝʤʽʨʙʝʪʦʥ 

ʙʽʣʝʫʽʥʽש ʢʝʨʥʝʫʣʽ-ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽ (ʂɼʂ) ʟʝʨʪʪʝʣʛʝʥ. ʊʝʤʽʨʙʝʪʦʥ ʙʽʣʝʫʽ ʙʽʨʪʝʢʪʽ 

ʝʤʝʩ ʰʝʢʪʽ ʵʣʝʤʝʥʪ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ, ʘʣ ץʘʪʪʳʣʳץ ʤʘʪʨʠʮʘʩʳ ʨʝʪʽʥʜʝ ץʘʪʪʳʣʳץʪʳש 

 ʰʽʥװ ɽʩʝʧʪʝʫ .שʩʪʝʨʞʽʥʜʝʨʜʽ ץʥʠ ʙʝʪʦʥ ʞᴅʥʝ ʘʨʤʘʪʫʨʘʣʳסʦʩʳʥʜʳ ʤʘʪʨʠʮʘʩʳ ʘʣʳʥʘʜʳ, ʷץ

ʬʠʟʠʢʘʣʳץ ʩʳʟʳץʪʳץ ʝʤʝʩ ʝʩʝʧʪʝʨʜʽ ʰʝʰʫ ᴅʜʽʩʽ, ʷסʥʠ ʅʴʶʪʦʥ-ʈʘʬʩʦʥʥʳש ʘʙʩʦʣʶʪʪʽ 

ʪײʨʘץʪʳ ʠʪʝʨʘʮʠʷʣʳץ ʩʭʝʤʘʩʳʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʞװʢʪʝʤʝʥʽש ᴇʩʽʤʰʝ ץʘʜʘʤʜʳץ ᴅʜʽʩʽ 

 ʤʘʪʨʠʮʘʣʘʨʳʥ שʪʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʙʽʣʝʫ ʪʝʤʽʨʙʝʪʦʥ ʵʣʝʤʝʥʪʽʥʽץʦʣʜʘʥʳʣʘʜʳ. ɾʘʨʳץ

 שʘʥ. ɸʨʤʘʪʫʨʘʥʳסʞʳʨʳʤʜʘʣײʝʩʝʧʪʝʫ ʘʣʛʦʨʠʪʤʽ ʤʝʥ ᴅʜʽʩʪʝʤʝʩʽ ʪ שʘʣʳʧʪʘʩʪʳʨʫʜʳץ

ʩʝʨʧʽʤʜʽʣʽʢ ʤʦʜʫʣʽ ʞʘʨʳץʪʘʨʳ ʙʘʨ ʵʣʝʤʝʥʪʪʝʨ װʰʽʥ ʞʘʥʘʤʘ ʘʨʤʘʪʫʨʘ ʤʦʜʫʣʽʤʝʥ 

ʘʫʳʩʪʳʨʳʣʘʜʳ. ʂᴇʧ ʚʘʨʠʘʥʪʪʳ ʩʘʥʜʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʙʽʣʝʫʜʽש ʦʨʪʘסשʳ ʙᴇʣʽʛʽʥʜʝʛʽ 

ʘʫʳʪץʫʣʘʨʜʳ ʘʥʳץʪʘʫʤʝʥ, ʩʦʥʜʘʡ-ʘץ ʞʘʨʳץʪʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʞᴅʥʝ ʜʘʤʫ ʘʡʤʘץʪʘʨʳʥ 

ʟʝʨʪʪʝʫʤʝʥ ץʘʪʘʨ ʞװʨʜʽ. ɹʝʪʦʥʜʘסʳ ʞʘʨʳץʪʘʨ ʞᴅʥʝ ʘʨʤʘʪʫʨʘʜʘ ʧʣʘʩʪʠʢʘʣʳץ 

ʜʝʬʦʨʤʘʮʠʷʣʘʨ ʧʘʡʜʘ ʙʦʣסʘʥ ʢʝʟʜʝ ʪʝʤʽʨʙʝʪʦʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʳש ʢʝʨʥʝʫʣʽ 

ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽ ʞʦʙʘʣʘʫ ʢʝʟʝשʽʥʜʝ ʟʝʨʪʪʝʣʜʽ. ɸʣʳʥסʘʥ ʂɼʂ ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʫ 

 ʘץץʞʘʨʳ שʪʘʨʳʥʳץʘʣʳץʜʝʨʽʥʜʝ ʪʝʤʽʨʙʝʪʦʥ ʘʨשʢʝʟʝ ץʙʘʨʣʳ שʢʪʝʤʝʥʽװʘʥ ᴅʜʽʩ ʞסʩʳʥʳʣײ

ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ ץʘʪʪʳʣʳסʳʥ ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 
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CALCULATION OF REINFORCED CONCRETE PRESTRESSED STRUCTURES 

WITH REGA RD TO CRACKING  

 

Abstract. The paper studies the stress-strain state (STS) of a prestressed reinforced 

concrete beam of rectangular cross-section using the methods of finite element analysis based on 

the variational formulation. The reinforced concrete beam is considered as an inhomogeneous 

finite element, and the stiffness matrix represents the total matrix of stiffnesses, that is, of the 

concrete and reinforcement bars. The method of solving physically nonlinear problems, that is 

the stepwise method of incremental loading in combination with the absolutely stable Newton-

Raphson iteration scheme, is used for the calculation. A computational algorithm and a method 

for forming matrices of a beam reinforced concrete element with allowance for cracks have been 

formulated. The modulus of elasticity of reinforcement has been replaced by the tangential 

modulus of reinforcement for those elements that have cracks. Multivariate numerical 

experiments were accompanied by determining the deflections in the average cross section of the 

beam, as well as studying the zones of formation and development of cracks. The stress-strain 

state of reinforced concrete structures at the moment of cracking in concrete and appearance of 

plastic deformations in the reinforcement at the design stage was studied. Analysis of the 

obtained results of the deflected mode shows that the proposed method makes it possible to trace 

the crack resistance and stiffness of reinforced concrete beams at all stages of loading. 

 

Keywords. Reinforced concrete, deflection, cracking, stress, deformation, plasticity. 
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ᴆɿɼɯɻɯʅɽʅ ɾɸʅʋנɸ ɹɽʁɯʄ ʉʋʃʔʌʀɼʊɯ ʂɽʅɼɽʈɼɯת רʁɯʅɼɯʃɽʈɯʅɽʅ 

ɸʊʄʆʉʌɽʈɸנɸ ʊɸʈɸʃɸʊʓʅ ɿʀʗʅɼʓ ɿɸʊʊɸʈɼʓ ɸɿɸʁʊʋ 

 

ɸʥʜʘʪʧʘ. ɽʣʽʤʽʟʜʽש ʪʘʙʠסʠ ʨʝʩʫʨʩʪʘʨסʘ, ʦʥʳש ʽʰʽʥʜʝ ʪװʩʪʽ ʤʝʪʘʣʜʘʨסʘ ʙʘʡ ʝʢʝʥʽ 

ʨʝʩʤʠ ʜʝʨʝʢʪʝʨʜʝʥ ʙʝʣʛʽʣʽ. ʂʝʡʙʽʨ ʢʝʥ ʦʨʳʥʜʘʨʳ ץʫʘʪʪʳ ʪʘʫ-ʢʝʥ ʞʘʙʜʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʘ 

ʦʪʳʨʳʧ, ʘʰʳץ ᴅʜʽʩʧʝʥ ʠʛʝʨʽʣʝʜʽ. 

ʄײʥʜʘʡ ʞʘסʜʘʡʣʘʨʜʘ ʰʘשʥʳש ʝץ שʘʨץʳʥʜʳ ʙᴇʣʽʥʫʽ ʞʘʨʳʣסʘʥ ʪʘʫ ʤʘʩʩʘʩʳʥ 

ʵʢʩʢʘʚʘʪʦʨʤʝʥ ʪʠʝʫ ʢʝʟʽʥʜʝ ʙʦʣʘʜʳ. ɹײʣ ʧʨʦʮʝʩʩ ʢʝʟʽʥʜʝ ʰʘשʥʳש ʰʳסʫʳʥ ʘʟʘʡʪʫ װʰʽʥ ʩʫ 

ʥʝʤʝʩʝ ᴅʨʪװʨʣʽ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨʜʳש ʩʫʣʳ ʝʨʽʪʽʥʜʽʣʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ. ʇʦʣʠʤʝʪʘʣʣ 

ʢʘʨʴʝʨʣʝʨʽʥʜʝ ʞײʤʳʩ ʧʨʦʮʝʩʽʥʜʝ ʙᴇʣʽʥʽʧ ʰʳסʘʪʳʥ  ʰʘשʥʳײץ שʨʘʤʳʥʜʘ ʙʦʩ ʢʨʝʤʥʝʟʝʤʥʽש 

ʞʦסʘʨʳ ʜʝשʛʝʡʽ ʙʦʣʫʳ ʤװʤʢʽʥ, ʙײʣ ʘʜʘʤ ʜʝʥʩʘʫʣʳסʳʥʘ װʣʢʝʥ ץʘʫʽʧ ʪᴇʥʜʽʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩʫʣʴʬʠʜʪʽ ʢʝʥʜʝʨʜʽ ʠʛʝʨʫ ʢʝʟʽʥʜʝ ʞʘʨʳʣסʘʥ װʡʽʥʜʽʜʝ ᴇʟʜʽʛʽʥʝʥ ץʳʟʫ 

ʧʨʦʮʝʩʽ ʞʠʽ ʙʘʡץʘʣʘʜʳ, ʦʣ ᴇʟʜʽʛʽʥʝʥ ʞʘʥʫסʘ ʘʡʥʘʣʫʳ ʤװʤʢʽʥ. ɹײʣ ʢʝʥʥʽש ʧʘʡʜʘʣʳ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʞʦסʘʣʫʳʥʘ, ʙʘʡʳʪʫ  ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש  ʥʘʰʘʨʣʘʫʳʥʘ, ʵʢʦʣʦʛʠʷʣʳץ ʞᴅʥʝ 

ʵʢʦʥʦʤʠʢʘʣʳץ ʟʠʷʥסʘ ᴅʢʝʣʝʜʽ. ʄײʥʜʘʡ ʞʘסʜʘʡʣʘʨʜʘ  ʰʘשʜʳ ʙʘʩʫ װʰʽʥ ʪʘʟʘ ʩʫʜʳ 

ʧʘʡʜʘʣʘʥʫ ʩʫʣʴʬʠʜʪʽ ʢʝʥʜʝʨʜʽש ʪʦʪʳסʫ ʧʨʦʮʝʩʽʥ ʦʜʘʥ ᴅʨʽ ʢװʰʝʡʪʫʽ ʳץʪʠʤʘʣ. 

ʓʣסʘʣʜʘʥʜʳʨʫ װʰʽʥ ʪʦʪʳסʫסʘ ץʘʨʩʳ ץʘʩʠʝʪʪʝʨʽ ʙʘʨ ʢװʨʜʝʣʽ ᴅʨʝʢʝʪʪʽ ʝʨʽʪʽʥʜʽʣʝʨʜʽ 

ʧʘʡʜʘʣʘʥʫ ʢʝʨʝʢ. ʂʝʥʥʽש ʪʦʪʳסʫ ץʘʨץʳʥʜʳʣʳסʳ ʞʘʨʳʣסʘʥ  ʢʝʥ װʡʽʥʜʽʩʽʥʽש 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʨʝʞʠʤʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ɹײʜʘʥ ʰʳסʘʪʳʥʳ, ʰʘשʜʳ ʙʘʩʫסʘ ʪʘשʜʘʧ ʘʣʳʥסʘʥ 

ʢʝʰʝʥʜʽ ᴅʨʝʢʝʪʪʽ ʝʨʽʪʽʥʜʽʥʽש  ʪʦʪʳסʫ ץʘʨץʳʥʜʳʣʳסʳʥʘ ᴅʩʝʨ ʝʪʫ ʩʠʧʘʪʳʥ  

ʳʣסʘʥʜʘʥʜʳʨʳʣסʘʥ ʢʝʥ װʡʽʥʜʽʩʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ᴇʟʛʝʨʫʽʥʝʥ ʙʘסʘʣʘʫסʘ ʙʦʣʘʜʳ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʜʽʛʽʥʝʥ ʞʘʥʫסʘ ʙʝʡʽʤ ʩʫʣʴʬʠʜʪʽ ʢʝʥ װʡʽʥʜʽʩʽʥʽש ʞʳʣʫ ʙʘʣʘʥʩʳʥʳש 

ʪʝשʜʝʫʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ɾʳʣʫ ʪʝשʜʝʫʽʥʽש ʰʝʢʘʨʘʣʳץ ʝʩʝʙʽʥʽש ʰʝʰʽʤʽ ʘʣʳʥסʘʥ. ɾʘʨʳʣסʘʥ 

ʢʝʥ װʡʽʥʜʽʩʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʨʝʞʠʤʽʥʜʝ ʞʳʣʫ ʢᴇʟʜʝʨʽʥʽש ʪʳסʳʟʜʳסʳ ʤʘשʳʟʜʳ ʨᴇʣ 

ʘʪץʘʨʘʪʳʥʳ ʘʥʳץʪʘʣסʘʥ. ʆʥʳש ʤᴅʥʽ ʥʝʛʽʟʽʥʝʥ ʞʘʨʳʣסʘʥ װʡʽʥʜʽʥʽ  ײץʨʘʡʪʳʥ ʞʝʢʝ ʢʝʥ 

ʬʨʘʢʮʠʷʣʘʨʳʥʳש ʦʪʪʝʛʽʥʽ ʩʦʨʫ ʞʳʣʜʘʤʜʳסʳʥʳש ʢʦʥʩʪʘʥʪʘʣʘʨʳʥʳץ  ( ) שʦʩʳʥʜʳʩʳʤʝʥ 

ʘʥʳץʪʘʣʘʪʳʥʳ ʘʡץʳʥʜʘʣסʘʥ. ʂʝʫʝʢʪʽ ʩʦʨʙʝʥʪ ʪװʡʽʨʰʽʢʪʝʨʽʥʜʝ ʫʘץʳʪ ʙʦʡʳʥʰʘ ʦʪʪʝʛʽ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ᴇʟʛʝʨʫ ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʜʠʬʬʫʟʠʷ ʘʨץʳʣʳ ʢʝʫʝʢʪʝʨʛʝ ʦʪʪʝʛʽʥʽש 

ʪװʩʫʽ ʤʝʥ ʦʥʳש ʦʩʳ ʢʝʫʝʢʪʝʨʜʝʥ ʩʽשʽʨʽʣʫʽ ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץ ʨʝʪʽʥʜʝ ʘʥʳץʪʘʣסʘʥ 

ʰʘʤʘ ʘʨʘʩʳʥʜʘ ʪʝʧʝ-ʪʝשʜʽʢ ʙʘʨ ʜʝʧ ʙʦʣʞʘʥסʘʥ. ʄײʥʜʘʡ ʪʝʧʝ-ʪʝשʜʽʢ ʪʝשʜʝʫʽʥʽש ʰʝʢʘʨʘʣʳץ 

ʰʘʨʪʪʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʘʣʳʥסʘʥ ʰʝʰʽʤʽ ʙʝʨʽʣʛʝʥ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ᴆʟʜʽʛʽʥʝʥ ʞʘʥʫ,ʦʪʪʝʛʽʥʽש ʩʦʨʳʣʫ ʞʳʣʜʘʤʜʳסʳʥʳש ʪײʨʘץʪʳʩʳ, 

ʞʳʣʫ ʢᴇʟʜʝʨʽʥʽש ʪʳסʳʟʜʳסʳ, ʜʠʬʬʫʟʠʷ. 

 

ʂʽʨʽʩʧʝ. 

ʂʝʥʜʝʨʜʽש ʭʠʤʠʷʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽ ʦʪʪʝʛʽʥʽ ʩʽשʽʨʫ ʞʳʣʜʘʤʜʳסʳʤʝʥ ʙʘסʘʣʘʥʘʜʳ. 

ᴄʨʪװʨʣʽ ʟʘʪʪʘʨʜʳש ʝʨʽʪʽʥʜʽʣʝʨʽʤʝʥ ʳʣסʘʥʜʳʨʳʣסʘʥ ʢʝʥʥʽש ʭʠʤʠʷʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ 

ʘʥʳץʪʘʫ ʢʝʟʽʥʜʝ ʤʳʥʘʣʘʨʜʳ ʝʩʢʝʨʫ ץʘʞʝʪ. 

ᴆʟʜʽʛʽʥʝʥ ʞʘʥʫ ʦʨʳʥ ʘʣʘʪʳʥ ʪʘʙʠסʠ ʞʘסʜʘʡʣʘʨסʘ ʩʳʥʘץ ʞװʨʛʽʟʽʣʝʪʽʥ ʞʘסʜʘʡʣʘʨ 

ʥʝײסʨʣʳʤ ʞʘץʳʥ ʙʦʣʩʘ, ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʜᴅʣʽʨʝʢ ʙʦʣʘʜʳ. 
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ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨסʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ,  ᴇʟʜʽʛʽʥʝʥ ץʳʟʘʪʳʥ ʤʘʪʝʨʠʘʣʜʳש 

ʞʠʥʘץʪʘʫʳʥʜʘסʳ ʢᴇʣʝʤ ʙʽʨʣʽʛʽ װʰʽʥ ʞʳʣʫ ʙʘʣʘʥʩʳʥʳש ʪʝשʜʝʫʽ ʰʝʰʽʣʜʽ ʞᴅʥʝ ᴅʨʪװʨʣʽ 

ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʦסʘʥ ʪʠʛʽʟʝʪʽʥ ᴅʩʝʨʽ ʘʥʳץʪʘʣʜʳ.  

ᴆʟʜʽʛʽʥʝʥ ץʳʟʘʪʳʥ ʤʘʪʝʨʠʘʣʜʳש ʞʠʥʘץʪʘʫʳʥʜʘסʳ ʢᴇʣʝʤ ʙʽʨʣʽʛʽ װʰʽʥ ʞʳʣʫ 

ʙʘʣʘʥʩʳʥʳש ʪʝשʜʝʫʽ ʢʝʣʝʩʽ ʪװʨʜʝ ʘʥʳץʪʘʣʘʜʳ [1,2]: 
 

Q CU ʤg= Cʤ ʤg
tµ

µT
+ ʚC 1gɹ

ʫ

T

µ

µ
+ ʤl T2Ð + F(n),                                                             (1) 

 

ʤײʥʜʘסʳ :QCU ʤg - ʪʦʪʳסʫ ʘʨץʳʣʳ ʞʳʣʫʜʳש ʪװʟʽʣʫʽ, ɼʞ/(ʤ3.ʩ) ; 

Q- ʦʪʪʝʛʽ ʩʦʨʙʮʠʷʩʳʥʳש ʤʝʥʰʽʢʪʽ ʞʳʣʫʳ, ɼʞ/ʤ3 ; 

ȉ ï ʦʪʪʝʛʽʥʽש ʩʦʨʙʮʠʷ ʞʳʣʜʘʤʜʳסʳʥʳש ʪײʨʘץʪʳʩʳʥʳש ʦʨʪʘʰʘ ʤᴅʥʽ, ʤ3/(ʢʛ.ʩ); 

ʉ- װʡʽʥʜʽʜʝʛʽ ʦʪʪʝʛʽʥʽש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, ʙʽʨʣʽʢ ʙᴇʣʰʝʢʪʝʨʽ; 

ɔʤ - ʤʘʪʝʨʠʘʣʜʳש ʢᴇʣʝʤʜʽʢ ʪʳסʳʟʜʳסʳ ,ʢʛ/ʤ3;   

Cʤ 
t

l
µ

µT
ʤ - ʤʘʪʝʨʠʘʣ ʢᴇʣʝʤʽʥʽש ʙʽʨʣʽʛʽʥ ץʳʟʜʳʨʫסʘ ʢʝʪʝʪʽʥ ʞʳʣʫ; 

Cʤ- ʤʘʪʝʨʠʘʣʜʳש ʞʳʣʫ ʩʳʡʳʤʜʳʣʳסʳ, ɼʞ/(ʢʛ.ʂ); 
tµ

µT
- ʤʘʪʝʨʠʘʣʜʳש ʞʳʣʳʥʫ 

ʞʳʣʜʘʤʜʳסʳ,ʂ/ʩ; 

ʚC 1gB=
ʫ

T

µ

µ
 ;ʤʩʘʣʘʪʳʥ ʞʳʣʫײʘ ʞסʳʣʳ ᴇʪʝʪʽʥ ʘʫʘʥʳ ʞʳʣʳʪʫץʡʽʥʜʽ ʘʨװ     -

ʚC -  ʘʫʘʥʳש ʞʳʣʫ ʩʳʡʳʤʜʳʣʳסʳ, ɼʞ/(ʢʛ.ʂ);        

1g- ʘʫʘʥʳש  ʪʳסʳʟʜʳסʳ, ʢʛ/ʤʟ; 

B- װʡʽʥʜʽʜʝʛʽ ʘʫʘ ʘסʳʥʳʥʳש ʞʳʣʜʘʤʜʳסʳ,ʤ/ʩ; 

 
ʫ

T

µ

µ
-  ʘʫʘ ʘסʳʥʳʥʳש ʙʦʡʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʘʜʠʝʥʪʽ,ʂ/ʤ; 

ʤl T2Ð -      ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʘʨץʳʣʳ ʞʳʣʫ ʙʝʨʫ ; 

ʤl - ʤʘʪʝʨʠʘʣʜʳש ʤʝʥʰʽʢʪʽ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ  , ɼʞ/(ʤ.ʩ.ʂ); 

T2Ð -     x, y, z  ʢʦʦʨʜʠʥʘʪʘʣʘʨʳʥʘ ץʘʪʳʩʪʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʝʢʽʥʰʽ ʪʫʳʥʜʳʣʘʨʳʥʳש 

 ;ʦʩʳʥʜʳʩʳ, ʂ/ ʤ2ץ

F(n)- ʞʝʢʝʣʝʛʝʥ ʞʘסʜʘʡʣʘʨʜʘ ʤʘשʳʟʜʳ ʙʦʣʫʳ ʤװʤʢʽʥ ʰʳסʳʩʪʘʨʜʳש  ʙʘʧʪʘʨʳ 

(ʤʳʩʘʣʳ, ʩʫʜʳש ʙʫʣʘʥʫʳ, ʘʰʳץ ʙʝʪʪʝʨʜʝʥ ʞʳʣʫʜʳש ʪʘʨʘʣʫʳ ʪ.ʩ.ʩ .). 

ʆʩʳ ʟʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʦʩʳ ʪʝשʜʝʫʜʽ ʪʘʣʜʘʫ, ʘʪʘʧ ʘʡʪץʘʥʜʘ 

ʳʣסʘʣʜʘʥʜʳʨʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʝʨʽʪʽʥʜʽʣʝʨʜʽש ᴇʟʜʽʛʽʥʝʥ ʞʘʥʫסʘ ʙʝʡʽʤ ʢʝʥʜʝʨʜʽש 

ʪʦʪʳסʫ ʧʨʦʮʝʩʽʥʝ ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢʪʽש ʪʝשʜʝʫʽ ʘʣʳʥʜʳ 
 

Tt = ŬTʫʫ+q,                                                                       (2) 
 

ʙײʣ ʪʝשʜʝʫ ʙʘʩʪʘʧץʳ  
 

),( ʦʫT = ʥT ,  (0 )Hʫ¢¢ ;                                                        (3) 
 

ʞᴅʥʝ ʰʝʢʪʝʫʰʽ ʰʘʨʪʪʘʨʳ  
 

tttoT (),(),( m= > )o ;                                                         (4) 
 

                                        TtHT =),(
1 ,  (t > )o ;                                                         (5) 

 

ʙʘʨ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʪʝשʜʝʫʽʥʽש ʰʝʪʢʽ ʝʩʝʙʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, 
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ʤײʥʜʘסʳ  tT -    ʢʝʥ װʡʽʥʜʽʩʽʥʽץ שʳʟʫ ʞʳʣʜʘʤʜʳסʳ,K/c;  

yyT  ;ʝʢʽʥʰʽ ʪʫʳʥʜʳʩʳ שʘʪʳʩʪʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳץ ʜʽʛʽʥʝ (ʫ)שʡʽʥʜʽ ʪʝʨʝװ -

a- ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ, ʤ2 /ʩ  ; 

-q ʞʳʣʫ ʢᴇʟʜʝʨʽʥʽש ʪʳסʳʟʜʳסʳ ,K/c;  

),( ʦʫT - ʢʝʥʜʽ ʙᴇʣʝʢʪʝʫʜʝʥ ʢʝʡʽʥʛʽ ʙʘʩʪʘʧץʳ ʩᴅʪʪʝʛʽ װʡʽʥʜʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘʩʳ 

(ʘʨʘʣʘʩʫʜʳש ʥᴅʪʠʞʝʩʽʥʜʝ )  ),( ʦʫT =const),ʂ; 

),(),,( tHTtoT  ʳʪʳʥʘ ʩᴅʡʢʝʩץʳ t ʫʘסʳ ʞᴅʥʝ ʪᴇʤʝʥʛʽ ʰʝʢʘʨʘʩʳʥʜʘסʘʨסʞʦ שʡʽʥʜʽʥʽװ  -

ʪʝʤʧʝʨʘʪʫʨʘ,K; 

 H-  װʡʽʥʜʽʥʽש ʙʠʽʢʪʽʛʽ,ʤ. 

 2-ʪʝשʜʝʫʜʽ ʰʝʰʫ װʰʽʥ T(ʫ,t) ʬʫʥʢʮʠʷʩʳʥ ʢʝʣʝʩʽʜʝʡ ץʦʩʳʥʜʳ ʪװʨʽʥʝ ʢʝʣʪʽʨʝʤʽʟ 
 

T(ʫ,t)= ),,(),( tʫtʫ nw +                                                         (6) 
 

ʞᴅʥʝ 6 ïʪʝשʜʝʫʜʽש ʦש ʞʘסʳʥʜʘסʳ ʝʢʽʥʰʽ ײץʨʘʤʘʩʳ ʢʝʣʝʩʽ ʪʝשʜʝʫʣʝʨʜʽש ʰʝʰʽʤʽ ʨʝʪʽʥʜʝ 

ʙʦʣʫʳʥ ʝʩʢʝʨʝʤʽʟ  : 
 

Vt= ),,( tʫVʫʫ qa =                                                             (7) 
 

ʤײʥʜʘסʳ                                                                                

q(ʫ,t)=q-[ ]ʫʫt aww- ,                                                                                (8) 
 

ʞᴅʥʝ ʦʥʳץ שʦʩʳʤʰʘ ʰʘʨʪʪʘʨʳ : 
 

V(y,ʦ)=2T ,            2T =Tʥ -w(y,ʦ);                                                                   (9) 
 

),(),( ttoV m= ),()()( tott wmm -= ;                                        (10) 
 

V (H,t)= ,1T      ,1T = ʊ1 ï ɤ( ȼ,t)                                             (11)                                                                         
 

ʂʝʣʝʩʽʜʝʡ ʢᴇʤʝʢʰʽ ʬʫʥʢʮʠʷʥʳ ʪʘשʜʘʡʤʳʟ ),( tʫw  ʞᴅʥʝ ʦʣ װʰʽʥ ʞʝʪʢʽʣʽʢʪʽ 
 

0)( =tm  ʠ 01=T , 
 

),( tʫw = [ ])(1 tT
H

ʫ
Tʥ m-+                                         (12) 

 

ʉʦʥʜʘ 7-ʪʝשʜʝʫ ʥᴇʣʜʽʢ  ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨʳ ʙʘʨ ʪʝשʜʝʫ ʪװʨʽʥʝ ʢʝʣʝʜʽ. 

ɹײʣ ʝʩʝʧʪʽ ʰʝʰʫʜʽ  ʤʝʥʰʽʢʪʽ ʬʫʥʢʮʠʷʣʘʨʳʥʘ ץʘʪʳʩʪʳ ʌʫʨʴʝ ץʘʪʘʨʳ ʨʝʪʽʥʜʝ 

ʘ ʙʦʣʘʜʳ-  Sinסʘʨʘʩʪʳʨʫץ ʫ
H

np
};  

 

V(y,t)=ä
¤

=1

)(
n

n y
H

n
SintV
p

,                                                (13) 

 

V(y,t)  ʪʘʙʫ װʰʽʥ Vn(t ,) ʬʫʥʢʮʠʷʩʳʥ ʘʥʳץʪʘʫ ץʘʞʝʪ, ʦʣ װʰʽʥq(ʫ,t) ʬʫʥʢʮʠʷʩʳʥ ץʘʪʘʨ 

ʪװʨʽʥʜʝ ץʘʨʘʩʪʳʨʘʤʳʟ: 
 

q(ʫ,t) =ä
¤

=1
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n

n tq ʫ
H

n
Sin
p

,                                                     (14) 

 

ʤײʥʜʘסʳ:qn(t)=
H

2
ñ
H

0

ee
p

eq d
H

n
Sint),( .                                      (15) 
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ʆʩʳ ʰʝʰʽʤʥʽש ʬʦʨʤʫʣʘʩʳʥ 7- ʪʝשʜʝʫʛʝ ץʦʷʤʳʟ,ʩʦʥʜʘ 
 

ä
¤

=1n H

n
Sin
p
ʫ{( +)()2 tV

H

n
na

p
)(1 tVn -

n
q (t)}=0.                                 (16) 

 

ɹײʣ ʪʝשʜʝʫ ʦʨʳʥʜʘʣʫʳ װʰʽʥ  ʞʽʢʪʝʫʜʽש ʙʘʨʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʥᴇʣʛʝ ʪʝש ʙʦʣʫʳ 

ʪʠʽʩ,  ʷסʥʠ     

V '
n(t)+ ( )

H

np 2ŬVn(t)= )(tnq .                                                   (17)  

 

17-ʪʝשʜʝʫʜʽש ʰʝʰʽʤʽ ʢʝʣʝʩʽ ʪװʨʛʝ ʢʝʣʝʜʽ : 
 

Vn(t)=e- at
ʥ

n 2)(
p

ù
ú

ø
é
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è
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Cde ttq
t

p 2)(
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)(  ,                                                      (18) 

 

ʤײʥʜʘסʳ :ʉnï ʠʥʪʝʛʨʘʣʜʘʫ ʪײʨʘץʪʳʩʳ. 

7-ʰʽ,11-ʰʽ, 14-ʰʽ ʞᴅʥʝ 18-ʰʽ ʪʝשʜʽʢʪʝʨʜʽ ʝʩʢʝʨʫ ʘʨץʳʣʳ 2-ʪʝשʜʝʫʜʽש ʞʘʣʧʳ ʰʝʰʽʤʽ 

ʤʳʥʘʥʜʘʡ ʪװʨʜʽ ץʘʙʳʣʜʘʡʜʳ : 
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.                                                    (19)  

   

ʄײʥʜʘסʳ 19-ʰʳ ᴇʨʥʝʢʪʽש ʪᴇʨʪʽʥʰʽ ʤװʰʝʩʽ װʡʽʥʜʽʥʽש ʞʦסʘʨסʳ ʰʝʢʘʨʘʩʳʥʜʘס r

ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʪײʨʘץʩʳʟʜʳסʳʥ ʝʩʢʝʨʝʜʽ, ʘʣ ʩʦסשʳ ʤװʰʝ ʪʦʪʳסʫʜʘʥ ʪʳʩ ץʳʟʫʜʳ ʝʩʢʝʨʝʜʽ. 

ɹײʣ ʬʘʢʪʦʨʣʘʨ ʝʨʽʪʽʥʜʽʤʝʥ ʳʣסʘʣʜʘʥʜʳʨʳʣסʘʥ ʞᴅʥʝ ʳʣסʘʣʜʘʥʜʳʨʳʣʤʘסʘʥ ʢʝʥ 

 ʪʝʤʧʝʨʘʪʫʨʘʣʳʭ ʨʝʞʠʤʽʥʝ שʡʽʥʜʽʥʽװ ʪʳ ʦʣʘʨץʡʽʥʜʽʩʽʥʝ ʙʽʨʜʝʡ ᴅʩʝʨ ʝʪʝʜʽ. ʉʦʣ ʩʠʷװ

ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʧʝʡʜʽ. ʉʦʥʜʳץʪʘʥ ʦʣʘʨʜʳש ᴅʩʝʨʽʥ ʝʩʢʝʨʤʝʩʝ ʜʝ ʙʦʣʘʜʳ. 

ʉʦʥʜʘ   ( t ) = T2 =   const ; C n  =0; 
 

T(y,t)=Tʥ+
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y [ ]21 TT - +ä
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2-ʰʽ ʪʝשʜʝʫʜʽש ʰʝʰʫʽʥ (20) ʪʘʣʜʘʫ װʡʽʥʜʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘʣʳʭ ʨʝʞʠʤʽʥʜʝ ʞʳʣʫ 

ʢᴇʟʜʝʨʽʥʽש ʪʳסʳʟʜʳסʳ )(q  ʥʝʛʽʟʛʽ ʨᴇʣ ʘʪץʘʨʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ.  

ʆʥʳש ʰʘʤʘʩʳ ʪᴇʤʝʥʜʝʛʽ ᴇʨʥʝʢʪʝʥ ʘʥʳץʪʘʣʘʜʳ 
 

q=
p

ʥ

C

CUQ
,                                                              (21)    

 

ʤײʥʜʘסʳ: Q- ʦʪʪʝʛʽ ʩʦʨʙʮʠʷʩʳʥʳש ʤʝʥʰʽʢʪʽ ʞʳʣʫʳ, ɼʞ/ʤ3 ; 

Un ï    ʢʝʥ  װʡʽʥʜʽʩʽʥʽש ʦʪʪʝʛʽʥʽ ʞײʪʫ  ʞʳʣʜʘʤʜʳסʳ ʪײʨʘץʪʳʩʳʥʳש   

ʦʨʪʘʰʘ ʤᴅʥʽ, ʤ3 /(ʢʛ.ʩ); 
 

C=C0

)( y
ʇV

U

ʬ

ʥ

e

g
-

,                                                  (22)    
 

C0- ʘʫʘ ײץʨʘʤʳʥʜʘסʳ ʦʪʪʝʛʽʥʽש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ,ʙʽʨʣʽʢ ʙᴇʣʰʝʛʽ;  

ɔ ïʢʝʥʥʽש ʢᴇʣʝʤʜʽʢ ʪʳסʳʟʜʳסʳ, ʢʛ/ʤ3;  

ʇ- ʢʝʥʥʽש ʢʝʫʝʢʪʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ, ʙʽʨʣʽʢ ʙᴇʣʰʝʛʽ; 

Vʬ ïʢʝʥ װʡʽʥʜʽʩʽʥʜʝʛʽ ʘʫʘ ʬʠʣʴʪʨʣʝʥʫʽʥʽש ʞʳʣʜʘʤʜʳסʳ, ʤ/ʩ.  
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22-ʰʽ ʪʝשʜʝʫʜʝʥ 21-ʰʽ ʪʝשʜʝʫʛʝ ʦʪʪʝʛʽ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ʰʘʤʘʩʳʥ ץʦʡʳʧ, ʢʝʣʝʩʽ 

ᴇʨʥʝʢʪʽ ʘʣʫסʘ ʙʦʣʘʜʳ 
   

q=
)(

0
y

ʇV

U

p

ʥ ʬ

ʥ

e
C

CUQ
g

-

.                                                   (23)  

      

ɾʘʨʳʣסʘʥ ʢʝʥ װʡʽʥʜʽʩʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʨʝʞʠʤʽʥʜʝ ʞʳʣʫ ʢᴇʟʜʝʨʽʥʽש ʪʳסʳʟʜʳסʳ 

ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʪʳʥʳ ʘʥʳץʪʘʣסʘʥ. 

23-ʰʽ ᴇʨʥʝʢʪʝʥ ( ɗ)  ʤᴅʥʽ ʥʝʛʽʟʽʥʝʥ ʞʘʨʳʣסʘʥ װʡʽʥʜʽʥʽ  ײץʨʘʡʪʳʥ ʞʝʢʝ ʢʝʥ 

ʬʨʘʢʮʠʷʣʘʨʳʥʳש ʦʪʪʝʛʽʥʽ ʩʦʨʫ ʞʳʣʜʘʤʜʳסʳʥʳש ʢʦʥʩʪʘʥʪʘʣʘʨʳʥʳץ  ( ) שʦʩʳʥʜʳʩʳʤʝʥ 

ʘʥʳץʪʘʣʘʪʳʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. 

ɾʘʨʳʣסʘʥ װʡʽʥʜʽʥʽש ʦʪʪʝʛʽʥʽ ʞײʪʫ ʞʳʣʜʘʤʜʳסʳʥʳש ʪײʨʘץʪʳʩʳʥʳש ʦʨʪʘʰʘ ʤᴅʥʽ 

ʦʩʳ  װʡʽʥʜʽʥʽ  ײץʨʘʡʪʳʥ ʞʝʢʝ ʢʝʥ ʬʨʘʢʮʠʷʣʘʨʳʥʳש ʦʪʪʝʛʽʥʽ ʩʦʨʫ ʞʳʣʜʘʤʜʳסʳʥʳש 

ʢʦʥʩʪʘʥʪʘʣʘʨʳʥʳץ שʦʩʳʥʜʳʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʂʝʥʥʽש ʙʘʨʣʳץ ʬʨʘʢʮʠʷʣʘʨʳʥʘ ʪʠʽʩʪʽ  ʢʦʥʩʪʘʥʪʘʣʘʨʜʳש ʩʘʥʜʳץ ʤᴅʥʽʥ ʘʥʳץʪʘʫ, 

ᴅʩʽʨʝʩʝ ᴇʪʝ ʽʨʽʣʝʨʽʥʽץ ,שʠʳʥʜʳץʪʘʨ ʪʫסʳʟʘʜʳ. 

ʉʦʥʜʳץʪʘʥ, ( ) ʤᴅʥʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʢʝʥ ʪװʡʽʨʰʝʛʽʥʜʝʛʽ ʦʪʪʝʛʽʥʽש ʩʪʘʮʠʦʥʘʨʣʳץ 

ʜʠʬʬʫʟʠʷʩʳʥʳש ʝʩʝʙʽ ץʦʡʳʣʳʧ, ʰʝʰʽʣʜʽ. ʂʝʫʝʢʪʽ ʩʦʨʙʝʥʪ ʪװʡʽʨʰʽʢʪʝʨʽʥʜʝ ʫʘץʳʪ 

ʙʦʡʳʥʰʘ ʦʪʪʝʛʽ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ᴇʟʛʝʨʫ ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʜʠʬʬʫʟʠʷ ʘʨץʳʣʳ 

ʢʝʫʝʢʪʝʨʛʝ ʦʪʪʝʛʽʥʽש ʪװʩʫʽ ʤʝʥ ʦʥʳש ʦʩʳ ʢʝʫʝʢʪʝʨʜʝʥ ʩʽשʽʨʽʣʫʽ ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץ 

ʨʝʪʽʥʜʝ ʘʥʳץʪʘʣסʘʥ ʰʘʤʘ ʘʨʘʩʳʥʜʘ ʪʝʧʝ-ʪʝשʜʽʢ ʙʘʨ ʜʝʧ ʙʦʣʞʘʥסʘʥ. ʄײʥʜʘʡ ʪʝʧʝ-ʪʝשʜʽʢ 

ʪʝשʜʝʫʽʥʽש ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʘʣʳʥסʘʥ ʰʝʰʽʤʽ ʪᴇʤʝʥʜʝʛʽʜʝʡ: 
 

 c
c Cr

dr

dC
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dr

d 222 )( b= .                                                        (25) 

 

ʊʠʽʩʪʽ ʰʝʢʪʽ ʰʘʨʪʪʘʨʜʳ ʞᴅʥʝ ʪװʨʣʝʥʜʽʨʫʣʝʨʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʢʝʥ ʪװʡʽʨʰʝʛʽʥʜʝʛʽ 

ʦʪʪʝʛʽʥʽש ʦʨʪʘʰʘ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ʘʥʳץʪʘʡʪʳʥ ᴇʨʥʝʢ ʘʣʳʥʜʳ: 
 

2)(

)1(3

R

RRcth
CC k

b
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= .                                                        (26) 

 

ʉʦʨʙʝʥʪʪʽש ʩʦʨʙʮʠʷ ʞʳʣʜʘʤʜʳסʳʥʳש ʢʦʥʩʪʘʥʪʘʩʳ ʦʥʳש ʢʠʥʝʪʠʢʘʣʳץ 

ʪײʨʘץʪʳʩʳʥʘ ʞᴅʥʝ ʦʪʪʝʛʽʥʽש ʦʨʪʘʰʘ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣ ʙʦʣʘʜʳ [2]. 

ʉʦʥʜʳץʪʘʥ ʢʝʥʥʽש ʦʪʪʝʛʽʥʽ ʞײʪʫ ʞʳʣʜʘʤʜʳסʳ ʪײʨʘץʪʳʩʳʥʳש ʬʨʘʢʮʠʷ  ʤᴇʣʰʝʨʽʥʝ 

ʪᴅʫʝʣʜʽʣʽʛʽʥ ʢʝʣʝʩʽ ᴇʨʥʝʢʧʝʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ 
 

U(R) =Uk
2)(

)1(3

R

RRcth

b
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; (Ck=1) ,                                            (27) 

 

Dʇ

U

c

cʢgb= , ʤ-1 ;                                                               (28) 

       

27-ʰʽ ʞᴅʥʝ 28-ʰʽ ᴇʨʥʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʢʝʥ ʢʝʩʝʛʽʥʽש ʦʪʪʝʛʽʥʽ ʩʦʨʫʳʥʘ 

ᴅʩʝʨ ʝʪʝʪʽʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʢʝʣʝʩʽ ʪװʨʣʝʨʛʝ ʞʽʢʪʝʫʛʝ ʙʦʣʘʜʳ: 

1) ʭʠʤʠʷʣʳץ ʧʘʨʘʤʝʪʨ ï ʢʠʥʝʪʠʢʘʣʳץ ʘʡʤʘץʪʘסʳ ʦʪʪʝʛʽʥʽ ʞײʪʫ 

ʞʳʣʜʘʤʜʳסʳʥʳש ʪײʨʘץʪʳʩʳ (Uk) ; 

2) ʬʠʟʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨ ï ʦʪʪʝʛʽ ʜʠʬʬʫʟʠʷʩʳʥʳש ʢʦʵʬʬʠʮʠʝʥʪʽ  (D), 

ʢʝʫʝʢʪʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ  (ʇʩ ),  ʢᴇʣʝʤʜʽʢ ʩʘʣʤʘץ  (ɔʩ) ʞᴅʥʝ ʢʝʥ ʪװʡʽʨʽʥʽש ʨʘʜʠʫʩʳ (R) . 

ɼʠʬʬʫʟʠʷ  (D), ʢʝʫʝʢʪʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ  (ʇʩ ) ʙʽʨ-ʙʽʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʤᴅʥʜʝʨ. 

ʆʣʘʨ ʦʪʪʝʛʽʥʽש ʢʝʥ ʞᴅʥʝ ʩײʡʳץʪʳץ ʢʝʰʝʥʽʤʝʥ ᴇʟʘʨʘ ᴅʩʝʨʽʥ ʘʥʳץʪʘʡʜʳ. ʉʦʥʜʳץʪʘʥ (ʇʩ D) 

ʢᴇʙʝʡʪʽʥʜʽʩʽʥ  çᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʢʦʵʬʬʠʮʠʝʥʪʽèʜʝʧ ץʘʙʳʣʜʘʫסʘ ʙʦʣʘʜʳ. 

Uk ʤᴅʥʽ ʘʟʘʡʳʧ,ʘʣ  Ç ʤᴅʥʽ ʢᴇʙʝʡʛʝʥ ʩʘʡʳʥ ʩʦʨʙʮʠʷ ʞʳʣʜʘʤʜʳסʳ U(R) ʘʟʘʷʜʳ. 
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ʄײʥʜʘʡ ײץʙʳʣʳʩ  ʩʦʨʙʝʥʪ ʪװʡʽʨʰʝʛʽʥʝ ʦʪʪʝʛʽʥʽש ʢʝʣʫʽ ʘʟ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʦʨʳʥ 

ʘʣʘʜʳ, ʘʣ ʙסײʘʥ ʢʝʫʝʢʪʝʨʜʽ ʩײʡʳץʪʘʨʤʝʥ ʪʦʣʪʳʨʫ ʞʦʣʳʤʝʥ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ. ʊʠʽʤʜʽ 

ʞʦʣʜʘʨʜʳש ʙʽʨʽ, ʩʫסʘ ץʦʩץʘʥʜʘ ʦʥʳש ʙʝʪʪʽʢ ʢʝʨʽʣʫ ʤᴅʥʽʥ ʘʟʘʡʪʘʪʳʥ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨ 

 ʘʩʠʝʪʪʝʨʽʥץ ʳʰסʩʦʨ שʪʘʪʳʥ ʢʝʥʜʝʨ ʙᴇʣʰʝʢʪʝʨʽʥʽײʢᴇʧ  ʞ שʦʣʜʘʥʫ. ʆʣʘʨ ʦʪʪʝʛʽʥʽ ʝץ

ʪᴇʤʝʥʜʝʪʝʜʽ ʞᴅʥʝ ʦʣʘʨʜʳײ שʩʘץ ʧʠʢʥʦʤʝʪʨʠʷʣʳץ ʢʝʫʝʢʪʝʨʜʽ ʪʦʣʪʳʨʫ ʤװʤʢʽʥʜʽʛʽ ʙʘʨ. 

ʉʦʥʳʤʝʥ Ç ʠ Uk ʤᴅʥʜʝʨʽ ʰʘש ʙᴇʣʽʥʫʽʥ ʘʟʘʡʪʫ װʰʽʥ ʢʝʥ װʡʽʥʜʽʩʽʥ ʳʣסʘʥʜʳʨʫסʘ 

 ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʦʣʳʧ שʘʨʩʳ ᴅʨʝʢʝʪʽʥʽץ ʘסʫסʦʣʜʘʥʳʣʘʪʳʥ ʩʫ ʝʨʽʪʽʥʜʽʣʝʨʽʥʽʥ ʪʦʪʳץ

ʪʘʙʳʣʘʜʳ. ʂʝʥʥʽײ שʩʘץ ʢʝʩʝʢʪʝʨʽʥʽש ʦʪʪʝʛʽ ʞײʪʫ ʞʳʣʜʘʤʜʳסʳʥʳש ʪײʨʘץʪʳʣʘʨʳ ʪᴅʞʽʨʠʙʝ 

ʞʦʣʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ᴄʨʪװʨʣʽ ʝʨʽʪʽʥʜʽʣʝʨʽʤʝʥ ʳʣסʘʥʜʳʨʳʣסʘʥ ʙʘץʳʣʘʫ ʞᴅʥʝ ʩʳʥʘץ 

  ,ʳʟʜʘʧ ʞʘʙʳʣʘʜʳסʣʛʽʣʝʨʽ ʘʨʥʘʡʳ ʰʳʥʳ ʳʜʳʩʪʘʨʜʘ ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ. ʓʜʳʩʪʘʨ ʥʳװ

ʙʝʣʛʽʣʝʥʛʝʥ ʫʘץʳʪ ᴇʪʢʝʥʥʝʥ ʢʝʡʽʥ  ɿʝʛʝʨ ʧʠʧʝʪʢʘʩʳ ʢᴇʤʝʛʽʤʝʥ ʦʣʘʨʜʳש ʽʰʪʝʨʽʥʜʝʛʽ ʘʫʘ 

ʩʦʨʳʣʳʧ ʘʣʳʥʘʜʳ. ɻʘʟ ʘʥʘʣʠʟʘʪʦʨʳʥ ץʦʣʜʘʥʳʧ ʘʫʘ ײץʨʘʤʳʥʜʘסʳ ʦʪʪʝʛʽʥʽש ʰʘʤʘʩʳ 

ʘʥʳץʪʘʣʘʜʳ, 27-ʰʽ ᴇʨʥʝʢʪʽש ʢᴇʤʝʛʽʤʝʥ ʦʪʪʝʛʽʥʽש ʞײʪʳʣʫ ʞʳʣʜʘʤʜʳסʳʥʳש 

ʪײʨʘץʪʳʣʘʨʳʥʳש ʤᴅʥʜʝʨʽ ʘʥʳץʪʘʣʘʜʳ. ʆʩʳʣʘʨʜʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʙʽʨץʘʪʘʨ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨ 

ʘʨʘʩʳʥʘʥ ʝש ʪʠʽʤʜʽʩʽ ʪʘשʜʘʧ ʘʣʳʥʘʜʳ. 

 

 ʦʨʳʪʳʥʜʳפ

1.ᴆʟʜʽʛʽʥʝʥ ץʳʟʘʪʳʥ ʤʘʪʝʨʠʘʣʜʳש ʰʦסʳʨʣʘʥʫʳʥʜʘסʳ ʙʽʨʣʽʢ ʢᴇʣʝʤʽʥʜʝʛʽ ʞʳʣʫ 

ʙʘʣʘʥʩʳʥʳש ʪʝשʜʝʫʽʥʽש ʧʘʨʘʤʝʪʨʣʝʨʽ ʪʘʣʜʘʥסʘʥ. 

2. ɾʘʨʳʣסʘʥ ʢʝʥ װʡʽʥʜʽʩʽʥʽש ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʪʝשʜʝʫʽʥʽש ʞʠʝʢʪʽ ʝʩʝʙʽ ʰʝʰʽʣʜʽ. 

3.ɾʘʨʳʣסʘʥ ʢʝʥ װʡʽʥʜʽʩʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʨʝʞʠʤʽʥʜʝ ʞʳʣʫ ʢᴇʟʜʝʨʽʥʽש 

ʪʳסʳʟʜʳסʳ ( ɗ)  ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʪʳʥʳ ʘʥʳץʪʘʣסʘʥ. 

ʆʥʳש  ʤᴅʥʽ ,ʥʝʛʽʟʽʥʝʥ, ʞʘʨʳʣסʘʥ װʡʽʥʜʽʥʽ  ײץʨʘʡʪʳʥ ʞʝʢʝ ʢʝʥ ʬʨʘʢʮʠʷʣʘʨʳʥʳש 

ʦʪʪʝʛʽʥʽ ʩʦʨʫ ʞʳʣʜʘʤʜʳסʳʥʳש ʢʦʥʩʪʘʥʪʘʣʘʨʳʥʳץ  ( ) שʦʩʳʥʜʳʩʳʤʝʥ ʘʥʳץʪʘʣʘʪʳʥʳ 

ʘʡץʳʥʜʘʣסʘʥ. 

4. ʂʝʫʝʢʪʽ ʩʦʨʙʝʥʪ ʪװʡʽʨʰʽʢʪʝʨʽʥʜʝ ʫʘץʳʪ ʙʦʡʳʥʰʘ ʦʪʪʝʛʽ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש 

ᴇʟʛʝʨʫ ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʜʠʬʬʫʟʠʷ ʘʨץʳʣʳ ʢʝʫʝʢʪʝʨʛʝ ʦʪʪʝʛʽʥʽש ʪװʩʫʽ ʤʝʥ ʦʥʳש ʦʩʳ 

ʢʝʫʝʢʪʝʨʜʝʥ ʩʽשʽʨʽʣʫʽ ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץ ʨʝʪʽʥʜʝ ʘʥʳץʪʘʣסʘʥ ʰʘʤʘ ʘʨʘʩʳʥʜʘ ʪʝʧʝ-

ʪʝשʜʽʢ ʙʘʨʳ ʘʥʳץʪʘʣסʘʥ. ʄײʥʜʘʡ ʪʝʧʝ-ʪʝשʜʽʢ ʪʝשʜʝʫʽʥʽש ʞʠʝʢʪʽ ʰʘʨʪʪʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ 

ʘʣʳʥסʘʥ ʰʝʰʽʤʽ ʙʝʨʽʣʛʝʥ. 

5.ʂʝʥ ʢʝʩʝʛʽʥʽש ʦʪʪʝʛʽ ʩʦʨʫʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʝʢʽ ʪװʨʛʝ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: 

ʘ) ʭʠʤʠʷʣʳץ ʧʘʨʘʤʝʪʨ ï ʢʠʥʝʪʠʢʘʣʳץ ʘʡʤʘץʪʘסʳ ʦʪʪʝʛʽʥʽ ʞײʪʫ ʞʳʣʜʘʤʜʳסʳʥʳש 

ʪײʨʘץʪʳʩʳ(Uk) ; 

ʙ) ʬʠʟʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨ ï ʦʪʪʝʛʽ ʜʠʬʬʫʟʠʷʩʳʥʳש ʢʦʵʬʬʠʮʠʝʥʪʽ  (D), ʢʝʫʝʢʪʽʣʽʢ 

ʢʦʵʬʬʠʮʠʝʥʪʽ  (ʇʩ ),  ʢᴇʣʝʤʜʽʢ ʩʘʣʤʘץ  (ɔʩ) ʞᴅʥʝ ʢʝʥ ʪװʡʽʨʽʥʽש ʨʘʜʠʫʩʳ (R). 

6. Ç ʤʝʥ Uk ʤᴅʥʜʝʨʽ ʰʘשʜʳ ʙʘʩʫ װʰʽʥ ʢʝʥʜʽ ʳʣסʘʥʜʘʥʜʳʨʫסʘ  ץʦʣʜʘʥʳʣʘʪʳʥ ʩʫ 

ʝʨʽʪʽʥʜʽʣʝʨʽʥʽש ʪʦʪʳסʫסʘ ץʘʨʩʳ ᴅʨʝʢʝʪʽʥʽש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʦʣʘʜʳ. 

ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ᴇʟʜʽʛʽʥʝʥ ʞʘʥʫסʘ ʙʝʡʽʤ ʩʫʣʴʬʠʜʪʽ ʢʝʥʜʝʨ װʡʽʥʜʽʣʝʨʽʥ 

ʳʣסʘʣʜʘʥʜʳʨʫסʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʝʨʽʪʽʥʜʽʣʝʨʜʽש ʰʘשʜʳ ʙʘʩʫʤʝʥ ץʘʪʘʨ, ʦʣʘʨʜʳש ʪʦʪʳסʫʳʥʘ 

 ʧʘʡʜʘʣʳ שʥᴅʪʠʞʝʩʽʥʜʝ ʢʝʥʥʽ שʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.ʆʩʳʥʳװʘ ʤסʜʘʫשʘʨʩʳ ᴅʨʝʢʝʪʽ ʙʘʨʣʘʨʳʥ ʪʘץ

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʳʩʳʨʘʧ ʙʦʣʫʳ ʪᴇʤʝʥʜʝʡʜʽ ʞᴅʥʝ ʘʪʤʦʩʬʝʨʘסʘ ʟʠʷʥʜʳ ʟʘʪʪʘʨʜʳש 

ʪʘʩʪʘʣʫʳ ʘʟʘʷʜʳ. 
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REDUCTION OF HARMFUL SUBSTANCES RELEASED INTO THE ATMOSPHERE 

FROM HEAPS OF SULPHIDE ORES PRONE TO SPONTANEOUS COMBUSTION 

 

Abstract. It is known from official sources that our country is rich in natural resources, 

including non-ferrous metals. Many deposits are developed by an open method using powerful 

mining equipment under these conditions, the most intense dust emission occurs during the 

excavation of the exploded rock mass. To reduce the emission of dust during this process, 

irrigation with water or aqueous solutions of various chemicals is used. In polymetallic quarries, 

dust from mining equipment may contain high levels of free silica, indicating a high risk to 

human health. In addition, during the development of sulfide ores, a process of self-heating is 
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often observed in the exploded pile, which can turn into spontaneous combustion. This leads to 

the loss of useful components of the ore, the deterioration of enrichment, to environmental and 

economic damage. 

Under such conditions, the use of pure water to reduce the dust content of the air during 

excavation is not recommended, since it intensifies the process of oxidation of sulfide ores. For 

moistening, solutions of complex action should be used, that is, solutions that have both 

antioxidant properties and dust-removing action. 

The intensity of ore oxidation is characterized by the temperature regime of the exploded 

pile. It follows that the nature of the effect of the moisturizing liquid, chosen as a solution of 

complex action, on the intensity of ore oxidation can be estimated from the change in 

temperature of the moistened blasted ore pile. 

The equation of heat balance in accumulations of sulfide ores prone to spontaneous 

combustion is considered. The solution of the boundary value problem of the heat equation is 

obtained. 

It has been determined that in the temperature regime of the exploded pile of ore, a 

significant role belongs to the density of heat sources. 

It has been established that its value is determined mainly by the combination of oxygen 

sorption rate constants (ȉn) by individual ore fractions that make up the blasted heap. 

In the grain of the porous sorbent, there is a balance between the rate of change in the 

oxygen concentration with time and the value defined as the difference between the influx of 

oxygen into the pores through diffusion and its absorption from these pores. 

The equation of such an equilibrium is solved taking into account the boundary 

conditions. 

 

Keywords. Self-ignition, oxygen sorption rate constant, the density of heat sources, 

diffusion. 
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ʉʅʀɾɽʅʀɽ ɺʓɹʈʆʉʆɺ ɺʈɽɼʅʓʍ ɺɽʑɽʉʊɺ ɺ ɸʊʄʆʉʌɽʈʋ ʀɿ ʆʊɺɸʃʆɺ 

ʉʋʃʔʌʀɼʅʓʍ ʈʋɼ, ʉʂʃʆʅʅʓʍ ʂ ʉɸʄʆɺʆɿɻʆʈɸʅʀʖ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʟ ʦʬʠʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʰʘ ʩʪʨʘʥʘ ʙʦʛʘʪʘ ʥʘ 

ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʮʚʝʪʥʳʝ ʤʝʪʘʣʣʳ. ʄʥʦʛʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʱʥʦʛʦ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʧʳʣʝʚʳʜʝʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʵʢʩʢʘʚʘʮʠʠ 

ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ.  ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʧʳʣʠ ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʦʨʦʰʝʥʠʝ ʚʦʜʦʡ ʠʣʠ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɺ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʨʴʝʨʘʭ ʧʳʣʴ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʧʨʠ ʨʘʙʦʪʝ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʚʦʙʦʜʥʦʡ ʜʚʫʦʢʠʩʠ ʢʨʝʤʥʠʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʝ 

ʚʳʩʦʢʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ.     ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʘ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜ, ʚʦ ʚʟʦʨʚʘʥʥʦʤ ʥʘʚʘʣʝ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʘʤʦʥʘʛʨʝʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 
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ʧʝʨʝʭʦʜʠʪ ʚ ʩʘʤʦʚʦʟʛʦʨʘʥʠʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʨʫʜʳ,ʫʭʫʜʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʦʛʘʱʝʥʠʷ, ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʫʱʝʨʙʫ. 

ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʝ ʯʠʩʪʦʡ ʚʦʜʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʧʳʣʝʥʥʦʩʪʠ ʚʦʟʜʫʭʘ 

ʧʨʠ ʵʢʩʢʘʚʘʮʠʠ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ, ʪʘʢ ʢʘʢ ʦʥʘ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. ɼʣʷ ʫʚʣʘʞʥʝʥʠʷ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʨʘʩʪʚʦʨʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʪʦ 

ʝʩʪʴ  ʨʘʩʪʚʦʨʳ ʦʙʣʘʜʘʶʱʠʝ ʢʘʢ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢ ʠ ʦʙʝʩʧʳʣʠʚʘʶʱʠʤ 

ʜʝʡʩʪʚʠʝʤ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʨʫʜʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ 

ʚʟʦʨʚʘʥʥʦʛʦ ʥʘʚʘʣʘ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʫʚʣʘʞʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ, 

ʚʳʙʠʨʘʝʤʦʡ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʨʫʜ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʣʘʞʥʝʥʥʦʛʦ ʚʟʦʨʚʘʥʥʦʛʦ ʥʘʚʘʣʘ ʨʫʜʳ. 

ʈʘʩʩʤʦʪʨʝʥʦ ʫʨʘʚʥʝʥʠʝ  ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʚ ʩʢʦʧʣʝʥʠʡ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʩʢʣʦʥʥʳʭ 

ʢ ʩʘʤʦʚʦʟʛʦʨʘʥʠʶ. ʇʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ ʚʟʦʨʚʘʥʥʦʛʦ ʥʘʚʘʣʘ ʨʫʜʳ  ʟʥʘʯʠʪʝʣʴʥʘʷ  ʨʦʣʴ 

ʧʨʠʥʘʜʣʝʞʠʪ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ,ʯʪʦ ʝʝ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʢʦʥʩʪʘʥʪ 

ʩʢʦʨʦʩʪʠ ʩʦʨʙʮʠʠ ʢʠʩʣʦʨʦʜʘ ()  ʦʪʜʝʣʴʥʳʤʠ ʬʨʘʢʮʠʷʤʠ ʨʫʜʳ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʚʟʦʨʚʘʥʥʳʡ ʥʘʚʘʣ. 

ɺ ʟʝʨʥʝ ʧʦʨʠʩʪʦʛʦ ʩʦʨʙʝʥʪʘ ʠʤʝʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʚʝʣʠʯʠʥʦʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʧʨʠʪʦʢʦʤ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʨʳ ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʬʬʫʟʠʠ ʠ ʧʦʛʣʦʱʝʥʠʝʤ ʝʛʦ ʠʟ ʵʪʠʭ ʧʦʨ. 

ʈʝʰʝʥʦ ʫʨʘʚʥʝʥʠʝ ʪʘʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʘʤʦʚʦʟʛʦʨʘʥʠʝ, ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʩʦʨʙʮʠʠ ʢʠʩʣʦʨʦʜʘ, 

ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʜʠʬʬʫʟʠʷ. 
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ʄɸʐʀʅʀʉʊʉʓɿ ʇʆʁʓɿɼɸʈʄɽʅ ɸɺʊʆʄɸʊʊɸʅɼʓʈʓʃנɸʅ ʄɽʊʈʆ 

ɾɽʃɯʉɯʅ ɽʅɻɯɿʋ ʄᴄʉɽʃɽʉɯʅɽ 

 

ɸשʜʘʪʧʘ. ʊʝʤʽʨʞʦʣʜʘסʳ ʧʠʣʦʪʩʳʟ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʜʘʤʫʳ ײʟʘץ ʫʘץʳʪ ʙʦʡʳ, 1957 

ʞʳʣʳ ץʘʣʘ ʤʘשʳʥʜʘסʳ ʧʦʡʳʟʜʘʨסʘ ʘʨʥʘʣסʘʥ ʘʣסʘʰץʳ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʘʚʪʦʪʘʥʫ ʢʝʰʝʥʽ 

 ʘʥ ʝʣʜʝʨʜʝ ʧʦʡʳʟʜʘʨʜʳ ʧʠʣʦʪʩʳʟסʜʘʤʳ ץʘʥ ʢʝʟʜʝ ʙʘʩʪʘʣʜʳ. ʊʝʭʥʦʣʦʛʠʷʣʳסʨʳʣײץ

ʨʝʞʠʤʜʝ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʟʠʷʪʢʝʨʣʽʢ ʞװʡʝʣʝʨʤʝʥ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ ʢᴇʨʫ 

ʞװʡʝʣʝʨʽʤʝʥ ʞʘʙʜʳץʪʘʫ ʙʦʡʳʥʰʘ ʙʝʣʩʝʥʜʽ ʞײʤʳʩ ʞװʨʛʽʟʽʣʫʜʝ. 

 ʡʝʣʝʨʽװʢᴇʨʫ ʞ ץʪʘ ʪʝʭʥʠʢʘʣʳץʧʽʢʽʨʽʥʰʝ, ʙʦʣʘʰʘ שʟʳʨʝʪʪʽ ʤʘʤʘʥʜʘʨʜʳײפ

ʢʝʜʝʨʛʽʣʝʨʜʽ ʘʥʳץʪʘסʘʥ ʢʝʟʜʝ ʘʜʘʤʥʳש ʢᴇʨʫ ץʘʙʽʣʝʪʽʥʝ ץʘʨʘסʘʥʜʘ ʞʘץʩʳ ʞײʤʳʩ ʽʩʪʝʡʜʽ, 

ʜʝʤʝʢ, ʞʘʷʫ ʞװʨʛʽʥʰʽʣʝʨ ʤʝʥ ʞʦʣʘʫʰʳʣʘʨʜʳץ שʘʫʽʧʩʽʟʜʽʛʽ ʞʘץʩʘʨʘʜʳ.  

ʄʘץʘʣʘʜʘ פʘʟʘץʩʪʘʥʜʘ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʤʝʪʨʦ ʞװʡʝʣʝʨʽʥ ʜʘʤʳʪʫ ʞᴅʥʝ ʝʥʛʽʟʫ 

ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ ץʘʨʘʩʪʳʨʳʣסʘʥ. ʇʠʣʦʪʩʳʟ ʄɽʊʈʆ ʧʦʡʳʟ ʞװʡʝʣʝʨʽʥ ʧʘʡʜʘʣʘʥʫʜʳש 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ʇʠʣʦʪʩʳʟ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʥʝʛʽʟʽʥʜʝ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ 

ʤʝʪʨʦ ʞʝʣʽʩʽʥ ʝʥʛʽʟʫ ʞʦʙʘʩʳ ײʩʳʥʳʣʜʳ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʄʝʪʨʦ ʧʦʡʳʟʳ, ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʤʝʪʨʦ, ʧʠʣʦʪʩʳʟ ʧʦʡʳʟʜʳ 

ʙʘʩץʘʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳ, ʪʘʣʜʘʫ, ʝʥʛʽʟʫ, ײʩʳʥʳʩʪʘʨ. 

 

ʂʽʨʽʩʧʝ.  

 ʘʡʣʳ ʢᴇʣʽʢסשʨʣʽ ʞᴅʥʝ ʳװʘ ᴅʨʪץץʜʘʡʜʘ ʭʘʣʳסʞʘ ץʘʟʽʨʛʽ ʵʢʦʥʦʤʠʢʘʣʳפ

ʥײʩץʘʣʳʨʳʥʳש ʢʝש ʩʧʝʢʪʨʽʥ ʪʘשʜʘʫ ʤװʤʢʽʥʜʽʛʽʥ ʙʝʨʫ ʢʝʨʝʢ. פʘʣʘ ʪײʨסʳʥʜʘʨʳʥʘ ʞʠʽ ʞᴅʥʝ 

ʞʝʢʝʣʝʥʛʝʥ ץʘʨʳʤ ץʘʪʳʥʘʩ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ 

 .ʘʞʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳץ

            2021 ʞʳʣʜʳש ʙʘʩʳʥʜʘ פʈ ץʘʣʘʣʘʨʳʥʜʘ 11 ʤʣʥ ʘʜʘʤ ʪײʨסʘʥ ʙʦʣʩʘ, ʦʩʳ ʞʳʣʜʳש 

ʙʘʩʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʝʩʝʧ ʤᴇʣʰʝʨʽ 1,8% ᴇʩʢʝʥ. פʘʟʽʨʛʽ ʪʘשʜʘ ץʘʣʘ ʭʘʣץʳʥʳװ שʣʝʩʽ 

  60% שʳʥʳץʘʨʘʡ ᴅʣʝʤ ʭʘʣץ ʘסʘʥ. 2025 ʞʳʣסʨʳʥ 58,7% ʙʦʣײʨʘʡʜʳ, ʘʣ ʙʽʨ ʞʳʣ ʙײץ 59,5%

ʘʩʪʘʤʳ ץʘʣʘʣʘʨʜʘ ʰʦסʳʨʣʘʥʘʪʳʥ ʙʦʣʘʜʳ, ʞᴅʥʝ ʩʦסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʢᴇʣʽʢʪʽʢ ץʳʟʤʝʪ 

ʢᴇʨʩʝʪʫʛʝ ʩײʨʘʥʳʩʪʳ50% ש ᴇʩʫʽ ʤװʤʢʽʥ ʜʝʛʝʥ ʙʦʣʞʘʤ ʙʘʨ. ʅʝʛʽʟʽʥʜʝ ʙײʣ ʙʦʣʞʘʤʜʘʨ 

ʤʳʥʘʜʘʡ ץʘʣʘʣʘʨʜʘ ʞʘʩʘʣʘʜʳ: 

- ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʢʪʝʨʽʥʽש  ʰʘʤʘʜʘʥ ʪʳʩ ʢᴇʧ; 

- ʘʫʘʩʳ ʣʘʩ; 

- ʙʽʨ-ʙʽʨʽʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ; 

- ʙʽʨ-ʙʽʨʽʥʝ ʞʘץʳʥ ʦʨʥʘʣʘʩץʘʥ ץʘʣʘʣʘʨ. 

 ʘʡʣʳסשʘʞʘʪʪʽʣʽʢʪʝʨʜʽ ʩʘʡ ʳץ ʳסʘʟʽʨʛʽ ʟʘʤʘʥʜʘץ ,ʢᴇʣʽʢʪʝʨ ʙʽʨʽʥʰʽʜʝʥ ץʘʤʜʳסʦפ            

ʞᴅʥʝ ʝʢʽʥʱʽʜʝʥ, ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʙʦʣʫʳ ʪʠʽʩ. ɹײʣ ʩʘʣʘʜʘ 

ᴅʣʝʤʥʽש ʢᴇʧʪʝʛʝʥ ץʘʣʘʣʘʨʳʥʳש ʪᴅʞʝʨʙʠʝʣʝʨʽ ʤʦʣ. ʗסʥʠ ʦʣʘʨ ʙᴅʩʝʢʝʣʝʩʪʽʢʪʽ ʢװʰʝʡʪʫʛʝ  

ʜʘסʜʳʣʘʥ ʦʪʳʨʳʧ, ᴇʟʛʝʨʽʩʪʝʨ ץʘʨץʳʥʳʥ ʞʝʜʝʣʜʝʪʫʛʝ ʪʳʨʳʩʘʜʳ. 

           ʅʝʛʽʟʽʥʝʥ ʽʨʽ ץʘʣʘʣʘʨ װʰʽʥ ʢᴇʣʽʢʪʽש ʝש ʪʠʽʤʜʽ ʪװʨʽ ʤʝʪʨʦʧʦʣʠʪʝʥ-ʞװʨʜʝʢ ץʘʣʘʣʳץ, 

ʞʦʣʘʫʰʳʣʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ʢᴇʰʝʜʝʥ ʪʳʩ ʪʝʤʽʨ ʞʦʣ ʙʘʨ ʤʘʨʰʨʫʪʪʳץ 

ʧʦʡʳʟʜʘʨʳ (ʪʨʘʤʚʘʡʣʘʨʳ) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥ ʜʘʤʳʪʫ çפʘʟʘץʩʪʘʥ-
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2030è ʉʪʨʘʪʝʛʠʷʩʳʥʜʘ ʢᴇʟʜʝʣʛʝʥ. ɽש ʘʣסʘʰ ɸʣʤʘʪʳ ʤʝʪʨʦʧʦʣʠʪʝʥʽʥʽש ʘʰʳʣʫʳ 2011 

ʞʳʣʜʳש ʞʝʣʪʦץʩʘʥ ʘʡʳʥʜʘ ᴇʪʪʽ. 

ʄʝʪʨʦʜʘ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʣʝʨʜʽ ʝʥʛʽʟʫ ʙװʢʽʣ ᴅʣʝʤ ʙʦʡʳʥʰʘ ץʘʙʳʣʜʘʥסʘʥ 

ʝʥ ʞʘץʩʳ ʰʝʰʽʤ ʙʦʣʳʧ ץʘʙʳʣʜʘʥʜʳ. 2016 ʞʳʣסʳ ʰʽʣʜʝʜʝʛʽ ʢᴇʨʩʝʪʢʽʰ ʙʦʡʳʥʰʘ ᴅʣʝʤʥʽש 

 ʞʘʣʧʳ שʘʥ ʤʝʪʨʦʧʦʣʠʪʝʥ ʞʝʣʽʩʽ ʙʘʨ. ʆʣʘʨʜʳסʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣ ץʘʣʘʩʳʥʜʘ 55 ʪʦʣʳץ 37

 .ץʘʥʜʘ 14,2% ʘʨʪʳסʣ 2014 ʞʳʣʤʝʥ ʩʘʣʳʩʪʳʨײʳ 803 ʢʤ ï ʙסʟʳʥʜʳײ

 

 
 

1 ʩʫʨʝʪ ï ʄʝʪʨʦʧʦʣʠʪʝʥʥʽש ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞʝʣʽʣʝʨʽʥʽש ʢʤ ᴇʩʫʽ 

 

 ʄʘʪʝʨʠʣʘʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

ɸʚʪʦʤʘʪʪʳ ʤʝʪʨʦ ʧʘʡʜʘ ʙʦʣסʘʣʳ ʦʩʳ 30 ʞʳʣ ʽʰʽʥʜʝ ʤʝʪʨʦʧʦʣʠʪʝʥʥʽש 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞʝʣʽʣʝʨʽʥʽײ שʟʳʥʜʳסʳ ᴅʨ ʦʥʞʳʣʜʳץʪʘ ʝʢʽ ʝʩʝ ᴇʩʪʽ. ɸʣ ʩʦסשʳ 10 

ʞʳʣʜʘ ʦʣ 4 ʝʩʝ ᴇʩʪʽ, ʷסʥʠ ʵʢʩʧʦʥʝʥʪ ʙʦʡʳʥʰʘ ᴇʩʫʜʝ. 2025 ʞʳʣסʘ ץʘʨʘʡ 2300 ʰʘץʳʨʳʤʥʘʥ 

ʘʩʪʘʤ ʞʘשʘ ʞʝʣʽ ʧʘʡʜʘʣʘʥʫסʘ ʙʝʨʽʣʝʜʽ ʜʝʧ ʙʦʣʞʘʥʫʜʘ. 

ɹײʣ ʝʩʝʧ ץʘʟʽʨʛʽ ʞʘסʜʘʡסʘ, ʥʘʨʳװ ץʣʝʩʽʥʝ, ץʦʣʜʘʥʳʩʪʘסʳ ʪʨʝʥʜʪʝʨʛʝ ʞᴅʥʝ ʤʝʪʨʦʜʘ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʣʝʨʜʽ ʝʥʛʽʟʫʜʽש ʥʝʛʽʟʛʽ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳʥʘ ʞʘʣʧʳ ʰʦʣʫʜʳ 

 ʘʥ ʞʝʣʽʣʝʨʜʽץʤʳʩ ʽʩʪʝʧ ʢʝʣʝ ʞʘʪײʘʥ ʞʳʣʜʘʨ ʙʦʡʳ ʞסʘʤʪʠʜʳ. ɹʽʨʥʝʰʝ ʦʥʜʘץ

ʧʘʡʜʘʣʘʥʫʜʳש ʦʟʳץ ʪᴅʞʽʨʠʙʝʩʽʥ ʪʘʣʜʘʫ ʢʝʡʙʽʨ ʙʠʣʽʢ ᴇʢʽʣʜʝʨʽ, ʩʘʣʘ ʦʧʝʨʘʪʦʨʣʘʨʳ ʤʝʥ 

ʞʝʪʢʽʟʫʰʽʣʝʨʽ װʰʽʥ ʄʝʪʨʦʧʦʣʠʪʝʥ ʞװʡʝʣʝʨʽʥʽש ʙʦʣʘʰʘץ ʜʘʤʫʳʥ ʞʘץʩʳ ʪװʩʽʥʫʛʝ ʙʽʨʝʛʝʡ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɽʩʝʧʪʝ ʪʝʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʝʪʽʥ ʧʝʨʩʦʥʘʣʳ ʞʦץ ʧʦʡʳʟʜʘʨ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʤʝʪʨʦ 

ʞʝʣʽʣʝʨʽʥʝ ץʘʪʳʩʪʳ ʤᴅʣʽʤʝʪʪʝʨ ʢʝʣʪʽʨʽʣʛʝʥ. ʄײʥʜʘʡ ʧʦʡʳʟʜʘʨסʘ ʪᴅʥ ʙʝʣʛʽ-ʤʘʰʠʥʠʩʪ װʰʽʥ 

ʢʘʙʠʥʘʥʳש ʙʦʣʤʘʫʳ. ʐʝʪʝʣʜʝ ʙײʣ ʪװʨʽ UnattendedTrainOperation (UTO) ʜʝʛʝʥ ʘʪʧʝʥ 

ʪʘʥʳʤʘʣ ʦʥʳ çʙʘץʳʣʘʫʰʳʩʳʟ ʧʦʡʳʟʜʘʨʜʳש ʞײʤʳʩʳè ʜʝʧ ʘʫʜʘʨʫסʘ ʙʦʣʘʜʳ ï ʙײʣ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳ4 ש-ʰʽ ʜᴅʨʝʞʝʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɸɹɾ ʙʝʣʛʽʣʽ ʙʽʨ ʜᴅʨʝʞʝʜʝ ʙʽʨץʘʪʘʨ ʤʝʪʨʦʧʦʣʠʪʝʥʜʝʨʜʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ ʞᴅʥʝ ʞʘץʳʥ 

ʘʨʘʜʘ ʝʣʜʽש ʙʘʨʣʳץ ʤʝʪʨʦʧʦʣʠʪʝʥʜʝʨʽʥʜʝ ʝʥʛʽʟʽʣʝʪʽʥ ʙʦʣʘʜʳ. 

ɸʡʪʘ ʢʝʪʝʨ ʙʦʣʩʘץ, ɸɹɾ ʙʦʡʳʥʰʘ ʥʝʛʽʟʽʥʝʥ ʘʜʘʤ-ʤʘʰʠʥʘ ʞװʡʝʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɹʘʩץʘʨʫ ʢʝʟʽʥʜʝ ʘʜʘʤ ʙʘʩʪʳ ʨᴇʣʜʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ ᴅʨץʘʰʘʥ ʤʝʪʨʦʧʦʣʠʪʝʥʥʽש 

ɸɹɾ ץʳʟʤʝʪʽʥʽש ʤʘʟʤײʥʳ ʤʝʥ ʩʠʧʘʪʳʥ ʦʥʳ ײץʨʫ ʩʘʪʳʩʳʥʜʘ ʜʘ, ʦʥʳ ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ 

ʰʝʰʽʣʝʪʽʥ ʤʽʥʜʝʪʪʝʨ ʪʽʟʽʤʽʥ ʘʥʳץʪʘʫ ʩʘʪʳʩʳʥʜʘ ʜʘ ʘʡץʳʥʜʘʡʜʳ. ɸʜʘʤ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫ 

ʥᴅʪʠʞʝʩʽʥ ʧʘʡʜʘʣʘʥʘʜʳ, ʷסʥʠ  ʤʘʰʠʥʘʥʳש ʥײʩץʘʫʳ ʙʦʡʳʥʰʘ ʝש ʜײʨʳʩ ʰʝʰʽʤʜʽ 

 .ʘʙʳʣʜʘʡʜʳץ
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ʅᴅʪʠʞʝʣʝʨ. 

ʄʝʪʨʦʧʦʣʠʪʝʥʥʽש ɸɹɾ ʞʦʣʘʫʰʳʣʘʨ ʪʘʩʳʤʘʣʳʥ ʙʘʩץʘʨʫʜʳש ʵʢʦʥʦʤʠʢʘʣʳץ, 

 ʤᴅʩʝʣʝʣʝʨʽʥ ʢʝʰʝʥʜʽ ʰʝʰʫʜʽ ץʞᴅʥʝ ʤʘʪʝʤʘʪʠʢʘʣʳ ץʪʝʭʥʠʢʘʣʳ ,ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ

 :ʘ ʤʳʥʘʣʘʨ ʞʘʪʘʜʳסʨʘʜʳ. ʆʣʘʨײʡʝʣʝʨʜʝʥ ʪװʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʙᴇʣʽʢʪʝʨʜʝʥ ʞᴅʥʝ ʢʽʰʽ ʞץ

1) ɹʘʩץʘʨʫʜʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ ʥʝʛʽʟʜʝʨʽʥ, ʞװʡʝʜʝʛʽ ʽʰʢʽ 

ʞᴅʥʝ ʩʳʨʪץʳ ʙʘʡʣʘʥʳʩʪʘʨ ʪᴅʨʪʽʙʽʥ, ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש ʤʝʪʨʦʧʦʣʠʪʝʥʥʽש ʰʘʨʫʘʰʳʣʳץ 

 ɸɹɾ שʪʘʡʪʳʥ ʤʝʪʨʦʧʦʣʠʪʝʥʥʽץʳʟʤʝʪʽ ʧʨʦʮʝʩʽʥʝ ᴅʩʝʨ ʝʪʫ ʥʳʩʘʥʜʘʨʳʥ ʘʥʳץ

ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ ʤʦʜʝʣʽ. 

 ץʵʢʦʥʦʤʠʢʘʣʳ-ץʳʩ ʪʝʭʥʠʢʘʣʳסʘʞʝʪʪʽ ʢʽʨʽʩ ʞᴅʥʝ ʰʳץ ʳʟʤʝʪ ʙʘʨʳʩʳʥʜʘפ (2

ʘץʧʘʨʘʪʧʝʥ, ʥʦʨʤʘʪʠʚʪʽʢ ʢʘʨʪʦʯʢʘʣʘʨʤʝʥ ʞᴅʥʝ ʣʝʥʪʘʣʘʨʤʝʥ, ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʥʦʨʤʘʪʠʚʪʽʢ-

ʘʥʳץʪʘʤʘʣʳײץ ץʞʘʪʪʘʤʘʤʝʥ, ʙʘʩץʘʨʫ ʧʨʦʮʝʩʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʘץʧʘʨʘʪʪʳץ ʩᴇʟʜʽʢʪʽש, 

ʞʽʢʪʝʫʽʰʪʝʨʜʽש, ʢʦʜʪʘʨʜʳש ʰʠʬʨʣʘʨʳʥʳש ʜʝʨʝʢʪʝʨʽʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 

ʤʝʪʨʦʧʦʣʠʪʝʥʥʽש  ɸɹɾ ʘץʧʘʨʘʪʪʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɸץʧʘʨʘʪʧʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ɸɹɾ 

 .ʙʘʩʪʳ ʙᴇʣʽʤ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ שʰʽʥ ʝװ

3) ɸɹɾ ʄɽʊʈʆ ʪײʪʘʩʪʘʡ ʘʣסʘʥʜʘ ʞװʡʝ ʪʫʨʘʣʳ ʜʘ, ʙʘʩץʘʨʫʜʳש ʞʝʢʝ ʽʰʢʽ ʞװʡʝʣʝʨʽ 

ʪʫʨʘʣʳ ᴅʜʽʩʪʝʤʝʣʽʢ ʥײʩץʘʫʣʘʨ ʤʝʥ ʝʨʝʞʝʣʝʨʜʽ ץʘʤʪʠʜʳ. 

4) ʄʝʪʨʦ ɸɹɾ-ʥʳש ʤʘʪʝʤʘʪʠʢʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʘʣʛʦʨʠʪʤʜʝʨ, ʙʣʦʢ-ʩʭʝʤʘʣʘʨ 

ʞᴅʥʝ ʕɽʄ (ʕʣʝʢʪʨʦʥʜʳץ ʝʩʝʧʪʝʫ ʤʘʰʠʥʘʩʳ) ʞײʤʳʩ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʢʝʰʝʥʽʥʝʥ ʪײʨʘʜʳ. 

5) ʄʝʪʨʦ ɸɹɾ ʪʝʭʥʠʢʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʘʰʠʥʘʣʘʨ ʢʝʰʝʥʽʥ, 

ʘץʧʘʨʘʪʪʳ ʞʠʥʘʫ ʞᴅʥʝ ʙʝʨʫ ײץʨʳʣסʳʣʘʨʳʥ, ʜʠʩʧʝʪʯʝʨʣʝʫ ײץʨʘʣʜʘʨʳʥ, ʪʘʩʳʤʘʣʜʘʫ 

ʧʨʦʮʝʩʽʥ, ʞʝʣʽʣʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨ ʤʝʥ ץʳʟʤʝʪʪʝʨʜʽש ʵʢʦʥʦʤʠʢʘʣʳץ ץʳʟʤʝʪʽʥ ץʘʰʳץʪʳץʪʘʥ 

ʙʘʩץʘʨʫ ʞᴅʥʝ ʙʘץʳʣʘʫʜʳ ץʘʤʪʠʜʳ. 

 

 
 

 

2 ʩʫʨʝʪ  - ɾʝʨ װʩʪʽʥʜʝ (ʵʩʪʘʢʘʜʘʜʘ) 

ʦʨʥʘʣʘʩץʘʥ ʩʪʘʥʮʠʷʥʳש ʤʳʩʘʣʳ 

 

3 ʩʫʨʝʪ  - ʄʘʣʘʡʟʠʷʜʘסʳ ʩʪʘʥʮʠʷ 

ʧʘʚʠʣʴʦʥʳʥʳש ʤʳʩʘʣʳ 

 

 

 שʘʩʢʝʣʝפ ʘʨ ʞᴅʥʝסʘʪʳʥʘʩʳ ʊʘʣץ ʢᴇʧ ʞʦʣ שʘʣʘʩʳʥʜʘ ʝץ ʘʟʽʨʛʽ ʢʝʟʜʝ ɸʣʤʘʪʳפ

ʙʘסʳʪʪʘʨʳ  ʙʦʡʳʥʰʘ ʙʝʣʝש ʘʣʫʜʘ. ʉʦʥʜʳץʪʘʥ ʵʣʝʢʪʨ ʧʦʡʳʟʜʘʨʳʥ ʝʤʝʩ, ʞʝשʽʣ ʤʝʪʨʦʥʳש 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʽʩʢʝ ץʦʩʫ ʪʠʽʤʜʽ ʰʝʰʽʤ ʜʝʧ ʦʡʣʘʡʤʳʥ. פʘʣʘ ʙʦʡʳʥʰʘ ʢװʥ ʩʘʡʳʥ 700 

ʤʳסשʘ ʞʫʳץ ʘʚʪʦʢᴇʣʽʢ ʞװʨʝʜʽ, ʤʠʣʣʠʦʥʥʘʥ ʘʩʪʘʤ ʘʜʘʤ ʪʘʩʳʤʘʣʜʘʥʘʜʳ. ʂװʥ ʩʘʡʳʥ 

 ʥʘʥשʘ 200 ʤʳסʘʣʘץ ʳʣʳץʣʞʘ ʪʨʘʢʪʽʩʽ ʘʨײפ ʘʥʘס ʳʥʘʥסʘʨ ʞʘסʘʡ, ʊʘʣסʘʧʰʘפ ,שʘʩʢʝʣʝפ

ʘʩʪʘʤ ʘʚʪʦʤʦʙʠʣʴ ʢʽʨʝʜʽ. ɹײʣ ɸʣʤʘʪʳסʘ ʢʽʨʝ ʙʝʨʽʩʪʝ, ᴅʩʽʨʝʩʝ ץʘʨʙʘʣʘʩ ʫʘץʳʪʪʘ ʢʝʧʪʝʣʽʩ 

ʪʫʜʳʨʘʜʳ. ɹײʣ ʤᴅʩʝʣʝʥʽ ʞʦʣʜʘʨʜʳ ץʘʡʪʘ ײץʨʫ ʞᴅʥʝ ʢʝשʝʡʪʫ ʘʨץʳʣʳ סʘʥʘ ʝʤʝʩ, 

ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʢᴇʣʽʢʪʽ ʜʘʤʳʪʫ ʘʨץʳʣʳ ʜʘ, ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʤʝʪʨʦ ʞʝʣʽʣʝʨʽʥʽש ʩʘʥʳʥ 

ʘʨʪʪʳʨʫ ʞᴅʥʝ ץʘʣʘ ʤʝʥ ʦסʘʥ ʽʨʛʝʣʝʩ ʘʫʜʘʥʜʘʨʜʳ ʙʘʡʣʘʥʳʩʪʳʨʘʪʳʥ ץʦסʘʤʜʳץ ʢᴇʣʽʢʪʽ 

ʜʘʤʳʪʫ ʘʨץʳʣʳ ʜʘ ʰʝʰʫ ץʘʞʝʪ. 
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4 ʩʫʨʝʪ  - ɾʝʨ װʩʪʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ ʩʪʘʥʮʠʷʥʳש ʩʳʟʙʘʩʳ ʤʝʥ ʙᴇʣʽʤʽ 

 

ʊʘʣץʳʣʘʫ.  

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥ ʪʝʭʥʦʣʦʛʠʷ ʥʝʛʽʟʽʥʜʝ ʦʩʳ ʞʦʙʘʜʘ ɸʣʤʘʪʳ-ʊʘʣסʘʨ 

 ʳʣʳץʘʥ ʪʝʤʽʨ ʞʦʣ ʞʝʣʽʩʽ ʫʯʘʩʢʝʩʽ ʘʨסʽʣ ʤʝʪʨʦè ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣשʳ çʞʝסʘʪʳʥʘʩʳʥʜʘץ

ɸʣʤʘʪʳ ץʘʣʘʩʳʥʳש ʤʝʪʨʦʧʦʣʠʪʝʥ ʞʝʣʽʩʽʥ ʜʘʤʳʪʫ ʢᴇʟʜʝʣʝʜʽ (4 ʩʫʨʝʪ). 

çʈʘʡʳʤʙʝʢ ʙʘʪʳʨè ʩʪʘʥʮʠʷʩʳʥʘʥ çʞʝשʽʣ ʤʝʪʨʦè ʞʝʣʽʩʽʥʽש ʙʦʣʞʘʤʜʳ ʫʯʘʩʢʝʩʽ 

(ʐʘʤʘʤʝʥ ײʟʳʥʜʳסʳ 30 ʢʤ ï ʞʦʣʜʳש ʪװʧʢʽʣʽʢʪʽ ʙʘסʳʪʳʥ ʪʘשʜʘʫ ʢʝʟʽʥʜʝ ʥʘץʪʳʣʘʫ ʪʘʣʘʧ 

ʝʪʽʣʝʜʽ) ɸʣʤʘʪʳ ץʘʣʘʩʳʥʳץ שʘʣʘ ʤʘשʳ ʘʡʤʘסʳ (ɼʫʤʘʥ ʰʘסʳʥ ʘʫʜʘʥʳ ʞᴅʥʝ ʞʘץʳʥ 

ʤʘשʜʘסʳ ʝʣʜʽ ʤʝʢʝʥʜʝʨ) ʘʨץʳʣʳ ᴇʪʝʪʽʥ ʙʦʣʘʜʳ, ʦʩʳʣʘʡʰʘ ɸʣʤʘʪʳ ʤʝʥ ʊʘʣסʘʨ ʘʨʘʩʳʥʜʘ 

ʦʨʥʘʣʘʩץʘʥ, ʞʘʣʧʳ ʩʘʥʳ ʰʘʤʘʤʝʥ 200 ʤʳש ʘʜʘʤ ʙʦʣʘʪʳʥ ʞʘץʳʥ ʤʘשʜʘסʳ ʝʣʜʽ ʤʝʢʝʥʜʝʨ 

ʪײʨסʳʥʜʘʨʳʥʳש ʥʝʛʽʟʛʽ ʙᴇʣʽʛʽʥʽש ʪʘʢʪʽʣʽʢ ʨʝʣʴʩʪʽʢ ʢᴇʣʽʢ ʞװʡʝʩʽʥ ʝʥʛʽʟʫ ʞᴅʥʝ ʘʚʪʦʞʦʣʜʘʨʜʘ 

çʢʝʧʪʝʣʽʩè ʙʦʣʤʘʫʳ ʝʩʝʙʽʥʝʥ ʢᴇʣʽʢʪʽʢ ײʪʳʤʜʳץʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʂᴇʧʪʝʛʝʥ 

ʘʜʘʤʜʘʨʜʳש ʧʽʢʽʨʽʥʰʝ, ʤײʥʜʘʡ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ץʦסʘʤʜʳץ ʢᴇʣʽʢ ʞʝʣʽʩʽʥʽש 

ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʳש ʙʽʨʽ ʞʦʣʘʫʰʳʣʘʨʜʳש ɸʣʤʘʪʳ ʤʝʥ ʊʘʣסʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʝʟ ʢʝʣʛʝʥ 

ʝʣʜʽ ʤʝʢʝʥʥʝʥ, ʦʥʳש ʽʰʽʥʜʝ ʊʘʣסʘʨʜʘʥ ɸʣʤʘʪʳ ץʘʣʘʩʳʥʳש ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥʝ ʜʝʡʽʥ ʢᴇʣʽʢ 

ʘʫʳʩʪʳʨʤʘʡ-ʘץ ʞʝʪʫʛʝ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʘʜʳ. çʄʝʪʨʦʛʠʧʨʦʪʨʘʥʩè ɸɸפ (ɸʰʳץ ʘʢʮʠʦʥʝʨʣʽʢ 

 .ʘ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʠʛʝʨʜʽשʞʘ שʘʫʳʤʝʥ ʪʫʥʥʝʣʴʜʝʨ ʩʘʣʫʜʳסʦʨץ שʙʳʨʣʘʨ ʵʢʨʘʥʳʥʳײץ (ʘʤסʦץ

ɹײʣ ʪʝʭʥʦʣʦʛʠʷ ʘʚʪʦʤʦʙʠʣʴʜʝʨ ʤʝʥ ʧʦʡʳʟʜʘʨʜʳץ שʦʟסʘʣʳʩʳʥʜʘ װʟʽʣʽʩʩʽʟ ʢᴇʣʽʢ 

ʞʦʣʜʘʨʳʥʳש ʘʩʪʳʥʘ ʪʫʥʥʝʣʴʜʝʨ ʩʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹװʛʽʥʛʽ ʪʘשʜʘ ʤײʥʜʘʡ ʞʦʙʘ 

ʙʦʡʳʥʰʘ ʙʽʨ ʞʘʷʫ ʞװʨʛʽʥʰʽʣʝʨ ᴇʪʢʝʣʽ ʤʝʥ ʙʽʨ ʘʚʪʦʞʦʣ ʪʫʥʥʝʣʽ ʩʘʣʳʥʜʳ, ʪʘסʳ ʙʽʨ ʘʚʪʦʞʦʣ 

ʪʫʥʥʝʣʽ 2001 ʞʳʣʜʳש ʰʽʣʜʝʩʽʥʜʝ ʧʘʡʜʘʣʘʥʫסʘ ʙʝʨʽʣʛʝʥ ʙʦʣʘʪʳʥ. 

çʅʦʫ-ʭʘʫè( ʢʦʤʤʝʨʮʠʷʣʳײץ ץʥʜʳʣʳסʳ ʙʘʨ ʠʥʥʦʚʘʮʠʷʣʘʨʜʳ ʘʡʪʘʜʳ) ʵʣʝʤʝʥʪʪʝʨʽ 

ʙʘʨ ʙײʣ ײץʨʳʣʳʩ ʪʝʭʥʦʣʦʛʠʷʩʳ: 

 ʨʣʽ ʧʽʰʽʥʜʝʛʽ ʞᴅʥʝ ʢᴇʣʝʤʜʝʛʽװᴅʨʪ שʠʤʘʥʳץ שʳ 100 ʤ ʜʝʡʽʥ ʢᴇʣʜʝʥʝסʟʳʥʜʳײ  -

ʪʦʥʥʝʣʴʜʝʨʜʽ ʩʘʣʫ; 

 - ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥ ʙײʟʙʘʡ ʪʦʥʥʝʣʴ ʩʘʣʫ ʢʝʟʽʥʜʝ ʙʝʪʽʥʽש ʜʝʬʦʨʤʘʮʠʷʩʳʥ ʙʘʨʳʥʰʘ 

ʘʟʘʡʪʫ ʥʝʤʝʩʝ ʪʦʣʳסʳʤʝʥ ʙʦʣʜʳʨʤʘʫ; 

-  ʪʫʥʥʝʣʴ ʩʘʣʫ ʙʦʡʳʥʰʘ ʙʘʨʣʳץ ʞײʤʳʩ ʧʨʦʮʝʩʽʥ ʙʘʨʳʥʰʘ ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʫ. 

https://kk.wikipedia.org/wiki/%D0%98%D0%BD%D0%BD%D0%BE%D0%B2%D0%B0%D1%86%D0%B8%D1%8F
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5 ʩʫʨʝʪ 5 ï ɸʣʤʘʪʳ-ʊʘʣסʘʨ çʞʝשʽʣ ʤʝʪʨʦè ʙʦʣʞʘʤʜʳ ʞʝʣʽʩʽʥʽש ʩʳʟʙʘʩʳ 
 

  

  
 

6 ʩʫʨʝʪ  ï ʕʩʪʘʢʘʜʘʥʳץ שʦʩ ʞʦʣʜʳ ʞᴅʥʝ ʙʽʨ ʞʦʣʜʳ ʘʨʘʣʳץʪʘʨʳ 

 

ʄʝʪʨʦʧʦʣʠʪʝʥ ʞʝʣʽʣʝʨʽʥʽϬ Ϻʪʢʽʟʫ ʞϸʥʝ ʪʘʩʳʤʘʣʜʘʫ Ϩʘʙʽʣʝʪʽʥ ʘʥʳϨʪʘʫ. 

ʄʝʪʨʦʧʦʣʠʪʝʥʜʝʨ ʞʝʣʽʣʝʨʽʥʽש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ 1 ʩʘסʘʪ ʽʰʽʥʜʝ ʞװʨʝ ʘʣʘʪʳʥ 

ʧʦʝʟʜʘʨʜʳש ʝש ʢᴇʧ ʩʘʥʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ, ᴅʨʙʽʨ ʙʘסʳʪ װʰʽʥ ʞʝʣʽʣʝʨʜʽש (ʧʦʝʟʜʘʨʜʳש/ʩʘס) 

 :ʘʙʽʣʝʪʽ ʤʳʥʘʜʘʡ ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʝʜʽץ ʦʣ ᴇʪʢʽʟʫץ-ʦʣʤʘץ
 

Nʏ =60/Imin,= 60/10=6 ʧʦʝʟʜ/ʩʘסʘʪ, 
 

ʤײʥʜʘסʳ Imin-ʧʦʝʟʜʘʨ ʘʨʘʩʳʥʜʘסʳ ʝש ʢʽʰʽ ʘʨʘʣʳץ, ʤʠʥ. 

ζ˾͚͊·͔ͣ͋͟ ͋͊ͭ·ͪη ͫͭ͊ͤͼ͙Ύͫ·  

ͫͭ͊ͤͼ͙Ύ ζ˨ͯͣ͊ͤη  

ζ́ ͒͘·͋͊ͫͭ͊ͯη ό˴͙͙͊ͤͤͦ͡ύ 

ͫͭ ͊ͤͼ͙Ύͫ· 

ζx ͔͋͊͡͡η ό˸͙;͙ͯͪͤͦ) 

ͫͭ͊ͤͼ͙Ύͫ· 

ζ́ ͊͊͡ηͪ ͫ ͭ͊ͤͼ͙Ύͫ·   

 

ζ˨ͯͣ͊ͤη ͫͭ͊ͤͼ͙Ύͫ· 

ζ·͘·͚͊͡ ͪ͊ͭη ͫͭ͊ͤͼ͙ Ύͫ· 

ζxͪ͜ ͜͟͡η ͫ ͭ͊ͤͼ͙Ύͫ·  
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ɹײʣ ʘʨʘʣʳץ ʘʚʪʦʙסײʘʪʪʘʫ ʞװʡʝʩʽʥʝ, ʙʣʦʢ - ʫʯʘʩʢʝʣʝʨʜʽײ שʟʳʥʜʳסʳʥʘ, ʚʘʛʦʥʜʘʨʜʳש 

ʞװʨʫ ʩʘʧʘʩʳ ʤʝʥ ʪʝʞʝʫ ײץʨʘʣʜʘʨʳʥʘ, ʩʪʘʥʮʠʷʣʘʨʜʘסʳ ʧʦʝʟʜʘʨ ʪײʨʘץʪʘʨʳʥʳײ שʟʘץʪʳסʳʥʘ 

ʞᴅʥʝ ʩʦסשʳ ʧʫʥʢʪʪʝʨʜʝʛʽ ײץʨʘʤʜʘʨʜʳש ʘʡʥʘʣʳʤʳʥʘ ʘʨʥʘʣסʘʥ ץʦʣʜʘ ʙʘʨ ײץʨʳʣסʳʣʘʨסʘ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ. 

ʄʝʪʨʦʧʦʣʠʪʝʥʜʝʨʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʘʚʪʦʩʪʦʧʧʝʥ ʘʚʪʦʙסײʘʪʪʘʫ ʞװʡʝʩʽ ʩʘסʘʪʳʥʘ 40 

ʞײʧץʘ ʜʝʡʽʥ ʧʦʝʟʜʘʨʜʳ ᴇʪʢʽʟʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʘʜʳ, ʘʚʪʦʤʘʪʪʳ ʣʦʢʦʤʦʪʠʚʪʽʢ 

ʩʠʛʥʘʣʠʟʘʮʠʷʩʳ ʙʘʨ ʘʚʪʦʙסײʘʪʪʘʫ ʞװʡʝʩʽʥ ʧʘʡʜʘʣʘʥʫ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ʩʘסʘʪʳʥʘ 48 ʞײʧץʘ 

ʜʝʡʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉʪʘʥʮʠʷʣʘʨʜʘסʳ ʧʦʡʳʟʜʘʨʜʳש ʪײʨʫ ײʟʘץʪʳסʳ ʞʦʣʘʫʰʳʣʘʨ ʘסʳʥʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

20-ʜʘʥ 40 ʩ ײץʨʘʡʜʳ. ɾʦʣʘʫʰʳʣʘʨʜʳ ʪװʩʽʨʫ ʞᴅʥʝ ʦʪʳʨסʳʟʫ ʦʧʝʨʘʮʠʷʣʘʨʳʥ ʙᴇʣʫ װʰʽʥ 

ʧʣʘʪʬʦʨʤʘʣʘʨ ʞʦʣʜʳש ʝʢʽ ʞʘסʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ʢʝʟʜʝ ʙײʣ ʫʘץʳʪʪʳ ʘʟʘʡʪʫסʘ ʙʦʣʘʜʳ. 

ɾʦʣʘʫʰʳʣʘʨסʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʳʣסʳʣʘʨʜʳש (ʚʝʩʪʠʙʶʣʴʜʝʨ, ײʩʘץʪʘʫ 

ʘʚʪʦʤʘʪʪʘʨʳ, ʘʚʪʦʤʘʪʪʳ ʙʘץʳʣʘʫ ʧʫʥʢʪʪʝʨʽ, ʵʩʢʘʣʘʪʦʨʣʘʨ, ʙʘʩʧʘʣʜʘץʪʘʨ, ᴇʪʧʝʣʝʨ, 

ʧʣʘʪʬʦʨʤʘʣʘʨ) ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ץʘʞʝʪʪʽ ʨʝʟʝʨʚʪʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʝʩʝʧʪʽʢ ʤʝʨʟʽʤʛʝ ʝש ʢᴇʧ 15 

ʤʠʥʫʪʪʳץ ʞʦʣʘʫʰʳʣʘʨ ʘסʳʥʳʥʘ ʝʩʝʧʪʝʣʝʜʽ. 

ʄʝʪʨʦʧʦʣʠʪʝʥ ʞʝʣʽʣʝʨʽʥʽש ʪʘʩʳʤʘʣʜʘʫ ץʘʙʽʣʝʪʽ ʧʦʝʟʜʘʨʤʝʥ ʙʽʨ ʙʘסʳʪʪʘ 1 ʩʘסʘʪ 

ʽʰʽʥʜʝ ʪʘʩʳʤʘʣʜʘʥʫʳ ʤװʤʢʽʥ ʞʦʣʘʫʰʳʣʘʨʜʳש ʝש ʢᴇʧ ʩʘʥʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ: 
 

ɸʏ = Nʏ Ŀɺʇ= 6Ŀ940=5640ʘʜʘʤ/ʩʘסʘʪ, 

ʤײʥʜʘסʳ ɺʧ-ʙʽʨ ʧʦʡʳʟʜʳש ʩʳʡʳʤʜʳʣʳסʳ. 

ʊʄɼ ʝʣʜʝʨʽʥʽש ʄʝʪʨʦʧʦʣʠʪʝʥ ʞʝʣʽʣʝʨʽ 5-8 ʚʘʛʦʥʥʘʥ ʪײʨʘʪʳʥ ײץʨʘʤʜʘʨʜʳ 

ʧʘʡʜʘʣʘʥʫסʘ ʝʩʝʧʪʝʣʛʝʥ. 

ɸʣʤʘʪʳ ʤʝʪʨʦʧʦʣʠʪʝʥʽʥ ʧʘʡʜʘʣʘʥʫʜʘ ʦשʪװʩʪʽʢ ʢʦʨʝʷʣʳץ HYUNDAI Rotem 

ʢʦʤʧʘʥʠʷʩʳ ʰʳסʘʨסʘʥ, ɸʣʤʘʪʳ ʤʝʪʨʦʧʦʣʠʪʝʥʽ װʰʽʥ ʘʨʥʘʡʳ ᴅʟʽʨʣʝʥʛʝʥ ʞʝʪʽ ײץʨʘʤ 

(ᴅʨץʘʡʩʳʩʳʥʜʘ ʪᴇʨʪ ʚʘʛʦʥʥʘʥ) ʙʘʨ. 

 ,ʳ-142,4 ʪסʨʘʤ ʩʘʣʤʘײץ ,ʳ - 77,8 ʤ, ʝʥʽ-2675 ʤʤ, ʙʠʽʢʪʽʛʽ - 3670 ʤʤסʟʳʥʜʳײ ʨʘʤײפ

ʤʘʢʩʠʤʘʣʜʳ ʪʝʭʥʠʢʘʣʳץ ʞʳʣʜʘʤʜʳ80-ץ ʢʤ/ʩʘס. ʞʦʣʜʳש ʝʥʽ-1520 ʤʤ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʞʠʤʽ: 

-35, +40ʉ  ײץʨʘʡʜʳ. 

4 ɺʘʛʦʥ ʩʳʡʳʤʜʳʣʳסʳ - 940 ʘʜʘʤʜʳ ײץʨʘʡʜʳ. ᴄʨʙʽʨ ʚʘʛʦʥ ʞʳʣʳʪʫ, ʞʝʣʜʝʪʫ 

ʞװʡʝʩʽʤʝʥ, ʞʦʣʘʫʰʳʣʘʨ ʩʘʣʦʥʳʥʳש ʬʣʫʦʨʝʩʮʝʥʪʪʽ ʞʘʨʳץʪʘʥʜʳʨʫʳʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ.  

ɺʘʛʦʥ ʽʰʽʥʝ  ʪװʪʽʥ ʤʝʥ ʦʪʪʳ ʘʥʳץʪʘʫ װʰʽʥ ʆɺʂɺ ʞװʡʝʩʽʥʽש ʩʦʨʫ ʪʦʨʳʥʳש ʝʢʽ ʞʘסʳʥʘ 

ʪװʪʽʥ ʤʝʥ ʦʪʪʳש ʝʢʽ ʜʝʪʝʢʪʦʨʳ  ʦʨʥʘʪʳʣסʘʥ. ɸʥʳץʪʘʣסʘʥ ʜʝʨʝʢʪʝʨ ʤʘʰʠʥʠʩʪʽש ʜʠʩʧʣʝʡʽʥʝ 

CMS (ʧʦʡʳʟʜʳ ʙʘʩץʘʨʫ ʞᴅʥʝ ʙʘץʳʣʘʫ ʞװʡʝʩʽ) ʘʨץʳʣʳ ʢᴇʨʩʝʪʽʣʝʜʽ. ɺʘʛʦʥʜʘʨ ʩʦʥʜʘʡ-ʘץ 

ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ ʙʝʡʥʝʙʘץʳʣʘʫ ʞװʡʝʩʽʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ, ʚʘʛʦʥʥʳש ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥʜʝ 

ʝʢʽ ʙʝʡʥʝʙʘץʳʣʘʫ ʢʘʤʝʨʘʩʳ ʞᴅʥʝ ʢʘʙʠʥʘ ץʘʧʪʘʤʘʩʳʥʳש ʝʢʽ ʞʘסʳʥʜʘ ʝʢʽ ʢʘʤʝʨʘ 

ʦʨʥʘʪʳʣסʘʥ. 

ʄʝʪʨʦʧʦʣʠʪʝʥ ʞʝʣʽʣʝʨʽʥ ʞʦʙʘʣʘʫ װʰʽʥ ʝʩʝʧʪʽʢ ʤʝʨʟʽʤʛʝ (ʧʘʡʜʘʣʘʥʫʜʳ10 ש-ʰʳ 

ʞʳʣʳʥʘ ʞᴅʥʝ ʧʝʨʩʧʝʢʪʠʚʘסʘ) ʦʥʳש ᴅʨʙʽʨ ʙʘסʳʪʪʘסʳ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ʙʽʣʫ ץʘʞʝʪ: 
 

N ʏ ʝʩʝʧʪʽʢ = (ɸʏ ʝʩʝʧʪʽʢ ĿŬĿɓ)/ɺʧ=(5640ʭ1,2ʭ1,25)/940=9 ʧʦʝʟʜ/ʩʘסʘʪ, 

ʤײʥʜʘסʳ ɸʏʝʩʝʧʪʽʢ -ʣʠʤʠʪʪʝʫʰʽ ʘʨʘʣʳץ ʙʦʡʳʥʰʘ 1 ʩ ʰʳװ שʰʽʥ ʞʦʣʘʫʰʳʣʘʨʜʳש 

ʝʩʝʧʪʽʢ ʩʘʥʳ; 

ʘ-ʤʝʪʨʦʧʦʣʠʪʝʥʛʝ ʞʦʣʘʫʰʳʣʘʨ ʪװʩʫʽʥʽש ʩʘסʘʪ ʽʰʽʥʜʝʛʽ ᴅʨʢʝʣʢʽ ʢʦʵʬʬʠʮʠʝʥʪʽ 

(ʞʦʣʘʫʰʳʣʘʨ ʘסʳʥʳʥʳש ʰʦסʳʨʣʘʥʫ ʜᴅʨʝʞʝʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʘ = 1,2-1,4;  

ʄʝʪʨʦʧʦʣʠʪʝʥ ʩʪʘʥʮʠʷʣʘʨʳʥʳש ʪʝʤʽʨʞʦʣ, ᴇʟʝʥ ʞᴅʥʝ ʘʚʪʦʚʦʢʟʘʣʜʘʨסʘ, ʩʪʘʜʠʦʥʜʘʨסʘ, 

ʩʘʷʙʘץʪʘʨסʘ, ʽʨʽ ʢᴅʩʽʧʦʨʳʥʜʘʨסʘ, ʤʝʢʝʤʝʣʝʨʛʝ ʞᴅʥʝ ʪ. ʙ. ʞʘץʳʥ ʦʨʥʘʣʘʩʫʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 

 ʙʽʨʢʝʣʢʽ שʘʙʳʣʜʘʥʘʜʳ), (ɓ-ʧʦʝʟʜ ʚʘʛʦʥʜʘʨʳ ʙʦʡʳʥʰʘ ʞʦʣʘʫʰʳʣʘʨʜʳץ ʣʢʝʥ ʤᴅʥװ

ʙᴇʣʽʥʙʝʫʽʥ ʝʩʢʝʨʝʪʽʥ ʢʦʵʬʬʠʮʠʝʥʪ ((ɓ> 1). 

Hitachi Rail ʤʘʰʠʥʠʩʪʩʳʟ ʧʦʡʳʟʜʘʨ.  

Infrastructure Ontario ʞᴅʥʝ metrolinx ʢᴇʣʽʢ ʙʘʩץʘʨʤʘʩʳ ʊʦʨʦʥʪʦ ʤʝʪʨʦʩʳʥʳ15,6 ש 

ʰʘץʳʨʳʤʜʳץ ʞʘשʘ Ontario ʞʝʣʽʩʽʥʽ30 ש ʞʳʣ ʙʦʡʳ ʞʦʙʘʣʘʫ, ʩʘʣʫ, ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ 
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ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʢʝʣʽʩʽʤʰʘʨʪʳʥ ʦʨʳʥʜʘʫʰʳ ʨʝʪʽʥʜʝ Hitachi Rail ʙʘʩץʘʨʘʪʳʥ 

Connect 6ix ʢʦʥʩʦʨʮʠʫʤʳʥ ʪʘשʜʘʜʳ. ʂʝʣʽʩʽʤʰʘʨʪ ʩʦʥʳʤʝʥ ץʘʪʘʨ ʞʝʣʽ װʰʽʥ ʞʳʣʞʳʤʘʣʳ 

 ʪʘʫ ʞᴅʥʝ ʉʆɹץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ, ʵʣʝʢʪʨʤʝʥ ʞʘʙʜʳץ ʨʘʤʜʳ ʞʝʪʢʽʟʫʜʽ ʞᴅʥʝײץ

 ʨʫʳ ʤʝʥ ʞᴇʥʜʝʫʽʥʝײʪ שʳʥ, ʧʦʡʳʟʜʘʨʜʳסʘʨʫ ʦʨʪʘʣʳץʳʣʘʨʳʥ ʤʦʥʪʘʞʜʘʫʜʳ, ʙʘʩסʨʳʣײץ

ʘʨʥʘʣסʘʥ ʜʝʧʦ ʩʘʣʫʜʳ ʢᴇʟʜʝʡʜʽ. Connect 6ix ʢʦʥʩʦʨʮʠʫʤʳʥʳײץ שʨʘʤʳʥʘ Hitachi Rail-ʪʝʥ 

ʙʘʩץʘ Plenary Americas, Webuild, Transdev Canada, IBI Group Professional Services, nge 

Contracting, National Bank Financial, Sumitomo Mitsui Banking ʢʦʤʧʘʥʠʷʣʘʨʳ ʢʽʨʝʜʽ. 

ʂʝʣʽʩʽʤʰʘʨʪʪʳײץ שʥʳ - 9 ʤʠʣʣʠʘʨʜ ʂʘʥʘʜʘ. ʜʦʣʣ. (6,72 ʤʣʨʜ ɸפʐ). ɾײʤʳʩʪʳ 2023 ʞʳʣʳ 

ʙʘʩʪʘʫ ʢʝʨʝʢ, ʘʣ 2031 ʞʳʣʳ ʘʷץʪʘʫ ʢʝʨʝʢ. 
  

 
 

7 ʩʫʨʝʪ - Hitachi Rail ʤʘʰʠʥʠʩʪʩʳʟ ʧʦʡʳʟʜʘʨ ʞʦʙʘʩʳ 

 

Ontario ʞʝʣʽʩʽʥʽש ʧʦʡʳʟʜʘʨʳ ʊʦʨʦʥʪʦʥʳש ʦʨʪʘʣʳץ ʙᴇʣʽʛʽ ʘʨץʳʣʳ 80 ʢʤ/ʩʘס 

ʞʳʣʜʘʤʜʳץʧʝʥ ʞᴅʥʝ 90 ʩ ʘʨʘʣʳץʧʝʥ ʞװʨʝʜʽ, cbtc ʪʝʭʥʦʣʦʛʠʷʩʳ ʥʝʛʽʟʽʥʜʝ ʨʘʜʠʦʘʨʥʘ 

ʘʨץʳʣʳ ץʦʟסʘʣʳʩʪʳ ʙʘʩץʘʨʫ ʞװʡʝʩʽʤʝʥ ʞʘʙʜʳץʪʘʣʘʪʳʥ ʞᴅʥʝ ʧʦʡʳʟʜʘʨʜʳ ʤʘʰʠʥʠʩʪʝʨʩʽʟ 

ʧʘʡʜʘʣʘʥʫסʘ ʘʨʥʘʣסʘʥ ʞʘשʘ ʞʝʣʽ ᴅʨ ʙʘסʳʪʪʘ ʩʘסʘʪʳʥʘ 30 ʤʳש ʘʜʘʤסʘ ʜʝʡʽʥ ʪʘʩʳʤʘʣʜʘʡ 

ʘʣʘʜʳ. ʆʥʜʘ 15 ʩʪʘʥʮʠʷ, ʦʥʳש ʽʰʽʥʜʝ ʩʝʛʽʟ ʞʝʨʘʩʪʳ ʩʪʘʥʮʠʷʩr ʞᴅʥʝ ʙʘʩץʘ ʢᴇʣʽʢ ʪװʨʣʝʨʽʥʝ 

 ʳ ʙʘʡʣʘʥʳʩסʳʥʜʘשʘʣʘ ʤʘץ ʽʰʽʥʜʝ GO Transit שʤʢʽʥʜʽʛʽ ʙʘʨ, ʩʦʥʳװʘ ʜʝʡʽʥ ʘʫʳʩʫ ʤץ-40

ʞʝʣʽʩʽ, ץʦʣʜʘʥʳʩʪʘסʳ 1 ʞᴅʥʝ 2 ʤʝʪʨʦ ʞʝʣʽʣʝʨʽ ʞᴅʥʝ Eglinton Crosstown ʞʝשʽʣ ʨʝʣʴʩʪʽ 

ʢᴇʣʽʛʽʥʽש ɹʦʣʘʰʘ5 ץ ʞʝʣʽʩʽ. ɽʩʝʧʪʝʫʣʝʨʛʝ ʩᴅʡʢʝʩ, ʞʝʣʽʥʽ ʽʩʢʝ ץʦʩʫ ץʘʣʘʣʳץ ʢᴇʰʝʣʝʨʜʝ 

ʘʚʪʦʤʦʙʠʣʴʜʝʨʤʝʥ ʞװʨʫ ʩʘʥʳʥ ʢװʥʽʥʝ 28 ʤʳסשʘ ץʳʩץʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ʟʠʷʥʜʳ 

ʰʳסʘʨʳʥʜʳʣʘʨʜʳש ʘʟʘʶʳʥʘ ʞᴅʥʝ ʢʝʧʪʝʣʽʩʪʝʨʜʽש ʘʟʘʶʳʥʘ ᴅʢʝʣʝʜʽ. 

ʇʦʡʳʟʜʘʨʜʳ ʀʥʪʝʨʥʝʪʢʝ ʩʳʤʩʳʟ ץʦʣʞʝʪʽʤʜʽʣʽʢʧʝʥ, ʮʠʬʨʣʳץ ʘץʧʘʨʘʪʪʳץ 

ʜʠʩʧʣʝʡʣʝʨʤʝʥ, ʤʦʙʠʣʴʜʽ ײץʨʳʣסʳʣʘʨʜʳ ʟʘʨʷʜʪʘʫ ʥװʢʪʝʣʝʨʽʤʝʥ, ʚʝʣʦʩʠʧʝʜʪʝʨ ʤʝʥ 

ʤװʛʝʜʝʢʪʝʨ ʢʨʝʩʣʦʣʘʨʳʥʘ ʘʨʥʘʣסʘʥ ʦʨʳʥʜʘʨʤʝʥ, ʞʳʣʳʪʫ ʞᴅʥʝ ʩʘʣץʳʥʜʘʪʫ ʞװʡʝʣʝʨʽʤʝʥ, 

ʘʰʳʣʫʳ ʧʣʘʪʬʦʨʤʘʣʳץ ʝʩʽʢʪʝʨʜʽש ʞײʤʳʩʳʤʝʥ, ʨʝʛʝʥʝʨʘʪʠʚʪʽ ʪʝʞʝʫʤʝʥ ʩʠʥʭʨʦʥʜʘʣסʘʥ 

ɸʚʪʦʤʘʪʪʳ ʝʩʽʢʪʝʨʤʝʥ ʞʘʙʜʳץʪʘʫ ʢᴇʟʜʝʣʝʜʽ. 
 

 ʦʨʳʪʳʥʜʳʣʘʨפ

çɸʚʪʦʤʘʪʪʳè ʤʝʪʨʦʧʦʣʠʪʝʥʥʽש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʙʘʨ. ʅʝʛʽʟʛʽ çʧʣʶʩè - 

ʙʘסʜʘʨʰʘʤʥʘʥ ʪʦʣʳץ ʙʘʩ ʪʘʨʪʫ. פʘʫʽʧʩʽʟʜʽʢ ʞװʡʝʩʽʥʽש ʙʘʩץʘʨʫʳʥʜʘסʳ ʤʘʰʠʥʠʩʪʩʽʟ ʵʣʝʢʪʨ 

ʜʝʧʦʩʳʥʘ ʪʽʧʪʽ ʘץʘʫʣʳ ʧʦʡʳʟʜʘʨ ʞʽʙʝʨʽʣʝʪʽʥ ʞʝʣʽʜʝ ʙʘסʜʘʨʰʘʤʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳש 

 .ץʘʞʝʪʽ ʞʦץ

ɹײʣ ʪᴅʩʽʣ ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ. ʄʳʩʘʣʳ, ʟʘʤʘʥʘʫʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʳץ 

ʦʨʪʘʣʳץʪʘʥʜʳʨʫʜʘ ʙʘסʜʘʨʰʘʤʜʳ ʙʘʩץʘʨʫ ʙʣʦʛʳʥʳײץ שʥʳ ʙʽʨʥʝʰʝ ʦʥʜʘסʘʥ, ʘʣ ʰʝʪʝʣʜʽʢ 

ᴇʥʜʽʨʫʰʽʣʝʨʜʽש ʞװʡʝʣʝʨʽ ʞװʟʜʝʛʝʥ ʤʳש ʜʦʣʣʘʨʜʳ ײץʨʘʫʳ ʤװʤʢʽʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʧʘʡʜʘʣʘʥʫסʘ ץʦʩʳʤʰʘ ץʘʨʘʞʘʪ ץʘʞʝʪ. 

ɼʝʛʝʥʤʝʥ, פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʘʫʤʘסʳʥʜʘ ʘʚʪʦʤʘʪʪʳ ʤʝʪʨʦʧʦʣʠʪʝʥʜʽ 

ʞʦʙʘʣʘʫ ʞᴅʥʝ ʝʥʛʽʟʫ ʢʝʟʽʥʜʝ ʦʙʲʝʢʪʠʚʪʽ ʧʨʦʙʣʝʤʘʣʘʨ ʪʫʳʥʜʘʡʜʳ. ɹײʣ, ʙʽʨʽʥʰʽ ʢʝʟʝʢʪʝ, 

ʝʥʛʽʟʽʣʝʪʽʥ ײץʨʳʣסʳʣʘʨʜʳץ שʦʣʜʘʥʳʩʪʘסʳ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨסʘ (ʪʝʭʥʠʢʘʣʳץ ʧʘʡʜʘʣʘʥʫ 

 ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳץʘʟʘפ ,ʘץץʘʫʣʳץʩײʠʜʘʣʘʨrʥʘ, ʩʠʛʥʘʣ ʙʝʨʫ ʞᴇʥʽʥʜʝʛʽ ʥסʘץ

ʤʝʪʨʦʧʦʣʠʪʝʥʽʥʽש ʧʦʝʟʜʘʨ ץʦʟסʘʣʳʩʳ ʞᴅʥʝ ʤʘʥʝʚʨʣʽʢ ʞײʤʳʩʳ ʞᴇʥʽʥʜʝʛʽ ʥײʩץʘʫʣʳץץʘ, 
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 ʠʜʘʣʘʨʳʥʘ ʞᴅʥʝ ʤʝʪʨʦʧʦʣʠʪʝʥʜʝʨʜʽ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʩʘʣʫסʘץ ʨʳʣʳʩ ʥʦʨʤʘʣʘʨʳ ʤʝʥײץ

ʞᴇʥʽʥʜʝʛʽ ץʘסʠʜʘʣʘʨ ʞʠʳʥʪʳסʳʥʘ) ʩᴅʡʢʝʩ ʢʝʣʤʝʫʽ ʤװʤʢʽʥ. ʉʦʥʜʳץʪʘʥ ᴅʨʙʽʨ ʦʩʳʥʜʘʡ 

ʦʙʲʝʢʪ װʰʽʥ ʘʨʥʘʡʳ ʪʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨʜʳ (ʊפʊ) ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʙʝʢʽʪʫ ץʘʞʝʪ. ɹײʣ ʤʽʥʜʝʪʪʽ 

ʰʘʨʪ ʞʦʙʘʣʘʫ ʤʝʨʟʽʤʜʝʨʽʥ ʝʜᴅʫʽʨ ʘʨʪʪʳʨʘʜʳ ʞᴅʥʝ ʢʝʡʜʝ ʙʘסʜʘʨʰʘʤ ʩʠʛʥʘʣʳʥ ץʦʣʜʘʥʫ 

 ʟʝʛʝ ʘʩʳʨʫʜʘװʨʝʪʪʝʡ ʦʪʳʨʳʧ, çʘʚʪʦʤʘʪʪʳè ʄɽʊʈʆ ʬʫʥʢʮʠʷʣʘʨʳʥ ʞ שʘʪʘץ ʘʞʝʪʪʽʣʽʛʽʥץ

ʘʡʪʘʨʣʳץʪʘʡ ʢʝʜʝʨʛʽ ʙʦʣʘʜʳ. 

 ʘʫʽʧʩʽʟʜʽʢץ ʧʘʨʢʽʥ ץʙʘʨʣʳ שʨʘʣʜʘʨʜʳײץ ʞʳʣʞʳʤʘʣʳ (ץʰʘʨʫʘʰʳʣʳ) ʳץʦʩʘʣפ

ʞװʡʝʩʽʥʽש ʩʠʛʥʘʣʜʘʨʳʥ ץʘʙʳʣʜʘʫ ʞᴅʥʝ ᴇשʜʝʫ װʰʽʥ ʩʪʘʮʠʦʥʘʨʣʳץ ʥʝʤʝʩʝ ʞʳʣʞʳʤʘʣʳ 

ʞʘʙʜʳץʧʝʥ ʞʘʨʘץʪʘʥʜʳʨʫ ץʘʞʝʪ. ʄᴅʩʢʝʫ ʤʝʥ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʤʝʪʨʦʧʦʣʠʪʝʥʜʝʨʽʥʽש 

ʪᴅʞʽʨʠʙʝʩʽ ʙʦʡʳʥʰʘ ʞʳʣʞʳʤʘʣʳ ץʦʥʜʳʨסʳʣʘʨʜʳ ʟʘʤʘʥʘʫʠ ץʘʫʽʧʩʽʟʜʽʢ ײץʨʳʣסʳʣʘʨʳʤʝʥ 

ʞʘʙʜʳץʪʘʫ ʞᴅʥʝ ʢװʪʽʧ ײʩʪʘʫ ʰʳסʳʥʜʘʨʳ ʙʘסʜʘʨʰʘʤ ʩʘʣʫ ʰʳסʳʥʜʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 

5-10 ʝʩʝ ʘʟ. 

ʂᴇʧʪʝʛʝʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʧʽʢʽʨʽʥʰʝ, ʤײʥʜʘʡ ʘʚʪʦʤʘʪʪʘʥʜʳʨʣrסʘʥ ץʦסʘʤʜʳץ ʢᴇʣʽʢ 

ʞʝʣʽʩʽʥʽש ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʳש ʙʽʨʽ ʞʦʣʘʫʰʳʣʘʨʜʳש ɸʣʤʘʪʳ ʤʝʥ ʊʘʣסʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʝʟ 

ʢʝʣʛʝʥ ʝʣʜʽ ʤʝʢʝʥʥʝʥ, ʦʥʳש ʽʰʽʥʜʝ ʊʘʣסʘʨʜʘʥ ɸʣʤʘʪʳ ץʘʣʘʩʳʥʳש ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥʝ ʜʝʡʽʥ 

ʘʫʳʩʳʧ ʦʪʳʨʤʘʡ-ʘץ ʞʝʪʫʛʝ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʘʜʳ. ױʩʳʥʳʣסʘʥ ʽʩ-ʰʘʨʘʣʘʨʜʳ ʝʥʛʽʟʫ 

ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʘʫʰʳʣʘʨ ʢᴇʣʽʛʽʥʝ ʞװʢʪʝʤʝʥʽ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ʦʩʳ ʙʘסʳʪʪʳ ᴅʩʽʨʝʩʝ ץʘʨʙʘʣʘʩ 

ʫʘץʳʪʪʘ çʢʝʧʪʝʣʽʩʪʝʨʜʝʥè ʞʝשʽʣʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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ON THE ISSUE OF THE INTRODUCTION OF AN AUTOMATED METRO LINE 

WITH UNMANNED TRAINS  
 

Abstract. The development of unmanned technologies on the railway began quite a long 

time ago, already in 1957, when the first experimental complex of car driving for suburban trains 

was created. In technologically developed countries, active work is being carried out to equip 

trains with intelligent systems and vision systems that allow you to control the train in unmanned 

mode. 

According to competent specialists, vision systems in the future will work better than 

human vision when detecting obstacles, which means that the safety of pedestrians and 

passengers will improve.  

The article discusses the issues of development and prospects for the introduction of 

automated metro systems in Kazakhstan. The advantages of using unmanned systems for 

conducting metro trains are described. a project for the introduction of an automated metro line 

based on unmanned technologies is proposed.  
 

Keywords. Metro train, automated metro, unmanned train control technologies, analysis, 

implementation, recommendations. 
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ɹʘʫʨʞʘʥ ʂʫʨʤʘʰʝʚ, ʩʝʥʴʦʨ-ʣʝʢʪʦʨ,  ɸʢʘʜʝʤʠʷ ʣʦʛʠʩʪʠʢʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, ɸʣʤʘʪʳ, 

ʂʘʟʘʭʩʪʘʥ, b.kurmashev@alt.edu.kz 
 

ʂ ɺʆʇʈʆʉʋ ɺʅɽɼʈɽʅʀʗ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʃʀʅʀʀ ʄɽʊʈʆ  

ʉ ɹɽʉʇʀʃʆʊʅʓʄʀ ʇʆɽɿɼɸʄʀ 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʚʠʪʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʥʘʯʘʣʦʩʴ 

ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ, ʫʞʝ ʚ 1957 ʛʦʜʫ, ʢʦʛʜʘ ʙʳʣ ʩʦʟʜʘʥ ʧʝʨʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ ʘʚʪʦʚʝʜʝʥʠʷ ʜʣʷ ʧʨʠʛʦʨʦʜʥʳʭ ʧʦʝʟʜʦʚ. ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ 

ʧʨʦʚʦʜʠʪʩʷ ʘʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʧʦ ʦʩʥʘʱʝʥʠʶ ʧʦʝʟʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ 

ʩʠʩʪʝʤʘʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʫʧʨʘʚʣʷʪʴ ʧʦʝʟʜʦʤ ʚ ʙʝʩʧʠʣʦʪʥʦʤ 

ʨʝʞʠʤʝ. 

ʇʦ ʤʥʝʥʠʶ ʢʦʤʧʝʪʝʥʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʚ ʙʫʜʫʱʝʤ 

ʙʫʜʝʪ ʩʨʘʙʘʪʳʚʘʪʴ ʣʫʯʰʝ, ʯʝʤ ʯʝʣʦʚʝʯʝʩʢʦʝ ʟʨʝʥʠʝ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʨʝʧʷʪʩʪʚʠʡ, ʘ 

ʟʥʘʯʠʪ, ʫʣʫʯʰʠʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʰʝʭʦʜʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ.  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʨʦ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʀʟʣʦʞʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ ʚʝʜʝʥʠʷ ʧʦʝʟʜʦʚ ʤʝʪʨʦ. ʇʨʝʜʣʦʞʝʥ ʧʨʦʝʢʪ ʚʥʝʜʨʝʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʣʠʥʠʠ ʤʝʪʨʦ ʥʘ ʦʩʥʦʚʝ ʙʝʩʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʦʝʟʜ ʤʝʪʨʦ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʤʝʪʨʦ, ʙʝʩʧʠʣʦʪʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʝʟʜʦʤ, ʘʥʘʣʠʟ, ʚʥʝʜʨʝʥʠʝ, ʨʝʢʦʤʝʥʜʘʮʠʠ. 
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1ʃʦʛʠʩʪʠʢʘ ʞᴅʥʝ ʢᴇʣʽʢ ʘʢʘʜʝʤʠʷʩʳ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ 

2 Baishev University, ɸץʪᴇʙʝ, פʘʟʘץʩʪʘʥ 

3 Satbayev University, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ 

E-mail: ryctem_1968@mail.ru 

 

ɸɺʊʆʄʆɹʀʃʔ ɾʆʃɼɸʈʓʅʓר ɾɸɹʓʅɼɸʈʓʅ ɹױɿʋנɸ ɸʈʅɸʃנɸʅ 

ɾױɼʓʈʓפʐɸʃʓ ʂɸʊʆʂʊʓר ʇɸʈɸʄɽʊʈʃɽʈɯʅ ɸʅʓפʊɸʋ  

 

ɸשʜʘʪʧʘ. ɾײʜʳʨʳץʪʳ ʢʘʪʦʢʪʘʨʜʳ ʘʩʬʘʣʴʪʙʝʪʦʥʥʘʥ ʞʘʩʘʣסʘʥ ʩʫʳץ ʘʩʬʘʣʴʪʙʝʪʦʥ 

ʞʘʙʳʥʜʘʨʳʥ ʙײʟʳʧ ʘʣʫ װʰʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. פʘʟʘץʩʪʘʥʜʘ ʤײʥʜʘʡ ʞʘʙʳʥʜʘʨ 

ʞʦʣʜʘʨʜʳש ʰʘʤʘʤʝʥ 70% ʙʘʨ. ɽש ʪʠʽʤʜʽʩʽ 20 ÁC ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢʝʩʫʣʝʨʜʽ ʞʘʩʘʫ. 

ʂʘʪʦʢʪʳש ʪʘʨʪʫ ʢװʰʽʥ ʞᴅʥʝ ʙʽʨʢʝʣʢʽ ץʦʟסʘʣʳʩʳʥ ʘʟʘʡʪʫ װʰʽʥ ʢʘʪʦʢʪʳץ שʦʟסʘʣʳʩ ʙʘסʳʪʳ 

ʙʦʡʳʥʰʘ ʞײʜʳʨʳץʰʘʥʳ ʪʦʧʩʘʣʳ ʙʝʢʽʪʫ ʘʨץʳʣʳ ʢʘʪʦʢʪʳ ʘʡʥʘʣʜʳʨʫ ʢʝʟʽʥʜʝ 

ʞײʜrʨʳץʰʘʣʘʨʜʳש ʰʳסʫʳʥʘ ʞʘʙʳʥʥʳש ʢʝʜʝʨʛʽʩʽʥ ʙʦʣʜʳʨʤʘʫ ʢʝʨʝʢ. ɸʚʪʦʤʦʙʠʣʴ 

ʞʦʣʳʥʳש ʘʩʬʘʣʴʪʙʝʪʦʥʜʳ ʞʘʙʳʥʜʳʣʘʨʳʥ ʞײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʪʘʨʤʝʥ ʙײʟʳʧ ʘʣʫ 

ʪʝʦʨʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʜײʨʳʩʪʳסʳ ɻװʣʰʘʜ-ɸץʰʘʪʘʫ ʘʚʪʦʤʦʙʠʣʴ 

ʞʦʣʜʘʨʳʥʜʘסʳ ᴇʥʜʽʨʽʩʪʽʢ ʩʳʥʘץʪʘʨʜʘ ʨʘʩʪʘʣʜʳ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ.  ɸʚʪʦʤʦʙʠʣʴ ʞʦʣʳ, ʞײʜʳʨʳץʰʘʣʳ ʪʘʧʪʘסʳʰʪʘʨ, ʘʩʬʘʣʴʪʙʝʪʦʥ 

ʞʘʙʳʥʳ, ʞײʤʳʩʰʳ ʦʨʛʘʥʜʘʨʳ, ʘʩʬʘʣʴʪ ʩʳʥʳץʪʘʨʳ. 

 

ʂʽʨʽʩʧʝ. 

ɸʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳ ʝʣʜʽש ᴅʣʝʫʤʝʪʪʽʢ-ʵʢʦʥʦʤʠʢʘʣʳץ ʜʘʤʫʳʥʜʘ װʣʢʝʥ ʤʘשʳʟסʘ ʠʝ. 

ʉʦʥʜʳץʪʘʥ ʝʣʽʤʽʟʜʝ ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳ ʞʝʣʽʩʽʥ ʜʘʤʳʪʫסʘ ʢᴇʧ ʢᴇשʽʣ ʙᴇʣʽʥʝʜʽ. ɾʳʣ 

ʩʘʡʳʥ 10 ʤʳש ʰʘץʳʨʳʤʥʘʥ ʘʩʪʘʤ ץʘʪʪʳ ʞʘʙʳʥʜʳ ʞʦʣʜʘʨ ʩʘʣʳʥʳʧ, ʢװʨʜʝʣʽ ʞᴇʥʜʝʫʜʝʥ 

ᴇʪʢʽʟʽʣʝʜʽ. ɽʣ ʵʢʦʥʦʤʠʢʘʩʳʥʳש ʜʘʤʫʳ ʢᴇʣʽʢ ʘסʳʥʳʥʳץ שʘʨץʳʥʜʳʣʳסʳ ʤʝʥ ʞװʢ 

ʢᴇʪʝʨʛʽʰʪʽʛʽʥ ʘʨʪʪʳʨʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ, ʙײʣ ʞʦʣ ײץʨʳʣʳʩʳʥʳש ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫʩʳʟ ʤװʤʢʽʥ 

ʝʤʝʩ. 

 ʳʟʳ ʙʘʨ ʘʚʪʦʤʦʙʠʣʴשʤʘ ץʳʪʪʘ ʘʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʳ ʙʘʨ ʈʝʩʧʫʙʣʠʢʘʣʳץʘʟʽʨʛʽ ʫʘפ

ʞʦʣʜʘʨʳʥʳ70% ש ʘʩʪʘʤʳ ץʘʡʪʘ ʞʘשʘʨʪʳʣʫסʘ ʞʘʪʘʜʳ, ʘʣ ʙײʣ 50 ʤʳש ʢʤ ʘʩʪʘʤ, ʦסʘʥ 55 ʤʣʥ 

ʪʦʥʥʘסʘ ʜʝʡʽʥ ʘʩʬʘʣʴʪʙʝʪʦʥ ץʘʞʝʪ ʙʦʣʘʜʳ. פʘʟʘץʩʪʘʥʜʘ ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥʳש ʞײʤʳʩץʘ 

 ʘʞʝʪʩʽʥʝʪʽʥ ʵʣʝʤʝʥʪ - ʞʦʣץ ʰʽʥ ʥʝʛʽʟʽʥʝʥ ʤʘʪʝʨʠʘʣʜʳװ ʘʣʧʳʥʘ ʢʝʣʪʽʨʫץ ʘʙʽʣʝʪʪʽʣʽʛʽʥץ

ʪᴇʩʝʤʽʥ ץʘʡʪʘ ʞʘשʘʨʪʫ ץʘʞʝʪ, ʦʥʜʘ 150 ʤʣʥ ʪʦʥʥʘʜʘʥ ʘʩʪʘʤ ʘʩʬʘʣʴʪʙʝʪʦʥ ʧʘʡʜʘʩʳʟ. 

ɽʩʢʽ ʞʘʙʳʥʜʘʨʜʳש ʘʩʬʘʣʴʪ ʩʳʥʳץʪʘʨʳʥ ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫʜʳש ᴅʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝʩʽ 

ɸפʐ, ɸʥʛʣʠʷ, ɻʝʨʤʘʥʠʷ ʞᴅʥʝ ʌʨʘʥʮʠʷ ʩʠʷץʪʳ ʝʣʜʝʨʜʽש ʙʘʨʣʳץ ʘʩʬʘʣʴʪ ʩʳʥʳץʪʘʨʳʥ 

 ʘʡʪʘ ʧʘʡʜʘʣʘʥʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ, ɾʘʧʦʥʠʷ, ɺʝʥʛʨʠʷ ʞᴅʥʝ ʇʦʣʴʰʘ - ʩᴅʡʢʝʩʽʥʰʝ 60 ʞᴅʥʝץ

50%, ʘʣ פʘʟʘץʩʪʘʥʜʘ ᴅʣʜʝץʘʡʜʘ ʘʟ [1, 2, 3, 4]. 

-ʰʽʥ ʦʪʳʥװ ʘʣʧʳʥʘ ʢʝʣʪʽʨʫץ ʢʽʣ ʞʝʣʽʩʽʥװʙ שʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥʳ שʩʪʘʥʥʳץʘʟʘפ

ʵʥʝʨʛʝʪʠʢʘ ʞᴅʥʝ ʤʘʪʝʨʠʘʣʜʳץ ʨʝʩʫʨʩʪʘʨ ʰʳסʳʥʜʘʨʳʥ ʝש ʘʟ ʤᴇʣʰʝʨʽʤʝʥ ʞᴅʥʝ ʞʦʣ 

ʪᴇʩʝʤʜʝʨʽʥʽש ʙʘʨʣʳץ ʤʘʩʩʘʩʳʥ ץʦʨʣʘʨʳʥ ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫ ץʘʞʝʪ. ɽʩʢʽ ʘʩʬʘʣʴʪʙʝʪʦʥ 

ʞʘʙʳʥʳʥ ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʙʘʷʫ ʝʥʛʽʟʫʜʽש ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽʥʽש ʙʽʨʽ-

ʞʘʙʳʥʜʳ ʙײʟʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʝʭʘʥʠʟʤʜʝʨʜʽש ʞʝʪʽʣʤʝʛʝʥʜʽʛʽ. 

ɸʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʳʥʳש ʩʳʥʫʳʥ ʞʝשʽʣʜʝʪʫ װʰʽʥ ʞײʜʳʨʳץʰʘʣʘʨʜʳ ʞʦʣ ʪᴇʩʝʤ 

ʙʝʪʽʥʝ ʢʽʨʫ ʞᴅʥʝ ʰʳסʫ ʢʝʟʽʥʜʝ ʘʩʬʘʣʴʪ ʞʘʙʳʥʳʥʳש ʢʝʜʝʨʛʽʩʽʥ ʙʦʣʜʳʨʤʘʫ װʰʽʥ 

ʞײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʪʘʨʜʳש ʢʝʡʙʽʨ ʞײʜʳʨʳץʰʘʣʳ ʞʘץʩʘʨʪʫʣʘʨʤʝʥ ʧʘʡʜʘʣʘʥʫ ʢᴇʟʜʝʣʝʜʽ. 
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ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʪʳ ʧʘʡʜʘʣʘʥʫ ʞʘʙʳʥ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ʞʦʣ 

ʥʝʛʽʟʜʝʨʽʤʝʥ ʘʨʘʣʘʩʧʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ, ᴇʡʪʢʝʥʽ ʙײʣ ץʦʧʩʳʪץʳʰʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ 

ʢʝʟʽʥʜʝ ʦʨʳʥ ʘʣʘʜʳ. 

ɸʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʜʘʨʳ ʰʘʭʤʘʪʪʳץ ʨʝʪʪʧʝʥ ʙʽʨ-ʙʽʨʽʥʝʥ ʙʝʨʽʣʛʝʥ ץʘʰʳץʪʳץʪʘ 

ʞײʜʳʨʳץʰʘʣʘʨʜʳש ʦʨʥʘʣʘʩʫʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʙʝʣʛʽʣʽ ʙʽʨ ʤᴇʣʰʝʨʜʝʛʽ ʢʝʩʝʢʪʝʨʛʝ ʜʝʡʽʥ 

ʙײʟʳʣʘʜʳ. ᴄʜʝʪʪʝ, ʞʦʣʜʘʨʜʳ ץʘʡʪʘ ײץʨʫ ʢʝʟʽʥʜʝ çʝʩʢʽè ʞʘʙʳʥʜʘʨ ʙײʟʳʣʘʜʳ, ʦʣʘʨʜʳש 

ʙʘʨʣʳסʳ ʜʝʨʣʽʢ ʞʘʨʳץʪʘʨ ʪʦʨʳʤʝʥ ʞʘʙʳʣסʘʥ, ʩʦʥʜʳץʪʘʥ ʘʩʬʘʣʴʪ ʩʳʥʳץʪʘʨʳ 500 ʤʤ 

ʘʩʧʘʫʳ ʢʝʨʝʢ. 

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

ɽʩʢʽ ʘʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʳʥ ʢʝʩʫʜʽש ʝʢʽ ʪװʨʣʽ ᴅʜʽʩʽ ʙʘʨ - ʬʨʝʟʝʨʣʝʫ ʞᴅʥʝ ʙʘסʳʪʪʘʧ 

 ʳʣʘʫ, ʦʣסʨײ ʳʪʪʘʧסʜʽʢʪʝ, ʘʣ ʙʘשʘʫ. ʌʨʝʟʝʨʣʝʫ ᴅʜʝʪʪʝ ʪʘʷʟ ʪʝʨʝץʳʣʳ ʘץʳʣʘʫ ʘʨסʨײ

ʞʘʙʳʥʥʳש ʪʦʣʳץ ץʘʣʳשʜʳסʳʥʜʘ ʞʘʩʘʣʘʜʳ. 

ʌʨʝʟʝʨʣʝʫ ʢᴇʧ ʞʘסʜʘʡʜʘ ʙʘʨʘʙʘʥסʘ ʦʨʥʘʪʳʣסʘʥ ʬʨʝʟʘʣʘʨʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, 

ʘʨʥʘʡʳ ʤʘʰʠʥʘʣʘʨʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʌʨʝʟʝʨʣʝʫ ʢʝʟʽʥʜʝ ʩʫʳץ ʞᴅʥʝ ʳʩʪʳץ ᴅʜʽʩʪʝʨ 

 ʦʣʜʘʥʳʣʘ ʙʘʩʪʘʜʳ, ᴇʡʪʢʝʥʽץ ᴅʜʽʩʽ ץʩʫʳ שʳʪʪʘʨʜʘ ʪʝʢ ʬʨʝʟʝʨʣʝʫʜʽץʳ ʫʘסשʦʣʜʘʥʳʣʘʜʳ. ʉʦץ

ʙײʣ ʞʘסʜʘʡʜʘ ʙʠʪʫʤʥʳץ שʳʟʳʧ ʢʝʪʫʽ ʙʦʣʤʘʡʜʳ ʞᴅʥʝ ʦʣʘʨ ʪʘʧʰʳ, ץʳʤʙʘʪ ʵʥʝʨʛʠʷ 

ʪʘʩʳʤʘʣʜʘʫʰʳ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʩײʡʳʪʳʣסʘʥ ʛʘʟ ʧʘʡʜʘʣʘʥʳʣʤʘʡʜʳ. ɸʣʘʡʜʘ, ʩʫʳץ 

ʬʨʝʟʝʨʣʝʫ ʢʝʟʽʥʜʝ ʬʨʝʟʘ ʢʝʩʢʽʰʪʝʨ ʳʩʪʳץ ᴅʜʽʩʢʝ ץʘʨʘסʘʥʜʘ 5·10 ʝʩʝ ץʘʨץʳʥʜʳ ʪʦʟʘʜʳ, 
ʙײʣ ʢʝʩʢʽʰʪʝʨʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ץʳʤʙʘʪ ץʘʪʪʳ ץʦʨʳʪʧʘʣʘʨʜʳש ʪʝʟ ʪʦʟʫʳʥʘ ᴅʢʝʣʝʜʽ [5]. 

ɸʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʜʘʨʳʥʳש ʧʘʡʜʘʣʘʥʫ ץʘʩʠʝʪʪʝʨʽʥ ʞʦסʘʣʪץʘʥ ʝʩʢʽ ʞʘʙʳʥʜʘʨʜʳש 

ʙײʟʳʧ ʘʣʫסʘ ʦʩʳ ʫʘץʳʪץʘ ʜʝʡʽʥ ʝץ שʘʨʘʧʘʡʳʤ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʦʧʝʨʘʮʠʷ ʨʝʪʽʥʜʝ ץʘʨʘʡʜʳ. 

ɹײʟʫ ʜᴅʩʪװʨʣʽ ʞʦʣ ʤʘʰʠʥʘʣʘʨʳʥʳש ʢᴇʤʝʛʽ ʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ - ʦʨʪʘʰʘ ʞᴅʥʝ ʘʫʳʨ 

ʪʠʧʪʝʛʽ ʙʘסʳʪʪʘʧ ײʨסʳʣʘʫʳ ʙʘʨ ʘʚʪʦʛʨʝʡʜʝʨʣʝʨʤʝʥ, ץʦʧʩʳʪץʳʰʪʘʨʳ ʙʘʨ ʙʫʣʴʜʦʟʝʨʣʝʨʤʝʥ 

ʩʘʣʤʘסʳ 10 ʪ ʞᴅʥʝ ʦʜʘʥ ʜʘ ʢᴇʧ, ʩʦʥʜʘʡ-ʘץ ʛʠʜʨʘʚʣʠʢʘʣʳץ ʥʝʤʝʩʝ ʧʥʝʚʤʘʪʠʢʘʣʳץ ᴅʩʝʨ 

ʝʪʝʪʽʥ ʘʨʥʘʡʳ ʛʠʜʨʘʚʣʠʢʘʣʳץ ʙʘʣסʘʣʘʨʤʝʥ ʥʝʤʝʩʝ ʙʝʪʦʥ ʩʳʥʳץʪʘʨʳʤʝʥ ʞװʨʛʽʟʽʣʝʜʽ. 

ɸʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʜʘʨʳʥ ʙײʟʳʧ ʘʣʫסʘ ʘʨʥʘʣסʘʥ ʤʘʰʠʥʘʣʘʨʜʳש ʥʝʛʽʟʛʽ 

ʢʝʤʰʽʣʽʢʪʝʨʽ ʤʳʥʘʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: ʘʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʜʳʩʳʥ ץʦʧʩʳʪʫ ʞᴅʥʝ 

ʙʘסʳʪʪʘʧ  ײʨסʳʣʘʫ ʧʨʠʥʮʠʧʽ ʘʡʪʘʨʣʳץʪʘʡ ʵʥʝʨʛʠʷʥʳ ץʘʞʝʪ ʝʪʝʜʽ, ʙײʟʫʰʳ ʢװʰ 

ʘʩʬʘʣʴʪʙʝʪʦʥ ʪʘץʪʘʩʳʥʳש ʙװʢʽʣ ײʟʳʥʜʳסʳʥʘ ʙʘסʳʪʪʘʣסʘʥʜʳץʪʘʥ; ʩʳʥסʘʥ ʧʣʠʪʘʥʳש 

 שʳʣ ʨʝʪʪʝʫʜʽסײʳʰʪʘʨʤʝʥ ʰץʦʧʩʳʪץ ʜʽʛʽʥשʳʣʘʫ ʪʝʨʝסʨײ ʳʪʪʘʧסʳ ʙʦʡʳʥʰʘ ʙʘסʜʳשʘʣʳץ

ʤװʤʢʽʥ ʝʤʝʩʪʽʛʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ʞʘʙʳʥ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ʥʝʛʽʟʜʽש ʘʨʘʣʘʩʫʳ ʦʨʳʥ ʘʣʘʜʳ, 

ʦʩʳʣʘʡʰʘ ʢʝʡʽʥʥʝʥ ʘʣʳʥʘʪʳʥ ᴇʥʽʤʥʽש ʩʘʧʘʩʳ ʪᴇʤʝʥʜʝʡʜʽ; ʜᴇʨʝʢʽ ʞᴅʥʝ ʞʽשʽʰʢʝ ʬʨʝʟʝʨʣʝʫ 

ᴅʜʽʩʽ ʞʘʙʳʥʜʳ ʘʰʫ װʰʽʥ ʝש ʘʟ ʪʠʽʤʜʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʘʣ ײʩʘץ ʬʨʝʟʝʨʣʝʫ ʢʝʟʽʥʜʝ 

 ʘʥ ʤʘʪʝʨʠʘʣʜʳ ʧʘʡʜʘʣʘʥʫʜʳסʣ ʘʣʳʥײʪʘʣʘʜʳ, ʙץʥʪʘײ ʪʘʩ ʬʨʘʢʮʠʷʣʘʨʳ שʪʘʩʪʳ ץʠʳʨʰʳץ

ʰʝʢʪʝʡʜʽ; ʽʨʽʢʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ʘʩʬʘʣʴʪ ʩʳʥʳץʪʘʨʳ ᴅʨʪװʨʣʽ ᴇʣʰʝʤʜʝʨʛʝ ʠʝ ʞᴅʥʝ 

 ʰʽʥװ ʩʳʥʫʳ שʦʣʘʡʣʳ ᴇʣʰʝʤʜʝʨʛʝ ʜʝʡʽʥ ʦʣʘʨʜʳץ ʰʽʥװ ʳʟʤʝʪ ʝʪʫץ ʳʩʳʥʘסʦʥʜʳʨץ ʪʘʫץʩʘײ

 .ʘʞʝʪ ʝʪʝʜʽץ ʳʥʜʘʨʜʳסʦʩʳʤʰʘ ʰʳץ

ɾʘʙʳʥ ʧʣʠʪʘʩʳʥ ʙײʟʳʧ ʘʣʫʜʳש ʝײ שʪʳʤʜʳ ᴅʜʽʩʽ-ʩʳʥʘʥʳ ʧʣʠʪʘʥʳװ שʩʪʽʥʝ ʙʘʩʫ 

ᴅʜʽʩʽ, ʦʥʜʘ ʩʳʥʫ ʢװʰʽ ʦʥʳש ʝש ʢʽʰʽ ʤᴇʣʰʝʨʽʥʝ - ʧʣʠʪʘʥʳץ שʘʣʳשʜʳסʳʥʘ ʙʘסʳʪʪʘʣʘʜʳ.  

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʘʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʜʘʨʳʥ ʙײʟʫ ʞᴅʥʝ 

ʘʰʫ װʰʽʥ ʞײʜʳʨʳץʰʘʣʳ ʪʘʧʪʘʫʳʰʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ײʩʳʥʳʣʘʜʳ. ʆʨʪʘʰʘ ʪʠʧʪʝʛʽ 

ʞײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʪʘʨʜʳש ʤʝʥʰʽʢʪʽ ץʳʩʳʤʳ 2 ʄʇʘ-ʜʘʥ 6 ʄʇʘ-סʘ ʜʝʡʽʥ ʞᴅʥʝ ʦʜʘʥ ʜʘ 

ʢᴇʧ, ʙײʣ ʞײʜʳʨʳץʰʘʣʘʨʜʳ ʝʩʢʽ ʞʘʙʳʥסʘ ʠʪʝʨʫ װʰʽʥ ʞʝʪʢʽʣʽʢʪʽ, ʦʥʳש ʙʝʨʽʢʪʽʛʽ ʦʥʳײ שʟʘץ 

ʞײʤʳʩ ʽʩʪʝʫʽʥʝʥ ʞʘʨʳץʰʘץʪʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥ.  

ʄʘʢʩʠʤʘʣʜʳ ᴅʩʝʨʛʝ ʢʘʪʦʢʪʳש ʞײʤʳʩ ʞʘʙʜʳץʪʘʨʳʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽʥ ײʪʳʤʜʳ 

ʪʘשʜʘʫ ʘʨץʳʣʳ סʘʥʘ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ. 

ɾװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ʞʦʣ ʢʘʪʦʢʪʘʨʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʳש ʙʽʨʪײʪʘʩ 

ʪײʞʳʨʳʤʜʘʤʘʩʳʥʳש ʞʦץʪʳסʳ ʪʫʨʘʣʳ ʦʣʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʘץʧʘʨʘʪʪʳץ 

ʙʘʥʢʽʥ ײץʨʫ, ʳץʪʠʤʘʣ ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨʤʝʥ ʤʘʰʠʥʘʣʘʨʜʳש ʜʘʤʫʳʥʳש ʥʝʛʽʟʛʽ 
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ʪʝʥʜʝʥʮʠʷʣʘʨʳʥ ʘʥʳץʪʘʫ ʘʨץʳʣʳ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʘʚʪʦʤʦʙʠʣʴ 

ʞʦʣʜʘʨʳʥ ʨʝʢʦʥʩʪʨʫʢʮʠʷʣʘʫ ʢʝʟʽʥʜʝ ʝʩʢʽ ʘʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʜʘʨʳʥ ʙײʟʳʧ ʘʣʫ װʰʽʥ 

ʦʣʘʨʜʳש ʙײʟʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʤʝʥ ᴇʟʘʨʘ ʽʩ-ץʠʤʳʣʳʥʳש ʩʠʧʘʪʪʘʤʘʩʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 

ʦʣʘʨʜʳ ʞʦʙʘʣʘʫ ʞᴅʥʝ ץʦʣʜʘʥʫ ʢʝʟʝשʽʥʜʝ ʞײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʪʘʨʜʳש ʥʝʛʽʟʛʽ 

ʧʘʨʘʤʘʪʝʨʣʝʨʽʥ ʥʝʛʽʟʜʝʫ ᴅʜʽʩʪʝʤʝʩʽʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥ ʞʦʙʘʣʘʫʜʘסʳ 

ʧʝʨʩʧʝʢʪʠʚʘʣʳץ ʙʘסʳʪʪʘʨʜʳ ʙʦʣʞʘʫ. 

ɸʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥʳש ʝʩʢʽ ʘʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʳʥ ʙײʟʫ װʰʽʥ ʞײʜʳʨʳץʰʘʣʳ 

ʢʘʪʦʢʪʘʨʜʳש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽʥ (ʢʘʪʦʢʪʳש  ʤʘʩʩʘʩʳ, ᴇʣʰʝʤʜʝʨʽ ʞᴅʥʝ ʞײʜʳʨʳץʰʘʣʘʨ 

ʩʘʥʳ) ʝʩʝʧʪʝʫʜʽש ʠʥʞʝʥʝʨʣʽʢ ᴅʜʽʩʪʝʤʝʩʽʥ ᴅʟʽʨʣʝʡ ʦʪʳʨʳʧ, ʦʣʘʨʜʳ ʨʝʢʦʥʩʪʨʫʢʮʠʷʣʘʫ 

ʢʝʟʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʥʝʛʽʟʜʝʣʛʝʥ. ɾײʜʳʨʳץʰʘʣʳ 1 ʢʘʪʦʢʪʘʨʜʳש 

ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʘ  2 ʩʝʨʽʧʧʝʣʽ ʳʩʳʨʤʘʩʳ ʙʘʨ ʪʦʧʩʘʣʳ   3 ʞײʜʳʨʳץʰʘ ʙʝʢʽʪʽʣʛʝʥ  ʞᴅʥʝ ʙʽʟ 

ʦʜʘʥ ᴅʨʽ ʞײʤʳʩ ʽʩʪʝʫ װʰʽʥ ʥʝʛʽʟ ʨʝʪʽʥʜʝ ץʘʙʳʣʜʘʜʳץ (1 ʩʫʨʝʪ). ɾײʤʳʩ ʦʨʛʘʥʳʥʳש ʪװʨʽʥʝ, 

ʦʥʳש ʙײʟʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʽש ʩʠʧʘʪʳ ʤʝʥ ʰʘʨʪʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ᴅʨʪװʨʣʽ ʜʝʬʦʨʤʘʮʠʷʣʘʨ ʞᴅʥʝ ʦʣʘʨʜʳש ʪʽʨʢʝʤʝʩʽ ʦʨʳʥ ʘʣʘʜʳ. ʉʳʥʘʣʘʨ ʤʝʥ ʤᴇʨʪʘʙʘʥʜʘʨʜʳ 

ʪʽʛʽʥʝʥ ʝʥʛʽʟʫ ʪʠʽʤʜʽ, ʙײʣ ʘʩʬʘʣʴʪ ʞʘʙʳʥʜʘʨʳʥ ʙײʟʫ װʰʽʥ ʞײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʪʘʨʜʳ 

ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʙʝʨʽʣʛʝʥ ᴇʣʰʝʤʜʝʨʜʽש ʢʝʩʝʢ ʩʳʥʳץʪʘʨʳʥ ʘʣʫ ʘʨץʳʣʳ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʽʣʝʜʽ. 

ɽʩʢʽ ʘʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʜʘʨʳʥ ץʘʡʪʘ ײץʨʫ ʢʝʟʽʥʜʝ ʦʣʘʨʜʳ ʪʠʽʤʜʽ ʙײʟʳʧ ʘʣʫ װʰʽʥ 

ʩʳʥʘʣʘʨ ʤʝʥ ʤᴇʨʪʘʙʘʥʜʘʨʜʳ ʪʽʛʽʥʝʥ ʝʥʛʽʟʫ ʪʠʽʤʜʽ, ʦʣ ʦʩʳ ᴇʣʰʝʤʜʝʨʜʽש ʢʝʩʝʢ ʩʳʥʳץʪʘʨʳʥ 

ʘʣʫ װʰʽʥ ʞײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʙʘʩʳʣʘʜʳ, ʙײʣ ʨʝʪʪʝ ʢʘʪʦʢʪʘʨʜʳש 

ʩʘʣʤʘסʳ ʢʝʤʽʥʜʝ 5 ʪ ʙʦʣסʘʥ ʢʝʟʜʝ ʤʳʥʘʜʘʡ ʪʘʣʘʧʪʘʨʜʳ ʩʘץʪʘʫ ץʘʞʝʪ: ʙʽʨ ץʘʪʘʨʜʘסʳ 

ʞײʜʳʨʳץʰʘʣʘʨ ʩʘʥʳ 4-ʪʝʥ ʘʩʧʘʫʳ ʪʠʽʩ 5 ʜʘʥʘסʘ ʜʝʡʽʥ: ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳ0,4 ץ 

ʤ ʘʩʧʘʫʳ ʪʠʽʩ; ʧʝʨʠʤʝʪʨ ʙʦʡʳʥʰʘ ʞײʜʳʨʳץʰʘʣʘʨ ʩʘʥʳ 15 ʜʘʥʘʜʘʥ ʢʝʤ ʙʦʣʤʘʫʳ ʪʠʽʩ; 

ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳ0,35 ץ ʤ ʘʩʧʘʫʳ ʪʠʽʩ; ʞײʜʳʨʳץʰʘʣʘʨ ʰʘʭʤʘʪ ʪᴅʨʪʽʙʽʥʜʝ 

ʦʨʥʘʣʘʩʫʳ ʪʠʽʩ; ʞײʜʳʨʳץʰʘʣʘʨʜʳש ʙʠʽʢʪʽʛʽ 250-300 ʤʤ ʜʝʡʽʥ, ץʘʣʳשʜʳסʳ - 40 ʤʤ ʘʩʧʘʫʳ 

ʞᴅʥʝ ʝʥʽ-ʞʦסʘʨסʳ ʞʘסʳʥʜʘ 100 ʤʤ ʘʩʧʘʫʳ ʢʝʨʝʢ. 

 
 

1 ʩʫʨʝʪ -  ɾײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʪʳש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ  

 

ɸʩʬʘʣʴʪʙʝʪʦʥʥʳש ʩʝʨʧʽʤʜʽ-ʪײʪץʳʨ ʢװʡʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ. ʉʪʘʪʠʢʘʣʳץ 

 ʘ ʝʥʩʽʥ (2סʳʨ ʦʨʪʘץʪײʡʽʨʣʝʨʽ ʙʘʨ ʩʳʥʘ ʈ ʩʝʨʧʽʤʜʽ-ʪװᴅʩʝʨʽʥʝʥ ʙ שʰʪʽװʦʣʜʘʥʳʣʘʪʳʥ ʪʽʢ ʢץ

ʩʫʨʝʪ), ʘʣ ʩʳʥʘ ʫʯʘʩʢʝʩʽʥʽש ʰʝʢʩʽʟ ʢʽʰʢʝʥʪʘʡ ʵʣʝʤʝʥʪʽʥʽײ שʟʳʥʜʳסʳ ʩʳʟʙʘ ʞʘʟʳץʪʳסʳʥʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙʘסʳʪʪʘ ʙʽʨʝʫʽʥ ʘʣʘʡʳץ. ᴄʜʝʪʪʝ, ʘʩʬʘʣʴʪʙʝʪʦʥʜʳ ʪʝʩʫ ʥʝʤʝʩʝ ʙײʟʫ 

ʪʝʨʝשʜʽʛʽ ʞʘʙʳʥ ץʘʙʘʪʳʥʳץ שʘʣʳשʜʳסʳʥʘ ʪʝש. ɽʩʢʽ ʞʘʙʳʥʜʳ ʙײʟʳʧ ʘʣʫ װʰʽʥ ʦʥʳ 

ʢʘʪʦʢʪʳש ʢʘʤʝʨʘʣʘʨʳʤʝʥ ʙװʢʽʣ ץʘʣʳשʜʳסʳʥʘ ʪʝʩʫ ʞʝʪʢʽʣʽʢʪʽ ʜʝʧ ʩʘʥʘʡʤʳʟ. 

ʉʳʥʘʥʳש ʙװʡʽʨ ʙʝʪʪʝʨʽ ʝʢʽ ʙʝʪʧʝʥ (ʥʝʤʝʩʝ ʝʢʽ ʬʫʥʢʮʠʷʤʝʥ) ʩʠʧʘʪʪʘʣʘʜʳ: 
 

()xfy 11 = , ()xfy 22= ).                                                          (1) 
 

ʄʳʩʘʣʳ, ()xf1  ʬʫʥʢʮʠʷʩʳ ʩʳʥʘ ʙʝʪʽʥ ax0 ¢¢  ʘʨʘʣʳץʪʘ, ʘʣ ()xf2  ʬʫʥʢʮʠʷʩʳ 

bxa ¢¢  ʘʨʘʣʳץʪʘ ʩʠʧʘʪʪʘʩʳʥ. ʉʳʥʘʥʳש ʰʝʢʩʽʟ ʢʽʰʽ ʵʣʝʤʝʥʪʘʨ ʙᴇʣʽʛʽʥʽש ʪʝʧʝ-ʪʝשʜʽʢ 

ʞʘסʜʘʡʳʥ ץʘʨʘʩʪʳʨʘʤʳʟ. ʉʝʨʧʽʤʜʽ - ʪײʪץʳʨ ʦʨʪʘ ʞʘסʳʥʘʥ ʩʳʥʘʥʳש ʙװʡʽʨ ʙʝʪʢʝʡʣʝʨʽʥʝ 

 שʥᴅʪʠʞʝʩʽ ʦʨʪʘʥʳ שʘʣʳʧʪʳ ʞᴅʥʝ ʪʘʥʛʝʥʮʠʘʣʜʳ ʢʝʨʥʝʫʣʝʨ s ʞᴅʥʝ t ᴅʩʝʨ ʝʪʝʜʽ, ʦʣʘʨʜʳץ

ʨʝʘʢʪʠʚʪʽʣʽʢ ʢװʰʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɽʛʝʨ m- ʤʝʪʘʣʜʘסʳ ʦʨʪʘʥʳש ʪײʪץʳʨ ʩʝʨʧʽʤʜʽ 

 ʡʢʝʣʽʩ ʢʦʵʬʬʠʮʠʝʥʪʽ ʙʦʣʩʘ, ʦʥʜʘװ
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.mst=                                                                   (2) 
 

 
 

ʘ) ʩʪʘʪʠʢʘʣʳץ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʽʢ ʢװʰʪʽש ᴅʩʝʨʽʥʝʥ ʙװʡʽʨ ʙʝʪʪʝʨʽ ʙʘʨ ʩʳʥʘʣʘʨ ʈ;  

b) ʵʣʝʤʝʥʪʘʨ ʩʳʥʘʥʳש ʪʝʧʝ-ʪʝשʜʽʢ ʞʘסʜʘʡʳʥʘ 
 

2 ʩʫʨʝʪ - ʉʝʨʧʽʤʜʽ-ʪײʪץʳʨ ʦʨʪʘסʘ ʩʳʥʘʥʳ ʝʥʛʽʟʫ 

 

ᴆʟʜʝʨʽשʽʟ ʙʽʣʝʪʽʥʜʝʡ, ʞʘʟʳץ ץʠʩʳץ ʜʦסʘʥʳײ שʟʳʥʜʳסʳʥʳש ʜʠʬʬʝʨʝʥʮʠʘʣʳ 

ᴇʨʥʝʢʪʝʥ ʘʥʳץʪʘʣʘʜʳ 
 

dx2'y1ds +=   .                                                             (3) 
 

ʉʳʥʘ ʰʝʛʽʥʽש ʢװʰʽ ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ: 
 

ñ =+
s

2/psindscosds jtjs  .                                            (4) 

 

ɹʽʟ ᴇʨʥʝʢʪʽ ds ʘʫʳʩʪʳʨʘʤʳʟ ʞᴅʥʝ (2) ᴇʨʥʝʢʪʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʩʝʨʧʽʤʜʽ-ʪײʪץʳʨ ʦʨʪʘ 

 :ʰʽʥ ʘʣʘʤʳʟװ
 

( )ñ =++
b

0

2/pdx2'y1sincos jmjs                                            (5) 

 

ʪʫʳʥʜʳʥʳש ʛʝʦʤʝʪʨʠʷʣʳץ ʤʘסʳʥʘʩʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ 
 

jtg'y=  .                                                               (6) 
 

ʉʦʥʜʳץʪʘʥ: 
 

'arctgy=j .                                                                (7) 
 

jcos  ʞᴅʥʝ jsin   ʬʫʥʢʮʠʷʩʳʥʳש ʪʨʠʛʦʥʦʤʝʪʨʠʷʣʳץ ʩᴅʡʢʝʩʪʽʢʪʝʨʽʥ ץʦʣʜʘʥʘ 

ʦʪʳʨʳʧ ᴇʨʥʝʢ 5 ʪװʨʛʝ ᴅʢʝʣʝʜʽ: 
 

( )ñ =+
b

0

2/pdx'y1 sm  .                                                       (8) 

 

(8) ʪʝשʜʝʫʜʽ ʧʨʘʢʪʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨʜʝ ץʦʣʜʘʥʫ װʰʽʥ, ʙʽʨʽʥʰʽʜʝʥ, ʩʳʥʘ ()xfy=  

 ʘʣʳʧʪʳ ʞᴅʥʝץ ʜʝʫʽ ʙʦʣʫʳ ʢʝʨʝʢ, ʝʢʽʥʰʽʜʝʥ, ʩʳʥʘ ʙʝʪʪʝʨʽʥʜʝʛʽשʪʳ ʙʝʪ ʪʝץʩʳʟʳ ץʠʩʳץ

ʪʘʥʛʝʥʩ ʢʝʨʥʝʫʣʝʨʽʥʽש ʪʘʨʘʣʫ ʟʘשʳʥ ʙʽʣʫ ץʘʞʝʪ. ᴄʜʝʪʪʝ ʩʝʨʧʽʤʜʽʣʽʢ ʧʝʥ ʠʢʝʤʜʽʣʽʢ 

ʪʝʦʨʠʷʩʳʥʜʘ ץʘʣʳʧʪʳ ʞᴅʥʝ ʪʘʥʛʝʥʩ ʢʝʨʥʝʫʣʝʨʽʥʽש ʪʘʨʘʣʫ ʟʘשʳ ʪʝʧʝ-ʪʝשʜʽʢ ʪʝשʜʝʫʣʝʨʽʥ, 

ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨʜʳ ʞᴅʥʝ ʜʝʬʦʨʤʘʮʠʷʥʳװ שʟʜʽʢʩʽʟʜʽʛʽʥʽש ʪʝשʜʝʫʣʝʨʽʥ ץʘʥʘסʘʪʪʘʥʜʳʨʫʳ 
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ʢʝʨʝʢ ʢʝʨʥʝʫ ʬʫʥʢʮʠʷʣʘʨʳʤʝʥ ʙʝʨʽʣʝʜʽ. ɹײʜʘʥ ʰʳסʘʪʳʥʳ, ʩʝʨʧʽʤʜʽ ʥʝʤʝʩʝ ʪײʪץʳʨ 

ʩʝʨʧʽʤʜʽ ʦʨʪʘʜʘסʳ ʩʳʥʘ ʪʝʧʝ-ʪʝשʜʽʛʽ ʤᴅʩʝʣʝʩʽ ʝʢʽײʰʪʳ ʪװʨʜʝ ʰʝʰʽʣʝʜʽ. 

ʂʝʨʥʝʫʜʽש ʪʘʨʘʣʫ ʟʘשʳʥ ʧʨʦʬʝʩʩʦʨ ɺ.ʉ. ɹʦʯʘʨʦʚʪʳ[6] ש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʤᴅʣʽʤʝʪʪʝʨʽ ʙʦʡʳʥʰʘ ʞʫʳץʪʘʫסʘ ʙʦʣʘʜʳ: 
 

BhAe-=s ,                                                                  (9) 
 
 

ʤײʥʜʘסʳ h - ʩʳʥʘ ʝʥʛʽʟʫ ʪʝʨʝשʜʽʛʽ;  

A ʞᴅʥʝ ɺ ï ʪײʨʘץʪʳ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ. 

ʊᴅʞʽʨʠʙʝ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʩʦסשʳ ʢʝʟʜʝʨʽ ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ ʞײʜʳʨʳץʰʘʣʘʨ: ʢʝʩʽʣʛʝʥ 

ʢʦʥʫʩ, ʢʝʩʽʣʛʝʥ ʧʠʨʘʤʠʜʘ, ʝʢʽʥʰʽ ʨʝʪʪʽ ץʠʩʳץʪʘʨ (ʵʚʦʣʴʚʝʥʪʪʝʨ, ʩʧʠʨʘʣʴʜʘʨ, ʮʠʢʣʦʠʜʪʘʨ) 

ʥʝʤʝʩʝ ʪʨʘʧʝʮʠʷ ʪᴅʨʽʟʜʽ ʢװʨʜʝʣʽ ץʠʩʳץʪʘʨ ʘʨץʳʣʳ ʧʘʡʜʘ ʙʦʣסʘʥ ʙװʡʽʨ ʙʝʪʪʝʨʽ ʙʘʨ 

ʞײʜʳʨʳץʰʘʣʘʨ. 

ɾײʜʳʨʳץʰʘ ʧʨʦʬʠʣʴʜʝʨʽʥʽש ᴅʨʪװʨʣʽ ʥײʩץʘʣʘʨʳʥ ʩʝʨʧʽʤʜʽ-ʪײʪץʳʨ ʦʨʪʘסʘ ʝʥʛʽʟʫ 

ʢװ-hʞʽʛʝʨʽʥ ʝʩʝʧʪʝʫ ʦʨʪʘʥʳש ʪײʪץʳʨ-ʩʝʨʧʽʤʜʽ װʡʢʝʣʽʩ ʢʦʵʬʬʠʮʠʝʥʪʽ ʤʝʥ ʝʥʛʽʟʫ ʪʝʨʝשʜʽʛʽ 

ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣʜʳ. פʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨסʘʥ ʞײʜʳʨʳץ ʧʨʦʬʠʣʽ װʰʽʥ ʝʩʝʧʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽʥʽש ʛʨʘʬʠʢʘʣʳץ ʠʥʪʝʨʧʨʝʪʘʮʠʷʩʳ 3 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ, ʤʫʥʜʘסʳ m ʘʨץʳʣʳ 

ʘʩʬʘʣʴʪʙʝʪʦʥ ץʘʙʘʪʳʥʜʘסʳ ʤʝʪʘʣʣ ʙʦʡʳʥʰʘ ʦʨʪʘʥʳש ʩʝʨʧʽʤʜʽ װʡʢʝʣʽʩ ʢʦʵʬʬʠʮʠʝʥʪʽ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

 
 

3 ʩʫʨʝʪ - m ʢʦʵʬʬʠʮʠʝʥʪʪʽש ᴅʨʪװʨʣʽ ʤᴅʥʜʝʨʽ ʢʝʟʽʥʜʝ ʪʝʨʝשʜʽʢʪʝʥ ʝʥʛʽʟʽʣʛʝʥ ʞײʜʳʨʳץ 

ʢװʰʪʝʨʽʥʽש ʪᴅʫʝʣʜʽʣʽʛʽ: 1 - m=0,72; 2 - m=0,374; 3 - m=0,232; 4 - m=0,116; 5 - m=0,065 

 

ɸʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʳʥ ʙײʟʫ ʢʨʠʪʝʨʠʡʽ ʘʨʘץʘʪʳʥʘʩ ʙʦʣʳʧ ʩʞy R²s  ʪʘʙʳʣʘʜʳ, 
 

ʩʞy R²s ,                                                                (10) 
 

ʤײʥʜʘסʳ ys - ʪʽʢ ץʳʩʫ ʢʝʨʥʝʫʽ; 

ʩʞR - ʘʩʬʘʣʴʪʙʝʪʦʥʥʳץ שʳʩʫ ʙʝʨʽʢʪʽʛʽ. 

ɸʩʬʘʣʴʪʙʝʪʦʥʥʳש ʙʝʨʽʢʪʽʢ ץʘʩʠʝʪʪʝʨʽ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʙʘʡʣʘʥʳʩʪʳ, ʦʥʳש 

ʞʦסʘʨʳʣʘʫʳʤʝʥ ʩʳʥʘʥʳש ʙʘʩʳʣʫ ʢװʰʽ ʪᴇʤʝʥʜʝʡʜʽ. ʆש ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘסʳ ʝש 

 ʣײʰʽ ʰʘʤʘʤʝʥ 3 ʝʩʝ ʘʟʘʷʜʳ. ɹװʥʜʘ ʜʝʧʨʝʩʩʠʷ ʢײʳʥʜʳ ᴇʟʛʝʨʽʩʪʝʨ 10·35 ʦʉ ʜʝʡʽʥ, ʤץʘʨץ

 ʤᴇʣʰʝʨʽ שʳ ʙʠʪʫʤʥʳסʨʘʤʳʥʜʘ ʙʠʪʫʤ ʙʘʨ ʞʳʥʳʩʪʘʨʜʘײץ ʳ ʞᴅʥʝסʘʩʠʝʪ ʘʩʬʘʣʴʪʙʝʪʦʥʜʘץ

ʤʝʥ ʪײʪץʳʨʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ɸʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʜʘʨʳʥʳש ʙʝʨʽʢʪʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ 

ʞײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʪʘʨ ʪʫʜʳʨʘʪʳʥ װʣʝʩʪʽʢ ץʳʩʳʤʤʝʥ ʩʘʣʳʩʪʳʨʘ ʦʪʳʨʳʧ, ʦʨʪʘʰʘ ʞᴅʥʝ 

ʘʫʳʨ ʪʘʧʪʘʫʳʰʪʘʨʜʳ ʘʚʪʦʤʦʙʠʣʴʜʽש ʘʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʜʘʨʳʥ ʙײʟʳʧ ʘʣʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳסʘ ʢʝʣʝʤʽʟ ʙʝʨʽʣʛʝʥ ᴇʣʰʝʤʜʝʨʜʽש ʢʝʩʝʢ ʩʳʥʳץʪʘʨʳʥ 

ʘʣʫ װʰʽʥ ʦʣʘʨʜʳ ץʘʡʪʘ ײץʨʫ ʢʝʟʽʥʜʝ. 
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ʅᴅʪʠʞʝʣʝʨ. 

ʆʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ ʪʝʭʥʠʢʘʣʳץ ᴅʜʝʙʠʝʪʪʝʨʛʝ ʞװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ʞʦʣ 

ʢʘʪʦʢʪʘʨʳ װʰʽʥ ʝʢʽʥʰʽ ʨʝʪʪʽ ץʠʩʳץʪʘʨʜʘʥ ʧʘʡʜʘ ʙʦʣסʘʥ ʦʡʳʩ ʥʝʤʝʩʝ ʜᴇשʝʩ ץʠʩʳץ ʙװʡʽʨ 

ʙʝʪʪʝʨʽ ʙʘʨ ʞײʜʳʨʳץʰʘʣʘʨ ʝץ שʦʣʘʡʣʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. 

ɿʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʙʘʨʣʳץ ʪʘʣʘʧʪʘʨʜʳש ʦʨʳʥʜʘʣʫ ʜᴅʨʝʞʝʩʽ ʢᴇʙʽʥʝʩʝ 

ʞײʜʳʨʳץʰʘʥʳש ʛʝʦʤʝʪʨʠʷʣʳץ ʧʽʰʽʥʽʥ ʞᴅʥʝ ʞײʤʳʩ ʦʨʛʘʥʳʥʳײץ שʨʳʣʳʤʜʳץ ʞײʧ ʤʝʪʨʽʥ 

ʜײʨʳʩ ʪʘשʜʘʫסʘ ʙʘʡʣʘʥʳʩʪʳ, ʙʽʨʘץ ʙײʣ ʤᴅʩʝʣʝ ʙʦʡʳʥʰʘ ᴅʣʽ ʜʝ ʢʦʥʩʝʥʩʫʩ ʞʦץ. ʄײʥʳ 

ʞײʜʳʨʳץʰʘʥʳש ʛʝʦʤʝʪʨʠʷʣʳץ ʧʽʰʽʥʜʝʨʽʥʽש ʘʣʫʘʥ ʪװʨʣʽʣʽʛʽ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʬʠʨʤʘʣʘʨʜʳש 

ʢʘʪʦʢ ʚʘʣʦʢʪʘʨʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש ʤᴇʣʰʝʨʽʥʜʝʛʽ ʘʡʪʘʨʣʳץʪʘʡ 

ʩᴅʡʢʝʩʩʽʟʜʽʢ ʢᴇʨʩʝʪʝʜʽ. ʅʝʛʽʟʽʥʝʥ ʞײʜʳʨʳץʰʘʥʳש ʧʽʰʽʥʽ ʥʝʤʝʩʝ ʧʨʦʬʠʣʽ ᴇʟʛʝʨʜʽ, ᴇʡʪʢʝʥʽ 

ʦʣʘʨ ʪʳסʳʟʜʘʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ, ʩʦʥʜʘʡ-ʘץ ʪʦʧʳʨʘץʪʳש ʥʝʤʝʩʝ ʙʘʩץʘ ʤʘʪʝʨʠʘʣʜʳץ שʦʧʩʳʪʫ 

ʜᴅʨʝʞʝʩʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. 

ʐʝʪʝʣʜʽʢ ʪᴅʞʽʨʠʙʝ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʩʦסשʳ ʫʘץʳʪʪʘ ʝש ʢᴇʧ ʪʘʨʘסʘʥʜʘʨʳ - ʢʝʩʽʣʛʝʥ 

ʢʦʥʫʩ ʞᴅʥʝ ʢʝʩʽʣʛʝʥ ʧʠʨʘʤʠʜʘ ʪװʨʽʥʜʝʛʽ ʞײʜʳʨʳץʰʘʣʘʨ. ɽʢʽʥʰʽ ʨʝʪʪʽ ץʠʩʳץʪʘʨʤʝʥ 

(ʵʚʦʣʴʚʝʥʪʪʝʨ, ʩʧʠʨʘʣʴʜʘʨ, ʮʠʢʣʦʠʜʪʘʨ) ʥʝʤʝʩʝ ʢװʨʜʝʣʽ ץʠʩʳץʪʘʨʤʝʥ ʧʘʡʜʘ ʙʦʣסʘʥ ʙװʡʽʨ 

ʙʝʪʪʝʨʽ ʙʘʨ ʞײʜʳʨʳץʰʘʣʘʨ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘ ʙʘʩʪʘʡʜʳ. 

ʕʚʦʣʶʮʠʷʣʳץ ʙװʡʽʨ ʙʝʪʪʝʨʽ ʙʘʨ ʞײʜʳʨʳץʰʘʣʘʨ ץʦʣ ʞʝʪʢʽʟʽʣʛʝʥ ʪʦʧʳʨʘץ 

ʪʳסʳʟʜʳסʳ, ᴇʟʽʥ-ᴇʟʽ ʪʘʟʘʨʪʫ ʞᴅʥʝ ʙʘʩץʘ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʙʦʡʳʥʰʘ ʙʘʩץʘ ʧʽʰʽʥʜʽ 

ʞײʜʳʨʳץʰʘʣʘʨסʘ ץʘʨʘסʘʥʜʘ ʪʠʽʤʜʽʨʝʢ.  

 ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʳʥ שʣʳʰʘʜ ʫʯʘʩʢʝʩʽʥʽװʰʘʪʘʫ-ɻץʳ 192 ʢʤ ɸסʟʳʥʜʳױ

ʨʝʢʦʥʩʪʨʫʢʮʠʷʣʘʫ ʢʝʟʽʥʜʝ ʘʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʳʥ ʙײʟʫ װʰʽʥ ʞײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢץʘ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʩʳʥʘץʪʘʨ ʞװʨʛʽʟʽʣʜʽ. 

 ʢʦʥʩʪʨʫʢʮʠʷʩʳ 130 ʜʘʥ 140 ʤʤ ʜʝʡʽʥ ʞʘʙʳʥʥʘʥ שʳ ʞʦʣ ʪᴇʩʝʤʽʥʽסʦʣʜʘʥʳʩʪʘפ

ʘʩʬʘʣʴʪʙʝʪʦʥʥʘʥ ʞᴅʥʝ 200 ʜʝʥ 400 ʜʝʡʽʥ 120 ʜʘʥ 180 ʤʤ ʜʝʡʽʥʛʽ ʬʨʘʢʮʠʷʜʘסʳ ץʠʳʨʰʳץ 

ʪʘʩʪʘʥ ʞʘʩʘʣסʘʥ ʥʝʛʽʟʜʝʥ ʪײʨʘʜʳ. ɾʦʣ ʪᴇʩʝʤʽʥʽש ʝʥʽ 8 ʤ ʞᴅʥʝ ʞʦʣ ʞʠʝʢʪʝʨʽ 1,5 ʤ. 

ɾʦʣ ʪᴇʩʝʤʜʝʨʽʥʽש ʞʦʙʘʣʳץ ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʤʳʥʘʜʘʡ ץʘʙʘʪʪʘʨʜʘʥ ʪײʨʘʜʳ: 

 ץʩʘײ - ʽʰʽʥʜʝ 4 ʩʤ שʘʥ ʞʘʙʳʥ, ʦʥʳסʘʙʘʪʪʳ ʘʩʬʘʣʴʪʙʝʪʦʥʥʘʥ ʞʘʩʘʣץ ʳ 130 ʤʤ ʝʢʽסʜʳשʘʣʳץ

ʪװʡʽʨʰʽʢʪʽ ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʞᴅʥʝ 90 ʤʤ - ʽʨʽ ʪװʡʽʨʰʽʢʪʽ ʘʩʬʘʣʴʪʙʝʪʦʥ; ײʥʪʘץʪʘʣסʘʥ ʝʩʢʽ 

ʘʩʬʘʣʴʪʙʝʪʦʥʥʘʥ ʞʘʩʘʣסʘʥ ʥʝʛʽʟ (ץʘʞʝʪ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ 200-ʜʝʥ 400 ʤʤ ʜʝʡʽʥʛʽ 

ʬʨʘʢʮʠʷʣʳץ ץʠʳʨʰʳץ ʪʘʩʪʳ ץʦʩʘ ʦʪʳʨʳʧ), ץʘʣʳשʜʳסʳ 150-ʜʝʥ 180 ʤʤ ʜʝʡʽʥ ʞʦʣ 

ʪᴇʩʝʤʜʝʨʽ; ײץʤ-ץʠʳʨʰʳץ ʪʘʩ ץʦʩʧʘʩʳʥʘʥ ʞʘʩʘʣסʘʥ ʪʝʛʽʩʪʝʫ ץʘʙʘʪʳ. 

 .ʪʦʥʥʘʜʘʥ ʘʩʪʳ שʢᴇʣʝʤʽ 505 ʤʳ שʪʘʨʳʥʳץʜʝʫʛʝ ʞʘʪʘʪʳʥ ʘʩʬʘʣʴʪ ʩʳʥʳשʘʡʪʘ ᴇפ

ʅʳʩʘʥʥʳײץ שʨʳʣʳʩʳ ɸʟʠʷ ɼʘʤʫ ɹʘʥʢʽ ʤʝʥ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʞʦʣ ץʦʨʳʥʳש 

 ʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʅʳʩʘʥʜʳ ʩʘʣʫ ʙʦʡʳʥʰʘ ʤʝʨʜʽʛʝʨʣʝʨ ʪʝʥʜʝʨʜʽװʘʨʘʞʘʪʳ ʝʩʝʙʽʥʝʥ ʞץ

ʞʝשʽʧ ʘʣסʘʥ ʪᴇʨʪ ײʡʳʤ ʙʦʣʜʳ: Balfour Beatty-ױʣʳʙʨʠʪʘʥʠʷ; Mensel IV-ʊװʨʢʠʷ; ɸʬʜʘʥ-

 .ʩʪʘʥץʘʟʘפ - ʘʥ ʞʦʣʜʘʨʳסʘʟץʩʪʘʥ; ɾʝʟץʘʟʘפ

 

 

 

4 ʩʫʨʝʪ - ɾײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʧʝʥ 

ʘʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʳʥ ʙײʟʳʧ ʘʣʫ 

 

5 ʩʫʨʝʪ - ɾײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʧʝʥ 

 ʞʘʣʧʳ שʪʘʨʳʥʳץʘʥ ʘʩʬʘʣʴʪ ʩʳʥʳסʪʘʣץʩʘײ

ʢᴇʨʽʥʽʩʽ 
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 ʟʳʧ ʘʣʫ ʞᴅʥʝ ʘʩʬʘʣʴʪײʳ 140 ʤʤ ʜʝʡʽʥʛʽ ʝʩʢʽ ʘʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʳʥ ʙסʜʳשʘʣʳפ

ʩʳʥʳץʪʘʨʳʥ ײʥʪʘץʪʘʫ װʰʽʥ ʘʚʪʦʨʣʘʨʜʳײ שʩʳʥʳʩʪʘʨʳ ʙʦʡʳʥʰʘ ʩʘʣʤʘסʳ 5 ʪ ʪʽʨʢʝʤʝʣʽ 

ʞײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʪʘʨ ʧʘʡʜʘʣʘʥʳʣʜʳ (4 ʩʫʨʝʪ). 

ɸʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʳʥ ʙײʟʳʧ ʘʣʫ ʞᴅʥʝ ײʥʪʘץʪʘʫ ʪʽʢʝʣʝʡ ʞʦʣʜʘ ʢʝʣʝʩʽ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪᴅʨʪʽʧʪʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ɾײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʪʘʨ ʙʽʨʥʝʰʝ ᴇʪʫ ʢʝʟʽʥʜʝ 

ʞʘʙʳʥʜʳ ʩʳʥʜʳʨʳʧ, ײʩʘץʪʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ ʤʘʪʝʨʠʘʣʜʳ ʜʠʩʢ ʘʨʘʣʘʩʪʳʨסʳʰʧʝʥ 

ʘʨʘʣʘʩʪʳʨʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ ʤʘʪʝʨʠʘʣʜʳ ʞײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʪʘʨʤʝʥ 2 ʞᴅʥʝ 3 ᴇʪʫ װʰʽʥ 

ʪװʧʢʽʣʽʢʪʽ ײʥʪʘץʪʘʫ ʞװʨʛʽʟʽʣʜʽ. ױʩʘץʪʘʣסʘʥ ʘʩʬʘʣʴʪʙʝʪʦʥʥʳש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ 5-

ʩʫʨʝʪ. 

ʊʘʧʪʘסʳʰʪʘʨʜʳש ʘʣסʘʰץʳ ᴇʪʢʝʣʜʝʨʽʥʜʝ ʞײʜʳʨʳץʰʘʣʘʨʜʳש ʰʳסʫʳʥʘ ʢʝʜʝʨʛʽ 

ʞʘʩʘʫ ʝʩʝʙʽʥʝʥ ʂ-700 ʪʨʘʢʪʦʨ ʪʘʨʪץʳʰʳʥʳץ שʦʟסʘʣʳʩʳ ʙʘʷʫʣʘʜʳ. ɹװʢʽʣ ʘʫʤʘץ ʙʦʡʳʥʰʘ 

ʞʘʙʥrʥʳש ʽʰʽʥʘʨʘ ʙײʟʳʣʫʳʥʘʥ ʢʝʡʽʥ ʂ-700 ʪʨʘʢʪʦʨʳʥʳץ שʦʟסʘʣʳʩ ʞʳʣʜʘʤʜʳסʳ 

ʩʘסʘʪʳʥʘ 3-ʪʝʥ 5 ʢʤ ʜʝʡʽʥ ʙʦʣʜʳ. 

ɾʘʙʳʥʥʘʥ ʰʳץץʘʥ ʢʝʟʜʝ ʞײʜʳʨʳץʰʘʣʘʨʜʳש ʢʝʜʝʨʛʽʩʽʥ ʪᴇʤʝʥʜʝʪʫ װʰʽʥ 

ʞײʜʳʨʳץʰʘʣʘʨʜʳ ʪʦʧʩʘʣʳ ʙʝʢʽʪʫ ʘʨץʳʣʳ ʦʣʘʨʜʳש ʞʘʙʳʥʥʘʥ ʝʨʢʽʥ ʰʳסʫʳʥʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ʪʝʭʥʠʢʘʣʳץ ʰʝʰʽʤ ᴅʟʽʨʣʝʥʜʽ. 

 

ʊʘʣץʳʣʘʫ. 

ʉʦסשʳ ײʥʪʘץʪʘʫʜʘʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ ʘʩʬʘʣʴʪ ʤʘʪʝʨʠʘʣʳ 0-ʜʝʥ 70 ʤʤ ʜʝʡʽʥʛʽ 

ʬʨʘʢʮʠʷʣʘʨʜʳ ʙʽʣʜʽʨʝʜʽ, ʦʣʘʨ ʘʩʬʘʣʴʪ ʪײʪץʳʨ ʟʘʪʧʝʥ ʞʘʙʳʣסʘʥ ײץʤʜʳ - ץʠʳʨʰʳץ 

ʪװʡʽʨʰʽʢʪʝʨʜʝʥ ʪײʨʘʜʳ, ʷסʥʠ ʤʠʥʠײʥʪʘסʳʤʝʥ ʘʨʘʣʘʩץʘʥ ʙʠʪʫʤ. ɼᴅʥʜʽ ײץʨʘʤʳ ʙʦʡʳʥʰʘ 

-ʤʜʳ 1,25ײץ ,ʡʽʨʰʽʢʪʝʨ ʙʦʣʜʳ: 5-ʪʝʥ 70 ʤʤ ʜʝʡʽʥ 65-ʪʝʥ 75% ʜʝʡʽʥװʘʥ ʤʘʪʝʨʠʘʣ ʪסʪʘʣץʩʘײ

ʪʝʥ 5 ʤʤ ʜʝʡʽʥ 20-ʜʘʥ 30% ʜʝʡʽʥ ʞᴅʥʝ 1,25 ʤʤ ʰʘʤʘʤʝʥ 5%. פʘʞʝʪʪʽ ײץʨʘʤʳʥʘ ʞʘץʳʥ 

ʝʢʝʥʽʥ ʞᴅʥʝ ײʩʘץʪʘʣסʘʥ ʤʘʪʝʨʠʘʣʜʳ ʪʳסʳʟʜʘʫ ʢʝʟʽʥʜʝ ᴅʣʩʽʟ ʪװʡʽʨʰʽʢʪʝʨ ʦʜʘʥ ᴅʨʽ 

 ʳʣʳץʣʛʽʣʝʨʜʽ ʙʘʩʫ ʘʨװ ʢʪʝʤʝ ʢʝʟʽʥʜʝ ʧʨʝʩʪʝװʪʘʣʘʪʳʥʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 20 ʄʇʘ ʞץʩʘײ

ʩʳʥʘʤʘʣʳץ ʠʣʝʤʜʝʫ ʪʫʨʘʣʳ ʰʝʰʽʤ ץʘʙʳʣʜʘʥʜʳ. תʣʛʽʣʝʨʜʽ ץʘʣʳʧʪʘʫ ץʦʩʧʘʥʳש ʦשʪʘʡʣʳ 

ʳʣסʘʣʜʳʣʳסʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ, ʘʣ ʘʩʬʘʣʴʪʙʝʪʦʥʥʳײץ שʨʳʣʳʤʜʳץ ʪʳסʳʟʜʳסʳʤʝʥ 

ʩʘʣʳʩʪʳʨʳʣʜʳ (1 ʢʝʩʪʝ). 

 

1 ʢʝʩʪʝ - ʇʨʝʩʪʝʫ ʞᴅʥʝ ʨʦʣʠʢʪʝʨʤʝʥ ʧʨʝʩʪʝʫ ʢʝʟʽʥʜʝ ײʩʘץʪʘʣסʘʥ ʩʳʥʳץʪʘʨʜʳ ʩʳʥʘʫ 

ʥᴅʪʠʞʝʣʝʨʽ 

 

 ̄
 שʪʘʨʜʳץʘʥ ʩʳʥʳסʪʘʣץʩʘױ

 ʨʘʤʳײץ

ʉʫ ץʦʩʧʘʩʳ (100% - 

ʜʘʥ ʞʦסʘʨʳ) 

ʊʳסʳʟʜʳץ, 

ʢʛ/ʤ3 

ʊʳסʳʟʜʘʫ 

ʢʦʵʬʬʠʮʠʝʥʪʪʽ 

1 20-40 ʤʤ - 60%    

 10-20 ʤʤ - 20% 5% 2320 0.97 

 0-10 ʤʤ - 20%    

2 10-20 ʤʤ 50%    

 0-10 ʤʤ - 50% 6% 2360 0.98 

 שʘʥ ʘʩʬʘʣʴʪʪʳסʪʘʣץʩʘױ 3

ᴇʥʜʽʨʽʩʪʽʢ ײץʨʘʤʳ 

5.5% 2350 0.98-ʜʝʥ 1-ʛʝ 

ʜʝʡʽʥ 

 

ʊʳסʳʟʜʘʣסʘʥ ײʩʘץʪʘʣסʘʥ ʘʩʬʘʣʴʪʪʳש ᴇʥʜʽʨʽʩʪʽʢ ʩʳʥʘץʪʘʨʳ ץʘʞʝʪʪʽ ʪʳסʳʟʜʳץץʘ ץʦʣ 

ʞʝʪʢʽʟʽʣʛʝʥʽʥ ʢᴇʨʩʝʪʪʽ. 

 

 .ʦʨʳʪʳʥʜʳפ

ɸץʰʘʪʘʫ-ɻװʣʳʰʘʜ ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʳʥ ʨʝʢʦʥʩʪʨʫʢʮʠʷʣʘʫ ʢʝʟʽʥʜʝ ʞײʜʳʨʳץʰʘʣʳ 

ʢʘʪʦʢʪʘʨʜʳש ʦʨʳʥʜʘʣסʘʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʩʳʥʘץʪʘʨʳʥʳש ʥʝʛʽʟʽʥʜʝ ʤʳʥʘʜʘʡ ץʦʨʳʪʳʥʜʳʣʘʨʜʳ 

ʙʝʨʫʛʝ ʙʦʣʘʜʳ: 
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1) ʆʨʪʘʥʳש ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞᴅʥʝ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש 

ʛʝʦʤʝʪʨʠʷʣʳץ ᴇʣʰʝʤʜʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥ ʨʝʢʦʥʩʪʨʫʢʮʠʷʣʘʫ 

ʢʝʟʽʥʜʝ ʝʩʢʽ ʘʩʬʘʣʴʪʙʝʪʦʥʜʳ ʞײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʪʘʨʤʝʥ ʨʝʢʦʥʩʪʨʫʢʮʠʷʣʘʫ װʰʽʥ ץʘʞʝʪʪʽ 

ʢװ-hץʫʘʪʪʳ ʝʩʝʧʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪᴅʫʝʣʜʽʣʽʢʪʝʨ ʘʣʳʥʜʳ. 

2) ʈʝʢʦʥʩʪʨʫʢʮʠʷʣʘʥʘʪʳʥ ʞʦʣʜʘʨʜʳש ʝʩʢʽ ʘʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʳʥ ʙײʟʳʧ ʘʣʫ ʞᴅʥʝ 

ʙײʟʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʞײʜʳʨʳץʰʘʣʳ ʢʘʪʦʢʪʳש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʝʩʝʧʪʝʫʜʽש 

ʠʥʞʝʥʝʨʣʽʢ ᴅʜʽʩʪʝʤʝʩʽ ᴅʟʽʨʣʝʥʜʽ (ʢʘʪʦʢʪʳש ʤʘʩʩʘʩʳ, ʙʝʨʽʣʛʝʥ ᴇʣʰʝʤʜʝʨʜʽש ʢʝʩʝʢ 

ʩʳʥʳץʪʘʨʳʥ ʘʣʘ ʦʪʳʨʳʧ, ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʞʘʙʳʥʜʳʩʳʥ ʙײʟʫ װʰʽʥ ץʘʞʝʪʪʽ 

ʞײʜʳʨʳץʰʘʣʘʨʜʳש ʤᴇʣʰʝʨʽ ʤʝʥ ʩʘʥʳ). 

3) ʂʘʪʦʢʪʳ ʜʦʤʘʣʘʪʫ ʢʝʜʝʨʛʽʩʽʥ ʪᴇʤʝʥʜʝʪʫ װʰʽʥ ʞײʜʳʨʳץʰʘʣʘʨʜʳ ʪʦʧʩʘʣʳ ʙʝʢʽʪʫ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ, ʙײʣ ʦʣʘʨʜʳש ʞʘʙʳʥʥʘʥ ʝʨʢʽʥ ʰʳסʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɸʚʪʦʞʦʣʜʳ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷʣʘʫ ʢʝʟʽʥʜʝ ʝʩʢʽ ʘʩʬʘʣʴʪʙʝʪʦʥ ʞʘʙʳʥʳ ʙײʟʳʣסʘʥ ʢʝʟʜʝ ʞײʜʳʨʳץʰʘʣʳ 

ʢʘʪʦʢʪʳש ʪᴅʞʽʨʠʙʝʣʽʢ-ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʩʳʥʘץʪʘʨʳ ʞײʤʳʩʪʘ ʞʘʩʘʣסʘʥ ʪʝʦʨʠʷʣʳץ ʝʩʝʧʪʝʫʣʝʨ 

ʤʝʥ סʳʣʳʤʠ ʞʘסʜʘʡʣʘʨʜʳש ʞײʤʳʩ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʤʝʥ ʜײʨʳʩʪʳסʳʥ ʨʘʩʪʘʜʳ. 
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DETERMINATIO N OF THE PARAMETERS OF A CAM ROLLER FOR THE 

DESTRUCTION OF ROAD SURFACES 

 

Abstract. Cam rollers can be used to break up cold asphalt pavements. In Kazakhstan, 

about 70 % of roads have such coatings. It is most effective to open at temperatures above 20 ÁC. 

To reduce the traction force and uniform movement of the roller, it is necessary to eliminate the 

resistance of the coating to the exit of the cams, when rolling the drum by pivoting the cams in 

the roller's direction. The reliability of the theoretical studies' results was confirmed by 

production tests of the cam rollers during the opening of the asphalt concrete pavement on the 

Gulshad-Akchatau highway. 

 

Keywords. Highway, cam rollers, asphalt concrete pavement, working bodies, asphalt 

scrap.  
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ʆʇʈɽɼɽʃɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʂʋʃɸʏʂʆɺʆɻʆ ʂɸʊʂɸ ɼʃʗ ʈɸɿʈʋʐɽʅʀʗ 

ʇʆʂʈʓʊʀʁ ɸɺʊʆʄʆɹʀʃʔʅʓʍ ɼʆʈʆɻ 

 

ɸʥʥʦʪʘʮʠʷ. ʂʫʣʘʯʢʦʚʳʝ ʢʘʪʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʩʢʨʳʪʠʷ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʠʟ ʭʦʣʦʜʥʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ. ɺ ʂʘʟʘʭʩʪʘʥʝ ʦʢʦʣʦ 70% 

ʜʦʨʦʛ ʩ ʪʘʢʠʤʠ ʧʦʢʨʳʪʠʷʤʠ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚʩʢʨʳʪʠʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 20ʦʉ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʘʪʢʘ, 

ʩʣʝʜʫʝʪ ʠʩʢʣʶʯʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʢʨʳʪʠʷ ʚʳʭʦʜʫ ʢʫʣʘʯʢʦʚ ʧʨʠ ʧʝʨʝʢʘʪʳʚʘʥʠʠ ʚʘʣʴʮʘ 

ʧʫʪʝʤ ʰʘʨʥʠʨʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʢʫʣʘʯʢʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʢʘʪʢʘ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʢʫʣʘʯʢʦʚʳʭ ʢʘʪʢʦʚ ʧʨʠ ʚʩʢʨʳʪʠʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʝ 

ɻʫʣʴʰʘʜ-ɸʢʯʘʪʘʫ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ, ʢʫʣʘʯʢʦʚʳʡ ʢʘʪʦʢ, ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʝ 

ʧʦʢʨʳʪʠʝ, ʨʘʙʦʯʠ ʦʨʛʘʥ, ʘʩʬʘʣʴʪʦʚʳʡ ʣʦʤ. 

 

*****************************************************************************  
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ʂᴆʃɯʂʊɽɻɯ ʃʆɻʀʉʊʀʂɸ, ʊɸʉʓʄɸʃɼɸʋɼʓ ױʁʓʄɼɸʉʊʓʈʋ 

TRANSPORT LOGISTICS, ORGANIZATION OF TRANSPORTATION  

ʃʆɻʀʉʊʀʂɸ ʅɸ ʊʈɸʅʉʇʆʈʊɽ, ʆʈɻɸʅʀɿɸʎʀʗ ʇɽʈɽɺʆɿʆʂ 
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ʃ.ɺ. ɺʘʭʠʪʦʚʘ1 , ʆ.ɻ. ʂʠʩʝʣʝʚʘ2, ɼ.ʅ.ʆʪʝʛʝʥʦʚ1, ʊ.ɸ.ʉʘʛʳʤʙʘʝʚ1 
1ɸʢʘʜʝʤʠʷ ʣʦʛʠʩʪʠʢʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 2ɸʣʤʘʪʳ ʄʝʥʝʜʞʤʝʥʪ ʋʥʠʚʝʨʩʠʪʝʪ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

ɽ-mail: VakhitovaLV@mail.ru 

 

ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʇʈʆʎɽʉʉɸ ʆʈɻɸʅʀɿɸʎʀʀ ʇʈʀɻʆʈʆɼʅʓʍ 

ʇɸʉʉɸɾʀʈʉʂʀʍ ʇɽʈɽɺʆɿʆʂ ɺ ɸʃʄɸʊʀʅʉʂʆʄ ɾɽʃɽɿʅʆɼʆʈʆɾʅʆʄ 

ʋɿʃɽ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨʘʤʠ ʨʘʩʩʤʦʪʨʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʧʨʠʛʦʨʦʜʥʳʭ ʧʝʨʝʚʦʟʦʢ ʧʘʩʩʘʞʠʨʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ 

ʪʨʘʥʩʧʦʨʪʦʤ ʚ ɸʣʤʘʪʠʥʩʢʦʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʫʟʣʝ. ɼʘʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʦʙʥʦʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʛʦʨʦʜʥʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʦʙʱʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʛʦʨʦʜʝ ɸʣʤʘʪʳ ʠ ʝʛʦ 

ʧʨʠʛʦʨʦʜʘʭ, ʘ ʪʘʢʞʝ ʧʝʨʝʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʯʘʩʪʠ ʧʨʠʛʦʨʦʜʥʦʛʦ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʩ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʘʩʩʘʞʠʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠ, ʧʨʠʛʦʨʦʜʥʳʝ ʧʝʨʝʚʦʟʢʠ, ʦʨʛʘʥʠʟʘʮʠʷ 

ʧʨʠʛʦʨʦʜʥʳʭ ʧʝʨʝʚʦʟʦʢ. 

 

ɺʚʝʜʝʥʠʝ. 

ʊʨʘʥʩʧʦʨʪʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʥʘʩʝʣʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʙʦʣʴʰʠʭ ʛʦʨʦʜʦʚ ʠ ʤʝʛʘʧʦʣʠʩʦʚ. ʉʣʦʞʠʚʰʘʷʩʷ 

ʩʠʪʫʘʮʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʞʠʪʝʣʷʤ ʙʦʣʴʰʦʛʦ ʛʦʨʦʜʘ ʠ ʧʨʠʛʦʨʦʜʥʳʭ ʟʦʥ, ʧʨʠʭʦʜʠʪʩʷ 

ʪʨʘʪʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʩʪʚ ʥʘ ʝʞʝʜʥʝʚʥʳʝ ʧʦʝʟʜʢʠ ʢ ʤʝʩʪʫ ʨʘʙʦʪʳ 

ʠʣʠ ʫʯʝʙʳ ʠ ʦʙʨʘʪʥʦ. ʇʨʠ ʵʪʦʤ ʤʥʦʛʠʝ ʧʘʩʩʘʞʠʨʳ ʠʩʧʳʪʳʚʘʶʪ ʙʦʣʴʰʠʝ ʟʘʪʨʫʜʥʝʥʠʷ ʚ 

ʚʳʙʦʨʝ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʟʜʘ ʠ ʥʠʟʢʦʤ ʫʨʦʚʥʝ 

ʩʝʨʚʠʩʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʠʨʦʚʘʷ ʧʨʘʢʪʠʢʘ, ʙʦʣʴʰʫʶ ʜʦʣʶ ʛʦʨʦʜʩʢʦʛʦ ʠ ʧʨʠʛʦʨʦʜʥʦʛʦ 

ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʟʘʙʠʨʘʝʪ ʥʘ ʩʝʙʷ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʢʘ ʩʦʙʩʪʚʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʫ ʥʘʩʝʣʝʥʠʷ. ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʠʣʴʥʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ 

ʧʦʝʟʜʦʢ ʧʘʩʩʘʞʠʨʦʚ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʉʝʪʴ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʥʝ 

ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʤʩʷ ʧʦʪʦʢʦʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʦʙʨʘʟʫʶʪʩʷ ʤʥʦʛʦʢʠʣʦʤʝʪʨʦʚʳʝ ʟʘʪʦʨʳ. ɺ ʠʪʦʛʝ ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʝ ʜʦʨʦʞʥʳʭ 

ʫʩʣʦʚʠʡ, ʫʚʝʣʠʯʝʥʠʝ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ, ʫʭʫʜʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ [1]. 

ɺʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʧʨʦʙʣʝʤʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʝʰʘʶʪʩʷ ʟʘ ʩʯʝʪ 

ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʤʦʜʝʨʥʠʟʘʮʠʠ ʝʛʦ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʧʨʘʚʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ ʧʦ ʚʠʜʘʤ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʙʦʡ.  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʨʠʛʦʨʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʩʝʛʦʜʥʷ ʦʢʘʟʘʣʩʷ 

ʩʠʣʴʥʦ ʥʝʜʦʦʮʝʥʝʥʥʳʤ ʠ ʚ ʩʠʣʫ ʨʷʜʘ ʧʨʠʯʠʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʣʴʟʫʝʪʩʷ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʫ 
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ʥʘʩʝʣʝʥʠʷ. ʍʦʪʷ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ, ʤʝʛʘʧʦʣʠʩʦʚ ʧʨʠʛʦʨʦʜʥʳʡ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʠ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʝʨʝʚʦʟʢʫ ʧʘʩʩʘʞʠʨʦʚ ʚ ʧʨʠʛʦʨʦʜʥʦʤ ʩʦʦʙʱʝʥʠʠ.  

ʆʩʦʙʫʶ ʨʦʣʴ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʨʠʛʦʨʦʜʥʦ-ʛʦʨʦʜʩʢʦʡ ʪʨʘʥʩʧʦʨʪ ʧʨʠʦʙʨʝʪʘʝʪ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʚʳʩʦʢʠʭ ʪʝʤʧʦʚ 

ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʝʝ ʧʦʩʪʦʷʥʥʦ ʚʦʟʥʠʢʘʶʱʠʭ ʟʘʪʦʨʦʚ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʜʦʨʦʛʘʭ ʛʦʨʦʜʦʚ ʠ ʧʨʠʛʦʨʦʜʥʦʡ ʟʦʥʳ. 

ʇʨʠʛʦʨʦʜʥʳʡ ʧʘʩʩʘʞʠʨʩʢʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ 

ʩʦʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ [2]. ɼʘʥʥʳʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʝʞʝʜʥʝʚʥʫʶ 

ʜʦʩʪʘʚʢʫ ʞʠʪʝʣʝʡ ʧʨʠʛʦʨʦʜʥʳʭ ʨʘʡʦʥʦʚ ʢ ʤʝʩʪʘʤ ʧʨʠʣʦʞʝʥʠʷ ʪʨʫʜʘ, ʦʙʫʯʝʥʠʷ ʠ ʦʙʨʘʪʥʦ, 

ʘ ʪʘʢʞʝ ʧʝʨʝʚʦʟʢʫ ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ ʧʨʠʛʦʨʦʜʥʳʝ ʨʘʡʦʥʳ ʩ ʮʝʣʴʶ ʦʨʛʘʥʠʟʘʮʠʠ 

ʦʪʜʳʭʘ, ʢʫʣʴʪʫʨʥʦ-ʙʳʪʦʚʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʧʦʝʟʜʦʢ ʠ ʪ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʤʝʥʠʤʳʤ ʚ ʧʣʦʭʠʭ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʩʣʫʞʠʪ ʦʪʣʠʯʥʦʡ ʟʘʤʝʥʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʥʘʣʠʯʠʝ ʥʘ ʨʳʥʢʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʘʚʪʦʙʫʩʦʚ ʙʦʣʴʰʦʡ, ʩʨʝʜʥʝʡ ʠ ʤʘʣʦʡ ʚʤʝʩʪʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʥʘʷ ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʷ 

ʥʘʩʝʣʝʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʦʪʪʦʢʫ ʧʘʩʩʘʞʠʨʦʚ ʩ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʧʨʦʩ ʥʘ ʧʨʠʛʦʨʦʜʥʳʝ ʧʘʩʩʘʞʠʨʩʢʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʝʨʝʚʦʟʢʠ ʨʝʟʢʦ ʩʦʢʨʘʱʘʝʪʩʷ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʛʦʨʦʜʥʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʢʦʪʦʨʳʝ 

ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʨʦʩʘ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ (ʨʠʩʫʥʦʢ 1) 

[2]. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʚ ʧʘʩʩʘʞʠʨʩʢʦʤ ʜʚʠʞʝʥʠʠ ʧʦʢʘʟʘʣ ʫʩʪʦʡʯʠʚʳʝ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʠ 

ʜʦ 2020 ʛʦʜʘ ʧʦ ʚʩʝʤ ʚʠʜʘʤ ʪʨʘʥʩʧʦʨʪʘ. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 2020 ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ, ʚʳʟʚʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʚ ʧʝʨʝʜʚʠʞʝʥʠʠ ʥʘʩʝʣʝʥʠʷ 

ʠʟ-ʟʘ ʧʘʥʜʝʤʠʠ Covid-19. ʇʦʩʣʝ ʩʥʷʪʠʷ ʚʩʝʭ ʢʦʚʠʜʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʚ 2021 ʛʦʜʫ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʧʝʨʝʚʝʟʝʥʦ 16,2 ʤʣʥ ʧʘʩʩʘʞʠʨʦʚ ʧʦ ʚʩʝʤ ʚʠʜʘʤ 

ʩʦʦʙʱʝʥʠʡ, ʯʪʦ ʚ ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ʥʘ 22,4 % ʚʳʰʝ, ʯʝʤ ʚ 2020 ʛʦʜʫ. ʊʘʢʘʷ ʞʝ 

ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʛʜʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ. ʂ ʧʨʠʤʝʨʫ, ʚ 2021 ʛʦʜʫ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʝʨʝʚʝʟʝʥʦ 7572015,35 ʪʳʩ.ʧʘʩʩʘʞʠʨʦʚ, ʯʪʦ ʥʘ 90,4 % ʚʳʰʝ, ʯʝʤ ʚ 

2020 ʛʦʜʫ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘ 6 ʤʝʩʷʮʝʚ 2021 ʛʦʜʘ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʚ ʧʨʠʛʦʨʦʜʥʦʤ ʩʦʦʙʱʝʥʠʠ ʧʝʨʝʚʝʟʝʥʦ 68533,59 ʪʳʩ.ʯʝʣʦʚʝʢ, ʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʟʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʝʨʝʚʦʟʢʘ 2409,14 

ʪʳʩ.ʧʘʩʩʘʞʠʨʦʚ. ɼʘʥʥʳʝ ʮʠʬʨʳ ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʦʣʴʰʘʷ ʜʦʣʷ 

ʧʘʩʩʘʞʠʨʦʚ ʧʨʠʛʦʨʦʜʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ.  

ɸʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʝʨʝʚʦʟʢʠ ʧʘʩʩʘʞʠʨʦʚ ʘʚʪʦʙʫʩʘʤʠ ʚ ɸʣʤʘʪʳ ʠ 

ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʧʨʠʛʦʨʦʜʥʦʛʦ 

ʩʦʦʙʱʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʨʦʩʪʘ ʧʨʠʛʦʨʦʜʥʦʛʦ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ 

ʚ ɸʣʤʘʪʠʥʩʢʦʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʫʟʣʝ, ʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʘʩʩʘʞʠʨʦʚ ʦʪʜʘʝʪ ʧʨʝʜʧʦʯʪʝʥʠʝ 

ʘʚʪʦʤʦʙʠʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ ʥʝʞʝʣʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʧʨʠʯʠʥ.  

 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 2 (125), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 2 (125), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt .edu.kz 

 

54 

 
 

ʈʠʩʫʥʦʢ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʛʦʨʦʜʥʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʝʛʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. 

ɸʣʤʘʪʠʥʩʢʘʷ ʘʛʣʦʤʝʨʘʮʠʷ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʝʡ ʛʦʨʦʜʩʢʦʡ ʘʛʣʦʤʝʨʘʮʠʝʡ 

ʂʘʟʘʭʩʪʘʥʘ ʠ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦʩʣʝ ʊʘʰʢʝʥʪʩʢʦʡ ʚ ʩʨʝʜʥʝʘʟʠʘʪʩʢʦʤ ʨʝʛʠʦʥʝ. 

ʅʘʩʝʣʝʥʠʝ ʤʝʛʘʧʦʣʠʩʘ ɸʣʤʘʪʳ ʧʦ ʜʘʥʥʳʤ ʙʶʨʦ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʈʂ ʥʘ 1 

ʦʢʪʷʙʨʷ 2022 ʛʦʜʘ ʩʦʩʪʘʚʠʣʦ ʯʫʪʴ ʙʦʣʝʝ 2 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ, ʘ ʚʤʝʩʪʝ ʩ ʧʨʠʛʦʨʦʜʘʤʠ ï 

ʧʨʝʚʳʩʠʣʦ 2,5 ʤʠʣʣʠʦʥʘ ʯʝʣʦʚʝʢ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩ ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʝʛʦ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʫʨʦʚʝʥʴ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʤʦʙʠʣʴʥʦʩʪʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʧʦʜʚʠʞʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚʝʜʝʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʤʝʞʜʫ 

ʮʝʥʪʨʘʣʴʥʳʤʠ ʠ ʧʨʠʛʦʨʦʜʥʳʤʠ ʨʘʡʦʥʘʤʠ ʢʨʫʧʥʦʛʦ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ [3]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʩʪʦʷʥʠʝ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʚ ɸʣʤʘʪʠʥʩʢʦʤ 

ʪʨʘʥʩʧʦʨʪʥʦʤ ʫʟʣʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʨʷʜʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨ ʢʘʢ ʜʣʷ 

ʧʝʨʝʚʦʟʯʠʢʦʚ, ʪʘʢ ʠ ʜʣʷ ʩʘʤʠʭ ʧʘʩʩʘʞʠʨʦʚ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 

ʩʝʛʦʜʥʷ ʚ ʛʦʨʦʜ ɸʣʤʘʪʳ ʠʟ ʧʨʠʛʦʨʦʜʥʳʭ ʨʘʡʦʥʦʚ ʝʞʝʜʥʝʚʥʦ ʥʘ ʨʘʙʦʪʫ, ʫʯʝʙʫ, ʘ ʪʘʢʞʝ ʧʦ 

ʣʠʯʥʦʡ ʥʘʜʦʙʥʦʩʪʠ ʧʨʠʙʳʚʘʝʪ ʦʢʦʣʦ 500 ʪʳʩʷʯ ʯʝʣʦʚʝʢ. ɾʠʪʝʣʠ ʧʨʠʛʦʨʦʜʦʚ ʜʦʙʠʨʘʶʪʩʷ 

ʜʦ ʛʦʨʦʜʘ ɸʣʤʘʪʳ ʥʘ ʯʘʩʪʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʣʠʙʦ ʧʦʣʴʟʫʶʪʩʷ ʘʚʪʦʙʫʩʥʳʤʠ ʤʘʨʰʨʫʪʘʤʠ 

(ʝʞʝʜʥʝʚʥʦ ʚ ʛʦʨʦʜ ʚʲʝʟʞʘʝʪ ʙʦʣʝʝ 200 ʪʳʩʷʯ ʘʚʪʦʤʦʙʠʣʝʡ).  

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʜʦʨʦʛʘʭ, ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʥʳʭ ʧʝʨʝʚʦʟʯʠʢʦʚ 

ʧʘʩʩʘʞʠʨʦʚ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ʤʘʣʦʡ ʚʤʝʩʪʠʤʦʩʪʠ 

ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʡ ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʠ ʧʦʜʲʝʟʜʦʚ ʢ ʛʦʨʦʜʫ, ʘ ʪʘʢʞʝ ʛʦʨʦʜʩʢʠʭ ʫʣʠʮ, 

ʦʩʦʙʝʥʥʦ ʚ ʯʘʩʳ çʧʠʢè, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʥʦʛʦʯʘʩʦʚʳʭ ʟʘʪʦʨʦʚ ʥʘ 

ʜʦʨʦʛʘʭ. ʅʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ. ʊʘʢʞʝ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʦʙʩʪʘʥʦʚʢʫ ʚ ʛʦʨʦʜʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʪʨʝʙʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʩʠʩʪʝʤʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʢʠ ʧʘʩʩʘʞʠʨʦʚ ʚ ʧʨʠʛʦʨʦʜʥʦʤ ʩʦʦʙʱʝʥʠʠ.  
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ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʣʦʞʠʚʰʝʡ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʯʘʩʪʠ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʩ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ [3].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʥʝ ʛʦʪʦʚ ʚ 

ʜʦʣʞʥʦʡ ʤʝʨʝ ʦʙʝʩʧʝʯʠʪʴ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʝʨʝʚʦʟʢʝ ʧʨʠʛʦʨʦʜʥʳʭ 

ʧʘʩʩʘʞʠʨʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʧʦʪʨʝʙʫʝʪʩʷ ʨʝʰʝʥʠʝ ʨʷʜʘ ʟʘʜʘʯ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʚ ʧʨʠʛʦʨʦʜʥʦʤ 

ʩʦʦʙʱʝʥʠʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠʛʦʨʦʜʥʦʛʦ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ.  

ɺ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʦʩʥʦʚʥʳʤ ʧʝʨʝʚʦʟʯʠʢʦʤ ʧʘʩʩʘʞʠʨʦʚ ʚ ʧʨʠʛʦʨʦʜʥʦʤ 

ʩʦʦʙʱʝʥʠʠ ʷʚʣʷʝʪʩʷ ɸʆ çʇʨʠʛʦʨʦʜʥʳʝ ʧʝʨʝʚʦʟʢʠè, ʢʦʪʦʨʳʝ ʚ ʥʝʜʘʚʥʝʤ ʧʨʦʰʣʦʤ ʚʦʰʣʠ 

ʚ ʩʦʩʪʘʚ ɸʆ çʇʘʩʩʘʞʠʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠè. ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʛʦʨʦʜʥʳʭ ʧʝʨʝʚʦʟʦʢ ʚ 

ʬʠʣʠʘʣ ɸʆ çʇʘʩʩʘʞʠʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠè ʧʝʨʝʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢʦʤʧʘʥʠʠ ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ 

ʨʘʟʚʠʪʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʨʠʛʦʨʦʜʥʳʭ ʤʘʨʰʨʫʪʦʚ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʞʠʪʝʣʝʡ ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʦʚ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ [4]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʂʘʟʘʭʩʪʘʥʝ ʚ ʧʨʠʛʦʨʦʜʥʦʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʩʦʦʙʱʝʥʠʠ 

ʢʫʨʩʠʨʫʶʪ ʧʦʝʟʜʘ ʧʦ 60 ʤʘʨʰʨʫʪʘʤ ʠʟ ʥʠʭ ʥʘ ɸʣʤʘʪʠʥʩʢʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʫʟʝʣ 

ʧʨʠʭʦʜʠʪʩʷ ʪʦʣʴʢʦ 4 ʤʘʨʰʨʫʪʘ (ʪʘʙʣʠʮʘ 1).  

ʆʩʥʦʚʥʳʝ ʨʝʡʩʳ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʩʪʘʥʮʠʠ ʂʘʟʳʙʝʢ-ɹʝʢ, ɸʣʪʳʥʢʦʣʴ ʠ ʂʦʥʘʝʚ. ɺʩʝ 

ʨʝʡʩʳ ʦʪʧʨʘʚʣʷʶʪʩʷ ʩʦ ʩʪʘʥʮʠʠ çɸʣʤʘʪʳ-1è, ʠ ʪʦʣʴʢʦ ʧʨʠʛʦʨʦʜʥʳʡ ʧʦʝʟʜ ʩʦʦʙʱʝʥʠʝʤ 

ɸʣʤʘʪʳ - ʂʘʟʳʙʝʢ-ɹʝʢ ʦʪʧʨʘʚʣʷʝʪʩʷ ʩ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʚʦʢʟʘʣʘ çɸʣʤʘʪʳ-2è ʠ ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʚʦʢʟʘʣ çɸʣʤʘʪʳ-1è. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʦʷʙʨʝ 2022 ʛʦʜʘ ʟʘʧʫʱʝʥ ʧʨʠʛʦʨʦʜʥʳʡ ʧʦʝʟʜ 

ʩʦʦʙʱʝʥʠʝʤ ɸʣʤʘʪʳ ï ʂʦʥʘʝʚ [4]. 

 

ʊʘʣʠʮʘ 1 - ʇʝʨʝʯʝʥʴ ʢʫʨʩʠʨʫʶʱʠʭ ʧʨʠʛʦʨʦʜʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ ʚ 

ɸʣʤʘʪʠʥʩʢʦʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʫʟʣʝ 

 

 ̄ ˉ ʧʦʝʟʜʘ ʩʦʦʙʱʝʥʠʝ ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʉʦʩʪʘʚʳ ʇʝʨʝʚʦʟʯʠʢ 

1 
ˉ 6932/6931 ɸʣʤʘʪʳ-1-ʉʘʨʳ-

ʆʟʝʢ 

ʧʦ ʯʝʪʥʳʤ ʜʘʪʘʤ ʢʨʦʤʝ 

ʩʫʙʙʦʪʳ, ʚʦʩʢʨʝʩʝʥʴʷ ʠ 

ʧʨʘʟʜʥʠʯʥʳʭ ʜʥʝʡ 

1 ʩʦʩʪʘʚ 
ɸʆ 

çʇʨʠʛʦʨʦʜʥʳʝ 

ʧʝʨʝʚʦʟʢʠè 
2 
ˉ 6985/6986 ɸʣʤʘʪʳ-1-

ɸʣʪʳʥʢʦʣʴ 

ʝʞʝʜʥʝʚʥʦ, ʢʨʦʤʝ 

ʩʫʙʙʦʪʳ, ʚʦʩʢʨʝʩʝʥʴʷ ʠ 

ʧʨʘʟʜʥʠʯʥʳʭ ʜʥʝʡ 

2 ʩʦʩʪʘʚʘ 

3 
ˉ 6953/6954 (6947/6948) 

ɸʣʤʘʪʳ-2 ï ʂʘʟʳʙʝʢ-ʙʝʢ 
ʝʞʝʜʥʝʚʥʦ 2 ʨʘʟʘ ʚ ʜʝʥʴ 1 ʩʦʩʪʘʚ 

ʊʆʆ çʇʂ 

çʊʫʨʘʥ -

ʕʢʩʧʨʝʩʩè 

4 
ˉ 6906/6907 ɸʣʤʘʪʳ-1-

ʂʘʧʰʘʛʘʡ 
ʝʞʝʜʥʝʚʥʦ 

1 ʩʦʩʪʘʚ 

ɼʈʉ 

ɸʆ 

çʇʨʠʛʦʨʦʜʥʳʝ 

ʧʝʨʝʚʦʟʢʠè 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʘʩʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʨʠʛʦʨʦʜʥʳʭ ʧʦʝʟʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ 

ʪʘʙʣʠʮʝ 1, ʚ ɸʣʤʘʪʠʥʩʢʦʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʫʟʣʝ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʧʨʠʛʦʨʦʜʥʳʭ ʧʘʩʩʘʞʠʨʦʚ 

ʢʫʨʩʠʨʫʶʪ ʪʦʣʴʢʦ ʯʝʪʳʨʝ ʧʨʠʛʦʨʦʜʥʳʭ ʧʦʝʟʜʘ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʛʦ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʝʨʝʚʦʟʢʝ ʧʨʠʛʦʨʦʜʥʳʭ ʧʘʩʩʘʞʠʨʦʚ. ʈʘʩʧʠʩʘʥʠʝ ʜʚʠʞʝʥʠʷ 

ʧʨʠʛʦʨʦʜʥʳʭ ʧʦʝʟʜʦʚ ʪʘʢʞʝ ʥʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʧʦʜ ʥʫʞʜʳ ʥʘʩʝʣʝʥʠʷ, ʯʪʦ ʥʝ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʞʠʪʝʣʷʤ ʧʨʠʛʦʨʦʜʦʚ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʠʙʳʚʘʪʴ ʚ ʛʦʨʦʜ ʢ ʤʝʩʪʫ ʨʘʙʦʪʳ 

(ʫʯʝʙʳ) ʠ ʪʘʢʞʝ ʚ ʫʜʦʙʥʦʝ ʜʣʷ ʥʠʭ ʚʨʝʤʷ ʚʝʨʥʫʪʴʩʷ ʩ ʨʘʙʦʪʳ (ʫʯʝʙʳ) ʜʦʤʦʡ. ɺ ʩʚʷʟʠ ʩ 

ʯʝʤ, ʧʘʩʩʘʞʠʨʩʢʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʝʨʝʚʦʟʢʠ ʥʝ ʧʦʣʴʟʫʶʪʩʷ ʩʧʨʦʩʦʤ ʫ ʞʠʪʝʣʝʡ 

ɸʣʤʘʪʠʥʩʢʦʡ ʘʛʣʦʤʝʨʘʮʠʠ.  
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ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʨʷʜ ʧʨʠʯʠʥ, ʦʢʘʟʳʚʘʶʱʠʭ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʨʠʛʦʨʦʜʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʝʨʝʚʦʟʦʢ, ʪʘʢʠʭ ʢʘʢ ʬʠʟʠʯʝʩʢʠ ʠ 

ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʚʰʠʡ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ, ʦʪʩʫʪʩʪʚʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʧʨʠʛʦʨʦʜʥʳʭ ʧʘʩʩʘʞʠʨʦʚ ʠ ʪ.ʜ.  

ʊʘʢʞʝ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʘ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʜʚʫʭʧʫʪʥʦʛʦ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʫʯʘʩʪʢʘ ɸʣʤʘʪʳ-1 ï ʆʪʘʨ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʠʣʴʥʫʶ ʟʘʛʨʫʞʝʥʥʦʩʪʴ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʫʯʘʩʪʢʦʚ ɸʣʤʘʪʠʥʩʢʦʛʦ ʫʟʣʘ. ʆʪʩʫʪʩʪʚʠʝ ʨʝʟʝʨʚʘ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʜʘʥʥʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʫʯʘʩʪʢʘ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʢʣʘʜʢʠ ʥʘ 

ʛʨʘʬʠʢʝ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ çʥʠʪʦʢè ʜʣʷ ʧʨʠʛʦʨʦʜʥʳʭ ʩʦʩʪʘʚʦʚ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʦʩʥʦʚʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʨʝʟʝʨʚʘ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ɸʣʤʘʪʠʥʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʜʦʨʦʛʠ. ʊʘʢ ʢʘʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʫʯʘʩʪʦʢ ɸʣʤʘʪʳ-1 ï ʆʪʘʨ ʷʚʣʷʝʪʩʷ 

ʜʚʫʭʧʫʪʥʳʤ, ʪʦ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʦʨʫʞʝʥʠʷ ʪʨʝʪʴʝʛʦ ʛʣʘʚʥʦʛʦ ʧʫʪʠ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ ʜʣʷ 

ʜʚʠʞʝʥʠʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʨʘʟʛʨʘʥʠʯʠʪʴ ʜʚʠʞʝʥʠʝ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ [5]. 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʛʦʨʦʜʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

- ʥʠʟʢʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʫʯʘʩʪʢʦʚ; 

- ʜʝʬʠʮʠʪ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ; 

- ʫʩʪʘʨʝʚʰʠʡ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ; 

- ʥʠʟʢʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʨʠʛʦʨʦʜʥʳʭ ʧʦʝʟʜʦʚ; 

- ʦʪʩʫʪʩʪʚʠʝ ʫʜʦʙʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʨʠʛʦʨʦʜʥʳʭ ʧʦʝʟʜʦʚ; 

- ʥʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʨʘʩʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʨʠʛʦʨʦʜʥʳʭ ʧʦʝʟʜʦʚ ʩ ʨʘʩʧʠʩʘʥʠʝʤ 

ʜʚʠʞʝʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ; 

- ʦʪʩʫʪʩʪʚʠʝ ʩʝʨʚʠʩʘ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʧʨʠʛʦʨʦʜʥʦʛʦ ʩʦʦʙʱʝʥʠʷ [6]. 

ɺʩʝ ʵʪʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʦʙʨʘʟʦʤ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʨʦʩʘ ʥʘ 

ʧʨʠʛʦʨʦʜʥʳʝ ʧʘʩʩʘʞʠʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. 

ɼʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʦʛʨʘʤʤʳ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʠʛʦʨʦʜʥʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ 

ʦʩʥʦʚʝ ʢʣʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʥʘʩʝʣʝʥʠʷ [6]. 

ʇʨʦʮʝʩʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ ʧʘʩʩʘʞʠʨʦʚ ʚ ʧʨʠʛʦʨʦʜʥʦʤ 

ʩʦʦʙʱʝʥʠʠ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʵʪʘʧʘʤʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʧʨʠʚʣʝʯʝʥʠʝ ʧʨʠʛʦʨʦʜʥʦʛʦ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʩ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʪʨʘʥʩʧʦʨʪʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ). ʕʪʘʧʥʦʩʪʴ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʧʨʦʚʝʜʝʥʠʝ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ 

ʚʝʣʠʯʠʥʳ ʚʦʟʤʦʞʥʳʭ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʨʘʟʤʝʨʦʚ ʜʚʠʞʝʥʠʷ ʧʨʠʛʦʨʦʜʥʳʭ ʧʦʝʟʜʦʚ ʩ ʫʯʝʪʦʤ 

ʩʪʨʫʢʪʫʨʳ ʠ ʚʝʣʠʯʠʥʳ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ; 

- ʨʘʟʨʘʙʦʪʢʘ ʛʨʘʬʠʢʘ ʜʚʠʞʝʥʠʷ ʧʨʠʛʦʨʦʜʥʳʭ ʧʦʝʟʜʦʚ ʩ ʫʯʝʪʦʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʛʦʨʦʜʥʦʛʦ ʫʯʘʩʪʢʘ; 

- ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʛʦʨʦʜʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʫʯʘʩʪʢʦʚ; 

- ʩʦʩʪʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʨʠʛʦʨʦʜʥʳʭ ʧʦʝʟʜʦʚ ʩ ʫʯʝʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʜʦʙʩʪʚʘ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʧʘʩʩʘʞʠʨʦʚ ʢ ʤʝʩʪʫ ʥʘʟʥʘʯʝʥʠʷ; 

- ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʨʠʛʦʨʦʜʥʳʭ ʧʦʝʟʜʦʚ ʩ ʨʘʩʧʠʩʘʥʠʝʤ 

ʜʚʠʞʝʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

- ʚʳʙʦʨ ʛʠʙʢʦʡ ʪʘʨʠʬʥʦʡ ʧʦʣʠʪʠʢʠ; 
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- ʟʘʤʝʥʘ ʩʪʘʨʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʩʦʚʨʝʤʝʥʥʳʡ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ 

ʦʙʝʩʧʝʯʠʪʴ ʢʦʤʬʦʨʪʘʙʝʣʴʥʫʶ ʠ ʙʳʩʪʨʫʶ ʜʦʩʪʘʚʢʫ ʧʘʩʩʘʞʠʨʦʚ ʜʦ ʩʪʘʥʮʠʠ ʥʘʟʥʘʯʝʥʠʷ; 

- ʤʦʜʝʨʥʠʟʘʮʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʠʛʦʨʦʜʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ 

(ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʚʦʢʟʘʣʦʚ, ʦʩʪʘʥʦʚʦʯʥʳʭ ʧʫʥʢʪʦʚ), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʘʩʩʘʞʠʨʦʚ ʧʨʠʛʦʨʦʜʥʦʛʦ ʩʦʦʙʱʝʥʠʷ [7]. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʨʠʛʦʨʦʜʥʳʭ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ ʭʘʨʘʢʪʝʨʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦ 

ʩʝʟʦʥʘʤ ʛʦʜʘ, ʧʦ ʜʥʷʤ ʥʝʜʝʣʠ, ʘ ʪʘʢʞʝ ʧʦ ʯʘʩʘʤ ʩʫʪʦʢ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʛʦʨʦʜʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ, ʘ ʪʘʢʞʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʶʱʝʛʦʩʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ 

ʢʘʢ ʛʠʙʢʦʩʪʴ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩʣʝʜʫʝʪ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʨʘʩʧʠʩʘʥʠʷ ʠ ʩʦʩʪʘʚʥʦʩʪʠ ʧʨʠʛʦʨʦʜʥʳʭ ʧʦʝʟʜʦʚ ʠ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ. 

 

ɿʘʢʣʶʯʝʥʠʝ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʨʦʣʴ ʧʨʠʛʦʨʦʜʥʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʢʨʫʧʥʦʛʦ ʤʝʛʘʧʦʣʠʩʘ ʠʤʝʝʪ 

ʚʘʞʥʦʝ ʩʦʮʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʈʘʮʠʦʥʘʣʴʥʘʷ ʠ ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʝʛʦ ʨʘʙʦʪʳ, ʘ 

ʪʘʢʞʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʛʦʨʦʜʩʢʠʤ ʦʙʱʝʩʪʚʝʥʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʦʨʤʘʣʴʥʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʚʩʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʥʘʩʝʣʝʥʥʦʛʦ 

ʧʫʥʢʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʢʨʘʱʝʥʠʶ ʟʘʪʦʨʦʚ ʥʘ ʚʲʝʟʜʘʭ ʚ ʛʦʨʦʜ ʠ ʫʣʫʯʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ. 

ɼʣʷ ʩʘʤʦʡ ʢʨʫʧʥʦʡ ʛʦʨʦʜʩʢʦʡ ʘʛʣʦʤʝʨʘʮʠʠ ʂʘʟʘʭʩʪʘʥʘ çɸʣʤʘʪʠʥʩʢʦʡè ʩ ʝʝ 

ʜʠʥʘʤʠʯʥʦ ʨʘʩʪʫʱʠʤ ʥʘʩʝʣʝʥʠʝʤ, ʧʦʜʚʠʞʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʝʠʟʤʝʥʥʦ ʨʘʩʪʝʪ, ʫʣʫʯʰʝʥʠʝ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʚ ʦʙʱʝʡ 

ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʪʨʝʙʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʧʦʪʨʝʙʫʝʪ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚʩʝʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʦʨʦʜʘ 

ɸʣʤʘʪʳ.  

ʂʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʢʠ 

ʧʘʩʩʘʞʠʨʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʨʘʙʦʪʘʥ ʚʩʝʩʪʦʨʦʥʥʝ ʠ ʦʭʚʘʪʳʚʘʪʴ ʚʦʧʨʦʩʳ ʦʙʥʦʚʣʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʚʝʜʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʩʧʠʩʘʥʠʝ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʤʘʨʰʨʫʪʘʤ ʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʨʘʙʦʪʢʫ ʚʦʧʨʦʩʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʠ ʛʦʨʦʜʩʢʦʛʦ 

ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʝʨʚʠʩʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ, ʪʘʨʠʬʥʦʡ 

ʧʦʣʠʪʠʢʠ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ.  

ɺʩʝ ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦʟʚʦʣʷʪ ʦʙʝʩʧʝʯʠʪʴ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʠ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʝʨʝʚʦʟʢʫ ʧʨʠʛʦʨʦʜʥʳʭ ʧʘʩʩʘʞʠʨʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʚ 

ʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʫʚʝʣʠʯʠʪʴ ʩʧʨʦʩ ʥʘ ʧʨʠʛʦʨʦʜʥʳʝ ʧʘʩʩʘʞʠʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠ ʚ ɸʣʤʘʪʠʥʩʢʦʤ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʫʟʣʝ ʠ ʩʦʟʜʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʢʦʥʢʫʨʝʥʮʠʠ ʩ ʜʨʫʛʠʤʠ 

ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ. 
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THE CURRENT STATE OF THE PROCESS OF ORGANIZING SUBURBAN 

PASSENGER TRANSPORTATION IN THE ALMATY RAILWAY HUB  

 

Abstract. In this article, the authors consider the current state, problems and prospects of 

development of suburban passenger transportation by rail in the Almaty railway hub. The 

substantiation of the need for modernization and renewal of suburban rail transport in order to 

improve the overall transport situation in the city of Almaty and its suburbs, as well as the 

reorientation of part of the suburban passenger traffic from road to rail transport is given. 

 

Keywords. passenger transportation, suburban transportation, organization of suburban 
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ʇʋʊʀ ʇʆɺʓʐɽʅʀʗ ʊʈɸʅʉʇʆʈʊʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʪʝʢʫʱʘʷ ʩʠʪʫʘʮʠʷ ʧʦ ʪʨʘʥʩʧʦʨʪʥʦʡ  

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʩʦʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʥʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ 

ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʧʝʨʝʚʦʟʦʯʥʦʛʦ  ʧʨʦʮʝʩʩʘ ʟʘ 12 ʤʝʩʷʮʝʚ 2022 ʛʦʜʘ, ʜʠʥʘʤʠʢʘ ʥʘʨʫʰʝʥʠʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ɸʆ çʅʂ çʂʊɾè ʠ ɼʆ ʟʘ 3 ʛʦʜʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʥʘʨʫʰʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʧʨʠʯʠʥʳ ʜʦʧʫʱʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʧʨʠʯʠʥʳ. ʂ ʚʥʝʰʥʠʤ ʧʨʠʯʠʥʘʤ ʦʪʥʦʩʠʤ ʪʨʝʪʴʠ ʣʠʮʘ, ʘ ʢ 

ʚʥʫʪʨʝʥʥʠʤ ï ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ: ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ, ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨ (ʞ/ʜ ʧʝʨʩʦʥʘʣ).  

ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʥʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʨʝʚʠʟʦʨʩʢʠʤ ʘʧʧʘʨʘʪʦʤ 

ɸʆ ʅʂ ʂʊɾ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʨʦʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʢʦʥʪʨʦʣʶ 

ʚʳʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ; ʧʨʘʚʠʣ 

ʚʝʜʝʥʠʷ ʧʦʝʟʜʘ; ʥʦʨʤʘʪʠʚʥʳʭ ʫʢʘʟʘʥʠʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʨʦʡʩʪʚ 

ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ.    

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʘʥʘʣʠʟʘ ʅɹɼ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʠʦʨʠʪʝʪʳ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ: 

- ʩʥʠʞʝʥʠʝ ʠʥʮʠʜʝʥʪʦʚ ʧʦ ʥʘʝʟʜʫ ʥʘ ʧʦʩʪʦʨʦʥʥʠʭ ʣʶʜʝʡ; 

- ʩʥʠʞʝʥʠʝ ʩʣʫʯʘʝʚ ɼʊʇ ʥʘ ʧʝʨʝʝʟʜʘʭ; 

- ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; 

- ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ; 

- ʦʙʥʦʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ; 

- ʦʙʥʦʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʧʦʚʳʰʝʥʠʝ ʢʘʜʨʦʚʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

 

  ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʅʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʝʨʝʚʦʟʦʯʥʳʡ ʧʨʦʮʝʩʩ, ʨʝʚʠʟʦʨʩʢʠʡ ʘʧʧʘʨʘʪ. 

 

ɺʚʝʜʝʥʠʝ.  

ɹʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʧʦ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ. ɺʩʝ 

ʫʯʘʩʪʥʠʢʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ 

ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ  ʩʦʩʪʦʠʪ ʚ ʢʦʤʧʣʝʢʩʥʦʡ 

ʩʠʩʪʝʤʝ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʘʷ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʦʨʫʞʝʥʥʦʩʪʴ. 

ɺʩʝ ʨʘʙʦʪʥʠʢʠ ɸʆ ʅʂ ʂʊɾ  ï ʫʯʘʩʪʥʠʢʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʩʫʪ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʂʘʯʝʩʪʚʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ 

ʧʨʘʢʪʠʢʝ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪ ʫʩʧʝʰʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʜʦʩʪʠʛʘʝʤʦʝ 

ʧʨʠ ʪʝʩʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠ ʯʝʪʢʦʤ ʫʧʨʘʚʣʝʥʠʠ. ʋʩʧʝʰʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴʶ, ʣʦʛʠʯʝʩʢʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʠ ʠʩʧʦʣʥʠʪʝʣʴʩʢʦʡ 
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ʜʠʩʮʠʧʣʠʥʦʡ. ʋʧʨʘʚʣʝʥʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʢʦʥʪʨʦʣʠʨʫʶʪ ʧʦʥʠʤʘʥʠʝ ʠ ʚʳʧʦʣʥʝʥʠʝ 

ʩʦʟʜʘʥʥʳʭ ʇʨʘʚʠʣ. ʃʶʙʦʝ ʥʘʨʫʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʦʮʝʥʠʚʘʝʪʩʷ ʠ ʧʨʠʥʠʤʘʶʪʩʷ ʚʩʝ ʥʘʜʣʝʞʘʱʠʝ 

ʤʝʨʳ.  

ʄʠʩʩʠʷ - ʨʘʟʚʠʪʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ 

ʧʫʪʝʤ ʛʘʨʤʦʥʠʟʘʮʠʠ ʩʪʘʥʜʘʨʪʦʚ ʠ ʤʦʜʝʣʝʡ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʧʝʨʘʪʦʨʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʩ ʮʝʣʴʶ ʟʘʥʷʪʠʷ ʣʠʜʠʨʫʶʱʠʭ ʧʦʟʠʮʠʡ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ. 
 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ɿʘ 12 ʤʝʩʷʮʝʚ 2022 ʛʦʜʘ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʦʧʫʱʝʥʦ 752 

ʥʘʨʫʰʝʥʠʷ ʧʨʦʪʠʚ 856, ʩʥʠʞʝʥʠʝ ʥʘ 104 ʩʣʫʯʘʷ ʠʣʠ 12%, ʧʦ ʘʢʮʠʦʥʝʨʥʦʤʫ ʦʙʱʝʩʪʚʫ 

çʅʘʮʠʦʥʘʣʴʥʘʷ ʂʦʤʧʘʥʠʷ çפʘʟʘץʩʪʘʥ ʪʝʤiʨ ʞʦʣʳè ʠ ʝʛʦ ʜʦʯʝʨʥʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ 

ʥʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩʥʠʞʝʥʳ ʥʘ 16 ʩʣʫʯʘʝʚ (ʩ 143 ʜʦ 127) ʠʣʠ 11%, ʧʦ 

ʧʨʦʯʠʤ ʫʯʘʩʪʥʠʢʘʤ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʦʧʫʱʝʥʦ ʩʥʠʞʝʥʠʝ ʥʘ 88 ʩʣʫʯʘʝʚ (ʩ 713 ʜʦ 

625) ʠʣʠ 12% (ʨʠʩʫʥʦʢ 1, ʪʘʙʣʠʮʘ 1) [1]. 

 

 
 

ʈʠʩʫʥʦʢ 1 -  ʅʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʧʝʨʝʚʦʟʦʯʥʦʛʦ  

ʧʨʦʮʝʩʩʘ ʟʘ 12 ʤʝʩʷʮʝʚ 2022 ʛʦʜʘ 
 

ʊʘʙʣʠʮʘ 1 - ɼʠʥʘʤʠʢʘ ʥʘʨʫʰʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ 

ʧʝʨʝʚʦʟʦʯʥʦʛʦ  ʧʨʦʮʝʩʩʘ ʟʘ 3 ʛʦʜʘ 
 

ˉ ʧʧ ɺʠʜʳ ʥʘʨʫʰʝʥʠʡ 2020 2021 2022 

1 ɺʠʜʳ ʥʘʨʫʰʝʥʠʡ/ʥʘ ʤʣʥ.ʧʦʝʟʜʦ-ʢʤ 706/4,37 856/5,07 752/4,23 

2 ʂʨʫʰʝʥʠʷ/ ʥʘ ʤʣʥ.ʧʦʝʟʜʦ-ʢʤ 3/0,02 2/0,01 2/0,02 

3 ʉʦʙʳʪʠʷ/ ʥʘ ʤʣʥ.ʧʦʝʟʜʦ-ʢʤ 63/0,41 71/0,42 69/0,39 

 ʉʭʦʜ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ /ʥʘ 

ʤʣʥ.ʧʦʝʟʜʦ-ʢʤ 

29/0,19 19/0,12 23/0,16 

 ʉʭʦʜʳ ʧʨʠ ʤʘʥʝʚʨʦʚʦʡ ʨʘʙʦʪʝ/ ʥʘ 

ʤʣʥ.ʧʦʝʟʜʦ-ʢʤ 

34/0,22 51/0,32 42/0,24 

 ʉʪʦʣʢʥʦʚʝʥʠʝ ʧʨʠ ʤʘʥʝʚʨʦʚʦʡ ʨʘʙʦʪʝ/ 

ʥʘ ʤʣʥ.ʧʦʝʟʜʦ-ʢʤ 

- 1/0,01 - 

4 ʀʥʮʠʜʝʥʪ/ ʥʘ ʤʣʥ.ʧʦʝʟʜʦ-ʢʤ 640/3,94 783/4,64 680/3,82 

-12% 

-12% 

-11% 
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ʇʨʠ ʘʥʘʣʠʟʝ ʥʘʨʫʰʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʟʘ ʪʨʠ ʛʦʜʘ (2020-2022) ʧʨʦʠʟʦʰʣʦ 

ʩʥʠʞʝʥʠʝ ʥʘ 3% ʩʦʙʳʪʠʡ, ʥʘ 13% ʠʥʮʠʜʝʥʪʦʚ, ʠ ʧʨʦʠʟʦʰʣʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘ 50% 

ʢʨʫʰʝʥʠʡ.  

ʇʨʠ ʘʥʘʣʠʟʝ 2021 ʠ 2022 ʛʦʜʦʚ ʧʦ ɸʆ ʅʂ ʂʊɾ ʩʦʙʳʪʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ, ʠʥʮʠʜʝʥʪʳ 

ʩ ʧʦʥʠʞʝʥʠʝʤ ʥʘ 15%, ʢʨʫʰʝʥʠʡ ʠ ʘʚʘʨʠʡ ʥʝ ʜʦʧʫʱʝʥʦ (ʪʘʙʣʠʮʘ 2, ʨʠʩʫʥʦʢ 2)[2]. 

 

 
 

ʈʠʩʫʥʦʢ 2 - ʅʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ɸʆ çʅʂ çʂʊɾè ʠ ɼʆ 

 

ʊʘʙʣʠʮʘ 2 - ɼʠʥʘʤʠʢʘ ʥʘʨʫʰʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ɸʆ çʅʂ çʂʊɾè ʠ ɼʆ 

ʟʘ 3 ʛʦʜʘ 

 

ˉ ʧʧ ɺʠʜʳ ʥʘʨʫʰʝʥʠʡ 2020 2021 2022 

1 ɺʠʜʳ ʥʘʨʫʰʝʥʠʡ/ʥʘ ʤʣʥ.ʧʦʝʟʜʦ-ʢʤ 159/0,99 143/0,85 127/0,71 

2 ʉʦʙʳʪʠʷ/ ʥʘ ʤʣʥ.ʧʦʝʟʜʦ-ʢʤ 37/0,23 34/0,20 34/0,19 

2.1 ʉʭʦʜ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ / ʥʘ 

ʤʣʥ.ʧʦʝʟʜʦ-ʢʤ 

11/0,08 7/0,03 7/0,03 

2.2 ʉʭʦʜʳ ʧʨʠ ʤʘʥʝʚʨʦʚʦʡ ʨʘʙʦʪʝ/ ʥʘ 

ʤʣʥ.ʧʦʝʟʜʦ-ʢʤ 

26/0,15 26/0,15 26/0,15 

2.3 ʉʪʦʣʢʥʦʚʝʥʠʝ ʧʨʠ ʤʘʥʝʚʨʦʚʦʡ ʨʘʙʦʪʝ/ ʥʘ 

ʤʣʥ.ʧʦʝʟʜʦ-ʢʤ 

- 1/0,01 1/0,01 

3 ʀʥʮʠʜʝʥʪʳ/ ʥʘ ʤʣʥ.ʧʦʝʟʜʦ-ʢʤ 122/0,76 109/0,65 93/0,52 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʥʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʟʘ 2020-2022 ʛʦʜʳ, 

ʦʧʨʝʜʝʣʷʝʤ ʎʝʣʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ɸʆ çʅʂ çפʊɾè ʧʨʠ  ʧʣʘʥʝ 

1,05 ʩʦʩʪʘʚʠʣ 0,71 (ʥʘʨʫʰʝʥʠʷ / ʤʣʥ. ʧʦʝʟʜʦ-ʢʤ) ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 3[1]. 

 

 

-11% 

-15% 

0% 
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ʈʠʩʫʥʦʢ 3 - ʎʝʣʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ɸʆ çʅʂ çפʊɾè (ʥʘʨʫʰʝʥʠʷ / 

ʤʣʥ. ʧʦʝʟʜʦ-ʢʤ) 

 

ʅʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʨʘʟʨʝʟʝ ʭʦʟʷʡʩʪʚ ɸʆ çʅʂ çפʊɾ ʠ ɼʆ  ʠ ʚ 

ʨʘʟʨʝʟʝ  ʦʪʜʝʣʝʥʠʡ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʩʝʪʠ ʟʘ 12 ʤʝʩʷʮʝʚ 2022 ʛʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 

4-5 [3]. 

 

 
 

ʈʠʩʫʥʦʢ 4 - ʅʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʨʘʟʨʝʟʝ ʉʇ ɸʆ çʅʂ çʂʊɾè 
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ʈʠʩʫʥʦʢ 5 - ʅʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʨʘʟʨʝʟʝ ʦʪʜʝʣʝʥʠʡ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʩʝʪʠ  

ɸʆ çʅʂ çʂʊɾè 
 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʜʦʧʫʱʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 4. 
 

ʊʘʙʣʠʮʘ 4 - ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʜʦʧʫʱʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 
 

12 ʤʝʩʷʮʝʚ 2022 

ʛʦʜʘ 

ʇʨʠʯʠʥʳ ʧʝʨʚʦʛʦ 

ʫʨʦʚʥʷ 

ʇʨʠʯʠʥʳ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ   

ɺʅɽʐʅʀɽ 

ʇʈʀʏʀʅʓ 

35.4% 

ʊʨʝʪʴʠ ʣʠʮʘ 

35.4% 

ʅʘʝʟʜ ʥʘ ʧʦʩʪʦʨʦʥʥʠʭ ʣʶʜʝʡ ʥʘ 

ʧʝʨʝʛʦʥʝ 

20 15,7% 

ʅʘʝʟʜ ʥʘ ʧʦʩʪʦʨʦʥʥʠʭ ʣʶʜʝʡ ʥʘ 

ʩʪʘʥʮʠʠ 

14 11,0% 

ʅʘʝʟʜ ʥʘ ʩʢʦʪ 4 3,1% 

ɼʊʇ 1 0,8% 

ʅʘʣʦʞʝʥʠʝ ʥʘ ʧʫʪʴ 2 1,6% 

ʀʥʝr 3 2,4% 

ʇʦʛʦʜʘ 1 0,8% 

ɺʅʋʊʈɽʅʅʀɽ  

ʇʈʀʏʀʅʓ 

64.6% 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ  

2.4% 

ʇʫʪʠ ʠ ʩʦʦʨʫʞʝʥʠʷ   

ʅʝʠʩʧʨʘʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʕʏ 3 2,4% 

ʇʦʜʚʠʞʥʦʡ 

ʩʦʩʪʘʚ 

11,0% 

ʅʝʠʩʧʨʘʚʥʦʩʪʠ:   

ʣʦʢʦʤʦʪʠʚʳ 7 5,4% 

ʛʨʫʟʦʚʳʝ ʚʘʛʦʥʳ 3 2,4% 

ʉʉʇʉ 2 1,6% 

ʇʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ 2 1,6% 

ʏʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨ 

(ʞ.ʜ. ʧʝʨʩʦʥʘʣ) 

51.2% 

ʇʝʨʩʦʥʘʣ ʧʦ ʭʦʟʷʡʩʪʚʫ:   

ʜʚʠʞʝʥʠʷ 21 16,5% 

ʧʫʪʠ 17 13,4% 

ʚʘʛʦʥʥʦʤʫ 6 4,7% 

ʣʦʢʦʤʦʪʠʚʥʦʤʫ 11 8,7% 

ʕʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʠ ʉʎɹ ʩʚʷʟʠ 4 3,1% 

ʧʘʩʩʘʞʠʨʩʢʦʝ 2 1,6% 

ʛʨʫʟʦʚʦʝ 2 1,6% 

ɼɿʆ 2 1,6% 
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ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʥʘʨʫʰʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ʚʥʝʰʥʠʤ ʧʨʠʟʥʘʢʘʤ, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʝʝ: 

a) ʥʘʝʟʜʳ ʥʘ ʧʦʩʪʦʨʦʥʥʠʭ ʣʶʜʝʡ ʥʘ ʧʝʨʝʛʦʥʝ ï 15,7%; 

b) ʥʘʝʟʜʳ ʥʘ ʧʦʩʪʦʨʦʥʥʠʭ ʣʶʜʝʡ ʥʘ ʩʪʘʥʮʠʠ ï 11,0%; 

c) ʥʘʝʟʜ ʥʘ ʩʢʦʪ ï 3,1%; 

d) ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʠʩʰʝʩʪʚʠʷ ï 0,8%; 

e) ʥʘʣʦʞʝʥʠʷ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ ï 1,6%; 

f) ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ï 0,8%; 

g) ʧʨʦʯʠʝ ʅɹɼ ï 2,4%. 

ʊʘʢʞʝ ʧʨʠʚʦʜʠʤ ʘʥʘʣʠʟ ʥʘʨʫʰʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ʚʥʫʪʨʝʥʥʠʤ 

ʧʨʠʟʥʘʢʘʤ: 

a) ʧʦ ʚʠʥʝ ʨʘʙʦʪʥʠʢʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ï 51,2%; 

b) ʧʦ ʧʨʠʯʠʥʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ï 11,0%; 

c) ʧʦ ʧʨʠʯʠʥʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ï 2,4% [4]. 

 

ʈʝʟʫʣʴʪʘʪʳ. 

ʅʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ï ʵʪʦ ʩʚʦʡʩʪʚʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʠʩʪʝʤʳ ʥʝ ʩʦʟʜʘʚʘʪʴ ʦʧʘʩʥʦʩʪʠ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ, ʤʘʪʝʨʠʘʣʴʥʳʤ ʮʝʥʥʦʩʪʷʤ, 

ʧʨʠʨʦʜʝ ʠ ʜʨʫʛʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʘ ʚʩʝʭ ʝʛʦ ʩʪʘʜʠʷʭ. 

ʇʨʝʜʧʦʩʳʣʢʠ ð ʵʪʦ ʥʘʨʫʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘʨʫʰʝʥʠʷʤ. 

ɿʘ 12 ʤʝʩʷʮʝʚ 2022 ʛʦʜʘ ʨʘʙʦʪʥʠʢʘʤʠ ɸʆ ʅʂ ʂʊɾ ʙʳʣʦ ʜʦʧʫʱʝʥʦ 6 ʧʨʝʜʧʦʩʳʣʦʢ 

ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʥʠʞʝ: 

1) ʧʨʦʝʟʜ ʟʘʧʨʝʱʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ï 7 ʩʣʫʯʘʝʚ (32%); 

2) ʩʘʤʦʨʘʩʮʝʧ ʘʚʪʦʩʮʝʧʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ï 5 ʩʣʫʯʘʝʚ (23%); 

3) ʪʦʣʯʦʢ ʚ ʧʫʪʠ ï 3 ʩʣʫʯʘʷ (14%); 

4) ʥʘʝʟʜ ʥʘ ʩʢʦʪ ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ï 2 ʩʣʫʯʘʷ (13%); 

5) ʧʝʨʝʢʨʳʪʠʝ ʨʘʟʨʝʰʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩ ʧʨʦʝʟʜʦʤ ï 2 ʩʣʫʯʘʷ (9%); 

6) ʥʘʣʦʞʝʥʠʷ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ ï 2 ʩʣʫʯʘʷ (9%) (ʨʠʩʫʥʦʢ 6). 
 

 
 

ʈʠʩʫʥʦʢ 6 - ʇʨʝʜʧʦʩʳʣʢʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 
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ʆʙʩʫʞʜʝʥʠʝ. 

ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʥʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʨʝʚʠʟʦʨʩʢʠʤ ʘʧʧʘʨʘʪʦʤ 

ɸʆ ʅʂ ʂʊɾ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʨʦʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʢʦʥʪʨʦʣʶ 

ʚʳʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ; ʧʨʘʚʠʣ 

ʚʝʜʝʥʠʷ ʧʦʝʟʜʘ; ʥʦʨʤʘʪʠʚʥʳʭ ʫʢʘʟʘʥʠʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʨʦʡʩʪʚ 

ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ.    

ɿʘ 12 ʤʝʩʷʮʝʚ 2022 ʛʦʜʘ ʚ ɸʆ ʅʂ ʂʊɾ ʦʩʫʱʝʩʪʚʣʝʥʦ 10 598 ʧʨʦʚʝʨʦʢ (1928 

ʚʥʝʟʘʧʥʳʭ, 7989  ʮʝʣʝʚʳʭ, 681 ʥʦʯʥʳʭ). ɼʘʥʥʳʤʠ ʧʨʦʚʝʨʢʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ 99 537 

ʥʘʨʫʰʝʥʠʡ/ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ, ʧʦʜʨʘʟʜʝʣʝʥʥʳʝ ʥʘ 6 ʬʘʢʪʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 7 

[5]. 

ʋʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʨʘʩʧʦʣʦʞʠʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ï 43% (43 289 ʩʣʫʯʘʝʚ); 

- ʥʝʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ï 46% (45 590 ʩʣʫʯʘʝʚ); 

- ʥʘʨʫʰʝʥʠʝ ʚ ʚʝʜʝʥʠʠ ʜʦʢʫʤʝʥʪʘʮʠʠ ï 6% (6 431 ʩʣʫʯʘʡ); 

- ʦʪʩʫʪʩʪʚʠʝ ʅʊɼ ï 3% (2 499 ʩʣʫʯʘʷ); 

- ʦʪʩʫʪʩʪʚʠʝ ʘʪʪʝʩʪʘʮʠʠ ʠ ʧʝʨʩʦʥʘʣʘ ï 1% (912 ʩʣʫʯʘʷ); 

- ʧʨʦʯʠʝ ï 1% (816 ʩʣʫʯʘʷ). 

 

 
 

ʈʠʩʫʥʦʢ 7 - ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʚʝʨʦʢ ʨʝʚʠʟʦʨʘʤʠ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ 

 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʦʚʝʨʦʢ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ, ʢʦʪʦʨʳʝ 

ʧʦʪʨʝʙʦʚʘʣʠ ʧʨʠʥʷʪʠʷ ʟʘʧʨʝʪʥʳʭ ʤʝʨ (ʪʘʙʣʠʮʘ 5)[1]. 
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ʊʘʙʣʠʮʘ 5 ï ʇʨʠʥʷʪʳʝ ʟʘʧʨʝʪʥʳʝ ʤʝʨʳ 
 

ɿʘ 12 ʤʝʩʷʮʝʚ 

2022 ʛ. 
ʇʨʠʥʷʪʳʝ ʤʝʨʳ ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʇʆɼɺʀɾʅʆʁ 

ʉʆʉʊɸɺ 

35,69% 

ʇʨʠʦʩʪʘʥʦʚʣʝʥʦ 

ʣʦʢʦʤʦʪʠʚʦʚ 683 

7,17% ʠʟ ʨʝʤʦʥʪʘ 219 2,29% 

ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ 430 4,49% 

ʧʦ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ 

34 0,36% 

ʇʨʠʦʩʪʘʥʦʚʣʝʥʦ 

ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ - 

2375 

24,80% ʠʟ ʧʣʘʥʦʚʦʛʦ ʨʝʤʦʥʪʘ  402 4,20% 

ʠʟ ʪʝʢʫʱʝʛʦ ʨʝʤʦʥʪʘ 304 3,17% 

ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ 1669 17,73% 

ʇʨʠʦʩʪʘʥʦʚʣʝʥʦ 

ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʚʘʛʦʥʦʚ- 241 

3,76% ʠʟ ʧʣʘʥʦʚʦʛʦ ʨʝʤʦʥʪʘ 55 0,57% 

ʧʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʚ 

ʨʝʡʩ 

153 1,60% 

ʧʦʩʣʝ ʊʆ-3 33 0,34% 

ʇʨʠʦʩʪʘʥʦʚʣʝʥʦ 

ʉʉʇʉ - 119  

 ʉʇʉ 119 1,24% 

ɺɽʈʍʅɽɽ 

ʉʊʈʆɽʅʀɽ 

ʇʋʊʀ 51,34% 

ɿʘʢʨʳʪʦ 

ʩʪʘʥʮʠʦʥʥʳʭ ʧʫʪʝʡ 

-692 

7,23% ʛʣʘʚʥʳʭ 85 0,89% 

ɿʘʢʨʳʪʦ ʩʪʨʝʣʦʯʥʳʭ 

ʧʝʨʝʚʦʜʦʚ ï 1251 

13,06% ʧʨʠʝʤʦʦʪʧʨʘʚʦʯʥʳʭ 338 3,53% 

ʆʛʨʘʥʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ - 2973 

31,03% ʪʨʘʢʮʠʦʥʥʳʭ  269 2,81% 

ʇʈʆʏʀɽ ʄɽʈʓ 

12,97% 

ʆʪʤʝʥʘ ʚʳʧʦʣʥʝʥʠʷ 

ʂʄʆ ï 284 

2,97% ʢʦʤʠʩʩʠʦʥʥʦʛʦ 

ʤʝʩʷʯʥʦʛʦ ʦʩʤʦʪʨʘ 

284 2,97% 

ʆʪʤʝʥʘ ʚʳʧʦʣʥʝʥʠʷ 

ɻʊʇ - 958 

10,00% ʛʨʘʬʠʢ ʪʝʭ ʧʝʨʩʦʥʘʣʘ 958 10,00% 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʅɹɼ ʧʦʢʘʟʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʠʩʢʠ. 

ʂ ʦʩʥʦʚʥʦʤʫ ʨʠʩʢʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʅɹɼ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʧʦ ʚʠʥʝ ʯʝʣʦʚʝʢʘ 

(ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ), ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʩʪʘʚʣʷʝʪ 51,2% . 

ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢʦ ʚʪʦʨʦʤʫ ʨʠʩʢʫ ï ʅɹɼ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʦʰʝʜʰʠʝ ʧʦ 

ʚʥʝʰʥʠʤ ʧʨʠʯʠʥʘʤ ï ʵʪʦ ʥʘʝʟʜʳ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʥʘ ʣʶʜʝʡ, ʥʘ ʩʢʦʪ, ʧʦʩʪʦʨʦʥʥʠʝ 

ʧʨʝʜʤʝʪʳ), ʧʨʦʠʩʭʦʜʷʱʠʝ ʝʞʝʤʝʩʷʯʥʦ (35,4%) [2, 3]. 

ʀ ʢ ʪʨʝʪʴʝʤʫ ʨʠʩʢʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʅɹɼ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʚʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʠʤʝʥʥʦ: 

- ʥʝ ʟʘʢʨʝʧʣʝʥʠʝ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʚʘʛʦʥʦʚ ï 293 ʩʣʫʯʘʷ; 

- ʥʘʨʫʰʝʥʠʝ ʫʯʝʪʘ ʪʦʨʤʦʟʥʳʭ ʙʘʰʤʘʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʚʘʛʦʥʘʤʠ ï 506 ʩʣʫʯʘʷ; 

- ʥʘʨʫʰʝʥʠʝ ʧʦʨʷʜʢʘ ʚʝʜʝʥʠʷ ʧʝʨʝʛʦʚʦʨʦʚ ï 381 ʩʣʫʯʘʷ; 

- ʥʘʨʫʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʨʦʩʧʫʩʢʘ ʚʘʛʦʥʦʚ ï 267ʩʣʫʯʘʷ; 

- ʥʝ ʧʨʘʚʠʣʴʥʳʝ ʜʝʡʩʪʚʠʷ ɼʉʇ, ɼʅʎ - 924 ʩʣʫʯʘʷ. 

ʀʤʝʝʪ ʤʝʩʪʦ ʠ ʨʠʩʢ ʅɹɼ, ʧʨʦʠʟʦʰʝʜʰʠʡ ʚʩʣʝʜʩʪʚʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʘʛʦʥʦʚ ʠ 

ʣʦʢʦʤʦʪʠʚʦʚ ʩ ʫʨʦʚʥʝʤ ʥʘʜʝʞʥʦʩʪʠ, ʪʨʝʙʫʶʱʠʭ ʧʨʝʢʨʘʱʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʛʦ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʠʤʝʥʥʦ: 

- 2375 ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ; 

- 683 ʣʦʢʦʤʦʪʠʚʘ; 

- 241 ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ; 

- 119 ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʘʤʦʭʦʜʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʊʘʢʞʝ ʧʨʠʚʝʜʝʤ ʨʠʩʢ ʅɹɼ, ʧʨʦʠʟʦʰʝʜʰʠʡ ʠʟ-ʟʘ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ 

ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʨʝʙʫʶʱʠʭ ʧʨʝʢʨʘʱʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ, ʘ ʠʤʝʥʥʦ:  
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- 692 ʩʪʘʥʮʠʦʥʥʳʭ ʧʫʪʝʡ; 

- 1251 ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦʜʦʚ; 

- ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘ 2973 ʢʤ ʠ ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦʜʘʭ. ɼʘʥʥʳʡ ʨʠʩʢ ʅɹɼ 

ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʳʭ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨ ʩʨʝʜʠ ʨʘʙʦʪʥʠʢʦʚ ɸʆ ʅʂ ʂʊɾ.  

 

ɿʘʢʣʶʯʝʥʠʝ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʘʥʘʣʠʟʘ ʅɹɼ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʠʦʨʠʪʝʪʳ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ: 

- ʩʥʠʞʝʥʠʝ ʠʥʮʠʜʝʥʪʦʚ ʧʦ ʥʘʝʟʜʫ ʥʘ ʧʦʩʪʦʨʦʥʥʠʭ ʣʶʜʝʡ; 

- ʩʥʠʞʝʥʠʝ ʩʣʫʯʘʝʚ ɼʊʇ ʥʘ ʧʝʨʝʝʟʜʘʭ; 

- ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; 

- ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ; 

- ʦʙʥʦʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ; 

- ʦʙʥʦʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʧʦʚʳʰʝʥʠʝ ʢʘʜʨʦʚʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʣʫʯʰʠʪʴ ʩʦʩʪʦʷʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʥʘ ʪʨʘʥʩʧʦʨʪʝ, ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʅɹɼ, ʘ ʠʤʝʥʥʦ: 

- ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʦʚʝʜʝʥʠʝ ʨʘʟʲʷʩʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʠ 

ʨʘʙʦʪʥʠʢʦʚ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʥʘʝʟʜʦʚ ʥʘ ʣʶʜʝʡ,  ʩʢʦʪ ʯʝʨʝʟ ʉʄʀ; 

- ʝʞʝʤʝʩʷʯʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʨ ʧʦ ʧʨʦʬʠʣʘʢʪʠʢʝ ʥʝʜʦʧʫʱʝʥʠʷ 

ʥʘʨʫʰʝʥʠʡ ʠ ʧʨʝʜʧʦʩʳʣʦʢ; 

-  ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʢʘʞʜʦʤʫ ʧʨʝʜʧʨʠʥʷʪʦʤʫ 

ʤʝʨʦʧʨʠʷʪʠʶ ʥʘ ʩʣʝʜʫʶʱʠʡ ʢʘʣʝʥʜʘʨʥʳʡ ʛʦʜ; 

- ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʦʪʚʝʯʘʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʉʪʨʘʪʝʛʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ; 

-  ʦʙʥʦʚʠʪʴ ʧʨʦʛʨʘʤʤʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʢʫʨʩʦʚ ʧʦʚʳʰʝʥʠʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ; 

- ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ʩ ʧʨʠʝʤʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʠʪʫʘʮʠʷʭ; 

- ʧʦʚʳʩʠʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

-  ʩʪʨʦʛʦʝ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʠʥʩʪʨʫʢʮʠʡ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʢʦʥʪʨʦʣʝ ʨʫʢʦʚʦʜʷʱʝʛʦ ʘʧʧʘʨʘʪʘ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʥʠʢʘʤʠ ʜʠʩʪʘʥʮʠʡ ʧʫʪʠ  ʟʘ ʫʩʪʨʘʥʝʥʠʝʤ 

ʚʳʷʚʣʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʯʝʪʢʦʛʦ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ʥʘ ʇʊʆ, ʇʂʊʆ, ʇʇɺ ʠ ʂʇ; 

- ʫʩʠʣʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʨʝʤʦʥʪʫ ʠ ʩʝʨʚʠʩʫ ʚ ʮʝʣʷʭ ʵʬʬʝʢʪʠʚʥʦʡ 

ʢʦʤʧʣʝʢʩʥʦʡ ʨʘʙʦʪʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

 

ʃʀʊɽʈɸʊʋʈɸ 

 

[1] ʆʪʯʝʪ ï ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʟʘ 12 ʤʝʩʷʮʝʚ 2022 

ʛʦʜʘ ʧʦ ɸʆ ʅʂ çʂʊɾè ʠ ʝʛʦ ɼʆ. - ɸʩʪʘʥʘ: ɸʆ ʅʂ ʂʊɾ, 2023. - 51 ʩ. 

[2]  ʂʦʤʧʣʝʢʩ ʩʠʩʪʝʤʥʳʭ ʤʝʨ ʧʦ ɹɼ ʥʘ 2022 ʛ. - ɸʩʪʘʥʘ: ɸʆ ʅʂ ʂʊɾ, 2021. - 12 ʩ. 

[3] ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʮʝʥʢʝ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʤʝʪʦʜʦʤ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʘʢʮʠʦʥʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ 

çʅʘʮʠʦʥʘʣʴʥʘʷ ʢʦʤʧʘʥʠʷ çפʘʟʘץʩʪʘʥ ʪʝʤʽʨ ʞʦʣʳè ʠ ʝʛʦ ʜʦʯʝʨʥʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ. ï ʅʫʨ-

ʉʫʣʪʘʥ: ɸʆ ʅʂ ʂʊɾ. - 2020. ï 13 ʩ. 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 2 (125), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 2 (125), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt .edu.kz 

 

69 

[4] ʂʠʩʝʣʝʚʘ ʆ.ɻ., ɺʘʭʠʪʦʚʘ ʃ.ɺ. ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ. ï ɸʣʤʘʪʳ: ʂʘʟɸʊʂ. 2017. ï 146 ʩ. 

[5] ɸ.ʉ. ɸʢʙʘʝʚʘ, ʉ.ɽ. ɹʝʢʞʘʥʦʚʘ, ɸ.ʉ. ʀʟʙʘʠʨʦʚʘ. ɸʥʘʣʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ. ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ, ˉ3 (122), 2022. ʉ.163-170. 

 

REFERENCES* 

 

[1] Otchet ï analiz sostojanija bezopasnosti dvizhenija poezdov za 12 mesjacev 2022 

goda po AO NK çKTZhè i ego DO. - Astana: AO NK KTZh, 2023. - 51 s. 

[2]  Kompleks sistemnyh mer po BD na 2022 g. - Astana: AO NK KTZh, 2021. - 12 s. 

[3] Metodicheskie rekomendacii po ocenke kul'tury bezopasnosti dvizhenija metodom 

anketirovanija v strukturnyh podrazdelenijah akcionernogo obshhestva çNacional'naja 

kompanija çפazaץstan tem̔r zholyè i ego dochernih organizacijah. ï Nur-Sultan: AO NK KTZh. 

- 2020. ï 13 s. 

[4] Kiseleva O.G., Vahitova L.V. Tehnicheskaja jekspluatacija zheleznodorozhnogo 

transporta i bezopasnost' dvizhenija. ï Almaty: KazATK. 2017. ï 146 s. 

[5] A.S. Akbaeva, S.E. Bekzhanova, A.S. Izbairova. Analiz tekushhego sostojanija 

bezopasnosti dvizhenija poezdov. Vestnik KazATK, ˉ3 (122), 2022. S.163-170. 

 

 

ɸʣʠʷ ʀʟʙʘʠʨʦʚʘ, ʪ.ס.ʢ.,  ʘʩʩʠʩʪʝʥʪ-ʧʨʦʬʝʩʩʦʨ,   ʃʦʛʠʩʪʠʢʘ ʞᴅʥʝ ʢᴇʣʽʢ ʘʢʘʜʝʤʠʷʩʳ, 

ɸʣʤʘʪʳ,  פʘʟʘץʩʪʘʥ, ialiays@mail.ru 

ɾʘʥʘʨ ɸʣʴʪʘʝʚʘ, ʪ.ס.ʢ.,  ץʘʫʳʤʜʘʩʪʳʨʳʣסʘʥ ʧʨʦʬʝʩʩʦʨ,  ʃʦʛʠʩʪʠʢʘ ʞᴅʥʝ ʢᴇʣʽʢ 

ʘʢʘʜʝʤʠʷʩʳ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ, zhanar1009@mail.ru 

ʄʝʡʨʘʤ ʅʫʨʞʘʫʙʘʝʚ, ʜʦʢʪʦʨʘʥʪ,  Satbayev University, ɸʣʤʘʪʳ,  פʘʟʘץʩʪʘʥ, 

make1370@mail.ru 

ɼʘʥʘ ᴄʣʠʘʢʙʘʨץʳʟʳ,  ʪ.ס.ʢ., ʘʩʩʠʩʪʝʥʪ-ʧʨʦʬʝʩʩʦʨ,  ʃʦʛʠʩʪʠʢʘ ʞᴅʥʝ ʢᴇʣʽʢ 

ʘʢʘʜʝʤʠʷʩʳ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ, aliakbarkyzy_dan@mail.ru 

 

ʂᴆʃɯʂ פɸʋɯʇʉɯɿɼɯɻɯʅ ɸʈʊʊʓʈʋ ɾʆʃɼɸʈʓ 

 

ɸשʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ʢᴇʣʽʢ ץʘʫʽʧʩʽʟʜʽʛʽ ʙʦʡʳʥʰʘ ʘסʳʤʜʘסʳ ʘʭʫʘʣ ץʘʨʘʩʪʳʨʳʣʜʳ, 

ʪʝʤʽʨʞʦʣ ʢᴇʣʽʛʽʥʜʝʛʽ ץʦʟסʘʣʳʩ ץʘʫʽʧʩʽʟʜʽʛʽʥʽש ʙײʟʳʣʫʳʥʘ ʪʘʣʜʘʫ ʞʘʩʘʣʜʳ, 2022 ʞʳʣʜʳש 

12 ʘʡʳʥʜʘ ʪʘʩʳʤʘʣʜʘʫ ʧʨʦʮʝʩʽʥʽש ʙʘʨʣʳץ ץʘʪʳʩʫʰʳʣʘʨʳ ʙʦʡʳʥʰʘ ץʦʟסʘʣʳʩ 

 ʘ ʜʝʡʽʥסʙʦʡʳʥʰʘ ʞᴅʥʝ 3 ʞʳʣ פʂ" ɸױ" ʊɾפ" ,ʟʳʣʫ ʢʝʩʪʝʩʽ ʞʘʩʘʣʜʳײʙ שʘʫʽʧʩʽʟʜʽʛʽʥʽץ

 ץʙʘʨʣʳ שʟʳʣʫ ʜʠʥʘʤʠʢʘʩʳ ʞʘʩʘʣʜʳ. ʊʘʩʳʤʘʣʜʘʫ ʧʨʦʮʝʩʽʥʽײʙ שʘʫʽʧʩʽʟʜʽʛʽʥʽץ ʘʣʳʩסʦʟץ

 ʟʳʣʫʳʥ ʪʘʣʜʘʡ ʦʪʳʨʳʧ, ʞʦʣ ʙʝʨʽʣʛʝʥײʙ שʘʫʽʧʩʽʟʜʽʛʽʥʽץ ʘʣʳʩסʦʟץ שʘʪʳʩʫʰʳʣʘʨʳʥʳץ

 ʳ ʞᴅʥʝץʪʘʣʜʳ, ʦʣʘʨʜʘʥ ʩʳʨʪץʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽ ʘʥʳ שʟʳʣʫʳʥʳײʙ שʘʫʽʧʩʽʟʜʽʛʽʥʽץ ʘʣʳʩסʦʟץ

ʽʰʢʽ ʩʝʙʝʧʪʝʨʜʽ ʘʞʳʨʘʪʫסʘ ʙʦʣʘʜʳ. ʉʳʨʪץʳ ʩʝʙʝʧʪʝʨʛʝ װʰʽʥʰʽ ʪײʣסʘʣʘʨ, ʘʣ ʽʰʢʽ 

ʩʝʙʝʧʪʝʨʛʝ ʀʥʬʨʘײץʨʳʣʳʤ, ʞʳʣʞʳʤʘʣʳ ײץʨʘʤ, ʘʜʘʤ ʬʘʢʪʦʨʳ (ʊɾ ʧʝʨʩʦʥʘʣʳ) ʩʠʷץʪʳ 

ʢᴇʨʩʝʪʢʽʰʪʝʨ ʞʘʪʘʜʳ. 

 ʪʝʢʩʝʨʫ פʂ ɸױ ʊɾפ ʰʽʥװ ʘʣʜʳʥ ʘʣʫ שʟʳʣʫʳʥʳײʙ שʘʫʽʧʩʽʟʜʽʛʽʥʽץ ʘʣʳʩסʦʟפ

ʘʧʧʘʨʘʪʳ ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʝʨ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʤʽʥʜʝʪʪʽ ʪʘʣʘʧʪʘʨʳʥʳש ʦʨʳʥʜʘʣʫʳʥ; 

ʧʦʝʟʜʳ ʞװʨʛʽʟʫ ץʘסʠʜʘʣʘʨʳʥ; ʤʘʛʠʩʪʨʘʣʴʜʳץ ʀʥʬʨʘײץʨʳʣʳʤ ײץʨʳʣסʳʣʘʨʳʥ ײʩʪʘʫ ʞᴅʥʝ 

ʧʘʡʜʘʣʘʥʫ ʞᴇʥʽʥʜʝʛʽ ʥʦʨʤʘʪʠʚʪʽʢ ʥײʩץʘʫʣʘʨʜʳ ʞװʡʝʣʽ ʪװʨʜʝ ʙʘץʳʣʘʫ ʙʦʡʳʥʰʘ ʤʳʥʘʜʘʡ 

ʽʩ-ʰʘʨʘʣʘʨʜʳ ʞװʨʛʽʟʝʜʽ.    

 ʘʫʽʧʩʽʟʜʽʛʽʥץ שʘʣʳʩʳʥʳסʦʟץ ʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʧʦʡʳʟʜʘʨץ ɹɼ ʪʘʣʜʘʫʳʥױ

 ʘסʪʘʨʜʳ ʙᴇʣʽʧ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ, ʦʣʘʨץʘʥ ʙʘʩʳʤʜʳסʳʪʪʘʣסʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʙʘץ

ʤʳʥʘʣʘʨʜʳ ʞʘʪץʳʟʫסʘ ʙʦʣʘʜʳ: 

- ʙᴇʛʜʝ ʘʜʘʤʜʘʨʜʳש ʩʦץʪʳסʳʩʫʳ ʙʦʡʳʥʰʘ ʦץʠסʘʣʘʨʜʳ ʘʟʘʡʪʫ; 
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- ᴇʪʢʝʣʜʝʨʜʝ ɾʂʆ ʞʘסʜʘʡʣʘʨʳʥ ʘʟʘʡʪʫ; 

- ʤʘʛʠʩʪʨʘʣʴʜʳץ ʀʥʬʨʘײץʨʳʣʳʤ ײץʨʳʣסʳʣʘʨʳʥʳש ʩʝʥʽʤʜʽʣʽʢ ʜʝשʛʝʡʽʥ ʘʨʪʪʳʨʫ; 

- ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʥʳש ʩʝʥʽʤʜʽʣʽʢ ʜʝשʛʝʡʽʥ ʘʨʪʪʳʨʫ; 

- ʤʘʛʠʩʪʨʘʣʴʜʳץ ʠʥʬʨʘײץʨʳʣʳʤ ʤʝʥ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤ ײץʨʳʣסʳʣʘʨʳʥ ʞʘשʘʨʪʫ; 

 ;ʘʨʪʫשʳʣʘʨʳʥ ʞʘסʨʳʣײץ ʘʫʽʧʩʽʟʜʽʢץ -

- ʢʘʜʨ ʧʝʨʩʦʥʘʣʳʥ ʘʨʪʪʳʨʫ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. פʦʟסʘʣʳʩ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʙײʟʫ, ʢᴇʣʽʢ ץʘʫʽʧʩʽʟʜʽʛʽ, ץʘʫʽʧʩʽʟʜʽʢʪʽ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʪʘʩʳʤʘʣʜʘʫ ʧʨʦʮʝʩʽ, ʪʝʢʩʝʨʫ ʘʧʧʘʨʘʪʳץ
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WAYS TO IMPROVE TRANSPORT SECURITY  

 

Abstract. The article examines the current situation on transport security, analyzes traffic 

safety violations on railway transport, schedules traffic safety violations for all participants in the 

transportation process for 12 months of 2022, the dynamics of traffic safety violations for JSC 

NC KTZ and UP to 3 years. Having analyzed the traffic safety violations of all participants in the 

transportation process, the main causes of the traffic safety violations have been identified, from 

which external and internal causes can be distinguished. External reasons include third parties, 

and internal ones include such indicators as: infrastructure, rolling stock, human factor (railway 

personnel). 

In order to prevent violations of traffic safety, the audit office of NC KTZ JSC 

systematically conducts the following measures to monitor compliance with mandatory 

requirements of production process technology; rules of train operation; regulatory guidelines for 

the maintenance and operation of trunk infrastructure devices.    

Summing up the results of the NBD analysis, it is possible to identify priorities that are 

aimed at ensuring the safety of train traffic, which include the following: 

- reduction of incidents of hitting strangers; 

- reduction of accidents at crossings; 

- increasing the level of reliability of backbone infrastructure devices; 

- increasing the level of reliability of rolling stock; 

- updating of mainline infrastructure and rolling stock devices; 

- updating security devices; 

- increase of personnel. 

 

Keywords. Traffic safety violations, transport safety, security, transportation process, 

audit apparatus. 
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 ʂ ɸɺʊʆʄʆɹʀʃʔɼɽʈɯʅתɯʈʃɽʈɯʅɼɽ ɾרʉʊɸʅ ᴆפɸɿɸפ

ʇɸʁɼɸʃɸʅʋ ʃʆɻʀʉʊʀʂɸʉʓ  

 

ɸשʜʘʪʧʘ.  ᴆשʽʨʣʝʨʜʽש  ʢᴇʣʽʢ  ʞװʡʝʩʽ ץʦסʘʤʜʳ ʘʣʤʘʩʪʳʨʳʧ ץʘʥʘ ץʦʡʤʘʡ,  

ʵʢʦʥʦʤʠʢʘʣʳץ  ʜʘʤʫ ʜʝשʛʝʡʽʥ  ʢᴇʪʝʨʽʧ, ʭʘʣʳץʪʳש ᴇʤʽʨ ʩװʨʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʘ ʘʣʘʜʳ. ʂᴇʣʽʢ 

 ʘסʨʫײץ ʘʥ ʵʢʦʥʦʤʠʢʘʩʳ ʙʘʨ ʤʝʤʣʝʢʝʪסʜʘʨʣʘʥסʛʝʡʽ ᴅʣʝʫʤʝʪʪʽʢ ʙʘשʩʘʧʘ ʜʝ שʳʟʤʝʪʪʝʨʽʥʽץ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ᴄʜʽʩʪʝʤʝ. ʂᴇʣʽʢ ʪʽʟʙʝʛʽʥ ʟʝʨʪʪʝʫʜʝ ʢʝʰʝʥʜʽ ʞᴅʥʝ ʞװʡʝʣʽʢ, ʞʘʣʧʳ סʳʣʳʤʠ  ᴅʜʽʩʪʝʨ, 

ʘץʧʘʨʘʪʪʳץ  ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ, ʦʥʳ ʞװʡʝʣʝʫ ʞᴅʥʝ ʙʦʣʞʘʫ ᴅʜʽʩʪʝʨʽ 

 .ʦʣʜʘʥʳʣʜʳץ

ɹײʣ סʳʣʳʤʠ ʤʘץʘʣʘ ʢᴇʣʽʢ ʣʦʛʠʩʪʠʢʘʩʳʥʳש ʪʝʦʨʠʷʩʳ ʤʝʥ ᴅʜʽʩʪʝʤʝʩʽ ʥʝʛʽʟʽʥʜʝ ʞװʢ 

ʘʚʪʦʤʦʙʠʣʴʜʝʨʽʥʽש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳ ʥʘץʪʳ ʞʘסʜʘʡʣʘʨʜʳ, 

 שʛʝʡʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʨʝʩʧʫʙʣʠʢʘʥʳשʜʘʤʫ ʜʝ שʳ ʢᴇʣʽʢ ʢʝʰʝʥʽʥʽסʘʟʽʨʛʽ ʟʘʤʘʥץ

ʵʢʦʥʦʤʠʢʘʣʳץ ʩʘʷʩʘʪʳʥʘ ʩᴅʡʢʝʩ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʘʨʥʘʣסʘʥ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽʥʽש ʪʘʨʠʬʪʝʨʽ ʥʘץʪʳ  ʢᴇʣʽʢ  

ʞᴅʥʝ ʙ̔  שʨʘʣʳʥʳײץ ʨʥʝʰʝ ʞװʢ ʪʘʩʳʤʘʣʳʥʳש ʥʘץʪʳ ײץʥʳʥ ʝʤʝʩ, ʞʝʢʝʣʝʛʝʥ ᴇשʽʨʣʝʨʜʝʛʽ  

ʞʳʣʞʳʤʘʣʳ  ײץʨʘʤʜʳ  ʧʘʡʜʘʣʘʥʫ  h ʘʨʪʪʘʨʳʥʳש ʦʨʪʘʰʘ ײץʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʂᴇʣʽʢ, ʘʡʤʘץʪʘʨ, ʢᴇʣʽʢ ʞʝʣʽʩʽ, סʳʣʳʤ, ʵʢʦʥʦʤʠʢʘ, ʪʠʽʤʜʽʣʽʢ. 

 

ʂʽʨʽʩʧʝ. 

ᴆשʽʨʣʝʨʜʝ ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽʥ ʙʘʩץʘʨʫסʘ ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨʫסʘ ʙʘʡʣʘʥʳʩʪʳ 

ʢᴅʩʽʧʢʝʨʣʽʢ ץʳʟʤʝʪʪʽ ʞʦʩʧʘʨʣʘʫ ʤʝʥ ʙʘʩץʘʨʫסʘ ʙʘʡʣʘʥʳʩʪʳ ʧʨʦʙʣʝʤʘʣʘʨ ʙʘʨ ʝʢʝʥʽʥ ʞʦץץʘ 

ʰʳסʘʨʫסʘ ʙʦʣʤʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʝʡʙʽʨ ʢᴇʣʽʢʪʝʨʛʝ ʪʝʭʥʠʢʘʣʳץ ʜʘʡʳʥʜʳץʪʳ 

  שʳ  ʦʥʳסʜʘʡʥrʜʳ  ץʪʝʭʥʠʢʘʣʳ  שʳʟʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ᴅʨ  ʢᴇʣʽʢʪʽשʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤʘץ

ʙʘʩʪʘʧץʳ ײץʥʳʥʘʥ 6-7 ʝʩʝ ʞʦסʘʨʳ ʙʦʣʘʜʳ. ʂᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʜʘʡʳʥʜʳסʳʥʘ ʪʽʢʝʣʝʡ 

ᴅʩʝʨ ʝʪʝʪʽʥ ʝʢʽʥʰʽ ʬʘʢʪʦʨ ᴇשʽʨʣʝʨʜʝʛʽ ʞʦʣ-ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʞʘʡ-ʢװʡʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ  ײʡʳʤʥʳש  ʙʘסʜʘʨʣʘʤʘʩʳʥʘ ʞᴅʥʝ ʞʝʨʛʽʣʽʢʪʽ ᴅʣʝʫʤʝʪʪʽʢ-

ʵʢʦʥʦʤʠʢʘʣʳץ ʜʘʤʫסʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʢᴇʣʽʢʪʽץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʙʘʡʳʧʪʳ ʟʝʨʪʪʝʫ 

ʤʝʥ ʦשʪʘʡʣʘʥʜʳʨʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ [1]. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʢᴇʣʽʢ ʢʝʰʝʥʽʥʽש ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫסʘ 

ʠʥʚʝʩʪʠʮʠʷʣʘʨ ʵʢʦʥʦʤʠʢʘʥʳש ʙʘʨʣʳץ ʩʘʣʘʣʘʨʳʥ ʜʘʤʳʪʫʜʳץ שʘʞʝʪʪʽ ʰʘʨʪʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ [2,3]. 

ʂᴇʣʽʢʪʽש ᴅʣʝʫʤʝʪʪʽʢ ʨᴇʣʽ ʘʜʘʤʜʘʨʜʳש ʞʘשʘ ᴅʣʝʫʤʝʪʪʽʢ ʜʘסʜʳʣʘʨʳʥ, ʤᴅʜʝʥʠʝʪʽʥ, 

  ʳʥ, ʦʥʳ ʧʘʡʜʘʣʘʥʫʜʳ ʞᴅʥʝ  ʽʩʢʝʨʣʽʢ  ʙʝʣʩʝʥʜʽʣʽʢʪʽסʪʳץʘʰʳ שʘʤʥʳסʦץ ,ʪᴅʨʪʽʧʪʽ ץʘʤʜʳסʦץ

ʘʨʪʪʳʨʫʜʳ  ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʘʟʘʤʘʪʪʳץʪʳ ʜʘʤʳʪʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [4]. 

ᴄʢʽʤʰʽʣʽʢ ʧʦʣʠʮʠʷʥʳש ʤᴅʣʽʤʝʪʽʥʰʝ, פʘʟʘץʩʪʘʥʥʳש ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʘʚʪʦʧʘʨʢʽ 

2021 ʞʳʣʜʳש ʩʦשʳʥʘ ץʘʨʘʡ 4 ʤʣʥ. ʘʚʪʦʢᴇʣʽʢʪʽ ײץʨʘʡʜʳ . ʆʣʘʨʜʳש  ʽʰʽʥʜʝ  ʞװʢ  ʢᴇʣʽʢʪʝʨʽ 

(423,1 ʤʳ9,4%  -ש), ʪʽʨʢʝʤʝʣʝʨ ʤʝʥ ʞʘʨʪʳʣʘʡ ʪʽʨʢʝʤʝʣʝʨ (214,3 ʤʳ4,7% -ש) [5]. 

ɹײʣ סʳʣʳʤʠ ʤʘץʘʣʘ ʢᴇʣʽʢ ʣʦʛʠʩʪʠʢʘʩʳʥʳש ʪʝʦʨʠʷʩʳ ʤʝʥ ᴅʜ̔ʩʪʝʤʝʩʽ ʥʝʛʽʟʽʥʜʝ ʞװʢ 

ʘʚʪʦʤʦʙʠʣʴʜʝʨʽʥʽש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳ ʥʘץʪʳ ʞʘסʜʘʡʣʘʨʜʳ, 

 שʛʝʡʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʨʝʩʧʫʙʣʠʢʘʥʳשʜʘʤʫ ʜʝ שʳ ʢᴇʣʽʢ ʢʝʰʝʥʽʥʽסʘʟʽʨʛʽ ʟʘʤʘʥץ

ʵʢʦʥʦʤʠʢʘʣʳץ ʩʘʷʩʘʪʳʥʘ ʩᴅʡʢʝʩ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ  ʘʨʥʘʣסʘʥ. ʉʘʡʳʧ ʢʝʣʛʝʥʜʝ, ʢᴇʣʽʢ 
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ʢʝʰʝʥʽ ʤʝʥ ʙʘʩץʘʨʫ ʪʽʟʙʝʛʽʥʜʝ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨ ʞװʡʝʩʽʥ ײץʨʫ 

ʘʨץʳʣʳ ʢᴇʣʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʞʝʣʽʣʽʢ ʙʘʡʣʘʥʳʩʳʥ ʘʨʪʪʳʨʫסʘ ʙʦʣʘʜʳ [6]. 

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ.  

ɯʨʛʝʣʽ ʞᴅʥʝ ץʦʣʜʘʥʙʘʣʳ סʳʣʳʤʜʘʨʜʳש ʪʝʦʨʠʷʣʳץ-ᴅʜʽʩʥʘʤʘʣʳץ ʥʝʛʽʟʜʝʨʽ 

 ʡʝʣʝʨװʞ ץʘʨʫ, ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץʡʝʥʽ ʙʘʩװʞ ץʘʙʳʣʜʘʥʜʳ. ʂᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ

ʪʽʟʙʝʛʽʥʜʝʛʽ ʢᴇʣʽʢ ʞᴅʥʝ ʣʦʛʠʩʪʠʢʘʥʳ ʦʨʪʘʣʳץ ʙʘʩץʘʨʫʜʳש ʩʘʣʘʘʨʘʣʳץ ʪʝʭʥʠʢʘʣʳץ-

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʽʥ ʪʘʣʜʘʫ ʞᴅʥʝ ʤʦʜʝʣʴʜʝʫ. ʂᴇʣʽʢ ʪʽʟʙʝʛʽʥ ʟʝʨʪʪʝʫ ʢʝʟʽʥʜʝ  

ʢʝʰʝʥʜʽ ʞᴅʥʝ ʞװʡʝʣʽʢ, ʞʘʣʧʳ סʳʣʳʤʠ ᴅʜʽʩʪʝʨ, ʘץʧʘʨʘʪʪʳץ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʤʦʜʝʣʴʜʝʫ, ʦʥʳ ʞװʡʝʣʝʫ ʞᴅʥʝ ʙʦʣʞʘʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ. 

 

 
               2018            2019                    2020                 2021                  2022               

 

1 ʩʫʨʝʪ - 2018-2022 ʞʳʣʜʘʨʳ ʦʪʘʥʜʳץ ʘʚʪʴʦʢᴇʣʽʢʪʝʨʤʝʥ ʞװʢʪʝʨ ʪʘʩʳʤʘʣʜʘʫʳ, ʤʣʨʜ 

ʪʝʥʛʝ ( ɼʝʨʝʢ ʢϺʟʽ: KazDATA, 05.2023) 

 

ʄʘʤʳʨ ʘʡʳʥʳש ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ, 2016-2019 ʞʳʣʜʘʨʳ פʘʟʘץʩʪʘʥʜʘ ʘʚʪʦʤʦʙʠʣʴ 

ʪʘʩʳʤʘʣʜʘʨʳʥʳש ʢᴇʣʝʤʽ 11,6%-סʘ-3,18 ʤʣʨʜ ʜʦʣʣʘʨסʘ ʜʝʡʽʥ ᴇʩʪʽ.  ɽ ʣʽʤʽʟʜʝ  ʞװʢ  ʘסʳʥʳʥ  

 ,ʳʥʜʘʨʜʳ ʪʘʨʪʫʜʳסʘ ʪʨʘʥʟʠʪʪʽʢ ʘשʘʡʪʫ ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳ ʞʝʣʽʩʽʥ ʜʘʤʳʪʫʜʳ, ʞʘסʣײ

ʤʝʤʣʝʢʝʪʪʽʢ ʠʥʬʨʘײץʨʳʣʳʤʜʳץ ʞʦʙʘʣʘʨʜʳ  ʽʩʢʝ  ʘʩʳʨʫ  ʰʝשʙʝʨʽʥʜʝ  ʦʪʘʥʜʳץ ᴇʥʜʽʨʽʩʪʽ 

ʜʘʤʳʪʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [5]. 

 

ʅᴅʪʠʞʝʣʝʨʽ. 

ɾʘʣʧʳ סʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ᴇʥʽʤʜʽ ʥʝʤʝʩʝ ʢᴇʣʽʢ ץʳʟʤʝʪʪʝʨʽʥ 

ʪʘʩʳʤʘʣʜʘʫʜʳ ײʡʳʤʜʘʩʪʳʨʫ ʪײʪʳʥʫʰʳʥʳץ שʘʞʝʪʪʽʣʽʢʪʝʨʽʥ ץʘʥʘסʘʪʪʘʥʜʳʨʘʪʳʥ  ᴇʥʽʤʜʽ  

ʥʝʤʝʩʝ ץʳʟʤʝʪʪʽ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʧʨʦʮʝʩʪʝʨʤʝʥ ʙʽʨʽʢʪʽʨʽʣʫʽ ʢʝʨʝʢ. 

ʆʩʳʣʘʡʰʘ, ʤʘץʩʘʪʪʘʨ ʤʝʥ ʤʽʥʜʝʪʪʝʨ ʢʣʠʝʥʪʪʝʨʜʽץ שʘʥʘסʘʪʪʘʥʫʰʳʣʳסʳʥ  ʙʘסʘʣʘʫ  

ʜᴅʡʝʢʩᴇʟʜʝʨʽʥʝ  (ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʘʨץʳʣʳ ʘʣʳʥסʘʥ) ʞᴅʥʝ ײʡʳʤʥʳש  ʪʠʽʤʜʽʣʽʢ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ. ʊʘʩʳʤʘʣʜʘʫ ʩʘʧʘʩʳ ʤʝʥ ʫʘץʳʪʳʣʳסʳʥ ʙʘʩץʘʨʫ ʪʘʫʘʨʣʘʨʜʳ  

ʫʘץʳʪʳʣʳ ʞᴅʥʝ ץʳʤʙʘʪ ʞʝʪʢʽʟʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʪʠʽʤʜʽ  ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽ 

  ʘʨʫץʘʥ  ʙʘʩסʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝ  ʘʣʳʥװʘʨʫ ʰʝʰʽʤʜʝʨʽ ʞץʦʣʜʘʥʘʜʳ. ɹʘʩץ

ʙʘסʜʘʨʣʘʤʘʩʳʥʳש  ʥʘץʪʳ  ʘץʧʘʨʘʪʪʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨʫ ʥʝʛʽʟʽʥʜʝ ץʘʙʳʣʜʘʥʫʳ 

ʪʠʽʩ. 

ʂᴇʣʽʢ  ʰʳסʳʥʜʘʨʳ  ʤʝʥ ʪʘʩʳʤʘʣʜʘʫ ʩʘʧʘʩʳʥʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʦʡʳʥʰʘ 

ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨ ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽʥ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʩʘʧʘʩʳʥ ʙʘʩץʘʨʫ 

ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʥʝʛʽʟʛʽ ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʫʳ ʢʝʨʝʢ [7,8]. 

ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ-ʞײʤʳʩ ץʘʨץʳʥʜʳʣʳסʳʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʞײʤʳʩ ʫʘץʳʪʳʥ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫ, ʞװʢʪʝʨʜʽ  ʪʘʩʳʤʘʣʜʘʫ  ʥʝʤʝʩʝ  ʩʘץʪʘʫ װʰʽʥ ץʘʞʝʪʪʽ ʫʘץʳʪʪʳ ץʳʩץʘʨʪʫ ʘʨץʳʣʳ 

ʞʝʣʽʣʝʨ ʘʨʘʩʳʥʜʘסʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʬʘʢʪʦʨʣʘʨʜʳ ʦשʪʘʡʣʘʥʜʳʨʫ: 
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ʤײʥʜʘסʳ, T - ʙʘʨʣʳץ ʢᴇʣʽʢ ʪʘʧʩʳʨʤʘʩʳʥ ʞʘʩʘʫ ʫʘץʳʪʳ, ʩʘסʘʪ;  

tij-ʞװʢ ʙʦʡʳʥʰʘ i ʞײʤʳʩץʘ ʞײʤʩʘʣסʘʥ ʫʘץʳʪ, ʩʘסʘʪ;   

Wij  - J ʞװʢ ʪʘʩʳʤʘʣʜʘʫ ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣסʘʥ ʞײʤʳʩʪʘʨʜʳש i ʩʘʥʳ. 

ɿʝʨʪʪʝʫ ץʦʨʳʪʳʥʜʳʩʳʥʜʘ ʢᴇʣʽʢʪʽש ʘʜʘʤ ʬʘʢʪʦʨʳʥʘ ʰʘʨʰʘʫ ʞᴅʥʝ ʫʘץʪʳʣʳ 

ʪᴅʫʝʣʜʽʣʽʛʽ ʘʪʘʧ ᴇʪʽʣʝʜʽ. ɹײʣ ʨʝʪʪʝ ʦʨʳʥʜʘʣʘʪʳʥ ʞײʤʳʩʪʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʩʘʧʘʩʳ 

ʘʨʘʣʘʩ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨ ץʳʟʤʝʪʢʝʨʣʝʨʽʥʽש ʢᴅʩʽʙʠ ʙʽʣʽʢʪʽʣʽʛʽʥʝ, ᴅʣʝʫʤʝʪʪʽʢ, 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʞʘסʜʘʡʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ. 

ʂᴇʣʽʢ ʪʽʟʙʝʛʽ ʞײʤʳʩʰʳʣʘʨʳʥʳש ᴇʟ ʢᴅʩʽʙʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʥʝʛʽʟʛʽ ʬʫʥʢʮʠʷʣʘʨʳʥʘ 

ʩᴅʡʢʝʩ ʞײʤʳʩ ʫʘץʳʪʳʥ ʧʘʡʜʘʣʘʥʫ (ʂɻ ʤ), 
 

                                                                           × ʊʧ ̔

                                                           ʂɻ ʤ  =   ƄƄƄƄƄ ,                                                               (2)                                         

                                                                          ʊʘʤʈʦ 
 

ʤײʥʜʘסʳ, ʊʧ ̔ -ץʳʟʤʝʪʢʝʨʜʽש ʪʦʣʳץ ʘʡʥʳʤʘʣʳסʘ ʙʘʡʣʘʥʳʩʪʳ ʬʫʥʢʮʠʷʥʳ ʦʨʳʥʜʘʫסʘ 

ʞײʤʩʘʡʪʳʥ ʫʘץʳʪʳ, ʩʘסʘʪʳ; ʈʦ -ײʞʳʤʜʘסʳ ʥʝʛʽʟʛʽ ץʳʟʤʝʪʢʝʨʣʝʨʜʽש ʩʘʥʳ, ʘʜʘʤ. 
 

 
 

2 ʩʫʨʝʪ - ʂᴇʣʽʢ ʞʝʣʽʩʽʥʜʝʛʽ ʞײʤʳʩ ʪʦʧʪʘʨʳ ʞײʤʳʩʳʥʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʽʥʽש 

ʩʭʝʤʘʩʳ ʤʝʥ ʜᴅʡʝʢʪʽʣʽʛʽ 
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ʂᴇʣʽʢ ץʳʟʤʝʪʽʥʽש ʦʨʳʥʜʳʣʳסʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʪʽʢʝʣʝʡ ʞᴅʥʝ ʞʘʥʘʤʘ ʬʘʢʪʦʨʣʘʨʜʳ 

ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʢᴇʣʽʢ ץʳʟʤʝʪʽʥʽש ʙʝʣʛʽʣʽ ʙʽʨ ʪװʨʽʥʽש ʞʘʣʧʳ ײץʥʳʥ ʤʳʥʘ ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ 

ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ: 
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ʤײʥʜʘסʳ, ʐ  -ʢᴇʣʽʢ ʰʳסʳʩʪʘʨʳʥʳש ʩʦʤʘʩʳ; i -ʵʢʩʧʝʜʠʪʦʨ; J-ʞװʢʪʽש ʪװʨʽ; t - ʞװʢʪʽש 

ʦʨʳʥʜʘʣʫ ʫʘץʳʪʳ; ɾ -ʞװʢʪʽש ʞʘʣʧʳ ʢᴇʣʝʤʽ ʥʝʤʝʩʝ ʩʘʣʤʘסʳ; k -ʞװʢʪʽ ʩʘץʪʘʫ ʢʝʟʽʥʜʝʛʽ 

 ʤʽʨʫ ʢʝʟʽʥʜʝʛʽװʳʩʪʘʨʳ; ʐʪʪ-ʪʠʝʫ ʞᴅʥʝ ʪסʽʣʜʽʢʪʝʨ; ʐʪ -ʢᴇʣʽʢ ʰʳשʞʝ  ץʘʨʞʳʣʳץ

ʰʳסʩrʪʘʨ;   ɹijt - -ʪʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝʛʽ  j-  ʞװʢʪʽײץ שʥʳ ʞᴅʥʝ t -ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽʥʽש t- 

ʪʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝʛʽ ʰʳסʳʩʪʘʨʳ.  

ɸʜʘʤʠ ʬʘʢʪʦʨʜʳש ᴅʩʝʨʽʥ ʘʟʘʡʪʫ װʰʽʥ ʞײʤʳʩ ʽʩʪʝʧ ʪײʨסʘʥ ʢᴇʣʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש 

ᴅʨץʘʡʩʳʩʳʥʜʘ ʜʠʩʧʝʪʯʝʨʣʽʢ ץʳʟʤʝʪʽ ʙʘʨ ʪʘʨʘʪʫ-ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳײץ ץʨʳʣʘʜʳ. 

ɾײʤʳʩʰʳʣʘʨ ʩʘʥʳ ʞװʢ ʪʘʩʳʤʘʣʜʘʫ ʢᴇʣʝʤʽ ʤʝʥ ʦʪʘʥʜʳץ ᴇʥʝʨʢᴅʩʽʧ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש 

ᴇʥʽʤʜʽʣʽʛʽ ʥʝʛʽʟʽʥʜʝ ʪʘשʜʘʣʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʤʽʥʜʝʪ ʪʠʝʛʽʰʪʽ ʦשʪʘʡʣʳ ʝʩʝʧʪʝʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ, ʘʣ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʧʝʨʩʦʥʘʣʳ ʤײʥʳ ʽʩʪʝʤʝʡʜʽ. 

ʂʝʟʜʝʡʩʦץ ʜᴅʣʝʣʜʝʨ ʞʠʳʥʪʳסʳʥʳש ʠʥʪʝʛʨʘʣʜʳץ ʬʫʥʢʮʠʷʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ  

ʢᴇʣʽʢ  ײץʥʳ ʪʠʽʤʜʽʣʽʢ ᴇʣʰʝʤʽ ʢᴇʨʩʝʪʢʽʰʽ ʥʝʤʝʩʝ ʤʘץʩʘʪʪʳ ʬʫʥʢʮʠʷ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ 

[9,10]. 

ɸʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽ ʪʽʟʙʝʛʽʥʽײץ שʥʳ ʢʝʣʝʩʽ ʪʝשʜʝʫʤʝʥ ʘʥʳץʪʘʣʘʜʳ: 
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ʤײʥʜʘסʳʣʘʨ, n ï ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨ ʩʘʥʳ; m- ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨʜʘסʳ ʙʘʨʣʳץ ʞװʢ 

ʘʚʪʦʤʦʙʠʣʴʜʝʨʽʥʽש ʩʘʥʳ; -)1(

ijb  j - ʰʽ ʪʘʩʳʤʘʣʜʘʫʰʳʥʳש  i ïh ʽ ʤʘʨʢʘʣʳ ʘʚʪʦʤʦʙʠʣʽʥʽש 

ʪʝʭʥʠʢʘʣʳץ-ʵʢʩʧʣʫʘʪʘʮʠʷʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʪʦʣʳץʪʘʡ ץʘʥʘסʘʪʪʘʥʜʳʨʘʪʳʥ ʪʘʧʩʳʨʳʩ 

ʙʦʣʫʳ,  i = m,1 , j = n,1 ; -)2(

ijb  j-ʰʽ ʪʘʩʳʤʘʣʜʘʫʰʳʥʳש i ïʤʘʨʢʘʣʳ ʘʚʪʦʤʦʙʠʣʴʤʝʥ ʞװʢʪʽ 

ʪʘʩʳʤʘʣʜʘʫ ʤװʤʢʽʥʜʽʛʽ, i = m,1 , j = n,1 ;  -)()1( xSi  i-ʤʘʨʢʘʣʳ ʭ-ʘʚʪʦʤʦʙʠʣʴʜʽש ʪʘʧʩʳʨʳʩʪʳ 

ʦʨʳʥʜʘʫʳʥʘ ʢʝʨʝʢʪʽ ʰʳסʳʥʜʘʨ,  j = m,1 ;  -)()2( xSi ʪʘʧʩʳʨʳʩʪʳ ʦʨʳʥʜʘʫ װʰʽʥ ץʘʨʘʣסʘʥ 

ʘʨʘʞʘʪʪʘʨ; ijlSץ -ʟ ʪʘʩʳʤʘʣʜʘʫʰʳʥʳש i ïʤʘʨʢʘʣʳ ʘʚʪʦʤʦʙʠʣʽʥʽש ʞװʢ ץʘʙʳʣʜʘʫ ʦʨʳʥʳʥʘ 

ʜʝʡʽʥʛʽ ʰʳסʳʥʳ   j =e,      i = m,1 , j,  j = n,1 ;  
)1(

ijY - ʥʘץʪʳ ʪʘʧʩʳʨʳʩʪʳ ʦʨʳʥʜʘʫסʘ ʜʘʡʳʥ i-

ʤʘʨʢʘʣʳ ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽש ʙʘʨʣʳץ ʩʘʥʳ, i = m,1 , j = n,1 ;  
)2(

ijY - ʥʘץʪʳ ʪʘʧʩʳʨʳʩʪʳ 

ʦʨʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʛʽ ʙʘʨ i-ʤʘʨʢʘʣʳ ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽש ʙʘʨʣʳץ ʩʘʥʳ, i = m,1 ,  j = n,1 ;  m 

ʞᴅʥʝ V ʘʨʥʘʫʣʳ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʘʚʪʦʤʦʙʠʣʴʜʝʨ ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽʤʝʥ ʪʽʢʝʣʝʡ 

ʢʝʣʽʩʽʣʛʝʥ ץʳʟʤʝʪ ץʳʣʘʜʳ.  

ɹײʣ  ʤʘʪʝʤʘʪʠʢʘʣʳץ  ʪʝשʜʝʫʜʝʛʽ  ʰʳסʳʥʜʘʨ m- ʤʘʨʢʘʣʳ  ʘʚʪʦʤʦʙʠʣʴʜʝʨ װʰʽʥ  

ʙʘʨʣʳץ ʩʦʤʘʩʳ ʘʥʳץʪʘʣʘʜʳ, ʪʝʢ ʤʳʥʘʥʜʘʡ ʞʘסʜʘʡʣʘʨ ʩʘץʪʘʣסʘʥʜʘ   ̔ =m ʞᴅʥʝ  j =n 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʙʘʨʣʳץ  j ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨ, ʪʝʢ  j = q. ɹײʣ ʰʝʢʪʝʫʣʝʨ ʙʳʣʘʡʰʘ 

ʘʥʳץʪʘʣʘʜʳ, -m ʤʘʨʢʘʣʳ ʞᴅʥʝ -n ʤʘʨʢʘʣʳ ʞװʢ ʘʚʪʦʤʦʙʠʣʴʜʝʨʽ ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ 

ʞװʢ ץʘʙʳʣʜʘʫ ʦʨʳʥʳʥʘʥ ᴇʟʜʝʨʽʥʽץ שʦʨʘʧʪʘʨʳ ʤʝʥ ʪʝʭʥʠʢʘʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ 

ʞװʢ ץʘʙʳʣʜʘʧ, ʪʠʝʫʛʝ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʢʝʣʤʝʡʜʽ. ɸʣ q - ʪʘʩʳʤʘʣʜʘʫʰʳ ʦʨʪʘʣʳץ ʪʘʣʘʧʪʘʨʳʥʘ 

ʩᴅʡʢʝʩ ʘʚʪʦʤʦʙʠʣʴʜʝʨ ײʩʪʘʤʘʡʜʳ ʥʝʤʝʩʝ ʦʥʜʘʡ ʘʚʪʦʤʦʙʠʣʴʜʝʨʽ ʞʦץ.  
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ʊʘʣץʳʣʘʫ. 

ʊᴅʞʽʨʠʙʝ װʰʽʥ פʳʟʳʣʦʨʜʘ ʦʙʣʳʩʳʥʜʘ װ  hʢᴇʣʽʢ ʢʦʤʧʘʥʠʷʩʳ ʘʥʳץʪʘʣʜʳ. ʅʘץʪʳ 

ʜʝʨʝʢʪʝʨ ᴅʨ ʪװʨʣʽ ʤʘʨʢʘʣʳ 1000 ʞװʢ ʢᴇʣʽʛʽʥ ʩʘʪʳʧ ʘʣʫ ʘʨץʳʣʳ ʘʣʳʥʳʧ, ʘʣ ᴇʥʽʤʜʽʣʽʢ ʧʝʥ 

ʢᴇʣʽʢ ʰʳסʳʥʜʘʨʳ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳʣʘʨ ʩʘʥʘʫ ʘʨץʳʣʳ ʘʣʳʥʜʳ. ʊᴇʤʝʥʜʝ ʘʡʤʘץʪʳש 

ʢᴇʣʽʢ ʢʦʤʧʘʥʠʷʣʘʨʳʥʜʘ ʞװʢ ʢᴇʣʽʢʪʝʨʽʥ ʦשʪʘʡʣʳ ʧʘʡʜʘʣʘʥʫʜʳ ʘʥʳץʪʘʫ ʙʦʡʳʥʰʘ 

ʞײʤʳʩʪʳש ʰʘʨʪʪʳ ʧʨʘʢʪʠʢʘʣʳץ ʩʭʝʤʘʩʳ ʢʝʣʪʽʨʽʣʛʝʥ (3 ʞᴅʥʝ 4 ʩʫʨʝʪʪʝʨ). 

 

 
 

3 ʩʫʨʝʪ - ʊʘʩʳʤʘʣʜʘʫʰʳʣʘʨ ʤʝʥ ʞװʢ ʘʚʪʦʤʦʙʠʣʴʜʝʨʽʥʽש ʰʘʨʪʪʳ ʪװʨʜʝ ʙʝʣʛʽʣʝʥʫʽ 

 

 
 

4 ʩʫʨʝʪ -  ʆʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʞװʢ ʪʘʩʳʤʘʣʜʘʫʜʳ ײʡʳʤʜʘʩʪʳʨʫ ʤʝʥ ʙʘʩץʘʨʫ ʦʨʳʥʳ 

ʘʨץʳʣʳ ʘʚʪʦʤʦʙʠʣʴʜʝʨ ץʳʟʤʝʪʽʥ ʞװʡʝʣʝʫ ʩײʣʙʘʩʳ 
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ʊʘʩʳʤʘʣʜʘʫʰʳ ʢᴇʣʽʢ ʣʦʛʠʩʪʠʢʘʩʳʥʳש ʢᴇʣʽʢ ʪʽʟʙʝʛʽʥʜʝ ʘʨʘʣʳץ-ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʨʦʮʝʩʪʝʨʜʽ ʪʦʣʳץ, ʽʰʽʥʘʨʘ ʥʝʤʝʩʝ ʪʦʣʳץ ʞװʟʝʛʝ ʘʩʳʨʘ ʘʣʤʘʡʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ 

ʪʘʩʳʤʘʣʜʘʫʰʳ ʦʨʳʥʜʘʣʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽש ʢᴇʣʝʤʽʥʝ ʩᴅʡʢʝʩ ʪᴇʣʝʥʛʝʥ 

ʘץʰʘʥʳ ʞʦסʘʣʪʘʜʳ, ʙʽʨʘץ ʪʘʧʩʳʨʳʩʪʳ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ ʞʘʫʘʧʢʝʨʰʽʣʽʢ ʪᴇʤʝʥʜʝʡʜʽ.  

ɸʣʘʡʜʘ, ʪʘʧʩʳʨʳʩ ʞʘʩʘʫ װʰʽʥ ʙʘʨʣʳץ ʫʘץʳʪ ʝʩʝʧʪʝʣʝʜʽ ʞᴅʥʝ ʢʣʠʝʥʪʧʝʥ ʘʰʳץ  

ʢʝʣʽʩʽʤʜʝ ץʘʣʫʳ ʢʝʨʝʢ. ᴄʡʪʧʝʩʝ, ʪʠʝʫ ʤʝʥ ץʘʙʳʣʜʘʫ-ʞᴇʥʝʣʪʫ ʘʨʘʩʳʥʜʘסʳ ʫʘץʳʪ ʘʨʘʣʳסʳʥ 

ʝʢʽ ʪʘʨʘʧ ʪʘ ʘʰʘʜʳ, ʘʣ ʪʘʧʩʳʨʳʩʪʳײץ שʥʳ ʪʠʽʩʪʽ ʪװʨʜʝ ʘʥʳץʪʘʣʤʘʡʜʳ, ʩʦʥʜʳץʪʘʥ 

ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽ ʥʝʤʝʩʝ ʪʘʩʳʤʘʣʜʘʫʰʳ  ʘʨʘʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʳץ  ʧʨʦʮʝʩʪʝʨʜʽ  ײץʨʫʜʳ  

ʢᴇʟʜʝʡʪʽʥ ʫʘץʳʪ  ʙʝʣʛʽʣʝʥʝʜʽ,  ץʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽ ʪʘʩʳʤʘʣʜʘʫ  װʰʽʥ ʞʘʣסʘ ʘʣʳʥסʘʥ ʢᴇʣʽʢ 

 .ʘʙʳʣʜʘʥʘʜʳץ ʢʝʣʽʩʽʤʽʤʝʥ שʪʘʣʘʜʳ ʞᴅʥʝ ʝʢʽ ʪʘʨʘʧʪʳץʨʽʤʝʥ ʘʥʳװʪ שʨʘʣʳʥʳײץ

ɹʽʨʘץ, ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽʥʽש ʩʝʣʝʢʪʠʚʪʽʣʽʛʽʥʽש ʵʢʦʥʦʤʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

ᴅʣʝʫʤʝʪʪʽʢ-ʵʢʦʥʦʤʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ, ʩʦʥʜʳץʪʘʥ װʥʝʤʽ ᴇʩʽʧ ʦʪʳʨʫʳ ʢʝʨʝʢ. 

 ʪʠʽʤʜʽʣʽʛʽ שʨʘʤʜʳ ʧʘʡʜʘʣʘʥʫʜʳײץ ʳʪʪʘ ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽʥʜʝ ʞʳʣʞʳʤʘʣʳץʘʟʽʨʛʽ ʫʘפ

ʙʽʨʽʥʰ ̔ʢʝʟʝʢʪʝ ץʦסʘʤʜʳץ ᴇʥʜʽʨʽʩʪʽש ʪʠʽʤʜʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. 

 

  .ʦʨʳʪʳʥʜʳפ

ɹײʣ סʳʣʳʤʠ ʤʘץʘʣʘ ʢᴇʣʽʢ ʣʦʛʠʩʪʠʢʘʩʳʥʳש ʪʝʦʨʠʷʩʳ ʤʝʥ ᴅʜʽʩʪʝʤʝʩʽ ʥʝʛʽʟʽʥʜʝ ʞװʢ 

ʘʚʪʦʤʦʙʠʣʴʜʝʨʽʥʽש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳ ʥʘץʪʳ ʞʘסʜʘʡʣʘʨʜʳ, 

 שʛʝʡʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʨʝʩʧʫʙʣʠʢʘʥʳשʜʘʤʫ ʜʝ שʳ ʢᴇʣʽʢ ʢʝʰʝʥʽʥʽסʘʟʽʨʛʽ ʟʘʤʘʥץ

ʵʢʦʥʦʤʠʢʘʣʳץ ʩʘʷʩʘʪʳʥʘ ʩᴅʡʢʝʩ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʘʨʥʘʣסʘʥ. 

ʂᴇʣʽʢ  ײץʨʘʣʜʘʨʳʥʳש  ʧʘʡʜʘʣʘʥʫ  ᴇʥʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ ʪᴅʞʽʨʠʙʝʩʽ ʪʦʥʥʘ-ʢʠʣʦʤʝʪʨ  

ʘʨʘץʘʪʳʥʘʩʳʥʳש ʙʽʨץʘʪʘʨ ʝʣʝʫʣʽ ʢʝʤʰʽʣʽʢʪʝʨʽ ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ʂᴇʣʽʢ 

ʢʦʤʧʘʥʠʷʣʘʨʳʥʳײ שʪʳʤʜʳ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʽ, ʪʝʢ ʢᴇʣʽʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫʜʳש ʪʝʭʥʠʢʘʣʳץ-

ʵʢʦʥʦʤʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ 

ʪʘʨʠʬʪʝʨʽʥʝ ʜʝ ʙʘʡʣʘʥʳʩʪʳ. ɸʚʪʦʤʦʙʠʣʴ  ʢᴇʣʽʛʽʤʝʥ  ʞװʢʪʝʨʜʽ  ʪʘʩʳʤʘʣʜʘʫ  ʪʘʨʠʬʪʝʨʽ 

ʢᴇʣʽʢ ײץʨʘʣʳʥ  ʪʘʩʳʤʘʣʜʘʫʜʳש  ʥʘץʪʳ  ײץʥʳʥ ʞᴅʥʝ ʞװʢ ʢᴇʣʝʤʽʥ ʝʤʝʩ, ᴅʨ ʘʡʤʘץʪʘסʳ 

ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʥʳש ʧʘʡʜʘʣʘʥʫʜʘסʳ ʟʘʤʘʥʘʫʠ ʠʥʬʨʘײץʨʳʣʳʤʜʘʨʳʤʝʥ ʞװʨʛʽʟʫʰʽʣʝʨʜʽש 

ʝשʙʝʢ ʞʘסʜʘʡʣʘʨʳ װʰʽʥ ʦʨʪʘʰʘ ײץʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 
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LOGISTICS  OF OPERATION  

TRUCKS IN THE REGIONS OF KAZAKHSTAN  

 

Annotation. The transport system of the regions can not only replace society, but also 

raise the level of economic development and improve the quality of life of the population. The 
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level of quality of transport services makes it possible to create a state with a socially oriented 

economy. 

Methodology. In the study of the transport chain, complex and systematic, general 

scientific methods, information modeling and statistical modeling, methods of its systematization 

and forecasting were used. 

This scientific article is devoted to increasing the competitiveness of trucks on the basis 

of the theory and methodology of Transport Logistics and their effective use in accordance with 

the economic policy of the Republic, taking into account specific conditions, the level of 

development of the modern transport complex. 

The results of the study show that tariffs for Road Transport reflect not the actual cost of 

a specific vehicle and several cargo transportations, but the average cost of conditions for the use 

of rolling stock in individual regions. 

 

Keywords. Transport, regions, transport network, science, economy, efficiency. 
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ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, perizat1503@mail.ru 

 

ʃʆɻʀʉʊʀʂɸ ʕʂʉʇʃʋɸʊɸʎʀʀ ɻʈʋɿʆɺʓʍ ɸɺʊʆʄʆɹʀʃɽʁ  

ɺ ʈɽɻʀʆʅɸʍ ʂɸɿɸʍʉʊɸʅɸ 

 

ɸʥʥʦʪʘʮʠʷ. ʊʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ ʨʝʛʠʦʥʦʚ ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʟʘʤʝʥʠʪʴ ʦʙʱʝʩʪʚʦ, 

ʥʦ ʠ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ. 

ʋʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʛʦʩʫʜʘʨʩʪʚʦ ʩ ʩʦʮʠʘʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʵʢʦʥʦʤʠʢʦʡ. 

ʄʝʪʦʜʦʣʦʛʠʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ ʧʨʠʤʝʥʷʣʠʩʴ ʢʦʤʧʣʝʢʩʥʳʝ ʠ 

ʩʠʩʪʝʤʥʳʝ, ʦʙʱʝʥʘʫʯʥʳʝ ʤʝʪʦʜʳ, ʤʝʪʦʜʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʝʛʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ɼʘʥʥʘʷ ʥʘʫʯʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʛʨʫʟʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʠʢʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʦʡ ʨʝʩʧʫʙʣʠʢʠ ʩ ʫʯʝʪʦʤ 

ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ, ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʘʨʠʬʳ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ 

ʦʪʨʘʞʘʶʪ ʩʨʝʜʥʶʶ ʩʪʦʠʤʦʩʪʴ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʦʪʜʝʣʴʥʳʭ 

ʨʝʛʠʦʥʘʭ, ʘ ʥʝ ʬʘʢʪʠʯʝʩʢʫʶ ʩʪʦʠʤʦʩʪʴ ʢʦʥʢʨʝʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʥʝʩʢʦʣʴʢʠʭ 

ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʊʨʘʥʩʧʦʨʪ, ʨʝʛʠʦʥʳ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʝʪʴ, ʥʘʫʢʘ, ʵʢʦʥʦʤʠʢʘ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

 

********************************* ********************************************  
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ɹ. ʈʘʤʘʟʘʥ1 , ʀ.פ. ʉʘʫʢʝʥʦʚʘ2, ʄ.ʅ. ɸʡʢʫʤʙʝʢʦʚ3 
1ʃʦʛʠʩʪʠʢʘ ʞᴅʥʝ ʢᴇʣʽʢ ʘʢʘʜʝʤʠʷʩʳ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ 
2ɸʣʤʘʪʳ ʤʝʥʝʜʞʤʝʥʪ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ 
 ʩʪʘʥץʘʟʘפ ,ʘʚʪʦʤʦʙʠʣʴ-ʞʦʣ ʠʥʩʪʠʪʫʪʳ, ɸʣʤʘʪʳ ץʘʟʘפ3

E-mail:  bek.ramazan@mail.ru 

 

 ʉʊɸʅ ɯʐʂɯ ʊɸʉʓʄɸʃɼɸʋ ʊɯɿɹɽɻɯʅ ʋʅʀʄʆɼɸʃʔɼʓ ᴄɼɯʉʇɽʅפɸɿɸפ

 ʁʓʄɼɸʉʊʓʈʋ ʊʀɯʄɼɯʃɯʂʊɽʈɯױ

 

ɸʥʜʘʪʧʘ. ʄʝʤʣʝʢʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘʥʳש ʥʝʛʽʟʛʽ ʤʥ̔ʜʝʪʪʝʨʽ פʘʟʘץʩʪʘʥ ʘʫʤʘסʳʥʜʘ 

ʟʘʤʘʥʘʫʠ  ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʥʽ ײץʨʫ, ʝʣʜʝ ʞʦסʘʨʳ ʞᴅʥʝ ʪʠʽʤʜʽ ʢᴇʣʽʢ ץʘʪʳʥʘʩʳʥ 

 ʽʟ ʞᴅʥʝ ᴅʫʝשʩʪʽ, ʪʝװ ʘʡʪʫ ʞᴅʥʝ ʞʝʨסʣײ ʳʥʳʥסʢ ʘװʳʥʘʥ ʞסʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʨʝʩʧʫʙʣʠʢʘ ʘʫʤʘץ

ʢᴇʣʽʛʽʥʽש ʙʘʨʣʳץ ʪװʨʣʝʨʽʥʽש ʞײʤʳʩʳʥ װʡʣʝʩʪʽʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɹײʣ סʳʣʳʤʠ  ʤʘץʘʣʘʜʘ  ʪʘץʳʨʳʧʪʳש  ʤᴅʩʝʣʝʣʝʨʽʥ  ʪʦʣʳץ ʪʘʣʜʘʫ, ʟʘשʜʳʣʳץʪʘʨʜʳ  

ʘʥʳץʪʘʫ ʞᴅʥʝ  ʧʨʦʮʝʩʪʽש ʞʘʣʧʳ ʩʠʧʘʪʪʘʤʘʣʘʨʳʤʝʥ, ʜʝʨʝʢʪʝʨʜʽװ שʣʢʝʥ ʢᴇʣʝʤʽʥ ʟʝʨʪʪʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴅʜʽʩ ץʦʣʜʘʥʳʣʜʳ. 

ᴆשʽʨʣʝʨʜʽש ʵʢʦʥʦʤʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʞʘץʩʘʨסʘʥ ʩʘʡʳʥ ʞʝʨʛʽʣʽʢʪʽ ʢᴅʩʽʧʢʝʨʣʝʨʛʝ  

ʢᴇʣʽʢ  ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥ  ײʡʳʤʜʘʩʪʳʨʫʣʘʨʳ װʰʽʥ ʦʣʘʨʜʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳʥ 

  .ʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʡʜʳץ ʪʘʫץʘʤʪʘʤʘʩʳʟ ʝʪʫʰʽ  ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʜʳ ʘʥʳץ

ɾʘʨʠʷʣʳʤʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥʝʛʽʟʽʥʜʝ - ʪʘʩʳʤʘʣʜʘʫ ʫʘץʳʪʳ 94,62-ʜʝʥ 

65,62 ʩʘסʘʪץʘ ʜʝʡʽʥ ץʳʩץʘʨʜʳ, ʙײʣ ʢʣʠʝʥʪʪʝʨ װʰʽʥ ʪʠʽʤʜʽ ʞᴅʥʝ ʦʩʳʣʘʡʰʘ ʩʘʪʳʧ ʘʣʫʰʳʣʘʨ 

ʩʘʥʳʥ ʢᴇʙʝʡʪʝʜʽ, ʩʦʥʜʳץʪʘʥ çʫʥʠʤʦʜʘʣʴʜʳè  ʪʘʩʳʤʘʣʜʘʫ ʪᴅʩʽʣʽ ʙʦʡʳʥʰʘ פʘʟʘץʩʪʘʥʥʳש  

  .ʩʳʥʳʣʘʜʳײ ʡʳʤʜʘʩʪʳʨʫײ ʢ ʪʽʟʙʝʛʽʥװʽʨʣʽʢ ʘʚʪʦʤʦʙʠʣʴ ʞשʘʣʘʽʰʽʣʽʢ ʞᴅʥʝ ᴇץ

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ᴆשʽʨʣʝʨ, ʞװʢ ʢᴇʣʽʢʪʝʨʽ, ʪʘʩʳʤʘʣʜʘʫ, ʩʝʥʽʤʜʽʣʽʢ, ʪʠʽʤʜʽʣʽʢ, 

ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʣʝʨ. 

 

ʂʽʨʽʩʧʝ.  

 ʳ ʤʝʥסʳʟʜʳסʪʳ שʪʳץʞʝʨʛʽʣʽʢʪʽ ʭʘʣʳ שʽʨʣʝʨʽʥʽשʙʽʨʘʟ ᴇ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ

ʝʣʜʽ ʤʝʢʝʥʜʝʨ ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץץʘ ʙʘʡʣʘʥʳʩʪʳ ʢװʨʜʝʣʽ ᴅʣʝʫʤʝʪʪʽʢ  ʧʨʦʙʣʝʤʘ  ʦʩ r

ᴇשʽʨʣʝʨʜʝ  ʢװʥʜʝʣʽʢʪʽ  ʩײʨʘʥʳʩʪʘסʳ  ʪʘʫʘʨʣʘʨʜʳ ᴇʥʜʽʨʫ ʤʝʥ ʞʝʪʢʽʟʫʜʽש ᴇʥʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʅʘʨʳץʪʘסʳ ץʘʨʘʤʘ-ץʘʡʰʳʣʳץʪʳ ץʘʪʳʥʘʩʪʘʨסʘ ʞᴅʥʝ ʞʘʥʘʨ-

ʞʘסʘʨʤʘʡ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʙʘסʘʣʘʨʳ ᴅʨʪװʨʣʽ  ʽʰʢʽ  ʞᴅʥʝ  ʩʳʨʪץʳ ᴅʩʝʨʣʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʢᴇʣʽʢʪʽש, ʩʦʥʳש ʽʰʽʥʜʝ ʘʚʪʦʤʦʙʠʣʴʜʽש ʘʡʤʘץʪʘʨʜʘסʳ ʞײʤʳʩʳʥʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʽʧ, 

ʪʘʩʳʤʘʣʜʘʫ ʙʘסʘʩʳʥʳש ᴇʩʫʽʥʝ ʞᴅʥʝ ʪײʨסʳʥʜʘʨʜʳש ʢװʥʜʝʣʽʢʪʽ ץʦʣʜʘʥʘʪʳʥ ʪʘʫʘʨʣʘʨʳʥʳש 

 .ʳʤʙʘʪʪʘʫʳʥʘ  ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʫʜʝ [1,2]ץ

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ᴇשʽʨʣʝʨʜʝ ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽʥʜʝ ʞײʤʳʩʪʳ ײʡʳʤʜʘʩʪʳʨʫ  ʞᴅʥʝ 

ʙʘʩץʘʨʫ ʞᴇʥʽʥʜʝʛʽ ʽʩ-ʰʘʨʘʣʘʨʜʳ ʞʦʩʧʘʨʣʘʫ ʞᴅʥʝ ʘʰʳץʪʳסʳʥ  ʘʨʪʪʳʨʫ  ʧʨʦʙʣʝʤʘʩʳ  

ʪʫʳʥʜʘʜʳ.  ʉʦʥʳʤʝʥ  ץʘʪʘʨ, ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽ ʩʘʣʘʩʳʥʜʘ ʟʘʤʘʥʘʫʠ ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽש 

ʪʝʭʥʠʢʘʣʳץ ʜʘʡʳʥʜʳסʳʥ  ץʘʤʪʘʤʘʩʳʟ  ʝʪʫ  ʤᴅʩʝʣʝʩʽ װʣʢʝʥ ʤʘשʳʟסʘ ʠʝ.  

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ.  

ɹײʣ סʳʣʳʤʠ  ʤʘץʘʣʘʜʘ  ʪʘץʳʨʳʧʪʳש  ʤᴅʩʝʣʝʣʝʨʽʥ  ʪʦʣʳץ  ʘʰʫ ʞᴅʥʝ ʦʣʘʨʜʳש  

ʢᴇʤʝʛʽʤʝʥ ʘʣʳʥסʘʥ ץʦʨʳʪʳʥʜʳʣʘʨʜʳ ʪװʩʽʥʜʽʨʫ װʰʽʥ ᴅʨʪװʨʣʽ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ. 

ʊʘʣʜʘʫ ʤʘץʩʘʪʳʥʜʘ  ʟʘשʜʳʣʳץʪʘʨʜʳ ʘʥʳץʪʘʫ ʞᴅʥʝ ʧʨʦʮʝʩʪʽש ʞʘʣʧʳ ʩʠʧʘʪʪʘʤʘʣʘʨʳʤʝʥ, 

ʜʝʨʝʢʪʝʨʜʽװ שʣʢʝʥ ʢᴇʣʝʤʽʥ ʟʝʨʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴅʜʽʩ ץʦʣʜʘʥʳʣʜʳ. 

ʂᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥ ʪʠʽʤʜʽ ʢʝʰʝʥʽ ʝʣʜʽש ʥʘʨʳץʪʳץ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ 

ʙʘʡʣʘʥʳʩʪʘʨʳʥ ʜʘʤʳʪʫסʘ, ᴇʟʽʥʜʽʢ ײץʥ ײץʨʳʣʳʤʳʥʜʘסʳ ʢᴇʣʽʢ ʰʳסʳʩʪʘʨʳʥʳװ שʣʝʩʽʥ 

mailto:bek.ramazan@mail.ru
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ʪᴇʤʝʥʜʝʪʫʛʝ ᴅʩʝʨ ʝʪʝʜʽ, ʙײʣ ʦʪʘʥʜʳץ  ʪʘʫʘʨʣʘʨ ʤʝʥ  ʢᴇʨʩʝʪʽʣʝʪʽʥ ץʳʟʤʝʪʪʝʨ ʙʘסʘʩʳʥʳש 

ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʘʣʳʧ ʢʝʣʝʜʽ. ʆʩʳסʘʥ  ʙʘʡʣʘʥʳʩʪʳ  ʢᴇʣʽʢ  

ʠʥʬʨʘײץʨʳʣʳʤʳʥ ʞʝʪʽʣʜʽʨʫ ʝʣʜʽש ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʞᴅʥʝ ʠʥʥʦʚʘʮʠʷʣʳץ ʜʘʤʫʳʥʳש 

ʤʝʤʣʝʢʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʤʘשʳʟʜʳ ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ [3]. 

çʂᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʜʘʤʳʪʫ ʤʘʢʨʦᴇשʽʨ ײץʨʫ ʰʝשʙʝʨʽʥʜʝ 

ʦʨʪʘʣʳץʪʘʨ ʙʘʟʘʩʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ʙʦʣʘʜʳ.  

 

1 ʢʝʩʪʝ - 2020-2025-ʞʳʣʜʘʨ ʙʦʡʳʥʰʘ ʄʝʤʣʝʢʝʪʪʽʢ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʜʘʤʳʪʫ 

ʙʘסʜʘʨʣʘʤʘʩʳʥ ʽʩʢʝ ʘʩʳʨʫ ʞᴇʥʽʥʜʝʛʽ ʽʩ-ʰʘʨʘʣʘʨ [4] 

 
ɸʪץʘʨʳʣʘʪʳʥ ʽʩ-ʰʘʨʘʣʘʨ 2020 2021 2022 2023 2024 2025 

ɾʘץʩʳ ʞᴅʥʝ ץʘʥʘסʘʪʪʘʥʘʨʣʳץ ʞʘסʜʘʡʜʘסʳ 

ʨʝʩʧʫʙʣʠʢʘʣʳץ ʤʘשʳʟʳ ʙʘʨ ʘʚʪʦʤʦʙʠʣʴ 

ʞʦʣʜʘʨʳʥʳװ שʣʝʩʽ, ʧʘʡʳʟ 
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ʈʝʩʧʫʙʣʠʢʘʣʳץ ʤʘשʳʟʳ ʙʘʨ ʘʚʪʦʤʦʙʠʣʴ 

ʞʦʣʜʘʨʳʥ ʢװʨʜʝʣʽ ʞᴅʥʝ ʦʨʪʘʰʘ ʞᴇʥʜʝʫ, ʢʤ 
1400 1500 1600 2000 2000 2500 

ʆʙʣʳʩʪʳץ ʞᴅʥʝ ʘʫʜʘʥʜʳץ ʤʘשʳʟʳ ʙʘʨ 

ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥʳש ʞʘץʩʳ ʞᴅʥʝ 

 ʣʝʩʽ, ʧʘʡʳʟװ ʳסʜʘʡʜʘסʞʘ ץʘʪʪʘʥʘʨʣʳסʘʥʘץ
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ʆʙʣʳʩʪʳץ ʞᴅʥʝ ʘʫʜʘʥʜʳץ ʤʘשʳʟʳ ʙʘʨ 

ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥ ʩʘʣʫ, 

ʨʝʢʦʥʩʪʨʫʢʮʠʷʣʘʫ, ʢװʨʜʝʣʽ ʞᴅʥʝ ʦʨʪʘʰʘ 

ʞᴇʥʜʝʫ, ʢʤ 
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ʈʝʩʧʫʙʣʠʢʘʣʳץ ʤʘשʳʟʳ ʙʘʨ ʘʚʪʦʤʦʙʠʣʴ 

ʞʦʣʜʘʨʳʥʳש ʞʘʣʧʳ ײʟʘץʪʳסʳʥʜʘסʳ I ʞᴅʥʝ 

II ʪʝʭʥʠʢʘʣʳץ ʩʘʥʘʪʪʘסʳ ʈʝʩʧʫʙʣʠʢʘʣʳץ 

ʤʘשʳʟʳ ʙʘʨ ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥʳװ שʣʝʩʽ, 

ʧʘʡʳʟ 
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ᴆʢʽʥʽʰʢʝ ʦʨʘʡ ʦʩʳ ʫʘץʳʪץʘ ʜʝʡʽʥ, ʞʦʣ ʙʦʡʳʥʜʘסʳ ʠʥʬʨʘײץʨʳʣʳʤʜʘʨ ʜʘʤʳʤʘסʘʥ, 

ʙʘʨʣʳװ ץʣʢʝʥ ʞʦʣ װʩʪʽʥʜʝʛʽ ײץʨʳʣʳʤʜʘʨ ʪʫʨʘʣʳ ʪᴇʤʝʥʜʝʛʽ  2-ʢʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ. 

ʉʦʥʜʳץʪʘʥ ᴇשʽʨ ʵʢʦʥʦʤʠʢʘʩʳʥ ʢᴇʪʝʨʫ ʞᴅʥʝ ʝʣʽʤʽʟʜʝʛʽ ᴅʣʝʫʤʝʪʪʽʢ ʤᴅʩʝʣʝʣʝʨʜʽ 

ʰʝʰʫ װʰʽʥ ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥ ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ ʞʘשʘ ʞʦʣʜʘʨ ʩʘʣʫ ʙʦʡʳʥʰʘ ʞײʤʳʩʪʳ 

ʙʘʩʪʘʫ ץʘʞʝʪ. 

 

ʅᴅʪʠʞʝʣʝʨ ʤʝʥ ʪʘʣץʳʣʘʫʣʘʨ. 

ᴆשʽʨʣʝʨʜʽש ʵʢʦʥʦʤʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʞʘץʩʘʨסʘʥ ʩʘʡʳʥ ʞʝʨʛʽʣʽʢʪʽ ʢᴅʩʽʧʢʝʨʣʝʨʛʝ  

ʢᴇʣʽʢ  ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥ  ײʡʳʤʜʘʩʪʳʨʫʣʘʨʳ  ץʘʞʝʪ. ɹᴅʩʝʢʝʛʝ  ץʘʙʽʣʝʪʪʽ ʢᴇʣʽʢ  ʪʦʧʪʘʨʳʥ  

 ʘʤʪʘʤʘʩʳʟ ʝʪʫʰʽ  ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʜʳץ ʳʥסʪʳʣʳץʨʘײʪ ץʵʢʦʥʦʤʠʢʘʣʳ שʰʽʥ ʦʣʘʨʜʳװ  ʨʫײץ

ʘʥʳץʪʘʫ ץʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʡʜʳ. ʉʦʥʜʳץʪʘʥ  ʢᴅʩʽʧʢʝʨʣʝʨ ʤʝʥ  ץʦסʘʤʜʘʨ ʞʝʣʽʣʽʢ ʢᴇʣʽʢ 

 .[6] ץʘʥʳ ʪʠʽʤʜʽ ʙʦʣʤʘסʦʣʜʘʥץ ʘʨʫ ᴅʜʽʩʪʝʨʽʥץʙʘʩ ץʰʽʥ ʣʦʛʠʩʪʠʢʘʣʳװ ʳʟʤʝʪʪʝʨʽʥ ʘʨʪʪʳʨʫץ

ɸʨʥʘʫʣʳ ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ  ʢᴇʨʩʝʪʢʝʥʜʝʡ,  ʪᴇʤʝʥʜʝ  ʽʰʢʽ ʞװʢ 

ʪʘʩʳʤʘʣʜʘʫʤʝʥ ʘʡʥʘʣʳʩʘʪʳʥ ʞװʢ ʘʚʪʦʤʦʙʠʣʴʜʝʨʽʥʽש ʞʠʽ ʢʝʟʜʝʩʝʪʽʥ ʪʝʭʥʠʢʘʣʳץ ʘץʘʫʣʘʨʳ 

ʪʽʟʽʤʽ ʢʝʣʪʽʨʽʣʛʝʥ [7-9]. 
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3 ʢʝʩʪʝ  - ɸʂפ ʥʝʛʽʟʛʽ ʙײʟʳʣʫʣʘʨʳ ʤʝʥ ʘץʘʫʣʘʨʳ 

 

 

ɹײʟʳʣʫʣʘʨ ʤʝʥ ʘץʘʫʣʘʨ 

 

ɹʽʨ װʣʜʝʛʽ 100 ɸʂפ ʰʘץץʘʥʜʘסʳ  ʩʘʥʳ 

ɹʝʥʟʠʥʤʝʥ ʞװʨʝʪʽʥ ɼʠʟʝʣʴ ʤʝʥ ʞװʨʝʪʽʥ 

ʉʘʣʧʳʥʰʘץ ʘʤʦʨʪʠʟʘʪʦʨʣʘʨ, 

ʨʝʩʩʦʨʣʘʨ (ʩʝʨʽʧʧʝʣʝʨ) 

40 40 

ʐʠʥʘʣʘʨ (ʜʦסשʘʣʘץʪʘʨ) 18 18 

 ʳʰ  25 25ץʘʣʪסʦʟפ

 ʡʝʩʽ 35 35װʦʨʝʢʪʝʥʫ ʞפ

ʆʪʘʣʜʳʨʫ ʞװʡʝʩʽ 20  

ɯʣʽʥʫ ʞᴅʥʝ ʨʘʤʤʘʣʳײץ ץʨʳʣסʳʣʘʨ 10 10 

ʊʝʞʝʫ ʞװʡʝʩʽ 15 15 

ʐʘʥʘץ ʞײʤʳʩʪʘʨʳ 10 10 

ʕʣʝʢʪʨʦ-ץʦʥʜʳʨʳʣסʘʨʳ 10 10 

ɼʳʙʳʩ ʙʝʨʫ ʞװʡʝʩʽ 5 5 

ɸʢʢʫʤʫʣʷʪʦʨʣʘʨ 10 10 

 

  ɼʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʘʫʳʨ ʢᴇʣʽʢʪʝʨʜʝʛʽ ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ ʪʝʭʥʠʢʘʣʳץ ʘץʘʫʣʘʨʳʤʝʥ  

ʢʝʤʰʽʣʽʢʪʝʨ ʩʘʣʧʳʥʰʘץ  ʵʣʝʤʝʥʪʪʝʨʽ (40 ʧʘʡʳʟ), ץʦʟסʘʣʪץʳʰʪʳץ  שʦʨʝʢʪʝʥʫ ʞװʡʝʩʽ (35 

ʧʘʡʳʟ), ץʫʘʪ ʙʣʦʛʳ (25 ʧʘʡʳʟ), ʰʠʥʘʣʘʨ ʞᴅʥʝ ʰʠʥʘ  ʤʘʪʝʨʠʘʣʳ  (18 ʧʘʡʳʟ) ʝʢʝʥʽʥ  

ʢᴇʨʩʝʪʪʽ. ʊʽʨʢʝʤʝʥʽש ʩʳʥʫʳ ʤʝʥ ʩʳʥʫ ʩʘʥʳ ʢʝʣʝʩʽʜʝʡ ʙᴇʣʽʥʝʜʽ: ʩʘʣʧʳʥʰʘץ  

(ʘʤʦʨʪʠʟʘʪʦʨʣʘʨ) (60%), ʜᴇשʛʝʣʝʢʪʝʨ ʤʝʥ ʰʠʥʘʣʘʨ (45%), ʰʘʥʘץʪʘʨ ʞʘץʪʘʫʣʘʨʳ (35%), 

ʽʣʛʝʢʪʝʨ (25-40%). ʊʄɼ ʝʣʜʝʨʽʥʜʝ ʞᴅʥʝ ʰʝʪʝʣʜʝ ᴇʥʜʽʨʽʣʛʝʥ ʞװʢ ʢᴇʣʽʢʪʝʨʽʥʽש 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽ ʘʨʘʩʳʥʜʘ ʢʝʡʙʽʨ ʘʡʳʨʤʘʰʳʣʳץʪʘʨ ʙʘʨ. 

ϣʳʣʳʤʠ-ʪʝʦʨʠʷʣʳϨ ʥʝʛʽʟʜʝʤʝ. ɾװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʝʢʽ ʥʝʛʽʟʛʽ 

  ʟʝʛʝװʣ ʙʝʣʛʽʣʽ ʙʽʨ ʧʨʦʮʝʩʪʝʨʜʽ  ʞײʙ - שʘʣʳʩ. ʂʝʟʝסʦʟץ ʞᴅʥʝ שʨʘʜʳ: ʢʝʟʝײʳʤʥʘʥ ʪסײ

ʘʩʳʨʫסʘ  ʘʨʥʘʣסʘʥ  ץʦʟסʘʣʳʩʪʘʨ ʞʠʳʥʪʳסʳ. פʦʟסʘʣʳʩ - ʙײʣ ʢᴇʣʽʢ  ʧʨʦʮʝʩʽʥʽש  ʙʽʨ ʙᴇʣʽʛʽ, 

ʣʦʛʠʢʘʣʳץ ʘʞʳʨʘʤʘʩ ʙᴇʣʽʛʽ ʞᴅʥʝ ʙʽʨ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ  ʦʨʳʥʜʘʫʰʳʥʳש ʙʝʣʛʽʣʽ ʙʽʨ ʤʘץʩʘʪץʘ 

ʞʝʪʫ ʙʘסʳʪʳ. ʄʘʤʘʥʜʘʨ ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽʥʽש ʧʘʡʜʘʣʘʥʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʳש 

ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʽ ʢᴇʣʽʢ ʣʦʛʠʩʪʠʢʘʩʳʥʳש ʥʝʛʽʟʽʥʜʝ ʞʘʪʳʨ. ɹװʛʽʥʜʝ ʤʘʤʘʥʜʘʨ ʣʦʛʠʩʪʠʢʘʥʳ 

ʙʘʩץʘʨʫ ʞװʡʝʩʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, װʣʢʝʥ ʞʝʪʽʩʪʽʢʪʝʨʛʝ ʞʝʪʪʽ. ɸʣʜʳʤʝʥ ʣʦʛʠʩʪʠʢʘ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳץ שʦʟסʘʣʳʩʳʥ ײʡʳʤʜʘʩʪʳʨʫʜʘ, ʦʣʘʨʜʳ ʪʘʨʘʪʫʜʘ, ʩʦʜʘʥ ʢʝʡʽʥ ᴇʥʜʽʨʽʩʪʝ 

ʪʝʦʨʠʷʣʳץ ʞʘשʘʣʳץ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ [10]. 

ɽʣʽʤʽʟ ʪᴅʫʝʣʩʽʟ  ʤʝʤʣʝʢʝʪʪʝʨ ץʘʪʘʨʳʥʜʘ ʙʦʣסʘʥʜʳץʪʘʥ, ʙװʢʽʣ ᴅʣʝʤ ʙʦʡʳʥʰʘ 

ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ ʵʢʦʥʦʤʠʢʘʣʳץ ʢʝשʝʩʢʝ ʢʽʨʫ װʰʽʥ ʞʘשʘ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ʝʥʛʽʟʫʜʝ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴇשʽʨʣʽʢ   ᴅʢʽʤʰʽʣʽʢʪʝʨ ץʳʟʤʝʪʪʝʨʽ ʝʣʜʽש ʽʰʢʽ, ʩʳʨʪץʳ ʩʘʷʩʘʪʳ ʤʝʥ ʝʣʜʽש 

ʵʢʦʥʦʤʠʢʘʣʳץ ʜʘʤʫ ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʪʘʣʘʧʪʘʨʳʥʘ  ʩᴅʡʢʝʩ ʙʦʣʫʳ ʢʝʨʝʢ. ᴄʨʙʽʨ ᴇשʽʨ ᴇʟʽʥʽש 

ᴅʣʝʫʤʝʪʪʽʢ-ʵʢʦʥʦʤʠʢʘʣʳץ ʜʘʤʫ ʞʦʩʧʘʨʣʘʨʳʥ ʜʘʡʳʥʜʘʧ, ʦʣʘʨʜʳ ʤʝʤʣʝʢʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘסʘ  

ʝʥʛʽʟʛʝʥʥʝʥ  ʢʝʡʽʥ, ʙʘʨʣʳץ ᴇשʽʨʣʝʨ  ʥʝʛʽʟʛʽ: ʠʥʚʝʩʪʠʮʠʷʣʘʨ ʤʝʥ ʢᴅʩʽʧʢʝʣʝʨʜʽ ʪʘʨʪʫ;  

ᴅʣʝʫʤʝʪʪʽʢ  ʞʘסʜʘʡʜʳ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʞʝʨʛʽʣʽʢʪʽ ʭʘʣʳץʪʳש ʪײʪʳʥʫʰʳʣʳץ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥ 

  .ʘʪʪʘʥʜʳʨʫ  ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʦʡʳʥʰʘ ʙʽʨ-ʙʽʨʽʤʝʥ ʙᴅʩʝʢʝʜʝ  ʙʦʣʘʜʳסʘʥʘץ

ɾʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥʝʛʽʟʽʥʜʝ çʫʥʠʤʦʜʘʣʴʜʳè  ʪʘʩʳʤʘʣʜʘʫ ʪᴅʩʽʣʽ 

ʙʦʡʳʥʰʘ פʘʟʘץʩʪʘʥʥʳץ  שʘʣʘʽʰʽʣʽʢ ʞᴅʥʝ ᴇשʽʨʣʽʢ ʘʚʪʦʤʦʙʠʣʴ ʞװʢ ʪʽʟʙʝʛʽʥ ײʡʳʤʜʘʩʪʳʨʫ 

 ʨʘʪʳʥײʙʽʨʥʝʰʝ ʢᴇʣʽʢʪʝʥ ʪ ץʨʽʤʝʥ, ʙʽʨʘװʞʘʪʧʝʥ, ʙʽʨ ʢᴇʣʽʢ ʪײץ ʣ ʙʽʨײʩʳʥʳʣʘʜʳ. ɹײ

ʪʘʩʳʤʘʣʜʘʫ ʪʽʟʙʝʛʽ. 
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1 ʩʫʨʝʪ  ï פʘʣʘʘʨʘʣʳץ ʞᴅʥʝ ʘʡʤʘץʪʳץ ʘʚʪʦʢᴇʣʽʢʧʝʥ ʞװʢ ʪʘʩʳʤʘʣʜʘʜʳ çʫʥʠʤʦʜʘʣʴʜʳè 

ᴅʜʽʩʧʝʥ  ײʡʳʤʜʘʩʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʪʘʧʩʳʨʳʩʪʳ çʜᴅʣ ʤʝʨʟʽʤʽʥʜʝè ʦʨʳʥʜʘʫ ʙʘסʜʘʨʣʘʤʘʩʳʥ 

ʞʘʩʘʫ ʘʣʛʦʨʠʪʤʽ 

 

ɹʘʩ ײʡʳʤʜʘʩʪʳʨʫʰʳ ʞᴅʥʝ ʙʘץʳʣʘʫʰʳ ʞװʢʪʽ ץʘʙʳʣʜʘʧ, ʪʘʩʳʤʘʣʜʘʥʘʪʳʥ ʞװʢʪʽש 

ʢᴇʣʝʤʽ ʤʝʥ ʩʘʧʘʩʳ ʙʦʡʳʥʰʘ ʞᴇʥʝʣʪʫʰʽʣʝʨʜʽש ʘʣʜʳʥʜʘ ʥʝʛʽʟʛʽ ʞʘʫʘʧʢʝʨ  ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʊʘʩʳʤʘʣʜʘʫ ײץʥʳ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʽʨʢʝʤʝʥʽ130 ש ʪʝʢʰʝ 

ʤʝʪʨʽʥʝ 30 000 ʪʝשʛʝʥʽ (1 ʤ3) ײץʨʘʡʜʳ, ʘʣʘʡʜʘ, ʘʣʜʳʥ-ʘʣʘ ʞʦʩʧʘʨʣʘʫ ʢʝʣʝʩʽ ᴅʜʽʩʪʝʨʜʽ 

 .ʟʝʛʝ ʘʩʳʨʳʣʘʜʳװʳʣʳ ʞץʦʣʜʘʥʫ ʘʨץ

ɹʽʨʽʥʰʽʜʝʥ, ʩʳʡʳʤʜʳʣʳסʳ 130 ʪʝʢʰʝ ʤʝʪʨ ʙʦʣʘʪʳʥ ʪʽʨʢʝʤʝʛʝ, ʥʘץʪʳ ʢᴇʣʝʤʽ  130 

ʪʝʢʰʝ ʤʝʪʨ ʙʦʣʘʪʳʥ ʞװʢ ʢᴇʣʝʤʽʥ ʪʠʝʫ ʤװʤʢʽʥ ʝʤʝʩ. ɹײʣ ʢʘʨʪʦʥ ץʦʨʘʧʪʘʨ, ʳʜʳʩʪʘʨ, 

ʦʨʘʫʳʰ  ʧʘʢʝʪʪʝʨ ʘʨʘʩʳʥʜʘ ʤʽʥʜʝʪʽ ʪװʨʜʝ ᴅʨʪװʨʣʽ ʙʦʩ ʦʨʳʥʜʘʨʜʳש ʙʦʣʫʳ  ʞᴅʥʝ  ʞװʢ 

ʪʠʝʫʰʽʣʝʨʜʽש ʢᴅʩʽʙʠ ʰʝʙʝʨʣʽʛʽʥʽש ʜʝשʛʝʡʽʥʝ ʙʘʡʣʘʥʳʩʪʳ, ʩʦʥʜʳץʪʘʥ ץʘʨʞʳʣʳץ 

ʰʳסʳʥʜʘʨʜʳ ʘʥʳץʪʘסʘʥ ʢʝʟʜʝ ʞװʢʪʽש ʢᴇʣʝʤʽ 100 ʪʝʢʰʝ ʤʝʪʨ ʜʝʧ ץʘʨʘʩʪʳʨסʘʥ ʜײʨʳʩ. 

ɹײʣ ʪײʨסʳʜʘ ʪʘʩʳʤʘʣʜʘʫʰʳʥʳש ɸʣʤʘʪʳ ʞᴅʥʝ ɸʪʳʨʘʫ ץʘʣʘʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ 

ʩʘʧʘʨסʘ ʪʘʧʩʳʨʳʩʪʳ ʦʨʳʥʜʘסʘʥʳ װʰʽʥ ʘʣʘʪʳʥ ʘץʰʘ ʩʦʤʘʩʳ ʉʤ=100ʤ
3  ʭ 30000 ʪʛ/ʤ3 = 

3000000 ʪʛ. ײץʨʘʡʜʳ. 

rpiniiiij ttTʇT +++= 0  

ixxipiiei TttTRT ++++= 2  

iixipier Tttʊ ++=  

0Ïiʇ  

( 02 Ï- doi TR  

ʝ́, ʫʘץʳʪ ʞʠʳʥʪʳסʳ 

ɸʥʳץʪʘʣסʘʥ ʫʘץʳʪ 

ʤᴅʥʜʝʨʽʥ ʪʘʣʜʘʫ 

oɼei TT -¢ä 24  

 ʩʦשʳ 

,,,,,, btttttʊ xrpnpE  

 

ʆʨʪʘץ ʤᴅʥʜʝʨʽʥ 
͊ͤ· ͭ͊ͯ 

rpinij ttʊ +=

 

OTʇ i

aii <+ )(  

ɸʡʤʘץʪʳץ ʪʘʩʳʤʘʣʜʘʫ ʘץʧʘʨʘʪʪʳץ  ʢᴇʨʩʝʪʢʽʰʪʝʨ 

ʞʠʳʥʪʳסʳ 

ɾʠʥʘʣסʘʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʞʠʥʘʫ 

ʊʘʩʳʤʘʣʜʘʫ ʤʘʨʰʨʫʪʳ ʙʦʡʳʥʰʘ ʞװʨʫ ʤʦʜʝʣʽʥ ʦʨʳʥʜʘʫ 

niʩ tàP  
pii tRÏ  

0ÏiR  
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ʉʦʥʜʳץʪʘʥ ʪʘʩʳʤʘʣʜʘʫʰʳ ʦʩʳ ץʘʨʘʞʘʪ ʝʩʝʙʽʥʝʥ ʞװʢʪʽ ɸʪʳʨʘʫ ץʘʣʘʩʳʥʘ ʞʝʪʢʽʟʫʽ 

ʪʠʽʩ. ɾʝʪʢʽʟʫ ʤʝʨʟʽʤʽ ʢʝʣʝʩʽʜʝʡ ʘʥʳץʪʘʣʘʜʳ 
 

, 
 

ʤײʥʜʘסʳ: - ʞʦʣ ʞװʨʫ ʫʘץʳʪʳ, ʩʘס.;  L ï ʪʘʩʳʤʘʣʜʘʫ ץʘʰʳץʪʳסʳ, ʢʤ;  - ʢᴇʣʽʢʪʽש 

ʦʨʪʘʰʘ ʞװʨʫ ʞʳʣʜʘʤʜʳץ, ʢʤ/ʩʘס.; - ʪʘʤʘץʪʘʥʫ װʰʽʥ ʪײʨʘʪʳʥ װʟʽʣʽʩ, ʩʘס.; - ʜʝʤʘʣʳʩ 

ʫʘץʳʪʳ, ʩʘס.;  - ʢʝʟʜʝʡʩʦץ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʛʝ ʞײʤʩʘʣסʘʥ ʞʦʣ ʫʘץʳʪʳ, ʩʘס.; n 

ï ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ʪᴅʫʣʽʢ ʩʘʥʳ;   K ï ʤʘʨʰʨʫʪʪʘסʳ  ʤʝʤʣʝʢʝʪʪʽʢ ʥʝʤʝʩʝ ʞʝʨʛʽʣʽʢʪʽ 

ʙʘץʳʣʘʫʰʳʣʘʨ ʩʘʥʳ.  

ʆʩʳסʘʥ  ʩᴅʡʢʝʩ  ʢʝʣʝʪʽʥ  ץʘʣʘʘʨʘʣʳץ ʪʘʩʳʤʘʣʜʘʨ ץʦʟסʘʣʳʩʳʥʳש ʰʘʤʘʤʝʥ  ʫʘץʳʪʳ  

ʘʥʳץʪʘʣʜʳ  ʞᴅʥʝ  ʦʩʳסʘʥ ʩᴅʡʢʝʩ ʢᴇʧ ʞʳʣʜʳץ ʪᴅʞʽʨʠʙʝ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש 

ʢʝʣʝʩʽ ʩʘʥʜʳץ ʤᴅʥʜʝʨʽ ץʘʙʳʣʜʘʥʜʳ, ʞװʢ ʢᴇʣʽʢʪʝʨʽʥʽש ʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳסʳ -50 ʢʤ / ʩʘס; 

ʪʠʝʫ ʞᴅʥʝ ʪװʩʽʨʫ ʫʘץʳʪʳ -45 ʤʠʥʫʪ =0,75 ʩʘסʘʪ, ʢװʥʜʽʟʛʽ ʜʝʤʘʣʳʩ ʫʘץʳʪʳ-8 ʩʘסʘʪ. 

ɹʘסʳʪ ʙʦʡʳʥʰʘ; ʦʣ ɸʣʤʘʪʳʜʘʥ ɾʘʤʙʳʣ, ʊװʨʢʽʩʪʘʥ, פʳʟʳʣʦʨʜʘ, ɸץʪᴇʙʝ  

 ʡʝʛʝ ʥʝʛʽʟʜʝʣʛʝʥװʘʥ  ʪʘʩʳʤʘʣʜʘʫ ʞסʩʳʥʳʣױ .ʘ ʢʝʣʝʜʽסʘʣʘʣʘʨʳʥʘ ᴇʪʽʧ, ɸʪʳʨʘʫץ

ʝʩʝʧʪʝʫʣʝʨʜʝ ʝʢʽ װʟʽʣʽʩʢʝ ץʘʞʝʪ ʫʘץʳʪ ʊʞ = 94,62 ʩʘסʘʪ ʥʝʤʝʩʝ 3,94 ʢװʥ. 

ʊʘסʳ ʙʽʨ ײʪʳʤʜʳ  ײץʙʳʣʳʩ- ʞʝʨʛʽʣʽʢʪʽ ʞװʢ ʢᴇʣʽʢʪʝʨʽʥʽש ʞװʨʛʽʟʫʰʽʣʝʨʽ ʞʦʣ 

ʞʘסʜʘʡʣʘʨʳʥ,  ʞʦʣ  ʙʦʡʳʥʜʘסʳ   ʜʝʤʘʣʳʩ  ʞᴅʥʝ  ʪʝʭʥʠʢʘʣʳץ  ץʳʟʤʝʪ  ʢᴇʨʩʝʪʝʪʽʥ  

ʧʫʥʢʪʪʝʨʽʥ, ʩʦʥʜʘʡ-ʘץ  ʞʦʣʜʘסʳ  çץʘʫʽʧʪʽè  ʦʨʳʥʜʘʨʜʳ ʞʘץʩʳ ʙʽʣʝʜʽ. ױʩʳʥʳʣסʘʥ ᴅʜʽʩʪʽש 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ: 

- ʪʘʩʳʤʘʣʜʘʫ ʫʘץʳʪʳ 94,62-ʜʝʥ 65,62 ʩʘסʘʪץʘ ʜʝʡʽʥ ץʳʩץʘʨʜʳ, ʙײʣ ʢʣʠʝʥʪʪʝʨ װʰʽʥ 

ʪʠʽʤʜʽ ʞᴅʥʝ ʦʩʳʣʘʡʰʘ ʩʘʪʳʧ ʘʣʫʰʳʣʘʨ ʩʘʥʳʥ ʢᴇʙʝʡʪʝʜʽ; 

-ʙʽʨ ʘʚʪʦʢᴇʣʽʢ 800- 900 ʰʘץʳʨʳʤʥʘʥ ʘʩʧʘʡʪʳʥ ʞʦʣ ʞװʨʝʜʽ, ʩʦʥʜʳץʪʘʥ ʢᴇʣʽʢʪʽ 

ʩʘʧʘʨסʘ ʜʘʡʳʥʜʘʫ ʦשʘʡʳʨʘץ ʙʦʣʘʜʳ ʞᴅʥʝ ʝʛʝʨ ʞʦʣʜʘ ʪʝʭʥʠʢʘʣʳץ ʘץʘʫʣʘʨ ʙʦʣʩʘ, ʪʝʟ ʢᴇʤʝʢ 

ʢᴇʨʩʝʪʽʣʫ ʤװʤʢʽʥʜʽʛʽ ʙʘʨ; 

 ,ʳʥʜʘʨʳ  ʢᴇʣʝʤʽ  ʘʟʘʷʜʳסʘʨʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞʦʣ ʰʳץʳʩץ שʳʪʳʥʳץʘʣʳʩ  ʫʘסʦʟץ -

ʙʽʨ סʘʥʘ  ʞװʨʛʽʟʫʰʽʣʝʨʜʽש  ʝשʙʝʢ ʘץʳʩʳʥʘʥ 35000 ... 45 000 ʪʝשʛʝ װʥʝʤʜʝʣʝʜʽ ʞᴅʥʝ 

ʞʝʨʛʽʣʽʢʪʽ ʞʦʣ ʞʘסʜʘʡʣʘʨʳ ʤʝʥ ʞʠʥʘʫ ʧʫʥʢʪʪʝʨʽʥ ʞʘץʩʳ  ʙʽʣʝʪʽʥʜʝʨʜʽש ʞʦʣ ץʘʫʽʧʪʽʣʽʛʽʥʝʥ 

 ʘ ʜʝʨ ʢʝʟʽʥʜʝסʪʳʥʫʰʳʣʘʨײʣʽʥʙʝʡ ʪװʢ  ʩʘʧʘʩʳ ʙװʘʨʳ. ʆʩʳʣʘʡʰʘ,  ʞסʤʢʽʥʜʽʛʽ ʞʦװʪʳʣʫ ʤײץ

ʘʨʪʳץ ʰʳסʳʥʩʳʟ ʞʝʪʢʽʟʽʣʫʽ ʤװʤʢʽʥʜʽʛʽ ʧʘʡʜʘ ʙʦʣʜʳ. 
 

  .ʦʨʳʪʳʥʜʳפ

 ʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫװʘ  ʞסʪʘʨץʪʳץʘʰʳץ  ʽʨʣʝʨʽʥʜʝ  ʞᴅʥʝ  ʘʣʳʩשʽʰʢʽ  ᴇ  שʩʪʘʥʥʳץʘʟʘפ

ʧʨʦʮʝʩʽʥʽש ʪʝʭʥʦʣʦʛʠʷʩʳ װʰ ʩʠʧʘʪʪʘʤʘʤʝʥ  ʩʠʧʘʪʪʘʣʘʜʳ:  ʢᴇʣʽʢʪʝʨ  ʧʨʦʮʝʩʪʝʨʽʥʽש ʙᴇʣʽʥʫʽ, 

ʢʝʟʝשʜʽʣʽʛʽ ʤʝʥ ʞʽʢʪʝʣʫʽ, ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ  ʧʨʦʮʝʩʽʥʽש  ʢʝʟʝשʜʝʨʛʝ ʙᴇʣʽʥʫʽ, 

ʪʘʧʩʳʨʳʩʪʳ ʦʨʳʥʜʘʫ  װʰʽʥ  ץʘʞʝʪʪʽ ʰʘʨʪʪʳ ʘʡץʳʥʜʘʫ. ɾװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʧʨʦʮʝʩʽʥʝ 

ʪᴅʫʝʣʜʽʣʽʢ ʩʫʙʲʝʢʪʠʚʪʽ ʣʦʛʠʢʘסʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʜʽʢʪʝʥ, ʘʜʘʤʜʘʨʜʳש ʪʘʩʳʤʘʣʜʘʫʜʘסʳ 

ʪʠʽʤʜʽʣʽʛʽ ʜʝ ʘʨʪʘʜʳ. ɾײʤʳʩ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʥʝʛʽʟʛʽ ʵʢʦʥʦʤʠʢʘʣʳץ  ʥʦʨʤʘʪʠʚʪʝʨʜʽש, ʘʪʘʧ  

ʘʡʪץʘʥʜʘ, ץʦסʘʤʜʳץ  ʝשʙʝʢ  ᴇʥʽʤʜʽʣʽʛʽʥ  ʘʨʪʪʳʨʫ ʪʫʨʘʣʳ  ʟʘשʥʳש ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ 

ʢʝʣʝʪʽʥ ʙʦʣʘʜʳ. 

ʉʦʥʜʳץʪʘʥ  ʥʘץʪʳ  ʤʘץʩʘʪʪʘʨסʘ ʞʝʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʞʽʢʪʝʫ ʤʝʥ ᴅʨʝʢʝʪʪʝʨ  ʽʰʢʽ  

ʣʦʛʠʢʘסʘ  ʞᴅʥʝ ʥʘץʪʳ ʢᴇʣʽʢ ʧʨʦʮʝʩʽʥ ʜʘʤʳʪʫסʘ ʥʝʛʽʟʜʝʣʫʽ ʢʝʨʝʢ. ʊʝʭʥʦʣʦʛʠʷʥʳש  ᴇʟʽ  

çʝʰʪʝשʝʜʝʥ  ʪʫʳʥʜʘʤʘʡʜʳè, ʦʣ ᴇʪʢʝʥ ʞᴅʥʝ ʙʦʣʘʰʘץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ 

ʙʦʣʘʜʳ. ɿʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʦʣʘʰʘץ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʦשʘʡ ʘʡʥʘʣʘʪʳʥ ʧʨʠʥʮʠʧʪʝʨʛʝ 

ʥʝʛʽʟʜʝʣʫʽ ʢʝʨʝʢ. 

ᴄʨʙʽʨ ʪʝʭʥʦʣʦʛʠʷ ʦʥʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʮʠʢʣʜʘʨ ʤʝʥ ᴅʨʝʢʝʪʪʝʨʜʽץ שʘʞʝʪʪʽ ʦʨʳʥʜʘʣʫʳʥ 

 ץʢʽʣ ʪʝʭʥʦʣʦʛʠʷʣʳװʪʘʤʘʫ ʙץʪʘʣʘʧʪʘʨʳʥ ʩʘ שʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʪʠʽʩ. ɹʽʨ ʪʘʩʳʤʘʣʜʘʫʰʳʥʳץ

ʪʽʟʙʝʢʢʝ ʢʝʨʽ ᴅʩʝʨʽʥ ʪʠʛʽʟʝʜʽ, ʙײʣ ʢᴇʣʽʢ ʙʠʟʥʝʩʽʥʝʥ ʞʦʩʧʘʨʣʘʥסʘʥ ʧʘʡʜʘʥʳ ʘʟʘʡʪʘʜʳ. 
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ɿʘʤʘʥʘʫʠ  ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʞװʢ ʪʘʩʳʤʘʣʜʘʫ ʧʨʦʮʝʩʽʥʝ, ʩʦʜʘʥ ʢʝʡʽʥ ʞʝʢʝʣʝʛʝʥ 

ʢʝʟʝשʜʝʨʛʝ ʘʨʥʘʣסʘʥ, ʩʦʥʜʳץʪʘʥ ʪʘʩʳʤʘʣʜʘʫסʘ ʘʰʳץ ʪʘʧʩʳʨʳʩʪʳ ʘʣʜʳʥ-ʘʣʘ ʘʥʳץʪʘʧ, 

ʞײʤʳʩ ʪװʨʣʝʨʽʥ ʘʥʳץʪʘʫ ץʘʞʝʪ. 
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EFFICIENCY OF THE ORGANIZATION OF THE INTERNAL TRANSPORT CHAIN 

OF KAZAKHSTAN BY THE UNIMODAL METHOD  

 

Abstract. The main objectives of the state program are to create a modern transport and 

logistics system on the territory of Kazakhstan, ensure high and efficient transport links in the 

country, increase cargo flow from the territory of the Republic and coordinate the work of all 

types of land, sea and air transport 

In this scientific article, a detailed analysis of the problems of the subject, identification 

of patterns and general characteristics of the process, a statistical method was used that allows 

you to study a large amount of data. 

As the economic indicators of the regions improve, local entrepreneurs need to identify 

the main factors that ensure their economic stability for the organization of transport enterprises. 

Based on the research presented in the publication, the transportation time has been 

reduced from 94.62 to 65.62 hours, which is beneficial for customers and thus increases the 

number of buyers, so it is proposed to organize intra - city and regional road cargo chains of 

Kazakhstan according to the çunimodalè method of ʪransportation. 

 

Keywords. regions, trucks, transportation, reliability, efficiency, logistics systems. 

 

 

ɹʝʢʙʦʣ ʈʘʤʘʟʘʥ, ʜʦʢʪʦʨʘʥʪ, ɸʢʘʜʝʤʠʷ ʣʦʛʠʩʪʠʢʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, ɸʣʤʘʪʳ, 

ʂʘʟʘʭʩʪʘʥ, bek.ramazan@mail.ru 

ʀʥʜʠʨʘ ʉʘʫʢʝʥʦʚʘ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ɸʣʤʘʪʳ ʄʝʥʝʜʞʤʝʥʪ ʋʥʠʚʝʨʩʠʪʝʪ, 

ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, indi_karmakwy@mail.ru 

ʄʫʩʣʠʤ ɸʡʢʫʤʙʝʢʦʚ, ʢ.ʪ.ʥ., ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ, ʂʘʟʘʭʩʢʠʡ 

ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʦʛʦ ʠʥʩʪʠʪʫʪ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ,  muslim050182@mail.ru 

 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʆʈɻɸʅʀɿɸʎʀʀ ɺʅʋʊʈɽʅʅɽʁ ʊʈɸʅʉʇʆʈʊʅʆʁ 

ʎɽʇʆʏʂʀ ʂɸɿɸʍʉʊɸʅɸ ʋʅʀʄʆɼɸʃʔʅʓʄ ʄɽʊʆɼʆʄ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ ʩʦʟʜʘʥʠʝ 
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ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ ʠ ʢʦʦʨʜʠʥʘʮʠʷ ʨʘʙʦʪʳ ʚʩʝʭ ʚʠʜʦʚ ʥʘʟʝʤʥʦʛʦ, ʤʦʨʩʢʦʛʦ ʠ 

ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ɺ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʩʪʘʪʴʝ ʠʩʧʦʣʴʟʦʚʘʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʠʟʫʯʠʪʴ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʩ ʧʦʣʥʳʤ ʘʥʘʣʠʟʦʤ ʧʨʦʙʣʝʤ ʩʫʙʲʝʢʪʘ, ʚʳʷʚʣʝʥʠʝʤ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʦʙʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʮʝʩʩʘ. 

ʇʦ ʤʝʨʝ ʫʣʫʯʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʛʠʦʥʦʚ ʤʝʩʪʥʳʤ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʧʫʙʣʠʢʘʮʠʠ - ʚʨʝʤʷ ʧʝʨʝʚʦʟʢʠ  

ʩʦʢʨʘʪʠʣʦʩʴ ʩ  94,62 ʜʦ 65,62 ʯʘʩʦʚ, ʯʪʦ ʚʳʛʦʜʥʦ ʜʣʷ ʢʣʠʝʥʪʦʚ ʠ ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʢʫʧʘʪʝʣʝʡ, ʧʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʤʝʞʜʫʛʦʨʦʜʥʫʶ ʠ 

ʨʝʛʠʦʥʘʣʴʥʫʶ ʘʚʪʦʤʦʙʠʣʴʥʫʶ ʛʨʫʟʦʚʫʶ ʧʝʨʝʚʦʟʢʠ ʂʘʟʘʭʩʪʘʥʘ ʧʦ ʩʧʦʩʦʙʫ 

çʫʥʠʤʦʜʘʣʴʥʳʡè. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʈʝʛʠʦʥʳ, ʛʨʫʟʦʚʠʢʠ, ʧʝʨʝʚʦʟʢʠ, ʥʘʜʝʞʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 
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MULTIVARIAT E STATISTICAL ANALYSIS OF TRANSPORT LOG ISTICS IN 

KAZAKHSTAN  

 

Abstract. This article develops a fragmented approach to the study of changes in the 

dynamics of the main indicators of transport development on freight transportation in 

Kazakhstan. Its novelty and originality lies in the fact that the most pronounced indicators, such 

as rail, road and pipeline transport, were assessed using methods of multivariate regression 

analysis; a new regression equation was built; intervals of parameters of multiple regression were 

determined and modern mathematical software of the application software package, focused on 

the processing of statistical materials was used. Moreover, the results of research on transport 

logistics development indicators for freight transportation in Kazakhstan (billion tonnes/km) for 

2016-2021, a schedule for calculating the parameters of the dynamic series, as well as 

econometric analysis of autocorrelation coefficients of freight turnover of the Republic of 

Kazakhstan are presented. 

The relevance of this article lies in the fact that the statistical data on the above indicators 

and their calculations using a mathematical apparatus have been investigated in Kazakhstan for 

the first time. 

The distribution of regional transport in terms of volume of traffic is shown in an 

expanded form. On the basis of the statistical data, a trend line of freight turnover corresponding 

to logarithmic approximation is constructed. All statistical data as well as determination 

coefficients by modes of transport and freight turnover are ranked in ascending order. 

In this paper, a detailed econometric analysis was carried out by mode of transport and 

freight turnover in Kazakhstan, using mathematical methods and the EXCEL application 

software package. 

 

Keywords. Regional transport distribution, regression coefficients and regression matrix, 

autocorrelations of freight turnover, statistical data. 

 

Introduction .  

Since 2010, Kazakhstan has become a leader in trade and logistics operations, developing 

the G-Global platform and reviving the New Silk Road program, thereby defining its economic 

direction and positioning itself as a business hub for the entire Central Asian region. 

In today's world, logistics is an integrated package that provides the necessary quantity 

and quality of services, as well as ensuring the smooth transportation of goods and cargo to any 

region or country over any distance. The first annual Silk Road International Transport and 

Logistics Business Forum were launched in 2011. All the leaders of the world's countries 

professionally involved in transport logistics have met during this event. The event has become a 

platform for discussing transport logistics issues, bringing government and business together, 

and developing a platform for developing joint projects. 

The annual forum takes place within the framework of the Eurasian space, discussing 

new multimodal freight transport routes and the comprehensive development of international 

transport corridors to enhance the transport logistics market. 
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At the annual forum, Kazakhstan's intention to establish the Coordination Council for the 

Development of the China - Customs Union - Europe Silk Road Transport Corridor and the 

Coordination Council for the Development of the Uzen - Bereket - Gorgan Transport Corridor 

was proposed [1]. This event was a pioneer in the field of logistics at the global level, where 

supply chain management issues began to be addressed among CIS countries and Kazakhstan. In 

this regard, Kazakhstan has begun a comprehensive capacity-building effort in transport  services 

and communications. Above all, this was reflected in shorter transport times, reduced regional 

transport costs, improved freight efficiency, optimized tariffs and the safety of cargo to the last 

point of arrival. All these procedures have become an integral part of the overall logistics system 

and an important factor in the training of a new quality staff to ensure that transport logistics are 

fully operational. In Kazakhstan, 70 % of the total amount of all transport traffic is transported 

via rail, both to domestic and foreign markets. 

 

Materials and methods.  

This paper uses statistical data for the analysis of econometric coefficients and study of 

changes in the dynamics of the main indicators of transport logistics development in Kazakhstan 

(billion t/km) for 2016-2021. The notations for cargo turnover of all modes of transport are 

introduced for the parameters of road and urban electric* (X1), railway (X2), pipeline (X3), air 

(X4), sea (X5) and inland waterway (X6) transport parameters (see Table 2). These indicators 

are among the main types of transport logistics. [5] 

 

Table 1 - The main indicators of the development of transport for the transportation of 

goods of the Republic of Kazakhstan (billion tons/km) for 2016-2021 

 

Years 2016 2017 2018 2019 2020 2021 

Total including: 3 231,8 3 508,0 3 749,8 3 733,8 3 729,2 3 946,1 

By road and 

the city's electrical 

2 718,4 2 983,4 3 129,1 3 174,0 3 180,7 3 322,3 

by rail 294,8 293,7 390,7 341,4 338,9 387,2 

by pipeline 213,2 225,9 225,0 214,6 205,8 232,8 

by air 22,0 23,9 19,1 17,2 18,0 22,5 

by the sea 4,0 4,0 3,6 2,5 2,6 2,1 

Inland water 1,3 1,1 1,3 1,2 1,2 1,6 

Note: Compiled by the authors on the basis of data from [5] 

 

Table 1 shows that in 2020 alone there was a slight decline in freight traffic from 3,733.8 

million tons in 2019 to 3,729.2 million tons in 2020. In 2021, the increase in freight volumes 

increased to 3,946.1 million tons and was the highest significance in the last 6 years. This 

increase is justified by the fact that the volume of transit shipments has increased and export 

shipments to the country have risen. In the presence of the pandemic and crisis of many 

economies, transport logistics play an important role in overcoming protracted problems and 

stabilizing the economy. 

According to the Statistics Agency of the Republic of Kazakhstan, this is 4.1% less than 

the result for the same period of 2019. The percentage of rail transport in total freight turnover 

was 38.10%, the percentage of road transport was 33.91%, the percentage of pipeline transport 

was 27.33%, other modes of transport (air, river, sea) were 0.66%. In spite of this, new TLCs 

will appear on the economic map of Kazakhstan one way or another. Here it will only be 

necessary to deal with the issues of giving priority to which classes of terminals and what will be 

an important argument in determining the locations of logistics facilities. [6] 
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Table 2 - Cargo turnover of all types of transport of the Republic of Kazakhstan (million 

tons/km) for 2016-2021 

 

 The 

railway 

Road and urban 

electric vehicles 

Pipework Air, million 

tonnes/k m 

Maritime Inner water 

(X1) (X2) (X3) (X4) (X5) (X6) 

2016 235,9 132,3 106,9 59,5 2,8 0,06 

2017 231,3 145,3 116,0 63,1 2,7 0,03 

2018 280,7 155,7 116,0 49,3 2,5 0,03 

2019 267,4 161,9 115,4 42,7 1,6 0,03 

2020 239,0 163,3 114,5 42,9 1,8 0,02 

2021 266,6 166,1 166,1 53,8 1,6 0,03 

Note: Compiled by the authors on the basis of data from [5] 

 

 

Figure 1 - Freight transport by all modes of transport in Kazakhstan (million t/km) for 2016- 

2021 

 

 

Figure 1 shows the graph for calculating the parameters of the dynamic series from Table 

2 shows that the correlation is 9663,0, =ʭʫr  , and the constructed  line of the trend corresponds 

to a logarithmic approximation with an equal 9,277)ln(161 +-= XY . Coefficient of 

Determination equal to 9871,02 =R = 0.98 or 98%. 
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Figure 2 - Cargo turnover of all modes of transport in Kazakhstan (million t/km) for 2016-2021 

 

Table 3 -Correlation matrix of cargo turnover of all types of transport Republic of 

Kazakhstan (million tons/km) for 2016-2021 

 

 Y X1 X2 X3 X4 X5 X6 

Y 1       

X1 0,424155 1      

X2 0,94256 0,564354 1     

X3 0,718269 0,37285 0,555192 1    

X4 -0,60352 -0,48801 -0,72645 0,04981 1   

X5 -0,91477 -0,41413 -0,89314 0,54783 0,730101 1  

X6 -0,70421 -0,2722 -0,84016 0,26214 0,549782 0,591506 1 

 

When n=6, the theoretical correlation matrix of the sequence X1, X2,...X6 is a Laurent 

matrix. The elements located on the main diagonal going from "northwest and southeast" are 

equal to each other. From the non-negative definiteness of the Laurent matrix follows certain 

conditions for the compatibility of the autocorrelation coefficients. In this case, the Laurent 

matrix is symmetric with respect to the main diagonal ʍ11 =X22 =é=X66=1. [6] 

Using Table 2 and analysis of variance investigated: 

- first, a ranking of freight traffic of all modes of transport in Kazakhstan (million t/km), 

for the period 2016 to 2021, and factors by degree of impact on total freight turnover; 

- secondly, to estimate the percentage increase in freight volume with a deviation of one 

of the rail, road and urban electric, pipeline, air, sea and inland waterway transport factors. 

Here it is necessary to emphasise the dependence of the factors, which are presented in 

quantitative terms in tables, and, of course, the analysis of variance that can be carried out. In 

this case we are dealing with one- or two- and multivariate analysis of variance. [7] 

It should be noted, that analysis of variance acts as the main and practically visible 

approach in both regression and discriminant and cluster analysis. In short, virtually all statistics 

essentially use this approach in analysis. 

The calculation of the data below is carried out with the Data Analysis application 

package on EXCEL. 
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Table 4 - One-factor analysis of variance  

 

TOTALS     

Groups Account Amount Average Dispersion 

Column 1 6 12087 2014,5 3,5 

Column 2 6 1520,9 253,4833 423,5016 

Column 3 6 924,6 154,1 168,944 

Column 4 6 734,9 122,4833 468,6456 

Column 5 6 311,3 51,8833 71,8416 

Column 6 6 13 2,1666 0,3146 

Column 7 6 0,2 0,0333 0,0001 

Analysis of variance  

Source of 

variations 

SS df MS F P- 

Value 

F 

critical 

Between the groups 19195187,48 6 3199197,914 19700,3982 3,19091E60 

Within groups 5683,7392 35 162,3925    

       

Total 19200871,22 41     

 

Linear regression analysis is used to describe the relationship between the factors and the 

dependence of the values on each other. Through this analysis, the GDP of any country can be 

found as a function of the average wage of workers, world prices of petroleum products and the 

dollar exchange rate. In addition, a linear regression analysis can be used to find the connection 

between the weather and the number of visitors, as well as to predict the number of customers, 

which will depend on the size of the advertising budget. 

All of the above phenomena can initially be solved with multivariate regression analysis. 

Let us use a concrete example to show the possibilities of regression analysis. In our case a 

multivariate regression of road (X1), rail (X2) and pipeline (X3) transport. 

As a result of the calculation, estimates were obtained (Table 5): Multiple coefficient 

R=0.9830 and R-squared=0.9663, normalised R2 =0.9157, standard error=0.5429 with number of 

observations n=6. 

 

Table 5 - Regression of road rail and pipeline transport in the Republic of Kazakhstan for 

2016 to 2021 

 

CONCLUSION TOTAL  

Regression Statistics  

Multiple R  

0,9830 

R-square 0,963 

Standardised R-square  

0,9157 

Standard error  

0,5429 

Observations 6 
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Analysis of variance 

 

 df SS MS F Significance of 

F 

 

Regression 3 16,9104 5,6368 19,1207 0,0501 

Remainder 2 0,5895 0,2948   

Total 5 17,5 

 Ratio tents Standard error t- Statistics P- 

Value 

Lower 95% Top 95% 

 

Y- 

Crossing 

 

1996,0471 

 

3,3537 

 

595,1686 

 

2,823E- 

06 

 

1981,617 

 

10,4771 

Variable X 1  

-0,0167 

 

0,0143 

 

-1,1669 

 

0,3635 

 

0,0784 

 

0,04493 

Variable 0,1268 0,0253 5,0051  0,0178 0,2358 

X 2    0,0376   

Variable X 3  

0,0257 

 

0,0135 

 

1,9004 

 

0,1977 

 

0,0325 

 

0,0839 

 

The results of calculation of multiple regression parameters of railway, road and pipeline 

transport of the Republic of Kazakhstan for 2016-2021 were obtained: multiple correlation 

coefficient R=0.9830 and R2 - square of correlation coefficient =0.9663, normalized coefficient 

R2 =0.9157, standard error=0.5429, Fisher F-criteria F=19.12075, ŭ2 - residual variance ŭ2 = 

SS=0.5895. 

The parameters of the regression equation are also as follows: Coefficient values a=- 

0.01674, b=0.12683, c=0.02572. Then the regression equation can be written as follows: 

 

Y=-0,01674+0,12683X2+0,02572X3. 

 

Standard error: ma =0,01434, mb =0,02534, mc =0,01353. Confidence t-statistics 

intervals:  ta =-1,16690, tb  = 5,0051, tc =1,90045. 

The confidence probability of the above equation is P=0.95 and estimates of the 

regression parameters are determined in the intervals ɔamin =-0,078,   ɔamax =0,0449   ɔbmin =0,017   

ɔbmax =0,2358  ɔcmin = -0,032  ɔcmax =0,0839., then the confidence intervals of the regression 

parameters are -0.078 < a < 0.0449, 0.017 < b < 0.2358, -0.032 < c < 0.0839. 

The application of this multivariate analysis of variance for rail, road and pipeline freight 

and turnover is an innovative calculation method on which the correctness of established 

logistics routes in Kazakhstan depends. 

 

Results and discussion.  

At present, Kazakhstan Temir Zholy JSC manages transportation in the sea port of Aktau, 

as well as controlling cargo deliveries through a number of        major terminals in airports across 

the country and road terminal complexes. The logistics services market has only recently found 

its niche in Kazakhstan, although in the context of integration and globalization, logistics has a 

key role to play in developing the industrial side of the country. One way or another, all cargo 

shipments coming into Kazakhstan and vice versa from Kazakhstan to other countries depend on 

properly set up logistics routes. 

The plan is to create an intelligent transport system by using digital technology to create 

integrated, targeted and measurable communication that helps to acquire and retain customers by 

building deeper relationships with them [2]. 
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The implementation of ITS will help to solve a plethora of problems in Kazakhstan, 

namely [3]: 

- to increase the transit capacity of the country through TC management (i.e. to 

optimize the route of the transit route, to plan the traffic flow in compliance with the established                  

service standards and rules, to establish normalized times for transit flows within the country, to 

consolidate the on-board equipment that is necessary for transit transport management; 

- strengthen the safety of traffic flows on the roads; 

- ensure the management of passenger and freight transport, including dangerous loads; 

- improve the level of service and safety of regular passenger transport by automating 

the transport control functions in the supply chain; 

- speed up the response and improve the efficiency of all transport services. 

In recent years, the market for transport services in Kazakhstan has become much more 

complex, because all segments of the transport process and logistics in general have started to 

integrate into one supply chain. Analyzing global trends in transport logistics development, it can 

be said that the period of prototyping in relation to unconventional modes of transport and 

transportation services is almost over. The commodity market and all kinds of transport services 

dictate the country's need to develop a new infrastructure - the transport and logistics 

infrastructure, which will create multifunctional terminal and logistics centers (TLCs). The latter 

in turn will create an integrated system of interaction, which will lead to the transition of the 

profitability point from physical transport processes to the transport-logistics domain. [4] 

 

Conclusion.  

As a result of this study, it has been revealed that the transit potential should be considered as a 

point of economic growth of the country. In this regard, it is first necessary to improve the 

competitiveness and attractiveness of modern efficient transport logistics in Kazakhstan, taking 

into account the development of digital technologies. It is also necessary to improve transport 

and logistics infrastructure, taking into account the provision of a wide range of services in any 

direction. Here it is necessary to consider the competitiveness of tariffs and to create conditions 

for further improvement of corridors for transit cargo flows on a permanent basis. In transport 

logistic terms of cargo passage and         their directions, cost and systematic use of transport 

corridors should be clearly defined. In Kazakhstan, as a transit route for many cargoes, it is 

necessary to improve management of optimal cargo transportation routes and service conditions, 

as well as to develop infrastructure for internal and external cargo transportation. 

It should be emphasized that this study has not dealt with all the tasks that need to be 

implemented in the near future, taking into account the maximum use of Kazakhstan's transit 

potential. If these tasks are implemented in the nearest future, Kazakhstan will significantly 

improve its level and benefit from the contribution of transport logistics to the country's 

economy. 
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  ʓ ʂᴆʃɯʂ ʃʆɻʀʉʊʀʂɸʉʓʅ ʂᴆʇ ᴆʃʐɽʄɼɯנʉʊɸʅɼɸפɸɿɸפ

ʉʊɸʊʀʉʊʀʂɸʃʓפ ʊɸʃɼɸʋ 
 

ɸʥʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ פʘʟʘץʩʪʘʥʜʘ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ װʰʽʥ ʢᴇʣʽʢʪʽ ʜʘʤʳʪʫʜʳש 

ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʜʠʥʘʤʠʢʘʩʳʥʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨʽʥ ʟʝʨʪʪʝʫʛʝ ʬʨʘʛʤʝʥʪʪʽ ʪᴅʩʽʣ ᴅʟʽʨʣʝʥʜʽ. 

ʆʥʳש ʞʘשʘʣʳסʳ ʤʝʥ ᴇʟʽʥʜʽʢ ʝʨʝʢʰʝʣʽʛʽ-ʢᴇʧ ᴇʣʰʝʤʜʽ ʨʝʛʨʝʩʩʠʷʣʳץ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽʥ 

 ʳʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʛʝץʘʡ שʪʳ ʝץʙʳʨ ʢᴇʣʽʢʪʝʨʽ ʩʠʷײץ ,ʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʪʝʤʽʨʞʦʣ, ʘʚʪʦʤʦʙʠʣʴץ

ʙʘסʘ ʙʝʨʽʣʜʽ; ɾʘשʘ ʨʝʛʨʝʩʩʠʷ ʪʝשʜʝʫʽ ײץʨʳʣʜʳ; ʢᴇʧʪʽʢ ʨʝʛʨʝʩʩʠʷ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש 

ʠʥʪʝʨʚʘʣʜʘʨʳ ʘʥʳץʪʘʣʜʳ ʞᴅʥʝ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ᴇשʜʝʫʛʝ ʙʘסʳʪʪʘʣסʘʥ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʽʣʫʽץ ץʜʘʨʣʘʤʘʣʘʨ ʧʘʢʝʪʽʥ ʟʘʤʘʥʘʫʠ ʤʘʪʝʤʘʪʠʢʘʣʳסʦʣʜʘʥʙʘʣʳ ʙʘץ

 ʢʪʝʨʜʽ  ʪʘʩʳʤʘʣʜʘʫʜʘװʩʪʘʥʜʘ ʞץʘʟʘפ ʞʳʣʜʘʨʳ 2016-2021 ,ץʦʣʜʘʥʳʣʜʳ. ʉʦʥʜʘʡ-ʘץ

ʢᴇʣʽʢʪʽʢ ʣʦʛʠʩʪʠʢʘʥʳש ʜʘʤʳʪʫʜʘסʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ (ʤʣʨʜ ʪ/ʢʤ) ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʫʣʝʨʜʽש 

ʥᴅʪʠʞʝʣʝʨʽ ʤʝʥ ʜʠʥʘʤʠʢʘʣʳץ ץʘʪʘʨ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʝʩʝʧʪʝʫ ʢʝʩʪʝʩʽ 

ʢʝʣʪʽʨʽʣʛʝʥ, ʩʦʥʜʘʡ-ʘפ ץʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʞװʢ ʘʡʥʘʣʳʤʳʥʳש ʘʚʪʦʢʦʨʨʝʣʷʮʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ʵʢʦʥʦʤʝʪʨʠʢʘʣʳץ ʪʘʣʜʘʫʳ ײʩʳʥʳʣʜʳ. 

ɹײʣ ʤʘץʘʣʘʥʳש ᴇʟʝʢʪʽʣʽʛʽ ʞʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʙʦʡʳʥʰʘ 

ʩʪʘʪʠʩʪʠʢʘʣʳץ ʜʝʨʝʢʪʝʨ ʞᴅʥʝ ʦʣʘʨʜʳש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʘʧʧʘʨʘʪʪʳ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ 

ʝʩʝʧʪʝʫʣʝʨʽ פʘʟʘץʩʪʘʥʜʘ ʘʣסʘʰ ʨʝʪ ʟʝʨʪʪʝʣʛʝʥʜʽʛʽʥʜʝ. 

ʆʨʥʘʣʘʩʪʳʨʳʣסʘʥ ʪװʨʜʝ ʘʡʤʘץʪʳץ ʢᴇʣʽʢʪʽש ʪʘʩʳʤʘʣʜʘʫ ʢᴇʣʝʤʽ ʙʦʡʳʥʰʘ ʙᴇʣʽʥʫʽ 

ʢᴇʨʩʝʪʽʣʛʝʥ. ʉʪʘʪʠʩʪʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨ ʥʝʛʽʟʽʥʜʝ ʣʦʛʘʨʠʬʤʜʽʢ ʞʫʳץʪʘʫסʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ 

ʞװʢ ʘʡʥʘʣʳʤʳʥʳש ʪʨʝʥʜ ʩʳʟʳסʳ ײץʨʳʣʜʳ. ɹʘʨʣʳץ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʜʝʨʝʢʪʝʨ, ʩʦʥʜʘʡ-ʘץ 

ʢᴇʣʽʢ ʪװʨʣʝʨʽ ʤʝʥ ʞװʢ ʘʡʥʘʣʳʤʳ ʙʦʡʳʥʰʘ ʜʝʪʝʨʤʠʥʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ᴇʩʫ ʨʝʪʽʤʝʥ 

ʩʘʨʘʣʘʥסʘʥ. 

ɹײʣ ʞײʤʳʩʪʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ ʤʝʥ EXCEL ץʦʣʜʘʥʙʘʣʳ ʙʘסʜʘʨʣʘʤʘʣʘʨ 

ʧʘʢʝʪʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, פʘʟʘץʩʪʘʥʥʳש ʢᴇʣʽʢ ʞᴅʥʝ ʞװʢ ʘʡʥʘʣʳʤʳ ʪװʨʣʝʨʽ ʙʦʡʳʥʰʘ 

ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʵʢʦʥʦʤʝʪʨʠʢʘʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. 
 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɸʡʤʘץʪʳץ ʢᴇʣʽʢʪʽש ʪʘʨʘʣʫʳ, ʨʝʛʨʝʩʩʠʷ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʤʝʥ 

ʤʘʪʨʠʮʘʩʳ, ʞװʢ ʘʡʥʘʣʳʤʳʥʳש ʘʚʪʦʢʦʨʨʝʣʷʮʠʷʩʳ, ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨ. 

 

 

ʂʘʡʳʨʞʘʥ ʂʘʟʙʝʢʦʚʘ, ʢ.ʵ.ʥ., ʜʦʮʝʥʪ, ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ʘʣʴ-ʌʘʨʘʙʠ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, kazbekova_kairzhan@mail.ru 

ʀʣʭʦʤ ʋʤʘʨʦʚ, ʤʘʛʠʩʪʨ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ,  ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʣʴ-ʌʘʨʘʙʠ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, rilyas@mail.ru 

http://www.kaz.stat.kz/
mailto:kazbekova_kairzhan@mail.ru
mailto:rilyas@mail.ru
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ʈʘʫʟʘ ʀʩʤʘʠʣʦʚʘ, ʢ.ʪ.ʥ., ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ, ʋʥʠʚʝʨʩʠʪʝʪ ʊʫʨʘʥ, 

ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ, rauzaism@mail.ru 

 

ʄʅʆɻʆʄɽʈʅʓʁ ʉʊɸʊʀʉʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ  

ʊʈɸʅʉʇʆʈʊʅʆʁ ʃʆɻʀʉʊʀʂʀ ɺ  ʂɸɿɸʍʉʊɸʅɽ 

  

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʟʨʘʙʦʪʘʥ ʬʨʘʛʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʠʟʤʝʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʘ ʧʦ ʧʝʨʝʚʦʟʢʘʤ ʛʨʫʟʦʚ ʧʦ 

ʂʘʟʘʭʩʪʘʥʫ. ɽʛʦ ʥʦʚʠʟʥʘ ʠ ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʦʮʝʥʢʘ 

ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ, ʘʚʪʦʤʦʙʠʣʴʥʳʡ, 

ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʤʥʦʛʦʤʝʨʥʦʛʦ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ; 

ʧʦʩʪʨʦʝʥʦ ʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ; ʦʧʨʝʜʝʣʝʥʳ ʠʥʪʝʨʚʘʣʳ ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʞʝʩʪʚʝʥʥʦʡ 

ʨʝʛʨʝʩʩʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʦʙʨʘʙʦʪʢʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ.  ɸ ʪʘʢʞʝ,  

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʨʘʟʚʠʪʠʷ  ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʣʦʛʠʩʪʠʢʠ  ʧʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʨʫʟʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ  (ʤʣʨʜ ʪ/ʢʤ) ʟʘ 2016-2021 ʛʛ., ʛʨʘʬʠʢ 

ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʡ  ʘʥʘʣʠʟ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʛʨʫʟʦʦʙʦʨʦʪʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʪʘʪʠʩʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ 

ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʠʭ ʨʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʘʨʘʪʘ 

ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʂʘʟʘʭʩʪʘʥʝ. 

ɺ ʨʘʟʚʝʨʥʫʪʦʤ ʚʠʜʝ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʪʨʘʩʧʦʨʪʘ ʧʦ ʦʙʴʝʤʘʤ 

ʧʝʨʝʚʦʟʦʢ. ʅʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʘ ʣʠʥʠʷ ʪʨʝʥʜʘ ʛʨʫʟʦʦʙʦʨʦʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤʫ ʘʧʧʨʦʢʩʠʤʘʮʠʶ. ɺʩʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʘ 

ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘʮʠʠ  ʧʦ  ʚʠʜʘʤ ʪʨʘʥʩʧʦʨʪʘ  ʠ ʛʨʫʟʦʦʙʦʨʦʪʘ ʨʘʥʞʠʨʦʚʘʥʳ ʚ 

ʚʦʟʨʘʩʪʘʶʱʝʤ ʧʦʨʷʜʢʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʜʨʦʙʥʳʡ ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʡ  ʘʥʘʣʠʟ ʧʦ  ʚʠʜʘʤ 

ʪʨʘʥʩʧʦʨʪʘ  ʠ ʛʨʫʟʦʦʙʦʨʦʪʘ ʂʘʟʘʭʩʪʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʧʘʢʝʪʘ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ EXCEL. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ,  ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ 

ʤʘʪʨʠʮʘ ʨʝʛʨʝʩʩʠʠ, ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʛʨʫʟʦʦʙʦʨʦʪʘ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. 
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1 ɸʢʘʜʝʤʠʠ ʣʦʛʠʩʪʠʢʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

2ɸʢʘʜʝʤʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ɸʚʠʘʮʠʠ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
3Almaty Management University, School of Management, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

E-mail: t.drozd@ alt.edu.kz 

 

ʈɽʀʅɾʀʅʀʈʀʅɻ ʇʈʆʎɽʉʉʆɺ ʂʆʄʄɽʈʏɽʉʂʆʁ ʌʋʅʂʎʀʀ ʂʆʄʇɸʅʀʀ 

ʂɸʂ ʇʋʊʔ ʂ ʇɽʈɽʍʆɼʋ ʅɸ ɹʃʆʂʏɽʁʅ ʊɽʍʅʆʃʆɻʀʀ ɺ ʃʆɻʀʉʊʀʂɽ 

 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʢʘʟʘʭʩʪʘʥʩʢʦʤ ʨʳʥʢʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʘʥʠʡ, 

ʦʢʘʟʳʚʘʶʱʠʭ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʫʩʣʫʛʠ. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʛʨʫʧʧʳ 

ʢʦʤʧʘʥʠʡ ɸʆ çʅʂ çʂʊɾè ʦʪ ʜʨʫʛʠʭ ʢʦʤʧʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʆʙʱʝʩʪʚʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪ ʠ ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʦʨʜʠʥʘʮʠʶ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʩ ʫʯʝʪʦʤ ʨʘʟʚʠʪʠʷ ʚʩʝʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ. ʉʣʝʜʫʷ ʧʦ ʧʫʪʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʫʶ 

ʢʦʤʧʘʥʠʶ, ʩʦʛʣʘʩʥʦ ʇʦʩʣʘʥʠʶ ʥʘʨʦʜʫ ʂʘʟʘʭʩʪʘʥʘ ɻʣʘʚʳ ʛʦʩʫʜʘʨʩʪʚʘ ʂʘʩʳʤ-ɾʦʤʘʨʪʘ 

ʊʦʢʘʝʚʘ, ɸʆ çʅʂ çʂʊɾè ʨʘʙʦʪʘʝʪ ʥʘʜ ʠʥʪʝʛʨʘʮʠʝʡ ʩʠʩʪʝʤ ʨʘʟʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʧʝʨʝʚʦʟʢʠ 

ʚ ʨʘʤʢʘʭ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʊʨʘʥʩʢʘʩʧʠʡʩʢʦʛʦ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʨʰʨʫʪʘ, ʥʘʜ ʘʥʘʣʠʟʦʤ ʩʠʩʪʝʤ ʥʘ ʧʨʝʜʤʝʪ ʥʘʩʣʦʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʳʷʚʣʝʥʠʷ ʝʝ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ.  

ʈʘʥʝʝ, 30 ʩʝʥʪʷʙʨʷ 2022 ʛ., ɻʝʥʝʨʘʣʴʥʳʤ ʜʠʨʝʢʪʦʨʘʪʦʤ ʧʦ ʪʨʘʥʩʧʦʨʪʫ ʠ 

ʤʦʙʠʣʴʥʦʩʪʠ ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʤʠʩʩʠʠ (DG MOVE) ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʩʝʤʠʥʘʨ ʩ ʫʯʘʩʪʠʝʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ɽʚʨʦʧʝʡʩʢʦʛʦ  ʉʦʶʟʘ ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʘ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʵʢʩʧʝʨʪʦʚ ɽɹʈʈ, ʜʠʧʣʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ ʩʪʨʘʥ ʧʨʠʢʘʩʧʠʡʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʎʝʥʪʨʘʣʴʥʦʡ 

ɸʟʠʠ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ɽʉ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʦʤʧʘʥʠʡ-ʢʣʠʝʥʪʦʚ ʊʨʘʥʩ-

ʢʘʩʧʠʡʩʢʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʨʘʥʟʠʪʥʦʛʦ ʤʘʨʰʨʫʪʘ. 

ɺ ʭʦʜʝ ʤʝʨʦʧʨʠʷʪʠʷ ʩʦʩʪʦʷʣʦʩʴ ʦʙʩʫʞʜʝʥʠʝ ʚʦʧʨʦʩʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʝʢʪʦʨʘ ʩʪʨʘʥ ʎɸ. ɹʳʣʠ ʦʪʤʝʯʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ 

ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʝʚʨʦʧʝʡʮʝʚ ʢ ʨʝʛʠʦʥʫ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʙʳʣʠ ʦʟʚʫʯʝʥʳ ʩʠʩʪʝʤʥʳʝ ʧʨʦʙʣʝʤʳ 

ʤʘʨʰʨʫʪʘ, ʢʦʪʦʨʳʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʜʦʭʦʜʘʭ ʠ ʨʝʧʫʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʦʪʨʘʩʣʠ, ʪʘʢʠʝ ʢʘʢ ʥʘʣʠʯʠʝ ʫʟʢʠʭ ʤʝʩʪ (ʩʤʝʥʘ ʢʦʣʝʠ, ʧʝʨʝʚʘʣʢʘ ʥʘ ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʝ, 

ʩʣʦʞʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ɻʨʫʟʠʠ ʠ ʊʫʨʮʠʠ), 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʩʢʦʨʦʩʪʴ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʦʮʝʜʫʨ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʬʦʨʤʣʝʥʠʷ ʧʝʨʝʚʦʟʢʠ. 

ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʢʦʤʧʘʥʠʠ ʚ ʧʦʣʥʦʮʝʥʥʫʶ ʫʩʧʝʰʥʫʶ ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʢʦʤʧʘʥʠʶ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʛʨʫʟʦʧʝʨʝʚʦʟʢʘʭ ʥʝ ʪʦʣʴʢʦ ʩʚʦʝʡ ʩʪʨʘʥʳ, ʥʦ ʠ ʜʨʫʛʠʭ 

ʩʪʨʘʥ. ɸʆ çʅʂ çʂʊɾè ʩʪʨʝʤʠʪʩʷ ʢ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʟʘ ʩʯʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʤʘʨʢʝʪʠʥʛʘ ʠ ʧʨʦʜʘʞ ʚ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʩʨʝʜʝ [1]. ɺ ʩʪʘʪʴʝ ʨʘʩʢʨʳʚʘʝʪʩʷ ʠʜʝʷ ʠ ʚʘʞʥʦʩʪʴ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ ʚ ʂʦʤʧʘʥʠʷʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʈʝʠʥʞʠʥʠʨʠʥʛ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ, ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʫʩʣʫʛʠ, ʢʣʠʝʥʪʩʢʠʝ ʩʝʨʚʠʩʳ, ɹʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʠʷ, ʊʨʘʥʩʢʘʩʧʠʡʩʢʠʡ 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʤʘʨʰʨʫʪ. 

 

ɺʚʝʜʝʥʠʝ.  

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʂʘʟʘʭʩʪʘʥʘ ʚ ʮʝʥʪʨʝ ɽʚʨʦʘʟʠʘʪʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʟʠʪʥʳʭ 
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ʧʝʨʝʚʦʟʦʢ. ʅʘʣʠʯʠʝ ʜʚʫʭ ʧʦʛʨʘʥʠʯʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʝʨʝʭʦʜʦʚ ɼʦʩʪʳʢ - 

ɸʣʘʰʘʥʴʢʦʫ ʠ ʍʦʨʛʦʩ ï ɸʣʪʳʥʢʦʣʴ ʤʝʞʜʫ ʈʝʩʧʫʙʣʠʢʦʡ ʂʘʟʘʭʩʪʘʥ ʠ ʂʠʪʘʡʩʢʦʡ ʅʘʨʦʜʥʦʡ 

ʈʝʩʧʫʙʣʠʢʦʡ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ ʂʘʟʘʭʩʪʘʥ-ʊʫʨʢʤʝʥʠʩʪʘʥ-ʀʨʘʥ 

ʦʪʢʨʳʣʠ ʥʦʚʳʝ ʪʨʘʥʟʠʪʥʳʝ ʢʦʨʠʜʦʨʳ ʧʦ ʤʘʨʰʨʫʪʫ ɺʝʣʠʢʦʛʦ ʐʝʣʢʦʚʦʛʦ ʧʫʪʠ: ʦʪ 

ʪʠʭʦʦʢʝʘʥʩʢʠʭ ʧʦʨʪʦʚ ʂʠʪʘʷ - ʃʷʥʴʶʥʴʛʘʥ, ʎʠʥʴʜʘʦ, ʊʷʥʴʮʟʠʥ - ʚ ʂʘʟʘʭʩʪʘʥ, 

ʂʳʨʛʳʟʩʪʘʥ, ʋʟʙʝʢʠʩʪʘʥ, ʊʫʨʢʤʝʥʠʩʪʘʥ, ʀʨʘʥ, ʊʫʨʮʠʶ, ʢ ʧʦʨʪʘʤ ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʷ ʠ 

ʇʝʨʩʠʜʩʢʦʛʦ ʟʘʣʠʚʘ. 

ʂʘʟʘʭʩʪʘʥʦʤ ʚʣʦʞʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ çʍʦʨʛʦʩ - ɺʦʩʪʦʯʥʳʝ ʚʦʨʦʪʘè, 

ʩʫʭʦʡ ʧʦʨʪ ʥʘ ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʝ ʩ ʂʠʪʘʝʤ, ʛʜʝ ʥʘ ʩʝʛʦʜʥʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 79 

ʫʯʘʩʪʥʠʢʦʚ ʠ ʚʝʜʝʪʩʷ ʥʘʣʘʞʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. COSCO Shipping, ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ    

ʚ    ʤʠʨʝ    ʧʦʩʪʘʚʱʠʢʦʚ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ, ʠ Lianyungang Port Holdings Groupʥʝʜʘʚʥʦ 

ʧʨʠʦʙʨʝʣʠ ʜʦʣʠ ʚ ʵʪʦʤ ʧʨʦʝʢʪʝ, ʪʝʤ ʩʘʤʳʤ ʩʜʝʣʘʚ ʝʛʦ ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʳʤ, ʠ    

ʧʨʝʜʦʩʪʘʚʠʚ ʢʘʟʘʭʩʪʘʥʩʢʦʡ    ʩʪʦʨʦʥʝ    ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʠʛʨʘʪʴ ʦʪ ʦʛʨʦʤʥʦʛʦ ʦʧʳʪʘ 

ʧʘʨʪʥʸʨʦʚ. ɼʨʫʛʠʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚʢʣʶʯʘʶʪ   ʞʝʣʝʟʥʫʶ   ʜʦʨʦʛʫ   ʐʘʣʢʘʨ - 

ɹʝʡʥʝʫ, ɾʝʟʢʘʟʛʘʥ -ʉʘʢʩʘʫʣʴʩʢʫʶ ʞʝʣʝʟʥʫʶ ʜʦʨʦʛʫ ʠ ʂʫʨʳʢʩʢʠʡ ʧʦʨʪ.  ɺ ʨʝʟʫʣʴʪʘʪʝ   

ʫʚʝʣʠʯʝʥʠʝ   ʢʦʨʠʜʦʨʦʚ   ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʢʨʝʧʠʪ ʨʦʣʴ ʂʘʟʘʭʩʪʘʥʘ, ʢʘʢ 

ʪʨʘʥʟʠʪʥʦʛʦ ʨʝʛʠʦʥʘ.  ʇʦ ʦʮʝʥʢʘʤ ɸʢʮʠʦʥʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ çʌʦʥʜ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ çʉʘʤʨʫʢ-ʂʘʟʳʥʘè, ʠʥʚʝʩʪʠʮʠʠ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʙʫʜʫʪ ʝʞʝʛʦʜʥʦ ʚʥʦʩʠʪʴ 

ʚʢʣʘʜ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʂʘʟʘʭʩʪʘʥʘ ʥʘ ʫʨʦʚʥʝ 0,1-0,2% ʚ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ 

ʜʝʩʷʪʠʣʝʪʠʷ [2] 

ʅʘ ʨʳʥʢʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʝʝ 600 ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʪʦʨʩʢʠʭ 

ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʠ ʬʦʨʤʠʨʫʶʪ ʢʦʥʢʫʨʝʥʪʥʳʡ ʨʳʥʦʢ ʦʪʨʘʩʣʠ. 

ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʭʘ ʂʦʤʧʘʥʠʠ ʥʘ ʵʪʦʤ ʨʳʥʢʝ ʷʚʣʷʝʪʩʷ ʦʢʘʟʘʥʠʝ ʧʦʣʥʦʛʦ 

ʩʧʝʢʪʨʘ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʣʠʰʴ ʩʯʠʪʘʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʨʫʧʥʳʭ ʵʢʩʧʝʜʠʪʦʨʩʢʠʭ ʢʦʤʧʘʥʠʡ ʥʘ ʨʳʥʢʝ. 

ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ ʩ ʥʘʯʘʣʘ 2020 ʛʦʜʘ ʦʯʝʥʴ ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʝʪʩʷ 

ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɸʆ çʅʂ çʂʊɾè ʠʟʫʯʘʝʪ ʠ ʚʥʝʜʨʷʝʪ 

ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʣʦʛʠʩʪʠʢʠ, ʚ ʛʨʫʟʦʚʳʝ ʧʝʨʝʚʦʟʢʠ ʢʘʢ ʧʦ ʞʝʣʝʟʥʦʡ 

ʜʦʨʦʛʝ, ʪʘʢ ʠ ʚ ʤʦʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠ. ʀ, ʧʦʩʢʦʣʴʢʫ ʂʘʟʘʭʩʪʘʥ ʷʚʣʷʝʪʩʷ ʩʪʨʘʥʦʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ ʤʥʦʛʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ, ɸʆ çʅʂ çʂʊɾè 

ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʫʯʘʩʪʥʠʢʦʤ ʪʨʘʥʟʠʪʥʳʭ ʤʘʨʰʨʫʪʦʚ ʠʟ ʂʠʪʘʡʩʢʦʡ ʅʘʨʦʜʥʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ʚ ɽʚʨʦʧʝʡʩʢʠʡ ʉʦʶʟ, ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʫʥʢʪʘʤ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʧʝʨʝʭʦʜʘ. ɺ ʧʨʦʮʝʩʩʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʝ ʫʧʫʩʢʘʝʪʩʷ ʥʠ ʦʜʥʦ ʟʚʝʥʦ ʥʘ ʫʯʘʩʪʢʝ [3]. 

ʀʥʥʦʚʘʮʠʦʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ɹʣʦʢʯʝʡʥ. ʎʝʣʴ 

ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ɹʣʦʢʯʝʡʥ ʚ ʪʨʘʥʟʠʪʝ ð ʵʪʦ ʧʦʚʳʰʝʥʠʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ 

ʪʨʘʥʟʠʪʥʳʭ ʧʝʨʝʚʦʟʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʊʨʘʥʩʢʘʩʧʠʡʩʢʦʤʫ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʤʘʨʰʨʫʪʫ, ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʜʫʨʳ 

ʦʬʦʨʤʣʝʥʠʷ ʧʨʦʚʦʟʥʳʭ ʜʦʢʫʤʝʥʪʦʚ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɹʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʠʠ ʚ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʢʘʭ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩʳ ʚ ʣʦʛʠʩʪʠʢʝ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʊʨʘʥʩʧʦʨʪ ï ʵʪʦ ʦʙʣʘʩʪʴ ʣʦʛʠʩʪʠʢʠ.  ʈʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʥʝʦʩʧʦʨʠʤʦ. çʊʨʘʥʩʧʦʨʪ ï ʵʪʦ ʧʦʥʷʪʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʳ ʨʝʩʫʨʩʦʚ ʢʦʤʧʘʥʠʠ ʚ ʮʝʧʷʭ ʧʦʩʪʘʚʦʢ.  ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʝʨʚʠʩʘ, ʵʪʦ ʚʘʞʥʦʝ ʜʦʧʦʣʥʝʥʠʝ ʢ ʜʦʩʪʘʚʢʝ ʫʩʣʫʛ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʝʥ ʄ.  

ʍʴʶʛʦʩʦʤ, ʢʦʪʦʨʳʡ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ çʪʨʘʥʩʧʦʨʪ ʦʟʥʘʯʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʚʩʝʭ ʪʦʚʘʨʦʚ ï 

ʥʘʯʠʥʘʷ ʩ ʩʳʨʴʷ ʠ ʟʘʢʘʥʯʠʚʘʷ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʝʡ ï ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʟʚʝʥʴʷʤʠ ʮʝʧʠ 

ʧʦʩʪʘʚʦʢè [4] 
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ʊʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ ï ʚʘʞʥʝʡʰʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʢʦʥʦʤʠʢʠ ʈʂ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ   ʊʃʉ   ʤʝʞʜʫʥʘʨʦʜʥʳʤ   ʩʪʘʥʜʘʨʪʘʤ   ʧʨʠʥʷʪʦ   ʦʮʝʥʠʚʘʪʴ   ʧʦ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʠʥʜʝʢʩʘʤ ʠ ʨʝʡʪʠʥʛʘʤ. ʇʝʨʚʳʤ ʠʟ ʧʝʨʝʯʥʷ ʪʘʢʠʭ ʨʝʡʪʠʥʛʦʚ ʷʚʣʷʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʡ ʠʥʜʝʢʩ, ʦʮʝʥʠʚʘʶʱʠʡ ʩʪʝʧʝʥʴ ʫʜʦʙʩʪʚʘ ʜʦʩʪʘʚʢʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ.  ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʣʦʛʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʜʝʢʩʦʤ Logistics  

Performance  Index,  LPI  ɺʩʝʤʠʨʥʦʛʦ  ʙʘʥʢʘ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʦʮʝʥʠʚʘʝʪ ʫʜʦʙʩʪʚʦ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʦʢ ʪʦʚʘʨʦʚ ʠ ʩʦʩʪʦʷʥʠʝ ʪʦʨʛʦʚʦʡ ʣʦʛʠʩʪʠʢʠ ʥʘ ʥʘʮʠʦʥʘʣʴʥʦʤ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ. ʂʘʟʘʭʩʪʘʥ ʜʦʩʪʠʛ ʫʩʧʝʭʦʚ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘ 2018 ʛ ï ʟʘʥʷʣ 

71-ʝ ʤʝʩʪʦ ʩʨʝʜʠ 160 ʩʪʨʘʥ.  ʕʪʦʪ ʠʥʜʝʢʩ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʜʠʥ ʨʘʟ ʚ ʜʚʘ ʛʦʜʘ, ʜʘʥʥʳʝ ʟʘ 

2020 ʛ. ʧʦʢʘ ʥʝ ʜʦʩʪʫʧʥʳ [5].  

ɼʣʷ ʨʘʩʯʝʪʘ ʠʥʜʝʢʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʠʪʝʨʠʠ: 

1) ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ ʚ ʈʂ; 

2) ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʣʦʛʠʩʪʠʢʝ ʩʨʝʜʠ ʦʙʲʝʢʪʦʚ ʊʃʉ;  

3) ʩʦʙʣʶʜʝʥʠʷ ʜʦʛʦʚʦʨʥʳʭ ʩʨʦʢʦʚ ʜʦʩʪʘʚʢʠ; 

4) ʢʘʯʝʩʪʚʘ ʩʦʩʪʦʷʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; 

5) ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʚʩʝʡ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ (ʜʣʷ ʢʣʠʝʥʪʦʚ, ʥʘʜʟʦʨʥʳʭ 

ʦʨʛʘʥʦʚ ʠ ʜʨʫʛʠʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʣʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʧʦʣʴʟʫʷ ʮʠʬʨʦʚʳʝ ʨʝʰʝʥʠʷ [6]. 

ʂ 2020ʛ. ʦʞʠʜʘʣʦʩʴ ʜʘʣʴʥʝʡʰʝʝ ʫʣʫʯʰʝʥʠʝ ʧʦʟʠʮʠʡ, ʟʘʥʷʪʴ ʚ ʨʝʡʪʠʥʛʝ 40-ʝ ʤʝʩʪʦ. 

ʇʦ ʤʥʝʥʠʶ ʵʢʩʧʝʨʪʦʚ ʫʣʫʯʰʝʥʠʷ ʠʥʜʝʢʩʘ ʦʙʫʩʣʦʚʣʝʥʦ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ:  

- ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʠʥʚʝʩʪʠʮʠʡ ʚ ʊʃʉ ʈʂ; 

- ʨʝʘʣʠʟʘʮʠʷ ʢʨʫʧʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʘ; 

- ʨʝʘʣʠʟʘʮʠʷ ʥʝʢʦʪʦʨʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʦʟʚʦʣʠʚʰʠʭ 

ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʩʝʯʝʥʠʷ ʛʨʘʥʠʮʳ; 

- ʥʘʤʝʪʠʚʰʘʷʩʷ ʪʝʥʜʝʥʮʠʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʘʤʠʭ ʫʩʣʫʛ, ʦʢʘʟʳʚʘʝʤʳʭ 

ʩʫʙʲʝʢʪʘʤʠ ʯʘʩʪʥʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʚ ʩʪʨʫʢʪʫʨʝ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʚ ʂʘʟʘʭʩʪʘʥʝ.  

ʆʪʤʝʯʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʠ ʫʚʝʨʝʥʥʳʡ ʨʦʩʪ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʨʳʥʢʘ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ʂʘʟʘʭʩʪʘʥ.  ʅʘ ʢʦʥʝʮ 2020ʛ. ʚ ʈʂ ʩʫʱʝʩʪʚʦʚʘʣʦ ʙʦʣʝʝ 6000 ʊʃʂ, ʚ ʦʩʥʦʚʥʦʤ ʚʩʝ ʵʪʠ 

ʢʦʤʧʘʥʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʛ. ɸʣʤʘʪʳ. ɺ ʦʩʥʦʚʥʦʤ ʙʠʟʥʝʩ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʙʦʣʴʰʠʤʠ 

ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤʠ, 

ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʤʠʩʷ ʥʘ ʫʟʢʠʭ, ʢʦʥʢʨʝʪʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ.  ʅʝʩʤʦʪʨʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ, ʢʣʠʝʥʪʳ ʩʢʣʦʥʥʳ ʦʪʜʘʪʴ ʩʚʦʡ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ 

ʢʨʫʧʥʳʭ ʠ ʩʨʝʜʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʜʘʥʥʦʤ ʩʝʛʤʝʥʪʝ [7]. 

 ʆʩʥʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʨʝʠʥʞʠʥʠʨʠʥʛ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ï ʵʪʦ ʩʦʟʜʘʥʠʝ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʘʩʪʥʠʢʦʚ ʧʝʨʝʚʦʟʢʠ ʠ ʧʦʟʚʦʣʠʪ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʦʚʝʨʰʘʪʴ 

ʦʪʛʨʫʟʢʠ ʧʦ ʙʝʟʙʫʤʘʞʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʥʣʘʡʥ ʯʝʨʝʟ ʝʜʠʥʦʝ ʦʢʥʦ (ʨʠʩʫʥʦʢ 1). ʊʘʢʞʝ 

ʙʝʟʙʫʤʘʞʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʪ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʧʨʘʚʠʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʘʛʦʥʥʦʛʦ ʧʘʨʢʘ, ʧʦʟʚʦʣʷʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʠ ʯʝʣʦʚʝʯʝʩʢʠʝ ʨʝʩʫʨʩʳ.  

ʉʝʛʦʜʥʷ, ʚ ʩʣʦʞʠʚʰʝʡʩʷ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʩʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʊʨʘʥʩʢʘʩʧʠʡʩʢʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ 

ʤʘʨʰʨʫʪ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʭʦʜʠʪ ʛʨʫʟʦʧʦʪʦʢ ʠʟ ʂʠʪʘʷ ʚ ʩʪʨʘʥʳ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ ʠ 

ʦʙʨʘʪʥʦ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʤʥʦʛʠʝ ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʥʳʭ ʫʯʘʩʪʥʠʢʦʚ 

ʪʨʘʥʟʠʪʥʳʭ ʤʘʨʰʨʫʪʦʚ ʷʚʣʷʶʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ, ʨʘʟʜʨʦʙʣʝʥʥʳʤʠ, ʠ ʛʜʝ-ʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʣʦʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʛʜʝ-ʪʦ ʝʝ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ. ʅʦ ʷʚʣʷʷʩʴ ʧʨʦʘʢʪʠʚʥʦʡ, 

ʢʦʤʧʘʥʠʷ ɸʆ çʅʂ çפʊɾè ʨʘʙʦʪʘʝʪ ʥʘʜ ʦʧʪʠʤʠʟʘʮʠʝʡ ʵʪʠʭ ʟʘʜʘʯ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʯʝʥʴ 

ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ ʥʘʜ ʘʥʘʣʠʟʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʫʯʘʩʪʥʠʢʦʚ ʩ ʮʝʣʴʶ ʚʳʷʚʠʪʴ 
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ʥʘʧʨʘʚʣʝʥʠʷ, ʦʩʦʙʦ ʥʫʞʜʘʶʱʠʝʩʷ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʣʠʝʥʪʘ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʨʳʥʢʘ. ʀ ʠʤʝʥʥʦ ʨʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʡ ʩʝʨʴʝʟʥʦʡ 

ʨʘʙʦʪʳ ʤʦʞʝʪ ʩʪʘʪʴ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʙʝʟʙʫʤʘʞʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʧʝʨʝʚʦʟʢʠ ʢʘʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʪʘʢ ʠ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ ʥʘ 

ʵʢʩʧʦʨʪʥʳʭ, ʠʤʧʦʨʪʥʳʭ ʠ ʪʨʘʥʟʠʪʥʳʭ ʤʘʨʰʨʫʪʘʭ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ IT- 

ʠʥʩʪʨʫʤʝʥʪʦʚ. 

 

ʈʠʩʫʥʦʢ 1 -  ʉʪʨʫʢʪʫʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ              

ɹʣʦʢʯʝʡʥ ʚ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʢʘʭ 

 

ʇʨʝʜʧʦʩʳʣʢʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʣʦʢʯʝʡʥ ʚ ʧʝʨʝʚʦʟʢʘʭ ʷʚʣʷʶʪʩʷ: 

1) ʉʣʦʞʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʧʣʘʪʳ ʧʝʨʝʚʦʟʢʠ/ʧʨʦʚʝʨʢʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʧʣʘʪʳ ʥʘ 
ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ ʤʘʨʰʨʫʪʘ. 

2) ʆʪʩʫʪʩʪʚʠʝ ʫ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʷ/ʛʨʫʟʦʧʦʣʫʯʘʪʝʣʷ ʦʧʝʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʚ 

ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʛʨʫʟʘ. 

3) ɼʣʠʪʝʣʴʥʘʷ ʠ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʙʨʘʙʦʪʢʠ ʛʨʫʟʦʧʝʨʝʚʦʟʦʯʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʧʦʛʨʘʥʠʯʥʳʭ ʧʝʨʝʭʦʜʘʭ (ʂʅʈ - ʈʂ). 

4) ɼʣʠʪʝʣʴʥʦʝ ʪʘʤʦʞʝʥʥʦʝ ʦʬʦʨʤʣʝʥʠʝ. 

5) ʅʝʣʝʛʠʪʠʤʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʚʦʟʦʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

6) ʆʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʩʪʳʢʘʭ ʤʦʨʝ-

ʤʦʨʝ, ʞʜ-ʤʦʨʝ, ʤʦʨʝ-ʞʜ, ʞʜ-ʞʜ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʟʙʫʤʘʞʥʳʭ ʧʝʨʝʚʦʟʦʢ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ: 

1) ʉʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʨʪʦʚ, ʞʜ ʘʜʤʠʥʠʩʪʨʘʮʠʡ ʠ 

ʢʦʤʧʘʥʠʡ-ʵʢʩʧʝʜʠʪʦʨʦʚ. 

2) ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʝʟʙʫʤʘʞʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʜʣʷ 
ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʦʚ ʥʘ ʦʬʦʨʤʣʝʥʠʝ ʛʨʫʟʦʧʝʨʝʚʦʟʦʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

3) ʉʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ çʦʢʥʘè ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ 

ʧʨʦʮʝʩʩʘ. 

4) ʇʦʚʳʰʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʝʜʠʥʳʭ ʩʧʨʘʚʦʯʥʠʢʦʚ 

ʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ. 
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5) ʈʝʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʩ ʚʥʝʩʝʥʠʝʤ ʠʟʤʝʥʝʥʠʡ ʚ 

ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʠ ʨʝʘʣʠʟʘʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʕʎʇ (ʕʎʇ ʜʣʷ 

ʥʝʨʝʟʠʜʝʥʪʦʚ ʈʂ)/Smart ʢʦʥʪʨʘʢʪ. 

6) ʀʥʪʝʛʨʘʮʠʠ ʩ ʪʘʤʦʞʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʬʦʨʤʣʝʥʠʷ 

ʪʘʤʦʞʝʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʜʦʩʤʦʪʨʘ. 

7)  ʉʦʢʨʘʱʝʥʠʷ ʧʨʦʩʪʦʷ ʛʨʫʟʘ ʧʦʜ ʪʘʤʦʞʝʥʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ʟʘ ʩʯʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʦ ʛʨʫʟʘʭ. ʀ ʵʪʦ ʣʠʰʴ ʯʘʩʪʴ ʦʟʚʫʯʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʛʨʫʟʦʧʦʪʦʢʦʤ ʧʦ ʊʨʘʥʩʢʘʩʧʠʡʩʢʦʤʫ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʤʘʨʰʨʫʪʫ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʡ, 

ʪʦ ʝʩʪʴ ʥʘ ʥʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ: ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ, ʤʦʨʩʢʦʡ 

(ʪʨʘʥʟʠʪ ʯʝʨʝʟ ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ) ʠ, ʚ ʩʣʫʯʘʝ ʟʘʢʘʟʘ ʢʣʠʝʥʪʦʤ ʩʝʨʚʠʩʘ çʦʪ ʜʚʝʨʠ ʜʦ ʜʚʝʨʠè, 

ʘʚʪʦʤʦʙʠʣʴʥʳʡ.  

ʈʘʥʴʰʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʂʦʤʧʘʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʪʴ ʩʘʤʦʡ ʢʨʫʧʥʦʡ ʥʘ ʨʳʥʢʝ, ʣʠʙʦ 

ʦʩʪʘʪʦʯʥʦ ʙʳʪʴ ʜʘʚʥʦ ʥʘ ʨʳʥʢʝ, ʠʤʝʷ ʨʝʧʫʪʘʮʠʶ çʥʘʜʝʞʥʦʛʦ ʧʘʨʪʥʝʨʘè, ʥʦ ʩʝʛʦʜʥʷ ʚ ʚʝʢ 

ʪʝʭʥʦʣʦʛʠʡ, ʩʢʦʨʦʩʪʝʡ ʠ ʘʢʪʠʚʥʦ ʨʘʩʪʫʱʝʡ ʢʦʥʢʫʨʝʥʮʠʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʙʠʟʥʝʩʘ ʵʪʠʭ 

ʬʘʢʪʦʨʦʚ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɽʞʝʜʥʝʚʥʦ ʩʪʘʣʢʠʚʘʷʩʴ ʩ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ, ʠʟʫʯʘʷ ʢʦʥʢʫʨʝʥʪʦʚ ʠ ʠʭ ʨʳʥʦʯʥʳʝ 

ʧʨʝʜʣʦʞʝʥʠʷ, ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, çʣʠʜʝʨʦʤ ʨʳʥʢʘè, ʜʘʞʝ ʚ ʪʘʢʦʡ 

ʩʣʦʞʥʦʡ ʦʪʨʘʩʣʠ ʢʘʢ ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ, ʤʦʞʝʪ ʙʳʪʴ ʣʠʰʴ ʪʦʪ, ʢʪʦ ʚʣʘʜʝʝʪ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʪʝʥʮʠʘʣ ʧʝʨʝʚʦʟʦʢ. 

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʥʦʛʠʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ 

ʢʘʢ ʂʘʟʘʭʩʪʘʥʘ, ʪʘʢ ʠ ʩʦʩʝʜʥʠʭ ʛʦʩʫʜʘʨʩʪʚ ʥʘʯʘʣʠ ʦʩʚʘʠʚʘʪʴ ʥʦʚʳʝ ʨʳʥʢʠ ï ʦʪʢʨʳʚʘʷ ʚʩʝ 

ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚ, ʧʨʝʜʣʘʛʘʪʴ ʩʝʨʚʠʩ çʦʪ ʜʚʝʨʠ ʜʦ ʜʚʝʨʠè, ʯʪʦ 

ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦ ʠ ʥʝʵʢʦʣʦʛʠʯʥʦ, ʪʘʢ ʢʘʢ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ; 

ʨʘʙʦʪʘ ʥʘʜ çʦʪʢʨʳʪʠʝʤè ʥʦʚʳʭ ʤʘʨʰʨʫʪʦʚ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʚ 

ʨʝʘʣʴʥʦʩʪʠ, ʧʦʪʦʤʫ ʢʘʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʝ ʧʦʣʦʪʥʦ ʪʘʢ ʧʨʦʩʪʦ ʥʝ ʧʦʷʚʣʷʝʪʩʷ ʚ ʫʜʦʙʥʳʭ 

ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʷʤ ʥʘʧʨʘʚʣʝʥʠʷʤ [8].  

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʦʩʪʘʚʘʷʩʴ ʣʠʜʝʨʦʤ 

ʦʪʨʘʩʣʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ, ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʂʦʤʧʘʥʠʠ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʝ ʥʘ ʧʦʠʩʢ ʨʝʩʫʨʩʦʚ ʚʥʫʪʨʠ ʢʦʤʧʘʥʠʠ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʛʣʦʙʘʣʴʥʦʡ ʜʝʣʦʚʦʡ ʩʨʝʜʝ ʚʘʞʥʦʩʪʴ ʧʝʨʚʦʛʦ ʚʳʭʦʜʘ ʥʘ 

ʨʳʥʦʢ, ʩʢʦʨʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʟʘʪʨʘʪʘʤ 

ʠ ʢʘʯʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʫʩʧʝʭ ʠʣʠ ʥʝʞʝʣʘʪʝʣʴʥʳʡ 

ʧʨʦʚʘʣ ʦʨʛʘʥʠʟʘʮʠʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʘʥʠʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʚ ʩʚʦʝʤ 

ʨʘʩʧʦʨʷʞʝʥʠʠ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʠ ʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʩʪʨʘʪʝʛʠʠ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ.  ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ 

ʢʦʤʧʘʥʠʷ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʠʜʪʠ ʧʦ ʧʫʪʠ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʵʪʠ ʧʨʦʝʢʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʶʪ, 

ʯʪʦʙʳ ʢʦʤʧʘʥʠʷ ʧʨʦʜʦʣʞʘʣʘ ʠʟʫʯʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ ʦʪ ʢʣʠʝʥʪʦʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʢʦʤʧʘʥʠʷ IDC (International Data Corporation) 

ʦʧʨʝʜʝʣʷʝʪ ʮʠʬʨʦʚʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʢʘʢ ʧʦʜʭʦʜ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʤʝʥʷʶʪ ʩʚʦʠ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʠ ʙʠʟʥʝʩ-ʵʢʦʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʷ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʢʦʤʧʝʪʝʥʮʠʠ (ʨʠʩʫʥʦʢ 2) [9]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʘʥʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʥʠʤʘʥʠʝ ʧʨʦʠʩʭʦʜʷʱʝʛʦ, ʥʝ ʫʩʧʝʚʘʶʪ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʙʳʩʪʨʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʠʟʥʝʩ ʩʨʝʜʝ. ɸʜʘʧʪʘʮʠʷ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʙʳʩʪʨʦʝ, ʥʦ ʠ ʧʨʦʜʫʤʘʥʥʦʝ ʨʘʟʚʠʪʠʝ ʢʦʤʧʘʥʠʠ ʚ ʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʩ ʫʯʸʪʦʤ ʨʝʘʣʠʩʪʠʯʥʦʡ ʦʮʝʥʢʠ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʩ ʯʸʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 
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ʮʝʣʷʤʠ ʧʣʘʥʠʨʫʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʚʦʟʤʦʞʥʳʤʠ ʨʠʩʢʘʤʠ. ʅʝʩʦʙʣʶʜʝʥʠʝ ʵʪʠʭ ʫʩʣʦʚʠʡ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʨʘʩʭʦʜʘʤ ʥʘ ʀʊ ʠ ʥʠʟʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʷʝʤʳʭ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ, ʘ ʛʣʘʚʥʦʝ, ʮʝʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʟʥʝʩʘ 

ʪʘʢ ʠ ʥʝ ʜʦʩʪʠʛʘʶʪʩʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʦʤʧʘʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦ ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʠʟʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʠʝʥʪʘʤʠ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ ʫʩʣʦʚʠʡ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʡ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʠʣʠ ʧʨʦʨʳʚʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʟʥʝʩʘ ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʥʘʢʦʧʣʝʥʠʷ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʢʫʣʴʪʫʨʳ ʨʘʙʦʪʳ 

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2 - ɺʟʘʠʤʥʘʷ ʜʦʧʦʣʥʷʝʤʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʪʨʘʥʟʠʪʥʳʭ ʢʦʨʠʜʦʨʦʚ 

 

ʕʤʧʠʨʠʯʝʩʢʦʡ ʙʘʟʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ɸʆ çKTZ Expressè, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ Goğembska, E., Bentyn, Z., & 

Goğembski, M. Sussman, J. çIntroductiontotransportationsystemè; Brewer, A., Button, K., & 

Hensher, D. çLogisticsandsupply-chainmanagementè.  

ʊʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʠ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʩʨʘʚʥʝʥʠʝ, 

ʘʥʘʣʠʟ, ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʝ, ʩʠʥʪʝʟ ʜʘʥʥʳʭ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʀʟʤʝʥʝʥʠʷ ʚ ʙʠʟʥʝʩʝ ʫʩʧʝʰʥʳ, ʢʦʛʜʘ ʩʦʪʨʫʜʥʠʢʠ ʢʦʤʧʘʥʠʠ ʢ ʥʠʤ ʛʦʪʦʚʳ. 

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʣʶʜʠ ʥʝ ʣʶʙʷʪ ʧʝʨʝʤʝʥ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʠʤ ʢʨʘʡʥʝ ʥʘʩʪʦʨʦʞʝʥʥʦ. 

ʆʜʥʘʢʦ ʧʦʤʠʤʦ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʢ ʠʟʤʝʥʝʥʠʷʤ, ʢʦʪʦʨʘʷ 

ʦʙʩʫʞʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ, ʝʩʪʴ ʝʱʝ ʚʦʧʨʦʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʛʦʪʦʚʥʦʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʫʩʠʣʠʡ ʠ ʢʦʤʧʝʪʝʥʮʠʡ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ 

ʢʦʤʘʥʜʳ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʘʜʘʧʪʠʚʥʦʩʪʴ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʛʠʙʢʦʩʪʴ. ɼʣʷ ʨʘʟʚʠʪʠʷ ʚ ʣʦʛʠʢʝ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʛʠʙʢʦʩʪʠ ʠ ʘʜʘʧʪʠʚʥʦʩʪʠ ʘʙʩʦʣʶʪʥʦ ʥʝʦʙʭʦʜʠʤ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʡ. ʂʨʠʪʠʯʝʩʢʦʝ ʦʪʩʪʘʚʘʥʠʝ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʙʠʟʥʝʩ-ʬʫʥʢʮʠʠ, ʚ ʩʠʣʫ 

ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʢʦʤʘʥʜʳ, ʤʦʞʝʪ ʨʝʟʢʦ ʩʥʠʟʠʪʴ ʵʬʬʝʢʪ ʮʠʬʨʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʢʪʦʨʘ ʨʘʟʚʠʪʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ, ʧʦ ʢʘʢʠʤ ʙʠʟʥʝʩ-ʬʫʥʢʮʠʷʤ 

ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʩʪʘʚʘʥʠʝ. 
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ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ. 

ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩ ï ʵʪʦ ʮʝʧʦʯʢʘ ʧʦʩʪʦʷʥʥʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʜʝʡʩʪʚʠʡ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʩʧʝʮʠʘʣʴʥʦ ʚʳʜʝʣʝʥʥʦʡ ʨʘʙʦʯʝʡ ʛʨʫʧʧʦʡ. ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ 

ʩʪʨʝʤʷʪʩʷ ʢ ʪʨʝʤ ʦʩʥʦʚʥʳʤ ʚʝʱʘʤ: ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʛʠʙʢʦʩʪʠ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ 

ʪʨʝʙʦʚʘʥʠʡ ʢʣʠʝʥʪʘ.  ʇʨʦʮʝʩʩʳ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʘʥʠʷʭ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ, ʚ ʵʪʦʡ 

ʢʦʥʢʨʝʪʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦ ʪʘʢʠʭ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ ʢʘʢ: ʢʦʤʤʝʨʯʝʩʢʠʝ, ʦʧʝʨʘʮʠʦʥʥʳʝ, ʧʨʦʮʝʩʩʳ 

ʚʟʘʠʤʦʨʘʩʯʝʪʦʚ ʠ ʧʨʦʮʝʩʩʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʠ ʦʙʨʘʙʦʪʢʝ ʟʘʷʚʦʢ ʦʪ ʢʣʠʝʥʪʦʚ [10]. ʊʘʢ ʢʘʢ 

ʚʩʷ ʵʪʘ ʮʝʧʦʯʢʘ ʧʨʦʮʝʩʩʦʚ ʥʘʮʝʣʝʥʘ ʥʘ ʦʜʥʦ ï ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʣʠʝʥʪʫ ʩʧʝʢʪʨʘ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ, ʪʦ ʦʮʝʥʠʚʘʝʪʩʷ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʢʦʣʠʯʝʩʪʚʦʤ 

ʟʘʨʘʙʦʪʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʚʦʟʢʠ ʜʝʥʝʛ ʠ ʦʙʲʝʤʘʤʠ ʧʝʨʝʚʝʟʝʥʥʦʛʦ ʛʨʫʟʘ. ɼʘʣʝʝ, ʚ 

ʜʝʪʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʝ ʤʳ ʤʦʞʝʤ ʯʝʪʢʦ ʦʪʩʣʝʜʠʪʴ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʠ 

ʩʦʪʨʫʜʥʠʢʘ, ʠ ʚʳʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʦʮʝʥʢʠ ʚ ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ ʢʘʞʜʦʛʦ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʂʦʥʪʘʢʪ-ʎʝʥʪʨʘ ï ʵʪʦ ʚʨʝʤʷ ʧʨʠʝʤʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʷʚʦʢ ʦʪ ʢʣʠʝʥʪʦʚ, ʜʣʷ 

ʜʝʧʘʨʪʘʤʝʥʪʘ ʧʨʦʜʘʞ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʟʘʢʣʶʯʝʥʥʳʭ ʢʦʥʪʘʢʪʦʚ ʠ ʩʫʤʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʦʜʘʥʥʳʭ ʫʩʣʫʛ ʢ ʠʤʝʶʱʠʤʩʷ ʜʦʛʦʚʦʨʘʤ, ʜʣʷ ʜʝʧʘʨʪʘʤʝʥʪʘ ʣʦʛʠʩʪʠʢʠ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʠʩʧʦʣʥʠʪʝʣʝʡ, ʚʳʙʦʨ ʚ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʢʘʞʜʳʡ ʨʘʟ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʣʦʞʠʪʴ 

ʢʣʠʝʥʪʫ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʣʷ 

ʢʦʤʧʘʥʠʠ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʧʦʜʦʡʜʷ ʢ ʧʨʦʮʝʩʩʫ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʟʥʝʩʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ 

ʨʝʰʝʥʠʝ ʥʘʯʘʪʴ ʨʘʙʦʪʫ ʠʤʝʥʥʦ ʩ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ɺʘʞʥʦ, ʯʪʦ ʇʨʦʝʢʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ï ʢʨʘʪʢʦʩʨʦʯʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ, ʢʦʪʦʨʦʝ ʦʨʛʘʥʠʟʘʮʠʷ 

ʧʨʝʜʧʨʠʥʠʤʘʝʪ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʪʦʤ, ʢʘʢ 

ʫʩʪʨʘʥʠʪʴ ʵʪʫ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʣʫʯʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʜʦʩʪʠʛʣʠ ʞʝʣʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʝʟ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʝʢʫʱʠʝ ʦʧʝʨʘʮʠʠ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʥʠʤʘʥʠʷ ʢʨʘʪʢʦʩʨʦʯʥʦʩʪʠ ʟʘʜʘʯʠ ʠ ʝʝ ʚʘʞʥʦʩʪʠ ʜʣʷ ʙʠʟʥʝʩʘ 

ʨʝʠʥʞʠʥʠʨʠʥʛ ʧʨʘʚʠʣʴʥʦ ʚʳʚʝʩʪʠ ʠʤʝʥʥʦ ʚ ʧʨʦʝʢʪ. ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʩʦʛʣʘʩʥʦ 

ʧʨʦʝʢʪʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʜʝʣʝʥʠʝʤ ʠʟ ʯʠʩʣʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟʫʯʘʝʤʳʭ 

ʜʝʧʘʨʪʘʤʝʥʪʦʚ ʵʢʩʧʝʨʪʥʦʡ ʛʨʫʧʧʳ ï ʈʘʙʦʯʝʡ ʛʨʫʧʧʳ ʧʨʦʝʢʪʘ. ʀʭ ʟʘʜʘʯʘ ï ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʧʨʦʮʝʩʩ, ʥʘʯʠʥʘʷ ʩ ʧʨʦʚʝʜʝʥʠʷ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ 

ʤʝʥʝʜʞʝʨʘ, ʯʪʦ ʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʦʜ ʤʦʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ. ʏʪʦ ʠʥʪʝʨʝʩʥʦ, ʠʤʝʥʥʦ ʵʪʦʪ 

ʦʧʨʦʩ ʧʦʢʘʟʳʚʘʝʪ ʪʦʯʢʠ ʫʣʫʯʰʝʥʠʷ. ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʨʪʘ 

ʧʨʦʮʝʩʩʦʚ ASIS (çʧʨʦʮʝʩʩ ʢʘʢ ʦʥ ʝʩʪʴè) (ʨʠʩʫʥʦʢ 3) ɺ ʨʘʤʢʘʭ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʧʨʠʦʙʨʝʪʘʝʪ 

ʬʦʨʤʫ ʊʆɺɽ (çʧʨʦʮʝʩʩ ʢʘʢ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴè) ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 

çʮʝʣʝʚʫʶ ʤʦʜʝʣʴè (ʨʠʩʫʥʦʢ 4). ɺ ʜʠʘʣʦʛʝ ʜʘʞʝ ʧʨʠʚʣʝʯʝʥʥʳʝ ʵʢʩʧʝʨʪʳ (ʠʟ ʯʠʩʣʘ 

ʩʦʪʨʫʜʥʠʢʦʚ), ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʦʚʳʤʠ ʜʣʷ ʩʝʙʷ ʟʘʜʘʯʘʤʠ, ʦ ʢʦʪʦʨʳʭ ʨʘʥʝʝ, ʟʘʥʠʤʘʷʩʴ 

ʝʞʝʜʥʝʚʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʨʘʙʦʪʦʡ, ʥʝ ʧʦʜʦʟʨʝʚʘʣʠ. ʅʘʧʨʠʤʝʨ, ʩʦʪʨʫʜʥʠʢ ʣʦʛʠʩʪ ʠʟʫʯʘʝʪ 

ʚʦʧʨʦʩ ʨʘʩʯʝʪʘ ʤʘʨʞʠʥʘʣʴʥʦʩʪʠ ʫʩʣʫʛʠ ʠ ʧʦʯʝʤʫ ʪʘʢ ʚʘʞʥʦ ʠʤʝʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ 

ʩʦʠʩʧʦʣʥʠʪʝʣʝʡ, ʯʪʦʙʳ ʚ ʥʫʞʥʳʡ ʤʦʤʝʥʪ ʧʦʣʫʯʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ; 

ʩʦʪʨʫʜʥʠʢ ʂʦʥʪʘʢʪ-ʎʝʥʪʨʘ ʫʷʩʥʷʝʪ ʜʣʷ ʩʝʙʷ ʢʘʢ ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʧʨʠʥʷʪʴ ʟʘʷʚʢʫ ʦʪ 

ʢʣʠʝʥʪʘ ʠ ʢʘʢ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʩʦʪʨʫʜʥʠʢ ʜʝʧʘʨʪʘʤʝʥʪʘ ʧʨʦʜʘʞ ʵʪʦ ʤʦʞʝʪ ʩʵʢʦʥʦʤʠʪʴ ʚ 

ʧʦʜʛʦʪʦʚʢʝ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ. 

ʆʩʥʦʚʦʡ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ. ʀʟʫʯʠʚ ʧʨʦʮʝʩʩʳ, ʟʘʜʘʯʠ ʠ 

ʜʝʪʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʛʦʪʦʚʠʪʩʷ ʢʘʨʪʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʘʷ ʥʘʛʣʷʜʥʦ 

ʧʦʢʘʟʳʚʘʝʪ ʚʩʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʠ çʣʠʰʥʠʝ ʢʦʣʝʥʘè, ʪʘʢʠʝ ʢʘʢ 

ʚʟʘʠʤʦʦʙʨʘʪʥʳʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʦʚ, ʥʝʜʦʩʪʘʶʱʠʝ ʧʦʣʷ ʚ ʟʘʷʚʢʘʭ ʠ ʜʦʛʦʚʦʨʘʭ, ʠʟ-ʟʘ 

ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʠʪʩʷ ʚʥʦʚʴ ʠ ʚʥʦʚʴ ʦʙʨʘʱʘʪʴʩʷ ʢ ʢʣʠʝʥʪʫ ʟʘ ʥʝʜʦʩʪʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʝʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʢʦʤʧʘʥʠʠ, ʚʢʣʶʯʘʷ ʩʦʩʪʘʚ ʚʳʧʦʣʥʷʝʤʳʭ 

ʟʘʜʘʯ, ʬʫʥʢʮʠʡ ʠ ʠʭ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʨʝʘʣʠʟʫʝʤʳʝ ʧʨʦʮʝʩʩʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʘʥʘʣʠʟʘ. 

ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʢʦʤʧʘʥʠʠ ʦʧʠʩʳʚʘʝʪ ʝʝ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʝ ʢʣʶʯʝʚʳʭ 

ʟʘʜʘʯ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʬʠʨʤʝ ʜʦʩʪʠʛʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ. ʂ ʢʣʶʯʝʚʳʤ 

ʧʨʦʮʝʩʩʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʨʦʮʝʩʩʳ ʦʩʥʦʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʨʘʟʨʘʙʦʪʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʜʫʢʪʘʤʠ  ʠ  ʫʩʣʫʛʘʤʠ,  ʤʘʨʢʝʪʠʥʛ  ʠ  ʧʨʦʜʘʞʠ,  ʜʦʩʪʘʚʢʘ,  ʦʢʘʟʘʥʠʝ   ʫʩʣʫʛ,  ʫʧʨʘʚʣʝʥʠʝ  
 

 
ʈʠʩʫʥʦʢ 3 - ʇʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʟʘʷʚʢʠ ʥʘ ʧʝʨʝʚʦʟʢʫ ʦʪ ʢʣʠʝʥʪʘ ASIS 

 
 

ʈʠʩʫʥʦʢ 4 - ʇʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʟʘʷʚʢʠ ʥʘ ʧʝʨʝʚʦʟʢʫ ʦʪ ʢʣʠʝʥʪʘ ʊʆɺɽ 

 (ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ) 
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ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʢʣʠʝʥʪʦʚ), ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʳ ʨʘʟʚʠʪʠʷ (ʨʘʟʨʘʙʦʪʢʘ ʚʠʜʝʥʠʷ ʠ ʩʪʨʘʪʝʛʠʠ, 

ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʫʧʨʘʚʣʝʥʠʝ ʙʠʟʥʝʩ-ʚʦʟʤʦʞʥʦʩʪʷʤʠ). 

ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʀʊ-ʨʝʰʝʥʠʡ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʢʦʤʧʘʥʠʷʭ ʥʝʧʨʝʨʳʚʥʦ ʠ ʧʦʵʪʘʧʥʦ, ʩ ʫʣʫʯʰʝʥʠʝʤ ʦʜʥʦʛʦ ʠʣʠ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʚʩʷ ʵʪʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʵʧʦʭʫ ʠʥʪʝʥʩʠʚʥʳʭ 

ʮʠʬʨʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ, ʢʦʛʜʘ ʚʨʝʤʝʥʠ ʥʘ ʚʥʝʜʨʝʥʠʝ ʀʊ-ʨʝʰʝʥʠʡ ʠ ʧʨʦʚʝʜʝʥʠʝ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʨʘʡʥʝ ʤʘʣʦ (ʠʥʘʯʝ ʚʦʟʥʠʢʘʝʪ ʨʠʩʢ ʥʝ ʪʦʣʴʢʦ ʫʧʫʩʪʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʚʘʪʴʩʷ ʚ ʣʠʜʝʨʳ, ʥʦ ʠ ʧʦʪʝʨʷʪʴ ʟʘʥʷʪʦʝ ʤʝʩʪʦ ʥʘ ʨʳʥʢʝ), ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʨʦʣʴ ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʧʨʦʮʝʩʩʳ, ʫʧʨʘʚʣʷʶʱʠʝ ʵʪʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ [11]. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʨʘʱʠʚʘʪʴ ʫʨʦʚʝʥʴ ʟʨʝʣʦʩʪʠ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʨʠʩʫʥʦʢ 5). 

 
ʈʠʩʫʥʦʢ 5 - ʈʝʰʝʥʠʝ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʩ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʦʙʨʘʙʦʪʢʠ ʥʘʢʣʘʜʥʦʡ ʥʘ ʧʦʛʨʘʥʠʯʥʦʤ ʧʝʨʝʭʦʜʝ ʂʅʈ-ʈʂ 

 

ʉʦʚʤʝʩʪʥʦ ʩ ʢʦʤʧʘʥʠʝʡ ï ʪʝʭʥʠʯʝʩʢʠʤ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʣʠʙʦ ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʠʣʘʤʠ, 

ʧʨʦʚʦʜʠʪʩʷ ʧʦʣʥʳʡ ʨʝʜʠʟʘʡʥ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʩʘʡʪʘ ʩ ʚʥʦʚʴ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʠ ʟʘʧʫʱʝʥʥʳʤ 

ʃʠʯʥʳʤ ʢʘʙʠʥʝʪʦʤ ʢʣʠʝʥʪʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʘʯʠ ʦʥʣʘʡʥ ʟʘʷʚʢʠ ʥʘ ʨʘʩʯʝʪ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʠʣʠ ʟʘʷʚʢʠ ʥʘ ʧʝʨʝʚʦʟʢʫ.  ʈʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ ï CRM ï ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʠʝʤʘ 

ʠ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʢʠ ʦʪ ʢʣʠʝʥʪʘ ʦʪ ʩʫʪʦʢ ʜʦ 30 ʤʠʥʫʪ, ʪʘʢ ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ 

ʢʦʤʧʘʥʠʠ ʚʩʝ ʝʱʝ ʧʨʠʥʠʤʘʶʪ ʟʘʷʚʢʠ ʚ ʧʠʩʴʤʝʥʥʦʤ ʚʠʜʝ ʥʘ ʙʣʘʥʢʝ ʟʘʢʘʟʯʠʢʘ. ɻʠʙʢʠʡ 

ʧʦʜʭʦʜ ʢ ʦʪʥʦʰʝʥʠʶ ʩ ʢʣʠʝʥʪʘʤʠ, ʢʦʪʦʨʳʡ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʥʷʪʳʭ ʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʚ 

ʜʘʣʴʥʝʡʰʫʶ ʧʨʦʨʘʙʦʪʢʫ ʟʘʢʘʟʦʚ, ʥʦ ʠ ʟʘʥʷʪʴ ʦʩʚʦʙʦʞʜʝʥʥʦʝ ʚʨʝʤʷ ʤʝʥʝʜʞʝʨʦʚ ʧʦ 

ʧʨʦʜʘʞʘʤ ʧʦʠʩʢʦʤ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ.  ʇʦ ʨʝʟʫʣʴʪʘʪʫ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʠ ʧʦʣʥʦʛʦ ʧʝʨʝʭʦʜʘ 

ʢ ʨʘʙʦʪʝ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʧʨʦʝʢʪʥʦʡ ʢʦʤʘʥʜʦʡ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʨʘʙʦʪʝ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʢ ʧʦʩʪʘʥʦʚʢʝ KPI, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʶʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʮʝʣʷʤ 

ʂʦʤʧʘʥʠʠ.  

ɺʘʞʥʦ, ʯʪʦ ʧʦ ʟʘʚʝʨʰʝʥʠʶ ʧʨʦʝʢʪʘ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʚʩʝ ʩʦʪʨʫʜʥʠʢʠ ʚʦʟʚʨʘʱʘʶʪʩʷ 

ʚ ʩʚʦʠ, ʪʝʧʝʨʴ ʫʞʝ ʦʙʥʦʚʣʸʥʥʳʝ ʜʝʧʘʨʪʘʤʝʥʪʳ, ʠ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʥʦʩʠʪʝʣʷ ʠʟʤʝʥʝʥʠʡ, 

ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʘʪʤʦʩʬʝʨʝ ʚ ʢʦʣʣʝʢʪʠʚʝ. ʉʦʪʨʫʜʥʠʢʘʤʠ ʚʳʩʦʢʦ 

ʦʮʝʥʠʚʘʝʪʩʷ ʬʘʢʪ ʪʦʛʦ, ʯʪʦ ʂʦʤʧʘʥʠʷ ʜʦʚʝʨʷʝʪ ʪʘʢʦʡ ʚʘʞʥʳʡ ʧʨʦʮʝʩʩ ʢʘʢ ʨʝʠʥʞʠʥʠʨʠʥʛ 
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ʯʝʨʝʟ ʦʮʝʥʢʫ, ʘʥʘʣʠʟ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ, ʵʢʩʧʝʨʪʘʤ, ʚʟʨʘʱʸʥʥʳʤ ʚ ʵʪʦʡ ʢʦʤʧʘʥʠʠ, ʘ ʥʝ 

ʪʨʝʪʴʠʤ ʧʨʠʛʣʘʰʸʥʥʳʤ ʣʠʮʘʤ [12]. 

 

ɿʘʢʣʶʯʝʥʠʝ.  

ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ 

ʦʯʝʥʴ ʥʝʧʨʦʩʪʦ. ʌʘʢʪʠʯʝʩʢʠ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦʙ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʠ 

ʥʦʚʦʚʚʝʜʝʥʠʷʭ, ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʞʠʟʥʴ ʩʣʘʞʝʥʥʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʇʦʵʪʦʤʫ 

ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʘʢʢʫʨʘʪʥʳʤ, ʝʛʦ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴ ʣʶʜʠ, ʥʝ ʧʨʦʩʪʦ 

ʫʙʝʞʜʝʥʥʳʝ ʚ ʧʨʘʚʦʪʝ ʩʚʦʠʭ ʠʜʝʡ, ʥʦ ʠ ʣʶʙʷʱʠʝ ʪʫ ʦʨʛʘʥʠʟʘʮʠʶ, ʢʦʪʦʨʫʶ ʦʥʠ ʭʦʪʷʪ 

ʨʝʬʦʨʤʠʨʦʚʘʪʴ, ʠ ʫʚʘʞʘʶʱʠʝ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʝʝ ʩʦʟʜʘʣʠ ʠ ʧʨʦʜʦʣʞʘʶʪ ʩʦʟʜʘʚʘʪʴ. 

ɺʥʝʜʨʠʚ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʚ ʂʦʤʧʘʥʠʷʭ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʠ ʠʟʫʯʠʚ ʀʊ-

ʧʨʦʜʫʢʪʳ, ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ ʚʦʟʤʦʞʥʘ. 

ɿʘʜʘʯʝʡ ʙʝʟʙʫʤʘʞʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ï ɹʣʦʢʯʝʡʥ, ʙʫʜʝʪ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʘʩʪʥʠʢʦʚ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʩʪʥʠʢʘʤ ʤʘʨʰʨʫʪʘ 

ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʦʚʝʨʰʘʪʴ ʦʪʛʨʫʟʢʠ ʧʦ ʙʝʟʙʫʤʘʞʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʥʣʘʡʥ ʯʝʨʝʟ 

ʝʜʠʥʦʝ ʦʢʥʦ. 
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ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ʨʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥè, ɺʝʩʪʥʠʢ ʂʘʟ ɸʊʂ No 4 (123), 2022 

 [7] ʂʝʛʝʥʙʝʢʦʚ ɾ.ʂ., ʂʦʥʛʫʝʚʘ ɸ.ɾ., ʉʘʧʨʳʢʠʥʘ ʅ.  ʄ.  (2020).  ʇʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʚ  ʛʦʨʦʜʝ  ɸʣʤʘʪʳ//ʅʘʫʯʥʳʝ  ʧʨʦʙʣʝʤʳ 

ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 2020, ɺʳʧ. 64, ʉ. 144-154. 

[8] https://www.ktze.kz, ʂʦʨʧʦʨʘʪʠʚʥʳʡ ʩʘʡʪ ɸʆ çKTZ Expressè 

[9] https://www.inecon.org/zhurnal-lobshhestvo-i-ekonomikar.html, ɾʫʨʥʘʣ çʆʙʱʝʩʪʚʦ 

ʠ ʵʢʦʥʦʤʠʢʘè, 8, 2018 

[10] https://www.e-xecutive.ru/management/practices/1990573-kak-otsenit-gotovnost-

ludei-k-strategicheskim-izmeneniyam, Executive. MBA 

[11] https://events.vedomosti.ru/events/logist21, ʠʥʪʝʨʥʝʪ-ʠʟʜʘʥʠʝ çɺʝʜʦʤʦʩʪʠè, 

ʊʦʨʛʦʚʣʷ ʥʘ ʜʠʩʪʘʥʮʠʠ: ʥʦʚʳʝ ʪʨʝʥʜʳ e-commerce* ʠ ʣʦʛʠʩʪʠʢʠ 

[12]https://articlekz.com/, ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ - ʅʘʫʯʥʳʝ ʩʪʘʪʴʠ ʂʘʟʘʭʩʪʘʥʘ. 
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ʃʆɻʀʉʊʀʂɸɼɸ ɹʃʆʂʏɽʁʅ ʊɽʍʅʆʃʆɻʀʗʃɸʈʓʅɸ ᴆʊʋ ʈɽʊɯʅɼɽ 

ʂʆʄʇɸʅʀʗʅʓר ʂʆʄʄɽʈʎʀʗʃʓפ ʌʋʅʂʎʀʗʃʓפ ʇʈʆʎɽʉʊɽʈɯʅ 

ʈɽʀʅɾʀʅɽʈʀʅɻɯ 

 

ɸʥʥʦʪʘʮʠʷ. פʘʟʘץʩʪʘʥ ʥʘʨʳסʳʥʜʘ ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʝʪʽʥ ʢᴇʧʪʝʛʝʥ 

ʢʦʤʧʘʥʠʷʣʘʨ ʙʘʨ. çפʊɾè ױʂè ɸפ ʢʦʤʧʘʥʠʷʣʘʨ ʪʦʙʳʥʳש ʙʘʩץʘ ʢʦʤʧʘʥʠʷʣʘʨʜʘʥ ʪװʙʝʛʝʡʣʽ 

ʘʡʳʨʤʘʰʳʣʳסʳ ʂʦʤʧʘʥʠʷ ʢᴇʣʽʢʪʽש ʙʘʨʣʳץ ʪװʨʣʝʨʽʥ̔  ʩʪʘʥץʘʟʘפ ,ʜʘʤʫʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ש

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʩʽʥ װʡʣʝʩʪʽʨʫʤʝʥ ʙʽʨʛʝ ʞװʨʝʜʽ ʞᴅʥʝ ʦסʘʥ 

ʞʘʫʘʧ ʙʝʨʝʜʽ. ɿʘʤʘʥʘʫʠ ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ʪʨʘʥʩײʣʪʪʳץ ʢʦʤʧʘʥʠʷסʘ ʘʡʥʘʣʫ ʞʦʣʳʥʜʘ 

ʄʝʤʣʝʢʝʪ ʙʘʩʰʳʩʳ פʘʩʳʤ-ɾʦʤʘʨʪ ʊʦץʘʝʚʪʳפ שʘʟʘץʩʪʘʥ ʭʘʣץʳʥʘ ɾʦʣʜʘʫʳʥʘ ʩᴅʡʢʝʩ 

çפʊɾè ױʂè ɸץ פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʪʘʩʳʤʘʣʜʘʫʜʳש ᴅʨʪװʨʣʽ ץʘʪʳʩʫʰʳʣʘʨʳʥʳש ʞװʡʝʣʝʨʽʥ 

ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʙʦʡʳʥʰʘ ʞײʤʳʩ ʞװʨʛʽʟʫʜʝ. ʘץʧʘʨʘʪʪʳ ץʘʙʘʪʪʘʩʪʳʨʫ ʞᴅʥʝ ʦʥʳש 

ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʪʘʣʜʘʫ ʞװʡʝʣʝʨʽ ʙʦʡʳʥʰʘ ʝש ʩײʨʘʥʳʩץʘ ʠʝ ʊʨʘʥʩʢʘʩʧʠʡ 

ʭʘʣʳץʘʨʘʣr  .ʳʪʳסʢᴇʣʽʢ ʙʘ ץ
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ɹײʜʘʥ ʙײʨʳʥ, 2022 ʞʳʣʜʳץ 30 שʳʨʢװʡʝʛʽʥʜʝ ɽʫʨʦʧʘʣʳץ ʂʦʤʠʩʩʠʷʥʳש ʂᴇʣʽʢ ʞᴅʥʝ 

 ʢᴇʣʽʢ ʞᴅʥʝ שʪʳץʆʜʘ ץʞᴇʥʽʥʜʝʛʽ ʙʘʩ ʜʠʨʝʢʮʠʷʩʳ (DG MOVE) ɽʫʨʦʧʘʣʳ ץʳʨʣʳץʪײ

ʭʘʣʳץʘʨʘʣʳץ ʜʘʤʫ ʩʘʣʘʩʳʥʜʘסʳ ᴇʢʽʣʜʝʨʽʥʽש, ɽפɼɹ ʩʘʨʘʧʰʳʣʘʨʳʥʳש, ɽפɼɹ 

ʩʘʨʘʧʰʳʣʘʨʳʥʳץ שʘʪʳʩʫʳʤʝʥ ʩʝʤʠʥʘʨ ײʡʳʤʜʘʩʪʳʨʜʳ ʂʘʩʧʠʡ ᴇשʽʨʽ ʞᴅʥʝ ʆʨʪʘʣʳץ ɸʟʠʷ 

ʝʣʜʝʨʽʥʽש ʜʠʧʣʦʤʘʪʠʷʣʳץ ʢʦʨʧʫʩʳ, ɽʆ ʢᴇʣʽʢ ץʘʫʳʤʜʘʩʪʳסʳ ʞᴅʥʝ ʊʨʘʥʩʢʘʩʧʠʡ 

ʭʘʣʳץʘʨʘʣʳץ ʪʨʘʥʟʠʪʪʽʢ ʤʘʨʰʨʫʪʳʥʳש ʢʣʠʝʥʪʪʽʢ ʢʦʤʧʘʥʠʷʣʘʨʳʥʳש ᴇʢʽʣʜʝʨʽ. 

ɯʩ-ʰʘʨʘ ʙʘʨʳʩʳʥʜʘ ʆʨʪʘʣʳץ ɸʟʠʷ ʝʣʜʝʨʽʥʽש ʢᴇʣʽʢ ʩʝʢʪʦʨʳʥ ʜʘʤr ʪʫʜʳש ʞײʤʳʩ 

ʽʩʪʝʫʽ ʤᴅʩʝʣʝʣʝʨʽ ʪʘʣץʳʣʘʥʜʳ. ʆװ שʨʜʽʩʪʝʨ ʘʪʘʧ ᴇʪʽʣʽʧ, ʝʫʨʦʧʘʣʳץʪʘʨʜʳש ʘʡʤʘץץʘ ʜʝʛʝʥ 

 ʢʽʨʽʩʽ ʤʝʥ ʙʝʜʝʣʽʥʝ ʢʝʨʽ שʢᴇʣʽʢ ʩʘʣʘʩʳʥʳ שʣ ʨʝʪʪʝ ʪʨʘʩʩʘʥʳײʳ ʝʨʝʢʰʝ. ɹסʫʰʳʣʳסʳʟʳץ

ᴅʩʝʨʽʥ ʪʠʛʽʟʝʪʽʥ ʞװʡʝʣʽ ʧʨʦʙʣʝʤʘʣʘʨʳ ʘʡʪʳʣʜʳ, ʤʳʩʘʣʳ, ʢʝʜʝʨʛʽʣʝʨʜʽש ʙʦʣʫʳ (ʢʘʣʠʙʨʜʽ 

ʘʫʳʩʪʳʨʫ, ʂʘʩʧʠʡ ʪʝשʽʟʽʥʜʝ ʞװʢ ʪʠʝʫ, ʪʘʫʣʳ ʘʡʤʘץʪʘʨʜʘסʳ ץʳʩʪʘ ʘʫʘ-ʨʘʡʳʥʳץ שʠʳʥʜʳסʳ. 

ɻʨʫʟʠʷ ʤʝʥ ʊװʨʢʠʷ) ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘʫʜʳ ײʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ ᴇשʜʝʫ ʧʨʦʮʝʜʫʨʘʣʘʨʳʥʳש 

ʞʝʪʢʽʣʽʢʩʽʟ ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʘʰʳץʪʳסʳ. 

ᴄʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝʜʝ ץʘʟʽʨʜʽש ᴇʟʽʥʜʝ ʪʝʤʽʨʞʦʣ ʢʦʤʧʘʥʠʷʩʳʥ ʪʝʢ ᴇʟ ʝʣʽʥʜʝ סʘʥʘ ʝʤʝʩ, 

ʙʘʩץʘ ʝʣʜʝʨʜʝ ʜʝ ʞװʢ ʪʘʩʳʤʘʣʜʘʫ ץʘʞʝʪʪʽʣʽʛʽʥ ץʘʥʘסʘʪʪʘʥʜʳʨʘʪʳʥ ʪʦʣʳץץʘʥʜʳ ʪʘʙʳʩʪʳ 

ʣʦʛʠʩʪʠʢʘʣʳץ ʢʦʤʧʘʥʠʷסʘ ʘʡʥʘʣʜʳʨʫ ʤʳʩʘʣʜʘʨʳ ʙʘʨ. çפʊɾè ױʂè ɸפ ʢᴇʣʽʢʪʽʢ-

ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʜʘ ʤʘʨʢʝʪʠʥʛʪʽʢ ʞᴅʥʝ ʩʘʪʫ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʪʝʨʽʥ ʪװʨʣʝʥʜʽʨʫ ʞᴅʥʝ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʘʨץʳʣʳ ʪʠʽʤʜʽ ʥᴅʪʠʞʝʣʝʨʛʝ ײʤʪʳʣʘʜʳ [1]. ʄʘץʘʣʘʜʘ ʢʦʤʧʘʥʠʷʣʘʨʜʘסʳ 

ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪʪʝʨʜʽ ײʡʳʤʜʘʩʪʳʨʫ װʰʽʥ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʪʝʨʜʽ ʨʝʠʥʞʠʥʠʨʠʥʛ 

ʠʜʝʷʩʳ ʤʝʥ ʤʘשʳʟʜʳʣʳסʳ ʘʰʳʣʘʜʳ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʈʝʠʥʞʠʥʠʨʠʥʛ, ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ, ʢᴇʣʽʢ ʞᴅʥʝ 

ʣʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪʪʝʨ, ʪײʪʳʥʫʰʳʣʘʨסʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ, ɹʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʠʷʩʳ. 
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REENGINEERING OF COMPANY COMMERCIAL FUNCTION PROCESSES AS A 

WAY TO TRANSITION TO BLOCKCHAIN TECHNOLOGY IN LOGISTICS  

 

Annotation. There are many companies providing transport and logistics services in the 

Kazakhstani market. The fundamental difference between the group of companies JSC "NC" 

KTZ" from other companies is that the Company accompanies and is responsible for 

coordinating the transport and logistics system of the Republic of Kazakhstan, taking into 

account the development of all types of transport. Following the path of transformation into a 

modern transport and logistics transnational company, in accordance with the Message to the 

people of Kazakhstan of the Head of State Kassym-Jomart Tokayev, NC KTZ JSC is working on 

integrating the systems of different transportation participants within the currently most 

demanded Trans-Caspian international transport route, on the analysis systems for layering 

information and identifying its insufficiency. 

Earlier, on September 30, 2022, the Directorate General for Transport and Mobility of the 

European Commission (DG MOVE) organized a seminar with the participation of 

mailto:erzhlogist@mail.ru
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representatives of the European Union in the field of transport and international development, 

experts from the EBRD, the diplomatic corps of the countries of the Caspian region and Central 

Asia, EU transport associations and representatives of client companies of the Trans-Caspian 

international transit route. 

During the event, a discussion was held on the functioning of the development of the 

transport sector of the Central Asian countries. Positive trends were noted, and a special interest 

of Europeans in the region. At the same time, systemic problems of the route were voiced that 

negatively affect the revenues and reputation of the transport industry, such as the presence of 

bottlenecks (gauge change, transshipment on the Caspian Sea, difficult weather conditions in the 

winter in the mountainous regions of Georgia and Turkey) and insufficient speed and 

transparency of procedures for organizing and processing transportation. 

In world practice, there are already examples of transforming a railway company into a 

full -fledged successful logistics company that meets the needs for cargo transportation not only 

in their own country, but also in other countries. JSC "NC "KTZ" strives for effective results 

through the transformation and automation of marketing and sales business processes in the 

transport and logistics environment [1]. The article reveals the idea and importance of business 

process reengineering for the organization of transport and logistics services in companies. 

 

Keywords. Reengineering, automation, business processes, transport and logistics 

services, customer service, Blockchain technology. 
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E-mail: k.aldanazarov@alt.edu.kz 
 

ʃʆɻʀʉʊʀʂɸ ᴄɼɯʉʊɽʈɯʅ פʆʃɼɸʅɸ ʆʊʓʈʓʇ, ʊɽʄɯʈɾʆʃɼʓר ᴆʊʂɯɿʋ 

 ɸɹɯʃɽʊɯʅ ɸʈʊʊʓʈʋפ
 

ɸשʜʘʪʧʘ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʪʝʤʽʨʞʦʣʜʳ ʧʘʡʜʘʣʘʥʫ ʪʝʦʨʠʷʩʳ ʤʝʥ ʦʧʝʨʘʮʠʷʣʘʨʜʳ 

ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ. ʊʝʤʽʨʞʦʣ ʞʝʣʽʩʽʥʜʝʛʽ ʪʘʨʤʘץʪʘʨ ʙʦʡʳʥʰʘ ʞװʢʪʝʨʜʽ ʙᴇʣʫ 

ʤʽʥʜʝʪʽ ʞʝʣʽʣʽʢ ʥʳʩʘʥʜʘ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʪʽʣʽʛʽʥʜʝ ʰʝʢʪʝʫʣʝʨʽ ʙʘʨ ʙʽʨʥʝʰʝ ᴇʥʽʤʤʝʥ (ʙʽʨ-ʙʽʨʽʥ 

ʘʣʤʘʩʪʳʨʘʪʳʥ ʞװʢʪʝʨʤʝʥ) ʢᴇʣʽʢʪʽ ʙʘסʳʪʪʳץ ʙʘסʜʘʨʣʘʤʘʣʘʫ ʤʽʥʜʝʪʽ ʨʝʪʽʥʜʝ ʰʝʰʽʣʜʽ. 

ɾװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫʜʳש ʦʨʪʘʰʘ ײץʥʳ ʳץʪʠʤʘʣʜʳץʪʘʨ ʪʝʦʨʠʷʩʳʥʳש ᴅʜʽʩʪʝʨʽʤʝʥ 

ʙʝʣʛʽʣʝʥʝʜʽ. 

ɸʣʳʥסʘʥ ʜʝʨʝʢʪʝʨ ʥʝʛʽʟʽʥʜʝ ʪʝʤʽʨʞʦʣ ʞʝʣʽʣʝʨʽʥʜʝ ʞװʢ ʘסʳʥʜʘʨʳʥ ʙᴇʣʫ ᴅʜʽʩʪʝʨʽʥ 

ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ ʞʝʢʝʣʝʛʝʥ ʫʯʘʩʢʝʣʝʨʜʽש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʰʝʢʪʝʫʣʽ ʞʘסʜʘʡʣʘʨʜʘ ʞװʢʪʝʨʜʽ 

ʪʘʩʳʤʘʣʜʘʫ ʙʦʡʳʥʰʘ ץʳʟʤʝʪʪʝʨʜʽ ʪʘʨʠʬʪʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʊʝʤʽʨʞʦʣ ʢᴇʣʽʛʽ, ʪʝʤʽʨʞʦʣ ʚʦʢʟʘʣʳ, ʞʝʢʝ ʢʽʨʤʝ ʞʦʣ, ʤʘʥʝʚʨʣʽʢ 

ʧʘʡʜʘʣʘʥʫ, ʩʪʘʥʜʘʨʪʪʘʫ, ʪʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʩʘʣʳʩʪʳʨʫ. 
 

ʂʽʨʽʩʧʝ.  

ʊʝʤʽʨʞʦʣ ʢᴇʣʽʛʽ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʜʘ, ʋʢʨʘʠʥʘʜʘ ʜʘ ʞװʢʪʝʨʜʽש ʥʝʛʽʟʛʽ 

ʪʘʩʳʤʘʣʜʘʫʰʳʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 2021 ʞʳʣʳ ʪʝʤʽʨʞʦʣ ʢᴇʣʽʛʽ פʘʟʘץʩʪʘʥʥʳש ʞװʢ 

ʘʡʥʘʣʳʤʳʥʳ50,1% ש ʞᴅʥʝ ʋʢʨʘʠʥʘʥʳש ʞװʢ ʘʡʥʘʣʳʤʳʥʳײץ 62,2% שʨʘʜʳ. ɽʢʽ ʝʣʜʝ ʜʝ 

ʪʝʤʽʨʞʦʣ ʢᴇʣʽʛʽʤʝʥ ʪʘʩʳʤʘʣʜʘʥʘʪʳʥ ʥʝʛʽʟʛʽ ʞװʢ ʪʘʫ-ʢʝʥ ᴇʥʜʽʨʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. [1,2]. 

ʂᴇʤʽʨ, ץʘʨʘ ʞᴅʥʝ ʪװʩʪʽ ʤʝʪʘʣʣ ʢʝʥʜʝʨʽ, ʩʦʥʜʘʡ-ʘײץ ץʨʳʣʳʩ ʞװʢʪʝʨʽ פʘʟʘץʩʪʘʥʜʘ ʪʝʤʽʨ ʞʦʣ 

ʢᴇʣʽʛʽʤʝʥ ʪʘʩʳʤʘʣʜʘʥʘʪʳʥ ʙʘʨʣʳץ ʞװʢʪʝʨʜʽש ʰʘʤʘʤʝʥ 66% -ʥ ʞᴅʥʝ  ʋʢʨʘʠʥʘʜʘ ʰʘʤʘʤʝʥ 

61% - ʥ ײץʨʘʡʜʳ. ᴆʥʜʽʨʫʰʽ ᴇʥʝʨʢᴅʩʽʧ ᴇʥʽʤʜʝʨʽʥʽש ʙײʣ ʪװʨʣʝʨʽ  ʫʘץʳʪ ʙʦʡʳʥʰʘ ʪײʨʘץʪʳ 

ʞᴅʥʝ ʘʫץʳʤʜʳ ʞװʢ ʘסʳʥʜʘʨʳʥ ײץʨʘʡʜʳ, ʦʣʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫ ʪʝʤʽʨʞʦʣʜʘʨʜʘʥ ʝʜᴅʫʽʨ 

ʞʦסʘʨʳ  ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ʙᴇʣʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ ʪʘʫʘʨʣʘʨ ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʪװʨʜʝ ʘʨʟʘʥ, ʘʣ ʢᴇʣʽʢ ʢʦʤʧʦʥʝʥʪʽ ʩʦסשʳ ʪײʪʳʥʫʰʳ װʰʽʥ ʦʣʘʨʜʳײץ שʥʳʥʳ30-50% ש 

 ʵʢʦʥʦʤʠʢʘʩʳ  שʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ [3, 4] ʝʢʽ ʝʣʜʽ שʪʘʥ ʪʝʤʽʨʞʦʣ ʢᴇʣʽʛʽʥʽץʨʘʡʜʳ. ʉʦʥʜʳײץ

 .ʳʟʜʳשʰʽʥ ʜʝ ʤʘװ ʞʝʢʝʣʝʛʝʥ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ שʪʘʫ-ʢʝʥ ʢʝʰʝʥʽʥʽ שʰʽʥ ʜʝ, ʦʣʘʨʜʳװ

 ʠסʳʥ ʪʘʙʠסʢᴇʧʪʝʛʝʥ ʝʣʜʝʨʽʥʜʝ ʪʝʤʽʨʞʦʣ ʥʘʨʳ שʳʪʪʘ ᴅʣʝʤʥʽץʘʟʽʨʛʽ ʫʘפ

ʤʦʥʦʧʦʣʠʷʣʳץ ʞᴅʥʝ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ ʩʝʢʪʦʨʣʘʨסʘ ʙᴇʣʫ ʪᴅʞʽʨʠʙʝʩʽ ʙʘʨ. ɹײʣ ᴇʟʛʝʨʽʩʪʝʨ 

 ʧʘʡʜʘ שʳʟʤʝʪʪʝʨʽʥʽץ ʨʳʣʳʤʳײץʳʥʘʥ ʝʨʝʢʰʝʣʝʥʝʪʽʥ ʪʝʤʽʨʞʦʣ ʠʥʬʨʘסʥʳ ʤʝʥ ʩʘʧʘʩʳ ʞʘײץ

ʙʦʣʫʳʥʘ ᴅʢʝʣʝʜʽ. ʊʝʤʽʨʞʦʣ ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽʣʝʨʽʥʽש ʤײʥʜʘʡ ץʳʟʤʝʪʪʝʨʛʝ ʜʝʛʝʥ ʩײʨʘʥʳʩʳ 

ʦʣʘʨʜʳש ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʜʝʛʽ ʣʦʛʠʩʪʠʢʘʣʳץ ʰʳסʳʥʜʘʨʜʳ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥʜʽʛʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ʊʝʤʽʨʞʦʣ ʠʥʬʨʘײץʨʳʣʳʤʳʥʳײ שʩʳʥʳʩʳ ʞʝʣʽʥʽש 

ʪʦʧʦʣʦʛʠʷʩʳ ʤʝʥ ʪʝʭʥʠʢʘʣʳץ ʞʘʙʜʳץʪʘʣʫʳ ʥʝʛʽʟʽʥʜʝ ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ 

ʪʝʤʽʨʞʦʣ ʠʥʬʨʘײץʨʳʣʳʤʳ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʪʘʩʳʤʘʣʜʘʫ ײץʥʳ ʤʝʥ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʪʽʣʽʛʽʥʽש 

ʰʝʢʪʝʫʣʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʪʝʤʽʨʞʦʣ ʞʝʣʽʩʽ ʙʦʡʳʥʰʘ ʞװʢ ʘסʳʥʜʘʨʳʥ ײʪʳʤʜʳ ʙᴇʣʫʜʽ 

ʪʘʙʫ ᴅʜʽʩʪʝʨʽʥ ᴅʟʽʨʣʝʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʟʝʨʪʪʝʫʣʝʨ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

ʊʝʤʽʨʞʦʣ ʞʝʣʽʩʽ ʙʦʡʳʥʰʘ ʞװʢ ʘסʳʥʜʘʨʳʥ ʙᴇʣʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫ ʦʧʝʨʘʮʠʷʣʘʨʳʥ  

ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʢʝʣʝʩʽ ʙʦʣʞʘʤʜʘʨ ʞʘʩʘʣʜʳ. 

ʊʝʤʽʨʞʦʣ ʞʝʣʽʩʽ ʢʝʣʝʩʽ ʙʘסʜʘʨʣʘʥסʘʥ ʛʨʘʬʠʢʧʝʥ ײʩʳʥʳʣסʘʥ G (V, E), ʛʨʘʬʠʢʪʽש ʰʳשʜʘʨʳ 
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viÍV, i=n (ʤײʥʜʘ n ʛʨʘʬʠʢ ʰʳשʜʘʨʳʥʳש ʩʘʥʳ) ʞʝʣʽʥʽש ʞᴇʥʝʣʪʫʰʽʣʝʨʽʥʝ, ʞװʢ 

ʘʣʫʰʳʣʘʨʳʥʘ ʞᴅʥʝ ʪʨʘʥʟʠʪʪʽʢ ʧʫʥʢʪʪʝʨʽʥʝ, ʩʦʥʜʘʡ-ʘץ ʜʦסʘʣʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ejÍE, j=m 

(ʤײʥʜʘ m ʙײʣ ʜʠʛʨʘʬ ʜʦסʘʣʘʨʳʥʳש ʩʘʥʳ) ʰʳשʜʘʨ ʘʨʘʩʳʥʜʘסʳ ʞʝʣʽ ʙᴇʣʽʤʜʝʨʽʥʝ ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ. ɾװʢʪʝʨʜʽש K ʪʠʧʪʝʨʽ ʞᴇʥʝʣʪʫ ʤʝʥ ʪʘסʘʡʳʥʜʘʫʜʳש ʙʝʣʛʽʣʝʥʛʝʥ ʰʳשʜʘʨʳ ʘʨʘʩʳʥʜʘ 

ʞʝʣʽ ʘʨץʳʣʳ ʪʘʩʳʤʘʣʜʘʥʘʜʳ ʜʝʧ ʙʦʣʞʘʥʘʜʳ. ʐʳשʜʘʨʜʳש ʙʘʨʣʳץ ʞʠʳʥʪʳסʳ װʰ ʽʰʢʽ 

ʞʠʳʥסʘ ʙᴇʣʽʥʝʜʽ S, B ʞᴅʥʝ T ʩʦʥʜʳץʪʘʥ, ʰʳשʜʘʨ skÍS, k=1éK ʞᴇʥʝʣʪʫʰʽʣʝʨʛʝ ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ; ʰʳשʜʘʨ bkÍB, k=1éK ʞᴇʥʝʣʪʫʰʽʣʝʨʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ; ʰʳשʜʘʨ tiÍT, i=n-2K 

ʪʨʘʥʟʠʪʪʽʢ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʞᴇʥʝʣʪʫʰʽʣʝʨʜʽש ᴅʨ  ʞʦסʘʨסʳ ʢᴇʨʩʝʪʢʽʰʪʽʢ ʞײʙʳ sk ʞᴅʥʝ ʞװʢ 

ʘʣʫʰʳʣʘʨ bk ʙʽʨ ʝʨʝʢʰʝ ʞװʢ ʪװʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʪʘʩʳʤʘʣʜʘʫ ʢᴇʣʝʤʽ װʰʽʥ Fk ʢᴇʨʩʝʪʽʣʝʜʽ. 

ɹײʣ ʞʘסʜʘʡʜʘ, ʞᴇʥʝʣʪʫʰʽ װʰʽʥ ʞװʢʪʽש ʢᴇʣʝʤʽ +Fk  ʙʦʣʘʜʳ, ʘʣ ʞװʢ ץʘʙʳʣʜʘʧ ʘʣʫʰʳ װʰʽʥ 

ʙײʣ -Fk ʙʦʣʘʜʳ. ɾװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ װʣʢʝʥ ʙᴇʣʽʢʪʝʨʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ 

Fk ʞװʢ ʢᴇʣʝʤʽ ʪʝʢ ʙװʪʽʥ ʞװʢ ʢᴇʣʝʤʽʥ ץʘʙʳʣʜʘʡ ʘʣʘʜʳ. ɽʛʝʨ ץʘʥʜʘʡ ʜʘ ʙʽʨ ʞᴇʥʝʣʪʫʰʽ 

ʞװʢʪʝʨʜʽש ʙʽʨʥʝʰʝ ʪװʨʽʥ ʞᴇʥʝʣʪʩʝ ʥʝʤʝʩʝ ʘʣʫʰʳ ʞװʢʪʝʨʜʽש ʙʽʨʥʝʰʝ ʪװʨʽʥ ʘʣʩʘ, ʦʥʜʘ 

ʦʣʘʨסʘ ʪʨʘʥʟʠʪʪʽʢ ʰʝʛʽ ʪʦʙʳ ʞᴅʥʝ ʦסʘʥ ʞʘʣסʘʥ ʜʦסʘʣʘʨʤʝʥ ʞʘʣסʘʥסʘʥ ʞᴇʥʝʣʪʫʰʽʣʝʨʜʽש 

ʞᴅʥʝ/ʥʝʤʝʩʝ ʘʣʫʰʳʣʘʨʜʳש ʰʳשʜʘʨʳ  ʙʝʨʽʣʝʜʽ. ejÍE ʛʨʘʬʠʢʘʣʳץ ʜʦסʘʣʘʨʳ ʪʝʤʽʨʞʦʣ 

ʫʯʘʩʢʝʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɼʦסʘʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳ װʰʽʥ ʙʘʩʪʘʧץʳ u ʞᴅʥʝ ʩʦסשʳ v 

ʰʳשʜʘʨʳ ʢᴇʨʩʝʪʽʣʝʜʽ. ᴄʨ ʜʦסʘסʘ ʪʘʩʳʤʘʣʜʘʫ ײץʥʳ ʙʝʨʽʣʝʜʽ cj ʞᴅʥʝ, ʝʛʝʨ ᴇʘʞʝʪ ʙʦʣʩʘ, 

ʜʦסʘʜʘסʳ ʞװʢ ʘסʳʥʳʥʳש ʤᴇʣʰʝʨʽ fj ʞᴅʥʝ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʪʽʣʽʛʽʥʽש ʰʝʛʽ dj ʢᴇʨʩʝʪʽʣʝʜʽ. [5, 6] 

ʝשʙʝʢʪʝʨʜʝ ײʩʳʥʳʣסʘʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʫ ʞʝʣʽʥʽש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʘʨʪץʘʥ 

ʩʘʡʳʥ ʪʝʤʽʨʞʦʣ ʫʯʘʩʢʝʩʽ ʘʨץʳʣʳ ʪʘʩʳʤʘʣʜʘʫ ײץʥʳ ץʦʩʘʣץʳ ʙʘסʳʪʪʘ ᴇʩʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ɹײʣ ץʘʨʘʤʘ-ץʘʨʩʳ ʧʦʡʳʟʜʘʨʤʝʥ ץʠʳʣʳʩʫ ʞᴅʥʝ ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʳ ʧʦʡʳʟʜʘʨʜʳ ʙʘʩʳʧ 

ʦʟʫ װʰʽʥ ʫʯʘʩʢʝ ʽʰʽʥʜʝʛʽ ʩʪʘʥʮʠʷʣʘʨʜʘסʳ ʧʦʡʳʟʜʘʨʜʳש ʪʦץʪʘʧ ץʘʣʫʳʥʳש ʘʨʪʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞװʢʪʝʤʝ ʞʦסʘʨʳ ʙʦʣסʘʥ ʢʝʟʜʝ ʧʦʡʳʟ ʞװʨʛʽʟʫʰʽʣʝʨʽ ʙʝʣʛʽʣʽ 

ʙʽʨ ʧʦʡʳʟʜʳש ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ ץʦʟסʘʣʳʩ ʨʝʞʠʤʜʝʨʽʥ ץʦʣʜʘʥʘ ʘʣʤʘʡʜʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨ 

ʢᴇʨʰʽ ʧʦʡʳʟʜʘʨʜʳץ שʦʟסʘʣʳʩʳʥ ʝʩʢʝʨʫʽ ʢʝʨʝʢ. ʩj(fj) ʉʳʡʳʤʜʳʣʳץʪʳ ʪʦʣʪʳʨʫ ʜᴅʨʝʞʝʩʽ 

ʤʝʥ ʪʘʩʳʤʘʣʜʘʫ ײץʥʳ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ ʝʩʢʝʨʛʝʥʜʝ, ʜʦסʘʥʳש ʙʘʩʪʘʧץʳ u ʞᴅʥʝ 

ʩʦסשʳ v ʰʳשʜʘʨʳ ʘʨʘʩʳʥʜʘ ej Huv ʢᴇʣʽʢ ʰʳסʳʥʜʘʨʳ ʤʝʥ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʰʝʢʪʝʫʣʽ 

ʜʦסʘʣʘʨʜʳש ʩʘʥʳʥ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ. ʆʩʳ ʞʘסʜʘʡʜʘ, ej ʜʦסʘʣʘʨʜʳ ʙʽʨ ʤᴅʥʜʽ ʪװʨʜʝ euv,h, 

h=1éHuv ʙʝʣʛʽʣʝʫʛʝ ʙʦʣʘʜʳ, ʢᴇʣʽʢ ʰʳסʳʥʜʘʨʳ ʢʝʣʝʩʽ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ  ʨʝʪʪʝʣʛʝʥ ʞʘסʜʘʡʜʘ 

ʩuv,h<ʩuv,h+1, ʞᴅʥʝ ʜʦסʘʣʘʨʜʳש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ h=1éHuv-1 ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʰʝʢʪʝʫʣʽ ʙʦʣʘʜʳ. 

ᴄʨ ʞײʧ ʰʳשʜʘʨʳ ʘʨʘʩʳʥʜʘ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʧʨʦʮʝʩʽ sk ʞᴅʥʝ bk ʜʦסʘʣʘʨ 

ʙʦʡʳʥʰʘ ʪʽʟʙʝʢʪʽ ʘסʳʥʜʘʨ ʪʽʟʙʝʛʽʤʝʥ ײʩʳʥʳʣʘʜʳ fuv,hk, ʙײʣ ʤᴅʩʝʣʝʣʝʨʜʽש ʘʡʥʳʤʘʣʳʣʳסʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ɼʦסʘ ʙʦʡʳʤʝʥ euv,h k ʪʠʧʪʽ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ײץʥʳ  cuv,hfuv,hk. ʨʝʪʽʥʜʝ 

ʘʥʳץʪʘʣʘʜʳ. ɾʝʣʽʜʝʛʽ ʪʨʘʬʠʢʪʽש ʝש ʞʘץʩʳ ʪʘʨʘʣʫʳ  ʞʘʣʧʳ ʢᴇʣʽʢ ʰʳסʳʥʜʘʨʳʥ ʝש ʪᴇʤʝʥʛʽ 

ʢᴇʨʩʝʪʢʽʰʧʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʪʨʘʬʠʢ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ, ʞװʢ ʘסʳʥʜʘʨʳʥ 

ʞʝʣʽ ʘʨץʳʣʳ ʙᴇʣʫ ʤʽʥʜʝʪʽ ʙʘסʳʪʪʳץ  ʤʘץʩʘʪʪʳ ʬʫʥʢʮʠʷ ʨʝʪʽʥʜʝ ʘʥʳץʪʘʣסʘʥ ʙʘʨʣʳץ 

ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫʜʳש ʞʠʳʥʪʳץ ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫ ʤʽʥʜʝʪʽ ʨʝʪʽʥʜʝ ʨᴅʩʽʤʜʝʣʫʽ 

ʤװʤʢʽʥ:  
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ʙʘסʳʪʪʳץ  ʰʝʢʪʝʫʣʝʨ ʢʝʟʽʥʜʝ: 

- ʞᴇʥʝʣʪʫʰʽʣʝʨʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʰʳשʜʘʨʜʘʥ ʞװʢʪʽ ʞᴇʥʝʣʪʫ ʢᴇʣʝʤʽ ʙʦʡʳʥʰʘ  uÍS 
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- ʞװʢ ʘʣʫʰʳʣʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʰʳשʜʘʨסʘ ʞװʢʪʝʨʜʽש ʢʝʣʫ ʢᴇʣʝʤʽ ʙʦʡʳʥʰʘ vÍB 
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- ʪʨʘʥʟʠʪʪʽʢ ʰʳשʜʘʨʜʘסʳ ʞװʢʪʽש ʞᴇʥʝʣʪʫ ʞᴅʥʝ ʢʝʣʫ ʢᴇʣʝʤʽ ʙʦʡʳʥʰʘ tÍT 
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1 1 1 1
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- =ää ää      (4) 

 

- ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʰʝʢʪʝʫʣʽ ʜʦסʘʣʘʨ ʙʦʡʳʥʰʘ ʞװʢ ʪʘʩʳʤʘʣʜʘʨʳʥʳש ʞʘʣʧʳ ʢᴇʣʝʤʽ 

ʙʦʡʳʥʰʘ 
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1
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K
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- ʞʝʢʝ ʞװʢ ʘסʳʥʜʘʨʳʥʳש ʤᴇʣʰʝʨʽ ʙʦʡʳʥʰʘ 
 

 , 0.uv hkf ²      (6) 
 

ɹʝʨʽʣʛʝʥ ʪʘʧʩʳʨʤʘʥʳש ʤʘץʩʘʪʪʳ ʬʫʥʢʮʠʷʩʳʥ (1) ʞᴅʥʝ ʰʝʢʪʝʫʣʝʨʽʥ (2)-(6) ʪʘʣʜʘʫסʘ 

ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʦʥʳ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʰʝʢʪʝʫʣʽ ʙʘסʳʪʪʳץ  ʙʘסʜʘʨʣʘʤʘʣʘʫʜʳש ʢᴇʧ ʘסʳʥʜʳ 

ʪʨʘʥʩʧʦʣʷʨʣʳ ʤᴅʩʝʣʝʣʝʨʽʥʽש  ʝʨʝʢʰʝ ʞʘסʜʘʡʳ ʨʝʪʽʥʜʝ ʞʽʢʪʝʫʛʝ ʙʦʣʘʜʳ. ɾײʤʳʩʪʳ 

ʨʝʩʽʤʜʝʫʛʝ ײʩʳʥʳʣסʘʥ ʪᴅʩʽʣ ʪʘʩʳʤʘʣʜʘʫ װʰʽʥ ᴅʨʪװʨʣʽ ʞװʢʪʝʨʜʽש ʙʦʣʫʳʥ, ʪʝʤʽʨʞʦʣ 

ʞʝʣʽʩʽʥʽש ʞʝʢʝʣʝʛʝʥ ʫʯʘʩʢʝʣʝʨʽʥʽש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ʰʝʢʪʝʫʜʽ, ʩʦʥʜʘʡ-ʘץ ʪʘʩʳʤʘʣʜʘʫ 

ʢᴇʣʝʤʽ ʤʝʥ ײץʥʳ ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳץ שʦʩʘʣץʳ ʙʘסʳʪʪʳץ ʩʠʧʘʪʳʥ ʝʩʢʝʨʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

 

ʅᴅʪʠʞʝʣʝʨ.  

ᴆʥʜʽʨʫʰʽ ʩʘʣʘʣʘʨʜʘ ʪʘʫʘʨʣʘʨʜʳש ʪײʨʘץʪʳ ʘסʳʥʳ ʙʘʨ. ɹײʣ ʞʘסʜʘʡʜʘ ʥʝʛʽʟʛʽ 

ʣʦʛʠʩʪʠʢʘʣʳץ ʤʽʥʜʝʪʪʝʨ ʞװʢʪʽש ʙʝʨʽʣʛʝʥ ʢᴇʣʝʤʽʥ ʪʘʩʳʤʘʣʜʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ 

ʢᴇʣʽʢ ץʳʟʤʝʪʪʝʨʽʥʽײץ שʥʳʥ ʪᴇʤʝʥʜʝʪʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ױʩʳʥʳʣסʘʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʦשʪʘʡʣʘʥʜʳʨʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʦʧʮʠʷʣʘʨʜʳ ʪʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʩʘʣʳʩʪʳʨʫ 

ᴅʜʽʩʽʥʝ ץʘʨʘסʘʥʜʘ ʘʥʘײסʨʣʳʤ ʦשʪʘʡʣʳ, ʪʠʽʤʜʽʨʝʢ ʰʝʰʽʤʜʝʨ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ 

ʙײʣ ʞʘʣʧʳ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʰʳסʳʥʜʘʨʳʥʳש  ʪᴇʤʝʥʜʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ.  

ʊʝʤʽʨ ʞʦʣʜʘʨ ʞʝʣʽʩʽ ʙʦʡʳʥʰʘ ʞװʢ ʘסʳʥʜʘʨʳʥ ʙᴇʣʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫ ʢʝʟʽʥʜʝ 

ʞװʢʪʝʨʜʽ ʞᴇʥʝʣʪʫ ʞᴅʥʝ ʪʘסʘʡʳʥʜʘʫ ʧʫʥʢʪʪʝʨʽ ʙʝʣʛʽʣʽ, ʘʣ ʞװʢ ʘסʳʥʜʘʨʳʥʳש ʤʘʨʰʨʫʪʪʘʨʳ 

ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʞʘʪʘʜʳ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ G-ʛʨʘʬʠʢʪʽש ʪʦʧʦʣʦʛʠʷʩʳ 

ʤʝʥ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʞʝʣʽʣʽʢ ʜʠʘʛʨʘʤʤʘʜʘ ʦʨʳʥʜʘʣʘʜʳ. ʂᴇʣʽʢ ʞʝʣʽʩʽʥʽש ʤʳʩʘʣʳ 

1 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ.    
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1 ʩʫʨʝʪ ï ʂʝʩʪʝ ʪװʨʽʥʜʝ ʞװʢ ʘסʳʥʜʘʨʳʥ ʙᴇʣʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫ װʰʽʥ ʢᴇʣʽʢ ʞʝʣʽʩʽʥ ײʩʳʥʫ 
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ʊʝʤʽʨʞʦʣ ʞʝʣʽʩʽʥ ʙʽʣʜʽʨʝʪʽʥ ʛʨʘʬʠʢʪʝ 15 ʰʳש ʙʘʨ, ʦʥʳ5 ,3 ,1 ש ʞᴅʥʝ 7 ʰʳשʜʘʨʳ 

ʞᴇʥʝʣʪʫʰʽʣʝʨʜʽש ʰʳשʜʘʨʳ, 2, 4, 6 ʞᴅʥʝ 8 ʰʳשʜʘʨʳ ʘʣʫʰʳʣʘʨʜʳש ʰʳשʜʘʨʳ, 9-15 

ʰʳשʜʘʨʳ ʪʨʘʥʟʠʪʪʽʢ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  ɻʨʘʬʠʢʪʝ 27 ʜʦסʘ ʙʘʨ, ʘʣ ʝ9.10.1, ʝ9.10.2, ʝ9.13, ʝ12.13.1, 

ʝ12.13.2 ʜʦסʘʣʘʨʳʥʳש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʰʝʢʪʝʫʣʽ. ɾʝʣʽ ʘʨץʳʣʳ ʞװʢʪʝʨʜʽש ʪᴇʨʪ ʪװʨʽ 

ʪʘʩʳʤʘʣʜʘʥʘʜʳ. ɾײʤʳʩʪʳ ʦʩʳʥʜʘʡ ʳץʪʠʤʘʣ ᴅʜʽʩʧʝʥ ʨʝʩʽʤʜʝʫ ʢʝʟʽʥʜʝ ʰʘʨʪץʘ ʩᴅʡʢʝʩ ʢᴇʣʽʢ 

ʰʳסʳʥʜʘʨʳʥʳש ʤʠʥʠʤʫʤʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʦשʪʘʡʣʳ ʪʘʩʳʤʘʣʜʘʫ ʞʦʩʧʘʨʳ ʘʣʳʥʫʳ 

ʤװʤʢʽʥ (1).  ʇʦʪʝʥʮʠʘʣʜʘʨ ᴅʜʽʩʽʥ ץʦʣʜʘʥסʘʥ ʢʝʟʜʝ G ʛʨʘʬʠʛʽʥʜʝ ʪʘʩʳʤʘʣʜʘʫʜʳש ʥʝʛʽʟʛʽ 

ʞʦʩʧʘʨʳʥ ʙʽʣʜʽʨʝʪʽʥ ʙʘʡʣʘʥʳʩʪʳʨʫʰʳ ʙʘסʘʥ ʙᴇʣʽʥʝʜʽ. ʅʝʛʽʟʛʽ ʞʦʩʧʘʨסʘ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ 

ʞʝʪʢʽʣʽʢʩʽʟ ʜʦסʘʣʘʨ ʢʽʨʝʜʽ. ʅʝʛʽʟʛʽ ʞʦʩʧʘʨʜʘסʳ ʜʦסʘʣʘʨʜʳש ʩʘʥʳ n-1 ʛʝ ʪʝש . ɸʟ ʜʦסʘʣʘʨʤʝʥ 

ʥʝʛʽʟʛʽ ʙʘסʘʥʜʳ ʘʣʫ װʰʽʥ ʥʝʛʽʟʛʽ ʞʦʩʧʘʨסʘ ʪʦʣʳץ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʙʘʨ ʥʝʤʝʩʝ ʞװʢ 

ʪʘʩʳʤʘʣʳ ʞʦץ ʜʦסʘʣʘʨʜʳ ץʦʩʫסʘ ʙʦʣʘʜʳ. Av ʧʦʪʝʥʮʠʘʣʳ - ʙײʣ ʪʘʫʘʨʣʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫʜʳש 

ʰʘʨʪʪʳ ʰʳסʳʥʜʘʨʳ. ʇʦʪʝʥʮʠʘʣʜʘʨ ʙʘʟʘʣʳץ ʞʦʩʧʘʨʜʳש ʝʨʽʢʪʽ ʰʳשʳʥʘʥ ʙʘʩʪʘʧ 

ʝʩʝʧʪʝʣʝʜʽ. ʅʝʛ̔ʟʛʽ ʞʦʩʧʘʨ ʜʦסʘʩʳʥʳש ʙʘסʳʪʳ ʙʦʡʳʥʰʘ ץʦʟסʘʣסʘʥ ʢʝʟʜʝ ʰʳשʥʳש 

ʧʦʪʝʥʮʠʘʣʳ ʢʝʣʝʩʽʜʝʡ ʘʥʳץʪʘʣʘʜʳ ,v u uv hA A c= + , ʥʝʛʽʟʛʽ ʞʦʩʧʘʨ ʜʦסʘʩʳʥʳש ʙʘסʳʪʳʥʘ ץʘʨʩʳ 

ʪʘʣʘʜʳ,uץʧʦʪʝʥʮʠʘʣʳ ʢʝʣʝʩʽʜʝʡ ʘʥʳ שʥʳשʘʣʫ ʢʝʟʽʥʜʝ ʰʳסʦʟץ v uv hA A c= - . 

ʇʦʪʝʥʮʠʘʣʜʘʨ ʘʡʳʨʤʘʰʳʣʳסʳʥ ʘʥʳץʪʘʫ 
uv v uA AD = -, ʩʦʥʜʘʡ ʘץ ʜʦסʘ  ʙʦʡʳʤʝʥ 

ʪʘʩʳʤʘʣʜʘʫ ײץʥʳʥ ʪʘʣʜʘʫ cuv,h, ʙʽʟʛʝ ʪʘʩʳʤʘʣʜʘʫ ʞʦʩʧʘʨʳʥʳש ʦשʪʘʡʣʳʣʳסʳʥ ʙʘסʘʣʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʝʛʝʨ ʰʘʨʪ ʪʦʣʪʳʨʳʣʤʘסʘʥ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʙʘʨ ʜʦסʘʣʘʨ 

ʜʘʡʜʘ, ,uvסʘʥ ʞʘסʰʽʥ ʦʨʳʥʜʘʣװ uv hcD > , ʦʥʜʘ ʪʘʩʳʤʘʣʜʘʫ ʞʦʩʧʘʨʳʥ ʜʦסʘʥʳ ʥʝʛʽʟʛʽ ʞʦʩʧʘʨסʘ 

ʘ ʙʦʣʘʜʳ ,uvסʩʘʨʪʫץʳʣʳ ʞʘץʘʡʪʘ ʙᴇʣʫ ʘʨץ ʳʥʜʘʨʳʥסʢ ʘװʦʩʫ ʞᴅʥʝ ʞץ he . ɽʛʝʨ ʪʦʣʳץ ʞײʤʳʩ 

ʽʩʪʝʡʪʽʥ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʙʘʨ ʢʝʡʙʽʨ ʜʦסʘʣʘʨ װʰʽʥ ʰʘʨʪ ʦʨʳʥʜʘʣʩʘ ,uv uv hcD > , ʤᴅʥʽ 

,ŭuv uv uv hc=D -
 
ʙʘʟʘʣʳץ ʞʦʩʧʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʪʦʣʳץ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʙʘʨ 

ʜʦסʘʤʝʥ ʞװʢʪʝʨʜʽ ᴇʪʢʽʟʫ ʢʝʟʽʥʜʝ ʰʳסʳʥʜʘʨʜʳ װʥʝʤʜʝʫʜʽ ʢᴇʨʩʝʪʝʜʽ. ɾʝʣʽʜʝ ʙʽʨ ᴇʥʽʤʜʽ 

ʪʘʩʳʤʘʣʜʘʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫ ʝʨʽʢʪʽ ʙʘʟʘʣʳץ ʪʘʩʳʤʘʣʜʘʫ ʞʦʩʧʘʨʳʥ ײץʨʫ ʞᴅʥʝ ʰʘʨʪץʘ ץʦʣ 

ʞʝʪʢʽʟʽʣʛʝʥʛʝ ʜʝʡʽʥ ʦʥʳ ʜᴅʡʝʢʪʽ ʪװʨʜʝ ʞʘץʩʘʨʪʫ ,uv uv pcD ¢  ʪʦʣʳץ ʝʤʝʩ ʩʳʡʳʤʜʳʣʳסʳ ʙʘʨ 

ʙʘʨʣʳץ ʜʦסʘʣʘʨ װʰʽʥ ʦʨʳʥʜʘʣʘʜʳ. ɾʝʣʽʥʽש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʰʝʢʪʝʣʛʝʥ ʙʽʨʥʝʰʝ 

ʪʘʫʘʨʣʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫʜʳש ʞʝʣʽʣʽʢ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫ ʙʽʨ ʪʘʫʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫ ʤᴅʩʝʣʝʣʝʨʽʥ 

ʰʝʰʫʛʝ ʜʝʡʽʥ ʘʟʘʷʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞװʢʪʝʨ ʪʘʩʳʤʘʣʜʘʫ ʞʦʩʧʘʨʳʥʘ ʢʝʟʝש-ʢʝʟʝשʽʤʝʥ 

ʝʥʛʽʟʽʣʝʜʽ ʞᴅʥʝ ᴅʨ ʢʝʟʝשʜʝ ʩʦסשʳ ʝʥʛʽʟʽʣʛʝʥ ʞװʢʪʽש ʞᴅʥʝ ʦʥʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʘʣʜʳסשʳ 

ʞװʢʪʽש ʞʝʣʽʩʽ ʙʦʡʳʥʰʘ ʪʘʩʳʤʘʣʜʘʫʜʳ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ʙʽʨ ᴇʥʽʤʜʽ ʪʘʩʳʤʘʣʜʘʫ ʤʽʥʜʝʪʽ 

ʰʝʰʽʣʝʜʽ. ɾʝʣʽʜʝ ʙʽʨʥʝʰʝ ʪʘʫʘʨʣʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫ ᴅʜʽʩʽ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ 

ʩʠʧʘʪʪʘʣסʘʥ [7]. 

ɽש ʘʟ ʢᴇʣʽʢ ʰʳסʳʥʜʘʨʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʦשʪʘʡʣʳ ʪʘʩʳʤʘʣʜʘʫ ʞʦʩʧʘʨʣʘʨʳ 2 

ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ʆʩʳ ʞʦʩʧʘʨʜʳ ʽʩʢʝ ʘʩʳʨʫ ʢʝʟʽʥʜʝ ʙʘʨʣʳץ ʞװʢ ʞᴇʥʝʣʪʫʰʽʣʝʨʜʽש 

ʞʘʣʧʳ ʰʳסʳʥʜʘʨʳ C = 117 ʙʽʨʣʽʢʪʽ ײץʨʘʡʜʳ. 
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ʐʳϼʥʳϼ Јʣʝʫʝʪʽ 

 
 

2 ʩʫʨʝʪ ï ɾʝʣʽ ʙʦʡʳʥʰʘ ʞװʢ ʘסʳʥʜʘʨʳʥ ʙᴇʣʫʜʽש ʦשʪʘʡʣʳ ʞʦʩʧʘʨʳ. 
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ɾװʢʪʝʨʜʽש ʞʝʢʝʣʝʛʝʥ ʧʘʨʪʠʷʣʘʨʳʥ ʪʘʩʳʤʘʣʜʘʫ ʤʘʨʰʨʫʪʪʘʨ ʙʦʡʳʥʰʘ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ r lÍR (ʤײʥʜʘ l - R ʞʠʳʥʪʳסʳʥʜʘסʳ ʤʘʨʰʨʫʪʪʳש ʰʘʨʪʪʳ ʥᴇʤʽʨʽ), ʞᴅʥʝ  ʙײʣ sk 

ʞʽʙʝʨʫʰʽʣʝʨʽʥʽש ʰʳשʜʘʨʳʥ bk ʘʣʫʰʳʣʘʨʳʥʳש ʰʳשʜʘʨʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʘʪʳʥ ץʘʨʘʧʘʡʳʤ 

ʜʦסʘʣʳץ ʪʽʟʙʝʢʪʝʨ.  ʄʘʨʰʨʫʪʪʳש ʩʠʧʘʪʪʘʤʘʩʳ ʩr,l, ʪʘʩʳʤʘʣʜʘʫ ײץʥʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ 

ʤʘʨʰʨʫʪץʘ ʝʥʛʽʟʽʣʛʝʥ ʜʦסʘʣʘʨ ʘʨץʳʣʳ ʪʘʩʳʤʘʣʜʘʫʜʳש ʞʘʣʧʳ ײץʥʳ. 

2-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʞʦʩʧʘʨסʘ ʩᴅʡʢʝʩ ʞʝʣʽʣʝʨ ʙʦʡʳʥʰʘ ʪʨʘʬʠʢʪʽ ʙᴇʣʫ ʢʝʟʽʥʜʝ 

ʪᴇʨʪ ʜʦסʘʥʳש ʩʳʡʳʤʜʳʣʳסʳ  (ʝ9.10.1, ʝ9.10.2, ʝ12.13.1, ʝ12.13.2). ɹײʣ ʝש ʘʨʟʘʥ ʤʘʨʰʨʫʪʪʘʨʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ 2, 3 ʞᴅʥʝ 4 ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ײץʥʳʥʳש ᴇʩʫʽʥʝ ᴅʢʝʣʜʽ. ɸʣʳʥסʘʥ 

ʪʘʩʳʤʘʣʜʘʫ ʞʦʩʧʘʨʳʥ ʪʘʣʜʘʫ ʙʘʟʘʣʳץ ʞʦʩʧʘʨסʘ ʢʽʨʝʪʽʥ ʜʦסʘʣʘʨ ʙʦʡʳʥʰʘ (ʨץײʩʘʪ ʝʪʽʣʛʝʥ 

ʝש ʞʦסʘʨʳ ײץʥ), ʩʦʥʜʘʡ-ʘץ ʪʘʩʳʤʘʣʜʘʫ ײץʥʳʥʳש ʪᴇʤʝʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ, ʙʽʨʘץ 

ʪʦʣʳץ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʙʘʨ ʜʦסʘʣʘʨʜʳ ץʘʤʪʠʪʳʥ ʤʘʨʰʨʫʪʪʘʨ ʙʦʡʳʥʰʘ ʞװʢ 

ʙʽʨʣʽʛʽʥ ʪʘʩʳʤʘʣʜʘʫ ײץʥʳʥ ʙʝʣʛʽʣʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄײʥʜʘʡ ʤʘʨʰʨʫʪʪʘʨ ײʪʳʤʜʳ ʜʝʧ 

ʘʪʘʣʘʜʳ. 1-ʢʝʩʪʝʜʝ ʙʘʟʘʣʳץ ʞʦʩʧʘʨ ʙʦʡʳʥʰʘ ʪʘʩʳʤʘʣʜʘʫ ײץʥʳʥʘʥ ʘʩʧʘʡʪʳʥ ʪʘʩʳʤʘʣʜʘʫ 

  .ʪʳʤʜʳ ʤʘʨʰʨʫʪʪʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥײ ʪʠʤʘʣץʳ ץʙʘʨʣʳ שʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫʜʳװʥʳ ʙʘʨ ʞײץ

 

1 ʢʝʩʪʝ - ɾʝʣʽ ʘʨץʳʣʳ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫʜʳש ʳץʪʠʤʘʣ ʙʘסʳʪʪʘʨʳ 
 

Carg
ƻ Ѕ  

Route 

l Arcs rͫ,l 

1 1 1͔.10- 1͔0.9- 9͔.12- 1͔2.2 4 

2 
2 3͔.14- 1͔4.12- 1͔2.13.1- 1͔3.15- 1͔5.4 11 

3 3͔.14- 1͔4.15- 1͔5.4 15 

3 

4 5͔.14- 1͔4.12- 1͔2.13.1- 1͔3.6 6 

5 5͔.14- 1͔4.12- 1͔2.9- 9͔.10.1- 1͔0.11- 1͔1.13- 1͔3.6 9 

6 5͔.14- 1͔4.12- 1͔2.9- 9͔.10.2- 1͔0.11- 1͔1.13- 1͔3.6 10 

7 5͔.14- 1͔4.12- 1͔2.13.2- 1͔3.6 11 

8 5͔.14- 1͔4.12- 1͔2.9- 9͔.13- 1͔3.6 12 

6 

9 7͔.9- 9͔.10.1- 1͔0.11- 1͔1.8 3 

10 7͔.9- 9͔.10.2- 1͔0.11- 1͔1.8 4 

11 7͔.9- 9͔.13- 1͔3.11- 1͔1.8 10 
 

ɾʝʣʽ ʙʦʡʳʥʰʘ ʘסʳʥʜʘʨʜʳ ʙᴇʣʛʝʥʥʝʥ ʢʝʡʽʥ ʞװʢ ʞᴇʥʝʣʪʫʰʽʣʝʨ ʘʨʘʩʳʥʜʘ 

ʪʘʫʘʨʣʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫ ʰʳסʳʥʜʘʨʳʥ ʙᴇʣʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫ ץʘʞʝʪ.   

2-ʢʝʩʪʝʜʝ ʞװʢʪʽש k-ʰʽ ʪװʨʽʥʽש ᴅʨץʘʡʩʳʩʳ װʰʽʥ ʦשʪʘʡʣʳ  ,r kʩ ʞʦʩʧʘʨ ʙʦʡʳʥʰʘ ʞװʢʪʽ 

ʪʘʩʳʤʘʣʜʘʫʜʳש ʦʨʪʘʰʘ ᴇʣʰʝʥʛʝʥ ײץʥʳ ʢʝʣʪʽʨʽʣʛʝʥ. ʉʘʣʳʩʪʳʨʫ װʰʽʥ, ᴅʨʙʽʨ ʞװʢ װʰʽʥ 

ʙʽʨʜʝʡ ʢʝʩʪʝʜʝ ʝץ שʳʩץʘ ʤʘʨʰʨʫʪʪʘʨ ʙʦʡʳʥʰʘ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ʝש ʪᴇʤʝʥʛʽ 

ʰʳסʳʥʜʘʨ (cr,k), ʩʦʥʜʘʡ-ʘץ ʞװʢʪʽש ʦʩʳ ʪװʨʽ װʰʽʥ ʩʳʡʳʤʜʳʣʳץʪʳ ʙᴇʣʫ ʩʦסשʳ 

ʤʘʢʩʠʤʫʤʤʝʥ (cr,k) ʦʨʳʥʜʘʣסʘʥ ʞʘסʜʘʡʣʘʨʜʘ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ʦʨʪʘʰʘ 

ʰʳסʳʥʜʘʨ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

2 ʢʝʩʪʝ - ɾװʢ ʘסʳʥʜʘʨʳʥ ʙᴇʣʫʜʽש ʦשʪʘʡʣʳ ʞʦʩʧʘʨʳʥʘ ʩᴅʡʢʝʩ ʞװʢʪʽ ʪʘʩʳʤʘʣʜʘʫʜʳש 

ʥʘץʪʳ ײץʥʳʥ ʙʘסʘʣʘʫ 
 

k ́͊ͫ·ͣ͊͒͊ͯ͡ ͤ· ,

,min( )

r k

r k

ʩ

c
 ,

,max( )

r k

r k

ʩ

c
 

min(cr,k) Ƴ͊ͻόcr,k) ,r kʩ  

1 4.0 4.0 4.0 1.00 1.00 

2 11.0 15.0 15.0 1.36 1.00 

3 6.0 11.5 10.5 1.75 0.91 

4 3.0 10.0 4.6 1.53 0.46 
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ɾװʢ ʘסʳʥʜʘʨʳʥ ʞʝʣʽ ʙʦʡʳʥʰʘ ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʙᴇʣʫ ʞʘסʜʘʡʳʥʜʘ 

ʪʘʩʳʤʘʣʜʘʫʜʳ ʪʘʨʠʬʪʝʫ װʰʽʥ ʥʘץʪʳ ץʘʰʳץʪʳץʪʳ ʧʘʡʜʘʣʘʥʫ ʞʝʢʝʣʝʛʝʥ ʞװʢ 

ʞᴇʥʝʣʪʫʰʽʣʝʨ װʰʽʥ ʞʘסʜʘʡʜʳ ʘʡʪʘʨʣʳץʪʘʡ ʥʘʰʘʨʣʘʪʫʳ ʤװʤʢʽʥ. ʉʝʙʝʙʽ ʦʣʘʨʜʳש 

ʘסʳʥʜʘʨʳʥ ʪʠʽʤʩʽʟ ʤʘʨʰʨʫʪʪʘʨסʘ ʙʘסʳʪʪʘʫ ʙʘʩץʘ ʞװʢ ʞᴇʥʝʣʪʫʰʽʣʝʨ װʰʽʥ ʞʘץʩʳ ᴇʪʢʽʟʫ 

ʞʘסʜʘʡʣʘʨʳʥ ʞʘʩʘʫ ץʘʞʝʪʪʽʣʽʛʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, 2 ʪʠʧʪʽ ʞװʢ 

 ʘʩʳ ʪʝʢ 3סʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʝ12.13.1 ʪʘʩʳʤʘʣʜʘʫ ʜʦץ ʥʝʤʜʝʫʜʽװ ʰʽʥ ʜʝװ ʢװʰʽʥ ʜʝ, 3 ʪʠʧʪʽ ʞװ

ʪʠʧʪʽ ʞװʢʪʽ ʪʘʩʳʤʘʣʜʘʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʜʳ.   ʉʦʥʳʤʝʥ ץʘʪʘʨ, 2 ʪʠʧʪʽ ʙʘʨʣʳץ ʞװʢʪʝʨ 

ʪʘʩʳʤʘʣʜʘʫ ײץʥʳ ʞʦסʘʨʳ ʤʘʨʰʨʫʪ ʙʦʡʳʥʰʘ ʪʘʩʳʤʘʣʜʘʥʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʪʘʩʳʤʘʣʜʘʫʜʳש ʙʽʨʥʝʰʝ ʦשʪʘʡʣʳ ʞʦʩʧʘʨʣʘʨʳ ʙʦʣסʘʥ ʞʘסʜʘʡʣʘʨ ʞʠʽ ʢʝʟʜʝʩʝʜʽ. ʄײʥʜʘʡ 

ʞʘסʜʘʡʣʘʨʜʘ ᴇʪʫ ʤʘʨʰʨʫʪʳʥ ʞᴅʥʝ ʩᴅʡʢʝʩʽʥʰʝ ʙʝʣʛʽʣʽ ʙʽʨ ʞᴇʥʝʣʪʫʰʽ װʰʽʥ ʦʥʳײץ שʥʳʥ 

ʪʘשʜʘʫ ʢʝʟʜʝʡʩʦץ ʪװʨʜʝ ʙʦʣʘʜʳ. 

 ʘסʪʘʨץʪʳץʘʰʳץ (ʘץʳʩץ שᴅʜʝʪʪʝ ʝ) ʳʪʪʘ ʪʘʩʳʤʘʣʜʘʨʜʳ ʪʘʨʠʬʪʝʫ ʪʘʨʠʬʪʽʢץʘʟʽʨʛʽ ʫʘפ

ʩᴅʡʢʝʩ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɾʝשʽʣʜʝʪʽʣʛʝʥ ʪᴅʩʽʣʤʝʥ ʥʘץʪʳ ץʘʰʳץʪʳץץʘ ʥʝʛʽʟʜʝʣʛʝʥ 

ʪʘʩʳʤʘʣʜʘʫ ʙʘסʘʩʳʥʘʥ ʪʘʨʠʬʪʽʢ ץʘʰʳץʪʳץץʘ ʥʝʛʽʟʜʝʣʛʝʥ ʪʘʩʳʤʘʣʜʘʫ ʙʘסʘʩʳʥʘ ᴇʪʫ װʰʽʥ 

ʢʦʵʬʬʠʮʠʝʥʪʪʽ ʝʩʝʧʪʝʫ ץʘʞʝʪ 
min

ɔt

C

C
= . 

ʤײʥʜʘסʳ ʉmin ʰʝʢʪʝʫʣʝʨ ʙʦʣʤʘסʘʥ ʢʝʟʜʝ ʙʘʨʣʳץ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫʜʳש ʞʘʣʧʳ 

 .ʥʳʥ ʙʽʣʜʽʨʝʜʽ (5)ײץ

ɾʝʢʝ ʞᴇʥʝʣʪʫʰʽʜʝʥ ʞװʢ ʧʘʨʪʠʷʩʳʥ ʪʘʩʳʤʘʣʜʘʫ ײץʥʳ ʢʝʣʝʩʽʜʝʡ 

ʝʩʝʧʪʝʣʝʜ(̔ ), ,=ɔ minrt k t r kʩ ʩ . 

1 - ʥʰʽ ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʤʳʩʘʣ װʰʽʥ ʉmin =78 ʙʽʨʣʽʢ. ʅᴅʪʠʞʝʩʽʥʜʝ gt=1.5. ʅʘץʪʳ 

ʪʘʩʳʤʘʣʜʘʫ ײץʥʳ ʤʝʥ ʝץ שʳʩץʘ ץʘʰʳץʪʳץץʘ ʝʩʝʧʪʝʣʛʝʥ ʪʘʩʳʤʘʣʜʘʫ ײץʥʳʥ ʩʘʣʳʩʪʳʨʫ 3 - 

ʰʽ ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

3 ʢʝʩʪʝ - ɾװʢʪʽ ʪʘʩʳʤʘʣʜʘʫ ײץʥʳ ʝץ שʳʩץʘ ʢᴇʣʽʢ ʙʘסʳʪʪʘʨʳ ʥʝʛʽʟʽʥʜʝ ʙʝʣʛʽʣʝʥʝʜʽ 

 

k ́͊ͫ·ͣ͊͒͊ͯ͡ ͤ· 

min(cr,k) ,r kʩ  crt,k 

1 4 4.0 6.0 

2 11 15.0 16.5 

3 6 10.5 9.0 

4 3 4.6 4.5 
 

2-ʩʫʨʝʪ ʧʝʥ 3-ʢʝʩʪʝʥʽ ʪʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, 2 ʞᴅʥʝ 3 ʞװʢ ʞᴇʥʝʣʪʫʰʽʣʝʨ װʰʽʥ 

ʪʘʩʳʤʘʣʜʘʫ ײץʥʳ ʜʦסʘסʘ ʝ12.13.1 ʩᴅʡʢʝʩ ʝʩʝʧʪʝʣʝʜʽ, ʦʥʳש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʪʘʩʳʤʘʣʜʘʫ 

ʢᴇʣʝʤʽʥʝʥ ʝʜᴅʫʽʨ ʪᴇʤʝʥ. ʂᴇʧ ʞʘסʜʘʡʜʘ ʪʝʤʽʨʞʦʣ ʞʝʣʽʩʽʥʜʝʛʽ ʤײʥʜʘʡ ʜʦסʘʣʘʨ ʜʘʤʫ 

ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ ʞʦץ ʙᴇʣʽʤʰʝʣʝʨʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 3-ʢʝʩʪʝʜʝʛʽ ʜʝʨʝʢʪʝʨ 1 

ʞᴅʥʝ 2 ʞʽʙʝʨʫʰʽʣʝʨ װʰʽʥ ʪʘʩʳʤʘʣʜʘʫ ײץʥʳ ʘʡʪʘʨʣʳץʪʘʡ ʞʦסʘʨʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, 1 ʞװʢ ʞᴇʥʝʣʪʫʰʽ  ʪʝʤʽʨʞʦʣ ʞʝʣʽʩʽ ʫʯʘʩʢʝʣʝʨʽʥʽש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʪʽʣʽʛʽʥʽש 

ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʰʳסʳʥʜʘʨʜʳ ʢᴇʪʝʨʝʜʽ, ʦʣ ʪʽʧʪʽ ʧʘʡʜʘʣʘʥʘ ʘʣʤʘʡʜʳ. 

ʄʳʩʘʣʜʘ 1 ʙʽʨʣʽʢ ʞװʢʪʽ ʪʘʩʳʤʘʣʜʘʫ ʰʘʨʪʪʘʨʳ װʰʽʥ 2, 6 ʙʽʨʣʽʢ ʞװʢʪʽ ʪʘʩʳʤʘʣʜʘʫ 3 ʞᴅʥʝ 5 

ʙʽʨʣʽʢ ʞװʢʪʽ ʪʘʩʳʤʘʣʜʘʫ 4 ʜʝʧ ʢʝʣʪʽʨʽʣʛʝʥ, ʦʣʘʨʜʳ ʘʣʫ ʢʦʤʙʠʥʘʮʠʷʣʘʨʳʥʳ5544 ש ʥײʩץʘʩʳ 

ʙʘʨ. ɾװʢ ʧʘʨʪʠʷʣʘʨʳʥ ʪʘʩʳʤʘʣʜʘʫ 1 ʞװʢʪʝʨʜʽש ʙʘʩץʘ ʪװʨʣʝʨʽʥ ʪʘʩʳʤʘʣʜʘʫʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ʝʤʝʩ; ʩʦʥʜʳץʪʘʥ ʦʣʘʨ ʩʳʡʳʤʜʳʣʳץʪʳ ʙᴇʣʫ ʢʝʟʽʥʜʝ ʝʩʝʧʢʝ ʘʣʳʥʙʘʡʜʳ. pl 

ʤʘʨʰʨʫʪʪʘʨʳʥʳש ʦʨʥʘʣʘʩʫ ʳץʪʠʤʘʣʜʳסʳʥ ʙʘסʘʣʘʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ 

 ʦʨʪʘʰʘ שʢʪʽ ʪʘʩʳʤʘʣʜʘʫʜʳװʜʘʡʜʘ k ʪʠʧʪʽ ʞסʣ ʞʘײʥʳʥ ʝʩʝʧʪʝʫ 4 ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. ɹײץ

 ʥʳ ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʝʜʽײץ
, ,=rp k l r l

l

ʩ pcä , ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ k ʪʠʧʪʽ ʞװʢ ʪװʨʽʥ 

ʪʘʩʳʤʘʣʜʘʫʜʳש ʞʘʣʧʳ ײץʥʳ 
, ,=p k rp k kʉ ʩ F. 
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4 ʢʝʩʪʝ - ʄʘʨʰʨʫʪʪʘʨʜʳש ʦʨʥʘʣʘʩʫ ʳץʪʠʤʘʣʜʳסʳʥ ʙʘסʘʣʘʫ ʥʝʛʽʟʽʥʜʝ ʙʝʣʛʽʣʝʥʛʝʥ 

ʞװʢʪʽ ʪʘʩʳʤʘʣʜʘʫ ײץʥʳ 

 

k ͣ͊ͪ΄ͪͯͭͭ͊ͪ ,p kʉ  

l rͫ,l pl pl rͫ,l ,rp kʩ  

2 
2 11 0.143 1.573 

14.43 14.42 
3 15 0.857 12.855 

3 

4 6 0.143 0.858 

9.86 59.20 

5 9 0.209 1.881 

6 10 0.089 0.89 

7 11 0.471 5.181 

8 12 0.088 1.056 

4 

9 3 0.350 1.05 

7.00 35.00 10 4 0.092 0.368 

11 10 0.558 5.58 

Total  108.62 

 

 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʰʝʢʪʝʫʣʽ ʞʝʣʽʣʝʨʜʝʛʽ ʪʘʩʳʤʘʣʜʘʨʜʳ ʪʘʨʠʬʪʝʫʛʝ ʝש 

 ʳʥʜʘʨʳʥסʢᴇʣʽʢ ʰʳ שʢ ʞᴇʥʝʣʪʫʰʽʣʝʨʜʽװʘ ʤʘʨʰʨʫʪ ʪᴅʩʽʣʽ ʙʦʡʳʥʰʘ  ʞʝʢʝʣʝʛʝʥ ʞץʳʩץ

ʘʩʳʨʘ ʙʘסʘʣʘʫסʘ ʞᴅʥʝ ʩʦʥʳש ʩʘʣʜʘʨʳʥʘʥ ʦʣʘʨʜʳש ʢᴇʣʽʢʪʽש ʙʘʣʘʤʘʣʳ ʪװʨʣʝʨʽʥʝ ʢᴇʰʫʽʥʝ 

ʥʝʤʝʩʝ ʙʘʩץʘ ʞʝʪʢʽʟʫʰʽʣʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʦʣʘʨʜʳש ᴇʥʽʤʜʝʨʽʥʽש ʙᴅʩʝʢʝʛʝ 

 ʰʽʥ ʪʘʩʳʤʘʣʜʘʫ ʞʦʩʧʘʨʳʥʘװ ʩʝʨʫשʘʙʽʣʝʪʩʽʟʜʽʛʽʥʝ ᴅʢʝʣʝʜʽ. ʆʩʳ ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʝץ

ʝʥʛʽʟʽʣʛʝʥ ʪʘʫʘʨʣʘʨʜʳש ʙʘʨʣʳץ ʧʘʨʪʠʷʣʘʨʳ ʜʦסʘʣʘʨʜʳש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ʠʝʣʝʥʫʛʝ ʪʝש 

ʤװʤʢʽʥʜʽʢʪʝʨʛʝ ʠʝ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ, ʞװʢ ʘסʳʥʜʘʨʳʥ ʞʝʣʽ ʙʦʡʳʥʰʘ ʙᴇʣʫʜʽ ʞװʟʝʛʝ ʘʩʳʨʫ 

 ʘʥ ʤʘʨʰʨʫʪסʘ ʧʘʡʜʘʣʘʥʳʣʤʘץʳʩץ שʰʽʥ ʞʝʪʢʽʟʽʣʛʝʥʜʝ, ʦʣ ʝװ ʢ ʪʘʩʳʤʘʣʜʘʫװʩʳʥʳʣʘʜʳ. ɾײ

ʙʦʡʳʥʰʘ ʞᴇʥʝʣʪʽʣʝʜʽ. 

2-4 ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫʜʳש ʞʘʣʧʳ ײץʥʳ ʦʣʘʨסʘ ᴇʪʽʥʽʤʜʝʨ ʪװʩʫ ʪᴅʨʪʽʙʽʤʝʥ ʝש 

 ʢʪʝʨʜʽ C*=101װʣ ʞײʘʥ ʢʝʟʜʝ ʉp=108.62 ʙʽʨʣʽʢʪʽ, ʘʣ ʙסʩʳʥײ ʪʠʤʘʣ ʤʘʨʰʨʫʪʪʘʨʜʳץʘ ʳץʳʩץ

ʙʽʨʣʽʢ ʞʝʣʽʩʽ ʙʦʡʳʥʰʘ ʙᴇʣʫʜʽ ʦשʪʘʡʣʘʥʜʳʨסʘʥ ʢʝʟʜʝ ײץʨʘʡʜʳ. 

ɸʣʳʥסʘʥ ʢʦʵʬʬʠʮʠʝʥʪ 
* 101,00

ɔ 0,93
108,62

op

p

C

C
= = =  ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʪʘʫʩʳʣסʘʥ ᴇʟʘʨʘ 

ʙʘʡʣʘʥʳʩʪʳ ʫʯʘʩʢʝʣʝʨʜʽ ʧʘʡʜʘʣʘʥʘʪʳʥ ʞװʢ ʪʘʩʳʤʘʣʜʘʫ ʪʘʨʠʬʽ װʰʽʥ 2-4 ʧʘʡʜʘʣʘʥʫ 

 ʩʳʥʳʣʘʜʳײ ʪʘʫץʥʳʥ ʢʝʣʝʩʽ ʬʦʨʤʫʣʘʤʝʥ ʘʥʳײץ ʢʪʝʨʽʥ ʪʘʩʳʤʘʣʜʘʫװʩʳʥʳʣʘʜʳ. k ʞײ

, ,= ɔro k rp k opʩ ʩ . 

ɾװʢʪʽ ʪʘʩʳʤʘʣʜʘʫ ײץʥʳʥ, ʩʦʥʜʘʡ-ʘץ ʞװʢ ʞᴇʥʝʣʪʫʰʽʣʝʨʜʽש ʞʘʣʧʳ ʰʳסʳʥʜʘʨʳʥ 

ʝʩʝʧʪʝʫ 5-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

5 ʢʝʩʪʝ - ɾװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʰʳסʳʥʜʘʨʳ ʞᴅʥʝ ʞװʢʪʝʨʜʽ ʫʯʘʩʢʝʣʝʨʜʽש ᴇʪʢʽʟʫ 

 ʞʘʣʧʳ שʢ ʞᴇʥʝʣʪʫʰʽʣʝʨʜʽװʳʣʳ ʪʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝʛʽ ʞץʘʙʽʣʝʪʽ ʰʝʢʪʝʫʣʽ ʞʝʣʽʣʝʨ ʘʨץ

ʰʳסʳʥʜʘʨʳ 

 

k ́͊ͫ·ͣ͊͒͊ͯ͡ ͤ· ,

,max( )

ro k

r k

ʩ

c
 

Ƴ͊ͻόcr,k) ,ro kʩ  

1 4.00 4.00 1.00 

2 15.00 13.42 0.89 

3 11.50 9.17 0.80 

4 10.00 6.51 0.65 
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ʊʘʣץʳʣʘʫ. 

ʅᴅʪʠʞʝʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʞװʢ ʪʘʩʳʤʘʣʳʥ ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʞʦʩʧʘʨʣʘʫ, ʝʛʝʨ 

ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʞʦסʘʨʳ ʞװʢʪʝʤʝ ʫʯʘʩʢʝʣʝʨʽ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ, ʪʝʤʽʨʞʦʣʜʘʨסʘ ʪʝʭʥʠʢʘʣʳץ 

ᴅʣʝʫʝʪʽʥ ʪʠʽʤʜʽʨʝʢ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʧʘʨʘʣʣʝʣʴʜʽ 

ʤʘʨʰʨʫʪʪʘʨ ʙʦʡʳʥʰʘ ʪʘʩʳʤʘʣʜʘʨʜʳ ײʪʳʤʜʳ ʙᴇʣʫ ʪʘʩʳʤʘʣʜʘʫ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʫʛʝ ʞᴅʥʝ 

ʞװʢ ʞᴇʥʝʣʪʫʰʽʣʝʨʛʝ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ ʙʘסʘʤʝʥ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʊʘʫ-

ʢʝʥ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ᴇʥʽʤʜʝʨʽʥ ʪʘʩʳʤʘʣʜʘʫסʘ ʢʝʣʝʪʽʥ ʙʦʣʩʘץ, ʦʣʘʨ ʝש ʘʣʜʳʤʝʥ ײץʥ 

ʢᴇʨʩʝʪʢʽʰʽʥʝ ʩʝʟʽʤʪʘʣ ʞᴅʥʝ ʞʝʪʢʽʟʫ ʤʝʨʟʽʤʽʥʝ ץʘʪʳʩʪʳ ʞʦסʘʨʳ ʪʘʣʘʧʪʘʨ ץʦʡʤʘʡʪʳʥʳʥ 

ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʪʘʩʳʤʘʣʜʘʫ ʞʦʩʧʘʨʳʥ 

ᴅʟʽʨʣʝʛʝʥʥʝʥ ʢʝʡʽʥ ʞᴅʥʝ ʞװʢ ʞᴇʥʝʣʪʫʰʽʣʝʨʛʝ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ײץʥʳʥ ʘʥʳץʪʘסʘʥʥʘʥ ʢʝʡʽʥ, 

ʪʝʤʽʨʞʦʣ ʞʝʪʢʽʟʫ ʤʝʨʟʽʤʜʝʨʽ ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ ʩʠʷץʪʳ ʙʘʩץʘ ʢʨʠʪʝʨʠʡʣʝʨʛʝ ʩᴅʡʢʝʩ 

ʪʘʩʳʤʘʣʜʘʫ ʞʦʩʧʘʨʳʥ ʞʝʪʽʣʜʽʨʫʜʽ ʞʘʣסʘʩʪʳʨʘ ʘʣʘʜʳ. ʄʘץʘʣʘʥʳס שʳʣʳʤʠ ʞʘשʘʣʳסʳ 

ʪʝʤʽʨʞʦʣ ʞʝʣʽʩʽ ʙʦʡʳʥʰʘ ʞװʢ ʘסʳʥʜʘʨʳʥ ʙᴇʣʫ ᴅʜʽʩʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ ʞʝʢʝʣʝʛʝʥ 

ʫʯʘʩʢʝʣʝʨʜʽש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʰʝʢʪʝʫʣʽ ʞʘסʜʘʡʣʘʨʜʘ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʙʦʡʳʥʰʘ 

 ʳʟʤʝʪʪʝʨʜʽ ʪʘʨʠʬʪʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄᴅʩʝʣʝʥʽ ʰʝʰʫʛʝ ʦʥʳ ʞʝʣʽʣʽʢ ʬʦʨʤʘʜʘ ᴇʪʢʽʟʫץ

 ʢᴇʧ ᴇʥʽʤʜʽ ʢᴇʣʽʢ ʤᴅʩʝʣʝʩʽʥ שʜʘʨʣʘʤʘʣʘʫʜʳסʙʘ ץʳʪʪʳסʰʝʢʪʝʫʣʝʨʽʤʝʥ ʙʘ שʘʙʽʣʝʪʪʽʣʽʛʽʥʽץ

ʰʝʰʫʛʝ ʜʝʡʽʥ ʘʟʘʡʪʫ ʘʨץʳʣʳ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ. ɾװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫʜʳש ʦʨʪʘʰʘ ײץʥʳ 

ʦʣʘʨʜʳש ᴅʨʪװʨʣʽ ʤʘʨʰʨʫʪʪʘʨ ʙʦʡʳʥʰʘ ʞװʨʫ ʳץʪʠʤʘʣʜʳסʳʥ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ʙʝʣʛʽʣʝʥʝʜʽ. 

ʄʘץʘʣʘʥʳש ʧʨʘʢʪʠʢʘʣʳץ ʤᴅʥʽ ʤʳʥʘʜʘ: ʤʘʪʝʤʘʪʠʢʘʣʳץ ʦשʪʘʡʣʘʥʜʳʨʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ 

 ʩʘʣʳʩʪʳʨʫ ᴅʜʽʩʽʤʝʥ ץʵʢʦʥʦʤʠʢʘʣʳ-ץʘʣʘʨʜʳ ʪʝʭʥʠʢʘʣʳץʩײʦʣʜʘʥʳʣʘʪʳʥ ʥץ ʳʪʪʘץʘʟʽʨʛʽ ʫʘץ

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʘץʩʳ ʰʝʰʽʤʜʝʨ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ 

ʰʳסʳʥʜʘʨʳʥʳש ʞʘʣʧʳ ʪᴇʤʝʥʜʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʊʘʩʳʤʘʣʜʘʫʜʳ ʪʘʨʠʬʪʝʫʜʽש 

ʞʝʪʽʣʜʽʨʽʣʛʝʥ ᴅʜʽʩʽ ʞװʢ ʞᴇʥʝʣʪʫʰʽʣʝʨ ʘʨʘʩʳʥʜʘ ʢᴇʣʽʢ ʰʳסʳʥʜʘʨʳʥʳש ʪᴇʤʝʥʜʝʫʽʥʝʥ 

 ʳʥʜʘʨʳʥסʰʳ ץʣʦʛʠʩʪʠʢʘʣʳ שʳʣʳ ʦʣʘʨʜʳץʦʥʳʤʜʳ ʙᴇʣʫʛʝ ʞᴅʥʝ ʩʦʣ ʘʨץ ʘסʳʣץʥʝʤʜʝʫʜʽ ʘװ

ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

  .ʦʨʳʪʳʥʜʳפ

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʙʽʟʛʝ ʢʝʣʝʩʽ ץʦʨʳʪʳʥʜʳʣʘʨʜʳ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: 

1)ʊʝʤʽʨʞʦʣ ʪʘʩʳʤʘʣʳ ʥʘʨʳסʳʥ ʨʝʬʦʨʤʘʣʘʫ ʪʝʤʽʨʞʦʣʜʘʨʜʘʥ ʙʘסʘʩʳ ʤʝʥ ʩʘʧʘʩʳ 

ʞʘסʳʥʘʥ ʝʨʝʢʰʝʣʝʥʝʪʽʥ ʙʽʨץʘʪʘʨ ץʳʟʤʝʪʪʝʨʜʽ ʝʥʛʽʟʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. ʀʥʬʨʘײץʨʳʣʳʤʥʳש 

ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʪʘʧʰʳʣʳסʳ ʞʘסʜʘʡʳʥʜʘ ʪʝʤʽʨʞʦʣ ʢᴇʣʽʛʽ ץʳʟʤʝʪʪʝʨʽʥʽש ʙʽʨ ʪװʨʽ ʘʣʜʳʥ 

ʘʣʘ ʞʦʩʧʘʨʣʘʥסʘʥ ʤʘʨʰʨʫʪʪʘʨ ʙʦʡʳʥʰʘ ʪײʨʘץʪʳ ʧʦʝʟʜʘʨʜʘʥ ᴇʪʫ ʞᴅʥʝ ץʘʞʝʪ ʙʦʣסʘʥ 

ʞʘסʜʘʡʜʘ ᴇʪʽʥʽʤ ʙʝʨʫ ʩᴅʪʽʥʜʝ ʝʨʢʽʥ ʤʘʨʰʨʫʪʪʘʨ ʙʦʡʳʥʰʘ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʙʦʣʫʳ 

ʤװʤʢʽʥ. ʊʝʤʽʨʞʦʣ ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽʣʝʨʽʥʽש ʤײʥʜʘʡ ץʳʟʤʝʪʪʝʨʛʝ ʜʝʛʝʥ ʩײʨʘʥʳʩʳ ʦʣʘʨʜʳש 

ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʜʝʛʽ ʣʦʛʠʩʪʠʢʘʣʳץ ʰʳסʳʥʜʘʨʜʳ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʜʽʛʽʤʝʥ 

ʘʥʳץʪʘʣʘʜʳ. ʊײʨʘץʪʳ ʧʦʡʳʟʙʝʥ ʪʘʩʳʤʘʣʜʘʫ פʘʟʘץʩʪʘʥ ʤʝʥ ʋʢʨʘʠʥʘʥʳש ʪʘʫ-ʢʝʥ 

ʢʝʰʝʥʽʥʽש ʢᴅʩʽʧʦʨʳʥʜʘʨʳ װʰʽʥ ʝʨʝʢʰʝ ʤʘשʳʟʜʳ. ɹʽʨ ʞʘסʳʥʘʥ, ʙײʣ ʪʘʩʳʤʘʣʜʘʨ ʙʘʨʣʳץ 

ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫʜʳ60% ש - ʜʘʥ ʘʩʪʘʤʳʥ ײץʨʘʡʜʳ ʞᴅʥʝ ʦʣʘʨ ʘʡʪʘʨʣʳץʪʘʡ ᴇʥʽʤʜʽʣʽʢʪʽ 

ʙᴇʣʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. ɽʢʽʥʰʽ ʞʘסʳʥʘʥ, ʦʩʳ ʪʘʫʘʨʣʘʨʜʳש ʪװʧʢʽʣʽʢʪʽ ײץʥʳʥʜʘסʳ ʢᴇʣʽʢ 

ʰʳסʳʥʜʘʨʳʥʳװ שʣʝʩʽ 30-50% ײץʨʘʡʜʳ, ʩʦʥʜʳץʪʘʥ ᴇʥʜʽʨʫʰʽ ᴇʥʝʨʢᴅʩʽʧ ᴇʥʽʤʜʝʨʽʥ 

ʪʘʩʳʤʘʣʜʘʫʜʳ ײʡʳʤʜʘʩʪʳʨʫ ʪʘʩʳʤʘʣʜʘʫ ʰʳסʳʥʜʘʨʳʥʳש ʤʘʢʩʠʤʘʣʜʳ ʪᴇʤʝʥʜʝʫʽʥ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʢʝʨʝʢץ

2) ʊʝʤʽʨʞʦʣ ʞʝʣʽʩʽ ʙʦʡʳʥʰʘ ʞװʢ ʘסʳʥʜʘʨʳʥ ʙᴇʣʫ ʧʨʦʙʣʝʤʘʩʳʥ ᴇʪʢʽʟʫ 

 ʜʘʨʣʘʤʘʣʘʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫʛʝסʙʘ ץʳʪʪʳסʰʝʢʪʝʫʣʝʨʽʤʝʥ ʢᴇʧ ᴇʥʽʤʜʽ ʙʘ שʘʙʽʣʝʪʪʽʣʽʛʽʥʽץ

ʜʝʡʽʥ ʘʟʘʡʪʫסʘ ʙʦʣʘʜʳ. ɹײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ ʪʘʫʘʨʣʘʨʜʳ ʞʝʣʽ ʘʨץʳʣʳ ʪʘʩʳʤʘʣʜʘʫʜʳש 

ʦʨʪʘʰʘ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʝʪʽʥ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʞʦʩʧʘʨʣʘʨʳʥ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞʝʣʽʜʝʛʽ ʞʘʣʧʳ ʢᴇʣʽʢ ʰʳסʳʥʜʘʨʳʥʳש ʤʠʥʠʤʫʤʳʥʘ ʞʝʢʝʣʝʛʝʥ 

ʞᴇʥʝʣʪʫʰʽʣʝʨʜʝʥ ʪʘʫʘʨʣʘʨʜʳ ײץʥʳ ʞʦסʘʨʳ ʤʘʨʰʨʫʪʪʘʨ ʙʦʡʳʥʰʘ ʪʘʩʳʤʘʣʜʘʫ ʘʨץʳʣʳ ץʦʣ 

ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ. ʆʩʳʣʘʡʰʘ, ʢʝʡʙʽʨ ʞװʢ ʞᴇʥʝʣʪʫʰʽʣʝʨʜʽש ʣʦʛʠʩʪʠʢʘʣʳץ ʰʳסʳʥʜʘʨʳʥʳש 

ʪᴇʤʝʥʜʝʫʽ ʽʰʽʥʘʨʘ ʙʘʩץʘ ʞװʢ ʞᴇʥʝʣʪʫʰʽʣʝʨʜʽש ʝʩʝʙʽʥʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 
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3) ʂᴇʣʽʢ ʞʝʣʽʩʽʥʜʝ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ײʪʳʤʜʳ ʤʘʨʰʨʫʪʪʘʨʜʳש ʩʘʥʳ 

ʰʝʢʪʝʫʣʽ. ɾװʢ ʞᴇʥʝʣʪʫʰʽʣʝʨʜʽץ ,שʦסʘʤʜʳץ ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨʜʳש ʠʥʬʨʘײץʨʳʣʳʤ 

ʤʝʥʝʜʞʝʨʽʥʽץ שʳʟʤʝʪʪʝʨʽʥʝ ʪʝץ שʦʣ ʞʝʪʢʽʟʫ ʪʘʣʘʧʪʘʨʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ᴇʪʽʥʽʤʜʝʨʜʽש 

ʪװʩʫ ʪᴅʨʪʽʙʽʤʝʥ ʞװʢʪʝʨʜʽש ʝץ שʳʩץʘ ʤʘʨʰʨʫʪʪʘʨ ʙʦʡʳʥʰʘ ᴇʪʫʽ ʢʝʟʽʥʜʝ ײʪʳʤʜʳ 

ʤʘʨʰʨʫʪʪʘʨ ʙʦʡʳʥʰʘ ʞװʢʪʝʨʜʽש ᴇʪʫ ʳץʪʠʤʘʣʜʳסʳʥ ʙʝʣʛʽʣʝʫ ײʩʳʥʳʣʘʜʳ. ʆʩʳ 

ʳץʪʠʤʘʣʜʳץʪʘʨ ʥʝʛʽʟʽʥʜʝ ץʦʣ ץʦʶʰʳʣʘʨ ʘʨʘʩʳʥʜʘ ʞʘʣʧʳ ʤʠʥʠʤʘʣʜʳ ʢᴇʣʽʢ ʰʳסʳʥʜʘʨʳʥ 

ʙᴇʣʫ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 
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INCREASING THE CAPACITY OF THE RAILWAY USING LOGISTICS  METHODS 

 

Abstract. The study used the theory of railway operation and methods of operations 

research. The task of distributing goods along branches on a railway line was solved as a 

problem of route programming of transport with several products (interchangeable goods) having 

capacity limitations on a linear object. The average cost of cargo transportation is determined by 

the methods of probability theory. 
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Improving the methods of distribution of cargo flows on railway lines based on the data 

obtained and charging services for the transportation of goods in conditions of limited capacity 

of individual sections. 

 

Keywords. Railway transport, railway station, private access road, shunting operation, 

standardization, technical and economic comparison. 
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ʇʆɺʓʐɽʅʀɽ ʇʈʆʇʋʉʂʅʆʁ ʉʇʆʉʆɹʅʆʉʊʀ ɾɽʃɽɿʅʆʁ ɼʆʈʆɻʀ ʉ 

ʇʈʀʄɽʅɽʅʀɽʄ ʄɽʊʆɼʆɺ ʃʆɻʀʉʊʀʂʀ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʦʨʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ 

ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ. ɿʘʜʘʯʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʫʟʦʚ ʧʦ ʦʪʚʝʪʚʣʝʥʠʷʤ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ ʨʝʰʘʣʘʩʴ ʢʘʢ ʟʘʜʘʯʘ ʤʘʨʰʨʫʪʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʘ 

ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʦʜʫʢʪʘʤʠ (ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʤʠ ʛʨʫʟʘʤʠ), ʠʤʝʶʱʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʣʠʥʝʡʥʦʤ ʦʙʲʝʢʪʝ. ʉʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʫʟʦʧʦʪʦʢʦʚ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 

ʣʠʥʠʷʭ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʠ ʪʘʨʠʬʠʢʘʮʠʷ ʫʩʣʫʛ ʧʦ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʚʦʢʟʘʣ, 

ʦʪʜʝʣʴʥʳʡ ʧʦʜʲʝʟʜʥʦʡ ʧʫʪʴ, ʤʘʥʝʚʨʦʚʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ, ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ. 
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ʇʈʀʄɽʅɽʅʀɽ CRM ʊɽʍʅʆʃʆɻʀʀ ɺ ʃʆɻʀʉʊʀʏɽʉʂʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ 

ʅɸʎʀʆʅɸʃʔʅʆʁ ʂʆʄʇɸʅʀʀ  

 
ɸʥʥʦʪʘʮʠʷ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ ʢʣʠʝʥʪʦʤ, ʛʦʪʦʚʥʦʩʪʴ ʢʦʤʧʘʥʠʠ ʢ ʨʝʠʥʞʠʥʠʨʠʥʛʫ ʩʚʦʠʭ ʚʥʫʪʨʝʥʥʠʭ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʢʦʤʤʝʨʯʝʩʢʦʡ ʬʫʥʢʮʠʠ 

ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ CRM-ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʢʣʠʝʥʪʘʤʠ. ʈʘʟʨʘʙʦʪʯʠʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ 

ʢʣʠʝʥʪʘʤʠ ʧʨʝʜʣʘʛʘʶʪ ʢʘʢ ʢʦʨʦʙʦʯʥʳʝ, ʪʘʢ ʠ ʩʘʤʦʧʠʩʥʳʝ ʨʝʰʝʥʠʷ ʧʦʜ ʢʦʤʤʝʨʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ ʢʦʤʧʘʥʠʠ, ʠ ʢʘʞʜʘʷ ʢʦʤʧʘʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ, 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʣʠ ʝʡ ʜʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʝʝ ʧʦʥʠʤʘʶʪ 

ʨʫʢʦʚʦʜʠʪʝʣʠ ʠ ʩʧʝʮʠʘʣʠʩʪʳ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠʣʠ ʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʨʦʙʦʯʥʳʝ ʨʝʰʝʥʠʷ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʚʩʝ ʩʧʝʮʠʘʣʠʩʪʳ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʳʤ ʫʨʦʚʥʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚ ʤʝʪʦʜʦʣʦʛʠʠ 

ʦʧʠʩʘʥʠʡ ʥʝʦʙʭʦʜʠʤʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ 

ʢʣʠʝʥʪʘʤʠ. ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʝ ʘʩʧʝʢʪʳ, ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʢʦʤʧʘʥʠʡ, 

ʢʦʪʦʨʳʝ ʚʩʝ ʙʦʣʴʰʝ ʥʘʯʠʥʘʶʪ ʟʘʜʫʤʳʚʘʪʴʩʷ ʦʙ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʬʫʥʢʮʠʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ CRM ʩʠʩʪʝʤʳ. 

ɼʘʥʥʘʷ ʧʫʙʣʠʢʘʮʠʷ ʠʩʩʣʝʜʫʝʪ ʧʨʘʢʪʠʢʠ ʚʥʝʜʨʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʈʘʩʢʨʳʚʘʝʪʩʷ ʩʫʱʥʦʩʪʴ CRM ʩʠʩʪʝʤʳ ʠ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʠʩʪʦʨʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʧʨʘʢʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷ, ʟʥʘʯʠʤʦʩʪʴ ʠ ʧʨʝʜʧʦʩʳʣʢʠ ʚʥʝʜʨʝʥʠʷ, 

ʦʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʢʘʢ ʩ ʚʥʫʪʨʝʥʥʠʤʠ, ʪʘʢ ʠ ʚʥʝʰʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʥʫʪʳʝ, ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʇʦʢʘʟʘʥʳ ʢʣʶʯʝʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʤʤʝʨʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʢʣʠʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʨʠʢ CSI ʠ NPS.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. CRM ʩʠʩʪʝʤʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʫʩʣʫʛʠ, ʫʧʨʘʚʣʝʥʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ, 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʢʦʤʧʘʥʠʷ. 

 

ɺʚʝʜʝʥʠʝ. 

ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ (ʘʥʛʣ. digital transformation, DT ʠʣʠ DX) - ʧʨʦʮʝʩʩ 

ʚʥʝʜʨʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʝʡ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʡ ʦʧʪʠʤʠʟʘʮʠʝʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʧʨʠʟʚʘʥʘ ʫʩʢʦʨʠʪʴ ʧʨʦʜʘʞʠ ʠ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʡ. [1-2] 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ ʊʨʘʥʩʬʦʨʤʘʮʠʠ ʦʜʥʠʤ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʢʦʤʤʝʨʯʝʩʢʦʡ ʬʫʥʢʮʠʠ, ʫʚʝʣʠʯʠʚʘʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ CRM ʩʠʩʪʝʤʳ.  

https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D1%8F#cite_note-1
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CRM ʩʠʩʪʝʤʘ (Customer Relationship Management) - ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ  ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʠʝʥʪʘʤʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʧʨʦʜʘʞ, ʠ ʫʣʫʯʰʝʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ ʧʫʪʸʤ 

ʩʦʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʣʠʝʥʪʘʭ ʠ ʠʩʪʦʨʠʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ ʥʠʤʠ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʠ 

ʫʣʫʯʰʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ. [3] 

ʀʜʝʷ ʚʥʝʜʨʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ 

ʧʦʷʚʠʣʘʩʴ ʚ ʥʘʯʘʣʝ 1970-ʭ ʛʦʜʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʫʨʦʚʝʥʴ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʢʣʠʝʥʪʦʚ 

ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʝʞʝʛʦʜʥʳʭ 

ʘʥʢʝʪʠʨʦʚʘʥʠʡ. ʊʦʛʜʘ ʙʠʟʥʝʩʫ ʪʨʝʙʦʚʘʣʦʩʴ ʧʦʣʘʛʘʪʴʩʷ ʥʘ ʢʨʫʧʥʳʝ, 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʩʝʨʚʝʨʘ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ ʚ ʮʝʣʷʭ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʜʘʞ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʣ ʧʨʝʜʧʨʠʷʪʠʷʤ ʛʨʫʧʧʠʨʦʚʘʪʴ 

ʢʦʥʪʨʘʛʝʥʪʦʚ ʚ ʪʘʙʣʠʮʘʭ ʠ ʩʧʠʩʢʘʭ ʵʣʝʢʪʨʦʥʥʦʛʦ ʬʦʨʤʘʪʘ. ʇʝʨʚʘʷ CRM-ʩʠʩʪʝʤʘ ʩ 

ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ SugarCRM ʚ 2004 ʛʦʜʫ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ CRM 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʤʠʛʨʠʨʦʚʘʣʘ ʚ ʦʙʣʘʢʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʪʘʣʘ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʚʩʝʭ 

ʢʦʤʧʘʥʠʡ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

CRM ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʚ ʪʘʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʢʘʢ 

ʧʨʦʜʘʞʠ, ʤʘʨʢʝʪʠʥʛ, ʩʝʨʚʠʩ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʮʝʥʥʦʡ ʢʦʤʤʝʨʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʦʙʠʨʘʝʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʠʭ ʚ ʦʪʯʝʪʳ. ʀʥʪʝʛʨʘʮʠʷ CRM 

ʩʠʩʪʝʤʳ ʚʦʟʤʦʞʥʘ ʥʝ ʪʦʣʴʢʦ ʩʦ ʚʩʝʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʢʦʤʧʘʥʠʠ ʧʦ ʩʨʝʜʩʪʚʘʤ ʦʙʤʝʥʘ ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʚʠʨʪʫʘʣʴʥʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʪʝʣʝʬʦʥʥʦʡ ʩʪʘʥʮʠʝʡ ʢʦʥʪʘʢʪ ʮʝʥʪʨʘ, ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʧʨʦʛʨʘʤʤʦʡ 1ʉ, ʥʦ ʠ ʩ ʚʥʝʰʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ https://pk.uchet.kz/, ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʣʠʝʥʪʦʚ. CRM 

ʩʠʩʪʝʤʘ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ ʢʣʠʝʥʪʩʢʦʡ ʙʘʟʦʡ, ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, 

ʩʝʛʤʝʥʪʘʮʠʝʡ ʨʳʥʢʘ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠʣʠ ʫʩʣʫʛ, ʘ ʪʘʢʞʝ ʚʳʩʪʘʚʣʷʪʴ KPI 

ʤʝʥʝʜʞʝʨʘʤ (ʨʠʩʫʥʦʢ 1). 

 
 

ʈʠʩʫʥʦʢ 1 - ʈʘʙʦʪʘ ʩ ʢʣʠʝʥʪʩʢʦʡ ʙʘʟʦʡ ʚ CRM ʩʠʩʪʝʤʝ 

 

ʂʦʛʜʘ ʢʦʤʧʘʥʠʷ ʧʦʣʫʯʘʝʪ ʟʚʦʥʦʢ ʚ ʢʦʥʪʘʢʪ-ʮʝʥʪʨ, CRM ʩʠʩʪʝʤʘ ʤʛʥʦʚʝʥʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʢʣʠʝʥʪʘ ʧʦ ʥʦʤʝʨʫ ʪʝʣʝʬʦʥʘ, ʦʧʝʨʘʪʦʨ ʧʦʣʫʯʘʝʪ ʚʳʟʦʚ ʥʘ ʷʟʳʢʝ, ʢʦʪʦʨʳʡ 

ʚʳʙʨʘʣ ʢʣʠʝʥʪ, ʦʙʨʘʱʘʝʪʩʷ ʢ ʢʣʠʝʥʪʫ ʧʦ ʠʤʝʥʠ ʦʪʯʝʩʪʚʫ ʠ ʦʪʢʨʳʚʘʝʪ ʢʘʨʪʫ ʢʣʠʝʥʪʘ. 

ʆʧʝʨʘʪʦʨ, ʧʨʠ ʨʘʟʛʦʚʦʨʝ ʩ ʢʣʠʝʥʪʦʤ, ʤʦʞʝʪ ʚʠʜʝʪʴ ʚʩʝ ʝʛʦ ʪʝʢʫʱʠʝ ʟʘʧʨʦʩʳ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʢʦʥʩʫʣʴʪʘʮʠʶ. ʉʢʨʠʧʪʳ, ʠʣʠ ʩʮʝʥʘʨʠʡ ʨʘʟʛʦʚʦʨʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʙʘʟʫ ʟʥʘʥʠʡ CRM ʩʠʩʪʝʤʳ, ʚʤʝʩʪʝ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ ʯʘʩʪʦ ʟʘʜʘʚʘʝʤʳʤ 

ʚʦʧʨʦʩʘʤ ʠ ʩʣʫʞʠʪ ʧʦʜʩʢʘʟʢʦʡ ʦʧʝʨʘʪʦʨʘʤ ʧʨʠ ʨʘʟʛʦʚʦʨʝ ʩ ʢʣʠʝʥʪʦʤ. ʇʦʩʣʝ ʨʘʟʛʦʚʦʨʘ 

https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%B7%D0%BD%D0%B5%D1%81-%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81
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ʟʘʧʠʩʴ ʚʳʟʦʚʘ ʩʦʭʨʘʥʷʝʪʩʷ, ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʢ ʢʘʨʪʝ ʢʣʠʝʥʪʘ, ʘ ʧʦ ʦʢʦʥʯʘʥʠʶ ʨʘʟʛʦʚʦʨʘ, 

ʢʣʠʝʥʪʦʤ ʦʮʝʥʠʚʘʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʢʣʠʝʥʪʩʢʠʡ ʟʘʧʨʦʩ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʧʘʜʝʪ ʚ ʨʘʙʦʪʫ ʦʪʚʝʪʩʪʚʝʥʥʦʤʫ ʤʝʥʝʜʞʝʨʫ. ʇʦʩʣʝ ʦʪʨʘʙʦʪʢʠ ʟʘʧʨʦʩʘ, 

ʥʘʧʨʠʤʝʨ ʦʪʧʨʘʚʢʠ ʤʝʥʝʜʞʝʨʦʤ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʢʣʠʝʥʪʫ, CRM ʩʠʩʪʝʤʘ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʝʤʫ ʥʦʚʫʶ ʟʘʜʘʯʫ. ɹʳʚʘʶʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʤʝʥʝʜʞʝʨ ʟʘʙʦʣʝʚʘʝʪ, ʫʭʦʜʠʪ ʚ 

ʦʪʧʫʩʢ ʠʣʠ ʫʚʦʣʴʥʷʝʪʩʷ. ɹʣʘʛʦʜʘʨʷ CRM ʩʠʩʪʝʤʝ ʥʠʢʪʦ ʥʝ ʟʘʙʫʜʝʪ ʦ ʢʣʠʝʥʪʘʭ ʵʪʦʛʦ 

ʯʝʣʦʚʝʢʘ. ʄʝʥʝʜʞʝʨ ʧʦ ʟʘʤʝʱʝʥʠʶ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʪʴ ʚ ʢʫʨʩʝ ʧʦʩʣʝʜʥʠʭ ʩʦʙʳʪʠʡ, 

ʠʟʫʯʠʚ ʢʘʨʪʦʯʢʫ ʢʣʠʝʥʪʘ ʚ CRM ʩʠʩʪʝʤʝ, ʟʘʧʨʦʩʳ ʢʣʠʝʥʪʦʚ ʥʝ ʦʩʪʘʥʫʪʩʷ ʚ ʩʪʦʨʦʥʝ, ʘ 

ʙʫʜʫʪ ʦʪʨʘʙʦʪʘʥʳ ʩʚʦʝʚʨʝʤʝʥʥʦ. ɹʣʘʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʦʪʯʝʪʘʤ 

ʢʦʤʧʘʥʠʷ ʚʩʝʛʜʘ ʜʝʨʞʠʪ ʨʫʢʫ ʥʘ ʧʫʣʴʩʝ, ʜʣʷ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʤʘʨʢʝʪʠʥʛʘ ʵʪʦ ʛʦʪʦʚʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʥʝʦʙʭʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʯʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʫʩʣʫʛ ʣʠ ʧʨʦʜʫʢʪʦʚ, ʜʣʷ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʘʞ ʵʪʦ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʢʣʠʝʥʪʳ ʩ ʢʝʤ ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʣʶʯʠʪʴ ʜʦʛʦʚʦʨ, 

ʜʣʷ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʩʝʨʚʠʩʘ ʵʪʦ ʨʘʙʦʪʘ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʙʘʟʦʡ, ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʝʦʙʭʦʜʠʤʳʭ 

ʤʝʨ ʜʣʷ ʝʝ ʨʘʟʚʠʪʠʷ ʠ ʫʜʝʨʞʘʥʠʷ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. 

ɸʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ CRM ʩʠʩʪʝʤ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʝ. 

ʆɸʆ çʈʦʩʩʠʡʩʢʠʝ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠè (ʜʘʣʝʝ ïʈɾɼ). ʈɾɼ, ʢʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 

ʢʦʤʧʘʥʠʠ ʨʘʟʨʘʙʦʪʘʣ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ CRM-ʩʠʩʪʝʤʫ, ʛʣʘʚʥʦʡ ʯʘʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʥʥʳʡ ʩʧʨʘʚʦʯʥʠʢ ʫʩʣʫʛ ʂʦʤʧʘʥʠʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ ʧʨʦʚʦʜʠʪ ɸʆ çʈɾɼ ʃʦʛʠʩʪʠʢʘè. ʇʦ ʩʣʦʚʘʤ 

çʈɾɼ ʃʦʛʠʩʪʠʢʘè, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʝʨʝʟ CRM-ʩʠʩʪʝʤʫ ʧʨʦʭʦʜʠʪ ʨʷʜ ʦʧʝʨʘʮʠʡ, ʢ 

ʧʨʠʤʝʨʫ, ʤʝʥʝʜʞʝʨʘʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʟʥʘʯʘʶʪʩʷ ʟʘʜʘʯʠ ʧʦ ʚʝʜʝʥʠʶ ʩʜʝʣʢʠ, ʨʘʩʯʝʪʫ ʠ 

ʦʪʧʨʘʚʢʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʝʜʣʦʞʝʥʠʡ, ʚʝʜʝʥʠʶ ʢʘʨʪʦʯʢʠ ʢʣʠʝʥʪʘ ʩʦ ʚʩʝʤʠ ʢʦʥʪʘʢʪʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʘ ʨʫʢʦʚʦʜʩʪʚʦ ʢʦʥʪʨʦʣʠʨʫʝʪ ʠʭ ʠʩʧʦʣʥʝʥʠʝ. [5] 

Emirates airlines ʫʩʧʝʰʥʦ ʚʥʝʜʨʠʣʘ CRM ʢʘʢ ʩʠʩʪʝʤʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʦʤʧʘʥʠʠ ʩ ʪʝʢʫʱʠʤʠ ʠ ʙʫʜʫʱʠʤʠ ʢʣʠʝʥʪʘʤʠ. CRM-ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ 

ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʦʪʜʝʣʘ ʧʨʦʜʘʞ, ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʤʘʨʢʝʪʠʥʛʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ Emirates ʨʘʟʨʘʙʦʪʘʣʘ ʪʨʠ ʪʠʧʘ CRM: ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ, 

ʦʧʝʨʘʪʠʚʥʫʶ ʠ ʘʥʘʣʠʪʠʯʝʩʢʫʶ. ʄʝʥʝʜʞʝʨ ʧʦ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʤ ʫʩʣʫʛʘʤ ʠ ʆʈɺɼ 

Emirates ʨʘʟʲʷʩʥʠʣ ʨʝʘʣʠʟʘʮʠʶ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, CRM ʫʩʧʝʰʥʦ ʠʥʪʝʛʨʠʨʦʚʘʣʘ ʨʘʟʣʠʯʥʳʝ 

ʘʩʧʝʢʪʳ ʦʪʥʦʰʝʥʠʡ ʩ ʢʣʠʝʥʪʘʤʠ: ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʢʦʤʤʫʥʠʢʘʮʠʶ, ʢʦʦʨʜʠʥʘʮʠʶ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʝʭ ʤʝʥʝʜʞʝʨʦʚ ʦʨʛʘʥʠʟʘʮʠʠ. ʕʪʦ ʚʥʝʜʨʝʥʠʝ ʙʳʣʦ ʧʦʜʜʝʨʞʘʥʦ ʚʳʩʰʠʤ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʠʘʢʦʤʧʘʥʠʠ. ɸʚʠʘʢʦʤʧʘʥʠʷ Emirates Airline ʩʪʘʣʘ ʧʝʨʚʦʡ ʢʦʤʧʘʥʠʝʡ ʥʘ 

ɹʣʠʞʥʝʤ ɺʦʩʪʦʢʝ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ CRM (KIS). CRM 

ʭʨʘʥʠʪ ʜʘʥʥʳʝ ʙʠʟʥʝʩ-ʩʪʨʘʪʝʛʠʠ ʚʩʝʡ ʢʦʤʧʘʥʠʠ, ʚʢʣʶʯʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦʪʜʝʣʦʚ ʧʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʢʣʠʝʥʪʘʤʠ. [6] 

ʂʘʢʠʝ ʧʨʦʙʣʝʤʳ ʧʦʤʦʛʘʝʪ ʨʝʰʠʪʴ ʚʥʝʜʨʝʥʠʝ CRM-ʩʠʩʪʝʤʳ.  

1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʤʧʘʥʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʣʠʝʥʪʩʢʦʡ ʙʘʟʳ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʚʩʝʭ ʜʘʥʥʳʭ ʚ ʢʘʨʪʦʯʢʘʭ ʢʣʠʝʥʪʦʚ, ʦʪ ʢʦʥʪʘʢʪʥʳʭ ʜʘʥʥʳʭ, ʜʦ ʙʘʥʢʦʚʩʢʠʭ 

ʨʝʢʚʠʟʠʪʦʚ. ɼʦ ʧʦʷʚʣʝʥʠʷ CRM-ʩʠʩʪʝʤ ʚʩʝ ʜʘʥʥʳʝ ʦ ʢʣʠʝʥʪʘʭ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʧʨʦʩʪʳʭ 

ʬʘʡʣʘʭ excel.  

 2. ʉʦʭʨʘʥʝʥʠʝ ʩʚʝʜʝʥʠʡ ʦʙʦ ʚʩʝʭ ʢʣʠʝʥʪʩʢʠʭ ʟʘʧʨʦʩʘʭ. CRM ʩʠʩʪʝʤʘ ʥʝ ʪʦʣʴʢʦ 

ʧʦʟʚʦʣʷʝʪ ʛʨʫʧʧʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʜʝʣʘʷ ʠʭ ʦʙʱʝʜʦʩʪʫʧʥʳʤʠ, ʥʦ ʠ ʘʥʘʣʠʟʠʨʫʝʪ ʠʭ. 

ʉʝʛʤʝʥʪʘʮʠʠ ʢʣʠʝʥʪʩʢʦʡ ʙʘʟʳ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʤʘʨʢʝʪʠʥʛʦʚʫʶ 

ʢʘʤʧʘʥʠʶ. ʉʦʢʨʘʱʘʷ ʩʨʦʢʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʢʣʠʝʥʪʩʢʠʝ ʟʘʧʨʦʩʳ, ʧʦʚʳʰʘʝʪʩʷ ʫʨʦʚʝʥʴ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʢʣʠʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʇʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʚ CRM 

ʩʠʩʪʝʤʫ SLA (Service Level Agreement), ʩʦʛʣʘʰʝʥʠʷ ʦʙ ʫʨʦʚʥʝ ʩʝʨʚʠʩʘ, ʚ ʢʦʪʦʨʦʤ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʫʩʣʫʛʠ, ʚʨʝʤʷ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʟʘʷʚʢʫ ʠ ʝʝ 

ʠʩʧʦʣʥʝʥʠʝ, ʧʨʦʮʝʩʩ ʢʦʤʤʝʨʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʟʨʘʯʥʳʤ. [7] 

https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D1%8F#cite_note-1
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3. ʉʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʪʦʯʢʠ ʚʭʦʜʘ ʜʣʷ ʚʩʝʭ ʢʣʠʝʥʪʩʢʠʭ ʟʘʧʨʦʩʦʚ, ʧʫʪʝʤ ʚʳʚʦʜʘ 

ʢʦʥʪʘʢʪ ʮʝʥʪʨʘ, ʢʘʢ ʧʝʨʚʦʡ ʣʠʥʠʠ ʧʨʦʜʘʞ, ʦʙʲʝʜʠʥʠʚ ʪʝʣʝʬʦʥʠʶ ʠ ʦʙʱʝʥʠʝ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʯʘʪʘʭ ʚ ʨʝʞʠʤʝ ñʦʜʥʦʛʦ ʦʢʥʘò.   

4. CRM ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʣʝʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ.  

 

ʇʨʝʜʧʦʩʳʣʢʠ ʧʨʠʤʝʥʝʥʠʷ CRM ʩʠʩʪʝʤʳ.  

ʇʨʝʜʧʦʩʳʣʢʘʤʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ CRM-ʩʠʩʪʝʤʳ ʚ ʅʘʮʠʦʥʘʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʂʦʤʧʘʥʠʠ ʷʚʣʷʝʪʩʷ ʨʷʜ ʧʨʦʙʣʝʤ, ʚʳʟʚʘʥʥʳʭ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝʤ. ɺʧʝʨʚʳʝ ʚ 

2018 ʛʦʜʫ ʙʳʣ ʟʘʧʫʱʝʥ on-line ʘʥʦʥʠʤʥʳʡ ʦʧʨʦʩ ʢʣʠʝʥʪʦʚ ʧʦ ʚʦʧʨʦʩʘʤ ʢʘʯʝʩʪʚʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ ʂʦʤʧʘʥʠʝʡ. ɺ ʦʩʥʦʚʝ ʦʧʨʦʩʘ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʨʠʢʠ: 

CSI - (Customer Satisfaction Index). ʕʪʘ ʤʝʪʨʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ 

ʢʣʠʝʥʪʦʚ ʫʩʣʫʛʘʤʠ, ʪʦʚʘʨʘʤʠ, ʢʘʯʝʩʪʚʦʤ ʩʝʨʚʠʩʘ, ʦʢʘʟʳʚʘʝʤʦʡ ʢʦʤʧʘʥʠʝʡ.  NPS ï (Net 

Promoter Score). ʕʪʘ ʤʝʪʨʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʣʦʷʣʴʥʦʩʪʠ ʠ ʧʨʠʚʝʨʞʝʥʥʦʩʪʠ 

ʢʣʠʝʥʪʦʚ, ʠ ʥʘ ʦʩʥʦʚʝ ʩʚʦʝʛʦ ʢʣʠʝʥʪʩʢʦʛʦ ʦʧʳʪʘ ʠʭ ʛʦʪʦʚʥʦʩʪʴ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʢʦʤʧʘʥʠʶ 

ʠʣʠ ʙʨʝʥʜ ʟʥʘʢʦʤʳʤ. [8] 

ɻʝʥʝʨʘʣʴʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʣʠʝʥʪʦʚ ʩʦʩʪʘʚʠʣʘ -792 ʨʝʩʧʦʥʜʝʥʪʘ, ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʚʝʪʦʚ ʦʪ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 107 ʦʪʚʝʪʦʚ ʠʣʠ 13,5%, ʜʦʚʝʨʠʪʝʣʴʥʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ -99%, ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ -2,5%. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʦʩʘ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʩʝʛʦ 44,86% ʨʝʩʧʦʥʜʝʥʪʦʚ ʧʨʦʷʚʠʣʦ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ (ʨʠʩʫʥʦʢ 2), ʥʦ 

ʧʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ NPS, ʧʦʢʘʟʳʚʘʣ, ʯʪʦ ʢʘʞʜʳʡ ʚʪʦʨʦʡ ʨʝʢʦʤʝʥʜʦʚʘʣ ʙʳ ʫʩʣʫʛʠ ʂʦʤʧʘʥʠʠ 

ʟʥʘʢʦʤʳʤ ʠ ʙʣʠʟʢʠʤ (ʨʠʩʫʥʦʢ 3).  

 
ʈʠʩʫʥʦʢ 2 - ʈʝʟʫʣʴʪʘʪ ʦʧʨʦʩʘ ʧʦ CSI 45% ʧʨʠʤʝʥʝʥʠʷ CRM ʩʠʩʪʝʤʳ 

 

 
 

ʈʠʩʫʥʦʢ 3 - ʈʝʟʫʣʴʪʘʪ ʦʧʨʦʩʘ ʧʦ NPS 31% ʧʨʠʤʝʥʝʥʠʷ CRM ʩʠʩʪʝʤʳ 
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ʆʧʨʝʜʝʣʠʪʴ ʢʦʥʝʯʥʳʡ ʦʙʲʸʤ ʢʣʠʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘʷ ʚʳʙʦʨʢʘ, ʠ ʦʙʳʯʥʦ, ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʪ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ 

ʚʳʙʦʨʢʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʚʳʚʦʜʦʚ ʠ ʘʥʘʣʠʟʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʪʨʘʥʩʣʠʨʦʚʘʪʴ, ʢʘʢ ʛʝʥʝʨʘʣʴʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ. ɼʦʚʝʨʠʪʝʣʴʥʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʩ ʢʘʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʩʣʫʯʘʡʥʳʡ ʦʪʚʝʪ ʧʦʧʘʜʝʪ ʚ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦʢʘʟʘʪʝʣʴ ʚ 

99%. [9] 

ʈʝʟʫʣʴʪʘʪʳ ʦʪʚʝʪʦʚ ʨʝʩʧʦʥʜʝʥʪʦʚ, ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʠʝ ʩʣʘʙʳʝ ʟʦʥʳ: 

- ʜʦʣʛʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʠ ʚʳʜʘʯʘ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʝʜʣʦʞʝʥʠʡ; 

- ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʜʦʟʚʦʥʠʪʴʩʷ ʜʦ ʤʝʥʝʜʞʝʨʦʚ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ CRM ʩʠʩʪʝʤʳ, ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʠ ʦʧʠʩʘʥʠʝ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʦʢʘʟʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ ʚ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʂʦʤʧʘʥʠʠ.  ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʂʦʤʧʘʥʠʠ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ, ʠ ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʝ ʤʝʥʝʜʞʝʨʦʚ ʚ ʜʘʥʥʦʡ ʢʦʤʧʘʥʠʠ. ʇʦʩʣʝ 

ʦʧʠʩʘʥʠʝ ʚʩʝʛʦ ʮʠʢʣʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ, ʙʳʣʘ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʠʟʥʝʩ-ʤʦʜʝʣʴ ʪʝʢʫʱʝʛʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ çAS ISè, ʠʤʝʥʥʦʛʦ ʝʛʦ ʥʘʯʘʣʘ 

çʨʘʩʯʝʪ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷè. ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʘ çAS ISè, ʩʦʟʜʘʣʘʩʴ ʢʘʨʪʠʥʘ ʙʫʜʫʱʝʛʦ ʠʜʝʘʣʴʥʦʛʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ ʠ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʙʠʟʥʝʩ-ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ çʨʘʩʯʝʪ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷè ʚ ʬʦʨʤʘʪʝ çTO BEè.  

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ CRM ʚ ʅʘʮʠʦʥʘʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʂʦʤʧʘʥʠʠ ʩʚʷʟʘʥʘ ʩ ʩʦʟʜʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʘʥʘʣʠʟʘ 

ʠ ʩʝʛʤʝʥʪʘʮʠʠ, ʨʘʟʚʠʪʠʷ ʧʨʦʜʫʢʪʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʪʬʦʣʠʦ ʫʩʣʫʛ, ʨʘʟʚʠʪʠʷ ʢʣʠʝʥʪʦʚ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʘʞʘʤʠ, ʨʝʢʣʘʤʳ ʠ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʢʣʠʝʥʪʦʚ. ʋʢʘʟʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʘʪʨʦʥʫʪ ʥʝ ʪʦʣʴʢʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, 

ʥʦ ʠ ʧʦʪʨʝʙʫʶʪ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʤʝʥʝʜʞʝʨʦʚ, ʠʟʤʝʥʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʂʦʤʧʘʥʠʠ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʧʨʦʟʨʘʯʥʦʩʪʠ. ɺʩʝ ʠʟʤʝʥʝʥʠʷ ʙʫʜʫʪ ʧʦʰʘʛʦʚʳʤʠ. ʇʣʘʥʠʨʫʝʤʳʝ ʠʟʤʝʥʝʥʠʷ 

ʧʦʟʚʦʣʷʪ ʧʨʘʚʠʣʴʥʦ ʚʳʩʪʨʦʠʪʴ ʢʦʤʤʝʨʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʚ ʂʦʤʧʘʥʠʠ ʩ ʫʯʝʪʦʤ 

ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʳ ʠ ʤʠʨʦʚʳʭ ʧʨʘʢʪʠʢ. 

ʆʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪ ʚʥʝʜʨʝʥʠʷ CRM ʩʠʩʪʝʤʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 - ʆʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪ ʚʥʝʜʨʝʥʠʷ CRM ʩʠʩʪʝʤʳ 
 

 ʇʨʦʜʫʢʪʳ ʆʧʠʩʘʥʠʝ 

CRM ʩʠʩʪʝʤʘ ʅʦʚʳʝ ʤʝʪʦʜʳ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ:                                                                          

- ʩʦʟʜʘʥʠʝ ʢʣʠʝʥʪʩʢʦʡ ʙʘʟʳ;                                                                            

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʮʠʢʣʘ ʧʨʦʜʘʞ, ʨʘʩʯʝʪ ʠ ʚʳʜʘʯʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʧʨʝʜʣʦʞʝʥʠʷ;                                                                                                           

- ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʨʦʩʘʤʠ ʠ ʟʘʷʚʢʘʤʠ;                                                                      

- ʩʦʢʨʘʱʝʥʠʝ ʦʪʢʣʠʢʘ ʥʘ ʦʙʨʘʱʝʥʠʝ ʢʣʠʝʥʪʘ (ʢʚʘʣʠʬʠʢʘʮʠʷ 

ʦʙʨʘʱʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʥʝ ʙʦʣʝʝ 30 ʤʠʥʫʪ);                                                               

- ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ (CSI ʠ NPS ʜʦ 50%). 

ʂʦʥʪʘʢʪ ʮʝʥʪʨ ʆʨʛʘʥʠʟʘʮʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪ ʮʝʥʪʨʘ, ʢʘʢ ʧʝʨʚʦʡ ʣʠʥʠʠ 

ʧʨʦʜʘʞ (ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʨʘʟʛʦʚʦʨʘ ʥʝ ʙʦʣʝʝ 3-ʭ ʤʠʥʫʪ) 

 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ CRM. 

CRM ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʩʪʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʫʜʦʙʥʦʡ, ʢʘʯʝʩʪʚʝʥʥʦʡ, ʩ 

ʦʪʢʨʳʪʳʤʠ API, ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʩ ʜʨʫʛʠʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʩʠʩʪʝʤʘʤʠ.  
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ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: 

a) ʚʳʩʪʨʦʠʪʴ ʬʫʥʢʮʠʦʥʘʣ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʚʦʨʦʥʢʘʤʠ ʧʨʦʜʘʞ; 

b) ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʚʦʡ ʣʠʥʠʠ (ʦʧʝʨʘʪʦʨʦʚ ʢʦʥʪʘʢʪ-

ʮʝʥʪʨʘ), ʚʪʦʨʦʡ ʣʠʥʠʠ (ʦʪʜʝʣ ʧʦ ʣʦʛʠʩʪʠʢʝ), ʪʨʝʪʠʡ ʣʠʥʠʠ (ʦʪʜʝʣ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʜʘʞ). 

c) ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʙʨʘʱʝʥʠʡ (ʢʦʤʤʝʨʯʝʩʢʠʝ ʠ 

ʥʝ ʢʦʤʤʝʨʯʝʩʢʠʝ); 

d) ʦʧʨʝʜʝʣʠʪʴ ʢʘʨʪʦʯʢʫ ʢʣʠʝʥʪʘ ʩ ʠ ʝʝ ʥʘʧʦʣʥʷʝʤʦʩʪʴ; 

e) ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʙʨʘʱʝʥʠʡ, ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 
ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

f) ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʝʨʠʠ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ ʢʣʠʝʥʪʦʚ; 

g) ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʢʠ; 

h) ʦʧʨʝʜʝʣʠʪʴ ʠ ʫʩʪʘʥʦʚʠʪʴ SLA; 

i) ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʨʠʮʫ ʨʦʣʝʡ ʠ ʜʦʣʞʥʦʩʪʝʡ; 

j) ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʢʣʠʝʥʪʦʚ. 

 

ɿʘʢʣʶʯʝʥʠʝ. 

ʂʣʠʝʥʪʳ - ʵʪʦ ʩʘʤʳʡ ʮʝʥʥʳʡ ʨʝʩʫʨʩ ʣʶʙʦʡ ʢʦʤʧʘʥʠʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ ʚʘʞʥʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʦʪʪʦʢ ʢʣʠʝʥʪʦʚ ʠ ʧʦʚʳʩʠʪʴ ʠʭ ʧʨʠʙʳʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʜʦʙʠʪʴʩʷ 

ʵʬʬʝʢʪʘ ʧʨʠʚʝʨʞʝʥʥʦʩʪʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ, ʜʦʚʝʨʠʝ, ʣʦʷʣʴʥʦʩʪʴ 

ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʜʦʩʪʠʞʝʥʠʠ ʵʪʠʭ ʮʝʣʝʡ. ʉʝʛʦʜʥʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʧʦʜʭʦʜ, ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʩ ʢʣʠʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʘʤʠ ʜʦʚʝʨʠʷ. ɺ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʣʦʷʣʴʥʦʩʪʴ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʘʪʴ ʮʝʥʥʦʩʪʴ ʢʣʠʝʥʪʩʢʦʡ ʙʘʟʳ ʠ ʫʩʧʝʰʥʦʩʪʴ ʢʦʤʧʘʥʠʠ. 

ʕʬʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ CRM ʩʠʩʪʝʤʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʦ 

ʢʣʠʝʥʪʘʭ, ʢʦʥʪʨʦʣʷ ʠ ʘʥʘʣʠʟʘ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʠʤʠ. CRM ʩʠʩʪʝʤʘ ʮʝʣʘʷ 

ʙʠʟʥʝʩ-ʩʪʨʘʪʝʛʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʫʢʨʝʧʣʝʥʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ ʢʣʠʝʥʪʘʤʠ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʠʭ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʮʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ 

ʧʦʢʫʧʘʪʝʣʷ, ʘ ʟʥʘʯʠʪ, ʢ ʨʦʩʪʫ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. 

ʉʝʛʦʜʥʷ, ʧʨʠʤʝʥʝʥʠʝ CRM ʩʠʩʪʝʤʳ ʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʂʦʤʧʘʥʠʠ ʥʝ ʧʨʦʩʪʦ ʩʣʦʚʘ, ʘ ʜʝʡʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

- ʩʦʟʜʘʥʘ ʥʝʦʙʭʦʜʠʤʘʷ ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʢʣʠʝʥʪʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ ʣʠʮ (ʩʫʱʝʩʪʚʫʝʪ 

ʜʘʥʥʳʝ ʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʣʠʝʥʪʘʭ, 

ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʠ/ʛʨʫʟʦʧʦʣʫʯʘʪʝʣʠ/ʵʢʩʧʝʜʠʪʦʨʳ, ʦʙ ʦʙʲʝʤʘʭ ʧʝʨʝʚʦʟʦʢ, ʜʦʣʠ ʨʳʥʢʘ ʧʦ 

ʧʦʧʫʣʷʨʥʳʤ ʤʘʨʰʨʫʪʘʤ ʠ ʛʨʫʟʘʤ, ʩʝʟʦʥʥʦʩʪʴ); 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʮʠʢʣ ʧʨʦʜʘʞ, ʨʘʩʯʝʪʘ ʩʪʘʚʦʢ, ʦʪʧʨʘʚʢʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʧʨʝʜʣʦʞʝʥʠʷ (ʧʨʦʮʝʩʩ ʦʪ ʧʨʠʝʤʘ ʦʙʨʘʱʝʥʠʷ ʥʘ ʨʘʩʯʝʪ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʪʘʚʢʠ ʜʦ ʚʳʜʘʯʠ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ, ʟʘʧʨʦʩʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʦʧʘʜʘʶʪ ʚ ʝʜʠʥʫʶ ʪʦʯʢʫ ʚʭʦʜʘ, ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚʩʝ ʩʠʩʪʝʤʳ ʚ ʢʦʤʧʘʥʠʠ, ʩʦʟʜʘʥ 

ʧʨʦʟʨʘʯʥʳʡ ʙʝʩʰʦʚʥʳʡ ʠ ʙʝʟʙʫʤʘʞʥʳʡ ʧʨʦʮʝʩʩ, ʫʯʠʪʳʚʘʝʪʩʷ ʢʦʥʚʝʨʩʠʷ ʜʘʥʥʳʭ, SLA 

ʩʦʩʪʘʚʣʷʝʪ 4 ʨʘʙʦʯʠʭ ʯʘʩʦʚ ʧʦ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʘʚʦʢ ʧʦ ʂɿʍ, ʵʢʩʧʦʨʪ/ʠʤʧʦʨʪ/ʪʨʘʥʟʠʪ 

ʩʦʩʪʘʚʣʷʝʪ 8 ʨʘʙʦʯʠʭ ʯʘʩʦʚ);  

- ʚʝʜʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ ʚʩʝʡ ʧʦʩʪʫʧʠʚʰʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʝʨʝʚʦʟʢʦʡ ʚ 

ʝʜʠʥʦʤ ʢʦʥʪʘʢʪ ʮʝʥʪʨʝ (ʚʳʚʝʜʝʥ ʢʦʨʦʪʢʠʡ ʥʦʤʝʨ ʩ ʙʝʩʧʣʘʪʥʳʤ ʜʦʟʚʦʥʦʤ ʚʩʝʤ ʤʦʙʠʣʴʥʳʤ 

ʦʧʝʨʘʪʦʨʘʤ ʧʦ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ); 

- ʩʦʢʨʘʱʝʥ ʩʨʦʢ ʦʪʢʣʠʢʘ ʥʘ ʦʙʨʘʱʝʥʠʷ ʢʣʠʝʥʪʘ (ʮʝʣʴ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʦʚ 

ʚʢʣʶʯʝʥʘ ʚ ʧʦʣʫʛʦʜʦʚʳʝ KPI ʢʘʢ ʨʫʢʦʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʤʝʥʝʜʞʝʨʦʚ ʂʦʤʧʘʥʠʠ); 

- ʧʦʚʳʰʝʥ ʫʨʦʚʝʥʴ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʧʦ ʤʝʪʨʠʢʝ CSI ʠ NPS (ʢʘʞʜʳʝ 

ʰʝʩʪʴ ʤʝʩʷʮʝʚ ʧʨʦʚʦʜʷʪʩʷ ʘʥʦʥʠʤʥʳʡ ʦʧʨʦʩ ʢʣʠʝʥʪʦʚ ʧʦ ʟʘʤʝʨʫ ʫʨʦʚʥʷ 
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ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʢʣʠʝʥʪʦʚ, ʧʦ ʦʢʘʟʳʚʘʝʤʳʤ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʤ ʫʩʣʫʛʘʤ, 

ʧʨʦʚʦʜʷʪʩʷ ʀʥʬʦ ʜʥʠ, ʛʜʝ ʊʆʇ ʤʝʥʝʜʞʤʝʥʪ ʢʦʤʧʘʥʠʠ ʦʪʚʝʯʘʶʪ ʥʘ ʚʦʧʨʦʩʳ ʢʣʠʝʥʪʦʚ, 

ʫʨʦʚʝʥʴ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʩʦʩʪʘʚʠʣ- 85%); 

- ʨʘʩʧʨʝʜʝʣʝʥʳ ʟʦʥʳ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (ʝʞʝʤʝʩʷʯʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʦʪʯʝʪʳ ʜʣʷ ʊʆʇ 

ʤʝʥʝʜʞʤʝʥʪʘ ʂʦʤʧʘʥʠʠ, ʛʜʝ ʧʦʢʘʟʳʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚ ʨʘʟʨʝʟʝ ʢʘʞʜʦʛʦ ʜʝʧʘʨʪʘʤʝʥʪʘ ʠ 

ʢʘʞʜʦʛʦ ʤʝʥʝʜʞʝʨʘ); 

- ʚʚrʝʜʝʥʳ ʜʵʰʙʦʨʜʳ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʞʜʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʥʘ ʵʢʨʘʥʳ 

ʨʫʢʦʚʦʜʩʪʚʘ ʂʦʤʧʘʥʠʠ. [10] 
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ʙʠʟʥʝʩ-ʧʨʦʮʝʩʪʝʨʽʥ ץʘʡʪʘ ײץʨʫסʘ, ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʪʝʥʜʝʥʮʠʷʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ ᴇʟʛʝʨʫʛʝ 

ʜʘʡʳʥʜʳסʳ ʙʽʨʽʥʰʽ ʦʨʳʥסʘ ʰʳסʘʜʳ. ɸʣʘʡʜʘ, ʙײʣ ᴇʟʛʝʨʽʩʪʝʨʛʝ ʪʝʟ ʞʘʫʘʧ ʙʝʨʫ 

ʤװʤʢʽʥʜʽʛʽʤʝʥ װʣʢʝʥ ʢᴇʣʝʤʜʝʛʽ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫ ʞᴅʥʝ ʩʘץʪʘʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫʜʽ ʪʘʣʘʧ 

ʝʪʝʜʽ. ɹײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫʜʽש ʙʽʨ ʞʦʣʳ-ʢᴅʩʽʧʦʨʳʥʜʳ ʙʘʩץʘʨʫ ʞᴅʥʝ ʪײʪʳʥʫʰʳʣʘʨʤʝʥ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʢʝשʝʡʪʝ ʘʣʘʪʳʥ CRM ʞװʡʝʣʝʨʽ ʩʠʷץʪʳ ʘץʧʘʨʘʪʪʳץ 

https://tengrinews.kz/kazakhstan_news/tsifrovaya-transformatsiya-startovala-v-ktj-377314/?ysclid=lbatopaoe1584328243
https://tengrinews.kz/kazakhstan_news/tsifrovaya-transformatsiya-startovala-v-ktj-377314/?ysclid=lbatopaoe1584328243
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D1%8F
https://crmacademic.ru/blog/detail/chto-takoe-crm-sistema/
https://www.tadviser.ru/index.php.CRM_2
http://cdn.ek.aero/%20downloads%20/ek/%20pdfs/report/annual_report_2015.pdf
http://cdn.ek.aero/%20downloads%20/ek/%20pdfs/report/annual_report_2015.pdf
https://okdesk.ru/blog/about-sla
https://nafi.ru/method/sindikaty-nps-csi/
https://apix-drive.com/ru/blog/ecommerce/reprezentativnaja-vyborka
mailto:r.mussaliyeva@alt.edu.kz
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ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫ ʘʨץʳʣʳ ʢʦʤʤʝʨʮʠʷʣʳץ ʬʫʥʢʮʠʷʥʳש ʙʠʟʥʝʩ-ʧʨʦʮʝʩʪʝʨʽʥ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ. ʂʣʠʝʥʪʪʝʨʤʝʥ ץʘʨʳʤ-ץʘʪʳʥʘʩʪʳ ʙʘʩץʘʨʫʜʳש ʙʘסʜʘʨʣʘʤʘʣʳץ ʰʝʰʽʤʜʝʨʽʥ 

ʞʘʩʘʫʰʳʣʘʨ ʢʦʤʧʘʥʠʷʥʳש ʢʦʤʤʝʨʮʠʷʣʳץ ʬʫʥʢʮʠʷʣʘʨʳ װʰʽʥ ץʦʨʘʧʪʳץ ʞᴅʥʝ ᴇʟʜʽʛʽʥʝʥ 

ʞʘʟʳʣסʘʥ ʰʝʰʽʤʜʝʨʜʽ ײʩʳʥʘʜʳ, ʞᴅʥʝ ᴅʨʙʽʨ ʢʦʤʧʘʥʠʷ ʦʩʳ ʙʘסʜʘʨʣʘʤʘʣʳץ ʰʝʰʽʤʜʽ ᴇʟ 

ʙʝʪʽʥʰʝ ᴅʟʽʨʣʝʫ ʪʫʨʘʣʳ ʰʝʰʽʤ ץʘʙʳʣʜʘʡʜʳ, ᴇʡʪʢʝʥʽ ʦʥʳ ײץʨʳʣʳʤʜʳץ ʙᴇʣʽʤʰʝʣʝʨʜʽש 

ʙʘʩʰʳʣʘʨʳ ʤʝʥ ʤʘʤʘʥʜʘʨʳ ʪװʩʽʥʝʜʽ ʥʝʤʝʩʝ ץʦʨʘʧʪʳץ ʰʝʰʽʤʜʝʨʜʽ ץʦʣʜʘʥʘʜʳ. ᴆʢʽʥʽʰʢʝ 

ʦʨʘʡ, ײץʨʳʣʳʤʜʳץ ʙᴇʣʽʤʰʝʣʝʨʜʽש ʙʘʨʣʳץ ʤʘʤʘʥʜʘʨʳ ʢʣʠʝʥʪʪʝʨʤʝʥ ץʘʨʳʤ-ץʘʪʳʥʘʩʪʳ 

ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʝ ץʦʡʳʣʘʪʳʥ ץʘʞʝʪʪʽ ʪʘʣʘʧʪʘʨʜʳ ʩʠʧʘʪʪʘʫ ᴅʜʽʩʪʝʤʝʩʽʥʜʝ ʪʝʦʨʠʷʣʳץ 

ʥʝʤʝʩʝ ʧʨʘʢʪʠʢʘʣʳץ ʙʽʣʽʤʥʽש ʞʝʪʢʽʣʽʢʪʽ ʜʝשʛʝʡʽʥʝ ʠʝ ʝʤʝʩ. ʆʩʳ ʘʩʧʝʢʪʽʣʝʨʜʽ ʝʩʢʝʨʝ 

ʦʪʳʨʳʧ, ʙײʣ ʤʘץʘʣʘ CRM ʞװʡʝʩʽʥ ʝʥʛʽʟʫ ʘʨץʳʣʳ ʣʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪʪʽש ʢʦʤʤʝʨʮʠʷʣʳץ 

ʬʫʥʢʮʠʷʣʘʨʳ ʧʨʦʮʝʩʪʝʨʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʪʫʨʘʣʳ ʢᴇʙʽʨʝʢ ʦʡʣʘʥʘ ʙʘʩʪʘסʘʥ ʢʦʤʧʘʥʠʷʣʘʨ 

 .ʰʽʥ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳװ

ɹײʣ ʙʘʩʳʣʳʤ ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪ ʩʘʣʘʩʳʥʜʘסʳ ʢʦʤʤʝʨʮʠʷʣʳץ ʬʫʥʢʮʠʷʥʳש 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ײץʨʘʣʜʘʨʳʥʳש ʙʽʨʽ ʨʝʪʽʥʜʝ ʢʣʠʝʥʪʪʝʨʤʝʥ ץʘʨʳʤ-

 .ʰʝʰʽʤʜʽ ʝʥʛʽʟʫ ʪᴅʞʽʨʠʙʝʩʽʥ ʟʝʨʪʪʝʡʜʽ ץʜʘʨʣʘʤʘʣʳסʘʨʫ ʙʦʡʳʥʰʘ ʙʘץʘʪʳʥʘʩʪʳ ʙʘʩץ

ɾװʡʝʥʽש ʞᴅʥʝ ʦʥʳש ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש CRM ʤᴅʥʽ, ʧʘʡʜʘ ʙʦʣʫ ʪʘʨʠʭʳ, ץʦʣʜʘʥʫ 

ʧʨʘʢʪʠʢʘʩʳ, ʽʩʢʝ ʘʩʳʨʫʜʳש ʤʘשʳʟʜʳʣʳסʳ ʤʝʥ ʘʣסʳʰʘʨʪʪʘʨʳ, ʢװʪʽʣʝʪʽʥ ʥᴅʪʠʞʝʣʝʨ, ʽʰʢʽ 

ʞᴅʥʝ ʩʳʨʪץʳ ʞװʡʝʣʝʨʤʝʥ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ, ʩʦʥʜʘʡ-ʘץ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ 

 ץʦʣ ʞʝʪʢʽʟʽʣʛʝʥ ʥᴅʪʠʞʝʣʝʨ ʘʰʳʣʘʜʳ. ʂᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ʳʣʳץʨʘʣʳʥ ʝʥʛʽʟʫ ʘʨײץ

ʦʧʝʨʘʪʦʨʜʳש ʢʦʤʤʝʨʮʠʷʣʳץ ʬʫʥʢʮʠʷʩʳʥʜʘסʳ ʥʝʛʽʟʛʽ ᴇʟʛʝʨʽʩʪʝʨ ʢᴇʨʩʝʪʽʣʛʝʥ, ʥᴅʪʠʞʝʩʽʥʜʝ 

CSI ʞᴅʥʝ NPS ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʪײʪʳʥʫʰʳʣʘʨʜʳץ שʘʥʘסʘʪʪʘʥʫ ʜʝשʛʝʡʽ 

ʞʦסʘʨʳʣʘʡʜʳ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. CRM ʞװʡʝʩʽ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʪʝʨʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ, ʢᴇʣʽʢ-

ʣʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪʪʝʨ, ʢʣʠʝʥʪʪʝʨʤʝʥ ץʘʨʳʤ-ץʘʪʳʥʘʩʪʳ ʙʘʩץʘʨʫ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ, 
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APPLICATION OF CRM TECHNOLOGY  IN THE LOGISTICS ACTIVITY OF A 

NATIONAL COMPANY  

 

Abstract. One of the ways to solve the problem of the effectiveness of customer 

relationships, the readiness of the company to reengineer its internal business processes, is to 

automate the business processes of the commercial function through the introduction of 

information technologies, such as CRM systems, which can significantly expand the possibilities 

of corporate management and interaction with clients. 

Developers of software solutions for customer relationship management offer both boxed 

and self-written solutions for the company's commercial functions, and each company 

independently decides whether to develop this software solution on its own, as it is understood 

by managers and specialists of structural divisions, or use boxed solutions. 

Unfortunately, not all specialists of structural divisions have a sufficient level of 

theoretical or practical knowledge in the methodology for describing the necessary requirements 
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for a customer relationship management system. Given these aspects, this article is relevant for 

companies that are increasingly starting to think about automating the processes of commercial 

functions of logistics activities by implementing a CRM system. 

This publication explores the practice of implementing a software solution for managing 

customer relationships as one of the tools for automating the business process of a commercial 

function in the field of transport and logistics activities. The essence of the CRM system and its 

components, the history of its origin, the practice of application, the significance and 

prerequisites for implementation, the expected results, the possibilities of integration with both 

internal and external systems, as well as the results achieved through the introduction of an 

automation tool are revealed. The key changes in the commercial function of a transport and 

logistics operator are shown, the result of which is an increase in the level of customer 

satisfaction using CSI and NPS metrics. 

 

Keywords. CRM system, business process automation, transport and logistics services, 

customer relationship management, transformation, National Company. 
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ʐ. ʂʦʙʜʠʢʦʚʘ, ɹ.ʈʘʤʘʟʘʥ, ʇ.ɸʨʠʤʙʝʢʦʚ 

ɸʢʘʜʝʤʠʠ ʣʦʛʠʩʪʠʢʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
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ɸʅɸʃʀɿ ʊʈɸʅɿʀʊʅʓʍ ʅɸʇʈɸɺʃɽʅʀʁ ɾɽʃɽɿʅʆɼʆʈʆɾʅʓʍ ʂʆʈʀɼʆʈʆɺ 

ʅɸ ʇʈʀʄɽʈɽ ʊʈɸʅʉʂɸʉʇʀʁʉʂʆɻʆ ʄɽɾɼʋʅɸʈʆɼʅʆɻʆ 

ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʄɸʈʐʈʋʊɸ ʅɸ ʂɸɿɸʍʉʊɸʅʉʂʆʄ ʋʏɸʉʊʂɽ 

 

ɸʥʥʦʪʘʮʠʷ. ɺʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ ʥʘ ʢʘʯʝʩʪʚʦ 

ʛʘʨʤʦʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʘ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʫʣʫʯʰʝʥʠʷ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʥʘʰʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʪʚʝʯʘʶʱʠʝ ʪʘʢʞʝ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʥʘʜʝʞʥʦʩʪʴ ʠ çʢʦʤʬʦʨʪʥʦʩʪʴè ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʦʬʠʮʠʘʣʴʥʦʛʦ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʛʦ ʛʨʘʬʠʢʘ 

ʧʦʨʪʦʚʳʭ ʦʪʧʨʘʚʦʢ. ʋʯʠʪʳʚʘʷ ʚʘʞʥʦʩʪʴ ʜʣʷ ʩʪʨʘʥʳ ʵʢʩʧʦʨʪʥʦ-ʠʤʧʦʨʪʥʳʭ ʠ ʪʨʘʥʟʠʪʥʳʭ 

ʧʝʨʝʚʦʟʦʢ ʯʝʨʝʟ ʤʦʨʩʢʠʝ ʧʦʨʪʳ, ʘ ʪʘʢʞʝ ʫʩʠʣʠʷ ɸʆ "ʅʂ "ʂʊɾ" ʧʦ ʨʘʟʚʠʪʠʶ ʧʦʨʪʦʚʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʨʠʚʣʝʯʝʥʠʶ ʛʨʫʟʦʧʦʪʦʢʦʚ, ʠʟʤʝʥʝʥʠʶ ʚʥʝʰʥʝʡ ʩʠʪʫʘʮʠʠ ʩ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʛʨʫʟʦʚ ʯʝʨʝʟ ʈʦʩʩʠʶ, ʩʦʚʝʨʰʝʥʥʦ ʝʩʪʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʝʥʠʝ ʨʦʩʪʘ ʧʝʨʝʚʦʟʦʢ ʯʝʨʝʟ ʧʦʨʪʳ ʂʘʩʧʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʊʨʘʥʩʧʦʨʪʥʳʝ ʢʦʨʠʜʦʨʳ, çʫʟʢʠʝè ʤʝʩʪʘ ʊʄʊʄ, 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʦ-ʧʘʨʦʤʥʳʡ ʪʝʨʤʠʥʘʣ, ʘʚʪʦʧʘʨʦʤʥʳʡ 

ʪʝʨʤʠʥʘʣ, ʧʝʨʝʚʘʣʢʘ ʛʨʫʟʘ, ʩʫʭʦʛʨʫʟʥʳʡ ʪʝʨʤʠʥʘʣ. 

 

ɺʚʝʜʝʥʠʝ.  

ʌʘʢʪ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʜʘʣʝʝ ʂʘʟʘʭʩʪʘʥ) 

ʚ ʩʝʨʜʮʝ ɽʚʨʘʟʠʡʩʢʦʛʦ ʤʘʪʝʨʠʢʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʣʘʩʩʠʢʦʡ, ʢʘʢ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʣʝʛʘʶʱʠʭ ʤʝʞʜʫ ʂʠʪʘʡʩʢʦʡ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʦʡ (ʜʘʣʝʝ ʂʠʪʘʡ) ʠ ɽʚʨʦʧʦʡ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʜʘʥʥʦʡ ʩʪʨʘʥʳ. [1]  

ʉ ʥʘʯʘʣʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʥʘʰʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʙʳʣʘ ʧʨʦʜʝʣʘʥʘ 

ʢʦʣʦʩʩʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʥʘʜ ʚʦʟʚʨʘʱʝʥʠʝʤ ʪʝʨʨʠʪʦʨʠʠ ʥʳʥʝʰʥʝʛʦ ʂʘʟʘʭʩʪʘʥʘ 

ʩʪʘʪʫʩʘ ʪʨʘʥʟʠʪʥʦʛʦ ʣʠʜʝʨʘ ʝʱʝ ʩʦ ʚʨʝʤʝʥ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɺʝʣʠʢʦʛʦ ʰʝʣʢʦʚʦʛʦ ʧʫʪʠ. 

ʊʝʧʝʨʴ ʞʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʨʝʘʣʠʷʭ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʧʨʦʭʦʜʠʪ ʫʞʝ 

ʥʝ ʦʜʠʥ ʪʨʘʥʟʠʪʥʳʡ ʢʦʨʠʜʦʨ, ʘ ʦʜʠʥʥʘʜʮʘʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʨʠʜʦʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʧʷʪʴ 

ʯʠʩʣʷʪʩʷ, ʢʘʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʠ ʰʝʩʪʴ ï ʢʘʢ ʘʚʪʦʤʦʙʠʣʴʥʳʝ. ʉʝʛʦʜʥʷ ʢʦʨʠʜʦʨʳ 

ʩʦʝʜʠʥʷʶʪ ʪʦʨʛʦʚʳʝ ʤʘʨʰʨʫʪʳ ʤʝʞʜʫ ʝʚʨʘʟʠʡʩʢʠʤʠ ʛʦʩʫʜʘʨʩʪʚʘʤʠ ʠ ʨʝʛʠʦʥʘʤʠ: ʂʠʪʘʝʤ, 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʝʡ, ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʝʡ (ʜʘʣʝʝ ʈʦʩʩʠʷ), ɽʚʨʦʧʦʡ ʠ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ.  

ɺʳʜʘʶʱʘʷʩʷ ʨʘʙʦʪʘ ʙʳʣʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʧʝʨʝʜʘʚʰʝʡʩʷ ʦʪ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚʳʜʝʣʝʥʠʠ ʢʣʶʯʝʚʳʭ 

ʮʝʣʝʡ ʠ ʧʣʘʥʦʚ ʨʘʟʚʠʪʠʷ, ʟʘʢʣʶʯʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʦʛʣʘʰʝʥʠʡ ʠ ʧʨʠʚʣʝʯʝʥʠʷ 

ʠʥʚʝʩʪʠʮʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠʣʠʯʥʫʶ ʜʦʣʶ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʅʘʰʝ ʛʦʩʫʜʘʨʩʪʚʦ, ʥʝ 

ʷʚʣʷʷʩʴ ʦʜʥʦʡ ʠʟ ʤʦʨʩʢʠʭ ʜʝʨʞʘʚ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ 

ʧʦʪʦʢʠ, ʫʞʝ ʦʙʣʘʜʘʝʪ ʪʨʘʥʩʧʦʨʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʠ ʫʨʦʚʥʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʣʠʜʠʨʫʶʱʝʡ ʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʩ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ. 
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʨʠʜʦʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ɽʚʨʦʧʳ ʠ ɸʟʠʠ ʧʦ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʤʘʨʰʨʫʪʫ, 

ʦʨʛʘʥʠʟʘʮʠʠ ʠʤʝʶʪ ʜʚʝ ʨʘʟʥʳʝ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ. [2] 

ʉʪʨʘʥʳ TRACECA ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʝʘʣʠʟʘʮʠʶ ʉʪʨʘʪʝʛʠʠ 

ʄʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦ ʂʦʤʠʩʩʠʠ TRACECA ʥʘ ʧʝʨʠʦʜ 2016-2026 ʛʦʜʦʚ. ɺ ʪʦ ʚʨʝʤʷ, ʢʘʢ 

ʊʄʊʄ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʊʄʊʄ ʜʦ 2030 

ʛʦʜʘ. ɼʘʥʥʳʝ ʧʨʦʝʢʪʳ ʠʤʝʶʪ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʚ ʮʝʣʷʭ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʢʘʩʧʠʡʩʢʦʛʦ 

ʤʘʨʰʨʫʪʘ. 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚ ʦʪʚʝʪʝ ʟʘ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʝʝ 

ʦʙʲʝʢʪʦʚ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ ï ʟʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʤʘʨʰʨʫʪʦʚ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʝʨʝʚʦʟʦʢ ʣʦʢʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ çʢʣʠʝʥʪʦʚè ʝʝ ʫʩʣʫʛ. ɺ ʜʘʥʥʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʤ 

ʚʦʧʨʦʩʝ ʚʳʜʝʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʙʣʠʞʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩ ʩʦʩʝʜʥʠʤʠ ʩʪʨʘʥʘʤʠ. ɸʥʘʣʠʟʠʨʫʷ, ʧʨʠʯʠʥʳ, ʤʦʛʫʪ ʟʘʢʣʶʯʘʪʩʷ ʚ 

ʤʘʩʰʪʘʙʝ ʠ ʢʘʯʝʩʪʚʝ ʩʧʝʢʪʨʘ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ, ʠʩʪʦʨʠʯʝʩʢʦʡ ʨʘʟʥʠʮʝ ʨʘʟʤʝʨʦʚ ʰʠʨʠʥʳ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʢʦʣʝʠ ʠʣʠ ʥʦʨʤʘʪʠʚʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʝʚʦʟʦʢ ʚ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʫʥʢʪʘʭ ʠ ʠʭ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʇʦʜ ʧʦʩʣʝʜʥʠʤ ʚʳʩʪʫʧʘʝʪ ʫʨʦʚʝʥʴ 

ʩʦʩʪʦʷʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʘʨʢ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 

ʣʠʥʠʡ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʫʣʫʯʰʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʥʘʰʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʦʪʚʝʯʘʶʱʠʝ ʪʘʢʞʝ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ çʢʦʤʬʦʨʪʥʦʩʪʴè ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʋʧʦʤʷʥʫʪʳʝ ʧʨʝʞʜʝ ʬʘʢʪʦʨʳ ʧʨʠ ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʧʦʟʚʦʣʷʶʪ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʟʘʧʨʦʩʳ ʠ ʪʨʝʙʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʫʩʣʫʛʘʤʠ. 

ɼʣʷ ʦʪʨʘʞʝʥʠʷ çʫʟʢʠʭè ʤʝʩʪ ʊʄʊʄ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ 

ʘʥʘʣʠʟʠʨʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʜʠʨʝʢʪʦʨʦʤ ʦʜʥʦʡ ʠʟ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʥʘ ʨʳʥʢʝ ʙʦʣʝʝ 20 ʣʝʪ ʠ ʪʘʢʞʝ 

ʵʢʩʧʣʫʘʪʠʨʫʝʪ ʊʄʊʄ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʦʠʭ ʧʝʨʝʚʦʟʦʢ. [3] 

ʊʘʢ ʢʘʢ ʊʄʊʄ ʷʚʣʷʝʪʩʷ ʢʦʨʠʜʦʨʦʤ ʩ ʤʦʨʩʢʠʤʠ ʧʝʨʝʧʨʘʚʘʤʠ, ʧʨʦʙʣʝʤʘʪʠʢʘ 

ʧʝʨʝʚʦʟʦʢ ʧʦ ʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ ʙʦʣʴʰʝ ʚʩʝʛʦ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʠʤʝʥʥʦ ʚ ʫʟʣʦʚʳʭ 

ʧʫʥʢʪʘʭ ʧʝʨʝʚʘʣʢʠ ʛʨʫʟʦʚ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʯʠʩʣʷʪʩʷ ʥʘ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʩʪʦʨʦʥʝ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʯʪʦ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ï ʵʪʦ ʥʝʫʩʪʦʡʯʠʚʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ 

ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʚ ʧʦʨʪʘʭ ʂʘʟʘʭʩʪʘʥʘ (ʠ ɸʟʝʨʙʘʡʜʞʘʥʘ), ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʛʨʫʟʦʚʦʤʫ ʩʫʜʥʫ 

ʥʝʦʙʭʦʜʠʤʦ ʩʪʦʷʪʴ 2-3 ʩʫʪʦʢ ʥʘ ʨʝʡʜʝ ʚ ʦʞʠʜʘʥʠʠ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʟʘʭʦʜ ʚ ʧʦʨʪ, ʦʩʦʙʝʥʥʦ 

ʧʨʠ ʥʘʣʠʯʠʠ ʚʝʪʨʘ ʠ ʚʦʣʥ. ʉʝʚʝʨʥʳʡ ʂʘʩʧʠʡ, ʛʜʝ ʠ ʥʘʭʦʜʠʪʩʷ ʧʦʨʪ ɸʢʪʘʫ, ʟʘʤʝʨʟʘʝʪ ʠʣʠ 

ʯʘʩʪʠʯʥʦ ʩʢʦʚʳʚʘʝʪʩʷ ʣʴʜʘʤʠ ʚ ʭʦʣʦʜʥʳʝ ʟʠʤʳ. ʇʦʨʪ ʂʫʨʳʢ ʥʘʭʦʜʠʪʩʷ ʶʞʥʝʝ ʠ ʚ ʙʦʣʝʝ 

ʟʘʢʨʳʪʦʤ ʝʩʪʝʩʪʚʝʥʥʦʤ ʧʦʨʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʜʝ ʩʠʪʫʘʮʠʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʧʨʦʱʝ. 

ɼʘʥʥʳʝ ʬʘʢʪʳ ʩʚʦʜʷʪ ʢ ʧʨʦʙʣʝʤʝ ʦʪʩʫʪʩʪʚʠʷ ʣʝʜʦʢʦʣʦʚ (ʦʙʳʯʥʳʤ ʪʦʨʛʦʚʳʤ ʩʫʜʘʤ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʧʨʦʭʦʜʠʪʴ ʟʘʤʝʨʟʰʠʝ ʫʯʘʩʪʢʠ, ʯʪʦ ʪʘʢʞʝ ʟʘʥʠʤʘʝʪ ʚʨʝʤʷ). 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʦʬʠʮʠʘʣʴʥʦʛʦ ʠ 

ʧʨʝʜʩʢʘʟʫʝʤʦʛʦ ʛʨʘʬʠʢʘ ʧʦʨʪʦʚʳʭ ʦʪʧʨʘʚʦʢ. ʅʘ ʧʨʘʢʪʠʢʝ ʚ ʧʦʨʪʳ ʛʦʨʦʜʘ ɸʢʪʘʫ ʠ ʩʝʣʘ 

ʂʫʨʳʢ ʧʘʨʦʤ ʧʨʠʭʦʜʠʪ 3-4 ʨʘʟʘ ʚ ʥʝʜʝʣʶ ʧʦ ʥʝʩʪʘʙʠʣʴʥʦʤʫ ʛʨʘʬʠʢʫ. ɺ ʩʚʷʟʠ ʩ 

çʧʣʘʚʘʶʱʠʤè ʛʨʘʬʠʢʦʤ ʢʣʠʝʥʪ (ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʪʦʨʩʢʘʷ ʢʦʤʧʘʥʠʷ) ʥʝ ʤʦʞʝʪ ʠʤʝʪʴ 

ʯʝʪʢʠʡ ʚʨʝʤʝʥʥʦʡ ʧʣʘʥ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʥʘ ʢʦʪʦʨʳʡ ʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʨʘʪʴʩʷ 

ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʝʨʝʚʦʟʢʠ. [4] 

ʇʦ ʧʨʠʯʠʥʝ ʜʚʫʭ ʬʘʢʪʦʨʦʚ: ʥʝʩʪʘʙʠʣʴʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʠ ʦʪʩʫʪʩʪʚʠʝ ʛʨʘʬʠʢʘ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʝʨʝʚʦʟʢʠ ʫʩʣʦʞʥʷʝʪʩʷ ʚʜʚʦʡʥʝ. 

ʈʘʙʦʪʫ ʫʭʫʜʰʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘʷ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴ ʧʦʨʪʦʚ ɸʢʪʘʫ 

ʠ ʂʫʨʳʢʘ. ʀʩʭʦʜʷ ʠʟ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʨʘʙʦʪʳ ʢʦʤʧʘʥʠʠ, ʪʘʢʠʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ, ʢʘʢ ʚʳʛʨʫʟʢʘ ʠ ʧʦʛʨʫʟʢʘ ʧʨʦʠʩʭʦʜʷʪ ʦʱʫʪʠʤʦ ʤʝʜʣʝʥʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʬʘʢʪ ʪʦʛʦ, 

ʯʪʦ ʟʘʛʨʫʟʢʘ ʧʦʨʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ, ʯʝʤ 50% (ʧʦ ʥʝʢʦʪʦʨʳʤ ʜʘʥʥʳʤ 20-30%). ɿʜʝʩʴ 
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ʞʝ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʦʨʪʳ ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʧʨʦʮʝʜʫʨ ʜʘʞʝ ʩ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝʙʦʣʴʰʦʡ ʧʨʦʝʢʪʥʦʡ ʤʦʱʥʦʩʪʴʶ. ʇʦ ʜʘʥʥʦʡ ʧʨʠʯʠʥʝ ʨʘʟʣʠʯʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʚʘʛʦʥʘʤ ʠ ʬʫʨʘʤ) ʥʝʦʙʭʦʜʠʤʦ 

ʩʪʘʚʠʪʴ ʥʘ ʦʞʠʜʘʥʠʝ ʚʳʛʨʫʟʢʠ ʠ ʧʦʛʨʫʟʢʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ çʫʟʢʦʝè ʤʝʩʪʦ ʧʨʦʩʚʝʯʠʚʘʝʪʩʷ ʠ ʚ ʥʝʬʦʨʤʘʣʴʥʦʤ ʤʝʩʪʝ ʨʘʙʦʪʳ 

ʢʦʨʠʜʦʨʘ ï ʢʦʨʨʫʧʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (ʥʝʛʣʘʩʥʳʝ ʧʣʘʪʝʞʠ ʠ ʩʪʘʚʢʠ). ʂʦʨʥʝʤ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨ ʟʘʢʨʳʪʦʡ ʦʬʠʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʷʤʫʶ ʢʘʩʘʶʱʝʡʩʷ 

ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʫʥʢʪʦʚ. ʊʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʪʦʨʩʢʘʷ ʢʦʤʧʘʥʠʷ ʥʝ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʠʪʴ ʧʦʣʥʫʶ, ʢʦʥʢʨʝʪʥʫʶ, ʨʝʘʣʠʩʪʠʯʥʫʶ ʠ ʦʬʠʮʠʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʧʦ ʧʦʨʪʦʚʳʤ ʜʘʥʥʳʤ (ʥʘʧʨʠʤʝʨ, ʪʘʨʠʬʥʳʝ ʩʪʘʚʢʠ, ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ, ʫʩʣʦʚʠʷ ʚ ʨʘʟʨʝʟʝ 

ʚʠʜʦʚ ʛʨʫʟʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʜʣʷ ʧʝʨʝʚʦʟʢʠ, ʩʧʠʩʦʢ ʧʝʨʝʜʦʚʳʭ ʧʨʦʚʦʟʠʤʳʭ 

ʪʦʚʘʨʦʚ) ʜʘʞʝ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʘʡʪʘʭ (ʥʘʧʨʠʤʝʨ, ʩʘʡʪʳ ʧʦʨʪʦʚ ɸʢʪʘʫ ʠ ʂʫʨʳʢʘ, 

ʂʊɾ, ʊʄʊʄ ʠ ʜʨʫʛʠʝ). ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʘʷ ʚ ʧʝʨʝʚʦʟʢʝ 

ʢʦʤʧʘʥʠʷ ʚʳʥʫʞʜʝʥʘ ʦʙʨʘʱʘʪʴʩʷ ʚ ʠʥʫʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʢʦʤʧʘʥʠʶ 

(ʘʬʬʠʣʠʨʦʚʘʥʥʦʝ ʣʠʮʦ), ʪʝʩʥʦ ʨʘʙʦʪʘʶʱʫʶ ʩ ʧʦʨʪʘʤʠ, ʧʦʩʣʝ ʦʙʨʘʱʝʥʠʷ ʚ ʢʦʪʦʨʫʶ 

ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ, ʙʝʟʫʩʣʦʚʥʦ, 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʨʠʬʥʳʝ ʩʪʘʚʢʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʫʪʚʝʨʞʜʝʥʥʳʝ ʩʘʤʠʤ ʧʦʨʪʦʤ ʠ 

ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ, ʦʜʥʘʢʦ, ʦʥʠ ʥʝ ʷʚʣʷʶʪʩʷ ʝʜʠʥʳʤʠ ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʜʘʥʥʳʤʠ. 

ʇʨʝʜʩʪʘʚʠʪʝʣʷʤ ʢʦʤʧʘʥʠʡ ʟʘʯʘʩʪʫʶ ʧʨʠʭʦʜʠʪʩʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʤʝʩʪʝ ʣʦʛʠʩʪʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ (ʚ ʧʦʨʪʫ) ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪ ʧʦ ʥʝʣʝʛʘʣʴʥʦʤʫ ʬʦʨʤʘʪʫ. ɿʘ ʜʘʥʥʳʡ ʩʯʝʪ 

ʩʦʟʜʘʝʪʩʷ ʪʘʢʞʝ ʠ ʦʯʝʨʝʜʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʛʨʫʟʦʚ, ʚʳʜʝʣʝʥʠʷ ʧʣʘʪʬʦʨʤ ʠ ʜʨʫʛʠʝ 

ʦʧʝʨʘʮʠʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʢ ʧʦʨʪʫ ʩʝʣʘ ʂʫʨʳʢ ʧʨʦʣʝʛʘʝʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʚʝʪʢʘ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ (ʪʦ ʝʩʪʴ, ʂʊɾ), ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢ ʧʦʨʪʫ ɸʢʪʘʫ ʩʦ ʩʪʘʥʮʠʠ 

ʄʘʥʛʳʰʣʘʢ ʧʨʦʣʝʛʘʝʪ ʯʘʩʪʥʘʷ ʚʝʪʢʘ, ʦʟʥʘʯʘʶʱʘʷ, ʯʪʦ ʯʘʩʪʥʳʡ ʚʣʘʜʝʣʝʮ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʢʘʢ ʪʘʨʠʬʳ, ʪʘʢ ʠ ʫʩʣʦʚʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʦʩʪʘʚʘ ʧʦ ʜʘʥʥʦʡ ʚʝʪʢʝ. ɹʝʟ 

ʧʦʜʜʝʨʞʢʠ ʘʬʬʠʣʠʨʦʚʘʥʥʳʭ ʣʠʮ ʦʧʨʝʜʝʣʝʥʥʘʷ ʢʦʤʧʘʥʠʷ ʥʘ ʨʝʛʫʣʷʨʥʦʡ ʦʩʥʦʚʝ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʝʦʙʦʩʥʦʚʘʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʨʦʭʦʞʜʝʥʠʷ ʛʨʫʟʘ (ʥʘʧʨʠʤʝʨ, 

ʠʩʭʦʜʷ ʠʟ ʦʧʳʪʘ ʢʦʤʧʘʥʠʠ, ʧʨʦʩʪʦʡ ʩʫʜʥʘ ʚ ʭʦʨʦʰʫʶ ʧʦʛʦʜʫ ʙʦʣʝʝ ʜʚʫʭ ʜʥʝʡ). [5] 

ʀʩʪʦʯʥʠʢʘʤʠ ʥʝʣʝʛʘʣʴʥʳʭ ʧʣʘʪʝʞʝʡ ʷʚʣʷʶʪʩʷ ʜʝʬʠʮʠʪʳ (ʠʥʬʦʨʤʘʮʠʠ, 

ʨʘʟʛʨʫʟʦʯʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʫʨʦʚʥʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʢʘʜʨʦʚ, ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʪʘʤʦʞʥʠ, ʤʘʥʝʚʨʦʚʳʭ ʣʦʢʦʤʦʪʠʚʦʚ, 

ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʠ ʪʦʧʣʠʚʘ ʜʣʷ ʥʠʭ). 

 

ʊʘʙʣʠʮʘ 1 - ʈʘʩʯʝʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

 

ɼʠʥʘʤʠʢʘ ʵʢʩʧʝʜʠʨʫʝʤʳʭ KTZE ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ ʚ ʨʘʟʨʝʟʝ ʪʨʘʥʟʠʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ, ɼʌʕ 

ʅʘʧʨʘʚʣʝʥʠʷ  

ʧʝʨʝʚʦʟʦʢ 

ʗʥʚʘʨʴ-ʜʝʢʘʙʨʴ 2020 ʛ. ʗʥʚʘʨʴ- ʜʝʢʘʙʨʴ 2021 ʛ. 

ʂʊɾ KTZE 
ɼʦʣʷ 

KTZE 
ʂʊɾ KTZE 

ɼʦʣʷ 

KTZE 

ʂʅʈ-ɽʉ-ʂʅʈ 517 492 114 829 22% 662 185 117 554 18% 

ʂʅʈ-ʎɸ-ʂʅʈ 215 700 105 791 49% 216 642 85 644 40% 

ʂʅʈ-ʈʌ-ʂʅʈ 37 151 32 549 88% 69 738 25 597 37% 

ʊʄʊʄ 7 800 7 726 99% 14 681 13 920 95% 

ʂʅʈ-ʀʨʘʥ-ʂʅʈ 5 194 5 194 100% 2 862 2 862 100% 

ʇʨʦʯʠʝ  92 672 4 995 5% 99 519 10 548 11% 

ʀʪʦʛʦ: 876 009 271 084 31% 1 065 627 256 125 24% 
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ʊʨʘʥʟʠʪʥʳʝ ʢʦʥʪʝʡʥʝʨʥʳʝ ʧʝʨʝʚʦʟʢʠ ʧʦ ʤʘʨʰʨʫʪʫ ʊʄʊʄ ʚ ʨʘʟʨʝʟʝ ʵʢʩʧʝʜʠʪʦʨʦʚ, ɼʌʕ 

ʕʢʩʧʝʜʠʪʦʨʳ 
2020 ʛ. 2021 ʛ. 

ɼʌʕ ɼʦʣʷ, % ɼʌʕ ɼʦʣʷ, % 

AO "KTZ Express" 7 726 99,1% 13 920 94,8% 

TOO "ɻʣʦʙʘʣ ʃʦʛʠʩʪʠʢ KZ" 4 0,1%  0,0% 

ɸʆ "ʂʝʜʝʥʪʨʘʥʩʩʝʨʚʠʩ"  0,0% 34 0,2% 

ʊʆʆ "KAZRAIL SERVICE" 56 0,7%  0,0% 

ʊʆʆ "ICEBERG AQTAU  0,0% 538 3,7% 

ʊʆʆ "Vektor "  0,0% 65 0,4% 

ʊʆʆ "Light Way Solution"  0,0% 124 0,8% 

TOO "Asia Express Logistics" 2 0,0%  0,0% 

ʋʉʃʆɺʅʓʁ ʂʆɼ ɸʆ "ʅʂ "ʂʊɾ" 12 0,2%  0,0% 

ʀʊʆɻʆ: 7 800 100,0% 14 681 100,0% 

ʇʝʨʝʚʘʣʢʘ ʢʦʥʪʝʡʥʝʨʦʚ ʊʄʊʄ ʩʫʤʤʘʨʥʦ ʟʘ 2021 ʛʦʜ, ɼʌʕ 
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ʀʩʪʦʯʥʠʢ. ɸʥʘʣʠʟ ʧʝʨʝʚʦʟʦʢ ʂʊɾ ʟʘ 2021 ʛʦʜ ʠ [1] 

 

ɺʝʜʫʱʝʡ ʯʘʩʪʴʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʡ ʧʨʦʙʣʝʤʳ, ʯʘʩʪʠʯʥʦ ʟʘʪʨʦʥʫʪʦʡ ʚʳʰʝ ʚ 

ʢʦʥʪʝʢʩʪʝ ʦʪʩʫʪʩʪʚʠʷ ʛʨʘʬʠʢʘ ʨʘʙʦʪʳ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʧʘʨʦʤʦʚ 

(ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʧʘʨʦʤʳ çRo-Roè). ʀʟ ʜʘʥʥʦʛʦ ʜʝʬʠʮʠʪʘ ʠʩʪʝʢʘʝʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʦʩʝʜʥʠʭ ʛʦʩʫʜʘʨʩʪʚ ï ɸʟʝʨʙʘʡʜʞʘʥʘ, 

ʊʫʨʢʤʝʥʠʩʪʘʥʘ ʠʣʠ ʀʨʘʥʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʨʘʞʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩ ʢʘʟʘʭʩʪʘʥʩʢʦʡ 

ʩʪʦʨʦʥʳ ʧʦʜʘʯʠ ʟʘʷʚʢʠ (ʪʝʣʝʛʨʘʤʤʳ) ʚ ʩʦʩʝʜʥʠʝ ʧʦʨʪʳ ʛʦʩʫʜʘʨʩʪʚ ʩ ʧʨʦʩʴʙʦʡ ʧʦʜʘʯʠ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʧʘʨʦʤʘ, ʧʦʩʣʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʘʯʠ. ʊʘʢʞʝ, ʢʘʩʘʝʤʦ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʚ ʚʠʜʝ ʦʪʩʫʪʩʪʚʠʷ ʢʦʟʣʦʚʳʭ ʢʨʘʥʦʚ ʚ ʧʦʨʪʫ 

ʂʫʨʳʢ ʧʨʠ ʧʝʨʝʚʘʣʢʝ ʛʨʫʟʘ ʩ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ. ɺ ʜʘʥʥʦʡ 

ʩʠʪʫʘʮʠʠ ʧʫʪʝʤ ʦʯʝʨʝʜʥʳʭ ʥʝʬʦʨʤʘʣʴʥʳʭ ʧʣʘʪʝʞʝʡ ʢʦʤʧʘʥʠʷʤ ʧʨʠʭʦʜʠʪʩʷ ʛʥʘʪʴ ʢʨʘʥʳ 

ʩʦ ʩʪʘʥʮʠʠ ʄʘʥʛʳʰʣʘʢ. [6] 

 

ʊʘʙʣʠʮʘ 2 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɸʆ çʅʂ çɸʢʪʘʫʩʢʠʡ ʤʦʨʩʢʦʡ ʪʦʨʛʦʚʳʡ ʧʦʨʪè 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɸʆ çʅʂ çɸʢʪʘʫʩʢʠʡ ʤʦʨʩʢʦʡ ʪʦʨʛʦʚʳʡ ʧʦʨʪè 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʣʥ. ʪ/ʛʦʜ 

ʩʫʭʦʛʨʫʟʥʦʛʦ ʪʝʨʤʠʥʘʣʘ (ʛʝʥʝʨʘʣʴʥʳʡ ʛʨʫʟ ʠ ʢʦʥʪʝʡʥʝʨʳ) 4 

ʥʝʬʪʝʥʘʣʠʚʥʦʛʦ ʪʝʨʤʠʥʘʣʘ 9,6 

ʟʝʨʥʦʚʦʛʦ ʪʝʨʤʠʥʘʣʘ 2,1 

ʧʘʨʦʤʥʦʛʦ ʪʝʨʤʠʥʘʣʘ (ʧʘʨʦʤʥʳʝ ʛʨʫʟʳ ï ʚʘʛʦʥʳ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪ) 2 

ʀʊʆɻʆ: 17,7 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʆʆ çʇʦʨʪ ʂʫʨʳʢè 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʣʥ. ʪ/ʛʦʜ 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʦ-ʧʘʨʦʤʥʳʡ ʪʝʨʤʠʥʘʣ 4 

ɸʚʪʦʧʘʨʦʤʥʳʡ 

ʪʝʨʤʠʥʘʣ 
2 

ʀʊʆɻʆ: 6 

ʉʫʤʤʘʨʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʨʪʦʚ ɸʢʪʘʫ ʠ ʂʫʨʳʢ, ʤʣʥ. ʪ/ʛʦʜ 23,7 

ʉʫʤʤʘʨʥʘʷ ʧʝʨʝʚʦʟʢʘ ʛʨʫʟʦʚ ʧʦʨʪʦʚ ɸʢʪʘʫ ʠ ʂʫʨʳʢ ʟʘ 2021 ʛʦʜ, ʪʳʩ. ʪ 700 
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ʆʙʲʝʤ ʧʝʨʝʚʘʣʢʠ ʛʨʫʟʦʚ ʯʝʨʝʟ ʤʦʨʩʢʠʝ ʪʝʨʤʠʥʘʣʳ ʧʦʨʪʦʚ ɸʢʪʘʫ ʠ ʂʫʨʳʢ 

ʚ I ʢʚʘʨʪʘʣʝ 2022 ʛʦʜʘ, ʪʳʩ. ʪ 

ʩʫʭʦʛʨʫʟʥʳʝ 284,9 

ʥʝʬʪʝʥʘʣʠʚʥʳʝ 513,8 

ʟʝʨʥʦʚʳʝ 221,6 

ʧʘʨʦʤʥʳʡ (ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ) 263,4 

ʀʊʆɻʆ: 1 283,7 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʨʫʟʘ ʧʦ ʪʠʧʘʤ ʩʫʜʦʚ ʚ I ʢʚʘʨʪʘʣʝ 2022 ʛʦʜʘ, ʪʳʩ. ʪ 

ʩʫʭʦʛʨʫʟ 505,8 

ʪʘʥʢʝʨ 513,8 

ʧʘʨʦʤ 263,4 

ʀʊʆɻʆ: 1 283,0 

ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʨʪʦʚ ɸʢʪʘʫ ʠ ʂʫʨʳʢ ʧʨʠ 

ʟʘʷʚʣʝʥʥʳʭ 95% ʟʘʛʨʫʟʢʠ ʧʦʨʪʦʚ  

ʚ I ʢʚʘʨʪʘʣʝ 2022 ʛʦʜʘ (1 283,7 ʪʳʩ. ʪ), ʪʳʩ. ʪ 

1 351, 2 

ʉʫʤʤʘʨʥʘʷ ʟʘʷʚʣʝʥʥʘʷ ʧʝʨʝʚʦʟʢʘ ʛʨʫʟʦʚ ʥʘ 2022 ʛʦʜ, ʤʣʥ. ʪ 10,5 

 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʪʘʢʠʭ ʧʨʦʙʣʝʤ, ʢʘʢ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʥʝʣʝʛʘʣʴʥʳʝ ʧʣʘʪʝʞʠ, ʚʨʝʤʷ 

ʧʨʦʩʪʦʷ ʚ ʦʞʠʜʘʥʠʠ ʦʧʝʨʘʮʠʠ, ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʨʪʘ ʠ 

ʪʨʫʜʥʦʜʦʩʪʠʞʠʤʘʷ ʢʦʥʢʨʝʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʯʝʪ ʟʘ ʧʝʨʝʚʦʟʢʫ ʧʦ 

ʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ ʩ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʩʪʦʨʦʥʳ ʠ ʥʝ ʪʦʣʴʢʦ ʚʳʭʦʜʠʪ ʦʱʫʪʠʤʦ ʜʦʨʦʛʠʤ. 

ʅʘʧʨʠʤʝʨ, ʤʦʨʩʢʦʡ ʫʯʘʩʪʦʢ ʧʝʨʝʚʦʟʢʠ çʧʦʨʪ ɸʢʘʪʫ ï ʧʦʨʪ ɹʘʢʫè ʩʦʩʪʘʚʣʷʝʪ 403 

ʢʠʣʦʤʝʪʨʘ, çʧʦʨʪ ʂʫʨʳʢ ï ʧʦʨʪ ɹʘʢʫè ʩʦʩʪʘʚʣʷʝʪ 345 ʢʠʣʦʤʝʪʨʦʚ ï ʜʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʦʚʝʨʰʝʥʥʦ ʥʝʙʦʣʴʰʠʝ, ʦʜʥʘʢʦ ʧʝʨʝʚʦʟʢʘ ʢʦʥʪʝʡʥʝʨʘ ʧʦ ʤʦʨʩʢʦʤʫ 

ʤʘʨʰʨʫʪʫ ʩʪʦʠʪ ʧʦʯʪʠ 2000$, ʠʩʢʣʶʯʘʷ ʫʯʝʪ ʧʨʦʭʦʞʜʝʥʠʷ ʤʦʨʩʢʠʭ ʦʪʨʝʟʢʦʚ ʥʘ 

ʜʘʣʴʥʝʡʰʝʤ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʚ ɽʚʨʦʧʫ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2 ʙʳʣʠ ʩʦʙʨʘʥʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʫʙʣʠʯʥʳʭ 

(ʦʬʠʮʠʘʣʴʥʳʝ ʩʘʡʪʳ ʧʦʨʪʦʚ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ) ʠ ʥʝ ʧʫʙʣʠʯʥʳʭ ʨʝʩʫʨʩʦʚ (ʚʥʫʪʨʝʥʥʠʝ 

ʦʪʯʝʪʳ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ). ʅʝʢʦʪʦʨʳʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ, ʠʩʭʦʜʷ ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. [7] 

ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʛʣʘʚʥʳʭ ʚʳʚʦʜʦʚ: ʧʦʨʪʦʚʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʘʨʰʨʫʪʘ ʊʄʊʄ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝ ʙʳʣʘ ʟʘʛʨʫʞʝʥʘ ʜʘʞʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 

50% ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ I ʢʚʘʨʪʘʣʘ 2022 ʛʦʜʘ, ʢʦʛʜʘ ʚʝʢʪʦʨ ʛʨʫʟʦʧʦʪʦʢʦʚ ʙʳʣ ʠʟʤʝʥʝʥ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʋʢʨʘʠʥʦʡ, ʠ ʧʨʦʚʦʟ ʛʨʫʟʦʚ ʧʦ 

ʛʣʘʚʥʳʤ ʪʨʘʥʟʠʪʥʳʤ ʤʘʨʰʨʫʪʘʤ ʚ ʩʪʦʨʦʥʫ ɽʚʨʦʧʳ ʩʪʘʣ ʥʝʚʦʟʤʦʞʥʳʤ. ʂʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʘʨʰʨʫʪ, ʊʄʊʄ ʧʨʠʥʷʣ ʥʘ ʩʝʙʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʛʨʫʟʦʧʦʪʦʢʦʚ. ʆʜʥʘʢʦ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʘʥʥʦʛʦ ʤʘʨʰʨʫʪʘ ʘʙʩʦʣʶʪʥʦ ʥʝ ʛʦʪʦʚʘ ʢ 

ʝʞʝʤʝʩʷʯʥʦ ʥʘʨʘʱʠʚʘʝʤʦʤʫ ʛʨʫʟʦʧʦʪʦʢʫ ʠ, ʪʝʤ ʙʦʣʝʝ, ʢ ʟʘʷʚʣʝʥʥʳʤ 10,5 ʤʣʥ. ʪ ʛʨʫʟʘ ʥʘ 

ʛʨʷʜʫʱʠʡ 2022 ʛʦʜ. [ 8, 9, 10] 

ʄʦʨʩʢʦʡ ʪʨʘʥʩʧʦʨʪ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʊʄʊʄ. ɼʣʷ ʨʘʟʚʠʪʠʷ 

ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʂʘʩʧʠʡʩʢʦʤ ʨʝʛʠʦʥʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʤʦʱʥʦʛʦ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʟʘʧʨʦʩʘʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʫʟʣʘ ʥʘ ʙʘʟʝ ʤʦʨʩʢʦʛʦ ʧʦʨʪʘ ɸʢʪʘʫ.  

ʋʯʠʪʳʚʘʷ ʚʘʞʥʦʩʪʴ ʜʣʷ ʩʪʨʘʥʳ ʵʢʩʧʦʨʪʥʦ-ʠʤʧʦʨʪʥʳʭ ʠ ʪʨʘʥʟʠʪʥʳʭ ʧʝʨʝʚʦʟʦʢ 

ʯʝʨʝʟ ʤʦʨʩʢʠʝ ʧʦʨʪʳ, ʘ ʪʘʢʞʝ ʫʩʠʣʠʷ ʂʊɾ ʧʦ ʨʘʟʚʠʪʠʶ ʧʦʨʪʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʧʨʠʚʣʝʯʝʥʠʶ ʛʨʫʟʦʧʦʪʦʢʦʚ, ʠʟʤʝʥʝʥʠʶ ʚʥʝʰʥʝʡ ʩʠʪʫʘʮʠʠ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʛʨʫʟʦʚ ʯʝʨʝʟ ʈʦʩʩʠʶ, ʩʦʚʝʨʰʝʥʥʦ ʝʩʪʝʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʠʝ ʨʦʩʪʘ 

ʧʝʨʝʚʦʟʦʢ ʯʝʨʝʟ ʧʦʨʪʳ ʂʘʩʧʠʷ. [3] 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʧʠʨʘʷʩʴ ʪʘʢʞʝ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʊʄʊʄ ʩ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʩʪʦʨʦʥʳ: 

- ʩʦʟʜʘʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʨʘʟʚʠʪʠʝ ʚʦʜʥʦʛʦ 
ʪʨʘʥʩʧʦʨʪʘ;  

- ʧʨʦʜʦʣʞʠʪʴ ʠʥʚʝʩʪʠʮʠʠ ʚ ʧʦʨʪʳ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ;  

- ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʫʜʦʚ Ro-Ro, ʠʩʭʦʜʷ ʠʟ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʨʪʦʚ 

ɸʢʪʘʫ ʠ ʂʫʨʳʢ, ʘ ʪʘʢʞʝ ʦʙʲʝʤʦʚ ʛʨʫʟʦʚ;  

- ʦʢʘʟʳʚʘʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʥʘʮʠʦʥʘʣʴʥʳʤ ʩʫʜʦʭʦʜʥʳʤ ʢʦʤʧʘʥʠʷʤ;  

- ʧʦʩʪʨʦʠʪʴ ʩʫʭʦʡ ʧʦʨʪ ʚ ʧʦʨʪʫ ɸʢʪʘʫ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʦʙʲʝʤʦʚ ʛʨʫʟʦʚ ʚ 
ʠʥʪʝʨʤʦʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʢʘʭ; 

- ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʵʢʩʧʝʜʠʪʦʨʩʢʠʭ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʚ ʤʦʨʩʢʠʭ (ʠ ʨʝʯʥʳʭ) ʧʦʨʪʘʭ; 

- ʩʥʠʟʠʪʴ ʜʦʣʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʩʭʦʜʦʚ ʚ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʟʘ 

ʩʯʝʪ ʨʘʟʚʠʪʠʷ ʠʥʪʝʨʤʦʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ ʩ ʫʯʘʩʪʠʝʤ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ;  

- ʨʘʟʚʠʚʘʪʴ ʛʨʫʟʦʚʳʝ ʧʝʨʝʚʦʟʢʠ ʧʦ ʨʝʯʥʳʤ ʤʘʨʰʨʫʪʘʤ, ʩʣʝʜʫʶʱʠʤ ʢ 

ʂʘʩʧʠʡʩʢʦʤʫ ʤʦʨʶ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʂʘʟʘʭʩʪʘʥʦʤ;  

- ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʧʝʨʝʚʦʟʦʢ ʥʘʚʘʣʦʯʥʳʭ ʠ ʢʦʥʪʝʡʥʝʨʥʳʭ ʛʨʫʟʦʚ ʧʦ ʨʝʢʝ ʀʨʪʳʰ 

ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʂʠʪʘʝʤ;  

- ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʛʫʣʷʨʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ;  

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʭʘʥʠʟʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ;  

- ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠ ʩʫʜʦʨʝʤʦʥʪʥʦʛʦ 

ʟʘʚʦʜʘ ʚ ʧʦʨʪʫ ʂʫʨʳʢ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʪʨʘʩʣʠ; 

- ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʮʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʦʬʠʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʩʘʪʝʣʴʥʦ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʪʦʯʝʢ ʤʘʨʰʨʫʪʘ; 

- ʨʘʩʩʤʦʪʨʝʪʴ ʜʠʚʝʨʩʠʬʠʢʘʮʠʶ ʧʘʨʪʥʝʨʩʢʦʡ ʩʝʪʠ ʊʄʊʄ ʩ ʝʚʨʦʧʝʡʩʢʠʤʠ 

ʩʪʨʘʥʘʤʠ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʝʞʝʛʦʜʥʳʡ ʬʦʨʤʘʪ ʦʪʯʝʪʥʦʩʪʠ, ʦʪʥʦʩʷʱʠʡʩʷ ʪʘʢʞʝ ʢ ʦʬʠʮʠʘʣʴʥʦʡ 
ʠʥʬʦʨʤʘʮʠʠ; 

- ʥʘʩʪʨʦʠʪʴ ʛʘʨʤʦʥʠʟʘʮʠʶ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʠ ʩʪʨʘʪʝʛʠʡ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʪʨʘʥʟʠʪʥʳʭ ʢʦʨʠʜʦʨʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ; 

- ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʘʙʦʪʘʶʱʠʭ; 

- ʚʚʝʩʪʠ ʢʦʨʨʫʧʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʚ çʫʟʢʠʭè ʤʝʩʪʘʭ ʧʨʦʭʦʞʜʝʥʠʷ ʛʨʫʟʘ. 
 

ɺʳʚʦʜʳ.  

ʇʨʘʢʪʠʯʝʩʢʠ, ʤʥʦʛʠʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʧʝʨʝʚʦʟʢʦʡ 

ʧʦ ʊʄʊʄ, ʦʩʪʘʶʪʩʷ ʥʝʜʦʚʦʣʴʥʳʤʠ ʚʨʝʤʝʥʝʤ ʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʭʦʜʘ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ çʫʟʢʠʭè ʤʝʩʪʘʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʢʚʘʣʠʬʠʢʘʮʠʠ ʢʘʜʨʦʚ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʫʨʦʚʥʝ ʢʣʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʧʨʦʙʣʝʤ, 

ʧʨʘʚʠʣʴʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʜʠʥʘʤʠʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʨʫʟʦʧʦʪʦʢʦʚ ʚ ʬʘʢʪʠʯʝʩʢʦʡ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʧʝʨʩʧʝʢʪʠʚʝ 

ʘʙʩʦʣʶʪʥʦ ʠ ʚ ʠʜʝʘʣʴʥʦʤ ʧʦʥʠʤʘʥʠʠ ʚʦ ʚʩʝʭ ʟʚʝʥʴʷʭ ʢʦʨʠʜʦʨʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʬʘʢʪʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʪʦʨʦʚ. 
 

ʃʀʊɽʈɸʊʋʈɸ 
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 ʂᴆʃɯʂ פɸʈɸʃʓפʉʊɸʅ ʊɽʃɯʄɯʅɼɽɻɯ ɯ ʊʈɸʅʉʂɸʉʇʀʁ ʍɸʃʓפɸɿɸפ

ʄɸʈʐʈʋʊʓ ʄʓʉɸʃʓʅɼɸ ʊɽʄɯʈɾʆʃ ɼᴄʃɯɿɼɽʈɯʅɯר ʊʈɸʅɿʀʊʊɯʂ 

ɹɸנʓʊʊɸʈʓʅ ʊɸʃɼɸʋ 

 

ɸʥʜʘʪʧʘ. ʊʝʤʽʨʞʦʣ ʢᴇʣʽʢ ʜᴅʣʽʟʜʝʨʽʥʽש ʪʠʽʤʜʽ ʞײʤʳʩ ʽʩʪʝʫʽ װʰʽʥ ᴅʨʪװʨʣʽ ʣʦʛʠʢʘʣʳץ 

ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʢᴇʣʽʢ ʞײʤʳʩʳʥ װʡʣʝʩʪʽʨʫ ʩʘʧʘʩʳʥʘ ᴅʩʝʨʽ. פʘʟʽʨʛʽ 

ʫʘץʳʪʪʘ ʪʝʤʽʨʞʦʣ ʠʥʬʨʘײץʨʳʣʳʤʳʥʳץ שʳʟʤʝʪʽʥ ʞʘץʩʘʨʪʫʜʳש ʤʘשʳʟʜʳ ʙʘסʳʪʪʘʨʳʥʳש 

ʙʽʨʽ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝʛʽ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣʘʨ 

ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʧʘʡʜʘʣʘʥʫʜʳץ שʘʫʽʧʩʽʟʜʽʛʽʥʝ, ʩʝʥʽʤʜʽʣʽʛʽʥʝ ʞᴅʥʝ "ʞʘʡʣʳʣʳסʳʥʘ" ʞʘʫʘʧ 

ʙʝʨʝʜʽ. ɹײʜʘʥ ʙʘʩץʘ, ʧʦʨʪ ʞᴇʥʝʣʪʽʤʜʝʨʽʥʽש ʨʝʩʤʠ ʞᴅʥʝ ʙʦʣʞʘʤʜʳ ʢʝʩʪʝʩʽʥʽש ʙʦʣʤʘʫʳ 

ʤʘשʳʟʜʳ ʧʨʦʙʣʝʤʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɽʣ װʰʽʥ ʪʝשʽʟ ʧʦʨʪʪʘʨʳ ʘʨץʳʣʳ ʵʢʩʧʦʨʪʪʳץ-

ʠʤʧʦʨʪʪʳץ ʞᴅʥʝ ʪʨʘʥʟʠʪʪʽʢ ʪʘʩʳʤʘʣʜʘʨʜʳש ʤʘשʳʟʜʳʣʳסʳʥ, ʩʦʥʜʘʡ-ʘפ" ץʊɾ "ױʂ" ɸפ-

ʪʳש ʧʦʨʪʪʳץ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʜʘʤʳʪʫ ʤʝʥ ʞװʢ ʘסʳʥʜʘʨʳʥ ʪʘʨʪʫ, ʈʝʩʝʡ ʘʨץʳʣʳ ʞװʢ 

ʪʘʩʳʤʘʣʜʘʫסʘ ʰʝʢʪʝʫʣʝʨʤʝʥ ʩʳʨʪץʳ ʘʭʫʘʣʜʳ ᴇʟʛʝʨʪʫ ʞᴇʥʽʥʜʝʛʽ ʢװʰ-ʞʽʛʝʨʽʥ ʝʩʢʝʨʝ 

ʦʪʳʨʳʧ, ʂʘʩʧʠʡ ʧʦʨʪʪʘʨʳ ʘʨץʳʣʳ ʪʘʩʳʤʘʣʜʘʨ ᴇʩʽʤʽʥʽש ʘʨʪʫʳ ᴅʙʜʝʥ ʦʨʳʥʜʳ. 
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ANALYSIS OF TRANSIT DIRECTIONS OF RAILWAY CORRIDORS ON THE 

EXAMPLE OF THE TRANS -CASPIAN INTERNATIONAL TRANSPORT ROUTE ON 

THE KAZAKHSTAN SECTION  

 

Abstract. The influence of various logical and economic indicators for the effective 

functioning of railway transport corridors on the quality of harmonization of transport 

operations. One of the most important areas of improvement of the railway infrastructure in our 

time is information technology in operation, which is also responsible for the safety, reliability 

and "comfort" of infrastructure operation. In addition, a significant problem is the lack of an 

official and predictable schedule of port shipments. Considering the importance of export-import 

and transit traffic through seaports for the country, as well as the efforts of NC KTZ JSC to 

develop port infrastructure and attract cargo flows, change the external situation with restrictions 

on cargo transportation through Russia, it is quite natural to increase the growth of traffic 

through the ports of the Caspian Sea. 

 

Keywords. Transport corridors, "bottlenecks" of TITR, railway infrastructure, railway 

ferry terminal, auto ferry terminal, cargo transshipment, dry cargo terminal. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɸɹʆʊʓ ʊʈɸʅʉʇʆʈʊʅʆ-ʃʆɻʀʊʀʏɽʉʂʀʍ ʂʆʄʇɸʅʀʁ ɺ 

ʂɸɿɸʍʉʊɸʅɽ 
 

ɸʥʥʦʪʘʮʠʷ. ʃʦʛʠʩʪʠʢʘ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʦʷʚʠʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʥʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʨʘʟʚʠʚʘʝʪʩʷ ʦʛʨʦʤʥʳʤʠ ʪʝʤʧʘʤʠ. ʂʣʠʝʥʪʳ ʪʨʝʙʫʶʪ ʚʩʝ ʙʦʣʴʰʝʛʦ ʠ 

ʙʦʣʴʰʝʛʦ ʦʪ ʣʦʛʠʩʪʦʚ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʠʤ ʧʨʦʜʫʢʪʦʚ. ʃʦʛʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʙʲʝʢʪʫ 

ʫʧʨʘʚʣʝʥʠʷ, ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʳ ʣʦʛʠʩʪʠʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʤʝʥʝʜʞʤʝʥʪʘ. ʀʟʫʯʘʶʪʩʷ ʦʙʱʠʝ ʚʦʧʨʦʩʳ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʮʠʦʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʫʩʣʫʛ ʠ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʝʝ ʨʘʟʚʠʪʠʷ, 

ʢʦʥʪʨʘʢʪʥʳʭ ʠ ʜʦʛʦʚʦʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʮʠʦʥʥʦʡ ʢʦʤʧʘʥʠʝʡ ʠ 

ʝʝ ʢʣʠʝʥʪʫʨʦʡ, ʧʨʠʥʮʠʧʦʚ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʪʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ 

ʪʨʘʥʩʧʦʨʪʘ, ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʪʘʤʦʞʝʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʥʝʰʥʝʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʢʘʟʘʥʠʷ ʫʩʣʫʛʠ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʠ ʧʨʝʜʣʦʞʝʥ ʤʦʜʝʣʴ ʠʭ ʨʘʙʦʪʳ. ʆʧʠʩʘʥʠʝ 

ʤʦʜʝʣʠ ʨʘʙʦʪʳ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʥʳʡ ʧʨʦʮʝʩʩ ʜʣʷ ʨʳʥʢʘ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʂʘʟʘʭʩʪʘʥʘ, ʢʘʢ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ, ʪʘʢ ʠ ʜʣʷ ʧʨʘʢʪʠʢʫʶʱʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʪʦʨʳʝ, ʩʤʦʛʫʪ ʧʦʜʨʦʙʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʵʢʩʧʝʜʠʪʦʨʘ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʤʦʜʝʣʠ ʨʘʙʦʪʳ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʃʦʛʠʩʪʠʢʘ, ʤʦʜʝʣʴ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʵʢʩʧʝʜʠʨʦʚʘʥʠʝ, 

ʮʝʧʴ ʧʦʩʪʘʚʦʢ, ʦʧʪʠʤʠʟʘʮʠʷ. 

 

ɺʚʝʜʝʥʠʝ. 

ʂʘʢ ʥʘʧʠʩʘʥʦ ʚ çʂʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʵʢʩʧʝʜʠʪʦʨʩʢʦʛʦ ʙʠʟʥʝʩʘ ʚ ʂʘʟʘʭʩʪʘʥʝè, 

ʩʝʛʦʜʥʷ ʚ ʨʝʩʧʫʙʣʠʢʝ ʪʦʣʴʢʦ ʩ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʦʡ ʦʬʠʮʠʘʣʴʥʦ ʟʘʢʣʶʯʠʣʠ ʜʦʛʦʚʦʨʘ ʥʘ 

ʦʨʛʘʥʠʟʘʮʠʶ ʧʝʨʝʚʦʟʦʢ ʙʦʣʝʝ 400 ʢʦʤʧʘʥʠʡ. ʂʦʥʝʯʥʦ, ʚ ʨʝʘʣʴʥʦʩʪʠ ʵʢʩʧʝʜʠʪʦʨʩʢʠʭ 

ʢʦʤʧʘʥʠʡ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʥʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʨʘʙʦʪʘʝʪ ʥʘ ʚʪʦʨʠʯʥʦʤ 

ʨʳʥʢʝ - ʧʦʜ ʦʬʠʮʠʘʣʴʥʳʤʠ ʵʢʩʧʝʜʠʪʦʨʘʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʨʫʧʥʳʝ 

ʵʢʩʧʝʜʠʪʦʨʩʢʠʝ ʢʦʤʧʘʥʠʠ ʥʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʦʢʘʟʘʥʠʠ ʫʩʣʫʛ ʚ ʤʘʣʳʭ ʦʙʲʝʤʘʭ. ʊʦʯʥʘʷ 

ʩʪʘʪʠʩʪʠʢʘ ʦ ʢʦʣʠʯʝʩʪʚʝ ʢʦʤʧʘʥʠʡ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʥʘ ʜʨʫʛʠʭ ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʘ, 

ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʂʘʟʘʭʩʪʘʥʝ ʚʩʝʛʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ 2000 ʢʦʤʧʘʥʠʡ ʵʢʩʧʝʜʠʪʦʨʦʚ. 

ʆʜʥʘʢʦ ʢʘʯʝʩʪʚʦ ʦʢʘʟʘʥʠʷ ʵʢʩʧʝʜʠʪʦʨʩʢʠʭ ʫʩʣʫʛ ʦʩʪʘʚʣʷʝʪ ʞʝʣʘʪʴ ʣʫʯʰʝʛʦ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʧʝʜʠʪʦʨʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʘʶʪ ʢʘʢ ʩ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ, ʪʘʢ ʠ ʩ 

ʟʘʨʫʙʝʞʥʳʤʠ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʷʤʠ ʠ ʛʨʫʟʦʧʦʣʫʯʘʪʝʣʷʤʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʝʢʘʯʝʩʪʚʝʥʥʳʝ 

ʫʩʣʫʛʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʵʢʩʧʝʜʠʪʦʨʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚʳʟʳʚʘʶʪ ʥʘʨʝʢʘʥʠʷ ʟʘʨʫʙʝʞʥʳʭ 

ʢʣʠʝʥʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʠʤʠʜʞʝ ʂʘʟʘʭʩʪʘʥʘ ʠ ʚʣʠʷʶʪ ʥʘ 

ʀʥʜʝʢʩ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʦʛʠʩʪʠʢʠ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʣʩʷ ɺʩʝʤʠʨʥʳʤ ʙʘʥʢʦʤ ʩ 2007 ʛʦʜʘ. 

[1] 

ʉʝʛʦʜʥʷ ʤʥʦʛʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʣʠ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʠ ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʬʫʥʢʮʠʠ ʦʪʜʘʶʪ ʥʘ ʘʫʪʩʦʨʩʠʥʛ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʘʟʘʥʠʷ ʩʝʨʚʠʩʥʳʭ ʫʩʣʫʛ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʝʨʤʠʥ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʨʦʚʘʡʜʝʨʳ, ʪʦ ʝʩʪʴ ʧʝʨʝʜʘʯʠ ʯʘʩʪʠ ʠʣʠ ʚʩʝʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʤ ʢʦʤʧʘʥʠʷʤ, ʠ ʘʫʪʩʦʨʩʠʥʛʦʤ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ 
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ʧʦʣʴʟʫʶʪʩʷ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʂʘʟʘʭʩʪʘʥʝ ʤʥʦʛʠʭ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 3PL ʧʨʦʚʘʡʜʝʨʘʤ, ʠ ʥʝʢʦʪʦʨʳʝ ʢʦʤʧʘʥʠʠ 

ʦʪʥʦʩʷʪ ʩʝʙʷ ʢ 4PL ʧʨʦʚʘʡʜʝʨʘʤ.  

ʋʧʨʘʚʣʝʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ð ʵʪʦ ʤʝʭʘʥʠʟʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘʙʣʶʜʝʥʠʷ ʠ 

ʫʣʫʯʰʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʙʦʨʦʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ ʠʭ ʧʦʚʝʜʝʥʠʝ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ð ʵʪʦ ʧʝʨʚʳʡ ʰʘʛ ʢ ʧʦʥʠʤʘʥʠʶ ʪʦʛʦ, ʢʘʢ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʚʠʜʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʢʘʢ ʚʨʫʯʥʫʶ, ʪʘʢ ʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʜʝʡʩʪʚʠʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ. ʕʪʠ ʜʝʡʩʪʚʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ 

ʦʙʨʘʟʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʠʟʥʝʩ-ʮʝʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʘʚʣʝʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ 

ʦʙʲʝʜʠʥʷʝʪ ʪʝʭʥʠʢʠ ʠ ʤʝʪʦʜʳ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʣʠʯʥʳʭ ʬʘʟ: ʠʜʝʥʪʠʬʠʢʘʮʠʷ, 

ʦʙʥʘʨʫʞʝʥʠʝ, ʘʥʘʣʠʟ, ʧʝʨʝʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʚʥʝʜʨʝʥʠʝ, ʘ ʪʘʢʞʝ ʤʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʪʨʦʣʴ. 
 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʃʦʛʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠʚʣʝʢʘʶʪ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʚ ʩʚʷʟʠ ʩ ʛʣʦʙʘʣʠʟʘʮʠʝʡ 

ʨʳʥʢʘ. ɽʛʦ ʨʘʩʪʫʱʘʷ ʩʣʦʞʥʦʩʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʩʧʨʦʚʦʮʠʨʦʚʘʣʠ ʧʦʠʩʢ 

ʥʦʚʳʭ ʨʝʰʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʙʨʘʙʦʪʢʝ ʩʣʦʞʥʳʭ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ. [2] 

ʂʦʥʝʯʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʷʪʦʛʦ ʩʠʩʪʝʤʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʚʝʢʪʦʨʘ ʨʘʟʚʠʪʠʷ 

ʧʦʣʥʦʩʪʴʶ ʩʚʦʜʠʪʩʷ ʢ ʟʘʣʦʞʝʥʥʳʤ ʚ ʝʝ ʦʩʥʦʚʫ ʧʨʦʛʥʦʟʘʤ; ʠʭ ʘʢʪʫʘʣʴʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʦʷʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ 

ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʙʠʟʥʝʩ-ʧʨʘʢʪʠʢʠ ʢʘʞʜʦʡ ʫʩʧʝʰʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʢʦʤʧʘʥʠʠ; ʘʜʘʧʪʘʮʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʟʜʝʨʞʝʢ ʠ ʦʙʱʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʘʥʠʠ. 

ʕʪʦʡ ʧʨʦʙʣʝʤʝ ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʦʚʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʝʞʝʛʦʜʥʦ ʦʩʚʘʠʚʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ. [3] 

ʉʝʛʦʜʥʷ ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʠ ʞʠʟʥʝʥʥʦ 

ʚʘʞʥʳ ʜʣʷ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʥʦ ʥʘ ʠʭ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʦʜʥʘ ʪʨʝʪʴ ʤʠʨʦʚʳʭ ʚʳʙʨʦʩʦʚ 

CO2, ʢʦʪʦʨʳʝ ʥʘʥʦʩʷʪ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʵʢʦʥʦʤʠʢʝ ʠ ʦʙʱʝʩʪʚʫ. [4] 

ɺ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʚʘʞʥʦʝ ʚʥʠʤʘʥʠʝ ʧʦʩʪʦʷʥʥʦ ʫʜʝʣʷʝʪʩʷ ʨʘʟʚʠʪʠʶ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʝʛʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʦʩʢʦʣʴʢʫ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʧʦʪʨʝʙʥʦʩʪʠ ʦʙʱʝʩʪʚʘ ʚ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛʘʭ, ʩʚʷʟʳʚʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʦʜʫʢʮʠʠ ʩ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʝʩʧʝʯʝʥʠʶ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʩʪʨʘʥʳ. [5] 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʤʘʣʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʦʧʝʨʘʮʠʷʤʠ ʢʘʢ ʝʜʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʊʦ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʫʶ ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʩʣʫʞʙʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʫʧʨʘʚʣʷʪʴ 

ʤʘʪʝʨʠʘʣʴʥʳʤ ʧʦʪʦʢʦʤ, ʥʘʯʠʥʘʷ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʛʦʚʦʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʩ ʧʦʩʪʘʚʢʘʤʠ ʠ 

ʟʘʢʘʥʯʠʚʘʷ ʜʦʩʪʘʚʢʦʡ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦʪʨʝʙʠʪʝʣʶ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ ʧʨʘʚʠʣ 

ʣʦʛʠʩʪʠʢʠ. [6]  

ʋʧʨʘʚʣʝʥʠʝ ʣʦʛʠʩʪʠʢʦʡ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʫʨʦʚʥʝ ʨʝʛʠʦʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʟʜʘʥʠʶ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʦʨʜʠʥʘʮʠʠ ʠ 

ʠʥʪʝʛʨʘʮʠʠ ʬʫʥʢʮʠʡ, ʧʨʦʮʝʩʩʦʚ ʠ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʮʝʧʠ ʀ ʩʝʛʦʜʥʷ ʤʥʦʛʠʝ ʵʢʩʧʝʨʪʳ ʠʣʠ ʣʶʜʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʦʜʫʢʪʦʚ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʠʥ çʫʧʨʘʚʣʝʥʠʝ 

ʮʝʧʷʤʠ ʧʦʩʪʘʚʦʢè. [7] 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ, ʩʢʦʨʦʪʝʯʥʦʤ ʤʠʨʝ, ʛʜʝ ʣʦʛʠʩʪʠʢʦʡ ʧʨʦʥʠʟʘʥ ʙʫʢʚʘʣʴʥʦ ʢʘʞʜʳʡ 

ʪʦʚʘʨ, ʧʨʦʜʫʢʪ ʠʣʠ ʫʩʣʫʛʘ, ʥʝ ʦʙʦʡʪʠʩʴ ʙʝʟ ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʚ ʧʦʥʠʤʘʥʠʠ 
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ʣʦʛʠʩʪʠʢʠ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʦʧʠʩʳʚʘʝʪ ʨʘʙʦʪʫ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ, 

ʢʦʪʦʨʳʝ ʠ ʟʘʥʠʤʘʶʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʪʘʢʦʛʦ ʨʦʜʘ ʫʩʣʫʛ. ʆʧʠʩʘʥʠʝ ʨʘʙʦʪʳ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʥʳʡ ʧʨʦʮʝʩʩ ʜʣʷ ʨʳʥʢʘ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʂʘʟʘʭʩʪʘʥʘ, ʚʝʜʴ ʵʪʦ ʥʦʚʠʟʥʘ, ʢʘʢ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ, ʪʘʢ ʠ ʜʣʷ 

ʧʨʘʢʪʠʢʫʶʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʪʦʨʳʝ, ʩʤʦʛʫʪ ʧʦʜʨʦʙʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʵʢʩʧʝʜʠʪʦʨʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʧʦʨʪʨʝʪʝ.  

ʕʢʩʧʝʜʠʪʦʨ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʠ ʙʦʣʝʝ ʫʯʘʩʪʥʠʢʦʚ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʚʠʞʝʥʠʝ ʪʦʚʘʨʘ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʢ ʢʦʥʝʯʥʳʤ ʧʦʪʨʝʙʠʪʝʣʷʤ, ʦʭʚʘʪʳʚʘʷ ʚʝʩʴ ʩʧʝʢʪʨ ʫʩʣʫʛ ʧʦ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʭʨʘʥʝʥʠʶ, ʫʧʘʢʦʚʢʝ, ʪʘʤʦʞʝʥʥʦʡ ʦʯʠʩʪʢʝ, ʧʨʘʚʦʚʦʤʫ ʦʬʦʨʤʣʝʥʠʶ, 

ʦʬʦʨʤʣʝʥʠʶ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ ʪʘʢ ʜʘʣʝʝ. ʉʧʠʩʦʢ ʫʩʣʫʛ, ʢʦʪʦʨʳʡ ʚ 

ʩʦʩʪʦʷʥʠʠ ʦʢʘʟʘʪʴ ʵʢʩʧʝʜʠʪʦʨʩʢʠʝ ʢʦʤʧʘʥʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʚʦʠʭ ʘʛʝʥʪʦʚ 

ʤʦʞʥʦ ʧʨʦʜʦʣʞʘʪʴ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʢʩʧʝʜʠʪʦʨʩʢʠʝ ʢʦʤʧʘʥʠʡ ʵʪʦ 

ʢʦʥʩʫʣʴʪʘʥʪʳ, ʢ ʢʦʪʦʨʦʤʫ ʩ ʧʨʦʩʴʙʦʡ ʦ ʧʦʤʦʱʠ ʦʙʨʘʱʘʝʪʩʷ ʟʘʢʘʟʯʠʢ. ʀʤʝʥʥʦ 

ʵʢʩʧʝʜʠʪʦʨʩʢʠʝ ʢʦʤʧʘʥʠʡ, ʚʳʩʪʫʧʘʷ ʦʪ ʣʠʮʘ ʛʨʫʟʦʚʣʘʜʝʣʴʮʘ ʧʝʨʝʜ ʧʝʨʝʚʦʟʯʠʢʘʤʠ, 

ʦʬʦʨʤʣʷʝʪ ʪʨʝʙʫʝʤʳʝ ʢ ʧʝʨʝʚʦʟʢʝ ʜʦʢʫʤʝʥʪʳ, ʚʳʙʠʨʘʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʤʘʨʰʨʫʪ 

ʩʣʝʜʦʚʘʥʠʷ, ʥʝʩʸʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʧʨʦʩʪʦʠ ʠ ʥʝʧʨʝʜʫʩʤʦʪʨʝʥʥʦʝ ʭʨʘʥʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʚ 

ʤʝʩʪʘʭ ʧʝʨʝʚʘʣʢʠ ʛʨʫʟʦʚ. ʊʘʢʞʝ ʧʨʠʥʠʤʘʝʪ ʛʨʫʟ ʢ ʧʝʨʝʚʦʟʢʝ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʤʘʨʢʠʨʦʚʢʫ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʩʦʧʨʦʚʦʞʜʝʥʠʝ, ʜʦʩʪʘʚʣʷʝʪ ʜʦ ʩʢʣʘʜʘ ʧʦʣʫʯʘʪʝʣʷ, ʚʳʧʦʣʥʷʝʪ ʚʳʜʘʯʫ 

ʪʦʚʘʨʘ ʛʨʫʟʦʧʦʣʫʯʘʪʝʣʶ, ʦʧʣʘʯʠʚʘʝʪ ʧʨʦʚʦʟʥʳʝ ʧʦʰʣʠʥʳ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪ 

ʩʪʦʠʤʦʩʪʴ ʚʩʝʛʦ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʚʝʜʝʥʠʷ ʵʢʩʧʝʜʠʪʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʞʜʳʡ ʵʢʩʧʝʜʠʪʦʨ ʜʦʣʞʝʥ 

ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ, ʤʝʞʩʪʨʫʢʪʫʨʥʳʤʠ, ʩʦʮʠʘʣʴʥʳʤʠ ʠ 

ʠʥʬʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʢʦʤʧʝʪʝʥʮʠʠ. ʆʩʥʦʚʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʵʢʩʧʝʜʠʪʦʨʘ 
 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʵʢʩʧʝʜʠʪʦʨʘ 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʄʝʞʩʪʨʫʢʪʫʨʥʳʝ 
ʀʥʬʦʨʤʘʮʠʦʥʥʦ- 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 
ʉʦʮʠʘʣʴʥʳʝ 

ɿʥʘʥʠʝ ʧʨʘʚʠʣ 

ʧʝʨʝʚʦʟʦʢ 

 ʛʨʫʟʦʚ ʧʦ ʚʠʜʘʤ 

ʪʨʘʥʩʧʦʨʪʘ. 

ɿʥʘʥʠʝ ʪʘʤʦʞʝʥʥʦʛʦ  

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ 

ʋʚʝʨʝʥʥʳʡ 

 ʧʦʣʴʟʦʚʘʪʝʣʴ ʇʂ 

ʉʦʙʣʶʜʝʥʠʝ  

ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʵʪʠʢʠ 

ɿʥʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʉ ʠ 

ʊɽ 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ 

 ʦʪʥʦʰʝʥʠʷ 
ʈʘʙʦʪʘ ʩ 1ʉ, SAP 

ɻʨʘʞʜʘʥʩʢʘʷ  

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ 

ɺʣʘʜʝʥʠʝ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʇʆ 

ɿʥʘʥʠʝ ʠʥʦʩʪʨʘʥʥʳʭ 

 ʷʟʳʢʦʚ 

ʈʘʙʦʪʘ ʩ ʨʘʟʥʳʤʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʧʨʦʛʨʘʤʤʘʤʠ 

ʇʦʚʳʰʝʥʠʝ 

 ʢʚʘʣʠʬʠʢʘʮʠʠ 

ɿʥʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ 

 ʪʝʨʤʠʥʦʚ 

ɿʥʘʥʠʝ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʘʚʘ 

ʉʙʦʨ ʠ ʘʥʘʣʠʟ 

ʠʥʬʦʨʤʘʮʠʠ 

ʋʤʝʥʠʝ ʨʘʙʦʪʘʪʴ ʚ 

ʢʦʤʘʥʜʝ 

ɿʥʘʥʠʝ ʟʘʧʦʣʥʝʥʠʷ 

ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ  

ʄʝʞʜʫʥʘʨʦʜʥʦʝ 

ʪʘʤʦʞʝʥʥʦʝ ʧʨʘʚʦ 

ʕʣʝʢʪʨʦʥʥʳʡ 

ʦʙʤʝʥ ʜʘʥʥʳʤʠ 

ɺʟʘʠʤʦʩʚʷʟʴ 

ʤʝʞʜʫ 

ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ 

ʉʦʩʪʘʚʣʝʥʦ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʯʥʠʢʘ [8] 
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ɺʝʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʦʙʦʰʸʣ ʥʠ ʦʜʥʫ ʦʪʨʘʩʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʵʢʩʧʝʜʠʨʦʚʘʥʠʝ. ɼʣʷ ʪʦʛʦ ʯʪʦ ʙʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʚʦʶ ʨʘʙʦʪʫ 

ʢʦʨʨʝʢʪʥʦ ʥʫʞʥʦ ʫʤʝʪʴ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ. ʊʘʢ ʞʝ ʧʦʤʠʤʦ ʟʥʘʥʠʡ 

ʇʂ, ʵʢʩʧʝʜʠʪʦʨʫ ʪʨʝʙʫʶʪʩʷ ʟʥʘʥʠʷ ʧʦ ʨʘʙʦʪʝ ʩ ʧʨʦʛʨʘʤʤʘʤʠ 1ʉ, SAP. ʋʤʝʪʴ ʩʦʙʠʨʘʪʴ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʡ ʦʙʤʝʥ 

ʜʘʥʥʳʤʠ.  

ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʆʪʨʘʩʣʴ ʣʦʛʠʩʪʠʢʠ ʥʘ ʥʘʩʪʦʷʱʠʡ ʜʝʥʴ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʡ ʩʪʘʜʠʠ, 

ʚ ʢʦʪʦʨʦʡ ʦʙʭʦʜʠʪʴʩʷ ʙʝʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʞʝ ʥʝʚʦʟʤʦʞʥʦ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ, ʥʘ ʧʨʠʤʝʨ SDP, JIT ʠʣʠ DDT ʥʝʚʦʟʤʦʞʥʳ ʙʝʟ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʩʪʝʤ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ.  

ɺʘʞʥʝʡʰʠʤʠ ʫʩʣʦʚʠʷʤʠ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʚ ʩʝʙʝ ʩʦʝʜʠʥʠʪʴ 

ʦʩʥʦʚʥʳʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʠʤʝʥʥʦ ʩʥʘʙʞʝʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʭʨʘʥʝʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʚʘʨʦʚ, ʠʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʦʚ ʦʜʥʦʛʦ ʮʝʣʦʛʦ. 

ʇʦ ʤʥʝʥʠʶ ʊ. ɸʣʝʢʩʠʥʩʢʦʡ [9], ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʲʷʚʣʷʪʴ 

ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

1) ɺʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʠʤʝʝʪ ʦʛʨʦʤʥʳʡ ʧʝʨʝʯʝʥʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʩʚʦʝʤ 

ʧʦʣʴʟʦʚʘʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪʥʦʩʷʱʠʭʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʣʦʛʠʩʪʠʢʝ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ 

ERP ʩʠʩʪʝʤʳ ð ʵʪʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʩʚʦʝʤ ʬʫʥʢʮʠʦʥʘʣʝ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʫʞʝ ʠʤʝʶʱʝʛʦʩʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟ ʜʫʙʣʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʡ. 

2) ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʠ 

ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ. ʅʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ERP-ʩʠʩʪʝʤʳ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʪ. ʝ. ʧʦʟʚʦʣʷʶʱʠʭ ʰʠʬʨʦʚʘʪʴ 

ʜʘʥʥʳʝ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʵʣʝʢʪʨʦʥʥʫʶ ʮʠʬʨʦʚʫʶ ʧʦʜʧʠʩʴ ʠ ʘʫʪʝʥʪʠʬʠʮʠʨʫʶʱʠʭ ʥʘ ʝʝ 

ʦʩʥʦʚʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʘ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʥʘʧʨʠʤʝʨ ʘʧʧʘʨʘʪʥʳʭ ʢʣʶʯʝʡ, ʩʤʘʨʪ-ʢʘʨʪ, ʫʩʪʨʦʡʩʪʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ, 

ʩʝʪʯʘʪʢʠ ʛʣʘʟʘ, ʛʦʣʦʩʘ, ʣʠʮʘ, ʦʮʠʬʨʦʚʘʥʥʦʡ ʧʦʜʧʠʩʠ ʠ ʜʨ. 

3) ɺʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʰʪʘʙʘ ʧʨʝʜʧʨʠʷʪʠʷ. 

4) ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʩ ʧʣʘʪʬʦʨʤʳ ʥʘ ʧʣʘʪʬʦʨʤʫ. ɺ 

ʩʨʝʜʥʠʭ ʠ ʙʦʣʴʰʠʭ ʢʦʤʧʘʥʠʷʭ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ ʟʘʯʘʩʪʫʶ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʀʊ ʤʦʱʥʦʩʪʝʡ ʠʣʠ ʞʝ ʦ ʞʝʣʘʥʠʠ ʩʤʝʥʠʪʴ ʦʧʝʨʘʮʠʦʥʥʫʶ ʧʣʘʪʬʦʨʤʫ ʚ 

ʩʚʷʟʠ ʩ ʠʟʤʝʥʠʚʰʠʤʠʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʳʥʢʘ.   

5) ɺ ʥʘʙʦʨ ʉʋɹɼ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʚʳʙʠʨʘʝʤʦʡ ERP-ʩʠʩʪʝʤʦʡ, ʦʙʷʟʘʪʝʣʴʥʦ 

ʜʦʣʞʥʦ ʚʭʦʜʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʚ ʩʪʨʘʥʘʭ ʉʅɻ ʇʆ, ʥʘʧʨʠʤʝʨ, DB2, Oracle, Sybase, MS 

SQL Server, Informix. 

6) ʇʦʜʜʝʨʞʢʘ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʡ 

Internet/Intranet ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʙʦʪʳ ʯʝʨʝʟ ʦʙʳʯʥʳʡ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ. ɼʘʥʥʦʝ 

ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʙʣʠʦʪʝʢʠ ʜʦʢʫʤʝʥʪʦʚ ʠ ʙʘʟʳ ʜʘʥʥʳʭ ʠʟ ʣʦʢʘʣʴʥʳʭ, 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ, ʥʝ ʪʨʝʙʫʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ. 

7) ʇʦʜʜʝʨʞʢʘ ʪʝʭʥʦʣʦʛʠʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʨʭʠʚʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʥʦʩʠʪʝʣʷʭ: ʜʠʩʢʦʚʳʭ ʤʘʩʩʠʚʘʭ, CD-ROM, CD-RW, ʬʣʝʰ ʥʘʢʦʧʠʪʝʣʷʭ.  
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8) ʊʘʢ ʞʝ ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʧʨʠʢʣʘʜʥʘʷ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʣʘ ʣʝʛʢʦʩʪʴʶ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ, ʦʙʫʯʝʥʠʷ, ʵʨʛʦʥʦʤʠʯʥʦʩʪʴʶ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʠ ʥʝʦʙʭʦʜʠʤʳʤ ʷʟʳʢʦʚʳʤ 

ʠʥʪʝʨʬʝʡʩʦʤ. [10] 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʜʚʦʨʝ ʍʍI ʚʝʢ ʠ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʠ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ 

ʣʶʜʴʤʠ ʧʨʦʠʩʭʦʜʠʪʴ ʚʩʝ ʯʘʱʝ ʠ ʯʘʱʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʪʠ ʠʥʪʝʨʥʝʪ, ʵʢʩʧʝʜʠʪʦʨ ʜʦʣʞʝʥ 

ʠʤʝʪʴ ʩʦʮʠʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ. ʊʘʢʠʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʚʝʱʠ ʢʘʢ ʩʦʙʣʶʜʝʥʠʝ ʵʪʠʢʠ, 

ʛʨʘʞʜʘʥʩʢʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ, ʫʤʝʥʠʝ ʨʘʙʦʪʘʪʴ ʚ ʢʦʤʘʥʜʝ ʜʦʣʞʥʳ ʙʳʪʴ ʫ ʢʘʞʜʦʛʦ. [8] 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʵʢʩʧʝʜʠʪʦʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʦʠʪ ʠʟ ʧʨʠʥʷʪʠʷ 

ʟʘʧʨʦʩʘ ʥʘ ʧʝʨʝʚʦʟʢʫ, ʦʙʨʘʙʦʪʢʠ ʟʘʢʘʟʘ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʮʝʥʦʚʦʛʦ, ʣʠʙʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʧʨʝʜʣʦʞʝʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʢʠ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ ʢʣʠʝʥʪʘ. 

ʆʙʨʘʙʦʪʢʘ ʟʘʷʚʢʠ ʥʘ ʧʝʨʝʚʦʟʢʫ ʥʘʯʠʥʘʝʪʩʷ ʩ ʝʝ ʧʦʣʫʯʝʥʠʷ. ɺ ʢʦʤʧʘʥʠʶ ʟʘʷʚʢʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʦʩʪʫʧʘʝʪ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ: ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, ʯʝʨʝʟ ʪʝʣʝʬʦʥ, 

ʣʠʙʦ ʯʝʨʝʟ ʦʥʣʘʡʥ ï ʢʦʥʩʫʣʴʪʘʥʪʘ ʥʘ ʩʘʡʪʝ ʢʦʤʧʘʥʠʠ. ɿʘʷʚʢʠ ʧʨʠʥʠʤʘʝʪ ʦʬʠʩ ï ʤʝʥʝʜʞʝʨ, 

ʟʘʧʦʣʥʷʷ ʫʪʚʝʨʞʜʝʥʥʫʶ ʬʦʨʤʫ ʟʘʷʚʢʠ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʦʙʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʟʘʢʘʟʯʠʢʝ, ʦ ʪʠʧʝ ʫʩʣʫʛʠ ʠ ʪʠʧʝ ʛʨʫʟʘ (ʊʘʙʣʠʮʘ 2). 
 

ʊʘʙʣʠʮʘ 2 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʢʘʟʘʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ 

 

 

ʇʦʣʫʯʝʥʠʝ ʟʘʷʚʢʠ  

ɿʘʢʣʶʯʝʥʠʝ 

ʜʦʛʦʚʦʨʘ 

/ʩʦʛʣʘʰʝʥʠʷ 

ʇʝʨʝʚʦʟʢʘ 

 ʛʨʫʟʦʚ 

ʆʬʦʨʤʣʝʥʠʝ  

ʧʘʢʝʪʘ ʜʦʢʫʤʝʥʪʦʚ 

ʜʣʷ ʟʘʢʨʳʪʠʷ 

ʧʝʨʝʚʦʟʢʠ  

ɺʭʦʜ ʧʨʦʮʝʩʩʘ ɺʳʭʦʜ ʧʨʦʮʝʩʩʘ 

ʇʨʦʚʝʜʝʥʠʝ  

ʨʘʩʯʝʪʦʚ ʜʣʷ 

ʟʘʢʘʟʯʠʢʘ 

ʉʦʛʣʘʩʠʝ ʟʘʢʘʟʯʠʢʘ  

ʥʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʘ 

ʧʦʣʫʯʝʥʦ 

ʉʦʛʣʘʩʠʝ ʟʘʢʘʟʯʠʢʘ   

ʥʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʘ 

ʥʝ ʧʦʣʫʯʝʥʦ 

ʈʘʟʤʝʱʝʥʠʝ 

ʨʘʩʯʝʪʦʚ ʚ ʘʨʭʠʚʝ 

ʜʦʢʫʤʝʥʪʦʚ. 

ʂʦʥʪʨʦʣʴ ʧʦʜ ʧʨʦʮʝʩʩʘ ï 

ʦʬʠʩ-ʤʝʥʝʜʞʝʨ 
 

ʂʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʘ ï

ʜʠʨʝʢʪʦʨ ʦʩʥʦʚʥʦʛʦ 

ʜʝʧʘʨʪʘʤʝʥʪʘ  

 

ʂʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʘ ï

ʜʠʨʝʢʪʦʨ ʦʩʥʦʚʥʦʛʦ 

ʜʝʧʘʨʪʘʤʝʥʪʘ  

 

 

ʂʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʘ ï

ʜʠʨʝʢʪʦʨ ʦʩʥʦʚʥʦʛʦ 

ʜʝʧʘʨʪʘʤʝʥʪʘ  

 

ʂʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʘ ï

ʜʠʨʝʢʪʦʨ 

ʚʩʧʦʤʦʛʘʪʝʣʥɹʦʛʦ  

ʜʝʧʘʨʪʘʤʝʥʪʘ  

 

ɺʦʟʚʨʘʪ ʜʝʥʝʛ, ʧʨʠ 

ʦʪʢʘʟʝ ʦʪ ʧʝʨʝʚʦʟʢʠ 

 
 

ɿʘʷʚʢʠ ʦʪ ʟʘʢʘʟʯʠʢʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʘʜʨʝʩ ʂʦʤʧʘʥʠʠ, ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ - ʥʘ ʘʜʨʝʩ 

ʨʘʙʦʪʥʠʢʘ.  ɺ ʩʣʫʯʘʝ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʷʚʢʠ ʥʘ ʘʜʨʝʩ ʨʘʙʦʪʥʠʢʘ, ʦʥ ʦʙʷʟʘʥ  ʧʝʨʝʜʘʪʴ ʝʝ ʦʬʠʩ-

ʤʝʥʝʜʞʝʨʫ ʂʦʤʧʘʥʠʠ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ. ʈʘʙʦʪʘ ʩ ʟʘʷʚʢʘʤʠ ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʣʝ 

ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʜʝʧʘʨʪʘʤʝʥʪʘʤ ʂʦʤʧʘʥʠʠ.  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʷʚʦʢ ʫʯʠʪʳʚʘʝʪʩʷ 

ʟʘʧʠʩʷʤʠ ʚ ʧʨʦʛʨʘʤʤʝ 1ʉ ʇʨʝʜʧʨʠʷʪʠʝ.   

ʈʘʙʦʪʥʠʢ, ʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʟʘʷʚʢʦʡ, ʦʙʷʟʘʥ ʝʝ ʦʙʨʘʙʦʪʘʪʴ ʠ ʚʳʧʦʣʥʠʪ ʨʷʜ 

ʟʘʜʘʯ. (ʨʠʩʫʥʦʢ 1). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ ʥʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʘ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʜʦʣʞʝʥ ʟʥʘʪʴ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʪʘʨʠʬʦʚ çRail - ʪʘʨʠʬè, çʇʦʣʶʩè ʠ ʜʨʫʛʠʝ.  

ɺ ʩʣʫʯʘʝ ʥʝʩʦʛʣʘʩʠʝ ʟʘʢʘʟʯʠʢʘ, ʧʦʜʘʥʥʘʷ ʟʘʷʚʢʘ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʘʨʭʠʚʝ ʢʦʤʧʘʥʠʠ, ʘ 

ʚ ʩʣʫʯʘʝ ʩʦʛʣʘʩʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʜʦʛʦʚʦʨ ʥʘ ʦʢʘʟʘʥʠʝ ʫʩʣʫʛʠ. ɼʣʷ ʵʪʦʛʦ ʦʪʚʝʪʩʪʚʝʥʥʳʡ 

ʩʦʪʨʫʜʥʠʢ ʢʦʤʧʘʥʠʠ ʩʦʛʣʘʩʦʚʳʚʘʝʪ ʩ ɿʘʢʘʟʯʠʢʦʤ ʠ ʧʦʜʨʷʜʯʠʢʦʤ ʫʩʣʦʚʠʷ ʧʝʨʝʚʦʟʢʠ, 

ʧʦʜʛʦʪʘʚʣʠʚʘʝʪ ʜʦʛʦʚʦʨ ʠ ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʧʦʜʧʠʩʘʥʠʷ ʜʦʛʦʚʦʨʘ.  
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ʇʦʩʣʝ ʧʦʜʧʠʩʘʥʠʷ ʜʦʛʦʚʦʨʘ ʦʢʘʟʘʥʠʷ ʫʩʣʫʛ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʚʦʟʢʘ ʛʨʫʟʘ ʠ 

ʦʬʦʨʤʣʷʝʪʩʷ ʧʘʢʝʪ ʜʦʢʫʤʝʥʪʦʚ ʜʣʷ ʟʘʢʨʳʪʠʷ ʧʝʨʝʚʦʟʢʠ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʪʨʘʥʩʧʦʨʪʘ, ʤʦʜʝʣʴ ʦʢʘʟʘʥʠʷ ʫʩʣʫʛ ʤʝʥʷʝʪʩʷ ʠ ʝʩʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʫʶ ʨʝʰʘʶʪ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ ʪʦʣʴʢʦ ʥʘ ʦʜʥʠʭ ʚʠʜʘʭ 

ʪʨʘʥʩʧʦʨʪʘ.  

ʇʨʠ ʪʦʯʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʚʳʙʦʨʘ ʪʨʘʥʩʧʦʨʪʘ ʧʨʦʚʦʜʠʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʨʳʥʢʘ 

ʧʦʩʪʘʚʱʠʢʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʝʛʤʝʥʪʝ. ɺʳʙʦʨ 

ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʝʨʝʚʦʟʢʠ, ʪʘʢʠʭ ʢʘʢ ʮʝʥʘ, ʩʢʦʨʦʩʪʴ, 

ʩʦʭʨʘʥʥʦʩʪʴ. ʅʦ ʪʘʢʞʝ ʦʥʘ ʜʦʧʦʣʥʷʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʨʫʛʠʭ ʢʨʠʪʝʨʠʝʚ, ʢʦʪʦʨʳʝ 

ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʤʦʛʘʶʪ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʚʳʙʦʨʦʤ ʥʫʞʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘ. ʊʘʢʞʝ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʝ ʵʢʩʧʝʜʠʪʦʨʘ ʫʜʝʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ 

ʤʘʨʰʨʫʪʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʦʢ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʢʠ ʛʨʫʟʘ, ʝʛʦ ʨʘʟʤʝʨʦʚ ʠ ʥʘʟʥʘʯʝʥʠʷ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʢʠ ʥʘ ʧʝʨʝʚʦʟʢʫ 

 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʟʘʩʣʫʞʠʚʘʝʪ ʚʳʙʦʨ ʤʘʨʰʨʫʪʘ ʜʣʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʠʣʠ 

ʥʝʛʘʙʘʨʠʪʥʳʭ, ʘ ʪʘʢʞʝ ʦʧʘʩʥʳʭ ʛʨʫʟʦʚ, ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʘʢʪʘʤʠ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤʠ ʜʘʥʥʳʡ ʚʠʜ ʧʝʨʝʚʦʟʦʢ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʤʘʨʰʨʫʪʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʟʘ ʵʢʩʧʝʜʠʪʦʨʫ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ 

ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʩʧʝʮʠʬʠʢʘ ʛʨʫʟʦʚ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʩʦʙʳʤ ʫʩʣʦʚʠʷʤ ʠʭ ʧʝʨʝʚʦʟʢʠ, 

ʩʦʩʪʘʚ ʦʨʛʘʥʠʟʘʮʠʡ, ʩʦʛʣʘʩʫʶʱʠʭ ʤʘʨʰʨʫʪ ʠ ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʢʦʥʪʨʦʣʴ ʟʘ ʚʩʝʤʠ 

ʵʪʘʧʘʤʠ ʚʳʧʦʣʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʧʝʨʘʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʤʠʥʠʤʫʤ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʙʘʨʴʝʨʥʳʭ ʪʦʯʝʢ, ʪʦ ʝʩʪʴ ʧʫʥʢʪʦʚ ʧʝʨʝʛʨʫʟʘ, 

ʩʦʨʪʠʨʦʚʢʠ, ʜʦʩʤʦʪʨʘ ʠ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʡ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʘʣʴʥʳʝ ʩʨʦʢʠ ʠʭ ʧʨʦʭʦʞʜʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʯʝʤ ʤʝʥʴʰʝ ʙʫʜʝʪ ʥʘ ʤʘʨʰʨʫʪʝ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʨʘʥʠʮ ʪʘʤʦʞʝʥʥʦʛʦ ʠ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʝ ʙʫʜʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ. ɺʳʙʦʨ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ 

ʠʛʨʘʝʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ɺʳʙʠʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ, ʵʢʩʧʝʜʠʪʦʨ ʜʦʣʞʝʥ 

ʫʯʠʪʳʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʤʦʱʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʚ ʩʤʳʩʣʝ ʧʨʦʚʦʟʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, 

ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ. 

ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʚʳʙʦʨʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʭʨʘʥʥʦʩʪʠ ʛʨʫʟʘ ʚ ʧʫʪʠ, ʩʦʙʣʶʜʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʦʚ ʢʘʯʝʩʪʚʘ ʛʨʫʟʘ, ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. 
 

ɿʘʢʣʶʯʝʥʠʝ. 

ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʳ ʠ ʟʘʣʦʛʦʤ ʫʩʧʝʭʘ ʷʚʣʷʝʪʩʷ 

ʢʣʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ, ʞʝʣʘʥʠʝ ʦʩʪʘʚʠʪʴ ʢʣʠʝʥʪʘ ʫʜʦʚʣʝʪʚʦʨʸʥʥʳʤ ʠ ʧʝʨʝʚʝʩʪʠ ʝʛʦ 

ʠʟ ʨʷʜʘ ʚʥʦʚʴ ʧʨʠʙʳʚʰʠʭ ʢʣʠʝʥʪʦʚ ʚ ʨʘʟʜʝʣ ʧʦʩʪʦʷʥʥʳʭ. ʊʘʢʞʝ ʧʨʠ ʨʘʙʦʪʝ ʩ ʣʶʜʴʤʠ, 

ʦʙ̫ʟʘʪʝʣʴʥʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʦʪʥʦʰʝʥʠʷ ʩ ʩʫʙʘʛʝʥʪʘʤʠ ʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʫʩʣʫʛ, ʩ 

ʢʦʪʦʨʳʤʠ ʨʘʙʦʪʘʝʪ ʵʢʩʧʝʜʠʪʦʨ. ʇʦʵʪʦʤʫ ʟʘʣʦʛʦʤ ʫʩʧʝʭʘ ʵʢʩʧʝʜʠʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʣʦʞʝʥʠʷ ʨʝʰʝʥʠʡ, ʦʧʪʠʤʘʣʴʥʳʭ ʢʘʢ ʜʣʷ ʧʨʠʥʮʠʧʘʣʘ, ʪʘʢ ʠ ʜʣʷ ʘʛʝʥʪʘ, ʥʝ ʟʘʙʳʚʘʷ ʦ 

ʩʦʙʩʪʚʝʥʥʦʡ ʚʳʛʦʜʝ, ʥʦ ʥʝ ʩʪʘʚʷ ʝʸ ʚ ʦʩʥʦʚʫ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʯʝʛʦ 

ʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚ ʨʘʚʥʦʡ ʯʘʩʪʠ ʦʙʣʘʜʘʪʴ ʚʩʝʤʠ ʚʠʜʘʤʠ ʢʦʤʧʝʪʝʥʮʠʡ.  

ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʩʧʳʪʳʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʧʨʦʙʣʝʤ. 

ʕʪʦ ʢʘʩʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʝʭʚʘʪʢʠ ʢʘʜʨʦʚ, ʥʦ ʠ ʩʪʘʨʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʧʨʦʙʣʝʤʳ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ ʠ ʜʨʫʛʠʝ. ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʦʪʨʘʩʣʴ 

ʣʦʛʠʩʪʠʢʠ ʚ ʂʘʟʘʭʩʪʘʥʝ ʨʘʟʚʠʚʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʦ, ʦʙʭʦʜʷ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ ʩʪʦʨʦʥʦʡ, 

ʘ ʥʝʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ çʥʘ ʭʦʜʫè. ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʦʙʣʝʤʳ, ʟʥʘʪʴ ʤʦʜʝʣʴ 

ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ, ʢʘʢ ʣʶʜʷʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ 

ʵʪʦʡ ʩʬʝʨʝ, ʪʘʢ ʠ ʪʝʤ, ʢʪʦ ʧʦʣʴʟʫʝʪʩʷ ʠʭ ʫʩʣʫʛʘʤʠ.  
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 רʂʆʄʇɸʅʀʗʃɸʈɼʓ פʓ ʂᴆʃɯʂ-ʃʆɻʀʉʊʀʂɸʃʓנʉʊɸʅɼɸפɸɿɸפ

ɾױʄʓʉʓʅ ʄʆɼɽʃʔɼɽʋ 

 

ɸשʜʘʪʧʘ. פʘʟʘץʩʪʘʥʜʘ ʣʦʛʠʩʪʠʢʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʘץʳʥʜʘ ʧʘʡʜʘ ʙʦʣʜʳ, ʙʽʨʘץ 

ʩʦסʘʥ ץʘʨʘʤʘʩʪʘʥ װʣʢʝʥ ץʘʨץʳʥʤʝʥ ʜʘʤʳʧ ʢʝʣʝʜʽ. ʂʣʠʝʥʪʪʝʨ ʣʦʛʠʩʪʝʨʜʝʥ ʞᴅʥʝ ʦʣʘʨ 

 ,ʪᴅʩʽʣ ץʘʨʫ ʦʙʲʝʢʪʽʩʽʥʝ ʣʦʛʠʩʪʠʢʘʣʳץʩʳʥʘʪʳʥ ᴇʥʽʤʜʝʨʜʝʥ ʢᴇʙʽʨʝʢ ʪʘʣʘʧ ʝʪʝʜʽ. ɹʘʩײ

ʣʦʛʠʩʪʠʢʘʣʳײץ ץʨʘʣʜʘʨ ʤʝʥ ᴅʜʽʩʪʝʨ ʤʝʥʝʜʞʤʝʥʪʪʽש ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʳʥʜʘ ץʦʣʜʘʥʳʣʘʜʳ. 

ʂᴇʣʽʢʪʽʢ-ʵʢʩʧʝʜʠʮʠʷʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽש ʞʘʣʧʳ ʤᴅʩʝʣʝʣʝʨʽ, ʢᴇʣʽʢʪʽʢ-ʵʢʩʧʝʜʠʮʠʷʣʳץ 

 ץʳʪʪʘʨʳ, ʢᴇʣʽʢʪʽʢ-ʵʢʩʧʝʜʠʮʠʷʣʳסʥʝʛʽʟʛʽ ʙʘ שʞʽʢʪʝʣʫʽ ʞᴅʥʝ ʦʥʳ ʜʘʤʳʪʫʜʳ שʳʟʤʝʪʪʝʨʜʽץ

ʢʦʤʧʘʥʠʷ ʤʝʥ ʦʥʳש ʢʣʠʝʥʪʽ ʘʨʘʩʳʥʜʘסʳ ʢʝʣʽʩʽʤʰʘʨʪʪʳץ ʞᴅʥʝ ʰʘʨʪʪʳץ ץʘʪʳʥʘʩʪʘʨ, 

ʢᴇʣʽʢʪʽש ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽʥʜʝʛʽ ʢᴇʣʽʢʪʽʢ-ʵʢʩʧʝʜʠʪʦʨʣʳץ ץʳʟʤʝʪ ʧʨʠʥʮʠʧʪʝʨʽ, ʩʳʨʪץʳ 

ʵʢʦʥʦʤʠʢʘʣʳץ ץʳʟʤʝʪʢʝ ʢʝʜʝʥʜʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽש ʥʝʛʽʟʛʽ ʝʨʝʞʝʣʝʨʽ ʟʝʨʜʝʣʝʥʝʜʽ. 

ʄʘץʘʣʘʜʘ ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ʢʦʤʧʘʥʠʷʣʘʨʜʳץ שʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʽ 

 שʢʦʤʧʘʥʠʷʣʘʨʜʳ ץʘʥ. ʃʦʛʠʩʪʠʢʘʣʳסʩʳʥʳʣײ ʤʳʩ ʤʦʜʝʣʽײʞ שʘʨʘʩʪʳʨʳʣʳʧ, ʦʣʘʨʜʳץ

ʞײʤʳʩ ʤʦʜʝʣʽʥ ʩʠʧʘʪʪʘʫ פʘʟʘץʩʪʘʥʥʳש ʢᴇʣʽʢ ץʳʟʤʝʪʪʝʨʽ ʥʘʨʳסʳ װʰʽʥ, ʣʦʛʠʩʪʠʢʘʣʳץ 

ʢʦʤʧʘʥʠʷʣʘʨʜʳש ʞײʤʳʩ ʤʦʜʝʣʽʥʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʵʢʩʧʝʜʠʪʦʨʜʳץ שʳʟʤʝʪʽʤʝʥ ʝʛʞʝʡ-

ʪʝʛʞʝʡʣʽ ʪʘʥʳʩʘ ʘʣʘʪʳʥ ʞʘשʘʜʘʥ ʙʘʩʪʘʫʰʳʣʘʨ װʰʽʥ ʜʝ, ʪᴅʞʽʨʠʙʝʰʽʣʝʨ װʰʽʥ ʜʝ ᴇʪʝ 

ʤʘשʳʟʜʳ ʧʨʦʮʝʩʩ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʃʦʛʠʩʪʠʢʘ, ʤʦʜʝʣʴ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʩ, ʵʢʩʧʝʜʠʮʠʷ, ʞʝʪʢʽʟʫ 
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MODELLING OF TRANSPORT AND LOGISTICS COMPANIES IN KAZAKHSTAN  

 

Abstract. Logistics in Kazakhstan is a relatively recent phenomenon, but is developing at 

a tremendous pace. Customers are demanding more and more from logisticians and the products 

they provide. Logistic approach to the object of management, tools and methods of logistics are 

applied in a variety of management fields. General issues of freight forwarding services, the 

classification of freight forwarding services and the main directions of its development, 

contractual and contractual relations between the freight forwarding company and its client, the 

principles of freight forwarding activities in various modes of transport, the basic provisions of 

customs services of foreign economic activity are studied. The article considers the technological 

process of providing services by transport and logistics companies and offers a model of their 

work. The description of the model of logistics companies' work is quite an important process for 

the transport services market of Kazakhstan, both for beginners and practitioners, who, based on 

the model of logistics companies' work, will be able to get acquainted with the forwarder's 

activity in detail. 

 

Keywords. Logistics, model, process, forwarding, supply chain, optimisation. 
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ʘʨʥʘʡʳ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʞװʡʝʩʽʥ  ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. 

ɹʘʩʪʳ ʥʘʟʘʨ ᴅʨʪװʨʣʽ ʪײʪʳʥʫʰʳʣʘʨסʘ ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʰʽ ʢᴇʣʽʢʪʽʢ 

ʢʦʤʧʘʥʠʷʣʘʨʜʳץ שʳʟʤʝʪʪʝʨʽʥ ʩʘʧʘʣʳ ʙʘʩץʘʨʫʜʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʤʝʥ ʤᴅʥʙʽʨʣʝʨʽʥʝ 

ʘʫʜʘʨʳʣסʘʥ. ʂᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞײʤʳʩʪʘʨʳʥ ʩʘʧʘʣʳ ʙʘʩץʘʨʫʜʳש 

ʥʝʛʽʟʛʽ ʤᴅʥʙʽʨʣʝʨʽ ʤʝʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ʘʨʥʘʡʳ ʞʽʢʪʝʤʝʩʽ ʢʝʣʪʽʨʽʣʛʝʥ. ɸʪʘʣסʘʥ ʞʽʢʪʝʤʝʥʽש 

ʤʘשʳʟʜʳ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʽש ʙʽʨʽ ʨʝʪʽʥʜʝ ʩʝʨʽʢʪʝʩ ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ʢᴅʩʽʧʦʨʳʥʜʘʨ ʤʝʥ 

ʙᴅʩʝʢʝʣʝʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʤʝʥ ʘʨʘʜʘסʳ ʳʥʪʳʤʘץʪʘʩʪʳץ ʜᴅʨʝʞʝʩʽ ץʘʙʳʣʜʘʥסʘʥ. ױʩʳʥʳʣʳʧ 

ʦʪʳʨסʘʥ ײʩʳʥʳʩʪʘʨʜʳ ʪᴅʞʽʨʠʙʝʣʽʢ ʪײʨסʳʜʘ ʧʘʡʜʘʣʘʥʫ ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪʪʽ 

ʪײʪʳʥʫʰʳʣʘʨʜʳש ʩײʨʘʥʳʩʪʘʨʳʥ ʪʦʣʳץ ʞᴅʥʝ ʩʘʧʘʣʳ ץʘʥʘסʘʪʪʘʥʜʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ 

ʙʘʩץʘʨʫ ʰʝʰʽʤʜʝʨʽʥʽש ʪʠʽʤʜʽʣʽʢ ʜʝשʛʝʡʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʘʚʪʦʢᴇʣʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ, ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ, 

 ,ʘʪʪʘʥʜʳʨʫסʘʥʘץ ʨʘʥʳʩʪʘʨʜʳײʳʥʜʘʨ, ʩסʰʳ ץʘʣʳץʪʳʥʫʰʳʣʘʨ, ʣʦʛʠʩʪʠײʳʟʤʝʪʪʝʨʜʽ ʪץ

ʩʘʧʘʣʳ ʙʘʩץʘʨʫ, ʙʘʩץʘʨʫ ʤᴅʥʙʽʨʣʝʨʽ, ʙʘʩץʘʨʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ. 

 

ʂʽʨʽʩʧʝ. 

ʂᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥʜʘסʳ ʩʘʧʘʣʳץ ʪײʨסʳʜʘסʳ ʙʘʩץʘʨʫ 

ʪײʞʳʨʳʤʜʘʤʘʩʳ ʪʘʫʘʨʣʘʨ ʤʝʥ ᴇʥʽʤʜʝʨʜʽ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʜʝʛʽ ʙʘʨʣʳץ ץʘʪʳʩʫʰʳʣʘʨʜʳש 

ʣʦʛʠʩʪʠץʘʣʳץ ʩʠʧʘʪʪʘסʳ ץʳʟʤʝʪʪʝʨʽʥ ʪʠʽʤʜʽ ʪװʨʜʝ ʙʘʩץʘʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ᴅʨʪװʨʣʽ 

 ʘסʪʳʥʫʰʳʣʘʨײʘʥ ʙʘʡʣʘʥʳʩʪʳ ʪסʘʤʪʠʜʳ. ʆʩʳץ ʳʥסʞʠʳʥʪʳ שʠʜʘʪʪʘʨ ʤʝʥ ʝʨʝʞʝʣʝʨʜʽסʘץ

ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ װʨʜʽʩʪʝʨʽʥ ʪײʪʳʥʫʰʳʣʘʨ ʪʘʨʘʧʳʥʘʥ ץʦʡʳʣʘʪʳʥ 

ʙʘʨʣʳץ ʪʘʣʘʧʪʘʨʜʳש ʩʘʧʘʣʳ ʪװʨʜʝ ʦʨʳʥʜʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʜʝʡ ʝʪʽʧ ʞʦʩʧʘʨʣʘʫ 

 ʢᴅʩʽʧʦʨʳʥʜʘʨ ʤʝʥ ץʳ ʙʘʨʣʳסʩʘʣʘʜʘ ץʘʣʳץʪʘʥ ʜʘ ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʞʝʪ. ʉʦʥʜʳץ

ʤʝʢʝʤʝʣʝʨʜʽש ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʪʝʨʽ ʨʝʪʽʥʜʝ ʙʽʨ ʞʘסʳʥʘʥ, ʪײʪʳʥʫʰʳʣʘʨʜʳץ שʘʞʝʪʪʽʣʽʢʪʝʨʽʥ 

ʦʣʘʨʜʳש ʩײʨʘʥʳʩʪʘʨʳʥ ʪʘʣʜʘʫ ʤʝʥ ʢᴇʣʽʢʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʥʘʨʳסʳʥʜʘסʳ ʦʨʳʥ ʘʣʫʰʳ 

ᴇʟʛʝʨʽʩʪʝʨʛʝ ʪʝʟ ᴅʩʝʨ ʝʪʫ ʥʝʛʽʟʽʥʜʝ ʪʦʣʳסʳʤʝʥ ץʘʥʘסʘʪʪʘʥʜʳʨʫסʘ, ʘʣ ʝʢʽʥʰʽ ʞʘסʳʥʘʥ 

ʣʦʛʠʩʪʠץʘʣʳץ ʜʝʣʜʘʣʜʘʨסʘ ʞʝʪʢʽʣʽʢʪʽ ʤᴇʣʰʝʨʜʝʛʽ ʪʘʙʳʩ ʢᴇʣʝʤʽʥʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʞװʡʝʩʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʤʝʥ ʧʘʡʜʘʣʘʥʫʜʳ ʘʪʘʫסʘ ʙʦʣʘʜʳ. 

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

ᴄʜʝʪʪʝ, ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥʜʘ ʢʝץ שʦʣʜʘʥʳʩץʘ ʠʝ 

ʜᴅʩʪװʨʣʽ ʪװʨʜʝʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨ, ʤʳʩʘʣʳ, ʢᴇʨʩʝʪʽʣʝʪʽʥ ץʳʟʤʝʪ ʪװʨʣʝʨʽ ʤʝʥ ʢᴇʣʝʤʽ, ʝשʙʝʢ 

ᴇʥʽʤʜʽʣʽʛʽ, ʢᴇʨʩʝʪʽʣʝʪʽʥ ץʳʟʤʝʪʪʝʥ ʘʣʳʥʘʪʳʥ ʧʘʡʜʘ ʤᴇʣʰʝʨʽ, ʣʦʛʠʩʪʠץʘʣʳץ ʰʳסʳʥʜʘʨ 
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ʢᴇʣʝʤʽ ʩʠʷץʪʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʤʘשʳʟʳ ʞʦסʘʨʳ ʝʢʝʥʜʽʛʽ ʙʝʣʛʽʣʽ. ɹʽʨʘץ ʪʘ, ʥʘʟʘʨʜʳ ʢᴇʣʽʢʪʽʢ 

 ʨʣʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʛʝ ʘʫʜʘʨʫ ʢᴇʣʽʢʪʽʢװʘʥʘ ʜᴅʩʪץ ʜʘʡʣʘʨʳʥʜʘ ʪʝʢסʟʘʤʘʥʘʫʠ ʞʘ שʳʟʤʝʪʪʽץ

ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥʜʘסʳ ʦʨʳʥ ʘʣʳʧ ʦʪʳʨסʘʥ ᴇʟʛʝʨʽʩʪʝʨʜʽש ʥʝʛʽʟʛʽ 

ʙʘסʳʪʪʘʨʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ 

ʩʘʣʘʩʳʥʜʘסʳ ʢʦʤʧʘʥʠʷʣʘʨʜʳש ʞײʤʳʩ ʪᴅʞʽʨʠʙʝʣʝʨʽ ʢᴇʨʩʝʪʽʧ ʦʪʳʨסʘʥʳʥʜʘʡ, ʟʘʤʘʥʘʫʠ 

ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʩʘʣʘʩʳʥʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨ ʝש ʘʣʜʳʤʝʥ ʪײʪʳʥʫʰʳʣʘʨ ʤʝʥ ʧʘʡʜʘ 

ʢᴇʣʝʤʽʥʝ ʙʘסʳʪʪʘʣסʘʥ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʞװʡʝʩʽʥ  ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʳʧ ʦʪʳʨ [1].  

 

ʅᴅʪʠʞʝʣʝʨ. 

ʂᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ʢʦʤʧʘʥʠʷʣʘʨʜʳש ʜʝʣʜʘʣʜʳץ ᴅʨʝʢʝʪʪʝʨʽʥʽש ʥʝʛʽʟʛʽ 

ʙʘʩʳʤʜʳץʪʘʨʳʥʳש ᴇʟʛʝʨʫʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪʪʝʨʜʽ ʩʠʧʘʪʪʘʫʰʳ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʢʝʣʝʩʽʜʝʡ ʞʽʢʪʝʤʝʩʽ ײʩʳʥʳʣʫʳ ʤװʤʢʽʥ, ʦʣ 1-ʩʫʨʝʪʪʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 ʩʫʨʝʪ - ʂᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞײʤʳʩʪʘʨʳʥ ʩʘʧʘʣʳץ ʙʘʩץʘʨʫ ʤᴅʥʙʽʨʣʝʨʽ 

ʤʝʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

ʂᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ ʩʘʧʘʣʳ ʙʘʩץʘʨʫ ʤᴅʥʙʽʨʣʝʨʽ ʤʝʥ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

ʉʪʨʘʪʝʛʠʷʣʳץ ʪײʨʘץʪʳʣʳץ 

ʢᴇʨʩʝʪʢʽhʪʝʨʽ 
ɸסʳʤʜʘסʳ ʙʘʩץʘʨʫ  

ʩʘʧʘʩʳ 

ʉʳʨʪץʳ ɯʰʢʽ 

ʅʘʨʳץʪʘʨʜʳש 

ʞʘʭʘʥʜʘʥʫʳ 

ɸץʧʘʨʘʪʪʘʥʜʳʨʫ 

ʜʝשʛʝʡʽ 

ʄʝʤʣʝʢʝʪʪʽʢ 

ʨʝʪʪʝʫ 

ʉײʨʘʥʳʩʪʳש 

ʙʽʨʢʝʣʢʽʣʽʛʽ  

ʇʘʡʜʘ ʤʝʥ 

ʰʳסʳʥʜʘʨ 

ʩʝʨʧʽʥʽ 

 ʳʟʤʝʪפ

ʙʽʨʣʽʛʽ 

hװ ʽʥ 

çʊʦʣʳץ 

ʰʝʰʫè 

 ʰʽʥװ

ʉʳʨʪץʳ ɯʰʢʽ 

ʉʝʨʽʢʪʝʩʪʝʨʤʝʥ ɹᴅʩʝʢʝʣʝʩʪʝʨʤʝʥ 

 ʡʣʝʩʫ ʜᴅʨʝʞʝʩʽת

 ʘʪʳʩʫפ

 ʳסʳʥʜʳʣʳץʘʨץ

ɹʘʩץʘʨʫסʘ ץʘʪʳʩʫ 

 ʣʝʩʽװ

ʉʝʨʽʢʪʝʩ ץʘʪʘ-

ʨʳʥʘ ᴇʪʢʝʥ 

ʙᴅʩʝʢʝʣʝʩʪʝʨ 

 ʣʝʩʽװ

ʓʤʳʨʘʣʳ 

ʰʝʰʽʤʜʝʨ װʣʝʩʽ 

ʄʘʪʝʨʠʘʣʜʳץ-

ʪʝʭʥʠʢʘʣʳץ ʙʘʟʘ 

ʞʘסʜʘʡʳ 

ʃʦʛʠʩʪʠʢʘʣʳץ 

 ʨʘʣʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫײץ

ʜᴅʨʝʞʝʩʽ 

 שʳʟʤʝʪʢʝʨʣʝʨʜʽפ

 ʛʝʡʽשʘʪʪʘʥʫ ʜʝסʘʥʘץ
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ʉʪʨʘʪʝʛʠʷʣʳץ ʪײʨסʳʜʘסʳ ʪײʨʘץʪʳʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ 

ʪװʨʣʝʨʽʥ ʢᴇʨʩʝʪʫʰʽ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʩʳʨʪץʳ ʦʨʪʘʜʘסʳ ʜʘʤʫ ʙʦʣʘʰʘסʳʥ, ʪʘʙʳʩץʘ ץʦʣ 

ʞʝʪʢʽʟʫ ʘʷʩʳʥʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʝʩʝʧʢʝ ʘʣʘ ʦʪʳʨʳʧ ʘʡץʳʥʜʘʡʜʳ. ʊʘʙʳʩ ʪʘʙʫ ʘʷʩʳʥʳש 

ʙʘʩʪʳ ʝʨʝʢʰʝʣʽʛʽ ʦʥʳש ʪײʨʘץʪʳ ʙʦʣʤʘʫʳʥʜʘ ʞʘʪʳʨ, ʩʝʙʝʙʽ ʞʘשʘ ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽʣʝʨʜʽש 

ʧʘʡʜʘ ʙʦʣʫʳʥʘ, ʞʘשʘ ץʳʟʤʝʪ ʪװʨʣʝʨʽʥʝ ʜʝʛʝʥ ʩײʨʘʥʳʩʪʘʨʜʳץ שʘʣʳʧʪʘʩʫʳʥʘ  ʙʘʡʣʘʥʳʩʪʳ 

ʪʘʙʳʩʪʳʣʳץ ʘʷʩʳ ʪײʪʳʥʫʰʳʣʘʨʜʳש ʩײʨʘʥʳʩʪʘʨʳʥʳש ᴇʟʛʝʨʽʩʪʝʨʽʥʽש ʘʨʪʳʥʘʥ ʳסʳʩʘʜʳ. 

ʉʦʥʜʳץʪʘʥ ʢᴇʣʽʢʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥʜʘסʳ ʢʦʤʧʘʥʠʷʣʘʨ ᴇʟ ʞײʤʳʩʪʘʨʳʥʳש ʥʝʛʽʟʽʥʝ 

ʦʨʳʥ ʘʣʳʧ ʦʪʳʨסʘʥ ᴇʟʛʝʨʽʩʪʝʨʛʝ ʙʘץʳʣʘʫ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ 

 שʞʝʪʢʽʟʫʰʽʣʝʨʜʽ ,שʪʳʥʫʰʳʣʘʨʜʳײʘʪʘʨʳʥʘ ʪץ ʘʙʳʣʜʘʫʳ ʪʠʽʩ. ɸʣ ʦʥʜʘʡ ʢᴇʨʩʝʪʢʽʰʪʝʨץ

ʞᴅʥʝ ʙᴅʩʝʢʝʣʝʩʪʝʨʜʽש ʥʘʨʳץʪʘʨʳʥʳש ᴇʟʛʝʨʫ ʩʠʧʘʪʳʥ, ᴅʨʪװʨʣʽ ץʘʞʝʪʪʽ ʨʝʩʫʨʩʪʘʨ 

ʥʘʨʳץʪʘʨʳʥʜʘסʳ ʳסʳʩʫʣʘʨʜʳ, ʤʝʤʣʝʢʝʪ ʪʘʨʘʧʳʥʘʥ ʨʝʪʪʝʫ ʰʘʨʘʣʘʨʳʥ ʞʘʪץʳʟʫסʘ ʙʦʣʘʜʳ. 

ɾʘʣʧʳ ʞʘסʜʘʡʣʘʨʜʘ ʤײʥʜʘʡ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʢʝʣʝʩʽʜʝʡ ʥʝʛʽʟʛʽ ʩײʨʘץʪʘʨʜʳש ʞʘʫʘʙʳʥ 

ʙʝʨʫʽ ʪʠʽʩ: ʪʘʫʘʨʣʘʨ ʤʝʥ ᴇʥʽʤʜʝʨʜʽ, ץʳʟʤʝʪʪʝʨʜʽ ײʩʳʥʫ ʥʘʨʳסʳʥʜʘסʳ ʥʝʛʽʟʛʽ ʙʝʪʘʣʳʩʪʘʨ 

 ʰʝʣʝʨʽװʤ שʳʩʫʜʘ; ʞʝʪʢʽʟʽʣʽʤ ʪʽʟʙʝʢʪʝʨʽʥʽסʘʨʘʡ ʳץ ʘץץʘʡ ʞʘץ ʘʥʜʘʡ ʞᴅʥʝ ʪʘʙʳʩ ʪʘʙʫ ʘʷʩʳץ

ʦʨʳʥ ʘʣʳʧ ʦʪʳʨסʘʥ ᴇʟʛʝʨʽʩʪʝʨ ʪײʨסʳʩʳʥʘʥ ץʘʡ ʞʝʨʜʝ ʦʨʥʘʣʘʩץʘʥ; ʢʝʣʝʰʝʢʪʝʛʽ ʜʘʤʫ 

ʙʘסʳʪʪʘʨʳ ץʘʥʜʘʡ.     

ʆʩʳ ʤᴅʩʝʣʝʣʝʨ ʪײʨסʳʩʳʥʘʥ ץʘʨʘסʘʥʜʘ ʘʩʘ ʤʘשʳʟʜʳ ʩʪʘʨʪʝʛʠʷʣʳץ ʤᴅʥʙʽʨʣʝʨ ʤʝʥ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʛʝ ʢʝʣʝʩʽʣʝʨʽʥ ʞʘʪץʳʟסʘʥ ʞᴇʥ ʜʝʧ ʝʩʝʧʪʝʡʤʽʟ: ʥʘʨʳץʪʘʨʜʳש ʞʘʭʘʥʜʘʥʫ 

ʜʝשʛʝʡʽ, ʩײʨʘʥʳʩʪʘʨʜʳש ʙʽʨʪʝʢʪʽʣʽʛʽ, ʩʝʟʽʤʪʘʣʜʳץ ʜᴅʨʝʞʝʩʽ, ʤʝʤʣʝʢʝʪʪʽʢ ʨʝʪʪʝʫ ʰʘʨʘʣʘʨʳ 

ʞᴅʥʝ ʪ.ʩ.ʩ. 

 

ʊʘʣץʳʣʘʫ. 

ʅʘʨʳϨʪʘʨʜʳϬ ʞʘʭʘʥʜʘʥʫ ʜʝϬʛʝʡʽ. ɹʽʨ ʞʘסʳʥʘʥ ʘʤʝʨʠʢʘʣʳץ ʞᴅʥʝ ʝʫʨʦʧʘʣʳץ 

ʘʣʧʘʫʳʪ ʢʦʤʧʘʥʠʷʣʘʨ ʪʘʨʘʧʳʥʘʥ ʐʳסʳʩ ɽʫʨʦʧʘ ʤʝʥ ʆשʪװʩʪʽʢ ʐʳסʳʩ ɸʟʠʷ 

ʤʝʤʣʝʢʝʪʪʝʨʽʥʽש ʥʘʨʳץʪʘʨʳʥ ʠʛʝʨʫʽ, ʘʣ ʝʢʽʥʰʽ ʞʘסʳʥʘʥ ʢʦʨʝʷʣʳץ ʞᴅʥʝ ʞʘʧʦʥʜʳץ 

ʠʥʚʝʩʪʦʨʣʘʨʜʳש ʝʫʨʦʧʘʣʳץ ʤʝʤʣʝʢʝʪʪʝʨʜʽש ʵʢʦʥʦʤʠʢʘʩʳʥʘ ʢᴇʧʪʝʧ ץʘʨʞʳ ʩʘʣʫʳ 

ʩʘʣʜʘʨʳʥʘʥ ʙװʢʽʣ ᴅʣʝʤʜʝ ץʘʞʝʪʪʽ ʪʘʫʘʨʣʘʨ ʤʝʥ ᴇʥʽʤʜʝʨʜʽ ʩʘʪʳʧ ʘʣʫ, ʪʘʫʘʨʣʘʨʜʳ ᴇʥʜʽʨʫ 

ʞᴅʥʝ ʪʘʨʘʪʫ װʜʝʨʽʩʪʝʨʽʥ װʡʣʝʩʪʽʨʫ ץʘʞʝʪʪʽʣʽʛʽ ʦʨʳʥ ʘʣסʘʥʳ ʙʝʣʛʽʣʽ [2]. ᴆʥʜʽʨʽʩʪʽʢ 

 ʤʳʩײʳʩʪʳʨʫ ʤʝʥ ʘʨʟʘʥ ʞסʘʨʘʡ ʳץ ʰʽʥʰʽ ᴅʣʝʤè ʝʣʜʝʨʽʥʝװʙʽʨ ʙᴇʣʽʛʽʥ ç שʫʘʪʪʘʨʜʳץ

ʢװʰʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ װʥʝʤʜʝʫʛʝ ʜʝʛʝʥ ײʤʪʳʣʳʩʪʘʨ ʪʘʫʘʨʣʘʨ ʤʝʥ ʜʘʡʳʥ ᴇʥʽʤʜʝʨʜʽש 

ʩʘʧʘʩʳʥʳש ʪᴇʤʝʥʜʝʫʽ ʤʝʥ ʙʝʣʛʽʣʝʥʛʝʥ ʪʘʧʩʳʨʳʩʪʘʨʜʳ ʦʨʳʥʜʘʫ ʤʝʨʟʽʤʜʝʨʽʥʽש 

ʩʘץʪʘʣʤʘʫʳʥʘ ʘʣʳʧ ʢʝʣʜʽ.  

ɽש ʙʘʩʪʳʩʳ, ʙײʣ ʨʝʪʪʝ ʞʝʪʢʽʟʽʣʽʤ ʪʽʟʙʝʛʽʥʜʝʛʽ ʙʘʨʣʳץ ץʘʪʳʩʫʰʳʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ 

ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʘʨ ʩʠʧʘʪʳʥ ʙʦʣʞʘʫ ʤװʤʢʽʥ ʙʦʣʤʘʡ ץʘʣסʘʥʜʳסʳʥ ʝʨʝʢʰʝ ʘʪʘʧ ᴇʪʢʝʥ 

ʜײʨʳʩ. ɹʽʨʘץ ʤײʥʜʘʡ ʞʘסʜʘʡʜʳש ʦש ᴅʩʝʨʣʝʨʽ ʜʝ ʙʘʨ ï ʞʝʪʢʽʟʫʰʽʣʝʨʜʽש ᴇʥʜʽʨʽʩ ʦʨʳʥʜʘʨʳʥʘ 

ʞʘץʳʥ ʦʨʥʘʣʘʩʫʳ ʣʦʛʠʩʪʠץʘʣʳץ ʰʳסʳʥʜʘʨ ʢᴇʣʝʤʽʥ ʘʟʘʡʪʫסʘ ʳץʧʘʣ ʞʘʩʘʡʜʳ. ʉʦʥʜʳץʪʘʥ 

ʜʘ, ᴅʨʪװʨʣʽ ʤʝʤʣʝʢʝʪʪʝʨ ʤʝʥ ʝʣʜʝʨʜʽש ʥʘʨʳץʪʘʨʳʥʳש ʘסʳʤʜʘסʳ ʞʘסʜʘʡʳʥ ʜᴅʣ ʙʘסʘʣʘʫ ʤʝʥ 

ʦʣʘʨʜʳש ʜʘʤʫ ʢʝʣʝʰʝʛʽʥ ʘʥʳץ ʙʝʣʛʽʣʝʫ ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʰʽʣʝʨʛʝ 

ʞʝʪʢʽʟʽʣʽʤ ʪʽʟʙʝʛʽʥʽש ʤװʰʝʣʝʨʽʥʽש ᴅʨʝʢʝʪʪʝʨʽʥ װʡʣʝʩʪʽʨʝ ʦʪʳʨʳʧ, ʪʘʙʳʩʪʳʣʳץ ʘʡʤʘסʳʥʜʘ 

ʢᴇʙʽʨʝʢ ץʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʅʘʨʳץ ץʘʪʳʩʫʰʳʣʘʨʳʥʳש ʘץʧʘʨʘʪʪʘʥʜʳʨʳʣʫ ʜʝשʛʝʡʽ ʘʩʘ ʤʘשʳʟʜʳ ʩʪʨʘʪʝʛʠʷʣʳץ 

ʤᴅʥʙʽʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɿʘʤʘʥʘʫʠ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʜʘʤʫ ʜʝשʛʝʡʽ 

ʢᴇʣʽʢʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥ ʙʘʩץʘʨʫסʘ ʞʘשʘ ʤװʤʢʽʥʜʽʢʪʝʨ ʙʝʨʝʜʽ. ʃʦʛʠʩʪʠץʘʣʳץ 

ʢᴅʩʽʧʦʨʳʥʜʘʨʜʘ ʣʦʛʠʩʪʠץʘʣʳװ ץʜʝʨʽʩʪʝʨʜʽ װʡʣʝʩʪʽʨʫ ʜʝשʛʝʡʽʥ ʞʦסʘʨʳʣʘʪʫ ʝʩʝʙʽʥʝʥ 

ʪᴅʫʝʢʝʣʜʽʣʽʢʪʝʨ ʜʝשʛʝʡʽʥ ʪᴇʤʝʥʜʝʪʫ ʤװʤʢʽʥʜʽʛʽ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʆʩʳ ʪײʨסʳʜʘ 

ʩϰʨʘʥʳʩʪʘʨʜʳϬ ʙʽʨʪʝʢʪʽʣʽʛʽ ʩʠʷץʪʳ ʩʪʨʘʪʝʛʠʷʣʳץ ʩʠʧʘʪʪʘסʳ ʤᴅʥʙʽʨʜʽש ʤʘשʳʟʳ ʘʨʪʘ 

ʪװʩʝʜʽ. 

ʊʘʫʘʨʣʘʨ ʤʝʥ ʜʘʡʳʥ ᴇʥʽʤʜʝʨ, ץʳʟʤʝʪʪʝʨ ʥʘʨʳסʳʥʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨ ʪʫʨʘʣʳ ץʘʞʝʪʪʽ 

ʜʝʨʝʢʪʝʨ ʙʘʨʰʘסʘ ץʦʣ ʞʝʪʽʤʜʽ ʙʦʣסʘʥʜʳץʪʘʥ, ᴅʨʪװʨʣʽ ʘʡʤʘץʪʘʨʜʘסʳ ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽʣʝʨ 

ʤʝʥ ʪײʪʳʥʫʰʳʣʘʨʜʳש ʪʘʣʘʧʪʘʨʳ ʤʝʥ ʪʽʣʝʢʪʝʨʽ ʜʝ ץײʩʘʩ ʙʦʣʫʳ ʦʨʳʥ ʘʣʫʳ ʤװʤʢʽʥ. 
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ʅᴅʪʠʞʝʩʽʥʜʝ ᴇʥʽʤ ᴇʥʜʽʨʫʰʽʣʝʨʜʝ ʩʘʧʘʩʳʟ ʜʘʡʳʥʜʘʣסʘʥ ʪʘʫʘʨʜʳ ʩʘʪʫ ʥʝʤʝʩʝ ʩʘʧʘʩʳʟ 

ʢᴇʨʩʝʪʽʣʝʪʽʥ ץʳʟʤʝʪʪʽ  ײʩʳʥʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʢװʨʪ ʘʟʘʷʜʳ ʜʘ, ʝʩʝʩʽʥʝ ʙײʨʳʥסʳʜʘʥ 

ʞʝʪʽʣʜʽʨʽʣʛʝʥ ץʳʟʤʝʪ ʪװʨʣʝʨʽʥ ʢᴇʨʩʝʪʫ ʪײʨסʳʩʳʥʜʘסʳ ײʩʳʥʳʩʪʘʨʜʳ ʜʘʡʳʥʜʘʫ ʤʝʥ 

ʪײʪʳʥʫʰʳʣʘʨסʘ ײʩʳʥʫ, ʩʘʪʫ ʢᴇʣʝʤʽʥ ʞʦסʘʨʳʣʘʪʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ץʘʨʘʩʪʳʨʫ, ʙʘסʘʥʳ 

ʙʝʣʛʽʣʝʫ ʩʘʷʩʘʪʳʥʘ ᴇʟʛʝʨʽʩʪʝʨ ʝʥʛʽʟʫ ץʘʞʝʪʪʽʣʽʛʽ ʘʣʜʳסשʳ ʦʨʳʥסʘ ʰʳסʘʜʳ. 

ʊײʪʳʥʫʰʳʣʘʨʜʳש ʪʘʣʘʧʪʘʨ ʤʝʥ ʪʽʣʝʢʪʝʨʽʥʽש ʙʽʨʪʽʥʜʝʧ ʪʝשʝʩʪʽʨʽʣʫʽ ʩʘʣʜʘʨʳʥʘʥ 

ʪʘʫʘʨʣʘʨ ʤʝʥ ʢᴇʨʩʝʪʽʣʝʪʽʥ ץʳʟʤʝʪʪʝʨʜʽש ʙʘʩʪʳ ʩײʨʘʥʳʩʪʘʨʳʥʳש ᴇʟʛʝʨʽʩʪʝʨʽʥʝ ʜʝʛʝʥ  

ʩʝʟʽʤʪʘʣʜʳϨ ʜϸʨʝʞʝʩʽ ʜʝ ᴇʟʛʝʨʝʜʽ. ʂᴇʣʽʢʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʰʽ ʢʦʤʧʘʥʠʷʣʘʨ ʟʘʤʘʥʘʫʠ 

ʥʘʨʳץʪʳץ ʞʘסʜʘʡʣʘʨʜʘ ᴇʟʜʝʨʽʥʽש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢ ʜᴅʨʝʞʝʩʽʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ 

ʪʘʫʘʨʣʘʨ ʤʝʥ ץʳʟʤʝʪʪʝʨʜʽש ʪײʪʳʥʫʰʳʣʘʨʜʳש ʞʝʢʝʣʝʛʝʥ ʥʘץʪʳ ʪʦʧʪʘʨʳʥʳש 

ʩײʨʘʥʳʩʪʘʨʳʥʘ ʞʘʫʘʧ ʙʝʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʞʝʢʝʣʝʡ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʤʝʥ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʽש 

ʙʦʣʫʳʥʘ, ʢᴇʨʩʝʪʽʣʝʪʽʥ ץʳʟʤʝʪ ʪװʨʣʝʨʽʥʽש ʘʷʩʳʥ ʢʝשʝʡʪʫʛʝ ᴅʨʝʢʝʪ ʞʘʩʘʫסʘ ʤᴅʞʙװʨ ʙʦʣʘʜʳ. 

ɹʽʨʘץ ʙײʣ ʞʝʨʜʝ ʤʳʥʘ ʤᴅʩʝʣʝʥʽ ʝʨʝʢʰʝ ʘʪʘʧ ᴇʪʢʝʥ ʜײʨʳʩ ï ʢᴇʨʩʝʪʽʣʝʪʽʥ ץʳʟʤʝʪʪʝʨʜʽש 

ʪװʨʣʝʨʽʥʽש ʩʘʥʳʥʳש ʘʨʪʫʳ ʤʝʥ ʦʣʘʨʜʳש ʘʨʥʘʡʳʣʘʥʜʳʨʳʣʫ ʜʝשʛʝʡʽʥʽש ʞʦסʘʨʳʣʘʫʳ ʩʦʣ 

ʥʘץʪʳ ʪʘʫʘʨʜʳש ʩʘʪʳʣʫʳ ʥʝʤʝʩʝ ʥʘץʪʳ ץʳʟʤʝʪʪʽש ʢᴇʨʩʝʪʽʣʫʽ ʤװʤʢʽʥ ʙʦʣʘʪʳʥ ʥʘʨʳץʪʳש 

ʘʷʩʳʥʳש ʪʘʨʳʣʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ ʜʝ, ʩʦʣʘʨʜʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʤʘʤʘʥʜʘʥʜʳʨʳʣʫʤʝʥ ʪʽʢʝʣʝʡ 

ʙʘʡʣʘʥʳʩʪʳ ʪᴅʫʝʢʝʣʜʽʣʽʢʪʝʨ ʤװʤʢʽʥʜʽʛʽ ʘʨʪʘʜʳ, ʢʦʤʧʘʥʠʷ ᴇʟ ʙᴅʩʝʢʝʣʝʩʪʝʨʽʥʝ ץʘʨʘסʘʥʜʘ 

ʦʩʘʣʜʘʥʘʜʳ. [3] 

ʂᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥʜʘסʳ ʪʘʙʳʩʪʳʣʳץ ʘʡʤʘסʳʥʳש 

ʦʨʥʘʣʘʩʫ ʞʘסʜʘʡʳʥ ʘʥʳץʪʘʫ ʤʝʥ ʦʥʳ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʤʘשʳʟʜʳ ʤᴅʥʙʽʨʣʝʨʜʽש 

ʙʽʨʽ ʨʝʪʽʥʜʝ ʢᴅʩʽʧʢʝʨʣʽʢ ʩʘʣʘʩʳʥ ʤʝʤʣʝʢʝʪʪʽʢ ʨʝʪʪʝʫ ʰʘʨʘʣʘʨʳʥ ʙʝʡʥʝʣʝʡʪʽʥ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʘʪʘʫסʘ ʙʦʣʘʜʳ. ʄײʥʜʘʡ ʰʘʨʘʣʘʨ ץʘʪʘʨʳʥʘ ʩʘʣʳץʪʳץ ʞװʡʝʜʝʛʽ, ʢʝʜʝʥʜʽʢ 

ʙʘץʳʣʘʫ ʩʘʣʘʩʳʥʜʘסʳ, ʢᴅʩʽʧʢʝʨʣʽʢʪʽ ץײץʳץʪʳץ ʪײʨסʳʜʘʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʙʘסʳʪʳʥʜʘסʳ 

ʦʨʳʥ ʘʣסʘʥ ᴇʟʛʝʨʽʩʪʝʨ ʞʘʪʘʜʳ. 

ʂᴇʣʽʢʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʥʘʨʳסʳʥʜʘ ץʘʣʳʧʪʘʩʳʧ ʦʪʳʨסʘʥ ʜʘʤʫʰʳ ʙᴅʩʝʢʝʣʝʩʪʽʢ 

ʞʘסʜʘʡʣʘʨʳʥʜʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʰʽ ʢᴅʩʽʧʦʨʳʥʜʘʨ ᴇʟ ץʳʟʤʝʪʪʝʨʽʥʽש ʥʝʛʽʟʽʥʝ, ʢᴇʙʽʥʝʩʝ, 

ʰʘʨʫʘʰʳʣʳץ ץʳʟʤʝʪʽʥʽש ʘʫץʳʤʳʥ ʞʘʪץʳʟʘʜʳ. ɸʣ ʢᴇʨʩʝʪʽʣʝʪʽʥ ץʳʟʤʝʪʪʝʨʜʽש ʢᴇʣʝʤʽʥ ʢװʨʪ 

ʘʨʪʪʳʨʫ ʦʣʘʨסʘ ᴇʟʜʝʨʽʥʽש ʥʘʨʳץʪʘסʳ װʣʝʩʪʝʨʽʥʽש ʘʷʩʳʥ ʢʝשʝʡʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ 

ʨʝʪʪʝ, ʩʘʧʘʣʳ ʪײʨסʳʜʘסʳ ʙʘʩץʘʨʫ ʤᴅʩʝʣʝʣʝʨʽ, ʝʢʽʥʰʽ ʜʝשʛʝʡʛʝ ʳסʳʩʪʳʨʳʣʘʪʳʥʜʳסʳ 

ʙʝʣʛʽʣʽ. ʆʩʳ ʩʝʙʝʧʪʝʥ ʜʝ, ʢᴇʣʽʢʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʰʽ ʤʝʢʝʤʝʥʽש ʪײʪʳʥʫʰʳʣʘʨסʘ ʞᴅʥʝ 

 ʤʢʽʥ ʝʪʝʪʽʥװʪʘʫʜʳ ʤץʜʘʨʣʘʥʫ ʜᴅʨʝʞʝʩʽʥ ʘʥʳסʙʘ שʨʳʩʪʘʨʳʥʳײʳʟʤʝʪ ʩʘʧʘʩʳʥʘ ʜʝʛʝʥ ʙʝʪʙץ

ʙʘʩʪʳ ᴇʣʰʝʤʰʘʨʪʪʘʨ ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʝʪʽʥ ץʳʟʤʝʪ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʢϺʣʽʢʪʽʢ Ϩʳʟʤʝʪ 

ʙʽʨʣʽʛʽʥʝ ʩϸʡʢʝʩ ʢʝʣʝʪʽʥ ʢϺʣʝʤʽʥ ʘʥʳץʪʘʡʪʳʥ ʢᴇʨʩʝʪʢʽʰʪʝʨ ץʘʙʳʣʜʘʥʫʳ ʪʠʽʩ. 

ʆʩʳʥʜʘʡ ʞʘסʜʘʡʣʘʨʜʘ ʢᴇʣʽʢʪʽʢ ץʳʟʤʝʪʪʽ ʩʘʧʘʣʳ ʪװʨʜʝ ʙʘʩץʘʨʫ ʪײʨסʳʩʳʥʘʥ ᴇʟʝʢʪʽ 

ʢᴇʨʩʝʪʢʽʰʪʝʨ ʨʝʪʽʥʜʝ ϸʨʙʽʨ ʢϺʨʩʝʪʽʣʛʝʥ Ϩʳʟʤʝʪ ʪϮʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʘʣʳʥϤʘʥ ʧʘʡʜʘʥʳϬ, 

ʰʳϤʳʥʜʘʨʜʳϬ ʞϸʥʝ ʪʠʽʤʜʽʣʽʢʪʽϬ ʰʘʤʘʣʘʨʳ ץʘʙʳʣʜʘʥʫʳ ʤװʤʢʽʥ. ʊʫʨʘ ʦʩʳʥʜʘʡ 

ʩʠʧʘʪʪʘסʳ ᴇʣʰʝʤʰʘʨʪʪʘʨ ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʰʽʥʽש ʥʘץʪʳ ץʳʟʤʝʪʪʽ 

ʪײʪʳʥʫʰʳʣʘʨʜʳש ʪʘʣʘʧʪʘʨʳʥʘ ץʘʥʰʘʣʳץʪʳ ʩᴅʡʢʝʩ ʢʝʣʫʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʝ ʘʣʘʜʳ. 

ʉʦʥʳʤʝʥ ʙʽʨʛʝ ʤײʥʜʘʡ ʩʠʧʘʪʪʘסʳ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪʪʽ 

ʢᴇʨʩʝʪʫʰʽ ʢʦʤʧʘʥʠʷʥʳש ʥʝʤʝʩʝ ʪʦʣʳץ ʞʝʪʢʽʟʽʣʽʤ ʪʽʟʙʝʛʽʥʽש ʜʘʤʫ ʩʪʨʘʪʝʛʠʷʩʳʥʳש ʥʝʛʽʟʛʽ 

ʙʘסʳʪʪʘʨʳʥʳש ʙʘʨ ʝʢʝʥʜʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ. [4] 

 

 .ʦʨʳʪʳʥʜʳפ

ʂᴇʣʽʢʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥʜʘ ʪʠʽʤʜʽ ʪװʨʜʝ ץʳʟʤʝʪ ʘʪץʘʨʳʧ ʞװʨʛʝʥ 

ʣʦʛʠʩʪʠץʘʣʳץ ʢᴅʩʽʧʦʨʳʥʜʘʨ ʤʝʥ ʤʝʢʝʤʝʣʝʨʜʽש ʞײʤʳʩ ʪʠʽʤʜʽʣʽʢʪʝʨʽʥ ʞʦסʘʨʳʜʘ ʘʪʘʧ 

ᴇʪʽʣʛʝʥ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʙʦʡʳʥʰʘ ʙʘסʘʣʘʫ ʘʩʘ ʤʘשʳʟʜʳ ʰʘʨʫʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙʽʨʘץ 

ʪʦʣʳץץʘʥʜʳ ץʦʨʳʪʳʥʜʳʣʘʨ ʰʳסʘʨʫ װʰʽʥ ʞʝʪʢʽʣʽʢʩʽʟ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. 

ʂᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪʪʝʨ ʢᴇʨʩʝʪʫ װʜʝʨʽʩʪʝʨʽʥʽש ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש 

ʘסʳʤʜʘסʳ ʙʘʩץʘʨʫʜʳש ʩʘʧʘʩʳ ʪײʨסʳʩʳʥʘʥ ץʘʨʘסʘʥʜʘסʳ ʞʽʢʪʝʤʝʩʽ, ʙʘʩץʘ ʜʘ ᴇʟʝʢʪʽ 

ʤᴅʩʝʣʝʣʝʨʤʝʥ ץʘʪʘʨ, ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥʳש ʙʘʨʣʳץ ץʘʪʳʩʫʰʳʣʘʨʳʥʳש 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 2 (125), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 2 (125), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

151 

ʘʨʘʩʳʥʜʘסʳ, ʩʦʥʳש ʽʰʽʥʜʝ ʞʝʪʢʽʟʽʣʽʤ ʪʽʟʙʝʛʽ ײץʨʘʤʳʥʜʘסʳ ʩʝʨʽʢʪʝʩʪʝʨʤʝʥ ץʘʪʘʨ 

ʙᴅʩʝʢʝʣʝʩʪʝʨʤʝʥ ʜʝ ʘʨʘʜʘסʳ ᴇʟʘʨʘ ʳʥʪʳʤʘץʪʘʩʪʳץʪʳ ʞװʟʝʛʝ ʘʩʳʨʫʜʳ ץʘʨʘʩʪʳʨʘʜʳ. ʉʦʣ 

ʩʝʙʝʧʪʝʥ ʜʝ, ʘʪʘʣסʘʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʞʽʢʪʝʫʜʽש ʘʩʘ ʤʘשʳʟʜʳ ʙʝʣʛʽʣʝʨʽʥʽש ʥʝʤʝʩʝ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʽץ שʘʪʘʨʳʥʜʘ ץʘʪʳʩʫʰʳʣʘʨʜʳש ʳʥʪʳʤʘץʪʘʩʪʳסʳʥʳש ʥᴅʪʠʞʝʣʽʣʽʛʽʥʝ 

ʝʨʝʢʰʝ ʢᴇשʽʣ ʙᴇʣʛʝʥ ʪʠʽʤʜʽ. ɹײʣ ʨʝʪʪʝ, ʞʝʪʢʽʟʽʣʽʤ ʪʽʟʙʝʛʽ ײץʨʘʤʳʥʜʘסʳ ץʘʪʳʩʫʰʳʣʘʨ ʤʝʥ 

ᴅʨʪװʨʣʽ ʜʝשʛʝʡʣʝʨʜʝʛʽ ʪײʪʳʥʫʰʳʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʙʽʨʣʝʩʫʜʽ ʳʥʪʳʤʘץʪʘʩʪʳץʪʳש ʥʝʛʽʟʛʽ 

ᴇʟʝʛʽ ʜʝʧ ץʘʙʳʣʜʘʫסʘ ʙʦʣʘʜʳ. ʆʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ʪʠʽʤʜʽ ʙʘʡʣʘʥʳʩʪʘʨʜʳ 

ʦʨʥʘʪʫʜʳש ʥʝʛʽʟʛʽ ʙʘסʳʪʪʘʨʳ ʨʝʪʽʥʜʝ ʤʳʥʘʣʘʨʜʳ ʝʨʝʢʰʝ ʘʪʘʧ ʢʝʪʫ ʢʝʨʝʢ: 

 ʘʪʘʨ ʩʦʣ ʞʝʪʢʽʟʽʣʽʤ ʪʽʟʙʝʛʽʥʜʝʛʽ ʞʝʪʢʽʟʫʰʽʣʝʨʜʽ ʜʝץ ʪʳʥʫʰʳʣʘʨʤʝʥײʳʟʤʝʪʪʝʨʜʽ ʪץ -

ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪʪʝʨʜʽש ʞʘשʘ ʞᴅʥʝ ʢʝש ʩײʨʘʥʳʩץʘ ʠʝ ʪװʨʣʝʨʽʥ ʜʘʡʳʥʜʘʫ ʤʝʥ 

ʦʥʳ ᴇʥʜʽʨʽʩʢʝ ʝʥʛʽʟʫ װʨʜʽʩʪʝʨʽʥʝ ʪʘʨʪʫ; 

- ʞʝʪʢʽʟʽʣʽʤ ʪʽʟʙʝʛʽ ʙʦʡʳʥʜʘסʳ ʢᴅʩʽʧʢʝʨʣʽʢ ʩʘʣʘʩʳʥʜʘסʳ ʩʝʨʽʢʪʝʩʪʝʨ ᴇʤʽʨʽʥʝ 

ʦʣʘʨʜʳש ʩײʨʘʥʳʩʪʘʨʳ ʤʝʥ ʪʘʣʘʧʪʘʨʳʥ, ʪʽʣʝʢʪʝʨʽʥ ʪʦʣʳץ ʪװʩʽʥʫ ʤʘץʩʘʪʳʥʜʘ, çʪʝʨʝשʽʨʝʢ 

ʝʥʫè. 

ʂᴇʣʽʢʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽש ʟʘʤʘʥʘʫʠ ʞʘסʜʘʡʣʘʨʳʥʜʘ ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ 

ʢᴇʨʩʝʪʫʰʽ ʢʦʤʧʘʥʠʷʣʘʨʜʳש ʞʝʪʢʽʟʫʰʽʣʝʨ ʤʝʥ ץʳʟʤʝʪʪʝʨʜʽ ʪײʪʳʥʫʰʳʣʘʨ ʘʨʘʩʳʥʜʘסʳ 

ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʘʨ ʤʝʥ ᴅʨʝʢʝʪʪʝʨʜʽ װʡʣʝʩʪʽʨʫʜʽש ʥʘץʪʳ ץʘʣʳʧʪʘʩʳʧ ʦʪʳʨסʘʥ ʜʝשʛʝʡʽʥ 1-

ʩʫʨʝʪʪʝ ʢʝʣʪʽʨʽʣʛʝʥ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʥʝʛʽʟʽʥʜʝ ʙʘסʘʣʘʫסʘ ʙʦʣʘʜʳ.  

ɾʘʣʧʳ ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʙʝʣʛʽʣʽ ʙʦʣʳʧ 

ʦʪʳʨסʘʥʳʥʜʘʡ, ʘסʳʤʜʘסʳ ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞײʤʳʩʪʘʨʳʥʳש ʧʘʡʜʘʣʳʣʳסʳ 

ʥʝʤʝʩʝ ʟʘʣʘʣʜʳסʳ ʜʝשʛʝʡʽʥʝ ᴅʩʝʨ ʝʪʫʰʽ ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʘʥʳץʪʘʣʜʳ, ʦʣʘʨ 2-ʩʫʨʝʪʪʝ 

ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 ʩʫʨʝʪ - ʃʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪʪʝʨʜʽ  ʩʘʧʘʣʳ ʙʘʩץʘʨʫʜʳש ʞʝʜʝʣ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

 ץʘʣʳץʘʨʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʳʜʘ ʙʘʩסʨײʘʥʜʘ, ʩʘʧʘʣʳ ʪץʦʨʳʪʘ ʘʡʪפ

 ʳʩʳʥʘʥ ʞʽʢʪʝʫסʨײʳʟʤʝʪʪʽʢ ʩʪʨʘʪʝʛʠʷʩʳ ʪץ ʥʝʛʽʟʛʽ שʳʟʤʝʪ ʢᴇʨʩʝʪʫʰʽ ʢʦʤʧʘʥʠʷʣʘʨʜʳץ

ʘʪʘʣסʘʥ ʢʦʤʧʘʥʠʷʣʘʨʜʳש ʘʣʜʳʥʘ ץʦʡʳʣסʘʥ ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʽ - ʞʝʪʢʽʟʽʣʽʤ ʪʽʟʙʝʛʽʥʜʝʛʽ 

ɾʝʜʝʣ ʢᴇʨʩʝʪʢʽʰʪʝʨ 

 ʳʟʤʝʪ ʢᴇʨʩʝʪʫפ

ʘʣʜʳʥʜʘס r

 ʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʝʥפ

ʢʝʡʽʥʛʽ 

 ʳʟʤʝʪ ʢᴇʨʩʝʪʫפ

ʙʘʨʳʩʳʥʜʘסʳ 

ɸץʧʘʨʘʪʪʳʣʳץ 

ʀʢʝʤʜʽʣʽʢ 

ʊʘʧʩʳʨʳʩץʘ ᴅʩʝʨ 

ʝʪʫ ʞʳʣʜʘʤʜʳסʳ 

 ʘʫʽʧʩʽʟʜʽʢפ

ᴆʪʢʽʟʫʛʝ 

ʳʥʪʘʣʘʥʜʳʨʫ 

-ʘʪʪʘʥʜʳʨʳʣסʘʥʘפ

 ʘʥ ʪʘʧʩʳʨʳʩס

 ʳʟʤʝʪ ʢᴇʨʩʝʪʫפ

ʩʝʥʽʤʜʽʣʽʛʽ 

 ʳʟʤʝʪ ʢᴇʨʩʝʪʫפ

ʤʝʨʟʽʤʽʥʽש ʜᴅʣʜʽʛʽ 

ʊʘʧʩʳʨʳʩʪʳ 

ʨᴅʩʽʤʜʝʫ ʩʘʧʘʩʳ 

ʊʘʧʩʳʨʳʩʪʳ 

ʦʨʳʥʜʘʫ ʩʘʧʘʩʳ 

ʐʘסʳʤʜʘʨʜʳ 

 ʘʪʪʘʥʜʳʨʫסʘʥʘץ

 ʣʝʩʽװ

ʐʘסʳʤʜʘʨסʘ ᴅʩʝʨ 

ʝʪʫ ʞʳʣʜʘʤʜʳסʳ, 

ʢʝʨʽ ʘסʳʥʜʘʨʜʳש 

 ʘʣʳʩסʦʟץ

ʞʳʣʜʘʤʜʳסʳ 

ʂʝʧʽʣʜʽʢ ʤʽʥʜʝʪʪʝ-

ʤʝʣʝʨʜʽ ץʘʥʘסʘʪʪʘʥ-

ʜʳʨʫ ʤʝʨʟʽʤʽ 
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ʙᴅʩʝʢʝʣʝʩʪʽʢ ʜʝשʛʝʡʽʥ, ʪײʨʘץʪʳ ץʘʨʞʳʣʳץ ʪʘʙʳʩʪʳʣʳץץʘ ץʦʣ ʞʝʪʢʽʟʝ ʦʪʳʨʳʧ, ʘʨʪʪʳʨʫ 

ʤʽʥʜʝʪʽʥ ʪʠʽʤʜʽ ʪװʨʜʝ ʽʩʢʝ ʘʩʳʨʫסʘ ʳץʧʘʣ ʞʘʩʘʡʜʳ. ʂᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ 

 ʩʳʥʳʩʪʘʨʜʳ ʢᴇʣʽʢʪʽʢײ ʪʳץʘʥ ʥʘסʘʨʫ ʙʦʡʳʥʰʘ ʜʘʡʳʥʜʘʣץʨʜʝ ʙʘʩװʜʝʨʽʩʪʝʨʽʥ ʩʘʧʘʣʳ ʪװ

ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʞײʤʳʩ ʪᴅʞʽʨʠʙʝʩʽʥʜʝ ץʦʣʜʘʥʫ ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠץʘʣʳץ ץʳʟʤʝʪʪʽ 

ʪײʪʳʥʫʰʳʣʘʨʜʳש ʙʘʨʣʳץ ʩײʨʘʥʳʩʪʘʨʳʥ ʩʘʧʘʣʳ ʪװʨʜʝ ʞᴅʥʝ ʪʦʣʳץ ʢᴇʣʝʤʜʝ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʘʪʪʘʥʜʳʨʫסʘʥʘץ
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DETERMINATION OF INDICATOR S OF QUALITY MANAGEMENT OF 

TRANSPORT AND LOGISTICS SERVICES OF MOTOR TRANSPORT 

ENTERPRISES 

 

Abstract. The article discusses the main problems and issues in the provision of transport 

and logistics services from the point of view of the quality management of all activities in the 

supply chain. It was revealed that the positive changes taking place in the provision of transport 

and logistics services that meet modern requirements are primarily directly related to the 

formation of a special system of indicators aimed at making a profit both by the enterprise and 

customers of transport services. The main attention is paid to the indicators and factors of quality 
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management of the activities of transport companies, to provide transport and logistics services 

to various consumers. A special classification of the main factors and indicators of the quality 

management of transport and logistics services is given. As one of the important features of the 

proposed classification, the degree of cooperation with transport and logistics partner enterprises 

and competing enterprises is accepted. The practical use of the proposed recommendations will 

increase the level of efficiency of management decisions aimed at full and high-quality 

satisfaction of the needs of consumers of transport and logistics services. 

 

Keywords. Motor transport enterprises, transport and logistics service, service 

consumers, logistics costs, satisfaction of needs, quality management, management factors, 

management indicators. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʇʆʂɸɿɸʊɽʃɽʁ ʂɸʏɽʉʊɺɽʅʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ 

ʊʈɸʅʉʇʆʈʊʅʆ-ʃʆɻʀʉʊʀʏɽʉʂʀʄʀ ʋʉʃʋɻɸʄʀ ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʓʍ 

ʇʈɽɼʇʈʀʗʊʀʁ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʚʦʧʨʦʩʳ ʚ ʩʬʝʨʝ ʦʢʘʟʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʮʝʧʠ ʧʦʩʪʘʚʦʢ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʩʬʝʨʝ ʦʢʘʟʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʧʨʠʙʳʣʠ ʢʘʢ ʧʨʝʜʧʨʠʷʪʠʝʤ, ʪʘʢ ʠ 

ʟʘʢʘʟʯʠʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʬʘʢʪʦʨʘʤ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʧʘʥʠʡ, ʧʦ ʦʢʘʟʘʥʠʶ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ ʨʘʟʣʠʯʥʳʤ ʧʦʪʨʝʙʠʪʝʣʷʤ. ʇʨʠʚʝʜʝʥʘ ʩʧʝʮʠʘʣʴʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʠʤ ʩʝʨʚʠʩʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʚʘʞʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʨʠʥʷʪʘ ʩʪʝʧʝʥʴ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ-ʧʘʨʪʥʝʨʘʤʠ ʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ-ʢʦʥʢʫʨʝʥʪʘʤʠ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʝʜʣʦʞʝʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɸʚʪʦʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʡ 

ʩʝʨʚʠʩ, ʧʦʪʨʝʙʠʪʝʣʠ ʫʩʣʫʛ, ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʠʟʜʝʨʞʢʠ,  ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ, 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʬʘʢʪʦʨʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʢʘʟʘʪʝʣʠ ʫʧʨʘʚʣʝʥʠʷ. 
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ɻ.ɼ. ʅסײʳʤʘʥʦʚʘ 

ʃʦʛʠʩʪʠʢʘ ʞᴅʥʝ ʢᴇʣʽʢ ʘʢʘʜʝʤʠʷʩʳ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ  

ɽ- ʤail: nugymanova_gd@mail.ru 

 

ɸɺʊʆʂᴆʃɯʂʇɽʅ ʊɸʉʓʄɸʃɼɸʋ ʊɯɿɹɽɻɯʅ ɹɸʉפɸʈʋ ɾתʁɽʉɯʅɯר 

ʊʀɯʄɼɯʃɯɻɯʅ ʄʆɼɽʃʔɼɽʋ 

 

ɸשʜʘʪʧʘ. ɾײʤʳʩʪʳש ʤʘץʩʘʪʳ ï ʪʘʫʘʨʜʳ ᴇʥʜʽʨʫʰʽʜʝʥ ʪײʪʳʥʫʰʳסʘ ʜʝʡʽʥ ʥʘץʪʳ 

ʫʘץʳʪʪʘ ʞᴅʥʝ ץʘʞʝʪʩʽʟ ʰʳסʳʥʜʘʨʩʳʟ ʪʘʩʳʤʘʣʜʘʫ ʤʘץʩʘʪʳʥʜʘ ʘʚʪʦʢᴇʣʽʢ ʣʦʛʠʩʪʠʢʘʩʳʥ 

ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש ʩʝʥʽʤʜʽʣʽʛʽʥ ʞʝʪʽʣʜʽʨʫ. ɸʚʪʦʢᴇʣʽʢ ʣʦʛʠʩʪʠʢʘʩʳʥʳש ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ 

ᴅʜʽʩʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫʜʽ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. 

ɾװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ʘʚʪʦʢᴇʣʽʢ ʢᴇʣʽʢ ʣʦʛʠʩʪʠʢʘʩʳʥʳש ʥʝʛʽʟʛʽ ײץʨʘʤʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʪʳʥʳ ʙʝʣʛʽʣʽ, ʜʝʤʝʢ, ʧʘʡʜʘʣʘʥʫ ʪʠʽʤʜʽʣʽʛʽʥʽש ʘʨʪʫʳ ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʥʽש 

ʪʠʽʤʜʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ɸʚʪʦʢᴇʣʽʢʪ̔ ʙʘʩץʘʨʫʜʳװ שʥʝʤʜʽʣʽʛʽ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽ װʰʽʥ 

ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫʜʽ ʪʘʣʜʘʫ װʰʽʥ ʣʦʛʠʩʪʠʢʘʥʳ ʙʝʨʽʢ 

ʙʘʩץʘʨʫʜʳ ʞʝʪʽʣʜʽʨʫ ᴅʜʽʩʽʥ ʘʥʳץʪʘʫ ץʘʞʝʪ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɾʝʪʽʣʜʽʨʫ, ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש ʩʝʥʽʤʜʽʣʽʛʽ, ʘʚʪʦʢᴇʣʽʢ, ʣʦʛʠʩʪʠʢʘ, 

ʤʦʜʝʣʴʜʝʫ, ʧʘʡʜʘʣʘʥʫ ʪʠʽʤʜʽʣʽʛʽ. 

 
ʂʽʨʽʩʧʝ.  

ʂʝשʝʩ ʟʘʤʘʥʳʥʘʥ ʪᴅʫʝʣʩʽʟʜʽʢʢʝ ᴇʪʢʝʥ ʝʣʜʝʨʜʽש ʵʢʦʥʦʤʠʢʘʩʳʥ ץʠʳʥʜʳץʪʘʥ ʰʳסʘʨʫ 

 .ʦʣʜʘʥʳʣʘ ʙʘʩʪʘʜʳץ ʽʥʝʥשᴅʜʽʩʪʝʨʽ ʢʝ שʤʘʨʢʝʪʠʥʛʪʽʢ ʪʝʦʨʠʷʩʳʥʳ שʘʥ ʝʣʜʝʨʜʽסʰʽʥ ʜʘʤʳװ

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʨʝʩʝʡʣʽʢ, ᴅʣʝʤʛʝ ᴅʡʛʽʣʽ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳ, ʟʝʨʪʪʝʫ ʦʨʪʘʣʳץʪʘʨʳ 

ʤʝʥ סʘʣʳʤʜʘʨ ʤʘʨʢʝʪʠʥʛʪʽש ʞʝʪʽʩʪʽʢʪʝʨʽʥ ʧʨʘʢʪʠʢʘʣʳץ ʙʘʩץʘʨʫʜʳש ʪʠʽʤʜʽ ʞװʡʝʣʝʨʽʥʝ 

ʪʦʣʳסʳʤʝʥ ʝʥʛʽʟʝ ʘʣʜʳ. ɹʽʨʘץ ʤʘʨʢʝʪʠʥʛ סʳʣʳʤʳ ʝʣ ʵʢʦʥʦʤʠʢʘʩʳʥ ʞʘᴃʘʥʜʳץ ʜʘסʜʘʨʳʩʪʘʥ 

ʰʳסʘʨʘ ʘʣʤʘʜʳ. ʉʦʥʜʳץʪʘʥ ʠʥʥʦʚʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ᴇʥʜʽʨʽʩʪʽʢ ʞװʡʝʛʝ ʞᴅʥʝ 

ʤʝʤʣʝʢʝʪʪʽʢ ʞʦʙʘʣʘʫ ʞװʡʝʩʽʥʝ ʝʥʛʽʟʫ ʤʘץʩʘʪʳʥʜʘ ʣʦʛʠʩʪʠʢʘ ʪײʞʳʨʳʤʜʘʤʘʩʳʥ ʟʝʨʪʪʝʫ 

ʙʘʩʪʘʣʜʳ. ʆʩʳ ʫʘץʳʪץʘ ʜʝʡʽʥ ʣʦʛʠʩʪʠʢʘ ᴇʥʜʽʨʽʩʪʽʢ ʨʝʩʫʨʩʪʘʨʜʘʥ ʞᴅʥʝ ʜʘʡʳʥ ᴇʥʽʤʜʽ 

ᴇʥʜʽʨʝʪʽʥ ʦʨʳʥʜʘʨʜʘʥ ʙʝʣʛʽʣʽ ʙʽʨ ʪײʪʳʥʫʰʳסʘ ʜʝʡʽʥʛʽ ץʦʟסʘʣʳʩ ʪʫʨʘʣʳ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ 

ʧʨʘʢʪʠʢʘʣʳס ץʳʣʤr ʨʝʪʽʥʜʝ ʪװʩʽʥʽʣʜʽ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʣʦʛʠʩʪʠʢʘ ʪײʞʳʨʳʤʜʘʤʘʩʳ 

ʵʢʦʥʦʤʠʢʘʣʳץ ʞװʡʝʣʝʨʜʽ ʙʘʩץʘʨʫʜʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʪʝʦʨʠʷʩʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

[1,2,3] 

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ.  

ʉʦʥʜʳץʪʘʥ סʘʣʳʤʜʘʨ ʣʦʛʠʩʪʠʢʘ ᴇʥʜʽʨʽʩʪʽש ʙʘʨʣʳץ ʩʘʣʘʣʘʨʳʥ ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ - 

ʵʢʦʥʦʤʠʢʘʣʳץ ʞװʡʝʣʝʨʜʽ (ʜʘʡʳʥ ᴇʥʽʤ, ʰʠʢʽʟʘʪ, ץʘʨʞʳ ײץʨʘʣʜʘʨʳ, ʞʘʙʜʳץʪʘʨ, ʘʜʘʤʠ 

ʨʝʩʫʨʩʪʘʨ ʤʝʥ ʤʘʤʘʥʜʘʨ ʞᴅʥʝ ʪ.ʙ.) ץʘʤʪʠʜʳ ʜʝʧ ʩʘʥʘʡʜʳ, ʙײʣ ʙʘʩץʘʨʫ ᴅʜʽʩʪʝʤʝʩʽ. [4-8] 

ᴆʥʽʤʜʝʨ ʤʝʥ ʪʘʫʘʨʣʘʨʜʳש ʙʘסʘʩʳʥʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʪʽʥ ʽʨʽ ץʳʟʤʝʪʪʝʨʜʽ ʟʝʨʪʪʝʫ ʜʝ 

ʤʘשʳʟʜʳ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ (1 ʩʫʨʝʪ). 

ɾװʢ ʞᴇʥʝʣʪʫʰʽ (ʆפ) ʞᴅʥʝ ʘʚʪʦʢᴇʣʽʢ ʢᴇʣʽʛʽʥ ʧʘʡʜʘʣʘʥʫʜʳ ײʡʳʤʜʘʩʪʳʨʫʰʳ (ױɹ) 

 ʘʙʳʣʜʘʫʰʳץ ʢᴇʤʝʛʽʤʝʥ ʪʘʫʘʨʜʳ (ɸʂ) שʘʥ ʪʘʧʩʳʨʳʩʪʳ ʘʚʪʦʢᴇʣʽʢ ʢᴅʩʽʧʦʨʥʳʥʳסʘʙʳʣʜʘץ

ʦʨʳʥסʘ ʥʝʤʝʩʝ ʪײʪʳʥʫʰʳסʘ (ʊɹ) ʞʝʪʢʽʟʫ. 
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ʆפ ï ʞװʢʪʝʨʛʝ ʘʨʥʘʣסʘʥ ʦʨʪʘʣʳץʪʘʥʜrʨʳʣסʘʥ 

 ɹ ï ʧʘʡʜʘʣʘʥʫ ʧʨʦʮʝʩʪʝʨʽʥױ ;ʦʡʤʘץ

 ʘʨʫʰʳ; ɸʂ ïץʡʳʤʜʘʩʪʳʨʫʰʳ ʞᴅʥʝ ʙʘʩײ

ʘʚʪʦʢᴇʣʽʢ ʢᴅʩʽʧʦʨʥʳ; ʊɹ ï ץʘʙʳʣʜʘʫʰʳ ʥʝʤʝʩʝ 

ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽ. 

 

 

1 ʩʫʨʝʪ  ï çʊʘʧʩʳʨʳʩ ʙʝʨʫʰʽ ï ʪʘʩʳʤʘʣʜʘʫʰʳ ï ʙʘʩץʘʨʫʰʳè ʞװʡʝʩʽʥʽש ʞײʤʳʩ ʽʩʪʝʫ 

ʩʭʝʤʘʩʳ 

 
ɸʚʪʦʢᴇʣʽʢ ײץʨʘʣʳʥʳש ʧʘʡʜʘʣʘʥʫ ʪʽʟʙʝʛʽʥʽש ʪʠʽʤʜʽʣʽʛʽ ʦʩʳ ʪʽʟʙʝʢʪʽש ʩʘʧʘʩʳʥʘ ʞᴅʥʝ 

ʪʘʧʩʳʨʳʩʪʳ çʜᴅʣ ʤʝʨʟʽʤʽʥʜʝè ʦʨʳʥʜʘʫʳʥʘ ʩᴅʡʢʝʩ ʙʘסʘʣʘʥʘʜʳ. ɽʛʝʨ ɸt ʩʫʨʝʪʽʥʝ ʩᴅʡʢʝʩ 

ʢᴅʩʽʧʦʨʳʥʥʳש ʘʚʪʦʢᴇʣʽʢʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ʪʘʧʩʳʨʳʩʪʳ ʘʣʫ ʫʘץʳʪʳ ʙʦʣʩʘ, ʦʥʜʘ 

ʪʘʧʩʳʨʳʩʪʳ ʜᴅʣ ʦʨʳʥʜʘʫ ʫʘץʳʪʳ ɸt0 ʙʦʣʘʜʳ, ʘʣ ɸt1 ï ʪʘʫʘʨʜʳ ʞװʢʪʝʛʝʥʥʝʥ ʢʝʡʽʥ 

ʘʚʪʦʤʦʙʠʣʴʜʽש ʰʳסʫ ʫʘץʳʪʳ. ʂʝʣʽʩʽʤ-ʰʘʨʪ ʙʦʡʳʥʰʘ, ʝʛʝʨ ʪʘʫʘʨʜʳ ʞʝʪʢʽʟʫ ʫʘץʳʪʳ ɸt2 

ʙʦʣʩʘ, ʪʘʧʩʳʨʳʩʪʳ ץʘʙʳʣʜʘסʘʥ ʘʚʪʦʢᴇʣʽʢ ʠʝʩʽ ʪʘʫʘʨʜʳ ʜᴅʣ ʦʩʳ ʫʘץʳʪʪʘ ץʘʞʝʪʪʽ ʞʝʨʛʝ 

ʞʝʪʢʽʟʫʛʝ ʪʠʽʩ. ɾײʤʳʩʪʳ ᴇʟ ʫʘץʳʪʳʥʜʘ ʦʨʳʥʜʘסʘʥʥʘʥ ʢʝʡʽʥ, ʝʛʝʨ ʘʚʪʦʤʦʙʠʣʴʜʝ ץʦʩʳʤʰʘ 
ʪʘʧʩʳʨʳʩ ʙʦʣʤʘʩʘ, ʦʥʜʘ ʦʣ At3 ʫʘץʳʪʳʥʘ ʦʨʘʣʫʳ ʢʝʨʝʢ. ʊʘʧʩʳʨʳʩʪʳש ʞʘʣʧʳ ʫʘץʳʪʳ 

ʢʝʣʝʩʽ ʬʦʨʤʫʣʘʤʝʥ ʘʥʳץʪʘʣʘʜʳ: 
 

 .                                    (1) 
 

 ʨʘʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫʤʝʥ ʘʡʥʘʣʳʩʘʪʳʥ, ʢʝʟ ʢʝʣʛʝʥײץ ʘʥ ʤʳʩʘʣ, ʘʚʪʦʢᴇʣʽʢסʩʳʥʳʣױ

ʘʚʪʦʢᴇʣʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʜʘ ʢʝʟʜʝʩʝʜʽ. ʊʘʧʩʳʨʳʩʪʳ ʦʨʳʥʜʘʫ ʤʝʨʟʽʤʽ ʤʝʥ ʦʥʳ ʥʘץʪʳ 

ʦʨʳʥʜʘʫ ʤʝʨʟʽʤʽ ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץ ʢʝʟʽʥʜʝ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫ 

ʪʠʽʤʜʽʣʽʛʽ ʢᴇʣʽʢ ײץʨʘʣʳʥ ʧʘʡʜʘʣʘʥʫʜʳ ʞʦʩʧʘʨʣʘʫʜʳש ʥʝʤʝʩʝ ʢᴇʣʽʢ ײץʨʘʣʳʥʘ ʪʘʧʩʳʨʳʩʪʳ 

ʦʨʳʥʜʘʫʜʳש ʢʝʤʰ̔ʣʽʢʪʝʨʽ ʝʩʢʝʨʽʣʝ ʦʪʳʨʳʧ ʘʡץʳʥʜʘʣʘʜʳ. ʆʩʳ ʬʘʢʪʦʨʣʘʨסʘ ʩװʡʝʥʝ 

ʦʪʳʨʳʧ, ʥʘʨʳץʪʘ ʢᴇʣʽʢ ʢʦʤʧʘʥʠʷʣʘʨʳʤʝʥ ʙᴅʩʝʢʝʣʝʩʪʽʢ ʝʨʝʞʝʣʝʨʽ ʙʘʨ: 

- ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳץ שʘʨʞʳʣʳץ ʪײʨʘץʪʳʣʳסʳ; 

- ʦʣʘʨʤʝʥ ʙᴅʩʝʢʝʣʝʩʫʛʝ ʞᴅʥʝ ʢʝʟʜʝʩʫʛʝ ʜʘʡʳʥ ʙʦʣʳשʳʟ. 

ɾʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ᴇʟʛʝʨʽʩʪʝʨ ᴅʜʝʪʪʝ, ʷסʥʠ ʙײʣ ʙװʛʽʥʛʽ ʪʘʣʘʧʪʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ʝʢʽ 

ʢʝʟʝשʜʝ ʙʦʣʘʜʳ. ʆʩʳ ʢʝʟʝשʜʝʨʜʝʛʽ ʥʝʛʽʟʛʽ ʦש ʬʘʢʪʦʨʣʘʨ ʤʝʤʣʝʢʝʪʪʝʛʽ ᴅʣʝʫʤʝʪʪʽʢ-ʤᴅʜʝʥʠ 

ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ-ʙʘʩץʘʨʫ ʧʨʦʮʝʩʪʝʨʽʥʽץ שʘʣʳʧʪʘʩʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. [9,10,11] 

ɹʽʨʽʥʰʽ ʬʘʢʪʦʨ ʥʝʤʝʩʝ ʪʝʥʜʝʥʮʠʷ ï ᴅʣʝʫʤʝʪʪʽʢ-ʵʢʦʥʦʤʠʢʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨ. ɹײʣ ᴅʩʝʨ 

ʝʪʫʰʽ ʬʘʢʪʦʨʜʳ ʢʝʣʝʩʽ ʩʫʨʝʪʪʝ ʰʘʨʪʪʳ ʪװʨʜʝ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ (2 ʩʫʨʝʪ). 

 

 
 

ͤͣ͜-Ή͔͎͙ͤͪΎ-͊ ͨ͊ͪ͊ͭ-͋ͣ͜͜͡ 

͔ͪͫͯͪͫͭ͊ͪ ͊ͯ·ͫͯ Ή͍ͦ͡Όͼ͙Ύͫ· 

ˮͤͺͦͦͣ͟ ͗ ͚͔ͫͤ͜ ͒͊ͣ·ͭͯ ͗ ͔ͤ 

͔͔͔͔ͣͤ͒͗ͣͤͭͭ ͚ͨ͊͒͊͊ͤͯ͡ 

̅͊ͭͦͪ͊ͪ͒͟͡·  ͎͔ͪͯ͘ 

Ή͍ͦ͡Όͼ͙Ύͫ·Υ ͗ ͔-͔ͪ ͔͋͟-͔͎͎ͤ͘͜͜ 

ͦͪ-͋ͣ͜͜͡ 

 

̂ˢ ̍́ 
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2 ʩʫʨʝʪ  ï ʕʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ʙʘʩץʘʨʫʰʳʣʳץ ʵʚʦʣʶʮʠʷʥʳש ᴇʟʛʝʨʫ ʞװʡʝʩʽ [11] 

ʃʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʛʝ ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ ʬʘʢʪʦʨʣʘʨ ʜʠʥʘʤʠʢʘʣʳץ ᴅʩʝʨ ʝʪʝʜʽ. ʊʠʽʤʜʽ 

ʙʝʡʥʝʣʝʥʛʝʥ ʠʤʠʪʘʮʠʷʣʳװ ץʣʛʽʥʽ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ ᴇʟʛʝʨʽʩʪʝʨʛʝ 

ʙʘʡʣʘʥʳʩʪʳ ʢᴇʣʽʢ ʪʽʟʙʝʛʽʥʽש ʢᴇʣʽʢ ʣʦʛʠʩʪʠʢʘʩʳʥ ץʦʣʜʘʥʫסʘ ʙʝʡʽʤʜʝʣʫʽʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ. 

ʉʝʙʝʙʽ ʥʘʨʳץץʘ ʩʳʨʪץʳ ᴅʩʝʨ ʽʰʢʽ ʬʘʢʪʦʨʣʘʨסʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ. ɽʛʝʨ ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝ 

ʩʳʨʪץʳ ᴇʟʛʝʨʽʩʪʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ ʽʰʢʽ ײץʨʳʣʳʤʳʥ ᴇʟʛʝʨʪʝ ʘʣʤʘʩʘ, ʤײʥʜʘʡ ʥʘץʪʳ ʢᴇʣʽʢ 

ʞװʡʝʩʽ ʙᴅʩʝʢʝʣʝʩʪʽʢʢʝ ʪᴇʪʝʧ ʙʝʨʝ ʘʣʤʘʡʜʳ. ʉʦʥʜʳץʪʘʥ ʢᴇʣʽʢ ʢʦʤʧʘʥʠʷʩʳʥ ʥʝʤʝʩʝ 

ʤʝʢʝʤʝʥʽ ʧʘʡʜʘʣʘʥʫ ʩʳʨʪץʳ ʬʘʢʪʦʨʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ʽʰʢʽ ᴇʟʛʝʨʽʩʪʝʨʛʝ ʠʝ ʙʦʣʫʳ ʢʝʨʝʢ. 

ɿʝʨʪʪʝʫʰʽʣʝʨ ʵʢʦʥʦʤʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʛʝ ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨʜʳ ʢʝʣʝʩʽ ʪʦʧʪʘʨסʘ 

ʙᴇʣʝʜʽ. [12-15] ʆʣʘʨ: 

- ʢᴅʩʽʧʦʨʳʥʥʳש ʽʰʢʽ ʵʢʦʥʦʤʠʢʘʩʳ; 

- ʢᴅʩʽʧʦʨʳʥʥʳש ʩʳʨʪץʳ ʵʢʦʥʦʤʠʢʘʩʳ; 

- ʢᴅʩʽʧʦʨʳʥʥʳש ʥʘʨʳץʪʳץ ʵʢʦʥʦʤʠʢʘʩʳ. 

ʂᴅʩʽʧʦʨʳʥʥʳש ʽʰʢʽ ʵʢʦʥʦʤʠʢʘʩʳ ᴇʥʜʽʨʽʩʪʽʢ, ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ, ʙʘʩץʘʨʫʰʳʣʳץ, 

 .ʡʝʣʝʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳװʞ ץʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳ ץʘʨʞʳʣʳץ

ʉʳʨʪץʳ ᴅʩʝʨʣʝʨʜʽ ʝʢʽ ʪʦʧץʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: 

- ʢᴅʩʽʧʦʨʳʥ ץʳʟʤʝʪʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨ-ʪײʪʳʥʫʰʳʣʘʨ ʤʝʥ 

ᴇʥʜʽʨʫʰʽʣʝʨʜʽש ᴇʟʛʝʨʝʪʽʥ ʪʘʣʘʧʪʘʨʳ, ʵʢʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʤʝʤʣʝʢʝʪʪʽʢ 

ʥʦʨʤʘʪʠʚʪʝʨ; 

- ʙײʜʘʥ ʙʘʩץʘ ï ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳץ שʳʟʤʝʪʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨ-ʩʘʣʘʜʘסʳ 

ʩʘʷʩʠ, ʪʝʭʥʦʣʦʛʠʷʣʳץ, ᴅʣʝʫʤʝʪʪʽʢ, ʛʝʦʛʨʘʬʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨ; 

 שʣ ʬʘʢʪʦʨ ʝʢʽ ʪʦʧʪʳײᴇʟʛʝʨʫʽ, ʙ שʘʪʳʥʘʩʪʘʨ ʦʨʪʘʩʳʥʳץ ץʪʳץʰʽʥʰʽ ʬʘʢʪʦʨ-ʥʘʨʳװ -

ʜʘ ʞʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ᴅʩʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʨʝʪʪʝʣʝʜʽ. [16-19] 

 שʘʪʳʥʘʩʪʘʨʜʳץ ʳסʵʣʝʤʝʥʪʪʝʨʽ ʘʨʘʩʳʥʜʘ שʤʳʩ ʽʩʪʝʫʽ ʦʥʳײʞ שʡʝʥʽװʘʥ ʞסʩʳʥʳʣױ

ʙʽʨʪʝʢʪʽʣʽʛʽʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ᴄʨʪװʨʣʽ ʬʫʥʢʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʡʪʳʥ ʵʣʝʤʝʥʪʪʝʨʜʽש 

 ץʪʘʡʜʳ. ʕʢʦʥʦʤʠʢʘʣʳץʨʳʣʳʤrʥ ʘʥʳײץ שʡʝʥʽװʨʘʤʳ ʞᴅʥʝ ʦʣʘʨʜʳ ʙʽʨʽʢʪʽʨʫ ʪᴅʩʽʣʽ ʞײץ

ʜʘʤʫʜʳץ שʘʟʽʨʛʽ ʞʘסʜʘʡʳʥʜʘ ʙʘʨʣʳץ ʩʘʣʘʣʘʨʜʘסʳ ʙᴅʩʝʢʝʣʝʩʪʽʢ װʥʝʤʽ ʘʨʪʳʧ ʢʝʣʝʜʽ ʞᴅʥʝ 

ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫʜʳ ʙʘץʳʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʢᴇʣʽʢ 

ʢᴅʩʽʧʦʨʥʳʥʘ ᴅʢʝʣʝʜʽ (2 ʩʫʨʝʪ). 

 

 
 

3 ʩʫʨʝʪ  ï ɾʝʜʝʣ ᴅʨʝʢʝʪ ʝʪʫ ʣʦʛʠʩʪʠʢʘʩʳʥʳש ʪײʞʳʨʳʤʜʘʤʘʩʳ 

 

ɸʚʪʦʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫʳ, ʙʘʩץʘʨʫ ʩʝʥʽʤʜʽʣʽʛʽʥ ʞʝʪʽʣʜʽʨʫʜʽש 

ʟʘʤʘʥʘʫʠ ʪײʞʳʨʳʤʜʘʤʘʩʳʥ, ʪײʪʳʥʫʰʳʣʳץ ץʳʟʤʝʪ ʪײʨסʳʩʳʥʘʥ çʙʝʣʛʽʣʽ ʙʽʨ ʩʘʧʘ ʤʝʥ 

ʩʘʥʥʳץ שʘʞʝʪʪʽ ʢᴇʨʩʝʪʢʽʰʽ ï ʙʝʣʛʽʣʽ ʙʽʨ ʫʘץʳʪʪʘ ʞᴅʥʝ ʝש ʘʟ ʰʳסʳʥʤʝʥè ʜʝʧ ץʳʩץʘʰʘ 

ʪײʞʳʨʳʤʜʘʫסʘ ʙʦʣʘʜʳ (4 ʩʫʨʝʪ). 

 

 

 

˶͎͙͙ͦͫͭ͊͟͡·  ͔͔͎ͭ͋ͭ͘͜͟͜ 

ͦͪ͊ͪ͒͡·  ͊͊͘Ό· 

 

ˣͦ͗͊ͯ͡ ͔͔͊ͭͪͤ͜͡ ͚͊͊ͭͯ͘ 

 

͔́͘ ͔͔ͪͭ͟ ͔ ͭͯ 

 
́͊ͨͫ·ͪ·ͫͭ͊ͪ͒· 

ͦͪ·ͤ͒͊ͯ ͔͔ͣͪͣ͒ͪͤ͘͜͜ 

·ͫ͊ͪͭͯ 

 

ˬͦͫͨ͊ͪ͊ͤ͡ ͊ͤ ͦͪ͊ͪ͒͡· ͚͊͊ͭͯ͘ 

 

˿͊ ͭ͊ͤ͒·ͪͯ ͦͪ͊ͪ͡·ͤ ͭ ͔͔ͣͤ͒ͭͯ 
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ɼ1, ɼ2, ɼ3, ɼ4 ï ʜʠʩʪʨʠʙʴʶʪʦʨʣʘʨ (ʜʘʡʳʥ ʪʘʫʘʨʣʘʨ); ɸɼʆ1, ɸɼʆ2 ï ϺϬʽʨʣʽʢ ʜʠʩʪʨʠʙʴʶʪʦʨʣʳϨ 

ʦʨʪʘʣʳϨʪʘʨ (ʜʘʡʳʥ ʪʘʫʘʨʣʘʨ);  

ʘʷϨʪʘʣʤʘϤʘʥ Ϻʥʜʽʨʽʩ; 1-4 ï Ϩϰʨʘʩʪʳʨʫ ʪʦʨʘʧʪʘʨʳ; 1-9-ʙϺʣʰʝʢʪʝʨ. 

 

4 ʩʫʨʝʪ  ï ʃʦʛʠʩʪʠʢʘʣʳץ ʪʽʟʙʝʢʪʝ çʂʘʥʙʘʥè ʞװʡʝʩʽʥʽש ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ 

 

ɹײʣ ʨʝʪʪʝ ʰʳסʳʥʜʘʨ, ʪʘʫʘʨ ᴇʥʜʽʨʽʩʽʥʽש ᴇʟʽʥʜʽʢ ײץʥʳʥ ʜʘ, ʩʦʥʜʘʡ-ʘץ ʘʚʪʦʢᴇʣʽʢ 

ʧʨʦʮʝʩʪʝʨʽʥ ʵʢʩʧʣʘʫʪʘʮʠʷʣʘʫסʘ ʘʨʥʘʣסʘʥ ʰʳסʳʥʜʘʨʜʳ ʜʘ ץʘʤʪʠʜʳ. ʉʦʥʜʳץʪʘʥ ʥʘʨʳץʪʳץ 

ʞʘסʜʘʡʜʘ ᴇʥʜʽʨʽʩʪʽʢ ץʘʪʳʥʘʩʪʘʨ ʢᴇʙʽʥʝʩʝ ʪʝʟ ʰʝʰʽʤ ץʘʙʳʣʜʘʫ ʞʳʣʜʘʤʜʳסʳʥʘ ʞᴅʥʝ ʞװʢ 

ʢᴇʣʽʢʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʙʦʡʳʥʰʘ, ʪʘʧʩʳʨʳʩʪʳ ʦʨʳʥʜʘʫ ʫʘץʳʪʳʥ ץʳʩץʘʨʪʫסʘ ʥʘʟʘʨ 

ʘʫʜʘʨʘʜʳ. ɾʘᴃʘʥʜʳץ ʣʦʛʠʩʪʠʢʘסʘ ʢᴇʰʫʤʝʥ just-in-Time (JIT) ʪײʞʳʨʳʤʜʘʤʘʩʳʥʳש ʧʘʡʜʘ 

ʙʦʣʫʳ ï çʜᴅʣ ʫʘץʳʪʳʥʜʘè ʞײʤʳʩʪʳ ײʡʳʤʜʘʩʪʳʨʫ ץʘסʠʜʘʪʳ, ʦʥrש ʞʘʨץʳʥ ʤʳʩʘʣʜʘʨʳʥʳש 

ʙʽʨʽ ï çʂʘʥʙʘʥè ʞװʡʝʩʽ. [20,21] 

5 ʩʫʨʝʪʪʝ ʝʣʜʽײץ שʨʳʣʳʩ ʩʘʣʘʩʳʥʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ çᴇʥʜʽʨʽʩʪʽʢ ʣʦʛʠʩʪʠʢʘè 

ʞװʡʝʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 
 

 
 

5 ʩʫʨʝʪ  ï çʂʘʥʙʘʥè ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʩʽʥʽש ʰʘʨʪʪʳ ʪװʨʜʝʛʽ ʩʭʝʤʘʩʳ 
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ɸʇ-ʘʚʪʦʢᴇʣʽʢ ʢᴅʩʽʧʦʨʥʳ ʰʘʨʪ ʪʘʣʘʧʪʘʨr ʙʦʡʳʥʰʘ ײץʨʳʣʳʩ ʘʣʘשʳʥʘ ʤʘʪʝʨʠʘʣʜʘʨ 

ʤʝʥ ײץʨʘʣʜʘʨʜʳ 0-4 ʨʝʪ ʧʘʡʜʘʣʘʥʫסʘ ʪʠʽʩ. ײפʨʳʣʳʩ ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʡʳʥʰʘ 

ʘʚʪʦʢᴇʣʽʢʪʝʨʜʽ ʞײʤʳʩ ʧʘʡʜʘʣʘʥʫ ʢʝʩʪʝʩʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳץ שʘʞʝʪʪʽ ʢᴇʣʝʤʽʥʝ, 

ʘʚʪʦʢᴇʣʽʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʫʘץʳʪʳʥʘ ʩᴅʡʢʝʩ ʞᴅʥʝ ײץʨʳʣʳʩ ʪʝʭʥʦʣʦʛʪʘʨʳ ʙʝʢʽʪʢʝʥ ʞײʤʳʩ 

ʢʝʩʪʝʩʽʥʝ ʩᴅʡʢʝʩ ʦʨʳʥʜʘʣʫʳ ʪʠʽʩ. פʘʞʝʪʪʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʘʨʪʳץ ץʦʨʣʘʨʳʥ ʩʘץʪʘʫ ʦʨʥʳ 

ʜʘʡʳʥʜʘʣʤʘסʘʥ ʞᴅʥʝ ʙʦʣʞʘʥʙʘסʘʥ. 

 

ʅᴅʪʠʞʝʣʝʨ.  

ʆʩʳʣʘʡʰʘ, ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥ ײץʨʘʩʪʳʨʫʰʳʣʘʨסʘ ץʘʞʝʪʪʽ ʤʘʪʝʨʠʘʣʜʘʨ ʞײʤʳʩ 

ʢʝʩʪʝʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ץʘʞʝʪʪʽ ʤᴇʣʰʝʨʜʝ ʞʝʪʢʽʟʽʣʝʜ.̔ ɽʛʝʨ ᴅʨʪװʨʣʽ ʩʝʙʝʧʪʝʨʤʝʥ ץʘʞʝʪʪʽ 

ʤʘʪʝʨʠʘʣʜʘʨ ץʘʞʝʪʪʽ ʤᴇʣʰʝʨʜʝ ʞᴅʥʝ ץʘʞʝʪʪʽ ʫʘץʳʪʪʘ ʞʝʪʢʽʟʽʣʤʝʩʝ, ײץʨʳʣʳʩ 

ʩʘʣʫʰʳʣʘʨʜʳש ʞײʤʳʩ ʢʝʩʪʝʩʽ ʪװʟʝʪʽʣʫʽ ʢʝʨʝʢ, ʘʣ ʪʘʧʩʳʨʳʩʪʘʨʜʳ ʫʘץʪʳʣʳ ʦʨʳʥʜʘʤʘסʘʥʳ 

 ʨʳʣʳʩ ʩʘʣʫʰʳʣʘʨʜʘʥ ʰʘʨʪײץ ʤʳʩʪʘʨʳʥʘ ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽʣʝʨײʨʳʣʳʩ ʞײץ ʰʽʥװ

ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʘʡʳʧʧײʣ ᴇʥʜʽʨʽʧ ʘʣʫʜʳ ʪʘʣʘʧ ʝʪʝ ʘʣʘʜʳ. ɸʡʳʧʧײʣ ʩʦʤʘʩʳʥʘ ʪʝʢ 

ʢʝʰʽʢʪʽʨʽʣʛʝʥʽ װʰʽʥ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ײץʨʳʣʳʩ ײʡʳʤʳʥʳש ʠʤʠʜʞʽ ʤʝʥ ʙʝʜʝʣʽʥʝ 

ʤʦʨʘʣʴʜʳץ ʟʠʷʥ ʢʝʣʪʽʨʛʝʥʽ װʰʽʥ ʩʦʪ ʰʳסʳʥʜʘʨʳ ʢʽʨʝʜʽ. ʉʦʥʜʳץʪʘʥ çʢʘʥʙʘʥè 

ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʩʽʥ̔ץ שʳʟʤʝʪʽ, ʦʥʳש ʽʰʽʥʜʝ ʘʚʪʦʩʝʨʚʠʩ װʰʽʥ ʞʘʫʘʧʢʝʨʰʽʣʽʢ ʞʦסʘʨʳ 

ʜʘʡʳʥʜʳץץʘ ʞᴅʥʝ ʘʰʳץ ʞʦʩʧʘʨʣʘʫסʘ, ʩʦʥʜʘʡ-ʘץ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש ʪײʨʘץʪʳʣʳסʳʥʘ 

ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. 

ɹײʣ ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʣʝʨʜʽש ʪʠʽʤʜʽʣʽʛʽ ʦʩʳ ʞװʡʝʥʽש ʪʝʭʥʦʣʦʛʠʷʩʳ ʤʝʥ 

ᴅʜʽʩʪʝʤʝʩʽʥʝ ʞᴅʥʝ ʤʘʤʘʥʜʘʨʜʳ ʢᴅʩʽʙʠ ʜʘʷʨʣʘʫסʘ ʙʘʡʣʘʥʳʩʪʳ. ʉʦʥʜʳץʪʘʥ ʣʦʛʠʩʪʠʢʘʣʳץ 

ʞװʡʝʥʽ ʙʘʩץʘʨʫ ʤʝʥ ʪײʨʘץʪʳ ʜʘʤʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʘʨʪʪʳʨʫ ʘʨʥʘʡʳ ʟʝʨʪʪʝʫʣʝʨ 

ʤʝʥ ᴅʟʽʨʣʝʤʝʣʝʨʜʽ ץʘʞʝʪ ʝʪʝʜʽ. ʂᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʪʝʭʥʠʢʘʣʳץ ʞʘʡ-ʢװʡʽʥʝ, ʩʦʥʜʘʡ-ʘץ 

ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥʝ ʪײʨʘץʪʳ ʙʘץʳʣʘʫʜr ʞװʟʝʛʝ ʘʩʳʨʫ ץʘʞʝʪ. ʉʝʙʝʙʽ ʝʣʜʽש ʙʘʨʣʳץ 

ʘʫʳʣʜʳץ ʞʝʨʣʝʨʽʥʜʝ ʙᴇʣʰʝʢʪʝʨʜʽ ʞᴇʥʜʝʫʛʝ ʥʝʤʝʩʝ ʘʫʳʩʪʳʨʫסʘ ץʘʞʝʪʪʽ ʰʝʙʝʨʭʘʥʘʣʘʨʜʳ 

ʪʘʙʫ ʤװʤʢʽʥ ʝʤʝʩ. 

ʉʦʥʜʳץʪʘʥ, ʤײʥʜʘʡ ʞʘסʜʘʡʣʘʨʜʘ, ʝש ʘʣʜʳʤʝʥ, ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽש ʢʝʤʰʽʣʽʢʪʝʨʽʥ 

ʘʥʳץʪʘʫ ץʘʞʝʪ. ʂʝʣʝʩʽ ʢʝʩʪʝʜʝ ʞʘʙʜʳץʪʘʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʽʩʪʝʥ ʰʳסʫ ʪװʨʣʝʨʽʥʝ 

ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨ ʢʝʣʪʽʨʽʣʛʝʥ. 
 

1 ʢʝʩʪʝ ï ʊʝʭʥʦʣʦʛʠʷʥʳש ʞײʤʳʩ ʽʩʪʝʤʝʡʪʽʥ ʪʝʭʥʠʢʘסʘ ᴅʩʝʨ ʝʪʫ ʪװʨʣʝʨʽ 
 

ʉᴅʪʩʽʟʜʽʢʪʝʨʜʽ ʞʽʢʪʝʫ ʙʝʣʛʽʣʝʨʽ ɹʘʩ ʪʘʨʪʫ ʪװʨʽ 

ɹʘʩץʘ ʦʙʲʝʢʪʽʣʝʨʜʽש ʞʘʡ-ʢװʡʽʥʝʥ ʙʘʩ ʪʘʨʪʫʜʳש ʪᴅʫʝʣʜʽʣʽʛʽ ʊᴅʫʝʣʜ ̔

ʊᴅʫʝʣʩʽʟ  

ɹʘʩ ʪʘʨʪʫʜʳש ʩʳʨʪץʳ ʢᴇʨʽʥʽʩʪʝʨʽʥʽש ʙʦʣʫʳ ɸʡץʳʥ 

ɾʘʩʳʨʳʥ 

ʆʙʲʝʢʪʽʥʽ ʢʝʡʽʥʥʝʥ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽ 

 

 ʊʦʣʳץ 

ɾʘʨʪʳʣʘʡ 

ɹʘʩ ʪʘʨʪʫʜʳ ʞʦʶ ʤװʤʢʽʥʜʽʛʽ 

 

 ɾʦʡʳʣʘʪʳʥ 

ɾʦʡʳʣʤʘʡʪʳʥ 

ʆʙʲʝʢʪʽʥʽש ʙʝʨʽʣʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨʽ ʤᴅʥʜʝʨʽʥʽש ᴇʟʛʝʨʫ ʩʠʧʘʪʳ ʂʝʥʝʪʪʝʥ 

ɹʽʨʪʽʥʜʝʧ  

 

ɹʘʩ ʪʘʨʪʫʜʳש ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽ 

 

 ץʨʳʣʳʤʜʳײפ 

ᴆʥʜʽʨʽʩʪʽʢ 

ʇʘʡʜʘʣʘʥʫ 
 

ɹײʣ ʞʘסʜʘʡʜʘ ʞʘʙʜʳץʪʳש ʽʩʪʝʥ ʰʳסʫʳʥʳש ᴅʨʪװʨʣʽ ʩʝʙʝʧʪʝʨʽ ʙʘʨ: 

- ʞʘʙʜʳץʪʳ ʥʝʤʝʩʝ ײץʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʜʽ ʙʘʩʪʘʧץʳ ʧʘʡʜʘʣʘʥʫ ʤʝʥ ʞʦʩʧʘʨʣʘʫʜʘסʳ, 

ʩʦʥʜʘʡ-ʘץ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ײץʨʘʩʪʳʨʫ ʤʝʥ ʪʝʭʥʠʢʘʣʳץ ʪʦʨʘʧʪʘʨʜʳ ʞʦʩʧʘʨʣʘʫʜʘסʳ 

 ;ʩʝʙʝʧʪʝʨʽ שʘʫʣʘʨʜʳץʘʥ ʘסʘʫʣʘʨʜʘʥ ʪʫʳʥʜʘץʘʪʝʣʽʢʪʝʨ ʤʝʥ ʘץ
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- ᴇʥʜʽʨʽʩʪʽʢ ʤʘʰʠʥʘʣʘʨ ʥʝʤʝʩʝ ʢʦʤʧʦʥʝʥʪʪʝʨ ᴇʥʜʽʨʽʩʽʥʜʝʛʽ ץʘʪʝʣʝʨ ʤʝʥ ʽʨʢʽʣʽʩʪʝʨ; 

- ʧʘʡʜʘʣʘʥʫ-ʞʘʙʜʳץʪʳ ʥʝʤʝʩʝ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʪʘʣʘʧʪʘʨʜʳ 

ʩʘץʪʘʤʘʫ, ʪʝʭʥʠʢʘʣrץ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʝʣʝʤʝʫ ʞᴅʥʝ ʪ. ʙ. 

ɸʚʪʦʤʦʙʠʣʴ ʢʝʰʝʥʽ ʙʝʣʛʽʣʽ ʙʽʨ ʘʡʤʘץʪʘ ʥʝʤʝʩʝ ᴇʥʜʽʨʽʩʪʽʢ ʘʡʤʘץʪʘ ʵʢʦʥʦʤʠʢʘʣʳץ 

ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘʥʳ ʞװʟʝʛʝ ʘʩʳʨʫʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. ʂᴇʣʽʢ ʢᴅʩʽʧʦʨʥʳ 

 ʜʘʨʣʘʤʘʥr ʽʩʢʝ ʘʩʳʨʫ ʢʝʟʽʥʜʝסʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ ʙʘ ץʰʽʥ ʢᴇʣʽʢ ʪʠʽʤʜʽʣʽʛʽ ʦʩʳ ʵʢʦʥʦʤʠʢʘʣʳװ

ʤʘʪʝʨʠʘʣʜʳץ ʞʘסʳʥʘʥ ʪʠʽʤʜʽ ʥʝʤʝʩʝ ʤװʤʢʽʥ ʝʤʝʩ. ʆʩʳʣʘʡʰʘ, ʝʛʝʨ ʙײʣ ץʘʨʞʳʣʳץ 

ʞʘסʳʥʘʥ ʪʠʽʤʩʽʟ ʙʦʣʳʧ ʰʳץʩʘ, ʢᴇʣʽʢ ʢʦʤʧʘʥʠʷʩʳ ʞʦסʘʣסʘʥ ʧʘʡʜʘʥʳ ʩʦʣ ʘʨʥʘʡʳ 

ʙʘסʜʘʨʣʘʤʘʤʝʥ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʥʳ ʙʘʩץʘʨʫʰʳʤʝʥ ᴇʪʝʡʜʽ. ʂװʥʜʝʣʽʢʪʽ ץʘʨʳʤ-ץʘʪʳʥʘʩ 

ʪᴅʞʽʨʠʙʝʩʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʝʛʝʨ ʘʨʥʘʡʳ ʙʘסʜʘʨʣʘʤʘ ʙʽʨʥʝʰʝ ʞʳʣסʘ ᴅʟʽʨʣʝʥʩʝ, ʞʘʫʘʧʪʳ ʘʜʘʤ 

 ʘ ʤʝʨʟʽʤʜʝץʳʩץ ʜʘʨʣʘʤʘסʨʘ ʘʣʘʜʳ. ɽʛʝʨ ʘʨʥʘʡʳ ʙʘײץ ʢᴇʣʽʢ ʢᴅʩʽʧʦʨʥʳʥ ᴇʟʜʽʛʽʥʝʥ ץʣʪʪʳײ

ᴅʟʽʨʣʝʥʩʝ, ʢʦʤʧʘʥʠʷ ʙײʨʳʥסʳ ʢᴇʣʽʢ ʢʦʤʧʘʥʠʷʣʘʨʳʤʝʥ ʢʝʣʽʩʽʤʜʝʨ ʞʘʩʘʡʜʳ.  

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʨʪװʨʣʽ ʜʝשʛʝʡʜʝʛʽ ʢᴇʣʽʢ ʢʦʤʧʘʥʠʷʩʳʥʳץ שʘʪʳʩʫʳʥʘ ץʘʨʘʤʘʩʪʘʥ, 

ʦʣ ʙʝʣʛʽʣʽ ʙʽʨ ʘʚʪʦʤʦʙʠʣʴʜʽש ʪʠʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʙʝʣʛʽʣʽ ʙʽʨ ʢᴇʣʽʢ ץʳʟʤʝʪʪʝʨʽʥ 

ʢᴇʨʩʝʪʫ ʙʘסʘʩʳʥʳש ʤʠʥʠʤʘʣʜʳ ʰʝʢʪʝʨʽʥ ʙʝʣʛʽʣʝʫʽ ʢʝʨʝʢ. ʉʝʙʝʙʽ ʢᴇʣʽʢ ץʳʟʤʝʪʪʝʨʽʥʽש ʪװʨʽ 

ʤʝʥ ʢᴇʣʝʤʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʘʚʪʦʤʦʙʠʣʴ ʢʦʤʧʘʥʠʷʩʳ ʦʧʝʨʘʮʠʷʣʳײץ ץʥʥʳש ʝש ʪᴇʤʝʥ ʥʝʤʝʩʝ 

ʝש ʪᴇʤʝʥ ʝʢʝʥʽʥ ʙʽʣʫʽ ʢʝʨʝʢ. ʆʩʳʥʜʘʡ ʜײʨʳʩ ʝʩʝʧʪʝʫʣʝʨ ʥʝʛʽʟʽʥʜʝ ʢᴇʣʽʢ ʢʦʤʧʘʥʠʷʩʳ [22-

24] ʪʽʟʽʤʽʥʝʥ ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽ ʧʘʡʜʘʣʘʥʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʣʜʳʥ ʘʣʘ ʙʽʣʝʜʽ. 

 

ʊʘʣץʳʣʘʫ.  

ᴄʜʽʩʪʝʤʝ ʪײʪʳʥʫʰʳʣʘʨʜʳש ʪʘʧʩʨrʳʩrʥʘ ʙʘʡʣʘʥʳʩʪʳ ʘʚʪʦʢᴇʣʽʢʪʽ ʧʘʡʜʘʣʘʥʫ 

ʢᴇʣʝʤʜʝʨʽ ʤʝʥ ʤʝʨʟʽʤʜʝʨʽʥ ʞʦʩʧʘʨʣʘʫ. ɽʩʝʧʪʝʫ װʰʽʥ ʙʘʩʪʘʧץʳ ʜʝʨʝʢʪʝʨ: ʊʘʧʩʳʨʳʩ I ï

ʪװʨʽʥʽש ʢᴇʣʝʤʽ k, ʠʥʜʝʢʩ I = 1,2,4 ʢʝʟʽʥʜʝ R ï Grisk (ʪ) ʦʙʣʳʩ ʘʫʜʘʥʳʥʜʘסʳ s ʪװʨʽʥʽש 

ᴇʪʽʥʽʤʜʝʨʽ; ײʟʘץʪʳסʳ ï I = 1,2,4 ʢʝʟʽʥʜʝ Drisk (ʪᴅʫ); h ï Griskh ʪײʪʳʥʫʰʳʣʘʨʳ װʰʽʥ 

ʘʚʪʦʢᴇʣʽʢʪʽ ʧʘʡʜʘʣʘʥʫ ʢᴇʣʝʤʽ ʞᴅʥʝ I=3,5 ʢʝʟʽʥʜʝ Driskh (ʪᴅʫ) ʘʚʪʦʢᴇʣʽʛʽʥ ʧʘʡʜʘʣʘʥʫʜʳש ʦש 

ʞʘץʪʘʨʳ; ʘʚʪʦʢᴇʣʽʢʪʽ ʧʘʡʜʘʣʘʥʫʜʳש ʢװʥʪʽʟʙʝʣʽʢ ʢװʥʽ - arisk. D ʦʥʢװʥʜʽʛʽʥʜʝ ʘʚʪʦʢᴇʣʽʢʪʽ 

ʧʘʡʜʘʣʘʥʫ ʢᴇʣʝʤʽ k ʞװʢ ʪװʨʽ ʙʦʡʳʥʰʘ ʤʳʥʘʜʘʡ ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ: 
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ʤײʥʜʘסʳ  S ï ᴇʪʽʥʽʤ ʪװʨʣʝʨʽ S=1,5; 

d - ʦʥʢװʥʜʽʢʪʝʛʽ ʘʚʪʦʢᴇʣʽʢʪʽ ʧʘʡʜʘʣʘʥʫ ʢװʥʜʝʨʽʥʽש ʩʘʥʳ. 

 

ɸʚʪʦʤʦʙʠʣʴʜʝʨʜʽץ שʘʞʝʪʪʽ ʩʘʥʳ ʦʥʢװʥʜʽʢ, ʞװʢ ʪװʨʣʝʨ̔ ʞᴅʥʝ ʘʚʪʦʤʦʙʠʣʴ ʪװʨʣʝʨʽ 

ʙᴇʣʽʥʽʩʽʥʜʝ ᴅʨʙʽʨ ʪʘʧʩʳʨʳʩ ʪװʨʽ ʙʦʡʳʥʰʘ ʞʝʢʝ ʘʥʳץʪʘʣʘʜʳ: 
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ʤײʥʜʘסʳ j =1,2,3 ïʘʚʪʦʢᴇʣʽʢ ʪװʨʣʝʨʽ ʠʥʜʝʢʩʽ;  

isjC  - s ʪװʨʽʥʜʝʛʽ ʪʘʧʩʳʨʳʩʪʳ ʦʨʳʥʜʘʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ j ʪʠʧʪʽ 

ʘʚʪʦʤʦʙʠʣʴʜʝʨ ʩʘʥʳ, %; 

isjV - ʦʨʪʘʰʘ ʪʝʭʥʠʢʘʣʳץ ʞʳʣʜʘʤʜʳץ, ʢʤ/ʩʘס.;  

kisjmisj tt ,  - ʪʠʝʫ ʞᴅʥʝ ʪװʩʽʨʫ ײʟʘץʪʳסʳ, ʩʘס.; 
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isjg - ʞװʢ ʢᴇʪʝʨʽʤʜʽʣʽʛʽ;  

isjisjisj agb  - ʞװʨʽʩʪʽ, ʞװʢ ʢᴇʪʝʨʛʽʰʪʽʢʪʽ ʞᴅʥʝ ʧʘʨʢʪʽ ʧʘʡʜʘʣʘʥʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ;  

risk

k

riskdrisd DGbG /10/ ä=  - r ʘʫʜʘʥʳʥʜʘ s ʪװʨʽʥʜʝʛʽ ʘʚʪʦʢᴇʣʽʢʪʽ ʧʘʡʜʘʣʘʥʫʜʳש 

ʦʨʪʘʰʘ ʪᴅʫʣʽʢʪʽʢ ʢᴇʣʝʤʽ, ʪ.  

ä ä=
k k

riskriskrisk

c

ris GGLL /

- r ʘʫʜʘʥʳʥʜʘסʳ s ʪװʨʽʥʜʝʛʽ ʘʚʪʦʢᴇʣʽʢ ʞװʨʽʩʽʥʽש ʦʨʪʘʰʘ 

ᴇʣʰʝʥʛʝʥ ץʘʰʳץʪʳסʳ, ʢʤ. 

ɽʩʝʧ ʘʡʳʨʳʩʫ ʞײʤʳʩʳʥʳש ʥᴅʪʠʞʝʣʝʨ̔ ʙʦʡʳʥʰʘ ʪʘʧʩʳʨʳʩʪʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ʢᴇʣʽʢ 

ʢʦʤʧʘʥʠʷʣʘʨʳʥʳש ʪʽʟʙʝʩʽ ʙʦʡʳʥʰʘ ʘʚʪʦʤʦʙʠʣʴ ʤʘʨʰʨʫʪʪʘʨʳʥʳש ʢʝʩʪʝʩʽ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ. ɸʚʪʦʢᴇʣʽʢʪʽ ʧʘʡʜʘʣʘʥʫ ʢʝʡʜʝ ʪʠʽʤʩʽʟ ʙʦʣʫʳ ʤװʤʢʽʥ, ʙײʣ ʞʘסʜʘʡʜʘ 

ʢʦʤʧʘʥʠʷʣʘʨסʘ ʞװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʞʝʢʝ ʢᴇʣʽʢʪʝʨʜʽ ʞʘʣסʘ ʘʣʫ ʪʠʽʤʜʽʨʝʢ 

ʙʦʣʘʜʳ. ʉʝʙʝʙʽ ʥʘʨʳץ ʪʘʣʘʧʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʢʝʣʽʩʽʤʰʘʨʪ ʙʦʡʳʥʰʘ ʪʘʧʩʳʨʳʩ 

çʫʘץʳʪʳʥʜʘè ʞᴅʥʝ ʥʘץʪʳ ʢᴇʣʝʤʜʝ ʦʨʳʥʜʘʣʫʳ ʢʝʨʝʢ. ʂᴇʣʽʢ ʞײʤʳʩʪʘʨʳʥ ʫʘץʪʳʣʳ 

ʦʨʳʥʜʘʤʘʫ ʢʣʠʝʥʪʪʽש ʥʝʛʽʟʛʽ ᴇʥʜʽʨʽʩʪʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʩʘץʪʘʤʘʫʳʥʘ ʥʝʤʝʩʝ ʙʘʩץʘ ʜʘ 

 ʘסʣײʰʽʥ ʘʡʳʧʧװ ʳʥʜʘʨסʰʳ ץʘʨʞʳʣʳץ ʣʢʝʥװ ʣײʤʢʽʥ, ʙװʘ ᴅʢʝʣʫʽ ʤסʜʘʡʣʘʨסʦʣʘʡʩʳʟ ʞʘץ

ᴅʢʝʣʫʽ ʤװʤʢʽʥ. ʉʦʥʜʳץʪʘʥ ʊʘʧʩʳʨʳʩ ʙʝʨʫʰʽ ʞʦʩʧʘʨʣʘסʘʥ ʢᴇʣʽʢ ײץʨʘʣʳ çʫʘץʳʪʳʥʜʘè ʞᴅʥʝ 

ʪʦʣʳץ ʢᴇʣʝʤʜʝ ʞʘʩʘʣʫʳ ʢʝʨʝʢ. ױʞʳʤʥʳש ʥʘʟʘʨʳʥ ʘʫʜʘʨʘʪʳʥ ʪʘסʳ ʙʽʨ ʤʘשʳʟʜʳ ʤʽʥʜʝʪ-

ʘʚʪʦʤʦʙʠʣʴ ʞװʛʽʨʽʩʽʥ ײʪrʤʜr ʧʘʡʜʘʣʘʥʫ. ʆʣ װʰʽʥ ʪװʩʽʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש 

ʤʝʭʘʥʠʟʤʜʝʨʽʥʽש ʩʘʥʳ ʞᴅʥʝ ʪʠʝʫ-ʪװʩʽʨʫ ʞײʤʳʩʪʘʨʳʥʳש ʪʠʽʤʜʽʣʽʛʽ ʤʘשʳʟʜʳ. ɽʛʝʨ 

ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʞײʤʳʩʪʘʨ ץʦʡʤʘʜʘ ʥʝʤʝʩʝ ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ 

ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʞʝʨʜʝ ײʡʳʤʜʘʩʪʳʨʳʣʩʘ, ʦʥʜʘ ץʘʪʳʩʫʰʳ ʤʘʰʠʥʘʣʘʨʜʳש ʞײʤʳʩʳʥ 

ʞʦʩʧʘʨʣʘʫ ʢʝʟʽʥʜʝ ʦʣʘʨʜʳש ʩʘʥʳ ʢʝʣʝʩʽʜʝʡ ʘʥʳץʪʘʣʘʜʳ. ɽʛʝʨ ʞװʢʪʝʨʜʽש ʙʘʨʣʳץ ʪװʨʣʝʨʽ 

ʙʘʨ ʚʘʛʦʥʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʚʘʛʦʥʜʘʨ ʙʽʨ ʞʝʨʜʝ ʪװʩʽʨʽʣʩʝ, ʦʥʜʘ ʢᴇʣʽʢ 

ʢᴅʩʽʧʦʨʥʳʥʳש ʞʘʫʘʧʪʳ ʤʘʤʘʥʜʘʨʳ ʦʩʳ ʞʝʨʛʝ ʞװʛʽ ʙʘʨ ʢʝʣʛʝʥ ʤʘʰʠʥʘʣʘʨʜʳ ץʘʙʳʣʜʘʫסʘ, 

ʩʦʥʜʘʡ-ʘץ ʤʘʰʠʥʘʥʳש ʤʘʨʢʘʩʳ ʙʦʡʳʥʰʘ ʪװʩʽʨʫ ʤװʤʢʽʥʜʽʛʽʥ ʘʥʳץʪʘʫסʘ ʤʽʥʜʝʪʪʽ. ɹײʣ 

ʤᴅʩʝʣʝʥʽ ʰʝʰʫ װʰʽʥ ʢʝʣʝʩʽ ʪʝשʜʝʫ ץʦʣʜʘʥʳʣʘʜʳ: 
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- ʞװʢʪʽ ץʘʙʳʣʜʘʫ ʧʫʥʢʪʽʥʽש 

ʝʩʝʧʪʽʢ ʞײʤʳʩ ʫʘץʪrʳ, ʩʘסʘʪ; 
'

cM - ʞװʢʪʝʨʜʽ ץʘʙʳʣʜʘʫ ʧʫʥʢʪʽʥʽש ᴇʥʽʤʜʽʣʽʛʽ;  

rcjN  - ʘʚʪʦʢᴇʣʽʢʪʝʨʜʝʥ ʞװʢʪʝʨ ʪװʩʽʨʫ ʤʝʭʘʥʠʟʤʽʥʽש ʩʘʥʳ - j . 

ɹʝʣʛʽʣʽ ʙʽʨ ʪʘʧʩʳʨʳʩʪʳ ʦʨʳʥʜʘʫ װʰʽʥ, ʞʦʩʧʘʨʣʘʥסʘʥ ʘʚʪʦʤʦʙʠʣʴ ץʦʟסʘʣʳʩʳʥʳש 

ʢʝʩʪʝʩʽʥʝ, ץʘʙʳʣʜʘʫ ʧʫʥʢʪʽʥʽש ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʞװʢ ʢᴇʣʝʤʽʥ ʪװʩʽʨʫ ʩᴅʡʢʝʩ ʢʝʣʫʽ ʢʝʨʝʢ. 
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T ä=  ʥʜʝʣʽʢʪʽװʢ שʘʙʳʣʜʘʫ ʧʫʥʢʪʽʥʽץ -

ʞײʤʳʩ ʫʘץʳʪʳ, ʩʘסʘʪ. 

ʊʠʽʩʪʽ ʢᴇʣʝʤʽ ʤʝʥ ʞʝʪʢʽʟʫ ʤʝʨʟʽʤʽ ʙʘʨ ʥʘץʪʳ ʪʘʧʩʳʨʳʩʪʳ ʦʨʳʥʜʘʫ װʰʽʥ ץʘʞʝʪʪʽ 

ʘʚʪʦʤʦʙʠʣʴʜʝʨ ʩʘʥʳ, ʢʝʣʝʩʽ ʬʦʨʤʫʣʘʥʳ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ: 
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ʉײʨʘʥʳʩץʘ ʩᴅʡʢʝʩ ץʘʞʝʪʪʽ ʝʩʝʧʪʝʫ ʞײʤʳʩʪʘʨʳʥ ʦʨʳʥʜʘסʘʥʥʘʥ ʢʝʡʽʥ ʘʚʪʦʢᴇʣʽʢ 

ʢᴅʩʽʧʦʨʥʳ ʥʘץʪʳ ʪʘʧʩʳʨʳʩʪʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʥrʰʘ ʘʣʜʳʥ-ʘʣʘ ʢʽʨʽʩʪʽ ʘʥʳץʪʘʡʜʳ. ɹײʣ 

ʢʝʣʝʩʽ ʪʝשʜʝʫʤʝʥ ʝʩʝʧʪʝʣʝʜʽ. [25-28] 
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ʤײʥʜʘסʳ: W ï ʪʘʧʩʳʨʳʩ ʢᴇʣʝʤʽ; 

t - ʦʨʳʥʜʘʫ ʫʘץʳʪʳ; 

P - ʰʳסʳʥʜʘʨ ʩʦʤʘʩʳ. 

ɸʚʪʦʢᴇʣʽʢ ʢᴅʩʽʧʦʨʥʳʥʳש ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ ʰʳסʳʥʜʘʨʳʥʳש ʞʘʣʧʳ ʩʦʤʘʩʳ: 
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ᴆʥʜʽʨʽʩʪʽʢ ʐʊ ï ʪײʨʘץʪʳ ʞᴅʥʝ ʐʧʝʨ ï ʘʫʳʩʧʘʣʳ ʰʳסʳʥʜʘʨ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ, ʪ 

ʢʝʟʝשʽʥʜʝ ʘʚʪʦʢᴇʣʽʢʪʽ ʧʘʡʜʘʣʘʥʫ ʩʘʧʘʩʳ ᴇʟʛʝʨʤʝʡʜʽ. ɸʚʪʦʢᴇʣʽʢ ʧʘʨʢʽʥʽש ʥʝʤʝʩʝ 

ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʥʽש ʞײʤʳʩ ʽʩʪʝʫ ʪʠʽʤʜʽʣʽʛʽʥʽץ שʦʨʳʪʳʥʜʳ ʢᴇʨʩʝʪʢʽʰʽ: 
 

max­-= ɿʈʕ  ,                                                     (9)  
 

ʤײʥʜʘסʳ ʈ ï ʊ ʫʘץʳʪ ʢʝʟʝשʽʥʜʝʛʽ ᴇʥʜʽʨʽʩʪʽʢ-ʰʘʨʫʘʰʳʣʳץ ץʳʟʤʝʪ ʥᴅʪʠʞʝʣʝʨʽʥʽש 

 ;ʘʩʳסʙʘ ץʥʜʳײץ

ɿ - ʩʦʣ ʢʝʟʝשʜʝʛʽ ᴇʥʜʽʨʽʩʪʽʢ-ʰʘʨʫʘʰʳʣʳץ ץʳʟʤʝʪʢʝ ʘʨʥʘʣסʘʥ ʰʳסʳʥʜʘʨ. 

ʊ ï ʫʘץʳʪ ʢʝʟʝשʽʥʜʝ ʰʳסʳʥʜʘʨʜʳש ʪײʨʘץʪʳ ʙᴇʣʽʛʽ ʫʘץʳʪץʘ ʪᴅʫʝʣʜʽ ʝʤʝʩ ʞᴅʥʝ 

ʰʳסʳʥʜʘʨʜʳש ʪײʨʘץʪʳ ʙᴇʣʽʛʽʥʽש s ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʩʘʥʳ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ ʜʝʧ 

 ʞʘʣʧʳʣʘʤʘ ʢᴇʨʩʝʪʢʽʰʽ ʢʝʣʝʩʽ שʪʠʽʤʜʽʣʽʛʽʥʽ שʘʙʳʣʜʘʥʘʜʳ. ʆʩʳʣʘʡʰʘ, ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽץ

ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ: 
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  .ʦʨʳʪʳʥʜʳפ

ɸʚʪʦʢᴇʣʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʝʨʽʥ ʙʘʩץʘʨʫ ʞᴅʥʝ ʞʦʩʧʘʨʣʘʫ 

ʞװʡʝʩʽʥʽש ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ, ʤװʤʢʽʥʜʽʢʪʝʨʜʽ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʪײʞʳʨʳʤʜʘʤʘʥʳ 

ʥʝʛʽʟʜʝʫ ץʘʞʝʪ, ʩʦʥʳש ʽʰʽʥʜʝ: 

- ʢװʨʜʝʣʽ ʞװʡʝʣʝʨʜʽ ʪʘʣʜʘʫ, ʤʘʟʤײʥʳ ʞᴅʥʝ ʦʣʘʨʜʳש ᴇʥʜʽʨʽʩʪʽʢ ץʳʟʤʝʪ ʧʨʦʮʝʩʪʝʨʽʥ 

ʣʦʛʠʩʪʠʢʘʣʳײ ץʡʳʤʜʘʩʪʳʨʫ ʪʝʪʽʛʽʥ ʘʥʳץʪʘʫ; 

- ʤʘʪʝʨʠʘʣʜʳץ, ʘץʧʘʨʘʪʪʳץ ,ץʘʨʞʳʣʳץ ʘסʳʥʜʘʨʜʳ ʞᴅʥʝ ʩᴅʡʢʝʩʽʥʰʝ ʤʘʪʝʨʠʘʣʜʳץ 

 ᴇʟʘʨʘ שʢ ʠʝʣʝʨʽʥʽװʞ ץʳʥ, ʩʦʥʜʘʡ-ʘסʦʡʤʘ ʰʘʨʫʘʰʳʣʳץ ,ʦʨʣʘʨʳʥץ שʨʘʣʜʘʨʜʳײץ

ᴅʨʝʢʝʪʪʝʩʝʪʽʥ ʢᴇʣ̔ʢ ײץʨʘʣʜʘʨʳʥ ʙʽʨʪײʪʘʩ ʤʘʪʝʨʠʘʣ ʰʳסʘʨʘʪʳʥ ʞᴅʥʝ ᴇʟʽʥ-ᴇʟʽ 

 ʟʝʛʝ ʘʩʳʨʫ ʥʳʩʘʥʳװʡʝʣʝʨʽʥʜʝ ʞװʳʣʳ, ʦʥʳ ʢᴇʣʽʢ ʞץʡʝʛʝ ʙʽʨʽʢʪʽʨʫ ʘʨװʡʳʤʜʘʩʪʳʨʘʪʳʥ ʞײ

ʪʫʨʘʣʳ ʪײʞʳʨʳʤʜʘʤʘ ʜʘʡʳʥʜʘʫ. 
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MODELING THE EFFICIENCY OF THE ROAD TRANSPORT CHAIN 

MANAGEMENT SYSTEM  

 

Abstract. The purpose of the work is to improve the reliability of the management 

system of road transport logistics in order to carry out the transportation of goods from the 

manufacturer to the consumer at the exact time and without unnecessary costs. And to determine 

the way to increase the reliability of road transport logistics, economic and mathematical 

modeling can be used. As it is known that motor vehicles for cargo transportation are the main 

component of transport logistics, which means that the increase in operational efficiency depends 
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on the efficiency of the logistics system. For the efficiency and effectiveness of the management 

of the operation of vehicles and to analyze economic and mathematical modeling, it is necessary 

to determine a way to improve the sound management of logistics. 

 

Keywords. Improve, reliability of the control system, motor transport, logistics, 

modeling, operational efficiency. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʎɽʇʗʄʀ 

ɸɺʊʆʄʆɹʀʃʔʅʓʍ ʇɽʈɽɺʆɿʆʂ 

 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ ʚ ʮʝʣʷʭ ʚʳʧʦʣʥʝʥʠʷ  ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʪʦʚʘʨʘ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʜʦ ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʪʦʯʥʦʝ ʚʨʝʤʷ ʠ ʙʝʟ ʣʠʰʥʠʭ ʟʘʪʨʘʪ. ɸ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʧʦʩʦʙʘ ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʳ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʟʘ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʩʦʩʪʘʚʦʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ, ʟʥʘʯʠʪ, 

ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. ɼʣʷ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ 

ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʧʦʩʦʙ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʣʦʛʠʩʪʠʢʦʡ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, 

ʘʚʪʦʪʨʘʥʩʧʦʨʪ, ʣʦʛʠʩʪʠʢʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ɻ.ɼ. ʅסײʳʤʘʥʦʚʘ  

ʃʦʛʠʩʪʠʢʘ ʞᴅʥʝ ʢᴇʣʽʢ ʘʢʘʜʝʤʠʷʩʳ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ 

 ɽ- ʤail: nugymanova_gd@mail.ru 

 

ɸɺʊʆʄʆɹʀʃʔɼɽʈɼɯר ɾױʄʓʉʓʅ ɹɸʉפɸʈʋ ɾתʁɽʉɯ ʄʆɼɽʃɯʅɯר 

ʇɸʈɸʄɽʊʈʃɽʈɯ ʄɽʅ ɹɸʈɸɹɸʈʃʓנʓʅ ɸʅʓפʊɸʋ ᴄɼɯʉʊɽʄɽʉɯ  

 

ɸשʜʘʪʧʘ. ɸʚʪʦʢᴇʣʽʢʪʽ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥ ʙʘʩʳʥʘʥ ʘʷסʳʥʘ ʜʝʡʽʥ ʞʠʥʘʣסʘʥ 

ʪʽʟʙʝʢʪʝʨʤʝʥ ʞᴅʥʝ ʙʝʣʛʽʣʽ ʙʽʨ ʵʢʦʥʦʤʠʢʘʣʳץ ץʘʪʳʥʘʩʪʘʨʤʝʥ ʩʳʨʪץʳ ʙʘʡʣʘʥʳʩʳ ʞʦץ 

ʰʝשʙʝʨ ʜʝʧ ʘʪʘʫסʘ ʙʦʣʘʜʳ. ɸʚʪʦʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫʜʳץײ שʩʘʩ ʧʨʦʮʝʩʪʝʨʽʥʜʝ 

ʦʣʘʨʜʳ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש ʰʝשʙʝʨʽ ʨʝʪʽʥʜʝ ʙᴇʣʝʢ ץʘʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ. ʆʣ װʰʽʥ ʙʝʣʛʽʣʽ ʙʽʨ 

ʢʝʟʝשʜʝ ᴅʨʪװʨʣʽ ᴅʩʝʨʣʝʨʜʝʥ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʜʠʥʘʤʠʢʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʘʥʳץʪʘʫ ץʘʞʝʪ. 

ʅʘץʪʳ ʥᴅʪʠʞʝʣʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ, ʦʨʳʥʜʘʣסʘʥ ʪʘʧʩʳʨʳʩʪʘʨʜʳש ʩʘʧʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, 

ʙʝʣʛʽʣʽ ʙʽʨ ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘ ץʳʟʤʝʪʪʝʨʜʽש ʦʨʳʥʜʘʣסʘʥ ʞᴅʥʝ ʞʦʩʧʘʨʣʘʥסʘʥ ʢᴇʣʝʤʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʪʘʣʜʘʫ ʞװʨʛʽʟʫ ץʘʞʝʪ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɸʚʪʦʤʦʙʠʣʴ ʞײʤʳʩʳʥ ʙʘʩץʘʨʫ, ʘʚʪʦʢᴇʣʽʢ ʢᴅʩʽʧʦʨʥʳ, ʙʘʩץʘʨʫ 

ʞװʡʝʩʽ, ʣʦʛʠʩʪʠʢʘ, ʪʘʧʩʳʨʳʩʪʘʨʜʳ ʦʨʳʥʜʘʫ. 

 

ʂʽʨʽʩʧʝ.  

ʕʢʦʥʦʤʠʢʘʣʳץ ʧʨʦʮʝʩʩ ʢʝʟ ʢʝʣʛʝʥ ᴇʥʜʽʨʽʩ ʥʝʤʝʩʝ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʝʢʪʦʨʳʥʳש 

ʵʢʦʥʦʤʠʢʘʣʳץ ץʘʪʳʥʘʩʪʘʨʳʥʳש ᴇʟʛʝʨʫʽʥ ʙʽʣʜʽʨʝʜʽ. ʉʦʥʜʳץʪʘʥ ʘʚʪʦʢᴇʣʽʢʪʽ ʙʘʩץʘʨʫ 

ʞװʡʝʩʽʥ ʙʘʩʳʥʘʥ ʘʷסʳʥʘ ʜʝʡʽʥ ʪʽʟʙʝʢʪʝʨʤʝʥ ʞᴅʥʝ ʙʝʣʛʽʣʽ ʙʽʨ ʵʢʦʥʦʤʠʢʘʣʳץ 

 ʘ ʙʦʣʘʜʳ. ʆʩʳʥʜʘʡסʛʝʣʝʢ ʜʝʧ ʘʪʘʫשʜᴇ ץʳ ʙʘʡʣʘʥʳʩʳ ʞʦץʘʪʳʥʘʩʪʘʨʤʝʥ ʩʳʨʪץ

ʩʘʣʳʩʪʳʨʤʘʣʳ ʤʳʩʘʣʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʜʠʥʘʤʠʢʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨʜʽש ʵʢʦʥʦʤʠʢʘʣʳץ 

 שʥᴅʪʠʞʝʣʝʨʽʥʽ שʙʝʨʽʥʜʝ ʙʦʣʘʪʳʥ ʽʰʢʽ ʧʨʦʮʝʩʪʝʨʛʝ ᴅʩʝʨʽʥ ʞᴅʥʝ ʦʣʘʨʜʳשʘʪʳʥʘʩʪʘʨ ʰʝץ

ᴇʟʛʝʨʫʽʥ ʟʝʨʪʪʝʫʛʝ ʙʦʣʘʜʳ. ɸʚʪʦʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫʜʳץײ שʩʘʩ ʧʨʦʮʝʩʪʝʨʽʥʜʝ ʦʣʘʨ 

ʝʨʝʢʰʝʣʝʥʝʜʽ ʦʥʳ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽײץ שʨʳʣʳʤʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ., ʦʣʘʨסʘ ᴅʩʝʨ 

ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨʜʳש ʜʠʥʘʤʠʢʘʩʳʥ ʜʘ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ.  

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ᴅʜʽʩʪʝʨ.  

ʆʣ װʰʽʥ T - ʧʝʨʠʦʜ ʩʝʛʤʝʥʪʽʥʜʝʛʽ ᴅʨʪװʨʣʽ ᴅʩʝʨʣʝʨʜʝʥ t ʢʝʟʽʥʜʝ ʤʝʭʘʥʠʟʤʜʝʨ 

ʪʽʟʙʝʛʽʥʜʝʛʽ ʩʦʣ ʦʧʝʨʘʪʦʨ ʞװʡʝʩʽʥʽש ʜʠʥʘʤʠʢʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨʽʥ ʙʝʡʥʝʣʝʫ װʰʽʥ ʘʨʥʘʡʳ 

ʪʝשʜʝʫʣʝʨ ץʦʣʜʘʥʳʣʘʜʳ. 

ʆʩʳ ʢʝʩʢʽʥʥʽש ʥʝʛʽʟʽʥʜʝ ᴅʩʝʨ ʝʪʫʰʽ ʪʦʢʪʘʨʜʳש ᴅʩʝʨʽ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ 

ʘʨץʳʣʳ ʢᴇʨʩʝʪʽʣʝʜʽ, ʘʣ ʪʝשʜʝʫʣʝʨʜʽש ʩʘʥʜʳץ ʤᴅʥʜʝʨʽ ʘʡʳʨʤʘʰʳʣʳץʧʝʥ ʰʝʰʽʣʝʜʽ. 

ʄʳʩʘʣʳ, T-ʫʘץʳʪʳʥʜʘ L -ʜʝשʛʝʡʜʝʛʽ j-ʞװʡʝʩʽʥʽש ʽʨʽʢʪʝʫ ʤᴅʥʽ ʙʝʨʽʣʛʝʥ. ɸʣ L -ʜʝשʛʝʡʜʝʛʽ 

ʤᴅʥ, ʷסʥʠ t+1 ʢʝʟʽʥʜʝ ʪʘʧʩʳʨʳʩʪʳ ʦʨʳʥʜʘʫ װʰʽʥ ʘʚʪʦʢᴇʣʽʢʪʽ ʧʘʡʜʘʣʘʥʫ ץʘʙʳʣʜʘʥʜʳ, 

ʦʣʘʨʜʳש ʤᴅʥʽ INj ï ʢʽʨʽʩ ʞᴅʥʝ OUTj-ʘסʳʤʜʘʨʜʳש ʰʳסʳʩ ᴅʩʝʨʣʝʨʽ, ʦʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ 

ʙʦʣʘʪʳʥ ʘʡʳʨʤʘʰʳʣʳץ ʪᴇʤʝʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʝʩʝʧʪʝʣʝʜʽ [1-3]: 
 

                                            (1) 
 

ʤײʥʜʘסʳ ʊ ï ʝʩʝʧʪʝʫ ʫʘץʳʪʳ. 

ʂʝʟʝשʥʽש ʊ ï ʫʘץʳʪʳʥ ʝʩʝʧʪʝʫ ʥʝײסʨʣʳʤ ʘʟ ʙʦʣʩʘ, ʞײʤʳʩʪʳ ʝʩʝʧʪʝʫʜʝʥ ʘʣʳʥסʘʥ 

ʤᴅʥ ʩʦײסʨʣʳʤ ʞʦסʘʨʳ ʞᴅʥʝ ʜᴅʣ ʙʦʣʘʜʳ ʞᴅʥʝ ʜᴅʣ ʰʝʰʽʤ ץʘʙʳʣʜʘʫ ʳץʪʠʤʘʣʜʳסʳ ʞʦסʘʨʳ 

ʙʦʣʘʜʳ. ɹײʣ ʜʝʛʝʥʽʤʽʟ, ʦʨʳʥʜʘʣסʘʥ ʪʘʧʩʳʨʳʩʪʘʨʜʳש ʩʘʧʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʥʘץʪʳ 

ʥᴅʪʠʞʝʣʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ ʙʝʣʛʽʣʽ ʙʽʨ ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘ ʦʨʳʥʜʘʣסʘʥ ʞᴅʥʝ 

ʞʦʩʧʘʨʣʘʥסʘʥ ץʳʟʤʝʪʪʝʨ ʩʘʥʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʫʽ ʢʝʨʝʢ. 
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ɹʘʩץʘʨʫ ʞװʡʝʩʽʥʽש ʵʢʦʥʦʤʠʢʘʣʳץ-ʤʘʪʝʤʘʪʠʢʘʣʳץ ʢᴇʨʽʥʽʩʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ ᴅʜʽʩʪʝʤʝʩʽ 

ʪʘʧʩʳʨʳʩʪʘʨʜʳ ץʘʙʳʣʜʘʫ ʞᴅʥʝ ʦʨʳʥʜʘʫ ʧʨʦʮʝʩʪʝʨʽʥʝʥ ʙʘʩʪʘʣʘʜʳ. ʄʳʩʘʣʳ, ʪʘʧʩʳʨʳʩ 

ʪײʪʳʥʫʰʳʣʘʨʜʘʥ ʢʝʣʝʜʽ, ʘʣʳʥסʘʥ ʪʘʧʩʳʨʳʩ ʤʝʨʜʽʛʝʨʣʝʨʛʝ ʙʝʣʛʽʣʽ ʙʽʨ ʫʘץʳʪʪʘ ʙʝʨʽʣʝʜʽ, ʘʣ 

ʤʝʨʜʽʛʝʨʣʝʨ ץʘʞʝʪ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʙʘʩץʘ ʥײʩץʘʣʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʘʚʪʦʤʦʙʠʣʴʜʽש 

 ʟʝʛʝװʢᴇʣʝʤʽʥ ʞ ץʪʦʣʳ שʥʜʝʣʽʢʪʽ ʪʘʧʩʳʨʳʩʪʘʨʜʳװʜʘʡʜʳ. ʂשʨʽʥ ʪʘװʥʝʤʜʽ ʪװ ʦʣʘʡʣʳ ʞᴅʥʝץ

ʘʩʳʨʫ װʰʽʥ ʢʦʤʧʘʥʠʷ ʪʘʧʩʳʨʳʩʪʘʨʜʳש ʢᴇʣʝʤʽʥ ʘʣʜʳʥ-ʘʣʘ ʙʽʣʫʽ ʢʝʨʝʢ, ʙʽʨʘץ ʥʘʨʳץʪʘסʳ 

ʪʘʧʩʳʨʳʩʪʘʨʜʳש ʢᴇʣʝʤʽ ʦʣʘʨʜʳ ʘʣʜʳʥ-ʘʣʘ ʙʦʣʞʘʫסʘ ʞᴅʥʝ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ. 

ʉʦʥʜʳץʪʘʥ ʙʽʟ ʢᴅʩʽʧʦʨʳʥʥʳש ʪʘʧʩʳʨʳʩʳʥ ʦʨʪʘʰʘ ʤᴇʣʰʝʨʜʝ ץʘʙʳʣʜʘʫʳʤʳʟ ʢʝʨʝʢ. 

ʆʨʳʥʜʘʣʘʪʳʥ ʪʘʧʩʳʨʳʩʪʳ ʙʝʣʛʽʣʽ ʙʽʨ ʫʘץʳʪ ʢʝʟʝשʽʥʜʝ ʦʩʳʣʘʡʰʘ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ: 
 

mixVzTxX ititiitit ,1,)(1 =-+=+  ,                             (2) 
 

ʤײʥʜʘסʳ ʍit+1 ï ʫʘץʳʪ ʢʝʟʝשʽʥʜʝʛʽ ʪʘʧʩʳʨʳʩʪʘʨ ʢᴇʣʝʤʽʥʽש ᴇʟʛʝʨʫʽ;  

Vit ïʪʘʧʩʳʨʳʩ ʢᴇʣʝʤʽ; 

zi- ʪʘʧʩʳʨʳʩʪʘʨʜʳ ʦʨʳʥʜʘʫסʘ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʪʽʥ ʞʘסʜʘʡʣʘʨ; 

i- m ï ʪʘʧʩʳʨʳʩ ʪװʨʣʝʨʽʥʽש ʦʨʪʘʰʘ ʢᴇʣʝʤʽ. 

I ï ʪʘʧʩʳʨʳʩʪʳ ʦʨʳʥʜʘʫʜʳש ʦʨʪʘʰʘ ʥʘץʪʳ ʤװʤʢʽʥʜʽʛʽ i = 1, m, ʷסʥʠ m-ʤᴅʥʽ ʘʨץʳʣʳ 

ʘʥʳץʪʘʣʘʜʳ. 

ɹײʣ ʞװʡʝʜʝ ʘʥʜʘ-ʩʘʥʜʘ ʙʝʣʛʽʣʽ ʙʽʨ ʪʘʧʩʳʨʳʩʪʳ ʦʨʳʥʜʘʫʜʳ ץʠʳʥʜʘʪʘʪʳʥ ʞᴅʥʝ 

ʘʨʪʪʳʨʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʥʝʤʝʩʝ ʙʘʩץʘ ʞʘסʜʘʡʣʘʨ ʪʫʳʥʜʘʡʪʳʥʜʳץʪʘʥ, ʙײʣ ʪʝשʜʝʫ 

ʙʘʨʣʳץ ʞʘסʜʘʡʣʘʨʜʘ ʥʘץʪʳ ʥᴅʪʠʞʝ ʙʝʨʤʝʡʜʽ. ʉʦʥʳʤʝʥ, ʢʣʠʝʥʪʪʝʨʜʝʥ ʘʣʳʥסʘʥ 

ʪʘʧʩʳʨʳʩʪʘʨʜʳש ʩʘʥʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʢʝʣʝʩʽ ᴅʜʽʩʪʽ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ʆʣ װʰʽʥ ʙʽʟ ʢʝʣʝʩʽ 

ʪʝשʜʝʫʜʽ ץʦʣʜʘʥʘʤʳʟ: 
 

mixVTxX itititit ,1),( 322
1 =-+=+   ,                                (3) 

 

ʤײʥʜʘסʳ ʍit+1- ʢᴇʣʽʢ ץʳʟʤʝʪʪʝʨʽʥʝ ʪʘʧʩʳʨʳʩʪʘʨ ʘסʳʥʳ; 

ʭit ïʦʨʳʥʜʘʣʤʘסʘʥ ʢᴇʣʽʢ ץʳʟʤʝʪʪʝʨʽʥʽש ʘסʳʥʳ. 

ʅʘʨʳץʪʘסʳ ʢᴇʣʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʽʰʢʽ 

ʞᴅʥʝ ʩʳʨʪץʳ ᴇʟʛʝʨʽʩʪʝʨ ʤʝʥ ʘʨʥʘʡʳ ʜʠʥʘʤʠʢʘʣʳץ ʢᴇʟץʘʨʘʩ ʘʨץʳʣʳ ᴅʩʝʨ ʝʪʫ ʪײʨסʳʩʳʥʘʥ 

ʠʢʝʤʜʽʣʽʢ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʫʽ ʢʝʨʝʢ. [4-6] 

ʄʦʜʝʣʴʜʝʥʛʝʥ ʜʠʥʘʤʠʢʘʣʳץ ʙʝʡʥʝ װʟʜʽʢʩʽʟʜʽʢʧʝʥ, ײץʙʳʣʤʘʣʳʣʳץʧʝʥ, ʽʰʢʽ ʞᴅʥʝ 

ʩʳʨʪץʳ ᴇʟʛʝʨʽʩʪʝʨʤʝʥ ʞᴅʥʝ ʙʠʟʥʝʩ ᴅʩʝʨʣʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʢᴇʪʝʨʽʣʫʣʝʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ 

ʙʦʣʫʳ ʢʝʨʝʢ. ʉʦʥʜʘʡ-ʘץ, ʞװʡʝʥʽש ʽʰʢʽ ᴇʟʛʝʨʽʩʪʝʨ ʤʝʥ ʩʳʨʪץʳ ᴅʩʝʨʣʝʨʛʝ ʙʝʡʽʤʜʝʣʫʽʥ 

 ʘʥʜʘ, ᴅʨ ʢᴅʩʽʧʢʝʨʤʝʥ, ʢᴇʣʽʢ ʢʦʤʧʘʥʠʷʣʘʨʳʤʝʥ ʽʰʢʽץʘʰʘ ʘʡʪץʘʞʝʪ. ɹʘʩץ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ

ʞᴅʥʝ ʩʳʨʪץʳ ʦʨʪʘʥʳש ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʽʥʽש ʢᴇʤʝʛʽʤʝʥ װʥʝʤʽ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ. 

ʂᴇʣʽʢ ʢʦʤʧʘʥʠʷʣʘʨʳʥʜʘסʳ ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽש ʳʨסʘסʳ ʥʝײסʨʣʳʤ ʞʦסʘʨʳ ʙʦʣʩʘ, 

ʦʣʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʩʝʥʽʤʜʽʣʽʛʽ ʩʦײסʨʣʳʤ ʪᴇʤʝʥ ʙʦʣʘʜʳ. ʉʦʥʜʳץʪʘʥ 

ʢᴅʩʽʧʦʨʳʥ ʤʘʤʘʥʜʘʨʳ ʝש ʘʣʜʳʤʝʥ ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽש ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʳʥʘ ʥʘʟʘʨ 

ʘʫʜʘʨʫʳ ʢʝʨʝʢ. ɸʚʪʦʢᴇʣʽʢʪʝʨʜʽש ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʪʘʧʩʳʨʳʩ ʤʝʨʟʽʤʽ 

ʤʝʥ ʢᴇʣʝʤʽʥ, ʞʝʢʝ ʘʚʪʦʤʦʙʠʣʴʜʝʨ ʦʨʳʥʜʘʡʪʳʥ ʞײʤʳʩ ʢᴇʣʝʤʽʥ ʘʥʳץʪʘʧ, ʦʣʘʨʜʳ ʪײʪʘʩʪʘʡ 

ʪʘʣʜʘʫ ץʘʞʝʪ. ʆʣʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʢᴇʣʽʢ ʢʦʤʧʘʥʠʷʣʘʨʳʥʜʘ ʝʩʝʧʪʝʫ ʞװʨʛʽʟʽʣʫʽ ʤװʤʢʽʥ, ʷסʥʠ 

ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʪװʨʽ ʤʝʥ ײʟʳʥʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʦʨʳʥʜʘʣʘʪʳʥ ʞײʤʳʩʪʘʨʜʳש 

ʢᴇʣʝʤʽ ʝʩʝʧʪʝʣʝʜʽ ʞᴅʥʝ ʦʩʳ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʙʦʡʳʥʰʘ ʞʦʩʧʘʨʣʘʨ ʞʘʩʘʣʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʳ 

ʦʩʳ ʬʦʨʤʘʜʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪʝשʜʝʫʣʝʨʤʝʥ ײʩʳʥʫסʘ ʙʦʣʘʜʳ [7,8]: 
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ʤײʥʜʘסʳ - 
4321 ,,, itititit uuuu  - ʢᴇʣʽʢ ץʳʟʤʝʪʪʝʨʽʥ ʦʨʳʥʜʘʫסʘ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʫʽ ʤװʤʢʽʥ 

ʪʝʭʥʠʢʘʣʳײ ,ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ ,ץʘʨʞʳʣʳץ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʬʘʢʪʦʨʣʘʨ. 

r i ï ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥʽש ᴇʟʛʝʨʫʽʥ ʢᴇʨʩʝʪʝʜʽ 

ʉʦʥʜʘʡ-ʘץ, ᴅʨʪװʨʣʽ ʩʝʙʝʧʪʝʨʤʝʥ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʪʝʭʥʠʢʘʣʳײ ,ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ 

ʥʝʤʝʩʝ ʘʜʘʤʠ ʬʘʢʪʦʨʣʘʨʜʳ ʞᴅʥʝ ʪʘʧʩʳʨʳʩʪʘʨʜʳ ʫʘץʪʳʣʳ ץʘʙʳʣʜʘʤʘʫסʘ ʞᴅʥʝ ʞײʤʳʩ 

ʫʘץʳʪʳʥ ײʟʘʨʪʫסʘ ʙʘʡʣʘʥʳʩʪʳ ʘץʘʫʣʘʨʜʳ ʞʦʶ װʰʽʥ ʪᴇʤʝʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʪʝשʜʝʫʣʝʨ ʘʨץʳʣʳ ʝʩʝʧʪʝʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʝʜʽ. [9-12] 

ʆʩʳ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩʫʨʝʪʪʝʨʜʽש ʘʨץʘʩʳʥʜʘ ʞʝʪʢʽʟʽʣʽʤ ʪʽʟʙʝʛʽʥʜʝʛʽ ʪʘʧʩʳʨʳʩʪʘʨʜʳ 

ʦʨʳʥʜʘʫ ʫʘץʳʪʳ ʘʥʳץʪʘʣʘʜʳ: 
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ʤײʥʜʘסʳ 

5
itx
ï ʦʨʳʥʜʘʣסʘʥ ʢᴇʣʽʢ ʞײʤʳʩʪʘʨʳʥʳש ʥʝʤʝʩʝ ʢᴇʨʩʝʪʽʣʝʪʽʥ ץʳʟʤʝʪʪʝʨʜʽש 

ʘסʳʤʳ;  
6
itx

- ʪʘʩʳʤʘʣʜʘʥסʘʥ ʞװʢ ʢᴇʣʝʤʽ ʤʝʥ ʪʘʧʩʳʨʳʩ ʢᴇʣʝʤʽʥʽש ʘʡʳʨʤʘʰʳʣʳסʳ; 

D3 ï ʘʚʪʦʢᴇʣʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳץ שʘʙʽʣʝʪʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʪײʨʘץʪʳ ץʘʙʳʣʜʘʫ 

ʢᴇʨʩʝʪʢʽʰʽ;ʩʪʘʙʠʣ  
4
itx
ï ʪʘʧʩʳʨʳʩʪʘʨ ʘסʳʥʳ;  

6z - ʘץʧʘʨʘʪʪʳץ ʜʝʨʝʢʪʝʨʜʽ ʫʘץʪʳʣʳ ײʩʳʥʙʘʫ ʢᴇʨʩʝʪʢʽʰʽ. 

ɽʛʝʨ ʙʽʨʽʥʰʽ ʪʝשʜʝʫ (3) ʢᴅʩʽʧʦʨʳʥʥʳש ʘʣʳʥסʘʥ ʪʘʧʩʳʨʳʩʪʘʨʜʳ ץʘʙʳʣʜʘʫʜʳ ʥʝʤʝʩʝ 

 ʘʥסʘʙʳʣʜʘʥץ ʜʝʫשʛʝʡʜʽ ʢᴇʨʩʝʪʩʝ, ʦʥʜʘ (4) ʪʝשʞʘʪʪʘʤʘʥʳ ʜʘʡʳʥʜʘʫ ʢʝʟʽʥʜʝ ʜʝײץ ʘʞʝʪʪʽץ

ʪʘʧʩʳʨʳʩʪʘʨʜʳש ʥʘץʪʳ ʦʨʳʥʜʘʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ, ʷסʥʠ ʙʽʨʽʥʰʽʩʽ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʢʽʨʽʩ 

ʘסʳʥʳʥ, ʘʣ ʝʢʽʥʰʽʩʽ ï ʐʳסʳʩ ʘסʳʤʜʘʨʜʳש ʜʝשʛʝʡʽʥ ʙʽʣʜʽʨʝʜʽ. (5-6) ʪʝשʜʝʫʜʝ D3 - 

ʘסʳʤʜʘʨʜʳש ʞʘסʜʘʡʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʤʝʣʽ ʢᴇʨʩʝʪʢʽʰ ʝʤʝʩ, ʪײʨʘץʪʳ ᴇʣʰʝʫ, ʘʣ z - 

ʪʘʧʩʳʨʳʩʪʘʨʜʳש ʦʨʳʥʜʘʣʤʘʫʳʥʳש ʝש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʜʘʡ-ʘץ z-ᴅʨʙʽʨ 

ʘʚʪʦʢᴇʣʽʢ ʢᴅʩʽʧʦʨʥʳʥʳש ʤװʤʢʽʥʜʽʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʪײʨʘץʪʳ ʢᴇʨʩʝʪʢʽʰ. 

ʂʝʣʝʩʽ, ʷסʥʠ ʪᴇʤʝʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ (7) ʞᴅʥʝ (8) ʪʝשʜʝʫʣʝʨ ʢᴇʨʩʝʪʫʛʝ ʜʘʡʳʥʜʘʣסʘʥ 

ʞᴅʥʝ ʦʨʳʥʜʘʣʤʘסʘʥ ʂᴇʣʽʢ ץʳʟʤʝʪʪʝʨʽʥʽש ʘסʳʤʳʥ ʢᴇʨʩʝʪʝʜʽ ʞᴅʥʝ z-ʪʦʢʪʘʨʜʳש ʢʝʰʽʛʫʽʥ 

ʘʥʳץʪʘʡʜʳ: 
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ʤײʥʜʘסʳ 
8x  ïʫʘץʳʪ ʙʽʨʣʽʛʽʥʜʝ ʦʨʳʥʜʘʣסʘʥ ʪʘʧʩʳʨʳʩ ʢᴇʣʝʤʽ; 

7x - ʪʦʣʳץ ʢᴇʣʝʤʜʝ ʦʨʳʥʜʘʣסʘʥ ʪʘʧʩʳʨʳʩʪʘʨ ʘסʳʤʳ; 
9x - ʜʠʩʧʝʪʯʝʨ ץʘʙʳʣʜʘסʘʥ ʪʘʧʩʳʨʳʩʪʘʨ ʘסʳʥʳ; 

7z - ʢʝʩʪʝʜʝʥ ʪʘʧʩʳʨʳʩʪʘʨʜʳ ʦʨʳʥʜʘʫ ʤʝʨʟʽʤʽʥʽש ʢʝʰʽʛʫʽ. 

 

ʅᴅʪʠʞʝʣʝʨ.  
ʂᴇʣʽʢ ײץʨʘʣʜʘʨʳʥ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʜʝ ᴇʥʽʤʜʽʣʽʢ ᴇʥʜʽʨʽʣʝʪʽʥ ʢᴇʣʝʤʤʝʥ ʘʥʳץʪʘʣʘʜʳ 

ʞᴅʥʝ ʩʘʧʘ ʜʝשʛʝʡʽ ʙʦʡʳʥʰʘ ʙʘסʘʣʘʥʘʜʳ. ɹײʣ ʢᴇʨʩʝʪʢʽʰ ʪײʪʳʥʫʰʳʥʳש ʥʝʤʝʩʝ ץʦʡʤʘʥʳש 

ʤʝʢʝʥ-ʞʘʡʳ ʙʦʡʳʥʰʘ ʪʘʫʘʨʜʳ ʘʚʪʦʤʦʙʠʣʴʜʝʨʛʝ ʪʠʝʫʜʝʥ ʙʘʩʪʘʧ ʪװʩʽʨʫʛʝ ʜʝʡʽʥʛʽ 

 ʪʠʽʤʜʽ שʘʣʘʥʘʜʳ. ʂᴅʩʽʧʦʨʳʥʥʳסʰʘʨʪʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʘ שʘʥ ʪʘʧʩʳʨʳʩʪʘʨʜʳסʘʙʳʣʜʘʥץ
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ʞײʤʳʩʳ ʪʘʧʩʳʨʳʩʪʘʨʜʳ çʫʘץʳʪʳʣʳè ʞʝʪʢʽʟʫʛʝ ʞᴅʥʝ ʦʣʘʨʜʳש ʩʘʧʘʣʳ ʦʨʳʥʜʘʣʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ. ʊʘʧʩʳʨʳʩʪʘʨʜʳ ʦʨʳʥʜʘʫʜʘסʳ ʢʽʜʽʨʽʩʪʝʨ, ʜײʨʳʩ ʝʤʝʩ ʞʘʙʜʳץʪʘʨ ʞʝʪʢʽʟʫ 

ʪʽʟʙʝʛʽʥʜʝʛʽ ʪʘʫʘʨʣʘʨʜʳץ שʦʟסʘʣʫ ʞʳʣʜʘʤʜʳסʳʥʘ ʞᴅʥʝ ʙʝʣʛʽʣʽ ʙʽʨ ʢᴇʣʽʢ ʢʦʤʧʘʥʠʷʩʳʥʳש 

ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש ʩʝʥʽʤʜʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. [13,14] 

ʅʘʨʳץʪʳץ ʞʘסʜʘʡʣʘʨסʘ ʞᴅʥʝ ʢᴇʣʽʢ ʢʦʤʧʘʥʠʷʣʘʨʳʥʳש ʢʣʠʝʥʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʢʦʤʧʘʥʠʷʥʳש ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʞײʤʳʩ ʫʘץʳʪʳ ʙʽʨʜʝʡ ʙʦʣʤʘʡʜʳ. ʉʝʙʝʙʽ ʢʝʡʙʽʨ 

ʞʘסʜʘʡʣʘʨʜʘ ʢʦʤʧʘʥʠʷʥʳש ʘʚʪʦʤʦʙʠʣʴʜʝʨʛʝ ʪʘʧʩʳʨʳʩʪʘʨʳ ʙʽʨ ʩᴅʪʪʝ ᴇʟʛʝʨʫʽ ʤװʤʢʽʥ. ʆʩʳ 

ʪʠʽʤʜʽʣʽʢʢʝ ʙʘʡʣʘʥʳʩʪʳ ʤʘʰʠʥʘʥʳש ʪʠʽʤʜʽʣʽʛʽ ᴅʨʜʘʡʳʤ ʪᴇʤʝʥ ʙʦʣʘʜʳ. 

ʊײʪʘʩʪʘʡ ʘʣסʘʥʜʘ, 2000 ʞʳʣʜʘʨʜʘʥ ʙʘʩʪʘʧ ᴇʥʜʽʨʽʩʪʽʢ ʦʨʳʥʜʘʨ ʤʝʥ ʰʘʨʫʘʰʳʣʳץ 

ʪײʣסʘʣʘʨʜʳש ʪʠʽʤʜʽ ץʳʟʤʝʪʽ ʤʝʥ ʞײʤʳʩ ʽʩʪʝʫʽ ʦʩʳ ʪײʣסʘʣʘʨ ʧʘʡʜʘʣʘʥʘʪʳʥ ʘץʧʘʨʘʪʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʪᴅʫʝʣʜʽ ʙʦʣʘ ʙʘʩʪʘʜʳ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʙʘʩʳʥʜʘ ʳסשʘʡʣʳ ᴇʥʜʽʨʽʩ 

ʞװʡʝʩʽ ʦʨʥʘʪʳʣסʘʥ. ᴆʥʜʽʨʽʩʪʽ ʘץʧʘʨʘʪʪʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʙװʛʽʥʛʽ ʢװʥʽ ᴇʪʝ ʤʘשʳʟʜʳ 

ʬʘʢʪʦʨʣʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʡ, ץʘʞʝʪʪʽ ʪײʪʳʥʫ ʟʘʪʪʘʨʳʥʳש 

ʘʚʪʦʢᴇʣʽʢʪʝʨʽʥ ʜʘʡʳʥʜʘʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ץʦʡʤʘסʘ ʢʝʣʛʝʥʛʝ ʜʝʡʽʥ ʙʘʨʣʳץ 

ʧʨʦʮʝʩʪʝʨʜʽװ שʟʜʽʢʩʽʟ ʘץʧʘʨʘʪʪʳץ-ʪʝʭʥʦʣʦʛʠʷʣʳץ ʙʦʣʫʳ ץʘʞʝʪ. ʉʦסשʳ ʤᴅʣʽʤʝʪʪʝʨ 

ʙʦʡʳʥʰʘ, ɸפʐ ʇʝʥʪʘʛʦʥʳʥʳש ʘץʧʘʨʘʪʪʳץ ʞװʡʝʩʽ ʞʝʨ ʙʝʪʽʥʜʝʛʽ 2000-ʥʘʥ ʘʩʪʘʤ ᴅʩʢʝʨʠ 

ʥʳʩʘʥʜʘʨʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ, ʦʥʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʇʝʥʪʘʛʦʥ ʞʳʣ ʩʘʡʳʥ 130 

ʤʠʣʣʠʘʨʜ ʜʦʣʣʘʨ ץʘʨʘʞʘʪ ʙᴇʣʝʜʽ. ɸʣʘʡʜʘ, ʦʩʳ ʞװʡʝʥʽש ʘץʧʘʨʘʪʪʳץ ʜʝʨʝʢʪʝʨʽʥʽש ʢᴇʤʝʛʽʤʝʥ 

45 ʄʝʤʣʝʢʝʪʪʝ ʦʨʥʘʣʘʩץʘʥ ʦʙʲʝʢʪʽʣʝʨ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʙʘʨ [15,16]. ɹײʣ ʘץʧʘʨʘʪʪʳץ 

ʞװʡʝ CALS-ᴇʥʜʽʨʽʩ ʥʝʤʝʩʝ ʪʘʫʘʨʣʘʨ ץʘʞʝʪʪʽʣʽʛʽʥ ʧʘʡʜʘʣʘʥʘʜʳ ʞᴅʥʝ ʞʦʡʳʣסʘʥסʘ ʜʝʡʽʥ 

ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʘʨץʳʣʳ ʙʘʩץʘʨʘʜʳ ʞᴅʥʝ ʙʘʩץʘʨʘʜʳ. ʈʝʩʝʡʜʝ ʙײʣ CALS 

ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʽ ʦʩʳʣʘʡ ץʦʣʜʘʥʳʣʘʜʳ (1 ʩʫʨʝʪ). 

 

  
 

1 ʩʫʨʝʪ 1 ï CALS ʧʘʡʜʘʣʘʥʫ ʩʭʝʤʘʩʳ ï ʈʝʩʝʡʜʝʛʽ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨ 

 

ʊʘʣץʳʣʘʫ.  

ɽʛʝʨ ʙʝʣʛʽʣʽ ʙʽʨ ʢʦʤʧʘʥʠʷʣʘʨ ʥʝʤʝʩʝ ᴇʥʽʤ ᴇʥʜʽʨʫʰʽʣʝʨ ᴇʟ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʘ 

 שʟʳʣʫʳ ʞᴅʥʝ ᴇʥʽʤʜʽʣʽʢʪʽײʙ שʞʝʣʽʥʽ ץʩʳʥʩʘ, ʪʝʭʥʦʣʦʛʠʷʣʳײ ʳʥʳʥסʧʘʨʘʪ ʘץʟʜʽʢʩʽʟ ʘװ

ʩʝʙʝʧʩʽʟ ʪʦץʪʘʫ ʬʘʢʪʦʨʣʘʨʳ ʙʦʣʫʳ ʤװʤʢʽʥ. ʄʳʩʘʣʳ, ɸפʐ-ʪʘ ʘʚʪʦʤʦʙʠʣʴ ᴇʥʜʽʨʽʩʽʥʜʝ 

ʤײʥʜʘʡ ʜʝʨʝʢʪʝʨ ʙʘʡʣʘʥʳʩʳʥʳש ʙʦʣʤʘʫʳ ʞʳʣʳʥʘ 1 ʤʠʣʣʠʘʨʜ ʜʦʣʣʘʨ ʞʦסʘʣʪʫסʘ ᴅʢʝʣʝʜʽ. 

[17] 

ʕʢʦʥʦʤʠʢʘʣʳץ ʘʜʘʤʜʘʨ װʰʽʥ ʥʘʨʳץʪʳץ ʢʝשʽʩʪʽʢʪʝʛʽ װʣʢʝʥ ʜʠʥʘʤʠʢʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨ 

ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ ᴅʩʝʨ ʝʪʫ ʬʘʢʪʦʨʣʘʨʳʥ ʪʫʜʳʨʘʜʳ. ʅײʩץʘʫʣʳץʪʘ ʢᴇʨʩʝʪʽʣʛʝʥ 

ʠʤʠʪʘʮʠʷʣʳץ ʙʝʡʥʝʥʽש ʢᴇʤʝʛʽʤʝʥ ʢᴅʩʽʧʢʝʨʣʝʨʜʽש ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ ᴅʩʝʨ ʝʪʫ 

ʬʘʢʪʦʨʣʘʨʳʥʘ ʙʝʡʽʤʜʝʣʫʽʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ. ʉʝʙʝʙʽ ʥʘʨʳץץʘ ʩʳʨʪץʳ ᴅʩʝʨ ʽʰʢʽ 

ʬʘʢʪʦʨʣʘʨʜʳש ᴇʟʛʝʨʫʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ. ʉʦʥʜʳץʪʘʥ ʢʝʟ ʢʝʣʛʝʥ ʢᴅʩʽʧʦʨʳʥ ʥʝʤʝʩʝ ײʡʳʤ 

ʩʳʨʪץʳ ʬʘʢʪʦʨʣʘʨסʘ ʩᴅʡʢʝʩ ʽʰʢʽ ʬʘʢʪʦʨʣʘʨסʘ ᴇʟʛʝʨʽʩʪʝʨ ʝʥʛʽʟʫʽ ʢʝʨʝʢ. ʄײʥʜʘʡ ʞװʡʝʣʝʨʜʽש 

ʪʠʽʤʜʽ ʞײʤʳʩ ʽʩʪʝʫʽ ʦʣʘʨʜʳש ʘץʧʘʨʘʪʪʳץ ʘסʳʥʜʘʨʜʳ ץʘʙʳʣʜʘʫʳʥʘ, ʦʣʘʨʜʳ ʽʩʢʝ ʘʩʳʨʫʳʥʘ 
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ʞᴅʥʝ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʪʘʣʘʧʪʘʨʜʘʥ ʪʫʳʥʜʘʡʪʳʥ ʢʝʨʽ ʙʘʡʣʘʥʳʩץʘ ʙʘʡʣʘʥʳʩʪʳ. ɹװʛʽʥʛʽ ʪʘשʜʘ 

ʙײʣ ʞװʡʝʥʽ ʞʝʢʝ ץʘʨʘʩʪʳʨʫʤʝʥ ʙʽʨʜʝʡ ʪʝʭʥʠʢʘʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʞʽʢʪʝʫʜʽש 

ʢʠʙʝʨʥʝʪʠʢʘʣʳץ ᴅʜʽʩʽ ʜʝʧ ʘʪʘʫסʘ ʙʦʣʘʜʳ. [18] 

ʆʩʳʣʘʡʰʘ, ʙײʣ ʢʠʙʝʨʥʝʪʠʢʘʣʳץ ᴅʜʽʩʪʽ ᴇʥʜʽʨʫʰʽʣʝʨ ʤʝʥ ʦʣʘʨʜʳש ʪײʪʳʥʫʰʳʣʘʨʳ 

ʘʨʘʩʳʥʜʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ. ɾʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʪʦʧʪʘʨ ᴇʟʘʨʘ ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʤʘʪʝʨʠʘʣʜʳץ 

ʘסʳʥʜʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ (2 ʩʫʨʝʪ). 

                                                                               ʋ1 

 

 

 

 

 

                                                            

                                                                                                                                                                   ʫ2 

 

 

ʤϰʥʜʘϤʳ  x1, x2 - ʪʘʫʘʨ ʘϤʳʥʳʥʳϬ ʢʽʨʽʩʽ ʤʝʥ ʰʳϤʳʩʳ; ʫ1, ʫ2 - ʤʘʪʝʨʠʘʣ ʘϤʳʥʳʥʳϬ ʢʽʨʽʩʽ ʤʝʥ ʰʳϤʳʩʳ; z1, z2 ï

ʘϨʧʘʨʘʪ ʘϤʳʥʳʥʳϬ ʢʽʨʽʩʽ ʤʝʥ ʰʳϤʳʩʳ. 

 

2 ʩʫʨʝʪ ï ᴆʥʜʽʨʽʩ ʩʘʣʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʘʨʜʳש  ʛʨʘʬʦ-ʤʦʜʝʣʴʜʽʢ ʞװʡʝʩʽʥʽש ʩʭʝʤʘʩʳ 

 

  .ʦʨʳʪʳʥʜʳפ

ʂᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʪᴅʫʝʣʩʽʟ ʜʘʤʫʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʤװʤʢʽʥʜʽʢʪʝʨʽ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש 

ᴇʟʛʝʨʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ, ʦʩʳ ᴅʩʝʨʣʝʨʛʝ ʩᴅʡʢʝʩ ʽʰʢʽ ʙʘʩץʘʨʫ, ײץʨʳʣʳʤʜʳץ ʞᴅʥʝ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪʝʪʽʢʪʝʨʜʽש ʙʝʡʽʤʜʝʣʫʽ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɾײʤʳʩ ʽʩʪʝʡʪʽʥ ײʡʳʤʜʘʨ װʰʽʥ 

ʥʘʨʳץ ʞʘסʜʘʡʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʩʘʷʩʠ-ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ ʞʘסʜʘʡʣʘʨʜʳ ʪʘʣʜʘʫ 

 ʘʙʽʣʝʪʪʽʣʽʢʢʝץ ʡʳʤʜʳ ʟʝʨʪʪʝʫʛʝ, ʙᴅʩʝʢʝʣʝʩʪʽʢײ ʡʝʣʽʢװʤʳʩʪʘʨ ʤʝʥ ʞײʳʣʳʤʠ ʥʝʛʽʟʜʝʣʛʝʥ ʞס

ʙʘʡʣʘʥʳʩʪʳ. 
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METHODOLOGY FOR DETERMINING THE PARAMETERS AND ADEQUACY OF 

THE MODEL OF THE CAR OPERATION MANAGEMENT SYSTEM  
 

Abstract. The car control system can be called a circle that has no external connection 

with chains assembled from beginning to end and certain economic relations. In similar 

processes of operation of motor vehicles, they can be considered separately as a framework of 

the control system. To do this, it is necessary to identify the dynamic changes that occur at a 

certain stage from different influences. To obtain specific results, it is necessary to conduct an 

analysis based on the quality of completed orders, depending on the volume of services 

performed and planned for a certain period of time. 
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ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʦʪʥʦʰʝʥʠʷʤʠ. ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʜʝʣʴʥʦ ʢʘʢ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʵʪʘʧʝ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʥʳʭ ʟʘʢʘʟʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʳʧʦʣʥʝʥʥʦʛʦ ʠ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʤʘ ʫʩʣʫʛ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʋʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʦʡ ʘʚʪʦʤʦʙʠʣʷ, ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʝ 

ʧʨʝʜʧʨʠʷʪʠʝ, cʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʣʦʛʠʩʪʠʢʘ, ʚʳʧʦʣʥʝʥʠʝ ʟʘʢʘʟʦʚ. 
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ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʛʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʪʘʭʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ. 

ʈʘʟʨʘʙʦʪʘʥʦ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʝʛʦ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʜʦʣʞʥʳ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 12 ʨʘʟʨʷʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʴʰʝ 0,5% ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 2500 ʨʘʜ/c. 

ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥ ʠ ʧʨʠʚʝʜʝʥ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʜʘʪʯʠʢ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʦʜʝʣʴ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʶʪ ʠʭ 

ʨʘʙʦʪʫ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʢʘʥʘʣʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩ ʥʦʨʤʠʨʦʚʘʥʥʳʤʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʈʘʟʛʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ 

ʧʨʝʦʙʨʘʚʟʦʚʘʪʝʣʴ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʪʘʭʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

 

ɺʚʝʜʝʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʠʞʝʥʠʷʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 
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ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʦʵʪʦʤʫ 

ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʨʦʪʦʨʦʚ ʕʄʇ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʝʨʝʤʦʪʢʠ ʣʠʩʪʦʚ ʤʝʪʘʣʣʘ, ʙʫʤʘʛ, ʥʠʪʝʡ, ʨʘʟʥʳʭ ʧʣʝʥʦʢ ʠ ʪ.ʜ. 
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʟʣʠʯʥʭr ʤʝʪʦʜʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʠʩʪʦʯʥʠʢʘʭ (1-5). ʕʪʦ 

ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʦʧʪʠʯʝʩʢʠʝ ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ, ʪʘʢ ʠ ʤʝʪʦʜʳ 

ʦʩʥʦʚʳʚʘʶʱʠʝʩʷ ʥʘ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥɻʢʦʜʝʨʦʚ, ʥʦ ʛʣʘʚʥʳʤ ʠʭ 

ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ, ʪʦ ʯʪʦ ʫ ʥʠʭ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ 

ʨʘʙʦʪʳ ʧʨʠ ʨʘʟʛʦʥʝ ʠ ʪʦʨʤʦʞʝʥʠʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʘʩʪʦʪ 

ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʦʪ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠ 

ʫʧʨʘʚʣʝʥʠʠ ʠʭ ʨʘʟʛʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʩ 

ʧʨʝʜʣʘʛʘʝʤʳʤ ʤʦʜʫʣʷʪʦʨʦʤ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʧʦʟʚʦʣʷʶʪ 

ʨʝʰʠʪʴ ʥʘʫʯʥʫʶ ʟʘʜʘʯʫ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʫʛʣʘ 

ʧʦʚʦʨʦʪʘ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʚ 2 - 3 ʨʘʟʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʛʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʨʷʜʦʚ ɸʎʇ. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʮʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʪʘʭʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʊʇ), ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ (ʀʂ) ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʊʇ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. 

ʄʦʜʝʣʴ ʪʘʭʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʊʘʭʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʊʇ) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʘʣ-1 (ʨʠʩ-1), ʥʘ ʢʦʪʦʨʳʡ 

ʥʘʩʘʞʝʥ ʤʦʜʫʣʷʪʦʨ-2. ʄʦʜʫʣʷʪʦʨ ʠʤʝʝʪ ʚʠʜ ʜʠʩʢʘ ʩ ʯʝʨʝʜʫʶʱʠʤʠ ʧʨʦʟʨʘʯʥʳʤʠ ʠ 

ʥʝʧʨʦʟʨʘʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʨʘʚʥʦʡ ʫʛʣʦʚʦʡ ʰʠʨʠʥʳ. ɿʘ ʤʦʜʫʣʷʪʦʨʦʤ, ʩʦ ʩʪʦʨʦʥʳ ʚʘʣʘ, 

ʨʘʩʧʦʣʦʞʝʥʘ ʜʠʘʬʨʘʛʤʘ-3, ʧʦ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʬʦʪʦʜʠʦʜʘ-4, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʧʘʨʳ ʬʦʪʦʜʠʦʜ-ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ. ʕʣʝʤʝʥʪʳ 

ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʠ ʜʨʫʛʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʊʇ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʣʘʪʝ-5. ʀʩʪʦʯʥʠʢ 

ʩʚʝʪʘ-6 ʩ ʢʦʥʜʝʥʩʦʨʥʦʡ ʣʠʥʟʦʡ ʦʩʚʝʱʘʝʪ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʩʣʦʡ ʬʦʪʦʜʠʦʜʦʚ ʯʝʨʝʟ 

ʧʝʨʝʢʨʝʩʪʦʢ ʤʦʜʫʣʷʪʦʨʘ ʠ ʜʠʘʬʨʘʛʤʳ (ʥʘ ʨʠʩ-1 ʧʨʠʚʝʜʝʥ ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ). ɼʠʘʬʨʘʛʤʘ 

ʠʤʝʝʪ ʚʠʜ ʧʣʘʩʪʠʥʳ ʩ ʜʚʫʤʷ ʦʪʚʝʨʩʪʠʷʤʠ-7, ʩʜʚʠʥʫʪʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘ ʫʛʦʣ, ʨʘʚʥʳʡ 

1,5a  ʫʛʣʦʚʦʡ ʰʠʨʠʥʳ ʵʣʝʤʝʥʪʦʚ ʤʦʜʫʣʷʪʦʨʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʮʝʥʪʨʘ, ʢʦʥʬʠʛʫʨʘʮʠʷ 
ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʜʠʫʩʘʤʠ ʤʦʜʫʣʷʪʦʨʘ ʠ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʤʠ ʮʝʧʷʤʠ, ʨʘʜʠʫʩʘʤʠ R1 

ʠ R2, ʮʝʥʪʨ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʤʦʜʫʣʷʪʦʨʘ. ʋʛʣʦʚʘʷ ʰʠʨʠʥʘ ʦʪʚʝʨʩʪʠʡ 

ʜʠʘʬʨʘʛʤʳ ʨʘʚʥʘ ʫʛʣʦʚʦʡ ʰʠʨʠʥʝ ʧʨʦʟʨʘʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʜʫʣʷʪʦʨʘ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʚʘʣʘ 

ʚʨʘʱʘʝʪʩʷ ʠ ʤʦʜʫʣʷʪʦʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʟʨʘʯʥʳʝ ʠ ʥʝʧʨʦʟʨʘʯʥʳʝ ʵʣʝʤʝʥʪʳ 

ʤʦʜʫʣʷʪʦʨʘ ʧʝʨʝʢʨʳʚʘʶʪ ʦʪʚʝʨʩʪʠʷ ʜʠʘʬʨʘʛʤʳ. 

ʇʨʠ ʧʦʚʦʨʦʪʝ ʚ ʚʳʰʝʫʢʘʟʘʥʥʫʶ ʬʦʨʤʫ ʦʪʚʝʨʩʪʠʡ ʜʠʘʬʨʘʛʤʳ ʧʣʦʱʘʜʴ 

ʟʘʰʪʨʠʭʦʚʘʥʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʩʣʦʡ ʬʦʪʦʜʠʦʜʘ ʩʚʝʪʦʚʦʛʦ 

ʬʦʪʦʜʠʦʜʘ, ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʚʘʣʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ: 
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ʛʜʝ j- ʪʝʢʫʱʠʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʟʘʜʥʝʛʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ ʢʨʘʷ ʧʨʦʟʨʘʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʤʦʜʫʣʷʪʦʨʘ, ʫʩʣʦʚʥʦ ʧʨʠʥʷʪʦʛʦ ʟʘ ʧʝʨʚʳʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʜʥʝʛʦ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ ʢʨʘʷ ʧʝʨʚʦʛʦ ʦʪʚʝʨʩʪʠʷ ʜʠʘʬʨʘʛʤʳ; 
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R1, R2 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʠʡ ʠ ʤʝʥʴʰʠʡ ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ 

ʦʪʚʝʨʩʪʠʝ ʜʠʘʬʨʘʛʤʳ. 

 
ʈʠʩʫʥʦʢ 1 - ʂʦʥʩʪʨʫʢʮʠʷ ʊʇ ʠ ʤʦʜʫʣʷʪʦʨʘ, ʥʘʩʘʞʝʥʥʦʛʦ ʥʘ ʚʘʣ ʕʄʇ 

 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʱʘʜʠ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʦʩʚʝʱʘʝʤʦʛʦ ʬʦʪʦʜʠʦʜʘ ʠʤʝʝʪ ʚʠʜ: 

 
2

ɿɿ0Iʌ rSRISU = ,                                                            (2) 

 

ʛʜʝ r - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʜʦ ʦʩʚʝʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ;  

 S - ʦʙʣʫʯʘʝʤʘʷ ʧʣʦʱʘʜʴ;  

 SI0 - ʠʥʪʝʛʨʘʣʴʥʘʷ ʪʦʢʦʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʜʠʦʜʘ ʧʨʠ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʤ 

ʦʙʣʫʯʝʥʠʠ; 

Rʟʟ ï ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ; 

 I - ʩʠʣʘ ʩʚʝʪʘ. 

ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʬʦʪʦʧʨʠʝʤʥʠʢʘ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʚʳʨʘʞʝʥʠʷ (2), ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʣʦʱʘʜʠ ʦʪʚʝʨʩʪʠʷ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʩʚʝʪ ʧʦʧʘʜʘʝʪ ʥʘ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʩʣʦʡ ʬʦʪʦʜʠʦʜʘ. ʇʦʜʩʪʘʚʠʚ (1) ʚ (2) ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ, 

ʩʚʷʟʳʚʘʶʱʝʝ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʝʨʚʦʛʦ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʩ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ b: 
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U
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2

1

2

2

2

1

2ɿɿIO

2

2

2

1

2ɿɿIO

1ʌ

               (3) 
 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤ, ʝʛʦ 

ʯʘʩʪʦʪʘ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʝʤʦʚ ʤʦʜʫʣʷʪʦʨʘ ʥʘ ʫʩʪʘʥʦʚʠʚʰʫʶʩʷ ʯʘʩʪʦʪʫ 

ʚʨʘʱʝʥʠʷ. ʇʦʵʪʦʤʫ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʣʠʥʝʡʥʳʭ 

ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʦʛʨʘʥʠʯʝʥʘ, ʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʧʝʨʚʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʯʘʩʪʦʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʢʫʱʝʛʦ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʦʧʠʩʘʥʥʦʛʦ ʊʇ ʥʝʚʦʟʤʦʞʥʦ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʳʤ ʷʚʣʷʝʪʩ̫ ʥʘʭʦʞʜʝʥʠʝ ʪʘʢʦʡ ʬʦʨʤʳ ʧʨʦʨʝʟʠ ʤʦʜʫʣʷʪʦʨʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʣʩʷ ʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ. ɿʘʜʘʯʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʝʤʘ ʤʦʜʫʣʷʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʪʘʢʦʡ ʝʝ ʬʦʨʤʳ, ʯʪʦʙʳ ʧʣʦʱʘʜʴ 
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ʦʪʚʝʨʩʪʠʷ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʩʚʝʪ ʧʦʧʘʜʘʝʪ ʥʘ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʩʣʦʡ ʬʦʪʦʧʨʠʝʤʥʠʢʘ, 

ʣʠʥʝʡʥʦ ʟʘʚʠʩʝʣʘ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʤʦʜʫʣʷʪʦʨʘ ʚ ʧʨʝʜʝʣʘʭ ʝʛʦ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ [1, 2]. 

ʈʘʩʩʤʦʪʨʠʤ ʨʠʩʫʥʦʢ 2, ʥʘ ʢʦʪʦʨʦʤ ʧʨʠʚʝʜʝʥ ʯʝʨʪʝʞ ʤʦʜʫʣʷʪʦʨʘ, ʩ ʚʳʧʦʣʥʝʥʥʦʡ ʚ 

ʥʝʤ ʧʨʦʨʝʟʴʶ. ʇʨʦʨʝʟʠ ʤʦʜʫʣʷʪʦʨʘ ʦʛʨʘʥʠʯʝʥʳ ʢʨʠʚʳʤʠ, ʫʨʘʚʥʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʧʦʣʷʨʥʳʭ 

ʢʦʦʨʜʠʥʘʪʘʭ, ʧʦʣʶʩ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʤʦʜʫʣʷʪʦʨʘ ʆ, ʠʤʝʶʪ ʚʠʜ: 

 

O1 R=r , )(yRO2 j+=r .                                                (4) 
 

 
 

ʈʠʩʫʥʦʢ 2 -  ʄʦʜʫʣʷʪʦʨ ʪʘʭʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

 

ʋʨʘʚʥʝʥʠʝ ʢʨʠʚʦʡ O1 R=r  ʝʩʪʴ ʫʨʘʚʥʝʥʠʝ ʢʨʫʛʘ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

ʀʩʭʦʜʷ ʠʟ ʪʝʭ ʞʝ ʫʩʣʦʚʠʡ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʜʠʘʬʨʘʛʤʳ ʦʛʨʘʥʠʯʝʥʘ ʜʚʫʤʷ ʣʫʯʘʤʠ, 

ʥʘʯʠʥʘʶʱʠʤʠʩʷ ʚ ʧʦʣʶʩʝ ʆ ʠ ʦʙʨʘʟʫʶʱʠʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʫʛʦʣ b. ʈʘʩʩʤʦʪʨʠʤ ʪʝʢʫʱʝʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʠʘʬʨʘʛʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʳ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʢʨʫʛʦʤ O1 R=r  ʠ ʣʠʥʠʝʡ 

. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ x ʦʢʥʘ ʜʠʘʬʨʘʛʤʳ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ: 
 

.                                                     (5) 
 

 ʛʜʝ  ABCDS , b - ʧʣʦʱʘʜʴ ʬʠʛʫʨʳ ABCD ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʝʢʫʱʝʤ ʠ ʢʦʥʝʯʥʦʤ 

ʧʦʣʦʞʝʥʠʠ (ʚ ʢʦʥʝʯʥʦʤ ʧʦʣʦʞʝʥʠʠ ʣʫʯ OA ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʷʨʥʦʡ ʦʩʴʶ). 

ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ )(yRO2 j+=r , ʢʦʪʦʨʦʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʠʥʝʡʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʠʨʦʩʪʘ xD  ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʦʢʥʘ 

ʜʠʘʬʨʘʛʤʳ x  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ jD : 
 

       jD=xD 0k ,                                                       (6) 
 

ʛʜʝ k0 - ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. 

ʅʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ )(y j  ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ 0)0(y = , 

h)2(y =p . 

ʇʣʦʱʘʜʴ ʬʠʛʫʨʳ ABCD ʥʘʡʜʝʤ ʩ ʧʦʤʦʱʴʶ ʜʚʦʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ: 
 

ñññ
b+j

j

jj+j=rjr=

0

0

d))(y)(yR2(
2

1
ddS 2

0

ABCD

ABCD .                    (7) 
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ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʤ ʧʣʦʱʘʜʴ ʬʠʛʫʨʳ A1B1C1D1: 
 

ñ
b+jD+j

jD+j

jj+j=

0

0

1111
d))(y)(yR2(

2

1
S 2

0DCBA .                           (8) 

 

ʇʨʠʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣʥʝʥʠ ̫ xD, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʛʣʫ jD , ʨʘʚʝʥ: 
 

                             
MAX

BCDADCBA

MAX S

SS

S

S
1111
-

=
D

=xD .                             (9) 

 

ʉ ʫʯʝʪʦʤ (5), (7), (8) ʧʦʣʫʯʠʤ: 
 

jD=jj+j-jj+j ññ
b+j

j

b+jD+j

jD+j

1
2

0
2

0 kd))(y)(yR2(d))(y)(yR2(

0

0

0

0

, (10) 

 

ʛʜʝ MAX01 Sk2k = . 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʩʦʦʪʥʦʰʝʥʠʝ (10) ʧʦ jD, ʪʦʛʜʘ:  
 

)(y)(yR2)(y)(yR2k 0
2

000
2

001 jD+j-jD+j-b+jD+j+b+jD+j= .        (11) 
 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʝ: 
 

    ;t0 =jD+j   )t(y)t(yR2)t(z 2
0 += .                    (12) 

 

ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ (11) ʧʨʠʤʝʪ ʚʠʜ: 
 

                      1k)t(z)t(z =-b+ .                                             (13) 
 

ʇʫʩʢʘʡ t=0, ʪʦʛʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʝʣʴʥʳʤʠ ʫʩʣʦʚʠʤ̫ʠ ʠ (12), ʠʤʝʝʤ z(0)=0 ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ (13) ï z(b)= k1. ʇʨʠ t=b, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ (12) ï  z(2b)=k1+z(b)=2 k1. 

ɸʥʘʣʦʛʠʯʥʦ, ʧʨʠʥʷʚ t=2b, ʧʦʣʫʯʠʤ z(3b)=3k1. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʟʥʘʯʝʥʠʡ ʘʨʛʫʤʝʥʪʦʚ 

b, 2b, 3b, ʷʚʣʷʶʱʠʭʩʷ ʯʣʝʥʘʤʠ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ, ʬʫʥʢʮʠʷ z(t) ʧʨʠʥʠʤʘʝʪ 

ʟʥʘʯʝʥʠʷ k1, 2k1, 3k1, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ ʘʨʠʬʤʝʪʠʯʝʩʢʫʶ ʧʨʦʛʨʝʩʩʠʶ. ʇʨʠʚʝʜʝʥʥʦʝ 

ʩʚʦʡʩʪʚʦ ʧʨʠʩʫʱʝ ʪʦʣʴʢʦ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ bat)t(z += . ʉ ʫʯʝʪʦʤ (6) ʠ (12), b=0, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, at)t(z = , ʪ.ʝ.: 

                 at)t(y)t(yR2 2
0 =+ .                                            (14) 

 

ʇʝʨʝʧʠʩʘʚ ʧʦʩʣʝʜʥʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʚʠʜʝ,tR)R)t(y( 2
0

2
0 a+=+  ʩ ʫʯʝʪʦʤ ʧʨʠʥʷʪʳʭ 

ʦʙʦʟʥʘʯʝʥʠʡ (13), ʧʦʣʫʯʠʤ ʠʩʢʦʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ: 
 

                        j+=jr aR)( 2
02 .                                            (15) 

 

ʉ (12) ʠ (14) ʠʤʝʝʤ z(t)=at, ʘ ʩ (13), ʩ ʫʯʝʪʦʤ z(t+b)=a(t+b), ʫʩʪʘʥʘʚʣʠʚʘʝʤ 

ʟʘʚʠʩʠʤʦʩʪʴ: 

                             MAX1 kS2ka ==b ,                                                 (16) 
 

ʛʜʝ )4(
4

ad)R)((
2

1
S 2

0

2

2

2
2MAX b-p

b
=j-jr= ñ

p

b-p

. 

ɼʣʷ ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ (ʣʫʯ ʆB ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʨ̫ʥʦʡ ʦʩʴʶ): 
 

             
4

ad)R)((
2

1
S

2

0

2
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2
20

b
=j-jr= ñ

b

,                                   (17) 
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ʦʪʢʫʜʘ ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʝ 0x: 

                   )4(SS MAX00 b-pb==x .                               (18) 
 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʢʥʘ ʜʠʘʬʨʘʛʤʳ ʠʟ ʠʩʭʦʜʥʦʛʦ ʚ ʢʦʥʝʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪ 

ʟʘʧʦʣʥʝʥʠʷ x ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ x0 ʜʦ 1, ʠʣʠ, ʯʪʦ ʪʦʞʝ ʩʘʤʦʝ, ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʫʛʣʫ ʧʦʚʦʨʦʪʘ. ʉʦʦʪʥʦʰʝʥʠʝ (15) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʯʝʚʠʜʥʦʤʫ ʫʩʣʦʚʠʶ 

02 R)0( =r , ʘ ʩ ʫʩʣʦʚʠ̫ hR)2( 02 +=pr , ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʝʱʝ ʦʜʥʦ ʩʦʦʪʥʦʰʝʥʠʝ 

p+= 2)hR2(ha 0 , ʧʦʟʚʦʣʷʶʱʝʝ ʚʳʙʨʘʪʴ ʯʠʩʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʫʨʘʚʥʝʥʠʷ (4) ï (18) ʤʳ ʤʦʞʝʤ 

ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʊʇ (3), ʢʦʪʦʨʦʝ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʛʣʫ ʧʦʚʦʨʦʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʤ ʧʦʩʪʨʦʠʪʴ ʚʳʩʦʢʦʪʦʯʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʢʘʥʘʣ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʢʘʢ ʚ ʩʪʘʪʠʯʝʩʢʦʤ, ʪʘʢ ʠ 

ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʕʄʇ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʝʛʦ ʨʘʟʛʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.   

ɼʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʤʦʜʫʣʷʪʦʨʘ ʠ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʥʫʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʥʘʣ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʝʪʩ ̫ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʵʪʦʡ ʩʪʘʪʴʠ. 

 

ʈʘʟʨʘʙʦʪʢʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʛʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʕʄʇ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪɹ  ʠʟʤʝʨʝʥʠʝ 

ʧʝʨʠʦʜʘ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʩʠʛʥʘʣʘ. ʀʟʤʝʥʷʷ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʊʇ ʧʦ ʫʛʣʫ 

ʧʦʚʦʨʦʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʨʷʝʤʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʤʦʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ. ʅʠʞʝ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʨʝʦʙʨʘʟʦʚrʚʘʪʴ ʢʨʫʪʠʟʥʫ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʊʇ ʩ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ 

ʚ ʯʘʩʪʦʪʫ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3, ʘ ʥʘ 

ʨʠʩ. 4 ï ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʠʭ ʨʘʙʦʪʳ. 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 
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ʈʠʩʫʥʦʢ 4 ï ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʀʂ ʩ ʯʘʩʪʦʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. 

ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʊʇ ʩ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ U2 ʠʤʝʝʪ ʧʠʣʦʦʙʨʘʟʥʳʡ 

ʚʠʜ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʜʥʝʛʦ ʬʨʦʥʪʘ ʥʘʧʨʷʞʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʨʠ , 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʚʦʡ ʰʠʨʠʥʦʡ ʧʨʦʨʝʟʠ ʜʠʘʬʨʘʛʤʳ b. ɺʝʣʠʯʠʥʘ ʫʛʣʘ b ʚʳʙʠʨʘʝʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘʜʥʠʡ ʬʨʦʥʪ ʪɻʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ 

ʠʟʤʝʨʝʥʠʷ ʤʦʜʫʣʷʪʦʨ ʩʣʫʯʘʡʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʬʨʘʛʤʳ, ʪʦ ʝʩʪʴ ʚʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʊʇ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʚʦʝʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ɺʥʝʰʥʠʡ ʠʤʧʫʣʴʩ ʟʘʧʫʩʢʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʣʦʛʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʀʃʀ D3 (ʨʠʩʫʥʦʢ 3), ʟʘʧʫʩʢʘʝʪ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ɸʎʇ) D2 ʠ 

ʩʙʨʘʩʳʚʘʝʪ ʩʯʝʪʯʠʢ ʠʤʧʫʣʴʩʦʚ D4. ʕʪʦʪ ʠʤʧʫʣʴʩ ʯʝʨʝʟ ʵʣʝʤʝʥʪ ʀʃʀ D6 ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʚʳʭʦʜ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʚʳʭʦʜʥʳʤ ʠʤʧʫʣʴʩʦʤ. ʇʦ 

ʦʢʦʥʯʘʥʠʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʚʳʭʦʜʝ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ RE ɸʎʇ 

ʧʦʷʚʣʷʝʪʩʷ ʠʤʧʫʣʴʩ, ʟʘ ʧʝʨʝʜʥʠʤ ʬʨʦʥʪʦʤ ʢʦʪʦʨʦʛʦ ʮʠʬʨʦʚʦʡ ʢʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʚʳʭʦʜʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʊʇ, ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʩʯʝʪʯʠʢ. ɼʘʣʝʝ ʮʠʬʨʦʚʦʡ ʢʦʜ ʧʦʜʘʝʪʩʷ ʥʘ 

ʚʭʦʜ ʮʠʬʨʦʘʥʘʣʦʛʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʎɸʇ), ʩ ʚʳʭʦʜʘ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʞʝʥʠʝ 
SU  

ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʩʫʤʤʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, ʥʘ ʚʪʦʨʦʡ ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʧʦʩʪʫʧʘʝʪ ʥʘʧʨʷʞʝʥʠʝ 

ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ɼʅ). ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ɼʅ ʧʨʝʚʳʰʘʝʪ 

ʤʠʥʠʤʘʣʴʥʦʝ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʊʇ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ ʚʝʣʠʯʠʥʫ ʦʜʥʦʛʦ ʜʠʩʢʨʝʪʘ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʎɸʇ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʠʟʤʝʨʝʥʠʷ 

ʥʘ ʚʳʭʦʜʝ ʢʦʤʧʘʨʘʪʦʨʘ ʙʳʣ ʫʨʦʚʝʥʴ ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ. ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʎɸʇ, 

ʢʦʪʦʨʦʝ ʩ ʧʦʤʦʱʴʶ ʩʫʤʤʘʪʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʥʘʧʨʷʞʝʥʠʷ ɼʅ, ʧʦʜʘʝʪʩʷ ʥʘ ʠʥʚʝʨʪʠʨʫʶʱʠʡ 

ʚʭʦʜ ʢʦʤʧʘʨʘʪʦʨʘ. ʕʪʦ ʥʘʧʨʷʞʝʥʠʝ (ʨʠʩʫʥʦʢ 4) ʚʳʛʣʷʜʠʪ ʧʳʣʝʚʠʜʥʦ ʠ ʢʚʘʥʪʦʚʘʥʦ ʧʦ 

ʫʨʦʚʥʶ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʚʘʣʘ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʊʇ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʷʤʦ 
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ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʛʣʫ ʧʦʚʦʨʦʪʘ. ʂʦʛʜʘ ʝʝ ʫʨʦʚʝʥʴ ʧʨʝʚʳʰʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʠʥʚʝʨʪʠʨʫʶʱʝʤ ʚʭʦʜʝ ʢʦʤʧʘʨʘʪʦʨʘ, ʥʘ ʚʳʭʦʜʝ ʧʦʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ ʠ 

ʮʠʬʨʦʚʦʡ ʢʦʜ ʩʯʝʪʯʠʢʘ ʠʤʧʫʣʴʩʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʝʜʠʥʠʮʫ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʥʚʝʨʪʠʨʫʶʱʝʤ ʚʭʦʜʝ ʢʦʤʧʘʨʘʪʦʨʘ ʥʘ ʚʝʣʠʯʠʥʫ ʦʜʥʦʛʦ 

ʜʠʩʢʨʝʪʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʎɸʇ, ʘ ʥʘ ʚʳʭʦʜʝ ʢʦʤʧʘʨʘʪʦʨʘ ʧʦʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ 

ʫʨʦʚʥʷ ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ. ʅʘ ʚʳʭʦʜʝ ʢʦʤʧʘʨʘʪʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠʤʧʫʣʴʩ, ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʢʦʪʦʨʦʛʦ: 
 

tI = tK01 + tC + tʎɸʇ + tK10,                                             (19) 
   

ʛʜʝ 01Kt  - ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʢʦʤʧʘʨʘʪʦʨʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ ʚ 

ʩʦʩʪʦʷʥʠʝ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ; 

tC - ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʯʝʪʯʠʢʘ; 

ʎɸʇt  - ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʎɸʇ ʧʨʝʚʳʩʠʪ ʚʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʥʘ ʥʘʧʨʷʞʝʥʠʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʢʦʤʧʘʨʘʪʦʨʘ; 

10ʂt  - ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʢʦʤʧʘʨʘʪʦʨʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ ʚ 

ʩʦʩʪʦʷʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ. 

ʇʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʮʠʢʣʠʯʝʩʢʠ ʠ ʥʘ ʚʳʭʦʜʝ ʢʦʤʧʘʨʘʪʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ, ʧʦʩʪʫʧʘʶʱʘʷ ʥʘ ʚʭʦʜ ʬʦʨʤʠʨʦʚʘʪʝʣ̫  F ʠʤʧʫʣʴʩʦʚ, 

ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪ ʚʳʭʦʜʥʳʝ ʠʤʧʫʣʴʩʳ, ʢʘʣʠʙʨʦʚʘʥʥʳʝ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ. 

ʊʘʢ ʢʘʢ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʛʣʫ ʧʦʚʦʨʦʪʘ, ʘ 

ʚʳʭʦʜʥʳʝ ʠʤʧʫʣʴʩʳ ʢʦʤʧʘʨʘʪʦʨʘ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʤʦʤʝʥʪʳ ʫʚʝʣʠʯʝʥʠʷ ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠ ̫

ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ ʦʜʥʦʛʦ ʢʚʘʥʪʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʎɸʇ, ʚʨʝʤʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʦʩʝʜʥʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʷʚʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʧʦʚʦʨʦʪʘ ʚʘʣʘ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʥʘ 

ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʫʛʦʣ. ʂʦʛʜʘ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚʘʣʘ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

]2,2[ pb-pÍj , ʥʘʧʨʷʞʝʥʠʝ UC ʩʪʘʥʦʚʠʪʩʷ ʫʨʦʚʥʶ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ UC ʨʘʚʥʘ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʠʷ ʟʘʜʥʝʛʦ ʬʨʦʥʪʘ ʥʘʧʨʷʞʝʥʠʷ U2. 

ɿʘ ʟʘʜʥʠʤ ʬʨʦʥʪʦʤ ʵʪʦʛʦ ʠʤʧʫʣʴʩʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʙʨʦʩ ʩʯʝʪʯʠʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʪʝʯʝʥʠʝ ʢʘʞʜʦʛʦ ʦʙʦʨʦʪʘ ʥʘ ʚʳʭʦʜʝ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʳʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʟʥʘʯʝʥʠʶ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʯʘʩʪʦʪʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ [3 - 5], ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʠʙʦʣʝʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʎɸʇ ʧʦ ʩʫʤʤʠʨʦʚʘʥʠʶ ʪʦʢʦʚ ʥʘʭʦʜʠʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ [3-12] 
 

Cʆʇʎɸʇ.ɿ.ɿ.ɿ.ʈ RURU =D ,                                          (20) 

 

ʛʜʝ ʆʇU  - ʦʧʦʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʎɸʇ;  

ʎɸʇ.ɿ.ɿR  - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʣʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʎɸʇ; 

CR  - ʪʦʢʦʟʘʜʘʶʱʠʡ ʨʝʟʠʩʪʦʨ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ. 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʊʇ ʨʘʚʝʥ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 
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ʂʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ 
Ik , ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʫʛʦʣ ʧʦʚʦʨʦʪʘ b-p2 , 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʊʇ 
2UD  ʢ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʎɸʇ .ɿ.ʈUD : 
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ʘ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ: 
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ʀʟ ʚʳʨʘʞʝʥʠʷ (23) ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʯʘʩʪʦʪʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʦʧʦʨʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʎɸʇ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʫʛʦʛʦ ʎɸʇ. ʊʦʛʜʘ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʮʠʬʨʦʚʳʤ ʢʦʜʦʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʎɸʇ 

ʜʦʧʫʩʢʘʶʪ ʠʟʤʝʥʝʥʠʝ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊʇ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʧʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʩ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʝɦʡ 

ʦʙʱʝʡ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʚʳʭʦʜʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʊʇ ʠ ʠʤʧʫʣʴʩʘʤʠ 

ʦʙʨʘʟʮʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚ [7, 8] 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʠ ʧʝʨʠʦʜʘ ʥʘ 

ʦʩʥʦʚʝ ʫʩʨʝʜʥʷʶʱʠʭ ʦʢʦʥ ɼʠʨʠʭʣʝ. ʄʠʥʠʤʘʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʕʄʇ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʣʫʯʘʡʥʳʭ ʧʦʤʝʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [7-16]: 
 

1n

MAX

4MIN   
26

1
-w

ep

w
=e ,                                            (24) 

 

ʛʜʝ 
MAXe  - ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʊʇ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʝʜʠʥʠʮʘʭ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ. 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʦʡ ʧʦʛʨʝh ʥʦʩʪʠ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʨʘʟʥʦʡ 

ʨʘʟʨʷʜʥʦʩʪʠ ɸʎʇ ʧʨʠ 1000MAX =e ʨʘʜ/ʩ2 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. ɿʥʘʯʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʠʦʜ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʢʘʢ ʤʠʥʠʤʫʤ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʧʝʨʠʦʜʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʊʇ. 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ʨʠʩʫʥʦʢ 5) 

ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʷ (24) ʧʨʠ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʨʘʟʥʳʭ  ʟʥʘʯʝʥʠʡ n 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʨʷʜʦʚ ɸʎʇ ʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʊʇ 1000 ʨʘʜ/ʩ2. 
 

 
 

ʈʠʩʫʥʦʢ 5. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 
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ʉ ʨʠʩʫʥʢʘ 5 ʚʠʜʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʛʨʝʰʥʦʩʪʴʶ ʢʚʘʥʪʦʚʘʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʊʇ. ʅʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ 12-ʪʠ ʨʘʟʨʷʜʥʦʛʦ ɸʎʇ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʝ ʠ ʥʘ ʥʠʟʢʠʭ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʷʭ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʴʰʝ 0,5% ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2 ʜʦ 2500 ʨʘʜ/c. ʊʘʢʦʡ ʪʦʯʥʦʩʪʠ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʛʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʭ ʯʘʩʪʦ 

ʚʨʘʱʝʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦʙʜʠʨʢʠ ʘʣʤʘʟʦʚ, ʧʝʨʝʤʦʪʢʠ ʣʠʩʪʦʚ ʤʝʪʘʣʣʘ, ʙʫʤʘʛ, ʥʠʪʝʡ, ʠ 

ʨʘʟʥʳʭ ʧʣʝʥʦʢ. 

 

ɿʘʢʣʶʯʝʥʠʝ. 

ʈʘʟʨʘʙʦʪʘʥʦ ʤʦʜʝʣʴ ʪʘʭʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʧʝʨʚʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʴʥʦʝ ʫʛʣʦʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚʘʣʘ ʕʄʇ. ʇʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʈʘʟʨʘʙʦʪʘʥʦ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩ ʪʘʭʦʤʝʪʨʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʠʟʢʦʡ, ʩʨʝʜʥʝʡ ʠʣʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,5% ʚ ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪ 2 ʜʦ 2500 ʨʘʜ/ʩ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 12-ʨʘʟʨʷʜʥʦʛʦ ɸʎʇ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɸʎʇ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʨʘʟʨʷʜʦʚ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʥʦ ʧʨʠʚʝʜʝʪ ʢ 

ʫʜʦʨʦʞʘʥʠʶ ʠ ʫʩʣʦʞʥʝʥʠʶ ʩʭʝʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ. 
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ʕʃɽʂʊʈʆʄɽʍɸʅʀʂɸʃʓפ ʊתʈʃɽʅɼɯʈɻɯʐʊɽʈɼɯת רɼɽʄɽʃɯ 

ʉʀʇɸʊʊɸʄɸʃɸʈʓʅ ɹɸʉפɸʈʋ תʐɯʅ ɹױʈʓʐʊʓפ ɾʓʃɼɸʄɼʓפʊʓ 

ᴆʃʐɽʋ ɸʈʅɸʉʓʅ ᴄɿɯʈʃɽʋ  

 

ɸשʜʘʪʧʘ. ʊʘʭʦʤʝʪʨʠʷʣʳץ ʪװʨʣʝʥʜʽʨʛʽʰʪʽ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ᴇʣʰʝʫ ʘʨʥʘʩʳʥʳש 

ʘʞʳʨʘʪʳʤʜʳʣʳסʳʥ ᴇʟʛʝʨʪʫ ʤװʤʢʽʥʜʽʛʽʥ ʽʩʢʝ ʘʩʳʨʫ ʘʨץʳʣʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ 

ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜʽװ שʜʝʤʝʣʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʙʘʩץʘʨʫ װʰʽʥ ʙײʨʳʰʪʳץ ʞʳʣʜʘʤʜʳץʪʳ 

ᴇʣʰʝʫ ʜᴅʣʜʽʛʽʥ ʘʨʪʪʳʨʫ ʤᴅʩʝʣʝʣʝʨʽ ʟʝʨʪʪʝʣʜʽ. ɹײʨʳʰʪʳץ ʞʳʣʜʘʤʜʳץʪʳ ᴇʣʰʝʫ ʘʨʥʘʩʳʥʳש 

ʩʭʝʤʘʩʳ ʞʘʩʘʣʜʳ ʞᴅʥʝ ʦʥʳ ᴇʣʰʝʫ ץʘʪʝʣʽʢʪʝʨʽ ʟʝʨʪʪʝʣʜʽ. 

ɹײʨʳʰʪʳץ ʞʳʣʜʘʤʜʳץʪʳ ᴇʣʰʝʫ ʘʨʥʘʩʳʥ ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ 

ʘʥʘʣʦʛʪʳץ-ʮʠʬʨʣʳץ ʪװʨʣʝʥʜʽʨʛʽʰʪʽש ʨʘʟʨʷʜʪʘʨʳʥʳש ʦשʪʘʡʣʳ ʩʘʥʳ ʢʝʤʽʥʜʝ 12 ʨʘʟʨʷʜʪʳ 
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 ʣ 0-ʜʝʥ 2500 ʨʘʜ/ʩ ʜʝʡʽʥʛʽ ʜʠʘʧʘʟʦʥʜʘ 0,5% - ʜʘʥ ʘʩʧʘʡʪʳʥײʪʘʣʜʳ, ʙץʨʘʡʪʳʥʳ ʘʥʳײץ

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʪʳ ᴇʣʰʝʫʛʝ ʤץʞʳʣʜʘʤʜʳ ץʨʳʰʪʳײʘʪʝʣʽʢʧʝʥ ʙץ

ʉʦʥʜʘʡ-ʘץ, ʞײʤʳʩʪʘ ʙײʨʳʰʪʳץ ʞʳʣʜʘʤʜʳץʪʳ ᴇʣʰʝʫ ʘʨʥʘʩʳʥʳײץ שʨʳʣʳʤʜʳץ 

ʩʭʝʤʘʩʳ, ʘʡʥʘʣʫ ʙײʨʳʰʳʥʳש ʩʝʥʩʦʨʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʞײʤʳʩʳʥ ʩʠʧʘʪʪʘʡʪʳʥ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ᴅʟʽʨʣʝʥʽʧ, ʢʝʣʪʽʨʽʣʛʝʥ, ʘʣʳʥסʘʥ ײץʨʳʣʳʤʜʘʨ ʤʝʥ ʤʦʜʝʣʴʜʝʨ 

ʥʝʛʽʟʽʥʜʝ ʥʦʨʤʘʣʘʥסʘʥ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʘʨ ʙײʨʳʰʪʳץ ʞʳʣʜʘʤʜʳץʪʳ 

ᴇʣʰʝʫ ʘʨʥʘʣʘʨʳʥ ʩʘʣʫסʘ ʙʦʣʘʜʳ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. תʜʝʤʝʣʽ ʩʠʧʘʪʪʘʤʘʣʘʨ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ ʪװʨʣʝʥʜʽʨʛʽʰ, 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ, ʪʘʭʦʤʝʪʨʠʷʣʳץ ʪװʨʣʝʥʜʝʨʛʽʰ, ʘʚʪʦʤʘʪʪʳ ʙʘʩץʘʨʫ ʞװʡʝʩʽ. 
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DEVELOPMENT OF AN ANGULAR VELOCITY MEASURING CHANNEL FOR 

CONTROLLING THE ACCELERATION CHARACTERISTICS OF 

ELECTROMECHANICAL CONVERTERS  

 

Abstract. The issues of increasing the accuracy of measuring angular velocities for 

controlling the acceleration characteristics of electromechanical converters due to the 

development of a tachometric converter and the possibility of changing the resolution of the 

measuring channel are investigated. The scheme of the angular velocity measurement channel is 

developed and the errors of its measurement are investigated. 

As a result of the performed studies of the angular velocity measuring channel, it was 

found that the optimal number of digits of the analog-to-digital converter should be at least 12 

digits, which makes it possible to measure angular velocity with an error of no more than 0.5% 

in the range from 0 to 2500 rad/s. 

The paper also develops and presents a block diagram of the angular velocity measuring 

channel, a rotation angle sensor and a mathematical model that describes their operation, based 

on the structures and models obtained, it is possible to build angular velocity measuring channels 

with standardized metrological characteristics. 

 

Keywords. Acceleration characteristics, electromechanical converter, mathematical 

model, tachometric converter, automatic control systems. 
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THE NEURAL NETWORK DEVELOPMENT AND TRAINING FOR RECOGNIZING 

THE STATE OF A DRIVER  

 

Abstract. The topic of automated road safety support for all road users, the involvement 

of modern tools and advanced technologies to solve these problems is becoming more and more 

popular every year and does not lose its relevance. It was made a review of the currently existing 

works in this area, which showed the main advantages and disadvantages of the developments. It 

is noted the necessity to create a Kazakhstani automated system for monitoring the driver's 

condition, which will be available to the general public. 

The purpose of this study is to develop a new model based on a neural network for 

recognizing the state of a person driving a car to identify a dangerous state of the driver. The 

paper deals with the following issues: the relevance of the study, the formalization of the 

recognition problem and the choice of neural network architecture, which most successfully 

solves the problem. Separate freeze frames extracted from the video sequence of observing the 

driver are used for a mathematical description of the problem, a recognition function is built to 

select three classes corresponding to the driver's state, and feature vectors are selected to 

correctly determine the condition. 

For modeling, the architecture of a convolutional neural network was chosen, which 

allows working with images and video data streams. 

As a result of the study, a neural network was built and trained to recognize the 

dangerous state of the driver, taking into account all the factors influencing the process of 

identifying such a state. The created neural network included two convolutional layers describing 

the position of the head and the degree of eye openness, and also added two fully connected 

layers to take into account additional parameters, such as time of a day, duration of the trip, and 

whether the driver is yawning. Evaluation of modeling accuracy and comparison of the new 

model with existing ones shows the novelty and practical significance of this work. 

 

Keywords: neural networks, simulation, neural networks architecture, driver drowsiness, 

road safety. 

 

Introduction .  

The human factor is an important aspect of road safety throughout the world, which has 

been confirmed by studies over the past 50 years, for example [1, 2, 3]. 

The graph (see Fig.1) shows National Safety Council (NSC) data on the percentage of 

accidents due to driver fatigue or drowsiness for five European countries: Germany, Spain, 

Sweden, Italy and the United Kingdom for 2021 [4]. 
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Figure 1 ï Percentage of accidents due to driver fatigue or drowsiness 

 

The second approach accumulates data about all the actions of the driver and the 

environment in the car: for example, using sensors and other devices, information about the car 

is collected, as well as data about the driver himself. In the event of an accident, all data before 

the accident is analyzed and compared with information in the event of accident-free driving. 

This approach reveals which factors increase the likelihood of an accident. 

If we consider the market for automated driver support systems, it is possible to single 

out special equipment that comes with the car, i.e. built into its system, self-installed hardware 

purchased separately, and ready-made smartphone applications from Google Play or the App 

Store. 

There are both undoubted advantages and disadvantages of these tools. The first 

drawback is the high price. Also, the driver's condition monitoring systems built into the car are 

stationary and do not allow them to be used in another car. Mobile applications cannot directly 

affect the driving process. Many people are unable to use some portable devices due to physical 

inconvenience because of devices in the form of bracelets or rings can interfere with driving. 

It can be concluded from the foregoing, that today there is a necessity for a national 

Kazakh system for monitoring the condition of a car driver, which has a developed functionality 

for warning about a possible emergency, a relatively low cost and availability for the local 

population. 

The purpose of the study is to develop a new model based on a neural network for 

recognizing the state of a driving person to identify a dangerous state of the driver. 

Research hypothesis: the use of the latest advances in the field of modeling, automation 

and control will improve the accuracy of the system for monitoring the condition of a car driver. 

Hypothesis testing will be carried out by assessing the accuracy of the simulation and comparing 

it with existing analogues. 

The subject of the study will be the identification of a dangerous state of the driver with 

the help of modern means of modeling, automation and control. 

The research will be carried out in several stages: a review of trends in the development 

of driver monitoring systems, formalization and mathematical description of the task, 

justification for the choice of neural network architecture, creation and training of a neural 

network, analysis of the results. 
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Materials and methods. 

At this moment, we have developed a part of an automated system for assessing the 

driver's condition as a part of a doctoral dissertation, a number of works have been published on 

this topic [6ï9], where the issues of developing the system architecture and algorithms for 

processing images from a video stream are considered in detail. This study will describe the 

development of a new model based on neural network technologies, which is a continuation of 

the work on the dissertation. 

There are many ready-made solutions for tracking the driver's condition on the market, 

from systems built into some modern car models to smart bracelets and mobile applications. A 

justification was given in the introduction to this article, and a conclusion was made about the 

need to develop a domestic analogue that is relatively inexpensive and accessible to ordinary 

people. 

The development of driver control systems today goes in three directions, which are 

presented in Figure 2: driving style, brain activity and eye to eye. 

Each direction has its own advantages, requires certain equipment and its implementation 

difficulties. All systems are usually equipped with a notification unit, which includes an alarm 

signal in sound, light or tactile form, and sometimes contains a combination of signals. 

It should be noted that the architecture of the driver state assessment system consists of 

the following main blocks: capturing video from the camera, obtaining an input image, pre-

processing, finding the face and eyes in the image, assessing the correctness of detection, 

assessing the opening / closing of the eyes, notification in case the driver is ñsleepingò. A 

detailed description of this video stream processing algorithm is given in [6]. 

It follows from this that it is required to combine faces in images into non-overlapping 

classes in order to solve the recognition problem. 

Let's formalize: it is necessary to build a recognition function 

 

F(w)= (F1(w), F2(w), é, Fk(w))        (1) 

 

where  

w ï is an image class (output),  

x1(w), é xn(w) ï is a vector of features describing w. 

 

In this case, the class is one of three possible driver states: sleeping, awake, or unknown. 

The formalized description will be represented by the formula: 

 

      (2) 

 

The search for a solution is carried out using artificial neural networks. 

The central moments of the digital image of the face are determined by the formula: 

 
      (3) 

 

where  

←x, ᵊy ï values that are the center of gravity,  

mpq ï central moments of order not higher than (p+q)=3,  

f(x,y) ï  brightness function.  
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Figure 2 ï Modern trends in the development of driver condition monitoring systems 
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The video data stream is a sequential set of frames. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 ï Video stream frame set 

 

 

 

The smartphone camera produces color images. It is advisable to convert color images to 

grayscale in order to improve the quality of processing. After the pre-processing step, the 

resulting image is a matrix of pixels, with each pixel having its own brightness value in the range 

[0, 1]. This algorithm is presented in detail in [7]. 

The neural network must attribute the received data set to one of the three driver states 

corresponding to a given set of parameters. 

Thus, the mathematical description of the recognition problem will be as follows: 

It is given:  

 

ʄ ï a set of still frames {w1, é, wn} of the video stream of monitoring the driverôs state, 

for example, ñawakeò, 

Xi = (xil, é), i=1, é m, xj    j = 1, é, n ï a vector of feature values, where n is the 

number of features.  

 ï some classes of feature vectors, and 

  

 

 
. 

 

The entire sample was divided into two non-overlapping subsets: training and test to train 

the model. After training the artificial neural network on the training subset, the quality of its 

training on the test subset was checked. 

To implement the task, it is sufficient to use an artificial neural network of direct 

propagation with a sigmoidal activation function and a linear activation function of the output 

layer. 

Since the convolutional neural network is the best at processing images and video data, 

and the MatLab package has a powerful toolkit for designing networks with such architecture, 

we will use it. Figure 4 shows the developed architecture. 

 

Χ 
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Figure 4 ï Architecture CNN ʚ Deep Network designer 

 

Two convolutional layers (type: Convolution2D) were chosen to describe the degree of 

openness of the driver's eyes and the position of his head, as well as two fully connected layers 

(type: FullyConnected) to take into account additional parameters, such as travel time, time of 

day, and whether the driver is yawning. The element for describing the input data (ImageInput) 

allows you to specify the path to the folder with images from the camera of the driver's 

smartphone. The output layer (ClassOutput) contains the result of the neural network matching 

the incoming image to one of the three driver states. 

 

Results and discussions. 

Videos of five real drivers were used to train the neural network: four men and one 

woman. To create video streams in a state of driver fatigue, experimental staging trips on cars 

with insurance were carried out. There was a second driver in the cab to control the situation, and 

all trips with a tired driver took place at the Semey training ground. 

The process of network training using the Neural Network training window is shown in 

Figure 5. 

An Internet connection on a smartphone is required for use in real conditions for the 

correct operation of the application. Also, it is required to add a count of the number of frames 

with the ñsleepingò state for the entire algorithm functioning. This is due to the human need to 

blink and trigger the algorithm only if there is a sequence of frames with the "asleep" state. 

The hypothesis of the study was to use the latest advances in modeling, automation and 

control to improve the accuracy of the driver monitoring system. 
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Figure 5 ï Neural Network training  

 

We will test the hypothesis by assessing the accuracy of the simulation and comparing it 

with existing analogues. The performance of existing monitoring systems was reviewed based on 

the reviews [10ï12]. The simulation accuracy is approximately from 80% till 93%. The accuracy 

of our model is approximately 95%. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 ï Modeling Accuracy Assessment 

 

As can be seen from Figure 6, the hypothesis was confirmed, the goal was achieved. 

 

Conclusion. 

The study showed that the use of the latest achievements in the field of modeling, 

automation and control for monitoring the state of the driver really improves the accuracy of the 

algorithm and thereby improves road safety. Modern modeling tools using neural networks allow 

solving complex and time-consuming tasks, reducing data processing time and improving the 

quality of automated tools. 
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ɾתʈɻɯɿʋʐɯʅɯר ɾɸנɼɸʁʓʅ ʊɸʅʋ תʐɯʅ ʅɽʁʈʆʅɼʓפ ɾɽʃɯʅɯ ɼɸʄʓʊʋ 

ɾᴄʅɽ ʆפʓʊʋ 

 

ɸשʜʘʪʧʘ. ɹʘʨʣʳץ ץʦʟסʘʣʳʩ ץʘʪʳʩʫʰʳʣʘʨʳʥʳש ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥʜʘסʳ 

 ʰʽʥװ ʳʨʳʙʳ, ʦʩʳ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫץʦʣʜʘʫ ʪʘץ ʘʥסʘʫʽʧʩʽʟʜʽʢʪʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣץ
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ʟʘʤʘʥʘʫʠ ײץʨʘʣʜʘʨ ʤʝʥ ʦʟʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʪʘʨʪʫ ʞʳʣ ʩʘʡʳʥ ʪʘʥʳʤʘʣ ʙʦʣʳʧ ʢʝʣʝʜʽ 

ʞᴅʥʝ ᴇʟʝʢʪʽʣʽʛʽʥ ʞʦסʘʣʪʧʘʡʜʳ. ᴄʟʽʨʣʝʤʝʣʝʨʜʽש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ 

ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʢᴇʨʩʝʪʢʝʥ ʦʩʳ ʙʘסʳʪ ʙʦʡʳʥʰʘ ʙװʛʽʥʛʽ ʢװʥʽ ʙʘʨ ʞײʤʳʩʪʘʨסʘ ʰʦʣʫ ʞʘʩʘʣʜʳ. 

ɾװʨʛʽʟʫʰʽʥʽש ʞʘʡ-ʢװʡʽʥ ʤʦʥʠʪʦʨʠʥʛʽʣʝʫʜʽץ שʘʟʘץʩʪʘʥʜʳץ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʩʽʥ 

 .ʦʣʞʝʪʽʤʜʽ ʙʦʣʘʜʳץ ʪʦʙʳʥʘ שʢʝ שʪʳץʘʞʝʪʪʽʣʽʛʽ ʘʪʘʧ ᴇʪʽʣʜʽ, ʦʣ ʭʘʣʳץ ʨʫײץ

ɹײʣ ʟʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ - ʞװʨʛʽʟʫʰʽʥʽץ שʘʫʽʧʪʽ ʞʘסʜʘʡʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʨʫʣʴʜʝʛʽ 

ʘʜʘʤʥʳש ʞʘסʜʘʡʳʥ ʪʘʥʫ װʰʽʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞʘשʘ ʤʦʜʝʣʴ ʞʘʩʘʫ. ɾײʤʳʩʪʘ 

ʟʝʨʪʪʝʫʜʽש ᴇʟʝʢʪʽʣʽʛʽ, ʤᴅʩʝʣʝʥʽ ʩᴅʪʪʽ ʰʝʰʝʪʽʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʥʽש ʘʨʭʠʪʝʢʪʫʨʘʩʳʥ ʪʘʥʫ 

ʞᴅʥʝ ʪʘשʜʘʫ ʤᴅʩʝʣʝʩʽʥ ʬʦʨʤʘʣʠʟʘʮʠʷʣʘʫ ʤᴅʩʝʣʝʣʝʨʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɽʩʝʧʪʽ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʫ װʰʽʥ ʞװʨʛʽʟʫʰʽʥʽ ʙʘץʳʣʘʫ ʙʝʡʥʝʩʽʥʝʥ ʙᴇʣʽʥʛʝʥ ʞʝʢʝ ʪʦץʪʘʪʫ 

ʢʘʜʨʣʘʨʳ ʧʘʡʜʘʣʘʥʳʣʜʳ, ʞװʨʛʽʟʫʰʽʥʽש ʢװʡʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ װʰ ʩʳʥʳʧʪʳ ʙᴇʣʝʢʪʝʫ װʰʽʥ 

ʪʘʥʫ ʬʫʥʢʮʠʷʩʳ ײץʨʳʣʜʳ ʞᴅʥʝ ʢװʡʜʽ ʜײʨʳʩ ʘʥʳץʪʘʫ װʰʽʥ ʝʨʝʢʰʝʣʽʢ ʚʝʢʪʦʨʣʘʨʳ ʙᴇʣʽʥʜʽ. 

ʄʦʜʝʣʴʜʝʫ װʰʽʥ ʩʫʨʝʪʪʝʨ ʤʝʥ ʙʝʡʥʝ ʜʝʨʝʢʪʝʨ ʘסʳʥʳʤʝʥ ʞײʤʳʩ ʽʩʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ʢʦʥʚʦʣʶʮʠʷʣʳץ ʥʝʡʨʦʥʜʳץ ʞʝʣʽ ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʪʘשʜʘʣʘʜʳ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʦʩʳʥʜʘʡ ʞʘסʜʘʡʜʳ ʘʥʳץʪʘʫ ʧʨʦʮʝʩʽʥʝ ᴅʩʝʨ ʝʪʝʪʽʥ ʙʘʨʣʳץ 

ʬʘʢʪʦʨʣʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʞװʨʛʽʟʫʰʽʥʽץ שʘʫʽʧʪʽ ʞʘסʜʘʡʳʥ ʪʘʥʫ װʰʽʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽ 

 שʦʨʥʘʣʘʩʫʳ ʤʝʥ ʢᴇʟʜʽ שʞʝʣʽʛʝ ʙʘʩʪʳ ץʘʥ ʥʝʡʨʦʥʜʳסʨʳʣײפ .ʳʪʳʣʜʳץʨʳʣʜʳ ʞᴅʥʝ ʦײץ

ʘʰʳץʪʳץ ʜᴅʨʝʞʝʩʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʝʢʽ ʢʦʥʚʦʣʶʮʠʷʣʳץ ץʘʙʘʪ ʝʥʛʽʟʽʣʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʪᴅʫʣʽʢ ʫʘץʳʪʳ, ʩʘʧʘʨʜʳײ שʟʘץʪʳסʳ ʞᴅʥʝ ʞװʨʛʽʟʫʰʽʥʽש ʝʩʽʥʝʫʽ ʩʠʷץʪʳ ץʦʩʳʤʰʘ 

ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʝʩʝʧʢʝ ʘʣʫ װʰʽʥ ʝʢʽ ʪʦʣʳץ ʙʘʡʣʘʥʳʩץʘʥ ץʘʙʘʪ ץʦʩʳʣʜʳ. ʄʦʜʝʣʴʜʝʫ ʜᴅʣʜʽʛʽʥ 

ʙʘסʘʣʘʫ ʞᴅʥʝ ʞʘשʘ ʤʦʜʝʣʴʜʽ ʙʘʨ ʤʦʜʝʣʴʜʝʨʤʝʥ ʩʘʣʳʩʪʳʨʫ ʦʩʳ ʞײʤʳʩʪʳש ʞʘשʘʣʳסʳ ʤʝʥ 

ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. 

  
ʊװʡʽʥʜ ̔ʩᴇʟʜʝʨ. ʅʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ, ʤʦʜʝʣʴʜʝʫ, ʥʝʡʨʦʥʜʳץ ʞʝʣʽ ʘʨʭʠʪʝʢʪʫʨʘʩʳ, 

ʞװʨʛʽʟʫʰʽʥʽײ שʡץʳʰʳʣʜʳסʳ, ʞʦʣ ץʘʫʽʧʩʽʟʜʽʛʽ. 
 
 

ʆʣʴʛʘ ʐʚʝʮ, ʢ.ʪ.ʥ., ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ, ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ. ʉʝʨʠʢʙʘʝʚʘ, ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ, ʂʘʟʘʭʩʪʘʥ,  

olga.shvets75@gmail.com 

ɹʘʫʳʨʞʘʥ ʉʤʘʢʘʥʦʚ,  ʜʦʢʪʦʨʘʥʪ, ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ. ʉʝʨʠʢʙʘʝʚʘ, ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ, ʂʘʟʘʭʩʪʘʥ,  bauka.10.10@mail.ru 

ʃʝʚʝʥʪʝ ʂʦʚʘʯ, ʜʦʢʪʦʨ, ʧʨʦʬʝʩʩʦʨ, ʆʙʫʜʘ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʨʝʢʪʦʨʳ,  ʆʙʫʜʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ɹʫʜʘʧʝʰʪ, ɺʝʥʛʨʠʷ, kovacs@uni-obuda.hu 

ɻʴʦʨʛʠ ɻʴʦʨʛ,  ʜʦʢʪʦʨ, ʧʨʦʬʝʩʩʦʨ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ,  ʆʙʫʜʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʉʝʢʝʰʬʝʭʝʨʚʘʨ, ɺʝʥʛʨʠʷ,  gyorok.gyorgy@amk.uni-obuda.hu 

 

ʈɸɿʈɸɹʆʊʂɸ ʀ ʆɹʋʏɽʅʀɽ ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ ɼʃʗ ʈɸʉʇʆɿʅɸɺɸʅʀʗ 

ʉʆʉʊʆʗʅʀʗ ɺʆɼʀʊɽʃʗ 

 

ɸʥʥʦʪʘʮʠʷ. ʊʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʜʦʨʦʛʘʭ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʜʚʠʞʝʥʠʷ, ʧʨʠʚʣʝʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʝʨʝʜʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʟʘʜʘʯ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʡ 

ʠ ʥʝ ʪʝʨʷʝʪ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ. ʉʜʝʣʘʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʙʦʪ 

ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʨʘʟʨʘʙʦʪʦʢ. ʆʪʤʝʯʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʚʦʜʠʪʝʣʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʜʦʩʪʫʧʥʘ ʰʠʨʦʢʠʤ ʩʣʦʷʤ 

ʥʘʩʝʣʝʥʠʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ ʟʘ ʨʫʣʝʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʧʘʩʥʦʛʦ 
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ʩʦʩʪʦʷʥʠʷ ʚʦʜʠʪʝʣʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ 

ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʦ ʨʝʰʘʝʪ ʧʦʩʪʘʚʣʝʥʥʫʶ ʧʨʦʙʣʝʤʫ. ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʟʘʜʘʯʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʪʜʝʣʴʥʳʝ ʩʪʦʧ-ʢʘʜʨʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʚʠʜʝʦʨʷʜʘ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʦʜʠʪʝʣʝʤ, 

ʧʦʩʪʨʦʝʥʘ ʨʘʩʧʦʟʥʘʶʱʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʪʨʝʭ ʢʣʘʩʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʦʩʪʦʷʥʠʶ ʚʦʜʠʪʝʣʷ, ʠ ʚʳʜʝʣʝʥʳ ʚʝʢʪʦʨʳ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʢʦʥʚʦʣʶʮʠʦʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʠ ʚʠʜʝʦʧʦʪʦʢʦʤ ʜʘʥʥʳʭ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʘ ʠ ʦʙʫʯʝʥʘ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʧʘʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʠʪʝʣʷ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʚʳʷʚʣʝʥʠʷ 

ʪʘʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʩʦʟʜʘʥʥʫʶ ʥʝʡʨʦʩʝʪʴ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʜʚʘ ʢʦʥʚʦʣʶʮʠʦʥʥʳʭ ʩʣʦʷ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʛʦʣʦʚʳ ʠ ʩʪʝʧʝʥʴ ʦʪʢʨʳʪʦʩʪʠ ʛʣʘʟ, ʘ ʪʘʢʞʝ ʜʦʙʘʚʣʝʥʳ ʜʚʘ 

ʧʦʣʥʦʩʚʷʟʥʳʭ ʩʣʦʷ ʜʣʷ ʫʯʝʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʨʝʤʷ ʩʫʪʦʢ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʝʟʜʢʠ ʠ ʥʘʣʠʯʠʝ ʟʝʚʦʪʳ ʫ ʚʦʜʠʪʝʣʷ. ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʨʘʚʥʝʥʠʝ ʥʦʚʦʡ ʤʦʜʝʣʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʧʦʢʘʟʳʚʘʝʪ ʥʦʚʠʟʥʫ ʠ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, 

ʩʦʥʣʠʚʦʩʪʴ ʚʦʜʠʪʝʣʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 
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ɸ.פ. ʉʝʡʩʝʥʙʘʝʚʘ, ɸ.ʋ. ʂʘʣʠʞʘʥʦʚʘ 

ᴄʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘסʳ פʘʟʘױ ץʣʪʪʳץ ʋʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ 

E-mail:  akerkeseisenbayeva@gmail.com 

 

ɸפʇɸʈɸʊʊʓפ-ᴆʃʐɽʋ ɾתʁɽʃɽʈɯʅɯר ʄɽʊʈʆʃʆɻʀʗʃʓפ 

ʉʀʇɸʊʊɸʄɸʃɸʈʓʅ ɸʃʋ ᴄɼɯʉʊɽʄɽʉɯ ʄɽʅ ױפʈɸʃɼɸʈʓʅ ᴄɿɯʈʃɽʋ 

 

ɸשʜʘʪʧʘ. ɹײʣ ʞײʤʳʩʪʘ ʙʽʨʥʝʰʝ ʪᴅʫʝʣʩʽʟ ʙʘץʳʣʘʫʣʘʨʤʝʥ ᴇʣʰʝʤʜʝʨʜʽ ʦʨʳʥʜʘʫ 

ᴅʜʽʩʪʝʤʝʩʽ, ʙʘץʳʣʘʫ ʥᴅʪʠʞʝʣʝʨʽʥ ᴇשʜʝʫʜʽש ʞᴅʥʝ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ 

ʙʘסʘʣʘʫʜʳש ʥʝʛʽʟʛʽ ᴅʜʽʩʪʝʨʽ ײʩʳʥʳʣסʘʥ. ʆʩʳ ᴅʜʽʩʪʝʤʝʥʽש ʘʣʛʦʨʠʪʤʜʝʨʽ ʥʝʛʽʟʽʥʜʝ 

 ʘʥסʘ ʘʨʥʘʣסʣʛʽʣʽ ʰʘʨʘʣʘʨ ʤʝʥ ʘʚʪʦʤʘʪʪʳ ʢʘʣʠʙʨʣʝʥʛʝʥ ʰʘʨʘʣʘʨװ ʳסʦʣʜʘʥʳʩʪʘץ

ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘ ʞʘʩʘʣʜʳ. ɾײʤʳʩʪʳש ʤʘץʩʘʪʳ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʙʘץʳʣʘʫ ʢʝʟʽʥʜʝ 

ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʩʽʥʽש ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʘʥʳץʪʘʫ ʞᴅʥʝ ʙʘסʘʣʘʫ װʰʽʥ ᴅʟʽʨʣʝʥʛʝʥ 

ᴅʜʽʩʪʝʤʝʥʽ ʘʣʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɿʝʨʪʪʝʫʜʽש ʤʽʥʜʝʪʽ ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʩʽʥʽש ᴇʣʰʝʫ 

ʘʨʥʘʣʘʨʳʥ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʳʥʘʫʜʳײ שʩʳʥʳʣסʘʥ ᴅʜʽʩʪʝʤʝʩʽ ʥʝʛʽʟʽʥʜʝ ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ 

ʞװʡʝʩʽʥʽש ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʣʫ ʧʨʦʮʝʩʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ʙʘסʜʘʨʣʘʤʘ ᴅʟʽʨʣʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɸץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʩʽ, ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨ, ʘʨʥʘ, 

ʌʠʰʝʨʜʽש ʪʘʨʘʣʫʳ 

 

ʂʽʨʽʩʧʝ. 

ʄʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʘʥʳץʪʘʫ ʘʪʪʝʩʪʘʪʪʘʣʘʪʳʥ 

ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʣʝʨʽʥʽש ʪʘשʜʘʣסʘʥ ʘʨʥʘʩʳʥʳש ʢʽʨʽʩʽʥʝ ץʘʞʝʪʪʽ ʜᴅʣʜʽʢʧʝʥ ʩʠʛʥʘʣ 

ʙʝʨʫʜʝʥ (װʣʛʽʣʽ ײץʨʘʣʜʳ ץʦʩʫ), ʦʥʳש ʤᴅʥʽʥ ᴇʣʰʝʫʜʝʥ, ʰʳסʳʩ ʩʠʛʥʘʣʳʥ ʪʽʨʢʝʫʜʝʥ ʞᴅʥʝ 

ᴇʣʰʝʥʛʝʥ ʢʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩ ʩʠʛʥʘʣʜʘʨʳʥʳש ʤᴅʥʜʝʨʽʥʽש ʙʝʣʛʽʣʽ ʙʽʨ ʘʣʛʦʨʠʪʤʽ ʙʦʡʳʥʰʘ 

ᴇשʜʝʫʜʝʥ ʪײʨʘʜʳ [1]. 

 שʡʝʩʽʥʽװᴇʣʰʝʫ ʞ-ץʧʘʨʘʪʪʳץʘʪʝʣʽʛʽ ʘʪʪʝʩʪʘʪʪʘʣʘʪʳʥ ʘץ ʨʘʣʳ ʨʝʪʽʥʜʝײץ ʣʛʽʣʽ ᴇʣʰʝʫת

ʨץײʩʘʪ ʝʪʽʣʛʝʥ ץʘʪʝʣʽʛʽʥʽש ʢװʪʽʣʝʪʽʥ ʰʝʛʽʥʽ1/3 ש ð 1/5 ʘʩʧʘʡʪʳʥ ᴇʣʰʝʫ ײץʨʘʣʳʥ ץʦʣʜʘʥʫ 

ʢʝʨʝʢ. תʣʛʽʣʽ ᴇʣʰʝʫ ײץʨʘʣʳ ʤʝʪʨʦʣʦʛʠʷ ʙᴇʣʽʤʽʥʜʝ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʘʪʪʝʩʪʘʪʪʘʫʜʘʥ 

(ʪʝʢʩʝʨʫʜʝʥ) ᴇʪʫʽ ʞᴅʥʝ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʘʪʪʝʩʪʘʪʪʘʫ (ʪʝʢʩʝʨʫ) ʪʫʨʘʣʳ ʢʫᴅʣʽʛʽ ʙʦʣʫʳ ʪʠʽʩ. 

ʂʽʨʽʩ ʩʠʛʥʘʣʳʥ ᴇʣʰʝʫ ᴇʣʰʝʫ ʜʠʘʧʘʟʦʥʳʥʳש ʥᴇʣʜʽʢ ʞᴅʥʝ ʘץʳʨʣʳ (ʘץʳʨʣʳ) 

ʤᴅʥʜʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ץʠʤʘʣʘʨʜʳ ץʦʩʘ ʘʣסʘʥʜʘ, ᴇʣʰʝʫ ʜʠʘʧʘʟʦʥʳʥʳץ 11 שʠʤʘʩʳʥʜʘ 

(ʙʝʨʽʣʛʝʥ ץʘʪʝʣʽʢʧʝʥ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪᴅʫʝʣʜʽʣʽʢʪʽ ʘʥʳץʪʘʫ װʰʽʥ) ʞװʨʛʽʟʽʣʫʽ ʢʝʨʝʢ. 

ɿʝʨʪʪʝʣʝʪʽʥ ʙᴇʣʽʤʜʝʨʜʽש ʩʘʥʳʥ ʪʘשʜʘʫ ᴇʣʰʝʫ ʜʠʘʧʘʟʦʥʳ ʙʦʡʳʥʰʘ ץʘʪʝʥʽש ʞװʡʝʣʽʢ 

ʢʦʤʧʦʥʝʥʪʽʥʽש ᴇʟʛʝʨʫ ʩʠʧʘʪʳʥʘ, ᴇʣʰʝʫ ʘʨʥʘʩʳʥ ʪװʨʣʝʥʜʽʨʫ ʬʫʥʢʮʠʷʩʳʥʳש ʪװʨʽʥʝ ʞᴅʥʝ 

 .ʤʢʽʥ ʜʠʩʢʨʝʪʪʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ [2]װʤ שʳʣʳ ʢʽʨʽʩ ʩʠʛʥʘʣʳʥʳץʨʘʣʳ ʘʨײץ ʣʛʽʣʽ ᴇʣʰʝʫװ

ɽʛʝʨ ץʘʪʝʥʽש ʞװʡʝʣʽʢ ʢʦʤʧʦʥʝʥʪʽʥʜʝ װʟʽʣʽʩʪʝʨ ʤʝʥ ʩʝʢʽʨʫʣʝʨ ʙʦʣʤʘʩʘ ʞᴅʥʝ ʪװʨʣʝʥʜʽʨʫ 

ʬʫʥʢʮʠʷʩʳ ʩʳʟʳץʪʳץ ʙʦʣʩʘ, ʦʥʜʘ ʙʽʨ-ʙʽʨʽʥʝʥ ʪʝש ʙᴇʣʽʤʜʝʨʜʽש ʤʠʥʠʤʘʣʜʳ ʩʘʥʳ 

ʪʘשʜʘʣʘʜʳ. פʘʪʝʥʽש ʞװʡʝʣʽʢ ʢʦʤʧʦʥʝʥʪʽʥʜʝ ʞᴅʥʝ ᴇʣʰʝʫ ʘʨʥʘʩʳʥ ʪװʨʣʝʥʜʽʨʫ 

ʬʫʥʢʮʠʷʩʳʥʜʘ ʩʳʟʳץʪʳץ ʝʤʝʩ װʟʽʣʽʩʪʝʨ ʤʝʥ ʩʝʢʽʨʫʣʝʨ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ, ʙᴇʣʽʤʜʝʨʜʽש ʢᴇʧ 

ʩʘʥʳ ʪʘשʜʘʣʘʜʳ. ᴆʣʰʝʫ ʜʠʘʧʘʟʦʥʳʥʳש ᴅʨʙʽʨ ץʠʤʘʩʳʥʜʘסʳ ᴇʣʰʝʫʣʝʨ ʩʘʥʳ 20-ʜʘʥ ʢʝʤ 

ʙʦʣʤʘʫʳ ʪʠʽʩ (ʈ = 0.95 ʜײʨʳʩʪʳסʳ ʢʝʟʽʥʜʝ). 

ɽʛʝʨ ʢʽʨʽʩ ʩʠʛʥʘʣʳʥʳש ʥᴇʣʜʽʢ ʤᴅʥʽ ᴇʣʰʝʫ ʜʠʘʧʘʟʦʥʳʥʳש ʰʝʪʽʥʜʝ ʙʦʣʩʘ, ʦʥʜʘ 

ᴇʣʰʝʫ ʢʽʨʽʩ ʩʠʛʥʘʣʳʥ ʥᴇʣʜʽʢ ʤᴅʥʥʝʥ ᴇʣʰʝʫ ʜʠʘʧʘʟʦʥʳʥʳש ʩʦסשʳ ʤᴅʥʽʥʝ ʜʝʡʽʥ ʞᴅʥʝ ʢʝʨʽ 

  .(ʟʫ ʞᴅʥʝ 10 ʢʝʨʽ ʛʨʘʜʫʠʨʣʝʫװ10 ʪ) ʨʛʽʟʽʣʫʽ ʢʝʨʝʢװʘʡʪʫ ʢʝʟʽʥʜʝ ʞסʣײ
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ɽʛʝʨ ʢʽʨʽʩ ʩʠʛʥʘʣʳʥʳש ʥᴇʣʜʽʢ ʤᴅʥʽ ᴇʣʰʝʫ ʜʠʘʧʘʟʦʥʳʥʜʘ ʙʦʣʩʘ, ʦʥʜʘ ᴇʣʰʝʫ 

ʜʠʘʧʘʟʦʥʳʥʳש ʙʽʨ ʩʦסשʳ ʤᴅʥʽʥʝʥ ᴇʣʰʝʫ ʜʠʘʧʘʟʦʥʳʥʳש ʝʢʽʥʰʽ ʩʦסשʳ ʤᴅʥʽʥʝ ʜʝʡʽʥ ʞᴅʥʝ 

ʢʝʨʽ ʙʘסʳʪʪʘ ʞװʨʛʽʟʽʣʫʽ ʢʝʨʝʢ [3]. 

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

ʄʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʞʝʢʝ ʞᴅʥʝ ʪʠʧʪʽʢ ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ. ɾʝʢʝ 

ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʣʝʨʽʥʽש ʙʝʣʛʽʣʽ ʙʽʨ ᴇʣʰʝʫ ʘʨʥʘʩʳʥʳץ שʘʩʠʝʪʪʝʨʽʥ ʩʠʧʘʪʪʘʡʜʳ. 

ʊʠʧʪʽʢ ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʣʝʨʽʥʽש ʙʽʨ ʪʠʧʪʽ ᴇʣʰʝʫ ʘʨʥʘʣʘʨʳ ʪʦʙʳʥʳץ שʘʩʠʝʪʪʝʨʽʥ 

ʩʠʧʘʪʪʘʡʜʳ. 

ᴆʣʰʝʫ ʘʨʥʘʩʳʥʳש ʞʝʢʝ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ: 

- ᴇʣʰʝʫ ʘʨʥʘʩʳʥ ʪװʨʣʝʥʜʽʨʫʜʽש ʞʝʢʝ ʬʫʥʢʮʠʷʩʳ - ; 

- ʘʙʩʦʣʶʪʪʽ ץʘʪʝʥʽש ʞװʡʝʣʽ ʢʦʤʧʦʥʝʥʪʽ - ; 

 ; - ʦʨʪʘʰʘ ʤᴅʥʽ שʫʳʥʳץʘʫʳʪ ץʢʚʘʜʨʘʪʪʳ שʢʦʤʧʦʥʝʥʪʽʥʽ ץʢʝʟʜʝʡʩʦ שʘʪʝʥʽץ -

- ᴇʣʰʝʫ ʘʨʥʘʩʳʥʳש ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳש ᴇʟʛʝʨʫʽ ï ; 

- ᴇʣʰʝʫ ʘʨʥʘʩʳʥʳש ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʘʙʩʦʣʶʪʪʽ ץʘʪʝʣʽʛʽ - ; 

ɹʽʨ ʪʠʧʪʽ ᴇʣʰʝʫ ʘʨʥʘʣʘʨʳ ʪʦʙʳʥʳש ʪʠʧʪʽʢ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ: 

- ʪװʨʣʝʥʜʽʨʫʜʽש ʥʦʤʠʥʘʣʜʳ ʬʫʥʢʮʠʷʩʳ - ; 

 ; - ʪʫװʢ ץʡʝʣʽ ʢʦʤʧʦʥʝʥʪʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳװʞ שʘʪʝʥʽץ -

 ; - ʫʳץʘʫʳʪ ץʦʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳ שʡʝʣʽʢ ʢʦʤʧʦʥʝʥʪʽʥʽװʞ שʘʪʝʥʽץ -

 ʦʨʪʘʰʘ שʫʳʥʳץʘʫʳʪ ץʦʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳ שʢʦʤʧʦʥʝʥʪʽʥʽ ץʢʝʟʜʝʡʩʦ שʘʪʝʥʽץ -

ʘʨʠʬʤʝʪʠʢʘʣʳץ ʤᴅʥʽ - ; 

- ʢʝʟʜʝʡʩʦץ ʢʦʤʧʦʥʝʥʪʪʽש ʦʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳץ ʘʫʳʪץʫʳ -  

 ʫץʘʫʳʪ ץʩʘʪ ʝʪʽʣʛʝʥ ʦʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳץײʨ שʢʦʤʧʦʥʝʥʪʽʥʽ ץʢʝʟʜʝʡʩʦ שʘʪʝʥʽץ -

ʰʝʛʽ - ; 

- ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳש ᴇʟʛʝʨʫʽʥʽש ʦʨʪʘʰʘ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʤᴅʥʽ - ; 

- ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳש ʚʘʨʠʘʮʠʷʩʳʥʳש ʦʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳץ ʘʫʳʪץʫʳ - ; 

- ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳש ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʚʘʨʠʘʮʠʷʩʳʥʳש ʰʝʛʽ - ; 

- ʙʽʨ ʪʠʧʪʽ ᴇʣʰʝʫ ʘʨʥʘʣʘʨʳ ʪʦʙʳʥʳש ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʘʙʩʦʣʶʪʪʽ ץʘʪʝʣʽʛʽʥʽש                        

ʰʝʛʽ - . 

ᴆʣʰʝʫ ʜʠʘʧʘʟʦʥʳʥʜʘ ʥʦʤʠʥʘʣʜʳ ʪװʨʣʝʥʜʽʨʫ ʬʫʥʢʮʠʷʩʳ ʪװʟʫ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ ʜʝʧ 

ʙʦʣʞʘʥʘʜʳ. ɸץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʣʝʨʽʥʽש ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʣʫ 

ʙʘʨʳʩʳʥʜʘ ʥʦʤʠʥʘʣʜʳ ʪװʨʣʝʥʜʽʨʫ ʬʫʥʢʮʠʷʩʳ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʩᴅʡʢʝʩ 

ʥʘץʪʳʣʘʥʘʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽʥ ᴇשʜʝʫ ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʣʝʨʽʥʽש 

ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʙʘסʘ ʙʝʨʫʜʝʥ ʪײʨʘʜʳ [4-5]. 

ɸץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʣʝʨʽʥʽש ᴇʣʰʝʫ ʘʨʥʘʩʳʥʳש ʞʝʢʝ ʤʝʪʨʦʣʦʛʠʷʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʙʘסʘʣʘʫ ʢʝʟʽʥʜʝ  ᴇʣʰʝʫ ʘʨʥʘʩʳʥ ʪװʨʣʝʥʜʽʨʫʜʽש ʞʝʢʝ ʬʫʥʢʮʠʷʩʳ 

ᴆʣʰʝʤ ʜʠʘʧʘʟʦʥʳʥʳש ᴅʨ ץʠʤʘʩʳʥʜʘ  ʰʳסʳʩ ʩʠʛʥʘʣʳʥ ʪʦʧʪʘʩʪʳʨʫʜʳש  

ʦʨʪʘʣʳץʪʘʨʳʥʳש ʤᴅʥʜʝʨʽʥ ʪװʨʜʽש ʢᴇʧʤװʰʝʩʽ ʘʨץʳʣʳ ʞʫʳץʪʘʫ ʘʨץʳʣʳ ʘʥʳץʪʘʣʘʜʳ. 

 

 ,  (1) 

 

ʤײʥʜʘסʳ -ʢʽʨʽʩ ʩʠʛʥʘʣʳʥʳש ʤᴅʥʽ; 

-ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳש ʤᴅʥʽ; 

 -ʪװʨʣʝʥʜʽʨʫ ʬʫʥʢʮʠʷʩʳʥʳש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ. 

ɿʝʨʪʪʝʣʝʪʽʥ ʘʨʥʘʥʳש ʰʳסʳʩ ʩʠʛʥʘʣʜʘʨʳʥ ʪʦʧʪʘʩʪʳʨʫ ʦʨʪʘʣʳץʪʘʨʳ ʬʦʨʤʫʣʘ 

ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ: 
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 , (2) 

 

ʤײʥʜʘסʳ ;  ᴇʣʰʝʫ ʜʠʘʧʘʟʦʥʳʥʳץ שʠʤʘʩʳʥʜʘסʳ ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳש 

ʤᴅʥʜʝʨʽ (װʰʽʥ) ʞᴅʥʝ ʢʽʨʽʩ ʩʠʛʥʘʣʳʥʳש ʪᴇʤʝʥʜʝʫʽ ( װʰʽʥ). 

; -ʢʽʨʽʩ ʩʠʛʥʘʣʳʥʳײ שʣסʘʶʳ ( װʰʽʥ) ʞᴅʥʝ ʘʟʘʶʳ ( װʰʽʥ ) ʢʝʟʽʥʜʝʛʽ 

ᴇʣʰʝʤʜʝʨ ʩʘʥʳ; 

 - ᴇʣʰʝʤ ʥᴇʤʽʨʽ. 

ʂᴇʧʤװʰʝʥʽש ʜᴅʨʝʞʝʩʽʥ ʪʘשʜʘʫ װʰʽʥ ʜʠʩʧʝʨʩʠʷʥʳ ʩʘʣʳʩʪʳʨʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ 

ʛʠʧʦʪʝʟʘʥʳ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪʝʢʩʝʨʫ ײʩʳʥʳʣʘʜʳ [6]. 

ʉʪʘʪʠʩʪʠʢʘʣʳץ ʪʝʢʩʝʨʫ ʢʨʠʪʝʨʠʡʽ: 
 

 . (3) 
 

ʌʠʰʝʨʜʽש ʝʨʢʽʥʜʽʢ ʜᴅʨʝʞʝʩʽʤʝʥ ʙᴇʣʽʥʫʽʥʝ ʙʘסʳʥʘʜʳ  ʞᴅʥʝ 

, 

ʤײʥʜʘסʳ  - ᴇʣʰʝʤʜʝʨ ʜʠʘʧʘʟʦʥʳ ʙᴇʣʽʥʝʪʽʥ ʙᴇʣʽʤʜʝʨ ʩʘʥʳ ; 

 - ʪװʨʣʝʥʜʽʨʫ ʬʫʥʢʮʠʷʩʳʥʳש ʪʘשʜʘʣסʘʥ ʢᴇʧʤװʰʝʩʽʥʽש ʜᴅʨʝʞʝʩʽ; 

 - ᴆʣʰʝʤʜʝʨʜʽש ʞʘʣʧʳ ʩʘʥʳ; 

 .ʳ ᴇʣʰʝʤʜʝʨ ʩʘʥʳסʠʤʘʜʘץ - 

 ʤᴅʥʽ ʪʘשʜʘʣסʘʥ ʞʫʳץʪʘʡʪʳʥ ʢᴇʧʤװʰʝʛʝ ץʘʪʳʩʪʳ ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʽש 

ʜʠʩʧʝʨʩʠʷʩʳʥ ʩʠʧʘʪʪʘʡʜʳ: 
 

 , (4) 

 

ʤײʥʜʘסʳ  - ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳש ʦʨʪʘʰʘ ʤᴅʥʽ (ʪʦʧʪʘʫ ʦʨʪʘʣʳץʪʘʨʳʥʳש ʤᴅʥʽ); 

  - ʪʘשʜʘʣסʘʥ ʧʦʣʠʥʦʤ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳש ʤᴅʥʽ. 

 ʤᴅʥʽ  ʦʨʪʘʰʘ ʤᴅʥʜʝʨʛʝ ץʘʪʳʩʪʳ ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʜʠʩʧʝʨʩʠʷʩʳʥ 

ʩʠʧʘʪʪʘʡʜʳ [7] 
 

 

 
(5) 

 

ʰʘʨʪ ʪʝʢʩʝʨʽʣʝʜʽ: 
 

 . (6) 
 

 ʤᴅʥʽ ʙʝʨʽʣʛʝʥ ʳץʪʠʤʘʣʜʳװ ץʰʽʥ ʌʠʰʝʨʜʽװ שʣʝʩʪʽʨʫ ʢʝʩʪʝʣʝʨʽʥʝʥ ʪʘשʜʘʣʘʜʳ 

ʈ=0.95. ɽʛʝʨ ʢᴇʨʩʝʪʽʣʛʝʥ ʰʘʨʪ ʦʨʳʥʜʘʣʤʘʩʘ, ʦʥʜʘ ʢᴇʧʤװʰʝʥʽש ʜᴅʨʝʞʝʩʽ ʙʽʨʣʽʢʢʝ ʘʨʪʘʜʳ 

ʞᴅʥʝ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʢʨʠʪʝʨʠʡ ʙʦʡʳʥʰʘ ץʘʡʪʘʜʘʥ ʪʝʢʩʝʨʽʣʝʜʽ. ʐʘʨʪʪʳ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ 

ʞʫʳץʪʘʡʪʳʥ ʢᴇʧʤװʰʝʥʽש ʪʘשʜʘʣסʘʥ ʜᴅʨʝʞʝʩʽ ʜײʨʳʩ ʜʝʧ ʩʘʥʘʣʘʜʳ [8]. 

ɾʫʳץʪʘʡʪʳʥ ʢᴇʧʤװʰʝʥʽש ʜᴅʨʝʞʝʩʽʥ ʪʘשʜʘʫ ʢʝʟʽʥʜʝ ʙʘʩץʘ ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʢʨʠʪʝʨʠʡʣʝʨʜʽ ץʦʣʜʘʥʫסʘ ʨץײʩʘʪ ʝʪʽʣʝʜʽ. 

ʂʽʨʽʩ ʩʠʛʥʘʣʳʥʳש ʞʦסʘʨʳʣʘʫʳ ( װʰʽʥ ) ʞᴅʥʝ ʪᴇʤʝʥʜʝʫʽ ( װʰʽʥ ) ʢʝʟʽʥʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʜʳ ʪװʨʜʝ ʘʣʳʥסʘʥ ᴇʣʰʝʫ ʜʠʘʧʘʟʦʥʳʥʳש ᴅʨ ץʠʤʘʩʳʥʜʘסʳ ᴇʣʰʝʫ ʘʨʥʘʩʳʥʳש 

ʘʙʩʦʣʶʪʪʽ ץʘʪʝʣʽʛʽ ʬʦʨʤʫʣʘʤʝʥ ʘʥʳץʪʘʣʘʜʳ: 
 

  (7) 
 

ʪʘץ שʘʡʜʘ  ʞᴅʥʝ  ᴇʣʰʝʫ ʜʠʘʧʘʟʦʥʳʥʳש ᴅʨ ץʠʤʘʩʳʥʜʘסʳ ᴇʣʰʝʫ ʘʨʥʘʩʳʥʳש 

ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳש ʤᴅʥʜʝʨʽ װʣʢʝʡʪʫ (yinpx װʰʽʥ) ʞᴅʥʝ ʢʽʰʽʨʝʡʪʫ ( װʰʽʥ) ʢʝʟʽʥʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʜʳ ʪװʨʜʝ ʘʣʳʥסʘʥ ) ʢʽʨʽʩ ʩʠʛʥʘʣʳ; 
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 - ʟʝʨʪʪʝʣʝʪʽʥ ʘʨʥʘʥʳש ʞʝʢʝ  ʪװʨʣʝʥʜʽʨʫ ʬʫʥʢʮʠʷʩʳ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʫ ʞʦʣʳʤʝʥ 

ʘʣʳʥסʘʥ ᴇʣʰʝʫ ʜʠʘʧʘʟʦʥʳʥʳש ᴅʨʙʽʨ ץʠʤʘʩʳʥʜʘסʳ ᴇʣʰʝʫ ʘʨʥʘʩʳʥʳש ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳש 

ʤᴅʥʽ. 

 

ʅᴅʪʠʞʝʣʝʨ. 

ʂʽʨʽʩ ʩʠʛʥʘʣʳʥʳײ שʣסʘʶʳ (װʰʽʥ ) ʞᴅʥʝ ʘʟʘʶʳ (װʰʽʥ ʤʘשʜʘʡ ) ʢʝʟʽʥʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʜʳ ʪװʨʜʝ ʘʣʳʥסʘʥ ᴇʣʰʝʫ ʜʠʘʧʘʟʦʥʳʥʳש ᴅʨ ץʠʤʘʩʳʥʜʘסʳ ᴇʣʰʝʫ ʘʨʥʘʩʳʥʳש 

ʦʨʪʘʰʘ ץʘʪʝʣʽʛʽ ʬʦʨʤʫʣʘʤʝʥ ʘʥʳץʪʘʣʘʜʳ: 
 

 , (8) 

 

ʤײʥʜʘסʳ ,  -   ( )  ʰʽʥ) ʥʝʤʝʩʝװ   ʘʪʝʥʽ ʽʩʢʝץ ʪʘʫ ʢʝʟʽʥʜʝץʰʽʥ) ʘʥʳװ 

ʘʩʳʨʫ ʩʘʥʳ. 

ɺʘʨʠʘʮʠʷʥʳש ʤʘשʳʟʜʳʣʳסʳ ᴇʣʰʝʫ ʜʠʘʧʘʟʦʥʳʥʳש ᴅʨ ץʠʤʘʩʳʥʜʘ ʪʝשʩʽʟʜʽʢʪʽ 

ʪʝʢʩʝʨʫ ʘʨץʳʣʳ ʘʥʳץʪʘʣʘʜʳ: 
 

 
. (9) 

 

1 ʢʝʩʪʝ -  װʣʛʽʥʽש (ᴇʣʰʝʤʜʝʨʜʽש) ʙʝʨʽʣʛʝʥ ʢᴇʣʝʤʽ װʰʽʥ ʪʘשʜʘʣʘʪʳʥ ʤᴅʥ  ʞᴅʥʝ 

 :ʢʝʩʪʝʜʝʥ  ץʪʠʤʘʣʜʳץʘʥ ʳסʘʙʳʣʜʘʥץ
 

n 2 4 6 8 10 12 14 16 18 20 

 4.3 2.78 2.45 2.31 2.23 2.18 2.14 2.12 2.1 2.09 

 

 , 

 

 

(10) 

 . 

 

 

(11) 

ʊʝשʩʽʟʜʽʢʪʽ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ (9) ʚʘʨʠʘʮʠʷ ʞʦץ ʜʝʧ ʩʘʥʘʫ ʢʝʨʝʢ. ᴄʡʪʧʝʩʝ ʚʘʨʠʘʮʠʷ 

ʙʘʨ ʞᴅʥʝ ʦʥʳ ʝʩʢʝʨʫ ץʘʞʝʪ. 

ᴆʣʰʝʫ ʜʠʘʧʘʟʦʥʳʥʳש ᴅʨ ץʠʤʘʩʳʥʜʘסʳ ᴇʣʰʝʫ ʘʨʥʘʩʳʥʳץ  שʘʪʝʣʽʛʽʥʽש ʞװʡʝʣʽʢ 

ʢʦʤʧʦʥʝʥʪʽʥ ʙʘסʘʣʘʫ ʬʦʨʤʫʣʘʤʝʥ ʘʥʳץʪʘʣʘʜʳ: 

- ʚʘʨʠʘʮʠʷ ʙʦʣסʘʥ ʢʝʟʜʝ: 
 

 

 
(12) 

 

- ʚʘʨʠʘʮʠʷ ʙʦʣʤʘסʘʥ ʢʝʟʜʝ: 
 

 

 

(13) 

 

ʤײʥʜʘסʳ,  -  ʘʥʳץʪʘʫ ʢʝʟʽʥʜʝ ץʘʪʝʥʽ ʽʩʢʝ ʘʩʳʨʫ ʩʘʥʳ, 

       - ʚʘʨʠʘʮʠʷ ʙʦʣʤʘסʘʥ ʢʝʟʜʝ ץʘʪʝʥʽ i-ʰʽ ʽʩʢʝ ʘʩʳʨʫ: 

 

 . (14) 
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ʊʘʣץʳʣʘʫ. 

ʂʝʟ ʢʝʣʛʝʥ ᴇʣʰʝʫ ײץʨʳʣסʳʩʳ ʩʠʷץʪʳ, ʞװʡʝ ʜʝ ʤʝʨʟʽʤʜʽ ʪʝʢʩʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʫʽ 

ʢʝʨʝʢ. ʄײʥʜʘʡ ʪʝʢʩʝʨʫʜʽ ʪʝʥʟʦʤʝʪʨʠʷʣʳץ ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʩʽ װʰʽʥ ʜᴅʩʪװʨʣʽ ʪװʨʜʝ 

ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʙʦʣʘʜʳ: ʦʥʳ ץʘʨʩʳʣʳץ ʜװʢʝʥʽʥʝ ץʦʩʫ ʞᴅʥʝ ʢʘʣʠʙʨʣʝʫ. ɹײʣ ᴅʜʽʩ ʞװʡʝʥʽ 

ʘʣʳʧ ʪʘʩʪʘʫʜʳ ʥʝʤʝʩʝ ʦסʘʥ ʘʨʥʘʡʳ ʢʘʙʝʣʴʜʝʨʜʽ ץʦʩʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ ʞᴅʥʝ ʢᴇʧ ʫʘץʳʪʪʳ 

 ʳʪʪʘ ʢʘʣʠʙʨʣʝʫʜʽץʘʟʽʨʛʽ ʫʘץ ʰʽʥװ ʳʥ ʪᴇʤʝʥʜʝʪʫסʙʝʢ ʩʳʡʳʤʜʳʣʳשʘʞʝʪ ʝʪʝʜʽ. ɽץ

ʘʚʪʦʤʘʪʪʳ ʨʝʞʠʤʜʝ ʞװʨʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʰʘʨʘʣʘʨʜʳש ɸʚʪʦʤʘʪʪʳ ʂʘʣʠʙʨʘʪʦʨʳ 

(ɸʂʄ) ᴅʟʽʨʣʝʥʜʽ, ʙײʣ ᴇʣʰʝʫ ʞʦʣʜʘʨʳʥ ʞװʡʝʥʽ ʘʣʳʧ ʪʘʩʪʘʤʘʡ ʪʝʢʩʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ 

[9]. 

ʅᴇʣʜʽʢ ʘʨʥʘ ʙʦʡʳʥʰʘ 100 ʤʢ*ʩʝʢ ʪװʨʣʝʥʜʽʨʫ ʫʘץʳʪʳ ʢʝʟʽʥʜʝ ʜʘʪʯʠʢʪʝʨʜʽש ʙʘʨʣʳץ 

ʪװʨʣʝʨʽʥ ʞᴅʥʝ ʦʣʘʨʜʳ ɸʂʄ ʢᴇʤʝʛʽʤʝʥ ץʦʩʫ ʩʭʝʤʘʣʘʨʳʥ ʪʝʢʩʝʨʫ ʥᴅʪʠʞʝʣʝʨʽ ʭʘʪʪʘʤʘʜʘ 

 ʘʪʝʣʽʛʽץ ʩʘʪ ʝʪʽʣʛʝʥץײʨ שʡʝʥʽװʘʥ. ɸʂʄ ʢᴇʤʝʛʽʤʝʥ ʪʝʢʩʝʨʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʞסʩʳʥʳʣײ

0,05% - ʜʘʥ 0,1% - סʘ ʜʝʡʽʥ ʙʘʡץʘʣʘʜʳ. 

ɸץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʣʝʨʽʥʽש ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʳʥʘץʪʘʨʳʥ ʞװʨʛʽʟʫ ɹʄɾ 

ᴅʟʽʨʣʝʫʰʽʣʝʨʽʥʽש ʧʨʘʢʪʠʢʘʣʳץ ʞײʤʳʩʳʥʜʘ װʥʝʤʽ ʙʦʣʘʪʳʥ ʤʽʥʜʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʙײʣ ʤᴅʩʝʣʝʥʽ ʪʝʟ ʰʝʰʫʜʽ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʜʽ ʪװʩʽʥʜʽʨʫʜʽ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʪʽʥ ʳסשʘʡʣʳ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤʝʥ ײץʨʘʣʜʘʨʜʳ ʞʘʩʘʫ ץʘʞʝʪʪʽʣʽʛʽ 

ʪʫʳʥʜʘʡʜʳ. 

ʈʝʟʠʩʪʦʨʜʳש ʢʝʜʝʨʛʽʣʝʨʽ ʤʝʥ ʢʝʨʥʝʫʣʝʨʽʥʽש ʩᴅʡʢʝʩ װʣʛʽʣʽʢ ʤᴅʥʜʝʨʽʥ ʘʚʪʦʤʘʪʪʳ 

ʪװʨʜʝ ʛʝʥʝʨʘʮʠʷʣʘʡʪʳʥ ʢᴇʧ ʬʫʥʢʮʠʷʣʳ ʘʚʪʦʤʘʪʪʳ ᴇʣʰʝʫ ʢʘʣʠʙʨʘʪʦʨʳʥ (ɸʂʄ) ᴅʟʽʨʣʝʫ 

ʢᴇʧ ʬʫʥʢʮʠʷʣʳ ʤᴅʩʝʣʝʛʝ ʙʘסʳʪʪʘʣסʘʥ IMS ʤʝʪʨʦʣʦʛʠʷʣʳץ ʘʪʪʝʩʪʘʪʪʘʫסʘ, ʪʝʢʩʝʨʫʛʝ ʞᴅʥʝ 

ʜʠʘʛʥʦʩʪʠʢʘʣʘʫסʘ ʘʨʥʘʣסʘʥ. ʄʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ɸʂʄ ᴅʟʽʨʣʝʫʜʝ ʞᴅʥʝ ײץʨʫʜʘ ʞʠʥʘץʪʘʣסʘʥ 

ʪᴅʞʽʨʠʙʝ ʦʩʳ ʩʳʥʳʧʪʘסʳ ʙʘʩץʘ ʄɹɾ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʳʥʘץʪʘʨ װʰʽʥ ʧʘʡʜʘʣʳ ʙʦʣʘʜʳ. 

ʆʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ ᴅʜʝʙʠ ʜʝʨʝʢʢᴇʟʜʝʨʜʽ ʪʘʣʜʘʫ, ʩʦʥʜʘʡ-ʘץ ʧʘʪʝʥʪʪʽʢ 

ʟʝʨʪʪʝʫʣʝʨ ץײʩʘʩ ʦץʠסʘʣʘʨʜʳ ʢᴇʨʩʝʪʧʝʜʽ. 

ɹײʣ ᴅʟʽʨʣʝʫʜʽץ שʘʞʝʪʪʽʣʽʛʽ ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʩʽ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʳʥʘץʪʘʨ 

ʩʘʪʳʩʳʥʜʘ ʦʧʝʨʘʪʦʨʜʳש ᴅʨʝʢʝʪʽʥʝʥ ʩʫʙʲʝʢʪʠʚʪʽ ʬʘʢʪʦʨʜʳש ᴅʩʝʨʽʥ ʪʦʣʳסʳʤʝʥ ʘʣʳʧ ʪʘʩʪʘʫ 

ʪʘʣʘʧʪʘʨʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ (ʘʪʘʧ ʘʡʪץʘʥʜʘ, װʣʛʽʣʽʢ ײץʨʘʣʜʘʨʜʳש ʰʝʢʪʝʨʽʥ ץʦʩʫ ʞᴅʥʝ 

ʘʫʳʩʪʳʨʫ, ʫʘץʳʪ ʬʘʢʪʦʨʳ ʞᴅʥʝ ʪ.ʙ.). 

ɹʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤʝʥ ײץʨʘʣʜʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʢᴇʧ ʬʫʥʢʮʠʦʥʘʣʜʳ ʢᴇʧ 

ʘʨʥʘʣʳ ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʩʽ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫ ʫʘץʳʪʳʥ ʰʘʤʘʤʝʥ 

ʙʘסʘʣʘʫ ɸɹʄ ʧʘʡʜʘʣʘʥʫ ʙײʣ ʢʝʟʝשʜʽ ʦʥ ʝʩʝ ץʳʩץʘʨʪʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. 

 ʤʳʩײʞ ץʙʽʨʝʛʝʡʣʽʛʽʥ, ʩʦʥʜʘʡ-ʘ שʜʝʫʜʽשʩʘʪʳʥʜʘ ᴇץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤʘפ

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʢʝש ʜʠʘʧʘʟʦʥʳ (-40 Á ʉ - +60) Á ʉ ʙʦʣʘʪʳʥ ᴅʟʽʨʣʝʥʛʝʥ ɹʄɾ-ʜʘ ᴇʣʰʝʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʳװ שʣʢʝʥ ʩʘʥʳʥ (>50) ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʄɹɾ ʢʝʧʽʣʜʝʥʜʽʨʽʣʛʝʥ 

ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ, ʦʥʳש ʢʘʣʠʙʨʣʝʥʫʽ ʽʰʢʽ ʙʘץʳʣʘʫ ʘʨʥʘʣʘʨʳʥʳש ʢᴇʤʝʛʽʤʝʥ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽץ

ʂʘʣʠʙʨʣʝʫ ʞײʤʳʩ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʜʠʘʧʘʟʦʥʳʥʜʘ IMS ʽʰʢʽ ʙʘץʳʣʘʫ 

ʩʝʥʩʦʨʣʘʨʳʥʳש ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʦʨʳʥʜʘʣʘʜʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳ ʢʘʣʠʙʨʣʝʫ 

ʦʧʝʨʘʮʠʷʣʘʨʳ ʦʨʳʥʜʘʣʘʪʳʥ ʥװʢʪʝʣʝʨʜʽש ʩᴅʡʢʝʩ ʩʘʥʳʥʘ ʙᴇʣʽʥʝʜʽ. ɹʘʩץʘʨʫ ʩʝʥʩʦʨʣʘʨʳʥʳש 

ʤᴅʥʜʝʨʽ ʬʘʡʣ.txt ʩʝʥʩʦʨʣʘʨʳʥʳש ʩᴅʡʢʝʩ ʪװʨʣʝʨʽʥʜʝ ʞʘʟʳʣʘʜʳ ʞᴅʥʝ ʙʦʣʘʰʘץʪʘ ʞײʤʳʩ 

ʢʝʟʽʥʜʝ ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʩʽ ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʪװʟʝʪʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ʂʘʣʠʙʨʣʝʫ ʘʚʪʦʤʘʪʪʳ ʨʝʞʠʤʜʝ ʜʝ ʘʚʪʦʤʘʪʪʳ ᴇʣʰʝʤ ʢʘʣʠʙʨʘʪʦʨʳʥʳש (ɸʂʄ) ʢᴇʤʝʛʽʤʝʥ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ɾײʤʳʩʪʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʤʳʥʘʣʘʨ ᴅʟʽʨʣʝʥʜʽ: 

- ʬʫʥʢʮʠʦʥʘʣʜʳץ ʜʠʘʛʨʘʤʤʘ ɸʚʪʦʤʘʪʪʳ ʢʘʣʠʙʨʣʝʥʛʝʥ ᴇʣʰʝʤ; 

- ʬʫʥʢʮʠʦʥʘʣʜʳץ ʙʣʦʢʪʘʨʜʳש ʩʭʝʤʘʣʘʨʳʥ; 

- ʙʘʩץʘʨʫ ʘʣʛʦʨʠʪʤʜʝʨʽ ʞᴅʥʝ ʝʩʝʧʪʝʫʽʰ ʷʜʨʦסʘ ʘʨʥʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘʣʳץ 

 שʘʤʪʘʤʘʩʳʟ ʝʪʫ (ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʥʝʛʽʟʽʥʜʝ) ᴇʣʰʝʫ ʞᴅʥʝ ʝʩʝʧʪʝʫ ʤʦʜʫʣʽ ʞᴅʥʝ ʦʥʳץ
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ʘʚʪʦʤʘʪʪʳ ʢʘʣʠʙʨʣʝʥʛʝʥ ᴇʣʰʝʤʤʝʥ, ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫʤʝʥ ʞᴅʥʝ ײʩʳʥʫʳʤʝʥ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʩʳʨʪץʳ ʜʝʨʙʝʩ ʵʣʝʢʪʨʦʥʜʳץ ʢʦʤʧʴʶʪʝʨ. 

 

 .ʦʨʳʪʳʥʜʳפ

 ʄʝʪʨʦʣʦʛʠʷʣʳץ ʙʘץʳʣʘʫ ʢʝʟʽʥʜʝ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʧʨʦʮʝʩʽʥʜʝ ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ 

ʞװʡʝʩʽʥʽש ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʘʥʳץʪʘʫ ʞᴅʥʝ ʙʘסʘʣʘʫ װʰʽʥ ᴅʟʽʨʣʝʥʛʝʥ ᴅʜʽʩʪʝʤʝ ʥʝʛʽʟʽʥʜʝ 

ʞװʡʝʥʽש ʞʘʣʧʳ ץʘʪʝʣʽʛʽʥ ʙʘסʘʣʘʫ ᴇʣʰʝʫ ʘʨʥʘʣʘʨʳʥʳש ʝש ʥʘʰʘʨ ʤʝʪʨʦʣʦʛʠʷʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʦʡʳʥʰʘ ץʘʙʳʣʜʘʥʘʜʳ ʞᴅʥʝ 0,1% ײץʨʘʡʜʳ. 

 ɸץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʩʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʙʘʩʪʘʧץʳ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜʽ 

(ʜʘʪʯʠʢʪʝʨʜʽ) ʠʤʠʪʘʮʠʷʣʘʫ װʰʽʥ ᴇʣʰʝʫ ʘʨʥʘʩʳʥʳש ʙʦʣʞʘʤʜʳ ץʘʪʝʣʽʛʽʥʝʥ ʪᴇʤʝʥ ץʘʪʝʣʽʢ 

ʰʝʛʽ ʙʘʨ װʣʛʽʣʽ ײץʨʘʣʜʘʨ ʞʠʳʥʪʳסʳ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

 ɼʘʪʯʠʢʪʝʨʜʽש ʢᴇʧʪʝʛʝʥ ʪװʨʣʝʨʽ ʞᴅʥʝ ʦʣʘʨʜʳ ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʩʽʥʝ ץʦʩʫ 

ʩʭʝʤʘʣʘʨʳ ʦʩʳ װʣʛʽʣʽ ײץʨʘʣʜʘʨʜʳש ʢʦʤʧʴʶʪʝʨʣʝʨʽʥʽש ʢʽʨʽʩʽʥʝ ץʦʩʳʣʫʜʳש ᴅʨʪװʨʣʽ 

ʩʭʝʤʘʣʘʨʳʥ ʘʥʳץʪʘʡʜʳ. 

 ɾװʡʝʥʽ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʙʘסʘʣʘʫ ʧʨʦʮʝʩʽʥʽש ʫʘץʳʪʳʥ (ʦʥʜʘסʘʥ ʝʩʝ) ץʳʩץʘʨʪʫ, װʣʛʽʣʽ 

 ʨʘʣʜʘʨʜʳ ʘʫʳʩʪʳʨʫ ʢʝʟʽʥʜʝ ʩʫʙʲʝʢʪʠʚʪʽ ʬʘʢʪʦʨʜʳ ʘʣʳʧ ʪʘʩʪʘʫ ʞᴅʥʝ ʪ.ʙ. ʢᴇʧ ʬʫʥʢʮʠʷʣʳײץ

ʢᴇʧ ʘʨʥʘʣʳ ʧʨʦʙʣʝʤʘʣʳץ ʙʘסʜʘʨʣʘʥסʘʥ ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʩʽʥʽש ʤʝʪʨʦʣʦʛʠʷʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʣʫ ʧʨʦʮʝʩʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ᴅʟʽʨʣʝʥʛʝʥ ʘʚʪʦʤʘʪʪʳ 

ᴇʣʰʝʫʽʰ (ɸʂʄ) ץʦʣʜʘʥʳʣʘʜʳ. 
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DEVELOPMENT OF METHODS AND MEANS FOR OBTAINING METRO LOGICAL 

CHARACTERISTICS OF INFORMATION AND MEASUREMENT SYSTEMS  

 

Abstract. In this paper, a method of performing measurements with multiple independent 

observations, basic methods of processing the results of observations and evaluation of 

metrological characteristics are proposed. Based on the algorithms of this technique, software 

has been developed for existing model measures and automatic calibrated measures. The aim of 

the work is to obtain a developed methodology for determining and evaluating the measurement 

results of an information and measurement system during metrological control. The objective of 

the study is to develop a program based on the proposed methodology of metrological testing of 

measuring channels of the information and measurement system, which allowed automating the 

process of obtaining metrological characteristics of the information and measurement system. 

 

Keywords.  information and measurement system, metrological characteristics, channel, 

Fischer distributions. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʩ 

ʤʥʦʛʦʢʨʘʪʥʳʤʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ, ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʦʮʝʥʢʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʵʪʦʡ 

ʤʝʪʦʜʠʢʠ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʨʘʟʮʦʚʳʭ 

ʤʝʨ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʘʥʥʦʡ ʤʝʨʳ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ. ɿʘʜʘʯʝʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʘʪʴ 

ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʠʚʰʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʥʘʣ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʌʠʰʝʨʘ. 
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ʊ.ɸ. ʐʤʳʛʘʣʝʚʘ, ᴄ.ʈ. ᴄʙʜʽʭʘʥʠʝʚ 

ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʣʴ-ʌʘʨʘʙʠ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

E-mail: alisher147741@gmail.com 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂɸʉʂɸɼʅʆ-ɺɽʈʆʗʊʅʆʉʊʅʓʍ ʌʋʅʂʎʀʁ ɼʃʗ 

ʇʈʆʊʆʅʆɺ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʨʘʤʢʘʭ ʢʘʩʢʘʜʥʦ-

ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ (ʂɺ) ʤʝʪʦʜʘ. ʆʩʥʦʚʘ ʂɺ-ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʧʦʣʫʯʝʥʠʠ ʠ ʜʘʣʴʥʝʡʰʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʩʢʘʜʥʦ-ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʩʪʘʙʠʣʴʥʳʭ ʠ ʥʝʩʪʘʙʠʣʴʥʳʭ ʯʘʩʪʠʮ, 

ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʣʷ ʩʪʘʙʠʣʴʥʳʭ ʯʘʩʪʠʮ ï ʧʨʦʪʦʥʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʠʪʴ ʂɺʌ, ʩʧʝʢʪʨ 

ʧʝʨʚʠʯʥʦ-ʚʳʙʠʪʳʭ ʘʪʦʤʦʚ (ʇɺɸ), ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʜʝʬʝʢʪʦʚ ʥʘ ʣʶʙʦʡ ʛʣʫʙʠʥʝ 

ʦʙʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʦʩʣʝʜʠʪʴ ʚʝʩʴ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʣʝʪʘʶʱʠʭ ʯʘʩʪʠʮ, ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʪʦʥʦʚ, ʩ ʤʝʪʘʣʣʘʤʠ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʚ 

ʜʠʥʘʤʠʢʝ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʂɺʌ ʩ ʫʯʝʪʦʤ 

ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʥʘ ʠʦʥʠʟʘʮʠʶ ʠ ʚʦʟʙʫʞʜʝʥʠʝ ʜʣʷ ʧʨʦʪʦʥʦʚ. ɿʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʘʥʘʣʠʟ ʂɺ-ʬʫʥʢʮʠʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʚʦʡʩʪʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʪʠ ʬʫʥʢʮʠʠ, 

ʩʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ, ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʦʚ ʂɺʌ ʜʣʷ ʧʨʦʪʦʥʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʤʠʰʝʥʷʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʫʯʝʥʳʤʠ ʚ ʦʙʣʘʩʪʠ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɸʣʛʦʨʠʪʤ, ʨʘʩʯʝʪ, ʘʧʧʨʦʢʩʠʤʘʮʠʷ, ʢʘʩʢʘʜʥʦ-ʚʝʨʦʷʪʥʦʩʪʥʘʷ, 

ʬʫʥʢʮʠʷ, ʧʨʦʪʦʥ. 

 

ɺʚʝʜʝʥʠʝ.  

ʇʨʦʙʣʝʤʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʩ ʚʝʱʝʩʪʚʦʤ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʜʝʬʝʢʪʦʚ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [1-7]. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʂɺ-ʤʝʪʦʜʘ, ʠʩʪʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʢʦʪʦʨʦʛʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 

ʘʧʧʘʨʘʪ, ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʬʠʟʠʢʠ, ʘ ʪʘʢʞʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʬʠʟʠʢʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [8-11]. ʂʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ ʩ ʚʝʱʝʩʪʚʦʤ ʥʘʨʫʰʘʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʘʷ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ. ɺ ʩʣʫʯʘʝ ʧʨʦʪʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʜʝʬʝʢʪʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʢʘʥʩʠʦʥʥʳʝ ʢʣʘʩʪʝʨʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʢʦʨʨʝʢʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʠʪʴ 

ʨʘʩʯʝʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʢʘʥʩʠʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʧʦ ʛʣʫʙʠʥʝ ʦʙʣʫʯʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʊʘʢʞʝ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʪʨʘʜʠʮʠʦʥʥʦ ʚʳʯʠʩʣʷʶʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʪʦʯʝʯʥʳʭ 

ʜʝʬʝʢʪʦʚ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʧʨʝʥʝʙʨʝʛʘʷ ʪʝʤ, ʯʪʦ ʚʦʟʤʦʞʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʜʝʬʝʢʪʦʚ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʤ ʵʪʘʧʝ ʧʦʚʨʝʞʜʝʥʠʷ. ʀʤʝʶʱʠʝʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʩʯʠʪʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʘʢʘʥʩʠʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ, 

ʜʘʶʪ ʠʥʦʛʜʘ ʜʚʦʡʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʝ ʚʩʝʛʜʘ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʩ ʚʝʱʝʩʪʚʦʤ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʦʙʣʫʯʝʥʥʳʭ ʟʘʨʷʞʝʥʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ. 

ɼʣʷ ʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ɿʘʨʷʞʝʥʥʘʷ 

ʯʘʩʪʠʮʘ ʧʦ ʧʫʪʠ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʪʝʨʷʝʪ ʵʥʝʨʛʠʶ ʥʘ ʠʦʥʠʟʘʮʠʶ ʠ 

ʚʦʟʙʫʞʜʝʥʠʝ. ʉʦʫʜʘʨʝʥʠʷ ʩ ʘʪʦʤʘʤʠ, ʷʜʨʘʤʠ ʧʨʦʠʩʭʦʜʷʪ ʜʠʩʢʨʝʪʥʦ. ʇʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʡ 
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ʧʝʨʚʠʯʥʳʝ ʯʘʩʪʠʮʳ ʩʦʭʨʘʥʷʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ ʠʭ ʧʨʦʙʝʛ ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʠʠ ʯʝʨʝʟ ʩʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

, ʛʜʝ  - ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʢʫʙʠʯʝʩʢʦʤ ʩʘʥʪʠʤʝʪʨʝ ʩʨʝʜʳ [10]. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʘʩʢʘʜʥʦ-

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʳʭ 

ʦʙʱʠʭ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʂɺʌ [10]. ʇʦʣʫʯʝʥʥʳʝ ʂɺ - ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʘʣʝʝ ʜʣʷ ʨʘʩʯʝʪʘ ʩʧʝʢʪʨʦʚ ʇɺɸ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʪʚʝʨʜʳʭ ʪʝʣ ʵʣʝʢʪʨʦʥʘʤʠ, ʧʨʦʪʦʥʘʤʠ, ʘʣʴʬʘ-ʯʘʩʪʠʮʘʤʠ ʩ ʵʥʝʨʛʠʷʤʠ 1-50 

ʄʵɺ ʠ ʠʦʥʘʤʠ (1-1000 ʂʵɺ). ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [10]. 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʘʩʢʘʜʥʦ-ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʬʫʥʢʮʠʡ ʩ 

ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʧʨʠ ʧʨʦʪʦʥʥʦʤ ʦʙʣʫʯʝʥʠʠ ʚ ʨʘʤʢʘʭ ʂɺ-ʤʝʪʦʜʘ. ʇʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʂɺʌ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʂɺ-ʬʫʥʢʮʠʠ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʠʦʥʠʟʘʮʠʶ ʠ ʚʦʟʙʫʞʜʝʥʠʝ, ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʂɺʌ ʙʝʟ 

ʫʯʝʪʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʪʘʢ 

ʞʝ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʚʝʱʝʩʪʚʦʤ ʦʩʥʦʚʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʠ ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɼʣʷ ʧʨʦʪʦʥʦʚ ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʈʝʟʝʨʬʦʨʜʘ 

[9]: 
 

    (ʙʘʨʥ),          (1) 

 

ʛʜʝ  - ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʧʨʦʪʦʥʘ,  - ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʤʠʰʝʥʠ,  - ʟʘʨʷʜ ʧʨʦʪʦʥʘ, 

 - ʟʘʨʷʜ ʤʠʰʝʥʠ,  - ʵʥʝʨʛʠʷ ʩʤʝʱʝʥʠʷ,  - ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, 

ʧʨʠʦʙʨʝʪʝʥʥʘʷ ʘʪʦʤʦʤ,  - ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʥʘʣʝʪʘʶʱʝʡ ʯʘʩʪʠʮʳ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʧʨʦʪʦʥʘ. 

ɻʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʜʣʷ ʧʨʦʪʦʥʦʚ ʥʘʭʦʜʠʤ ʠʟ ʪʘʙʣʠʮ ʧʨʦʙʝʛʦʚ ʠ ʪʦʨʤʦʟʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʜʣʷ ʣʝʛʢʠʭ ʠʦʥʦʚ [12]. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (1) ʟʥʘʯʝʥʠʷ ʩʝʯʝʥʠʡ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ [13]: 
 

                          (2) 

 

ʛʜʝ  - ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ,  - ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ. 

ʀʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʂʦʣʤʦʛʦʨʦʚʘ-ʏʵʧʤʝʥʘ [14], ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ 

ʨʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʚʳʚʦʜʘ ʂɺʌ: 
 

,    (3) 

 

ʛʜʝ  - ʚʝʨʦʷʪʥʦʩʪʴ ʠʩʧʳʪʘʪʴ ʯʘʩʪʠʮʝ  ʩʦʫʜʘʨʝʥʠʡ, ʜʦʩʪʠʛʥʫʚ ʛʣʫʙʠʥʳ  

- ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʟʘ  ʰʘʛʦʚ,  - ʚʝʨʦʷʪʥʦʩʪʴ ʠʩʧʳʪʘʪʴ ʯʘʩʪʠʮʝ 

 ʩʦʫʜʘʨʝʥʠʝ - ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʟʘ  ʰʘʛ,  - ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, 

ʯʪʦ ʯʘʩʪʠʮʘ ʜʦʩʪʠʛʥʝʪ ʛʣʫʙʠʥʳ , ʥʝ ʠʩʧʳʪʘʚ ʧʨʠ ʵʪʦʤ ʥʠ ʦʜʥʦʛʦ ʩʦʫʜʘʨʝʥʠʷ - 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʟʘ 1 ʰʘʛ,  - ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʠʮʘ ʠʩʧʳʪʘʝʪ ʩʦʫʜʘʨʝʥʠʝ ʥʘ 

ʛʣʫʙʠʥʝ ,  - ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʝʨʚʠʯʥʦʡ ʯʘʩʪʠʮʳ. 
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, 

 

 - ʧʨʦʙʝʛ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, . 

ʀʟ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ (3) ʧʦʣʫʯʠʤ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʂɺʌ ʜʣʷ 

ʧʨʦʪʦʥʦʚ: 
 

  ,       (4) 

 

ʛʜʝ  - ʯʠʩʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ,  - ʛʣʫʙʠʥʳ ʛʝʥʝʨʘʮʠʠ ʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʂɺʌ 

ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 
 

.(5) 

 

ʈʝʟʫʣʴʪʘʪʳ. 

ʇʨʦʚʝʜʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʂɺʌ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʪʦʥʦʚ. 
 

1.    . 

2.    , 

 

ʛʜʝ , ʪ.ʝ. ʂɺ-ʬʫʥʢʮʠʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʠʦʥʠʟʘʮʠʶ 

ʠ ʚʦʟʙʫʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʘʪʦʤʦʚ ʩʨʝʜʳ, ʧʝʨʝʭʦʜʷʪ ʚ ʂɺʌ ʙʝʟ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʙʝʛʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ. 

3. , ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʠʮʘ ʠʩʧʳʪʘʝʪ  

ʩʦʫʜʘʨʝʥʠʡ ʥʘ ʥʫʣʝʚʦʡ ʛʣʫʙʠʥʝ, ʨʘʚʥʘ ʥʫʣʶ, ȟ ̠̝̃̆̑̏̓̎̏̒̓ ̓̏̄̏ȟ ̘̓̏ 

̘̗́̒̓̉́ ̜̉̒̐̓́̆̓ π ̒̏̔̅́̑̆̎̉̊ ̎́ ̎̔̌̆̃̏̊ ̄̌̔̂̉̎̆ȟ ̑́̃̎́ ̗̆̅̉̎̉̆Ȣ 

4.     

5.     

6.   . 

ʈʘʟʙʠʚʘʷ  ʥʘ  ʩʣʘʛʘʝʤʳʭ, ʥʘʭʦʜʷ ʧʨʝʜʝʣ ʦʪ ʢʘʞʜʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʠ 

ʧʨʠʤʝʥʷʷ ʬʦʨʤʫʣʫ ʉʪʠʨʣʠʥʛʘ, ʧʦʣʫʯʠʤ  
 

, 

 

ʪ.ʝ. ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʠʮʘ ʠʩʧʳʪʘʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʩʦʫʜʘʨʝʥʠʡ, ʥʝʩʦʤʥʝʥʥʦ 

ʨʘʚʥʘ ʥʫʣʶ. 
 

7.                                             ,                (6) 

 

ʛʜʝ , 
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 - ʯʠʩʣʦ ʘʪʦʤʦʚ ʤʠʰʝʥʠ ʚ ʢʫʙʠʯʝʩʢʦʤ ʩʘʥʪʠʤʝʪʨʝ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʯʘʩʪʠʮʘ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʣʫʙʠʥʝ. ɼʘʥʥʳʡ 

ʠʥʪʝʛʨʘʣ ʥʝ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʵʣʝʤʝʥʪʘʨʥʳʝ ʬʫʥʢʮʠʠ ʠ ʧʦʵʪʦʤʫ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʯʠʩʣʝʥʥʦ 

ʤʝʪʦʜʦʤ ɻʘʫʩʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʨʘʚʝʥʩʪʚʘ (6). 

ʅʘʡʜʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ ʈʝʟʝʨʬʦʨʜʘ ʟʥʘʯʝʥʠʷ ʩʝʯʝʥʠʡ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ (2). ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʥʘʭʦʜʷʪʩʷ 

ʚ ʠʥʪʝʨʚʘʣʝ 0,98 ï 0,99999. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ  ʜʣʷ ʧʨʦʪʦʥʦʚ ʚ 

ʞʝʣʝʟʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ . ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʘ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʦʪʥʦʰʝʥʠʷ 

ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʫʤʝʥʴʰʘʪʴʩʷ.  
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ʈʠʩʫʥʦʢ 1 - ɿʘʚʠʩʠʤʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪ ʛʣʫʙʠʥʳ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʜʣʷ ʧʨʦʪʦʥʦʚ ʚ ʞʝʣʝʟʝ, = 5, 10, 20, 30, 50 ʄʵɺ (1-5) 
 

ʇʨʠ ʥʘʭʦʞʜʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ ʧʨʦʪʦʥʦʚ ʧʦʷʚʣʷʶʪʩʷ 

ʪʨʫʜʥʦʩʪʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1) ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ 
ʦʪʥʦʰʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʣʦʞʥʷʝʪʩʷ ʧʦʜʙʦʨ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʦʛʦ 

ʚʳʨʘʞʝʥʠʷ. 

2) ʐʘʛ ʧʦ ʛʣʫʙʠʥʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʦʣʝʙʣʝʪʩʷ, ʦʥ ʪʦ ʤʘʣ, ʪʦ ʚʝʣʠʢ, ʩʘʤʠ ʞʝ 
ʛʣʫʙʠʥʳ ʤʘʣʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʥʘʯʝʥʠʷ ʩʝʯʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʣʠʢʠ. 

3) ʊʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪ ʜʣʷ ʢʘʞʜʦʡ ʤʠʰʝʥʠ ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ʧʝʨʚʠʯʥʦʡ ʯʘʩʪʠʮʳ. 

4) ʅʫʞʥʦ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ. 

5) ʅʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ. 

ʈʘʥʝʝ ʜʣʷ ʧʦʜʙʦʨʘ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʠ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴʥʳʝ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ, ʚ ʯʘʩʪʥʦʩʪʠ Origin ʚʝʨʩʠʠ 

7.0 ʠ ʚʳʰʝ. ʇʨʠ ʵʪʦʤ ʧʦʜʙʦʨ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʣʴʥʦ ʟʘʚʠʩʝʣ ʦʪ 

ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʨʦʮʝʩʩ ʧʦʜʙʦʨʘ ʠʥʦʛʜʘ ʠʤʝʣ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʠ ʟʘʥʠʤʘʣ 

ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ ʟʘʜʘʥʳ ʥʝʫʜʘʯʥʦ, ʪʦ ʥʝ ʚʩʝʛʜʘ 

ʫʜʘʚʘʣʦʩʴ ʚʳʧʦʣʥʠʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʠ ʥʘʡʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʃʝʚʝʥʙʝʨʛʘ-

ʄʘʨʢʚʘʨʜʪʘ [15]. ɸʣʛʦʨʠʪʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ, ʦʩʥʦʚʘʥ ʥʘ ʵʚʨʠʩʪʠʯʝʩʢʠʭ 

ʩʦʦʙʨʘʞʝʥʠʷʭ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʘ, ʬʫʥʢʮʠʷ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦʤ ʚʠʜʝ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ.  ʇʦʜʙʦʨ ʬʫʥʢʮʠʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʜʦʩʪʘʪʦʯʥʦ ʦʜʠʥ ʨʘʟ ʟʘʜʘʪʴ ʜʘʥʥʳʝ ʜʣʷ ʥʘʰʠʭ ʬʫʥʢʮʠʡ, 

ʥʘʧʨʠʤʝʨ, ʚ ʧʨʝʜʝʣʘʭ ʦʪ -1 ʜʦ 1. 

http://www.machinelearning.ru/wiki/index.php?title=%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC_%D0%9B%D0%B5%D0%B2%D0%B5%D0%BD%D0%B1%D0%B5%D1%80%D0%B3%D0%B0_-_%D0%9C%D0%B0%D1%80%D0%BA%D0%B2%D0%B0%D1%80%D0%B4%D1%82%D0%B0&action=edit
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ʈʘʩʯʝʪʳ ʢʘʩʢʘʜʥʦ-ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʬʫʥʢʮʠʡ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʪʦʥʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʯʘʩʪʠʮ ʚʳʧʦʣʥʝʥʳ ʧʦ 

ʬʦʨʤʫʣʝ (5). ʀʟ ʨʘʩʯʝʪʦʚ ʚʠʜʥʦ (ʨʠʩʫʥʦʢ 2,3), ʯʪʦ ʂɺʌ ʜʣʷ ʧʨʦʪʦʥʦʚ ʚʝʜʫʪ ʩʝʙʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʠ ʟʥʘʯʝʥʠʷʭ  ʂɺʌ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ  ʫʙʳʚʘʶʪ, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ  ʂɺʌ ʚʦʟʨʘʩʪʘʶʪ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʠ ʥʘʯʠʥʘʶʪ ʫʙʳʚʘʪʴ; ʧʨʠ ʦʩʪʘʣʴʥʳʭ 

 ʚʦʟʨʘʩʪʘʶʪ. ʇʨʠ ʤʘʣʳʭ  ʢʨʠʚʳʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ  ʫʞʝ ʠʤʝʶʪ ʤʘʢʩʠʤʫʤ, ʧʨʠ ʤʘʣʳʭ  

ʢʨʠʚʳʝ ʥʝ ʠʤʝʶʪ ʤʘʢʩʠʤʫʤʘ, ʧʨʠ , ʧʨʠʙʣʠʞʘʶʱʝʤʫʩʷ ʢ , ʢʨʠʚʳʝ ʚʦʟʨʘʩʪʘʶʪ. ʇʨʠ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ  ʢʨʠʚʳʝ ʠʤʝʶʪ ʤʘʢʩʠʤʫʤ ʫʞʝ ʧʨʠ ʤʘʣʳʭ , ʢʦʪʦʨʳʡ ʩʤʝʱʘʝʪʩʷ 

ʚʧʨʘʚʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ  ʠ  ʠ ʟʘʪʝʤ ʠʩʯʝʟʘʝʪ. ʇʦʚʝʜʝʥʠʝ ʂɺʌ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ  

ʭʘʨʘʢʪʝʨʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ  ʢʨʠʚʳʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ  ʫʞʝ ʠʤʝʶʪ ʤʘʢʩʠʤʫʤ, ʧʨʠ 

ʤʘʣʳʭ  ʢʨʠʚʳʝ ʥʝ ʠʤʝʶʪ ʤʘʢʩʠʤʫʤʘ, ʧʨʠ , ʧʨʠʙʣʠʞʘʶʱʝʤʫʩʷ ʢ  ʢʨʠʚʳʝ 

ʚʦʟʨʘʩʪʘʶʪ. ʇʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ  ʢʨʠʚʳʝ ʠʤʝʶʪ ʤʘʢʩʠʤʫʤ ʫʞʝ ʧʨʠ ʤʘʣʳʭ , 

ʢʦʪʦʨʳʡ ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ ʩ ʫʚʝʣʠʯʝʥʠʝʤ  ʠ  ʠ ʟʘʪʝʤ ʠʩʯʝʟʘʝʪ. 
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ʈʠʩʫʥʦʢ 2 - ɿʘʚʠʩʠʤʦʩʪʴ  ʦʪ n ʜʣʷ ʧʨʦʪʦʥʦʚ ʚ ʤʝʜʠ ʧʨʠ =15 ʄʵɺ ʜʣʷ  

=0,01;0,02; 0,03; 0,04 ʩʤ (1-4) 
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ʈʠʩʫʥʦʢ 3 - ɿʘʚʠʩʠʤʦʩʪʴ  ʦʪ h ʜʣʷ ʧʨʦʪʦʥʦʚ ʚ ʤʝʜʠ ʧʨʠ =15 ʄʵɺ  

ʜʣʷ n =1, 4, 7, 10, 13, 16 (1-6) 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʝʯʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʂɺ-ʬʫʥʢʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʯʠʩʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʨʘʟʨʘʙʦʪʘʥʦ Web-ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʷʟʳʢʝ python ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ Django. ɼʣʷ ʦʬʦʨʤʣʝʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠʤʝʥʷʣʩʷ ʬʨʝʡʤʚʦʨʢ 

bootstrap 5. ɼʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʉʋɹɼ Microsoft SQL Server 2019. 
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ʆʙʩʫʞʜʝʥʠʝ.  

ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʂɺʌ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʨʘʩʯʝʪʘ 

ʩʧʝʢʪʨʦʚ ʇɺɸ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʢʘʥʩʠʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʚʭʦʜʷʪ ʚ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʨʘʩʯʝʪʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉʧʝʢʪʨ ʇɺɸ ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, 

ʯʪʦ ʦʪ ʦʜʥʦʛʦ ʧʨʦʪʦʥʘ ʦʙʨʘʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʜʝʬʝʢʪʦʚ ï ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʦʜʥʦʛʦ ʧʨʦʪʦʥʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʜʝʬʝʢʪʦʚ. ʂʦʥʝʯʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʦʪʦʥʦʚ ʩ ʚʝʱʝʩʪʚʦʤ, ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʜʝʬʝʢʪʦʚ ʥʘ ʣʶʙʦʡ ʛʣʫʙʠʥʝ ʦʙʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʣʫʯʠʚ ʚʳʨʘʞʝʥʠʝ 

ʂɺʌ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ, ʵʪʘ ʮʝʣʴ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ. 

ʈʘʥʝʝ ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʜʘʯʠ ʨʝʰʘʣʠʩʴ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ [16], ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʫʨʘʚʥʝʥʠʡ ɹʦʣʴʮʤʘʥʘ, ʥʦ ʧʦʣʫʯʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʂɺʌ, ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ 

ʩʧʝʢʪʨʦʚ ʇɺɸ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʩʢʘʜʥʳʭ ʦʙʣʘʩʪʝʡ ʫʜʘʣʦʩʴ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʂɺ-ʤʝʪʦʜʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪʳ ʠ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʚʳʰʝ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʨʘʤʢʘʭ ʂɺ-ʤʝʪʦʜʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʧʨʦʩʪʝʡʰʘʷ ʂɺʌ ʙʝʟ ʫʯʝʪʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ, ʪ.ʝ. ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʵʥʝʨʛʠʷ ʠ ʧʨʦʙʝʛ 

ʤʝʞʜʫ ʩʦʫʜʘʨʝʥʠʷʤʠ ʧʦʩʪʦʷʥʥʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʝʡʰʝʡ ʂɺʌ ʧʨʠʚʦʜʠʣʦ ʢ ʙʦʣʴʰʠʤ 

ʧʦʛʨʝʰʥʦʩʪʷʤ ʚ ʨʘʩʯʝʪʘʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʝʪʩʷ ʂɺʌ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʝʢʪʨ ʇɺɸ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʝʬʝʢʪʦʚ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʨʘʩʩʯʠʪʘʥʳ ʩ 

ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʚʦʟʥʠʢʘʶʪ ʨʘʟʣʠʯʥʳʝ ʩʣʦʞʥʦʩʪʠ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʝʜʣʘʛʘʶʪʩʷ ʥʦʚʳʝ ʤʝʪʦʜʳ, ʘʣʛʦʨʠʪʤʳ, ʧʨʠʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʪʨʘʥʠʪʴ ʵʪʠ 

ʩʣʦʞʥʦʩʪʠ.  ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʩʦʫʜʘʨʝʥʠʡ ʥʝ ʫʜʘʝʪʩʷ 

ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʂɺʌ ʧʦ ʬʦʨʤʫʣʝ (4), ʜʣʷ ʵʪʦʛʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʬʦʨʤʫʣʘ (5). 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʦʚʨʝʤʝʥʥʳʡ ʤʝʪʦʜ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʫʧʨʦʩʪʠʪʴ ʧʦʜʙʦʨ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ. ɼʣʷ ʚʝʜʝʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ Web-ʧʨʠʣʦʞʝʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʉʋɹɼ, ʷʟʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʬʨʝʡʤʚʦʨʢʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʂɺʌ, ʘ ʠʤʝʥʥʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: ʧʦʣʫʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʩʝʯʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʛʣʫʙʠʥ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, ʧʦʜʙʦʨ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ 

ʜʣʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʝʯʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʥʘʭʦʞʜʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ 

ʧʨʦʪʦʥʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʠʰʝʥʷʭ, ʟʥʘʯʝʥʠʝ ʧʝ6ʨʚʦʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʘ ʤʝʥʷʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 5 ʜʦ 30 ʄʵɺ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʙʳʣʦ ʙʣʠʟʢʦ ʢ 1. ʅʘʡʜʝʥʥʦʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚʭʦʜʠʪ ʚ ʨʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʚʳʚʦʜʠʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʂɺ-ʬʫʥʢʮʠʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʠʟʤʝʥʝʥʠʝ ʧʨʦʙʝʛʘ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʠʦʥʠʟʘʮʠʶ ʠ ʚʦʟʙʫʞʜʝʥʠʝ, ʜʣʷ ʧʨʦʪʦʥʦʚ. ʈʘʟʨʘʙʦʪʘʥ 

ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʝʨʝʭʦʜʘ ʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʵʪʠʭ ʬʫʥʢʮʠʡ. ʇʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʩʢʘʜʥʦ-ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʬʫʥʢʮʠʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ 

ʬʫʥʢʮʠʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʦʚʝʜʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʂɺʌ. 
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ʇʈʆʊʆʅɼɸʈ תʐɯʅ ʂɸʉʂɸɼʊʓ-ʓפʊʀʄɸʃɼʓפ ʌʋʅʂʎʀʗʃɸʈʓʅ 

ʄʆɼɽʃʔɼɽʋ 

 

ɸשʜʘʪʧʘ. ɹײʣ ʞײʤʳʩʪʘ ʟʝʨʪʪʝʫʣʝʨ ʢʘʩʢʘʜʪʳ-ʳץʪʠʤʘʣʜʳץ (ʂʓ) ᴅʜʽʩ ʘʷʩʳʥʜʘ 

ʞװʨʛʽʟʽʣʝʜʽ. ʂʓ ᴅʜʽʩʽʥʽש ʥʝʛʽʟʽ ʪײʨʘץʪʳ ʞᴅʥʝ ʪײʨʘץʩʳʟ ʙᴇʣʰʝʢʪʝʨ װʰʽʥ, ʙʽʟʜʽש ʞʘסʜʘʡʜʘ 

ʪײʨʘץʪʳ ʙᴇʣʰʝʢʪʝʨ-ʧʨʦʪʦʥʜʘʨ װʰʽʥ ʢʘʩʢʘʜʪʳ ʳץʪʠʤʘʣʜʳץ ʬʫʥʢʮʠʷʣʘʨʳʥ ʘʣʫ ʞᴅʥʝ ʦʜʘʥ 

ᴅʨʽ ʧʘʡʜʘʣʘʥʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ᴅʜʽʩ ʘʥʘʣʠʪʠʢʘʣʳץ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʂʓʌ, 

ʙʽʨʽʥʰʽ ʩʦסʳʣסʘʥ ʘʪʦʤʜʘʨ ʩʧʝʢʪʨʽʥ (ɹʉɸ), ʩᴅʫʣʝʣʝʥʝʪʽʥ ʤʘʪʝʨʠʘʣʜʳש ʢʝʟ ʢʝʣʛʝʥ 

ʪʝʨʝשʜʽʛʽʥʜʝ ʧʘʡʜʘ ʙʦʣסʘʥ ʘץʘʫʣʘʨ ʩʘʥʳʥ ʝʩʝʧʪʝʫʛʝ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨʜʽש ʟʘʪʧʝʥ 

ᴅʨʝʢʝʪʪʝʩʫʽʥʽש ʧʨʦʮʝʩʽʥ ʞᴅʥʝ ʘץʘʫʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʜʠʥʘʤʠʢʘʩʳʥ ʙʘץʳʣʘʫסʘ ʙʦʣʘʜʳ. 

ɾײʤʳʩʪʳש ʤʘץʩʘʪʳ - ʧʨʦʪʦʥʜʘʨʜʳש ʠʦʥʠʟʘʮʠʷʩʳ ʤʝʥ ץʦʟʫʳ ʢʝʟʽʥʜʝʛʽ ʵʥʝʨʛʠʷ 

ʰʳסʳʥʜʘʨʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʂʓʌ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨʽʥ ʘʣʫ. ɿʝʨʪʪʝʫʜʽש ʤʽʥʜʝʪʪʝʨʽ 

- ʂʓ ʬʫʥʢʮʠʷʣʘʨʳʥ ʪʘʣʜʘʫ ʞᴅʥʝ ʦʩʳ ʬʫʥʢʮʠʷʣʘʨʜʳ ʩʠʧʘʪʪʘʡʪʳʥ ץʘʩʠʝʪʪʝʨʜʽ ʢᴇʨʩʝʪʫ, 

ʝʩʝʧʪʝʫ ʘʣʛʦʨʠʪʤʽʥ ײץʨʫ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʥʳʩʘʥʜʘʨʜʘ ʧʨʦʪʦʥʜʘʨ װʰʽʥ ʂʓʌ ʝʩʝʧʪʝʫʣʝʨʽʥ 

ʦʨʳʥʜʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ץʘʪʪʳ ʜʝʥʝʥʽש ʨʘʜʠʘʮʠʷʣʳץ ʬʠʟʠʢʘʩʳ 

ʩʘʣʘʩʳʥʜʘסʳ סʘʣʳʤʜʘʨ ץʦʣʜʘʥʘ ʘʣʘʜʳ. 
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MODELING OF CASCADE PROBABILITY FUNCTIONS FOR PROTONS  

 

Abstract. In this paper, the research is carried out within the framework of the cascade 

probabilistic (CP) method. The basis of the CP method consists in obtaining and further using 

cascade probability functions for stable and unstable particles, in our case for stable particles - 

protons. This method is analytical and, consequently, it is possible to calculate the CPF, the 

spectrum of primary knocked-out atoms (PKA), the number of formed defects at any depth of 

the irradiated material, and to trace the whole process of interaction of flying particles, in this 

case protons, with metals and semiconductors and defect formation in dynamics. The aim of the 

work is to obtain mathematical models of the CPF, considering the energy losses for ionization 

and excitation for protons. The objectives of the study are to analyze the CP functions and to 

present the properties characterizing these functions, to create a calculation algorithm, and to 

perform calculations of the CPF for protons on various targets. The results obtained can be used 

by scientists in the field of radiation physics of solids. 

 

Keywords. Algorithm, calculation, approximation, cascade probability, function, proton. 
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ɸʅɸʃʀɿ ɹɽɿʆʇɸʉʅʆʉʊʀ ʄʆɼɽʃʀ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ 

ʆʊʂɸɿʆʋʉʊʆʁʏʀɺʆʁ ʉʀʉʊɽʄʓ ʈɽɿɽʈɺʅʆɻʆ ʍʈɸʅɽʅʀʗ 

ʂʆʅʌʀɼɽʅʎʀɸʃʔʅʓʍ ɼɸʅʅʓʍ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʟʝʨʚʥʦʛʦ 

ʭʨʘʥʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʝʨʚʝʨʘʭ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ 

ʘʥʘʣʠʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʛʦ ʩʝʨʚʠʩʘ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʦʪʦʢʦʣʦʚ ʰʠʬʨʦʚʘʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʦʜʝʣʠ 

ʘʣʛʦʨʠʪʤʦʚ ʢʨʠʧʪʦʛʨʘʬʠʠ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ, ʘ ʠʤʝʥʥʦ ʧʨʦʪʦʢʦʣʘ ʛʝʥʝʨʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʶʯʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʜʠʩʢʨʝʪʥʦʤ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʠ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ 

ʢʨʠʚʳʭ, ʧʨʦʪʦʢʦʣʘ ʧʨʦʚʝʨʷʝʤʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʝʢʨʝʪʘ ʇʝʜʝʨʩʝʥʘ ʠ ʘʣʛʦʨʠʪʤʘ 

ʰʠʬʨʦʚʘʥʠʷ ʕʣʴ-ɻʘʤʘʣʷ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ 

ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʙʝʟʦʧʘʩʥʦʡ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʘʣʛʦʨʠʪʤʘʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʢʨʠʧʪʦʛʨʘʬʠʷ, 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʨʝʟʝʨʚʥʦʝ ʭʨʘʥʝʥʠʝ, ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ.  

 

ɺʚʝʜʝʥʠʝ.  

ʂʘʞʜʦʜʥʝʚʥʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʣʫʞʘʱʝʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʘʭ 

ʩʚʷʟʘʥʘ ʩ ʩʦʟʜʘʥʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ 

ʦʢʘʟʘʥʠʷ ʛʦʩʫʩʣʫʛ.  

ʋʢʘʟʘʥʥʳʝ ʜʘʥʥʳʝ ʠ ʜʦʢʫʤʝʥʪʳ ʚ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ ʤʦʛʫʪ ʙʳʪʴ ʩ 

ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʦʪʥʦʩʠʤʦʩʪʠ ʢ ʨʝʰʝʥʠʶ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʜʘʯ, ʥʦ ʚʦʟʤʦʞʥʦ 

ʥʝʦʙʭʦʜʠʤʳʝ ʚ ʙʫʜʫʱʝʤ ʜʣʷ ʩʦʪʨʫʜʥʠʢʘ. ʇʦʵʪʦʤʫ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʣʫʞʘʱʝʛʦ ʚ ʬʘʡʣʦʚʳʭ ʧʘʧʢʘʭ ʬʦʨʤʠʨʫʶʪʩʷ ʠ ʭʨʘʥʷʪʩʷ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ çʯʝʨʥʦʚʠʢʠè, çʰʘʙʣʦʥʳ ʜʦʢʫʤʝʥʪʦʚè, ʩʦʭʨʘʥʝʥʥʳʝ ʦʪʚʝʪʳ ʥʘ ʟʘʧʨʦʩʳ, 

ʚʳʧʠʩʢʠ ʠʟ ʅʇɸ, ʥʝ ʧʦʜʣʝʞʘʱʠʝ ʫʯʝʪʫ ʠʣʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʠʪʝʨʠʶ ʦʪʙʦʨʘ ʜʣʷ 

ʚʥʝʩʝʥʠʷ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʠʣʠ ʘʨʭʠʚʳ.  

ʊʘʢ, ʚ ʩʨʝʜʥʝʤ, ʚ ʢʘʞʜʦʤ ʄʠʥʠʩʪʝʨʩʪʚʝ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʧʘʨʢʝ ʩʦʭʨʘʥʷʝʪʩʷ ʦʪ 1 ʜʦ 

2 ʤʠʣʣʠʦʥʦʚ ʝʜʠʥʠʮ ʨʘʟʥʦʛʦ ʨʦʜʘ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ, ʪʘʙʣʠʮ, 

ʧʨʝʟʝʥʪʘʮʠʡ. ʉʠʪʫʘʮʠʶ ʫʩʫʛʫʙʣʷʝʪ ʦʪʩʫʪʩʪʚʠʝ ʙʝʩʧʣʘʪʥʳʭ ʧʨʦʛʨʘʤʤ ʠʥʜʝʢʩʠʨʦʚʘʥʥʦʛʦ 

ʧʦʠʩʢʘ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʠ ʚʦ ʠʟʙʝʞʘʥʠʝ ʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ çʨʫʯʥʦʡ ʧʦʠʩʢè ʛʦʩʩʣʫʞʘʱʠʝ 

ʟʘʧʨʘʰʠʚʘʶʪ ʫ ʢʦʣʣʝʛ ʠ ʧʝʨʝʩʳʣʘʶʪ ʧʦ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʧʦʯʪʝ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʜʫʙʣʠʨʫʶʱʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʝʜʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʨʘʩʪʝʪ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʧʨʦʛʨʝʩʩʠʠ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʦʜʩʯʝʪʘʤ 10 ʧʨʦʮʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʚʝʜʝʥʠʡ, ʭʨʘʥʷʱʠʭʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ, ʠʤʝʶʪ ʛʨʠʬʳ çɼʉʇè, ʩʦʜʝʨʞʘʪ ʧʝʨʩʦʥʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʛʨʘʞʜʘʥ ʠʣʠ ʠʥʫʶ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʢʦʣʦ 20 000 ʜʦʢʫʤʝʥʪʦʚ ʚ ʢʘʞʜʦʤ 

ʧʦʜʨʘʟʜʝʣʝʥʠʠ ʛʦʩʦʨʛʘʥʘ ʭʨʘʥʷʪʩʷ ʥʘ ʩʨʝʜʩʪʚʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʦʙʦʨʦʪ ʢʦʪʦʨʳʭ 

ʥʝʚʦʟʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ ʠ ʫʪʨʘʪʘ 
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ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʥʘʥʝʩʪʠ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʱʝʨʙ ʠ ʧʘʨʘʣʠʟʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʨʛʘʥʘ. 

ʉʠʪʫʘʮʠʶ ʫʩʫʛʫʙʣʷʝʪ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʨʝʜʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʥʝ ʧʨʠʤʝʥʷʶʪ ʥʘ ʉɺʊ ʩʪʘʥʜʘʨʪʥʳʝ ʩʨʝʜʩʪʚʘ 

ʟʘʱʠʪʳ ʚ ʚʠʜʝ ʧʘʨʦʣʠʨʦʚʘʥʠʷ (ʙʦʷʪʩʷ ʟʘʙʳʪʴ ʧʘʨʦʣʴ), ʰʠʬʨʦʚʘʥʠʷ, ʥʝ ʦʨʛʘʥʠʟʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʜʦʩʪʫʧʘ ʢ ʬʘʡʣʘʤ ʢʦʤʧʴʶʪʝʨʘ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ 

ʨʝʛʣʘʤʝʥʪʘʮʠʷ ʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ɽʜʠʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʠʥʳʭ ʧʦʣʠʪʠʢʘʭ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʦʨʛʘʥʦʚ, ʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʘʥʪʠʚʠʨʫʩʥʦʡ 

ʟʘʱʠʪʦʡ ʠ ʩʠʩʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʪʦ ʝʩʪʴ ʟʘʱʠʪʦʡ ʦʪ ʚʥʝʰʥʠʭ 

ʥʘʨʫʰʠʪʝʣʝʡ. 

ʇʨʠ ʵʪʦʤ, ʧʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʤʧʘʥʠʠ Canalyst ʚ 2022 ʛʦʜʫ ʘʢʪʠʚʠʨʦʚʘʣʠʩʴ 

ʚʥʫʪʨʝʥʥʠʝ ʥʘʨʫʰʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʧʦʯʫʚʩʪʚʦʚʘʣʠ, ʯʪʦ ʚ ʮʠʬʨʦʚʫʶ ʵʧʦʭʫ ʜʘʥʥʳʝ ʩʪʘʣʠ 

ʣʠʢʚʠʜʥʳʤ ʪʦʚʘʨʦʤ ʥʘ ʯʝʨʥʦʤ ʨʳʥʢʝ ʠ ʥʘ ʥʠʭ ʤʦʞʥʦ ʟʘʨʘʙʦʪʘʪʴ [1]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʚ ʨʘʤʢʘʭ ʫʩʠʣʝʥʠʷ ʤʝʨ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʩʣʫʞʝʙʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʤʢʘʭ ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʂ ʦʪ 24 ʠʶʥʷ 2022 ʛʦʜʘ ˉ 429 çʆʙ 

ʫʪʚʝʨʞʜʝʥʠʠ ʇʨʘʚʠʣ ʦʪʥʝʩʝʥʠʷ ʩʚʝʜʝʥʠʡ ʢ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʨʘʙʦʪʳ ʩ ʥʝʡè ʚʥʝʩʝʥʳ ʥʦʨʤʳ ʦʪʣʘʛʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʢʘʩʘʪʝʣʴʥʦ 

ʦʙʷʟʘʪʝʣʴʥʦʩʪʠ ʩʦʭʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʜʘʥʥʳʭ ʚ ʦʙʣʘʯʥʦʤ ʭʨʘʥʠʣʠʱʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʰʝʥʠʡ ʪʠʧʘ çʪʦʥʢʠʡ ʢʣʠʝʥʪè, ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ ʩʢʘʯʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʠʟ 

ʭʨʘʥʠʣʠʱʘ ʠ ʫʯʝʪʦʤ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʤʝʚʰʠʭ ʢ ʥʝʡ ʜʦʩʪʫʧ (ʧʨʦʩʤʦʪʨ, ʧʝʨʝʩʳʣʢʘ, 

ʨʘʩʧʝʯʘʪʢʘ ʠ ʜʨ.), ʘ ʠʭ ʟʘʱʠʪʘ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʥʠʞʝ ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ʉʊʈʂ 1073-2007 çʉʨʝʜʩʪʚʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ.è 

ʂʨʦʤʝ ʪʦʛʦ, ʷʥʚʘʨʩʢʠʝ ʩʦʙʳʪʠʷ 2022 ʛʦʜʘ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʧʨʠ ʢʦʪʦʨʳʭ ʟʘʭʚʘʪʳʚʘʣʠʩʴ 

ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʝ ʟʜʘʥʠʷ ʠ ʧʦʞʘʨʘʤʠ ʫʥʠʯʪʦʞʘʣʦʩʴ ʩʝʨʚʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʦʢʘʟʘʣʠ 

ʤʠʥʫʩʳ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʩʚʝʜʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʫʥʠʯʪʦʞʝʥʥʘʷ 

çʧʦʛʨʦʤʱʠʢʘʤʠè ʠ ʥʝ ʨʝʟʝʨʚʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩ ʜʘʥʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʧʦʣʫʯʘʪʝʣʷʤʠ 

ʩʦʮʠʘʣʴʥʦʡ ʧʦʤʦʱʠ, ʩʧʠʩʢʘʤʠ ʦʯʝʨʝʜʥʠʢʦʚ ʥʘ ʧʦʣʫʯʝʥʠʝ ʢʚʘʨʪʠʨ ʦʪ ʘʢʠʤʘʪʦʚ ʙʳʣʘ 

ʙʝʟʚʦʟʚʨʘʪʥʦ ʫʪʝʨʷʥʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʜʦ ʩʠʭ ʧʦʨ ʧʨʦʜʦʣʞʘʝʪʩʷ. 

ɺ ʵʪʦʤ ʩʚʝʪʝ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʡ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʦʙʨʘʙʦʪʢʘ ʠ ʭʨʘʥʝʥʠʝ, ʘ ʪʘʢʞʝ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʫʥʠʯʪʦʞʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʦʪʦʢʦʣʘʤ. ʆʙʝʩʧʝʯʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʨ ʠʭ ʟʘʱʠʪʳ ʥʘ ʦʩʥʦʚʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʉʂɿʀ.  

ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʦʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ ʠʟ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʩʝʨʚʝʨʦʚ  ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ: 

1) ʇʝʨʝʭʦʜ ʥʘ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʩʩʠʚʦʚ ʥʘ ʉɺʊ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ, ʪʘʢ ʢʘʢ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ 

ʭʨʘʥʠʪʩʷ ʚ ʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ. 

2) ʋʚʝʣʠʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ: ʢʦʛʜʘ ʜʘʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ 
ʫʟʣʘʤʠ, ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʥʝ ʧʨʠʚʝʜʫʪ ʢ ʧʦʪʝʨʝ ʜʘʥʥʳʭ ʚ ʮʝʣʦʤ. ɺ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʝʜʠʥʩʪʚʝʥʥʳʡ ʮʝʥʪʨʘʣʴʥʳʡ ʫʟʝʣ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʦʡ ʪʦʯʢʦʡ ʦʪʢʘʟʘ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʚʩʝʭ ʜʘʥʥʳʭ. 

3) ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʠʙʝʨʘʪʘʢʘʤ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʤʝʞʜʫ ʤʥʦʞʝʩʪʚʦʤ ʫʟʣʦʚ 
ʜʝʣʘʝʪ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʢ ʢʠʙʝʨʘʪʘʢʘʤ. ɼʘʞʝ ʝʩʣʠ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʧʦʣʫʯʘʪ ʜʦʩʪʫʧ ʢ ʦʜʥʦʤʫ ʫʟʣʫ, ʦʥʠ ʥʝ ʩʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ 

ʜʘʥʥʳʤ. 
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4) ɹʝʟʦʧʘʩʥʦʩʪʴ: ʚ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʜʘʥʥʳʝ ʟʘʱʠʱʘʶʪʩʷ 

ʰʠʬʨʦʚʘʥʠʝʤ ʠ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʘ ʥʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ. 

ʕʪʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ. 

5) ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ: ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʚʩʝ 
ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʥʘ ʦʜʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʛʨʫʟʢʝ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ. ɺ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʜʘʥʥʳʝ 

ʭʨʘʥʷʪʩʷ ʥʘ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʯʪʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʝʩʫʨʩʦʚ. 

6) ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ: ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʚʩʝ 
ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʥʘ ʦʜʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʛʨʫʟʢʝ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ. ɺ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʜʘʥʥʳʝ 

ʭʨʘʥʷʪʩʷ ʥʘ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʯʪʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʝʩʫʨʩʦʚ. 

  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ɺ ʨʘʙʦʪʝ [2] ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʡ ʨʝʟʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ 

ʰʠʬʨʦʚʘʥʠʷ ECTLC (Elliptic Curve Time-Lapse Cryptography) [2-10]. TLC (Time-Lapse 

Cryptography) ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʪʦʢʦʣ ʛʝʥʝʨʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʶʯʘ ʇʝʜʝʨʩʝʥʘ, 

ʧʨʦʪʦʢʦʣ ʧʨʦʚʝʨʷʝʤʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʝʢʨʝʪʘ ʌʝʣʴʜʤʘʥʘ ʠ ʘʣʛʦʨʠʪʤ 

ʰʠʬʨʦʚʘʥʠʷ ʕʣʴ-ɻʘʤʘʣʷ. TLC ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ ʕʣʴ-ɻʘʤʘʣʷ: ʧʨʦʩʪʦʝ ʯʠʩʣʦ , ʧʦʨʦʞʜʘʶʱʠʡ ʵʣʝʤʝʥʪ  ʧʨʦʩʪʦʛʦ 

ʧʦʨʷʜʢʘ . ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʥʘʡʪʠ, ʥʘʧʨʠʤʝʨ, ʚ RFC 3526 ʠ RFC 5114. ECTLC 

ʠʩʧʦʣʴʟʫʝʪ ʘʥʘʣʦʛʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʢʨʠʧʪʦʛʨʘʬʠʠ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ, ʘ ʠʤʝʥʥʦ 

ʧʨʦʪʦʢʦʣ ʛʝʥʝʨʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʶʯʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʠʩʢʨʝʪʥʦʤ 

ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʠ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ, ʧʨʦʪʦʢʦʣ ʧʨʦʚʝʨʷʝʤʦʛʦ ʧʦʨʦʛʦʚʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʩʝʢʨʝʪʘ ʇʝʜʝʨʩʝʥʘ ʠ ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ ʕʣʴ-ɻʘʤʘʣʷ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ 

ʢʨʠʚʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʪʦʢʦʣ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ, ʢʘʢ ʤʦʜʫʣʴ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʧʨʦʩʪʦʝ ʯʠʩʣʦ , ʫʨʘʚʥʝʥʠʝ 

ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ  ʠ  ʠʟ ʧʦʣʷ , ʪʦʯʢʘ ʵʣʣʠʧʪʠʯʝʩʢʦʡ 

ʢʨʠʚʦʡ  ʧʨʦʩʪʦʛʦ ʧʦʨʷʜʢʘ . ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʥʘʡʪʠ, ʥʘʧʨʠʤʝʨ, ʥʘ ʩʘʡʪʝ ʧʨʦʝʢʪʘ 

SafeCurves [11]. 

Time-Lapse Cryptography (TLC) ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʪʦʜʫ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠʣʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʫʧ ʢ ʥʠʤ ʠʣʠ ʠʭ ʨʘʩʰʠʬʨʦʚʢʘ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ 

ʧʦ ʧʨʦʰʝʩʪʚʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. ɸʩʧʝʢʪ Time-Lapse ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʬʫʥʢʮʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʦʩʪʘʶʪʩʷ ʟʘʱʠʱʝʥʥʳʤʠ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʥʝ ʠʩʪʝʯʝʪ ʫʢʘʟʘʥʥʦʝ ʚʨʝʤʷ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʣʦʞʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʙʝʟʦʧʘʩʥʦʝ ʭʨʘʥʝʥʠʝ ʬʘʡʣʦʚ ʠʣʠ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ, ʛʜʝ ʚʘʞʥʦ 

ʦʛʨʘʥʠʯʠʪʴ ʜʦʩʪʫʧ ʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦ ʠʩʪʝʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʦʟʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Time-Lapse 

Cryptography, ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʨʘʤ, ʧʨʠʥʠʤʘʝʤʳʤ ʜʣʷ ʟʘʱʠʪʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʭʨʘʥʷʱʝʡʩʷ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ, ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ, ʧʦʜʜʝʣʢʠ ʠ ʢʨʘʞʠ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʰʠʬʨʦʚʘʥʠʝ, ʢʦʥʪʨʦʣʴ 

ʜʦʩʪʫʧʘ ʠ ʤʝʪʦʜʳ ʙʝʟʦʧʘʩʥʦʛʦ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ʎʝʣʴʶ ʵʪʠʭ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʧʦʜʜʝʨʞʘʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʭʨʘʥʷʱʝʡʩʷ 

ʚ ʩʠʩʪʝʤʝ, ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʝʝ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʣʶʙʳʤʠ ʚʨʝʜʦʥʦʩʥʳʤʠ ʘʪʘʢʘʤʠ. ʋʨʦʚʝʥʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ Time-Lapse Cryptography ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʩʣʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʥʘʜʝʞʥʦʩʪʴ ʙʘʟʦʚʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʚʥʝʜʨʝʥʠʝ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 
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Elliptic Curve Time-Lapse Cryptography (ECTLC) ð ʵʪʦ ʤʦʜʠʬʠʢʘʮʠʷ TLC, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ. ɹʝʟʦʧʘʩʥʦʩʪʴ ECTLC ʦʩʥʦʚʘʥʘ ʥʘ ʩʣʦʞʥʦʩʪʠ 

ʟʘʜʘʯʠ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ (DLP) ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ. ʇʦʢʘ ʵʪʘ 

ʧʨʦʙʣʝʤʘ ʦʩʪʘʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʩʣʦʞʥʦʡ, ʟʘʰʠʬʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʟʘʱʠʱʝʥʘ 

ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. ʆʜʥʘʢʦ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ECTLC 

ʟʘʚʠʩʠʪ ʦʪ ʩʘʤʦʛʦ ʩʣʘʙʦʛʦ ʟʚʝʥʘ ʚ ʩʠʩʪʝʤʝ, ʠ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʦʰʠʙʢʠ 

ʨʝʘʣʠʟʘʮʠʠ, ʘʪʘʢʠ ʧʦ ʧʦʙʦʯʥʳʤ ʢʘʥʘʣʘʤ ʠʣʠ ʥʝʜʦʩʪʘʪʢʠ ʙʘʟʦʚʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʠʤʠʪʠʚʦʚ, ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʦʙʱʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʠʩʪʝʤʘ. ɺʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʚʥʝʜʨʠʪʴ 

ʠ ʨʘʟʚʝʨʥʫʪʴ ECTLC, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʙʝʟʦʧʘʩʥʫʶ ʨʝʘʣʠʟʘʮʠʶ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ ʠ ʧʨʘʚʠʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʢʣʶʯʝʡ ʠ ʟʘʰʠʬʨʦʚʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ ʨʝʛʫʣʷʨʥʦ ʦʮʝʥʠʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʪʦʢʦʣʘ ʚ 

ʩʚʝʪʝ ʥʦʚʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʢʨʠʧʪʦʛʨʘʬʠʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʦʥ 

ʧʨʦʜʦʣʞʘʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʦʪʦʢʦʣ ʛʝʥʝʨʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʶʯʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʠʩʢʨʝʪʥʦʤ 

ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʠ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ECTLC, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʟʜʘʥʠʷ ʦʙʱʠʭ 

ʩʝʢʨʝʪʥʳʭ ʢʣʶʯʝʡ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʦʨʦʥʘʤʠ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʪʘʢʦʛʦ ʧʨʦʪʦʢʦʣʘ ʟʘʚʠʩʠʪ 

ʦʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯʠ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ (DLP) ʥʘ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ. ɺ ʵʪʠʭ ʧʨʦʪʦʢʦʣʘʭ ʢʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʛʝʥʝʨʠʨʫʝʪ ʧʘʨʫ, ʦʪʢʨʳʪʦʛʦ ʠ 

ʟʘʢʨʳʪʦʛʦ ʢʣʶʯʝʡ, ʘ ʦʪʢʨʳʪʳʝ ʢʣʶʯʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʱʝʛʦ ʩʝʢʨʝʪʥʦʛʦ 

ʢʣʶʯʘ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʦʙʱʝʛʦ ʩʝʢʨʝʪʥʦʛʦ ʢʣʶʯʘ ʟʘʚʠʩʠʪ ʦʪ ʩʣʦʞʥʦʩʪʠ DLP ʥʘ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ. ʇʦʢʘ ʵʪʘ ʧʨʦʙʣʝʤʘ ʦʩʪʘʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʩʣʦʞʥʦʡ, ʦʙʱʠʡ 

ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ ʙʫʜʝʪ ʟʘʱʠʱʝʥ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. 

ʇʨʦʪʦʢʦʣ ʧʨʦʚʝʨʷʝʤʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʝʢʨʝʪʘ ʇʝʜʝʨʩʝʥʘ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ 

ECTLC, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʪʦʢʦʣ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʦʙʤʝʥʘ 

ʩʝʢʨʝʪʦʤ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʦʨʦʥʘʤʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʦʨʦʛʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʨʦʥ 

ʜʦʣʞʥʦ ʩʦʪʨʫʜʥʠʯʘʪʴ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʢʨʝʪʘ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʪʦʢʦʣʘ ʧʨʦʚʝʨʷʝʤʦʛʦ 

ʧʦʨʦʛʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʝʢʨʝʪʘ ʇʝʜʝʨʩʝʥʘ ʟʘʚʠʩʠʪ ʦʪ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯʠ ʜʠʩʢʨʝʪʥʦʛʦ 

ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ (DLP) ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʝʨʘʟʣʠʯʠʤʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʭʝʤʳ 

ʦʙʷʟʘʪʝʣʴʩʪʚʘ. ɺ ʵʪʦʤ ʧʨʦʪʦʢʦʣʝ ʜʠʣʝʨ ʨʘʩʧʨʝʜʝʣʷʝʪ ʜʦʣʠ ʩʝʢʨʝʪʘ ʢʘʞʜʦʤʫ ʫʯʘʩʪʥʠʢʫ, ʠ 

ʣʶʙʦʝ ʧʦʨʦʛʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʤʦʞʝʪ ʩʦʪʨʫʜʥʠʯʘʪʴ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʢʨʝʪʘ. 

ʇʨʦʪʦʢʦʣ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʧʦʜʜʘʶʱʠʡʩʷ ʧʨʦʚʝʨʢʝ ʧʨʦʮʝʩʩ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʢʦʪʦʨʦʤ 

ʣʶʙʦʡ ʫʯʘʩʪʥʠʢ ʤʦʞʝʪ ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʩʝʢʨʝʪʘ, 

ʛʘʨʘʥʪʠʨʫʷ, ʯʪʦ ʩʝʢʨʝʪ ʥʝ ʙʳʣ ʠʟʤʝʥʝʥ ʠʣʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥ ʥʝʧʨʘʚʠʣʴʥʦ. ɹʝʟʦʧʘʩʥʦʩʪʴ 

ʧʨʦʪʦʢʦʣʘ ʩʯʠʪʘʝʪʩʷ ʥʘʜʝʞʥʦʡ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʳʧʦʣʥʷʶʪʩʷ ʣʝʞʘʱʠʝ ʚ ʝʛʦ ʦʩʥʦʚʝ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. 

ɸʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ ʕʣʴ-ɻʘʤʘʣʷ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ 

TLC, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ ʩ ʦʪʢʨʳʪʳʤ ʢʣʶʯʦʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝ ʚʳʯʠʩʣʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʣʦʛʘʨʠʬʤʦʚ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʰʠʬʨʦʚʘʥʠʷ ʕʣʴ-ɻʘʤʘʣʷ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʦʩʥʦʚʘʥʘ ʥʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯʠ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ (DLP) ʥʘ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ. ɺ ʘʣʛʦʨʠʪʤʝ ʰʠʬʨʦʚʘʥʠʷ ʕʣʴ-ɻʘʤʘʣʷ ʦʪʧʨʘʚʠʪʝʣʴ ʰʠʬʨʫʝʪ 

ʩʦʦʙʱʝʥʠʝ, ʠʩʧʦʣʴʟʫʷ ʦʪʢʨʳʪʳʡ ʢʣʶʯ ʧʦʣʫʯʘʪʝʣʷ, ʘ ʧʦʣʫʯʘʪʝʣʴ ʟʘʪʝʤ ʤʦʞʝʪ 

ʨʘʩʰʠʬʨʦʚʘʪʴ ʩʦʦʙʱʝʥʠʝ, ʠʩʧʦʣʴʟʫʷ ʩʚʦʡ ʟʘʢʨʳʪʳʡ ʢʣʶʯ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ 

ʩʦʦʙʱʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʥʝʨʘʟʨʝʰʠʤʦʩʪʠ DLP ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʢʨʠʚʳʤ, ʯʪʦ ʜʝʣʘʝʪ 

ʥʝʚʦʟʤʦʞʥʳʤ ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʚʳʯʠʩʣʝʥʠʝ ʟʘʢʨʳʪʦʛʦ ʢʣʶʯʘ ʠʟ ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ. 

ʋʯʘʩʪʥʠʢʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ: ʧʦʨʪʘʣ ʧʨʠʝʤʘ ʟʘʷʚʦʢ ʦʪ 

ʢʣʠʝʥʪʦʚ ʥʘ ʭʨʘʥʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; ʢʣʠʝʥʪʳ ï ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʦʨʪʘʣʘ; 

ʠ ʩʝʨʚʠʩ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʡ   ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʩʝʨʚʝʨʘʤʠ, ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, 
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ʙʝʟʦʰʠʙʦʯʥʦ ʠ ʩʝʢʨʝʪʥʦ ʚʳʧʦʣʥʷʶʱʠʭ ʚʳʯʠʩʣʝʥʠʷ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʧʨʦʪʦʢʦʣʦʤ, 

ʥʘʜʝʞʥʦ ʭʨʘʥʷʱʠʭ ʚʩʝ ʩʚʦʠ ʩʝʢʨʝʪʥʳʝ ʜʘʥʥʳʝ, ʠʤʝʶʱʠʭ ʙʝʟʦʧʘʩʥʳʡ ʩʧʦʩʦʙ ʨʝʟʝʨʚʥʦʛʦ 

ʢʦʧʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʘʚʘʨʠʡʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʨʠʩ.1). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʨʦʛʦʚʦʝ 

ʟʥʘʯʝʥʠʝ  ʪʘʢʦʝ, ʯʪʦ ʩʘʤʦʝ ʙʦʣʴʰʝʝ  ʩʝʨʚʝʨʦʚ ʤʦʛʫʪ ʥʘʨʫʰʠʪʴ ʧʨʦʪʦʢʦʣ, ʠ ʩʘʤʦʝ 

ʤʝʥʴʰʝʝ  ʩʝʨʚʝʨʦʚ ʷʚʣʷʶʪʩʷ ʥʘʜʝʞʥʳʤʠ. ɼʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ  

( ), ʥʘʧʨʠʤʝʨ, ʝʩʣʠ , ʪʦ . 

 

 
ʈʠʩʫʥʦʢ 1 -ʋʯʘʩʪʥʠʢʠ ʤʦʜʝʣʠ 

 

ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʦʩʪʘʚʝ ʉʝʨʚʠʩʘ ʥʝʙʦʣʴʰʦʡ ʩʝʪʠ ʤʝʥʝʜʞʝʨʦʚ, ʢʦʪʦʨʳʝ 

ʜʝʡʩʪʚʫʶʪ ʢʘʢ ñʢʦʤʘʥʜʘ ʫʧʨʘʚʣʝʥʠʷò ʉʝʨʚʠʩʦʤ. ɺ ʟʘʜʘʯʠ ʵʪʦʡ ʢʦʤʘʥʜʳ ʚʭʦʜʠʪ ʩʦʟʜʘʥʠʝ 

ʨʘʩʧʠʩʘʥʠʷ ʦʪʢʨʳʪʳʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʢʨʳʪʳʭ ʢʣʶʯʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʉʝʨʚʠʩʦʤ; 

ʚʝʜʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʜʦʩʢʠ ʦʙʲʷʚʣʝʥʠʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʯʘʩʪʥʠʢʘʤʠ ʉʝʨʚʠʩʘ; ʚʝʜʝʥʠʝ 

ʦʪʢʨʳʪʦʡ ʜʦʩʢʠ ʦʙʲʷʚʣʝʥʠʡ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʉʝʨʚʠʩʘ. ʂʘʞʜʳʡ ʤʝʥʝʜʞʝʨ ʙʫʜʝʪ ʚʝʩʪʠ 

ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʧʠʠ ʵʪʠʭ ʜʚʫʭ ʜʦʩʦʢ ʦʙʲʷʚʣʝʥʠʡ. ʉʝʨʚʝʨʳ  ʠ ʧʦʣʴʟʦʚʘʪʝʣʠ ʉʝʨʚʠʩʘ ʙʫʜʫʪ 

ʩʤʦʪʨʝʪʴ ʥʘ ʩʦʦʙʱʝʥʠʷ, ʨʘʟʤʝʱʝʥʥʳʝ ʥʘ ʢʘʞʜʦʤ ʠʟ ʢʦʧʠʡ ʜʦʩʦʢ ʦʙʲʷʚʣʝʥʠʡ, ʠ 

ʦʧʨʝʜʝʣʷʪʴ ʧʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʦʤ ʟʘʧʠʩʝʡ. ʂʘʞʜʳʡ ʩʝʨʚʝʨ ʉʝʨʚʠʩʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪ ʢʘʞʜʦʝ ʩʦʦʙʱʝʥʠʝ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʴʶ. ɼʝʡʩʪʚʠʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ 

ʧʨʦʪʦʢʦʣʘ ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʠ ʥʘʜʝʞʥʳʭ ʯʘʩʦʚ ʪʘʢʠʭ, ʢʘʢ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ NIST. ʉʝʨʚʠʩ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʝ; ʥʘʧʨʠʤʝʨ, ʢʘʞʜʳʡ ʜʝʥʴ ʦʥ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʢʣʶʯʠ ʩʦ ʩʨʦʢʦʤ 

ʩʣʫʞʙʳ 1 ʥʝʜʝʣʶ, ʠʣʠ ʢʘʞʜʳʝ 30 ʤʠʥʫʪ ʩʦʟʜʘʚʘʪʴ ʢʣʶʯʠ ʩʦ ʩʨʦʢʦʤ ʩʣʫʞʙʳ 2 ʯʘʩʘ. ʊʘʢʦʝ 

ʨʘʩʧʠʩʘʥʠʝ ʨʘʟʤʝʱʘʝʪʩʷ ʤʝʥʝʜʞʝʨʘʤʠ ʥʘ ʦʪʢʨʳʪʦʡ ʜʦʩʢʝ ʦʙʲʷʚʣʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʉʝʨʚʠʩ 

ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʘʧʨʦʩʳ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʦʚʳʝ ʢʣʶʯʠ ʩ ʟʘʜʘʥʥʳʤ 

ʩʨʦʢʦʤ ʩʣʫʞʙʳ; ʤʝʥʝʜʞʝʨʳ ʧʨʠʥʠʤʘʶʪ ʵʪʠ ʟʘʧʨʦʩʳ ʠ ʨʘʟʤʝʱʘʶʪ ʠʭ ʥʘ ʦʪʢʨʳʪʦʡ ʜʦʩʢʝ 

ʦʙʲʷʚʣʝʥʠʡ. ʉʝʨʚʝʨʳ ʉʝʨʚʠʩʘ ʩʦʟʜʘʶʪ ʢʣʶʯʠ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ, ʧʦʜʧʠʩʳʚʘʶʪ ʠʭ ʠ 

ʦʧʫʙʣʠʢʦʚʳʚʘʶʪ ʧʦʜʧʠʩʘʥʥʳʝ ʢʣʶʯʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʪʢʨʳʪʦʡ ʜʦʩʢʝ ʦʙʲʷʚʣʝʥʠʡ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. 

ɺʳʙʦʨ ʙʝʟʦʧʘʩʥʦʡ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ. ʂʨʠʧʪʦʛʨʘʬʠʷ ʥʘ ʦʩʥʦʚʝ ʵʣʣʠʧʪʠʯʝʩʢʠʭ 

ʢʨʠʚʳʭ (ECC) ʠʩʧʦʣʴʟʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʠ ʜʝʰʠʬʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʚʳʙʦʨʘ ʢʨʠʚʳʭ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ (ECDLP), 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʙʣʝʤʫ ʧʦʠʩʢʘ ʩʝʢʨʝʪʥʦʛʦ ʢʣʶʯʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ECC. 
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ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʨʳʚ ʤʝʞʜʫ ʩʣʦʞʥʦʩʪʴʶ ECDLP ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ECC. ʅʠ ʦʜʠʥ ʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʦʚ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʫʶ ʟʘʱʠʪʫ ECC ʠʟ-ʟʘ ʧʨʦʙʣʝʤ ʩ 

ʨʝʘʣʠʟʘʮʠʝʡ. ʈʝʘʣʠʟʘʮʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʢʨʠʚʳʭ ʯʘʩʪʦ ʜʘʶʪ ʥʝʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ 

ʨʝʜʢʠʭ ʪʦʯʝʢ ʢʨʠʚʦʡ, ʜʘʶʪ ʫʪʝʯʢʫ ʩʝʢʨʝʪʥʳʭ ʜʘʥʥʳʭ, ʢʦʛʜʘ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʝ ʷʚʣʷʶʪʩʷ 

ʪʦʯʢʦʡ ʢʨʠʚʦʡ, ʠ ʠʤʝʶʪ ʫʷʟʚʠʤʦʩʪʴ ʢ ʘʪʘʢʘʤ ʧʦ ʩʪʦʨʦʥʥʠʤ ʢʘʥʘʣʘʤ. ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ, ʧʦʩʢʦʣʴʢʫ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ ECC ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ, ʠ ʨʘʩʢʨʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʚʨʝʤʝʥʠ ʠ ʧʦʙʦʯʥʦʤ ʢʘʥʘʣʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ECDLP. ɹʝʟʦʧʘʩʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʪʘʥʜʘʨʪʥʳʭ 

ʢʨʠʚʳʭ ʚʦʟʤʦʞʥʘ, ʥʦ ʩʣʦʞʥʘ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʝʢʪʘ SafeCurves [11]. SafeCurves ð ʵʪʦ ʧʨʦʝʢʪ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ECC, ʘ ʥʝ ʪʦʣʴʢʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ECDLP. ʆʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʢʨʠʪʝʨʠʠ ʜʣʷ ʚʳʙʦʨʘ ʢʨʠʚʳʭ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʩʪʳʭ ʨʝʘʣʠʟʘʮʠʡ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʳʙʦʨʝ ʢʨʠʚʳʭ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʪʘʥʜʘʨʪʦʚ ʦʪʜʘʶʪ ʧʨʠʦʨʠʪʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ SafeCurves ʥʝ ʦʪʜʘʝʪ ʧʨʠʦʨʠʪʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʝʩʣʠ ʪʦʣʴʢʦ ʦʥ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʙʣʝʤʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʘ ʚʝʙ-

ʩʘʡʪʝ SafeCurves ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʢʨʝʪʥʳʭ ʢʨʠʚʳʭ, 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ʂʨʠʚʘʷ ʄ-511. ʏʪʦʙʳ ʫʢʘʟʘʪʴ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʢʨʠʚʫʶ, ʟʘʜʘʝʪʩʷ ʧʨʦʩʪʦʝ ʯʠʩʣʦ  

(ʤʦʜʫʣʴ ʵʣʣʠʧʠʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ), ʘ ʟʘʪʝʤ ʫʨʘʚʥʝʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʥʘʜ ʢʦʥʝʯʥʳʤ 

ʧʦʣʝʤ , ʪʦ ʝʩʪʴ ʫʨʘʚʥʝʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚ ʵʪʦʤ ʧʦʣʝ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʥʘʜ  [11-

13]. 

ʋʨʘʚʥʝʥʠʝ ɺʝʡʝʨʰʪʨʘʩʩʘ  
 

,                                                    (1)  
 

ʛʜʝ  ʚ , ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʢʨʠʚʫʶ ʥʘʜ . ʂʘʞʜʘʷ 

ʵʣʣʠʧʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʥʘʜ  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʫʨʘʚʥʝʥʠʝ ɺʝʡʝʨʰʪʨʘʩʩʘ, ʝʩʣʠ q 

ʙʦʣʴʰʝ 3. 

ʋʨʘʚʥʝʥʠʝ ʄʦʥʪʛʦʤʝʨʠ  
 

,                                                 (2)  
 

ʛʜʝ  ʚ , ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʢʨʠʚʫʶ ʥʘʜ . 

ʇʦʜʩʪʘʥʦʚʢʘ  ʠ  ʜʘʝʪ ʫʨʘʚʥʝʥʠʝ ɺʝʡʝʨʰʪʨʘʩʩʘ , ʛʜʝ 

 ʠ . 

ʋʨʘʚʥʝʥʠʝ ʕʜʚʘʨʜʩʘ , ʛʜʝ  ʚ , ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʢʨʠʚʫʶ ʥʘʜ . ʇʦʜʩʪʘʥʦʚʢʘ  ʠ  ʜʘʝʪ ʫʨʘʚʥʝʥʠʝ 

ʄʦʥʪʛʦʤʝʨʠ , ʛʜʝ  ʠ . ɺ ʧʨʦʝʢʪʝ 

SafeCurves ʚʚʝʜʝʥʦ ʪʨʝʙʦʚʘʥʠʝ, ʯʪʦʙʳ ʢʨʠʚʳʝ ʕʜʚʘʨʜʩʘ ʙʳʣʠ ʧʦʣʥʳʤʠ, ʪ. ʝ. ʯʪʦʙʳ  ʥʝ 

ʷʚʣʷʣʩʷ ʢʚʘʜʨʘʪʦʤ. 

ʈʘʮʠʦʥʘʣʴʥʳʝ ʪʦʯʢʠ ʢʨʠʚʦʡ ɺʝʡʝʨʰʪʨʘʩʩʘ ð ʵʪʦ ʧʘʨʳ  ʵʣʝʤʝʥʪʦʚ , 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʨʘʚʥʝʥʠʶ, ʚʤʝʩʪʝ ʩ ʦʜʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ çʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʝʥʥʦʡ 

ʪʦʯʢʦʡè. ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʝ ʪʦʯʢʠ ʢʨʠʚʦʡ ʄʦʥʪʛʦʤʝʨʠ. 

ʈʘʮʠʦʥʘʣʴʥʳʤʠ ʪʦʯʢʘʤʠ ʧʦʣʥʦʡ ʢʨʠʚʦʡ ʕʜʚʘʨʜʩʘ ʷʚʣʷʶʪʩʷ ʧʘʨʳ  ʵʣʝʤʝʥʪʦʚ , 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʨʘʚʥʝʥʠʶ; ʥʝʪ ʣʠʰʥʝʡ çʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʝʥʥʦʡ ʪʦʯʢʠè. 




