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ʄɸɿʄױʅʓ 
 

ʂᴆʃɯʂ, ʂᴆʃɯʂʊɯʂ ʀʅɾɽʅɽʈʀʗ 

¶ VLC ʊɽʍʅʆʃʆɻʀʗʉʓ ʅɽɻɯɿɯʅɼɽɻɯ ױʐפʓʐʉʓɿ ױʐʋ 

ɸʇʇɸʈɸʊʊɸʈʓʅʓר ɹɯʈɯʂʊɯʈɯʃɻɽʅ ʊʆʇʊɸʈʓʅʓױפ רʈʓʃʓʄɼɸʈʓ 

ʊʘʣʰʳʥ ʂʝʨʠʙʘʝʚʘ, ʂʘʡʨʘʪ ʂʦʰʝʢʦʚ, ɸʣʠʥʘ ɹʫʛʫʙʘʝʚʘ, ɾʘʥʝʨʢʝ ɸʟʘʤʘʪʦʚʘ,                           

ʄʘʨʭʘʙʘ ʂʘʨʤʝʥʦʚʘééééééééééééééééééééééééééé.16-23 

 ʈʓʃʓʄʓʅױפʂᴆʃɯʂ ʀʅʌʈɸ רʉʊɸʅ ʈɽʉʇʋɹʃʀʂɸʉʓʅʓפɸɿɸפ ¶

ʎʀʌʈʃɸʅɼʓʈʋ 

ɸʡʩʣʫ ʊʘʡʩʘʨʠʥʦʚʘ, ʆʣʴʛʘ ɻʘʨʤʘʰ, ɼʠʥʘʨʘ ʋʤʠʨʟʘʢʦʚʘééééééééééé...24-32 

¶ ʈʆʃʀʂʇɽʅ ʆʈɸʋ ɸʈפʓʃʓ פɸʊɸʁʊɸʊʓʅ ɹɽʊʊɯʂ ᴆרɼɽʋ ʂɽɿɯʅɼɽ 

ɹᴆʃʐɽʂʊɽʈɼɯר ɹɽʊʊɯʂ פɸɹɸʊʓʅ ɼɽʌʆʈʄɸʎʀʗʃɸʋ ʇʈʆʎɽʉɯʅ 

ɿɽʈʊʊɽʋ 

ɻʫʣʤʠʨʘ ɹʫʣʝʢʙʘʝʚʘ, ɸʙʟʘʣ ʊʘʙʳʣʦʚ, ɸʤʠʥʘ ɹʫʢʘʝʚʘ, ʅʘʙʘʪ ʉʫʡʝʫʦʚʘ ,                                 

ɸʩʛʝʨʙʝʢ ʖʩʫʧʦʚéééééééééééééééééééééééééééé.33-41 

¶ ɸɺʊʆʂᴆʃɯʂʊɽʈɻɽ ʊɽʍʅʀʂɸʃʓפ פʓɿʄɽʊ ʂᴆʈʉɽʊʋɼɯר ɸפʇɸʈɸʊʊʓפ 

ʃʆɻʀʉʊʀʂɸʉʓ 

ɹʫʣʙʫʣ ʋʤʘʨʦʚʘééééééééééééééééééééééééé................42-50 

¶ ɾɸɿʓפ ʂɽʈʅɽʋʃɽʅɻɽʅ ʂתʁ ɹʆʁʓʅʐɸ ʉɽʈʇɯʄɼɯ ɾתʁɽʃɯ 

ʂʆʅʉʊʈʋʂʎʀʗʃɸʈɼʓר ʉɽʅɯʄɼɯʃɯɻɯʅ ɸʅʓפʊɸʋ 

ɸʥʘʨ ʊʘʥʠʨʙʝʨʛʝʥʦʚʘ, ʇʝʨʠʟʘʪ ɸʡʪʤʫʭʘʥʦʚʘ, ᴄʜʽʣ ɸʡʪʤʫʭʘʥʦʚ,                                                

ʂʣʘʨʘ ʂʫʜʘʙʘʝʚʘéééééééééééééééééééééééééééé...51-59 

 

ʂᴆʃɯʂʊɽɻɯ ʃʆɻʀʉʊʀʂɸ, ʊɸʉʓʄɸʃɼɸʋɼʓ ױʁʓʄɼɸʉʊʓʈʋ 

¶ ɸɺʀɸʎʀʗ ʉɸʃɸʉʓʅ ʂɸɼʈʃɸʈʄɽʅ פɸʄʊɸʄɸʉʓɿ ɽʊʋ ʄᴄʉɽʃɽʃɽʈɯ 

ʄɽʅ ʇɽʈʉʇɽʂʊʀɺɸʃɸʈʓ 

ʄʘʨʠʥʘ פʘʣʝʢʝʝʚʘ, ʉʘʣʪʘʥʘʪ ɾʘʨʜʝʤץʳʟʳ, ʄʘʜʠʥʘ ɻʦʞʘʭʤʝʪʦʚʘ,                                         

ʄʝʨʫʝʨʪ ʊʫʨʣʳʤʫʨʘʪʦʚʘééééééééééééééééééééééééé.60-67 

¶ OPENTRACK ʆʈʊɸʉʓʅɼɸ ʄʆɼɽʃʔɼɽʋ ʅɽɻɯɿɯʅɼɽ ʇʆʁʓɿɼɸʈɼʓר 

 ɸʃɸʋנɸʃʓʉʓʅ ʀʅʊɽʈɺɸʃɼʓ ʈɽʊʊɽʋ ᴄɼɯʉʊɽʈɯʅ ɹɸנʆɿפ

ʄʘץʩʘʪ ʆʨʫʥʙʝʢʦʚéééééééééééééééééééééééééé...é68-78 

¶ ʃʆɻʀʉʊʀʂɸʃʓפ פʆʁʄɸ ʂɽʐɽʅɯʅɯר ʈɽʉʋʈʉʊɸʈʓʅ ʆרʊɸʁʃɸʅɼʓʈʋ 

ɻʘʣʳʤʞʘʥ ɾʘʥʙʠʨʦʚ, ɹʘʪʳʨʙʝʢ ʄʫʩʘʙʘʝʚééééééééééééééééé...79-88 

¶ ɾɸᴂɸʅɼʓפ ɼɸנɼɸʈʓʉʊɸʈɼʓר ɾתʂ ʊɸʉʓʄɸʃʓʄɽʅ ᴆɿɸʈɸ 

ɹɸʁʃɸʅʓʉʓ: ɻɽʈʄɸʅʀʗ ʄɽʅ פɸɿɸפʉʊɸʅ ɸʈɸʉʓʅɼɸנʓ 

ʉɸʃʓʉʊʓʈʋ 

ɸʟʘʪ ɾײʤʘʥʦʚ, ɾʘʥʜʦʩ ʂʝʛʝʥʙʝʢʦʚ, ɼʘʤʝʣʠʷ ʆʢʘʧʦʚʘééééééééééé.é89-100 

¶ ᴄʈʊתʈʃɯ ɯʃɯʅɯʉʋ ױפʈʓʃנʓʃɸʈʓʅ ʇɸʁɼɸʃɸʅʋ ʂɽɿɯʅɼɽ 

ʇʆʁʓɿɼɸʈɼʓ פɸʃʓʇʊɸʉʊʓʈʋ ʇʈʆʎɽʉɯʅɯר ʊʀɯʄɼɯʃɯɻɯʅ ɹɸנɸʃɸʋ 

ʁʝʥʩ ʂʝʥʠʛ, ɺʠʪʘʣʠʡ ʄʠʥʘʢʦʚ, ʉʝʨʽʢ ɸʙʠʙʫʣʣʘʝʚ, ʄʫʨʘʪ ʐʘʨʫʙʝʢʦʚééééé101-110 

 ʉʊɸʅ ʈɽʉʇʋɹʃʀʂɸʉʓʅɼɸ ʂʆʅʊɽʁʅɽʈʃɯʂ ʊɸʉʓʄɸʃɼɸʈɼʓפɸɿɸפ ¶

ɾɽʊɯʃɼɯʈʋ 

ɾʘʥʜʦʩ ʂʝʛʝʥʙʝʢʦʚ, ɸʣʠʥʘ ʄʘʪʚʝʝʚʘ, ɸʟʘʪ ɾʫʤʘʥʦʚéééééééééééé.111-118 

¶ ʂᴆʃɯʂ ʊתʈʃɽʈɯʅɯר ᴆɿɸʈɸ ᴄʈɽʂɽʊʊɽʉʋɯ ʂɽɿɯʅɼɽ ɾɽʊʂɯɿʋ ʊɯɿɹɽɻɯʅ 

 ɸʃʓʇʊɸʉʊʓʈʋ ɸʉʇɽʂʊɯʃɽʈɯפ

ɸʡʥʫʨ ɸʙʞʘʧʙʘʨʦʚʘ, ɻʫʣʴʜʘʥʘ ɹʠʭʠʤʦʚʘééééééééééééééééé.119-127 

 

 

 

 

https://vestnik.alt.edu.kz/index.php/journal/article/view/1311
https://vestnik.alt.edu.kz/index.php/journal/article/view/1311
https://vestnik.alt.edu.kz/index.php/journal/article/view/1329
https://vestnik.alt.edu.kz/index.php/journal/article/view/1329
https://vestnik.alt.edu.kz/index.php/journal/article/view/1338
https://vestnik.alt.edu.kz/index.php/journal/article/view/1338
https://vestnik.alt.edu.kz/index.php/journal/article/view/1338
https://vestnik.alt.edu.kz/index.php/journal/article/view/1350
https://vestnik.alt.edu.kz/index.php/journal/article/view/1350
https://vestnik.alt.edu.kz/index.php/journal/article/view/1119
https://vestnik.alt.edu.kz/index.php/journal/article/view/1119
https://vestnik.alt.edu.kz/index.php/journal/article/view/1323
https://vestnik.alt.edu.kz/index.php/journal/article/view/1323
https://vestnik.alt.edu.kz/index.php/journal/article/view/1366
https://vestnik.alt.edu.kz/index.php/journal/article/view/1366
https://vestnik.alt.edu.kz/index.php/journal/article/view/1374
https://vestnik.alt.edu.kz/index.php/journal/article/view/1241
https://vestnik.alt.edu.kz/index.php/journal/article/view/1241
https://vestnik.alt.edu.kz/index.php/journal/article/view/1241
https://vestnik.alt.edu.kz/index.php/journal/article/view/1251
https://vestnik.alt.edu.kz/index.php/journal/article/view/1251
https://vestnik.alt.edu.kz/index.php/journal/article/view/1288
https://vestnik.alt.edu.kz/index.php/journal/article/view/1288
https://vestnik.alt.edu.kz/index.php/journal/article/view/1300
https://vestnik.alt.edu.kz/index.php/journal/article/view/1300


ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 4 (127), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 4 (127), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

5 

ɸɺʊʆʄɸʊʊɸʅɼʓʈʋ, ʊɽʃɽʄɽʍɸʅʀʂɸ, ɹɸʁʃɸʅʓʉ, ʂʆʄʇʔʖʊɽʈʃɯʂ 

 ʓʃʓʄɼɸʈנ

¶ ʆʇʊʀʄɸʃɼʓ ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ S-BOX ʊɸʃɼɸʋʓ ɾᴄʅɽ 

ʄʓʉɸʃɼɸʈ 

ɽʨʞʘʥ ʉʝʡʪʢʫʣʦʚ, ʈʫʩʣʘʥ ʆʩʧʘʥʦʚ, ʅʫʨʣʘʥ ʊʘʰʘʪʦʚ, ɹʘʥʫ ɽʨʛʘʣʠʝʚʘ,                  

ɻʫʣʴʥʘʨʘ ʊʫʣʝʰʝʚʘéééééééééééééééééééééééééé..128-139 

¶ ɾɸרɸ ʐʓʅɼʓפ ʉʊʈɸʊɽɻʀʗʉʓʅʓױ רʉʓʅʓʉʓ: ʅᴆʃ ʉɽʅɯʄ ᴄɼɯʉɯ 

ɸʩʝʣʴ ʅʫʨʫʰʝʚʘ, ʈʫʩʣʘʥ ʉʘʬʠʥ, ɸʩʭʘʪ ɸʤʨʝʥʦʚ, ɼʠʥʘ ʉʘʪʳʙʘʣʜʠʥʘééééé..140-147 

¶ ʆʅʊʆʃʆɻʀʗʃʓפ ʀʅɾɽʅɽʈʀʅɻ ʅɽɻɯɿɯʅɼɽ ᴄʉʂɽʈɯ-נɸʈʓʐ פʓɿʄɽʊɯ 

ʉɸʃɸʉʓʅɼɸנʓ ʉʊɸʅɼɸʈʊʊɸʈɼʓ ᴄɿɯʈʃɽʋ ɾᴄʅɽ תʁʃɽʉʊɯʈʋ תʐɯʅ 

ɿʀʗʃɼʓ ɹɸʉפɸʈʋ ɾתʁɽʉɯ 

ɸʥʘʨ ʋʪʝʛʝʥʦʚʘ, ɻʫʣʴʥʘʟ ɽʨʤʦʣʜʠʥʘ, ɸʢʳʣʙʝʢ ɹʘʧʳʰʝʚ, ɺʠʪʘʣʠʡ ʅʘʫʤʝʥʢʦéé148-159 

¶ ʊɸʋɸʈʃʓ ʄɸɻʅʀʁ ᴆʅɼɯʈɯʉɯʅɼɽ ʊʆʊʓפ פɸɹʓʈʐʓנʓʅ ɾʀʅɸʋ תʐɯʅ 

ʄɸʅʀʇʋʃʗʊʆʈʃʓ ʈʆɹʆʊʊʓר ɹɸנɼɸʈʃɸʄɸʃʓפ ʊʈɸɽʂʊʆʈʀʗʃɸʈʓʅ 

ɾɸʉɸʋ 

ɸʢʘʤʙʘʡ ɹʝʡʩʝʤʙʘʝʚ, ɸʥʘʨʛʫʣʴ ɽʨʙʦʩʳʥʦʚʘ, ʇʝʪʨ ʇʘʚʣʝʥʢʦ,                                                    

ʄʫʭʠʪ ɹʘʡʙʘʪʰʘʝʚééééééééééééééééééééééééé.é..160-169 

¶ ʉʓנʓʃʄɸʁʊʓʅ ʊױʊפʓʈʃʓ ɸנʓʅ תʐɯʅ ɹᴆɻɽʅɼɯר ɹױɿʓʃʋʓʅʓר 

ʉɸʅɼʓפ ʉʀʄʋʎʀʗʃɸʈʓ 

ɽʜʠʣʭʘʥ ɸʤʠʨʛʘʣʠʝʚ, ʊʠʤʫʨ ʄʝʨʝʤʙʘʝʚ, ʇʝʨʠʟʘʪ ʆʤʘʨʦʚʘééééééééé..170-180 

¶ ʊɸʃʐʓפʊʓ ɹʈʕɻɻ ʊʆʈʃɸʈʓʅ פʆʃɼɸʅɸʊʓʅ ʂɸɹɽʃʔ 

ʊɽʄʇɽʈɸʊʋʈɸʉʓʅ ᴆʃʐɽʋ ɾתʁɽʉɯ 

ɸʣʠʷ ʂʘʣʠʞʘʥʦʚʘ, ɸʡʥײʨ ʂʦʟʙʘʢʦʚʘ, ʄײʨʘʪ ʂʫʥʝʣʙʘʝʚ, ɾʘʣʘʫ ɸʡʪʢʫʣʦʚ,                         

ʐʳסשʳʩ ʂʝʥʰʠʤʦʚéééééééééééééééééééééééééé..181-188 

¶ ɾʆʃ ɾɸɹʓʅʓʅʓר ɿɸפʓʄɼɸʅʋʓʅ ɸʅʓפʊɸʋɼɸ ʂɯʈɯʂʊɯʈɯʃɻɽʅ 

ʊɸʃʐʓפʊʓ ʆʇʊʀʂɸ פʆʃɼɸʅʋ 

ɻʫʣʴʞʘʥ ʂʘʰʘʛʘʥʦʚʘ, ʂװʣʞʘʥ ʊʦʛʞʘʥʦʚʘééééééééééééé.................189-195 

¶ ɸɼɸʄɼɸʈɼʓר ɹɽʁʅɽʃɽʈɯʅ ɼɽ-ʀɼɽʅʊʀʌʀʂɸʎʀʗʃɸʋ ᴄɼɯʉʊɽʈɯ ɾᴄʅɽ 

ʆʃɸʈɼʓ ʐɽʐʋ ɾʆʃɼɸʈʓ 

 ʘʣʳʙʝʢ ʄʘʫʣʝʥʦʚ, ʅʘʟʳʤ ʂʘʟʠʝʚʘ, ɾʘʟʠʨʘ ʐʫʨʝʥ, ʉʘʫʣʝ ʂʫʜʫʙʘʝʚʘééééé196-206פ

¶ ɹױʃʊפɸ ɹɸנʓʊʊɸʃנɸʅ ʎʀʌʈʃʓפ ɹɯʃɯʄ ɹɽʈʋ ʆʈʊɸʉʓʅʓר 

ʉɽʈɺʀʉʊɽʈɯʅɽ ɾתʂʊɽʄɽʅɯ ɹᴆʃʋ ɾתʁɽʉɯʅ ᴄɿɯʈʃɽʋ 

ɹʘʭʳʪʞʘʥ ɸʭʤʝʪʦʚ, ɺʘʣʝʨʠʡ ʃʘʭʥʦ, ɾײʣʜʳʟ ɸʣʠʤʩʝʡʪʦʚʘ, ʅʫʨʞʘʤʘʣ ʆʰʘʥʦʚʘ,                

ɸʢʙʘʣʘ ɸʙʫʦʚʘéééééééééééééééééééééééééééé..207-217 

¶ ɼᴆרɻɽʃɽʂ ʆʈʄɸʅɼʓ ʉױʈʓʇʊɸʋ ʇʈʆʎɽʉɯʅɯר çɸפʇɸʈɸʊʊʓפ ɸʈʅɸè 

ɹɸʉפɸʈʋʐʓʉʓʅʓר ɾױʄʓʉʓʅ פɸʃʓʇʊɸʉʊʓʈʋ ɸʃɻʆʈʀʊʄɯʅ 

ᴄɿɯʈʃɽʋ 

ɸʥʘʨʘ ʋʤʫʨʟʘʢʦʚʘ, ʅʫʨʙʘʥʫ ʉʘʨʙʘʩʦʚʘ, ʉʝʨʽʢ ɾʫʤʘʞʘʥʦʚ, ʆʢʩʘʥʘ ʃʠéééé...218-226 

¶ ʕʃɽʂʊʈʆʅɼʓפ ɹʀɿʅɽʉ ʊɽʍʅʆʃʆɻʀʗʃɸʈʓ 

ɸʣʠʷ ʂʠʥʪʦʥʦʚʘ, ɻʘʣʠʤʞʘʥ ɻʘʙʜʨʝʰʦʚ, ɸʡʛʝʨʠʤ ʂʠʩʤʘʥʦʚʘ, ɸʩʝʣʴ ɽʩʝʥʪʘʝʚʘ,                

 ʘʥʠʙʝʢ ʉʘʥʩʳʟʙʘʡéééééééééééééééééééééééééé..227-240פ

¶ ʊɽʃɽʄɽɼʀʎʀʅɸ תʐɯʅ ɼᴄʈɯʃɽʈɼɯ ɹɸʉפɸʈʋ ɾתʁɽʉɯʅ ɼɸʄʓʊʋ 

ɸʣʪʳʥʙʝʢ ʉʝʡʪʝʥʦʚ, ʊʘʤʘʨʘ ɾʫʢʘʙʘʝʚʘ, פʘʥʠʙʝʢ ʉʘʥʩʳʟʙʘʡ, ɽʨʙʦʣʘʪ ʂʘʣʧʘʢʦʚ..241-251 

¶ ʀʅʊɽʃʃɽʂʊʋɸʃɼʓפ ᴄɼɯʉʊɽʈɼɯ פʆʃɼɸʅʋ ɸʈפʓʃʓ ɸʋɸʅʓר 

ʃɸʉʊɸʅʋ ʉɸʇɸʉʓʅɸ ɹɸנɸ ɹɽʈʋ 

ʃʷʟʟʘʪ ʅʘʡʟʘʙʘʝʚʘ, ɻʫʣʴʙʘʭʳʪ ʉʝʤʙʠʥʘ, ʅײʨʛװʣ ʉʝʡʽʣʦʚʘ, ɸʡʛʫʣʴ ɹʠʩʘʨʠʥʦʚʘé.252-261 

¶ ɾɽʊɽɻɯ ɹɸʈ ʊʆɹʓפ ɹʋʓʅ ʕʂɿʆʉʂɽʃɽʊʊɽʈɯ: ɿɸʄɸʅɸʋʀ 

ʂʆʅʌʀɻʋʈɸʎʀʗʃɸʈ ɾᴄʅɽ ɹɸʉפɸʈʋ ʄɽʍɸʅʀɿʄɼɽʈɯ 

ʅײʨʩײʣʪʘʥ ɾʝʪʝʥʙʘʝʚ, ɻʘʥʠ ɹʘʣʙʘʝʚ, ɸʡʪʦʣʢʳʥ ʈʳʩʙʝʢééééééééééé262-275 
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¶ ᴄʋɽʂʊɽʈɼɯר ʂʆʆʈɼʀʅɸʊɸʃɸʈʓʅ ɸʅʓפʊɸʋ תʐɯʅ ʇɸʉʉʀɺʊɯ 
ʈɸɼʀʆʃʆʂɸʎʀʗʅʓר ʀʄʋʃʗʎʀʗʃʓפ ʄʆɼɽʃɯʅ ᴄɿɯʈʃɽʋ 
ʅʫʨʣʘʥ ɹʦʛʫʩʧʘʝʚ, ɸʣʤʘʪ ʈʘʩʢʘʣʠʝʚ, ʐʘʤʩʠʛװʣ ʂʦʙʜʠʢʦʚʘ,                                                  
ɸʥʘʪʦʣʠʡ ʉʘʤʩʦʥʝʥʢʦ, ʐʠʥʛʠʩ ʂʘʜʠʨʢʫʣʦʚéééééééééééééééé276-288 
¶ ʅɸʅʆʉʇʋʊʅʀʂʂɽ ɸʈʅɸʃנɸʅ ʄɸɻʅʀʊʊɯʂ ʉɽʅʉʆʈɼʓ ʂɸʃʀɹʈʃɽʋɼɯר 
ʄɸʊɽʄɸʊʀʂɸʃʓפ ʄʆɼɽʃɯ 
ɽʨʢʝʙײʣʘʥ ʅײʨסʠʟʘʪ, נʘʥʠ ɹʘʣʙʘʝʚéééééééééééééééééééé289-296 
¶ ᴄʋɽ ʆɹʒɽʂʊɯʉɯʅɽʅ ʐɸנʓʃʓʉפɸʅ ɾᴄʅɽ ɸʅʊɽʅʅɸנɸ 
 פʅɸɺʀɻɸʎʀʗʃʓ רɸʅ ɻʅʉʉ ʈɸɼʀʆʉʀɻʅɸʃɼɸʈʓʅʓנɸɹʓʃɼɸʅפ
 ʂʆʆʈɼʀʅɸʊʊɸʈʓʅ רʓʐʓ ɹʆʁʓʅʐɸ ᴄʋɽ ʆɹʒɽʂʊɯʉɯʅɯנɸɹʓʃɼɸפ
ɸʁפʓʅɼɸʋɼʓר ɽʉɽʇʊɽʋ ʉʍɽʄɸʉʓʅ ᴄɿɯʈʃɽʋ 
ʅײʨʣʘʥ ɹʦʛʫʩʧʘʝʚ, ɸʣʤʘʪʳ ʈʘʩʢʘʣʠʝʚ, ʐʘʤʩʠʛװʣ פʦʙʜʳץʦʚʘ ,                                             
ɸʥʘʪʦʣʠʡ ʉʘʤʩʦʥʝʥʢʦ, ʉʘʙʳʨʞʘʥ ɾײʤʘסʘʣʠééééééééééééééé...297-308 
¶ ɾɸʉɸʅɼʓ ʅɽʁʈʃɯ ɾɽʃɯʃɽʈɼɯ ɹɽʁʅɽ ɹɸʉפɸʈʋ ɾתʁɽʃɽʈɯʅɼɽ 
 ʆʃɼɸʅʋפ
ɹʘʪʳʨʭʘʥ ɹʝʢʤʫʨʟʘʝʚ, ɼʝʥʠʩ ɽʨʸʤʠʥ, ʈʠʤʤʘ ʂʘʣʠʝʚʘ, ʊʠʤʦʬʝʡ ɸʣʠʰʠʥééé...309-321 
¶ ʀʅʊɽʃʃɽʂʊʋɸʃɼʓ ᴆʅɼɯʈɯʉʊɽɻɯ ʎʀʌʈʃʓפ ɽɻɯɿɼɯר ʈᴆʃɯ 
ʅʫʨʛʫʣʴ ʂʘʨʳʤʩʘʢʦʚʘ, ʐʦʣʧʘʥ ɾʫʤʘʛʫʣʦʚʘ, ɸʩʝʣʴ ɸʡʪʢʘʟʠʥʘ,                                                
ɼʠʥʘʨʘ ɾʘʡʩʘʥʦʚʘéééééééééééééééééééééééééé...322-332 
 ɸʈʋפɸʃʓʉʓʅ ɹɸʉנʆɿפ רʊʓ ʄʆɹʀʃʔɼɯ ʈʆɹʆʊʊʓפɸʃɸנרʐ ɼʆת ¶
ɾתʁɽʉɯʅ ɾʆɹɸʃɸʋ ɾᴄʅɽ ʄʆɼɽʃʔɼɽʋ 
ɹʦʪʘʢʦʟ ʂʘʩʠʤʦʚʘ, ɸʩʝʤʛʫʣʴ ʉʘʜʚʘʢʘʩʦʚʘ, ɾʘʥʩʘʷ ʂʫʜʘʙʘʝʚʘéééééééé..333-341 
¶ ʂʆʄʄɽʈʎʀʗʃʓפ ɹɸʅʂ פʓɿʄɽʊɯʅɯר ʅᴄʊʀɾɽʃɽʈɯʅ ʊɸʃɼɸʋ 
ᴄɼɯʉʊɽʈɯʅ ɿɽʈʊʊɽʋ 
ɼʠʥʘʨʘ ʅײʨסʘʣʠץʳʟʳ, ʐʦʣʧʘʥ ɹʘʡʤʘʪʘʝʚʘ, ʄʝʨʫʝʨʪ ɸʨʠʩʪʦʤʙʘʝʚʘéééééé342-350 
¶ ʄᴄʃɯʄɽʊʊɽʈɼɯ ᴆרɼɽʋɼɯר ʄʆɼʋʃʔɼɯʂ ɾתʁɽʉɯʅ ɾʆɹɸʃɸʋɼʓר 
ʄʆɼɽʃʔɼɽʈɯ ʄɽʅ ᴄɼɯʉʊɽʈɯʅ ɿɽʈʊʊɽʋ ɾᴄʅɽ ױפʈʋ 
ɸʣʠʷ ʂʘʣʠʞʘʥʦʚʘ, ʌʝʨʫʟʘ ʄʘʣʠʢʦʚʘ, ʌʘʨʠʟʘ ɼʫʡʩʝʥʙʝʢ, ʅײʨʙʦʣʘʪ ɼװʡʩʝʥʙʝʢé.351-358 
¶ LTE ɾɽʃɯʉɯʅɼɽɻɯ ɹɸɿɸʃʓפ ʉʊɸʅʎʀʗʃɸʈɼʓר ᴆʊʂɯɿʋ פɸɹɯʃɽʊɯ ʄɽʅ 
ɹɸʁʃɸʅʓʉʊʓ ɾɸפʉɸʈʊʋ תʐɯʅ ʂɽɼɽʈɻɯ ɹʆʃנɸʅ ɾɸנɼɸʁɼɸ 
ɸɼɸʇʊʀɺʊɯ ʄʆɼʋʃʗʎʀʗʅʓ ɾɸפʉɸʈʊʋ ᴄʉɽʈɯʅ ʊɸʃɼɸʋ 
ʄʫʭʘʙʙʘʪ ʍʠʟʠʨʦʚʘ, ɸʥʘʨ ʐʝʥʝʨéééééééééééééééééééé..359-369 
¶ ʄɸʊɽʄɸʊʀʂɸʃʓפ ʄʆɼɽʃʔɼɽʋ ʊɯʂɹױʈʓʐʊʓ ʆʈʊʆʊʈʆʇʊʓ 
ʇʃɸʉʊʀʅɸʅʓר ʉʊɸʊʀʂɸʃʓפ ʀɯʃʋ ɽʉɽʇʊɽʈɯʅɯר ʐɸʄɸʄɽʅ 
ʉɸʅɼʓפ-ɸʅɸʃʀʊʀʂɸʃʓפ ʐɽʐɯʄɼɽʈɯ 
ʉʝʨʠʢʙʘʡ ʊʦʡʙʘʝʚ, ʂװʣʞʘʥ ʊʦʛʞʘʥʦʚʘ, ʋʣʘʥ ɸʥʛʘʨʙʝʢʦʚ, ʅʘʟʛʫʣʴ ʉʤʘʛʫʣʦʚʘ, 
ʄʘʨʭʘʙʙʘʪ ɾᴅʥʢʽʰéééééééééééééééééééééééééé..370-380 
¶ ʊɸʋɸʈʃʓ ʂʆʈנɸʉʓʅ, ʄʓʈʓʐ ᴆʅɼɯʈɯʉɯʅɼɽ ʊʆʊʓפ פɸɹʓʈʐʓנʓʅ 
ɾʀʅɸʋ תʐɯʅ ʄɸʅʀʇʋʃʗʊʆʈʃʓ ʈʆɹʆʊʊʓר ɹɸנɼɸʈʃɸʄɸʃʓפ 
ʊɸʈɽʂʊʆʈʀʗʃɸʈʓʅ ɾɸʉɸʋ 
ɸʢʘʤʙʘʡ ɹʝʡʩʝʤʙʘʝʚ, ɸʥʘʨʛʫʣʴ ɽʨʙʦʩʳʥʦʚʘ , ʇʝʪʨ ʇʘʚʣʝʥʢʦ,                                                   
ʄʫʭʠʪ ɹʘʡʙʘʪʰʘʝʚéééééééééééééééééééééééééé...381-390 
¶ ɸפʇɸʈɸʊʊʓפ ɾתʁɽʅɯ ױפʈʋ ʊɽʍʅʆʃʆɻʀʗʃɸʈʓʅ ᴄɿɯʈʃɽʋɼɽɻɯ 
 ɸ ʐʆʃʋנʓʊʊɸʈנɹɸ פʓ ɾᴄʅɽ ʇɽʈʉʇɽʂʊʀɺɸʃʓנʆʃɼɸʅʓʉʊɸפ
ᴄʩʝʤ ɸʷʧʙʝʨʛʝʥʦʚʘ, ɸʣʝʢʩʝʡ ʎʝʭʦʚʦʡ, ɾײʣʜʳʟ ʂʘʣʴʧʝʝʚʘ ,  
ɸʡʛʝʨʠʤ ɽʨʠʤʙʝʪʦʚʘ, ɾʠʙʝʢ ɸʣʠʙʠʝʚʘéééééééééééééé................391-398 
¶ ɸʅʓפʊɸʃɸʊʓʅ ɸɼɸʇʊʀɺʊɯ ɹɽʈɯʃɯʉ ɺɸʈʀɸʊʆʈʓʅʓר ʐʓנʓʉ 
ʇɸʈɸʄɽʊʈʃɽʈɯʅ ɿɽʈʊʊɽʋ 
ʂʘʣʠʤʘʛʫʣ ɹʘʭʠʝʚʘ, ʉʘʤʘʣ ɸʙʜʨʝʰʦʚʘ, ʂʦʥʩʪʘʥʪʠʥ ʀʚʘʥʦʚ, ʉʫʣʝʡʤʝʥ ʂʘʠʤʦʚé399-409 
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ʕʅɽʈɻɽʊʀʂɸ 

¶ ʉʓʈʊפʓ ɹױʈɸʅɼɸʃʓ ʆʊʊʓפʊʊʓר ʊɽʈʄʀʗʃʓפ ᴆרɼɽʋ ʄɽʅ ʆʊʓʅ 
ɾɸנʋɼʓ ʄʆɼɽʃɼɽʋ 
ɹʫʣʙʫʣ ʆʥʛʘʨ , ʈʘʭʘʪ ʐʘʣʤʘסʘʤʙʝʪʦʚ, ɻʫʣʜʘʥʘ ʉʤʘʛʫʣʦʚʘ,                                                     
ʕʣʴʤʠʨʘ ʅʫʨʤʘʜʠʝʚʘ, ɹʘסʜʘʨ ɸʜʘʣéééééééééééééééééééé410-419 

¶ ɾʓʃʓɾɸʁʃɸʈɼɸ ʂתʅ ʕʅɽʈɻʀʗʉʓʅ פʆʃɼɸʅʋɼʓר ʄɸרʓɿɼʓʃʓנʓ 

ʉʝʨʠʢ ʊʫʨʘʥʦʚ, ɹʘʣʞʘʥ ɹʘʭʪʠʷʨééééééééééééééééééééé420-426 

 ʓʅפɸʉ פʓ ɸʊʄʆʉʌɽʈɸʃʓנʋɸʊ ʊʈɸʅʉʌʆʈʄɸʊʆʈʃɸʈʓʅɼɸפ ¶

ʂɽʈʅɽʋʃɽʈ ɾᴄʅɽ ɸʉפʓʅ ʂɽʈʅɽʋɼɽʅ פʆʈנɸʋ 

ɾʘʥʘʨ ʆʨʞʘʥʦʚʘ, ɸʣʠʷ ɹʦʢʘʥʦʚʘ, ɾʘʥʽʙʝʢ ʀʩʘʙʝʢʦʚéééééééééééé.427-436 

¶ ɾɸרɸʈʊʓʃנɸʅ ʕʅɽʈɻʀʗ ʂᴆɿɼɽʈɯʅɯר ʕʃɽʂʊʈ ʉʊɸʅʎʀʗʃɸʈʓʅɼɸנʓ 

ʕʅɽʈɻɽʊʀʂɸʃʓפ ʊʀɯʄɼɯʃɯɻɯ 
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Nurgul Karymsakova, Sholpan Zhumagulova, Assel Aitkazina, Dinara Zhaysanovaé..322-332 

¶ SIMULATION AND DESIGN OF THE MOTION SYSTEM OF A THREE-

WHEELED MOBILE ROBOT 

Botakoz Kasimova, Asemgul Kudabayeva, Zhansaya Kudabayevaéééééééé.333-341 

¶ RESEARCH OF METHODS FOR ANALYZING THE RESULTS OF A 

COMMERCIAL BANK'S ACTIVITIES 

Dinara Nurgalikyzy, Sholpan Baimataeva, Meruert Arristombayevaééééééé...342-350 

¶ RESEARCH AND DEVELOPMENT OF MODELS AND METHODS FOR 

DESIGNING A MODULAR DATA PROCESSING SYSTEM 

Aliya Kalizhanova, Feruza Malikova, Fariza Duisenbek, Nurbolat Duisenbekéééé351-358 

¶ ANALYSIS OF THE IMPACT OF INCREASING ADAPTIVE MODULATION IN 

CASE OF INTERFERENCE TO IMPROVE THE BANDWIDTH AND 

COMMUNICATION OF BASE STATIONS IN THE LTE NETWORK 

Mukhabbat Khizirova, Anar Sheneréééééééééééééééééééé..359-369 

¶ MATHEMATICAL MODELING APPROXIMATE NUMERICAL AND 

ANALYTICAL SOLUTIONS OF STATIC BENDING PROBLEMS OF A 

RECTANGULAR ORTHOTROPIC PLATE 

Serikbay Toibayev, Kulzhan Togzhanova, Ulan Angarbekov, Nazgul Smagulova,                  

Markhabbat Zhankishéééééééééééééééééééééééééé.370-380 

¶ DEVELOPMENT OF SOFTWARE TRAJECTORIES OF A MANIPULATION 

ROBOT FOR REMOVING OXIDE FILM IN THE PRODUCTION OF 

COMMERCIAL LEAD, ZINC 

Akambay Beisembayev, Anargul Yerbossynova, Petro Pavlenko, Muhit Baybatshaev...381-390 

¶ OVERVIEW OF EXISTING AND PROMISING DIRECTIONS IN THE 

DEVELOPMENT OF INFORMATION SYSTEM CREATION TECHNOLOGIES 

Asem Ayapbergenova, Alexey Tsekhovoi, Zhuldyz Kalpeeva, Aigerim Erimbetova,                       

Zhibek Alibiyevaééééééééééééééééééééééé....................391-398 

¶ INVESTIGATION OF THE OUTPUT PARAMETERS OF A DEFINABLE 

ADAPTIVE GEAR VARIATOR 

Kalimagul Bakhiyeva, Samal Abdreshova, Konstantin Ivanov, Suleimen Kaimovéé..399-409 

 

ENERGY 

¶ MODELING THE HEAT TREATMENT AND COMBUSTION OF FUEL IN THE 

EXTERNAL VORTEX BURNER 

Bulbul Ongar, Rakhat Shalmagambetov, Guldana Smagulova, Elmira Nurmadieva,                         

Bagdar Adalééééééééééééééééééééééé...éééééé410-419 

¶ THE IMPORTANCE OF THE USE OF SOLAR ENERGY IN GREENHOUSES 

Serik Turanov, Balzhan Bakhtiarééééééééééééééééééééé...420-426 
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¶ ATMOSPHERIC OVERVOLTAGES IN POWER TRANSFORMERS AND SURGE 

PROTECTION 

Zhanar Orzhanova, Aliya Bokanova, Zhanibek Isabekovéééééééééééé.427-436 

¶ ENERGY EFFICIENCY OF RENEWABLE ENERGY POWER PLANTS 

Galim Kalimbetov, Valdemar Wojcik, Ainur Toygozhinova, Anara Egzekova,                        

Ali Sabyrzhanulyéééééééééééééééééééééééé................437-445 

¶ INVESTIGATION OF THE EFFECTIVENESS OF WATER DISINFECTION 

USING A HIGH-FREQUENCY CROWN DISCHARGE OZONATOR 

Askar Abdykadyrov, Sungat Marxuly, Rimma Abdikadyrkyzy, Ainur Kuttybayeva,                   

Bolatbek Yeschanovéééééééééééééééééééééééééé...446-453 

¶ SELECTION OF THE OPTIMAL COMPOSITION OF ENERGY SUPPLY 

SYSTEMS FOR AGRICULTURAL FACILITIES BASED ON RENEWABLE 

ENERGY SOURCES IN THE CONDITIONS OF THE ALMATY REGION 

Seytkazy Keshuov, Lyudmil Mikhailov, Nurgul Moldybaevaéééééééééé..454-470 

¶ EFFICIENCY OF THE USE OF HEAT PUMP INSTALLATIONS IN WATER 

CYCLE WITH COOLING TOWERS 

Saule Abildinova, Miras Dostemes, Saule Kamarovaééééééééééééé...471-479 

¶ STUDY OF THE INFLUENCE OF RADIATION DAMAGE DURING 

IRADIATION WITH HEAVY IONS IN CeO2 CERAMICS ON 

THERMOPHYSICAL PARAMETERS 

Ruslan Rspaev, Alexey Trukhanov, Sholpan Giniyatova, Artem Kozlovskyéééé...480-490 

¶ STUDY OF THE MAIN FACTORS REDUCING THE ENERGY PERFORMANCE 

OF DRIVE-ROD PUMPS AND SELECTION OF THE BASIC MODIFICATION 

AND TYPE OF PERFORMANCE 

Kasym Yelemesov, Yerlan Sarsenbaev, Birzhan Baibutanov, Dinara Baskanbaeva,                          

Bulbul Ongarééééééééééééééééééééééééééééé..491-505 

 

ECOLOGY AND LIFE SAFETY  

¶ IMPACT ON UPPER ATMOSPHERIC LEVEL OF NITROGEN DIOXIDE 

DEPOSITION PROCESS EXHAUSTED FROM AIRCRAFT ENGINES AS A 

RESULT OF KEROSENE COMBUSTION 

Ozgeriskhan Toylybay, Aidos Moldabekov, Karlygash Zhandildinova,                                          

Gulzhan Seyfulla, Ainara Rysbekovaéééééééééééééééééééé505-513 

¶ THE CURRENT STATE AND PROBLEMS OF WASTEWATER TREATMENT IN 

KAZAKHSTAN  

Tursynkhan Zhylkybayev, Alexander Zolotov, Yerbol Ospanov, Yerzhan Zhanuzakov,               

Narken Algazinovééééééééééééééééééééééééééé..514-523 
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ʉʆɼɽʈɾɸʅʀɽ 
 

ʊʈɸʅʉʇʆʈʊ, ʊʈɸʅʉʇʆʈʊʅɸʗ ʀʅɾɽʅɽʈʀʗ 

¶ ʉʊʈʋʂʊʋʈʓ ʀʅʊɽɻʈʀʈʆɺɸʅʅʓʍ ɻʈʋʇʇ ɹɽʉʇʀʃʆʊʅʓʍ ʃɽʊɸʃʔʅʓʍ 

ɸʇʇɸʈɸʊʆɺ ʅɸ ʆʉʅʆɺɽ VLC-ʊɽʍʅʆʃʆɻʀʀ 

ʊʘʣʰʳʥ ʂʝʨʠʙʘʝʚʘ, ʂʘʡʨʘʪ ʂʦʰʝʢʦʚ, ɸʣʠʥʘ ɹʫʛʫʙʘʝʚʘ, ɾʘʥʝʨʢʝ ɸʟʘʤʘʪʦʚʘ,                           

ʄʘʨʭʘʙʘ ʂʘʨʤʝʥʦʚʘééééééééééééééééééééééééééé.16-23 

¶ ʎʀʌʈʆɺʀɿɸʎʀʗ ʊʈɸʅʉʇʆʈʊʅʆʁ ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ ʈɽʉʇʋɹʃʀʂʀ 

ʂɸɿɸʍʉʊɸʅ 

ɸʡʩʣʫ ʊʘʡʩʘʨʠʥʦʚʘ, ʆʣʴʛʘ ɻʘʨʤʘʰ, ɼʠʥʘʨʘ ʋʤʠʨʟʘʢʦʚʘééééééééééé...24-32 

¶ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ 

ʉʃʆʗ ɼɽʊɸʃɽʁ ʇʈʀ ʋʇʈʆʏʅʗʖʑɽʁ ʇʆɺɽʈʍʅʆʉʊʅʆʁ ʆɹʈɸɹʆʊʂɽ 

ʆɹʂɸʊʓɺɸʅʀɽʄ ʈʆʃʀʂʆʄ 

ɻʫʣʤʠʨʘ ɹʫʣʝʢʙʘʝʚʘ , ɸʙʟʘʣ ʊʘʙʳʣʦʚ, ɸʤʠʥʘ ɹʫʢʘʝʚʘ, ʅʘʙʘʪ ʉʫʡʝʫʦʚʘ ,                                    

ɸʩʛʝʨʙʝʢ ʖʩʫʧʦʚéééééééééééééééééééééééééééé.33-41 

¶ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʃʆɻʀʉʊʀʂɸ ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʉʃʋɾʀɺɸʅʀʗ 

ɸɺʊʆʄʆɹʀʃɽʁ 

ɹʫʣʙʫʣ ʋʤʘʨʦʚʘééééééééééééééééééééééééééééé42-50 

¶ ʆʇʈɽɼɽʃɽʅʀɽ ʅɸɼɽɾʅʆʉʊʀ ʂʆʅʉʊʈʋʂʎʀʁ ʋʇʈʋɻʀʍ ʉʀʉʊɽʄ ɺ 

ʇʃʆʉʂʆʅɸʇʈʗɾɽʅʅʆʄ ʉʆʉʊʆʗʅʀʀ 

ɸʥʘʨ ʊʘʥʠʨʙʝʨʛʝʥʦʚʘ, ʇʝʨʠʟʘʪ ɸʡʪʤʫʭʘʥʦʚʘ, ɸʜʠʣ ɸʡʪʤʫʭʘʥʦʚ,                                               

ʂʣʘʨʘ ʂʫʜʘʙʘʝʚʘéééééééééééééééééééééééééé..éé.51-59 

 

ʃʆɻʀʉʊʀʂɸ ʅɸ ʊʈɸʅʉʇʆʈʊɽ, ʆʈɻɸʅʀɿɸʎʀʗ ʇɽʈɽɺʆɿʆʂ 

¶ ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʂɸɼʈʆɺʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

ɸɺʀɸʎʀʆʅʅʆʁ ʆʊʈɸʉʃʀ 

ʄʘʨʠʥʘ ʂʘʣʝʢʝʝʚʘ, ʉʘʣʪʘʥʘʪ ɾʘʨʜʝʤʢʳʟʳ, ʄʘʜʠʥʘ ɻʦʞʘʭʤʝʪʦʚʘ,                              

ʄʝʨʫʝʨʪ ʊʫʨʣʳʤʫʨʘʪʦʚʘééééééééééééééééééééé.................60-67 

¶ ʆʎɽʅʂɸ ʄɽʊʆɼʆɺ ʀʅʊɽʈɺɸʃʔʅʆɻʆ ʈɽɻʋʃʀʈʆɺɸʅʀʗ ɼɺʀɾɽʅʀʗ 

ʇʆɽɿɼʆɺ ʅɸ ʆʉʅʆɺɽ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɺ ʉʈɽɼɽ OPENTRACK 

ʄʘʢʩʘʪ ʆʨʫʥʙʝʢʦʚéééééééééééééééééééééééé...............68-78 

¶ ʆʇʊʀʄʀɿɸʎʀʗ ʈɽʉʋʈʉʆɺ ʃʆɻʀʉʊʀʏɽʉʂʆɻʆ ʉʂʃɸɼʉʂʆɻʆ 

ʂʆʄʇʃɽʂʉɸ 

ɻʘʣʳʤʞʘʥ ɾʘʥʙʠʨʦʚ, ɹʘʪʳʨʙʝʢ ʄʫʩʘʙʘʝʚéééééééééééééééé...é79-88 

¶ ɺɿɸʀʄʆʉɺʗɿʔ ɻʃʆɹɸʃʔʅʓʍ ʂʈʀɿʀʉʆɺ ʉ ɻʈʋɿʆʇɽʈɽɺʆɿʂɸʄʀ: 

ʉʈɸɺʅɽʅʀɽ ʄɽɾɼʋ ɻɽʈʄɸʅʀɽʁ ʀ ʂɸɿɸʍʉʊɸʅʆʄ 

ɸʟʘʪ ɾʫʤʘʥʦʚ, ɾʘʥʜʦʩ ʂʝʛʝʥʙʝʢʦʚ, ɼʘʤʝʣʠʷ ʆʢʘʧʦʚʘéééééééééééé.89-100 

¶ ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʆʎɽʉʉɸ ʌʆʈʄʀʈʆɺɸʅʀʗ ʇʆɽɿɼʆɺ 

ʇʈʀ ʀʉʇʆʃʔɿʆɺɸʅʀʀ ʈɸɿʃʀʏʅʓʍ ʊʀʇʆɺ ʉʎɽʇʅʓʍ ʋʉʊʈʆʁʉʊɺ 

ʁʝʥʩ ʂʝʥʠʛ, ɺʠʪʘʣʠʡ ʄʠʥʘʢʦʚ, ʉʝʨʠʢ ɸʙʠʙʫʣʣʘʝʚ, ʄʫʨʘʪ ʐʘʨʫʙʝʢʦʚéééé...101-110 

¶ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʂʆʅʊɽʁʅɽʈʅʓʍ ʇɽʈɽɺʆɿʆʂ ɺ ʈɽʉʇʋɹʃʀʂɽ 

ʂɸɿɸʍʉʊɸʅ 

ɾʘʥʜʦʩ ʂʝʛʝʥʙʝʢʦʚ, ɸʣʠʥʘ ʄʘʪʚʝʝʚʘ, ɸʟʘʪ ɾʫʤʘʥʦʚéééééééé.................111-118 

¶ ɸʉʇɽʂʊʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ʎɽʇɽʁ ʇʆʉʊɸɺʆʂ ʇʈʀ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀʀ ɺʀɼʆɺ ʊʈɸʅʉʇʆʈʊɸ 

ɸʡʥʫʨ ɸʙʞʘʧʙʘʨʦʚʘ, ɻʫʣʴʜʘʥʘ ɹʠʭʠʤʦʚʘééééééééééééé.................119-127 
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ɸɺʊʆʄɸʊʀɿɸʎʀʗ, ʊɽʃɽʄɽʍɸʅʀʂɸ, ʉɺʗɿʔ, ʂʆʄʇʔʖʊɽʈʅʓɽ ʅɸʋʂʀ 

¶ ɸʅɸʃʀɿ ʀ ʇʈʀʄɽʈʓ ʆʇʊʀʄɸʃʔʅʓʍ ʂʈʀʇʊʆɻʈɸʌʀʏɽʉʂʀʍ S-

ɹʃʆʂʆɺ 

ɽʨʞʘʥ ʉʝʡʪʢʫʣʦʚ, ʈʫʩʣʘʥ ʆʩʧʘʥʦʚ, ʅʫʨʣʘʥ ʊʘʰʘʪʦʚ, ɹʘʥʫ ɽʨʛʘʣʠʝʚʘ,                  
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ʈɸɿʈɸɹʆʊʂʀ ʀ ɻɸʈʄʆʅʀɿɸʎʀʀ ʉʊɸʅɼɸʈʊʆɺ ɺ ʆɹʃɸʉʊʀ ɺʆɽʅʅʆʁ  

ʀ ʂʆʉʄʀʏɽʉʂʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ ʅɸ ʆʉʅʆɺɽ ʆʅʊʆʃʆɻʀʏɽʉʂʆɻʆ 
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ʃʷʟʟʘʪ ʅʘʡʟʘʙʘʝʚʘ, ɻʫʣʴʙʘʭʳʪ ʉʝʤʙʠʥʘ, ʅʫʨʛʫʣʴ ʉʝʠʣʦʚʘ, ɸʡʛʫʣʴ ɹʠʩʘʨʠʥʦʚʘé.252-261 

¶ ʕʂɿʆʉʂɽʃɽʊʓ ɻʆʃɽʅʆʉʊʆʇʅʆɻʆ ʉʋʉʊɸɺɸ ʉ ʇʈʀɺʆɼʆʄ: 
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¶ ʈɸɿʈɸɹʆʊʂɸ ʀʄʀʊɸʎʀʆʅʅʆʁ ʄʆɼɽʃʀ ʇɸʉʉʀɺʅʆʁ 
ʈɸɼʀʆʃʆʂɸʎʀʀ ʆʇʈɽɼɽʃɽʅʀʗ ʂʆʆʈɼʀʅɸʊ ʃɽʊɸʊɽʃʔʅʓʍ 
ɸʇʇɸʈɸʊʆɺ 
ʅʫʨʣʘʥ ɹʦʛʫʩʧʘʝʚ, ɸʣʤʘʪ ʈʘʩʢʘʣʠʝʚ, ʐʘʤʩʠʛװʣ ʂʦʙʜʠʢʦʚʘ,                                                   
ɸʥʘʪʦʣʠʡ ʉʘʤʩʦʥʝʥʢʦ, ʐʠʥʛʠʩ ʂʘʜʠʨʢʫʣʦʚéééééééééééééééé276-288 
¶ ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʂɸʃʀɹʈʆɺʂʀ ʄɸɻʅʀʊʅʆɻʆ ɼɸʊʏʀʂɸ 
ɼʃʗ ʅɸʅʆʉʇʋʊʅʀʂɸ 
ɽʨʢʝʙײʣʘʥ ʅײʨסʠʟʘʪ, ɻʘʥʠ ɹʘʣʙʘʝʚéééééééééééééééééééé289-296 
¶ ʈɸɿʈɸɹʆʊʂɸ ɺʓʏʀʉʃʀʊɽʃʔʅʆʁ ʉʍɽʄʓ ʆʇʈɽɼɽʃɽʅʀʗ ʂʆʆʈɼʀʅɸʊ 
ɺʆɿɼʋʐʅʆɻʆ ʆɹʒɽʂʊɸ ʇʆ ʆʊʈɸɾɽʅʅʆʄʋ ʆʊ ɺʆɿɼʋʐʅʆɻʆ 
ʆɹʒɽʂʊɸ ʀ ʇʈʀʅʗʊʆʄʋ ʅɸ ɸʅʊɽʅʅʋ ʅɸɺʀɻɸʎʀʆʅʅʆɻʆ 
ʇʈʀɽʄʅʀʂɸ ʈɸɼʀʆʉʀɻʅɸʃʆɺ ɻʅʉʉ 
ʅײʨʣʘʥ ɹʦʛʫʩʧʘʝʚ, ɸʣʤʘʪʳ ʈʘʩʢʘʣʠʝʚ, ʐʘʤʩʠʛʫʣʴ ʂʦʙʜʠʢʦʚʘ,                                                  
ɸʥʘʪʦʣʠʡ ʉʘʤʩʦʥʝʥʢʦ, ʉʘʙʳʨʞʘʥ ɾײʤʘסʘʣʠééééééééééééééé...297-308 
¶ ʇʈʀʄɽʅɽʅʀɽ ʀʉʂʋʉʉʊɺɽʅʅʓʍ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ ɺ ʉʀʉʊɽʄɸʍ 
ɺʀɼɽʆʂʆʅʊʈʆʃʗ 
ɹʘʪʳʨʭʘʥ ɹʝʢʤʫʨʟʘʝʚ, ɼʝʥʠʩ ɽʨʸʤʠʥ, ʈʠʤʤʘ ʂʘʣʠʝʚʘ, ʊʠʤʦʬʝʡ ɸʣʠʰʠʥééé...309-321 
¶ ʈʆʃʔ ʎʀʌʈʆɺʆɻʆ ɼɺʆʁʅʀʂɸ ɺ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʄ 
ʇʈʆʀɿɺʆɼʉʊɺɽ 
ʅʫʨʛʫʣʴ ʂʘʨʳʤʩʘʢʦʚʘ, ʐʦʣʧʘʥ ɾʫʤʘʛʫʣʦʚʘ, ɸʩʝʣʴ ɸʡʪʢʘʟʠʥʘ,                                                  
ɼʠʥʘʨʘ ɾʘʡʩʘʥʦʚʘéééééééééééééééééééééééééé...322-332 
¶ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ 
ɼɺʀɾɽʅʀɽʄ ʊʈɽʍʂʆʃɽʉʅʆɻʆ ʄʆɹʀʃʔʅʆɻʆ ʈʆɹʆʊɸ 
ɹʦʪʘʢʦʟ ʂʘʩʠʤʦʚʘ, ɸʩʝʤʛʫʣʴ ʉʘʜʚʘʢʘʩʦʚʘ, ɾʘʥʩʘʷ ʂʫʜʘʙʘʝʚʘéééééééé..333-341 
¶ ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ɸʅɸʃʀɿɸ ʈɽɿʋʃʔʊɸʊʆɺ ɼɽʗʊɽʃʔʅʆʉʊʀ 
ʂʆʄʄɽʈʏɽʉʂʆɻʆ ɹɸʅʂɸ 
ɼʠʥʘʨʘ ʅײʨסʘʣʠץʳʟʳ, ʐʦʣʧʘʥ ɹʘʡʤʘʪʘʝʚʘ, ʄʝʨʫʝʨʪ ɸʨʠʩʪʦʤʙʘʝʚʘéééééé342-350 
¶ ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃɽʁ ʀ ʄɽʊʆɼʆɺ 
ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʄʆɼʋʃʔʅʆʁ ʉʀʉʊɽʄʓ ʆɹʈɸɹʆʊʂʀ ɼɸʅʅʓʍ 
ɸʣʠʷ ʂʘʣʠʞʘʥʦʚʘ, ʌʝʨʫʟʘ ʄʘʣʠʢʦʚʘ, ʌʘʨʠʟʘ ɼʫʡʩʝʥʙʝʢ, ʅײʨʙʦʣʘʪ ɼװʡʩʝʥʙʝʢé.351-358 
¶ ɸʅɸʃʀɿ ɺʃʀʗʅʀʗ ʇʆɺʓʐɽʅʀʗ ɸɼɸʇʊʀɺʅʆʁ ʄʆɼʋʃʗʎʀʀ ɺ 
ʉʃʋʏɸɽ ʇʆʄɽʍ ɼʃʗ ʋʃʋʏʐɽʅʀʗ ʇʈʆʇʋʉʂʅʆʁ ʉʇʆʉʆɹʅʆʉʊʀ ʀ 
ʉɺʗɿʀ ɹɸɿʆɺʓʍ ʉʊɸʅʎʀʁ ɺ ʉɽʊʀ LTE 
ʄʫʭʘʙʙʘʪ ʍʠʟʠʨʦʚʘ, ɸʥʘʨ ʐʝʥʝʨéééééééééééééééééééé..359-369 
¶ ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʀɹʃʀɾɽʅʅʓɽ ʏʀʉʃɽʅʅʆ-
ɸʅɸʃʀʊʀʏɽʉʂʀɽ ʈɽʐɽʅʀʗ ʉʊɸʊʀʏɽʉʂʀʍ ɿɸɼɸʏ ʀɿɻʀɹɸ 
ʇʈʗʄʆʋɻʆʃʔʅʆʁ ʆʈʊʆʊʈʆʇʅʆʁ ʇʃɸʉʊʀʅʓ 
ʉʝʨʠʢʙʘʡ ʊʦʡʙʘʝʚ, ʂװʣʞʘʥ ʊʦʛʞʘʥʦʚʘ, ʋʣʘʥ ɸʥʛʘʨʙʝʢʦʚ, ʅʘʟʛʫʣʴ ʉʤʘʛʫʣʦʚʘ, 
ʄʘʨʭʘʙʙʘʪ ɾᴅʥʢʽʰéééééééééééééééééééééééééé..370-380 
¶ ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʓʍ ʊʈɸɽʂʊʆʈʀʁ ʄɸʅʀʇʋʃʗʎʀʆʅʅʆɻʆ 
ʈʆɹʆʊɸ ɼʃʗ ʉʅʗʊʀʗ ʆʂʉʀɼʅʆʁ ʇʃɽʅʂʀ ʇʈʀ ʇʈʆʀɿɺʆɼʉʊɺɽ 
ʊʆɺɸʈʅʆɻʆ ʉɺʀʅʎɸ, ʎʀʅʂɸ 
ɸʢʘʤʙʘʡ ɹʝʡʩʝʤʙʘʝʚ, ɸʥʘʨʛʫʣʴ ɽʨʙʦʩʳʥʦʚʘ , ʇʝʪʨ ʇʘʚʣʝʥʢʦ,                                                      
ʄʫʭʠʪ ɹʘʡʙʘʪʰʘʝʚéééééééééééééééééééééééééé...381-390 

¶ ʆɹɿʆʈ ʉʋʑɽʉʊɺʋʖʑʀʍ ʀ ʇɽʈʉʇɽʂʊʀɺʅʓʍ ʅɸʇʈɸɺʃɽʅʀʁ ɺ                      
ʈɸɿʈɸɹʆʊʂɽ ʊɽʍʅʆʃʆɻʀʁ ʉʆɿɼɸʅʀʗ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ 
ɸʩʝʤ ɸʷʧʙʝʨʛʝʥʦʚʘ, ɸʣʝʢʩʝʡ ʎʝʭʦʚʦʡ, ɾʫʣʜʳʟ ʂʘʣʴʧʝʝʚʘ , ɸʡʛʝʨʠʤ ɽʨʠʤʙʝʪʦʚʘ,   
ɾʠʙʝʢ ɸʣʠʙʠʝʚʘééééééééééééééééééééééééééé...391-398 
¶ ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʓʍʆɼʅʓʍ ʇɸʈɸʄɽʊʈʆɺ ʆʇʈɽɼɽʃʀʄʆɻʆ 
ɸɼɸʇʊʀɺʅʆɻʆ ɿʋɹʏɸʊʆɻʆ ɺɸʈʀɸʊʆʈɸ 
ʂʘʣʠʤʘʛʫʣ ɹʘʭʠʝʚʘ, ʉʘʤʘʣ ɸʙʜʨʝʰʦʚʘ, ʂʦʥʩʪʘʥʪʠʥ ʀʚʘʥʦʚ, ʉʫʣʝʡʤʝʥ ʂʘʠʤʦʚé399-409 
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ʕʅɽʈɻɽʊʀʂɸ 

¶ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊɽʈʄʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂʀ ʀ ʉɾʀɻɸʅʀʗ 

ʊʆʇʃʀɺɸ ɺʆ ɺʅɽʐʅɽʁ ɺʀʍʈɽɺʆʁ ɻʆʈɽʃʂɽ 

ɹʫʣʙʫʣ ʆʥʛʘʨ , ʈʘʭʘʪ ʐʘʣʤʘסʘʤʙʝʪʦʚ, ɻʫʣʜʘʥʘ ʉʤʘʛʫʣʦʚʘ,                                                   

ʕʣʴʤʠʨʘ ʅʫʨʤʘʜʠʝʚʘ, ɹʘסʜʘʨ ɸʜʘʣéééééééééééééééééééé410-419 

¶ ɺɸɾʅʆʉʊʔ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʉʆʃʅɽʏʅʆʁ ʕʅɽʈɻʀʀ ɺ ʊɽʇʃʀʎɸʍ 

ʉʝʨʠʢ ʊʫʨʘʥʦʚ, ɹʘʣʞʘʥ ɹʘʭʪʠʷʨééééééééééééééééééééé420-426 

¶ ɸʊʄʆʉʌɽʈʅʓɽ ʇɽʈɽʅɸʇʈʗɾɽʅʀʗ ɺ ʉʀʃʆɺʓʍ ʊʈɸʅʉʌʆʈʄɸʊʆʈɸʍ 

ʀ ɿɸʑʀʊɸ ʆʊ ʇɽʈɽʅɸʇʈʗɾɽʅʀʁ 

ɾʘʥʘʨ ʆʨʞʘʥʦʚʘ, ɸʣʠʷ ɹʦʢʘʥʦʚʘ, ɾʘʥʽʙʝʢ ʀʩʘʙʝʢʦʚéééééééééééé.427-436 

¶ ʕʅɽʈɻɽʊʀʏɽʉʂɸʗ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʔ ʕʃɽʂʊʈʀʏɽʉʂʀʍ 

ʉʊɸʅʎʀʁ ʅɸ ɸʃʊɽʈʅɸʊʀɺʅʓʍ ʀʉʊʆʏʅʀʂɸʍ ʕʅɽʈɻʀʀ 

ɻʘʣʠʤ ʂʘʣʠʤʙʝʪʦʚ, ɺʘʣʴʜʝʤʘʨ ɺʫʡʮʠʢ, ɸʡʥʫʨ ʊʦʡʛʦʞʠʥʦʚʘ, ɸʥʘʨʘ ɽʛʟʝʢʦʚʘ,                             

ᴄʣʠ ʉʘʙʳʨʞʘʥײʣʳéééééééééééééééééééééééééé...437-445 

¶ ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʆɹɽɿɿɸʈɸɾʀɺɸʅʀʗ ʇʀʊʔɽɺʆʁ 

ɺʆɼʓ ʉ ʇʆʄʆʑʔʖ ʆɿʆʅɸʊʆʈʅʆʁ ʋʉʊɸʅʆɺʂʀ ʅɸ ʆʉʅʆɺɽ 

ɺʓʉʆʂʆʏɸʉʊʆʊʅʆɻʆ ʂʆʈʆʅʅʆɻʆ ʈɸɿʈʗɼɸ 

ɸʩʢʘʨ ɸʙʜʳץʘʜʳʨʦʚ, ʉסשײʘʪ ʄʘʨʢʩײʣʳ, ʈʠʤʤʘ ɸʙʜʳץʘʜʳʨץʳʟʳ,                                               

ɸʡʥʫʨ ʂʫʪʪʳʙʘʝʚʘ, ɹʦʣʘʪʙʝʢ ɽʱʘʥʦʚééééééééééééééééééé446-453 

¶ ɺʓɹʆʈ ʆʇʊʀʄɸʃʔʅʆɻʆ ʉʆʉʊɸɺɸ ʉʀʉʊɽʄ ʕʅɽʈɻʆʉʅɸɹɾɽʅʀʗ 

ʆɹʒɽʂʊʆɺ ʉɽʃʔʉʂʆɻʆ ʍʆɿʗʁʉʊɺɸ ʅɸ ʆʉʅʆɺɽ ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ 

ʀʉʊʆʏʅʀʂʆɺ ʕʅɽʈɻʀʀ ɺ ʋʉʃʆɺʀʗʍ ɸʃʄɸʊʀʅʉʂʆʁ ʆɹʃɸʉʊʀ 

ʉʝʡʪʢʘʟʳ ʂʝʰʫʦʚ , ʃʶʜʤʠʣ ʄʠʭʘʡʣʦʚ, ʅʫʨʛʫʣ ʄʦʣʜʳʙʘʝʚʘééééééééé454-470 

¶ ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʊɽʇʃʆʅɸʉʆʉʅʓʍ ʋʉʊɸʅʆɺʆʂ ɺ 

ʉʍɽʄɸʍ ʆɹʆʈʆʊʅʆɻʆ ɺʆɼʆʉʅɸɹɾɽʅʀʗ ʉ ɻʈɸɼʀʈʅʗʄʀ 

ʉʘʫʣʝ ɸʙʠʣʴʜʠʥʦʚʘ, ʄʠʨʘʩ ɼʦʩʪʝʤʝʩ, ʉʘʫʣʝ ʂʘʤʘʨʦʚʘééééééééééé..471-479 

¶ ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʈɸɼʀɸʎʀʆʅʅʓʍ ʇʆɺʈɽɾɼɽʅʀʁ ʇʈʀ 

ʆɹʃʋʏɽʅʀʀ ʊʗɾɽʃʓʄʀ ʀʆʅɸʄʀ ɺ CeO2 ʂɽʈɸʄʀʂɸʍ ʅɸ 

ʊɽʇʃʆʌʀɿʀʏɽʉʂʀɽ ʇɸʈɸʄɽʊʈʓ 

ʈʫʩʣʘʥ ʈʩʧʘʝʚ, ɸʣʝʢʩʝʡ ʊʨʫʭʘʥʦʚ, ʐʦʣʧʘʥ ɻʠʥʠʷʪʦʚa, ɸʨʪʝʤ ʂʦʟʣʦʚʩʢʠʡééé.480-490 

¶ ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʉʅʆɺʅʓʍ ʌɸʂʊʆʈʆɺ ʇʆʅʀɾɸʖʑʀʍ 

ʕʅɽʈɻɽʊʀʏɽʉʂʀɽ ʇʆʂɸɿɸʊɽʃʀ ʐʊɸʅɻʆɺʓʍ ɻʃʋɹʀʅʅʓʍ ʅɸʉʆʉʆɺ 

ʀ ɺʓɹʆʈ ɹɸɿʆɺʆʁ ʄʆɼʀʎʀʌʀʂɸʎʀʀ ʅɸ ʆʉʅʆɺɽ 

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ ɸʃɻʆʈʀʊʄɸ 

                            ,ʘʥʙʘʝʚʘץʘʩʳʤ ɽʣʝʤʝʩʦʚ, ɽʨʣʘʥ ʉʘʨʩʝʥʙʘʝʚ, ɹʽʨʞʘʥ ɹʘʡʙʫʪʘʥʦʚ, ɼʠʥʘʨʘ ɹʘʩפ

ɹʫʣʙʫʣ ʆʥʛʘʨééééééééééééééééééééééééééééé491-505 

 

ʕʂʆʃʆɻʀʗ ʀ ɹɽɿʆʇɸʉʅʆʉʊʔ ɾʀɿʅɽɼɽʗʊɽʃʔʅʆʉʊʀ 

¶ ɺʃʀʗʅʀɽ ʅɸ ɺɽʈʍʅʀʁ ɸʊʄʆʉʌɽʈʅʓʁ ʋʈʆɺɽʅʔ ʇʈʆʎɽʉʉɸ 

ʆʉɸɾɼɽʅʀʗ ɼʀʆʂʉʀɼɸ ɸɿʆʊɸ ɺʓɼɽʃʗɽʄʆɽ ʀɿ ɸɺʀɸʎʀʆʅʅʓʍ 

ɼɺʀɻɸʊɽʃɽʁ ɺ ʈɽɿʋʃʔʊɸʊɽ ʉɾʀɻɸʅʀʗ ʂɽʈʆʉʀʅɸ 

ʆʟʛʝʨʠʩʭʘʥ ʊʦʡʣʙʘʡ, ɸʡʜʦʩ ʄʦʣʜʘʙʝʢʦʚ, ʂʘʨʣʳʛʘʰ ɾʘʥʜʠʣʴʜʠʥʦʚʘ,                                   

ɻʫʣʴʞʘʥ ʉʝʡʬʫʣʘ, ɸʡʥʘʨʘ ʈʳʩʙʝʢʦʚʘéééééééééééééééééé...506-513 

¶ ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀ ʇʈʆɹʃɽʄʓ ʆʏʀʉʊʂʀ ʉʊʆʏʅʓʍ ɺʆɼ ɺ 

ʂɸɿɸʍʉʊɸʅɽ 

ʊײʨʩʳʥʭʘʥ ɾʳʣץʳʙʘʝʚ, ɸʣʝʢʩʘʥʜʨ ɿʦʣʦʪʦʚ, ɽʨʙʦʣ ʆʩʧʘʥʦʚ, ɽʨʞʘʥ ɾʘʥʫʟʘʢʦʚ,                 

ʅʘʨʢʝʥ ɸʣʛʘʟʠʥʦʚééééééééééééééééééééééééééé514-523 
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ʂᴆʃɯʂ, ʂᴆʃɯʂʊɯʂ ʀʅɾɽʅɽʈʀʗ 

TRANSPORT, TRANSPORT ENGINEERING  

ʊʈɸʅʉʇʆʈʊ, ʊʈɸʅʉʇʆʈʊʅɸʗ ʀʅɾɽʅɽʈʀʗ- 

 

ʋɼʂ: 629.7; 621.391.63     DOI  10.52167/1609-1817-2023-127-4-16-23 

 

ʊ.ɹ. ʂʝʨʠʙʘʝʚʘ1 , ʂ.ʊ. ʂʦʰʝʢʦʚ1, ɸ.ɾ. ɹʫʛʫʙʘʝʚʘ2, ɾ.ʂ. ɸʟʘʤʘʪʦʚʘ3, 

ʄ.ɸ.ʂʘʨʤʝʥʦʚʘ4 
1ɸʢʘʜʝʤʠʷ ɻʨʘʞʜʘʥʩʢʦʡ ɸʚʠʘʮʠʠ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

2 ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʂʘʟʧʦʪʨʝʙʩʦʶʟʘ, ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 
3ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ. ʉʝʨʠʢʙʘʝʚʘ, ʋʩʪʴ-

ʂʘʤʝʥʦʛʦʨʩʢ, ʂʘʟʘʭʩʪʘʥ 
4ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʉ. ɸʤʘʥʞʦʣʦʚʘ, ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ, 

ʂʘʟʘʭʩʪʘʥ. 
1E-mail: talshyn.keribayeva@agakaz.kz 

 

ʉʊʈʋʂʊʋʈʓ ʀʅʊɽɻʈʀʈʆɺɸʅʅʓʍ ɻʈʋʇʇ ɹɽʉʇʀʃʆʊʅʓʍ ʃɽʊɸʃʔʅʓʍ 

ɸʇʇɸʈɸʊʆɺ ʅɸ ʆʉʅʆɺɽ VLC-ʊɽʍʅʆʃʆɻʀʀ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧ 

ɹʇʃɸ. ʆʧʨʝʜʝʣʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʦʩʥʦʚʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨ ʠ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧ 

ɹʇʃɸ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʥʘ ʦʩʥʦʚʝ VLC-ʪʝʭʥʦʣʦʛʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ VLC-ʪʝʭʥʦʣʦʛʠʠ ʚ ʢʘʥʘʣʘʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ 

ʦʮʝʥʝʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧ.  

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʄʝʪʦʜ, ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʫʧʨʘʚʣʝʥʠʝ, ʩʝʪʴ, 

VLC ʪʝʭʥʦʣʦʛʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, Li-Fi.     

 

ɺʚʝʜʝʥʠʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʩʰʪʘʙʥʦʝ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʥʘʧʨʘʚʣʝʥʠʷ 

ʀʥʜʫʩʪʨʠʷ 4.0 ʚ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʥʘʙʦʨ 

ʩʮʝʥʘʨʠʝʚ ʧʨʠʤʝʥʠʤʦʩʪʠ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʧʨʦʩʪʦʪʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ.  

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɹʇʃɸ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʘʩʴ ʚ ʚʦʝʥʥʦʡ ʠ 

ʛʨʘʞʜʘʥʩʢʦʡ ʦʪʨʘʩʣʷʭ ʠ ʛʨʘʞʜʘʥʩʢʘʷ. ʇʨʠʯʝʤ ʧʦʪʨʝʙʥʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʟʘ 

ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʨʦʩʣʘ ʠ ʥʘʰʣʘ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʣʝʜʫʶʱʠʭ ʦʙʣʘʩʪʷʭ: 

ʩʙʦʨ ʜʘʥʥʳʭ, ʢʦʥʪʨʦʣʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʤʝʪʝʦʨʦʣʦʛʠʠ, 

ʧʦʠʩʢʦʚʳʝ ʠ ʩʧʘʩʘʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʠ ʪ. ʜ.     

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʠʥʪʝʨʝʩ ʢ ʙʝʩʧʠʣʦʪʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʝʪ 

ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ, ʧʨʦʩʪʦʪ rʚ ʨʝʘʣʠʟʘʮʠʠ, ʩʧʦʩʦʙʥʦʩʪʴ ʁʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ 

ʟʘʜʘʯ ʚ ʪʨʫʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʁʧʨʠʤʝʥʝʥʠʷ ʚ ʨʠʩʢʦʚʘʥʥʳʭ ʦʧʝʨʘʮʠʷʭ ʙʝʟ 

ʫʛʨʦʟʳ ʞʠʟʥʠ ʦʧʝʨʘʪʦʨʘ [1]. 

ʅʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʝʩʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʦʙʲʝʜʠʥʝʥʠʶ ɹʇʃɸ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʛʨʫʧʧʳ, ʛʜʝ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʨʦʩʪʦʡ ʘʛʝʥʪ ʚ ʩʝʪʝʚʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ 

ʘʛʝʥʪʦʚ ʨʦʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʫʣʴʪʠʘʛʝʥʪʥʫʶ ʩʠʩʪʝʤʫ.  
ʀʥʪʝʛʨʠʨʦʚʘʥʥʘ ̫ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʦʝʤ ɹʇʃɸ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʠʣʠʡ ʧʦ ʢʦʦʨʜʠʥʘʮʠʠ ʧʦʚʝʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ 
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ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʦʭʚʘʪ ʪʝʨʨʠʪʦʨʠʠ, ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʛʠʙʢʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʟʘ ʩʯʝʪ 
ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ɹʇʃɸ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʷʜʦʤ ʧʨʦʙʣʝʤ. 
ɻʣʘʚʥʘʷ ʪʨʫʜʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʠ 
ʚʳʩʦʢʦʥʘʜʝʞʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʩ 
ʦʧʝʨʘʪʦʨʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʱʥʳʡ ʵʥʝʨʛʦʨʝʩʫʨʩ ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ. ʇʨʠ 
ʵʪʦʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʤʘʥʝʚʨʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʙʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 
ʨʘʟʤʝʨʦʚ ʘʥʪʝʥʥ [1], ʯʪʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ.   

ʀʥʥʦʚʘʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩʪʘʥʦʚʠʪʩʷ ʩʦʟʜʘʥʠʝ ʥʘʠʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ: 

-  ʧʝʨʝʜʘʯʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠ ʫʧʨʘʚʣʷʶʱʠʭ 
ʩʠʛʥʘʣʦʚ, ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʦʪ ʢʘʞʜʦʛʦ ɹʇʃɸ; 

-  ʩʚʷʟʠ ʩ ʥʘʟʝʤʥʳʤ ʮʝʥʪʨʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ɹʇʃɸ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. 
ʅʦʚʠʟʥʦʡ ʵʪʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ ʢ ʪʝʭʥʦʣʦʛʠʠ VLC ʩʠʩʪʝʤ ʩ ʙʝʩʧʨʦʚʦʜʥʳʤʠ 

ʢʘʥʘʣʘʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ.  
ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʝʩʧʨʦʚʦʜʥʳʭ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʰʢʘʣʳ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ [2, 3]. ʕʪʦ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʘʥʥʳʭ ʧʦ 
ʚʠʜʠʤʦʤʫ ʩʚʝʪʫ VLC ï Visible Light Communication, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʦʩʚʝʪʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ, ʥʦ ʠ ʢʘʢ ʩʨʝʜʩʪʚʦ ʧʝʨʝʜʘʯʠ 
ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʘʥʥʳʭ [4, 5]. 

ʉ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪ ɹ ʩʪʨʫʢʪʫʨ r ʠ 
ʨʝʞʠʤ r ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧ ɹʇʃɸ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʨʝʰʝʥʠʷ 
ʜʦʣʞʥʳ ʙʳʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʜʨʫʛʠʝ ʜʠʘʧʘʟʦʥʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ 
ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʢʦʥʪʨʦʣʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ɹʇʃɸ ʠ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ.  

  
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ [1], ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ɹʇʃɸ ʥʘʭʦʜʷʪ ʥʘʠʙʦʣʴʰʝʝ 
ʧʨʠʤʝʥʝʥʠʝ ʧʦ ʧʨʠʯʠʥʝ ʥʝʚʳʩʦʢʦʡ ʮʝʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʧʨʠʤʝʨ, [1] 10.000.000$ - 
ʩʪʦʠʤʦʩʪʴ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ɹʇʃɸ, 30.000$ - ʧʨʦʪʦʪʠʧ ʤʠʥʠ-ɹʇʃɸ, ʘ 
ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʦʠʤʦʩʪʴ ʩʦʩʪʘʚʠʪ -10$. 

ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʧʧ ʠ ʢʦʤʧʣʝʢʩʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 
ʵʬʬʝʢʪʠʚʥʦʩʪ ɹʠ ʨʝʰʝʥʠʝ ʤʥʦʛʠʭ ʧʨʦʙʣʝʤ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʜʣʷ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ɹʇʃɸ, 
ʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʪ̫ʴ ʠʩʢʫʩʩʪʚʝʥʥʫ  ʁ ʩʠʩʪʝʤʫ 
ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʨʦʜʥʳʭ 
ʦʩʦʙʝʡ ʠʣʠ ʘʛʝʥʪʦʚ. ʂʘʞʜʳʡ ɹʇʃɸ ʛʨʫʧʧʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʙʠʨʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 
ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʠ ʦʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɸ ʛʣʘʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʷ ʪʦʣʴʢʦ ʩ 
ʙʣʠʞʘʡʰʠʤʠ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ʧʝʨʝʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʘʣʠʟʘʮʠʠ ʩʪʦʷʱʠʭ 
ʧʝʨʝʜ ʛʨʫʧʧʦʡ ʟʘʜʘʯ. ɼʘʣʴʥʦʩʪʴ ʩʚʷʟʠ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʝʚʝʣʠʢʠ, ʦʜʥʘʢʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʝʪʘ ʟʦʥʫ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘʜʦ ʨʘʩʰʠʨʷʪʴ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʜʣʷ 
ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʛʨʘʜ: ʟʜʘʥʠʷ, ʜʝʨʝʚʴʷ, ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʚʦʟʜʫʰʥʳʝ 
ʧʦʪʦʢʠ ʠ ʩʨʝʜʩʪʚʘ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʦʙʦʨʦʥʳ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʛʨʫʧʧʦʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɹʇʃɸ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ 
ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

  ʩʦʙʣʶʜʝʥʠʝ ʜʠʩʪʘʥʮʠʡ ʜʣʷ ʫʩʪʦʡʯʠʚʦʡ ʩʚʷʟʠ; 
  ʠʩʢʣʶʯʝʥʠʝ ʧʝʨʝʢʨʳʪʠʷ ʨʘʙʦʯʠʭ ʟʦʥ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ; 
  ʠʟʙʝʞʘʥʠʝ ʩʙʣʠʞʝʥʠʷ ʩ ʘʧʧʘʨʘʪʘʤʠ ʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ 

ʩʪʦʣʢʥʦʚʝʥʠʷʤ;  
  ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʜʚʠʞʝʥʠʷ. 
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ʄʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʛʨʫʧʧʦʡ ɹʇʃɸ ʩ ʦʙʱʠʤ N ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʣʦʢʘʣʴʥʳʭ ʜʝʡʩʪʚʠʷʭ [1]  , ʛʜʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ  ʬʦʨʤʠʨʫʝʪʩʷ 

ʮʝʣʝʚʦʝ ʩʦʩʪʦʷʥʠʝ . ʇʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʦʥʘʣʘ 

 ʚ ʟʦʥʝ ʚʠʜʠʤʦʩʪʠ ɹʇʃɸ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʩʪʦʯʥʠʢʦʚ [6] ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʣʠʜʝʨʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʨʦʷ 

ɹʇʃɸ ʩʪʘʣʠ ʉʐɸ, ʂʠʪʘʡ, ʌʨʘʥʮʠʷ, ɻʝʨʤʘʥʠʷ, ʀʩʧʘʥʠʷ, ʀʨʘʥ. ʇʝʨʩʧʝʢʪʠʚʘ ʨʘʟʚʠʪʠʷ ʨʦʷ 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟ ʨʘʟʥʳʭ ʪʠʧʦʚ ɹʇʃɸ, ʥʦ ʛʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʝʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ (ʦʙʤʝʥʘ) ʜʘʥʥʳʤʠ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ɹʇʃɸ ʠ ʥʘʟʝʤʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ Wi-Fi ʩʪʘʥʜʘʨʪʘ IEEE 802.11 [7]. 

ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʩʝʪʠ ʨʦʡ ɹʇʃɸ ʫʷʟʚʠʤ ʜʣʷ ʢʠʙʝʨʘʪʘʢ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʧʨʠʯʠʥʘʤ: 

  ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʰʠʬʨʦʚʘʥʠʝ ʥʘ ʙʦʨʪʦʚʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ; 

  ʙʝʩʧʨʦʙʣʝʤʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ IP-ʘʜʨʝʩʘ ʠ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ɹʇʃɸ ʜʣʷ 

ʨʝʢʦʛʥʦʩʮʠʨʦʚʢʠ [4]; 

  ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʢʨʳʪʳʭ ʧʦʨʪʦʚ ʧʫʪʝʤ ʥʝʩʣʦʞʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʠ ʢʠʙʝʨʘʪʘʢ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ [6], 

ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʤʠ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʠʙʝʨʘʪʘʢʠ: 

  ʦʪʢʘʟ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ - ʩʢʘʥʠʨʦʚʘʥʠʝ ʠ ʧʦʠʩʢ ʦʪʢʨʳʪʳʭ ʧʦʨʪʦʚ, 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʦʪʧʨʘʚʢʘ ʙʝʟʦʪʚʝʪʥʳʭ ʧʘʢʝʪʦʚ, ʧʝʨʝʛʨʫʟʢʘ ʩʝʪʠ ʠʥʬʦʨʤʘʮʠʝʡ ʠ 

ʥʝʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʜʨʫʛʠʭ ʢʦʤʤʫʥʠʢʘʮʠʡ; 

  ʘʪʘʢʘ ʜʝʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ï ʧʦʣʫʯʝʥʠʝ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘʜ ɹʇʃɸ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʩʪʘʥʦʚʢʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʚʦʟʜʫʭʝ; 

  çʘʪʘʢʘ çʯʝʣʦʚʝʢ ʧʦʩʝʨʝʜʠʥʝè - ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʤʝʞʜʫ ɹʇʃɸ 

ʠ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʫʩʢʘʝʪʩʷ ʨʝʞʠʤ ʨʘʟʚʝʜʢʠ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʫʷʟʚʠʤʦʛʦ ʤʝʩʪʘ 

ʢʦʤʧʴʶʪʝʨ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʠʤʠʪʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ ɹʇʃɸ, ʘ ʨʝʘʣʴʥʳʡ ʦʙʲʝʢʪ ʪʝʨʷʝʪ 

ʫʧʨʘʚʣʝʥʠʝ; 

  ʜʦʩʪʫʧ ʩ ʚ ʢʘʯʝʩʪʚʝ ʩʫʧʝʨʧʦʣʴʟʦʚʘʪʝʣʷ ï ʧʦʜʢʣʶʯʝʥʠʝ ʢʦʤʧʴʶʪʝʨʘ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʢ ɹʇʃɸ ʩ ʜʦʩʪʫʧʦʤ ʢ ʨʝʩʫʨʩʘʤ; 

  ʧʦʜʤʝʥʘ ʧʘʢʝʪʦʚ ï ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ IP-ʧʘʢʝʪʦʚ ʜʣʷ 

ʠʤʠʪʠʨʦʚʘʥʠʷ ʧʦʣʝʪʘ ɹʇʃɸ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʚʠʜʦʚ ʢʠʙʝʨʘʪʘʢ ʩʫʱʝʩʪʚʫʶʪ ʠʥʩʪʨʫʤʝʥʪʳ ʠ 

ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ [7], ʥʘʧʨʠʤʝʨ Nmap, Aircrack-ng, ICMP ï ʧʘʢʝʪʳ, PineAP SSID ʠ 

ʪ.ʜ.  

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧ ɹʇʃɸ ʩʪʘʥʦʚʠʪʩʷ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ.   

ɺ ʨʷʜʝ ʩʪʘʪʝʡ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʙʳʣʠ ʩʠʩʪʝʤʥʦ 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʥʫ ʛʨʫʧʧʫ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ Li-Fi (Light Fidelity). ɺ ʢʘʯʝʩʪʚʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʥʷʪʳ ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʠʩʪʝʤʳ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʙʳʪʦʚʳʭ ʧʦʤʝʱʝʥʠʡ [2-4].  

ʊʝʭʥʦʣʦʛʠʷ Li-Fi ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʙʦʣʴʰʠʤ 

ʨʘʩʩʪʦʷʥʠʝʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ - ʜʦ 10 ʤʝʪʨʦʚ ʠ ʨʘʩʩʝʠʚʘʥʠʝʤ ʛʝʥʝʨʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ ʚ 

ʘʪʤʦʩʬʝʨʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʣʘʩʪʠ ʧʨʠʝʤʘ. 

ʆʜʥʘʢʦ ʧʝʨʩʧʝʢʪʠʚʳ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʰʠʨʦʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ - ʚ 4 

ʨʘʟʘ ʰʠʨʝ, ʯʝʤ ʨʘʜʠʦʚʦʣʥʳ. ʕʪʦ ʥʝ ʧʝʨʝʛʨʫʞʘʝʪ ʢʘʥʘʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʥʘ ʙʦʣʝʝ ʤʦʱʥʳʝ ʠʩʪʦʯʥʠʢʠ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ. 
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ɺʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʷʨʢʦʩʪʴʶ ʨʘʙʦʯʠʤ ʪʦʢʦʤ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʛʝʥʝʨʘʪʦʨʘ, 

ʵʢʦʥʦʤʠʪʩʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʧʦʟʚʦʣʷʶʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʫʣʠʨʦʚʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʚ ʦʯʝʥʴ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ.  

ʉʚʝʪʦʜʠʦʜʳ ʤʘʣʦ ʠʥʝʨʮʠʦʥʥʳ, ʧʦʵʪʦʤʫ ʤʦʛʫʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ʋʧʨʘʚʣʷʶʱʠʝ ʬʫʥʢʮʠʠ ʨʝʘʣʠʟʫʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʩʧʝʮʠʘʣʴʥʳʤ 

ʜʨʘʡʚʝʨʘʤʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʜʨʘʡʚʝʨʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1 [6]. 
 

 
ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʜʨʘʡʚʝʨʘ  

 

ʄʦʜʫʣʷʮʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʠʤʝʨ 

ʨʝʯʝʚʦʡ ʠʣʠ ʮʠʬʨʦʚʦʡ. ɺ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ (ʐʀʄ). 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʩʦʩʪʦʠʪ ʚ ʦʪʥʦʰʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʩʚʝʪʦʜʠʦʜʘ ʚʦ ʚʢʣʶʯʝʥʥʦʤ ʠ 

ʦʪʢʣʶʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʘʤʧʣʠʪʫʜʝ ʩʠʛʥʘʣʘ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʠ 

ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʤʝʥʷʝʪ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʐʀʄ ʧʦ ʧʨʦʪʦʢʦʣʫ DMX-512, ʢʦʪʦʨʳʡ 

ʦʙʲʝʜʠʥʷʝʪ ʧʫʣʴʪʳ, ʢʥʦʧʦʯʥʳʝ ʧʦʩʪʳ ʠ ʪ.ʜ. ʩ ʜʨʘʡʚʝʨʦʤ. 

ɿʥʘʯʝʥʠʝ ʪʦʢʘ ʫʧʨʘʚʣʷʝʪʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ:  

 ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʦʚ ʨʘʙʦʯʝʛʦ ʪʦʢʘ; 

 ʠʟʤʝʥʝʥʠʝ ʰʠʨʠʥʳ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʝ ʠʤʧʫʣʴʩʦʚ, 

ʫʚʝʣʠʯʠʚʘʶʱʠʡ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʯʝʤ ʷʨʢʦʩʪʴ ʩʚʝʯʝʥʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʘ ʧʦʣʝʟʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ ʫʧʨʘʚʣʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʪʦʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʨʘʡʚʝʨʳ ʩ ʐʀʄ ʚʳʧʫʩʢʘʶʪʩʷ ʚ ʤʠʢʨʦʩʭʝʤʥʦʤ ʠʩʧʦʣʥʝʥʠʠ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʦʚ VLCïʪʝʭʥʦʣʦʛʠʠ, ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ 

ʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʧʨʝʜʣʦʞʝʥʳ ʩʪʨʫʢʪʫʨʳ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧ ɹʇʃɸ.  

ɺ ʢʘʞʜʦʡ ʩʪʨʫʢʪʫʨʝ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʜʚʘ ʚʠʜʘ ɹʇʃɸ: ʚʝʜʫʱʠʡ (VD) ʠ ʚʝʜʦʤʳʝ 

(VM). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ɹʇʃɸ  ʠʣʠ ʟʦʥʘ ʚʠʜʠʤʦʩʪʠ  ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ  ʤʝʪʨʦʚ. 

ʊʦʧʦʣʦʛʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧ ɹʇʃɸ ʙʳʚʘʶʪ ʜʚʫʭ ʚʠʜʦʚ. ʂ ʧʝʨʚʦʤʫ ʚʠʜʫ 

ʦʪʥʦʩʷʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ:  

 ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2, ʘ; 

 ʢʨʫʛʦʚʘʷ ï ʥʘ ʨʠʩʫʥʢʝ 2, ʙ.  
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ʂʦ ʚʪʦʨʦʤʫ ʚʠʜʫ ʦʪʥʦʩʷʪʩʷ ʪʦʧʦʣʦʛʠʠ ʦʙʲʝʤʥʳʝ: 

 ʩʬʝʨʠʯʝʩʢʘʷ ï ʥʘ ʨʠʩʫʥʢʝ 2, ʚ; 

 ʢʫʙʠʯʝʩʢʘʷ ï ʥʘ ʨʠʩʫʥʢʝ 2, ʛ.   

 
 

ʘ)                                                              ʙ)       

   

          
 

ʚ)                                                            ʛ) 

 

ʈʠʩʫʥʦʢ 2  - ʉʪʨʫʢʪʫʨʥʘʷ ʪʦʧʦʣʦʛʠʷ  ʙʝʩʧʠʣʦʪʥʠʢʦʚ 

ʘ) ʠʝʨʘʨʭʠʯʝʩʢʘʷ, ʙ) ʢʨʫʛʦʚʘʷ,  ʚ) ʩʬʝʨʠʯʝʩʢʘʷ,  ʛ) ʢʫʙʠʢʦ ʦʙʨʘʟʥʘʷ 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʠʤʝʥʠʤʳ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ VLC-ʪʝʭʥʦʣʦʛʠʠ ʥʘ 

ʠʥʬʨʘʢʨʘʩʥʳʝ ʠ ʣʘʟʝʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʟʦʥʘ ʚʠʜʠʤʦʩʪʠ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ  ʤʝʪʨʦʚ ʠ  ʤʝʪʨʦʚ [8]. ʅʦ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʥʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʧʨʝʧʷʪʩʪʚʠʡ. 

ʂʘʞʜʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʛʨʫʧʧʘ ɹʇʃɸ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ.  

ʇʝʨʚʳʡ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʦʷ ʩ ʧʨʠʩʚʦʝʥʠʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʢʦʜʦʚ ɹʇʃɸ, 

ʨʘʟʤʝʱʝʥʠʝ ʧʦ ʫʢʘʟʘʥʥʦʡ ʪʦʧʦʣʦʛʠʠ ʠ ʧʨʠʩʚʦʝʥʠʝ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ. ɸʣʛʦʨʠʪʤʳ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʫʤʘʪʨʠʚʘʝʪ ʪʠʧʳ ʧʣʘʪʬʦʨʤ, ʩʧʦʩʦʙ ʟʘʧʫʩʢʘ, ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʫʨʦʚʝʥʴ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ. ʆʧʝʨʘʪʦʨ ʦʧʨʝʜʝʣʷʝʪ ʪʦʣʴʢʦ ʚʝʜʫʱʫʶ ɹʇʃɸ ʠ ʧʦʣʝʪʥʦʝ ʟʘʜʘʥʠʝ.  

ɺʪʦʨʦʡ ʨʝʞʠʤ ʚʢʣʶʯʘʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ - ʠʟʤʝʥʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʨʦʷ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʀʀ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʚʥʝʰʥʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʬʘʢʪʦʨʦʚ. ɺ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʣʝʞʠʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. 
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ʊʨʝʪʠʡ ʨʝʞʠʤ ï ʧʝʨʝʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʛʨʫʧʧʳ ʤʝʞʜʫ ʜʚʫʤʷ 

ʪʦʯʢʘʤʠ: ʠʟ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʚ ʢʦʥʝʯʥʫʶ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʀʀ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʜʚʠʞʝʥʠʝʤ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ.    

ʏʝʪʚʝʨʪʳʡ - ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠʩʭʦʜʥʦʡ ʛʨʫʧʧʳ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʦʝʚ 

ɹʇʃɸ ʧʦ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʪʦʨʘ ʠʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʀʀ. ʇʨʠ ʵʪʦʤ 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʨʦʡ ʤʦʛʫʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʥʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʘ ʚ ʥʠʭ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʳ ʥʦʚʳʝ ʚʝʜʫʱʠʝ ʵʣʝʤʝʥʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʤʝʭʘʤ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʷ ʚʳʧʦʣʥʷʝʤʳʭ ʟʘʜʘʯ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴʩʷ. 

ʇʷʪʳʡ ï ʨʘʩʧʘʜ ʛʨʫʧʧʳ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʫʙʳʣʴʶ ʠ ʜʝʟʠʥʪʝʛʨʘʮʠʝʡ ʧʦʩʣʝ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʣʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʦʩʥʦʚʥʦʤ ʘʣʛʦʨʠʪʤʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʠ ʘʜʘʧʪʘʮʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʨʝʞʠʤʝ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ VLC ï ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ɹʇʃɸ ʠ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ . ʇʦʛʨʝʰʥʦʩʪʴ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ ʦʪ 

ʫʩʣʦʚʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ: ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ. ʈʝʰʝʥʠʶ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʙʫʜʫʪ 

ʧʦʩʚʷʱʝʥʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.   

1. ʇʨʠʤʝʥʝʥʠʝ VLC-ʪʝʭʥʦʣʦʛʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Wi-Fi, ʠʤʝʝʪ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ:  

 ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʨʘʙʦʪʫ ʚ  ʥʘʥʦʩʝʢʫʥʜʥʦʤ ʚʨʝʤʝʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ VLC ʪʝʭʥʦʣʦʛʠʶ   ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ,  ʢʘʢ ʚ 

ʘʥʘʣʦʛʦʚʳʭ, ʪʘʢ ʠ ʚ ʮʠʬʨʦʚʳʭ ʨʝʞʠʤʘʭ; 

 ʟʘʱʠʱʝʥʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ ʦʪ ʧʘʩʩʠʚʥʳʭ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʧʦʤʝʭ 
ʠ ʘʢʪʠʚʥʦʛʦ ʚʥʝʰʥʝʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ.   

 

ɿʘʢʣʶʯʝʥʠʝ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠ ̫ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠ 

ʧʨʝʜʣʦʞʝʥʳ ʨʝʞʠʤ r ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧ ɹʇʃɸ ʩ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʥʘ ʦʩʥʦʚʝ VLC-ʪʝʭʥʦʣʦʛʠʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʨʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ VLCïʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʧʨʠʤʝʥʷʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ɹʇʃɸ ʥʘ ʠʥʬʨʘʢʨʘʩʥʳʭ ʠ 

ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʘ ʨʦʷ ʚʢʣʶʯʘʶʪ ʧʨʠʩʚʦʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ 

ʢʦʜʦʚ ɹʇʃɸ ʠ ʟʘʜʘʥʠʷ, ʠʟʤʝʥʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʨʦʷ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʀʀ ʚ 

ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʚʥʝʰʥʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʝʨʝʤʝʱʝʥʠʝ ʮʝʥʪʨʘ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʛʨʫʧʧʳ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ. 

ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ VLC ï ʪʝʭʥʦʣʦʛʠ ʁ ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ɹʇʃɸ ʠ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 
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VLC ʊɽʍʅʆʃʆɻʀʗʉʓ ʅɽɻɯɿɯʅɼɽɻɯ ױʐפʓʐʉʓɿ ױʐʋ ɸʇʇɸʈɸʊʊɸʈʓʅʓר 

ɹɯʈɯʂʊɯʈɯʃɻɽʅ ʊʆʇʊɸʈʓʅʓױפ רʈʓʃʓʄɼɸʈʓ 

 

Aשʜʘʪʧʘ. ɾײʤʳʩʪʘ ײʰץʳʰʩʳʟ ײʰʫ ʘʧʧʘʨʘʪʪʘʨʳʥʳש ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʪʦʧʪʘʨʳʥ 

 ʣײʪʘʣʘʜʳ, ʙץʳʪʪʘʨ ʘʥʳסʤʳʩ ʽʩʪʝʫʜʽ ʞʝʪʽʣʜʽʨʫʜʝʛʽ ʙʘײʘʨʘʩʪʳʨʳʣʘʜʳ, ʞץ ʦʣʜʘʥʫʜʳ ʪʘʣʜʘʫץ

ʨʝʪʪʝ ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫ ʘʨʥʘʣʘʨʳʥ ʞʘסשʳʨʪʫ ʥʝʛʽʟʛʽʛʝ ʘʡʥʘʣʘʜʳ. ɹײʣ ʤʘץʘʣʘʥʳש ʤʘץʩʘʪʳ 

VLC ʪʝʭʥʦʣʦʛʠʷʩʳ ʥʝʛʽʟʽʥʜʝ ʘץʧʘʨʘʪʪʳץ ʘʨʥʘʣʘʨʳ ʙʘʨ ײʰץʳʰʩʳʟ ײʰʫ ʘʧʧʘʨʘʪʪʘʨʳʥʳש 

ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʪʦʧʪʘʨʳʥʳײץ שʨʳʣʳʤʜʘʨʳ ʤʝʥ ʞײʤʳʩ ʨʝʞʠʤʜʝʨʽʥ ᴅʟʽʨʣʝʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɼʝʨʝʢʪʝʨ ʘʨʥʘʣʘʨʳʥʜʘ VLC ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʦʣʜʘʥʫʜʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ 

ʩʠʧʘʪʪʘʣסʘʥ ʞᴅʥʝ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʪʦʧʪʘʨʜʳש ʦʙʲʝʢʪʽʣʝʨʽ ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץʪʳ 

ʙʘסʘʣʘʫ ץʘʪʝʣʽʛʽ ʙʘסʘʣʘʥסʘʥ. 

 

ʊװʡʽʥ ʩᴇʟʜʝʨ. ᴄʜ̔ʩ, ײʰץʳʰʩʳʟ ײʰʫ ʘʧʧʘʨʘʪʪʘʨʳ, ʙʘʩץʘʨʫ, ʞʝʣʽ, VLC ʪʝʭʥʦʣʦʛʠʷ, 

ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ, Li-Fi. 
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STRUCTURES OF INTEGRATED GROUPS OF UNMANNED AERIAL VEHICLES 

BASED ON VLC TECHNOLOGY  

 

Abstract. The paper examines the analysis of the use of integrated groups of UAVs, 

identifies areas for improving functioning, while the modernization of data transmission 

channels becomes the main one. The purpose of this article is to develop structures and modes of 

operation of integrated groups of UAVs with information channels based on VLC technology. 

The advantages of using VLC technology in data transmission channels are described and the 

error in estimating the distance between objects of integrated groups is estimated. 

 

Keywords. Method, unmanned aerial vehicles, control, network, VLC technology, 

artificial intelligence, Li-Fi. 
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ʂɸɿɸʍʉʊɸʅ 

 

ɸʥʥʦʪʘʮʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʦʪʩʫʪʩʪʚʠʝʤ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʨʘʟʚʠʪʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʠ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʩʪʨʘʥʘʭ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʂʘʟʘʭʩʪʘʥʘ. ʆʩʥʦʚʥʦʡ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, 

ʧʦʣʝʟʥʳʭ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʣʦʞʝʥʠʡ ʚ ʨʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʠʟʫʯʝʥʠʷ ʧʦʣʠʪʠʢʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʩʪʨʘʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ (ʎɸ) 

ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʧʦʣʠʪʠʢʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ 

ʩʪʨʘʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʪʨʘʥʩʧʦʨʪʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ.  ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʦʧʨʦʩʦʚ ʠ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʢʝʡʩʦʚ. ɹʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ - ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ ʥʘ ʛʨʘʥʠʮʘʭ ʙʝʟ 

ʫʯʝʪʘ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʦʠʤʦʩʪʠ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʨʘʩʭʦʜʦʚ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ ʦ ʧʦʣʠʪʠʢʝ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʢʘʢ ʜʣʷ ʩʪʨʘʥ ʎɸ, ʪʘʢ ʠ ʜʣʷ ʂʘʟʘʭʩʪʘʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʮʠʬʨʦʚʠʟʘʮʠʷ ʚʥʦʩʠʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ ʩʪʦʠʤʦʩʪʴ ʧʦʩʪʘʚʢʠ ʥʘ 

ʫʯʘʩʪʢʝ ʐʸʣʢʦʚʦʛʦ ʧʫʪʠ ʤʝʞʜʫ ɻʫʘʥʯʞʦʫ ʠ ɸʣʤʘʪʳ ʚ ʨʘʟʤʝʨʝ 14,1%. ɺ ʢʘʯʝʩʪʚʝ ʚʳʚʦʜʘ ʢ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ 

ʜʣʷ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʣʦʛʠʩʪʠʢʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʙʦʣʝʝ ʩʠʩʪʝʤʥʦʡ ʠ ʜʦʩʪʫʧʥʦʡ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʈʝʛʠʦʥʘʣʴʥʘʷ ʣʦʛʠʩʪʠʢʘ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʮʠʬʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ, ʛʨʫʟʦʚʳʝ 

ʧʝʨʝʚʦʟʢʠ. 

 

ɺʚʝʜʝʥʠʝ.  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʙʳʣʦ 

ʥʘʯʘʪʦ ʚ 2012 ʛʦʜʫ ʚ ʨʘʤʢʘʭ ʊʨʘʥʩʧʦʨʪʥʦʡ ʩʪʨʘʪʝʛʠʠ ʂʘʟʘʭʩʪʘʥʘ, ʦʜʥʘʢʦ ʩʥʠʞʝʥʠʝ 

ʠʟʜʝʨʞʝʢ ʥʝ ʧʨʦʠʟʦʰʣʦ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʚʳʰʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʣʦʛʠʩʪʠʯʝʩʢʠʝ 

ʫʩʣʫʛʠ ʦʩʪʘʶʪʩʷ ʟʘʪʦʨʳ ʠ ʫʚʝʣʠʯʝʥʥʦʝ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʥʘ ʛʨʘʥʠʮʘʭ [1]. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʂʘʟʘʭʩʪʘʥʘ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʠʣʘ ʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʫʪʝʤ ʦʪʩʣʝʞʠʚʘʥʠʷ ʚʨʝʤʝʥʠ 

ʧʨʦʩʪʦʷ ʠ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʢʘʥʘʣʦʚ ʧʦʩʪʘʚʢʠ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʦ ʩʪʨʘʥʘʤʠ-ʩʦʩʝʜʷʤʠ.  

ɼʨʫʛʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʜʣʷ ʩʪʨʘʥ ʎɸ ʚ 

ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʥʦʨʦʜʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ [2]. 
 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʢʦʥʪʝʢʩʪʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʘ ʚ 
ʎɸ ʩʪʨʘʥʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ. ʆʜʥʠʤ ʠʟ ʙʘʟʦʚʳʭ 
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ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʠʟʘ ʷʚʣʷʣʩʷ ʤʝʪʦʜ ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʦʩʦʚ ʩʨʝʜʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʧʦʟʚʦʣʠʚʰʠʡ ʩʦʙʨʘʪʴ ʜʘʥʥʳʝ ʦʙ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ, ʧʨʝʜʧʦʯʪʝʥʠʷʭ 
ʠ ʦʧʳʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʬʝʨʝ. 

ɹʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ - 
ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ ʥʘ ʛʨʘʥʠʮʘʭ ʙʝʟ ʫʯʝʪʘ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 
ʘʥʘʣʠʟʘ ʩʪʦʠʤʦʩʪʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʚʳʨʘʙʦʪʢʠ ʧʨʝʜʣʦʞʝʥʠʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʢʝʡʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ 
ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʨʝʘʣʴʥʳʭ ʢʝʡʩʦʚ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʬʝʨʝ ʚ ʎɸ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 
ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʡ ʠ ʚʳʷʚʠʪʴ ʣʫʯʰʠʝ ʧʨʘʢʪʠʢʠ ʜʣʷ 
ʜʘʣʴʥʝʡʰʝʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ, ʜʠʩʙʘʣʘʥʩʳ ʚ ʮʠʬʨʦʚʦʤ ʨʘʟʚʠʪʠʠ ʚʦ ʚʩʝʤ ʨʝʛʠʦʥʝ, ʟʘʪʨʫʜʥʷʶʪ 
ʨʝʛʠʦʥʘʣʴʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʦʙʤʝʥ ʧʝʨʝʜʦʚʳʤ ʦʧʳʪʦʤ ʚ ʮʠʬʨʦʚʦʡ ʩʬʝʨʝ. ɺ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʢʘʞʜʘʷ ʠʟ ʩʪʨʘʥ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ (ʎɸ) ʩʪʨʝʤʠʪʩʷ ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʩʪʘʪʴ ʦʜʥʦʡ ʠʟ 
ʚʝʜʫʱʠʭ ʚ ʨʝʛʠʦʥʝ ʚ ʩʬʝʨʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. ʆʜʥʘʢʦ, ʥʘ 
ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʧʦʣʠʪʠʢʘ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʨʝʛʠʦʥʝ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʜʠʠ ʟʘʯʘʪʠʷ. ʅʠʞʝ ʚ 
ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʮʠʬʨʦʚʳʭ ʩʪʨʘʪʝʛʠʡ ʚ ʎɸ ʨʝʛʠʦʥʝ. 
 

ʊʘʙʣʠʮʘ 1ï ɸʥʘʣʠʟ ʧʦʣʠʪʠʢʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʩʪʘʥʘʭ ʎɸ 
 

ʇʨʦʛʨʘʤʤʘ, ʧʦʣʠʪʠʢʘ/ʥʘʮʠʦʥʘʣʴʥʳʝ 
ʧʨʦʛʨʘʤʤʳ/ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʳʝ ʟʘʣʦʞʠʣʠ 
ʦʩʥʦʚʫ, ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʜʝʨʞʘʣʠ 
ʮʠʬʨʦʚʠʟʘʮʠʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʝʢʪʦʨʘ. 

ʈʝʟʫʣʴʪʘʪ 

ɺ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʚ ʩʬʝʨʝ ʮʠʬʨʦʚʦʡ 
ʣʦʛʠʩʪʠʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 
ʧʨʦʛʨʘʤʤʘ çʎʠʬʨʦʚʦʡ ʂʘʟʘʭʩʪʘʥè ʩ 2017 ʛʦʜʘ. 
ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ ʚʳʰʣʘ ʚ ʣʠʜʝʨʳ ʚ ʨʝʛʠʦʥʝ ʧʦ 
ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʫʩʣʫʛ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ 
ʚ 2008 ʛʦʜʫ. 
ʄʘʩʰʪʘʙʥʘʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ çʅײʨʣʳ ʞʦʣè ʥʘ 2020-
2025 ʛʦʜʳ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʘʣʠʟʘʮʠʠ 
ɻʦʩʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʚ ʩʬʝʨʝ 
ʪʨʘʥʩʧʦʨʪʘ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 
ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʦʢʘʤʠ. 
ʇʨʦʛʨʘʤʤʫ çʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷè ʨʝʘʣʠʟʫʝʪ 
ɸʆ çʅʂ çפʘʟʘץʩʪʘʥ ʪʝʤʽʨ ʞʦʣʳè. ʏʘʩʪʴ ʁ ʵʪʦʡ 
ʩʪʨʘʪʝʛʠʠ ʷʚʣʷʝʪʩʷ ʧʣʘʪʬʦʨʤʘ ç Koldau è ʠ çʈʫʢʩʘʪè. 

ɺ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʚ 2019 ʛʦʜʫ ʧʨʠʥʷʪʘ 
ʂʦʥʮʝʧʮʠʷ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ çʎʠʬʨʦʚʦʡ 
ʂʳʨʛʳʟʩʪʘʥ 2019 - 2023è.  
ɺ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʚ 2017 ʛ. ʧʨʠʥʷʪʘ 
ʦʙʱʝʥʘʮʠʦʥʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʮʠʬʨʦʚʦʡ 
ʪʨʘʥʩʬʦʨʤʘʮʠʠ çʊʘʟʘʂʦʦʤè, ʥʘʮʝʣʝʥʥʘʷ ʥʘ 
ʧʨʠʤʝʥʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ  ʠʥʜʫʩʪʨʠʠ ʜʘʥʥʳʭ, 
ʪʝʭʥʦʣʦʛʠʡ, ʮʠʬʨʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ çʉʪʨʘʪʝʛʠʠ 
ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ -2040è. 

ʈʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʂʳʨʛʳʟʩʢʦʡ 
ʈʝʩʧʫʙʣʠʢʠ ˉ 20-ʨ ʦʪ 15 ʬʝʚʨʘʣʷ 2019 ʛʦʜʘ 
ʫʪʚʝʨʞʜʝʥʘ ɼʦʨʦʞʥʘʷ ʢʘʨʪʘ ʧʦ ʨʝʘʣʠʟʘʮʠʠ 
ʂʦʥʮʝʧʮʠʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ çʎʠʬʨʦʚʦʡ 
ʂʳʨʛʳʟʩʪʘʥ 2019 - 2023è. 
ɺ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʝ 2040 ʪʘʢʞʝ ʦʪʤʝʯʝʥʘ 
ʟʘʜʘʯʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-
ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ 
ʩʪʘʣʦ ʜʦʚʝʜʝʥʠʝ ʜʦ ʢʘʞʜʦʛʦ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ 
ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʦʧʪʠʢʦ-ʚʦʣʦʢʦʥʥʦʡ ʩʝʪʠ. 

ɺ ʋʟʙʝʢʠʩʪʘʥʝ ʫʪʚʝʨʞʜʝʥʘ ʇʨʦʛʨʘʤʤʘ çʎʠʬʨʦʚʦʡ 
ʋʟʙʝʢʠʩʪʘʥ 2030è. 
ʉʪʨʘʪʝʛʠʝʡ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘ 2019-2021 
ʛʦʜʳ.  
ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 
2021-2022 ʛʦʜʘʭ. 
ʋʟʙʝʢʠʩʪʘʥ ʚʳʩʪʫʧʠʣ ʩ ʧʨʝʜʣʦʞʝʥʠʝʤ ʦʙ 
ʠʥʪʝʛʨʘʮʠʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʵʣʝʢʪʨʦʥʥʦʡ 
ʢʦʤʤʝʨʮʠʠ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. 
çʇʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ 
ʥʘ 2013ï2020 ʛʦʜʳè ʋʟʙʝʢʠʩʪʘʥʘ ʟʘʚʝʨʰʝʥʘ, 
ʨʘʟʨʘʙʦʪʘʥʘ ʚ 2012 ʛʦʜʫ. 

ɿʘʧʫʱʝʥ ʧʦʨʪʘʣ çmy.gov.uzè, ʧʦʨʪʘʣ çdata.gov.uzè 
ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ 147 ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 
ʦʨʛʘʥʦʚ. 
ɺ 2020 ʛʦʜʫ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ ʙʳʣ ʩʦʟʜʘʥ 
ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʘʨʢ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  
ʇʦʜʜʝʨʞʢʘ ʙʠʟʥʝʩʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʘʧʦʚ, ʪʘʢʠʭ ʢʘʢ 
çʉʪʘʨʪʘʧʳ C.A.T. ScienceAcceleratorè, çIdeaLabè, 
çStartupFactoryè ʠ çWomenTechè. ʉʦʟʜʘʥ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʘʨʢ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʠʣʘʩʴ 
ɸʢʘʜʝʤʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
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çʂʦʥʮʝʧʮʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ 
ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʘʜʞʠʢʠʩʪʘʥ (2012-
2020 ʛʦʜʳ)è, ʧʨʠʥʷʪʘʷ ʚ 2011 ʛʦʜʫ, ʨʘʟʜʝʣʠʣʘ ʝʝ 
ʨʝʘʣʠʟʘʮʠʶ ʥʘ ʪʨʠ ʵʪʘʧʘ. ʆʜʥʘʢʦ, ʥʘʙʣʶʜʘʝʪʩʷ 
ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʩʪʘʚʘʥʠʝ ʦʪ ʛʨʘʬʠʢʘ ʚ 
ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʫʩʣʫʛ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ. 

ʊʘʜʞʠʢʠʩʪʘʥʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʦʨʦʞʥʘʷ ʢʘʨʪʘ ʧʦ 
ʮʠʬʨʦʚʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʝʢʪʦʨʘ.  
 

ɺ 2018 ʛʦʜʫ ʚ ʊʫʨʢʤʝʥʠʩʪʘʥʝ ʙʳʣʘ ʧʨʠʥʷʪʘ 
ʂʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʥʘ 2019 - 
2025 ʛʦʜʳ.  
ɼʦʨʘʙʦʪʘʥʳ ɿʘʢʦʥʳ çʆ ʩʚʷʟʠè, çʆ 
ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠè ʠ çʆ ʧʨʘʚʦʚʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 
ʨʘʟʚʠʪʠʷ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʠ ʦʢʘʟʘʥʠʷ ʠʥʪʝʨʥʝʪ-ʫʩʣʫʛ. 

ʈʝʘʣʠʟʘʮʠʷ ʚʠʜʝʥʠʷ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʚ ʦʪʥʦʰʝʥʠʠ 
ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʵʪʘʧʘ: (1) 
2019 ʛʦʜ; (2) 2020-2023 ʛʦʜʳ; ʠ (3) 2024-2025 ʛʦʜʳ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʊʫʨʢʤʝʥʠʩʪʘʥʝ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ 
ʧʦ ʨʘʟʚʠʪʠʶ ʩʠʩʪʝʤʳ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 
ʦʙʤʝʥʘ. ʊʫʨʢʤʝʥʠʩʪʘʥ ʩʦʟʜʘʣ ʧʦʨʪʘʣ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʩʣʫʛ çe.gov.tmè. 

Digital CASA (ʎʠʬʨʦʚʘʷ ʎʝʥʪʨʘʣʴʥʘʷ ɸʟʠʷ - 
ʖʞʥʘʷ ɸʟʠʷ), ʧʨʦʝʢʪ ʬʠʥʘʥʩʠʨʫʝʪʩʷ ɺʩʝʤʠʨʥʳʤ 
ʙʘʥʢʦʤ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ: ʧʨʠʚʣʝʯʝʥʠʝ ʯʘʩʪʥʳʭ 
ʠʥʚʝʩʪʠʮʠʡ ʚ ʩʝʢʪʦʨ ʀʂʊ ʠ ʧʦʚʳʰʝʥʠʝ 
ʩʧʦʩʦʙʥʦʩʪʠ ʫʯʘʩʪʚʫʶʱʠʭ ʧʨʘʚʠʪʝʣʴʩʪʚ 
ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʫʩʣʫʛʠ ʮʠʬʨʦʚʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʚ 
ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ (300 ʤʣʥ. ʜʦʣʣ. ʉʐɸ.) 

ɺ ʤʘʨʪʝ 2018 ʛʦʜʘ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ CASA-
ʂʳʨʛʳʟʩʪʘʥ ʙʳʣʦ ʦʜʦʙʨʝʥʦ 50 ʤʠʣʣʠʦʥʦʚ ʜʦʣʣʘʨʦʚ 
ʉʐɸ. ʇʣʘʥʠʨʫʝʤʳʡ ʙʶʜʞʝʪ ʧʨʦʝʢʪʘ Digital CASA-
ʋʟʙʝʢʠʩʪʘʥ ʩʦʩʪʘʚʠʣ 300 ʤʠʣʣʠʦʥʦʚ ʜʦʣʣʘʨʦʚ ʉʐɸ. 
ʂʘʟʘʭʩʪʘʥ ʠ ʊʘʜʞʠʢʠʩʪʘʥ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ 
ʦʙʩʫʞʜʝʥʠʷ ʫʩʣʦʚʠʡ ʧʨʦʝʢʪʘ. 

 

*ʇʨʠʤʝʯʘʥʠʝ ï ʩʦʩʪʘʚʣʝʥ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʩʪʨʘʥ ʎɸ 
 

ɽʚʨʦʧʝʡʩʢʘʷ ʧʦʜʜʝʨʞʢʘ ʩʪʨʘʥʘʤ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʙʳʣʘ ʚʳʟʚʘʥʘ ʧʨʦʝʢʪʦʤ BRI ʠ 
ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʣʦʞʝʥʠʝ ʠʥʚʝʩʪʠʮʠʡ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʝ ʦʙʣʘʩʪʠ, ʪʘʢʠʝ ʢʘʢ 
ʮʠʬʨʦʚʠʟʘʮʠʷ ʠ ʪʨʘʥʩʧʦʨʪʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ.  

ʇʨʠ ʧʦʜʜʝʨʞʢʝ ʵʪʦʡ ʠʥʠʮʠʘʪʠʚʳ, ʚ ʂʘʟʘʭʩʪʘʥʝ ʩʦʟʜʘʥʘ ʅʘʮʠʦʥʘʣʴʥʘʷ ʮʠʬʨʦʚʘʷ 
ʧʣʘʪʬʦʨʤʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʨʦʞʥʳʭ ʧʣʘʪʝʞʝʡ, 
ʵʣʝʢʪʨʦʥʥʳʝ ʧʨʘʚʘ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʜʨʫʛʠʝ ʩʝʨʚʠʩʳ.  

 
ʈʝʟʫʣʴʪʘʪʳ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʥʠʞʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʪʴ 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʣʘʪʬʦʨʤʘ çʂʦʣʜʘʫè (Koldau) ï ʩʦʟʜʘʥʥʘʷ ʜʣʷ 
ʠʥʪʝʛʨʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. 
ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʪʝʛʨʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʘʢʠʭ 
ʢʘʢ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ, ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ, ʧʦʨʪʳ ʠ ʘʵʨʦʧʦʨʪʳ, ʘ ʪʘʢʞʝ ʩʙʦʨ ʠ 
ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʡ çbig dataè ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 
ʇʣʘʪʬʦʨʤʘ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʘʮʠʶ ʩ ʜʨʫʛʠʤʠ ʮʠʬʨʦʚʳʤʠ ʩʝʨʚʠʩʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʦʥʣʘʡʥ-
ʦʧʣʘʪʘ ʠ ʮʠʬʨʦʚʳʝ ʜʦʢʫʤʝʥʪʳ. ʇʣʘʪʬʦʨʤʘ çKoldauè ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 
ʧʨʦʝʢʪʦʚ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʆʜʥʘʢʦ, ʢʘʢ ʠ 
ʣʶʙʦʡ ʜʨʫʛʦʡ ʧʨʦʝʢʪ, ʫ ʥʝʝ ʝʩʪʴ ʩʚʦʠ ʧʨʦʙʣʝʤʳ. 

ʉʙʦʠ ʠ ʦʪʢʘʟʳ ʚ ʨʘʙʦʪʝ ʧʣʘʪʬʦʨʤʳ ʧʦʪʷʥʫʣʠ ʟʘ ʩʦʙʦʡ ʟʘʜʝʨʞʢʠ ʚ ʜʦʩʪʘʚʢʝ ʛʨʫʟʦʚ ʠ 
ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʣʦʛʠʩʪʠʢʫ, ʯʪʦ ʩʢʘʟʘʣʦʩʴ ʥʘ ʮʝʥʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʅʘʧʨʠʤʝʨ, çCarGoRuqsatè, ʯʘʩʪʴ ʧʣʘʪʬʦʨʤʳ çKoldauè ï ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʡ 
ʦʯʝʨʝʜʠ ʧʨʠʟʚʘʥʥʘʷ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʱʝʥʠʷ ʯʝʨʝʟ ʛʨʘʥʠʮʫ, 
ʧʨʠʚʝʣʘ ʢ ʟʘʜʝʨʞʢʝ ʥʘ ʛʨʘʥʠʮʝ ʚ ʤʘʨʪʝ 2023 ʛʦʜʘ [3]. ɻʨʫʟʦʚʠʢʠ ʩʪʦʷʣʠ ʚ ʦʯʝʨʝʜʠ ʥʘ 
ʧʝʨʝʩʝʯʝʥʠʝ ʛʨʘʥʠʮʳ ʚ ʪʝʯʝʥʠʠ ʤʝʩʷʮʘ. ʇʨʠʯʠʥʦʡ ʦʢʘʟʘʣʘʩʴ ʥʝ ʩʦʚʝʨʰʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚ 
ʧʣʘʥʝ ʜʦʧʫʩʢʘ ʢ ʦʯʝʨʝʜʠ. ɺʦʜʠʪʝʣʴ ʜʦʣʞʝʥ ʠʤʝʪʴ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʧʝʨʝʚʦʟʢʫ ʠ ʚʠʟʫ, 
ʢʦʪʦʨʫʶ ʥʝ ʚʩʝ ʚʦʜʠʪʝʣʠ ʦʬʦʨʤʠʣʠ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ. ʇʨʦʚʝʨʢʫ ʵʪʠʭ ʜʘʥʥʳʭ ʥʫʞʥʦ ʙʳʣʦ 
ʜʝʣʘʪʴ ʟʘʨʘʥʝʝ ʜʦ ʧʦʩʪʘʥʦʚʢʠ ʚ ʦʯʝʨʝʜʴ ʠ ʵʪʦʪ ʬʘʢʪ ʧʨʠʚʝʣ ʢ ʢʦʣʦʩʩʘʣʴʥʳʤ ʧʦʪʝʨʷʤ ʩʦ 
ʩʪʦʨʦʥʳ ʧʝʨʝʚʦʟʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʨʘʟʜʝʣʷʪ ʵʪʠ ʧʦʪʝʨʠ ʩ ʢʦʥʝʯʥʳʤ 
ʧʦʪʨʝʙʠʪʝʣʝʤ.  
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ɺʪʦʨʦʡ ʠ ʩʘʤʦʡ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʠʥʬʦʨʤʘʮʠʠ ʩʦ ʩʪʦʨʦʥʳ 
ʂʠʪʘʷ ʠ ʜʨʫʛʠʭ ʛʦʩʫʜʘʨʩʪʚ ʦʙ ʠʤʝʶʱʠʭʩʷ ʥʘ ʛʨʘʥʠʮʝ ʛʨʫʟʘʭ, ʯʪʦʙʳ ʧʝʨʝʚʦʟʯʠʢ ʤʦʛ 
ʧʣʘʥʠʨʦʚʘʪʴ ʦʙʨʘʪʥʫʶ ʜʦʩʪʘʚʢʫ, ʩʥʠʞʘʷ ʪʝʤ ʩʘʤʳʤ ʚʨʝʤʷ ʥʘ ʦʞʠʜʘʥʠʝ ʠ ʦʙʱʫʶ 
ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʢʠ [4]. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʘ ʥʝ ʧʦʢʨʳʚʘʝʪ ʚʩʝ ʨʝʛʠʦʥʳ ʂʘʟʘʭʩʪʘʥʘ, 
ʪʝʤ ʩʘʤʳʤ ʥʝ ʦʙʲʝʜʠʥʷʝʪ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʝʝ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʮʝʣʦʤ.  

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʢʠ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ 
ʥʘ ʧʝʨʝʩʝʯʝʥʠʝ ʛʨʘʥʠʮ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʨʠʬʘ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ 
ʫʯʘʩʪʢʝ ʐʸʣʢʦʚʦʛʦ ʧʫʪʠ ɻʫʘʥʯʞʦʫ - ɸʣʤʘʪʳ (ʨʠʩʫʥʦʢ 1).  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʥʳ ʥʘ ʫʯʘʩʪʢʝ ɻʫʘʥʯʞʦʫ - ɸʣʤʘʪʳ 
 

* ʇʨʠʤʝʯʘʥʠʝ ï ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʚʴʶ ʩ ʫʯʘʩʪʥʠʢʘʤʠ ɺʕɼ 

 
ʂ ʦʩʥʦʚʥʳʤ ʟʘʪʨʘʪʘʤ ʜʦʙʘʚʣʷʶʪʩʷ ʟʘʪʨʘʪʳ ʚ ʚʠʜʝ ʥʘʣʦʛʘ ʥʘ ʜʦʙʘʚʣʝʥʥʫʶ 

ʩʪʦʠʤʦʩʪʴ (ʅɼʉ) 12%, ʪʘʤʦʞʝʥʥʘʷ ʩʪʦʠʤʦʩʪʴ ʚ ʩʨʝʜʥʝʤ 10% ʧʦʰʣʠʥ (ʟʘʚʠʩʠʪ ʦʪ ʪʦʚʘʨʘ), 

ʩʝʨʪʠʬʠʢʘʮʠʷ ʠ ʨʘʟʨʝʰʝʥʠʷ (ʠʥʜʠʚʠʜʫʘʣʴʥʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʚʘʨʘ). ʅʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 

2 ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʫʚʝʣʠʯʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʧʦʩʪʘʚʢʠ ʘʚʪʦʤʦʙʠʣʝʤ 40 ʪʦʥʥ ʥʘ ʤʘʨʰʨʫʪʝ 

ɻʫʘʥʯʞʦʫ - ɸʣʤʘʪʳ. 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʫʚʝʣʠʯʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʧʦʩʪʘʚʢʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʥʘ ʤʘʨʰʨʫʪʝ 

ɻʫʘʥʯʞʦʫ - ɸʣʤʘʪʳ 
 

* ʇʨʠʤʝʯʘʥʠʝ ï ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʚʴʶ ʩ ʫʯʘʩʪʥʠʢʘʤʠ ɺʕɼ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʚʥʦʩʠʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ ʩʪʦʠʤʦʩʪʴ ʧʦʩʪʘʚʢʠ ʚ 

ʨʘʟʤʝʨʝ 14,1% ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʣʦʛʠʩʪʠʢʦʡ, ʢʘʢ ʤʳ ʤʦʛʣʠ ʫʙʝʜʠʪʩʷ ʜʘʞʝ ʥʘ 

ʢʦʨʦʪʢʦʤ ʦʪʨʝʟʢʝ ʐʝʣʢʦʚʦʛʦ ʧʫʪʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʛʨʫʟʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʟʠʪʴ ʵʪʠ ʠʟʜʝʨʞʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ 80% ʦʪ ʦʙʱʝʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʦ ʤʘʨʰʨʫʪʫ ʫʯʘʩʪʢʘ SR, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʈʂ.  

 

ʆʙʩʫʞʜʝʥʠʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʝʛʠʦʥʘʣʴʥʦʡ ʣʦʛʠʩʪʠʢʝ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʝ ʨʘʙʦʪʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 

- ʫʣʫʯʰʝʥʠʝ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʤʦʞʥʦ 

ʧʦʣʫʯʘʪʴ ʨʘʥʥʶʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʩʪʘʚʢʘʭ, ʩʢʣʘʜʩʢʠʭ ʟʘʧʘʩʘʭ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʘʭ, ʢʘʢ 

ʩʦʙʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ ʧʘʨʪʥʝʨʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. ɼʦʩʪʫʧʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʧʦʚʳʰʘʪʴ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʥʘ 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʦʙʣʝʤʳ ʠ ʫʩʢʦʨʷʪʴ ʧʨʦʮʝʩʩʳ [5]; 

- ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʟʘʢʘʟʦʚ. ʋʜʦʙʥʳʝ ʠʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤʳ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʥʣʘʡʥ-ʦʧʣʘʪʳ ʠ ʟʘʢʘʟʘ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʶʪ ʚʨʝʤʷ 

ʤʝʞʜʫ ʟʘʢʘʟʦʤ ʠ ʧʦʩʪʘʚʢʦʡ, ʘ ʪʘʢʞʝ ʨʠʩʢ ʦʰʠʙʦʢ ʧʨʠ ʨʫʯʥʦʤ ʚʚʦʜʝ ʠʥʬʦʨʤʘʮʠʠ [6]; 

- ʩʥʠʞʝʥʠʝ ʠʟʜʝʨʞʝʢ. ʃʦʛʠʩʪʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʠʟʜʝʨʞʝʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʫʤʘʞʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʩʦʢʨʘʱʝʥʠʶ 

ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʮʝʩʩʳ ʦʬʦʨʤʣʝʥʠʷ ʟʘʢʘʟʦʚ ʠ ʜʦʢʫʤʝʥʪʦʚ, ʫʣʫʯʰʝʥʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʢʣʘʜʦʚ, ʩʦʢʨʘʱʝʥʠʶ ʧʦʪʝʨʴ ʪʦʚʘʨʦʚ; 

- ʫʣʫʯʰʝʥʠʝ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʱʝʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ ʠ ʩʨʝʜʩʪʚ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʷʪʴ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʨʠʩʢʠ ʟʘʜʝʨʞʝʢ ʚ ʧʦʩʪʘʚʢʘʭ ʠ 

ʫʣʫʯʰʘʝʪ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [5]. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʨʝʛʠʦʥʘʣʴʥʦʡ ʣʦʛʠʩʪʠʢʠ ʤʦʞʝʪ 

ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʩʦʟʜʘʥʠʝ ʩʦʚʤʝʩʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ 

ʨʠʩʫʥʢʝ 3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʪʬʦʨʤʳ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ ʩʚʷʟʝʡ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʝ, ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʜʦʚʝʨʠʷ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʠ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʣʦʛʠʩʪʠʢʠ ʚ ʮʝʣʦʤ [7]. ɼʘʥʥʳʝ ʤʦʞʥʦ ʩʦʙʠʨʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʦʧʨʦʩʦʚ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. 

ʉʘʤʘ ʧʣʘʪʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, 

ʦʙʲʝʜʠʥʷʶʱʫʶ ʨʘʟʣʠʯʥʳʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥʳ, ʪʘʢʠʝ ʢʘʢ ʤʥʦʛʦʦʪʨʘʩʣʝʚʳʝ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʩʝʢʮʠʠ, ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʘʨʢʠ, ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʥʝʯʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʝʨʚʠʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʪʧʨʘʚʣʷʝʪ ʦʙʱʝʜʦʩʪʫʧʥʳʝ ʜʘʥʥʳʝ ʥʘ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʩʦʛʣʘʩʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʘʚʠʣʘʤ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʣʘʪʬʦʨʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠ ʩʦʭʨʘʥʷʝʪ ʵʪʠ ʜʘʥʥʳʝ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʫʩʣʫʛʠ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

 

  
I ʫʨʦʚʝʥʴ II  ʫʨʦʚʝʥʴ 

ʈʠʩʫʥʦʢ 3 ï ɸʨʭʠʪʝʢʪʫʨʘ ʧʣʘʪʬʦʨʤʳ ʩʦʚʤʝʩʪʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ  
 

* ʇʨʠʤʝʯʘʥʠʝ ï ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʯʥʠʢʘ [8] 

 
ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʩʭʝʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʣʘʪʬʦʨʤʳ 

ʙʘʟʦʚʘʷ ʩʝʪʝʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʢʫ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʧʨʠʣʦʞʝʥʠʡ. ʆʙʳʯʥʦ ʪʘʢʦʛʦ ʪʠʧʘ ʧʣʘʪʬʦʨʤʳ ʩʪʨʦʷʪʩʷ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ ʠʟ-ʟʘ ʦʛʨʦʤʥʳʭ 

ʠʥʚʝʩʪʠʮʠʡ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʫʨʦʚʥʝʡ. 

ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʧʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʫʩʣʫʛʠ ʢʦʥʝʯʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠ ʚʪʦʨʦʡ ʫʨʦʚʝʥʴ ʭʨʘʥʝʥʠʷ, 

ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʘʧʧʘʨʘʪʥʳʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʭʨʘʥʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʘʢʦʛʦ ʪʠʧʘ ʧʣʘʪʬʦʨʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʚʟʘʠʤʦʩʚʷʟʴ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ. 
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ɿʘʢʣʶʯʝʥʠʝ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ 

ʘʢʪʠʚʥʦ ʚʝʜʸʪʩʷ ʨʘʙʦʪʘ ʧʦ ʮʠʬʨʦʚʠʟʘʮʠʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʫʞʝ ʚʳʧʦʣʥʝʥʥʳʤʠ 

ʧʨʦʝʢʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʝʨʝʭʦʜ ʢ ʦʙʱʝʩʪʚʫ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʫʣʫʯʰʝʥʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʥʩʪʠʪʫʪʦʚ çʦʪʢʨʳʪʦʛʦ ʠ 

ʤʦʙʠʣʴʥʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘè, ʫʚʝʣʠʯʝʥʠʶ ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʧʘʥʠʡ, ʥʦ ʠ ʜʣʷ ʛʨʘʞʜʘʥ ʩʪʨʘʥʳ ʠ ʪ.ʜ. 

ʅʦ ʪʘʢʞʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʮʠʬʨʦʚʠʟʘʮʠʝʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʂʘʟʘʭʩʪʘʥʘ. ʕʪʦ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʩʪʨʘʪʝʛʠʠ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʦ 

ʩʪʘʥʘʤʠ-ʩʦʩʝʜʷʤʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʥʦʨʦʜʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʨʝʰʝʥʠʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʧʣʘʪʬʦʨʤʫ ʧʦ ʩʙʦʨʫ ʠ ʘʥʘʣʠʟʫ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʣʦʛʠʩʪʠʢʠ, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʩʠʩʪʝʤʥʦʡ ʠ ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʜʣʷ ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʣʘʜʠʪʴ ʩʠʩʪʝʤʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʧʨʠʥʷʪʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʜʝʡʩʪʚʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ 

ʥʘʣʘʜʠʪʴ ʩʠʩʪʝʤʫ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʧʦʚʝʱʝʥʠʷ ʧʝʨʝʚʦʟʯʠʢʦʚ ʦ ʥʘʣʠʯʠʠ ʟʘʛʨʫʟʢʠ ʩ 

ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʘʨʰʨʫʪ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʟʘʛʨʫʟʢʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ.  
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 ʈʓʃʓʄʓʅױפʂᴆʃɯʂ ʀʅʌʈɸ רʉʊɸʅ ʈɽʉʇʋɹʃʀʂɸʉʓʅʓפɸɿɸפ

ʎʀʌʈʃɸʅɼʓʈʋ 

 

ɸʥʜʘʪʧʘ. ɾײʤʳʩʪʳש ᴇʟʝʢʪʽʣʽʛʽ ʆʨʪʘʣʳץ ɸʟʠʷ ʤʝʥ פʘʟʘץʩʪʘʥ ʝʣʜʝʨʽʥʜʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʜᴅʨʝʞʝʩʽʥʽש ʪᴇʤʝʥʜʝʫʽ ʣʦʛʠʩʪʠʢʘʣʳץ ʩʘʣʘʥʳש ʜʘʤʫʜʝשʛʝʡʽʥʽש ʞʦסʘʨʳ 

ʙʦʣʤʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ɿʝʨʪʪʝʫʜʽש ʥʝʛʽʟʛʽ ʧᴅʥʽ-ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥ ʜʘʤʳʪʫʜʘסʳ 

ʠʥʚʝʩʪʠʮʠʷʣʘʨʜʳ ʥʝʛʽʟʜʝʫ װʰʽʥ ʧʘʡʜʘʣʳ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ. ʆʨʪʘʣʳץ ɸʟʠʷ 

ʝʣʜʝʨʽʥʜʝ (ʆɸ) ʮʠʬʨʣʘʥʜʳʨʫ ʩʘʷʩʘʪʳʥ ʟʝʨʜʝʣʝʫ ʤʘץʩʘʪʳʥʘ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ ʤʳʥʘʜʘʡ 

ʤʽʥʜʝʪʪʝʨ ץʦʡʳʣʘʜʳ: ʦʩʳ ᴇשʽʨʜʽש ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥʘ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

ʝʥʛʽʟʫʛʝ ʙʘʩʘ ʥʘʟʘʨ ʘʫʜʘʨʘ ʦʪʳʨʳʧ, ʆʨʪʘʣʳץ ɸʟʠʷ ʝʣʜʝʨʽʥʜʝ ʮʠʬʨʣʘʥʜʳʨʫ ʩʘʷʩʘʪʳʥʘ 

ʪʘʣʜʘʫ ʞװʨʛʽʟʫ ץʘʞʝʪ.  ʊʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫ װʰʽʥ ʩʘʫʘʣʥʘʤʘ ᴅʜʽʩʪʝʨʽ ʤʝʥ 

ʞʘסʜʘʡʣʘʨʜʳ ʪʘʣʜʘʫ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʘʜʳ. ᴆʥʽʤʜʽʣʽʢʪʽש ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʪʘʣʜʘʫ ᴅʜʽʩʽ - 

ʮʠʬʨʣʘʥʜʳʨʫʜʳ ʝʩʝʧʢʝ ʘʣʤʘʡ, ʰʝʢʘʨʘʜʘסʳ ʪʦץʪʘʧ ץʘʣʫ ʫʘץʳʪʳ, ʩʦʥʜʘʡ-ʘץ ʦʧʝʨʘʮʠʷʣʳץ 

ʰʳסʳʥʜʘʨʜʳײץ שʥʳʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʜʳ. ɹײʣ ᴅʜʽʩʪʝʨ ʆɸ ʝʣʜʝʨʽ 

 ʰʽʥ ʜʝ ʮʠʬʨʣʘʥʜʳʨʫ ʩʘʷʩʘʪʳ ʪʫʨʘʣʳ ʩʝʥʽʤʜʽװ ʩʪʘʥץʘʟʘפ ʘʥʜʘץʰʽʥ ʜʝ, ʘʪʘʧ ʘʡʪװ

ʜʝʨʝʢʪʝʨʜʽ ʘʣʫסʘ ʤʦʣ ʤװʤʢʽʥʜʽʢ ʪʫסʳʟʘʜʳ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʮʠʬʨʣʘʥʜʳʨʫ ɻʫʘʥʯʞʦʫ 

ʤʝʥ ɸʣʤʘʪʳ ץʘʣʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ɾʽʙʝʢ ʞʦʣʳ ʪʝʣʽʤʽʥʜʝ ʞʝʪʢʽʟʫ ײץʥʳʥʘ 14,1% 

ʤᴇʣʰʝʨʽʥʜʝ ʪװʟʝʪʫʣʝʨ ʝʥʛʽʟʝʪʽʥʽ ʘʥʳץʪʘʣʜʳ. ɹײʣ ʞײʤʳʩʪʳץ שʦʨʳʪʳʥʜʳʩʳ ʨʝʪʽʥʜʝ ʙʘʨʣʳץ 

ʤװʜʜʝʣʽ ʪʘʨʘʧʪʘʨ װʰʽʥ ʣʦʛʠʩʪʠʢʘ ʘץʧʘʨʘʪʪʘʨʳʥʳש ʞʘʡ-ʢװʡʽ ʥʝײסʨʣʳʤ ʞװʡʝʣʽ ʞᴅʥʝ 

 ʽʨʣʽʢשʰʽʥ ᴇװ ʧʘʨʘʪʪʘʨʜʳ ʞʠʥʘʫ, ʪʘʣʜʘʫץʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʪʫʨʘʣʳ ʘװʦʣʞʝʪʽʤʜʽ ʝʪʫʛʝ ʤץ

ʧʣʘʪʬʦʨʤʘʥʳ ץʘʣʳʧʪʘʩʪʳʨʫ ʙʦʡʳʥʰʘ ʩᴅʫʣʝʪ ײʩʳʥʳʣʜʳ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɸʡʤʘץʪʳץ ʣʦʛʠʩʪʠʢʘ, ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥ ʮʠʬʨʣʘʥʜʳʨʫ, 

ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ, ʮʠʬʨʣʳץ ʧʣʘʪʬʦʨʤʘ, ʞװʢ ʪʘʩʳʤʘʣʳ. 
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DIGITALIZATION OF THE TRANSPORT INFRASTRUCTURE OF THE REPUBLIC 

OF KAZAKHSTAN  

 

Abstract. The relevance of this study is driven by the lack of a high level of development 

in the logistics sector and a low degree of transformation in the countries of Central Asia and 

Kazakhstan. The main subject of the research is the collection and analysis of data useful for 

justifying investments in the development of transportation infrastructure. To achieve the goal of 

studying the digitalization policies in Central Asian countries, the following tasks were set: to 

conduct an analysis of digitalization policies in Central Asian countries with a focus on the 

implementation of digital technologies in the transportation infrastructure of this region. To 

accomplish the set tasks, survey methods and case analysis methods were utilized. The analysis 

of key performance indicators, such as transit time at borders without digitalization, as well as 

the comparative analysis of operational expenses, were employed. These methods allowed 

obtaining reliable data on digitalization policies for both the Central Asian countries and 

Kazakhstan in particular. As a result of the research, it was found that digitalization introduces 

adjustments to the cost of delivery along the Silk Road route between Guangzhou and Almaty in 

the amount of 14.1%. In conclusion, the study proposed an architecture for the formation of a 

regional platform for collecting and analyzing information about the state of logistics, which will 

make information more systematic and accessible to all stakeholders. 

 

Keywords. Regional logistics, digitalization of transport infrastructure, information 

technology, digital platform, freight transportation. 
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INVESTIGATION OF THE PROCESS OF DEFORMATION OF THE SURFACE 

LAYER OF PARTS DURING HARDENING SURFACE TREATMENT BY ROLLING 

IN A ROLLER  
 

            Abstract. The article presents the results of studies of the features of plastic deformation 
of the surface layer of parts, using methods of surface plastic deformation with the use of 
cylindrical roller running-in operation. The study was carried out within the framework of the 
AP 19680395 project "Study of the stress-strain state of deposited parts and development of a 
method for reducing their deformations in the processes of surface plastic deformation" under 
grant funding of the Science Committee of the Ministry of Science and Higher Education of the 
Republic of Kazakhstan. The possibilities of a significant increase in the operational 
characteristics of the machined parts with the use of surface plastic deformation are revealed. 
The possibility of preserving the initial volume of metal during forming processes provides 
significant savings, preserving the integrity of the metal fibers. The study of the occurrence of 
significant compressive stresses during hardening treatment has shown the likelihood of a 
significant increase in the strength and wear resistance of parts. It is determined that this is also 
facilitated by the absence of penetration of foreign particles into the metal. A method for 
analyzing the deformation process of the surface layer in the contact zone of the rolling tool with 
the workpiece, taking into account the change in the distribution of metal in the details during the 
rendering process, is considered. The relationship between the beginning of the destruction 
process and the geometric parameters of the deformation zone is determined. The influence of 
these residual stresses on multi-cycle fatigue is investigated, as well as the establishment of the 
possibility of using the developed computational methods to evaluate the effectiveness of surface 
hardening. 
          

Keywords. Plastic deformation, surface plastic deformation, surface layer, part, running-
in process, hardening, cylindrical rollers, part strength, contact arc, peeling process residual 
stresses 

 

Introduction.  

Surface plastic deformation is based on the ability of the metal surface to perceive 
residual plastic deformations without violating the integrity of the metal. Surface plastic 
deformation is one of the simplest and most effective technological ways to improve the 
performance and reliability of machine parts. As a result of surface plastic deformation, the 
hardness and strength of the surface layer increase, favorable residual compression stresses are 
formed, the roughness parameter Ra decreases, the radius of rounding of the tops of micro-steps 
increases, the relative reference length of the profile of micro-dimensions, etc. Surface plastic 
deformation of parts is used in all types of production. The formation of the surface layer with 
the specified properties should be provided by the hardening technology Surface plastic 
deformation is the processing of parts by pressure, in which only their surface layer is 
plastically deformed. Such deformation is carried out by a tool whose deforming elements 
(balls, rollers or bodies of a different configuration) act on the treated surface by rolling, sliding 
or embedding. The use of methods of surface plastic deformation (SPD) makes it possible to 
significantly improve the performance characteristics of the machined parts. Surface plastic 
deformation reduces roughness, increases fatigue strength, contact endurance, wear resistance 
of parts and thereby increases the durability of machines [1,2,3]. 
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By ensuring the achievement of a low roughness, the run-in makes it possible to harden 
the surface layer of metal destroyed and weakened during the cutting process, which is 
especially important, since with all other hardening methods, cutting processes take place either 
for the final processing of the hardened layer, or as an operation preceding the hardening 
process itself.  Methods of surface plastic deformation are promising from the point of view of 
their use for the final finishing and strengthening processing of parts due to the following 
features and advantages: preservation of the initial volume of metal during forming processes, 
which ensures significant savings; preservation of the integrity of metal fibers, strengthening of 
its surface layer, creation of significant compressive stresses, both during forming and and with 
calibration, finishing and, especially, hardening processing, they can significantly increase the 
strength and wear resistance of parts, which is also facilitated by the absence of penetration of 
foreign particles into the metal. 
 

Materials and methods. 

The greatest interest is the use of SPD methods for hardening large-sized parts. The use 
of the roller rolling method for hardening large machine parts is the only possible effective 
method of hardening. 

The purpose of this study was to determine the possibility of strengthening the axes of 
transport trolleys using mechanical rolling devices with an elastic force element. The 
technological complexity of the hardening process by SPD methods of this type of parts 
determines the need for large rolling forces, and the use of hydraulic devices for their creation 
significantly increases the cost of the hardening process. Hence the need for a more detailed 
examination of the processes in the contact zone of the roller with the part, which in turn will 
optimize the running-in modes in order to ensure the maximum possible depth of the hardened 
layer using mechanical running-in devices. 

The formation of a microrelief when rolling surfaces with rollers is largely determined by 
the kinetics of metal flow in the zone of plastic deformation, while elastic-plastic deformation 
occurs both over the entire contact surface of the roller with the part and around the contact area, 
which, depending on the geometry of the tool, may have different shapes and different geometric 
parameters. 

To analyze the flow of metal, the running-in process can be conditionally divided into 
two stages: the pressing of the tool into a fixed surface and the movement of the roller relative to 
the part during feeding. In the first case, processes similar to those occurring when a spherical 
punch is inserted into a flat surface occur. In this case, the metal is squeezed out from under the 
roller evenly and for any section, the angles of coverage of the roller by the metal of the part 
relative to its axis of symmetry will be the same. The most deformed part of the surface of the 
part lies in the plane coinciding with the axis of rotation of the roller and passing through the 
point of maximum penetration of the roller profile into the surface of the part (Figure 1). 

 

 
 

Figure 1- Diagram of the contact zone of the roller with the part: feed and force are zero 
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Then, if we consider the elementary section AB of the surface of the part lying on the 

generatrix, the section   db ³ dh  and a finite length equal to the projection the maximum contact 
arc on the forming part, then its elongation can be written: 

 

                                                  Dl = Ç ABC - |AB| ,                                                             (1) 
 

where: AB ï is the length of the section of the generatrix;  

           Ç ABC ï the length of the contact arc, depending on the radius of the roller profile and the 
size of its insertion into the part (Fig.2). 
 

The relative elongation of the AB portion of the forming surface that received the 
maximum deformation when the roller was inserted into a fixed part is equal to: 
 

                                                                                                                                           (2) 
 

              These conclusions are correct for the case under consideration, if we assume that the 
elementary section AB is fixed at the ends and stretches due to the small size of the cross-
sectional area during bending. This condition follows from the provision on the continuity of the 
material and the constancy of the volume during plastic deformation. 

To assess the degree of deformation of the surface in the zone of plastic deformation, 
various indicators have been proposed by different authors, a brief overview of which is given in 
[4,5]. So I.V. Kudryavtsev suggested using the ratio of the diameter of the ball's imprint to its 
diameter as the degree of riveting at SPD, that is: 
 

.                                                                                 (3) 
 
 

 
 
 Figure 2 -  Diagram of the contact zone of the roller with the part: the introduction of the roller 

into a fixed part with a force P 
 

E.I.Pyatosin proposed to evaluate the degree of deformation based on comparing the 
areas of the indentation hole of the roller M and its projection onto a surface perpendicular to the 
direction of force action, that is, onto the indentation surface: 
 

                                                                                                           (4) 

 

In addition to formulas (3) and (4), other indicators of the deformation magnitude were 
also proposed, related to changes in grain size and relative displacement of its characteristic 
points or with changes in the hardness of the material in the deformation zone and in the depth of 
the deformed layer. All these empirical estimates are of an average nature, since they include 
either the area of the print or the deformation within the grain, while the deformation and stresses 
on the surface of the print vary significantly from the center of the contact spot to its edges. 
Since the rolling of large-sized parts is carried out with considerable effort, accordingly, it is 

https://translate.yandex.kz/translator/%D0%9E%D1%80%D1%8B%D1%81-%D0%90%D0%B3%D1%8B%D0%BB%D1%88%D1%8B%D0%BD
https://translate.yandex.kz/translator/%D0%9E%D1%80%D1%8B%D1%81-%D0%90%D0%B3%D1%8B%D0%BB%D1%88%D1%8B%D0%BD
https://translate.yandex.kz/translator/%D0%9E%D1%80%D1%8B%D1%81-%D0%90%D0%B3%D1%8B%D0%BB%D1%88%D1%8B%D0%BD
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necessary to identify such characteristics of the deformation process of the surface layer of the 
workpiece that will determine the causes of the destruction of the surface during its rolling and to 
establish when and under what conditions this destruction begins [6,7]. 
 

Results and Discussion. 
The start of peeling determines the permissible running-in modes, while the surface 

properties are formed in the contact zone of the roller with the part, which is characterized by 
geometric parameters defined for specific modes, reflecting the deformation process of the 
surface layer of the part. Indicators of the critical stress state of the surface, at which its 
destruction begins, can be either stresses in the area of the surface subjected to the greatest 
deformation, or the amount of deformation of this area. The peeling process has some specific 
features, namely, thin particles of material that look like scales or petals are separated from the 
surfaces of the part, and cracks appear in the surface, directed deep into the part. 
             During peeling, a thin surface layer that was directly in contact with the processing tool 
is destroyed. At the same time, the deformation process itself during rolling is realized in the 
contact zone of the roller with the part, in which the structural changes described above occur, 
therefore, the formation of surface properties and its destruction will be directly related to the 
processes in the contact zone. The final shaping of the surface during running-in occurs as a 
result of wave-like deformation with the formation of a metal wave in front of the roller and 
behind it, which has been established by studies of the kinetics of the plastic deformation zone 
[8]. The final formation of the microrelief occurs when the metal is buckled behind the roller, 
that is, when the material of the part is squeezed out from under the roller tangentially to its 
profile.  The presence of such a movement of the material in the contact zone from the point 
maximum insertion of the roller into the surface  C1 in the direction of the free surface to the 
point B1 (Fig.3) contributes to the separation of the elementary layer from the treated surface. At 
the same time, when the surface layer is deformed and the texture is formed as a result of grain 
pulling, tensile forces arise inside the considered elementary layer. 
 

 
 

Figure 3 -  Diagram of the contact zone of the roller with the part: running-in with longitudinal 
feed S and running in force P 

 

If the tensile forces, summing up with the movement of the material in the contact zone 
of the roller with the part, exceed certain values defined for this material, and, consequently, the 
amount of deformation of the surface layer will be greater than permissible, then the rupture of 
the elementary layer subjected to maximum deformation during the rolling process occurs. The 
presence of stresses perpendicular to the surface causes the separation of this layer from the part 
and a thin plate resembling scales, characteristic of the peeling process, is formed. One end of 
the plate rises above the surface of the part, the other end remains fixed on it and cracks appear 
all over the surface, directed into the depth of the part. Therefore, if we consider the deformation 
of the surface layer of the part, the peeling process will begin at the moment when the degree of 
deformation of the elementary section located directly on the surface of the part in the contact 
zone of the roller with the part exceeds the permissible, and the condition for the beginning of 
peeling will be recorded: 
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                                                                                                                                       (5) 
 

where: ŭ - is the degree of deformation of the part surface area subjected to maximum 
deformation during rolling,   [ŭ] -  is the permissible degree of deformation for  this material. 
 

In accordance with the theory of S.I. Gubkin, we will use the conditional method of 
deformation characteristics, which allows the use of mathematical formulas describing the 
relative change in linear dimensions. Since each section of the run-in surface, passing through 
the plastic deformation zone during the run-in, is subjected to a force effect, the magnitude of 
which, and, consequently, the degree of deformation of the surface, depends on the position of 
this section on the contact site, it is necessary to consider the change in the linear dimensions of 
the surface area at its maximum deformation. 

Select an elementary rectilinear section of the part lying on its generatrix. We assume that 
its deformation occurs independently of the lower layers of the metal, that is, its volume is 
constant during deformation. The section, falling into the contact zone of the roller with the 
workpiece, bends, and since its ends are on free surfaces and from the condition of continuity of 
the material during plastic deformation, we assume that they are fixed, then the section will 
stretch with a decrease in cross-section, and then, taking into account the small size of this cross-
section, the process takes place deformations similar to simple stretching.  If, when the roller is 
statically pressed into the part, its introduction occurs under the action of only a transverse force, 
then a longitudinal force also occurs during rolling, which, as it were, stretches the deformation 
zone in the direction of feeding. If, when the roller is statically inserted into the surface of the 
part under the action of a transverse force, an elementary section of the surface lying on the 
generatrix is stretched along the arc of contact ACB (Fig.2), then when feeding this section, 
determined by the magnitude of the transverse rolling force, under the action of  the longitudinal 
force will stretch along the arc of contact A1 B1C1 (fig. 3). 

The total force, that is, the resultant of both rolling forces in magnitude will be greater 
than the transverse one, which will lead to an increase in the deformation zone and, accordingly, 
the degree of deformation of the elementary section of the surface during the rolling process. 
Free surfaces that are not currently subjected to deformation are located to the right and left of 
the contact zone of the roller with the part, so the elongation of the elementary section of the 
forming surface of the part occurs along the contact arc in these directions [9].  As a result of 
deformation of the elementary section and its elongation along the contact zone, the values of the 
angles of coverage of the roller will also change under the action of the longitudinal 

reinforcement of the rolling the material of the part ϩ1 and ϩ2 . The implementation of the feed 

leads to additional deformation of an elementary section of the surface equal to the projection on 
the forming part of the arc of the roller contact with the part during its static indentation. 
Additional deformation is caused by the application of a longitudinal rolling force and an 
increase in the resultant of both components of the rolling force. Then, taking into account 
formulas (1) and (2), it can be written that the value of the maximum deformation of the surface 
layer of the part during rolling by the roller is equal to: 

 

 ŭ = 
Ç A1B1C1 - AB 

     ,                                                                       
(6) 

     AB 
 

where: and ϩ2 - the angles of coverage of the roller by the metal of the part in the feed 

direction and in the reverse feed direction in radians   AB = 2 R sin ϩ0 , where:   ϩ0  - the angle of 

insertion of the roller into the part during its static indentation. 
Taking into account the recorded ratios, it is possible to transform expression (6) as 

follows: 
 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 4 (127), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 4 (127), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

38 

ŭ =  
( ϩ1- ϩ2)- 2 sin  ϩ0 .                                    

                     2 sin  ϩ0                                                                                                                              (7)    
 

According to the formula (7), the degree of deformation of the most stressed section of 
the surface of the part in the zone of plastic deformation during rolling is determined. It can be 
assumed that, in accordance with formula (5), the destruction of the surface will occur when the 
relative elongation of the elementary section exceeds the permissible. The fact that the degree of 
deformation of the surface, determined by the relative elongation of the elementary section, 
causes the beginning of the peeling process or the destruction of the surface is also confirmed by 
the fact that peeling also occurs when running in without feeding.  When rolling without feeding, 
the deformation zone is formed only under the action of the transverse force of rolling, and when 
the part rotates, the value of the deformation zone increases depending on the number of cycles 
of deformation of the surface of the part during its rotation. In this case, peeling also begins 
when the maximum amount of deformation of the surface in the contact zone also exceeds the 
permissible. 

 

Conclusions 
As studies of the plastic deformation zone  have shown, peeling of the surface of the part 

during rolling begins when processing with a transverse force of 2800 N by a roller with a profile 
radius of 2 mm with a feed of 0.05...0.09 mm /rev. Substituting into formula (6) the values of the 
angles of coverage of the roller by the metal of the part for steel 20 (HBI35), obtained 
experimentally by photographing  the plastic deformation zone in transmitted light, we obtain ŭ 
=  0.35...0.38, which exceeds the tabular values of the permissible elongation for steel 20, [ŭ]= 
0,25...0,26. Of particular importance is the task of establishing a relationship between residual 
stresses and fatigue resistance of parts acquired in connection with the widespread use in practice 
of methods of surface hardening by rolling cylindrical rollers, leading to a significant increase in 
fatigue resistance characteristics, especially in stress concentration conditions. A comparative 

analysis of hydroblasting and roller processing is presented by plots of axial residual stresses sz  

along the thickness a of the surface layer in smooth samples after hydroblasting and after roller 
running-in, determined by the method of rings and strips and shown in Fig. 4. It can be seen from 
the data in Fig. 4 that the compressive residual stresses after shot hardening in smooth samples 
do not exceed 450 MPa, and after roller running-in do not exceed 550 MPa and both plots have a 
subsurface maximum. The thickness of the layer with compressive residual stresses after rolling 
in with a roller is about twice as large as compared with processing on a hydroblasting plant. 
Incisions of a semicircular profile with a radius of R = 0.3 mm were applied to smooth non-
hardened and hardened samples by a riveting method using electropolishing. Finite element 
models of smooth samples and samples with incisions in an axisymmetric formulation 
represented a quarter section of a cylinder with the imposition of appropriate boundary 
conditions. 
 

 
 

 Figure 4 - Residual stresses in smooth samples after hydroblasting (curve 1) and roller rolling 
(curve 2) 
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When determining the initial deformations [10] in the finite element model of a smooth 

sample, the experimental distribution of axial sz residual stresses over the thickness a of the 

hardened surface layer of smooth samples (Fig. 2), determined by the method of rings and strips, 

was used as initial data. 

The distributions of initial deformations obtained by the calculation method in smooth 

samples were used to calculate the distribution of residual stresses in samples with circular 

incisions of a semicircular profile of radius R = 0.3 mm applied to smooth samples after 

hardening, i.e. after advanced surface plastic deformation. 

Plots of axial sz  residual stresses in the smallest (dangerous) cross-section of samples 

with an incision are shown in Fig. 3. It can be seen that the compressive residual stresses, having 

a maximum on the surface of the incision, rapidly decrease in the thickness of the surface layer. 

Attention should be paid to the fact that the magnitude of stresses in a part with an incision is 

determined not only by the largest amount of residual stresses of a smooth part, but also by the 

nature of their distribution. Thus, in incised samples, the maximum stresses on the surface of the 

dangerous section after roller treatment are more than twice as high as after hydroblasting due to 

a more complete distribution 

 

 
 

Figure 5 - Residual stresses in samples with an incision R = 0.3 mm after hydroblasting (1) and 

roller running-in (2) 
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ʈʆʃʀʂʇɽʅ ʆʈɸʋ ɸʈפʓʃʓ פɸʊɸʁʊɸʊʓʅ ɹɽʊʊɯʂ ᴆרɼɽʋ ʂɽɿɯʅɼɽ 

ɹᴆʃʐɽʂʊɽʈɼɯר ɹɽʊʊɯʂ פɸɹɸʊʓʅ ɼɽʌʆʈʄɸʎʀʗʃɸʋ 

 ʇʈʆʎɽʉɯʅ ɿɽʈʊʊɽʋ 

 

ɸʥʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ʮʠʣʠʥʜʨʣʽʢ ʨʦʣʠʢʪʝʨʜʽ ʩʳʥʘʫ ʦʧʝʨʘʮʠʷʩʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, 

ʙʝʪʪʽʢ ʧʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥסʘʥ ʢʝʟʜʝ ʙᴇʣʰʝʢʪʝʨʜʽש ʙʝʪʢʽ 

 ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ שʜʝʬʦʨʤʘʮʠʷʩʳʥʳ ץʧʣʘʩʪʠʢʘʣʳ שʘʙʘʪʳʥʳץ

ʢʝʣʪʽʨʽʣʛʝʥ. ɿʝʨʪʪʝʫ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ נʳʣʳʤ ʞᴅʥʝ ʞʦסʘʨʳ ʙʽʣʽʤ ʤʠʥʠʩʪʨʣʽʛʽ 

 ʳʪʳʣʘʪʳʥץʘʨʞʳʣʘʥʜʳʨʫʳ ʙʦʡʳʥʰʘ AP 19680395 "ɹʘʣץ ץʛʨʘʥʪʪʳ שʳʣʳʤ ʂʦʤʠʪʝʪʽʥʽנ

ʙᴇʣʰʝʢʪʝʨʜʽש ʢʝʨʥʝʫʣʽ-ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽʥ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʙʝʪʪʽʢ ʧʣʘʩʪʠʢʘʣʳץ 

ʜʝʬʦʨʤʘʮʠʷ ʧʨʦʮʝʩʪʝʨʽʥʜʝ ʦʣʘʨʜʳש ʜʝʬʦʨʤʘʮʠʷʣʘʨʳʥ ʘʟʘʡʪʫ ᴅʜʽʩʽʥ ᴅʟʽʨʣʝʫ" ʞʦʙʘʩʳ 

ʰʝשʙʝʨʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ. 

ɹʝʪʪʽʢ ʧʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷʥ r  שʜʝʣʝʪʽʥ ʙᴇʣʰʝʢʪʝʨʜʽשʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ᴇץ

ʧʘʡʜʘʣʘʥʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʝʜᴅʫʽʨ ʘʨʪʪʳʨʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʘʥʳץʪʘʣʜʳ. פʘʣʳʧʪʘʫ 

ʧʨʦʮʝʩʪʝʨʽʥʜʝ ʤʝʪʘʣʜʳש ʙʘʩʪʘʧץʳ ʢᴇʣʝʤʽʥ ʩʘץʪʘʫ ʤװʤʢʽʥʜʽʛʽ ʘʡʪʘʨʣʳץʪʘʡ װʥʝʤʜʝʫʜʽ, 

ʤʝʪʘʣʣ ʪʘʣʰʳץʪʘʨʳʥʳש ʪײʪʘʩʪʳסʳʥ ʩʘץʪʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʂװʰʪʽ ᴇשʜʝʫ ʢʝʟʽʥʜʝ 

ʘʡʪʘʨʣʳץʪʘʡ ץʳʩʫ ʢʝʨʥʝʫʣʝʨʽʥʽש ʧʘʡʜʘ ʙʦʣʫʳʥ ʟʝʨʪʪʝʫ ʙᴇʣʰʝʢʪʝʨʜʽש ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʪʦʟʫסʘ 

ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳʨʫ ʳץʪʠʤʘʣʜʳסʳʥ ʢᴇʨʩʝʪʪʽ. ɹסײʘʥ ʤʝʪʘʣסʘ ʙᴇʛʜʝ 

ʙᴇʣʰʝʢʪʝʨʜʽש ʝʥʫʽʥʽש ʙʦʣʤʘʫʳ ʜʘ ʳץʧʘʣ ʝʪʝʪʽʥʽ ʘʥʳץʪʘʣʜʳ. ʈʝʥʜʝʨʠʥʛ ʧʨʦʮʝʩʽʥʜʝ 

ʙᴇʣʰʝʢʪʝʨʜʝ ʤʝʪʘʣʜʳש ʪʘʨʘʣʫʳʥʳש ᴇʟʛʝʨʫʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʞײʤʳʩ ײץʨʘʣʳʥʳש 

ʜʘʡʳʥʜʘʤʘʤʝʥ ʞʘʥʘʩʫ ʘʡʤʘסʳʥʜʘסʳ ʙʝʪʢʽ ץʘʙʘʪʪʳש ʜʝʬʦʨʤʘʮʠʷ ʧʨʦʮʝʩʽʥ ʪʘʣʜʘʫ ᴅʜʽʩʽ 

 שʳʥʳסʙʘʩʪʘʣʫʳ ʤʝʥ ʜʝʬʦʨʤʘʮʠʷ ʘʡʤʘ שʘʥ. ɼʝʬʦʨʤʘʮʠʷ ʧʨʦʮʝʩʽʥʽסʘʨʘʩʪʳʨʳʣץ

ʛʝʦʤʝʪʨʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ʘʥʳץʪʘʣʜʳ. ɹײʣ ץʘʣʜʳץ ʢʝʨʥʝʫʣʝʨʜʽש 

ʢᴇʧ ʮʠʢʣʜʽ ʰʘʨʰʘʫסʘ ᴅʩʝʨʽ, ʩʦʥʜʘʡ-ʘץ ʙʝʪʪʽʢ ץʘʪʘʶ ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ װʰʽʥ ᴅʟʽʨʣʝʥʛʝʥ 

ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ʘʥʳץʪʘʫ ʟʝʨʪʪʝʣʜʽ. 
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ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʇʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷ, ʙʝʪʪʽʢ ʧʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷ, ʙʝʪʪʽʢ 

 ʙʝʨʽʢʪʽʛʽ, ʞʘʥʘʩʫ שʘʪʘʡʪʫ, ʮʠʣʠʥʜʨʣʽʢ ʨʦʣʠʢʪʝʨ, ʙᴇʣʽʢʪʽץ ,ʘʙʘʪ, ʙᴇʣʽʢ, ʩʳʥʫ ʧʨʦʮʝʩʽץ

ʜʦסʘʩʳ, ʧʠʣʣʠʥʛ ʧʨʦʮʝʩʽ, ץʘʣʜʳץ ʢʝʨʥʝʫʣʝʨ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ  ʇʈʆʎɽʉʉɸ  ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ 

ʉʃʆʗ ɼɽʊɸʃɽʁ ʇʈʀ ʋʇʈʆʏʅʗʖʑɽʁ ʇʆɺɽʈʍʅʆʉʊʅʆʁ ʆɹʈɸɹʆʊʂɽ 

ʆɹʂɸʊʓɺɸʅʀɽʄ  ʈʆʃʀʂʆʄ 

 

 ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʝʡ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʝʨʘʮʠʠ ʦʙʢʘʪʢʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ  ʨʦʣʠʢʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ  ʧʨʦʚʦʜʠʣʦʩʴ  ʚ ʨʘʤʢʘʭ  ʧʨʦʝʢʪʘ  AP 

19680395 çʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʧʣʘʚʣʷʝʤʳʭ 

ʜʝʪʘʣʝʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʥʠʞʝʥʠʷ ʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʧʨʦʮʝʩʩʘʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷè ʧʦ ʛʨʘʥʪʦʚʦʤʫ ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ  ʂʦʤʠʪʝʪʘ ʥʘʫʢʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

ɺʳʷʚʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʦʙʲʝʤʘ ʤʝʪʘʣʣʘ 

ʧʨʠ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʘʭ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ  ʵʢʦʥʦʤʠʶ, ʩʦʭʨʘʥʝʥʠʝ 

ʮʝʣʦʩʪʥʦʩʪʠ ʚʦʣʦʢʦʥ ʤʝʪʘʣʣʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦ ʚʝʣʠʯʠʥʝ 

ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʝ, ʧʦʢʘʟʘʣʦ, ʚʝʨʦʷʪʥʦʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʜʝʪʘʣʝʡ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ  

ʵʪʦʤʫ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ  ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʤʝʪʘʣʣ ʠʥʦʨʦʜʥʳʭ ʯʘʩʪʠʮ. 

ʈʘʩʩʤʦʪʨʝʥ  ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ 

ʦʙʢʘʪʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʟʘʛʦʪʦʚʢʦʡ,  ʫʯʠʪʳʚʘʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʘ 

ʚ ʜʝʪʘʣʷʭ ʚ ʧʨʦʮʝʩʩʝ ʨʝʥʜʝʨʠʥʛʘ. ʆʧʨʝʜʝʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʥʘʯʘʣʦʤ ʧʨʦʮʝʩʩʘ 

ʨʘʟʨʫʰʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʦʥʳ ʜʝʬʦʨʤʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʷ 

ʜʘʥʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʤʥʦʛʦʮʠʢʣʦʚʫʶ ʫʩʪʘʣʦʩʪʴ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʧʣʘʩʪʠʯʝʩʢʦʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʜʝʪʘʣʴ, ʧʨʦʮʝʩʩ ʦʙʢʘʪʢʠ, ʫʧʨʦʯʥʝʥʠʝ, 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʨʦʣʠʢʠ, ʧʨʦʯʥʦʩʪʴ ʜʝʪʘʣʠ, ʜʫʛʘ ʢʦʥʪʘʢʪʘ,   ʧʨʦʮʝʩʩ ʰʝʣʫʰʝʥʠʷ      

ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. 
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Toraighyrov University, ʇʘʚʣʦʜʘʨ,  פʘʟʘץʩʪʘʥ 

ɽ-mail: bulbul186@mail.ru  

 

ɸɺʊʆʂᴆʃɯʂʊɽʈɻɽ ʊɽʍʅʀʂɸʃʓפ פʓɿʄɽʊ  

ʂᴆʈʉɽʊʋɼɯר ɸפʇɸʈɸʊʊʓפ ʃʆɻʀʉʊʀʂɸʉʓ 

 

ɸʥʜʘʪʧʘ. ɸʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽʥ ʜʘʤʳʪʫ װʰʽʥ ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʩʘʥʜʳץ ʣʦʛʠʩʪʠʢʘʣʳץ 

 ʘʞʝʪ. ɿʘʤʘʥʘʫʠ ʩʘʧʘץ ʤʢʽʥʜʽʛʽװʳʣʘʫ ʤץʨʘʣʜʘʨʳʥ ʙʘײץ ʦʣʜʘʫ, ʪʘʫʘʨʣʘʨ ʤʝʥ ʢᴇʣʽʢץ

ʤʝʥʝʜʞʤʝʥʪʽ ʩʘʣʘʩʳʥʜʘסʳ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʪʘʣʘʧʪʘʨʜʳ ץʘʥʘסʘʪʪʘʥʜʳʨʫ װʰʽʥ ʢᴇʣʽʢ 

ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʜʘ ʞᴅʥʝ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ᴇשʽʨʣʝʨʽʥʽש ʜʘʤʫ ץʘʨץʳʥ  r ʤʝʥ 

 ʧʨʦʙʣʝʤʘʣʘʨʤʝʥ  ʘʡʥʘʣʳʩʘʪʳʥ  ʘʚʪʦʩʝʨʚʠʩ ץʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʪʝʭʥʠʢʘʣʳסʳʥʜʳʣʳץʘʨץ

ʦʨʪʘʣʳץʪʘʨʳʥʳץ  שʳʟʤʝʪʽʥ  ײʡʳʤʜʘʩʪʳʨʫ ʢʝʨʝʢ. ɾװʢ ʘʚʪʦʤʦʙʠʣʴʜʝʨʽʥ  ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥץ ʤʳʩʳʥײʩʝʥʽʤʜʽ ʞ  שʥʜʘʡ ᴅʨʝʢʝʪʪʝʨ ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽײʰʽʥ  ʤװ

ʘץʧʘʨʘʪʪʳץ ʣʦʛʠʩʪʠʢʘʥʳ  ʝʥʛʽʟʫ ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨסʘʥ ʞᴇʥ ʙʦʣʘʜʳ. 

ɾײʤʳʩʪʳס  שʳʣʳʤʠ ʞʘשʘʣʳסʳ  ʞʳʣʞʳʤʘʣʳ  ײץʨʘʤʜʘʨʜʳ  ץʘʣʳʧʪʳ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫ  װʰʽʥ ץʘʞʝʪʪʽ ʧʨʦʬʠʣʘʢʪʠʢʘʣʳץ  ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ  ץʳʟʤʝʪʪʝʨʤʝʥ  ʞᴇʥʜʝʫ  

ʞײʤʳʩʪʘʨʳʥ ʢᴇʨʩʝʪʫʛʝ ʘʨʥʘʣסʘʥ ʦʨʪʘʣʳסʳʥʳש ʘץʧʘʨʘʪʪʳץ ʣʦʛʠʩʪʠʢʘʩʳʥ ײʩʳʥʫ. 

ɸʪʘʣסʘʥ ʤʘץʩʘʪץʘ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ ʠʥʜʫʢʮʠʷ ʞᴅʥʝ ʙʘʡץʘʫ, ʞʘʣʧʳʣʘʫ, ʘץʧʘʨʘʪʪʳ 

 ʙʦʣʞʘʫ ʢʝʰʝʥʜʽ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽ  ץʡʝʣʝʫ, ʬʘʢʪʦʨʣʳװʧʘʨʘʪʪʳ ʞץʨʳʣʳʤʜʘʫ, ʘײץ

 .ʦʣʜʘʥʳʣʜʳץ

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɾװʢ ʘʚʪʦʢᴇʣʽʢʪʝʨʽ,  ʩʘʥʜʳץ, ʞװʡʝʣʝʨ, ʩʘʧʘ, ʪʝʭʥʠʢʘʣʳץ ,ץʳʟʤʝʪ,  

 .ʘʨʫץʦʡʤʘ, ʙᴇʣʰʝʢʪʝʨ, ʪʠʽʤʜʽʣʽʢ, ʙʘʩץ

 

ʂʽʨʽʩʧʝ. ɸʚʪʦʤʦʙʠʣʴ ʞʦʣʳʤʝʥ ʘʡʤʘץʘʨʘʣʳץ ʞᴅʥʝ ʭʘʣʳץʘʨʘʣʳץ ʞʦʣʘʫʰʳʣʘʨ 

ʪʘʩʳʤʘʣʳʥʳש ʟʘʤʘʥʘʫʠ ʞװʡʝʩʽʥ ײץʨʫʜʳ ʘʷץʪʘʫ ץʘʞʝʪ. ʀʥʬʨʘײץʨʳʣʳʤʜʳ, 

ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨ ʤʝʥ ʵʢʩʧʝʜʠʪʦʨʣʘʨʜʳ ץʦʩʘ ʘʣסʘʥʜʘ, ʢᴇʣʽʢʪʽʢ ʞᴅʥʝ ʢʝʜʝʥʜʽʢ ʙʘץʳʣʘʫ 

ʞװʡʝʣʝʨʽʤʝʥ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʩʘʥʜʳץ ʢᴇʣʽʢ ʜᴅʣʽʟʜʝʨʽʥʽײ שʣʪʪʳץ ʞװʡʝʩʽʥ ʜʘʤʳʪʫ ץʘʞʝʪ. 

ᴄʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝ ʢᴇʨʩʝʪʽʧ ʦʪʳʨסʘʥʜʘʡ, ײʣʪʪʳץ ʵʢʦʥʦʤʠʢʘʥʳץ שʘʨץʳʥʜʳ ᴇʩʫʽ ʽʰʢʽ ʞᴅʥʝ 

ʭʘʣʳץʘʨʘʣʳץ ʢᴇʣʽʢʪʽʢ ʙʘסʳʪʪʘʨ ʙʦʡʳʥʰʘ ʞװʢ ʞᴅʥʝ ʞʦʣʘʫʰʳʣʘʨ ʘסʳʥʳʥʳש ʢᴇʣʝʤʽʥʽש 

ʝʜᴅʫʽʨ ᴇʩʫʽʥʝ ᴅʢʝʣʝʜʽ. ᴆʥʝʨʢᴅʩʽʧ ᴇʥʜʽʨʽʩʽʥʽס- 1% שʘ ʘʨʪʫʳ ʪʨʘʬʠʢ ʢᴇʣʝʤʽʥʽס- 1,5-1,7% שʘ 

ʘʨʪʫʳʥʘ ᴅʢʝʣʝʜʽ [1-3].  

ɸʚʪʦʢᴇʣʽʢʪʝʨ ײʟʘץ ʤʝʨʟʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʘʨʥʘʣסʘʥ. ʆʣʘʨʜʳש ʞײʤʳʩʳ ʪʝʭʥʠʢʘʣʳץ 

  .ʟʝʛʝ  ʘʩʳʨʳʣʘʜʳװʢᴇʤʝʛʽʤʝʥ ʞ שʡʝʩʽʥʽװʞ   (ʂɾפʊ) ʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞᴅʥʝ ʞᴇʥʜʝʫץ

ʉʦʥʜʳץʪʘʥ  ᴇשʽʨʣʝʨʜʝ  ʦʩʳ  ʤʘץʩʘʪʪʳש   ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨʽ ʞװʢ ʘʚʪʦʤʦʙʠʣʴʜʝʨʽʥʽש 

ʪʝʭʥʠʢʘʣʳץ ʞʘʡ-ʢװʡʽʥ ʜʠʥʘʤʠʢʘʣʳץ ʥʝʛʽʟʜʝ ײʩʪʘʧ ʪײʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʊפʂɾ 

 :ʘʞʝʪ [4, 5]ץ ʢʝʰʝʥʜʽ ʤʦʜʝʣʽʥ ᴅʟʽʨʣʝʫ שʧʨʦʮʝʩʽʥʽ ץʡʳʤʜʘʩʪʳʨʫ-ʵʢʦʥʦʤʠʢʘʣʳײ

- ʊפʂɾ ʢᴇʨʩʝʪʫ ʢʝʟʝשʽʥʜʝ ʞװʢ ʢᴇʣʽʢʪʝʨʽʥʽש ʬʫʥʢʮʠʦʥʘʣʜʳ ʤʦʜʝʣʽʥ ʞʘʩʘʫ; 

- ʊפʂɾ ʞװʡʝʩʽʥʽײ  שʡʳʤʜʳײץ ץʨʳʣʳʤʳʥ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳץ ʣʦʛʠʩʪʠʢʘʩʳʥ  

ʞʦʙʘʣʘʫ. 
ʉʦʥʳʤʝʥ  ץʘʪʘʨ ᴇשʽʨʣʽʢ ʘʚʪʦʢᴇʣʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ ʞʘʩʘסʘʥ ʦʟʳץ ʠʥʞʝʥʝʨʣʽʢ ʞᴅʥʝ 

ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨ  ʪײʪʳʥʫʰʳʣʘʨסʘ ץʦʣ ʞʝʪʽʤʜʽ ʙʦʣʫʳ ʢʝʨʝʢ. ɸʣ ʘץʧʘʨʘʪʪʳץ 

ʣʦʛʠʩʪʠʢʘʩʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʦʨʪʘʣʳסʳʥʘ  ʪװʩʝʪʽʥ  ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ  ʦʙʲʝʢʪ  ʪʫʨʘʣʳ  

ʥʘץʪʳ ʜʝʨʝʢʪʝʨ  ʥʝʛʽʟʽʥʜʝ ʪʘʧʩʳʨʳʩʪʳ ʞʝʜʝʣ ʞʦʩʧʘʨʣʘʫ ʞᴅʥʝ ʪװʩʢʝʥ ץʘʨʘʞʘʪʪʳש 

ʤʦʥʠʪʦʨʠʥʛʽ  ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ [6]. 
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ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

ɿʝʨʪʪʝʫʜʽש  ʤʘץʩʘʪʳ ʤʝʥ ʤʽʥʜʝʪʪʝʨʽʥʝ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ ʞʦʙʘʥʳ ʽʩʢʝ 

ʘʩʳʨʫʜʳש ʠʥʜʫʢʮʠʷ ʞᴅʥʝ ʰʝʛʝʨʫ, ʙʘʡץʘʫ, ʞʘʣʧʳʣʘʫ, ʘץʧʘʨʘʪʪʳ ײץʨʳʣʳʤʜʘʫ, 

ʘץʧʘʨʘʪʪʳ ʞװʡʝʣʝʫ, ʬʘʢʪʦʨʣʳץ ʪʘʣʜʘʫ, ʙʦʣʞʘʫ, ʞʦʩʧʘʨʣʘʫ, ʢʝʰʝʥʜʽ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽ 

 .ʦʣʜʘʥʜʳץ

ɾװʢ  ʘʚʪʦʤʦʙʠʣʴʜʝʨʽʥʝ  ʘʨʥʘʣסʘʥ ץʳʟʤʝʪ ʤʘץʩʘʪʪʘʨʳ: 

- ʧʘʡʜʘʣʘʥʫʜʳש ᴇʥʜʽʨʽʩʪʽʢ ʤװʤʢʽʥʜʽʢʪʝʨʽʥʽש ʙʝʣʛʽʣʽ ʙʽʨ ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ 

ʪʝʭʥʠʢʘʣʳץ  ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ, ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ, ʩʝʥʽʤʜʽʣʽʢʪʽ, ײʩʘץʪʘʫ 

ʪᴅʫʝʢʝʣʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ; 

- ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞװʡʝʣʝʨʽʥ, ʠʥʪʝʨʘʢʪʠʚʪʽ ʵʣʝʢʪʨʦʥʜʳץ ʪʝʭʥʠʢʘʣʳץ 

ʥײʩץʘʫʣʳץʪʘʨʜʳ ʞʝʪʽʣʜʽʨʫ, ʨʝʩʫʨʩʪʘʨʜʳ ʙʘʩץʘʨʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ, ʧʝʨʩʦʥʘʣʜʳ ʦץʳʪʫ. 

ɾʝʜʝʣ ʪʘʧʩʳʨʤʘʣʘʨ: 

- ʞװʢ  ʘʚʪʦʤʦʙʠʣʴʜʝʨʽʥʽש ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

 ;ʡʳʤʜʘʩʪʳʨʫײ ʤʳʩʪʘʨʜʳײʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴇʥʽʥʜʝʛʽ ʞץ

- ᴇʥʜʽʨʽʩʪʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʥʝʤʝʩʝ ʩʝʨʚʠʩʪʽʢ ʦʨʪʘʣʳץʪʘʨʜʳש ᴇʢʽʣʜʝʨʽʤʝʥ 

ʙʽʨʣʝʩʽʧ ʊפʂ ʪײʞʳʨʳʤʜʘʤʘʩʳʥ ײץʨʫ; 

- ʞײʤʳʩʪʳ ײʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ ʵʣʝʢʪʨʦʥʜʳץ ʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʤʘʥʳ ʜʘʡʳʥʜʘʫ; 

- ʦץʳʪʫʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥʳש ʞײʤʳʩʳʥ ײʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ ײץʨʫ, 

ʟʘʤʘʥʘʫʠ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʽʥ ײץʨʫ; 

 ʳʣʳץʪʘʡʣʘʥʜʳʨʫ ʘʨשʳ ʙᴇʣʰʝʢʪʝʨ ʩʘʥʳ ʤʝʥ ʥʦʤʝʥʢʣʘʪʫʨʘʩʳʥ ʦץʦʩʘʣץ ʘʞʝʪʪʽץ -

 ;ʪʘʫץʘʞʝʪʪʽʣʽʢʪʽ ʘʥʳץ

- ʫʘץʪʳʣʳ ʞᴅʥʝ ʪװʟʝʫ ʞײʤʳʩʪʘʨʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ. 

ʆʩʳʣʘʡʰʘ, ʞװʢ  ʢᴇʣʽʢʪʝʨʜʽש  ᴇʤʽʨʣʽʢ  ʮʠʢʣʽʥʽש ʣʦʛʠʩʪʠʢʘʩʳ ʞʳʣʞʳʤʘʣʳ  

  ʪʠʤʘʣץʳ  שʨʘʣʜʘʨʳʥʳײץ  ʳʣʳ ʢᴇʣʽʢץʳʥ ʘʨʪʪʳʨʫ ʘʨסʜʘʡʳʥʜʳ ץʪʝʭʥʠʢʘʣʳ שʨʘʤʥʳײץ

ʪʦʟʫʳʥʳש ʥʝʛʽʟʛʽ ʞᴅʥʝ ʪײʨʘץʪʳ ʙᴇʣʽʛʽʥ ײץʨʘʡʜʳ. 

 

ʅᴅʪʠʞʝʣʝʨ.  

ɾװʡʝʜʝʛʽ  ʪʠʽʩʪʽ ʙᴇʣʰʝʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨ, ץʦʡʤʘʣʘʨ, ʪװʩʢʝʥ ʙʘʡʣʳץ, 

ʧʘʡʜʘʣʘʥʳʣסʘʥ ץʘʨʘʞʘʪʪʳץ שʘʣʜʳץʪʘʨʳ ʞᴅʥʝ ʦʣʘʨʜʳץ שʦʡʤʘʣʘʨʳʥʜʘסʳ  ʙᴇʣʰʝʢʪʝʨ  ʩʘʥʳ  

ʪʫʨʘʣʳ  ʞʝʪʢʽʣʽʢʪʽ ʘץʧʘʨʘʪ ʙʝʨʝʜʽ. ɹᴇʣʰʝʢʪʝʨ ʘסʳʥʳʥʳש  ʙʘʩʪʘʧץʳ  ʥװʢʪʝʩʽ - ʞʝʪʢʽʟʫʰʽ 

ʢᴅʩʽʧʦʨʳʥʥʳש ʜʘʡʳʥ ᴇʥʽʤ ץʦʡʤʘʩʳ ʞᴅʥʝ ʪײʪʳʥʫʰʳʥʳש ʩʦסשʳ ץʦʡʤʘʩʳ. 

ɸסʳʥʜʘʨʜʳ ʙʘʩץʘʨʫ ʣʦʛʠʩʪʠʢʘ ʪײʨסʳʩʳʥʘʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʘʥʳץʪʘʫ ʰʘʨʘʣʘʨʳʥ 

 :ʘʤʪʠʜʳץ

- ʧʘʡʜʘʣʘʥʫʰʳ ץʦʨʳ; 

- ʦʙʲʝʢʪʽʥʽש ʥʘץʪʳ ʢװʡʽ; 

- ʞʝʪʢʽʟʽʣʝʪʽʥ ʪʘʫʘʨʣʘʨʜʳש ʘʪʘʫʣʘʨʳ; 

- ʞʝʪʢʽʟʽʣʝʪʽʥ ʪʘʫʘʨʣʘʨ ʩʘʥʳ; 

- ʞʝʪʢʽʟʫʰʽʣʝʨ ʩʘʥʳ; 

- ʪʘʫʘʨʜʳ ʞʝʪʢʽʟʫ ʫʘץʳʪʳ. 

ɹײʣ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫ ʙװʢʽʣ ʣʦʛʠʩʪʠʢʘʣʳץ ʧʨʦʮʝʩʪʽש ʬʫʥʢʮʠʷʣʘʨʳʥ ʦʨʳʥʜʘʫʜʳ 

 ʳʟʤʝʪʪʽץ ʳʣʘʫ ʞᴅʥʝ ʢᴅʩʽʧʢʝʨʣʽʢץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ: ʞʦʩʧʘʨʣʘʫ, ʞʝʜʝʣ ʨʝʪʪʝʫ, ʝʩʝʧʪʝʫ, ʙʘץ

ʪʘʣʜʘʫ. 

  ʤʦʜʝʣʴ 1-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ץʬʫʥʢʮʠʦʥʘʣʜʳ-ץʡʳʤʜʳײ ʘʥסʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨפ

ʞᴅʥʝ ʘץʧʘʨʘʪ ʘסʳʥʳʥʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ. 

ɸץʧʘʨʘʪʪʳץ  ץʦʣʜʘʫ  ʦʨʪʘʣʳסʳ (ɸפʆ) - ʞװʢ ʢᴇʣʽʛʽʥ ᴇʥʜʽʨʫʰʽ ײץʨסʘʥ ʞᴅʥʝ  

ʞʦʩʧʘʨʣʘʫ  ʤʝʥ  ʙʘʩץʘʨʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ײץʨʳʣʳʤ. ɼʠʘʛʥʦʩʪʠʢʘʣʳץ ʦʨʪʘʣʳץʪʘʥ 

ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʪװʟʝʪʫ ʦʨʪʘʣʳסʳʥʘ ʙײʡʳʤʜʘʨ ʤʝʥ ʊʂפɾ ʝʨʝʞʝʣʝʨʽʥʝ ʞʦʙʘʣʳץ - 

ʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʤʘ ʢʝʣʽʧ ʪװʩʝʜʽ (bij ï ʊפʂɾ ʥʦʨʤʘʪʠʚʽʥʝ ʩᴅʡʢʝʩ  j- ʞᴇʥʜʝʫ ʞײʤʳʩʳʥʘ 
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 ʝʩʝʧʪʽʢ שʡʳʤʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫʜʳײʳ ʙᴇʣʰʝʢ; Pk ï ʦʩʳ ʪʠʧʪʝʛʽ k- ʙץʦʩʘʣץ-ʘʞʝʪʪʽ iץ

ʨʝʩʫʨʩʳ).  
 

 
 

         ï ʤʘʪʝʨʠʣʜʘʨ ʘסʳʥʳ;                 ï ʘץʧʘʨʘʪʪʘʨ ʘסʳʥʘ; 1 ïʞʦʙʘʣʳϨ- ʪʝʭʥʠʢʘʣʳץ 

 ʳʪʳ, ʧʘʡʜʘʣʘʥʫץʙʘʩʪʘʣʫ ʫʘ שʂʞɾ ʝʨʝʞʝʣʝʨʽ (bij,Pk); 3 ï ʧʘʡʜʘʣʘʥʫʜʳפʞʘʪʪʘʤʘ ; 2 ïʊײץ

 ʳ  (tk, Pk)סʳʥʜʳʣʳץʘʨץ
 

1 ʩʫʨʝʪ  - ʄʘʪʝʨʠʘʣʜʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ʘץʧʘʨʘʪʪʳץ ʞװʡʝʩʽʥʽש 

 ʩʳʟʙʘʩʳ שʤʦʜʝʣʽʥʽ ץʬʫʥʢʮʠʦʥʘʣʜʳ-ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ

 

ʇʘʡʜʘʣʘʥʫʰʳʜʘʥ ʘʨʥʘʫʣʳ ʦʨʪʘʣʳסʳ  lk k-ʛʦ ʪʠʧʪʽ ʙᴇʣʰʝʢʪʝʨ ʤʝʥ ʪװʡʽʥʜʝʨʜʽ  

ʧʘʡʜʘʣʘʥʫ  ץʘʨץʳʥʜʳʣʳסʳ ʪʫʨʘʣʳ װʥʝʤʽ ʘץʧʘʨʘʪ ʘʣʘʜʳ;  ïʪʠʧʪʽ k-ʥʳש  ʞʠʥʘץʪʘʣסʘʥ  

  .   ʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽץ ʘʥסʪʘʣץʞʠʥʘ  שʳʟʤʝʪ  ʝʪʫ ʤʝʨʟʽʤʽ; ʪʠʧʪʽ k-ʥʳץ

ʆʩ rʤᴅʣʽʤʝʪʪʝʨ ʥʝʛʽʟʽʥʜʝ  ʞᴅʥʝ  ʞװʡʝʜʝʥ ᴇʥʜʽʨʽʩʢʝ ʢʝʣʝʜʽ.  ɸʣ ʪʘʧʩʳʨʳʩʪʘʨ 

 ᴇʥʜʽʨʽʩʢʝ ʝʥʝʜʽ.  ʜʝʨʝʢʪʝʨ ʘסʳʥʳ  ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʂפʂʞɾ ʞװʡʝʩʽʥʝ ʢʝʣʝʜʽ. 

ᴆʥʜʽʨʫʰʽʣʝʨʜʝʥ ʦʨʪʘʣʳסʳ   ʪʘʧʰʳʣʳסʳʥʳש ʘʣʜʳʥ ʘʣʫ װʰʽʥ ʞʝʪʢʽʟʽʣʽʤʥʽש ʢʝʰʽʛʫʽ 

ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʧʝʥ -ʪʘʧʩʳʨʳʩ ʪʫʨʘʣʳ ʭʘʙʘʨʣʘʤʘ ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʊʂפɾ  

ʞװʡʝʩʽ ʤʘʪʝʨʠʘʣʜʳץ  ʘסʳʥʜʳ ʘʣʘʜʳ: :  ïʟʘʫʳʪʪʘʥ ץʦʡʤʘסʘ ʪʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝ i ʪʠʧʪʽ 

ʙᴇʣʽʢʪʝʨʜʽש ʩʘʥʳ; ;  ïʟʘʫʳʪʪʘʥ ץʦʡʤʘסʘ ʪʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝ i ʪʠʧʪʽ ʙᴇʣʽʢʪʝʨʜʽש ʩʘʥʳ. 

ᴄʨʽ ץʘʨʘʡ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ʤʘʪʝʨʠʘʣʜʳץ ʘסʳʥ ʂפʂɾ ʞװʡʝʩʽʥʝ ʪװʩʝʜʽ. 

ɾװʢ ʘʚʪʦʤʦʙʠʣʴʜʝʨʽʥ ʧʘʡʜʘʣʘʥʫʜʳ ʪʝʭʥʠʢʘʣʳץ ץʦʣʜʘʫ ʞװʡʝʩʽʥʽש ʬʫʥʢʮʠʦʥʘʣʜʳ 

ʤʦʜʝʣʽʥ ʞʘʩʘʫ.  ɾʘʣʧʳ  ʙʘʩץʘʨʫ ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ, ʥʦʨʤʘʣʘʨʳʥʘ ʞᴅʥʝ ʘʣʛʦʨʠʪʤʜʝʨʽʥʝ 

ʩᴅʡʢʝʩ ʘץʧʘʨʘʪʪʳץ  ץʦʣʜʘʫ  ʙᴇʣʽʤʜʝʨʽʥʽץ שʳʟʤʝʪʢʝʨʣʝʨʽ ʤʝʥ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʳ ʞװʟʝʛʝ 

ʘʩʳʨʘʜʳ. 

ʄʦʜʝʣʴʜʝʫʜʽש  ʤʘץʩʘʪʳ ʙʦʡʳʥʰʘ ʢʦʥʪʝʢʩʪʽʢ ʜʠʘʛʨʘʤʤʘ ʢʝʣʝʩʽ ʬʫʥʢʮʠʷʣʘʨסʘ 

ʙᴇʣʽʥʝʜʽ: 

- ʨʝʩʫʨʩʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ʰʳסʘʨʳʥʜʳʣʘʨʜʳץ שʘʨץʳʥʜʳʣʳסʳ ʪʫʨʘʣʳ ʙʦʣʞʘʤ 

(A1); 

 ;ʘʨʫ (A2)ץʦʡʤʘʥʳ ʙʘʩץ -

- ʪʘʩʳʤʘʣʜʘʫʜʳ ʙʘʩץʘʨʫ (A3); 

- ʊפʂɾ ʙʘʩץʘʨʫ (A4). 

 ʘʨʫץʣʝʩʪʽʨʫ  2-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 1 - ʞʝʜʝʣ ʜʝʨʝʢʪʝʨ ʞᴅʥʝ ʩʪʘʪʠʩʪʠʢʘ; 2-ʙʘʩת

ʘʣʛʦʨʠʪʤʜʝʨʽ; 3-ʩʪʘʥʜʘʨʪʪʘʨ, ʰʘʨʪʪʘʨ; 4 - ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʝʨʝʞʝʣʝʨʽ; 5-
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ʪʘʫʘʨʣʘʨסʘ ʩײʨʘʥʳʩ; 6-ʪײʪʳʥʫʰʳʣʘʨʜʳש ʪʘʧʩʳʨʳʩʪʘʨʳ; 7-ʪʘʧʰʳʣʳץ  ʪʫʨʘʣʳ  ʜʝʨʝʢʪʝʨ; 8-

 ʛʝʡ; 11- ʢᴇʣʽʢשʳ; 10-ʜʝסʘʨʫ ʞʳʣʜʘʤʜʳסʦʡʤʘʜʘʥ ʞᴇʥʝʣʪʫ ʜʝʨʝʢʪʝʨʽ; 9-ʙʘʩʳʧ ʰʳץ

 - ʜʝʨʝʢʪʝʨʽ; 12-ʪʘʧʩʳʨʳʩ  ʨᴅʩʽʤʜʝʣʫʽ; 13-ʩʘʪʳʧ ʘʣʫ ʞʦʩʧʘʨʣʘʨʳ; 14 שʡʳʤʳʥʳײ

ʪʘʩʳʤʘʣʜʘʫ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ; 15- ʞʝʪʢʽʟʫʰʽʣʝʨ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ; 16- ʞʝʪʢʽʟʫʰʽʣʝʨ ʞᴅʥʝ 

ʞʠʥʘץʪʘʫʰʳ  ʤʘʪʝʨʠʘʣʜʘʨ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ; 17- ʘץʧʘʨʘʪ; 18- ʭʘʙʘʨʣʘʥʜʳʨʫ; 19- ʘץʘʫʣʘʨ 

ʤʝʥ ʘץʘʫʣʘʨ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ; 20- ʠʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʣʝʨ ʙᴇʣʽʤʽ; 21- ʧʘʡʜʘʣʘʥʫʰʳ. 

 

 
 

2 ʩʫʨʝʪ - ɸץʧʘʨʘʪʪʳץ  ץʦʣʜʘʫ ʞװʡʝʩʽʥʽש ʞײʤʳʩ ʩʭʝʤʘʩʳ 

 
ʈʝʩʫʨʩʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʤʝʥ ʘʣʫʜʳץ שʘʨץʳʥʜʳʣʳסʳ ʪʫʨʘʣʳ ʪװʩʽʥʽʢ ʘʣסʘʰץʳ 

ʤᴅʣʽʤʝʪʪʝʨ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ: ʪײʪʳʥʫʰʳʣʳץ ʤᴅʣʽʤʝʪʪʝʨ ʤʝʥ ʩʪʘʪʠʩʪʠʢʘ, ʂפʂɾ 

ʝʨʝʞʝʣʝʨʽ ʤʝʥ  ʙʘʩץʘʨʫ ʙʣʦʛʳʥʘ ʪװʩʝʪʽʥ ʘץʘʫʣʘʨ ʤʝʥ ʘʧʘʪʪʘʨ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ. ɹײʣ 

ʬʫʥʢʮʠʷʥʳ ʤʝʢʝʤʝʥʽש ʙᴇʣʽʤʜʝʨʽʥʽש ʙʽʨʽ ʦʨʳʥʜʘʡʜʳ. 

 ʂɾפʨʘʥʳʩ, ʂײʘ ʩסʦʨʣʘʨץ ,ʪʘʧʩʳʨʳʩʪʘʨ  ץʪʳʥʫʰʳʣʳײʘʨʫ  ʪץʦʡʤʘʣʘʨʜʳ  ʙʘʩפ

ʞװʡʝʩʽʥʜʝʛʽ ץʦʨʣʘʨ ʜʝשʛʝʡʽ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. פʦʡʤʘʥʳ ʙʘʩץʘʨʫ ʧʨʦʮʝʩʽʥʜʝ 

ʞװʡʝʜʝ ץʦʨʣʘʨʜʳ ʪװʟʝʪʫ ʞʳʣʜʘʤʜʳסʳ, ɸפʆ  ʽʰʢʽ ʞװʡʝʣʝʨʽ ʤʝʥ ʊפפɾ ʞװʡʝʩʽʥʝ ʢʽʨʝʪʽʥ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ץʦʣʜʘʥʙʘʫ, ץʦʡʤʘʜʘʥ ץʦʡʤʘʥʳ  ʙʘʩץʘʨʫ ʞᴅʥʝ ʞʝʪʢʽʟʫʜʽ ʙʘʩץʘʨʫ ʽʰʢʽ 

ʞװʡʝʩʽʥʝ ʪʘʧʩʳʨʳʩ ʙʝʨʫ ʪʫʨʘʣʳ  ʘץʧʘʨʘʪ  ʧʘʡʜʘ ʙʦʣʘʜʳ. פʦʡʤʘʣʘʨʜʳ ʙʘʩץʘʨʫʜʳ ʙʘʩץʘʨʫ 

ʞᴅʥʝ ʝʩʝʧʪʝʫ ʘʣʛʦʨʠʪʤʜʝʨʽ, ʥʦʨʤʘʪʠʚʪʝʨ ʤʝʥ ʥʦʨʤʘʪʠʚʪʝʨ ʥʝʛʽʟʽʥʜʝ  ʤʝʢʝʤʝʥʽש  

ʟʠʷʪʢʝʨʣʽʢ ʤʝʥʰʽʢ ʦʨʪʘʣʳסʳʥʳש ʙʘʩץʘʨʫ ʙᴇʣʽʤʽ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. 

ɸ2 ʽʰʢʽ ʞװʡʝʩʽ 3-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʞᴅʥʝ ʢʝʣʝʩʽ ʙʣʦʢʪʘʨסʘ ʙᴇʣʽʥʝʜʽ: 

- ʪʘʧʩʳʨʳʩʪ rᴇשʜʝʫ (A21); 

 ;ʪʘʫ (A22)ץʛʝʡʽʥ ʘʥʳשʦʨ ʜʝץ -

 ;ʛʝʡʽʥ ʝʩʝʧʪʝʫ (ɸ23)שʦʨʜʳ ʪʦʣʪʳʨʫ ʜʝץ -

- ʣʦʛʠʢʘʣʳץ ʙײʡʨʳץʪʘʨ ʞʠʳʥʪʳסʳ (A24). 

3-ʩʫʨʝʪʪʝ: 1-ʩʪʘʥʜʘʨʪʪʘʨ, ʥʦʨʤʘʪʠʚʪʝʨ; 2-ʙʘʩץʘʨʫ ʘʣʛʦʨʠʪʤʜʝʨʽ; 3-

ʪײʪʳʥʫʰʳʣʘʨʜʳש  ʪʘʧʩʳʨʳʩʪʘʨʳ; 4-ʙʘסʘʣʳ  ץʘסʘʟʜʘʨʜʳץ שʦʨʣʘʨʳ ʪʫʨʘʣʳ ʜʝʨʝʢʪʝʨ; 5-

ʊפפɾ-ʜʘסʳ  ץʦʨʣʘʨʜʳש ʜʝשʛʝʡʽ; 6-ץʦʡʤʘʣʳץ ʞᴇʥʝʣʪʫ ʜʝʨʝʢʪʝʨʽ; 7-ʙʘסʘʣʳ  ץʘסʘʟʜʘʨסʘ  

ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ ʩײʨʘʥʳʩ; 8-ץʦʨʣʘʨʜʳש ʢᴇʣʝʤʽ ʤʝʥ ʫʘץʳʪʰʘ ʧʘʨʘʤʝʪʨʣʝʨʽ; 9-ʘץʧʘʨʘʪʪʳץ 

ʪʘʧʰʳʣʳ10 ;ץ - ʪʘʫʘʨʣʳ-ʤʘʪʝʨʠʘʣʜʳץ ʪʦʣʪʳʨʫ ץʘʨץʳʥʳ; 11-ʪʘʫʘʨʣʳ-ʤʘʪʝʨʠʘʣʜʳץ 

 ʘʥסʘʙʳʣʜʘʥץ -ʘʥ ʪʘʧʩʳʨʳʩ; 13סʘʙʳʣʜʘʥץ -ʳ; 12סʪʘʨʜʳ ʝʩʝʧʪʽ ʞʳʣʜʘʤʜʳץʥʜʳʣʳײץ

ʪʘʧʩʳʨʳʩ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ; 14- ץʦʩʘʣץʳ ʙᴇʣʰʝʢʪʝʨʤʝʥ  ʢʦʤʧʦʥʝʥʪʪʝʨ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ; 15- 

ʘץʧʘʨʘʪ ʙʝʨʫʰʽ ʙᴇʣʽʤ.  

ɸ21 - ʙʣʦʢץʘ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ʪʘʧʩʳʨʳʩʪʘʨʳ, ʦʨʳʥʜʘʣʘʪʳʥ ʦʧʝʨʘʮʠʷʣʘʨ 

ʥʝʛʽʟʽʥʜʝ ɸ2-ʙʣʦʢץʘ-ץʘʞʝʪʪʽ ץʦʩʘʣץʳ ʙᴇʣʰʝʢʪʝʨ ʪʫʨʘʣʳ ʜʝʨʝʢʪʝʨ ʢʝʣʽʧ ʪװʩʝʜʽ. 

ʊʘʧʩʳʨʳʩʪʘʨʜʳ ᴇשʜʝʫʜʽ ʂפʂɾ ʙʘʩץʘʨʫ ʙᴇʣʽʤʽ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. 
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ɾʝʪʢʽʟʫʜʽ ʙʘʩץʘʨʫʜʳש ʽʰʢʽ ʞװʡʝʩʽ ʢᴇʣʽʢ ײʡʳʤʜʘʨʳ ʤʝʥ ʞʝʪʢʽʟʫʰʽʣʝʨʽ ʪʫʨʘʣʳ 

ʩʳʨʪץʳ ʜʝʨʝʢʪʝʨʜʽ ʜʝ, ץʦʡʤʘʥʳ ʙʦʣʞʘʫ ʤʝʥ ʙʘʩץʘʨʫʜʳש ʽʰʢʽ ʞװʡʝʣʝʨʽ ʪʫʨʘʣʳ  ʘץʧʘʨʘʪʪʳ 

ʜʘ ʞʠʥʘʡʜʳ. ɾʝʪʢʽʟʫʜʽ ʙʘʩץʘʨʫʜʳ  ɸפʆ ʦʨʪʘʣʳסʳʥʳש ʪʠʽʩʪʽ ʙᴇʣʽʤʽ ʙʘץʳʣʘʫ ʞᴅʥʝ ʝʩʝʧʪʝʫ 

ʘʣʛʦʨʠʪʤʜʝʨʽʥʝ, ʩʪʘʥʜʘʨʪʪʘʨ ʤʝʥ ʟʘשʥʘʤʘסʘ ʩᴅʡʢʝʩ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. 

ʂפʂɾ-ʜ  r  ʙʘʩץʘʨʫ  ʝʨʝʞʝʣʝʨʽʥʝ, ʪװʡʽʥʜʝʨʽʥʝ ʞᴅʥʝ ʝʨʝʞʝʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʞװʟʝʛʝ  

ʘʩʳʨʳʣʘʜʳ. ɹײʣ  ʞװʡʝʜʝʥ  ʰʳץץʘʥ  ʢʝʟʜʝ ʩʽʟ ʞʘʨʥʘʤʘʣʘʨ ʤʝʥ ʘץʘʫʣʘʨ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ 

ʘʣʘʩʳʟ. ʂפʂɾ ʜײʨʳʩ ʙʘʩץʘʨʳʣʘʜʳ; ʠʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨ ʤʝʥ ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʦʨʪʘʣʳץ 

ʙʣʦʛʳ. 

ɸ2 (ץʦʡʤʘʥʳ ʙʘʩץʘʨʫ) ʞᴅʥʝ ɸ3 (ʞʝʪʢʽʟʫʜʽ ʙʘʩץʘʨʫ) ʽʰʢʽ ʞװʡʝʣʝʨʽ ʦʜʘʥ ᴅʨʽ ץʘʨʘʫסʘ 

 .ʪʫʜʳʨʘʜʳ ץʫʰʳʣʳסʳʟʳץ ʣʢʝʥװ

ɸ2 ʙʣʦʛʳ ɸ3 ʙʣʦʛʳʥʜʘ ʦʨʳʥʜʘʣʘʪʳʥ ʦʧʝʨʘʮʠʷʣʘʨסʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʧʘʡʜʘʣʘʥʫʰʳ  

ʙʘסʘʣʳ  ץʘסʘʟʜʘʨסʘ  ʪʘʧʩʳʨʳʩ ʙʝʨʫ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʘʣʘʜʳ. ʊʘʧʩʳʨʳʩʪʘʨʜʳ ᴇשʜʝʫʜʽ ɸפʆ 

ʙʘʩץʘʨʫ ʙᴇʣʽʤʽ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. 

 

 
 

3 ʩʫʨʝʪ  - פʦʡʤʘʣʘʨʜʳ ʙʘʩץʘʨʫ ʜʠʘʛʨʘʤʤʘʩʳ 

 

  ʛʝʡʽ, ɸ23שʦʨʣʘʨ ʜʝץ  ʡʝʩʽʥʜʝʛʽװʂɾ  ʞפʛʝʡʽʥ  ʪʘʣʜʘʫ ᴇʪʽʥʽʤʜʝʨ, ʂשʦʨʣʘʨ ʜʝפ

ʙʣʦʛʳʥʜʘסʳ  ץʦʨʣʘʨʜʳש  ʙʘסʘʣʘʫ  ץʘʞʝʪʪʽʣʽʢʪʝʨʽ  ʤʝʥ  ʥʦʨʤʘʣʘʨʳ ʥʝʛʽʟʽʥʜʝ  ʞװʨʛʽʟʽʣʫʽ 

ʢʝʨʝʢ. ʙײʣ ʬʫʥʢʮʠʷʥʳש ʢᴇʨʽʥʽʩʽ ɸ23 ʞᴅʥʝ ɸ24 ʙʣʦʢʪʘʨʳʥʘ ʪװʩʝʪʽʥ ʂפʂʞɾ  ʞװʡʝʩʽʥʜʝʛʽ 

 ʳʪ ʧʘʨʘʤʝʪʨʣʝʨʽ ʪʫʨʘʣʳץʳ, ʢᴇʣʝʤʽ ʞᴅʥʝ ʫʘסʞᴇʥʝʣʪʽʤʜʝʨʽ, ʪʘʧʰʳʣʳ ץʦʡʤʘʣʳץ שʦʨʣʘʨʜʳץ

ʤᴅʣʽʤʝʪʪʝʨ ʙʦʣrʧ ʪʘʙʳʣʘʜʳ. ɸ23 ʙʣʦʛʳ ʘʣʛʦʨʠʪʤʜʝʨ ʥʝʛʽʟʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ. 

ʃʦʛʠʢʘʣʳץ  ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʘʡʜʘʣʘʥʫʰʳʜʘʥ ɸפʆ ʙʘʩץʘʨʫ ʙᴇʣʽʤʽʥʜʝ ʪʘʧʩʳʨʳʩ 

ʞʘʩʘʫ ʞᴅʥʝ ʦʨʥʘʣʘʩʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸ- ʙʣʦʛʳʥʜʘ ץʦʨʣʘʨʜʳ ʪʦʣʪʳʨʫʜʳש  ʝʩʝʧʪʽʢ  

ʞʳʣʜʘʤʜʳסʳʥʘ ʞᴅʥʝ ץʦʨʣʘʨʜʳש ʢᴇʣʝʤʽ ʤʝʥ ʫʘץʳʪʳʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ 

ʪʘʣʘʧʪʘʨ ʦʨʳʥʜʘʣʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʪʦʨʘʧʪʘʨ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞװʡʝʩʽʥʝ 

 ʡʝʩʽʥʝװʽʰʢʽ ʞ שʘʨʫʜʳץʦʩʳʣʘʜʳ ʞᴅʥʝ ʪʘʧʩʳʨʳʩ ʙʦʡʳʥʰʘ ʞʝʪʢʽʟʽʣʽʤʜʝʨʜʽ ʙʘʩץ

ʦʨʥʘʪʳʣʘʜʳ. 

ʊʘʩʳʤʘʣʜʘʫʜʳ ʙʘʩץʘʨʫ ʩʭʝʤʘʩʳ 4-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  ʄײʥʜʘ 1-ʩʪʘʥʜʘʨʪʪʘʨ, 

ʥʦʨʤʘʪʠʚʪʝʨ; 2 -ʙʘʩץʘʨʫ ʘʣʛʦʨʠʪʤʜʝʨʽ; 3- ʩײʨʘʥʳʩ ʥʝʛʽʟʽʥʜʝ ʤʘʪʝʨʠʘʣʜʳץ-ᴇʥʜʽʨʽʩʪʽʢ 

 ʘʥ  ʪʘʧʩʳʨʳʩ; 6- ʞʝʪʢʽʟʫ ʪʫʨʘʣʳסʘʙʳʣʜʘʥץ -ʦʨʣʘʨʜʳ ʝʩʝʧʪʝʫ; 4 - ʩʘʪʳʧ ʘʣʫ ʞʦʩʧʘʨʳ; 5ץ

ʘץʧʘʨʘʪ; 7- ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ; 8- ʞʝʪʢʽʟʫ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ; 9- ץʦʨʣʘʨʜʳ 

ʪʦʣʳץʪʳʨʫ ʞʳʣʜʘʤʜʳסʳ; 10 ï ʞʝʪʽʩʧʝʫʰʽʣʽʢ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ; 11- ʩʘʪʳʧ ʘʣʫ ץʘʞʝʪʪʽʣʽʛʽ 

ʪʫʨʘʣʳ ʘץʧʘʨʘʪ; 12 - ʞʝʪʢʽʟʫʜʽ ʦʨʳʥʜʘʫ ʙʦʡʳʥʰʘ ʥײʩץʘʫʣʳץʪʘʨ; 13- ʪʘʧʩʳʨʳʩʪʳ 

ʞʽʙʝʨʛʝʥʽ ʪʫʨʘʣʳ ʜʝʨʝʢʪʝʨ; 14-ʪʘʩʳʤʘʣʜʘʫʰʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʘʨ; 15- ʞʝʪʢʽʟʫ 

ʞʳʣʜʘʤʜʳסʳ ʪʫʨʘʣ rʘץʧʘʨʘʪ; 16- ʘʨʥʘʫʣʳ ʙᴇʣʽʤʜʝʨ. 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 4 (127), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 4 (127), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

47 

 
 

4 ʩʫʨʝʪ  ï ʊʘʩʳʤʘʣʜʘʫʣʘʨʜʳ ʙʘʩץʘʨʫ ʜʠʘʛʨʘʤʤʘʩʳ 

 

ɾʝʪʢʽʟʫʜʽ ʙʘʩץʘʨʫ ʪᴇʤʝʥʜʝʛʽʜʝʡ װʨʜʽʩʪʝʨʛʝ  ʙᴇʣʽʥʝʜʽ: 

- ʪʘʧʩʳʨʳʩʪʳ ʞʽʙʝʨʫʛʝ ᴇשʜʝʫ (A31); 

- ʪʘʧʩʳʨʳʩʪʳ ʦʨʳʥʜʘʫ ʤװʤʢʽʥʜʽʛʽʥ ʪʘʣʜʘʫ (A32); 

- ʞʽʙʝʨʫʤʝʥ ʪʘʩʳʤʘʣʜʘʫʜʳ ʞʦʩʧʘʨʣʘʫ (A33); 

- ʪʘʩʳʤʘʣʜʘʫʜʳ ʪʽʨʢʝʫ (A34). 

ɾʝʪʢʽʟʫ ʪʘʧʩʳʨʳʩʳʥ ʦʨʥʘʣʘʩʪʳʨʫ ʞʝʪʢʽʟʫʰʽʣʝʨʜʝʥ ʘʣʳʥסʘʥ ʩײʨʘʥʳʩץʘ, A32 

ʙʣʦʛʳʥʳש ʘʡʥʘʣʳʤʳʥʘʥ ʘʣʳʥסʘʥ ʪʘʨʠʬʪʝʨ ʤʝʥ ʩײʨʘʣסʘʥ ʪʘʧʩʳʨʳʩʪʘʨ ʪʫʨʘʣʳ ʘץʧʘʨʘʪץʘ 

ʥʝʛʽʟʜʝʣʛʝʥ. ᴆʪʢʽʟʫ ץʘʙʽʣʝʪʽ ץʦʨʣʘʨʜʳ ʪʦʣʳץʪʳʨʫ ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʪʳסʳʟʜʳסʳ ʪʫʨʘʣʳ 

 .ʦʣʜʘ ʙʘʨ ʤᴅʣʽʤʝʪʪʝʨ ʥʝʛʽʟʽʥʜʝ ʪʘʣʜʘʥʘʜʳץ

ʊʘʩʳʤʘʣʜʘʫʜʳ  ʞʦʩʧʘʨʣʘʫ ײʩʳʥʳʣסʘʥ ʪʘʧʩʳʨʳʩʪʘʨ, ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ ʢᴇʣʽʢ 

-ʢᴇʨʽʥʽʩʽ שʣ ʬʫʥʢʮʠʷʥʳײʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɹװʡʳʤʜʘʨʳ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʥʝʛʽʟʽʥʜʝ ʞײ

ʙʦʣʞʘʤʜʳ ʞʳʣʜʘʤʜʳץ, ʞʝʪʢʽʟʫ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʞᴅʥʝ ʞʝʪʢʽʟʫʜʽ ʪʽʨʢʝʫ ʞr ʣʜʘʤʜʳסʳ. 

ɾʝʪʢʽʟʫʜʽ ʙʘʩץʘʨʫʜʳש ʩʦסשʳ ʢʝʟʝשʽ-ʞʦʙʘʣʘʫ ʧʨʦʮʝʩʽ. 
 

ʊʘʣץʳʣʘʫ.  

ɾװʢ ʢᴇʣʽʢʪʝʨʽ ʤʝʥ ʘʚʪʦʙʫʩʪʘʨʜʳש ʥʝʛʽʟʛʽ ץʳʟʤʝʪʽ ʘʫʜʘʥʜʳץ ʞᴅʥʝ ʘʡʤʘץʪʳץ  

ʦʨʪʘʣʳץʪʘʨʜʘ  ʦʨʥʘʣʘʩץʘʥ. פʘʟʘץʩʪʘʥʜʘ 70-ʰ ̔ ʞʳʣʜʘʨʳ ײץʨʳʣסʘʥ ʘʚʪʦʤʦʙʠʣʴ ʘʣʳʙʳ  

çʂʘʤʘʟʜʳשè ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʦʨʪʘʣʳץʪʘʨʳ ʞʝʢʝʰʝʣʝʥʜʽʨʫʜʝʥ  ʢʝʡʽʥ ʳʜʳʨʘʧ, ʦʩʳ 

ʫʘץʳʪץʘ ʜʝʡʽʥ ʜʘסʜʘʨʳʩʪʘʥ ʰʳץץʘʥ ʞʦץ. ʓʜʳʨʘʫ ʤʝʥ ʞʝʢʝʰʝʣʝʥʜʽʨʫʜʝʥ ʢʝʡʽʥ ʞװʢ 

ʢᴇʣʽʢʪʝʨʽ ʤʝʥ ʘʚʪʦʙʫʩʪʘʨסʘ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʜʽ [7].  

ʊײʨʘץʩʳʟ ʵʢʦʥʦʤʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨʜʘ ʢᴇʣʽʢ ʢʦʤʧʘʥʠʷʣʘʨʳʥʳש ʪᴅʫʝʢʝʣʜʝʨʽ ʤʝʥ 

ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʪʘʣʜʘʫ ʤʘץʩʘʪʳʥʜʘ ʟʘʤʘʥʘʫʠ ᴅʜʽʩʪʝʤʝ ץʦʣʜʘʥʫ ʘʩʘ ʤʘשʳʟʜʳ ʤᴅʩʝʣʝʣʝʨʜʽ 

ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [8]. 

ʂᴇʣʽʢ ʢʦʤʧʘʥʠʷʩʳʥʳש ʜʘʤʫʳ ᴇʥʜʽʨʽʩʪʽ ʙʘʩץʘʨʫ ײץʨʳʣʳʤʳʥ ʞʝʪʽʣʜʽʨʫʤʝʥ ʞᴅʥʝ 

ʦʥʳש ᴅʨʪװʨʣʽ ʙᴇʣʽʤʰʝʣʝʨʽ ʘʨʘʩʳʥʜʘ ʬʫʥʢʮʠʷʣʘʨʜʳ ײʪʳʤʜ  rʙᴇʣʫʤʝʥ ץʘʪʘʨ ʞװʨʝʜʽ [9]. 

ʉʦʥʳʤʝʥ ʙʽʨʛʝ, ʙʽʨ ʞʘסʳʥʘʥ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʥʳש ʤʘʤʘʥʜʘʥʫʳ, ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ 

ʢᴇʣʽʢʪʽש ʜʘʤʫʳ, ʝʢʽʥʰʽ ʞʘסʳʥʘʥ-ʦʣʘʨʜʳ ʙʽʨʽʢʪʽʨʫ, ʢʝשʝʡʪʫ, ᴇʢʽʣʜʽʢʪʝʨ ʤʝʥ ʬʠʣʠʘʣʜʘʨ 

  .ʳʟʤʝʪʪʝʨʜʽ ʜʘʤʳʪʫ ʞᴅʥʝ ʪ. ʙ. [10]ץ ץʦʧʝʨʘʮʠʷʣʳ ץʨʫ, ʦʨʪʘʣʳײץ

ɸʣʜʳʤʝʥ ʤʘץʩʘʪʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʥʘץʪʳ ʙʘʡʣʘʥʳʩ װʰʽʥ ʤʘשʳʟʜʳ ʬʘʢʪʦʨʣʘʨ  

ʘʥʳץʪʘʣʘʜʳ  ʞᴅʥʝ ʨʝʪʪʝʣʝʜʽ. ɹײʣ ײʡʳʤ ʙʘʩץʘʨʘʪʳʥ ʬʘʢʪʦʨʣʘʨ ʢװʰʪʽ ʞᴅʥʝ ᴅʣʩʽʟ ʞʘץʪʘʨ 

ʨʝʪʽʥʜʝ ʞʽʢʪʝʣʝʜʽ [11]. 

 :ʳʟʜʳ ʽʰʢʽ ʬʘʢʪʦʨʣʘʨשʰʽʥ ʤʘװ ʡʳʤױ

 ;ʨʳʣʳʤʳײץ ʡʳʤʜʘʩʪʳʨʫײ -

- ᴇʥʜʽʨʽʩ;  



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 4 (127), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 4 (127), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

48 

- ʣʦʛʠʩʪʠʢʘ; 

- ʘʜʘʤ ʨʝʩʫʨʩʪʘʨʳʥ ʙʘʩץʘʨʫ;  

  ;ʘʨʞʳץ -

- ʠʥʥʦʚʘʮʠʷ; 

- ʤʘʨʢʝʪʠʥʛ; 

- ʘץʧʘʨʘʪʪʳ ʙʘʩץʘʨʫ. 

ɾʘסʜʘʡ ʢʝʣʝʩʽʜʝʡ ʙʘסʘʣʘʥʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʢʝʣʝʩʽ ʰʘʨʪ ץʦʣʜʘʥʳʣʘʜʳ:  

 :ʤʢʽʥʜʽʢʪʝʨ ʤʝʥ ʪᴅʫʝʢʝʣʜʝʨ ʨʝʪʽʥʜʝ ʞʽʢʪʝʣʛʝʥ ʬʘʢʪʦʨʣʘʨװʤ ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ

- ʩײʨʘʥʳʩ ʬʘʢʪʦʨʣʘʨʳ;  

- ʙᴅʩʝʢʝʣʝʩʪʽʢ ʬʘʢʪʦʨʣʘʨʳ;  

- ʵʢʦʥʦʤʠʢʘʣʳץ ʬʘʢʪʦʨʣʘʨ; 

- ʩʘʷʩʠ ʞᴅʥʝ ץײץʳץʪʳץ ʬʘʢʪʦʨʣʘʨ; 

 ;ʬʘʢʪʦʨʣʘʨ ץʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳס -

- ᴅʣʝʫʤʝʪʪʽʢ-ʜʝʤʦʛʨʘʬʠʷʣʳץ ʬʘʢʪʦʨʣʘʨ. 

ʂװʰʪʽ  ʞᴅʥʝ ᴅʣʩʽʟ ʞʘץʪʘʨʳʥ  ʘʞʳʨʘʪʫ  ʢʝʟʽʥʜʝ  ʦʣʘʨʜʳש  ʪײʪʳʥʫʰʳ  װʰʽʥ 

ʤʘשʳʟʜʳʣʳסʳ  ʝʩʢʝʨʽʣʝʜʽ. ʄװʤʢʽʥʜʽʢʪʝʨ ʤʝʥ ʪᴅʫʝʢʝʣʜʝʨ, ᴇʟ ʢʝʟʝʛʽʥʜʝ, ʟʝʨʪʪʝʫ 

ʤʘץʩʘʪʪʘʨʳʥʘ ᴅʩʝʨ ʝʪʫ ץʘʙʽʣʝʪʽʤʝʥ ʙʘסʘʣʘʥʘʜʳ.  

 

 .ʦʨʳʪʳʥʜʳפ

ɾװʢ ʢᴇʣʽʢʪʝʨʽʥʽש ᴇʤʽʨʣʽʢ ʮʠʢʣʽ ʘץʧʘʨʘʪʪʳץ ʣʦʛʠʩʪʠʢʘ ʞװʡʝʩʽ ʩʠʷץʪʳ ײץʨʳʣʳʤʜʳץ 

ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ ʙʽʣʽʤʥʽש ʞʘשʘʣʳסʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ ʦʣʘʨʜʳײ שʡʳʤʜʳץ 

 .ʘʥסʪʪʘʣסʨʳʣʳʤʳʥ ʜʘʤʳʪʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫʛʝ ʙʘrײץ

  שʞʝʢʝ ʵʣʝʤʝʥʪʪʝʨʽʥʽ שʡʳʤʥʳײ ʣײʨʳʣʳʤ-ʙײץ  ץʡʳʤʜʳײ ʘʟʽʨʛʽ  ʤʝʥʝʜʞʤʝʥʪʪʝפ

ʞʠʳʥʪʳסʳ, ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘ ץʘʪʳʥʘʩʪʘʨʜʳײץ שʨʘʤʳʥ ʘʥʳץʪʘʡʪʳʥ ʙʝʣʛʽʣʽ ʙʽʨ 

ʬʫʥʢʮʠʷʣʘʨ, ץײץʳץʪʘʨ, ʤʽʥʜʝʪʪʝʨ ʤʝʥ ᴇʢʽʣʝʪʪʽʢʪʝʨ ʙʘʨ. 

 ʰʽʥװ  ʘʨʫ ʬʫʥʢʮʠʷʣʘʨʳʥ ʪʠʽʤʜʽ ʙʽʨʽʢʪʽʨʫץʨʳʣʳʤ ᴇʥʜʽʨʽʩʪʽʢ ʞᴅʥʝ ʙʘʩײץ ץʡʳʤʜʳױ

ʞʘסʜʘʡ ʞʘʩʘʫʳ, ʙʘʡʣʘʥʳʩ ʧʝʥ ײʪʳʤʜʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʢʝʨʝʢ. 

 ʨʘʪʳʥײʡʣʝʩʪʽʨʫʜʝʥ  ʪװ  ʳʟʤʝʪʽʥץ שᴅʢʽʤʰʽʣʽʢ-ʞʝʢʝʣʝʛʝʥ ʵʣʝʤʝʥʪʪʝʨʽʥʽ שʡʳʤʥʳױ

ʙʘʩץʘʨʫʜʳש ʞʘᴃʘʥʜʳץ ʤʘץʩʘʪʳ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥ ײץʨʫ, ʙʘʩץʘʨʫ ʤʽʥʜʝʪʪʝʨʽʥ ʙᴇʣʫ ʞᴅʥʝ 

ʞװʡʝʥʽש ʠʝʨʘʨʭʠʷʩʳʥ ײץʨʫ ʘʨץʳʣʳ ײʡʳʤʜʳײץ ץʨʳʣʳʤʜʘ ʙᴇʣʽʥʝʜʽ. 

ʉʦʥʜʳץʪʘʥ ʙײʣ ʞײʤʳʩʪʘ ʞװʢ  ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ᴇʤʽʨʣʽʢ ʮʠʢʣʽʥʽש ʣʦʛʠʩʪʠʢʘʩʳʥ 

ʘץʧʘʨʘʪʪʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞװʡʝʩʽʥʽש ʞײʤʳʩ ʩʭʝʤʘʩʳ ײʩʳʥʳʣסʘʥ. 

 

ᴄɼɽɹʀɽʊʊɽʈ  

  

 ʳ N 801סʳ 11 ʤʘʫʩʳʤʜʘסʞʳʣ 2001 שʢʽʤʝʪʽʥʽת ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳץʘʟʘפ [1]

 2008 שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ʤʝʤʣʝʢʝʪʪʽʢ ʢᴇʣʽʢ ʩʘʷʩʘʪʳʥʳץʘʟʘפʘʥ çסʣʜʘʥײץʘʫʣʳʩʳʤʝʥ ʤʘץ

ʞʳʣסʘ ʜʝʡʽʥʛʽ ʢʝʟʝשʛʝ ʘʨʥʘʣסʘʥ ʪײʞʳʨʳʤʜʘʤʘʩʳè.  

 ʳ ˉ 1055סʩʘʥʜʘץʳ 31 ʞʝʣʪʦסʞʳʣ 2019 שʢʽʤʝʪʽʥʽת ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳץʘʟʘפ [2]

 ʘסʞʳʣʜʘʨ 20202025 שʨʳʣʳʤʜʳ ʜʘʤʳʪʫʜʳײץʨʣʳ ʞʦʣ" ʠʥʬʨʘײʘʫʣʳʩʳʤʝʥ ʙʝʢʽʪʽʣʛʝʥ "ʅץ

ʘʨʥʘʣסʘʥ ʤʝʤʣʝʢʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘʩʳ.  

[3] çɾװʢʪʝʨʜʽ ʘʚʪʦʤʦʙʠʣʴʤʝʥ ʪʘʩʳʤʘʣʜʘʫ ʝʨʝʞʝʩʽʥ ʙʝʢʽʪʫ ʪʫʨʘʣʳè פʘʟʘץʩʪʘʥ 
ʈʝʩʧʫʙʣʠʢʘʩʳ ʀʥʚʝʩʪʠʮʠʷʣʘʨ ʞᴅʥʝ ʜʘʤʫ ʤʠʥʠʩʪʨʽʥʽ2015 ש ʞʳʣסʳ 30 ʩᴅʫʽʨʜʝʛʽ ˉ 546 

ʙײʡʨʳסʳ.  

[4] çʕʥʝʨʛʠʷ ʘʫʜʠʪʽʥʽש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʄʝʤʣʝʢʝʪʪʽʢ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪʽʟʽʣʽʤ 

ʩʫʙʲʝʢʪʽʩʽ ᴅʟʽʨʣʝʛʝʥ ʵʥʝʨʛʠʷ װʥʝʤʜʝʫ ʞᴅʥʝ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ ʞᴇʥʽʥʜʝʛʽ ʽʩ-ʰʘʨʘʣʘʨ 

ʞʦʩʧʘʨʳʥʳש ʥʳʩʘʥʳ ʤʝʥ ʤʘʟʤײʥʳʥʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨʜʳ ʙʝʢʽʪʫ ʪʫʨʘʣʳè פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳ ʀʥʚʝʩʪʠʮʠʷʣʘʨ ʞᴅʥʝ ʜʘʤʫ ʤʠʥʠʩʪʨʽʥʽ2015 ש ʞʳʣסʳ 31 ʥʘʫʨʳʟʜʘסʳ ˉ 391 

ʙײʡʨʳסʳ.  
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INFORMATION  LOGISTICS  OF VEHICLE  MAINTENANCE  

 

Abstract.  The development of road transport requires information and digital logistics 

support, the ability to track goods and vehicles. To meet modern requirements in the field of 

modern quality management, it is necessary to organize the activities of car services to solve 

technical problems related to the speed and intensity of development of the regions of the 

Republic of Kazakhstan. For the efficient use of trucks, it is necessary to introduce and organize 

information logistics that ensures the reliable functioning of such activities.  

The scientific novelty of the work lies in the provision of information logistics for the 

service center of preventive and technical services necessary for the normal and efficient use of 

rolling stock. 

To achieve this goal, the methods of complex analysis of induction and observation, 

generalization, structuring of information, systematization of information, factorial forecasting 

were used. 

 

Keywords.   Trucks, numerical, systems, quality, technical, service, warehouse, parts, 

efficiency, management. 
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ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʃʆɻʀʉʊʀʂɸ ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʉʃʋɾʀɺɸʅʀʗ 

ɸɺʊʆʄʆɹʀʃɽʁ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʚʠʪʠʝ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʪʨʝʙʫʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠ 

ʮʠʬʨʦʚʦʛʦ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʛʨʫʟʦʚ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʘʚʪʦʩʝʨʚʠʩʦʚ 

ʧʦ ʨʝʰʝʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʢʦʨʦʩʪʴʶ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʨʘʟʚʠʪʠʷ 

ʨʝʛʠʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʠʪʴ ʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʣʦʛʠʩʪʠʢʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ 

ʥʘʜʝʞʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʘʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʣʦʛʠʩʪʠʢʠ 

ʮʝʥʪʨʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʣʫʞʙ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠʥʜʫʢʮʠʠ ʠ ʥʘʙʣʶʜʝʥʠʷ, ʦʙʦʙʱʝʥʠʷ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʬʘʢʪʦʨʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 
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ɾɸɿʓפ ʂɽʈʅɽʋʃɽʅɻɽʅ ʂתʁ ɹʆʁʓʅʐɸ ʉɽʈʇɯʄɼɯ ɾתʁɽʃɯ 

ʂʆʅʉʊʈʋʂʎʀʗʃɸʈɼʓר ʉɽʅɯʄɼɯʃɯɻɯʅ ɸʅʓפʊɸʋ 

 

ɸשʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘ ʞʘʟʳץ ʢʝʨʥʝʫʣʽ ʢװʡʜʝʛʽ ʩʝʨʧʽʤʜʽ ʞװʡʝʣʝʨʜʽש 

 ʘʥ. ɼʝʛʝʥʤʝʥ, ʝʩʝʧʪʝʫסʪʘʫ ʤᴅʩʝʣʝʣʝʨʽʥʝ ʘʨʥʘʣץʩʝʥʽʤʜʽʣʽʛʽʥ ʘʥʳ שʨʳʣʳʤʜʘʨʳʥʳײץ

ᴅʜʽʩʪʝʨʽʥ ᴅʟʽʨʣʝʫ ʢʝʟʽʥʜʝ ʩʝʨʧʽʤʜʽ ʞᴅʥʝ ʰʪʘʥʛʘʣʳץ ʞװʡʝʣʝʨʜʽש ʩʝʥʽʤʜʽʣʽʛʽ ʝʩʢʝʨʽʣʝʜʽ. 

ɼʝʤʝʢ, ʟʘʤʘʥ ʪʘʣʘʙʳʥʘ ʩʘʡ ʞʝʪʽʣʜʽʨʽʣʜʽ. ʊʘʧʩʳʨʤʘʥʳ ʰʝʰʫʜʝ ʩʝʥʽʤʜʽʣʽʢ ʧʝʥ ײʟʘץ 

ʤʝʨʟʽʤʜʽ ᴇʥʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʢʦʥʩʪʨʫʢʪʦʨʣʳץ ʧʘʨʘʤʝʪʨʣʝʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʰʝʰʽʤʜʝʨʜʽ ʪʘשʜʘʫ ʤʘשʳʟʜʳ. ʂʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳש ʤʝʭʘʥʠʟʤʜʝʨʽ ʤʝʥ ʰʪʘʥʛʘʣʳץ 

ʞװʡʝʣʝʨʽʥ ʝʩʝʧʪʝʫ ʢʝʟʽʥʜʝ ʠʽʣʫ ʞᴅʥʝ ʘʡʥʘʣʫ ʤʦʤʝʥʪʪʝʨʽ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ. ʂʝʨʥʝʫ ʢװʡʽʥʽש 

 ʘʣʳʧʪʳ. ʀʽʣʫ ʞᴅʥʝ ʘʡʥʘʣʳʤ ʢʝʟʜʝʨʜʝʨʽץ ʨʘʤʜʘʩʪʘʨʳʥʘʥ ʝʩʝʧʪʝʣʛʝʥ ʢʝʨʥʝʫ ʜʝײץ ʘʣʳʧʪʳץ

ʙʽʨ ʢװʰ ʢʦɻʬʬʠʮʠʝʥʪʽʤʝʥ ץʦʩʳʣʘʜʳ, ʷסʥʠ ʦʣʘʨ ץʘʪʘש ʢʦʨʨʝʣʷʮʠʷʣʘʥʘʜʳ ʞᴅʥʝ ʦʣʘʨʜʳש 

 ʳʤʝʥשʜʠʥʘʤʠʢʘʩʳ ʙʝʣʛʽʣʽ ʪʘʨʘʣʫ ʟʘ שʰʘʤʘʥʳ ץʥʜʘ ʢʝʟʜʝʡʩʦײʪʳ ʞᴅʥʝ ʤץʨʘײʘʪʳʥʘʩʳ ʪץ

ʘʥʳץʪʘʣʘʜʳ. ɽʛʝʨ ʞײʤʳʩ ʢʝʨʥʝʫʽ ʘʩʠʤʤʝʪʨʠʷʣʳץ ʮʠʢʣ ʢʝʟʽʥʜʝ ᴇʟʛʝʨʩʝ, ʦʥʳש ʦʨʥʳʥʘ 

ʵʢʚʠʚʘʣʝʥʪʪʽ ʩʠʤʤʝʪʨʠʷ ʮʠʢʣʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʘʤʧʣʠʪʫʜʘʣʘʨʜʳ ץʦʣʜʘʥʘʤʳʟ. ɾʘʟʳץ ʢʝʨʥʝʫ 

ʢװʡʽʥʜʝʛʽ ʩʝʨʧʽʤʜʽ ʞװʡʝʣʝʨʜʽײץ שʨʳʣʳʤʜʘʨʳʥʳש ʩʝʥʽʤʜʽʣʽʛʽ ʘʥʳץʪʘʣʳʧ, ʜʠʥʘʤʠʢʘʩʳ 

ʙʝʨʽʣʛʝʥ. 

 

ʊװʡʽʥʜ ̔ ʩᴇʟʜʝʨ. ʂʦʥʩʪʨʫʢʮʠʷʩʳ, ʩʝʥʽʤʜʽʣʽʛʽ, ʰʪʘʥʛʘʣʳץ ʞװʡʝʣʝʨ, ʰʝʢʪʽ ʢʝʨʥʝʫ, 

ʰʝʢʪʽ ʢװʡ, ʰʘʨʰʘʫ, ץʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽ, ʠʥʪʝʛʨʘʣ, ʪʘʨʘʣʫ ʪʝʦʨʠʷʩʳ, ʪᴇʟʽʤʜʽʣʽʢ ʰʝʛʽ, 

ʳץʪʠʤʘʣʜʳץ. 

 

ʂʽʨʽʩʧʝ.  

ɾʘʟʳץ ʢʝʨʥʝʫʣʝʥʛʝʥ ʢװʡ ʙʦʡʳʥʰʘ ʩʝʨʧʽʤʜʽ ʞװʡʝʣʽ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳש 

ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʫʜʘ, ʩʝʨʧʽʤʜʽ ʞװʡʝʣʝʨʜʽש ʩʝʥʽʤʜʽʣʽʛʽʥ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽʥ ʜʘʤʳʪʫ ʞᴅʥʝ 

ᴅʨʽ ץʘʨʘʡ ʞʝʪʽʣʜʽʨʫ ץʘʟʽʨʛʽ ʟʘʤʘʥʥʳץ שʘʞʝʪʪʽʛʽ. ʄᴅʩʝʣʝʥʽ ʰʝʰʫ ʩʝʥʽʤʜʽʣʽʢ ʧʝʥ ײʟʘץ ʫʘץʳʪ 

ʞײʤʳʩ ʞʘʩʘʫʜʳש ʙʝʣʛʽʣʝʥʛʝʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʢʦʥʩʪʨʫʢʪʠʚʪʽ 

ʧʘʨʘʤʝʪʨʣʝʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʰʝʰʽʤʜʝʨʜʽ ʪʘשʜʘʫ, סʳʣʳʤʠ ʥʝʛʽʟʜʝʣʫʛʝ ʞʦʣ ʘʰʘʜʳ ʞᴅʥʝ 

 ʜʘʡסʳʣʳʤʠ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʐʝʢʪʽʢ ʞʘס ʳʟʳ ʙʘʨ ᴇʟʝʢʪʽשʣʢʝʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʤʘװ

ʙʦʡʳʥʰʘ ʢʦʥʩʪʨʫʢʮʠʷ ʩʝʥʽʤʜʽʣʽʛʽʥ ʝʩʝʧʪʝʫ ʝʩʝʙʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ. ʂʦʥʩʪʨʫʢʮʠʷʥʳש 

ʪʦץʪʘʤʘʡ ʞײʤʳʩ ʞʘʩʘʫ ʳץʪʠʤʘʣʜʳסʳʥ ʙʽʟ ʩʝʥʽʤʜʽʣʽʢ ʜʝʧ ʪװʩʽʥʝʤʽʟ, ʙײʣ ʞʘסʜʘʡʜʘ 

ʦʨʥʘʪʳʣסʘʥ ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘ ʙʝʨʽʣʛʝʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʝʨʫ ʰʘʨʪʪʘʨʳʥʜʘ ʝʩʝʧʪʽʢ ʢʝʨʥʝʫ S 

ʰʝʢʪʽʢ ʢʝʨʥʝʫʜʝʥ R  ʘʩʧʘʫ ʳץʪʠʤʘʣʜʳסʳ ʘʥʳץʪʘʣʘʜʳ. 

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

ɽʥʜʽ ʞʘʟʳץ ʢʝʨʥʝʫʣʽ ʢװʡ ʞʘסʜʘʡʳʥ ʥʦʨʤʘʣʴ ʢʝʨʥʝʫ s ʞᴅʥʝ ʞʘʥʘʤʘ ʢʝʨʥʝʫʤʝʥ t 

 ,ʝʩʝʙʽ ʞʘʪʘʜʳ שʘ ʢᴇʧʪʝʛʝʥ ʤʘʰʠʥʘ ʙᴇʣʰʝʢʪʝʨʽʥʽסʜʘʡסʥʜʘʡ ʢʝʨʥʝʫʣʽ ʞʘײʘʨʘʩʪʳʨʘʤʳʟ. ʄץ

ʤʳʩʘʣʳ ʙʽʣʽʢʪʽש ʙײʨʘʣʫʳ ʤʝʥ ʠʽʣʫʽʥʽש ʙʽʨʽʛʫʽ. ɹײʣ ʞʘסʜʘʡʜʘ ץʘʫʽʧʪʽ ץʠʤʘʜʘסʳ ʝʩʝʧʪʽʢ 

ʢʝʨʥʝʫʽ װʰʽʥʰʽ ʙʝʨʽʢʪʽʢ ʪʝʦʨʠʷʩʳ ʙʦʡʳʥʰʘ ʤʳʥʘסʘʥ ʪʝש ʙʦʣʘʜʳ: 

                       

    .4 S 22 ts +=                                                            (1) 
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ɹײʣ ᴇʨʥʝʢʪʽ ʠʽʣʽʧ ʙײʨʘʣʫʜʘ ʤʳʥʘ ʪװʨʜʝ WMS P /=  ʥʜʘײʘ ʙʦʣʘʜʳ, ʤסʘʡʪʘʜʘʥ ʞʘʟʫץ 

ʝʩʝʧʪʽʢ ʤʦʤʝʥʪ                   
 

  ;M M 2

uP

2

KM+=                                                          (2) 

 

ʨʝʜʫʢʪʦʨ ʙʽʣʽʢʪʝʨʽʥ ʝʩʝʧʪʝʛʝʥ ʢʝʟʜʝ ʠʽʣʫ 
ʠM  ʞᴅʥʝ ʙײʨʘʫ 

ʢM  ʤʦʤʝʥʪʪʝʨʽ ʙʽʨ ʢװʰʪʽʢ 

ʬʘʢʪʦʨʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ, ʷסʥʠ ʦʣʘʨ ץʘʪʘש ʢʦʨʨʝʣʠʨʣʝʥʛʝʥ. ʆʥʜʘ ʦʣʘʨʜʳץ שʘʪʳʥʘʩʪʘʨʳ: 
 

ʠk MM /=l   

ʪײʨʘץʪʳ ʞᴅʥʝ    

,)M(1M 2/12

P l+=  
 

ʤײʥʜʘסʳ M  ï ʙʝʣʛʽʣʽ ʪʘʨʘʣʫ ʟʘשʳʤʝʥ ʢʝʟʜʝʡʩʦץ ʰʘʤʘ. ɹײʣ ʞʘסʜʘʡʜʘ ʢʝʨʥʝʫʜʽש 

ʪʘʨʘʣʫ ʟʘשʳ M  ʰʘʤʘʩʳʥʳש ʪʘʨʘʣʫ ʟʘשʳʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʘʣ ʤʘʪʝʤʘʪʠʢʘʣʳװ ץʤʽʪ ʧʝʥ 

ʜʠʩʧʝʨʩʠʷ ʤʳʥʘ ᴇʨʥʝʢʪʝʨ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ: 
 

.W/);W/) 2/12

MS

2/12 l+s=sl+= (1(1mm MS
 

 

ɽʥʜʽ 
ʢM  ʞᴅʥʝ 

ʠM  ʪᴅʫʝʣʩʽʟ ʢʝʟʜʝʡʩʦץ ʰʘʤʘʣʘʨ ʙʦʣʩʳʥ. ʆʣʘʨ ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦש 

ʞᴅʥʝ ʪʝʨʽʩ ʙʦʣʫʳ ʤװʤʢʽʥ, ʩʦʥʜʳץʪʘʥ ʦʣʘʨ װʰʽʥ ץʘʣʳʧʪʳ ʪʘʨʘʣʫ ʟʘשʳʥ ץʘʙʳʣʜʘʡʤʳʟ. 

ɸʣסʘʰʳʥʜʘ ʦʣʘʨʜʳש ʜʠʩʧʝʨʩʠʷʣʘʨʳ ʤʳʥʘסʘʥ ʪʝש ʙʦʣʘʜʳ ʜʝʣʽʢ sss == ku
. ɽʩʝʧʪʽʢ 

ʤʦʤʝʥʪʪʽש ʳץʪʠʤʘʣʜʳץ ʪʳסʳʟʜʳסʳʥ ʪʘʙʘʤʳʟ. 

ʄʦʤʝʥʪʪʝʨʜʽש ʙʽʨʽʢʢʝʥ ʳץʪʠʤʘʣʜʳץ ʪʳסʳʟʜʳץʪʘʨʳ ʤʳʥʘסʘʥ ʪʝש: 
 

ù
ù

ú

ø

é
é

ê

è -+-
-==

2

2

K

2

u

2KuKu
2

)M()M(
exp

2

1
 ))f(Mf(M)M,f(M

sps

Ku mm
. 

 

ʢM  ʞᴅʥʝ 
ʠM  ʘʡʥʳʤʘʣʳʣʘʨʳʥʘʥ ʞʘשʘ 

PM  ʞᴅʥʝ j ʘʡʥʳʤʘʣʳʣʘʨʳʥʘ ʢᴇʰʝʤʽʟ: 
 

.sinM, K j=j= PPu McosMM  
 

ʄײʥʜʘ j - ʜʽש ʤװʤʢʽʥ ʤᴅʥʜʝʨʽʥ (-p, p) ʘʨʘʣʳסʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ʜʝʧ ʙʦʣʞʘʡʤʳʟ. ɹײʣ 

ʪװʨʣʝʥʜʽʨʫʜʽש ʗʢʦʙʠʘʥʳ ʤʳʥʘסʘʥ ʪʝש: 
  

.M
cosM

sinM

sin

cos

/M

/M

M/M

M/M
I P

P

P

K

u

PK

Pu =
j

j-

j

j
=
jµµ

jµµ

µµ

µµ
=  

 

ɽʥʜʽ ʳץʪʠʤʘʣʜʳץʪʘʨʜʳ ʪװʨʣʝʥʜʽʨʫʜʽ ʬʦʨʤʫʣʘʩʳ ʙʦʡʳʥʰʘ ʘʣʘʤʳʟ 
 

. 
2

)()sincos(2M
-exp

2

M
 ),f(M

2

222

P

2

P
P ù

ú

ø
é
ê

è +++-
=

s

jj

ps
j KuKuP mmmmM

 

 

ɹʝʣʛʽʣʝʫʣʝʨʜʽ ʝʥʛʽʟʝ ʦʪʳʨʳʧ 
 

),cos(sincosmu yjjj -=+ mmK  
 

ʤײʥʜʘסʳ  
2

K

2

u mmm += ,    ,m/m uK=ytg  ʘץʳʨסʳ ʬʦʨʤʫʣʘʥʳ ץʘʡʪʘ ʞʘʟʘʤʳʟ 
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ɹײʣ ᴇʨʥʝʢʪʽ j - ʜʽש ʙʘʨʣʳץ ʤװʤʢʽʥ ʤᴅʥʜʝʨʽʥʜʝ ʠʥʪʝʛʨʘʣʜʘʡ ʦʪʳʨʳʧ, ʝʩʝʧʪʽʢ 

ʤʦʤʝʥʪʪʽש ʪʘʨʘʣʫ ʪʳסʳʟʜʳסʳʥ ʘʣʘʤʳʟ 
 

[ ] ./)cos(exp
2

exp
2

)( 2

2

22

2
jsyj

sps

p

p

dmM
mMM

Mf P
PP

P -ù
ú

ø
é
ê

è +
-= ñ

-

 

j
p

= ñ
p

p-

y-j de
2

1
)x(I )cos(x

0 . 

 

ɽʩʢʝʨʝ ʦʪʳʨʳʧ, ʥᴇʣʜʽʢ ʪᴅʨʪʽʧʪʽ ɹʝʩʩʝʣʴ ʬʫʥʢʮʠʷʩʳʥʳש ʞʦʨʘʤʘʣ ʘʨʛʫʤʝʥʪʽʥʝʥ, 

ʩʦשʳʥʜʘ ʘʣʘʪʳʥʳʤʳʟ  
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ɹײʣ ʪʘʨʘʣʫ ʈʘʡʩ ʟʘשʳ ʜʝʧ ʘʪʘʣʘʜʳ ʥʝʤʝʩʝ ʈʝʣʝʡʜʽש ʞʘʣʧʳʣʘʫ ʟʘשʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʉʦʥʳʤʝʥ ɹʝʩʩʝʣʣ ʬʫʥʢʮʠʷʩʳʥʳש ʘʨʛʫʤʝʥʪʽ 1/ 2>>= sPmMz  ʙʦʣʩʘ, ʦʥʜʘ 

ʢʝʣʝʩʽ ץʘʪʘʨסʘ ʞʽʢʪʝʫ ᴅʜʽʣ ʙʦʣʘʜʳ    
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ɽʛʝʨ s>>m  ʙʦʣʩʘ, ʦʥʜʘ 
PM  ï ʥʳש ʳץʪʠʤʘʣʜʳץ ʤᴅʥʜʝʨʽ m ï ʥʽש ʤʘשʘʡʳʥʜʘ 

ʪʦʧʪʘʣʘʜʳ, ʷסʥʠ ʞʫʳץ ʪװʨʜʝ ʙʳʣʘʡ ץʦʶסʘ ʙʦʣʘʜʳ 1m/MP º. ʉʦʥʜʳץʪʘʥ, ʝʩʝʧʪʝʫ 

ʤʦʤʝʥʪʽʥʽש ʳץʪʠʤʘʣʜʳץ ʪʳסʳʟʜʳסʳ ʞʫʳץ ʰʘʤʘʤʝʥ ʥʦʨʤʘʣʴ ʙʦʣʘʜʳ. 

(3) ʪʘʨʘʣʫʳʥʳש ʘʣסʘʰץʳ ʤʦʤʝʥʪʪʝʨʽʥ ʪʘʙʘʤʳʟ. ɸʨʥʘʡʳ ʬʫʥʢʮʠʷʣʘʨʜʳש 

ʪʝʦʨʠʷʣʘʨʳ [1] ʙʦʡʳʥʰʘ ʤʳʥʘסʘʥ ʠʝ ʙʦʣʘʤʳʟ: 
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ʤײʥʜʘסʳ x)b,M(a,,m/d s=  ï ᴇʟʛʝʰʝ ʛʠʧʝʨʛʝʦʤʝʪʨʠʢʘʣʳץ ʬʫʥʢʮʠʷ. 

1x)a,M(o,ʢʝʟʽʥʜʝ    0n == , ʩʦʥʜʳץʪʘʥ (3) ʪʘʨʘʣʫʳ װʰʽʥ ʥʦʨʤʘʣʳץ ʰʘʨʪ 

ʦʨʳʥʜʘʣʘʜʳ. ɸʡʥʘʣʜʳʨʳʣסʘʥ ʛʠʧʝʨʛʝʦʤʝʪʨʠʷʣʳץ ʬʫʥʢʮʠʷʣʘʨʤʝʥ ʞᴅʥʝ ɹʝʩʩʝʣʴ 

ʬʫʥʢʮʠʷʣʘʨʳʥʳש ʘʨʘʣʘʨʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʘʨʳʥ ʝʩʝʧʢʝ ʘʣʘ ʦʪʳʨʳʧ [2] ʪʘʙʘʤʳʟ: 
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ɽʛʝʨ (4) ʞʽʢʪʝʣʫʽʥ ʧʘʡʜʘʣʘʥʩʘץ, ʦʥʜʘ    
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(5) ʪʘʨʘʣʫʳ װʰʽʥ ʦʩʳʥʜʘʡ ʪʘʣʜʘʫ ʞװʨʛʽʟʝʤʽʟ 
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ʤײʥʜʘסʳ s/PMz= . ᴄʨʽ ץʘʨʘʡ ʠʥʪʝʛʨʘʣʜʳ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʤʳʥʘʥʳ ʪʘʙʘʤʳʟ: 
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ʤײʥʜʘסʳ ( )xaU , , ( )xaV ,  ïʧʘʨʘʙʦʣʘʣʳ ʮʠʣʠʥʜʨʜʽש ʬʫʥʢʮʠʷʣʘʨʳ [3] ʞʽʢʪʝʣʫʽʥ 
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=ʘʡʤʳʟ    .s=sץʰʽʥ ʤʳʥʘʥʳ ʙʘʡװ שʘʣʳʧʪʳ ʟʘפ PP  m,m  

(7) ʞᴅʥʝ (8) ʞʫʳץʪʘʣסʘʥ ʬʦʨʤʫʣʘʣʘʨʳʥ (6) ʜᴅʣ ʥᴅʪʠʞʝʣʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨʘʤʳʟ.   

 

.2,0m/k,16,0m/k KKuu =s==s=  

 

ʆʥʜʘ    8kk 2

K

2

u =+= -- d . 

(6)-ʰ ̔ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʘʣʘʪʳʥʳʤʳʟ   .012,1 s=s= PP   ,1,0075mm  

(7)-ʰ ̔ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʘʣʘʪʳʥʳʤʳʟ   , , 1,0078mm PP ss ==  

ʘʣ (8) - ʰ ̔ʬʦʨʤʫʣʘ ʤʳʥʘʥʳ ʙʝʨʝʜʽ        .06,1 s=s= PP   ,1,006mm  

 

ʆʩʳ ʙʘʨʣʳץ ʥᴅʪʠʞʝʣʝʨ ʜᴅʣʜʽʢʢʝ ʞʘץʳʥ, ʘʣ (3) ʪʘʨʘʣʫʳʥʳש ʜᴅʣ ץʘʣʳʧʪʳ ʟʘסשʘ 

ʘʫʳʩʪʳʨʳʣʫʳ 0,75% ʦʨʪʘʰʘ ʤᴅʥʜʝʨʽʤʝʥ ʞᴅʥʝ 1,2% ʜʠʩʧʝʨʩʠʷ ʙʦʡʳʥʰʘ ʘʫʳʪץʫ ʙʝʨʝʜʽ. 

ʉʦʥʜʳץʪʘʥ ʜʘ ᴅʨʽ ץʘʨʘʡסʳ ʝʩʝʧʪʝʫʣʝʨʜʽ ʞװʨʛʽʟʫ ʢʝʟʽʥʜʝ ʝʩʝʧʪʝʫ ʤʦʤʝʥʪʽʥʽש ʪʘʨʘʣʫ 

ʪʳסʳʟʜʳסʳʥ ʥʦʨʤʘʣʴ ʜʝʧ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ. 

ɹײʣ ʞʘסʜʘʡʜʘ ʝʩʝʧʪʝʫ ʢʝʨʥʝʫʽʥʽש ʳץʪʠʤʘʣʜʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʤʳʥʘסʘʥ ʪʝש ʙʦʣʘʜʳ: 
 

                          ,/;// 22 WWmmWmm SkuPS ss =+==                                     (9) 

 

ʘʣ ʝʩʝʧʪʝʫ ʢʝʨʥʝʫʽʥʽש ʢʝʟ ï ʢʝʣʛʝʥ R  ʜʝשʛʝʡʽʥʝʥ ʰʘʤʘʜʘʥ ʘʩʧʘʫ ʳץʪʠʤʘʣʜʳסʳ ʙʳʣʘʡ 

ʘʥʳץʪʘʣʘʜʳ   

            [ ]22/)(P RSSR mmʌ ss+-=  .                                              (10) 

 

(1) ᴇʨʥʝʛʽ ʝʩʝʧʪʝʫ ʢʝʨʥʝʫʽ װʰʽʥ ʢʝʟʜʝʡʩʦץ ʝʤʝʩ ʢʝʨʥʝʫʣʽʢ ʢװʡ ʢʦʤʧʦʥʝʥʪʽ ʠʽʣʽʧ 

ʙײʨʘʣʫ ʢʝʟʽʥʜʝʛʽ ʢᴇʣʜʝʥʝש ʘʫʜʘʥʜʘʨʜʘסʳ ʝװ שʣʢʝʥ ʞʘʥʘʤʘ ʢʝʨʥʝʫʣʝʨ ʪʝשʜʽʛʽʥʽש ʰʘʨʪʳʥʘʥ 

ʞᴅʥʝ ʵʢʚʠʚʘʣʝʥʪ ʢʝʨʥʝʫʣʝʨʜʽץ שʘʨʘʧʘʡʳʤ ʩʦʟʳʣʫʳ ʢʝʟʽʥʜʝ ʘʣʳʥסʘʥ. ʂʝʟʜʝʡʩʦץ ʢʝʨʥʝʫʣʽʢ 

ʢװʡ ʢʦʤʧʦʥʝʥʪʪʝʨʽ װʰʽʥ ʞʘʣʧʳ ʞʘסʜʘʡʜʘ ʝװ שʣʢʝʥ ʢʝʨʥʝʫ ʪװʩʽʥʽʛʽ ʤʘסʳʥʘʩʳʥ ʞʦסʘʣʪʘʜʳ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʙʝʨʽʢʪʽʢ ʰʘʨʪʳ ʪװʩʽʥʽʛʽ ʜʝ ʤʘסʳʥʘʩʳʥ ʞʦסʘʣʪʘʜʳ. ɹײʣ ʪװʩʽʥʽʢʪʝʨ 
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ʳץʪʠʤʘʣʜʳץ ʤʘסʳʥʘסʘ ʠʝ ʙʦʣʫʳ ʢʝʨʝʢ. פʘʫʽʧʪʽ ʘʫʜʘʥʜʘʨʜʳש ʦʨʥʘʣʘʩʫʳ ʢʦʥʩʪʨʫʢʮʠʷ 

ʩʝʥʽʤʜʽʣʽʛʽʥʽש ʤʠʥʠʤʫʤ ʰʘʨʪʳ ʧʣʘʩʪʠʢʘʣʳץ ʥʝʤʝʩʝ ʙײʟʳʣʫ ʢʨʠʪʝʨʠʽʥ ʪʘשʜʘʫʜʘʥ 

ʘʥʳץʪʘʣʫʳ ʢʝʨʝʢ. ɹײʣ ᴇʪʝ ץʠʳʥ ʝʩʝʧ ʞᴅʥʝ ʘʫʜʘʥʜʘʨʜʳש ʦʨʥʘʣʘʩʫʳʥ ʽʟʜʝʫʤʝʥ ʞʫʳץ 

ʘʫʳʩʫʳ ʤװʤʢʽʥ, ʦʣʘʨʜʘ ʤʘʪʝʤʘʪʠʢʘʣʳװ ץʤʽʪ ʧʝʥ ʜʠʩʧʝʨʩʠʷ ʥʝʤʝʩʝ ץʘʥʜʘʡ ʜʘ ʙʽʨ ʝʩʝʧʪʝʫ 

ʢʝʨʥʝʫʽʥʽש ʳץʪʠʤʘʣʜʳץ ᴇʣʰʝʤʽ ʝװ שʣʢʝʥ ʙʦʣʘʜʳ.  

ɾʘʣʧʳ ʞʘסʜʘʡʣʘʨʜʘ ʤʘʪʝʨʠʘʣ ץʘʨʩʳʣʘʩʫʳ ʘʫʜʘʥʜʘʨʜʘ ʪʽʢ ʞᴅʥʝ ʞʘʥʘʤʘ ʢʝʨʥʝʫʣʝʨʜʽ 

ʝʩʝʧʪʝʫʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ʆʥʜʘ ץʘʨʘʣʘʪʳʥ ʘʫʜʘʥʜʘסʳ ʝʩʝʧʪʝʫ ʢʝʨʥʝʫʽʥ ʙʳʣʘʡ ʞʘʟʫסʘ 

ʙʦʣʘʜʳ: 

            ,)1(2)-(2S aa tlsl -+=                                               (11) 
 

ʤײʥʜʘסʳ 
as , 

at  - ʢᴇʣʙʝʫ ʘʫʜʘʥʜʘʨʜʘסʳ ʢʝʨʥʝʫʣʝʨ; l - ʪʽʢ ʞᴅʥʝ ʞʘʥʘʤʘ 

ʢʝʨʥʝʫʣʝʨʜʝʛʽ ʤʘʪʝʨʠʘʣʜʳש ʩʝʟʽʤʪʘʣʜʳץ ʢʦʵʬʬʠʮʠʝʥʪʽ. ɹײʣ ʢʦʵʬʬʠʮʠʝʥʪ ʰʝʢʪʽʢ ʪʽʢ ʞᴅʥʝ 

ʞʘʥʘʤʘ ʢʝʨʥʝʫʣʝʨ ץʘʪʳʥʘʩʳʥʘ ʪʝש ʙʦʣʳʧ ʘʣʳʥʘʜʳ. 

ʉʦʥʳʤʝʥ, ʘסʫ ʰʝʛʽ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʫʜʝ ./ TT ts=l  ʀʜʝʘʣ ʧʣʘʩʪʠʢʘʣʳץ 

ʤʘʪʝʨʠʘʣʜʘʨ װʰʽʥ l=2, ʘʣ ʠʜʝʘʣ ʤʦʨʪ ʤʘʪʝʨʠʘʣʜʘʨ װʰʽʥ 1=l  - ʛʝ ʪʝש. ɹʽʨʽʥʰʽ ʞʘסʜʘʡʜʘ 

ʤʘʪʝʨʠʘʣʜʳש ʙʝʨʽʢʪʽʢʪʽʛʽ ʪʝʢ ץʘʥʘ ʞʘʥʘʤʘ ʢʝʨʥʝʫʣʝʨʤʝʥ ʘʥʳץʪʘʣʘʜʳ, ʘʣ ʝʢʽʥʰʽʜʝ - ʪʽʢ 

ʢʝʨʥʝʫʤʝʥ ʘʥʳץʪʘʣʘʜʳ. 

ʀʽʣʽʧ ʙײʨʘʣʫ ʢʝʟʽʥʜʝ   
 

.2cos2sin5,0,2sin2/)2cos1( atastatsas aa +=-+=                      (12) 
 

ʆʥʜʘ ʝʩʝʧʪʽʢ ʢʝʨʥʝʫʽ ʤʳʥʘסʘʥ ʪʝש ʙʦʣʘʜʳ: 
  

,AS ts B+=                                                          (13) 

ʤײʥʜʘסʳ    
 

;2sin)1()2cos1)(-0,5(2A alal -++=   .2sin)2(2cos)12(B alal ---=  
 

ɽʩʝʧʪʽʢ ʢʝʨʥʝʫʜʽש ʤʘʪʝʤʘʪʠʢʘʣʳװ ץʤʽʪʽ ʤʝʥ ʜʠʩʧʝʨʩʠʷʩʳ  
 

,,Amm 222

S tsts s DBDABm S +=+=  
 

ʂʝʨʥʝʫʣʽʢ ʢװʡʜʽש ʥʦʨʤʘʣʴ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʝʥ ʝʩʝʧʪʽʢ ʢʝʨʥʝʫ ʜʝ ץʘʣʳʧʪʳ ʙʦʣʘʜʳ. 

ʆʥʜʘ ʩʝʥʽʤʜʽʣʽʢ     = ),(H tʌ   ʤײʥʜʘ  
 

[ ]22/)(t RSSR mm ss+-= .                                              (14) 

 

ʉʦʥʳʤʝʥ ʳץʪʠʤʘʣʜʳץ ʠʥʪʝʛʨʘʣʳ ʤʦʥʦʪʦʥʜʳ ᴇʩʝʪʽʥ ʬʫʥʢʮʠʷ ʙʦʣʳʧ ʪʘʙʳʣʩʘ, ʦʥʜʘ 

ʩʝʥʽʤʜʽʣʽʢʪʽש ʤʠʥʠʤʫʤ ʰʘʨʪʳ ץʘʣʳʧʪʳ ʪʘʨʘʣʫʜʳש ʢʚʘʥʪʠʣʴ ʰʘʨʪʳʥʘ ʧʘʨʘ-ʧʘʨ ʢʝʣʝʜʽ. (14) 

- ʪʽ a ʙײʨʳʰʳ ʙʦʡʳʥʰʘ ʤʠʥʠʤʫʤʜʘʡ ʦʪʳʨʳʧ, ץʘʫʽʧʪʽ ʘʫʜʘʥʜʘʨʜʳש ʦʨʥʘʣʘʩʫʳʥ ʞᴅʥʝ 

ʝʩʝʧʪʽʢ ʢʝʨʥʝʫʽʥʽש ʳץʪʠʤʘʣʜʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʪʘʙʘʤʳʟ. 

ɹײʣ ʦʡʜʳ ʠʜʝʘʣ ʧʣʘʩʪʠʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʘʨ װʰʽʥ װʣʝʩʪʽʨʝʤʽʟ. ɹײʣ ʞʘסʜʘʡʜʘ 
 

;2cos22sinS atas +=  

.2cos42sin;2cos22sin 222 aasaa tsts DDmmm SS +=+=   (15) 
 

ɽʥʜʽ ʤʳʥʘ ʰʘʨʪʪʘʥ 0/ =addt  ʢʝʣʝʩʽ ʪʝשʜʝʫʜʽ ʘʣʘʤʳʟ: 
 

0,/4aaxbxaxx 2234 =++++      (16) 
 

ʤײʥʜʘסʳ  
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( ) ( )

.
2

)4(
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R
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ɹײʣ ʪʝשʜʝʫʜʽש ʪװʙʽʨʽ, ʩʝʥʽʤʜʽʣʽʢʪʽ ʤʠʥʠʤʫʤʜʘʡʜʳ, ʦʥʳ 
02atgC=  ʘʨץʳʣʳ 

ʙʝʣʛʽʣʝʡʤʽʟ. ʆʥʜʘ (15) ʘʨʘץʘʪʳʥʘʩʳʥ ʪʨʠʛʦʥʦʤʝʪʨʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫʜʝʥ ʢʝʡʽʥ ʘʣʘʤʳʟ: 
 

              ).1/()4(,)1/()2(Cmm 2222/12

S CDDCCm S ++=++= tsts s                      (17) 
 

ʉʦʥʳʤʝʥ, ʝʩʝʧʪʽʢ ʢʝʨʥʝʫʽʥʽש ʳץʪʠʤʘʣʜʳץ ʩʠʧʪʪʘʤʘʣʘʨʳ ʰʝʢʪʽʢ ʢʝʨʥʝʫʛʝ ʪᴅʫʝʣʜʽ 

ʙʦʣʘʜʳ. ɹײʣ ʦʨʥʘʣʘʩʫ ʝʨʝʞʝʣʝʨʽ ʙʝʨʽʢʪʽʢ ʧʝʥ ʩʝʥʽʤʜʽʣʽʢ ʙʘסʘʣʘʨʳ ʢʝʟʽʥʜʝ ץʠʩʳʥʜʳ, ʙʽʨʘץ 

ʪʘ ʥװʢʪʝʜʝʛʽ ʢʝʨʥʝʫʣʽʢ ʢװʡʜʽ ʪʘʣʜʘʫʜʘ ץʦʣʘʡʣʳ ʝʤʝʩ. 

 

ʅᴅʪʠʞʝʣʝʨ ʞᴅʥʝ ʪʘʣץʳʣʘʫ.  

ɽʥʜʽ ʝʩʝʧʪʽʢ ʢʝʨʥʝʫʽʥʽש ʳץʪʠʤʘʣʜʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʥʝײסʨʣʳʤ ץʘʨʘʧʘʡʳʤ 

ʘʥʳץʪʘʫʣʘʨʳʥʳש ʞʫʳץʪʘʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ. ʀʽʣʽʧ ʙײʨʘʣʫ ʢʝʟʽʥʜʝ 
 

    ,4/,/,2/,/m 2222 WDWDWmmWm KuKu ss tsts ====                       (18) 
 

ʤײʥʜʘסʳ 
um , 

km , 2

us , 2

ks  ï ʠʽʣʫ ʞᴅʥʝ ʙײʨʘʫ ʤʦʤʝʥʪʪʝʨʽʥʜʝʛʽ ʤʘʪʝʤʘʪʠʢʘʣʳװ ץʤʽʪ 

ʧʝʥ ʜʠʩʧʝʨʩʠʷ. (18) ᴇʨʥʝʛʽʥʝʥ ʰʳסʘʪʳʥʳ, ʘʣʜʳʥʜʘ ץʘʨʘʣסʘʥ sss == ku
 ʞʘסʜʘʡʣʘʨ 

ts DD 4=  ʞʘסʜʘʡʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʉʦʥʜʘ ʝʩʝʧʪʽʢ ʢʝʨʥʝʫʽʥʽש ʜʠʩʧʝʨʩʠʷʩʳ a ʙײʨʳʰʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʝʤʝʩ ʞᴅʥʝ s - סʘ ʪʝש. ɹײʣ ʞʘסʜʘʡʜʘ, ʷסʥʠ ʤʘʪʝʤʘʪʠʢʘʣʳװ ץʤʽʪʽʥʽש ʝװ שʣʢʝʥ 

ʙʦʣסʘʥ ʢʝʟʽʥʜʝ ʝʩʝʧʪʝʫ ʢʝʨʥʝʫʽ ʝװ שʣʢʝʥ ʙʦʣʘʜʳ. ɹײʣ ʘʫʜʘʥʜʘʨʜʳש ʦʨʥʘʣʘʩʫʳʥ 

ʘʥʳץʪʘʡʤʳʟ. 0/ =addmS
 ʰʘʨʪʳʥʘʥ ʤʳʥʘʣʘʨ ʰʳסʘʜʳ       

   

.m2/m ts=a0tg2  
 

ʆʩʳ ʘʫʜʘʥʜʘסʳ ʝʩʝʧʪʽʢ ʢʝʨʥʝʫʜʽש ʳץʪʠʤʘʣʜʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 
 

.m4mm,W/ 22

SS ts+=s=s                                  (19) 
 

ʂᴇʨʽʧ ʦʪʳʨסʘʥʳʤʳʟʜʘʡ, ʘץʳʨסʳ ᴇʨʥʝʢ (3) ï ʰʳ ʬʦʨʤʫʣʘʥʳש ʳץʪʠʤʘʣʜʳץ 

 ʘʨʘ שʩʠʧʘʪʪʘʤʘʣʘʨʳ (9) ï ʜʳ ץʪʠʤʘʣʜʳץʳ שʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʘʣ ʢʝʨʥʝʫʜʽסʩʘʩʪʳץײ

ʘʪʳʥʘʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ.  tsץ DD 4=  ʰʘʨʪʳʥʘʥ (16) ʪʝשʜʝʫʽʥʝ 

0d,m/ == ts-ma  
 

ʞᴅʥʝ ʦʣ ʤʳʥʘʜʘʡ ʰʝʰʽʤʛʝ ʠʝ ts mm 2/cx == , ʙײʥʳ (16) - ʰʳ ʪʝשʜʝʫʛʝ ʘʣʤʘʩʪʳʨסʘʥʜʘ ʢᴇʟ 

ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ. ʆʥʜʘ ʝʩʝʧʪʽʢ ʢʝʨʥʝʫʜʽש ʳץʪʠʤʘʣʜʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ װʰʽʥ ʙʘʨʣʳװ ץʰ 

ᴅʜʽʩʪʝʨ ʜʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ((9), (17), (19) ʘʨʘץʘʪʳʥʘʩʪʘʨʳ). ɹײʣ ʘʣסʘʰץʳ (11) ʛʠʧʦʪʝʟʘʩʳʥʳש 

ʜײʨʳʩʪʳסʳʥ ʝʩʝʧʪʝʫ ʢʝʨʥʝʫʽʥʽש ʞʘʟʳץ ʢʝʨʥʝʫʣʽʢ ʞʘסʜʘʡ װʰʽʥ ʞʘʥʘʤʘ ʪװʨʜʝ ʜᴅʣʝʣʜʝʡʜʽ.  

(10) ʞᴅʥʝ (12) ᴇʨʥʝʢʪʝʨʽʥʽש ʜᴅʣʜʽʛʽʥʝʥ ʤʳʥʘʥʳ ʢװʪʫʛʝ ʙʦʣʘʜʳ, ʠʽʣʽʧ ʙײʨʘʣʫ 

ʢʝʟʽʥʜʝʛʽ ʤʘʪʝʤʘʪʠʢʘʣʳװ ץʤʽʪʪʽש ʝװ שʣʢʝʥ ʰʘʨʪʳʥʘʥ ʙʝʨʽʣʝʪʽʥ ʥᴅʪʠʞʝʣʝʨ, ʦʣʘʨ ʢʝʨʥʝʫ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʢʝʟ ʢʝʣʛʝʥ ʜʠʩʧʝʨʩʠʷʣʘʨʳ װʰʽʥ ʞᴅʥʝ ʩʝʥʽʤʜʽʣʽʢʪʽש ʝש ʢʽʰʽ ʰʘʨʪʳʥʘ 

ʞʘץʳʥ. ʉʦʥʜʳץʪʘʥ ʜʘ ʝʩʝʧʪʝʫ ʢʝʨʥʝʫʽʥʽש ʳץʪʠʤʘʣʜʳץ ʩʠʧʘʪʪʘʤʘʩʳʥ ʘʥʳץʪʘʫʜʘסʳ 

ʩʝʥʽʤʜʽʣʽʢʪʽש ʢʽʰʽ ʰʘʨʪʳʥʳש ʦʨʥʳʥʘ ʞʫʳץ ʰʘʨʪ ײʩʳʥʫסʘ ʙʦʣʘʜʳ, ʙʽʨʘץ ʤʘʪʝʤʘʪʠʢʘʣʳץ 

  .ʘʨʘʧʘʡʳʤʳץ שʣʢʝʥʽʥʽװ שʝ שʤʽʪʪʽװ

ʂʝʟ ʢʝʣʛʝʥ ʜʠʩʧʝʨʩʠʷʣʘʨʜʘ ʢʝʨʥʝʫʣʝʨ ʢʦʤʧʦʥʝʥʪʽ ʘʨʘץʘʪʳʥʘʩʳʥʘʥ ʞʘʣʧʳ ʪװʨʜʝ 

     ʘʡʪʘʜʘʥ ʙʳʣʘʡ ʞʘʟʳʣʘʜʳץ
 

;//4 2222 WmWmmmmm kuS =+=+= ts  

mWmmmDmmD kkuuSS //16 222222 sss ttss +=+= .   (20) 
 

ɹײʣ ʘʨʘץʘʪʳʥʘʩʪʘʨʜʳש ʞʫʳץ ʥᴅʪʠʞʝʣʝʨʽʤʝʥ ʜᴅʣ ʢʝʣʝʪʽʥʽʥ ʙʘʡץʘʡʤʳʟ, ʦʣʘʨ (1) 

ʥʝʤʝʩʝ (2) ᴇʨʥʝʢʪʝʨʽʥ ʊʝʡʣʦʨ ץʘʪʘʨʳʥʘ ʞʽʢʪʝʫ ʞʦʣʳʤʝʥ ʘʣʳʥסʘʥ. 
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ɾʘʣʧʳ ʞʘסʜʘʡʜʘ 0/ =addmS
 ʰʘʨʪʳʥʘʥ (13) ï ʪʽ ʝʩʢʝʨʫʤʝʥ ʘʣʘʤʳʟ: 

 

( ) ( )
( ) ( )ts

ts

ll

ll
a

mm

mm
Ctg

142

2212
2

-+-

---
== . 

 

ʆʥʜʘ (13) ʙʦʡʳʥʰʘ 
 

( )( )[ ] 21/212 CCB +---= ll , ( )( ) ( )[ ] 22 1/12/112 CCCA +-+++-= ll . 
 

ʆʩʳʜʘʥ 2=l  ʙʦʡʳʥʰʘ (20) ᴇʨʥʝʛʽʥ ʘʣʘʤʳʟ. 
 

  .ʦʨʪʳʥʜʳפ

ʐʝʢʪʽʢ ʞʘסʜʘʡ ʙʦʡʳʥʰʘ ʢʦʥʩʪʨʫʢʮʠʷ ʵʣʝʤʝʥʪʪʝʨʽʥʽש, ʤʘʰʠʥʘ ʙᴇʣʰʝʢʪʝʨʽʥʽש, 
 ʤʳʩ ʽʩʪʝʫײʪʘʤʘʡ ʞץʪʦ שʡʝʣʝʨʽʥʽװʞᴅʥʝ ʩʪʝʨʞʝʥʜʽʢ ʞ שʨʳʣʳʤ ʙᴇʣʰʝʢʪʝʨʽʥʽײץ
ʳץʪʠʤʘʣʜʳץʪʘʨʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʞʘʣʧʳ ʪᴅʫʝʣʜʽʣʽʢʪʝʨ ʢʝʣʪʽʨʽʣʜʽ. ɽʩʝʧʪʽʢ ʞᴅʥʝ ʰʝʢʪʽʢ 
ʢʝʨʥʝʫʣʝʨʜʽש ᴅʨʪװʨʣʽ ʞʠʽ ʢʝʟʜʝʩʝʪʽʥ ʪʘʨʘʣʫ ʟʘשʜʘʨʳʥʳש ʩᴅʡʢʝʩʪʽʛʽ ʙʦʡʳʥʰʘ ʩʝʥʽʤʜʽʣʽʛʽʥ 
ʘʥʳץʪʘʫ װʰʽʥ ʬʦʨʤʫʣʘʣʘʨ ץʘʨʘʩʪʳʨʳʣʜʳ. פʘʞʫ ʙײʟʳʣʫʳʥʳש ʩʪʘʪʠʩʪʠʢʘʣʳץ ʟʘשʜʳʣʳסʳ 
ʥʝʛʽʟʽʥʜʝ ץʘʞʫ ʙײʟʳʣʫʳʥʳש ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʬʦʨʤʫʣʘʣʘʨ ʘʣʳʥʜʳ. ɾʘʟʳץ 
ʢʝʨʥʝʫʣʝʥʛʝʥ ʢװʡ ʙʦʡʳʥʰʘ ʩʝʨʧʽʤʜʽ ʞᴅʥʝ ʩʪʝʨʞʝʥʜʽ ʞװʡʝʣʝʨʜʽש ʩʝʥʽʤʜʽʣʽʛʽʥ ʝʩʝʧʪʝʫ ᴅʜʽʩʽ 
ʥʝʛʽʟʜʝʣʜʽ ʞᴅʥʝ ʟʘʤʘʥ ʪʘʣʘʧʪʘʨʳʥʘ ʩʘʡ ʞʝʪʽʣʜʽʨʽʣʜʽ. 
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DETERMINATION OF THE RELIABILITY OF STRUCTURES OF ELASTIC 

SYSTEMS IN A PLANE STRESSED STATE 

 

Abstract.  This article is devoted to the problems of determining the reliability of 

structures of elastic systems in a state of a plane stress state. However, when developing 

calculation methods, the reliability of elastic and rod systems is taken into account. Therefore, it 

has been improved in accordance with the requirements of the times. It is important to choose 

design parameters and technological solutions that ensure reliability and long-term performance 

in solving the task. When calculating mechanisms and rod systems of structures, bending and 

torque moments are correlated. Of the normal components of the stress state, the calculated 

stress is also normal. The bending and torque moments are connected by a single force 

coefficient, that is, they are strictly correlated and their ratios are constant, and here the dynamics 

of a random variable is determined by a known distribution law. If the operating voltage changes 

during an asymmetric cycle, then I will use the amplitudes specified in the equivalent symmetry 

cycle instead. The reliability of the structures of elastic systems in a plane stress state is 

determined and the dynamics is given. 

 

Keywords. Design, reliability, rod systems, limit stress, limit state, fatigue, service life, 

integral, distribution theory, endurance limit, probability. 
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ʇʦʵʪʦʤʫ ʦʥ ʙʳʣ ʫʣʫʯʰʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚʨʝʤʝʥʠ. ɺʘʞʥʦ ʚʳʙʨʘʪʴ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʜʣʠʪʝʣʴʥʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʇʨʠ ʨʘʩʯʝʪʝ 

ʤʝʭʘʥʠʟʤʦʚ ʠ ʩʪʝʨʞʥʝʚʳʭ ʩʠʩʪʝʤ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʦʪʥʦʩʷʪ ʠʟʛʠʙʘʶʱʠʝ ʠ ʢʨʫʪʷʱʠʝ 

ʤʦʤʝʥʪʳ. ʀʟ ʥʦʨʤʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʦʨʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠ 

ʨʘʩʯʝʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʀʟʛʠʙʘʶʱʠʡ ʠ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪʳ ʩʚʷʟʘʥʳ ʝʜʠʥʳʤ ʩʠʣʦʚʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʪʦ ʝʩʪʴ ʩʪʨʦʛʦ ʢʦʨʨʝʣʠʨʦʚʘʥʳ ʠ ʠʭ ʦʪʥʦʰʝʥʠʷ ʧʦʩʪʦʷʥʥʳ, ʠ ʟʜʝʩʴ - 

ʜʠʥʘʤʠʢʘ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɽʩʣʠ 

ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʮʠʢʣʘ, ʪʦ ʚʤʝʩʪʦ ʵʪʦʛʦ ʷ ʙʫʜʫ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʤʧʣʠʪʫʜʳ, ʫʢʘʟʘʥʥʳʝ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʮʠʢʣʝ ʩʠʤʤʝʪʨʠʠ. ʆʧʨʝʜʝʣʝʥʘ 

ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʫʧʨʫʛʠʭ ʩʠʩʪʝʤ ʚ ʧʣʦʩʢʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʨʠʚʝʜʝʥʘ 

ʜʠʥʘʤʠʢʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʂʦʥʩʪʨʫʢʮʠʷ, ʥʘʜʝʞʥʦʩʪʴ, ʩʪʝʨʞʥʝʚʳʝ ʩʠʩʪʝʤʳ, ʧʨʝʜʝʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʫʩʪʘʣʦʩʪʴ, ʩʨʦʢ ʩʣʫʞʙʳ, ʠʥʪʝʛʨʘʣ, ʪʝʦʨʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʚʝʨʦʷʪʥʦʩʪʴ. 
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ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʂɸɼʈʆɺʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ɸɺʀɸʎʀʆʅʅʆʁ 

ʆʊʈɸʉʃʀ 
 

ɸʥʥʦʪʘʮʠʷ. ɸʚʠʘʮʠʦʥʥʘʷ ʦʪʨʘʩʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʠ 
ʩʣʦʞʥʳʭ ʦʪʨʘʩʣʝʡ, ʪʨʝʙʫʶʱʝʡ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʢʦʤʧʝʪʝʥʮʠʡ ʫ ʩʚʦʠʭ 
ʩʦʪʨʫʜʥʠʢʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʚʳʟʦʚʳ, ʩ ʢʦʪʦʨʳʤʠ 
ʩʪʘʣʢʠʚʘʝʪʩʷ ʘʚʠʘʮʠʦʥʥʘʷ ʦʪʨʘʩʣʴ ʚ ʦʙʣʘʩʪʠ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʚʣʠʷʥʠʝ ʥʦʚʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʥʦʚʘʮʠʡ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʥʘʚʳʢʦʚ ʧʝʨʩʦʥʘʣʘ. ʉʪʘʪʴʷ 
ʘʥʘʣʠʟʠʨʫʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʜʦʢʫʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ çʅʘʮʠʦʥʘʣʴʥʳʡ ʧʣʘʥ ʨʘʟʚʠʪʠʷ ʜʦ 2025 
ʛʦʜʘè ʠ çʇʣʘʥ ʥʘʮʠʠ -100 ʰʘʛʦʚè, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʦʨʠʪʝʪʥʳʝ ʟʘʜʘʯʠ ʨʘʟʚʠʪʠʷ 
ʘʚʠʘʮʠʠ ʠ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ ʦʩʚʝʱʘʝʪʩʷ ʨʦʣʴ ʧʨʦʛʨʘʤʤʳ NGAP, 
ʧʨʝʜʣʘʛʘʝʤʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ (ICAO), ʚ ʫʢʨʝʧʣʝʥʠʠ 
ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ, ʧʦʜʜʝʨʞʢʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, 
ʧʨʠʚʣʝʯʝʥʠʠ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʨʘʟʚʠʪʠʠ ʣʠʜʝʨʩʪʚʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 
ʦʪʨʘʩʣʝʚʦʡ ʨʘʤʢʝ ʢʚʘʣʠʬʠʢʘʮʠʡ, ʠʛʨʘʶʱʝʡ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʨʝʙʫʝʤʳʭ 
ʥʘʚʳʢʦʚ ʠ ʢʚʘʣʠʬʠʢʘʮʠʡ ʜʣʷ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʦʬʝʩʩʠʡ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʂʘʜʨʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʘʚʠʘʮʠʦʥʥʘʷ ʦʪʨʘʩʣʴ, ʦʪʨʘʩʣʝʚʳʝ ʨʘʤʢʠ 
ʢʚʘʣʠʬʠʢʘʮʠʡ. 

 

ɺʚʝʜʝʥʠʝ. 

ɸʚʠʘʮʠʦʥʥʘʷ ʦʪʨʘʩʣʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʩʝʢʪʦʨʦʤ ʵʢʦʥʦʤʠʢʠ, ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ 
ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʛʣʦʙʘʣʴʥʦʡ ʪʦʨʛʦʚʣʝ ʠ ʧʝʨʝʤʝʱʝʥʠʠ ʣʶʜʝʡ. ʂʘʢ ʠ ʣʶʙʘʷ ʜʨʫʛʘʷ ʦʪʨʘʩʣʴ, 
ʫʩʧʝʰʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʘʚʠʘʮʠʦʥʥʦʡ ʠʥʜʫʩʪʨʠʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 
ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʝ ʧʝʨʩʦʥʘʣʘ. ɸʥʘʣʠʟ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʧʦʤʦʛʘʝʪ ʦʮʝʥʠʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 
ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʘʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʨʘʟʚʠʪʠʷ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ɸʚʠʘʮʠʦʥʥʘʷ ʦʪʨʘʩʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʪʨʘʩʣʝʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, 
ʦʙʝʩʧʝʯʠʚʘʷ ʛʣʦʙʘʣʴʥʫʶ ʩʚʷʟʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʝʨʝʚʦʟʦʢ. ʆʜʥʘʢʦ ʩ 
ʨʘʟʚʠʪʠʝʤ ʘʚʠʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʚʳʟʦʚʳ ʚ ʦʙʣʘʩʪʠ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʉ ʨʦʩʪʦʤ 
ʯʠʩʣʘ ʧʘʩʩʘʞʠʨʦʚ ʠ ʨʘʟʚʠʪʠʝʤ ʥʦʚʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ 
ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʘʚʳʢʘʤʠ ʠ ʟʥʘʥʠʷʤʠ. ʉʦʚʨʝʤʝʥʥʳʝ 
ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʥʦʚʘʮʠʠ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʪʨʝʙʫʶʪ ʦʪ ʧʝʨʩʦʥʘʣʘ ʦʙʥʦʚʣʝʥʠʷ 
ʥʘʚʳʢʦʚ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ.  

ʅʝʜʦʩʪʘʪʦʢ ʢʦʤʧʝʪʝʥʪʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʠʥʜʫʩʪʨʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 
ʚʘʞʥʝʡʰʠʭ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʵʪʦʡ ʢʣʶʯʝʚʦʡ ʦʪʨʘʩʣʠ, ʠ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 
ʪʨʝʙʫʝʪ ʛʣʦʙʘʣʴʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ. ʂʘʜʨʦʚʘʷ ʧʨʦʙʣʝʤʘʪʠʢʘ ʚ 
ʘʚʠʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ, ʧʦʩʢʦʣʴʢʫ ʩʦʚʨʝʤʝʥʥʳʝ ʩʘʤʦʣʝʪʳ ʷʚʣʷʶʪʩʷ 
ʩʣʦʞʥʝʡʰʠʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʨʝʩʩ 
ʟʘʚʠʩʷʪ ʦʪ ʥʘʣʠʯʠʷ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʠ ʧʨʝʩʪʠʞʥʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 
ʩʦʦʙʱʝʩʪʚʘ ʩ ʨʘʟʚʠʪʦʡ ʥʘʫʯʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ. ʊʦʣʴʢʦ ʚ ʪʘʢʦʡ ʩʨʝʜʝ ʤʦʞʥʦ 
ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʚʘʣʠʬʠʢʘʮʠʶ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ. 
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ʇʨʦʛʨʘʤʤʘ NGAP, ʨʝʘʣʠʟʫʝʤʘʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʚ ʨʘʤʢʘʭ ʫʯʘʩʪʠʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʠʥʠʮʠʘʪʠʚʝ ICAO, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʢ ʜʦʩʪʠʞʝʥʠʶ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʨʘʟʚʠʪʠʷ 

ʘʚʠʘʮʠʠ ʚ ʩʪʨʘʥʝ, ʦʧʠʩʘʥʥʳʭ ʚ çʅʘʮʠʦʥʘʣʴʥʦʤ ʧʣʘʥʝ ʨʘʟʚʠʪʠʷ ʜʦ 2025 ʛʦʜʘè ʠ ʚ çʇʣʘʥʝ 

ʥʘʮʠʠ 100 ʰʘʛʦʚè. ɺ ʥʘʮʠʦʥʘʣʴʥʦʤ ʧʣʘʥʝ ʨʘʟʚʠʪʠʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ, ʘ ʪʘʢʞʝ 

ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʘʚʠʘʮʠʦʥʥʫʶ ʦʪʨʘʩʣʴ. çʇʣʘʥ 

ʥʘʮʠʠ ï 100 ʰʘʛʦʚè ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʜʦʣʛʦʩʨʦʯʥʳʝ ʮʝʣʠ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʩʪʨʘʪʝʛʠʠ ʘʚʠʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 68 ʰʘʛʝ. ɼʝʷʪʝʣʴʥʦʩʪʴ ʂɻɸ ʙʫʜʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʤʦʜʝʣʠ ɹʨʠʪʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ɸʛʝʥʪʩʪʚʘ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʠ ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʘʛʝʥʪʩʪʚʘ ʘʚʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. 

 ʈʘʟʚʠʪʠʝ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ ʪʘʢʞʝ ʥʘʭʦʜʠʪ 

ʦʪʨʘʞʝʥʠʝ ʚ ʂʦʥʮʝʧʮʠʠ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʈʂ ʜʦ 2030 

ʛʦʜʘ. ɺ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʢʘʜʨʦʚʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ, ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʧʝʨʩʦʥʘʣʘ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝ ʩʠʩʪʝʤʳ ʩʝʨʪʠʬʠʢʘʮʠʠ ʠ ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ. 

ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʜʦʢʫʤʝʥʪʳ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʦʨʠʪʝʪʥʳʝ 

ʟʘʜʘʯʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʙʫʯʝʥʠʝ, ʧʦʜʛʦʪʦʚʢʫ ʠ ʧʨʠʚʣʝʯʝʥʠʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʘʨʴʝʨʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ 

ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. ʀʭ ʨʝʘʣʠʟʘʮʠʷ ʧʦʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʘʚʠʘʮʠʠ ʚ 

ʂʘʟʘʭʩʪʘʥʝ ʠ ʧʦʜʜʝʨʞʘʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʪʨʘʥʳ ʥʘ ʤʠʨʦʚʦʡ ʘʨʝʥʝ. 
 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ NGAP, ʨʘʟʚʠʪʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʙʣʘʩʪʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʋʯʘʩʪʠʝ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʚ 

ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʧʦʟʚʦʣʷʝʪ ʩʪʨʘʥʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴ ʩʚʦʡ ʢʘʜʨʦʚʳʡ ʧʦʪʝʥʮʠʘʣ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ, ʧʨʠʚʣʝʢʘʷ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ 

ʨʘʟʚʠʚʘʷ ʣʠʜʝʨʩʢʠʝ ʢʘʯʝʩʪʚʘ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʳ NGAP ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ 

ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ [2]. 

ʇʨʦʛʨʘʤʤʘ ICAO (ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ) ʧʦ 

ʧʦʜʛʦʪʦʚʢʝ ʢʘʜʨʦʚ NGAP (Next Generation of Aviation Professionals) ʷʚʣʷʝʪʩʷ ʛʣʦʙʘʣʴʥʦʡ 

ʠʥʠʮʠʘʪʠʚʦʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. ɺ ʢʦʥʪʝʢʩʪʝ ʧʨʦʙʣʝʤ ʠ ʧʝʨʩʧʝʢʪʠʚ ʦʮʝʥʢʠ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ, ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʨʘʩʩʤʦʪʨʠʪ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʛʨʘʤʤʳ ICAO ʧʦ 

ʧʦʜʛʦʪʦʚʢʝ ʢʘʜʨʦʚ NGAP. 

ʇʨʦʛʨʘʤʤʘ NGAP ʩʪʨʝʤʠʪʩʷ ʢ ʩʦʟʜʘʥʠʶ ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʢʘʜʨʦʚʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʩʧʨʘʚʠʪʴʩʷ ʩ ʨʘʩʪʫʱʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʘʚʠʘʮʠʠ. ʆʥʘ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʜʜʝʨʞʢʫ ʨʘʟʚʠʪʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʠ ʟʥʘʥʠʡ, ʧʨʠʚʣʝʯʝʥʠʝ 

ʥʦʚʳʭ ʪʘʣʘʥʪʦʚ ʠ ʨʘʩʰʠʨʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʦʙʫʯʝʥʠʶ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. 

ʇʨʦʛʨʘʤʤʘ NGAP ʦʭʚʘʪʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʦʙʣʘʩʪʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʚʢʣʶʯʘʷ: 

- ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ: ʇʨʦʛʨʘʤʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʟʚʠʪʠʝ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʫʯʝʙʥʳʤʠ 

ʟʘʚʝʜʝʥʠʷʤʠ ʠ ʘʚʠʘʮʠʦʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. 

- ʇʨʠʚʣʝʯʝʥʠʝ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ: NGAP ʩʪʠʤʫʣʠʨʫʝʪ ʤʦʣʦʜʳʭ ʣʶʜʝʡ 

ʧʨʦʷʚʣʷʪʴ ʠʥʪʝʨʝʩ ʢ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʝ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʢʘʨʴʝʨʫ. 

ʕʪʦ ʚʢʣʶʯʘʝʪ ʧʨʦʛʨʘʤʤʳ ʩʪʘʞʠʨʦʚʢʠ, ʤʝʥʪʦʨʩʪʚʘ ʠ ʧʘʨʪʥʝʨʩʪʚʘ ʩ ʫʯʝʙʥʳʤʠ ʟʘʚʝʜʝʥʠʷʤʠ 

ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʥʦʚʳʭ ʪʘʣʘʥʪʦʚ. 
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- ʈʘʟʚʠʪʠʝ ʣʠʜʝʨʩʪʚʘ: ʇʨʦʛʨʘʤʤʘ NGAP ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʨʫʢʦʚʦʜʷʱʠʭ 

ʢʘʜʨʦʚ ʠ ʣʠʜʝʨʦʚ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʣʠʜʝʨʩʪʚʘ, ʦʙʤʝʥ 

ʦʧʳʪʦʤ ʠ ʩʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [3]. 

ʂʘʢ ʯʣʝʥ ICAO, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʛʨʘʤʤʝ NGAP. 

ʉʪʨʘʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʷʜ ʠʥʠʮʠʘʪʠʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʚʠʪʠʝ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʧʦʜʜʝʨʞʢʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʫʢʨʝʧʣʝʥʠʝ ʧʘʨʪʥʝʨʩʪʚ ʤʝʞʜʫ ʫʯʝʙʥʳʤʠ ʟʘʚʝʜʝʥʠʷʤʠ ʠ ʘʚʠʘʮʠʦʥʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʪʘʞʠʨʦʚʢʠ ʠ ʦʙʤʝʥʘ ʦʧʳʪʦʤ ʜʣʷ ʤʦʣʦʜʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ɺ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʫʜʷʪʩʷ ʦʢʦʣʦ 

20 000 ʯʝʣʦʚʝʢ. ʀʟ ʵʪʦʛʦ ʯʠʩʣʘ ʙʦʣʝʝ 5500 ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʙʣʘʜʘʶʪ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʚʢʣʶʯʘʷ ʧʠʣʦʪʦʚ, ʘʚʠʘʜʠʩʧʝʪʯʝʨʦʚ, ʙʦʨʪʧʨʦʚʦʜʥʠʢʦʚ, 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ, ʙʦʨʪʠʥʞʝʥʝʨʦʚ, ʰʪʫʨʤʘʥʦʚ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ 

3200 ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʩʬʝʨʝ ʘʚʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 1500 ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ 

ʘʵʨʦʜʨʦʤʥʦʡ ʩʣʫʞʙʝ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʝʝ 10000 ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʭʦʜʷʪ ʢʫʨʩʳ 

ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ. ʀʟ-ʟʘ ʜʝʬʠʮʠʪʘ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʠʣʦʪʦʚ, 

ʦʪʚʝʯʘʶʱʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, ʘʚʠʘʢʦʤʧʘʥʠʠ ʚʳʥʫʞʜʝʥʳ ʧʨʠʚʣʝʢʘʪʴ 

ʠʥʦʩʪʨʘʥʥʳʭ ʧʠʣʦʪʦʚ. 

ɸʆ "ɸʢʘʜʝʤʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ" ʟʘʥʠʤʘʝʪʩʷ ʧʦʜʛʦʪʦʚʢʦʡ ʙʘʢʘʣʘʚʨʦʚ, 

ʤʘʛʠʩʪʨʦʚ ʠ ʜʦʢʪʦʨʦʚ ʬʠʣʦʩʦʬʠʠ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʦʧʳʪʦʤ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʟʘʥʠʤʘʶʪʩʷ 

ʘʚʠʘʮʠʦʥʥʳʝ ʫʯʝʙʥʳʝ ʮʝʥʪʨʳ, ʩʦʟʜʘʥʥʳʝ ʧʨʠ ɸʢʘʜʝʤʠʠ, ʢʦʪʦʨʳʤʠ ʨʫʢʦʚʦʜʷʪ ʦʧʳʪʥʳʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʷʭ ʧʦʜʛʦʪʦʚʢʠ. 

ʀʤʝʝʪʩʷ ʦʪʨʘʩʣʝʚʦʡ ʫʯʝʙʥʳʡ ʮʝʥʪʨ ʥʘ ʙʘʟʝ ɸʋʎ ʈɻʇ çʂʘʟʘʵʨʦʥʘʚʠʛʘʮʠʷè ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʢʚʘʣʠʬʠʢʘʮʠʠ ʚʩʝʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʪʨʘʩʣʠ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. ɺ 2015 ʛʦʜʫ ʜʘʥʥʳʡ ʮʝʥʪʨ ʚʦʰʝʣ ʚ 

ʩʠʩʪʝʤʫ ʦʙʫʯʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʪʘʣ ʧʦʣʥʦʮʝʥʥʳʤ ʯʣʝʥʦʤ çTrain Air 

Plus ICAOè. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʶ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʂʘʟʘʭʩʪʘʥʘ ʠ 

ʧʦʜʜʝʨʞʘʥʠʶ ʢʚʘʣʠʬʠʢʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʚʩʝʡ ʦʪʨʘʩʣʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʩʚʷʟʠ 

ʥʝʭʚʘʪʢʦʡ ʢʘʜʨʦʚ ʈɻʇ çʂʘʟʘʵʨʦʥʘʚʠʛʘʮʠʷè, ɸʆ çʕʡʨ ɸʩʪʘʥʘè ʧʦ ʩʦʙʩʪʚʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʦʡ ʚʝʜʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ ʢʘʢ ʫ ʩʝʙʷ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʦʪʣʦʞʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ 

ʧʦʜʛʦʪʦʚʢʠ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʦʪʣʠʯʥʳʤ ʚʣʘʜʝʥʠʝʤ 

ʩʣʦʞʥʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ. ʈʘʥʝʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʧʨʠʜʝʨʞʠʚʘʣʠʩʴ ʧʨʠʥʮʠʧʘ 

ʦʧʝʨʝʞʘʶʱʝʛʦ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʩʪʫʜʝʥʪʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʥʦʚʝʡʰʝʡ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʪʝʭʥʠʢʦʡ, ʢʦʪʦʨʘʷ ʝʱʝ ʪʦʣʴʢʦ ʥʘʯʠʥʘʣʘ ʚʳʧʫʩʢʘʪʴʩʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʚʩʪʫʧʠʪʝʣʴʥʳʡ ʦʪʙʦʨ ʚ ɸʢʘʜʝʤʠʶ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʜʦʣʞʝʥ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ (ɽʅʊ), ʥʦ 

ʪʘʢʞʝ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʟʘʤʝʥʦʚ, ʦʩʦʙʝʥʥʦ ʧʦ ʘʥʛʣʠʡʩʢʦʤʫ ʷʟʳʢʫ. ʕʪʦ 

ʧʦʤʦʞʝʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠ ʫʣʫʯʰʠʪʴ ʫʩʚʦʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʩʪʫʜʝʥʪʘʤʠ ʚ 

ʙʫʜʫʱʝʤ. 

ʇʝʨʩʦʥʘʣ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʩʠʩʪʝʤʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, ʠ ʝʛʦ ʨʦʣʴ 

ʥʘʯʠʥʘʝʪʩʷ ʝʱʝ ʜʦ ʚʳʣʝʪʘ ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦʩʣʝ ʧʦʩʘʜʢʠ. ʇʝʨʩʦʥʘʣ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʪʦʯʥʠʢʦʤ ʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ "ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ", ʥʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʧʘʩʥʦʩʪʷʭ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʜʦʙʨʦʚʦʣʴʥʳʭ 

ʩʦʦʙʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʝʪ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʜʦʩʪʘʪʦʢ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʫʨʦʚʝʥʴ ʠʭ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʤʦʪʠʚʘʮʠʷ ʠʤʝʶʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʩʝ ʜʝʡʩʪʚʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʥʝʜʨʝʥʠʝʤ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝʤ ʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ. 
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ʆʪʨʘʩʣʝʚʘʷ ʨʘʤʢʘ ʢʚʘʣʠʬʠʢʘʮʠʡ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 
ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʨʝʙʫʝʤʳʭ ʥʘʚʳʢʦʚ ʢʚʘʣʠʬʠʢʘʮʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 
ʧʨʦʬʝʩʩʠʡ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʦʜʜʝʨʞʢʘ ʵʪʦʡ ʨʘʤʢʠ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʫʣʫʯʰʝʥʠʝ 
ʩʪʘʥʜʘʨʪʦʚ ʦʙʫʯʝʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʷ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʘʚʠʘʮʠʠ ʚ 
ʩʪʨʘʥʝ. 

ʆʪʨʘʩʣʝʚʘʷ ʨʘʤʢʘ ʢʚʘʣʠʬʠʢʘʮʠʡ (ʆʈʂ) - ʵʪʦ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 
ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʠ 
ʢʚʘʣʠʬʠʢʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʟʘʥʷʪʠʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʦʬʝʩʩʠʷʤʠ ʠʣʠ ʨʘʙʦʪʘʤʠ ʚ 
ʦʪʨʘʩʣʠ. ʆʥʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʦʪʨʘʩʣʝʚʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, 
ʨʝʛʫʣʷʪʦʨʘʤʠ ʠ ʜʨʫʛʠʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ. 

ʆʪʨʘʩʣʝʚʘʷ ʨʘʤʢʘ ʢʚʘʣʠʬʠʢʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʘʚʠʘʪʨʘʥʩʧʦʨʪʘ, ʦʩʦʙʝʥʥʦ ʚ 
ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʪ ʫʨʦʚʥʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʢʦʤʧʝʪʝʥʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʜʦʣʞʥʦʩʪʝʡ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʫʨʦʚʥʠ: 

1. ʈʘʙʦʯʠʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʦʧʳʪʦʤ ʨʘʙʦʪʳ ʠ ʙʘʟʦʚʳʤʠ ʥʘʚʳʢʘʤʠ ʚ 
ʘʚʠʘʪʨʘʥʩʧʦʨʪʝ. 

2. ʉʧʝʮʠʘʣʠʩʪ ʩ ʥʘʯʘʣʴʥʳʤ ʦʧʳʪʦʤ ʨʘʙʦʪʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʥʘʚʳʢʘʤʠ ʚ 
ʘʚʠʘʪʨʘʥʩʧʦʨʪʝ. 

3. ʊʝʭʥʠʢ ʩ ʦʧʳʪʦʤ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ 
ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. 

4. ʄʘʩʪʝʨ ʩ ʦʧʳʪʦʤ ʨʘʙʦʪʳ ʠ ʫʛʣʫʙʣʝʥʥʳʤʠ ʥʘʚʳʢʘʤʠ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. 

5. ʀʥʞʝʥʝʨ ʩ ʚʳʩʰʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʚ ʦʙʣʘʩʪʠ ʘʚʠʘʪʨʘʥʩʧʦʨʪʘ. 
6. ʄʝʥʝʜʞʝʨ ʩ ʦʧʳʪʦʤ ʨʘʙʦʪʳ ʚ ʫʧʨʘʚʣʝʥʠʠ ʘʚʠʘʮʠʦʥʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ, ʨʝʩʫʨʩʘʤʠ 

ʠ ʧʨʦʮʝʩʩʘʤʠ. 
7.  ʈʫʢʦʚʦʜʠʪʝʣʴ ʩ ʚʳʩʰʠʤ ʫʨʦʚʥʝʤ ʦʧʳʪʘ ʠ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ ʚ ʘʚʠʘʪʨʘʥʩʧʦʨʪʝ. 
8.    ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʝʜʧʨʠʷʪʠʷ ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, 

ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʨʘʟʚʠʪʠʝ ʠ ʨʝʘʣʠʟʘʮʠʶ ʮʝʣʝʡ ʢʦʤʧʘʥʠʠ [4]. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ɸʢʘʜʝʤʠʝʡ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʝʡ ʨʘʟʨʘʙʦʪʘʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʢʘʨʪʘ (ʨʠʩʫʥʦʢ 1).  
 

 ̄ ʇʨʝʜʲʷʚʣʷʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʚ ʦʪʨʘʩʣʠ 
ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ  

ʋʨʦʚʝ
ʥʴ 
ʆʈʂ 

ɼʦʣʞʥʦʩʪʴ ɺʋɿ, 
ʜʠʧʣʦʤ 

ɺʦʟʨʘʩʪ ʉʝʨʪʠ
ʬʠʢʘʪ

:r 
 

ʇʫʪʠ 
ʜʦʩʪʠʞʝʥʠʷ 
ʢʚʘʣʠʬʠʢʘʮʠʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶ
ʱʝʛʦ ʫʨʦʚʥʷ 

ʇʨʦʬʠ
ʣʴʥʘʷ  
ʤʘʛʠʩʪ
ʨʘʪʫ-
ʨʘ / 
MBI 

ʇʨʠ
ʤʝʯʘ
ʥʠʝ 

1. 1 ʄʦʡʱʠʢ       

2. 2 ʊʝʭʥʠʢ       

3. 3 ʉʪʘʨʰʠʡ       

4. 4 ʈʫʢʦʚʦʜʠʪʝʣʴ         

5. 5 ʅʘʯʘʣʴʥʠʢ        

6. 6 ʈʫʢʦʚʦʜʠʪʝʣʴ        

7. 7 ʆʪʚʝʪʩʪ. 
ʈʫʢʦʚʦʜʠʪʝʣʴ 

      

8. 8 ɼʠʨʝʢʪʦʨ       

 
ʈʠʩʫʥʦʢ 1 ï ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʢʘʨʪʘ ʦʮʝʥʢʠ ʢʘʜʨʦʚʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ 

ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ 
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ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʢʘʨʪʘ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʘʚʠʘʧʨʝʜʧʨʠʷʪʠʡ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʨʘʩʣʝʚʳʤ ʨʘʤʢʘʤ ʢʚʘʣʠʬʠʢʘʮʠʡ, 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ICAO, EASA, IATA. 

ʕʪʦ ʦʙʱʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʫʨʦʚʥʝʡ ʚ ʦʪʨʘʩʣʝʚʦʡ ʨʘʤʢʝ ʢʚʘʣʠʬʠʢʘʮʠʡ ʚ 

ʘʚʠʘʪʨʘʥʩʧʦʨʪʝ (ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ). ʂʦʥʢʨʝʪʥʳʝ ʫʨʦʚʥʠ, ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʪʨʝʙʦʚʘʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʫʪʦʯʥʝʥʳ ʠ ʜʦʧʦʣʥʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʠ 

ʨʝʛʫʣʷʪʠʚʥʳʤʠ ʦʨʛʘʥʘʤʠ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʢʘʞʜʦʡ ʩʪʨʘʥʳ.  

 

ʈʝʟʫʣʴʪʘʪʳ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʘʥʘʣʠʟʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʜʨʦʚʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ. 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʠʘʮʠʦʥʥʦʡ 

ʦʪʨʘʩʣʠ 

 

ɺ ʵʪʦʡ ʩʭʝʤʝ ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʝʪ ʩʚʦʠ ʫʥʠʢʘʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʜʨʦʚʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. 

- ɹʘʟʘ ʜʘʥʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ - ʢʦʤʧʦʥʝʥʪ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʪʨʫʜʥʠʢʘʭ 

ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ, ʚʢʣʶʯʘʷ ʠʭ ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʥʘʚʳʢʠ, 

ʦʙʨʘʟʦʚʘʥʠʝ, ʦʧʳʪ ʨʘʙʦʪʳ ʠ ʩʝʨʪʠʬʠʢʘʮʠʶ. ɹʘʟʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ 

ʭʨʘʥʠʪʴ ʠ ʦʙʥʦʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʜʨʦʚʦʤ ʧʦʪʝʥʮʠʘʣʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʝ ʜʦʩʪʫʧʥʦʩʪʴ ʠ 

ʘʢʪʫʘʣʴʥʦʩʪʴ. 

1. ɹʘʟʘ ʜʘʥʥʳʭ ʚʘʢʘʥʩʠʡ - ʢʦʤʧʦʥʝʥʪ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʘʢʘʥʩʠʷʭ, ʢʦʪʦʨʳʝ 

ʪʨʝʙʫʶʪʩʷ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. ɿʜʝʩʴ ʭʨʘʥʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʢ 

ʧʝʨʩʦʥʘʣʫ, ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʢʦʤʧʝʪʝʥʮʠʷʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʜʦʣʞʥʦʩʪʠ. 

2. ʉʠʩʪʝʤʘ ʦʮʝʥʢʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʢʦʤʧʝʪʝʥʮʠʡ - ʢʦʤʧʦʥʝʥʪ ʚʳʧʦʣʥʷʝʪ ʦʮʝʥʢʫ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʢʦʤʧʝʪʝʥʮʠʡ ʩʦʪʨʫʜʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ. ʄʦʞʝʪ 

ʚʢʣʶʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ, ʪʘʢʠʝ ʢʘʢ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʘʥʢʝʪʠʨʦʚʘʥʠʝ ʠʣʠ 

ʠʥʪʝʨʚʴʶ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʚʳʢʦʚ ʠ ʟʥʘʥʠʡ ʧʝʨʩʦʥʘʣʘ. 

ɹʘʟʘ ʜʘʥʥʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ 

ɹʘʟʘ ʜʘʥʥʳʭ 

ʚʘʢʘʥʩʠʡ     

ʉʠʩʪʝʤʘ ʦʮʝʥʢʠ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ 

ʢʦʤʧʝʪʝʥʮʠʡ              

 

ʉʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ    

ʚʘʢʘʥʩʠʷʤʠ ʠ 

ʥʘʡʤʦʤ   

ʧʝʨʩʦʥʘʣʘ 

ʉʠʩʪʝʤʘ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ   

ʦʙʫʯʝʥʠʝʤ 

ʉʠʩʪʝʤʘ 

ʘʥʘʣʠʪʠʢʠ ʠ 

ʦʪʯʝʪʥʦʩʪʠ     

ʉʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ      

ʢʘʜʨʦʚʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ 
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3. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʘʢʘʥʩʠʷʤʠ ʠ ʥʘʡʤʦʤ ʧʝʨʩʦʥʘʣʘ - ʢʦʤʧʦʥʝʥʪ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʥʘʡʤʘ ʧʝʨʩʦʥʘʣʘ ʠ ʟʘʧʦʣʥʝʥʠʷ ʚʘʢʘʥʩʠʡ. ɺʢʣʶʯʘʝʪ ʨʘʟʤʝʱʝʥʠʝ 

ʚʘʢʘʥʩʠʡ, ʩʙʦʨ ʨʝʟʶʤʝ, ʧʨʦʚʝʜʝʥʠʝ ʩʦʙʝʩʝʜʦʚʘʥʠʡ ʠ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ 

ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʜʦʣʞʥʦʩʪʠ. 

4. ʉʠʩʪʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʝʤ - ʢʦʤʧʦʥʝʥʪ ʦʪʚʝʯʘʝʪ ʟʘ 

ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʦʙʫʯʘʶʱʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʨʘʟʚʠʪʠʝ 

ʥʘʚʳʢʦʚ ʠ ʢʦʤʧʝʪʝʥʮʠʡ ʩʦʪʨʫʜʥʠʢʦʚ. ʇʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʨʘʩʧʠʩʘʥʠʝ ʦʙʫʯʝʥʠʷ, 

ʦʪʩʣʝʞʠʚʘʪʴ ʧʨʦʛʨʝʩʩ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʩʝʨʪʠʬʠʢʘʪʦʚ. 

5. ʉʠʩʪʝʤʘ ʘʥʘʣʠʪʠʢʠ ʠ ʦʪʯʝʪʥʦʩʪʠ- ʢʦʤʧʦʥʝʥʪ ʛʝʥʝʨʠʨʫʝʪ ʦʪʯʝʪʳ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʜʨʦʚʦʤ ʩʦʩʪʘʚʝ, ʢʚʘʣʠʬʠʢʘʮʠʠ, ʥʘʚʳʢʘʭ ʠ ʧʦʪʨʝʙʥʦʩʪʷʭ 

ʚ ʦʙʫʯʝʥʠʠ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʜʣʷ ʧʨʠʥʷʪʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʷ 

ʨʫʢʦʚʦʜʩʪʚʫ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʨʘʟʚʠʪʠʠ ʧʝʨʩʦʥʘʣʘ. 

 ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʘʜʨʦʚʳʤ ʧʦʪʝʥʮʠʘʣʦʤ - ʢʦʤʧʦʥʝʥʪ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ 

ʵʣʝʤʝʥʪʦʤ, ʩʚʷʟʳʚʘʶʱʠʤ ʚʩʝ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʆʥ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʦʨʜʠʥʘʮʠʶ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ 

ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʫʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʚ 

ʦʙʣʘʩʪʠ ʢʘʜʨʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 
 

ʆʙʩʫʞʜʝʥʠʝ. 

ʉʦʟʜʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ - ʵʪʦ ʥʝʧʨʝʨʳʚʥʳʡ ʤʝʭʘʥʠʟʤ, 

ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʨʘʩʣʴ ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. ʉʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʦʣʞʥʘ ʵʬʬʝʢʪʠʚʥʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ, ʘʥʘʣʠʟʠʨʫʷ ʩʦʩʪʦʷʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʫʷ ʧʦʪʨʝʙʥʦʩʪʠ ʨʳʥʢʘ ʪʨʫʜʘ ʚ 

ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʭʚʘʪʢʠ ʢʘʜʨʦʚ. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʘʤ, 

ʢʦʪʦʨʳʝ ʤʳ ʩʝʡʯʘʩ ʥʘʙʣʶʜʘʝʤ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʨʘʩʣʠ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʧʣʘʥʠʨʫʝʤʳʝ ʤʝʨʳ.  

ʉʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʭʚʘʪʳʚʘʝʪ ʤʦʥʠʪʦʨʠʥʛ ʨʳʥʢʘ 

ʪʨʫʜʘ, ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ, 

ʧʝʨʝʧʦʜʛʦʪʦʚʢʫ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʫ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʨʠʛʦʜʥʦʩʪʠ 

ʧʝʨʩʦʥʘʣʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʛʘʨʤʦʥʠʯʥʦ ʦʙʲʝʜʠʥʠʪʴ ʫʩʠʣʠʷ ʛʦʩʫʜʘʨʩʪʚʘ, ʢʘʢ 

ʦʩʥʦʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʨʦʮʝʩʩʦʚ ʧʦʜʛʦʪʦʚʢʠ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ, ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ, ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢʘʜʨʦʚ, ʘʚʠʘʧʨʝʜʧʨʠʷʪʠʡ, ʢʘʢ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢʘʜʨʦʚ, ʠ 

ʙʘʥʢʦʚ, ʢʘʢ ʬʠʥʘʥʩʦʚʳʭ ʠʥʩʪʠʪʫʪʦʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ. ʂʘʞʜʳʡ 

ʫʯʘʩʪʥʠʢ ʨʳʥʢʘ ʜʦʣʞʝʥ ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʬʫʥʢʮʠʠ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʩʠʥʝʨʛʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʦʞʠʜʘʝʪʩʷ ʧʨʠʚʝʜʝʪ ʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚ 

ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʢʘʜʨʦʚʦʛʦ ʨʝʩʫʨʩʘ ʦʪʨʘʩʣʠ. 
 

ɿʘʢʣʶʯʝʥʠʝ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ ʚ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. ɽʸ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʠʣʫʯʰʫʶ ʧʦʜʛʦʪʦʚʢʫ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʥʘʡʤʘ, ʦʙʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʢʘʜʨʦʚʳʭ ʨʝʩʫʨʩʦʚ. 

ʆʮʝʥʢʘ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʢʦʤʧʝʪʝʥʮʠʡ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʚʳʷʚʠʪʴ ʫʟʢʠʝ ʤʝʩʪʘ ʠ ʩʧʣʘʥʠʨʦʚʘʪʴ ʦʙʫʯʝʥʠʝ ʩ ʫʯʝʪʦʤ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʘʢʘʥʩʠʷʤʠ ʠ ʥʘʡʤʦʤ ʧʝʨʩʦʥʘʣʘ 
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ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʧʦʜʙʦʨʘ ʢʘʥʜʠʜʘʪʦʚ, ʫʤʝʥʴʰʘʷ ʚʨʝʤʷ ʥʘ ʧʦʠʩʢ ʧʦʜʭʦʜʷʱʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʧʦʚʳʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʡ ʨʝʢʨʫʪʘʮʠʠ. 

ʆʜʥʘʢʦ ʚʥʝʜʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʚʥʠʤʘʪʝʣʴʥʦ 

ʠ ʧʦʵʪʘʧʥʦ, ʫʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʢʫ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ. ʆʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʜʜʝʨʞʢʠ ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. 

ʇʨʦʛʥʦʟʠʨʫʝʤʳʡ ʨʦʩʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʠ ʚ ʤʠʨʝ ʚ 

ʮʝʣʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʧʨʦʩʘ ʥʘ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʨʩʦʥʘʣ. 

ɺʥʝʜʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ 

ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʤʧʘʥʠʡ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ, ʦʙʝʩʧʝʯʝʥʠʶ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʜʦʩʪʠʞʝʥʠʶ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ. 
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ɹײʣ ʤʘץʘʣʘʜʘ ʘʚʪʦʨ ʘʚʠʘʮʠʷ ʩʘʣʘʩʳʥʳש ʢʘʜʨʣʘʨʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʩʘʣʘʩʳʥʜʘסʳ 

 שʳʟʤʝʪʢʝʨʣʝʨʜʽץ שʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʠʥʥʦʚʘʮʠʷʣʘʨʜʳשʪʘʨʳʥʘ ʞᴅʥʝ ʞʘץʠʳʥʜʳץ

ʜʘסʜʳʣʘʨʳʥ ʞʘשʘʨʪʫ ץʘʞʝʪʪʽʣʽʛʽʥʝ ᴅʩʝʨʽʥʝ ʥʘʟʘʨ ʘʫʜʘʨʘʜʳ. ʄʘץʘʣʘʜʘ ʘʚʠʘʮʠʷ ʤʝʥ 

ʢʘʜʨʣʳץ ᴅʣʝʫʝʪʪʽ ʜʘʤʳʪʫʜʳש ʙʘʩʳʤ ʤʽʥʜʝʪʪʝʨʽʥ ʘʡץʳʥʜʘʡʪʳʥ ç2025 ʞʳʣסʘ ʜʝʡʽʥʛʽ 

 ʞʘʪʪʘʨײץ ץʪʳ ʩʪʨʘʪʝʛʠʷʣʳץʘʜʘʤè ʩʠʷץ ʣʪ ʞʦʩʧʘʨʳ -100ױʜʘʤʫ ʞʦʩʧʘʨʳè ʞᴅʥʝ ç ץʣʪʪʳײ

ʪʘʣʜʘʥʘʜʳ. ʄʘץʘʣʘʜʘ ʩʦʥʳʤʝʥ ץʘʪʘʨ ʍʘʣʳץʘʨʘʣʳץ ɸʟʘʤʘʪʪʳץ ʘʚʠʘʮʠʷ ײʡʳʤʳ (ICAO) 

 ,ʳסʘʡʪʫʜʘסᴅʣʝʫʝʪʽʥ ʥʳ ץʢʘʜʨʣʳ שʘʚʠʘʮʠʷ ʩʘʣʘʩʳʥʳ שʜʘʨʣʘʤʘʩʳʥʳסʩʳʥʘʪʳʥ NGAP ʙʘײ

ʢᴅʩʽʧʪʽʢ ʙʽʣʽʤ ʙʝʨʫʜʽ ץʦʣʜʘʫʜʘסʳ, ʞʘʩ ʤʘʤʘʥʜʘʨʜʳ ʪʘʨʪʫʜʘסʳ ʞᴅʥʝ ʢᴇʰʙʘʩʰʳʣʳץʪʳ 

ʜʘʤʳʪʫʜʘסʳ ʨᴇʣʽ ʪʫʨʘʣʳ ʘʡʪʳʣʘʜʳ. ɸʚʠʘʮʠʷʣʳץ ʢᴅʩʽʧʪʝʨ װʰʽʥ ץʘʞʝʪʪʽ ʜʘסʜʳʣʘʨ ʤʝʥ 

ʙʽʣʽʢʪʽʣʽʢʪʝʨʜʽ ʘʥʳץʪʘʫʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʪʳʥ ʩʘʣʘʣʳץ ʙʽʣʽʢʪʽʣʽʢ ʰʝשʙʝʨʽʥʝ ʝʨʝʢʰʝ 

ʥʘʟʘʨ ʘʫʜʘʨʳʣʘʜʳ.  
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PROBLEMS AND PROSPECTS OF STAFFING THE AVIATION INDUSTRY  

 

Abstract. The aviation industry is one of the most significant and complex industries that 

requires high qualifications and competencies of its employees. In this article, the author draws 

attention to the challenges faced by the aviation industry in the field of staffing and the impact of 

new technologies and innovations on the need to update the skills of personnel. The article 

analyzes strategic documents, such as the "National Development Plan until 2025" and the 

National Plan - 100 Steps", which define priority tasks for the development of aviation and 

human resources. The article also highlights the role of the NGAP program offered by the 

International Civil Aviation Organization (ICAO) in strengthening the human resources of the 

aviation industry, supporting vocational education, attracting young professionals and 

developing leadership. Particular attention is paid to the industry qualifications framework, 

which plays an important role in determining the required skills and qualifications for aviation 

professions. 

 

Keywords. Staffing, aviation industry, industry qualifications framework. 
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ʄ.ɹ. ʆʨʫʥʙʝʢʦʚ1 

1ɸʢʘʜʝʤʠʷ ʣʦʛʠʩʪʠʢʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

E-mail: m.orunbekov@alt.edu.kz  
 

ʆʎɽʅʂɸ ʄɽʊʆɼʆɺ ʀʅʊɽʈɺɸʃʔʅʆɻʆ ʈɽɻʋʃʀʈʆɺɸʅʀʗ ɼɺʀɾɽʅʀʗ 

ʇʆɽɿɼʆɺ ʅɸ ʆʉʅʆɺɽ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɺ ʉʈɽɼɽ OPENTRACK 
 

ɸʥʥʦʪʘʮʠʷ.  ʉʪʘʪʴʷ ʘʥʘʣʠʟʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ ɾʝʪʠʛʝʥ-ɸʣʪʳʥʢʦʣʴ ʧʨʠ ʠʥʪʝʨʚʘʣʴʥʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ, ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʠ 

ʧʦʜʚʠʞʥʳʭ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ. ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʧʦʩʨʝʜʩʪʚʦʤ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ OpenTrack ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʫʯʘʩʪʢʘ ʂʫʨʦʟʝʢ-ɽʢʧʠʥʜʠ-ɾʘʨʩʫ ʣʠʥʠʠ ɾʝʪʠʛʝʥ-ɸʣʪʳʥʢʦʣʴ, 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʣʦʢʦʤʦʪʠʚʘ ʩʝʨʠʠ ʊʕ33ɸ ʠ ʩʠʩʪʝʤʳ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʜʚʠʞʥʳʭ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʢʨʘʪʠʪʴ ʤʝʞʧʦʝʟʜʥʳʝ ʠʥʪʝʨʚʘʣʳ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʦʡ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ.  ʉʦʢʨʘʱʝʥʠʝ ʤʝʞʧʦʝʟʜʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʯʘʩʪʢʘ ʠ ʷʚʣʷʝʪʩʷ 

ʟʘʣʦʛʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.   

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʀʈɼʇ-ɽ, ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʙʣʦʢ-ʫʯʘʩʪʦʢ, ʧʦʜʚʠʞʥʦʡ ʙʣʦʢ-

ʫʯʘʩʪʦʢ, ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, OpenTrack, ʦʮʝʥʢʘ 
 

ɺʚʝʜʝʥʠʝ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʂʘʟʘʭʩʪʘʥʘ ʧʦʟʚʦʣʷʝʪ ʠʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʨʠʜʦʨʘ ʂʠʪʘʡ-ɽʚʨʦʧʘ-ʂʠʪʘʡ, ʥʘʧʨʠʤʝʨ ʧʦʛʨʘʥʠʯʥʳʝ 

ʩʪʘʥʮʠʠ ɼʦʩʪʳʢ ʠ ɸʣʪʳʥʢʦʣʴ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʟʚʝʥʦʤ ʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʨʫʟʦʚ 

ʤʝʞʜʫ ʂʠʪʘʝʤ ʠ ɽʚʨʦʧʦʡ ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʚ 

ʢʦʥʪʝʡʥʝʨʘʭ ʟʘ 2022 ʛʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʦʚ 

ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʭ ɹʶʨʦ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʈʂ, ʛʜʝ ʚʠʜʥʦ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʦʣʴʟʫʝʪʩʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʪʘʢ ʟʘ ʫʢʘʟʘʥʥʳʡ ʛʦʜ ʜʦʣʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʚ 

ʚʝʩʦʚʦʤ ʵʢʚʠʚʘʣʝʥʪʝ ʩʦʩʪʘʚʣʷʝʪ 609,7 ʪʳʩ. ʪʦʥʥ, ʪʦʛʜʘ ʢʘʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ï 

23518,9 ʪʳʩ. ʪʦʥʥ.  

 
ʈʠʩʫʥʦʢ 1 ï ʇʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʚ ʢʦʥʪʝʡʥʝʨʘʭ 
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ʂʨʦʤʝ ʪʦʛʦ, ʜʠʘʛʨʘʤʤʘ ʥʘ ʨʠʩʫʥʢʝ 2 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʪʘʙʠʣʴʥʦʤ ʨʦʩʪʝ 

ʪʨʘʥʟʠʪʥʳʭ ʧʝʨʝʚʦʟʦʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʡ ʩʧʨʦʩ ʥʘ ʜʘʥʥʳʡ 

ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʚʝʜʝʥʠʷ ʧʦ ʪʨʘʥʟʠʪʥʳʤ ʧʝʨʝʚʦʟʢʘʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʉ ʫʯʝʪʦʤ ʧʝʨʩʧʝʢʪʠʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʨʠʜʦʨʘ ʯʝʨʝʟ ɸʣʪʳʥʢʦʣʴ-ɾʝʪʠʛʝʥ ʛʣʘʚʥʳʡ 

ʦʧʝʨʘʪʦʨ ʩʪʨʘʥʳ ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çפʘʟʘץʩʪʘʥ ʪʝʤʽʨ ʞʦʣʳè ʚ 2012 ʛʦʜʫ ʚʥʝʜʨʠʣ 

ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʜʣʠʥʦʡ 293 ʢʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʦʙʦʨʫʜʦʚʘʣ 

ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʦʡ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ 

ʉʀʈɼʇ-ɽ ʩ ʧʦʜʜʝʨʞʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʚʠʞʥʳʭ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ, ʘʥʘʣʦʛ ʝʚʨʦʧʝʡʩʢʦʡ 

ʩʠʩʪʝʤʳ ETCS ʫʨʦʚʥʷ 3 [1]. 

ʂʦʦʨʜʠʥʘʪʥʳʝ ʩʠʩʪʝʤʳ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ [2] ʧʦ 

ʧʨʠʥʮʠʧʘʤ ʨʘʟʜʝʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ʧʫʪʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʳʝ, ʧʦʜʚʠʞʥʳʝ ʠ 

ʚʠʨʪʫʘʣʴʥʳʝ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ [3, 4] ʠ ʧʦʟʚʦʣʷʶʪ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 

ʧʦʝʟʜʘʤʠ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʫʯʘʩʪʢʘ [5, 6, 7, 8, 9]. 

ɺ ʮʝʣʷʭ ʛʘʨʘʥʪʠʨʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʜʝʞʥʦʡ 

ʨʘʜʠʦʩʚʷʟʠ ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʧʦʝʟʜʦʤ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ 

ʩʦʩʪʦʷʥʠʝʤ ʧʦ ʫʩʣʦʚʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ [10] ʠʩʩʣʝʜʫʶʪʩʷ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʛʠʙʨʠʜʥʳʝ 

ʤʦʜʝʣʠ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ [11, 12]. 

ɺ ʦʩʥʦʚʥʦʤ ʚʩʝ ʩʠʩʪʝʤʳ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʵʣʝʤʝʥʪʥʦʡ 

ʙʘʟʳ ʙʘʟʠʨʫʶʪʩʷ ʧʦ ʜʚʫʤ ʤʝʪʦʜʘʤ ʨʘʟʜʝʣʝʥʠʷ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ, ʣʠʙʦ ʥʘ ʦʩʥʦʚʝ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ, ʛʜʝ ʠʭ ʜʣʠʥʘ ʬʠʢʩʠʨʦʚʘʥʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢ ʧʦʝʟʜʫ 

ʢʦʦʨʜʠʥʘʪʳ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ ʥʝ ʤʝʥʷʶʪʩʷ, ʣʠʙʦ ʥʘ ʧʦʜʚʠʞʥʳʝ ï ʛʜʝ ʠʭ ʜʣʠʥʘ ʠ ʢʦʦʨʜʠʥʘʪʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢ ʧʦʝʟʜʫ ʜʠʥʘʤʠʯʝʩʢʠʝ [13].  

ɺ ʨʘʙʦʪʝ [14] ʧʨʝʜʣʦʞʝʥʳ ʜʫʙʣʠʨʦʚʘʥʠʝ ʜʚʫʭ ʤʝʪʦʜʦʚ ʨʘʟʜʝʣʝʥʠʷ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ ʚ 

ʩʠʩʪʝʤʝ ʉʀʈɼʇ-ɽ ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʠʥʪʝʨʚʘʣʴʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʚ 

ʩʣʫʯʘʷʭ ʦʪʩʫʪʩʪʚʠʷ ʥʘʜʝʞʥʦʡ ʨʘʜʠʦʩʚʷʟʠ.  ɼʫʙʣʠʨʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ 

ʧʦʝʟʜʦʤ ʠ ʮʝʥʪʨʦʤ ʫʧʨʘʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ DAS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʢʘʙʝʣʠ [15, 16] ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʝʟʜʘ ʥʘ ʫʯʘʩʪʢʝ. ʅʘ ʨʠʩʫʥʢʝ 3 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʜʚʫʭ ʤʝʪʦʜʘʭ. 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 4 (127), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 4 (127), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

70 

ʅʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ

ʇʦʝʟʜ 1ʇʦʝʟʜ 2

ʌʠʢʩʠʨʦʚʘʥʥʳʡ ʙʣʦʢ-ʫʯʘʩʪʦʢʌʠʢʩʠʨʦʚʘʥʥʳʡ ʙʣʦʢ-ʫʯʘʩʪʦʢ

ʇʦʝʟʜ 1ʇʦʝʟʜ 2ʇʦʝʟʜ 3

ʂʨʠʚʘʷ 

ʪʦʨʤʦʞʝʥʠʷ 

ʧʦʝʟʜʘ 2

ʂʨʠʚʘʷ 

ʪʦʨʤʦʞʝʥʠʷ 

ʧʦʝʟʜʘ 3

ʂʨʠʚʘʷ 

ʪʦʨʤʦʞʝʥʠʷ 

ʧʦʝʟʜʘ 2

ʇʦʜʚʠʞʥʦʡ ʙʣʦʢ-ʫʯʘʩʪʦʢ ʇʦʜʚʠʞʥʦʡ ʙʣʦʢ-ʫʯʘʩʪʦʢ ʇʦʜʚʠʞʥʦʡ ʙʣʦʢ-ʫʯʘʩʪʦʢ

ʉʢʦʨʦʩʪʴ

ʈʘʩʩʪʦʷʥʠʝ

 

ʈʠʩʫʥʦʢ 3 ï ʄʝʪʦʜʳ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. 

ɺ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ ʠʥʪʝʨʚʘʣʴʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʳ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ OpenTrack [17]. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥ ʜʝʡʩʪʚʫʶʱʠʡ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʫʯʘʩʪʦʢ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʂʫʨʦʟʝʢ-ɽʢʧʠʥʜʠ-ɾʘʨʩʫ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʪ 

ʦʩʝʡ ʩʪʘʥʮʠʡ 40,4 ʢʤ. ʉʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʫʢʘʟʘʥʥʦʤ ʫʯʘʩʪʢʝ ʜʝʡʩʪʚʫʝʪ ʩʠʩʪʝʤʘ ʠʥʪʝʨʚʘʣʴʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʉʀʈɼʇ-ɽ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʜʚʠʞʥʳʭ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ ʙʝʟ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 

ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʠʢʘʟʦʚ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʝʟʜʦʚ, ʧʦ 

ʫʯʘʩʪʢʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʨʛʘʥʠʟʫʶʪʩʷ ʜʚʠʞʝʥʠʷ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʫʯʘʩʪʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 68 ʢʤ/ʯ, ʘ ʪʝʭʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ï 74 ʢʤ/ʯ. 

 
ˆ̖˰̠̬̏̄ɯʺ̗̓̑̂˸̈ ˆ̖˰̠̬̏̄ɯʭ̈̒̄̏˷̄ ˆ̖˰̠̬̏̄ɯʱ˰̗̓̔

19.1 ̈ ̎ 21.3 ̈ ̎

ʬ˸̖̅̔˳̬̄ɯ̖̔̄̔˸̧̎ɯ
ˆʶ˅ʬ˄-ʭ

ʬ˸̖̅̔˳̬̄ɯ̖̔̄̔˸̧̎ɯ
ˆʶ˅ʬ˄-ʭ

 

 

ʈʠʩʫʥʦʢ 4 ï ʉʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ 

 

OpenTrack ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʦʨʛʘʥʠʟʘʮʠʶ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʢʘʢ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ, ʪʘʢ ʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʙʣʦʢ-ʫʯʘʩʪʢʘʤʠ, ʥʦ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʩʣʫʯʘʝʚ ʨʘʟʨʘʙʦʪʘʥʳ ʦʪʜʝʣʴʥʳʝ ʤʦʜʝʣʠ ʩ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʜʚʫʭ 

ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ 

ʣʦʢʦʤʦʪʠʚʘ, ʢʘʪʝʛʦʨʠʠ ʧʦʝʟʜʦʚ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ (ʚʝʨʭʥʷʷ ʩʪʨʦʝʥʠʷ ʧʫʪʠ, ʤʘʢʩʠʤʘʣʴʥʘʷ 
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ʨʘʟʨʝʰʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦ ʧʝʨʝʛʦʥʫ ʠ ʩʪʘʥʮʠʷʤ, ʫʢʣʦʥʳ ʧʫʪʠ, ʜʣʠʥʳ ʙʣʦʢ-

ʫʯʘʩʪʢʦʚ, ʧʨʠʥʮʠʧʳ ʨʘʟʜʝʣʝʥʠʷ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ ʩʠʩʪʝʤʳ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʚʠʜ ʪʷʛʠ, ʦʩʥʦʚʥʳʝ ʠ ʚʘʨʠʘʥʪʥʳʝ ʤʘʨʰʨʫʪʳ ʠ ʪ.ʜ.) ʠ ʜʝʡʩʪʚʫʶʱʠʡ ʛʨʘʬʠʢ ʜʚʠʞʝʥʠʷ 

ʧʦʝʟʜʦʚ.  

ʅʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʧʨʠ ʘʚʪʦʥʦʤʥʦʡ ʪʷʛʝ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʣʦʢʦʤʦʪʠʚʳ ʩʝʨʠʠ 

ʊʕ33ɸ. ʅʘ ʦʩʥʦʚʝ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫʢʘʟʘʥʥʦʛʦ ʣʦʢʦʤʦʪʠʚʘ ʚ ʩʨʝʜʝ OpenTrack 

ʦʧʨʝʜʝʣʝʥʘ ʢʨʠʚʘʷ ʩʠʣʳ ʪʷʛʠ (ʨʠʩʫʥʦʢ 5), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
 

 
 

ʈʠʩʫʥʦʢ 5 ï ʂʨʠʚʘʷ ʩʠʣʳ ʪʷʛʠ ʪʝʧʣʦʚʦʟʘ ʊʕ33ɸ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚ ʩʨʝʜʝ OpenTrack 
 

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ˉ 3002 ʠ ˉ3004, 

ʢʫʨʩʠʨʫʶʱʝʛʦ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʂʫʨʦʟʝʢ-ɽʢʧʠʥʜʠ-ɾʘʨʩʫ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʫʯʘʩʪʢʘ 

ɾʝʪʠʛʝʥ-ɸʣʪʳʥʢʦʣʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʤʝʪʦʜʘ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʨʠ ʧʦʜʚʠʞʥʳʭ (ʩʣʝʚʘ) ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ (ʩʧʨʘʚʘ) ʙʣʦʢ-ʫʯʘʩʪʢʦʚ ʠ ʩʦʙʣʶʜʝʥʠʝʤ 

ʢʨʠʪʝʨʠʝʚ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʩʨʝʜʝ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ OpenTrack, ʢʦʪʦʨʳʝ ʦʪʨʘʞʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʅʘ ʨʠʩʫʥʢʝ 6 ʦʪʨʘʞʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ 

ʧʦʜʚʠʞʥʳʭ (ʩʣʝʚʘ) ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ (ʩʧʨʘʚʘ) ʙʣʦʢ-ʫʯʘʩʪʢʘʭ. ʀʟ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʛʨʘʬʠʢʦʚ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪʘʣʴʥʳʡ ʟʘʧʫʩʢ ʜʚʠʞʝʥʠʶ ʧʦʝʟʜʘ ʧʨʠ ʩʠʩʪʝʤʝ ʧʦʜʚʠʞʥʳʭ ʙʣʦʢ-

ʫʯʘʩʪʢʦʚ ʚ ʩʨʘʚʥʝʥʠʷʭ ʩ ʩʠʩʪʝʤʦʡ, ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ. 
 

  
 

ʈʠʩʫʥʦʢ 6 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʜʚʠʞʥʳʭ (ʩʣʝʚʘ) ʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ (ʩʧʨʘʚʘ) ʙʣʦʢ-ʫʯʘʩʪʢʘʭ 
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ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʢʦʨʝʥʠʡ ʧʦʝʟʜʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ 

ʧʦʜʚʠʞʥʳʭ (ʩʣʝʚʘ) ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ (ʩʧʨʘʚʘ) ʙʣʦʢ-ʫʯʘʩʪʢʘʭ ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʨʝʜʝ 

OpenTrack. 

ʀʟ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʜʚʠʞʥʳʭ 

(ʩʣʝʚʘ) ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ (ʩʧʨʘʚʘ) ʙʣʦʢ-ʫʯʘʩʪʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 8 ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʧʨʠ ʜʚʫʭ ʤʝʪʦʜʘʭ ʦʜʠʥʘʢʦʚʳʝ, ʥʦ ʩʪʘʨʪ 

ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ ʧʨʠ ʩʠʩʪʝʤʝ ʧʦʜʚʠʞʥʳʭ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ. 

 

 
 

 

ʈʠʩʫʥʦʢ 7 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʢʦʨʝʥʠʡ ʧʦʝʟʜʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʜʚʠʞʥʳʭ (ʩʣʝʚʘ) ʠ 
ʬʠʢʩʠʨʦʚʘʥʥʳʭ (ʩʧʨʘʚʘ) ʙʣʦʢ-ʫʯʘʩʪʢʘʭ 

 

  
 

ʈʠʩʫʥʦʢ 8 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʜʚʠʞʥʳʭ 
(ʩʣʝʚʘ) ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ (ʩʧʨʘʚʘ) ʙʣʦʢ-ʫʯʘʩʪʢʘʭ 
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ʈʠʩʫʥʦʢ 9 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʦʪ ʨʘʩʩʪʦʷʥʠʡ ʧʨʠ 
ʧʦʜʚʠʞʥʳʭ (ʩʣʝʚʘ) ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ (ʩʧʨʘʚʘ) ʙʣʦʢ-ʫʯʘʩʪʢʘʭ 

 

ʅʘ ʨʠʩʫʥʢʝ 10 ʧʦʢʘʟʘʥʘ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʢʦʨʝʥʠʡ ʧʦʝʟʜʘ ʦʪ ʨʘʩʩʪʦʷʥʠʡ ʧʨʠ 

ʧʦʜʚʠʞʥʳʭ (ʩʣʝʚʘ) ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ (ʩʧʨʘʚʘ) ʙʣʦʢ-ʫʯʘʩʪʢʘʭ ʠ ʠʟ ʛʨʘʬʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʜʝʥʪʠʯʥʦʩʪʴ ʨʘʟʚʠʪʠʝ ʫʩʢʦʨʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʧʨʠ ʜʚʫʭ ʤʝʪʦʜʘʭ ʠʥʪʝʨʚʘʣʴʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 
 

  
 

ʈʠʩʫʥʦʢ 10 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʢʦʨʝʥʠʡ ʧʦʝʟʜʘ ʦʪ ʨʘʩʩʪʦʷʥʠʡ ʧʨʠ ʧʦʜʚʠʞʥʳʭ 
(ʩʣʝʚʘ) ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ (ʩʧʨʘʚʘ) ʙʣʦʢ-ʫʯʘʩʪʢʘʭ 

ɻʨʘʬʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 11 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʡ ʧʦʝʟʜʘ ʦʪ ʨʘʩʩʪʦʷʥʠʡ 40 ʢʤ ʣʠʥʠʠ ʂʫʨʦʟʝʢ-ɾʘʨʩʫ ʧʨʠ ʧʦʜʚʠʞʥʳʭ (ʩʣʝʚʘ) ʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ (ʩʧʨʘʚʘ) ʙʣʦʢ-ʫʯʘʩʪʢʘʭ. ʀʟ ʛʨʘʬʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʜʝʥʪʠʯʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʡ ʩ ʥʝʙʦʣʴʰʠʤʠ ʦʪʣʠʯʠʷʤʠ ʧʨʠ ʩʨʘʚʥʠʚʘʝʤʳʭ ʜʚʫʭ 

ʤʝʪʦʜʘʭ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  
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ʈʠʩʫʥʦʢ 11 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʡ ʧʦʝʟʜʘ ʦʪ ʨʘʩʩʪʦʷʥʠʡ ʧʨʠ 
ʧʦʜʚʠʞʥʳʭ (ʩʣʝʚʘ) ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ (ʩʧʨʘʚʘ) ʙʣʦʢ-ʫʯʘʩʪʢʘʭ 

 

OpenTrack ʧʨʝʜʣʘʛʘʝʪ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʛʨʘʬʠʢʠ ʨʘʟʣʠʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ 

ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʧʦʝʟʜʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ 

ʥʘ ʫʯʘʩʪʢʝ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ.  

ʅʘ ʨʠʩʫʥʢʝ 12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʜʚʠʞʝʥʠʷ ʤʦʜʝʣʠʨʫʝʤʳʭ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ 

ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʩ ʤʝʪʦʜʦʤ ʧʦʜʚʠʞʥʳʭ (ʩʣʝʚʘ) ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ (ʩʧʨʘʚʘ) ʙʣʦʢ-

ʫʯʘʩʪʢʦʚ. 

 

  
 

ʈʠʩʫʥʦʢ 12 ï ɻʨʘʬʠʢʠ ʜʚʠʞʝʥʠʷ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʦʝʟʜʘ  
 

ʇʦ ʛʨʘʬʠʢʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʢʨʘʱʝʥʠʝ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʧʦʝʟʜʘʤʠ ʧʨʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʩ ʤʝʪʦʜʦʤ ʧʦʜʚʠʞʥʳʭ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ. ʇʨʠ ʩʦʢʨʘʱʝʥʠʷʭ 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 4 (127), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 4 (127), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

75 

ʤʝʞʧʦʝʟʜʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʯʘʩʪʢʘ, ʧʨʦʠʩʭʦʜʠʪ 

ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ, ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʠ ʪ.ʜ. 
 

ɿʘʢʣʶʯʝʥʠʝ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʥʘ 

ʦʩʥʦʚʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ OpenTrack ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʠ ʧʦʝʟʜʦʚ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʜʚʠʞʥʳʭ-ʙʣʦʢ ʫʯʘʩʪʢʦʚ ʤʘʢʩʠʤʘʣʴʥʦ 

ʩʦʢʨʘʱʘʝʪʩʷ ʤʝʞʧʦʝʟʜʥʦʡ ʠʥʪʝʨʚʘʣ (ʨʠʩʫʥʦʢ 12), ʚ ʩʨʘʚʥʝʥʠʷʭ ʩ ʪʝʭʥʦʣʦʛʠʝʡ, 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʙʣʦʢ-ʫʯʘʩʪʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʩʨʝʜʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ OpenTrack ʧʦʢʘʟʘʣʠ ʘʥʘʣʦʛʠʯʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʮʝʥʠʚʘʝʤʳʭ ʜʚʫʭ ʪʝʭʥʦʣʦʛʠʡ (ʥʘʧʨʠʤʝʨ, ʨʠʩʫʥʦʢ 8).  

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʜʫʙʣʠʨʦʚʘʥʠʝ ʜʚʫʭ ʤʝʪʦʜʦʚ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʦʜʥʫ 

ʩʠʩʪʝʤʫ ʩʦʛʣʘʩʥʦ [13] ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʫʯʘʩʪʢʘ, ʪʘʢ ʢʘʢ ʧʨʝʜʣʘʛʘʝʪʩʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʠʥʪʝʨʚʘʣʴʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ 

ʧʦʝʟʜʦʚ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʤʝʪʦʜʦʚ. 

 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ. ʉʪʘʪʴʷ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʬʠʥʘʥʩʠʨʫʝʤʦʛʦ 

ʂʦʤʠʪʝʪʦʤ ʥʘʫʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 

(ʀʈʅ ɸʈ15473668 çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʮʠʬʨʦʚʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʧʦʝʟʜʦʚè). 
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OPENTRACK ʆʈʊɸʉʓʅɼɸ ʄʆɼɽʃʔɼɽʋ ʅɽɻɯɿɯʅɼɽ ʇʆʁʓɿɼɸʈɼʓר 

 ɸʃɸʋנɸʃʓʉʓʅ ʀʅʊɽʈɺɸʃɼʓ ʈɽʊʊɽʋ ᴄɼɯʉʊɽʈɯʅ ɹɸנʆɿפ

 

ɸשʜʘʪʧʘ. ʄʘץʘʣʘ ʙʝʢʽʪʽʣʛʝʥ ʞᴅʥʝ ʞʳʣʞʳʤʘʣʳ ʙʣʦʢ-ʪʝʣʽʤʜʝʨ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

 ʘʣʳʩʳʥ ʠʥʪʝʨʚʘʣʜʳ ʨʝʪʪʝʫ ʢʝʟʽʥʜʝ ɾʝʪʽʛʝʥ-ɸʣʪʳʥʢᴇʣסʦʟץ ʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʧʦʡʳʟʜʘʨץ

ʪʝʤʽʨ ʞʦʣ ʞʝʣʽʩʽʥʽש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ʩʘʣʳʩʪʳʨʫ ʞᴅʥʝ ʘʡץʳʥʜʘʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʡʜʳ. 

ʊʘʣʜʘʫ ɾʝʪʽʛʝʥ-ɸʣʪʳʥʢᴇʣ ʞʝʣʽʩʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ ײפʨᴇʟʝʢ-ɽʢʧʽʥʜʽ-ɾʘʨʩʫ ʪʝʤʽʨ ʞʦʣ 

ʪʝʣʽʤʽʥʽש, ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʥʳש, ʊʕ33ɸ ʩʝʨʠʷʣʳ ʣʦʢʦʤʦʪʠʚʪʽש ʞᴅʥʝ ʠʥʪʝʨʚʘʣʜʳ ʨʝʪʪʝʫ 

ʞװʡʝʩʽʥʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, OpenTrack ʤʠʢʨʦʩʢʦʧʠʷʣʳץ ʤʦʜʝʣʴʜʝʫ 

ʦʨʪʘʩʳ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʜʽ.  

ɿʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʙʝʢʽʪʽʣʛʝʥ ʙʣʦʢ-ʪʝʣʽʤʜʝʨ ʞװʡʝʩʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 

ʧʦʡʳʟʜʘʨ ʘʨʘʩʳʥʜʘסʳ ʠʥʪʝʨʚʘʣʜʘʨʜʳ ץʳʩץʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʞʳʣʞʳʤʘʣʳ ʙʣʦʢ-

ʪʝʣʽʤʜʝʨ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʦʣʜʘʥʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʪʽ.  ʇʦʡʳʟʜʘʨ ʘʨʘʩʳʥʜʘסʳ 

ʠʥʪʝʨʚʘʣʜʘʨʜʳץ שʳʩץʘʨʫʳ ʪʝʣʽʤʥʽש ᴇʪʢ̔ʟʫ ץʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ ʞᴅʥʝ 

ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢʪʽש ʢʝʧʽʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʉʀʈɼʇ-ɽ, ʙʝʢʽʪʽʣʛʝʥ ʙʣʦʢ-ʪʝʣʽʤ, ʞʳʣʞʳʤʘʣʳ ʙʣʦʢ-ʪʝʣʽʤ, 

ʤʠʢʨʩʢʦʧʠʷʣʳץ ʤʦʜʝʣʴʜʝʫ, OpenTrack, ʙʘסʘʣʘʫ 
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EVALUATION OF INTERVAL TRAIN CONTROL METHODS BASED ON 

MODELLING IN OPENTRACK ENVIRONMENT  

 

Abstract. The article analyses the results of comparison and determination of the 

capacity of the Zhetigen-Altynkol railway line under interval train control with the use of fixed 

and moving block section technologies. The analysis is carried out by means of OpenTrack 

microscopic modelling using parameters of the operating railway section Kurozek-Ekpindi-

Zharsu of Zhetigen-Altynkol line, rolling stock, locomotive of TE33A series and interval 

regulation system.  

The obtained results of the research showed the effectiveness of the application of 

moving block technologies, allowing to reduce inter-train intervals compared to the system of 

fixed block.  Reduction of inter-train intervals contributes to the increase of the section capacity 

and is the key to economic efficiency. 

 

Keywords. SIRDP-E, fixed block, moving block, microscopic modelling, OpenTrack, 

evaluation. 
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ʃʆɻʀʉʊʀʂɸʃʓפ פʆʁʄɸ ʂɽʐɽʅɯʅɯר ʈɽʉʋʈʉʊɸʈʓʅ ʆרʊɸʁʃɸʅɼʓʈʋ 

 

ɸשʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘ ʢᴇʣʝʤʜʽ ʞʦʩʧʘʨʣʘʫʜʳש ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣסʘʥ ץʘʟʽʨʛʽ 

ʟʘʤʘʥסʳ ץʦʡʤʘʥʳש ʰʝʰʽʤʜʝʨʽ ʤʝʥ ʥʝʛʽʟʛʽ ᴇʥʜʽʨʽʩʪʽʢ-ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ ʦʥʳש 

ʞײʤʳʩʳʥʳש ʪʠʽʤʜʽʣʽʛʽ ץʘʨʘʩʪʳʨʳʣʜʳ. ʄʦʜʝʣʴʜʝʫ ʪʘʣʜʘʫ, ʟʝʨʪʪʝʫ ʞᴅʥʝ ʥʝʛʽʟʜʝʫ װʰʽʥ 

ʠʤʠʪʘʮʠʷʣʳץ ᴅʜʽʩ ץʦʣʜʘʥʳʣʜʳ ʞᴅʥʝ çAnylogicè ʙʘסʜʘʨʣʘʤʘʣʳץ ᴇʥʽʤʽ ʤʦʜʝʣʴʜʝʫ ʦʨʪʘʩʳ 

ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʜʳ 

ɹײʣ ʤʘץʘʣʘʜʘ ʪʠʽʤʜʽ ʞװʡʝʥʽ ײץʨʫʜʳש ʞʘʣʧʳʣʘʥסʘʥ ʘʣʛʦʨʠʪʤʽ ʦʨʳʥʜʘʣʳʧ, ץʦʡʤʘ 

ʢʝʰʝʥʜʝʨʽʥʽש ʤʦʜʝʣʴʜʝʨʽ ʞᴅʥʝ 114 ʙʣʦʢʪʘʥ ʪײʨʘʪʳʥ ʤʦʜʝʣʽ ײʩʳʥʳʣʜʳ. ʄʦʜʝʣʴ ץʘʨʘ 

ʞᴅʰʽʢ ʪװʨʽʥʜʝ ײʩʳʥʳʣסʘʥ, ʙײʣ ץʦʡʤʘ ʞװʡʝʩʽʥʽש ʢʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩ ʧʘʨʘʤʝʪʨʣʝʨʽ 

ʘʨʘʩʳʥʜʘסʳ ʢʦʨʨʝʣʷʮʠʷʣʘʨ ʤʝʥ ץʘʪʳʥʘʩʪʘʨʜʳ, ʩʦʥʜʘʡ-ʘץ ʦʥʳש ʨʝʩʫʨʩʪʘʨʳ ʘʥʳץʪʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʀʤʠʪʘʮʠʷʣʳץ ʵʢʩʧʝʨʠʤʝʥʪ ʥʝʛʽʟʽʥʜʝ 63 ʤʦʜʝʣʴʜʽʢ ʝʩʝʧʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ. 

ʄʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ץʦʡʤʘʥʳש ʪᴇʨʪ ʥײʩץʘʩʳ ʦʨʥʘʪʳʣʜʳ, ʦʣʘʨ ʪװʩʽʨʫʜʽ ʞᴅʥʝ ʪᴅʫʣʽʢ 

ʽʰʽʥʜʝ ʚʘʛʦʥʜʘʨʜʳץ שʘʞʝʪʪʽ ʩʘʥʳʥ ʪʠʝʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ. ɽש ʞʘץʩʳ ʢʝʰʝʥʜʽ ʢʨʠʪʝʨʠʡ 

 .ʜʘʣʜʳשʘʥ ʥʝʛʽʟʽʥʜʝ ʪʘסʩʳʥʳʣײ ʤʳʩ ʽʩʪʝʫʽײʞ שʦʡʤʘ ʢʝʰʝʥʽʥʽץ

 

 ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. פʦʡʤʘʣʘʨ, ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ, ʽʰʢʽ ʢᴇʣʽʢ, ᴇʥʽʤʜʽʣʽʢʪʽ ʪʘʣʜʘʫ, 

ʪװʩʽʨʫ, ʪʠʝʫ, ʪʠʽʤʜʽʣʽʢ. 

 

ʂʽʨʽʩʧʝ. 

 ʢװʳ ʞסʪʳʥʫʰʳʩʳ ʘʨʘʩʳʥʜʘײʝʣʝʫʣʽ ʪ שʽʨʽ ᴇʥʜʽʨʫʰʽʩʽ ʤʝʥ ɽʫʨʦʧʘʥʳ שʳʪʘʡʜʳפ

ʘסʳʥʳ ʢᴇʣʝʤʽʥʽש ᴇʩʫʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʤʝʤʣʝʢʝʪʪʽש ʢᴇʣʽʢ ʩʘʷʩʘʪʳʥʳש ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ 

ɽʫʨʘʟʠʷʣʳץ ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʜʳץ  ʢᴇʧʽʨʜʽ  ʦʜʘʥ  ᴅʨʽ  ײץʨʫ  ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ. 

ʊʝʤʽʨʞʦʣʜʳש  ᴇʪʢʽʟʫ  ץʘʙʽʣʝʪʽ ʰʝʢʪʝʫʣʽ ʙʦʣסʘʥʜʳץʪʘʥ, ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽʤʝʥ ʪʨʘʥʟʠʪʪʽʢ  

ʪʘʩʳʤʘʣʜʘʫסʘ  ʝʨʝʢʰʝ  ʥʘʟʘʨ  ʘʫʜʘʨʳʣʘʜʳ. ʄʳʩʘʣʳ 2022 ʞʳʣ ץʦʨʳʪʳʥʜʳʩʳ ʙʦʡʳʥʰʧʘ 

ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽʥʽװ שʣʝʩʽʥʝ  פʘʟʘץʩʪʘʥʜʘ  ʞװʢ ʪʘʩʳʤʘʣʳʥʳ79,6% ש, ʪʝʤʽʨʞʦʣ ʢᴇʣʽʛʽʥʽש 

 ʙʽʨʽ שʳʟʜʳ ʬʘʢʪʦʨʣʘʨʜʳשʳ ʤʘסʣʝʩʽʥʝ 12% ʢʝʣʝʜʽ [1]. ʊʨʘʥʟʠʪʪʽʢ ʜᴅʣʽʟ ᴅʣʝʫʝʪʽʥ ʜʘʤʳʪʫʜʘװ

 ʨʳʣʳʩʳײץ שʡ-ʞʘʡʣʘʨʳʥʳװ שʩʪʘʥʜʘ ʜʘʤʫʜʳץʘʟʘפ .ʦʡʤʘ ʣʦʛʠʩʪʠʢʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳץ

ç100 ʥʘץʪʳ  ץʘʜʘʤ ï ײʣʪ ʞʦʩʧʘʨʳʥʳשè  65-ץʘʜʘʤʳʥ  ʽʩʢʝ ʘʩʳʨʫ ʰʝשʙʝʨʽʥʜʝ ᴇʪʫʜʝ, ʦʣ 

çפʘʟʘץʩʪʘʥʥʳש ʭʘʣrץʘʨʘʣʳץ ʢᴇʣʽʢ-ʢʦʤʤʫʥʠʢʘʮʠʷ ʘסʳʥʜʘʨʳʥʘ ʠʥʪʝʛʨʘʮʠʷʩʳè ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ [2]. 

ɼʝʨʝʢʪʝʨ ʙʦʡʳʥʰʘ [3,4] ץʦʡʤʘ ʣʦʛʠʩʪʠʢʘʩʳ ʥʘʨʳסʳʥʳש ʞʘʣʧʳ ʢᴇʣʝʤʽʥʽ70% ש 

ɸʣʤʘʪʳ ץʘʣʘʩʳ ʤʝʥ ɸʣʤʘʪʳ ʦʙʣʳʩʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ. ɹʽʨʘץ ʙײʣ ץʦʡʤʘʣʘʨʜʳש ʢᴇʣʝʤʽ 

ʝʫʨʦʧʘʣʳץ ʜʝשʛʝʡʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʝʪʢʽʣʽʢʩʽʟ, ʩʦʥʜʳץʪʘʥ ʙʘʨʣʳץ ʩʘץʪʘʫ ץʘʞʝʪʪʽʣʽʢʪʝʨʽ  

  .ʘʪʪʘʥʜʳʨʳʣʤʘʡʜʳסʘʥʘץ

ɾײʤʳʩ ʢᴇʣʝʤʜʽ ʞʦʩʧʘʨʣʘʫ ʰʝʰʽʤʜʝʨʽʥʽש ʞᴅʥʝ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ײץʨʘʤʥʳש ʥʝʛʽʟʛʽ 

ᴇʥʜʽʨʽʩʪʽʢ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʦʥʳש ʞײʤʳʩ ʽʩʪʝʫ ʪʠʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨʽʥ 

ʪʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ. 

ɾײʤʳʩʪʳש ʤʘץʩʘʪʳ-AnyLogic  ʦʨʪʘʩʳʥʜʘ  ʠʤʠʪʘʮʠʷʣʳץ ʤʦʜʝʣʴʜʝʨʜʽ ᴅʟʽʨʣʝʫ 

ʘʨץʳʣʳ ʟʘʤʘʥʘʫʠ ץʦʡʤʘ ʢʝʰʝʥʜʝʨʽʥʽש ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ 

ʢʝʟʽʥʜʝ ʢװʨʜʝʣʽ ʞᴅʥʝ ʘסʳʤʜʘסʳ ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫ. AnyLogic ʙʠʟʥʝʩ-ʤʦʜʝʣʴʜʝʫʜʝ 

ʢʦʨʧʦʨʘʪʠʚʪʽʢ ʩʪʘʥʜʘʨʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜ r ʞᴅʥʝ ʙװʛʽʥʜʝ ᴅʣʝʤʥʽ63 ש ʝʣʽʥʜʝ ʢʝשʽʥʝʥ 

 .ʦʣʜʘʥʳʣʘʜʳ [5]ץ
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ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

 ʡʝʣʝʨʛʝ ʞʘʪʘʜʳ [6,7], ᴇʡʪʢʝʥʽ ʦʣ ʢᴇʧʪʝʛʝʥװʨʜʝʣʽ ʞװʦʡʤʘ ʢʝʰʝʥʽ ʢץ ʳסʘʟʽʨʛʽ ʟʘʤʘʥפ

ᴅʨʪװʨʣʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽ ץʘʤʪʠʜʳ, ʦʣʘʨ ʙʽʨ-ʙʽʨʽʥʝʥ ʘʡʪʘʨʣʳץʪʘʡ ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ʉʦʥʜʳץʪʘʥ ʞײʤʳʩʪʘ ʠʤʠʪʘʮʠʷʣʳץ ʤʦʜʝʣʴʜʝʫ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʜʳ. ᴆʡʪʢʝʥʽ ʢʦʤʧʴʶʪʝʨʣʽʢ 

ʽʩʢʝ ʘʩʳʨʫ ʪײʨסʳʩʳʥʘʥ ʤʦʜʝʣʴʜʝʫ-ʙײʣ ʪײʞʳʨʳʤʜʘʤʘʣʳץ, ʤʘʪʝʤʘʪʠʢʘʣʳץ  ʞᴅʥʝ  

ʙʘסʜʘʨʣʘʤʘʣʳץ  ʤʦʜʝʣʴʜʝʨʜʽ  ײץʨʫʜʳ  ץʘʤʪʠʪʳʥ  ʢװʨʜʝʣʽ ʞװʡʝʣʝʨʜʽ ʟʝʨʪʪʝʫʜʽש ʢʝʰʝʥʜʽ 

ᴅʜʽʩʽ. ɹʘʩץʘʰʘ ʘʡʪץʘʥʜʘ, ʙײʣ ʚʠʨʪʫʘʣʜʳ ʢʝשʽʩʪʽʢʪʝ ᴅʨʪװʨʣʽ ʩʠʧʘʪʪʘסʳ ʤʘץʩʘʪʪʳ 

ʠʤʠʪʘʮʠʷʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽ ʙʽʨʥʝʰʝ ʨʝʪ ʞʘʩʘʫסʘ ʙʦʣʘʪʳʥ ʥʘץʪʳ ʧʨʦʮʝʩʪʽש ʩʘʥʜʳץ 

ʘʥʘʣʦʛʳʥ ײץʨʫ. 

Ϸʜʝʙʠʝʪʪʝʨʛʝ ʰʦʣʫ. 

ʂʝʟ  ʢʝʣʛʝʥ ץʦʡʤʘʥʳש ʪʠʽʤʜʽ ʞײʤʳʩʳʥʳש ʢʨʠʪʝʨʠʡʽ ʦʩʳ ʧʨʦʮʝʩʪʽ ʞװʟʝʛʝ  ʘʩʳʨʫסʘ  

ʦשʪʘʡʣʳ  ʰʳסʳʥʜʘʨʤʝʥ  ʪʘʫʘʨʣʘʨʜʳץ שʘʞʝʪʪʽ ʞװʢ ʘʡʥʘʣʳʤʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ᴄʨʙʽʨ ʥʘץʪʳ ʢʦʤʧʘʥʠʷʥʳײץ שʨʘʤʳ ᴅʨ ʪװʨʣʽ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʛʝ ʘʨʥʘʣסʘʥʳʥ 

ʝʩʪʝ ײʩʪʘסʘʥ ʞᴇʥ: ʙʽʨ ʞʘסʜʘʡʜʘ ʙײʣ ʙʝʣʛʽʣʽ ʙʽʨ ʙᴇʣʤʝʜʝ ʞװʢʪʽש ʤʘʢʩʠʤʘʣʜʳ ʤᴇʣʰʝʨʽʥ 

ʦʨʥʘʣʘʩʪʳʨʫ [7], ʝʢʽʥʰʽʩʽʥʜʝ ï ʤʘʢʩʠʤʘʣʜʳ ʞװʢ ʘʡʥʘʣʳʤʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ [8], 

 .ʳ [9]סʞʠʳʥʪʳ שʨʣʽ ʞʝʢʝ ʪʘʣʘʧʪʘʨʜʳװʰʽʥʰʽʩʽʥʜʝ ï ᴅʨ ʪװ

ɾײʤʳʩʪʘ ץʦʡʤʘ ʢʝʰʝʥʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ, ʩʘץʪʘʫ ʘʡʤʘסʳʥʜʘ ʘʣʜʳסשʳ ʩᴇʨʝʣʝʨʤʝʥ 

ʞʘʙʜʳץʪʘʣסʘʥ. ɸʣʜʳסשʳ ʩᴇʨʝʣʝʨï ʙײʣ ʧʘʣʣʝʪʪʝʨʜʽ ʩʘץʪʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʝʪʘʣʣ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ. ʄײʥʜʘʡ ʩᴇʨʝ ʞװʡʝʣʝʨʽ ʘʣʜʳסשʳ ʞʘסʳʥʘʥ ʞװʢʪʝʣʝʜʽ ʞᴅʥʝ ʪװʩʽʨʽʣʝʜʽ. ɹײʣ 

ʞװʢʪʝʫ ᴅʜʽʩʽ ʰʝʢʪʝʫʣʽ ʞʘʨʘʤʜʳʣʳץ ʤʝʨʟʽʤʽ ʙʘʨ ʪʘʫʘʨʣʘʨʜʳש ʢʝש ʘʩʩʦʨʪʠʤʝʥʪʽ ʙʦʣסʘʥ 

ʢʝʟʜʝ ᴇʪʝ ʳסשʘʡʣʳ. ɸʣʜʳסשʳ ץʦʡʤʘ ʩᴇʨʝʣʝʨʽ ʢʝʟ ʢʝʣʛʝʥ ʪʘʫʘʨ ʙʽʨʣʽʛʽʥʝ ʞʳʣʜʘʤ ʞᴅʥʝ ʦשʘʡ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [10]ץ ʦʣ ʞʝʪʢʽʟʫʜʽץ

ɸʣʜʳסשʳ ʩᴇʨʝʣʝʨʜʽש ʙʘʩʪʳ ʢʝʤʰʽʣʽʛʽ-ʩʘץʪʘʫ ʘʡʤʘסʳʥʜʘ ʧʘʡʜʘʣʳ ʘʡʤʘץʪʳ 

ʧʘʡʜʘʣʘʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʪᴇʤʝʥ ʤᴅʥʽ. ɹײʣ ʤᴅʩʝʣʝ, ᴅʜʝʪʪʝ, ʪʘʨ ᴇʪʢʝʣʜʝʨ ʤʝʥ ץʦʩ ʞװʢʪʝʤʝ 

ʩʭʝʤʘʩʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʰʝʰʽʣʝʜʽ, ʦʥʳש ʢᴇʤʝʛʽʤʝʥ ʞװʢʪʝʨʜʽ ʩʘץʪʘʫ ʪʠʽʤʜʽʣʽʛʽ ʘʨʪʘʜʳ 

[11]. 

 

ʅᴅʪʠʞʝʣʝʨ ʤʝʥ ʪʘʣץʳʣʘʫʣʘʨ. 

ɹʘʩʪʘʧץʳ ʜʝʨʝʢʪʝʨ ʞᴅʥʝ ʤᴅʩʝʣʝʥʽ ץʦʶ. 

ɿʝʨʪʪʝʫ  ʥʳʩʘʥʳ ʨʝʪʽʥʜʝ ɸʣʤʘʪʳ ץʘʣʘʩʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ɸ ʢʣʘʩʪʳ ץʦʡʤʘ ʢʝʰʝʥʽ 

ʪʘשʜʘʣʜʳ. פʦʡʤʘ ʩʘץʪʘʫ ʘʡʤʘסʳʥʜʘ ʘʣʜʳסשʳ ʩᴇʨʝʣʝʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ. ת  h  ʪʠʝʫ ʞᴅʥʝ 

ʪװʩʽʨʫ  ʘʨʥʘʫʣʳ ʦʨʳʥʜʘʨʳ (ʜʦʢʪʘʨʳ) ʙʘʨ. ʊᴅʫʣʽʢ  ʽʰʽʥʜʝ  (800-ʜʝʥ 1800-ʛʝ ʜʝʡʽʥ)  ץʦʡʤʘʜʘ  

33 ʧʘʣʣʝʪ ʩʳʡʳʤʜʳʣʳסʳ ʙʘʨ 24 ɽʫʨʦ ʞװʢ ʪװʩʽʨʽʣʝʜʽ ʞᴅʥʝ 16 ʧʘʣʣʝʪ ʩʳʡʳʤʜʳʣʳסʳ ʙʘʨ 48 

ʘʚʪʦʤʦʙʠʣʴ ʞװʢʪʝʣʝʜʽ, ʦʨʪʘʰʘ ʢʝʣʫ ʞᴅʥʝ ʢʝʪʫ ץʘʨץʳʥʜʳʣʳסʳ ʩʘסʘʪʳʥʘ 3 ʞᴅʥʝ 6 ʘʚʪʦ 

ʪʠʽʩʽʥʰʝ. ɿʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽʥʽש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽ ʞᴅʥʝ ʦʥʳש ʦʨʥʘʣʘʩʫ ʩʭʝʤʘʩʳ 1-ʢʝʩʪʝʜʝ 

ʢʝʣʪʽʨʽʣʛʝʥ. 

 

1 ʢʝʩʪʝ - ɿʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽʥʽש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽ 
 

ʂᴇʨʩʝʪʢʽʰ ʄᴅʥʽ 

ʊʘʫʘʨʜʳש ʢʝʣʫʽ ʞᴅʥʝ ʞᴇʥʝʣʪʽʣʫʽ ʙʦʡʳʥʰʘ ʦʨʪʘʰʘ ʪᴅʫʣʽʢʪʽʢ ʩʳʨʪץʳ ʞװʢ 

ʘסʳʥʜʘʨʳ, ʪ 
273,44 

 ʦʨʪʘʰʘ ʪᴅʫʣʽʢʪʽʢ ʰʘʤʘʩʳ, ʪ 1421,88 שʜʝʫʜʽשʢʪʝʨʜʽ ᴇװʘ ʞסʦʡʤʘפ

ɯʰʢʽ ʞװʢ ʘסʳʥʜʘʨʳʥʳש ʩʘסʘʪʪʳץ ץʘʨץʳʥʜʳʣʳסʳ, ʪ / ʩʘ66,65 .ס 

 ʘʫʜʘʥʳ, ʤ2 6 927,06 שʡ-ʞʘʡʳʥʳװ ʦʡʤʘפ

 ʩʘʥʳ, ʙʽʨʣ. 11 020,00 שʛʽ ʙʘʨ ʧʦʜʜʦʥʜʘʨʳʥʳװʪʘʣʘʪʳʥ ʞץʦʡʤʘʜʘ ʩʘפ

ʊʠʝʛʽʰʪʝʨ ʩʘʥʳ, ʙʽʨʣ. 20 

ʊװʩʽʨʫ ʜʦʢʪʘʨʳʥʳש ʩʘʥʳ, ʙʽʨʣ. 3 

ʊᴅʫʣʽʢ ʽʰʽʥʜʝ ʪװʩʽʨʽʣʝʪʽʥ ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽש ʦʨʪʘʰʘ ʩʘʥʳ 24 

ɾװʢʪʝʤʝ ʜʦʢʪʘʨʳʥʳש ʩʘʥʳ, ʙʽʨʣ. 3 

ʊᴅʫʣʽʢ ʽʰʽʥʜʝ ʞװʢʪʝʣʝʪʽʥ ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽש ʦʨʪʘʰʘ ʩʘʥʳ 48 
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çɸʫʳʣ-ʥײʨè נʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʀʥʥʦʚʘʮʠʷʣʳץ ʂʦʨʧʦʨʘʮʠʷʩʳ ʦʨʳʥʜʘסʘʥ 

 ʘʫʣʘʨץʙʘʡ ץʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʭʨʦʥʦʤʝʪʨʘʞʜʳ שʘʫʜʠʪʽʥʽ ץʪʝʭʥʦʣʦʛʠʷʣʳ שʦʡʤʘʥʳץ

ʘʨץʳʣʳ ʪʠʽʩʪʽ ʘʡʤʘץʪʘʨ װʰʽʥ ʪʠʝʛʽʰʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʘʡץʳʥʜʘʣʜʳ (1 

ʩʫʨʝʪ). 
 

 
 

1 ʩʫʨʝʪ - ʊʠʽʩʪʽ ץʦʡʤʘ ʘʡʤʘץʪʘʨʳ װʰʽʥ ʪʠʝʛʽʰʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש 

ʤᴅʥʜʝʨʽ 

 

ʉʫʨʝʪ ʙʦʡʳʥʰʘ ʢʝʣʝʩʽʜʝʡ ʪʘʣʜʘʫ ץʦʨʳʪʳʥʜʳʣʘʨʳʥ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ                       

ʙʝʨʝʜʽ: 

- ʪʠʝʛʽʰʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ʤᴅʥʜʝʨʽ 0,41 0,92 ʜʠʘʧʘʟʦʥʳʥʜʘ 

ʙᴇʣʽʥʝʜʽ; 

- ʩʘץʪʘʫ  ʘʡʤʘסʳʥʜʘ ʪʠʝʛʽʰʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ʦʨʪʘʰʘ ʤᴅʥʽ 0,76; 

ʪװʩʽʨʫ ʘʡʤʘסʳʥʜʘ ï 0,49; ʞװʢʪʝʤʝ ʘʡʤʘסʳʥʜʘ ï 0,56 ײץʨʘʡʜʳ; 

- ʞʘʣʧʳ  ײץʨʘʤʳ  ʙʦʡʳʥʰʘ  ʪʠʝʛʽʰʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ʦʨʪʘʰʘ 

ᴇʣʰʝʥʛʝʥ ʤᴅʥʽ 0,69 ײץʨʘʡʜʳ. 

ʆʩʳʣʘʡʰʘ, ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽʥʜʝ ʥʝʛʽʟʛʽ ᴇʥʜʽʨʽʩʪʽʢ ץʫʘʪʪʘʨʜʳ31% ש ʪʦʣʳץ  

ʧʘʡʜʘʣʘʥʳʣʤʘסʘʥʳ  ʙʘʡץʘʣʘʜʳ,  ʙײʣ ʦʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʤʝʥ ʢװʪʽʧ ײʩʪʘʫ ʰʳסʳʥʜʘʨʳʥʳש  

ʘʨʪʫʳʥʘ ʞᴅʥʝ ץʦʡʤʘסʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʝʪʽʥ ʧʝʨʩʦʥʘʣʜʳץ שʘʞʝʪʪʽ ʩʘʥʳʥʳײ שʣסʘʶʳʥʘ 

ᴅʢʝʣʝʜʽ. 

AnyLogic ʦʨʪʘʩʳʥʜʘ ʘʣʜʳסשʳ ʩᴇʨʝʣʝʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ ץʦʡʤʘ ʢʝʰʝʥʽʥʽש 

ʠʤʠʪʘʮʠʷʣʳץ ʤʦʜʝʣʽʥ ʞʘʩʘʫ. AnyLogic ʦʨʪʘʩʳʥʜʘ ʘʣʜʳסשʳ ʩᴇʨʝʣʝʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ 

 ʘʥ ʘʣʛʦʨʠʪʤסʰʽʥ ʞʘʣʧʳʣʘʥװ ʤʦʜʝʣʴʜʝʨʽʥ ʞʘʩʘʫ ץʠʤʠʪʘʮʠʷʣʳ שʦʡʤʘ ʢʝʰʝʥʜʝʨʽʥʽץ

ᴅʟʽʨʣʝʜʽ (2 ʩʫʨʝʪ). 
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2 ʩʫʨʝʪ  - פʦʡʤʘʥʳש ʪʠʽʩʪʽ ʘʡʤʘץʪʘʨʳ װʰʽʥ ʪʠʝʛʽʰʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש 

ʤᴅʥʜʝʨʽ 
 

 ʉʳʨʪץʳ ʞᴅʥʝ ʽʰʢʽ ʞװʢ ʘסʳʥʜʘʨʳʥ ᴇשʜʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ץʦʡʤʘʣʘʨʜʘ ʙʦʣʘʪʳʥ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽײץ שʨʳʣʳʤʳʥ ʪʘʣʜʘʫ ʤʦʜʝʣʴʜʝʥʛʝʥ ʧʨʦʮʝʩʪʽ ʢʽʨʽʩ 

ʩʳʡʳʤʜʳʣʳסʳ ʰʝʢʪʝʫʣʽ ʞʘʙʳץ ʪʠʧʪʝʛʽ ʩʪʦʭʘʩʪʠʢʘʣʳץ ʢᴇʧ ʬʘʟʘʣʳ ʢᴇʧ ʘʨʥʘʣʳ ʞʘʧʧʘʡ 

 ʤʢʽʥʜʽʢװʘ ʤסʦʨʳʪʳʥʜʳ ʞʘʩʘʫץ ʘ ʙʦʣʘʜʳ ʜʝʛʝʥסʩʳʥʫײ ʡʝʩʽ ʨʝʪʽʥʜʝװʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞץ

ʙʝʨʝʜʽ. 

ʄʦʜʝʣʴʜʝʫ ʵʢʩʧʝʨʠʤʝʥʪʽʥ ײץʨʫ ʞᴅʥʝ ʤʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʫ. 

ᴄʟʽʨʣʝʥʛʝʥ ʠʤʠʪʘʮʠʷʣʳץ ʤʦʜʝʣʴ ײץʨʘʤʥʳש ʢʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩ ʧʘʨʘʤʝʪʨʣʝʨʽ, 

ʩʦʥʜʘʡ-ʘץ ʦʥʳש ʨʝʩʫʨʩʪʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʢʦʨʨʝʣʷʮʠʷʣʳץ ץʘʪʳʥʘʩʪʘʨ ʤʝʥ ץʘʪʳʥʘʩʪʘʨʜʳ 

ʘʥʳץʪʘʫסʘ ʞᴅʥʝ ʦʨʥʘʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʤʳʩʘʣʳ, ʪʠʝʛʽʰʪʝʨʜʽש (ʥʝʤʝʩʝ ʜʦʢʪʘʨʜʳש) 

ʩʘʥʳ ʤʝʥ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥ ʪװʩʽʨʫ (ʪʠʝʫ) ײʟʘץʪʳסʳ, ʦʣʘʨʜʳ ʢװʪʫ ʫʘץʳʪʳ, ʪʠʝʛʽʰʪʝʨʜʽ 

ʧʘʡʜʘʣʘʥʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ  ʞᴅʥʝ ʪ.ʙ.. ʆʩʳʥʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʘʣʜʳסשʳ ʩᴇʨʝʣʝʨʤʝʥ ʢʝʣʝʩʽ 

 .ʤʢʽʥ (3 ʩʫʨʝʪ)װʩʳʥʳʣʫʳ ʤײ ʣʛʽʩʽ ʨʝʪʽʥʜʝװ ʘʨʘ ʞᴅʰʽʢץ
 

 
 

3 ʩʫʨʝʪ  - פʦʡʤʘ ʢʝʰʝʥʽʥʽש ʞײʤʳʩ ʽʩʪʝʫʽʥʽץ שʘʨʘ ʞᴅʰʽʢ ʤʦʜʝʣʽ 
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3-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʰʘʨʪʪʳ ʙʝʣʛʽʣʝʨ: 
Dock
LoadN  ;.ʩʘʥʳ, ʙʽʨʣʽʢ שʢʪʝʤʝ ʜʦʢʪʘʨʳʥʳװʳ ʞסʦʡʤʘʜʘץ -  
Dock
UnloadN  ;.ʩʘʥʳ, ʙʽʨʣ שʩʽʨʫ ʜʦʢʪʘʨʳʥʳװʳ ʪסʦʡʤʘʜʘץ -
Forklifts
StorageN - ʩʘץʪʘʫ ʘʡʤʘסʳʥʜʘסʳ ʪʠʝʛʽʰʪʝʨʜʽש ʩʘʥʳ, ʙʽʨʣ.; 

CarArrival
Loadm - ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽש ʪʠʝʫʛʝ ʢʝʣʫʽʥʽש ʪᴅʫʣʽʢʪʽʢ ץʘʨץʳʥʜʳʣʳסʳ, ʙʽʨʣ.; 
CarArrival
Unloadm - ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽש ʪװʩʽʨʫʛʝ ʢʝʣʫʽʥʽש ʪᴅʫʣʽʢʪʽʢ ץʘʨץʳʥʜʳʣʳסʳ, ʙʽʨʣ.; 
Car
LoadN - ʪᴅʫʣʽʢ ʽʰʽʥʜʝ ʪʠʝʣʛʝʥ ʘʚʪʦʤʦʙʠʣʴʜʝʨ ʩʘʥʳ, ʙʽʨʣ.; 
Car
UnloadN - ʪᴅʫʣʽʢ ʽʰʽʥʜʝ ʪװʩʽʨʽʣʛʝʥ ʘʚʪʦʤʦʙʠʣʴʜʝʨ ʩʘʥʳ, ʙʽʨʣ.; 

( )AVGMAXMINTCar
Load ,, - ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽש ʞװʢʪʝʣʫ ײʟʘץʪʳסʳ (ʤʠʥʠʤʘʣʜʳ, 

ʤʘʢʩʠʤʘʣʜʳ ʞᴅʥʝ ʦʨʪʘʰʘ), ʤʠʥ.; 

( )AVGMAXMINTCar
Unload ,, - ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽ ʪװʩʽʨʫ ײʟʘץʪʳסʳ (ʤʠʥʠʤʘʣʜʳ, ʤʘʢʩʠʤʘʣʜʳ 

ʞᴅʥʝ ʦʨʪʘʰʘ), ʤʠʥ.; 

( )AVGMAXMINTWaitCar
Load ,, - ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽש ʞװʢʪʝʣʫʽʥ ʢװʪʫ ײʟʘץʪʳסʳ (ʤʠʥʠʤʘʣʜʳ, 

ʤʘʢʩʠʤʘʣʜʳ ʞᴅʥʝ ʦʨʪʘʰʘ), ʤʠʥ.; 

( )AVGMAXMINTWaitCar
Unload ,, - ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽ ʪװʩʽʨʫʜʽ ʢװʪʫ ײʟʘץʪʳסʳ (ʤʠʥʠʤʘʣʜʳ, 

ʤʘʢʩʠʤʘʣʜʳ ʞᴅʥʝ ʦʨʪʘʰʘ), ʤʠʥ.; 
Forklifts
ZoneLoadb , Forklifts

ZoneUnloadb , Forklifts
eZoneStoragb , Forklifts

WAREHOUSEb  - ʪʠʝʛʽʰʪʝʨʜʽ ʪʠʝʫ, ʪװʩʽʨʫ, ʩʘץʪʘʫ 

ʘʡʤʘץʪʘʨʳʥʜʘ ʞᴅʥʝ ʦʨʪʘʰʘ ץʦʡʤʘʜʘ ʧʘʡʜʘʣʘʥʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ. 

 :ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʞʳʨʳʤʜʘʨʜʳ ʞʘʩʘʫײʘʨʘ ʢʝʫʜʝ ʤʦʜʝʣʽʥ ʪʘʣʜʘʫ ʢʝʣʝʩʽ ʪפ
CarArrival
Loadm  ʞᴅʥʝ CarArrival

Unloadm   ʤʦʜʝʣʴʜʽש ʢʽʨʽʩ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ; 
Car
LoadN  ʞᴅʥʝ Car

UnloadN  ʤʦʜʝʣʴʜʽש ʙʘʩʪʘʧץʳ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʦʣʧr ʪʘʙʳʣʘʜʳ; 
Dock
LoadN , Dock

UnloadN  ʞᴅʥʝ Forklifts
StorageN   ʙʘʨ-ᴅʨʪװʨʣʽ ʧʘʨʘʤʝʪʨʣʝʨ; 

( )AVGMAXMINTCar
Load ,, , ( )AVGMAXMINTCar

Unload ,, , ( )AVGMAXMINTWaitCar
Loading ,, , 

( )AVGMAXMINTWaitCar
Unload ,, , Forklifts

ZoneLoadb , Forklifts
ZoneUnloadb , Forklifts

eZoneStoragb  ʞᴅʥʝ Forklifts
WAREHOUSEb  ʞװʡʝʥʽש ʪʠʽʤʜʽʣʽʛʽʥ 

ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʧʘʨʘʤʝʪʨʣʝʨ ʙʘʨ. 

AnyLogic-ʪʝ ʤʦʜʝʣʴ ʣʦʛʠʢʘʩʳʥ ʽʩʢʝ ʘʩʳʨʫʜʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 

ʤʦʜʝʣʴʜʝʫ ʵʢʩʧʝʨʠʤʝʥʪʽʥʝ ʜʘʡʳʥʜʳץ ʢʝʟʽʥʜʝ ʢʝʣʝʩʽ ʙʦʣʞʘʤʜʘʨ ʞʘʩʘʣʜʳ (ʩʦʜʘʥ ʢʝʡʽʥ 

ʤʦʜʝʣʴʜʝ ʙʘסʜʘʨʣʘʤʘʣʳץ ʪװʨʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ): 

- ʪװʩʽʨʫ ʘʡʤʘסʳʥʳש ʪʠʝʛʽʰʪʝʨʽʥʽש ʩʘʥʳ (ʞװʢʪʝʤʝ) ʦʩʳ ʘʡʤʘץʪʳש ʜʦʢʪʘʨʳʥʳש 

ʩʘʥʳʥʘ ʙʘʡʣʘʥʳʩʪʳ (ᴅʨ ץʦʥʜʳʨסʳסʘ 1 ʪʠʝʛʽʰ ʙʝʢʽʪʽʣʝʜʽ); 

- ʜʦʢʪʘʨʜʳש ʩʘʥʳ ʘʟʘʡסʘʥ ʢʝʟʜʝ, ץʦʥʜʳʨסʳסʘ ʙʝʢʽʪʽʣʛʝʥ ʪʠʝʛʽʰʪʝʨ ʞװʡʝʜʝʥ 

ʰʳסʘʨʳʣʘʜʳ; 

- ʩʘץʪʘʫ ʘʡʤʘסʳʥʜʘסʳ ʪʠʝʛʽʰʪʝʨʜʽש ʩʘʥʳ ʪʠʽʩʽʥʰʝ ʪװʩʽʨʫ ʞᴅʥʝ ʪʠʝʫ ʘʡʤʘץʪʘʨʳʥʘ 

ʙʝʢʽʪʽʣʝʪʽʥ ʝʢʽ ʪʦʧץʘ ʙᴇʣʽʥʝʜʽ; 

- ʩʘץʪʘʫ ʘʡʤʘסʳʥʜʘסʳ ʪʠʝʛʽʰʪʝʨʜʽש ʩʘʥʳ ʝʢʽ-ʝʢʽʜʝʥ ᴇʟʛʝʨʝʜʽ; 

- ʪʠʝʫ ʞᴅʥʝ ʪװʩʽʨʫ ʢʝʟʽʥʜʝ ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽש ʢʝʣʫ ץʘʨץʳʥʜʳʣʳסʳ 6 ʞᴅʥʝ 3 ʘʚʪʦ/ʩʘס. 

ʪʠʽʩʽʥʰʝ. 

ᴄʟʽʨʣʝʥʛʝʥ ʠʤʠʪʘʮʠʷʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʩʘʥʜʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ 3-ʢʝʩʪʝʜʝ  

ʢʝʣʪʽʨʽʣʛʝʥ  ʞᴅʥʝ ʦʥʳ ʽʩʢʝ ʘʩʳʨʫ ʘʣʛʦʨʠʪʤʽ 4-ʩʫʨʝʪʪʝ ʙʝʨʽʣʛʝʥ. תʰʪʽʢ ʢʽʨʽʩʪʽʨʽʣʛʝʥ 

ʮʠʢʣʜʝʥ ʪײʨʘʪʳʥ ײʩʳʥʳʣסʘʥ ʘʣʛʦʨʠʪʤʥʽײץ שʨʳʣʳʤʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ (4 ʩʫʨʝʪ) ʞᴅʥʝ 

ʠʤʠʪʘʮʠʷʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʩʘʥʜʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ (2 ʢʝʩʪʝ) ʤʦʜʝʣʴʜʽש ʞװʛʽʨʫ ʩʘʥʳ 63 

ʥײʩץʘʥʳ ײץʨʘʜʳ.  
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2 ʢʝʩʪʝ - ʀʤʠʪʘʮʠʷʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʩʘʥʜʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ 

 

ʄʆɼɽʃʔɼɯר ʂɯʈɯʉ ʇɸʈɸʄɽʊʈʃɽʈɯ 

ʂᴇʨʩʝʪʢʽʰ ɹʝʣʛʽ ʄʘסʳʥʘʩʳ 

ɸʚʪʦʢᴇʣʽʢʪʝʨʜʽש ʪװʩʽʨʫʛʝ ʢʝʣʫʽʥʽש ʪᴅʫʣʽʢʪʽʢ 

 ʳסʳʥʜʳʣʳץʘʨץ
CarArrival
Unloadm  24 

ɸʚʪʦʤʦʙʠʣʴʜʝʨʜʽש ʪʠʝʫʛʝ ʢʝʣʫʽʥʽש ʪᴅʫʣʽʢʪʽʢ 

 ʳסʳʥʜʳʣʳץʘʨץ
CarArrival
Loadm  48 

ᴄʈʊתʈʃɯ ʇɸʈɸʄɽʊʈʃɽʈ 

ʂᴇʨʩʝʪʢʽʰ ɹʝʣʛʽ 
ʄʘסʳʥʘʩʳ 

MIN MAX  

ʊװʩʽʨʫ ʜʦʢʪʘʨʳʥʳש ʩʘʥʳ Dock
UnloadN  1 3 

ɾװʢʪʝʤʝ ʜʦʢʪʘʨʳʥʳש ʩʘʥʳ Dock
LoadN  1 3 

ʉʘץʪʘʫ ʘʡʤʘסʳʥʜʘסʳ ʪʠʝʛʽʰʪʝʨʜʽש ʩʘʥʳ (ʝʢʽ ʪʦʧ) 
Forklifts
StorageN  2(1+1) 14(7+7) 

 

 

 4 ʩʫʨʝʪ - פʦʡʤʘ ʢʝʰʝʥʽʥʽש ʞײʤʳʩ ʽʩʪʝʫʽʥʽש çפʘʨʘ ʞᴅʰʽʢè ʤʦʜʝʣʽ 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʥϸʪʠʞʝʣʝʨʽʥ ʠʥʪʝʛʨʘʣʜʳ ʙʘϤʘʣʘʫ. ɽϬ ʞʘϨʩʳ ʥϰʩϨʘʥʳ ʪʘϬʜʘʫ. 

ʃʦʛʠʩʪʠʢʘʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʦʜʝʣʴʜʝʨ ʤʝʥ ᴅʜʽʩʪʝʨʜʽש ʽʰʽʥʜʝ (ʦʥʳש ʽʰʽʥʜʝ 

 ʩʳ  ʙʘʣʘʤʘʥʳץʞʘ שʽʰʽʥʝʥ ʝ שʘʣʘʨʜʳץʩײʦʣ ʞʝʪʽʤʜʽ ʥץ ʣʦʛʠʩʪʠʢʘ) ʙʽʨʥʝʰʝ ץʦʡʤʘʣʳץ

ʪʘשʜʘʫ ʪʫʨʘʣʳ ʰʝʰʽʤ ץʘʙʳʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʙʽʨץʘʪʘʨ ʤʦʜʝʣʴʜʝʨʜʽ  ʙᴇʣʽʧ  ʢᴇʨʩʝʪʫ  

 ʜʘʫשʪʘʡʣʘʥʜʳʨʫ, ʪʘʧʩʳʨʳʩ ʙʝʨʫ ʞᴅʥʝ ʝʨʽʢʪʽ ʪʘשʜʘʡʳʥʜʘ ʦסʘʞʝʪ. ʉʦʥʳʤʝʥ, ʩʝʥʽʤʜʽʣʽʢ  ʞʘץ

 ,ʜʘʡʳʥʜʘ ʦʡʳʥ ʪʝʦʨʠʷʩʳ, ʫʪʠʣʠʪʘ ʪʝʦʨʠʷʩʳסʤʢʽʥ; ʘʣ ʙʝʣʛʽʩʽʟʜʽʢ ʞʘװʦʣʜʘʥʳʣʫʳ ʤץ

ʩʪʦʭʘʩʪʠʢʘʣʳץ  ʰʝʰʽʤʜʝʨʜʽ ʝʩʢʝʨʝʪʽʥ ʤʦʜʝʣʴʜʝʨ ʞᴅʥʝ ʪ.ʙ. ʪʘשʜʘʫ ײץʨʳʣʳʤʳʥ ʩʠʧʘʪʪʘʫ 

װ ʰʽʥװ  hʥʝʛʽʟʛʽ ʪᴅʩʽʣ ʙʘʨ: ʢʨʠʪʝʨʠʘʣʜʳ, ʝʢʽʣʽʢ ץʘʪʳʥʘʩʪʘʨ ʞᴅʥʝ ʪʘשʜʘʫ ʬʫʥʢʮʠʷʣʘʨʳ. ʂᴇʧ 
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ʞʘסʜʘʡʜʘ ʙʘʣʘʤʘʣʘʨʜʳ ʩʘʣʳʩʪʳʨʫ ʦʣʘʨʜʳ ʙʽʨʥʝʰʝ ʢʨʠʪʝʨʠʡʣʝʨ ʙʦʡʳʥʰʘ ʙʘסʘʣʘʫ 

 ʪʳʤʜʳײ שʡʳʤʜʘʩʪʳʨʫʜʳײ ʤʳʩʳʥײʦʡʤʘ ʞץ ,ʘʞʝʪʪʽʣʽʛʽʥʝ ᴅʢʝʣʝʜʽ. ɸʡʪʘ ʢʝʪʫ ʢʝʨʝʢץ

ʥײʩץʘʩʳʥ ʪʘשʜʘʫ ᴅʨʪװʨʣʽ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʫסʘ ʙʦʣʘʪʳʥ ʢᴇʧ ᴇʣʰʝʤʜʽ ʪʘʧʩʳʨʤʘʣʘʨ ʢʣʘʩʳʥʘ 

ʞʘʪʘʜʳ. 

ɯʩ ʞװʟʽʥʜʝ ʢᴇʙʽʥʝʩʝ ʝʢʽ ʪᴅʩʽʣ (ʥʝʤʝʩʝ ʦʣʘʨʜʳש ʢʦʤʙʠʥʘʮʠʷʩʳ) ʘʞʳʨʘʪʳʣʘʜʳ, 

ʦʣʘʨʜʳש ʥʝʛʽʟʽʥʜʝ ײʪʳʤʜʳ ʥײʩץʘʥʳ ʪʘשʜʘʫסʘ ʙʦʣʘʜʳ: 

- ʘʥʘʣʠʪʠʢʘʣʳץ ʪᴅʩʽʣ ץʦʡʤʘʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʙʽʨץʘʪʘʨ ʧʘʨʘʤʝʪʨʣʝʨʜʽ 

 ;ʩʳʥʘʜʳײ ʜʘʫʜʳשʦʣʜʘʥʘ ʦʪʳʨʳʧ ʪʘץ ʘʤʪʠʪʳʥ ʝʩʝʧʪʝʣʛʝʥ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽץ

- ʩʘʨʘʧʰʳ ʤʘʤʘʥʜʘʨʜʳש ʟʝʨʪʪʝʣʝʪʽʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽ (ʥײʩץʘʣʘʨʜʳ) ʩʘʨʘʣʘʫʳʥʘʥ 

ʪײʨʘʪʳʥ ʩʘʨʘʧʪʘʤʘʣʳץ ʪᴅʩʽʣ. 

 שʤʳʩʳʥʳײʡʝ ʞװʰʽʥ ʞװ ʜʘʫשʘʩʳʥ ʪʘץʩײʪʘʡʣʳ ʥשʦ שʦʡʤʘ ʢʝʰʝʥʽʥ ʧʘʡʜʘʣʘʥʫʜʳפ

ʢʝʣʝʩʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʪʘשʜʘʣʜʳ  
Forklifts
WAREHOUSEN  שʦʡʤʘʜʘ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʪʠʝʛʽʰʪʝʨʜʽץ :

ʞʘʣʧʳ ʩʘʥʳ 
Forklifts

WAREHOUSEb   ʦʡʤʘʜʘ ʦʨʪʘʰʘ ʪʠʝʛʽʰʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽץ ;

( )AVGTCar
Load , ( )AVGTCar

Unload ; ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽ ʪʠʝʫ ʤʝʥ ʪװʩʽʨʫʜʽש ʦʨʪʘʰʘ ײʟʘץʪʳסʳ; ʪʠʝʫ 

ʞᴅʥʝ ʪװʩʽʨʫ ʢʝʟʽʥʜʝ ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽ ʢװʪʫʜʽש ʦʨʪʘʰʘ ײʟʘץʪʳסʳ   ( )AVGTWaitCar
Load , 

( )AVGTWaitCar
Unload . 

 שʘʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽסʜʘʣשʰʽʥ ʪʘװ ʪʘʫץʘʩʳʥ ʘʥʳץʩײʪʘʡʣʳ ʥשʦ שʦʡʤʘ ʢʝʰʝʥʽʥʽפ

ʩʘʥʜʳץ ʤᴅʥʜʝʨʽ 3-ʰ ̔ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ.  
 

3 ʢʝʩʪʝ - פʦʡʤʘ ʢʝʰʝʥʽʥʽש ʦשʪʘʡʣʳ ʥײʩץʘʩʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʪʘשʜʘʣסʘʥ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʩʘʥʜʳץ ʤᴅʥʜʝʨʽ 
 

ʂᴇʨʩʝʪʢʽʰ ʂᴇʨʩʝʪʢʽʰʪʽש ʤᴅʥʽ 
 ʟʜʽʢ ʢᴇʨʩʝʪʢʽʰת

ɾװʨʽʩ ʥᴇʤʽʨʽ 60 61 62 63 

ɾװʨʽʩ  ʰʠʬʨʳ 3DU3DL14F 3DU3DL16F 3DU3DL18F 3DU3DL20F ɹʘסʳʪ ʄʘסʳʥʘʩʳ 
Forklifts
WAREHOUSEN  14 16 18 20 MIN 14 

Forklifts
WAREHOUSEb  0,81 0,79 0,76 0,69 MAX  0,81 

( )AVGTCar
Unload  17,14 16,03 15,14 14,82 MIN 14,82 

( )AVGTCar
Load  36,18 34,87 34,86 34,08 MIN 34,08 

( )AVGTWaitCar
Unload  11,24 10,67 9,08 8,80 MIN 8,80 

( )AVGTWaitCar
Load  15,49 14,38 12,78 12,06 MIN 12,06 

 

ɾװʨʽʩ  ʰʠʬʨʳʥ  ʢʦʜʪʘʫ:  ç3du3dl14fè:  ץʦʡʤʘʜʘ 3 ʪװʩʽʨʫ ʜʦʢʪʘʨʳ, 3 ʪʠʝʫ ʜʦʢʪʘʨʳ 

ʞײʤʳʩ ʽʩʪʝʡʜʽ ʞᴅʥʝ 14 ʪʠʝʛʽʰ ʞײʤʳʩ ʽʩʪʝʡʜʽ. 

ʂʦʤʧʦʟʠʮʠʷ ʞײʤʳʩʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫʜʘ ʘʚʪʦʨʣʘʨ ʢʝʰʝʥʜʽ ʠʥʜʠʢʘʪʦʨʜʳש 

 :ʩʳʥʘʜʳײ ʨʽʥʜʝװʪ ץʨʜʝʛʽ ʬʫʥʢʮʠʦʥʘʣʜʳʣʳװʨʳʣʳʤʳʥ ʢʝʣʝʩʽ ʪײץ
 

max
1

­Ö=ä
=

n

j

j
i

j
i kK w .                                          (2) 

ʄײʥʜʘסʳ 
j

ik  - ʞװʨʽʩʪʝʛʽ ʢᴇʨʩʝʪʢʽʰʪʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ʰʘʤʘʩʳ; 

n - ʝʩʢʝʨʽʣʝʪʽʥ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʩʘʥʳ; 
jw  -  j- ʢᴇʨʩʝʪʢʽʰʪʽװ שʣʝʩ ʩʘʣʤʘסʳ. 
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ʉʘʣʳʩʪʳʨʤʘʣʳ ʰʘʤʘʣʘʨ ᴅʨ ʢᴇʨʩʝʪʢʽʰʪʽש ʥʘʰʘʨʣʘʫ ʜᴅʨʝʞʝʩʽʥ ʢᴇʨʩʝʪʝʜʽ, ʦʣ ʝש 

ʞʘץʩʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ץʘʨʘʩʪʳʨʳʣʘʜʳ ʤᴅʥʽ ʟʝʨʪʪʝʣʝʪʽʥ ʪʦʧʪʘ: 
 

( )

( )
î
î

ý

î
î

ü

û

î
î

í

î
î

ì

ë

=

=

=
j)(

)(j

j

j)(

j

)(j

j

max,

min,

i
bestj

ibest
i

i

i
bestj

i

i

best
i

i

XXʷʢʱʦ
X

X

XXʷʢʱʦ
ʍ

X

k

. 

     (3) 

 

ʄײʥʜʘסʳʣʘʨ      
j

iX  - ʞװʨʫ װʰʽʥ ʘʙʩʦʣʶʪʪʽ ʢᴇʨʩʝʪʢʽʰ; 

)(bestj
iX    - ʞװʨʫ װʰ̔ ʥ ʝש ʞʘץʩʳ ʢᴇʨʩʝʪʢʽʰ. 

ʂᴇʨʩʝʪʢʽʰʪʝʨ  ײץʨʘʤʥʳש  ʪʠʽʤʜʽʣʽʛʽʥʝ  ᴅʩʝʨ ʝʪʫʜʽש ᴅʨʪװʨʣʽ ʙʘסʳʪʳʥʘ ʠʝ ʙʦʣʘ 

ʘʣʘʪʳʥʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ᴅʨ ʞװʛʽʨʫ װʰʽʥ ʙʘʨʣʳץ ץʘʨʘʩʪʳʨʳʣסʘʥ ʥײʩץʘʣʘʨʜʳש ʽʰʽʥʝʥ ʝש 

ʞʘץʩʳ ʢᴇʨʩʝʪʢʽʰ ʨʝʪʽʥʜʝ ʤʠʥʠʤʘʣʜʳ ʥʝʤʝʩʝ ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥ ץʘʙʳʣʜʘʥʫʳ ʤװʤʢʽʥ: 
 

( ) ( )jii
bestj

i XORXX maxmin j)( = . (4) 

 

ʄײʥʜʘסʳ   
)j(

iX max
,  

)j(
iX min

  -ʝש ʞʦסʘʨʳ (ʝש ʪᴇʤʝʥʛʽ ʤᴅʥ) ʞװʨʽʩ ʢᴇʨʩʝʪʢʽʰʽ. 

ʉʦʥʜʘʡ-ʘץ  
jw  -ʰʳ ʢᴇʨʩʝʪʢʽʰʪʽװ שʣʝʩ ʩʘʣʤʘסʳʥ ʘʡץʳʥʜʘʫסʘ  ץʘʪʳʩʪʳ  ʩʘʫʘʣʥʘʤʘ 

ʥᴅʪʠʞʝʣʝʨʽ (çɸʫʳʣ-ʥײʨ çrנʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʀʥʥʦʚʘʮʠʷʣʳץ ʂʦʨʧʦʨʘʮʠʷʩʳ, 

ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ) jץʘʟʘפ -ʰʽ ʩʘʫʣʥʘʤʘʜʘʥ  ʢʝʣʪʽʨʽʣʜʽ. 

 ʉʘʫʘʣʥʘʤʘ ץʦʡʤʘ ʣʦʛʠʩʪʠʢʘʩʳ ʤᴅʩʝʣʝʣʝʨʽʥʝ ʤʘʤʘʥʜʘʥסʘʥ ɸʣʤʘʪʳ ץʘʣʘʩʳʥʳש 

ʞʝʪʝʢʰʽ ʤʘʤʘʥʜʘʨʳ ʘʨʘʩʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. ʆʨʳʥʜʘʣסʘʥ ʝʩʝʧʪʝʫʣʝʨ ʥʝʛʽʟʽʥʜʝ (2) ʢᴇʨʩʝʪʽʣʛʝʥ 

ʢʝʰʝʥʜʽ iK ʢᴇʨʩʝʪʢʽʰʪʽש ʤᴅʥʜʝʨʽ ʘʥʳץʪʘʣʜʳ ʞᴅʥʝ 5-ʰ ̔ʩʫʨʝʪʪʝ ʙʝʨʽʣʛʝʥ.  

 

0,95

0,92

0,88
0,87

0,80

0,85

0,90

0,95

1,00

3DU3DL14F 3DU3DL16F 3DU3DL18F 3DU3DL20F

BASE CASE  

 

5 ʩʫʨʝʪ  - ɽʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ץʦʡʤʘ ʢʝʰʝʥʽʥʽש ʞײʤʳʩ ʽʩʪʝʫ ʪʠʽʤʜʽʣʽʛʽʥʽש ʢʝʰʝʥʜʽ 

iK ʢᴇʨʩʝʪʢʽʰʽʥʽש ʤᴅʥʽ 

 

ʊʘʣʜʘʫ 5-ʩʫʨʝʪ  ç3DU3DL14Fè ʥײʩץʘʩʳʥʜʘ ץʦʡʤʘʥʳ ʧʘʡʜʘʣʘʥʫ 6 ʪʠʝʛʽʰʪʽ 
ʞײʤʳʩʪʘʥ ʙʦʩʘʪʫסʘ, ײʩʳʥʳʣסʘʥ ʢʝʰʝʥʜʽ ʢʨʠʪʝʨʠʡ ʙʦʡʳʥʰʘ ʦʥʳש ʞײʤʳʩ ʪʠʽʤʜʽʣʽʛʽʥ 8% - 
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 ʩʽʨʫʛʝ ʞᴅʥʝװʨʘʣʜʘʨʳʥ  ʪʠʝʫʛʝ,  ʪײץ ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʢᴇʣʽʢװʘ ʤסʘ ʘʨʪʪʳʨʫס
ʢװʪʫʛʝ ʢʝʪʝʪʽʥ ʫʘץʳʪʪʳש ʤʘשʳʟʜʳ ᴇʩʫʽʥʩʽʟ ʢװʥʜʝʣʽʢʪʽ ʞװʢ ʘסʳʥʜʘʨʳʥ ʠʛʝʨʫʜʽ ץʘʤʪʘʤʘʩʳʟ 
ʝʪʝʜʽ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

 .ʦʨʳʪʳʥʜʳʣʘʨפ

 ʤʳʩײʞ שʦʣʘʨʜʳ ץʞʝʪʢʽʣʽʢʩʽʟ ʩʘʥʳ, ʩʦʥʜʘʡ ʘ שʦʡʤʘ ʢʝʰʝʥʜʝʨʽʥʽץ ʳסʘʟʽʨʛʽ ʟʘʤʘʥפ
ʽʩʪʝʫʽʥ ʦשʪʘʡʣʳ ײʡʳʤʜʘʩʪʳʨʫ ʞװʢ ʘסʳʥʜʘʨʳʥʳש ʪײʨʘץʪʳ ᴇʩʫʽʥʝ ץʘʨʘʤʘʩʪʘʥ, פʘʟʘץʩʪʘʥ 
ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʪʨʘʥʟʠʪʪʽʢ ʜᴅʣʽʟʽʥ ʜʘʤʳʪʫ ᴅʣʝʫʝʪʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʰʝʢʪʝʡʜʽ. ʆʩʳʣʘʡʰʘ, 
ɸʣʤʘʪʳʜʘ ʦʨʥʘʣʘʩץʘʥ ʩʘץʪʘʫ ʘʡʤʘסʳʥʜʘסʳ ʬʨʦʥʪʘʣʴʜʳ ʩʪʝʣʣʘʞʜʘʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ ɸ 
ʢʣʘʩʪʳ ץʦʡʤʘ ʢʝʰʝʥʽʥʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʘʫʜʠʪʽʥʽש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʥʝʛʽʟʛʽ ᴇʥʜ̔ʨʽʩʪʽʢ 
 ʳʟʤʝʪץ ץʣ ʦʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʤʝʥ ʪʝʭʥʠʢʘʣʳײʪʘʣʜʳ, ʙץʢʪʝʣʤʝʛʝʥʽ ʘʥʳװʞ  31% שʫʘʪʪʘʨʜʳץ
ʢᴇʨʩʝʪʫ ʰʳסʳʥʜʘʨʳʥʳש ʘʨʪʫʳʥʘ ʞᴅʥʝ ץʦʡʤʘʥʳץ שʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʧʝʨʩʦʥʘʣʳʥʳץ שʘʞʝʪʪʽ 
ʩʘʥʳʥʳײ שʣסʘʶʳʥʘ ᴅʢʝʣʝʜʽ.  

ʆʨʳʥʜʘʣסʘʥ ʝʩʝʧʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ װ  hʪʠʝʫ-ʪװʩʽʨʫ ʜʦʢʪʘʨʳʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ 
ʞᴅʥʝ 14 ʪʠʝʛʽʰ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ץʦʡʤʘʥʳ ʧʘʡʜʘʣʘʥʫ ײʩʳʥʳʣסʘʥ ʢʝʰʝʥʜʽ ʢʨʠʪʝʨʠʡʛʝ ʩᴅʡʢʝʩ 
ʦʥʳש ʞײʤʳʩ ʪʠʽʤʜʽʣʽʛʽʥ 8%  ʘʨʪʪʳʨʫ װʰʽʥ ʘʣʪʳ ʞװʢ ʢᴇʪʝʨʛʽʰʪʽ ʞײʤʳʩʪʘʥ ʙʦʩʘʪʫסʘ 
ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʜʽʛʽʥ ʨʘʩʪʘʜʳ. ʢװʥʜʝʣʽʢʪʽ ʞװʢ ʪʘʩʳʤʘʣʳʥ ʠʛʝʨʫ, ʞװʢ ʪʠʝʫʛʝ ʢʝʪʝʪʽʥ 
ʫʘץʳʪʪʳ ʢʨʠʪʠʢʘʣʳץ ʘʨʪʪʳʨʤʘʡ ʂᴇʣʽʢ ײץʨʘʣʜʘʨʳʥ ʪʠʝʫ, ʪװʩʽʨʫ ʞᴅʥʝ ʢװʪʫ. 
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OPTIMIZATION  OF LOGISTICS  WAREHOUSE COMPLEX  RESOURCES 

 

          Abstract. This article discusses modern warehouse solutions and the main production and 

technological parameters to study the impact of volumetric planning on the efficiency of its 

work. Modeling The modeling method was used for analysis, research and justification, and the 

çAnylogicè software product was used as a modeling environment 

In this article, a generalized algorithm for building an effective system is performed, 

models of warehouse complexes and a model of 114 blocks are proposed. The model is 

presented in the form of a black box, which made it possible to determine correlations and 

relationships between input and output parameters of the warehouse system, as well as its 

resources. Based on the simulation experiment, 63 model calculations were carried out. As a 

result of the simulation, four warehouse options were installed, which provided unloading and 

loading of the required number of wagons during the day. The best complex criterion was chosen 

based on the proposed functioning of the warehouse complex 

 

Keywords. Warehouses, numerical modeling, internal transport, performance analysis, 

unloading, loading, efficiency. 
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ʆʇʊʀʄʀɿɸʎʀʗ ʈɽʉʋʈʉʆɺ ʃʆɻʀʉʊʀʏɽʉʂʆɻʆ ʉʂʃɸɼʉʂʆɻʆ ʂʆʄʇʃɽʂʉɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʩʢʣʘʜʩʢʠʝ ʨʝʰʝʥʠʷ ʠ 

ʦʩʥʦʚʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʦʙʲʝʤʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣ̫ ʘʥʘʣʠʟʘ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʦʩʥʦʚʘʥʠʷ, ʘ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ 

çAnylogicè ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥ ʦʙʦʙʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ, ʧʨʝʜʣʦʞʝʥʳ ʤʦʜʝʣʠ ʩʢʣʘʜʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʤʦʜʝʣʴ ʠʟ 114 ʙʣʦʢʦʚ. ʄʦʜʝʣʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʯʝʨʥʦʛʦ ʷʱʠʢʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʨʨʝʣʷʮʠʠ ʠ ʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʢʣʘʜʩʢʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʝʝ ʨʝʩʫʨʩʳ. ʅʘ 

ʦʩʥʦʚʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 63 ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʯʝʪʳʨʝ ʚʘʨʠʘʥʪʘ ʩʢʣʘʜʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ 

ʨʘʟʛʨʫʟʢʫ ʠ ʧʦʛʨʫʟʢʫ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʘʛʦʥʦʚ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʅʘʠʣʫʯʰʠʡ 

ʢʦʤʧʣʝʢʩʥʳʡ ʢʨʠʪʝʨʠʡ ʙʳʣ ʚʳʙʨʘʥ ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʢʣʘʜʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʢʣʘʜʳ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʥʫʪʨʝʥʥʠʡ ʪʨʘʥʩʧʦʨʪ, 

ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʨʘʟʛʨʫʟʢʘ, ʧʦʛʨʫʟʢʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
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ɺɿɸʀʄʆʉɺʗɿʔ ɻʃʆɹɸʃʔʅʓʍ ʂʈʀɿʀʉʆɺ ʉ ɻʈʋɿʆʇɽʈɽɺʆɿʂɸʄʀ: ʉʈɸɺʅɽʅʀɽ 

ʄɽɾɼʋ ɻɽʈʄɸʅʀɽʁ ʀ ʂɸɿɸʍʉʊɸʅʆʄ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʤʠʨ ʥʫʞʜʘʝʪʩʷ ʚʦ ʚʩʝ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʪʦʚʘʨʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʛʦ ʥʘʩʝʣʝʥʠʷ ʠ ʛʣʦʙʘʣʠʟʘʮʠʠ, ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʚʳʰʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʝʪʝʚʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʠʨʦʚʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʠ ʥʘʮʠʦʥʘʣʴʥʘʷ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʩʝʪʴ ʙʳʣʠ ʦʯʝʥʴ 

ʪʝʩʥʦ ʧʝʨʝʧʣʝʪʝʥʳ ʩ ʤʥʦʞʝʩʪʚʦʤ ʩʚʷʟʝʡ, ʛʜʝ ʤʘʣʝʡʰʝʝ ʥʘʨʫʰʝʥʠʝ ʤʦʞʝʪ ʠʤʝʪʴ ʩʝʨʴʝʟʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʠʤʝʨʦʚ ʙʳʣʦ ʟʘʢʨʳʪʠʝ ʉʫʵʮʢʦʛʦ ʢʘʥʘʣʘ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʢʦʥʪʝʡʥʝʨʦʚʦʟ Ever Given TEU ʟʘʜʝʣ ʛʨʫʥʪ ʚ ʤʘʨʪʝ 2021 ʛʦʜʘ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʵʬʬʝʢʪʘʤ 

ʩʥʝʞʥʦʛʦ ʢʦʤʘ, ʪʘʢʠʤ ʢʘʢ ʨʦʩʪ ʮʝʥ ʥʘ ʧʝʨʝʚʦʟʢʠ (ʥʘ ʦʩʥʦʚʥʳʝ ʪʦʚʘʨʳ, ʪʘʢʠʝ ʢʘʢ ʩʳʨʘʷ 

ʥʝʬʪʴ ʠ ʛʘʟ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʠʨ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʜʚʫʤʷ ʛʣʦʙʘʣʴʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ: 

ʧʘʥʜʝʤʠʝʡ ʢʦʨʦʥʳ ʠ ʥʳʥʝʰʥʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʨʠʟʠʩʦʤ. ʋʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʢʘʢʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʥʘʥʝʩʣʘ ʧʘʥʜʝʤʠʷ ʤʠʨʦʚʦʤʫ ʨʳʥʢʫ, ʠ ʵʪʦʪ ʫʱʝʨʙ ʦʱʫʱʘʝʪʩʷ ʜʦ 

ʩʠʭ ʧʦʨ. ʇʦʩʣʝʜʩʪʚʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʪʘʢʞʝ ʥʘʯʠʥʘʶʪ ʦʱʫʱʘʪʴʩʷ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʣʶʙʦʛʦ ʤʘʩʰʪʘʙʘ. ʎʝʣʴ ʩʪʘʪʴʠ ʩʦʩʪʦʠʪ ʚ ʠʟʫʯʝʥʠʠ ʪʦʛʦ, ʢʘʢ ʜʚʘ ʥʝʜʘʚʥʠʭ 

ʛʣʦʙʘʣʴʥʳʭ ʢʨʠʟʠʩʘ ʧʦʚʣʠʷʣʠ ʥʘ ʩʝʢʪʦʨ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ, ʩʦʩʨʝʜʦʪʦʯʠʚ ʚʥʠʤʘʥʠʝ ʥʘ 

ʜʚʫʭ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʥʘ ʧʨʠʤʝʨʝ ʂʘʟʘʭʩʪʘʥʘ, ʩʪʨʘʥʳ ʩ 

ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʤʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʭʘʙʘ, ʠ ʦʜʥʦʡ ʠʟ ʚʝʜʫʱʠʭ ʩʪʨʘʥ ʚ ʦʙʣʘʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʝʨʝʚʦʟʦʢ - ɻʝʨʤʘʥʠʠ. ʉʪʘʪʴʷ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 

ʧʝʨʝʚʦʟʢʘʭ ʚ ʦʙʝʠʭ ʩʪʨʘʥʘʭ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʊʨʘʥʩʧʦʨʪ, ʣʦʛʠʩʪʠʢʘ, ʤʘʨʰʨʫʪ, ʣʦʛʠʩʪʠʯʝʩʢʠʡ ʩʝʨʚʠʩ, 

ʪʨʘʥʩʧʦʨʪʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ.  
 

ɺʚʝʜʝʥʠʝ. 

ʇʦʩʣʝʜʥʠʝ ʤʠʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʣʦʛʠʩʪʠʢʝ ʧʦʚʣʠʷʣʠ ʥʘ ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʘʨʠʘʥʪʦʚ ʧʨʦʜʫʢʮʠʠ, ʩʝʛʤʝʥʪʘʮʠʷ ʨʳʥʢʘ 

ʧʦʨʦʞʜʘʝʪ ʨʘʟʚʠʪʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ ʜʦʩʪʘʚʢʠ 

ʧʦʪʨʝʙʠʪʝʣʶ. ɼʣʷ ʜʦʩʪʘʚʢʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʦʚʘʨʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʷʚʣʷʝʪʩʷ ʚʩʸ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʠʧʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʪʘʢ, ʯʪʦ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ ʚʠʜ 

ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɻʣʦʙʘʣʠʟʘʮʠʷ ʨʳʥʢʦʚ 

ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʘʚʠʘ ʠ ʤʦʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʢʦʥʪʝʡʥʝʨʥʳʭ. 

ʇʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʥʦʛʠʝ ʫʯʝʥʥʳʝ ʠ ʵʢʩʧʝʨʪʳ ʚ ʦʙʣʘʩʪʠ ʣʦʛʠʩʪʠʢʠ ʚʩʝ ʯʘʱʝ 

ʦʙʩʫʞʜʘʶʪ ʚʦʧʨʦʩʳ ʧʦ ʘʥʘʣʠʟʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʤʝʥʝʥʠʷ ʩʠʥʝʨʛʠʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʩʚʷʟʘʥʦ ʩ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʝʜʠʥʫʶ ʮʝʧʴ ʧʦʩʪʘʚʦʢ. ʕʪʦ ʜʘʝʪ ʙʦʣʴʰʝ ʵʬʬʝʢʪʘ ʨʘʟʚʠʪʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʥʝʞʝʣʠ ʨʘʩʩʤʦʪʨʝʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʙʦʪʫ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʚʫʭ ʩʪʨʘʥ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʳʭ ʢʨʠʟʠʩʦʚ ʠ 
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90 

ʧʨʝʜʣʦʞʠʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʶ ʨʘʙʦʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʛʣʦʙʘʣʴʥʳʤ ʚʳʟʦʚʘʤ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʉʝʛʦʜʥʷ ʤʥʦʛʠʝ ʫʯʝʥʥʳʝ ʩʦ ʚʩʝʛʦ ʤʠʨʘ ʚ ʩʚʷʟʠ ʩ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ 

ʥʘʯʘʣʠ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʨʘʟʚʠʪʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ ʠ 

ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʱʫʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʘʨʰʨʫʪʳ ʠ ʢʦʨʠʜʦʨʳ ʧʝʨʝʚʦʟʢʠ 

ʵʢʩʧʦʨʪʥʳʭ ʠ ʪʨʘʥʟʠʪʥʳʭ ʛʨʫʟʦʚ. ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʟʘʥʠʤʘʝʪ ʧʝʨʝʚʦʟʢʘ ʛʨʫʟʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʇʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠ 

ʩʠʩʪʝʤʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ ʫʯʝʪʦʤ ʛʣʦʙʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ.  

ʋʩʪʦʡʯʠʚʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʠʤʝʶʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ, ʘ ʩʝʪʝʚʦʡ ʘʥʘʣʠʟ, ʧʨʠʤʝʥʷʝʤʳʡ ʢ 

ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ, ʤʦʞʝʪ ʜʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʘʞʥʦʩʪʠ ʦʪʚʝʪʚʣʝʥʠʡ ʠ ʠʭ ʚʣʠʷʥʠʠ ʥʘ 

ʚʩʶ ʩʠʩʪʝʤʫ [1]. 

ʕʤʧʠʨʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʤʘʨʰʨʫʪ ʂʠʪʘʡ-

ɽʚʨʦʧʘ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʝʣʝʥʦʛʦ ʛʦʨʦʜʩʢʦʛʦ 

ʬʘʢʪʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʪʠʤʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʩʭʦʜʦʚ, ʨʘʟʚʠʪʠʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ 

ʧʝʨʝʚʦʟʦʢ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʤʫ ʨʘʟʚʠʪʠʶ ʛʨʫʟʦʚʳʭ 

ʧʦʝʟʜʦʚ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʫʩʠʣʠʪʴ ʧʨʦʜʚʠʞʝʥʠʝ ʟʝʣʝʥʦʡ ʩʦʚʦʢʫʧʥʦʡ ʬʘʢʪʦʨʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [2]. 

ɼʦʩʪʫʧʥʦʩʪʴ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʘʥʮʠʡ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʤʘʨʰʨʫʪʦʚ ʧʦʝʟʜʦʢ ʠ ʨʘʟʚʠʪʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ 

ʧʨʠʣʝʛʘʶʱʠʭ ʨʘʡʦʥʘʭ. ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʜʝʢʩ ʜʦʩʪʫʧʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 

ʩʪʘʥʮʠʡ (RsAI) (ʚʥʝʰʥʠʡ), ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʢʣʶʯʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ, ʚ ʚʠʜʝ ʚʟʚʝʰʝʥʥʦʡ ʤʝʨʳ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ 

ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʘʥʮʠʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʠʝʨʘʨʭʠʷʤ ʥʘ 

ʦʩʥʦʚʝ ʠʭ ʫʨʦʚʥʝʡ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʢʘ ʚʥʝʰʥʝʛʦ ʠʥʜʝʢʩʘ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [3]. 

ʅʘ ʧʨʠʚʝʜʝʥʥʦʡ ʢʘʨʪʝ ɻʝʨʤʘʥʠʠ (ʨʠʩʫʥʦʢ 1) ʧʦʢʘʟʘʥʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʣʠʥʠʠ, 

ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʧʦ ʚʩʝʡ ɻʝʨʤʘʥʠʠ, ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʷʶʪ ʩʦʩʝʜʥʠʝ ʩʪʨʘʥʳ, ʪʘʢʠʝ ʢʘʢ 

ʃʶʢʩʝʤʙʫʨʛ, ʅʠʜʝʨʣʘʥʜʳ, ʌʨʘʥʮʠʷ, ʇʦʣʴʰʘ ʠ ʪ.ʜ. ʂʨʘʩʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʳ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʤʘʨʰʨʫʪʳ, ʩʠʥʠʤʠ - ʚʥʫʪʨʝʥʥʠʝ ʤʘʨʰʨʫʪʳ Deutsche Bahn (ʥʝʤ. Deutsche 

Bahn Holding; ʩʦʢʨʘʱʸʥʥʦ DB AG ʠʣʠ ʧʨʦʩʪʦ DB) ð ʥʝʤʝʮʢʘʷ ʢʦʤʧʘʥʠʷ, ʦʩʥʦʚʥʦʡ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʦʧʝʨʘʪʦʨ. 

ɺ 2015 ʛʦʜʫ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʩʝʪʴ ɻʝʨʤʘʥʠʠ ʩʦʩʪʘʚʣʷʣʘ 33 331 ʢʠʣʦʤʝʪʨ, ʠʟ 

ʢʦʪʦʨʳʭ 19 983 ʢʠʣʦʤʝʪʨʘ ʙʳʣʠ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʳ, ʘ 18 201 ʢʠʣʦʤʝʪʨ - ʜʚʫʭʧʫʪʥʳʤʠ. ɺ 

ɽʚʨʦʧʝʡʩʢʦʤ ʠʥʜʝʢʩʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ 2017 ʛʦʜʘ, ʢʦʪʦʨʳʡ ʦʮʝʥʠʚʘʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ, ɻʝʨʤʘʥʠʷ ʟʘʥʠʤʘʝʪ 

ʯʝʪʚʝʨʪʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʝʚʨʦʧʝʡʩʢʠʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʠʩʪʝʤ. ɻʝʨʤʘʥʠʷ 

ʧʦʣʫʯʠʣʘ ʦʯʝʥʴ ʭʦʨʦʰʫʶ ʦʮʝʥʢʫ ʟʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʢʘʢ ʧʘʩʩʘʞʠʨʩʢʠʭ, ʪʘʢ 

ʠ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ, ʠ ʚʳʩʦʢʠʝ ʦʮʝʥʢʠ ʟʘ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʩʝʪʴ ɻʝʨʤʘʥʠʠ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʝʡ ʚ ɽʚʨʦʧʝ. ʇʨʠ ʦʙʲʝʤʝ ʧʝʨʝʚʦʟʦʢ 

ʛʨʫʟʦʚ ʚ 117 ʤʠʣʣʠʘʨʜʦʚ ʪʦʥʥʦ-ʢʠʣʦʤʝʪʨʦʚ ʚ 2020 ʛʦʜʫ ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ ʧʝʨʝʚʝʟʣʘ 17,6 

ʧʨʦʮʝʥʪʘ ʚʩʝʭ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʚʥʫʪʨʠ ɻʝʨʤʘʥʠʠ. 
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ʈʠʩʫʥʦʢ 1 - ʉʝʪʴ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʘʨʰʨʫʪʦʚ ʚ ɻʝʨʤʘʥʠʠ 

 

ʇʝʨʝʚʦʟʢʠ ʧʦ ʩʝʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʙʳʩʪʨʦ ʨʘʩʪʫʪ: ʩ 1994 ʛʦʜʘ 

ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʘʩʩʘʞʠʨʩʢʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʝʨʝʚʦʟʢʠ ʫʚʝʣʠʯʠʣʠʩʴ ʙʦʣʝʝ ʯʝʤ ʥʘ 

50 ʧʨʦʮʝʥʪʦʚ, ʘ ʛʨʫʟʦʚʳʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʝʨʝʚʦʟʢʠ - ʧʦʯʪʠ ʥʘ 90 ʧʨʦʮʝʥʪʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʦʣʴʢʦ ʥʘ ʩʝʪʠ DB AG ʧʦʝʟʜʘ ʧʨʦʭʦʜʷʪ ʙʦʣʝʝ ʦʜʥʦʛʦ ʤʠʣʣʠʘʨʜʘ 

ʢʠʣʦʤʝʪʨʦʚ ʚ ʛʦʜ. 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʷʚʣʷʶʪʩʷ ʚʪʦʨʳʤ ʧʦ ʧʦʧʫʣʷʨʥʦʩʪʠ ʚʠʜʦʤ 

ʪʨʘʥʩʧʦʨʪʘ ʩʨʘʟʫ ʧʦʩʣʝ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ɺ 2022 ʛʦʜʫ ʘʚʪʦʤʦʙʠʣʴʥʳʡ 

ʪʨʘʥʩʧʦʨʪ ʧʦ-ʧʨʝʞʥʝʤʫ ʜʦʤʠʥʠʨʫʝʪ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʬʝʨʝ ʥʘ ʫʨʦʚʥʝ 72 ʧʨʦʮʝʥʪʦʚ, ʟʘ ʥʠʤ 

ʩʣʝʜʫʝʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʥʘ ʫʨʦʚʥʝ 17 ʧʨʦʮʝʥʪʦʚ (ʨʠʩʫʥʦʢ 2). 

 

 
 

ʈʠʩʫʥʦʢ 2- ɼʦʣʷ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʚ ɻʝʨʤʘʥʠʠ 

 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʝʨʝʚʦʟʠʤʳʤʠ ʛʨʫʟʘʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʳ ʠ ʠʟʜʝʣʠʷ ʠʟ ʥʠʭ - 47 

ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʚ 2022 ʛʦʜʫ, ʟʘ ʢʦʪʦʨʳʤʠ ʩʣʝʜʫʶʪ ʠʟʜʝʣʠʷ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ - 46 

ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʚ 2022 ʛʦʜʫ. ʇʦʩʣʝʜʥʠʤʠ ʜʚʫʤʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʠʜʘʤʠ ʛʨʫʟʦʚ, 

ʧʝʨʝʚʦʟʠʤʳʭ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ, ʷʚʣʷʶʪʩʷ ʥʝʨʳʥʦʯʥʳʝ ʪʦʚʘʨʳ ʠ ʪʝʢʩʪʠʣʴʥʳʝ ʠʟʜʝʣʠʷ, 

ʦʙʘ ʚʝʩʦʤ ʦʢʦʣʦ 5,4 ʪʦʥʥʳ ʠ 2,2 ʪʦʥʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɻʝʨʤʘʥʠʷ ʧʝʨʝʚʝʟʣʘ ʧʦ ʞʝʣʝʟʥʦʡ 

ʜʦʨʦʛʝ 320 ʤʠʣʣʠʦʥʦʚ ʛʨʫʟʦʚ (ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2022 ʛʦʜ). ʍʦʪʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ 
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ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ ʚ ɻʝʨʤʘʥʠʠ ʧʦʩʣʝ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ, 320 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʛʨʫʟʦʚ ð ʵʪʦ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʟʦʚ, 

ʧʦʜʣʝʞʘʱʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. 

ʅʘ ʧʨʠʚʝʜʝʥʥʦʡ ʢʘʨʪʝ ʂʘʟʘʭʩʪʘʥʘ ʧʦʢʘʟʘʥʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʣʠʥʠʠ, ʢʦʪʦʨʳʝ 

ʧʨʦʭʦʜʷʪ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ (ʨʠʩʫʥʦʢ 3). 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʂʘʨʪʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʠʩʪʝʤʳ ʂʘʟʘʭʩʪʘʥʘ 

 

ʎʝʥʪʨʘʣʴʥʘʷ ɸʟʠʷ ð ʵʪʦ ʨʝʛʠʦʥ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʪʝʨʨʠʪʦʨʠʝʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʂʘʟʘʭʩʪʘʥ ʥʝ ʠʤʝʝʪ ʜʦʩʪʫʧʘ ʢ ʤʦʨʩʢʦʤʫ ʪʨʘʥʩʧʦʨʪʫ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ 

ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ ʚ ʩʪʨʘʥʝ. ʅʘ ʪʨʘʥʩʧʦʨʪʥʫʶ ʦʪʨʘʩʣʴ 

ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 11% ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ ʩʪʨʘʥʳ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʥʠʞʝ 

ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ  ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʝʢʪʦʨʘ ʧʦ ʩʪʨʘʥʝ [4]. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɻʨʫʟʦʦʙʦʨʦʪ ʧʦ ʚʠʜʘʤ ʪʨʘʥʩʧʦʨʪʘ ʚ 2022 ʛʦʜʫ 

 
ɼʠʘʛʨʘʤʤʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʳʨʫʯʢʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ï 52%. ɺʪʦʨʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʧʨʦʮʝʥʪ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ï 24%. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʩʪʫʧʘ ʢ ʤʦʨʩʢʠʤ 

ʢʘʥʘʣʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʦʨʦʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʚ 2017 ʛʦʜʫ ʩʦʩʪʘʚʠʣ 

237 ʤʠʣʣʠʘʨʜʦʚ ʪʢʤ. ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʟʘ 2018 ʛʦʜ, ʂʘʟʘʭʩʪʘʥ ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ 20 ʩʪʨʘʥ ʩ 
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ʥʘʠʙʦʣʴʰʠʤ ʛʨʫʟʦʦʙʦʨʦʪʦʤ, ʩʦʩʪʘʚʠʚ 197 485 ʪʢʤ. ʂʘʟʘʭʩʪʘʥ ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ 20 ʩʪʨʘʥ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʛʨʫʟʦʦʙʦʨʦʪʦʤ, ʩʦʩʪʘʚʠʚ 197 485 ʪʢʤ. 

ʉʦʛʣʘʩʥʦ ʦʪʯʝʪʫ ʦ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʢʘʭ ʟʘ 2015 ʛʦʜ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʤʫ BMI-

Research, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʝʨʝʚʦʟʢʠ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʠʡ ʧʦʪʝʥʮʠʘʣ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ 

ʩʨʝʜʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ, ʚʝʨʦʷʪʥʦ, ʙʣʘʛʦʜʘʨʷ ʧʣʘʥʘʤ ʧʦ ʨʘʟʚʠʪʠʶ ʧʝʨʝʚʦʟʦʢ 

ʤʝʞʜʫ ʂʠʪʘʝʤ ʠ ɽʚʨʦʧʦʡ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ çʆʜʠʥ ʧʦʷʩ- ʦʜʠʥ ʧʫʪʴè. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʛʨʫʟʦʚʳʝ ʧʝʨʝʚʦʟʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ 

ʪʨʘʥʩʧʦʨʪʘ ʚ ʩʪʨʘʥʝ, ʥʘ ʜʦʣʶ ʢʦʪʦʨʦʛʦ ʧʨʠʭʦʜʠʪʩʷ 68% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʛʨʫʟʦʦʙʦʨʦʪʘ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʙʲʝʤ ʢʦʥʪʝʡʥʝʨʥʳʭ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʫʚʝʣʠʯʠʣʩʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʥʪʝʡʥʝʨʦʚ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ       ʧʝʨʝʚʦʟʢʘʭ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʩʝʯʝʥʠʝʤ 

ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʩʪʨʘʥʘʤʠ ʠʣʠ ʤʥʦʛʠʤʠ ʪʘʤʦʞʝʥʥʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ [9]. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʪʨʘʥʟʠʪʥʳʭ ʛʨʫʟʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʪʝʨʨʠʪʦʨʠʶ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ, ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʘʟʘʭʩʪʘʥʩʢʦ-ʢʠʪʘʡʩʢʠʝ ʧʦʛʨʘʥʠʯʥʳʝ ʧʫʥʢʪʳ ɼʦʩʪʳʢ ï 

ɸʣʘʰʘʥʴʢʦʫ ʠ ʍʦʨʛʦʩ -ɸʣʪʳʥʢʦʣʴ. ʊʨʘʥʟʠʪ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʦʝʟʜʦʚ ʧʦ ʤʘʨʰʨʫʪʫ ʂʠʪʘʡ-

ɽʚʨʦʧʘ-ʂʠʪʘʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʪʘʥʮʠʠ ʀʣʝʮʢ ʠ ʉʝʤʠʛʣʘʚʳʡ ʄʘʨ ʥʘ ʢʘʟʘʭʩʪʘʥʩʢʦ-

ʨʦʩʩʠʡʩʢʦʡ ʛʨʘʥʠʮʝ. ʇʦʩʪʘʚʢʠ ʠʟ ʂʠʪʘʷ ʚ ʀʨʘʥ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʯʝʨʝʟ ʩʪʘʥʮʠʶ ɹʦʣʘʰʘʢ 

ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʂʘʟʘʭʩʪʘʥʦʤ ʠ ʊʫʨʢʤʝʥʠʩʪʘʥʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʥʪʝʡʥʝʨʥʳʝ ʛʨʫʟʳ 

ʧʝʨʝʚʦʟʷʪʩʷ ʠʟ ʂʠʪʘʷ ʚ ʎʝʥʪʨʘʣʴʥʫʶ ɸʟʠʶ ï ʯʝʨʝʟ ʩʪʘʥʮʠʶ ʉʘʨʘ-ɸʛʘʯ ʚ ʋʟʙʝʢʠʩʪʘʥ ʠ 

ʯʝʨʝʟ ʩʪʘʥʮʠʶ ʃʫʛʦʚʘʷ ï ʧʨʠ ʦʪʧʨʘʚʢʘʭ ʚ ʂʳʨʛʳʟʩʪʘʥ. 

ʊʝʨʨʠʪʦʨʠʷ ʂʘʟʘʭʩʪʘʥʘ ʥʝ ʠʤʝʝʪ ʧʨʷʤʦʛʦ ʚʳʭʦʜʘ ʢ ʄʠʨʦʚʦʤʫ ʦʢʝʘʥʫ, ʯʪʦ, 

ʙʝʟʫʩʣʦʚʥʦ, ʚʣʠʷʝʪ ʥʘ ʨʘʟʚʠʪʠʝ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʨʝʩʧʫʙʣʠʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʢʦʥʪʝʡʥʝʨʥʳʝ ʧʝʨʝʚʦʟʢʠ ʯʝʨʝʟ ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʠʟ ɸʟʝʨʙʘʡʜʞʘʥʘ ʠ 

ɻʨʫʟʠʠ ʚ ʧʦʨʪʳ ʂʫʨʳʢ ʠ ɸʢʪʘʫ [5-9]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. 

ʇʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʤʝʥʷʣʠʩʴ ʠ ʨʘʟʚʠʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʧʨʦʩʦʤ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʧʨʦʠʟʦʰʣʠ ʛʣʦʙʘʣʴʥʳʝ ʢʨʠʟʠʩʳ, ʢʦʪʦʨʳʝ ʧʦʚʣʠʷʣʠ ʥʘ ʩʧʨʦʩ ʠ ʩʪʦʠʤʦʩʪʴ ʣʦʛʠʩʪʠʢʠ 

ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʛʣʦʙʘʣʴʥʳʡ 

ʢʨʠʟʠʩ ʧʦʚʣʠʷʣ ʥʘ ʮʝʥʳ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʠ ʛʘʟ. 

ɻʣʦʙʘʣʴʥʳʤʠ ʢʨʠʟʠʩʘʤʠ, ʢʦʪʦʨʳʝ ʧʦ-ʨʘʟʥʦʤʫ ʧʦʚʣʠʷʣʠ ʥʘ ʤʠʨ, ʙʳʣʠ ʧʘʥʜʝʤʠʷ 

ʢʦʨʦʥʘʚʠʨʫʩʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ. 
 

 
 

ʈʠʩʫʥʦʢ 5 ï ʇʨʦʤʳʰʣʝʥʥʳʝ ʮʝʥʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ ʧʝʨʠʦʜ ʩ 1998 ʧʦ 2022 ʛʦʜ (ʚ 

ʝʚʨʦʮʝʥʪʘʭ ʟʘ ʢʠʣʦʚʘʪʪ ʯʘʩ) 
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ʈʠʩʫʥʦʢ 6 ï ʂʦʣʠʯʝʩʪʚʦ ʧʝʨʝʚʝʟʝʥʥʳʭ ʛʨʫʟʦʚ ʩ ʤʘʷ 2020 ʛʦʜʘ ʧʦ ʤʘʡ                                             

2022 ʛʦʜʘ ʚ ʪʳʩ. ʪʦʥʥ 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʆʙʲʝʤ ʧʝʨʝʚʦʟʦʢ ʚ ɻʝʨʤʘʥʠʠ 

 

ʎʠʬʨʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʜʦ ʧʘʥʜʝʤʠʠ, ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʩʣʝʜʩʪʚʠʷʭ ʢʨʠʟʠʩʦʚ, 

ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʤʝʩʪʦ ʠ ʧʨʦʜʦʣʞʘʶʪ ʠʤʝʪʴ ʤʝʩʪʦ. ʕʪʦ ʦʙʣʝʛʯʘʝʪ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʛʦʜʘʤʠ 

ʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʯʠʥ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʚʠʜʥʦ, ʯʪʦ ʮʝʥʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʧʦʩʪʦʷʥʥʦ ʨʦʩʣʠ ʩ 1998 ʛʦʜʘ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʮʝʥʳ ʥʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʙʳʣʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤʠ ʜʦ 2020 ʛʦʜʘ, ʠ 

ʪʦʣʴʢʦ ʩ ʪʝʭ ʧʦʨ ʦʥʠ ʩʪʘʣʠ ʥʘʤʥʦʛʦ ʜʦʨʦʞʝ. 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʙʳʣ ʩʪʘʙʠʣʴʥʳʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ, ʩ 

ʥʝʙʦʣʴʰʠʤ ʩʦʢʨʘʱʝʥʠʝʤ ʚ 2020 ʛʦʜʫ, ʥʦ ʢ 2021 ʛʦʜʫ ʦʥ ʚʝʨʥʫʣʩʷ ʢ ʫʨʦʚʥʷʤ, 

ʩʫʱʝʩʪʚʦʚʘʚʰʠʤ ʜʦ ʧʘʥʜʝʤʠʠ ʢʦʨʦʥʳ. 

ʇʘʥʜʝʤʠʷ ʢʦʨʦʥʳ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʤʘʨʪʝ 2020 ʛʦʜʘ ʠ ʩʧʨʦʚʦʮʠʨʦʚʘʣʘ ʤʠʨʦʚʦʡ 

ʬʠʥʘʥʩʦʚʳʡ ʢʨʠʟʠʩ. ɺ ʵʪʦʤ ʤʝʩʷʮʝ ʚ ɻʝʨʤʘʥʠʠ ʪʘʢʞʝ ʙʳʣʘ ʚʚʝʜʝʥʘ ʧʝʨʚʘʷ ʙʣʦʢʠʨʦʚʢʘ ʦʪ 

ʢʦʨʦʥʳ, ʧʝʨʚʘʷ ʠʟ ʤʥʦʛʠʭ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʭ ʤʝʨ, ʚʚʝʜʝʥʥʳʭ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ. ʂʦʥʪʨʦʣʴ ʥʘ 

ʛʨʘʥʠʮʘʭ ɻʝʨʤʘʥʠʠ ʙʳʣ ʫʩʠʣʝʥ ʚʦ ʚʨʝʤʷ ʢʘʨʘʥʪʠʥʘ. ɺʦ ʚʨʝʤʷ ʧʘʥʜʝʤʠʠ ʢʦʨʦʥʳ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʩʝʨʴʝʟʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʩʪʘʣʦ ʩʦʢʨʘʱʝʥʠʝ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʠʟ-ʟʘ 

ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʦʧʘʩʝʥʠʡ ʧʦ ʧʦʚʦʜʫ ʚʠʨʫʩʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
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ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʍʦʪʷ ʦʙʲʝʤ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʪʘʢʞʝ ʩʦʢʨʘʪʠʣʩʷ, ʧʝʨʝʚʦʟʢʠ 

ʛʨʫʟʦʚ ʠʤʝʶʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʢʘʢ ʬʘʢʪʦʨʘʤʠ ʩʧʨʦʩʘ, ʪʘʢ ʠ 

ʧʨʝʜʣʦʞʝʥʠʷ, ʧʨʠʯʝʤ ʧʦʩʣʝʜʥʠʝ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʜʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ 

ʫʩʣʫʛ. 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʧʦʩʪʨʘʜʘʣ ʥʝ ʪʘʢ ʩʠʣʴʥʦ, ʢʘʢ ʜʨʫʛʠʝ ʚʠʜʳ ʛʨʫʟʦʚʳʭ 

ʧʝʨʝʚʦʟʦʢ. ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʩʪʘʣʠ ʚʦʟʤʦʞʥʳʤʠ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ, ʦʥʠ ʤʦʛʫʪ ʧʨʝʦʜʦʣʝʚʘʪʴ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʙʝʟ 

ʦʩʦʙʳʭ ʟʘʪʨʘʪ ʥʘ ʧʝʨʩʦʥʘʣ. ʉʣʦʞʥʦʩʪʴ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʝʨʝʚʦʟʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʠʙʢʦʩʪʠ ʠ ʚ ʪʦʤ, ʯʪʦ ʥʝ ʚʩʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ 

ʦʩʥʘʱʝʥʳ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠʣʠ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʭʣʘʞʜʘʪʴ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʜʠʘʛʨʘʤʤ ʚʠʜʥʦ, ʢʘʢ ʤʝʥʷʶʪʩʷ ʯʠʩʣʘ. ɺ 2020 ʛʦʜʫ ʮʝʥʳ ʥʘ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʠ ʛʘʟ ʩʥʠʟʠʣʠʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʛʦʜʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʛʨʫʟʦʚʳʝ ʧʝʨʝʚʦʟʢʠ ʧʦʩʪʨʘʜʘʣʠ ʦʪ ʵʪʦʛʦ ʥʝ ʪʘʢ ʩʠʣʴʥʦ, ʢʘʢ ʜʨʫʛʠʝ ʚʠʜʳ 

ʪʨʘʥʩʧʦʨʪʘ, ʚ 2020 ʛʦʜʫ ʙʳʣʦ ʧʝʨʝʚʝʟʝʥʦ ʤʝʥʴʰʝ ʛʨʫʟʦʚ, ʯʝʤ ʚ 2019 ʠ 2021 ʛʦʜʘʭ. 

ɻʝʨʤʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ, ʢʦʪʦʨʳʡ ʧʦʩʪʝʧʝʥʥʦ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʩʝʨʴʝʟʥʳʤ. ʕʪʦ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʜʣʷ ɻʝʨʤʘʥʠʠ. 

ʃʦʛʠʩʪʠʢʘ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʩʪʨʘʜʘʝʪ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ 

ʨʝʟʢʦʤʫ ʨʦʩʪʫ ʮʝʥ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʛʘʟ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʪʨʘʪ ʜʣʷ 

ʩʝʢʪʦʨʘ ʣʦʛʠʩʪʠʢʠ. ɺ ʨʘʟʛʘʨ ʵʪʦʛʦ ʢʨʠʟʠʩʘ ɻʝʨʤʘʥʠʷ ʧʦʩʪʘʚʠʣʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʫʛʣʷ ʠ 

ʪʦʧʣʠʚʘ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ. 

ʉ ʥʘʯʘʣʦʤ ʧʘʥʜʝʤʠʠ ʚ 2020 ʛʦʜʫ, ʚʚʝʜʝʥʠʝʤ ʢʘʨʘʥʪʠʥʥʳʭ ʤʝʨ ʠ ʢʘʨʘʥʪʠʥʥʦʡ 

ʠʟʦʣʷʮʠʠ ʚʩʷ ʤʠʨʦʚʘʷ ʪʦʨʛʦʚʣʷ ʩʪʦʣʢʥʫʣʘʩʴ ʩ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʪʦʚʘʨʦʚ. 

ʂʘʟʘʭʩʪʘʥ, ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʛʨʘʥʠʯʘʱʠʡ ʩ ʂʠʪʘʝʤ, ʩʪʦʣʢʥʫʣʩʷ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʬʝʨʝ. ʉʠʪʫʘʮʠʷ ʜʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʪʴ ʩʧʦʩʦʙ 

ʨʘʙʦʪʳ, ʧʦʩʢʦʣʴʢʫ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʝʩʢʦʥʪʘʢʪʥʫʶ 

ʧʝʨʝʚʦʟʢʫ ʢʦʥʪʝʡʥʝʨʦʚ. 

ɺ ʧʝʨʚʳʡ ʛʦʜ ʢʘʨʘʥʪʠʥʥʳʭ ʤʝʨ ʮʠʬʨʳ ʙʳʣʠ ʥʝʦʜʥʦʟʥʘʯʥʳʤʠ. ʂʦʣʠʯʝʩʪʚʦ 

ʪʨʘʥʟʠʪʥʳʭ ʧʝʨʝʚʦʟʦʢ ʧʦʝʟʜʘʤʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʩʦʩʪʘʚʠʣʦ 664 ʤʠʣʣʠʦʥʘ ʪʦʥʥ ʚ 

2019 ʛʦʜʫ ʠ 450,2 ʤʠʣʣʠʦʥʘ ʪʦʥʥ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 2020 ʛʦʜʘ. ʌʝʥʦʤʝʥʘʣʴʥʳʡ ʨʦʩʪ ʥʘ 

ʤʘʨʰʨʫʪʝ ʂʠʪʘʡ-ɽʚʨʦʧʘ-ʂʠʪʘʡ ʫʚʝʣʠʯʠʣʩʷ ʧʦʯʪʠ ʚʜʚʦʝ. 

ʇʦʩʪʘʥʦʚʣʝʥʠʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʝ ʚ ʤʘʝ 2020 ʛʦʜʘ, ʚʥʝʩʣʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʝʨʝʚʦʟʦʢ ʙʳʩʪʨʳʤʠ ʢʦʥʪʝʡʥʝʨʥʳʤʠ ʧʝʨʝʚʦʟʢʘʤʠ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʦʚʝʨʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʦʩʦʙ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʥʪʨʘʙʘʥʜʳ, ʚʚʦʟʘ ʚʨʝʜʥʳʭ, 

ʪʦʢʩʠʯʥʳʭ, ʦʧʘʩʥʳʭ ʠ ʜʨʫʛʠʭ ʪʦʚʘʨʦʚ ʚ ʩʪʨʘʥʫ, ʵʪʠ ʤʝʨʳ ʥʦʩʠʣʠ ʚʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɺ ʥʘʯʘʣʝ 2021 ʛʦʜʘ ʧʨʦʙʣʝʤʳ ʚʦʟʥʠʢʣʠ ʠʟ-ʟʘ ʫʞʝʩʪʦʯʝʥʠʷ ʤʝʨ, ʚʚʝʜʝʥʥʳʭ 

ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ ʉʠʥʴʮʟʷʥ-ʋʡʛʫʨʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʨʘʡʦʥʘ ʂʠʪʘʷ, ʢʦʪʦʨʳʡ ʛʨʘʥʠʯʠʪ ʩ 

ʂʘʟʘʭʩʪʘʥʦʤ. ʂʠʪʘʡʩʢʠʝ ʚʣʘʩʪʠ ʚʚʝʣʠ ʦʙʷʟʘʪʝʣʴʥʫʶ ʚʥʝʰʥʶʶ ʦʙʨʘʙʦʪʢʫ ʠ ʜʝʟʠʥʬʝʢʮʠʶ 

ʚʘʛʦʥʦʚ ʠ ʢʦʥʪʝʡʥʝʨʦʚ ʧʦ ʧʨʠʙʳʪʠʠ ʚ ʢʠʪʘʡʩʢʫʶ ʯʘʩʪʴ ʧʫʥʢʪʦʚ ʧʨʦʧʫʩʢʘ. ʉʪʨʦʛʠʡ 

ʩʘʥʠʪʘʨʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʠʚʝʣ ʢ ʙʦʣʴʰʠʤ ʦʯʝʨʝʜʷʤ ʠ ʜʣʠʪʝʣʴʥʦʤʫ ʧʨʦʩʪʦʶ ʢʦʥʪʝʡʥʝʨʦʚ ʥʘ 

ʛʨʘʥʠʮʝ. ʂʠʪʘʡʩʢʘʷ ʅʘʨʦʜʥʘʷ ʈʝʩʧʫʙʣʠʢʘ ʚʚʝʣʘ ʜʚʦʡʥʦʡ ʧʨʦʪʠʚʦʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʡ 

ʨʝʞʠʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʥʠʞʝʥʠʝ ʧʨʠʝʤʘ ʜʦ 8-9 ʧʦʝʟʜʦʚ ʚ ʩʫʪʢʠ (ʧʨʠ ʥʦʨʤʝ ʚ 12 ʧʦʝʟʜʦʚ) 

ʧʦʚʣʠʷʣʦ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʥʘ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʩʪʦʨʦʥʝ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ çʟʘʙʨʦʰʝʥʥʳʭè ʧʦʝʟʜʦʚ. ɿʠʤʦʡ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʷ 

ʧʨʦʪʠʚʦʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʜʝʟʠʥʬʝʢʮʠʠ, ʩʫʰʢʠ) ʢʦʥʪʝʡʥʝʨʦʚ ʚ ʧʫʥʢʪʘʭ 

ʧʨʦʧʫʩʢʘ (40-45 ʤʠʥʫʪ, ʘ ʩ ʫʯʝʪʦʤ ʪʘʤʦʞʝʥʥʳʭ ʧʨʦʮʝʜʫʨ ʪʨʝʙʫʝʪʩʷ ʦʪ 60 ʜʦ 90 ʤʠʥʫʪ). 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʥʘ ʢʠʪʘʡʩʢʦʡ ʯʘʩʪʠ ʢʦʥʪʨʦʣʴʥʦ-

ʧʨʦʧʫʩʢʥʳʭ ʧʫʥʢʪʦʚ ʪʘʢʞʝ ʟʘʤʝʜʣʠʣʦ ʜʦʩʤʦʪʨ ʛʨʫʟʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʧʦʜʦʟʨʝʥʠʷ ʥʘ COVID-19 ʚʩʷ ʩʤʝʥʘ ʢʦʥʪʨʦʣʴʥʦ-ʧʨʦʧʫʩʢʥʦʛʦ ʧʫʥʢʪʘ ʙʫʜʝʪ ʧʦʤʝʱʝʥʘ ʥʘ 

14-ʜʥʝʚʥʳʡ ʢʘʨʘʥʪʠʥ. 
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ʃʝʪʦʤ 2021 ʛʦʜʘ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʂʠʪʘʷ ʚʚʝʣʦ ʟʘʧʨʝʪ ʥʘ ʚʚʦʟ ʰʪʫʯʥʳʭ ʠ ʤʝʣʢʠʭ 

ʪʦʚʘʨʦʚ. 13 ʘʚʛʫʩʪʘ 2021 ʛʦʜʘ ʢʠʪʘʡʩʢʘʷ ʩʪʦʨʦʥʘ ʟʘʧʨʝʪʠʣʘ ʚʚʦʟ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʚ ʩʚʷʟʠ 

ʩʦ ʚʩʧʳʰʢʦʡ ʢʦʨʦʥʘʚʠʨʫʩʘ ʥʘ ʩʪʘʥʮʠʠ ɸʣʘʰʘʥʴʢʦʫ ʠ ʥʘʯʘʣʘ ʧʨʠʥʠʤʘʪʴ ʪʦʣʴʢʦ 

ʢʦʥʪʝʡʥʝʨʥʳʝ ʧʦʝʟʜʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʯʝʨʝʜʠ ʚ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʩ ʢʘʞʜʳʤ ʜʥʝʤ. 

ʆʩʥʦʚʥʳʤ ʜʨʘʡʚʝʨʦʤ ʨʦʩʪʘ ʧʝʨʝʚʦʟʦʢ ʷʚʣʷʝʪʩʷ ʫʛʦʣʴ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʳʣʦ 

ʧʝʨʝʚʝʟʝʥʦ ʙʦʣʝʝ 88,7 ʤʣʥ ʪʦʥʥ, ʯʪʦ ʥʘ 2,8 ʤʣʥ ʪʦʥʥ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʛʦʜʫ. ɺ 

ʪʦʤ ʯʠʩʣʝ ʧʦ ʨʝʩʧʫʙʣʠʢʝ ʙʳʣʦ ʧʝʨʝʚʝʟʝʥʦ 61,3 ʤʣʥ ʪʦʥʥ, ʯʪʦ ʥʘ 1,1 ʤʣʥ ʙʦʣʴʰʝ ʫʨʦʚʥʷ 

ʧʨʦʰʣʦʛʦ ʛʦʜʘ. ʕʢʩʧʦʨʪ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 1,7 ʤʠʣʣʠʦʥʘ ʪʦʥʥ ʜʦ 27,5 

ʤʠʣʣʠʦʥʘ ʪʦʥʥ. ɿʝʨʥʦʚʳʝ ʢʫʣʴʪʫʨʳ ʧʝʨʝʚʝʟʝʥʳ ʥʘ 7,7 ʤʣʥ ʪʦʥʥ, ʯʪʦ ʥʘ 408 ʪʳʩ. ʪʦʥʥ 

ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʛʦʜʫ, ʠʟ ʥʠʭ 6 ʤʣʥ ʪʦʥʥ (+554 ʪʳʩ. ʪʦʥʥ) ʥʘ ʵʢʩʧʦʨʪ. ʉ ʥʘʯʘʣʘ 

ʛʦʜʘ ʧʦʛʨʫʟʢʘ ʥʝʬʪʷʥʳʭ ʛʨʫʟʦʚ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 975 ʪʳʩʷʯ ʪʦʥʥ (ʜʦ 15,4 ʤʠʣʣʠʦʥʘ ʪʦʥʥ), 

ʭʠʤʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ï ʥʘ 94 ʪʳʩʷʯʠ ʪʦʥʥ (ʜʦ 3,3 ʤʠʣʣʠʦʥʘ ʪʦʥʥ), ʢʨʘʩʠʪʝʣʝʡ ï ʥʘ 246 

ʪʳʩʷʯ ʪʦʥʥ (ʜʦ 18,7 ʤʠʣʣʠʦʥʘ ʪʦʥʥ), ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ï ʥʘ 247 ʪʳʩʷʯ ʪʦʥʥ (ʜʦ 13,6 

ʤʠʣʣʠʦʥʘ ʪʦʥʥ). ʆʧʝʨʘʮʠʦʥʥʳʡ ʛʨʫʟʦʦʙʦʨʦʪ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 210 ʤʠʣʣʠʘʨʜʦʚ ʪʦʥʥ, ʯʪʦ ʥʘ 

6% ʧʨʝʚʳʩʠʣʦ ʫʨʦʚʝʥʴ ʧʨʦʰʣʦʛʦ ʛʦʜʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʛʨʫʟʦʦʙʦʨʦʪ ʚ 2021 ʛʦʜʫ ʜʦʩʪʠʛ 239 

ʤʠʣʣʠʘʨʜʦʚ ʪʢʤ, ʯʪʦ ʩʪʘʣʦ ʠʩʪʦʨʠʯʝʩʢʠʤ ʨʝʢʦʨʜʦʤ ʟʘ ʚʩʝ ʛʦʜʳ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʚʦʡʥʘ ʥʘ ʋʢʨʘʠʥʝ ʦʢʘʟʘʣʘ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʪʨʘʥʟʠʪʥʳʡ 

ʩʝʛʤʝʥʪ. ɺ ʘʧʨʝʣʝ 2022 ʛʦʜʘ ʦʙʲʝʤ ʧʝʨʝʚʦʟʦʢ ʚ ʂʘʟʘʭʩʪʘʥʝ ʫʧʘʣ ʥʘ 21% ʠʟ-ʟʘ ʩʙʦʝʚ ʚ 

ʮʝʧʦʯʢʘʭ ʧʦʩʪʘʚʦʢ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʆʩʥʦʚʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʦʰʣʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ɽʚʨʦʧʘ-

ʂʠʪʘʡ: ʦʙʲʝʤ ʧʝʨʝʚʦʟʦʢ ʩʥʠʟʠʣʩʷ ʧʦʯʪʠ ʥʘ 43%. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ɸʆ çʅʂ çפʘʟʘץʩʪʘʥ ʪʝʤʽʨ ʞʦʣʳè ʧʨʦʚʝʣ ʧʝʨʝʛʦʚʦʨʳ ʩ ʂʠʪʘʡʩʢʦʡ 

ʩʪʦʨʦʥʦʡ. ʇʝʨʚʳʝ ʧʨʠʟʥʘʢʠ ʫʚʝʣʠʯʝʥʠʝ ʪʨʘʥʟʠʪʥʦʛʦ ʧʦʪʦʢʘ ʧʦʷʚʠʣʠʩʴ ʫʞʝ ʚ ʥʘʯʘʣʝ ʣʝʪʘ, 

ʢʦʛʜʘ ʛʨʫʟʦʧʦʪʦʢ ʫʚʝʣʠʯʠʣʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʟ ʂʠʪʘʷ ʚ ʈʦʩʩʠʶ ʠ ɹʝʣʦʨʫʩʩʠʶ, ʪʘʢ ʠ ʚ 

ɽʚʨʦʧʝʡʩʢʠʡ ʉʦʶʟ. 

ɼʣʷ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʵʢʩʧʦʨʪʝʨʦʚ ɸʆ çʅʂ çפʘʟʘץʩʪʘʥ ʪʝʤʽʨ ʞʦʣʳè ʧʨʝʜʣʦʞʠʣʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʊʨʘʥʩʢʘʩʧʠʡʩʢʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʤʘʨʰʨʫʪ (ʊʄʊʄ), 

ʩʦʝʜʠʥʷʶʱʠʡ ɽʚʨʦʧʫ ʩ ʂʠʪʘʝʤ. ʇʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʧʦ ʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ ʩ ʥʘʯʘʣʘ ʵʪʦʛʦ 

ʛʦʜʘ ʫʚʝʣʠʯʠʣʠʩʴ ʚ 2,7 ʨʘʟʘ. ʋʯʘʩʪʥʠʢʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʷʚʠʣʠ ʨʷʜ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʰʘʶʪ ʩʫʜʦʭʦʜʥʳʝ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʚʩʝʭ 

ʚʦʚʣʝʯʝʥʥʳʭ ʩʪʨʘʥ. 

ʊʘʢʞʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʨʠʜʦʨ ʉʝʚʝʨ-ʖʛ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʀʥʜʠʠ ʠ ʇʘʢʠʩʪʘʥʘ ʯʝʨʝʟ ʤʦʨʩʢʠʝ ʧʦʨʪʳ ʀʨʘʥʘ. ʂʘʟʘʭʩʪʘʥʫ ʫʜʘʣʦʩʴ 

ʜʦʙʠʪʴʩʷ ʧʷʪʠʢʨʘʪʥʦʛʦ ʩʥʠʞʝʥʠʷ ʪʘʨʠʬʦʚ ʥʘ ʢʦʥʪʝʡʥʝʨʥʳʝ ʧʝʨʝʚʦʟʢʠ ʯʝʨʝʟ 

ʊʫʨʢʤʝʥʠʩʪʘʥ.  

ʆʩʥʦʚʥʳʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ ʚ ʂʘʟʘʭʩʪʘʥʝ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ, ʥʘ ʢʦʪʦʨʳʡ 

ʧʨʠʭʦʜʠʪʩʷ 54% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʝʨʝʚʦʟʦʢ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɻʝʨʤʘʥʠʝʡ, ʛʜʝ ʵʪʘ ʜʦʣʷ 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 16,9%. ʆʙʝ ʩʪʨʘʥʳ ʨʘʩʧʦʣʘʛʘʶʪ ʧʘʨʢʦʤ ʵʣʝʢʪʨʦʚʦʟʦʚ ʠ ʥʝʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʣʦʢʦʤʦʪʠʚʦʚ, ʥʘ ʜʦʣʶ ɻʝʨʤʘʥʠʠ ʧʨʠʭʦʜʠʪʩʷ 1627 ʠ 983 ʣʦʢʦʤʦʪʠʚʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʂʘʟʘʭʩʪʘʥʦʤ, 1264 ʣʦʢʦʤʦʪʠʚʘ ʦʩʥʘʱʝʥʳ ʜʠʟʝʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʘ 468 ï 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʛʨʫʟʘʭ, ʧʝʨʝʚʦʟʠʤʳʭ ʚ ʦʙʝʠʭ 

ʩʪʨʘʥʘʭ, ʫʜʝʣʷʝʪʩʷ ʩʳʨʴʝʚʳʤ ʪʦʚʘʨʘʤ. ɻʝʨʤʘʥʠʷ ʫʜʝʣʷʝʪ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʂʘʟʘʭʩʪʘʥ ʫʜʝʣʷʝʪ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʨʫʜʘʤ ʠ 

ʤʠʥʝʨʘʣʘʤ. 

ɺʦ ʚʨʝʤʝʥʘ ʂʦʨʦʥʳ ʛʨʫʟʦʚʳʝ ʧʝʨʝʚʦʟʢʠ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʥʝ ʧʦʩʪʨʘʜʘʣʠ. ɺ 

ɻʝʨʤʘʥʠʠ ʦʙʲʝʤʳ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʚ 2019 ʠ 2020 ʛʦʜʘʭ ʩʥʠʟʠʣʠʩʴ, ʥʦ ʟʘʪʝʤ ʩʥʦʚʘ 

ʫʚʝʣʠʯʠʣʠʩʴ ʩ 2021 ʛʦʜʘ. ʕʪʦ ʥʝʤʥʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʂʘʟʘʭʩʪʘʥʘ, ʛʜʝ ʦʙʲʝʤʳ ʛʨʫʟʦʚʳʭ 

ʧʝʨʝʚʦʟʦʢ ʚ 2019-2021 ʛʦʜʘʭ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʣʠʩʴ. 
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ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʠʥʘʥʩʘʭ ʚʦ ʚʩʝʤ 

ʤʠʨʝ. ʂʨʠʟʠʩ ʧʨʠʚʝʣ ʢ ʨʝʟʢʦʤʫ ʨʦʩʪʫ ʮʝʥ ʥʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ 

ʜʣʷ ɻʝʨʤʘʥʠʠ ʠ ʂʘʟʘʭʩʪʘʥʘ. ʎʝʥʳ ʥʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠʤʝʶʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʵʢʦʥʦʤʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʚʣʠʷʶʪ ʥʘ ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ. 

ʉʧʨʦʩ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʳʨʦʩ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ, ʚʦʟʤʦʞʥʦ, 

ʚʦʟʥʠʢʣʠ ʦʛʨʘʥʠʯʝʥʠʷ ʠʟ-ʟʘ ʢʦʨʦʥʘʚʠʨʫʩʘ, ʤʦʱʥʦʩʪʠ ʠ ʩʧʨʦʩ ʩʥʦʚʘ ʚʳʨʦʩʣʠ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʦʙʝ ʩʪʨʘʥʳ ʧʦʩʪʨʘʜʘʣʠ, ʦʪʨʘʩʣʝʚʳʝ ʮʝʥʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʘʤʥʦʛʦ 

ʥʠʞʝ, ʯʝʤ ʚ ɻʝʨʤʘʥʠʠ, ʥʦ ʚʳ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʠʭ ʵʢʦʥʦʤʠʢʘ ʪʘʢʞʝ ʦʪʣʠʯʘʝʪʩʷ. 

ɻʝʨʤʘʥʠʷ ʚʭʦʜʠʪ ʚ ʪʨʦʡʢʫ ʩʪʨʘʥ ʩ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ ʮʝʥʘʤʠ ʚ ʤʠʨʝ. 

ʅʦ ʯʪʦ ʠʥʪʝʨʝʩʥʦ, ʪʘʢ ʵʪʦ ʪʦ, ʯʪʦ ʢʨʠʟʠʩ ʦʢʘʟʘʣ ʨʘʟʣʠʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʩʪʨʘʥʳ. ɺ ɻʝʨʤʘʥʠʠ ʦʙʲʝʤ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʚ ʧʝʨʠʦʜ ʩ ʤʘʨʪʘ 2022 ʛʦʜʘ ʧʦ ʤʘʡ 2022 

ʛʦʜʘ ʩʥʠʟʠʣʩʷ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʘ ʠʤʝʥʥʦ ʥʘ 4,27%. ɺ ʂʘʟʘʭʩʪʘʥʝ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʟʘ 

ʵʪʦ ʚʨʝʤʷ ʧʨʦʠʟʦʰʣʦ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ï ʧʨʠʤʝʨʥʦ ʥʘ 21% ʚ ʘʧʨʝʣʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʢʨʠʟʠʩʦʚ ʜʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʦʪʨʘʩʣʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ: 

- ʩ ʫʯʝʪʦʤ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ɻʝʨʤʘʥʠʠ, ʧʨʦʚʝʩʪʠ 

ʨʝʬʦʨʤʫ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. ʇʨʠʤʝʥʠʪʴ ʪʨʝʥʜʳ ʚ ʫʩʣʦʚʠʷʭ ʥʘʰʝʡ ʩʪʨʘʥʳ ʠ 

ʩʦʟʜʘʪʴ ʢʦʥʢʫʨʝʥʮʠʶ ʚ ʛʨʫʟʦʚʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʝʨʝʚʦʟʢʘʭ; 

-  ʧʨʦʟʨʘʯʥʦʩʪʴ ʪʘʨʠʬʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʯʪʦʙʳ ʠʥʚʝʩʪʦʨʘʤ ʙʳʣʦ ʠʥʪʝʨʝʩʥʦ 

ʚʢʣʘʜʳʚʘʪʴʩʷ ʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ; 

- ʪʝʭʥʠʯʝʩʢʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʢʦʥʢʫʨʝʥʮʠʶ, ʪʦʛʜʘ ʧʨʠ ʣʶʙʳʭ ʛʣʦʙʘʣʴʥʳʭ ʢʨʠʟʠʩʘʭ ʙʠʟʥʝʩ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ 

ʠʟʤʝʥʝʥʠʷʤ; 

- ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʥʢʫʨʝʥʮʠʶ ʘʚʪʦ- ʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʢʘʭ.  

 

ɿʘʢʣʶʯʝʥʠʝ. 

ɽʩʣʠ ʫʯʝʩʪʴ ʜʚʘ ʛʣʦʙʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʩʣʝʜʥʠʭ ʯʝʪʳʨʝʭ ʣʝʪ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʧʨʦʙʣʝʤʳ ʚʳʟʚʘʣʠ ʥʝʢʦʪʦʨʫʶ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ 

ʩʝʢʪʦʨʝ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʛʣʦʙʘʣʴʥʳʭ ʢʨʠʟʠʩʦʚ ʦʢʘʟʘʣ 

ʨʘʟʣʠʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʝʢʪʦʨ. ʇʦʩʣʝʜʩʪʚʠʷ ʢʦʨʦʥʥʦʛʦ ʢʨʠʟʠʩʘ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʧʦ-ʨʘʟʥʦʤʫ ʧʦʚʣʠʷʣʠ ʥʘ ɻʝʨʤʘʥʠʶ ʠ ʂʘʟʘʭʩʪʘʥ, ʦʜʥʘʢʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʙʝ 

ʩʪʨʘʥʳ ʧʦʣʫʯʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʯʠʩʪʫʶ ʧʨʠʙʳʣʴ. 

ʆʜʥʘʢʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ - ʠʥʪʝʨʝʩʥʳʡ ʩʣʫʯʘʡ. ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚ 

ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ, ʦʙʲʝʤ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʚ ɻʝʨʤʘʥʠʠ ʦʩʪʘʚʘʣʩʷ ʩʪʘʙʠʣʴʥʳʤ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʝʟʜʘʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʳʡ ʨʦʩʪ ʮʝʥ ʥʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʩ ʥʦʷʙʨʷ 

2021 ʛʦʜʘ ʧʦ ʬʝʚʨʘʣʴ 2022 ʛʦʜʘ. ɺ ʩʣʫʯʘʝ ʩ ʂʘʟʘʭʩʪʘʥʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ 

ʦʙʲʝʤʦʚ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʝ ʚʩʝ ʛʣʦʙʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʚʣʠʷʶʪ ʥʘ ʦʜʥʫ ʩʪʨʘʥʫ ʦʜʠʥʘʢʦʚʦ. 

ʂʦʨʦʥʘ ʦʢʘʟʘʣʘ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʝʢʪʦʨ ɻʝʨʤʘʥʠʠ ʠ 

ʂʘʟʘʭʩʪʘʥʘ. ɺ ɻʝʨʤʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʩʥʠʞʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʪʝʤ, ʯʪʦ ʚ ʥʘʯʘʣʝ 

ʧʘʥʜʝʤʠʠ ʩʧʨʦʩ ʥʘ ʪʦʚʘʨʳ ʙʳʣ ʥʠʞʝ, ʧʦʩʢʦʣʴʢʫ ʣʶʜʠ ʭʦʪʝʣʠ ʩʵʢʦʥʦʤʠʪʴ, ʥʦ ʩʝʡʯʘʩ ʦʥ 

ʩʥʦʚʘ ʨʘʩʪʝʪ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʣʶʜʠ ʠʩʧʳʪʳʚʘʣʠ ʧʦʚʳʰʝʥʥʫʶ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʦʚʘʨʘʭ ʠʟ-ʟʘ ʜʣʠʪʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚ ʠʟʦʣʷʮʠʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʦʥʠ ʙʳʣʠ 

ʚʳʥʫʞʜʝʥʳ ʦʩʪʘʚʘʪʴʩʷ ʚ ʩʚʦʠʭ ʜʦʤʘʭ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʣʝʛʢʠʤ ʜʦʩʪʫʧʦʤ ʢ ʵʣʝʢʪʨʦʥʥʦʡ 

ʪʦʨʛʦʚʣʝ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʨʘʥʠʪʴ ʧʨʦʙʝʣ ʚ ʮʝʧʦʯʢʝ ʧʦʩʪʘʚʦʢ, ʢʦʪʦʨʳʡ ʙʳʣ 

ʩʦʟʜʘʥ ʢʦʥʝʯʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. 

ʇʦʩʢʦʣʴʢʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʨʘʩʢʨʳʪʴ, ʥʝ ʪʘʢ ʤʥʦʛʦ. ʆʜʥʘʢʦ, ʝʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʧʝʨʚʳʡ 

ʢʚʘʨʪʘʣ ʢʨʠʟʠʩʘ, ʪʦ ʦʥ ʧʦ-ʨʘʟʥʦʤʫ ʧʦʚʣʠʷʣ ʥʘ ɻʝʨʤʘʥʠʶ ʠ ʂʘʟʘʭʩʪʘʥ. ʇʦʩʢʦʣʴʢʫ 
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ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʷʚʣʷʝʪʩʷ ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 

ʨʘʩʢʨʳʪʴ, ʥʝ ʪʘʢ ʤʥʦʛʦ. 

ʊʘʢ ʢʘʢ ʨʝʟʫʣʴʪʘʪʳ ʚ ɻʝʨʤʘʥʠʠ ʠ ʂʘʟʘʭʩʪʘʥʝ ʙʳʣʠ ʨʘʟʥʳʤʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʛʣʦʙʘʣʴʥʳʡ ʢʨʠʟʠʩ ʧʦʚʣʠʷʣ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʝʢʪʦʨ, ʥʦ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʪʦʤ, ʢʘʢ ʛʣʦʙʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʚʣʠʷʶʪ ʥʘ 

ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʝʢʪʦʨ. 

ʂʘʢ ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʪʘʢ ʠ ɻʝʨʤʘʥʠʷ ʠʤʝʶʪ ʚʳʛʦʜʥʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ. ɻʨʘʤʦʪʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʪʝʨʤʠʥʘʣʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʚʳʛʦʜʫ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 
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ɾɸᴂɸʅɼʓפ ɼɸנɼɸʈʓʉʊɸʈɼʓר ɾתʂ ʊɸʉʓʄɸʃʓʄɽʅ ᴆɿɸʈɸ 

ɹɸʁʃɸʅʓʉʓ: ɻɽʈʄɸʅʀʗ ʄɽʅ פɸɿɸפʉʊɸʅ ɸʈɸʉʓʅɼɸנʓ ʉɸʃʓʉʊʓʈʋ 

 

ɸשʜʘʪʧʘ.  ᴆʩʽʧ ʢʝʣʝ ʞʘʪץʘʥ ʭʘʣʳץ ʧʝʥ ʞʘᴃʘʥʜʘʥʫ ʞʘסʜʘʡʳʥʜʘ ᴅʣʝʤʛʝ ʢᴇʙʽʨʝʢ 

ʪʘʫʘʨʣʘʨ ץʘʞʝʪ ʙʦʣסʘʥʜʳץʪʘʥ, ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ץʘʞʝʪʪʽʣʽʢʪʝʨʜʽ ץʘʥʘסʘʪʪʘʥʜʳʨʫ װʰʽʥ 

ʞʝʣʽʣʽʢ ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥʘ ץʘʞʝʪʪʽʣʽʢ ʘʨʪʳʧ ʢʝʣʝʜʽ. ɹײʣ ʜʝʛʝʥʽʤʽʟ, ᴅʣʝʤʜʽʢ 

ʭʘʣʳץʘʨʘʣʳץ ʞᴅʥʝ ײʣʪʪʳץ ʣʦʛʠʩʪʠʢʘʣʳץ ʞʝʣʽ ʢᴇʧʪʝʛʝʥ ʙʘʡʣʘʥʳʩʪʘʨʤʝʥ ᴇʪʝ ʪʳסʳʟ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʜʳ, ʤײʥʜʘ ʝש ʘʟ ʙײʟʫʰʳʣʳץ ʘʫʳʨ ʟʘʨʜʘʧʪʘʨסʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. ʆʩʳʥʜʘʡ 

ʤʳʩʘʣʜʘʨʜʳש ʙʽʨʽ 2021 ʞʳʣʜʳש ʥʘʫʨʳʟʳʥʜʘ Ever Given TEU ʢʦʥʪʝʡʥʝʨʣʽʢ ʢʝʤʝʩʽ ʞʝʨʛʝ 

ʪʠʛʝʥʥʝʥ ʢʝʡʽʥ ʉʫʵʮ ʢʘʥʘʣʳʥʳש ʞʘʙʳʣʫʳ ʙʦʣʜʳ. ɹײʣ ץʘʨʜʳש ᴅʩʝʨʽʥʝ ᴅʢʝʣʜʽ, ʤʳʩʘʣʳ, 

ʪʘʩʳʤʘʣʜʘʫ ʙʘסʘʩʳʥʳש ᴇʩʫʽ (ʰʠʢʽ ʤײʥʘʡ ʤʝʥ ʛʘʟ ʩʠʷץʪʳ ʥʝʛʽʟʛʽ ʪʘʫʘʨʣʘʨ). פʘʟʽʨʛʽ ʫʘץʳʪʪʘ 

ᴅʣʝʤ ʝʢʽ ʞʘᴃʘʥʜʳץ ʧʨʦʙʣʝʤʘסʘ ʪʘʧ ʙʦʣʜʳ: ʢʦʨʦʥʘ ʧʘʥʜʝʤʠʷʩʳ ʞᴅʥʝ ץʘʟʽʨʛʽ ʵʥʝʨʛʝʪʠʢʘʣʳץ 

ʜʘסʜʘʨʳʩ. ʇʘʥʜʝʤʠʷʥʳש ᴅʣʝʤʜʽʢ ʥʘʨʳץץʘ ץʘʥʜʘʡ ʵʢʦʥʦʤʠʢʘʣʳץ ʟʠʷʥ ʢʝʣʪʽʨʛʝʥʽ ץʘʟʽʨʜʽש 

ᴇʟʽʥʜʝ ʘʪʘʧ ᴇʪʽʣʜʽ ʞᴅʥʝ ʙײʣ ʟʠʷʥ ᴅʣʽ ʜʝ ʩʝʟʽʣʫʜʝ. ʕʥʝʨʛʝʪʠʢʘʣʳץ ʜʘסʜʘʨʳʩʪʳש ʩʘʣʜʘʨʳʥ 

ʢʝʟ-ʢʝʣʛʝʥ ʢᴇʣʝʤʜʝʛʽ ʢᴅʩʽʧʦʨʳʥʜʘʨ ʜʘ ʩʝʟʽʥʝ ʙʘʩʪʘʡʜʳ. ʄʘץʘʣʘʥʳש ʤʘץʩʘʪʳ ʩʦסשʳ ʝʢʽ 

ʞʘᴃʘʥʜʳץ ʜʘסʜʘʨʳʩʪʳש ɽʫʨʦʧʘ ʤʝʥ ʆʨʪʘʣʳץ ɸʟʠʷʥʳש ʝʢʽ ʪװʨʣʽ ʝʣʽʥʝ, פʘʟʘץʩʪʘʥ 

ʤʳʩʘʣʳʥʘ, ײץʨʣʳץʘʨʘʣʳץ ʭʘʙʪʳש ᴅʣʝʫʝʪʽ ʟʦʨ ʝʣʛʝ ʞᴅʥʝ ʢᴇʣʽʢ ʪʘʩʳʤʘʣʳ ʩʘʣʘʩʳʥʜʘסʳ 

ʞʝʪʝʢʰʽ ʝʣʜʝʨʜʽש ʙʽʨʽ - ɻʝʨʤʘʥʠʷסʘ ʥʘʟʘʨ ʘʫʜʘʨʘ ʦʪʳʨʳʧ, ʞװʢ ʪʘʩʳʤʘʣʳ ʩʝʢʪʦʨʳʥʘ ץʘʣʘʡ 

ᴅʩʝʨ ʝʪʢʝʥʽʥ ʟʝʨʪʪʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄʘץʘʣʘ ʝʢʽ ʝʣʜʝʛʽ ʪʝʤʽʨʞʦʣ ʪʘʩʳʤʘʣʳʥʘ 

ʙʘסʳʪʪʘʣסʘʥ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʂᴇʣʽʢ, ʣʦʛʠʩʪʠʢʘ, ʤʘʨʰʨʫʪ, ʃʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪ, ʢᴇʣʽʢ 

ʠʥʬʨʘײץʨʳʣʳʤʳ, ʪʝʤʽʨʞʦʣ. 
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THE RELATIONSHIP BETWEEN GLOBAL CRISES AND FREIGHT TRANSPORT: A 

COMPARISON BETWEEN GERMANY AND KAZAKHSTAN  

 

Abstract. As the world needs more and more goods in a growing population and 

globalisation, the need for a networked transport infrastructure to meet today's needs has 

increased. This means that the world's international and national logistics network has been very 

closely interwoven with a multitude of connections where the slightest disruption can have 

serious consequences. One such example was the closure of the Suez Canal after the container 

ship Ever Given TEU hit the ground in March 2021. This led to snowball effects, such as rising 

transport prices (for basic commodities such as crude oil and gas). The world is now facing two 

global challenges: a crown pandemic and the current energy crisis. It has already been noted 

what economic damage the pandemic has done to the world market and this damage is still being 

felt. The effects of the energy crisis are also beginning to be felt by businesses of all sizes. The 

aim of the article is to examine how two recent global crises have affected the freight transport 

sector, focusing on two different countries in Europe and Central Asia, with the example of 

Kazakhstan, a country with great potential as an intercontinental hub, and one of the leading 

countries in transport, Germany. The article focuses on rail transport in both countries. 

 

Keywords. Transport, logistics, route, logistics service, transport infrastructure, railway.  
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ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʆʎɽʉʉɸ ʌʆʈʄʀʈʆɺɸʅʀʗ ʇʆɽɿɼʆɺ ʇʈʀ 

ʀʉʇʆʃʔɿʆɺɸʅʀʀ ʈɸɿʃʀʏʅʓʍ ʊʀʇʆɺ ʉʎɽʇʅʓʍ ʋʉʊʈʆʁʉʊɺ  
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʴʩʷ ʦʧʠʩʘʥʠʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʭ ʪʠʧʦʚ 
ʘʚʪʦʩʮʝʧʦʢ, ʠ ʦ ʨʝʰʝʥʠʠ ʘʩʩʦʮʠʘʮʠʠ DAC4EU ʚ ʨʘʤʢʘʭ ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʤʠʩʩʠʠ ʠ 
ʌʝʜʝʨʘʣʴʥʦʛʦ ʤʠʥʠʩʪʝʨʩʪʚʘ ʪʨʘʥʩʧʦʨʪʘ ʠ ʮʠʬʨʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ɻʝʨʤʘʥʠʠ ʧʦ ʟʘʤʝʥʝ 
ʚʠʥʪʦʚʳʭ ʩʮʝʧʦʢ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ. ɺ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ ʚ ʪʝʯʝʥʠʝ ʨʷʜʘ ʣʝʪ ʠʩʧʳʪʳʚʘʣʠ 
ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʘʚʝ ʠ ʜʦ 
ʩʝʛʦʜʥʷʰʥʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʫʜʘʚʘʣʦʩʴ ʜʦʩʪʠʯʴ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʛʣʘʰʝʥʠʷ ʦ ʪʦʤ, ʢʘʢʦʛʦ 
ʪʠʧʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʮʝʧʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʠ ʩʝʛʦʜʥʷ ʥʘ ʞʝʣʝʟʥʳʭ 
ʜʦʨʦʛʘʭ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʨʘʥ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʢʦʥʪʠʥʝʥʪʘ ʧʨʠʤʝʥʷʶʪ ʩʮʝʧʢʫ ʚʘʛʦʥʦʚ 
ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʥʪʦʚʦʡ ʩʪʷʞʢʠ. ɺ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʥʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ ʝʚʨʦʧʝʡʩʢʠʭ ʛʦʩʫʜʘʨʩʪʚ, 
ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʤʝʥʳ ʥʘ ʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʝ ʘʚʪʦʩʮʝʧʥʳʝ 
ʫʩʪʨʦʡʩʪʚʘ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ ʘʚʪʦʩʮʝʧʦʢ: çɼʞʘʥʝʷè (Janney), çʉɸ-3è, çʐʘʬʝʥʙʝʨʛè (SchaKu), 
çʐʚʘʙè (Schwab). ʇʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʪʦʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ, 
ʦʧʨʝʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʢʨʠʪʝʨʠʠ, ʪʘʢʠʝ ʢʘʢ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʥʘʜʝʞʥʦʩʪʴ, 
ʢʦʥʩʪʨʫʢʮʠʷ. ʊʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʟʘʜʘʯʠ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʬʨʦʚʠʟʘʮʠʠ. 
ʇʨʠʤʝʥʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʘʚʪʦʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʦʟʚʦʣʠʪ 
ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʜʦ 20 ʤʠʥʫʪ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 80 ʚʘʛʦʥʦʚ, 
ʘ ʧʨʠ ʫʩʣʦʚʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 10 ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʚ ʩʫʪʢʠ, ʧʦʪʝʨʠ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʷʪ ʙʦʣʝʝ 
2 ʯ. ɿʘʤʝʥʘ ʘʚʪʦʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʝʟʜʦʚ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʦʚ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 
ʨʝʛʣʘʤʝʥʪʘ ʧʝʨʝʛʦʚʦʨʦʚ, ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʪʨʘʚʤʘʪʠʟʤʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɸʚʪʦʩʮʝʧʢʘ, ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ, ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ɽʚʨʦʧʳ, 
ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘʚʪʦʩʮʝʧʢʘ ʉɸ-3. 

 

ɺʚʝʜʝʥʠʝ. 
ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ 
ʩʧʦʩʦʙʥʦʩʪʝʡ ʦʙʲʝʢʪʦʚ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 
ʜʦʩʪʠʞʝʥʠʶ ʵʪʦʡ ʮʝʣʠ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ, ʨʘʩʬʦʨʤʠʨʦʚʘʥʠʝ 
ʩʦʩʪʘʚʦʚ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ, ʧʨʦʩʪʦʷ ʠʭ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʘʥʮʠʷʭ, ʚʨʝʤʝʥʠ ʥʘ 
ʧʦʜʛʦʪʦʚʢʫ ʤʘʨʰʨʫʪʦʚ ʠ ʪ.ʜ. ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʟʘʥʠʤʘʝʪ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 
ʦʢʦʥʯʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʟʦʚʦʛʦ ʧʦʝʟʜʘ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ 
ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʝ ʢʘʢ ʥʘʢʦʧʣʝʥʠʝ ʚʘʛʦʥʦʚ ʥʘ ʧʫʪʷʭ ʩʦʨʪʠʨʦʚʦʯʥʦʛʦ ʧʘʨʢʘ, ʦʩʘʞʠʚʘʥʠʝ 
ʚʘʛʦʥʦʚ ʩ ʮʝʣʴʶ ʣʠʢʚʠʜʘʮʠʠ ʧʨʦʤʝʞʫʪʢʦʚ ʤʝʞʜʫ ʚʘʛʦʥʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʦʜʥʦʤ 
ʩʦʨʪʠʨʦʚʦʯʥʦʤ ʧʫʪʠ, ʨʘʩʩʪʘʥʦʚʢʘ ʚʘʛʦʥʦʚ ʚ ʩʦʩʪʘʚʝ ʛʨʫʟʦʚʦʛʦ ʧʦʝʟʜʘ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ 
ʇʨʘʚʠʣ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʇʣʘʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ, ɻʨʘʬʠʢʘ 
ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ, ʧʦʜʛʦʪʦʚʢʘ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʧʦʝʟʜ, ʩʮʝʧʢʘ ʚʘʛʦʥʦʚ, 
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ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʦʩʤʦʪʨʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʤʦʪʨʘ ʚʘʛʦʥʦʚ, ʧʦʜʛʦʪʦʚʢʘ 
ʛʨʫʟʦʚʦʛʦ ʧʦʝʟʜʘ ʢ ʦʪʧʨʘʚʣʝʥʠʶ. ʆʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʥʦʛʦ ʧʝʨʝʯʥʷ ʨʘʙʦʪ 
ʧʝʨʝʜ ʦʪʧʨʘʚʣʝʥʠʝʤ ʛʨʫʟʦʚʦʛʦ ʧʦʝʟʜʘ ʩʚʦʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦ ʤʘʨʰʨʫʪʫ ʩʦʛʣʘʩʥʦ ʇʣʘʥʫ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʝʟʜʦʚ, ʷʚʣʷʝʪʩʷ ʟʘʣʦʛʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ, 
ʩʦʭʨʘʥʥʦʩʪʠ ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ, ʩʦʙʣʶʜʝʥʠʷ ʩʨʦʢʦʚ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʢʣʠʝʥʪʘʤ 
ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ.  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʝʟʜʦʚ ʫʜʝʣʷʝʪʩʷ ʩʦʟʜʘʥʠʶ ʫʩʣʦʚʠʡ 
ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʠ ʨʘʙʦʪʥʠʢʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 
ʪʨʘʥʩʧʦʨʪʘ. ʆʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʝʟʜʘ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, 
ʷʚʣʷʝʪʩʷ ʩʮʝʧʢʘ ʚʘʛʦʥʦʚ. ʇʨʠ ʩʮʝʧʢʝ ʚʘʛʦʥʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʩʦʚʧʘʜʝʥʠʷ 
ʧʨʦʜʦʣʴʥʳʭ ʦʩʝʡ ʩʦʩʝʜʥʠʭ ʚʘʛʦʥʦʚ ʠ ʧʨʠ ʠʭ ʥʝʩʦʚʧʘʜʝʥʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʠʭ ʧʝʨʝʩʪʘʥʦʚʢʘ ʚ 
ʩʦʩʪʘʚʝ ʧʦʝʟʜʘ. ʊʘʢʞʝ ʧʦʩʣʝ ʩʮʝʧʣʝʥʠʷ ʚʘʛʦʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ 
ʨʘʙʦʪʳ ʘʚʪʦʩʮʝʧʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚʳʧʦʣʥʠʪʴ ʩʦʝʜʠʥʝʥʠʝ ʪʦʨʤʦʟʥʳʭ ʨʫʢʘʚʦʚ. ʉʦʛʣʘʩʥʦ 
ʫʪʚʝʨʞʜʝʥʥʦʤʫ ʛʨʘʬʠʢʫ ʦʙʨʘʙʦʪʢʠ ʧʦʝʟʜʦʚ ʩʚʦʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʩʦʨʪʠʨʦʚʦʯʥʳʭ 
ʧʫʪʷʭ ʩʪʘʥʮʠʠ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʡ ʦʩʤʦʪʨ ʚʘʛʦʥʦʚ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʫʩʪʨʘʥʝʥʠʝ ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʩʦʝʜʠʥʝʥʠʝ ʪʦʨʤʦʟʥʳʭ ʨʫʢʘʚʦʚ. ʆʙʱʝʝ ʚʨʝʤʷ, 
ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʦʙʨʘʙʦʪʢʫ ʧʦʝʟʜʘ, ʚʢʣʶʯʘʷ ʦʧʨʦʙʦʚʘʥʠʝ ʘʚʪʦʪʦʨʤʦʟʦʚ ʦʪ ʫʩʪʘʥʦʚʢʠ 
ʋɿʆʊ, ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 90 ʤʠʥʫʪ. ʂʘʢ ʚʠʜʥʦ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ ʥʘ ʝʛʦ ʚʳʧʦʣʥʝʥʠʝ. 

ɸʚʪʦʩʮʝʧʢʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 
ʪʨʘʥʩʧʦʨʪʘ, ʦʪ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʢʦʪʦʨʦʡ, ʟʘʚʠʩʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʙʝʟʘʚʘʨʠʡʥʦʩʪʴ 
ʩʣʝʜʦʚʘʥʠʷ ʧʦʝʟʜʦʚ. ʇʝʨʚʳʝ ʚʝʨʩʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʷʚʠʣʠʩʴ ʚ 
ʉʐɸ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʠ ʫʚʝʣʠʯʝʥʠʠ ʧʝʨʝʚʦʟʦʢ, ʥʘʯʠʥʘʷ 
ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 19-ʛʦ ʚʝʢʘ. ʉʝʛʦʜʥʷ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 
ʘʚʪʦʩʮʝʧʢʘ ʪʠʧʘ çɼʞʘʥʝʷè (Janney) ʠ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʘʚʪʦʩʮʝʧʢʘ ʪʠʧʘ ʉɸ-3, ʯʪʦ 
ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʘʥʛʣʠʡʩʢʦʡ ʩʮʝʧʢʠ 1910 ʛ ʩʠʩʪʝʤʳ çɺʠʣʣʠʩʦʥʘè (Willison) [1]. ʅʘ 
ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʧʨʠʤʝʥʝʥʠʷ ʪʠʧʦʚ ʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʤʠʨʝ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ī ʊʠʧʳ ʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʤʠʨʝ 
 

ʇʦ ʪʠʧʫ ʠʩʧʦʣʥʝʥʠʷ ʩʮʝʧʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʫʩʣʦʚʥʦ 
ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ: 

ʘ) ʨʫʯʥʫʶ ʩʮʝʧʢʫ  ʢʦʛʜʘ ʩʮʝʧʢʘ ʠ ʨʘʩʮʝʧʢʘ ʚʘʛʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʨʫʯʥʫʶ 
(ʨʘʙʦʪʥʠʢʘʤʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ); 

ʙ) ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ  ʢʦʛʜʘ ʩʮʝʧʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʘ ʨʘʩʮʝʧʢʘ 
ʚʨʫʯʥʫʶ (ʨʘʙʦʪʥʠʢʘʤʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ);  

ʚ) ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ  ʢʦʛʜʘ ʩʮʝʧʢʘ ʠ ʨʘʩʮʝʧʢʘ ʚʘʛʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 
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ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʧʨʦʮʝʩʩʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʩʮʝʧʢʠ, ʠ ʠʛʥʦʨʠʨʫʝʪ ʪʠʧ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʢʣʶʯʝʥʥʳʭ ʥʦʩʠʪʝʣʝʡ (ʪʦʨʤʦʟʥʘʷ ʤʘʛʠʩʪʨʘʣʴ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʠ, ʣʠʥʠʷ ʜʘʥʥʳʭ). ʉ ʫʯʝʪʦʤ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʢʨʫʛ 

ʪʝʭʥʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ ʜʣʷ ʛʨʫʟʦʚʳʭ ʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʝʨʝʚʦʟʦʢ, 

ʨʘʟʨʘʙʦʪʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʘʚʪʦʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʧʷʪʴ ʢʣʘʩʩʦʚ, ʩʦʛʣʘʩʥʦ ʫʨʦʚʥʶ ʠʭ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 - ʍʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ 
 

ʋʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 
ʂʣʘʩʩ  

I  

ʂʣʘʩʩ  

II  

ʂʣʘʩʩ  

III  

ʂʣʘʩʩ  

IV  

ʂʣʘʩʩ  

V 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʩʮʝʧʢʘ +         

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʮʝʧʢʘ   + + + + 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʪʦʨʤʦʟʥʦʡ 

ʤʘʛʠʩʪʨʘʣʠ 
    + + + 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʣʠʥʠʡ ʠ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʧʨʠ ʥʘʣʠʯʠʠ) 
      + + 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʨʘʩʮʝʧʢʘ         + 

 

ʇʝʨʚʳʡ ʢʣʘʩʩ - ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʮʝʧʢʘ, ʚʢʣʶʯʘʝʪ ʪʠʧ ʩʮʝʧʦʢ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʚʠʥʪʦʚʦʡ ʩʪʷʞʢʝ. ɺʪʦʨʦʡ ʢʣʘʩʩ ʩʮʝʧʦʢ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʊʨʝʪʠʡ ʢʣʘʩʩ ʩʮʝʧʦʢ ʠʤʝʝʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʪʦʨʤʦʟʥʦʡ 

ʤʘʛʠʩʪʨʘʣʠ, ʘ ʯʝʪʚʝʨʪʳʡ - ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʠ 

ʧʦʜʢʣʶʯʝʥʠʝ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʀ ʪʦʣʴʢʦ ʧʷʪʳʡ ʢʣʘʩʩ ʩʮʝʧʦʢ ʤʦʞʝʪ ʙʳʪʴ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ, ʧʦʩʢʦʣʴʢʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠ ʠʭ ʨʘʩʮʝʧʢʫ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ɺ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ ʩ ʢʦʥʮʘ XIX ʚʝʢʘ, ʚ ʪʝʯʝʥʠʝ ʨʷʜʘ ʣʝʪ ʠʩʧʳʪʳʚʘʣʠ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʘʚʝ, ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʷʚʣʷʣʘʩʴ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʘʤʝʨʠʢʘʥʩʢʦʡ ʘʚʪʦʩʮʝʧʢʠ çɼʞʘʥʝʷ (Janney)è ʠ 

ʤʦʜʠʬʠʢʘʮʠʷ ʉɸ3 (çɸʂ69è, çC-AKvè), ʥʦ ʧʨʠ ʚʩʝʤ ʵʪʦʤ ʥʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʨʘʥ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʢʦʥʪʠʥʝʥʪʘ ʧʨʠʤʝʥʷʶʪ ʩʮʝʧʢʫ ʚʘʛʦʥʦʚ ʩ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʚʠʥʪʦʚʦʡ ʩʪʷʞʢʠ (ʨʠʩʫʥʦʢ 2). ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʦ 

ʩʝʛʦʜʥʷʰʥʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʫʜʘʚʘʣʦʩʴ ʜʦʩʪʠʯʴ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʛʣʘʰʝʥʠʷ ʦ ʪʦʤ, ʢʘʢʦʛʦ 

ʪʠʧʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʮʝʧʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʠ 

ʣʦʢʦʤʦʪʠʚʦʚ. 

 

  
 

ʈʠʩʫʥʦʢ 2 ï ʊʠʧ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʩʮʝʧʢʠ ʥʘ ʚʠʥʪʦʚʦʡ ʩʪʷʞʢʝ  
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ʅʘ ʨʠʩʫʥʢʝ 2 ʦʪʦʙʨʘʞʝʥ ʩʦʚʨʝʤʝʥʥʳʡ ʧʘʩʩʘʞʠʨʩʢʠʡ ʣʦʢʦʤʦʪʠʚ çBombardierè 

ʥʝʤʝʮʢʠʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʩʦ ʩʮʝʧʢʦʡ ʥʘ ʚʠʥʪʦʚʦʡ ʩʪʷʞʢʝ. 

ʈʫʯʥʳʝ ʚʠʥʪʦʚʳʝ ʤʫʬʪʳ ʫʞʝ ʫʩʪʘʨʝʚʰʠʡ ʚʘʨʠʘʥʪ ʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʥʦ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʥʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ ɽʚʨʦʧʳ. ʆʥʠ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʛʣʘʚʥʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʵʪʦ ʚʝʩʴʤʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʟʘ ʩʯʝʪ ʧʦʣʥʦʛʦ 

ʦʪʩʫʪʩʪʚʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʊʘʢʞʝ ʩʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʜʘʥʥʦʛʦ ʚʠʜʘ ʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʠʭ ʚʝʩ. ʇʦ ʤʝʨʝ ʚʚʝʜʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʦʣʝʝ ʤʦʱʥʦʛʦ ʪʷʛʦʚʦʛʦ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʩʳ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ, ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʨʘʟʨʳʚʦʚ ʧʦʝʟʜʦʚ ʢʘʢ ʥʘ ʩʪʘʥʮʠʷʭ, ʪʘʢ ʠ ʥʘ ʧʝʨʝʛʦʥʘʭ, ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʪʘʢʞʝ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʩʮʝʧʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʝʛʦ ʚʝʩʘ. ɺ ʠʪʦʛʝ, ʚʝʩ 

ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʙʣʠʟʠʣʩʷ ʢ ʧʨʝʜʝʣʫ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʮʝʧʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʙʦʯʠʤʠ ʚʨʫʯʥʫʶ, ʢʦʪʦʨʳʤ ʪʨʝʙʫʝʪʩʷ ʨʘʩʧʦʣʦʞʠʪʴʩʷ ʚ 

ʤʝʞʚʘʛʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʩʮʝʧʱʠʢʦʚ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʪʨʘʚʤʠʨʦʚʘʥʥʳʭ ʠ ʧʦʛʠʙʰʠʭ ʩʨʝʜʠ ʨʘʙʦʪʥʠʢʦʚ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ 

ʜʘʥʥʦʤ ʚʠʜʝ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ [2], ʚ ɻʝʨʤʘʥʠʠ ʢʦʤʧʘʥʠʝʡ çDB Cargoè 

ʝʞʝʜʥʝʚʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʙʦʣʝʝ 4 000 ʚʘʛʦʥʦʚ ʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʩʦʩʪʘʚʳ, ʘ ʝʩʣʠ 

ʫʯʠʪʳʚʘʪʴ ʤʘʩʰʪʘʙʳ ʩʪʨʘʥ ɽʚʨʦʧʳ, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʮʝʧʦʢ ʚʘʛʦʥʦʚ ʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 

ʛʨʫʟʦʚʳʭ ʦʧʝʨʘʮʠʷʭ ʜʦʩʪʠʛʘʝʪ 400 000. ɼʨʫʛʠʤ ʥʝʜʦʩʪʘʪʢʦʤ, ʷʚʣʷʝʪʩʷ ʣʠʤʠʪʠʨʦʚʘʥʥʦʝ 

ʫʩʠʣʠʝ ʨʘʩʪʷʞʝʥʠʷ ʠ ʩʞʘʪʠʷ, ʦʛʨʘʥʠʯʠʚʘʝʤʦʝ 550 ʢʅ ʠ 240 ʢʅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʝʩʢʦʣʴʢʦ ʣʝʪ ʘʩʩʦʮʠʘʮʠʷ DAC4EU ʚ ʨʘʤʢʘʭ ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʤʠʩʩʠʠ ʠ 

ʌʝʜʝʨʘʣʴʥʳʤ ʤʠʥʠʩʪʝʨʩʪʚʦʤ ʪʨʘʥʩʧʦʨʪʘ ʠ ʮʠʬʨʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ɻʝʨʤʘʥʠʠ ʨʘʙʦʪʘʝʪ 

ʥʘʜ ʟʘʤʝʥʦʡ ʚʠʥʪʦʚʳʭ ʪʠʧʦʚ ʤʫʬʪ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʤʫʬʪʳ, ʛʜʝ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ 

ʷʚʣʷʝʪʩʷ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʣʘʩʩʫ II  V ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʠʬʨʦʚʢʠ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʢʨʠʪʝʨʠʷʤʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʘʢʠʝ ʪʠʧʳ ʘʚʪʦʩʮʝʧʦʢ, ʢʘʢ [3, 4]: 

 

 
ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

 

ʘ ïʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʘʚʪʦʩʮʝʧʢʘ ʪʠʧʘ çɼʞʘʥʝʷè; ʙ ī ɸʚʪʦʩʮʝʧʢʘ ʪʠʧʘ çʉɸ-3è; ʚ ī 

ɸʚʪʦʩʮʝʧʢʘ ʪʠʧʘ çʐʘʬʝʥʙʝʨʛè; ʛ ī ɸʚʪʦʩʮʝʧʢʘ ʪʠʧʘ çʐʚʘʙè 
 

ʈʠʩʫʥʦʢ 3 ï ʅʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʳʝ ʪʠʧʳ ʘʚʪʦʩʮʝʧʦʢ 
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ɸʚʪʦʩʮʝʧʢʘ ʪʠʧʘ çɼʞʘʥʝʷè (Janney) ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʥʘʜʝʞʥʳʭ ʩʮʝʧʦʢ (ʨʠʩʫʥʦʢ 3 ʘ), 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʚ ʩʪʨʘʥʘʭ ʉʝʚʝʨʥʦʡ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʠ, 

ʶʞʥʦʡ ʯʘʩʪʠ ɸʬʨʠʢʠ, ɸʚʩʪʨʘʣʠʠ, ʂʠʪʘʝ, ʗʧʦʥʠʠ ʠ ʜʨʫʛʠʭ ʘʟʠʘʪʩʢʠʭ ʩʪʨʘʥʘʭ. ɼʘʥʥʳʡ ʪʠʧ 

ʘʚʪʦʩʮʝʧʢʠ, ʩ ʜʦʧʫʩʪʠʤʳʤ ʪʷʛʦʚʳʤ ʫʩʠʣʠʝʤ ʚ 1 750 ʢʅ, ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʪʷʞʝʣʦʚʝʩʥʳʝ ʩʦʩʪʘʚʳ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʘʚʪʦʩʮʝʧʢʠ ʷʚʣʷʝʪʩʷ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʨʫʢʘʚʦʚ (ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ 

ʪʦʨʤʦʟʘ) ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʦʡ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ.  

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʮʝʧʢʘ ʪʠʧʘ ʉɸ-3 (3-ʡ ʚʘʨʠʘʥʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʮʝʧʢʠ ʉʦʚʝʪʩʢʦʛʦ 

ʉʦʶʟʘ), ʨʘʟʨʘʙʦʪʘʥʘ ʚ 1932 ʛʦʜʫ ʥʘ ʄʦʩʢʦʚʩʢʦʤ ʚʘʛʦʥʥʦʤ ʟʘʚʦʜʝ, ʩ ʪʷʛʦʚʳʤ ʫʩʠʣʠʝʤ  

2 500 ʢʅ. ʄʝʭʘʥʠʟʤ ʩʮʝʧʣʝʥʠʷ ʨʘʙʦʪʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʥʦ ʜʣʷ ʨʘʩʮʝʧʣʝʥʠʷ ʪʨʝʙʫʝʪʩʷ 

ʨʫʯʥʦʝ ʜʝʡʩʪʚʠʝ. ʇʦʤʠʤʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʪʨʘʥ 

ʧʦʩʪʩʦʚʝʪʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘʚʪʦʩʮʝʧʢʘ ʪʠʧʘ çʉɸ-3è (ʨʠʩʫʥʦʢ 3 ʙ) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʚ ʌʠʥʣʷʥʜʠʠ, ʀʨʘʥʝ, ʘ ʪʘʢʞʝ ʥʘ ʥʝʢʦʪʦʨʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʢʦʤʧʘʥʠʷʭ ʩʪʨʘʥ ɿʘʧʘʜʥʦʡ 

ʠ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʩʮʝʧʢʘ ʪʠʧʘ çʉɸ-3è ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʥʝʤʝʮʢʠʤ ʢʦʥʮʝʨʥʦʤ çVoithè, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʜ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʦʜʚʠʞʥʦʡ 

ʩʦʩʪʘʚ ʩʪʨʘʥ ʟʘʧʘʜʥʦʡ ɽʚʨʦʧʳ [4]. 

ɸʚʪʦʩʮʝʧʢʘ ʪʠʧʘ çʐʘʨʬʝʥʙʝʨʛè (Schaku), ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʘʭ 

ɻʝʨʤʘʥʠʠ, ɸʚʩʪʨʠʠ, ʐʚʝʡʮʘʨʠʠ, ʧʝʨʚʳʝ ʚʝʨʩʠʠ ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʦʪʘʥʳ ʚ 1903 ʛ. 

ɸʚʪʦʩʮʝʧʢʘ çʐʘʨʬʝʥʙʝʨʛè ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʤʫʬʪʦʡ (ʨʠʩʫʥʦʢ 5 ʚ), ʛʜʝ 

ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʧʦʜʘʯʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʪʦʨʤʦʟʥʫʶ ʩʠʩʪʝʤʫ ʠ ʩʠʣʦʚʦʡ ʢʘʙʝʣʴ ʚʩʪʨʦʝʥʳ 

ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʛʦʣʦʚʢʫ. ʈʘʩʮʝʧʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʣʘʤʠ ʨʘʙʦʪʥʠʢʦʚ, 

ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʧʦʝʟʜʘ. 

ɸʚʪʦʩʮʝʧʢʘ ʪʠʧʘ çʐʚʘʙè (Schwab) ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ (ʨʠʩʫʥʦʢ 6 ʛ), 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ 2000 ʛ. ʚ ɻʝʨʤʘʥʠʠ. ʇʦʤʠʤʦ ʤʝʭʘʥʠʟʤʘ ʩʮʝʧʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʧʥʝʚʤʘʪʠʯʝʩʢʘʷ ʤʘʛʠʩʪʨʘʣʴ ʠ ʩʠʣʦʚʦʡ ʢʘʙʝʣʴ. ʄʫʬʪʘ çʐʚʘʙè ʩʧʦʩʦʙʥʘ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚʳʧʦʣʥʷʪʴ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʟʲʝʜʠʥʝʥʠʝ ʚʘʛʦʥʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʳʡ ʚʠʜ 

ʩʮʝʧʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʩʚʦʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʧʫ ʩʮʝʧʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʚʦ ʤʥʦʛʦʤ ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʤʫʬʪʳ ʟʘ ʩʯʝʪ 

ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʮʝʧʢʠ ʚʘʛʦʥʦʚ ʠ ʠʭ ʨʘʩʮʝʧʘ. ʉʝʛʦʜʥʷ 

ʘʚʪʦʩʮʝʧʢʘ çʐʚʘʙè ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʐʚʝʡʮʘʨʠʠ ʚ 

ʩʦʩʪʘʚʘʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ.  

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʪʝʨʠʷʤʠ ʚʳʙʦʨʘ ʘʩʩʦʮʠʘʮʠʠ DAC4EU. 

 

ʊʘʙʣʠʮʘ 2 - ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʪʦʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ 

 

ʊʠʧ ʘʚʪʦʩʮʝʧʢʠ / 

ʇʘʨʘʤʝʪʨ 

ʉʮʝʧʢʘ ʥʘ 

ʚʠʥʪʦʚʦʡ 

ʩʪʷʞʢʝ 

ɸʚʪʦʩʮʝʧʢʘ 

ʪʠʧʘ 

çɼʞʘʥʝʷè 

ɸʚʪʦʩʮʝʧʢʘ 

çʉɸ-3è 

ɸʚʪʦʩʮʝʧʢʘ 

çʐʘʬʝʥʙʝʨʛ 

(SchaKu)è  

ɸʚʪʦʩʮʝʧʢʘ 

 çʐʚʘʙè 

(Schwab) 

ʋʨʦʚʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ 
ʂʣʘʩʩ I ʂʣʘʩʩ II ʂʣʘʩʩ II ʂʣʘʩʩ IV ʂʣʘʩʩ V 

ʉʪʝʧʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

(ʩʮʝʧʢʘ/ʨʘʩʮʝʧʢʘ) 

ʨʫʯʥʘʷ / 

ʨʫʯʥʘʷ 

ʘʚʪʦʤʘʪʢʘʷ / 

ʨʫʯʥʘʷ 

ʘʚʪʦʤʘʪʢʘʷ / 

ʨʫʯʥʘʷ 

ʘʚʪʦʤʘʪʢʘʷ / 

ʨʫʯʥʘʷ 

ʘʚʪʦʤʘʪʢʘʷ 

/ ʘʚʪʦʤʘʪ-

ʢʘʷ 

ʇʦʜʢʣʶʯʝʥʠʝ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 

ʨʫʢʘʚʦʚ 

ʨʫʯʥʦʝ ʨʫʯʥʦʝ ʨʫʯʥʦʝ 
ʘʚʪʦʤʘʪʠʯ-

ʢʦʝ 

ʘʚʪʦʤʘʪʠʯ-

ʢʦʝ 

ʋʨʦʚʝʥʴ 

ʠʟʥʘʰʠʚʘʝʤʦʩʪʠ 
ʥʠʟʢʠʡ ʩʨʝʜʥʠʡ ʩʨʝʜʥʠʡ ʥʠʟʢʠʡ ʥʠʟʢʠʡ 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 4 (127), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 4 (127), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

106 

ʜʝʪʘʣʝʡ ʘʚʪʦʩʮʝʧʢʠ 

ɺʝʩ ʘʚʪʦʩʮʝʧʢʠ, ʢʛ < 55 < 180 < 205 < 130 < 120 

ʉʣʦʞʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ 
ʧʨʦʩʪʘʷ ʧʨʦʩʪʘʷ ʧʨʦʩʪʘʷ ʩʣʦʞʥʘʷ 

ʦʯʝʥʴ 

ʩʣʦʞʥʘʷ 

ʅʘʛʨʫʟʢʘ, ʢʅ 

ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ/ʩʞʘʪʠʝ 
1000 / 1000 1750 / 2900 2500 / 2500 1000 / 2000 1000 / 1500 

ʅʘʜʝʞʥʦʩʪʴ ʚʳʩʦʢʘʷ ʩʨʝʜʥʷʷ ʚʳʩʦʢʘʷ ʚʳʩʦʢʘʷ ʚʳʩʦʢʘʷ 

ɺʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʦʩʪʘʚʘ 
ʚʳʩʦʢʘʷ ʩʨʝʜʥʷʷ ʩʨʝʜʥʷʷ ʥʠʟʢʘʷ 

ʦʯʝʥʴ 

ʥʠʟʢʘʷ 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʪʯʝʪʝ çShift2rail, Fr8railè [3], ʦʩʥʦʚʘʥʥʦʤ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʩʮʝʧʦʢ, ʪʘʢʠʭ ʢʘʢ 

ʥʘʜʝʞʥʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪ.ʜ., ʛʜʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʘʥʘʣʠʟʘ ʦʪʤʝʯʝʥʳ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫ ʘʚʪʦʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ ʪʠʧʘ çɼʞʘʥʝʷè, ʠ 

ʩʦʟʜʘʥʥʳʭ ʧʦ ʪʠʧʫ ʘʚʪʦʩʮʝʧʦʢ çɺʠʣʣʠʩʦʥ (Willison)è, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ çʉɸ-3è, 

çɸʂ69è, çC-AKvè. 

ʅʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ɽʚʨʦʧʝʡʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʦʚʝʪʘ çEDDPè 

(ɽʚʨʦʧʝʡʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʜʦʩʪʘʚʢʠ DAC) ʚ 2021 ʛ. [6, 7] ʷʚʣʷʝʪʩʷ ʧʣʘʥʦʚʘʷ ʟʘʤʝʥʘ 

ʚʠʥʪʦʚʳʭ ʤʫʬʪ ʥʘ ʘʚʪʦʩʮʝʧʢʫ ʪʠʧʘ çʐʘʬʝʥʙʝʨʛ (SchaKu)è ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʠ 

ʣʦʢʦʤʦʪʠʚʦʚ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ɻʝʨʤʘʥʠʠ. ʆʩʥʦʚʘʥʠʝʤ ʧʨʠʥʷʪʠʷ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ: 

ī ʥʘʜʝʞʥʦʩʪʴ ʤʝʭʘʥʠʟʤʘ ʩʮʝʧʣʝʥʠʷ (ʨʠʩʫʥʦʢ 7);  

ī ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʠʬʨʦʚʢʠ ʘʚʪʦʩʮʝʧʢʠ; 

ī ʩʥʠʞʝʥʠʝʤ ʜʦ 70% ʚʨʝʤʝʥʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʘ; 

ī ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʠ ʤʘʩʩʳ ʧʦʝʟʜʘ. 
 

 
1 ï ʜʠʩʢ ʟʘʤʢʘ; 2 ï ʟʘʤʦʢ; 3 ï ʚʳʝʤʢʘ; 4 ï ʧʨʫʞʠʥʘ 

 

ʈʠʩʫʥʦʢ 7 ï ʄʝʭʘʥʠʟʤ ʩʮʝʧʢʠ  

 

ɿʘʤʝʥʘ ʚʠʥʪʦʚʳʭ ʩʮʝʧʦʢ ʥʘ ʘʚʪʦʩʮʝʧʢʫ ʪʠʧʘ çʐʘʬʝʥʙʝʨʛ (SchaKu)è ʥʘ ʧʦʜʚʠʞʥʦʤ 

ʩʦʩʪʘʚʝ, ʟʘʪʨʘʛʠʚʘʝʪ ʧʦʯʪʠ 500 000 ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʠ 17 000 ʣʦʢʦʤʦʪʠʚʦʚ, ʠ ʜʦʣʞʥʦ 

ʙʳʪʴ ʟʘʚʝʨʰʝʥʦ ʢ 2030 ʛ., ʯʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʝʟʜʦʚ, ʜʘʝʪ ʵʢʦʥʦʤʠʶ ʚʨʝʤʝʥʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʦʩʪʘʚʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʧʝʨʝʚʦʟʦʢ.  

ʉ ʫʯʝʪʦʤ ʧʨʝʜʩʪʦʷʱʝʛʦ ʦʩʥʘʱʝʥʠʷ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʘʚʪʦʩʮʝʧʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʪʠʧʘ çʐʘʬʝʥʙʝʨʛ (SchaKu)è, ʦʧʨʝʜʝʣʝʥʳ ʟʘʜʘʯʠ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʘ 

ʠʤʝʥʥʦ ʦʩʥʘʱʝʥʠʝ ʮʠʬʨʦʚʳʤʠ ʜʘʪʯʠʢʘʤʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʚʘʛʦʥʦʚ, ʘ ʠʤʝʥʥʦ ʚʦʟʤʦʞʥʦʩʪʴ ʤʛʥʦʚʝʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʭʦʜʘ 

ʢʦʣʝʩʥʳʭ ʧʘʨ ʩ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ, ʩʝʛʦʜʥʷ ʚʝʜʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ 
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ʨʘʙʦʪʘ ʧʦ ʦʩʥʘʱʝʥʠʶ ʘʚʪʦʩʮʝʧʦʢ ʪʠʧʘ çʐʘʬʝʥʙʝʨʛ (SchaKu)è ʮʠʬʨʦʚʳʤʠ ʜʘʪʯʠʢʘʤʠ ʧʦ 

ʢʦʥʪʨʦʣʶ ʦʪʢʣʦʥʝʥʠʷ ʘʚʪʦʩʮʝʧʢʠ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ, ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ ʠ 

ʜʘʪʯʠʢʘʤʠ ʚʠʙʨʘʮʠʠ. ʊʘʢʞʝ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʪʦʨʤʦʟʥʳʤ 

ʫʩʠʣʠʝʤ, ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤʠ ʚʘʛʦʥʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ ʠ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ 

ʘʚʪʦʩʮʝʧʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. 

ʅʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʘʚʝ ʧʨʠʤʝʥʷʶʪʩʷ ʘʚʪʦʩʮʝʧʢʠ 

ʪʠʧʘ ʉɸ-3, ʧʦʣʫʯʠʚʰʠʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘ ʩʯʝʪ ʧʨʦʩʪʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʠ ʚʳʩʦʢʦʡ 

ʥʘʜʝʞʥʦʩʪʠ. ʅʦ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ: 

ʧʘʩʩʘʞʠʨʩʢʦʡ ʘʚʪʦʩʮʝʧʢʠ ʇɸɾ, ʛʨʫʟʦʚʦʡ ʘʚʪʦʩʮʝʧʢʠ ZAK, ʙʝʟʟʘʟʦʨʥʦʛʦ ʩʮʝʧʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ɹʉʋ-1, ɹʉʋ-2, ɹʉʋ-3, ʢʦʪʦʨʳʝ ʩʭʦʞʠ ʧʦ ʫʨʦʚʥʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩ ʘʚʪʦʩʮʝʧʢʦʡ 

ʉɸ-3.  

ɺ ʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʠ ʩʮʝʧʢʝ (ʨʘʩʮʝʧʢʠ) ʚʘʛʦʥʦʚ, 

ʘʚʪʦʩʮʝʧʢʘ ʉɸ-3 ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʪʦʨʦʤʫ ʢʣʘʩʩʫ ʧʦ ʫʨʦʚʥʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ (ʪʘʙʣʠʮʘ 2). 

ʅʝʜʦʩʪʘʪʢʦʤ ʯʝʛʦ ʷʚʣʷʶʪʩʷ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʩT  ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ/ʨʘʩʬʦʨʤʠʨʦʚʘʥʠʠ 

ʚʘʛʦʥʦʚ ʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʩʦʩʪʘʚ ʥʘ ʩʦʝʜʠʥʝʥʠʝ (ʪ.ʨ.)

ʩt  (ʨʘʟʲʝʜʠʥʝʥʠʝ 
(ʪ.ʨ.)

ʨt ) ʪʦʨʤʦʟʥʳʭ 

ʨʫʢʘʚʦʚ ʠ ʦʪʢʨʳʪʠʝ (ʢ.ʢ.)

ʦʪʢt  (ʟʘʢʨʳʪʠʝ 
(ʢ.ʢ.)

ʟʘʢʨt ) ʢʦʥʮʝʚʳʭ ʢʨʘʥʦʚ: 

 
(ʪ.ʨ.) (ʢ.ʢ.)

ʬʦʨʤ ʚʘʛ ʩ ʩ ʦʪʢ

(ʪ.ʨ.) (ʢ.ʢ.)

ʨʘʩʬʦʨʤ ʚʘʛ ʩ ʨ ʟʘʢʨ

( )

( )

T N t t t

T N t t t

= Ö + +

= Ö + +
,                                               (1) 

 

ʛʜʝ ʚʘʛN  ī ʢʦʣʠʯʝʩʪʚʦ ʚʘʛʦʥʦʚ ʚ ʩʦʩʪʘʚʝ; 

ʩt . ï ʚʨʝʤʷ ʥʘ ʩʮʝʧʢʫ ʚʘʛʦʥʦʚ. 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʥʘ ʩʦʝʜʠʥʝʥʠʝ ʪʦʨʤʦʟʥʳʭ ʨʫʢʘʚʦʚ ʠ ʦʪʢʨʳʪʠʝ 

ʢʦʥʮʝʚʳʭ ʢʨʘʥʦʚ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 0,25 ʤʠʥ, ʪʦʛʜʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 80 ʚʘʛʦʥʦʚ, ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʷʪ ʥʝ ʤʝʥʝʝ 20 ʤʠʥ, ʘ ʧʨʠ 

ʫʩʣʦʚʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 10 ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʚ ʩʫʪʢʠ, ʧʦʪʝʨʠ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʷʪ ʙʦʣʝʝ 2 ʯ. 

ʀʩʢʣʶʯʠʪʴ ʜʘʥʥʳʝ ʧʦʪʝʨʠ ʚʨʝʤʝʥʠ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʟʘʤʝʥʳ ʘʚʪʦʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ 

ʘʚʪʦʩʮʝʧʢʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʢʣʘʩʩʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʘʚʪʦʩʮʝʧʢʫ ʪʠʧʘ çʐʘʬʝʥʙʝʨʛ (SchaKu)è, ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʩT  ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ/ʨʘʩʬʦʨʤʠʨʦʚʘʥʠʝ ʚʘʛʦʥʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ: 

 

ʬʦʨʤ ʚʘʛ ʩ

(ʪ.ʨ.) (ʢ.ʢ.)

ʨʘʩʬʦʨʤ ʚʘʛ ʩ ʨ ʟʘʢʨ( )

T N t

T N t t t

= Ö

= Ö + +
,                                               (2) 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʚʪʦʩʮʝʧʢʠ ʪʠʧʘ ɸʚʪʦʩʮʝʧʢʘ çʐʚʘʙè (Schwab) ʟʘʪʨʘʪʳ 

ʚʨʝʤʝʥʠ ʩT  ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ/ʨʘʩʬʦʨʤʠʨʦʚʘʥʠʝ ʚʘʛʦʥʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ: 

 

ʬʦʨʤ ʚʘʛ ʩ

ʨʘʩʬʦʨʤ ʚʘʛ

T N t

T N t

= Ö

= Ö
,                                                          (3) 

ɿʘʢʣʶʯʝʥʠʝ. 
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ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʮʝʧʦʢ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʘʚʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ 10 ī 15%, ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʥʘ 

ʩʦʝʜʠʥʝʥʠʝ/ʨʘʟʲʝʜʠʥʝʥʠʝ ʪʦʨʤʦʟʥʳʭ ʨʫʢʘʚʦʚ ʠ ʦʪʢʨʳʪʠʝ/ʟʘʢʨʳʪʠʝ ʢʦʥʮʝʚʳʭ ʢʨʘʥʦʚ. 

ɿʘʤʝʥʘ ʘʚʪʦʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, 

ʪʘʢʞʝ ʢʘʢ, ʠ ʥʘ ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʘʚʝ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ɽʚʨʦʧʳ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʘʛʦʥʦʚ ʠ ʣʦʢʦʤʦʪʠʚʦʚ ʟʘ ʩʯʝʪ: 

ī ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʦʚ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ; 

ī ʦʧʪʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʛʣʘʤʝʥʪʘ ʧʝʨʝʛʦʚʦʨʦʚ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʦʚ; 

ī ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʪʨʘʚʤʘʪʠʟʤʘ ʨʘʙʦʪʥʠʢʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʩʮʝʧʢʫ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ (ʩʦʩʪʘʚʠʪʝʣʷ, ʧʦʤʦʱʥʠʢʘ ʤʘʰʠʥʠʩʪʘ) ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʵʩʪʘʢʘʜʘʭ.  

ī ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ, ʚ ʩʣʫʯʘʷʭ ʚʳʧʦʣʥʝʥʠʷ ʤʘʥʝʚʨʦʚ ʥʘ ʩʪʘʥʮʠʦʥʥʳʭ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʷʭ ʩ ʫʢʣʦʥʦʤ, ʢʦʛʜʘ ʘʚʪʦʪʦʨʤʦʟʘ ʚʘʛʦʥʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʠ 

ʦʧʨʦʙʦʚʘʥʳ (ʀɼʇ, ʧʨʠʣʦʞʝʥʠʝ 11, ʧʫʥʢʪ 36). 
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ᴄʈʊתʈʃɯ ɯʃɯʅɯʉʋ ױפʈʓʃנʓʃɸʈʓʅ ʇɸʁɼɸʃɸʅʋ ʂɽɿɯʅɼɽ ʇʆʁʓɿɼɸʈɼʓ 

  ɸʃɸʋנʊʀɯʄɼɯʃɯɻɯʅ ɹɸ רɸʃʓʇʊɸʉʊʓʈʋ ʇʈʆʎɽʉɯʅɯפ

 

ɸשʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ʘʚʪʦʪʽʨʢʝʛʽʰ ײץʨʳʣסʳ ʝש ʢᴇʧ ץʦʣʜʘʥʳʣʘʪʳʥ ʪװʨʣʝʨʽʥʽש 

ʩʠʧʘʪʪʘʤʘʩʳ ʞᴅʥʝ ɽʫʨʦʧʘʣʳץ ʢʦʤʠʩʩʠʷ ʤʝʥ ɻʝʨʤʘʥʠʷʥʳש ʌʝʜʝʨʘʣʜʳ ʂᴇʣʽʢ ʞᴅʥʝ 

ʮʠʬʨʣʳץ ʠʥʬʨʘײץʨʳʣʳʤ ʤʠʥʠʩʪʨʣʽʛʽ ʰʝשʙʝʨʽʥʜʝʛʽ DAC4EU ץʘʫʳʤʜʘʩʪʳסʳʥʳש 

ʙײʨʘʥʜʘʣʳ ʽʣʤʝʢʪʝʨʜʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʘʫʳʩʪʳʨʫ ʪʫʨʘʣʳ ʰʝʰʽʤʽ ʢʝʣʪʽʨʽʣʛʝʥ. ɽʫʨʦʧʘ 

ʝʣʜʝʨʽʥʜʝ ʙʽʨʥʝʰʝ ʞʳʣʜʘʨ ʙʦʡʳ ʪʝʤʽʨʞʦʣ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʳʥʜʘ ᴅʨʪװʨʣʽ ʪʽʨʢʝʤʝʣʝʨ 

ʩʳʥʘʣʜʳ ʞᴅʥʝ ʙװʛʽʥʛʽ ʢװʥʛʝ ʜʝʡʽʥ ʘʚʪʦʤʘʪʪʳ ʪʽʨʢʝʤʝʥʽץ שʘʥʜʘʡ ʪװʨʽʥ ץʦʣʜʘʥʫ ʢʝʨʝʢʪʽʛʽ 

ʪʫʨʘʣʳ ʭʘʣʳץʘʨʘʣʳץ ʢʝʣʽʩʽʤʛʝ ץʦʣ ʞʝʪʢʽʟʽʣʤʝʜʽ, ʘʣ ʙװʛʽʥʜʝ ʢʦʥʪʠʥʝʥʪʪʽש ʝʫʨʦʧʘʣʳץ 

ʙᴇʣʽʛʽʥʽש ʢᴇʧʪʝʛʝʥ ʝʣʜʝʨʽʥʽש ʪʝʤʽʨʞʦʣʜʘʨʳʥʜʘ ʙײʨʘʥʜʘʣʳ ʙʘʡʣʘʥʳʩʪʳש ʜʠʟʘʡʥʳʥʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʚʘʛʦʥ ʪʽʨʢʝʤʝʩʽ ץʦʣʜʘʥʳʣʘʜʳ. ɽʫʨʦʧʘ ʤʝʤʣʝʢʝʪʪʝʨʽʥʽש ʪʝʤʽʨ ʞʦʣʜʘʨʳʥʜʘ ʞװʢ 

ʧʦʝʟʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʧʨʦʮʝʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʥʝײסʨʣʳʤ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʘʚʪʦʪʽʨʢʝʛʽʰ ײץʨʳʣסʳʣʘʨסʘ ʘʫʳʩʪʳʨʫ ץʘʞʝʪʪʽʛʽ ʪʫʨʘʣʳ ʰʝʰʽʤ 

 ʥʝʛʽʟʛʽ שʨʣʝʨʽʥʽװʘʥ ʪסʢᴇʧ ʪʘʨʘʣ שʳ ʝסʨʳʣײץ ʤʳʩʪʘ ʘʚʪʦʪʽʨʢʝʛʽʰײʘʙʳʣʜʘʥʜʳ. ɾץ

ʪʝʭʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʩʠʧʘʪʪʘʣסʘʥ: çɼʞʘʥʝʷè (Janney), çʉɸ-3è, çʐʘʬʝʥʙʝʨʛè 

(SchaKu), çʐʚʘʙè (Schwab). ɸʚʪʦʤʘʪʪʳ ʪʽʨʢʝʤʝʣʝʨʜʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʢʝʣʪʽʨʽʣʛʝʥ, ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ, ʩʝʥʽʤʜʽʣʽʢ, ʜʠʟʘʡʥ ʩʠʷץʪʳ ʤʘשʳʟʜʳ ʢʨʠʪʝʨʠʡʣʝʨ 

ʘʥʳץʪʘʣסʘʥ. ʉʦʥʜʘʡ ʘץ ʦʣʘʨʜʳ ʢʝʡʽʥʥʝʥ ʮʠʬʨʣʘʥʜʳʨʫ ʤװʤʢʽʥʜʽʛʽ ʪʫʨʘʣʳ ʤʽʥʜʝʪʪʝʨ 

ʘʡץʳʥʜʘʣʜʳ. ʊʦʣʳץ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʘʚʪʦʪʽʨʢʝʫ ײץʨʳʣסʳʣʘʨʳʥ ץʦʣʜʘʥʫ 80 ʚʘʛʦʥʥʘʥ 

ʪײʨʘʪʳʥ ʪʝʤʽʨʞʦʣ ײץʨʘʤʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʢʝʟʽʥʜʝ 20 ʤʠʥʫʪץʘ ʜʝʡʽʥ ʦשʪʘʡʣʘʥʜʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʘʣ ʪᴅʫʣʽʛʽʥʝ 10 ʞװʢ ʧʦʡʳʟʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʞʘסʜʘʡʳʥʜʘ ʫʘץʳʪ ʰʳסʳʥʳ 

2 ʩʘסʘʪʪʘʥ ʘʩʘʜʳ. ɸʚʪʦʪʽʨʢʝʛʽʰ ײץʨʳʣסʳʣʘʨʜʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ײץʨʳʣסʳʣʘʨסʘ 
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ʘʫʳʩʪʳʨʫ ʞװʢ ʧʦʝʟʜʘʨʳʥʳײץ שʨʘʤʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʫʘץʳʪʳʥ ץʳʩץʘʨʪʫ ʞᴅʥʝ ʢʝʣʽʩʩᴇʟʜʝʨ 

ʨʝʛʣʘʤʝʥʪʽʥʽײ שʟʘץʪʳסʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ, ʞʘʨʘץʘʪ ʘʣʫ ץʘʫʧʽʥ ʘʟʘʡʪʫ ʝʩʝʙʽʥʝʥ ʧʦʝʟʜʘʨʜʳ 

ʧʘʡʜʘʣʘʥʫ ʧʨʦʮʝʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɸʚʪʦʪʽʨʢʝʛʽʰ, ʞʳʣʞʳʤʘʣʳ ײץʨʘʤ, ɽʫʨʦʧʘ ʪʝʤʽʨ ʞʦʣʜʘʨʳ, 

ʪʝʤʽʨʞʦʣ ʢᴇʣʽʛʽ, ʪʠʽʤʜʽʣʽʢ, ʉɸ-3 ʘʚʪʦʪʽʨʢʝʛʽʰ. 

 

 

Jens Kºnig, doctor of technical sciences, professor, University of Stuttgart, Stuttgart, 

Germany, jens.koenig@ima.uni-stuttgart.de 

Vitalii Minakov , candidate of technical sciences, docent, Omsk State Transport 

University, Omsk, Russia, vitalya_13@mail.ru 

Serik Abibullaev, candidate of technical sciences, Academy of Logistics and Transport, 

Almaty, Kazakhstan, seric.a@mail.ru 

Marat Sharubekov, candidate of technical sciences, LLP çAzurite Railway Solutionsè, 

Almaty, Kazakhstan, sharubekov_murat@mail.ru 

 

MPROVING THE EFFICIENCY OF THE TRAIN OPERATION PR OCESS BY 

REPLACING COUPLING DEVICES ON THE RAILWAY TRANSPORT OF 

EUROPEAN STATES 

 

Abstract. The article describes the most used types of auto couplings, and the conclusion 

of the DAC4EU association within the European Commission and the Federal Ministry of 

Transport and Digital Infrastructure of Germany on the replacement of screw couplings with 

automatic ones. In the countries of European states, various types of coupling devices have been 

tested on railway trains for a number of years and until now it has not been possible to reach an 

international agreement on what type of automatic coupling device should be used, and today on 

the railways of most countries of the European continent, a coupling of wagons based on the 

design of a screw tie is used. In order to improve the efficiency of the operation of freight trains 

on the railways of European countries, it was decided that it was necessary to replace them with 

more technologically advanced automatic coupling devices. The paper describes the main 

technical characteristics of the most common types of auto couplers: çJaneyè, çCA-3è, 

çSchafenbergè, çSchwabè. Comparative characteristics of automatic coupling devices are given, 

the most important criteria such as automation, reliability, and design are determined. Tasks on 

the possibility of their subsequent digitalization are also defined. The use of fully automated 

automatic coupling devices will optimize up to 20 minutes when forming a train of 80 cars, and 

if 10 freight trains are formed per day, time losses will amount to more than 2 hours. Replacing 

automatic coupling devices with more automated ones helps to increase the efficiency of the 

train operation process by reducing the time for forming freight trains and optimizing time the 

duration of the negotiation procedure, reducing the risk of injury. 

 

Keywords. auto coupling, rolling stock, European railways, rail transport, efficiency, 

auto coupling SA-3. 
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 ʉʊɸʅ ʈɽʉʇʋɹʃʀʂɸʉʓʅɼɸ ʂʆʅʊɽʁʅɽʈʃɯʂ ʊɸʉʓʄɸʃɼɸʈɼʓפɸɿɸפ

ɾɽʊɯʃɼɯʈʋ 
 

ɸשʜʘʪʧʘ. ɾײʤʳʩʪʘ ʝʣʜʝʛʽ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫ ʩʘʣʘʩʳʥʜʘסʳ ʘסʳʤʜʘסʳ ʞʘסʜʘʡ 
ʟʝʨʪʪʝʣʽʧ, ʦʥʳ ʞʘץʩʘʨʪʫ ʙʦʡʳʥʰʘ ʰʘʨʘʣʘʨ ײʩʳʥʳʣʜʳ. ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ פʘʟʘץʩʪʘʥʜʘ 
ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨʜʳש ʜʘʤʫʳ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥʝ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʪʽʥ ʥʝʛʽʟʛʽ 
ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʘʥʳץʪʘʫ, ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳ ʰʝʰʫ װʰʽʥ ײʩʳʥʳʤʜʘʨ ײʩʳʥʫ ʙʦʣʜʳ. ʆʩʳ 
ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ᴅʨʪװʨʣʽ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ, ʩʦʥʳש ʽʰʽʥʜʝ ᴅʜʝʙʠʝʪʪʝʨʜʽ ʪʘʣʜʘʫ, 
ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪʘʣʜʘʫ ץʦʣʜʘʥʳʣʜʳ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ פʘʟʘץʩʪʘʥʜʘסʳ 
ʠʥʬʨʘײץʨʳʣʳʤʤʝʥ, ʣʦʛʠʩʪʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨʤʝʥ, ʢʝʜʝʥʜʽʢ ʨᴅʩʽʤʜʝʨʤʝʥ ʞᴅʥʝ 
ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫʜʳש ʙʘʩץʘ ʘʩʧʝʢʪʽʣʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʥʝʛʽʟʛʽ ʧʨʦʙʣʝʤʘʣʘʨ 
ʘʥʳץʪʘʣʜʳ. ʀʥʬʨʘײץʨʳʣʳʤʜʳ ʜʘʤʳʪʫ, ʣʦʛʠʩʪʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨʜʽ ʞʘץʩʘʨʪʫ, ʢʝʜʝʥʜʽʢ 
ʨᴅʩʽʤʜʝʨʜʽ ʦשʪʘʡʣʘʥʜʳʨʫ, ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʝʥʛʽʟʫ ʙʦʡʳʥʰʘ 
 ,ʡʝʥʝ ʦʪʳʨʳʧװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʛʝ ʩװʘ ʞᴅʥʝ ʞסʩʳʥʳʣʜʳ. ɼʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫײ ʩʳʥʳʩʪʘʨײ
 ʘʞʝʪʪʽʣʽʛʽ ʪʫʨʘʣʳץ שʡʝʣʽ ʪᴅʩʽʣʜʽװʩʪʘʥʜʘ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫʜʳ ʞʝʪʽʣʜʽʨʫʛʝ ʞץʘʟʘפ
 ʘʥ ʽʩ-ʰʘʨʘʣʘʨʜʳ ʽʩʢʝ ʘʩʳʨʫ ʢʦʥʪʝʡʥʝʨʣʽʢסʩʳʥʳʣױ .ʦʨʳʪʳʥʜʳʣʘʨ ʞʘʩʘʣʜʳץ
ʪʘʩʳʤʘʣʜʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʞʘץʩʘʨʪʫסʘ, ʩʦʥʜʘʡ-ʘץ ʝʣʜʽש ʢᴇʣʽʢ 
ʞᴅʥʝ ʣʦʛʠʩʪʠʢʘʣʳץ ʠʥʬʨʘײץʨʳʣʳʤʳʥ ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. פʘʟʘץʩʪʘʥ, ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨ, ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳ, ʞװʢ 
ʘסʳʥʜʘʨʳ, ʵʢʦʥʦʤʠʢʘʣʳץ ᴇʩʫ, ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢ, ʪʨʘʥʟʠʪʪʽʢ ʙʘסʳʪ, ʢʦʥʪʝʡʥʝʨ ᴇʥʜʽʨʽʩʽ, 
ʩʪʘʪʠʩʪʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨ. 

 

ʂʽʨʽʩʧʝ. 

 ʢʪʝʨʜʽ ʘʣʳʩװʣʢʝʥ ᴅʣʝʫʝʪʢʝ ʠʝ ʞᴅʥʝ ʞװ ʩʪʘʥʜʘ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨץʘʟʘפ
 ,ʘʥʘ ʝʤʝʩס ʰʽʥװ ʩʘʫʜʘ ץʘʨʘʣʳץʣ ʭʘʣʳײʽʣʜʝʪʝʜʽ. ɹשʘ ʞʝʪʢʽʟʫ ʧʨʦʮʝʩʽʥ ʝʜᴅʫʽʨ ʞʝץץʪʳץʘʰʳץ
ʝʣʜʽש ʽʰʢʽ ʵʢʦʥʦʤʠʢʘʣʳץ ʜʘʤʫʳ װʰʽʥ ʜʝ ʤʘשʳʟʜʳ. 

 ʘʥʜʘ ʪᴇʤʝʥסʩʪʘʥʜʘ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨ ᴅʣʝʤ ʝʣʜʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨץʘʟʘפ
ʜʝשʛʝʡʜʝ, ʩʦʥʜʘʡ-ʘץ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨʜʳ ײʩʳʥʫ ʩʘʣʘʩʳ ʞװʢ ʠʝʣʝʨʽ װʰʽʥ ʪʠʽʤʜʽ 
ʝʤʝʩ. ʉʦʥʜʘʡ-ʘ2022 ,ץ ʞʳʣʜʳש ʤʘʫʩʳʤʳʥʜʘ ᴇʪʢʝʥ Argus ʢʦʥʬʝʨʝʥʮʠʷʩʳʥʜʘ ʢʦʥʪʝʡʥʝʨʣʽʢ 
ʪʘʩʳʤʘʣʜʘʨ ʞʘʣʧʳ ʞװʢ ʪʘʩʳʤʘʣʳʥʳש ʪʝʢ 3% ײץʨʘʡʪʳʥʳʥ ʘʪʘʧ ᴇʪʪʽ. ʂᴇʨʰʽ ʝʣʜʝʨʜʝ ʙʦʣʩʘ 
ʜʘ. ʈʝʩʝʡ ʤʝʥ פʳʪʘʡ ʩʠʷץʪʳ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʳװ שʣʝʩʽ 70% ʥʝʤʝʩʝ ʦʜʘʥ ʜʘ ʢᴇʧ [1]. 

ɹײʣ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʥʘʰʘʨʣʳסʳʥʘ ʞᴅʥʝ ץʘʞʝʪʪʽ 
ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞʘʙʜʳץʪʳש ʙʦʣʤʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ץʦʩʳʣʘʜʳ. 

ʆʩʳʥʳ ʥʝʛʽʟʛʝ ʘʣʘ ʦʪʳʨʳʧ, ʟʝʨʪʪʝʫ װʰʽʥ ʪʘשʜʘʣסʘʥ ʪʘץʳʨʳʧ פʘʟʘץʩʪʘʥ 
ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʢᴇʣʽʢʪʽʢ ʞᴅʥʝ ʣʦʛʠʩʪʠʢʘʣʳץ ᴅʣʝʤʽ װʰʽʥ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʜʝʧ ʜʘʫ 
ʘʡʪʫ ʢʝʨʝʢ. 

 ,ʳ ʞʳʣʜʘʨʳ ʙʝʣʩʝʥʜʽ ʜʘʤʳʧ ʢʝʣʝʜʽסשʩʪʘʥʜʘ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨ ʩʦץʘʟʘפ
ʘʣʘʡʜʘ ʜʘʤʳסʘʥ ʝʣʜʝʨʜʝ ʦʩʳ ʢᴇʣʽʢ ʪװʨʽʥʽש ʜʘʤʫʳʥʘʥ ᴅʣʽ ʜʝ ʘʨʪʪʘ ץʘʣʳʧ ʦʪʳʨ. פʘʟʘץʩʪʘʥʜʘ 
ʢᴇʣʽʢʪʽש ʦʩʳ ʪװʨʽʥʽש ᴇʩʫʽʥ ʪʝʞʝʡʪʽʥ ʤʘשʳʟʜʳ ʬʘʢʪʦʨ ʢʦʥʪʝʡʥʝʨʣʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ װʰʽʥ 
 .ʙʦʣʤʘʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ שʨʳʣʳʤʥʳײץʘʞʝʪʪʽ ʪʠʽʩʪʽ ʠʥʬʨʘץ

 ʪʘʫʜʘץè, ɸץʨʳײפʪᴇʙʝʜʝ çץʩʪʘʥʜʘ ɸʣʤʘʪʳʜʘ çɸʣʘʪʘʫè, ɸץʘʟʘפ ʳʪʪʘץʘʟʽʨʛʽ ʫʘפ
çɸץʪʘʫè, ɸʪʳʨʘʫʜʘ çɾʝʪʽʛʝʥè ʩʠʷץʪʳ ʙʽʨʥʝʰʝ ʽʨʽ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʝʨʤʠʥʘʣʜʘʨ ʙʘʨ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, פʘʟʘץʩʪʘʥ ʘʫʤʘסʳʥʜʘ ʭʘʣʳץʘʨʘʣʳץ ʪʘʩʳʤʘʣʜʘʨʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ 
ʢʦʥʪʝʡʥʝʨʣʝʨʜʽש ʢᴇʧʪʝʛʝʥ ʪװʨʣʝʨʽʥ ʧʘʡʜʘʣʘʥʫʜʘ ʤᴅʩʝʣʝʣʝʨ ʙʘʨ. ɹײʣ ᴅʨʪװʨʣʽ ʝʣʜʝʨʜʝ 
 ʘסʪʘʨץʳ ʘʡʳʨʤʘʰʳʣʳסᴇʣʰʝʤʜʝʨʽ ʤʝʥ ʜʠʟʘʡʥʳʥʜʘ שʦʣʜʘʥʳʣʘʪʳʥ ʢʦʥʪʝʡʥʝʨʣʝʨʜʽץ
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ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ ʘʡʳʨʤʘʰʳʣʳץʪʘʨ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝ ʢʽʜʽʨʽʩʪʝʨ ʤʝʥ ץʦʩʳʤʰʘ 
ʰʳסʳʥʜʘʨסʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. 

ʉʦʥʜʘʡ-ʘץ ,ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ פʘʟʘץʩʪʘʥʜʘ ʢʦʥʪʝʡʥʝʨʣʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫסʘ, ʩʦʥʜʘʡ-ʘץ 
ʢʦʥʪʝʡʥʝʨʣʝʨʜʽ ᴇʥʜʽʨʫʛʝ ʤʘʤʘʥʜʘʥסʘʥ ʢʦʤʧʘʥʠʷʣʘʨʜʳש ʞʝʪʢʽʣʽʢʪʽ ʩʘʥʳ ʞʦץ ʝʢʝʥʽʥ ʘʪʘʧ 
ᴇʪʢʝʥ ʞᴇʥ. ɹײʣ ʞװʢʪʝʨʜʽ ʢʦʥʪʝʡʥʝʨʣʝʨʜʝ ʪʘʩʳʤʘʣʜʘʫʜʳ ʙʘʩץʘ ʢᴇʣʽʢ ʪװʨʣʝʨʽʥʝ ץʘʨʘסʘʥʜʘ 
 .ʝʪʝʜʽ ץʳʤʙʘʪʳʨʘץ

ɾʘʣʧʳ, פʘʟʘץʩʪʘʥʜʘ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨʜʳ ʞʝʪʽʣʜʽʨʫʜʽץ שʘʟʽʨʛʽ ʞʘסʜʘʡʳʥ 
 ʢʽʤʝʪʽת ʩʪʘʥץʘʟʘפ ʳ ʞʳʣʜʘʨʳסשʘ ʙʦʣʘʜʳ. ɸʣʘʡʜʘ, ʩʦסʘʣʘʫסʩʳʟ ʜʝʧ ʙʘץʘʪʪʘʥʘʨʣʳסʘʥʘץ
ʢᴇʣʽʢʪʽש ʦʩʳ ʪװʨʽʥ ʞᴅʥʝ ʦʥʳ ʜʘʤʳʪʫ װʰʽʥ ץʘʞʝʪʪʽ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʜʘʤʳʪʫ ʙʦʡʳʥʰʘ 
ʙʝʣʩʝʥʜʽ ʞײʤʳʩ ʞװʨʛʽʟʫʜʝ. ʊʘʷʫ ʙʦʣʘʰʘץʪʘ פʘʟʘץʩʪʘʥʜʘ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨʤʝʥ 
ʞʘסʜʘʡ ʞʘץʩʘʨʘʜʳ ʞᴅʥʝ ʙײʣ ʙʘסʳʪ ʥʝײסʨʣʳʤ ʪʠʽʤʜʽ ʞᴅʥʝ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ ʙʦʣʘʜʳ ʜʝʧ 
 .ʤʽʪʪʝʥʝʤʽʟװ

 
ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

 ,ʳ ʟʝʨʪʪʝʫʣʝʨʜʽסשʘ ʙʘʡʣʘʥʳʩʪʳ ʘʣʜʳסʩʪʘʥʜʘ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫץʘʟʘפ
ʤʘץʘʣʘʣʘʨʜʳ, ʢʽʪʘʧʪʘʨʜʳ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʞʘʨʠʷʣʘʥʳʤʜʘʨʜʳ ʟʝʨʜʝʣʝʫ װʰʽʥ ʘʫץʳʤʜʳ ᴅʜʝʙʠ 
ʨʝʚʠʟʠʷ ʞװʨʛʽʟʽʣʜʽ. ᴄʜʝʙʠ ʰʦʣʫ װʣʢʝʥ ʩʫʨʝʪʪʽ ʘʣʫסʘ ʞᴅʥʝ ʦʩʳ ʩʘʣʘʜʘסʳ ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʣʝʨ 
ʤʝʥ ץʠʳʥʜʳץʪʘʨʜʳ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ.  

 שʨʳʣʳʤʳʥʘ, ʦʣʘʨʜʳײץ ʢᴇʣʝʤʽ ʤʝʥ שʳ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨʜʳסʩʪʘʥʜʘץʘʟʘפ
ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ᴇʥʽʤʜʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʜʝʨʝʢʪʝʨ ʞʠʥʘʣʜʳ ʞᴅʥʝ ʪʘʣʜʘʥʜʳ. 
ɹײʣ ʪʝʥʜʝʥʮʠʷʣʘʨ ʤʝʥ ʟʘשʜʳʣʳץʪʘʨʜʳ ʘʥʳץʪʘʫסʘ, ʩʦʥʜʘʡ-ʘץ ץʘʟʽʨʛʽ ʞʘסʜʘʡʜʳ ʞᴅʥʝ 
ʞʘץʩʘʨʪʫ ᴅʣʝʫʝʪʽʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʤʘץʩʘʪʳ - פʘʟʘץʩʪʘʥʜʘסʳ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨʜʳש 
ʘסʳʤʜʘסʳ ʞװʡʝʩʽʥ ʟʝʨʪʪʝʫ ʤʝʥ ʪʘʣʜʘʫʜʳ, ʝʣʜʽש ʭʘʣʳץʘʨʘʣʳץ ʘʫץʳʤʜʘסʳ ʙᴅʩʝʢʝʛʝ 
 ʰʽʥװ ʩʘʨʪʫץʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʩʘʧʘʩʳʥ ʞʘ שʩʘʪʳʥʜʘ ʦʥʳץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʘץ
 .ʘʤʪʠʜʳץ ʩʳʥʳʤʜʘʨ ᴅʟʽʨʣʝʫʜʽײ

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʤʽʥʜʝʪʪʝʨʽʥ 3 ʥʝʛʽʟʛʽ ʪʦʧץʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: 
 ʨʜʽʩʪʝʨ ʤʝʥװ ʳ ʥʝʛʽʟʛʽסʳ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫ ʩʘʣʘʩʳʥʜʘסʩʪʘʥʜʘץʘʟʘפ -

ʤᴅʩʝʣʝʣʝʨʜʽ ʟʝʨʜʝʣʝʫ, ʩʦʥʜʘʡ-ʘץ ʢʦʥʪʝʡʥʝʨʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫʜʳש ʰʝʪʝʣʜʽʢ ʞᴅʥʝ ʦʪʘʥʜʳץ 
ʪᴅʞʽʨʠʙʝʩʽʥ ʩʘʣʳʩʪʳʨʫ; 

- ʦʩʳ ʩʘʣʘʜʘסʳ ʞʦʣʜʘʨʜʳש, ʪʝʤʽʨʞʦʣʜʘʨʜʳש ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʤʘשʳʟʜʳ 
 ʡʝʩʽʥװʳ ʞסʳʤʜʘסʘ שʘʥʜʘ, ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫʜʳסʦʩʘ ʘʣץ ʤʳʩʳʥײʞ שʘʪʳʩʫʰʳʣʘʨʜʳץ
ʪʘʣʜʘʫ; 

- ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫʜʳ ʞʘץʩʘʨʪʫ װʰʽʥ ʧʨʘʢʪʠʢʘʣʳץ ʰʝʰʽʤʜʝʨ ʤʝʥ 
 ʩʘʨʪʫ, ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥץʨʳʣʳʤʜʳ ʞʘײץʩʪʘʥʜʘ ʠʥʬʨʘץʘʟʘפ .ʩʳʥʳʩʪʘʨ ʙʝʨʫײ
ʠʥʥʦʚʘʮʠʷʣʳץ ʪᴅʩʽʣʜʝʨʜʽ ץʦʣʜʘʥʫ. 

 שʢʤ ʪʝʤʽʨ ʞʦʣ, 7,3 ʤʳ שʢʤ ʘʚʪʦʞʦʣ, 14,4 ʤʳ שʩʪʘʥʜʘ 116,2 ʤʳץʘʟʘפ ʳʪʪʘץʘʟʽʨʛʽ ʫʘפ
ʢʤ ʢʽʨʤʝ ʞʦʣ, ʤײʥʘʡ ʤʝʥ ʛʘʟʜʳ ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ײץʙʳʨ ʞʝʣʽʣʝʨʽ, 4 ʤʳש ʢʤ ʩʫ 
ʞʦʣʜʘʨʳ ʙʘʨ ʢᴇʣʽʢ ʢʝʰʝʥʽ ʙʘʨ.  

 שʘʥ ʜʝʨʝʢʪʝʨ ʙʦʡʳʥʰʘ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨʜʳסʘ ʘʨʥʘʣסʩʪʘʥʜʘ 2022 ʞʳʣץʘʟʘפ
 ʪʘ 71%ץʆʜʘ ץʰʘʤʘʤʝʥ 5%, ɽʫʨʦʧʘʣʳ שʞʘʣʧʳ ʢᴇʣʝʤʽʥʽ שʣʝʩʽ ʪʝʤʽʨʞʦʣ ʪʘʩʳʤʘʣʜʘʨʳʥʳװ
 .ʨʘʜʳײץ ʳʪʘʡʜʘ 73%פ ,ʨʘʜʳײץ

 ʘʥ ʢʦʥʪʝʡʥʝʨʣʝʨ ISOסʘ ʘʨʥʘʣסʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫװʩʪʘʥʜʘ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʞץʘʟʘפ
ʩʪʘʥʜʘʨʪʳ ʩʠʷץʪʳ ʭʘʣʳץʘʨʘʣʳץ ʩʘʧʘ ʞᴅʥʝ ץʘʫʽʧʩʽʟʜʽʢ ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʫʽ ʪʠʽʩ. 
 ʦʣʜʘʥʳʣʘʪʳʥʜʘʨʳץ ʢᴇʧ שʝ שʰʽʥ ʢʦʥʪʝʡʥʝʨʣʝʨʜʽװ ʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫװʩʪʘʥʜʘ ʞץʘʟʘפ
ʤʳʥʘʣʘʨʜʳ ץʘʤʪʠʜʳ: 20,40,45 ʬʫʪʪʳץ ʢʦʥʪʝʡʥʝʨʣʝʨʽ. 

 ʘסʳ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫ ʙʦʡʳʥʰʘ ʢʝʡʙʽʨ ʽʨʽ ʞʝʢʝ ʢᴅʩʽʧʦʨʳʥʜʘʨסʩʪʘʥʜʘץʘʟʘפ
DHL, Schenker, Fedex, KTZ Express. ʉʦʣʘʨʜʳש ʽʰʽʥʜʝ KTZ Express ï ʝʣʜʝʛʽ ʞʝʪʝʢʰʽ 
ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 2022 ʞʳʣʜʳ12 ש ʘʡʳʥʜʘ KTZE ʙʘʨʣʳץ 
ʝʩʝʧʪʝʨʜʝ 330738 ʢʦʥʪʝʡʥʝʨʜʽ (ɾʌʕ) ʵʢʩʧʝʜʠʮʠʷʣʘʜʳ, ʙײʣ 2021 ʞʳʣʜʳש ʩᴅʡʢʝʩ 
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ʢʝʟʝשʽʤʝʥ (294152 ɾʌʕ) ʩʘʣʳʩʪʳʨסʘʥʜʘ 12% ï סʘ ᴇʩʪʽ. ʆʩʳסʘʥ ʩᴅʢʝʩ ʢʦʥʪʝʡʥʝʨʣʽʢ 
ʪʘʩʳʤʘʣʜʘʫ ʢᴇʣʝʤʽʥ 1-ʰʽ ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʝʤʽʟ. 
 

1 ʢʝʩʪʝ  - ʂʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫ ʢᴇʣʝʤʽ, ɾʌʕ 
 

ʍʘʙʘʨʣʘʤʘ ʪװʨʽ 

12 ʘʡ 2021 ʞ. 12 ʘʡ 2022 ʞ. 

 ʊɾ KTZEפ
 ʣʝʩʽת
KTZE  

 ʊɾ KTZEפ
 ʣʝʩʽת
KTZE  

ʪʨʘʥʟʠʪ 1 065 627 259477 24,3% 1 129 241 294 022 26,0% 

ʠʤʧʦʨʪ 285 411 9 043 3,2% 324 823 12 102 3,7% 

ʵʢʩʧʦʨʪ 246946 22 591 9,1% 321 805 17 070 5,3% 

ʨʝʩʧʫʙʣʠʢʘ 34 555 3 041 8,8% 91 956 7 544 8,2% 

ʙʘʨʣʳסʳ 1 632 539 294 152 18,0% 1 867 825 330 738 17,7% 

ɼʝʨʝʢʢᴇʟ. KTZE ʨʝʩʤʠ ʧʘʨʘץʰʘʩʳ [2] 

 
ɹײʣ ʨʝʪʪʝ KTZE ʵʢʩʧʝʜʠʮʠʷʣʘʥסʘʥ ʪʘʩʳʤʘʣʜʘʨʳʥʳש ʞʘʣʧʳ ʢᴇʣʝʤʽʥʜʝʛʽ ʪʨʘʥʟʠʪʪʽʢ 

ʪʘʩʳʤʘʣʜʘʨʜʳװ שʣʝʩʽ 89%, ʠʤʧʦʨʪʪʳ3% ץ, ʵʢʩʧʦʨʪʪʳ7% ץ ʞᴅʥʝ ʈʝʩʧʫʙʣʠʢʘʣʳ1% ץ 
 .ʨʘʜʳײץ

KTZE ʪʘʩʳʤʘʣʜʘʨʳʥʳש ᴇʩʫʽ ᴇʪʢʝʥ ʞʳʣʜʳש ʩᴅʡʢʝʩ ʢʝʟʝשʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 
ʪʨʘʥʟʠʪʪʽʢ ץʘʪʳʥʘʩʪʘʨʜʘסʳ ʢᴇʣʝʤʜʝʨʜʽ34545 ש ɾʌʕ (+13%), ʠʤʧʦʨʪʪʳ2,2 ץ ʝʩʝ (+33%), 
ʨʝʩʧʫʙʣʠʢʘʣʳ(48%+) ץ ᴇʩʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ.  

ʊʨʘʥʟʠʪʪʽʢ ץʘʪʳʥʘʩʪʘ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨʜʳ ʵʢʩʧʝʜʠʮʠʷʣʘʫ. 2022 ʞʳʣʜʳ12 ש 
ʘʡʳʥʜʘ KTZE ʭʘʣʳץʘʨʘʣʳץ ʪʨʘʥʟʠʪʪʽʢ ץʘʪʳʥʘʩʪʘ 294022 ʢʦʥʪʝʡʥʝʨ (ɾʌʕ) 
ʵʢʩʧʝʜʠʮʠʷʣʘʥʜʳ, ʙײʣ ᴇʪʢʝʥ ʞʳʣʜʳש ʩᴅʡʢʝʩ ʢʝʟʝשʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 34545 ɾʌʕ ʥʝʤʝʩʝ 
 .ʰʽ ʢʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ-2 ץʳʨʘסʣ ʜʝʨʝʢʪʝʨ ʪʦʣʳײɹ .ץʘ ʘʨʪʳס-13%

 
2 ʢʝʩʪʝ - ʊʨʘʥʟʠʪʪʽʢ ʙʘסʳʪʪʘʨ ʙᴇʣʽʥʽʩʽʥʜʝ KTZE ʵʢʩʧʝʜʠʮʠʷʣʘʥʘʪʳʥ ʢʦʥʪʝʡʥʝʨʣʽʢ 

ʪʘʩʳʤʘʣʜʘʨʜʳש ʜʠʥʘʤʠʢʘʩʳ, ɾʌʕ 
 

ɹʘסʳʪʪʘʨ  
ʪʘʩʳʤʘʣʜʘʫ 

 .ʩʘʥ 2022 ʞץʪʘʨ-ʞʝʣʪʦשʘפ .ʩʘʥ 2021 ʞץʪʘʨ-ʞʝʣʪʦשʘפ

 ʊɾ KTZEפ
 ʣʝʩʽת
KTZE 

 ʊɾ KTZEפ
 ʣʝʩʽת
KTZE 

 ʍʈ 662 185 117 014 17,7% 490 043 132 499 27,0%פ-ʍʈ-ɽʆפ

 ʍʈ 216 634 92 681 42,8% 204 823 63 257 30,9%פ-ʍʈ-ʆɸפ

 ʍʈ 69 738 25 597 36,7% 299 306 81 738 27,3%פ-ʍʈ-ʈʆפ

ʊʄʊʄ 14 681 13 920 94,8% 11 044 10 834 98,1% 

 ʍʈ 2 862 2 862 10% 2 701 2 701 100%פ-ʍʈ-ʀʨʘʥפ

ɹʘʩץʘʣʘʨ 99 527 7 403 7,4% 121 324 2 993 2,5% 

ɹʘʨʣʳסʳ: 1065627 259477 24,3% 1129241 294 022 26,0% 

ɼʝʨʝʢʢᴇʟ. KTZE ʨʝʩʤʠ ʧʘʨʘץʰʘʩʳ [2] 

 
2-ʰʽ ʢʝʩʪʝʛʝ ʩᴅʡʢʝʩ פʍʈ ï ʆɸ ï פʍʈ (-32%), ʊʄ (-22%), פʍʈ ï ʀʨʘʥ ï פʍʈ (-6%) 

ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʙʘסʳʪʪʘʨ (-60%) ʙʘסʳʪʪʘʨʳ ʙʦʡʳʥʰʘ KTZE ʪʨʘʥʟʠʪʪʽʢ ʢʦʥʪʝʡʥʝʨʣʽʢ 
ʪʘʩʳʤʘʣʜʘʨʳʥʳש ʪᴇʤʝʥʜʝʫʽ ʙʘʡץʘʣʘʜʳ.  

 ʘ ʧʦʨʪʪʘʨʜʳשʰʽʥ ʞʘװ ʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʪʠʽʤʜʽʨʝʢ ʝʪʫץ ʳʪʘʡ ᴇʪʢʽʟʫפ
ʩʘʣʫסʘ ʞᴅʥʝ ʝʩʢʽʣʝʨʽʥ ʞʘשʘʨʪʫסʘ ʙʝʣʩʝʥʜʽ ʠʥʚʝʩʪʠʮʠʷ ʩʘʣʜʳ. פʳʪʘʡʜʘסʳ ʝװ שʣʢʝʥ ʞᴅʥʝ 
ʤʘשʳʟʜʳ ʧʦʨʪʪʘʨʳ: ʐʘʥʭʘʡ, ʅʠʥʙʦ, ʐʵʥʴʯʞʵʥʴ. ʅʝʛʽʟʛʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʙʽʨʽ ï ץʦʡʤʘ 
ʤʝʥ ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʜʘʨʳʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʙʘʩץʘʨʫ ʞװʡʝʩʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ 
 ʘ ʪʝʤʽʨʞʦʣ ʢʦʥʪʝʡʥʝʨʣʝʨʽʥ ʪʘʩʳʤʘʣʜʘʡʜʳ, ʩʦʣסʳʣʳ ɽʫʨʦʧʘץʳʪʘʡ ʙʽʨʥʝʰʝ ʜᴅʣʽʟʜʝʨ ʘʨפ
ʜᴅʣʽʟʜʝʨʜʽש ʢʝʡʙʽʨʝʫʽ פʘʟʘץʩʪʘʥ ʘʫʤʘסʳ ʘʨץʳʣʳ ᴇʪʝʜʽ. 
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ʈʝʩʝʡʜʝ ʞװʢʪʝʨʜʽש ʝʜᴅʫʽʨ ʙᴇʣʽʛʽ ʧʦʨʪʪʘʨʳ ʘʨץʳʣʳ ʞʝʪʢʽʟʽʣʝʜʽ: ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 
ʋʩʪʴ-ʃʫʛʘ, ʅʦʚʦʨʦʩʩʠʡʩʢ, ɺʣʘʜʠʚʦʩʪʦʢ, ʅʘʭʦʜʢʘ ʞᴅʥʝ ʙʘʩץʘʣʘʨ. çɹʘʪʳʩ ï ʐʳסʳʩè ʞᴅʥʝ 
çʉʦʣʪװʩʪʽʢ ï ʆשʪװʩʪʽʢè ʢᴇʣʽʢ ʜᴅʣʽʟʜʝʨʜʽש ʜʘʤʫʳ ʜʘ ʢʦʪʝʡʥʝʨ ʪʘʩʳʤʘʣʜʘʨʳʥ ʞʝʪʽʣʜʽʨʫʽʥʝ 
ᴅʩʝʨ ʝʪʝʜʽ. פʳʪʘʡ ʞᴅʥʝ ʈʝʩʝʡ ʧʦʨʪʪʘʨʳʤʝʥ ʞᴅʥʝ ʜᴅʣʽʟʜʝʨʽʤʝʥ ץʘʪʘʨ, ᴅʣʝʤʜʝʛʽ ʝש ʽʨʽ 
ʢʦʥʪʝʡʥʝʨ ᴇʥʜʽʨʫʰʽʣʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ɾײʤʳʩʪʘ ʢʝʣʪʽʨʽʣʛʝʥ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, 20 ʬʫʪʪʳץ ʢʦʥʪʝʡʥʝʨʜʽײץ שʥʳ 
800 ʤʳש ʪʛ, ʘʣ 40 ʬʫʪʪʳץ ʢʦʥʪʝʡʥʝʨ 1,2 ʤʣʥ ʪʛ ײץʨʘʡʪʳʥʳ ʝʩʝʧʪʝʣʛʝʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ 
ʥʘʨʳץʪʘסʳ ʙʘסʘʣʘʨʜʳ ʟʝʨʪʪʝʡ ʦʪʳʨʳʧ פʘʟʘץʩʪʘʥʜʘ ʞʘשʘ 20 ʬʫʪʪʳץ ʢʦʥʪʝʡʥʝʨʜʽש ʙʘסʘʩʳ 
1,5-3 ʤʣʥ ʪʝשʛʝʛʝ ʜʝʡʽʥ, ʘʣ ʞʘשʘ 40 ʬʫʪʪʳץ ʢʦʥʪʝʡʥʝʨʜʽש ʙʘסʘʩʳ 2,5-4 ʤʣʥ ʪʝשʛʝʛʝ ʜʝʡʽʥ 
ʞʝʪʝʪʽʥʽ ʘʥʳץʪʘʣסʘʥ.  

 

ʅᴅʪʠʞʝʣʝʨ. 

ʂʦʥʪʝʡʥʝʨʣʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘסʳ ʣʦʛʠʩʪʠʢʘʣʳץ ʩʘʣʘʥʳש 
ʤʘשʳʟʜʳ ʘʩʧʝʢʪʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɼʝʛʝʥʤʝʥ, ʙײʣ ʪʠʽʤʜʽʣʽʢ ʧʝʥ ʨʝʥʪʘʙʝʣʴʜʽʣʽʢʪʽ 
 ʩʪʘʥʜʘץʘʟʘפ ʣ ʙᴇʣʽʤʜʝײʘʞʝʪ ʝʪʝʪʽʥ ʩʘʣʘ. ɹץ ʪʘʡʣʘʥʜʳʨʫʜʳשʥʝʤʽ ʦװ ʰʽʥװ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ
ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨʜʳ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ץʘʙʳʣʜʘʥʫʳ ʤװʤʢʽʥ ʰʘʨʘʣʘʨ ײʩʳʥʳʣʜʳ. 
 ʪʘʡʣʘʥʜʳʨʫ ʞᴇʥʽʥʜʝʛʽשʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨʜʳ ʦץʘʟʘפ
ʰʘʨʘʣʘʨ: פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫʜʘ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ײʣסʘʡʪʫ, ʪʝשʽʟ 
ʤʘʨʰʨʫʪʪʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʦʣʘʨʜʳש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʙʦʡʳʥʰʘ 
ʞײʤʳʩʪʘʨ ʞװʨʛʽʟʫ, ץʦʤʘץʪʳ ʢʘʧʠʪʘʣ ʩʘʣʳʤʜʘʨʳʥ ʪʘʣʘʧ ʝʪʝʪʽʥ ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש 
ʪʘʨ ʞʝʨʣʝʨʽʥ ʥװʢʪʝʣʽʢ ʪʽʛʫ (ץʦʩʳʤʰʘ ʪʝʤʽʨʞʦʣ ʞʦʣʜʘʨʳʥ ʩʘʣʫ, ʪʝʤʽʨʞʦʣ ʫʯʘʩʢʝʣʝʨʽʥ 
ʵʣʝʢʪʨʣʝʥʜʽʨʫ, ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥ ʞʘשʘʨʪʫ ʧʳʩʳץʪʘʣʫʜʘ ʪʘʨʪʫ ʢװʰʽʥ, 
ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʜʳ ʞᴅʥʝ ʰʝʢʘʨʘʣʳץ ᴇʪʢʝʣʜʝʨʜʽש ʠʥʬʨʘײץʨʳʣʳʤʳʥ 
ʞᴅʥʝ ʪ.ʙ.) ʞʘסשʳʨʪʫ ץʘʤʪʠʜʳ. 

ɹײʜʘʥ ᴅʨʽ ʙʘʨʣʳץ ʤᴅʩʝʣʝʣʝʨʜʽ ץʘʨʘʩʪʳʨʳʧ ʞᴅʥʝ ʤʝʤʣʝʢʝʪ ײʩʳʥסʘʥ ʰʝʰʽʤʜʝʨʛʝ 
ʩװʡʝʥʝ ʦʪʳʨʳʧ, פʘʟʘץʩʪʘʥʜʘ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨʜʳ ʞʝʪʽʣʜʽʨʫʛʝ ʢᴇʤʝʢʪʝʩʝʪʽʥ 3 
ʥʝʛʽʟʛʽ ʰʝʰʽʤʜʽ ײʩʳʥʘʤʳʥ. 

1. ʊʄʊʄ ʜᴅʣʽʟʽ ʙʦʡʳʥʰʘ ʪʨʘʥʟʠʪʪʽʢ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨʳʥʳש ʞʘʣʧʳ 
ʢᴇʣʝʤʽ ʝʩʝʧʪʽ ʢʝʟʝשʜʝ 11 044 ɾʌʕ ײץʨʘʜʳ, ʙײʣ ᴇʪʢʝʥ ʞʳʣʜʳש ʩᴅʡʢʝʩ ʢʝʟʝשʽʤʝʥ 
ʩʘʣʳʩʪʳʨסʘʥʜʘ 15% - סʘ ʘʟ.  
 

3 ʢʝʩʪʝ - ʕʢʩʧʝʜʠʪʦʨʣʘʨ ʙᴇʣʽʥʽʩʽʥʜʝ ʊʄʊʄ ʙʘסʳʪʳ ʙʦʡʳʥʰʘ ʪʨʘʥʟʠʪʪʽʢ 
ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨ, ɾʌʕ 
 

ʕʢʩʧʝʜʠʪʦʨʣʘʨ 
 .ʩʘʥ 2022 ʞץʪʘʨ-ʞʝʣʪʦשʘפ .ʩʘʥ 2021 ʞץʪʘʨ-ʞʝʣʪʦשʘפ

ɾʌʕ תʣʝʩʽ, % ɾʌʕ תʣʝʩʽ, % 

ɸפ çKTZ Expressè 13 920 94,8% 10 834 98,1% 

ɾʐʉ çLight Way Solutionè 124 0,8% 208 1,9% 

ɾʐʉ çICEBERG AQTAUè 538 3,7%  0,0% 

ɾʐʉ çʊʨʘʥʩʢʦʤè  0,0% 2 0,0% 

ɾʐʉ çVektorè 65 0,4%  0,0% 

ɸפ çʂʝʜʝʥʪʨʘʥʩʩʝʨʚʠʩè 34 0,2%  0,0% 

ɹʘʨʣʳסʳ: 14 681 100,0% 11 044 100,0% 

ɼʝʨʝʢʢᴇʟ. çKAZLOGISTICSè פʘʟʘץʩʪʘʥ ʢᴇʣʽʢ ʦʜʘסʳʥʳש ʢʦʤʧʘʥʠʷʩʳʥʳש ʨʝʩʤʠ 
ʧʘʨʘץʰʘʩʳ [3] 

 
ʐʝʪʝʣʜʽʢ ʪᴅʞʽʨʠʙʝʜʝʥ ʢᴇʨʛʝʥʽʤʽʟʜʝʡ ʧʦʨʪʪʘʨʜʳ ʜʘʤʳʪʫ װʣʢʝʥ ʧʘʡʜʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. 

 ʳʣʳ ʢᴇʧʪʝʛʝʥץʘʨʘʤʘʩʪʘʥ ʂʘʩʧʠʡ ʘʨץ ʘʥʳʥʘסʘ ʘʣʤʘʡʪʳʥ ʝʣ ʙʦʣסʽʟʛʝ ʰʳשʩʪʘʥ ï ʪʝץʘʟʘפ
ʤװʤʢʽʥʜʽʢʪʝʨ ʜʝ ʘʰʳʣʘ ʘʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ɸץʪʘʫ ʤʝʥ ײפʨʳץ ʧʦʨʪʪʘʨʳʥʳץ שʫʘʪʪʘʨʳʥ 
ʢʝשʝʡʪʫ ץʘʞʝʪ, ɸץʪʘʫ ʧʦʨʪʳʥʜʘ ʢʦʥʪʝʡʥʝʨʣʽʢ ʭʘʙ ײץʨʫ, ץʘʡʪʘ ʪʠʝʫ ʪʝʭʥʠʢʘʩʳʥʳש ʧʘʨʢʽʥ 
ʞʘשʘʨʪʫ, ʘʣ ײפʨʳץ ʧʦʨʪʳʥʜʘ ʞʘשʘ ʘʡʣʘץ ʩʘʣʫ, ʞᴅʥʝ ʪʝʨʤʠʥʘʣʜʘʨʳʥ ʽʩʢʝ ץʦʩʫ ʘʨץʳʣʳ ʙײʣ 
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ʩʘʣʘʥʳ ʞʝʪʽʣʜʽʨʫʛʝ ʙʦʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ, Maersk, MSC ʞᴅʥʝ Cosco Shipping ʩʠʷץʪʳ ᴅʣʝʤʜʽʢ 
ʢʦʥʪʝʡʥʝʨʣʽʢ ʦʧʝʨʘʪʦʨʣʘʨʜʳש ʢʦʥʪʝʡʥʝʨʣʽʢ ʧʘʨʢʽʥ ʪʘʨʪʫ ʢʝʨʝʢ ʜʝʧ ʦʡʣʘʡʤʳʥ.  

2. ʂʝʣʝʩʽ ʤᴅʩʝʣʝʤʽʟ ʙײʣ ʞʦסʘʨʳ ʘʡʪʳʧ ʢʝʪʢʝʥʜʝʡ פʳʪʘʡ ʘʨץʳʣʳ ʙʽʟʛʝ ʢᴇʧʪʝʛʝʥ 
ʪʘʩʳʤʘʣʜʘʨ ʞװʨʛʽʟʽʣʝʜʽ. ʄײʥʳש ʽʰʽʥʝ ʠʤʧʦʨʪʧʝʥ ץʘʪʘʨ ʪʨʘʥʟʠʪʪʽʢ ʪʘʩʳʤʘʣʜʘʨ ʜʘ ʢʽʨʝʜʽ.  
2022 ʞʳʣʳ פʘʟʘץʩʪʘʥ ʤʝʥ פʳʪʘʡ ʪʝʤʽʨʞʦʣ ʘʨץʳʣʳ 2021 ʞʳʣʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 15%-סʘ 
(23 ʤʣʥ ʪ.) ʢᴇʧ ʞװʢ ʪʘʩʳʤʘʣʜʘʥʜʳ. ʉʦʥʜʳץʪʘʥ ʰʝʢʘʨʘʜʘסʳ ʙʘʩʪʳ ʤᴅʩʝʣʝʣʝʨʜʽ ץʘʨʘʩʪʳʨʫ 
 ʘץʩʪʘʥʜʘ (ʞᴅʥʝ ʦʜʘʥ ᴅʨʽ ʙʘʪʳʩץʘʟʘפ ,ʝʥʽ 1435 ʤʠʣʣʠʤʝʪʨ שʳ ʪʝʤʽʨʞʦʣʜʳסʳʪʘʡʜʘפ .ʘʞʝʪץ
 ʙᴅʨʽ שʥʳײʘ ʘʫʳʩʪʳʨʫ-ʤסʪʘʙʘʥʥʘʥ ʪʘʨ ʪʘʙʘʥ שʜʝʫ, ʢʝשʢʪʝʨʜʽ ᴇװʘʨʘʡ) ï 1530 ʤʠʣʣʠʤʝʪʨ. ɾץ
 ʳʪץʫʘ ץʟʘײ ʚʘʛʦʥʜʘʨ ʢʝʣʛʝʥʜʝ, ᴇʪʝ שʨʛʽʟʽʣʝʜʽ. ɹʽʟʜʽװʩʪʘʥʮʠʷʣʘʨʳʥʜʘ ʞ ץʳʪʘʡ ʰʝʢʘʨʘʣʳפ
ʪװʩʽʨʽʣʝʜʽ ʞᴅʥʝ ʞײʤʳʩʰʳ ʝשʙʝʛʽʥ ץʘʞʝʪ ʝʪʝʜʽ, ʙʘʨʩʳʥʜʘ ײʨʣʳץʪʘʨ ʜʘ ʙʦʣʘʜʳ.  ɹײʣ ʤᴅʩʝʣʝ 
ʰʝʰʽʣʫ ʞʦʣʳ ʢʦʥʪʝʡʥʝʨʣʝʨʜʽ ʙʽʨ ײץʨʘʤʥʘʥ ʝʢʽʥʰʽʩʽʥʝ ץʘʡʪʘ ʞװʢʪʝʫ ʘʨץʳʣʳ. ʗסʥʠ 
ʤײʥʜʘסʳ ʰʝʰʽʤ ʪʘʩʳʤʘʣʜʘʨʜʳש ʢᴇʧ ʙᴇʣʽʛʽʥ ʢʦʥʪʝʡʥʝʨʣʝʨʤʝʥ ʞװʨʛʽʟʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 ,ʨʛʽʟʜʽװʠʷʪ ʪʘʣʜʘʫ ʞץײʳʥʘ ʤסʊɾè-ʤʝʥ ʙʽʨʣʝʩʽʧ ʪʘʩʳʤʘʣʜʘʫ ʥʘʨʳפʈ ʀʀɼʄ çפ .3
ʕʢʩʧʦʨʪʪʳץ ʢᴇʣʝʤʜʽ ʪʘʩʳʤʘʣʜʘʫ װʰʽʥ çʀʩʪʢʦʤʪʨʘʥʩè, Fesco ʞᴅʥʝ פʊɾ ʢᴇʣʽʢ 
ʢᴅʩʽʧʦʨʳʥʜʘʨʳ ʞʝʪʢʽʣʽʢʪʽ ʢʦʥʪʝʡʥʝʨʣʽʢ ʧʘʨʢ ץʘʣʳʧʪʘʩʪʳʨʫ ʤᴅʩʝʣʝʩʽʥ ץʘʨʘʩʪʳʨʫʜʘ. 
ʉʝʨʠʷʣʳץ ᴇʥʜʽʨʽʩʪʽ ʽʩʢʝ ץʦʩʫ 2022 ʞʳʣʜʳש, ʞʳʣ ʩʘʡʳʥ 10 ʤʳסשʘ ʜʝʡʽʥ ᴇʥʽʤ ʰʳסʘʨʫ, 
ʦʪʘʥʜʳץ ʟʘʫʳʪʪʘʨʳʥʳש ʙʘʟʘʩʳʥʜʘ 20 ʞᴅʥʝ 40 ʬʫʪʪʳץ ʢʦʥʪʝʡʥʝʨʣʝʨ ᴇʥʜʽʨʽʩʽʥ ʞʦʣסʘ ץʦʶ 
ʙʦʡʳʥʰʘ ʞײʤʳʩʪʘʨ ʞʦʩʧʘʨʣʘʥʫʜʘ. ʆʩʳ ʤᴅʩʝʣʝʥʽש ʘʨʳ ץʘʨʘʡ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽ 
ʝʩʝʧʪʝʣʛʝʥ ʙʦʣʪʘʳʥ. ʆʪʘʥʜʳץ KLMZ çʄʝʡʢʝʨè ʟʘʫʳʪʳ ץʘʨʘʩʪʳʨʳʣסʘʥ, ʘʫʤʘסʳ ʙʘʨʣʳסʳ 
48 ʛʝʢʪʘʨʜʳ ʘʣʳʧ ʞʘʪʳʨ, ɿʘʫʳʪʪʘ 800-ʜʝʥ ʘʩʪʘʤ ץʳʟʤʝʪʢʝʨ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ɽʩʝʧʪʝʫ 
ʙʘʨʳʩʳʥʜʘ ʢʝʣʝʩʽ ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʰʘʤʘʣʘʨʳ ʙʝʨʽʣʛʝʥ.  
 

4 ʢʝʩʪʝ  - ʂʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʤʘʣʜʘʨʜʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 
 

 ̄ ʂᴇʨʩʝʪʢʽʰʪʝʨ ɹʝʣʛʽʣʝʫ ʐʘʤʘʩʳ 

1 ʄʘʪʝʨʠʘʣʜʳץ ʘסʳʥʥʳש ʢᴇʣʝʤʽ, ʰʪ.  10000 ʰʪ/ʞʳʣ 

2 ᴆʥʽʤ ʙʽʨʣʽʛʽʥʽש ʥʘʨʳץʪʳץ ʙʘסʘʩʳ, ʪʛ. ᴆʥ 2000000 ʪʛ 

3 ᴆʥʽʤʥʽש ᴇʟʽʥʜʽʢ ײץʥʳ, ʰʪ. ᴆ1000000 ץ ʪʛ 

4 ɹʽʨʣʽʢ װʰʽʥ ʘʡʥʳʤʘʣʳ ʰʳסʳʥʜʘʨ, ʪʛ. ʉʘ 11757400 ʪʛ/ʘʡ 

5 ʂᴅʩʽʧʦʨʳʥʥʳש ʪײʨʘץʪʳ ʰʳסʳʥʜʘʨʳ, ʪʛ. ʉʪ 163334400 ʪʛ/ʘʡ 

6 ʂʦʥʪʝʡʥʝʨʜʽץ שʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽ ʇʤ 10 ʞʳʣ 

7 ɸʤʦʨʪʠʟʘʮʠʷʣʳץ ʩʦʤʘ ɸʩ 830000 ʪʛ/ʘʡ 

ɽʩʢʝʨʪʫ. ɸʚʪʦʨʤʝʥ ʥʝʛʽʟʽʥʜʝ ײץʨʘʩʪʳʨʳʣסʘʥ. 

 
ᴆʥʽʤʥʽש ʞʳʣʜʳץ ʢᴇʣʝʤʽʥ ʩʘʪʫʜʘʥ ʘʣʫסʘ ʘʨʥʘʣסʘʥ ʞʦʩʧʘʨʣʳ ᴇʪʽʥʽʤ ʬʦʨʤʫʣʘʣʘʨ 

ʙʦʡʳʥʰʘ ʘʡץʳʥʜʘʣʘʜʳ: 
 

ʇʨʝʘʣ = (ᴆʥ - ᴆץ) N) - (ʉʪ + ʉʘ + ɸʩ) 12, ʪʛ                                   (1) 
 

ʤײʥʜʘ  ᴆʥ - ᴇʥʽʤ ʙʽʨʣʽʛʽʥʽש ʥʘʨʳץʪʳץ ʙʘסʘʩʳ; 
            ᴆץ - ᴇʥʽʤʥʽש ᴇʟʽʥʜʽʢ ײץʥʳ; 
            N - ʤʘʪʝʨʠʘʣʜʳץ ʘסʳʥʥʳש ʢᴇʣʝʤʽ; 
            ʉʪ - ʪײʨʘץʪʳ ʰʳסʳʥʜʘʨʳ; 
            ʉʘ - ʙʽʨʣʽʢ װʰʽʥ ʘʡʥʳʤʘʣʳ ʰʳסʳʥʜʘʨ; 
            ɸʩ - ʘʤʤʦʨʪʠʟʘʮʠʷʣʳץ ʩʦʤʤʘ. 
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ʉʦʥʜʘʡ-ʘץ, ʞʝʢʝ ʢʦʥʪʝʡʥʝʨʣʝʨʜʽש ʙʦʣʫʳ װʰʽʥʰʽ ʪײʣסʘʣʘʨʜʘʥ ʢʦʥʪʝʡʥʝʨʣʝʨʜʽ 
ʞʘʣסʘ ʘʣʫ ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ʥʘʨʳץʪʘסʳ ʢʦʥʪʝʡʥʝʨʣʝʨʜʽש ʞʝʪʽʩʧʝʫʰʽʣʽʛʽʤʝʥ 
ʙʘʡʣʘʥʳʩʪʳ ʪʘʩʳʤʘʣʜʘʫʜʳש ʳץʪʠʤʘʣ ʢʽʜʽʨʽʩʪʝʨʽʥ ʙʦʣʜʳʨʤʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʽʥ 
ʝʩʢʝʨʛʝʥ ʞᴇʥ. 

 

ʇʨʝʘʣ = (2000000 - 1000000) * 10000) - (163334400 + 11757400 + 830000) * 12 = 
10000000000 ï 2111061600 = 7888938400 ʪʛ. 

 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞʝʢʝ ʢʦʥʪʝʡʥʝʨʣʝʨ ʣʦʛʠʩʪʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨʜʽ ʠʢʝʤʜʽ ʙʘʩץʘʨʫסʘ 
ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘʫ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴆʣʰʝʤʜʝʨʽ, ʞװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ 
ʞᴅʥʝ ʪ.ʙ. ץʦʩʘ ʘʣסʘʥʜʘ, ᴅʨʪװʨʣʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʘʨ ʢʦʥʪʝʡʥʝʨʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽ 
ʪʘʩʳʤʘʣʜʘʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʦʣʘʨʜʳש ʢᴇʣʝʤʽʥ ʘʨʪʪʳʨʘ ʘʣʘʜʳ. 

ɸʣʘʡʜʘ, ᴇʟ ʢʦʥʪʝʡʥʝʨʣʝʨʽשʽʟʜʽ ʩʘʣʫ ʘʡʪʘʨʣʳץʪʘʡ ʠʥʚʝʩʪʠʮʠʷʣʘʨ ʤʝʥ ʨʝʩʫʨʩʪʘʨʜʳ, 
ʩʦʥʳש ʽʰʽʥʜʝ ʞʦʙʘʣʘʫ, ʤʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʞʘʙʜʳץʪʘʨʜʳ ʩʘʪʳʧ ʘʣʫ, ʩʦʥʜʘʡ-ʘץ ᴇʥʜʽʨʽʩʪʽ 
 ,ʘʪʘʨץ ʘʞʝʪ. ʉʦʥʳʤʝʥץ ʤʢʽʥ ʝʢʝʥʽʥ ʝʩʢʝʨʫװʘʞʝʪ ʝʪʫʽ ʤץ ʳʥʜʘʨʳʥסʡʳʤʜʘʩʪʳʨʫ ʰʳײ
ʠʥʚʝʩʪʠʮʠʷʣʘʨʜʳ ᴇʪʝʫ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʧʘʡʜʘ ʘʣʫ װʰʽʥ ʪʘʩʳʤʘʣʜʘʫʜʳש ʞʝʪʢʽʣʽʢʪʽ 
ʢᴇʣʝʤʽ ʙʦʣʫʳ ʢʝʨʝʢ. 

 
ʊʘʣץʳʣʘʫ. 

ʆʩʳʣʘʡʰʘ, פʘʟʘץʩʪʘʥ ʘʫʤʘסʳʥʜʘ ᴇʟ ʢʦʥʪʝʡʥʝʨʣʝʨʽʥ ʩʘʣʫ ʞᴇʥʽʥʜʝʛʽ ʽʩ-ʰʘʨʘʥʳש 
ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥʝ ʪʘʩʳʤʘʣʜʘʨʜʳש ʞʝʪʢʽʣʽʢʪʽ ʢᴇʣʝʤʽ ʙʦʣסʘʥ ʢʝʟʜʝ ʞᴅʥʝ ᴇʥʜʽʨʽʩ 
ʧʝʥ ʣʦʛʠʩʪʠʢʘ ʧʨʦʮʝʩʽʥ ʦשʪʘʡʣʳ ײʡʳʤʜʘʩʪʳʨסʘʥ ʢʝʟʜʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ. 

 ʳ ʢʦʥʪʝʡʥʝʨʣʽʢסʩʪʘʥʜʘץʘʟʘפ ʨʣʽ ʽʩ-ʰʘʨʘʣʘʨʜʳ ʽʩʢʝ ʘʩʳʨʫװʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʪפ
ʪʘʩʳʤʘʣʜʘʨʜʳ ʦשʪʘʡʣʘʥʜʳʨʫסʘ, ʣʦʛʠʩʪʠʢʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʘʰʳץʪʳסʳʥ 
ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʩʘʣʘʥʳש ʢᴇʤʽʨʪʝʛʽ ʽʟʽʥ ʘʟʘʡʪʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. ʂʦʥʪʝʡʥʝʨʣʝʨʜʽש ᴇʣʰʝʤʜʝʨʽ 
ʤʝʥ ʪװʨʣʝʨʽʥ ʩʪʘʥʜʘʨʪʪʘʫסʘ ʳץʧʘʣ ʝʪʫ, ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫסʘ 
ʀʥʚʝʩʪʠʮʠʷʣʘʨ ʞᴅʥʝ ʠʥʪʝʨʤʦʜʘʣʴʜʳ ʢᴇʣʽʢ ʞʝʣʽʣʝʨʽʥ ʜʘʤʳʪʫ ץʦʣ ʝשʙʝʛʽʥʝ ʪᴅʫʝʣʜʽʣʽʢʪʽ 
ʘʟʘʡʪʳʧ, ʪײʨʘץʪʳ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ ץʘʙʳʣʜʘʫʜʳ ʢʝשʝʡʪʝ ʦʪʳʨʳʧ, ʢʦʥʪʝʡʥʝʨʣʽʢ 
ʪʘʩʳʤʘʣʜʘʫʜʳש ʞʘʣʧʳ ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘ ʘʣʘʜʳ. 

ʊʝשʽʟʛʝ ʰʳסʘ ʘʣʤʘʡʪʳʥ ʝש ʽʨʽ ʝʣ ʞᴅʥʝ ᴅʣʝʤʜʝʛʽ ʪʦסʳʟʳʥʰʳ ʽʨʽ ʝʣ ʙʦʣʘ ʦʪʳʨʳʧ, 
 .ʘ ʪʠʽʩסʘʨʫץʳʟʜʳ ʨᴇʣ ʘʪשʳ ʩʘʫʜʘ ʤʝʥ ʢʦʤʤʝʨʮʠʷʜʘ ʘʩʘ ʤʘסʘʟʽʨʛʽ ʟʘʤʘʥץ ʩʪʘʥץʘʟʘפ

ʂᴇʨʰʽʣʝʩ ʝʣʜʝʨʤʝʥ ʳʥʪʳʤʘץʪʘʩʪʳץ ʪʨʘʥʩʰʝʢʘʨʘʣʳץ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫʜʳ 
ʞʝשʽʣʜʝʪʝʜʽ, ʢʽʜʽʨʽʩʪʝʨʜʽ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʫʘץʪʳʣʳ ʞʝʪʢʽʟʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʂʝʜʝʥʜʽʢ 
ʨᴅʩʽʤʜʝʨʜʽ ʞʝʪʽʣʜʽʨʫ ʢʽʜʽʨʽʩʪʝʨʜʽ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ʪʘʫʘʨʣʘʨʜʳש ʪʠʽʤʜʽ ʞʝʪʢʽʟʽʣʫʽʥ 
 ʳʪʫ ʞᴅʥʝ ʙʽʣʽʢʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫץʳʟʤʝʪʢʝʨʣʝʨʜʽ ʦפ .ʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽץ
ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫ ץʳʟʤʝʪʪʝʨʽʥʽש ʞʘʣʧʳ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʘ ʘʣʘʜʳ, 
ʪײʪʳʥʫʰʳʣʘʨʜʳץ שʘʥʘסʘʪʪʘʥʫʰʳʣʳסʳʥ ʘʨʪʪʳʨʘʜʳ ʞᴅʥʝ ʙᴅʩʝʢʝʣʝʩʪʽʢ ʘʨʪʳץʰʳʣʳסʳʥ 
ʩʘץʪʘʡʜʳ. 

ɸץʳʨʳʥʜʘ, ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʪᴅʞʽʨʠʙʝʣʝʨʜʽ ʥʘʩʠʭʘʪʪʘʫ ʞᴅʥʝ ʪײʨʘץʪʳ ʵʥʝʨʛʠʷ 
ʢᴇʟʜʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʣʦʛʠʩʪʠʢʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʜʳש ʢᴇʤʽʨʪʝʛʽ ʽʟʽʥ ʘʟʘʡʪʳʧ, ʢʣʠʤʘʪʪʳש 
ᴇʟʛʝʨʫʽʥʽש ᴅʩʝʨʽʥ ʘʟʘʡʪʫʳ ʤװʤʢʽʥ. ʂʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫ ʧʨʦʮʝʩʪʝʨʽʥ װʥʝʤʽ ʰʦʣʫ ʞᴅʥʝ 
ʙʘסʘʣʘʫ ʦʜʘʥ ᴅʨʽ ʞʘץʩʘʨʪʫ, ʠʥʥʦʚʘʮʠʷʣʘʨʜʳ ʜʘʤʳʪʫ ʞᴅʥʝ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʫ 
ʧʨʦʮʝʩʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʘʡʤʘץʪʘʨʳʥ ʘʥʳץʪʘʡ ʘʣʘʜʳ. ʊײʪʘʩʪʘʡ ʘʣסʘʥʜʘ, ʙײʣ ʽʩ-ʰʘʨʘʣʘʨʜʳ 
ʽʩʢʝ ʘʩʳʨʫ ʵʢʦʥʦʤʠʢʘʣʳץ ᴇʩʫʛʝ ʳץʧʘʣ ʝʪʝ ʦʪʳʨʳʧ, ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ᴅʩʝʨʜʽ ʘʟʘʡʪʘ ʦʪʳʨʳʧ 
ʞᴅʥʝ ʘʟʘʤʘʪʪʘʨʜʳש ᴇʤʽʨ ʩװʨʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʘ ʦʪʳʨʳʧ, פʘʟʘץʩʪʘʥʜʘ ʢʦʥʪʝʡʥʝʨʣʽʢ 
ʪʘʩʳʤʘʣʜʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ, ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʞᴅʥʝ ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʘ ʘʣʘʜʳ. 

 
 .ʦʨʳʪʳʥʜʳפ

ɾʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ײʩʳʥʳʩʪʘʨʜʳ ʝʥʛʽʟʫ ʤװʤʢʽʥʜʽʛʽ ᴅʨʪװʨʣʽ ʬʘʢʪʦʨʣʘʨסʘ, ʩʦʥʳש 
ʽʰʽʥʜʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ʩʘʷʩʠ ʪײʨʘץʪʳʣʳץץʘ, תʢʽʤʝʪ ʧʝʥ ʞʝʢʝ ʢʦʤʧʘʥʠʷʣʘʨʜʳש 
ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʜʘʤʳʪʫסʘ ʠʥʚʝʩʪʠʮʠʷʣʘʫסʘ ʜʘʡʳʥʜʳסʳʥʘ, ʩʦʥʜʘʡ-ʘץ ʥʘʨʳץʪʘסʳ 
ʙᴅʩʝʢʝʣʝʩʪʽʢ ʜʝשʛʝʡʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ɸʣʘʡʜʘ, פʘʟʘץʩʪʘʥʥʳש ɽʫʨʦʧʘ ʤʝʥ ɸʟʠʷ ץʠʳʣʳʩʳʥʜʘ 
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ʩʪʨʘʪʝʛʠʷʣʳץ ʦʨʥʘʣʘʩʫʳʥ, ʩʦʥʜʘʡ-ʘץ ʦʥʳץ שʳʪʘʡ ʤʝʥ ɽʫʨʦʧʘ ʘʨʘʩʳʥʜʘסʳ ʪʨʘʥʟʠʪʪʽʢ 
ʪʘʩʳʤʘʣʜʘʨʜʘסʳ ʤʘשʳʟʜʳʣʳסʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨʜʘ ʟʘʤʘʥʘʫʠ 
ʞᴅʥʝ ʪʠʽʤʜʽ ᴅʜʽʩʪʝʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫ פʘʟʘץʩʪʘʥʜʘ ʜʘʤʫ װʰʽʥ װʣʢʝʥ ᴅʣʝʫʝʪʢʝ ʠʝ 
ʜʝʧ ʘʡʪʫסʘ ʙʦʣʘʜʳ. תʢʽʤʝʪ ʧʝʥ ʞʝʢʝ ʢʦʤʧʘʥʠʷʣʘʨ פʘʟʘץʩʪʘʥʜʘסʳ ʢʦʥʪʝʡʥʝʨʣʽʢ 
ʪʘʩʳʤʘʣʜʘʨʜʳ ᴅʣʝʤʜʽʢ ʘʨʝʥʘʜʘ ʪʠʽʤʜʽʨʝʢ ʞᴅʥʝ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ ʝʪʫ װʰʽʥ 
ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʞʘץʩʘʨʪʫ ʞᴅʥʝ ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ ʙʦʡʳʥʰʘ 
ʳʥʪʳʤʘץʪʘʩʪʳץʪʳ ʞʘʣסʘʩʪʳʨʫʳ ʪʠʽʩ [4]. 

 ʣʢʝʥװ ʩʪʘʥʜʘ ʢʦʥʪʝʡʥʝʨʣʽʢ ʪʘʩʳʤʘʣʜʘʨʜʳ ʜʘʤʳʪʫץʘʟʘפ ,ʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝפ
ᴅʣʝʫʝʪʢʝ ʠʝ ʞᴅʥʝ ʝʣʜʽש ʵʢʦʥʦʤʠʢʘʣʳץ ʜʘʤʫʳʥʘ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ ʜʝʛʝʥ 
 ʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫשʩʘʨʪʫ, ʞʘץʨʳʣʳʤʜʳ ʞʘײץʘ ʙʦʣʘʜʳ. ʀʥʬʨʘסʦʨʳʪʳʥʜʳ ʞʘʩʘʫץ
ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘʫ ʧʨʦʮʝʩʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫ ʦʩʳ ʩʘʣʘʥʳש ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʙᴅʩʝʢʝʛʝ 
 ʘʪʘʨ, ᴇʟ ʢʦʥʪʝʡʥʝʨʣʝʨʽʥ ᴇʥʜʽʨʫ ʞᴅʥʝץ ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥװʘ ʤסʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫץ
ʦʣʘʨʜʳש ʞʝʨʛʽʣʽʢʪʽ ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨסʘ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʜʝ ʦʩʳ ʩʘʣʘʥʳ 
ʞᴅʥʝ ʞʘʣʧʳ ʝʣ ʵʢʦʥʦʤʠʢʘʩʳʥ ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʫʽ ʤװʤʢʽʥ. ɸʣʘʡʜʘ, ʦʩʳ ʩʘʣʘʜʘ ʪʘʙʳʩץʘ 
ʞʝʪʫ װʰʽʥ ʪʘʩʳʤʘʣʜʘʫ ʞʘסʜʘʡʣʘʨʳʥ ʞʘץʩʘʨʪʫ ʞᴅʥʝ ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫ 
ʙʦʡʳʥʰʘ ʞײʤʳʩʪʳ ʞʘʣסʘʩʪʳʨʫ, ʩʦʥʜʘʡ-ʘץ ʩʘʣʘʥʳש ᴅʣʝʤʜʽʢ ʥʘʨʳץʪʘ ʙᴅʩʝʢʝʛʝ 
 .ʘʞʝʪץ ʦʣʜʘʫץ ʘʙʽʣʝʪʪʽʣʽʛʽʥץ
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IMPROVEMENT OF CONTAINER TRANSPORTATION IN THE REPUBLIC OF 

KAZAKHSTAN  
 

Abstract. The paper examines the current situation in the field of container transportation 
in the country, suggests measures to improve it. The purpose of the study was to identify the 
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main problems hindering the development and efficiency of container transportation in 
Kazakhstan, as well as to provide recommendations for their solution. To achieve this goal, 
various research methods were used, including literature analysis, statistical analysis. The study 
identified the main problems related to infrastructure, logistics processes, customs procedures 
and other aspects of container transportation in Kazakhstan. Proposals were made to develop 
infrastructure, improve logistics processes, optimize customs procedures, and introduce new 
technologies and standards. Based on the analysis of data and conducted research, conclusions 
were drawn about the need for a systematic approach to improving container transportation in 
Kazakhstan. The implementation of the proposed measures will increase the efficiency and 
competitiveness of container transportation, as well as contribute to the development of the 
country's transport and logistics infrastructure. 

 

Keywords. Kazakhstan, container transportation, transport infrastructure, cargo flows, 
economic growth, competitiveness, transit route, container production, statistical indicators. 
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ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʂʆʅʊɽʁʅɽʈʅʓʍ ʇɽʈɽɺʆɿʆʂ ɺ ʈɽʉʇʋɹʃʀʂɽ 

ʂɸɿɸʍʉʊɸʅ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʘ ʪʝʢʫʱʘʷ ʩʠʪʫʘʮʠʷ ʚ ʩʬʝʨʝ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ ʚ 
ʩʪʨʘʥʝ, ʧʨʝʜʣʦʞʝʥʳ ʤʝʨʳ ʧʦ ʝʝ ʫʣʫʯʰʝʥʠʶ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʠʝ 
ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʨʘʟʚʠʪʠʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ 
ʚ ʂʘʟʘʭʩʪʘʥʝ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 
ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʥʘʣʠʟ 
ʣʠʪʝʨʘʪʫʨʳ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, 
ʩʚʷʟʘʥʥʳʝ ʩ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʪʘʤʦʞʝʥʥʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ ʠ 
ʜʨʫʛʠʤʠ ʘʩʧʝʢʪʘʤʠ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ ʚ ʂʘʟʘʭʩʪʘʥʝ. ɹʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 
ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʨʘʟʚʠʪʠʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʫʣʫʯʰʝʥʠʶ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 
ʦʧʪʠʤʠʟʘʮʠʠ ʪʘʤʦʞʝʥʥʳʭ ʧʨʦʮʝʜʫʨ, ʚʥʝʜʨʝʥʠʶ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʪʘʥʜʘʨʪʦʚ. ʅʘ 
ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ ʚ 
ʂʘʟʘʭʩʪʘʥʝ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 
ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ 
ʪʨʘʥʩʧʦʨʪʥʦʡ ʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʪʨʘʥʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʂʘʟʘʭʩʪʘʥ, ʢʦʥʪʝʡʥʝʨʥʳʝ ʧʝʨʝʚʦʟʢʠ, ʪʨʘʥʩʧʦʨʪʥʘʷ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʛʨʫʟʦʧʦʪʦʢʠ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʪʨʘʥʟʠʪʥʳʡ 
ʤʘʨʰʨʫʪ, ʢʦʥʪʝʡʥʝʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 
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ʂᴆʃɯʂ ʊתʈʃɽʈɯʅɯר ᴆɿɸʈɸ ᴄʈɽʂɽʊʊɽʉʋɯ ʂɽɿɯʅɼɽ ɾɽʊʂɯɿʋ ʊɯɿɹɽɻɯʅ 

 ɸʃʓʇʊɸʉʊʓʈʋ ɸʉʇɽʂʊɯʃɽʈɯפ
 

ɸʥʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ʪײʪʘʩ ʞװʡʝ ʨʝʪʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ 
ʞװʡʝʥʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ, ʞװʢʪʝʨʜʽ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ײʡʳʤʜʘʩʪʳʨʫ ʩʘʣʘʩʳʥʜʘ 
ʣʦʛʠʩʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʫ ץʘʞʝʪʪʽʣʽʛʽ ʥʝʛʽʟʜʝʣʛʝʥ.  

ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ʙʘʩץʘʨʫʜʳש ʪʠʽʤʜʽ ʞװʡʝʣʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʪʘʩʳʤʘʣʜʘʫʜʳ 
 ʨʘʤʜʘʩ ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʥʳ ʢᴇʣʽʢײץ ʘʞʝʪʪʽץ שʡʳʤʜʘʩʪʳʨʫ ʩʪʨʘʪʝʛʠʷʩʳʥʳײ
ʩʫʙʲʝʢʪʽʣʝʨʽʥʽץ שʳʟʤʝʪʽʥʝ ʣʦʛʠʩʪʠʢʘʣʳץ ʪᴅʩʽʣʜʽ ץʦʣʜʘʥʙʘʡ ʞװʟʝʛʝ ʘʩʳʨʫ ʤװʤʢʽʥ ʝʤʝʩ. 
ʂᴇʣʽʢʪʽש ʙʽʨʥʝʰʝ ʪװʨʽʥʽץ שʘʪʳʩʫʳʤʝʥ ʞװʢʪʝʨʜʽ ʞʝʪʢʽʟʫ ʢʝʟʽʥʜʝ ʤʘʢʩʠʤʘʣʜʳ ʞʠʳʥʪʳץ 
ᴅʩʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʫ, ᴅʜʝʪʪʝ, ʢʝʣʽʩʽʣʤʝʛʝʥ ʞײʤʳʩ, ʞײʤʳʩʪʘʨʜʳ ʥʘץʪʳ װʡʣʝʩʪʽʨʫʜʽש 
ʙʦʣʤʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʪʽʟʙʝʢʢʝ ץʘʪʳʩʫʰʳʣʘʨ ץʳʟʤʝʪʽʥʽש ʪʝʭʥʠʢʘʣʳץ-ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ 
ʵʢʦʥʦʤʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽץ שʘʞʝʪʪʽ ʜʝשʛʝʡʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʤʝʡʜʽ. ɹײʣ ʞװʢʪʝʨʜʽ ʞʝʪʢʽʟʫ 
ʪʽʟʙʝʢʪʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ ʪʘשʜʘʫ ᴅʜʽʩʪʝʤʝʩʽʥ ᴅʟʽʨʣʝʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʘʥʳץʪʘʡʜʳ.  

ʄʘץʘʣʘʜʘ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʥײʩץʘʣʘʨʳʥ ᴅʟʽʨʣʝʫ װʰʽʥ ʪʘʧʩʳʨʳʩʪʳש ʥʝʛʽʟʛʽ 
ʧʘʨʘʤʝʪʨʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ, ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʞʘʣʧʳʣʘʥסʘʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʽ, ʢᴇʣʽʢ 
 ʪʘʫʜʳץʳʪʪʘʨʳʥ ʘʥʳסʪʘʡʣʳ ʙʘשʦ שʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫʜʳ ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘʫʜʳײ ʨʘʣʜʘʨʳʥײץ
ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽʥʽש ʪʘʣʘʧʪʘʨʳ ʥʝʛʽʟʽʥʜʝ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש 
ʙʘʡʣʘʥʳʩʪʘʨʳʥʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʽש ʦשʪʘʡʣʳ ʥײʩץʘʩʳʥ ʪʘשʜʘʫ ʘʣʛʦʨʠʪʤʽ ᴅʟʽʨʣʝʥʛʝʥ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽ, ʙʘʩץʘʨʫ, ʵʢʦʥʦʤʠʢʘʣʳץ-ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ, 
ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʙʫʳʥʜʘʨʳ, ʦשʪʘʡʣʘʥʜʳʨʫ. 

 

ʂʽʨʽʩʧʝ.  
ɹᴅʩʝʢʝʣʝʩʪʽʢ ʞʘסʜʘʡʳʥʜʘ ʢᴇʣʽʢ ʧʨʦʮʝʩʽʥʝ ץʘʪʳʩʫʰʳʣʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʽש 

ʤʘʢʩʠʤʘʣʜʳ ʪʠʽʤʜʽʣʽʛʽʥʝ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ ʢᴇʣʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ ʪײʪʳʥʫʰʳʣʘʨ ʤʝʥ 
ʞʝʪʢʽʟʫʰʽʣʝʨʜʽש ʞʘץʩʳ ʙʘʡʣʘʥʳʩʳ װʰʽʥ ʦʣʘʨʜʳש ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʤʽʥʝʟ-ײץʣץʳʥ 
ʘʡʪʘʨʣʳץʪʘʡ ʞʘץʩʘʨʪʫʳ ʢʝʨʝʢ. ʆʩʳסʘʥ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ʙʘʩץʘʨʫ 
ʪײʞʳʨʳʤʜʘʤʘʩʳ ʙᴅʩʝʢʝʣʝʩʪʽʢʪʽ ʢװʰʝʡʪʫ ʞʘסʜʘʡʳʥʜʘ ʪʠʽʤʜʽ ʙʘʩץʘʨʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʫ 
 שʪʳʥʫʰʳʥʳײʳ ʪסשʰʽʥ ʩʦװ ʟʝʛʝ ʘʩʳʨʫװʞʳʨʳʤʜʘʤʘʥʳ ʞײʣ ʪײʨʘʣʳʥʘ ʘʡʥʘʣʘʜʳ. ɹײץ
ʩײʨʘʥʳʩʪʘʨʳʥʘ ʞʘʫʘʧ ʨʝʪʽʥʜʝ ʜʠʥʘʤʠʢʘʣʳץ ᴅʨʝʢʝʪʪʝʨ װʰʽʥ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש 
 ʘʪʘʨ ʰʘʨʘʣʘʨץʡʣʝʩʪʽʨʽʣʛʝʥ ᴅʨʝʢʝʪʪʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʙʽʨװ ʳסʘʪʳʩʫʰʳʣʘʨʳ ʘʨʘʩʳʥʜʘץ
 .ʘʞʝʪ [1]ץ

ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽ ʰʝשʙʝʨʽʥʜʝʛʽ ʠʥʪʝʛʨʘʮʠʷʥʳש ʤᴅʥʽ ʥʘץʪʳ ʞʘʣʧʳ ʞᴅʥʝ ʞʝʢʝ 
ʤʘץʩʘʪʪʘʨסʘ ʞʝʪʫ װʰʽʥ ʢᴇʣʽʢ ʥʘʨʳסʳʥʳש ʞʝʢʝʣʝʛʝʥ ʩʫʙʲʝʢʪʽʣʝʨʽʥʽש ʪʠʽʤʜʽ 
ʳʥʪʳʤʘץʪʘʩʪʳץ ʤװʤʢʽʥʜʽʛʽʥʝʥ ʪײʨʘʜʳ [2,3]. ʂᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳץʪʘʨʜʳ ʥʝʤʝʩʝ 
ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ʢʝʰʝʥʜʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘ ʙʘʨʳʥʰʘ ʘʨʪʪʳʨʫסʘ 
ʞᴅʥʝ ʞװʢ ʪʘʩʳʤʘʣʜʘʫ ʧʨʦʮʝʩʽʥʝ ᴅʨʙʽʨ ץʘʪʳʩʫʰʳʥʳש ʨʝʩʫʨʩʪʘʨʳʥʳש ʙʘʨʣʳץ ʪװʨʣʝʨʽʥʽש 
ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʂᴇʣʽʢ ʩʘʣʘʩʳʥ ʜʘʤʳʪʫʜʳש ʙװʛʽʥʛʽ ʰʘʨʪʪʘʨʳ 
ʢᴇʣʽʢ ʥʘʨʳסʳʥʳש ʠʥʬʨʘײץʨʳʣʳʤʳʥʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʝʪʽʥ ᴇʥʝʨʢᴅʩʽʧ, ʩʘʫʜʘ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ 
ʤʝʥ ʢʦʤʧʘʥʠʷʣʘʨʜʳ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʣʝʨʛʝ ʙʽʨʽʢʪʽʨʫ ʙʦʡʳʥʰʘ 
ʞʘסʜʘʡʣʘʨ ʞʘʩʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ʆʣʘʨ ʪײʪʳʥʫʰʳסʘ ᴇʥʽʤʜʽ ʪʝʟ, ʫʘץʪʳʣʳ ʞᴅʥʝ ʘʟ 
ʰʳסʳʥʜʘʨʤʝʥ ʞʝʪʢʽʟʝ ʘʣʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ץʘʪʳʩʫʰʳʣʘʨʜʳ ʵʣʝʢʪʨʦʥʜʳ ʦʨʪʘʜʘ ʞʝʜʝʣ 
ʞᴅʥʝ ʘʥʘʣʠʪʠʢʘʣʳץ ʘץʧʘʨʘʪʧʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙײʣ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʜʽ ʞʦסʘʨʳ ʪʠʽʤʜʽ 
ʝʪʝʜʽ. 

mailto:Ainur.abzhapbarova@mail.ru


ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 4 (127), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 4 (127), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

120 

ʄʘץʘʣʘʜʘ ʤʽʥʜʝʪʪʽש ᴇʟʝʢʪʽʣʽʛʽ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫסʘ ץʘʪʳʩʫʰʳʣʘʨʜʳץ שʳʟʤʝʪʽʥ 
ʠʥʪʝʛʨʘʮʠʷʣʘʫ, ʤʘʪʝʨʠʘʣʜʳץ, ʘץʧʘʨʘʪʪʳץ ,ץʘʨʞʳʣʳץ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʘסʳʥʜʘʨʜʳ, 
ʪʝʭʥʠʢʘʣʳץ ʞʘʨʘץʪʘʥʜʳʨʫʜʳ, ʩʦʥʜʘʡ-ʘץ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥ ʙʘʩץʘʨʫ ץʘʞʝʪʪʽʣʽʛʽʤʝʥ 
ʥʝʛʽʟʜʝʣʛʝʥ. ʄײʥʜʘʡ ʠʥʪʝʛʨʘʮʠʷ ʪʘʩʳʤʘʣʜʘʫ ʧʨʦʮʝʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ, ʞװʢʪʝʨʜʽ 
ʪʘʩʳʤʘʣʜʘʫʜʳש ʦשʪʘʡʣʳ ʥײʩץʘʣʘʨʳʥ ʽʩʢʝ ʘʩʳʨʫ ʞᴅʥʝ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ ʽʣʝʩʧʝ 
 ʘʡסשʳʟʤʝʪʽʥ ʙʽʨʽʢʪʽʨʝʪʽʥ ʙʽʨʳץ שʨʣʝʨʽʥʽװʪ ץʙʘʨʣʳ שʳʟʤʝʪʪʝʨ ʢᴇʨʩʝʪʫ ʙʦʡʳʥʰʘ ʢᴇʣʽʢʪʽץ
ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʩ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳץ ʩװʡʝʤʝʣʜʝʫ ʥʝʛʽʟʽʥʜʝ ʢᴇʣʽʢʪʽʢ װʜʝʨʽʩʪʽש ʙʘʨʣʳץ 
 .ʧʘʣ ʝʪʝʜʽץʘ ʳסʧʘʡʜʘ ʘʣʫ ץʠʤʳʣʳ ʝʩʝʙʽʥʝʥ ʢʦʤʤʝʨʮʠʷʣʳץ-ᴇʟʘʨʘ ʽʩ שʘʪʳʩʫʰʳʣʘʨʳʥʳץ

ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ - ʢᴇʣʽʢ ץʳʟʤʝʪʪʝʨʽʥ ʪײʪʳʥʫʰʳʣʘʨʜʳש ʪʘʣʘʧʪʘʨʳʤʝʥ 
ʩʠʧʘʪʪʘʣʘʪʳʥ ʙʘʡʣʘʥʳʩʪʘʨʜʳש ʦשʪʘʡʣʳ װʡʣʝʩʽʤʽʥ ʪʘשʜʘʫ ʞʘסʜʘʡʳʥʜʘ ʞװʢʪʝʨʜʽ ʞʝʪʢʽʟʫ 
ʪʽʟʙʝʛʽʥ ץʘʪʳʩʫʰʳʣʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʤʦʜʝʣʽʥ ᴅʟʽʨʣʝʫ 

 

ᴄʜʽʩʪʝʨ ʤʝʥ ʟʝʨʪʪʝʫʣʝʨ.  
ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ʙʘʩץʘʨʫʜʘסʳ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʪᴅʩʽʣʜʽש ʘʣסʳʰʘʨʪʪʘʨʳ: 
- ʢᴅʩʽʧʦʨʳʥʥʳש ʙᴅʩʝʢʝʣʝʩʪʽʢ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʽʩʢʝ ʘʩʳʨʫ ʤʝʥ ʜʘʤʳʪʫʜʘ 

ʩʪʨʘʪʝʛʠʷʣʳץ ʵʣʝʤʝʥʪ ʨʝʪʽʥʜʝ ʥʘʨʳץ ʧʝʥ ʣʦʛʠʩʪʠʢʘ ʪʝʪʽʢʪʝʨʽʥ ץʦʣʜʘʥʫ; 
- ʞʝʪʢʽʟʽʣʽʤ ʪʽʟʙʝʛʽʥʝ ץʘʪʳʩʫʰʳʣʘʨʜʳ ᴇʟʘʨʘ ʠʥʪʝʛʨʘʮʠʷʣʘʫ, ʞʘשʘ 

 ʪʳץʪʘʨʜʳ ʜʘʤʳʪʫ ʙʦʡʳʥʰʘ ʥʘץʦʨʪʘʣʳ ץʬʦʨʤʘʣʘʨ - ʣʦʛʠʩʪʠʢʘʣʳ ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ
ʧʝʨʩʧʝʢʪʠʚʘʣʘʨ ʤʝʥ װʨʜʽʩʪʝʨ; 

- ᴇʥʜʽʨʽʩʪʽʢ-ʢʦʤʤʝʨʮʠʷʣʳץ ץʳʟʤʝʪʪʽש ʙʘʨʣʳץ ʩʘʣʘʣʘʨʳʥ ʙʘʩץʘʨʫ װʰʽʥ ʪװʙʝʛʝʡʣʽ 
ʞʘשʘ ʤװʤʢʽʥʜʽʢʪʝʨ ʘʰʘʪʳʥ ʞʘשʘ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʩʘʣʘʩʳʥʜʘסʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ 
ʤװʤʢʽʥʜʽʢʪʝʨ. 

ʍʘʣʳץʘʨʘʣʳץ ץʘʪʳʥʘʩʪʘסʳ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫʜʳש ʪʠʽʤʜʽʣʽʛʽ ʢᴇʙʽʥʝʩʝ ʞʝʪʢʽʟʫ 
ʧʨʦʮʝʩʪʝʨʽʥ ײʡʳʤʜʘʩʪʳʨʫ ᴅʜʽʩʪʝʨʽʥʽש ʙʦʣʫʳʥʘ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʢᴇʣʽʢ ʪװʨʣʝʨʽʥʽץ שʘʪʳʩʫʳʤʝʥ 
 ʠʤʳʣ ʞʝʜʝʣץ-ʤʳʩ ʽʩʪʝʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ᴆʟʘʨʘ ʽʩײʞ שʞʦʙʘʣʘʨʜʳ ץʣʦʛʠʩʪʠʢʘʣʳ ץʣʪʪʳײ
ʞʘסʜʘʡʣʘʨʜʘ ʢᴇʣʽʢʪʽש ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽʥʽש ʞײʤʳʩʳʥ װʡʣʝʩʪʽʨʫ ʞᴅʥʝ, ʝש ʘʣʜʳʤʝʥ, ʝש ʘʟ 
ʣʦʛʠʩʪʠʢʘʣʳץ ʰʳסʳʥʜʘʨʤʝʥ ʪʘʩʳʤʘʣʜʘʫ ʞʦʩʧʘʨʣʘʨʳʥ ʦʨʳʥʜʘʫ װʰʽʥ ʢʝʣʽʩʽʣʛʝʥ ʰʘʨʘʣʘʨ 
 ʢʪʝʨʜʽ ʞʝʪʢʽʟʫ ʢʝʟʽʥʜʝװʘʪʳʩʫʳʤʝʥ ʞץ שʨʽʥʽװʙʽʨʥʝʰʝ ʪ שʘʥ. ʂᴇʣʽʢʪʽסʳʪʪʘʣסʘ ʙʘסʘʙʳʣʜʘʫץ
ʤʘʢʩʠʤʘʣʜʳ ʞʠʳʥʪʳץ ᴅʩʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʫ (ʞʘʣʧʳ ʦʧʪʠʤʫʤʜʘʨסʘ - ʩʠʥʝʨʛʠʷʣʳץ ᴅʩʝʨ), 
ᴅʜʝʪʪʝ, ʢʝʣʽʩʽʣʤʝʛʝʥ ʞײʤʳʩ, ʞײʤʳʩʪʘʨʜʳ ʥʘץʪʳ װʡʣʝʩʪʽʨʫʜʽש ʙʦʣʤʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 
ʩʘʙʘץʪʘʩ ʘʜʘʤʜʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ-ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש 
 .ʩᴅʡʢʝʩ ʢʝʣʤʝʡʜʽ [4,5] (ʘסʞʝʢʝ ʦʧʪʠʤʫʤʜʘʨ) ʛʝʡʽʥʝשʘʞʝʪʪʽ ʜʝץ

ʊʝʭʥʦʣʦʛʠʷ ʤʝʥ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫ, ʪʝʤʽʨʞʦʣ ʩʪʘʥʮʠʷʣʘʨʳʥʜʘ, 
ʪʝʨʤʠʥʘʣʜʘʨʜʘ ʞᴅʥʝ ʧʦʨʪʪʘʨʜʘ ʙʘʩʪʘʧץʳ-ʩʦסשʳ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ 
ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʞװʢ ʘסʳʥʜʘʨʳʥʳש ʪײʨʘץʩʳʟ ᴇʣʰʝʤʜʝʨʽ ʞʘסʜʘʡʳʥʜʘ ʦʩʳ ᴇʥʜʽʨʽʩʪʽʢ 
ʦʙʲʝʢʪʽʣʝʨʜʽש ʨᴇʣʽʥ ᴇʟʛʝʨʪʫ ʣʦʛʠʩʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʤʽʥʜʝʪʪʝʨ ʢʝʰʝʥʽʥ 
ʰʝʰʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. ʃʦʛʠʩʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ ʜʝʛʝʥʽʤʽʟ ʞʘשʘʜʘʥ ײץʨʳʣסʘʥ ʠʥʪʝʛʨʘʮʠʷʣʳץ 
ʣʦʛʠʩʪʠʢʘʣʳץ ʙʘʩץʘʨʫ ʦʨʛʘʥʜʘʨʳʥʳש (ʤʫʣʴʪʠʤʦʜʘʣʴʜʳ ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳץʪʘʨ, 
ʣʦʛʠʩʪʠʢʘʣʳץ ץʘʫʳʤʜʘʩʪʳץʪʘʨ, ʘʡʤʘץʪʳץ ʢᴇʣʽʢ ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʣʝʨʽ, ʢᴇʣʽʢ-
ʣʦʛʠʩʪʠʢʘʣʳץ ʢʝʰʝʥʜʝʨ ʞᴅʥʝ ʪ.ʙ.) ʰʝשʙʝʨʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ʤװʤʢʽʥ ᴅʜʽʩʪʝʨʜʽ 
ʙʽʣʜʽʨʝʜʽ. 

ɹʽʨץʘʪʘʨ ʬʫʥʢʮʠʷʣʘʨ ʘʪʘʣסʘʥ ʙʘʩץʘʨʫ ײץʨʳʣʳʤʜʘʨʳʥʘ ʪᴅʥ ʙʦʣʫʳ ʢʝʨʝʢ. ʄײʥʜʘʡ 
 ,ʳʣʘʫʜʳץʞᴅʥʝ ʞʝʜʝʣ ʙʘ ץʥʝʛʽʟʛʽ ʬʫʥʢʮʠʷʣʘʨʳʥʘ ʩʪʨʘʪʝʛʠʷʣʳ שʨʳʣʳʤʜʘʨʜʳײץ
ʨʝʠʥʞʠʥʠʨʠʥʛ ʥʝʛʽʟʽʥʜʝ ʜʘʤʳʪʫʜʳ, ʪʝʨʤʠʥʘʣʜʳץ ʪʝʭʥʦʣʦʛʠʷ ʥʝʛʽʟʽʥʜʝ ʞʝʪʢʽʟʫ 
ʪʽʟʙʝʢʪʝʨʽʥʽש ʞײʤʳʩ ʽʩʪʝʫʽʥ ʦשʪʘʡʣʘʥʜʳʨʫʜʳ, ʞʘשʘ ʣʦʛʠʩʪʠʢʘʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 
ʝʥʛʽʟʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʞᴅʥʝ ʞײʤʳʩʪʘʨʜʳש ʩʘʧʘʩʳ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ 
ʪʝʭʥʠʢʘʣʳץ ʞʘʨʘץʪʘʥʜʳʨʫ ʤʝʥ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʥʳײ שʪʳʤʜʳ װʡʣʝʩʽʤʽʥ ץʘʤʪʘʤʘʩʳʟ 
ʝʪʝʪʽʥ ʠʥʥʦʚʘʮʠʷʣʘʨʜʳ ʝʥʛʽʟʫʜʽ ʢᴇʟʜʝʡʪʽʥ ʣʦʛʠʩʪʠʢʘʣʳװ ץʡʣʝʩʪʽʨʫ ʤʝʥ ʠʥʪʝʛʨʘʮʠʷ 
ʞʘʪʘʜʳ. 

ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽ ʤʝʥ ʦʥʳש ʙʫʳʥʜʘʨʳʥ ʜʘʤʳʪʫʜʳש ʩʪʨʘʪʝʛʠʷʩʳ ʤʝʥ ʪʘʢʪʠʢʘʩʳʥ 
ʘʥʳץʪʘʡʪʳʥ ʩʘʧʘʣʳ ʙʘʩץʘʨʫ ʰʝʰʽʤʜʝʨʽʥ ץʘʙʳʣʜʘʫ, ʝʛʝʨ ʞʝʪʢʽʟʽʣʽʤ ʪʽʟʙʝʛʽʥ ʙʘʩץʘʨʫ 
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ᴅʜʽʩʪʝʤʝʩʽ ʙʦʣʩʘ סʘʥʘ ʤװʤʢʽʥ ʙʦʣʘʜʳ, ʦʣ ʢᴇʧ ʧʘʨʘʤʝʪʨʣʽʣʽʢʪʽ, ʢᴇʧ ʢʨʠʪʝʨʠʡʣʽʢʪʽ, 
ʙʝʣʛʽʩʽʟʜʽʢʪʽ ʞᴅʥʝ ʙʘʩʪʘʧץʳ ʘץʧʘʨʘʪʪʳש ʙײʣʳסשʳʨʣʳסʳʥ ʝʩʢʝʨʝʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʙʝʣʛʽʣʽ 
ʙʽʨ ʞʝʪʢʽʟʽʣʽʤ ʪʽʟʙʝʛʽ ʢʨʠʪʝʨʠʡʣʝʨʽʥʽש ʝש ʞʘץʩʳ װʡʣʝʩʽʤʽʥ ʽʟʜʝʫ ʧʨʦʮʝʩʽʥ 
ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʆʥʳ ײʡʳʤʜʘʩʪʳʨʫʜʳש ʤᴅʥʽ-ʞʝʪʢʽʟʫ ʧʨʦʮʝʩʽ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽ ʪװʨʽʥʜʝ ײʩʳʥʳʣʘʪʳʥ 
ᴅʜʽʩʪʝʨ ʢʝʰʝʥʽʥ ץʦʣʜʘʥʫ, ʦʥʳײץ שʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽ ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʙʘʨʣʳץ 
ʵʣʝʤʝʥʪʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [6]. 

ʄײʥʜʘʡ ʪʽʟʙʝʢʪʝʨʜʽש ʞײʤʳʩ ʽʩʪʝʫʽʥʽש ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʪʝʨʽ ʢʝʣʝʩʽʜʝʡ: 
- ʪײʞʳʨʳʤʜʘʤʘ ʨʝʪʽʥʜʝ çᴇʪʧʝʣʽè ʞװʢ ʘסʳʥʳʥ ʙʘʩץʘʨʫ, ʷסʥʠ ʦʥʳש ʞװʢ ʞᴇʥʝʣʪʫʰʽʜʝ 

ʧʘʡʜʘ ʙʦʣʫʳʥʘʥ ʞװʢ ʘʣʫʰʳʜʘ ᴇʪʝʣʫʽʥʝ ʜʝʡʽʥ ץʘʙʳʣʜʘʫ; 
- ʥʘץʪʳ ʞװʢ ʠʝʣʝʨʽʥʽש (ʞװʢ ʞᴇʥʝʣʪʫʰʽʣʝʨʜʽש) ʘʨʪʳץʰʳʣʳץ ʢʨʠʪʝʨʠʡʣʝʨʽʥ ʟʝʨʜʝʣʝʫ 

ʥʝʛʽʟʽʥʜʝ ʦʣʘʨסʘ ʞװʢ ʘסʳʥʳʥ ʽʣʛʝʨʽʣʝʪʫʜʽש ᴅʨʪװʨʣʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ײʩʳʥʫ, ʩʦʣ ʘʨץʳʣʳ ᴇʟ 
 ;ʘʣʳʧʪʘʩʪʳʨʫʜʳ ʙʘʩʪʘʫץ ʘʪʳʩʫʳʤʝʥ ʪʽʟʙʝʢʪʝʨʜʽץ

- ʢʣʠʝʥʪʪʝʨʜʽש ʩײʨʘʥʳʩʪʘʨʳʥ ץʘʥʘסʘʪʪʘʥʜʳʨʘ ʘʣʘʪʳʥ ʞʝʪʢʽʟʫ ʪʽʟʙʝʢʪʝʨʽʥʽש ʤװʤʢʽʥ 
ʥײʩץʘʣʘʨʳʥʳש ʞʠʳʥʪʳסʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ, ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳ ʥʘץʪʳ ʪʘʩʳʤʘʣʜʘʫסʘ 
 ;ʤʢʽʥʜʽʛʽװʘ ʤʝʨʟʽʤʜʝ ᴇʟʛʝʨʪʫ ʤץʳʩץ ,ʡʝʥʝ ʦʪʳʨʳʧװʘ ʩסʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨץ

- ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʜʝ ʞװʢʪʝʨʜʽװ שʟʜʽʢʩʽʟ ʢʝʜʝʨʛʽʩʽʟ ᴇʪʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ; 
- ʪʘʩʳʤʘʣʜʘʫ ʧʨʦʮʝʩʽʥʝ ʪʘʨʪʳʣסʘʥ ᴅʨʪװʨʣʽ ʢᴇʣʽʢ ʪװʨʣʝʨʽʥʽץ שʦʣʜʘ ʙʘʨ 

ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʙʘʨʳʥʰʘ ʧʘʡʜʘʣʘʥʫ; 
- ʪʽʟʙʝʢʪʽש ʙʘʨʣʳץ ʙʫʳʥʜʘʨʳʥʜʘסʳ ʙʽʨʳסשʘʡ ʢʦʤʤʝʨʮʠʷʣʳץײץ-ץʳץʪʳץ ʨʝʞʠʤʜʽ 

 ;ʦʣʜʘʥʫץ
 ;ʤᴅʩʝʣʝʣʝʨʜʽ ʢʝʰʝʥʜʽ ʰʝʰʫ ץʘʨʞʳ-ʵʢʦʥʦʤʠʢʘʣʳץ -
- ʪʽʟʙʝʢʪʝʛʽ çʧʨʦʙʣʝʤʘʣʳץ ʦʨʳʥʜʘʨʜʳè ʞʦʶ ʤʘץʩʘʪʳʥʜʘ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ-

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʘʩʧʝʢʪʽʜʝʛʽ ʪʽʟʙʝʢʪʽש ʙʘʨʣʳץ ʙʫʳʥʜʘʨʳʥʳש ʙʽʨʽʢʪʽʨʫ; 
- ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʙʘʨʣʳץ ץʘʪʳʩʫʰʳʣʘʨʳʥʳש ʢʦʦʧʝʨʘʮʠʷʩʳ; 
-ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽ ʙʫʳʥʜʘʨʳʥʳש (ʪʝʨʤʠʥʘʣʜʘʨ, ʢᴇʣʽʢ-ʪʘʨʘʪʫ ʦʨʪʘʣʳץʪʘʨʳ, ʧʦʨʪ 

ʩʪʘʥʮʠʷʣʘʨʳ)ʪʝʭʥʠʢʘʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʙʘʨʳʥʰʘ ʧʘʡʜʘʣʘʥʫ; 
- ʙʽʨʳסשʘʡ ʘץʧʘʨʘʪʪʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ʙʫʳʥʜʘʨ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ; 
- ʢᴇʣʽʢʪʽש ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽʥʽש ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥ ʢʝʰʝʥʜʽ ʜʘʤʳʪʫ. 
ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʜʝ ᴇʥʜʽʨʽʩʪʽ ײʡʳʤʜʘʩʪʳʨʫ ʧʨʦʮʝʩʽʥ ʞʝʪʽʣʜʽʨʫ ʢʝʣʝʩʽ 

ʘʨʪʳץʰʳʣʳץʪʘʨסʘ ʠʝ: 
- ʞᴇʥʝʣʪʫʰʽ-ʘʣʫʰʳʥʳש ʞʘʣʧʳ ʪʽʟʙʝʛʽʥʜʝ ʞװʢʪʽ ʞʳʣʞʳʪʫ ʰʳסʳʥʜʘʨʳʥʳש 

ʪᴇʤʝʥʜʝʫʽ, ᴅʨʪװʨʣʽ ʞװʢʪʝʨʜʽ ʞʝʪʢʽʟʫ ʰʳסʳʥʜʘʨʳʥʳש ʳץʪʠʤʘʣ ץʳʩץʘʨʫʳ; 
- ʪʽʟʙʝʢʪʽש ʫʘץʳʪʰʘ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʪᴇʤʝʥʜʝʪʫ ʝʩʝʙʽʥʝʥ ʞװʢʪʽ ʞʝʪʢʽʟʫ ʤʝʨʟʽʤʽʥ 

 ;ʘʨʪʫץʳʩץ
- ʞװʢ ʘʡʥʘʣʳʤʳʥʳש ʞʘʣʧʳ ʢᴇʣʝʤʽʥʽש ᴇʩʫʽ; 
- ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥʘ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʪʽʥ ʩʘʫʜʘ ʘʡʤʘץʪʘʨʳʥʘ ʢʽʨʝʙʝʨʽʩʪʝʨʜʝ ʢᴇʣʽʢ 

ʘסʳʥʜʘʨʳʥʳש ʰʦסʳʨʣʘʥʫʳʥ ʪᴇʤʝʥʜʝʪʫ; 
- ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥ ײʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫ (ʦʣʘʨʜʳ ʦשʪʘʡʣʳ ʪʠʝʫ, ʙʦʩ ʞװʛʽʨʽʩʪʝʨʜʽ 

 .ʪʘʫץʳʪʪʘʨʳʥ ʘʥʳסʪʘʡʣʳ ʙʘשʦ שʘʨʪʫ), ʪʘʩʳʤʘʣʜʘʫʜʳץʳʩץ
ʆʩʳ ʝʨʝʞʝʣʝʨʛʝ ʩᴅʡʢʝʩ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ʙʘʩץʘʨʫ ʞᴅʥʝ ʞײʤʳʩ ʽʩʪʝʫ ʧʨʦʮʝʩʽʥ 

ʦשʪʘʡʣʘʥʜʳʨʫ ʙʝʣʛʽʣʽ ʙʽʨ ʨʝʪʧʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ʢʝʨʝʢ [7,8]: 
1.ʃʦʛʠʩʪʠʢʘ ʥʝʛʽʟʽʥʜʝ ʪʽʟʙʝʢ ʥײʩץʘʩʳʥ ʥʝʛʽʟʜʝʫʜʽש ʤʘץʩʘʪʪʘʨʳ ʤʝʥ ʤʽʥʜʝʪʪʝʨʽʥ 

ʪײʞʳʨʳʤʜʘʫ - ʪײʪʳʥʫʰʳʣʘʨʜʳש ʪʘʣʘʧʪʘʨʳ ʪʫʨʘʣʳ ʤʘʨʢʝʪʠʥʛʪʽʢ ʪʘʣʜʘʫ. 
2.ɾװʢ ʠʝʣʝʨʽʥʽש ʪʘʣʘʧʪʘʨʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʞʘʣʧʳʣʘʥסʘʥ 

ʤʦʜʝʣʽʥ ײץʨʫ. 
3.ɾװʢ ʠʝʣʝʨʽʥʽש ʪʘʣʘʧʪʘʨʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʪʽʟʙʝʢʪʽש ʢᴇʧʪʝʛʝʥ ʥײʩץʘʣʘʨʳʥ ᴅʟʽʨʣʝʫ. 
4.ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʙʫʳʥʜʘʨʳʥʳש ʪʽʟʙʝʩʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ ʥʝʛʽʟʜʝʫ. 
5.ʊʽʟʙʝʢʪʽש ᴅʨ ʙʘʡʣʘʥʳʩʳʥ ʦשʪʘʡʣʳʣʳץ ʢʨʠʪʝʨʠʡʣʝʨʽ ʙʦʡʳʥʰʘ ʩʠʧʘʪʪʘʫ. 
6.ɾװʡʝʣʽʢ ʪᴅʩʽʣ ʪײʨסʳʩʳʥʘʥ ʪʽʟʙʝʢ ʙʫʳʥʜʘʨʳʥʳש ʦשʪʘʡʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ 

ʧʨʠʥʮʠʧʪʝʨʽʥ ʥʝʛʽʟʜʝʫ. 
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7.ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʤʦʜʝʣʽʥ ײץʨʫ. 
8.ɾʝʢʝʣʝʛʝʥ ʙʫʳʥʜʘʨ ʤʝʥ ʪײʪʘʩʪʘʡ ʘʣסʘʥʜʘ ʪʽʟʙʝʢʪʽש ʤװʜʜʝʣʝʨʽʥʽש ʝש ʞʘץʩʳ 

 .ʪʘʡʣʘʥʜʳʨʫ ʘʣʛʦʨʠʪʤʽʥ ᴅʟʽʨʣʝʫשʳʩʳʥʘʥ ʦסʨײʘʤʪʘʤʘʩʳʟ ʝʪʫ ʪץ ʡʣʝʩʽʤʽʥװ
9.ʅײʩץʘʣʘʨʜʳ ʩʘʣʳʩʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʦשʪʘʡʣʘʥʜʳʨʫ ʝʩʝʧʪʝʫʣʝʨʽʥ ʞװʨʛʽʟʫ. 
10.ʆשʪʘʡʣʘʥʜʳʨʫ ʝʩʝʧʪʝʫʣʝʨʽʥʽש ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʫ. 
11.ɽש ʞʘץʩʳ ʥײʩץʘʥʳ ʪʘשʜʘʫ.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

1 ʩʫʨʝʪ - ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ʙʘʩץʘʨʫ ʧʨʦʮʝʩʽʥʽש ʘʣʛʦʨʠʪʤʽ 
 

ʄʦʜʝʣʴʜʽ ײץʨʫ ʢʝʟʽʥʜʝ ʢʝʣʝʩʽ ʪʘʣʘʧʪʘʨʜʳ ʝʩʢʝʨʫ ץʘʞʝʪ: 

- ʞװʡʝʣʽʢ ʪᴅʩʽʣ ʥʝʛʽʟʽʥʜʝ ʞʝʪʢʽʟʫ ʪʽʟʙʝʢʪʝʨʽʥʽש ʞײʤʳʩ ʽʩʪʝʫʽʥʝʥ ʩʠʥʝʨʛʠʷʣʳץ ᴅʩʝʨʜʽ 

 ;ʘʤʪʘʤʘʩʳʟ ʝʪʫʽץ

- ʞʝʪʢʽʟʫ ʪʽʟʙʝʢʪʝʨʽʥʽש ʪײʨʘץʪʳʣʳסʳʥ ʩʘץʪʘʫ ʞᴅʥʝ ʩʳʨʪץʳ ʞʘסʜʘʡʣʘʨסʘ ʙʝʡʽʤʜʝʣʫʽ; 

 - ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽ ʙʫʳʥʜʘʨʳʥʳש ʦשʪʘʡʣʳ ᴇʟʘʨʘ ʽʩ-ץʠʤʳʣʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ; 

- ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʢᴇʧʪʝʛʝʥ ʦשʪʘʡʣʳʣʳץ ʢʨʠʪʝʨʠʡʣʝʨʽʥʽש 

ʙʦʣʫʳ. 
 

ʅᴅʪʠʞʝʣʝʨ ʞᴅʥʝ ʪʘʣץʳʣʘʫ. 

 ʤᴅʥʽ שʤʦʜʝʣʴʜʽ ץʤʘʪʝʤʘʪʠʢʘʣʳ-ץʘʥ ʵʢʦʥʦʤʠʢʘʣʳסʘʥ ʞʘʣʧʳʣʘʥסʩʳʥrʣױ

ʤʘʢʩʠʤʘʣʜʳ ʪʠʽʤʜʽʣʽʢʢʝ ʞʝʪʫ װʰʽʥ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʙʫʳʥʜʘʨʳ ʘʨʘʩʳʥʜʘ ʞװʢ ʢᴇʣʝʤʽʥ 

5. ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʞʘʣʧʳʣʘʥסʘʥ ʵʢʦʥʦʤʠʢʘʣʳץ-ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʽʥ ײץʨʫ 

 

1. ʊʘʧʩʳʨʳʩ ʙʝʨʫʰʽʥʽש ʞװʢʪʝʨʜʽ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʥײʩץʘʩʳʥ ʪʘשʜʘʫ ʪʘʣʘʧʪʘʨʳʥ 

 ʘʣʳʧʪʘʩʪʳʨʫץ

2. ɹᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʥײʩץʘʣʘʨʳʥ ᴅʟʽʨʣʝʫ 

 ʘʣʘʨʳʥ ᴅʟʽʨʣʝʫץʩײʢᴇʧʪʝʛʝʥ ʥ שʘʪʳʩʫʰʳʣʘʨʜʳ ʪʽʟʙʝʢʢʝ ʪʘʨʪʫʜʳפ .4

6. ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʞʝʢʝʣʝʛʝʥ ʙʫʳʥʜʘʨʳʥʳש ʤʦʜʝʣʴʜʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ 

7. ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʘʣʛʦʨʠʪʤʽʥ ᴅʟʽʨʣʝʫ 

3. ɹᴅʩʝʢʝʣʝʩʪʽʢ ʞʝʪʢʽʟʫ ʪʽʟʙʝʢʪʝʨʽʥʽש ʙʫʳʥʜʘʨʳʥʳײץ שʨʳʣʳʤʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ 

ʩʠʧʘʪʪʘʫ 

8. ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ʩʘʣʳʩʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʦשʪʘʡʣʘʥʜʳʨʫ ʝʩʝʧʪʝʫʣʝʨʽʥ ʞװʨʛʽʟʫ 

9. ʊʘʧʩʳʨʳʩ ʙʝʨʫʰʽʥʽש ʪʘʣʘʧʪʘʨʳ ʥʝʛʽʟʽʥʜʝ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ײʡʳʤʜʘʩʪʳʨʫ ʦʧʮʠʷʩʳʥ 

ʪʘשʜʘʫ 

10. ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʦשʪʘʡʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʤʦʜʝʣʽʥ ײץʨʫ 

11. ʊʘשʜʘʣסʘʥ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʞײʤʳʩʳʥʳש ᴅʩʝʨʽʥ ʝʩʝʧʪʝʫ 
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ʦשʪʘʡʣʳ ʙᴇʣʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾװʢ ʘסʳʥʳʥ ʨʘʮʠʦʥʘʣʠʟʘʮʠʷʣʘʫ ʞᴅʥʝ ʦשʪʘʡʣʘʥʜʳʨʫ 

ʢʝʟʽʥʜʝʛʽ ʤʘʢʩʠʤʘʣʜʳ ᴅʩʝʨʜʽ ʦʥʳ ʙװʢʽʣ ʪʽʟʙʝʢʪʝ ʦשʪʘʡʣʘʥʜʳʨʫ ʘʨץʳʣʳ סʘʥʘ ʘʣʫסʘ ʙʦʣʘʜʳ. 

ʄײʥʜʘʡ ʪʽʟʙʝʢʪʽש ʙʘʨʣʳץ ʙʫʳʥʜʘʨʳ ʙʽʨʪײʪʘʩ ʤʝʭʘʥʠʟʤ ʨʝʪʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʫʽ ʢʝʨʝʢ. 

 ʨʘʤʳʥʘײץ שʪʘʡʣʘʥʜʳʨʫ ʦʙʲʝʢʪʽʣʝʨʽʥʽשʘʥ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ʦסʘʨʘʣʳʧ ʦʪʳʨפ

ʪʘʩʳʤʘʣʜʘʥʘʪʳʥ ᴇʥʽʤʜʽ ʞʝʪʢʽʟʫʰʽʣʝʨ (ᴇʥʜʽʨʫʰʽʣʝʨ) ʞᴅʥʝ ʪײʪʳʥʫʰʳʣʘʨ (ʩʘʪʳʧ 

ʘʣʫʰʳʣʘʨ), ʞװʢʪʽ ʞʝʪʢʽʟʫʛʝ ץʘʪʳʩʘʪʳʥ ʢᴇʣʽʢ ʪװʨʣʝʨʽ, ʪʘʩʳʤʘʣʜʘʨʜʳ ʪʠʝʫ ʧʫʥʢʪʪʝʨʽ ʤʝʥ 

ʢʝʜʝʥʜʽʢ ʨʝʩʽʤʜʝʫ ʧʫʥʢʪʪʝʨʽ, ץʘʡʪʘ ʪʠʝʫ ײץʨʘʣʜʘʨʳ, ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽ ʙʫʳʥʜʘʨʳʥʳש ᴇʪʢʽʟʫ 

ʞᴅʥʝ ᴇשʜʝʫ ץʘʙʽʣʝʪʪʝʨʽ ʞᴅʥʝ ʪ. ʙ. 

ʄʽʥʜʝʪ - ᴅʨʙʽʨ ʩʽʣʪʝʤʝʥʽש ʦשʪʘʡʣʳʣʳץ ʢʨʠʪʝʨʠʡʣʝʨʽʥʽש ʝש ʞʘץʩʳ װʡʣʝʩʽʤʽʥ 

 ʨʜʝװʣʢʝʡʪʽʣʛʝʥ ʪת .ʤᴅʥʜʝʨʽʥ ʪʘʙʫ שʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞʘʣʧʳ ʪʽʟʙʝʢ ʢʨʠʪʝʨʠʡʣʝʨʽʥʽץ

ʩʳʨʪץʳ ʩʘʫʜʘ ʞװʢʪʝʨʽʥ ʞʝʪʢʽʟʫʜʽש ʦשʪʘʡʣʳ ʪʽʟʙʝʛʽʥ ײץʨʫ ʤʽʥʜʝʪʽ ʢʝʣʝʩʽʜʝʡ 

ʪײʞʳʨʳʤʜʘʣסʘʥ. 

ɾװʢ ʞᴇʥʝʣʪʫʰʽ ץʘʣʳʧʪʘʩʪʳʨסʘʥ ᴇʪʽʥʽʤʜʝ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫסʘ ץʦʡʳʣʘʪʳʥ 

ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨ ʤʝʥ ʪʘʣʘʧʪʘʨ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɼʝʨʝʢʪʝʨ ʙʘʟʘʩʳʥʜʘ ʞװʢ ʞᴇʥʝʣʪʫʰʽʣʝʨ, ʞװʢ ʘʣʫʰʳʣʘʨ, ʪʘʩʳʤʘʣʜʘʫ ʙʦʡʳʥʰʘ 

ʩʝʨʽʢʪʝʩʪʝʨ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ, ʩʦʥʳש ʽʰʽʥʜʝ ʪʠʽʩʪʽ ʙʫʳʥ ʙʦʡʳʥʰʘ ʞװʢʪʝʨʜʽ ץʘʡʪʘ ᴇשʜʝʫ ʤʝʥ 

ʞʳʣʞʳʪʫʜʳש ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ, ʩʦʥʜʘʡ-ʘץ ʫʘץʳʪ ʞᴅʥʝ ײץʥ 

ʰʳסʳʥʜʘʨʳ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʙʘʨ. 

ᴆʪʽʥʽʤʜʝ ʨʝʛʣʘʤʝʥʪʪʝʣʛʝʥ ʙʘʨʣʳץ ʪʘʣʘʧʪʘʨʜʳש ʦʨʳʥʜʘʣʫʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 

ʞװʢʪʝʨʜʽ ʞװʢ ʞᴇʥʝʣʪʫʰʽʜʝʥ ʞװʢ ʘʣʫʰʳסʘ ʜʝʡʽʥ ʞʳʣʞʳʪʫ װʰʽʥ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ (ʥʝʤʝʩʝ 

ʙᴅʩʝʢʝʣʝʩʪʽʢ ʪʽʟʙʝʢʪʝʨ ʞʠʳʥʪʳסʳʥ) ץʘʣʳʧʪʘʩʪʳʨʫ ʪʘʣʘʧ ʝʪʽʣʝʜʽ. 

ʊʘʧʩʳʨʳʩ ʙʝʨʫʰʽʣʝʨ ʩʪʨʘʪʝʛʠʷʣʳץ ʞʦʩʧʘʨʜʳ ʘʣʜʳʥ ʘʣʘ ʢʝʣʽʩʫ ʥᴅʪʠʞʝʣʝʨʽ 

ʙʦʡʳʥʰʘ ץʘʣʳʧʪʘʩʪʳʨʳʣסʘʥ ʪʘʩʳʤʘʣʜʘʫ ʙʦʡʳʥʰʘ ʤʳʥʘʜʘʡ ʪʘʣʘʧʪʘʨʜʳ ʙʝʣʛʽʣʝʫʽ ʤװʤʢʽʥ. 

ɹײʣ ʪʘʣʘʧʪʘʨ ʰʝʢʪʽ ʢʨʠʪʝʨʠʡʣʝʨ ʨʝʪʽʥʜʝ ᴅʨʝʢʝʪ ʝʪʝʜʽ: 

 

 ,                                                          (1) 

 

ʤײʥʜʘ  - ᴇʪʽʥʽʤʤʝʥ ʨʝʪʪʝʣʝʪʽʥ ʞʝʪʢʽʟʫ ʤʝʨʟʽʤʽ, ʢװʥ.; 

- ʪʘʩʳʤʘʣʜʘʫʜʳש ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʝש ʞʦסʘʨʳ ײץʥʳ, ʪʛ; 

- ʢᴇʨʩʝʪʽʣʝʪʽʥ ץʳʟʤʝʪʪʝʨ ʩʘʧʘʩʳʥʳש ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʜʝשʛʝʡʽ. 

ʊʘʧʩʳʨʳʩ ʙʝʨʫʰʽʣʝʨʜʽש ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʞʝʪʢʽʟʫ ʪʽʟʙʝʢʪʝʨʽʥʽש ʙʽʨ 

ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ ʥײʩץʘʣʘʨʳʥ ײץʨʫ װʰʽʥ ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫסʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨʜʳ, 

ʷסʥʠ ʦʩʳ ʪʘʣʘʧʪʘʨʜʳ ץʘʤʪʠʪʳʥ ᴇʪʽʥʽʤ ײץʨʳʣʳʤʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ץʘʞʝʪ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʢʣʠʝʥʪʪʝʥ ʘʣʜʳʥ-ʘʣʘ ʥʘץʪʳ ʞʘʫʘʧʪʘʨʜʳ ʪʘʣʘʧ ʝʪʧʝʡʪʽʥ ᴇʪʽʥʽʤʜʽ ץʘʣʳʧʪʘʩʪʳʨʫ ʤʝʭʘʥʠʟʤʽʥ 

ʤװʤʢʽʥʜʽʛʽʥʰʝ ʠʢʝʤʜʽ ʝʪʫ ץʘʞʝʪ. ʄײʥʜʘʡ ײץʨʳʣʳʤ ʞװʢ ʞᴇʥʝʣʪʫʰʽʥʽש ʪʘʣʘʧʪʘʨʳʥʘ ʞʘʫʘʧ 

ʙʝʨʝʪʽʥ ʞװʢʪʝʨʜʽ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ץʘʞʝʪʪʽ ʜʝʨʝʢʪʝʨʜʽ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ɾװʢʪʽ ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ᴇʪʽʥʽʤʥʽש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽ 1-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

1 ʢʝʩʪʝ -  ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʥײʩץʘʣʘʨʳʥ ᴅʟʽʨʣʝʫʛʝ ʘʨʥʘʣסʘʥ ʥʝʛʽʟʛʽ ʪʘʧʩʳʨʳʩ 

ʧʘʨʘʤʝʪʨʣʝʨʽ 

 

ˉ ʧ/ʧ ʊʘʧʩʳʨʳʩ ʧʘʨʘʤʝʪʨʽ פʘʣʳʧʪʘʩʪʳʨʫ ʪᴅʨʪʽʙʽ 

1 2 3 

1. ɾᴇʥʝʣʪʽʣʝʪʽʥ 

ʞװʢʪʽש ʢᴇʣʝʤʽ 

ɾᴇʥʝʣʪʽʣʝʪʽʥ ʞװʢʪʽש ʢᴇʣʝʤʽ ʪʦʥʥʘʤʝʥ ʤʽʥʜʝʪʪʽ ʪװʨʜʝ 

ʢᴇʨʩʝʪʽʣʝʜʽ. 

ɽʛʝʨ ʞװʢʪʽ ʞᴇʥʝʣʪʫ ʞʝʢʝ ʥʝʤʝʩʝ ʞʘʣסʘ ʘʣʳʥסʘʥ ʚʘʛʦʥʜʘʨʜʘ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʩʘ, ʦʥʜʘ ʢʣʠʝʥʪʢʝ ʚʘʛʦʥʜʘʨʜʳש ʩʘʥʳʥ ʜʘ 

ʢᴇʨʩʝʪʫ ץʘʞʝʪ. ɽʛʝʨ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʥʳץ שʘʞʝʪʪʽ ʪװʨʽ 

ʢᴇʨʩʝʪʽʣʤʝʩʝ, ʪʘשʜʘʫ ʚʘʛʦʥʜʘʨʜʳש ʙʦʣʫʳʥʘ ʞᴅʥʝ 

ʩʪʘʪʠʢʘʣʳץ ʞװʢʪʝʤʝʛʝ ʙʘʡʣʘʥʳʩʪʳ ʞʘʩʘʣʘʜʳ. 
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2. ʊʠʝʫ ʢʝʟʝשʽ (ʞװʢʪʽ 

ʪʘʩʳʤʘʣʜʘʫסʘ 

 (ʩʳʥʫײ

ʊʘʧʩʳʨʳʩʪʳ ץʘʣʳʧʪʘʩʪʳʨʫ ʢʝʟʽʥʜʝ ʢװʥʪʽʟʙʝʣʽʢ ʩʘʥʜʘʨ 

ʙʦʡʳʥʰʘ ʪʠʝʫ ʢװʥʜʝʨʽʥ ʢᴇʨʩʝʪʫ ץʘʞʝʪ, ᴇʡʪʢʝʥʽ ʞʝʪʢʽʟʫ 

ʪʽʟʙʝʛʽʥʽש ʩʽʣʪʝʤʝʣʝʨʽʥ ʪʘשʜʘʫ ʦʩʳסʘʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ 

(ʙʫrʥסʘ ʞװʢʪʽש ʪװʩʫ ʢʝʩʪʝʩʽ ʙʫʳʥʥʳש ʞײʤʳʩ ʢʝʩʪʝʩʽʤʝʥ 

ʩʘʣʳʩʪʳʨʳʣʘʜʳ). 

3. ɾװʢ ʪװʨʽ ɾװʢʪʽש ʪװʨʽ ʢᴇʨʩʝʪʽʣʝʜʽ. 

4. ɾᴇʥʝʣʪʫ ʧʫʥʢʪʽ ɾᴇʥʝʣʪʫ ʧʫʥʢʪʽ ʨʝʪʽʥʜʝ ʞװʢ ʞᴇʥʝʣʪʫʰʽ - ʢᴅʩʽʧʦʨʳʥ 

(ʢʦʤʧʘʥʠʷ); ʞᴇʥʝʣʪʫ (ʞװʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫסʘ ץʘʙʳʣʜʘʫ) 

ʩʪʘʥʮʠʷʩʳ; ʞװʢʪʽ ʪʘʩʳʤʘʣʜʘʫסʘ ץʘʙʳʣʜʘʫ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʪʳʥ ʦʨʪʘץ ʞᴅʥʝ ʞʘʣʧʳ ʧʘʡʜʘʣʘʥʫʜʘסʳ ʦʨʳʥʜʘʨ 

ʢᴇʨʩʝʪʽʣʝʜʽ. 

5. ɾʝʪʢʽʟʫ ʧʫʥʢʪʽ ʄʝʞʝʣʽ ʧʫʥʢʪʪʝʨ ʨʝʪʽʥʜʝ ʥʝ ʞװʢ ʘסʳʥʳʥ ᴇʪʝʫ ʧʫʥʢʪʪʝʨʽ, ʥʝ 

ʢᴇʣʽʢ ʪװʨʣʝʨʽ ʤʝʥ ʪʘʩʳʤʘʣʜʘʫ ᴅʨʽʧʪʝʩʪʝʨʽ ʘʨʘʩʳʥʜʘסʳ ᴇʪʫ 

ʪʦʨʘʧʪʘʨʳ ʢᴇʨʩʝʪʽʣʫʛʝ ʪʠʽʩ. ɽʛʝʨ ʞװʢ ʘסʳʥʳʥ ᴇʪʝʫ ʧʫʥʢʪʽ 

ʪʘʩʳʤʘʣʜʘʫʜʳש ʤʝʞʝʣʽ ʧʫʥʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʩʘ ʞᴅʥʝ ʦʣ 

ʢᴇʨʩʝʪʽʣʩʝ, ᴇʪʧʝʣʽ ʪʦʨʘʧʪʘʨ ץʦʩʳʤʰʘ ʢᴇʨʩʝʪʽʣʫʽ ʤװʤʢʽʥ 

ʞᴅʥʝ ʪʽʟʙʝʢʪʽש ʤʽʥʜʝʪʪʽ ʘʨʘʣʳץ ʙʫʳʥʜʘʨʳ ʨʝʪʽʥʜʝ 

 ʙʘʨʘʪʳʥ שʘʨʘʣʘʪʳʥ ʙʦʣʘʜʳ. ᴆʪʫ ʪʦʨʘʙʳ ʜʘ ʪʘʩʳʤʘʣʜʘʫʜʳץ

ʦʨʥʳ ʙʦʣʫʳ ʤװʤʢʽʥ. 

 

ɾʦʙʘʣʘʥסʘʥ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʥʝʛʽʟʽ ʨʝʪʽʥʜʝ ʪʽʟʙʝʢ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʩʽʣʪʝʤʝʣʝʨ 

ʞʠʳʥʪʳסʳʥ ʩʠʧʘʪʪʘʡʪʳʥ ʙײʨʳʥ ץʘʨʘʩʪʳʨʳʣסʘʥ ײץʨʳʣʳʤʜʳץ ʩʭʝʤʘ ץʘʙʳʣʜʘʥʘʜʳ [9-10]. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʤʦʜʝʣʽ ʢʝʣʝʩʽ ʪװʨʛʝ ʠʝ: 

 

 ,                                                    (2) 

 

 .                                 (3) 

 

ʄײʥʜʘסʳ - ʞװʢ ʠʝʣʝʨʽʥʽש ʪʘʣʘʧʪʘʨʳ ʥʝʛʽʟʽʥʜʝ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ 

ʤʦʜʝʣʽ; 

- ʰʝʢʪʝʫʣʽ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʙʘʨ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽ ʙʫʳʥʜʘʨʳʥʳש ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫ ʤʦʜʝʣʽ; 

,- ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʜʝ ʞװʢʪʽ ʞʳʣʞʳʪʫסʘ ʘʨʥʘʣסʘʥ ʞʠʳʥʪʳץ ʰʳסʳʥʜʘʨ, ʪʛ; 

 - ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʜʝ ʞװʢʪʽש ʙʦʣʫ ײʟʘץʪʳסʳ, ʢװʥ; 

 - ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʜʝʛʽ ץʳʟʤʝʪʪʝʨʜʽ ײʩʳʥʫ ʩʘʧʘʩʳ; 

, - - ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʩʝʥʽʤʜʽʣʽʢ ʢʨʠʪʝʨʠʡʽ; 

 - ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽװ שʟʜʽʢʩʽʟʜʽʛʽ ʢʨʠʪʝʨʠʡʽ. 

ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʤʦʜʝʣʽ ʞʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ Z ʞװʢ ʠʝʣʝʨʽʥʽש 

ʪʘʣʘʧʪʘʨʳʤʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥ ʙʘʡʣʘʥʳʩʪʘʨʜʳש ʦשʪʘʡʣʳ ʢʦʤʙʠʥʘʮʠʷʩʳʥ ʪʘשʜʘʫ ʤʘץʩʘʪʳʥʜʘ 

ʞʘʩʘʣʘʜʳ. ɹײʣ ʤʦʜʝʣʴ ץʦʩʳʤʰʘ ʢʨʠʪʝʨʠʡʣʝʨʜʽ ʝʥʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʷסʥʠ ʘʰʳץ. 

 

 .ʦʨʳʪʳʥʜʳפ

ʆʩʳʣʘʡʰʘ, ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʞʘʣʧʳʣʘʥסʘʥ ʵʢʦʥʦʤʠʢʘʣʳץ-ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʽ 

ʢᴇʣʽʢ ץʳʟʤʝʪʪʝʨʽʥ ʪײʪʳʥʫʰʳʣʘʨʜʳש ʪʘʣʘʧʪʘʨʳ ʤʝʥ ʙʘʡʣʘʥʳʩʪʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ 

ʤʦʜʝʣʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʤʦʜʝʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɾʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ʙʘʩץʘʨʫ ᴅʜʽʩʪʝʤʝʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽ ʢʝʧʽʣʜʝʥʜʽʨʽʣʛʝʥ ʥᴅʪʠʞʝ ʘʣʫʤʝʥ 

ʩʠʧʘʪʪʘʣʘʪʳʥʳ ʘʥʳץ (ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥʽש ʙʘʨʣʳץ ץʘʪʳʩʫʰʳʣʘʨʳ װʰʽʥ ʞʠʳʥʪʳץ ᴅʩʝʨ). ɹײʣ 

ʞʘסʜʘʡʜʘ ʰʝʰʫ ʙʘʨʳʩʳʥʜʘ ʪʽʟʙʝʢʪʽש ʞʝʢʝʣʝʛʝʥ ʙʫʳʥʜʘʨʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʩʠʧʘʪʪʘʡʪʳʥ 
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ʦשʪʘʡʣʳʣʳץ ʢʨʠʪʝʨʠʡʣʝʨʽʥ ʜʝ, ʪײʪʘʩʪʘʡ ʘʣסʘʥʜʘ ʪʽʟʙʝʢʪʽץ שʳʟʤʝʪʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʙʽʨʳסשʘʡ 

ʢʨʠʪʝʨʠʡʜʽ ʜʝ ʝʩʝʧʢʝ ʘʣʫ ʤװʤʢʽʥʜʽʛʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜ .r 
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ASPECTS OF THE FORMATION OF SUPPLY CHAINS IN THE INTERACTION OF 

MODES OF TRANSPORT 
 

Abstract. The article presents the features of the transport and logistics system 

functioning as an integral system, justifies the need for the use of logistics methods in the 

organization of cargo supply chains.  

The formation of effective supply chain management systems is a necessary component 

of the transportation organization strategy, which cannot be implemented without the application 

of a logistics approach to the activities of transport subjects. When delivering goods with the 

participation of several modes of transport, the achievement of the maximum cumulative effect, 

as a rule, does not correspond to the required level of technical, operational and economic 

indicators of the chain participants due to uncoordinated work, lack of clear coordination of 

work. This determines the need to develop a methodology for the formation and selection of 

cargo supply chains.  

The article presents the main order parameters for the development of supply chain 

options, a generalized mathematical model of the supply chain has been developed, which is an 

algorithm for choosing the optimal option for the interaction of supply chain links based on 

customer requirements, taking into account the rational use of vehicles and determining optimal 

transportation routes. 

 

Keywords.  Supply chain, information support, management, economic and 

mathematical model. 
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ɸʉʇɽʂʊʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ʎɽʇɽʁ ʇʆʉʊɸɺʆʂ ʇʈʀ ɺɿɸʀʄʆɼɽʁʉʊɺʀʀ 

ɺʀɼʆɺ ʊʈɸʅʉʇʆʈʊɸ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʢʘʢ ʮʝʣʦʩʪʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʮʝʧʝʡ ʧʦʩʪʘʚʦʢ ʛʨʫʟʦʚ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʪʨʘʪʝʛʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ, ʢʦʪʦʨʳʡ ʥʝʚʦʟʤʦʞʥʦ 
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ʨʝʘʣʠʟʦʚʘʪʴ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʫʙʴʝʢʪʦʚ. ʇʨʠ ʜʦʩʪʘʚʢʝ ʛʨʫʟʦʚ ʩ ʫʯʘʩʪʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ ʜʦʩʪʠʞʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʚʦʢʫʧʥʦʛʦ ʵʬʬʝʢʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʤʫ 

ʫʨʦʚʥʶ ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʫʯʘʩʪʥʠʢʦʚ ʮʝʧʠ ʠʟ-ʟʘ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʡ ʨʘʙʦʪʳ, ʦʪʩʫʪʩʪʚʠʷ ʯʝʪʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʨʘʙʦʪ. 

ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʮʝʧʝʡ 

ʧʦʩʪʘʚʦʢ ʛʨʫʟʦʚ.  

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʢʘʟʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʘʨʠʘʥʪʦʚ ʮʝʧʠ 

ʧʦʩʪʘʚʦʢ, ʨʘʟʨʘʙʦʪʘʥʘ ʦʙʦʙʱʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʮʝʧʠ ʧʦʩʪʘʚʦʢ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʚʝʥʴʝʚ 

ʮʝʧʠ ʧʦʩʪʘʚʦʢ ʥʘ ʦʩʥʦʚʝ ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʘʟʯʠʢʘ ʩ ʫʯʝʪʦʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʧʝʨʝʚʦʟʦʢ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʎʝʧʴ ʧʦʩʪʘʚʦʢ, ʫʧʨʘʚʣʝʥʠʝ, ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʟʚʝʥʴʷ ʮʝʧʠ ʧʦʩʪʘʚʦʢ, ʦʧʪʠʤʠʟʘʮʠʷ. 
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ɸʅɸʃʀɿ ʀ ʇʈʀʄɽʈʓ ʆʇʊʀʄɸʃʔʅʓʍ ʂʈʀʇʊʆɻʈɸʌʀʏɽʉʂʀʍ S-ɹʃʆʂʆɺ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʫ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ S-ʙʣʦʢʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ S-ʙʣʦʢʦʚ ʠ ʠʭ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʠʭ ʛʝʥʝʨʘʮʠʠ. ʇʨʠʚʝʜʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʨʠʤʝʨʳ 

S-ʙʣʦʢʦʚ. ɼʣʷ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ S-ʙʣʦʢʦʚ ʚʳʙʨʘʥ ʥʦʚʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ S-ʙʣʦʢʦʚ, ʥʘʧʠʩʘʥʥʳʡ ʥʘ ʷʟʳʢʝ Python3. 

ɺʦʟʤʦʞʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʦʭʚʘʪʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ S-ʙʣʦʢʦʚ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʦʧʪʠʤʘʣʴʥʳʭ 8-ʙʠʪʥʳʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ S-ʙʣʦʢʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʥʦʚʳʭ ʦʧʪʠʤʘʣʴʥʳʭ S-ʙʣʦʢʦʚ. ʊʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʠʟʘ ʫʞʝ 

ʠʟʚʝʩʪʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ S-ʙʣʦʢʦʚ. ɻʝʥʝʨʘʮʠʷ ʥʦʚʳʭ S-ʙʣʦʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʛʠʙʢʦ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʠ ʟʘʜʘʚʘʝʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ S-ʙʣʦʢʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʦʙʣʘʜʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʤʠ ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʢʨʠʧʪʦʛʨʘʬʠʷ, 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ S-ʙʣʦʢʠ, ʪʘʙʣʠʮʳ ʟʘʤʝʥ.  

 

ɺʚʝʜʝʥʠʝ.  

ʉʠʤʤʝʪʨʠʯʥʳʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʪʘʢʠʝ ʢʘʢ ʙʣʦʯʥʳʝ ʰʠʬʨʳ ʠ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʭʝʰ-ʬʫʥʢʮʠʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʣʠʥʝʡʥʳʤʠ. ɽʜʠʥʩʪʚʝʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʜʣʷ ʤʥʦʛʠʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʶʪʩʷ S-ʙʣʦʢʠ. S-ʙʣʦʢʠ ʷʚʣʷʶʪʩʷ 

ʦʪʦʙʨʘʞʝʥʠʷʤʠ, ʩʦʧʦʩʪʘʚʣʷʶʱʠʤʠ ʢʘʞʜʦʤʫ ʙʠʪʦʚʦʤʫ ʩʣʦʚʫ ʜʣʠʥʳ n ʥʝʢʦʪʦʨʦʝ ʙʠʪʦʚʦʝ 

ʩʣʦʚʦ ʜʣʠʥʳ m. S-ʙʣʦʢʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʠʭ ʩʪʦʡʢʦʩʪʴ ʧʨʦʪʠʚ ʨʷʜʘ ʠʟʚʝʩʪʥʳʭ 

ʢʨʠʧʪʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʘʪʘʢ ʪʘʢʠʭ, ʢʘʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ [1] ʠ ʣʠʥʝʡʥʳʡ ʢʨʠʧʪʦʘʥʘʣʠʟ 

[2].  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʩʪʦʡʢʦʩʪʠ S-ʙʣʦʢʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʨʷʜʦʤ 

ʩʚʦʡʩʪʚ. ʅʘʧʨʠʤʝʨ, ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʨʘʚʥʦʤʝʨʥʦʩʪʠ [3] S-ʙʣʦʢʦʚ 

ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʨʦʪʠʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʘʪʘʢ, ʘ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʥʝʣʠʥʝʡʥʦʩʪʠ [4] S-ʙʣʦʢʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʨʦʪʠʚ ʣʠʥʝʡʥʳʭ ʘʪʘʢ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʦʧʨʝʜʝʣʝʥʥʳʝ 

S-ʙʣʦʢʠ, ʦʙʳʯʥʦ ʩʦʩʨʝʜʦʪʘʯʠʚʘʶʪʩʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ ʠʭ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʕʪʠ ʩʚʦʡʩʪʚʘ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʮʝʥʢʝ ʩʧʦʩʦʙʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʧʨʦʪʠʚʦʩʪʦʷʪʴ 

ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʢʨʠʧʪʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʘʪʘʢ, ʪʘʢʠʭ ʢʘʢ ʣʠʥʝʡʥʳʝ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʠ 
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ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʘʪʘʢʠ. S-ʙʣʦʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʪʘʢʠʤ ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ, ʥʘʟʳʚʘʶʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤʠ.  

ʋʯʠʪʳʚʘʷ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ S-ʙʣʦʢʦʚ, ʦʥʠ ʪʱʘʪʝʣʴʥʦ ʚʳʙʠʨʘʶʪʩʷ, ʘ ʢʨʠʪʝʨʠʠ ʠʣʠ 

ʘʣʛʦʨʠʪʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʭ ʧʦʩʪʨʦʝʥʠʷ, ʦʙʲʷʩʥʷʶʪʩʷ ʠ ʦʙʦʩʥʦʚʳʚʘʶʪʩʷ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʧʨʦʚʝʨʝʥʥʳʭ S-ʙʣʦʢʦʚ, ʩ 

ʥʝʠʟʚʝʩʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠʭ ʚʳʙʦʨʘ ʠʣʠ ʧʦʩʪʨʦʝʥʠʷ, ʤʦʞʝʪ ʧʦʢʦʣʝʙʘʪʴ ʫʚʝʨʝʥʥʦʩʪʴ ʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ S-ʙʣʦʢʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ ʚʩʪʘʚʢʠ ʙʵʢʜʦʨʘ ʚ ʩʠʤʤʝʪʨʠʯʥʳʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ [5], [6]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʦʚʘʥʠʝ S-ʙʣʦʢʘ [7], [8], ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ 

ʘʣʛʦʨʠʪʤʘʭ ʂʫʟʥʝʯʠʢ (ʨʦʩʩʠʡʩʢʠʡ ʩʪʘʥʜʘʨʪ ʘʣʛʦʨʠʪʤʘ ʙʣʦʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ [9]), 

ʉʪʨʠʙʦʛ (ʨʦʩʩʠʡʩʢʠʡ ʩʪʘʥʜʘʨʪ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʭʝʰʠʨʦʚʘʥʠʷ [10]), 

ʧʦʢʘʟʳʚʘʝʪ ʪʘʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʣʠʯʠʷ ʙʵʢʜʦʨʦʚ, ʜʘʞʝ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ.  

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ S-

ʙʣʦʢʦʚ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ S-ʙʣʦʢʦʚ. ʕʪʠ S-ʙʣʦʢʠ ʩʦʟʜʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʠ ʚʟʘʠʤʦʩʚʷʟʝʡ. ʆʜʥʠʤ ʠʟ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʧʨʠʤʝʨʦʚ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʝʢʪʠʚʥʳʭ n-ʙʠʪʥʳʭ S-ʙʣʦʢʦʚ (ʧʝʨʝʩʪʘʥʦʚʦʢ), ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʥʚʝʨʩʠʠ ʚ ʢʦʥʝʯʥʦʤ ʧʦʣʝ GF(2n). ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʩʪʘʥʦʚʦʢ [11], [12]. ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʠʪ 

ʚ ʩʣʫʯʘʡʥʦʤ ʧʦʠʩʢʝ S-ʙʣʦʢʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʙʦʨʦʤ S-ʙʣʦʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʣʫʯʰʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʨʝʪʠʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʪʝʨʘʪʠʚʥʦʝ ʫʣʫʯʰʝʥʠʝ S-ʙʣʦʢʘ ʠʣʠ 

ʛʨʫʧʧʳ S-ʙʣʦʢʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʚʦʡʩʪʚ.  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ S-ʙʣʦʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʦʡ ʠ ʪʨʫʜʦʝʤʢʦʡ ʟʘʜʘʯʝʡ, ʯʪʦ 

ʧʦʙʫʞʜʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, 

ʧʦʤʦʛʘʶʱʠʝ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʠ ʤʝʪʦʜʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠ ʩʦʟʜʘʥʠʷ S-ʙʣʦʢʦʚ, ʪʝʤ ʩʘʤʳʤ ʫʩʢʦʨʷʷ ʠ ʦʧʪʠʤʠʟʠʨʫʷ ʧʨʦʮʝʩʩ. 

S-ʙʣʦʢʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʢʘʢ ʚ ʧʨʦʛʨʘʤʤʥʦ, ʪʘʢ ʠ ʘʧʧʘʨʘʪʥʦ, ʧʨʠʯʝʤ ʧʨʦʛʨʘʤʤʥʳʝ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʘʪʬʦʨʤʳ ʠ ʠʤʝʶʱʠʭʩʷ ʨʝʩʫʨʩʦʚ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʣʘʪʬʦʨʤʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

Peigen [13], ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʜʣʷ ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʦʟʜʘʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ S-

ʙʣʦʢʦʚ ʠ ʧʦʠʩʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʘʧʧʘʨʘʪʥʳʭ ʨʝʘʣʠʟʘʮʠʡ. ʉʫʱʝʩʪʚʫʶʪ ʠ 

ʜʨʫʛʠʝ ʦʙʱʝʜʦʩʪʫʧʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʙʫʣʝʚʳʭ 

ʬʫʥʢʮʠʡ ʠ S-ʙʣʦʢʦʚ [14], [15], [16], [17].  

ɺ ʨʘʙʦʪʝ [18] ʧʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ S-ʙʣʦʢʦʚ, ʥʘʧʠʩʘʥʥʳʡ ʥʘ ʷʟʳʢʝ Python3. ɺʦʟʤʦʞʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ 

ʦʭʚʘʪʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ S-

ʙʣʦʢʦʚ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʦʧʪʠʤʘʣʴʥʳʭ 8-ʙʠʪʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ S-ʙʣʦʢʦʚ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʥʦʚʳʭ ʦʧʪʠʤʘʣʴʥʳʭ S-

ʙʣʦʢʦʚ. ʊʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʠʟʘ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ S-ʙʣʦʢʦʚ. 

ɻʝʥʝʨʘʮʠʷ ʥʦʚʳʭ S-ʙʣʦʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʛʠʙʢʦ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʠ ʟʘʜʘʚʘʝʤʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ S-ʙʣʦʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʙʣʘʜʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʤʠ ʦʧʪʠʤʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ʆʧʨʝʜʝʣʝʥʠʝ S-ʙʣʦʢʦʚ ʠ ʠʭ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ S-ʙʣʦʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ ʠ ʚʝʢʪʦʨʥʳʭ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ 1. (S-ʙʣʦʢ) S-ʙʣʦʢʦʤ (ʙʣʦʢʦʤ ʧʦʜʩʪʘʥʦʚʦʢ) ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨʥʘʷ 

ʙʫʣʝʚʘ ʬʫʥʢʮʠʷ , ʛʜʝ  - ʢʦʥʝʯʥʦʝ ʧʦʣʝ ʧʦʨʷʜʢʘ 2. 
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S-ʙʣʦʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʚʢʣʶʯʘʷ 

ʪʘʙʣʠʮʳ ʠʩʪʠʥʥʦʩʪʠ, ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʥʦʨʤʘʣʴʥʫʶ ʬʦʨʤʫ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʋʦʣʰʘ ʠ ʬʫʥʢʮʠʶ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ. ʊʘʢʞʝ S-ʙʣʦʢ  ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʧʦʠʩʢʘ ʩ  -ʙʠʪʦʚʳʤʠ ʩʣʦʚʘʤʠ. 

ʇʨʠʤʝʨ 1. (S-ʙʣʦʢʠ ʙʣʦʯʥʦʛʦ ʰʠʬʨʘ DES (Data Encryption Standard [19])) DES 

ʠʩʧʦʣʴʟʫʝʪ 8 S-ʙʣʦʢʦʚ  , ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʟʘʤʝʥʫ 6-ʙʠʪʥʳʭ ʩʣʦʚ (a1, a2, a3, a4, 

a5, a6) ʥʘ 4-ʙʠʪʥʳʝ (b1, b2, b3, b4) ʩ ʧʦʤʦʱʴʶ ʪʘʙʣʠʮ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʘʚʠʣʫ. 4-ʙʠʪʥʦʝ 

ʩʣʦʚʦ (b1, b2, b3, b4) ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʘʙʣʠʮʝ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʩʪʨʦʢʠ ʩ 

ʥʦʤʝʨʦʤ (a1, a6) (ʜʚʘ ʚʥʝʰʥʠʭ ʙʠʪʘ ʚʭʦʜʥʦʛʦ 6-ʙʠʪʥʦʛʦ ʩʣʦʚʘ) ʠ ʩʪʦʣʙʮʘ ʩ ʥʦʤʝʨʦʤ (a2, a3, 

a4, a5) (ʯʝʪʳʨʝ ʚʥʫʪʨʝʥʥʠʭ ʙʠʪʘ ʚʭʦʜʥʦʛʦ 6-ʙʠʪʥʦʛʦ ʩʣʦʚʘ). ʅʘʧʨʠʤʝʨ, ʩʣʝʜʫʶʱʘʷ ʪʘʙʣʠʮʘ 

(ʨʠʩʫʥʦʢ 1) ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʚʳʡ ʠʟ ʚʦʩʴʤʠ S-ʙʣʦʢʦʚ. ʉ ʧʦʤʦʱʴʶ ʥʝʝ ʚʭʦʜʥʦʝ ʩʣʦʚʦ 

ç010101è, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʚʥʝʰʥʠʝ ʙʠʪʳ ç01è ʠ ʚʥʫʪʨʝʥʥʠʝ ʙʠʪʳ ç1010è, ʟʘʤʝʥʷʝʪʩʷ ʥʘ 

ʚʳʭʦʜʥʦʝ ʩʣʦʚʦ ç1111è. 
 

 
ʈʠʩʫʥʦʢ 1 - ʆʜʠʥ ʠʟ ʚʦʩʴʤʠ S-ʙʣʦʢʦʚ ʙʣʦʯʥʦʛʦ ʰʠʬʨʘ DES 

 

ʇʨʠʤʝʨ 2. (S-ʙʣʦʢ ʙʣʦʯʥʦʛʦ ʰʠʬʨʘ AES (Rijndael) (Advansed Encryption Standard 

[20]) AES ʠʩʧʦʣʴʟʫʝʪ 8-ʙʠʪʥʳʡ S-ʙʣʦʢ , ʧʦʩʪʨʦʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʷʜʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʨʘʙʦʪʝ K. Nyberg [3], ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʘʬʬʠʥʥʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝʡ (ʨʠʩʫʥʦʢ 2) ʠʣʠ 

ʧʝʨʝʩʪʘʥʦʚʢʦʡ 256 ʵʣʝʤʝʥʪʦʚ (ʜʝʩʷʪʠʯʥʳʭ ʠʣʠ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʳʭ ʯʠʩʝʣ) (ʨʠʩʫʥʦʢ 3). 

 

 
 

ʈʠʩʫʥʦʢ 2 - S-ʙʣʦʢ ʙʣʦʯʥʦʛʦ ʰʠʬʨʘ AES 
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ʈʠʩʫʥʦʢ 3 - ʇʝʨʝʩʪʘʥʦʚʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ  S-ʙʣʦʢ AES (ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʘʷ) 

 

ʇʨʠʤʝʨ 3. (S-ʙʣʦʢʠ ʙʣʦʯʥʦʛʦ ʰʠʬʨʘ ɻʆʉʊ 28147-89 [21]) ɻʆʉʊ 28147-89 

ʠʩʧʦʣʴʟʫʝʪ ʚʦʩʝʤʴ 4-ʙʠʪʥʳʭ S-ʙʣʦʢʦʚ , ʥʝ ʦʧʨʝʜʝʣʷʝʤʳʝ ʚ ʩʘʤʦʤ ʩʪʘʥʜʘʨʪʝ. 

ʂʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʘʣʛʦʨʠʪʤʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʩʪʘʥʜʘʨʪ. ʅʘʧʨʠʤʝʨ, ʢʨʠʧʪʦʧʨʦʚʘʡʜʝʨ ʂʨʠʧʪʦʇʨʦ CSP [22] ʠʩʧʦʣʴʟʫʝʪ S-ʙʣʦʢʠ, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝʡ (ʨʠʩʫʥʦʢ 4) [23]. 

 

 
 

ʈʠʩʫʥʦʢ 4 - S-ʙʣʦʢʠ ʙʣʦʯʥʦʛʦ ʰʠʬʨʘ ɻʆʉʊ 28147-89 ʢʨʠʧʪʦʧʨʦʚʘʡʜʝʨʘ ʂʨʠʧʪʦʇʨʦ CSP 

 

ʇʨʠʤʝʨ 4. (S-ʙʣʦʢʠ ʙʣʦʯʥʦʛʦ ʰʠʬʨʘ ɻʆʉʊ 34.12-2018 [9]) ɻʆʉʊ 34.12-2018 

ʦʧʨʝʜʝʣʷʝʪ ʜʚʘ ʙʣʦʯʥʳʭ ʰʠʬʨʘ: ʙʣʦʯʥʳʡ ʰʠʬʨ çʂʫʟʥʝʯʠʢè (çKuznechikè)  ʩ ʜʣʠʥʦʡ 

ʙʣʦʢʘ n = 128 ʙʠʪ, ʙʣʦʯʥʳʡ ʰʠʬʨ çʄʘʛʤʘè (çMagmaè) ʩ ʜʣʠʥʦʡ ʙʣʦʢʘ n = 64 ʙʠʪ. ʇʝʨʚʳʡ 

ʰʠʬʨ ʠʩʧʦʣʴʟʫʝʪ 8-ʙʠʪʥʳʡ S-ʙʣʦʢ , ʧʦ ʫʪʚʝʨʞʜʝʥʠʶ ʘʚʪʦʨʦʚ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʧʘʨʘʤʝʪʨʳ [24]. ʆʜʥʘʢʦ ʚ 

ʨʘʙʦʪʘʭ [7], [8] ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʩʣʫʯʘʡʥʦʩʪʠ S-ʙʣʦʢʘ ʩʪʘʚʠʪʩʷ ʧʦʜ ʩʦʤʥʝʥʠʝ. ɺ ʩʘʤʦʤ 

ʩʪʘʥʜʘʨʪʝ S-ʙʣʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʝʨʝʩʪʘʥʦʚʢʘ 256 ʯʠʩʝʣ ʚ ʜʝʩʷʪʠʯʥʦʤ ʚʠʜʝ (ʨʠʩʫʥʦʢ 5) 

ʠʣʠ ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʤ ʚʠʜʝ (ʨʠʩʫʥʦʢ 6): 
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ʈʠʩʫʥʦʢ 5 - ʇʝʨʝʩʪʘʥʦʚʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ  S-ʙʣʦʢ ʰʠʬʨʘ çʂʫʟʥʝʯʠʢè (ʜʝʩʷʪʠʯʥʘʷ) 

 

 
 

ʈʠʩʫʥʦʢ 6 - ʇʝʨʝʩʪʘʥʦʚʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ  S-ʙʣʦʢ ʰʠʬʨʘ çʂʫʟʥʝʯʠʢè 

(ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʘʷ) 

 

 ɺʪʦʨʦʡ ʰʠʬʨ ʩʪʘʥʜʘʨʪʘ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪʦʤ ʘʣʛʦʨʠʪʤʘ ɻʆʉʊ 28147-89 ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʚʦʩʝʤʴʶ 4-ʙʠʪʥʳʤʠ S-ʙʣʦʢʘʤʠ  . 

 ʏʪʦʙʳ ʟʘʱʠʪʠʪʴ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʦʪ ʨʘʟʣʠʯʥʳʭ ʘʪʘʢ, S-ʙʣʦʢʠ 

ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʩʚʦʡʩʪʚ-ʢʨʠʪʝʨʠʝʚ. ʏʘʩʪʴ ʠʟ ʥʠʭ ʠʤʝʝʪ ʧʨʦʪʠʚʦʨʝʯʠʚʳʡ ʠʣʠ ʯʘʩʪʠʯʥʦ 

ʚʟʘʠʤʦʟʘʚʠʩʠʤʳʡ ʭʘʨʘʢʪʝʨ. ʀ ʥʘʭʦʞʜʝʥʠʝ S-ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʙʳ ʚʩʝʤ 

ʠʟʚʝʩʪʥʳʤ ʢʨʠʪʝʨʠʷʤ, ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʧʨʦʙʣʝʤʦʡ. ʅʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ S-ʙʣʦʢʠ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠʤʝʶʱʠʝ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʣʠ ʜʣʷ ʮʝʣʦʡ ʢʘʪʝʛʦʨʠʠ ʘʣʛʦʨʠʪʤʦʚ. ʊʘʢʠʝ 

S-ʙʣʦʢʠ ʥʘʟʳʚʘʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ. 

 ʆʧʨʝʜʝʣʝʥʠʝ 2. (ʆʧʪʠʤʘʣʴʥʳʡ S-ʙʣʦʢ) S-ʙʣʦʢ  ʥʘʟʳʚʘʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ, ʝʩʣʠ ʦʥ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʘʙʦʨʫ ʢʨʠʪʝʨʠʝʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʘʣʛʦʨʠʪʤʘ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʥʥʳʡ S-ʙʣʦʢ, ʢ 

ʦʩʥʦʚʥʳʤ ʚʠʜʘʤ ʢʨʠʧʪʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʘʪʘʢ (ʣʠʥʝʡʥʦʡ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ, 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ). 

 ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʙʦʨʘ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ S-ʙʣʦʢʘ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ, 

ʯʪʦʙʳ S-ʙʣʦʢ ʫʜʦʚʣʝʪʚʦʨʷʣ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ. ɺʤʝʩʪʦ ʵʪʦʛʦ, ʝʩʣʠ ʨʘʟʨʘʙʦʪʯʠʢ ʘʣʛʦʨʠʪʤʘ 

ʨʝʰʠʪ ʠʟʤʝʥʠʪʴ ʥʝʢʦʪʦʨʳʝ ʢʨʠʪʝʨʠʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦʥ 

ʜʦʣʞʝʥ ʪʱʘʪʝʣʴʥʦ ʦʮʝʥʠʪʴ ʣʶʙʳʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ 
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ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʜʦʣʞʥʳ ʠʟʫʯʠʪʴ, ʤʦʛʫʪ ʣʠ ʜʨʫʛʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʫʩʪʨʘʥʠʪʴ ʵʪʠ ʥʝʜʦʩʪʘʪʢʠ ʙʝʟ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚʚʦʜʠʪʩʷ ʥʘʙʦʨ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ 

ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ 8-ʙʠʪʥʳʭ S-ʙʣʦʢʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʩʝʤʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ, ʥʝʣʠʥʝʡʥʦʩʪʴ, ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʪʝʧʝʥʴ, ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ ʠʤʤʫʥʠʪʝʪ, 

ʢʦʣʠʯʝʩʪʚʦ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ, ʧʝʨʠʦʜ ʠ 

ʙʠʝʢʪʠʚʥʦʩʪʴ. ʉʚʦʡʩʪʚʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʦʡʢʦʩʪʴ 

ʧʨʦʪʠʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʢʨʠʧʪʦʘʥʘʣʠʟʘ. ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ S-ʙʣʦʢʦʚ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʨʦʪʠʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʘʪʘʢ. ɸ ʩʚʦʡʩʪʚʦ ʥʝʣʠʥʝʡʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʦʡʢʦʩʪʠ ʧʨʦʪʠʚ 

ʣʠʥʝʡʥʦʛʦ ʢʨʠʧʪʦʘʥʘʣʠʟʘ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʥʝʣʠʥʝʡʥʦʩʪʠ S-ʙʣʦʢʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʨʦʪʠʚ ʣʠʥʝʡʥʳʭ ʘʪʘʢ. ʉʚʦʡʩʪʚʘ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʪʝʧʝʥʠ ʠ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʠʤʤʫʥʠʪʝʪʘ S-ʙʣʦʢʘ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʦʡʢʦʩʪʠ ʧʨʦʪʠʚ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʘʪʘʢ. ʇʝʨʠʦʜ, ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʦʜʚʠʞʥʳʭ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ 

ʥʝʧʦʜʚʠʞʥʳʭ ʪʦʯʝʢ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʦʡʢʦʩʪʠ ʧʨʦʪʠʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʢʨʠʧʪʦʘʥʘʣʠʟʘ. ɹʠʝʢʪʠʚʥʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʘ ʦʙʨʘʪʠʤʦʩʪʠ S-ʙʣʦʢʘ. ɼʣʷ 8-ʙʠʪʥʳʭ S-ʙʣʦʢʦʚ 

ʦʧʪʠʤʘʜʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 8, ʘ ʦʧʪʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʥʝʣʠʥʝʡʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 100. ɼʣʷ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʪʝʧʝʥʠ 

ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 7. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʨʘʚʥʦ 3, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 441 ʫʨʘʚʥʝʥʠʷʤ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʢʨʠʧʪʦʘʥʘʣʠʟʫ ʢʨʘʡʥʝ ʚʘʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ, ʩʪʨʝʤʷʩʴ ʢ ʥʫʣʶ. 

 

 ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ.  

ɻʝʥʝʨʘʮʠʷ ʦʧʪʠʤʘʣʴʥʳʭ S-ʙʣʦʢʦʚ. ɺʳʙʦʨ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ S-ʙʣʦʢʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ: ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ, 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʡ ʠ ʵʚʨʠʩʪʠʯʝʩʢʠʡ. ɸʣʛʝʙʨʘʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʄʝʪʦʜʳ ʚʪʦʨʦʛʦ ʚʠʜʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʩʣʫʯʘʡʥʦʤ ʧʦʠʩʢʝ S-ʙʣʦʢʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʙʦʨʦʤ S-ʙʣʦʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʣʫʯʰʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʠʪʝʨʘʪʠʚʥʦ ʫʣʫʯʰʘʶʪ ʥʝʢʦʪʦʨʳʡ ʥʘʯʘʣʴʥʳʡ 

S-ʙʣʦʢ ʠʣʠ ʮʝʣʳʡ ʥʘʙʦʨ S-ʙʣʦʢʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʜʘʚʘʝʤʦʤʫ ʥʘʙʦʨʫ ʩʚʦʡʩʪʚ. 

ʇʦʩʢʦʣʴʢʫ ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ S-ʙʣʦʢʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʢʘ ʠʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʤʦʞʝʪ ʙʳʪʴ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʪʦ ʧʦʥʷʪʥʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʦʛʨʘʤʤʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʘʭ, ʧʦʤʦʛʘʶʱʠʭ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ, ʪʝʤ ʩʘʤʳʤ ʫʩʢʦʨʷʷ ʠ ʦʧʪʠʤʠʟʠʨʫʷ 

ʧʨʦʮʝʩʩ. 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʥʦʚʳʭ ʦʧʪʠʤʘʣʴʥʳʭ S-ʙʣʦʢʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ S-ʙʣʦʢʦʚ, 

ʥʘʧʠʩʘʥʥʳʡ ʥʘ ʷʟʳʢʝ Python3, ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [18]. ʀʥʩʪʨʫʤʝʥʪ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ S-

ʙʣʦʢʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ S-ʙʣʦʢ ʙʣʦʯʥʦʛʦ ʰʠʬʨʘ AES (Rijndael) (ʇʨʠʤʝʨ 2). 

ʉʠʥʪʝʟ ʥʦʚʳʭ S-ʙʣʦʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʛʠʙʢʦ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʠ ʟʘʜʘʚʘʝʤʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ʀʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʛʝʥʝʨʘʮʠʶ 8-ʤʠ ʙʠʪʥʳʭ ʙʠʝʢʪʠʚʥʳʭ S-ʙʣʦʢʘ ʩ ʧʦʤʦʱʴʶ ʦʙʦʙʱʝʥʥʦʛʦ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ ʛʝʥʝʨʘʮʠʠ Rijndal-ʧʦʜʦʙʥʳʭ S-ʙʣʦʢʦʚ [12]. ʉʣʝʜʫʷ ʵʪʦʤʫ ʧʦʜʭʦʜʫ, ʤʦʞʥʦ 

ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ S-ʙʣʦʢʠ ʩ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠʜʝʥʪʠʯʥʳʤʠ ʠʣʠ ʜʘʞʝ 

ʧʨʝʚʦʩʭʦʜʷʱʠʤʠ S-ʙʣʦʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ AES. ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʛʝʥʝʨʘʮʠʶ ʦʧʪʠʤʘʣʴʥʳʭ 8-ʤʠ ʙʠʪʥʳʭ S-ʙʣʦʢʦʚ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ: ʦʙʦʙʱʝʥʥʳʡ ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ ʤʝʪʦʜ [12] + ʤʝʪʦʜ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ [6]. 
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 ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ [18]: 

 1) ɻʝʥʝʨʘʮʠʷ S-ʙʣʦʢʘ ʦʙʦʙʱʝʥʥʳʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

 2) ʉʣʫʯʘʡʥʳʡ ʦʙʤʝʥ ʤʝʩʪʘʤʠ NP ʟʥʘʯʝʥʠʡ S-ʙʣʦʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ S-

ʙʣʦʢʘ. ʇʘʨʘʤʝʪʨ NP ʟʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʅʘʙʦʨ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ ʪʘʢʞʝ ʟʘʜʘʝʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʅʘʧʨʠʤʝʨ, ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʥʘʙʦʨ -  ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ï 

ʥʝ ʙʦʣʝʝ, ʯʝʤ 8, ʥʝʣʠʥʝʡʥʦʩʪʴ ï ʥʝ ʤʝʥʝʝ, ʯʝʤ 100, ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʪʝʧʝʥʴ ï ʥʝ ʤʝʥʝʝ, ʯʝʤ 

7, ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ ʠʤʤʫʥʠʪʝʪ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (3, 441), ʦʪʩʫʪʩʪʚʠʝ ʥʝʧʦʜʚʠʞʥʳʭ 

(ʬʠʢʩʠʨʦʚʘʥʥʳʭ) ʪʦʯʝʢ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʝʧʦʜʚʠʞʥʳʭ ʪʦʯʝʢ. 

 3) ɺʥʦʚʴ ʧʦʣʫʯʝʥʥʳʡ S-ʙʣʦʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʚʝʨʷʝʪʩʷ ʧʦ ʢʨʠʪʝʨʠʷʤ ʩ ʫʯʝʪʦʤ 

ʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ. ɽʩʣʠ ʢʘʢʦʡ-ʣʠʙʦ ʠʟ ʢʨʠʪʝʨʠʝʚ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʧʨʦʮʝʩʩ 

ʧʝʨʝʭʦʜʠʪ ʢ ʰʘʛʫ 2. 

 4) ɿʘʚʝʨʰʝʥʠʝ. ʈʝʟʫʣʴʪʘʪ ï S-ʙʣʦʢ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʟʘʜʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ. 

  ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ S-ʙʣʦʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʙʣʘʜʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 ʇʨʠʤʝʨ 1. S-ʙʣʦʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʩʣʝʜʫʶʱʝʡ ʧʝʨʝʩʪʘʥʦʚʢʦʡ, ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ 

ʦʙʦʙʱʝʥʥʦʛʦ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʛʝʥʝʨʘʮʠʠ Rijndal-ʧʦʜʦʙʥʳʭ S-ʙʣʦʢʦʚ [12]: 198, 62, 

238, 222, 79, 214, 246, 163, 12, 128, 230, 212, 127, 235, 213, 110, 83, 65, 147, 190, 95, 154, 

226, 15, 181, 43, 69, 245, 57, 37, 78, 3, 237, 191, 201, 100, 108, 252, 239, 51, 44, 165, 167, 143, 

142, 27, 140, 168, 32, 227, 196, 195, 24, 105, 160, 89, 224, 72, 1, 71, 215, 228, 77, 174, 144, 

193, 52, 88, 216, 118, 90, 5, 74, 220, 107, 205, 148, 199, 244, 33, 202, 139, 0, 183, 4, 63, 141, 

218, 86, 211, 125, 156, 82, 50, 26, 243, 11, 247, 85, 223, 194, 178, 204, 161, 162, 159, 64, 254, 

10, 60, 249, 21, 138, 197, 2, 241, 73, 185, 28, 175, 61, 109, 91, 132, 8, 255, 207, 75, 179, 48, 

200, 55, 250, 233, 34, 232, 35, 229, 126, 188, 38, 186, 152, 206, 6, 129, 242, 59, 68, 84, 9, 17, 

98, 119, 29, 40, 123, 122, 208, 219, 7, 76, 92, 80, 146, 96, 36, 58, 67, 203, 53, 70, 137, 169, 39, 

158, 231, 19, 236, 182, 177, 171, 114, 149, 54, 106, 47, 87, 166, 94, 117, 16, 93, 30, 164, 116, 

56, 101, 45, 99, 23, 187, 46, 248, 210, 189, 209, 81, 14, 124, 173, 102, 18, 192, 111, 112, 134, 

172, 234, 157, 97, 131, 184, 121, 135, 31, 25, 136, 150, 155, 113, 41, 217, 120, 225, 151, 115, 

170, 20, 251, 49, 133, 145, 176, 253, 103, 66, 22, 130, 153, 180, 240, 13, 42, 221, 104. 

ʇʦʣʫʯʝʥʥʳʡ S-ʙʣʦʢ ʦʙʣʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʝ ʭʫʞʝ, 

ʯʝʤ ʫ S-ʙʣʦʢʘ ʠʟ AES: ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ï 4, ʥʝʣʠʥʝʡʥʦʩʪʴ ï 112, 

ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʪʝʧʝʥʴ ï 7, ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ ʠʤʤʫʥʠʪʝʪ ï (2, 39), ʦʪʩʫʪʩʪʚʠʝ ʥʝʧʦʜʚʠʞʥʳʭ 

(ʬʠʢʩʠʨʦʚʘʥʥʳʭ) ʪʦʯʝʢ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʝʧʦʜʚʠʞʥʳʭ ʪʦʯʝʢ. 

 ʉ ʧʦʤʦʱʴʶ ʦʙʦʙʱʝʥʥʦʛʦ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʪʘʢʞʝ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩʠʥʪʝʟ 

ʤʥʦʞʝʩʪʚʘ 8-ʤʠ ʙʠʪʥʳʭ ʙʠʝʢʪʠʚʥʳʭ S-ʙʣʦʢʦʚ, ʧʨʠ ʵʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʙʦʨ ʧʦ ʚʩʝʤ 

ʚʦʟʤʦʞʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɸ ʠʤʝʥʥʦ, ʧʝʨʝʙʠʨʘʶʪʩʷ ʚʩʝ ʤʥʦʛʦʯʣʝʥʳ ʠʟ 

ʩʧʠʩʢʘ 30 ʥʝʧʨʠʚʦʜʠʤʳʭ ʤʥʦʛʦʯʣʝʥʦʚ 8-ʦʡ ʩʪʝʧʝʥʠ, ʚʩʝ ʦʙʨʘʪʠʤʳʝ ʤʘʪʨʠʮʳ (8-ʛʦ 

ʧʦʨʷʜʢʘ) ʘʬʬʠʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʚʩʝ ʩʜʚʠʛʦʚʳʝ ʢʦʥʩʪʘʥʪʳ ʘʬʬʠʥʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʚʩʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʠʟ ʛʨʫʧʧʳ 8-ʤʠ ʵʣʝʤʝʥʪʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ [12]. ʉʨʝʜʠ 

ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ S-ʙʣʦʢ ʝʩʪʴ ʦʙʣʘʜʘʶʱʠʝ ʩʚʦʡʩʪʚʘʤʠ, ʥʝ ʭʫʞʝ, ʯʝʤ ʫ S-ʙʣʦʢʘ 

ʠʟ AES. ʆʜʠʥ ʠʟ ʪʘʢʠʭ S-ʙʣʦʢʦʚ ʧʨʠʚʝʜʝʥ ʚ ʩʣʝʜʫʶʱʝʤ ʧʨʠʤʝʨʝ, ʦʙʣʘʜʘʝʪ ʪʘʢʠʤʠ ʞʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʢ ʚ ʇʨʠʤʝʨʝ 1. 

 ʇʨʠʤʝʨ 2. 1, 0, 138, 247, 204, 85, 124, 208, 233, 78, 40, 193, 177, 224, 226, 198, 115, 

179, 173, 76, 152, 44, 97, 94, 89, 62, 250, 203, 254, 65, 239, 181, 61, 111, 93, 240, 82, 74, 169, 

200, 192, 13, 153, 18, 49, 67, 165, 197, 43, 66, 149, 107, 244, 56, 103, 69, 245, 50, 33, 110, 118, 

188, 88, 24, 26, 255, 54, 102, 42, 48, 242, 104, 166, 99, 172, 20, 83, 34, 232, 8, 234, 91, 2, 205, 

75, 35, 134, 190, 25, 63, 37, 241, 80, 235, 96, 22, 23, 95, 174, 212, 72, 167, 55, 68, 243, 70, 144, 

222, 52, 148, 32, 60, 120, 182, 150, 130, 17, 178, 189, 59, 183, 113, 209, 7, 160, 253, 128, 133, 

132, 127, 126, 129, 151, 116, 191, 87, 156, 159, 146, 216, 246, 5, 184, 163, 223, 109, 53, 106, 

217, 141, 131, 117, 45, 19, 158, 137, 248, 219, 136, 157, 252, 123, 47, 196, 142, 185, 98, 73, 39, 
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201, 21, 77, 207, 230, 213, 101, 11, 225, 30, 238, 16, 114, 121, 112, 162, 143, 119, 58, 186, 187, 

135, 86, 12, 41, 46, 164, 221, 211, 227, 14, 168, 38, 84, 3, 28, 251, 171, 231, 125, 6, 175, 100, 

194, 220, 229, 237, 147, 140, 195, 210, 154, 249, 145, 108, 176, 10, 215, 236, 199, 15, 206, 170, 

9, 79, 214, 228, 90, 81, 31, 180, 92, 36, 57, 51, 105, 71, 4, 139, 218, 155, 122, 161, 202, 29, 64, 

27. 
  

 ɿʘʢʣʶʯʝʥʠʝ.  
 ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ S-ʙʣʦʢʠ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʙʣʦʢʠ ʧʦʜʩʪʘʥʦʚʢʠ, ʷʚʣʷʶʪʩʷ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ 
ʢʣʶʯʦʤ, ʦʩʦʙʝʥʥʦ ʚ ʙʣʦʯʥʳʭ ʰʠʬʨʘʭ. S-ʙʣʦʢʠ ʚʚʦʜʷʪ ʥʝʣʠʥʝʡʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʦ 
ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʫʣʫʯʰʘʷ ʩʚʦʡʩʪʚʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ S-ʙʣʦʢʘ ð 
ʟʘʤʝʥʠʪʴ ʢʘʞʜʦʝ ʚʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʳʭʦʜʥʳʤ ʟʥʘʯʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ 
ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʦʡ ʪʘʙʣʠʮʳ ʟʘʤʝʥʳ. ɿʘʤʝʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʨʘʙʦʪʘʥʘ ʪʘʢ, ʯʪʦʙʳ ʙʳʪʴ ʚ 
ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʥʝʣʠʥʝʡʥʦʡ, ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʚʶʱʠʭ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤ ʘʪʘʢʘʤ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 
ʘʣʛʦʨʠʪʤʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ S-ʙʣʦʢʠ, ʟʘʚʠʩʠʪ ʦʪ ʩʝʢʨʝʪʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ S-
ʙʣʦʢʦʚ. S-ʙʣʦʢʠ ʯʘʩʪʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʙʰʠʨʥʦʤʫ ʘʥʘʣʠʟʫ, ʚʢʣʶʯʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʠ 
ʣʠʥʝʡʥʳʡ ʢʨʠʧʪʦʘʥʘʣʠʟ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʚʝʩʪʥʳʤ ʘʪʘʢʘʤ. ʇʦʩʪʨʦʝʥʠʝ 
ʥʘʜʝʞʥʳʭ S-ʙʣʦʢʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʯʘʩʪʦ ʪʨʝʙʫʶʱʝʡ ʦʙʰʠʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 
ʦʮʝʥʢʠ. ʈʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ S-ʙʣʦʢʦʚ. ɺʦʧʨʦʩʳ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʳʭ S-ʙʣʦʢʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʘʢʪʠʚʥʳʤ ʦʙʣʘʩʪʷʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 
ʦʙʣʘʩʪʠ ʢʨʠʧʪʦʛʨʘʬʠʠ, ʠ ʧʨʦʜʦʣʞʘʶʪ ʧʦʷʚʣʷʪʴʩʷ ʥʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ ʜʣʷ 
ʧʦʚʳʰʝʥʠʷ ʠʭ ʥʘʜʝʞʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʪʘʢʘʤ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʋʯʨʝʞʜʝʥʠʷ çʎʝʥʪʨ ʥʘʫʯʥʳʭ ʠ ʥʘʫʯʥʦ-
ʪʝʭʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ National Securityè, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ.  
 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʂʅ ʄʅɺʆ ʈʂ, ˉ 
AP09258274. 
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ʆʇʊʀʄɸʃɼʓ ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ S-BOX ʊɸʃɼɸʋʓ ɾᴄʅɽ ʄʓʉɸʃɼɸʈ 

 

ɸשʜʘʪʧʘ. ɹײʣ ʞײʤʳʩ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ S-ʙʣʦʢʪʘʨʜʳ ʪʘʣʜʘʫ ʤʝʥ ʩʠʥʪʝʟʜʝʫʛʝ 

ʘʨʥʘʣסʘʥ. ɹײʣ ʞײʤʳʩʪʘ ʙʽʟ S-ʙʣʦʢʪʘʨʜʳש ʘʥʳץʪʘʤʘʩʳʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʦשʪʘʡʣʳʣʳסʳʥ, 

ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳ ʛʝʥʝʨʘʮʠʷʣʘʫʜʳש ʢʝʡʙʽʨ ᴅʜʽʩʪʝʨʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ. S-ʙʣʦʢʪʘʨʜʳש ᴅʨʪװʨʣʽ 

ʤʳʩʘʣʜʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. S-ʙʣʦʢʪʘʨʽʥ ʪʘʣʜʘʫ ʞᴅʥʝ ʩʠʥʪʝʟʜʝʫ װʰʽʥ Python3 ʪʽʣʽʥʜʝ ʞʘʟʳʣסʘʥ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ S-ʙʣʦʢʪʘʨʜʳ ʪʘʣʜʘʫ ʞᴅʥʝ ʩʠʥʪʝʟʜʝʫʛʝ ʘʨʥʘʣסʘʥ ʞʘשʘ ʙʘסʜʘʨʣʘʤʘʣʳץ 

 S-ʞᴅʰʽʢʪʝʨʽʥ ʪʘʣʜʘʫ ʞᴅʥʝ ץʤʢʽʥʜʽʢʪʝʨʽ ʙʘʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳװʤ שʨʘʣʜʳײפ .ʜʘʣʜʳשʨʘʣ ʪʘײץ

ʞʘשʘ ʦשʪʘʡʣʳ 8-ʙʠʪʪʽʢ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ S-ʙʣʦʢʪʘʨʽʥ ʩʠʥʪʝʟʜʝʫ ʩʠʷץʪʳ ᴅʨʪװʨʣʽ 

ʬʫʥʢʮʠʷʣʘʨʜʳ ץʘʤʪʠʜʳ. ɹײʣ ʤʘץʘʣʘʜʘ ʙײʣ ײץʨʘʣ ʞʘשʘ ʦשʪʘʡʣʳ S-ʙʣʦʢʪʘʨʳʥ ʞʘʩʘʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ ʙײʨʳʥʥʘʥ ʙʝʣʛʽʣʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ S-ʙʣʦʢʪʘʨʜʳש ʪʘʣʜʘʫʳ 

ʞװʨʛʽʟʽʣʝʜʽ. ɾʘשʘ S-ʙʣʦʢʪʘʨʳʥ ʞʘʩʘʫ ʦשʪʘʡʣʳʣʳץ ʢʨʠʪʝʨʠʡʣʝʨʽʥʽש ʠʢʝʤʜʽ ʞᴅʥʝ 

ʧʘʡʜʘʣʘʥʫʰʳ ʘʥʳץʪʘסʘʥ ʤᴅʥʜʝʨʽ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʢᴇʧʪʝʛʝʥ 

ᴅʨʪװʨʣʽ S-ʙʣʦʢʪʘʨʜʳ, ʩʦʥʳש ʽʰʽʥʜʝ ץʘʞʝʪʪʽ ʦשʪʘʡʣʳ ץʘʩʠʝʪʪʝʨʽ ʙʘʨʣʘʨʜʳ ʘʣʫסʘ ʙʦʣʘʜʳ. 
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ANALYSIS AND EXAMPLES OF OPTIMUM CRYPTOGRAPHIC S -BOX 

 

Abstract. This work is devoted to the analysis and synthesis of cryptographic S-boxes. In 

this paper, we consider the definition of S-boxes and their optimality, as well as some methods 

for their generation. Various examples of S-boxes are given. For the analysis and synthesis of S-

boxes, a new software tool for the analysis and synthesis of cryptographic S-boxes, written in 

Python3, was chosen. The capabilities of the tool cover various functions such as the analysis of 

existing cryptographic S-boxes and the synthesis of new optimal 8-bit cryptographic S-boxes. In 

this paper, this tool is used to generate new optimal S-boxes. An analysis of already known 

cryptographic S-boxes is also performed. Generation of new S-boxes is carried out on the basis 

of flexible and user-defined values of optimality criteria. As a result, it is possible to obtain many 

different S-boxes, including those with the necessary optimal properties. 

 

Keywords. Information security, cryptography, cryptographic algorithms, cryptographic 

S-boxes, substitution tables. 
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NEW REALITY STRATEGY PROPOSAL: ZERO -TRUST METHODOLOGY  

 

Abstract. Remote access was always one of the big compromises, in the one hand we 

provide access for employees to private infrastructure (in the COVID world we have only one 

way to deal with new reality), but on other hand, we drill a big hole for our private infrastructure 

and hackers and threat actors receive a possibility to attack our internal perimeter. The purpose of 

the article investigates strategies to mitigate those risks and provide solutions for securely 

working in a new reality. The article focuses on checking, continuous vulnerability assessment, 

and how to move from user authentication to a hybrid model - user and system authentication. 

 

Keywords. Security controls, zero-trust, information security, strategy. 

 

Introduction.  

Nowadays, we are faced with situations where companies moved employees to home 

offices [1] and don't know how their devices receive updates and the latest configuration because 

they are placed out of the office perimeter. For example the best example from before COVID 

life, is Active Directory - companies enforce configuration and policies to user devices via a 

secured corporate network and know the result of these policies after enforcing. But after moving 

employees to the home office companies lost trusted channels to communicate with those 

devices and visibility of the IT department what happening in the company perimeter, because 

this perimeter was increased to employees' home network and to the whole Internet. Based on 

these statements we can make an assumption that the risks of compromising the IT infrastructure 

of companies are increased and possibility to mitigate those risks decreased [2ï3]. 

The rapid development of the IT sector leads to accelerated application and introduction 

of digital innovations, and these innovations require highly qualified engineers who can 

implement those innovations and build modern infrastructures and services. 

As we all know in the world high demand for highly skilled engineers, but Universities 

can't provide enough qualified specialists. Based on this statement we can predict a fast growth 

of consulting companies and contractors who supports this growth for market makers [4]. 

 The Cybercrimes landscape moved from standalone hackers to highly motivated teams 

targeted to destruct companies' and governments' infrastructures, including critical infrastructure. 

Those actors communicate and use different tactics and tools. Many of those tools is a legitimate 

tool for daily automation and configuration duties. So that big part (in that case we can say that 

all of today's available antivirus or endpoint detection and response tools) can't prevent those 

attacks. We can propose user behavior analysis tools, but these tools generate tons of false-

positive alerts for every company bigger than a small business (in that case mentioned 

companies operate more than teens employees). And from that point of view, we can conclude 

this software is useless from a security perspective [5-6]. 

Based on all topics before we can conclude that only continuous compliance checking 

can provide some part of visibility for company assets and give the possibility to infiltrate 

suspicious assets and devices from access to the company resources [7]. 

In case old-fashioned infrastructures are based on perimeter security techniques and VPN 

remote access security department receives one more threat - lateral movement inside 

infrastructure. For example threat actor takes control of one of a company's assets, doesn't matter 
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end-user laptop or some server, this actor has possibility to investigate the environment and 

attack the neighborhood infrastructure elements. This tactic is well known and described in the 

MITRE attack matrix [8]. 
 

Materials and methods. 

This article described the reasons and purposes for building secured network 

infrastructure. And some pieces of historic information about the grown complexity of network 

architecture and modern applications. 

As a start point, we take the document çSpecification of Internet Transmission Control 

Programè by Vint Cerf, Yogen Dalal, and Carl Sunshine [9]. This document describes the 

specification of TCP and Internet, in this document we first time saw the name Internet. A big 

part of this document describes communication between networks and transfer of data between 

networks. 

The most challenging task of describing this technology was the method of çcastle-and-

moatè, this term means if one computer from some network is connected to the Internet, all of 

this network is connected to the Internet. Many old-fashioned networks operate with border 

firewalls and divide the network into two-part - internal and external. That method looks well in 

case when all company assets are placed in an internal network. But when we move some assets 

into an external network, we lose visibility of which device is trusted and complies with our 

standards. For example, a company asset was placed outside the internal network and was 

attacked by a hacker, inside the internal network company can receive some pieces of evidence 

of this attack, but when the company asset is placed outside the company network - the company 

has no possibility to investigate vectors of attack [10]. 

For mitigating this situation company needs to follow steps: 

install security updates and patches as soon as possible 

install endpoint firewall and host-based intrusion detection/prevention system 

enable drive encryption on all internal drives (in this case mentioned drives contain 

system and user data) 

apply hardening best practices (it depends on regulator requirements) 

enforce to use strict authentication and password policy. 

All of these steps look reasonable and simple achievable, but not enough one time to 

make this configuration. Work from home forced users to use BYOD, and request privileged 

access to they assets because they need to install some software and make some configurations 

without visiting the office IT team. High permissions bring the possibility to make 

misconfiguration to the operation system, including security controls (security misconfiguration 

is one of the worst security breaches). To avoid this breach company needs to implement 

continuous compliance checks and as part of this compliance check nice to have a security 

posture check. 

In case when a company makes continuous compliance/posture checks company can 

avoid a big part of misconfiguration and security breaches. This part of the article described the 

user-side of continuous compliance/posture check. But monitoring on user side provides the 

company only visibility without instruments to avoid and respond to those risks. To respond and 

provide a possibility to respond to this risk company need to impose company policies for end-

user. One of the best ways to impose policies is to restrict access to company internal/private 

resources from devices that don't comply with the company security policies. For that company 

can implement a secure edge. Secure edge terminates connections from end-user devices and 

verifies those devices and their configurations to comply with corporate security policies. In case 

when end-used device complies with corporate security policies - secure edge proxying this 

request to a corporate resource. In another case, when the device doesn't comply with corporate 

policies - secure edge shows a notification with clarification and steps on how to fix this issue. 
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These two steps help companies to mitigate risks related to end-user devices and protect 

company resources from communicating with untrusted devices. 

Despite end-user compliance checking these steps don't mitigate lateral movement tactics 

and don't protect company server infrastructure from attacks between servers. To protect servers 

from attack companies need to create restriction rules on firewalls and restrict all incoming 

connections to servers. 

This sounds like a plan, but what about access to services on this server? 

We can initiate connections from the server, instead of waiting for an incoming 

connection, but we need to know what endpoint wants to receive this connection. 

We create descriptions of secure access tunnels initiated from internal servers and secure 

edge services provided to end-users. 

In this step, we need to create an equation between edge and access rules and create rules 

to bypass traffic. 

From a security perspective, it looks like trusted-trusted access. From the threat actors' 

side, it looks like an outbound connection to an outbound connection, in simple words 

connection from neverland to neverland. 

If no listen service and no inbound traffic nothing to attack. And definitely, all traffic is 

encrypted and protected from repudiation attacks, but this is a different story. 

In this part, we discussed ways to mitigate end-user and server attacks. 

 

Results and discussion. 

As a result of the previous step we achieve çtrust, but verifyè paradigm. In this 

paragraph, we move forward with come technical pieces of realization of this paradigm. 

Figure 1 shows a generic architecture diagram of a typical application. This application 

works without any additional compliance or security controls, and have not adequate protection 

from threat actors. 

 
 

Figure 1 ð Architecture diagram of a web application 
 

As we can see, all requests are sent directly between the end-user device and the server. 

In that scheme, actors can scan web applications, and try to attack servers and web applications. 

The typical situation for most companies and servers. In that case, the best way is to harden 

server configuration and train users for digital hygiene. 

The typical workflow for that case is for an end-user device to initiate a request to the 

server, and the server provides a response to this request. 

In some cases, these request is encrypted in some cases not. But we keep in mind how 

easy might be to implement a man-in-the-middle attack [11-15] Figure 2. 

Let's try to improve the situation and try to protect web applications and servers from 

some possible attacks. First of all, we need to move the web application under the secure edge, 

this is a well-known solution and many companies provide similar services. For many small 

businesses and not a critical infrastructure this is more than enough. 

If we fall back on my experience, it usual dialog with CISO of big companies: çwe used 

{some company name} as DDoS protection and they protect us from attacksè. 

Later in this article, we provide evidence, that is not enough protection in post-COVID 

reality. But let's move forward and take a look at the next solution flow. 
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Figure 3 shows the scheme with terminating traffic to Secure Cloud and after that 

proxying this traffic to the application. Compared with previous communication flow this 

solution looks like a silver bullet. With this flow, companies have a possibility to implement 

DDoS protection, by terminating suspicious traffic in the cloud, easy implement the Web 

Application Firewall, and protecting web applications from attacks at the web application level. 

  

 
 

Figure 2 ð Architecture diagram of a web application with attack flow 
 

Looks awesome, but the most popular way to bypass this solution - search the IPs of the 

web application servers and communicate with server directly. 

For sure administrators can whitelist IPs of Secure Cloud on the web server firewall, but 

in any case, this is not protection from misconfiguration, and this solution doesn't protect from 

an attack on other services on this server, for example, ssh. 
 

 
 

Figure 3 ð Architecture diagram of a web application under Secure Edge 
 

Figure 4 shows possible vectors of attack and weak points of modernized architecture. 

That is better than nothing, but all of the mitigation steps can be bypassed and the attack can 

continue after some preparation steps from the attacker's side. 
 

 
 

Figure 4 ð Architecture diagram of a web application under Secure Edge with attack flow 
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 Possible to implement additional hardening procedures and those procedures help to 

improve the situation, and for some cases, these steps are enough, in the case when we talk not 

about critical infrastructure. Also, in that case need to remember about the client-side device and 

harden it too. But usually, most companies are faced with two different situations. First case 

when end-user hasn't local admin privileges and we for that case increasing complexity of ways 

to remote support of this user and possibility to self-service. And the second end-user has enough 

privileges, but in that case, a user changes the configuration of the device and changes 

configuration to a less strong level. 

Figure 5 demonstrates the scheme when a server has no direct connection to the internet, 

and all traffic is tunneled to the secure cloud. In that scheme, an attacker has no way to make an 

external attack on the server or application, because this server has no open ports and doesn't 

allow any incoming connection. This case looks like a VPN tunnel but has one principal 

difference - we decrease the blast radius for the potential attack to only one server. Furthermore, 

all risks related to end-user are still the same as in the first case. 
 

 
 

Figure 5 ð Architecture diagram of a web application Secure Access Secure Edge 

 

Figure 6 - attack surface for secure edge method. As we can see on the scheme attacker 

has no possibility to attack the server and stay with a secure edge - and should compromise as 

the first step secure edge, and after that move forward with a server under a secure edge. 

Nevertheless, vectors with MitM and attack end-user traffic stayed without changes. 

And via unprotected end-user device attackers can try to bypass the secure edge bastion 

and move forward to the server. To mitigate this risk we will try to improve this scheme and look 

into this problem and possible ways to solve it. 

Figure 7 looks like a scheme in Figure 5, but with one small change added posture check 

agent, this agent continuously checks compliance of the end-user device and reports this state to 

the secure access cloud. When End-user tries to access the application his request goes to the 

secure cloud and in the cloud validates to compliance state and comply the security 

requirements. As security requirements might be mentioned for example endpoint detection and 

response agent, hard drive encryption, latest security update, and fixes for the operating system 

and all installed software enabled and configured local firewall, etc. 
 

 
 

Figure 6 ð Architecture diagram of a web application Secure Access Secure Edge with attack 

flow 
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All those requirements and controls can mitigate a big part of known attack tactics and 

make it harder for attacks and persist on the end-user devices. As a good point for improvement 

can recommend changing file associations on the end-point device and minimum quantity of 

installed software, to minimize the attack surface of the end-point device. With less attack 

surface we provide a minimal possibility to successfully attack we provide to threat actors [10]. 
 

 
 

Figure 7 ð Architecture diagram of a web application with Secure Access Secure Edge and 

Posture check 
 

As a result Figure 8, can see all possible attacks will be terminated to secure the cloud, 

and server and end-user devices are under the protection and outside of the attackers' scope. 
 

 
 

Figure 8 ð Architecture diagram of a web application with Secure Access Secure Edge and 

Posture check with attack flow 
 

There was described a few methods to mitigate possible attacks to server-side and client-

side infrastructure, applicability of those methods depends from criticality and type of the 

service. 

In current article we reviewed only web-based applications and basic types of attack to 

this type of application. But with simple approximation steps we can provide solutions for all of 

possible types application and attack. 

This model already used in many companies and shows his efficiency [16]. 

Based on these theoretical statements and practical applicability and possibility we can 

propose this solution as a good step to minimize and avoid many of possible attacks and improve 

security of infrastructure. 

As described above principle çtrust, but verifyè works fine and for modern threat too. We 

can use this principle in modern world as our predecers use this principle in they reality, and our 

descendants will live with this principle in his reality or our future. 

Based in all provided above, we can mark the line this principle stayed actual and must 

have to implement on all critical infrastructure around the world. 

 

Conclusion. 

This article describes a new strategy model developed to provide secured access and 

minimize blast radius. As described above security incident shouldn't affect infrastructure and 
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defenders need make harder any lateral movement or attackers. New reality provide us 

opportunity to work from home, to make our work life reality more flexible and more faster than 

was before, but new challenges and threats make some change of our daily routine and habits. 

Thats not insane that's just our new reality and we need to evolute in this new reality, like first 

peoples in the stone age we need improve our habits, include new methods and continuously 

move forward to the new challenges to the new achievements. 
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        ɾɸרɸ ʐʓʅɼʓפ ʉʊʈɸʊɽɻʀʗʉʓʅʓױ רʉʓʅʓʉʓ: ʅᴆʃ ʉɽʅɯʄ ᴄɼɯʉɯ 

        

ɸשʜʘʪʧʘ. פʘʰʳץʪʘʥ ץʦʣ ʞʝʪʢʽʟʫ ᴅʨץʘʰʘʥ װʣʢʝʥ ʳʤʳʨʘʣʘʨʜʳש ʙʽʨʽ ʙʦʣʜʳ, ʙʽʨ 

ʞʘסʳʥʘʥ ʙʽʟ ץʳʟʤʝʪʢʝʨʣʝʨʛʝ ʠʥʬʨʘײץʨʳʣʳʤסʘ ץʦʣ ʞʝʪʢʽʟʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʤʽʟ (COVID 

ʢʝʟʽʥʜʝ ʞʘשʘ ʰʳʥʜʳץʪʳ ʞʝשʫʜʽש ʙʽʨ סʘʥʘ ʞʦʣʳ ʙʦʣʜʳ), ʙʽʨʘץ ʝʢʽʥʰʽ ʞʘסʳʥʘʥ ʙʽʟ װʣʢʝʥ 

ʙʽʟʜʽש ʠʥʬʨʘײץʨʳʣʳʤʳʤʳʟסʘ ʩʘשʳʣʘʫʣʘʨʜʳ ʙײʨסʳʣʘʡʤʳʟ, ʭʘʢʝʨʣʝʨ ʤʝʥ ʰʘʙʫʳʣʜʘʫʰʳʣʘʨ 

ʽʰʢʽ ʧʝʨʠʤʝʪʨʛʝ ʰʘʙʫʳʣ ʞʘʩʘʫ ʤװʤʢʽʥʜʽʛʽʥ ʘʣʘʜʳ. ɹײʣ ʤʘץʘʣʘʥʳש ʤʘץʩʘʪʳ ʦʩʳ 

ʪᴅʫʝʢʝʣʜʝʨʜʽ ʘʟʘʡʪʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʞʘשʘ ʰʳʥʜʳץʪʘ ץʘʫʽʧʩʽʟ ʞײʤʳʩ ʽʩʪʝʫ 

ʰʝʰʽʤʜʝʨʽʥ ײʩʳʥʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄʘץʘʣʘʜʘ ʢװʡʜʽ ʪʝʢʩʝʨʫʛʝ, ʪײʨʘץʪʳ ʦʩʘʣʜʳץʪʳ 

ʙʘסʘʣʘʫסʘ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʰʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷʩʳʥʘʥ ʧʘʡʜʘʣʘʥʫʰʳ ʤʝʥ ʞװʡʝ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷʩʳʥʳש ʛʠʙʨʠʜʪʽ װʣʛʽʩʽʥʝ ץʘʣʘʡ ᴇʪʫʛʝ ʙʦʣʘʜʳ. 

. 

ʊװʡʽʥʜ ̔ ʩᴇʟʜʝʨ. פʘʫʽʧʩʽʟʜʽʢʪʽ ʙʘʩץʘʨʫ, ʥᴇʣʜʽʢ ʩʝʥʽʤ, ʘץʧʘʨʘʪʪʳץ ץʘʫʽʧʩʽʟʜʽʢ, 

ʩʪʨʘʪʝʛʠʷ. 
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ʈʫʩʣʘʥ ʉʘʬʠʥ, ʜʠʨʝʢʪʦʨ ʊʆʆ çV-Officeè, ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ,  Ruslan@v-office.org 
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ʠʤ. ʃ.ʅ.ɻʫʤʠʣʝʚʘ, ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ,  askhat.amrenov@gmail.com 
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ʠʤ. ʃ.ʅ.ɻʫʤʠʣʝʚʘ, ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ, satybaldina_dzh@enu.kz 

 

ʇʈɽɼʃʆɾɽʅʀɽ ʉʊʈɸʊɽɻʀʀ ʅʆɺʆʁ ʈɽɸʃʔʅʆʉʊʀ: ʄɽʊʆɼʆʃʆɻʀʗ 

ʅʋʃɽɺʆɻʆ ɼʆɺɽʈʀʗ 

 

ɸʥʥʦʪʘʮʠʷ. ʋʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ ʚʩʝʛʜʘ ʙʳʣ ʦʜʥʠʤ ʠʟ ʙʦʣʴʰʠʭ ʢʦʤʧʨʦʤʠʩʩʦʚ, ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʤʳ ʦʙʝʩʧʝʯʠʚʘʝʤ ʜʦʩʪʫʧ ʩʦʪʨʫʜʥʠʢʦʚ ʢ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ (ʚ ʫʩʣʦʚʠʷʭ 

COVID ʙʳʣ ʪʦʣʴʢʦ ʦʜʠʥ ʩʧʦʩʦʙ ʩʧʨʘʚʠʪʴʩʷ ʩ ʥʦʚʦʡ ʨʝʘʣʴʥʦʩʪʴʶ), ʥʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

ʤʳ ʦʪʢʨʳʚʘʝʤ ʜʦʩʪʫʧ ʢ ʥʘʰʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʘ ʭʘʢʝʨʳ ʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʧʦʣʫʯʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʪʘʢʦʚʘʪʴ ʚʥʫʪʨʝʥʥʠʡ ʧʝʨʠʤʝʪʨ. ʎʝʣʴ ʩʪʘʪʴʠ ʠʩʩʣʝʜʦʚʘʪʴ ʩʪʨʘʪʝʛʠʠ ʧʦ 

ʩʥʠʞʝʥʠʶ ʵʪʠʭ ʨʠʩʢʦʚ ʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʨʝʰʝʥʠʷ ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʚ ʥʦʚʦʡ 

ʨʝʘʣʴʥʦʩʪʠ. ʉʪʘʪʴʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʨʦʚʝʨʢʫ ʩʦʩʪʦʷʥʠʷ, ʥʝʧʨʝʨʳʚʥʫʶ ʦʮʝʥʢʫ ʫʷʟʚʠʤʦʩʪʝʡ 

ʠ ʪʦ, ʢʘʢ ʧʝʨʝʡʪʠ ʦʪ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ð ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʩʠʩʪʝʤʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʂʦʥʪʨʦʣʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʫʣʝʚʦʝ ʜʦʚʝʨʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʪʨʘʪʝʛʠʷ. 
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1ʀʅʊ-ʉɸʊ ɸʣʘʪʘʫ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ 

2çʀʥʬʨʘʢʦʩè ʈʄʂ ɸʣʤʘʪʳ ץ. ʬʠʣʠʘʣʳ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ 
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ʆʅʊʆʃʆɻʀʗʃʓפ ʀʅɾɽʅɽʈʀʅɻ ʅɽɻɯɿɯʅɼɽ ᴄʉʂɽʈɯ-נɸʈʓʐ פʓɿʄɽʊɯ 

ʉɸʃɸʉʓʅɼɸנʓ ʉʊɸʅɼɸʈʊʊɸʈɼʓ ᴄɿɯʈʃɽʋ ɾᴄʅɽ תʁʃɽʉʊɯʈʋ תʐɯʅ 

ɿʀʗʃɼʓ ɹɸʉפɸʈʋ ɾתʁɽʉɯ  

 

ɸשʜʘʪʧʘ. ɹʘʨʣʳץ ʩʘʣʘʣʘʨʜʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞʘסשʳʨʪʫ ʜʘʤʫʰʳ ʝʣʜʝʨ װʰʽʥ ʙʘʩʪʳ 

ʙʘʩʳʤʜʳץ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʍʘʣʳץʘʨʘʣʳץ ץʘʪʳʥʘʩʪʘʨʜʳש ʢʝשʝʶʽ ʤʝʤʣʝʢʝʪʪʝʨʜʽש ʙʝʣʛʽʣʽ 

ʙʽʨ ʩʘʣʘʜʘ ʭʘʣʳץʘʨʘʣʳץ ʪᴅʞʽʨʠʙʝʥʽ ʝʥʛʽʟʫʛʝ ʜʘʡʳʥʜʳסʳʥʘ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. ʆʩʳ 

ʙʘסʳʪʪʘʨʜʳש ʙʽʨʽ ᴅʩʢʝʨʠ-סʘʨʳʰ ץʳʟʤʝʪʽ ʩʘʣʘʩʳʥʜʘסʳ ʭʘʣʳץʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨʜʳ 

 ʤᴅʪʽʥʜʽʢ שʞʘʪʪʘʨʜʳײץ ʘʣʘʜʘ ʥʦʨʤʘʪʠʚʪʽʢץʘʞʝʪʪʽʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄʘץ ʡʣʝʩʪʽʨʫװ

ʘץʧʘʨʘʪʳʥʳװ שʣʢʝʥ ʢᴇʣʝʤʽʥ ᴇשʜʝʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫʛʝ ʞʘשʘ ʢᴇʟץʘʨʘʩ ײʩʳʥʳʣʘʜʳ. 

ʄʘץʘʣʘʜʘ ʩʠʧʘʪʪʘʣסʘʥ ʤʽʥʜʝʪʪʝʨ ʟʝʨʪʪʝʫ ʧʨʦʮʝʜʫʨʘʣʘʨʳʥʳש ʪʽʟʙʝʛʽʥʽש ʙʽʨʝʛʝʡ ʞᴅʥʝ 

ʝʨʝʢʰʝ ʨʝʪʪʽʣʽʛʽʥ ʙʽʣʜʽʨʝʜʽ - ʟʝʨʪʪʝʫʜʝʥ, ʪʘʧʩʳʨʤʘʣʘʨʜʳ ץʦʶʜʘʥ ʞᴅʥʝ ʨʝʩʽʤʜʝʫʜʝʥ 

 ᴅʜʽʩʪʝʤʝʣʽʢ ʩʘʨʘʧʪʘʤʘʩʳʥ ʽʰʽʥʘʨʘ שʞʘʪʪʘʨʜʳײפ .ʦʣʜʘʥʙʘʣʳ ʰʝʰʽʤʜʽ ᴅʟʽʨʣʝʫʛʝ ʜʝʡʽʥץ

ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʘʥ ʪײʨʘʪʳʥ ױʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʫ ʞʦʩʧʘʨʳʥʘ ʩᴅʡʢʝʩ ʩʪʘʥʜʘʨʪʪʘʨʜʳ 

 ʘʰסʠʥʞʝʥʝʨʠʥʛ ʘʣ ץʰʽʥ ʧʨʦʮʝʩʪʝʨʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʩʘʣʘʩʳʥʜʘ ʦʥʪʦʣʦʛʠʷʣʳװ ʡʣʝʩʪʽʨʫװ

ʨʝʪ ץʦʣʜʘʥʳʣʘʪʳʥ ʙʦʣʘʜʳ. ʊᴅʞʽʨʠʙʝ ʰʝשʙʝʨʽʥʜʝ ץʦʣʜʘʥʳʩʪʘסʳ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨʜʳש 

ʨʝʧʦʟʠʪʦʨʠʡʣʝʨʽʥʝ ʩʽʣʪʝʤʝ ʞʘʩʘʤʘʡ, ʪᴅʫʝʣʩʽʟ ײץʨʘʣ ʝʥʛʽʟʽʣʜʽ. ʊᴅʩʽʣ ʤᴅʪʽʥʜʽʢ ʘץʧʘʨʘʪʪʘʥ 

ʩʘʧʘʣʳ ʜʝʨʝʢʪʝʨʜʽ ʘʣʫ ᴅʜʽʩʪʝʨʽʥʝ, ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ᴅʜʽʩʪʝʨʽʥʝ, ʩʪʘʥʜʘʨʪʪʘʫסʘ 

 ʳʣʘʫץʘ, ʧʨʦʮʝʩʪʝʨʜʽ ʙʘסʦʶץ ʤᴅʩʝʣʝʣʝʨʜʽ ץʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳס ʳʣʳʤʠ ʞᴅʥʝס ʘשʘʪʳʩʪʳ ʞʘץ

ʞᴅʥʝ ʙʘʩץʘʨʫ װʣʛʽʣʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ. 

ʉʦסשʳ ʞʳʣʜʘʨʜʘסʳ ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʘʣʛʦʨʠʪʤʜʝʨʜʽץ שʘʨץʳʥʜʳ ʜʘʤʫʳ 

ʢᴇʧʪʝʛʝʥ ʧʨʦʮʝʩʪʝʨʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫסʘ ץʘʞʝʪʪʽ ײץʨʘʣʜʘʨʜʳש ʜʘʤʫʳʥʘ ʳץʧʘʣ ʝʪʪʽ. ɽש 

ʘʣʜʳʤʝʥ, ʙʽʟ ץʦʣʜʘʥʳʩʪʘסʳ ʩʪʘʥʜʘʨʪʪʘʨ ʤʝʥ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨʜʘ ʙʝʣʛʽʣʝʥʛʝʥ 

ʘץʧʘʨʘʪʪʳש ʩᴅʡʢʝʩʪʽʛʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ײʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʙʘʩץʘʨʫʜʳש ʞײʤʳʩ 

ʧʨʦʮʝʩʽʥ ʦשʪʘʡʣʘʥʜʳʨʘʪʳʥ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ᴅʟʽʨʣʝʫʰʽʣʝʨ ʤʝʥ ʩʘʨʘʧʰʳʣʘʨסʘ ʘʨʥʘʣסʘʥ 

 שʘʪʳʩʫʰʳʣʘʨʜʳץ ʨʫ ʪʫʨʘʣʳ ʘʡʪʳʧ ʦʪʳʨʤʳʟ. ɽʢʽʥʰʽʜʝʥ, ᴅʟʽʨʣʝʫʛʝײץ ʳʥסʨʘʣʜʘʨ ʞʠʥʘײץ

ʙʘʨʣʳסʳʥ ʞᴅʥʝ ʥʝʛʽʟʛʽ ʪײʪʳʥʫʰʳʣʘʨʜʳ ץʘʜʘסʘʣʘʫ ץʘʞʝʪ. ɸʣ, ʤʝʤʣʝʢʝʪʪʽʢ ʪʽʣʜʝʛʽ ײʣʪʪʳץ 

ᴅʩʢʝʨʠ ʵʪʘʣʦʥʜʘʨʜʳש ʪʝʨʤʠʥʦʣʦʛʠʷʣʳץ ʙʽʨʣʽʛʽʥ ײʡʳʤʜʘʩʪʳʨʫסʘ, ʩʦʥʜʘʡ-ʘץ ᴇʣʰʝʤ ʙʽʨʣʽʛʽʥ 

ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʢᴇʤʝʢʰʽ ײץʨʘʣʜʘʨʜʳ ᴅʟʽʨʣʝʫ ʝש ʝʣʝʫʣʽ ʞײʤʳʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɹײʣ ʟʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ ï ʙʽʨʳסשʘʡ ʨʝʧʦʟʠʪʦʨʠʡʜʽ ײץʨʫʜʳש ʦשʪʘʡʣʳ ᴅʜʽʩʪʝʨʽʥʽש 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʠʥʪʝʛʨʘʮʠʷʩʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʩʪʘʥʜʘʨʪʪʳ ᴅʟʽʨʣʝʫʜʽש ʦʧʝʨʘʮʠʷʣʳץ 

ʮʠʢʣʽʥʽש ʧʨʦʮʝʩʪʝʨʽʥ ʙʘʩץʘʨʫ, ʙʘץʳʣʘʫ ʞᴅʥʝ ʙʘץʳʣʘʫʜʳש ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʩʽʥ ʞʘʩʘʫ. 

ʆʩʳ ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʢʝʣʝʩʽ ʟʝʨʪʪʝʫ ʤʽʥʜʝʪʪʝʨʽ ʦʨʳʥʜʘʣʜʳ: 

- ʪʝʨʤʠʥʦʣʦʛʠʷʣʳץ ʙʽʨʣʽʢʪʝʛʽ ץʘʡʰʳʣʳץʪʘʨʜʳ ʥʝʤʝʩʝ ʩᴅʡʢʝʩʩʽʟʜʽʢʪʝʨʜʽ ʘʥʳץʪʘʫ 

ʤװʤʢʽʥʜʽʛʽʤʝʥ, ʩʫʙʲʝʢʪʽʣʝʨ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ ʞʦסʘʣʪʧʘʡ, װʡʣʝʩʪʽʨʽʣʛʝʥ ʞᴅʥʝ 

ʞʘשʘʜʘʥ ʞʘʩʘʣסʘʥ ʩʪʘʥʜʘʨʪʪʘʨ ʘʥʳץʪʘʤʘʣʘʨʳʥʳש ʙʽʨʤᴅʥʜʽ ʪײʞʳʨʳʤʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ 

 ʡʝʣʽʢ ʪᴅʩʽʣʜʽ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧװʠʥʞʝʥʝʨʠʥʛ ᴅʜʽʩʪʝʤʝʩʽʥʝ ʩᴅʡʢʝʩ ʞ ץʰʽʥ ʦʥʪʦʣʦʛʠʷʣʳװ

ʤʦʜʝʣʴʜʽ ᴅʟʽʨʣʝʫ; 

- ʬʦʨʤʘʣʴʜʳ ʘʪʨʠʙʫʪʪʳש ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ײץʞʘʪ ʨʝʪʽʥʜʝ ʩʪʘʥʜʘʨʪʪʳש 

ʙʽʨʪײʪʘʩ ײʩʳʥʳʣʫʳ ʪײʞʳʨʳʤʜʘʤʘʩʳʥ ᴅʟʽʨʣʝʫ ʢʝʟʽʥʜʝ ʩʪʘʥʜʘʨʪʪʳ ᴅʟʽʨʣʝʫʜʽש ʦʧʝʨʘʮʠʷʣʳץ 

ʮʠʢʣʽʥʽש ʧʨʦʮʝʩʪʝʨʽʥʜʝ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ. 
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ɾײʤʳʩʪʘ ʤʳʥʘʣʘʨ ײʩʳʥʳʣסʘʥ: ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʞʽʢʪʝʫ ʤʦʜʝʣʽ, ʥʳʩʘʥʜʳ ʘʣʫ ʤʦʜʫʣʽ, 

ʩʘʥʘʪʪʘʫ ʤʦʜʫʣʽ, ʪʝʟʘʫʨʫʩʪʘʨʜʳ ײץʨʫ ʤʦʜʫʣʽ, ʤʦʥʠʪʦʨʠʥʛ ʞᴅʥʝ ʪʘʣʜʘʫ ʤʦʜʫʣʽ. ɽʩʝʧʪʝʫʣʝʨ 

ʬʦʨʤʘʣʠʟʘʮʠʷ ᴅʜʽʩʪʝʨʽʥ, ʤʘץʩʘʪʪʳץ ʬʫʥʢʮʠʷʥʳ ʙʝʣʛʽʣʝʫ, ץײʩʘʩʪʳץ ᴇʣʰʝʤʽʥ ʙʝʣʛʽʣʝʫ ʞᴅʥʝ 

 ʦʣʜʘʥʫץ ʤʳʩʪʘײʨʛʽʟʽʣʜʽ. ɾװʳʣʳ ʞץʪʘʫ ʘʨץʠʥʜʠʢʘʪʠʚʪʽʢ ʩʠʧʘʪʪʘʤʘʩʳʥ ʘʥʳ שʞʘʪʪʳײץ

ʘʡʤʘסʳʥʳש ʪʝʦʨʠʷʣʳײץ ץʨʘʤʜʘʩ ʙᴇʣʽʛʽ, ʜʠʟʘʡʥ ʙᴇʣʽʛʽ ʞᴅʥʝ ʞװʡʝ ʬʫʥʢʮʠʦʥʘʣʜʳסʳʥʳש 

ʩʠʧʘʪʪʘʤʘʩʳ ʢᴇʨʩʝʪʽʣʝʜʽ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʘʵʨʦסʘʨʳʰ ᴇʥʝʨʢᴅʩʽʙʽ ʩʘʣʘʩʳʥʜʘסʳ 

ʩʪʘʥʜʘʨʪʪʘʨ ʤʝʥ ʝʨʝʞʝʣʝʨ ʥʝʛʽʟʽʥʜʝ ʦʩʳ ʤᴅʩʝʣʝʥʽ ʰʝʰʫʛʝ ײץʟʳʨʝʪʪʽ ʩʘʨʘʧʰʳʣʘʨ ʪʦʙʳ 

ʩʳʥʘʜʳ.  

ʊװʡʽʥ ʩᴇʟʜʝʨ: ײʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʨ, ʘʵʨʦסʘʨʳʰ ץʳʟʤʝʪʽ, ʩʪʘʥʜʘʨʪʪʘʨʜʳ װʡʣʝʩʪʽʨʫ, 

ʢʽʣʪ ʩᴇʟʜʝʨʜʽ ʘʥʳץʪʘʫ ʘʣʛʦʨʠʪʤʽ, ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʩʘʥʘʪʪʘʫ. 

 

ʂʽʨʽʩʧʝ 

ɹʘʨʣʳץ ʩʘʣʘʣʘʨʜʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞʘסשʳʨʪʫ ï ʤʝʤʣʝʢʝʪʪʽʢ ʤʘשʳʟʳ ʙʘʨ ʙʘʩʪʳ 

ʙʘʩʳʤʜʳפ .ץʘʟʘץʩʪʘʥʥʳץ שʦʨסʘʥʳʩ ᴇʥʝʨʢᴅʩʽʙʽʥ ʜʘʤʳʪʫ ʞᴅʥʝ ʙʘʩץʘ ʝʣʜʝʨʤʝʥ ʙʽʨʣʝʩʢʝʥ 

ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳ ʜʘʤʳʪʫסʘ ʜʘʡʳʥʜʳסʳ ᴅʩʢʝʨʠ-ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʜʝʨʜʽ ʨʝʬʦʨʤʘʣʘʫʜʳ 

ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴄʩʢʝʨʠ-ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʜʝʨʜʽש ᴇʩʽʧ ʢʝʣʝ ʞʘʪץʘʥ 

 ʨʘʤʜʘʩײץ ץʥʘʤʘʣʳשʥʦʨʤʘʪʠʚʪʽʢ ʪʘʣʘʧʪʘʨʳ ʤʝʥ ʟʘ שʘʞʝʪʪʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʦʩʳ ʩʘʣʘʥʳץ

ʙᴇʣʽʛʽʥʝ ʪʦץʪʘʣʫ ץʘʞʝʪ. ʍʘʣʳץʘʨʘʣʳץ ʪᴅʞʽʨʠʙʝ ʩʘʣʘʩʳʥʜʘסʳ ʟʝʨʪʪʝʫʣʝʨ ײʣʪʪʳץ 

ʩʪʘʥʜʘʨʪʪʘʨʜʳ װʡʣʝʩʪʽʨʫʛʝ ʞᴅʥʝ ᴅʟʽʨʣʝʫʛʝ ʜʝʡʽʥ ץʳʩץʘʨʘʜʳ. ɹʽʨʘץ ʭʘʣʳץʘʨʘʣʳץ 

ʩʪʘʥʜʘʨʪʪʘʨʜʳש ʙʘʨʣʳץ ʘʰʳץʪʳסʳʤʝʥ פʘʟʘץʩʪʘʥ ʘʫʤʘסʳʥʜʘסʳ ץʦʣʜʘʥʳʩʪʘסʳ ʩʪʘʥʜʘʨʪʪʘʨ 

ʪʘʣʘʧʪʘʨʳʥ ʝʩʢʝʨʫ ץʘʞʝʪ. ɹײʣ ʪᴅʞʽʨʠʙʝ סʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʘץʧʘʨʘʪʪʳש ʙʝʨʽʣʫʽʥʝ, 

ᴅʨʪװʨʣʽ ʝʣʜʝʨʜʝ ᴇʥʜʽʨʽʣʝʪʽʥ ʪʘʫʘʨʣʘʨʜʳש ʩʘʧʘ ʜʝשʛʝʡʽʥʽש ʞʘץʳʥʜʘʩʫʳʥʘ, ʢװʨʜʝʣʽ ᴇʥʽʤ 

ʵʣʝʤʝʥʪʪʝʨʽʥʽש ᴇʟʘʨʘ ʘʣʤʘʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʞᴅʥʝ ʭʘʣʳץʘʨʘʣʳץ ץʘʪʳʥʘʩʪʘʨʜʳ 

ʜʘʤʳʪʫסʘ ʩײʨʘʥʳʩʪʳש ᴇʩʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʤʽʥʜʝʪʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊᴅʞʽʨʠʙʝ 

ʢᴇʨʩʝʪʢʝʥʜʝʡ, ᴇʥʝʨʢᴅʩʽʧ ʦʙʲʝʢʪʽʣʝʨʽʥ ʩʘʣʫ ʞᴅʥʝ ʽʩʢʝ ץʦʩʫ ʟʘשʥʘʤʘʣʳײץ ץʨʘʤʜʘʩ ʙᴇʣʽʢʪʽ, 

ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨʜʳ ʞᴅʥʝ ײʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ᴅʟʽʨʣʝʫʤʝʥ ʙʽʨʜʝʡ ʜʝʨʣʽʢ ʫʘץʳʪʪʳ 

ʘʣʘʜʳ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʙʘʨʣʳץ ʤװʜʜʝʣʽ ʪʘʨʘʧʪʘʨʜʳש ʪʘʣʘʧʪʘʨʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 

ʙʘʨʣʳץ ʢʝʟʝשʜʝʨʜʽ ʤץײʠʷʪ ʟʝʨʜʝʣʝʫ ץʘʞʝʪ. ᴄʩʢʝʨʠ-ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʜʝʨʜʽש ʢᴇʧʰʽʣʽʛʽʥʽש 

ʝʢʽ ʞʘץʪʳ ʤʘץʩʘʪʳ ʙʘʨ, ʩʦʥʜʳץʪʘʥ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ᴅʟʽʨʣʝʫ ʢʝʟʽʥʜʝ ʪʝʢ ᴅʩʢʝʨʠ 

ʩʪʘʥʜʘʨʪʪʘʨʜʳ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʘʟʘʤʘʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʜʘ ʝʩʢʝʨʫ ץʘʞʝʪ. 

ʉʦסשʳ ʞʳʣʜʘʨʜʘסʳ ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʘʣʛʦʨʠʪʤʜʝʨʜʽץ שʘʨץʳʥʜʳ ʜʘʤʫʳ 

ʢᴇʧʪʝʛʝʥ ʧʨʦʮʝʩʪʝʨʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫסʘ ץʘʞʝʪʪʽ ײץʨʘʣʜʘʨʜʳש ʜʘʤʫʳʥʘ ʳץʧʘʣ ʝʪʪʽ. ɽש 

ʘʣʜʳʤʝʥ, ʙʽʟ ץʦʣʜʘʥʳʩʪʘסʳ ʩʪʘʥʜʘʨʪʪʘʨ ʤʝʥ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨʜʘ ʙʝʣʛʽʣʝʥʛʝʥ 

ʘץʧʘʨʘʪʪʳש ʩᴅʡʢʝʩʪʽʛʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ײʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʙʘʩץʘʨʫʜʳש ʞײʤʳʩ 

ʧʨʦʮʝʩʽʥ ʦשʪʘʡʣʘʥʜʳʨʘʪʳʥ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ᴅʟʽʨʣʝʫʰʽʣʝʨ ʤʝʥ ʩʘʨʘʧʰʳʣʘʨסʘ ʘʨʥʘʣסʘʥ 

 שʘʪʳʩʫʰʳʣʘʨʜʳץ ʨʫ ʪʫʨʘʣʳ ʘʡʪʳʧ ʦʪʳʨʤʳʟ. ɽʢʽʥʰʽʜʝʥ, ᴅʟʽʨʣʝʫʛʝײץ ʳʥסʨʘʣʜʘʨ ʞʠʥʘײץ

ʙʘʨʣʳסʳʥ ʞᴅʥʝ ʥʝʛʽʟʛʽ ʪײʪʳʥʫʰʳʣʘʨʜʳ ץʘʜʘסʘʣʘʫ ץʘʞʝʪ. ɸʣ, ʤʝʤʣʝʢʝʪʪʽʢ ʪʽʣʜʝʛʽ ײʣʪʪʳץ 

ᴅʩʢʝʨʠ ʵʪʘʣʦʥʜʘʨʜʳש ʪʝʨʤʠʥʦʣʦʛʠʷʣʳץ ʙʽʨʣʽʛʽʥ ײʡʳʤʜʘʩʪʳʨʫסʘ, ʩʦʥʜʘʡ-ʘץ ᴇʣʰʝʤ ʙʽʨʣʽʛʽʥ 

ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʢᴇʤʝʢʰʽ ײץʨʘʣʜʘʨʜʳ ᴅʟʽʨʣʝʫ ʝש ʝʣʝʫʣʽ ʞײʤʳʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɸʟʘʤʘʪʪʳץ-ᴅʩʢʝʨʠ ʠʥʪʝʛʨʘʮʠʷʥʳש ʟʘשʥʘʤʘʣʳץ ʞᴅʥʝ ʥʦʨʤʘʪʠʚʪʽʢ ץײץʳץʪʳץ 

ʘʢʪʽʣʝʨʽʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ץʘʡʪʘ ץʘʨʘʫʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ʪʘʣʜʘʫ 

ɸʟʘʤʘʪʪʳץ-ᴅʩʢʝʨʠ ʠʥʪʝʛʨʘʮʠʷ ʝʨʝʞʝʣʝʨʽ ʤʝʥ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥʝ 

ʘʨʥʘʣסʘʥ ʥʝʛʽʟʛʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʞʦʙʘʣʘʫ ʢʝʟʽʥʜʝ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫ 

ʧʨʦʙʣʝʤʘʣʘʨʳ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʫʣʝʨ ʍʫʘʥ, ʊ ʝשʙʝʢʪʝʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ɸʚʪʦʨ ʟʘשʜʘʨ ʤʝʥ 

ʘʟʘʤʘʪʪʳץ-ᴅʩʢʝʨʠ ʠʥʪʝʛʨʘʮʠʷ ʥʦʨʤʘʪʠʚʪʽʢ ץײץʳץʪʳץ ʘʢʪʽʣʝʨʜʽש ʞʦʙʘʣʘʨʳʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ 

 ʡʝʥʽ ʧʘʡʜʘʣʘʥʫװʧʽʢʽʨʽʥʰʝ, ʞ שʘʨʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʘʰʘʜʳ. ɸʚʪʦʨʜʳץʘʨʘʫ ʧʨʦʮʝʩʽʥ ʙʘʩץ ʘʡʪʘץ

ʩʪʘʥʜʘʨʪʪʘʫ ʩʘʧʘʩʳʥ ʞᴅʥʝ ʘʟʘʤʘʪʪʳץ-ᴅʩʢʝʨʠ ʠʥʪʝʛʨʘʮʠʷ ʝʨʝʞʝʣʝʨʽ ʤʝʥ ʩʪʘʥʜʘʨʪʪʘʨʳʥ 

ʙʘʩץʘʨʫʜʳש ʫʘץʪʳʣʳʣʳסʳʥ ʞʘץʩʘʨʪʘʜʳ, ʝʨʝʞʝʣʝʨ ʤʝʥ ʩʪʘʥʜʘʨʪʪʘʨ ʪʫʨʘʣʳ ʜʝʨʝʢʪʝʨʜʽש 

ʜᴅʣʜʽʛʽ ʤʝʥ ץʘʜʘסʘʣʘʥʫʳʥ ʘʨʪʪʳʨʘʜʳ. [1] ʍ.ʕ. ʈʶʜʽש ʝʣʝʫʣʽ װʣʝʩʪʝʨʽ ʤᴅʣʽʤ. ɸʚʪʦʨʣʳץ 
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ʟʝʨʪʪʝʫʣʝʨ ʩʪʘʥʜʘʨʪʪʘʨʜʳ װʡʣʝʩʪʽʨʫ ʞᴅʥʝ ʘʩʠʤʤʝʪʨʠʷʣʳץ ʩᴅʡʢʝʩʪʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 

ʙʦʡʳʥʰʘ ʘʡʪʘʨʣʳץʪʘʡ ʢװʰʪʽ ʞᴅʥʝ ʞʘץʩʳ ʜᴅʣʝʣʜʝʨʜʽ ײʩʳʥʘʜʳ. ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ ï 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʘʩʠʤʤʝʪʨʠʷʣʳץ ʝʣʜʝʨ ʘʨʘʩʳʥʜʘסʳ ʩʪʘʥʜʘʨʪʪʳ װʡʣʝʩʪʽʨʫʜʽש ᴅʣ-ʘʫץʘʪʳʥʳש 

ʩʘʣʜʘʨʳʥ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʛʨʝʩʪʽש ʦʨʪʘʰʘ ʜʝשʛʝʡʽ ʙʘʨ ʝʣʜʝʨ װʰʽʥ ʦשʪʘʡʣʳ 

 .ʪʘʫ [2]. ʏʫʜʥʦʚʘ, ʆ.ɸ., ʇʦʮʫʣʠʥ, ɸ.ɼ., ʐʠʣʦʚ, ɸ.ʉץʡʣʝʩʪʽʨʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ʘʥʳװ

 ץʘʨʘʣʳץʘʨʪʫʜʳ ʪʘʣʜʘʫ ʭʘʣʳשʘʪʳʩʪʳ ʨʝʩʝʡʣʽʢ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʞʘץ ʘסʘʥ ʪʘʣʘʧʪʘʨסʩʳʥײ

ʩʝʨʽʢʪʝʩʪʝʨʤʝʥ ᴇʟ ʥʘʨʳץʪʘʨʳʥ ʢʝשʝʡʪʫʛʝ ʞᴅʥʝ ʙʠʟʥʝʩʧʝʥ ʘʡʥʘʣʳʩʫסʘ ʥʠʝʪ ʙʽʣʜʽʨʛʝʥ 

ʦʪʘʥʜʳץ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ᴅʣʝʤʜʽʢ ʥʘʨʳץץʘ ʠʥʪʝʛʨʘʮʠʷʣʘʥʫʳ ʢʝʟʽʥʜʝ ʩʪʘʥʜʘʨʪʪʘʨʜʳ 

 ʃʉʊ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʥʝʛʽʟʽʥʜʝ ʙʝʣʛʽʣʽ ʙʽʨױ ʡʣʝʩʪʽʨʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʝʩʢʝ ʩʘʣʜʳ. ɿʝʨʪʪʝʫʜʝװ

ʩʘʣʘʜʘסʳ ʨʝʩʝʡʣʽʢ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽʥ ײʩʳʥʘʜʳ, ʩʦʥʳʤʝʥ 

 ʡʣʝʩʪʽʨʫװ ʜʘʡʣʘʨʜʘ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ᴅʟʽʨʣʝʫ ʞᴅʥʝסʞʘ ץʳ ʵʢʦʥʦʤʠʢʘʣʳסʘʟʽʨʛʽ ʟʘʤʘʥץ ʘʪʘʨץ

ʵʚʦʣʶʮʠʷʩʳʥ ʢᴇʨʩʝʪʝʜʽ. ɸʚʪʦʨʣʘʨ ʩʪʘʥʜʘʨʪʪʘʨʜʳ װʡʣʝʩʪʽʨʫ ʜʝשʛʝʡʽʥ ᴇʣʰʝʫ ʢʨʠʪʝʨʠʡʽʥ 

ʝʥʛʽʟʝʜʽ [3]. 

ɾʦʩʧʘʨʣʘʥסʘʥ ʟʝʨʪʪʝʫʣʝʨʜʽש ʤʘשʳʟʜʳʣʳסʳʥ ʥʝʛʽʟʜʝʡʪʽʥ סʳʣʳʤʠ-ʪʝʭʥʦʣʦʛʠʷʣʳץ 

 ,ʳ ʈ.ʏʘʡʩʨʠʯʘʨʦʝʥ, ɺ.ʐʨʠʤʘʭʘʨʘʞסʧʘʨʘʪʪʳ ʪʘʥʫ ʩʘʣʘʩʳʥʜʘץʘʞʝʪʪʽʣʽʢʪʝʨ ʤᴅʪʽʥʜʽʢ ʘץ

ʉ.ʏʝʡʟʠʥʛ ʞᴅʥʝ ʂ.ʇʘʤʘʥʠʜʽש ʥʝʛʽʟʛʽ ʪʝʨʤʠʥʜʝʨʜʽ ʘʥʳץʪʘʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʽ 

ʩʠʷץʪʳ ץײץʳץʪʳץ ʢʘʪʝʛʦʨʠʷʣʘʨסʘ ץʘʪʳʩʪʳ ʩʘʣʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʞʘשʘ ʙʘסʳʪʪʘʨʜʳ 

ʩʠʧʘʪʪʘʡʜʳ [4]. ױʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʥʝʛʽʟʛʽ ʩʘʣʳʩʪʳʨʫ ʜʝʨʝʢʪʝʨʽʥʽש ʩᴅʡʢʝʩʩʽʟʜʽʛʽʥ 

ʙʘסʘʣʘʫ ʘʣʛʦʨʠʪʤʽʥ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʘʪʪʝʩʪʘʮʠʷʣʘʫ ʟʝʨʪʪʝʫʰʽʣʝʨ ʪʦʙʳʥʳש ɹʫʨʤʠʩʪʨʦʚʘ, 

ʅ.ɸ., ɺʠʢʪʦʨʦʚ, ʀ.ɺ., ʏʫʥʦʚʢʠʥʘ, ɸ.ɻ ʟʝʨʪʪʝʫʣʝʨʽʥʜʝ ʙʝʨʽʣʛʝʥ [5]. 

ɹʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘסʳ ʟʝʨʪʪʝʫʣʝʨʛʝ, ʦץʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ ʞᴅʥʝ ʦץʫ ʥᴅʪʠʞʝʣʝʨʽʥ 

ᴅʟʽʨʣʝʫ װʰʽʥ ײʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʨ ץʦʣʜʘʥʳʣʘ ʤʘ, ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʫ ץʘʞʝʪ. ױʩʳʥʳʣסʘʥ 

ᴅʜʽʩʪʝʨ ʧᴅʥʜʝʨ ʙʦʡʳʥʰʘ ᴅʟʽʨʣʝʥʛʝʥ ײץʞʘʪʪʘʤʘʥʳ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫʛʝ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʜʽש 

ʪʘʣʜʘʫʳʥ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [6-7]. ʊװʡʽʥʜʽ ʩᴇʟʜʝʨʜʽ ʰʳסʘʨʫ ʘʣʛʦʨʠʪʤʜʝʨʽʥ ʩʘʣʳʩʪʳʨʫ 

ᴅʣʝʤʜʽʢ ץʘʫʳʤʜʘʩʪʳץʪʳס שʳʣʳʤʠ ץʳʟʳסʫʰʳʣʳסʳʥ ʪʫʜʳʨʘʜʳ [8-12]. 

ɹײʣ ʟʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ ï ʙʽʨʳסשʘʡ ʨʝʧʦʟʠʪʦʨʠʡʜʽ ײץʨʫʜʳש ʦשʪʘʡʣʳ ᴅʜʽʩʪʝʨʽʥʽש 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʠʥʪʝʛʨʘʮʠʷʩʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʩʪʘʥʜʘʨʪʪʳ ᴅʟʽʨʣʝʫʜʽש ʦʧʝʨʘʮʠʷʣʳץ 

ʮʠʢʣʽʥʽש ʧʨʦʮʝʩʪʝʨʽʥ ʙʘʩץʘʨʫ, ʙʘץʳʣʘʫ ʞᴅʥʝ ʪʝʢʩʝʨʫʜʽש ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʩʽʥ ʞʘʩʘʫ. 

ʆʩʳ ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʢʝʣʝʩʽ ʟʝʨʪʪʝʫ ʤʽʥʜʝʪʪʝʨʽ ʦʨʳʥʜʘʣʜʳ: 

- ʊʝʨʤʠʥʦʣʦʛʠʷʣʳץ ʙʽʨʣʽʢʪʝʛʽ ץʘʨʘʤʘ-ץʘʡʰʳʣʳץʪʘʨʜʳ ʥʝʤʝʩʝ ʩᴅʡʢʝʩʩʽʟʜʽʢʪʝʨʜʽ 

ʘʥʳץʪʘʫ ʤװʤʢʽʥʜʽʛʽʤʝʥ ʩʫʙʲʝʢʪʽʣʝʨ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ ʞʦסʘʣʪʧʘʡ, װʡʣʝʩʪʽʨʽʣʛʝʥ 

ʞᴅʥʝ ʞʘשʘʜʘʥ ʞʘʩʘʣסʘʥ ʩʪʘʥʜʘʨʪʪʘʨ ʘʥʳץʪʘʤʘʣʘʨʳʥʳש ʙʽʨʤᴅʥʜʽ ʪײʞʳʨʳʤʳʥ 

 ʦʣʜʘʥʫץ ʡʝʣʽ ʪᴅʩʽʣʜʽװʠʥʞʝʥʝʨʠʥʛ ᴅʜʽʩʪʝʤʝʩʽʥʝ ʩᴅʡʢʝʩ ʞ ץʰʽʥ ʦʥʪʦʣʦʛʠʷʣʳװ ʘʣʳʧʪʘʩʪʳʨʫץ

ʘʨץʳʣʳ ʤʦʜʝʣʴ ᴅʟʽʨʣʝʥʜʽ; 

- ʬʦʨʤʘʣʴʜʳ ʘʪʨʠʙʫʪ ʪʘʣʘʧʪʘʨʳʥʘ ʞʘʫʘʧ ʙʝʨʝʪʽʥ ײץʞʘʪ ʨʝʪʽʥʜʝ ʩʪʘʥʜʘʨʪʪʳש 

ʙʽʨʪײʪʘʩ ײʩʳʥʳʣʫʳ ʪײʞʳʨʳʤʜʘʤʘʩʳʥ ᴅʟʽʨʣʝʫ ʢʝʟʽʥʜʝ ʩʪʘʥʜʘʨʪʪʳ ᴅʟʽʨʣʝʫʜʽש ʦʧʝʨʘʮʠʷʣʳץ 

ʮʠʢʣʽʥʽש ʧʨʦʮʝʩʪʝʨʽʥʜʝ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘץʳʣʘʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ. 

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ 

ɾʦʙʘʥʳש ʥʝʛʽʟʛʽ ʠʜʝʷʩʳ ï ײʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ᴅʟʽʨʣʝʫ ʢʝʟʽʥʜʝ ʧʨʦʮʝʩʪʝʨʜʽ 

ʙʘץʳʣʘʫ ʞᴅʥʝ ʙʘץʳʣʘʫʜʳש ʙʽʨʳסשʘʡ ʞװʡʝʩʽʥ, ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʤʝʭʘʥʠʟʤʽʥ ᴅʟʽʨʣʝʫ. ɾʦʙʘ 

ʟʝʨʪʪʝʫ ʧʨʦʮʝʜʫʨʘʣʘʨʳʥʳש ʪʽʟʙʝʛʽʥʽש ʙʽʨʝʛʝʡ ʞᴅʥʝ ʝʨʝʢʰʝ ʪʽʟʙʝʛʽʥ ץʘʤʪʠʜʳ - ʟʝʨʪʪʝʫʜʝʥ, 

ʪʘʧʩʳʨʤʘʣʘʨʜʳ ץʦʶʜʘʥ ʞᴅʥʝ ʨᴅʩʽʤʜʝʫʜʝʥ ץʦʣʜʘʥʙʘʣʳ ʰʝʰʽʤʜʽ ᴅʟʽʨʣʝʫʛʝ ʜʝʡʽʥ. פʘʟʀʥʉʪ-

ʢʝ ʪʘʧʩʳʨʫ װʰʽʥ ײץʞʘʪʪʘʨʜʳ ᴅʜʽʩʪʝʤʝʣʽʢ ʩʘʨʘʧʪʘʫʜʳ ʽʰʽʥʘʨʘ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʘʥ ʪײʨʘʪʳʥ 

 ʰʽʥ ʧʨʦʮʝʩʪʝʨʜʽװ ʡʣʝʩʪʽʨʫװ ʩʪʘʥʜʘʨʪʪʘʫ ʞʦʩʧʘʨʳʥʘ ʩᴅʡʢʝʩ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ץʣʪʪʳױ

ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʩʘʣʘʩʳʥʜʘ ʘʣסʘʰ ʨʝʪ ʦʥʪʦʣʦʛʠʷʣʳץ ʠʥʞʝʥʝʨʠʥʛʽʩʽ ץʦʣʜʘʥʳʣʘʪʳʥ ʙʦʣʘʜʳ. 

ʆʩʳ ʞʦʙʘʜʘ ײʩʳʥʳʣסʘʥ ʰʝʰʽʤʜʝʨ ᴅʣʽ ʽʩʢʝ ʘʩʳʨʳʣסʘʥ ʞʦץ ʞᴅʥʝ פʘʟʘץʩʪʘʥʜʘ ʙʘʣʘʤʘʩʳ 

ʞʦץ, ʤʽʥʜʝʪʪʝʨʜʽ ʽʩʢʝ ʘʩʳʨʫ ʢʝʟʽʥʜʝ ᴅʩʢʝʨʠ ʩʪʘʥʜʘʨʪʪʘʫ ʩʘʣʘʩʳʥʜʘסʳ ʘסʳʤʜʘסʳ 
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ᴇʟʛʝʨʽʩʪʝʨʛʝ ʩʝʨʧʽʥʜʽ ʞʘʫʘʧ ʙʝʨʝ ʦʪʳʨʳʧ, ײʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ᴅʟʽʨʣʝʫʰʽʣʝʨʜʽ ץʦʣʜʘʫ 

ʤʘץʩʘʪʪʘʨʳʥʘ ץʦʣ ʞʝʪʢʽʟʽʣʜʽ. 

ʊʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ ʦʥʪʦʣʦʛʠʷʣʳץ ʠʥʞʝʥʝʨʠʥʛ ʤʝʪʘʜʝʨʝʢʪʝʨʜʽ, 

ʮʠʬʨʣʳץ ʽʟʜʽ, ʤᴅʪʽʥʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ᴅʜʽʩʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫ װʣʛʽʣʝʨʽ ʤʝʥ ᴅʜʽʩʪʝʨʽʥ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ױʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʫ ʞʦʩʧʘʨʳʥʘ ʩᴅʡʢʝʩ 

ʩʪʘʥʜʘʨʪʪʘʨʜʳ װʡʣʝʩʪʽʨʫ װʰʽʥ ʩʪʘʥʜʘʨʪʪʳ ᴅʟʽʨʣʝʫʜʽש ʦʧʝʨʘʮʠʷʣʳץ ʮʠʢʣʽʥʽש ʧʨʦʮʝʩʪʝʨʽʥʜʝ 

ʙʝʣʛʽʣʝʫ ʞᴅʥʝ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ᴅʜʽʩʪʝʨʽʥʽש ʧʨʦʮʝʩʪʝʨʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʩʘʣʘʩʳʥʜʘ 

 .ʦʣʜʘʥʳʣʘʜʳץ

ʉʪʘʥʜʘʨʪʪʘʨʜʳש ʦʥʪʦʣʦʛʠʷʣʳץ ʢᴇʨʽʥʽʩʽ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʩʘʣʘ ʙʦʡʳʥʰʘ ʞʽʢʪʝʫ 

ʤʽʥʜʝʪʽʥ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ, ʷסʥʠ ᴅʨʙʽʨ ײץʞʘʪ װʰʽʥ ʦʥʳש ʙʝʣʛʽʣʽ ʙʽʨ ʩʘʣʘסʘ ʞʘʪʫ ʜᴅʨʝʞʝʩʽ 

ʘʥʳץʪʘʣʘʜʳ. ʂʘʪʝʛʦʨʠʷʣʘʫ ʢʝʟʽʥʜʝ ʝʢʽ ʜʝשʛʝʡ ʝʥʛʽʟʽʣʝʜʽ: ʙʽʨʽʥʰʽ ʜʝשʛʝʡʜʝ ʩʪʘʥʜʘʨʪʪʳש 

ʢʣʘʩʩʠʬʠʢʘʮʠʷʣʳץ ʪʦʧץʘ ʞʘʪʘʪʳʥʜʳסʳ, ʦʜʘʥ ʢʝʡʽʥ ʝʢʽʥʰʽ ʜʝשʛʝʡʜʝ ʩʪʘʥʜʘʨʪʪʳש ʤʘʟʤײʥʳ 

ʞʘסʳʥʘʥ ʞʘץʳʥ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʞʘʪʘʪʳʥʜʳסʳ ʘʥʳץʪʘʣʘʜʳ.  

ᴄʨʙʽʨ ײץʞʘʪ װʰʽʥ ײץʞʘʪʪʳש ʩʘʥʘʪץʘ ʞʘʪʘʪʳʥʜʳץ ʜᴅʨʝʞʝʩʽ ʘʥʳץʪʘʣʘʜʳ, ʦʣ ʩᴅʡʢʝʩ 

ʢʝʣʝʪʽʥ ʪװʡʽʥʜʽ ʩᴇʟʜʝʨʜʽש ʩʘʥʳʤʝʥ ץʘʣʳʧʪʘʩʘʜʳ (ʤװʰʝʣʽʢ ʜᴅʨʝʞʝʩʽ ʥʝײסʨʣʳʤ ʞʦסʘʨʳ 

ʙʦʣʩʘ, ײץʞʘʪ ʩʦײסʨʣʳʤ ʦʩʳ ʩʘʥʘʪץʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ). 

ɾʽʢʪʝʫ ʞʽʢʪʝʫ ʪʦʙʳʥʳש ʽʰʽʥʜʝ ʙʽʨʥʝʰʝ ʪʦʧʪʘʨ װʰʽʥ ʙʽʨ ʩʪʘʥʜʘʨʪʪʳ ʘʥʳץʪʘʫ 

ʤװʤʢʽʥʜʽʛʽʥ ʝʩʢʝʨʝʜʽ. 

 ʣʛʽʣʝʨʽʥװ ʽʟʜʝʫ שʞʘʪ ʢʽʣʪ ʩᴇʟʜʝʨʽʥʽײץ ʬʦʨʤʘʣʴʜʳ ᴇʣʰʝʤʽ שʳʥʳסʩʘʩʪʳץײ ʞʘʪײפ

ʩʘʣʳʩʪʳʨʫ ʘʨץʳʣʳ ײʡʳʤʜʘʩʪʳʨʳʣʘʜʳ. ײפʞʘʪʪʳש ʪװʡʽʥʜʽ ʩᴇʟʜʝʨʽʥʽש ʙʽʨ ʢʝʟʜʝʨʽ 

 ʳסʦʣʜʘʥʳʩʪʘץ ʤʘʩʰʪʘʙʳ שʽʩʪʽʛʽʥʽשʤʢʽʥʜʽʢʪʝʨ ʢʝװʤ ץʘʥ ʙʝʡʥʝʩʽ, ʩʦʥʜʘʡ-ʘץʘʣʳʧʪʘʩץ

ʩʪʘʥʜʘʨʪʪʘʨʜʳ ץʦʣʜʘʥʫʜʳש ʙʘʨʣʳץ ʤʝʨʟʽʤʽʥʜʝ ᴇʟʛʝʨʤʝʡʜʽ. 

ʄʘʟʤײʥʳ ʞʘסʳʥʘʥ ʞʘץʳʥ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʞʘʪʘʪʳʥ ʩʪʘʥʜʘʨʪ ʪʽʟʙʝʩʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ 

ʢʝʟʽʥʜʝ ײץʞʘʪʪʘʨʜʳ ʽʨʽʢʪʝʫ ʙʘʩʳʤʜʳʣʳץ ʙʦʡʳʥʰʘ (ײץʞʘʪʪʘʨʜʳש ʤʘʟʤײʥʳ ʥʝײסʨʣʳʤ 

ʞʘץʳʥ ʙʦʣʩʘ, ʦʥʳש ʙʘʩʳʤʜʳʣʳסʳ ʪᴇʤʝʥʽʨʝʢ) ʨʝʪʪʝʣʛʝʥ. פʘʨʘʣʘʪʳʥ ײץʞʘʪʪʘʨʜʳש ʩʘʥʳʥʘ 

ʝʰץʘʥʜʘʡ ʰʝʢʪʝʫʣʝʨ ʞʦץ. 

 ʰʽʥװ ʰʽʥ ʩʘʣʘ ʙʦʡʳʥʰʘ ʩʘʥʘʪʪʘʫװ ʩʘʩ ʞʽʢʪʝʫ ᴅʜʽʩʽ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨץױ

 ʘʥסʡʣʝʩʪʽʨʫʛʝ ʘʨʥʘʣװ ʞʝʪʝʢʰʽʣʝʨʽ ʩʪʘʥʜʘʨʪʪʘʨʜʳ שʦʣʜʘʥʳʣʘʜʳ. ʉʘʨʘʧʰʳʣʘʨ ʪʦʙʳʥʳץ

ᴇʪʽʥʽʤʜʝʨʜʽ ʩʘʨʘʧʰʳʥʳש ʪװʡʽʥʜʽ ʩᴇʟʜʝʨʽ ʤʝʥ ʞʘʨʠʷʣʘʥʳʤʜʘʨʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʙʝʨʝʪʽʥ 

ʙʝʡʽʥʽ ʙʦʡʳʥʰʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʜʝʨʽʥ סʘʥʘ ʢᴇʨʝʜʽ. 

 ʘʥץʡʳʤʜʘʩײ שʳʥʜʘ ʩʪʘʥʜʘʨʪʪʘʨʜʳשʩʦ שʞʘʪ ʢʣʘʩʩʠʬʠʢʘʮʠʷʣʘʨʳʥʳײפ

ʢʣʘʩʩʠʬʠʢʘʮʠʷʣʳץ ʪʦʙʳ װʰʽʥ ʪװʡʽʥʜʽ ʩᴇʟʜʝʨʜʽש ʪʝʟʘʫʨʫʩʳ ץʘʣʳʧʪʘʩʘʜʳ. 

ɾײʤʳʩʪʘ ʤʳʥʘʣʘʨ ײʩʳʥʳʣסʘʥ: ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʞʽʢʪʝʫ ʤʦʜʝʣʽ, ʥʳʩʘʥʜʳ ʘʣʫ ʤʦʜʫʣʽ, 

ʩʘʥʘʪʪʘʫ ʤʦʜʫʣʽ, ʪʝʟʘʫʨʫʩʪʘʨʜʳ ײץʨʫ ʤʦʜʫʣʽ, ʤʦʥʠʪʦʨʠʥʛ ʞᴅʥʝ ʪʘʣʜʘʫ ʤʦʜʫʣʽ. ɽʩʝʧʪʝʫʣʝʨ 

ʬʦʨʤʘʣʠʟʘʮʠʷ ᴅʜʽʩʪʝʨʽʥ, ʤʘץʩʘʪʪʳץ ʬʫʥʢʮʠʷʥʳ ʙʝʣʛʽʣʝʫ, ץײʩʘʩʪʳץ ᴇʣʰʝʤʽʥ ʙʝʣʛʽʣʝʫ ʞᴅʥʝ 

 ʦʣʜʘʥʫץ ʤʳʩʪʘײʨʛʽʟʽʣʜʽ. ɾװʳʣʳ ʞץʪʘʫ ʘʨץʠʥʜʠʢʘʪʠʚʪʽʢ ʩʠʧʘʪʪʘʤʘʩʳʥ ʘʥʳ שʞʘʪʪʳײץ

ʘʡʤʘסʳʥʳש ʪʝʦʨʠʷʣʳײץ ץʨʘʤʜʘʩ ʙᴇʣʽʛʽ, ʜʠʟʘʡʥ ʙᴇʣʽʛʽ ʞᴅʥʝ ʞװʡʝ ʬʫʥʢʮʠʦʥʘʣʜʳסʳʥʳש 

ʩʠʧʘʪʪʘʤʘʩʳ ʢᴇʨʩʝʪʽʣʝʜʽ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʘʵʨʦסʘʨʳʰ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝʛʽ ʪᴅʞʽʨʠʙʝ 

ʥʝʛʽʟʽʥʜʝ ʦʩʳ ʤᴅʩʝʣʝʥʽ ʰʝʰʫʜʝ ײץʟʳʨʝʪʪʽ ʩʘʨʘʧʰʳʣʘʨ ʪʦʙʳ ʩʳʥʘʜʳ. 

1-ʩʫʨʝʪʪʝ BPMN-ʩʳʟʙʘ ʧʨʦʮʝʩʽʥʽש ʜʠʘʛʨʘʤʤʘʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹʠʟʥʝʩ-ʧʨʦʮʝʩʪʝʨʜʽ 

ʤʦʜʝʣʴʜʝʫ ʥʘץʪʳ ʩʠʧʘʪʪʘʤʘ ʤʝʥ ʪʝʭʥʠʢʘʣʳץ ʬʫʥʢʮʠʦʥʘʣʜʳʣʳץ ʘʨʘʩʳʥʜʘסʳ ʳʤʳʨʘסʘ 

ʢʝʣʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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1 cʫʨʝʪ - BPMN-ʩʳʟʙʘ ʧʨʦʮʝʩʽ 

 

ʅᴅʪʠʞʝʣʝʨ ʤʝʥ ʪʘʣץʳʣʘʫʣʘʨ7 

ᴄʨʙʽʨ ʟʝʨʪʪʝʫ ʰʝשʙʝʨʽʥʜʝ ײץʞʘʪʪʳ ʪʘʣʜʘʫ ײץʞʘʪʪʳש ᴇʟʽʥʽש ʥʳʩʘʥʳ ʤʝʥ 

ʤʘʟʤײʥʳʥʘ, ʟʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ ʤʝʥ ʰʘʨʪʪʘʨʳʥʘ, ʟʝʨʪʪʝʫʰʽʥʽש ʪᴅʞʽʨʠʙʝʩʽʥʽש ʙʘʡʣʳסʳʥʘ 

ʞᴅʥʝ ʰʳסʘʨʤʘʰʳʣʳץ ʠʥʪʫʠʮʠʷʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʜʝʨʙʝʩ ʰʳסʘʨʤʘʰʳʣʳץ ʧʨʦʮʝʩʩ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɽʛʝʨ ʙʽʨ-ʙʽʨʽʥʝʥ ʪᴅʫʝʣʩʽʟ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʝʢʽ ץʘʪʘʨʳ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʽ 

ʘʥʳץʪʘʣʩʘ, ʙײʣ ʘץʧʘʨʘʪ ʞʝʪʢʽʣʽʢʪʽ ʩʝʥʽʤʜʽ ʞᴅʥʝ ʪײʨʘץʪʳ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. 

ʌʘʡʣʜʳש ʧʨʦʛʨʘʤʤʘʣʳץ ʢʦʜʧʝʥ ᴅʨʝʢʝʪʪʝʩʫʽ (2-ʩʫʨʝʪ). 

1. ʌʘʡʣ װʣʛʽʛʝ ʪʘʨʘʪʳʣʘʜʳ; 

2. ᴄʨʽ ץʘʨʘʡ װʣʛʽʣʝʨʜʝʥ ʘʣʳʥסʘʥ ʢʦʜ ץʘʞʝʪʪʽ ʘץʧʘʨʘʪʪʳ ʘʣʘʜʳ; 

3. ᴆשʜʝʫʜʝʥ ʢʝʡʽʥ ʦʥʳ ʩʝʨʚʝʨʜʝʥ ʠʥʪʝʨʬʝʡʩʪʝ ʢʣʠʝʥʪʢʝ ʢᴇʨʩʝʪʝʜʽ. 
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2 cʫʨʝʪ  ï ʄᴅʣʽʤʝʪʪʝʨ ʙʘʟʘʩʳʥʳש ʢʝʩʪʝʣʝʨʽ 

 

ʄʦʜʝʣʴ ʜʝʨʝʢʪʝʨ ץʦʨʳʥʜʘסʳ ʢʝʩʪʝʣʝʨʜʽ ʩʠʧʘʪʪʘʡʜʳ (2-ʩʫʨʝʪ) 

- Allgost ᴅʢʽʤʰʽ ʤʝʥ ᴇʪʽʥʽʰ ʙʝʨʫʰʽ ʞװʢʪʝʛʝʥ ʬʘʡʣʜʘʨʜʳש ʪʽʟʽʤʽʥ ʞװʨʛʽʟʝʜʽ; 

- Created Gost ʩʪʘʥʜʘʨʪʪʘʨʜʳ ײץʨʫסʘ ʘʨʥʘʣסʘʥ ʩײʨʘʥʳʩʪʘʨ ʪʽʟʽʤʽʥ ʩʘץʪʘʡʜʳ, ʤײʥʜʘ 

ʙʘʨʣʳץ ᴅʨʝʢʝʪ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ ʦʨʳʥ ʘʣʘʜʳ; 

- ʉʪʘʥʜʘʨʪʪʳ ײץʨʫ ʢʝʟʽʥʜʝ ʤʝʥʝʜʞʝʨʣʝʨʜʽש, ʦʨʳʥʜʘʫʰʳʣʘʨʜʳש, 

ʘʫʜʘʨʤʘʰʳʣʘʨʜʳש, ᴅʢʽʤʰʽʣʝʨ ʤʝʥ ᴇʪʽʥʽʰ ʙʝʨʫʰʽʥʽש Created GOST Comments 

ʭʘʙʘʨʣʘʤʘʣʘʨʳ; 

- RukovoditelKeyWords ʙʘʩʰʳסʘ ʘʨʥʘʣסʘʥ ʢʽʣʪ ʩᴇʟʜʝʨʜʽ ʩʘץʪʘʡʜʳ, ʦʣʘʨ ᴇʪʽʥʽʰ 
ʙʝʨʫʰʽʛʝ ײʩʳʥʫ װʰʽʥ ʪʘשʜʘʣʘʜʳ; 

- RukovoditelWantWork ʢװʥʪʽʟʙʝʣʽʢ ʞʦʩʧʘʨʳ, ʤײʥʜʘ ʤʝʥʝʜʞʝʨ ʦʨʳʥʜʘʫʰʳʣʘʨסʘ 
ʪʘʧʩʳʨʤʘ ʙʝʨʝʜʽ ʞᴅʥʝ ʞײʤʳʩץʘ ᴇʪʽʥʽʤ ץʘʣʜʳʨʘʜʳ; 

- SimilarFile ץײʩʘʩ ʪʝʨʤʠʥʜʝʨʜʽש ʝש ʢᴇʧ ʩʘʥʳ ʙʘʨ ʬʘʡʣʜʘʨʜʳ ʩʘץʪʘʡʜʳ; 

- TranslateFile ʢװʥʪʽʟʙʝʣʽʢ ʞʦʩʧʘʨסʘ ץײʩʘʩ, ʙʽʨʘץ ʘʫʜʘʨʤʘʰʳʣʘʨ װʰʽʥ 

ʦʨrʥʜʘʫʰʳʣʘʨ ʞײʤʳʩʪʳ ʘʷץʪʘסʘʥʥʘʥ ʢʝʡʽʥ ʙʝʨʽʣʝʜʽ; 

 ʘשʰʽʥ ʞʘװ ʞʘʪʪʘʨʜʘ ʜʠʧʣʦʤʜʘʨ, ʩʝʨʪʠʬʠʢʘʪʪʘʨ ʞᴅʥʝ ʪ.ʙ. ʦʥʳ ʪʝʢʩʝʨʫײפ -
ʧʘʡʜʘʣʘʥʫʰʳ; 

- ʇʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ʧʘʡʜʘʣʘʥʫʰʳ ʪʽʟʽʤʽ. 

ᴄʨʙʽʨ ʟʝʨʪʪʝʫ ʰʝשʙʝʨʽʥʜʝ ײץʞʘʪʪʳ ʪʘʣʜʘʫ ײץʞʘʪʪʳש ᴇʟʽʥʽש ʥʳʩʘʥʳ ʤʝʥ 

ʤʘʟʤײʥʳʥʘ, ʟʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ ʤʝʥ ʰʘʨʪʪʘʨʳʥʘ, ʟʝʨʪʪʝʫʰʽʥʽש ʪᴅʞʽʨʠʙʝʩʽʥʽש ʙʘʡʣʳסʳʥʘ 

ʞᴅʥʝ ʰʳסʘʨʤʘʰʳʣʳץ ʠʥʪʫʠʮʠʷʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʜʝʨʙʝʩ ʰʳסʘʨʤʘʰʳʣʳץ ʧʨʦʮʝʩʩ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɽʛʝʨ ʙʽʨ-ʙʽʨʽʥʝʥ ʪᴅʫʝʣʩʽʟ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʝʢʽ ץʘʪʘʨʳ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʽ 

ʘʥʳץʪʘʣʩʘ, ʙײʣ ʘץʧʘʨʘʪ ʞʝʪʢʽʣʽʢʪʽ ʩʝʥʽʤʜʽ ʞᴅʥʝ ʪײʨʘץʪʳ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. 

ʇʘʡʜʘʣʘʥʫʰʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷʩʳ ʙʘʨ ʥʝʛʽʟʛʽ ʢʽʨʫ ʪʝʨʝʟʝʩʽ ʪʝʢ ʪʝʢʩʝʨʽʣʛʝʥ 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ʞʦʙʘ ʨʝʩʫʨʩʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫסʘ ʨץײʩʘʪ ʙʝʨʝʜʽ. 

ʊʽʨʢʝʫ ʪʝʨʝʟʝʩʽ ʪʦʣʳץ ʘʪʳ-ʞᴇʥʽ, ʣʦʛʠʥ, ʧʘʨʦʣʴ, ʞʦʙʘʥʳ ʦʨʳʥʜʘʫʰʳʥʳש ʨᴇʣʽ, 

ʢʝʡʽʥʛʽ ʪʝʢʩʝʨʫ װʰʽʥ ײץʞʘʪʪʘʨ ʩʠʷץʪʳ ʧʘʡʜʘʣʘʥʫʰʳ ʜʝʨʝʢʪʝʨʽʥ ʝʥʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʇʘʡʜʘʣʘʥʫʰʳ ʬʘʡʣʜʘʨʳʥ (ʩʝʨʪʠʬʠʢʘʪʪʘʨ, ʜʠʧʣʦʤʜʘʨ, ʙʘʥʢʪʽʢ ʜʝʨʝʢʪʝʤʝʣʝʨ ʞᴅʥʝ ʪ.ʙ.) 

 ʘʜʘʤʜʳ ᴇʪʢʽʟʽʧץ ʣײʦʣ ʞʝʪʽʤʜʽ. ʊʽʨʢʝʫ ʢʝʟʽʥʜʝ ʙץ ʦʩʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʞʦʶ ʬʫʥʢʮʠʷʩʳ ʜʘץ

ʞʽʙʝʨʫʛʝ ʞᴅʥʝ ʪʽʨʢʝʫʜʝʥ ʢʝʡʽʥ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. 

ʊʽʨʢʝʣʫ ʢʝʟʽʥʜʝ ʞװʡʝʥʽש ʧʘʡʜʘʣʘʥʫʰʳʩʳ ᴇʟʽ ʝʥʛʽʟʛʝʥ ʜʝʨʝʢʪʝʨʜʽ ץʘʨʘʡʜʳ. ʉʦʥʜʘʡ-

ʘץ ʙײʣ ʪʝʨʝʟʝʜʝ ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʢװʡʽ, ʪʝʢʩʝʨʫ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. 

ʇʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ʦʨʪʘʤʝʥ ʞײʤʳʩʳ ᴅʢʽʤʰʽʥʽש ʥʝʛʽʟʛʽ ʙʝʪʽ ʘʨץʳʣʳ 

 ʘʤʪʠʜʳ, ʧʘʡʜʘʣʘʥʫʰʳץ ʡʳʤʜʘʩʪʳʨʳʣʘʜʳ, ʦʣ ʪʽʨʢʝʣʛʝʥ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ ʪʫʨʘʣʳ ʢʝʩʪʝʥʽײ
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ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʪװʡʤʝʩʽ ʙʘʨ. ɾʦסʘʨסʳ ʤᴅʟʽʨ ʙʝʩ ץʦʡʳʥʜʳʥʳ ʢᴇʨʩʝʪʝʜʽ: ʇʨʦʬʠʣʴ, 

ʇʘʡʜʘʣʘʥʫʰʳ ʪʽʟʽʤʽ, ʉʪʘʥʜʘʨʪʪʘʨ ʪʽʟʽʤʽ, ʉʪʘʥʜʘʨʪʪʘʨʜʳ ᴅʟʽʨʣʝʫʰʽʣʝʨ ʪʽʟʽʤʽ. ʂʽʪʘʧʭʘʥʘʥʳ 

ʪʦʣʳץʪʳʨʫ ʬʫʥʢʮʠʷʩʳ ʙʘʨ. ʇʘʡʜʘʣʘʥʫʰʳʥʳ ʨʘʩʪʘʫ ʘץʧʘʨʘʪʳ ʞʘʩʳʣ ʪװʩʧʝʥ, 

ʪʝʢʩʝʨʽʣʤʝʛʝʥ ʞװʡʝ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʳ ץʳʟʳʣ ʪװʩʧʝʥ ʙʝʣʛʽʣʝʥʝʜʽ. 

ʊʝʢʩʝʨʽʣʤʝʛʝʥ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ʘʪʪʘʨʳ ץʳʟʳʣ ʪװʩʧʝʥ ʙᴇʣʝʢʪʝʣʛʝʥ. ʊʝʢʩʝʨʫ 

ʢʝʟʽʥʜʝ ᴅʢʽʤʰʽ ʞʦʙʘʜʘסʳ ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʨᴇʣʽʥ ʢᴇʨʩʝʪʝʜʽ. פʘʣץʳʤʘʣʳ ʤᴅʟʽʨʜʝ ʪᴇʨʪ ʨᴇʣ 

ʙʘʨ: ᴇʪʽʥʽʰ ʙʝʨʫʰʽ, ʞʝʪʝʢʰʽ, ʦʨʳʥʜʘʫʰʳ, ʘʫʜʘʨʤʘʰʳ. ʊʝʢʩʝʨʫʜʽש ʩʦשʳʥʜʘ 

ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʪʦʣʳץ ʘʪʳ-ʞᴇʥʽʥʽש ʪװʩʽ ʢᴇʢ ʪװʩʢʝ ᴇʟʛʝʨʝʜʽ. ᴄʢʽʤʰʽ ʤʝʥʝʜʞʝʨʜʽ 

ʪʘסʘʡʳʥʜʘʡʜʳ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʰʳʥʳ ʪʝʢʩʝʨʝʜʽ. 

ʄʝʥʝʜʞʝʨ ʧʨʦʬʠʣʽʥʜʝ ʪʽʨʢʝʣʛʝʥ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ ʢʝʩʪʝ ʪװʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʝʜʽ, 

ʧʘʡʜʘʣʘʥʫʰʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳ ʥʘץʪʳʣʘʫ װʰʽʥ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʪװʡʤʝ ʙʘʨ. 

ʍʘʣʳץʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨʜʳ װʡʣʝʩʪʽʨʫ ʢʝʟʽʥʜʝ ᴇʣʰʝʤ ʙʽʨʣʽʢʪʝʨʽʥ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ 

ʟʝʨʜʝʣʝʫ ʞᴅʥʝ ʜײʨʳʩ ʪװʨʣʝʥʜʽʨʫ ץʘʞʝʪ. ɾװʡʝ ץʦʣʜʘʥʳʩʪʘסʳ ᴇʣʰʝʤ ʙʽʨʣʽʢʪʝʨʽʥʽש 

 שʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ᴅʟʽʨʣʝʫʰʽʣʝʨʜʽץ ʤᴅʪʽʥʽʥʜʝ ʘʚʪʦʤʘʪʪʳ ʽʟʜʝʫʜʽ שʡʣʝʩʪʽʨʽʣʛʝʥ ʵʪʘʣʦʥʳʥʳװ

ʥʘʟʘʨʳʥ ʘʫʜʘʨʫ ʞᴅʥʝ ʤʝʪʨʠʢʘʣʳץ ʞװʡʝʣʝʨʜʽ, ʥʘʪʫʨʘʣ ʙʽʨʣʽʢʪʝʨ ʞװʡʝʣʝʨʽʥ ʘʫʜʘʨʫʜʳ 

ʥʘץʪʳʣʘʫ װʰʽʥ ʢʽʪʘʧʭʘʥʘʥʳ ʞʘשʘ ᴇʣʰʝʤ ʙʽʨʣʽʢʪʝʨʽʤʝʥ ʪʦʣʳץʪʳʨʫ ʬʫʥʢʮʠʷʩʳ 

  .ʡʝʣʝʨʽװʨʣʽ ᴇʣʰʝʤ ʞװʘʥ. ᴇʣʰʝʫ ʞᴅʥʝ ʜᴅʩʪסʘʨʘʩʪʳʨʳʣץ

 ʘʥסʘʥ, ʙʽʨʜʝʡ (ID), ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʪʘʣץʨʽ ʘʥʳװʡʣʝʩʪʽʨʽʣʛʝʥ ʩʪʘʥʜʘʨʪʪʘʨʤʝʥ 3 ʪת

(MOD) ʞᴅʥʝ ʙʘʣʘʤʘʣʳ ʝʤʝʩ ʩʪʘʥʜʘʨʪʪʘʨ (NEQ). ױʩʳʥʳʣסʘʥ ʞװʡʝ ʦʥʳ װʡʣʝʩʪʽʨʫʜʽש 

ʙʘʨʣʳץ ʪװʨʣʝʨʽʥʝ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ײפʨʳʣʳʩ ʩʪʘʥʜʘʨʪʪʘʨʳʥʳש ʝʨʝʞʝʣʝʨʽʥ 

ʞᴅʥʝ ʦʣʘʨʜʳש ʤʘʟʤײʥʳʥʘ ץʦʡʳʣʘʪʳʥ ʞʘʣʧʳ ʪʘʣʘʧʪʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫ ʤʦʜʫʣʽʥʝ ʝʨʝʢʰʝ 

ʥʘʟʘʨ ʘʫʜʘʨʫ ʢʝʨʝʢ. ʄʦʜʫʣʴ ʩʪʘʥʜʘʨʪʪʘʨʜʳײץ שʨʳʣʳʩʳʥʘ, ʢᴇʨʩʝʪʽʣʫʽʥʝ, ʜʠʟʘʡʥʳʥʘ ʞᴅʥʝ 

ʤʘʟʤײʥʳʥʘ ץʦʡʳʣʘʪʳʥ ʞʘʣʧʳ ʪʘʣʘʧʪʘʨסʘ ʞʘʫʘʧ ʙʝʨʝʪʽʥ ʞʘʨʪʳʣʘʡ ʘʚʪʦʤʘʪʪʳ ʨʝʞʠʤʜʝ 

ʰʘʙʣʦʥ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (3-ʩʫʨʝʪ). 

 

 
 

3 cʫʨʝʪ  - ɸʚʪʦʤʘʪʪʳ ʧʽʰʽʤʜʝʫ 

 

ʄʳʩʘʣ ʨʝʪʽʥʜʝ ʞװʡʝ ץʦʣʜʘʥʘʪʳʥ ʥʝʛʽʟʛʽ ʩʪʘʥʜʘʨʪʪʘʨ פʘʟʘץʩʪʘʥ ʩʪʘʥʜʘʨʪʪʘʫ ʞᴅʥʝ 

ʤʝʪʨʦʣʦʛʠʷ ʠʥʩʪʠʪʫʪʳʥʳש https://www.ksm.kz/public-discussion/standards/discussion-of-

draft-of-st-rk ʩʘʡʪʳʥʘʥ ʘʣʳʥʜʳ. ɹײʣ ʨʝʩʫʨʩʪʘ ʪʘʣץʳʣʘʫסʘ ʘʨʥʘʣסʘʥ ʩʪʘʥʜʘʨʪʪʘʨ ʞʦʙʘʣʘʨʳ 

ʙʘʨ, ʙײʣ ʨʝʧʦʟʠʪʦʨʠʡʜʽש ʩʪʘʥʜʘʨʪʪʘʨ ʙʘʟʘʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ (4-ʩʫʨʝʪ).  
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4 cʫʨʝʪ  ï ɹʽʨʣʽʢʪʝʨʜʽ ʪʘʙʫ 

 

ᴆשʜʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʤʝʥʝʜʞʝʨʣʝʨʜʽש ʰʦʣʫ װʰʽʥ ʩʪʘʥʜʘʨʪʪʳ ץʘʨʘʫ 

ʤװʤʢʽʥʜʽʛʽ ʙʘʨ. ɹײʣ ʢʝʟʝשʜʝ ʪʘʣʘʧʢʝʨ ʙʝʣʛʽʣʽ ʙʽʨ ʙʘʩʰʳʥʳש ʽʩ-ᴅʨʝʢʝʪʽʥʽש ʙʘסʳʪʳʥ 

ʘʥʳץʪʘʡʪʳʥ ʪװʡʽʥʜʽ ʩᴇʟʜʝʨ ʘʨץʳʣʳ ץʘʣʳʧʪʘʩʘʪʳʥ ײʩʳʥʳʣסʘʥ ʪʘץʳʨʳʧ ʙʦʡʳʥʰʘ 

ʘסʳʤʜʘסʳ ʢᴇʰʙʘʩʰʳʣʘʨʤʝʥ ʪʘʥʳʩʘ ʘʣʘʜʳ. ʅʝʛʽʟʛʽ ʤʦʜʫʣʴ ᴅʟʽʨʣʝʥʛʝʥ ʞᴅʥʝ ʤʘʟʤײʥʜʳ 

ʩʘʥʜʳץ ʪʘʣʜʘʫʜʘʥ, ʪװʡʽʥʜʽ ʩᴇʟʜʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫʜʘʥ ʪײʨʘʜʳ. ʅʝʛʽʟʛʽ ײץʞʘʪʪʘʥ ʞᴅʥʝ 

ʦʣʘʨʜʳ ʙʘʩץʘ ײץʞʘʪʪʘʨʤʝʥ ʩʘʣʳʩʪʳʨʘ ʦʪʳʨʳʧ, ײץʞʘʪ ʤᴅʪʽʥʽʥʜʝʛʽ ʙᴇʣʽʥʛʝʥ ʥʝʛʽʟʛʽ 

ʪʝʨʤʠʥʜʝʨ ʙʘʟʘʥʳ ײץʨʘʡʜʳ ʞᴅʥʝ ʞװʡʝʜʝ ʩʘץʪʘʣʘʜʳ. ɹײʣ ʪʽʟʽʤ ʪʝʢ ʦʩʳ ʩʘʣʘʥʳש ʩʘʨʘʧʰʳʩʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʙʘʩʰʳʣʘʨסʘ סʘʥʘ ʢᴇʨʽʥʝʜʽ, ʤʝʥʝʜʞʝʨʣʝʨʜʽש ʜʝʨʝʢʪʝʨ ʙʘʟʘʩʳʥʜʘ ʩʘʣʘʣʘʨ 

ʙʦʡʳʥʰʘ ʩʘʨʘʧʰʳʣʘʨʜʳ ʪʘשʜʘʫסʘ ʘʨʥʘʣסʘʥ ʪװʡʽʥʜʽ ʩᴇʟʜʝʨ ʙʘʨ (5-ʩʫʨʝʪ). 
 

 
 

5 cʫʨʝʪ ï ʉʪʘʥʜʘʨʪ ʙʝʪʽ 

 

 
 

6 cʫʨʝʪ  ï ʊװʡʽʥʜʽ ʩᴇʟ ʘʣʛʦʨʠʪʤʽ 
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 .ʦʨʳʪʳʥʜʳפ

ʉʪʘʥʜʘʨʪʪʘʫ ʩʘʣʘʩʳʥʜʘ ʦʥʪʦʣʦʛʠʷʥʳ ץʦʣʜʘʥʫ ʢʝʣʝʩʽ ʘʨʪʳץʰʳʣʳץʪʘʨʜʳ ʙʝʨʝʜʽ: 

ʪʝʨʤʠʥʜʝʨʜʽץ שʘʡʪʘʣʘʥʫʳʥ ʞʦʶ, ʪʝʨʤʠʥʜʝʨʜʝʛʽ ץʘʡʰʳʣʳץʪʘʨʜʳ ʞʦʶ, ʙײʨʳʥʥʘʥ 

ʝʥʛʽʟʽʣʛʝʥ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ץʘʡʪʘʣʘʫ, ײʡʳʤʜʘʨ ʥʝʤʝʩʝ ʙʘʩץʘ ʧᴅʥʜʽʢ ʩʘʣʘʣʘʨ װʰʽʥ 

ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʤʘʩʰʪʘʙʪʘʫ, ʙʘʨ ʦʥʪʦʣʦʛʠʷʣʘʨʜʘʥ ʞʘʩʳʨʳʥ ʙʽʣʽʤʜʝʨʜʽ ʘʰʫ. 

 ʜʝʫ ʥᴅʪʠʞʝʣʝʨʽʤʝʥשʦʣʤʝʥ ᴇץ ʘʥ ʤʦʜʫʣʴʜʝʨʜʽ ʪʝʩʪʽʣʝʫ ʢʝʟʽʥʜʝ ʤᴅʪʽʥʜʽסʩʳʥʳʣױ

ʩᴅʡʢʝʩʪʽʢʪʝʨʜʽ93% ש ʘʣʳʥʜʳ. ʉᴅʡʢʝʩʪʝʥʜʽʨʽʣʽʧ ʞʘʪץʘʥ ײץʞʘʪץʘ ץʘʪʳʩʳ ʞʦײץ ץʞʘʪʪʘʨʜʳש 

ʢᴇʧʰʽʣʽʛʽ ʪʝʢʩʝʨʽʣʽʧ, ʩʘʨʘʧʰʳʣʘʨסʘ ʟʝʨʪʪʝʫʛʝ ײʩʳʥʳʣסʘʥ ײץʞʘʪʪʘʨ ʪʽʟʽʤʽ ײʩʳʥʳʣʜʳ. 

ʆʩʳʣʘʡʰʘ, ʙʽʨ ʦʨʪʘʰʘ ᴇʣʰʝʤʜʽ ײץʞʘʪʪʳ ᴇשʜʝʫʛʝ 1500 ʤʠʣʣʠʩʝʢʫʥʜ ʫʘץʳʪ ʞײʤʩʘʣʜʳ. 

ʉʦʥʳʤʝʥ ʙʽʨʛʝ ʘʣʳʥסʘʥ ʦʥʪʦʣʦʛʠʷʣʘʨ ʝʩʝʧʪʝʣʽʧ, ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫ ʢʨʠʪʝʨʠʡʣʝʨʽʥ ʝʩʢʝʨʝ 

ʦʪʳʨʳʧ ᴅʟʽʨʣʝʥʝʜʽ. ɸʣʳʥסʘʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ץʦʣʜʘʥʳʣʘʪʳʥ ײץʨʘʣʜʳ 

ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨ ʤʝʥ ʙʠʟʥʝʩ ʤʦʜʝʣʴʜʝʨ װʰʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ ʜʝʧ ʙʦʣʞʘʫסʘ ʙʦʣʘʜʳ. 

ɾʦʩʧʘʨʣʘʨסʘ ʤʝʤʣʝʢʝʪʪʽʢ ʞװʡʝʣʝʨʛʝ ʘʨʥʘʣסʘʥ ײʩʳʥʳʩʪʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʚʝʙ-ץʦʩʳʤʰʘ 

ʠʥʪʝʨʬʝʡʩʽʥ ᴅʟʽʨʣʝʫ ʢʽʨʝʜʽ. 

 

ʈʠʟʘʰʳʣʳץ. ɹײʣ ʟʝʨʪʪʝʫʜʽ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ɹʽʣʽʤ ʞᴅʥʝ סʳʣʳʤ 

ʤʠʥʠʩʪʨʣʽʛʽʥʽנ שʳʣʳʤ ʢʦʤʠʪʝʪʽ (ʛʨʘʥʪ ˉɸʈ09058441 çʄʝʤʣʝʢʝʪʘʨʘʣʳץ ʞᴅʥʝ ײʣʪʪʳץ 

ʩʪʘʥʜʘʨʪʪʘʫ ʥʝʛʽʟʽʥʜʝ ʦʥʪʦʣʦʛʠʷʣʳץ ʠʥʞʝʥʝʨʠʷ ʙʦʡʳʥʰʘ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ᴅʟʽʨʣʝʫ ʤʝʥ 

 ʨʛʽʟʽʣʜʽ ʞᴅʥʝװʨʫè) ʞײץ ʡʝʩʽʥװʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞ שʘʨʫʜʳץʡʣʝʩʪʽʨʫʜʽ ʙʘʩװ

 .ʘʨʞʳʣʘʥʜʳʨʳʣʜʳץ
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SYSTEM OF INTELLIGENT CONTROL OF PROCESSES OF DEVELOPMENT AND 

HARMONIZATION OF STANDARDS IN THE FIELD OF MILITARY AND SPACE 

ACTIVITIES ON THE BASIS OF ONTOLOGICAL ENGIN EERING 
 

Abstract. Technological modernization of all industries is a major priority for developing 

countries. The expansion of international relations directly depends on the readiness of states to 

implement international experience in a particular area. One of these areas is the need to 

harmonize international standards in the field of military and space activities. The article 

proposes a new approach to solving the problems of processing large volumes of textual 

information of regulatory documents. The tasks described in the article imply a unique and 

exclusive sequence of a chain of research procedures - from research, setting and formalization 

of tasks to the development of an applied solution. For the first time, ontological engineering will 

be used in the field of process automation to harmonize standards in accordance with the 

National Standardization Plan, which consists in partial automation of the methodological 

examination of documents. As part of the experiment, an independent tool was implemented, 

without reference to existing repositories of regulatory documents. The approach is based on 

methods for extracting qualitative data from textual information, methods of intelligent control, 

setting new scientific and scientific and technical problems in relation to standardization, models 

for monitoring and controlling processes. 
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The rapid development of new technologies and algorithms in recent years has 

contributed to the development of the necessary tools for automating many processes. First of 

all, we are talking about creating a toolkit for developers and experts of standards, which will 

optimize the workflow of managing national standards, taking into account the consistency of 

the information set out in the current standards and regulatory documents. Secondly, it is 

necessary to trace all the participants in the development and the main customers. And the most 

significant work is the development of auxiliary tools for organizing the terminological unity of 

national military standards in the state language, as well as taking into account the uniformity of 

measurements. 

The purpose of this study is to develop an intelligent automated system for managing, 

monitoring and controlling the processes of the operational cycle of developing a standard using 

technological integrations of optimal methods for creating a single repository. 

To achieve this goal, the following research tasks were implemented: 

- development of a model using a systematic approach according to the methodology of 

ontological engineering, to form an unambiguous formulation of the definitions of harmonized 

and newly created standards, without losing communication between entities, with the possibility 

of identifying contradictions or inconsistencies in terminological unity by priorities; 

- application of intelligent control methods in the processes of the operational cycle of 

standard development when developing the concept of a single representation of the standard as 

a document that meets the requirements of a formal attribute. 

The paper presents: a standards classification model, an entity extraction module, a 

categorization module, a thesaurus generation module, a monitoring and analysis module. The 

calculations were carried out using formalization methods, setting an objective function, setting a 

measure of similarity, and determining an indicative description of a document. The paper 

demonstrates the theoretical component of the application area, the design part and a description 

of the system functionality. The results obtained were tested by a group of expert experts 

competent in solving this problem on the basis of standards and regulations in the field of the 

aerospace industry. 

 

Keywords. National standards, aerospace activities, standards harmonization, keyword 

detection algorithm, standards categorization. 
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ʉʀʉʊɽʄɸ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ʇʈʆʎɽʉʉɸʄʀ 

ʈɸɿʈɸɹʆʊʂʀ ʀ ɻɸʈʄʆʅʀɿɸʎʀʀ ʉʊɸʅɼɸʈʊʆɺ ɺ ʆɹʃɸʉʊʀ ɺʆɽʅʅʆʁ ʀ 

ʂʆʉʄʀʏɽʉʂʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ ʅɸ ʆʉʅʆɺɽ ʆʅʊʆʃʆɻʀʏɽʉʂʆɻʆ 

ʀʅɾʀʅʀʈʀʅɻɸ  
 

ɸʥʥʦʪʘʮʠʷ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʧʨʠʦʨʠʪʝʪʦʤ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ. ʈʘʩʰʠʨʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʛʦʪʦʚʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚ ʢ ʚʥʝʜʨʝʥʠʶ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʧʳʪʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʦʙʣʘʩʪʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʘʨʤʦʥʠʟʘʮʠʠ 
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ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʚʦʝʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʪʝʢʩʪʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ɿʘʜʘʯʠ, ʦʧʠʩʘʥʥʳʝ ʚ ʩʪʘʪʴʝ, ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʫʥʠʢʘʣʴʥʫʶ ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʮʝʧʦʯʢʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʮʝʜʫʨ 

ï ʦʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʪʘʥʦʚʢʠ ʠ ʬʦʨʤʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʜʦ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʢʣʘʜʥʦʛʦ 

ʨʝʰʝʥʠʷ. ɺʧʝʨʚʳʝ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʠʥʞʠʥʠʨʠʥʛ ʚ ʦʙʣʘʩʪʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʛʘʨʤʦʥʠʟʘʮʠʠ ʩʪʘʥʜʘʨʪʦʚ ʩʦʛʣʘʩʥʦ ʅʘʮʠʦʥʘʣʴʥʦʤʫ ʧʣʘʥʫ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʯʘʩʪʠʯʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ 

ʵʢʩʧʝʨʪʠʟʳ ʜʦʢʫʤʝʥʪʦʚ. ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʘʣʠʟʦʚʘʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, 

ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʩʫʱʝʩʪʚʫʶʱʠʤ ʨʝʧʦʟʠʪʦʨʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʇʦʜʭʦʜ ʦʩʥʦʚʘʥ 

ʥʘ ʤʝʪʦʜʘʭ ʠʟʚʣʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠʟ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʤʝʪʦʜʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʩʪʘʥʦʚʢʝ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʧʨʠʤʝʥʠʪʝʣʴʥʳʭ ʢ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʤʦʜʝʣʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʦʚ. 

ɹʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʨʘʟʨʘʙʦʪʢʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʝʯʴ ʠʜʝʪ ʦ ʩʦʟʜʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʵʢʩʧʝʨʪʦʚ 

ʩʪʘʥʜʘʨʪʦʚ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ 

ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʩ ʫʯʝʪʦʤ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʠʟʣʦʞʝʥʥʦʡ ʚ 

ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʘʭ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ. ɺʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʩʣʝʞʠʚʘʪʴ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʩʥʦʚʥʳʭ ʟʘʢʘʟʯʠʢʦʚ. ʀ ʩʘʤʘʷ ʩʫʱʝʩʪʚʝʥʥʘʷ 

ʨʘʙʦʪʘ, ʵʪʦ ʨʘʟʨʘʙʦʪʢʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʝʜʠʥʩʪʚʘ ʥʘʮʠʦʥʘʣʴʥʳʭ ʚʦʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʷʟʳʢʝ, ʘ ʪʘʢʞʝ ʫʯʝʪ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘʤʠ 

ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʥʜʘʨʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʮʠʡ 

ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ ʨʝʧʦʟʠʪʦʨʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʟʥʘʯʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ 

ʦʧʨʝʜʝʣʝʥʠʡ ʛʘʨʤʦʥʠʟʠʨʫʝʤʳʭ ʠ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʙʝʟ ʧʦʪʝʨʠ ʩʚʷʟʠ ʤʝʞʜʫ 

ʩʫʱʥʦʩʪʷʤʠ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʷʚʣʝʥʠʷ ʧʨʦʪʠʚʦʨʝʯʠʡ ʠʣʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ 

ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʝʜʠʥʩʪʚʘ ʧʦ ʧʨʠʦʨʠʪʝʪʘʤ; 

- ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʦʧʝʨʘʮʠʦʥʥʦʛʦ 

ʮʠʢʣʘ ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʥʜʘʨʪʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʮʝʧʮʠʠ ʝʜʠʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʘʥʜʘʨʪʘ 

ʢʘʢ ʜʦʢʫʤʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʬʦʨʤʘʣʴʥʦʛʦ ʧʨʠʟʥʘʢʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ: ʤʦʜʝʣʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʪʘʥʜʘʨʪʦʚ, ʤʦʜʫʣʴ ʚʳʜʝʣʝʥʠʷ 

ʩʫʱʥʦʩʪʝʡ, ʤʦʜʫʣʴ ʢʘʪʝʛʦʨʠʟʘʮʠʠ, ʤʦʜʫʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʟʘʫʨʫʩʘ, ʤʦʜʫʣʴ ʤʦʥʠʪʦʨʠʥʛʘ 

ʠ ʘʥʘʣʠʟʘ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʬʦʨʤʘʣʠʟʘʮʠʠ, ʟʘʜʘʥʠʝʤ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ, ʟʘʜʘʥʠʝʤ ʤʝʨʳ ʩʭʦʜʩʪʚʘ, ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʨʠʟʥʘʢʦʚʦʛʦ ʦʧʠʩʘʥʠʷ ʜʦʢʫʤʝʥʪʘ. ɺ 

ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, ʧʨʦʝʢʪʥʘʷ 

ʯʘʩʪʴ ʠ ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʩʠʩʪʝʤʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʧʨʦʙʠʨʦʚʘʥʳ ʛʨʫʧʧʦʡ 

ʵʢʩʧʝʨʪʦʚ-ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʤʧʝʪʝʥʪʥʳʭ ʚ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʥʘ ʙʘʟʝ ʩʪʘʥʜʘʨʪʦʚ ʠ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʅʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, 

ʛʘʨʤʦʥʠʟʘʮʠʷ ʩʪʘʥʜʘʨʪʦʚ, ʘʣʛʦʨʠʪʤ ʚʳʷʚʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʩʣʦʚ, ʢʘʪʝʛʦʨʠʟʘʮʠʷ ʩʪʘʥʜʘʨʪʦʚ. 
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ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʓʍ ʊʈɸɽʂʊʆʈʀʁ ʄɸʅʀʇʋʃʗʎʀʆʅʅʆɻʆ 

ʈʆɹʆʊɸ ɼʃʗ ʉʅʗʊʀʗ ʆʂʉʀɼʅʆʁ ʇʃɽʅʂʀ ʇʈʀ ʇʈʆʀɿɺʆɼʉʊɺɽ 

ʊʆɺɸʈʅʆɻʆ ʄɸɻʅʀʗ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʨʦʙʦʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʥʷʪʠʷ 

ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʝʚʦʛʦ ʨʘʩʧʣʘʚʘ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʥʠʧʫʣʷʮʠʦʥʥʦʛʦ 

ʨʦʙʦʪʘ (ʄʈ), ʠʤʝʶʱʝʛʦ ʧʦʜʚʠʞʥʫʶ ʠ ʧʦʚʦʨʦʪʥʫʶ ʣʦʧʘʪʢʫ. ʄʈ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʧʦʜʚʠʞʥʦʡ ʣʦʧʘʪʢʠ, ʩʦʙʠʨʘʝʪ ʦʢʩʠʜʥʫʶ ʧʣʝʥʢʫ ʥʘ ʧʦʚʦʨʦʪʥʫʶ ʣʦʧʘʪʢʫ. 

ɼʘʣʝʝ ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʧʦʚʦʨʦʪʥʦʡ ʣʦʧʘʪʢʠ ʦʢʩʠʜʥʘʷ ʧʣʝʥʢʘ ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ 

ʩʧʝʮʠʘʣʴʥʫʶ ʪʘʨʫ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤ ʄʈ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦ 

ʩʪʝʧʝʥʷʤ ʧʦʜʚʠʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʧʦʣʠʥʦʤʘʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʤʦʜʝʣʠʨʫʶʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ MatLab ʚʝʨʩʠʠ 

R2015b. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʃʠʪʝʡʥʳʡ ʢʦʥʚʝʡʝʨ, ʤʘʛʥʠʝʚʳʡ ʨʘʩʧʣʘʚ, ʦʢʩʠʜʥʘʷ ʧʣʝʥʢʘ, 

ʤʘʥʠʧʫʣʷʮʠʦʥʥʳʡ ʨʦʙʦʪ, ʧʨʦʛʨʘʤʤʥʘʷ ʪʨʘʝʢʪʦʨʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ, ʢʚʘʜʨʘʪʠʯʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ. 

 

ɺʚʝʜʝʥʠʝ. 

ʊʦʚʘʨʥʳʡ ʤʘʛʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʣʠʪʝʡʥʳʭ ʢʦʥʚʝʡʝʨʘʭ, ʚ ʬʦʨʤʝ ʤʘʛʥʠʝʚʳʭ 

ʦʪʣʠʚʦʢ, ʥʘʟʳʚʘʝʤʳʭ ʯʫʰʢʘʤʠ [1,2]. ʃʠʪʝʡʥʳʡ ʢʦʥʚʝʡʝʨ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʝʩʢʦʥʝʯʥʫʶ ʮʝʧʴ 1, ʥʘʪʷʥʫʪʫʶ ʥʘ ʧʨʠʚʦʜʥʦʡ 2 ʠ ʥʘʪʷʞʥʦʡ 3 ʙʘʨʘʙʘʥʳ. ʅʘ ʙʝʩʢʦʥʝʯʥʦʡ 

ʣʝʥʪʝ ʟʘʢʨʝʧʣʝʥʳ ʠʟʣʦʞʥʠʮʳ 5, ʚ ʢʦʪʦʨʳʝ ʟʘʣʠʚʘʝʪʩʷ ʤʘʛʥʠʝʚʳʡ ʨʘʩʧʣʘʚ ʧʨʠ ʠʭ 

ʥʝʧʨʝʨʳʚʥʦʤ ʜʚʠʞʝʥʠʠ (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʣʠʪʝʡʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʚʘʨʥʦʛʦ ʤʘʛʥʠʷ 

 

ɿʘʣʠʪʳʡ ʚ ʠʟʣʦʞʥʠʮʫ ʤʘʛʥʠʝʚʳʡ ʨʘʩʧʣʘʚ ʧʝʨʝʭʦʜʠʪ ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ, ʚʩʣʝʜʩʪʚʠʝ 

ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʠʟʣʦʞʥʠʮʝʡ. ɼʘʣʝʝ ʠʟʣʦʞʥʠʮʘ 4 ʜʦʩʪʠʛʥʫʚ ʧʨʠʚʦʜʥʦʛʦ ʙʘʨʘʙʘʥʘ, 

ʚʨʘʱʝʥʠʝʤ ʚʦʢʨʫʛ ʦʩʠ 5 ʦʧʨʦʢʠʜʳʚʘʝʪʩʷ, ʩʦʫʜʘʨʝʥʠʝʤ ʩ ʫʧʦʨʦʤ 6, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʘʛʥʠʝʚʘʷ 

ʯʫʰʢʘ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ ʚʳʧʘʜʘʝʪ ʠʟ ʠʟʣʦʞʥʠʮʳ (ʨʠʩʫʥʦʢ 1). 

ʇʨʦʮʝʩʩ ʨʘʟʣʠʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʰʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʵʪʦʤʫ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʦʢʠʩʣʷʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ, ʢʦʪʦʨʘʷ ʚʩʧʣʳʚʘʝʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʣʠʪʦʛʦ ʚ ʠʟʣʦʞʥʠʮʫ ʤʘʛʥʠʝʚʦʛʦ ʨʘʩʧʣʘʚʘ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ (ʊʆ) 

ʩʥʷʪʠʷ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʝʚʦʛʦ ʨʘʩʧʣʘʚʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚʦ ʚʨʝʜʥʳʭ ʜʣʷ 
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ʟʜʦʨʦʚʴʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʫʩʣʦʚʠʷʭ ʚʨʫʯʥʫʶ, ʠ ʥʦʩʠʪ ʦʜʥʦʦʙʨʘʟʥʳʡ, ʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʨʦʙʦʪʠʟʘʮʠʠ ʜʘʥʥʦʡ ʊʆ. 

ʃʝʥʪʘ ʣʠʪʝʡʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʤʝʱʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʊʆ ʩʥʷʪʠʷ 

ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ, 

ʟʘʣʠʪʦʛʦ ʚ ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʞʫʱʠʝʩʷ ʠʟʣʦʞʥʠʮʳ [3]. ʇʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʜʥʦʡ 

ʠʟʣʦʞʥʠʮʳ, ʩʦʩʪʘʚʣʷʝʪ 5 [ʩ]. ʕʪʦ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʥʠʤʘʪʴ ʦʢʩʠʜʥʫʶ ʧʣʝʥʢʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʘʛʥʠʝʚʦʛʦ 

ʨʘʩʧʣʘʚʘ ʜʚʫʭ ʠʟʣʦʞʥʠʮ, ʧʦʵʪʦʤʫ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 10 [ʩ]. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʊʆ ʩʥʷʪʠʷ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʝʚʦʛʦ ʨʘʩʧʣʘʚʘ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʤʘʥʠʧʫʣʷʮʠʦʥʥʳʡ ʨʦʙʦʪ (ʄʈ), ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʨʝʜʣʦʞʝʥʥʳʡ ʄʈ ʩʦʩʪʦʠʪ ʠʟ ʥʝʧʦʜʚʠʞʥʦʛʦ ʦʩʥʦʚʘʥʠʷ 

1, ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʥʝʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʰʘʨʥʠʨʘ 2, ʜʣʷ ʙʦʢʦʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʄʈ. 

ɼʘʣʝʝ ʨʘʩʧʦʣʦʞʝʥ ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ ʰʘʨʥʠʨ 3, ʜʣʷ ʧʦʜʲʝʤʘ ʠ ʦʧʫʩʢʘʥʠʷ ʄʈ. ʕʪʦʪ ʰʘʨʥʠʨ 

ʩʚʷʟʘʥ ʩʦ ʩʣʝʜʫʶʱʠʤ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʰʘʨʥʠʨʦʤ 4, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ ʣʠʥʝʡʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʰʪʦʢʘ 7, ʢ ʢʦʪʦʨʦʤʫ ʢʨʝʧʷʪʩʷ ʧʦʜʚʠʞʥʳʝ ʣʦʧʘʪʢʠ 8. ʉ ʰʘʨʥʠʨʦʤ 4 ʩʚʷʟʘʥ 

ʚʨʘʱʘʪʝʣʴʥʳʡ ʰʘʨʥʠʨ 5, ʥʘ ʢʦʪʦʨʦʤ ʟʘʢʨʝʧʣʝʥʳ ʚʨʘʱʘʪʝʣʴʥʳʝ ʣʦʧʘʪʢʠ 6. 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʄʘʥʠʧʫʣʷʮʠʦʥʥʳʡ ʨʦʙʦʪ ʜʣʷ ʩʥʷʪʠʷ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʛʥʠʝʚʦʛʦ ʨʘʩʧʣʘʚʘ 

 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩʥʷʪʠʷ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʛʥʠʝʚʦʛʦ ʨʘʩʧʣʘʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.  
 

 
 a b c d 

 

ʈʠʩʫʥʦʢ 3 ï ʇʨʦʮʝʩʩ ʩʥʷʪʠʷ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʝʚʦʛʦ ʨʘʩʧʣʘʚʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 3a ʧʦʢʘʟʘʥʦ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʨʘʱʘʪʝʣʴʥʳʭ ʣʦʧʘʪʦʢ 6 ʠ 

ʧʦʜʚʠʞʥʳʭ ʣʦʧʘʪʦʢ 8, ʜʣʷ ʩʙʦʨʘ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ 10 ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʝʚʦʛʦ ʨʘʩʧʣʘʚʘ, 
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ʟʘʣʠʪʦʛʦ ʚ ʠʟʣʦʞʥʠʮʳ 9. ʇʨʠ ʧʦʤʦʱʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʰʪʦʢʘ 7, 

ʧʦʜʚʠʞʥʳʝ ʣʦʧʘʪʢʠ 8, ʩʦʙʠʨʘʶʪ ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʦʢʩʠʜʥʫʶ ʧʣʝʥʢʫ, ʥʘ ʧʦʚʦʨʦʪʥʳʝ 

ʣʦʧʘʪʢʠ 6 (ʨʠʩʫʥʢʠ 3b, 3c). ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʪʥʳʡ ʭʦʜ ʧʦʜʚʠʞʥʦʡ ʣʦʧʘʪʢʠ 8, ʚ ʵʪʦ 

ʚʨʝʤʷ ʧʦʚʦʨʦʪʥʳʝ ʣʦʧʘʪʢʠ 6 ʚʨʘʱʝʥʠʝʤ ʚʦʢʨʫʛ ʦʩʠ, ʩʙʨʘʩʳʚʘʶʪ ʩʦʙʨʘʥʥʫʶ ʦʢʩʠʜʥʫʶ 

ʧʣʝʥʢʫ ʚ ʩʧʝʮʠʘʣʴʥʫʶ ʝʤʢʦʩʪʴ ʜʣʷ ʩʙʦʨʘ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ 10 (ʨʠʩʫʥʦʢ 3d ). 

ʐʠʨʠʥʘ ʧʦʜʚʠʞʥʳʭ ʠ ʧʦʚʦʨʦʪʥʳʭ ʣʦʧʘʪʦʢ ʨʘʚʥʘ 0.155 [ʤ], ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʥʠʤʠ ʩʦʩʪʘʚʣʷʝʪ 0.05 [ʤ]. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʪʴ ʚʩʶ ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ 

ʦʢʩʠʜʥʫʶ ʧʣʝʥʢʫ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʘʣʠʪʦʛʦ ʚ ʠʟʣʦʞʥʠʮʳ ʤʘʛʥʠʝʚʦʛʦ ʨʘʩʧʣʘʚʘ [4]. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦ ʢʘʞʜʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ, ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦʨʝʥʠʡ, ʦʛʨʘʥʠʯʝʥʳ ʫʩʣʦʚʠʷʤʠ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʚʦʜʦʚ, ʟʘʜʘʥʥʳʤʠ ʩʣʝʜʫʶʱʠʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 
 

  (1) 

 

ʇʨʦʛʨʘʤʤʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʩʪʝʧʝʥʷʤ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤ 

ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʧʦʣʠʥʦʤʘʤʠ, ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʫʩʣʦʚʠʷ ʩʦʚʧʘʜʝʥʠʷ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ ʠ 

ʫʩʢʦʨʝʥʠʡ ʚ ʪʦʯʢʘʭ ʩʦʧʨʷʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʦʯʢʘʤ ʨʘʟʛʦʥʘ ʜʦ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ, ʜʚʠʞʝʥʠʷ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʪʦʨʤʦʞʝʥʠʷ ʩ ʦʩʪʘʥʦʚʢʦʡ ʚ ʟʘʜʘʥʥʦʡ                  

ʪʦʯʢʝ [5]. 

ʀʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʄʈ ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʧʦ ʧʝʨʚʦʡ 

ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ , ʧʦ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ , ʧʦ 

ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ , ʧʦ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ 

. 

ʊʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʩʥʷʪʠʷ ʦʢʩʠʜʥʦʡ ʩ ʧʣʝʥʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʝʚʦʛʦ ʨʘʩʧʣʘʚʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʞʫʱʠʭʩʷ ʠʟʣʦʞʥʠʮʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʨʘʟʛʦʥ 

ʜʦ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʟʣʦʞʥʠʮ . ʊʦʛʜʘ ʟʘʢʦʥ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ 
 

   (2) 

 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʦʧʫʩʢʘʥʠʷ ʣʦʧʘʪʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʛʥʠʝʚʦʛʦ 

ʨʘʩʧʣʘʚʘ, ʜʣʷ ʩʙʦʨʘ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ, ʪʦʛʜʘ ʟʘʢʦʥ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ 
 

  (3) 
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ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʙʦʨ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʧʦʜʚʠʞʥʦʡ ʣʦʧʘʪʢʦʡ ʥʘ 

ʧʦʚʦʨʦʪʥʫʶ ʣʦʧʘʪʢʫ. ɿʘʢʦʥ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 

   (4) 

 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ ʧʦ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ, ʣʦʧʘʪʢʠ ʩ 

ʩʦʙʨʘʥʥʦʡ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʦʡ ʧʦʜʥʠʤʘʶʪʩʷ ʚʚʝʨʭ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ 

 

  (5) 

 

ʅʘʯʠʥʘʷ ʩ ʜʦ ʚʝʣʠʯʠʥʳ ʚʨʝʤʝʥʠ  ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʚʠʞʝʥʠʝ ʧʦ 

ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ , ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 

   (6) 

 

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʦʨʤʦʞʝʥʠʝ ʧʦ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʠ 

ʦʙʨʘʪʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʜʚʠʞʥʦʡ ʣʦʧʘʪʢʠ ʧʦ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ. ɿʘʢʦʥ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

 

   (7) 

 

ɿʘʢʦʥ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 

   (8) 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 4 (127), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 4 (127), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

164 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʜʚʠʞʝʥʠʝʤ (8) ʧʦ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ, ʚʳʧʦʣʥʷʝʪʩʷ 

ʜʚʠʞʝʥʠʝ ʧʦ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʜʣʷ ʩʙʨʦʩʘ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʚ ʸʤʢʦʩʪʴ ʜʣʷ 

ʩʙʦʨʘ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦ ʜʘʥʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʜʚʠʞʝʥʠʝ ʦʪ ʫʧʦʨʘ ʜʦ ʫʧʦʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʥʝ ʫʧʨʘʚʣʷʝʤʳʤ ʧʦ ʚʝʣʠʯʠʥʝ ʫʩʢʦʨʝʥʠʷ. ɿʘʢʦʥ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʯʝʪʚʝʨʪʦʡ 

ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 

   (9) 

 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʟʚʨʘʱʝʥʠʝ ʚ ʠʩʭʦʜʥʦʡ ʧʦʣʦʞʝʥʠʝ ʧʦ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ 

ʧʦʜʚʠʞʥʦʩʪʠ, ʟʘʢʦʥ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

 

  (10) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʦʜʥʦʛʦ ʮʠʢʣʘ ʩʥʷʪʠʷ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʝʚʦʛʦ ʨʘʩʧʣʘʚʘ, ʟʘʣʠʪʦʛʦ ʚ ʜʚʝ ʠʟʣʦʞʥʠʮʳ ʥʝʦʙʭʦʜʠʤʦ . 

 

ʈʝʟʫʣʴʪʘʪʳ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʝ 

ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʩʪʝʧʝʥʷʤ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ, ʚʳʧʦʣʥʠʤ ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʨʝʜʝ MatLab [6].  

ʀʟʤʝʥʝʥʠʷ ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ 

ʦʧʠʩʳʚʘʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ (2), (6), (7) ʠ (8), ʢʦʪʦʨʳʝ ʟʘʜʘʶʪ ʧʨʦʛʨʘʤʤʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦ 

ʧʦʣʦʞʝʥʠʶ ʠ ʤʦʜʝʣʠʨʫʶʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Tr_q1.m. ʈʝʟʫʣʴʪʘʪ ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʇʨʦʛʨʘʤʤʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ 
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ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Tr_speed_q1.m. ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 
ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʪʦ ʝʩʪʴ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦ 
ʩʢʦʨʦʩʪʠ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 
Tr_acceleration_q1.m. ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ ʫʩʢʦʨʝʥʠʷ 
ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʪʦ ʝʩʪʴ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʫʩʢʦʨʝʥʠʶ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ 
ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ. ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʧʦ ʩʢʦʨʦʩʪʠ ʠ 
ʫʩʢʦʨʝʥʠʶ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 
 

 
 

ʈʠʩʫʥʦʢ 5 ï ʇʨʦʛʨʘʤʤʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʶ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ 
ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ 

 

ʇʨʦʛʨʘʤʤʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ 
ʦʧʠʩʳʚʘʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ (3) ʠ (5), ʢʦʪʦʨʳʝ ʤʦʜʝʣʠʨʫʶʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 
Tr_q2.m. ʈʝʟʫʣʴʪʘʪ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 6. 
 

 
 

ʈʠʩʫʥʦʢ 6 ï ʇʨʦʛʨʘʤʤʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ 
 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤ Tr_speed_q2.m., Tr_acceleration_q2.m ʚʳʧʦʣʥʝʥʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʶ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ 
ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ. ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʧʦ ʩʢʦʨʦʩʪʠ ʠ 
ʫʩʢʦʨʝʥʠʶ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 7. 
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ʈʠʩʫʥʦʢ 7 ï ʇʨʦʛʨʘʤʤʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʶ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ 
ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ 

 
ʇʨʦʛʨʘʤʤʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ 

ʦʧʠʩʳʚʘʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ (4) ʠ (8), ʢʦʪʦʨʳʝ ʤʦʜʝʣʠʨʫʶʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 
Tr_q3.m. ɻʨʘʬʠʢ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ 
ʄʈ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 8. 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤ Tr_speed_q3.m., Tr_acceleration_q3.m ʚʳʧʦʣʥʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʶ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ. ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʧʦ ʩʢʦʨʦʩʪʠ ʠ 

ʫʩʢʦʨʝʥʠʶ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 9. 

 

 
 
 

ʈʠʩʫʥʦʢ 8 ï ʇʨʦʛʨʘʤʤʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ 

 

 
 

ʈʠʩʫʥʦʢ 9 ï ʇʨʦʛʨʘʤʤʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʶ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ 

ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ 
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ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤ Tr_q4.m., Tr_speed_q4.m ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʠ ʩʢʦʨʦʩʪʠ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ. 

ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʧʦ ʧʦʣʦʞʝʥʠʶ ʠ ʩʢʦʨʦʩʪʠ ʯʝʪʚʝʨʪʦʡ 

ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 10. 
 

 
 

ʈʠʩʫʥʦʢ 10 ï ʇʨʦʛʨʘʤʤʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʠ ʩʢʦʨʦʩʪʠ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ 

ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ 

 

ʆʙʩʫʞʜʝʥʠʝ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʩʥʷʪʠʝ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʛʥʠʝʚʦʛʦ ʨʘʩʧʣʘʚʘ, ʩ ʜʚʠʞʫʱʠʭʩʷ ʠʟʣʦʞʥʠʮ ʣʠʪʝʡʥʦʛʦ ʢʦʥʚʝʡʝʨʘ. ɼʣʷ ʨʦʙʦʪʠʟʘʮʠʠ 

ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʄʈ, ʢʦʪʦʨʳʡ ʢʦʤʧʝʥʩʠʨʫʝʪ ʜʚʠʞʝʥʠʝ 

ʠʟʣʦʞʥʠʮ ʟʘ ʩʯʝʪ ʜʚʠʞʝʥʠʷ ʧʦ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ, ʧʨʠ ʧʦʤʦʱʠ 

ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʳʭ ʣʦʧʘʪʦʢ ʩʦʙʠʨʘʝʪ ʦʢʩʠʜʥʫʶ ʧʣʝʥʢʫ ʥʘ ʧʦʚʦʨʦʪʥʫʶ 

ʣʦʧʘʪʢʫ. ʉʦʙʨʘʥʥʘʷ ʦʢʩʠʜʥʘʷ ʧʣʝʥʢʘ ʜʘʣʝʝ ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ 

ʩʧʝʮʠʘʣʴʥʫʶ ʝʤʢʦʩʪʴ ʜʣʷ ʩʙʦʨʘ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʧʦʣʦʞʝʥʠʶ, ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʶ ʩʪʝʧʝʥʝʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʚʘʜʨʘʪʠʯʥʳʭ ʧʦʣʠʥʦʤʦʚ.  

 

ɿʘʢʣʶʯʝʥʠʝ. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʜʣʷ ʩʥʷʪʠʷ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʝʚʦʛʦ ʨʘʩʧʣʘʚʘ ʟʘʣʠʪʦʛʦ ʚ 

ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʞʫʱʠʝʩʷ ʠʟʣʦʞʥʠʮʳ ʣʠʪʝʡʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʠʪʴ ʄʈ, 

ʢʦʪʦʨʳʡ ʩʚʦʠʤʠ ʩʪʝʧʝʥʷʤʠ ʧʦʜʚʠʞʥʦʩʪʠ ʢʦʤʧʝʥʩʠʨʫʝʪ ʵʪʦ ʜʚʠʞʝʥʠʝ ʠ ʩ ʧʦʤʦʱʴʶ 

ʣʦʧʘʪʦʢ ʩʦʙʠʨʘʝʪ ʠ ʩʙʨʘʩʳʚʘʝʪ ʦʢʩʠʜʥʫʶ ʧʣʝʥʢʫ ʚ ʩʧʝʮʠʘʣʴʥʫʶ ʝʤʢʦʩʪʴ; 

- ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʧʦʣʦʞʝʥʠʶ, ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʶ 

ʩʪʝʧʝʥʝʡ ʧʦʜʚʠʞʥʦʩʪʠ ʄʈ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʩʥʷʪʠʷ ʦʢʩʠʜʥʦʡ 

ʧʣʝʥʢʠ, ʢʦʪʦʨʳʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʧʦʣʠʥʦʤʘʤʠ; 

- ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ MatLab. 
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ʙʘסʜʘʨʣʘʤʘʣʳץ ʪʨʘʝʢʪʦʨʠʷʣʘʨ ʢʚʘʜʨʘʪʪʳץ ʧʦʣʠʥʦʤʜʘʨʤʝʥ ʞʘʟʳʣʘʜʳ. ᴆʥʜʝʣʛʝʥ 

ʙʘסʜʘʨʣʘʤʘʣʳץ ʪʨʘʝʢʪʦʨʠʷʣʘʨ MatLab ʦʨʪʘʩʳʥʜʘ ʦʥʳש R2015b ʚʝʨʩʠʷʩʳʥ ץʦʣʜʘʥʳʧ 

ʤʦʜʝʣʴʜʝʥʜʽ. 
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DEVELOPMENT OF A SOFTWARE TRAJECTORY OF A MANIPULATION ROBOT 

FOR REMOVING OXIDE FILM IN THE PRODUCTION OF COMMERCIAL 

MAGNESIUM  

 

Abstract. The paper considers the issues of robotization of the process of removing an 

oxide film from the surface of a magnesium melt, using a handling manipulative robot (MR) 

with a movable and rotary blade. MR by the translational movement of the movable blade 

collects the oxide film on the rotary blade. Further, by rotational movement of the rotary blade, 

the oxide film is dropped into a special container. To control the MR data, software trajectories 

have been developed for the degrees of freedom, which are described by quadratic polynomials. 

The developed software trajectories are modeled using MatLab version R2015b. 

 

Keywords. Foundry conveyor, magnesium melt, oxide film, manipulation robot, program 

trajectory, program trajectory planning, quadratic interpolation. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ 

ʧʣʦʪʠʥʳ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʠ ʩʥʠʟʠʪɹ ʨʠʩʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʣʶʜʝʡ. ɺ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʨʝʯʥʳʝ ʜʦʣʠʥʳ ʯʘʩʪʦ 

ʧʦʜʚʝʨʞʝʥʳ ʩʠʣʴʥʳʤ ʜʦʞʜʷʤ ʠ ʪʘʷʥʠʶ ʣʝʜʥʠʢʦʚ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʩʭʦʜʘ 

ʩʝʣʝʡ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʘʢʠʭ 

ʧʨʦʠʩʝhʩʪʚʠʡ ʠ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʥʝʦʙʭʦʜʠʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʥʠʷ. 

ʄʳ ʩʬʦʢʫʩʠʨʦʚʘʣʠʩʴ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʚʳʟʚʘʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʝʤ ʧʣʦʪʠʥʳ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ. ɼʣʷ 

ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʧʠʩʘʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʤʳ ʧʨʠʤʝʥʠʣʠ ʜʚʫʤʝʨʥʫʶ ʯʠʩʣʝʥʥʫʶ ʤʦʜʝʣʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ (VOF). ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʢʣʶʯʘʝʪ 

ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʩʨʝʜʳ, ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʈʝʡʥʦʣʴʜʩʫ, ʘ ʪʘʢʞʝ 

ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʬʘʟʘʤʠ. ɼʣʷ ʨʝʰʝʥʠ̫ ʵʪʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʫʨʙʫʣʝʥʪʥʘʷ ʤʦʜʝʣʴ k-Ů. ɸʣʛʦʨʠʪʤ PISO ʙʳʣ ʧʨʠʤʝʥʝʥ ʚ ʢʘʯʝʩʪʚʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ. ʇʦʣʫʯʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʦʨʦʰʠʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʥʘʜʝʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʟʠʪʴ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʨʘʟʨʫʰʝʥʠʷ 

ʧʣʦʪʠʥ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʵʚʘʢʫʘʮʠʶ ʥʘʩʝʣʝʥʠʷ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʦʪʨʠʮʘʪʝʣʥɹ ʭr ʧʦʩʣʝʜʩʪʚʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɼʘʤʙʘ, ʤʝʪʦʜ VOF, ʘʣʛʦʨʠʪʤ PISO, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʧʨʝʧʷʪʩʪʚʠʝ, ʫʨʘʚʥʝʥʠʝ ʅʘʚʴʝ-ʉʪʦʢʩʘ. 

 

ɺʚʝʜʝʥʠʝ. 

ɺʦʜʘ ʷʚʣʷʝʪʩʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ. 

ɸʜʝʢʚʘʪʥʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʟʜʦʨʦʚʴʷ, 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʙʱʝʩʪʚʘ ʠ ʵʢʦʥʦʤʠʢʠ. ʀʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʟʘʩʫʭʠ 

ʫʩʠʣʠʚʘʶʪ ʟʥʘʯʠʤʦʩʪʴ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʭʨʘʥʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʨʦʩʪ ʥʘʩʝʣʝʥʠʷ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝʛʦ ʩʧʨʦʩʘ ʥʘ ʚʦʜʫ ʚ ʙʳʪʦʚʳʭ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʣʷʭ, ʚʢʣʶʯʘʷ ʦʨʦʰʝʥʠʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ʇʦʵʪʦʤʫ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʣʦʪʠʥ ʦʩʪʘʶʪʩʷ ʚʘʞʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʚ 21-ʤ ʚʝʢʝ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʧʣʦʪʠʥ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʧʘʩʥʦʩʪʠ. ʈʘʟʨʫʰʝʥʠʝ 

ʙʦʣʴʰʠʭ ʧʣʦʪʠʥ ʤʦʞʝʪ ʧʨʠʯʠʥʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʱʝʨʙ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ ʠ ʦʙʱʝʩʪʚʫ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʩʪʠ ʢ ʦʪʩʪʘʚʘʥʠʶ ʚ ʨʘʟʚʠʪʠʠ ʨʝʛʠʦʥʘ. ʇʦʵʪʦʤʫ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʣʦʪʠʥ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʚʦʜʦʭʨʘʥʠʣʠʱ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪr. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʙʝʟʦʧʘʩʥʳʭ ʧʣʦʪʠʥ, 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʠʭ ʫʩʪʦʡʯʠʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʣʦʪʠʥ ʪʨʝʙʫʝʪ ʧʨʘʚʠʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤʠ ʘʩʧʝʢʪʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʢʣʶʯʘʷ 
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ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʪʨʫʢʪʫʨ, ʨʝʤʦʥʪ ʚʳʷʚʣʝʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʤʦʜʝʨʥʠʟʘʮʠʶ ʠ 

ʟʘʤʝʥʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʧʝʨʝʩʤʦʪʨ ʘʚʘʨʠʡʥʳʭ ʤʝʨ. 

ʇʨʦʨʳʚ ʧʣʦʪʠʥʳ ʠ ʟʘʪʦʧʣʝʥʠʝ ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʩʝʨʴʝʟʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʇʨʠʯʠʥʘʤʠ ʪʘʢʠʭ ʘʚʘʨʠʡ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʨʫʰʝʥʠʝ ʦʩʥʦʚʘʥʠʷ ʩʦʦʨʫʞʝʥʠʷ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʝʤʢʦʩʪʴ ʩʙʨʦʩʘ ʚʦʜʳ, ʚʦʟʜʝʡʩʪʚʠʝ 

ʧʨʠʨʦʜʥʳʭ ʩʠʣ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʜʝʬʝʢʪʳ, ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʘʚʦʜʢʠ. 

ʇʦʩʣʝʜʩʪʚʠʷ ʘʚʘʨʠʡ ʥʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʷʭ ʤʦʛʫʪ ʙʳʪʴ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ, 

ʚʢʣʶʯʘʷ ʟʘʪʦʧʣʝʥʠʝ ʦʙʰʠʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʛʠʙʝʣʴ ʣ ʜʁʝʡ, ʧʨʝʢʨʘʱʝʥʠʝ ʩʫʜʦʭʦʜʩʪʚʘ, 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʦʨʘʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚʦʣʥʳ ʧʨʦʨʳʚʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʶʜʝʡ ʠ ʩʦʦʨʫʞʝʥʠʝ ʤʘʩʩʳ ʚʦʜʳ, ʜʚʠʞʫʱʝʡʩʷ ʩ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʠ ʧʝʨʝʤʝʱʘʝʤ ʭr ʝʶ ʦʙʣʦʤʢʦʚ ʨʘʟʨʫʰʝʥʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʜʨʫʛʠʭ 

ʧʨʝʜʤʝʪʦʚ. ɺʦʣʥʦʡ ʧʨʦʨʳʚʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʫʰʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʜʘʥʠʡ ʠ ʜʨʫʛʠʭ 

ʩʦʦʨʫʞʝʥʠʡ. ʉʪʝʧʝʥʴ ʨʘʟʨʫʰʝʥʠʷ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʠʭ ʧʨʦʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪ ʚʳʩʦʪʳ ʠ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ. 

ʏʨʝʟʚʳʯʘʡʥrʝ ʩʠʪʫʘʮʠʠ ʚ ʟʦʥʝ ʟʘʪʦʧʣʝʥʠʷ ʥʝʨʝʜʢʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʚʪʦʨʠʯʥʳʤʠ 

ʧʦʨʘʞʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʦʞʘʨʘʤʠ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʳʚʦʚ ʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʠ ʧʨʦʚʦʜʦʚ, ʦʧʦʣʟʥʷʤʠ ʠ ʦʙʚʘʣʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʤʳʚʘ ʛʨʫʥʪʘ 

(Cao et al., 2004, [2]; Wu and Wang, 2008, [3]), ʠʥʬʝʢʮʠʦʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʦ ʧʨʠʯʠʥʝ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʠ ʨʝʟʢʦʛʦ ʫʭʫʜʰʝʥʠʷ ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʚʙʣʠʟʠ ʟʦʥʳ ʟʘʪʦʧʣʝʥʠʷ ʠ ʨʘʡʦʥʘʭ ʚʨʝʤʝʥʥʦʛʦ 

ʨʘʟʤʝʱʝʥʠʷ ʧʦʩʪʨʘʜʘʚʰʠʭ, ʦʩʦʙʝʥʥʦ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ. 

ʇʦʩʣʝʜʩʪʚʠʷ ʘʚʘʨʠʡ ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ ʤʦʛʫʪ ʙʳʪʴ 

ʪʨʫʜʥʦʧʨʝʜʩʢʘʟʫʝʤʳ. ʈʘʩʧʦʣʘʛʘʷʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʯʝʨʪʝ ʠʣʠ ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʢʨʫʧʥʳʭ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʷʚʣʷʷʩʴ ʦʙʲʝʢʪʘʤʠ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ, ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʦʥʠ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʤʫ ʟʘʪʦʧʣʝʥʠʶ ʦʙʰʠʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʛʦʨʦʜʦʚ ʠ ʩʝʣ, ʦʙʲʝʢʪʦʚ ʵʢʦʥʦʤʠʢʠ, ʢ ʤʘʩʩʦʚʦʡ ʛʠʙʝʣʠ ʣʶʜʝʡ, ʜʣʠʪʝʣʴʥʦʤʫ 

ʧʨʝʢʨʘʱʝʥʠʶ ʩʫʜʦʭʦʜʩʪʚʘ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚ 

(Bahmanpouri et al., 2021, [1]). 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʨʦʮʝʩʩʦʤ ʧʨʦʨʳʚʘ ʧʣʦʪʠʥʳ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɺʚʠʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʨʝʩʫʨʩʥʳʭ 

ʟʘʪʨʘʪʦʚ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʟʘʣʦʞʝʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʛʠʜʨʦʜʠʥʘʤʠʢʘ, ʧʦʣʴʟʫʝʪʩ̫ ʙʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ (Jeong et al., 2012, [4]; Simsek and 

Islek, 2023, [5]; Yang et al., 2022, [6]; Wang et al., 2020, [7]; Wang et al., 2022, [8]). ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʥʘʫʯʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʣʘʛʘʝʪ ʦʛʨʦʤʥʳʡ ʜʠʘʧʘʟʦʥ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣ ̫ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʪʦʢʘ ʚʦʜʳ ʧʨʠ ʧʨʦʨʳʚʝ 

ʧʣʦʪʠʥʳ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ computational fluid dynamics coupled with discrete 

element method ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʥʦʩʘ ʧʝʩʢʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ (Omarova et al., 2023 [9], Kazidenov et al., 2023 [10], Rakhimzhanova et al., 

2022 [11]). ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚ micro-scale ʜʣʷ ʨʝʰʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ. ɺ ʨʘʙʦʪʝ (Xu et al., 2023, [12]) ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʧʨʦʨʳʚʘ ʚʜʦʣʴ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚʣʘʞʥʦʛʦ ʜʥʘ ʧʨʠ ʥʘʣʠʯʠʠ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʭʬʘʟʥʳʡ ʙʝʩʩʝʪʦʯʥʳʡ ʤʝʪʦʜ. ʏʪʦʙʳ ʧʦʢʘʟʘʪʴ ʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʫʶ ʠʤʠʪʘʮʠʶ, ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ (Jafari et al., 2021, [13]) ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʥʳ ʧʨʦʨʳʚʘ ʩ ʥʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʭʦʪʴ ʠ 

ʜʦʧʫʩʢʘʶʪ ʥʝʢʦʪʦʨʳʝ ʫʧʨʦʱʝʥʠʷ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʝ ʫʩʣʦʚʠʷ, ʝʞʝʛʦʜʥʦ 
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ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʫʯʝʥʳʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʤʝʝʪʩʷ ʨʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʨʳʚʘ 

ʧʣʦʪʠʥʳ, ʧʨʠʙʣʠʞʝʥʥʳʡ ʢ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ ʫʩʣʦʚʠʷʤ. 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. 

ʄʝʪʦʜ VOF. 

ʋʨʘʚʥʝʥʠʝ VOF (ʤʝʪʦʜ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ) ð ʵʪʦ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʡ 

ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʠʥʪʝʨʬʝʡʩʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʬʘʟʘʤʠ ʚ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʪʝʯʝʥʠʷʭ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʚʚʦʜʠʪʩʷ ʧʝʨʝʤʝʥʥʘʷ, ʥʘʟʳʚʘʝʤʘʷ 

"ʬʫʥʢʮʠʝʡ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ" (VOF), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʣʶ ʦʙʲʝʤʘ ʢʘʞʜʦʡ ʬʘʟʳ ʚ 

ʜʘʥʥʦʡ ʷʯʝʡʢʝ ʩʝʪʢʠ. ʋʨʘʚʥʝʥʠʝ VOF ʦʧʨʝʜʝʣʷʝʪ ʠʟʤʝʥʝʥʠʝ ʵʪʦʡ ʬʫʥʢʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʠ ʚʨʝʤʝʥʠ, ʫʯʠʪʳʚʘʷ ʩʢʦʨʦʩʪɹ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʤʝʞʜʫ ʬʘʟʘʤʠ. Mʝʪʦʜ -VOF - 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʷʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʧʝʨʝʪʝʢʘʥʠʝ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʩʨʝʜʳ, ʨʘʟʣʠʚʳ ʞʠʜʢʦʩʪʝʡ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʧʝʣʴ ʠ ʧʫʟʳʨʝʡ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʳ ʩʤʝʰʠʚʘʥʠʷ ʠ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ. ʆʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʥʪʝʨʬʝʡʩʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʬʘʟʘʤʠ ʠ ʫʯʝʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʦʣʝʟʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʠʥʞʝʥʝʨʠʠ ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʤʝʪʦʜʘ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʘ ʩʢʘʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʟʘʧʦʣʥʷʝʪ ʜʘʥʥʳʝ 

ʷʯʝʡʢʠ ʦʜʥʦʡ ʬʘʟʦʡ: ʚʦʜʦʡ ʠʣʠ ʚʦʟʜʫʭʦʤ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʢʘʢʘʷ-ʪʦ ʷʯʝʡʢʘ ʧʫʩʪʘʷ, ʪʦ 

ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ 0, ʘ ʝʩʣʠ ʥʘʦʙʦʨʦʪ, ʪʦ ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ 1. ʗʯʝʡʢʠ ʤʝʞʜʫ 0 ʠ 1 

ʥʘʭʦʜʷʪʩʷ ʚ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʠ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʲʝʤʥʫʶ ʜʦʣʶ ʚʦʜʳ, ʘ ʘʣʴʬʘ-1 ʚʪʦʨʫʶ 

ʜʦʣʶ ʬʘʟʳ ʚ ʷʯʝʡʢʝ ʚʦʟʜʫʭʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʯʘʣʴʥʦʝ ʚʨʝʤʷ t=0 ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

 ʠ ʜʘʣʝʝ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ:  
 

                               (1) 

 

ʊʘʢ ʢʘʢ ʧʦʣʦʞʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ  

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʥʘʭʦʜʷʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ [14]:  
 

.                       (2) 
 

ʀʥʜʝʢʩʳ 1 ʠ 2 ʦʟʥʘʯʘʝʪ ʜʚʝ ʬʘʟʳ: ʚʦʟʜʫʭʘ ʠ ʚʦʜʫ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʠ 

ʠʤʧʫʣʴʩʘ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʚ̫ ʟʢʦʡ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʘʩʩʦʚʳʭ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʣ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘ ʫʩʨʝʜʥʝʥʥʳʭ ʧʦ ʈʝʡʥʦʣʴʜʩʫ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ 

[15]: 
 

                                       (3) 

 

                            (4) 

 

ʛʜʝ  ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ,  ï ʩʨʝʜʥʝʝ ʜʘʚʣʝʥʠʝ ʞʠʜʢʦʩʪʠ; ɛ - ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ, ɟ - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ,  ï ʩʨʝʜʥʠʡ ʪʝʥʟʦʨ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʦ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʩʨʝʜʥʝʥʠʝ ʠ ʰʪʨʠʭʠ ʦʟʥʘʯʘʝʪ ʬʣʫʢʪʫʘʮʠʦʥʥʫʶ ʯʘʩʪʴ.  
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ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ  ʠ ʩʢʦʨʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ: 
 

,                      (5) 

 

,                      (6) 

 

ʛʜʝ, -ʪʫʨʙʫʣʝʥʪʥʘʷ ʚʷʟʢʦʩʪʴ,  ï ʩʢʦʨʦʩʪʴ ʛʝʥʝʨʘʮʠʠ 

ʵʥʝʨʛʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʝʣʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ 

ʩʪʘʥʜʘʨʪʥʳʝ ʟʥʘʯʝʥʠʷ: , ,  

 

ɸʣʛʦʨʠʪʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʏʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ANSYS, 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ PISO (Pressure-Implicit with Splitting of 

Operators). PISO ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʭr ʟʘʜʘʯʘʭ ʠ ʚ 

ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʝʩʧʝʯʝʥʠʷʭ. ɺ Ansys Fluent ʘʣʛʦʨʠʪʤ PISO ʜʦʩʪʫʧʝʥ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ 

ʦʧʮʠʡ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʘʪʝʣʷ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɸʣʛʦʨʠʪʤ PISO ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʙʣʘʩʪʷʭ, ʩʚʷʟʘʥʥʭr ʩ 

ʘʵʨʦʜʠʥʘʤʠʢʦʡ, ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ ʠ ʜʨʫʛʠʤʠ ʦʙʣʘʩʪʷʤʠ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʡ ʠ ʧʝʨʝʥʦʩʘ ʤʘʩʩʳ ʠ ʠʤʧʫʣʴʩʘ. ʐʘʛʠ ʘʣʛʦʨʠʪʤʘ PISO ʚ ʚʠʜʝ ʙʣʦʢ-

ʩʭʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
 

ʈʠʩʫʥʦʢ 1 - ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ PISO  
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ɸʣʛʦʨʠʪʤ PISO ð ʵʪʦ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʅʘʚʴʝ-ʉʪʦʢʩʘ ʜʣʷ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ [18]. ʕʪʦ ʦʟʥʘʯʘʝʪ ʥʝʷʚʥʦʝ ʜʘʚʣʝʥʠʝ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 

ʦʧʝʨʘʪʦʨʦʚ. ɸʣʛʦʨʠʪʤ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʰʘʛʦʚ: ʰʘʛ ʧʨʝʜʠʢʪʦʨʘ ʠ ʰʘʛ 

ʢʦʨʨʝʢʪʦʨʘ. 

ʅʘ ʰʘʛʝ ʧʨʝʜʠʢʪʦʨʘ ʤʳ ʫʛʘʜʳʚʘʝʤ ʧʦʣʝ ʜʘʚʣʝʥʠʷ ʠ ʧʦʣʫʯʘʝʤ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʷ 

ʩʢʦʨʦʩʪʝʡ  ʠ .ʠʩʧʦʣʴʟʫʷ ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʧʫʣʴʩʘ. ʆʜʥʘʢʦ ʠʩʭʦʜʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʜʘʚʣʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚʝʨʥʳʤ, ʘ ʤʦʞʝʪ ʠ ʥʝʪ. 

ʅʘ ʰʘʛʝ ʢʦʨʨʝʢʪʦʨʘ 1 ʦʧʨʝʜʝʣʷʝʤ ʧʦʧʨʘʚʦʯʥrʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʧʦʣʝʡ ʜʘʚʣʝʥʠʷ 

ʠ ʩʢʦʨʦʩʪʠ, ʪʘʢ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʰʘʛʝ ʧʨʝʜʠʢʪʦʨʘ, ʤʦʞʝʪ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʶ ʥʝʨʘʟʨʳʚʥʦʩʪʠ. ʄʳ ʨʝʰʘʝʤ ʫʨʘʚʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʷ ʧʨʘʚʠʣʴʥʦʝ ʧʦʣʝ ʜʘʚʣʝʥʠʷ , ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʘʚʠʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ  ʠ . 
 

 
 ,                                                            (7) 

 
 

ʛʜʝ,  ʧʨʘʚʠʣʴʥʦʝ ʧʦʣʝ ʜʘʚʣʝʥʠʷ ʠ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ, ï 

ʢʦʨʨʝʢʮʠʷ ʚ ʧʦʣʝ ʜʘʚʣʝʥʠʷ ʠ ʢʦʨʨʝʢʮʠʷ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʩʢʦʨʦʩʪʠ,   

ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʧʦʣʝ ʜʘʚʣʝʥʠʷ ʠ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ. ʇʦʩʣʝ ʢʦʨʨʝʢʮʠʠ ʜʘʚʣʝʥʠʷ p', 

ʤʦʞʥʦ ʥʘʡʪʠ ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʩʢʦʨʦʩʪʠ .  

ʐʘʛ 2 ʢʦʨʨʝʢʪʦʨʘ, ʤʳ ʜʦʙʘʚʣʷʝʤ ʚʪʦʨʳʝ ʧʦʧʨʘʚʢʠ ʢ ʧʦʣʷʤ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ, 

ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʝ, ʧʨʘʚʠʣʴʥʳʝ ʧʦʣʷ.  
 

 
                                          (8) 

 
 

ʛʜʝ,   ʧʨʘʚʠʣʴʥʦʝ ʧʦʣʝ ʜʘʚʣʝʥʠʷ ʠ ʧʨʘʚʠʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ, 

ï ʢʦʤʧʦʥʝʥʪʳ ʚʪʦʨʦʛʦ ʧʦʧʨʘʚʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ, ï 

ʧʨʘʚʠʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ. 

ɸʣʛʦʨʠʪʤ PISO ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ (CFD). 

 

ʇʨʦʚʝʨʢʘ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʩʪʦʚʘʷ ʟʘʜʘʯʘ 

ʨʝʰʘʣʘʩʴ ʯʠʩʣʝʥʥʦ, ʦʧʠʨʘʷʩʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ (Koshizuka et al., 1995, 

[16]). ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʦʪʦʢʘ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʧʨʦʨʳʚʝ ʧʣʦʪʠʥʳ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʜʚʫʭʬʘʟʥʳʭ ʟʘʜʘʯ. ɼʘʥʥʘʷ 

ʪʝʩʪʦʚʘʷ ʟʘʜʘʯʘ ʦʧʠʨʘʣʘʩʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʪʝʯʝʥʠʝʤ ʧʨʠ ʧʨʦʨʳʚʝ ʧʣʦʪʠʥʳ ʚ ʥʝʙʦʣʴʰʦʤ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ. ɼʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 2D model ʜʣʷ ʘʥʘʣʠʟʘ 

ʫʜʘʨʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʝʥʢʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ʟʘʜʘʥʥʦʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʝʥʢʝ. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʢʚʘʜʨʘʪʥʦʡ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2, ʛʜʝ ʜʣʠʥʘ ʠ ʚʳʩʦʪʘ 

ʨʝʟʝʨʚʫʘʨʘ ʨʘʚʥʳ Lb=Hb=0.584m. ɸ ʨʝʟʝʨʚʫʘʨ ʩ ʚʦʜʦʡ, ʚʳʩʦʪʦʡ Hwater=0.292m ʠ ʜʣʠʥʦʡ 

Lwater=0.1461m, ʙʳʣ ʦʪʢʨʳʪ ʧʨʠ ʚʥʝʟʘʧʥʦʤ ʫʜʘʣʝʥʠʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʚʦʨʦʪ. ʈʘʩʩʪʦʷʥʠʝ 

ʨʝʟʝʨʚʫʘʨʘ ʩ ʚʦʜʦʡ ʙʘʨʴʝʨʘ Lʘ=0,1459m, ʘ ʚʳʩʦʪʘ ʙʘʨʴʝʨʘ Hbarrier=0,048m, Lbarrier=0,024m. 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 2, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʚʦʜʳ, ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ 

ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ ʚ ʪʦʯʢʝ ɺ.  
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ʈʠʩʫʥʦʢ 2 - ɻʝʦʤʝʪʨʠʷ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʩʝʪʢʘ, ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʣʦ 604793, ʘ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ 606416. ʅʘ ʨʠʩʫʥʢʝ 

3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʢʘ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ. ʆʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʨʘʩʯʝʪʘ ʟʘʜʘʯʠ ʩʦʩʪʘʚʣʷʝʪ 30 000 ʩʝʢʫʥʜ ʩ ʰʘʛʦʤ 0,0001 ʩʝʢʫʥʜ. 
 

 
 

ʈʠʩʫʥʦʢ 3 - ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʢʘ ʜʣʷ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʜʘʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʙʳʣʠ ʩʨʘʚʥʝʥʳ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʠ ʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʪʦʯʢʝ ɺ. ʂʘʢ ʚʠʜʠʤ, ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t=0.1 ʩʝʢʫʥʜʝ ʚʦʜʘ ʝʱʝ ʥʝ ʜʦʩʪʠʛʣʘ ʧʨʘʚʦʡ ʩʪʝʥʢʠ. ʆʜʥʘʢʦ, t=0.2 ʩʝʢʫʥʜʝ ʚʦʜʘ 

ʜʦʩʪʠʛʘʝʪ ʧʨʝʧʷʪʩʪʚʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʷ ʚʦʣʥʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʧʨʝʛʨʘʜʦʡ ʦʪʩʢʘʢʠʚʘʝʪ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʩʪʝʥʳ, ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʚʦʜʷʥʦʛʦ ʩʪʦʣʙʘ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 4. ʇʦʣʫʯʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ (Koshizuka et al., 1995, [16]). ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʜʘʚʣʝʥʠʷ ʫʜʘʨʘ ʥʘ ʙʘʨʴʝʨ ʠ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʝʥʢʫ ʧʦ ʚʨʝʤʝʥʠ. ɼʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʫʨʙʫʣʝʥʪʥʘʷ ʤʦʜʝʣʴ k-Ů RNG. 
 

 
 

ʈʠʩʫʥʦʢ 4 - ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʚʦʜʷʥʦʛʦ ʩʪʦʣʙʘ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ (Koshizuka et al., 1995 [16]). ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʨʘʩʯʝʪʘ  

(0- 3 ʩʝʢ) 
 

 
 

ʈʠʩʫʥʦʢ 5 - ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʪʦʯʢʝ ɺ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ (Hansch et al., 2014) [17]. ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʨʘʩʯʝʪʘ (0- 0,6 ʩʝʢ) 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ VOF ʦʙʨʘʟʫʝʪʩʷ ʤʥʦʛʦ ʤʝʣʢʠʭ ʢʘʧʝʣʴ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʙʣʠʟʠ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʤʝʣʢʠʭ ʢʘʧʝʣʴ ʚ ʧʦʪʦʢʝ 

ʥʝ ʟʘʤʝʯʘʝʪʩʷ, ʘ ʢʦʛʜʘ ʚʦʣʥʘ ʧʦʜʥʠʤʘʝʪʩʷ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʝ ʠ ʦʧʨʦʢʠʜʳʚʘʝʪʩʷ 

ʦʙʨʘʪʥʦ ʚ ʨʝʟʝʨʚʫʘʨ, ʪʦ ʪʦʣʴʢʦ ʪʦʛʜʘ ʟʘʤʝʪʥʳ ʤʝʣʢʠʝ ʢʘʧʣʠ ʠ ʩʪʨʫʠ ʚʦʜʳ. ʂʘʢ ʚʠʜʥʦ, ʥʘ 

ʨʠʩʫʥʢʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʪʫʨʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ 

ʩʦʚʧʘʜʘʝʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʂʘʢ ʚʠʜʥʦ, ʧʨʠ t=0 ʩʝʢʫʥʜʝ, ʚ ʤʦʤʝʥʪ 

ʧʦʜʥʷʪʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʘʪʚʦʨʘ, ʚʦʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʜʚʠʞʝʪʩʷ ʚ ʧʨʘʚʫʶ 

ʩʪʦʨʦʥʫ, ʪʦ ʝʩʪʴ, ʛʜʝ ʨʝʟʝʨʚʫʘʨ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ. ɸ ʪʘʢʞʝ, t=0.2 ʩʝʢʫʥʜʝ ʚʦʜʘ ʜʦʩʪʠʛʘʝʪ 

ʧʨʝʧʷʪʩʪʚʠ,̫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʷ ʚʦʣʥʫ, ʘ ʧʨʠ t=0.3 ʩʝʢʫʥʜʝ ʚʦʜʘ ʜʦʩʪʠʛʘʝʪ ʧʨʝʧʷʪʩʪʚʠʝ ʠ 

ʫʜʘʨʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʠʥʝʨʮʠʠ ʠ ʧʦʜʥʠʤʘʝʪʩʷ ʚʚʝʨʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʜʘ 

ʫʜʣʠʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚ ʮʝʥʪʨʝ ʚʠʭʨʷ. ɸ ʫʞʝ ʧʨʠ t=0.4 ʩʝʢʫʥʜʝ ʜʦʩʪʠʛʘʝʪ 

ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʚʦʜʦʝʤʘ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘʯʠʥʘʝʪ ʧʘʜʘʪʴ ʚʥʠʟ, ʦʙʨʘʟʫʷ 

ʚʦʟʜʫʰʥʫʶ ʧʦʜʫʰʢʫ ʚ ʧʨʘʚʦʤ ʥʠʞʥʝʤ ʫʛʣʫ, ʢʘʢ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʩʠʣʘ ʪʷʞʝʩʪʠ 

ʧʨʝʚʳʰʘʝʪ ʩʠʣʫ ʠʥʝʨʮʠʠ, ʠ ʚʦʜʘ ʧʘʜʘʝʪ ʦʙʨʘʪʥʦ ʚ ʨʝʟʝʨʚʫʘʨ ʠ ʩʦʟʜʘʝʪ ʚʦʣʥʳ ʚ ʚʠʜʝ 

ʢʨʶʯʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʜʦʩʪʠʛʘʷ ʢʨʘʡʥʝʡ ʩʪʝʥʢʠ ʢʘʥʘʣʘ, ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ ʦʙʨʘʟʫʝʪ ʚʪʦʨʫʶ 

ʚʦʣʥʫ ʧʨʠ t=0.5 ʩʝʢʫʥʜʝ. ɺ ʧʦʩʣʝʜʥʶʶ ʩʝʢʫʥʜʫ, ʪʦ ʝʩʪʴ t=0.6, ʠʥʝʨʮʠʷ ʚʦʜʳ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʚʠʜʥʦ, ʯʪʦ, ʩ ʫʯʝʪʦʤ ʧʨʝʧʷʪʩʪʚʠʷ ʜʘʚʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʥʠʤʘʝʪʩʷ, ʪʘʢ 

ʢʘʢ, ʧʨʠ t=0,3 ʩʝʢʫʥʜʝ ʧʦʩʣʝ ʫʜʘʨʘ ʚ ʧʣʦʪʠʥʫ ʚʝʨʭʥʠʡ ʩʣʦʡ ʚʦʜʳ, ʫʜʘʨʷʷʩʴ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʝʥʢʫ ʚʦʜʦʝʤʘ, ʦʙʨʘʟʦʚʳʚʘʷ ʚʦʜʷʥʦʡ ʚʩʧʣʝʩʢ ʠʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʚʦʜʷʥʦʛʦ ʩʪʦʣʙʘ. ɸ ʪʘʢʞʝ, ʧʨʠ ʚʦʟʚʨʘʪʝ ʯʘʩʪʴ ʚʦʜʳ ʧʦʧʘʜʘʝʪ ʚ ʧʫʩʪʫʶ ʨʘʩʯʝʪʥʫʶ ʷʯʝʡʢʫ, 

ʧʦʣʥʦʩʪʴʶ ʦʢʨʫʞʝʥʥʫʶ ʷʯʝʡʢʘʤʠ ʩ ʞʠʜʢʦʩʪʴʶ. ʇʦ ʠʪʦʛʘʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʷ ʧʨʦʨʳʚʘ ʧʣʦʪʠʥʳ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ ʦʧʠʩʳʚʘʶʱʠʝ 

ʜʠʥʘʤʠʢʫ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝʡ, ʭʦʨʦʰʦ ʩʦʚʧʘʣʠ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠʟ ʩʪʘʪʴʠ Hansch et al., 2014 [17]. 

 

   
t=0.1 ʩʝʢʫʥʜ t=0.2 ʩʝʢʫʥʜ t=0.3 ʩʝʢʫʥʜ 

   
t=0.4 ʩʝʢʫʥʜ t=0.5 ʩʝʢʫʥʜ t=0.6 ʩʝʢʫʥʜ 

 

ʈʠʩʫʥʦʢ 6 - ʂʦʥʪʫʨ ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ ʚʦʜʳ ʧʨʠ ʧʨʦʨʳʚʝ ʧʣʦʪʠʥʳ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ 
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ɿʘʢʣʶʯʝʥʠʝ.  

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʨʳʚ ʧʣʦʪʠʥʳ ʩ 

ʧʨʝʧʷʪʩʪʚʠʷʤʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʝʪʦʜʝ VOF, ʢʦʪʦʨʘʷ ʨʝʰʘʝʪ ʟʘʜʘʯʠ ʤʥʦʛʦʬʘʟʥʦʛʦ ʪʝʯʝʥʠʷ 

ʩ ʜʝʬʦʨʤʘʮʠʝʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ɸ ʪʘʢʞʝ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʤʝʞʜʫ ʜʘʚʣʝʥʠʝʤ ʠ ʩʢʦʨʦʩʪʴʶ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ PISO. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʨʳʚʘ ʧʣʦʪʠʥʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʨʘʚʥʝʥʠʝ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʜʠʥʘʤʠʢʫ ʤʝʞʬʘʟʦʚʦʡ ʩʤʝʩʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʘʩʯʝʪʘʤʠ.  ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʚ ʙʫʜʫʱʝʤ ʤʦʛʫʪ ʩʣʫʞʠʪ ɹ

ʦʩʥʦʚʦʡ ʜʣʷ ʟʘʱʠʪʳ ʞʠʪʝʣʝʡ ʦʢʨʝʩʪʥʳʭ ʞʠʣʳʭ ʨʘʡʦʥʦʚ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʨʝʘʣʴʥʳʭ ʧʣʦʪʠʥ ʩ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ ʧʫʪʝʤ 

ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʥʘʣʠʯʠʝ ʦʩʘʜʦʯʥʦʛʦ ʩʣʦʷ, ʩʣʦʞʥʦʛʦ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʠ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʠ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʫʜʫʪ 

ʠʩʩʣʝʜʦʚʘʥʳ ʜʨʫʛʠʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʨʫʛʠʝ 

ʘʩʧʝʢʪʳ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʘʪʠʢʠ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʂʦʤʠʪʝʪʘ 

ʥʘʫʢʠ ʤʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ  ʦʙʨʘʟʦʚʘʥʠʷ  ʈʝʩʧʫʙʣʠʢʠ  ʂʘʟʘʭʩʪʘʥ  

(BR18574144). 
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ʉʓנʓʃʄɸʁʊʓʅ ʊױʊפʓʈʃʓ ɸנʓʅ תʐɯʅ ɹᴆɻɽʅɼɯר ɹױɿʓʃʋʓʅʓר 

ʉɸʅɼʓפ ʉʀʄʋʎʀʗʃɸʈʓ 

 

ɸשʜʪʘʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ ʟʘʨʜʘʧʪʘʨʜʳ ʘʣʜʳʥ ʘʣʫ ʞᴅʥʝ ץʦʨʰʘסʘʥ ʦʨʪʘ ʤʝʥ ʘʜʘʤʜʘʨ 

 ʟʳʣʫ ʧʨʦʮʝʩʩʽײʙ שʰʽʥ ʢʝʜʝʨʛʽʩʽ ʙʘʨ ʙᴇʛʝʪʪʽװ ʘʫʧʽʥ ʘʟʘʡʪʫץ שʘʣʘʨʜʳסʠץʰʽʥ ʘʧʘʪʪʳ ʦװ

ʟʝʨʪʪʝʣʝʜi. ʊʘʫʣʳ ʘʡʤʘץʪʘʨʜʘ ᴇʟʝʥ ʘסשʘʨʣʘʨʳ ʞʠʽ ʞʘʫʳʥ-ʰʘʰʳʥ ʤʝʥ ʤײʟʜʳץʪʘʨʜʳש 

ʝʨʫʽʥʝ ײʰʳʨʘʡʜʳ, ʙײʣ ʩʝʣ ʞᴅʥʝ ʛʠʜʨʦʪʝʭʥʠʢʘʣʳײץ ץʨʳʣʳʩʪʘʨʜʳש ʟʘץʳʤʜʘʥʫ 

ʳץʪʠʤʘʣʜʳסʳʥ ʘʨʪʪʳʨʘʜʳ. ʄײʥʜʘʡ ʦץʠסʘʣʘʨʜʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʳץʪʠʤʘʣ ʩʘʣʜʘʨʳʥ 

ʙʦʣʜʳʨʤʘʫ װʰʽʥ ʪʠʽʩʪʽ ʙʽʣʽʤ ץʘʞʝʪ. ɹʽʟ ʙᴇʛʝʪʪʽש ʢʝʜʝʨʛʽʤʝʥ ʙײʟʳʣʫʳʥʘʥ ʪʫʳʥʜʘסʘʥ ʩʫ 

ʘסʳʥʳʥʳש ʜʠʥʘʤʠʢʘʩʳʥ ʟʝʨʪʪʝʫ װʰʽʥ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫʜʽ ץʦʣʜʘʥʫסʘ ʥʘʟʘʨ ʘʫʜʘʨʜʳץ. ɹײʣ 

ʧʨʦʮʝʩʪʽ ʩʝʥʽʤʜʽ ʪװʨʜʝ ʩʠʧʘʪʪʘʫ װʰʽʥ ʙʽʟ ʩײʡʳץʪʳץ ʢᴇʣʝʤʽ (VOF) ᴅʜʽʩʽʥ ץʦʣʜʘʥʳʧ ʝʢʽ 

ᴇʣʰʝʤʜʽ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʽ ʞװʟʝʛʝ ʘʩʳʨʜʳץ. ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ʩʳסʳʣʤʘʡʪʳʥ ʦʨʪʘ 

 ʘʪʘʨץ ʜʝʫʣʝʨʽʥ, ʩʦʥʳʤʝʥשʘʥ ʅʘʚʴʝ-ʉʪʦʢʩ ʪʝסʰʽʥ ʈʝʡʥʦʣʴʜʩ ʙʦʡʳʥʰʘ ʦʨʪʘʰʘ ʘʣʳʥװ
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ʬʘʟʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʪʝשʜʝʫʽʥ ץʘʤʪʠʜʳ. ɹײʣ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʰʝʰʫ 

 ᴅʜʽʩ ʨʝʪʽʥʜʝ PISO ʘʣʛʦʨʠʪʤʽ ץʰʽʥ ʪʫʨʙʫʣʝʥʪʪʽ k-Ů ʤʦʜʝʣʽ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʉʘʥʜʳװ

 ʥᴅʪʠʞʝʣʝʨʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ץʘʥ ʩʘʥʜʳסʘʣʳʥ שʦʣʜʘʥʳʣʜʳ. ɿʝʨʪʪʝʣʝʪʽʥ ʤʦʜʝʣʴʜʽץ

ʤᴅʣʽʤʝʪʪʝʨʤʝʥ ʞʘץʩʳ ʩᴅʡʢʝʩʪʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ ʞᴅʥʝ ʦʩʳ ᴅʟʽʨʣʝʥʛʝʥ ʘʣʛʦʨʠʪʤʥʽש ʩʝʥʽʤʜʽʣʽʛʽʥ 

ʨʘʩʪʘʡʜʳ. ɽʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʩʘʥʜʳץ ʤʦʜʝʣʴ ʙᴇʛʝʪʪʝʨʜʽ ʢʝʜʝʨʛʽʤʝʥ 

ʙײʟʫʜʳש ʘʧʘʪʪʳ ʩʘʣʜʘʨʳʥ ʪʠʽʤʜʽ ʪװʨʜʝ ʘʣʜʳʥ ʘʣʘʜʳ ʞᴅʥʝ ʞʘסʳʤʩʳʟ ʩʘʣʜʘʨʳʥ ʙʘʨʳʥʰʘ 

ʘʟʘʡʪʫ װʰʽʥ ʪײʨסʳʥʜʘʨʜʳ ʫʘץʪʳʣʳ ʵʚʘʢʫʘʮʠʷʣʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ.  

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɼʘʤʙʳ, VOF ᴅʜʽʩʽ, PISO ʘʣʛʦʨʠʪʤʽ, ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ, ʢʝʜʝʨʛ,̔ 

ʅʘʚʴʝ-ʉʪʦʢʩ ʪʝשʜʝʫʽ. 
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NUMERICAL SIMULATION OF A DAM BREAK FOR INCOMPRESSIBLE VISCOUS 

FLOW  

 

Abstract. In this study, the failure process of a dam with an obstacle was analyzed in 

order to understand the consequences and reduce the risk of catastrophic events for the 

environment and people. In mountainous areas, river valleys are often subject to heavy rainfall 

and glacier melt, which increases the likelihood of mudflows and damage to hydraulic structures. 

Appropriate knowledge is needed to prevent such incidents and their potential consequences. We 

have focused on the use of numerical simulation to study the dynamics of water flow caused by 

the failure of a dam with an obstacle. To reliably describe this process, we applied a two-

dimensional numerical model using the volume of liquid (VOF) method. The mathematical 

model includes the Reynolds-averaged Navier-Stokes equations for an incompressible medium, 

as well as an equation for the interaction between phases. The turbulent k-Ů model was used to 

solve this system of equations. The PISO algorithm was applied as a numerical method. The 

obtained numerical results of the studied model demonstrate good agreement with the 

experimental data and confirm the reliability of this developed algorithm. As a result of a 

detailed analysis, the numerical model can effectively reduce the catastrophic consequences of 

the destruction of dams with an obstacle and ensure timely evacuation of the population to 

minimize negative consequences. 

 

Keywords. Dam, VOF method, PISO algorithm, numerical simulation, obstacle, Navier-

Stokes equation. 
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CABLE TEMPERATURE MEASUREMENT SYSTEM USING FIBER BRAGG 

GRATINGS  

 

Abstract. This article discusses a cable temperature measurement system using fiber 

Bragg gratings. The overhead power line cable temperature measurement and extension system 

tilted a power line wire, which consists of two fittings, in which there are grooves in the fittings, 

in which a copper plate with a certain length is stuck, in the copper plate there is a hole in which 

epoxy resin is poured , an tilted fiber Bragg grating, which is recorded on a multi-mode optical 

fiber, an optical coupler, an ultraviolet excimer laser and a fiber optic connector, a light power 

detector. Experimental results show. That the measurement error and the error of the sensor 

calibration result is 0.0634ÁC; the time of finding a system malfunction does not exceed 3.24 s. 

The system has high measurement accuracy and excellent stability, can be adapted to real 

temperature measurement systems, and has a certain practical value. 

 

Keywords: fiber optic sensor, Brag gratings, temperature, cable. 

 

Introduction .  

At present, due to the rapid formation of society and the constant progress of science and 

technology, the branch division is continuously strengthened, and the external conditions 

necessary for working in any industry become more and more stringent. Only if the necessary 

criteria are met, it is possible to guarantee the good operation of any part of the system and the 

equipment can work in a coordinated manner. These conditions are especially embraced by the 

fact that the branches of various branches of industry are continuously divided and can normally 

function. A whole range of equipment covers many modules. To provide the typical operation of 

the equipment, any section of the system is required to do in a stable area to meet practical 

needs. As equipment continues to evolve in the direction of miniaturization and 

intellectualization, the sensors are suitably quite small and can form a network to measure the 

entire system. 

Temperature is a physical quantity that characterizes how hot or cold an object is. The 

main parameter that must be strictly defined for the control of special equipment is temperature. 

On the one hand, temperature is a key parameter that must be constantly determined and 

controlled in electrical equipment and scientific experiments; on the other hand, since changes in 

temperature may require changes in voltage, concentration and pressure, temperature monitoring 

in the real-time system is carried out using electrical equipment. 

Fiber Bragg gratings have been extensively applied to electrical equipment prediction, 

structural health monitoring, power system fault monitoring and other real-world indication 

cases due to the rare superiority of EMI immunity, low melting loss, high sensitivity, small size, 

and easy distributed measurement. Fiber grating has been extensively applied in realistic 
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detection applications such as electrical equipment monitoring, system status monitoring, and 

power system fault monitoring. The study of the grid temperature measurement system for smart 

electrical equipment is of great importance. This article mainly discusses the temperature 

measurement design of the optical fiber array of smart electrical equipment. 

Rapid and active progress in different areas of the industry is intensifying the 

development of sensor systems, especially in terms of their performance, speed and accuracy. 

The still emerging industry calls for detailed and broad information about physical parameters 

such as deformation, gas concentration, temperature and others to realize independent control 

and improve remote diagnostics [1,2,3,4]. In [5,6] they created and researched clear information 

about the temperature in electrical power transformers, which can lead to early detection of a 

fault or overload, which is possible to support the planning of industrial maintenance intervals. 

Moreover, temperature and strain measurements can help detect battery expansion or be used to 

optimize the structure of power designs, which is positive for the formation of electro mobility 

[7,8,9,10]. In most applications operating in harsh and complex environments, scientists and 

companies around the world consider fiber Bragg gratings to be an excellent choice for multi-

parameter sensing [11,12]. 

The development of fiber optic sensors has been promoted for decades [13,14,15]. 

Because the Bragg grating sensor is embedded in an optical fiber and operates in light, it is 

naturally immune to harsh environmental conditions. That is why these sensors have found many 

applications in a wide range of industries. For example, FBG has been found to be excellent for 

both temperature and strain measurement [13], energy infrastructure prediction [16], military 

use, or even space mission parts prediction [17,18]. High temperature sensing, especially in 

harsh environments where fiber-based sensing appears to be one of the few viable options. 

Indeed, most of the studies reported use FBGs to measure temperatures down to hundreds of 

degrees Celsius. Although there are still separate areas of application that call for immeasurably 

more spacious temperature ranges and therefore the optimization of all measuring systems 

[19,20]. On the effect of photosensitivity in doped fibers, many varieties of FBG structures have 

arisen, especially femtosecond gratings [21,22] and functionalized gratings, which can be 

obtained through sputtering of optical fiber with various chemical syntheses or polymers 

[23,24,25].  

The current formation of FBG technology is mainly focused on sensor applications [26], 

and an impressive need is emerging towards the field of bulk sensor systems based on optical 

designs [27,28,29]. 

 

Materials and methods.  

The Bragg wavelength ɚB of a fiber Bragg grating with a spatial period ȿ and an effective 

refractive index Neff is determined by the formula [1] 

 

                                                       (1) 

 

Thus, the change in ɚB corresponding to small changes in the measured value X will be 

equal to 

 

(   (2) 

 

where - are, respectively, the specific expansion coefficient and the coefficient 

of change in the refractive index of the fibrous material caused by X. In the absence of changes 

in parameters other than temperature, the change in the Bragg wavelength is thus determined 
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                                  (3) 

 

where ɕ and  - term optical coefficient FBG and coefficient of thermal expansion, the 

sum of which gives the thermal coefficient of the Bragg wavelength ɝ. When using an FBG, it is 

often convenient to express ŭɚB in terms of its temperature sensitivity over the wavelength ɊT 

such that: 

 

                                                                         (4) 

 

where ɊT= ɚB ɝ, which for a fiber optic sensor ɚB = 1.5 Õm has a typical value of ~10 

Õm/K at room temperature. In most measurements, the temperature is above the temperature of 

ice up to the upper temperature limit FBG of ~103 K. The total change in the Bragg wavelength 

ȹɚB: 

 

                                             (5) 

 

As the temperature decreases, ɝ and ɊT also decrease, which becomes more important at 

temperatures below freezing. The consequences are that a single ɊT value cannot be used to 

reconstruct the temperature, and by keeping the Bragg wavelength query unchanged, a lower 

temperature sensitivity of the sensor should be expected. 

The overhead power line cable temperature measurement and extension system tilted a 

power line wire, which consists of two fittings, in which there are grooves in the fittings, in 

which a copper plate with a certain length is stuck, in the copper plate there is a hole in which 

epoxy resin is poured , an tilted fiber Bragg grating, which is recorded on a multi-mode optical 

fiber, an optical coupler, an ultraviolet excimer laser and a fiber optic connector, a light power 

detector. 

Line-to-line voltage distribution measurement system using single-mode fiber with a 

Bragg grating, where the grating is attached to the test object with an adhesive bond, and the 

deformed spectrum of the deformed grating is measured by a spectrum analyzer, characterized in 

that the temperature measurement and cable extension system of the overhead power line tilted a 

wire electric transmission line, which consists of two fittings, while in the fittings there are 

grooves in which a copper plate with a certain length is stuck, in the copper plate there is a hole 

in which epoxy resin is poured, attached to an tilted fiber Bragg grating, which is recorded on a 

multimode optical fiber, which is attached to the optical sleeve, where the light from the 

ultraviolet excimer laser enters the fiber optic connector and the light power detector. 

 
 

Figure 1 - Cable temperature measurement system using fiber Bragg gratings 

 

Results and discussion. 

Assuming the FBGs are at the same temperature, the Bragg wavelength shift versus 

temperature can be plotted as shown in FIG. 4. One can easily see some anomalous data for ~80 
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K during the cooling process. You can also see that the data during the heating process is slower 

than the cooling process, since the FBG takes longer to heat up. 
 

 
Figure 2 - Wavelength versus temperature 

 

Temperature sensitivity by wavelength is shown in Fig.5. As we can see in this figure, the 

thermal sensitivity at the Bragg wavelength is less. This can be explained by the lower 

coefficient of thermal expansion of the shell. Because our FBG fiber was fabricated with a 

shorter Bragg wavelength than others, we would expect less absolute thermal sensitivity by a 

fraction equal to the ratio of its Bragg wavelength. 
 

 
 

Figure 3 - Dependence of temperature sensitivity on wavelength 

 

 
 

Figure 4 -Thermal coefficient of the Bragg wavelength 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 4 (127), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 4 (127), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

185 

It can be seen from the figure that the sensor indeed has a thermal coefficient that grows 

exponentially. 
 

 
 

Figure 5. The dependence of the coefficient of thermal expansion on temperature 

 

As can be seen from this figure, the coefficient of thermal expansion is defined as the 

partial increase in length per unit increase in temperature. Over temperature ranges, the thermal 

expansion of a fiber optic sensor varies proportionally with temperature.  
 

 
 

Figure 6 - Temperature dependence of the thermo-optical coefficient 

 

For each temperature test, approximately a full day of measurements was needed. After 

reaching any operating temperature, the system was maintained in a stable condition for 

approximately 15 minutes before starting to establish the intensity of the transmitted optical 

radiation. Five successive and independent measurements of the photodetector output and the 

corresponding temperature performance values provided by the sensor were further averaged to 

obtain one pair of measurement points, which took only a few seconds. 

 

Conclusions. 

In this study, a cable temperature measurement system was developed using fiber Bragg 

gratings. The calibration result of the Bragg grating temperature sensor fber is 0.0634 ÁC. 
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Temperature performance experiment shows that the system has high accuracy, good stability 

and fast response time, and strong anti-electromagnetic interference; it is very suitable for online 

real-time temperature measurement under high ambient temperature.   

This work is supported by grant from the Ministry of Education and Science of the 

Republic of Kazakhstan within the framework of the Project ˉ AP09259547 çDevelopment of a 

system of distributed fiber-optic sensors based on fiber Bragg gratings for monitoring the state of 

building structuresè, Institute Information and Computational Technologies CS MES RK. 

Experimental researches have been carried out in the laboratories of optoelectronics at the 

Electric engineering and computer sciences faculty of Lublin Technical University. 
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ɸשʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ ʪʘʣʰʳץʪʳ Bragg ʪʦʨʣʘʨʳʥ ץʦʣʜʘʥʘʪʳʥ ʢʘʙʝʣʴ 
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ʥᴅʪʠʞʝʩʽʥʽץ שʘʪʝʣʽʛʽ 0,0634Áʉ; ʞװʡʝʥʽש ʘץʘʫʳʥ ʪʘʙʫ ʫʘץʳʪʳ 3,24 ʩ ʘʩʧʘʡʜʳ. ɾװʡʝ ʞʦסʘʨʳ 

ᴇʣʰʝʫ ʜᴅʣʜʽʛʽ ʤʝʥ ʪʘʤʘʰʘ ʪײʨʘץʪʳʣʳץץʘ ʠʝ, ʥʘץʪʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʰʝʫ ʞװʡʝʣʝʨʽʥʝ 

ʙʝʡʽʤʜʝʣʫʽ ʤװʤʢʽʥ ʞᴅʥʝ ʙʝʣʛʽʣʽ ʙʽʨ ʧʨʘʢʪʠʢʘʣʳײץ ץʥʜʳʣʳץץʘ ʠʝ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʊʘʣʰʳץʪʳ-ʦʧʪʠʢʘʣʳץ ʩʝʥʩʦʨ, ɹʨʘʛ ʪʦʨʣʘʨʳ, ʪʝʤʧʝʨʘʪʫʨʘ, ʢʘʙʝʣʴ. 
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ʏʠʥʛʠʩ ʂʝʥʰʠʤʦʚ, PhD, ʀʥʩʪʠʪʫʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʂʅ ʄʅɺʆ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, kenshimov.chingiz@gmail.com  

 

ʉʀʉʊɽʄɸ ʀɿʄɽʈɽʅʀʗ ʊɽʄʇɽʈɸʊʋʈʓ ʂɸɹɽʃʗ ʉ ʇʈʀʄɽʅɽʅʀɽʄ 

ɺʆʃʆʂʆʅʅʓʍ ɹʈʕɻɻʆɺʉʂʀʍ ʈɽʐɪʊʆʂ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʘʙʝʣʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʦʣʦʢʦʥʥʳʭ ɹʨʵʛʛʦʚʩʢʠʭ ʨʝʰʸʪʦʢ. ʉʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʜʣʠʥʝʥʠʷ ʢʘʙʝʣʷ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʧʨʦʚʦʜ ʣʠʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʰʪʫʮʝʨʦʚ, ʧʨʠ ʵʪʦʤ ʚ 

ʰʪʫʮʝʨʘʭ ʠʤʝʶʪʩʷ ʧʘʟʳ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʣʝʧʣʝʥʘ ʤʝʜʥʘʷ ʧʣʘʩʪʠʥʘ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʦʡ, 

ʚ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʝ ʠʤʝʝʪʩʷ ʣʫʥʢʘ, ʚ ʢʦʪʦʨʦʤ ʟʘʣʠʪʘ ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ, ʥʘʢʣʦʥʥʫʶ 

ʚʦʣʦʢʦʥʥʫʶ ʨʝʰʝʪʢʫ ɹʨʵʛʛʘ, ʢʦʪʦʨʘʷ ʟʘʧʠʩʘʥʘ ʥʘ ʤʥʦʛʦʤʦʜʦʚʦʜʦʤ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ, 

ʦʧʪʠʯʝʩʢʫʶ ʤʫʬʪʫ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʵʢʩʠʤʝʨʥʦʛʦ ʣʘʟʝʨʘ ʠ ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ 

ʩʦʝʜʠʥʠʪʝʣʴ, ʜʝʪʝʢʪʦʨ ʤʦʱʥʦʩʪʠ ʩʚʝʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ. ʯʪʦ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ, ʠ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʢʘʣʠʙʨʦʚʢʠ ʜʘʪʯʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 

0,0634ÁC; ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʥʝʧʦʣʘʜʢʠ ʩʠʩʪʝʤʳ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 3,24 ʩ. ʉʠʩʪʝʤʘ ʠʤʝʝʪ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ ʠ ʧʨʝʚʦʩʭʦʜʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʤʦʞʝʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʘ 

ʢ ʨʝʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʮʝʥʥʦʩʪʴ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ, ʙʨʵʛʦʚʩʢʠʝ ʨʝʰʝʪʢʠ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʢʘʙʝʣʴ. 
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ɻ.ɹ. ʂʘʰʘʛʘʥʦʚʘ1,2 , ʂ.ʆ. ʊʦʛʞʘʥʦʚʘ2 
1ʊʫʨʘʥ ʋʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ 

2ɸʣʤʘʪʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ 

E-mail: guljan_k70@mail.ru 

 

ɾʆʃ ɾɸɹʓʅʓʅʓר ɿɸפʓʄɼɸʅʋʓʅ  ɸʅʓפʊɸʋɼɸ ʂɯʈɯʂʊɯʈɯʃɻɽʅ 

ʊɸʃʐʓפʊʓ ʆʇʊʀʂɸ פʆʃɼɸʅʋ 

 

ɸשʜʘʪʧʘ.  ɾʦʣ ʞʘʙʳʥʳʥʘ ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳ ʤʝʥ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ᴅʩʝʨ ʝʪʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʪʦʟʫ װʨʜʽʩʽʥʝ ײʰʳʨʘʡʜʳ. ɾʦʣ ʞʦʙʳʥʳʥʳש ʘץʘʫʣʘʨʳ ʤʝʥ ʟʘץʳʤʜʘʥʫʣʘʨʳʥ 

ʫʘץʪʳʣʳ ʘʥʳץʪʘʫ ʘʨץʳʣʳ ʞʦʣ ʞʘʙʳʥʳʥʘ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʤʝʥ ץʘʣʧʳʥʘ 

ʢʝʣʪʽʨʫʜʽש ʪʠʽʤʜʽ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ ᴅʟʽʨʣʝʫʛʝ ʙʦʣʘʜʳ, ʦʩʳʣʘʡʰʘ ʘʡʪʘʨʣʳץʪʘʡ ʰ rסʳʥʜʘʨ 

ʤʝʥ ʫʘץʳʪʪʳ װʥʝʤʜʝʫʛʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ. ɾʦʣ ʞʘʙʳʥʳʥʘ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ 

ʢʝʟʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ װʨʜʽʩʽ ᴇʪʝ ʤʘשʳʟʜʳ. ɾʦʣ ʘץʘʫʣʘʨʳʥ ʚʠʟʫʘʣʜʳ 

ʘʥʳץʪʘʫ ץʳʤʙʘʪ ʞᴅʥʝ ʫʘץʳʪʪʳ ץʘʞʝʪ ʝʪʝʜʽ. 

ɹײʣ ʤʘץʘʣʘʜʘ ʞʘשʘ ᴅʜʽʩ ʨʝʪʽʥʜʝ ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʪʘʣʰʳץʪʳ ʦʧʪʠʢʘ ʘʨץʳʣʳ ʞʦʣ 

ʞʘʙʳʥʳʥʳש ʟʘץʳʤʜʘʥʫʳʥ ʘʥʳץʪʘʫ ʤװʤʢʽʥʜʽʛʽ ʙʝʨʽʣʛʝʥ. ɹײʣ ᴅʜʽʩʪʽש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳסʳ 

ï ʙײʣ 1 ʩʤ-ʜʝʥ ʘʟ ʢʝשʽʩʪʽʢʪʽʢ ʘʞʳʨʘʪʳʤʜʳʣʳסʳ ʞʦסʘʨʳ ʦʧʪʠʢʘʣʳץ ʪʘʣʰʳץʪʳװ שʣʢʝʥ 

 ʳʪʪʘ ᴇʣʰʝʥʛʝʥץʨʣʽ ʫʘװʤʢʽʥʜʽʢ ʙʝʨʝʜ.̔ ᴄʨ ʪװʳ ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳ ᴇʣʰʝʫʛʝ ʤסʳʥʜʘסʟʳʥʜʳײ

ʜʝʬʦʨʤʘʮʠʷ ʧʨʦʬʠʣʴʜʝʨʽʥ ʩʘʣʳʩʪʳʨʫ ʘʨץʳʣʳ ʜʝʬʦʨʤʘʮʠʷʥʳש ᴇʟʛʝʨʫʽʥ ʞʦʣ 

ʞʘʙʳʥʳʥʜʘסʳ   ʟʘץʳʤʜʘʥʫʜʳש ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʫסʘ ᴅʨʝʢʝʪ ʞʘʩʘʣʜʳ. 

 

ʊװʡʽʥʜʽ  ʩᴇʟʜʝʨ. ɾʦʣ ʞʘʙʳʥʳ, ʪʘʣʰʳץʪʳ ʦʧʪʠʢʘ, ʪʘʣʰʳץʪʳ ʜʘʪʯʠʢʪʝʨ, ʟʘץʳʤʜʘʨ.  

 

ʂʽʨʽʩʧʝ.  

ɾʦʣ ʞʘʙʳʥʳʥʳש ʟʘץʳʤʜʘʥʫʳ ʫʘץʳʪ ᴇʪʝ ʢʝʣʝ ʞʠʥʘץʪʘʣʘʜʳ ʞᴅʥʝ ʞʦʣ ץʦʟסʘʣʳʩʳ 

ʞʘסʜʘʡʜʳ ʥʘʰʘʨʣʘʪʘʜʳ. ɾʦʣ ץʦʟסʘʣʳʩʳ ץʘʨץʳʥʜʳʣʳסʳʥʳװ שʥʝʤʽ ʘʨʪʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʞʦʣʜʘʨʜʘ ʞʘʨʳץʰʘʣʘʨ, ʰץשײʳʨʣʘʨ ʞᴅʥʝ ʞʘʙʳʥʥʳש ʪʦʟʫʳ ʞʠʽ ʢʝʟʜʝʩʝʜʽ. ɽʛʝʨ ʪʝʭʥʠʢʘʣʳץ 

 ʳʨץשײʞʘʨʳʣʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʰ שʳʪʳʥʜʘ ʦʨʳʥʜʘʣʤʘʩʘ, ʘʩʬʘʣʴʪʪʳץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʫʘץ

ʧʘʡʜʘ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ɾʦʣ-ʢᴇʣʽʢ ʦץʠסʘʣʘʨʳʥ ʘʥʳץʪʘʫʜʳש ʜᴅʩʪװʨʣʽ ᴅʜʽʩʽ ʪʝʭʥʠʢʪʝʨʜʝʥ ʜʝʨʝʢʪʝʨʜʽ ץʦʣʤʝʥ 

ʞʠʥʘʫʜʳ ʞᴅʥʝ ʞʦʣʜʘסʳ ʟʠʷʥʜʳ ʙʘסʘʣʘʫ װʰʽʥ ʢᴇʧ ʞײʤʳʩ ʫʘץʳʪʳʥ ʪʘʣʘʧ ʝʪʝʜʽ. 

ɾʦʣ ʞʘʙʳʥʜʳʣʘʨʳʥʜʘסʳ ʞʘʨʳץʰʘʣʘʨ ʤʘשʳʟʜʳ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ 

ʞʘʨʳץʰʘʣʘʨ  ʩʫʜʳש ʞʦʣ ʞʘʙʳʥʳ ʤʝʥ ʥʝʛʽʟ ײץʨʳʣʳʤʳʥʘ ʝʥʫʽʥʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ, ʙײʣ ʦʥʳש 

ʙײʟʳʣʫʳʥʘ ᴅʢʝʣʝʜʽ. ɾʦʣ ʞʘʙʳʥʳʥʜʘסʳ ʞʘʩʳʨʳʥ ʞʘʨʳץʰʘʣʘʨʜʳ ʝʨʪʝ ʘʥʳץʪʘʫ ʞʦʣ 

ʠʥʬʨʘײץʨʳʣʳʤ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʘʨʪʪʳʨʘ ʦʪʳʨʳʧ, ʫʘץʪʳʣʳ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ 

ʞʝʜʝʣʜʝʪʫʽ ʤװʤʢʽʥ. 

ɾʦʣ ʞʘʙʳʥʳʥʳש ʪײʪʘʩʪʳסʳʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʳʣסʘʣʜʳʣʳץ, ʘʫʘ ʨʘʡʳ ʞᴅʥʝ 

ʪʨʘʥʩʧʦʨʪʪʘʨʜʳש  ʞװʢʪʝʤʝʩʽ ʩʠʷץʪʳ ʬʘʢʪʦʨʣʘʨ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ. ʐץשײʳʨʜʳש ʞʦʣ 

ʞʘʙʳʥʳʥ ʙײʟʫʜʳש ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ ʪװʨʣʝʨʽʥʽש ʙʽʨʽ. 

ɾʦʣʜʘʨʜʳש ʞʘסʜʘʡʳʥ ʙʘסʘʣʘʫʜʳש ʢᴇʧʪʝʛʝʥ ʧʨʦʮʝʜʫʨʘʣʘʨʳ ʙʘʨ. ɾʦʣ ʞʘʙʳʥʳʥʳʥ 

ʙʘץʳʣʘʫ, ʙʝʪʪʽ ʚʠʟʫʘʣʜʳ ʙʘץʳʣʘʫʜʳ ץʘʤʪʠʜʳ ʪʝʢʩʝʨʫ, ʞʦʣ ץʦʟסʘʣʳʩʳ ʤʝʥ ʘʫʘ-ʨʘʡʳʥ 

ʙʘץʳʣʘʫ, ʩʦʥʜʘʡ-ʘץ ʞʦʣ ʞʘʙʳʥʳʥ ᴇʣʰʝʫ. ᴄʜʝʪʪʝ ʙײʣ ʤʦʥʠʪʦʨʠʥʛʪʽ ʦʧʝʨʘʪʦʨ ץʦʟסʘʣʘʪʳʥ 

ʢᴇʣʽʢ ײץʨʘʣʳʥʘʥ ʥʝʤʝʩʝ ʢᴇʣʽʢ ײץʨʘʣʳʥʘ ʦʨʥʘʪʳʣסʘʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʩʝʥʩʦʨʣʘʨ 

ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. ɼᴅʣʽʨʝʢ ʜʠʘʛʥʦʟ ץʦʶ װʰʽʥ ʩʝʥʩʦʨʣʘʨʜʳ ʞʦʣ ʞʘʙʳʥʳʥʘ ʦʨʪʘʩʳʥʘ 

ʢʽʨʽʩʪʽʨʽʧ ʩʘʣʫסʘ ʙʦʣʘʜʳ. 

ʉʦסשʳ ʞʳʣʜʘʨʳ ʞʦʣ ʞʘʙʳʥʳʥʳש ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʜʘסʳ ʜʝʬʦʨʤʘʮʠʷʣʘʨ ʤʝʥ 

ʢʝʨʥʝʫʣʝʨʜʽש ʪʘʨʘʣʫʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ʜʘʪʯʠʢʪʝʨʜʽש ʘʣʫʘʥ ʪװʨʣʽʣʽʛʽ ʞʘʩʘʣʜʳ. ʆʨʥʳʥʜʘ 
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ᴅʨʪװʨʣʽ ᴇʣʰʝʫʣʝʨ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨ (ʢʝʨʥʝʫ, ʜʝʬʦʨʤʘʮʠʷ, ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʞᴅʥʝ 

ʪ.ʙ.) ʞʘץʩʳʨʘץ ʪװʩʽʥʫ װʰʽʥ ץʘʞʝʪ. ɾʦʣ  ʞʘʙʳʥʥʥʳʥʳש ʤʽʥʝʟ-ײץʣץʳ ʞᴅʥʝ ʞʦʣ ʞʘʙʳʥʳʥʳש 

ᴇʟʛʝʨʛʽʰʪʽʛʽʥʝ, ʪʝʤʧʝʨʘʪʫʨʘסʘ ʩʝʟʽʤʪʘʣʜʳסʳʥʘ ʞᴅʥʝ ʞʦʣ ʞʘʙʳʥʳʥʳש ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש 

ʪײʪץʳʨ ʩʝʨʧʽʤʜʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʘʥʳץʪʘʫ ץʠʳʥ ʥʝʛʽʟʛʽ ʙײʟʳʣʫ ʤʝʭʘʥʠʟʤʽʥ ʘʥʳץʪʘʫ. ɹײʣ 

ʜʝʨʝʢʪʝʨʜʽ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʨʤʝʥ ʙʽʨʽʢʪʽʨʫ ʘʨץʳʣʳ [1], [2] ʞʦʣ ʞʘʙʳʥʳʥʳש ʟʘץʳʤʜʘʥʫʳʥ 

ʩʝʥʽʤʜʽ ʪװʨʜʝ ʙʦʣʞʘʫסʘ ʙʦʣʘʜʳ. 

ɹײʣ ʤʘץʘʣʘʜʘ ץʦʩʳʤʰʘ ʘʨʪʳץʰʳʣʳץ ʙʝʨʝʪʽʥ ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʪʘʣʰʳץʪʳ ʜʘʪʯʠʢʪʝʨʜʽ 

 ʤʢʽʥʜʽʢװʘ ʤסʪʘʫץʨʳʥ ʘʥʳײʳʤʜʘʥʫʜʳ ʚʠʟʫʘʣʜʳ ʪʝʢʩʝʨʫʜʝʥ ʙץʘʨʘʩʪʳʨʘʤʳʟ. ʆʣʘʨ ʟʘץ

ʙʝʨʝʜʽ. ɾʦʣʜʳ ʞʘʨʘʤʩʳʟ ʙʦʣסʘʥʥʘʥ ʢʝʡʽʥ ʞᴇʥʜʝʫʜʝʥ ʛᴇʨʽ ʞʘץʩʳ ʢװʡʜʝ ײʩʪʘʫ ʘʨʟʘʥʳʨʘץ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʜʘʪʯʠʢʪʝʨʤʝʥ ʟʘץʳʤʜʘʥʫʜʳ ʝʨʪʝ ʘʥʳץʪʘʫ ʞʦʣ ץʳʟʤʝʪʪʝʨʽʥʝ ʪʝʭʥʠʢʘʣʳץ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʥʝʤʜʝʫʛʝ ʤװ ʰʘʥʳץʘ ʞᴅʥʝ ʘסʪʘʡʣʘʥʜʳʨʫשʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞʦʩʧʘʨʳʥ ʦץ

ʉʦʥʜʘʡ-ʘץ ʞʦʣ ʞʘʙʳʥʳʥʳש ʟʘץʳʤʜʘʥʫʳʥʳש ʥʝʛʽʟʛʽ ʪװʨʣʝʨʽ ץʘʨʘʩʪʳʨʳʣʜʳ. 

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

ɾʦʣ  ʞʘʙʳʥʳʥʳש ʟʘץʳʤʜʘʥʫ ʪװʨʣʝʨʽ. 

ɸʩʬʘʣʴʪ ï  ʞʦʣ ʞʘʙʳʥʳʥʳש ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ ʪװʨʽ. ɾʝʪʽʣʜʽʨʽʣʛʝʥ ʤװʤʢʽʥʜʽʢʪʝʨʜʝʥ 

ʙʘʩץʘ, ʘʩʬʘʣʴʪ ʞʘʙʳʥʜʘʨʳʥʳש ʢʝʤʰʽʣʽʢʪʝʨʽ ʜʝ ʙʘʨ, ʦʣʘʨ ᴇʤʽʨ ʙʦʡʳ ʙʦʣʘʪʳʥ ʢᴇʧʪʝʛʝʥ 

ʟʘץʳʤʜʘʨʜʘʥ ʪײʨʘʜʳ. ɸʩʬʘʣʴʪ ʪᴇʩʝʤʜʝʨʽʥʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʥʘʰʘʨʣʘʪʘʪʳʥ ʥʝʛʽʟʛʽ 

ʘץʘʫʣʘʨסʘ ʞʘʨʳץʰʘʣʘʨ, ʦʡʳץʪʘʨ, ʰץשײʳʨʣʘʨ, ʢʝʙʫʣʝʨ, ʛʦʬʨʣʝʨ ʞᴅʥʝ ʩʦץץʳʣʘʨ ʞʘʪʘʜʳ. 

ɾʘʨʳץʰʘ. ɸʩʬʘʣʴʪ ʞʘʙʳʥʳ ʞʘʨʳץʰʘʣʘʨ, ʰʘסʳʣʳʩʘʪʳʥ ʞʘʨʳץʰʘʣʘʨ, ʪᴇʤʝʥ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘʥ ʪʫʳʥʜʘסʘʥ ʰᴇʛʫ ʞʘʨʳץʰʘʣʘʨʳ, ʢᴇʣʜʝʥʝש ʞʘʨʳץʰʘʣʘʨ ʞᴅʥʝ ʪ.ʙ. 1-ʩʫʨʝʪʪʝ 

ʘʩʬʘʣʴʪ ʞʘʙʳʥʳʥʜʘסʳ ʞʘʨʳץʰʘʣʘʨʜʳש ʪװʨʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 
 

   

      
 

1 ʩʫʨʝʪ ï  ɿʘrץʤʜʘʥʫ ʪװʨʽ - ʞʘʨrץʰʘ 
 

ɾʘʨʳץʰʘʥʳש ʙʦʣʫʳ ʤװʤʢʽʥ ʘʩʬʘʣʴʪ ʪᴇʩʝʤʽʥʝ ʜײʨʳʩ ʙᴇʣʽʥʙʝʛʝʥ ʢᴇʣʽʢ 

ʞװʢʪʝʤʝʣʝʨʽʥʽץ שʘʡʪʘʣʘʥʘʪʳʥ ץʘʨץʳʥʜʳʣʳסʳʥʘʥ ʪʫʳʥʜʘʡʜʳ. ʉʫʜʳש ʝʥʫʽ ʥʝʤʝʩʝ ʥʘʰʘʨ 

ʥʝʛʽʟʽ ʜʝ ʪʦʨʜʘ ʪװʨʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʞʘʨʳץʰʘʣʘʨסʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ (1 ʩʫʨʝʪ). 

ɾʘʨʳץʰʘʣʘʨ, ᴅʜʝʪʪʝ, ᴅʣʩʽʟ ײʩʪʘʫʜʘʥ ʥʝʤʝʩʝ ץʘʙʘʪʪʘʨ ʘʨʘʩʳʥʜʘסʳ ץʫʳʩʪʳש ʙʦʣʤʘʫʳʥʘʥ 

ʪʫʳʥʜʘʡʜʳ ʞᴅʥʝ ץʘʙʘʪʪʳש ʞʦסʘʨסʳ ʙʝʪʽ ʪᴇʤʝʥʛʽ ʞʘסʳʥʘʥ ʙᴇʣʽʥʝʜʽ. ɾʘʨʳץʰʘʣʘʨʜʳ 

ʞᴇʥʜʝʫ װʰʽʥ ʞʘʙʳʥʜʳ ʘʣʳʧ ʪʘʩʪʘʧ, ץʘʡʪʘ ʪᴇʩʝʫ ʢʝʨʝʢ. ɹײʣ ʞᴇʥʜʝʫ ʪʝʨʝשʜʽʢʪʽ ʽʰʽʥʘʨʘ 

ʥʝʤʝʩʝ ʪʦʣʳץ ʪװʟʝʪʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ. 

ʊʘʙʘʥʜʳʣʳץ. ɾʦʣʘץ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʪʨʦʪʫʘʨʣʘʨʜʘ ײʟʘץ ʫʘץʳʪ ʞװʨʫʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʙײʣ ʰʠʥʘʣʘʨ ʞʠʽ ץʦʟסʘʣʘʪʳʥ ʪʦʟʫʜʳש ʘʡץʳʥ ʘʡʤʘץʪʘʨʳʥʘ 
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ᴅʢʝʣʝʜʽ (2-ʩʫʨʝʪ). פʘʪʪʳ ʞʦʣ ʪᴇʩʝʤʽ ײץʨʳʣʳʩ ʢʝʟʽʥʜʝ ʢᴇʧ ץʘʙʘʪʪʳ ץʘʙʘʪʪʘʨʜʳש ʥʘʰʘʨ 

ʪʳסʳʟʜʘʣʫʳʥ, ʞʝʨ ʪᴇʩʝʤʽʥʽש ʰᴇʛʫʽʥ ʥʝʤʝʩʝ ʥʘʰʘʨ ʞʦʙʘʣʘʥסʘʥ ʘʩʬʘʣʴʪʙʝʪʦʥʜʳ ʢᴇʨʩʝʪʫʽ 

ʤװʤʢʽʥ. 

 
 

2 ʩʫʨʝʪ ï  ɿʘץʳʤʜʘʥʫ ʪװʨʽ ï ʪʘʙʘʥʜʳʣʳץ 

 

ʊʘʙʘʥʜʳʣʳץʪʳ, ʘʩʬʘʣʴʪ ץʦʩʧʘʣʘʨʳʥʳץ שʳʩʫ ʞᴅʥʝ ʳסʳʩʫ ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫ 

ʘʨץʳʣʳ ʘʟʘʡʪʫסʘ ʥʝʤʝʩʝ ʰʝʰʫʛʝ ʙʦʣʘʜʳ. 

ʐץשײʳʨʣʘʨ. ʐץשײʳʨ ᴅʜʝʪʪʝ ץʦʣʪʳʨʘʫʳʥʥʳש ʞʘʨʳʣʫʳ ʥʝʤʝʩʝ ʘʩʬʘʣʴʪ 

 שʳʧ, ʙʝʪʦʥʥʳסʳʤʝʥ ʚʳʪʳʩʪʳʨʳʣʳʧ, ʞʦʣ ʙʝʪʽʥʝʥ ʰʳסʙᴇʣʽʢʪʝʨʽ ʪʦʣʳ שʦʩʧʘʣʘʨʳʥʳץ

ʪᴇʤʝʥʛʽ ץʘʙʘʪʳʥ ʘʰץʘʥסʘ ʜʝʡʽʥ ᴇשʜʝʣʤʝʛʝʥ ץʦʣʪʳʨʘʫʳʥ ʞʘʨʳץʪʘʨʳʥʳש ʞʠʥʘʣʫʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ (3-ʩʫʨʝʪ). ʐץשײʳʨʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʳש ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽʥ ʞʦʣ ʞʘʙʳʥʳʥʳש 

ᴅʣʩʽʟ ʙʝʪʽʥʝ, ʥʝʛʽʟʛʝ ʥʝʤʝʩʝ ʞʝʨ ʪᴇʩʝʤʽʥʝ, ʞץײʘ ʙʝʪʢʝ ʞᴅʥʝ ʥʘʰʘʨ ʜʨʝʥʘʞסʘ ʞʘʪץʳʟʫסʘ 

ʙʦʣʘʜʳ. ʐץשײʳʨʣʘʨ ץʦʟסʘʣʳʩʪʳש ʪײʨʘץʪʳʣʳסʳʥʘ ᴅʩʝʨ ʝʪʽʧ, ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʘ ʟʠʷʥ 

ʢʝʣʪʽʨʫʽ ʤװʤʢʽʥ. ɸʩʬʘʣʴʪʳ ʞʘʤʘʫ  ï ʰץשײʳʨʜʳ ʞᴇʥʜʝʫʛʝ ʘʨʥʘʣסʘʥ ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ 

ʘסʳʤʜʘסʳ ʞᴇʥʜʝʫ. 

 
 

3 ʩʫʨʝʪ  ï  ɿʘץʳʤʜʘʥʫ ʪװʨʽ ï ʰץשײʳʨʣʘʨ 

 

ɾʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʞʦʣ ʞʘʙʳʥʳʥʳש ʟʘץʳʤʜʘʥʫʳʥ ʘʥʳץʪʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʜᴅʩʪװʨʣʽ 

ʩʳʨʪץʳ ᴅʜʽʩʪʝʨʜʽש ʞʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʰʝʢʪʝʫʣʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʞʦʣ ʞʘʙʳʥʳʥʳש 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʤʝʥ ץʦʨʰʘסʘʥ ʦʨʪʘ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳ װʟʜʽʢʩʽʟ ʞᴅʥʝ ʥʘץʪʳ ʫʘץʳʪ 

ʨʝʞʠʤʽʥʜʝ ʞʠʥʘʫסʘ ץʘʙʽʣʝʪʪʽ ʜʘʪʯʠʢʪʝʨʜʽש  (ʳʣסʘʣʜʳʣʳץ ,ץʳʩʳʤ, ʜʝʬʦʨʤʘʮʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ ʪ.ʙ.) ʢʝש ʪʘשʜʘʫʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ. 

ɾʦʣ ʞʘʙʳʥʳʥ  ʙʘץʳʣʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʜʘʪʯʠʢʪʝʨ ʤʘʪʝʨʠʘʣʜʘʨʜʳש 

ʛʝʪʝʨʦʛʝʥʜʽ ʪʘʙʠסʘʪʳʤʝʥ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʤʝʥ װʡʣʝʩʽʤʜʽ ʙʦʣʫʳ ʢʝʨʝʢ ʞᴅʥʝ 

ʞʦʣ ʞʘʙʳʥʳʥʳש ʙʽʨʝʛʝʡ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʫʽ ʢʝʨʝʢ. ʆʣʘʨ ʢʝʣʝʩʽ ʪʘʣʘʧʪʘʨסʘ ʩʘʡ ʙʦʣʫʳ 

ʢʝʨʝʢ: 

ï ʜʘʪʯʠʢʪʝʨ  ʪᴇʩʝʥʽʰ ץʘʙʘʪʪʘʨʳʥʜʘ ʪʳʤ ʠʥʪʨʫʟʠʚʪʽ ʙʦʣʤʘʩ װʰʽʥ ʤװʤʢʽʥʜʽʛʽʥʰʝ 

ʢʽʰʢʝʥʪʘʡ ʙʦʣʫʳ ʢʝʨʝʢ; 

ï ʜʝʬʦʨʤʘʮʠʷʥʳ ᴇʣʰʝʫ װʰʽʥ ʜʘʪʠʢʪʝʨʜʽץ שʘʪʪʳʣʳסʳ ʞʦʣ ʞʘʙʳʥʳʥʳש 
ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʜײʨʳʩ ᴇʣʰʝʫ װʰʽʥ ʞʦʣ ʞʘʙʳʥʳ ץʦʩʧʘʩʳʥʳץ שʘʪʪʳʣʳסʳʥʘ 
ʩᴅʡʢʝʩ ʢʝʣʫʽ ʢʝʨʝʢ; 

ï  ʜʘʪʯʠʢʪʝʨ ʞʦʣ ʪᴇʩʝʤʽʥ ʩʘʣʫ װʨʜʽʩʽʥʜʝ ʝש ʞʦסʘʨʳ ʞװʢʪʝʤʝʣʝʨʛʝ ʪᴇʪʝʧ ʙʝʨʫʽ ʢʝʨʝʢ 
(ʞװʢʪʝʤʝʣʝʨ ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ ץʳʩʫ ʩʠʷץʪʳ); 
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ï  ʞʦʣ ʞʘʙʳʥʳʥʳש ʤʝʨʟʽʤʽʥʝʥ ʙײʨʳʥ ʙʘץʳʣʘʫ װʰʽʥ ʜʘʪʯʠʢʪʝʨ ʢʦʨʨʦʟʠʷסʘ ʞᴅʥʝ 
ʪʝʨʤʦʤʝʭʘʥʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨסʘ ʪᴇʟʽʤʜʽ ʙʦʣʫʳ ʢʝʨʝʢ [3]. 

ʄײʥʜʘʡ ʪʘʣʘʧʪʘʨסʘ ʪʘʣʰʳץʪʳ ʜʘʪʯʠʢʪʝʨ ʞʘʫʘʧ ʙʝʨʝʜʽ. 
ɾʦʣ ʞʘʙʳʥʳʥ ʙʘץʳʣʘʫסʘ ʘʨʥʘʣסʘʥ ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʪʘʣʰʳץʪʳ ʜʘʪʯʠʢʪʝʨ. 
ɾʦʣ  ʞʘʙʳʥʳʥ ʜʘʣʘʣʳץ ʞʘסʜʘʡʣʘʨʜʘ ʤʦʥʠʪʦʨʠʥʛ ʞʘʩʘʫ ʞʦʣʜʘʨʜʳש ʞʘʡ-ʢװʡʽʥ 

 ʣ ʰʝʰʽʤʜʝʨ ʞʦʣײʪʘʡʜʳ. ɹץʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʰʝʰʽʤʜʝʨʜʽ ʘʥʳװʘ ʤסʳʣʘʫץʟʜʽʢʩʽʟ ʙʘװ
ʞʘʙʳʥʳʥʳʥ ʙʘץʳʣʘʫ-ᴇʣʰʝʫ ײץʨʘʣʜʘʨʳʥʘ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʞʦʣ ʽʰʽʥʜʝʛʽ ʜʘʪʯʠʢʪʝʨʜʽש 
ʠʥʪʝʛʨʘʮʠʷʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ.  ʄײʥʜʘסʳ ʤʘץʩʘʪ ï ʞʦʣ ײץʨʳʣʳʤʳʥʳש ᴅʨʪװʨʣʽ 
 ʨʝʘʢʮʠʷʩʳʥ (ʢʝʨʥʝʫ, ʜʝʬʦʨʤʘʮʠʷ, ʠʽʣʫ, ʪʝʤʧʝʨʘʪʫʨʘ שʳ ʞʦʣ ʞʘʙʳʥʳʥʳסʘʙʘʪʪʘʨʳʥʜʘץ
ʞᴅʥʝ ʪ.ʙ.) ʜᴅʣ ᴇʣʰʝʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ. ʄײʥʜʘʡ ʜʝʨʝʢʪʝʨ ʞᴅʥʝ ʦʣʘʨʜʳ ʪװʩʽʥʜʽʨʫ ʞװʡʝʩʽ 
ʞʦʣ ץʘʙʘʪʳ ʞʦʣ ʞʘʙʳʥʳʥʳש  ʥʘץʪʳ ʤʝʭʘʥʠʢʘʣʳץ ʢװʡʽʥ ʙʘסʘʣʘʫ װʰʽʥ ʞᴅʥʝ ʦʩʳʣʘʡʰʘ 
ʘʢʪʠʚʪʝʨʜʽ ʙʘʩץʘʨʫʜʳװ שʥʝʤʜʽ ʞʦʩʧʘʨʣʘʨʳʥ ʞʘʩʘʫ װʰʽʥ ᴇʪʝ ʤʘשʳʟʜʳ. ɾʦʣ ʞʘʙʳʥʳʥ 
ʟʝʨʪʪʝʫʜʽש ʙʘʩץʘ ᴅʜʽʩʪʝʤʝʣʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ, ʪʘʣʰʳץʪʳ-ʦʧʪʠʢʘʣʳץ ʪᴅʩʽʣʜʝʨʜʽש ʪװʨʽʥʝ 
ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳץ ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʜʘʪʯʠʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ץʦʟסʘʣʳʩ ʙײʟʳʣʳʩʪʘʨʳʥʩʳʟ 
ʙʽʨʥʝʰʝ ץʘʙʘʪʪʘʨʜʳ ץʘʰʳץʪʘʥ ʞᴅʥʝ װʟʜʽʢʩʽʟ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʜʽʛʽʥʝ 
ʥʝʛʽʟʜʝʣʛʝʥ. 

ʊʦʣʳץ ʙʘץʳʣʘʫ ʞװʡʝʩʽ װʰ ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʥ ʪײʨʘʜʳ: ʘʨʥʘʡʳ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ 
ʞװʡʝʩʽʥʝ ץʦʩʳʣסʘʥ ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʩʝʥʩʦʨʣʳײץ ץʨʳʣסʳʣʘʨ; ʜʘʪʯʠʢʪʝʨʜʝʥ ʢʝʣʝʪʽʥ ʞʘʧʧʘʡ 
ʜʝʨʝʢʪʝʨʜʽ ʢʝʡʽʥʥʝʥ ᴇשʜʝʫ; ʞᴅʥʝ, ʘץʳʨʳʥʜʘ, ʞʦʣ ʞʝʣʽʩʽʥʽש ʞʘʣʧʳ ʢװʡʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʞᴅʥʝ 
ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ץʘʞʝʪ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʝʩʢʝʨʪʝʪʽʥ ʳסשʘʡʣʳ ʠʥʪʝʨʬʝʡʩ [4]. 
ʆʩʳʣʘʡʰʘ, ʞʦʣ ʞʘʙʳʥʳʥʳש  ᴇʟʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ײץʨʳʣסʳʥʳש ʙʦʣʫʳ ʞʦʣ ʞʘʙʳʥʳʥʳש 
ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʢʝʨʽ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʤʝʩʽʥ ᴅʟʽʨʣʝʫ ʩʠʷץʪʳ ʤʘשʳʟʜʳ. 

ɾʦʣ ʞʘʙʳʥʳʥʳש  ʢװʡʽʥ ʙʘץʳʣʘʫ װʰʽʥ ʜʘʪʯʠʢʪʝʨʜʽש ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽʥ ץʦʣʜʘʥʫסʘ 
ʙʦʣʘʜʳ. ʆʣʘʨʜʳ ʝʢʽ ʩʘʥʘʪץʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: ʵʣʝʢʪʨ ʜʘʪʯʠʢʪʝʨʽ ʞᴅʥʝ ʪʘʣʰʳץʪʳ-ʦʧʪʠʢʘʣʳץ 
ʜʘʪʯʠʢʪʝʨ. ɾʦʣ ʞʘʙʳʥʳʥ ʙʘץʳʣʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʢʣʘʩʩʠʢʘʣʳץ ʵʣʝʢʪʨ ʜʘʪʯʠʢʪʝʨʽʥʝ 
ʪʽʢ ץʦʟסʘʣʳʩʪʘʨʜʳ ᴇʣʰʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ץʦʟסʘʣʳʩ ʜʘʪʯʠʢʪʝʨʽ, ʙʘʡʣʘʥʳʩʪʳʨʳʣסʘʥ 
ʪᴇʩʝʤ ץʘʙʘʪʪʘʨʳʥʜʘסʳ ʢᴇʣʜʝʥʝש ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳ ᴇʣʰʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ 
ʪʝʥʟʦʤʝʪʨʠʷʣʳץ ʜʘʪʯʠʢʪʝʨ, ʪʨʦʪʫʘʨʜʳש ʙʘʡʣʘʥʳʩʧʘסʘʥ ץʘʙʘʪʪʘʨʳʥʜʘסʳ ʪʽʢ ʢʝʨʥʝʫʣʝʨʜʽ 
ʥʝʤʝʩʝ ץʳʩʳʤʜʘʨʜʳ ᴇʣʰʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʝʤʧʝʨʘʪʫʨʘ ʜʘʪʯʠʢʪʝʨʽ ʤʝʥ ץʳʩʳʤ 
ʜʘʪʯʠʢʪʝʨʽ ʞʘʪʘʜʳ. 

ʕʣʝʢʪʨ ʜʘʪʯʠʢʪʝʨʽʥʝʥ ʘʡʳʨʤʘʰʳʣʳסʳ, ʪʘʣʰʳץʪʳ-ʦʧʪʠʢʘʣʳץ ʜʘʪʯʠʢʪʝʨ ï ʙײʣ ʘʟ 
ʜʘʤʳסʘʥ, ʙʽʨʘץ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ. ɸʟʘʤʘʪʪʳץ ʠʥʞʝʥʝʨʣʽʢ ײץʨʳʣʳʤʜʘʨʜʘ 
ʪʘʣʰʳץʪʳ-ʦʧʪʠʢʘʣʳץ ʜʘʪʯʠʢʪʝʨʛʝ ץʳʟʳסʫʰʳʣʳץ ʘʨʪʳʧ ʢʝʣʝʜʽ, ᴇʡʪʢʝʥʽ ʦʣʘʨ ʜᴅʩʪװʨʣʽ 
ʜʘʪʯʠʢʪʝʨʛʝ ץʘʨʘסʘʥʜʘ ʪʘʨʪʳʤʜʳ ʘʨʪʳץʰʳʣʳץʪʘʨ ײʩʳʥʘʜʳ [4], [5]. ʊʘʣʰʳץʪʳ-ʦʧʪʠʢʘʣʳץ 
ʜʘʪʯʠʢʪʝʨ ʰʘסʳʥ ᴇʣʰʝʤʜʝʨʽʥʝ, ʠʢʝʤʜʽʣʽʛʽʥʝ, ʠʤʤʫʥʠʪʝʪʽʥʝ ʞᴅʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ 
ʢʝʜʝʨʛʽʣʝʨʛʝ ʞʦסʘʨʳ ʩʝʟʽʤʪʘʣʜʳסʳʥʘ, ʩʦʥʜʘʡ-ʘץ Ñ 1ɛŮ ʜʝʡʽʥ ʜʝʬʦʨʤʘʮʠʷʥʳ ᴇʣʰʝʫʜʽש 
ʞʦסʘʨʳ ʜᴅʣʜʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʞʦʣ ʞʘʙʳʥʳʥʳש ʨʝʘʢʮʠʷʩʳ ʪʫʨʘʣʳ ʪʦʣʳץ ʘץʧʘʨʘʪ ʙʝʨʝ 
ʘʣʘʜʳ. 

ʆʣʘʨʜʳש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʰʘסʳʥ ᴇʣʰʝʤʜʝʨ, ʵʣʝʢʪʨʣʽʢ ʧʘʩʩʠʚʪʽ ʞײʤʳʩ, 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ ʪײʨʘץʪʳʣʳץ, ʠʢʝʤʜʽʣʽʢ, ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʢ ʞᴅʥʝ ʪ.ʙ. ʩʦʥʳʤʝʥ ץʘʪʘʨ, 
ʪʘʣʰʳץʪʳ-ʦʧʪʠʢʘʣʳץ ʜʘʪʯʠʢʪʝʨʜʽ ʢʝʨʥʝʫʣʝʨ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʳש ʢʝש ʘʫץʳʤʳʥʜʘ 
ʞʦסʘʨʳ ʜᴅʣʜʽʢʧʝʥ ʞʝʨʛʽʣʽʢʪʽ ʥʝʤʝʩʝ װʣʝʩʪʽʨʽʣʛʝʥ ᴇʣʰʝʤʜʝʨʜʽ ʦʨʳʥʜʘʫ װʰʽʥ ʧʘʡʜʘʣʘʥʫסʘ 
ʙʦʣʘʜʳ. ɾʦʣ ʞʘʙʳʥʳʥʳש ʤʽʥʝʟ-ײץʣץʳʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫ [6], [7] ʞᴅʥʝ ʞʦʣ 
ʞʘʙʳʥʳʥ ʙʘץʳʣʘʫ [8], [9] װʰʽʥ ʦש ʥᴅʪʠʞʝʣʝʨʤʝʥ ʙʽʨʥʝʰʝ ʪʘʣʰʳץʪʳ-ʦʧʪʠʢʘʣʳץ 
ʩʝʥʩʦʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ץʦʣʜʘʥʳʣʜʳ. ɽש ʜᴅʣʝʣʜʝʥʛʝʥ ï  ʙײʣ ʪʘʣʰʳץʪʳ ɹʨʵʛʛ ʪʦʨ 
ʪʝʭʥʦʣʦʛʠʷʩʳ (ʊɹʊ). 

 

ʅᴅʪʠʞʝʣʝʨ ʞᴅʥʝ ʪʘʣץʳʣʘʫ. 

ʊɹʊ  ï  ײʟʳʥʜʳסʳ ʙʽʨʥʝʰʝ ʤʠʣʣʠʤʝʪʨʣʽʢ ʦʧʪʠʢʘʣʳץ ʪʘʣʰʳץʪʳש ʢʽʰʢʝʥʝ ʙᴇʣʽʛʽ, 
ʦʥʜʘ ʜʠʬʨʘʢʮʠʷʣʳץ ʪʦʨ ʫʣʴʪʨʘʢװʣʛʽʥ ʩᴅʫʣʝʤʝʥ ʞʘʟʳʣʘʜʳ. ɾʦʣ ʞʘʙʳʥʳʥʳש, ʠʢʝʤʜʽ 
ʨʝʘʢʮʠʷʩʳʥ ʞᴅʥʝ ץʦʟסʘʣʳʩ ʩʘʣʤʘסʳʥ ʙʘץʳʣʘʫ װʰʽʥ ʜʝʬʦʨʤʘʮʠʷ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʊɹʊ 
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ʥʝʛʽʟʽʥʜʝʛʽ ʪʘʣʰʳץʪʳ ʜʘʪʯʠʢʪʝʨʜʽ, ʩʦʥʜʘʡ-ʘץ ʜʝʬʦʨʤʘʮʠʷ ʜʘʪʯʠʢʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫסʘ 
ʙʦʣʘʜʳ. ᴆʣʰʝʫ װʰʽʥ ʝʢʽ ʧʨʠʥʮʠʧ ץʦʣʜʘʥʳʣʘʜʳ: ʈʵʣʝʡʜʽש ʰʘʰʳʨʘʫ ᴅʩʝʨʽ ʞᴅʥʝ 
ɹʨʠʣʣʶʝʥʥʽש ʰʘʰʳʨʘʫ ᴅʩʝʨʽ. ᴄʜʝʪʪʝ ᴇʣʰʝʥʛʝʥ ʜʝʬʦʨʤʘʮʠʷ ʤʝʥ ʦʧʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨ 
ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ʝʢʽ ʞʘסʜʘʡʜʘ ʜʘ ᴅʨ ʪװʨʣʽ ʙʦʣʘʜʳ; ʘʣʘʡʜʘ, ɹʨʠʣʣʶʵʥ ʜʝʬʦʨʤʘʮʠʷ ʤʝʥ 
ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴅʫʝʣʜʽ, ʩʦʥʜʳץʪʘʥ ʪʝʤʧʝʨʘʪʫʨʘ ʤᴅʥʜʝʨʽʥ ʨʝʪʪʝʫ װʰʽʥ ʜʝʬʦʨʤʘʮʠʷʥʳ 
ᴇʣʰʝʫ ᴇʟʛʝʨʪʽʣʫʽ ʢʝʨʝʢ. 

ɼʝʬʦʨʤʘʮʠʷʥʳ ᴇʣʰʝʫ. ɾʦʣ ʞʘʙʳʥʳʥʳש ᴅʨʪװʨʣʽ ץʘʙʘʪʪʘʨʳʥʳש ʜʝʬʦʨʤʘʮʠʷʩʳʥ 
ᴇʣʰʝʫ װʣʢʝʥ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʘʜʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨʜʳ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ ʫʘץʳʪ ᴇʪʝ ʢʝʣʝ 
 ʪʝʢʩʝʨʫ ץʨʝʘʢʮʠʷʩʳʥ ʪʘʣʜʘʫ, ʩʦʥʜʘʡ-ʘ שʢʪʝʤʝʣʝʨ ʢʝʟʽʥʜʝ ʞʦʣ ʞʘʙʳʥʳʥʳװʘʣʘʪʳʥ ʞסʦʟץ
ʙʦʣʞʘʤʜʘʨ ʞʦʙʘʣʘʫ ʢʝʟʝשʽʥʜʝ ʞʘʩʘʣסʘʥ. ʋʘץʳʪ ᴇʪʝ ʢʝʣʝ ʞʦʣ ʞʘʙʳʥʳ ʜʝʬʦʨʤʘʮʠʷ 
ʵʚʦʣʶʮʠʷʩʳʥ ʪʽʨʢʝʫ ʘʨץʳʣʳ ʞʘʙʳʥʥʳש ʝʩʢʽʨʫʽ ʧʘʡʜʘ ʙʦʣʫʳʥ ʙʦʣʞʘʫסʘ ʙʦʣʘʜʳ. ʊʨʘʬʠʢʪʽ 
 ʘʨʳ ʩʦʟʳʣʫ ʜʝʬʦʨʤʘʮʠʷʣʘʨʳʥסʳʥʜʘ ʞʦסʪᴇʤʝʥʛʽ ʞʘ שʘʙʘʪʪʘʨʳʥʳץ ʢʪʝʫ ʘʩʬʘʣʴʪװʘʡʪʘ ʞץ
ʪʫʜʳʨʘʜʳ, ʙײʣ ʞʘᴃʘʥʜʳץ ץʳʩץʘʨʫסʘ ᴅʢʝʣʝʜʽ ʝʩʢʽʨʫ ʜʝʧ ʘʪʘʣʘʪʳʥ ʞʦʣ ʞʘʙʳʥʳʥʳש ʞװʢ 
ʢᴇʪʝʨʛʽʰʪʽʛʽ. ʂᴇʣʽʢ ײץʨʘʣʳʥʳש ᴇʪʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ץʘʡʪʘʣʘʥʘʪʳʥ ץʳʩʫ ʢװʰʪʝʨʽ ʞʦʣ 
ʞʘʙʳʥʳʥʳש ʪײʨʘץʪʳ ʜʝʬʦʨʤʘʮʠʷʩʳʤʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥ ʩʦץץʳסʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ.  

ɽʢʽ ץʘʙʘʪʪʳ ʞʘʙʳʥʥʳש ʢᴇʣʜʝʥʝש ʞᴅʥʝ ʪʽʢ ʜʝʬʦʨʤʘʮʠʷʩʳʥʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʣʫ 
 ,ʜʝʬʦʨʤʘʮʠʷʩʳʥ ץʪʳץʘʙʘʪʳʥʜʘ ʞʘʟʳץ ʘʙʘʪʳʥʜʘ ʞᴅʥʝ ʘʩʬʘʣʴʪץ ʥʝʛʽʟʛʽ שʪʳץʰʽʥ ʪʦʧʳʨʘװ
ʪʽʢ ʜʝʬʦʨʤʘʮʠʷʥʳ ʞᴅʥʝ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʰʝʫ װʰʽʥ ᴅʨ ʪװʨʣʽ ʪʠʧʪʝʛʽ ʊɹʊ ʥʝʛʽʟʽʥʜʝʛʽ 
ʪʘʣʰʳץʪʳ ʜʘʪʯʠʢʪʝʨʜʽ ʙᴇʣʝʢ ʦʨʥʘʣʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ. ɹʝʣʛʽʣʽ ʙʽʨ ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘ 
ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʪʘʣʰʳץʪʳ ʜʘʪʯʠʢʪʝʨʜʽש ʜʝʨʝʢʪʝʨʽʥʽש ʥᴅʪʠʞʝʣʝʨʽ (4-ʩʫʨʝʪ). 

 
 

 
4 cʫʨʝʪ ï  ʅᴅʪʠʞʝʣʝʨʽ 

 
 ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʝʥ ʘʩʬʘʣʴʪ ץʘʙʘʪʳ ʤʝʥ ʪʦʧʳʨʘץ ʥʝʛʽʟʽʥʜʝʛʽ ʙʦʡʣʳץ ʞᴅʥʝ 

ʢᴇʣʜʝʥʝש ʜʝʬʦʨʤʘʮʠʷʣʘʨ ʙʽʨʢʝʣʢʽ ʙᴇʣʽʥʙʝʛʝʥʽʥ ʞᴅʥʝ ʞʝʨʛʽʣʽʢʪʽ ᴇʣʰʝʫ ʥװʢʪʝʣʝʨʽʥʜʝ װʣʢʝʥ 
ʩʦʟʳʣʫ ʞᴅʥʝ ץʳʩʫ ʢװʰʪʝʨʽ ʙʦʣסʘʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ʄײʥʳ ʞʦʣ ʩʘʣʫ ʞᴅʥʝ ʘʩʬʘʣʴʪʪʳ 
 ʘסʳʟʫץʘʫʣʘʨʳʥʘ ʞʘʪץʘʣʜʳʥ ʘʣʘ ʘ שʤʘʪʝʨʠʘʣʜʘʨʳʥʳ ץʘʪʘʡʪʫ ʢʝʟʽʥʜʝ ʘʩʬʘʣʴʪ ʧʝʥ ʪʦʧʳʨʘץ
ʙʦʣʘʜʳ. תʣʢʝʥ ʪʽʢ ʩʦʟʳʣʫ ʢװʰʽ ʪʦʧʳʨʘץʪʳש ʥʝʛʽʟʛʽ ץʘʙʘʪʳʥʜʘ ʬʘʟʘʘʨʘʣʳץ ʙʦʩ ʘץʘʫʣʘʨʜʳש 
ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. ʞʦʣ ʪᴇʩʝʤʽʥʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ᴇʟʛʝʨʫʽ ʩʠʥʫʩʦʠʜʘʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ 
ʞᴅʥʝ ʙײʣ ʦʩʳ ʢʝʟʝשʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʽʰʢʽ ʢʝʨʥʝʫʣʝʨʛʝ ʥʝʤʝʩʝ ʞʘʙʳʥʥʳש 
ʜʝʬʦʨʤʘʮʠʷʣʘʨʳʥʘ ʰʘʤʘʣʳ ᴅʩʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ɾʦʣ ʞʘʙʳʥʳʥ ʙʘץʳʣʘʫ װʰʽʥ ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʪʘʣʰʳץʪʳ ʜʘʪʯʠʢʪʝʨ ʧʘʡʜʘʣʘʥʫ ʮʝʤʝʥʪ 
ʙʝʪʦʥ ʞʘʙʳʥʳʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ, ʜʝʬʦʨʤʘʮʠʷʩʳʥ, ץʳʩʳʤʳʥ ʞᴅʥʝ ʜʘʣʘʣʳץ ʞʘסʜʘʡʜʘ 
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ᴇʣʰʝʫ װʰʽʥ ʞʘץʩʳ ᴇʥʽʤʜʽʣʽʢʢʝ ʠʝ. ɼʘʪʯʠʢʪʝʨʜʽ ײʟʘץ ʤʝʨʟʽʤʜʝ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ 
ʨʘʩʪʘʡʜʳ ʞᴅʥʝ ʙײʣ ʜʘʪʯʠʢʪʝʨʜʽ ʙʘʩץʘ ʠʥʞʝʥʝʨʣʽʢ ײץʨʳʣʳʤʜʘʨʜʘ ץʘʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ. 

ʓʣסʘʣʜʳʣʳץ, ʪʝʤʧʝʨʘʪʫʨʘʥʳש ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽ ʞᴅʥʝ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʞʦʣ 
ʞʘʙʳʥʳʥʳש ʞװʢʪʝʤʝʩʽ ʩʠʷץʪʳ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳש ᴅʩʝʨʽʥ ʢʝʣʝʩʽ ʟʝʨʪʪʝʫʣʝʨʜʝ 
 .ʘʨʘʩʪʳʨʘʤʳʟץ

 

 .ʦʨʳʪʳʥʜʳפ

ʂʽʨʽʢʪʽʨʽʣʛʝʥ ʪʘʣʰʳץʪʳ ʜʘʪʯʠʢʪʝʨ  ʘʨץʳʣʳ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʞʦʣ ᴇʥʽʤʜʽʣʽʛʽʥ 
ʙʘץʳʣʘʫ ʫʘץʳʪ ᴇʪʝ ʢʝʣʝ ʞʦʣ ʞʘʙʳʥʳʥʳש ʪʦʟʫʳʥ ʙʘסʘʣʘʫʜʳץ שʫʘʪʪʳ ײץʨʘʣʳ ʙʦʣʳʧ 
ʪʘʙʳʣʘʜʳ. 

 שʘʥ ʞʦʣ ʞʘʙʳʥʳʥʳסʰʳʨʘײ ʢʪʝʤʝʣʝʨʽʥʝװʘʥ ʦʨʪʘ ʬʘʢʪʦʨʣʘʨʳ ʤʝʥ ʢᴇʣʽʢ ʞסʦʨʰʘפ
 ʳʟʜʳ ʤᴅʩʝʣʝ ʙʦʣʜʳ. ʊʝʤʧʝʨʘʪʫʨʘʥʳ  ʞᴅʥʝשʘʰʘʥ ʤʘץʩʠʧʘʪʪʘʤʘʣʘʨʳ ᴅʨ ץʨʳʣʳʤʜʳײץ
ʢʝʨʥʝʫ/ʜʝʬʦʨʤʘʮʠʷʥʳש ʪʘʨʘʣʫʳʥ ץʘʣʘʡ ʜᴅʣ ʨʝʪʪʝʫ ʘʨץʳʣʳ, ʘʩʬʘʣʴʪʪʳש ʰᴇʛʫʽʥ, ʤʠʢʨʦ 
ʘץʘʫʣʘʨʜʳ, װʣʢʝʥ ʜʝʬʦʨʤʘʮʠʷʥʳ ʞᴅʥʝ ʞʦʣ ʞʘʙʳʥʳʥʳש ʢװʡʽʥ ʙʘסʘʣʘʫסʘ ʢᴇʧ ʢᴇשʽʣ ʙᴇʣʽʥʜʽ. 

ɹײʣ ʤʘץʘʣʘʜʘ ʢᴇʣʽʢ ʞװʡʝʩʽʥʜʝʛʽ ʞʦʣ ʞʘʙʳʥʜʘʨʳʥʳש ʤʘשʳʟʜʳ ʞʘסʜʘʡʳʥʘ 
ʙʘʡʣʘʥʳʩʪʳ ʞʘʙʳʥʥʳש ʟʘץʳʤʜʘʣʫʳʥʘ, ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʰʘʨʘʣʘʨʳʥʘ, ײץʨʳʣʳʤʜʳץ 
ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʞᴅʥʝ ʟʘץʳʤʜʘʥʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʰʦʣʫ ʞʘʩʘʣʜʳ. ɿʘץʳʤʜʘʥʫʣʘʨ 
ʩʠʷץʪʳ, ʞʘʨʳץʪʘʨ ʤʝʥ ʦʡʳץʪʘʨ ʞʦʣ ʞʘʤʳʣסʳʩʳʥʳש ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ ʟʘץʳʤʜʘʥʫʳ ʙʦʣʳʧ 
ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʞʳʣʜʘʤ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ᴅʩʽʨʝʩʝ ʞʦʣ ʪᴇʩʝʤʜʝʨʽʥʽײץ שʨʳʣʳʤʜʳץ ᴇʥʽʤʜʽʣʽʛʽ 
ʤʝʥ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ʩʘץʪʘʫ װʰʽʥ ʤʘשʳʟʜʳ. 

ɾʦʣ ʞʘʙʳʥʜʘʨʳʥʳש ʟʘץʳʤʜʘʥʫʳʥ ʫʘץʪʳʣʳ ʘʥʳץʪʘʫ װʰʽʥ ʞʘשʘ ᴅʜʽʩ ʨʝʪʽʥʜʝ 
ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʪʘʣʰʳץʪʳ ʦʧʪʠʢʘ ʝש ʪʠʽʤʜʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʪʝʤʧʝʨʘʪʫʨʘ, 
ʢʝʨʥʝʫ ʞᴅʥʝ ʜʝʬʦʨʤʘʮʠʷ  ᴇʣʰʝʡʪʽʥ ʪʘʣʰʳץʪʳ ʜʘʪʯʠʢʪʝʨʽʥ ץʦʣʜʘʥʫ. 

ɿʝʨʪʪʝʫ çɾʘʩ סʘʣʳʤè ɻפ ˉ ɸʈ 14972921 çɾʦʣ ʞʘʙʳʥʜʘʨʳשʳʥ ʞʘʡ-ʢװʡʽʥ 
ʤʦʥʠʪʦʨʠʥʛʪʝʫʛʝ ʘʨʥʘʣסʘʥ ʪʘʣʰʳץʪʳ ʜʘʪʯʠʢʪʽ ʟʝʨʪʪʝʫ ʞᴅʥʝ ᴅʟʽʨʣʝʫè ʞʦʙʘʩʳ ʰʝשʙʝʨʽʥʜʝ 
ʞװʨʛʽʟʽʣʜʽ. 
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USE OF EMBEDDED FIBER OPTICS WHEN DETECTING DAMAGE TO THE ROAD 

SURFACE 
 

Annotation. The road surface undergoes a process of wear as a result of repeated traffic 

and environmental influences. With timely detection of defects and damage to the road project, it 

is possible to develop effective programs for maintenance and restoration of the road surface, 

thereby achieving significant costs and time savings. 

This article presents the possibility of detecting pavement damage using embedded fiber 

optics as a new method. The main advantage of this method is that it allows you to measure 

deformations over a long length of optical fiber with a high spatial resolution of less than 1 cm. 

By comparing the deformation profiles measured at different times, an attempt was made to link 

the change in deformation with the appearance of pavement damage. 

 

Keywords.  Road surface, fiber optics, fiber sensors, damage. 
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ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʛʨʘʤʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʪʝʤ ʩʘʤʳʤ ʜʦʩʪʠʛʥʫʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʜʦʨʦʞʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʡ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʦʛʦ ʤʝʪʦʜʘ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ 

ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʙʦʣʴʰʦʡ ʜʣʠʥʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʤʝʥʝʝ 1 ʩʤ. ʇʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʧʨʦʬʠʣʝʡ ʜʝʬʦʨʤʘʮʠʠ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʨʘʟʥʦʝ 

ʚʨʝʤʷ, ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʩʚʷʟʘʪʴ ʠʟʤʝʥʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʧʦʚʨʝʞʜʝʥʠʡ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɼʦʨʦʞʥʦʝ ʧʦʢʨʳʪʠʝ, ʚʦʣʦʢʦʥʥʘʷ ʦʧʪʠʢʘ, ʚʦʣʦʢʦʥʥʳʝ ʜʘʪʯʠʢʠ, 

ʧʦʚʨʝʞʜʝʥʠʷ. 
 

*****************************************************************************  
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 ʨʝʥ2װʉ. ʄʘʫʣʝʥʦʚ1, ʉ.ɸ.ʂʫʜʫʙʘʝʚʘ 2, ʅ.ʄ. ʂʘʟʠʝʚʘ2, ɾ.ɹ.ʐ.פ 

1ɸ. ɹʘʡʪײʨʩʳʥʦʚ ʘʪʳʥʜʘסʳ פʦʩʪʘʥʘʡ ᴇשʽʨʣʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, פʦʩʪʘʥʘʡ, ʂʘʟʘץʩʪʘʥ 
2 ʃ.ʅ. ɻʫʤʠʣʝʚ ʘʪʳʥʜʘסʳ ɽʫʨʘʟʠʷ ײʣʪʪʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʩʪʘʥʘ, ʂʘʟʘץʩʪʘʥ 

ɽ-mail: k_maulenov@inbox.ru 

 

ɸɼɸʄɼɸʈɼʓר ɹɽʁʅɽʃɽʈɯʅ ɼɽ-ʀɼɽʅʊʀʌʀʂɸʎʀʗʃɸʋ  ᴄɼɯʉʊɽʈɯ ɾᴄʅɽ 

ʆʃɸʈɼʓ ʐɽʐʋ ɾʆʃɼɸʈʓ 

 

ɸשʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ʩʦסשʳ ʞʳʣʜʘʨʳ ʧʘʡʜʘ ʙʦʣסʘʥ ʙʝʪʪʽ ʪʘʥʫ ʞװʡʝʣʝʨʽʥʽש ʟʘʤʘʥʘʫʠ 

ʧʨʦʙʣʝʤʘʩʳ ץʘʨʘʩʪʳʨʳʣסʘʥ. ɹײʣ Fawkes ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʤʳʩʘʣʳʥʜʘ ʙʝʪʪʽ ʜʝ-

ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʫ ʧʨʦʮʝʜʫʨʘʩʳʥʘʥ ᴇʪʢʝʥ ʙʝʪ ʙʝʡʥʝʣʝʨʽʥ ʪʘʥʫ ʩʠʷץʪʳ ʤᴅʩʝʣʝ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʄʘץʘʣʘʜʘ Fawkes-ʪʽ ʩᴅʡʢʝʩʪʝʥʜʽʨʫ ʧʨʦʮʝʜʫʨʘʩʳʥ ʙʝʪ ʩʫʨʝʪʪʝʨʽʥʝ ץʦʣʜʘʥʫ 

ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ᴇʟʛʝʨʽʩʪʝʨʽ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʩʠʧʘʪʪʘʣסʘʥ ʞᴅʥʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹʝʪ 

ʩʫʨʝʪʪʝʨʽʥʜʝʛʽ ײץʨʳʣʳʤʜʳץ ʙײʟʳʣʫʣʘʨʜʳש (ʙײʨʤʘʣʘʥʫʣʘʨʜʳש) ʙʽʪʽʤʜʽʢ ᴇʟʛʝʨʽʩʪʝʨʽ ʤʝʥ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ ײʩʳʥʳʣסʘʥ ʞᴅʥʝ ʩʠʧʘʪʪʘʣסʘʥ. ʆʣʘʨʜʳ ʨʝʩʤʠ ʞᴅʥʝ ʩʘʥʜʳץ ʙʘסʘʣʘʫ װʰʽʥ 

ʙײʟʳʣʫʣʘʨʜʳש ʢᴇʧ ʜʝשʛʝʡʣʽ ʧʘʨʘʤʝʪʨʣʽʢ ʙʘסʘʣʘʫ ᴅʜʽʩʪʝʨʽ  ץʦʣʜʘʥʳʣסʘʥ.  Resnet34 ʤʦʜʝʣʽ 

ʥʝʛʽʟʽʥʜʝ ʪʝʨʝש ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʤʝʥ ʜʝ-ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʫ ʨᴅʩʽʤʽʥʝ ץʘʪʳʩץʘʥ ʘʜʘʤʜʘʨʜʳש 

ʙʝʡʥʝʣʝʨʽʥ ʪʘʥʫ ʙʦʡʳʥʰʘ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ ײʩʳʥʳʣסʘʥ. CNN ʥʝʛʽʟʽʥʜʝʛʽ 

ʞװʡʝʥʽײץ שʨʳʣʳʤʳ ʤʝʥ ʩʠʧʘʪʪʘʤʘʩʳ ײʩʳʥʳʣסʘʥ.  ɾװʨʛʽʟʽʣʛʝʥ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʜʝ-ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʮʝʜʫʨʘʩʳʥʘʥ ᴇʪʢʝʥ ʢʝʩʢʽʥʜʝʨʜʽש ʪʝʨʝש ʦץʳʪʫ ʥʝʛʽʟʽʥʜʝ 

ʞװʡʝ ʙʦʡʳʥʰʘ ʪʘʥʳʣʤʘʡʪʳʥʜʳסʳ ʘʥʳץʪʘʣʜʳ. ʊʝʨʝש ʦץʳʪʫ ʪʘʧʩʳʨʤʘʣʘʨʳʥʜʘ Fawkes 

ʧʨʦʮʝʜʫʨʘʩʳʥ ʦʨʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘ ʙײʟʳʣסʘʥ (ʙײʨʤʘʣʘʥסʘʥ) ʘʜʘʤʜʘʨʜʳש ʩʫʨʝʪʪʝʨʽʥ 

ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥ ʝʤʝʩ ʙʦʣʫʳʥʳש  ʩʝʙʝʧʪʝʨʽ ʪװʩʽʥʜʽʨʽʣʜʽ.  ɽʢʽ ᴇʣʰʝʤʜʽ ʢʦʩʠʥʫʩ 

ʪװʨʣʝʥʜʽʨʫʽ, ʢʝʟʜʝʡʩʦץ ʥװʢʪʝʣʝʨʜʽ ʛʝʥʝʨʘʮʠʷʣʘʫ ᴅʜʽʩʽ (ʢʝʟʜʝʡʩʦץ), ʞʘʨʳץʪʳץ ʤᴅʥʜʝʨʽʥ 

ʝʩʝʧʪʝʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ᴅʜʽʩ ʩʠʷץʪʳ ʜʝʪʝʨʤʠʥʜʝʣʛʝʥ ʪʘʥʫ ʘʣʛʦʨʠʪʤʜʝʨʽ ʘʨץʳʣʳ Fawkes-ʪʳש 

ʩᴅʡʢʝʩʪʝʥʜʽʨʫ ʧʨʦʮʝʜʫʨʘʩʳʥʘ ײʰʳʨʘסʘʥ ʢʝʩʢʽʥʜʝʨʜʽ ʪʘʥʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫʜʽש ʤװʤʢʽʥ 

ʞʦʣʜʘʨʳ ʘʥʪʨʦʧʦʤʝʪʨʠʷʣʳץ ʥװʢʪʝʣʝʨʜʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳʥ ʘʥʳץʪʘʫ ʞᴅʥʝ ʢʝʩʢʽʥʜʝʨʜʽ 

ʪʝʛʽʩʪʝʫ ʘʨץʳʣʳ ʘʣʜʳ-ʘʣʘ ᴇשʜʝʫ ʧʨʦʮʝʜʫʨʘʩʳʥ ץʦʣʜʘʥʫ ײʩʳʥʳʣʘʜʳ. 

ʇʨʘʢʪʠʢʘʣʳϨ ʤʘϬʳʟʜʳʣʳϤʳ. ʉʚʝʨʪʢʘʣʳ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʥʽש ʢʽʨʽʩʽʥʜʝ Fawkes 

ʧʨʦʮʝʜʫʨʘʩʳʥʘʥ ᴇʪʢʝʥ ʘʜʘʤʜʘʨʜʳש ʢʝʩʢʽʥʜʝʨʽʥ ᴇשʜʝʫʜʽץ שʘʨʘʧʘʡʳʤ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ 

ʦʣʘʨʜʳ ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʢʧʝʥ ʪʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʝʩʢʽʥʜʝʨʛʝ ᴅʨʪװʨʣʽ 

ʜʝ-ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʫ ʧʨʦʮʝʜʫʨʘʣʘʨʳ ץʦʣʜʘʥʳʣʘʪʳʥ ʙʘʩץʘ ʞװʡʝʣʝʨʜʝ ʜʝ ץʦʣʜʘʥʳʣʫʳ 

ʤװʤʢʽʥ ʜʝʧ ʤᴅʣʽʤʜʝʡʜʽ.   

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɼʝ-ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʙʝʪʪʽ ʪʘʥʫ, ʪʝʨʝש ʦץʳʪʫ, Fawkes ʧʨʦʮʝʜʫʨʘʩʳ, 

ʜʝʪʝʨʤʠʥʜʝʣʛʝʥ ʪʘʥʫ ᴅʜʽʩʪʝʨʽ. 

 

ʂʽʨʽʩʧʝ.  

ɸʚʪʦʨʣʘʨ ʙʝʪ-ᴅʣʧʝʪʪʽ ʪʘʥʫʜʳש ʟʘʤʘʥʘʫʠ ʘʣʛʦʨʠʪʤʜʝʨʽ ᴅʨʪװʨʣʽ çʢʝʜʝʨʛʽʣʝʨè ʙʦʣסʘʥ 

ʢʝʟʜʝ, ʷסʥʠ ʢᴇʟʽʣʜʽʨʽʢʪʽ, ץʘʣʧʘץʰʘʣʘʨʜʳ ʢʠʶ, ʙʘʩʪʳש ʙײʨʳʣʫʳ ʞᴅʥʝ ץʠʩʘʶʳ ʢʝʟʽʥʜʝ 

ʞʘץʩʳ ʞײʤʳʩ ʞʘʩʘʡ ʙʽʣʝʜʽ, ʙײʣ ʘʣʛʦʨʠʪʤʜʝʨʜʽש ʢᴇʧʰʽʣʽʛʽ ʪʝʨʝש ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ. ɹʽʨʘץ ʰʳʥ ʤᴅʥʽʥʜʝ װʣʢʝʥ ץʘʨʘ ʢᴇʟʽʣʜʽʨʽʢ, ץʘʣʧʘץ, ʰʘʨʬ ʥʝʤʝʩʝ ʞʘʡ סʘʥʘ 

 ʳʥץʘʡ שʥʳײʤʢʽʥʜʽʢ ʙʝʨʤʝʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. ʄװʘ ʤסʘʥʳ ʪʘʥʫסʣײʘʥ ʙʝʪ ʪסʳʟʙʝʥ ʞʘʙʳʣשʦʣʳץ

ʤʳʩʘʣʳ - ɸʤʝʨʠʢʘʥʜʳײ ץʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʨ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʠʥʩʪʠʪʫʪʳʥʳש (NIST) 

ʟʝʨʪʪʝʫʰʽʣʝʨʽ ʞװʨʛʽʟʛʝʥ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʤʝʜʠʮʠʥʘʣʳץ ʙʝʪʧʝʨʜʝ ʢʠʶ - 

ʪײʣסʘʥʳ ʪʘʥʫʜʳש ʘʨʥʘʡʳ ʘʣʛʦʨʠʪʤʜʝʨʽ ʘʨץʳʣʳ ʘʜʘʤʜʳ ʘʥʳץʪʘʫסʘ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʪʽʥʽ 

ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ 89 ʪײʣסʘʥʳ ʪʘʥʫ ʘʣʛʦʨʠʪʤʜʝʨʽ ʩʳʥʘʣʜʳ, ʦʣʘʨ ץʘʣʳʧʪʳ 

ʞʘסʜʘʡʜʘ ʰʘʤʘʤʝʥ 0,3% ʞʘסʜʘʡʜʘ ץʘʪʝ ʥᴅʪʠʞʝ ʙʝʨʝʜʽ. ɸʣʘʡʜʘ, ʘʣʛʦʨʠʪʤʜʝʨ ʤʝʜʠʮʠʥʘʣʳץ 
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ʙʝʪʧʝʨʜʝ  ʢʠʛʝʥ ʘʜʘʤʜʘʨסʘ ʩʳʥʘʣסʘʥ ʢʝʟʜʝ, ץʘʪʝʣʽʢʪʝʨ ʩʘʥʳ 5% - ʜʘʥ 50% - סʘ ʜʝʡʽʥ ᴇʩʪʽ 

[1]. ʆʩʳʣʘʡʰʘ, ʞʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ᴅʜʽʩʪʝʨʤʝʥ ʪʠʽʩʪʽ ʪװʨʜʝ  ʪʘʥʫʜʘʥ ײץʪʳʣʫסʘ ʙʦʣʘʜʳ  ʞᴅʥʝ 

ʙײʣ ᴇʪʝ ץʘʨʘʧʘʡʳʤ. ɹʽʨʘץ ʦʥʳ װʥʝʤʽ ʧʘʡʜʘʣʘʥʫ ʢʝʨʝʢ, ʘʣ ʥʘץʪʳ ᴇʤʽʨʜʝ ʙײʣ ץʘʟʽʨʜʽש ᴇʟʽʥʜʝ 

  .ʠʳʥ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳץ

ʄʳʩʘʣʳ: ץʦʣ ʞʝʪʽʤʜʽʣʽʢʪʽ ʙʘʩץʘʨʫ, ʰʝʢʘʨʘ ᴇʪʢʝʣʽ ʥʝʤʝʩʝ ʪײʣסʘʥʳ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ 

ʪʘʥʫ (ʠʜʝʥʪʠʬʠʢʘʮʠʷ/ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ) ʞװʡʝʩʽʤʝʥ ʞʝʢʝ ʙʘʩʳʥ ʪʝʢʩʝʨʝʪʽʥ ʢʝʟ-ʢʝʣʛʝʥ ʙʘʩץʘ 

ʪʘʨʤʘץ ʰʝשʙʝʨʽʥʜʝ ʙʝʪʧʝʨʜʝ ʢʠʛʝʥ ʘʜʘʤʜʳ ʪʘʥʫ ʤᴅʩʝʣʝʩʽ ʪײʣסʘʜʘʥ ʙʝʪʧʝʨʜʝʥʽ ʘʣʳʧ ʪʘʩʪʘʫ 

ʩײʨʘʣסʘʥ ʢʝʟʜʝ ʰʝʰʽʣʝʪʽʥʽ ʘʥʳץ. ʆʩʳʥʜʘʡ ʩʮʝʥʘʨʠʡʣʝʨ ʘʷʩʳʥʜʘ ʙʝʪʧʝʨʜʝ  ʞᴅʥʝ/ʥʝʤʝʩʝ 

ʙʝʪʪʽ ʞʘʙʘʪʳʥ  ʢʝʟ-ʢʝʣʛʝʥ ʙʘʩץʘ ʟʘʪʪʘʨʜʳ ʘʣʳʧ ʪʘʩʪʘʫ ʤʽʥʜʝʪʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  פʘʟʽʨʛʽ 

ʟʘʤʘʥסʳ ʪʘʥʫ ʞװʡʝʣʝʨʽ װʰʽʥ ʘʥʘײסʨʣʳʤ ʢװʨʜʝʣʽ ʤᴅʩʝʣʝʩʽ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʥʝʛʽʟʽʥʜʝʛʽ 

ʙʝʪ ʙʝʡʥʝʣʝʨʽʥ ʘʥʳץʪʘʫʜʳש ʞʘשʘ ʨʝʚʦʣʶʮʠʷʣʳץ ʰʝʰʽʤʜʝʨʽʥʝʥ ʪʫʳʥʜʘʡʜʳ [2, 3], ʦʣʘʨʜʳש 

ʙʽʨʽ - Fawkes ʧʨʦʮʝʜʫʨʘʩʳ.  

ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ - Fawkes ʙʝʪ ʢʝʩʢʽʥʜʝʨʽʥ ʘʥʳץʪʘʫ ʧʨʦʮʝʜʫʨʘʩʳʥ ʟʝʨʪʪʝʫ, 

Fawkes ʧʨʦʮʝʜʫʨʘʩʳʥʘʥ ʢʝʡʽʥ ʙʝʪ ʢʝʩʢʽʥʜʝʨʽʥʜʝʛʽ ײץʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨ ʤʝʥ 

 ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʟʝʨʪʪʝʫ, Fawkes (ʨʤʘʣʘʥʫʣʘʨײʙ) שʟʳʣʫʣʘʨʜʳײʙ ץʨʳʣʳʤʜʳײץ

ʩᴅʡʢʝʩʪʝʥʜʽʨʫ ʧʨʦʮʝʜʫʨʘʩʳʥʘʥ ᴇʪʢʝʥ ʘʜʘʤʜʘʨʜʳש ʢʝʩʢʽʥʜʝʨʽʥ ʪʘʥʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫʜʽש 

ʞʦʣʜʘʨʳʥ ʽʟʜʝʫ. 

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨʜʽ. 

ʂᴇʧ ʜʝשʛʝʡʣʽ ʧʘʨʘʤʝʪʨʣʽʢ ʙʘסʘʣʘʫ, ʬʦʨʤʘʣʴʜʳ ʞᴅʥʝ ʩʘʥʜʳץ ʙʘסʘʣʘʫ, ʪʝʨʝש ʦץʳʪʫ 

ᴅʜʽʩʪʝʨʽ, ʜʝʪʝʨʤʠʥʜʝʣʛʝʥ ʪʘʥʫ ᴅʜʽʩʪʝʨʽ. 

2020 ʞʳʣʜʳש ʪʘʤʳʟʳʥʜʘ ʏʠʢʘʛʦ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʢʦʤʧʴʶʪʝʨʣʽʢ ʠʥʞʝʥʝʨʣʝʨʽ 

  .ʟʘʤʘʥʘʫʠ ᴅʜʽʩʽ ʙʝʣʛʽʣʽ ʙʦʣʜʳ שʪʘʫʜʳץʘʥʳ ʘʥʳסʣײʘʥ Fawkes ʜʝʧ ʘʪʘʣʘʪʳʥ ʪסʨײץ

Fawkes ʧʨʦʮʝʜʫʨʘʩʳ, ʙʝʪ ʙʝʡʥʝʩʽʥ ʪװʨʣʝʥʜʽʨʫʜʽ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ ʞᴅʥʝ ʦʣʘʨʜʳ ʪʝʨʝש 

ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʜʘ ץʦʣʜʘʥʫסʘ ʞʘʨʘʤʩʳʟ ʝʪʝʜʽ (Deep Learning, DL) [4]. ɹײʣ 

ʧʨʦʮʝʜʫʨʘʥʳ ᴅʟʽʨʣʝʫʰʽʣʝʨ Fawkes-ʪװʨʣʝʥʜʽʨʫ ʢʝʟʽʥʜʝ ʙʝʪ ʙʝʡʥʝʣʝʨʽ ʘʡʪʘʨʣʳץʪʘʡ 

ʙײʨʤʘʣʘʥʙʘʡʜʳ, ʙʽʨʘץ CNN (Convolutional Neural Network) ʦץʳʪʫ ʪʘʧʩʳʨʤʘʩʳʥʘ ץʘʞʝʪʩʽʟ 

ʙʦʣʫʳ װʰʽʥ ᴇʟʛʝʨʪʽʣʝʜʽ (ʞʘʩʳʨʳʣʘʜʳ ʥʝʤʝʩʝ ʞʦʡʳʣʘʜʳ) ʞᴅʥʝ  ʪʘʥʳʣʤʘʡʜʳ, - ʜʝʧ 

ʩʘʥʘʡʜʳ. Fawkes ʬʦʪʦʩʫʨʝʪʪʽ ʧʠʢʩʝʣʴ ʜʝשʛʝʡʽʥʜʝ ᴇʟʛʝʨʪʫʛʝ, ʙʝʪ ʢʝʩʢʽʥʜʝʨʽʥ ʪװʨʣʝʥʜʽʨʫʛʝ 

ʥʝʤʝʩʝ ʟʝʨʪʪʝʫʰʽʣʝʨ ʘʡʪץʘʥʜʘʡ, ʦʥʳ çʞʘʩʳʨʫסʘè ð ʙʝʪʪʽ ʪʘʥʫ ʞװʡʝʣʝʨʽ ʪᴅʫʝʣʜʽ ʙʦʣʘʪʳʥ 

ʢʝʡʙʽʨ ʝʨʝʢʰʝʣʽʢʪʝʨʜʽ ʙʦʣʤʘʰʳ ᴇʟʛʝʨʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. ʄײʥʜʘʡ çʞʘʩʳʨʫè ʢᴇʟʛʝ 

ʢᴇʨʽʥʙʝʡʜʽ, ʙʽʨʘץ ʙʝʪʪʽ ʪʘʥʫ ʞװʡʝʣʝʨʽ ʝʥʜʽ ʜʝʨʝʢʪʝʨʜʽ ʜײʨʳʩ ᴇשʜʝʡ ʘʣʤʘʡʜʳ.  

ʊʝʩʪʽʣʝʫ ʘʷʩʳʥʜʘ ʏʠʢʘʛʦ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ᴅʟʽʨʣʝʫʰʽʣʝʨʽ Fawkes ʢᴇʤʝʛʽʤʝʥ Amazon, 

Microsoft, ʩʦʥʜʘʡ-ʘץ ץʳʪʘʡʣʳץ Megvii ʢʦʤʧʘʥʠʷʩʳʥʳש ʙʝʪ-ᴅʣʧʝʪʽʥ ʪʘʥʫ ʞװʡʝʣʝʨʽʥ ʘʣʜʘʡ 

ʘʣʜʳ. Facebook ᴅʣʝʫʤʝʪʪʽʢ ʞʝʣʽʩʽʥʽש ʙʝʪʪʽ ʪʘʥʫ ʞװʡʝʩʽʥʜʝʛʽ ʩʳʥʘץʪʘʨ ʞʘʩʳʨʳʥ ʥײʩץʘʥʳש 

ʊʀ- ʥr ʪʘʥʳʤʘʜʳ.  

ɹײʣ ײץʨʘʣʜʳש ʩʫʨʝʪʪʝʨʜʽ ᴇʟʛʝʨʪʫʜʝ װʰ ʨʝʞʠʤʽ ʙʘʨ: ʪᴇʤʝʥ, ʦʨʪʘ, ʞʦסʘʨʳ. ʈʝʞʠʤ 

ʥʝײסʨʣʳʤ ʞʦסʘʨʳ ʙʦʣʩʘ, ʩʦײסʨʣʳʤ ʢʝʩʢʽʥ ʙײʨʤʘʣʘʥʘʜʳ  ʞᴅʥʝ ʩʝʥʽʤʜʽ ץʦʨסʘʫʜʳ 

 ʰװ שʳ ʧʨʝʟʠʜʝʥʪʽ ɹʘʨʘʢ ʆʙʘʤʘʥʳסʨʳʥײʙ שʐ-ʪʳפʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 1-ʩʫʨʝʪʪʝ ɸץ

ʨʝʞʠʤʜʝʛʽ (ʪᴇʤʝʥ, ʦʨʪʘ, ʞʦסʘʨʳ) ʢʝʩʢʽʥʽʥ ʙײʨʤʘʣʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ, ʬʦʪʦʩʫʨʝʪ 

Fawkes ᴅʟʽʨʣʝʫʰʽʣʝʨʽʥʽש ʨʝʩʤʠ ʜʝʨʝʢʪʝʤʝʩʽʥʝʥ ʘʣʳʥסʘʥ. 
 

 
 

1 ʩʫʨʝʪ - ʊᴇʤʝʥ, ʦʨʪʘ, ʞʦסʘʨʳ -  װʰ ʨʝʞʠʤʜʝʛʽ Fawkes ʧʨʦʮʝʜʫʨʘʩʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ [4] 
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ɹײʣ ʤʳʩʘʣʜʘ ʪװʧʥײʩץʘʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʝʰץʘʥʜʘʡ ʘʡʳʨʤʘʰʳʣʳץ ʙʦʣʤʘʩʘ ʜʘ, 

ʢᴇʧʪʝʛʝʥ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ ᴇʟʛʝʨʽʩʪʝʨʜʽש ʞʦסʘʨʳ ʧʘʨʘʤʝʪʨʽʤʝʥ (mod high) ʢᴇʟʛʝ ʢᴇʨʽʥʝʪʽʥ 

ʝʣʝʫʣʽ ᴇʟʛʝʨʽʩʪʝʨ ʙʦʣʜʳ ʜʝʧ ʰʘסʳʤʜʘʥʜʳ. ᴄʡʝʣʜʝʨ ʙʝʪʽʥʽש ᴇʟʛʝʨʪʽʣʛʝʥ ʩʫʨʝʪʪʝʨʽʥʜʝ ʙʝʪ 

ʰʘʰʪʘʨʳ, ʢᴇʛʝʨʫʣʝʨ ʞᴅʥʝ ʙʘʩץʘ ᴇʟʛʝʨʽʩʪʝʨ ʙʘʡץʘʣʘʜʳ. ᴄʟʽʨʣʝʫʰʽʣʝʨ Fawkes 

ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫʜʽ ʞʘʣסʘʩʪʳʨʫʜʘ.  

2-ʩʫʨʝʪʪʝ ʮʠʬʨʣʳץ ʪװʧʥײʩץʘ ʢʝʩʢʽʥʜʝʨʜʽ ʞʘʩʳʨʫʜʳש ʝש ʞʦסʘʨʳ ʧʘʨʘʤʝʪʨʽ-mode = ç 

high_ cloaked ʢʝʟʽʥʜʝʛʽ Fawkes-ʪװʨʣʝʥʜʽʨʫ ʥᴅʪʠʞʝʣʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨʫ ʢᴇʨʩʝʪʽʣʛʝʥ,  ʤײʥʜʘ 

ʞʝʢʝ ʮʠʬʨʣʳץ ʬʦʪʦʩʫʨʝʪʪʝʨ ʙʘʩʪʘʧץʳ ʜʝʨʝʢʪʝʨ (ʪװʧʥײʩץʘ ʢʝʩʢʽʥʜʝʨ) ʨʝʪʽʥʜʝ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 2, ʘ -ʩʫʨʝʪʪʝ ʙʝʪʪʽש ʙʘʩʪʘʧץʳ ʪװʩʪʽ ʙʝʡʥʝʩʽ ʞᴅʥʝ 2, ʙ - ʩʫʨʝʪʪʝ 

ʤʘʢʩʠʤʘʣʜʳ ʨʝʞʠʤʜʝ Fawkes ʧʨʦʮʝʜʫʨʘʩʳʥʘʥ ᴇʪʢʝʥʜʝʛʽ ʙʝʡʥʝʩʽ. 
 

 
 

2 ʩʫʨʝʪ - ʊװʧʥײʩץʘ (a) ʞᴅʥʝ Fawkes ïʪװʨʣʝʥʜʽʨʫ ʥᴅʪʠʞʝʩʽ (b) 

 

ʐʳʥʳʥʜʘ ʜʘ, Fawkes-ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʦʮʝʜʫʨʘʩʳʥʘʥ ʢʝʡʽʥʛʽ ʙʝʪʪʝʨʜʝʛʽ ᴇʟʛʝʨʽʩʪʝʨ 

ʞʘʡ ʢᴇʟʙʝʥ ʙʘʡץʘʣʘʜʳ, ᴅʩʽʨʝʩʝ ץʘʩ, ʤײʨʳʥ ʞᴅʥʝ ʞʦסʘʨסʳ ʝʨʽʥ, ʢᴇʟ ʜʝשʛʝʡʽʥʜʝʛʽ ʙʝʪʪʽש 

ʩʦʧʘץ ʰʝʢʘʨʘʣʘʨʳ, ʩʦʥʜʘʡ-ʘץ ʙʘʩʪʳש ʩʳʨʪץʳ ʢʦʥʪʫʨʳ - ʦʩʳʥʳש ʙʘʨʣʳסʳʥ 2, ʙ-ʩʫʨʝʪʪʝʥ 

ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. 

 

ʅᴅʪʠʞʝʣʝʨ. 

Fawkes ʧʨʦʮʝʜʫʨʘʩʳʥʘʥ ᴇʪʢʝʥ ʩʫʨʝʪʪʝʨʜʝʛʽ ᴇʟʛʝʨʽʩʪʝʨ. 

ʆʩʳ ᴇʟʛʝʨʽʩʪʝʨʜʽש ʪʘʙʠסʘʪʳʥ ʟʝʨʪʪʝʫ װʰʽʥ ʦʩʳʥʜʘʡ ʧʨʦʮʝʜʫʨʘ cufs ʙʝʪ ʙʝʡʥʝʣʝʫ 

ʙʘʟʘʩʳʥʘ ʜʘ ץʦʣʜʘʥʳʣʜʳ [5], 3-ʩʫʨʝʪ. Cufs ʙʝʪ ʢʝʩʢʽʥʽʥʽש ʙʘʟʘʩʳ (CUHK) ʙʝʪ ʵʩʢʠʟʜʝʨʽʥ 

ʩʠʥʪʝʟʜʝʫ ʞᴅʥʝ ʙʝʪʪʽ ʪʘʥʫ ʩʘʣʘʩʳʥʜʘסʳ ʟʝʨʪʪʝʫʣʝʨʛʝ ʘʨʥʘʣסʘʥ. Fawkes ʧʨʦʮʝʜʫʨʘʩʳʥʘʥ 

ʢʝʡʽʥʛʽ ᴇʟʛʝʨʽʩʪʝʨ, ʪʽʧʪʽ ʤʘʢʩʠʤʘʣʜʳ ʨʝʞʠʤʜʝ ʜʝ, 1-ʩʫʨʝʪʧʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʘʟ ʙʘʡץʘʣʘʜʳ, 

ʙʽʨʘץ ʦʣʘʨ ᴅʣʽ ʜʝ ʙʘʨ. ɹײʣ ʢʝʩʢʽʥʥʽש ʢᴇʣʝʤʽʥʝ ʞᴅʥʝ ʙʝʪʪʝʛʽ ʵʤʦʮʠʷסʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ 

ʤװʤʢʽʥ. 
 

 
 

3 ʩʫʨʝʪ - CUFFS ʙʝʪ ʩʫʨʝʪʪʝʨʽʥʽש ʙʘʟʘʩʳ [5] 
 

Fawkes ʧʨʦʮʝʜʫʨʘʩʳʥ ץʦʣʜʘʥסʘʥʥʘʥ ʢʝʡʽʥ ʦʣʘʨסʘ ʥʝʛʽʟʛʽ (ʘʥʪʨʦʧʦʤʝʪʨʠʷʣʳץ) 

ʥװʢʪʝʣʝʨʜʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳʥ ʝʩʝʧʪʝʫ, ײץʨʳʣʳʤʜʳץײ ץʩʘʩʪʳץ ʠʥʜʝʢʩʪʝʨʽʥʽש ʧʘʨʘʤʝʪʨʣʽʢ 

ʙʘסʘʣʘʨʳ ʞᴅʥʝ ʬʘʟʘʣʳץ ʢʦʨʨʝʣʷʮʠʷʥʳש ʤʘʢʩʠʤʫʤʳ ʩʠʷץʪʳ ʙʽʨץʘʪʘʨ ʧʨʦʮʝʜʫʨʘʣʘʨ 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 4 (127), 2023             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 4 (127), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

199 

 ʘʥסʘ (Original) ʜʝʧ ʘʣʳʥץʩײʧʥװʘʥ- ʪסʩʳʥʳʣײ ʘ ʢʝʩʢʽʥץʩײʧʥװʦʣʜʘʥʳʣʜʳ. 4, ʘ-ʩʫʨʝʪʪʝ ʝʢʽ ʪץ

CUFS ʙʘʟʘʩʳʥʜʘסʳ ʙʝʪʪʽש ʪװʨʣʽ-ʪװʩʪʽ ʙʝʡʥʝʩʽ ʞᴅʥʝ ʦʥʳש Fawkes ʪװʨʣʝʥʜʽʨʫʽʥʽש (Fawkes) 

ʥᴅʪʠʞʝʩʽ. 
 

 
 

4 ʩʫʨʝʪ - ɹʘʩʪʘʧץʳ ʜʝʨʝʢʪʝʨ: ʪװʧʥײʩץʘ ʞᴅʥʝ ʦʥʳש Fawkes-ʪװʨʣʝʥʜʽʨʫ ʥᴅʪʠʞʝʩʽ (a), ʩʦʥʜʘʡ-

ʘץ ʦʣʘʨʜʳש ᴇʟʘʨʘ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ײʩʳʥʫ ʬʦʨʤʘʣʘʨʳ (b, c, d) [6] 

 

ɹʝʪʢʝ ʝʩʝʧʪʝʣʛʝʥ ʥʝʛʽʟʛʽ (ʘʥʪʨʦʧʦʤʝʪʨʠʷʣʳץ) ʥװʢʪʝʣʝʨʜʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳ 

ʞʘʟʳʣʘʜʳ. ɹײʣ ʩʫʨʝʪʪʝʨʜʽש ʪʝʢʩʪʫʨʘʣʳץ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳʥʳש ʧʘʨʘʤʝʪʨʣʽʢ 

ʙʘסʘʣʘʥʫʣʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ: ײץʨʳʣʳʤʜʳץײ ץʩʘʩʪʳץ ʠʥʜʝʢʩʽ (Index Structural SIMilarity) [7] 

Index SSIM = 0,99 ʞᴅʥʝ ʤʘʢʩʠʤʘʣʜʳ ʬʘʟʘʣʳץ ʢʦʨʨʝʣʷʮʠʷ [8] ð max Phase Correlation = 

0,96. ɹײʣ ʝʢʽ ʙʘסʘʣʘʫ ʙʝʪʪʝʨʜʽש ʝʢʽ ʢʝʩʢʽʥʽʥʽש ð ʪװʧʥײʩץʘʥʳש ʞᴅʥʝ ʦʥʳש Fawkes 

ʪװʨʣʝʥʜʽʨʫʽʥʽש ʥᴅʪʠʞʝʩʽʥʽש ʪʦʣʳץײ ץʩʘʩʪʳסʳʥ ʢᴇʨʩʝʪʝʜʽ, ʜʝʛʝʥʤʝʥ ʢʝʡʙʽʨ ʬʘʟʘʣʳץ 

ʢʦʨʨʝʣʷʮʠʷ (0,96) ʪʝʢʩʪʫʨʘʜʘ ʙʘʨ ʝʢʝʥʽ ʘʥr4 .ץ, b - ʩʫʨʝʪʪʝ ʝʢʽ ʪײʣסʘʥʳש ʜʘ ʥʝʛʽʟʛʽ 

ʥװʢʪʝʣʝʨʽʥʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳ, ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳש ʥʝʛʽʟʛʽ ʥװʢʪʝʣʝʨʽʥʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳʥʳש 

ʦʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳץ ʘʫʳʪץʫʳʥ ʙʘסʘʣʘʫ ײʩʳʥʳʣסʘʥ. ɹײʣ ʘʫʳʪץʫʣʘʨ ʧʠʢʩʝʣʴʜʽש ʞʘʨʪʳʩʳʥʘ 

ʞʫʳסʳʥ ײץʨʘʡʜʳ, ʦʥʳ Fawkes-ʙʝʪ ʘʡʤʘסʳʥʳש ᴇʟʛʝʨʫʽʥʝ ʜʝ, ʥʝʛʽʟʛʽ ʥװʢʪʝʣʝʨʜʽ ᴇʣʰʝʫ 

-ʘ ʙʦʣʘʜʳ. ʆʩʳ ʝʩʢʝʨʪʫʣʝʨʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʙʽʟ 4, ʘ, bסʳʟʫץʘʪʝʣʽʢʪʝʨʽʥʝ ʜʝ ʞʘʪץ

ʩʫʨʝʪʪʝʨʽʥʝ  ʥʘʟʘʨ ʘʫʜʘʨʘʤʳʟ, ʦʥʜʘ Fawkes-ʪװʨʣʝʥʜʽʨʫ ʧʨʦʮʝʜʫʨʘʩʳʥʘʥ ᴇʪʢʝʥ ʪװʧʥײʩץʘ 

ʞᴅʥʝ ʢʝʩʢʽʥ ײץʨʳʣʳʤʳ ʤʝʥ ʢʝʩʢʽʥ ʧʽʰʽʥʽ ʘʨʘʩʳʥʜʘ ʤʘשʳʟʜʳ ᴇʟʛʝʨʽʩʪʝʨ ʞʦץ ʝʢʝʥʽ ʢᴇʨʽʥʽʧ 

ʪײʨ. ɼᴅʣ ʦʩʳ ʬʘʢʪ ʪʫʨʘʣʳ Fawkes ʧʨʦʮʝʜʫʨʘʩʳʥ ʦʨʳʥʜʘʫʰʳ ʘʚʪʦʨʣʘʨ ʭʘʙʘʨʣʘʜʳ. 4-

ʩʫʨʝʪʪʝ ʦʣʘʨʜʳש ʤᴅʥʜʝʨʽʥʽ100 ש ʝʩʝ ᴇʩʫʽ ʢʝʟʽʥʜʝʛʽ ʪʝʢʩʪʫʨʘʣʘʨʜʳש ʘʡʳʨʤʘʰʳʣʳסʳ 

(ʜʠʬʬʝʨʝʥʮʠʘʣ) ʞᴅʥʝ ʙʘʩʪʘʧץʳ ʢʝʩʢʽʥʜʝʨ ʘʨʘʩʳʥʜʘסʳ ײץʨʳʣʳʤʜʳץײ ץʩʘʩʪʳץ ʤʘʪʨʠʮʘʩʳ 

(SSIM MAP [9]) ʢʝʣʪʽʨʽʣʛʝʥ. ʉʦשʳʥʜʘ, 4, d-ʩʫʨʝʪʪʝ  ʪװʧʥײʩץʘʩʳʥʳש CLSB (O) ʪװʨʣʽ-ʪװʩʪʽ 

ʙʠʪʪʽʢ ץʘʙʘʪʪʘʨʳ (Color Least significant bit, CLSB) ʤʝʥ ʦʥʳש Fawkes-CLSB(F) ʪװʨʣʝʥʜʽʨʫ 

ʥᴅʪʠʞʝʩʽ ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץ ʨʝʪʽʥʜʝ ʘʣʳʥסʘʥ çDeltaè ʪװʩʪʽ ʢʝʩʢʽʥʽ ײʩʳʥʳʣסʘʥ. ɹײʣ 

ʞʘסʜʘʡʜʘ CLSB : O ð Original ʞᴅʥʝ F ð Fawkes ʪװʨʣʽ-ʪװʩʪʽ ʢʝʩʢʽʥʜʝʨʽʤʝʥ ײʩʳʥʳʣסʘʥ, 

ʙʘʩʪʘʧץʳ ʤʘʪʨʠʮʘʣʘʨ ʙʦʡʳʥʰʘ 2 ʤʦʜʫʣʴ ʦʧʝʨʘʮʠʷʩʳ ʘʨץʳʣʳ ʝʩʝʧʪʝʣʝʜʽ 

 

Delta = CLSB(O) ï CLSB(F),                           (1) 

 

ʤײʥʜʘסʳ  CLSB(O) = mod(Original, 2); CLSB(F) = = mod(Fawkes, 2)[6]. 

4 c, d-ʩʫʨʝʪʪʝʨʜʝʛʽ ʥᴅʪʠʞʝʣʝʨ ʙʦʡʳʥʰʘ ʪװʧʥײʩץʘʣʳץ Original ʢʝʩʢʽʥ ʤʝʥ Fawkes- 

ʢʝʩʢʽʥʜʝʨʽʥʽש ʘʨʘʩʳʥʜʘ ʘʡʳʨʤʘʰʳʣʳץʪʘʨ ʙʘʨ ʝʢʝʥʽʥ, ʦʣʘʨ ʙʝʪʪʽש ʞʦסʘʨסʳ ʙᴇʣʽʛʽʥ 

 .ʘʤʪʠʜʳ ʜʝʧ ʘʡʪʘ ʘʣʘʤʳʟץ


