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ʈɽɼɸʂʎʀʗʃʓפ ʂɽרɽʉ ɾᴄʅɽ ɸʃפɸ 

ʉʘʣʪʘʥʘʪ ʅײʨᴅʜʽʣץʳʟʳ ᴄʤʽʨסʘʣʠʝʚʘ (Mukhametzhan Tynyshbayev ALT University 

ʧʨʝʟʠʜʝʥʪʽ-ʨʝʢʪʦʨʳ, Scopus Autor ID:57189006723, Scopus ᴃ-ʠʥʜʝʢʩ - 6 ) 

ɸʣʝʢʩʘʥʜʨ ʉʣʘʜʢʦʚʩʢʠʡ (ʪ.ס.ʜ., ʧʨʦʬ., ʉʠʣʝʟʠʷ ʪʝʭʥʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʇʦʣʴʰʘ, 

Scopus Autor ID:6507140653, Scopus ᴃ-ʠʥʜʝʢʩ - 13) 

ɾʫʥʮʟʠ ʎʘʦ (PhD, ɸʚʪʦʤʦʙʠʣʴ ʞᴅʥʝ ʪʝʤʽʨ ʞʦʣ ʠʥʞʝʥʝʨʽ, JSTI Group, ʅʘʥʢʠʥ, פʳʪʘʡ, 

Scopus Autor ID:35232732900, Scopus ᴃ-ʠʥʜʝʢʩ - 7) 

ɺʣʘʜʠʤʠʨ ɻʨʘʯʝʚ (ʪ.ס.ʜ., ʈʝʩʝʡ ʌʝʜʝʨʘʮʠʷʩʳ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, Scopus autor 

ID:57199499771, Scopus ᴃ-ʠʥʜʝʢʩ - 3) 

ɼʞʫʟʝʧʧʝ ʃʦʧʨʝʥʯʠʧʝ (ʠʥʬʨʘײץʨʳʣʳʤ ʞᴅʥʝ ʢᴇʣʽʢ PhD, ʉʘʧʠʝʥʮʘ, ʈʠʤ ʋʥʠʚʝʨʩʠʪʝʪʽ - 

ʘʟʘʤʘʪʪʳץ ʬʘʢʫʣʴʪʝʪ, ʀʪʘʣʠʷ, ʈʠʤ, Scopus autor ID:56910050000, Scopus ᴃ-ʠʥʜʝʢʩ - 24) 

ɺʦʡʮʠʢ ɺʘʣʴʜʝʤʘʨ (ʪ.ס.ʜ., ʃʶʙʣʠʥ ʧʦʣʠʪʝʭʥʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʧʨʦʬʝʩʩʦʨʳ, 

ʇʦʣʴʰʘ, Scopus Autor ID:7005121594, Scopus ᴃ-ʠʥʜʝʢʩ - 28) 

ʐʝʡʭ-ᴄʣʠ ɸʩץʘʨ ɼ. (ʬ.-ʤ.ס.ʢ., PhD, Corporate metallurgist LECO Corporation, Scopus Autor 

ID: 7003745250, Scopus ᴃ-ʠʥʜʝʢʩ - 12) 

ɯʣʠʷ ʀʣʠʝʚ (ʪ.ס.ʜ., "ɸʥʛʝʣʘ ʂʲʥʯʝʚʘ" ʈʫʩʝʥ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʧʨʦʬʝʩʩʦʨʳ, ʈʫʩʝ, ɹʦʣʛʘʨʠʷ, 

Scopus Autor ID:56410563800, Scopus ᴃ-ʠʥʜʝʢʩ - 9) 

ɺʠʢʪʦʨ ʅʠʢʦʣʘʝʚ (ʪ.ס.ʜ., ʧʨʦʬʝʩʩʦʨ ʆʄפɾʋ, ʆʤʙʳ, ʈʝʩʝʡ, Scopus autor ID: 

57203340144, Scopus ᴃ-ʠʥʜʝʢʩ - 2) 

ɸʥʘʪʦʣʠʡ ɼʘʚʳʜʦʚ ( .ɻס.ʜ., ʧʨʦʬ., ʉʽʙʽʨ ʄʝʤʣʝʢʝʪʪʽʢ ץʘʪʳʥʘʩ ʞʦʣʜʘʨʳ ʫʥʠʚʝʨʩʠʪʝʪʽ, 

Scopus Autor ID: 57205079238, Scopus ᴃ-ʠʥʜʝʢʩ - 2) 

ʀʚʘʥ ʅʝʯʪʘ (ʪ.ס.ʢ., "ʉʽʙʽʨʄʊʀʋ", "ʀʥʬʦʨʤʘʪʠʢʘ ʞᴅʥʝ ʝʩʝʧʪʝʫ ʪʝʭʥʠʢʘʩʳ" ʠʥʩʪʠʪʫʪʳʥʳש 

ʜʦʮʝʥʪʽ, Scopus Autor ID: 57200223887, Scopus ᴃ-ʠʥʜʝʢʩ - 3) 
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ʄʝʥʰʽʢʪʝʫʰʽ: çʄײʭʘʤʝʪʞʘʥ ʊʳʥʳʰʙʘʝʚ ʘʪʳʥʜʘסʳ ALT ʫʥʠʚʝʨʩʠʪʝʪʽè ɸפ 

ɾʫʨʥʘʣ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ʄᴅʜʝʥʠʝʪ, ʘץʧʘʨʘʪ ʞᴅʥʝ ʩʧʦʨʪ ʤʠʥʠʩʪʨʣʽʛʽʥʜʝ ץʘʡʪʘ 

ʪʽʨʢʝʫʜʝʥ ᴇʪʢʝʥ.  

ʂʫᴅʣʽʢ ˉ 6233-ʞ 17.08.2005 ʞ. ʀʥʜʝʢʩ 75605. 

ʊʘץʳʨʳʧʪʳץ ʙᴇʣʽʤʜʝʨʽ: ʂϺʣʽʢ, ʢϺʣʽʢʪʽʢ ʠʥʞʝʥʝʨʠʷ; ʂϺʣʽʢʪʝʛʽ ʣʦʛʠʩʪʠʢʘ, ʪʘʩʳʤʘʣʜʘʫʜʳ 

ϰʡʳʤʜʘʩʪʳʨʫ; ɸʚʪʦʤʘʪʪʘʥʜʳʨʫ, ʪʝʣʝʤʝʭʘʥʠʢʘ, ʙʘʡʣʘʥʳʩ, ʘϨʧʘʨʘʪʪʳϨ ʞϮʡʝʣʝʨ; 

ʕʥʝʨʛʝʪʠʢʘ; ʕʢʦʣʦʛʠʷ ʞϸʥʝ Ϻʤʽʨʪʽʨʰʽʣʽʢ Ϩʘʫʽʧʩʽʟʜʽʛʽ; Ϸʩʢʝʨʠ ʽʩ. 

ʂʝʟʝשʜʝʨʽ: ʞʳʣʳʥʘ 6 ʨʝʪ. 

ʈʝʜʘʢʮʠʷ ʤʝʢʝʥ-ʞʘʡʳ: פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ, 050012, ɸʣʤʘʪʳ ץ.,  ʐʝʚʯʝʥʢʦ ʢᴇʰʝʩʽ, 97 
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Vladimir Grachev  (Doctor of Technical Sciences, FSUE IN PGUPS, Russian Federation, St. 

Petersburg, Scopus Autor ID: 57199499771, Scopus h-index - 3) 
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ʈɽɼɸʂʎʀʆʅʅʓʁ ʉʆɺɽʊ ʀ ʂʆʃʃɽɻʀʗ  

ʉʘʣʪʘʥʘʪ ʅʫʨʘʜʠʣʦʚʥʘ ɸʤʠʨʛʘʣʠʝʚʘ  (ʇʨʝʟʠʜʝʥʪ-ʨʝʢʪʦʨ Mukhametzhan Tynyshbayev 

ALT University, Scopus Autor ID:57189006723, Scopus ᴃ-ʠʥʜʝʢʩ - 6 ) 

ɸʣʝʢʩʘʥʜʨ ʉʣʘʜʢʦʚʩʢʠʡ (ʜ.ʪ.ʥ., ʧʨʦʬ., ʉʠʣʝʟʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʦʣʴʰʘ, 

Scopus Autor ID:6507140653, Scopus ᴃ-ʠʥʜʝʢʩ - 13) 

ɾʫʥʮʟʠ ʎʘʦ (PhD, ʀʥʞʝʥʝʨ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, JSTI Group, ʅʘʥʢʠʥ, 

ʂʠʪʘʡ, Scopus Autor ID:35232732900, Scopus ᴃ-ʠʥʜʝʢʩ - 7) 

ɺʣʘʜʠʤʠʨ ɻʨʘʯʝʚ (ʜ.ʪ.ʥ., ʌɻɹʆʋ ɺʆ ʇɻʋʇʉ, ʈʦʩʩʠʡʩʢʘʷ ʬʝʜʝʨʘʮʠʷ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

Scopus Autor ID:57199499771, Scopus ᴃ-ʠʥʜʝʢʩ - 3) 

ɼʞʫʟʝʧʧʝ ʃʦʧʨʝʥʯʠʧʝ (PhD ʧʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʪʨʘʥʩʧʦʨʪʫ, ʉʘʧʠʝʥʮʘ, ʈʠʤʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ - ɻʨʘʞʜʘʥʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʀʪʘʣʠʷ, ʈʠʤ, Scopus Autor ID:56910050000, Scopus 

ᴃ-ʠʥʜʝʢʩ - 24) 

ɺʦʡʮʠʢ ɺʘʣʴʜʝʤʘʨ (ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʃʶʙʣʠʥʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʇʦʣʴʰʘ,  Scopus Autor ID:7005121594, Scopus ᴃ-ʠʥʜʝʢʩ - 28) 

ʐʝʡʭ-ɸʣʠ ɸʩʢʘʨ ɼ. (ʢ.ʬ.-ʤ.ʥ., PhD, Corporate metallurgist Leco Corporation, Scopus Autor 

ID: 7003745250, Scopus ᴃ-ʠʥʜʝʢʩ - 12) 

ʀʣʠʷ ʀʣʠʝʚ (ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʈʫʩʝʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ "ɸʥʛʝʣʘ ʂʲʥʯʝʚʘ", ʈʫʩʝ, 

ɹʦʣʛʘʨʠʷ, Scopus Autor ID:56410563800, Scopus ᴃ-ʠʥʜʝʢʩ - 9) 

ɺʠʢʪʦʨ ʅʠʢʦʣʘʝʚ (ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʆʤɻʋʇʉ, ʆʤʩʢ, ʈʦʩʩʠʷ, Scopus Autor ID:  

57203340144, Scopus ᴃ-ʠʥʜʝʢʩ - 2) 

ɸʥʘʪʦʣʠʡ ɼʘʚʳʜʦʚ (ʜ.ʵ.ʥ., ʧʨʦʬ., ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ 

ʩʦʦʙʱʝʥʠʷ, Scopus Autor ID: 57205079238, Scopus ᴃ-ʠʥʜʝʢʩ - 2) 

ʀʚʘʥ ʅʝʯʪʘ (ʢ.ʪ.ʥ., "ʉʠʙɻʋʊʀ", ʜʦʮʝʥʪ ʠʥʩʪʠʪʫʪʘ "ʀʥʬʦʨʤʘʪʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ", Scopus Autor ID: 57200223887, Scopus ᴃ-ʠʥʜʝʢʩ - 3) 
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ʉʦʙʩʪʚʝʥʥʠʢ ï ɸʆ çALT  ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄʫʭʘʤʝʜʞʘʥʘ ʊʳʥʳʰʧʘʝʚʘè 

ɾʫʨʥʘʣ ʧʝʨʝʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʄʠʥʠʩʪʝʨʩʪʚʝ ʢʫʣʴʪʫʨʳ, ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʧʦʨʪʘ  ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ     

ʉʚʠʜʝʪʝʣʴʩʪʚʦ  ̄6233-ʞʦʪ 17.08.2005 ʛ. ʀʥʜʝʢʩ 75605 

ʊʝʤʘʪʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ: ʊʨʘʥʩʧʦʨʪ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʠʥʞʝʥʝʨʠʷ; ʃʦʛʠʩʪʠʢʘ ʥʘ 

ʪʨʘʥʩʧʦʨʪʝ, ʦʨʛʘʥʠʟʘʮʠʷ ʧʝʨʝʚʦʟʦʢ; ɸʚʪʦʤʘʪʠʟʘʮʠʷ, ʪʝʣʝʤʝʭʘʥʠʢʘ, ʩʚʷʟʴ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ; ʕʥʝʨʛʝʪʠʢʘ; ʕʢʦʣʦʛʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ; 

ɺʦʝʥʥʦʝ ʜʝʣʦ. 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ: 6 ʥʦʤʝʨʘ ʚ ʛʦʜ 

ɸʜʨʝʩ ʨʝʜʘʢʮʠʠ: ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, 050012, ʛ. ɸʣʤʘʪʳ, ʫʣ. ʐʝʚʯʝʥʢʦ, 97.  

ʉʘʡʪ: vestnik.alt.edu.kz, E-mail: vestnik@alt.edu.kz 

ʀʟʜʘʪʝʣʴʩʢʠʡ ʎʝʥʪʨ ɸʃʊ. ɸʜʨʝʩ: ʛ.ɸʣʤʘʪʳ, ʫʣ. ʐʝʚʯʝʥʢʦ, 97  
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ʄɸɿʄױʅʓ 
 

ʂᴆʃɯʂ, ʂᴆʃɯʂʊɯʂ ʀʅɾɽʅɽʈʀʗ 

¶ ɾʆʃɼʓפ רʀʉʓפ ʋʏɸʉʂɽʃɽʈɯʅɼɽ ᴄʈʊתʈʃɯ ʂתʁɼɽɻɯ ɸʈɹɸʃɸʈʓ ɹɸʈ 
ɾתʂ ɺɸɻʆʅɼɸʈʓʅʓר ɼʀʅɸʄʀʂɸʉʓ 
ɾʘʥʘʪ ʄʫʩʘʝʚ, ɸʨʤʘʥ ʄᴅʣʽʢ, ʇʘʪʘʤ ɸʭʤʝʪʦʚʘ, ɸʢʝʨʢʝ ʋʪʝʧʦʚʘ,                                       
ʄʫʢʘʥʛʘʣʠ ʊʫʨʢʝʙʘʝʚéééééééééééééééééééééééééé..17-26 

¶ CTMS ʂʆʅʊɽʁʅɽʈʃɯʂ ʊɽʈʄʀʅɸʃɼʓ ɹɸʉפɸʈʋɼʓר 
ɸɺʊʆʄɸʊʊɸʅɼʓʈʓʃנɸʅ ɾתʁɽʉɯʅɯר ʊʀɯʄɼɯʃɯɻɯʅ ɹɸנɸʃɸʋ 
ɸʙʟʘʣ ʊʘʙʳʣʦʚ, ɸʤʠʥʘ ɹʫʢʘʝʚʘ, ʅʘʙʘʪ ʉʫʡʝʫʦʚʘ, ʄʘʨʞʘʥ ʏʘʞʘʙʘʝʚʘ,                                 
ɸʣʴʤʠʨʘ ʄʘʜʠʷʨʦʚʘééééééééééééééééééééééééééé.27-34 

¶ AIRBUS A318/A319/A320/A321 ᴄʋɽ ʂɽʄɽʉɯʅɯױ רʐʋ ʕʂʀʇɸɾʓ 
ʂɸɹʀʅɸʉʓʅʓר ʆʊʊɽɻɯ ɾתʁɽʉɯʅ ʆרʊɸʁʃɸʅɼʓʈʋ 
ɸʡʜʦʩ ʄʦʣʜʘʙʝʢʦʚ, ɸʣʤʘʩ ɹʠʪʝʥʦʚ, ɹʘʢʳʪʛʫʣʴ ɹʝʡʩʝʤʙʘʝʚʘ, ʐʦʣʧʘʥ ʂʦʰʘʥʦʚʘ, 
ɼʤʠʪʨʠʡ ʂʠʤéééééééééééééééééééééééééééééé35-45 

 ʇɽʈɽʂʊɯʃɯɻɯ רʓʃɸʋ ɾɽʃɯʉɯʅɯפʐɯʅ ɹɸת ɸʋɯʇʉɯɿɼɯɻɯפ ʐʋױ ¶
 ʉʊɸʅ ʈɽʉʇʋɹʃʀʂɸʉʓפɸɿɸפ
ʅʘʜʝʞʜʘ ɼʦʣʞʝʥʢʦééééééééééééééééééééééééééé..46-54 

 

ʂᴆʃɯʂʊɽɻɯ ʃʆɻʀʉʊʀʂɸ, ʊɸʉʓʄɸʃɼɸʋɼʓ ױʁʓʄɼɸʉʊʓʈʋ 

¶ ɹʃʆʂʏɽʁʅ ɾᴄʅɽ ʃʆɻʀʉʊʀʂɸʅʓ ʎʀʌʈʃɸʅɼʓʈʋ: ɽʅɻɯɿʋ 
ʇɽʈʉʇɽʂʊʀɺɸʃɸʈʓ ɾᴄʅɽ ʍɸʃʓפɸʈɸʃʓפ ʊᴄɾɯʈʀɹɽ 
 ʤʘʞʘʥ ɾʘʥʙʠʨʦʚ, ɿʫʭʨʘ ɹʠʪʠʣʝʫʦʚʘéééééééééé...55-65ײʘʟʠʟʘ ɾʫʤʘʪʘʝʚʘ, ɾנ

 ʉʊɸʅɼɸ ʃʆɻʀʉʊʀʂɸ ʂɽʐɽʅɼɽʈɯʅ ɼɸʄʓʊʋפɸɿɸפ ¶
ʄתʄʂɯʅɼɯʂʊɽʈɯʅɽ ʌɸʂʊʆʈʃʓפ ʊɸʃɼɸʋ 
ɻʘʣʳʤʞʘʥ ɾʘʥʙʠʨʦʚ, ʉʝʨʠʢ ɸʙʠʙʫʣʣʘʝʚ, ɾʘʢʩʳʛʫʣ Cʘʨʳʙʘʝʚʘéééééééé..66-75 

 

ɸɺʊʆʄɸʊʊɸʅɼʓʈʋ, ʊɽʃɽʄɽʍɸʅʀʂɸ, ɹɸʁʃɸʅʓʉ, ʂʆʄʇʔʖʊɽʈʃɯʂ 

 ʓʃʓʄɼɸʈנ

¶ ʀʄʀʊɸʎʀʗʃʓפ ʄʆɼɽʃʔɼɽʋ ɸʈפʓʃʓ ʄɸʈʐʈʋʊʊɸʈɼʓר 
 ɾʆʃɸʋʐʓʃɸʈ פɸʃɸʃʓפ ɸʁʊɸʃɸʅʋʓʅ ɽʉʂɽʈɽ ʆʊʓʈʓʇפ
ʂᴆʃɯɻɯʅɯפ רʆɿנɸʃʓʉ ʂɽʉʊɽʉɯʅ ʆרʊɸʁʃɸʅɼʓʈʋ ʊʀɯʄɼɯʃɯɻɯʅ 
ɹɸנɸʃɸʋ 
ʉʘʣʪʘʥʘʪ ɸʤʠʨʛʘʣʠʝʚʘ, ʉʝʨʛʝʡ ɸʟʝʤʰʘ, ɼʠʥʘʨʘ ʂʘʩʳʤʦʚʘ, ʀʨʠʥʘ ʂʨʘʚʯʝʥʷééé.76-87 

¶ SDR ʊɽʍʅʆʃʆɻʀʗʉʓʅʓר ʅɽɻɯɿɯʅɼɽɻɯ GNSS ʈɸɼʀʆʉʀɻʅɸʃɼɸʈʓʅ 
 ɼɽʋ ʄʆɼʋʃɯʅ ᴄɿɯʈʃɽʋרɸɹʓʃɼɸʋ ɾᴄʅɽ ᴆפ
ʅʫʨʣʘʥ ɹʦʛʫʩʧʘʝʚ, ɼʘʫʣʝʪ ɸʭʤʝʜʦʚ, ʐʘʤʩʠʛʫʣʴ ʂʦʙʜʠʢʦʚʘ, ɽʚʛʝʥʠʡ ʉʘʚʝʣʴʝʚéé.88-95 

¶ DDOS ʐɸɹʋʓʃɼɸʈʓʅ ɸʅʓפʊɸʋ ɾᴄʅɽ ʊɸʄɸפ ᴆʅɽʈʂᴄʉɯɹɯ 
ʂᴄʉɯʇʆʈʅʓʅʓר ʎʀʌʈʃʓפ ɽɻɯɿɯʅ ᴄɿɯʈʃɽʋ ʇʈʆʎɽʉɯʅɼɽ 
ʇɸʁɼɸʃɸʅʋʐʓʃɸʈɼʓר ᴄʈɽʂɽʊɯʅ ɸʅʓפʊɸʋ תʐɯʅ ɾʋʈʅɸʃɼʓ 
ʊɸʃɼɸʋ 
ʉʘʣʪʘʥʘʪ ɸʜʠʣʞʘʥʦʚʘ, ɸʣʠʭʘʥ ʀʛʠʣʴʤʘʥʦʚ, ɻʫʣʴʥʫʨ ʊʶʣʝʧʙʝʨʜʠʥʦʚʘ,                                   
ɸʣʠʥʘ ʉʘʣʤʘʥʦʚʘ, ɻʫʣʴʰʘʪ ɸʤʠʨʭʘʥʦʚʘéééééééééééééééééé96-107 

¶ ʂᴆʃɯʂʊɽʈɼɯר ʉʓʄʉʓɿ ɾɽʃɯʃɽʈɯʅɼɽɻɯ ɸפʇɸʈɸʊʊʓפ פɸʋɯʇʉɯɿɼɯʂ 
ʕʃɽʄɽʅʊʊɽʈɯ 
ʄʘʥʘʪ ʀʤʘʥʢʫʣ, ɾʘʥʘʪ ʄʘʥʙʝʪʦʚʘ, ɸʩʝʣʴ ɽʨʞʘʥ , ɸʣʴʤʠʨʘ ʄʫʭʘʤʝʜʞʘʥʦʚʘéé108-120 

¶ ɾʓʃʓɾɸʁ ʂɽʐɽʅɯʅɼɽ ɽɻɯʅ ᴆʅɯʄɼɯʃɯɻɯʅ ɹʆʃɾɸʋ ɾתʁɽʉɯʅ ᴄɿɯʈʃɽʋ 
ᴄɼɯʉʊɽʈɯ ʄɽʅ ɸʃɻʆʈʀʊʄɼɽʈɯ 
ɻʫʣʴʞʘʥ ʋʩʢʝʥʙʘʝʚʘ, ɽʨʙʦʣ ʆʩʧʘʥʦʚ, ɸʣʠʷ ʐʫʢʠʨʦʚʘ, ʅʫʨʩʫʣʪʘʥ ʃʘʡʳʢʦʚ,                      
ɼʠʣʴʥʫʨ ʍʘʢʠʤʞʘʥʦʚééééééééééééééééééééééééé..121-133 
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¶ ʊʆɹʓפ ɹʋʓʅʓʅ ʆרɸʃʊʋנɸ ɸʈʅɸʃנɸʅ ʈʆɹʆʊʊɸʅɼʓʈʓʃנɸʅ 
ʕʂɿʆʉʂɽʃɽʊʊɯ ᴄɿɯʈʃɽʋ ɾᴄʅɽ ʌʋʅʂʎʀʆʅɸʃɼʓפ ʉʓʅɸʋ 

ɼʠʥʘʨʘ ʉʝʡʩʝʥʦʚʘ, ʅײʨʩײʣʪʘʥ ɾʝʪʝʥʙʘʝʚ, ʄʝʡʨʘʤʙʝʢ ɾʫʤʘʛʫʣʦʚ , ɼʠʘʥʘ ʆʨʘʟ,                

ʉʘʤסʘʨ ʄʘʜʠʭʦʚééééééééééééééééééééééééééé...134-146 

¶ ɾתʂ ɸנʓʄʓʅ ɹɸʉפɸʈʋ ɿʀʗʃɼʓפ ɾתʁɽʉɯʅ ᴄɿɯʈʃɽʋ ɾᴄʅɽ ɿɽʈʊʊɽʋ 

ʉʚʝʪʣʘʥʘ ʍʘʥ, ɾʘʥʥʘ ʊʣʝʫʙʘʝʚʘ, ʀʣʴʷ ʃʘʫʭʠʥ, ɻʫʣʞʘʥ ʂʘʣʘʤʙʘʝʚʘéééééé147-154 

 רɾɽʃɯʃɽʈɼɯ פʐɯʅ ʅɽʁʈʆʅɼʓת ʆʃɾɸɿɹɸ ʄᴄʊɯʅɯʅ ʊɸʅʋפ ¶

ʇʈɸʂʊʀʂɸʃʓפ פʆʃɼɸʅʓʃʋʓʅ ʊɸʃɼɸʋ 

ʀʣʴʷʩ ɽʩʝʥʛʘʙʳʣʦʚ, ɸʡʛʫʣʴ ɸʣʜʘʙʝʨʛʝʥʦʚʘ, ɸʩʝʣʴ ʆʨʘʟʙʘʝʚʘ,                                                 

ɸʡʞʘʥ ɸʜʘʤʙʝʢʦʚʘ, ɻʘʣʳʤʙʝʢ ɾʘʧʩʘʨʙʘʝʚéééééééééééééééé..155-161 

¶ ʄʓʉ ɹɸʃפʓʊʋ ɿɸʋʓʊʓʅɼɸנʓ ʊɽʍʅʆʃʆɻʀʗʃʓפ ʇʈʆʎɽʉʊɽʈɼɯ 
ɸɺʊʆʄɸʊʊɸʅɼʓʈʓʃנɸʅ ɹɸʉפɸʈʋɼʓר ʄɯʅɼɽʊʊɽʈɯ 

ʐʘʤʠʣʴ ʂʦʰʠʤʙʘʝʚ, ɻʫʣʴʤʠʨʘ ɹʘʷʥʜʠʥʘ, פʘʥʠʙʝʢ ʉʘʥʩʳʟʙʘʡéééééééé.162-169 

¶ ɺɽɹ-פʆʉʓʄʐɸʃɸʈɼɸנʓ ɸʋʊɽʅʊʀʌʀʂɸʎʀʗ ʆʉɸʃɼʓפʊɸʈʓʅ 
ʊɸʃɼɸʋ ɾᴄʅɽ ɼɽʈɽʂʊɽʈɼɯ פʆʈנɸʋ ʄɽʍɸʅʀɿʄɼɽʈɯʅ ʊɽʉʊɯʃɽʋ 

ɸʩʝʪ ʊʫʨʢʤʝʥʙʘʝʚ, ʕʣʴʤʠʨʘ ɸʙʜʳʢʝʨʠʤʦʚʘ, ɻʫʣʘʰ ʂʦʱʘʥʦʚʘ, ʈʘʭʘʪ ʐʫʘʢʙʘʝʚʘ,              

ɻʫʣʩʠʷ ʋʚʘʣʠʝʚʘééééééééééééééééééééééééééé...170-181 

¶ ʉɸʅɼʓפ ɼɽʈɽʂʊɽʈɼɯ ʊɸʃɼɸʋ ʄɽʅ ɹɸʉפɸʈʋ תʐɯʅ ɸʈʅɸʁʓ 

 ʊᴄʉɯʃɯ פʇʈɸʂʊʀʂɸʃʓ רʆʃɼɸʅʋɼʓפ ʈɸʃɼɸʈɼʓױפ

ʕʣʴʤʠʨʘ ɸʙʜʳʢʝʨʠʤʦʚʘ; ɸʩʝʪ ʊʫʨʢʤʝʥʙʘʝʚ; ɻʫʣʘʰ ʂʦʱʘʥʦʚʘ,                                               

ʄʘʡʨʘ ʂʦʰʘʥʦʚʘ, ɸץʪʦʣץʳʥ ʉʘסʳʥʙʘʡéééééééééééééééééé.182-191 

¶ ʂᴆʇɯʈʃɯʂ ʊɽʂʉɽʈʋ תʐɯʅ ױʐפʓʐʉʓɿ ױʐʋ ɸʇʇɸʈɸʊʓʅʓר 
ʈɸɼʀʆɾʀɯʃɯʂʊɯ ʀʄʄʋʅʀʊɽʊɯʅ ʉʓʅɸʋ ɾᴄʅɽ ɹɸנɸʃɸʋ 

ɼʘʫʣʝʪ ʀʣʴʷʩ, ɸʙʜʫʤʝʞʠʪ ɼʘʨʘʝʚ, ɽʨʣʘʥ ʊʘʰʪʘʡ, ɻʫʣʴʞʘʥ ʂʘʰʘʛʘʥʦʚʘéééé.192-204 

¶ ʉʄɸʈʊʌʆʅɼɸʈנɸ ɸʈʅɸʃנɸʅ ʂɽרɽʁʊɯʃɻɽʅ ᴄʈɽʂɽʊ ʈɸɼʀʋʉʓʄɽʅ 
ʇʆʈʊɸʊʀɺʊɯ ʉʓʄʉʓɿ ɿɸʈʗɼʊɸʋ ױפʈʓʃנʓʉʓ 

ʂʫʣʴʞʘʥ ʊʦʛʞʘʥʦʚʘ, ɸʷʛʦʟ ʀʤʘʥʩʘʢʠʧʦʚʘ, ɾʘʥʩʘʷ ʇʦʣʘʪʦʚʘ, ɸʡʥʫʨ ʊʦʣʝʫʰʦʚʘ,                  

ɸʡʞʘʥ ɸʜʠʣʴʙʝʢʦʚʘéééééééééééééééééééééééééé.205-212 

¶ ʅɸʅ ᴆʅɼɯʈɯʉɯʅɼɽɻɯ פɸʄʓʈ ɼɸʁʓʅɼɸʋ ʇʈʆʎɽʉɯʅɯר ɹɸʉפɸʈʋ 
ɾתʁɽʉɯʅ ɿɽʈʊʊɽʋ ɾᴄʅɽ ᴄɿɯʈʃɽʋ 

ɸʡʤʘʥ פʦʞʘʙʘʝʚʘ, ʂʫʣʴʞʘʥ ʊʦʛʞʘʥʦʚʘ, ɸʡʥʫʨ ʆʨʤʘʥʙʝʢʦʚʘ, ʅײʨʞʘʥ ɾײʤʘʭʘʥ...213-221 

¶ ɹʀʆʄɸʉʉɸ ᴆʅɼɯʈɯʉɯʅɼɽ פʆʃɼɸʅʓʃɸʊʓʅ ɼɸʊʏʀʂʊɽʈ ʄɽʅ IOT 
ʊɽʍʅʆʃʆɻʀʗʃɸʈʓʅ ʄɸרʓɿʓ ʄɽʅ ɽʈɽʂʐɽʃɯʂʊɽʈɯ 

ɽʨʞʘʥ ʀʣʴʷʩʦʚ, ɻʫʣʴʞʘʥ ʂʘʰʘʛʘʥʦʚʘ, Waldemar Wojcik, ɹʝʡʙʫʪ ɸʤʠʨʛʘʣʠʝʚéé222-233 

¶ ᴄʃɽʋʄɽʊʊɯʂ ɾɽʃɯʃɽʈɼɽɻɯ ʇɸʁɼɸʃɸʅʋʐʓʃɸʈנɸ ʊɽʈɯʉ ɿʀʗʅɼʓ 

ʓפʇɸʃɼʓ ᴆʃʐɽʋ ᴄɼɯʉʊɽʈɯʅ ɿɽʈʊʊɽʋ 

ɾײʣʜʳʟ ɸʣʠʤʩʝʠʪʦʚʘ, ɸʟʘʤʘʪ ɹʘʢʧʦʢʧʘʝʚéééééééééééééééé...234-245 

¶ ɾɸʉɸʅɼʓ ʀʅʊɽʃʃɽʂʊʊɯ ʅɽʁʈʆʅɼʓפ ɾɽʃɯʃɽʈ ʅɽɻɯɿɯʅɼɽ 
ʆɹʒɽʂʊɯʃɽʈɼɯ ʊɸʅʋ תʐɯʅ פʆʃɼɸʅʋ 

ɸʡʛʫʣʠʤ ɹʘʝʛʠʟʦʚʘ, ɸʡʥʫʨ ɼʞʫʤʘʛʘʣʠʝʚʘ, ɺʝʥʝʨʘ ʈʳʩʪʳʛʫʣʦʚʘ,                                            

ɻʘʣʠʷ ʄʫʭʘʤʝʜʨʘʭʠʤʦʚʘ, ɾʘʥʘʨ ʃʘʤʘʰʝʚʘééééééééééééééé.é246-259 

¶ ʂᴆʇ ʐɽʂʊɯ ɼɽʂʆɼʊɸʋ ɸʈפʓʃʓ ᴆʐɽʊɯʅ ʈɸɼʀʆɸʈʅɸʅʓ ɹɸנɸʃɸʋɼʓ 
ʊɸʃɼɸʋ 

ɾײʣʜʳʟ ʉʘʡʣʘʫץʳʟʳ, ɿʘʨʠʥʘ ʍʘʩʝʥʦʚʘ, ʕʣʴʜʦʨ ʕʛʘʤʙʝʨʜʠʝʚéééééééé...260-268 

 ɸʋɯʇʉɯɿ ʄʆɹʀʃʔɼɯ ɹɸʁʃɸʅʓʉʊɸʈɼʓ, ʂʈʀʇʊʆ ʉʄɸʈʊʌʆʅɼɸʈ ʄɽʅפ ¶

 ʐɯʅת ʆʃɼɸʅɹɸʃɸʈɼʓ ɼɸʄʓʊʋפ ɸʋɯʇʉɯɿ ʄʆɹʀʃʔɼɯפ

 ɸ ʐʆʃʋנʊɽʍʅʆʃʆɻʀʗʃɸʈ פʀʅʅʆɺɸʎʀʗʃʓ פɸʅ ʆɿʓנʆʃɼɸʅʓʃפ

ɸʡʛʫʣʴ ʐʘʡʭʘʥʦʚʘ, ɼʘʥʘ ʊʶʣʝʤʠʩʦʚʘ, ɽʨʥʘʪ ɸʪʘʥʙʘʝʚ, ʂʘʤʠʣʴ ɸʷʧʙʝʨʛʝʥʦʚé...269-280 
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¶ ʌʀɿʀʂɸʃʓפ ɼɽʅʉɸʋʃʓפ ʇɽʅ ᴆʄɯʈ ʉɸʃʊʓʅ ɾɸפʉɸʈʊʋנɸ 
ɸʈʅɸʃנɸʅ ANDROID ʌʀʊʅɽʉ פʆʉʓʄʐɸʉʓʅ ᴄɿɯʈʃɽʋ 

ʀʥʜʠʨʘ ɹʫʢʝʥʦʚʘ, ɻʘʥʠ ɹʫʢʝʥʦʚ, ɺʝʥʝʨʘ ʂʝʨʠʤʙʘʝʚʘ, ʅʠʢʠʪʘ ʏʫʨʠʥééééé...281-289 

¶ ʕʃɽʂʊʈʆʅɼʓפ ɼɸʋʓʉ ɹɽʈʋ ɾתʁɽʃɽʈɯ תʐɯʅ ɹʃʆʂʏɽʁʅɼɯ 
 ʆʃɼɸʅʋ ʄᴄʉɽʃɽʃɽʈɯפ ʆʃɼɸʁʊʓʅ ʉʄɸʈʊ-ʂɽʃɯʉɯʄʐɸʈʊʊɸʈɼʓפ

ɾʘʜʳʨʘ ɸʙʠʪʭʘʥʦʚʘ, ɾʫʣʜʳʟ ɸʣʠʤʩʝʠʪʦʚʘéééééééééééééééé.290-298 

¶ ʄʆʅʀʊʆʈʀʅɻ ɾתʁɽʃɽʈɯʅɼɽɻɯ IʦT ʊɽʍʅʆʃʆɻʀʗʃɸʈ תʁ-ɾɸʁʃɸʈɼʓר 

ʄʀʂʈʆʂʃʀʄɸʊʓ 

ʉʫʣʪʘʥ ʊʘʙʠʝʚ, ɸʩʬʘʥʜʠʷʨ ʆʨʳʥʙʘʡééééééééééééééééééé299-307 

¶ DVB-T2 ʉʊɸʅɼɸʈʊʓʅɼɸנʓ MER ʄʆɼʋʃʗʎʀʗʉʓʅʓר ɾʆנɸʈʓ 

 ʓʅ ʊɸʃɼɸʋנʓɿɼʓʃʓרʄɸ רɸʊɽʃɯʂʊɽʈɯʅɯפ

ɸʡʛʫʣʴ ʂʫʣʘʢʘʝʚʘ, ɾʘʜʳʨʘ ʆʥʛʝʥʙʘʝʚʘ, ɹʘʛʜʘʪ ʂʦʞʘʭʤʝʪʦʚʘéééééééé...308-316 

¶ ɾɽʃɯʃɯʂ ʊʈɸʌʀʂʊɯ ʄʆɼɽʃʔɼɽʋ ᴄɼɯʉʊɽʈɯʅ ʊɸʃɼɸʋ 

ɸʡʞʘʥ ɸʜʠʣʴʙʝʢʦʚʘ, ɸʡʥʫʨ ʊʦʣʝʫʰʦʚʘ, ɺʝʥʝʨʘ ʂʝʨʠʤʙʘʝʚʘ,                                                

ʉʳʨʳʤ ʉʝʡʜʘʟʠʤʦʚ, ɼʠʥʘʨʘ ʋʡʧʘʣʘʢʦʚʘééééééééééééééééé..317-326 

¶ ɹɯʃɯʄ ɸʃʋʐʓʃɸʈɼʓת רʃɻɽʈɯʄɯʅ ɹɸנɸʃɸʋ תʐɯʅ ɸʅʓפ ɽʄɽʉ 
ʄʆɼɽʃʔ ױפʈʋ 

ɻװʣʜʘʥʘ ɸʭʤʝʜʠ, ʐʦʣʧʘʥ ɹʘʡʤʘʪʘʝʚʘ, ʄʘʢʩʘʪ ɹʠʣʠʤʞʘʥʫʣʳéééééééé...327-335 

¶ ʉʋɼʓר ʉɸʇɸ ʂᴆʈʉɽʊʂɯʐʊɽʈɯʅɽ ʊɽʄʇɽʈɸʊʋʈɸʅʓר ᴄʉɽʈɯʅ 
ɹɸנɸʃɸʋ ʄʆɼɽʃɯʅ ᴄɿɯʈʃɽʋ 

ʃʘʰʠʥ ɹʘʟʘʨʙʘʡ, ɽʣʴʜʦʩ ɸʣʪʘʡ, ʂʘʩʳʤʙʝʢ ʆʞʠʢʝʥʦʚ, ʄײʩʘ ʊײʨʜʘʣʳײʣʳ,                              

ʆʨʢʝʥ ʄʘʤʳʨʙʘʝʚéééééééééééééééééééééééééé....336-345 

¶ ɽɻʋɻɽ ʉɸʁ ʂɽʃɽʊɯʅ ɼɸפʓʃɼɸʈɼʓ ɹʆʃɾɸʋ תʐɯʅ ɸʅʉɸʄɹʃɼɯʂ 
ʆפʓʊʋ תʃɻɯʉɯʅ ᴄɿɯʈʃɽʋ 

ʅʫʨʞʘʥ ʄʫʢʘʞʘʥʦʚ, ɾʠʙʝʢ ɸʣʠʙʠʝʚʘ, ʃʷʡʣʷ ʏʝʨʠʢʙʘʝʚʘ, ɸʨʘʡ ʂʘʩʝʥʭʘʥ,                      

ɸʡʛʝʨʠʤ ɽʨʠʤʙʝʪʦʚʘééééééééééééééééééééééééé...346-358 

¶ ɼᴄʉʊתʈʃɯ ɾɽʈתʉʊɯ ʂᴆʃɯʂ ɾתʁɽʃɽʈɯʅɽ ɹɸʃɸʄɸ ʈɽʊɯʅɼɽ uST ɽʅɻɯɿʋ 

ɸʥʘʪʦʣʠʡ ʖʥʠʮʢʠʡ, ʄʠʭʘʠʣ ʎʳʨʣʠʥ, ɼʤʠʪʨʠʡ ɹʦʯʢʘʨʸʚ, ɽʚʛʝʥʠʡ ʂʘʣʠʥ,                           

 ʘʥʠʙʝʢ ʉʘʥʩʳʟʙʘʡéééééééééééééééééééééééééé..359-370פ

¶ ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ S-ɹʃʆʂʊɸʈ ɾᴄʅɽ ʆʃɸʈɼʓפ רɸʉʀɽʊʊɽʈɯ 

ɸʨʜʘʙʝʢ ʍʦʤʧʳʰ, ʅʫʨʩʫʣʫ ʂʘʧʘʣʦʚʘ, ʂʫʥʙʦʣʘʪ ɸʣʛʘʟʳ, ʉʘʫʣʝ ʅʳʩʘʥʙʘʝʚʘéé..371-380 

¶ NI ELVIS III ʇʃɸʊʌʆʈʄɸʉʓ ʄɽʅ QUANSER ʄɽʍɸʊʈʆʅʀʂɸʃʓפ 

ɼɸʊʏʀʂʊɽʈɯʅ פʆʃɼɸʅʓʇ ʕʃɽʂʊʈʆʅɼʓ ʆפʋ ʂɽʐɽʅɯʅ ױפʈʋ 

ɽʈɽʂʐɽʃɯʂʊɽʈɯ 

ʐʦʣʧʘʥ ʉʘʛʳʥʜʳʢʦʚʘ, ɻװʣʤʠʨʘ ɹᴅʟʽʣ, ɸʩʳʣʞʘʥ ɸʤʘʣʙʝʢéééééééééé.381-392 

 ʃɻɯʉɯʅת ɾɸʊױפʃɻɯʉɯʅ ᴄɿɯʈʃɽʋ (ʊᴆʃת ɾɸʊʊɸʈɼʓ ɾɯʂʊɽʋױפ ¶

ʇɸʁɼɸʃɸʅʋ) 

ɻʫʣʴʥʘʨʘ ɹʝʢʪʝʤʳʩʦʚʘ, ɽʨʘʩʳʣ ɸʭʤʝʨ, ɸʡʜʦʩ ʉʘʙʜʝʥʦʚ, ɻʫʣʴʥʘʟ ɹʘʢʠʨʦʚʘéé...393-401 

¶ ɸʂʎʀʗ ɹɸנɸʃɸʈʓʅ ɹʆʃɾɸʋנɸ ɸʈʅɸʃנɸʅ ɾɽʂɽ ɾᴄʅɽ ɻʀɹʈʀɼʊɯ 
ʅɽʁʈʆɾɽʃɯ ʄʆɼɽʃʔɼɽʈɯʅ ʉɸʃʓʉʊʓʈʋ 

ʉʘʤʘʪ ʄʫʭʘʥʦʚ, ʉʘʣʪʘʥʘʪ ɸʤʠʨʛʘʣʠʝʚʘ, ɼʘʨʳʥ ɸʤʨʠʥ, ʉʳʨʳʤ ɾʘʢʳʧʙʝʢʦʚ,                           

ɹʝʡʙʫʪ ɸʤʠʨʛʘʣʠʝʚéééééééééééééééééééééééééé..402-418 

 ʓʅנʉʆɿʓʃʋ ʉɽɿɯʄʊɸʃɼʓ רɸʅ ɹʈɽɻɻ ʊʆʈʃɸʈʓʅʓנʈɸʉʊʓʈʓʃױפ ¶

ɿɽʈʊʊɽʋ ɾᴄʅɽ ɸʅʓפʊɸʋ 

ɸʣʠʷ ʂʘʣʠʞʘʥʦʚʘ, ɸʡʥʫʨ ʂʦʟʙʘʢʦʚʘ, ʄʫʨʘʪ ʂʫʥʝʣʙʘʝʚ, ɻʫʣʴʥʘʟ ʅʘʙʠʝʚʘ,                             

ʊʠʤʫʨ ʂʘʨʪʙʘʝʚéééééééééééééééééééééééééééé419-428 
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ʕʅɽʈɻɽʊʀʂɸ 

¶ ᴆʅɽʈʂᴄʉɯʇʊɯʂ ʂᴄʉɯʇʆʈʓʅɼɸʈɼɸ ʕʅɽʈɻʀʗʅʓ ɹɸʉפɸʈʋɼʓר 

ʀʅʊɽʃʃɽʂʊʋɸʃɼʓ ɾתʁɽʃɽʈɯʅ ɿɽʈʊʊɽʋ ɾᴄʅɽ ᴄɿɯʈʃɽʋ 

ɸʨʤʘʥ ʍʫʥʘʥʙʘʡ, ɼʘʤʝʣʷ ɽʩʢʝʥʜʠʨʦʚʘ, ɸʡʥʫʨ ʈʘʩʤʫʭʘʤʝʪʦʚʘ,                                         

ʂʘʨʣʳʛʘʰ ʆʣʞʘʙʘʝʚʘ, ʃʷʟʟʘʪ ʉʫʣʪʘʥʦʚʘééééééééééééééééé..429-440 

¶ ʂתʐʊɯʂ ʊʈɸʅʉʌʆʈʄɸʊʆʈʃɸʈɼɸנʓ פɸʊʊʓ ʆפʐɸʄɸʅʓ ʂɽʇʊɯʈʋ 

ᴄɼɯʉʊɽʈɯʅ ʉɸʃʓʉʊʓʈʄɸʃʓ ʊɸʃɼɸʋ 

ɽʨʥʘʨ ᴄʤʠʪʦʚ, ɸʜʠʣʙʝʢ ʊʘʞʠʙʘʝʚ, ɼʠʘʩ ɼʶʩʝʥסʘʣʠʝʚ, ɻװʣʥײʨ ʅʦסʘʡʙʝʢʦʚʘéé.441-451 

¶ ɾɽʃɯɼɽɻɯ פʓʉפɸ ʊױʁʓפʊɸʃʋʃɸʈɼɸʅ פʆʈנɸʋ ױפʈʓʃנʓʃɸʈʓʅ 

ʆרʊɸʁʃɸʅɼʓʈʋ 

ɻʫʣʴʤʠʨʘ ʉʘʭʤʝʪʦʚʘ, ʈʘʡʭʘʥ ʐʠʥʠʙʝʢʦʚʘ, ʂʦʨʣʘʥ ʂʦʨʘʙʘʝʚʘ,                                              

 ʘʟʳʥʘ ɼʞʫʤʘʛʫʣʦʚʘééééééééééééééééééééééééé...452-459פ

¶ ʕʅɽʈɻʆʊʀɯʄɼɯʃɯʂʊɯ ɸʈʊʊʓʈʋɼʓר ɿɸʄɸʅɸʋʀ ʐɽʐɯʄɼɽʈɯ: 
ɸʕʈʆɻɽʃʔɼɽʈɼɯ ɾᴄʅɽ ɼᴄʉʊתʈʃɯ ʀɿʆʃʗʎʀʗʃʓפ ʄɸʊɽʈʀɸʃɼɸʈɼʓ 

 ʆʃɼɸʅʋפ

ɻʫʣʴʤʠʨʘ ᴄʢʽʤʙʝʢ, ʄʘʢʩʠʤ ʂʦʨʦʙʢʦʚ, ɻʘʫʭʘʨ ʊʝʤʠʨʦʚʘ, ɾʘʥʠʙʝʢ ʀʩʘʙʝʢʦʚ,                       

ɻʫʣʴʯʘʪ ɽʩʞʘʥʦʚʘééééééééééééééééééééééééééé.460-469 

¶ ɾɸרɸʈʊʓʃɸʊʓʅ ʕʅɽʈɻʀʗ ʂᴆɿɼɽʈɯ תʐɯʅ ɸɺʊʆʄɸʊʊɸʅɼʓʈʓʃנɸʅ 
ɾתʁɽʃɽʈɼɯ ᴄɿɯʈʃɽʋ ɾᴄʅɽ ɽʅɻɯɿʋ 
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ENERGY 
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ʉʆɼɽʈɾɸʅʀɽ 
 

ʊʈɸʅʉʇʆʈʊ, ʊʈɸʅʉʇʆʈʊʅɸʗ ʀʅɾɽʅɽʈʀʗ 

¶ ɼʀʅɸʄʀʂɸ ɻʈʋɿʆɺʓʍ ɺɸɻʆʅʆɺ ʉ ʈɸɿʃʀʏʅʓʄ ʉʆʉʊʆʗʅʀɽʄ 
ʊɽʃɽɾɽʂ ɺ ʂʈʀɺʓʍ ʋʏɸʉʊʂɸʍ ʇʋʊʀ 
ɾʘʥʘʪ ʄʫʩʘʝʚ, ɸʨʤʘʥ ʄᴅʣʽʢ, ʇʘʪʘʤ ɸʭʤʝʪʦʚʘ, ɸʢʝʨʢʝ ʋʪʝʧʦʚʘ,                                     
ʄʫʢʘʥʛʘʣʠ ʊʫʨʢʝʙʘʝʚéééééééééééééééééééééééééé..17-26 

¶ ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʡ ʉʀʉʊɽʄʓ 
ʋʇʈɸɺʃɽʅʀʗ ʂʆʅʊɽʁʅɽʈʅʓʄ ʊɽʈʄʀʅɸʃʆʄ CTMS 
ɸʙʟʘʣ ʊʘʙʳʣʦʚ, ɸʤʠʥʘ ɹʫʢʘʝʚʘ, ʅʘʙʘʪ ʉʫʡʝʫʦʚʘ, ʄʘʨʞʘʥ ʏʘʞʘʙʘʝʚʘ,                                
ɸʣʴʤʠʨʘ ʄʘʜʠʷʨʦʚʘééééééééééééééééééééééééééé.27-34 

¶ ʆʇʊʀʄʀɿɸʎʀʗ ʂʀʉʃʆʈʆɼʅʆʁ ʉʀʉʊɽʄʓ ʂɸɹʀʅʓ ʃɽʊʅʆɻʆ 
ʕʂʀʇɸɾɸ ɺʆɿɼʋʐʅʆɻʆ ʉʋɼʅɸ ʉɽʄɽʁʉʊɺɸ AIRBUS 
A318/A319/A320/A321 
ɸʡʜʦʩ ʄʦʣʜʘʙʝʢʦʚ, ɸʣʤʘʩ ɹʠʪʝʥʦʚ, ɹʘʢʳʪʛʫʣʴ ɹʝʡʩʝʤʙʘʝʚʘ, ʐʦʣʧʘʥ ʂʦʰʘʥʦʚʘ, 
ɼʤʠʪʨʠʡ ʂʠʤéééééééééééééééééééééééééééééé35-45 

¶ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʉɽʊʀ ʅɸɹʃʖɼɽʅʀʁ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ 
ɹɽɿʆʇɸʉʅʆʉʊʀ ʇʆʃɽʊʆɺ ɺʆɿɼʋʐʅʓʍ ʉʋɼʆɺ ɺ ʈɽʉʇʋɹʃʀʂɽ 
ʂɸɿɸʍʉʊɸʅ 
ʅʘʜʝʞʜʘ ɼʦʣʞʝʥʢʦééééééééééééééééééééééééééé..46-54 

 

ʃʆɻʀʉʊʀʂɸ ʅɸ ʊʈɸʅʉʇʆʈʊɽ, ʆʈɻɸʅʀɿɸʎʀʗ ʇɽʈɽɺʆɿʆʂ 

¶ ɹʃʆʂʏɽʁʅ ʀ ʎʀʌʈʆɺʀɿɸʎʀʗ ʃʆɻʀʉʊʀʂʀ: ʇɽʈʉʇɽʂʊʀɺʓ 
ɺʅɽɼʈɽʅʀʗ ʀ ʄɽɾɼʋʅɸʈʆɼʅʓʁ ʆʇʓʊ 
 ʘʟʠʟʘ ɾʫʤʘʪʘʝʚʘ, ɾʫʤʘʞʘʥ ɾʘʥʙʠʨʦʚ, ɿʫʭʨʘ ɹʠʪʠʣʝʫʦʚʘéééééééééé...55-65נ

¶ ʌɸʂʊʆʈʅʓʁ ɸʅɸʃʀɿ ɺʆɿʄʆɾʅʆʉʊɽʁ ʈɸɿɺʀʊʀʗ ʃʆɻʀʉʊʀʏɽʉʂʀʍ 
ʂʆʄʇʃɽʂʉʆɺ ɺ ʂɸɿɸʍʉʊɸʅɽ 
ɻʘʣʳʤʞʘʥ ɾʘʥʙʠʨʦʚ, ʉʝʨʠʢ ɸʙʠʙʫʣʣʘʝʚ, ɾʘʢʩʳʛʫʣ Cʘʨʳʙʘʝʚʘéééééééé..66-75 

 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ, ʊɽʃɽʄɽʍɸʅʀʂɸ, ʉɺʗɿʔ, ʂʆʄʇʔʖʊɽʈʅʓɽ ʅɸʋʂʀ 

¶ ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʆʇʊʀʄʀɿɸʎʀʀ ʈɸʉʇʀʉɸʅʀʗ ɼɺʀɾɽʅʀʗ 
ɻʆʈʆɼʉʂʆɻʆ ʇɸʉʉɸɾʀʈʉʂʆɻʆ ʊʈɸʅʉʇʆʈʊɸ ʉ ʋʏɽʊʆʄ 
ɼʋɹʃʀʈʋɽʄʆʉʊʀ ʄɸʈʐʈʋʊʆɺ ʀʄʀʊɸʎʀʆʅʅʓʄ 
ʄʆɼɽʃʀʈʆɺɸʅʀɽʄ 
ʉʘʣʪʘʥʘʪ ɸʤʠʨʛʘʣʠʝʚʘ, ʉʝʨʛʝʡ ɸʟʝʤʰʘ, ɼʠʥʘʨʘ ʂʘʩʳʤʦʚʘ, ʀʨʠʥʘ ʂʨʘʚʯʝʥʷééé.76-87 

¶ ʈɸɿʈɸɹʆʊʂɸ ʄʆɼʋʃʗ ʇʈʀɽʄɸ ʀ ʆɹʈɸɹʆʊʂʀ ʈɸɼʀʆʉʀɻʅɸʃʆɺ ɻʅʉʉ 
ʅɸ ʆʉʅʆɺɽ ʊɽʍʅʆʃʆɻʀʀ SDR 
ʅʫʨʣʘʥ ɹʦʛʫʩʧʘʝʚ, ɼʘʫʣʝʪ ɸʭʤʝʜʦʚ, ʐʘʤʩʠʛʫʣʴ ʂʦʙʜʠʢʦʚʘ, ɽʚʛʝʥʠʡ ʉʘʚʝʣʴʝʚéé.88-95 

¶ ʇʈʀʄɽʅɽʅʀɽ ɸʅɸʃʀɿɸ ɾʋʈʅɸʃʆɺ ɼʃʗ ɺʓʗɺʃɽʅʀʗ DOS-ɸʊɸʂ ʀ 
ʆʇʈɽɼɽʃɽʅʀʗ ʇʆɺɽɼɽʅʀʗ ʇʆʃʔɿʆɺɸʊɽʃɽʁ ɺ ʇʈʆʎɽʉʉɽ 
ʈɸɿʈɸɹʆʊʂʀ ʎʀʌʈʆɺʆɻʆ ɼɺʆʁʅʀʂɸ ʇʈɽɼʇʈʀʗʊʀʗ ʇʀʑɽɺʆʁ 
ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 
ʉʘʣʪʘʥʘʪ ɸʜʠʣʞʘʥʦʚʘ, ɸʣʠʭʘʥ ʀʛʠʣʴʤʘʥʦʚ, ɻʫʣʴʥʫʨ ʊʶʣʝʧʙʝʨʜʠʥʦʚʘ,                                       
ɸʣʠʥʘ ʉʘʣʤʘʥʦʚʘ, ɻʫʣʴʰʘʪ ɸʤʠʨʭʘʥʦʚʘéééééééééééééééééé96-107 

¶ ʕʃɽʄɽʅʊʓ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ɺ ɸɺʊʆʄʆɹʀʃʔʅʓʍ 
ɹɽʉʇʈʆɺʆɼʅʓʍ ʉɽʊʗʍ 
ʄʘʥʘʪ ʀʤʘʥʢʫʣ, ɾʘʥʘʪ ʄʘʥʙʝʪʦʚʘ, ɸʩʝʣʴ ɽʨʞʘʥ, ɸʣʴʤʠʨʘ ʄʫʭʘʤʝʜʞʘʥʦʚʘéé.108-120 

¶ ʄɽʊʆɼʓ ʀ ɸʃɻʆʈʀʊʄʓ ʈɸɿʈɸɹʆʊʂʀ ʉʀʉʊɽʄʓ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ 
ʋʈʆɾɸʁʅʆʉʊʀ ʉɽʃʔʍʆɿʂʋʃʔʊʋʈ ɺ ʊɽʇʃʀʏʅʆʄ ʂʆʄʇʃɽʂʉɽ 
ɻʫʣʴʞʘʥ ʋʩʢʝʥʙʘʝʚʘ, ɽʨʙʦʣ ʆʩʧʘʥʦʚ, ɸʣʠʷ ʐʫʢʠʨʦʚʘ, ʅʫʨʩʫʣʪʘʥ ʃʘʡʳʢʦʚ,                  
ɼʠʣʴʥʫʨ ʍʘʢʠʤʞʘʥʦʚééééééééééééééééééééééééé..121-133 
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¶ ʈɸɿʈɸɹʆʊʂɸ ʀ ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʊɽʉʊʀʈʆɺɸʅʀʗ 
ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʆɻʆ ʕʂɿʆʉʂɽʃɽʊɸ ɼʃʗ ʈɽɸɹʀʃʀʊɸʎʀʀ 

ɻʆʃɽʅʆʉʊʆʇʅʆɻʆ ʉʋʉʊɸɺɸ 

ɼʠʥʘʨʘ ʉʝʡʩʝʥʦʚʘ, ʅײʨʩײʣʪʘʥ ɾʝʪʝʥʙʘʝʚ, ʄʝʡʨʘʤʙʝʢ ɾʫʤʘʛʫʣʦʚ, ɼʠʘʥʘ ʆʨʘʟ,                 

ʉʘʤסʘʨ ʄʘʜʠʭʦʚééééééééééééééééééééééééééé...134-146 

¶ ʈɸɿʈɸɹʆʊʂɸ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʁ ʉʀʉʊɽʄʓ 
ʋʇʈɸɺʃɽʅʀʗ ɻʈʋɿʆɺʓʄʀ ʇʆʊʆʂɸʄʀ 

ʉʚʝʪʣʘʥʘ ʍʘʥ, ɾʘʥʥʘ ʊʣʝʫʙʘʝʚʘ, ʀʣʴʷ ʃʘʫʭʠʥ, ɻʫʣʞʘʥ ʂʘʣʘʤʙʘʝʚʘéééééé147-154 

¶ ɸʅɸʃʀɿ ʇʈɸʂʊʀʏɽʉʂʆɻʆ ʇʈʀʄɽʅɽʅʀʗ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ ɼʃʗ 
ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʈʋʂʆʇʀʉʅʆɻʆ ʊɽʂʉʊɸ 

ʀʣʴʷʩ ɽʩʝʥʛʘʙʳʣʦʚ, ɸʡʛʫʣʴ ɸʣʜʘʙʝʨʛʝʥʦʚʘ, ɸʩʝʣʴ ʆʨʘʟʙʘʝʚʘ,                                               

ɸʡʞʘʥ ɸʜʘʤʙʝʢʦʚʘ, ɻʘʣʳʤʙʝʢ ɾʘʧʩʘʨʙʘʝʚéééééééééééééééé..155-161 

¶ ɿɸɼɸʏʀ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʄʀ ʇʈʆʎɽʉʉɸʄʀ ʅɸ ʄɽɼɽʇʃɸɺʀʃʔʅʆʄ ɿɸɺʆɼɽ 

ʐʘʤʠʣʴ ʂʦʰʠʤʙʘʝʚ, ɻʫʣʴʤʠʨʘ ɹʘʷʥʜʠʥʘ, פʘʥʠʙʝʢ ʉʘʥʩʳʟʙʘʡéééééééé.162-169 

¶ ɸʅɸʃʀɿ ʋʗɿɺʀʄʆʉʊɽʁ ɸʋʊɽʅʊʀʌʀʂɸʎʀʀ ʀ ʊɽʉʊʀʈʆɺɸʅʀɽ 

ʄɽʍɸʅʀɿʄʆɺ ɿɸʑʀʊʓ ɼɸʅʅʓʍ ɺ ɺɽɹ-ʇʈʀʃʆɾɽʅʀʗʍ 

ɸʩʝʪ ʊʫʨʢʤʝʥʙʘʝʚ, ʕʣʴʤʠʨʘ ɸʙʜʳʢʝʨʠʤʦʚʘ, ɻʫʣʘʰ ʂʦʱʘʥʦʚʘ, ʈʘʭʘʪ ʐʫʘʢʙʘʝʚʘ,               

ɻʫʣʩʠʷ ʋʚʘʣʠʝʚʘééééééééééééééééééééééééééé...170-181 

¶ ʇʈɸʂʊʀʏɽʉʂʀʁ ʇʆɼʍʆɼ ʂ ʀʉʇʆʃʔɿʆɺɸʅʀʖ 
ʉʇɽʎʀɸʃʀɿʀʈʆɺɸʅʅʓʍ ʀʅʉʊʈʋʄɽʅʊʆɺ ɼʃʗ ɸʅɸʃʀɿɸ ʀ 

ʋʇʈɸɺʃɽʅʀʗ ʎʀʌʈʆɺʓʄʀ ɼɸʅʅʓʄʀ 

ʕʣʴʤʠʨʘ ɸʙʜʳʢʝʨʠʤʦʚʘ; ɸʩʝʪ ʊʫʨʢʤʝʥʙʘʝʚ; ɻʫʣʘʰ ʂʦʱʘʥʦʚʘ,                                                 

ʄʘʡʨʘ ʂʦʰʘʥʦʚʘ, ɸץʪʦʣץʳʥ ʉʘסʳʥʙʘʡééééééééé.ééééééééé182-191 

¶ ʊɽʉʊʀʈʆɺɸʅʀɽ ʀ ʆʎɽʅʂɸ ʈɸɼʀʆʏɸʉʊʆʊʅʆʁ 
ʇʆʄɽʍʆʋʉʊʆʁʏʀɺʆʉʊʀ ɹɽʉʇʀʃʆʊʅʓʍ ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ 

ɼʃʗ ʆʉʄʆʊʈɸ ʄʆʉʊʆɺ 

ɼʘʫʣʝʪ ʀʣʴʷʩ, ɸʙʜʫʤʝʞʠʪ ɼʘʨʘʝʚ, ɽʨʣʘʥ ʊʘʰʪʘʡ, ɻʫʣʴʞʘʥ ʂʘʰʘʛʘʥʦʚʘéééé.192-204 

¶ ʇʆʈʊɸʊʀɺʅʆɽ ɹɽʉʇʈʆɺʆɼʅʆɽ ɿɸʈʗɼʅʆɽ ʋʉʊʈʆʁʉʊɺʆ ʉ 
ʋɺɽʃʀʏɽʅʅʓʄ ʈɸɼʀʋʉʆʄ ɼɽʁʉʊɺʀʗ ɼʃʗ ʉʄɸʈʊʌʆʅʆɺ 

ʂʫʣʴʞʘʥ ʊʦʛʞʘʥʦʚʘ, ɸʷʛʦʟ ʀʤʘʥʩʘʢʠʧʦʚʘ, ɾʘʥʩʘʷ ʇʦʣʘʪʦʚʘ, ɸʡʥʫʨ ʊʦʣʝʫʰʦʚʘ,               

ɸʡʞʘʥ ɸʜʠʣʴʙʝʢʦʚʘéééééééééééééééééééééééééé.205-212 

¶ ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʇʈʆʎɽʉʉʆʄ 
ʇʈʀɻʆʊʆɺʃɽʅʀʗ ʊɽʉʊɸ ɺ ʍʃɽɹʆʇɽʂɸʈʅʆʄ ʇʈʆʀɿɺʆɼʉʊɺɽ 

ɸʡʤʘʥ פʦʞʘʙʘʝʚʘ, ʂʫʣʴʞʘʥ ʊʦʛʞʘʥʦʚʘ, ɸʡʥʫʨ ʆʨʤʘʥʙʝʢʦʚʘ, ʅײʨʞʘʥ ɾײʤʘʭʘʥ...213-221 

¶ ɿʅɸʏɽʅʀɽ ʀ ʆʉʆɹɽʅʅʆʉʊʀ ɼɸʊʏʀʂʆɺ ʀ ʊɽʍʅʆʃʆɻʀʁ IOT, 
ʀʉʇʆʃʔɿʋɽʄʓʍ ɺ ʇʈʆʀɿɺʆɼʉʊɺɽ ɹʀʆʄɸʉʉʓ 

ɽʨʞʘʥ ʀʣʴʷʩʦʚ, ɻʫʣʴʞʘʥ ʂʘʰʘʛʘʥʦʚʘ, Waldemar Wojcik, ɹʝʡʙʫʪ ɸʤʠʨʛʘʣʠʝʚéé222-233 

¶ ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʊʆɼʀʂ ʆʎɽʅʀɺɸʅʀʗ ɼɽʉʊʈʋʂʊʀɺʅʆɻʆ 
ʄɸʅʀʇʋʃʗʊʀɺʅʆɻʆ ɺʆɿɼɽʁʉʊɺʀʗ ʅɸ ʇʆʃʔɿʆɺɸʊɽʃɽʁ ɺ 

ʉʆʎʀɸʃʔʅʓʍ ʉɽʊʗʍ 

ɾʫʣʜʳʟ ɸʣʠʤʩʝʠʪʦʚʘ, ɸʟʘʤʘʪ ɹʘʢʧʦʢʧʘʝʚéééééééééééééééé...234-245 

¶ ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ ɼʃʗ 
ʈɸʉʇʆɿʅɸʅʀʗ ʆɹʒɽʂʊʆɺ ʅɸ ʆʉʅʆɺɽ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

ɸʡʛʫʣʠʤ ɹʘʝʛʠʟʦʚʘ, ɸʡʥʫʨ ɼʞʫʤʘʛʘʣʠʝʚʘ, ɺʝʥʝʨʘ ʈʳʩʪʳʛʫʣʦʚʘ,                                               

ɻʘʣʠʷ ʄʫʭʘʤʝʜʨʘʭʠʤʦʚʘ, ɾʘʥʘʨ ʃʘʤʘʰʝʚʘéééééééééééééééé.246-259 

¶ ɸʅɸʃʀɿ ʆʎɽʅʀɺɸʅʀʗ ʈɸɼʀʆʂɸʅɸʃɸ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʄʅʆɻʆʇʆʈʆɻʆɺʆɻʆ ɼɽʂʆɼʀʈʆɺɸʅʀʗ ʇʈʀ ʅɸʃʀʏʀʀ ɿɸʄʀʈɸʅʀʁ 

ɾײʣʜʳʟ ʉʘʡʣʘʫץʳʟʳ, ɿʘʨʠʥʘ ʍʘʩʝʥʦʚʘ, ʕʣʴʜʦʨ ʕʛʘʤʙʝʨʜʠʝʚéééééééé...260-268 
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¶ ʆɹɿʆʈ ʉʋʑɽʉʊɺʋʖʑʀʍ ʇɽʈɽɼʆɺʓʍ ʀʅʅʆɺɸʎʀʆʅʅʓʍ 

ʊɽʍʅʆʃʆɻʀʁ ʇʆ ʈɸɿʈɸɹʆʊʂɽ ʉʈɽɼʉʊɺ ɿɸʑʀʑɽʅʅʆʁ ʄʆɹʀʃʔʅʆʁ 

ʉɺʗɿʀ, ʂʈʀʇʊʆ ʉʄɸʈʊʌʆʅʆɺ ʀ ɿɸʑʀʑɽʅʅʓʍ ʄʆɹʀʃʔʅʓʍ 

ʇʈʀʃʆɾɽʅʀʁ 

ɸʡʛʫʣʴ ʐʘʡʭʘʥʦʚʘ, ɼʘʥʘ ʊʶʣʝʤʠʩʦʚʘ, ɽʨʥʘʪ ɸʪʘʥʙʘʝʚ, ʂʘʤʠʣʴ ɸʷʧʙʝʨʛʝʥʦʚé...269-280 

¶ ʈɸɿʈɸɹʆʊʂɸ ʌʀʊʅɽʉ-ʇʈʀʃʆɾɽʅʀʗ ɼʃʗ ANDROID ʇʆ ʋʃʋʏʐɽʅʀʖ 

ʌʀɿʀʏɽʉʂʆɻʆ ɿɼʆʈʆɺʔʗ ʀ ʉʊʀʃʗ ɾʀɿʅʀ 

ʀʥʜʠʨʘ ɹʫʢʝʥʦʚʘ, ɻʘʥʠ ɹʫʢʝʥʦʚ, ɺʝʥʝʨʘ ʂʝʨʠʤʙʘʝʚʘ, ʅʠʢʠʪʘ ʏʫʨʠʥééééé...281-289 

¶ ɺʆʇʈʆʉʓ ʇʈʀʄɽʅɽʅʀʗ ʉʄɸʈʊ-ʂʆʅʊʈɸʂʊʆɺ ʉ ʇʆɼɼɽʈɾʂʆʁ 

ɹʃʆʂʏɽʁʅɸ ɼʃʗ ʉʀʉʊɽʄ ʕʃɽʂʊʈʆʅʅʆɻʆ ɻʆʃʆʉʆɺɸʅʀʗ 

ɾʘʜʳʨʘ ɸʙʠʪʭʘʥʦʚʘ, ɾʫʣʜʳʟ ɸʣʠʤʩʝʠʪʦʚʘéééééééééééééééé.290-298 

¶ IoT ʊɽʍʅʆʃʆɻʀʀ ɺ ʉʀʉʊɽʄɸʍ ʄʆʅʀʊʆʈʀʅɻɸ ʄʀʂʈʆʂʃʀʄɸʊɸ 
ʇʆʄɽʑɽʅʀʁ 

ʉʫʣʪʘʥ ʊʘʙʠʝʚ, ɸʩʬʘʥʜʠʷʨ ʆʨʳʥʙʘʡééééééééééééééééééé299-307 

¶ ɸʅɸʃʀɿ ɿʅɸʏʀʄʆʉʊʀ ɺʓʉʆʂʆɻʆ ʇʆʂɸɿɸʊɽʃʗ ʆʐʀɹʆʂ 

ʄʆɼʋʃʗʎʀʀ MER ɺ ʉʊɸʅɼɸʈʊɽ DVB-T2 

ɸʡʛʫʣʴ ʂʫʣʘʢʘʝʚʘ, ɾʘʜʳʨʘ ʆʥʛʝʥʙʘʝʚʘ, ɹʘʛʜʘʪ ʂʦʞʘʭʤʝʪʦʚʘéééééééé...308-316 

¶ ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʉɽʊɽɺʆɻʆ ʊʈɸʌʀʂɸ 

ɸʡʞʘʥ ɸʜʠʣʴʙʝʢʦʚʘ, ɸʡʥʫʨ ʊʦʣʝʫʰʦʚʘ, ɺʝʥʝʨʘ ʂʝʨʠʤʙʘʝʚʘ,                                                 

ʉʳʨʳʤ ʉʝʡʜʘʟʠʤʦʚ, ɼʠʥʘʨʘ ʋʡʧʘʣʘʢʦʚʘééééééééééééééééé..317-326 

¶ ʇʆʉʊʈʆɽʅʀɽ ʅɽʏɽʊʂʆʁ ʄʆɼɽʃʀ ɼʃʗ ʆʎɽʅʂʀ ʋʉʇɽɺɸɽʄʆʉʊʀ 

ʆɹʋʏɸʖʑʀʍʉʗ 

ɻʫʣʴʜʘʥʘ ɸʭʤʝʜʠ, ʐʦʣʧʘʥ ɹʘʡʤʘʪʘʝʚʘ, ʄʘʢʩʘʪ ɹʠʣʠʤʞʘʥʫʣʳéééééééé.327-335 

¶ ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ ʆʎɽʅʂʀ ɺʃʀʗʅʀʗ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ 
ʇʆʂɸɿɸʊɽʃʀ ʂɸʏɽʉʊɺɸ ɺʆɼʓ 

ʃʘʰʠʥ ɹʘʟʘʨʙʘʡ, ɽʣʴʜʦʩ ɸʣʪʘʡ, ʂʘʩʳʤʙʝʢ ʆʞʠʢʝʥʦʚ, ʄײʩʘ ʊײʨʜʘʣʳײʣʳ,                             

ʆʨʢʝʥ ʄʘʤʳʨʙʘʝʚééééééééééééééééééééééééééé336-345 

¶ ʈɸɿʈɹʆʊʂɸ ʄʆɼɽʃʀ ɸʅʉɸʄɹʃɽɻʆ ʆɹʋʏɽʅʀʗ ɼʃʗ 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʇʆɼʍʆɼʗʑʀʍ ʂʋʃʔʊʋʈ ɼʃʗ ʇʆʉɽɺɸ 

ʅʫʨʞʘʥ ʄʫʢʘʞʘʥʦʚ, ɾʠʙʝʢ ɸʣʠʙʠʝʚʘ, ʃʷʡʣʷ ʏʝʨʠʢʙʘʝʚʘ, ɸʨʘʡ ʂʘʩʝʥʭʘʥ,                       

ɸʡʛʝʨʠʤ ɽʨʠʤʙʝʪʦʚʘééééééééééééééééééééééééé...346-358 

¶ ɺʅɽɼʈɽʅʀɽ UST ɺ ʂɸʏɽʉʊɺɽ ɸʃʔʊɽʈʅɸʊʀɺʓ ʊʈɸɼʀʎʀʆʅʅʓʄ 
ʅɸɿɽʄʅʓʄ ʊʈɸʅʉʇʆʈʊʅʓʄ ʉʀʉʊɽʄɸʄ 

ɸʥʘʪʦʣʠʡ ʖʥʠʮʢʠʡ, ʄʠʭʘʠʣ ʎʳʨʣʠʥ, ɼʤʠʪʨʠʡ ɹʦʯʢʘʨʸʚ, ɽʚʛʝʥʠʡ ʂʘʣʠʥ,                            

 ʘʥʠʙʝʢ ʉʘʥʩʳʟʙʘʡéééééééééééééééééééééééééé..359-370פ

¶ ʂʈʀʇʊʆɻʈɸʌʀʏɽʉʂʀɽ S-ɹʃʆʂʀ ʀ ʀʍ ʉɺʆʁʉʊɺɸ 

ɸʨʜʘʙʝʢ ʍʦʤʧʳʰ, ʅʫʨʩʫʣʫ ʂʘʧʘʣʦʚʘ, ʂʫʥʙʦʣʘʪ ɸʣʛʘʟʳ, ʉʘʫʣʝ ʅʳʩʘʥʙʘʝʚʘéé..371-380 

¶ ʆʉʆɹɽʅʅʆʉʊʀ ʉʆɿɼɸʅʀʗ ʕʃɽʂʊʈʆʅʅʆɻʆ ʆɹʋʏɸʖʑɽɻʆ 
ʂʆʄʇʃɽʂʉɸ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʇʃɸʊʌʆʈʄʓ NI ELVIS III ʀ 

ʂɺɸʅʊʆɺʓʍ ʄɽʍɸʊʈʆʅʅʓʍ ɼɸʊʏʀʂʆɺ 

ʐʦʣʧʘʥ ʉʘʛʳʥʜʳʢʦʚʘ , ɻװʣʤʠʨʘ ɹᴅʟʽʣ, ɸʩʳʣʞʘʥ ɸʤʘʣʙʝʢéééééééééé381-392 

¶ ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ ɼʃʗ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ɼʆʂʋʄɽʅʊɸ (ʅɸ 
ʇʈʀʄɽʈɽ ʇɸʉʇʆʈʊʆɺ) 

ɻʫʣʴʥʘʨʘ ɹʝʢʪʝʤʳʩʦʚʘ, ɸʭʤʝʨ ɽʨʘʩʳʣ, ɸʡʜʦʩ ʉʘʙʜʝʥʦʚ, ɻʫʣʴʥʘʟ ɹʘʢʠʨʦʚʘéé...393-401 

¶ ʉʈɸɺʅɽʅʀɽ ʆɼʀʅʆʏʅʓʍ ʀ ɻʀɹʈʀɼʅʓʍ ʄʆɼɽʃɽʁ ʅɽʁʈʆʉɽʊɽʁ ɼʃʗ 
ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʎɽʅ ɸʂʎʀʁ 

ʉʘʤʘʪ ʄʫʭʘʥʦʚ, ʉʘʣʪʘʥʘʪ ɸʤʠʨʛʘʣʠʝʚʘ, ɼʘʨʳʥ ɸʤʨʠʥ, ʉʳʨʳʤ ɾʘʢʳʧʙʝʢʦʚ,                      

ɹʝʡʙʫʪ ɸʤʠʨʛʘʣʠʝʚéééééééééééééééééééééééééé..402-418 

https://vestnik.alt.edu.kz/index.php/journal/article/view/2286
https://vestnik.alt.edu.kz/index.php/journal/article/view/2286
https://vestnik.alt.edu.kz/index.php/journal/article/view/2286
https://vestnik.alt.edu.kz/index.php/journal/article/view/2286
https://vestnik.alt.edu.kz/index.php/journal/article/view/1978
https://vestnik.alt.edu.kz/index.php/journal/article/view/1978
https://vestnik.alt.edu.kz/index.php/journal/article/view/2084
https://vestnik.alt.edu.kz/index.php/journal/article/view/2084
https://vestnik.alt.edu.kz/index.php/journal/article/view/2110
https://vestnik.alt.edu.kz/index.php/journal/article/view/2110
https://vestnik.alt.edu.kz/index.php/journal/article/view/2114
https://vestnik.alt.edu.kz/index.php/journal/article/view/2114
https://vestnik.alt.edu.kz/index.php/journal/article/view/1650
https://vestnik.alt.edu.kz/index.php/journal/article/view/2149
https://vestnik.alt.edu.kz/index.php/journal/article/view/2149
https://vestnik.alt.edu.kz/index.php/journal/article/view/2180
https://vestnik.alt.edu.kz/index.php/journal/article/view/2180
https://vestnik.alt.edu.kz/index.php/journal/article/view/2215
https://vestnik.alt.edu.kz/index.php/journal/article/view/2215
https://vestnik.alt.edu.kz/index.php/journal/article/view/2224
https://vestnik.alt.edu.kz/index.php/journal/article/view/2224
https://vestnik.alt.edu.kz/index.php/journal/article/view/2263
https://vestnik.alt.edu.kz/index.php/journal/article/view/2283
https://vestnik.alt.edu.kz/index.php/journal/article/view/2283
https://vestnik.alt.edu.kz/index.php/journal/article/view/2283
https://vestnik.alt.edu.kz/index.php/journal/article/view/2303
https://vestnik.alt.edu.kz/index.php/journal/article/view/2303
https://vestnik.alt.edu.kz/index.php/journal/article/view/2627
https://vestnik.alt.edu.kz/index.php/journal/article/view/2627


ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 1 (136), 2025             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 1 (136), 2025                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

15 

¶ ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʆʇʈɽɼɽʃɽʅʀɽ ʏʋɺʉʊɺʀʊɽʃʔʅʆʉʊʀ ʂ 
ʈɸʉʊʗɾɽʅʀʖ ʀɿɻʆʊʆɺʃɽʅʅʓʍ ɹʈʕɻɻʆɺʉʂʀʍ ʈɽʐɽʊʆʂ 

ɸʣʠʷ ʂʘʣʠʞʘʥʦʚʘ, ɸʡʥʫʨ ʂʦʟʙʘʢʦʚʘ, ʄʫʨʘʪ ʂʫʥʝʣʙʘʝʚ, ɻʫʣʴʥʘʟ ʅʘʙʠʝʚʘ,                             

ʊʠʤʫʨ ʂʘʨʪʙʘʝʚéééééééééééééééééééééééééééé419-428 

 

ʕʅɽʈɻɽʊʀʂɸ 

¶ ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʈɸɿʈɸɹʆʊʂɸ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʍ ʉʀʉʊɽʄ 
ʋʇʈɸɺʃɽʅʀʗ ʕʅɽʈɻʆʇʆʊʈɽɹʃɽʅʀɽʄ ʅɸ ʇʈʆʄʓʐʃɽʅʅʓʍ 

ʇʈɽɼʇʈʀʗʊʀʗʍ 

ɸʨʤʘʥ ʍʫʥʘʥʙʘʡ, ɼʘʤʝʣʷ ɽʩʢʝʥʜʠʨʦʚʘ, ɸʡʥʫʨ ʈʘʩʤʫʭʘʤʝʪʦʚʘ,                                            

ʂʘʨʣʳʛʘʰ ʆʣʞʘʙʘʝʚʘ, ʃʷʟʟʘʪ ʉʫʣʪʘʥʦʚʘéééééééééééééééé..é429-440 

¶ ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʉʋʐʂʀ ʊɺɽʈɼʆʁ ʀɿʆʃʗʎʀʀ ɺ 

ʉʀʃʆɺʓʍ ʊʈɸʅʉʌʆʈʄɸʊʆʈɸʍ 

ɽʨʥʘʨ ᴄʤʠʪʦʚ, ɸʜʠʣʙʝʢ ʊʘʞʠʙʘʝʚ , ɼʠʘʩ ɼʶʩʝʥסʘʣʠʝʚ, ɻװʣʥײʨ ʅʦסʘʡʙʝʢʦʚʘéé441-451 

¶ ʆʇʊʀʄʀɿɸʎʀʗ ʋʉʊʈʆʁʉʊɺ ɿɸʑʀʊʓ ʇʈʀ ʂʆʈʆʊʂʀʍ ɿɸʄʓʂɸʅʀʗʍ 
ʅɸ ʃʀʅʀʀ 

ɻʫʣʴʤʠʨʘ ʉʘʭʤʝʪʦʚʘ, ʈʘʡʭʘʥ ʐʠʥʠʙʝʢʦʚʘ, ʂʦʨʣʘʥ ʂʦʨʘʙʘʝʚʘ,                                  

 ʘʟʳʥʘ ɼʞʫʤʘʛʫʣʦʚʘééééééééééééééééééééééééé...452-459פ

¶ ʉʆɺʈɽʄɽʅʅʓɽ ʈɽʐɽʅʀʗ ɼʃʗ ʇʆɺʓʐɽʅʀʗ 

ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ: ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɸʕʈʆɻɽʃɽʁ ʀ 

ʊʈɸɼʀʎʀʆʅʅʓʍ ʀɿʆʃʗʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ɻʫʣʴʤʠʨʘ ᴄʢʽʤʙʝʢ, ʄʘʢʩʠʤ ʂʦʨʦʙʢʦʚ, ɻʘʫʭʘʨ ʊʝʤʠʨʦʚʘ, ɾʘʥʠʙʝʢ ʀʩʘʙʝʢʦʚ;                    

ɻʫʣʴʯʘʪ ɽʩʞʘʥʦʚʘééééééééééééééééééééééééééé.460-469 

¶ ʈɸɿʈɸɹʆʊʂɸ ʀ ɺʅɽɼʈɽʅʀɽ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʍ ʉʀʉʊɽʄ ɼʃʗ 
ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ ʀʉʊʆʏʅʀʂʆɺ ʕʅɽʈɻʀʀ 

ɸʡʥʫʨ ʆʨʤʘʥʙʝʢʦʚʘ, ɸʨʤʘʥ ʍʫʥʘʥʙʘʡ, ɸʡʥʫʨ ʈʘʩʤʫʭʘʤʝʪʦʚʘ,                                        

ʂʘʨʣʳʛʘʰ ʆʣʞʘʙʘʝʚʘ, ʃʷʟʟʘʪ ʉʫʣʪʘʥʦʚʘééééééééééééééééé..470-482 

¶ ʈɸɿʈɸɹʆʊʂɸ ʀ ɸʅɸʃʀɿ ʎʀʌʈʆɺʆʁ ʄʆɼɽʃʀ ʋʇʈɸɺʃɽʅʀʗ 
ʕʃɽʂʊʈʆʇʈʀɺʆɼʆʄ ʆɿʆʅɸʊʆʈɸ ETRO-03 ʅɸ ʆʉʅʆɺɽ 

ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʂʆʈʆʅʅʆɻʆ ʈɸɿʈʗɼɸ 

ɸʩץʘʨ ɸʙʜʳʢʘʜʳʨʦʚ, ʉסשײʘʪ ʄʘʨʢʩײʣʳ, ʉʝʡʜʫʣʣʘ ɸʙʜʫʣʣʘʝʚ, ʄʘץʩʘʪ ɸʙʘʪʦʚ,                       

ɼʠʥʘ ʕʨʤʘʥʦʚʘéééééééééééééééééééééééééééé.483-491 

¶ ʀʅɾɽʅɽʈʅʓʁ ɸʅɸʃʀɿ ʂʆʅʉʊʈʋʂʊʀɺʅʓʍ ʕʃɽʄɽʅʊʆɺ 
ɺɽʊʈʆʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ʋʉʊɸʅʆɺʂʀ ʄɸʃʆʁ ʄʆʑʅʆʉʊʀ 

ʂʘʣʠʞʘʥ ʐʘʢʝʥʦʚ, ɸʤʘʥʛʝʣʴʜʳ ɹʝʢʙʘʝʚ, ɽʨʣʘʥ ʉʘʨʩʝʥʙʘʝʚ, ɽʨʢʠʥ ʍʠʜʦʣʜʘ,                      

ɾʘʥʥʘʪ ɹʝʢʙʦʣʘʪʦʚʘéééééééééééééééééééééééééé492-501 

¶ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ɼɺʀɻɸʊɽʃʗ, ʆʉʅɸʑɽʅʅʆɻʆ 
ʅɸʈʋɾʅʓʄ ʆʊʆʇʃɽʅʀɽʄ 

ɽʨʤʝʢ ʉʘʨʩʠʢʝʝʚ, ɸʣʠ ʄʝʭʪʠʝʚ, ʇʝʨʠʟʘʪ ʄʘʜʠ, ɸʨʳʩʪʘʥʙʝʢ ɸʥʩʘʧʦʚ,                                      

ɼʝʥʠʩ ɼʦʣʠʥééééééééééééééééééééééééé...ééé..502-515 

¶ ʉʈɽɼʉʊɺɸ ʂʆʅʊʈʆʃʗ ʊɽʄʇɽʈɸʊʋʈʓ ʂʆʅʊɸʂʊʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ɺ 
ʕʅɽʈɻɽʊʀʏɽʉʂʆʄ ʆɹʆʈʋɼʆɺɸʅʀʀ ʅɸʇʈʗɾɽʅʀɽʄ ʆʊ 0,4 ɼʆ 35 

ʂʀʃʆɺʆʃʔʊ 

ʀʚʘʥ ɹʦʥʜʘʨʴ, ɺʣʘʜʠʩʣʘʚ ʉʝʜʳʰʝʚ, ɻװʣʤʠʨʘ ɹʠʭʦʞʘʝʚʘ, ɹʘʡʜʫʣʣʘ ʋʨʘʣʦʚ,                      

ɽʚʛʝʥʠʡ ʈʝʤʠʟʦʚééééééééééééééééééééééééééé..516-528 

¶ ɺʃʀʗʅʀɽ ʀʉʍʆɼʅʓʍ ɼɸʅʅʓʍ ʅɸ ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂʀɽ 

ʇʆʂɸɿɸʊɽʃʀ ɸʉʀʅʍʈʆʅʅʓʍ ɼɺʀɻɸʊɽʃɽʁ 

ɻʫʣʴʤʠʨʘ ʉʘʭʤʝʪʦʚʘ, ɹʘʡʜʫʣʘ ʋʨʘʣʦʚ, ʈʘʡʭʘʥ ʐʠʥʠʙʝʢʦʚʘééééééééé..529-537 
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ʕʂʆʃʆɻʀʗ ʀ ɹɽɿʆʇɸʉʅʆʉʊʔ ɾʀɿʅɽɼɽʗʊɽʃʔʅʆʉʊʀ 

¶ ʍʀʄʀʏɽʉʂʆɽ ʋʅʀʏʊʆɾɽʅʀɽ ɺɽʈɹʃʖɾɽʁ ʂʆʃʖʏʂʀ 
A.PSEUDALHAGI ʅɸ ɸɺʊʆɼʆʈʆɾʅʓʍ ʇʋʊʗʍ 

ɻʘʫʭʘʨ ʉʘʠʥʦʚʘ, ɸʣʪʳʥʙʝʢ ɸʙʩʝʠʪ, ɻʫʣʴʟʘʪ ɸʙʜʠʢʘʨʠʤ, ɻʘʣʳʤʞʘʥ ɸʰʠʨʙʘʝʚé..538-546 
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ʂᴆʃɯʂ, ʂᴆʃɯʂʊɯʂ ʀʅɾɽʅɽʈʀʗ 

TRANSPORT, TRANSPORT ENGINEERING  

ʊʈɸʅʉʇʆʈʊ, ʊʈɸʅʉʇʆʈʊʅɸʗ ʀʅɾɽʅɽʈʀʗ- 

 

ʋɼʂ 629.4.015      DOI 10.52167/1609-1817-2025-136-1-17-26 

 

ɾ.ʉ. ʄʫʩʘʝʚ, ɸ.ɸ. ʄᴅʣʽʢ, ʇ.ʊ. ɸʭʤʝʪʦʚʘ, ɸ.ʋ. ʋʪʝʧʦʚʘ, ʄ.ɾ. ʊʫʨʢʝʙʘʝʚ 

Mukhametzhan Tynyshbayev ALT University, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

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

 

ɼʀʅɸʄʀʂɸ ɻʈʋɿʆɺʓʍ ɺɸɻʆʅʆɺ ʉ ʈɸɿʃʀʏʅʓʄ ʉʆʉʊʆʗʅʀɽʄ ʊɽʃɽɾɽʂ 

ɺ ʂʈʀɺʓʍ ʋʏɸʉʊʂɸʍ ʇʋʊʀ 

 

ɸʥʥʦʪʘʮʠʷ. ʅʝʨʦʚʥʦʩʪʠ ʧʫʪʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʚʳʟʳʚʘʶʱʝʤ 

ʢʦʣʝʙʘʥʠʷ ʭʦʜʦʚʳʭ ʯʘʩʪʝʡ ʠ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ. ʆʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʣʝʞʝʢ ʠ ʠʭ 

ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ ʟʘʚʠʩʷʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʛʦʥʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʥʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ. ɺ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʥʝʨʦʚʥʦʩʪʠ ʧʫʪʠ 

ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʘʛʦʥʦʚ ʠ ʧʦʢʘʟʘʪʝʣʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʝʨʭʥʝʝ ʩʪʨʦʝʥʠʝ ʧʫʪʠ.   

ɼʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʘʛʦʥʦʚ ʥʘ ʪʝʣʝʞʢʘʭ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʘʛʦʥʦʚ ʥʘ ʪʝʣʝʞʢʘʭ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ ʚ ʪʝʭ ʞʝ 

ʫʟʣʘʭ. ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ ʩʦʯʝʪʘʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʚ ʧʣʘʥʝ ʧʨʠʚʦʜʠʪ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʚʳʰʝ 80 ʢʤ/ʯ ʢ 

ʜʘʣʴʥʝʡʰʝʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʨʘʤʥʳʭ ʩʠʣ ʫ ʪʝʣʝʞʝʢ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ; ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʘʟʦʨʘʭ ʠ ʠʟʥʦʩʘʭ ʚʝʣʠʯʠʥʳ ʩʠʣ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʦʩʥʦʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ 

ʧʫʪʠ ʠ ʫʣʫʯʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɻʨʫʟʦʚʦʡ ʚʘʛʦʥ, ʪʝʣʝʞʢʘ, ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ, ʥʝʨʦʚʥʦʩʪʠ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘʥʘʣʠʟ, 

ʨʝʢʦʤʝʥʜʘʮʠʠ. 

 

ɺʚʝʜʝʥʠʝ. 

ʅʝʨʦʚʥʦʩʪʠ ʧʫʪʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʘʚʝ. ɺ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ 

ʵʪʦ ʚʣʠʷʥʠʝ ʦʩʦʙʝʥʥʦ ʩʫʱʝʩʪʚʝʥʥʦ, ʧʦʩʢʦʣʴʢʫ ʢ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʥʝʨʦʚʥʦʩʪʷʤ ʜʦʙʘʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʭʦʞʜʝʥʠʝʤ ʢʨʠʚʦʡ. 

ʆʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʥʝʨʦʚʥʦʩʪʝʡ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʚʘʛʦʥʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: 

ʋʚʝʣʠʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ - ʥʝʨʦʚʥʦʩʪʠ ʧʫʪʠ ʚʳʟʳʚʘʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʚʘʛʦʥ. ʕʪʠ ʩʠʣʳ ʧʨʠʚʦʜʷʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʠʟʥʦʩʘ ʢʦʣʝʩʥʳʭ ʧʘʨ ʠ ʵʣʝʤʝʥʪʦʚ ʧʦʜʚʝʩʢʠ, ʘ ʪʘʢʞʝ ʢ ʧʦʚʳʰʝʥʥʳʤ 

ʥʘʛʨʫʟʢʘʤ ʥʘ ʧʫʪʠ. 

ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʡ - ʚʠʙʨʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʥʝʨʦʚʥʦʩʪʝʡ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʢʦʤʬʦʨʪʥʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʦʚʨʝʞʜʝʥʠʶ ʛʨʫʟʦʚ ʠ ʫʭʫʜʰʝʥʠʶ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʣʦʢʦʤʦʪʠʚʥʦʡ ʙʨʠʛʘʜʳ. 

ʋʭʫʜʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ - ʚ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ ʥʝʨʦʚʥʦʩʪʠ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʘʛʦʥʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʠʣʠ 

ʥʝʠʩʧʨʘʚʥʦʩʪʷʭ ʭʦʜʦʚʳʭ ʯʘʩʪʝʡ. 
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ʋʚʝʣʠʯʝʥʠʝ ʠʟʥʦʩʘ ʧʫʪʠ - ʧʦʚʳʰʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʚʳʟʚʘʥʥʳʝ 

ʥʝʨʦʚʥʦʩʪʷʤʠ, ʫʩʢʦʨʷʶʪ ʠʟʥʦʩ ʨʝʣʴʩʦʚ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ. 

ɺʣʠʷʥʠʝ ʩʦʩʪʦʷʥʠʷ ʭʦʜʦʚʳʭ ʯʘʩʪʝʡ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ, ʪʘʢ ʢʘʢ ʩʦʩʪʦʷʥʠʝ ʭʦʜʦʚʳʭ ʯʘʩʪʝʡ ʚʘʛʦʥʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʨʝʘʢʮʠʶ 

ʥʘ ʥʝʨʦʚʥʦʩʪʠ ʧʫʪʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚʘʛʦʥʳ, ʠʤʝʶʱʠʝ ʧʨʝʜʝʣʴʥʳʡ 

ʠʟʥʦʩ ʢʦʣʝʩʥʳʭ ʧʘʨ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʠʟʥʦʩ ʢʦʣʝʩʥʳʭ ʧʘʨ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʜʠʫʩʘ 

ʢʨʠʚʠʟʥʳ ʧʨʦʬʠʣʷ ʢʦʣʝʩʘ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʩʮʝʧʣʝʥʠʝ ʩ ʨʝʣʴʩʦʤ ʠ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʠ 

ʠʟʥʦʩʘ ʧʫʪʠ. 

ʅʝ ʤʝʥʝʝ ʯʘʩʪʦ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʚʦʟʥʠʢʘʶʪ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʧʦʜʚʝʩʢʠ. ʅʝʠʩʧʨʘʚʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʧʦʜʚʝʩʢʠ (ʧʨʫʞʠʥ ʨʝʩʩʦʨʥʦʛʦ 

ʧʦʜʚʝʰʠʚʘʥʠʷ, ʢʣʠʥʦʚʳʭ ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ, ʠʟʥʦʩ ʙʫʢʩʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ) ʧʨʠʚʦʜʷʪ ʢ 

ʥʘʨʫʰʝʥʠʶ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʧʦʜʚʝʩʢʠ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʧʣʘʚʥʦʩʪʴ ʭʦʜʘ ʠ ʧʦʚʳʰʘʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚʘʛʦʥʘ ʢ ʥʝʨʦʚʥʦʩʪʷʤ ʧʫʪʠ. 

ʊʘʢ ʞʝ ʚ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʘʭ ʚʦʟʥʠʢʘʶʪ ʯʨʝʟʤʝʨʥʳʝ ʟʘʟʦʨʳ ʠ ʣʶʬʪʳ ʚ ʩʦʧʨʷʛʘʝʤʳʭ 

ʜʝʪʘʣʷʭ ʠ ʤʝʩʪʘʭ ʠʭ ʩʦʝʜʠʥʝʥʠʷ. ʃʶʬʪʳ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʵʣʝʤʝʥʪʦʚ ʭʦʜʦʚʳʭ ʯʘʩʪʝʡ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʠ ʚʠʙʨʘʮʠʡ. 

ʅʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʯʠʪʘʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʚʣʠʷʥʠʝ ʥʝʨʦʚʥʦʩʪʝʡ ʧʫʪʠ ʠ 

ʩʦʩʪʦʷʥʠʷ ʭʦʜʦʚʳʭ ʯʘʩʪʝʡ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ. ʉʦʯʝʪʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ (ʪʠʧ ʥʝʨʦʚʥʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʨʘʜʠʫʩ ʢʨʠʚʦʡ, ʩʦʩʪʦʷʥʠʝ ʧʫʪʠ, 

ʠʟʥʦʩ ʢʦʣʝʩʥʳʭ ʧʘʨ, ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʧʦʜʚʝʩʢʠ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʭʫʜʰʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʘʛʦʥʘ. 

  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʥʝʨʦʚʥʦʩʪʠ ʧʫʪʠ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʚʘʛʦʥʦʚ ʠ ʧʦʢʘʟʘʪʝʣʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʫʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʦʪʜʝʣʴʥʦ ʦʪ ʧʨʷʤʳʭ ʠ 

ʢʨʠʚʳʭ ʫʯʘʩʪʢʦʚ ʧʫʪʠ, ʫʯʠʪʳʚʘʷ ʧʨʠ ʵʪʦʤ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʧʨʷʤʳʤʠ ʠ ʢʨʠʚʳʤʠ 

ʫʯʘʩʪʢʘʤʠ ʧʫʪʠ ʢʘʢ ʥʦʚʦʛʦ, ʪʘʢ  ʠ ʠʤʝʶʱʝʛʦ ʠʟʥʦʩʳ ʭʦʜʦʚʳʭ ʯʘʩʪʝʡ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʥʝʨʦʚʥʦʩʪʠ ʚ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʚʘʛʦʥʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʯʝʥʳʤʠ ɺʅʀʀɾʊ [1]. 

ɺʳʙʦʨ ʚʠʜʘ ʥʝʨʦʚʥʦʩʪʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʨʷʤʳʭ 

ʫʯʘʩʪʢʘʭ ʧʫʪʠ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʦʣʫʚʘʛʦʥʳ ʥʘ ʪʝʣʝʞʢʘʭ ʩ 

ʥʦʤʠʥʘʣʴʥʳʤʠ ʠʟʥʦʩʘʤʠ ʠ ʟʘʟʦʨʘʤʠ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʘʛʦʥʦʚ ʥʘ ʪʝʣʝʞʢʘʭ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ ʩʨʘʚʥʠʚʘʣʠ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʘʛʦʥʦʚ ʥʘ ʪʝʣʝʞʢʘʭ ʩ 

ʥʦʤʠʥʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ ʚ ʪʝʭ ʞʝ ʫʟʣʘʭ. ɺʩʝ ʚʘʛʦʥʳ ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ ʜʦ ʧʦʣʥʦʡ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ; ʥʘʛʨʫʟʢʘ ʦʪ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʥʘ ʧʫʪʴ ʩʦʩʪʘʚʣʷʣʘ 22 ʪʩ. ʈʝʩʩʦʨʥʦʝ 

ʧʦʜʚʝʰʠʚʘʥʠʝ ʪʝʣʝʞʝʢ ʪʘʨʠʨʦʚʘʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, 

ʧʨʠʭʦʜʷʱʝʡʩʷ ʦʪ ʢʫʟʦʚʘ ʥʘ ʧʦʜʧʷʪʥʠʢ ʪʝʣʝʞʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʚʝʣʠʯʠʥʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʠʙʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʪʨʝʥʠʷ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ. 

ɺʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʪʨʝʥʠʷ ʚ ʦʪʜʝʣʴʥʳʭ ʨʝʩʩʦʨʥʳʭ ʢʦʤʧʣʝʢʪʘʭ ʪʝʣʝʞʝʢ ʎʅʀʀ-ʍ3  

ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʠʟʥʦʩʘʤʠ ʩʦʩʪʘʚʣʷʣʠ 4-6%, ʪʦ ʝʩʪʴ ʚ 2,5-1,7 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʪʨʝʥʠʝ ʚ 

ʨʝʩʩʦʨʥʳʭ ʢʦʤʧʣʝʢʪʘʭ ʪʝʣʝʞʝʢ ʙʝʟ ʠʟʥʦʩʦʚ. ʉʪʘʪʠʯʝʩʢʠʡ ʧʨʦʛʠʙ ʪʝʣʝʞʝʢ ʎʅʀʀ-ʍ3 ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʟʥʦʩʘʤʠ ʩʦʩʪʘʚʣʷʣ 48 ʤʤ, ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʠʟʥʦʩʘʤʠ 46 ʤʤ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʦʙʨʝʩʩʦʨʥʳʝ ʠ ʥʝʦʙʨʝʩʩʦʨʥʳʝ ʵʣʝʤʝʥʪʳ 

ʪʝʣʝʞʝʢ, ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʠʣʳ, ʧʝʨʝʜʘʶʱʠʝʩʷ ʦʪ ʢʦʣʝʩʥʳʭ ʧʘʨ ʥʘ ʨʘʤʫ ʪʝʣʝʞʢʠ; 

ʠʟʤʝʨʝʥʠʷ ʨʘʤʥʳʭ ʩʠʣ ʧʨʦʚʦʜʠʣʠ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ ʠʩʧʳʪʘʥʠʡ ʛʨʫʟʦʚʳʭ 
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ʚʘʛʦʥʦʚ [2]. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʘʛʦʥʦʚ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʢʨʦʤʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʦʜʦʰʚʝ ʨʝʣʴʩʘ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ 

ʨʝʣʴʩʘ ʥʘ ʰʧʘʣʫ ʠ ʧʨʦʩʘʜʢʠ ʨʝʣʴʩʦʚ. 

ɺʣʠʷʥʠʝ ʥʝʢʦʪʦʨʳʭ ʩʦʯʝʪʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʥʝʨʦʚʥʦʩʪʝʡ ʚ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ 

ʧʫʪʠ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʘʛʦʥʦʚ ʦʮʝʥʠʚʘʣʠ, ʩʦʧʦʩʪʘʚʣʷʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʛʦʥʦʚ ʥʘ ʥʝʨʦʚʥʦʩʪʷʭ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʧʨʷʤʳʭ 

ʫʯʘʩʪʢʘʭ ʧʫʪʠ. 

ʈʘʤʥʳʝ ʩʠʣʳ ʠʟʤʝʨʷʣʠ ʧʦ ʥʘʙʝʛʘʶʱʝʡ ʢʦʣʝʩʥʦʡ ʧʘʨʝ ʧʝʨʝʜʥʝʡ ʪʝʣʝʞʢʠ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʨʘʤʥʳʭ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʘʛʦʥʘ ʧʦ ʢʨʠʚʳʤ 

ʫʯʘʩʪʢʘʤ ʧʫʪʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʤ ʚʧʠʩʳʚʘʥʠʝʤ ʚʘʛʦʥʘ ʚ ʢʨʠʚʫʶ, ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ (ʨʠʩʫʥʦʢ 1), ʧʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʘʤʥʦʡ 

ʩʠʣʳ ʜʦʩʪʠʛʘʝʪ ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʚ ʢʨʠʚʦʡ 350 ʤ ʧʨʠ ʩʢʦʨʦʩʪʠ 80 ʢʤ/ʯ. ɺ ʢʨʠʚʦʡ 

ʨʘʜʠʫʩʦʤ 650 ʤ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʘʤʥʦʡ ʩʠʣʳ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ 40 ʠ 100 ʢʤ/ʯ. ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʢʨʠʚʳʭ 650 ʤ 

ʥʝʨʦʚʥʦʩʪʝʡ ʚ ʧʣʘʥʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʫ ʪʝʣʝʞʝʢ 

ʎʅʀʀ-ʍ3 ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʢʦʨʦʩʪʠ 40 ʢʤ/ʯ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʘʤʥʦʡ ʩʠʣʳ ʦʙʫʩʣʦʚʣʝʥʳ ʚʝʣʠʯʠʥʦʡ ʥʝʧʦʛʘʰʝʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ, ʢʦʪʦʨʦʝ ʚ 

ʢʨʠʚʦʡ ʨʘʜʠʫʩʦʤ 350 ʤ ʨʘʚʥʦ +0,7 ʧʨʠ ʩʢʦʨʦʩʪʠ 80 ʢʤ/ʯ, ʘ ʚ ʢʨʠʚʦʡ ʨʘʜʠʫʩʦʤ 650ʤ ï 0,74 

ʤ/ʩ2 ʧʨʠ ʩʢʦʨʦʩʪʠ 40 ʢʤ/ʯ. 
 

 
 

ʢʨʠʚʳʝ 1,2 ï ʧʨʠ 1,2 ʚʘʨʠʘʥʪʝ ʥʝʨʦʚʥʦʩʪʠ 
 

ʈʠʩʫʥʦʢ 1 - ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʡ ʨʘʤʥʦʡ ʩʠʣʳ ʚ ʢʨʠʚʳʭ 350 ʤ 

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ 650 ʤ (ʧʫʥʢʪʠʨʥʘʷ) ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 
 

 
 

ʘ) ʢʨʠʚʘʷ ʨʘʜʠʫʩʦʤ 650 ʤ               ʙ) ʢʨʠʚʘʷ ʨʘʜʠʫʩʦʤ 350 ʤ. 

1,2,3- ʚʘʨʠʘʥʪʳ ʥʝʨʦʚʥʦʩʪʠ 1,2 ʠ 3 ʚʠʜʘ 
 

ʈʠʩʫʥʦʢ 2 - ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʤʥʳʭ ʩʠʣ ʪʝʣʝʞʝʢ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʠʟʥʦʩʘʤʠ ʠ 

ʟʘʟʦʨʘʤʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʨʫʞʝʥʳʭ ʚʘʛʦʥʦʚ ʚ ʢʨʠʚʳʭ 

2 
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ɸʥʘʣʠʟ ʛʨʘʬʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2 ʘ, ʙ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ 

ʢʨʠʚʦʡ ʨʘʜʠʫʩʦʤ 650 ʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʝʨʦʚʥʦʩʪʝʡ ʚ ʚʠʜʝ ʧʨʦʩʘʜʢʠ ʠ 

ʧʝʨʝʢʦʩʘ ʧʨʠʚʦʜʠʪ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʨʘʤʥʳʭ ʩʠʣ ʫ ʪʝʣʝʞʝʢ 

ʎʅʀʀ-ʍ3 ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ.  

ʇʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 40 ʢʤ/ʯ ʨʘʤʥʘʷ ʩʠʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 2 ʪʩ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʤʥʦʡ ʩʠʣʦʡ ʧʫʪʠ ʙʝʟ ʥʝʨʦʚʥʦʩʪʝʡ. ʄʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʵʪʦʪ ʚʠʜ ʥʝʨʦʚʥʦʩʪʝʡ 

ʦʢʘʟʳʚʘʝʪ ʥʘ ʚʝʣʠʯʠʥʳ ʨʘʤʥʳʭ ʩʠʣ ʫ ʪʝʣʝʞʝʢ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʠʟʥʦʩʘʤʠ; ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ 40 ʢʤ/ʯ ʨʘʤʥʳʝ ʩʠʣʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 1 ʪʩ, ʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʦ 100 

ʢʤ/ʯ- ʥʘ 0,1 ʪʩ. 

ʅʘʣʠʯʠʝ ʚ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ ʩʦʯʝʪʘʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʠ ʚ ʧʣʘʥʝ ʧʨʠʚʦʜʠʪ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʚʳʰʝ 80 ʢʤ/ʯ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʚʦʟʨʘʩʪʘʥʠʶ 

ʨʘʤʥʳʭ ʩʠʣ ʫ ʪʝʣʝʞʝʢ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ; ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʘʟʦʨʘʭ ʠ ʠʟʥʦʩʘʭ 

ʚʝʣʠʯʠʥʳ ʩʠʣ ʥʝ ʠʟʤʝʥʷʶʪʩʷ [3-4]. 

ʅʘʣʠʯʠʝ ʚ ʢʨʠʚʦʡ ʨʘʜʠʫʩʦʤ 350 ʤ ʪʦʣʴʢʦ ʧʨʦʩʘʜʦʢ ʠ ʧʝʨʝʢʦʩʦʚ (3 ʚʘʨʠʘʥʪ 

ʥʝʨʦʚʥʦʩʪʠ) ʥʝ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʷ ʨʘʤʥʳʭ ʩʠʣ ʫ ʪʝʣʝʞʝʢ ʢʘʢ ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ, ʪʘʢ ʠ 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠʟʥʦʩʘʭ ʠ ʟʘʟʦʨʘʭ. ʅʝʢʦʪʦʨʳʡ ʨʦʩʪ ʩʠʣ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʪʝʣʝʞʝʢ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʠʟʥʦʩʘʤʠ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʧʫʪʠ ʩʦʯʝʪʘʥʠʡ ʧʨʦʩʘʜʦʢ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ 

ʥʝʨʦʚʥʦʩʪʷʤʠ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʚʳʰʝ 70 ʢʤ/ʯ, ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʟʘʟʦʨʘʭ ʚ 

ʪʝʣʝʞʢʘʭ ʧʨʦʠʩʭʦʜʠʪ ʜʘʞʝ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʩʠʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʝʣʠʯʠʥʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʧʫʪʠ ʙʝʟ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʨʦʚʥʦʩʪʝʡ (ʨʠʩʫʥʦʢ 2 ʘ, ʙ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʨʠʚʦʡ ʨʘʜʠʫʩʦʤ 650 ʤ ʚ ʜʠʘʧʘʟʦʥʝ ʠʩʩʣʝʜʫʝʤʳʭ ʩʢʦʨʦʩʪʝʡ 

ʜʚʠʞʝʥʠʷ, (ʦʪ 40 ʜʦ 100 ʢʤ/ʯ) ʥʘʣʠʯʠʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʠʜʦʚ ʥʝʨʦʚʥʦʩʪʝʡ ʧʫʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʨʦʩʪʫ ʨʘʤʥʳʭ ʩʠʣ ʫ ʪʝʣʝʞʝʢ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʠʟʤʝʥʝʥʠʠ ʩʠʣ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠʟʥʦʩʘʭ ʚ ʵʪʠʭ ʪʝʣʝʞʢʘʭ. 

 

 

 

 

         

 

 

         

 

 

         

 

 

         

 

 
 

ʘ) ʢʨʠʚʘʷ ʨʘʜʠʫʩʦʤ 650ʤ                     ʙ) ʢʨʠʚʘʷ ʨʘʜʠʫʩʦʤ 350 ʤ 

1,2,3 ï ʚʘʨʠʘʥʪʳ ʥʝʨʦʚʥʦʩʪʠ 1,2 ʠ 3 ʚʠʜʘ. 
 

ʈʠʩʫʥʦʢ 3 - ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʤʥʳʭ ʩʠʣ ʪʝʣʝʞʝʢ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʠʟʥʦʩʘʤʠ ʠ ʟʘʟʦʨʘʤʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʨʫʞʝʥʥʳʭ ʚʘʛʦʥʦʚ ʚ ʢʨʠʚʳʭ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. 

ʈʘʤʥʳʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʦʪ ʢʦʣʝʩʥʳʭ ʧʘʨ ʥʘ ʨʘʤʫ ʪʝʣʝʞʢʠ, ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʙʫʢʩʘʤʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʤʦʛʫʪ ʨʘʩʧʨʝʜʝʣʷʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʧʦ ʢʨʠʚʳʤ [5-7]. ʇʨʦʠʩʭʦʜʠʪ ʵʪʦ ʚʩʣʝʜʩʪʚʠʝ ʚʳʙʦʨʘ ʧʦʧʝʨʝʯʥʳʭ ʟʘʟʦʨʦʚ ʤʝʞʜʫ 

ʙʫʢʩʦʡ ʠ ʙʦʢʦʚʦʡ ʨʘʤʦʡ ʠʟ-ʟʘ ʩʤʝʱʝʥʠʷ ʙʦʢʦʚʦʡ ʨʘʤʳ ʩʝʨʝʜʠʥʳ ʰʝʝʢ ʦʩʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ. 

ʇʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ ʩʠʣ ʧʦ ʦʪʜʝʣʴʥʳʤ ʙʫʢʩʘʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ 

ʙʫʢʩʦʚʦʛʦ ʫʟʣʘ ʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ  ʚʝʣʠʯʠʥʳ ʥʘʛʨʫʟʦʢ ʥʘ ʨʝʣʴʩʦʚʳʝ ʥʠʪʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ 

ʢʨʠʚʳʤ, ʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ  ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 
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ʤʘʢʩʠʤʘʣʴʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʢʨʠʚʳʭ ʦʪ ʙʫʢʩ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʜʥʝʡ ʢʦʣʝʩʥʦʡ ʧʘʨʳ 

ʪʝʣʝʞʝʢ ʜʣʷ  ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʥʝʨʦʚʥʦʩʪʠ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʚʘʛʦʥʦʚ ʧʦ ʢʨʠʚʦʡ ʨʘʜʠʫʩʦʤ 650 

ʤ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʥʝʧʦʛʘʰʝʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘ 650 ʤ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʚʝʣʠʯʠʥʝ ʥʝʧʦʛʘʰʝʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘ ʥʘʨʫʞʥʫʶ ʨʝʣʴʩʦʚʫʶ ʥʠʪʴ ʥʘʙʝʛʘʝʪ ʢʦʣʝʩʦ, ʦʪ 

ʙʫʢʩʳ ʢʦʪʦʨʦʛʦ ʥʘ ʨʘʤʫ ʪʝʣʝʞʢʠ ʧʝʨʝʜʘʝʪʩʷ ʩʠʣʘ ʅʨ1,ʘ ʩ ʚʥʫʪʨʝʥʥʝʡ ʨʝʣʴʩʦʚʦʡ ʥʠʪʴʶ 

ʢʦʥʪʘʢʪʠʨʫʝʪ ʚʪʦʨʦʝ ʢʦʣʝʩʦ, ʦʪ ʙʫʢʩʳ ʢʦʪʦʨʦʛʦ ʧʝʨʝʜʘʝʪʩʷ ʩʠʣʘ ʅʨ2. ʇʦʩʢʦʣʴʢʫ ʢʨʠʚʘʷ 

ʨʘʜʠʫʩʦʤ 350 ʤ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʨʠʚʦʡ 650ʤ, ʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʚʘʛʦʥʘ ʧʦ ʥʝʡ ʥʘʙʝʛʘʶʱʠʤ ʥʘ ʥʘʨʫʞʥʫʶ ʨʝʣʴʩʦʚʫʶ ʥʠʪʴ ʷʚʣʷʝʪʩʷ ʢʦʣʝʩʦ, ʦʪ ʙʫʢʩʳ 

ʢʦʪʦʨʦʛʦ ʥʘ ʨʘʤʫ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʅʨ2. ʅʘʣʠʯʠʝ ʚ ʢʨʠʚʳʭ 650 ʠ 350 ʤ ʥʝʨʦʚʥʦʩʪʝʡ ʚ ʚʠʜʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʨʦʩʘʜʢʠ ʠ ʧʝʨʝʢʦʩʘ (ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ʥʝʨʦʚʥʦʩʪʝʡ) ʧʦ-

ʨʘʟʥʦʤʫ ʚʣʠʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʠʣ, ʧʝʨʝʜʘʶʱʠʭʩʷ ʦʪ ʢʦʣʝʩ ʧʝʨʝʜʥʝʡ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʥʘ 

ʨʘʤʫ ʪʝʣʝʞʝʢ, (ʨʠʩʫʥʦʢ 4, 5). ʋ ʪʝʣʝʞʝʢ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʠʟʥʦʩʘʤʠ ʠ ʟʘʟʦʨʘʤʠ ʚ ʢʨʠʚʦʡ 

650 ʤ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 80 ʢʤ/ʯ ʩʠʣʳ ʚʦʟʨʘʩʪʘʶʪ ʪʦʣʴʢʦ  ʦʪ ʥʘʙʝʛʘʶʱʝʛʦ ʢʦʣʝʩʘ ʥʘ 

1,5 ʪʩ. ɺ ʢʨʠʚʦʡ ʨʘʜʠʫʩʦʤ 350 ʤ ʫ ʪʝʣʝʞʝʢ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʠʟʥʦʩʘʤʠ ʩʠʣʳ ʦʪ 

ʥʘʙʝʛʘʶʱʝʛʦ ʢʦʣʝʩʘ ʥʘ ʨʘʤʫ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ 60-80 ʢʤ/ʯ ʚʦʟʨʘʩʪʘʶʪ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 1,3 ʠ 0,6 ʪʩ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫ ʪʝʣʝʞʝʢ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʠʟʥʦʩʘʤʠ 

ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ ʚʪʦʨʦʛʦ ʚʘʨʠʘʥʪʘ ʥʘ ʚʝʣʠʯʠʥʫ ʩʠʣ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ɺ ʢʨʠʚʦʡ ʨʘʜʠʫʩʦʤ 350 ʤ ʩʠʣʳ ʦʪ ʙʫʢʩʳ ʥʘʙʝʛʘʶʱʝʛʦ ʢʦʣʝʩʘ ʥʘ ʨʘʤʫ ʪʝʣʝʞʢʠ 

ʎʅʀʀ-ʍ3 ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʠʟʥʦʩʘʤʠ ʧʨʠ ʩʢʦʨʦʩʪʠ 80 ʢʤ/ʯ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 1,5 ʪʩ, ʫ 

ʪʝʣʝʞʢʠ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʠʟʥʦʩʘʤʠ ʦʥʠ ʥʝ ʧʨʝʚʦʩʭʦʜʷʪ ʟʥʘʯʝʥʠʡ. 

ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʘʤʥʳʭ ʩʠʣ ʧʦ ʙʫʢʩʘʤ ʦʜʥʦʡ ʠ ʪʦʡ 

ʞʝ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʚ ʪʝʣʝʞʢʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʩʤʝʱʝʥʠʷ ʙʦʢʦʚʦʡ ʨʘʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʝʨʝʜʠʥʳ ʰʝʝʢ ʦʩʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʠ ʚʳʙʦʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʙʫʢʩʦʡ ʠ ʙʦʢʦʚʦʡ 

ʨʘʤʦʡ ʩʦ ʩʪʦʨʦʥʳ ʥʘʙʝʛʘʶʱʝʛʦ ʥʘ ʥʘʨʫʞʥʫʶ ʨʝʣʴʩʦʚʫʶ ʥʠʪʴ ʢʦʣʝʩʘ, ʧʨʠ ʵʪʦʤ ʩʠʣʘ 

ʨʘʩʪʝʪ ʠʟ-ʟʘ ʫʜʘʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʝʝ ʧʝʨʝʜʘʯʠ ʦʪ ʙʫʢʩʳ ʢ ʨʘʤʝ [8]. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʙʦʢʦʚʳʭ ʨʘʤ ʪʝʣʝʞʝʢ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʚʦ ʚʩʝʭ ʪʨʝʭ ʮʠʢʣʘʭ ʠʩʧʳʪʘʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʨʘʟʛʨʫʟʢʝ ʠ ʧʝʨʝʛʨʫʟʢʝ ʨʝʩʩʦʨʥʳʭ ʢʦʤʧʣʝʢʪʦʚ 

ʪʝʣʝʞʝʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝʨʦʚʥʦʩʪʝʡ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʳʭ ʚʝʣʠʯʠʥ. 

 

 

 

 

       

 

 

       

 

 

       

 

 

       

 

 

            ʘ) ʢʨʠʚʘʷ ʨʘʜʠʫʩʦʤ 650 ʤ                ʙ) ʢʨʠʚʘʷ ʨʘʜʠʫʩʦʤ 350 ʤ 

                        1,2,3- ʚʘʨʠʘʥʪʳ ʥʝʨʦʚʥʦʩʪʠ 1,2 ʠ 3 ʚʠʜʘ. 
 

ʈʠʩʫʥʦʢ 4 - ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʤʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʦʪ ʙʫʢʩ ʥʘʙʝʛʘʶʱʝʡ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʥʘ 

ʨʘʤʫ ʪʝʣʝʞʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ ʠ ʠʟʥʦʩʘʤʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʢʨʠʚʦʡ 
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ʘ) ʢʨʠʚʘʷ ʨʘʜʠʫʩʦʤ 650 ʤ                    ʙ) ʢʨʠʚʘʷ ʨʘʜʠʫʩʦʤ 350 ʤ 

1,2,3- ʚʘʨʠʘʥʪʳ ʥʝʨʦʚʥʦʩʪʠ 1,2 ʠ 3 ʚʠʜʘ 
 

ʈʠʩʫʥʦʢ 5 - ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʤʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʦʪ ʙʫʢʩ ʥʘʙʝʛʘʶʱʝʡ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʥʘ 

ʨʘʤʫ ʪʝʣʝʞʢʠ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ ʠ ʠʟʥʦʩʘʤʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʢʨʠʚʦʡ 

 

ɿʘʢʣʶʯʝʥʠʝ.  

ʅʘ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʚʳʚʦʜʳ: 

1) ɺʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʵʣʝʤʝʥʪʳ ʛʨʫʟʦʚʳʭ 

ʚʘʛʦʥʦʚ ʩ ʥʘʠʭʫʜʰʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠʟʥʦʩʦʚ ʠ ʟʘʟʦʨʦʚ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ 

ʧʨʦʢʘʪʝ ʢʦʣʝʩ, ʥʝ ʧʨʝʚʦʩʭʦʜʷʪ ʜʦʧʫʩʢʘʝʤʳʭ ʚʝʣʠʯʠʥ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʜʦ 100 ʢʤ/ʯ, 

ʠʤʝʶʱʠʤʠ ʥʦʤʠʥʘʣʴʥʳʝ ʟʘʟʦʨʳ. ʊʘʢʠʝ ʚʘʛʦʥʳ ʤʦʛʫʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʜʣʷ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ. 

2) ʀʟʥʦʩ ʢʣʠʥʦʚʳʭ ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ ʪʝʣʝʞʝʢ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʠʣ ʥʘ 20-25 %, ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʪʝʣʝʞʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʫʟʦʚʘ, ʨʘʤʥʳʭ ʩʠʣ ʠ ʫʩʢʦʨʝʥʠʡ ʢʫʟʦʚʘ ʚʘʛʦʥʘ. 

3) ʅʘ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʠʣʳ ʦʩʦʙʝʥʥʦ 
ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʨʝʟʢʠʝ ʦʜʥʦʩʪʦʨʦʥʥʠʝ ʧʨʦʩʘʜʢʠ ʧʫʪʠ, ʘ ʥʘ ʚʝʣʠʯʠʥʫ ʨʘʤʥʦʡ 

ʩʠʣʳ ï ʥʝʨʦʚʥʦʩʪʠ ʧʫʪʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

4) ʅʘʣʠʯʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʢʘʪʘ ʢʦʣʝʩ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ 
ʥʘʨʫʞʥʦʡ ʢʨʦʤʢʝ ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ. ʀʟʥʦʩʳ ʭʦʜʦʚʳʭ ʯʘʩʪʝʡ ʪʝʣʝʞʝʢ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʪʘʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʤʫ ʠʟʤʝʥʝʥʠʶ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʠʣ. 

5) ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʢʨʠʚʳʤ ʫʯʘʩʪʢʘʤ ʧʫʪʠ ʩ ʥʝʨʦʚʥʦʩʪʷʤʠ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʫ ʚʘʛʦʥʦʚ ʩ ʪʝʣʝʞʢʘʤʠ, ʠʤʝʶʱʠʤʠ 

ʜʦʧʫʩʪʠʤʳʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʥʦʩʳ ʠ ʟʘʟʦʨʳ, ʥʝ ʫʭʫʜʰʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʘʛʦʥʦʚ ʥʘ ʪʝʣʝʞʢʘʭ, ʠʤʝʶʱʠʤʠ ʥʦʤʠʥʘʣʴʥʳʝ ʟʘʟʦʨʳ. 

6) ʇʨʠ ʥʘʣʠʯʠʠ ʥʝʨʦʚʥʦʩʪʝʡ ʧʫʪʠ ʚ ʢʨʠʚʳʭ ʤʘʣʳʭ ʨʘʜʠʫʩʦʚ ʚʦʟʨʘʩʪʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʨʦʤʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʝʣʴʩʘʭ ʠ 

ʫʤʝʥʴʰʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʥʘ ʨʝʣʴʩʘʭ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʙʦʣʝʝ 

ʞʝʩʪʢʠʝ ʥʦʨʤʳ ʩʦʜʝʨʞʘʥʠʷ ʧʫʪʠ ʚ ʪʘʢʠʭ ʢʨʠʚʳʭ ʚ ʧʣʘʥʝ ʠ ʧʨʦʬʠʣʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʨʦʚʥʦʩʪʠ ʚ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʭʦʜʦʚʳʭ ʯʘʩʪʝʡ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ 

ʤʝʨʳ ʧʦ ʫʣʫʯʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʧʫʪʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʘʛʦʥʦʚ.  
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʨʳ ʧʦ 

ʩʥʠʞʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ ʧʫʪʠ ʠ ʫʣʫʯʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ 

ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʥʝʦʙʭʦʜʠʤʦ: 

1) ʇʦʜʜʝʨʞʠʚʘʪʴ ʧʫʪʠ ʚ ʥʘʜʣʝʞʘʱʝʤ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʦ ʝʩʪʴ ʨʝʛʫʣʷʨʥʦ 
ʧʨʦʚʦʜʠʪʴ ʨʝʤʦʥʪ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʫʪʠ, ʫʩʪʨʘʥʷʪʴ ʥʝʨʦʚʥʦʩʪʠ ʠ ʜʝʬʝʢʪʳ. 

2) ʂʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʘʛʦʥʦʚ ʚ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʠ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʫʣʷʨʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʦʩʤʦʪʨ ʠ ʨʝʤʦʥʪ ʚʘʛʦʥʦʚ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʟʘʤʝʥʷʪʴ 

ʠʟʥʦʰʝʥʥʳʝ ʜʝʪʘʣʠ. 

3) ʆʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʦʜʚʝʩʢʠ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ. ʈʘʟʨʘʙʘʪʳʚʘʪʴ ʠ 

ʚʥʝʜʨʷʪʴ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʚʝʩʢʠ (ʥʘʧʨʠʤʝʨ, ʩ ʙʠʣʠʥʝʡʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʣʘʚʥʦʩʪʴ ʭʦʜʘ ʠ ʩʥʠʞʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ 

ʥʝʨʦʚʥʦʩʪʷʤ ʧʫʪʠ, ʢʘʢ ʚ ʧʦʨʦʞʥʝʤ, ʪʘʢ ʠ ʚ ʛʨʫʞʝʥʦʤ ʩʦʩʪʦʷʥʠʠ). 

4) ʀʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺʥʝʜʨʷʪʴ ʥʘ ʩʝʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ ʠ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʡ. 
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ɾʆʃɼʓפ רʀʉʓפ ʋʏɸʉʂɽʃɽʈɯʅɼɽ ᴄʈʊתʈʃɯ ʂתʁɼɽɻɯ ɸʈɹɸʃɸʈʓ ɹɸʈ ɾתʂ 

ɺɸɻʆʅɼɸʈʓʅʓר ɼʀʅɸʄʀʂɸʉʓ 

 

ɸשʜʘʪʧʘ. ɾʦʣʜʘסʳ ʙײʟʫʰʳʣʳץʪʘʨ ʞװʨʽʩ ʙᴇʣʽʢʪʝʨʽ ʤʝʥ ʞװʢ ʚʘʛʦʥʜʘʨʳʥʳש 

ʪʝʨʙʝʣʽʩʽʥ ʪʫʜʳʨʘʪʳʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɺʘʛʦʥʜʘʨʜʳש ʜʠʥʘʤʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʞᴅʥʝ ʪʝʤʽʨʞʦʣʜʘʨʜʘסʳ ץʦʟסʘʣʳʩ ץʘʫʽʧʩʽʟʜʽʛʽ ʘʨʙʘʰʘʣʘʨʜʳש ʬʠʟʠʢʘʣʳץ 

ʞʘסʜʘʡʳʥʘ ʞᴅʥʝ ʦʣʘʨʜʳש ʥʝʛʽʟʛʽ ʙᴇʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ʄʘץʘʣʘʜʘ ʞʦʣʜʳש ʙײʟʳʣʫʳʥʳש 

ʥʝʛʽʟʛʽ ʪװʨʣʝʨʽʥʽש ʚʘʛʦʥʜʘʨʜʳש ʜʠʥʘʤʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ʞᴅʥʝ ʞʦʣʜʳש ʞʦסʘʨסʳ 

   .ʨʳʣʳʤʳʥʘ ᴅʩʝʨ ʝʪʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ᴅʩʝʨʽ ʪʘʣʜʘʥʘʜʳײץ

ʄʘʢʩʠʤʘʣʜʳ ʩʘשʳʣʘʫʣʘʨʳ ʙʘʨ ʘʨʙʘʣʘʨʜʘסʳ ʚʘʛʦʥʜʘʨʜʳש ʜʠʥʘʤʠʢʘʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʩʦʣ ʪʦʨʘʧʪʘʨʜʘסʳ ʥʦʤʠʥʘʣʜʳ ʩʘשʳʣʘʫʣʘʨʳ ʙʘʨ ʘʨʙʘʣʘʨʜʘסʳ ʚʘʛʦʥʜʘʨʜʳש 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨʳʣʜʳ. ʄʘץʘʣʘʜʘ ʞʦʣʜʳץ שʠʩʳץ ʫʯʘʩʢʝʣʝʨʽʥʜʝ ʪʽʢ 

ʞʘʟʳץʪʳץʪʘסʳ ʞᴅʥʝ ʞʦʩʧʘʨʜʘסʳ ʙײʟʫʰʳʣʳץʪʘʨʜʳװ שʡʣʝʩʫʽ 80 ʢʤ/ʩʘס ʞʦסʘʨʳ ץʦʟסʘʣʳʩ 

ʞʳʣʜʘʤʜʳסʳʥʜʘ ʥʦʤʠʥʘʣʜʳ ʩʘשʳʣʘʫʣʘʨʳ ʙʘʨ ʘʨʙʘʰʘʣʘʨʜʘסʳ ʨʘʤʘʣʳץ ʢװʰʪʝʨʜʽש ʦʜʘʥ 

ᴅʨʽ ᴇʩʫʽʥʝ ᴅʢʝʣʝʪʽʥʽ ʢᴇʨʩʝʪʽʣʛʝʥ; ʤʘʢʩʠʤʘʣʜʳ ʉʘשʳʣʘʫʣʘʨ ʤʝʥ ʪʦʟʫ ʢʝʟʽʥʜʝ ʢװʰʪʝʨʜʽש 

ʰʘʤʘʣʘʨʳ ᴇʟʛʝʨʤʝʡʜʽ. 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʞʦʣʜʘסʳ ʙײʟʫʰʳʣʳץʪʘʨʜʳש ʪʝʨʽʩ 

ᴅʩʝʨʽʥ ʘʟʘʡʪʫ ʞᴅʥʝ ʞװʢ ʚʘʛʦʥʜʘʨʳʥʳש ʜʠʥʘʤʠʢʘʣʳץ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫ ʙʦʡʳʥʰʘ 

ʧʨʘʢʪʠʢʘʣʳײ ץʩʳʥʳʩʪʘʨ ʤʝʥ ʥʝʛʽʟʛʽ ʽʩ-ʰʘʨʘʣʘʨ ʪײʞʳʨʳʤʜʘʣʜʳ. 
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DYNAMICS OF FREIGHT WAGONS WITH DIFFERENT BOGIE CONDITIONS IN 

CURVED SECTIONS OF THE TRACK  

 

Abstract. Track irregularities are the main factor causing fluctuations in running gear and 

freight cars. The dynamic characteristics of the wagons and the safety of movement on the 

railways depend on the physical condition of the trolleys and their main parts. The article 

analyzes the influence of the main types of track irregularities on the dynamic performance of 

wagons and the impact on the upper structure of the track.   

The dynamic performance of wagons on trolleys with maximum clearances was 

compared with that of wagons on trolleys with nominal clearances at the same nodes. The article 

shows that the presence of a combination of irregularities in the vertical plane and in the plan in 

the curved sections of the path leads to a further increase in frame forces for bogies with nominal 

clearances at speeds above 80 km/h; at maximum clearances and wear, the force values do not 

change. 
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Based on the results of the research carried out, practical recommendations and basic 

measures to reduce the negative impact of track irregularities and improve the dynamic qualities 

of freight wagons are formulated. 

 

Keywords. Freight car, trolley, physical condition, railway track, irregularities, dynamic 

characteristics, analysis, recommendations. 
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EVALUATION OF THE EFFECTIVENESS OF THE AUTOMATED CONTAINER 

TERMINAL MANAGEMENT SYSTEM CTMS  

 

Abstract. Automation of seaports is a necessary action to ensure stable high growth in 

international shipping volumes and increase competitive and price pressure in the business of 

shipping companies.  

The article provides a comprehensive assessment of the effectiveness of the automated 

Container Terminal Management System (CTMS), designed to use information technology in 

the management of marine container terminals. It has been established that the CTMS automated 

control system, in comparison with the automated container site management system (ACS MS), 

has a number of advantages in optimizing the movement of container flows at the terminal by 

optimizing port warehouse logistics and organizing effective controlling of container terminal 

transport processes. The possibilities of a significant increase in the speed and accuracy of 

container cargo handling using CTMS have been identified. The main directions of effective 

functioning of CTMS are defined, taking into account the fact that all operations controlled by it 

are carried out using mobile data collection terminals. Their use when performing operations in a 

warehouse allows you to reduce the number of errors, the time of operations, and provides the 

opportunity to obtain accurate information in real time. 

 

Keywords. Automation of management, container terminal, containers, container 

turnover, storage, loading, personnel management, operational control 

 

Introduction.  

In logistics, container terminals play an important role in the organization of intermodal 

cargo transportation. In the role of transit and distribution centers, they represent such a complex 

object in the information and technical sense with a large document flow that effective 

management is impossible without the use of new information technologies. Using the example 

of a complex object, container terminals can be described as an open physical flow system with 

two external interfaces - a land interface and a marine interface. Figure 1 shows an overview of 

the container terminal architecture [1-5]. 

The competition between shipping companies for attracting a large flow of containers has 

gone beyond the maritime boundaries represented by suppliers of marine transport hubs-ports for 

ship accommodation. The evolution of cargo passing through container terminals, the complex 

nature of these platforms and the dynamic processes of port handling require the development of 

an effective container terminal management system. In this regard, a new class of systems has 

emerged among the management systems ï automated container terminal management systems 

(Container Terminal Management System) [6,7]. 

 

Materials and methods. 

The main purpose of CTMS is the application of information technology in the 

implementation of effective management of a marine container terminal. 
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Figure 1 - The general scheme of the container terminal as a complex object in the 

informational and technical sense 

  

All operations controlled by the automated container terminal management system are 

carried out using mobile data collection terminals (MDCT). Their use when performing 

operations in a warehouse allows you to reduce the number of errors, the time of operations, and 

provides the opportunity to obtain accurate information in real time.  

The result obtained during each operation is entered into CTMS from the data collection 

terminal. The container terminal must have a deployed Wi-Fi radio network. CTMS is developed 

on the NET software platform and in accordance with SOA concepts.  

 The container terminal is managed using such equipment as: 

- industrial label printers manufactured by Zebra Technologies; 

 -high-quality radio equipment manufactured by Motorola (Symbol); 

- RFID technology. 

The interaction between CTMS subsystems is based on the exchange of messages for the 

distribution of orders and the planning of processing operations. Agents use the Agent 

Interaction Language (AIL) developed by the Foundation for Intelligent Physical Agents (FIPA). 

CTMS modeling, by classifying into several subsystems, facilitates the stages of developing 

optimal interaction with transportation providers. Classification consists in grouping agents with 

similar goals to form consistent subsets. In addition, the classification of the system is based on 

criteria for evaluating the quality of grouping agents, such as a strong relationship between 

agents of the same subsystem and a weak relationship between subsystems. CTMS consists of 

two main parts, the first of which concerns risk management decision-making and consists of 

three subsystems: a training subsystem, a supervision subsystem and a planning subsystem. The 

second part of the system concerns processing operations in CT. It consists of three subsystems: 

the representation subsystem, the subsystem of interaction with suppliers of road transport, the 

subsystem of interaction with suppliers of maritime transport (Fig. 2). Modeling of the proposed 

system and the definition of its functions are performed using the agent modeling language AML 

[7,8]. 
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Compared with the automated container site management system (automated control 

system), CTMS has a number of advantages in accelerating container turnover at the terminal by 

optimizing storage locations and the ability to quickly monitor the operation of the terminal. 

Let's analyze the tasks and functions of CTMS systems that differ from the tasks and 

functions of the automated container site management system. 

The tasks of CTMS systems include a set of solutions aimed at optimizing the operation 

of container terminals: 

1. Optimal use of resources: 

- increasing the turnover of the container terminal by optimizing storage locations; 

- optimization of container storage; 

- automatic search for optimal storage locations; 

- carrying out inventories without stopping the container terminal. 

 2. Real-time warehouse management: 

- accounting of all relevant information about the container; 

- real-time reflection of all operations; 

- the possibility of operational control over the operation of the terminal; 

- up-to-date reflection of stocks and operations in the enterprise management system. 
 

 

 
 

Figure 2 - Classification of the CTMS into subsystems 
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3.Personnel management: 

- increasing the turnover of the terminal without increasing the number of staff; 

- real-time management of warehouse equipment and personnel by issuing tasks by the 

system; 

- operation management of reloading equipment; 

- formation of production reports; 

- quick training of new personnel to work in the system; 

- the possibility of using employee motivation schemes; 

- user experience monitor. 

       

Results and Discussion.  

The implementation of an automated container terminal management system determines 

their effectiveness in the intermodal freight transportation system based on cost-effectiveness 

and openness of production processes. Opportunities are being achieved for the integrated 

implementation of the use of modern information technologies in the entire logistics chain of the 

container terminal. In order to unload the container terminal infrastructure facilities, monitoring 

of the stages of the container terminal logistics chain is provided in advance at the initial 

planning phase and includes effective and expedient solutions for cargo handling and 

warehousing of container cargo at the terminal. Many parameters are taken into account to 

minimize the number of unnecessary operations and adjustments. The "profile" of each cargo 

contains a complete history of all operations performed with it [9.10]. 

The port/cargo terminal management system integrates with ERP, as well as other 

software and equipment of the logistics facility, which allows it to receive data and analyze all 

current processes, increase the productivity of loading and unloading equipment, and effectively 

distribute tasks among personnel. CTMS TOS Cargo (Fig.3.) monitors the operations of both 

container rastark and container sealing. As part of the container processing process, operations 

are monitored as container rastark (with a seal of the rastark act, further accounting of goods 

leaving the container is not conducted in the system), or container rastark into a vehicle (cross-

docking), with the seal of the act of rastarki and container sealing, including sealing from the 

vehicle (cross-docking). 

 

 
 

Figure 3 - TOS.Cargo - ship loading/unloading management 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 1 (136), 2025             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 1 (136), 2025                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

31 

The functions of CTMS systems include operations: 

- maintaining reference books of the system: container directory, cargo directory, 

container ownerôs directory, counterparty directory, loading equipment directory; 

- planning of container placement areas; 

- management of container operations: acceptance, shipment, inspection, weighing, 

repair, etc.; 

- management of container movement strategies at the container terminal; 

- managing the grouping of containers according to various criteria; 

- operation management of reloading equipment; 

 - transport handling management; 

 - formation of production reports; 

 - billing (collection of information on the use of telecommunication services). 

 CTMS functions include the management of the following factors:  

- the address space of the container site, the territorial limitation of the container site; 

- container operations: acceptance, shipment, inspection, repair, etc.; 

- the course of container movement at the container terminal; 

- combining containers into stacks according to certain criteria; 

- operation of reloading equipment; 

- handling of transport: road and rail 

The functions of this system also include: 

- maintenance of production reports; 

- printing of a package of documents (acts, etc.); 

- billing, collection of billing data and transfer them to the CIS in order to process and 

generate an invoice for the services provided; 

- integration of the container terminal management system with CIS; 

- creation of system directories: container directory, cargo directory, container ownerôs 

directory, counterparty directory, loading equipment directory. 

The terminal graphic display module includes a system that makes it possible to monitor 

the terminal in a 2-dimensional graphical display mode. The graphical representation screen 

shows the terminal areas, storage locations and equipment locations. Upon request for 

information about the storage location, the system provides a list of containers available in it and 

detailed information on them. Dispatchers' places of work are located on client workstations 

connected to the application server and the database server The dispatcher is provided with a set 

of graphical tools with which he can monitor the operational situation at the terminal, make the 

necessary decisions in case of emergency situations, carry out appropriate planning of work on 

the movement of containers at the terminal, configure the parameters of the planning system 

Let's analyze the advantages of CTMS systems other than the automated container site 

management system. 

 The main economic results obtained from the introduction of CTMS systems: 

- rational placement of containers; 

- elimination of container losses; 

- acceleration of container handling; 

- reduction of terminal operating costs, their optimization and transparency; 

- optimization of the use of equipment and loading equipment; 

- increasing the processing speed of motor vehicles, railway transport, ships; 

- reducing the cost of operating loading equipment; 

- reduction of idle mileage due to the use of optimization algorithms for the issuance of 

works; 

 - reduction of the mileage of empty vehicles; 

- improving the efficiency of personnel management; 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 1 (136), 2025             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 1 (136), 2025                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

32 

- increase of staff productivity; 

- reducing the cost of inappropriate use of personnel; 

- saving time on registration of accompanying documents; 

- access to the necessary documents in real time. 

 

Conclusion. 

Thus, in comparison with the traditional container site management system, the efficiency 

of using the STMS system for container terminal management ensures savings and transparency 

of all processes of the logistics facility, comprehensively automates all operations and business 

processes of the container terminal. In combination with the acceleration of container turnover 

and the possibility of operational control over the operation of the terminal, this ensures a 

reduction in terminal operating costs and an increase in the efficiency of personnel management. 
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CTMS ʂʆʅʊɽʁʅɽʈʃɯʂ ʊɽʈʄʀʅɸʃɼʓ ɹɸʉפɸʈʋɼʓר 

ɸɺʊʆʄɸʊʊɸʅɼʓʈʓʃנɸʅ ɾתʁɽʉɯʅɯר ʊʀɯʄɼɯʃɯɻɯʅ ɹɸנɸʃɸʋ 

 

ɸשʜʘʪʧʘ. ʊʝשʽʟ ʧʦʨʪʪʘʨʳʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ï ʭʘʣʳץʘʨʘʣʳץ ʪʝשʽʟ ʪʘʩʳʤʘʣʳ 

ʢᴇʣʝʤʽʥʽש ʪײʨʘץʪʳ ʞʦסʘʨʳ ᴇʩʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ʢʝʤʝ ץʘʪʳʥʘʩʳ ʢʦʤʧʘʥʠʷʣʘʨʳʥʳש 

ʙʠʟʥʝʩ ʩʘʣʘʩʳʥʜʘסʳ ʙᴅʩʝʢʝʣʝʩʪʽʢ ʞᴅʥʝ ʙʘסʘ ץʳʩʳʤʳʥ ʢװʰʝʡʪʫ װʰʽʥ ץʘʞʝʪʪʽ ᴅʨʝʢʝʪ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ.  

ʄʘץʘʣʘʜʘ ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʳʥ ʞᴅʥʝ ʙʘʨʣʳץ ʢʦʥʪʝʡʥʝʨ ʞᴅʥʝ ʞװʢ ʦʧʝʨʘʮʠʷʣʘʨʳʥ 

ʙʘʩץʘʨʫʜʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫסʘ ʘʨʥʘʣסʘʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʳʥ 

ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש (ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʳʥ ʙʘʩץʘʨʫ ʞװʡʝʩʽ - ʂʊɹɾ) ʪʠʽʤʜʽʣʽʛʽʥʝ ʢʝʰʝʥʜʽ 

ʙʘסʘ ʙʝʨʽʣʛʝʥ.    ʂʦʥʪʝʡʥʝʨʣʽʢ ʘʣʘשʜʳ ʙʘʩץʘʨʫʜʳש ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʩʽʤʝʥ (ʂɸ 

ɹɸɾ) ʩʘʣʳʩʪʳʨסʘʥʜʘ ʩʘץʪʘʫ ʦʨʳʥʜʘʨʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ ʪʝʨʤʠʥʘʣ ʞײʤʳʩʳʥ ʞʝʜʝʣ 

ʙʘץʳʣʘʫ ʤװʤʢʽʥʜʽʛʽ ʝʩʝʙʽʥʝʥ ʪʝʨʤʠʥʘʣʜʘסʳ ʢʦʥʪʝʡʥʝʨʣʝʨ ʘʡʥʘʣʳʤʳʥ ʞʝʜʝʣʜʝʪʫ ʙʦʡʳʥʰʘ 

ʙʽʨץʘʪʘʨ ʘʨʪʳץʰʳʣʳץʪʘʨסʘ ʠʝ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. ʂʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʳʥ ʙʘʩץʘʨʫ ʞװʡʝʩʽ 

ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʢʦʥʪʝʡʥʝʨʣʽʢ ʞװʢʪʝʨʜʽ ᴇשʜʝʫ ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʜᴅʣʜʽʛʽʥ ʘʡʪʘʨʣʳץʪʘʡ 

ʘʨʪʪʳʨʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʘʥʳץʪʘʣʜʳ. ʂʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʳʥ ʙʘʩץʘʨʫ ʞװʡʝʩʽ ʪʠʽʤʜʽ ʞײʤʳʩ 

ʽʩʪʝʫʽʥʽש ʥʝʛʽʟʛʽ ʙʘסʳʪʪʘʨʳ ʦʥʳש ʙʘץʳʣʘʫʳʥʜʘסʳ ʙʘʨʣʳץ ʦʧʝʨʘʮʠʷʣʘʨ ʤʦʙʠʣʴʜʽ ʜʝʨʝʢʪʝʨ 

ʞʠʥʘʫ ʪʝʨʤʠʥʘʣʜʘʨʳʥʳש ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥʜʳסʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʘʥʳץʪʘʣʜʳ. 

ʆʣʘʨʜʳ ץʦʡʤʘʜʘסʳ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ץʘʪʝʣʝʨ ʩʘʥʳʥ, 

ʦʧʝʨʘʮʠʷʣʘʨʜʳש ʦʨʳʥʜʘʣʫ ʫʘץʳʪʳʥ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ 

ʥʘץʪʳ ʘץʧʘʨʘʪ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ.  ɹʘʩץʘʨʫʜʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ, ʢʦʥʪʝʡʥʝʨ ʪʝʨʤʠʥʘʣʳ, ʢʦʥʪʝʡʥʝʨʣʝʨ, 

ʢʦʥʪʝʡʥʝʨ ʘʡʥʘʣʳʤʳ, ʩʘץʪʘʫ, ʪʠʝʫ, ʧʝʨʩʦʥʘʣʜʳ ʙʘʩץʘʨʫ, ʞʝʜʝʣ ʙʘץʳʣʘʫ. 
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ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʡ ʉʀʉʊɽʄʓ 

ʋʇʈɸɺʃɽʅʀʗ ʂʆʅʊɽʁʅɽʈʅʓʄ ʊɽʈʄʀʅɸʃʆʄ  CTMS 

 

ɸʥʥʦʪʘʮʠʷ.  ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ ï ʷʚʣʷʝʪʩʷ  ʥʝʦʙʭʦʜʠʤʳʤ  ʜʝʡʩʪʚʠʝʤ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʚʳʩʦʢʦʛʦ  ʨʦʩʪʘ  ʦʙʲʝʤʦʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʤʦʨʩʢʠʭ 

ʧʝʨʝʚʦʟʦʢ ʠ  ʫʩʠʣʝʥʠʷ  ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʠ ʮʝʥʦʚʦʛʦ  ʜʘʚʣʝʥʠʝ ʚ ʩʬʝʨʝ ʙʠʟʥʝʩʘ ʩʫʜʦʭʦʜʥʳʭ  

ʢʦʤʧʘʥʠʡ. 
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ɺ ʩʪʘʪʴʝ ʜʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ  ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ  ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʡʥʝʨʥʳʤ ʪʝʨʤʠʥʘʣʦʤ  (Container Terminal Management System - CTMS), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʡʥʝʨʥʳʤ ʪʝʨʤʠʥʘʣʦʤ ʠ ʚʩʝʤʠ 

ʦʧʝʨʘʮʠʷʤʠ ʩ ʢʦʥʪʝʡʥʝʨʘʤʠ ʠ ʛʨʫʟʘʤʠ.    ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ  CTMS ʧʦ ʩʨʘʚʥʝʥʠʶ  ʩ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ  ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʡʥʝʨʥʦʡ ʧʣʦʱʘʜʢʦʡ (ɸʉʋ ʂʇ)  ʦʙʣʘʜʘʝʪ  

ʨʷʜʦʤ  ʧʨʝʠʤʫʱʝʩʪʚ  ʧʦ  ʫʩʢʦʨʝʥʠʶ ʦʙʦʨʦʪʘ ʢʦʥʪʝʡʥʝʨʦʚ ʥʘ ʪʝʨʤʠʥʘʣʝ ʟʘ ʩʯʸʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʩʪ ʭʨʘʥʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʨʘʙʦʪʦʡ 

ʪʝʨʤʠʥʘʣʘ. ɺʳʷʚʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ  ʩʢʦʨʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʢʦʥʪʝʡʥʝʨʥʳʭ ʛʨʫʟʦʚ  ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ CTMS. ʆʧʨʝʜʝʣʝʥʳ  ʦʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ  ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ CTMS ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚʩʝ ʦʧʝʨʘʮʠʠ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʝʶ,  ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʳʭ ʪʝʨʤʠʥʘʣʦʚ ʩʙʦʨʘ ʜʘʥʥʳʭ. 

ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ ʥʘ ʩʢʣʘʜʝ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ 

ʦʰʠʙʦʢ, ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ.  ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ,  ʢʦʥʪʝʡʥʝʨʥʳʡ ʪʝʨʤʠʥʘʣ, 

ʢʦʥʪʝʡʥʝʨʳ, ʦʙʦʨʦʪ ʢʦʥʪʝʡʥʝʨʦʚ, ʭʨʘʥʝʥʠʝ, ʧʦʛʨʫʟʢʘ, ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʩʦʥʘʣʦʤ, 

ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ 
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ʆʇʊʀʄʀɿɸʎʀʗ ʂʀʉʃʆʈʆɼʅʆʁ ʉʀʉʊɽʄʓ ʂɸɹʀʅʓ ʃɽʊʅʆɻʆ ʕʂʀʇɸɾɸ 

ɺʆɿɼʋʐʅʆɻʆ ʉʋɼʅɸ ʉɽʄɽʁʉʊɺɸ AIRBUS A318/A319/A320/A321 

 

ɸʥʥʦʪʘʮʠʷ. ʆʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠ ʜʨʫʛʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʷʚʣʷʝʪʩʷ ʘʵʨʦʙʥʳʤ, ʜʣʷ 

ʝʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤ ʧʦʩʪʦʷʥʥʳʡ ʜʦʩʪʫʧ ʢʠʩʣʦʨʦʜʘ. ʇʦʪʝʨʷ 

ʢʠʩʣʦʨʦʜʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʳʩʪʨʦʡ ʜʝʛʨʘʜʘʮʠʠ ʢʣʝʪʦʢ ʠ ʦʨʛʘʥʦʚ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʧʨʠʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʩʦʟʥʘʥʠʷ ʠ ʩʤʝʨʪʠ. ʉʢʦʨʦʩʪʴ ʧʦʪʝʨʠ ʩʦʟʥʘʥʠʷ ʙʝʟ 

ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʫʨʦʚʝʥʴ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, 

ʦʢʨʫʞʘʶʱʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʣʠʯʠʝ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ. 

ʇʦʪʝʨʷ ʩʦʟʥʘʥʠʷ ʠʣʠ ʩʤʝʨʪʴ ʤʦʞʝʪ ʥʘʩʪʫʧʠʪʴ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʧʦʩʣʝ 

ʧʨʝʢʨʘʱʝʥʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʦʨʛʘʥʠʟʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʧʦʢʩʠʠ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ 

ʦʨʛʘʥʠʟʤʘ. 

ʅʝʭʚʘʪʢʘ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʙʠʥʝ ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʤʦʞʝʪ ʧʦʚʣʝʯʴ 

ʛʦʣʦʚʦʢʨʫʞʝʥʠʝ, ʪʦʰʥʦʪʫ, ʜʝʟʦʨʠʝʥʪʘʮʠʶ ʠ ʧʦʪʝʨʶ ʩʦʟʥʘʥʠʷ ʧʠʣʦʪʘʤʠ, ʯʪʦ ʥʝʤʠʥʫʝʤʦ 

ʧʨʠʚʝʜʝʪ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʘ ʚʩʣʝʜʩʪʚʠʝ ʫʪʨʘʪʳ ʢʦʥʪʨʦʣʷ 

ʥʘʜ ʩʘʤʦʣʝʪʦʤ, ʯʪʦ ʥʝʤʠʥʫʝʤʦ ʧʨʠʚʝʜʝʪ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʣʝʪʘ ʚʩʣʝʜʩʪʚʠʝ ʘʚʘʨʠʠ. ʇʦʪʝʨʷ ʩʦʟʥʘʥʠʷ ʠʣʠ ʩʤʝʨʪʴ ʧʠʣʦʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʧʦʢʩʠʠ 

ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʜʣʷ ʝʝ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ 

ʧʦʜʘʯʠ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʙʠʥʫ ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʚʟʨʳʚʥʦʡ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ. ʅʘ ʙʦʨʪʫ ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ Airbus A318/A319/A320/A321 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʪʩʝʢʝ ʜʣʷ ʢʠʩʣʦʨʦʜʥʦʛʦ ʙʘʣʣʦʥʘ ʧʨʝʜʫʩʤʦʪʨʝʥ 

ʥʝʤʠʥʫʝʤʳʡ ʚʳʙʨʦʩ ʚʩʝʛʦ ʢʠʩʣʦʨʦʜʘ ʯʝʨʝʟ ʢʣʘʧʘʥ ʩ ʨʘʟʨʳʚʥʦʡ ʤʝʤʙʨʘʥʦʡ, ʰʣʘʥʛ ʜʣʷ 

ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʩʙʨʦʩʥʦʡ ʧʦʨʪ. ɺ ʠʪʦʛʝ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ ʧʦʣʝʪʘ 

ʫ ʯʣʝʥʦʚ ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʫʧʘ ʢ ʢʠʩʣʦʨʦʜʫ ʥʘ ʩʣʫʯʘʡ ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʘʙʠʥʝ ʧʠʣʦʪʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɺʦʟʜʫʰʥʦʝ ʩʫʜʥʦ, ʣʝʪʥʳʡ ʵʢʠʧʘʞ, ʢʠʩʣʦʨʦʜʥʘʷ ʩʠʩʪʝʤʘ, Airbus 

A318/A319/A320/A321, ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ, ʛʠʧʦʢʩʠʷ, ʚʟʨʳʚʥʘʷ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʷ, 

ʨʘʟʨʳʚʥʘʷ ʤʝʤʙʨʘʥʘ, ʧʨʫʞʠʥʥʳʡ ʢʣʘʧʘʥ.  

 

ɺʚʝʜʝʥʠʝ. 

ʉʘʤʦʣʝʪʳ ʩʝʤʝʡʩʪʚʘ Airbus ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʯʪʦ 

ʜʝʣʘʝʪ ʚʦʧʨʦʩ ʦʧʪʠʤʠʟʘʮʠʠ ʢʠʩʣʦʨʦʜʥʳʭ ʩʠʩʪʝʤ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʘʚʠʘʢʦʤʧʘʥʠʡ ʠ ʧʘʩʩʘʞʠʨʦʚ. ɺ ʪʝʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 

ʧʦʣʝʪʳ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʩʦʩʪʘʚ ʚʦʟʜʫʭʘ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʤʝʰʠʚʘʥʠʝ 

ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. ʅʘ ʢʨʝʡʩʝʨʩʢʠʭ ʚʳʩʦʪʘʭ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10 ʢʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʟʜʫʭʝ ʩʦʩʪʘʚʣʷʝʪ 21%. ʕʪʦ ʥʝ ʩʦʟʜʘʝʪ ʫʛʨʦʟʳ ʜʣʷ ʯʝʣʦʚʝʢʘ, 

ʝʩʣʠ ʙʳ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ, ʯʪʦ 

ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʧʦʩʪʫʧʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠʟ ʚʦʟʜʫʭʘ ʚ ʢʨʦʚʴ. [1].  

ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʥʘʩʳʱʝʥʠʝ ʢʨʦʚʠ ʢʠʩʣʦʨʦʜʦʤ ʠ ʢʠʩʣʦʨʦʜʥʦʝ ʛʦʣʦʜʘʥʠʝ ʫ ʯʝʣʦʚʝʢʘ 

ʥʘ ʚʳʩʦʪʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʝʪʘ ʩʨʝʜʥʠʭ ʠ ʪʷʞʝʣʳʭ ʩʘʤʦʣʝʪʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʠʤʝʥʥʦ 
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ʧʦʥʠʞʝʥʥʳʤ ʧʘʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ, ʘ ʥʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʚʦʟʜʫʭʝ. ɺ 

ʧʨʦʮʝʩʩʝ ʧʦʣʝʪʘ ʢʠʩʣʦʨʦʜʥʦʝ ʛʦʣʦʜʘʥʠʝ ʥʘʯʠʥʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʫʞʝ ʥʘ ʚʳʩʦʪʝ 1,5 ʢʤ, 

ʦʜʥʘʢʦ ʞʠʪʝʣʠ ʨʘʚʥʠʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʥʘʯʠʥʘʶʪ ʦʱʫʱʘʪʴ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʷ ʣʠʰʴ ʥʘ ʫʨʦʚʥʝ 

ʦʪ 3 ʢʤ [2]. ʅʘʠʙʦʣʝʝ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʥʦʛʦ ʛʦʣʦʜʘʥʠʷ, ʠʣʠ ʘʥʦʢʩʠʠ, ʘ 

ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʠʷ ʛʘʟʦʚ ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʤʘ ʠ ʠʭ ʦʩʚʦʙʦʞʜʝʥʠʷ ʠʟ ʢʨʦʚʠ, ʷʚʣʷʝʪʩʷ 

ʠʣʣʶʟʦʨʥʦʝ ʦʱʫʱʝʥʠʝ ʩʧʦʢʦʡʩʪʚʠʷ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʬʘʢʪʠʯʝʩʢʦʤ ʧʦʤʫʪʥʝʥʠʠ 

ʩʦʟʥʘʥʠʷ. ʕʪʦ ʩʦʩʪʦʷʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝʤ ʚʥʠʤʘʥʠʷ ʠ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ, ʧʘʨʘʣʠʯʦʤ ʨʘʩʩʫʜʢʘ, ʥʘʨʫʰʝʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʠ ʜʚʠʞʝʥʠʡ, ʥʝʩʧʦʩʦʙʥʦʩʪʴʶ 

ʦʩʦʟʥʘʪʴ ʦʧʘʩʥʦʩʪʴ ʠ ʵʤʦʮʠʦʥʘʣʴʥʳʤ ʜʠʩʙʘʣʘʥʩʦʤ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʦʩʪʨʦʪʳ ʩʣʫʭʘ ʠ ʩʫʞʝʥʠʝ ʧʦʣʷ ʟʨʝʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʦʧʘʩʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʭʦʡ ʚʠʜʠʤʦʩʪʠ 

ʠ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. 
 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʠʩʣʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ A318/A319/A320/A321, ʚ ʪʦʤ 

ʯʠʩʣʝ ʙʘʣʣʦʥ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, ʨʫʯʥʘʷ ʟʘʧʦʨʥʘʷ ʘʨʤʘʪʫʨʘ, ʨʝʛʫʣʷʪʦʨ 

ʜʘʚʣʝʥʠʷ, ʩʙʨʦʩʥʦʡ ʰʣʘʥʛ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ, 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʢʦʣʣʝʢʪʦʨ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʧʨʫʞʠʥʥʳʭ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ 

ʢʣʘʧʘʥʦʚ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʠʣʦʪʦʚ ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʲʝʤʦʤ ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʜʳʭʘʥʠʷ ʚ 

ʩʘʤʦʣʝʪʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʝʨʤʝʪʠʟʘʮʠʷ ʢʘʙʠʥʳ, ʯʪʦ ʩʦʟʜʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ 

ʜʘʚʣʝʥʠʝ ʢʘʢ ʚ ʦʨʛʘʥʠʟʤʝ, ʪʘʢ ʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʨʘʙʦʯʝʡ ʩʨʝʜʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤʦʣʝʪʳ 

ʦʩʥʘʱʝʥʳ ʢʠʩʣʦʨʦʜʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʜʘʶʪ ʢʠʩʣʦʨʦʜ ʚ ʣʝʛʢʠʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, 

ʧʨʝʚʳʰʘʶʱʠʤ ʘʪʤʦʩʬʝʨʥʦʝ [3]. ʀʟ-ʟʘ ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʩʧʨʘʚʣʷʪʴʩʷ ʩ 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ, ʥʘ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʠʩʣʦʨʦʜʥʳʝ ʧʨʠʙʦʨʳ, ʩʦʩʪʘʚʣʷʝʪ 12,5 ʢʤ [4]. ʕʪʦ ʧʨʝʚʳʰʘʝʪ 

ʚʳʩʦʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ ʣʝʪʘʶʪ ʛʨʘʞʜʘʥʩʢʠʝ ʩʘʤʦʣʝʪʳ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʧʠʣʦʪʳ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʚʠʘʮʠʦʥʥʦʝ 

ʢʠʩʣʦʨʦʜʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʚʜʳʭʘʝʤʦʤ 

ʚʦʟʜʫʭʝ, ʠ ʦʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʚʩʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʧʦʜʥʠʤʘʶʱʠʝʩʷ ʚʳʰʝ 4 ʢʤ. 

ʂʠʩʣʦʨʦʜʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʘʣʣʦʥ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʢʠʩʣʦʨʦʜʥʳʡ 

ʧʨʠʙʦʨ, ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʪʨʫʙʢʠ ʠ ʤʘʩʢʫ ʩ ʰʣʘʥʛʦʤ. ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʤʦʣʝʪʘʭ ʚʤʝʩʪʦ 

ʙʘʣʣʦʥʦʚ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʢʠʩʣʦʨʦʜʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʠʟʚʣʝʢʘʶʪ ʢʠʩʣʦʨʦʜ ʠʟ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. ʕʪʠ ʩʠʩʪʝʤʳ ʠ ʢʠʩʣʦʨʦʜʥʦ-ʜʳʭʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʢʠʧʘʞ ʠ ʧʘʩʩʘʞʠʨʦʚ ʢʠʩʣʦʨʦʜʦʤ ʢʘʢ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʚ 

ʵʢʩʪʨʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ ð ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʢʘʙʠʥʳ ʠʣʠ ʧʦʞʘʨʝ. ɼʣʷ ʯʣʝʥʦʚ 

ʵʢʠʧʘʞʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʥʦʣʠʮʝʚʳʝ ʤʘʩʢʠ ʠ ʢʠʩʣʦʨʦʜʥʳʡ ʙʣʦʢ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʢʦʥʪʨʦʣʷ ʦʪʢʨʳʪʦʛʦ ʧʦʣʦʞʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʘʩʩʘʞʠʨʳ ʧʦʣʫʯʘʶʪ 

ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʠʩʣʦʨʦʜʥʳʝ ʤʘʩʢʠ. ʋʧʨʘʚʣʝʥʠʝ ʠ ʧʦʣʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ 

ʨʘʙʦʪʦʡ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʙʣʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʩʪʨʦʝʥʥʳʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʤ, ʢʦʪʦʨʳʡ 

ʦʙʤʝʥʠʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ ʮʠʬʨʦʚʦʤʫ ʧʨʦʪʦʢʦʣʫ. ɺʩʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 

ʵʣʝʢʪʨʦʥʥʳʤ ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʚʠʦʥʠʢʦʡ ʩʘʤʦʣʝʪʘ. 

ʂʠʩʣʦʨʦʜ ʜʣʷ ʩʠʩʪʝʤʳ ʭʨʘʥʠʪʩʷ ʚ ʙʘʣʣʦʥʘʭ ʩ ʪʝʨʤʦʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʤ ʢʦʥʪʨʦʣʝʤ 

ʟʘʧʘʩʘ, ʫ ʥʠʭ ʫʩʪʘʥʦʚʣʝʥʳ ʮʠʬʨʦʚʳʝ ʜʘʪʯʠʢʠ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ. 

ʇʦʜʘʯʘ ʢʠʩʣʦʨʦʜʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʫʩʪʨʦʡʩʪʚʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʠʤʝʶʱʝʛʦ ʨʫʯʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʞʠʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʘʟʦʚʘʷ ʢʠʩʣʦʨʦʜʥʘʷ 

ʩʠʩʪʝʤʘ ʜʣʷ ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ ʚʢʣʶʯʘʝʪ ʤʘʩʢʠ, ʪʨʫʙʦʧʨʦʚʦʜʳ ʠ ʙʘʣʣʦʥ ʩ ʢʠʩʣʦʨʦʜʦʤ, 

ʢʦʪʦʨʳʡ ʨʘʟʤʝʱʝʥ ʧʦʜ ʧʦʣʦʤ ʢʘʙʠʥʳ ʧʠʣʦʪʦʚ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. 

ʉʠʩʪʝʤʘ ʘʚʘʨʠʡʥʦʛʦ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʯʣʝʥʦʚ ʣʝʪʥʳʭ ʵʢʠʧʘʞʝʡ ʩʘʤʦʣʝʪʦʚ 

ʩʝʤʝʡʩʪʚʘ Airbus A318/A319/A320/A321 ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʠʣʠ ʧʨʠ ʦʧʘʩʥʦʤ 

ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʙʠʥʝ ʧʠʣʦʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 [5]. 

 

 
 

1 ï ʙʘʣʣʦʥ ʩ ʢʠʩʣʦʨʦʜʦʤ, 2 ï ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, 3 ï ʨʫʯʥʘʷ ʟʘʧʦʨʥʘʷ ʘʨʤʘʪʫʨʘ, 4 ï 

ʨʝʛʫʣʷʪʦʨ ʜʘʚʣʝʥʠʷ, 5 ï ʘʚʘʨʠʡʥʳʡ ʢʣʘʧʘʥ ʩ ʨʘʟʨʳʚʥʦʡ ʤʝʤʙʨʘʥʦʡ, 6 ï ʩʙʨʦʩʥʦʡ ʰʣʘʥʛ 

ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, 7 ï ʧʦʨʪ ʜʣʷ ʩʙʨʦʩʘ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ, 8 ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ 

ʢʣʘʧʘʥ, 9 ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʢʦʣʣʝʢʪʦʨ, 10 ï ʢʠʩʣʦʨʦʜʥʳʝ ʤʘʩʢʠ. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʛʘʟʦʚʦʡ ʢʠʩʣʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ 

 

ʂʠʩʣʦʨʦʜʥʳʝ ʤʘʩʢʠ 10 ʨʷʜʦʤ ʩ ʢʘʞʜʳʤ ʢʨʝʩʣʦʤ ʚ ʢʘʙʠʥʝ ʧʠʣʦʪʦʚ, ʠʤʝʶʱʠʝ 

ʚʩʪʨʦʝʥʥʳʡ ʤʠʢʨʦʬʦʥ ʠ ʢʣʘʧʘʥ ʚʥʝʰʥʝʡ ʧʦʜʘʯʠ ʢʠʩʣʦʨʦʜʘ, ʫʣʦʞʝʥʳ ʚ ʩʧʝʮʠʘʣʴʥʳʝ 

ʢʦʥʪʝʡʥʝʨʳ. ʂʠʩʣʦʨʦʜ ʢ ʤʘʩʢʘʤ ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʢʦʣʣʝʢʪʦʨ 9, ʢʫʜʘ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʩʪʫʧʘʝʪ ʟʘ ʩʯʝʪ ʦʪʢʨʳʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʣʘʧʘʥʘ-ʩʦʣʝʥʦʠʜʘ 8, 

ʩʨʘʙʘʪʳʚʘʶʱʝʛʦ ʦʪ ʨʝʛʫʣʷʪʦʨʘ ʜʘʚʣʝʥʠʷ 4, ʘʢʪʠʚʠʨʫʝʤʦʛʦ ʠʟ ʢʘʙʠʥʳ ʧʠʣʦʪʦʚ. ɼʘʚʣʝʥʠʝ ʚ 

ʙʘʣʣʦʥʝ ʩ ʢʠʩʣʦʨʦʜʦʤ 1 ʩʦʩʪʘʚʣʷʝʪ 1850 psi (12,76 ʄʇʘ). ɽʛʦ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʠ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ 2 ʠ ʨʫʯʥʦʡ 

ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʠʰʝ ʜʣʷ ʙʘʣʣʦʥʘ ʩ 

ʢʠʩʣʦʨʦʜʦʤ ʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʥʝʤ ʨʘʟʨʳʚʘʝʪʩʷ ʤʝʤʙʨʘʥʘ ʚ ʢʣʘʧʘʥʝ 5 ï ʠ ʢʠʩʣʦʨʦʜ 

ʜʣʷ ʩʥʷʪʠʷ ʚʟʨʳʚʦʦʧʘʩʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʙʘʣʣʦʥ ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʯʝʨʝʟ ʰʣʘʥʛ 

ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ 6 ʠʟ ʧʦʨʪʘ 7. 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʢʠʩʣʦʨʦʜʥʘʷ ʩʠʩʪʝʤʘ ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʠʰʝ ʜʣʷ ʢʠʩʣʦʨʦʜʥʦʛʦ ʙʘʣʣʦʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝʤʠʥʫʝʤʳʡ ʚʳʙʨʦʩ ʚʩʝʛʦ 

ʢʠʩʣʦʨʦʜʘ ʯʝʨʝʟ ʢʣʘʧʘʥ ʩ ʨʘʟʨʳʚʥʦʡ ʤʝʤʙʨʘʥʦʡ, ʰʣʘʥʛ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʩʙʨʦʩʥʦʡ 

ʧʦʨʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʦʩʪʘʚʰʝʛʦʩʷ ʚʨʝʤʝʥʠ ʧʦʣʝʪʘ ʯʣʝʥʳ ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ ʥʝ 

ʙʫʜʫʪ ʠʤʝʪʴ ʢʠʩʣʦʨʦʜ ʥʘ ʩʣʫʯʘʡ ʦʧʘʩʥʦʛʦ ʩʥʠʞʝʥʠʷ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʘʙʠʥʝ ʧʠʣʦʪʦʚ.  

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʩʙʨʦʩʝ ʢʠʩʣʦʨʦʜʘ ʠʟ ʙʘʣʣʦʥʘ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʚ ʩʦʭʨʘʥʝʥʠʠ ʟʘʧʘʩʘ 
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ʢʠʩʣʦʨʦʜʘ ʚ ʙʘʣʣʦʥʝ ʧʦʩʣʝ ʣʠʢʚʠʜʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʚʥʝʰʥʝʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʥʝʛʦ. 

ʋʢʘʟʘʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʪʦʛʦ, ʯʪʦ ʚʤʝʩʪʦ ʢʣʘʧʘʥʘ ʩ 

ʨʘʟʨʳʚʥʦʡ ʤʝʤʙʨʘʥʦʡ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʫʞʠʥʥʳʡ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ, ʢʦʪʦʨʳʡ 

ʦʪʢʨʳʚʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʢʠʩʣʦʨʦʜʥʦʤ ʙʘʣʣʦʥʝ, ʚʳʟʚʘʥʥʦʤ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʝʛʦ ʥʠʰʝ, ʥʦ ʟʘʢʨʳʚʘʝʪʩʷ ʧʨʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʚʣʝʥʠʷ ʚ ʢʠʩʣʦʨʦʜʥʦʤ 

ʙʘʣʣʦʥʝ ʜʦ ʚʝʣʠʯʠʥʳ 1850 psi (12,76 ʄʇʘ).  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʦʧʪʠʤʠʟʘʮʠʠ ʢʠʩʣʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ 

ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʠʰʝ ʜʣʷ ʢʠʩʣʦʨʦʜʥʦʛʦ ʙʘʣʣʦʥʘ ʧʦʜ ʧʦʣʦʤ ʢʘʙʠʥʳ 

ʧʠʣʦʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʠ ʛʘʟʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʙʘʣʣʦʥʝ ʙʦʣʝʝ 1850 psi (12,76 ʄʇʘ) 

ʦʪʢʨʳʚʘʝʪʩʷ ʦʪʨʝʛʫʣʠʨʦʚʘʥʥʳʡ ʥʘ ʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ ʧʨʫʞʠʥʥʳʡ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ 

ʢʣʘʧʘʥ. ʂʠʩʣʦʨʦʜ, ʩʦʟʜʘʶʱʠʡ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʙʘʣʣʦʥʝ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʰʣʘʥʛ, 

ʚʝʜʫʱʠʡ ʢ ʩʙʨʦʩʥʦʤʫ ʧʦʨʪʫ ʚ ʬʶʟʝʣʷʞʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʠ ʧʦʧʘʜʘʝʪ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʂʦʥʪʨʦʣʴ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʙʨʦʩʘ ʢʠʩʣʦʨʦʜʘ ʠʟ ʙʘʣʣʦʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʫʞʠʥʥʦʛʦ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ, ʢʦʪʦʨʳʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʧʘʥʘ ʩ ʨʘʟʨʳʚʥʦʡ 

ʤʝʤʙʨʘʥʦʡ, ʧʝʨʝʢʨʦʝʪ ʧʦʜʘʯʫ ʢʠʩʣʦʨʦʜʘ ʚ ʰʣʘʥʛ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʩʣʝ ʝʛʦ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʦ ʚʝʣʠʯʠʥʳ 1850 psi (12,76 ʄʇʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʙʘʣʣʦʥʝ ʦʩʪʘʥʝʪʩʷ 

ʢʠʩʣʦʨʦʜ, ʥʝʦʙʭʦʜʠʤʳʡ ʣʝʪʥʦʤʫ ʵʢʠʧʘʞʫ ʧʨʠ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʠʣʠ ʚ ʠʥʳʭ ʩʣʫʯʘʷʭ 

ʦʧʘʩʥʦʛʦ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʙʠʥʝ ʧʠʣʦʪʦʚ.  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 2, ʥʘ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʭʝʤʘ ʛʘʟʦʚʦʡ ʢʠʩʣʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ ʩ ʧʨʫʞʠʥʥʳʤ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʤ ʢʣʘʧʘʥʦʤ ʘʚʘʨʠʡʥʦʛʦ ʩʙʨʦʩʘ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ.  

 

 
 

1 ï ʙʘʣʣʦʥ ʩ ʢʠʩʣʦʨʦʜʦʤ, 2 ï ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, 3 ï ʨʫʯʥʘʷ ʟʘʧʦʨʥʘʷ ʘʨʤʘʪʫʨʘ, 4 ï 

ʨʝʛʫʣʷʪʦʨ ʜʘʚʣʝʥʠʷ, 5 ï ʧʨʫʞʠʥʥʳʡ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ, 6 ï ʩʙʨʦʩʥʦʡ ʰʣʘʥʛ 

ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, 7 ï ʧʦʨʪ ʜʣʷ ʩʙʨʦʩʘ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ, 8 ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ 

ʢʣʘʧʘʥ, 9 ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʢʦʣʣʝʢʪʦʨ, 10 ï ʢʠʩʣʦʨʦʜʥʳʝ ʤʘʩʢʠ. 

 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʛʘʟʦʚʦʡ ʢʠʩʣʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ ʩ ʧʨʫʞʠʥʥʳʤ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʤ ʢʣʘʧʘʥʦʤ ʘʚʘʨʠʡʥʦʛʦ ʩʙʨʦʩʘ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ 
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ʋʩʪʨʦʡʩʪʚʦ ʧʨʫʞʠʥʥʦʛʦ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ 5 ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 3.  

  

 
 

1 ï ʩʝʜʣʦ, 2 ï ʩʪʝʨʞʝʥʴ, 3 ï ʟʦʣʦʪʥʠʢ, 4 ï ʢʘʧʶʰʦʥ, 5 ï ʧʨʫʞʠʥʘ, 6 ï ʢʦʨʧʫʩ, 7 ï ʪʘʨʝʣʢʘ,  

8 ï ʢʦʣʦʢʦʣ.  

 

ʈʠʩʫʥʦʢ 3 ï ʋʩʪʨʦʡʩʪʚʦ ʧʨʫʞʠʥʥʦʛʦ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ 

 

ɺ ʧʨʫʞʠʥʥʳʭ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʢʣʘʧʘʥʘʭ ʩʠʣʘ ʧʨʫʞʠʥʳ 5 ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ 

ʜʘʚʣʝʥʠʶ ʩʨʝʜʳ ʥʘ ʟʦʣʦʪʥʠʢ 3. ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʢʣʘʧʘʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʝʯʥʦ-ʨʝʟʴʙʦʚʦʡ 

ʤʝʭʘʥʠʟʤ ʚ ʢʦʣʦʢʦʣʝ 8, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʩʪʝʧʝʥʴ ʧʦʜʞʘʪʠʷ ʧʨʫʞʠʥʳ. ʇʨʠ ʚʳʙʦʨʝ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ ʜʣʷ ʛʘʟʦʚʦʡ ʢʠʩʣʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ 

ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʝʛʦ ʨʘʟʤʝʨʳ ʠ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ ʠ ʘʚʘʨʠʡʥʦʛʦ ʧʨʠʪʦʢʘ [6]: 

 

G > Ga,       (1) 

 

ʛʜʝ G ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ, ʢʛ/ʩ; 

Ga ï ʘʚʘʨʠʡʥʳʡ ʤʘʩʩʦʚʳʡ ʧʨʠʪʦʢ ʩʨʝʜʳ, ʢʛ/ʩ. 

 

ɸʚʘʨʠʡʥʳʡ ʤʘʩʩʦʚʳʡ ʧʨʠʪʦʢ ʩʨʝʜʳ Ga ʩʣʝʜʫʝʪ ʨʘʩʩʯʠʪʘʪʴ, ʠʩʭʦʜʷ ʠʟ ʤʠʥʠʤʘʣʴʥʦʡ 

ʚʝʣʠʯʠʥʳ ʩʙʨʦʩʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʠʩʣʦʨʦʜʥʦʤ ʙʘʣʣʦʥʝ 1850 psi (12,76 ʄʇʘ). ʅʘʠʙʦʣʝʝ 

ʦʧʘʩʥʦʡ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʚʟʨʳʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ cʨʝʜʳ (ʢʠʩʣʦʨʦʜʘ) ʚʥʫʪʨʠ 

ʙʘʣʣʦʥʘ. ɸʚʘʨʠʡʥʳʡ ʧʨʠʪʦʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʚʷʟʘʥ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʤʫ ʩʢʦʨʦʩʪʴʶ 

ʥʘʨʘʩʪʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚʟʨʳʚʘ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ [7]: 
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ʩʨ

M V dp
G

R T dt

³
= ³
³

,      (2) 

 

ʛʜʝ ʄ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʧʨʦʜʫʢʪʘ, ʢʛ/ʤʦʣʴ; V ï ʦʙʲʝʤ ʘʧʧʘʨʘʪʘ, ʤ3; R = 8314 

ʢɼʞ/(ʢʤʦʣʴ Ĭ ʂ) ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; ʊʩʨ ï ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʘ 

ʚ ʙʘʣʣʦʥʝ, ʂ; dP/dŰ ï ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʜʘʚʣʝʥʠʷ ʚ ʙʘʣʣʦʥʝ ʧʨʠ ʚʟʨʳʚʝ, ʇʘ/ʩ.  

ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ ʚ ʢʠʩʣʦʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʥʘ ʚʦʟʜʫʰʥʦʤ 

ʩʫʜʥʝ ʝʛʦ ʨʘʟʤʝʨʳ ʠ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʙʨʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʚ ʙʘʣʣʦʥʝ ʥʝ ʤʦʛʣʦ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʜʘʚʣʝʥʠʝ, ʧʨʝʚʳʰʘʶʱʝʝ ʨʘʙʦʯʝʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 

10%. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [8] ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ ʜʣʷ ʛʘʟʦʚ 

ʠ ʧʘʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

1 13,16 ( 0,1)G B F pa r= ³ ³ ³ + ³,     (3) 

 

 ʛʜʝ Ŭ = 0,4õ0,7 ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ ʧʦ ʧʘʩʧʦʨʪʥʳʤ ʜʘʥʥʳʤ ʢʣʘʧʘʥʘ; F ï 

ʥʘʠʤʝʥʴʰʘʷ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʩʝʜʣʘ ʢʣʘʧʘʥʘ, ʤʤ2; ʈ ï ʤʘʢʩʠʤʘʣʴʥʦʝ 

(ʠʟʙʳʪʦʯʥʦʝ) ʜʘʚʣʝʥʠʝ ʧʝʨʝʜ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʤ ʢʣʘʧʘʥʦʤ, ʄʇʘ; ɟ ï ʧʣʦʪʥʦʩʪʴ 

ʞʠʜʢʦʩʪʠ ʧʝʨʝʜ ʢʣʘʧʘʥʦʤ ʧʨʠ ʈ ʠ ʝʝ ʪʝʤʧʝʨʘʪʫʨʝ t ʧʝʨʝʜ ʢʣʘʧʘʥʦʤ, ʢʛ/ʤ3; ɺ ï 

ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʘʟʦʚ ʠ ʧʘʨʦʚ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ 

ʩʨʝʜʳ ʧʝʨʝʜ ʢʣʘʧʘʥʦʤ.  

ʇʣʦʪʥʦʩʪʴ ʧʘʨʘ ʠʣʠ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ ɟ2 (ʢʛ/ʤ
3) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [8]: 

 
6

1
2

1 1

10 ( 0,1)

( 273)

p

B R t
r

³ +
=
³ ³ +

,     (4) 

 

ʛʜʝ R ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ɼʞ/(ʢʛĬÁʉ); ɺ1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʠʤʘʝʤʦʩʪʠ ʨʝʘʣʴʥʦʛʦ 

ʛʘʟʘ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ B, B1 ʠ ʛʘʟʦʚʦʡ ʧʦʩʪʦʷʥʥʦʡ R ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ 

ʬʦʨʤʫʣʝ (4) ʠʣʠ ʚʳʙʨʘʪʴ ʠʟ ʧʨʠʚʝʜʸʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʪʘʙʣʠʮʘʭ 1ï3.  
 

ʊʘʙʣʠʮʘ 1 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ k, B, R ʜʣʷ ʢʠʩʣʦʨʦʜʘ [9] 

 

ɻʘʟ 

ʇʦʢʘʟʘʪʝʣʴ 

ʘʜʠʘʙʘʪʳ, k 

ʂʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, B 
ɻʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, 

R, ɼʞ/(ʢʛ Ĭ ƺʉ) 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0ƺʉ ʠ ʜʘʚʣʝʥʠʠ 0,1 ʄʇʘ 

ʂʠʩʣʦʨʦʜ 1,40 0,77 260 
 

ʊʘʙʣʠʮʘ 2 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ B ʜʣʷ ʢʠʩʣʦʨʦʜʘ [9] 

 

p2 + 0,1 k 

p1 + 0,1 1,40 

0,100 0,770 

0,200 0,770 

0,300 0,770 

0,354 0,770 

0,393 0,770 

0,400 0,770 

p2 + 0,1 k 

p1 + 0,1 1,40 

0,445 0,770 

0,450 0,770 

0,488 0,770 

0,500 0,770 

0,528 0,770 

0,546 0,769 

p2 + 0,1 k 

p1 + 0,1 1,40 

0,550 0,768 

0,564 0,765 

0,577 0,764 

0,600 0,762 

0,650 0,748 

0,700 0,720 

p2 + 0,1 k 

p1 + 0,1 1,40 

0,750 0,678 

0,800 0,630 

0,850 0,560 

0,900 0,475 

1,000 0 
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ʊʘʙʣʠʮʘ 3 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ B1 ʜʣʷ ʢʠʩʣʦʨʦʜʘ [9]  

 

p1 + 0,1, 

ʄʇʘ 

ʊʝʤʧʝʨʘʪʫʨʘ t1, ƺʉ 

0 50 100 200 

0 1 1 1 1 

10 0,92 0,97 1 - 

20 0,91 - 1,02 1,06 

30 0,97 - 1,07 1,1 

40 1,07 - 1,12 1,14 

50 1,17 - 1,20 1,19 

80 1,53 - 1,44 1,37 

100 1,77 - 1,59 - 

 

ɿʥʘʯʝʥʠʷ ʘʜʠʘʙʘʪʳ k ʜʣʷ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʫʢʘʟʘʥʳ ʚ 

ʪʘʙʣʠʮʝ 4.  

 

ʊʘʙʣʠʮʘ 4 ï ʇʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ k ʜʣʷ ʢʠʩʣʦʨʦʜʘ [9] 

 

ɻʘʟ ʊʝʤʧʝʨʘʪʫʨʘ, ƺʉ k 

ʂʠʩʣʦʨʦʜ ï180  1,45 

15 1,401 

200 1,396 

 

ʂʦʵʬʬʠʮʠʝʥʪ ɺ ʜʣʷ ʛʘʟʦʚ ʠ ʧʘʨʦʚ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: ʧʨʠ ʜʦʟʚʫʢʦʚʦʤ 

ʨʝʞʠʤʝ ʠʩʪʝʯʝʥʠʷ (ɓ > ɓʢʨ.) [9]: 

 

2
2 1

1
k

k k
B

k k
b b
å õ+

= ³ - ³æ ö
- ç ÷

,     (5) 

 

ʧʨʠ ʩʚʝʨʭʟʚʫʢʦʚʦʤ ʨʝʞʠʤʝ ʠʩʪʝʯʝʥʠʷ (ɓ Ò ɓʢʨ.) [10]: 

 
1

12

1

k

k

B k
k

+

-å õ
= ³æ ö

+ç ÷
,      (6) 

 

ʛʜʝ k ï ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ ʨʘʩʰʠʨʝʥʠʷ ʛʘʟʘ (ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʩʧʨʘʚʦʯʥʳʤ ʜʘʥʥʳʤ 

[1, 6] ʠʣʠ ʠʟ ʪʘʙʣ. 2, 5; ɓ ï ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ ʟʘ ʠ ʧʝʨʝʜ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʤ ʢʣʘʧʘʥʦʤ, 

ɓʢʨ. ï ʢʨʠʪʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ [11]: 
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      (7) 

 

ʈʘʩʯʝʪ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʢʣʘʧʘʥʦʚ  

ʈʘʩʯʝʪ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʢʣʘʧʘʥʦʚ ʦʩʥʦʚʘʥ ʥʘ ʨʝʰʝʥʠʠ 

ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʢʣʘʧʘʥʝ 
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ʧʨʠ ʝʛʦ ʦʪʢʨʳʪʠʠ. ʇʨʠʥʠʤʘʷ ʜʚʠʞʝʥʠʝ ʟʘʤʳʢʘʶʱʝʛʦ ʦʨʛʘʥʘ ʨʘʚʥʦʫʩʢʦʨʝʥʥʳʤ ʩ ʥʫʣʝʚʦʡ 

ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʚʨʝʤʷ ʦʪʢʨʳʪʠʷ ʢʣʘʧʘʥʘ t ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ [12]: 

 

max

1 2

2

( ) c

m H
t

p p F R

³
=

- ³ -
,     (8) 

 

ʛʜʝ m ï ʤʘʩʩʘ ʟʘʤʳʢʘʶʱʝʛʦ ʦʨʛʘʥʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʜʝʪʘʣʷʤʠ, ʢʛ ʧʨʠʥʠʤʘʝʪʩʷ 

5õ7% ʦʪ ʚʝʩʘ ʢʣʘʧʘʥʘ; Hmax ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʭʦʜ ʟʘʤʳʢʘʶʱʝʛʦ ʦʨʛʘʥʘ, ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,5 

ʜʦ 3 ʩʤ; F ï ʧʣʦʱʘʜʴ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʢʣʘʧʘʥʘ, ʩʤ2; Rc ï ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʟʘʤʳʢʘʶʱʝʛʦ ʦʨʛʘʥʘ, ʢʛʩ.  

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʠʥʠʤʘʶʪ [12]: 

 

1 2 1 2( ) 2( )cp p F R p p F- - = - ,    (9) 

 

ʧʨʠʯʝʤ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʧʘʥʘʤ ʩ ʟʦʣʦʪʥʠʢʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʠʝ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ. ʏʝʤ ʤʝʥʴʰʝ ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ, 

ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʝ ʨʘʙʦʪʘʝʪ ʢʣʘʧʘʥ.  

ɺ ʩʦʩʪʘʚʝ ʢʠʩʣʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʢʘʙʠʥʳ ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʚʨʝʤʷ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʢʣʘʧʘʥʘ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 0,9 ʩʝʢʫʥʜʳ. ʇʨʠ ʘʢʪʠʚʘʮʠʠ ʢʠʩʣʦʨʦʜʥʦʡ 

ʩʠʩʪʝʤʳ ʥʘ ʨʠʩʫʥʢʝ 2 ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ ʜʘʚʣʝʥʠʷ 4 ʢʠʩʣʦʨʦʜ ʠʟ ʙʘʣʣʦʥʘ 1 

ʯʝʨʝʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ-ʩʦʣʝʥʦʠʜ 8 ʧʦʩʪʫʧʘʝʪ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʢʦʣʣʝʢʪʦʨ 9, 

ʦʪʢʫʜʘ ʧʦʜʘʝʪʩʷ ʥʘ ʢʠʩʣʦʨʦʜʥʳʝ ʤʘʩʢʠ 10. ɺʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʢʠʩʣʦʨʦʜʥʦʤ ʙʘʣʣʦʥʝ 1 ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ 

ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ 2 ʠ ʨʫʯʥʦʡ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ 3. ɺ ʩʣʫʯʘʝ ʧʦʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʠʰʝ ʜʣʷ ʙʘʣʣʦʥʘ ʩ ʢʠʩʣʦʨʦʜʦʤ ʧʦʜ ʧʦʣʦʤ ʢʘʙʠʥʳ ʧʠʣʦʪʦʚ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʛʦ ʨʦʩʪʘ ʜʘʚʣʝʥʠʷ ʚ ʙʘʣʣʦʥʝ ʦʪʢʨʳʚʘʝʪʩʷ ʧʨʫʞʠʥʥʳʡ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ 

ʢʣʘʧʘʥ 5, ʦʪʨʝʛʫʣʠʨʦʚʘʥʥʳʡ ʥʘ 1850 psi (12,76 ʄʇʘ). ʂʠʩʣʦʨʦʜ, ʩʦʟʜʘʶʱʠʡ ʜʘʚʣʝʥʠʝ ʚ 

ʙʘʣʣʦʥʝ ʙʦʣʝʝ 1850 psi (12,76 ʄʇʘ), ʧʨʦʭʦʜʠʪ ʧʦ ʰʣʘʥʛʫ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ 6 ʠ 

ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʯʝʨʝʟ ʧʦʨʪ 7. ʂʠʩʣʦʨʦʜ, ʥʝ ʩʦʟʜʘʶʱʠʡ ʜʘʚʣʝʥʠʝ ʙʦʣʝʝ 1850 psi 

(12,76 ʄʇʘ), ʦʩʪʘʝʪʩʷ ʚ ʙʘʣʣʦʥʝ ʟʘ ʩʯʝʪ ʟʘʢʨʳʪʠʷ ʧʨʫʞʠʥʥʦʛʦ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ 

ʢʣʘʧʘʥʘ 5. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʦʩʪʘʚʰʝʛʦʩʷ ʚʨʝʤʝʥʠ ʧʦʣʝʪʘ ʯʣʝʥʳ ʣʝʪʥʦʛʦ 

ʵʢʠʧʘʞʘ ʙʫʜʫʪ ʠʤʝʪʴ ʢʠʩʣʦʨʦʜ ʥʘ ʩʣʫʯʘʡ ʦʧʘʩʥʦʛʦ ʩʥʠʞʝʥʠʷ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʘʙʠʥʝ 

ʧʠʣʦʪʦʚ. 

 

ɿʘʢʣʶʯʝʥʠʝ. 

ʂʠʩʣʦʨʦʜʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʵʢʠʧʘʞʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʢʘʙʠʥʳ, ʧʦʣʝʪʦʚ ʥʘ ʙʦʣʴʰʠʭ 

ʚʳʩʦʪʘʭ ʠʣʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʟʘʜʳʤʣʝʥʠʷ/ʧʦʞʘʨʘ. ɻʠʧʦʢʩʠʷ (ʢʠʩʣʦʨʦʜʥʦʝ ʛʦʣʦʜʘʥʠʝ) 

ʤʦʞʝʪ ʙʳʩʪʨʦ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ, ʧʦʪʝʨʝ ʩʦʟʥʘʥʠʷ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʢ ʘʚʠʘʢʘʪʘʩʪʨʦʬʝ. ʆʧʪʠʤʠʟʘʮʠʷ ʢʠʩʣʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʫʪʦʤʣʷʝʤʦʩʪʠ ʵʢʠʧʘʞʘ, ʧʦʚʳʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʠʤʘʥʠʷ ʠ ʫʣʫʯʰʝʥʠʶ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʚ ʩʪʨʝʩʩʦʚʳʭ ʩʠʪʫʘʮʠʷʭ. ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʝʝ ʨʘʙʦʪʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʢʫʱʠʭ ʫʩʣʦʚʠʡ ʧʦʣʝʪʘ. ʆʧʪʠʤʠʟʘʮʠʷ ʢʠʩʣʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʢʘʙʠʥʳ ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʩʝʤʝʡʩʪʚʘ Airbus ï ʵʪʦ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʵʢʠʧʘʞʘ, ʩʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʨʘʩʭʦʜʦʚ ʠ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʚʠʘʢʦʤʧʘʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ. 
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AIRBUS A318/A319/A320/A321 ᴄʋɽ ʂɽʄɽʉɯʅɯױ רʐʋ ʕʂʀʇɸɾʓ 

ʂɸɹʀʅɸʉʓʅʓר ʆʊʊɽɻɯ ɾתʁɽʉɯʅ ʆרʊɸʁʃɸʅɼʓʈʋ 

 

ɸשʜʘʪʧʘ. ɸʜʘʤ ʘסʟʘʩʳ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʢᴇʧʪʝʛʝʥ ʩװʪץʦʨʝʢʪʽʣʝʨ ʘʵʨʦʙʪʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ, ʦʥʳץ שʘʣʳʧʪʳ ʞײʤʳʩ ʽʩʪʝʫʽ װʰʽʥ ʦʪʪʝʛʽʥʽש ʪײʨʘץʪʳ ץʦʣ ʞʝʪʽʤʜʽʣʽʛʽ ץʘʞʝʪ. 

ʆʪʪʝʛʽʛʝ ץʦʣ ʞʝʪʽʤʜʽʣʽʢʪʽש ʞʦסʘʣʫʳ ʞʘʩʫʰʘʣʘʨ ʤʝʥ ʤװʰʝʣʝʨʜʽש ʪʝʟ ʜʝʛʨʘʜʘʮʠʷʩʳʥʘ 

ᴅʢʝʣʫʽ ʤװʤʢʽʥ, ʙײʣ ʘץʳʨ ʩʦשʳʥʜʘ ʩʘʥʘʥʳש ʞʦסʘʣʫʳʥʘ ʞᴅʥʝ ᴇʣʽʤʛʝ ᴅʢʝʣʝʜʽ. ʆʪʪʝʛʽʛʝ ץʦʣ 

ʞʝʪʢʽʟʙʝʩʪʝʥ ʩʘʥʘʥʳש ʞʦסʘʣʫ ʞʳʣʜʘʤʜʳסʳ ʞʘʪʪʳסʫ ʜʝשʛʝʡʽ, ץʦʨʰʘסʘʥ ʦʨʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ, ʘʫʨʫʣʘʨʜʳש ʙʦʣʫʳ ʞᴅʥʝ ʞʘʣʧʳ ʜʝʥʩʘʫʣʳץ ʩʠʷץʪʳ ʙʽʨʥʝʰʝ ʬʘʢʪʦʨʣʘʨסʘ 

ʙʘʡʣʘʥʳʩʪʳ. ʆʨʪʘʰʘ ʘʣסʘʥʜʘ, ʩʘʥʘʥʳש ʞʦסʘʣʫʳ ʥʝʤʝʩʝ ᴇʣʽʤ ʘסʟʘʥʳש ʤװʰʝʣʝʨʽ ʤʝʥ 

ʞװʡʝʣʝʨʽʥʽש ʛʠʧʦʢʩʠʷʩʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʘסʟʘסʘ ʦʪʪʝʛʽʥʽש ʪװʩʫʽʥ ʪʦץʪʘʪץʘʥʥʘʥ ʢʝʡʽʥ ʙʽʨʥʝʰʝ 

ʤʠʥʫʪ ʽʰʽʥʜʝ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ᴄʫʝ ʢʝʤʝʩʽʥʽײ שʰʫ ʵʢʠʧʘʞʳʥʳש ʢʘʙʠʥʘʩʳʥʜʘ ʦʪʪʝʛʽʥʽש ʞʝʪʽʩʧʝʫʰʽʣʽʛʽ 

 ʘʣʪʫʳʥʘסʳʥʘ ʞᴅʥʝ ʝʩʽʥ ʞʦסʜʘʨʩʳʟʜʳסʨʝʢ ʘʡʥʫʳʥʘ, ʙʘװʙʘʩ ʘʡʥʘʣʫʳʥʘ, ʞ שʳʰʪʘʨʜʳץʰײ

ᴅʢʝʣʫʽ ʤװʤʢʽʥ, ʙײʣ ײʰʘץʪʳ ʙʘץʳʣʘʫʜʳ ʞʦסʘʣʪʫ ʩʘʣʜʘʨʳʥʘʥ ײʰʫ ץʘʫʽʧʩʽʟʜʽʛʽ װʰʽʥ ʘʫʳʨ 

ʟʘʨʜʘʧʪʘʨסʘ ᴅʢʝʣʝʜʽ. ɻʠʧʦʢʩʠʷ ʩʘʣʜʘʨʳʥʘʥ ʝʩʽʥ ʞʦסʘʣʪʫ ʥʝʤʝʩʝ ײʰץʳʰʪʘʨʜʳש ᴇʣʽʤʽ ᴇʪʝ 

ʤʘשʳʟʜʳ ʞʘסʜʘʡ, ʩʦʥʜʳץʪʘʥ ʦʥʳש ʘʣʜʳʥ ʘʣʫ װʰʽʥ ʰʘʨʘʣʘʨ ץʘʙʳʣʜʘʫ ץʘʞʝʪ. 

 ʰʫײ שʙʽʨʽ ᴅʫʝ ʢʝʤʝʩʽʥʽ שʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝʛʽ ʥʝʛʽʟʛʽ ʨᴇʣʜʝʨʜʽץ ʘʫʽʧʩʽʟʜʽʛʽʥץ ʰʫױ

ʵʢʠʧʘʞʳʥʳש ʢʘʙʠʥʘʩʳʥʘ ʦʪʪʝʛʽʥ ʙʝʨʫ ʞװʡʝʩʽ, ᴅʩʽʨʝʩʝ ʦʥʳש ʞʘʨʳʣסʳʰ ʛʝʨʤʝʪʠʢʘʣʘʥʙʘʫʳ 

ʞʘסʜʘʡʳʥʜʘ ʦʡʥʘʡʜʳ. Airbus A318/A319/A320/A321 ײʰʘץʪʘʨʳʥʳש ʙʦʨʪʳʥʜʘסʳ ײʰʫ 

ʵʢʠʧʘʞʳʥʳש ʦʪʪʝʛʽ ʞװʡʝʩʽ ʦʪʪʝʛʽ ʮʠʣʠʥʜʨʽʥʽש ʪʘʫʘʰʘʩʳʥʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢᴇʪʝʨʽʣʛʝʥ ʢʝʟʜʝ 

ʞʘʨʳʣסʳʰ ʤʝʤʙʨʘʥʘʣʳץ ʢʣʘʧʘʥ, ʘʨʪʳץ ץʳʩʳʤ ʰʣʘʥʛʽʩʽ ʞᴅʥʝ ʘסʳʟʫ ʧʦʨʪʳ ʘʨץʳʣʳ ʙʘʨʣʳץ 

ʦʪʪʝʛʽʥʽש ʞʘץʳʥ ʘʨʘʜʘ ʰʳסʘʨʳʣʫʳʥ ʙʦʣʞʘʡʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ײʰʫʜʳץ שʘʣסʘʥ ʫʘץʳʪʳ 

ʽʰʽʥʜʝ ײʰʫ ʵʢʠʧʘʞʳʥʳש ʤװʰʝʣʝʨʽʥʜʝ ʦʥʳײ שʰץʳʰʪʘʨ ʢʘʙʠʥʘʩʳʥʜʘסʳ ʰʦסʳʨʣʘʥʫʳ 

 .ʜʘʡʜʘ ʦʪʪʝʛʽ ʙʦʣʤʘʡʜʳסʘʫʽʧʪʽ ʪᴇʤʝʥʜʝʛʝʥ ʞʘץ
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OPTIMIZATION OF THE OXYGEN SYSTEM OF THE FLIGHT CREW CABIN OF 

THE AIRBUS A318/A319/A320/A321 FAMILY AIRCRAFT  

 

Abstract. The human body and many other mammals are aerobic, and constant oxygen 

supply is necessary for its normal functioning. Loss of oxygen access can lead to rapid 

degradation of cells and organs, eventually leading to unconsciousness and death. The rate of 

unconsciousness without oxygen depends on several factors, such as the level of physical 

activity, ambient temperature, the presence of diseases and general health. On average, loss of 
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consciousness or death can occur within a few minutes after the cessation of oxygen supply to 

the body as a result of hypoxia of organs and body systems. 

Lack of oxygen in the cockpit of an aircraft flight crew can lead to dizziness, nausea, 

disorientation and loss of consciousness by pilots, which will inevitably lead to serious 

consequences for flight safety due to loss of control over the aircraft. Loss of consciousness or 

death of pilots as a result of hypoxia is a critical situation, therefore measures must be taken to 

prevent it. 

One of the key roles in ensuring flight safety is played by the oxygen supply system to 

the cockpit of the aircraft, especially in the event of its explosive depressurization. On board the 

Airbus A318/A319/A320/A321 family of aircraft, the flight crew's oxygen system, when the 

temperature in the oxygen tank niche rises, assumes the inevitable release of all oxygen through 

a bursting valve, an overpressure hose and a discharge port. As a result, during the remaining 

flight time, flight crew members will not have oxygen in case of a dangerous decrease in its 

concentration in the cockpit. 

 

Keywords. Aircraft, flight crew, oxygen system, Airbus A318/A319/A320/A321, flight 

safety, hypoxia, explosive depressurization, bursting diaphragm, spring valve. 
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THE OBSERVATION NETWORK PERFECTION FOR FLIGHT SAFETY IN  

THE REPUBLIC OF KAZAKHSTAN  

 

Abstract. Enhancing the safety of air travel and ensuring high-quality air traffic 

management involves refining the technological infrastructure of the national surveillance 

system. This facilitates the enhancement of scrutinizing the status of the "earth's surfaceï

atmosphere" nexus, crucial for pinpointing perilous and exceptionally hazardous meteorological 

phenomena and forecasting them accurately. A pivotal avenue for refining the apparatus for 

monitoring atmospheric dynamics entails leveraging remote sensing techniques for atmospheric 

examination, exemplified by meteorological radar systems. Presently, meteorological radar 

arrays are operational across all industrially advanced nations: in the USA(United States of 

America), the NEXRAD(Next Generation Radar) constellation integrates approximately 150 

WSR-88D (Weather Surveillance Radar-1988) Doppler-polarized S-band radars; while in 

Europe, under the auspices of the multinational OPERA initiative, roughly 180 radars 

manufactured by diverse companies and executing various observation protocols are 

interconnected. A subset of these systems employs Doppler and polarization capabilities. 

Similarly, in China, Japan, and Australia, radar installations are incorporated into national 

networks. Through scrutinizing publicly available data sources, we delineated the principal 

attributes of meteorological radar setups in multiple global jurisdictions and conducted an 

assessment to ascertain the requisite number of radar installations for comprehensive coverage of 

the Republic of Kazakhstan's territory. 

 

Keywords. Radars, location networks, security, information on the state of the 

atmosphere, takeoff, landing, weather, thunderstorms. 

 

Introduction.   

Today, air transport is the main type of passenger and freight transportation. This puts 

forward the requirements of high regularity and safety of flights. Based on the analysis of air 

transport activities, it can be concluded that the largest number of piloting errors occurs when 

landing aircraft in difficult meteorological conditions. 

To ensure safety during takeoff and landing in complex meteorological conditions 

(CMC), instrument methods are used when there is insufficient visibility of landmarks and the 

runway. In such situations, the pilot must actively monitor the data from various instruments and, 

based on their information, make decisions to control the airplane for a correct approach to the 

landing strip. Time is of the essence here, as errors in control can have catastrophic 

consequences. Automation of processes during landing and takeoff is aimed at ensuring stability 

and further improving the safety of air traffic. Therefore, the creation of automatic and semi-

automatic landing and environmental monitoring systems with a high degree of reliability seems 

particularly relevant. 

 

Materials and Methods.  

Safety studies based on the development of the atmospheric observation network in 

Kazakhstan are not being carried out. The material for the analysis was open sources, articles and 

information on the creation of an observation network in various countries of the world. The 
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research method was the analysis of sources and calculation of the number of atmospheric 

monitoring points for the territory of the Republic of Kazakhstan. 

 

Results and Discussion 

The result of the study was the calculation of the required number of atmospheric 

monitoring points on the territory of the Republic of Kazakhstan to ensure continuous 

monitoring of atmospheric processes and ensure flight safety.  

Some of these systems are aircraft avionics systems, they are designed to detect various 

objects both ground and air by radar, as well as to determine their range, dimension, speed and 

direction of movement. In addition, on-board meteorological radar systems on aircraft are used 

to choose a safe route to ensure flight comfort and safety. The systems are conditionally divided 

into weather navigation locators, radar systems for viewing the earth or water surface. In military 

aviation, radar sights are also used. Aircraft radar facilities are divided by direction of action. 

They may be: 

- front view; 

- lateral view; 

- back review. 

On-board systems must have a minimum weight, small dimensions, high reliability in 

conditions of differential pressure and temperature and alternating sign accelerations. 

 

                                 
 

Figure 1- Layout diagram of the aircraft locator on the aircraft 

 

Table 1 below presents some information on the capabilities of airborne monitoring 

systems. 

 

Table 1 - Technical specifications 
 

  Type Range of detection of     

fronts and   

thunderstorms 

Range of 

 detection of     

  Wind shear  

Range of detection      

ʦf Turbulence 

regions 

Range of 

detection of 

mountain peaks 

çGrozaè 200 km    

ʈʃʉ-ʅ 400-500 km 10 km 50-70 km 80-150 km 

Honeywell ʆʪ 20 km ʜʦ 500 km 16 km 100 km  
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Marginal weather conditions create a threat to flight safety during takeoff, flight and 

landing. These include phenomena such as wind shear, heavy rainfall, thunderstorms, hail, icing, 

etc. Some of these phenomena change the distribution of forces acting on the aircraft, others 

cause damage or even destruction of the structure, and still others complicate piloting and 

provoke pilot errors [1]. 

Currently, good results have been achieved in the provision of flights, almost everywhere 

there is continuous monitoring of weather conditions at the surface of the earth and in the 

atmosphere. However, monitoring is not always a continuum. Over vast territories, observations 

of the state of the atmosphere and its surface layer are dangerously discrete, which leads to 

disrupted threats to flight safety. The lack of this information can be fatal under certain 

conditions. This especially affects in specific geographical conditions, in conditions with 

complex orography and at the take-off and landing stages. According to ICAO (International 

Civil Aviation Organization), 62% of aviation accidents are caused by a deterioration in 

visibility of both flight and landing, 11% are accidents caused by thunderstorm activity, 11% 

turbulence of various genesis, 7% icing and 9% take into account other reasons. 

Based on atmospheric monitoring data and current meteorological phenomena, the pilot 

receives information on the exact position and movement of small-scale clouds that may affect 

flight conditions. This helps to identify areas where hazardous situations for aviation may arise, 

especially in the case of thunderstorms, hail and squalls. Atmospheric radar monitoring data 

provides information on cloud conditions and possible weather hazards over an area one and a 

half times larger than visual observations at any time of day and under any weather conditions. 

This information is especially important at night and under dense low clouds. Meteorological 

radar provides the following data: 

-the location and size of clouds and precipitation; 

-cloud shapes and atmospheric hazards (showers, thunderstorms, hail); 

-speed and direction of movement of cloud systems. 

- data on the height of the upper border of the radio echo (actually cloud), the lower 

border of the cloud of the upper and middle tier, as well as inter-cloud layers; 

- location, height of zero isotherm; 

- intensity of precipitation; 

- intensity of wind shear, degree of turbulence, averaged vertical profile of horizontal 

wind, averaged distribution of horizontal wind in the viewing area at different altitudes; 

- intensity of precipitation; 

- Information on cloud evolution and intensive convection processes; 

- the presence of thunderstorms, hail, rainfall; 

- presence of zones of strong wind, tornado, gusty fronts, areas of wind shear, zones of 

increased turbulence, microblasts, zones of supercooled water, which contribute to icing of 

aircraft caught in them; 

- area of birds and insects accumulation [2]. 

Currently, there is no network of meteorological locators on the territory of the Republic 

of Kazakhstan necessary for a more complete understanding of the air situation in order to safely 

and effectively serve civil aviation. The study of radar networks for the needs of meteorological 

analysis and forecast in foreign countries will allow us to develop optimal recommendations for 

the formation of a network of meteorological fibers in the Republic of Kazakhstan. 

Until now, Russia has mainly used a very sparse network of meteorological radars, 

consisting of Russian noncoherent radars MRL-2 and MRL-5. 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 1 (136), 2025             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 1 (136), 2025                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

49 

 
 

Figure 2- Map-diagram of the location of the MARS network (Russia) 

 

The Russian MARS radar network, shown in Figure 2, is deployed in such a way that the 

DMRL-S meteorological radars are spaced 300 kilometers apart. This strategic placement is due 

to the presence of the most dangerous meteorological phenomena during the warmer months of 

the year, and the radars do not need to be too close to observe them. However, this configuration 

results in overlapping surveillance areas of air routes, key industrial and agricultural facilities. 

This is also economically justified, since in sparsely populated areas radar coverage remains 

quite effective and does not cover the entire area. This network has been deployed in recent years 

and continues to evolve. 

Figure 3 shows a map of WSR-88D (Weather Surveillance Radar-1988) weather radar 

deployments across the United States. This network was established between 1991 and 1997. It 

consists of 138 radars located in 48 states in the continental U.S., as well as 13 radars in Alaska, 

Puerto Rico, and Hawaii. 

The system transmits raw data and observations from all radars to the national 

meteorological centers in Washington, D.C., Kansas City and Miami to produce maps with radar 

information about the U.S. (United States) territory every 30 minutes.  

  

 
 

Figure 3 - Map-diagram of the location of weather radars of the NEXRAD network in the United 

States 
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Figure 3 presents a map of the location of the NEXRAD (Next Generation Radar) 

weather radar network in the United States. A distinctive feature of the NEXRAD (Next 

Generation Radar) weather radar network in the United States is that the WSR-88D (Weather 

Surveillance Radar-1988) radars are installed on the earth's surface in the form of a geographic 

network that covers the entire country. The height of the lower boundary of the continuous radar 

field is about three kilometers. The interval between radars reaches about four hundred 

kilometers [3]. However, in such a network organization at altitudes of less than three 

kilometers, radar coverage does not provide a comprehensive view of atmospheric conditions. 

In Australia, three types of S BAND, C BAND and Doppler locators are used in the radar 

network. Australia's radar network is very interesting in terms of its construction. As shown in 

Figure 4, locators are mainly located in coastal Australia, this is very important in conditions of 

sharply cut coastline.  

 

 
 

Figure 4-Diagram of Australia's radar network 

 

In such an interesting place in the atmosphere from the point of view of meteorology, 

small in length, but intense and multi-directional movements of the atmosphere arise, which 

contribute to the emergence of wind shear, coastal turbulence, etc. These phenomena complicate 

the take-off and landing of aircraft, as well as negatively affect the production of small aircraft 

flights. 

A very large Australia is little populated, so a radar network providing full coverage is 

impractical. Australia's radar network has sixty-three locators, of which 30 maintain regular 

observations and provide real-time data for forecasts, warnings and thirty-three locators perform 

wind and weather monitoring functions [4]. 

The study of radar networks shows that most often radar systems are not built with an 

integrated approach to large networks, which is unfortunately due to economic considerations. 

The American radar network is the closest to the ideal model. Local networks in most countries 

are not always able to fully utilize the potential of weather radars. This organization of 
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observations does not allow for full radar monitoring of the atmosphere and does not realize its 

full potential. 

To ensure safety, regularity and efficiency of air transportation, aviation operations and to 

improve forecasting of complex meteorological conditions in the period from 2020 to 2022, RSE 

(Radar site equipment) "Kazaeronavigatsiya" and RSE (Radar site equipment) çKazhydromet" 

intend to create a unified radar network. This network will be used to compile comprehensive 

maps of remote sensing of the atmosphere using meteorological radars. Application of this 

technology will allow to obtain a comprehensive view of the dynamics of atmospheric processes, 

dangerous meteorological phenomena and the general state of the atmosphere, which is 

necessary to ensure flight safety and timely inform interested organizations about the possible 

consequences of natural disasters with a sufficient time margin - from 2 to 12 hours. It is 

assumed that the radar network in the Republic of Kazakhstan will consist of about 25 

meteorological radars 

Studies of the geometry of radar networks [2] show that the construction of such 

networks can be carried out in two different ways: 

-the combination of radars forms a geometric figure on the ground, which can be a 

triangle with sides two hundred and fifty, three hundred and even four hundred and fifty 

kilometers long; 

-the aggregation of radars forms a hexagonal structure on the ground, where the distance 

between each radar corresponds to the radar systems' radius of action. 

The preference for the second method is obvious, as it reduces dead zones and lowers the 

height of the lower limit of the radar field, thus providing surveillance of the boundary and 

surface layers of the atmosphere. It is also important to note that if one or more radars fail, the 

remaining radars can cover the gaps in coverage. 

The second method has a clear advantage since it provides a reduction of dead zones, 

reduces the height of the lower boundary of the radar field, which makes it possible to monitor 

the boundary and ground layers of the atmosphere. It is also important that in case of possible 

failure of one or more locators, the space will overlap due to the operation of other radars. 

This method of forming a radar network also allows obtaining an economic effect in 

terms of economical energy consumption without reducing the quality indicators of atmospheric 

monitoring. It is also important to note that with this method of building a network, the quality of 

observations is quite high, and the impact on the environment is reduced. With a decrease in the 

range of the radar, less energy is emitted into space and the dangerous effect of electromagnetic 

radiation on people is reduced. 

When analyzing developments in this area, we find it most interesting to use a hexagon-

shaped radar network in the Republic of Kazakhstan. 

The territory of Kazakhstan is diverse in weather conditions, relief and population. 

Obviously, the radar network cannot be built at the same time. This is a long work on the 

selection of locator installation sites and training of specialists in their maintenance, etc. Thus, 

the network building program should be centralized and should have a sufficient time period for 

its implementation. The creation of a workable network cannot be limited to 2022, since in 

modern conditions of stagnation of the world economy; this project cannot be implemented in a 

short time. This project should be phased. 

Figure 5 shows the diagram of the radar network in the Republic of Kazakhstan. The 

location of the functioning meteorological locators is indicated in pink. Not completed DMR 

(Data Modification Request) installation works are highlighted in green color. The creation of a 

radar network for monitoring the atmosphere on the basis of a hexagonal version of the location 

of objects would solve a lot of weather forecasting tasks for both aviation and the national 

economy. 
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Figure 5-Map-diagram of real location of DMRL (Data Modification Request) 

  

Figure 6 shows the layout of the DMRL (Data Modification Request) according to the 

hexagon rule in the territory of the Republic of Kazakhstan. In yellow, additional meteorological 

locators are shown to obtain a continuous radar field. 
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Figure 6- Map - diagram of the ideal prospective location of the DMRL (Data Modification 

Request) for full coverage of the territory 

 

 Conclusion. According to our research, it can be concluded that to ensure continuous 

monitoring of the atmosphere and to ensure the safety of flights over the territory of the Republic 

of Kazakhstan, it would be ideal to build an observation network based on a hexagonal scheme. 

In total, according to preliminary estimates, in addition to those already installed, about three 

hundred Doppler meteorological locators are required located at a distance of about one hundred 

kilometers to ensure monitoring of the lower and middle layers of the atmosphere, save energy, 

and also to reduce their impact on the environment. 
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 ʉʊɸʅפɸɿɸפ ʇɽʈɽʂʊɯʃɯɻɯ רʓʃɸʋ ɾɽʃɯʉɯʅɯפʐɯʅ ɹɸת ɸʋɯʇʉɯɿɼɯɻɯפ ʐʋױ

ʈɽʉʇʋɹʃʀʂɸʉʓ 

 

ɸʥʥʦʪʘʮʠʷ. ױʰʫ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʞᴅʥʝ ᴅʫʝ ץʦʟסʘʣʳʩʳʥʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʧʘʩʳʥ 

ʞʘץʩʘʨʪʫʜʳש ʙʽʨ ʞʦʣʳ - ʝʣʜʽש ʙʘץʳʣʘʫ ʞʝʣʽʩʽʥʽש ʤʘʪʝʨʠʘʣʜʳץ -ʪʝʭʥʠʢʘʣʳץ 

ʞʘʙʜʳץʪʘʣʫʳʥ ʞʝʪʽʣʜʽʨʫ. ɹײʣ çɹʝʪʪʽʢ ʬʦʥ - ʘʪʤʦʩʬʝʨʘè ʞװʡʝʩʽʥʽש ʞʘʡ -ʢװʡʽʥ ʪʘʣʜʘʫʜʳ 

ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ, ʘʪʘʧ ʘʡʪץʘʥʜʘ, ץʘʫʽʧʪʽ ʞᴅʥʝ ʘʩʘ ץʘʫʽʧʪʽ ʘʫʘ ʨʘʡʳ 

 ʧʨʦʮʝʩʪʝʨʜʽ ץʘʞʝʪ. ɸʪʤʦʩʬʝʨʘʣʳץ ʘסʘ ʞᴅʥʝ ʦʣʘʨʜʳ ʙʦʣʞʘʫסʪʘʫץʙʳʣʳʩʪʘʨʳʥ ʘʥʳײץ

ʙʘץʳʣʘʫ ײץʨʘʣʜʘʨʳʥ ʞʝʪʽʣʜʽʨʫ ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ - ʤʝʪʝʦʨʦʣʦʛʠʷʣʳץ ʨʘʜʘʨʜʳ ץʘʤʪʠʪʳʥ 

ʘʪʤʦʩʬʝʨʘʥʳץ שʘʰʳץʪʳץʪʘʥ ʟʦʥʜʪʘʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ. ɹװʛʽʥʜʝ ʙʘʨʣʳץ ʜʘʤʳסʘʥ ʝʣʜʝʨʜʝ 

ʤʝʪʝʦʨʦʣʦʛʠʷʣʳץ ʨʘʜʠʦʣʦʢʘʮʠʷʣʳץ ʞʝʣʽʣʝʨ ײץʨʳʣʜʳ: ɸפʐ-ʪʘ NEXRAD ʞʝʣʽʩʽ ʰʘʤʘʤʝʥ 

150 WSR-88D ʜʦʧʣʝʨ ʧʦʣʷʨʠʟʘʮʠʷʣʘʥסʘʥ S-ʜʠʘʧʘʟʦʥʜʳ ʨʘʜʘʨʣʘʨʳʥ ʙʽʨʽʢʪʽʨʝʜʽ; ɽʫʨʦʧʘʜʘ 

ʭʘʣʳץʘʨʘʣʳץ ʆPɽRɸ ʞʦʙʘʩʳ ʘʷʩʳʥʜʘ ᴅʨ ʪװʨʣʽ ʙʘץʳʣʘʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʜʘ ʞײʤʳʩ 

ʽʩʪʝʡʪʽʥ ᴅʨ ʪװʨʣʽ ᴇʥʜʽʨʫʰʽʣʝʨʜʽ180 ש -ʛʝ ʞʫʳץ ʨʘʜʘʨʣʘʨʳ ץʦʩʳʣסʘʥ. ʆʣʘʨʜʳש ʢʝʡʙʽʨʝʫʣʝʨʽ 

ʜʦʧʣʝʨʣʽʢ ʞᴅʥʝ ʧʦʣʷʨʠʟʘʮʠʷʣʘʥסʘʥ. פʳʪʘʡʜʘ, ɾʘʧʦʥʠʷʜʘ, ɸʚʩʪʨʘʣʠʷʜʘ ʨʘʜʘʨʣʘʨ ʜʘ 

 ʙʽʨʥʝʰʝ שʢᴇʟʜʝʨʜʽ ʪʘʣʜʘʫ ʙʘʨʳʩʳʥʜʘ ʙʽʟ ᴅʣʝʤʥʽ ץʞʝʣʽʣʝʨʛʝ ʙʽʨʽʢʪʽʨʽʣʛʝʥ. ɸʰʳ ץʣʪʪʳײ

ʝʣʜʝʨʽʥʜʝʛʽ ʤʝʪʝʦʨʦʣʦʛʠʷʣʳץ ʨʘʜʠʦʣʦʢʘʮʠʷʣʳץ ʞʝʣʽʣʝʨʜʽש ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

https://www.ng.kz/modules/news/article.php?storyid=27192
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ʘʥʳץʪʘʜʳץ ʞᴅʥʝ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʘʫʤʘסʳʥ ץʘʤʪʫ װʰʽʥ ץʘʞʝʪʪʽ ʨʘʜʘʨ ʩʘʥʳʥ 

ʝʩʝʧʪʝʜʽʢ.  

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʈʘʜʘʨʣʘʨ, ʦʨʥʘʣʘʩʫ ʞʝʣʽʣʝʨʽ, ץʘʫʽʧʩʽʟʜʽʢ, ʘʪʤʦʩʬʝʨʘʥʳש ʞʘסʜʘʡʳ 

ʪʫʨʘʣʳ ʘץʧʘʨʘʪ. 

 

 

ʅʘʜʝʞʜʘ ɼʦʣʞʝʥʢʦ, ʢ.ʧ.ʥ., ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ, Civil Aviation Academy, 

ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, nadin-air@mail.ru 

 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʉɽʊʀ ʅɸɹʃʖɼɽʅʀʁ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ʇʆʃɽʊʆɺ ɺʆɿɼʋʐʅʓʍ ʉʋɼʆɺ ɺ ʈɽʉʇʋɹʃʀʂɽ 

ʂɸɿɸʍʉʊɸʅ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘʙʣʶʜʝʥʠʷ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ çʧʦʜʩʪʠʣʘʶʱʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴïʘʪʤʦʩʬʝʨʘè, ʥʝʦʙʭʦʜʠʤʦʛʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʧʘʩʥʳʭ ʠ 

ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʠʭ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʆʜʥʠʤ 

ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʟʘ ʘʪʤʦʩʬʝʨʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʪʘʢʠʭ ʢʘʢ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʨʘʜʠʦʣʦʢʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʝʪʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚʦ ʚʩʝʭ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ: ʚ ʉʐɸ ʩʝʪʴ NEXRAD 

ʦʙʲʝʜʠʥʷʝʪ ʦʢʦʣʦ 150 ʨʘʜʘʨʦʚ WSR-88D ʚ ʧʦʣʦʩʝ S ʩ ʜʦʧʣʝʨʦʚʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ; ʚ 

ɽʚʨʦʧʝ, ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ OPERA, ʦʢʦʣʦ 180 ʨʘʜʘʨʦʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʥʘʙʣʶʜʝʥʠʷ, ʚʟʘʠʤʦʩʚʷʟʘʥʳ. 

ʏʘʩʪʴ ʠʟ ʥʠʭ ʦʙʣʘʜʘʝʪ ʬʫʥʢʮʠʷʤʠ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʩʝʪʠ ʨʘʜʘʨʦʚ ʩʫʱʝʩʪʚʫʶʪ ʚ ʂʠʪʘʝ, ʗʧʦʥʠʠ ʠ ɸʚʩʪʨʘʣʠʠ, ʛʜʝ ʦʥʠ ʪʘʢʞʝ 

ʚʢʣʶʯʝʥʳ ʚ ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʇʫʪʝʤ ʘʥʘʣʠʟʘ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʜʘʨʦʚ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʛʦ ʦʭʚʘʪʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʈʘʜʘʨʳ, ʣʦʢʘʮʠʦʥʥʳʝ ʩʝʪʠ, ʦʭʨʘʥʘ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ 

ʘʪʤʦʩʬʝʨʳ, ʚʟʣʝʪ, ʧʦʩʘʜʢʘ, ʧʦʛʦʜʘ, ʛʨʦʟʳ. 
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ʂᴆʃɯʂʊɽɻɯ ʃʆɻʀʉʊʀʂɸ, ʊɸʉʓʄɸʃɼɸʋɼʓ ױʁʓʄɼɸʉʊʓʈʋ 
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ʃʆɻʀʉʊʀʂɸ ʅɸ ʊʈɸʅʉʇʆʈʊɽ, ʆʈɻɸʅʀɿɸʎʀʗ ʇɽʈɽɺʆɿʆʂ 
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 ɽ.ɾʫʤʘʪʘʝʚʘ, ɾ.ɻ. ɾʘʥʙʠʨʦʚ, ɿ.ʂ. ɹʠʪʠʣʝʫʦʚʘ.נ

Mukhametzhan Tynyshbayev ALT University, ɸʣʤʘʪʳ, ʂʘʟʘʢʩʪʘʥ 

E-mail: gaziza_zhumataeva@mail.ru 

 

ɹʃʆʂʏɽʁʅ ʀ ʎʀʌʈʆɺʀɿɸʎʀʗ ʃʆɻʀʉʊʀʂʀ: ʇɽʈʉʇɽʂʊʀɺʓ ɺʅɽɼʈɽʅʀʗ 

ʀ ʄɽɾɼʋʅɸʈʆɼʅʓʁ ʆʇʓʊ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ ʠ ʥʝʠʟʤʝʥʷʝʤʫʶ ʩʠʩʪʝʤʫ ʫʯʝʪʘ ʜʘʥʥʳʭ ʚ ʮʝʧʷʭ ʧʦʩʪʘʚʦʢ. ɹʣʦʢʯʝʡʥ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʦʪʩʣʝʞʠʚʘʝʤʦʩʪʠ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʤʠʥʠʤʠʟʠʨʫʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʠʟʜʝʨʞʢʠ ʠ ʩʦʢʨʘʱʘʷ ʟʘʜʝʨʞʢʠ ʟʘ 

ʩʯʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʨʘʥʟʘʢʮʠʡ ʠ ʠʩʢʣʶʯʝʥʠʷ ʧʦʩʨʝʜʥʠʢʦʚ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ 

ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʙʣʦʢʯʝʡʥ, ʩʧʦʩʦʙʥʳʭ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ 

ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ  ʧʨʝʜʣʘʛʘʝʪ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʝʟʥʘ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ, ʧʦʜʯʝʨʢʠʚʘʷ ʧʦʪʝʥʮʠʘʣ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ʆʥʦ ʥʦʩʠʪ ʦʟʥʘʢʦʤʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʘʢ ʢʘʢ ʚ ʭʦʜʝ ʪʝʢʩʪʘ ʙʫʜʫʪ ʦʙʲʷʩʥʝʥʳ 

ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʙʣʦʢʯʝʡʥʘ, ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʠ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ.  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʣʠʷʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʧʦʚʳʰʝʥʠʝ  ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʃʦʛʠʩʪʠʢʘ, ʪʨʘʥʩʧʦʨʪ, ʠʥʪʝʨʥʝʪ, ʪʝʭʥʦʣʦʛʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʨʝʝʩʪʨʘ (ʙʣʦʢʯʝʡʥ), ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʳ, ʘʚʪʦʤʦʙʠʣʴ, ʮʝʧʦʯʢʘ ʧʦʩʪʘʚʦʢ.  

 

ɺʚʝʜʝʥʠʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʳʥʦʢ ʣʦʛʠʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʢʨʫʧʥʳʭ 

ʠ ʟʥʘʯʠʤʳʭ. ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ, ʝʛʦ ʩʪʦʠʤʦʩʪʴ ʧʨʝʚʳʰʘʝʪ 15% ʦʪ ɺɺʇ ʠ ʜʦʩʪʠʛʘʝʪ 4 

ʪʨʠʣʣʠʦʥʦʚ ʜʦʣʣʘʨʦʚ [1]. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʩʝʛʤʝʥʪʦʤ 

ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʝʢʪʦʨ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ 

ʛʨʘʞʜʘʥ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʟʘʜʘʯʘʤʠ ʣʶʙʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ʊʨʘʥʩʧʦʨʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ 

çʢʨʦʚʝʥʦʩʥʦʡ ʩʠʩʪʝʤʦʡè ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʙʦʣʝʝ ʪʝʩʥʳʤ ʩʚʷʟʷʤ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʪʨʘʩʣʷʤʠ. 

ʋʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʘ ʩʣʫʞʠʪ ʚʘʞʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ 

ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ ʫʨʦʚʥʷ ʮʠʚʠʣʠʟʦʚʘʥʥʦʩʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʥʘ 

ʚʳʩʪʫʧʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʵʢʦʥʦʤʠʢʝ. 

ɺ ʥʘʯʘʣʝ XXI ʚʝʢʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʤʘʩʰʪʘʙʥʫʶ ʤʦʜʝʨʥʠʟʘʮʠʶ ʪʨʘʥʩʧʦʨʪʘ ʢʘʢ ʚ 

ʨʘʟʚʠʪʳʭ, ʪʘʢ ʠ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ 

ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʦ 2025 ʛʦʜʘ. 
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʙʣʦʢʯʝʡʥ ʚ ʣʦʛʠʩʪʠʢʝ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʩʢʨʳʪʴ ʦʩʥʦʚʥʫʶ ʮʝʣʴ, ʧʦʩʪʘʚʣʝʥʥʫʶ ʘʚʪʦʨʦʤ 

ʩʪʘʪʴʠ, ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʥʷʪʠʷ çʙʣʦʢʯʝʡʥè; 

- ʨʘʩʩʤʦʪʨʝʪʴ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʙʣʦʢʯʝʡʥʘ ʚ ʣʦʛʠʩʪʠʢʝ. 

- ʦʙʦʩʥʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʚʥʜʨʝʥʠʷ ʙʣʦʢʯʝʡʥ ʚ ʣʦʛʠʩʪʠʢʫ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʦʧʠʨʘʝʤʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʤʦʥʦʛʨʘʬʠʷʭ, 

ʥʘʫʯʥʳʭ ʩʪʘʪʴʷʭ ʠʟ ʵʣʝʢʪʨʦʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʠ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʘʡʪʦʚ.   

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ɺ ʵʪʦʤ  ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʦʙ ʦʧʳʪʝ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ, ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʚʥʝʜʨʝʥʠʷ ʚ ʣʦʛʠʩʪʠʢʫ (ʮʝʧʦʯʢʫ ʧʦʩʪʘʚʦʢ).  ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʨʘʙʦʪʳ ð ʧʦʥʷʪʴ, ʢʘʢ 

ʪʝʭʥʦʣʦʛʠʷ ʙʣʦʢʯʝʡʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ  ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʯʘʩʪʥʠʢʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ  ʧʨʝʜʣʘʛʘʝʪ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʜʣʷ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ, ʧʦʜʯʝʨʢʠʚʘʷ ʧʦʪʝʥʮʠʘʣ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʆʥʦ ʥʦʩʠʪ 

ʦʟʥʘʢʦʤʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʘʢ ʢʘʢ ʚ ʭʦʜʝ ʪʝʢʩʪʘ ʙʫʜʫʪ ʦʙʲʷʩʥʝʥʳ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ 

ʙʣʦʢʯʝʡʥʘ, ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʠ ʘʨʭʠʪʝʢʪʫʨʝ, ʘ ʪʘʢʞʝ 

ʨʘʩʰʠʨʝʥʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʛʜʝ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥ ʙʣʦʢʯʝʡʥ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʧʦʜʭʦʜʝ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʛʨʘʮʠʷ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʡ ʚ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹʣʦʢʯʝʡʥ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʪʨʘʛʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʣʦʛʠʩʪʠʢʝ. ʊʘʢ, ʨʘʙʦʪʳ 

Rijanto (2021) ʠ Li & Chen (2023) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʙʣʦʢʯʝʡʥ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʟʤʘ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʛʨʫʟʦʚ ʠ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʤʦʰʝʥʥʠʯʝʩʪʚʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ Perboli (2018), Ko (2018), Cole (2019) ʠ Ahluwalia  ʠ ʜʨ. (2020) 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʙʣʦʢʯʝʡʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʨʘʩʭʦʜʦʚ, ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʠ ʩʦʢʨʘʱʝʥʠʶ  ʚʨʝʤʝʥʠ  ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ. Ahmad ʠ ʜʨ. (2021) ʠ Xu & He (2024) ʩʦʩʨʝʜʦʪʦʯʠʣʠʩʴ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʤ 

ʧʨʠʤʝʥʝʥʠʠ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʡ ʚ ʣʦʛʠʩʪʠʢʝ, ʚʳʷʚʠʚ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʫʧʨʦʱʝʥʠʝ ʪʘʤʦʞʝʥʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ, ʩʦʢʨʘʱʝʥʠʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʠʟʜʝʨʞʝʢ ʠ 

ʫʢʨʝʧʣʝʥʠʝ ʜʦʚʝʨʠʷ ʤʝʞʜʫ  ʫʯʘʩʪʥʠʢʘʤʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʝʪʠ. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʙʣʦʢʯʝʡʥʘ ʜʣʷ ʩʪʨʘʥ ʩ ʚʳʩʦʢʠʤʠ ʦʙʲʝʤʘʤʠ 

ʪʨʘʥʟʠʪʥʳʭ ʧʝʨʝʚʦʟʦʢ. ʇʦʢʘʟʘʪʝʣʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʦʙʲʝʤ 

ʧʝʨʝʚʦʟʦʢ, ʪʨʘʥʟʠʪʥʳʝ ʧʦʪʦʢʠ ʠ ʦʙʱʠʡ ʛʨʫʟʦʦʙʦʨʦʪ, ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʚʣʠʷʶʱʠʤʠ ʥʘ ʚʥʝʰʥʶʶ ʪʦʨʛʦʚʣʶ. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʟʚʠʪʠʝ 

ʣʦʛʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ  ʚʘʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʙʦʪʳ 

Yeo & Deng (2020) ʠ Sy. (2020) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʨʦʩʪ ʦʙʲʝʤʦʚ ʚʥʝʰʥʝʡ ʪʦʨʛʦʚʣʠ. ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʡ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʩʪʘʚʦʢ 

ʠ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ Halashovich (2020) ʠ Li ʠ ʜʨ. (2022) 

ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʠʥʚʝʩʪʠʮʠʠ ʚ ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʧʨʠʤʝʥʝʥʠʝ 
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ʧʝʨʝʜʦʚʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ. ʈʘʙʦʪʳ Zhong ʠ ʜʨʫʛʠʝ (2019) ʠ 

Fedorenko ʠ ʜʨ. (2021) ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʣʦʛʠʩʪʠʢʠ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ ʠ ʚʥʝʰʥʶʶ ʪʦʨʛʦʚʣʶ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʵʢʩʧʦʨʪʥʦʛʦ ʠ ʠʤʧʦʨʪʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʪʝʤ ʩʘʤʳʤ ʩʪʠʤʫʣʠʨʫʷ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ. 

ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥʘ ʚ ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʦʪʨʘʩʣʴ ʤʦʞʝʪ ʦʢʘʟʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʪʦʨʛʦʚʣʶ. ɹʣʦʢʯʝʡʥ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʧʨʦʟʨʘʯʥʳʝ ʠ ʥʘʜʸʞʥʳʝ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʢʨʝʧʣʝʥʠʶ 

ʜʦʚʝʨʠʷ ʤʝʞʜʫ ʪʦʨʛʦʚʳʤʠ ʧʘʨʪʥʸʨʘʤʠ ʠ ʩʥʠʞʝʥʠʶ ʦʧʝʨʘʮʠʦʥʥʳʭ ʠʟʜʝʨʞʝʢ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʥʪʝʛʨʘʮʠʷ ʙʣʦʢʯʝʡʥʘ ʚ ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʪʦʨʛʦʚʣʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʨʝʛʠʦʥʘʭ ʩ ʥʝʧʨʦʩʪʳʤʠ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɹʣʘʛʦʜʘʨʷ ʙʣʦʢʯʝʡʥʫ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʙʝʩʧʝʯʠʪʴ 

ʧʨʦʟʨʘʯʥʳʡ ʠ ʧʦʜʜʘʶʱʠʡʩʷ ʘʫʜʠʪʫ ʫʯʸʪ ʚʩʝʭ ʪʨʘʥʟʘʢʮʠʡ, ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ Tan (2020), Kodum (2020) ʠ Dutta ʠ ʜʨ. (2022). 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ Raimbekov ʠ ʜʨʫʛʠʤʠ ʫʯʸʥʳʤʠ ʚ 2018 ʛʦʜʫ, Ekici ʠ 

ʜʨʫʛʠʤʠ ʚ 2019 ʛʦʜʫ, ʘ ʪʘʢʞʝ Khan ʠ ʜʨʫʛʠʤʠ ʚ 2022 ʛʦʜʫ, ʧʦʜʯʸʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ 

ʠʥʚʝʩʪʠʮʠʡ ʚ ʣʦʛʠʩʪʠʢʫ. Gabdullina ʚ 2020 ʛʦʜʫ, ʘ ʪʘʢʞʝ Madiyarova ʚ ʪʦʤ ʞʝ ʛʦʜʫ 

ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʚʠʪʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʂʘʟʘʭʩʪʘʥʘ ʠ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥʳ. ɺ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʥʠ ʧʦʜʯʸʨʢʠʚʘʶʪ, ʯʪʦ ʂʘʟʘʭʩʪʘʥ 

ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʨʘʥʟʠʪʥʳʭ ʧʝʨʝʚʦʟʦʢ, ʯʪʦ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʦʙʲʸʤʳ ʚʥʝʰʥʝʡ ʪʦʨʛʦʚʣʠ. Baibossynov ʠ ʜʨʫʛʠʝ (2019), ʘ ʪʘʢʞʝ 

Raimbekov ʠ Syzdykbayeva (2021) ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʂʘʟʘʭʩʪʘʥʘ. ʆʥʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʢʦʨʠʜʦʨʦʚ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʟʣʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʨʛʦʚʣʠ ʠ 

ʧʨʠʚʣʝʯʴ ʠʥʦʩʪʨʘʥʥʳʝ ʠʥʚʝʩʪʠʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʩʧʦʩʦʙʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ ʠ 

ʩʜʝʣʘʪʴ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʙʦʣʝʝ ʧʨʦʟʨʘʯʥʳʤʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʘʣʴʥʝʡʰʠʭ 

ʠʥʚʝʩʪʠʮʠʡ ʚ ʨʘʟʚʠʪʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ. 

ʈʝʟʫʣʴʪʘʪʳ  ʠʩʩʣʝʜʦʚʘʥʠʷ  ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʧʨʦʛʨʝʩʩʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʥʠʞʝʥʠʶ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ, ʯʪʦ 

ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʠʩʪʝʤʳ. 

ɸʥʘʣʠʟ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʚ ʦʙʣʘʩʪʠ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ ʚʳʷʚʠʣ, ʯʪʦ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʧʨʦʝʢʪʘʭ ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʳ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʨʘʟʨʳʚʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ 

ʬʠʟʠʯʝʩʢʦʡ ʜʦʩʪʘʚʢʦʡ, ʚʩʝʤʠ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʜʦʩʪʫʧ ʢ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʟʘʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʪʦ, ʯʪʦʙʳ ʚʥʝʩʪʠ ʩʚʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 

ʣʦʛʠʩʪʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ, ʠʩʩʣʝʜʫʷ ʧʦʪʝʥʮʠʘʣ ʙʣʦʢʯʝʡʥʘ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ. ʆʥʦ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʦʙʣʝʤʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʪʝʨʝʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷʤʠ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʥʝʧʨʦʟʨʘʯʥʦʩʪʴʶ ʮʝʧʦʯʝʢ ʧʦʩʪʘʚʦʢ. 
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ɺ ʂʘʟʘʭʩʪʘʥʝ ʠʤʝʶʪʩʷ ʚʩʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʙʣʦʢʯʝʡʥ ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʘ ʠ ʣʦʛʠʩʪʠʢʠ [14]. ʏʪʦʙʳ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʢʘʢ 

ʪɻʘ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ, ʜʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ 

ʦʪʧʨʘʚʢʠ ʦʜʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʩ ʤʷʩʦʤ ʚ ʂʠʪʘʡ, ʥʘ ʩʪʘʥʮʠʶ ʍʦʨʛʦʩ, ʠʟ ɸʢʤʦʣʠʥʩʢʦʡ 

ʦʙʣʘʩʪʠ ʂʘʟʘʭʩʪʘʥʘ. 

ʄʘʨʰʨʫʪ ʥʘʯʠʥʘʝʪʩʷ ʚ ʩʪʝʧʷʭ ɸʢʤʦʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ ʥʝʙʦʣʴʰʦʡ 

ʟʘʚʦʜ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʤʷʩʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. ɻʨʫʟʦʚʠʢ-ʨʝʬʨʠʞʝʨʘʪʦʨ ʟʘʙʠʨʘʝʪ 

ʧʘʨʪʠʶ ʤʷʩʘ ʠ ʜʦʩʪʘʚʣʷʝʪ ʝʸ ʚ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʡ ʮʝʥʪʨ (TLC) ʚ ɸʩʪʘʥʝ. ɺ TLC 

ʛʨʫʟ ʧʦʤʝʱʘʶʪ ʚ ʭʦʣʦʜʠʣʴʥʠʢ ʜʣʷ ʭʨʘʥʝʥʠʷ ʟʘʤʦʨʦʞʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʛʜʝ ʦʥ ʦʞʠʜʘʝʪ 

ʧʨʠʙʳʪʠʷ ʨʝʬʨʠʞʝʨʘʪʦʨʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʠ ʬʠʪʠʥʛʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʦʪʧʨʘʚʢʠ ʥʘ 

ʛʨʘʥʠʮʫ ʩ ʂʠʪʘʝʤ. 

ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʩʝʨʪʠʬʠʢʘʪʳ ʠ ʨʘʟʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ ʨʘʟʨʝʰʝʥʠʷ ʦʨʛʘʥʦʚ 

ʚʝʪʝʨʠʥʘʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚʳʜʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʴ ʜʦʣʞʝʥ ʩʦʪʨʫʜʥʠʯʘʪʴ ʩ ʜʝʩʷʪʢʦʤ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʯʘʩʪʥʳʭ ʣʠʮ, ʯʪʦʙʳ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʪʧʨʘʚʢʫ ʦʜʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. 
 

 
 

ʈʠʩʫʥʦʢ 1 - ʋʧʨʦʱʝʥʥʘʷ ʜʝʡʩʪʚʫʶʱʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʦʙʤʝʥʘ ʜʦʢʫʤʝʥʪʘʤʠ ʠ 

ʠʥʬʦʨʤʘʮʠʝʡ 

 

ɺʦʪ ʢʘʢ ʤʦʛʣʘ ʙʳ ʚʳʛʣʷʜʝʪʴ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʦʙʤʝʥʘ ʜʦʢʫʤʝʥʪʘʤʠ  ʩ  

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ (ʨʠʩʫʥʦʢ 2): 
 

 
 

ʈʠʩʫʥʦʢ 2 - ʋʧʨʦʱʝʥʥʘʷ ʙʫʜʫʱʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʦʙʤʝʥʘ ʜʦʢʫʤʝʥʪʘʤʠ ʠ 

ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʫʯʘʩʪʠʝʤ ʙʣʦʢʯʝʡʥ 
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ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʥʝʜʨʝʥʠʷ ʧʣʘʪʬʦʨʤʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ, 

ʦʯʝʚʠʜʥʳ: 

ï ʙʳʩʪʨʳʡ ʠ ʙʝʟʦʧʘʩʥʳʡ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʮʝʩʩʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ; 

ï ʥʘʣʠʯʠʝ ʝʜʠʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

ï ʧʨʦʚʝʨʷʝʤʘʷ ʧʦʜʣʠʥʥʦʩʪʴ ʠ ʟʘʱʠʪʘ ʮʠʬʨʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʦʪ ʨʝʪʨʦʘʢʪʠʚʥʳʭ 

ʠʟʤʝʥʝʥʠʡ; 

ï ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʤʝʞʜʫ ʦʨʛʘʥʠʟʘʮʠʷʤʠ; 

ï ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʩʭʦʜʦʚ ʠ ʠʟʜʝʨʞʝʢ ʥʘ ʧʝʨʝʩʳʣʢʫ 

ʙʫʤʘʞʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʯʝʨʝʟ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʛʨʘʥʠʮʳ; 

ï ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʪʝʥʟʠʡ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ 

ʩʨʦʢʦʚ ʠ ʢʘʯʝʩʪʚʘ ʠʭ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

 

ʆʙʩʫʞʜʝʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʪʝʤʘ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘʫʯʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ, ʥʦ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʙʠʟʥʝʩʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʢʦʥʩʘʣʪʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ Worldwide Semiannual Blockchain Spending 

Guide (IDC), ʚ 2023 ʛʦʜʫ ʦʙʱʠʡ ʦʙʲʝʤ ʠʥʚʝʩʪʠʮʠʡ ʢʦʤʧʘʥʠʡ ʚ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ 

ʙʣʦʢʯʝʡʥ-ʨʝʰʝʥʠʡ ʩʦʩʪʘʚʠʣ 12,7 ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ. ʇʦ ʧʨʦʛʥʦʟʘʤ, ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʤʠʨʦʚʦʛʦ ɺɺʇ ʥʘ 7% ʠ ʨʦʩʪʫ ʛʣʦʙʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ ʥʘ 15% [2]. 

ʉʦʚʦʢʫʧʥʘʷ ʩʪʦʠʤʦʩʪʴ ʩʜʝʣʦʢ ʚ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ ʜʦʩʪʠʛʣʘ 34,3 

ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʧʦʣʫʛʦʜʠʡ 

(75,1 ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʠʥʠʤʘʣʴʥʘʷ ʩʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʪʨʘʥʟʘʢʮʠʠ ï 

404 ʤʠʣʣʠʦʥʘ ʜʦʣʣʘʨʦʚ ï ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 2020 ʛʦʜʘ, ʯʪʦ ʩʦʚʧʘʣʦ ʩ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʘʥʜʝʤʠʠ COVID-19. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ ʙʣʦʢʯʝʡʥʘ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʦʩʴ ʥʝ 

ʪʦʣʴʢʦ ʤʥʦʞʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʥʦ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ 

ʟʘ ʨʫʙʝʞʦʤ [3, 4, 8], ʪʘʢ ʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ [5, 9]. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʚʦʩʝʤʴ ʣʝʪ ʙʣʦʢʯʝʡʥ ʧʨʝʚʨʘʪʠʣʩʷ ʠʟ ʤʘʣʦʠʟʚʝʩʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʤʥʦʛʦʦʙʝʱʘʶʱʫʶ, ʚ ʢʦʪʦʨʫʶ ʫʞʝ ʚʣʦʞʝʥʦ ʙʦʣʝʝ 2,5 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʚʝʥʯʫʨʥʦʛʦ ʢʘʧʠʪʘʣʘ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʧʨʝʧʷʪʩʪʚʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʥʝʜʨʝʥʠʠ IT-ʪʝʭʥʦʣʦʛʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ 

ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʦʧʳʪʫ ʧʨʠʤʝʥʝʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʙʣʦʢʯʝʡʥʘ ʚ ʣʦʛʠʩʪʠʢʝ, ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ 

ʥʘʰʝʤ ʪʝʢʫʱʝʤ ʦʧʳʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʠ ʚ ʣʦʛʠʩʪʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʷʭ. ɽʩʣʠ ʦʙʦʙʱʠʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ, ʪʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʙʣʦʢʯʝʡʥ ð 

ʵʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʠ ʩʣʦʞʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ. ʆʥʘ ʩʦʟʜʘʝʪ ʥʝʠʟʤʝʥʷʝʤʳʡ 

ʨʝʝʩʪʨ ʮʠʬʨʦʚʳʭ ʪʨʘʥʟʘʢʮʠʡ, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʩʝʪʴʶ. 

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʙʣʦʢʯʝʡʥ ð ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʝʭʥʦʣʦʛʠʷ. ʆʥʘ ʦʙʲʝʜʠʥʷʝʪ ʚ 

ʩʝʙʝ ʤʘʪʝʤʘʪʠʢʫ, ʰʠʬʨʦʚʘʥʠʝ ʠ ʵʢʦʥʦʤʠʢʫ ʧʦʚʝʜʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʫʥʠʢʘʣʴʥʘʷ 

ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ  ʢʘʢ  ʮʠʬʨʦʚʳʝ ʚʘʣʶʪʳ, ʩʤʘʨʪ-

ʢʦʥʪʨʘʢʪʳ ʠ ʥʝʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ. 

ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ ʩʪʘʣʠ ʥʘʩʪʦʣʴʢʦ ʚʘʞʥʳʤʠ 

ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ, ʯʪʦ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʥʘ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʬʦʨʫʤʘʭ ʦʥʠ 

ʦʙʩʫʞʜʘʶʪʩʷ ʯʘʩʪʦ ʠ ʨʝʛʫʣʷʨʥʦ. ʅʘʧʨʠʤʝʨ, ʚ ʀʥʩʪʠʪʫʪʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʠ 

ʣʦʛʠʩʪʠʢʠ ʠʤ. ʌʨʘʫʥʛʦʬʝʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ɼʦʨʪʤʫʥʜʝ, ɻʝʨʤʘʥʠʷ, ʫʞʝ ʙʦʣʝʝ ʜʚʘʜʮʘʪʠ 

ʣʝʪ ʧʨʦʚʦʜʠʪʩʷ ʝʞʝʛʦʜʥʳʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʩʠʤʧʦʟʠʫʤ, ʧʦʩʚʷʱʝʥʥʳʡ ʨʘʟʚʠʪʠʶ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. ɽʛʦ ʛʣʘʚʥʦʡ ʪʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʦʨʛʘʥʠʟʘʮʠʷ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʝʚʦʟʦʢ. ʅʘ ʧʦʩʣʝʜʥʝʤ 

ʩʠʤʧʦʟʠʫʤʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʧʨʠʤʝʥʝʥʠʶ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ. 
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ʈʠʩʫʥʦʢ 3 ï ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ, ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʩʝʪʴ ʧʣʘʪʬʦʨʤʳ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʚ ʣʦʛʠʩʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ ʩ ʙʣʦʢʯʝʡʥ 

 

ɺ ʀʥʩʪʠʪʫʪʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (IRL, ɻʝʨʤʘʥʠʷ) ʙʳʣ 

ʧʨʦʚʝʜʸʥ ʤʘʩʰʪʘʙʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʝʢʪ, ʧʦʩʚʷʱʸʥʥʳʡ ʚʦʧʨʦʩʘʤ ʚʥʝʜʨʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʵʣʝʢʪʨʦʥʥʳʡ 

ʙʠʟʥʝʩè. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʫʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʩ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ ʧʝʨʝʚʦʟʯʠʢʦʚ, ʧʘʩʩʘʞʠʨʦʚ, ʧʦʩʨʝʜʥʠʢʦʚ ʠ ʢʣʠʝʥʪʦʚ ʚ 

ʝʜʠʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ: 

ʧʫʙʣʠʯʥʳʡ ʠ ʯʘʩʪʥʳʡ.  

ʇʫʙʣʠʯʥʳʡ ʙʣʦʢʯʝʡʥ ʦʪʢʨʳʪ ʜʣʷ ʚʩʝʭ ʞʝʣʘʶʱʠʭ. ʉʘʤʳʤ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ 

ʙʣʦʢʯʝʡʥʘ ʷʚʣʷʝʪʩʷ ʙʠʪʢʦʠʥ. ʆʥ ʧʦʣʥʦʩʪʴʶ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥ, ʠ ʢʘʞʜʳʡ ʤʦʞʝʪ 

ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠʩʪʦʨʠʶ ʪʨʘʥʟʘʢʮʠʡ ʠ ʚʥʦʩʠʪʴ ʚ ʥʝʸ ʠʟʤʝʥʝʥʠʷ. ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʜʝʡʩʪʚʠʡ ʫʯʘʩʪʥʠʢʦʚ ʚ ʧʫʙʣʠʯʥʳʭ ʙʣʦʢʯʝʡʥʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʢʦʥʩʝʥʩʫʩʘ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ Proof-of-Work ʠ Proof-of-Stake [6]. 

ʆʜʥʘʢʦ ʥʝ ʚʩʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʝʤʷʪʩʷ ʩʜʝʣʘʪʴ ʩʚʦʠ ʪʨʘʥʟʘʢʮʠʠ ʦʪʢʨʳʪʳʤʠ. ɺ ʪʘʢʠʭ 

ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʚʘʪʥʦʛʦ ʙʣʦʢʯʝʡʥʘ. ɺ ʵʪʦʤ 

ʪʠʧʝ ʙʣʦʢʯʝʡʥʘ ʜʦʩʪʫʧ ʢ ʟʘʧʠʩʷʤ ʚ ʨʘʩʧʨʝʜʝʣʸʥʥʦʤ ʨʝʝʩʪʨʝ ʠʤʝʝʪ ʣʠʰʴ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʯʠʩʣʦ ʘʚʪʦʨʠʟʦʚʘʥʥʳʭ ʣʠʮ. ʇʨʠ ʵʪʦʤ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʢʘʢ ʚʩʝ ʫʧʦʣʥʦʤʦʯʝʥʥʳʝ 

ʫʯʘʩʪʥʠʢʠ, ʪʘʢ ʠ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ [7]. 

ɼʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʚʘʪʥʦʛʦ ʙʣʦʢʯʝʡʥʘ ʝʛʦ ʚʳʩʦʢʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʦʩʪʘʸʪʩʷ 

ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʙʣʦʢʯʝʡʥʘ ʧʝʨʝʜ ʧʫʙʣʠʯʥʳʤ ʟʘʢʣʶʯʘʶʪʩʷ 

ʚ ʙʦʣʝʝ ʛʠʙʢʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪʘʭ ʥʘ 

ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʩʝʪʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʙʦʪʳ ʙʣʦʢʯʝʡʥʘ ʙʠʪʢʦʡʥ ʪʨʝʙʫʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʙʳ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʠʝʡ 

ʥʝʙʦʣʴʰʦʡ ʩʪʨʘʥʳ), ʘ ʪʘʢʞʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʉʝʛʦʜʥʷ ʣʦʛʠʩʪʠʢʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʙʠʟʥʝʩ-ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʛʠʙʢʦʩʪʠ, ʧʨʦʟʨʘʯʥʦʩʪʠ, 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʢʣʠʝʥʪʘʤ ʠ ʘʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ IT-ʪʝʭʥʦʣʦʛʠʡ. ʆʜʥʘʢʦ 

ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʣʦʛʠʩʪʠʢʝ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʧʦ-ʧʨʝʞʥʝʤʫ 

ʦʩʥʦʚʘʥʳ ʥʘ ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ: ʧʨʦʠʟʚʦʜʠʪʝʣʴ ï ʜʠʣʝʨ ï ʘʛʝʥʪ ï ʧʦʢʫʧʘʪʝʣʴ. 

ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ, ʠʟʜʝʨʞʢʠ ʧʦʩʨʝʜʥʠʢʦʚ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 10 ʜʦ 45% 

[10]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʨʘʩʣʴ ʧʨʦʜʦʣʞʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ, ʧʨʠʤʝʥʷʷ ʢʦʥʮʝʧʮʠʠ 3-

PL, 4-PL ʠ 5-PL. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʘʛʝʥʪʦʚ, ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʟʘʢʮʠʡ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʧʦʚʳʰʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʜʦʩʪʘʚʢʠ. ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʚ 
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ʣʦʛʠʩʪʠʢʫ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʩʪʘʥʝʪ ʢʣʶʯʝʚʳʤ ʰʘʛʦʤ ʢ ʧʝʨʝʭʦʜʫ ʦʪ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ ʢ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʝ ʥʘ ʦʩʥʦʚʝ ʙʣʦʢʯʝʡʥʘ. 

ɹʣʦʢʯʝʡʥ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʬʝʨʝ. 

ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʪʦʢʦʣ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʠʯʥʳʤ 

ʫʯʘʩʪʥʠʢʘʤ ʧʨʦʮʝʩʩʘ ʦʙʤʝʥʠʚʘʪʴʩʷ ʜʘʥʥʳʤʠ ʥʘʧʨʷʤʫʶ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʧʦʩʨʝʜʥʠʢʘʭ. 

ɺʝʜʫʱʠʝ ʤʠʨʦʚʳʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪ ʪʝʭʥʦʣʦʛʠʶ ʙʣʦʢʯʝʡʥ 

ʠ ʩʪʨʝʤʷʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʝʸ ʚ ʩʚʦʡ ʙʠʟʥʝʩ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʠʟʜʝʨʞʢʠ ʢʦʤʧʘʥʠʡ ʟʘ ʩʯʸʪ: 

- ʦʧʪʠʤʠʟʘʮʠʠ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʪʨʘʥʟʘʢʮʠʡ; 

- ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʪʦʚʘʨʘ, ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʛʨʫʟʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

- ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʨʝʜʥʠʢʦʚ; 

- ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʧʦʨʥʳʭ ʩʠʪʫʘʮʠʡ. 
 

 
 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʣʦʢʯʝʡʥ 

 

ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʥʝ ʤʦʞʝʪ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ 100% ʟʘʱʠʪʫ ʦʪ ʦʰʠʙʦʢ ʚ ʩʦʛʣʘʰʝʥʠʷʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʘ ʩʧʦʩʦʙʥʘ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʠʩʢʘ ʠ ʫʩʪʨʘʥʝʥʠʷ ʪʘʢʠʭ ʦʰʠʙʦʢ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ 

ʠʟʜʝʨʞʢʠ, ʚʳʟʚʘʥʥʳʝ ʟʘʜʝʨʞʢʘʤʠ ʠʣʠ ʤʦʰʝʥʥʠʯʝʩʪʚʦʤ [11; 12]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʚ ʣʦʛʠʩʪʠʢʫ 

ʩʦʧʨʷʞʝʥʦ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʇʨʘʚʦʚʳʝ ʠ ʦʪʨʘʩʣʝʚʳʝ ʙʘʨʴʝʨʳ, ʪʘʢʠʝ ʢʘʢ 

ʧʨʘʚʦʚʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʢʦʤʤʝʨʯʝʩʢʘʷ ʪʘʡʥʘ ʠ ʧʨʦʙʣʝʤʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʤʘʨʪ-

ʢʦʥʪʨʘʢʪʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ [13].  

ɺ ʂʘʟʘʭʩʪʘʥʝ ʩʫʱʝʩʪʚʫʶʪ ʚʩʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʦʪʨʘʩʣʴ [14]. ʇʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ 

ʧʝʨʝʚʦʟʯʠʢʠ, ʦʩʦʙʝʥʥʦ ʚ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʢʘʭ, ʦʯʝʥʴ ʧʦʭʦʞʠ ʥʘ ʪʝ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʪʦʣʢʥʫʣʠʩʴ ʚʝʜʫʱʠʝ ʤʠʨʦʚʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʤʧʘʥʠʠ.  ɽʜʠʥʩʪʚʝʥʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʥʘ 

ʧʫʪʠ ʢ ʨʝʘʣʠʟʘʮʠʠ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʡ ʘʩʧʝʢʪ. ʆʜʥʘʢʦ, ʩʦʛʣʘʩʥʦ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠʥʜʫʩʪʨʠʠ ʙʣʦʢʯʝʡʥʘ ʠ ʜʘʪʘ-ʮʝʥʪʨʦʚ 

ʂʘʟʘʭʩʪʘʥʘ, ʚ ʥʠʞʥʝʡ ʧʘʣʘʪʝ ʧʘʨʣʘʤʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʫʞʝ ʦʜʦʙʨʝʥ ʟʘʢʦʥʦʧʨʦʝʢʪ 

çʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʠ ʜʦʧʦʣʥʝʥʠʡ ʚ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ ʧʦ ʚʦʧʨʦʩʘʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡè. ʕʪʦʪ ʟʘʢʦʥʦʧʨʦʝʢʪ 

ʨʝʛʫʣʠʨʫʝʪ ʩʬʝʨʫ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʆʥ ʫʞʝ ʧʨʦʰʝʣ ʯʝʨʝʟ 

ʧʘʨʣʘʤʝʥʪ ʠ ʩʝʡʯʘʩ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚ ʚʝʨʭʥʝʡ ʧʘʣʘʪʝ (ʉʝʥʘʪʝ) [15]. ʇʨʠʥʷʪʠʝ 
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ʜʘʥʥʦʛʦ ʟʘʢʦʥʦʧʨʦʝʢʪʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʪʨʝʤʣʝʥʠʝʤ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʦʢʨʘʪʠʪʴ ʠʟʜʝʨʞʢʠ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ 

ʩʦʟʜʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʚ 

ʫʧʨʘʚʣʝʥʠʝ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ ʚ ʂʘʟʘʭʩʪʘʥʝ. 

 

ɿʘʢʣʶʯʝʥʠʝ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʩʫʱʝʩʪʚʫʶʪ ʚʩʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʦʪʨʘʩʣʴ [14]. ʇʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ 

ʧʝʨʝʚʦʟʯʠʢʠ, ʦʩʦʙʝʥʥʦ ʚ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʢʘʭ, ʦʯʝʥʴ ʧʦʭʦʞʠ ʥʘ ʪʝ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʪʦʣʢʥʫʣʠʩʴ ʚʝʜʫʱʠʝ ʤʠʨʦʚʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʤʧʘʥʠʠ.  

ʈʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʠ ʙʣʦʢʯʝʡʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʭʦʜʝ ʥʘʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʣʠ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ, ʘ ʪʘʢʞʝ ʝʸ 

ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʧʨʦʟʨʘʯʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ, ʩʥʠʞʝʥʠʝ ʪʨʘʥʟʘʢʮʠʦʥʥʳʭ 

ʠʟʜʝʨʞʝʢ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʙʣʘʛʦʜʘʨʷ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʘʤ. 

ɸʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʙʣʦʢʯʝʡʥʘ ʚ ʩʬʝʨʝ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, 

ʯʪʦ ʝʛʦ ʚʥʝʜʨʝʥʠʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʤʦʰʝʥʥʠʯʝʩʪʚʘ, ʫʢʨʝʧʠʪʴ ʜʦʚʝʨʠʝ 

ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ ʠ ʫʩʢʦʨʠʪʴ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʟʘ ʩʯʸʪ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʜʥʘʢʦ ʥʘ ʧʫʪʠ ʠʥʪʝʛʨʘʮʠʠ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʫʱʝʩʪʚʫʶʪ 

ʦʧʨʝʜʝʣʸʥʥʳʝ ʙʘʨʴʝʨʳ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ, ʪʨʫʜʥʦʩʪʠ ʩ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʨʫʜʥʦʩʪʠ, ʙʣʦʢʯʝʡʥ ʦʙʣʘʜʘʝʪ ʦʛʨʦʤʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʜʣʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʩʚʝʪʝ ʨʘʟʚʠʪʠʷ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ ʠ ʩʪʨʝʤʣʝʥʠʷ ʩʪʨʘʥʳ ʢ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʵʢʦʥʦʤʠʢʠ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʧʦʠʩʢʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ, ʦʮʝʥʢʝ ʝʸ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʨʘʟʨʘʙʦʪʢʝ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʨʝʦʜʦʣʝʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʀʥʪʝʛʨʘʮʠʷ ʙʣʦʢʯʝʡʥʘ ʚ ʣʦʛʠʩʪʠʢʫ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʂʘʟʘʭʩʪʘʥʘ ʢʘʢ ʢʣʶʯʝʚʦʛʦ ʪʨʘʥʟʠʪʥʦʛʦ ʭʘʙʘ ʥʘ ɽʚʨʘʟʠʡʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

 

ʃʀʊɽʈɸʊʋʈɸ 

 

[1] ʅʦʚʳʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ. ʀʥʬʦʛʨʘʬʠʢʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 
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BLOCKCHAIN AND LOGISTICS DIGITALIZATION: IMPLEMENTATION 

PROSPECTS AND INTERNATIONAL EXPERIENCE  

 

Abstract. This article examines the use of blockchain technology to improve the 

efficiency of logistics operations by providing a decentralized and immutable data accounting 

system in supply chains. Blockchain helps to increase transparency and traceability of cargo 

transportation in real time, minimizing administrative costs and reducing delays by automating 

transactions and eliminating intermediaries. 

In modern conditions of digitalization, the introduction of innovative technologies, such 

as blockchain, capable of transforming logistics processes, is of particular relevance. The study 

offers information that can be useful for deeper study, highlighting the potential of the 

technology in question. It is for informational purposes, as the text will explain the principles of 

the blockchain, provide more detailed information about the mechanism and architecture, and 

expand its application.  

Special attention is paid to the impact of technology on document management 

automation, increasing the reliability and security of data transmission. 

 

Keywords. Logistics, transport, Internet, distributed ledger technology (blockchain), 

smart contracts, automobile, supply chain. 
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  ʄʂɯʅɼɯʂʊɽʈɯʅɽתʉʊɸʅɼɸ ʃʆɻʀʉʊʀʂɸ ʂɽʐɽʅɼɽʈɯʅ ɼɸʄʓʊʋ ʄפɸɿɸפ

ʌɸʂʊʆʈʃʓפ ʊɸʃɼɸʋ 

 

ɸשʜʘʪʧʘ. פʘʟʽʨʛʽ ʟʘʤʘʥסʳ װʨʜʽʩʪʝʨ 2030 ʞʳʣסʘ ץʘʨʘʡ פʘʟʘץʩʪʘʥ ʆʨʪʘʣʳץ ɸʟʠʷʥʳש 

ʙʘʩʪʳ ʪʨʘʥʟʠʪʪʽʢ ʪʦʨʘʙʳʥʘ ʘʡʥʘʣʫʳ ʞᴅʥʝ ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ʢʝʰʝʥʥʽש  ʙʝʣʩʝʥʜʽ  ʜʘʤʫʳʥ 

 2030 שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ" ʘʥסײʤʢʽʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ᴄʨʠʥʝ, ʙװʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʤץ

ʞʳʣסʘ ʜʝʡʽʥʛʽ ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ  ᴅʣʝʫʝʪʽʥ ʜʘʤʳʪʫ ʪײʞʳʨʳʤʜʘʤʘʩʳ"  ʳץʧʘʣ ʝʪʝʜʽ.  

ɿʝʨʪʪʝʫ ʧᴅʥʽ ʘʡʤʘץʪʳץ ʣʦʛʠʩʪʠʢʘʣʳץ ʢʝʰʝʥʜʝʨʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʞװʡʝʣʝʨʽʥʽש  

  .ʘʪʳʥʘʩʪʘʨʳץ ץʵʢʦʥʦʤʠʢʘʣʳ-ץʡʳʤʜʳײ ʘʣʳʧʪʘʩʫʳʤʝʥץ

ɿʝʨʪʪʝʫʜʽש ʤʘשʳʟʜʳʣʳסʳ ײʩʳʥʳʣסʘʥ ʪʝʦʨʠʷʣʳץ, ᴅʜʽʩʪʝʤʝʣʽʢ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ 

 ʪʘʡʣʘʥʜʳʨʫשʡʝʩʽʥ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʦװʞ ץʣʦʛʠʩʪʠʢʘʣʳ שʩʳʥʳʩʪʘʨ, ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʽײ

ʙʦʡʳʥʰʘ ʘʚʪʦʨʣʳץ ᴅʜʽʩʪʝʨ ʦʪʘʥʜʳץ ʥʘʨʳץʪʘ ʪʽʢʝʣʝʡ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ץʦʡʤʘ, ʢᴇʣʽʢ ʩʘʣʘʩʳ 

 .ʦʣʜʘʥʳʣʘ ʘʣʘʜʳץ ʰʽʥװ ʡʳʤʜʘʩʪʳʨʫײ ʳʟʤʝʪʽʥץ ץʣʦʛʠʩʪʠʢʘʣʳ שʳʥʳסʘʫʳʤʜʘʩʪʳץ

ɸʚʪʦʨʜʳש ʥʝʛʽʟʛʽ ʝʨʝʞʝʣʝʨʽ ʤʝʥ ײʩʳʥʳʩʪʘʨʳ ʣʦʛʠʩʪʠʢʘʣʳץ ʪײʞʳʨʳʤʜʘʤʘʣʘʨʜʳץ שʘʟʽʨʛʽ 

ʜʘʤʫ ʪʝʥʜʝʥʮʠʷʣʘʨʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ ʝʣ ʵʢʦʥʦʤʠʢʘʩʳʥʳש  ᴇʥʜʽʨʽʩʪʽʢ  ʧʨʦʮʝʩʽʥʽש  

ʪʠʽʤʜʽʣʽʛʽʥ  ʘʨʪʪʳʨʫסʘ  ʙʘסʳʪʪʘʣסʘʥ.  

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʂᴇʣʽʢ, ʪʘʩʳʤʘʣʜʘʫ, ʩʘץʪʘʫ, ʣʦʛʠʩʪʠʢʘʣʳץ ʢʝʰʝʥʜʝʨ, ʪʠʽʤʜʽʣʽʢ, 

ʞʦʣʜʘʨ, ץʦʡʤʘʣʘʨ.  

 

ʂʽʨʽʩʧʝ.  

 ʨʝʛʽʥʜʝ ʙʦʣʘ ʦʪʳʨʳʧ ʞᴅʥʝ ʞʳʣʞʳʤʘʣʳװʞ שʳʥʳסʨʣʳײץ ʩʪʘʥ ɽʫʨʘʟʠʷץʘʟʘפ

 ʽʨʽ שʳʪʘʡʜʳפ .ʘ ʠʝץʢʝʰʝʥʽʥʝ, ʪʨʘʩʩʘʣʘʨʳʥʘ, ʧʦʨʪ שʘʥ ʞʦʣʜʘʨ ʞʝʣʽʣʝʨʽʥʽסʨʘʤʜʘʨ ʘʨʥʘʣײץ

ᴇʥʜʽʨʫʰʽʩʽ ʤʝʥ ɽʫʨʦʧʘʥʳש ʝʣʝʫʣʽ ʪײʪʳʥʫʰʳʩʳ ʘʨʘʣʳץ ʪʦʣʘʩʩʳʟ ʞװʢʪʝʨ ʘסʳʥʜʘʨʳ 

ʢᴇʣʝʤʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʤʝʤʣʝʢʝʪʪʽש ʢᴇʣʽʢʪʽʢ ʩʘʷʩʘʪʳ ɽʫʨʦʧʘʤʝʥ ɸʟʠʷ ʘʨʘʩʳʥʜʘסʳ 

ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʜʳ ʢᴇʧʽʨʣʝʨʜʽ ʜʘʤʳʪʫ ʞᴅʥʝ ʞʝʪʽʣʜʽʨʫʛʝ ʙʘʩʪʳ ʢᴇשʽʣ ʙᴇʣʽʧ ʦʪʳʨ.  

2024 ʞʳʣסʳ ץʘשʪʘʨ-ʞʝʣʪʦץʩʘʥ ʘʡʣʘʨʳʥʜʘ ʨʝʩʧʫʙʣʠʢʘ ʪʝʤʽʨ ʞʦʣ ʢᴇʣʽʛʽʤʝʥ 437,1 

ʤʣʥ ʪʦʥʥʘ ʞװʢ ʪʘʩʳʤʘʣʜʘʥʜʳ, ʙײʣ 2023 ʞʳʣסʳ ץʘשʪʘʨ-ʞʝʣʪʦץʩʘʥ ʜʝשʛʝʡʽʥʝʥ 5% 

-ʪʘʨשʘץ ʳסʨʘʜʳ (2023 ʞʳʣײץ ʢ ʘʡʥʘʣʳʤʳ 327,9 ʤʣʨʜ ʪ-ʢʤװʜʝ ʞשʘʡʜʳ, ʦʩʳ ʢʝʟʝסʣײ

ʞʝʣʪʦץʩʘʥʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 0,3% ᴇʩʪʽ), 20,8 ʤʣʥ ʞʦʣʘʫʰʳ ʪʘʩʳʤʘʣʜʘʥʜʳ (2023 ʞʳʣסʳ 

 ʞʦʣʘʫʰʳʣʘʨ ʘʡʥʘʣʳʤʳ 16,2 ʤʣʨʜ ʧ-ʢʤ ,(ץʘʥʜʘ 5,1% ʘʨʪʳסʘʨʘץ ʘסʩʘʥץʪʘʨ-ʞʝʣʪʦשʘץ

 .(ʘ ᴇʩʪʽס-ʘʥʜʘ 0,5%סʘʨʘץ ʘסʩʘʥץʪʘʨ-ʞʝʣʪʦשʘץ ʳס2023 ʞʳʣ) ʨʘʜʳײץ

ɸʣ ʘʚʪʦʤʦʙʠʣʴ ʞᴅʥʝ ץʘʣʘʣʳץ ʵʣʝʢʪʨ ʢᴇʣʽʛʽʤʝʥ 2024 ʞʳʣסʳ ץʘשʪʘʨ-ʞʝʣʪʦץʩʘʥ ᴇʪʢʝʥ 

ʞʳʣʜʳש ʩᴅʡʢʝʩ ʢʝʟʝשʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽʤʝʥ ʞװʢʪʘʩʳʤʘʣʜʘʫ 19,5% 

ᴇʩʪʽ ʞᴅʥʝ ʞװʢ ʘʡʥʘʣʳʤʳ 19,7% ײʣסʘʡסʘʥʳ ʙʘʡץʘʣʘʜʳ. ɹײʣ ʨʝʪʪʝ ʞʦʣʘʫʰʳʣʘʨʜʳ 

ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ ʞʦʣʘʫʰʳʣʘʨ ʘʡʥʘʣʳʤʳ ʪʠʽʩʽʥʰʝ 9,4% ʞᴅʥʝ 24,6% ײʣסʘʡʜʳ [1].  

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

ɿʝʨʪʪʝʫ ʥʝʛʽʟʽʥ ʘʡʤʘץʪʳץ ʵʢʦʥʦʤʠʢʘ ʩʘʣʘʩʳʥʜʘסʳ ʣʦʛʠʩʪʠʢʘ, ʞʦʩʧʘʨʣʘʫ, 

ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ ʤʦʜʝʣʴʜʝʫ ʩʘʣʘʩʳʥʜʘסʳ ʦʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ סʘʣʳʤʜʘʨʜʳש 

ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫ ʤʝʥ ʙʘʩץʘʨʫʜʳש ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨʽ, ʣʦʛʠʩʪʠʢʘʥʳש 

ʪײʞʳʨʳʤʜʘʤʘʣʳץ ʝʨʝʞʝʣʝʨʽ ʤʝʥ ʩʘʣʳʩʪʳʨʤʘʣʳ, ʞװʡʝʣʽʢ, ʬʘʢʪʦʨʣʳץ, ʪײʨʘץʪʳʣʳץ ʧʝʥ 

ᴇʥʽʤʜʽʣʽʢʪʽ ʙʘסʘʣʘʫʜʳ ʦשʪʘʡʣʘʥʜʳʨʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ  
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 ʪʳʥʫʰʳʣʘʨײʨʝʥʪʘʙʝʣʴʜʽʣʽʛʽ ʞʝʪʢʽʟʫʰʽʣʝʨ ʤʝʥ ʪ שʡʳʤʜʘʨʳʥʳײ ʘʟʽʨʛʽ ʩʘʫʜʘפ

ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʢʪʽש ʪײʨʘץʪʳʣʳסʳʥʘ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. ʄײʥʜʘʡ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫ ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʥʽש (ʂʃɾ) ʠʥʩʪʠʪʫʮʠʦʥʘʣʜʳץ ʤʝʭʘʥʠʟʤʜʝʨʽ ʤʝʥ 

ʧʨʦʮʝʩʪʝʨʽ, ʩʦʥʳש ʽʰʽʥʜʝ ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳץʪʘʨ (ʃʆ), ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ 

ʠʥʬʨʘײץʨʳʣʳʤ ʞᴅʥʝ ʢᴇʣʽʢ  ײץʨʘʣʜʘʨʳ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʂʃɾ ʙʠʟʥʝʩʽ ʤʝʤʣʝʢʝʪ 

 ʜʘʤʫʳʤʝʥ ʤʝʥ ʞʝʪʽʣʜʽʨʽʣʫʽ ʢᴇʣʽʢ ï שʵʢʦʥʦʤʠʢʘʩʳʥʳ שʳʟʜʳ. ᴄʨ ʤʝʤʣʝʢʝʪʪʽשʰʽʥ ᴇʪʝ ʤʘװ

ʣʦʛʠʩʪʠʢʘʣʳץ  ʞװʡʝʩʽʥʽש ʞʘסʜʘʡʳʥʘ ʩᴅʡʢʝʩ ʙʦʣʘʜʳ. ʉʦʣ ʩʝʙʝʧʪʽ ʂʃɾ-ʥʽ ײʡʳʤʜʘʩʪʳʨʫʤʝʥ 

ʞʝʪʽʣʜʽʨʫ ʤʘץʩʘʪʳʥʜʘ ᴅʨʪװʨʣʽ ʢʦʤʧʘʥʠʷʣʘʨ, ᴇʥʜʽʨʽʩ ʪװʨʣʝʨʽ, ᴇשʽʨʣʽʢ ʵʢʦʥʦʤʠʢʘʩʳ ʤʝʥ 

ʞʘʣʧʳ ʝʣ װʰʽʥ ʩʪʨʘʪʝʛʠʷʣʳץ ʤʘשʳʟסʘ ʠʝ.  

ʂᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠʢʘ ʞװʡʝʩʽʥʽײץ שʨʳʣʫʳ ʞᴅʥʝ ᴇʨʢʝʥʜʝʫ ʳץʪʠʤʘʣʜʳץʪʘʨʳ  

(ʘʣסʳʰʘʨʪʪʘʨʳ) ᴅʨʪװʨʣʽ ʪᴅʫʝʢʝʣʜʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ.  ɹʘʩץʘ ʤʝʤʣʝʢʝʪʪʝʨʜʽש ʽʩ- ʪᴅʞʽʨʠʙʝʩʽ 

ʘʥʳץʪʘסʘʥʜʘʡ ʞʦʣ ʠʥʬʨʘײץʨʳʣʳʤʜʘʨʳʤʝʥ ʘʨʪʝʨʠʷʣʘʨʳʥʘ, ʣʦʛʠʩʪʠʢʘ ʩʘʣʘʣʘʨʳʥʘ ʞᴅʥʝ 

ʙʘʩץʘ ʜʘ ʂʃɾ ʥʳʩʘʥʜʘʨʳʥʘ ʩʘʣʳʥסʘʥ ץʘʨʞʳ ʥʝʤʝʩʝ ʠʥʚʝʩʪʠʮʠʷ, ʟʘʤʘʥʘʫʠ ʠʥʥʦʚʘʮʠʷʣʳץ 

ʙʘʩץʘʨʫ ʪʝʪʽʢʪʝʨʽʥ  ײʪʳʤʜʳ  ʞʦʩʧʘʨʣʘʧ, ʙʘʩץʘʨʫ ʘʨץʳʣʳ ᴇʪʝʣʫʽ ʤװʤʢʽʥ. ʊʘʟʘ ʧʘʡʜʘʜʘʥ  

ʪʳʩ: ʤʘʨʰʨʫʪʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ץʘʙʽʣʝʪʪʽʣʽʛʽʥʽש ʘʨʪʫʳ ʞʘʥʘʤʘ ʰʳסʳʥʜʘʨ ʢᴇʣʝʤʽʥ  

ʘʟʘʡʪʘʜʳ, ʩʦʣ ʘʨץʳʣʳ ʵʢʦʥʦʤʠʢʘʣʳץ ץʳʟʤʝʪʪʽץ שʘʨץʳʥʜʳʣʳסʳʥʳש ʪʠʽʤʜʽ ʞײʤʳʩʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ [2].  

ʂᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ʠʥʬʨʘײץʨʳʣʳʤ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʙʽʨʽ ײץʨʣʳץ ʞᴅʥʝ ʪʝשʽʟ 

ʧʦʨʪʪʘʨʳ, ʪʝʨʤʠʥʘʣʜʘʨ, ʪʦʨʘʧʪʘʨ, ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳץʪʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹסײʘʥ ʢᴇʣʽʢ 

ʧʝʥ ʣʦʛʠʩʪʠʢʘʥʳ ʮʠʬʨʣʘʥʜʳʨʫ ʤʽʥʜʝʪʽ ʜʝ ʢʽʨʝʜʽ. ʎʠʬʨʣʳפ  ץʘʟʘץʩʪʘʥ  ʙʘסʜʘʨʣʘʤʘʩʳʥʳש 

ʥʳʩʘʥʘʣʳ ʢᴇʨʩʝʪʢʽʰʽ ʙʦʡʳʥʰʘ ʢᴇʣʽʢ ʞᴅʥʝ ʩʘץʪʘʫ ʙᴇʣʽʤʽ ʙʦʡʳʥʰʘ ʝשʙʝʢ ᴇʥʽʤʜʽʣʽʛʽʥʽש ᴇʩʫʽ 

2022 ʞʳʣʳ 21,2% - ײץʨʘʡʜʳ [3]. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʢᴇʣʽʢ-

ʣʦʛʠʩʪʠʢʘʣʳץ  ʢʝʰʝʥʽ  ᴇʪʢʝʥ  ʞʳʣסʳ 7,6% - ʙʝʥ  ʩʘʣʳʩʪʳʨסʘʥʜʘ ɾɯᴆ-ʥʽ7,8% ש - 

  .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [4]ץ

 ʳʥ ʝʩʢʝʨʝסʳʟʜʳʣʳשʤʘ שʡʝʥʽ ʜʘʤʳʪʫʜʳװʞ ץʩʪʘʥʜʘ ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץʘʟʘפ

ʦʪʳʨʳʧ, ʟʘʤʘʥʘʫʠ ʞʘשʘ ʙʫʳʥʥʳש ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳץʪʘʨʳʥ ʜʘʤʳʪʫ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳʥ 

ʘʡץʳʥʜʘʡʪʳʥ ʤʘשʳʟʜʳ ʬʘʢʪʦʨʣʘʨʜʳ ʙʘסʘʣʘʫ ʤʘשʳʟʜʳ. ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ᴅʜʽʩʪʝʨ ʢᴇʣʽʢ-

ʣʦʛʠʩʪʠʢʘʣʳץ ʩʝʢʪʦʨ ʝʣ ʵʢʦʥʦʤʠʢʘʩʳʥʳש ʤʘשʳʟʜʳ ʵʣʝʤʝʥʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʍʘʣʳץʘʨʘʣʳץ ʣʦʛʠʩʪʠʢʘ ʪײʨסʳʩʳʥʘʥ ʝʣ ʘʫʤʘסʳʥʜʘסʳ ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳסʳʥʜʘ ʪʠʽʤʜʽ 

ʛʝʦʛʨʘʬʠʷʣʳץ ʞʘסʜʘʡסʘ ʠʝ. 

 

ʅᴅʪʠʞʝʣʝʨ. 

 .ʤʳʩ ʽʩʪʝʡʜʽײʞ ץʦʨʪʘʣʳ ץʳʪʪʘ ʝʣʽʤʽʟʜʝ 21 ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץʘʟʽʨʛʽ ʫʘפ

ʃʦʛʠʩʪʠʢʘ ʞװʡʝʩʽʥʽש ʜʘʤʫ ʜʝשʛʝʡʽ ʙʘʩץʘ ʤʝʤʣʝʢʝʪʪʝʨʜʝ ץʘʙʳʣʜʘʥסʘʥ ʞᴅʥʝ ʙʝʢʽʪʽʣʛʝʥ 

ʥʦʨʤʘʣʘʨʤʝʥ ʪʘʣʘʧʪʘʨ ʥʝʛʽʟʽʥʜʝ ʙʘסʘʣʘʥʘʜʳ.  

ɼװʥʠʝʞװʟʽʣʽʢ ʙʘʥʢʪʽש ʣʦʛʠʩʪʠʢʘʣʳץ ᴇʥʽʤʜʽʣʽʢ ʠʥʜʝʢʩʽʤʝʥ (LPI) ᴇʣʰʝʥʝʜʽ. ɹײʣ 

ʢᴇʨʩʝʪʢʽʰ ʪʘʫʘʨʣʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫʜʳש ʳסשʘʡʣʳʣʳסʳʥ ʞᴅʥʝ ײʣʪʪʳץ ʞᴅʥʝ ʭʘʣʳץʘʨʘʣʳץ 

ʜʝשʛʝʡʜʝ ʩʘʫʜʘ ʣʦʛʠʩʪʠʢʘʩʳʥʳש ʞʘʡ-ʢװʡʽʥ ʢᴇʨʩʝʪʝʜʽ.  פʘʟʘץʩʪʘʥ ʙײʣ ʢᴇʨʩʝʪʢʽʰ ʙʦʡʳʥʰʘ 

2020 ʞʳʣʳ 160 ʤʝʤʣʝʢʝʪ ʘʨʘʩʳʥʜʘ  71-ʰʽ ʦʨʳʥʜʘ ʙʦʣʜʳ ʞᴅʥʝ ʙײʣ ʠʥʜʝʢʩʪʽ ʝʢʽ ʞʳʣʜʘ ʙʽʨ 

ʨʝʪ ʝʩʝʧʪʝʡʜʽ, 2022 ʞʳʣסʘ ʘʨʥʘʣסʘʥ ʜʝʨʝʢʪʝʨ ᴅʣʽ ʞʦ[4] ץ. ʀʥʜʝʢʩʪʽ ʝʩʝʧʪʝʫ װʰʽʥ 

  :ʦʣʜʘʥʳʣʘʪʳʥ ʢʨʠʪʝʨʠʡʣʝʨץ

 ;ʞʝʣʽʩʽ שʤʳʩʳʥʳײʳ ʢʝʜʝʥ ʦʨʛʘʥʜʘʨʳ ʞסʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘץʘʟʘפ (1

2) ʂʃɾ ʦʙʲʝʢʪʽʣʝʨʽ ʘʨʘʩʳʥʜʘסʳ ʣʦʛʠʩʪʠʢʘʜʘסʳ ײץʟʳʨʝʪʪʽʣʽʢ;  

3) ʞʝʪʢʽʟʫʜʽ ʢʝʣʽʩʫ ʤʝʨʟʽʤʜʝʨʽʥ ʦʨʳʥʜʘʫ;  

4) ʣʦʛʠʩʪʠʢʘʣʳץ ʠʥʬʨʘײץʨʳʣʳʤʥʳש ʩʘʧʘʩʳ;  

5) ʙװʢʽʣ ʞʝʪʢʽʟʫ ʪʽʟʙʝʛʽʥ ʙʘץʳʣʘʫ (ʢʣʠʝʥʪʪʝʨ, ʙʘʩʰʳʣʳץ ʞᴅʥʝ ʙʘʩץʘ ʤװʜʜʝʣʽ 

ʪʘʨʘʧʪʘʨ װʰʽʥ) [5].  

ʄʘʤʘʥʜʘʨʜʳש ʧʽʢʽʨʽʥʰʝ, ʢᴇʨʩʝʪʢʽʰʪʽש ʞʘץʩʘʨʫʳ ʙʽʨʜʝʥ ʙʽʨʥʝʰʝ ʬʘʢʪʦʨʣʘʨסʘ 

ʙʘʡʣʘʥʳʩʪʳ:  

  ;ʘʡʪʫסʣײ ɯʰʢʽ ʽʩʪʝʨ ʤʠʥʠʩʪʨʣʽʛʽʥʝ ʠʥʚʝʩʪʠʮʠʷʣʘʨʜʳ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ-
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- ʢᴇʣʽʢʪʝʨ ʩʝʢʪʦʨʳʥʜʘ ʽʨʽʣʝʥʛʝʥ ʠʥʬʨʘײץʨʳʣʳʤ ʞʦʙʘʣʘʨʳʥ ײʡʳʤʜʘʩʪʳʨʫ;  

- ʰʝʢʘʨʘʣʘʨʜʘסʳ ʪʝʢʩʝʨʫ ʫʘץʳʪʳʥ ץʳʩץʘʨʪʘʪʳʥ ʙʽʨץʘʪʘʨ ʘץʧʘʨʘʪʪʳץ-

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞװʡʝʣʝʨʜʽ ʝʥʛʽʟʫ ʞᴅʥʝ ץʦʣʜʘʥʫ.  

ʉʦסשʳ ʞʳʣʜʘʨʳ פʘʟʘץʩʪʘʥʥʳש ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʩʽʥʽײץ שʨʳʣʳʤʳʥʜʘ ʞʝʢʝ 

ʢᴅʩʽʧʦʨʳʥʜʘʨ ʢᴇʨʩʝʪʝʪʽʥ ץʳʟʤʝʪʪʝʨʜʽש ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ װʨʜʽʩʽ  ʙʘʡץʘʣʘʜʳ. ɹʠʟʥʝʩʪʽ  

ʥʝʛʽʟʽʥʝʥ  ʰʘסʳʥ ʩʘʫʜʘ ʢʦʤʧʘʥʠʷʣʘʨʳ ʞᴅʥʝ ʥʘץʪʳ ʣʦʛʠʩʪʠʢʘʣʳץ  ʦʧʝʨʘʮʠʷʣʘʨסʘ  

ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʞʝʢʝ ʢᴅʩʽʧʢʝʨʣʝʨ ײʩʳʥʘʜʳ. ʐʘסʳʥ ʙʠʟʥʝʩʪʝ ʢᴇʣʝʤʜʽ ץʘʪʳʩʫʳʥʘ 

 .ʘ ʙʝʡʽʤ [6]סʜʘʫשʘʨʘʤʘʩʪʘʥ, ʢʣʠʝʥʪʪʝʨ ʦʩʳ ʩʝʛʤʝʥʪʪʝ ʽʨʽ ʞᴅʥʝ ʦʨʪʘ ʢʦʤʧʘʥʠʷʣʘʨʜʳ ʪʘץ

 ʘʤʪʘʤʘʩʳʟ ʝʪʫץ ʦʡʤʘʣʘʨʤʝʥץ ʳ ʟʘʪʪʘʡסʘʥʜʘץץʳʥʳʥʘ ʰʘסʨײʪ 1000 שʩʪʘʥʥʳץʘʟʘפ

ʢʦʵʬʬʠʮʠʝʥʪʽ ʙʦʡʳʥʰʘ פʘʟʘץʩʪʘʥ ɽʫʨʦʧʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʝʥ 227 ʤ2 (ɽʫʨʦʧʘʜʘ 420 ʤ2) 

ʝʢʽ ʝʩʝ ʜʝʨʣʽʢ ʪᴇʤʝʥ. ɸʡʳʨʤʘʰʳʣʳץ ᴅʜʽʣ ʩʝʙʝʧʪʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ, ᴇʡʪʢʝʥʽ 

ʩʘʫʜʘ ʢᴇʣʝʤʽʥʽש ʪᴇʤʝʥʜʽʛʽ ʞᴅʥʝ פʘʟʘץʩʪʘʥʜʘסʳ ʭʘʣʳץʪʳש ʪʳסʳʟʜʳסʳʥʳש ʪᴇʤʝʥʜʽʛʽ. 

ʆʪʘʥʜʳץ ʥʘʨʳץʪʳש ᴅʣʝʫʝʪʽ ʟʦʨ, ʩʦʥʜʳץʪʘʥ ץʦʡʤʘ ʘʣʘשʳʥʳש ᴅʣʝʫʝʪʽ ʰʘʤʘʤʝʥ 7730 ʤʳש ʤ2 

 ʨʘʥʳʩ ʘʨʪʳʧ ʢʝʣʝʜʽ, 2021 ʞʳʣʳ ɸײʘ ʩסʦʡʤʘʣʘʨץ ʳסʘʪʘʨ, ɸ ʢʣʘʩʳʥʜʘץ ʨʘʡʜʳ. ʉʦʥʳʤʝʥײץ

ʢʣʘʩʳʥʜʘסʳ ץʦʡʤʘʣʘʨʜʳש ʞʘʣʧʳ ʢᴇʣʝʤʽ 562 ʤʳש ʤ2 ײץʨʘʜʳ. ɸ ʢʣʘʩʳʥʜʘסʳ ץʦʡʤʘʣʘʨסʘ 

ʩײʨʘʥʳʩʪʳש ʘʨʪʫʳ ʢʝʣʝʩʽ ʩʝʙʝʧʪʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ:  

-ʣʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪʪʝʨ ʤʝʥ ʧʨʦʮʝʩʪʝʨʜʽש ʞʦסʘʨʳ ʪʝʭʥʠʢʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨʳ;  

-ʢʝʜʝʥʜʽʢ ʨᴅʩʽʤʜʝʫ, ʘʫʳʩʪʳʨʳʧ ʪʠʝʫ ʞᴅʥʝ ʪ. ʙ. ʩʠʷץʪʳ ץʦʩʳʤʰʘ ʣʦʛʠʩʪʠʢʘ ʞᴅʥʝ 

ʦʥʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ץʳʟʤʝʪʪʝʨʜʽ ʘʣʫ ʤװʤʢʽʥʜʽʛʽ;  

 שʳʟʤʝʪʪʝʨʜʽץ ʩʳʥʘʪʳʥײ ʘʪʳʩʫʳ Kʃɾץ ʙʠʟʥʝʩʢʝ ץʘʨʘʣʳץʭʘʣʳ שʩʪʘʥʥʳץʘʟʘפ-

ʩʘʧʘʩʳ ʭʘʣʳץʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʫʽʥ ʪʘʣʘʧ ʝʪʝʜʽ; 

-ʩʘץʪʘʫʜʳש ʝʨʝʢʰʝ ʰʘʨʪʪʘʨʳʥ ʪʘʣʘʧ ʝʪʝʪʽʥ ʞװʢʪʽש ʩʠʧʘʪʳ.  

ɸʣ ʝʣʜʝʛʽ ɺ, ʉ, ɼ ʩʳʥʳʧʪʘʨʳʥʳץ שʦʡʤʘʣʘʨʳʥʘ ʩײʨʘʥʳʩ ʘʟ. ʄײʥʜʘʡ ץʦʡʤʘʣʘʨ 

ʢᴇʙʽʥʝʩʝ ʪʘʫʘʨʣʳץ - ʤʘʪʝʨʠʘʣʜʳײץ ץʥʜʳʣʳץʪʘʨ ʤʝʥ ʰʳסʳʥʜʘʨ ʤʘשʳʟʜʳ ײץʨʳʣʳʩ ʞᴅʥʝ  

ᴇʥʜʽʨʽʩʪʽʢ  ʢʦʤʧʘʥʠʷʣʘʨ ʘʨʘʩʳʥʜʘ ʪʘʥʳʤʘʣ. ɾʝʣʜʝʪʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ  ʙʘʩץʘ ʜʘ  ʝʨʝʢʰʝ 

ʞʘסʜʘʡʣʘʨ ʩʠʷץʪʳ ʬʘʢʪʦʨʣʘʨ ʤʘשʳʟʜʳ ʝʤʝʩ [7]. ɾʘשʘ ʙʫʳʥʥʳש ʟʘʤʘʥʘʫʠ ʣʦʛʠʩʪʠʢʘʣʳץ 

ʦʨʪʘʣʳסʳ ʞʦסʘʨʳ ʢʣʠʝʥʪʢʝ ʙʘסʜʘʨʣʘʥʫʜʳ, ʩײʨʘʥʳʩ ʧʝʥ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫ װʰʽʥ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨ ʘʰʘʪʳʥ ʣʦʛʠʩʪʠʢʘ ʤʝʥ ʙʘʩץʘʨʫʜʳש ʟʘʤʘʥʘʫʠ 

ʪײʞʳʨʳʤʜʘʤʘʣʘʨʳʥ  ʝʥʛʽʟʫ  ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ (1 ʩʫʨʝʪ).  

 

 
 

1 ʩʫʨʝʪ - ɾʘשʘ ʙʫʳʥ ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳסʳʥʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳ  

ɽʩʢʝʨʪʫ: ʤʘʪʝʨʠʘʣʜʘʨ ʙʦʡʳʥʰʘ ϨϰʨʘʩʪʳʨʳʣϤʘʥ [7] 

 

ɹײʣ  ʝʨʝʢʰʝʣʽʢʪʝʨ ʙʽʨʛʝ ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳץʪʘ ʢʣʠʝʥʪʢʝ ʙʘסʳʪʪʘʣסʘʥ 

ʣʦʛʠʩʪʠʢʘʥʳ ײץʨʘʡʜʳ. ɾʘשʘ ʙʫʳʥ ʪײʣסʘʣʘʨʳʥ ʘץʧʘʨʘʪʪʳץ-ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳץʪʘʨ ʜʝʧ 

ɾʘשʘ ʙʫrʥ ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳסʳ 

ʂᴇʧʬʫʥʢʮʠʦʥʘʣʜʳʣʳץ: 

ʃʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪʪʝʨʜʽש 

ʟʘʤʘʥʘʫʠ ʩʧʝʢʪʨʽ (ʥʝʛʽʟʛʽ, ʢᴇʤʝʢʰʽ, 

ʩʝʨʚʠʩʪʽʢ ʞᴅʥʝ ץʦʣʜʘʫʰʳ) 

ʀʥʥʦʚʘʮʠʷ: 

ɸʚʪʦʤʘʪʪʘʥʜʳʨʫ, ʨʦʙʦʪʪʘʥʜʳʨʫ 

ʞᴅʥʝ ʘץʧʘʨʘʪʪʘʥʜʳʨʫ ʜʝשʛʝʡʽʥ 

ʢᴇʪʝʨʫ ʞʘסʜʘʡʳ ʤʝʥ ײʤʪʳʣʳʩʳ 

 ʘ ʙʝʡʽʤʜʝʣʛʝʥסʞʳʨʳʤʜʘʤʘʣʘʨײʪ ץʘʨʫʰʳʣʳץʞᴅʥʝ ʙʘʩ ץʘʟʽʨʛʽ ʣʦʛʠʩʪʠʢʘʣʳפ

 :ʤʝʭʘʥʠʟʤ ץʵʢʦʥʦʤʠʢʘʣʳ-ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ

- JIT / ECR / QR ʞᴅʥʝ ʪ. ʙ.; - ʩʘʧʘ ʤʝʥʝʜʞʤʝʥʪʽ, ʪײʨʘץʪʳ ʜʘʤʫ, KPI ʞᴅʥʝ ʪ. ʙ.; 

- ʙʘʩץʘʨʫʜʳש ʭʘʣʳץʘʨʘʣʳץ ʩʘʧʘ ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʩᴅʡʢʝʩʪʽʛʽ, ʤʳʩʘʣʳ, ISO 9000 

ʩʝʨʠʷʣʳ ʩʪʘʥʜʘʨʪʪʘʨ. 
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ʘʪʘʫסʘ ʙʦʣʘʜʳ. ɾʘשʘ ʙʫʳʥ ʪײʣסʘʩʳʥʳש ʩʳʨʪץʳ ʪᴅʞʽʨʠʙʝʩʽʥʝʥ ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ, ʘʜʘʤ 

ʞײʤʳʩʳʥʳש ʩᴅʪʪʽʣʽʛʽ ʢᴇʙʽʥʝʩʝ ʪʝʭʥʠʢʘʣʳץ ʞʝʪʽʩʪʽʢʪʝʨ ʤʝʥ ʠʥʥʦʚʘʮʠʷʣʘʨʜʳ ʥʝʛʽʟʜʝʣʛʝʥ 

ʝʥʛʽʟʫʛʝ ʙʘʡʣʘʥʳʩʪʳ. ɾʘשʘ ʙʫʳʥ ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳסʳ ʢʣʠʝʥʪʢʝ ʙʘסʜʘʨʣʘʥסʘʥ ʞᴅʥʝ ᴇʟ 

ʙʠʟʥʝʩʽʥʜʝ ʪʘʫʘʨʜʳ ɸ ʧʫʥʢʪʽʥʝʥ ɺ ʧʫʥʢʪʽʥʝ ʞʝʪʢʽʟʫʜʽ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʣʠʝʥʪʪʽש 

ʰʳסʳʥʜʘʨ ʤʝʥ ʫʘץʳʪʪʳ װʥʝʤʜʝʫʛʝ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳסʳʥ ʜʘ ʝʩʢʝʨʝʜʽ. ʉʦʥʜʳץʪʘʥ 

ʘסʳʥʜʘʨʜʳ ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ ʙʘʩץʘʨʫ ץʘʞʝʪ.  

ɸץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʞʘשʘ ʙʫʳʥ ʙᴇʣʽʤʰʝʩʽʥʽץ שʳʟʤʝʪʽʥʜʝ ʤʘשʳʟʜʳ  ʦʨʳʥ 

ʘʣʘʜʳ. ɿʘʤʘʥʘʫʠ ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʣʝʨʜʽש ʥʝʛʽʟʛʽ ץʦʟסʘʣʤʘʣʳ ʙʫʳʥʳ-ʞʦסʘʨʳ ᴇʥʽʤʜʽ 

ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ ʪײʪʳʥʫʰʳʣʘʨסʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ װʰʽʥ ʣʦʛʠʩʪʠʢʘʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ 

ʜʝʛʝʥ ץʘʞʝʪʪʽʣʽʢ.  

ʃʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳץʪʘʨʜʳש ʞײʤʳʩ ʞʦʩʧʘʨʣʘʨʳ ץʳʟʤʝʪ ʪײʪʳʥʫʰʳʣʘʨʳ  װʰʽʥ  

  .ʳʟʜʳ [7]שʰʽʥ ʜʝ ʤʘװ ʘʫʽʧʪʽ  ʙʦʣʜʳʨʤʘʫ ʞᴅʥʝ ʘʟʘʡʪʫץ

ʆʥʳש ʥʝʛʽʟʽʥʜʝ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʢʦʨʨʝʣʷʮʠʷ ᴅʜʽʩʽ ʞʘʪʳʨ. 

ʂʦʨʨʝʣʷʮʠʷʣʳץ ʪʘʣʜʘʫʜʳש ʢᴇʤʝʛʽʤʝʥ ʞײʧʪʘʩץʘʥ ʢʦʨʨʝʣʷʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש 

ʤʘʪʨʠʮʘʩʳ ʝʩʝʧʪʝʣʝʜʽ ʞᴅʥʝ ʪᴅʫʝʣʜʽ ʘʡʥʳʤʘʣʳʣʘʨסʘ װʣʢʝʥ ᴅʩʝʨ ʝʪʝʪʽʥ ʢʝʨʽ ʙʦʣʞʘʫʰʳʣʘʨ 

ʞʠʳʥʪʳסʳ ץʘʣʳʧʪʘʩʘʜʳ.  

ɼᴅʡʝʢʩᴇʟʜʝʨ ʤʝʥ ʪʘʣץʳʣʘʫʣʘʨ ʞʘʨʠʷʣʘʥʳʤʜʘʨʜʳ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ʣʦʛʠʩʪʠʢʘʣʳץ 

ʦʨʪʘʣʳץʪʘʨʜʳש ɼʂ ʞײʤʳʩ ʽʩʪʝʫʽʥʽײ שʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʤʝʭʘʥʠʟʤʽʥʽש 

ʞװʡʝʣʽʣʽʛʽʥ ʙʘסʘʣʘʫ ʞװʨʛʽʟʽʣʝʜʽ. ɼʘʤʳסʘʥ ʤʝʤʣʝʢʝʪʪʝʨʜʽש ʽʩ- ʪᴅʞʽʨʠʙʝʩʽʥʽש  ʪʠʽʤʜʽʣʽʛʽ 

ʢʝʣʝʩʽʜʝʡ ʙʘסʘʣʘʥʘʫʜʘ:  

1) ʣʦʛʠʩʪʠʢʘʣʳײץ ץʥʘʨʣʳʣʳץ ʠʥʜʝʢʩʽ (LPI);  

2) ʠʥʬʨʘײץʨʳʣʳʤ ʙᴇʣʽʛʽ ʙʦʡʳʥʰʘ ʞʘᴃʘʥʜʳץ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢ ʠʥʜʝʢʩʽ;  

3) ʜʘʤʳסʘʥ ʥʘʨʳץʪʘʨʜʳש ʣʦʛʠʩʪʠʢʘʣʳץ ʠʥʜʝʢʩʽ. ɼʘʤʫ ʩʝʙʝʧʪʝʨʽ ᴅʜʝʙʠʝʪʪʝʨʜʽ 

ʰʦʣʫʜʘ ʞʦסʘʨʳʜʘ ץʘʨʘʩʪʳʨʳʣʘʜʳ.  

 
 

2 ʩʫʨʝʪ - ɽɸʕʆ ʘʨʘʩʳʥʜʘסʳ LPI (ʨʝʡʪʠʥʛʪʝʛʽ ʦʨʳʥ)  

ɽʩʢʝʨʪʫ: ʜʝʨʝʢʢϺʟ [8] 

 

ʃʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʥʽש ʜʝשʛʝʡʽ ʠʥʬʨʘײץʨʳʣʳʤ ʙᴇʣʽʛʽ ʙʦʡʳʥʰʘ ʞʘᴃʘʥʜʳץ ʙᴅʩʝʢʝʛʝ 

 ʣײʘʣʘʥʘʜʳ. ɹסʘʙʽʣʝʪʪʽʣʽʢ ʠʥʜʝʢʩʽʤʝʥ (Global Competitiveness Report 2020, 2021, 2022)  ʙʘץ

ʠʥʜʝʢʩ ʜװʥʠʝʞװʟʽʣʽʢ ʵʢʦʥʦʤʠʢʘʣʳץ ʬʦʨʫʤ ʜʝʧ ʘʪʘʣʘʜʳ (ʩʫʨʝʪ 3). 
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3 ʩʫʨʝʪ - "The Global Competitiveness Index" ʞᴅʥʝ פʘʟʘץʩʪʘʥ ʨʝʡʪʠʥʛʽʥʜʝʛʽ ʊʦʧ-10 ʝʣ ʞᴅʥʝ 

  (ʤᴅʥʽ שʠʥʜʝʢʩʪʽ) ʩʪʘʥץʘʟʘפ

ɽʩʢʝʨʪʫ: ʜʝʨʝʢʢϺʟ [8]  

 

ʈʝʡʪʠʥʛʪʝʛʽ  ʧʦʟʠʮʠʷʥʳ ʞʘץʩʘʨʪץʘʥ ʙʽʨץʘʪʘʨ ʞʘץʩʘʨʪʫʣʘʨסʘ ץʘʨʘʤʘʩʪʘʥ, çʅײʨ ʞʦʣè 

ʤʝʤʣʝʢʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘʥʳש ʥʝʛʽʟʛʽ ʝʩʝʧʪʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʜʝ ʦʨʥʳסʘ ʘʣʤʘʜʳ. ʄײʥʳש 

ʩʝʙʝʧʪʝʨʽʥʽש ʙʽʨʽ פʘʟʘץʩʪʘʥʥʳש ʢᴇʣʽʢ ʞᴅʥʝ ʣʦʛʠʩʪʠʢʘʣʳץ ץʳʟʤʝʪʪʝʨ ʥʘʨʳסʳʥʜʘסʳ 

ʙᴅʩʝʢʝʣʝʩʪʽʢʪʽש ʢװʰʝʶʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ װʰʽʥ ʢᴇʣʽʢ 

ʠʥʬʨʘײץʨʳʣʳʤʳ ʩʫʙʲʝʢʪʽʩʽ ʙʦʡʳʥʰʘ ʜʝʨʝʢʪʝʨ 4-ʰʽ ʩʫʨʝʪʪʝ ʢʝʣʪʽʨʽʣʛʝʥ.  

 
4 ʩʫʨʝʪ  - 2021 ʞʳʣסʳ "Transport infrastructure" ʩʫʙʠʥʜʝʢʩʽ  

ɽʩʢʝʨʪʫ: ʜʝʨʝʢʢϺʟ [9] 

 

ɽʣʜʝʛʽ ʣʦʛʠʩʪʠʢʘʣʳץ ʠʥʬʨʘײץʨʳʣʳʤʥʳש ʞʘʡ-ʢװʡʽʥ 2020 ʞʳʣʳ ʙʨʠʪʘʥʜʳץ ʢᴇʣʽʢʪʽʢ 

ʙʘʨʣʘʫ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳ ײץʨסʘʥ ʜʘʤʳסʘʥ ʥʘʨʳץʪʳץ ʣʦʛʠʩʪʠʢʘ ʀʥʜʝʢʩʽ (ʠʥʜʝʢʩ 

50 ʝʣʜʽ ץʘʤʪʠʜʳ) (emli, Emerging Market Logistics Index) ʥʝʛʽʟʽʥʜʝ ʜʝ ʙʘסʘʣʘʫסʘ ʙʦʣʘʜʳ [9].  

2020-2022 ʞʳʣʜʘʨʜʘ EMLI ʢᴇʨʩʝʪʢʽʰʽʥ - ʥʝʛʽʟʽʥʝʥ ʪᴇʤʝʥʜʝʛʽʜʝʡ װʰ ʢʦʤʧʦʥʝʥʪ 

ʧʘʡʜʘʣʘʥʳʣʜʳ:  

-ʥʘʨʳץʪʘסʳ ʤᴇʣʰʝʨʽ ʞᴅʥʝ ʩʠʧʘʪʪʘʤʘʩʳ;  

-ʥʘʨʳץʪʳש ʩᴅʡʢʝʩʪʽʛʽ;  

-ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ʢʦʤʤʫʥʠʢʘʮʠʷ ʞװʡʝʩʽʥʽש ʜʝשʛʝʡʽ.  
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2019 ïʥʘʥ ʢʝʡʽʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʙʘסʘʣʘʫ ʘʤʘʣʜʘʨʳ  ʢʝʣʝʩʽʜʝʡ ʝʩʝʧʪʝʫ װʰ ʢᴇʨʩʝʪʢʽʰ 

ʥʝʛʽʟʽʥʜʝ ʞװʨʛʽʟʽʣʝʜʽ:  

- ʝʣʜʝʛʽ ʢᴇʣʽʢʪʽʢ-ʣʦʛʠʩʪʠʢʘ ʩʘʣʘʩʳʥʳש ʜʘʤʫ ʜʝשʛʝʡʽ;  

- ʙʘʩץʘ ʝʣʜʝʨʜʝ ʢᴇʣʽʢʪʽʢ- ʣʦʛʠʩʪʠʢʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʽ;  

- ʽʩʢʝʨʣʽʢʪʝʨʜʽ  ʞʝʪʽʣʜʽʨʫ.  

EMLI ʠʥʜʝʢʩʽ ʳץʪʠʤʘʣʜʳץʪʘʨ ʤʝʥ ʳץʪʠʤʘʣ ʥʘʨʳץʪʳײ ץʩʳʥʳʩʪʘʨʜʳ ʞʘשʘʨʪʳʣסʘʥ 

ʪװʨʜʝ ʞʘʨʠʷʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ɾײʤʳʩʪʘ ʘʨʥʘʫʣʳ ʟʝʨʪʪʝʫʤʝʥ ʪʘʣʜʘʫסʘ ʘʣסʘʰץʳ ʤᴅʣʽʤʝʪʪʝʨ ʦʪʘʥʜʳץ ʉʪʨʘʪʝʛʠʷʣʳץ 

ʞʦʩʧʘʨʣʘʫ ʞᴅʥʝ ʨʝʬʦʨʤʘʣʘʨ ʘʛʝʥʪʪʽʛʽʥʽױ שʣʪʪʳץ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʙʶʨʦʩʳʥʳש ʘʰʳץ 

ʜʝʨʝʢʪʝʨʽʥʝʥ ʘʣʳʥסʘʥ (1 ʢʝʩʪʝ). 

 

1 ʢʝʩʪʝ - ʂʦʨʨʝʣʷʮʠʷʣʳץ ʪʘʣʜʘʫʜʳש ʙʘʩʪʘʧץʳ ʜʝʨʝʢʪʝʨʽ 

 

ɾʳʣ 
EMLI 

ʠʥʜʝʢʩʽ 

ɾʦʣʘʫʰʳ-

ʘʡʥʘʣʳʤʳ 

ɾװʢ-

ʘʡʥʘʣʳʤʳ 

ᴆʥʝʨʢᴅʩʽʧ ᴇʥʽʤʽʥ 

(ʪʘʫʘʨʣʘʨʜʳ, ʢᴇʨʩʝʪʽʣʝʪʽʥ 

 ʳʟʤʝʪʪʝʨʜʽ) ᴇʥʜʽʨʫץ

ʢᴇʣʝʤʽ 

ʊʝʤʽʨʞʦʣ 

 שʘʪʳʥʘʩʳʥʳץ

 ʳסʟʳʥʜʳײ

ʤʣʥ ʞ-ʢʤ. ʤʣʨʜ ʪ-ʢʤ ʤʣʥ ʪʛ. ʢʤ 

2014 4,33 188 939,2 448,8 15 929 052 14 892 

2015 4,55 213 035,7 478,0 16 851 775 15 333 

2016 4,99 235 738,4 495,4 17 833 994 15 341 

2017 5,07 246 958,5 554,9 18 529 225 15 341 

2018 5,08 251 250,8 546,3 14 903 099 15 341 

2019 5,28 266 784,2 518,6 19 026 781 16 104 

2020 5,6 273 193,4 564,0 22 790 209 16 614 

2021 5,41 281 484,1 609,5 27 218 063 16 635 

2022 4,91 295 516,6 597,6 29 380 342 16 061 

ɾʳʣ 
ɸʚʪʦ ï ʞʦʣ ײʟʳʥʜʳסʳ ʄʘʛʠʩʪʨʘʣʜʳ ײץʙʳʨ ʉʫ ʞʦʣʜʘʨʳ 

ʢʤ ʢʤ ʢʤ 

2014 86 217 20 230 4 094 

2015 87 140 20 238 4 151 

2016 86 581 20 238 4 151 

2017 86 419 23 196 4 151 

2018 86 244 23 276 4 151 

2019 87 029 23 271 4 151 

2020 81 814 23 268 4 151 

2021 83 240 23 334 4 081 

2022 84 834 23 439 4 106 

ɽʩʢʝʨʪʫ: ʜʝʨʝʢʢϺʟʽ  [11]  

           

          ʆʩʳ ʨʝʡʪʠʥʛ ʜᴅʡʝʢ ʩᴇʟʜʝʨʽʥʽש ᴇʟʝʢʪʽʣʽʛʽʥ ʘʡץʳʥʜʘʫ װʰʽʥ פʘʟʘץʩʪʘʥʥʳש ᴇʥʝʨʢᴅʩʽʧʪʽʢ 

ʞᴅʥʝ ʣʦʛʠʩʪʠʢʘʣʳץ ʜʘʤʫ ʠʥʜʝʢʩʽ ʤʝʥ ʦʥʳ2011-2019 ש ʞʳʣʜʘʨʜʘסʳ  ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

ʘʨʘʩʳʥʜʘסʳ ʢʦʨʨʝʣʷʮʠʷ ʘʡץʳʥʜʘʣʘʜʳ.:  

Y- EMLI ʠʥʜʝʢʩʽ, ᴇʣʰʝʤ ʙʽʨʣʽʛʽ;  

Z1 -ʞʦʣʘʫʰʳʣʘʨ ʩʘʥʳ, ʤʣʥ.ʞ-ʢʤ;  

Z2 -ʪʘʫʘʨ ʘʡʥʘʣʳʤʳ, ʤʣʨʜ. ʪ-ʢʤ;  

Z3 -ᴇʥʝʨʢᴅʩʽʧ ᴇʥʽʤʜʝʨʽʥ (ʪʘʫʘʨʣʘʨ, ץʳʟʤʝʪʪʝʨ) ᴇʥʜʽʨʫ ʢᴇʣʝʤʽ, ʤʣʥ.ʪʦʥʥʘ.;  

Z4 -ʪʝʤʽʨʞʦʣ ʞʝʣʽʩʽʥʽײ שʟʳʥʜʳסʳ, ʢʤ;  
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Z5 -ʘʩʬʘʣʴʪ ʪᴇʩʝʣʛʝʥ ʞʘʣʧʳסʘ ʦʨʪʘץ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥʳש 

  ;ʳ, ʢʤסʟʳʥʜʳײ

Z6 -ʤʘʛʠʩʪʨʘʣʴʜʳײץ ץʙʳʨʣʘʨʳʥʳײ שʟʳʥʜʳסʳ, ʢʤ;  

Z7- ץʦסʘʤʜʳץ ʢᴇʣʽʢʪʽש ʽʰʢʽ ʤʘʨʰʨʫʪʪʘʨʳʥʳײ שʟʳʥʜʳסʳ,ʢʤ.  

ʆʩʳ ʨʝʡʪʠʥʛ ʜᴅʡʝʢʩᴇʟʜʝʨʽʥʽש ᴇʟʝʢʪʽʣʽʛʽʥ ʘʡץʳʥʜʘʫ װʰʽʥ פʘʟʘץʩʪʘʥʥʳש ᴇʥʝʨʢᴅʩʽʧʪʽʢ 

ʞᴅʥʝ ʣʦʛʠʩʪʠʢʘʣʳץ ʜʘʤʫ ʠʥʜʝʢʩʽ ʤʝʥ ʦʥʳ2014-2022 ש ʞʳʣʜʘʨʜʘסʳ  ʢᴇʨʩʝʪʢʽʰʪʝʨʽ  

ʘʨʘʩʳʥʜʘסʳ  ʢʦʨʨʝʣʷʮʠʷ ʘʡץʳʥʜʘʣʘʜʳ.  

ʂʦʨʨʝʣʷʮʠʷʣʳץ ʤʘʪʨʠʮʘ (2 ʢʝʩʪʝ).  

 

2 ʢʝʩʪʝ - ɾײʧʪʘʩץʘʥ ʢʦʨʨʝʣʷʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ʤʘʪʨʠʮʘʩʳ 

 

ʂᴇʨʩʝʪʢʽʰ-ʪʝʨ Y Z1 Z2 Z3 Z4 Z5 Z6 Z7 

Y 1 - - - - - - - 

Z1 0,7845825 1 - - - - - - 

Z2 0,7178562 0,92425 1 - - - - - 

Z3 0,4352458 0,78582 0,79624 1 - - - - 

Z4 0,8215425 0,84215 0,7545582 0,771861 1 - - - 

Z5 -0,638014 -0,56557 -0,643584 -0,66384 -0,78356 1 - - 

Z6 0,7478289 0,851297 0,8559973 0,529495 0,669518 -0,47416 1 - 

Z7 0,1894823 -0,08896 -0,24808 -0,54122 -0,19432 0,340857 -0,02628 1 

ɽʩʢʝʨʪʫ: ʙʘʩʪʘʧϨʳ ʜʝʨʝʢʪʝʨʜʽ ʢʦʨʨʝʣʷʮʠʷʣʳϨ ʪʘʣʜʘʫ ʥϸʪʠʞʝʣʝʨʽ 

 

ɹײʣ ʠʜʝʷʥʳ ʤʝʤʣʝʢʝʪʪʽש ʙʝʣʩʝʥʜʽ ץʘʪʳʩʫʳʥʩʳʟ ʞװʟʝʛʝ ʘʩʳʨʫ ʤװʤʢʽʥ ʝʤʝʩ. ɿʝʨʪʪʝʫ 

 ʩʪʘʥץʘʟʘפ ʪʘʨʳʥ ʜʘʤʳʪʫץʦʨʪʘʣʳ ץʣʦʛʠʩʪʠʢʘʣʳ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʙװʢʽʣ ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʩʽʥʝ ʠʥʪʝʛʨʘʮʠʷʣʘʥʫʳ ʪʠʽʩ ʜʝʛʝʥ 

ʛʠʧʦʪʝʟʘʥʳש ʥʝʛʽʟʜʽʣʽʛʽʥ ʨʘʩʪʘʡʜʳ. ɾʘʣʧʳ Kʃɾ ʙʘסʜʘʨʣʘʤʘʩʳʥʘʥ ʙʘʩץʘ, ʞʝʢʝʣʝʛʝʥ 

ʦשʪʘʡʣʘʥʜʳʨʫ ʞʦʙʘʣʘʨʳ ʞʝʪʢʽʣʽʢʪʽ ʦʧʝʨʘʮʠʷʣʘʨʜʳ  ʦʨʳʥʜʘʤʘʡʜʳ. ʆʩʳʣʘʡʰʘ, ʽʰʢʽ - 

ʙʘʡʣʘʥʳʩ ʞʦʣʜʘʨʳʥʳש ʪʠʽʤʜʽʣʽʛʽ ʽʰʢʽ ʧʨʦʮʝʩʪʝʨʜʽ ײʡʳʤʜʘʩʪʳʨʫסʘ סʘʥʘ ʝʤʝʩ, ʢᴇʙʽʥʝʩʝ 

EMLI ʞʘסʜʘʡʳʥʘ ʜʘ ʙʘʡʣʘʥʳʩʪʳ. ʉʦʥʜʳץʪʘʥ ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳץʪʘʨʜʳש 

 ʪʘʡʣʘʥʜʳʨʫ ʤʦʜʝʣʽʥʜʝ ʤʝʤʣʝʢʝʪʪʽʢשʪʝʪʽʛʽʥ ʦ ץʬʫʥʢʮʠʦʥʘʣʜʳ - ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ

ʦʨʛʘʥʜʘʨʜʳ פʘʟʘץʩʪʘʥʜʘ ɾɹɾ ʜʘʤʳʪʫסʘ ʪʘʨʪʫ ʞᴅʥʝ ʞʘשʘ ʙʫʳʥʥʳש ʣʦʛʠʩʪʠʢʘʣʳץ 

ʦʨʪʘʣʳץʪʘʨʳʥ ײץʨʫ ʞᴇʥʽʥʜʝ ײʩʳʥʳʩʪʘʨ ײʩʳʥʫ ץʘʞʝʪ. ʄʝʤʣʝʢʝʪʪʽʢ ʜʝשʛʝʡʜʝ ʂʃɾ, 

ʣʦʛʠʩʪʠʢʘʣʳץ ʢʣʘʩʪʝʨʣʝʨʜʽ ʜʘʤʳʪʫ ʩʘʣʘʩʳʥʜʘ ʙʝʣʛʽʣʽ ʙʽʨ ʟʘשʥʘʤʘʣʳץ, 

 .ʘʞʝʪץ ʙʘʩʪʘʤʘʣʘʨ ץʞᴅʥʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʜʳ ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ

ʊʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ EMLI -ʛʝ ʞʦʣʘʫʰʳʣʘʨ ʘʡʥʘʣʳʤʳ (Z1 = 0,79), ʞװʢ ʘʡʥʘʣʳʤʳ 

(Z2 = 0,96), ʪʝʤʽʨʞʦʣ ײʟʳʥʜʳסʳ (Z4 = 0,83) ʞᴅʥʝ ʤʘʛʠʩʪʨʘʣʴʜʳײץ ץʙʳʨʣʘʨʜʳײ שʟʳʥʜʳסʳ 

(Z6 = 0,75) װʣʢʝʥ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʂʦʨʨʝʣʷʮʠʷʣʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʝʣʜʽש ʢᴇʣʽʢ 

ʞװʡʝʩʽʥʽש ʜʘʤʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʤʝʥ ʘʣʳʥסʘʥ emli ʠʥʜʝʢʩʽ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ 

ʢᴇʨʩʝʪʝʜʽ. EMLI ʠʥʜʝʢʩʽʥʝ ʝש ʢᴇʧ ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨ ʘʥʳץʪʘʣʜʳ:  

-ʞװʢ ʪʘʩʳʤʘʣʳ;  

-ʞʦʣʘʫʰʳʣʘʨ ʘסʳʥʳ;  

-ʞʘʣʧʳסʘ ʦʨʪʘץ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʪʝʤʽʨʞʦʣʜʘʨ ʞʦʣʳʥʳײ שʟʳʥʜʳסʳ;  

 .ʳ [12]סʟʳʥʜʳײ שʙʳʨʜʳײץ-

ʂʦʨʨʝʣʷʮʠʷʣʳץ ʤʘʪʨʠʮʘ (ʢʝʩʪʝ 2). ʊʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ EMLI-ʛʝ ʞʦʣʘʫʰʳʣʘʨ 

ʘʡʥʘʣʳʤʳ (Z1 = 0,79), ʞװʢ ʘʡʥʘʣʳʤʳ (Z2 = 0,96), ʪʝʤʽʨʞʦʣ ײʟʳʥʜʳסʳ (Z4 = 0,83) ʞᴅʥʝ 

ʤʘʛʠʩʪʨʘʣʴʜʳײץ ץʙʳʨʣʘʨʜʳײ שʟʳʥʜʳסʳ (Z6 = 0,75) װʣʢʝʥ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʂʦʨʨʝʣʷʮʠʷʣʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʝʣʜʽש ʢᴇʣʽʢ ʞװʡʝʩʽʥʽש ʜʘʤʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʤʝʥ ʘʣʳʥסʘʥ 

EMLI ʠʥʜʝʢʩʽ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ ʢᴇʨʩʝʪʝʜʽ. EMLI ʠʥʜʝʢʩʽʥʝ ʝש ʢᴇʧ ᴅʩʝʨ ʝʪʝʪʽʥ 

ʬʘʢʪʦʨʣʘʨ ʘʥʳץʪʘʣʜʳ:  

-ʞװʢ ʪʘʩʳʤʘʣʳ;  
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-ʞʦʣʘʫʰʳʣʘʨ ʘסʳʥʳ;  

-ʞʘʣʧʳסʘ ʦʨʪʘץ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʪʝʤʽʨʞʦʣʜʘʨ ʞʦʣʳʥʳײ שʟʳʥʜʳסʳ; 

  .ʳ [13]סʟʳʥʜʳײ שʙʳʨʜʳײץ-

 

 .ʦʨʳʪʳʥʜʳפ

 ʘʥסʪʳʤʜʳ ʜʘʤʳײ שɸʟʠʷʥʳ ץʞʦʙʘʣʘʨʜʘ ʆʨʪʘʣʳ ץʣʦʛʠʩʪʠʢʘʣʳ ץʩʪʘʥ  ʞʘᴃʘʥʜʳץʘʟʘפ

ʪʨʘʥʟʠʪʪʽʢ ʦʨʪʘʣʳסʳ ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʫʛʝ ʤװʤʢʽʥʜʽʛʽ ʙʘʨ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʝʣʜʝ ʣʦʛʠʩʪʠʢʘʣʳץ 

ʥʘʨʳץʪʳ ʜʘʤʳʪʫ װʰʽʥ ץʦʣʘʡʣʳ ʞʘסʜʘʡʣʘʨ ʞʘʩʘʣסʘʥ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʘʣʜʘסʳ 

ʞʳʣʜʘʨסʘ ײʩʳʥʳʣʘʪʳʥ ץʳʟʤʝʪʪʝʨ ʘʩʩʦʨʪʠʤʝʥʪʽʥ ʢʝשʝʡʪʫ, ײʩʳʥʳʣʘʪʳʥ ץʳʟʤʝʪʪʝʨ ʪʽʟʙʝʩʽʥ 

ʢʝשʝʡʪʫ ʞᴅʥʝ ʦʣʘʨʜʳש ʥʘʨʳץʪʘסʳ ᴇʢʽʣʜʽʛʽʥ ײʣסʘʡʪʫ ʙʦʡʳʥʰʘ ʜʘʤʫ ʞʦʩʧʘʨʣʘʨʳʥ 

  .ʘʥסʩʳʥʳʣײ

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʣʦʛʠʩʪʠʢʘʣʳץ ʦʨʪʘʣʳץʪʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ ʪʝʢ ʽʰʢʽ ʧʨʦʮʝʩʪʝʨʜʽ 

 ʜʘʡʳʥʘ ʜʘ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʽʥסʘʪʘʨ EMLI ʞʘץ ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס ʘסʡʳʤʜʘʩʪʳʨʫײ

ʢᴇʨʩʝʪʝʜʽ. ʄʝʤʣʝʢʝʪʪʽʢ ʜʝשʛʝʡʜʝ ʂʃɾ-ʣʝʨʜʽ, ʣʦʛʠʩʪʠʢʘʣʳץ ʪʦʧʪʘʨʜʳ ʜʘʤʳʪʫ ʞᴅʥʝ 

 ,ץʥʘʤʘʣʳשʳʥ ʘʨʪʪʳʨʫ ʙʝʣʛʽʣʽ ʙʽʨ ʟʘסʪʘʨʪʳʤʜʳʣʳ שʪʘʨʜʳץʦʨʪʘʣʳ ץʩʪʘʥʜʳץʘʟʘץ

  .ʙʘʩʪʘʤʘʣʘʨʜʳ ʪʘʣʘʧ ʝʪʝʜʽ ץʞᴅʥʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʜʳ ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ

 

ᴄɼɽɹʀɽʊʊɽʈ  

 

[1] https://www. kazlogistics. kz/ru/library /statistics/]. 
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FACTOR ANALYSIS OF OPPORTUNITIES FOR THE DEVELOPMENT OF 

LOGISTICS COMPLEXES IN KAZAKHSTAN  

 

Abstract. Modern trends indicate that by 2030 Kazakhstan can become the main transit 

hub of Central Asia and ensure the active development of the transport and logistics complex. Of 

course, this will be facilitated by the" concept of development of transport and logistics potential 

of the Republic of Kazakhstan until 2030".  

The subject of the study is Regional Logistics Complexes and organizational and 

economic relations with the formation of their systems.  

The significance of the study is that the proposed theoretical, methodological and 

practical recommendations, author's methods for modeling and optimizing the logistics system of 

the production process can be used to organize the logistics activities of the warehouse, transport 

industry association operating directly in the domestic market. The main provisions and 

recommendations of the author are based on current trends in the development of logistics 

concepts and are aimed at improving the efficiency of the production process of the country's 

economy.  
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ʌɸʂʊʆʈʅʓʁ ɸʅɸʃʀɿ ɺʆɿʄʆɾʅʆʉʊɽʁ ʈɸɿɺʀʊʀʗ ʃʆɻʀʉʊʀʏɽʉʂʀʍ 

ʂʆʄʇʃɽʂʉʆɺ ɺ ʂɸɿɸʍʉʊɸʅɽ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢ 2030 ʛʦʜʫ ʂʘʟʘʭʩʪʘʥ 

ʤʦʞʝʪ ʩʪʘʪʴ ʛʣʘʚʥʳʤ ʪʨʘʥʟʠʪʥʳʤ ʫʟʣʦʤ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʘʢʪʠʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʂʦʥʝʯʥʦ, ʵʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ" 
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ʢʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʜʦ 

2030 ʛʦʜʘ".  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʭ ʩʠʩʪʝʤ.  

ɿʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ, 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʘʚʪʦʨʩʢʠʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʢʣʘʜʩʢʦʡ, ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʨʳʥʢʝ. ʆʩʥʦʚʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʘʚʪʦʨʘ ʦʩʥʦʚʘʥʳ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʷʭ ʨʘʟʚʠʪʠʷ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʊʨʘʥʩʧʦʨʪ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʭʨʘʥʝʥʠʝ, ʣʦʛʠʩʪʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʜʦʨʦʛʠ, ʩʢʣʘʜʳ. 
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ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʆʇʊʀʄʀɿɸʎʀʀ ʈɸʉʇʀʉɸʅʀʗ ɼɺʀɾɽʅʀʗ 

ɻʆʈʆɼʉʂʆɻʆ ʇɸʉʉɸɾʀʈʉʂʆɻʆ ʊʈɸʅʉʇʆʈʊɸ ʉ ʋʏɽʊʆʄ 

ɼʋɹʃʀʈʋɽʄʆʉʊʀ ʄɸʈʐʈʋʊʆɺ ʀʄʀʊɸʎʀʆʅʅʓʄ ʄʆɼɽʃʀʈʆɺɸʅʀɽʄ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʛʦʨʦʜʩʢʦʛʦ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʦʩʪʴ ʝʛʦ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦʤ ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʩʧʠʩʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ: ʤʠʥʠʤʘʣʴʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʧʦʝʟʜʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘʤ, 

ʨʝʛʫʣʷʨʥʦʝ ʩʣʝʜʦʚʘʥʠʝ ʤʘʨʰʨʫʪʦʚ ʠ ʠʭ ʢʦʦʨʜʠʥʘʮʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʧʘʩʩʘʞʠʨʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ ʛʦʨʦʜʩʢʦʛʦ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʧʠʩʘʥʠʝ ʜʚʠʞʝʥʠʷ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʘʭ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʠʩʘʥʠʷ ʜʦ ʠ 

ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʚʘʪʴ ʦʙʱʝʝ ʢʘʯʝʩʪʚʦ ʧʨʝʜʣʦʞʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʩʠʩʪʝʤʝ GPSS World ʠ ʙʫʜʝʪ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ 

ʥʘ ʨʝʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʷʭ ʛʦʨʦʜʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʦʮʝʥʢʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʚʥʝʜʨʝʥʠʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʚ ʛʦʨʦʜʩʢʦʤ 

ʦʙʱʝʩʪʚʝʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. 
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ʜʫʙʣʠʨʫʶʱʠʡ ʫʯʘʩʪʦʢ, ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʠʥʪʝʨʚʘʣ ʜʚʠʞʝʥʠʷ, ʢʘʯʝʩʪʚʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

 

ɺʚʝʜʝʥʠʝ 

ɻʦʨʦʜʩʢʦʡ ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠʛʨʘʝʪ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʞʠʟʥʠ 

ʦʙʱʝʩʪʚʘ, ʦʢʘʟʳʚʘʷ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʢʫ ʩʪʨʘʥʳ, ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ, ʧʦʢʘʟʘʪʝʣʠ 

ʘʚʘʨʠʡʥʦʩʪʠ, ʟʜʦʨʦʚʴʝ ʛʨʘʞʜʘʥ ʠ ʧʦʢʘʟʘʪʝʣʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʦʚ. ʇʦʥʠʤʘʥʠʝ 

ʵʪʦʛʦ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʝʨʝʦʨʠʝʥʪʘʮʠʶ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʧʨʦʩʘ ʞʠʪʝʣʝʡ ʛʦʨʦʜʦʚ ʩ ʣʠʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʛʦʨʦʜʩʢʦʡ ʦʙʱʝʩʪʚʝʥʥʳʡ 

ʪʨʘʥʩʧʦʨʪ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʘʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʚ ʩʪʨʘʥʘʭ 

ʉʅɻ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʥʜʝʥʮʠʠ ʢ ʧʨʝʜʧʦʯʪʝʥʠʶ ʨʘʟʚʠʪʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ɺʝʨʦʷʪʥʦ, ʪʘʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ ʩʚʷʟʘʥʘ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʤʦʪʠʚʘʮʠʠ ʚ ʙʶʜʞʝʪʥʦʤ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʨʘʙʦʪʳ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, 

ʧʨʠʥʦʩʠʪ ʩʚʦʠ ʥʝʛʘʪʠʚʥʳʝ ʧʣʦʜʳ ʠ ʪʨʝʙʫʝʪ ʩʢʦʨʝʡʰʝʛʦ ʧʝʨʝʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ 

mailto:d.kassymova@alt.edu.kz
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ʧʨʠʦʨʠʪʝʪʦʚ ʝʛʦ ʨʘʟʚʠʪʠʷ. ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʥʠʩʢʦʣʴʢʦ ʥʝ ʩʥʠʞʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. 

ʇʦʚʳʰʝʥʠʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʢʘʢ ʜʣʷ 

ʧʦʩʪʦʷʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʪʝʭ, ʢʪʦ ʨʝʜʢʦ ʠʤ ʧʦʣʴʟʫʝʪʩʷ, ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʨʘʩʧʠʩʘʥʠʷ ʝʛʦ ʜʚʠʞʝʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʨʘʩʧʠʩʘʥʠʷ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ: 

- ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʩʝʣʝʥʠʷ ʥʘ ʢʘʞʜʦʤ ʤʘʨʰʨʫʪʝ, 

- ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʤʝʩʪʠʤʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʦʨʤʘʤʠ, 

- ʤʠʥʠʤʠʟʘʮʠʷ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʧʘʩʩʘʞʠʨʘʤʠ ʥʘ ʧʦʝʟʜʢʠ, 

- ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʧʦ ʚʩʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʤʘʨʰʨʫʪʦʚ, 

- ʩʦʟʜʘʥʠʝ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʚ ʧʫʪʠ, 

- ʩʦʙʣʶʜʝʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʚʦʜʠʪʝʣʝʡ ʠ ʢʦʥʜʫʢʪʦʨʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʨʫʜʦʚʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, 

- ʦʙʝʩʧʝʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʤʘʨʰʨʫʪʘʭ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ɸʥʘʣʠʟ ʠ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʪʨʘʞʘʶʱʠʭ ʫʨʦʚʝʥʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ 

ʛʦʨʦʜʩʢʠʤ ʦʙʱʝʩʪʚʝʥʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʘʨʰʨʫʪʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʘʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʝʥʥʦʛʦ 

ʨʘʩʧʠʩʘʥʠʷ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʚʥʦʤʝʨʥʳʝ ʠʥʪʝʨʚʘʣʳ ʜʚʠʞʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʢʣʶʯʝʚʳʤʠ ʘʪʨʠʙʫʪʘʤʠ ʩʠʩʪʝʤʳ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʨʝʛʫʣʷʨʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʥʘʜʝʞʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʘʩʩʘʞʠʨʦʚ [1-4]. 

ʅʝʩʦʙʣʶʜʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʘʭ ʜʚʠʞʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʛʨʫʧʧʠʨʦʚʘʥʠʶ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ʠʭ ʜʚʠʞʝʥʠʶ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ), ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʚ [5, 6]. ʅʝʛʘʪʠʚʥʳʝ 

ʵʬʬʝʢʪʳ ʦʪ ʪʘʢʦʛʦ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ: 

ï ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʧʘʩʩʘʞʠʨʘʤʠ [1] ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ; 

ï ʨʦʩʪʝ ʩʢʫʯʝʥʥʦʩʪʠ ʧʘʩʩʘʞʠʨʦʚ ʠ ʩʚʷʟʘʥʥʳʤ ʩ ʵʪʠʤ ʧʘʜʝʥʠʝʤ ʢʘʯʝʩʪʚʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʫʩʣʫʛʠ [7]; 

ï ʧʦʚʳʰʝʥʠʝ ʰʘʥʩʦʚ ʚ ʦʪʢʘʟʝ ʚ ʧʦʩʘʜʢʝ [8]; 

ï ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʝʡʩʘ ʟʘ ʩʯʝʪ ʚʦʟʨʘʩʪʘʥʠʷ ʚʨʝʤʝʥʠ 

ʥʘʭʦʞʜʝʥʠʷ ʥʘ ʦʩʪʘʥʦʚʦʯʥʦʤ ʧʫʥʢʪʝ ʜʣʷ ʧʦʩʘʜʢʠ-ʚʳʩʘʜʢʠ ʧʘʩʩʘʞʠʨʦʚ [9] ʠ ʧʨʦʩʪʦʷ ʚ 

ʦʯʝʨʝʜʠ ʧʨʠ ʧʦʜʲʝʟʜʝ ʢ ʦʩʪʘʥʦʚʦʯʥʦʤʫ ʧʫʥʢʪʫ [10]; 

ï ʧʦʚʳʰʝʥʠʠ ʦʧʘʩʥʦʩʪʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʤʘʥʝʚʨʦʚ 

ʦʧʝʨʝʞʝʥʠʷ (ʦʙʛʦʥʘ) ʚʦʜʠʪʝʣʷʤʠ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʜʚʠʞʫʱʠʭʩʷ ʚ 

ʛʨʫʧʧʝ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠʚʝʜʝʥʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʨʘʩʧʠʩʘʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʩʦʚʤʝʩʪʥʳʝ 

ʫʯʘʩʪʢʠ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʥʳʭ ʤʘʨʰʨʫʪʦʚ [11, 12]. ɽʩʣʠ ʥʘ ʦʪʜʝʣʴʥʦʤ 

ʫʯʘʩʪʢʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʨʘʙʦʪʘʝʪ ʥʝʩʢʦʣʴʢʦ ʤʘʨʰʨʫʪʦʚ, ʪʦ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʯʝʨʝʜʝʡ ʥʘ ʦʩʪʘʥʦʚʦʯʥʳʭ ʧʫʥʢʪʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʛʣʘʩʦʚʳʚʘʪʴ ʛʨʘʬʠʢʠ 

ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʣʠʯʥʳʭ ʤʘʨʰʨʫʪʦʚ ʧʦ ʩʦʚʤʝʩʪʥʳʤ (ʜʫʙʣʠʨʫʶʱʠʤ) 

ʫʯʘʩʪʢʘʤ ʠʭ ʜʚʠʞʝʥʠʷ ʧʫʪʝʤ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʥʠʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʫʙʣʠʨʫʶʱʠʡ ʫʯʘʩʪʦʢ ï ʩʦʚʤʝʩʪʠʤʳʡ ʫʯʘʩʪʦʢ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʨʘʟʣʠʯʥʳʭ ʤʘʨʰʨʫʪʦʚ. 
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ɺʦʧʨʦʩʘʤ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʨʝʛʫʣʷʨʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʝʪʦʤ ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʦʚ, ʫʜʝʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ 

ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ. 

ɺ [13] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʜʫʙʣʠʨʦʚʘʥʠʷ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ. ʆʪʤʝʯʝʥʦ, ʯʪʦ 

ʠʟʣʠʰʥʝʝ ʜʫʙʣʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʡ ʨʘʙʦʪʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʥʳʭ 

ʤʘʨʰʨʫʪʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʦʯʝʨʝʜʝʡ ʪʨʘʥʩʧʦʨʪʘ ʥʘ 

ʦʩʪʘʥʦʚʦʯʥʳʭ ʧʫʥʢʪʘʭ, ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʧʦʝʟʜʢʠ. ɸʚʪʦʨ ʧʨʝʜʣʘʛʘʝʪ ʥʘ ʯʘʩʪʠ ʧʫʪʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʜʫʙʣʠʨʦʚʘʥʠʝ ʤʘʨʰʨʫʪʦʚ, 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʪʜʝʣʴʥʳʡ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʤʘʨʰʨʫʪ, ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢ ʥʝʤʫ ʧʦʜʚʦʟ (ʦʪʚʦʟ) 

ʧʘʩʩʘʞʠʨʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʘʷ ʤʝʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʩʘʜʦʯʥʦʩʪʠ, ʯʪʦ ʥʝʛʘʪʠʚʥʳʤ ʦʙʨʘʟʦʤ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʢʘʯʝʩʪʚʝ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʧʘʩʩʘʞʠʨʘʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʫʩʣʫʛʠ. 

ɺ ʨʘʙʦʪʝ [14] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʫʙʣʠʨʫʝʤʦʩʪʴ ʤʘʨʰʨʫʪʦʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʨʝʛʫʣʷʨʥʦʛʦ ʩʦʦʙʱʝʥʠʷ. ʇʨʠ ʩʦʚʧʘʜʝʥʠʠ ʤʘʨʰʨʫʪʘ 

ʪʨʦʣʣʝʡʙʫʩʥʦʛʦ ʩ ʘʚʪʦʙʫʩʥʳʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘʢʨʳʚʘʪʴ ʧʦʩʣʝʜʥʠʡ, ʧʦʩʢʦʣʴʢʫ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʘʚʪʦʙʫʩʥʳʭ ʧʝʨʝʚʦʟʦʢ ʚʳʰʝ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʚʦʟʢʠ ʪʨʦʣʣʝʡʙʫʩʘʤʠ ʥʠʞʝ. ʂʨʦʤʝ ʪʦʛʦ, ʯʘʩʪʴ ʧʘʩʩʘʞʠʨʦʚ ʧʨʝʜʧʦʯʠʪʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʥʥʦ ʘʚʪʦʙʫʩʳ, ʘ ʥʝ ʪʨʦʣʣʝʡʙʫʩʳ. ʊʘʢʞʝ ʩʪʦʠʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ 

ʦʛʨʘʥʠʯʝʥʠʝ ʘʚʪʦʙʫʩʥʳʭ ʧʝʨʝʚʦʟʦʢ ʥʝʛʘʪʠʚʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʬʠʥʘʥʩʦʚʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʠʭ ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ, ʯʪʦ ʥʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʦʮʠʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ 

ʧʦʣʠʪʠʢʠ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ. ʇʦʵʪʦʤʫ ʟʘʢʨʳʪʠʝ ʘʚʪʦʙʫʩʥʳʭ ʧʝʨʝʚʦʟʦʢ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʟʘʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʦʢʘʟʳʚʘʝʤʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʠ ʞʠʟʥʠ ʨʘʙʦʪʥʠʢʦʚ, ʢʦʪʦʨʳʝ 

ʨʘʙʦʪʘʶʪ ʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʝʨʝʚʦʟʢʘʭ. 

ɺ ʨʘʙʦʪʝ [15] ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ ʧʨʦʙʣʝʤʳ ʜʫʙʣʠʨʫʝʤʦʩʪʠ ʘʚʪʦʙʫʩʥʳʭ 

ʤʘʨʰʨʫʪʦʚ. ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʥʘ ʧʨʠʤʝʨʝ ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʝʡ ʤʘʨʰʨʫʪʦʚ ʘʣʛʦʨʠʪʤ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʤʝʱʝʥʠʠ ʚʨʝʤʝʥʠ ʧʨʠʙʳʪʠʷ ʥʘ 

ʥʝʢʦʪʦʨʫʶ ʚʝʣʠʯʠʥʫ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʠʙʳʪʠʷ ʥʘ ʦʩʪʘʥʦʚʦʯʥʳʡ ʧʫʥʢʪ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʧʦʜʭʦʜ ʦʩʪʘʚʣʷʝʪ ʨʷʜ ʥʝʨʝʰʝʥʥʳʭ 

ʚʦʧʨʦʩʦʚ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ. 

1. ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʜʚʠʛʘʪʴ ʚʨʝʤʷ ʧʨʠʙʳʪʠʷ ʘʚʪʦʙʫʩʦʚ ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʤʫ ʤʘʨʰʨʫʪʫ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʩʜʚʠʛ ʧʨʠʙʳʪʠʷ ʥʘ ʚʩʝʭ ʤʘʨʰʨʫʪʘʭ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʙʦʣʝʝ ʛʠʙʢʠʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ. 

2. ʅʠʢʘʢ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʞʝʩʪʢʦʡ ʧʨʠʚʷʟʢʠ ʨʷʜʘ ʨʝʡʩʦʚ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʨʰʨʫʪʘʭ, ʧʝʨʝʜʚʠʛʘʪʴ ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʨʝʡʩʳ, ʩʧʝʮʠʘʣʴʥʦ 

ʩʦʟʜʘʥʥʳʝ ʢ ʧʨʠʙʳʪʠʶ ʧʦʝʟʜʦʚ, ʩʘʤʦʣʝʪʦʚ, ʢ ʦʢʦʥʯʘʥʠʶ ʨʘʙʦʯʝʡ ʩʤʝʥʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʠ 

ʪ.ʜ. 

3. ʇʨʝʜʣʘʛʘʝʤʳʝ ʩʜʚʠʛʠ ʚ ʨʘʩʧʠʩʘʥʠʠ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ ʨʘʥʥʝʤʫ ʠʣʠ ʧʦʟʜʥʝʤʫ 

ʥʘʯʘʣʫ ʜʚʠʞʝʥʠʷ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʧʫʥʢʪʘ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʟʤʝʥʝʥʠʷʤ ʧʦ ʚʨʝʤʝʥʠ 

ʧʨʠʙʳʪʠʷ ʥʘ ʢʦʥʝʯʥʳʝ ʧʫʥʢʪʳ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʫʩʣʦʚʠʡ 

ʨʝʞʠʤʘ ʪʨʫʜʘ ʠ ʦʪʜʳʭʘ ʚʦʜʠʪʝʣʝʡ. 

4. ʅʝ ʧʦʥʷʪʥʦ, ʯʪʦ ʜʝʣʘʪʴ ʩ ʜʨʫʛʠʤʠ ʜʫʙʣʠʨʫʶʱʠʤʠ ʫʯʘʩʪʢʘʤʠ, ʚʝʜʴ ʥʘ ʧʨʘʢʪʠʢʝ 

ʜʫʙʣʠʨʫʶʱʠʝ ʫʯʘʩʪʢʠ ʤʘʨʰʨʫʪʦʚ ʦʜʥʦʡ ʛʨʫʧʧʳ ʤʦʛʫʪ ʜʫʙʣʠʨʦʚʘʪʴ ʥʘ ʥʝʢʦʪʦʨʦʤ ʧʫʪʠ 

ʜʫʙʣʠʨʫʶʱʠʝ ʫʯʘʩʪʢʠ ʜʨʫʛʦʡ ʛʨʫʧʧʳ ʤʘʨʰʨʫʪʦʚ. 

ɺ ʨʘʙʦʪʝ [16] ʧʦʥʷʪʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʞʤʘʨʰʨʫʪʥʦʝ ʜʫʙʣʠʨʦʚʘʥʠʝ. ɸʚʪʦʨ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʦ ʷʚʣʝʥʠʝ ʥʝ ʚʩʝʛʜʘ ʥʦʩʠʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʤʘʨʰʨʫʪʦʚ ʧʦ ʩʪʝʧʝʥʠ ʜʫʙʣʠʨʦʚʘʥʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ [17] ʘʚʪʦʨ ʚʚʦʜʠʪ 

ʧʦʥʷʪʠʝ ʤʘʨʰʨʫʪʥʦʛʦ ʢʫʩʪʘ ï ʛʨʫʧʧʳ ʤʘʨʰʨʫʪʦʚ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʝʨʝʧʣʘʥʠʨʦʚʘʪʴ ʚ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʘʤʢʘʭ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʚʩʝʡ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ ʛʦʨʦʜʘ / ʨʝʛʠʦʥʘ. 

ɸʚʪʦʨ ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʚʪʦʥʦʤʥʦʩʪʴ ʨʘʙʦʪʳ ʪʘʢʠʭ ʤʘʨʰʨʫʪʥʳʭ ʢʫʩʪʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʚʟ̫ʢʠ ʨʘʩʧʠʩʘʥʠʷ ʚʥʫʪʨʠ ʥʠʭ. ʆʜʥʘʢʦ, ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʥʝ ʨʝʰʝʥ ʨʷʜ ʚʦʧʨʦʩʦʚ. 
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1. ɸʚʪʦʨ ʧʨʠʚʦʜʠʪ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʨʰʨʫʪʥʦʛʦ ʢʫʩʪʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʠʤʝʨʘ. ʅʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʨʰʨʫʪʥʦʛʦ ʢʫʩʪʘ ʜʣʷ ʣʶʙʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. 

2. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʩʦʚʩʝʤ ʢʦʨʨʝʢʪʥʳʤ ʧʨʦʠʟʚʦʜʠʪʴ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʘʨʪʦʛʨʘʤʤʳ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ, ʥʝ ʠʤʝʷ ʤʘʪʨʠʮʳ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ ʤʝʞʜʫ 

ʚʩʝʤʠ ʦʩʪʘʥʦʚʦʯʥʳʤʠ ʧʫʥʢʪʘʤʠ. 

3. ʅʝ ʫʯʪʝʥʳ ʘʩʧʝʢʪʳ ʩʦʙʣʶʜʝʥʠʷ ʨʝʞʠʤʘ ʪʨʫʜʘ ʠ ʦʪʜʳʭʘ ʚʦʜʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʧʨʠʚʷʟʢʠ ʢ ʧʨʠʙʳʪʠʶ ʧʦʝʟʜʦʚ, ʥʘʯʘʣʫ-ʦʢʦʥʯʘʥʠʶ ʨʘʙʦʯʠʭ ʩʤʝʥ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ 

ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ ʫʯʝʪʦʤ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʤʝʯʘʥʠʡ ʘʚʪʦʨʘʤʠ 

ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩ ʫʯʝʪʦʤ 

ʥʘʣʠʯʠʷ ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʦʚ [11, 12]. 

ɼʣʷ ʘʧʨʦʙʘʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʠʢʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ 

ʜʚʠʞʝʥʠʷ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʜʫʙʣʠʨʫʶʱʠʤ ʫʯʘʩʪʢʘʤ, ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ 

ʨʘʟʨʘʙʦʪʢʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʛʦʨʦʜʩʢʦʛʦ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʨʝʛʫʣʷʨʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʨʘʟʥʳʭ ʤʘʨʰʨʫʪʦʚ ʥʘ ʜʫʙʣʠʨʫʶʱʠʭ 

ʫʯʘʩʪʢʘʭ. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ 

ʨʘʩʧʠʩʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʦʚ. 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʘʭ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʠʢʘ [11, 12] ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʫʪʝʤ ʚʳʨʘʚʥʠʚʘʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʩʣʝʜʫʶʱʠʤʠ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʤʘʨʰʨʫʪʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʨʘʟʥʳʭ ʤʘʨʰʨʫʪʦʚ 

ʥʘ ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʘʭ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

ʕʪʘʧ 1. ɸʥʘʣʠʟ ʩʝʪʠ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʚʳʜʝʣʝʥʠʝ 

ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʦʚ. 

ʕʪʘʧ 2. ɺʳʙʦʨ ʜʫʙʣʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʕʪʘʧ 3. ʈʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʨʠʮʳ ʥʘʟʥʘʯʝʥʠʡ ʜʫʙʣʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ ʜʣʷ 

ʠʩʭʦʜʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ. 

ʕʪʘʧ 4. ɺʳʨʘʚʥʠʚʘʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʣʝʜʫʶʱʠʤʠ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ 

ʤʘʨʰʨʫʪʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʥʘ ʜʫʙʣʠʨʫʶʱʝʤ ʫʯʘʩʪʢʝ. 

ʕʪʘʧ 5. ʈʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʨʠʮʳ ʥʘʟʥʘʯʝʥʠʡ ʜʫʙʣʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ ʜʣʷ 

ʨʘʩʧʠʩʘʥʠʷ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʕʪʘʧ 6. ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʦʚ. 

ʕʪʘʧ 7. ʉʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʛʨʫʧʧʳ ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʦʚ. 

ʕʪʘʧ 8. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ ʛʦʨʦʜʩʢʦʛʦ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʘʭ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. 

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ 

ʜʫʙʣʠʨʫʶʱʝʤ ʫʯʘʩʪʢʝ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʥʘ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʛʦʨʦʜʩʢʦʛʦ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʜʫʙʣʠʨʫʶʱʝʤ ʫʯʘʩʪʢʝ. 

ʆʙʲʝʢʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʧʦ ʜʫʙʣʠʨʫʶʱʝʤʫ ʫʯʘʩʪʢʫ Dr ʜʦ ʠ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʥʘ Dr. 

ʎʝʣʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ 

ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʜʫʙʣʠʨʫʶʱʝʤ ʫʯʘʩʪʢʝ Dr ʜʣʷ: 
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ï ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʧʘʩʩʘʞʠʨʘʤʠ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʜʫʙʣʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ Dr; 

ï ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʠʩʘʥʠʷ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ Dr 

ʜʦ ʠ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ, 

ï ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ; 

ï ʘʧʨʦʙʘʮʠʠ ʤʝʪʦʜʠʢʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʤʘʨʰʨʫʪʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʜʫʙʣʠʨʫʶʱʠʤ ʫʯʘʩʪʢʘʤ. 

ʇʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ X ʷʚʣʷʶʪʩʷ: 

ï ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ Ŭj Ñ ɓj ( 1, )j k=  ʧʨʠʙʳʪʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ j-ʛʦ ʤʘʨʰʨʫʪʘ 

MDj ( 1, )j k=  ʜʫʙʣʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ Dr ʥʘ ʦʩʪʘʥʦʚʦʯʥʳʡ ʧʫʥʢʪ ʩʦʛʣʘʩʥʦ ʨʘʩʧʠʩʘʥʠʷ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʦ ʠ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ; 

ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ɔj ( 1, )j m=  ʧʨʠʙʳʪʠʷ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ j-ʛʦ 

ʤʘʨʰʨʫʪʘ Mj ( 1, )j m= , ʥʝ ʚʭʦʜʷʱʠʭ ʚ ʜʫʙʣʠʨʫʶʱʠʡ ʫʯʘʩʪʦʢ Dr; 

ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ Ŭi ( 1, )i l=  ʧʨʠʭʦʜʘ ʧʘʩʩʘʞʠʨʦʚ ʥʘ i-ʡ ʦʩʪʘʥʦʚʦʯʥʳʡ ʧʫʥʢʪ ʜʣʷ 

ʧʦʝʟʜʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ ʜʫʙʣʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ Dr; 

ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ mi Ñ ůi ( 1, )i l=  ʧʨʦʩʪʦʷ ʤʘʨʰʨʫʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ i-ʤ 

ʦʩʪʘʥʦʚʦʯʥʦʤ ʧʫʥʢʪʝ ʜʣʷ ʧʦʩʘʜʢʠ / ʚr ʩʘʜʢʠ ʧʘʩʩʘʞʠʨʦʚ; 

ï ʜʣʠʥʘ Li ( 1, )i l=  i-ʛʦ ʦʩʪʘʥʦʚʦʯʥʦʛʦ ʧʫʥʢʪʘ; 

ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ai Ñ bi ( 1, 1)i l= -  ʜʚʠʞʝʥʠʷ ʤʘʨʰʨʫʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʤʝʞʜʫ i-ʤ ʠ i+1-ʤ ʦʩʪʘʥʦʚʦʯʥʳʤʠ ʧʫʥʢʪʘʤʠ. 

ɺʳʭʦʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʜʝʣʠ Y ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ɣi ( 1, )i l=  i-ʛʦ ʦʩʪʘʥʦʚʦʯʥʦʛʦ ʧʫʥʢʪʘ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʜʫʙʣʠʨʫʶʱʝʤʫ ʫʯʘʩʪʢʫ Dr; 

ï ʜʣʠʥʘ ʦʯʝʨʝʜʠ ɖi ( 1, )i l=  ʠʟ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ ʧʦʜʲʝʟʜʝ ʢ i-

ʤʫ ʦʩʪʘʥʦʚʦʯʥʦʤʫ ʧʫʥʢʪʫ ʜʣʷ ʧʦʩʘʜʢʠ / ʚʳʩʘʜʢʠ ʧʘʩʩʘʞʠʨʦʚ; 

ï ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʚ ʦʯʝʨʝʜʠ wi ( 1, )i l=  ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ 

ʧʦʜʲʝʟʜʝ ʢ i-ʤʫ ʦʩʪʘʥʦʚʦʯʥʦʤʫ ʧʫʥʢʪʫ ʜʣʷ ʧʦʩʘʜʢʠ / ʚʳʩʘʜʢʠ ʧʘʩʩʘʞʠʨʦʚ; 

ï ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ űi ( 1, )i l= , ʧʦʜʲʝʭʘʚʰʠʭ ʥʘ i-ʡ 

ʦʩʪʘʥʦʚʦʯʥʳʡ ʧʫʥʢʪ ʙʝʟ ʧʨʦʩʪʦʷ ʚ ʦʯʝʨʝʜʠ; 

ï ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʥʦʚʦʢ, ʩʜʝʣʘʥʥʳʭ ʤʘʨʰʨʫʪʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ɗi 

( 1, )i l=  ʧʝʨʝʜ ʧʦʜʲʝʟʜʦʤ ʢ i-ʤʫ ʦʩʪʘʥʦʚʦʯʥʦʤʫ ʧʫʥʢʪʫ; 

ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ tpi ( 1, )i l=  ʦʜʥʠʤ ʧʘʩʩʘʞʠʨʦʤ ʥʘ i-ʤ ʦʩʪʘʥʦʚʦʯʥʦʤ 

ʧʫʥʢʪʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʫʙʣʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ Dr; 

ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʧʘʩʩʘʞʠʨʦʚ ɖpi ( 1, )i l= , ʦʞʠʜʘʶʱʠʭ ʥʘ i-ʤ ʦʩʪʘʥʦʚʦʯʥʦʤ ʧʫʥʢʪʝ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʫʙʣʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ Dr. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʯʠʪʳʚʘʶʪʩʷ: 

- ʜʣʠʥʘ ʦʯʝʨʝʜʝʡ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ ʧʦʜʲʝʟʜʝ ʢ ʦʩʪʘʥʦʚʢʘʤ 
ʥʘ ʜʫʙʣʠʨʫʶʱʝʤ ʫʯʘʩʪʢʝ Dr; 

- ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʦʯʝʨʝʜʷʭ ʧʝʨʝʜ ʦʩʪʘʥʦʚʢʘʤʠ 

ʜʫʙʣʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ Dr; 

- ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʧʘʩʩʘʞʠʨʘʤʠ ʤʘʨʰʨʫʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʜʫʙʣʠʨʫʶʱʝʤ ʫʯʘʩʪʢʝ 
Dr. 

ʆʛʨʘʥʠʯʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩʚʷʟʘʥʳ ʩ ʫʩʣʦʚʠʷʤʠ, ʥʘʢʣʘʜʳʚʘʝʤʳʤʠ ʥʘ 

ʚʭʦʜʷʱʠʡ ʧʦʪʦʢ ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʜʫʙʣʠʨʫʶʱʠʡ ʫʯʘʩʪʦʢ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 
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ʩʨʝʜʩʪʚ (ʦʥ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʩʪʝʡʰʠʤ, ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʚʪʦʨʥʳʝ ʟʘʷʚʢʠ); ʦʪʩʫʪʩʪʚʠʝʤ 

ʷʚʣʝʥʠʡ, ʠʟʤʝʥʷʶʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚʘ ʥʘ ʦʩʪʘʥʦʚʦʯʥʳʭ ʧʫʥʢʪʘʭ, ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʤʝʞʜʫ ʦʩʪʘʥʦʚʦʯʥʳʤʠ ʧʫʥʢʪʘʤʠ (ʧʨʦʙʢʠ, ʦʪʢʘʟʳ, ʩʙʦʠ ʠ ʪ. ʧ.). 

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʘʭ ʙʳʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʘ ʨʝʘʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʝʪʠ ʛʦʨʦʜʘ. ʕʪʦʪ ʛʦʨʦʜ, ʩ ʥʘʩʝʣʝʥʠʝʤ ʦʢʦʣʦ 502 000 ʯʝʣʦʚʝʢ, ʷʚʣʷʝʪʩʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤ 

ʮʝʥʪʨʦʤ ʠ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ. ʇʘʩʩʘʞʠʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦ 66 ʦʩʥʦʚʥʳʤ ʘʚʪʦʙʫʩʥʳʤ ʤʘʨʰʨʫʪʘʤ. 

ɺ ʩʝʪʠ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʳʜʝʣʝʥʦ 6 ʧʨʦʪʷʞʝʥʥʳʭ 

ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʜʚʠʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʘʚʪʦʙʫʩʳ ʪʨʝʭ ʠ ʙʦʣʝʝ 

ʤʘʨʰʨʫʪʦʚ [11, 12]. 

ʇʝʨʚʳʡ ʜʫʙʣʠʨʫʶʱʠʡ ʫʯʘʩʪʦʢ, ʦʙʦʟʥʘʯʝʥʥʳʡ ʢʘʢ D1 (ʧʫʥʢʪʳ çɸè ï çɹè), ʷʚʣʷʝʪʩʷ 

ʦʙʱʠʤ ʜʣʷ ʤʘʨʰʨʫʪʦʚ ʘʚʪʦʙʫʩʦʚ ʂ1, ʂ2 ʠ ʂ3 ʥʘ ʧʨʦʪʷʞʝʥʠʠ 13 ʦʩʪʘʥʦʚʦʯʥʳʭ ʧʫʥʢʪʦʚ, 

ʦʙʱʝʡ ʜʣʠʥʦʡ 7,5 ʢʤ. ʕʪʦʪ ʫʯʘʩʪʦʢ ʠʤʝʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʛʦʨʦʜʘ, ʪʘʢ ʢʘʢ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʘʠʙʦʣʝʝ ʟʘʛʨʫʞʝʥʥʳʝ ʫʣʠʮʳ ʎʝʥʪʨʘʣʴʥʦʛʦ ʨʘʡʦʥʘ. ʅʘ ʦʩʪʘʥʦʚʦʯʥʳʭ 

ʧʫʥʢʪʘʭ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʟʘʜʝʨʞʢʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠʟ-ʟʘ 

ʚʳʥʫʞʜʝʥʥʦʛʦ ʦʞʠʜʘʥʠʷ ʧʦʜʲʝʟʜʘ ʢ ʦʩʪʘʥʦʚʢʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʠʙʳʪʠʝʤ 

ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʥʳʭ ʤʘʨʰʨʫʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʢʦʧʣʝʥʠʶ 

ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʦʩʪʘʥʦʚʢʘʭ. 

ɼʘʣʝʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ 

ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʥʘ ʜʫʙʣʠʨʫʶʱʝʤ ʫʯʘʩʪʢʝ D1 (ʧʫʥʢʪʳ çɸè ï çʉè) ʜʦ ʠ ʧʦʩʣʝ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ ʚ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʩ 8:00 ʜʦ 9:00. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʘʩʩʘʞʠʨʦʚ ʧʦ 

ʜʫʙʣʠʨʫʶʱʝʤʫ ʫʯʘʩʪʢʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚʩʝʭ 

ʚʠʜʦʚ ʧʦ ʧʝʨʚʦʤʫ ʜʫʙʣʠʨʫʶʱʝʤʫ ʫʯʘʩʪʢʫ D1 (ʧʫʥʢʪʳ çɸè ï çʉè) ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ɺʨʝʤʷ ʧʨʠʙʳʪʠʷ ʘʚʪʦʙʫʩʦʚ ʤʘʨʰʨʫʪʦʚ ʂ1, ʂ2 ʠ ʂ3 ʥʘ ʦʩʪʘʥʦʚʦʯʥʳʡ ʧʫʥʢʪ 

ʜʫʙʣʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ D1 ʩʦʛʣʘʩʥʦ ʨʘʩʧʠʩʘʥʠʶ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʦ ʠ ʧʦʩʣʝ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ Ŭj Ñ ɓj ( 1, 3)j = . ɸʚʪʦʙʫʩʳ, ʪʨʦʣʣʝʡʙʫʩʳ ʠ ʤʘʨʰʨʫʪʥʳʝ ʪʘʢʩʠ 

ʧʨʠʙʳʚʘʶʪ ʥʘ ʜʫʙʣʠʨʫʶʱʠʡ ʫʯʘʩʪʦʢ D1 ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ɔBj 1( 1, )j m= , ɔTj 

1 2( 1, )j m m= +  ʠ ɔMj 2 3( 1, )j m m= +  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʪʫʧʠʚʰʠʝ ʤʘʨʰʨʫʪʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʨʘʟʫʶʪ ʦʯʝʨʝʜʴ ʧʨʠ ʧʦʜʲʝʟʜʝ ʢ ʦʩʪʘʥʦʚʦʯʥʦʤʫ ʧʫʥʢʪʫ. 

ɼʣʠʥʘ i-ʛʦ ʦʩʪʘʥʦʚʦʯʥʦʛʦ ʧʫʥʢʪʘ ʩʦʩʪʘʚʣʷʝʪ Li ( 1,13)i=  ʤʝʪʨʦʚ. ʄʘʨʰʨʫʪʥʦʝ 

ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʟʘʥʠʤʘʝʪ N ʤʝʪʨʦʚ ʥʘ i-ʤ ʦʩʪʘʥʦʚʦʯʥʦʤ ʧʫʥʢʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʣʠʥʳ. ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʤʘʨʰʨʫʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ i-ʤ ʦʩʪʘʥʦʚʦʯʥʦʤ 

ʧʫʥʢʪʝ ʜʣʷ ʧʦʩʘʜʢʠ / ʚʳʩʘʜʢʠ ʧʘʩʩʘʞʠʨʦʚ ʩʦʩʪʘʚʣʷʝʪ mi Ñ ůi ( 1,13)i= . ʉʨʝʜʥʝʝ ʚʨʝʤʷ 

ʜʚʠʞʝʥʠʷ ʤʘʨʰʨʫʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʤʝʞʜʫ i-ʤ ʠ i+1-ʤ ʦʩʪʘʥʦʚʦʯʥʳʤʠ 

ʧʫʥʢʪʘʤʠ ʩʦʩʪʘʚʣʷʝʪ ai Ñ bi ( 1,12)i= . 

ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʘʚʪʦʙʫʩʘʭ ʜʫʙʣʠʨʫʶʱʝʛʦ 

ʫʯʘʩʪʢʘ D1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 ï ʇʝʨʝʤʝʱʝʥʠʝ ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ 

ʜʫʙʣʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ D1 

 

ʇʘʩʩʘʞʠʨʳ ʧʨʠʭʦʜʷʪ ʥʘ i-ʡ ʦʩʪʘʥʦʚʦʯʥʳʡ ʧʫʥʢʪ ʜʣʷ ʧʦʝʟʜʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ 

ʩʨʝʜʩʪʚʝ j-ʛʦ ʤʘʨʰʨʫʪʘ MDj ʜʫʙʣʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ D1 ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ Ŭi. ʉʨʝʜʥʝʝ 

ʚʨʝʤʷ ʧʦʩʘʜʢʠ / ʚʳʩʘʜʢʠ ʧʘʩʩʘʞʠʨʦʚ ʥʘ i-ʤ ʦʩʪʘʥʦʚʦʯʥʦʤ ʧʫʥʢʪʝ ʩʦʩʪʘʚʣʷʝʪ mi Ñ ůi 

( 1,13)i= . ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʧʦʝʟʜʢʠ ʧʘʩʩʘʞʠʨʦʚ ʤʝʞʜʫ i-ʤ ʠ i+1-ʤ ʦʩʪʘʥʦʚʦʯʥʳʤʠ ʧʫʥʢʪʘʤʠ 

ʩʦʩʪʘʚʣʷʝʪ ai Ñ bi ( 1,12)i= . 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʫʙʣʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ D1 

(ʨʠʩʫʥʦʢ 1, ʨʠʩʫʥʦʢ 2) ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʧʘʢʝʪʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ GPSS World [18]. 

GPSS (General Purpose Simulation System ð ʩʠʩʪʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʩʠʩʪʝʤ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʆʩʥʦʚʦʡ ʷʟʳʢʘ GPSS ʩʣʫʞʠʪ ʪʨʘʥʟʘʢʪʥʳʡ ʤʝʪʦʜ ʦʨʛʘʥʠʟʘʮʠʠ 

ʢʚʘʟʠʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʤʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʧʝʨʝʭʦʜʦʤ çʢ 

ʩʣʝʜʫʶʱʝʤʫ ʩʦʙʳʪʠʶè. 

ʇʨʠʤʝʥʝʥʠʝ GPSS ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʛʦʨʦʜʩʢʦʛʦ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʰʠʨʦʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ: 

ï GPSS ʠʩʧʦʣʴʟʫʝʪ ʦʙʰʠʨʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʯʪʦʙʳ ʫʧʨʦʩʪʠʪʴ 

ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 
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ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʩʪʨʦʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; 

ï GPSS ʠʤʝʝʪ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʪʣʘʜʢʠ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʚ ʤʦʜʝʣʠ, ʧʦʰʘʛʦʚʫʶ ʦʪʣʘʜʢʫ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʪʨʘʥʟʘʢʪʦʚ ʚ ʤʦʜʝʣʠ. ʂʘʞʜʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʠʤʝʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʦʪʣʘʜʢʫ ʙʦʣʝʝ ʢʦʨʦʪʢʦʡ 

ʟʘʜʘʯʝʡ; 

ï GPSS ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʝʝ ʜʝʪʘʣʠʟʘʮʠʠ [18]. 

ʇʨʠʤʝʨ ʪʝʢʩʪʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʧʝʨʚʦʤ ʜʫʙʣʠʨʫʶʱʝʤ ʫʯʘʩʪʢʝ ʚ GPSS World ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʌʨʘʛʤʝʥʪ ʣʠʩʪʠʥʛʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʛʦʨʦʜʩʢʦʛʦ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʧʝʨʚʦʤ ʜʫʙʣʠʨʫʶʱʝʤ ʫʯʘʩʪʢʝ 

 

ʀʩʧʳʪʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʥʘ ʜʫʙʣʠʨʫʶʱʝʤ ʫʯʘʩʪʢʝ D1 ʚʢʣʶʯʘʣʦ ʜʚʘ ʵʪʘʧʘ: ʚʝʨʠʬʠʢʘʮʠʶ ʠ ʧʨʦʚʝʨʢʫ ʘʜʝʢʚʘʪʥʦʩʪʠ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʝʨʠʬʠʢʘʮʠʷ ʠ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʜʚʠʞʝʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʘʭ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʠ: ʧʦʛʨʝʰʥʦʩʪʠ ʠʤʠʪʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʘʣʠʯʠʝʤ ʚ ʠʤʠʪʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʛʝʥʝʨʘʪʦʨʦʚ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ; ʜʣʠʥʳ ʧʝʨʝʭʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʤʦʜʝʣʠ, 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪʢʣʠʢʦʚ ʠʤʠʪʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʩʨʝʜʝ GPSS World ʧʨʠʤʝʥʷʶʪʩʷ ʛʝʥʝʨʘʪʦʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. 

GPSS World ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʣʠʯʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 
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ʠʩʧʦʣʴʟʫʝʪ ʙʘʟʦʚʳʡ ʛʝʥʝʨʘʪʦʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʯʠʩʝʣ ʥʘ 

ʠʥʪʝʨʚʘʣʝ [0, 1]. ɻʝʥʝʨʘʪʦʨʳ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠʤʠʪʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʦʛʨʝʰʥʦʩʪʠ ʠʤʠʪʘʮʠʠ. ʆʙʳʯʥʦ ʵʪʠ ʜʚʘ ʪʠʧʘ ʦʰʠʙʦʢ 

ʪʨʫʜʥʦ ʨʘʟʜʝʣʠʪʴ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʝʨʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʠʤʠʪʘʮʠʠ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʦʨʤʠʨʫʝʤʳʤʠ ʦʙʝʠʤʠ ʧʨʠʯʠʥʘʤʠ. 
 

ɿʘʢʣʶʯʝʥʠʝ.  

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ 

ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʘʭ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ: 

- ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʠʥʪʝʨʚʘʣʳ ʜʚʠʞʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʨʰʨʫʪʘ; 

- ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʣʠʯʥʳʭ 

ʤʘʨʰʨʫʪʦʚ ʥʘ ʜʫʙʣʠʨʫʶʱʠʭ ʫʯʘʩʪʢʘʭ; 

- ʩʥʠʞʘʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʦʩʪʘʥʦʚʢʠ; 

- ʩʦʢʨʘʱʘʪʴ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʘʨʰʨʫʪʦʚ; 

- ʧʦʚʳʰʘʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ; 

- ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʤʘʨʰʨʫʪʦʚ ʩ ʨʘʙʦʪʦʡ ʜʨʫʛʠʭ ʚʠʜʦʚ ʧʘʩʩʘʞʠʨʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ; 

- ʫʤʝʥʴʰʘʪʴ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʠ ʜʣʠʥʫ ʦʯʝʨʝʜʝʡ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʥʘ ʧʦʜʲʝʟʜʘʭ ʢ ʦʩʪʘʥʦʚʢʘʤ ʜʣʷ ʧʦʩʘʜʢʠ ʠ ʚʳʩʘʜʢʠ ʧʘʩʩʘʞʠʨʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ. 
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ʀʄʀʊɸʎʀʗʃʓפ ʄʆɼɽʃʔɼɽʋ ɸʈפʓʃʓ ʄɸʈʐʈʋʊʊɸʈɼʓר 

 רɾʆʃɸʋʐʓʃɸʈ ʂᴆʃɯɻɯʅɯ פɸʃɸʃʓפ ɸʁʊɸʃɸʅʋʓʅ ɽʉʂɽʈɽ ʆʊʓʈʓʇפ

 ɸʃɸʋנʊɸʁʃɸʅɼʓʈʋ ʊʀɯʄɼɯʃɯɻɯʅ ɹɸרɸʃʓʉ ʂɽʉʊɽʉɯʅ ʆנʆɿפ

 

ɸשʜʘʪʧʘ. פʘʣʘʣʳץ ץʦסʘʤʜʳץ ʢᴇʣʽʢʧʝʥ ʭʘʣʳץץʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʧʘʩʳʥʳש 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ʙʽʨʽ ʞʦʣʘʫʰʳʣʘʨ ʤʘʨʰʨʫʪʪʳץ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʞʘʩʘʣסʘʥ ץʦʟסʘʣʳʩ 

ʢʝʩʪʝʩʽʥʽש ʩʘʧʘʩʳʥʘ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʪʳʥ ץʦʟסʘʣʳʩ ʞװʡʝʣʽʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɾʦʣʘʫʰʳʣʘʨ ʢᴇʣʽʛʽʥʽש ʢʝʩʪʝʩʽʥ ʞʘʩʘʫ ʢʝʟʽʥʜʝ ʦʣ: ʞʦʣʘʫʰʳʣʘʨʜʳש ʝש ʘʟ ʫʘץʳʪ 

ʰʳסʳʥʜʘʨʳʤʝʥ ᴇʪʫʽʥ; ʤʘʨʰʨʫʪʪʘʨʜʘסʳ ʞʦʣʘʫʰʳʣʘʨ ʘסʳʥʳʥʘ ʩᴅʡʢʝʩ ʤʘʨʰʨʫʪʪʳץ ʢᴇʣʽʢ 

 ʘʞʝʪ; ʞʦʣʘʫʰʳʣʘʨץ ʘʤʪʘʤʘʩʳʟ ʝʪʫʽץ ʡʝʣʽʣʽʛʽʥװʞ שʘʣʳʩʪʳסʦʟץ ;ʘʣʳʩʳʥסʦʟץ שʨʘʣʜʘʨʳʥʳײץ

ʢᴇʣʽʛʽʥʽש ʙʘʩץʘ ʪװʨʣʝʨʽʥʽץ שʦʟסʘʣʳʩʳʤʝʥ ʤʘʨʰʨʫʪʪʳץ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳץ שʦʟסʘʣʳʩʳʥ 

 ,ʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧץ ʘסʘʣʘʜʘ ʞʦʣʘʫʰʳʣʘʨץʡʣʝʩʪʽʨʫ. ʄʘװ

 .ʘʥסʘʨʘʩʪʳʨʳʣץ ʪʘʡʣʘʥʜʳʨʫ ʤʽʥʜʝʪʽשʘʣʳʩ ʢʝʩʪʝʩʽʥ ʦסʦʟץ שʞʦʣʘʫʰʳʣʘʨ ʢᴇʣʽʛʽʥʽ ץʘʣʘʣʳץ

ɾʦʣʘʫʰʳʣʘʨʜʳש ʤʘʨʰʨʫʪʪʳץ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥ ʢװʪʫ ʫʘץʳʪʳʥ, ʢʝʩʪʝʥʽ ʦשʪʘʡʣʘʥʜʳʨʫסʘ 

ʜʝʡʽʥ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥ ץʘʡʪʘʣʘʥʘʪʳʥ ʫʯʘʩʢʝʣʝʨʜʝʛʽ ץʦסʘʤʜʳץ ʢᴇʣʽʢ ʢʝʩʪʝʩʽʥʽש 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ, ʦשʪʘʡʣʘʥʜʳʨʳʣסʘʥ ʢʝʩʪʝʥʽש ʩʘʧʘʩʳʥ ʙʘסʘʣʘʫʜʳ ʘʥʳץʪʘʫ װʰʽʥ 

 ץʘʣʘʣʳץ ʘʪʳʥʘʩʳʥץ ʪʳץʨʘײʪ שʨʣʽ ʤʘʨʰʨʫʪʪʘʨʜʳװʘʡʪʘʣʘʥʘʪʳʥ ʫʯʘʩʢʝʣʝʨʜʝ ᴅʨ ʪץ

 .ʩʳʥʳʣʜʳײ ʤʦʜʝʣʴʜʝʫ ʤʦʜʝʣʽ שʪʘʡʣʘʥʜʳʨʫʜʳשʘʣʳʩ ʢʝʩʪʝʩʽʥ ʦסʦʟץ שʢᴇʣʽʢʪʽ ץʘʤʜʳסʦץ

GPSS World ʀʤʠʪʘʮʠʷʣʳץ ʤʦʜʝʣʴʜʝʫ ʞװʡʝʩʽʥʜʝ ʽʩʢʝ ʘʩʳʨʳʣסʘʥ ʀʤʠʪʘʮʠʷʣʳץ ʤʦʜʝʣʴ 

ʙײʜʘʥ ᴅʨʽ ץʘʣʘʣʘʨʜʳץ שʦʣʜʘʥʳʩʪʘסʳ ʢᴇʣʽʢ ʞʝʣʽʩʽʥʜʝ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʽʣʝʪʽʥ ʙʦʣʘʜʳ, ʩʦʥʜʘʡ-

ʘץ ץʘʣʘʣʳץ ץʦסʘʤʜʳץ ʢᴇʣʽʢ ʢʝʩʪʝʩʽʥ ʦשʪʘʡʣʘʥʜʳʨʫʜʳש ʵʢʦʥʦʤʠʢʘʣʳץ ᴅʩʝʨʽʥʝ ʙʘסʘ 

ʙʝʨʽʣʝʪʽʥ ʙʦʣʘʜʳ. 
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EVALUATION OF THE EFFECTIVENESS OF OPTIMIZING THE TIMETABLE OF 

URBAN PASSENGER TRANSPORT, TAKING INTO ACCOUNT THE DUPLICATION 

OF ROUTES BY SIMULATION MODELING  

 

Abstract. One of the indicators of the quality of public transport services for the 

population is the regularity of movement, which directly depends on the quality of the compiled 

timetable of passenger route vehicles. When drawing up a passenger transport schedule, it is 

necessary that it ensures: the passage of passengers with minimal time; the movement of fixed-

route vehicles in accordance with passenger flows on the routes; the regularity of movement; 

coordination of the movement of fixed-route vehicles with the movement of other types of 

passenger transport. The article considers the task of optimizing the timetable of urban passenger 

transport, taking into account the improvement of the quality of passenger service. A simulation 

model for optimizing the timetable of urban public transport for regular communication of 

different routes on duplicate sections is proposed to determine the waiting time for passengers of 
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route vehicles, the characteristics of the timetable of public transport on duplicate sections before 

and after optimizing the timetable, and evaluating the quality of the optimized timetable. The 

simulation model implemented in the GPSS World simulation system will be tested on the 

existing urban transport network in the future, and the economic effect of optimizing the urban 

public transport schedule will also be assessed. 

 

Keywords. Public transport, optimization, timetable, duplicate section, simulation model, 

traffic interval, quality of service. 
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ʈɸɿʈɸɹʆʊʂɸ ʄʆɼʋʃʗ ʇʈʀɽʄɸ ʀ ʆɹʈɸɹʆʊʂʀ ʈɸɼʀʆʉʀɻʅɸʃʆɺ ɻʅʉʉ ʅɸ 

ʆʉʅʆɺɽ ʊɽʍʅʆʃʆɻʀʀ SDR 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʦʜʥʦʯʘʩʪʦʪʥʳʡ ʥʘʚʠʛʘʮʠʦʥʥʳʡ 

ʧʨʠʝʤʥʠʢ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʜʠʘʧʘʟʦʥʝ L1, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʬʨʦʥʪʝʥʜʘ RTL-SDR, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʛʠʙʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʠʟʙʝʞʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʛʨʦʤʦʟʜʢʦʡ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʧʨʠʝʤʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ. ʏʪʦʙʳ ʫʣʫʯʰʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʤʦʜʫʣʷ ʧʨʠʝʤʥʠʢʘ, ʙʳʣ ʚʥʝʜʨʝʥ ʮʠʬʨʦʚʦʡ ʢʦʨʨʝʣʷʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪ ʧʦʠʩʢ ʠ 

ʟʘʭʚʘʪ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʘʥʪʝʥʥʳ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʧʨʠʝʤʥʠʢ ʠʤʝʝʪ ʪʦʯʥʦʩʪʴ ʥʝ ʭʫʞʝ 

4 ʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʠʝʤʥʠʢʦʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʅʘʚʠʛʘʮʠʦʥʥʳʡ ʧʨʠʝʤʥʠʢ, ʤʦʜʫʣʴ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʨʘʜʠʦʩʠʛʥʘʣʦʚ, SDR-ʪʝʭʥʦʣʦʛʠʠ, ʢʦʨʨʝʣʷʪʦʨ, GNSS. 

 

ɺʚʝʜʝʥʠʝ. 

ʊʝʭʥʦʣʦʛʠʷ Software Defined Radio (SDR) ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʠʝʤʥʫʶ 

ʘʧʧʘʨʘʪʫʨʫ ʩ ʛʠʙʢʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ, ʛʜʝ ʧʘʨʘʤʝʪʨʳ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʤʦʞʥʦ 

ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴ ʧʨʦʛʨʘʤʤʥʳʤ ʩʧʦʩʦʙʦʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʬʫʥʢʮʠʡ ʧʨʠʝʤʘ, 

ʧʝʨʝʜʘʯʠ ʠ ʫʩʠʣʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʦʚ [1, 2]. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʨʠʝʤʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʘʥʜʘʨʪʘ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʝ ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʥʝʥʠʷ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʧʨʠʝʤʥʠʢʘ, ʘ ʥʝʦʙʭʦʜʠʤʦ, ʧʦ 

ʩʫʪʠ, ʣʠʰʴ ʧʦʜʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʦʚʳʤ ʩʪʘʥʜʘʨʪʦʤ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʄʦʜʫʣʴ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ɻʅʉʉ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠʝʤʥʠʢʦʚ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʠʝʤ ʠ ʮʠʬʨʦʚʫʶ ʦʙʨʘʙʦʪʢʫ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʢʦʦʨʜʠʥʘʪ ʧʦʪʨʝʙʠʪʝʣʷ. ɺ 

ʪʝʢʫʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ SDR. ʉʦʟʜʘʥʠʶ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʥʘ ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʠ 

SDR ʧʦʩʚʷʱʝʥʦ ʥʝʤʥʦʛʦ ʨʘʙʦʪ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʜʝʣʘʶʪ ʩʪʘʚʢʫ ʥʘ ʘʧʧʘʨʘʪʥʫʶ ʯʘʩʪʴ ʧʨʠʝʤʥʠʢʘ [3, 4]. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ ʩʧʫʪʥʠʢʦʚʦʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 1.2 ï 1.6 ɻɻʮ, 

ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʝʛʦ ʦʮʠʬʨʦʚʢʫ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ɸʎʇ, ʪʘʢ ʢʘʢ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʡ ʜʦ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʚ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʤ ʬʨʦʥʪʵʥʜʝ (RFFE). ʊʠʧʠʯʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʧʨʠʝʤʥʠʢʠ 

ʧʦʤʠʤʦ ʘʥʘʣʦʛʦʚʦʡ ʨʘʜʠʦ-ʯʘʩʪʦʪʥʦʡ ʯʘʩʪʠ, ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ ʚ ʩʠʛʥʘʣ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʝʛʦ ʦʮʠʬʨʦʚʳʚʘʥʠʝ ʚ ɸʎʇ, ʝʱʝ ʩʦʜʝʨʞʘʪ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʢʦʨʨʝʣʷʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪ ʛʝʥʝʨʘʮʠʶ ʦʧʦʨʥʦʡ ʢʦʜʦʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʛʝʥʝʨʘʮʠʶ ʦʧʦʨʥʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ, ʚʳʯʠʩʣʝʥʠʝ ʩʚʝʨʪʢʠ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʦʧʦʨʥʳʤ ʩʠʛʥʘʣʦʤ. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʚʝʨʪʢʘ ʜʘʣʝʝ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ ʧʨʦʮʝʩʩʦʨʝ ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʟʘʪʨʘʪʥʳʤʠ ʧʦ ʨʝʩʫʨʩʘʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, 
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ʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʫʜʝʣʷʝʪʩʷ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʛʜʘ ʯʘʩʪʴ ʬʫʥʢʮʠʡ 

ʢʦʨʨʝʣʷʪʦʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʦʜʫʣʴ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ɻʅʉʉ, 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ GPS ʘʥʪʝʥʥʳ Ublox ANN-MS-0-005 ʠ RTL-SDR ʬʨʦʥʪʝʥʜʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʙʶʜʞʝʪʥʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʯʠʧ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʨʘʜʠʦʩʠʛʥʘʣʳ 

ʚ ʧʨʷʤʦʤ ʵʬʠʨʝ, ʩʞʠʤʘʝʪ ʠʭ ʜʦ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʠ ʦʮʠʬʨʦʚʳʚʘʝʪ, ʘ ʫʩʪʨʦʡʩʪʚʦ ʚʳʚʦʜʠʪ 

ʩʵʤʧʣʳ ʩʠʛʥʘʣʘ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʯʝʨʝʟ ʩʚʦʡ USB-ʠʥʪʝʨʬʝʡʩ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ SDR-

ʫʩʪʨʦʡʩʪʚʦ ʚʳʩʪʫʧʘʝʪ ʠʜʝʘʣʴʥʦʡ ʛʠʙʢʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʘʣʛʦʨʠʪʤʦʚ, ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ [5, 6]. ʊʘʢʞʝ ʚ 

ʩʦʩʪʘʚ ʤʦʜʫʣʷ ʚʭʦʜʠʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ODROID-C2 ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʪ.ʝ. ʬʫʥʢʮʠʡ ʢʦʨʨʝʣʷʪʦʨʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʧʦʪʨʝʙʠʪʝʣʷ. ɼʣʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ RTL-SDR ʬʨʦʥʪʝʥʜʦʤ ʨʘʟʨʘʙʦʪʘʥ ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʳʡ ʙʣʦʢ ʮʠʬʨʦʚʦʛʦ ʢʦʨʨʝʣʷʪʦʨʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ ʧʨʠʝʤʥʠʢʦʤ ʩʠʛʥʘʣʘ. ɼʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ 

ʢʘʣʠʙʨʦʚʢʫ RTL-SDR ʬʨʦʥʪʝʥʜʘ ʜʣʷ ʥʘʜʣʝʞʘʱʝʛʦ ʚʳʜʝʣʝʥʠʷ ʠ ʩʣʝʞʝʥʠʷ ʟʘ 

ʨʘʜʠʦʩʠʛʥʘʣʦʤ ɻʅʉʉ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʉʘʤʦʡ ʨʝʩʫʨʩʦʝʤʢʦʡ ʯʘʩʪʴʶ ʤʦʜʫʣʷ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ɻʅʉʉ 

ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʣʷʪʦʨ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʚʠʜʝ ʥʘ ʧʣʘʪʬʦʨʤʝ ODROID-C2 

ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ Ubuntu ʠ ʧʨʦʠʟʚʦʜʠʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʨʘʙʦʪʳ ʧʦ ʮʠʬʨʦʚʦʡ 

ʦʙʨʘʙʦʪʢʝ GPS ʩʠʛʥʘʣʘ, ʘ ʠʤʝʥʥʦ ʧʨʦʠʟʚʦʜʠʪ ʟʘʭʚʘʪ, ʩʣʝʞʝʥʠʝ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝ 

ʦʮʠʬʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʚ ʢʦʨʨʝʣʷʪʦʨʝ ʚʢʣʶʯʘʶʪ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ 

ʩʠʛʥʘʣʦʚ ɻʅʉʉ, ʢʦʪʦʨʳʡ ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʠʛʥʘʣ ʟʘʜʘʥʥʦʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ (ʅʂɸ) ʚ ʧʨʠʥʠʤʘʝʤʦʤ ʩʤʝʰʘʥʥʦʤ ʩʠʛʥʘʣʝ ɻʅʉʉ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʚʘʝʪ ʬʘʟʫ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʇʉʇ) ʠ ʜʦʧʣʝʨʦʚʩʢʦʝ ʩʤʝʱʝʥʠʝ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ 

[7]. ʇʦʠʩʢ ʩʠʛʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʫʤʝʨʥʦʡ ʦʙʣʘʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦʛʨʝʰʥʦʩʪʷʤʠ 

ʘʧʨʠʦʨʥʳʭ ʦʮʝʥʦʢ ʬʘʟʳ ʇʉʇ ʠ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ. 

ʀʟʤʝʨʝʥʠʝ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ɻʅʉʉ ʩʪʘʥʜʘʨʪʥʦʡ ʪʦʯʥʦʩʪʠ ʦʩʥʦʚʘʥʦ ʥʘ ʦʙʨʘʙʦʪʢʝ 

ʇʉʇ ʩ ʧʝʨʠʦʜʦʤ 1 ʤʩ, ʧʦʵʪʦʤʫ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʝʥʘ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ ʧʝʨʠʦʜʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʜʝʨʞʢʠ 

ʟʘʜʘʶʪʩʷ ʥʘ ʠʥʪʝʨʚʘʣʝ [0-1] ʤʩ ʚ ʚʠʜʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ ʜʠʘʧʘʟʦʥ 

ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ ʚ ʢʦʩʤʦʩʝ ʩʦʩʪʘʚʣʷʝʪ Ñ50 ʢɻʮ, ʛʜʝ ʪʘʢʞʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ. 

ʆʩʥʦʚʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʚʳʜʝʣʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʠʟ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɻʅʉʉ, ʷʚʣʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʠʩʢ, ʧʘʨʘʣʣʝʣʴʥʳʡ 

ʧʦʠʩʢ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʦʠʩʢ ʚ ʢʦʜʦʚʦʡ ʦʙʣʘʩʪʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʦʠʩʢʘ ʚ ʢʦʜʦʚʦʡ ʦʙʣʘʩʪʠ. 

ʇʨʠ ʧʦʠʩʢʝ ʚ ʢʦʜʦʚʦʡ ʦʙʣʘʩʪʠ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʠ ʟʘʭʚʘʪʘ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ 

ʢʦʨʨʝʣʷʮʠʷ ʚʭʦʜʷʱʝʛʦ ʩʠʛʥʘʣʘ ʩ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʤ ʢʦʜʦʤ (PRN) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʨʫʛʦʚʦʡ ʧʝʨʝʢʨʝʩʪʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʯʝʨʝʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʙʝʟ ʩʤʝʱʝʥʠʷ 

ʚʨʝʤʝʥʥʦʛʦ ʩʜʚʠʛʘ ʢʦʜʘ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ  ʠ 

, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ, ʨʘʚʥʦʝ , ʟʘʜʘʝʪʩʷ ʬʦʨʤʫʣʘʤʠ [8]. 

 

 

(1) 
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ʊʦʛʜʘ ʚʟʘʠʤʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 

 ʠ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

 

 

(

(2) 

 

ɼʠʩʢʨʝʪʥʦʝ N-ʪʦʯʝʯʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʜʣʷ ʬʫʥʢʮʠʠ  ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
 

 

 

(

(3) 

 

ʛʜʝ  ï ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʷʞʝʥʠʝ ʜʣʷ . 

ʇʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʠʟ ʠʥʚʝʨʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʫʨʴʝ. 

ʉʦʛʣʘʩʥʦ ʙʣʦʢ-ʩʭʝʤʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ (ʨʠʩʫʥʦʢ 1) ʚʭʦʜʷʱʠʡ ʩʠʛʥʘʣ 

ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʥʝʩʫʱʠʡ ʩʠʛʥʘʣ ʦʪ ʦʧʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʩʦʟʜʘʚʘʷ ʢʦʤʧʦʥʝʥʪʳ  ʠ , 

ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʳʡ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ  ʜʣʷ 

ʧʦʜʘʯʠ ʥʘ ʚʭʦʜ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ʉʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʡ ʢʦʜ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ, ʠ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʷʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʫʤʥʦʞʘʝʪʩʷ ʥʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʟʫʣʴʪʘʪ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʦʙʨʘʪʥʦ ʚʦ 

ʚʨʝʤʝʥʥʫʶ ʦʙʣʘʩʪʴ ʩ ʧʦʤʦʱʴʶ ʠʥʚʝʨʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. 

ɸʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʠʥʚʝʨʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʢʦʨʨʝʣʷʮʠʶ, ʜʦʩʪʠʛʘʶʱʫʶ ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʚʨʝʤʝʥʥʦʤ ʩʜʚʠʛʝ ʢʦʜʘ PRN, ʧʨʠ ʵʪʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʜʣʷ ʢʦʜʘ PRN ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ ʥʘ ʢʘʥʘʣ, ʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʌʫʨʴʝ ʠ 

ʠʥʚʝʨʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

 
 

ʈʠʩʫʥʦʢ 1 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʦʠʩʢʦʤ ʧʦ 

ʚʨʝʤʝʥʥʦʤʫ ʩʜʚʠʛʫ ʢʦʜʫ 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. 

ʄʦʜʫʣʴ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ɻʅʉʉ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ GPS 

ʘʥʪʝʥʥʳ Ublox ANN-MS-0-005 ʠ RTL-SDR ʬʨʦʥʪʝʥʜʘ. 

ɸʥʪʝʥʥʘ UBLOX ANN-MS-0-005 ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʠʝʤ ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ 

ʬʠʣʴʪʨʘʮʠʶ ʚʭʦʜʷʱʝʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ GPS ʥʘ ʯʘʩʪʦʪʝ L1 ʠ ʦʙʣʘʜʘʝʪ 

ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 1575Ñ3 ʄɻʮ; ʚʩʪʨʦʝʥʥʳʡ ʤʘʣʦʰʫʤʷʱʠʡ 

ʫʩʠʣʠʪʝʣʴ ʩ ʫʩʠʣʝʥʠʝʤ 27 ʜɹ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʰʫʤʘ 1.8 ʜɹ. 

RTL-SDR ʧʨʠʥʠʤʘʝʪ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʨʘʜʠʦʩʠʛʥʘʣʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʚʦʜʠʪ ʩʵʤʧʣʳ 

ʩʠʛʥʘʣʘ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ ʩʠʛʥʘʣʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ 

ʪʶʥʝʨ, ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʜʦ ʥʠʟʢʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʪʝʟʘʪʦʨʘ ʩ 

ʢʦʥʪʨʦʣʝʤ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʠ ʫʧʨʘʚʣʷʝʤʦʛʦ RTL2832U ʧʦ ʠʥʪʝʨʬʝʡʩʫ I2C, 

ʧʦʩʣʝ ʯʝʛʦ ʦʮʠʬʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʥʘ 

ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʨʨʝʣʷʪʦʨʘ. 

ɼʣʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʧʨʠʝʤʥʦʡ ʯʘʩʪʴʶ ʤʦʜʫʣʷ RTL-SDR ʠ 

ʢʦʨʨʝʣʷʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʡ ʪʶʥʝʨ R820T, 

ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʥʘʩʪʨʦʡʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʨʝʛʠʩʪʨʘ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʨʨʝʣʷʪʦʨʘ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʧʣʘʪʬʦʨʤʝ ODROID-C2 ʩ 

ʧʦʜʜʝʨʞʢʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Ubuntu ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʚ ʨʘʤʢʘʭ ʨʘʟʣʠʯʥʳʭ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʨʝʰʘʝʪ ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʟʘʜʘʯʫ. 

ʉʪʨʫʢʪʫʨʘ ʇʆ ʥʘ ʨʠʩʫʥʢʝ 2 ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʢʦʨʨʝʣʷʪʦʨ, ʤʝʥʷʪʴ ʠʩʪʦʯʥʠʢʠ ʠ 

ʘʣʛʦʨʠʪʤʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ ʚʩʝʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʠʛʥʘʣʦʚ 

ʠ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʢʦʨʨʝʣʷʪʦʨ ʧʨʠʝʤʥʠʢʘ ʚʳʧʦʣʥʷʝʪ ʧʦʠʩʢ ʠ ʦʙʥʘʨʫʞʝʥʠʝ ʜʦʩʪʫʧʥʳʭ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʥʦʛʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʘʣʛʦʨʠʪʤʘ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʦʠʩʢʘ ʚ ʢʦʜʦʚʦʡ ʦʙʣʘʩʪʠ, ʧʨʦʠʟʚʦʜʠʪ ʦʙʨʘʙʦʪʢʫ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʩʦʦʙʱʝʥʠʷ, ʚʳʯʠʩʣʷʝʪ ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʷ. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ 

ʢʦʨʨʝʣʷʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥ ʚ RINEX ʬʦʨʤʘʪʝ, KML, NMEA ʬʦʨʤʘʪʘʭ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʨʝʣʷʪʦʨʘ 

ʧʨʠʝʤʥʠʢʘ ɻʅʉʉ 
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ʂʦʥʝʯʥʳʡ ʚʠʜ ʤʦʜʫʣʷ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ɻʅʉʉ ʥʘ ʦʩʥʦʚʝ 

ʪʝʭʥʦʣʦʛʠʠ SDR ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. ʉ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʥʘʩʪʨʦʝʢ ʚ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʤ ʬʘʡʣʝ ʇʆ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʙʣʦʢʘ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʥʘʚʠʛʘʮʠʦʥʥʳʝ 

ʩʠʛʥʘʣʳ ʜʠʘʧʘʟʦʥʘ L1 ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʘʥʪʝʥʥʳ GPS ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ 

ʧʨʦʮʝʩʩʝ ʚʳʯʠʩʣʝʥʠʡ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʦʪʨʝʙʠʪʝʣʷ ʟʘʧʠʩʳʚʘʣʠʩʴ ʚ 

NMEA ʬʘʡʣʳ, ʢʦʪʦʨʳʝ ʠʤʧʦʨʪʠʨʦʚʘʣʠʩʴ ʚ Matlab ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʘʥʪʝʥʥʳ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʘ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʦʜʫʣʷ (ʨʠʩʫʥʦʢ 4) ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ: 

ʯʘʩʪʦʪʘ ʚʭʦʜʥʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ - 1575420000 ɻʮ (ʯʘʩʪʦʪʘ L1 GPS), ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ - 2 ʤʠʣʣʠʦʥʘ ʩʵʤʧʣʦʚ/c, ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ - 70 ʜɹ, ʢʦʣʠʯʝʩʪʚʦ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʢʘʥʘʣʦʚ - 8. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʦʜʫʣʷ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ɻʅʉʉ 

ʧʦʢʘʟʘʣʦ ʩʣʝʜʫʶʱʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʘʥʪʝʥʥʳ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʘ (ʉʂʆ) 

ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ECEF: ʧʦ ʦʩʠ X - 2.59 ʤ, ʧʦ ʦʩʠ Y - 3.18 ʤ, ʧʦ ʦʩʠ Z - 2.33 ʤ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʄʦʜʫʣʴ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ɻʅʉʉ 

 

 
ʈʠʩʫʥʦʢ 4 ï ʈʝʟʫʣʴʪʘʪʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʨʘʜʠʦʩʠʛʥʘʣʦʚ ɻʅʉʉ 
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ɿʘʢʣʶʯʝʥʠʝ. 

ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʫʣʷ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ɻʅʉʉ ʥʘ 

ʙʘʟʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ SDR c ʮʠʬʨʦʚʳʤ ʢʦʨʨʝʣʷʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ. ʇʝʨʚʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʦʜʫʣʷ ʷʚʣʷʝʪʩʷ ʛʠʙʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʩʪʨʦʡʢʠ ʧʦʜ 

ʨʘʟʣʠʯʥʳʝ ʩʪʘʥʜʘʨʪʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʠʥʪʝʨʬʝʡʩʳ ʠ ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ SDR. ɺʪʦʨʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʮʠʬʨʦʚʦʛʦ ʢʦʨʨʝʣʷʪʦʨʘ, ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʦʠʩʢʘ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʛʥʘʣʦʚ, 

ʚʳʯʠʩʣʝʥʠʷ ʟʘʜʝʨʞʢʠ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʘʧʧʘʨʘʪʥʳʤʠ ʨʝʘʣʠʟʘʮʠʷʤʠ ʢʦʨʨʝʣʷʪʦʨʦʚ ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʤʦʜʫʣʷ. 
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SDR ʊɽʍʅʆʃʆɻʀʗʉʓʅʓר ʅɽɻɯɿɯʅɼɽɻɯ GNSS ʈɸɼʀʆʉʀɻʅɸʃɼɸʈʓʅ 

 ɼɽʋ ʄʆɼʋʃɯʅ ᴄɿɯʈʃɽʋרɸɹʓʃɼɸʋ ɾᴄʅɽ ᴆפ

 

ɸשʜʘʪʧʘ. ʄʘץʘʣʘʜʘ L1 ʜʠʘʧʘʟʦʥʳʥʜʘ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʦʪʘʥʜʳץ ʙʽʨ ʞʠʽʣʽʢʪʽ 

ʥʘʚʠʛʘʮʠʷʣʳץ ץʘʙʳʣʜʘסʳʰ ʪʘʣץʳʣʘʥʘʜʳ, ʦʣ ʠʢʝʤʜʽ ʘʨʭʠʪʝʢʪʫʨʘסʘ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʞᴅʥʝ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʜʳײץ ץʨʳʣסʳʣʘʨʜʳש ʜᴅʩʪװʨʣʽ ʢᴇʣʝʤʜʽ ʘʧʧʘʨʘʪʫʨʘʩʳʥ ʧʘʡʜʘʣʘʥʫʜʘʥ ʘʫʣʘץ 

ʙʦʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ ץʘʙʳʣʜʘʫ ʞʘʙʜʳץʪʘʨʳ. פʘʙʳʣʜʘסʳʰʪʳש ʥʘʚʠʛʘʮʠʷʣʳץ ʤʦʜʫʣʽʥʽש 

ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʞײʤʳʩ ʞʳʣʜʘʤʜʳסʳʥ ʘʨʪʪʳʨʫ װʰʽʥ ʥʘʚʠʛʘʮʠʷʣʳץ ʩʠʛʥʘʣʜʳ 

ʽʟʜʝʡʪʽʥ ʞᴅʥʝ ʪװʩʽʨʝʪʽʥ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʰʳʥʳש GNSS ץʘʙʳʣʜʘסʳʰ ʘʥʪʝʥʥʘʩʳʥʳש 

ʢʦʦʨʜʠʥʘʪʘʣʘʨʳʥ ʘʥʳץʪʘʡʪʳʥ ʩʘʥʜʳץ ʢʦʨʨʝʣʷʪʦʨ ʝʥʛʽʟʽʣʜʽ. ɸʣʳʥסʘʥ ʥʘʚʠʛʘʮʠʷʣʳץ 

 ץʢʦʤʤʝʨʮʠʷʣʳ שʣ ʦʩʳ ʩʳʥʳʧʪʳײʜᴅʣʜʽʛʽ 4 ʤ-ʜʝʥ ʢʝʤ ʝʤʝʩ, ʙ שʳʰʪʳסʘʙʳʣʜʘץ

 .ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ שʳʰʪʘʨʳʥʳסʘʙʳʣʜʘץ

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʅʘʚʠʛʘʮʠʷʣʳץ ץʘʙʳʣʜʘסʳʰ, ʨʘʜʠʦʩʠʛʥʘʣʜʘʨʜʳ ץʘʙʳʣʜʘʫ ʞᴅʥʝ 

ᴇשʜʝʫ ʤʦʜʫʣʽ, GNSS, SDR ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ, ʢʦʨʨʝʣʷʪʦʨ. 
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DEVELO PMENT OF A GNSS RADIO SIGNAL RECEPTION AND PROCESSING 

MODULE BASED ON SDR TECHNOLOGY  

 

Abstract. The article discusses a domestic single-frequency navigation receiver operating 

in the L1 band, developed based on a commercial budget RTL-SDR frontend. This approach 

enabled a flexible architecture and avoided the use of traditional bulky hardware in radio-

electronic receiving equipment. To improve the energy efficiency and speed of the navigation 

module, a digital correlator was implemented, which performs the search and acquisition of the 

navigation signal and determines the coordinates of the userôs GNSS receiver antenna. The 

resulting navigation receiver achieves an accuracy of no worse than 4 meters, which is 

comparable to the performance of commercial receivers of this class. 

 

Keywords. Navigation receiver, radio signal reception and processing module, GNSS, 

SDR technologies, correlator. 
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THE USE OF LOG ANALYSIS TO IDENTIFY DDOS ATTACKS AND DETERMINE 

USER BEHAVIOR IN THE PRO CESS OF DEVELOPING A DIGITAL TWIN OF A 

FOOD INDUSTRY ENTERPRISE 

 

Abstract. The integration of advanced technologies like artificial intelligence (AI) and 

Industrial Internet of Things (IIoT) has paved the way for innovative solutions in the food 

industry, including the development of digital twins for enterprises. This study explores the 

application of log analysis techniques to enhance the cybersecurity and operational efficiency of 

a digital twin platform for food industry enterprises. Specifically, it investigates methods for 

identifying Distributed Denial of Service (DDoS) attacks and monitoring user behavior to ensure 

the reliability and security of the digital twin ecosystem. Log analysis is employed to detect 

anomalies and patterns indicative of cyber threats, ensuring uninterrupted operations of critical 

systems. By integrating AI-driven algorithms with IIoT frameworks, the proposed approach not 

only mitigates risks associated with cyberattacks but also provides insights into user interactions, 

enabling predictive analytics and optimized decision-making. This research contributes to the 

advancement of secure, intelligent, and resilient digital twin architectures, offering significant 

benefits for improving productivity, reducing downtime, and safeguarding sensitive data in the 

food industry. 

 

Keywords. Anomalies, machine learning, SIEM, Anti-DDoS, behavioral analysis. 

 

Introduction.  

Nowadays log analysis is becoming an important tool for understanding user behavior 

and identifying information security threats. Logs are records of events or activities that occur on 

a system, application, device, or network. Logs are used for monitoring, diagnostics, 

performance analysis, security, and debugging of systems. They can contain data about event 

timestamps, types of operations, error messages, and other data useful for analyzing system 

performance [1]. This data plays a key role in ensuring the stability, security, and efficiency of 

information systems. 

The field of log analysis is rapidly advancing, driven by the integration of machine 

learning, big data technologies, and automation methods. A primary goal of log analysis is 

identifying unusual user activities that could signal potential security threats, fraudulent 

behavior, or other risks to system integrity. For instance, a sudden surge in requests from a single 

IP address within a brief time frame could indicate a distributed denial-of-service (DoS or 

DDoS) attack. 

DoS attacks are among the most common and damaging cyber threats. These attacks 

focus on exhausting system or network resources to render them inaccessible to legitimate users. 

A critical task is the early detection of such attacks to reduce their impact. Yet, traditional log 

analysis methods often fall short, particularly given the complexity and high-intensity nature of 

modern cyberattacks. 

Logs play a crucial role in understanding user behavior, offering insights into how 

individuals interact with a system, which features or pages capture their interest, and identifying 

mailto:asaltanat81@gmail.com
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patterns that could signal malicious activities. This information is valuable not only for 

enhancing security but also for optimizing user experience, developing new functionalities, and 

boosting product competitiveness. 

This study explores techniques for log analysis designed to identify anomalous user 

behavior and threats such as DoS attacks. The emphasis is on creating methods that go beyond 

merely detecting anomalies to interpreting them for informed decision-making. The analysis 

incorporates both traditional statistical techniques and advanced machine learning algorithms, 

enabling a comprehensive approach suited to the complexities of modern networks and 

applications. 

The objective of this research is to organize and refine approaches for analyzing logs to 

detect threats and user behavior patterns while providing recommendations for improving 

anomaly detection systems. These advancements are critical for enhancing cybersecurity and 

developing robust systems capable of countering the challenges posed by contemporary cyber 

threats. 

 

Methods and Materials.  

This paper will discuss the method of threat detection in Anti-DDoS and anomaly 

detection in QRadar SIEM using User Behavior Analytics extension. 

Anti-DDoS is a service to mitigate volumetric and resource exhaustion DDoS attacks [2]. 

The first thing to do in Anti-DDos to work with logs is to collect data. For our research 

we used log files from different sources (Apache Web Server, Nginx) and not only. Network 

devices routers and firewall were also connected. Anti-DDoS is integrated with QRadar SIEM, 

which is an important system for analyzing and correlating data. The principle of its operation 

we will describe below. 

After log collection, anomaly analysis (deviation from the basic behavior), attack 

identification and data response systems are performed. 

Anti-DDoS (Distributed Denial of Service) programs are crucial tools for protecting 

against DDoS attacks. They identify and block malicious traffic in real-time, minimizing the 

impact of attacks on target systems. These programs use various filtering methods, such as 

blacklists, attack signature analysis, and anomaly filtering, to block suspicious IP addresses and 

block unusual network traffic. 

Anti-DDoS programs also maintain system availability by preventing server overload, 

which is essential for companies relying on continuous online services. They can be local, cloud-

based, or hybrid, depending on the specific usage scenario. 

These solutions reduce financial losses associated with attacks, such as revenue loss, 

recovery costs, and reputational damage. They use artificial intelligence and machine learning 

technologies to detect attacks in their early stages, preventing damage before they cause damage. 

In-depth analysis and reporting tools are available for analyzing attack sources, 

identifying methods used, and generating detailed reports for defense strategy improvement. 

Anti-DDoS programs integrate with other information security systems, such as firewalls, 

intrusion prevention systems, and botnet protection solutions. By filtering malicious traffic and 

stabilizing systems, these programs provide a quality user experience, especially for online 

stores, financial institutions, and streaming services. They also incorporate predictive analytics to 

predict and adapt to future threats based on evolving cyber threats trends. 

What about QRadar SIEM (Figure 1). 
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Figure 1 ï Qradar SIEM architecture 

 

Data collection is the first layer, where data such as events or flows is collected from your 

network. After data collection, the second layer or data processing layer is where event data and 

flow data are run through the Custom Rules Engine (CRE), which generates offenses and alerts, 

and then the data is written to storage. In the third or top layer, data that is collected and 

processed by QRadar is available to users for searches, analysis, reporting, and alerts or offense 

investigation [3]. 

User Behavior Analytics helps you to determine the risk profiles of users inside your 

network and to take action when the app alerts you to threatening behavior. User Behavior 

Analytics is a tool for detecting insider threats in your organization [4]. 

User Behavior Analytics is based on the analysis of user behavior in order to determine 

which actions comply with the norms and which may be suspicious [5]. This approach makes it 

possible to identify potential insider threats in a timely manner. According to the Cybersecurity-

Insiders report "Insider Threats 2020", 68% of companies noted an increase in the frequency of 

such incidents over the past year. Additionally, Verizon's 2020 data breach report indicates that 

more than a quarter of leaks went unnoticed for 12 months or longer. This highlights the 

importance of using behavior analytics to enhance security and respond quickly to threats [6]. 

Advantages and disadvantages of User Behavior Analytics. The use of User Behavior 

Analysis for corporate assets significantly increases the level of security, providing protection 

from internal and external threats that may threaten information resources. This technology not 

only facilitates continuous monitoring, but also helps organizations meet industry regulatory 

requirements. 

The key benefits of User Behavior Analysis include, but are not limited to: 

1) Reduced response time: User Behavior Analysis helps to significantly speed up the 

process of responding to insider threats. Due to the high accuracy of risk assessment, this 

technology provides the security team with the ability to respond quickly and effectively to 

potential attacks, reducing the average time to eliminate incidents. 

2) Reducing security risks: Early detection of data leaks helps to minimize losses and 

damage associated with threats, as well as reduce the likelihood of serious consequences for the 

organization. 

3) Automated threat detection: Using the capabilities of machine learning and behavioral 

analytics, User Behavior Analysis compensates for the lack of experience of cybersecurity 

specialists. This improves the efficiency of existing resources and allows you to more accurately 

detect threats that could go unnoticed. 
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4) Reduction of false alarms: The technology reduces the number of unnecessary alerts, 

allowing administrators to focus on critical incidents. This helps to better prioritize and pay 

attention to cases that pose a real threat to the organization. 

Machine learning techniques have long been used to identify anomalies in Windows-

based infrastructure. These technologies allow you to create imperative rules for detecting page 

movement in the network based on the analysis of several Windows Event [7]. In recent years, a 

lot of research has appeared on User Behavior Analysis and its importance for cybersecurity. For 

example, in [8], we applied the factorization analysis model to reduce false positives. They used 

data normalization and business log analysis techniques to improve the accuracy of forecasts. 

Another study in [9] shows how machine learning technologies can effectively eliminate existing 

security vulnerabilities by adding another important layer of protection. But the human factor is 

still very important. Specialists should analyze the event, confirm the damage and provide more 

detailed forensic information. In addition, as shown in [9], machine learning technology has 

great potential and opens up opportunities to automate the process of detecting, analyzing and 

responding to internal threats. 

In the study [10], the authors proposed new variables to limit the forms of policy, and 

also developed a scheme combining the roles of policies and security behaviors in the integration 

environment. The main focus was on detecting anomalies and identifying deviations in user 

actions relative to their group. In [11], methods for tracking user behavior and location through 

IP address analysis were considered. The intelligent platforms described in these studies are 

aimed at detecting and eliminating threats, investigating incidents, and developing approaches to 

identifying internal threats and network forensics. These tools play an important role in 

improving the protection of computer systems by preventing data leaks and damage to hardware 

or software. 

User Behavior Analytics development is based on four steps: 

1) Data Collection: Collection of logs, packets and data that are captured from all sources 

in the corporation such as: firewalls, web application firewalls, antivirus, main system syslog, 

event logs, IPS, Network Management. 

2) Data Normalization, Storage and Analysis: In this phase, the system needs to store all 

the collected logs and data in a centralized and common place. 

3) Data Analysis: in this phase, UBA analyzes the data to identify behaviors that do not 

conform to the underlying behaviors. 

4) Reporting: In this phase, UBA sends reports and alerts to the company's security 

personnel. 

The overall goal of machine learning is to make predictions based on data using 

techniques applied to complex algorithms. Machine learning solutions are used to reduce false 

positives and improve accuracy in these areas by providing opportunities for statistical analysis 

[12]. User behavior is never static and the environment is constantly changing, making it difficult 

to implement a monolithic detection system for multiple data sources. Machine learning can be a 

great help to UBA in context evaluation and target recognition. 

DoS attack detection on a web-site hosted on Linux Apache Server. Denial of service 

(DoS) attack is an attempt to prevent legitimate users from using a service. This is usually done 

by consuming all resources used to provide the service. The targeted resource is usually one of 

the following: 

- Processor 

- RAM 

- Bandwidth 

- Disk space 

Sometimes the target is a less obvious resource. Many applications have fixed-length 

internal structures, and if an attacker finds a way to quickly fill them all up, the application may 
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stop responding to requests. A good example is the maximum number of Apache processes that 

can exist at any given time. Once the maximum number is reached, new clients will be queued 

and will not be served [13]. 

DoS attacks can be roughly categorized into five categories: 

- Network attacks 

- Self-inflicted attacks  

- Traffic spikes 

- Attacks on Apache (or other services in generalðe.g., FTP) 

- Local attacks 

This article will discuss a DoS attack on Apache server. The reason behind the attack is 

poorly designed web application.  

How the DoS attack was carried out and what was the cause of the attack. Accessing the 

database consumes a large amount of CPU time. A large number of simultaneous page requests 

will force the server to give all the CPU time to the database. However, for most sites, this is not 

necessary because the software and database spend time delivering identical versions of the same 

web page. A better approach would be to save the web page to disk after it is created and not 

access the database for subsequent queries. 

The most flexible approach is to perform page caching at the application level, as this 

will allow the cached version to be deleted at the same time as the page is refreshed (to avoid 

providing outdated content). Doing this at any other level (such as with mod_cache in Apache 2) 

means having to set a shorter expiration time and requires more frequent cache updates. 

However, mod_cache can serve as a good short-term solution because it can be quickly applied 

to any application. 

CVE-2022-30522 is a denial of service vulnerability in the mod_sed module of the 

Apache HTTP server. The vulnerability only affects Apache httpd 2.4.53 (as the vulnerability is 

related to an incomplete patch for CVE-2022-23943), in cases where the mod_sed filter is used 

to edit requests or responses. This Apache httpd vulnerability is caused by an attempt to optimize 

memory allocation when dealing with thread buffers. When buffers reach a certain size, they are 

multiplied to avoid multiple calls to memory allocation functions. When sending large amounts 

of data, Apache's memory limit is exceeded, causing the process to abort, causing a denial of 

service [14]. 

 

Results.  

The attack was accomplished through multiple use of similar requests from a single 

computer (Figure 2, 3). 

 

 
 

Figure 2 
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Figure 3 

 

 
 

Figure 4 

 

Explaining elements of the request (Figure 4): 

1) Client IP Address: The Internet Protocol (IP) address of the client making the request 

is shown by the first part of the log entry, ç144.13.157.160è. This address acts as a device's 

unique network identity and can be used for security analysis, logging, and user behavior 

tracking. 

2) Timestamp: The request's date and time ç[22/Oct/2024:11:56:25 +0500]è, gives 
crucial background information on the time of the interaction. In order to determine the exact 

timing of the request in accordance to global time standards, the time zone (ç+0500è) must be 

included. 

3) HTTP Method: The `GET` method indicates that the goal of this request is to retrieve, 

not alter, data from the server. distinct methods (GET, POST, PUT, and DELETE) correspond to 

distinct operations, which is a basic feature of RESTful API design. 

4) Request URI: This request is directed to the Strapi content management system (CMS) 

endpoint ç/strapi/api/products/user-ajax.phpè. The subsequent query parameters, çlocale=ruè 

and çfilters[product_category],With the locale set to Russian and the product category slug set to 

"wp-user," [slug][$eq]=wp-userè ðindicate that the client wants to filter the results according to 

particular criteria. This shows that the customer is trying to get user-specific product details that 

are geared toward a Russian-speaking audience. 

5) HTTP Version: The reference to çHTTP/1.1è means that the request is using version 
1.1 of the HTTP protocol, which brought a number of improvements over version 1.0, such as 

chunked transfer encoding and persistent connections. This version is popular and offers a solid 

basis for efficient online communication. 

6) Response Code: The server was unable to locate the requested resource, as indicated 

by the response code ç404è. A number of problems, such as misconfigured server settings, 

removed resources, or wrong URLs, can cause this answer. Because it signals that the anticipated 

content is not available, a ç404è status is crucial for debugging and user experience. 
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7) Response Size: The number of bytes returned to the client is given by the ç94è 
symbol, which also indicates the size of the response. This measure can affect load times and 

performance and is helpful in understanding the size of the payload. 

8) Referrer: The request was probably submitted directly by the client and did not come 

from another webpage because the referrer information, denoted by ç"-"è, is missing. This data 

is useful for analytics, giving website owners insight into the origins of traffic. 

9) Agent-User: The client's operating system and browser are specified by the string 

ç"Mozilla/5.0 (X11; Ubuntu; Linux x86_64; rv:131.0) Gecko/20100101 Firefox/131.0"è. Web 

servers use this data to customize answers and guarantee compatibility across different user 

contexts. 

Victimôs side. Identification and mitigation actions. 

The figure shows the number of requests to the attacked site. This data is shown by a 

specialized system called anti-DDoS (Explaining elements of the request (Figure 5). 

 

 
 

Figure 5 

 

Additionally, we check requests to Apache server via reverse proxy, we identify the IP of 

the attackers, we see multiple of their requests, examples below in the screenshot (Explaining 

elements of the request (Figure 6). 
 

 
 

Figure 6 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 1 (136), 2025             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 1 (136), 2025                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

103 

Once detected, the attacker's IP address was blocked on the Firewall. This article shows 

the behavior of the two parties during a DoS attack and their logs. Below we will describe the 

user behavior for log analysis. 

Anomaly detection in SIEM - User Behavior Analytics. Statistics require at least 2 weeks 

of data to create some historical standard. For privacy reasons, user names are hidden and 

labeled under other names. 

As a result of the study, User Behavior Analytics displays overall user statistics. In the 

example below, the system analyzes 194 users and we see 10 users with the highest risk index 

that are worth paying some attention to. Recent risk shows the accumulated risk for the 

respective user for the last 5 minutes [5]. Overall risk shows a line graph that illustrates the user's 

overall risk score trend for the last hour [5]. 

 You can also see a small graph of the risk growth theme for the last hour (Explaining 

elements of the request (Figure 7). 
 

 
 

Figure 7 

 

Suppose, let's open the details of User 2 and its details. In the picture below we can see 

information about name, e-mail, etc. But of particular interest is the list of anomalies in the last 

hour: User Geography Change, Deviation from normal Risk posture, Detect Insecure Or Non-

Standard Protocol. By anomalies you can do some analysis and non-standard user behavior. In 

case of suspicion, you can deny or close user access to certain sites, applications (Explaining 

elements of the request (Figure 8). 
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Figure 8 

 

User Behavior Analytics with Machine Learning Analytics allows to calculate complex 

algorithms including alerts and offenses. Also SIEM can generate false positives, in UBA the 

percentage of false positives is much lower. 

 

Discussion.  

Machine learning is a powerful tool for anomaly and threat detection, enabling the 

analysis of vast amounts of data and identifying correlations between events. Its advantages 

include automation, adaptability, big data processing, and the ability to detect complex threats, 

such as insider and advanced multi-vector attacks. Machine learning algorithms can adapt to 

changing behaviors over time, making them particularly useful for organizations with dynamic 

infrastructures and large employee numbers. QRadar, a tool using machine learning, can 

efficiently analyze large amounts of data from various sources, making it particularly useful for 

distributed organizations. Furthermore, predictive analytics with machine learning can detect 

threats before they cause damage, providing enhanced protection and reducing business process 

disruption risks. 

ML models have several disadvantages, including the risk of false positives, the need for 

quality data, the high cost of building and maintaining models, difficulty in interpretation, and 

the risk of model obsolescence. False positives can increase security analysts' workload and 

distract them from real threats. Quality data is crucial for ML's effectiveness, and logs should be 

structured and complete. Additionally, ML models require computational resources and 

specialized knowledge, which can be costly for small and medium-sized organizations. 

Furthermore, the risk of model obsolescence is high if models are not regularly updated and 

refined. 

Machine learning (ML) is effective in detecting hidden patterns but can lead to higher 

false positives due to algorithms looking for outliers, overtraining, or too high sensitivity. 

Traditional methods, such as strict signatures and thresholds, generate fewer false positives but 

have lower throughput for complex threats and do not account for user behavior changes. To 

reduce false positives, ML approaches use model calibration, additional contextual data, and a 

combination of ML with classical rule-based methods. Scaling ML-based solutions, such as 

QRadar, can preserve system performance by adding servers or clusters. 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 1 (136), 2025             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 1 (136), 2025                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

105 

The integration of machine learning models with cloud platforms like IBM Cloud allows 

for efficient data processing without requiring local infrastructure expansion. Regular model 

revision and optimization maintain performance without loss of detection quality. Connectivity 

to EDR or Threat Intelligence platforms enhances model accuracy by supplementing QRadar 

analysis with external data. Automated model updates adapt to infrastructure changes and reduce 

obsolescence. 

Conclusion.  

The computer automatically generates logs to find out what is happening in the 

application, on the server, etc. In essence, logs are just text files with a regular record. Reading, 

processing and working with them is already a more labor-intensive task. 

Engineers are always thinking of new ways to work with logs in order to simplify and 

automate the work process. The advantage of making the work easier is more accessible security 

methods and preserving privacy. At the same time, attackers are finding difficult methods to 

break into systems thanks to new tools and programs. Obviously, the general development of 

information systems makes the work of both white and black hackers more difficult, forcing 

them to come up with new ways to preserve cybersecurity or to break into it. 

 Among the huge number of log records, modern solutions help to read and process a 

huge amount of useful data and filter out unnecessary records. If you read logs consistently, you 

can spot anomalies or even threats when they are present. Errors in logs with proper security 

support are rarely detected and a person is not able to monitor a large data stream on his own. In 

such cases, smart solutions have been thought of, one of which is the use of machine learning. 

The use of machine learning significantly enhances the platform's ability to detect 

complex anomalies, improving protection against insider threats and sophisticated attacks. 

However, high false positive rates and dependence on data quality remain significant challenges. 

The balance between traditional methods and machine learning, as well as the introduction of 

scaling techniques, allows this approach to be used effectively in any size organization. Rules 

when violated also create violations and alerts, which also helps in threat detection. 

All solutions to improve security and process efficiency are always for the benefit of the 

user. But everything cannot be perfect and has its downsides. A person cannot leave the entire 

process to itself and has to keep abreast. For this reason, the human factor continues to influence 

and human error can occur, which is a testament to the fact that nothing is perfect and 

vulnerability exists. 

 

The article was published with the support of the Ministry of Science and Higher 

Education of the Republic of Kazakhstan, the project of program-targeted financing 

BR24992975 "Development of a digital twin of a food industry enterprise using artificial 

intelligence and IIoT technologies", 2024-2026. 
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DDOS ʐɸɹʋʓʃɼɸʈʓʅ ɸʅʓפʊɸʋ ɾᴄʅɽ ʊɸʄɸפ ᴆʅɽʈʂᴄʉɯɹɯ 

ʂᴄʉɯʇʆʈʅʓʅʓר ʎʀʌʈʃʓפ ɽɻɯɿɯʅ ᴄɿɯʈʃɽʋ ʇʈʆʎɽʉɯʅɼɽ 

ʇɸʁɼɸʃɸʅʋʐʓʃɸʈɼʓר ᴄʈɽʂɽʊɯʅ ɸʅʓפʊɸʋ תʐɯʅ ɾʋʈʅɸʃɼʓ ʊɸʃɼɸʋ 

 

ɸשʜʘʪʧʘ. ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ (AI) ʞᴅʥʝ ᴆʥʝʨʢᴅʩʽʧʪʽʢ ɿʘʪʪʘʨ ʀʥʪʝʨʥʝʪʽ (IIoT) 

ʩʠʷץʪʳ ʦʟʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʠʥʪʝʛʨʘʮʠʷʩʳ ʪʘʤʘץ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝʛʽ ʠʥʥʦʚʘʮʠʷʣʳץ 

ʰʝʰʽʤʜʝʨʛʝ, ʩʦʥʳש ʽʰʽʥʜʝ ʢᴅʩʽʧʦʨʳʥʜʘʨ װʰʽʥ ʮʠʬʨʣʳץ ʝʛʽʟʜʝʨʜʽש ʜʘʤʫʳʥʘ ʞʦʣ ʘʰʪʳ. 

ɹײʣ ʟʝʨʪʪʝʫ ʪʘʤʘץ ᴇʥʝʨʢᴅʩʽʙʽ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ װʰʽʥ ʮʠʬʨʣʳץ ʝʛʽʟ ʧʣʘʪʬʦʨʤʘʥʳש 

ʢʠʙʝʨץʘʫʽʧʩʽʟʜʽʛʽ ʤʝʥ ʦʧʝʨʘʮʠʷʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʞʫʨʥʘʣʜʘʨʜʳ ʪʘʣʜʘʫ 

ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫʜʳ ʟʝʨʪʪʝʡʜʽ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʆʣ ʎʠʬʨʣʳץ ʝʛʽʟ ʵʢʦʞװʡʝʥʽש ʩʝʥʽʤʜʽʣʽʛʽ 

ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʊʘʨʘʪʳʣסʘʥ פʳʟʤʝʪ ʂᴇʨʩʝʪʫʜʝʥ ʙʘʩ ʪʘʨʪʫ (DDoS) 

ʰʘʙʫʳʣʜʘʨʳʥ ʘʥʳץʪʘʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ʤʽʥʝʟ-ײץʣץʳʥ ʙʘץʳʣʘʫ ᴅʜʽʩʪʝʨʽʥ 

ʟʝʨʪʪʝʡʜʽ. ɾʫʨʥʘʣʜʳ ʪʘʣʜʘʫ ʤʘשʳʟʜʳ ʞװʡʝʣʝʨʜʽװ שʟʜʽʢʩʽʟ ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ 

ʦʪʳʨʳʧ, ʢʠʙʝʨץʘʫʽʧʪʝʨʜʽ ʢᴇʨʩʝʪʝʪʽʥ ʘʫʳʪץʫʣʘʨ ʤʝʥ ʟʘשʜʳʣʳץʪʘʨʜʳ ʘʥʳץʪʘʫ װʰʽʥ 

 ʡʝʣʝʨʽʤʝʥ ʙʽʨʽʢʪʽʨʫװʦʣʜʘʥʳʣʘʜʳ. ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪʢʝ ʥʝʛʽʟʜʝʣʛʝʥ ʘʣʛʦʨʠʪʤʜʝʨʜʽ iiot ʞץ

ʘʨץʳʣʳ ײʩʳʥʳʣסʘʥ ʪᴅʩʽʣ ʢʠʙʝʨʰʘʙʫʳʣʜʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʘʟʘʡʪʳʧ ץʘʥʘ 

 ʘʥ ʰʝʰʽʤסʪʘʡʣʘʥʜʳʨʳʣשʘʪʘʨ ʙʦʣʞʘʤʜʳ ʘʥʘʣʠʪʠʢʘ ʤʝʥ ʦץ ʦʡʤʘʡʜʳ, ʩʦʥʳʤʝʥץ

 ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ ʪʫʨʘʣʳ שʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ, ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳץ ʘʙʳʣʜʘʫʜʳץ

ʪװʩʽʥʽʢ ʙʝʨʝʜʽ. ɹײʣ ʟʝʨʪʪʝʫ ᴇʥʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ, ʪʦץʪʘʧ ץʘʣʫ ʫʘץʳʪʳʥ ץʳʩץʘʨʪʫ ʞᴅʥʝ ʪʘʤʘץ 

ᴇʥʝʨʢᴅʩʽʙʽʥʜʝʛʽ ײץʧʠʷ ʜʝʨʝʢʪʝʨʜʽ ץʦʨסʘʫ װʰʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʳץʰʳʣʳץʪʘʨ ײʩʳʥʘ 

ʦʪʳʨʳʧ, ץʘʫʽʧʩʽʟ, ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞᴅʥʝ ʪײʨʘץʪʳ ʮʠʬʨʣʳץ ʝʛʽʟ ʘʨʭʠʪʝʢʪʫʨʘʣʘʨʜʳ ʜʘʤʳʪʫסʘ 

ʳץʧʘʣ ʝʪʝʜʽ.  

https://www.feistyduck.com/library/apache-security/online/apachesc-CHP-5.html
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ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɸʫʳʪץʫʣʘʨ, ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ, SIEM, DDoS-ץʘ ץʘʨʩʳ, ʤʽʥʝʟ-

 .ʪʳ ʪʘʣʜʘʫץʣʳײץ

 

 

ʉʘʣʪʘʥʘʪ ɸʜʠʣʞʘʥʦʚʘ, PhD, Farabi University, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 

asaltanat81@gmail.com 

ɸʣʠʭʘʥ ʀʛʠʣʴʤʘʥʦʚ, ʤʘʛʠʩʪʨʘʥʪ, Farabi University, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 

igilmanovigilman@gmail.com 

ɻʫʣʴʥʫʨ ʊʶʣʝʧʙʝʨʜʠʥʦʚʘ, ʢ.ʬ.-ʤ.ʥ., Farabi University, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 

tyulepberdinova@gmail.com 

ɸʣʠʥʘ ʉʘʣʤʘʥʦʚʘ, ʤʘʛʠʩʪʨʘʥʪ, Farabi University, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 

alinasalmanova7@gmail.com 

ɻʫʣʴʰʘʪ ɸʤʠʨʭʘʥʦʚʘ, PhD, Farabi University, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 

gulshat.aa@gmail.com 

 

ʇʈʀʄɽʅɽʅʀɽ ɸʅɸʃʀɿɸ ɾʋʈʅɸʃʆɺ ɼʃʗ ɺʓʗɺʃɽʅʀʗ DOS-ɸʊɸʂ ʀ 

ʆʇʈɽɼɽʃɽʅʀʗ ʇʆɺɽɼɽʅʀʗ ʇʆʃʔɿʆɺɸʊɽʃɽʁ ɺ ʇʈʆʎɽʉʉɽ ʈɸɿʈɸɹʆʊʂʀ 

ʎʀʌʈʆɺʆɻʆ ɼɺʆʁʅʀʂɸ ʇʈɽɼʇʈʀʗʊʀʗ ʇʀʑɽɺʆʁ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʥʪʝʛʨʘʮʠʷ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʠ ʧʨʦʤʳʰʣʝʥʥʳʡ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IIoT), ʧʨʦʣʦʞʠʣʘ ʧʫʪʴ ʢ 

ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʨʝʰʝʥʠʷʤ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʨʘʟʨʘʙʦʪʢʫ ʮʠʬʨʦʚʳʭ 

ʜʚʦʡʥʠʢʦʚ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʣʦʛ-ʘʥʘʣʠʟʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʮʠʬʨʦʚʦʡ 

ʧʣʘʪʬʦʨʤʳ-ʜʚʦʡʥʠʢʘ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʥʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʚʳʷʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʘʪʘʢ ʪʠʧʘ "ʆʪʢʘʟ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ" 

(DDoS) ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʦʩʠʩʪʝʤʳ digital twin. ɸʥʘʣʠʟ ʞʫʨʥʘʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʘʥʦʤʘʣʠʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʢʠʙʝʨʫʛʨʦʟʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʠʩʪʝʤ. ɹʣʘʛʦʜʘʨʷ ʠʥʪʝʛʨʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ, 

ʫʧʨʘʚʣʷʝʤʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ, ʩ ʧʣʘʪʬʦʨʤʘʤʠ IIoT ʧʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʥʝ 

ʪʦʣʴʢʦ ʩʥʠʞʘʝʪ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʠʙʝʨʘʪʘʢʘʤʠ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʥʠʤʘʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʧʦʟʚʦʣʷʷ ʧʨʦʚʦʜʠʪʴ ʧʨʦʛʥʦʟʥʫʶ ʘʥʘʣʠʪʠʢʫ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ 

ʙʝʟʦʧʘʩʥʳʭ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ ʘʨʭʠʪʝʢʪʫʨ-ʜʚʦʡʥʠʢʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 

ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ ʠ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɸʥʦʤʘʣʠʠ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, SIEM, Anti-DDoS, 

ʧʦʚʝʜʝʥʯʝʩʢʠʡ ʘʥʘʣʠʟ. 
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ʕʃɽʄɽʅʊʓ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ɺ ɸɺʊʆʄʆɹʀʃʔʅʓʍ 
ɹɽʉʇʈʆɺʆɼʅʓʍ ʉɽʊʗʍ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʥʳʥʝʰʥʠʝ ʧʦʜʢʣʶʯʝʥʥʳʝ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ CAV (connected and automated vehicles, ʧʦʜʢʣʶʯʝʥʥʳʝ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ) ʧʨʝʚʨʘʪʷʪʩʷ ʚ ʘʚʪʦʥʦʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʨʝʜʩʪʚʘ AV (Autonomous Vehicles). ʀʟ-ʟʘ ʣʘʟʝʝʢ ʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʥʝʥʘʜʝʞʥʘʷ ʩʚʷʟʴ, ʦʪʢʨʳʪʳʝ ʢʘʥʘʣʳ, ʥʝʙʝʟʦʧʘʩʥʳʝ ʰʠʥʥʳʝ 

ʩʠʩʪʝʤʳ ʠ ʥʘʣʠʯʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʭʘʢʝʨʦʚ ʘʧʧʘʨʘʪʥʳʝ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ AV 

ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʥʳ. ʍʘʢʝʨʳ ʤʦʛʫʪ ʟʘʭʚʘʪʠʪʴ AV ʠ ʧʦʜʢʣʶʯʝʥʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʯʝʨʝʟ ʩʚʦʠ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ (Wi-Fi, ʩʦʪʦʚʳʝ ʩʝʪʠ ʠ ʪ. ʜ.). ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʪʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ CAV, ʪʘʢ ʢʘʢ 

ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʜʢʣʶʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʫʷʟʚʠʤʦʩʪʷʤ ʠ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʢʠʙʝʨʘʪʘʢ. 

ʆʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʢʠʙʝʨʘʪʘʢ ʥʘ CAV. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

CAV ʩʚʷʟʘʥʦ ʩ ʙʝʟʦʧʘʩʥʳʤ ʠ ʥʘʜʝʞʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ CAV ʥʘ ʧʨʘʢʪʠʢʝ. ʆʪʤʝʯʝʥʘ ʘʪʘʢʘ 

BNT (Beacon Non-Transmission, ʥʝʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ ʤʘʷʢʘ), ʧʨʠ ʢʦʪʦʨʦʡ ʚʨʝʜʦʥʦʩʥʳʡ 

ʠʩʪʦʯʥʠʢ ʧʦʜʘʚʣʷʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʮʝʣʝʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ITS (intelligent transportation system). ʊʘʢʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʢʠʙʝʨʘʪʘʢ. ʇʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʫʛʨʦʟ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʪʝʭʥʦʣʦʛʠʠ V2X, ʘ ʪʝʭʥʦʣʦʛʠʷ 5G ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʩʚʷʟʴ V2X, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ 

ʙʳʩʪʨʫʶ, ʥʘʜʝʞʥʫʶ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʷʟʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɸʚʪʦʥʦʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʦʜʢʣʶʯʝʥʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, V2X, S-V2X, IEEE 802.11p, VANET, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ 

ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ. 

 

ɺʚʝʜʝʥʠʝ. 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʠʨʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʨʳʥʢʘ ʙʝʩʧʠʣʦʪʥʳʭ (ʘʚʪʦʥʦʤʥʳʭ) ʘʚʪʦʤʦʙʠʣʝʡ: ʚ 2017 ʛ. 

ʧʨʦʠʟʚʝʜʝʥʦ 330 ʪʳʩ. ʝʜʠʥʠʮ, ʘ ʢ 2035 ʛ. ʦʞʠʜʘʝʪʩʷ ʚʳʧʫʩʢ ʫʞʝ 30,4 ʤʣʥ ʰʪʫʢ 

ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʠ ʧʦ ʧʨʦʛʥʦʟʘʤ ʠʭ ʜʦʣʷ ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʱʝʤʠʨʦʚʳʭ ʧʨʦʜʘʞ 

ʫʚʝʣʠʯʠʪʩʷ ʩ 2 % (2017 ʛ.) ʜʦ 50 % ʢ 2035 ʛ. [1]. ʅʘʙʠʨʘʶʱʘʷ ʦʙʦʨʦʪʳ ʢʦʤʙʠʥʘʮʠʷ 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʦʧʨʝʜʝʣʷʝʤʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ʊʉ) ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʪʘʢ. ʉʣʝʜʫʶʱʝʝ ʧʦʢʦʣʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠ ʘʚʪʦʥʦʤʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʪʨʝʙʫʝʪ ʫʣʫʯʰʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʩʣʫʞʙ, ʩʧʦʩʦʙʥʳʭ ʩʧʨʘʚʣʷʪʴʩʷ 

ʩʦ ʩʚʝʨʭʥʘʜʝʞʥʳʤʠ ʩʠʪʫʘʮʠʷʤʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ 

ʪʨʝʥʜʘʭ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʚ Upstream Security ʥʘ ʥʘʯʘʣʦ 2022 ʛ. ʠʤʝʣʘʩʴ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʙʦʣʝʝ ʯʝʤ 900 ʩʦʙʳʪʠʷʭ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʚʟʣʦʤʘ. ʅʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ 
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ʫʜʘʣʝʥʥʳʭ ʚʟʣʦʤʦʚ (85% ʘʪʘʢ), ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʘʪʘʢʠ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ ʠ ʙʝʩʧʨʦʚʦʜʥʳʝ 

ʩʝʪʠ. ʆʩʪʘʣʴʥʳʝ ʥʘʧʘʜʝʥʠʷ ʥʦʩʷʪ ʬʠʟʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʪʨʝʙʫʶʪ ʜʦʩʪʫʧʘ ʢ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʘʤ (ʊʉ). ʋʷʟʚʠʤʦʩʪʠ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

(ʇʆ) ï ʉVE (Common Vulnerabilities and Exposures) ï ʦʙʳʯʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ OEM (original 

equipment manufacturer) ʠʣʠ ʚ ʮʝʧʦʯʢʝ ʧʦʩʪʘʚʦʢ ʧʨʦʜʫʢʮʠʠ OEM-ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ʇʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʯʪʦ ʚʩʢʦʨʝ ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʞʝʪ ʩʪʘʪʴ ʵʣʝʤʝʥʪʦʤ 

ʢʠʙʝʨʚʦʡʥʳ ʤʝʞʜʫ ʩʪʨʘʥʘʤʠ. ʅʘʧʨʠʤʝʨ, ʚʳʚʝʜʝʥʠʝ ʠʟ ʩʪʨʦʷ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʊʉ ʚ 

ʢʣʶʯʝʚʳʭ ʛʦʨʦʜʘʭ ʥʘʥʝʩʝʪ ʫʱʝʨʙ ʊʉ ʩʪʨʘʥʳ. 

ʈʘʙʦʪʘ CAV ʩʝʨʴʝʟʥʦ ʧʦʩʪʨʘʜʘʝʪ, ʝʩʣʠ ʩʦʝʜʠʥʝʥʠʝ ʩ ʊʉ ʙʫʜʝʪ ʥʘʨʫʰʝʥʦ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʦʚʨʝʞʜʝʥʠʶ ʊʉ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʘʚʘʨʠʷʤ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʡ ʫʷʟʚʠʤʦʩʪʠ ʤʦʞʥʦ ʘʪʘʢʦʚʘʪʴ ʤʥʦʛʦ ʊʉ, ʘ ʧʦʚʳʰʝʥʥʘʷ ʩʪʝʧʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʝʥʩʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʥʠʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪ ʚʦʜʠʪʝʣʷ; ʨʘʩʰʠʨʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪ ʩʪʝʧʝʥʴ ʫʷʟʚʠʤʦʩʪʠ 

ʊʉ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʨʠʩʢ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ ʢʠʙʝʨʘʪʘʢʠ [2]. 

CAV ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʥʦʤʥʳʭ ʊʉ (AV) ʠ ʧʦʜʢʣʶʯʝʥʥʳʭ ʊʉ CV 

(connected vehicles) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ, ʥʘʜʝʞʥʦʛʦ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ (ɼɼ). CAV ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʘʚʪʦʥʦʤʥʦʛʦ ʠ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʩʦʯʝʪʘʶʪ 

ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʥʦʤʥʳʭ ʊʉ ʥʘ ʙʘʟʝ ʜʘʪʯʠʢʦʚ ʠ ʧʦʜʢʣʶʯʝʥʥʳʭ ʊʉ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʠ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʠʭ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ ʜʦʙʘʚʣʷʶʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʇʆ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʢʠʙʝʨʟʘʱʠʪʳ, ʦʜʥʘʢʦ ʧʘʨʘʣʣʝʣʴʥʦ ʭʘʢʝʨʳ-ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʨʘʩʰʠʨʷʶʪ ʩʚʦʠ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʠ ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʜʣʷ ʘʪʘʢ [3].  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʈʘʟʚʠʪʠʝ AV-ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʜʘʪʯʠʢʦʚ ʥʘ ʊʉ, 

ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʯʝʣʦʚʝʢʫ ʫʧʨʘʚʣʷʪʴ ʘʚʪʦʤʦʙʠʣʝʤ, ʦʜʥʘʢʦ ʜʘʪʯʠʢʠ (ʢʘʤʝʨʳ, ʣʠʜʘʨʳ, 

ʨʘʜʘʨʳ, GPS (Global Positioning System), ʜʘʪʯʠʢʠ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʰʠʥʘʭ TPMS (tire 

pressure measure sensors), ʠʥʝʨʮʠʘʣʴʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʙʣʦʢʠ IMU (inertial measurement 

units), ʜʘʪʯʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ʠ ʪ. ʜ.) ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʰʫʤʘ ʠ 

ʚʚʦʜʷʪʩʷ ʚ ʟʘʙʣʫʞʜʝʥʠʝ ʚʨʝʜʦʥʦʩʥʳʤʠ ʘʪʘʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʧʘʩʥʦʩʪʠ ʠ 

ʥʝʩʯʘʩʪʥʳʤ ʩʣʫʯʘʷʤ [4]. CV ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʚ 

ʩʠʩʪʝʤʘʭ ʚʥʫʪʨʠ ʊʉ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʠʙʝʨʘʪʘʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʳ ʫʜʘʣʝʥʥʦ. CV 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʠʧʦʚ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʡ V2X (Vehicle-to-Everything, ʩʚʷʟʴ 

ʤʝʞʜʫ ʊʉ ʠ ʨʘʟʣʠʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ), ʪʘʢʠʭ ʢʘʢ V2V (Vehicle-to-Vehicle), V2I (Vehicle-to-

Infrastructure, ʩʚʷʟʴ ʤʝʞʜʫ ʊʉ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ), V2N (Vehicle-to-

Network, ʩʚʷʟʴ ʤʝʞʜʫ ʊʉ ʠ ʩʝʪʴʶ), V2P (Vehicle-to-Pedestrian, ʩʚʷʟʴ ʤʝʞʜʫ ʊʉ ʠ 

ʧʝʰʝʭʦʜʦʤ), ʪ.ʜ. ʊʉ, ʦʩʥʘʱʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʷʤʠ ʩʚʷʟʠ ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

(V2V) ʠ ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ (V2I), ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʩʚʷʟʠ D2D (Device-to-Device), ʠʩʧʦʣʴʟʫʶʱʝʡ ʙʣʠʟʣʝʞʘʱʠʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ɼɼ, ʫʧʨʘʚʣʝʥʠʷ ɼɼ ʠ ʢʦʦʨʜʠʥʘʮʠʠ.  

ʊʝʭʥʦʣʦʛʠʷ V2X ï ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʇʆ, 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʘʚʪʦʤʦʙʠʣʷʤʠ, ʧʝʰʝʭʦʜʘʤʠ, 

ʩʚʝʪʦʬʦʨʘʤʠ ʠ ʜʨʫʛʦʡ ʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʛʦʨʦʜʩʢʦʡ ʤʦʙʠʣʴʥʦʩʪʠ. ʕʪʦ ʪʘʢʞʝ ʫʣʫʯʰʘʝʪ ʵʢʦʥʦʤʠʶ ʪʦʧʣʠʚʘ ʠ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʘʚʘʨʠʡ ʠ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ [5]. ʉʝʨʚʠʩʳ V2X ʧʨʦʜʦʣʞʘʶʪ ʧʦʣʫʯʘʪʴ ʧʦʜʜʝʨʞʢʫ 

ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ 4G ʠ 5G ʙʣʘʛʦʜʘʨʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 3GPP (3rd Generation Partnership 

Project).  ɹʣʘʛʦʜʘʨʷ ʩʚʷʟʠ V2X ʊʉ ʤʦʛʫʪ ʙʳʩʪʨʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʠ 

ʥʝʢʦʤʬʦʨʪʥʳʝ ʜʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ ʠ ʩʦʦʙʱʘʪʴ ʦ ʥʠʭ ʜʨʫʛʠʤ ʊʉ, ʧʝʰʝʭʦʜʘʤ ʥʘ ʦʙʦʯʠʥʝ 
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ʜʦʨʦʛʠ ʠ ʧʨʠʜʦʨʦʞʥʳʤ ʫʟʣʘʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ɼɼ.  

AV ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʵʣʝʢʪʨʦʥʠʢʦʡ, ʜʠʥʘʤʠʢʦʡ ʊʉ, ʩʚʷʟʴʶ, ʢʦʥʪʨʦʣʝʤ, ʜʘʪʯʠʢʘʤʠ ʠ ʧʨʘʚʠʣʴʥʳʤ ʟʥʘʥʠʝʤ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠʥʩʪʠʥʢʪʦʚ ʥʘ ʜʦʨʦʛʝ. ɺʥʝʜʨʝʥʠʝ ʥʦʚʘʪʦʨʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʪʘʢʠʭ ʢʘʢ IoT (Internet of Things), ʧʝʨʠʬʝʨʠʡʥʳʡ ʠʥʪʝʣʣʝʢʪ EI (Edge Intelligence), 5G ʠ 

ʙʣʦʢʯʝʡʥ ʚ ʘʨʭʠʪʝʢʪʫʨʫ AV ʨʘʩʢʨʦʶʪ ʧʦʪʝʥʮʠʘʣ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʠʩʪʝʤʳ [6]. ʌʫʥʢʮʠʠ ʯʘʩʪʠʯʥʦ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʣʦʙʦʚʦʛʦ 

ʩʪʦʣʢʥʦʚʝʥʠʷ, ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʚʳʭʦʜʝ ʠʟ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ ʠ ʧʦʤʦʱʴ ʧʨʠ ʙʦʢʦʚʦʤ 

ʦʙʟʦʨʝ ʤʦʛʫʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʚʘʨʠʠ ʠ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʚʤ ʠ ʩʤʝʨʪʝʣʴʥʳʭ ʩʣʫʯʘʝʚ ʥʘ 

33% [7]. 

ɼʣʷ ʙʝʩʧʠʣʦʪʥʳʭ ʊʉ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʜʦʧʦʣʥʷʪʴ ʜʨʫʛ ʜʨʫʛʘ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʚʘʞʥʝʡʰʠʭ ʪʨʝʙʦʚʘʥʠʡ ʜʚʫʭ ʩʝʨʚʠʩʦʚ V2X ï C-

V2X (Cellular Vehicle-to-Everything) ʠ IEEE 802.11p (DSRC (dedicated short-range 

communications)/ITS-G5), ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʚ ʣʠʮʝʥʟʠʨʦʚʘʥʥʳʭ ʠ ʥʝʣʠʮʝʥʟʠʦʥʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʦʩʥʘʱʝʥʳ ʧʦʨʪʘʤʠ Bluetooth ʠʣʠ 

ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ Wi-Fi ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ. ʂʠʙʝʨʘʪʘʢʝʨʳ ʤʦʛʫʪ 

ʥʘʧʨʷʤʫʶ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʊʉ ʠʣʠ ʚʟʣʦʤʘʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʜʢʣʶʯʝʥʥʦʝ ʢ ʪʦʯʢʝ ʜʦʩʪʫʧʘ 

Wi-Fi. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʢʠʙʝʨʘʪʘʢ ʜʦʚʦʣʴʥʦ ʤʘʣ, ʧʨʠʤʝʨʥʦ ʜʝʩʷʪʢʠ 

ʤʝʪʨʦʚ. Bluetooth ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ V2P ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤ ʩʚʦʡʩʪʚʘʤ. 

ʊʉ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ Bluetooth-ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ ʦʪ ʊʉ [8]. Wi-Fi ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʩʚʷʟʠ 

V2X ʙʣʘʛʦʜʘʨʷ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ ʨʘʟʚʝʨʪʳʚʘʥʠʷ. ʆʜʥʘʢʦ ʚʩʝ 

ʵʪʠ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ ʠʤʝʶʪ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʫʷʟʚʠʤʦʩʪʠ ʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. 

ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʩʚʷʟʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ IEEE 802.11p (Wi-Fi), ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ 

ʧʨʦʙʣʝʤ ʠʟ-ʟʘ ʥʝʢʦʪʦʨʳʭ ʫʩʪʘʨʝʚʰʠʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʣʦʭʦ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ. ʉʝʛʦʜʥʷ ʊʉ ʦʩʥʘʱʝʥʳ ʨʷʜʦʤ ʘʢʪʠʚʥʳʭ ʜʘʪʯʠʢʦʚ (ʨʘʜʘʨ, ʣʠʜʘʨ, 

ʢʘʤʝʨʳ), ʯʪʦ ʚʳʥʫʞʜʘʝʪ ʩʠʩʪʝʤʫ V2X ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʚʢʣʶʯʘʷ ʙʦʣʴʰʫʶ ʜʘʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʠ ʥʘʜʝʞʥʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʚ ʩʮʝʥʘʨʠʷʭ, ʢʦʛʜʘ ʜʨʫʛʠʝ 

ʊʉ ʠ ʟʜʘʥʠʷ ʧʨʝʧʷʪʩʪʚʫʶʪ ʩʠʩʪʝʤʘʤ ʦʙʟʦʨʘ ʘʚʪʦʤʦʙʠʣʷ. ʆʛʨʘʥʠʯʝʥʥʳʡ ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ 

802.11p ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʣʝʟʥʦʩʪʴ ʠ ʦʙʱʠʡ ʥʘʙʦʨ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʥ ʤʦʞʝʪ 

ʦʙʩʣʫʞʠʚʘʪʴ, ʯʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʩʪʘʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʉʦʪʦʚʳʝ ʩʝʪʠ ʩʯʠʪʘʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʤʦʙʠʣʴʥʦʩʪʴ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚ V2V ʠ V2I. ʀʟ-ʟʘ ʙʦʣʴʰʠʭ ʟʦʥ 

ʧʦʢʨʳʪʠʷ ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʦʪʦʚʳʭ ʩʝʪʝʡ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʪʦʚʳʝ ʩʝʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʢʠʙʝʨʘʪʘʢ. ɺ ʨʘʙʦʪʝ [9] ʘʚʪʦʨʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʘʢʝʨʳ ʫʩʧʝʰʥʦ ʚʟʣʦʤʘʣʠ ʥʝʠʟʤʝʥʝʥʥʳʡ Jeep Cherokee ʯʝʨʝʟ ʩʦʪʦʚʫʶ ʩʝʪʴ, 

ʘ ʟʘʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʷʣʠ ʚʘʞʥʝʡʰʠʤʠ ʬʫʥʢʮʠʷʤʠ ʘʚʪʦʤʦʙʠʣʷ, ʪʘʢʠʤʠ ʢʘʢ 

ʦʪʢʣʶʯʝʥʠʝ ʪʦʨʤʦʟʦʚ ʠ ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʪ.ʜ. C-V2X (Cellular-V2X) ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 

ʦʙʱʝʛʦ ʧʨʦʮʝʩʩʘ 3GPP ʧʦ ʧʝʨʝʭʦʜʫ ʩʦʪʦʚʳʭ ʩʠʩʪʝʤ ʩ ʪʝʭʥʦʣʦʛʠʡ 4G ʥʘ ʪʝʭʥʦʣʦʛʠʠ 5G. 

ʋʩʣʫʛʘ C-V2X, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʥʦʛʠʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʭ ʩʦʪʦʚʦʡ ʩʚʷʟʠ, 

ʦʭʚʘʪʳʚʘʝʪ ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʟʚʦʣʷʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ QoS (quality of service)-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. 
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ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʢʠʙʝʨʘʪʘʢʠ ʥʘ CAV. ITS (Intelligent transport systems) ï 

ʪʝʭʥʦʣʦʛʠʷ, ʚ ʢʦʪʦʨʦʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʊʉ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʦʙʤʝʥʘ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ 

ʜʘʥʥʳʤʠ. ɹʦʨʪʦʚʦʡ ʙʣʦʢ OBU (on-board unit) ʊʉ ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ 

ʊʉ ʚ ʧʫʪʠ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ OBU ʟʘʛʨʫʟʠʪ ʠʥʬʦʨʤʘʮʠʶ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʈɺ) 

ʯʝʨʝʟ ʙʝʩʧʨʦʚʦʜʥʫʶ ʩʝʪʴ, ʩʝʨʚʝʨʥʘʷ ʧʣʘʪʬʦʨʤʘ ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʠ ʦʪʜʘʚʘʪʴ 

ʢʦʤʘʥʜʳ, ʠʥʬʦʨʤʠʨʫʷ ʚʝʜʫʱʝʛʦ ʚʦʜʠʪʝʣʷ ʊʉ ʦ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʦʤʦʛʘʷ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʊʉ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʷ C-V2X ʧʨʝʦʜʦʣʝʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʥʪʝʣʣʝʢʪʦʤ ʦʜʥʦʛʦ ʊʉ, ʥʘʧʨʠʤʝʨ, ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʤʥʦʞʝʩʪʚʦ ʩʣʝʧʳʭ 

ʟʦʥ. ʂʘʤʝʨʳ, ʨʘʜʘʨʳ, ʜʘʪʯʠʢʠ ʠ ʧʨʠʜʦʨʦʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ RSU (roadside units) 

ʨʘʟʚʝʨʪʳʚʘʶʪʩʷ ʚʜʦʣʴ ʫʣʠʮʳ ʜʣʷ ʩʙʦʨʘ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʢʨʫʞʘʶʱʠʭ ʊʉ, 

ʧʝʰʝʭʦʜʘʭ ʠ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʙʫʜʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ OBU ʜʣʷ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʵʢʩʪʨʝʥʥʳʭ ʠʣʠ ʩʣʦʞʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʣʠʷʥʠʠ 

ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ ʠʣʠ ʨʠʩʢʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ, ʥʘ ʙʦʨʪʦʚʦʤ 

ʢʦʤʧʴʶʪʝʨʝ ʧʦʷʚʠʪʩʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ, ʧʦʤʦʛʘʶʱʝʝ ʝʤʫ ʧʨʠʥʠʤʘʪʴ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʦʙ 

ʘʚʪʦʥʦʤʥʦʤ ʚʦʞʜʝʥʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʙʨʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʥʘ 

ʩʝʨʚʝʨʥʫʶ ʯʘʩʪʴ ʯʝʨʝʟ ʩʝʪʴ 5G, ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴʩʷ ʦʙʣʘʯʥʦʡ ʧʣʘʪʬʦʨʤʦʡ, 

ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ, ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1 - ʂʠʙʝʨʘʪʘʢʠ ʥʘ ʧʦʜʢʣʶʯʝʥʥʳʝ ʠ ʘʚʪʦʥʦʤʥʳʝ ʊʉ [2] 

 

ɺ VANET (vehicular ad hoc network) ʙʝʟʦʧʘʩʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʊʉ ʠʤʝʝʪ 

ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʘ ʪʘʢʞʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʜʠʪʝʣʷ /ʧʘʩʩʘʞʠʨʘ (ʨʠʩ. 1). ʐʠʥʘ CAN (Controller Area Network, ʩʝʪʴ 

ʢʦʥʪʨʦʣʣʝʨʦʚ) ʨʘʙʦʪʘʝʪ ʢʘʢ ʤʘʛʠʩʪʨʘʣʴ ʙʦʨʪʦʚʦʡ ʩʝʪʠ ʘʚʪʦʤʦʙʠʣʷ, ʧʨʠʥʠʤʘʷ ʤʥʦʞʝʩʪʚʦ 

ʫʧʨʘʚʣʷʶʱʠʭ ʩʦʦʙʱʝʥʠʡ ʠ ʜʦʩʪʘʚʣʷʷ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ECU (Electronic Control Unit). 

ɸʪʘʢʠ ʥʘ ʰʠʥʫ CAN ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʪʨʘʬʠʢʘ, ʛʣʫʰʝʥʠʝ ʠ DoS 

(denial-of-service), ʘ ʪʘʢʞʝ ʚʨʝʜʦʥʦʩʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʠʣʠ ʠʥʲʝʢʮʠʶ. ʇʦʜʢʣʶʯʘʝʤʦʩʪʴ 

ʊʉ ʫʚʝʣʠʯʠʣʘ ʰʘʥʩʳ ʜʦʩʪʫʧʘ ʢ ʙʦʨʪʦʚʦʡ ʩʝʪʠ ʘʚʪʦʤʦʙʠʣʷ, ʯʪʦ ʧʦʜʚʝʨʛʘʝʪ ʰʠʥʫ CAN 

ʙʦʣʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʪʠʧʦʚ ʘʪʘʢ. ʅʘʧʨʠʤʝʨ, ʘʪʘʢʘ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ 

ʰʠʥʝ CAN ʠ ʦʪʧʨʘʚʠʪʴ ʩʦʦʙʱʝʥʠʷ ʧʦ ʰʠʥʝ ʫʜʘʣʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʩʦʪʦʚʦʡ ʩʚʷʟʠ. 

ECU ï ʵʪʦ ʩʚʦʝʛʦ ʨʦʜʘ ʚʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ ʚ ʊʉ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʦʩʪʦʷʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʝʞʠʤʝ ʈɺ ʠ ʧʝʨʝʜʘʯʠ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʚ 

ʰʠʥʥʫʶ ʩʠʩʪʝʤʫ. ʊʝʤ ʚʨʝʤʝʥʝʤ ECU ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʩʪʫʧʘʶʱʫʶ ʦʪ 

ʩʠʩʪʝʤʳ ʰʠʥ, ʠ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʫʧʨʘʚʣʝʥʠʝ ʦʧʝʨʘʮʠʷʤʠ, ʯʪʦʙʳ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ 

ʘʚʪʦʤʦʙʠʣʷ. ʅʘ ʧʨʘʢʪʠʢʝ ʤʥʦʛʠʝ ECU ʩʦʝʜʠʥʝʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 
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ʥʝʢʦʪʦʨʳʭ ʩʣʦʞʥʳʭ ʬʫʥʢʮʠʡ ʫʧʨʘʚʣʝʥʠʷ [10], ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʪʘʢʘ ʥʘ ʦʜʠʥ ECU 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʰʠʨʦʢʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʘʚʪʦʤʦʙʠʣʝʤ. 

VANET ï ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʩʠʩʪʝʤʳ ITS, ʛʜʝ ʤʦʙʠʣʴʥʳʝ ʩʪʘʥʮʠʠ ï ʵʪʦ ʊʉ, ʘ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʪʘʥʮʠʠ ï ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ RSU. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ VANET ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʛʨʫʧʧʦʚʘʷ ʧʦʜʧʠʩʴ ʜʣʷ ʟʘʱʠʪʳ ʘʥʦʥʠʤʥʦʩʪʠ 

ʊʉ ʧʦʤʠʤʦ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. C-V2X ʠ VANET ʦʙʣʘʜʘʶʪ ʨʘʟʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʘʟʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ: C-V2X ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʨʷʤʫʶ ʩʚʷʟʴ V2V, ʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʪʠ 

ʥʝʦʙʭʦʜʠʤʘ ʧʨʷʤʘʷ ʟʘʱʠʱʝʥʥʘʷ ʩʚʷʟʴ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʩʝʪʠ 

ʢʣʶʯʝʡ. ʅʘʧʨʦʪʠʚ, VANET ʠʟʥʘʯʘʣʴʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪ V2V ʠ V2I, ʥʦ ʪʨʝʙʫʝʪ ʵʬʬʝʢʪʠʚʥʦʡ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʝʤ ʢʣʶʯʘʤʠ ʚ ʛʨʫʧʧʦʚʦʡ 

ʧʦʜʧʠʩʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ 

ʊʉ. ʇʦʩʢʦʣʴʢʫ VANET ʟʘʜʝʡʩʪʚʫʝʪ RSU ʠʣʠ ʜʨʫʛʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚ ʩʚʦʠʭ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷʭ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʝ 

ʤʦʱʥʦʩʪʴʶ RSU ʠʣʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʘʚʪʦʤʦʙʠʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, VANET ʧʨʦʠʟʚʦʜʠʪ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʡ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʯʪʦ 

ʩʦʟʜʘʝʪ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ, ʥʘʜʝʞʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʧʝʨʝʜʘʯʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ VANET [10]. 

ʆʩʥʦʚʥʳʝ ʚʝʢʪʦʨʳ ʘʪʘʢ, ʢʦʪʦʨʳʝ ʭʘʢʝʨʳ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʵʢʩʧʣʦʡʪʦʚ, ʚʳʛʣʷʜʷʪ ʪʘʢ [3]: 

ï ʘʪʘʢʠ ʥʘ ʦʙʣʘʯʥʳʝ ʩʝʨʚʝʨʳ (ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʶʙʦʛʦ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ 

ʩʝʨʚʝʨʘ); 

ï ʤʝʪʦʜ ʚʭʦʜʘ ʙʝʟ ʢʣʶʯʘ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʭʘʢʝʨʘʤʠ ʜʣʷ ʢʨʘʞʠ ʠ ʚʟʣʦʤʘ ʊʉ; 

ï ʘʪʘʢʠ ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʙʣʦʢʠ ʫʧʨʘʚʣʝʥʠʷ ECU; 

ï ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʜʘʪʯʠʢʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʤʦʱʠ ʚʦʜʠʪʝʣʶ ʠ ʙʫʜʫʱʠʭ 

ʘʚʪʦʥʦʤʥʳʭ ʊʉ ʟʘ ʵʪʦʡ ʢʘʪʝʛʦʨʠʝʡ ʩʪʦʠʪ ʩʣʝʜʠʪʴ. 

5G ʩʜʝʣʘʝʪ V2X ʧʨʦʱʝ, ʙʳʩʪʨʝʝ ʠ ʥʘʜʝʞʥʝʝ. ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 

ʧʣʘʪʬʦʨʤʘʤʠ 5G ʠ V2X ʩʦʩʪʦʷʪ ʚ ʩʣʝʜʫʶʱʝʤ [11]:  

ï 5G, ʢʘʢ ʠ ʣʶʙʘʷ ʨʘʜʠʦʤʦʙʠʣʴʥʘʷ ʩʣʫʞʙʘ, ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ 

ʣʘʥʜʰʘʬʪ ʨʘʟʜʝʣʝʥ ʥʘ ʦʪʜʝʣʴʥʳʝ ʷʯʝʡʢʠ, ʰʠʨʦʢʦ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʠ ʫʧʨʘʚʣʷʝʤʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʥʪʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ʙʘʟʦʚʳʤʠ ʩʪʘʥʮʠʷʤʠ).  

ï V2X, ʢʘʢ ʠ ʣʶʙʦʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʨʚʠʩ, ʠʤʝʝʪ ʙʦʣʝʝ ʛʠʙʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ 

ʥʝʙʦʣʴʰʠʝ ʩʠʩʪʝʤʳ ʘʥʪʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʣʫʞʘʱʠʝ çʛʦʨʷʯʠʤʠ ʪʦʯʢʘʤʠè (çhotspotsè), 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʝʜʠʥʝʥʠʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʠʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ C-V2X ʚ ʪʦʤ, ʯʪʦ ʦʥ ʦʩʥʦʚʘʥ ʥʘ ʪʝʭʥʦʣʦʛʠʠ, 

ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʘʷ 

ʙʳʣʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʘʚʪʦʤʦʙʠʣʷʭ, ʫʜʝʣʷʷ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʥʝʜʦʩʪʘʪʢʘʤ, ʥʘʙʣʶʜʘʚʰʠʤʩʷ ʚ 802.11p ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

DSRC, ʙʫʜʫʯʠ ʫʩʪʘʨʝʚʰʝʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʤʦʞʝʪ ʩ ʪʨʫʜʦʤ ʫʩʧʝʚʘʪʴ ʟʘ ʤʝʥʷʶʱʠʤʠʩʷ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʦʜʢʣʶʯʝʥʠʶ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ 

ITS (intelligent transportation system) [12]. ITS ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ 

ʧʨʠʣʦʞʝʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʦʚʝʨʭ ʩʝʪʝʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʝʞʜʫ ʊʉ, 

ʦʙʱʘʶʱʠʤʠʩʷ ʥʘ ʜʦʨʦʛʝ. ʇʨʠʣʦʞʝʥʠʷ ITS ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʜʘʥʥʳʭ, ʩʦʙʨʘʥʥʳʭ ʩ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ (ʥʘʧʨʠʤʝʨ, ʜʘʪʯʠʢʘ 

ʜʘʚʣʝʥʠʷ ʚ ʰʠʥʘʭ, GPS ʠ ʪ. ʜ.) ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ. ɼʘʥʥʳʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʝʨʝʜʘʶʪʩʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʊʉ, ʘ ʪʘʢʞʝ ʮʝʥʪʨʘʣʴʥʳʤ ʙʣʦʢʦʤ ʧʦ 

ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʢʘʥʘʣʫ, ʠʩʧʦʣʴʟʫʶʱʝʤʫ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʠ. ʊʉ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʩʚʷʟʴ ʯʝʨʝʟ OBU, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʟʘʱʠʱʝʥʥʳʝ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ 
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(ʅʉɼ) ʫʩʪʨʦʡʩʪʚʘ ʠ ʭʨʘʥʷʪ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʢʣʶʯʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʊʉ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʊʉ ʧʦʜʧʠʩʳʚʘʶʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʫʩʣʫʛʠ ITS, ʢʦʪʦʨʳʝ ʚ 

ʦʩʥʦʚʥʦʤ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʪʠʧʘ: ʙʝʟʦʧʘʩʥʦʩʪʴ, ʫʜʦʙʩʪʚʦ ʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʢʦʤʤʝʨʮʠʷ [13]. 

C-V2X ʧʨʝʜʣʘʛʘʝʪ ʙʦʣʝʝ ʛʠʙʢʦʝ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʧʨʝʦʜʦʣʝʪʴ ʧʨʦʙʣʝʤʳ ʥʝʭʚʘʪʢʠ ʩʧʝʢʪʨʘ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ DSRC. ʂʣʶʯʝʚʳʤʠ 

ʤʦʤʝʥʪʘʤʠ ʜʣʷ C-V2X ʙʳʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʜʝʨʞʢʠ ʥʦʚʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʠ ʥʠʟʢʦʡ ʟʘʜʝʨʞʢʦʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʘʚʪʦʥʦʤʥʦʛʦ ʚʦʞʜʝʥʠʷ, ʥʘʨʷʜʫ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷʤʠ ʚ 

ʦʙʣʘʩʪʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ [14]. ʇʨʝʠʤʫʱʝʩʪʚʘ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʪʝʭʥʦʣʦʛʠʝʡ C-V2X: 

ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɼɼ ʠ ʩʥʠʞʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [12]. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦ ʦʮʝʥʢʘʤ, ʘʚʪʦʤʦʙʠʣʠ ʦʪʚʝʪʩʪʚʝʥʥʳ ʧʨʠʤʝʨʥʦ ʟʘ 

30% ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʡ ʘʚʪʦʥʦʤʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ, ʊʉ ʜʦʣʞʥʦ ʧʨʝʚʦʩʭʦʜʠʪʴ ʯʝʣʦʚʝʯʝʩʢʦʝ ʚʦʩʧʨʠʷʪʠʝ, ʧʨʠʥʷʪʠʝ 

ʨʝʰʝʥʠʡ ʠ ʠʥʪʝʣʣʝʢʪ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʩ ʧʦʤʦʱʴʶ ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʚʷʟʴʶ ʤʝʞʜʫ ʊʉ ʠ ʚʩʝʤ (V2X) [15]. V2X ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 360-ʛʨʘʜʫʩʥʫʶ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʦʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʜʣʷ ʊʉ, ʙʫʜʝʪ 

ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʧʦʷʚʣʝʥʠʝʤ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 5G ʠ 6G, ʢʦʪʦʨʳʝ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʩʚʝʨʭʥʘʜʝʞʥʦʡ ʧʝʨʝʜʘʯʠ ʩʦ ʩʚʝʨʭʥʠʟʢʦʡ ʟʘʜʝʨʞʢʦʡ ʜʣʷ 

ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ. V2X ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʧʫʣʷʨʥʳʭ ʩʧʦʩʦʙʦʚ 

ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʛʨʦʤʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʚ ʘʚʪʦʥʦʤʥʳʭ 

ʧʝʨʝʜʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.  
 

 
 

ʈʠʩʫʥʦʢ 2 - ɸʚʪʦʥʦʤʥʘʷ ʧʝʨʝʜʦʚʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ [16]. 

 

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ V2V ʠ V2I, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʤʝʥʫ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʧʝʨʝʥʦʩʫ 

ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʧʨʠʜʦʨʦʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ RSU (road side units). ɺ V2V, ʜʘʞʝ ʝʩʣʠ ʜʚʘ 

ʘʚʪʦʤʦʙʠʣʷ ʥʝ ʧʦʜʢʣʶʯʝʥʳ ʧʦ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʜʨʫʛʠʝ ʘʚʪʦʤʦʙʠʣʠ ʙʫʜʫʪ ʧʝʨʝʜʘʚʘʪʴ 

ʩʦʦʙʱʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ. 3GPP ʠ Qualcomm ʧʦʜʛʦʪʦʚʠʣʠ ʜʦʨʦʞʥʫʶ ʢʘʨʪʫ ʜʣʷ ʫʩʣʫʛ V2X 

ʥʘ ʙʘʟʝ 5G. ʀʩʩʣʝʜʦʚʘʥʠʝ 5GAA (5G Automotive Association) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦʩʪʘʚʢʘ ITS 

https://www.sciencedirect.com/topics/social-sciences/human-activities-effects
https://www.sciencedirect.com/topics/social-sciences/human-activities-effects
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=9963447_sensors-23-01963-g007.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9963447/figure/sensors-23-01963-f007/
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ʯʝʨʝʟ ʩʦʪʦʚʳʝ ʩʝʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ RSU ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ. ʈʘʟʚʠʪʠʝ ʩʝʪʠ 5G ʥʘʜʝʣʷʝʪ 

ʀʥʪʝʨʥʝʪ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ IoV (Internet of Vehicles) ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʥʠʟʢʫʶ ʟʘʜʝʨʞʢʫ ʠ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʦʢʨʳʪʠʝ ʩʝʪʠ, 

ʜʦʩʪʫʧʥʦʝ ʜʣʷ IoV. IoV ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʧʦʜʢʣʶʯʝʥʥʳʝ ʊʉ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʣʘʛʘʶʪ ʧʘʩʩʘʞʠʨʘʤ ʜʦʩʪʫʧ ʢ ʤʫʣʴʪʠʤʝʜʠʡʥʦʤʫ ʢʦʥʪʝʥʪʫ, ʩʦʮʠʘʣʴʥʳʤ ʧʣʘʪʬʦʨʤʘʤ ʠ 

ʧʦʪʦʢʦʚʳʤ ʩʝʨʚʠʩʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʞʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʠ ʤʛʥʦʚʝʥʥʳʡ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ɼɼ [17]. ʈʘʩʩʤʦʪʨʠʤ 

ʢʨʘʪʢʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʫʛʨʦʟ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʝ 

ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ:  

ï Routing: Blackhole (ʯʝʨʥʘʷ ʜʳʨʘ), Greyhole (ʩʝʨʘʷ ʜʳʨʘ), Wormhole (ʯʝʨʚʦʪʦʯʠʥʘ), 

Tunnelling (ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ) ï aʪʘʢʠ ʧʦ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ï ʅʉɼ ʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʘʨʫʰʝʥʠʝ ʤʘʨʰʨʫʪʘ ʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʯʝʨʚʦʪʦʯʠʥʘ ï 

ʚʨʝʜʦʥʦʩʥʦʝ ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʝ ʧʘʢʝʪʦʚ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ. ʄʝʪʦʜʘʤʠ ʙʦʨʴʙʳ ʩ 

ʜʘʥʥʳʤʠ ʘʪʘʢʘʤʠ ʩʣʫʞʘʪ: ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ ʇʆ ʠ ʜʘʪʯʠʢʦʚ; ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ 

ʩʝʨʪʠʬʠʢʘʪ, ʩʠʤʤʝʪʨʠʯʥʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ, MAC (Media Access Control, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʢ 

ʩʨʝʜʝ) ʠ ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʭʵʰ ʚ ʧʨʦʪʦʢʦʣʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. 

1. Sybil (ʉʠʙʠʣʣʘ) ï ʘʪʘʢʘ ʥʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ï ʨʘʟʨʫʰʝʥʠʝ ʨʝʧʫʪʘʮʠʠ ʩʝʪʠ ʧʫʪʝʤ 

ʢʣʦʥʠʨʦʚʘʥʠʷ ʣʦʞʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ. 

2. Node impersonation (ʦʣʠʮʝʪʚʦʨʝʥʠʝ ʫʟʣʘ) ï ʧʦʜʤʝʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʯʘʩʪʥʠʢʘ 

ɼɼ. 

3. Man, in the middle (ʯʝʣʦʚʝʢ ʧʦʩʝʨʝʜʠʥʝ) ï ʧʝʨʝʭʚʘʪ ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʩʦʦʙʱʝʥʠʡ 

ʤʝʞʜʫ ʘʚʪʦʤʦʙʠʣʷʤʠ ʠ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ. 

4. GPS-spoofing / Hidden vehicle (position faking) (ʩʢʨʳʪʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ 

(ʠʤʠʪʘʮʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ)) ï ʧʦʜʤʝʥʘ ʢʦʦʨʜʠʥʘʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʫʟʣʘ (ʠʩʧʦʣʴʟʫʷ GPS-

ʩʠʤʫʣʷʪʦʨ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʛʝʥʝʨʠʨʫʝʪ ʩʠʛʥʘʣ, ʧʨʝʚʦʩʭʦʜʷʱʠʡ ʤʦʱʥʦʩʪʴʶ ʨʝʘʣʴʥʳʡ 

ʩʠʛʥʘʣ ʩʧʫʪʥʠʢʘ, ʘ ʊʉ ʩʯʠʪʳʚʘʶʪ ʙʦʣʝʝ ʩʠʣʴʥʳʡ, ʣʦʞʥʳʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʪʨʘʥʩʣʠʨʫʝʪ 

ʘʚʪʦʤʦʙʠʣʶ ʥʝʚʝʨʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʧʨʠʥʠʤʘʝʤʦʝ ʟʘ ʠʩʪʠʥʥʦʝ).  

5. Traffic analysis (ʘʥʘʣʠʟ ʪʨʘʬʠʢʘ) ï ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ, ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

(ʧʝʨʝʭʚʘʪ ʠ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʣʫʞʝʙʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʢʝʪʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʚ ʩʝʙʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ, ʤʘʨʰʨʫʪ ʠ ʪ.ʜ.).  

6. Key and/or certificate replication (ʨʝʧʣʠʢʘʮʠʷ ʢʣʶʯʘ ʠ/ʠʣʠ ʩʝʨʪʠʬʠʢʘʪʘ) ï 

ʥʝʘʚʪʦʨʠʟʦʚʘʥʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚ ʩʠʩʪʝʤʝ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʫʙʣʠʢʘʪʦʚ ʢʣʶʯʝʡ, 

ʩʝʨʪʠʬʠʢʘʪʦʚ ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ ʜʣʷ ʥʝʘʚʪʦʨʠʟʦʚʘʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ 

ʩʠʩʪʝʤʝ).  

7. DoS ï ʘʪʘʢʠ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ ï ʦʪʢʘʟ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ (ʜʦʚʝʜʝʥʠʝ VANET ʜʦ ʦʪʢʘʟʘ 

ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʟʘʜʝʨʞʢʠ ʚ ʩʝʪʠ, ʯʪʦ ʩʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʣʠ ʟʘʪʨʫʜʥʠʪ ʧʦʣʫʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʣʝʛʠʪʠʤʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ). ɿʜʝʩʴ ʦʪʤʝʪʠʤ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʚ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ ʦʯʝʥʴ ʙʳʩʪʨʦ ʫʩʪʘʨʝʚʘʝʪ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʞʝ 

ʥʝʙʦʣʴʰʠʝ ʟʘʜʝʨʞʢʠ ʤʦʛʫʪ ʩʚʝʩʪʠ ʨʘʙʦʪʫ ʦʪʜʝʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ ʢ ʥʫʣʶ, ʪʘʢ ʢʘʢ ʚ ʤʦʤʝʥʪ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʦʨʦʞʥʘʷ ʩʠʪʫʘʮʠʷ ʫʞʝ ʙʫʜʝʪ ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʡ.  

8. Tracking (ʦʪʩʣʝʞʠʚʘʥʠʝ) ï ʅʉɼ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʟʣʝ 

(ʦʪʩʣʝʞʠʚʘʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʊʉ ʚ ʪʝʯʝʥʠʝ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʝʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʟʣʝ). 

9. Message tampering / suppression / fabrication (ʧʦʜʜʝʣʢʘ /ʧʦʜʘʚʣʝʥʠʝ 

/ʬʘʣʴʩʠʬʠʢʘʮʠʷ ʩʦʦʙʱʝʥʠʡ) ï ʘʪʘʢʠ ʥʘ ʧʝʨʝʜʘʚʘʝʤʳʝ ʩʦʦʙʱʝʥʠʷ [18]. 

Message tampering (ʧʦʜʜʝʣʢʘ ʩʦʦʙʱʝʥʠʡ) ï ʫʛʨʦʟʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʥʘʨʫʰʝʥʠʝ 

ʮʝʣʦʩʪʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ: ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʜʠʬʠʮʠʨʫʝʪ ʩʦʦʙʱʝʥʠʷ OBU-

OBU ʠ OBU-RSU, ʧʨʠ ʵʪʦʤ ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥʳ, ʢʘʢ ʟʘʧʨʦʩ 

ʧʨʠʣʦʞʝʥʠʷ, ʪʘʢ ʠ ʦʪʚʝʪ ʥʘ ʟʘʧʨʦʩ.  
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ɸʪʘʢʘ Message Suppression (ʧʦʜʘʚʣʝʥʠʝ ʩʦʦʙʱʝʥʠʡ) ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʥʘʨʫʰʝʥʠʝ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ: ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʳʙʦʨʢʫ 

ʧʘʢʝʪʦʚ ʠ ʪʨʘʥʩʣʠʨʫʝʪ ʠʭ ʚ ʩʝʪʴ, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʦʡ ʠʤʝʶʪ ʧʦʩʪʦʨʦʥʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʥʝ 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʚʘʣʠʜʥʦʤ ʦʙʤʝʥʝ ʵʪʠʭ ʧʘʢʝʪʦʚ; ʧʘʢʝʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ, ʦʪʥʦʩʷʱʫʶʩʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʟʣʘ.  

ɸʪʘʢʘ Message Fabrication (ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʦʦʙʱʝʥʠʡ) ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʥʘʨʫʰʝʥʠʝ 

ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ: ʟʣʦʫʤʳʰʣʝʥʥʠʢ 

ʪʨʘʥʩʣʠʨʫʝʪ ʚ ʩʝʪʴ ʣʦʞʥʳʝ ʩʦʦʙʱʝʥʠʷ; ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ 

ʧʦʣʫʯʠʪʴ ʧʨʘʚʦ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʧʨʦʝʟʜʘ, ʥʝʘʚʪʦʨʠʟʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʥʳʤ ʨʝʩʫʨʩʘʤ 

ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ (ʧʘʨʦʣʠ, ʣʦʛʠʥʳ ʜʨʫʛʠʭ ʫʟʣʦʚ).  

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʫʛʨʦʟʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʣʶʙʦʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ. ʂ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʫʛʨʦʟʘʤ ʠʤʝʥʥʦ ʜʣʷ VANET ʦʪʥʦʩʷʪʩʷ GPS-spoofing / Position faking [19]. 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ VANET - ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʥʘʩʣʝʜʫʝʪ ʜʘʣʝʢʦ 

ʥʝ ʚʩʝ ʫʷʟʚʠʤʦʩʪʠ ʝʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ (ʥʘʧʨʠʤʝʨ, ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ), ʥʦ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ.  

ʌʠʟʠʯʝʩʢʠʝ ʘʪʘʢʠ ʥʘ ʜʘʪʯʠʢʠ ʚʢʣʶʯʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʨʢʦʛʦ ʩʚʝʪʘ ʜʣʷ 

ʦʩʣʝʧʣʝʥʠʷ ʢʘʤʝʨ ʠ ʩʦʟʜʘʥʠʝ ʧʦʤʝʭ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʘ ʠʣʠ ʨʘʜʠʦʚʦʣʥ, ʯʪʦʙʳ ʦʪʚʣʝʯʴ 

ʜʨʫʛʠʝ ʜʘʪʯʠʢʠ ʦʪ ʧʨʘʚʠʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʧʨʝʧʷʪʩʪʚʠʡ. ʊʘʢʠʝ ʩʠʪʫʘʮʠʠ ʤʦʛʫʪ ʜʘʞʝ 

ʧʨʠʚʝʩʪʠ ʢ ʥʝʩʯʘʩʪʥʳʤ ʩʣʫʯʘʷʤ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ. ɽʩʣʠ ʢʘʢʦʡ-ʣʠʙʦ ʦʪʢʘʟ ʜʘʪʯʠʢʘ 

ʦʩʪʘʥʝʪʩʷ ʥʝʟʘʤʝʯʝʥʥʳʤ, ʥʝʠʟʙʝʞʥʦ ʧʨʦʠʟʦʡʜʫʪ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʠ ʬʘʪʘʣʴʥʳʝ 

ʘʚʘʨʠʠ. ʅʘʧʨʠʤʝʨ, ʜʘʪʯʠʢʠ GNSS (Global Navigation Satellite System), ʪʦʯʥʦ ʩʦʦʙʱʘʶʱʠʝ 

ʛʣʦʙʘʣʴʥʫʶ ʦʮʝʥʢʫ ʧʦʣʦʞʝʥʠʷ, ʠʤʝʶʪ ʩʣʠʰʢʦʤ ʥʠʟʢʫʶ ʩʢʦʨʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ, ʯʪʦʙʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʈɺ ʠ ʩʢʣʦʥʳ ʢ ʢʠʙʝʨʘʪʘʢʘʤ, ʧʨʝʜʥʘʤʝʨʝʥʥʦʤʫ ʛʣʫʰʝʥʠʶ ʠ 

ʩʧʫʬʠʥʛʫ (ʧʦʜʤʝʥʝ). ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʠ ʀʀ, 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ ʜʘʪʯʠʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʫʣʫʯʰʝʥʳ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʩʥʠʟʠʪʴ ʯʘʩʪʦʪʫ ʦʰʠʙʦʢ [20]. ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʢʘʤʝʨ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

[21]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʜʘʪʯʠʢʠ 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʚʨʝʜʦʥʦʩʥʳʤ ʘʪʘʢʘʤ. 

ɿʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʜʘʞʝ ʧʝʨʝʭʚʘʪʳʚʘʪʴ ʩʦʦʙʱʝʥʠʷ ʚʥʫʪʨʠ ʠ ʤʝʞʜʫ 

ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʚʷʟʠ (V2V ʠ V2I) ʠ ʩʝʨʴʝʟʥʦ ʫʛʨʦʞʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʚʣʘʜʝʣʴʮʝʚ ʠ ʜʨʫʛʠʭ AV. ʂʠʙʝʨʘʪʘʢʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʙʣʝʤʘʤ ʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʣʝʛʢʦ ʧʨʠʚʝʩʪʠ ʢ ʢʨʘʞʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ 

ʠ/ʠʣʠ ʣʠʯʥʳʭ ʜʘʥʥʳʭ, ʜʘʞʝ ʮʝʥʦʡ ʯʴʝʡ-ʪʦ ʞʠʟʥʠ, ʝʩʣʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʧʨʝʜʥʘʤʝʨʝʥʥʦ 

ʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʧʦʣʫʯʘʝʪ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʜʝʡʩʪʚʠʷʤʠ AV [22].  

ɺ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʢʦʥʬʣʠʢʪʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʚʷʟʠ 

ʚʥʦʩʠʪ ʚʢʣʘʜ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ (RSU, ʦʙʣʘʢʘ).  ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʙʫʜʝʪ ʠʛʨʘʪʴ ʨʝʰʘʶʱʫʶ 

ʨʦʣʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʘʥʘʣʦʚ, ʢʵʰʠʨʦʚʘʥʠʠ, ʟʘʛʨʫʟʢʝ ʢʦʥʪʝʥʪʘ, 

ʘʛʨʝʛʘʮʠʠ/ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʜʘʥʥʳʭ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ, 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʚ ʙʫʜʫʱʝʤ [23]. ɽʩʣʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʙʫʜʝʪ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʥʘ ʢʠʙʝʨʘʪʘʢʘʤʠ, ʪʦ ʵʪʦ ʤʦʞʝʪ ʥʘʥʝʩʪʠ 

ʤʘʩʰʪʘʙʥʳʡ ʫʱʝʨʙ. ʄʝʞʜʫ ʪʝʤ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʠʤʝʪʴ ʜʨʫʛʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, 

ʧʦʤʠʤʦ ʚʢʣʶʯʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ ʢʦʦʧʝʨʘʪʠʚʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, 

ʚʠʨʪʫʘʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʪ. ʜ., ʯʪʦ ʪʘʢʞʝ ʜʝʣʘʝʪ ʝʝ ʫʷʟʚʠʤʦʡ ʜʣʷ ʤʥʦʛʠʭ 

ʢʠʙʝʨʘʪʘʢ. ʇʦʵʪʦʤʫ ʟʘʱʠʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʪ ʢʠʙʝʨʘʪʘʢ ʩʪʘʥʝʪ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

ɺ ʩʣʫʯʘʝ CAV ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʤʦʛʫʪ ʚʣʠʷʪʴ ʟʣʦʥʘʤʝʨʝʥʥʳʝ ʘʪʘʢʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʫʬʠʥʛʘ (ʥʘʧʨʠʤʝʨ, ʧʦʜʜʝʣʴʥʳʝ ʩʠʛʥʘʣʳ GPS) ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ 

ʤʦʰʝʥʥʠʯʝʩʪʚʘ ʠʣʠ ʥʝʥʘʜʝʞʥʳʭ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʤʦʛʫʪ ʟʘʜʝʨʞʘʪʴ 

ʩʙʦʨ ʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ DoS-ʘʪʘʢ, ʯʪʦʙʳ ʦʪʢʣʶʯʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ 

ʟʘʜʝʨʞʢʝ ʧʨʠʣʦʞʝʥʠʷ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʘʚʠʪʴ ʧʦʜ ʫʛʨʦʟʫ ʙʝʟʦʧʘʩʥʦʩʪʴ ʊʉ. ʃʦʢʘʣʴʥʦ 
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ʢʘʞʜʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʠ RSU/BS (base station) ʦʩʥʘʱʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʠ ʭʨʘʥʠʣʠʱʝʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʥʝʢʦʪʦʨʳʭ ʜʘʥʥʳʭ/ʠʥʬʦʨʤʘʮʠʠ 

ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢʦ ʚʨʝʤʝʥʠ ʧʨʠʣʦʞʝʥʠʡ. ʅʝʠʟʙʝʞʥʦ, ʯʪʦ 

ʤʥʦʛʠʝ ʩʦʦʙʱʝʥʠʷ ʩʦʙʠʨʘʶʪʩʷ ʊʉ ʠʟ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʨʝʛʠʦʥʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʦʝ 

ʜʫʙʣʠʨʦʚʘʥʠʝ ʠ ʠʟʙʳʪʦʯʥʦʩʪʴ ʚ ʩʦʦʙʱʝʥʠʷʭ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʙʣʘʢʘ ʵʪʠ 

ʩʦʦʙʱʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʠ ʩʦʢʨʘʱʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʨʝʣʝʚʘʥʪʥʦʩʪʠ 

ʜʘʥʥʳʭ, ʧʨʝʞʜʝ ʯʝʤ ʦʥʠ ʙʫʜʫʪ ʧʦʚʪʦʨʥʦ ʧʝʨʝʜʘʥʳ ʚ ʨʝʛʠʦʥ ʠʣʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʊʉ. ʇʫʪʝʤ ʧʝʨʝʜʘʯʠ ʢʦʤʧʘʢʪʥʳʭ, ʥʦ ʧʦʣʝʟʥʳʭ ʩʦʦʙʱʝʥʠʡ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʧʦʣʝʟʥʦʩʪʴ 

ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʘ ʢʠʙʝʨʘʪʘʢʠ ʪʠʧʘ DoS/ʩʧʫʬʠʥʛ, ʤʦʞʥʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ.  

ʅʦʚʳʤ ʪʠʧʦʤ ʘʪʘʢʠ ʚ ITS ʩʣʫʞʠʪ ʘʪʘʢʘ ʙʝʟ ʧʝʨʝʜʘʯʠ ʤʘʷʢʘ BNT (Beacon Non-

Transmission), ʧʨʠ ʢʦʪʦʨʦʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʊʉ, ʘ, ʩʢʦʨʝʝ, 

ʠʩʭʦʜʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ. ʇʨʠ ʘʪʘʢʝ BNT ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʜʘʚʣʷʝʪ 

ʧʝʨʝʜʘʯʫ ʩʚʦʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʘʢʝʪʦʚ ʤʘʷʢʦʚ, ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʢʦʣʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʚʦʞʜʝʥʠʠ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ITS, ʠʣʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʘʪʘʢʫ ʪʠʧʘ DoS, ʯʪʦʙʳ ʥʘʥʝʩʪʠ ʫʱʝʨʙ ʬʫʥʢʮʠʷʤ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʦʤ ITS [24].  

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠʣʠ ʧʨʠʩʫʪʩʪʚʠʷ ʭʘʢʝʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ 

ʨʘʟʣʠʯʥʦʝ ʇʆ ʩ ʯʘʩʪʳʤʠ ʦʙʥʦʚʣʝʥʠʷʤʠ ʇʆ ʠ ʠʟʤʝʥʝʥʠʝʤ ʘʨʭʠʪʝʢʪʫʨʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʉʐɸ, ʂʠʪʘʷ, ɽʚʨʦʩʦʶʟʘ ʠ ʉʠʥʛʘʧʫʨʘ ʧʨʠʥʷʣʠ ʥʦʚʦʝ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʠʩʢʦʚ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʧʨʠʥʷʣʠ ʩʪʨʘʪʝʛʠʶ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ ʢʦʥʪʨʦʣʴ. ʈʘʩʪʫʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʘʚʪʦʥʦʤʥʦʤ ʚʦʞʜʝʥʠʠ ʧʨʠʚʝʣʠ ʢ ʩʣʠʷʥʠʶ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʛʨʘʥʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, 

ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʛʨʘʥʠʯʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ AV ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʩʚʦʝ ʦʢʨʫʞʝʥʠʝ, ʨʘʟʛʨʫʞʘʷ ʜʘʥʥʳʝ ʥʘ ʙʦʣʝʝ ʤʦʱʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʝʨʚʝʨ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ. ʇʦʩʢʦʣʴʢʫ AV ʥʝ ʧʦʩʪʦʷʥʥʦ ʟʘʧʫʩʢʘʶʪ ʧʨʠʣʦʞʝʥʠʷ ʩ 

ʠʥʪʝʥʩʠʚʥʳʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʛʨʘʥʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʩ 

ʤʘʣʦʡ ʟʘʜʝʨʞʢʦʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʄʥʦʛʠʝ 

ʘʩʧʝʢʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ 5G ʠ 

ʙʣʦʢʯʝʡʥ, ʚʥʝʜʨʠʚ ʢʦʥʪʨʤʝʨʳ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʩʧʝʢʪʨʘ ʘʪʘʢ ʠ ʠʭ ʛʣʫʰʝʥʠʷ, 

ʘ ʪʘʢʞʝ ʩʙʦʷ ʢʘʥʘʣʘ ʩʚʷʟʠ ʠʣʠ ʥʝʵʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʷ. ɹʣʦʢʯʝʡʥ ʩʪʘʣ ʣʫʯʰʠʤ ʨʝʰʝʥʠʝʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ AV ʙʣʘʛʦʜʘʨʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʜʘʥʥʳʭ, ʥʝʠʟʤʝʥʥʦʩʪʠ ʠ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤʫ ʧʦʜʭʦʜʫ. 

 

ɿʘʢʣʶʯʝʥʠʝ. 

ʇʦʪʨʝʙʠʪʝʣʠ ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʝ ʵʢʦʩʠʩʪʝʤʳ ʊʉ, ʠ ʦʥʠ ʜʦʣʞʥʳ ʟʥʘʪʴ ʦ ʧʨʦʙʣʝʤʘʭ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʩʝʪʷʭ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴʶ ʠʟ-ʟʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʊʉ. ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʤʦʛʫʪ 

ʠʟʤʝʥʠʪʴ ʧʝʨʝʜʘʚʘʝʤʦʝ ʊʉ ʩʦʦʙʱʝʥʠʝ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ V2X ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʭʚʘʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʚʦʞʜʝʥʠʝ. ʊʉ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʳʤʠ ʠ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʚ ʩʪʦʨʦʥʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠ ʘʚʪʦʥʦʤʥʳʭ ʊʉ, 

ʧʦʵʪʦʤʫ ʪʨʝʙʦʚʘʥʠʷ ʢ V2X ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʞʝʩʪʢʠʤʠ. ʊʝʭʥʦʣʦʛʠʷ C-V2X ʧʦʟʚʦʣʷʝʪ 

ʊʉ ʩʚʷʟʳʚʘʪʴʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʩ ʧʝʰʝʭʦʜʘʤʠ ʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʩ 

ʧʦʤʦʱʴʶ ʩʦʪʦʚʦʡ ʩʝʪʠ. C-V2X ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ɼɼ, 

ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʦʨʦʚ ʥʘ ʜʦʨʦʛʘʭ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ (IEEE 802.11p, C-V2X) 

ʥʝ ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʚʪʦʥʦʤʥʳʤ ʊʉ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʳʤ 

ʪʨʝʙʫʝʪʩʷ ʩʚʝʨʭʥʘʜʝʞʥʘʷ ʩʚʷʟʴ ʜʣʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʧʨʠʣʦʞʝʥʠʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʝʛʦʜʥʷ ʊʉ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ Tesla ʠ Toyota ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʜʘʪʯʠʢʠ ʜʣʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʝʛʦ ʦʢʨʫʞʝʥʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʫʪʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ 
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ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ (ʚʦʩʧʨʠʷʪʠʷ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʥʝʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʘʚʪʦʥʦʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʊʉ ʧʨʠ ʫʩʣʦʚʠʠ ʜʦʩʪʫʧʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʩʝʪʠ, ʥʠʟʢʦʡ 

ʟʘʜʝʨʞʢʠ ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ. ɼʘʣʴʥʝʡʰʘʷ ʵʚʦʣʶʮʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʊʉ (AV), 

ʷʚʣʷʶʱʠʭʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ ʠʟ-

ʟʘ ʯʨʝʟʚʳʯʘʡʥʦ ʩʪʨʦʛʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʟʘʱʠʱʝʥʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ. 

ʉʣʦʞʥʦʩʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ AV ʜʝʣʘʝʪ ʝʝ ʫʷʟʚʠʤʦʡ ʜʣʷ ʘʪʘʢ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʩʪʘʚʠʪʴ ʧʦʜ ʫʛʨʦʟʫ ʞʠʟʥʴ ʧʘʩʩʘʞʠʨʦʚ. ɺ 

ʧʝʨʩʧʝʢʪʠʚʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʷʪʩʷ AV, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ ʚʳʟʦʚʘʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʤ ʩ ʊʉ, ʘʚʪʦʤʦʙʠʣʴʥʳʤʠ ʩʝʪʷʤʠ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 5G ʠ 

AV ʙʝʟʦʧʘʩʥʦʩʪʴ ɼɼ ʩʪʘʥʝʪ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʡ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʯʝʣʦʚʝʯʝʩʢʠʭ 

ʦʰʠʙʦʢ, ʥʦ ʧʦʢʘ ʠʥʪʝʛʨʘʮʠʷ 5G ʠ AV ʚʩʝ ʝʱʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ [25]. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʙʝʩʧʨʦʚʦʜʥʳʭ ʧʦʜʢʣʶʯʝʥʠʡ ʊʉ, ʪʘʢʠʭ ʢʘʢ Bluetooth, VANET ʠ 

ʩʦʪʦʚʳʝ ʩʝʪʠ, ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʷʟʚʠʤʦʩʪʠ ʊʉ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʫʷʟʚʠʤʳʤʠ, ʠ 

ʢʠʙʝʨʘʪʘʢʠ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʨʘʙʦʪʫ CAV. ɹʝʟʦʧʘʩʥʦʩʪʴ CAV ʜʦʣʞʥʘ ʙʳʪʴ ʪʱʘʪʝʣʴʥʦ ʧʨʦʜʫʤʘʥʘ 

ʠ ʧʦʩʪʨʦʝʥʘ ʜʦ ʪʦʛʦ, ʢʘʢ CAV ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥ ʠ ʨʘʟʚʝʨʥʫʪ ʥʘ ʧʨʘʢʪʠʢʝ. ɼʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʭ ʊʉ, ʚʦʩʧʨʠʷʪʠʝ ʠ ʨʘʙʦʪʘ ʊʉ ʜʦʣʞʥʳ 

ʙʳʪʴ ʭʦʨʦʰʦ ʟʘʱʠʱʝʥʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ CAV. ʉ 

ʨʘʟʚʠʪʠʝʤ IoV ʥʝʢʦʪʦʨʳʝ ʤʦʱʥʳʝ ʤʝʨʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʟʘʱʠʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ 

ʦʙʣʘʢʝ, ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʦʛʨʦʤʥʳʤʠ ʦʙʲʝʤʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʦʱʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʜʣʷ 

ʟʘʱʠʪʳ CAV ʦʪ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʪʘʢ. ʆʩʥʦʚʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʟʘʜʘʯʘ, 

ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʥʦʚʳʭ ʘʪʘʢ ʪʠʧʘ BNT, ï ʪʦʯʥʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʦʪʣʠʯʠʪʴ ʧʦʪʝʨʶ ʧʘʢʝʪʦʚ ʤʘʷʢʦʚ ʠʟ-ʟʘ ʦʰʠʙʢʠ ʢʘʥʘʣʘ ʠ ʫʤʳʰʣʝʥʥʦʝ 

ʧʦʜʘʚʣʝʥʠʝ ʤʘʷʢʦʚ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ BNT. ɺʥʝʜʨʝʥʠʝ ʙʣʦʢʯʝʡʥʘ 

ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʧʝʨʠʬʝʨʠʡʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʙʘʟʝ 5G ʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʩʝʪʷʭ ʜʘʝʪ 

ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʦʵʪʦʤʫ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʙʣʦʢʯʝʡʥʘ ʚ 

ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʩʝʪʠ ʥʘ ʙʘʟʝ 5G ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʟʘʱʠʪʳ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʢʵʰʠʨʦʚʘʥʠʷ ʢʦʥʪʝʥʪʘ. 
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ʂᴆʃɯʂʊɽʈɼɯר ʉʓʄʉʓɿ ɾɽʃɯʃɽʈɯʅɼɽɻɯ ɸפʇɸʈɸʊʊʓפ פɸʋɯʇʉɯɿɼɯʂ 

ʕʃɽʄɽʅʊʊɽʈɯ 

 

ɸשʜʘʪʧʘ. ɹʦʣʘʰʘץʪʘ ץʘʟʽʨʛʽ ץʦʩʳʣסʘʥ ʞᴅʥʝ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ CAV ʢᴇʣʽʢʪʝʨʽ 

(connected and automated vehicles, ץʦʩʳʣסʘʥ ʞᴅʥʝ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳ) 

ʘʚʪʦʥʦʤʜʳ AV ʢᴇʣʽʢʪʝʨʽʥʝ (Autonomous Vehicles) ʘʡʥʘʣʘʜʳ. ʉʝʥʽʤʩʽʟ ʙʘʡʣʘʥʳʩ, ʘʰʳץ 

ʘʨʥʘʣʘʨ, ץʘʫʽʧʪʽ ʰʠʥʘ ʞװʡʝʣʝʨʽ ʞᴅʥʝ ʘץʳʣʜʳ ʭʘʢʝʨʣʝʨʜʽש ʙʦʣʫʳ ʩʠʷץʪʳ ʘʚʪʦʤʦʙʠʣʴ 

 ץʜʘʨʣʘʤʘʣʳסʞᴅʥʝ ʙʘ ץʘ ʙʘʡʣʘʥʳʩʪʳ AV ʘʧʧʘʨʘʪʪʳסʳʣʘʫʣʘʨשʡʝʣʝʨʽʥʜʝʛʽ ʩʘװʘʫʽʧʩʽʟʜʽʛʽ ʞץ

 ʷʣʳ ʞʝʣʽʣʝʨײ ,ʤʢʽʥ. ʍʘʢʝʨʣʝʨ ʩʳʤʩʳʟ ʞʝʣʽʣʝʨ (Wi-Fiװʟʳʣʫʳ ʤײʡʝʣʝʨʽ ʙװʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞץ

ʞᴅʥʝ ʪ.ʙ.) ʘʨץʳʣʳ AV ʞᴅʥʝ ץʦʩʳʣסʘʥ ʢᴇʣʽʢʪʝʨʜʽ ʪʘʨʪʳʧ ʘʣʘ ʘʣʘʜʳ. ɹײʣ ʤʘץʘʣʘʜʘ CAV 

 שʨʘʣʜʘʨʳʥʳײץ ʘʥ, ᴇʡʪʢʝʥʽ ʢᴇʣʽʢסʘʨʘʩʪʳʨʳʣץ ʘʫʽʧʩʽʟʜʽʛʽ ʙʦʡʳʥʰʘ ʞʝʢʝ ʟʝʨʪʪʝʫʣʝʨץ

ʙʘʡʣʘʥʳʩʳʥ ʢʝשʝʡʪʫ ʳץʪʠʤʘʣ ʦʩʘʣʜʳץʪʘʨסʘ ײʰʳʨʘʫʜʳ ʘʨʪʪʳʨʘʜʳ ʞᴅʥʝ 

ʢʠʙʝʨʰʘʙʫʳʣʜʘʨסʘ ʤװʤʢʽʥʜʽʢʪʝʨ ʘʰʘʜʳ. ʂʠʙʝʨʰʘʙʫʳʣʜʘʨʜʳש CAV-ʢʝ ᴅʩʝʨʽ ʘʪʘʧ ᴇʪʽʣʜʽ. 

CAV-ʪʽש ʞײʤʳʩ ʽʩʪʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ CAV-ʪʽ ʽʩ ʞװʟʽʥʜʝ ץʘʫʽʧʩʽʟ ʞᴅʥʝ ʩʝʥʽʤʜʽ 

 ʦʣʜʘʥʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʜʽʛʽ ʢᴇʨʩʝʪʽʣʛʝʥ. BNT (Beacon non-Transmission, ʤʘʷʢץ

ʩʠʛʥʘʣʳʥʳש ʙʝʨʽʣʤʝʫʽ) ʰʘʙʫʳʣʳ ʘʪʘʧ ᴇʪʽʣʜʽ, ʦʥʜʘ ʟʠʷʥʜʳ ʢᴇʟ ʤʘץʩʘʪʪʳ ITS (intelligent 

transportation system) ץʦʣʜʘʥʙʘʩʳʥʘ ʘʨʥʘʣסʘʥ ᴇʟʽʥʽש ʤʝʨʟʽʤʜʽ ʜʝʨʝʢʪʝʨʽʥ ʙʘʩʘʜʳ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʜʳ ʢʠʙʝʨʰʘʙʫʳʣʜʘʨʜʘʥ ץʦʨסʘʫ װʰʽʥ ʙײʣʪʪʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʞʘʩʘʥʜʳ 

ʠʥʪʝʣʣʝʢʪ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʜʘ ʘʪʘʧ ᴇʪʽʣʜʽ. ɸʚʪʦʤʦʙʠʣʴ ʩʳʤʩʳʟ ʞʝʣʽʣʝʨʽʥʝ ʢʝʡʙʽʨ ʢʝש 

ʪʘʨʘʣסʘʥ ץʘʫʽʧʪʝʨʜʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. V2X ʪʝʭʥʦʣʦʛʠʷʩʳ ʘʨץʳʣʳ ʞʦʣ-ʢᴇʣʽʢ 

ʦץʠסʘʣʘʨʳʥʳש ʜʝשʛʝʡʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʪʫʛʝ ʙʦʣʘʪʳʥʜʳסʳ ʢᴇʨʩʝʪʽʣʛʝʥ, ʘʣ 5G 

ʪʝʭʥʦʣʦʛʠʷʩʳ V2X ʙʘʡʣʘʥʳʩʳʥ ʘʡʪʘʨʣʳץʪʘʡ ʞʘץʩʘʨʪʘʜʳ, ʙײʣ ʞʳʣʜʘʤʳʨʘץ, ʩʝʥʽʤʜʽ ʞᴅʥʝ 

ʞʦסʘʨʳ ʙʘʡʣʘʥʳʩ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɸʚʪʦʥʦʤʜʳ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳ, ץʦʩʳʣסʘʥ ʙʘʩץʘʨʳʣʘʪʳʥ ʢᴇʣʽʢ 

 .ʡʝʩʽװʨʘʣʜʘʨʳ, V2X, S-V2X, IEEE 802.11p, VANET, ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʢᴇʣʽʢ ʞײץ
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ELEMENTS OF INFORMATION SECURITY IN VEHICLE WIRELESS NETWORKS  

 

Abstract. In the future, the current connected and automated CAV vehicles (connected 

and automated vehicles) will turn into autonomous AV vehicles (Autonomous Vehicles). Due to 

loopholes in automotive security systems such as unreliable communications, open channels, 

unsafe bus systems and the presence of intelligent hackers, AV hardware and software systems 
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can be compromised. Hackers can hijack AV and connected vehicles through their wireless 

networks (Wi-Fi, cellular networks, etc.). This article examines selected studies on CAV security, 

as the expansion of vehicle connectivity increases exposure to potential vulnerabilities and opens 

up opportunities for cyber-attacks. The impact of cyber-attacks on the CAVs was noted. It is 

shown that ensuring the functioning of CAVs is associated with the safe and reliable application 

of CAVs in practice. A BNT (Beacon Non-Transmission) attack has been noted, in which a 

malicious source suppresses its own periodic data transfers intended for ITS (intelligent 

transportation system) target application. The use of cloud technologies and artificial intelligence 

methods to protect against intelligent cyber-attacks was also noted. The characteristics of some 

of the most common threats to car wireless networks are given. It is shown that the level of 

traffic accidents can be significantly reduced using V2X technology, and 5G technology 

significantly improves V2X communication, providing faster, more reliable, and higher 

communication bandwidth. 

 

Keywords. Autonomous vehicles, connected vehicles, V2X, S-V2X, IEEE 802.11p, 

VANET, intelligent transportation system. 
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ɾʓʃʓɾɸʁ ʂɽʐɽʅɯʅɼɽ ɽɻɯʅ ᴆʅɯʄɼɯʃɯɻɯʅ ɹʆʃɾɸʋ ɾתʁɽʉɯʅ ᴄɿɯʈʃɽʋ 

ᴄɼɯʉʊɽʈɯ ʄɽʅ ɸʃɻʆʈʀʊʄɼɽʈɯ  

 

ɸשʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ʞʳʣʳʞʘʡ ʢʝʰʝʥʽʥʜʝʛʽ ʜʘץʳʣʜʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʙʦʣʞʘʫ 

ʞװʡʝʩʽʥ ʞʘʩʘʫ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʘʣʛʦʨʠʪʤʜʝʨʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ᴆʩʽʤʜʽʢʪʝʨʜʽש ᴇʩʫʽ ʤʝʥ ʜʘʤʫʳʥʘ 

ᴅʩʝʨ ʝʪʝʪʽʥ ʢᴇʧʪʝʛʝʥ ʬʘʢʪʦʨʣʘʨʜʳ ʝʩʝʧʢʝ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ, 

 ʡʝװʪʳ ʟʘʤʘʥʘʫʠ ʪᴅʩʽʣʜʝʨʛʝ ʥʘʟʘʨ ʘʫʜʘʨʳʣʘʜʳ. ᴄʟʽʨʣʝʥʛʝʥ ʞץʣʢʝʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʩʠʷװ

ʥʘץʪʳ ʙʦʣʞʘʫ װʣʛʽʣʝʨʽʥ ʞʘʩʘʫ װʰʽʥ ᴅʨʪװʨʣʽ ʜʝʨʝʢʪʝʨ ʢᴇʟʜʝʨʽʥ, ʩʦʥʳש ʽʰʽʥʜʝ ʢʣʠʤʘʪʪʳץ 

ʞʘסʜʘʡʣʘʨʜʳ, ʪʦʧʳʨʘץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ, ʞʘʨʳץ ʜʝשʛʝʡʣʝʨʽʥ ʞᴅʥʝ ʩʫʘʨʫ ʨʝʞʠʤʜʝʨʽʥ 

ʙʽʨʽʢʪʽʨʝʜʽ. ױʩʳʥʳʣסʘʥ ʘʣʛʦʨʠʪʤʜʝʨ ʤʝʥ ᴅʜʽʩʪʝʨ ʞʳʣʳʞʘʡ ʰʘʨʫʘʰʳʣʳסʳʥ 

ʦשʪʘʡʣʘʥʜʳʨʫסʘ, ʨʝʩʫʨʩʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ᴇʥʽʤʜʽʣʽʢʪʽ 

ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʙײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ 

ʙʦʣʞʘʤʜʘʨʜʳש ʜᴅʣʜʽʛʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʞʘץʩʘʨʪʳʧ, ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʳש ʪײʨʘץʪʳ 

ʜʘʤʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ.  

ɸʥʳץ ʝʤʝʩ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʽ ʞװʡʝ ʪʫʨʘʣʳ ʙʽʣʽʤʜʽ ʢᴇʨʩʝʪʫ װʰʽʥ 

ʘʥʳץ ʝʤʝʩ ʝʨʝʞʝʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʝʨʝʞʝʣʝʨ ʩʘʨʘʧʰʳʣʳץ ʙʽʣʽʤʛʝ 

ʥʝʤʝʩʝ ʜʝʨʝʢʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ ʘʡʥʳʤʘʣʳʣʘʨ ʘʥʳץ ʝʤʝʩ ʤᴅʥʜʝʨʜʽ ץʘʙʳʣʜʘʡ ʘʣʘʪʳʥ 

çʝʛʝʨ-ʦʥʜʘè ʪװʨʽʥʜʝ ʙʦʣʘʜʳ. ɾʘʪʪʳסʫ ʧʨʦʮʝʩʽ ʢʝʟʽʥʜʝ ʞʝʣʽ ʙʦʣʞʘʫ ץʘʪʝʩʽʥ ʘʟʘʡʪʫ װʰʽʥ 

ʘʥʳץ ʝʤʝʩ ʤװʰʝʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳʥʳש ʩʘʣʤʘץʪʘʨʳ ʤʝʥ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʙʝʡʽʤʜʝʡʜʽ. 

ʆץʳʪʫʜʳ ʢʝʨʽ ʪʘʨʘʣʫ ʩʠʷץʪʳ ʜᴅʩʪװʨʣʽ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʘʣʛʦʨʠʪʤʜʝʨʛʝ 

 ʞʝʣʽʣʝʨ ʙʝʣʛʽʩʽʟʜʽʢ ץʝʤʝʩ ʥʝʡʨʦʥʜʳ ץʘ ʙʦʣʘʜʳ. ɸʥʳסʳʣʳ ʞʘʩʘʫץʩʘʩ ʘʣʛʦʨʠʪʤʜʝʨ ʘʨץײ

ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽש ʘʥʳץ ʝʤʝʩʪʽʛʽ ʞʘסʜʘʡʳʥʜʘ ʢʝש ʘʫץʳʤʜʳ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʛʝ ʘʨʥʘʣסʘʥ 

 ʜᴅʣʜʽʛʽ ʤʝʥ שʨʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʙʦʣʞʘʤʜʘʨʜʳײץ ʫʘʪʪʳ ʞᴅʥʝ ʠʢʝʤʜʽץ

ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ, ʢװʨʜʝʣʽ ʞװʡʝʣʝʨʜʽ ʙʘʩץʘʨʫʜʳ ʞʘץʩʘʨʪʫסʘ ʞᴅʥʝ ʟʝʨʪʪʝʣʝʪʽʥ 

ʧʨʦʮʝʩʪʝʨʜʽ ʪʝʨʝשʽʨʝʢ ʪװʩʽʥʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɸʥʳץ ʝʤʝʩ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽש ʘʨʪʳץʰʳʣʳסʳ ʦʣʘʨʜʳש ʢװʨʜʝʣʽ ʞᴅʥʝ ʩʳʟʳץʪʳ 

ʝʤʝʩ ץʘʪʳʥʘʩʪʘʨʜʳ ᴇשʜʝʫ ץʘʙʽʣʝʪʽʥ, ʜʝʨʝʢʪʝʨʜʝʛʽ ʰʫʳʣסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʘʥʳץ ʝʤʝʩ 

ʣʦʛʠʢʘʣʳץ ʝʨʝʞʝʣʝʨ ʪײʨסʳʩʳʥʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʠʜʳ. 

ɹײʣ ʦʣʘʨʜʳ ʥᴅʪʠʞʝʣʝʨʜʽש ʞʦסʘʨʳ ʜᴅʣʜʽʛʽ ʤʝʥ ʪװʩʽʥʽʢʪʽʣʽʛʽ ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ ץʦʣʜʘʥʙʘʣʘʨ 

 .ʥʜʳ ʝʪʝʜʽײץ ʰʽʥ ʝʨʝʢʰʝװ

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ɹʦʣʞʘʫ ʞװʡʝʩʽ, ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ʞװʡʝʩʽ, ʞʳʣʳʞʘʡ ʢʝʰʝʥʽ, 

ʙʘʩץʘʨʫ ʘʣʛʦʨʠʪʤʜʝʨʽ, ʜʝʨʝʢʪʝʨ ᴇשʜʝʫ.  

 

ʂʽʨʽʩʧʝ. 

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʜʘץʳʣʜʘʨʳʥʳש ʰʳסʳʤʜʳʣʳסʳʥ ʙʦʣʞʘʫ ʞʳʣʳʞʘʡ 

ʢʝʰʝʥʜʝʨʽʥʽש ʪײʨʘץʪʳ ʞᴅʥʝ ʪʠʽʤʜʽ ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʪʝʨʽʥʽש ʙʽʨʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʍʘʣʳץ ʩʘʥʳʥʳש ᴇʩʫʽ ʤʝʥ ʢʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽ ʞʘסʜʘʡʳʥʜʘ ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳ ᴇʥʜʽʨʽʩʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ ץʘʞʝʪʪʽʣʽʛʽ ʙʘʨסʘʥ ʩʘʡʳʥ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʦʪʳʨ. 

ʕʤʧʠʨʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʛʝ ʞᴅʥʝ ʘʛʨʦʥʦʤʜʘʨʜʳש ʪᴅʞʽʨʠʙʝʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʜᴅʩʪװʨʣʽ ʙʦʣʞʘʫ 

ᴅʜʽʩʪʝʨʽ ʢᴇʙʽʥʝʩʝ ʞʝʪʢʽʣʽʢʩʽʟ ʜᴅʣ ʙʦʣʳʧ ʰʳסʘʜʳ ʞᴅʥʝ ᴇʩʽʤʜʽʢʪʝʨʜʽש ᴇʩʫʽ ʤʝʥ ʜʘʤʫʳʥʘ ᴅʩʝʨ 

ʝʪʝʪʽʥ ᴅʨʪװʨʣʽ ʬʘʢʪʦʨʣʘʨʜʳ ʝʩʝʧʢʝ ʘʣʘ ʘʣʤʘʡʜʳ. 
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ɸʥʳץ ʝʤʝʩ ʥʝʡʨʦʥʜʳץ ʞʝʣʽ ï ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘ ʞᴅʥʝ ʞʘʩʘʥʜʳ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ 

ʧʨʠʥʮʠʧʪʝʨʽʥ ʙʽʨʽʢʪʽʨʝʪʽʥ ʛʠʙʨʠʜʪʽ ʪᴅʩʽʣ. ɹײʣ ᴅʜʽʩ ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘʥʳש ʜʝʨʝʢʪʝʨʜʽש 

ʙʝʣʛʽʩʽʟʜʽʛʽ ʤʝʥ ʘʥʳץ ʝʤʝʩʪʽʛʽʥ ᴇשʜʝʫ ץʘʙʽʣʝʪʽʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽװ שʡʨʝʥʫ ʞᴅʥʝ 

ʙʝʡʽʤʜʝʣʫ ץʘʙʽʣʝʪʽʤʝʥ ʙʽʨʽʢʪʽʨʝʜʽ. ʅᴅʪʠʞʝ ʙʦʣʞʘʫ ʞᴅʥʝ ʞʽʢʪʝʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫʛʝ 

ʘʨʥʘʣסʘʥ ץʫʘʪʪʳ ײץʨʘʣ, ᴅʩʽʨʝʩʝ ʜʝʨʝʢʪʝʨ ʪʦʣʳץ ʝʤʝʩ ʥʝʤʝʩʝ ʙʝʣʛʽʩʽʟ ʦʨʪʘʣʘʨʜʘ. 

ɼᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨ ʞʝʪʢʽʣʽʢʪʽ ʪʠʽʤʜʽ ʝʤʝʩ ʢװʨʜʝʣʽ ʞװʡʝʣʝʨʜʽ ʤʦʜʝʣʴʜʝʫ װʰʽʥ ʘʥʳץ 

ʝʤʝʩ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ץʦʣʜʘʥʳʣʘʜʳ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʦʣʘʨ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ, 

ʤʝʜʠʮʠʥʘʜʘ, ץʘʨʞʳʣʳץ ʪʘʣʜʘʫʜʘ ʞᴅʥʝ ʧʨʦʮʝʩʪʽ ʙʘץʳʣʘʫʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ɸʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳ ʢʦʥʪʝʢʩʪʽʥʜʝ FNN ʝʛʽʩʪʽʢ ᴇʥʽʤʜʽʣʽʛʽʥ ʙʦʣʞʘʫ, ᴇʩʽʨʫ ʞʘסʜʘʡʣʘʨʳʥ 

ʦשʪʘʡʣʘʥʜʳʨʫ, ᴇʩʽʤʜʽʢ ʘʫʨʫʣʘʨʳʥ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ ʞᴅʥʝ ʨʝʩʫʨʩʪʘʨʜʳ ʙʘʩץʘʨʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʳʣʫʳ ʤװʤʢʽʥ. 

ʄʘʰʠʥʘʣʳץ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳװ ,שʣʢʝʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫʜʳש ʜʘʤʫʳʤʝʥ 

ʜᴅʣʽʨʝʢ ʞᴅʥʝ ʙʝʡʽʤʜʝʣʛʝʥ ʙʦʣʞʘʫ ʞװʡʝʣʝʨʽʥ ײץʨʫ װʰʽʥ ʞʘשʘ ʤװʤʢʽʥʜʽʢʪʝʨ ʘʰʳʣʜʳ. ɹײʣ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ᴅʨʪװʨʣʽ ʩʝʥʩʦʨʣʘʨ ʤʝʥ ײץʨʳʣסʳʣʘʨʜʘʥ ʢʝʣʝʪʽʥ ʜʝʨʝʢʪʝʨʜʽװ שʣʢʝʥ ʢᴇʣʝʤʽʥ 

ʞʠʥʘʫסʘ ʞᴅʥʝ ʪʘʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ʞʳʣʳʞʘʡ ʞʘסʜʘʡʳʥʜʘ ᴇʩʽʤʜʽʢʪʝʨʜʽש ᴇʩʫ 

ʧʨʦʮʝʩʪʝʨʽʥ ʤʦʜʝʣʴʜʝʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʢʝשʝʡʪʝʜʽ. 

ɹײʣ ʞײʤʳʩʪʳש ʤʘץʩʘʪʳ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ᴅʜʽʩʪʝʨ ʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ 

ʘʣʛʦʨʠʪʤʜʝʨʽʥ ʙʽʨʽʢʪʽʨʝʪʽʥ ʞʳʣʳʞʘʡ ʢʝʰʝʥʽʥʜʝʛʽ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʳʥʳש 

ᴇʥʽʤʜʽʣʽʛʽʥ ʙʦʣʞʘʫ ʞװʡʝʩʽʥ ᴅʟʽʨʣʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾײʤʳʩʪʘ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʤʝʥ 

ʪʘʣʜʘʫʜʳש ʥʝʛʽʟʛʽ ʪᴅʩʽʣʜʝʨʽ, ʢʽʨʽʩʪʽʣʽʢʪʽ ʙʦʣʞʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥץ ʘʨʫʜʳץʳʥ ʪʠʽʤʜʽ ʙʘʩסʞʳʣʳʞʘʡ ʰʘʨʫʘʰʳʣʳ ץʣʛʽʣʝʨʽ, ʩʦʥʜʘʡ-ʘװ

ʞװʡʝʣʽʢ ʘʨʭʠʪʝʢʪʫʨʘ ʪʘʣץʳʣʘʥʘʜʳ. 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʢʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨ, ʪʦʧʳʨʘץ ʧʘʨʘʤʝʪʨʣʝʨʽ, ʞʘʨʳץ ʜʝשʛʝʡʽ 

ʞᴅʥʝ ʩʫʘʨʫ ʨʝʞʠʤʜʝʨʽ ʩʠʷץʪʳ ᴅʨʪװʨʣʽ ʬʘʢʪʦʨʣʘʨʜʳש ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʳʥʳש 

ᴇʥʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨʽ ʪʘʣʜʘʥʘʜʳ. ɸʣʳʥסʘʥ ʜʝʨʝʢʪʝʨ ʥʝʛʽʟʽʥʜʝ ʞʳʣʳʞʘʡʣʘʨʜʘסʳ ʙʘʩץʘʨʫ 

ʧʨʦʮʝʩʪʝʨʽʥ ʦשʪʘʡʣʘʥʜʳʨʘʪʳʥ ʞᴅʥʝ ʨʝʩʫʨʩʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥ 

ʙʦʣʞʘʫ װʣʛʽʣʝʨʽ ᴅʟʽʨʣʝʥʝʪʽʥ ʙʦʣʘʜʳ. 

 ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס ʘסʘʨʳ ʜᴅʣʜʽʢʧʝʥ ʙʦʣʞʘʫסʤʳʩ ᴇʥʽʤʜʽʣʽʢʪʽ ʞʦײʘʥ ʞסʩʳʥʳʣױ

 ʪʳ ʜʘʤʫʳʥץʨʘײʪ שʳʥʳסʘ ʙʝʡʽʤʜʝʣʫʛʝ, ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʜʘʡʣʘʨסʘʪʘʨ ᴇʟʛʝʨʤʝʣʽ ʞʘץ

 .ʘʥסʳʪʪʘʣסʘ ʙʘסʨʫײץ ʡʝʥʽװʘʙʽʣʝʪʪʽ ʞץ ʘסᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ שʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʞᴅʥʝ ʦʥʳץ

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

ɿʘʤʘʥʘʫʠ ʞʳʣʳʞʘʡʣʘʨ ï ʜʘץʳʣʜʘʨʜʳ ᴇʩʽʨʫʛʝ ʦשʪʘʡʣʳ ʞʘסʜʘʡʣʘʨʜʳ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʪʽʥ ʢװʨʜʝʣʽ ʠʥʞʝʥʝʨʣʽʢ ײץʨʳʣʳʤʜʘʨ. ɾʳʣʳʞʘʡʜʳש ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʤʝʥ 

ʞװʡʝʣʝʨʽʥʝ ʤʳʥʘʣʘʨ ʞʘʪʘʜʳ: 
 

1 ʢʝʩʪʝ ï ɾʳʣʳʞʘʡ ʢʝʰʝʥʽʥʽש ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʤʝʥ ʞװʡʣʝʨʽ 
 

ʂʦʤʧʦʥʝʥʪʪʝʨ  

 ץʨʳʣʳʤʜʳײפ

ʵʣʝʤʝʥʪʪʝʨ 

-   ʂʘʨʢʘʩ: ɾʳʣʳʞʘʡʜʳש ʥʝʛʽʟʛʽ ײץʨʳʣʳʤʳ, ᴅʜʝʪʪʝ ʤʝʪʘʣʜʘʥ 

(ʙʦʣʘʪ, ʘʣʶʤʠʥʠʡ) ʥʝʤʝʩʝ ʇɺʍ. 

 ʘʧʪʘʫ: ɾʘʙʳʥ ʤʘʪʝʨʠʘʣʜʘʨʳʥʘ ʰʳʥʳ, ʧʦʣʠʢʘʨʙʦʥʘʪ ʞᴅʥʝפ -

ʧʦʣʠʵʪʠʣʝʥ ʧʣʝʥʢʘʩʳ ʢʽʨʝʜʽ. ɹײʣ ʤʘʪʝʨʠʘʣʜʘʨ ʞʘʨʳץʪʳ ᴇʪʢʽʟʝʜʽ, 

ʧʘʨʥʠʢʪʽʢ ᴅʩʝʨ ʞʘʩʘʡʜʳ ʞᴅʥʝ ᴇʩʽʤʜʽʢʪʝʨʜʽ ץʦʣʘʡʩʳʟ ʘʫʘ-ʨʘʡʳʥʘʥ 

 .ʘʡʜʳסʦʨץ

ɾʘʨʳץʪʘʥʜʳʨʫ 

ʞװʡʝʩʽ 

- ʊʘʙʠסʠ ʞʘʨʳץʪʘʥʜʳʨʫ: ʤᴇʣʜʽʨ ʞʘʙʳʥʜʘʨ ʘʨץʳʣʳ ʢװʥʜʽʟʛʽ 

ʞʘʨʳץʪʳ ʧʘʡʜʘʣʘʥʫ. 

- ɾʘʩʘʥʜʳ ʞʘʨʳץʪʘʥʜʳʨʫ: ʪʘʙʠסʠ ʞʘʨʳץ ʥʘʰʘʨ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ 

 ʜʠʦʜʪʘʨʳ ץʳʟʜʳʨʫ ʰʘʤʜʘʨʳ, ʞʘʨʳץ ʰʽʥװ ʙʝʨʫ ץʦʩʳʤʰʘ ʞʘʨʳץ

(ʞʘʨʳץ ʜʠʦʜʪʘʨʳ), ʞʦסʘʨʳ ץʳʩʳʤʜʳ ʥʘʪʨʠʡ ʞᴅʥʝ ʙʘʩץʘ 

ʞʘʨʳץʪʘʥʜʳʨʫ ײץʨʳʣסʳʣʘʨʳ. 
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ɾʳʣʫ ʞװʡʝʩʽ - פʘʟʘʥʜʳץʪʘʨ ʤʝʥ ʨʘʜʠʘʪʦʨʣʘʨ: ʉʫʳץ ʤʝʟʛʽʣʜʝ ʞʳʣʳʞʘʡʜʳ 

ʞʳʣʳʪʫסʘ ʘʨʥʘʣסʘʥ. 

- ɸʫʘ ʞʳʣʳʪץʳʰʪʘʨʳ: ʵʣʝʢʪʨ, ʛʘʟ ʥʝʤʝʩʝ ʜʠʟʝʣʴʜʽ ʙʦʣʫʳ ʤװʤʢʽʥ. 

- ɾʳʣʫ ʩʦʨסʳʣʘʨʳ: פʘʞʝʪʪʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ײʩʪʘʧ ʪײʨʫ ʞᴅʥʝ 

ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ. 

ɾʝʣʜʝʪʫ ʞװʡʝʩʽ - ʊʘʙʠסʠ ʞʝʣʜʝʪʫ: ʪʝʨʝʟʝʣʝʨ, ʞʝʣʜʝʪʢʽʰʪʝʨ ʞᴅʥʝ ʙʘʩץʘ ʞʝʣʜʝʪʫ 

ʤʝʭʘʥʠʟʤʜʝʨʽ. 

- ʄᴅʞʙװʨʣʽ ʞʝʣʜʝʪʫ: ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʳʣסʘʣʜʳʣʳץʪʳ ʙʘʩץʘʨʫסʘ 

ʘʨʥʘʣסʘʥ ʞʝʣʜʝʪʢʽʰʪʝʨ ʤʝʥ ʩʦʨסʳʰʪʘʨ. 

ʉʫʘʨʫ ʞװʡʝʩʽ - ʊʘʤʰʳʣʘʪʳʧ ʩʫʘʨʫ: ʩʫʜʳ ʪʽʢʝʣʝʡ ᴇʩʽʤʜʽʢ ʪʘʤʳʨʣʘʨʳʥʘ ʜᴅʣ 

ʞʝʪʢʽʟʝʜʽ, ʩʫʜʳ ʪײʪʳʥʫʜʳ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʘʫʨʫʣʘʨʜʳש ʘʣʜʳʥ ʘʣʘʜʳ. 

- ʉʧʨʠʥʢʣʝʨ ʞװʡʝʣʝʨʽ: ʩʫʜʳ ʞʳʣʳʞʘʡʜʳש ʙװʢʽʣ ʘʫʤʘסʳʥʘ ʙʽʨʢʝʣʢʽ 

ʙᴇʣʫ װʰʽʥ. 

- ɻʠʜʨʦʧʦʥʜʳ ʞװʡʝʣʝʨ: ץʦʨʝʢʪʽʢ ʝʨʽʪʽʥʜʽʣʝʨʜʽ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, 

ʪʦʧʳʨʘץʩʳʟ ᴇʩʽʤʜʽʢʪʝʨʜʽ ᴇʩʽʨʫ. 

ʂʣʠʤʘʪʪʳ ʨʝʪʪʝʫ 

ʞװʡʝʩʽ 

- ʂʦʥʪʨʦʣʣʝʨ ʤʝʥ ʩʝʥʩʦʨʣʘʨ: ʪʝʤʧʝʨʘʪʫʨʘʥʳ, ʳʣסʘʣʜʳʣʳץʪʳ, CO2 

ʜʝשʛʝʡʽʥ, ʞʘʨʳץʪʳ ʞᴅʥʝ ʙʘʩץʘ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʙʘץʳʣʘʫ ʞᴅʥʝ ʨʝʪʪʝʫ 

 .ʰʽʥװ

- ɸʚʪʦʤʘʪʪʘʥʜʳʨʫ: ʩʝʥʩʦʨ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞʳʣʳʞʘʡ 

ʞʘסʜʘʡʣʘʨʳʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʨʝʪʪʝʡʪʽʥ ʙʘסʜʘʨʣʘʤʘʣʳץ 

 .ʡʝʣʝʨʽװʘʨʫ ʞץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ʙʘʩץ

 ʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳפ

ʙʘʩץʘʨʫ ʞװʡʝʩʽ 

- ʌʝʨʪʠʛʘʮʠʷ: ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʪʽʥ ʩʫʘʨʫ ʞװʡʝʩʽʤʝʥ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʞʝʪʢʽʟʫʜʽ ʙʽʨʽʢʪʽʨʫ. 

- ɸʚʪʦʤʘʪʪʳ ʜʠʩʧʝʥʩʝʨʣʝʨ: ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʜײʨʳʩ ʧʨʦʧʦʨʮʠʷʜʘ 

ʜᴅʣ ʙʘץʳʣʘʫ ʞᴅʥʝ ʞʝʪʢʽʟʫ װʰʽʥ. 

ɹʘץʳʣʘʫ ʞװʡʝʩʽ - ʉʝʥʩʦʨʣʘʨ ʤʝʥ ײץʨʳʣסʳʣʘʨʳ: ץʦʨʰʘסʘʥ ʦʨʪʘ ʤʝʥ ᴇʩʽʤʜʽʢ 

ʜʝʨʝʢʪʝʨʽʥ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʞʠʥʘʫ װʰʽʥ ʞʳʣʳʞʘʡʜʘ 

ʦʨʥʘʪʳʣסʘʥ. 

- ɸʥʘʣʠʪʠʢʘʣʳץ ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣ: ʞʠʥʘʣסʘʥ ʜʝʨʝʢʪʝʨʜʽ 

ʪʘʣʜʘʡʜʳ, ᴇʩʫ ʰʘʨʪʪʘʨʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ʝʩʝʧʪʝʨ ʤʝʥ 

 .ʩʳʥʳʩʪʘʨ ʙʝʨʝʜʽײ

 
 

1 ʩʫʨʝʪ ï  ɿʘʤʘʥʘʫʠ ʞʳʣʳʞʘʡ ʢʝʰʝʥʽʥʽש ʩײʣʙʘʩʳ 

 

ɿʘʤʘʥʘʫʠ ʞʳʣʳʞʘʡ ʞװʡʝʣʝʨʽʥʽש ʘʨʪʳץʰʳʣʳץʪʘʨʳ: 

1) ᴆʥʽʤʜʽʣʽʢʪʽש ʞʦסʘʨʳʣʘʫʳ: ʆשʪʘʡʣʳ ᴇʩʽʨʫ ʞʘסʜʘʡʣʘʨʳ ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢʢʝ 

ᴅʢʝʣʝʜʽ. 

2) ʈʝʩʫʨʩʪʘʨʜʳ װʥʝʤʜʝʫ: ʉʫʘʨʫ ʤʝʥ ʘʟʳץʪʘʥʜʳʨʫʜʳש ʜᴅʣ ʞװʡʝʣʝʨʽ ʩʫ ʤʝʥ 

ʪʳשʘʡʪץʳʰʪʳ ʪײʪʳʥʫʜʳ ʘʟʘʡʪʘʜʳ. 
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3) ʂʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽʥʝ ʪᴇʟʽʤʜʽʣʽʢ: ʉʳʨʪץʳ ʘʫʘ-ʨʘʡʳʥʘʥ ʪᴅʫʝʣʩʽʟʜʽʢ ʞʳʣ ʙʦʡʳ ʝʛʽʥ 

ᴇʩʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

4) ɸʚʪʦʤʘʪʪʘʥʜʳʨʫ ʞᴅʥʝ ʙʘʩץʘʨʫ: ɿʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʞʳʣʳʞʘʡʜʳ ʙʘʩץʘʨʫʜʳ 
ʞʝשʽʣʜʝʪʝʜʽ ʞᴅʥʝ ץʳʟʤʝʪʢʝʨʣʝʨʜʽש ʪײʨʘץʪʳ ʙʦʣʫʳʥ ʘʟʘʡʪʘʜʳ. 

ɿʘʤʘʥʘʫʠ ʞʳʣʳʞʘʡʣʘʨ ï ʜʘץʳʣʜʘʨʜʳ ᴇʩʽʨʫʛʝ ʦשʪʘʡʣʳ ʞʘסʜʘʡ ʞʘʩʘʫ װʰʽʥ ʦʟʳץ 

ᴅʜʽʩʪʝʨ ʤʝʥ ʞװʡʝʣʝʨʜʽ ץʦʣʜʘʥʘʪʳʥ ʞʦסʘʨʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʢʝʰʝʥ. ɹײʣ ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳ ᴇʥʜʽʨʽʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʪײʨʘץʪʳʣʳסʳʥ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳʨʫסʘ, ʩʦʥʜʘʡ-

ʘץ ᴇʥʽʤʥʽש ʩʘʧʘʩʳ ʤʝʥ ʩʘʥʳʥ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄײʥʜʘʡ ʞʝʪʽʩʪʽʢʪʝʨʛʝ ʞʝʪʫ 

 ʩʘʪʪʘץʳʟʜʳ. ʆʩʳ ʤʘשʰʽʥ, ᴅʩʽʨʝʩʝ ᴇʥʽʤʜʽʣʽʢ ʙʦʣʞʘʤʳʥ ʜᴅʣ ʞᴅʥʝ ʩʝʥʽʤʜʽ ʞʘʩʘʫ ʤʘװ

ʞʳʣʳʞʘʡ ʢʝʰʝʥʽʥʜʝʛʽ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʙʦʣʞʘʫ ʞװʡʝʩʽʥ 

ᴅʟʽʨʣʝʫ װʰʽʥ ʢʝʣʝʩʽ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ ץʘʞʝʪ: 

 

2 ʢʝʩʪʝ ï ɾʳʣʳʞʘʡ ʜʘץʳʣʜʘʨʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʙʦʣʞʘʫ ʞװʡʝʩʽʥ ᴅʟʽʨʣʝʫ ʜʝʨʝʢʪʝʨʽ 

 
ɼʝʨʝʢʪʝʨ  

ɸʛʨʦʢʣʠʤʘʪʪʳץ 

ʜʝʨʝʢʪʝʨ 

 - ɸʫʘ ʞᴅʥʝ ʪʦʧʳʨʘץ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 

 - ɸʫʘ ʤʝʥ ʪʦʧʳʨʘץ ʳʣסʘʣʜʳʣʳסʳ 

 - ʞʘʨʳץʪʘʥʜʳʨʫ (ʞʘʨʳץ ץʘʨץʳʥʜʳʣʳסʳ, ʢװʥʜʽʟʛʽ ʞʘʨʳץ ʫʘץʳʪʳ) 

 - CO2 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 

ɹʠʦʣʦʛʠʷʣʳץ 

ʜʝʨʝʢʪʝʨ 

 - ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʜʘץʳʣʜʘʨʳʥʳש ʪװʨʣʝʨʽ ʤʝʥ ʩʦʨʪʪʘʨʳ 

 - ᴆʩʽʤʜʽʢʪʝʨʜʽש ᴇʩʫ ʢʝʟʝשʜʝʨʽ 

 - ʬʠʟʠʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨ (ʤʳʩʘʣʳ, ʬʦʪʦʩʠʥʪʝʟ ʞʳʣʜʘʤʜʳסʳ) 

ɸʛʨʦʪʝʭʥʠʢʘʣʳץ 

ʜʝʨʝʢʪʝʨ 

 - ʊʳשʘʡʪץʳʰʪʘʨʜʳש ʜʝשʛʝʡʣʝʨʽ ʤʝʥ ʪװʨʣʝʨʽ 

 - ʉʫʘʨʫ (ʢᴇʣʝʤʽ ʤʝʥ ʞʠʽʣʽʛʽ) 

 - ʦʪʳʨסʳʟʫ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʨʝʞʠʤʜʝʨʽ 

ʊʘʨʠʭʠ ʢʽʨʽʩ 

ʜʝʨʝʢʪʝʨʽ 

 - ᴆʪʢʝʥ ʤʘʫʩʳʤʜʘʨʜʘסʳ ᴇʥʽʤʜʽʣʽʢ 

 - ᴇʥʽʤʜʽʣʽʢʢʝ ᴅʨʪװʨʣʽ ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽ 

ʕʢʦʥʦʤʠʢʘʣʳץ 

ʜʝʨʝʢʪʝʨ 

 - ʨʝʩʫʨʩʪʘʨסʘ ʰʳסʳʥʜʘʨ (ʩʫ, ʪʳשʘʡʪץʳʰʪʘʨ, ʵʥʝʨʛʠʷ) 

 - ᴄʨʪװʨʣʽ ʢʽʨʽʩʪʽʣʽʢ ʜʝשʛʝʡʽʥʝʥ ʵʢʦʥʦʤʠʢʘʣʳץ ʧʘʡʜʘ 

 

ɾʳʣʳʞʘʡ ʜʘץʳʣʜʘʨʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʙʦʣʞʘʫ ʞװʡʝʩʽʥ ᴅʟʽʨʣʝʫ װʰʽʥ ʙʝʨʽʣʛʝʥ 

ʜʝʨʝʢʪʝʨ ʘʨץʳʣʳ ʙʦʣʞʘʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʘʤʳʟ. ʆʣ װʰʽʥ ʙʽʟʛʝ ʪʠʽʤʜʽ ᴅʜʽʩʪʽ ʪʘשʜʘʧ, ʩʦʣ 

ᴅʜʽʩ ʘʨץʳʣʳ ʙʦʣʞʘʤ ʞʘʩʘʡʤʳʟ. ɹʦʣʞʘʫ ʞװʡʝʩʽʥ ᴅʟʽʨʣʝʫ ᴅʜʽʩʪʝʨʽ: 

 

3 ʢʝʩʪʝ ï ɹʦʣʞʘʫ ʞװʡʝʩʽʥʽש ᴅʟʽʨʣʝʫ ᴅʜʽʩʪʝʨʽ 

 
ᴄʜʽʩʪʝʨʽ   

ʈʝʛʨʝʩʩʠʷ 

ʤʦʜʝʣʴʜʝʨ ̔

- ʉʳʟʳץʪʳץ ʨʝʛʨʝʩʩʠʷ: ʙʽʨ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ ʬʘʢʪʦʨʣʘʨ ʤʝʥ ʢʽʨʽʩʪʽʣʽʢ 

ʘʨʘʩʳʥʜʘסʳ ץʘʨʘʧʘʡʳʤ ץʘʪʳʥʘʩ װʰʽʥ. 

- ʂᴇʧʤװʰʝʣʽʢ ʨʝʛʨʝʩʩʠʷ: ʩʳʟʳץʪʳץ ʝʤʝʩ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ ʝʩʝʧʢʝ ʘʣʫ. 

ʐʝʰʽʤ ʘסʘʰʪʘʨʳ 

ʤʝʥ ʘʥʩʘʤʙʣʴʜʝʨ 

- ʂʝʟʜʝʡʩʦץ ʦʨʤʘʥ: ʙʽʨʥʝʰʝ ʰʝʰʽʤ ʘסʘʰʪʘʨʳʥ ʙʽʨʽʢʪʽʨʫ ʘʨץʳʣʳ 

ʙʦʣʞʘʤʥʳש ʜᴅʣʜʽʛʽʥ ʞʘץʩʘʨʪʫ. 

- Gradient Boosting: ʘʣʜʳסשʳ װʣʛʽʣʝʨʜʽץ שʘʪʝʣʝʨʽʥ ʞװʡʝʣʽ ʪװʨʜʝ ʪװʟʝʪʫ 

ʘʨץʳʣʳ װʣʛʽʥʽ ʞʘץʩʘʨʪʫ. 

ʅʝʡʨʦʥʜʳץ 

ʞʝʣʽʣʝʨ 

- Multilayer Perceptrons (MLP): ʧʘʨʘʤʝʪʨʣʝʨ ʘʨʘʩʳʥʜʘסʳ ʢװʨʜʝʣʽ 

 .ʰʽʥװ ʜʝʫשʘʪʳʥʘʩʪʘʨʜʳ ᴇץ

 ʘʪʘʨʣʘʨʜʳ ʪʘʣʜʘʫץ ץʳʪʪʳץʞʝʣʽʣʝʨ (RNN): ʫʘ ץʘʡʪʘʣʘʥʘʪʳʥ ʥʝʡʨʦʥʜʳפ -

ʞᴅʥʝ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ᴇʟʛʝʨʫ ʜʠʥʘʤʠʢʘʩʳʥ ʝʩʝʧʢʝ ʘʣʫ װʰʽʥ. 

ɸʥʳץ ʝʤʝʩ 

ʥʝʡʨʦʥʜʳץ 

ʞʝʣʽʣʝʨ 

-  ɹʝʣʛʽʩʽʟʜʽʢ ʧʝʥ ʰʫסʘ ʪᴇʟʽʤʜʽʣʽʢ: ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘ ʜʝʨʝʢʪʝʨʜʝʛʽ 

ʙʝʣʛʽʩʽʟʜʽʢʪʝʨ ʤʝʥ ʜᴅʣʩʽʟʜʽʢʪʝʨʤʝʥ ʢװʨʝʩʫʜʝ ʞʘץʩʳ. 

-    ʕʢʩʧʝʨʪʪʽʢ ʙʽʣʽʤʜʽ ʙʽʨʽʢʪʽʨʫʜʽש ʞʝשʽʣʜʽʛʽ: ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʞװʡʝʣʝʨ ʩʘʨʘʧʪʘʤʘʣʳץ ʙʽʣʽʤʜʽ ʦשʘʡ ʙʽʨʽʢʪʽʨʝʜʽ. 
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ɾʳʣʳʞʘʡ ʢʝʰʝʥʽʥʽש ʜʘץʳʣʜʘʨʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʙʦʣʞʘʫ ʞװʡʝʩʽʥ ᴅʟʽʨʣʝʫ װʰʽʥ ʘʥʳץ 

ʝʤʝʩ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ᴅʜʽʩʽʥ ץʦʣʜʘʥʜʳץ. ʉʝʙʝʙʽ, ʘʥʳץ ʝʤʝʩ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽש 

ʙʽʨץʘʪʘʨ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʙʘʨ, ʙײʣ ʦʣʘʨʜʳ ᴅʩʽʨʝʩʝ ʞʳʣʳʞʘʡʣʘʨʜʘסʳ ʝʛʽʥ ᴇʥʽʤʜʽʣʽʛʽʥ 

ʙʦʣʞʘʫ ʪʘʧʩʳʨʤʘʣʘʨʳ װʰʽʥ ץʦʣʘʡʣʳ ʝʪʝʜʽ. ʄʳʩʘʣʳ, ʘʥʳץ ʝʤʝʩ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ 

ᴅʨʪװʨʣʽ ʧʘʨʘʤʝʪʨʣʝʨ (ʪʝʤʧʝʨʘʪʫʨʘ, ʳʣסʘʣʜʳʣʳץ, ʞʘʨʳץ) ʞᴅʥʝ ʢʽʨʽʩʪʽʣʽʢ ʘʨʘʩʳʥʜʘסʳ 

ʢװʨʜʝʣʽ ʞᴅʥʝ ʩʳʟʳץʪʳ ʝʤʝʩ ץʘʪʳʥʘʩʪʘʨʜʳ ʤʦʜʝʣʴʜʝʫʛʝ ץʘʙʽʣʝʪʪʽ. 

ɾʳʣʳʞʘʡ ʢʝʰʝʥʽש ʜʘץʳʣʜʘʨ ᴇʥʽʤʜʽʣʽʛʽʥ ʙʦʣʞʘʫ ʞװʡʝʩʽʥʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʨʦʮʝʩʪʝʨʽʥʽש ʘʣʛʦʨʠʪʤʽ 3 ʢʽʨʽʩ ʞᴅʥʝ 1 ʰʳסʳʩ ʩʠʛʥʘʣʳʥʘʥ ʪײʨʘʜʳ (2 ʩʫʨʝʪ): 

ʂʽʨʽʩ ʩʠʛʥʘʣʜʘʨʳ: 

1) ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ. 

2) ʓʣסʘʣʜʳʣʳץ. 

3) ɾʘʨʳץ ץʘʨסʳʥʜʳʣʳסʳ. 

ʐʳסʳʩ ʩʠʛʥʘʣʳ: ᴇʥʽʤʜʽʣʽʛʽ. 

 

 
 

2 ʩʫʨʝʪ ï ɸʥʳץ ʝʤʝʩ ʣʦʛʠʢʘʥʳ ץʦʣʜʘʥʘʪʳʥ ʙʦʣʞʘʫ ʞװʡʝʩʽ 

 

ʅᴅʪʠʞʝʣʝʨ ʤʝʥ ʪʘʣץʳʣʘʫʣʘʨ. 

ɸʥʳץ ʝʤʝʩ ʣʦʛʠʢʘʣʳץ ʢʽʨʽʩʪʽ ʙʦʣʞʘʫ ʞװʡʝʩʽ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ʘסʳʤʜʘסʳ ʢװʡʽʥ 

ʞᴅʥʝ ʦʥʳש ʳץʪʠʤʘʣ ʢʽʨʽʩʪʽʣʽʢʢʝ ᴅʩʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʧʘʡʜʘʣʘʥʘʜʳ. 

ɸʫʘʥʳש ʳʣסʘʣʜʳʣʳסʳ ʞᴅʥʝ ʞʘʨʳץ ץʘʨץʳʥʜʳʣʳסʳ ʩʠʷץʪʳ ʙʘʩץʘ ʧʘʨʘʤʝʪʨʣʝʨʤʝʥ ʙʽʨʛʝ ʘʫʘ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʜᴅʣʽʨʝʢ ʞᴅʥʝ ʞʘʥ-ʞʘץʪʳ װʣʛʽʥʽ ʞʘʩʘʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ (3 ʩʫʨʝʪ). 
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3 ʩʫʨʝʪ ï  ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʨʘʤʝʪʨʽ ʘʨץʳʣʳ ʙʘץʳʣʘʫ ʢʝʟʽʥʜʝʛʽ ʪʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳ 

 

ɸʫʘʥʳש ʳʣסʘʣʜʳʣʳסʳ ʞʳʣʳʞʘʡ ʢʝʰʝʥʽʥʜʝʛʽ ʝʛʽʥ ᴇʥʽʤʜʽʣʽʛʽʥ ʙʦʣʞʘʫ ʞװʡʝʩʽʥʜʝʛʽ 

ʤʘשʳʟʜʳ ʧʘʨʘʤʝʪʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣʳסשʳʨ ʣʦʛʠʢʘʣʳץ ʢʽʨʽʩʪʽ ʙʦʣʞʘʫ ʞװʡʝʩʽ ץʦʨʰʘסʘʥ 

ʦʨʪʘʥʳש ʘסʳʤʜʘסʳ ʞʘסʜʘʡʳʥ ʞᴅʥʝ ʦʥʳש ʳץʪʠʤʘʣ ʢʽʨʽʩʪʽʣʽʢʢʝ ᴅʩʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʘʫʘ 

ʳʣסʘʣʜʳʣʳסʳʥ ʧʘʡʜʘʣʘʥʘʜʳ. ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʞᴅʥʝ ʞʘʨʳץ ץʘʨץʳʥʜʳʣʳסʳ ʩʠʷץʪʳ 

ʙʘʩץʘ ʧʘʨʘʤʝʪʨʣʝʨʤʝʥ ʙʽʨʛʝ ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʜᴅʣʽʨʝʢ ʞᴅʥʝ ʞʘʥ-ʞʘץʪʳ װʣʛʽʥʽ ʞʘʩʘʫסʘ 

ʢᴇʤʝʢʪʝʩʝʜʽ (4 ʩʫʨʝʪ). 

 

 
 

4 ʩʫʨʝʪ ï ɸʫʘ ʳʣסʘʣʜʳʣʳץ ʧʘʨʘʤʝʪʨʽ ʘʨץʳʣʳ ʙʘץʳʣʘʫ ʢʝʟʽʥʜʝʛʽ ʪʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳ 

 

ɾʘʨʳץʪʘʥʜʳʨʫ ץʘʨץʳʥʜʳʣʳסʳ ʞʳʣʳʞʘʡ ʢʝʰʝʥʽʥʜʝʛʽ ʝʛʽʥ ᴇʥʽʤʜʽʣʽʛʽʥ ʙʦʣʞʘʫ 

ʞװʡʝʩʽʥʜʝʛʽ ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ ᴇʩʽʤʜʽʢʪʝʨʜʽש ʬʦʪʦʩʠʥʪʝʟʽʥʝ, ᴇʩʫʽ ʤʝʥ 

ʜʘʤʫʳʥʘ, ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳש ʬʠʟʠʦʣʦʛʠʷʣʳץ ʢװʡʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ. ɹײʣ ʧʘʨʘʤʝʪʨʜʽ ʘʥʳץ ʝʤʝʩ 
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ʣʦʛʠʢʘʣʳץ ʞװʡʝʜʝ ʧʘʡʜʘʣʘʥʫ ʦʥʳש ʢʽʨʽʩʪʽʣʽʢʢʝ ᴅʩʝʨʽʥ ʝʩʝʧʢʝ ʘʣʫסʘ ʞᴅʥʝ ʜᴅʣʽʨʝʢ 

ʙʦʣʞʘʤʜʘʨ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (5 ʩʫʨʝʪ). 

 

 
 

5 ʩʫʨʝʪ ïɾʘʨʳץʪʘʥʜʳʨʫ ץʘʨץʳʥʜʳʣʳסʳ ʧʘʨʘʤʝʪʨʽ ʘʨץʳʣʳ ʙʘץʳʣʘʫ ʢʝʟʽʥʜʝʛʽ ʪʠʽʩʪʽʣʽʢ 

ʬʫʥʢʮʠʷʣʘʨʳ 

 

ɸʥʳץ ʝʤʝʩ ʣʦʛʠʢʘʣʳץ ʞװʡʝʜʝ ʢʽʨʽʩ ʩʠʛʥʘʣʜʘʨʳ (ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ, ʘʫʘ 

ʳʣסʘʣʜʳʣʳסʳ ʞᴅʥʝ ʞʘʨʳץ ץʘʨץʳʥʜʳʣʳסʳ ʩʠʷץʪʳ) ʥʝʛʽʟʽʥʜʝ ʘʥʳץʪʘʣʘʪʳʥ ʰʳסʳʩ ʩʠʛʥʘʣ 

ʨʝʪʽʥʜʝ ᴅʨʝʢʝʪ ʝʪʝʜʽ. ɹײʣ ʘסʳʤʜʘסʳ ᴇʩʫ ʞʘסʜʘʡʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴅʣʝʫʝʪʪʽ ᴇʥʽʤʜʽ 

ʙʦʣʞʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (6 ʩʫʨʝʪ). 

 

 
 

6 ʩʫʨʝʪ ï ᴆʥʽʤʜʽ ʙʦʣʞʘʫ ʪʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳ 

 

ɾʳʣʳʞʘʡ ʢʝʰʝʥʽʥʜʝʛʽ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʙʦʣʞʘʫ 

ʞװʡʝʩʽʥʽש ʝʨʝʞʝʣʝʨʽ: 

1) ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪᴇʤʝʥ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʪᴇʤʝʥ ʞᴅʥʝ ʞʘʨʳץ ץʘʨץʳʥʜʳʣʳסʳ 

ʪᴇʤʝʥ ʙʦʣʩʘ, ʦʥʜʘ ʰʳסʳʤʜʳʣʳץ ʪᴇʤʝʥ ʙʦʣʘʜʳ. 

2) ɽʛʝʨ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʦʨʪʘʰʘ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʦʨʪʘʰʘ ʞᴅʥʝ ʞʘʨʳץ 

 .ʳ ʦʨʪʘʰʘ ʙʦʣʩʘ, ʦʥʜʘ ᴇʥʽʤ ʦʨʪʘʰʘ ʙʦʣʘʜʳסʳʥʜʳʣʳץʘʨץ
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3) ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʞʦסʘʨʳ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʞʦסʘʨʳ ʞᴅʥʝ ʞʘʨʳץ 

 .ʘʨʳ ʙʦʣʘʜʳסʘʨʳ ʙʦʣʩʘ, ʦʥʜʘ ᴇʥʽʤ ʞʦסʳ ʞʦסʳʥʜʳʣʳץʘʨץ

4) ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪᴇʤʝʥ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʦʨʪʘʰʘ ʞᴅʥʝ ʞʘʨʳץ ץʘʨץʳʥʜʳʣʳסʳ 

ʦʨʪʘʰʘ ʙʦʣʩʘ, ʦʥʜʘ ʰʳסʳʤʜʳʣʳץ ʦʨʪʘʰʘ ʙʦʣʘʜʳ. 

5) ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʦʨʪʘʰʘ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʪᴇʤʝʥ ʞᴅʥʝ ʞʘʨʳץ ץʘʨץʳʥʜʳʣʳסʳ 

ʞʦסʘʨʳ ʙʦʣʩʘ, ʦʥʜʘ ʰʳסʳʤʜʳʣʳץ ʦʨʪʘʰʘ ʙʦʣʘʜʳ. 

6) ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʞʦסʘʨʳ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʦʨʪʘʰʘ ʞᴅʥʝ ʞʘʨʳץ 

 .ʦʨʪʘʰʘ ʙʦʣʘʜʳ ץʳʤʜʳʣʳסʳ ʪᴇʤʝʥ ʙʦʣʩʘ, ʦʥʜʘ ʰʳסʳʥʜʳʣʳץʘʨץ

7) ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʦʨʪʘʰʘ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʞʦסʘʨʳ ʞᴅʥʝ ʞʘʨʳץ 

 .ʦʨʪʘʰʘ ʙʦʣʘʜʳ ץʳʤʜʳʣʳסʳ ʪᴇʤʝʥ ʙʦʣʩʘ, ʦʥʜʘ ʰʳסʳʥʜʳʣʳץʘʨץ

8) ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪᴇʤʝʥ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʞʦסʘʨʳ ʞᴅʥʝ ʞʘʨʳץ ץʘʨץʳʥʜʳʣʳסʳ 

ʞʦסʘʨʳ ʙʦʣʩʘ, ʦʥʜʘ ᴇʥʽʤ ʦʨʪʘʰʘ ʙʦʣʘʜʳ. 

9) ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʞʦסʘʨʳ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʪᴇʤʝʥ ʞᴅʥʝ ʞʘʨʳץ ץʘʨץʳʥʜʳʣʳסʳ 

ʦʨʪʘʰʘ ʙʦʣʩʘ, ʦʥʜʘ ᴇʥʽʤ ʪᴇʤʝʥ ʙʦʣʘʜʳ. 

10) ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪᴇʤʝʥ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʪᴇʤʝʥ ʞᴅʥʝ ʞʘʨʳץ ץʘʨץʳʥʜʳʣʳסʳ 

ʦʨʪʘʰʘ ʙʦʣʩʘ, ʦʥʜʘ ʰʳסʳʤ ʘʟ ʙʦʣʘʜʳ. 

11) ɽʛʝʨ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʦʨʪʘʰʘ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʦʨʪʘʰʘ ʞᴅʥʝ ʞʘʨʳץ 

 .ʦʨʪʘʰʘ ʙʦʣʘʜʳ ץʳʤʜʳʣʳסʳ ʪᴇʤʝʥ ʙʦʣʩʘ, ʦʥʜʘ ʰʳסʳʥʜʳʣʳץʘʨץ

12) ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʦʨʪʘʰʘ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʞʦסʘʨʳ ʞᴅʥʝ ʞʘʨʳץ 

 .ʘʨʳ ʙʦʣʘʜʳסʘʨʳ ʙʦʣʩʘ, ʦʥʜʘ ᴇʥʽʤ ʞʦסʳ ʞʦסʳʥʜʳʣʳץʘʨץ

13) ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪᴇʤʝʥ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʦʨʪʘʰʘ ʞᴅʥʝ ʞʘʨʳץ 

 .ʦʨʪʘʰʘ ʙʦʣʘʜʳ ץʳʤʜʳʣʳסʘʨʳ ʙʦʣʩʘ, ʦʥʜʘ ʰʳסʳ ʞʦסʳʥʜʳʣʳץʘʨץ

14) ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʞʦסʘʨʳ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʦʨʪʘʰʘ ʞᴅʥʝ ʞʘʨʳץ 

 .ʘʨʳ ʙʦʣʘʜʳסʘʨʳ ʙʦʣʩʘ, ʦʥʜʘ ᴇʥʽʤ ʞʦסʳ ʞʦסʳʥʜʳʣʳץʘʨץ

15) ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪᴇʤʝʥ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʞʦסʘʨʳ ʞᴅʥʝ ʞʘʨʳץ 

ʠʥʪʝʥʩʠʚʪʽʣʽʛʽ ʪᴇʤʝʥ ʙʦʣʩʘ, ʦʥʜʘ ᴇʥʽʤ ʘʟ ʙʦʣʘʜʳ. 

ɹײʣ ʝʨʝʞʝʣʝʨ ᴅʨʪװʨʣʽ ʬʘʢʪʦʨʣʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʢʽʨʽʩʪʽʣʽʢʢʝ 

ᴅʩʝʨʽʥ ʝʩʝʧʢʝ ʘʣʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ, ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘʣʳץ ʞװʡʝʜʝ ʙʦʣʞʘʫ װʰʽʥ ʢװʨʜʝʣʽ 

ʤʦʜʝʣʴ ʞʘʩʘʡʜʳ. 

 

 
 

6 ʩʫʨʝʪ ï ᴆʥʽʤʜʽʣʽʢʪʽ ʙʦʣʞʘʫ ʞװʡʝʩʽʥʽש ʝʨʝʞʝʣʝʨʽ 

 

ɾʳʣʳʞʘʡ ʢʝʰʝʥʽʥʜʝʛʽ ʜʘץʳʣʜʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʙʦʣʞʘʫסʘ ʘʨʥʘʣסʘʥ ʘʥʳץ ʝʤʝʩ 

ʣʦʛʠʢʘסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʙʘסʜʘʨʣʘʤʘ ʛʨʘʬʠʢʪʝʨʜʽש ʙʽʨʥʝʰʝ ʪװʨʽʥ ײץʨʘ ʘʣʘʜʳ. ɹײʣ ʩʳʟʙʘʣʘʨ 
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ʤװʰʝʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳʥ, ʝʥʛʽʟʫ ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ʰʳסʳʩʪʘʨʳʥ ʞᴅʥʝ ץʦʨʳʪʳʥʜʳ 

ʝʨʝʞʝʣʝʨʽʥ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ (7 ʩʫʨʝʪ).  

 

 
 

7 ʩʫʨʝʪ - ɾʳʣʳʞʘʡ ʢʝʰʝʥʽʥʜʝʛʽ ʜʘץʳʣʜʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʙʦʣʞʘʫסʘ ʘʨʥʘʣסʘʥ ʘʥʳץ ʝʤʝʩ 

ʣʦʛʠʢʘסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʙʘסʜʘʨʣʘʤʘ ʛʨʘʬʠʢʪʝʨʜʽ 

 

 .ʦʨʳʪʳʥʜʳפ

ɾʳʣʳʞʘʡ ʢʝʰʝʥʽʥʜʝʛʽ ʜʘץʳʣʜʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʙʦʣʞʘʫʜʳש ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʞװʡʝʩʽ ʥʘץʪʳ ʙʦʣʞʘʤʜʘʨ ʞʘʩʘʫ װʰʽʥ ʢᴇʧʪʝʛʝʥ ʬʘʢʪʦʨʣʘʨʜʳ ʞᴅʥʝ ʦʣʘʨʜʳש 

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ʝʩʢʝʨʝʪʽʥ ץʫʘʪʪʳ ײץʨʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾװʡʝʥʽ ᴅʟʽʨʣʝʫ ʢʝʟʽʥʜʝ ʘʫʘ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ, ʘʫʘ ʳʣסʘʣʜʳʣʳסʳ ʞᴅʥʝ ʞʘʨʳץ ץʘʨץʳʥʜʳʣʳסʳ ʩʠʷץʪʳ ʢʽʨʽʩ ʧʘʨʘʤʝʪʨʣʝʨʽ 

ʧʘʡʜʘʣʘʥʳʣʜʳ. ɹײʣ ʧʘʨʘʤʝʪʨʣʝʨ ʞʳʣʳʞʘʡ ʞʘסʜʘʡʣʘʨʳʥ ʙʘʩץʘʨʫʜʳש ʢʽʣʪʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ᴇʩʽʤʜʽʢʪʝʨʜʽש ᴇʩʫʽ ʤʝʥ ʜʘʤʫʳʥʘ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. 

ɹײʣʳסשʳʨ ʣʦʛʠʢʘʣʳץ ʞװʡʝ ʤʳʥʘʣʘʨסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: 

1) ɹʝʣʛʽʩʽʟʜʽʢ ʧʝʥ ᴇʟʛʝʨʤʝʣʽʣʽʢʪʽ ʝʩʢʝʨʫ: ʄװʰʝʣʽʢ ʬʫʥʢʮʠʷʣʘʨʜʳ ʞᴅʥʝ ʘʥʳץ ʝʤʝʩ 

ʝʨʝʞʝʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʙʝʣʛʽʩʽʟʜʽʢʪʽש ᴅʨʪװʨʣʽ ʜʝשʛʝʡʣʝʨʽʥ ʝʩʝʧʢʝ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, 

ʙײʣ ʞװʡʝʥʽ ᴇʟʛʝʨʤʝʣʽ ʞʘסʜʘʡʣʘʨסʘ ʠʢʝʤʜʽ ʞᴅʥʝ ʙʝʡʽʤʜʝʣʛʽʰ ʝʪʝʜʽ. 

2) ʄʦʜʝʣʴʜʽʢ ʢװʨʜʝʣʽ ʪᴅʫʝʣʜʽʣʽʢʪʝʨ: ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘʣʳץ ʝʨʝʞʝʣʝʨ ʢʽʨʽʩ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ʢʽʨʽʩʪʽʣʽʢ ʘʨʘʩʳʥʜʘסʳ ʢװʨʜʝʣʽ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ ʩʠʧʘʪʪʘʡʜʳ, ʜᴅʣʽʨʝʢ 

ʙʦʣʞʘʫ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

3) ɼʝʨʝʢʪʝʨʜʽש ʚʠʟʫʘʣʠʟʘʮʠʷʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ: ʄװʰʝʣʽʢ ʬʫʥʢʮʠʷʩʳʥʳש 

ʩʳʟʙʘʣʘʨʳ ʤʝʥ ʙʝʪʪʽʢ ʩʳʟʙʘʣʘʨʳ ᴅʨʪװʨʣʽ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʢʽʨʽʩʪʽʣʽʢʢʝ ץʘʣʘʡ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ 

ʞʘץʩʳʨʘץ ʪװʩʽʥʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ, ʙײʣ ʙʘʩץʘʨʫ ʰʝʰʽʤʜʝʨʽʥ ʞʝשʽʣʜʝʪʝʜʽ. 

4) ʈʝʩʫʨʩʪʘʨʜʳ ʦשʪʘʡʣʘʥʜʳʨʫ: ʢʽʨʽʩʪʽʣʽʢʪʽ ʙʦʣʞʘʫ ʩʫ, ʪʳשʘʡʪץʳʰ ʞᴅʥʝ ʵʥʝʨʛʠʷ 

ʩʠʷץʪʳ ʨʝʩʫʨʩʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ʪʠʽʤʜʽʣʽʢ 

ʘʨʪʘʜʳ ʞᴅʥʝ ʰʳסʳʥʜʘʨ ʘʟʘʷʜʳ. 

ɸʥʳץ ʝʤʝʩ ʣʦʛʠʢʘʥʳ ʧʘʡʜʘʣʘʥʘʪʳʥ ᴅʟʽʨʣʝʥʛʝʥ ʢʽʨʽʩʪʽ ʙʦʣʞʘʫ ʞװʡʝʩʽ ʞʳʣʳʞʘʡ 

ʢʝʰʝʥʜʝʨʽʥʜʝʛʽ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʧʨʦʮʝʩʪʝʨʽʥ ʙʘʩץʘʨʫʜʳש ʪʠʽʤʜʽ ײץʨʘʣʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʆʣ ʢʽʨʽʩʪʽʣʽʢʢʝ ᴅʩʝʨ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʜʳ ʝʩʢʝʨʝʜʽ ʞᴅʥʝ ʨʝʩʫʨʩʪʘʨʜʳ 

ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʞᴅʥʝ ᴇʥʜʽʨʽʩ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʢᴇʤʝʢʪʝʩʝʪʽʥ ʥʘץʪʳ ʙʦʣʞʘʤʜʘʨ 

ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɼʝʨʝʢʪʝʨʜʽ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ ʞᴅʥʝ ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ʪײʨʘץʪʳ ʞᴅʥʝ ᴇʥʽʤʜʽ ʝʛʽʥʰʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ, ʥʝʛʽʟʜʝʣʛʝʥ 

ʰʝʰʽʤʜʝʨ ץʘʙʳʣʜʘʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

 

 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 1 (136), 2025             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 1 (136), 2025                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

130 

ᴄɼɽɹʀɽʊʊɽʈ 

 

[1] ʇʝʪʨʦʩʦʚ, ɺ. ɸ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʚʦʜʦʩʥʘʙʞʝʥʠʷ/ɺ. ɸ. ʇʝʪʨʦʩʦʚ. ï ʍʘʨʴʢʦʚ: 

ʌʘʢʪʦʨ, 2007. ï 360 ʩ. 

[2] ʕʛʠʣʴʩʢʠʡ ʀ.ʉ. çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʧʦʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʳè. ï ʃʝʥʠʥʛʨʘʜ: ʉʪʨʦʡʠʟʜʘʪ, ʃʝʥʠʥʛʨ. ʦʪʜ-ʥʠʝ, 

1988. ï 216 ʩ. 

[3] ʇʦʧʢʦʚʠʯ ɻ.ʉ. çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷè/ 

ʇʦʧʢʦʚʠʯ ɻ.ʉ., ɻʦʨʜʝʝʚ ʄ.ɸ. ï ʄ.: ʂʥʠʛʘ ʧʦ ʊʨʝʙʦʚʘʥʠʶ, 2012. ï 390 ʩ. 

[4] ɿʫʝʚ, ʂ. ʀ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ: ʫʯʝʙ. 

ʧʦʩʦʙʠʝ / ʂ. ʀ. ɿʫʝʚ ; ɺʣʘʜʠʤ. ʛʦʩ. ʫʥ-ʪ ʠʤ. ɸ. ɻ. ʠ ʅ. ɻ. ʉʪʦʣʝʪʦʚʳʭ. ï ɺʣʘʜʠʤʠʨ: ʀʟʜ-ʚʦ 

ɺʣɻʋ, 2016.  224 ʩ. 

[5] ɿʝʡʢʫʣʦʚ ɹ. ʈ. ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ: ʫʯʝʙ. ʧʦʩʦʙʠʝ/ʂ. ʀ.ɿʫʝʚ; 

ɺʣʘʜʠʤ. ʛʦʩ. ʫʥ-ʪ ʠʤ. ɸ. ɻ. ʠ ʅ. ɻ. ʉʪʦʣʝʪʦʚʳʭ. ï ɺʣʘʜʠʤʠʨ: ɺʣɻʋ, 2019.  224 ʩ. 

[6] ɸʨʩʝʥʦʚ, ɺ. ɻ. çʉʭʝʤʳ ʩʠʩʪʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷè/ ɺ. ɻ. 

ɸʨʩʝʥʦʚ // ʉʠʙʠʨʩʢʦʝ ʀʥʞʝʥʝʨʥʦʝ ɹʶʨʦ. 

[7] ʀʚʘʥʦʚ ɺ.ʅ.ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ: ʫʯʝʙ. ʧʦʩʦʙʠʝ. ï ʄ.: 

ʉʘʣʦʥ ʇʨʝʩ, 2020. ï 356 ʩ. 

[8] ʄʘʢʩʠʤʳʯʝʚ, ʆ.ʀ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ (PLC): ʫʯʝʙ. 

ʧʦʩʦʙʠʝ / ʆ.ʀ. ʄʘʢʩʠʤʳʯʝʚ, ɸ.ɺ. ʃʠʙʝʥʢʦ, ɺ.ɸ. ɺʠʥʦʛʨʘʜʦʚ. ï ʄ.: ʄɸɼʀ, 2016. ï 188 ʩ  

[9] ʅʝʚʟʦʨʦʚʘ, ɸ. ɹ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʠʩʪʝʤ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʢʘʥʘʣʠʟʘʮʠʠ: ʫʯʝʙ.-ʤʝʪʦʜ. ʧʦʩʦʙʠʝ/ɸ.ɹ. ʅʝʚʟʦʨʦʚʘ; ʄ-ʚʦ ʪʨʘʥʩʧ. ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʈʝʩʧ. ɹʝʣʘʨʫʩʴ, ɹʝʣʦʨʫʩ. ʛʦʩ. ʫʥ-ʪ ʪʨʘʥʩʧ. ï ɻʦʤʝʣʴ: ɹʝʣɻʋʊ, 2022. ï 151 ʩ. 

[10] ɾʘʥʜʠʩ ɻ.ʉ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ/ɻʦʨʜʝʡ ɼ. ï ʄ.: ʂʥʠʛʘ ʧʦ 

ʊʨʝʙʦʚʘʥʠʶ, 2012. ï 210 ʩ. 

[11] ʌʨʦʛ, ɹ. ʅ. ɺʦʜʦʧʦʜʛʦʪʦʚʢʘ: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ/ɹ. ʅ. ʌʨʦʛ, ɸ. ɻ. ʇʝʨʚʦʚ. ï 

ʄʦʩʢʚʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ ɸʩʩʦʮʠʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ (ɸʉɺ), 2014. ï 507 ʩ. 

[12] ɺʦʜʦʧʦʜʛʦʪʦʚʢʘ ʜʣʷ ɸʕʉ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʚʦʜʦʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ/ɺ.ɸ. ʂʘʨʝʣʠʥ; ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ī 

ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2012. ï 98 ʩ 

[13] ɺʦʜʦʧʦʜʛʦʪʦʚʢʘ: ʉʧʨʘʚʦʯʥʠʢ. /ʇʦʜ ʨʝʜ. ʜ.ʪ.ʥ., ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʯʣʝʥʘ 

ɸʢʘʜʝʤʠʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʦʣʦʛʠʠ ʉ.ɽ. ɹʝʣʠʢʦʚʘ. - ʄ.: ɸʢʚʘ-ʊʝʨʤ, 2007. ï 240 ʩ. 

[14] ʍʘʣʪʫʨʠʥʘ, ʊʘʤʘʨʘ ʀʚʘʥʦʚʥʘ. ɺʦʜʦʧʦʜʛʦʪʦʚʢʘ. ʈʘʩʯʝʪ ʩʪʘʥʮʠʡ ʚʦʜʦʦʯʠʩʪʢʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʜʣʷ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʳʭ ʥʫʞʜ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ/ʊ. ʀ. 

ʍʘʣʪʫʨʠʥʘ, ʊ. ɸ. ʂʫʨʠʣʠʥʘ, ʆ. ɺ. ʏʫʨʙʘʢʦʚʘ; ʉʠʙ. ʬʝʜʝʨʘʣ. ʫʥ-ʪ. - ʂʨʘʩʥʦʷʨʩʢ: ʉʌʋ, 

2012. - 274 ʩ 

[15] ʈʳʙʘʥʦʚ, ɸ.ɸ. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʥʝʯʝʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ: ʢʫʨʩ ʣʝʢʮʠʡ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ/ɸ.ɸ. ʈʳʙʘʥʦʚ, ʄ.ɺ. ʌʘʜʝʝʚʘ; ɺʇʀ (ʬʠʣʠʘʣ) 

ɺʦʣʛɻʊʋ, ï ɺʦʣʞʩʢʠʡ, 2019. 

[16] ʐʘʭʠʜʝ ɼʝʭʛʘʥ, ʄʦʨʪʝʟʘ ʉʦʣʪʘʥʠ, ʍʦʩʩʝʡʥ ɻʦʣʘʤʠ. ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʚ 

ʛʠʜʨʦʪʝʭʥʠʢʝ. - ʀʟʜʘʪʝʣʴʩʪʚʦ: Sciencia Scripts, 2023.- 80 ʩ. 

[17] ʅʦʚʘʢ, ɺ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ/ɺ. 

ʅʦʚʘʢ, ʀ. ʇʝʨʬʠʣʴʝʚʘ, ʀ. ʄʦʯʢʦʨʞ. ð ʄʦʩʢʚʘ: ʌʀɿʄɸʊʃʀʊ, 2006. ð 352 ʩ. 

[18] ʂʘʨʤʘʥʦʚ, ʀ. ɺ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʚ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: 

ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ/ʀ. ɺ. ʂʘʨʤʘʥʦʚ. ð ʂʘʟʘʥʴ: ʂʅʀʊʋ-ʂɸʀ, 2021. ð 80 ʩ. 

 

REFERENCES* 

 

[1] Petrosov, V. A. Ustojchivost' vodosnabzhenija/V. A. Petrosov. ï Har'kov: Faktor, 

2007. ï 360 s. 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 1 (136), 2025             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 1 (136), 2025                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

131 

[2] Jegil'skij I.S. çAvtomatizirovannye sistemy upravlenija tehnologicheskimi processami 

podachi i raspredelenija vodyè. ï Leningrad: Strojizdat, Leningr. otd-nie, 1988. ï 216 s. 

[3] Popkovich G.S. çAvtomatizacija sistem vodosnabzhenija i vodootvedenijaè/ 

Popkovich G.S., Gordeev M.A. ï M.: Kniga po Trebovaniju, 2012. ï 390 s. 

[4] Zuev, K. I. Avtomatizacija sistem vodosnabzhenija i vodootvedenija: ucheb. posobie / 

K. I. Zuev ; Vladim. gos. un-t im. A. G. i N. G. Stoletovyh. ï Vladimir: Izd-vo VlGU, 2016.  

224 s. 

[5] Zejkulov B. R. vodosnabzhenija i vodootvedenija: ucheb. posobie/K. I.Zuev; Vladim. 

gos. un-t im. A. G. i N. G. Stoletovyh. ï Vladimir: VlGU, 2019.  224 s. 

[6] Arsenov, V. G. çShemy sistem proizvodstvennogo vodosnabzhenijaè/ V. G. Arsenov 

// Sibirskoe Inzhenernoe Bjuro. 

[7] Ivanov V.N.Programmirovanie logicheskih kontrollerov: ucheb. posobie. ï M.: Salon 

Pres, 2020. ï 356 s. 

[8] Maksimychev, O.I. Programmirovanie logicheskih kontrollerov (PLC): ucheb. 

posobie / O.I. Maksimychev, A.V. Libenko, V.A. Vinogradov. ï M.: MADI, 2016. ï 188 s  

[9] Nevzorova, A. B. Avtomatizacija tehnologicheskih processov sistem vodosnabzhenija 

i kanalizacii: ucheb.-metod. posobie/A.B. Nevzorova; M-vo transp. i kommunikacij Resp. 

Belarus', Belorus. gos. un-t transp. ï Gomel': BelGUT, 2022. ï 151 s. 

[10] Zhandis G.S. Avtomatizacija i vodootvedenija/Gordej D. ï M.: Kniga po 

Trebovaniju, 2012. ï 210 s. 

[11] Frog, B. N. Vodopodgotovka: uchebnik dlja vuzov/B. N. Frog, A. G. Pervov. ï 

Moskva: Izdatel'stvo Associacii stroitel'nyh vuzov (ASV), 2014. ï 507 s. 

[12] Vodopodgotovka dlja AJeS. Proektirovanie i raschet vodopodgotovitel'noj 

ustanovki: uchebnoe posobie/V.A. Karelin; Tomskij politehnicheskij universitet. ī Tomsk: Izd-

vo Tomskogo politehnicheskogo universiteta, 2012. ï 98 s 

[13] Vodopodgotovka: Spravochnik. /Pod red. d.t.n., dejstvitel'nogo chlena Akademii 

promyshlennoj jekologii S.E. Belikova. - M.: Akva-Term, 2007. ï 240 s. 

[14] Halturina, Tamara Ivanovna. Vodopodgotovka. Raschet stancij vodoochistki 

podzemnyh vod dlja hozjajstvenno-pit'evyh nuzhd: uchebnoe posobie dlja vuzov/T. I. Halturina, 

T. A. Kurilina, O. V. Churbakova; Sib. federal. un-t. - Krasnojarsk: SFU, 2012. - 274 s 

[15] Rybanov, A.A. Metody analiza nechetkoj informacii: kurs lekcij [Jelektronnyj 

resurs]: uchebnoe posobie/A.A. Rybanov, M.V. Fadeeva; VPI (filial) VolgGTU, ï Volzhskij, 

2019. 

[16] Shahide Dehgan, Morteza Soltani, Hossejn Golami. Nechetkaja logika v 

gidrotehnike. - Izdatel'stvo: Sciencia Scripts, 2023.- 80 s. 

[17] Novak, V. Matematicheskie principy nechetkoj logiki: uchebnoe posobie/V. Novak, 

I. Perfil'eva, I. Mochkorzh. ð Moskva: FIZMATLIT, 2006. ð 352 s. 

[18] Karmanov, I. V. Ispol'zovanie nechetkoj logiki v inzhenernoj dejatel'nosti: uchebno-

metodicheskoe posobie/I. V. Karmanov. ð Kazan': KNITU-KAI, 2021. ð 80 s. 

 

 

Gulzhan Uskenbayeva, PhD, associate professor, L.N. Gumilyov Eurasian National 

University Astana, Kazakhstan, gulzhum_01@mail.ru  

Yerbol Ospanov, PhD, associate professor, Semey, Kazakhstan, 78oea@mail.ru 

Aliya Shukirova, PhD, associate professor, L.N. Gumilyov Eurasian National University 

Astana, Kazakhstan, aliya.shukirova@mail.ru 

Nursultan Laiykov , master student, L.N. Gumilyov Eurasian National University 

Astana, Kazakhstan, 2001lnk@mail.ru 

Dilnur Khakimzhanov , master student, L.N. Gumilyov Eurasian National University 

Astana, Kazakhstan, hdilnur@gmail.com 

mailto:gulzhum_01@mail.ru
mailto:78oea@mail.ru
mailto:aliya.shukirova@mail.ru
mailto:2001lnk@mail.ru


ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 1 (136), 2025             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 1 (136), 2025                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

132 

METHODS AND ALGORITHMS FOR DEVELOPING A SYSTEM FOR 

FORECASTING CROPS YIELD IN A GREENHOUSE COMPLEX  

 

Abstract. The article discusses methods and algorithms for creating a system for 

forecasting crop yields in a greenhouse complex. Attention is paid to modern methods, such as 

machine learning and big data analysis, which allow taking into account many factors affecting 

plant growth and development. The developed system combines various data sources, including 

climatic conditions, soil parameters, light levels, and irrigation regimes, to create accurate 

forecasting models. The proposed algorithms and methods are aimed at optimizing greenhouse 

management, improving resource efficiency, and increasing productivity. The results of the 

study show that the use of these technologies significantly improves the accuracy of forecasts 

and contributes to the sustainable development of agriculture.  

The basic principle of fuzzy neural networks is to use fuzzy rules to represent knowledge 

about the system. These rules are based on expert knowledge or data and have the form of "if-

then" where variables can take ambiguous values. During the training process, the network 

adapts the weights and parameters of fuzzy membership functions to reduce the forecast error. 

Training can be carried out using algorithms similar to those used in traditional neural networks, 

such as backpropagation. Fuzzy neural networks are a powerful and flexible tool for solving a 

wide range of problems in the presence of uncertainty and fuzzy data. Their use allows for 

increased accuracy and reliability of forecasts, improved control of complex systems, and a 

deeper understanding of the processes being studied. 

The advantages of fuzzy neural networks include their ability to handle complex and 

nonlinear relationships, their resilience to noise in data, and their ability to interpret results in 

terms of fuzzy logic rules. This makes them particularly valuable for applications that require 

high accuracy and clarity of results. 

 

Keywords. Forecasting system, intelligent control system, greenhouse complex, control 

algorithms, data processing. 
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ʄɽʊʆɼʓ ʀ ɸʃɻʆʈʀʊʄʓ ʈɸɿʈɸɹʆʊʂʀ ʉʀʉʊɽʄʓ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ 

ʋʈʆɾɸʁʅʆʉʊʀ ʉɽʃʔʍʆɿʂʋʃʔʊʋʈ ɺ ʊɽʇʃʀʏʅʆʄ ʂʆʄʇʃɽʂʉɽ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʪʝʧʣʠʯʥʦʤ ʢʦʤʧʣʝʢʩʝ. 

ʋʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ, ʪʘʢʠʤ ʢʘʢ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʦʩʪ 

ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʲʝʜʠʥʷʝʪ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ, 

ʚʢʣʶʯʘʷ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʧʘʨʘʤʝʪʨʳ ʧʦʯʚʳ, ʫʨʦʚʝʥʴ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʨʝʞʠʤʳ 

ʦʨʦʰʝʥʠʷ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ 
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ʤʝʪʦʜʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʠʮʝʡ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 

ʧʨʦʛʥʦʟʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʥʝʯʝʪʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʦ ʩʠʩʪʝʤʝ. ʕʪʠ ʧʨʘʚʠʣʘ ʦʩʥʦʚʘʥʳ ʥʘ 

ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʷʭ ʠʣʠ ʜʘʥʥʳʭ ʠ ʠʤʝʶʪ ʬʦʨʤʫ çʝʩʣʠ-ʪʦè, ʛʜʝ ʧʝʨʝʤʝʥʥʳʝ ʤʦʛʫʪ 

ʧʨʠʥʠʤʘʪʴ ʥʝʦʜʥʦʟʥʘʯʥʳʝ ʟʥʘʯʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʩʝʪʴ ʘʜʘʧʪʠʨʫʝʪ ʚʝʩʘ ʠ 

ʧʘʨʘʤʝʪʨʳ ʥʝʯʝʪʢʠʭ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʦʰʠʙʢʫ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʆʙʫʯʝʥʠʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ, 

ʘʥʘʣʦʛʠʯʥʳʭ ʪʝʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ, ʪʘʢʠʭ ʢʘʢ 

ʦʙʨʘʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʰʠʙʢʠ. ʅʝʯʝʪʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ð ʤʦʱʥʳʡ ʠ ʛʠʙʢʠʡ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ 

ʥʝʯʝʪʢʦʩʪʠ ʜʘʥʥʳʭ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʧʨʦʛʥʦʟʦʚ, ʫʣʫʯʰʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʠʟʫʯʘʝʤʳʝ 

ʧʨʦʮʝʩʩʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʥʝʯʝʪʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚʢʣʶʯʘʶʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʩʣʦʞʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʫ ʚ ʜʘʥʥʳʭ ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. ʕʪʦ ʜʝʣʘʝʪ ʠʭ 

ʦʩʦʙʝʥʥʦ ʮʝʥʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʯʝʪʢʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʠʩʪʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ, ʪʝʧʣʠʯʥʳʡ ʢʦʤʧʣʝʢʩ, ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. 
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ʊʆɹʓפ ɹʋʓʅʓʅ ʆרɸʃʊʋנɸ ɸʈʅɸʃנɸʅ ʈʆɹʆʊʊɸʅɼʓʈʓʃנɸʅ 

ʕʂɿʆʉʂɽʃɽʊʊɯ ᴄɿɯʈʃɽʋ ɾᴄʅɽ ʌʋʅʂʎʀʆʅɸʃɼʓפ ʉʓʅɸʋ 

 

ɸשʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ʪʦʙʳץ ʙʫʳʥʳʥ ʦשʘʣʪʫסʘ ʘʨʥʘʣסʘʥ ʨʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ 

ʵʢʟʦʩʢʝʣʝʪʢʝ ץʘʪʳʩʪʳ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ʜʘʤʫ ʤᴅʩʝʣʝʣʝʨʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʊʦʙʳץ ʙʫʳʥʳʥʳש 

ʦשʘʣʪʫʳ ʠʥʩʫʣʴʪ, ʞײʣʳʥ ʞʘʨʘץʘʪʳ, ʮʝʨʝʙʨʘʣʴʜʳ ʧʘʨʘʣʠʯ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʥʝʚʨʦʣʦʛʠʷʣʳץ 

ʥʝʤʝʩʝ ʬʠʟʠʢʘʣʳץ ʞʘʨʘץʘʪʪʘʨʜʘʥ ʢʝʡʽʥ ץʘʣʧʳʥʘ ʢʝʣʽʧ ʞʘʪץʘʥ ʥʘʫץʘʩʪʘʨ װʰʽʥ ʤʘשʳʟʜʳ 

ʨᴇʣ ʘʪץʘʨʘʜʳ. ɼᴅʩʪװʨʣʽ ʦשʘʣʪʫ ᴅʜʽʩʪʝʨʽ ʢᴇʧ ʬʠʟʠʢʘʣʳץ ʢװʰ-ʞʽʛʝʨʜʽ ʪʘʣʘʧ ʝʪʽʧ, ʪʝʨʘʧʝʚʪʪʝʨ 

 ʘʥסʘʤʪʠʜʳ. ʈʦʙʦʪʪʘʥʜʳʨʳʣץ ʳʪʪʳ ʢᴇʧ ʘʣʘʪʳʥ ʧʨʦʮʝʩʪʝʨʜʽץʠʳʥ ᴅʨʽ ʫʘץ ʰʽʥװ

ʵʢʟʦʩʢʝʣʝʪʪʝʨ ʦʩʳ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʛʝ ʘʨʥʘʣסʘʥ ʪʠʽʤʜʽ ʰʝʰʽʤʜʝʨ ʨʝʪʽʥʜʝ ײʩʳʥʳʣʘʜʳ, 

ʩʝʙʝʙʽ ʦʣʘʨ ʪײʨʘץʪʳ ʞᴅʥʝ ץʘʡʪʘʣʘʥʙʘʣʳ ץʦʟסʘʣʳʩʪʘʨʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʪʝʨʘʧʠʷʥʳ 

ʞʝʢʝʣʝʥʜʽʨʽʧ, ʬʠʟʠʢʘʣʳץ ʞװʢʪʝʤʝʥʽ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. פʘʟʽʨʛʽ ײץʨʳʣסʳʣʘʨ 

ʥʝʛʽʟʽʥʝʥ ʽʨʽ ʙʫʳʥʜʘʨסʘ ʙʘסʳʪʪʘʣסʘʥ, ʘʣ ʪʦʙʳץ ʙʫʳʥʳʥʘ ʘʨʥʘʣסʘʥ ʰʝʰʽʤʜʝʨ ᴅʣʽ ʞʝʪʢʽʣʽʢʩʽʟ 

ʟʝʨʪʪʝʣʛʝʥ. ʊʦʙʳץ ʙʫʳʥʳʥʳש ʝʨʝʢʰʝ ʙʠʦʤʝʭʘʥʠʢʘʩʳ ʦʥʳ ʦשʘʣʪʫ װʰʽʥ ʘʨʥʘʡʳ ʰʝʰʽʤʜʝʨʜʽ 

ʪʘʣʘʧ ʝʪʝʜʽ. ʄʘץʘʣʘʜʘ ʪʦʙʳץ ʙʫʳʥʳʥʳש ʦשʘʣʪʫʳʥʘ ʘʨʥʘʣסʘʥ ʵʢʟʦʩʢʝʣʝʪʪʽ ײץʨʘʩʪʳʨʫ ʤʝʥ 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ʩʳʥʘץʪʘʨʜʳ ץʘʨʘʩʪʳʨʫ ʘʨץʳʣʳ, ʨʦʙʦʪʦʪʝʭʥʠʢʘʥʳש ʙײʣ ʩʘʣʘʩʳʥʜʘ ʞʘשʘ 

ʪᴅʩʽʣʜʝʨ ʤʝʥ ʰʝʰʽʤʜʝʨ ײʩʳʥʳʣסʘʥ. 

 

ʊװʡʽʥʜʽ  ʩᴇʟʜʝʨ. ʊʦʙʳץ ʙʫʳʥʳ, ʦשʘʣʪʫ, ʨʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʵʢʟʦʩʢʝʣʝʪ, 

ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʷ, ʠʥʩʫʣʴʪ, ʮʝʨʝʙʨʘʣʴʜʳ ʧʘʨʘʣʠʯ, ʙʠʦʤʝʭʘʥʠʢʘ, ʬʫʥʢʮʠʦʥʘʣʜʳץ ʩʳʥʘץ. 

ʂʽʨʽʩʧʝ. 

ʊʦʙʳץ ʙʫʳʥʳʥ ʦשʘʣʪʫ ʠʥʩʫʣʴʪ, ʞײʣʳʥ ʞʘʨʘץʘʪʳ, ʩʘʣ (ʮʝʨʝʙʨʘʣʴʜʳ ʧʘʨʘʣʠʯ) 

ʥʝʤʝʩʝ ʩʧʦʨʪʪʳץ ʞʘʨʘץʘʪʪʘʨ ʩʠʷץʪʳ ʥʝʚʨʦʣʦʛʠʷʣʳץ ʥʝʤʝʩʝ ʬʠʟʠʢʘʣʳץ ʞʘʨʘץʘʪʪʘʨʜʘʥ 

ʢʝʡʽʥ ץʘʣʧʳʥʘ ʢʝʣʽʧ ʞʘʪץʘʥ ʥʘʫץʘʩʪʘʨ װʰʽʥ ץʦʟסʘʣʳʩ ʧʝʥ ʬʫʥʢʮʠʷʥʳ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʜʝ 

ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ [1]. ʊʦʙʳץ ʙʫʳʥʳ ʪʝʧʝ-ʪʝשʜʽʢʪʽ ʩʘץʪʘʫ, ʞװʨʫ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʥʝʛʽʟʛʽ 

 ʦʣ ʞʝʪʢʽʟʫץ ʘʣʪʫ ʧʨʦʮʝʩʽ ʪᴅʫʝʣʩʽʟʜʽʢʢʝשʦ שʪʘʥ ʦʥʳץʘʞʝʪ, ʩʦʥʜʳץ ʰʽʥ ʘʩʘװ ʘʣʳʩʪʘʨסʦʟץ

ʤʝʥ ᴇʤʽʨ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫʜʘ ʙʘʩʪʳ ʙʘʩʳʤʜʳץץʘ ʘʡʥʘʣʘʜʳ. ɸʣʘʡʜʘ, ʜᴅʩʪװʨʣʽ ʦשʘʣʪʫ 

ᴅʜʽʩʪʝʨʽ ʢᴇʙʽʥʝʩʝ ʘʨʥʘʡʳ ʜʘʡʳʥʜʳץʪʘʥ ᴇʪʢʝʥ ʤʘʤʘʥʜʘʨ ʞװʨʛʽʟʝʪʽʥ ץʦʣʤʝʥ ʝʤʜʝʫʛʝ 

ʥʝʛʽʟʜʝʣʝʜʽ ʞᴅʥʝ ʪʝʨʘʧʝʚʪʪʝʨ ʤʝʥ ʧʘʮʠʝʥʪʪʝʨʜʝʥ ʢᴇʧ ʫʘץʳʪʪʳ, ʢװʰ-ʞʽʛʝʨʜʽ ʞᴅʥʝ 

ʨʝʩʫʨʩʪʘʨʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ ᴅʜʽʩʪʝʨ ʪʝʨʘʧʝʚʪʪʝʨ װʰʽʥ ʬʠʟʠʢʘʣʳץ 

ʪײʨסʳʜʘʥ ʘʫʳʨ ʙʦʣʫʳ ʤװʤʢʽʥ ʞᴅʥʝ ʦשʪʘʡʣʳ ץʘʣʧʳʥʘ ʢʝʣʫ װʰʽʥ ץʘʞʝʪʪʽ ʪײʨʘץʪʳʣʳץ ʧʝʥ 

ʜᴅʣʜʽʢʪʽ ᴅʨʜʘʡʳʤ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʤʘʡʜʳ. 

ʈʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʵʢʟʦʩʢʝʣʝʪʪʝʨ ʦʩʳ ץʠʳʥʜʳץʪʘʨʜʳ ʰʝʰʫʛʝ ʘʨʥʘʣסʘʥ 

ʠʥʥʦʚʘʮʠʷʣʳץ ᴅʨʽ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʰʝʰʽʤ ʨʝʪʽʥʜʝ ʪʘʥʳʣʫʜʘ. ɾʝʪʽʣʜʽʨʽʣʛʝʥ ʨʦʙʦʪʦʪʝʭʥʠʢʘ, 

ʩʝʥʩʦʨʣʘʨ ʞᴅʥʝ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ʙʽʨʽʢʪʽʨʫ ʘʨץʳʣʳ ʙײʣ ײץʨʳʣסʳʣʘʨ ʜᴅʩʪװʨʣʽ ʦשʘʣʪʫ 

ʪᴅʩʽʣʜʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʙʽʨʥʝʰʝ ʘʨʪʳץʰʳʣʳץʪʘʨ ײʩʳʥʘʜʳ. ʈʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ 

ʵʢʟʦʩʢʝʣʝʪʪʝʨ ʪײʨʘץʪʳ ʞᴅʥʝ ץʘʡʪʘʣʘʥʙʘʣʳ ץʦʟסʘʣʳʩʪʘʨʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʘʜʳ, ʪʝʨʘʧʠʷ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʙʝʡʽʤʜʝʡʜʽ ʞᴅʥʝ ʧʨʦʛʨʝʩʪʽ ʙʘץʳʣʘʫסʘ ʘʨʥʘʣסʘʥ 

ʦʙʲʝʢʪʠʚʪʽ ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣʘʨ ʪʝʨʘʧʝʚʪʪʝʨʜʽש ʬʠʟʠʢʘʣʳץ ʞװʢʪʝʤʝʩʽʥ 

ʘʟʘʡʪʳʧ, ʧʘʮʠʝʥʪʪʝʨ װʰʽʥ ʥʝײסʨʣʳʤ ץʘʨץʳʥʜʳ ʞᴅʥʝ ʞʝʢʝʣʝʥʜʽʨʽʣʛʝʥ ʪʝʨʘʧʠʷʣʳץ 

ʩʝʘʥʩʪʘʨʜʳ ʞװʨʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [2]. 
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ʈʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʵʢʟʦʩʢʝʣʝʪʪʝʨʛʝ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳץʪʳש ʘʨʪʫʳʥʘ ץʘʨʘʤʘʩʪʘʥ, 

 ʘסʪʳ ʽʨʽ ʙʫʳʥʜʘʨץʳʣʘʨ ʢᴇʙʽʥʝʩʝ ʞʘʤʙʘʩ ʥʝʤʝʩʝ ʪʽʟʝ ʩʠʷסʨʳʣײץ ʳסʦʣʜʘʥʳʩʪʘץ ʘʟʽʨʛʽץ

ʙʘסʳʪʪʘʣסʘʥ, ʘʣ ʪʦʙʳץ ʙʫʳʥʳ ʞʝʪʢʽʣʽʢʪʽ ʟʝʨʪʪʝʣʤʝʛʝʥ ʢװʡʜʝ ץʘʣʳʧ ʦʪʳʨ. ɼʝʛʝʥʤʝʥ, ʪʦʙʳץ 

ʙʫʳʥrʥʳש ʝʨʝʢʰʝ ʙʠʦʤʝʭʘʥʠʢʘʩʳ ï ʜʦʨʩʠʬʣʝʢʩʠʷ, ʧʣʘʥʪʘʨʬʣʝʢʩʠʷ, ʠʥʚʝʨʩʠʷ ʞᴅʥʝ 

ʵʚʝʨʩʠʷ ʩʠʷץʪʳ ʢᴇʧʙʘסʳʪʪʳ ʢװʨʜʝʣʽ ץʦʟסʘʣʳʩʪʘʨʜʳ ץʘʤʪʠʪʳʥʜʳץʪʘʥ, ʦʥʳש ʦשʘʣʪʫ 

 ʪʳץʳʣʳץʘʪʪʘʥʜʳʨʘ ʘʣʘʪʳʥ ʘʨʥʘʡʳ ʰʝʰʽʤʜʝʨʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. ʆʩʳ ʦʣסʘʥʘץ ʘʞʝʪʪʽʣʽʢʪʝʨʽʥץ

ʞʦʶ װʰʽʥ ʪʦʙʳץ ʙʫʳʥʳʥʳש ʦשʘʣʪʫʳʥʘ ʘʨʥʘʣסʘʥ ʨʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʵʢʟʦʩʢʝʣʝʪʪʽש ʘʨʥʘʡʳ 

ʜʘʤʫʳ ʘʩʘ ʤʘשʳʟʜʳ. 

ʊʦʙʳץ ʙʫʳʥʳʥʳש ʦשʘʣʪʫʳʥʘ ʘʨʥʘʣסʘʥ ʨʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʵʢʟʦʩʢʝʣʝʪʪʝʨʜʽ ᴅʟʽʨʣʝʫ 

ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫ ʦשʘʣʪʫ ʠʥʞʝʥʝʨʠʷʩʳ ʩʘʣʘʩʳʥʜʘסʳ ץʳʟʳסʫʰʳʣʳץ 

ʪʘץʳʨʳʙʳʥʘ ʘʡʥʘʣʜʳ. [3] ʟʝʨʪʪʝʫʰʽʣʝʨʽ ʨʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʞװʨʫʜʽ ʦשʘʣʪʫʜʘ ʢʝʟʜʝʩʝʪʽʥ 

 ʳʥ ʪʽʨʝʫסʦʣʜʘʫ, ʜʝʥʝ ʩʘʣʤʘץ ʙʫʳʥʳʥ ץʘʥʜʘ ʪʦʙʳץʘʥ, ʘʪʘʧ ʘʡʪסʳʣʘץʪʘʨʜʳ ʪʘʣץʠʳʥʜʳץ

ʞᴅʥʝ ʘʜʘʤʥʳש ʨʦʙʦʪʧʝʥ ʬʠʟʠʢʘʣʳץ ᴅʨʝʢʝʪʪʝʩʫ ʤᴅʩʝʣʝʣʝʨʽʥ ץʦʟסʘסʘʥ. ʆʣʘʨ ʘʜʘʤ ʤʝʥ ʨʦʙʦʪ 

ʘʨʘʩʳʥʜʘסʳ ʬʠʟʠʢʘʣʳץ ᴅʨʝʢʝʪʪʝʩʫʜʽ ʞʘץʩʘʨʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʜʠʟʘʡʥ ʞᴅʥʝ ʙʘʩץʘʨʫ 

ʪײʞʳʨʳʤʜʘʤʘʣʘʨʳʥ ʙʘסʘʣʘʫ װʰʽʥ ʞװʨʫʜʽ ʦשʘʣʪʫסʘ ʘʨʥʘʣסʘʥ ʵʢʟʦʩʢʝʣʝʪ ʧʨʦʪʦʪʠʧʽʥ 

ᴅʟʽʨʣʝʫ ʪʫʨʘʣʳ ʭʘʙʘʨʣʘסʘʥ. [4] ʧʥʝʚʤʘʪʠʢʘʣʳץ ʞʘʩʘʥʜʳ ʙײʣʰʳץʝʪʪʽש ʘʜʘʤ ʞװʨʫʽʥ 

ʦשʘʣʪʫסʘ ʘʨʥʘʣסʘʥ ʙʝʣʩʝʥʜʽ ʦʨʪʝʟʜʝ ץʦʣʜʘʥʳʣʫ ʤװʤʢʽʥʜʽʛʽʥ ʟʝʨʪʪʝʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. ʆʣʘʨ 

ʞʘʩʘʥʜʳ ʙײʣʰʳץʝʪʪʽש ʢʘʣʠʙʨʣʝʫ ʞᴅʥʝ ʤʽʥʝʟ-ײץʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʥʳץʪʘʫ װʰʽʥ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʳʥʘץʪʘʨ ʞװʨʛʽʟʽʧ, ʣʦʢʦʤʦʪʦʨʣʳץ ʙײʟʳʣʳʩʪʘʨ ʢʝʟʽʥʜʝ ʙײʣʰʳץʝʪ ᴅʣʩʽʟʜʽʛʽʥ 

ᴇʪʝʫ װʰʽʥ ʙʝʣʩʝʥʜʽ ʵʣʝʤʝʥʪʪʽש ʤʘשʳʟʜʳʣʳסʳʥ ʘʪʘʧ ᴇʪʪʽ. ɹʘʩץʘ ʪᴅʩʽʣʜʝ [5] ʛʠʙʨʠʜʪʽ 

ʵʢʟʦʩʢʝʣʝʪ װʰʽʥ ʢʦʦʧʝʨʘʪʠʚʪʽ ʙʘʩץʘʨʫ ʩʪʨʘʪʝʛʠʷʩʳʥ ײʩʳʥʜʳ, ʙײʣ ʨʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ 

ʵʢʟʦʩʢʝʣʝʪʪʝʨ ʤʝʥ ʵʣʝʢʪʨʣʽʢ ʩʪʠʤʫʣʷʮʠʷʥʳ ʙʽʨʽʢʪʽʨʝʜʽ. ɹײʣ ʩʪʨʘʪʝʛʠʷ ᴅʨʙʽʨ ᴅʜʽʩʪʽש 

ʰʝʢʪʝʫʣʝʨʽʥ ʝשʩʝʨʽʧ, ʦʣʘʨʜʳש ʘʤʙʫʣʘʪʦʨʠʷʣʳץ ʦשʘʣʪʫʜʳ ʞʘץʩʘʨʪʫסʘ ʘʨʥʘʣסʘʥ 

ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ᴅʟʽʨʣʝʥʜʽ. [6] ʠʥʩʫʣʴʪʪʘʥ ʢʝʡʽʥʛʽ ʝʨʝʩʝʢʪʝʨʜʝ 

ʨʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʵʢʟʦʩʢʝʣʝʪʪʝʨʜʽ ʞװʨʫʜʽ ʦשʘʣʪʫʜʘ ץʦʣʜʘʥʫסʘ ʘʨʥʘʣסʘʥ ʘסʳʤʜʘסʳ 

ᴅʜʝʙʠʝʪʪʝʨʜʽ ʰʦʣʫ ʞʘʩʘסʘʥ. ʐʦʣʫ ץʘʟʽʨʛʽ ʟʝʨʪʪʝʫʣʝʨʛʝ ʙʘסʳʪ ʙʝʨʫ ʞᴅʥʝ ʠʥʩʫʣʴʪʪʘʥ 

ʢʝʡʽʥʛʽ ʦשʘʣʪʫʜʘ ʨʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʵʢʟʦʩʢʝʣʝʪʪʝʨʜʽ ᴅʟʽʨʣʝʫʜʽ ʽʣʛʝʨʽʣʝʪʫ ʙʦʡʳʥʰʘ 

 ʘʣʳʩסʦʟץ ʦʣץ-ץʨʛʽʟʽʣʛʝʥ. [7] ʧʘʨʘʣʠʯ ʥʝʤʝʩʝ ʪᴇʤʝʥʛʽ ʘʷװʩʘʪʳʥʜʘ ʞץʩʳʥʳʩʪʘʨ ʙʝʨʫ ʤʘײ

ʙײʟʳʣʳʩʪʘʨʳ ʙʘʨ ʘʜʘʤʜʘʨ װʰʽʥ ץʦʟסʘʣʳʩ ʧʝʥ ʦשʘʣʪʫסʘ ʘʨʥʘʣסʘʥ ʢʫʣʘʯʦʢ-ʙʘץʳʣʘʫʰʳ 

ʤʝʭʘʥʠʟʤ ʞᴅʥʝ ʠʽʥʪʽʨʝʢ-ʪʝʨʙʝʣʽʩ ʤʝʭʘʥʠʟʤʽ ʥʝʛʽʟʽʥʜʝ ʦשʘʣʪʫ ײץʨʳʣסʳʩʳʥʳש 

ʢʦʥʮʝʧʪʫʘʣʜʳ ʜʠʟʘʡʥʳʥʘ ʥʘʟʘʨ ʘʫʜʘʨʜʳ. ײפʨʳʣסʳʥʳש ʘʨʟʘʥʜʳסʳ, ʧʘʡʜʘʣʘʥʫʰʳʥʳש 

ʙʘʩץʘʨʫʳʥʘ ʳסשʘʡʣʳʣʳסʳ, ʩʦʥʜʘʡ-ʘץ ʞװʨʫ ʢʝʟʽʥʜʝ ʪײʨʘץʪʳʣʳץ ʧʝʥ ץʘʫʽʧʩʽʟʜʽʢ 

 ʳʣʳץʦʣʜʘʥʫ ʘʨץ ʦʣ ʵʢʟʦʩʢʝʣʝʪʽʥץ-ץʘʥ. [8] ʧʘʩʩʠʚʪʽ ʪᴇʤʝʥʛʽ ʘʷסʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʢʝʨʝʢ ʙʦʣץ

ʩʫʙʲʝʢʪʽʥʽש ʞװʨʫ ʜʝʨʝʢʪʝʨʽʥ ʘʣʫ ʞᴅʥʝ ʪʘʣʜʘʫ ᴅʜʽʩʽʥ ᴅʟʽʨʣʝʛʝʥ. ɿʝʨʪʪʝʫ ʢʣʠʥʠʢʘʣʳץ 

 ʨʫ ʤʦʜʝʣʴʜʝʨʽʥ ʞʝʪʽʣʜʽʨʫװʩʘʩ ʞʘʩʘʥʜʳ ʞץײ ʨʫʽʥʝװʠ ʞסʪʘʙʠ שʘʥ ʘʜʘʤʥʳסʘ ʘʨʥʘʣץʦʣʜʘʥʳʩץ

 .ʘʞʝʪʪʽʣʽʛʽʥ ʘʪʘʧ ʢᴇʨʩʝʪʪʽץ

ʀʥʩʫʣʴʪ ʬʫʥʢʮʠʦʥʘʣʜʳ ץʦʟסʘʣʳʩ ץʘʙʽʣʝʪʽʥʽש ʞʦסʘʣʫʳʥʘ ᴅʢʝʣʝʪʽʥ ʥʝʛʽʟʛʽ 

ʩʝʙʝʧʪʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʠʥʩʫʣʴʪ ʘʣסʘʥ ʥʘʫץʘʩʪʘʨʜʳץ שʦʟסʘʣʳʩ 

 ʳʟʜʳ. ɸʣʘʡʜʘ, ʠʥʩʫʣʴʪʪʝʥ ʢʝʡʽʥ ʪʽʟʝשʳʪʳʣʳ ʙʘʩʪʘʫ ʤʘץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʜʽ ʫʘץ ʘʙʽʣʝʪʽʥץ

ʙײʣʰʳץʝʪʪʝʨʽʥʽש ʙʝʣʩʝʥʜʽʣʽʛʽ ᴅʣʩʽʟ ʙʦʣʳʧ, ץʦʟסʘʣʳʩץʘ ץʘʞʝʪʪʽ ʢװʰ ʙʝʨʝ ʘʣʤʘʡʜʳ, ʙײʣ ʝʨʪʝ 

ʦשʘʣʪʫ ʰʘʨʘʣʘʨʳʥʘ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʜʽ. ʆʩʳ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ ʤʘץʩʘʪʳʥʜʘ, ʘʚʪʦʨʣʘʨ [9] ʕʄɻ 

(ʵʣʝʢʪʨʦʤʠʦʛʨʘʬʠʷ) ʘʨץʳʣʳ ʙʘץʳʣʘʥʘʪʳʥ ʵʢʟʦʩʢʝʣʝʪ ײʩʳʥʜʳ. ɹײʣ ʵʢʟʦʩʢʝʣʝʪ ʕʄɻ 

ʩʠʛʥʘʣʳʥ ʘʨʥʘʡʳ ʩʝʥʩʦʨ ʘʨץʳʣʳ ץʘʙʳʣʜʘʧ, ʂʘʣʤʘʥ ʩװʟʛʽʩʽʤʝʥ ᴇשʜʝʧ, ʘʚʪʦʥʦʤʜʳ 

ʙʘʩץʘʨʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦשʘʣʪʫ ʧʨʦʮʝʩʽʥ ץʳʟʳץʪʳ ᴅʨʽ ʥᴅʪʠʞʝʣʽ ʝʪʫ 

 ʪʘʨ ʙʘʨʳʩʳʥʜʘ 6 ʩʘʫ ʘʜʘʤץʳ ʩʳʥʘץʘʰסʩʳʥʳʣʜʳ. ɸʣײ ʵʣʝʤʝʥʪ ץʰʽʥ ʘʨʥʘʡʳ ʦʡʳʥʜʳװ

ʵʢʟʦʩʢʝʣʝʪʪʽ ʕʄɻ ʩʠʛʥʘʣʳ ʘʨץʳʣʳ ʙʘʩץʘʨʫ ץʘʙʽʣʝʪʽʥ ʢᴇʨʩʝʪʽʧ, ʦʡʳʥ ʘʨץʳʣʳ ʦשʘʣʪʫ 

ʥᴅʪʠʞʝʣʝʨʽʥ ʞʘץʩʘʨʪץʘʥʳ ʙʘʡץʘʣʜʳ. ɹײʣ ײץʨʳʣסʳʥʳ ʧʘʡʜʘʣʘʥʫ ʦשʘʡ, ʦשʘʣʪʫ װʜʝʨʽʩʽʥ 

ʙʘʩʪʘʫ װʰʽʥ ʥʝʙᴅʨʽ 72 ʩʝʢʫʥʜ ץʘʞʝʪ, ʘʣ ʕʄɻ ʩʠʛʥʘʣʳʥʳש ᴇשʜʝʫ ʢʽʜʽʨʽʩʽ 64 ʤʩ-ץʘ ʜʝʡʽʥ, 

ʵʢʟʦʩʢʝʣʝʪ ʞײʤʳʩʳʥʳש ʞʘʣʧʳ ʢʽʜʽʨʽʩʽ 110 ʤʩ-ץʘ ʜʝʡʽʥ ʘʟʘʡʪʳʣסʘʥ. ײפʨʳʣסʳʥʳװ שʡ 

ʞʘסʜʘʡʳʥʜʘ ʪʝʨʘʧʝʚʪʩʽʟ ʧʘʡʜʘʣʘʥʫסʘ ʳסשʘʡʣʳ ʙʦʣʫʳ ʠʥʩʫʣʴʪ ʘʣסʘʥ ʥʘʫץʘʩʪʘʨʜʳש 
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ʨʝʘʙʠʣʠʪʘʮʠʷʩʳʥʳש ʙʘʩʪʘʧץʳ ʢʝʟʝשʽʥʜʝ ץʘʨץʳʥʜʳʣʳץ ʧʝʥ ʪʠʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫסʘ װʣʢʝʥ 

ʤװʤʢʽʥʜʽʢʪʝʨ ʙʝʨʝʜʽ. ɾװʨʫ ʪʝʨʘʧʠʷʩʳʥʘ ʘʨʥʘʣסʘʥ ʨʦʙʦʪʪʘʨʜʳ ʪʠʽʤʜʽʨʝʢ ʞʘʩʘʫ װʰʽʥ 

 ʩʽʥʫװʘʨʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʪץʜʠʥʘʤʠʢʘʩʳ ʤʝʥ ʙʘʩ ץʥʝʡʨʦ-ʤʝʭʘʥʠʢʘʣʳ שʨʫʜʽװʘʣʳʧʪʳ ʞץ

ʤʘשʳʟʜʳ. ɹײʨʳʥסʳ ʟʝʨʪʪʝʫʣʝʨʜʝ ʘʜʘʤʥʳש ʞװʨʫ ץʠʤʳʣʜʘʨʳ ʙʝʣʛʽʣʽ ʙʽʨ ʨʠʪʤʛʝ ʩᴅʡʢʝʩ 

ʢʝʣʝʪʽʥ ʤʝʭʘʥʠʢʘʣʳץ ץʦʟʜʳʨʫʣʘʨסʘ װʡʣʝʩʝʪʽʥʽ ʘʥʳץʪʘʣסʘʥ. ɹײʣ ʟʝʨʪʪʝʫʜʝ [10] ʘʚʪʦʨʣʘʨ 

ʘʜʘʤʜʘʨʜʳש ʞʘʤʙʘʩץʘ ʘʨʥʘʣסʘʥ ʵʢʟʦʩʢʝʣʝʪ ʢʠʽʧ, ץʦʟסʘʣʳʩʪʘʨʳʥʳש ʨʠʪʤʽʥ ʟʝʨʪʪʝʫ 

ʞװʨʛʽʟʜʽ. ɾʘʤʙʘʩץʘ ʙʝʣʛʽʣʽ ʙʽʨ ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘ ʧʝʨʠʦʜʪʳץ ʤʝʭʘʥʠʢʘʣʳץ ʢװʰʪʝʨ 

 ʳʥ ʙʦʣʜʳ. ʅᴅʪʠʞʝʣʝʨץʨʠʪʤʽʥʝ ʞʘ שʘʜʘʤʳʥʳץ ʠסʪʘʙʠ שʦʣʜʘʥʳʣʜʳ, ʞᴅʥʝ ʦʣʘʨ ʘʜʘʤʥʳץ

ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʘʜʘʤʜʘʨʜʳץ שʦʟסʘʣʳʩʳ ʦʩʳ ʢװʰʪʝʨʛʝ ʙʝʡʽʤʜʝʣʽʧ, ʦʣʘʨʜʳ ᴇʟʜʝʨʽʥʽש ʞװʨʽʩ 

ʳʨסʘסʳʤʝʥ ʩʠʥʭʨʦʥʜʘסʘʥ. ɹʽʨʘץ ʙײʣ ʩʠʥʭʨʦʥʜʘʫ ʝʢʽ ʪװʨʣʽ ץʘʜʘʤ ʬʘʟʘʩʳʥʘ ʰʦסʳʨʣʘʥסʘʥʳ 

ʙʘʡץʘʣʜʳ, ʘʣ ʙײʨʳʥסʳ ʪʦʙʳץץʘ ʞʘʩʘʣסʘʥ ʟʝʨʪʪʝʫʣʝʨʜʝ ʪʝʢ ʙʽʨ ʬʘʟʘʜʘ װʡʣʝʩʽʤ ʙʦʣסʘʥ. ɹײʣ 

ʥᴅʪʠʞʝʣʝʨ ʘʜʘʤʥʳש ʞװʨʫ ץʠʤʳʣʜʘʨʳʥ ʙʘץʳʣʘʫʜʘסʳ ʥʝʡʨʦ-ʤʝʭʘʥʠʢʘʣʳץ ʜʠʥʘʤʠʢʘʥʳש 

ʤʘשʳʟʜʳ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʘʥʳץʪʘʡʜʳ ʞᴅʥʝ ʨʦʙʦʪ ʢᴇʤʝʛʽʤʝʥ ʞװʨʫ ʪʝʨʘʧʠʷʩʳʥ ʜʘʤʳʪʫסʘ 

ʥʝʛʽʟ ʙʦʣʘʜʳ. [11]  ʘʚʪʦʨʣʘʨ ײʩʳʥסʘʥ ʆשʪװʩʪʽʢ ʆʨʘʣ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש 

(ʏʝʣʷʙʠʥʩʢ) ʉʧʦʨʪ סʳʣʳʤʜʘʨʳ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʦʨʪʘʣʳסʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. ɿʝʨʪʪʝʫʛʝ 4-8 

ʞʘʩ ʘʨʘʣʳסʳʥʜʘסʳ 15 ʙʘʣʘ ᴇʟ ʝʨʽʢʪʝʨʽʤʝʥ ץʘʪʳʩʪʳ. ʊᴇʤʝʥʛʽ ʘʷץ ʙʫʳʥʜʘʨʳʥʳץ שʦʟסʘʣʳʩ 

ʘʫץʳʤʳʥ ʘʥʳץʪʘʫ װʰʽʥ BioDex ʨʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʞʘʙʜʳסʳ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʊʽʟʝ, ʞʘʤʙʘʩ 

ʞᴅʥʝ ʪʦʙʳץ ʙʫʳʥʜʘʨʳʥʳש ʙײʨʳʣʫ ʙײʨʳʰʪʘʨʳ ᴇʣʰʝʥʜʽ. ײפʨʳʣסʳʥʳ3 שD ʤʦʜʝʣʽʥ ᴅʟʽʨʣʝʫ 

 ʳ ʩʘʫסʳʥʜʘסʦʣʜʘʥʳʣʜʳ. 4-8 ʞʘʩ ʘʨʘʣʳץ ʪʘʤʘʩʳץʞʘʩʘ ץʜʘʨʣʘʤʘʣʳסʰʽʥ SolidWorks ʙʘװ

ʘʜʘʤʜʘʨʜʳש ʘʥʪʨʦʧʦʤʝʪʨʠʷʣʳץ ʜʝʨʝʢʪʝʨʽ ʘʣʳʥʳʧ, ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴇשʜʝʫʜʝʥ ᴇʪʢʽʟʽʣʜʽ. ʆʩʳ 

ʤᴅʣʽʤʝʪʪʝʨʜʽש ʥʝʛʽʟʽʥʜʝ ʞʘʩʘʣסʘʥ ײץʨʳʣסʳ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʥʝʛʽʟʛʽ ʩʳʟʳץʪʳץ ʞᴅʥʝ 

ʢʝשʽʩʪʽʢʪʽʢ ʧʘʨʘʤʝʪʨʣʝʨʽ ʝʩʝʧʪʝʣʜʽ. SolidWorks ʞװʡʝʩʽʥʜʝ ʵʢʟʦʩʢʝʣʝʪʪʽש ʢʦʤʧʴʶʪʝʨʣʽʢ 

ʤʦʜʝʣʽ ײץʨʳʣʜʳ, ʙײʣ ʥʘץʪʳ ʧʘʮʠʝʥʪʪʽש ʘʥʪʨʦʧʦʤʝʪʨʠʷʣʳץ ʜʝʨʝʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ 

ʧʘʨʘʤʝʪʨʣʝʨʜʽ ᴇʟʛʝʨʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 3D ʙʘʩʳʧ ʰʳסʘʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʘ 

ʦʪʳʨʳʧ, ʵʢʟʦʩʢʝʣʝʪʪʽש ʧʨʦʪʦʪʠʧʽ ʞʘʩʘʣʜʳ. פʘʞʝʪ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʵʢʟʦʩʢʝʣʝʪʪʽ3 שD 

ʤʦʜʝʣʽ ʪװʟʝʪʽʣʽʧ, ʦʥʳ ʮʝʨʝʙʨʘʣʜʳ ʩʘʣ ʘʫʨʫʳ ʙʘʨ ʥʘʫץʘʩʪʘʨʜʳ ʦשʘʣʪʫʜʘ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫ 

ʞʦʩʧʘʨʣʘʥʫʜʘ. [12] ʤʘץʘʣʘ ʘʚʪʦʨʣʘʨʳ ʥʝʡʨʦʤʦʪʦʨʣʳץ ʙײʟʳʣʳʩʪʘʨʳ ʙʘʨ ʘʜʘʤʜʘʨʜʳש 

 ʨʫèװʞ ץʘ çʩʪʘʮʠʦʥʘʨʣʳשʘʨʘʩʪʳʨʜʳ. ɿʝʨʪʪʝʫ ʞʘץ ʘʥ ʵʢʟʦʩʢʝʣʝʪ ʞʦʙʘʩʳסʘʣʫʳʥʘ ʘʨʥʘʣסʦʟץ

ʜʝʧ ʘʪʘʣʘʪʳʥ ʪʝʨʘʧʠʷʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝʣʝʨʜʽ ᴅʟʽʨʣʝʫ ץʘʞʝʪʪʽʣʽʛʽʥʝʥ 

ʙʘʩʪʘʣסʘʥ. ɹײʣ ʪʝʨʘʧʠʷ ʬʫʥʢʮʠʦʥʘʣʜʳ ʞװʨʫʜʽ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʛʝ ʘʨʥʘʣסʘʥ ʘʨʥʘʡʳ 

ʨʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ɾװʡʝ ײץʨʳʣʳʤʳ ʧʘʮʠʝʥʪʪʽ ʢᴇʪʝʨʫ 

ʤʝʥ ʦʨʥʘʣʘʩʪʳʨʫ ʤʝʭʘʥʠʟʤʽʤʝʥ, ʜʘʪʯʠʢʪʝʨ ʤʝʥ ʞʝʪʝʢʪʝʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ ʘʨʥʘʡʳ 

ʵʢʟʦʩʢʝʣʝʪʧʝʥ, ʞװʨʫʛʝ ʘʨʥʘʣסʘʥ ʞװʛʽʨʫ ʞʦʣʳʤʝʥ ʞᴅʥʝ ʙʘʩץʘʨʫ ʙʣʦʛʳʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ. 

ʕʢʟʦʩʢʝʣʝʪʪʽש ʪᴇʤʝʥʛʽ ʘʷץ ʙʫʳʥʜʘʨʳʥʜʘ ʘʣʪʳ ʦʨʪʦʧʝʜʠʷʣʳײץ ץʨʳʣסʳ ʙʦʣʘʜʳ. ʊᴇʤʝʥʛʽ 

ʘʷץʪʘʨʜʳץ שʦʟסʘʣʳʩʳ ʞᴅʥʝ ʦʨʪʝʟ ʙײʨʳʰʪʘʨʳʥʳש ᴇʟʛʝʨʽʩʪʝʨʽ ʩʘʫ ʘʜʘʤʜʘʨ ʞװʛʽʨʫ ʞʦʣʳʥʜʘ 

ʞװʨʛʝʥ ʢʝʟʜʝ ʞʘʟʳʣʳʧ, ʪʦʣʳץ ʞװʨʫ ʮʠʢʣʽ ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ. ʂʝʡʽʥ ʙײʣ ʞʘʟʳʣסʘʥ 

 ʘʣʧʳʥʘ ʢʝʣʪʽʨʫץ שʟʳʣʳʩʪʘʨʳ ʙʘʨ ʧʘʮʠʝʥʪʪʝʨʜʽײʙ ץʘʣʳʩʪʘʨ ʥʝʡʨʦʤʦʪʦʨʣʳסʦʟץ

ʙʘסʜʘʨʣʘʤʘʣʘʨʳ װʰʽʥ ʦʨʳʥʜʘʣʘʜʳ. ʕʢʟʦʩʢʝʣʝʪ ʜʠʟʘʡʥʳ ᴅʨ ʘʷץʪʳש ʪʽʟʝ ʞᴅʥʝ ʪʦʙʳץ 

ʙʫʳʥʜʘʨʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ ʝʢʽ ʞʘʟʳץʪʳץʪʘסʳ ʧʘʨʘʣʣʝʣʴ ʤʝʭʘʥʠʟʤʜʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ. 

ɾʦʙʘʥʳש ʠʥʞʝʥʝʨʣʽʢ ʦʨʳʥʜʘʣʫʳʥ ʨʘʩʪʘʫ װʰʽʥ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ ʞװʨʛʽʟʽʣʜʽ. 

ɾʘʣʧʳ, ᴅʜʝʙʠʝʪʪʝʨʜʽ ʰʦʣʫ ʨʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʵʢʟʦʩʢʝʣʝʪʪʝʨʜʽ ʪʦʙʳץ ʙʫʳʥʳʥ 

ʦשʘʣʪʫ װʰʽʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʩʳʥʘʫ ʞײʤʳʩʪʘʨʳʥʘ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳץʪʳש ʘʨʪʳʧ ʢʝʣʝ 

ʞʘʪץʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʰʦʣʫʜʘ ʜʠʟʘʡʥ ʪײʞʳʨʳʤʜʘʤʘʣʘʨʳʥʘ, ʙʘʩץʘʨʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥʘ 

ʞᴅʥʝ ʦשʘʣʪʫʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ ʞʘץʩʘʨʪʫ װʰʽʥ ᴅʨʪװʨʣʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫסʘ ʝʨʝʢʰʝ 

ʥʘʟʘʨ ʘʫʜʘʨʳʣסʘʥ. 

ɹײʣ ʤʘץʘʣʘʜʘ ʪʦʙʳץ ʙʫʳʥʳʥ ʦשʘʣʪʫסʘ ʘʨʥʘʣסʘʥ ʨʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʵʢʟʦʩʢʝʣʝʪʪʽש 

ʜʠʟʘʡʥʳ, ᴅʟʽʨʣʝʥʫʽ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʩʳʥʘץʪʘʨʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ױʩʳʥʳʣסʘʥ ײץʨʳʣסʳ 

ʦשʘʣʪʫʜʳש ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʥᴅʪʠʞʝʣʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ, ʦʣ ʵʨʛʦʥʦʤʠʢʘʣʳץ 

ʤʝʭʘʥʠʢʘʣʳײץ ץʨʳʣʳʤʜʳ ʞᴅʥʝ ʦʟʳץ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ʙʽʨʽʢʪʽʨʝʜʽ. ɹײʣ ʟʝʨʪʪʝʫ 

 ʰʝʢʪʝʫʣʝʨʽʥ ʰʝʰʫʜʽ ʞᴅʥʝ ʧʘʮʠʝʥʪʪʝʨ ʤʝʥ שʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳסʦʣʜʘʥʳʩʪʘץ
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ʪʝʨʘʧʝʚʪʪʝʨʜʽש ʥʘץʪʳ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʙʝʡʽʤʜʝʣʛʝʥ, ץʦʣʜʘʥʫסʘ ʳסשʘʡʣʳ ʰʝʰʽʤʜʽ 

 ʘʣʪʫ ʨʦʙʦʪʦʪʝʭʥʠʢʘʩʳ ʩʘʣʘʩʳʥשʤʳʩ ʦײʣ ʞײʩʘʪ ʝʪʝʜʽ. ʆʩʳʣʘʡʰʘ, ʙץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽ ʤʘץ

ʜʘʤʳʪʫסʘ ʞᴅʥʝ ʪʦʙʳץ ץʦʟסʘʣʳʩʳʥ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʙʦʡʳʥʰʘ ʥʘʫץʘʩʪʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ 

ʞʘץʩʘʨʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

 
ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

ɹײʣ ʙᴇʣʽʤʜʝ ʦשʘʣʪʫסʘ ʘʨʥʘʣסʘʥ ײץʨʳʣסʳʥʳ ᴅʟʽʨʣʝʫ ʙʘʨʳʩʳʥʜʘ ץʦʣʜʘʥʳʣסʘʥ 

ᴅʜʽʩʪʝʤʝ ʙʘʷʥʜʘʣסʘʥ. ɸʣסʘʰץʳ ʢʝʟʝשʜʝ Almaty Ankle Exoskeleton V.2 װʰʽʥ װʰ ʜᴅʨʝʞʝʣʽ 

ʝʨʢʽʥʜʽʢʢʝ ʠʝ CAD-ʤʦʜʝʣʴ ʞʘʩʘʣʳʧ, 3D ʙʘʩʳʧ ʰʳסʘʨʫ ᴅʜʽʩʽ ʘʨץʳʣʳ ʧʨʦʪʦʪʠʧ 

 .ʩʳʥʳʣʜʳײ ʘʨʭʠʪʝʢʪʫʨʘʩʳ שʡʝʩʽʥʽװʘʨʫ ʞץʘʪʘʨ, ʙʘʩץ ʨʘʩʪʳʨʳʣʜʳ. ʉʦʥʳʤʝʥײץ

 ,ʨʛʽʟʽʣʽʧװʞ ץʜʝ Almaty Ankle Exoskeleton V.2 ʤʦʜʝʣʽʥʝ ʩʳʥʘשʦʨʳʪʳʥʜʳ ʢʝʟʝפ

-ʘʥ ʥᴅʪʠʞʝʣʝʨ ʞʘʥסʤʢʽʥʜʽʢʪʝʨʽ ʪʝʢʩʝʨʽʣʜʽ ʞᴅʥʝ ʘʣʳʥװʤ ץʬʫʥʢʮʠʦʥʘʣʜʳ שʳʥʳסʨʳʣײץ

ʞʘץʪʳ ʪʘʣץʳʣʘʥʜʳ. 

ʕʢʟʦʩʢʝʣʝʪ CAD-ʤʦʜʝʣʴʥ ϸʟʽʨʣʝʫ. 

SolidWorks ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ᴅʟʽʨʣʝʥʛʝʥ װʰ ʝʨʢʽʥʜʽʢ ʜᴅʨʝʞʝʩʽʥʝ ʠʝ ʪʦʙʳץ ʙʫʳʥʳ 

ʵʢʟʦʩʢʝʣʝʪʽʥʽש CAD ʤʦʜʝʣʽ ʞʦסʘʨʳ ʜᴅʣʜʽʢʧʝʥ ʞʦʙʘʣʘʥסʘʥ ʞᴅʥʝ ʦשʘʣʪʫ ʧʨʦʮʝʩʽʥʜʝ 

 ,ʡʝʩʽװʵʣʝʢʪʨʣʽʢ ʞʝʪʝʢ ʞ ץʪʳץʘʥ. ʕʢʟʦʩʢʝʣʝʪ ʙʘʣʪʳʨ ʧʣʘʪʬʦʨʤʘʩʳ, ʩʳʟʳסʘ ʘʨʥʘʣסʦʣʜʘʥʫץ

ʪʘʙʘʥ ʧʣʘʪʬʦʨʤʘʩʳ ʞᴅʥʝ ʰʘʨʥʠʨʣʽʢ ץʦʩʳʣʳʩʪʘʨʜʘʥ ʪײʨʘʜʳ 1 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɹʘʣʪʳʨ ʧʣʘʪʬʦʨʤʘʩʳ ʪʽʟʝ ʘʩʪʳʥʜʘ ʦʨʥʘʣʘʩʳʧ, ʥʘʫץʘʩʪʳש ʘʷץ ᴇʣʰʝʤʽʥʝ ʩᴅʡʢʝʩ 

ʨʝʪʪʝʣʝʪʽʥ ץʳʩץʳʰʪʘʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ. ɹײʣ ʢʦʥʩʪʨʫʢʮʠʷ ᴅʨʪװʨʣʽ ʥʘʫץʘʩʪʘʨʜʳש ʘʷץ 

ᴇʣʰʝʤʜʝʨʽʥʝ ʙʝʡʽʤʜʝʣʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʊʘʙʘʥ ʧʣʘʪʬʦʨʤʘʩʳ ʙײʣ ʦשʘʣʪʫ ʢʝʟʽʥʜʝ 

 ʨʳʩ ʦʨʥʘʣʘʩʫʳ ʤʝʥײʜ שʪʳץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʊʘʙʘʥ ʙᴇʣʽʛʽʥʜʝ ʘʷץ ʘʞʝʪʪʽ ʩʝʥʽʤʜʽʣʽʢʪʽץ

ʙʝʢʽʪʽʣʫʽʥʝ ʘʨʥʘʣסʘʥ ʞװʡʝ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

 
1 ʩʫʨʝʪ ï Almaty Ankle Exoskeleton V.2 

 

 ʞʝʪʝʢ ץʪʳץʰ ʵʣʝʢʪʨʣʽʢ ʩʳʟʳװ ʘʣʪʫ ʵʣʝʤʝʥʪʪʝʨʽ ʨʝʪʽʥʜʝסʦʟץ ʥʝʛʽʟʛʽ שʳʥʳסʨʳʣײפ

 ʜʦʨʩʠʬʣʝʢʩʠʷ, ʧʣʘʥʪʘʨʬʣʝʢʩʠʷ, ʠʥʚʝʨʩʠʷ ʞᴅʥʝ שʙʫʳʥʳʥʳ ץʦʣʜʘʥʳʣʘʜʳ. ʆʣʘʨ ʪʦʙʳץ

ʵʚʝʨʩʠʷ ʩʠʷץʪʳ ץʦʟסʘʣʳʩʪʘʨʳʥ ʦʨʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾʝʪʝʢʪʝʨ ʩʬʝʨʘʣʳץ ʞᴅʥʝ 

ᴅʤʙʝʙʘʧ ʰʘʨʥʠʨʣʝʨ ʘʨץʳʣʳ ʙʘʣʪʳʨ ʞᴅʥʝ ʪʘʙʘʥ ʧʣʘʪʬʦʨʤʘʣʘʨʳʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ, ʙײʣ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ ʜᴅʣʜʽʛʽʥ שʘʣʳʩ ʪʨʘʝʢʪʦʨʠʷʩʳʥʳסʦʟץ
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ʐʘʨʥʠʨʣʽʢ ץʦʩʳʣʳʩʪʘʨ ʪʦʙʳץ ʙʫʳʥʳʥʳש ʪʘʙʠסʠ ץʦʟסʘʣʳʩʳʥ ʠʤʠʪʘʮʠʷʣʘʡʜʳ ʞᴅʥʝ 

ʞʝʪʝʢ ʞװʡʝʩʽʥʝʥ ʪʘʙʘʥ ʧʣʘʪʬʦʨʤʘʩʳʥʘ ʜʝʡʽʥʛʽ ץʦʟסʘʣʳʩʪʳש ʪʝʛʽʩʪʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɾװʡʝʥʽש ʤʦʜʫʣʴʜʽ ʜʠʟʘʡʥʳ ײץʨʳʣסʳʥʳ ʞʝשʽʣ, ʳסשʘʡʣʳ ʞᴅʥʝ ʦשʘʡ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. 

ɹײʣ ʵʢʟʦʩʢʝʣʝʪ ʦשʘʣʪʫ װʜʝʨʽʩʽʥ ʪʠʽʤʜʽ ʞװʨʛʽʟʫ װʰʽʥ ʞʘʩʘʣסʘʥ, ʘʣ ʦʥʳש ʜᴅʣʜʽʛʽ ʤʝʥ 

ʬʫʥʢʮʠʦʥʘʣʜʳʣʳסʳ ʧʘʮʠʝʥʪʪʽץ שʦʟסʘʣʳʩ ץʘʙʽʣʝʪʽʥ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʜʽ ʙʘʨʳʥʰʘ 

ʞʝשʽʣʜʝʪʝʜʽ. 

3D ʙʘʩʳʧ ʰʳϤʘʨʫ.  

2 ʩʫʨʝʪʪʝ ʪʦʙʳץ ʙʫʳʥʳ ʵʢʟʦʩʢʝʣʝʪʽʥʽש ʝʢʽ ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʽ ʢᴇʨʩʝʪʽʣʛʝʥ: ʪʘʙʘʥ 

ʧʣʘʪʬʦʨʤʘʩʳ (ʩʦʣ ʞʘץʪʘ) ʞᴅʥʝ ʙʘʣʪʳʨ ʧʣʘʪʬʦʨʤʘʩʳ (ʦש ʞʘץʪʘ). 

- ʊʘʙʘʥ ʧʣʘʪʬʦʨʤʘʩʳ: ʕʢʟʦʩʢʝʣʝʪʪʽש ʪʘʙʘʥ ʙᴇʣʽʛʽ ʘʷץץʘ ʳסשʘʡʣʳ ʙʦʣʫ װʰʽʥ 

ʘʥʘʪʦʤʠʷʣʳץ ʧʽʰʽʥʜʝ ʞʘʩʘʣסʘʥ. ɹײʣ ʙᴇʣʽʢ ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʘʷסʳʥ ʤʳץʪʳ ײʩʪʘʧ ʪײʨʫʜʳ 

ʞᴅʥʝ ʨʝʘʙʠʣʠʪʘʮʠʷ ʢʝʟʽʥʜʝ ʪײʨʘץʪʳʣʳץʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʄʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ PLA 

 .ʰʽʥ ʪʠʽʤʜʽװ ʨʘʣʜʘʨײץ ץʪʘʥ, ʨʝʘʙʠʣʠʪʘʮʠʷʣʳץʘʥʜʳסʽʣ ᴅʨʽ ʙʝʨʽʢ ʙʦʣשʘʥ, ʦʣ ʞʝסʦʣʜʘʥʳʣץ

- ɹʘʣʪʳʨ ʧʣʘʪʬʦʨʤʘʩʳ: ɹʘʣʪʳʨʜʳש ʪᴇʤʝʥʛʽ ʙᴇʣʽʛʽʥʝ ʪʽʨʝʢ ʨʝʪʽʥʜʝ ʦʨʥʘʪʳʣʘʪʳʥ 

ʢʦʤʧʦʥʝʥʪ. ɹײʣ ʙᴇʣʽʢʪʽש ʜʠʟʘʡʥʳ ʙʘʣʪʳʨʜʳ ʪײʨʘץʪʳ ײʩʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ 

ʘʷץʪʳש ᴇʣʰʝʤʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʨʝʪʪʝʣʝʜʽ.  

 

 
 

2 ʩʫʨʝʪ ï ײץʨʳʣסʳʥʳ3 שD ʙʘʩʳʧ ʰʳסʘʨʫ ʩᴅʪʽʥʝʥ 

 

ʇʣʘʪʬʦʨʤʘ 3D ʙʘʩʳʧ ʰʳסʘʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʤʝʥ Flash Forge Adventure 5 

ʧʨʠʥʪʝʨʽʥʜʝ ʜʘʡʳʥʜʘʣסʘʥ, ʙײʣ ʞʦסʘʨʳ ʜᴅʣʜʽʢʪʽ ʞᴅʥʝ ʙʝʨʽʢʪʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. PLA 

ʤʘʪʝʨʠʘʣʳ ײץʨʳʣסʳʥʳײ שʟʘץ ʤʝʨʟʽʤʜʽ ץʦʣʜʘʥʳʣʫʳʥ ʞᴅʥʝ ʨʝʘʙʠʣʠʪʘʮʠʷ װʜʝʨʽʩʽʥʜʝʛʽ 

ʩʝʥʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʪʘשʜʘʣסʘʥ. 

ɾʦʙʘʣʘʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʞʘʡʣʳʣʳסʳ ʤʝʥ ײʟʘץ ʤʝʨʟʽʤʜʽ ʧʘʡʜʘʣʘʥʫ 

ʤװʤʢʽʥʜʽʛʽʥʝ ʙʘʩʳʤʜʳץ ʙʝʨʽʣʽʧ, ʦʟʳץ ʤʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʵʨʛʦʥʦʤʠʢʘʣʳץ ʰʝʰʽʤʜʝʨ 

 .ʦʣʜʘʥʳʣʜʳץ

3 cʫʨʝʪʪʝ ʵʢʟʦʩʢʝʣʝʪʪʽש ʩʳʟʳץʪʳץ ʵʣʝʢʪʨʣʽʢ ʞʝʪʝʛʽ (ʣʠʥʝʡʥʳʡ ʘʢʪʫʘʪʦʨ) ʞᴅʥʝ ʦʥʳש 

ʝʢʽ ײʰʳʥʜʘסʳ ץʦʩʳʤʰʘ ʢʦʤʧʦʥʝʥʪʪʝʨ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹײʣ ʢʦʤʧʦʥʝʥʪʪʝʨ ʪʘʙʘʥ ʤʝʥ ʙʘʣʪʳʨ 

ʧʣʘʪʬʦʨʤʘʣʘʨʳʥ ʞʘʣסʘʡʜʳ. 
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3 ʩʫʨʝʪ ï ʩʳʟʳץʪʳץ ʵʣʝʢʪʨʣʽʢ ʞʝʪʝʛʽʥʽש ʝʢʽ ײʰʳʥʘ ץʦʩʳʤʰʘ ʢʦʤʧʦʥʝʥʪʪʝʨ 

 

ʐʘʨʥʠʨʣʝʨʜʽש ʙʘʩʳʥʘ ʙʝʢʽʪʽʣʛʝʥ ץʳʟʳʣ ʪװʩʪʽ ץʦʩʳʤʰʘ ʙᴇʣʰʝʢʪʝʨ PLA 

ʤʘʪʝʨʠʘʣʳʥʘʥ 3D-ʧʨʠʥʪʝʨʜʝ ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ. ɹײʣ ʙᴇʣʰʝʢʪʝʨ ʰʘʨʥʠʨʣʝʨʜʽ 

ʧʣʘʪʬʦʨʤʘʣʘʨʤʝʥ ʙʝʢʽʪʫʛʝ ʞᴅʥʝ ʞʝʪʝʢʪʽש ʬʫʥʢʮʠʦʥʘʣʜʳסʳʥ ʢװʰʝʡʪʫʛʝ ʘʨʥʘʣסʘʥ. ɾʦסʘʨʳ 

ʜᴅʣʜʽʢʧʝʥ ʙʘʩʳʣʳʧ ʰʳסʘʨʳʣסʘʥ ʙײʣ ʢʦʤʧʦʥʝʥʪʪʝʨ ʞʝʪʝʢʪʽש ʙʝʨʽʢ ᴅʨʽ ʩʝʥʽʤʜʽ ʞײʤʳʩ 

ʽʩʪʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɹʘʩϨʘʨʫ ʞϮʡʝʩʽʥʽϬ ʘʨʭʠʪʝʢʪʫʨʘʩʳ.  

4 ʩʫʨʝʪʪʝ ʵʣʝʢʪʨʣʽʢ ʩʳʟʳץʪʳץ ʞʝʪʝʢʪʽש ʢᴇʤʝʛʽʤʝʥ ʙʘʩץʘʨʳʣʘʪʳʥ ʞװʡʝʥʽש 

ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹײʣ ײץʨʳʣסʳ Arduino Uno ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʽ ʘʨץʳʣʳ 

ʙʘʩץʘʨʳʣʘʜʳ, ʦʣ L298N ץʦʟסʘʣʪץʳʰ ʜʨʘʡʚʝʨʽʥʝ ʙʘʩץʘʨʫ ʩʠʛʥʘʣʜʘʨʳʥ ʞʽʙʝʨʝʜʽ. L298N 

ʜʨʘʡʚʝʨʽ Arduino-ʜʘʥ ʢʝʣʛʝʥ ʩʠʛʥʘʣʜʘʨסʘ ʩᴅʡʢʝʩ ʵʣʝʢʪʨʣʽʢ ʩʳʟʳץʪʳץ ʞʝʪʝʢʪʽש ʙʘסʳʪʳʥ 

ʞᴅʥʝ ʞʳʣʜʘʤʜʳסʳʥ ʨʝʪʪʝʡʜʽ, ʙײʣ ʧʨʦʮʝʩʩ 12ɺ ʘʜʘʧʪʝʨ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʘʜʳ. ɼʞʦʡʩʪʠʢ 

Arduino Uno-סʘ ʙʘסʳʪ ʧʝʥ ʞʳʣʜʘʤʜʳץʪʳ ʘʥʳץʪʘʡʪʳʥ ʩʠʛʥʘʣʜʘʨ ʞʽʙʝʨʝʜʽ. ʆʩʳʣʘʡʰʘ, 

Arduino Uno ʤʝʥ L298N ʜʨʘʡʚʝʨʽ ʙʽʨʛʝ ʩʳʟʳץʪʳץ ʞʝʪʝʢʪʽץ שʦʟסʘʣʳʩʳʥ ʜᴅʣ ʙʘץʳʣʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɾװʡʝ ץʘʨʘʧʘʡʳʤ ʧʘʡʜʘʣʘʥʫʰʳ ʠʥʪʝʨʬʝʡʩʽ ʘʨץʳʣʳ ʙʘʩץʘʨʳʣʘʜʳ, ʦʣ ʜʞʦʡʩʪʠʢʧʝʥ 

ʞײʤʳʩ ʽʩʪʝʡʜʽ. ɼʞʦʡʩʪʠʢ ʧʘʡʜʘʣʘʥʫʰʳסʘ ץʦʟסʘʣʳʩ ʙʘסʳʪʳʥ ʞᴅʥʝ ʞʳʣʜʘʤʜʳסʳʥ ʨʝʪʪʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɼʞʦʡʩʪʠʢʪʝʥ Arduino Uno-סʘ ʙʝʨʽʣʝʪʽʥ ʩʠʛʥʘʣʜʘʨ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

ʘʨץʳʣʳ ᴇשʜʝʣʽʧ, L298N ʜʨʘʡʚʝʨʽʥʝ ʞʽʙʝʨʽʣʝʜʽ, ʦʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʵʣʝʢʪʨʣʽʢ ʩʳʟʳץʪʳץ 

ʞʝʪʝʢʪʽש ʞײʤʳʩʳʥ ʨʝʪʪʝʡʜʽ. ɹײʣ ʞװʡʝ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʞʦסʘʨʳ ʜᴅʣʜʽʢʧʝʥ ʞᴅʥʝ 

ʠʢʝʤʜʽʣʽʢʧʝʥ ʞײʤʳʩ ʽʩʪʝʡʜʽ, ᴅʨʪװʨʣʽ ץʦʣʜʘʥʙʘʣʘʨʜʘ ʩʝʥʽʤʜʽ ʞײʤʳʩʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

 ʥʝʛʽʟʛʽ שʡʝʥʽװʤʳʩ ʩʭʝʤʘʩʳ 5 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ, ʦʥʜʘ ʞײʞ שʳʥʳסʨʳʣײפ

ʵʣʝʤʝʥʪʪʝʨʽ: ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʜʨʘʡʚʝʨ, ʵʣʝʢʪʨʣʽʢ ʩʳʟʳץʪʳץ ʞʝʪʝʢʪʽש ʞᴅʥʝ ץʫʘʪ ʢᴇʟʽ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 
 

 
 

4 ʩʫʨʝʪ ï ʕʣʝʢʪʨʣʽʢ ʩʳʟʳץʪʳץ ʞʝʪʝʢʪʽש ʟʝʨʪʭʘʥʘʣʳץ ʧʨʦʪʦʪʠʧʽʥʝ ʘʨʥʘʣסʘʥ ʩײʣʙʘʩʳ 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 1 (136), 2025             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 1 (136), 2025                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

140 

5 ʩʫʨʝʪʪʝ ʵʣʝʢʪʨʣʽʢ ʘʢʪʫʘʪʦʨʜʳײ שʟʳʥʜʳסʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ʟʝʨʪʭʘʥʘʣʳץ 

 ʘסʘʨʫץʫʣʘʨ ʢʝʟʽʥʜʝ ʵʢʟʦʩʢʝʣʝʪʪʽ ʙʘʩסʞʘʪʪʳ ץʳʥʳ ʢᴇʨʩʝʪʝʜʽ, ʦʣ ʨʝʘʙʠʣʠʪʘʮʠʷʣʳסʨʳʣײץ

ʘʨʥʘʣסʘʥ. 

 
 

 (1- ʉʳʟʳץʪʳץ ʞʝʪʝʢ; 2- Arduino Uno; 3- L298N ץʦʟסʘʣʪץʳʰ ʜʨʘʡʚʝʨʽ;  

4- 12ɺ ʪײʨʘץʪʳ ʪʦʢ; 5- ɼʞʦʡʩʪʠʢ).  
 

5 ʩʫʨʝʪ ï ɿʝʨʪʭʘʥʘ ײץʨʳʣסʳʩʳ  
 

1 ʢʝʩʪʝʜʝ ʩʳʟʳץʪʳץ ʞʝʪʝʢʪʽש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʙʘʣʘʨסʘ 

ʩᴅʡʢʝʩ ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʰʦʣʫ ʞʘʩʘʡʜʳ. IP54 ץʦʨסʘʥʳʩ ʜʝשʛʝʡʽ ʙʘʨ ʞʦסʘʨʳ ᴇʥʽʤʜʽ 

ʩʳʟʳץʪʳץ ʞʝʪʝʢ ʤʝʪʘʣʣ ʨʝʜʫʢʪʦʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ, ʜʠʥʘʤʠʢʘʣʳץ ʞװʢʪʝʤʝʥʽ 50 ʢʛ-סʘ 

ʜʝʡʽʥ ʢᴇʪʝʨʝ ʘʣʘʜʳ ʞᴅʥʝ ʤʘʢʩʠʤʘʣʜʳ ʞʳʣʜʘʤʜʳסʳ 1,5 ʩʤ/ʩ-ץʘ ʜʝʡʽʥ ʞʝʪʝʜʽ. ɽʢʽ ʰʝʢʪʽ 

 ʪʘʫʳʥץʘʫʽʧʩʽʟ ʪʦץ שʳʰʪʳץʘʣʪסʦʟץ ʰʝʪʢʽ ʧʦʟʠʮʠʷʣʘʨʳʥʜʘ שʘʣʳʩʳʥʳסʦʟץ ʳʰ ʞʝʪʝʢץʦʩץ

 שʘʥ ʞᴅʥʝ ʦʣʘʨʜʳסʞʝʪʝʢʪʝʨ ʥʝʛʽʟʽʥʝʥ ʤʝʪʘʣʜʘʥ ʞʘʩʘʣ ץʪʳץʣ ʩʳʟʳײʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɹץ

ʢʦʨʧʫʩʳ ʛʝʨʤʝʪʠʢʘʣʘʥסʘʥ, ʙײʣ IP54 ʩʪʘʥʜʘʨʪʳ ʙʦʡʳʥʰʘ ʰʘש ʤʝʥ ʩʫ ʙʫʳʥʘʥ ץʦʨסʘʫʜʳ 

 ʳʰ ʰʝʢʪʽ ʘʰʳʣʫ ʥʝʤʝʩʝ ʞʘʙʳʣʫץʘʣʪסʦʟץ ʳʰʪʘʨץʦʩץ ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʐʝʢʪʽץ

 ʽʣʜʝʪʝʜʽ ʞᴅʥʝ ʦʥʳשʦʣʜʘʥʫʜʳ ʞʝץ ʣ ʞʝʪʝʢʪʽײʣʳʧʪʘʡʜʳ, ʙײץ ʳʥʘ ʞʝʪʢʝʥʜʝ ʦʥʳסʟʳʥʜʳײ

ʪʦʣʳץ ʙʘץʳʣʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɼʨʘʡʚʝʨ ץʫʘʪ ᴇʰʽʨʽʣʛʝʥ ʢʝʟʜʝ ʜʝ ᴇʟ ʦʩʴ ʧʦʟʠʮʠʷʩʳʥ 

ʩʘץʪʘʡ ʘʣʘʜʳ. 

1 ʢʝʩʪʝ - ʉʳʟʳץʪʳץ ʞʝʪʝʢʪʽש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʙʘʣʘʨסʘ 

ʩᴅʡʢʝʩ ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 
 

ʇʘʨʘʤʝʪʨ ʊʝʭʥʠʢʘʣʳϨ ʩʠʧʘʪʪʘʤʘʩʳ 

 ʫʘʪ ʢᴇʟʽ: 12ɺפ

 ʘʨʪʫ ʤʝʪʘʣʣץʳʩפ

ɾװʢʪʝʤʝʩʽʟ ʪʦʢ 1ɸ (12ɺ ʢʝʟʽʥʜʝ) 

ɹײʟʳʣʫ ʪʦʛʳ 7 ɸ (12 ɺ ʢʝʨʥʝʫʜʝ) 

ʉʳʟʳץʪʳץ ʞʳʣʜʘʤʜʳ1,5 ץ ʩʤ/ʩ (12 ɺ ʢʝʨʥʝʫʜʝ) 

 ʛʝʡʽ IP54שʘʫ ʜʝסʦʨפ

ʉʳʟʳץʪʳץ ʢװʰ 50 ʢʛ (12 ɺ ʢʝʨʥʝʫʜʝ) 

ʉʘʣʤʘסʳ 800 ʛʨ. 
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ɹײʣ ᴇʥʽʤ ᴅʨʪװʨʣʽ ײʟʳʥʜʳץʪʘסʳ ʞʝʪʝʢʪʝʨ ʩʝʨʠʷʩʳʥʳש ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ; 

ᴅʩʽʨʝʩʝ, ʙײʣ ʤʦʜʝʣʴʜʽש ʧʦʨʰʝʥʴ ײʟʳʥʜʳסʳ 150 ʤʤ. ʄʦʪʦʨ-ʨʝʜʫʢʪʦʨʜʳ ʜʝʨʝʫ ʪʝʢʩʝʨʫ װʰʽʥ 

ʦʥʳש ʩʳʤʜʘʨʳʥʘ 12 ɺ (ʤʘʢʩʠʤʫʤ) ץʫʘʪ ʢᴇʟʽʥ ץʦʩʫ ʞʝʪʢʽʣʽʢʪʽ. פʫʘʪʪʳש ʧʦʣʷʨʣʳסʳ 

ᴇʟʛʝʨʛʝʥ ʢʝʟʜʝ, ץʦʟסʘʣʪץʳʰ ץʘʨʩʳ ʙʘסʳʪʪʘ ʘʡʥʘʣʘʜʳ, ʘʣ ʧʦʨʰʝʥʴ ʜʝ ʢʝʨʽ ʙʘסʳʪʪʘ 

 .ʘʣʘʜʳסʦʟץ

 

ʅᴅʪʠʞʝʣʝʨ ʤʝʥ ʪʘʣץʳʣʘʫʣʘʨ 

ʊʦʙʳץ ʙʫʳʥʳʥ ʦשʘʣʪʫ ʦʥʳץ שʦʟסʘʣסʳʰʪʳסʳʥ, ʢװʰʽʥ ʞᴅʥʝ ʪײʨʘץʪʳʣʳסʳʥ ץʘʣʧʳʥʘ 

ʢʝʣʪʽʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ, ʙײʣ ץʘʣʳʧʪʳ ʬʫʥʢʮʠʦʥʘʣʜʳ ץʦʟסʘʣʳʩʪʘʨʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ 

 ʳʟʜʳʩʳ ïשʤʘ שʽʰʽʥʜʝ ʝ שʘʣʳʩʪʘʨʜʳסʦʟץ ʨʣʽװʙʫʳʥʳ ʦʨʳʥʜʘʡ ʘʣʘʪʳʥ ᴅʨʪ ץʘʞʝʪ. ʊʦʙʳץ

ʜʦʨʩʠʬʣʝʢʩʠʷ ʤʝʥ ʧʣʘʥʪʘʨʬʣʝʢʩʠʷ. ɹײʣ ץʦʟסʘʣʳʩʪʘʨ ʪʝʢ ץʘʥʘ ᴅʜʝʪʪʝʛʽ ʞװʨʫ װʰʽʥ סʘʥʘ 

ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʞװʛʽʨʫ, ʩʝʢʽʨʫ ʞᴅʥʝ ʪʝʧʝ-ʪʝשʜʽʢʪʽ ʩʘץʪʘʫ ʩʠʷץʪʳ ʢװʨʜʝʣʽ ᴅʨʝʢʝʪʪʝʨ 

 .ʘʞʝʪץ ʰʽʥ ʜʝװ

- ɼʦʨʩʠʬʣʝʢʩʠʷ ï ʙײʣ ʪʘʙʘʥʥʳש ʘʷץʪʳש ʞʽʣʽʥʰʽʛʽʥʝ ץʘʨʘʡ ʞʦסʘʨʳ ץʦʟסʘʣʫʳ. 

ɼʝʥʩʘʫʣʳסʳ ʞʘץʩʳ ʪʦʙʳץ ʙʫʳʥʳʥʜʘ ʜʦʨʩʠʬʣʝʢʩʠʷʥʳץ שʘʣʳʧʪʳ ץʦʟסʘʣʳʩ ʘʫץʳʤʳ (ROM) 

ᴅʜʝʪʪʝ 10-ʥʘʥ 20 ʛʨʘʜʫʩץʘ ʜʝʡʽʥ ײץʨʘʡʜʳ. 

- ʇʣʘʥʪʘʨʬʣʝʢʩʠʷ ï ʙײʣ ʪʘʙʘʥʥʳש ʞʽʣʽʥʰʝʢʪʝʥ ʪᴇʤʝʥ ץʘʨʘʡ ץʦʟסʘʣʫʳ. 

ʇʣʘʥʪʘʨʬʣʝʢʩʠʷʥʳץ שʘʣʳʧʪʳ ץʦʟסʘʣʳʩ ʘʫץʳʤʳ ᴅʜʝʪʪʝ 40-ʪʘʥ 50 ʛʨʘʜʫʩץʘ ʜʝʡʽʥ ʙʦʣʘʜʳ. 

ʊʦʙʳץ ʙʫʳʥʳʥ ʦשʘʣʪʫ ʢʝʟʽʥʜʝ ʜʦʨʩʠʬʣʝʢʩʠʷ ʤʝʥ ʧʣʘʥʪʘʨʬʣʝʢʩʠʷ ï ʙʫʳʥʥʳש 

 ʘʣʳʩʪʘʨ. ʆʩʳסʦʟץ ʳʟʜʳשʘʣʧʳʥʘ ʢʝʣʪʽʨʫʛʝ ʢᴇʤʝʢʪʝʩʝʪʽʥ ʤʘץ ʘʣʳʧʪʳ ʬʫʥʢʮʠʷʩʳʥץ

 ʘʣʪʫשʳʣʳ ʦץʪʠʽʩʪʽ ʜʠʘʧʘʟʦʥʜʘʨʳʥʘ ʥʘʟʘʨ ʘʫʜʘʨʫ ʘʨ שʘ ʞᴅʥʝ ʦʣʘʨʜʳסʘʣʳʩʪʘʨסʦʟץ

ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʧʘʮʠʝʥʪʪʝʨʛʝ ץʦʟסʘʣʳʩ, ʢװʰ ʞᴅʥʝ ʪײʨʘץʪʳʣʳץʪʳ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʛʝ 

ʢᴇʤʝʢʪʝʩʝʜʽ, ʙײʣ ץʘʡʪʘʣʘʥסʘʥ ʞʘʨʘץʘʪʪʘʨʜʳש ʘʣʜʳʥ ʘʣʫ ʞᴅʥʝ ʢװʥʜʝʣʽʢʪʽ ʙʝʣʩʝʥʜʽʣʽʢʢʝ 

 ʘʞʝʪ. ɼʦʨʩʠʬʣʝʢʩʠʷ (10-20 ʛʨʘʜʫʩ) ʞᴅʥʝ ʧʣʘʥʪʘʨʬʣʝʢʩʠʷ (40-50 ʛʨʘʜʫʩ)ץ ʰʽʥװ ʘʡʪʘ ʦʨʘʣʫץ

ʙʦʡʳʥʰʘ ʪʠʽʤʜʽ ʞʘʪʪʳסʫʣʘʨ ʞװʨʫ ʤʝʭʘʥʠʢʘʩʳʥ ʞʘץʩʘʨʪʫסʘ, ʪʝʧʝ-ʪʝשʜʽʢ ʧʝʥ 

ʬʫʥʢʮʠʦʥʘʣʜʳ ᴅʨʝʢʝʪʪʝʨʜʽש ʢʝש ʘʫץʳʤʳʥ ʦʨʳʥʜʘʫ ץʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

ʄʦʜʝʣʴʜʝʨʜʽ ʩʳʥʘʫ ʥᴅʪʠʞʝʣʝʨʽ 7 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

  

 
 

6 ʩʫʨʝʪ ï Almaty Ankle Exoskeleton V.2 ײץʨʳʣסʳʩʳ  
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ʉʫʨʝʪʪʝ ʵʢʟʦʩʢʝʣʝʪ ײץʨʳʣסʳʩʳʥʳש ʧʨʦʪʦʪʠʧʽ ʢᴇʨʩʝʪʽʣʛʝʥ, ʦʣ ʪʦʙʳץ ʙʫʳʥʳʥʳש 

ʜʦʨʩʠʬʣʝʢʩʠʷ ʞᴅʥʝ ʧʣʘʥʪʘʨʬʣʝʢʩʠʷ ץʦʟסʘʣʳʩʪʘʨʳʥ ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣסʘʥ. ײפʨʳʣסʳ 

ʩʳʥʘץʪʘʨ ʢʝʟʽʥʜʝ ʪʦʙʳץ ץʦʟסʘʣʳʩʪʘʨʳʥ ʜᴅʣ ʙʘץʳʣʘʧ, ʪʘʣʜʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ʕʢʟʦʩʢʝʣʝʪʪʽש ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʝ ץʫʘʪ ʢᴇʟʽ ʞװʡʝʩʽ ʤʝʥ IMU Sensor 

(ʠʥʝʨʮʠʷʣʳץ ᴇʣʰʝʫ ײץʨʳʣסʳʩʳ) ʞʘʪʘʜʳ. פʫʘʪ ʢᴇʟʽ ʵʢʟʦʩʢʝʣʝʪʪʽ ʵʥʝʨʛʠʷʤʝʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʽʧ, ʦʥʳש ʞײʤʳʩʳʥ ץʦʣʜʘʡʜʳ, ʘʣ IMU ʩʝʥʩʦʨʳ ץʦʟסʘʣʳʩ ʜʝʨʝʢʪʝʨʽʥ ʜᴅʣ ʪʽʨʢʝʧ, 

ʜʦʨʩʠʬʣʝʢʩʠʷ ʞᴅʥʝ ʧʣʘʥʪʘʨʬʣʝʢʩʠʷ ץʦʟסʘʣʳʩʪʘʨʳʥʳש ʙײʨʳʰʪʘʨʳʥ, ʞʳʣʜʘʤʜʳסʳʥ ʞᴅʥʝ 

 .ʜʝʫʽʥ ᴇʣʰʝʡʜʽװ

ʉʳʥʘץʪʘʨ ʵʢʟʦʩʢʝʣʝʪʪʽש ʜʦʨʩʠʬʣʝʢʩʠʷ ʢʝʟʽʥʜʝ ʘʷץʪʳש ʞʦסʘʨʳ ʢᴇʪʝʨʽʣʫʽʥ ʞᴅʥʝ 

ʧʣʘʥʪʘʨʬʣʝʢʩʠʷ ʢʝʟʽʥʜʝ ʘʷץʪʳש ʪᴇʤʝʥ ʪװʩʫʽʥ ʙʘץʳʣʘʫ ʤװʤʢʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. IMU ʩʝʥʩʦʨʳ 

ʘʨץʳʣʳ ץʦʟסʘʣʳʩ ʙײʨʳʰʪʘʨʳ 10-20 ʛʨʘʜʫʩ ʜʦʨʩʠʬʣʝʢʩʠʷ ʞᴅʥʝ 40-50 ʛʨʘʜʫʩ 

ʧʣʘʥʪʘʨʬʣʝʢʩʠʷ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ʩᴅʡʢʝʩʪʽʛʽ ʪʝʢʩʝʨʽʣʝʜʽ. ײפʨʳʣסʳ ʘʷץ ץʦʟסʘʣʳʩʪʘʨʳʥ 

ʪʘʙʠסʠ ʪװʨʜʝ ץʘʡʪʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, ʦשʘʣʪʫ ʧʨʦʮʝʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. 

ʉʳʥʘץ ʥᴅʪʠʞʝʣʝʨʽ ײץʨʳʣסʳʥʳש ʪʦʙʳץ ʙʫʳʥʳʥʳץ שʘʣʳʧʪʳ ץʦʟסʘʣʳʩ ʜʠʘʧʘʟʦʥʳʥʘ 

ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʽʥ ʞᴅʥʝ ʦשʘʣʪʫ װʜʝʨʽʩʽʥʜʝ ץʦʣʜʘʥʫסʘ ʞʘʨʘʤʜʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 6 ʩʫʨʝʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ ʧʨʦʪʦʪʠʧʪʽ ʞʝʪʽʣʜʽʨʫ ʘʨץʳʣʳ ץʦʟסʘʣʳʩ ʜᴅʣʜʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʨʝʘʙʠʣʠʪʘʮʠʷʣʳץ 

ʞʘʪʪʳסʫʣʘʨʜʳש ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫסʘ ʙʦʣʘʜʳ. 

 

 
 

7 ʩʫʨʝʪ ï ײפʨʳʣסʳʥʳש ʬʫʥʢʮʠʦʥʘʣʜʳ ʩʳʥʘץץʘ ʜʘʡʳʥʜʳסʳ  

 

8 ʩʫʨʝʪʪʝ ʩʳʥʘץ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʛʨʘʬʠʛʽ ʢᴇʨʩʝʪʽʣʛʝʥ, ʦʣ װʰ ʪװʨʣʽ ʙײʨʳʰʪʳש ʫʘץʳʪ 

ʙʦʡʳʥʰʘ ᴇʟʛʝʨʽʩʽʥ ʢᴇʨʩʝʪʝʜʽ. Roll ץʦʟסʘʣʳʩ ʢʝʟʽʥʜʝ ᴇʪʝ ʘʟ ʘʫʳʪץʳʧ, ʪײʨʘץʪʳ ʙʦʣʳʧ ʪײʨ. 

ɹײʣ ʪʝʢʩʝʨʽʣʝʪʽʥ ײץʨʳʣסʳʥʳש ʥʝʛʽʟʛʽ ץʦʟסʘʣʳʩ ʦʩʽ ʙʦʡʳʥʰʘ ʪײʨʘץʪʳʣʳץʪʳש ʞʘץʩʳ 

ʜʝשʛʝʡʜʝ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. Pitch ʙײʨʳʰʳ ʘʡʪʘʨʣʳץʪʘʡ ʢʝש ʘʫʳʪץʫʣʘʨʜʳ ʢᴇʨʩʝʪʝʜʽ, ʙײʣ 

ʞװʡʝʥʽש ʜʠʥʘʤʠʢʘʣʳץ ץʦʟסʘʣʳʩʳʥʘ ץʘʪʳʩʪʳ װʣʢʝʥ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʙʽʣʜʽʨʝʜʽ. Yaw 

ʙײʨʳʰʳʥʳש ᴇʟʛʝʨʽʩʽ ᴅʣʜʝץʘʡʜʘ ʪײʨʘץʪʳ, ʙʽʨʘץ ʦʣ ʜʘ ʘʟʜʘʧ ʘʫʳʪץʳʧ ʪײʨʘʜʳ. 

Roll ʙײʨʳʰʳʥʳש ʤᴅʥʽ ʪײʨʘץʪʳ ᴅʨʽ ʘʟ סʘʥʘ ᴇʟʛʝʨʽʧ, ץʦʟסʘʣʳʩ ʢʝʟʽʥʜʝ ʘʟʜʘʧ ʘʫʳʪץʳʧ 

ʪײʨ, ʙײʣ ײץʨʳʣסʳʥʳש ʛʦʨʠʟʦʥʪʘʣʴʜʳ ץʦʟסʘʣʳʩʳʥ ʢᴇʨʩʝʪʝʜʽ. Pitch ʙײʨʳʰʳ ʢᴇʧ ʘʫʳʪץʳʧ, 

30Á-סʘ ʜʝʡʽʥ ʞʝʪʝʜʽ, ʙײʣ ץʦʟסʘʣʳʩ ʢʝʟʽʥʜʝ ײץʨʳʣסʳʥʳש ʞʦסʘʨʳ ʞᴅʥʝ ʪᴇʤʝʥ (ʘʣסʘ ʞᴅʥʝ 

ʘʨʪץʘ) ʙʘסʳʪʪʘ ʘʡʪʘʨʣʳץʪʘʡ ʙײʨʳʣסʘʥʳʥ ʙʽʣʜʽʨʝʜʽ. Yaw ʙײʨʳʰʳʥʳש ᴇʟʛʝʨʽʩʽ ʪᴇʤʝʥ 

ʜʝשʛʝʡʜʝ ʙʦʣʳʧ, ʥʝʛʽʟʽʥʝʥ ʥᴇʣʜʽʢ ʤᴅʥʛʝ ʞʘץʳʥ. 

ʉʳʥʘץ ʙʘʨʳʩʳʥʜʘ Pitch ʙײʨʳʰʳʥʳװ שʣʢʝʥ ʘʫʳʪץʫʳ ץʦʟסʘʣʳʩʪʳש ʢᴇʧ ʙᴇʣʽʛʽʥʜʝ 

 ʘʣʳʩʳסʦʟץ שʪʳץʣ ʪʦʙʳײʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹסʳʪʪʘ ʙʦʣסʨʳʰʳ ʦʩʳ ʙʘײʙʘʩʪʳ ʙ שʳʥʳסʨʳʣײץ
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ʢʝʟʽʥʜʝ ʞʦסʘʨʳ ʞᴅʥʝ ʪᴇʤʝʥ ʢʝʪʫ ʥʝʤʝʩʝ ʰסײʳʣ ʙײʨʳʣʳʩʪʘʨ ʞʘʩʘʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʙʽʣʜʽʨʝʜʽ, 

ʘʣ Roll ʞᴅʥʝ Yaw ʙײʨʳʰʪʘʨʳ ʥʝʛʽʟʽʥʝʥ ץʘʣʳʧʪʳ ʙʦʣʳʧ ʩʘץʪʘʣסʘʥ. 
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8 ʩʫʨʝʪ ï ʊʦʙʳץ ʙʫʳʥʳʥ ʦשʘʣʪʫ ʢʝʟʽʥʜʝ ʜʦʨʩʠʬʣʝʢʩʠʷ ʤʝʥ ʧʣʘʥʪʘʨʬʣʝʢʩʠʷ 

 ʨʳʰʪʘʨʳײʨʳʣʫ ʙײʙ שʘʣʳʩʪʘʨʳʥʳסʦʟץ

 

 .ʦʨʳʪʳʥʜʳפ

ɹײʣ ʟʝʨʪʪʝʫ ʪʦʙʳץ ʙʫʳʥʳʥʳש ʦשʘʣʪʫʳʥʜʘ ʨʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʵʢʟʦʩʢʝʣʝʪʪʽש 

ʪʠʽʤʜʽʣʽʛʽʥ ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣסʘʥ. ʕʢʟʦʩʢʝʣʝʪʪʽש  ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʷʜʘסʳ ʨᴇʣʽ, ᴅʩʽʨʝʩʝ 

ʠʥʩʫʣʴʪ ʧʝʥ ʮʝʨʝʙʨʘʣʴʜʳ ʧʘʨʘʣʠʯʽ ʙʘʨ ʥʘʫץʘʩʪʘʨʜʘ, ʦשʘʣʪʫ ʧʨʦʮʝʩʽʥʽש ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʕʢʟʦʩʢʝʣʝʪʪʝʨ ʧʘʮʠʝʥʪʪʽץ שʦʟסʘʣʳʩʳʥ ץʘʡʪʘ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʛʝ ʞᴅʥʝ 

ʦʥʳש ʢװʥʜʝʣʽʢʪʽ ᴇʤʽʨʜʝ ʪᴅʫʝʣʩʽʟʜʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

ʩʝʥʩʦʨʣʘʨ ʤʝʥ ʙʠʦʤʝʭʘʥʠʢʘ ʥʝʛʽʟʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʧ, ʥʘʫץʘʩʪʘʨסʘ ʬʠʟʠʦʣʦʛʠʷʣʳץ 

ʰʝʢʪʝʫʣʝʨʽʥ ʞʝשʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʵʢʟʦʩʢʝʣʝʪʪʽש ʬʫʥʢʮʠʦʥʘʣʜʳ ʩʳʥʘץʪʘʨʳ ʤʝʥ ץʦʟסʘʣʳʩ 

ʪʝʨʘʧʠʷʩʳʥʜʘסʳ ʥᴅʪʠʞʝʣʝʨʽ ʦש ʙʦʣʜʳ. ʆʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ ץʦʟסʘʣʳʩ ʘʫץʳʤʳʥ ʘʨʪʪʳʨʫ, 

ʙײʣʰʳץʝʪ ʢװʰʽ ʤʝʥ װʡʣʝʩʽʤʜʽʣʽʛʽʥ ʞʘץʩʘʨʪʫ ʘʨץʳʣʳ ʙʘʡץʘʣʘʜʳ. ʈʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝ 

ʧʘʮʠʝʥʪʪʽש ʜʝʥʩʘʫʣʳסʳʥʘ ʦש ᴅʩʝʨʽʥ ʪʠʛʽʟʽʧ, ʨʝʘʙʠʣʠʪʘʮʠʷʣʳץ ʧʨʦʮʝʩʪʽ ʞʝʜʝʣʜʝʪʫ 

ʤװʤʢʽʥʜʽʛʽʥ ʙʝʨʝʜʽ. ʆʩʳʣʘʡʰʘ, ʵʢʟʦʩʢʝʣʝʪ ʤʝʜʠʮʠʥʘʣʳץ ʦשʘʣʪʫ ʩʘʣʘʩʳʥʜʘסʳ ʞʘשʘ 

ʙʘסʳʪʪʳ ץʘʣʳʧʪʘʩʪʳʨʳʧ, ץʦʟסʘʣʳʩ ʤװʤʢʽʥʜʽʛʽ ʰʝʢʪʝʫʣʽ ʘʜʘʤʜʘʨ װʰʽʥ ʙʦʣʘʰʘץʪʘ ʤʘשʳʟʜʳ 

 .ʪʠʤʘʣץʘ ʘʡʥʘʣʫʳ ʳסʨʘʣײץ

ɹײʣ ʟʝʨʪʪʝʫ ʨʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʵʢʟʦʩʢʝʣʝʪ ʦשʘʣʪʫ ʞװʡʝʣʝʨʽʥʜʝʛʽ ʨᴇʣʽʥ ʢʝשʝʡʪʫʜʝ 

ʞᴅʥʝ ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ᴅʨʽ ץʘʨʘʡ ʟʝʨʪʪʝʫʜʝ ʤʘשʳʟʜʳ ץʘʜʘʤ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 

 ʘʨʳ ɹʽʣʽʤ ʄʠʥʠʩʪʨʣʽʛʽסʳʣʳʤ ʞᴅʥʝ ɾʦנ ʈפ ʣ ʟʝʨʪʪʝʫʜʽײʘʨʞʳʣʘʥʜʳʨʫ. ɹפ
   .ʘʨʞʳʣʘʥʜʳʨʜʳ, ˉ AP14972221 ʛʨʘʥʪʳץ

 

ᴄɼɽɹʀɽʊʊɽʈ 

 

[1] Sergazin, G.; Zhetenbayev, N.; Tursunbayeva, G.; Uzbekbayev, A.; Sarina, A.; 

Nurgizat, Y.; Nussibaliyeva, A. Design, Simulation and Functional Testing of a Novel Ankle 

Exoskeleton with 3DOFs. Sensors 2024, 24, 6160. https://doi.org/10.3390/s24196160 

https://doi.org/10.3390/s24196160


ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 1 (136), 2025             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 1 (136), 2025                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

144 

[2] Zhetenbayev N, Balbayev G, Iliev T, Bakhtiyar B. Investigation of a Passive Ankle 

Joint Exoskeleton Designed for Movements with Dorsal and Plantar Flexion. Engineering 

Proceedings. 2023; 41(1):17. https://doi.org/10.3390/engproc2023041017 

[3] P. Beyl, M. Van Damme, R. Van Ham, R. Versluys, B. Vanderborght and D. 

Lefeber, "An exoskeleton for gait rehabilitation: Prototype design and control principle," 2008 

IEEE International Conference on Robotics and Automation, Pasadena, CA, USA, 2008, pp. 

2037-2042, doi: 10.1109/ROBOT.2008.4543506.  

[4] C Lescano, C Herrera, R Mirabal, R Rodrigo and S Rodrigo. Characterization of a 

Pneumatic Artificial Muscle for its application in an Active Ankle-Foot Orthosis, Journal of 

Physics: Conference Series, Volume 477, 19th Argentinean Bioengineering Society Congress 

(SABI 2013) 4ï6 September 2013, Tucum§n, Argentina, DOI 10.1088/1742-6596/477/1/012040 

[5]  del-Ama AJ, Gil-Agudo A, Pons JL, Moreno JC. Hybrid FES-robot cooperative 

control of ambulatory gait rehabilitation exoskeleton. J Neuroeng Rehabil. 2014 Mar 4;11:27. 

doi: 10.1186/1743-0003-11-27. PMID: 24594302; PMCID: PMC3995973. 

[6] Louie DR, Eng JJ. Powered robotic exoskeletons in post-stroke rehabilitation of gait: 

a scoping review. J Neuroeng Rehabil. 2016 Jun 8;13(1):53. doi: 10.1186/s12984-016-0162-5. 

PMID: 27278136; PMCID: PMC4898381. 

[7] Gon­alves, R.S., Soares, G. & Carvalho, J.C. Conceptual design of a rehabilitation 
device based on cam-follower and crank-rocker mechanisms hand actioned. J Braz. Soc. Mech. 

Sci. Eng. 41, 277 (2019). https://doi.org/10.1007/s40430-019-1772-1. 

[8]  Mendoza-Crespo R, Torricelli D, Huegel JC, Gordillo JL, Pons JL, Soto R. An 

Adaptable Human-Like Gait Pattern Generator Derived From a Lower Limb Exoskeleton. Front 

Robot AI. 2019 May 14;6:36. doi: 10.3389/frobt.2019.00036. PMID: 33501052; PMCID: 

PMC7805754. 

[9]  Lyu M, Chen WH, Ding X, Wang J, Pei Z, Zhang B. Development of an EMG-

Controlled Knee Exoskeleton to Assist Home Rehabilitation in a Game Context. Front 

Neurorobot. 2019 Aug 27;13:67. doi: 10.3389/fnbot.2019.00067. PMID: 31507400; PMCID: 

PMC6718718.  

[10] J. Lee, D. Goetz, M. E. Huber and N. Hogan, "Feasibility of Gait Entrainment to Hip 

Mechanical Perturbation for Locomotor Rehabilitation," 2019 IEEE/RSJ International 

Conference on Intelligent Robots and Systems (IROS), Macau, China, 2019, pp. 7343-7348, doi: 

10.1109/IROS40897.2019.8968024. 

[11]  Petrova L.N., Shevtsov A.V., Petrov A.A., Yakhin D.Kh. The Development of a 

Passive Exoskeleton for Rehabili-tation of the Lower Extremities in Children with Cerebral 

Palsy. Human.   Sport.   Medicine,   2019,   vol.   19,   no.   S2,   pp. 103ï109. (in Russ.) DOI: 

10.14529/hsm19s214  

[12]  Copilusi, C.; Dumitru, S.; Geonea, I.; Ciurezu, L.G.; Dumitru, N. Design 

Approaches of an Exoskeleton for Human Neuromotor Rehabilitation. Appl. Sci. 2022, 12, 3952. 

https://doi.org/10.3390/app12083952 
 
 

Dinara Seisenova, doctoral student, Energo University, Almaty, Kazakhstan, 

d.seisenova@aues.kz 

Nursultan Zhetenbayev, PhD, senior lecturer, Energo University, Almaty, 

Kazakhstan, n.zhetenbaev@aues.kz 

Meirambek Zhumagulov, head of the Department of orthopedic surgery, assistant, 

Asfendiyarov University, Almaty, Kazakhstan, mirambekdoc@mail.ru 

Diana Oraz, master's student, Satbayev University, Almaty, Kazakhstan, 

orazdiana18@gmail.com 

Samgar Madikhov, master's student, Satbayev University, Almaty, Kazakhstan, 

madikhov@list.ru 

https://doi.org/10.3390/app12083952


ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 1 (136), 2025             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 1 (136), 2025                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

145 

DEVELOPMENT AND FUNCTIONAL TESTING OF A ROBOTIC EXOSKELETON 

FOR ANKLE REHABILITATION  
 

Abstract. The article discusses research and development issues related to the robotic 

exoskeleton for ankle joint rehabilitation. Ankle rehabilitation plays a crucial role in the recovery 

of patients after stroke, spinal cord injury, cerebral palsy, and other neurological or physical 

injuries. Traditional rehabilitation methods require significant physical effort and involve 

complex, time-consuming processes for therapists. Robotic exoskeletons are proposed as 

effective solutions to these problems, as they provide stable and repetitive movements, 

personalize therapy, and reduce physical strain. However, current devices are primarily focused 

on large joints, and solutions for the ankle joint are still insufficiently explored. The unique 

biomechanics of the ankle joint require specialized solutions for rehabilitation. The article 

discusses the development and functional testing of an exoskeleton for ankle rehabilitation and 

presents new approaches and solutions in the field of robotics. 

 

Keywords. Ankle joint, rehabilitation, robotic exoskeleton, neurorehabilitation, stroke, 

cerebral palsy, biomechanics, functional testing. 
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ʈɸɿʈɸɹʆʊʂɸ ʀ ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʊɽʉʊʀʈʆɺɸʅʀʗ 

ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʆɻʆ ʕʂɿʆʉʂɽʃɽʊɸ ɼʃʗ ʈɽɸɹʀʃʀʊɸʎʀʀ 

ɻʆʃɽʅʆʉʊʆʇʅʆɻʆ ʉʋʉʊɸɺɸ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʢʟʦʩʢʝʣʝʪʘ ʜʣʷ ʨʝʘʙʠʣʠʪʘʮʠʠ ʛʦʣʝʥʦʩʪʦʧʥʦʛʦ ʩʫʩʪʘʚʘ. ʈʝʘʙʠʣʠʪʘʮʠʷ 

ʛʦʣʝʥʦʩʪʦʧʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʘʮʠʝʥʪʦʚ ʧʦʩʣʝ ʠʥʩʫʣʴʪʘ, ʪʨʘʚʤ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʮʝʨʝʙʨʘʣʴʥʦʛʦ ʧʘʨʘʣʠʯʘ ʠ ʜʨʫʛʠʭ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʠʣʠ ʬʠʟʠʯʝʩʢʠʭ 

ʧʦʚʨʝʞʜʝʥʠʡ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʝʘʙʠʣʠʪʘʮʠʠ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʫʩʠʣʠʡ ʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʣʦʞʥʳʝ ʠ ʚʨʝʤʷ ʟʘʪʨʘʪʥʳʝ ʧʨʦʮʝʩʩʳ ʜʣʷ ʪʝʨʘʧʝʚʪʦʚ. 

ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʵʢʟʦʩʢʝʣʝʪʳ ʧʨʝʜʣʘʛʘʶʪʩʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʵʪʠʭ 

ʧʨʦʙʣʝʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʙʠʣʴʥʳʝ ʠ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʜʚʠʞʝʥʠʷ, 

ʧʝʨʩʦʥʘʣʠʟʠʨʫʶʪ ʪʝʨʘʧʠʶ ʠ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʬʠʟʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ. ʆʜʥʘʢʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʦʩʥʦʚʥʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʢʨʫʧʥʳʝ ʩʫʩʪʘʚʳ, ʘ ʨʝʰʝʥʠʷ ʜʣʷ 

ʛʦʣʝʥʦʩʪʦʧʥʦʛʦ ʩʫʩʪʘʚʘ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʳ. ʋʥʠʢʘʣʴʥʘʷ ʙʠʦʤʝʭʘʥʠʢʘ 

ʛʦʣʝʥʦʩʪʦʧʘ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʨʝʘʙʠʣʠʪʘʮʠʠ. ɺ ʩʪʘʪʴʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʨʘʙʦʪʢʠ ʵʢʟʦʩʢʝʣʝʪʘ ʜʣʷ ʨʝʘʙʠʣʠʪʘʮʠʠ ʛʦʣʝʥʦʩʪʦʧʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʠʩʧʳʪʘʥʠʷ, ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʠ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɻʦʣʝʥʦʩʪʦʧʥʳʡ ʩʫʩʪʘʚ, ʨʝʘʙʠʣʠʪʘʮʠʷ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ 

ʵʢʟʦʩʢʝʣʝʪ, ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʷ, ʠʥʩʫʣʴʪ, ʮʝʨʝʙʨʘʣʴʥʳʡ ʧʘʨʘʣʠʯ, ʙʠʦʤʝʭʘʥʠʢʘ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʝʩʪʠʨʦʚʘʥʠʷ. 
 

*****************************************************************************  

ʈʝʜʘʢʮʠʷסʘ ʪװʩʪʽ / ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ / Received  25.08.2024 

ɾʘʨʠʷʣʘʫסʘ ץʘʙʳʣʜʘʥʜʳ / ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ / Accepted  28.01.2025 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 1 (136), 2025             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 1 (136), 2025                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

147 

UDC 519.237.5             DOI 10.52167/1609-1817-2025-136-1-147-154 

 

S.G. Khan1 , Zh.S. Tleubayeva1, I . S. Laukhin 1, G.A. Kalambayeva2 
1Energo University, Almaty, Kazakhstan 

2Mukhametzhan Tynyshbayev ALT University, Almaty, Kazakhstan 

ɽ-mail: s.khan@aues.kz 

 

DEVELOPMENT AND RESEARCH OF AN INTELLIGENT CARGO FLOW CONTROL 

SYSTEM 

 

 Abstract. This paper presents the development of an intelligent cargo flow control 

system for selecting the optimal route for a vehicle transporting cargo. The main factors affecting 

the decision-making process include cargo weight and volume, delivery speed, and additional 

factors such as road surface condition, potential obstacles and constraints, allowable road load 

and quality of road infrastructure. The study uses a neural network to analyse the input data and 

an evaluation of the road quality is made using fuzzy logic. The work also focuses on dynamic 

conditions such as real-time traffic congestion in order to optimise the route and minimise 

delivery time and costs. 

 

Keywords. Intelligent system, optimal route, fuzzy logic, road surface, obstacles, road 

quality. 

 

Introduction.   

Modern transport systems require the implementation of high technology to improve the 

efficiency and safety of transport. In order to manage freight flows successfully, it is important to 

select routes that take into account a number of different factors. In the context of growing traffic 

volumes and increasingly complex road infrastructure, the task of route optimisation is becoming 

more and more relevant. 

The development of technologies in the field of artificial intelligence, machine learning, 

data analysis and automation opens up new horizons for the creation of intelligent systems that 

can optimize and improve cargo flow control processes at all levels. The purpose of this paper is 

to study and develop an intelligent cargo flow control system, which pays special attention to 

choosing the optimal route depending on various input parameters, such as cargo weight and 

volume, delivery speed and others. 

Such intelligent systems seek to regulate the complex processes of coordination and 

monitoring of cargo transportation, providing dynamic solutions to reduce costs, improve 

efficiency and reduce delivery time. Given the constant growth of cargo transportation volumes 

and the increasing complexity of logistics networks, the creation of intelligent systems is 

becoming a strategically important element of modern transport and logistics infrastructure. This 

study analyzes the use of artificial intelligence, machine learning and optimization to develop an 

intelligent cargo flow control system in order to improve the efficiency of logistics operations 

and reduce delivery time. 

 

Materials and methods. 

Methods of research on the intelligent freight flow management system. The research on 

the intelligent freight flow control system (IFCS) includes the application of various methods 

and techniques covering technological, mathematical, research and practical aspects. The main 

methods used in research in this area are presented below [1]: 

- mathematical modeling (optimization models, statistical models); 

- machine learning methods (classification and regression, clustering); 
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- artificial intelligence systems (expert systems, fuzzy logic); 

- Internet of Things (IoT) technologies and others. 

Optimization Models: Developing mathematical models to optimize routes, allocate 

resources, and control freight transportation processes. 

Statistical Models: Applying statistical methods to analyze and forecast freight data and 

demand for transportation services. 

Classification and Regression: Using machine learning algorithms to classify and 

forecast various parameters, such as freight volumes or delivery times. 

Clustering: Applying cluster analysis methods to identify groups of similar patterns in the 

data. 

Expert Systems: Development of expert systems capable of making decisions based on 

the knowledge and experience of specialists in the field of freight transportation and logistics. 

Fuzzy Logic: Application of fuzzy logic methods to process fuzzy and uncertain 

information in the conditions of variability of freight transportation. 

Internet of Things (IoT) technologies: Implementation of sensors and devices that collect 

data on the condition of freight vehicles, freight transportation conditions, as well as the 

condition of infrastructure (roads, warehouses, etc.). 

Geographic Information Systems (GIS): Application of GIS to analyze spatial data, create 

route maps and optimize logistics processes. 

Computer Modeling and Simulation: Use of computer models and simulations to analyze 

and test various freight flow management strategies, as well as evaluate their effectiveness. 

Object of research. This study focuses on developing an intelligent cargo flow control 

system that selects the optimal route for a vehicle transporting cargo. The decision-making is 

based on key parameters: cargo weight and volume, delivery speed, as well as various additional 

factors such as road surface condition, obstacles (e.g. repair works or congestion), size and 

weight restrictions on the route, permissible load on the road and quality of road infrastructure. 

The system must also take into account dynamic conditions such as current and real-time 

weather conditions, traffic congestion levels, and possible changes to the route (e.g. sudden 

closures or accidents). Route optimisation is carried out to minimise delivery time, reduce 

transport costs, and maximise transport safety.  

The system should efficiently process and analyse data, providing optimal decisions 

under conditions of uncertainty. The main objective of this work is to study the possibilities of 

applying neural networks and fuzzy logic to solve the problems of route selection taking into 

account relevant parameters and the evolving conditions on the road. The development and 

research of intelligent cargo flow control systems is increasingly attracting the attention of the 

public and the business community. 

Fuzzy logic research for road quality selection control. Identification of the technical 

condition of the equipment and selection of the optimal route for a vehicle with cargo are 

complex tasks that require analysing a large amount of data and taking into account many 

factors. To this end, the paper proposes the utilisation of neural networks with varying 

architectures. The primary objective of this research is to explore the potential of adopting neural 

networks for route optimisation [2]. 

In order to determine the quality of the road, it would be beneficial to start with the 

identification of input parameters such as the condition of the road surface, the presence of 

obstacles and any restrictions on the permissible load. These parameters could play a key role in 

road quality assessment, as they may directly affect the safety and comfort of movement. 

The next step is to determine the output parameter, which is the road quality. This will 

require the development of a mathematical model that takes into account three key parameters: 

pavement condition, obstacles and load capacity. This model will allow a systematic assessment 
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of the impact of each input parameter on the overall quality of the road, allowing for a more 

accurate analysis. 

It is then important to set the linguistic variables of each input and output parameter. This 

could be achieved with the help of a goal tree, which illustrates the relationship between input 

and output parameters and allows to define acceptable levels for each of them. The goal tree will 

serve as a basis for further formation of evaluation rules. 

It would be beneficial to create rules for mapping the input parameters to the output 

parameter. These rules will determine how changes in each of the input parameters affect the 

quality of the road, which will allow the system to mἵke informed decisions based on the given 

criteria. 

Finally, a validation of the system is required. This step involves testing the created rules 

and models on real data to ensure that they are correct and reliable. Verification of the system 

will provide feedback and the possibility to improve the algorithms, if necessary, which will lead 

to increased accuracy and efficiency of road quality assessment [3]. 

Implementation of the study and modelling of road quality determination. The 

mathematical model for assessing road quality Q based on three input parameters (pavement 

condition Ὓ, presence of obstacles ὖ, and permissible load ὔ) can be generally represented as 

function (1): 

                                                               (1) 

 

 where Ὢ is a fuzzy inference function defined based on a set of rules and aggregation 

methods in a fuzzy logic system (fuzzy logic). For example (2): 

 

 ,                                              (2) 

 

where w1, w2, w3 are weights or coefficients that can be determined in the process of 

setting up the model based on the significance of each factor. 

Based on fuzzy logic, an intelligent control system can be built. Fuzzy logic can be the 

basis for building an intelligent control system that can effectively process and analyse data, 

providing optimal decisions under uncertainty. 

The goal tree for road quality assessment for route selection. The purpose of the system is 

to automatically select the road quality to optimise the route of a vehicle with cargo. 

The task of the system is to determine the value of the 'road quality' variable, which 

should change depending on the current values of the variables óroad surface conditionô, 

ópresence of obstacles and restrictionsô and ópermissible load on the roadô. The range of values of 

the target variable spans from óvery low road qualityô to óvery high road qualityô and is aimed at 

selecting the most suitable route for safe and fast cargo transport. 

Figure 1 presents a goal tree that structures the road quality selection problem and 

formalises knowledge in the form of rules. These rules achieve the system goal: optimal road 

quality selection that considers the road surface condition, obstacles on the route and the 

permissible load [4].  

The following is an explanation of the membership functions for the road surface 

condition example (Figure 1):  

MATLAB uses three categories to determine the road surface condition using fuzzy logic: 

'Good', 'Average' and 'Poor'. Each category corresponds to a different membership function. 

For a 'Good' condition, the membership function takes values from 2 to 4, with a 

maximum degree of membership of 1 when the value is 3. At values 2 and 4, the degree of 

membership is 0. 
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The membership function for the 'average' condition covers the range from 0.5 to 2.5. The 

maximum degree of membership is 1 when the value is 1.5, and 0 when the values are 0.5 and 

2.5. 

For the 'Poor' condition, the membership function has a range from -1 to 1. The degree of 

membership is 1 when the value is 0 and is 0 when the value is -1 or 1. 
 

 
 

Figure 1 - Goal tree of the road quality management system 

 

 After calculating the degrees of membership, the fuzzy system uses the rules to decide the 

value of the output parameter. In this way, the fuzzy system can determine the quality of the 

road. 

The system uses the combination of parameters to select the optimal route, helping the 

vehicle to move along the optimal road considering all the limitations and external conditions 

[5]. 

Designing a system with fuzzy parameters and describing the input and output 

variables in MATLAB  fuzzy logic. Figure 2 shows the fuzzy logic model where three input 

parameters include road surface condition, presence of obstacles and constraints, and the 

permissible load on the road. These parameters affect one output indicator, which is the road 

quality. Road quality depends on the input characteristics, which highlights the interrelationship 

between them in the evaluation and decision-making process. 

 

 
 

Figure 2 - Definition of input and output variables 
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Formation of rules in MATLAB fuzzy logic. Table 1 shows the rules for the road quality 

selection system based on three input parameters: pavement condition (S): values ñPoorò, 

ñAverageò and óGoodò. Presence of obstacles and constraints (P): ñManyò, ñMediumò and 

ñFewò values. Permissible load on the road (N): values ñMinimumò, ñMediumò and 

ñMaximumò. Road quality (Q): values ñPoorò, ñMediumò and ñGoodò. 

 

Table 1 - Rules for road quality selection system 

 

ˉ 

rule  

Road surface 

condition (S) 

Presence of obstacles and 

restrictions (P) 

Permissible load on 

the road (N) 

Road 

quality (Q) 

1 Poor Many Minimum Bad 

2 Average Many Minimum Bad 

3 Good Many Minimum Bad 

4 Poor Average Minimum Bad 

5 Poor Little Minimum Bad 

6 Poor Many Average Bad 

7 Poor Many Maximum Bad 

8 Average Average Average Average 

9 Average Average Minimum Average 

10 Average Average Maximum Average 

11 Average Little Average Average 

12 Average Many Average Average 

13 Poor Average Average Average 

14 Good Average Average Average 

15 Good Little Maximum Good 

16 Average Little Maximum Good 

17 Poor Little Maximum Good 

18 Good Average Maximum Good 

19 Good Many Maximum Good 

20 Good Little Average Good 

21 Good Little Minimum Good 

  

The table includes all possible combinations of input parameters and their influence on 

the output road quality parameter. 

 

Results and Discussion. 

Result of work in MATLAB fuzzy logic. Picture 3 depicts the result of fuzzy logic where 

when given the input values namely, road surface condition 3 (good), presence of obstacles and 

constraints 1 (few) and allowable road load 3 (maximum), so the quality of the road will be 2.62 

(good). 

The result displays the process of selecting the quality of the road while checking each 

given rule. During the analysis, the fuzzy logic system (Fuzzy) finds the most appropriate rule 

number 18. In this rule, the road surface condition at value 3 has maximum degree of 

membership, which indicates that it is good. For obstacles and constraints, with a value of 1, the 

degree of membership is 0.5, indicating that the level of obstacles is average. Finally, for the 

allowable load on the road, the value is 3, which corresponds to a degree of belongingness of 1 

and indicates a maximum load. 

Comparison of the obtained data for rule 18: 

- Good (road surface condition); 
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- Medium (presence of obstacles); 

- Maximum (permissible load); 

- Good (road quality). 

All these indicators confirm that the system correctly interprets the entered values and 

adequately selects the road quality based on the given conditions.  

 

 
  

Figure 3 - Result of fuzzy logic 

 

 Conclusion.  

As a result of this research, an intelligent system of cargo flow control based on neural 

networks and fuzzy logic has been developed. The system successfully solves the problems of 

selecting the optimal route for the vehicle, taking into account such factors as the state of the 

road surface, the presence of obstacles, the permissible load and determining the quality of the 

road. The results of the system confirm the correctness of the given rules and the adequacy of the 

decisions made. 

This work demonstrates that the use of neural networks and fuzzy logic can effectively 

solve complex problems of freight flow management and contribute to improving the safety and 

reliability of transport. In the prospect, the study can be extended by including additional 

parameters and improving data processing algorithms, which will further improve the efficiency 

of the system and adapt it to the changing conditions of the transport environment. 
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ɾתʂ ɸנʓʄʓʅ ɹɸʉפɸʈʋ ɿʀʗʃɼʓפ ɾתʁɽʉɯʅ ᴄɿɯʈʃɽʋ ɾᴄʅɽ ɿɽʈʊʊɽʋ 

 

ɸשʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ ʞװʢʪʽ ʪʘʩʳʤʘʣʜʘʡʪʳʥ ʢᴇʣʽʢ ײץʨʘʣʳʥʳש ʦשʪʘʡʣʳ ʙʘסʳʪʳʥ 

ʪʘשʜʘʫ װʰʽʥ ʞװʢ ʘסʳʥʳʥ ʙʘʩץʘʨʫʜʳש ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝʩʽʥ ᴅʟʽʨʣʝʫʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ʐʝʰʽʤ ץʘʙʳʣʜʘʫסʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʛʝ ʞװʢʪʽש ʩʘʣʤʘסʳ ʤʝʥ ʢᴇʣʝʤʽ, ʞʝʪʢʽʟʫ 

ʞʳʣʜʘʤʜʳסʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʞʦʣ ʞʘʤʳʣסʳʩʳʥʳש ʞʘסʜʘʡʳ, ʢʝʜʝʨʛʽʣʝʨ ʤʝʥ ʰʝʢʪʝʫʣʝʨʜʽש 

ʙʦʣʫʳ, ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʞװʢʪʝʤʝ ʞᴅʥʝ ʞʦʣ ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʩʘʧʘʩʳ ʩʠʷץʪʳ ץʦʩʳʤʰʘ 

ʬʘʢʪʦʨʣʘʨ ʢʽʨʝʜʽ. ɾʦʣʜʳש ʩʘʧʘʩʳʥ ʙʘסʘʣʘʫʜʘ ʙʝʨʽʣʛʝʥ ʟʝʨʪʪʝʫ ʢʽʨʽʩ ʜʝʨʝʢʪʝʨʽ ʤʝʥ ʘʥʳץ 

ʝʤʝʩ ʣʦʛʠʢʘʥʳ ʪʘʣʜʘʫ װʰʽʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʥʽ ʧʘʡʜʘʣʘʥʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʟʝʨʪʪʝʫ 

ʙʘסʳʪʪʳ ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ ʞʝʪʢʽʟʫ ʫʘץʳʪʳ ʤʝʥ ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫ װʰʽʥ ʥʘץʪʳ 

ʫʘץʳʪʪʘסʳ ʢᴇʣʽʢ ʢʝʧʪʝʣʽʩʽ ʩʠʷץʪʳ ʜʠʥʘʤʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨסʘ ʥʘʟʘʨ ʘʫʜʘʨʘʜʳ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʀʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝ, ʦשʪʘʡʣʳ ʤʘʨʰʨʫʪ, ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘ, ʞʦʣ 

ʙʝʪʽ, ʢʝʜʝʨʛʽʣʝʨ, ʞʦʣ ʩʘʧʘʩʳ. 
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ʈɸɿʈɸɹʆʊʂɸ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʁ ʉʀʉʊɽʄʓ 

ʋʇʈɸɺʃɽʅʀʗ ɻʈʋɿʆɺʓʄʀ ʇʆʊʆʂɸʄʀ 

 

            ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʛʨʫʟʦʚʳʤ ʧʦʪʦʢʦʤ ʧʦ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʘ. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ, ʚʢʣʶʯʘʶʪ ʤʘʩʩʫ ʠ ʦʙʲʸʤ ʛʨʫʟʘ, ʩʢʦʨʦʩʪʴ ʜʦʩʪʘʚʢʠ, ʘ 

ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʥʘʣʠʯʠʝ 

ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʜʦʧʫʩʪʠʤʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʜʦʨʦʛʫ ʠ ʢʘʯʝʩʪʚʦ ʜʦʨʦʞʥʦʡ 
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ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʜʣʷ ʘʥʘʣʠʟʘ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠ ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʜʦʨʦʛʠ. ʈʘʙʦʪʘ ʪʘʢʞʝ ʘʢʮʝʥʪʠʨʫʝʪ 

ʚʥʠʤʘʥʠʝ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʜʦʨʦʛ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʘ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʜʦʩʪʘʚʢʠ ʠ ʟʘʪʨʘʪ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ, ʥʝʯʝʪʢʘʷ 

ʣʦʛʠʢʘ, ʜʦʨʦʞʥʦʝ ʧʦʢʨʳʪʠʝ, ʧʨʝʧʷʪʩʪʚʠʷ, ʢʘʯʝʩʪʚʦ ʜʦʨʦʛʠ. 
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ʈʝʜʘʢʮʠʷסʘ ʪװʩʪʽ / ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ / Received  14.08.2024 

ɾʘʨʠʷʣʘʫסʘ ץʘʙʳʣʜʘʥʜʳ / ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ / Accepted  30.11.2024 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 1 (136), 2025             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 1 (136), 2025                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

155 

ᴄʆɾ 378.147                                             DOI 10.52167/1609-1817-2025-136-1-155-161 

 

ʀ.ɾ. ɽʩʝʥʛʘʙʳʣʦʚ, ɸ.ʆ. ɸʣʜʘʙʝʨʛʝʥʦʚʘ, ɸ.ɸ. ʆʨʘʟʙʘʝʚʘ, 

ɸ.ʄ. ɸʜʘʤʙʝʢʦʚʘ, נ.ɸ. ɾʘʧʩʘʨʙʘʝʚ 

Zhetysu University, ʊʘʣʜʳץʦʨסʘʥ, פʘʟʘץʩʪʘʥ 

ɽ-mail: ilias_e@mail.ru 

 

 רɾɽʃɯʃɽʈɼɯ פʐɯʅ ʅɽʁʈʆʅɼʓת ʆʃɾɸɿɹɸ ʄᴄʊɯʅɯʅ ʊɸʅʋפ

ʇʈɸʂʊʀʂɸʃʓפ פʆʃɼɸʅʓʃʋʓʅ ʊɸʃɼɸʋ 

 

ɸשʜʘʪʧʘ. ʅʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ʞʘʣʧʳ ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥסʘʥʜʘ ʧʘʡʜʘ 

ʙʦʣʘʪʳʥ ʢʝʤʰʽʣʽʢʪʝʨʜʽ ʞʦʶ װʰʽʥ ʧʘʡʜʘʣʘʥʘʜʳ ʞᴅʥʝ ץʦʣʤʝʥ ʝʥʛʽʟʽʣʛʝʥ ʤᴅʪʽʥʜʽ ᴇשʜʝʫʜʽש 

ʪʠʽʤʜʽ ᴅʨʽ ʦשʪʘʡʣʘʥʜʳʨʳʣסʘʥ ʘʣʛʦʨʠʪʤʜʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʩʳ 

ʩʘʣʘʜʘסʳ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʘʥʫ ʘʣʛʦʨʠʪʤʜʝʨʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʳʣסʘʥ ʜʝʨʝʢʪʝʨ ʢᴇʣʝʤʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳʨʫסʘ ʘʣʳʧ ʢʝʣʝʜʽ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽש ʘʨʭʠʪʝʢʪʫʨʘʩʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ - ץʦʣʤʝʥ 

ʞʘʟʳʣסʘʥ ʤᴅʪʽʥʜʽ ʪʘʥʫ ʢʦʥʪʝʢʩʪʽʥʜʝ ʞʦסʘʨʳ ʜᴅʣʜʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש 

ʙʘʩʳʤ ʪᴅʩʽʣʜʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ɹײʣ ʤʘץʘʣʘʜʘ ץʦʣʞʘʟʙʘ ʤᴅʪʽʥʽʥ ʪʘʥʫʜʳץ שʘʟʽʨʛʽ 

 ץʦʣʜʘʥʳʣʘʪʳʥ ʥʝʡʨʦʥʜʳץ ʰʽʥװ ʨʣʽ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫװʨʘʣʜʘʨʳ ʩʠʧʘʪʪʘʣʘʜʳ ʞᴅʥʝ ᴅʨʪײץ

ʞʝʣʽʣʝʨʜʽש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʩʠʧʘʪʪʘʣʘʜʳ. ʆʩʳסʘʥ ץʦʩʘ, ץʦʣʞʘʟʙʘ ʤᴅʪʽʥʽʥ ʪʘʥʫ װʰʽʥ 

ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽש ʪװʨʣʝʨʽ ʙʘʷʥʜʘʣʳʧ, ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʝ ץʦʣʞʘʟʙʘʥʳ ʧʘʡʜʘʣʘʥʫ 

ʢʝʟʝשʜʝʨʽ ʞʘʡʣʳ ʘʡʪʳʣʘʜʳ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ץʦʣʜʘʥʳʣʳʧ ʞװʨʛʝʥ ʙʽʨʥʝʰʝ װʣʛʽʣʝʨʜʽש 

ʤʳʩʘʣʜʘʨʳ ʢʝʣʪʽʨʽʣʽʧ, ʦʩʳ ʩʘʣʘʜʘסʳ ץʠʳʥʜʳץʪʘʨ ʤʝʥ ʜʘʤʫ ʪʝʥʜʝʥʮʠʷʣʘʨʳ ʪʘʣץʳʣʘʥʘʜʳ.  

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. פʦʣʞʘʟʙʘ ʤᴅʪʽʥʽʥ ʪʘʥʫ; ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ; ʪʘʙʠסʠ ʪʽʣʜʽ ʪװʩʽʥʜʽʨʫ; 

ʢᴇʨʥʝʢʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ; ʪʘʥʫ ᴅʜʽʩʪʝʨʽ; ʥʝʡʨʦʥʜʳץ ʞʝʣʽʥʽש ʘʨʭʠʪʝʢʪʫʨʘʩʳ; ʜʝʨʝʢʪʝʨʜʽ 

ʘʣʜʳʥ ʘʣʘ ᴇשʜʝʫ; ʤסײʘʣʽʤʤʝʥ ʦץʳʪʫ. 

 

ʂʽʨʽʩʧʝ.  

 ʪʠʽʤʜʽ ᴅʜʽʩʪʝʨʽʥ ᴅʟʽʨʣʝʫ ʤᴅʩʝʣʝʩʽ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ שʦʣʞʘʟʙʘ ʤᴅʪʽʥʽʥ ʪʘʥʫʜʳפ

ʩʘʣʘʩʳʥʜʘסʳ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʪʘʙʠסʠ ʪʽʣʜʽ ᴇשʜʝʫ ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʣʽʢ ʢᴇʨʫ ʩʠʷץʪʳ 

ʧᴅʥʜʝʨʜʝʛʽ ʟʝʨʪʪʝʫʣʝʨʜʽש ʝש ʙʘʩʳʤ ʞᴅʥʝ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʄᴅʪʽʥʜʽ ʪʘʥʫ ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ, ʤʳʩʘʣʳ, ʧʦʰʪʘʥʳ 

ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʩײʨʳʧʪʘʫ, ץʦʣʤʝʥ ʞʘʟʳʣסʘʥ ʙʘʥʢ ʯʝʢʪʝʨʽʥʽש ʘʫʪʝʥʪʠʬʠʢʘʮʠʷʩʳ, 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞʝʪʢʽʟʫ ʞװʡʝʣʝʨʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʢᴇʨʩʝʪʽʣʛʝʥ ʤʝʢʝʥʞʘʡʣʘʨʜʳ 

ʪʝʢʩʝʨʫ, ʤʝʜʠʮʠʥʘʣʳײץ ץʞʘʪʪʘʨ ʞᴅʥʝ ʪ.ʙ. ɸʣʘʡʜʘ, ʙʽʨץʘʪʘʨ ʪʝʭʥʠʢʘʣʳץ ץʠʳʥʜʳץʪʘʨסʘ 

ʙʘʡʣʘʥʳʩʪʳ ץʦʣʞʘʟʙʘʥʳ ʪʠʽʤʜʽ ʪʘʥʫ ᴇʟʽʥʽש ʪʦʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʞװʟʝʛʝ ʘʩʳʨʘ ʘʣʤʘʡʜʳ.  

ɹײʣ ʢʝʤʰʽʣʽʢ ʟʝʨʪʪʝʣʝʪʽʥ סʳʣʳʤʠ ʤʘץʘʣʘʥʳש ᴇʟʝʢʪʽʣʽʛʽʥ ʘʥʳץʪʘʡʜʳ, ᴇʡʪʢʝʥʽ ץʘʟʽʨʛʽ 

ʫʘץʳʪʪʘ ץʦʣʤʝʥ ʞʘʟʳʣסʘʥ ʤᴅʪʽʥʜʽ ʪʘʥʫ ʥʝʛʽʟʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʙʘסʜʘʨʣʘʤʘʣʳץ 

 ʘʞʝʪʪʽʣʽʛʽץ ᴇʩʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʪʠʽʤʜʽ ʘʣʛʦʨʠʪʤʜʝʨʜʽ ᴅʟʽʨʣʝʫ שʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢᴇʣʝʤʽʥʽץ

ʪʫʳʥʜʘʡʜʳ. ɹײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ װʰʽʥ ʙʽʟ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫʜʳ ײʩʳʥʘʤʳʟ. 

ʅʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ʪʘʥʫʜʳש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥʝ ץʦʣ ʞʝʪʢʽʟʫ ʘʨץʳʣʳ ץʦʣʤʝʥ ʞʘʟʳʣסʘʥ 

ʤᴅʪʽʥʜʽ ᴇשʜʝʫʜʽש ʜᴅʩʪװʨʣʽ ײץʨʘʣʜʘʨʳʥʘ ʪᴅʥ ʢʝʤʰʽʣʽʢʪʝʨ ʤʝʥ ʰʝʢʪʝʫʣʝʨʜʽ ʞʦʷ ʘʣʘʪʳʥ ʞʘשʘ 

ʪᴅʩʽʣʜʽ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄʘץʘʣʘʜʘ ץʦʣʞʘʟʙʘ ʤᴅʪʽʥʜʽ ʪʘʥʫ ʢʝʟʽʥʜʝ 

ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʤװʜʜʝʣʽ ʟʝʨʪʪʝʫʰʽʣʝʨ ʤʝʥ ʽʟʜʝʥʫʰʽʣʝʨʛʝ ץʘʪʳʩʪʳ ᴇʟʝʢʪʽ 

ʤᴅʩʝʣʝʣʝʨ ʪʘʣץʳʣʘʥʘʜʳ. 

ɾϰʤʳʩʪʳϬ ʤʘϨʩʘʪʳ ï ץʦʣʤʝʥ ʞʘʟʳʣסʘʥ ʤᴅʪʽʥʜʽ ʪʠʽʤʜʽ ʪʘʥʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫ װʰʽʥ 

ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽש ʞײʤʳʩ ʽʩʪʝʫʽʥʽץ שʦʣʜʘʥʙʘʣʳ ʘʩʧʝʢʪʽʣʝʨʽʥ ʢᴇʨʩʝʪʫ.  פʦʡʳʣסʘʥ 

ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʢʝʣʝʩʽ ʤʽʥʜʝʪʪʝʨ ʘʥʳץʪʘʣʜʳ: ץʦʣʜʘʥʳʣסʘʥ ץʦʣʞʘʟʙʘʥʳ ʪʘʥʫ 

 ,ʽʰʢʽ ʧʨʠʥʮʠʧʪʝʨʽʥ ʪʘʣʜʘʫ שʤʳʩ ʽʩʪʝʫʽʥʽײʞ שʞʝʣʽʣʝʨʜʽ ץʨʘʣʜʘʨʳʥ ʩʠʧʘʪʪʘʫ, ʥʝʡʨʦʥʜʳײץ
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 שʤʢʽʥʜʽʢʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫʜʳװʤ שʞʝʣʽʣʝʨʜʽ ץʰʽʥ ʥʝʡʨʦʥʜʳװ ʘʥ ʤᴅʪʽʥʜʽ ʪʘʥʫסʦʣʤʝʥ ʞʘʟʳʣץ

ʞʘʣʧʳ ʪᴅʩʽʣʜʝʨʽʥ ʩʘʣʳʩʪʳʨʫ, ʦʣʘʨʜʳ ʪʘʙʳʩʪʳ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳʥ ʟʝʨʜʝʣʝʫ ʞᴅʥʝ ʦʩʳ 

ʩʘʣʘʜʘסʳ ʦʜʘʥ ᴅʨʽ ʜʘʤʫ ʞᴅʥʝ ʠʥʥʦʚʘʮʠʷʣʘʨʳ ʤʝʥ  ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳʥ ʪʘʣץʳʣʘʫ.  

ɹײʣ ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥʳס שʳʣʳʤʠ ʞʘשʘʣʳסʳ ץʦʣʞʘʟʙʘ ʤᴅʪʽʥʽʥ ʪʘʥʫʜʘסʳ ʥʝʡʨʦʥʜʳץ 

ʞʝʣʽʣʝʨʜʽץ שʘʟʽʨʛʽ ץʦʣʜʘʥʳʩʳ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫ ʞᴅʥʝ ʞװʡʝʣʝʫ ʘʨץʳʣʳ 

 .ʘʨʘʩʪʳ ʜʘʤʳʪʫʜʘץʘ ʢᴇʟשʦʣʞʘʟʙʘ ʤᴅʪʽʥʽʥ ʪʘʥʫ ʤᴅʩʝʣʝʣʝʨʽʥʝ ʞʘץ

 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ. 

 ʳסʞʝʣʽʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʩʘʣʘʩʳʥʜʘ ץʦʣʞʘʟʙʘ ʤᴅʪʽʥʽʥ ʪʘʥʫ ʞᴅʥʝ ʥʝʡʨʦʥʜʳפ

ʞʘʨʠʷʣʘʥסʘʥ סʳʣʳʤʠ ᴅʜʝʙʠʝʪʪʝʨʜʽ ʪʘʣʜʘʫʜʳ ץʘʤʪʠʜʳ. ʅʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ץʦʣʜʘʥʫʜʳש 

 .ʳʣʘʥʘʜʳץʦʣʜʘʥʫ ʤʳʩʘʣʜʘʨʳ ʪʘʣץ ʨʘʣʜʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽ ʩʘʨʘʣʘʥʳʧ, ʦʣʘʨʜʳ ʩᴅʪʪʽײץ

ʄʘʰʠʥʘʣʳץ ʦץʳʪʫ ï ʘʜʘʤʥʳש ʠʥʪʝʣʣʝʢʪʽʩʽʥ ץʘʞʝʪ ʝʪʝʪʽʥ ʽʩ-ᴅʨʝʢʝʪʪʝʨʜʽ ʞװʟʝʛʝ 

ʘʩʳʨʫ װʰʽʥ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫʜʳש ʦשʪʘʡʣʳ ʞʦʣʜʘʨʳʥ ʟʝʨʪʪʝʡʪʽʥ ʙʽʣʽʤʥʽש ʢװʨʜʝʣʽ 

 ʘ ʙʽʣʽʤʜʽ ᴇʟ ʙʝʪʽʥʰʝ ʘʣʫ ʞᴅʥʝשʞʘ שʳʣʳʤʠ ʞᴅʥʝ ʠʥʞʝʥʝʨʣʽʢ ʩʘʣʘʩʳ. ʆʣ ʤʘʰʠʥʘʣʘʨʜʳס

ᴇשʜʝʫ, ʦʥʳ ʙײʨʳʥʥʘʥ ʙʘʨ ʙʽʣʽʤʤʝʥ ʩʘʣʳʩʪʳʨʫ ʞᴅʥʝ ʪʠʽʤʜʽ ʰʝʰʽʤ ץʘʙʳʣʜʘʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʫ ץʘʙʽʣʝʪʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ. 

ʄ.ɸ.ʂʠʨʷʢʦʚ ᴇʟ ʞײʤʳʩʳʥʜʘ ʤʘʰʠʥʘʣʳץ ʦץʳʪʫʜʳש ʝש ʧʝʨʩʧʝʢʪʠʚʘʣʳ 

ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ ʪʝʨʝשʜʝʪʽʧ ʦץʳʪʫ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ʊʝʨʝשʜʝʪʽʧ ʦץʳʪʫ ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ 

ʰʝשʙʝʨʽʥʜʝ ʝʩʝʧʪʝʨʜʽ ʰʝʰʫ װʰʽʥ ʪʠʽʤʜʽʨʝʢ ʞᴅʥʝ ʢװʨʜʝʣʽ ʘʣʛʦʨʠʪʤʜʝʨʜʽ ʧʘʡʜʘʣʘʥʘʜʳ.[1, 

ʙ. 307]. ʗסʥʠ, ʪʝʨʝשʜʝʪʽʧ ʦץʳʪʫʜʳ ʦʟʳץ ᴅʨʽ ʠʥʥʦʚʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷ ʜʝʧ ʩʘʥʘʫסʘ ʙʦʣʘʜʳ. 

ʉʦסשʳ ʫʘץʳʪʪʘ ʙײʣ ʩʘʣʘ ʜʝʨʙʝʩʪʝʥʜʽʨʽʣʛʝʥ ʜʝʨʝʢʪʝʨ ʤʝʥ ʜʘʫʳʩʪʳץ ʭʘʙʘʨʣʘʤʘʣʘʨʜʳ ᴇשʜʝʫ 

ʞᴅʥʝ ʽʟʜʝʫ, ʪʘʙʠסʠ ʪʽʣʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫ, ʪʽʣʘʨʘʣʳץ ʤʘʰʠʥʘʣʳץ ʘʫʜʘʨʤʘ, 

ʤʫʣʴʪʠʤʝʜʠʷʣʳץ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽ, ʽʟʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʢᴇʧʪʝʛʝʥ 

ʘʩʧʝʢʪʽʣʝʨʜʝ ʘʡʪʘʨʣʳץʪʘʡ ʞʝʪʽʩʪʽʢʪʝʨʛʝ  ץʦʣ ʞʝʪʢʽʟʜʽ. פʦʣʜʘʥʳʣʘʪʳʥ ʪʝʨʝשʜʝʪʽʧ ʦץʳʪʫ 

ʘʣʛʦʨʠʪʤʜʝʨʽʥʽש ʘʨץʘʩʳʥʜʘ ʤʘʰʠʥʘʣʘʨ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳץ ʙʝʣʩʝʥʜʽʣʽʢ, ʘʫʜʠʦ ʞᴅʥʝ ʙʝʡʥʝ 

ʘץʧʘʨʘʪʪʳ ʪʘʥʫ, ʙʝʡʥʝʥʽ ʪʘʥʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ᴅʨʪװʨʣʽ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ ʩʠʷץʪʳ ʘʜʘʤ 

ᴅʨʝʢʝʪʪʝʨʽʥʝ ʝʣʽʢʪʝʡ ʘʣʘʜʳ. ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞװʟʝʛʝ ʘʩʳʨʫ 

ʥʳʩʘʥʜʘʨʳʥʳש ʙʽʨʽ ʨʝʪʽʥʜʝ ʪʝʨʝשʜʝʪʽʧ ʦץʳʪʫ ᴅʨʪװʨʣʽ ʧʨʘʢʪʠʢʘʣʳץ ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ 

ʘʩʧʝʢʪʽʣʝʨʜʽ ʙʽʨʽʢʪʽʨʝʪʽʥ ʩʘʣʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄʳʩʘʣʳ,  ʢʝʩʢʽʥʜʽ ʪʘʥʫ װʜʝʨʽʩʽ 

ʩʘʣʘʩʳʥʜʘסʳ ʢʝʡʽʧʢʝʨʜʽ ʪʘʥʫ ʩʠʷץʪʳ ʤװʤʢʽʥʜʽʢʪʽ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. ʂʝʡʽʧʢʝʨʜʽ ʪʘʥʫ ʙʝʣʛʽʣʽ 

ʙʽʨ ʟʘשʜʳʣʳץץʘ ʥʝʛʽʟʜʝʣʛʝʥ ʪʘʥʫʜʘʥ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʝʡʽʧʢʝʨʜʽש ʽʩ-ᴅʨʝʢʝʪʽʥʽש 

ʣʦʛʠʢʘʩʳʥ ʪʘʥʫʜʘʥ, ʙʝʡʥʝ ʘץʧʘʨʘʪʪʘʨʜʳ ᴇשʜʝʫʜʝʥ, ʦʥʳש ʪʘʥʳʤʜʳץ ץʘʙʽʣʝʪʪʝʨʽʥ ʪʘʣʜʘʫʜʘʥ 

ʞᴅʥʝ ʪ.ʙ. ʪײʨʘʜʳ.  ɿʠʷʪʢʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʜʘʤʫʳʤʝʥ ʢʝʡʽʧʢʝʨʣʝʨʜʽ ʪʘʥʫ ᴅʜʽʩʪʝʨʽ 

 .ʳʥ ʜʘ ʘʨʪʪʳʨʘʜʳסʣ ʧʨʦʮʝʩʩ ʪʘʥʫ ʞʳʣʜʘʤʜʳײʦʩʘ, ʙץ ʘʥסײʣʢʝʥ ʜᴅʨʝʞʝʜʝ ʜʘʤʳʧ ʢʝʣʝʜʽ. ɹװ

ɹײʣ ʪᴅʩʽʣ ʠʝʨʦʛʣʠʬʪʽʢ ʞʘʟʫʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. פʘʨʘʧʘʡʳʤ ʢʝʡʽʧʢʝʨʜʽ ʪʘʥʫ ʤʽʥʜʝʪʽ 

ᴅʜʝʪʪʝ ʘʡʪʘʨʣʳץʪʘʡ ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʧʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, ʘʣ ʢװʨʜʝʣʽ ʢʝʡʽʧʢʝʨʜʽ ʪʘʥʫ װʣʢʝʥ 

 ,ʨʜʝʣʽ ʦʨʪʘʜʘ ʙʦʣʩʘװʪʳ ʢץʠ ʦʨʪʘ ʩʠʷסʘ ʪʘʧ ʙʦʣʘʜʳ, ᴇʡʪʢʝʥʽ ʝʛʝʨ ʢʝʡʽʧʢʝʨ ʪʘʙʠסʪʘʨץʠʳʥʜʳץ

ʦʥʜʘ ʦʥʳש ʬʦʥʳ ʙײʣʳסשʳʨ ʙʦʣʫʳ ʤװʤʢʽʥ ʜʝ, ʘʞʳʨʘʪʳʤʜʳʣʳץ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪᴇʤʝʥ 

ʙʦʣʘʜʳ, ʘʣ ʞʘʣʧʳ ʢʝʩʢʽʥ ʞʘʨʳץʪʘʥʜʳʨʫ ץʘʨץʳʥʜʳʣʳסʳʥʳש ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ.  

 

ʅᴅʪʠʞʝʣʝʨ.  

ɾʦסʘʨʳʜʘ ʘʡʪʳʧ ᴇʪʢʝʥʜʝʡ, ʪʘʙʠסʠ ʪʽʣʜʽ ᴇשʜʝʫ ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʣʽʢ ʢᴇʨʫ 

ʩʘʣʘʩʳʥʜʘסʳ ʝש ᴇʟʝʢʪʽ ʤʽʥʜʝʪʪʝʨʜʽש ʙʽʨʽ ץʦʣʞʘʟʙʘ ʤᴅʪʽʥʽʥ ʪʘʥʫ (OCR, Optical Character 

Recognition) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʅʝʡʨʦʥʜʳץ ʞʝʣʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ, ᴅʩʽʨʝʩʝ, ʪʝʨʝש ʦץʳʪʫʜʳש 

ʜʘʤʫʳ ʪʘʥʫ ʞװʡʝʣʝʨʽʥʽש ʜᴅʣʜʽʛʽ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ 

ʪʫסʳʟʜʳ.  

OCR װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ʢʝʣʝʩʽ ʪװʨʣʝʨʛʝ ʙᴇʣʽʥʝʜʽ: 

ʂʦʥʚʦʣʶʮʠʷʣʳץ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ (CNN): CNN ʢʦʥʚʦʣʶʮʠʷʣʘʨ ʤʝʥ ץʦʩʘʣץʳ 

 ʽʩʪʽʢʪʽʢ ʙʝʣʛʽʣʝʨʜʽ (ʤʳʩʘʣʳ, ʢʦʥʪʫʨʣʘʨ, ʪʝʢʩʪʫʨʘʣʘʨ)שʳʣʳ ʢʝץʣʛʽʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʘʨװ
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ʙᴇʣʝʢʪʝʫ ʘʨץʳʣʳ ʢʝʩʢʽʥʜʝʨʜʽ ʪʠʽʤʜʽ ᴇשʜʝʡʜʽ. ɹײʣ ʦʣʘʨʜʳ ץʦʣʞʘʟʙʘ ʤᴅʪʽʥʽʥʽש ʩʫʨʝʪʽʥ 

ʪʘʣʜʘʫסʘ ᴇʪʝ ʳסשʘʡʣʳ ʝʪʝʜʽ. 

-lstm (Long Short שʞʝʣʽʣʝʨ (RNN): RNN, ᴅʩʽʨʝʩʝ ʦʣʘʨʜʳ ץʘʡʪʘʣʘʥʘʪʳʥ ʥʝʡʨʦʥʜʳפ

Term Memory) ʞᴅʥʝ GRU (Gated Recurrent Unit) ʩʠʷץʪʳ ʥײʩץʘʣʘʨʳ ʜᴅʡʝʢʪʽ ʜʝʨʝʢʪʝʨʜʽ 

ᴇשʜʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. OCR ʪʘʧʩʳʨʤʘʣʘʨʳʥʜʘ ʦʣʘʨʜʳ ʜᴅʡʝʢʪʽ ʪʘשʙʘʣʘʨ ʥʝʤʝʩʝ ʩᴇʟʜʝʨ 

ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʘʨʜʳ ʤʦʜʝʣʴʜʝʫ װʰʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨ: BERT ʞᴅʥʝ GPT ʩʠʷץʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨʜʳש ʩʦסשʳ 

ʞʝʪʽʩʪʽʢʪʝʨʽ ʦʣʘʨʜʳש OCR ʪʘʧʩʳʨʤʘʣʘʨʳʥʘ ʙʝʡʽʤʜʝʣʫʽ ʤװʤʢʽʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʆʣʘʨ 

ʤᴅʪʽʥʜʽʢ ʜʝʨʝʢʪʝʨʜʽ ʢʦʥʪʝʢʩʪʝ ᴇשʜʝʡ ʘʣʘʜʳ, ʪװʩʽʥʫ ʤʝʥ ʪʘʥʫ ʜᴅʣʜʽʛʽʥ ʞʘץʩʘʨʪʘʜʳ. 

   :ʦʣʜʘʥʘʜʳץ ʜʝʨʜʝשʞʝʣʽʣʝʨʜʽ ʢʝʣʝʩʽ ʢʝʟʝ ץʰʽʥ ʥʝʡʨʦʥʜʳװ ʦʣʞʘʟʙʘʥʳ ʪʘʥʫפ

ɼʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʞϸʥʝ ʜʘʡʳʥʜʘʫ: ʄʦʜʝʣʴʜʝʨʜʽ ʦץʳʪʫ װʰʽʥ ʘʥʥʦʪʘʮʠʷʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨʜʽװ שʣʢʝʥ ʢᴇʣʝʤʽ ץʘʞʝʪ. MNIST (ʩʘʥʜʘʨ װʰʽʥ) ʞᴅʥʝ IAM (ʘסʳʣʰʳʥ ʤᴅʪʽʥʽ װʰʽʥ) 

ʩʠʷץʪʳ ʪʘʥʳʤʘʣ ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳ ʟʝʨʪʪʝʫ ʩʪʘʥʜʘʨʪʪʘʨʳ ʨʝʪʽʥʜʝ ץʳʟʤʝʪ ʝʪʝʜʽ.  ᴄʜʝʪʪʝ 

ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ,  ʙʘסʜʘʨʣʘʤʘʣʘʨ ʦʥʜʘסʳ ʩʘʥʜʘʨʜʳ ʪʘʥʫסʘ 

 .ʡʨʝʪʽʣʝʜʽ (1-ʩʫʨʝʪ)װ
 

 
 

1 ʩʫʨʝʪ - MNIST (ʩʘʥʜʘʨ װʰʽʥ) ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳ 

 

ʂʝʩʢʽʥʜʽ ϺϬʜʝʫ: ɹײʣ ʢʝʟʝש ʪʘʥʫ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫ װʰʽʥ ʢʝʩʢʽʥʜʝʨʜʽ ץʘʣʳʧץʘ 

ʢʝʣʪʽʨʫʜʽ, ᴇʣʰʝʤʽʥ ᴇʟʛʝʨʪʫʜʽ ʞᴅʥʝ ʪװʨʣʝʥʜʽʨʫʜʽ ץʘʤʪʠʜʳ. ʆץʫ װʣʛʽʩʽʥʽש ᴅʨʪװʨʣʽʣʽʛʽʥ 

ʘʨʪʪʳʨʫ װʰʽʥ ʜʝʨʝʢʪʝʨʜʽ ʢװʰʝʡʪʫ ᴅʜʽʩʪʝʨʽʥ ʜʝ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ʌʦʪʦʩʫʨʝʪʪʝʨ ʥʝʤʝʩʝ 

ʙʝʡʥʝ ʢʘʜʨʣʘʨ ʩʠʷץʪʳ ʢʽʨʽʩ ʜʝʨʝʢʪʝʨʽ ʢʝʩʢʽʥ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʢʝʩʢʽʥʜʽ ᴇשʜʝʫ ʰʳסʳʩ 

ʢʝʩʢʽʥʜʽ ʘʣʫ װʰʽʥ ʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ʤװʤʢʽʥ. ʄʳʩʘʣʳ, ʙײʣ ʢʝʟʝשʜʝ ʙʘʩʳʧ ʰʳסʘʨʫסʘ 

ʜʘʡʳʥʜʘʫ, ʪʝʣʝʭʘʙʘʨ ʪʘʨʘʪʫ ʞᴅʥʝ ʪ.ʙ. ʞʘʩʘʣʳʥʘʜʳ. 

ʅʝʡʨʦʥʜʳϨ ʞʝʣʽʥʽ ʦϨʳʪʫ: ʄʦʜʝʣʴʜʝʨ Adam ʥʝʤʝʩʝ SGD ʩʠʷץʪʳ 

ʦשʪʘʡʣʘʥʜʳʨסʳʰʪʘʨʜʳ (2-ʩʫʨʝʪ) ʞᴅʥʝ ʞʦסʘʣʪʫ ʬʫʥʢʮʠʷʣʘʨʳʥ (ʤʳʩʘʣʳ, ʜᴅʡʝʢʪʽ ʪʘʥʫ װʰʽʥ 

CTC Loss) ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʙʝʣʛʽʣʝʥʛʝʥ ʤᴅʣʽʤʝʪʪʝʨʜʝʥ װʡʨʝʥʝʜʽ. 

 
 

2 ʩʫʨʝʪ - SGD ʦשʪʘʡʣʘʥʜʳʨסʳʰʳ 
 

ʊʝʩʪʽʣʝʫ ʞϸʥʝ ʚʘʣʠʜʘʮʠʷ: פʘʡʪʘ ʦץʳʪʫʜʳ ʙʦʣʜʳʨʤʘʫ ʞᴅʥʝ ʦʥʳש ʙʘʨʣʳץ ʞʘʣʧʳʣʘʫ 

 ʠʷʪ ʪʝʢʩʝʨʫ ʢʝʨʝʢץײʳʥʜʘ ʤסʜʝʨʝʢʪʝʨ ʞʠʥʘ ץʣʛʽʥʽ ʞʝʢʝ ʩʳʥʘװ ʰʽʥװ ʘʙʽʣʝʪʽʥʝ ʢᴇʟ ʞʝʪʢʽʟʫץ

ʞᴅʥʝ ʙײʣ ᴇʪʝ ʤʘשʳʟʜʳ ʢʝʟʝש. 
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ɽʥʛʽʟʫ ʞϸʥʝ ʦϬʪʘʡʣʘʥʜʳʨʫ: ʊʝʩʪʽʣʝʫʜʝʥ ʢʝʡʽʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʥʽ ץʦʣʜʘʥʙʘʣʳ 

ʰʝʰʽʤʛʝ ʙʽʨʽʢʪʽʨʫʛʝ ʙʦʣʘʜʳ (ʤʳʩʘʣʳ, ʤʦʙʠʣʴʜʽ ʥʝʤʝʩʝ ʚʝʙ-ץʦʩʳʤʰʘʣʘʨ). פʘʞʝʪʪʽ ᴇשʜʝʫ 

ʞʳʣʜʘʤʜʳסʳʥʘ ץʦʣ ʞʝʪʢʽʟʫ ʞᴅʥʝ ᴅʨʪװʨʣʽ ײץʨʳʣסʳʣʘʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʫ װʰʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ 

 .ʘʞʝʪץ

 ʨʣʽװʙʽʨʽ ᴅʨʪ שʳ ʽʩʢʝ ʘʩʳʨʳʣʫʣʘʨʳʥʳץʘʰסʘʣ שʦʣʞʘʟʙʘ ʤᴅʪʽʥʜʽ ʪʘʥʫ ʪᴅʩʽʣʜʝʨʽʥʽפ

ʤʘʪʝʤʘʪʠʢʘʣʳץ-ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨ ʤʝʥ ʘʣʛʦʨʠʪʤʜʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʙʦʣʜʳ. ɹײʣ 

ʪᴅʩʽʣʜʝʨ ʤʦʜʝʣʴʜʝʨʜʽש ʞʽʢʪʝʣʫʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʞʝʢʝ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ᴅʜʽʩʪʝʨʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ. ɼʝʛʝʥʤʝʥ, ʙײʣ ʪᴅʩʽʣʜʝʨ ᴇʟʜʝʨʽʥʽש ʙʝʣʛʽʣʽ ʙʽʨ ʢʝʤʰʽʣʽʢʪʝʨʽ ʤʝʥ ʰʝʢʪʝʫʣʝʨʽʤʝʥ 

ʩʠʧʘʪʪʘʣʜʳ, ʦʣʘʨ ʪʘʥʫʜʘסʳ ץʘʪʝʣʝʨʜʽש ʞʦסʘʨʳ ʜʝשʛʝʡʽ ʤʝʥ ץʦʣʞʘʟʙʘ ʤᴅʪʽʥʥʽש ᴅʨʪװʨʣʽ 

ʥײʩץʘʣʘʨʳ ʤʝʥ ʩʪʠʣʴʜʝʨʽʥ ʪʘʥʫ ʙʘʨʳʩʳʥʜʘ ʪʫʳʥʜʘʡʪʳʥ ץʠʳʥʜʳץʪʘʨʜʳ ץʘʤʪʠʜʳ. ᴆʟ 

ʝשʙʝʛʽʥʜʝ ɸ.ɸ. ʄʦʨʦʟʦʚ çʅʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʡʪʽʥ ʞᴅʥʝ ʞʽʢʪʝʫ ʤʝʥ װʣʛʽʥʽ 

ʪʘʥʫ ʩʠʷץʪʳ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʡʪʳʥ ʢᴇʧʪʝʛʝʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩץʘʥ ʥʝʡʨʦʥʜʘʨʜʘʥ 

ʪײʨʘʪʳʥ ʘʜʘʤ ʤʠʳʥʳש ʞײʤʳʩʳʥ ʠʤʠʪʘʮʠʷʣʘʡʪʳʥ ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ ʩʘʣʘʩʳʥʜʘסʳ ץʫʘʪʪʳ 

  .ʨʘʣè,-ʜʝʧ ʘʡʪʳʧ ᴇʪʢʝʥ [2, ʙ. 5914]ײץ

ʅʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫʜʳש ʘʨʪʳץʰʳʣʳסʳ ʞʦסʘʨʳ ʜᴅʣʜʽʢ, ʙʝʡʽʤʜʝʣʫ ʞᴅʥʝ 

ʧʨʦʮʝʩʪʝʨʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʦסʘʨʳ ʜᴅʣʜʽʢ - ʜʝʨʝʢʪʝʨʜʽװ שʣʢʝʥ 

ʢᴇʣʝʤʽʥʝ װʡʨʝʪʽʣʛʝʥ ʟʘʤʘʥʘʫʠ װʣʛʽʣʝʨ ץʦʣʞʘʟʙʘʥʳ ʪʘʥʫ װʰʽʥ ʞʦסʘʨʳ ʜᴅʣʜʽʢ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ץʦʣ ʞʝʪʢʽʟʝ ʘʣʘʜʳ. ɹʝʡʽʤʜʝʣʫ - ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ᴅʨʪװʨʣʽ ʪʽʣʜʝʨʛʝ ʞᴅʥʝ 

ʞʘʟʫ ʩʪʠʣʴʜʝʨʽʥʝ ʙʝʡʽʤʜʝʣʫʽ ʤװʤʢʽʥ, ʙײʣ ʦʣʘʨʜʳץ שʦʣʜʘʥʳʣʫ ʘʷʩʳʥ ʢʝשʝʡʪʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʧʨʦʮʝʩʪʝʨʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ װʰʽʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʛʝ ʩװʡʝʥʝʪʽʥ 

ʞװʡʝʣʝʨ ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨʛʝ ץʘʨʘסʘʥʜʘ װʣʢʝʥ ʢᴇʣʝʤʜʝʛʽ ʜʝʨʝʢʪʝʨʜʽ ʞʳʣʜʘʤʳʨʘץ ʞᴅʥʝ 

ʪʠʽʤʜʽʨʝʢ ᴇשʜʝʡ ʘʣʘʜʳ.  

 

ʊʘʣץʳʣʘʫ.  

 ʨʣʝʨʽʥװʨʣʽ ʪװᴅʨʪ שʞʝʣʽ ʘʨʭʠʪʝʢʪʫʨʘʩʳʥʳ ץʰʽʥ ʥʝʡʨʦʥʜʳװ ʦʣʞʘʟʙʘ ʤᴅʪʽʥʜʽ ʪʘʥʫפ

ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ.  ʊᴇʤʝʥʜʝ ץʘʟʽʨʛʽ ʪʘשʜʘ ץʦʣʜʘʥʳʩʪʘ ʞװʨʛʝʥ ʞᴅʥʝ ᴅʨʪװʨʣʽ 

ᴇʣʰʝʤʜʝʨʜʝʛʽ ʙʽʨʥʝʰʝ ʤʦʜʝʣʴʜʝʨʛʝ ʩʠʧʘʪʪʘʤʘ ʙʝʨʽʣʛʝʥ. 

28x28 ʧʠʢʩʝʣʴ: ɹײʣ ᴇʣʰʝʤ MNIST ʜʝʨʝʢʪʝʨ ʞʠʥʘסʳʥʜʘסʳʜʘʡ ץʦʣʤʝʥ ʞʘʟʳʣסʘʥ 

ʩʘʥʜʘʨʜʳ ʪʘʥʫ װʰʽʥ ʞʠʽ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ɹײʣ ʤʦʜʝʣʴʜʝʨʜʽ ʞʳʣʜʘʤ װʡʨʝʪʫʛʝ ʞᴅʥʝ ʝʩʝʧʪʝʫ 

ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

32x32 ʧʠʢʩʝʣʴ: CIFAR-10 ʩʠʷץʪʳ ʢʝʡʙʽʨ ʦץʫ ʜʝʨʝʢʪʝʨ ʞʠʳʥʜʘʨʳʥʜʘ ʞʠʽ 

 ʳʥ ʚʘʨʠʘʮʠʷʣʘʨʳסʰʘ שʥʜʘʡ ʢʝʩʢʽʥʜʝʨʜʝ ʥʳʩʘʥʜʘʨ ʤʝʥ ʦʣʘʨʜʳײʦʣʜʘʥʳʣʘʪʳʥ ᴇʣʰʝʤ, ʤץ

ʙʦʣʘʜʳ. 

64x64 ʞᴅʥʝ 128x128 ʧʠʢʩʝʣʴʜʝʨ: ɹײʣ ᴇʣʰʝʤʜʝʨ װʣʢʝʥ ʢᴇʣʝʤʜʽ ʢʝʩʢʽʥ ʤᴅʣʽʤʝʪʪʝʨʽʥ 

ʩʘץʪʘʫ ץʘʞʝʪ ʙʦʣסʘʥʜʘ ʢװʨʜʝʣʽʨʝʢ ʪʘʥʫ ʪʘʧʩʳʨʤʘʣʘʨʳ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ɹײʣ 

ʪʘשʙʘʣʘʨʜʳײץ שʨʳʣʳʤʳ ʤʝʥ ʧʽʰʽʥʽ ʪʫʨʘʣʳ ץʦʩʳʤʰʘ ʘץʧʘʨʘʪʪʳ ץʘʞʝʪ ʝʪʝʪʽʥ ʪʘʧʩʳʨʤʘʣʘʨ 

 ʨʛʝʥװʦʣʜʘʥʳʣʳʧ ʞץ ʘʣʘʣʘʨʳʥʜʘץ ʢᴇʧʪʝʛʝʥ שʤʢʽʥ. ɽʣʽʤʽʟʜʽװʰʽʥ ʧʘʡʜʘʣʳ ʙʦʣʫʳ ʤװ

çʉʝʨʛʝʢè ʩʳʥʜʳ ʢʘʤʝʨʘʣʘʨʜʘ ʦʩʳ ᴇʣʰʝʤʜʝʨ ץʦʣʜʘʥʳʣʘʜʳ. 

224x224 ʧʠʢʩʝʣʴ ʞᴅʥʝ ʦʜʘʥ ʞʦסʘʨʳ: VGG ʞᴅʥʝ ResNet ʩʠʷץʪʳ ʢᴇʧʪʝʛʝʥ ʟʘʤʘʥʘʫʠ 

ʘʨʭʠʪʝʢʪʫʨʘʣʘʨ װʰʽʥ ʩʪʘʥʜʘʨʪʪʳ ʢʽʨʽʩ ʢʝʩʢʽʥ ᴇʣʰʝʤʽ. ɹײʣ ᴇʣʰʝʤʜʝʨ ʞʘץʩʳʨʘץ ʪʘʥʫ 

ʩʘʧʘʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʞʦסʘʨʳ ʘʞʳʨʘʪʳʤʜʳʣʳסʳ ʙʘʨ ץʦʣʜʘʥʙʘʣʘʨסʘ 

ʙʝʡʽʤʜʝʣʫʽ ʤװʤʢʽʥ. 

ɹʽʨ ץʘʙʘʪʪʘʥ ʝʢʽʥʰʽ ץʘʙʘʪץʘ ᴇʪʫ ʢʝʟʽʥʜʝ ʘʣʳʥסʘʥ ʙʝʣʛʽʣʝʨ ʙʽʨ-ʙʽʨʽʤʝʥ ʩᴅʡʢʝʩ 

ʢʝʣʤʝʡʪʽʥʽʥ ʞᴅʥʝ ʦʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʦʙʲʝʢʪʽʥʽש ʰʳסʳʩ ץʘʙʘʪʳʥ ץʦʩʫ ץʘʙʘʪʳ ʙʘʨ ʘʨʥʘʡʳ 

ʥʳʩʘʥ ʛʨʘʬʠʛʽʥʝ ʝʥʛʽʟʫʜʽץ שʘʞʝʪʽ ʞʦץ ʝʢʝʥʽʥ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. ɹײʣ ᴅʜʽʩʪʽ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, 

ʩʽʟ ʥʳʩʘʥ ʛʨʘʬʠʛʽʥʝ ᴅʨʪװʨʣʽ ʥʳʩʘʥʜʘʨʜʳ ʟʝʨʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝ ʘʣʘʩʳʟ ʞᴅʥʝ ʞʝʣʽʛʝ 

ʘʩʠʤʤʝʪʨʠʷ ʙʝʨʝ ʘʣʘʩʳʟ. 

ʊ.ɺ. ɾʫʢʦʚʪʳש ʟʝʨʪʪʝʫʣʝʨʽʥʝ ʩᴅʡʢʝʩ, ʙʝʨʽʣʛʝʥ ץʦʣʞʘʟʙʘ ʤᴅʪʽʥʜʽ ʪʘʥʫ ʧʨʦʮʝʩʽʥʜʝ 

ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫʜʳש ʢᴇʧʪʝʛʝʥ ʤʳʩʘʣʜʘʨʳ ʙʘʨ. ʄʳʩʘʣʳ, ʙʝʨʽʣʛʝʥ 

 ץʘʨʳ ʜᴅʣʜʽʢʧʝʥ ʪʘʥʠ ʘʣʘʪʳʥ ʪʠʽʤʜʽ ʤʘʪʝʤʘʪʠʢʘʣʳסʘʥ ʤᴅʪʽʥʜʽ ʞʦסʦʣʤʝʥ ʞʘʟʳʣץ
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ʘʣʛʦʨʠʪʤʜʝʨ ʙʘʨ. ɹײʣ ʘʣʛʦʨʠʪʤʜʝʨ ʘʜʘʤ ץʳʟʤʝʪʽʥʽש ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʳʥʜʘ, ʩʦʥʳש ʽʰʽʥʜʝ 

ʙʘʥʢʪʽʢ, ʧʦʰʪʘʣʳץ ʞᴅʥʝ ʤʝʜʠʮʠʥʘʣʳץ ץʳʟʤʝʪʪʝ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ץʦʣʜʘʥʳʣʘʜʳ [3, ʙ. 258]. 

ʅ.ʅ. ʉʘʤʳʣʢʠʥʘʥʳש ʞײʤʳʩʳʥʜʘ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ᴅʨʪװʨʣʽ ץʦʣʞʘʟʙʘ ʩʪʠʣʴʜʝʨʽʥʽש 

ᴇʟʛʝʨʤʝʣʽʣʽʛʽ ʤʝʥ ᴅʨʪװʨʣʽʣʽʛʽʥ ᴇשʜʝʡ ʘʣʘʪʳʥʳʥ ʘʪʘʧ ᴇʪʝʜʽ. ɹײʣ ץʘʙʽʣʝʪ ʥʝʡʨʦʥʜʳץ 

ʞʝʣʽʣʝʨʜʽ ץʦʣʤʝʥ ʞʘʟʳʣסʘʥ ʤᴅʪʽʥʜʽ ʪʘʥʫ ʞᴅʥʝ ᴇשʜʝʫʜʽש ʪʠʽʤʜʽ ײץʨʘʣʳʥʘ ʘʡʥʘʣʜʳʨʘʜʳ.  

 ʦʣץ ʦʣʜʘʥʫʜʘץ ʞʝʣʽʣʝʨʜʽ ץʳʪʪʘ ʥʝʡʨʦʥʜʳץʘʟʽʨʛʽ ʫʘץ ʦʣʞʘʟʙʘ ʤᴅʪʽʥʽʥ ʪʘʥʫ ʧʨʦʮʝʩʽʥʜʝפ

ʞʝʪʢʽʟʽʣʛʝʥ ʜʝשʛʝʡʛʝ ץʘʨʘʤʘʩʪʘʥ, ᴅʣʽ ʜʝ ʰʝʰʽʣʤʝʛʝʥ ʙʝʣʛʽʣʽ ʤᴅʩʝʣʝʣʝʨ ʙʘʨ ʜʝʧ ʘʪʘʧ ᴇʪʪʽ [4, 

ʙ. 22]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʆ.ʄ.ɹʫʨʢʠʥ çʅʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ץʦʣʜʘʥʫè ʘʪʪʳ ʝשʙʝʛʽʥʜʝ 

ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ᴇʪʝ ʞʠʽ ʜʝʨʝʢʪʝʨʜʽש ʞʝʪʢʽʣʽʢʩʽʟ ʞʠʳʥʪʳסʳʤʝʥ ʥʝʤʝʩʝ ᴇשʜʝʫ װʰʽʥ 

ʞʝʪʢʽʣʽʢʪʽ ʝʩʝʧʪʝʫ ץʫʘʪʳʥ ץʘʞʝʪ ʝʪʝʪʽʥ ʜʝʨʝʢʪʝʨʜʽװ שʣʢʝʥ ʢᴇʣʝʤʽʤʝʥ ʞײʤʳʩ ʽʩʪʝʡʪʽʥʽʥ 

ʞʘʟʜʳ. [5, ʙ. 55].    ɼʝʛʝʥʤʝʥ, ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʞʝʪʽʣʜʽʨʽʣʫʽʥʝ ʞᴅʥʝ 

ʪʘשʙʘʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽװ שʣʢʝʥ ʢᴇʣʝʤʽʥʽש ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ 

 .ʦʣʞʘʟʙʘ ʤᴅʪʽʥʽʥ ʪʘʥʫ ʢʝʟʽʥʜʝ ʜᴅʣʽʨʝʢ ʞᴅʥʝ ʪʠʽʤʜʽʨʝʢ ʙʦʣʘ ʘʣʘʜʳץ

 

  .ʦʨʳʪʳʥʜʳפ

 ,ʦʣʜʘʥʫʜʳ ʟʝʨʪʪʝʫץ ץʞʝʣʽʣʝʨʜʽ ʧʨʘʢʪʠʢʘʣʳ ץʰʽʥ ʥʝʡʨʦʥʜʳװ ʦʣʞʘʟʙʘ ʤᴅʪʽʥʽʥ ʪʘʥʫפ

ʙײʣ ʪʝʭʥʦʣʦʛʠʷʥʳש ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʜʘסʳ ᴅʣʝʫʝʪʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹʝʨʽʣʛʝʥ ץʦʣʞʘʟʙʘ 

ʘץʧʘʨʘʪʳʥʳש ʝש ʢʽʰʢʝʥʪʘʡ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳʥ ʪʘʣʜʘʡ ʞᴅʥʝ ʪʘʙʘ ʘʣʘʪʳʥ ʪʝʨʝשʽʨʝʢ ʞᴅʥʝ 

ʢװʨʜʝʣʽ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ײץʨʳʣʳʤʜʘʨʳʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʝʥʛʽʟʫ ʙʦʡʳʥʰʘ װʟʜʽʢʩʽʟ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʫʜʝ. ɹײʣ ʞʘסʜʘʡʜʘ ʢʝʩʢʽʥʜʝʨʜʽ ᴇשʜʝʫ װʰʽʥ ʦשʪʘʡʣʘʥʜʳʨʳʣסʘʥ 

ʢʦʥʚʦʣʶʮʠʦʥʜʳ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ, ʩʦʥʜʘʡ-ʘץ ʩʠʤʚʦʣʜʘʨʜʳש ʙʝʣʛʽʣʽ ʙʽʨ ʪʽʟʙʝʛʽʥ ᴇשʜʝʫ 

 ʞʝʣʽʣʝʨ ʜʝʧ ʘʪʘʣʘʪʳʥʜʘʨʜʳ ץʘʡʪʘʣʘʥʘʪʳʥ ʥʝʡʨʦʥʜʳץ ʘʥסʪʘʡʣʘʥʜʳʨʳʣשʰʽʥ ʘʨʥʘʡʳ ʦװ

ʧʘʡʜʘʣʘʥʫ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ.   

ɿʝʨʪʪʝʫʜʽש ʪʘסʳ ʙʽʨ ʤʘשʳʟʜʳ ʙʘסʳʪʳ - ʜʝʨʝʢʪʝʨʜʽ ʘʣʜʳʥ ʘʣʘ ᴇשʜʝʫʜʽש ʦשʪʘʡʣʳ 

ᴅʜʽʩʪʝʨʽʥ ʪʘʙʫ ʞᴅʥʝ ʝʥʛʽʟʫ. ɹײʣ ʤᴅʩʝʣʝʥʽ ʩᴅʪʪʽ ʰʝʰʫ ʩװʟʛʽʣʝʫ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ ʘʣʜʳʥ ʘʣʘ 

ᴇשʜʝʫ ᴅʜʽʩʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫʛʝ ᴅʢʝʣʝʜʽ.  ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽש ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫסʘ 

ʞᴅʥʝ ʦʥʳש ʩʘʣʜʘʨʳ ʨʝʪʽʥʜʝ ʦʣʘʨʜʳ ʪʘʥʫ ʧʨʦʮʝʩʽʥʝ ʦש ᴅʩʝʨ ʝʪʝʜʽ. ɸʡʪʘ ʢʝʪʫ ʢʝʨʝʢ, 

ʜʝʨʝʢʪʝʨʜʽ ʢʝשʝʡʪʫ ᴅʜʽʩʽ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ʦץʳʪʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ, ʙײʣ ץʦʣʞʘʟʙʘ 

ʤᴅʪʽʥʽʥʽש ᴅʨʪװʨʣʽ ʤʳʩʘʣʜʘʨʳʥ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʦʣʘʨʜʳ ʞʘʟʫ ʩʪʠʣʽʥʜʝʛʽ 

ᴇʟʛʝʨʽʩʪʝʨʛʝ ʩʝʥʽʤʜʽʨʝʢ ʝʪʝʜʽ. ʅʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ װʡʨʝʪʫ װʰʽʥ ץʦʣʞʘʟʙʘʥʳװ שʣʢʝʥ ʞᴅʥʝ 

ᴅʨʪװʨʣʽ ʜʝʨʝʢʪʝʨ ʞʠʳʥʳʥʘʥ ʪײʨʫʳ ʜʘ ʤʘשʳʟʜʳ. ʄײʥʜʘʡ ʜʝʨʝʢʪʝʨ ʞʠʳʥʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ 

ʞᴅʥʝ ʪʘשʙʘʣʘʫ ʢװʨʜʝʣʽ ʞᴅʥʝ ʞʝʪʢʽʣʽʢʪʽ ʫʘץʳʪʪʳ ץʘʞʝʪ ʝʪʝʪʽʥ ʪʘʧʩʳʨʤʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, 

ʙʽʨʘץ ʞʦסʘʨʳ ʩʘʧʘʣʳ ʜʝʨʝʢʪʝʨ ʧʘʡʜʘʣʘʥʳʣסʘʥ ʞʘסʜʘʡʜʘ, ʦʣ ץʦʣʤʝʥ ʞʘʟʳʣסʘʥ ʤᴅʪʽʥʜʽ 

ʪʘʥʫʜʘ ʞʦסʘʨʳ ʜᴅʣʜʽʢ ʜᴅʨʝʞʝʩʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʤʘשʳʟʜʳ ʬʘʢʪʦʨסʘ ʘʡʥʘʣʫʳ ʤװʤʢʽʥ. 

ɼʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʞᴅʥʝ ʪʘשʙʘʣʘʫ ʘʣʛʦʨʠʪʤʜʝʨʽʥʜʝʛʽ ʞʝʪʽʩʪʽʢʪʝʨ, ʩʦʥʜʘʡ-ʘװ ץʣʢʝʥ ʜʝʨʝʢʪʝʨ 

ʞʠʥʘץʪʘʨʳʥ ʞװʨʛʽʟʝʪʽʥ ʟʝʨʪʪʝʫʰʽʣʝʨ ʤʝʥ ʟʝʨʪʪʝʫ ײʡʳʤʜʘʨʳ ʘʨʘʩʳʥʜʘסʳ סʳʣʳʤʠ ʘʣʤʘʩʫ 

ʟʝʨʪʪʝʫʣʝʨʜʽש ʦʩʳ ʙʘסʳʪʳʥ ʘʡʪʘʨʣʳץʪʘʡ ʽʣʛʝʨʽʣʝʪʝʜʽ. ɸץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷ 

ʩʘʣʘʩʳʥʜʘסʳ ʟʝʨʪʪʝʫʰʽʣʝʨ ʤʝʥ ʤʘʤʘʥʜʘʨʜʳש ʘʣʜʳʥʜʘ ʪײʨסʘʥ ʤᴅʩʝʣʝʣʝʨʜʽש ʙʽʨʽ ï 

 ʜʘʡʜʘ ʙʝʨʽʣʛʝʥסʪʳ ᴇʤʽʨʣʽʢ ʞʘץʜʝʫ ʤᴅʩʝʣʝʩʽ. ʅʘשʘʣʘʨʳʥ ᴇץʩײʨʣʽ ʥװᴅʨʪ שʦʣʞʘʟʙʘ ʤᴅʪʽʥʥʽץ

 ʜʘʨʣʘʨʳסʨʤʘʣʘʥʫʳ, ᴇʣʰʝʤʜʝʨʽ ʤʝʥ ʙʘײʳʤʜʘʣʫʳ ʥʝʤʝʩʝ ʙץʘʥ ʤᴅʪʽʥ ʟʘסʦʣʤʝʥ ʞʘʟʳʣץ

ᴅʨʪװʨʣʽ ʙʦʣʫʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ץʘʪʝ ʜʝʨʝʢʪʝʨ ʙʦʣʫʳ ʤװʤʢʽʥ.  

 ʞʝʣʽʣʝʨʜʽ ץʰʽʥ ʥʝʡʨʦʥʜʳװ ʦʣʞʘʟʙʘ ʤᴅʪʽʥʽʥ ʪʘʥʫץ ,ʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝפ

ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʫʜʳ ʟʝʨʪʪʝʫ ʤʘשʳʟʜʳ ʞᴅʥʝ ᴇʟʝʢʪʽ ʙʘסʳʪ ʝʢʝʥʽʥ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. 

ʅʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨʜʽש ʰʝʢʪʝʫʣʝʨʽʥ ʞʦʷ ʦʪʳʨʳʧ, ʞʦסʘʨʳ ʪʘʥʫ ʜᴅʣʜʽʛʽʥʝ 

ʞʝʪʫʜʽץ שʫʘʪʪʳ ײץʨʘʣʳʥ ײʩʳʥʘʜʳ. ɸʣʛʦʨʠʪʤʜʝʨʜʽ װʟʜʽʢʩʽʟ ʞʝʪʽʣʜʽʨʫ, ʜʝʨʝʢʪʝʨʜʽש 

 ʳʣʳץᴅʜʽʩʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʘʨ ץʦʟʳ שʜʝʫʜʽשʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʘʣʜʳʥ ʘʣʘ ᴇץ

ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ץʦʣʞʘʟʙʘ ʤᴅʪʽʥʽʥ ʪʘʥʫ ʧʨʦʮʝʩʽʥ ʞᴅʥʝ ʦʥʳש ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʜʘסʳ 

ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʫʣʘʨʳʥ ʪװʙʝʛʝʡʣʽ ᴇʟʛʝʨʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  
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ANALYSIS OF THE PRACTICAL USE OF NEURAL NETWORKS FOR 

HANDWRITING TEXT RECOGNITION  

 

Abstract. This article discusses the effectiveness of using neural networks for 

handwritten text recognition. Neural networks provide efficient and optimized algorithms for 

processing text written and entered by hand, overcoming the shortcomings that characterize 

common traditional methods. At the same time, it seems important to emphasize that increasing 

the efficiency of the recognition algorithms used and a significant increase in the volume of data 

used will have a positive impact on the prospects for the use of neural networks in this area. In 

this regard, optimization of the architecture of neural networks seems to be a priority approach to 
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ensure high accuracy rates in the context of handwritten text recognition. This article describes 

current tools for recognizing handwritten text and describes the advantages of neural networks 

used to solve various problems. In addition, the types of neural networks for recognizing the text 

of a manuscript are described and the stages of using a manuscript in neural networks are 

described. Examples of several models currently in use are provided, and challenges and future 

developments in this area are discussed. 

 

Keywords. Handwriting recognition; neural networks; natural language interpretation; 

visual technologies; recognition methods; neural network architecture; data preprocessing; 

training with a teacher. 

 

 

ʀʣʴʷʩ ɽʩʝʥʛʘʙʳʣʦʚ, ʢ.ʧ.ʥ., ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ, Zhetysu University, 

ʊʘʣʜʳʢʦʨʛʘʥ, ʂʘʟʘʭʩʪʘʥ, Ilias_E@mail.ru 

ɸʡʛʫʣʴ  ɸʣʜʘʙʝʨʛʝʥʦʚʘ, ʢ.ʧ.ʥ., ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ, Zhetysu University, 

ʊʘʣʜʳʢʦʨʛʘʥ, ʂʘʟʘʭʩʪʘʥ, aigul_ao@mail.ru 

ɸʩʝʣʴ  ʆʨʘʟʙʘʝʚʘ, ʤʘʛʠʩʪʨ, Zhetysu University,  ʊʘʣʜʳʢʦʨʛʘʥ, ʂʘʟʘʭʩʪʘʥ, 

asel.orazbaeva@mail.ru  

ɸʡʞʘʥ ɸʜʘʤʙʝʢʦʚʘ, ʜʦʢʪʦʨʘʥʪ, Zhetysu University,  ʊʘʣʜʳʢʦʨʛʘʥ, ʂʘʟʘʭʩʪʘʥ, 

aizheke@gmail.com 

ɻʘʣʳʤʙʝʢ ɾʘʧʩʘʨʙʘʝʚ, ʜʦʢʪʦʨʘʥʪ, Zhetysu University,  ʊʘʣʜʳʢʦʨʛʘʥ, ʂʘʟʘʭʩʪʘʥ, 

zhapsarbay.galymbek@mail.ru 

 

ɸʅɸʃʀɿ ʇʈɸʂʊʀʏɽʉʂʆɻʆ ʇʈʀʄɽʅɽʅʀʗ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ ɼʃʗ 

ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʈʋʂʆʇʀʉʅʆɻʆ ʊɽʂʉʊɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʫʢʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ. ʅʝʡʨʦʩʝʪʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʜʝʡʩʪʚʝʥʥʳʝ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʘ, ʥʘʧʠʩʘʥʥʦʛʦ ʠ 

ʚʚʝʜʝʥʥʦʛʦ ʚʨʫʯʥʫʶ, ʧʨʝʦʜʦʣʝʚʘʷ ʥʝʜʦʩʪʘʪʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʙʱʝʧʨʠʥʷʪʳʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʦʙʲʝʤʦʚ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʥʥʳʭ ʦʢʘʞʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʝʡʨʦʩʝʪʝʡ ʚ ʵʪʦʡ ʩʬʝʨʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʧʪʠʤʠʟʘʮʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʤʠ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʪʦʯʥʦʩʪʠ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʫʢʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʘʝʪʩʷ ʦʧʠʩʘʥʠʝ 

ʘʢʪʫʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʫʢʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʦʧʠʩʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʠʩʘʥʳ ʪʠʧʳ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʝʢʩʪʘ ʨʫʢʦʧʠʩʠ ʠ ʦʧʠʩʘʥʳ ʵʪʘʧʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʫʢʦʧʠʩʠ ʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʚʳʟʦʚʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ. 
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TASKS OF AUTOMATED CONTROL OF TECHNOLOGICAL PROCESSES IN A 

COPPER SMELTER 

 

Abstract. This article examines the copper smelting complex as a control object, and 

provides a technological diagram of the relationship between the tasks of managing the complex. 

Substantial formulations of control problems for individual stages of the metallurgical complex 

have been formulated. As an example of a specific control problem, the mathematical 

formulation of the problem of optimal charge preparation and the method for solving it are 

considered. 

In recent years, the development of copper metallurgy is characterized by an increase in 

the use of raw materials, the use of oxygen, and automated controlled processes for charging and 

smelting copper concentrates. The creation of automated process control systems is one of the 

important areas of development of non-ferrous metallurgy. Non-ferrous metallurgy is one of the 

major sectors of the national economy. Management in general and management of metallurgical 

production in particular is an informational process in nature that ensures the implementation of 

the material process, subject to the achievement of the pre-formulated goal of the functioning of 

the production management system. 

 

Keywords. Copper concentrates, electric smelting, converting, matte, slag, technological 

complex, process. 

 

Introduction.  

The copper smelter processes copper concentrates using technological units such as ore-

thermal electric furnaces, converters, and fire refining furnaces. The initial raw material of the 

workshop is a copper-containing charge, including granules, recycled materials and a pre-

mixture mixture (limestone and pyrite concentrate). The charge enters parallel operating electric 

furnaces and is melted due to the heat generated in the slag bath. The melt, settling, is divided 

into matte and waste slag. As it accumulates, the slag is removed from the process to a dump, 

and the matte is sent for further processing in the converter stage. 

During the conversion process, sulfur is removed from the matte and converted into gases 

in the form of SO2, iron is slagged. To create the necessary slag regime, silicon ores (fluxes) are 

loaded into the converter [1]. 

The technological diagram and interrelation of tasks is presented in Fig. 1. 

The conversion procedure belongs to the category of discrete-continuous, iterative, multi-

stage operations, operating autogenously, generating heat. The latter allows for additional 

processing of cold materials (matte crusts, turns). The products of converter smelting are blister 

copper, converter slag, waste gases and dust. Converter slags are returned to electric furnaces for 

depuration; gases, after cleaning them from dust, are supplied to the production of sulfuric acid. 

The copper smelting complex under consideration as a management object is 

characterized by a number of features. 

1. Continuous-discrete nature of production. Thus, in the technological chain of copper 

smelting production, along with continuous processes (smelting furnaces), there are also discrete, 

periodic processes (converting and fire refining) [2-3]. 
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2. A sequential - concurrent structure featuring technological intersections (among 

parallel streams) and feedback connections within the framework, which challenges the 

conditions for coordinating the work of adjacent departments and enhances the connections 

between them. 

3. Significant-scale, energy-intensive facilities and significant length of technological 

ñthreadsò, which ultimately determines substantial dynamic and transportation delays. 

Consequently, according to research data, the delay in the feed-to-matte pathway is 

approximately 6-7 hours while the charge-slag channel is 8-9 hours. 

4. ɸ wide spectrum and a significant range of external and internal disruptions, which 

determines the stochastic nature of the procedures and varying levels of variability across various 

time periods. This arises from substantial variations in the attributes of raw material flows and 

manufacturing outputs, as well as variations in the characteristics of units of the technological 

scheme, etc. [4). 
 

 
 

Figure 1 ï Technological diagram and interrelation of control tasks of the copper smelting 

complex 

 

When developing the structure of the control system for a copper plant shop, the principle 

of decomposition of the general mathematical model of the control problem into a number of 

models of subtasks was applied, taking into account a variety of units and the dynamic properties 

of control objects. 
 

 

Figure 2 ï Levels of enterprise management in a copper smelter 
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At the top level, the problem of operational management of the copper smelting complex 

of the metallurgical shop is solved as part of subtasks: load distribution between electric 

furnaces, drawing up schedules (schedules) for the operation of the envelope and anode 

departments.  

The level at which MES technologies are used makes it possible to detail the daily plan 

down to shift-unit tasks, as well as to determine the requirements for managing technological 

limits (electric heating, metallurgical converting, anode treatment) [5]. 

The foundational tier of the control framework includes tasks focused on stabilizing the 

electrical mode during smelting and overseeing the conversion process through the purging 

phase 

 

Materials and methods. 

Technical and economic essence and formulation of management problems. Subsystem 

for operational management of a metallurgical workshop. 

The organization of rhythmic and coordinated work of sections and units of a 

metallurgical workshop should be ensured by a system of operational control of technological 

processes, which carries out the formation and implementation of a plan - a workshop work 

schedule. 

The daily work schedule of the metallurgical shop determines the distribution of loads 

between electric furnaces, the distribution of matte between the remaining converter melts, the 

start and end times of converter melt periods, the distribution of blister copper between 

individual anode melts, the start and end times of anode melt periods. The schedule must ensure 

the quantitative and qualitative implementation of the daily plan for the production of matte, 

rough and anode copper, determined by the production planning and management system (MES 

technology). The problem of creating an optimal schedule is reduced to a high-dimensional 

discrete programming problem. In this regard, there is a need to decompose this problem. As a 

result of decomposition, solving the problem of drawing up an optimal work schedule for a 

metallurgical workshop is reduced to solving the following subtasks: 

- Drawing up an optimal work schedule for the anode department, ensuring the rhythmic 

operation of the processing unit. 

- Drawing up an optimal schedule for the operation of the converter department, ensuring 

the rhythm of the processing unit and the implementation of the daily plan for the Generation of 

impure copper and the processing of cold materials; 

- Efficient allocation of raw material streams between electric melting units and 

assessment of the elemental composition of the mixing mixture, limiting the copper losses within 

the electric furnace department.  

Electric smelting process control subsystem. 

The problem of controlling the technological regime of electric smelting, taking into 

account the peculiarities of the batch preparation stage (presence of a stack), is divided into two, 

which must be solved at different time intervals. 

The elemental makeup of the charge is defined by the proportions and elemental structure 

of the material inputs entering the electric furnace (particulate matter, recycled materials, 

calcium carbonate, iron disulfide, and other related materials.). A significant role is played by the 

elemental composition of the particles (making up 70-80% of the total mass of the charge), 

which is achieved in a layered charge by blending Dzhezkazgan and pyrite concentrates, fluxing 

agents, and supplementary materials. During the production of a stack (4-6 days), random 

fluctuations in the composition of granules take place and at short control intervals (changes) the 

chemical composition of granules deviates significantly (2-4%) from the average optimal value 

for the stack. 
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 In connection with the above, the problem of controlling the technological regime of 

electric smelting is divided into two, which must be solved at different time intervals: 

- determination of the optimal composition of the stack for the interval of its laying (4-6 

days); 

- operational (per shift) distribution of flows across the furnaces, determining the current 

optimal consumption of granules, revolutions, pre-mixture mixture and chemical compositions 

of the latter [2]. 

Conversion process control subsystem. 

The presence of technological feedback on converter slag significantly affects the 

technical and economic indicators of production as a whole. Thus, the total extraction of copper 

in a metallurgical workshop significantly depends on the amount of copper in the circulating 

product (converter slag).  

The copper quantity in the slag mainly depends on the copper content within the 

converter mass, silica slag, and slag temperature. 

The above formulated statements of problems for managing the metallurgical complex 

and individual technologies were included in the terms of reference for the creation of an 

integrated automated control system for copper at the Kazakhmys JSC plant. 

As an example of the implementation of a control problem, let us consider the 

mathematical formulation of the problem of optimal charge preparation. 

The charge preparation process involves mixing several types of concentrates, fluxes, and 

solid recycled materials in proportions that provide the final smelting product in quantity and 

composition. 

A mathematical model of the technological regime of ore-thermal smelting of copper 

concentrates was obtained taking into account the balance ratios for individual substances and 

smelting products. 

The solution to the problem of controlling the technological regime of the electric 

smelting process is carried out using a mathematical model of the ñcharge ï blister copperò 

complex, taking into account the influence of envelope slag. 

The mathematical formulation of the problem of determining the optimal composition of 

the charge is formalized in the form of a nonlinear programming problem. 

Minimization of copper in the waste slag CaO, SiO and Fe was adopted as an 

optimization criterion 

The formalized formulation of the issue is provided in the form of the following system 

of equations. 

Optimization criterion ï copper content in waste slag: 

 

(1) 
 

Accepteddesignations: 

Gj ï quantity of j-th material; (j = 0,3,5,6,8,9,10 ï respectively denotes charge, converter 

slag, matte, dump slag, blister copper, oxidized ore, intra-shop circulation (crusts), electricity; 

Xij is the content of the i-th component in the j-th material; i = 1,2,3,4,5 ï respectively 

denotes Cu, Fe, SiO2, CaO, S. 

ꜟ1, ꜟ2 are constant coefficients taking into account transport and production losses of 

materials; 

extraction of the i-th component from the j-th material into the th material, where 

the same notations are adopted for j (extraction of copper from the charge into matte); 

weight yield of j-th material into smelting products (taking into account waste and 

dust removal); 
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respectively, the minimum and maximum values of the coefficient characterizing 

the specific yield of matte per ton of charge; 

Ǽ6 is a coefficient characterizing the specific yield of dump slag per ton of charge. 

Equations for copper, iron and sulfur in matte, respectively. The model includes the 

following relationships. Model equations: 

 

                                (2) 

 

Equations for SiO2, CaO and iron in waste slag 

 

 .                                     (3) 

 

Equations for blister copper 

 

                                        (4) 

 

Equations for iron and SiO2, in converter slag 

 

. (5) 

 

Balances for electric furnace, converter stages, intra-shop cold circulation 

 

           (6) 

 

When determining the optimal chemical composition, it is necessary to take into account 

the restrictions on the chemical composition of materials determined by technological standards. 

System of restrictions on variables. Restrictions on the chemical composition of materials 

and the physical meaning of variables: 

 

  (7) 

 

Limitations on the specific yield of matte and slag per ton of charge: 

 

                                                  (8) 

 

The presented problem is an optimization problem for managing an object. change The 

variables in the task of determining the composition of the charge are the chemical compositions 

of the charge Xi0 (i = 1.5), matte Xi5 (i = 1.2), and waste slag Xi6 (i = 1.3). 

 

Results and Discussions. 

To solve the problem, a method was adopted based on the use of the penalty function 

method to transform the problem criterion and the Rosenbrock rotating coordinate method to 

solve the unconditional optimization problem, to which in this case the posed control problem is 

reduced. 

That is, instead of the function f(Xi6) a function ʌ(Xi6) of the form is considered: 

 

       (9) 
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where ɛ, ɚ, ɝ are penalty coefficients; 

f(ớ, Xə) ï functions in constraints; 

Q (ớ, Xə) ï functions in constraints; 

a, b ï left and right inequality restrictions; 

c ï values of equality type constraints; 

ű, ɣ, ɝ =0, if the restrictions are met U, if the restrictions are not met. 

Taking into account (4) and (6) for a sufficiently large value of the numberUthe solution 

of the transformed problem is quite close to the desired solution of the original problem of 

determining the composition of the charge. 

Due to the fact that the Rosenbrock rotating coordinate method algorithm is a local 

search algorithm, when solving the problem taking into account (4) and (6), finding a global 

extremum is not guaranteed F(X16). 

However, given that the initial values 

 

          (10) 

 

are given By data practices we can assume that a ñgoodò initial approximation of the parameters 

of these expressions will provide the accuracy of solving the problem necessary for practical 

purposes [4, 6]. 

 

Conclusion.  

As a result of the work done, the processes of electric smelting of sulfide copper 

concentrates into matte in ore-smelting electric furnaces and the conversion of copper matte in 

converters were considered. Calculations of the material and thermal balance of the process were 

made. An analytical review was carried out to determine the optimal composition of a stack of 

copper concentrates using electric smelting technological processes, a mathematical model was 

built for control systems for the processes of charging and melting of copper concentrates, which 

during smelting ensure a reduction in metal losses and energy costs. 

 

Financing. The article was written based on the results of the project ñCreation and 

implementation of an integrated automated control system at the copper plant of the 

Dzhezkazgan MMC of the Kazakhmys association.ò 
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ʄʓʉ ɹɸʃפʓʊʋ ɿɸʋʓʊʓʅɼɸנʓ ʊɽʍʅʆʃʆɻʀʗʃʓפ ʇʈʆʎɽʉʊɽʈɼɯ 

ɸɺʊʆʄɸʊʊɸʅɼʓʈʓʃנɸʅ ɹɸʉפɸʈʋɼʓר ʄɯʅɼɽʊʊɽʈɯ 

 

ɸשʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ ʤʳʩ ʙʘʣץʳʪʫ ʢʝʰʝʥʽ ʙʘץʳʣʘʫ ʦʙʲʝʢʪʽʩʽ ʨʝʪʽʥʜʝ 

 שʳ ʙʘʡʣʘʥʳʩʪʳסʘʨʫ ʤʽʥʜʝʪʪʝʨʽ ʘʨʘʩʳʥʜʘץʘʨʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʢʝʰʝʥʜʽ ʙʘʩץ

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʜʠʘʛʨʘʤʤʘʩʳ ʢʝʣʪʽʨʽʣʛʝʥ. ʄʝʪʘʣʣʫʨʛʠʷʣʳץ ʢʝʰʝʥʥʽש ʞʝʢʝʣʝʛʝʥ ʢʝʟʝשʜʝʨʽ 

 ʳʣʘʫץʪʳ ʙʘץʘʥ. ʅʘסʞʳʨʳʤʜʘʣײʞʳʨʳʤʜʘʨʳ ʪײʳʟʜʳ ʪשʤʘ שʳʣʘʫ ʤᴅʩʝʣʝʣʝʨʽʥʽץʰʽʥ ʙʘװ

ʝʩʝʙʽʥʽש ʤʳʩʘʣʳ ʨʝʪʽʥʜʝ ʟʘʨʷʜʪʳ ʦשʪʘʡʣʳ ʜʘʡʳʥʜʘʫ ʝʩʝʙʽʥʽש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪײʞʳʨʳʤʳ 

ʞᴅʥʝ ʦʥʳ ʰʝʰʫ ᴅʜʽʩʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ʉʦסשʳ ʞʳʣʜʘʨʳ ʤʳʩ ʤʝʪʘʣʣʫʨʛʠʷʩʳʥʳש ʜʘʤʫʳ ʰʠʢʽʟʘʪʪʳ ʧʘʡʜʘʣʘʥʫʜʳש 

ʘʨʪʫʳʤʝʥ, ʦʪʪʝʛʽʥʽץ שʦʣʜʘʥʳʣʫʳʤʝʥ, ʤʳʩ ʢʦʥʮʝʥʪʨʘʪʪʘʨʳʥ ʟʘʨʷʜʪʘʫ ʤʝʥ ʙʘʣץʳʪʫʜʳש 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʙʘץʳʣʘʥʘʪʳʥ ʧʨʦʮʝʩʪʝʨʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ʊʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʨʦʮʝʩʪʝʨʜʽ ʙʘʩץʘʨʫʜʳש ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʣʝʨʽʥ ײץʨʫ ʪװʩʪʽ ʤʝʪʘʣʣʫʨʛʠʷʥʳ 

ʜʘʤʳʪʫʜʳש ʤʘשʳʟʜʳ ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊװʩʪʽ ʤʝʪʘʣʣʫʨʛʠʷ-ʭʘʣʳץ 

ʰʘʨʫʘʰʳʣʳסʳʥʳש ʥʝʛʽʟʛʽ ʩʘʣʘʣʘʨʳʥʳש ʙʽʨʽ. ɾʘʣʧr ʤʝʥʝʜʞʤʝʥʪ ʞᴅʥʝ ʤʝʪʘʣʣʫʨʛʠʷ 

ᴇʥʜʽʨʽʩʽʥ ʙʘʩץʘʨʫ, ʘʪʘʧ ʘʡʪץʘʥʜʘ, ᴇʥʜʽʨʽʩʪʽ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש ʞײʤʳʩ ʽʩʪʝʫʽʥʽש ʘʣʜʳʥ-ʘʣʘ 

ʪײʞʳʨʳʤʜʘʣסʘʥ ʤʘץʩʘʪʳʥʘ ץʦʣ ʞʝʪʢʽʟʽʣʛʝʥ ʞʘסʜʘʡʜʘ ʤʘʪʝʨʠʘʣʜʳץ ʧʨʦʮʝʩʪʽש ʞװʟʝʛʝ 

ʘʩʳʨʳʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʘץʧʘʨʘʪʪʳץ ʩʠʧʘʪʪʘסʳ ʧʨʦʮʝʩʩ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʄʳʩ ʢʦʥʮʝʥʪʨʘʪʪʘʨʳ, ʵʣʝʢʪʨ ʙʘʣץʳʪʫ, ʢʦʥʚʝʨʩʠʷʣʘʫ, ʢשװʛʽʨʪ, ץʦʞ, 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʢʝʰʝʥ, ʧʨʦʮʝʩʩ. 
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ɿɸɼɸʏʀ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʄʀ 

ʇʈʆʎɽʉʉɸʄʀ ʅɸ ʄɽɼɽʇʃɸɺʀʃʔʅʆʄ ɿɸɺʆɼɽ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʜʝʧʣʘʚʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʢʘʢ ʦʙʲʝʢʪ 

ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʚʦʜʠʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʩʚʷʟʠ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʤ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʩʪʘʜʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʰʠʭʪʳ ʠ ʤʝʪʦʜ ʝʝ ʨʝʰʝʥʠʷ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʚʠʪʠʝ ʤʝʜʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʷ, ʧʨʠʤʝʥʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʫʧʨʘʚʣʷʝʤʳʭ ʧʨʦʮʝʩʩʦʚ 

ʰʠʭʪʦʚʢʠ ʠ ʧʣʘʚʢʠ ʤʝʜʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ. ʉʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 
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ʨʘʟʚʠʪʠʷ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʎʚʝʪʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʋʧʨʘʚʣʝʥʠʝ ʚʦʦʙʱʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ 

ʧʨʦʮʝʩʩ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʝʘʣʠʟʘʮʠʶ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʫʩʣʦʚʠʠ ʜʦʩʪʠʞʝʥʠʷ 

ʟʘʨʘʥʝʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʮʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʄʝʜʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ, ʵʣʝʢʪʨʦʧʣʘʚʢʘ, ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʝ, ʰʪʝʡʥ, 

ʰʣʘʢ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʧʨʦʮʝʩʩ. 
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ANALYSIS OF AUTHENTICATION VULNERABILITIES AND TESTING OF DATA 

PROTECTION MECHANISMS IN WEB APPLICATIONS  

 

Abstract. Modern web applications play a key role in data management and service 

delivery, making data security critical. The main problem is vulnerabilities in authentication 

mechanisms, password recovery and request processing, which can lead to data leakage and 

unauthorized access. To study and solve these problems, a comprehensive approach was taken, 

including analysis of application architecture, testing of security mechanisms and evaluation of 

applied techniques. The study identified key shortcomings, such as information leakage during 

query processing, weak data recovery mechanisms, and the use of insecure data transfer 

methods. The findings highlight the need to implement multi-factor authentication, improve data 

processing procedures, and develop security standards. Particular attention is paid to practical 

recommendations for minimizing the risks associated with cyber-attacks and increasing the level 

of data confidentiality. The implementation of the proposed measures will not only eliminate 

existing vulnerabilities, but also create a more stable architecture for long-term protection of web 

applications. 

 

Keywords: security, authentication, vulnerability, recovery, data, cyber threats, 

protection. 

 

Introduction.  

The rapid growth of digitalization and the widespread adoption of web technologies have 

positioned web applications as essential platforms for delivering services ranging from financial 

transactions to social interactions and personal data management. However, this expansion has 

been accompanied by a surge in security threats targeting data confidentiality and user privacy. 

Vulnerabilities in web applications, such as poorly implemented authentication mechanisms and 

data breaches, remain among the most critical challenges faced by modern organizations. The 

2021 OWASP report identifies access control vulnerabilities as the most significant risks for web 

applications, emphasizing the urgent need for robust security measures to mitigate these threats 

[1]. 

This study focuses on identifying and analyzing vulnerabilities related to authentication 

and data protection in web applications, utilizing advanced testing tools and methodologies. 

Specifically, Burp Suite and Sniper Attack are employed as powerful instruments for in-depth 

security analysis and simulation of attack scenarios. Burp Suiteôs capabilities in intercepting and 

modifying HTTP requests enable a detailed examination of server responses, facilitating the 

identification of weaknesses in authentication mechanisms. Sniper Attack is used to 

systematically test input fields, uncovering valid user data that may be susceptible to 

exploitation. 

Through the configuration and application of these tools, the study aims to reveal 

authentication and access management vulnerabilities and evaluate their implications for web 

application security. The research further seeks to provide actionable recommendations to 

strengthen defenses against potential threats. By highlighting the significance of a 

mailto:abdykerimovaelmiraa@gmail.com
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comprehensive approach to security testing, the study contributes to the ongoing effort to 

enhance the resilience of web applications in the face of evolving cyber threats. 

Literature Review. 

The growing reliance on web applications in business, education, and daily life has 

increased the need for robust security measures. Recent studies emphasize structured 

methodologies, the integration of machine learning, and the use of advanced tools for effective 

vulnerability assessment. This review focuses on key findings from studies using standardized 

approaches, machine learning, and automated tools for web security. 

The OWASP Web Security Testing Guide has been widely adopted as a foundational 

framework for evaluating web application vulnerabilities. According to [2], this guide provides a 

systematic methodology to uncover critical security gaps. In a practical implementation on a 

website, researchers identified 85% of the OWASP Top 10 vulnerabilities, demonstrating 

WSTGôs effectiveness in addressing a broad spectrum of issues, including authentication and 

input validation. 

Machine learning is increasingly being incorporated into security evaluations, providing a 

significant enhancement in precision and efficiency. Research in [3] developed a static machine 

learning-based framework that evaluated the usability and security of e-commerce websites. The 

study demonstrated a 92% accuracy rate in detecting vulnerabilities while maintaining user 

satisfaction. This approach highlights the potential of machine learning to address security 

challenges in user-centered systems, such as those found in online retail. 

Tool customization has also advanced security testing methodologies. In [4], researchers 

introduced a Burp Suite extension that automates script-based attack simulations. This extension 

identified up to 75% of potential vulnerabilities in tested applications, proving its utility in 

complex testing scenarios. This adaptability has made Burp Suite a preferred choice for dynamic 

vulnerability assessments. 

Further enhancing the effectiveness of Burp Suite, [5] integrated machine learning 

algorithms into its functionality. The study used a Long Short-Term Memory (LSTM) model to 

detect vulnerabilities such as SQL injection and Cross-Site Request Forgery, achieving an 

accuracy of 94%. This innovation illustrates how AI can expand the toolôs capabilities, enabling 

testers to analyze extensive datasets with greater precision. 

Case studies have demonstrated the application of OWASP methodologies in specific 

contexts. For example, [6] analyzed one-time password verification vulnerabilities using Burp 

Suite, revealing weaknesses in 70% of the tested systems. This study underscores the importance 

of comprehensive testing for authentication mechanisms, which are critical for secure user 

access. 

The scalability and security challenges in e-commerce platforms were the focus of 

research in [7]. By analyzing threats from the OWASP Top 10, researchers identified a direct 

correlation between application complexity and the likelihood of vulnerabilities, finding that 

62% of complex systems exhibited high-risk issues. Their recommendations for implementing 

security measures at the architectural level highlight the need for preventive strategies rather than 

reactive fixes. 

These findings collectively underline the importance of combining standardized 

methodologies, AI-driven innovations, and advanced tool customizations for effective web 

application security. While substantial progress has been made, future research should focus on 

enhancing scalability, addressing emerging threats, and integrating multi-layered defense 

mechanisms to ensure comprehensive protection. 

 

Materials and Methods. 

The methodology of this study centers on a structured approach to uncovering 

vulnerabilities within the OWASP Juice Shop web application. By leveraging advanced security 
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testing tools and automation techniques, the research focuses on key areas such as authentication 

mechanisms, password recovery processes, and API implementation. These components were 

examined to identify critical security flaws that could compromise the integrity of the system. 

The methodology integrates detailed analyses of intercepted HTTP requests and test results, 

supported by visual illustrations to provide a clear understanding of the identified vulnerabilities. 

The study addresses three main aspects of web application security. First, the logic behind 

user credential handling was analyzed to uncover vulnerabilities such as username and password 

enumeration. Second, the reliability of password recovery mechanisms was evaluated, 

particularly those relying on security questions. Third, the implementation of APIs for sensitive 

operations, such as password modification, was scrutinized to assess adherence to secure 

development practices. These targeted methods created a comprehensive framework for 

identifying potential risks and understanding their implications for overall system security. 

Various tools were employed to achieve the study's objectives. Burp Suite, a versatile 

platform for testing web application security, was pivotal in intercepting, analyzing, and 

modifying HTTP requests. The Sniper Attack feature within Burp Suite automated the 

enumeration of input values, enabling efficient identification of vulnerabilities. Publicly 

accessible sources, including online videos and documentation, were also utilized to evaluate the 

effectiveness of recovery mechanisms dependent on security questions. Together, these tools and 

methods enabled a thorough investigation of the web applicationôs security posture and provided 

actionable insights into areas requiring improvement. 

 

 
 

Figure 1 - Intercepted Authentication Request 

 

The intercepted HTTP request shown in Figure 1 illustrates the use of incorrect login 

credentials (username: viener, password: 1234). The server's response contains an error message 

that highlights discrepancies between responses for valid and invalid usernames. This 
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observation confirms the vulnerability to username enumeration attacks, where differences in 

server responses enable an attacker to determine the existence of valid user accounts [10]. 

1. Sniper Attack for Username Enumeration 

At the second stage, the study employed Sniper Attack functionality in Burp Suite 

Intruder to automate the process of enumerating usernames. This method systematically injected 

various potential usernames into the login request fields, analyzing server responses for 

distinctive patterns. The approach aimed to identify valid usernames by leveraging differences in 

server responses to valid and invalid login attempts. 

Identification of Valid Usernames Using Sniper Attack. In the next stage, the Sniper 

Attack functionality in Burp Suite was employed to automate the injection of values into the 

login field. The methodology included creating a list of potential usernames (e.g., auth, admin, 

test) and configuring Burp Intruder to systematically inject values and record the server's 

responses. 

 

 
 

Figure 2 - Sniper Attack Configuration Interface 

 

Figure 2 presents the Sniper Attack configuration interface within Burp Suite. This 

interface allows testers to define specific positions in HTTP requests for automating value 

injection during security tests. By enabling systematic testing of potential vulnerabilities, such as 

username enumeration or credential guessing, this feature significantly reduces the manual 

workload required for testing. Automating these processes not only enhances efficiency but also 

ensures that vulnerabilities are identified consistently and comprehensively. This setup is 

particularly valuable in large-scale applications, where manual testing would be time-intensive 

and prone to oversight (Figure 2). 



ʘʟʂʂɸ ʍʘʙʘʨʰʳʩʳ ˉ 1 (136), 2025             ISSN 1609-1817 (Print)פ                           The Bulletin of KazATC 

ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ ˉ 1 (136), 2025                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

174 

 
 

Figure 3 - Results of the Attack 

 

Figure 3 displays the results of the Sniper Attack, highlighting the differences in server 

responses for valid and invalid usernames. The comments column shows the message çInvalid 

usernameè for non-existent accounts, confirming the presence of a username enumeration 

vulnerability (Figure 3). 

2. Brute-Forcing Passwords for Valid Accounts. After identifying valid usernames, the 

next step involved testing the system's resistance to password brute-force attacks. A precompiled 

list of common passwords (e.g., 123456, password, 2000) was used for this purpose [11]. 

 

 
 

Figure 4 - List of Common Passwords Configured in Burp Intruder 
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Figure 4 displays a list of commonly used passwords configured in Burp Intruder for 

brute-force testing. These passwords, such as "123456" or çpasswordè are frequently employed 

by users due to their simplicity and ease of recall. The use of such weak passwords poses a 

significant security risk, as attackers often rely on precompiled password lists to execute brute-

force attacks efficiently [12]. By simulating these scenarios, the testing process identifies 

accounts that may be at risk due to poor password hygiene. This step is essential for 

demonstrating how inadequate user password policies can compromise overall system security 

and highlight the need for enforcing stronger password requirements (Figure 4). 

 

 
 

Figure 5 - Results of Brute-Force Testing 

 

Figure 5 demonstrates the results of brute-force testing, where the password 2000 was 

identified as valid for one of the accounts (auth). The server responded with a 302 Found status 

code, indicating successful login (Figure 5). This stage revealed the absence of protection against 

brute-force attacks, posing a significant threat to account security. 

3. Password Recovery Testing 

This stage of the methodology focused on analyzing the password recovery mechanism, 

which relied on security questions. Using publicly available data, such as pet names and other 

personal details, the security questions were answered to gain access to the password reset 

functionality. 

Figure 6 illustrates the password recovery interface in the OWASP Juice Shop 

application. Users are required to provide an email address, answer a security question, and set a 

new password. By leveraging publicly accessible information, the test successfully bypassed this 

mechanism to reset the account password (Figure 6). 

This testing highlighted the vulnerability of using weak or easily discoverable security 

questions, which can be exploited through publicly accessible information. Such issues 

demonstrate the need for implementing more robust recovery mechanisms, such as two-factor 

authentication or dynamic challenge questions. 
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Figure 6 - Password Recovery Interface Using Security Questions 

 

 
 

Figure 7 - Example from Public Video Demonstrating Security Question Exploitation 

 

The figure 7 shows a screenshot from a publicly available video where the pet's name 

çZayaè was used as an answer to the security question during registration. This highlights how 

attackers can exploit publicly accessible information to bypass security mechanisms and gain 

unauthorized access to user accounts (Figure7). 

4. Analysis of Vulnerable Password Change API. In the final stage, the study investigated 

the implementation of the API for password change. It was discovered that the application uses 

the GET method to perform this operation, which is considered a poor security practice. This 

approach exposes sensitive data, such as passwords, in the URL, making it highly vulnerable to 

interception and exploitation. 

The analysis underscores the critical need for secure implementation practices, such as 

the use of POST methods for sensitive operations, to prevent such vulnerabilities. 

Figure 8 captures an intercepted API request, exposing vulnerabilities in the way 

authentication tokens are handled. The request demonstrates the use of insecure methods, such as 

transmitting sensitive tokens via the URL, which significantly increases the risk of interception 

by attackers. Such practices are contrary to secure API design principles, which recommend 

transmitting tokens through HTTP headers to minimize exposure. By analyzing this request, the 
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study underscores the importance of adhering to secure development standards, particularly for 

operations involving critical user data. Addressing these vulnerabilities requires revising API 

implementation practices to prioritize confidentiality and integrity in token transmission (Figure 

8). 

 

 
 

Figure 8 - Intercepted Password Change Request 

 

Results and Discussion. 

The conducted research revealed several critical vulnerabilities in the OWASP Juice Shop 

web application, highlighting how improper handling of authentication and password recovery 

processes can compromise system security. One of the key vulnerabilities identified was 

username enumeration. The server returns distinguishable responses for valid and invalid 

usernames, allowing attackers to compile a list of valid accounts. This issue demonstrates the 

importance of implementing consistent error messaging to prevent the disclosure of sensitive 

information. 

Another significant finding was the lack of protection against brute-force attacks. During 

testing, the use of a common password, such as 2000, resulted in successful access to an account. 

The system does not include mechanisms like account lockouts or delays to mitigate repeated 

failed login attempts, leaving it vulnerable to password-guessing attacks. This lack of safeguards 

exposes the application to unauthorized access and potential exploitation. 

The study also revealed the unreliability of the password recovery mechanism, which 

relies on security questions. Questions such as çWhat is your petôs name? è often have 

predictable answers that can be found in publicly accessible sources. Using publicly available 

information, the test successfully reset the password for the account jim@juice-sh.op, 

demonstrating a severe security risk. This finding emphasizes the need for stronger recovery 

mechanisms, such as multi-factor authentication or randomized verification codes. 

Lastly, the API implementation for password changes was found to be insecure. The use 

of the GET method, instead of POST or PUT, for password change requests transmits sensitive 

authentication tokens in the URL. This poor practice significantly increases the risk of token 

exposure through logging or interception, potentially compromising the entire application. 

 

Table 1 - Advantages and Disadvantages of Tested Security Aspects 

 

Aspect Advantages Disadvantages 

Interception and Analysis 
Allows convenient HTTP traffic 

analysis using Burp Suite 

Requires manual setup and 

detailed understanding of 

traffic 
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Sniper Attack Automates the testing process 
Exploits depend on server 

misconfigurations 

API Testing 
Identifies flaws in API 

implementation 

Uses outdated or insecure data 

transmission methods 

Security Questions Enables user password recovery 
Answers are predictable or 

publicly available 

Username Enumeration 
Simplifies identification of valid 

user accounts 

Lacks restrictions on login 

attempts 

 

The study underscores the critical importance of implementing robust authentication and 

password recovery mechanisms to ensure the security of web applications as in Table 1. 

Vulnerabilities such as the absence of account lockouts after multiple failed logins attempts and 

the use of predictable security questions significantly increase the risk of unauthorized access 

(Table 1). 

Risks of Username Enumeration: The ability to identify valid usernames through 

discrepancies in server responses creates a foundation for subsequent attacks, such as brute-force 

attempts. This is particularly concerning applications that lack multi-factor authentication, as it 

leaves user accounts exposed to exploitation. 

Weaknesses in Password Recovery: The reliance on weak mechanisms, such as security 

questions, highlights the need to transition to more secure alternatives like one-time codes sent 

via email or SMS. Predictable or publicly accessible answers to security questions present a 

significant risk to user data and system integrity. 

API Vulnerabilities: The use of insecure practices, such as transmitting authentication 

tokens via URLs and employing the GET method for critical operations like password changes, 

exposes the system to potential token interception and logging risks. This reflects inadequate 

adherence to secure programming principles. 

Need for Enhanced Protection: The lack of protection against brute-force attacks, such as 

rate-limiting or account lockouts, leaves the system highly susceptible to automated and large-

scale attacks. Implementing CAPTCHA or account suspension after several failed login attempts 

can effectively mitigate this threat. 

Recommendations for Further Improvement 

To address the vulnerabilities identified during the analysis, implementing multi-factor 

authentication (MFA) for all user accounts is highly recommended. MFA adds an additional 

security layer, ensuring that even if login credentials are compromised, unauthorized access can 

be prevented. This approach significantly enhances user account protection by requiring multiple 

forms of verification. 

Improving the password recovery mechanism is another critical step. Traditional security 

questions, often predictable and vulnerable to exploitation, should be replaced with more secure 

alternatives such as one-time code sent via email or SMS. This ensures that password recovery 

processes are both user-friendly and resistant to malicious attacks. Securing API operations is 

essential to mitigate risks associated with insecure data transmission. All critical API functions, 

including password changes, should use secure HTTP methods like POST or PUT rather than 

GET. Additionally, mandatory authorization through secure headers should be enforced to 

prevent token leakage and unauthorized data manipulation. To combat brute-force attacks, it is 

crucial to introduce measures like rate-limiting and time delays between login attempts. These 

protections discourage automated attacks by limiting the number of logins attempts within a 

specific time frame while maintaining usability for legitimate users. 

Finally, ensuring consistency in server responses is vital to eliminate the risk of username 

enumeration. By standardizing server replies for valid and invalid usernames, attackers are 

deprived of valuable clues that could assist in identifying existing accounts. These measures 
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collectively provide a robust framework for improving web application security, addressing 

current vulnerabilities, and establishing a foundation for long-term resilience against potential 

threats. 

 

Conclusion. 

This study revealed significant vulnerabilities in the authentication, password recovery, 

and API implementation mechanisms of the OWASP Juice Shop web application, exposing it to 

risks such as username enumeration, brute-force attacks, and exploitation of the recovery 

function. Tools like Burp Suite and Sniper Attack demonstrated the server's differential responses 

to valid and invalid credentials, a lack of brute-force protection, and predictable security 

questions that attackers could bypass. Moreover, the use of the GET method for password 

changes compounded the risks by exposing sensitive authentication tokens. 

To address these vulnerabilities, implementing multi-factor authentication, improving the 

password recovery process, and adhering to API security standards are essential. These steps will 

strengthen the systemôs resilience against modern cyber threats. The findings highlight the 

necessity of regular security testing and proactive measures to safeguard web applications and 

build user trust. 
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ɾᴄʅɽ ɼɽʈɽʂʊɽʈɼɯ פʆʈנɸʋ ʄɽʍɸʅʀɿʄɼɽʈɯʅ ʊɽʉʊɯʃɽʋ 

 

ɸשʜʘʪʧʘ. ɿʘʤʘʥʘʫʠ ʚʝʙ-ץʦʩʳʤʰʘʣʘʨ ʜʝʨʝʢʪʝʨʜʽ ʙʘʩץʘʨʫ ʤʝʥ ץʳʟʤʝʪʪʝʨʜʽ ʞʝʪʢʽʟʫʜʝ 

ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ, ʙײʣ ʜʝʨʝʢʪʝʨ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʤʘשʳʟʜʳ ʝʪʝʜʽ. ʅʝʛʽʟʛʽ ʤᴅʩʝʣʝ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʤʝʭʘʥʠʟʤʜʝʨʽʥʜʝʛʽ, ײץʧʠʷ ʩᴇʟʜʽ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʜʝʛʽ ʞᴅʥʝ ʩײʨʘʫʣʘʨʜʳ 

ᴇשʜʝʫʜʝʛʽ ʦʩʘʣʜʳץʪʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ ʜʝʨʝʢʪʝʨʜʽש ʘסʳʧ ʢʝʪʫʽʥʝ ʞᴅʥʝ ʨץײʩʘʪʩʳʟ 

ʢʽʨʫʛʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. ʆʩʳ ʤᴅʩʝʣʝʣʝʨʜʽ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʰʝʰʫ װʰʽʥ ץʦʣʜʘʥʙʘʣʳ 

ʘʨʭʠʪʝʢʪʫʨʘʥʳ ʪʘʣʜʘʫʜʳ, ץʘʫʽʧʩʽʟʜʽʢ ʪʝʪʽʢʪʝʨʽʥ ʪʝʩʪʽʣʝʫʜʽ ʞᴅʥʝ ץʦʣʜʘʥʙʘʣʳ ᴅʜʽʩʪʝʤʝʣʝʨʜʽ 

ʙʘסʘʣʘʫʜʳ ץʘʤʪʠʪʳʥ ʢʝʰʝʥʜʽ ʪᴅʩʽʣ ץʘʙʳʣʜʘʥʜʳ. ɿʝʨʪʪʝʫ ʩײʨʘʥʳʩʪʘʨʜʳ ᴇשʜʝʫ ʢʝʟʽʥʜʝ 

ʘץʧʘʨʘʪʪʳש ʘסʳʧ ʢʝʪʫʽ, ʜʝʨʝʢʪʝʨʜʽ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʤʝʭʘʥʠʟʤʜʝʨʽʥʽש ᴅʣʩʽʟʜʽʛʽ ʞᴅʥʝ 

ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫʜʽץ שʘʫʽʧʪʽ ᴅʜʽʩʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʩʠʷץʪʳ ʥʝʛʽʟʛʽ ʢʝʤʰʽʣʽʢʪʝʨʜʽ ʘʥʳץʪʘʜʳ. 

 ʜʝʫ ʧʨʦʮʝʜʫʨʘʣʘʨʳʥשʦʨʳʪʳʥʜʳʣʘʨ ʢᴇʧ ʬʘʢʪʦʨʣʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷʥʳ ʝʥʛʽʟʫ, ʜʝʨʝʢʪʝʨʜʽ ᴇפ

ʞʘץʩʘʨʪʫ ʞᴅʥʝ ץʘʫʽʧʩʽʟʜʽʢ ʩʪʘʥʜʘʨʪʪʘʨʳʥ ᴅʟʽʨʣʝʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʂʠʙʝʨʰʘʙʫʳʣʜʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʘʟʘʡʪʫ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽײץ שʧʠʷʣʳʣʳץ 

ʜʝשʛʝʡʽʥ ʘʨʪʪʳʨʫ ʙʦʡʳʥʰʘ ʧʨʘʢʪʠʢʘʣʳײ ץʩʳʥʳʩʪʘʨסʘ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʳʣʘʜʳ. 

-ʦʡʤʘʡ, ʚʝʙץ ʘʥʘץ ʪʘʨʜʳ ʞʦʡʳʧץʟʝʛʝ ʘʩʳʨʫ ʙʘʨ ʦʩʘʣʜʳװʘʥ ʰʘʨʘʣʘʨʜʳ ʞסʩʳʥʳʣױ

 ʘסʨʫײץ ʪʳ ʘʨʭʠʪʝʢʪʫʨʘʥʳץʨʘײʨʣʳʤ ʪײסʰʽʥ ʥʝװ ʘʫסʦʨץ ʤʝʨʟʽʤʜʽ ץʟʘײ ʦʩʳʤʰʘʣʘʨʜʳץ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. פʘʫʽʧʩʽʟʜʽʢ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʦʩʘʣʜʳץ ,ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ, ʜʝʨʝʢʪʝʨ, 

ʢʠʙʝʨץʘʫʽʧʪʝʨ, ץʦʨסʘʫ. 
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ɸʅɸʃʀɿ ʋʗɿɺʀʄʆʉʊɽʁ ɸʋʊɽʅʊʀʌʀʂɸʎʀʀ ʀ ʊɽʉʊʀʈʆɺɸʅʀɽ 

ʄɽʍɸʅʀɿʄʆɺ ɿɸʑʀʊʓ ɼɸʅʅʓʍ ɺ ɺɽɹ-ʇʈʀʃʆɾɽʅʀʗʍ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʜʘʥʥʳʤʠ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʫʩʣʫʛ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʟʘʱʠʪʫ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʶʪʩʷ ʫʷʟʚʠʤʦʩʪʠ ʚ ʤʝʭʘʥʠʟʤʘʭ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʘʨʦʣʝʡ ʠ ʦʙʨʘʙʦʪʢʝ ʟʘʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʪʝʯʢʝ ʜʘʥʥʳʭ ʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤʫ ʜʦʩʪʫʧʫ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʠ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʙʳʣ ʧʨʠʤʝʥʝʥ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʡ, ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʮʝʥʢʫ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʠʢ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʳ 

ʢʣʶʯʝʚʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʫʪʝʯʢʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʟʘʧʨʦʩʦʚ, ʩʣʘʙʳʝ 

ʤʝʭʘʥʠʟʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʜʫʨ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʠʙʝʨʘʪʘʢʘʤʠ, ʠ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʨ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ 

ʫʩʪʨʘʥʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʫʷʟʚʠʤʦʩʪʠ, ʥʦ ʠ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʜʣʷ 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʟʘʱʠʪʳ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. 
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PRACTICAL APPROACH TO USING SPECIALIZED TOOLS FOR ANALYZING AND 

MANAGING DIGITAL DATA  

 

Abstract.  The growth in the volume and complexity of digital data leads to the need to 

develop effective methods for their analysis and processing, especially in the context of 

information security tasks. This article presents a comprehensive approach to solving key 

problems in digital analysis, including automating data collection, restoring the sequence of 

events, and minimizing the risk of information loss. The focus is on the stages of data 

preparation: selecting target parameters, structuring information and ensuring compatibility of 

formats for further analysis. The presented methods and approaches are aimed at identifying 

critical artifacts, tracking user activity and analyzing changes in the file system. The importance 

of preliminary data preparation is especially emphasized, which includes setting up storage 

facilities and choosing tools that meet modern security standards. The article also discusses key 

limitations such as incompatible data formats and volumes of information that require optimized 

solutions. The results of the study demonstrate that the proposed methods improve the accuracy, 

reliability and speed of analysis. The recommendations presented for eliminating identified 

problems emphasize the importance of a systematic approach and its adaptability to the 

dynamically changing conditions of the digital environment. 

 

Keywords. Digital analysis, information security, data structuring, automation, 

modification. 

 

Introduction.  

With the increasing volume and complexity of digital data, the tasks of its collection, 

structuring, and analysis are becoming more critical for information security specialists. Modern 

incidents, such as cyberattacks, data breaches, and unauthorized user activity, require in-depth 

and precise analysis of digital traces not only to reveal the events that have occurred but also to 

prevent potential threats in the future. This makes the study of digital data an essential tool for 

conducting high-quality investigations. In a rapidly evolving information environment and in the 

face of increasingly sophisticated attacks, traditional data analysis methods often prove 

insufficiently effective, as they require considerable time and close attention to detail. To 

enhance efficiency, specialized tools are needed to automate and structure the data collection 

process, thereby simplifying the work of specialists and allowing them to focus on analysis. 

Among such programs, Kroll Artifact Parser and Extractor and the NTFS file system log 

analyzer hold a prominent position due to their ability to quickly and accurately extract and 

analyze critical digital artifacts [1]. Kroll Artifact Parser and Extractor is used for the rapid 

collection of artifacts from Windows-based systems, which minimizes the time needed for 

preparation and manual data collection, providing the investigator with information ready for 

analysis. The NTFS file system log analyzer, in turn, provides detailed information about events 

such as the creation, modification, and deletion of files, allowing the reconstruction of user 

actions and the identification of potential threats. 

mailto:turkmenbayev.asset.b@gmail.com
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The purpose of this article is to demonstrate how Kroll Artifact Parser and Extractor and 

the NTFS file system log analyzer can be effectively used for professional data analysis 

necessary for preventing and investigating information security incidents. The article describes 

methods for using these programs, the challenges encountered, and solutions, as well as practical 

recommendations for optimizing digital data analysis. This study will be useful for information 

security professionals and data analysts seeking to improve the quality, accuracy, and speed of 

their work in response to the increasingly large-scale challenges in cybersecurity. 

Methodology. 

This section describes the process of preparing, configuring, and using the Kroll Artifact 

Parser and Extractor and NTFS Log Tracker tools for data collection and analysis within the 

scope of digital investigations. Here, the steps for preparation, data collection, analysis, and 

overcoming technical difficulties are detailed. The inclusion of practical examples and visual 

materials enhances the understanding of the significance of each stage for reconstructing events 

on the device. 

Preparation and Configuration of Kroll Artifact Parser and Extractor. The first step is to 

prepare the working environment and configure Kroll Artifact Parser and Extractor (KAPE) for 

data collection. KAPE is a tool optimized for fast and automated artifact collection, making it 

extremely useful in situations requiring rapid analysis. 

Preparation Process: KAPE is downloaded from the official source, then extracted to the 

chosen directory, simplifying deployment. An important aspect of KAPE is its ease of 

installation, allowing a swift transition to data collection without the need for complex settings. 

Configuration of Target Parameters: KAPE provides flexible options for selecting 

artifacts, helping to narrow the focus on critically important data [2]-[4]. 

 

 
 

Figure 1. Initial Loading and Basic Configuration of Kroll Artifact Parser and Extractor 

 

Figure 1 shows the initial configuration of Kroll Artifact Parser and Extractor, where it is 

possible to begin setting up target parameters and storage directories. This step is essential for 

ensuring readiness for subsequent data collection. 

Selection of Data Collection Targets. To obtain relevant data, the researcher selects 

specific target artifacts for analysis. This is a crucial step, as incorrect selection may complicate 

further processing and analysis. 

Data Selection Process: Kroll Artifact Parser and Extractor offers options to collect 

various types of data, such as system logs, Windows registry entries, browser history, user files, 

and other artifacts that may contain critical evidence. This is particularly important if the goal is 

to study user actions or system changes. Choosing the appropriate artifacts helps to reduce the 

volume of unnecessary information and enhances the accuracy of the analysis [5]-[8]. 
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Figure 2. Target Selection Screen in Kroll Artifact Parser and Extractor 

 

Figure 2 demonstrates the data collection target selection interface in Kroll Artifact Parser 

and Extractor, enabling the researcher to focus on key artifacts necessary for a specific analysis 

case. Configuration of the Output Directory. At this stage, it is important to specify where the 

collected data will be stored. It is often recommended to use an external storage device, as the 

volume of collected data can be substantial. 

Directory Setup Process: Kroll Artifact Parser and Extractor allows the user to specify a 

directory on an external device, helping to prevent the main disk from becoming overfilled and 

facilitating further processing. This step simplifies access to the collected data and prevents data 

loss in case of insufficient memory on the primary device. 

 

 
 

Figure 3. Selection of Data Storage Directory 

 

Figure 3 illustrates the selection of a directory on an external device for data storage, 

emphasizing the importance of properly organizing the workspace. 
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Initiating the Data Collection Process. Once all necessary parameters have been set, the 

researcher can start the data collection process. Kroll Artifact Parser and Extractor automatically 

extracts the specified artifacts, significantly accelerating the process. 

Process Initiation: Kroll Artifact Parser and Extractor gathers the information into the 

chosen directory automatically, reducing the risk of errors and shortening the time required for 

evidence collection. Automation is particularly valuable when analyzing large data volumes and 

under time constraints. 

The analysis results, presented in a CSV table, underscore the importance of using Kroll 

Artifact Parser and Extractor along with NTFS Log Tracker for structured data collection. The 

CSV table, containing user actions and file system changes, allows easy tracking of user activity 

and supports the conclusions drawn during the study. This format not only simplifies data storage 

and processing but also serves as a convenient tool for further analysis [9]-[13]. 

Data Analysis with NTFS Log Tracker. After completing the data collection, the next step 

is to analyze the data using the NTFS Log Tracker. This tool is ideally suited for a detailed 

analysis of events within the NTFS file system, allowing researchers to track operations such as 

file creation, deletion, and modification. 

Configuring NTFS Log Tracker: Before beginning the analysis, it is crucial to ensure that 

the data is in the appropriate format. NTFS Log Tracker requires specific file types (such as 

Master File Table entries) to process them correctly. 

Significance of the Stage: This tool enables researchers to reconstruct user activity 

sequences and identify potential incidents, which is critically important for digital investigations. 

 

 
 

Figure 4. NTFS Log Tracker Interface When Loading Data 

 

Figure 4 shows the NTFS Log Tracker interface during data loading. The researcher can 

see files being loaded in the required format for further analysis, highlighting the importance of 

prior data preparation. 

Challenges and Solutions: Data Format Compatibility 

One of the main issues a researcher may encounter is data format incompatibility. For 

instance, if data is saved in CSV format, NTFS Log Tracker will be unable to load it, as it 

supports only specific file types. 


