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ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ  ̔ʥʘʫʢʠ ʋʢʨʘʾʥʠ 
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ʇʈɽɿʀɼɯʗ ʊɸ ʆʈɻʂʆʄɯʊɽʊ ʂʆʅʌɽʈɽʅʎɯɰ 

ʇʈɽɿʀɼɯʗ 

 

 

ɯʚʘʥʯʝʥʢʦʚʘ ʃ.ɺ. ï ʈʝʢʪʦʨ ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, 

ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ 

ɭʛʦʨʦʚ ɹ.ɺ. ï ʈʘʜʥʠʢ ʨʝʢʪʦʨʘ, ʘʢʘʜʝʤʽʢ ʅɸɸʅ ʋʢʨʘʾʥʠ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 

ʆʣʴʰʝʚʩʴʢʘ ʆ.ɺ. ï ʇʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʟʚ'ʷʟʢʽʚ ʆʅʊʋ, 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʈʝʚʝʥʶʢ ʊ.ɸ. ï ɺ.ʦ. ʜʠʨʝʢʪʦʨʘ ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʢʦʤʧ`ʶʪʝʨʥʦʾ 

ʽʥʞʝʥʝʨʽʾ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʆʅʊʋ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

 

 

ʆʈɻʂʆʄɯʊɽʊ 

 

ʂʦʪʣʠʢ ʉ.ɺ. ï ʛʦʣʦʚʘ ʦʨʛʢʦʤʽʪʝʪʫ, ʢ.ʪ.ʥ., ʜʦʮ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ɯʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʢʽʙʝʨʙʝʟʧʝʢʠ ʆʅʊʋ 

ʍʦʙʽʥ ɺ.ɸ. ï ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ʦʨʛʢʦʤʽʪʝʪʫ, ʜ.ʪ.ʥ., ʧʨʦʬ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ 

ɸʊʇʪʘʈʉ ʆʅʊʋ 

ʉʦʢʦʣʦʚʘ ʆ.ʇ. - ʩʝʢʨʝʪʘʨ ʦʨʛʢʦʤʽʪʝʪʫ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ɯʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʢʽʙʝʨʙʝʟʧʝʢʠ ʆʅʊʋ 

 

 

ʏʃɽʅʀ ʆʈɻʂʆʄɯʊɽʊʋ 

 

Panagiotis Tzionas, prof. (Thessaloniki, Greece) 

Qiang Huang, prof. (Los Angeles C.A., USA) 

Yangmin Li, prof (Macao, China) 

ɸʨʪʝʤʝʥʢʦ ʉ.ɺ., ʧʨʦʬ., (ʆʜʝʩʘ, ʋʢʨʘʾʥʘ) 

ʈʦʤʘʥʶʢ ʆ.ʅ., ʧʨʦʬ. (ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ) 

ɻʨʘʙʢʦ ɺ.ɺ., ʧʨʦʬ. (ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ) 

ɾʫʯʝʥʢʦ ɸ.ɯ., ʧʨʦʬ. (ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

ʃʘʜʘʥʶʢ ɸ.ʇ., ʧʨʦʬ. (ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

ʃʠʩʝʥʢʦ ɺ.ʌ., ʧʨʦʬ. (ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

ʃʶʙʯʠʢ ʃ.ʄ., ʧʨʦʬ. (ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ) 

ʇʘʣʦʚ ɯ., ʧʨʦʬ. (ʈʫʩʝ, ɹʦʣʛʘʨʽʷ) 

ʉʪʦʚʢʦʚʘ ɺ.ɼ., ʜʦʮ. (ʊʨʘʢʠʷ, ɹʦʣʛʘʨʽʷ) 

ʉʫʩʣʦʚ ɺ., ʜʦʮ.   (ʂʦʰʘʣʽʥ, ʇʦʣʴʱʘ) 

ɸʨʪʝʤ'ʻʚ ʇ., ʧʨʦʬ. (ʆʣʴʰʪʠʥ, ʇʦʣʴʱʘ) 

ʉʫʜʘʮʝʚʩʴʢʽ ɺ., ʜʦʮ. (ʂʠʰʠʥʽʚ, ʄʦʣʜʦʚʘ) 

ɸʤʘʥʞʦʣʦʚʘ ʉ., ʜʦʮ. (ɸʣʤʘʪʠ, ʂʘʟʘʭʩʪʘʥ) 
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ʋɼʂ 004.01/08 

 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ï 2025 / ʄʘʪʝʨʽʘʣʠ XVIII  ʤʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. ʆʜʝʩʘ, 30-31 ʞʦʚʪʥʷ 2025 ʨ. - ʆʜʝʩʘ, ɺʠʜʘʚʥʠʮʪʚʦ 

ʆʅʊʋ, 2025 ʨ. ï 1316  ʩ. 

 

ɿʙʽʨʥʠʢ ʚʢʣʶʯʘʻ ʤʘʪʝʨʽʘʣʠ ʜʦʧʦʚʽʜʝʡ ʫʯʘʩʥʠʢʽʚ ʢʦʥʬʝʨʝʥʮʽʾ, ʷʢʽ ʦʙ'ʻʜʥʘʥʽ ʟʘ 

ʪʝʤʘʪʠʯʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʢʦʥʬʝʨʝʥʮʽʾ. 

ɿʙʽʨʥʠʢ ʙʫʜʝ ʢʦʨʠʩʥʠʤ ʷʢ ʜʣʷ ʬʘʭʽʚʮʽʚ ʽ ʧʨʘʮʽʚʥʠʢʽʚ ʬʽʨʤ, ʟʘʡʥʷʪʠʭ ʚ ʦʙʣʘʩʪʽ 

ɯʊ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʪʘʢ ʽ ʜʣʷ ʚʠʢʣʘʜʘʯʽʚ, ʤʘʛʽʩʪʨʽʚ ʽ ʩʪʫʜʝʥʪʽʚ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ 

ʟʘʢʣʘʜʽʚ, ʷʢʽ ʥʘʚʯʘʶʪʴʩʷ ʟʘ ʥʘʧʨʷʤʘʤʠ ʽ ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʙʫʜʝ ʢʦʨʠʩʥʠʤ ʧʨʦʬʝʩʽʦʥʘʣʘʤ ʟ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʨʦʟʨʦʙʢʠ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʽʛʦʨ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʫ ʟʙʽʨʥʠʢʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʩʚʦʻʨʽʜʥʠʡ ʟʨʽʟ 

ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʩʧʨʘʚ ʚ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʛʘʣʫʟʷʭ ʟʥʘʥʴ, ʷʢʠʡ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʷʢ 

ʬʘʭʽʚʮʷʤ, ʪʘʢ ʽ ʩʪʫʜʝʥʪʘʤ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʩʢʣʘʩʪʠ ʟʘʛʘʣʴʥʫ ʢʘʨʪʠʥʫ ʨʦʟʚʠʪʢʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʠʤʠ ʧʠʪʘʥʴ. 

 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʟʛʨʫʧʦʚʘʥʽ ʟʘ ʥʘʧʨʷʤʢʘʤʠ ʨʦʙʦʪʠ ʢʦʥʬʝʨʝʥʮʽʾ ʪʘ ʥʘʚʝʜʝʥʽ ʚ 

ʘʣʬʘʚʽʪʥʦʤʫ ʧʦʨʷʜʢʫ ʧʨʽʟʚʠʱ ʘʚʪʦʨʽʚ.  

ʄʘʪʝʨʽʘʣʠ (ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ) ʜʨʫʢʫʶʪʴʩʷ ʚ ʘʚʪʦʨʩʴʢʽʡ ʨʝʜʘʢʮʽʾ. 

ɺʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʷʢʽʩʪʴ ʪʘ ʟʤʽʩʪ ʧʫʙʣʽʢʘʮʽʡ ʥʝʩʝ ʘʚʪʦʨ. 

 

 

 

 

 

 

 

 

 

 

ʄʘʪʝʨʽʘʣʠ ʧʦʜʘʥʦ ʫʢʨʘʾʥʩʴʢʦʶ ʪʘ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʘʤʠ. 

ɻʦʣʦʚʥʠʡ ʨʝʜʘʢʪʦʨ ʟʙʽʨʥʠʢʘ ʉʝʨʛʽʡ ʂʦʪʣʠʢ  

 

 

 

 

 
Éʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 2025 
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UDC 004.01/08 

 

Information Technologies and Automation - 2025 / Proceedings of the XVII I 

International Scientific and Practical Conference. Odessa, October 30-31, 2025. - Odessa, 

ONUT Publishing House, 2025 ï 1316  p. 

 

The collection includes materials of reports of conference participants, which are 

united by thematic areas of the conference. 

The collection will be useful for professionals and employees of companies engaged 

in the field of IT, as well as for teachers, masters and students of higher education 

institutions studying in the areas and specialties of computer software and automated 

systems, applied mathematics and information processing, will be useful to professionals 

on computer modeling and development of computer games. 

The results of research in the collection are a kind of slice of the current state of 

affairs in these areas of knowledge, which can help both professionals and university 

students to get a general picture of the development of information technology and related 

issues. 

 

Scientific papers are grouped by areas of the conference and are listed in 

alphabetical order of the authors. 

Materials (abstracts) are published in the author's edition. The author is responsible 

for the quality and content of publications. 

 

 

 

 

 

 

 

 

 

 

Materials are submitted in Ukrainian and English. 

Editor-in-Chief of the collection Sergii Kotlyk. 

 

 

 

 

 

 
É Odessa national university of technology 2025 
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ʇʈʆɹʃɽʄɸʊʀʂɸ ʂʆʅʌɽʈɽʅʎɯɰ 

 

¶ ʄɸʊɽʄɸʊʀʏʅɽ ɯ ʂʆʄʇ'ʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʉʂʃɸɼʅʀʍ 

ʇʈʆʎɽʉɯɺ 

¶ ʋʇʈɸɺʃɯʅʅʗ, ʆɹʈʆɹʂɸ ʊɸ ɿɸʍʀʉʊ ɯʅʌʆʈʄɸʎɯɰ 

¶ ɸɺʊʆʄɸʊʀɿɸʎɯʗ ʊɸ ʋʇʈɸɺʃɯʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ 

ʇʈʆʎɽʉɸʄʀ 

¶ ʅʆɺɯ ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ʆʉɺɯʊɯ 

¶ ʇʈʆɽʂʊʋɺɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ ɯ ʇʈʆɻʈɸʄʅʀʍ 

ʂʆʄʇʃɽʂʉɯɺ 

¶ ʂʆʄʇ'ʖʊɽʈʅɯ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅɯ ʄɽʈɽɾɯ ʊɸ ʊɽʍʅʆʃʆɻɯɰ 

¶ ʐʊʋʏʅʀʁ ɯʅʊɽʃɽʂʊ ɯ ɸɺʊʆʄɸʊʀɿɸʎɯʗ ʈʆɹʆʊʆʊɽʍʅɯʏʅʀʍ 

ʉʀʉʊɽʄ 

¶ ʂʆʄʇ'ʖʊɽʈʅɯ ɯɻʈʀ ɯ WEB-ɼʀɿɸʁʅ 

¶ ɹɯɹʃɯʆʄɽʊʈʀʂɸ. ɯʅʌʆʈʄɸʊʀɿɸʎɯʗ ʅɸɺʏɸʃʔʅʆɻʆ, ʅɸʋʂʆɺʆɻʆ, 

ɼʆʉʃɯɼʅʆɻʆ ʇʈʆʎɽʉɯɺ 

¶ ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ʄɽɼʀʎʀʅɯ 

¶ 3D ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ 3D ɼʈʋʂ 

 

PROBLEMS OF THE CONFERENCE 

 

¶ MATHEMATICAL AND COMPUTER SIMULATION OF  COMPLEX 

PROCESSES 

¶ MANAGEMENT, PROCESSING AND PROTECTION OF INFORMATION 

¶ AUTOMATION AND MANAGEMENT OF TECHNOLOGICAL PROCESSES 

¶ NEW INFORMATION TECHNOLOGIES IN EDUCATION 

¶ DESIGN OF INFORMATION SYSTEMS AND SOFTWARE COMPLEXES 

¶ COMPUTER TELECOMMUNICATION NETWORKS AND TECHNOLOGIES 

¶ ARTIFICIAL INTELLIGENCE AND AUTOMATION OF ROBOTIC SYSTEMS 

¶ COMPUTER GAMES AND WEB DESIGN 

¶ BIBLIOMETRIC. INFORMATIZATION OF EDUCATIONAL, SCIENTIFIC, 

RESEARCH PROCESSES 

¶ INFORMATION TECHNOLOGIES IN MEDICINE  

¶ 3D MODELING AND 3D PRINTING 
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ʇɽʈɽɼʄʆɺɸ 
 

ʆʩʽʥʴ ʚ ʆʜʝʩʽ ʮʴʦʛʦ ʨʦʢʫ ʚʠʜʘʣʘʩʷ ʥʝ ʣʠʰʝ ʩʦʥʷʯʥʦʶ, ʘ ʡ ʥʘʫʢʦʚʦʶ. 30ï31 ʞʦʚʪʥʷ 2025 

ʨʦʢʫ ʚ ʆʜʝʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʚʽʜʙʫʣʘʩʷ XVIII ʄʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ï 2025è, ʷʢʘ ʦʙ'ʻʜʥʘʣʘ 

ʜʦʩʣʽʜʥʠʢʽʚ ʟ ʋʢʨʘʾʥʠ ʪʘ ʟʘʨʫʙʽʞʞʷ ʫ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʬʦʨʤʘʪʽ. ʇʦʧʨʠ ʩʢʣʘʜʥʽ ʫʤʦʚʠ, ʫ ʷʢʠʭ ʞʠʚʝ 

ʪʘ ʧʨʘʮʶʻ ʢʨʘʾʥʘ, ʚʽʪʯʠʟʥʷʥʘ ʥʘʫʢʘ ʥʝ ʧʨʦʩʪʦ ʟʙʝʨʽʛʘʻ ʩʚʽʡ ʧʦʩʪʫʧ ð ʚʦʥʘ ʧʨʦʜʦʚʞʫʻ ʨʦʟʚʠʚʘʪʠʩʷ, 

ʦʙôʻʜʥʫʚʘʪʠʩʷ, ʟʥʘʭʦʜʠʪʠ ʥʦʚʽ ʬʦʨʤʠ ʩʧʽʚʧʨʘʮʽ ʪʘ ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʩʚʽʪʫ, ʱʦ ʫʢʨʘʾʥʩʴʢʽ ʥʘʫʢʦʚʮ ̔

ʟʜʘʪʥʽ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʥʦʚʘʮʽʾ ʥʘʚʽʪʴ ʫ ʪʫʨʙʫʣʝʥʪʥʽ ʯʘʩʠ. ʂʦʥʬʝʨʝʥʮʽʷ ʧʨʦʭʦʜʠʣʘ 

ʦʥʣʘʡʥ ʥʘ ʧʣʘʪʬʦʨʤʽ ZOOM ʽ ʟʽʙʨʘʣʘ ʨʝʢʦʨʜʥʫ ʢʽʣʴʢʽʩʪʴ ʫʯʘʩʥʠʢʽʚ. 

ʇʨʦʚʝʜʝʥʥʷ ʧʦʜʽʙʥʠʭ ʟʘʭʦʜʽʚ ʫ ʚʦʻʥʥʠʭ ʨʝʘʣʽʷʭ ð ʥʝ ʧʨʦʩʪʦ ʦʨʛʘʥʽʟʘʮʽʡʥʝ ʜʦʩʷʛʥʝʥʥʷ. ʎʝ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʪʦʛʦ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʟʜʘʪʥʝ ʧʨʦʜʫʢʫʚʘʪʠ 

ʥʦʚʽ ʽʜʝʾ, ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘʫʢʦʚʽ ʜʠʩʢʫʩʽʾ ʪʘ ʬʦʨʤʫʚʘʪʠ ʪʨʘʻʢʪʦʨʽʾ ʤʘʡʙʫʪʥʴʦʛʦ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʦʣʦʛʽʡ. ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʤʝʪʦʜʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʧʨʠʢʣʘʜʥʘ ʽʥʬʦʨʤʘʪʠʢʘ, 

ʨʦʙʦʪʦʪʝʭʥʽʢʘ, ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʪʝʣʝʤʝʜʠʮʠʥʘ, ʮʠʬʨʦʚʘ ʦʩʚʽʪʘ 

ð ʫʩʽ ʮʽ ʥʘʧʨʷʤʠ ʧʨʦʜʦʚʞʫʶʪʴ ʘʢʪʠʚʥʦ ʟʨʦʩʪʘʪʠ ʪʘ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʫ ʚʠʨʦʙʥʠʯʽ, ʩʦʮʽʘʣʴʥʽ ʪʘ 

ʛʫʤʘʥʽʪʘʨʥʽ ʢʦʥʪʝʢʩʪʠ. 

ʋ ʢʦʥʬʝʨʝʥʮʽʾ ʚʟʷʣʠ ʫʯʘʩʪʴ 883 ʥʘʫʢʦʚʮʷ (!) ʟ 116 ʦʨʛʘʥʽʟʘʮʽʡ (!), ʟʦʢʨʝʤʘ ʟ hʝʩʪʠ 

ʟʘʨʫʙʽʞʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʪʘ ʬʽʨʤ ʽʟ ʂʘʟʘʭʩʪʘʥʫ, ʂʠʪʘʶ, ɻʨʫʟʽʾ, ʅʽʤʝʯʯʠʥʠ ʪʘ ʉʐɸ. ʎʝʡ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʧʨʝʜʩʪʘʚʥʠʮʪʚʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʟʤʽʥʥʠʡ ʽʥʪʝʨʝʩ ʤʽʞʥʘʨʦʜʥʦʾ ʩʧʽʣʴʥʦʪʠ ʜʦ ʫʢʨʘʾʥʩʴʢʦʛʦ 

ʥʘʫʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʪʨʘʜʠʮʽʡʥʦ ʛʦʪʫʻ ʢʦʥʬʝʨʝʥʮʽʷ ɯʊɯɸ. 

ʋʩʴʦʛʦ ʙʫʣʦ ʧʦʜʘʥʦ 577 ʪʝʟ, ʱʦ ʩʪʘʣʦ ʥʦʚʠʤ ʨʝʢʦʨʜʦʤ ʟʘ ʚʩʶ ʽʩʪʦʨʽʶ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʾ 

(ʨʠʩ.1). ʉʝʨʝʜ ʫʯʘʩʥʠʢʽʚ ʢʦʥʬʝʨʝʥʮʽʾ ʙʫʣʦ 48 ʜʦʢʪʦʨʽʚ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʽʚ ʪʘ 202 ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ ʽ 

PhD. ʉʚʦʾʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʟʘʭʦʪʽʣʠ ʧʦʜʽʣʠʪʠʩʷ ʜʠʨʝʢʪʦʨʠ ʽʥʩʪʠʪʫʪʽʚ, ʝʢʩʧʝʨʪʠ, ʧʨʦʚʽʜʥʽ ʥʘʫʢʦʚʽ 

ʩʧʽʚʨʦʙʽʪʥʠʢʠ, 26 ʟʘʚʽʜʫʚʘʯʽʚ ʢʘʬʝʜʨ ɺʅɿ. ʇʦʨʷʜ ʽʟ ʤʘʩʪʠʪʠʤʠ ʚʯʝʥʠʤʠ ʫʯʘʩʪʴ ʫ ʢʦʥʬʝʨʝʥʮʽʾ 

ʚʟʷʣʠ ʙʽʣʴʰʝ ʜʚʦʭʩʦʪ ʩʪʫʜʝʥʪʽʚ ʪʘ 73 ʘʩʧʽʨʘʥʪʘ. 

ʋ ʮʝʥʪʨʽ ʫʚʘʛʠ ð ʧʨʘʢʪʠʯʥʽ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʨʦʙʦʪʠ, ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ, ʨʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʶʶʯʠʭ ʧʣʘʪʬʦʨʤ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʨʝʘʣʴʥʽ 

ʚʠʨʦʙʥʠʯʽ ʩʮʝʥʘʨʽʾ. ʄʦʣʦʜʽ ʜʦʩʣʽʜʥʠʢʠ ʧʦʜʘʣʠ ʩʚʦʾ ʧʝʨʰʽ ʨʝʟʫʣʴʪʘʪʠ, ʚʠʢʣʘʜʘʯʽ ʧʨʝʜʩʪʘʚʠʣʠ ʥʦʚʽ 

ʥʘʧʨʘʮʶʚʘʥʥʷ, ʘ ʜʦʩʚʽʜʯʝʥʽ ʥʘʫʢʦʚʮʽ ʧʨʝʟʝʥʪʫʚʘʣʠ ʟʘʚʝʨʰʝʥʽ ʡ ʧʦʣʴʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʤʘʶʪʴ 

ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʦʩʚʽʪʠ ʪʘ ʙʝʟʧʝʢʠ. 

ɼʝʢ̔ʣʴʢʘ ʩʣʽʚ ʧʨʦ ʪʝ, ʷʢ ʢʦʥʬʝʨʝʥʮʽʷ "ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ", ʷʢʫ 

ʧʨʦʚʦʜʠʪʴ ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʞʝ ʫ ʚʽʩʽʤʥʘʜʮʷʪʠʡ ʨʘʟ, ʥʘʙʠʨʘʣʘ 

ʧʦʪʫʞʥʽʩʪʴ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ - ʧʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʮʝ ʮʠʬʨʘʤʠ. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘʜʽʩʣʘʥʽ ʥʘ 

ʘʜʨʝʩʫ ʦʨʛʢʦʤʽʪʝʪʫ ʢʦʥʬʝʨʝʥʮʽʾ ʜʦʧʦʚʽʜʽ ʪʘ ʪʝʟʠ ʱʦʜʦ ʨʦʢʽʚ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʾ. ʅʘ 

ʛʽʩʪʦʛʨʘʤʽ ʚʠʜʥʦ ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʦʧʦʚʽʜʝʡ, ʪʘʢʦʞ ʜʦʙʨʝ ʚʠʜʥʦ ʦʙʚʘʣ ʫ 2022 ʨʦʮʽ, 

ʱʦ ʚʦʯʝʚʠʜʴ ʧʦʚ'ʷʟʘʥʦ ʟ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʠʤʠ ʚʦʻʥʥʠʤʠ ʜʽʷʤʠ, ʷʢʽ ʟʤʫʰʝʥʘ ʙʫʣʘ ʚʝʩʪʠ ʋʢʨʘʾʥʘ. 

ʊʘʢʦʞ ʜʦʙʨʝ ʧʨʦʛʣʷʜʘʻʪʴʩʷ ʧʽʢ ʜʦʧʦʚʽʜʝʡ ʫ ʧʦʪʦʯʥʦʤʫ ʨʦʮʽ, ʧʨʠʯʠʥʠ ʮʴʦʛʦ ʱʝ ʪʨʝʙʘ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ. 

 
ʈʠʩ. 1 - ɼʦʧʦʚʽʜʽ (ʪʝʟʠ) ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ ɯʊɯɸ ʧʦ ʨʦʢʘʭ 

 

ʅʘ ʨʠʩ.2 ʧʦʢʘʟʘʥʦ ʢʽʣʴʢʽʩʪʴ ʫʯʘʩʥʠʢʽʚ ʢʦʥʬʝʨʝʥʮʽʾ, ʷʢʽ ʥʘʜʽʩʣʘʣʠ ʩʚʦʾ ʜʦʧʦʚʽʜʽ ʪʘ ʚʠʩʪʫʧʠʣʠ 

ʥʘ ʪʠʭ ʯʠ ʽʥʰʠʭ ʟʘʩʽʜʘʥʥʷʭ. ʊʽ ʞ ʩʘʤʽ ʧʽʢʠ ʪʘ ʧʨʦʚʘʣʠ ʥʘ ʛʽʩʪʦʛʨʘʤʽ, ʱʦ ʡ ʫ ʧʦʧʝʨʝʜʥʽʡ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʜʥʘʢ ʚʠʜʥʦ, ʱʦ ʟʘ 8 ʨʦʢʽʚ ʟ 2018 ʨʦʢʫ ʢʽʣʴʢʽʩʪʴ ʫʯʘʩʥʠʢʽʚ ʟʙʽʣʴʰʠʣʘʩʴ ʙʽʣʴʰ ʥʽʞ ʫʜʝʩʷʪʝʨʦ. 
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ʅʘ ʨʠʩ.3 ʧʦʢʘʟʘʥʦ ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʡ, ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʷʢʠʭ ʙʨʘʣʠ ʫʯʘʩʪʴ ʫ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ʗʢʽʩʥʠʡ ʨʦʟʢʠʜ ʧʦʢʘʟʥʠʢʽʚ ʫ ʮʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ ʚʝʣʠʯʝʟʥʠʡ ï ʟʜʝʙʽʣʴʰʦʛʦ, ʟʚʠʯʘʡʥʦ, ʮʝ ɺʅɿ 

ʋʢʨʘʾʥʠ, ʘʣʝ ʯʠʤʘʣʦ ʥʘʫʢʦʚʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʰʢʽʣ, ʢʦʣʝʜʞʽʚ, ʥʘʚʽʪʴ ʧʨʝʜʩʪʘʚʥʠʢʠ ʜʽʶʯʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʥʘʩ ʚʠʩʪʫʧʘʣʠ ʟ ʥʘʫʢʦʚʠʤʠ ʜʦʧʦʚʽʜʷʤʠ. ʊʘʢʦʞ ʥʘ ʩʣʘʡʜʽ ʚʠʜʥʦ ʜʫʞʝ ʨʽʟʢʝ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡ-ʫʯʘʩʥʠʢʽʚ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʱʦ, ʟʚʽʩʥʦ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ 

ʨʝʡʪʠʥʛʫ ʢʦʥʬʝʨʝʥʮʽʾ. 

 

 
ʈʠʩ. 2 - ʂʽʣʴʢʽʩʪʴ ʫʯʘʩʥʠʢʽʚ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ ɯʊɯɸ ʧʦ ʨʦʢʘʭ 

 

 
ʈʠʩ. 3 - ʂʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʡ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ ɯʊɯɸ ʧʦ ʨʦʢʘʭ 

 

ʎʽʢʘʚʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, ʥʘ ʾʭ ʦʩʥʦʚʽ ʤʦʞʥʘ ʨʦʙʠʪʠ 

ʜʝʷʢʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʩʪʘʥʫ ʥʘʫʢʠ ʫ ʟʘʷʚʣʝʥʠʭ ʥʘʧʨʷʤʢʘʭ ʧʦ ʋʢʨʘʾʥʽ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ.4 ʧʦʢʘʟʘʥʦ 

ʢʽʣʴʢʽʩʪʴ ʜʦʧʦʚʽʜʝʡ ʪʘ ʪʝʟ ʧʦ ʨʽʟʥʠʭ ʩʝʢʮʽʷʭ ʢʦʥʬʝʨʝʥʮʽʾ ɯʊɯɸ ʫ 2025 ʨʦʮʽ. ʅʘʡʙʽʣʴʰʝ ʪʝʟ ʧʦʜʘʥʦ ʫ 

ʩʝʢʮʽʾ çʇʨʦʻʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚè ð 163, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʧʨʦʚʽʜʥʫ ʨʦʣʴ ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ ʚ ɯʊ-ʥʘʫʮʽ. ɼʘʣʽ ʡʜʫʪʴ çʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤè (135) ʽ çʋʧʨʘʚʣʽʥʥʷ, ʦʙʨʦʙʢʘ ʪʘ ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾè (119) ð ʥʘʧʨʷʤʠ, ʱʦ 

ʬʦʨʤʫʶʪʴ ʩʫʯʘʩʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʧʘʨʘʜʠʛʤʫ, ʦʨʽʻʥʪʦʚʘʥʫ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʶ, ʘʥʘʣʽʪʠʢʫ ʡ ʙʝʟʧʝʢʫ 

ʜʘʥʠʭ. ʇʦʤʽʪʥʠʤ ʻ ʪʘʢʦʞ ʽʥʪʝʨʝʩ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʩʚʽʪʥʽʭ ɯʊ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ. ɸʜʞʝ ʱʝ ʥʝʱʦʜʘʚʥʦ 

ʥʘ ʮʽʡ ʞʝ ʢʦʥʬʝʨʝʥʮʽʾ ʧʝʨʝʚʘʞʘʣʠ ʧʨʠʭʠʣʴʥʠʢʠ ʂʦʤʧ'ʶʪʝʨʥʠʭ ʽʛʦʨ ʪʘ 3-D ʧʨʠʥʪʝʨʽʚ. ɿʘʛʘʣʦʤ 

ʪʝʥʜʝʥʮʽʾ ʟʘʩʚʽʜʯʫʶʪʴ ʟʤʽʱʝʥʥʷ ʘʢʮʝʥʪʽʚ ʫ ʙʽʢ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʚʽʪʦʚʠʤ ʪʨʝʥʜʘʤ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. 

 

 
ʈʠʩ. 4 - ʂʽʣʴʢʽʩʪʴ ʜʦʧʦʚʽʜʝʡ (ʪʝʟ) ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ 2025 ʨʦʢʫ ʟʘ ʥʘʧʨʷʤʘʤʠ 

 

ʅʘ ʨʠʩ.5 ʧʦʢʘʟʘʥʽ ʥʘʡʘʢʪʠʚʥʽʰʽ ʦʨʛʘʥʽʟʘʮʽʾ ʮʴʦʛʦ ʨʦʢʫ ʫ ʧʣʘʥʽ ʢʽʣʴʢʦʩʪʽ ʥʘʜʽʩʣʘʥʠʭ ʥʘ 

ʨʦʟʛʣʷʜ ʜʦʧʦʚʽʜʝʡ ʪʘ ʪʝʟ. ʊʫʪ ʣʽʜʠʨʫʻ ʦʜʠʥ ʽʟ ʦʨʛʘʥʽʟʘʪʦʨʽʚ ʢʦʥʬʝʨʝʥʮʽʾ ï ɺʽʥʥʠʮʴʢʠʡ 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʊʝʭʥʽʯʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ, ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʫʯʘʩʪʽ ʫ ʍʘʨʢʽʚʩʴʢʦʛʦ ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʫ, ʍʅʋʈɽ, ʆʅʊʋ ʠ ʪʘʢ ʜʘʣʽ. 

 

 
 

ʈʠʩ. 5 - ʅʘʡʙʽʣʴʰ ʘʢʪʠʚʥʽ ɺʅɿ ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ 2025 ʨʦʢʫ 

 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ, ʤʦʞʥʘ ʚʧʝʚʥʝʥʦ ʩʢʘʟʘʪʠ: ʢʦʥʬʝʨʝʥʮʽʷ ɯʊɯɸ-2025 ʩʪʘʣʘ ʥʝ 

ʧʨʦʩʪʦ ʱʝ ʦʜʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʭʦʜʦʤ, ʘ ʩʧʨʘʚʞʥʽʤ ʽʥʜʠʢʘʪʦʨʦʤ ʩʪʘʥʫ ʡ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ 

ʫʢʨʘʾʥʩʴʢʦʾ ɯʊ-ʥʘʫʢʠ. ʈʝʢʦʨʜʥʘ ʢʽʣʴʢʽʩʪʴ ʫʯʘʩʥʠʢʽʚ, ʫʩʪʘʥʦʚ ʪʘ ʪʝʟ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʦʧʨʠ ʚʩʽ 

ʪʨʫʜʥʦʱʽ ʢʨʘʾʥʘ ʥʝ ʚʪʨʘʯʘʻ ʥʘʫʢʦʚʠʡ ʧʦʪʝʥʮʽʘʣ, ʘ ʥʘʚʧʘʢʠ ð ʨʦʟʰʠʨʶʻ ʡʦʛʦ. ʊʝʤʘʪʠʢʘ ʧʦʜʘʥʠʭ 

ʨʦʙʽʪ ʧʦʢʘʟʫʻ ʯʽʪʢʝ ʟʤʽʱʝʥʥʷ ʘʢʮʝʥʪʽʚ ʫ ʙʽʢ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʙʝʟʧʝʢʠ ʜʘʥʠʭ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ð ʩʘʤʝ ʪʠʭ ʩʬʝʨ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʬʫʥʜʘʤʝʥʪ ʮʠʬʨʦʚʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ. ɿʨʦʩʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʮʠʭ ʥʘʧʨʷʤʽʚ ʧʽʜʪʚʝʨʜʞʫʻ ʘʜʘʧʪʠʚʥʽʩʪʴ ʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʠ 

ʜʦ ʛʣʦʙʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʨʝʥʜʽʚ. 

ʂʦʥʬʝʨʝʥʮʽʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʪʘʢʦʞ ʧʦʪʫʞʥʫ ʛʝʦʛʨʘʬʽʯʥʫ ʧʨʠʩʫʪʥʽʩʪʴ ʪʘ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʽʩʪʴ ʧʽʜʭʦʜʽʚ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ ʨʝʡʪʠʥʛʫ ʟʘʭʦʜʫ ʡ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʽʡʢʦʾ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʩʧʽʣʴʥʦʪʠ ʥʘʚʢʦʣʦ ʥʴʦʛʦ. ʋ ʮʽʣʦʤʫ ɯʊɯɸ-2025 ʟʘʩʚʽʜʯʠʣʘ: ʫʢʨʘʾʥʩʴʢʘ 

ʥʘʫʢʘ ʞʠʚʘ, ʜʠʥʘʤʽʯʥʘ ʽ ʟʜʘʪʥʘ ʧʨʦʜʫʢʫʚʘʪʠ ʢʦʥʢʫʨʝʥʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʽʪʴ ʫ ʥʘʡʩʢʣʘʜʥʽʰʠʭ 

ʫʤʦʚʘʭ, ʘ ʟʥʘʯʠʪʴ ð ʪʨʠʤʘʻʤʦ ʢʫʨʩ ʧʨʘʚʠʣʴʥʦ. 

ʎʝʡ ʟʙʽʨʥʠʢ ð ʥʝ ʧʨʦʩʪʦ ʪʨʘʜʠʮʽʡʥʘ ʧʫʙʣʽʢʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ. ʎʝ ʩʚʽʜʯʝʥʥʷ ʪʦʛʦ, 

ʷʢ ʥʘʫʢʘ ʧʨʦʜʦʚʞʫʻ ʞʠʪʠ, ʨʦʟʚʠʚʘʪʠʩʷ, ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʜʝʷʤʠ ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʦʜʠʥ ʦʜʥʦʛʦ ʚ 

ʧʝʨʽʦʜ, ʢʦʣʠ ʮʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ. ʎ̫  ʱʦʨʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ð ʥʝ ʣʠʰʝ ʧʦʜʽʷ, ʘ ʡ ʩʠʤʚʦʣ ʩʪʽʡʢʦʩʪʽ, ʻʜʥʦʩʪʽ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʥʝʟʣʘʤʥʦʩʪʽ ʪʘ ʚʽʨʠ ʚ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ ʋʢʨʘʾʥʠ. ɰʾ ʮʽʥʥʽʩʪʴ ð ʥʝ ʣʠʰʝ ʚ 

ʪʝʤʘʭ ʜʦʧʦʚʽʜʝʡ, ʘʣʝ ʡ ʫ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʩʪʚʦʨʶʻ ʧʨʦʩʪʽʨ ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʾ, ʚʟʘʻʤʥʦʾ ʧʽʜʪʨʠʤʢʠ ʪʘ 

ʥʘʨʦʜʞʝʥʥʷ ʥʦʚʠʭ ʩʧʽʣʴʥʠʭ ʧʨʦʻʢʪʽʚ. ʊʘʢʽ ʟʫʩʪʨʽʯʽ ʦʙôʻʜʥʫʶʪʴ ʣʶʜʝʡ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʨʽʟʥʠʭ 

ʤʽʩʪʘʭ, ʫʥʽʚʝʨʩʠʪʝʪʘʭ ʽ ʥʘʫʢʦʚʠʭ ʰʢʦʣʘʭ, ʘʣʝ ʤʘʶʪʴ ʩʧʽʣʴʥʝ ʙʘʯʝʥʥʷ: ʨʦʟʚʠʪʦʢ ʢʨʘʾʥʠ ʯʝʨʝʟ 

ʽʥʥʦʚʘʮʽʾ, ʘʥʘʣʽʟ ʜʘʥʠʭ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ. 

ʄʘʪʝʨʽʘʣʠ ʮʽʻʾ ʟʙʽʨʢʠ ʥʘʜʨʫʢʦʚʘʥʦ ʚ ʘʚʪʦʨʩʴʢʽʡ ʨʝʜʘʢʮʽʾ, ʟʛʨʫʧʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʝʤʘʪʠʯʥʠʭ ʥʘʧʨʷʤʽʚ ʢʦʥʬʝʨʝʥʮʽʾ ʪʘ ʧʦʜʘʥʦ ʚ ʘʣʬʘʚʽʪʥʦʤʫ ʧʦʨʷʜʢʫ ʧʨʽʟʚʠʱ ʘʚʪʦʨʽʚ. ʂʦʞʝʥ ʨʦʟʜʽʣ 

ʜʝʤʦʥʩʪʨʫʻ ʷʢ ʰʠʨʦʪʫ, ʪʘʢ ʽ ʛʣʠʙʠʥʫ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ ʪʘ 

ʟʘ ʾʾ ʤʝʞʘʤʠ. 

ʆʨʛʢʦʤʽʪʝʪ ʚʠʩʣʦʚʣʶʻ ʚʜʷʯʥʽʩʪʴ ʫʩʽʤ ʫʯʘʩʥʠʢʘʤ ʢʦʥʬʝʨʝʥʮʽʾ ð ʟʘ ʾʭʥʶ ʘʢʪʠʚʥʽʩʪʴ, 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ, ʥʝʩʪʨʠʤʥʝ ʧʨʘʛʥʝʥʥʷ ʜʦ ʨʦʟʚʠʪʢʫ ʪʘ ʥʝʚʪʦʤʥʫ ʧʨʘʮʶ, ʷʢʘ ʧʨʦʜʦʚʞʫʻ 

ʫʪʚʝʨʜʞʫʚʘʪʠ ʽʤʽʜʞ ʋʢʨʘʾʥʠ ʷʢ ʜʝʨʞʘʚʠ ʟ ʧʦʪʫʞʥʠʤ ʥʘʫʢʦʚʠʤ ʧʦʪʝʥʮʽʘʣʦʤ. ɺʠʩʣʦʚʣʶʻʤʦ ʧʦʜʷʢʫ 

ʧʘʨʪʥʝʨʘʤ, ʽʥʩʪʠʪʫʮʽʷʤ, ʢʦʣʝʛʘʤ, ʷʢʽ ʧʽʜʪʨʠʤʘʣʠ ʟʘʭʽʜ ʪʘ ʟʨʦʙʠʣʠ ʡʦʛʦ ʤʦʞʣʠʚʠʤ. 

ɹʘʞʘʻʤʦ ʚʩʽʤ ʘʚʪʦʨʘʤ ʧʣʽʜʥʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʦʚʠʭ ʚʽʜʢʨʠʪʪʽʚ, ʥʘʪʭʥʝʥʥʷ ʪʘ 

ʤʠʨʥʦʛʦ ʥʝʙʘ. ʅʝʭʘʡ ʥʘʩʪʫʧʥʽ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʘʥʫʪʴ ʱʝ ʤʘʩʰʪʘʙʥʽʰʠʤʠ ʡ ʧʨʠʥʝʩʫʪʴ ʱʝ ʙʽʣʴʰʝ 

ʮʽʢʘʚʠʭ ʽʜʝʡ, ʨʽʰʝʥʴ ʪʘ ʥʘʫʢʦʚʠʭ ʧʝʨʝʤʦʛ. 

ʆʨʛʘʥʽʟʘʮʽʡʥʠʡ ʢʦʤʽʪʝʪ ʢʦʥʬʝʨʝʥʮʽʾ ɯʊɯɸ-2025 
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MULTIDIMENSIONAL AIRCRAFT MOTION SIMULATION PLATFORM. Sieliukov 

Oleksandr, Enbo Yang. School of Aerospace Engineering, Xi'an Jiaotong University, Xi'an 

(China)  

70 

EFFICIENCY OF KADEMLIA DHT IN PRACTICE. Yezhkova A.G., Kichmarenko 

O.D. Odesa I.I.Mechnykov National University (Ukraine)  
72 

PIPELINE-NATIVE MODELS FOR DETECTING AND MINIMISING FLAKY TESTS. 

Antonkin V., Khoshaba O. Vinnitsia National Technical University (Ukraine)   
74 

ɯʅʂʈɽʄɽʅʊɸʃʔʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʂʃɯɭʅʊʉʔʂʆɰ ʇʆɺɽɼɯʅʂʀ ɺ ɿɸɼɸʏɸʍ 

ʋʇʈɸɺʃɯʅʅʗ ʃʆʗʃʔʅɯʉʊʖ. ɹʘʙʽʯ ɯ.ʂ., ʆʨʣʦʚʩʴʢʠʡ ɼ.ʃ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ) 

77 

ʂʆʄʇôʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʉʀʉʊɽʄʀ çʈʆɿʋʄʅʀʁ ɼɯʄè ʗʂ ɿɸʉɯɹ 

ʌʆʈʄʋɺɸʅʅʗ ʇʈʆʌɽʉɯʁʅʀʍ ʂʆʄʇɽʊɽʅʊʅʆʉʊɽʁ ɿɼʆɹʋɺɸʏɯɺ ʆʉɺɯʊʀ. 

ɹʝʨʝʟʝʥʩʴʢʘ ʉ. ʄ., ʇʝʯʝʥʝʚʩʴʢʘ ʆ. ʆ. ʍʘʨʢʽʚʩʴʢʠʡ ʨʘʜʽʦʪʝʭʥʽʯʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ 

(ʋʢʨʘʾʥʘ)  

80 
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ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ɿʄɯʅʀ ʅɸɺɸʅʊɸɾɽʅʅʗ ɺ ʉʋɼʅʆɺʀʍ 

ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʀʏʅʀʍ ʉʀʉʊɽʄɸʍ. ɹʦʨʱʝʚʩʴʢʠʡ ɺ.ɺ., ʋʰʢʘʨʝʥʢʦ ʆ.ʆ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ (ʋʢʨʘʾʥʘ)   

82 

ʄʆɼɽʃʖɺɸʅʅʗ ʌʆʊʆʉʊʈʋʂʊʋʈʅʀʍ ʇɽʈɽʊɺʆʈɽʅʔ ʋ ʅɸʅʆʇʆʃɯʄɽʈɸʍ. 

ɺʘʚʨʠʥʶʢ ɸ. ʄ. ʂʨʠʚʦʨʽʟʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
84 

ʇɸʈɸʃɽʃʔʅɸ ʈɽɸʃɯɿɸʎɯʗ ʉʊɽʇɽʅɽɺʆɻʆ ʄɽʊʆɼʋ  ɼʃʗ ʈʆɿɺôʗɿɸʅʅʗ ɿɸɼɸʏɯ 

ʈɸʅɾʋɺɸʅʅʗ Web-ʉʊʆʈɯʅʆʂ. ɺʝʨʙʽʮʴʢʠʡ ɺ.ɺ., ʂʦʨʥʽʡʯʫʢ ɯ. ɻ. ʆʜʝʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ.ɯ. ʄʝʯʥʠʢʦʚʘ (ʋʢʨʘʾʥʘ)  

87 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʄɽʊɸɽɺʈʀʉʊʀʏʅʀʍ ɸʃɻʆʈʀʊʄɯɺ ɼʃʗ ʆʇʊʀʄɯɿɸʎɯɰ 

ʄɸʈʐʈʋʊɯɺ ɼʆʉʊɸɺʂʀ.ɺʣʘʩʝʥʢʦ ʆ.ɺ., ʈʷʙʦʚʘ ɭ.ɺ. ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çɾʠʪʦʤʠʨʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

88 

ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʈʄʆɼʀʅɸʄɯʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ɿɺɸʈʖɺɸʃʔʅʀʍ 

ʈʆɿʇʃɸɺɯɺ, ʑʆ ʄɯʉʊʗʊʔ Mn, Fe, Co, Ni ɯ Cu. ɻʦʥʯʘʨʦʚ ɯ.ʆ.
1
, ʄʽʱʝʥʢʦ ɼ.ɼ.

1
, 

ɹʦʛʘʯʝʥʢʦ ʆ.ɻ.
1
, ʉʫʜʘʚʮʦʚʘ ɺ.ʉ.

2
 
1
ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤʝʥʽ ɭʚʛʝʥʘ ʇʘʪʦʥʘ 

ʅɸʅʋ (ʋʢʨʘʾʥʘ), 
2
ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ.ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅʋ 

(ʋʢʨʘʾʥʘ)  

90 

ɻɯɹʈʀɼʅɸ ʄʆɼɽʃʔ ʗʂ ɯʅʊɽʃɽʂʊʋɸʃʔʅɸ ʉʂʃɸɼʆɺɸ ʉʀʉʊɽʄʀ ɽʂʆʃʆɻɯʏʅʆɻʆ 

ʄʆʅɯʊʆʈʀʅɻʋ. ɻʫʜʞʫʤʘʥʶʢ ʂ.ʉ., ʇʦʜʦʨʦʞʥʷʢ ɸ.ʆ., ɹʘʣʝʥʢʦ ʆ. ɯ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò(ʋʢʨʘʾʥʘ)   

91 

ɯʅʌʆʈʄɸʎɯʁʅɸ ʄʆɼɽʃʔ ʋʇʈɸɺʃɯʅʅʗ ʇʆʊʆʂɸʄʀ ɼʆʇʆʄʆɻʀ ɺ ʋʄʆɺɸʍ 

ʆɹʄɽɾɽʅʀʍ ʈɽʉʋʈʉɯɺ. ɼʝʥʠʩʶʢ ʉ. ʉ. ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

93 

ɯʅʌʆʈʄɸʎɯʁʅɸ ʇɯɼʊʈʀʄʂɸ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ʇʈʀ ʂʆʆʈɼʀʅɸʎɯɰ ɻʈʋʇʀ 

ɹʇʃɸ ɺ ʈɽɸʃʔʅʆʄʋ ʏɸʉɯ.  ɼʝʨʝʚ'ʷʥʢʦ ɭ.ʄ. ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)   

95 

ɸʅɸʃɯɿ ɼʀʅɸʄɯʂʀ ɽʌɽʂʊʀɺʅʆʉʊɯ ʎʀʌʈʆɺɯɿɸʎɯɰ ʈɽɻɯʆʅɯɺ ʋʂʈɸɰʅʀ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ɯʅɼɽʂʉʋ ʄɸʃʔʄʂɺɯʉʊɸ. ɼʦʣʛʽʭ ʗ.ɺ. ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

98 

NEURAL NETWORK MODELING IN PYTHON FOR APPROXIMATING COMPLEX 

FUNCTIONAL DEPENDENCIES. Doroshenko D. "Gymnasium 12" Kamianske,  Oles 

Honchar Dnipro National University (Ukraine)  

99 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ ʋ ʇɸʈɸʃɽʃʔʅʀʍ ʆɹʏʀʉʃʖɺɸʃʔʅʀʍ 

ʉʀʉʊɽʄɸʍ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ ʅɽʃɯʅɯʁʅʀʍ ɼʀʅɸʄɯʏʅʀʍ ʇʈʆʎɽʉɯɺ. ɿʦʱʘʢ 

ʃ.ʄ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ ʬʽʣʽʷ ʋʥʽʚʝʨʩʠʪʝʪʫ çʋʢʨʘʾʥʘè (ʋʢʨʘʾʥʘ)   

101 

ɸʅʉɸʄɹʃɽɺɸ ɯʅʊɽɻʈɸʎɯʗ ʈɯʐɽʅʔ ɺ ʄʆɼɽʃɯ ʈɽʉʋʈʉʅʆɻʆ ɯʅɼʀʂɸʊʆʈʋ 

ɹɽɿʇɽʂʀ ɯʅʊɽʈɽʉɯɺ ʈʆɿʇʆɼɯʃɽʅʆɰ ʆʈɻɸʅɯɿɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ ʅɸ ʆʉʅʆɺɯ 

ɸɼɸʇʊʀɺʅʆɰ ʄɽʊʈʀʂʀ ʗʂʆʉʊɯ. ɯʣʴʾʥʘ ʆ.ʇ., ʉʢʠʙʠʢ ʉ.ʗ. ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ 

ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)   

103 

ɯʅʊɽʃɽʂʊʋɸʃʔʅɯ ʄɽʊʆɼʀ ʆɹʈʆɹʂʀ ʊɽʃɽʄɽʊʈʀʏʅʀʍ ɼɸʅʀʍ ɼʃʗ ɼɽʊɽʂʎɯɰ 

ʅɽɺɯɼʆʄʀʍ ɸʊɸʂ ʋ ʈɽɸʃʔʅʆʄʋ ʏɸʉɯ. ɯʩʤʘʛʽʣʦʚ ɸ. ɯ. ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

106 

ʂʆʄʇôʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʆɺɽʈʍʆʅʔ ʃɯʂɺɯɼʋʉʋ ɯ ʉʆʃɯɼʋʉʋ ʅɸ 

ʇʈʀʂʃɸɼɯ ʉʀʉʊɽʄʀ Fe-Mn-Si-Ti ʊɸ ɰɰ ʇɯɼʉʀʉʊɽʄ. ʂʘʚʝʨʠʥʩʴʢʠʡ ɺ. ɺ., ʉʫʜʘʚʮʦʚʘ 

ɺ.ʉ. ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʅɸʅ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

109 

ɺʀʂʆʈʀʉʊɸʅʅʗ WOLFRAMALPHA ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʇʆʐʋʂʋ 

ɽʂʉʊʈɽʄʋʄɯɺ ʋ ɿɸɼɸʏɸʍ ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ. ʂʘʨʥʘʰʝʥʢʦ ɸ.ʉ., 

ʌʨʘʥʯʫʢ ʅ.ʇ. ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʄʠʭʘʡʣʘ ɼʨʘʛʦʤʘʥʦʚʘ (ʋʢʨʘʾʥʘ)  

112 

ʂʆʄʇôʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ʉʀʉʊɽʄʅʀʁ ɸʅɸʃɯɿ ɹɸɻɸʊʆʈɯɺʅɽɺʀʍ 

ʇʈʆʎɽʉɯɺ ʋʇʈɸɺʃɯʅʅʗ. ʂʦʚʘʣʝʥʢʦ ʂ. ɸ., ɻʣʘʜʯʝʥʢʦ ʆ. ɺ. ɼʝʨʞʘʚʥʠʡ ʧʦʜʘʪʢʦʚʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

115 

ʂʆʄʇôʖʊɽʈʅɸ ʄʆɼɽʃʔ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɽʅɽʈɻʆʉʇʆɾʀɺɸʅʅʗ 

ʇʈʆʄʀʉʃʆɺʀʍ ʇɯɼʇʈʀɭʄʉʊɺ. ʂʦʚʘʣʴʯʫʢ ɼ.ʄ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ (ʋʢʨʘʾʥʘ)  

116 

ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʆʎɯʅʂʀ ɸʅʊʀɸʃɯɸʉʀʅɻʋ. ʂʦʣʦʜʽʡ ɺ.ɺ., ʈʦʤʘʥʶʢ ʆ.ɺ.  118 
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ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)   

ɸɺʊʆʄɸʊʀɿɸʎɯʗ ɺʀʗɺʃɽʅʅʗ ʍʀɹʅʆ ɿɸʍʀʑɽʅʀʍ ʆɹʏʀʉʃɽʅʔ. ʂʦʣʯʠʥ ʆ.ɺ., 

ʈʫʜʝʥʢʦ ɼ.ɹ. ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤ. ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ  
120 

ʇʈʀʅʎʀʇ ʈʆɹʆʊʀ ɿɸʉʆɹɯɺ ɸʅɸʃɯɿʋ ɯʅʊɽʈʅɽʊ-ʊʈɸʌɯʂʋ. ʂʦʨʝʮʴʢʠʡ ɺ.ɸ. 

ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
122 

ʄɽʊʆɼʀ ʆʇʊʀʄɯɿɸʎɯɰ CASE-ʉʀʉʊɽʄ ʇʈʀ ʇʈʆɭʂʊʋɺɸʅʅɯ ɯʅʌʆʈʄɸʎɯʁʅʆ-

ɸʅɸʃɯʊʀʏʅʀʍ ʇʃɸʊʌʆʈʄ. ʂʦʨʥʽʻʥʢʦ ʆ. ʆ. ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

124 

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ɼɽʌɽʂʊʆʋʊɺʆʈɽʅʅʗ ʋ 

ɻʈɸʌɽʅʆɺʀʍ ʂɺɸʅʊʆɺʀʍ ʊʆʏʂɸʍ ɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄɽʊʆɼɯɺ ʐʊʋʏʅʆɻʆ 

ɯʅʊɽʃɽʂʊʋ. ʂʦʨʦʪʠʰ ɺ.ʆ. ʂʨʠʚʦʨʽʟʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  (ʋʢʨʘʾʥʘ)  

126 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʐʃʗʍɯɺ ɺʀʈɯʐɽʅʅʗ ʇʈʆɹʃɽʄʀ ʆɹʆʈʆʅʅʆɻʆ 

ʇʃɸʅʋɺɸʅʅʗ. ʃʘʢʪʽʦʥʦʚ ʆ.ɯ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ 

ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè (ʋʢʨʘʾʥʘ)  

129 

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɻʃʆɹɸʃʔʅʀʍ ʊɸ ʃʆʂɸʃʔʅʀʍ ʆʇʊʀʄʋʄɯɺ ʋ 

ɿɸɼɸʏɸʍ ʆʇʊʀʄɯɿɸʎɯɰ. ʃʠʪʚʠʥʝʥʢʦ ʆ. ɭ., ʂʘʰʢʝʚʠʯ ʉ.ʆ.  ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʂʠʾʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

131 

ɻɯɹʈʀɼʅʀʁ ʇɯɼʍɯɼ ɼʆ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɺɸʈʊʆʉʊɯ ɸʂʎɯʁ ʅɸ ʆʉʅʆɺɯ LSTM-

ʄɽʈɽɾ ʊɸ ʉɽʅʊʀʄɽʅʊ-ɸʅɸʃɯɿʋ ʅʆɺʀʅ. ʄʘʢʦʚʽʡ ɸ.ʉ., ʃʶʪʝʥʢʦ ɯ.ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ iʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

133 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʅɽʏɯʊʂʆɰ ʂʃɸʉʊɽʈʀɿɸʎɯɰ ɼʃʗ ɯɼɽʅʊʀʌɯʂɸʎɯɰ ɻʈʋʇ 

ʉʊʋɼɽʅʊɯɺ ʋ ʆʉɺɯʊʅɯʍ ɼɸʅʀʍ. ʄʘʪʚʽʡʯʫʢ ʆ., ʄʘʤʯʠʯ ʊ. ɯ.  ɺʦʣʠʥʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʃʝʩʽ ʋʢʨʘʾʥʢʠ  (ʋʢʨʘʾʥʘ)  

134 

ɿɸɼɸʏɸ ɿɸʉʊʆʉʋɺɸʅʅʗ ʅʀɿʂʀ ʄɽʊʆɼɯɺ ʈʆɿʈɸʍʋʅʂʋ ʈɯɺʅʗ ʆʉɺɯʊʃɽʅʅʗ ʊɸ 

ʂɯʃʔʂʆʉʊɯ, ʇʆʊʋɾʅʆʉʊɯ ʊɸ ʈʆɿʊɸʐʋɺɸʅʅʗ ɼɾɽʈɽʃ ʉɺɯʊʃɸ. ʄʝʣʴʥʠʢʦʚ 

ʆ. ʖ., ʄʘʣʶʢʽʥ ʆ. ɺ. ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ (ʋʢʨʘʾʥʘ)  

136 

APPLICATION OF SIR MODELS TO PREDICT THE SPREAD OF CONTENT ON SOCIAL 

NETWORKS USING MACHINE LEARNING TECHNOLOGIES. Mysiuk I.V.  Ivan Franko 

National University of Lviv (Ukraine)  

139 

ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ɿɸʇʆɺʅɽʅʅʗ ʈɯɼʀʅʆʖ ʈɽɿɽʈɺʋɸʈɯɺ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʅɽʃɯʅɯʁʅʀʍ ʇʈʀʉʊʈʆɰɺ ʋʇʈɸɺʃɯʅʅʗ. ʄʠʭʘʡʣʦʚ ɸ. ɻ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè  (ʋʢʨʘʾʥʘ)  

140 

ʇʈʆɻʈɸʄʅʀʁ ʂʆʄʇʃɽʂʉ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ɺɯɿʋɸʃɯɿɸʎɯɰ ɼʀʅɸʄɯʂʀ 

FPV-ɼʈʆʅɯɺ ɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ MATLAB GUI ʊɸ ʂɺɸʊɽʈʅɯʆʅʅʆɻʆ 

ɯʅʊɽɻʈɸʊʆʈɸ. ʅʽʢʫʣʽʥ ʉ. ʉ., ɿʘʙʦʣʦʪʥʠʡ ʆ. ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

142 

ʆʉʆɹʃʀɺʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ʅɽʏɯʊʂʆɰ ʃʆɻɯʂʀ  ɼʃʗ ʆʎɯʅʖɺɸʅʅʗ ʗʂʆʉʊɯ 

ʎʀʌʈʆɺʀʍ ɿʆɹʈɸɾɽʅʔ. ʆʣʽʷʨʥʠʢ ʊ. ɯ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

145 

ʄɽʊʆɼʀ ʊɸ ɸʃɻʆʈʀʊʄʀ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʆɹôɭʂʊɯɺ ʋ ʍɯʄɯʏʅʆʄʋ ɸʅɸʃɯɿɯ ʊɸ 

ʈʆɿʇɯɿʅɸɺɸʅʅɯ ʈɽɸʂʊʀɺɯɺ. ʇʘʚʣʝʥʢʦ ʈ.ʆ. ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ  

ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

147 

ʄɽʊʆɼ ɯʅʊɽʈʃɯʅɸʎɯɰ ɼʃʗ 3D ʈɽʂʆʅʉʊʈʋʂʎɯɰ ʇʆʃɯɺ ʂʆʅʎɽʅʊʈɸʎɯʁ ʊʗɾʂʀʍ 

ʄɽʊɸʃɯɺ: ʄʆɼɽʃʔ, ɺɸʃɯɼɸʎɯʗ ʊɸ ʇʆʈɯɺʅʗʅʅʗ ɿ ʄɽʊʆɼɸʄʀ ʐɽʇɸʈɼɸ. 

ʇʝʨʰʠʥʘ ʖ.ɯ., ʂʦʚʪʫʥ ɸ.ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ 

(ʋʢʨʘʾʥʘ)  

149 

ɼʆʉʃɯɼɾɽʅʅʗ ʈʋʍʋ ʂʆʅɺɽɭʈʅʆɻʆ ʇʆɰɿɼɸ. ʇʦʣʷʢʦʚ ɺ. ʆ. ɯʥʩʪʠʪʫʪ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʩʠʩʪʝʤ ʽ ʪʝʭʥʦʣʦʛʽʡ ʅɸʅ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  
151 

ʄɽʊʆɼʀ ʇɯɼɺʀʑɽʅʅʗ ɽʅʊʈʆʇɯɰ ɻɽʅɽʈɸʊʆʈɯɺ ʇʉɽɺɼʆɺʀʇɸɼʂʆɺʀʍ ʏʀʉɽʃ 

ʐʃʗʍʆʄ ɯʅʊɽɻʈɸʎɯɰ ʉɽʅʉʆʈʅʀʍ ɼɸʅʀʍ. ʇʦʧʝʨʝʰʥʷʢ ʉ.ɺ.  ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè  (ʋʢʨʘʾʥʘ)   

154 

ʄɸʊɽʄɸʊʀʏʅɽ ʊɸ ʂʆʄʇ'ʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʅɽɻɸʋʉɯɺʉʔʂʀʍ 157 
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ɺʀʇɸɼʂʆɺʀʍ ʇʈʆʎɽʉɯɺ ʅɸ ʆʉʅʆɺɯ ʅʆʈʄɸʃɯɿʋʖʏʀʍ ʇɽʈɽʊɺʆʈɽʅʔ. 

ʇʨʠʭʦʜʴʢʦ ʉ.ɹ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ 

(ʋʢʨʘʾʥʘ), ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

ʄʆɼɽʃʖɺɸʅʅʗ ʇʆɺɽɼɯʅʂʀ ɸɻɽʅʊɯɺ ɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɺɽʃʀʂʀʍ ʄʆɺʅʀʍ 

ʄʆɼɽʃɽʁ. ʇʨʠʱʝʧʘ ɺ.ʆ., ɿʘʜʦʨʦʞʥʽʡ ɸ.ʆ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)   

158 

ɸʅɸʃɯɿ ʇɯɼʍʆɼɯɺ ɼʆ ʇʈʆɭʂʊʋɺɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ 

ɼʆʄɸʐʅʔʆɻʆ ʉɽʈɺɯʉʋ ɿ ʈɽʁʊʀʅɻʆɺʆʖ ʉʀʉʊɽʄʆʖ ʄɸʁʉʊʈɯɺ. ʇʨʠʱʝʧʘ 

ɺ.ʆ., ʂʫʜʝʨʤʝʪʦʚ ʈ.ʂ., ɻʨʫʰʢʦ ʉ.ʉ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

(ʋʢʨʘʾʥʘ)  

160 

3W-ʂʃɸʉʀʌɯʂɸʎɯʗ ɼʆʈʆɾʅɯʍ ʉʎɽʅ ʅɸ ʆʉʅʆɺɯ ʅɽʏɯʊʂʀʍ ɻʈɸʅʋʃʗʈʅʀʍ 

ʇʈɸɺʀʃ. ʇʨʫʩ ɹ.ɺ., ʈʘʢʠʪʷʥʩʴʢʘ ɻ.ɹ.  ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

(ʋʢʨʘʾʥʘ)  

162 

ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʇʈʆɭʂʊʋɺɸʅʅʗ IOT-ʉʀʉʊɽʄ  ʈʆɿʋʄʅʆɻʆ ʇɸʈʂʋɺɸʅʅʗ. 

ʈʘʩʝʥʢʦ ɺ.ʌ., ɻʨʫʰʢʦ ʉ.ʉ., ʊʽʤʝʥʢʦ ʂ.ɯ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ), ɿʘʧʦʨʽʟʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʽʤ. ʆ. ɻ. ɯʚʯʝʥʢʘ 

(ʋʢʨʘʾʥʘ)  

164 

ʇʆɹʋɼʆɺɸ ʉʍɽʄ ʆʇɽʈɸʎɯʁʅʀʍ ʇʈʀʉʊʈʆɰɺ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʉʀʉʊɽʄ 

ʄʆɼɽʃʖɺɸʅʅʗ.  ʈʦʤʘʥʦʚʩʴʢʘ ɯ.ʆ. ʍʘʨʢʽʚʩʴʢʠʡ ʨʘʜʽʦʪʝʭʥʽʯʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ 

(ʋʢʨʘʾʥʘ)  

167 

ʉʀʉʊɽʄɸ ʇɯɼʊʈʀʄʂʀ, ʇʆɹʋɼʆɺʀ, ʊɽʉʊʋɺɸʅʅʗ ʊɸ ɺʀʂʆʈʀʉʊɸʅʅʗ 

ʈɽɻʈɽʉɯʁʅʀʍ ʄʆɼɽʃɽʁ.  ʈʫʚʽʥʩʴʢʘ ɺ. ʄ., ɾʫʧʽʢʦʚʘ ɺ.ɭ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

170 

ʈʆɿʈʆɹʂɸ ʇʈʆɽʂʊɸ ʄʆɼʋʃʗ ɹɸɻɸʊʆɺʀʄɯʈʅʆɻʆ ɸʅɸʃɯɿʋ ʌɯʅɸʅʉʆɺʀʍ 

ɼɸʅʀʍ ɿ ɯʅɺɽʉʊʀʎɯʁ. ʈʫʜʥʽʯʝʥʢʦ ʄ. ɼ., ʐʚʝʜʦʚ ɼ. ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

172 

ʈʆɿʈʆɹʂɸ ʇʈʆɻʈɸʄʅʆɻʆ ʄʋɿʀʏʅʆɻʆ ʉʀʅʊɽɿɸʊʆʈɸ ʋ ʌʆʈʄɸʊɯ VST-

ʇʃɸɻɯʅʋ. ʉʝʥʪʶʨʽʥ ɭ.ɭ.,ʊʢʘʯʝʥʢʦ ʆ. ʄ.  ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

174 

ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ʈʆɿʈʆɹʂɸ ʊʆʈɻʆɺʀʍ ʉʊʈɸʊɽɻɯʁ ʅɸ ʆʉʅʆɺɯ ɸʅɸʃɯɿʋ 

ʄɯʂʈʆʉʊʈʋʂʊʋʈʀ ʈʀʅʂʋ ʊɸ ʄɽʊʆɼɯɺ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ. ʉʝʨʙʠʥʦʚ ʗ.ʉ., 

ʉʝʣʽʚʘʥʦʚʘ ɸ.ɺ.  ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  (ʋʢʨʘʾʥʘ)  

176 

ʄɽʊʆɼʀ ʆʎɯʅʖɺɸʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʆʈɻɸʅɯɿɸʎɯʁʅʀʍ ʊʈɸʅʉʌʆʈʄɸʎɯʁ ɺ 

ʋʄʆɺɸʍ ʎʀʌʈʆɺʆɰ ʂʆʅʂʋʈɽʅʎɯɰ. ʉʠʚʠʮʴʢʠʡ ʖ. ɯ.  ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

177 

ʉɽɻʄɽʅʊɸʎɯʗ ʇʆɺɽʈʍʅɯ ɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʈʆɿʈʀɺʅʀʍ ʉʇʃɸʁʅɯɺ. ʉʣʘʚʽʢ 

ʆ. ɺ., ɹʫʜʽʤ ɺ. ʇ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʋʢʨʘʾʥʘ)  
180 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʆʇɽʈɸʊʆʈɯɺ ʆ. ʄ. ʃʀʊɺʀʅɸ ɼʃʗ 

ʄʆɼɽʃʖɺɸʅʅʗ ʇʆɺɽʈʍʅɯ ɿɸ ɺɯɼʆʄʆʖ ɯʅʌʆʈʄɸʎɯɭʖ ʇʈʆ ʅɽɰ ʅɸ 

ʇɯɼʆɹʃɸʉʊʗʍ ʇʈʗʄʆʂʋʊʅʆɰ ʌʆʈʄʀ. ʉʣʘʚʽʢ ʆ. ɺ., ʉʝʨʜʶʢʦʚ ɸ. ɸ. ʍʘʨʢʽʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʋʢʨʘʾʥʘ) 

182 

INTEGRATED MODELS AND METHODS FOR DYNAMIC PRICING AND QUEUE 

MANAGEMENT IN AMUSEMENT PARKS. Slobodyanuk V., Khoshaba O.  Vinnitsia 

National Technical University (Ukraine)  

184 

ʂʆʄʇôʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʊʋʈɹʋʃɽʅʊʅʀʍ ʊɽʏɯʁ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ɻɯɹʈʀɼʅʀʍ ʇɯɼʍʆɼɯɺ. ʉʦʭʘʮʴʢʠʡ ɸ.ɺ. ɯʥʩʪʠʪʫʪ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

186 

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɸɼɸʇʊʀɺʅʆɰ ʉʀʉʊɽʄʀ ɯʅʊɽʈɺɸʃʔʅʀʍ 

ʇʆɺʊʆʈɽʅʔ ɼʃʗ ɺʀɺʏɽʅʅʗ ʃɽʂʉʀʂʀ. ʊʢʘʯʝʥʢʦ ɼ. ʈ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ) 

189 

ʄʆɼɽʃʖɺɸʅʅʗ ʉʄɸʈʊʇʆʊɽʅʎɯɸʃʋ ʈɽɻɯʆʅɯɺ ʋʂʈɸɰʅʀ ɺ ʋʄʆɺɸʍ ʎʀʌʈʆɺʆɰ 

ʊʈɸʅʉʌʆʈʄɸʎɯɰ. ʋʜʘʯʠʥʘ ʂ. ʆ.,ʇʽʜʛʦʨʥʘ ʂ. ɼ., ʇʽʜʛʦʨʥʠʡ ɺ. ʆ.  ʋʢʨʘʾʥʩʴʢʠʡ 

ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ  (ʋʢʨʘʾʥʘ)  

191 

ʇʃɸʅʋɺɸʅʅʗ  ʊʈʀɺɸʃʆʉʊɯ ʉʎɽʅɸʈɯɰɺ ɺɿɸɭʄʆɼɯɰ  ɺ ɯʅʊɽʈʌɽʉɸʍ 192 



Proceedings of the XVIII International scientific and practical conference çInformation technologies and automationï 2025è 

14 

ɽʂʉʇɽʈʊʅʀʍ ʉʀʉʊɽʄ. ʌʝʜʦʨʯʫʢ ɭ., ʌʝʜʦʨʯʫʢ P.  ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʃʴʚʽʚʩʴʢʘ ʇʦʣʽʪʝʭʥʽʢʘè , ʐʘʡʜʘ ʖ.  ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ 

ʌʨʘʥʢʘ  (ʋʢʨʘʾʥʘ)  

BASIC PROVISIONS FOR DEVELOPING AN AUTOMATED SYSTEM FOR 

MONITORING MICROCLIMATE PARAMETERS IN INDUSTRIAL PREMISES. Fesenko 

ɸ.O., Sotnik S.V. Kharkiv National University of Radio Electronics (Ukraine)  

194 

JUSTIFICATION FOR THE SELECTION OF THE SIZE OF THE BALL LOAD FOR 

ENERGY-EFFICIENT ORE GRINDING. Khlebnikov M., Matsui A., Tkachenko A. Central 

Ukrainian National Technical University (Ukraine)  

197 

SOLUTION OF SOME OPTIMISATION PROBLEMS IN THE DEVELOPMENT OF 

CENTRALISED AND DECENTRALISED DISTRIBUTED SYSTEMS. Khoshaba O.  

Vinnitsia National Technical University (Ukraine)  

199 

A QUEUEING-DRIVEN CONTROLLER FOR MEMPOOL, BLOCK FULLNESS AND TAIL 

LATENCY. Khoshaba O., Bystryk M. Vinnitsia National Technical University (Ukraine)  
202 

ɼʆʉʃɯɼɾɽʅʅʗ ɯ ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʈʄʆɼʀʅɸʄɯʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ 

ʈʆɿʇʃɸɺɯɺ ʊʈʀʂʆʄʇʆʅɽʅʊʅʀʍ ʉʀʉʊɽʄ AlïMgïSi Ge, Sn, Pb . ʎʘʨʶʢ ɼ.ɺ.
1
,  

ʅʦʩʝʥʢʦ ɺ.ʂ.
1
, ʅʦʩʝʥʢʦ ɸ.ɺ.

1
, ʂʫʜʽʥ ɺ.ɻ.

2
, ʈʦʤʘʥʦʚʘ ʃ.ʆ.

3
, ʉʫʜʘʚʮʦʚʘ ɺ.ʉ.

3
  
1
ɯʥʩʪʠʪʫʪ 

ʤʝʪʘʣʦʬʽʟʠʢʠ ʽʤ. ɻ. ɺ. ʂʫʨʜʶʤʦʚʘ ʅɸʅʋ (ʋʢʨʘʾʥʘ), 
2
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ (ʋʢʨʘʾʥʘ), 
3
ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ.ʄ. 

ʌʨʘʥʮʝʚʠʯʘ ʅɸʅʋ (ʋʢʨʘʾʥʘ)  

205 

CLUSTERING-BASED INTELLECTUAL ANALYSIS OF SMART CONTRACT DATA IN 

BLOCKCHAIN-ORIENTED SOCIAL NETWORKS. Tsudzenko Y.Y.  Ivan Franko National 

University of Lviv (Ukraine)  

207 

ʌʆʈʄɸʃɯɿʆɺɸʅʀʁ ʇɯɼʍɯɼ ɼʆ ʆʎɯʅʂʀ ʊɸ ʂʃɸʉʀʌɯʂɸʎɯɰ ʈʀɿʀʂɯɺ ɿɸ 

ʇʈɯʆʈʀʊɽʊɸʄʀ. ʐʘʧʦʚʘʣʦʚ ɹ.ɼ., ʂʦʨʦʙʝʡʥʽʢʦʚʘ ʊ.ɯ., ɾʫʨʘʚʝʣʴ ɯ.ʄ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

209 

ʆʉʆɹʃʀɺʆʉʊɯ ʇʈʆɹʃɽʄɸʊʀʂʀ ɹɸɻɸʊʆɺʀʄɯʈʅʆɻʆ ɸʅɸʃɯɿʋ ɯʅɺɽʉʊʀʎɯʁʅʀʍ 

ʈʀɿʀʂɯɺ ɺ ʉʃɸɹʆʉʊʈʋʂʊʋʈʆɺɸʅʀʍ ʌɯʅɸʅʉʆɺʀʍ ɼɸʅʀʍ ɺɽʃʀʂʆɻʆ ʆɹʉʗɻʋ. 

ʐʚʝʜʦʚ ɼ. ɺ., ʈʫʜʥʽʯʝʥʢʦ ʄ. ɼ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

(ʋʢʨʘʾʥʘ)  

212 

ʈʆɿɼɯʃ 2. ʋʇʈɸɺʃɯʅʅʗ, ʆɹʈʆɹʂɸ ʊɸ ɿɸʍʀʉʊ ɯʅʌʆʈʄɸʎɯɰ 215 

 ARCHITECTURE OF A VIDEO SURVEILLANCE SYSTEM BASED ON EDGE 

COMPUTING FOR REAL-TIME OBJECT MOTION DETECTION TASKS. Bahatskyi 

Oleksii. V.M. Glushkov Institute of Cybernetics of the National Academy of Sciences (Ukraine)  

215 

INTELLIGENT APPROACHES TO SECURE CODING IN RUST: A STATE-OF-THE-ART 

REVIEW. Erik-Nazir Daut. Astana IT University, School of Intelligent Systems (Kazakhstan)  
217 

LIGHTWEIGHT ENTERPRISE AND SECURITY APPROACH TO SUPPORT INTEGRITY 

AND EXTENSIBILITY IN INFOSEC. Hasilin D.L., Zhuravel I.M. ñLviv Polytechnicò 

National University (Ukraine)   

219 

METHODS AND GPU -BASED MEANS FOR ACCELERATED IMAGE ENCRYPTION 

USING CHAOTIC CODING. Nechyporuk M.L., Luzhetskyi V.A., Maidanyuk V.P., 

Romanyuk O.N. , Stakhov O.Ya. Vinnytsia National Technical University (Ukraine)  

222 

SAFEGUARDING THE CLOUD: ASYMMETRIC ENCRYPTION APPROACHES. Strashnov 

Vitalii, Martynovych Larysa. Odesa I.I. Mechnikov National University (Ukraine)  
224 

APPLICATION OF BLOCKCHAIN METHODS IN TRANSPORT TECHNOLOGIES. Zora I. 

Vinnitsia National Technical University (Ukraine)  
227 

ɸʃɻʆʈʀʊʄ ɼʀʅɸʄɯʏʅʆɰ ɺɯɿʋɸʃɯɿɸʎɯɰ ɻɽʆʄɯʊʆʂ ʅɸ ʂɸʈʊɸʍ  ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɼɽʈɽɺɸ ɼɽʊɸʃɯɿɸʎɯɰ. ʆʣʝʢʩʘʥʜʨ ɸʥʪʦʥʝʥʢʦ , ɻʘʥʥʘ 

ʄʠʭʘʣʴʯʫʢ.(ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ (ʋʢʨʘʾʥʘ)  

228 

ʆʉʆɹʃʀɺʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ʈɽʃʗʎɯʁʅʀʍ ʊɸ ʅɽʈɽʃʗʎɯʁʅʀʍ ɹɸɿ ɼɸʅʀʍ. 

ɹʽʣʝʥʴʢʠʡ ʆ.ɺ., ʈʦʤʘʥʶʢ ʆ.ɺ. ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

(ʋʢʨʘʾʥʘ)  

230 

ʄʆɼɽʃɯ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ʊɽʉʊʋɺɸʅʅʗ ʂʆʄʇʆʅɽʅʊɯɺ ʂʆʄʇʃɽʂʉʅʀʍ 

ʉʀʉʊɽʄ ɿɸʍʀʉʊʋ ɯʅʌʆʈʄɸʎɯɰ. ɹʦʚʘ ʖ.ɺ. ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ 
232 
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ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

ɼʆʉʃɯɼɾɽʅʅʗ ʄɽʊʆɼɯɺ ɿɹɽʈɯɻɸʅʅʗ ʈʆɿʈɯɼɾɽʅʀʍ ɼɸʅʀʍ. ɹʫʣʴʙʘ ʉ.ʉ., 

ʉʠʟʦʥʝʥʢʦ ɸ.ʉ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

iʥʩʪʠʪʫʪ" (ʋʢʨʘʾʥʘ)  

234 

ɿAʉʊOʉʋɺAʅʅʗ ʄAʐʀʅʅOɻO ʅAɺʏAʅʅʗ ʊA ɺɽʃʀʂʀʍ ʄʆɺʅʀʍ ʄʆɼɽʃɽʁ 

ɼʃʗ AɺʊOʄAʊʀɿAʎɯɰ ɿAʍʀʉʊʋ ʊA ɺʀʗɺʃɽʅʅʗ ɿAɻʈOɿ. ʉʊOʈʏAʂ A.ʉ, 

ɹʋʈɼɽʁʅʀʁ A.O. ɯʥʩʪʠʪʫʪ ʩʧʝʮʽaʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʪa ʟaʭʠʩʪʫ ʽʥʬʦʨʤaʮʽʾ ʅaʮʽʦʥaʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨaʾʥʠ ñʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦò (ʋʢʨʘʾʥʘ)  

235 

ɺʈɸɿʃʀɺʆʉʊɯ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ ʊɸ ʉʇʆʉʆɹʀ ɰʍ ʋʉʋʅɽʅʅʗ 

ɺʘʚʽʣʝʥʢʦʚʘ ɸ.ɯ. ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʉʣʫʞʙʠ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  
237 

ʄɽʊʆɼʀ ʊɸ ɿɸʉʆɹʀ ɿɸɹɽɿʇɽʏɽʅʅʗ ɹɽɿʇɽʂʀ ɯ ʅɸɼɯʁʅʆʉʊɯ 

ɺɽʃʀʂʆʄɸʉʐʊɸɹʅʀʍ IOT-ʉʀʉʊɽʄ ɺʦʡʪʦʚʠʯ ɺ. ɯ., ʃʠʩ ʈ. ʄ. ʃʴʚʽʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ (ʋʢʨʘʾʥʘ)  

239 

DATAOPS ʗʂ ʂʆʅʎɽʇʎɯʗ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ɾʀʊʊɭɺʆɻʆ ʎʀʂʃʋ ɼɸʅʀʍ ʋ 

ʉʋʏɸʉʅʀʍ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄɸʍ. ɻʘʚʘʜʟʠʥ ɸ.ʇ., ɺʦʚʢ ʈ.ɹ. ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ (ʋʢʨʘʾʥʘ)  

241 

ʉʀʉʊɽʄʀ ʋʇʈɸɺʃɯʅʅʗ ɹɸɿɸʄʀ ɼɸʅʀʍ ʋ ʉʂʃɸɼɯ ʇʈʆɻʈɸʄʅʆɻʆ 

ʂʆʄʇʃɽʂʉʋ. ɻʘʚʨʠʣʶʢ ʖ.ʆ.  ɺʉʇ çʌʘʭʦʚʠʡ ʢʦʣʝʜʞ ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʢʠ 

ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè (ʋʢʨʘʾʥʘ)  

244 

ʄɯɾʅɸʈʆɼʅɯ ɯʅʌʆʈʄɸʎɯʁʅʆ-ɸʅɸʃɯʊʀʏʅɯ ʇʃɸʊʌʆʈʄʀ: ɯʄʇɽʈɸʊʀɺ ʉʊɯʁʂʆʉʊɯ 
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COLLECTION. Liutenko Iryna, Yaroslav Kravets. National Technical University çKharkiv 

Polytechnic Instituteè (Ukraine)  

299 

ɿɸʉʊʆʉʋɺɸʅʅʗ GOOGLE AUTHENTICATOR ʋ  ʉʋʏɸʉʅʀʍ ʉʀʉʊɽʄɸʍ 

ɽʃɽʂʊʈʆʅʅʆɻʆ ɼʆʂʋʄɽʅʊʆʆɹɯɻʋ. ʄʘʪʚʝʻʚ ʈ.ɺ., ʊʝʨʝʡʢʦʚʩʴʢʘ ʃ.ʆ., ʂʠʾʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ (ʋʢʨʘʾʥʘ)  

302 

ɼʆʉʃɯɼɾɽʅʅʗ ʊɽʍʅʆʃʆɻɯʁ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ ɸʅʆʅɯʄʅʆʉʊɯ ʊɸ ɹɽɿʇɽʂʀ 

ɺ ʇʈʆʎɽʉɯ ʆɹʄɯʅʋ ʂʈʀʇʊʆɺɸʃʖʊ. ʆʚʯʘʨʝʥʢʦ ʆ.ɺ., ʂʦʪʣʠʢ ʉ.ɺ. ʆʜʝʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

303 

ʇɽʈʉʆʅɸʃɯɿɸʎɯʗ ʂʆʈʀʉʊʋɺɸʎʔʂʆɻʆ ɼʆʉɺɯɼʋ ɿɸʉʆɹɸʄʀ 

ʈɽʂʆʄɽʅɼɸʎɯʁʅʀʍ ɸʃɻʆʈʀʊʄɯɺ. ʆʧʘʥʘʩʶʢ ʄ. ʉ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

305 

 ɼʆʉʃɯɼɾɽʅʅʗ ɿɸʉʆɹɯɺ ʇʆɹʋɼʆɺʀ ʇʈʆʎɽʉʋ ʊɽʉʊʋɺɸʅʅʗ ʄʆɹɯʃʔʅʀʍ 307 
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ɿɸʉʊʆʉʋʅʂɯɺ. ʇʘʥʯʝʥʢʦ ɺ.ɯ., ʊʢʘʯʝʥʢʦ ʇ.ɼ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

"ʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ" (ʋʢʨʘʾʥʘ)  

ʄɽʊʆɼʀ ʊɸ ɿɸʉʆɹʀ ɽʌɽʂʊʀɺʅʆɰ ʆɹʈʆɹʂʀ ɿʆɹʈɸɾɽʅʔ ɸɽʈʆɿʁʆʄʂʀ. 

ʇʘʥʯʝʥʢʦ ɺ.ɯ., ʎʷʧʘ ɻ.ʇ.ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ"   

308 

ɯʅʌʆʈʄɸʎɯʁʅɸ ɹɽɿʇɽʂɸ ʋ ʌɯʅɸʅʉʆɺɯʁ ʉʌɽʈɯ: ʈʆʃʔ ɹʃʆʂʏɽʁʅ ʋ 

ʄɯʅɯʄɯɿɸʎɯɰ ʂɯɹɽʈʈʀɿʀʂɯɺ. ʇʦʜʝʣʴʩʴʢʠʡ ʉ.ɺ.  ʂʠʾʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪ  

(ʋʢʨʘʾʥʘ)  

310 

ɯʅʊɽʃɽʂʊʋɸʃʔʅɯ ʊɽʍʅʆʃʆɻɯɰ ɸʅɸʃɯɿʋ ʊɸ ʂʃɸʉʀʌɯʂɸʎɯɰ ʂʆʃɽʂʎɯʁʅʀʍ 

ɼɸʅʀʍ ʋ ʂʆʅʊɽʂʉʊɯ ɻɽʁʄɯʌɯʂɸʎɯɰ ʊɸ ʎʀʌʈʆɺʀʍ ʉɽʈɽɼʆɺʀʑ. ʇʦʧʝʨʝʰʥʷʢ 

ɼ.ɯ.. ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ)  

312 

ʃʆʂɸʃɯɿɸʎɯʗ ʌɸʃʔʉʀʌɯʂɸʎɯɰ ʎʀʌʈʆɺʀʍ ɿʆɹʈɸɾɽʅʔ. ʇʨʠʱʝʧʘ ʆ.ɯ., ɹʦʚʥʝʛʨʘ 

ʃ.ɺ.  ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè  (ʋʢʨʘʾʥʘ)  
315 

ʄɽʊʆɼʀ ɼɯɸɻʅʆʉʊʀʂʀ ʇʆʐʂʆɼɾɽʅʆɻʆ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ɺʅɸʉʃɯɼʆʂ ɼɯʁ ʂɯɹɽʈɸʊɸʂ. ʉʘʚʚʦʚʘ ʇ. ɺ. ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʉʣʫʞʙʠ ʙʝʟʧʝʢʠ 

ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

316 

BIG DATA. ʇʈʆʎɽʉʅʀʁ ʇɯɼʍɯɼ ɼʆ ʆɹʈʆɹʂʀ ɺɽʃʀʂʀʍ ɼɸʅʀʍ: MAPREDUCE. 

ʉʝʥʶʢ ɭ.ʆ., ʄʝʣʴʥʠʯʫʢ ɺ.ɽ. ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

(ʋʢʨʘʾʥʘ)  

319 

ɹɽɿʇɽʂɸ ʆɹʈʆɹʂʀ ɺɽʃʀʂʀʍ ɼɸʅʀʍ ʋ ʍʄɸʈʅʀʍ ʉʀʉʊɽʄɸʍ ɿ 

ʄʋʃʔʊʀʊɽʅɸʅʊʅɯʉʊʖ. ʉʝʨʜʶʢ ʅ.ʄ., ɺʦʣʴʛʫʩʪ ʄ.ʉ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʋʢʨʘʾʥʘ)  

320 

ʄʆɼɽʃɯ ʈʀɿʀʂ-ʆʈɯɭʅʊʆɺɸʅʆɻʆ ɺʀɹʆʈʋ ɿɸʉʆɹɯɺ ɿɸʍʀʉʊʋ ɯʅʌʆʈʄɸʎɯɰ. 

ʉʠʚʘʯʝʥʢʦ ɯ. ʆ.  ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ 

(ʋʢʨʘʾʥʘ)  

323 

ɯʅʉʊʈʋʄɽʅʊɸʈɯʁ ɼʃʗ ɿɼɯʁʉʅɽʅʅʗ ʇɽʅʊɽʉʊʋ ɻʆʊʆɺʅʆʉʊɯ ʆɹᾷɭʂʊɯɺ 

ʂʈʀʊʀʏʅʆɰ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ ɼʆ ʂɯɹɽʈɸʊɸʂ. ʉʢʽʮʴʢʦ ʆ.ɯ. ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʉɹ 

ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

325 

ɸʅɸʃɯɿ ʄɽʈɽɾɽɺʆɰ ɸʂʊʀɺʅʆʉʊɯ ɼʃʗ ʆʎɯʅʖɺɸʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈʆɹʆʊʀ 

ʇʈɸʎɯɺʅʀʂɯɺ. ʉʫʧʨʫʥ ʆ.ɺ., ʂʘʨʧʝʥʢʦ ʅ. ɺ. ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ (ʋʢʨʘʾʥʘ)  

329 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ ɼʃʗ ʇʈʆʊʀɼɯɰ ʌɯʐʀʅɻʆɺʀʄ 

ɸʊɸʂɸʄ. ʊʠʤʦʰʝʥʢʦ ʃ.ʄ., ʊʠʭʦʥʦʚ ɯ.ɺ.  ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè  (ʋʢʨʘʾʥʘ)  

331 

ɿʅɸʏɽʅʅʗ ʍʄɸʈʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ɼʃʗ ʇʈʀʉʂʆʈɽʅʆɰ ʎʀʌʈʆɺʆɰ 

ʊʈɸʅʉʌʆʈʄɸʎɯɰ ɽʂʆʅʆʄɯʂʀ. ʋʩʝʥʢʦ ʄ. ʇ., ɹʘʥʜʦʨʽʥʘ ʃ.ʄ.  ʋʢʨʘʾʥʩʴʢʠʡ 

ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ  (ʋʢʨʘʾʥʘ)  

333 

ɸʅɸʃɯɿ ʆɹʄɽɾɽʅʔ ʉʋʏɸʉʅʀʍ ʄɽʊʆɼɯɺ ʉʊɸʊʀʏʅʆɻʆ ɸʅɸʃɯɿʋ ɹɽɿʇɽʂʀ ʇɿ. 

ʎʘʧʢʦʚʘʪʠʡ ʈ.ɺ.  ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  (ʋʢʨʘʾʥʘ)  
335 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼɯɺ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ ɼʃʗ ɺʀʗɺʃɽʅʅʗ 

ʋʈɸɿʃʀɺʆʉʊɽʁ ʋ ɻɽʅɽʈɸʊʆʈɸʍ ʇʉɽɺɼʆɺʀʇɸɼʂʆɺʀʍ ʏʀʉɽʃ. ʎʝʙʘʢ ʆ.ɸ., 

ɺʦʡʪʫʩʽʢ ʉ.ʉ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

337 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʊɽʍʅɯʏʅʀʍ ɿɸʉʆɹɯɺ ɼʃʗ ɿɸʍʀʉʊʋ ɯʅʌʆʈʄɸʎɯɰ ʇʈʀ 

ʇɽʈɽɼɸɺɸʅʅɯ ɼɸʅʀʍ ɯʅʌʆʈʄɸʎɯʁʅʀʄʀ ʂɸʅɸʃɸʄʀ. ʏʝʨʥʷʚʩʴʢʠʡ ʆ. ʖ., 

ɻʝʨʘʩʠʤʦʚ ʉ. ɺ.  ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ"  (ʋʢʨʘʾʥʘ)  

339 

ɼɽʂʆʄʇʆɿʀʎɯʁʅʀʁ ʇɯɼʍɯɼ ɼʆ ʇʆʐʋʂʋ ʇɯɼɻʈɸʌɯɺ ʋ ʉʀʅʊɸʂʉʀʏʅʀʍ 

ɻʈɸʌɸʍ ɼʃʗ ʉʀʅʊɸʂʉʀʂʆ-ʉɽʄɸʅʊʀʏʅʀʍ ʊʈɸʅʉʌʆʈʄɸʎɯʁ. ʏʦʨʥʠʡ ɸ.ʆ., 

ɼʦʩʠʥ ɼ.ɻ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

342 

ʌʆʈʄɸʃɯɿʆɺɸʅɸ ʄʆɼɽʃʔ ʂɽʈʋɺɸʅʅʗ ɼʆʉʊʋʇʆʄ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ɹɽɿʇɽʂʀ ʄɯʂʈʆʉɽʈɺɯʉʅʆɰ ɸʈʍɯʊɽʂʊʋʈʀ ɿɸʉʆɹɸʄʀ ʌʋʅʂʎɯʆʅɸʃʔʅʆɻʆ 

ʇʈʆɻʈɸʄʋɺɸʅʅʗ. ʐʝʚʯʝʥʢʦ ɺ. ɺ.  ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ 

ʐʝʚʯʝʥʢʘ  (ʋʢʨʘʾʥʘ)  

344 

ʂɯɹɽʈɹɽɿɸʍʀʉʊ ɺ ɼʆɹʋ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ. ʐʪʝʬʘʥ ɸ.-ɺ.ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ 347 
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ʫʥʽʚʝʨʩʠʪʝʪ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò (ʋʢʨʘʾʥʘ)  

ɸʉʀʄɽʊʈʀʏʅɯ ʄɽʊʆɼʀ ʐʀʌʈʋɺɸʅʅʗ ɺ ʊɽʍʅʆʃʆɻɯɰ ɹʃʆʂʏɽʁʅ-ʉʀʉʊɽʄ. 

ʑʝʨʙʘʢʦʚʘ ʖ. ɸ., ɼʨʘʰʧʫʣʴ ʅ.ɺ.  ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍɸɯè  

(ʋʢʨʘʾʥʘ)  

348 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ɿɸʍʀʉʊʋ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʈɽʉʋʈʉɯɺ ʏɽʈɽɿ ʉʀʉʊɽʄʋ 

ʂʆʄʇɽʊɽʅʊʅɯʉʅʆɻʆ ʆʎɯʅʖɺɸʅʅʗ ʇɽʈʉʆʅɸʃʋ. ʗʤʥʠʯ ɸ. ɹ., ʂʦʨʦʙʝʡʥʽʢʦʚʘ ʊ. ɯ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

350 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ɽʌɽʂʊʀɺʅʆʉʊɯ ʂʆʈɽʃʗʎɯʁʅʀʍ ɯʅɼɽʂʉɯɺ ʋ 

ʉʀʉʊɽʄɸʍ ʅɸ ʆʉʅʆɺɯ ʇʆɼɯʁ. ʗʥʢʽʥ ɯ.ʉ., ɻʫʥʯʝʥʢʦ ʖ.ʆ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ.ɯ. ʄʝʯʥʠʢʦʚʘ (ʋʢʨʘʾʥʘ)  

353 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ɿʅɽʐʂʆɼɾɽʅʅʗ ʊɸ ʈɽʂʆʅʉʊʈʋʂʎɯɰ ʂʆʅʊɽʅʊʋ 

ɼʃʗ ɿɸʇʆɹɯɻɸʅʅʗ ʇʈʀʍʆɺɸʅʀʄ ɿɸɻʈʆɿɸʄ ʋ ɿʆɹʈɸɾɽʅʅʗʍ. ʗʮʝʚ ɸ.ɺ., 

ɾʫʨʘʚʝʣʴ ɯ.ʄ., ʉʢʦʣʦʟʜʨʘ ʄ.ʄ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

(ʋʢʨʘʾʥʘ)  

355 

ʈʆɿɼɯʃ 3. ɸɺʊʆʄɸʊʀɿɸʎɯʗ ʊɸ ʋʇʈɸɺʃɯʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ 

ʇʈʆʎɽʉɸʄ 
358 

AUTOMATED LASER MARKING OF PRECIOUS METALS AS A STEP TOWARD 

INDUSTRY 4.0 STANDARDS. Bernatskyi A.V., Bondarieva V.I, Harder D.A., Hryn A.P., 

Lukashenko V.A. E.O. Paton Electric Welding Institute of the National Academy of Sciences of 

Ukraine (Ukraine)  

358 

INTELLIGENT MICROCLIMATE CONTROL: FROM REACTIVE ALGORITHMS TO 

PREDICTIVE MODELS. Holod I. V., Yevsieiev V. V.  Kharkiv National University of Radio 

Electronics (Ukraine)  

360 

EPOKG AS DYNAMIC STRUCTURAL LAYER FOR ADAPTIVE ML IN BPM. Serhii 

Korotenko, Roman Yarovyi. Private Higher Education Establishment "European University" 

(Ukraine)  

362 

MODELING AND SIMULATION OF AUTOMATED CONTROL SYSTEMS. Mahammad 

Mammadov, Volodymyr Panchenko. National Technical University çKharkiv Polytechnic 

Instituteè (Ukraine)  

365 

OPTIMISATION OF LIGHTING IN GREENHOUSES TO IMPROVE THE EFFICIENCY OF 

VEGETABLE GROWING. Martynenko S.V., Krutofal ʆ.S., Serbul ʆ.ʄ. Central Ukrainian 

National Technical University (Ukraine)  

368 

DEVELOPMENT AND RESEARCH OF A FERROMETER WITH AUTOMATIC 

MAGNETIC FIELD CONTROL FOR RAPID ORE ANALYSIS. Perevalov M.V., 

Shymanovskyi B.S., Zaichenko D.O., Serbul ʆ.ʄ., Kalich V.M. Central Ukrainian National 

Technical University (Ukraine)  

371 

FORWARD-LOOKING RADAR SOLUTIONS FOR INDUSTRIAL SILO LEVEL 

MEASUREMENT. Dmytro Tsyban, Oleksandr Zabolotniy. National Aerospace University 

"Kharkiv Aviation Institute"(Ukraine)  

373 

ɼʆ ʇʀʊɸʅʅʗ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʂɽʈʋɺɸʅʅʗ ʇʈʆʎɽʉʆʄ ɼʆɿʈɯɺɸʅʅʗ ʉʀʈɯɺ. 

ɸʚʜʻʻʚ ɼ. ʉ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
376 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʀʂʀ ʇɯɼɺʀʑɽʅʅʗ ʊʆʏʅʆʉʊɯ ɹɸɻɸʊʆʂɸʅɸʃʔʅʆɻʆ 

ʋʃʔʊʈɸɿɺʋʂʆɺʆɻʆ ɺʀʊʈɸʊʆʄɯʈɸ. ɹʽʣʠʥʩʴʢʠʡ ʁ. ʁ., ʉʪʝʮʝʥʢʦ ɸ.ɸ.  ɺʽʥʥʠʮʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

378 

ʂɽʈʋɺɸʅʅʗ ɺɯɼɹɯʃʖɺɸʅʅʗʄ ʆʃɯɰ: ʉʀʅɽʈɻɯʗ ɿʈʆʉʊɸʅʅʗ ɼʀʅɸʄɯʏʅʆɰ 

ʊʆʏʅʆʉʊɯ ʊɸ ɯʄʆɺɯʈʅʆʉʊɯ ʇʆʇɽʈɽɼɾɽʅʅʗ ʇʆʈʋʐɽʅʔ. ɹʫʡʚʘʣʝʥʢʦ ɸ. ɸ., 

ʆʩʘʜʯʫʢ ʇ. ɯ., ʍʦʙʽʥ ɺ. ɸ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

380 

ɼʆʉʃɯɼɾɽʅʅʗ ɽʂʉʇʃʋɸʊɸʎɯʁʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʃɯʊɯɭɺʀʍ 

ɸʂʋʄʋʃʗʊʆʈɯɺ. ɹʫʨʷʢ ʉ. ʖ., ɻʦʣʦʣʦʙʦʚʘ ʆ. ɸ.  ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʥʘʫʢʠ ̔ ʪʝʭʥʦʣʦʛʽʡ   (ʋʢʨʘʾʥʘ)  

383 

ʉʊɸɹɯʃʔʅɯʉʊʔ ʊɸ ʈʆɹɸʉʊʅɯʉʊʔ ʗɼɽʈʅʆɻʆ ʇʈɽɼʀʂʊʀɺʅʆɻʆ ʂɽʈʋɺɸʅʅʗ 

ʇʈʆʎɽʉʆʄ ʄɸɻʅɯʊʅʆɰ ʉɽʇɸʈɸʎɯɰ. ɺʦʣʦʚʝʮʴʢʠʡ ʆ.ʆ. ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

384 

ʇɯɼɺʀʑɽʅʅʗ ʅɸɼɯʁʅʆʉʊɯ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ ʐʃʗʍʆʄ 387 
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ɺʇʈʆɺɸɼɾɽʅʅʗ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ʊɽʉʊʋɺɸʅʅʗ. ɺʦʣʦʱʫʢ ɼ.ʆ. ʈʦʤʘʥʶʢ 

ʆ.ɺ. ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

ɯʅʊɽɻʈɸʎɯʗ SCADA-ʉʀʉʊɽʄ ɯɿ ʈɽʃʗʎɯʁʅʀʄʀ ɹɸɿɸʄʀ ɼɸʅʀʍ ʋ ʉʀʉʊɽʄɸʍ 

ʇʈʆʄʀʉʃʆɺʆɰ ɸɺʊʆʄɸʊʀɿɸʎɯɰ. ɻʘʣʣʷʤʦʚ ʂ.ʉ., ʂʨʘʩʥʽʢʦʚ ɯ.ʃ., ʃʝʚʘʜʥʘ ʆ.ʉ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

389 

ʆʉʆɹʃʀɺʆʉʊɯ ʂʆʅʉʊʈʋʖɺɸʅʅʗ ɸʉʀʅʍʈʆʅʅʀʍ ɼɺʀɻʋʅɯɺ  ɿ ʄɸʉʀɺʅʀʄ 

ʌɽʈʆʄɸɻʅɯʊʅʀʄ ʈʆʊʆʈʆʄ. ɻʦʣʦʱʘʧʦʚ ʉ.ʉ. ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ 

(ʋʢʨʘʾʥʘ)  

392 

ɺɼʆʉʂʆʅɸʃɽʅʅʗ ɼʆʉʊɸɺʂʀ ʍʃɯɹʆɹʋʃʆʏʅʀʍ ɺʀʈʆɹɯɺ ʅɸ ʆʉʅʆɺɯ 

ʇʆʇɽʈɽɼʅʔʆɰ ʂʃɸʉʊɽʈʀɿɸʎɯɰ ʂʃɯɭʅʊɯɺ. ɻʦʪʦʧʽʣʦ ɹ.ɺ., ɾʠʛʘʡʣʦ ʆ.ʄ. ʆʜʝʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

394 

ʈʆɿʈʆɹʂɸ ɯʅʌʆʈʄɸʎɯʁʅʆ-ɺʀʄɯʈʖɺɸʃʔʅʆɰ ʉʀʉʊɽʄʀ ɼʃʗ 

ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʇʈʆʎɽʉʋ ɺʀɻʆʊʆɺʃɽʅʅʗ ʄɸʂɸʈʆʅʅʀʍ ɺʀʈʆɹɯɺ. 

ɻʨʠʛʦʨʝʥʢʦ ɯ.ɺ., ʃʘʰʢʦʚ ɸ.ɻ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

396 

ʆʉʆɹʃʀɺʆʉʊɯ ɺʀʄɯʈʖɺɸʅʅʗ ʊɸ ɸʅɸʃɯɿʋ ɼɸʅʀʍ ʍʃʆʈʆʌɯʃ ʌʃʋʆʈʆʄɽʊʈɯɺ. 

ɻʨʫʰʘ ɺ.ʄ, ɺʦʨʦʥʝʥʢʦ ʆ.ɺ. ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ 

(ʋʢʨʘʾʥʘ)  

398 

ɹɸɻɸʊʆʈɯɺʅɽɺɸ ʆʈɻɸʅɯɿɸʎɯʗ ɸʅɸʃɯʊʀʏʅʆɻʆ ɸʇɸʈɸʊʋ ɽʂʆʅʆʄɯʏʅʆɰ 

ʆʇʊʀʄɯɿɸʎɯɰ ʇʆʃɯɻʈɸʌɯʏʅʆɻʆ ʇɯɼʇʈʀɭʄʉʊɺɸ. ɺ. ɼʦʣʽʥʩʴʢʠʡ. ɯʥʩʪʠʪʫʪ ʧʦʣʽʛʨʘʬʽʾ 

ʪʘ ʤʝʜʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

401 

ɯʅʊɽʃɽʂʊʋɸʃʔʅɸ ɸɺʊʆʄɸʊʀɿɸʎɯʗ: ʂʃʖʏʆɺɯ ɸʉʇɽʂʊʀ, ʈʀɿʀʂʀ ʊɸ ɽʊʀʏʅɯ 

ɺʀʂʃʀʂʀ. ɾʘʢ ɸ. ʉ ɼʝʨʞʘʚʥʠʡ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
403 

ʇɽʈʉʇɽʂʊʀɺʀ ʇɯʉʃʗɺʆɭʅʅʆɰ ʄʆɼɽʈʅɯɿɸʎɯɰ ʉʀʉʊɽʄ ɸɺʊʆʄɸʊʀʏʅʆɻʆ 

ʂɽʈʋɺɸʅʅʗ ʋ ɺɯʊʏʀɿʅʗʅɯʁ ɽʅɽʈɻɽʊʀʎɯ. ɾʝʩʘʥ ʈ. ɺ., ʂʨʘʚʮʦʚ ʉ. ɺ. 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

405 

ʎʀʌʈʆɺɯɿɸʎɯʗ ɹʋɼɯɺɽʃʔʅʆɻʆ ʉɽʂʊʆʈʋ ʗʂ ʉʊʈɸʊɽɻɯʏʅʀʁ ʄɽɻɸʊʈɽʅɼ 

ʇʆɼɺɯʁʅʆɻʆ ʇɽʈɽʍʆɼʋ. ɿʠʤʦʛʣʷʜ ɹ. ɻ. ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ 

ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ)  

408 

ʉʀʅʊɽɿ ʅɽʏɯʊʂʆɻʆ ʉʋʇɽʈɺɯɿʆʈɸ (ʇɯɼ-ʈɽɻʋʃʗʊʆʈɸ) ʇʈʀ ɺɯʈʆɻɯɼʅɯʁ 

ʇʆʄʀʃʎɯ ʊɸ ɰɰ ʇʆʍɯɼʅɸ. ɯʣʴʾʥʩʴʢʠʡ ʄ. ɯ. ɼʦʥʙʘʩʴʢʘ  ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ 

ʘʢʘʜʝʤʽʷ (ʋʢʨʘʾʥʘ)  

411 

ɺʇʈʆɺɸɼɾɽʅʅʗ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ ʉʀʉʊɽʄʀ ʄʆʅɯʊʆʈʀʅɻʋ ʊɸ ʇɽʈɽɼɸʏɯ 

ʇʆʂɸɿʅʀʂɯɺ ʃɯʏʀʃʔʅʀʂɯɺ ɽʅɽʈɻʆʈɽʉʋʈʉɯɺ ʗʂ ɯʅʉʊʈʋʄɽʅʊ ʇɯɼɺʀʑɽʅʅʗ 

ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ɺ ɹʖɼɾɽʊʅʀʍ ɿɸʂʃɸɼɸʍ ʄ.ʏɽʈʂɸʉʀ. ʂʘʣʝʡʥʽʢʦʚ ɻ.ɽ. 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

413 

ɸɺʊʆʄɸʊʀɿʆɺɸʅɸ ʉʀʉʊɽʄɸ ʆʇʊʀʄɯɿɸʎɯɰ ɿɸɺɸʅʊɸɾɽʅʅʗ ɿɽʈʅʆʄ 

ʇʆʊʆʂʆɺʆ-ʊʈɸʅʉʇʆʈʊʅʀʍ ʃɯʅɯʁ ʇʈʀʁʆʄʋ ɿɽʈʅɸ ɿ ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ 

ʊʈɸʅʉʇʆʈʊʋ. ʂʽʨô̫ ʟʦʚ ɯ.ʄ., ʍʦʙʽʥ ɸ.ɺ., ʉʪʝʧʘʥʦʚ ʄ.ʊ., ʍʦʙʽʥ ɺ.ɸ. SE Group 

International (ʅʽʤʝʯʯʠʥʘ), ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

414 

ɸɺʊʆʄɸʊʀɿʆɺɸʅɸ ʉʀʉʊɽʄɸ ʂɽʈʋɺɸʅʅʗ ʉʊʈɯʏʂʆɺʀʄ ʂʆʅɺɽɭʈʆʄ. 

ʂʦʚʘʣʴʯʫʢ ɼ.ʄ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ (ʋʢʨʘʾʥʘ)  
417 

ʑʆɼʆ ʎʀʌʈʆɺʆɻʆ ʂɽʈʋɺɸʅʅʗ ʇʈʆʎɽʉʆʄ ʉʋʐɯʅʅʗ ʂʋʂʋʈʋɼɿʀ. ʂʦʨʝʥʥʦʡ ɹ. 

ʖ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
419 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʉʀʉʊɽʄ TRIMBLE, TOPCON ʊɸ LEICA ɼʃʗ 

ʇʆɿʀʎɯʆʅʋɺɸʅʅʗ ɹɼʄ. ʂʫʜʽʥʦʚ ɭ.ʆ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-

ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

421 

ʂʈʀʊɽʈɯɰ ʗʂʆʉʊɯ ʆɹʈɯɿʋɺɸʅʅʗ ʂʅʀɾʂʆɺʀʍ ɹʃʆʂɯɺ. ʂʫʜʨʷʰʦʚʘ ɸ. ɺ., ʇʝʪʨʠʢ ɺ. 

ɸ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  
424 

ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ʈɽɼɸʂʎɯʁʅʆ-ɺʀɼɸɺʅʀʏʆɻʆ ʆʇʈɸʎʖɺɸʅʅʗ  

ɻɸɿɽʊʅʆ-ɾʋʈʅɸʃʔʅʆɰ ʇʈʆɼʋʂʎɯɰ. ʉʣʽʧʝʮʴʢʠʡ ʖ. ɹ., ʂʫʜʨʷʰʦʚʘ ɸ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

426 

ɯʅʌʆʈʄɸʎɯʁʅɸ ʉʀʉʊɽʄɸ ʄʆɼʋʃʖ ʉʊɽʂʋ ʊɽʍʅʆʃʆɻɯʁ ɺ ʉʀʉʊɽʄɯ 

ʈʆɿʈʆɹʂʀ ɹɽɿʇɽʏʅʆɻʆ ɺɽɹɼʆɼɸʊʂʋ. ʂʫʨʠʣʷʢ ɸ.ɯ., ʂʦʨʦʙʝʡʥʽʢʦʚʘ ʊ.ɯ., ɾʫʨʘʚʝʣʴ 
428 
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ɯ.ʄ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò (ʋʢʨʘʾʥʘ)  

ɸʅɸʃɯɿ ʇɽʈɽɺɸɻ ɯ ɺʀʂʃʀʂɯɺ ɺʀʂʆʈʀʉʊɸʅʅʗ ʇɸʈɸʃɽʃʔʅʀʍ ʆɹʏʀʉʃɽʅʔ ɺ 

ʈɽɸʃʔʅʀʍ ɿɸɼɸʏɸʍ. ʂʫʯʘʢʦʚʩʴʢʘ ɻ.ɸ. ʂʠʾʚʩʴʢʠʡ ʩʪʦʣʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʨʠʩʘ 

ɻʨʽʥʯʝʥʢʘ (ʋʢʨʘʾʥʘ)  

432 

INTELLECTUALIZATION OF TROUBLESHOOTING IN RAILWAY AUTOMATION 

SYSTEMS. Lazariev ʆ.V.  Ukrainian State University of Railway Transport , Lazarieva ʆ.ʆ.  

V.N. Karazin Kharkiv National University (Ukraine)  

433 

ʂʆʄʇôʖʊɽʈʅʆ-ɯʅʊɽɻʈʆɺɸʅɸ ʉʀʉʊɽʄɸ ʂɽʈʋɺɸʅʅʗ ɺʀʈʆɹʅʀʎʊɺɸ 

ʂɸʇʈʆʅʆɺʆɻʆ ɺʆʃʆʂʅɸ ɹɽɿʇɽʈɽʈɺʅʀʄ ʉʇʆʉʆɹʆʄ. ʃʠʟʘʥʝʮʴ ɸ.ʄ., ʂʨʘʚʯʝʥʢʦ 

ʗ.ʆ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

(ʋʢʨʘʾʥʘ)  

435 

JUSTIFICATION FOR DEVELOPING SYSTEMATIC METHODOLOGY FOR 

COMPARING DIFFERENT TYPES OF TESTING. Kyrylo Lobanov. Kharkiv National 

University of Radio Electronics (Ukraine)  

436 

ʊɽʍʅʆʃʆɻɯɰ VARIABLE DATA PRINTING ʋ ʂʆʅʊɽʂʉʊɯ ʇɯɼɻʆʊʋɺɸʅʅʗ 

ɹɸɻɸʊʆʄʆɺʅʆɰ ʇʈʆɼʋʂʎɯɰ ɺʀɼɸɺʅʀʏʆɻʆ ɼʆʄʋ "ʋʂʈʇʆʃ". ʄʘʣʝʮʴ ɯ. ɯʥʩʪʠʪʫʪ 

ʧʦʣʽʛʨʘʬʽʾ ʪʘ ʤʝʜʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè  

438 

ʉʆʎɯɸʃʔʅɯ ʊɸ ɽʊʀʏʅɯ ɺʀʂʃʀʂʀ ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɰ ɸɺʊʆʄɸʊʀɿɸʎɯɰ. ʄʘʣʠʢ 

ʗ.ɺ., ʌʨʘʥʯʫʢ ʊ.ʄ. ɼʝʨʞʘʚʥʠʡ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ(ʋʢʨʘʾʥʘ)  
440 

ʈʆʃʔ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʋ ʇɯɼɺʀʑɽʅʅɯ ɽʌɽʂʊʀɺʅʆʉʊɯ 

ʄɽʅɽɼɾʄɽʅʊʋ ɺ ɸɺɯɸʎɯɰ. ʄʽʨʦʰʥʠʯʝʥʢʦ ɯ.ʉ. , ʍʤʫʨʽʥ ʆ.ʆ. ʋʢʨʘʾʥʩʴʢʘ ʜʝʨʞʘʚʥʘ 

ʣʴʦʪʥʘ ʘʢʘʜʝʤʽʷ (ʋʢʨʘʾʥʘ)  

442 

ʄʆɼɽʃʔʅʆ-ʇʈʆɻʅʆɿʋʖʏɽ ʂɽʈʋɺɸʅʅʗ ɹʋʈʆɺʆʖ ʋʉʊɸʅʆɺʂʆʖ. ʄʦʨʢʫʥ ɺ.ʉ., 

ɹʦʙʨʦʚ ɭ.ʖ. ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
444 

ʇʈʆɽʂʊ ʄʆɼʋʃʗ ɯʄɯʊɸʎɯʁʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʈʋʍʋ ʄʆʈʉʔʂʆɻʆ ʉʋɼʅɸ. 

ʄʫʰʠʥʩʴʢʠʡ ɸ. ɺ., ɻʨʠʰʠʥ ʉ.ɯ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

(ʋʢʨʘʾʥʘ)  

446 

ɸʅɸʃɯɿ ʇʈʆɻʈɸʄʅʀʍ ɿɸʉʆɹɯɺ ɯʄɯʊɸʎɯʁʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʈʋʍʋ 

ʊʈɸʅʉʇʆʈʊʅʀʍ ʉʀʉʊɽʄʀ. ʄʫʰʠʥʩʴʢʠʡ ɸ. ɺ., ɻʨʠʰʠʥ ʉ.ɯ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

448 

ɯʅʊɽʃɽʂʊʋɸʃʔʅʀʁ ɸʅɸʃɯɿ ʊɸ ʋʇʈɸɺʃɯʅʅʗ ʈɽʉʋʈʉɸʄʀ ʇʈʀ ʄʆʅɯʊʆʈʀʅɻʋ 

ʇʈʆʎɽʉɯɺ ɺ ʆʇɽʈɸʎɯʁʅɯʁ ʉʀʉʊɽʄɯ. ʅʝʥʠʯ ɼ.ʆ., ɼʷʜʶʥ ʉ.ɺ.  ʍʘʨʢʽʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ  (ʋʢʨʘʾʥʘ)  

450 

ɺʀʉʆʂʆʊʆʏʅɽ ɺʀʄɯʈʖɺɸʅʅʗ ʊɽʄʇɽʈɸʊʋʈʀ ʅɸ ADS1263 ɺɯɼ TEXAS 

INSTRUMENTS ʇɯɼ ʂɽʈʋɺɸʅʅʗʄ CODESYS. ʇʘʰʢʦʚ ʉ.ʆ., ʄʘʟʫʨ ʆ.ɺ.  ʆʜʝʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  (ʋʢʨʘʾʥʘ)  

452 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼɯɺ ʎʀʌʈʆɺʆɰ ʌɯʃʔʊʈɸʎɯɰ ɼʃʗ ɼɽʐʀʌʈʋɺɸʅʅʗ 

ʉʀɻʅɸʃɯɺ ɸʃʉ. ʇʨʦʬʘʪʠʣʦʚ ɺ.ɯ., ʄʘʩʘʣʦʚ ɭ.ʆ. ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ)  

455 

ɸʇɸʈɸʊʅɸ ʈɽɸʃɯɿɸʎɯʗ ʉʀʉʊɽʄ ɿɸʃɯɿʅʀʏʅʆɰ ɸɺʊʆʄɸʊʀʂʀ ʅɸ ɹɸɿɯ 

ʎʀʌʈʆɺʀʍ ʉʀɻʅɸʃʔʅʀʍ ʇʈʆʎɽʉʆʈɯɺ. ʇʨʦʬʘʪʠʣʦʚ ɺ.ɯ. ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ)  

457 

ɸɺʊʆʄɸʊʀɿʆɺɸʅɽ ʌʆʈʄʋɺɸʅʅʗ ɯ ʉʋʇʈʆɺɯɼ ɼʆʂʋʄɽʅʊɸʎɯɰ ɼʃʗ 

ʇʈʆɺɽɼɽʅʅʗ ʇʋɹʃɯʏʅʀʍ ɿɸʂʋʇɯɺɽʃʔ ɼɽʈɾɸɺʅʀʍ ʇɯɼʇʈʀɭʄʉʊɺ. ʈʘʪʫʰʥʷʢ 

ʊ. ɺ., ʉʫʟʜʘʣʴʮʝʚʘ ʉ. ɯ. ɼʝʨʞʘʚʥʠʡ ʧʦʜʘʪʢʦʚʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

459 

ɸɺʊʆʄɸʊʀɿʆɺɸʅɯ ʉʀʉʊɽʄʀ ʋʇʈɸɺʃɯʅʅʗ ʃʆɻɯʉʊʀʂʆʖ 

ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʀʍ ʇɯɼʇʈʀɭʄʉʊɺ ʅɸ ʆʉʅʆɺɯ INTERNET OF THINGS  IOT . 

ʈʫʜʴ ʖ.ʃ., , ʍʘʨʯʝʥʢʦ ʄ.ɺ., ʇʦʣʽʱʫʢ ɼ.ɺ.  ʌʽʣʽʷ ʂʣʘʩʠʯʥʦʛʦ ʧʨʠʚʘʪʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ 

ʤʽʩʪʽ ʂʨʝʤʝʥʯʫʢ  (ʋʢʨʘʾʥʘ)  

461 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʀʁ ɺʀɹɯʈ ʇʈʆɻʈɸʄʀ ɿɸʄɯʉʋ ʊɯʉʊɸ. ʈʫʩʪʘʤʦʚ ʈ. ʈ., ɾʠʛʘʡʣʦ ʆ. 

ʄ.  ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  (ʋʢʨʘʾʥʘ)  
463 

ʇʆʈɯɺʅʗʅʅʗ ʄɽʊʆɼɯɺ ʆʇʊʀʄɯɿɸʎɯɰ ɽʂʉʊɽʄɸʃʔʅʆɻʆ ʂɽʈʋɺɸʅʅʗ ɿɸ 

ɸʋɼɯɸʃʔʅʆʖ ɼɯɸɻʅʆʉʊʀʂʆʖ. ʉʘʚʫʣʘ ɸ. ɸ., ʂʦʨʦʪʠʥʩʴʢʡʠ ɸ. ʇ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

466 
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ʉʽʢʦʨʩʴʢʦʛʦ" (ʋʢʨʘʾʥʘ)  

ʈʆɿʈʆɹʂɸ ʉʀʉʊɽʄʀ ʆʇɽʈɸʊʀɺʅʆɻʆ ɯʅʌʆʈʄʋɺɸʅʅʗ ʉʊʋɼɽʅʊɯɺ ʊɸ 

ɸɼʄɯʅɯʉʊʈɸʎɯɰ ɿɸʉʆɹɸʄʀ ʄɽʉɽʅɼɾɽʈɸ TELEGRAM. ʉʦʨʦʢʽʥ ɺ. ʉ., ʄʘʥʘʢʦʚ 

ʉ.ʖ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʶʨʠʜʠʯʥʘ ʘʢʘʜʝʤʽʷè (ʋʢʨʘʾʥʘ)  

469 

ɸɼɸʇʊʀɺʅʀʁ ʇɯɼʍɯɼ ɼʆ ʊɽʉʊʋɺɸʅʅʗ ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ ʉɽʈɺɯʉɯɺ ɯɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ GIST-ʄɽʊʆɼʆʃʆɻɯɰ. ʉʪʦʨʦʞʫʢ ʖ.ɺ ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

471 

ɼɯAɻʅOʉʊʀʂA ʊA ʇʈOɻʅOɿʋɺAʅʅʗ ɿʅOʉʋ ʈɯɿAʃʔʅOɻO ɯʅʉʊʈʋʄɽʅʊʋ ɺ 

ʉʀʉʊɽʄAʍ ʏʇʋ ɿ ʉAʄOAɼAʇʊʀɺʅʀʄ ʂɽʈʋɺAʅʅʗʄ ʇOɼAʏɽʖ.  ʊaʪaʫʰ ɯ. ɯ. 

Oʜʝʩʴʢʠʡ ʥaʮo̔ʥaʣʴʥʠʡ ʪʝʭʥoʣoʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

473 

ɸɺʊʆʄɸʊʀɿɸʎɯʗ ʆɹʃɯʂʆɺʀʍ ʇʈʆʎɽʉɯɺ ʇɯɼʇʈʀɭʄʉʊɺɸ ɿɸʉʆɹɸʄʀ 

ɺɯɿʋɸʃʔʅʆɻʆ ʂʆʅʌɯɻʋʈʋɺɸʅʅʗ. ʌʝʜʝʥʢʦ ɼ.ʆ. ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʠʪʝʪ ʽʤʝʥʽ ɺʘʜʠʤʘ ɻʝʪʴʤʘʥʘ (ʋʢʨʘʾʥʘ)  

475 

ɺʇʃʀɺ ʂʆʅʎɽʅʊʈɸʎɯɰ ʉʇʀʈʊʋ ʊɸ ʂʀʉʃʆʊʅʆʉʊɯ ʅɸ ʊɽʄʇɽʈɸʊʋʈʅʋ ʄɽɾʋ 

ʉʊɸɹɯʃɯɿɸʎɯɰ ɺʀʅʆʄɸʊɽʈɯɸʃʋ. ʍʦʙʽʥ ɺ. ɸ., ʃʝʚʽʥʩʴʢʠʡ ɺ. ʄ.,ʄʝʣʴʥʠʢ ʆ.ʈ. 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

478 

ɯʄɯʊɸʎɯʁʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʉʊʆɺʆɻʆ ʆɹôɭʂʊɸ ʂɽʈʋɺɸʅʅʗ ɼʃʗ 

ɼʆʉʃɯɼɾɽʅʅʗ ʂɸʉʂɸɼʅʀʍ ʉʀʉʊɽʄ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʂɽʈʋɺɸʅʅʗ ɿ 

ʇʈʆɻʅʆɿʋɺɸʅʅʗʄ. ʍʦʙʽʥ ɸ.ɺ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

(ʋʢʨʘʾʥʘ)  

479 

ʂʆʅʊʈʆʃʔ ɼʀʉʇɽʈʉʅʆʉʊɯ ɺʆɼʅʆ-ʇɸʃʀɺʅʆɰ ɽʄʋʃʔʉɯɰ ʇɯʉʃʗ ʄɽʄɹʈɸʅʅʆɰ 

ʆɹʈʆɹʂʀ ɿ ɸɺʊʆʄɸʊʀʏʅʆʖ ʆʎɯʅʂʆʖ ʈʆɿʄɯʈʋ ʂʈɸʇʃɯ. ʍʦʜʻʻʚ ɸ.ɸ., 

ɿʘʙʦʣʦʪʥʠʡ ʆ.ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ 

ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

482 

ɸʅɸʃɯɿ ɽʌɽʂʊʀɺʅʆʉʊɯ ʉʀʉʊɽʄʀ ADAS  ADVANCED DRIVER-ASSISTANCE 

SYSTEMS  ʗʂ ɽʃɽʄɽʅʊ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʋʇʈɸɺʃɯʅʅʗ ɸɺʊʆʄʆɹɯʃɽʄ ʊɸ 

ʅɸʇʈʗʄʂʀ ʈʆɿɺʀʊʂʋ. ʍʦʣʦʜʥʠʡ ʖ.ʌ., ʇʦʣʽʱʫʢ ɼ.ɺ., ɸʣʪʫʭʦʚ ʇ.ʄ.  ʌʽʣʽʷ 

ʂʣʘʩʠʯʥʦʛʦ ʧʨʠʚʘʪʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ ʤʽʩʪʽ ʂʨʝʤʝʥʯʫʢ  (ʋʢʨʘʾʥʘ)  

484 

ʈʆɿʈʆɹʂɸ ʄɸʊɽʄɸʊʀʏʅʆɰ ʄʆɼɽʃɯ ʇʈʆʎɽʉʋ ɺʀʇɸʃʖɺɸʅʅʗ ɺɸʇʅʗʂʋ ɺ 

ʐɸʍʊʅɯʁ ʇɽʏɯ. ʏʫʤʘʢ ʃ. ɯ., ʊʢʘʯʦʚ ɺ. ʉ., ɼʦʥʩʴʢʠʡ ɼ. ʄ. ʅʅɯ çʇʨʠʜʥʽʧʨʦʚʩʴʢʘ 

ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠè ʋʢʨʘʾʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ)  

486 

ɸɺʊʆʄɸʊʀɿʆɺɸʅɸ ʉʀʉʊɽʄɸ ʂʆʅʊʈʆʃʖ ʗʂʆʉʊɯ ʇʆɺɯʊʈʗ ʅɸ ɹɸɿɯ ɹʇʃɸ. 

ʐʫʚʘʣʦʚ ɼ. ʆ., ʂʦʯʫʢ ʉ. ɹ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ 

ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

489 

ʈʆɿɼɯʃ 4. ʅʆɺɯ ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ʆʉɺɯʊɯ 492 

DESIGN PRINCIPLES AND FUNCTIONALITY OF A MOBILE COMPONENT FOR 

MONITORING DIPLOMA WORK PROGRESS. Huba B.A., Dvukhhlavov D.E. National 

Technical University "Kharkiv Polytechnic Institute" (Ukraine)  

492 

LARGE LANGUAGE MODELS IN FACILITATING ACADEMIC WRITING TO 

PSYCHOLOGY AND JOURNALISM MAJOR STUDENTS. Mykolaichuk A.I., Mykolaichuk 

V.R. Taras Shevchenko National University of Kyiv (Ukraine)  

494 

INTEGRATION OF AGENT-BASED ARTIFICIAL INTELLIGENCE AND GAME THEORY 

IN ADAPTIVE EDUCATIONAL SYSTEMS: DEVELOPMENT OF THE CONCEPT OF 

ETHICAL COOPERATION. Novikova H. V.
1
,
 
Denysenko I.V.

1
, Kharchenko O. O.

1
, Novikov 

A.M.
2
  
1
National University of "Kyiv-Mohyla Academy" (Ukraine), 

2
Institute for Safety 

Problems of Nuclear Power Plants of National Academy of Sciences of Ukraine (Ukraine)  

497 

STEAM EDUCATION THROUGH MODERN TECHNOLOGIES: INTEGRATION OF 

TINKERCAD.COM AND ARDUINO IDE IN VIRTUAL AND REAL TRAFFIC LIGHT 

MODELING. Zakariashvili M. Z. Iakob Gogebashvili Telavi State University (Georgia)  

499 

ɯʅʌʆʈʄɸʎɯʁʅʆ-ʎʀʌʈʆɺʀʁ ʇɯɼʍɯɼ ʋ ʌʆʈʄʋɺɸʅʅɯ ɯʅʐʆʄʆɺʅʆɰ 

ʂʆʄʇɽʊɽʅʊʅʆʉʊɯ ʄɽʊʆɼʆʃʆɻɯʏʅɯ ɿɸʉɸɼʀ ʊɸ ʆʉɺɯʊʅɯ ʇɽʈʉʇɽʂʊʀɺʀ. 

ɸʣʝʢʩʘʭʽʥʘ ʊ. ʆ. ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

502 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʇʃɸʊʌʆʈʄʀ GOOGLE MEET ɼʃʗ ʆʅʃɸʁʅ-ʅɸɺʏɸʅʅʗ. 504 
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ɹʝʟʥʦʩʢʦ ɯ.ʉ. ʋʤʘʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʇʘʚʣʘ ʊʠʯʠʥʠ 

(ʋʢʨʘʾʥʘ)  

ɺʀʂʆʈʀʉʊɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ʗʂ ɯʅʅʆɺɸʎɯʁʅʆɻʆ ɿɸʉʆɹʋ 

ʅɸɺʏɸʅʅʗ ɯʅʌʆʈʄɸʊʀʂʀ ɺ ɿɸʂʃɸɼɸʍ ʆʉɺɯʊʀ. ɹʝʨʝʟʶʢ ʄ.ɸ., ɾʫʢʦʚʩʴʢʠʡ ʉ.ʉ. 

ɾʠʪʦʤʠʨʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ (ʋʢʨʘʾʥʘ)  

505 

ɺʀʂʆʈʀʉʊɸʅʅʗ BIG DATA ʊɸ LEARNING ANALYTICS ʋ ʇʈʆɻʈɸʄʅɯʁ ɯʅɾɽʅɽʈɯɰ 

ʆʉɺɯʊʅɯʍ ʇʃɸʊʌʆʈʄ. ɹʣʦʭ ɼ. ʉ., ʂʦʙʟʻʚ ɺ. ɻ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʋʢʨʘʾʥʘ)  

506 

ʄɯɾʇʈɽɼʄɽʊʅɸ ɯʅʊɽɻʈɸʎɯʗ ɯʅʌʆʈʄɸʊʀʂʀ ʊɸ ʌɯɿʀʂʀ ʅɸ ʆʉʅʆɺɯ 

ʅɽʁʈʆʄɽʈɽɾɽɺʀʍ ʊɽʍʅʆʃʆɻɯʁ ɼʃʗ ɺɯɿʋɸʃɯɿɸʎɯɰ ʊɸ ɸʅɸʃɯɿʋ 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼɸʅʀʍ ʋ ʇʈʆʌɯʃʔʅɯʁ ʐʂʆʃɯ. ɹʦʙʠʣʴʦʚ ɹ.ɺ. ɻʣʫʭʽʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʢʩʘʥʜʨʘ ɼʦʚʞʝʥʢʘ (ʋʢʨʘʾʥʘ)  

509 

ʎʀʌʈʆɺɸ ʃɯʅɻɺʆɼʀɼɸʂʊʀʂɸ: ʄʆɹɯʃʔʅʀʁ ɿɸʉʊʆʉʋʅʆʂ çʁʆʁè ʗʂ 

ɯʅʉʊʈʋʄɽʅʊ ʈʆɿɺʀʊʂʋ ʄʆɺʅʆɰ ʂʆʄʇɽʊɽʅʊʅʆʉʊɯ. ɹʦʨʪʫʥ ʂ.ʆ. ʅʘʮʽʦʥʘʣʴʥʘ 

ʘʢʘʜʝʤʽʷ ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ (ʋʢʨʘʾʥʘ)  

511 

ɼʆʉʃɯɼɾɽʅʅʗ ʄɽʊʆɼɯɺ ɸʅɸʃɯɿʋ ʈʋʍʋ ʂʆʅʊʀʅɻɽʅʊʋ ɿɼʆɹʋɺɸʏɯɺ ʆʉɺɯʊʀ. 

ɺʦʜʦʧôʷʥ ɺ. ɸ., ʉʝʣʽʚʘʥʦʚʘ ɸ.ɺ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

(ʋʢʨʘʾʥʘ)  

513 

ʆʉʆɹʃʀɺʆʉʊɯ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʋ ʉʋʏɸʉʅɯʁ ɺʀʑɯʁ ʆʉɺɯʊɯ. 

ɺʦʽʥʦʚʘ ʉ. ʆ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,(ʋʢʨʘʾʥʘ)  
515 

ʅʆɺɯ ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ʆʉɺɯʊʅʔʆʄʋ ʇʈʆʎɽʉɯ ʋ ɺʀʑʀʍ 

ʅɸɺʏɸʃʔʅʀʍ ɿɸʂʃɸɼɸʍ. ɺʦʡʪʽʢ ʊ.ɻ., ʂʦʧʻʡʢʽʥʘ ʊ.ɻ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʤʦʨʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ɺʽʡʩʴʢʦʚʘ ʘʢʘʜʝʤʽʷ (ʤʽʩʪʦ ʆʜʝʩʘ, ʋʢʨʘʾʥʘ)  

517 

ʈʆɿʈʆɹʂɸ ʄʆɹɯʃʔʅʆɻʆ ɿɸʉʊʆʉʋʅʂʋ ɼʃʗ ɺʀɺʏɽʅʅʗ ɸʅɻʃɯʁʉʔʂʆɰ ʄʆɺʀ 

ʇʈʆɻʈɸʄɯʉʊɸʄʀ. ɻʘʨʙʘʨʯʫʢ ɯ. ʉ., ɹʘʙʠʯ ʉ. ʄ. ʈʽʚʥʝʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʛʫʤʘʥʽʪʘʨʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

520 

ʆʉʆɹʃʀɺʆʉʊɯ ʈʆɿʈʆɹʂʀ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ ʉʋʇʈʆɺʆɼʋ 

ʆʉɺɯʊʅʔʆɻʆ ʇʈʆʎɽʉʋ ɿɸʂʃɸɼʋ ɿɸɻɸʃʔʅʆɰ ʉɽʈɽɼʅʔʆɰ ʆʉɺɯʊʀ. ɻʣʠʥʯʫʢ ʃ.ʗ., 

ʉʘʤʦʭ ʇ.ɯ. ɺʦʣʠʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʃʝʩʽ ʋʢʨʘʾʥʢʠ (ʋʢʨʘʾʥʘ)  

521 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʈʆɹʆʊʆʊɽʍʅɯʂʀ ʅɸ ʋʈʆʂɸʍ ɯʅʌʆʈʄɸʊʀʂʀ ʇɯɼ ʏɸʉ 

ɺʀɺʏɽʅʅʗ ʇʈʆɻʈɸʄʋɺɸʅʅʗ. ɻʦʨʙʘʯʦʚʘ ʅ. ɺ.
1
, ʇôʷʪʠʢʦʧ ʆ.ɭ.

 2
 

1
 ʉʧʝʮʽʘʣʽʟʦʚʘʥʘ 

ʰʢʦʣʘ ˉ264 ʟ ʧʦʛʣʠʙʣʝʥʠʤ ʚʠʚʯʝʥʥʷʤ ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠ ʤ. ʂʠʻʚʘ, 
2
 ɼɺʅɿ çʇʨʠʘʟʦʚʩʴʢʠʡ 

ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè (ʋʢʨʘʾʥʘ)  

523 

ʊɽʍʅʆʃʆɻɯɰ ʉʀʄʋʃʗʎɯɰ ʇʈʀ ɺʀʂʃɸɼɸʅʅɯ ʌɯʅɸʅʉʆɺʀʍ ɼʀʉʎʀʇʃɯʅ. ɻʦʨʦʭʦʚʘ 

ɺ.ʄ. ʉʫʤʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʝʢʦʥʦʤʽʢʠ ʽ ʪʦʨʛʽʚʣʽ (ʋʢʨʘʾʥʘ)  
526 

ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ɯʅʊɽʈʅɽʊʋ ʈɽʏɽʁ ɺ ʆʉɺɯʊɯ. ɻʫʣʘ ɯ.ɺ., 

ʇʦʣʽʢʘʨʦʚʩʴʢʠʭ ʆ.ɯ., ʊʢʘʯʫʢ ɸ.ɺ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ), 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʦʨʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

527 

ɽʊʀʂɸ ʊɸ ʇʈɸʂʊʀʂɸ ɺʀʂʆʈʀʉʊɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ʋ ʇɯɼɻʆʊʆɺʎɯ 

ʊɸ ʇʈʆʌɽʉɯʁʅɯʁ ɼɯʗʃʔʅʆʉʊɯ ʌɸʍɯɺʎɯɺ ɿ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ɼɯʗʃʔʅʆʉʊɯ. 

ɼʝʨʢʘʯ ʊ.ʄ., ɼʝʨʢʘʯ ʉ.ʄ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ 

ʂʦʥʜʨʘʪʶʢʘè (ʋʢʨʘʾʥʘ)  

529 

DESIGN, COMPLIANCE, AND PILOT METRICS IN A WEB SYSTEM FOR SCHOOL 

DIARY, ASSESSMENT, AND LEARNING ANALYTICS. Didur V., Khoshaba O. Vinnitsia 

National Technical University (Ukraine)  

531 

ɯʅʊɽʃɽʂʊʋɸʃʔʅɯ ʅɸɺʏɸʃʔʅɯ ʇʈʆɻʈɸʄʀ ʊɸ ɯʅʊɽɻʈʆɺɸʅɯ ɸʉʀʉʊɽʅʊʀ 

ɼʆɺɽɼɽʅʔ ʋ ʅɸɺʏɸʅʅɯ ʂɺɸʅʊʆɺʀʍ ʆɹʏʀʉʃɽʅʔ ɯ ʇʈʆɻʈɸʄʋɺɸʅʅʗ. 

ɭʚʜʦʢʠʤʦʚ ʆ. ʆ., ʄʘʥʜʨʽʢʦʚʘ ʃ. ɺ.  ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

"ʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪ" (ʋʢʨʘʾʥʘ)  

534 

ɯʅʊɽʃɽʂʊʋɸʃʔʅɸ ʅɸɺʏɸʃʔʅɸ ʉʀʉʊɽʄɸ ɿ ɸɺʊʆʄɸʊʀʏʅʀʄ ʇɯɼɹʆʈʆʄ 

ʊɽʉʊɯɺ ɼʃʗ ʐʂʆʃʗʈɯɺ. ɿʘʽʢʘ ʆ.ʆ., ɾʫʣʴʢʦʚʩʴʢʘ ɯ.ɯ., ɾʫʣʴʢʦʚʩʴʢʠʡ ʆ.ʆ.  

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  (ʋʢʨʘʾʥʘ)  

536 

ʄɽʊʆɼ ʄɸʂʉʀʄɯʅɸ ɺ ʉʀʉʊɽʄɯ ʇɯɼʊʈʀʄʂʀ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ. ɯʛʥʘʪʴʻʚʘ 

ʂ.ʄ., ʈʦʟʫʤ ʄ.ɺ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʦʨʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
539 
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LEARNING ANALYTICS ʗʂ ɯʅʉʊʈʋʄɽʅʊ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʋʉʇɯʐʅʆʉʊɯ ʊɸ 

ʈɸʅʅʔʆɻʆ ɺʀʗɺʃɽʅʅʗ ʆʉɺɯʊʅɯʍ ʇʈʆɹʃɽʄ ɿɼʆɹʋɺɸʏɯɺ. ʂʦʙʫʩ ʆ.ʉ., ɹʦʥʜʘʨʝʥʢʦ 

ʉ.ʖ. ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʉʣʫʞʙʠ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

541 

ʉʀʄʋʃʗʎɯʁʅɯ ʊɸ ɯɻʈʆɺɯ ʇɯɼʍʆɼʀ  ɼʆ ʅɸɺʏɸʅʅʗ ʂʆʈʀʉʊʋɺɸʏɯɺ  ʉʀʉʊɽʄɸʄ 

ɽʃɽʂʊʈʆʅʅʆɻʆ ɼʆʂʋʄɽʅʊʆʆɹɯɻʋ. ʂʆʄʀʅɸʈ ʊ. ʅ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ) 

543 

ɺʇʈʆɺɸɼɾɽʅʅʗ ɽʃɽʄɽʅʊɯɺ ɻɽʁʄɯʌɯʂɸʎɯɰ ʋ ɺʀʂʃɸɼɸʅʅɯ ɼʀʉʎʀʇʃɯʅʀ 

çɿɸʍʀʉʊ ʋʂʈɸɰʅʀè. ʂʦʨʦʪʫʥ ʂ.ʆ., ʄʠʨʦʰʥʠʯʝʥʢʦ ɺ.ʆ. ɹʝʨʜʷʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

545 

ʆʉʆɹʃʀɺʆʉʊɯ ʉʀʅʍʈʆʅʅʆɻʆ ʁ ɸʉʀʅʍʈʆʅʅʆɻʆ ʅɸɺʏɸʅʅʗ ɺ ʋʄʆɺɸʍ 

ɼʀʉʊɸʅʎɯʁʅʆɰ ʆʉɺɯʊʀ. ʂʨʠʚʦʥʦʩ ʆ.ʄ., ʂʨʠʚʦʥʦʩ ʄ.ʇ. ɾʠʪʦʤʠʨʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ (ʋʢʨʘʾʥʘ)  

547 

ʆʉɺɯʊʅɯʁ ɸʉʇɽʂʊ ʇʆɭɼʅɸʅʅʗ ɯʄʇɽʈɸʊʀɺʅʆɰ ʊɸ ʌʋʅʂʎɯʆʅɸʃʔʅʆɰ 

ʇɸʈɸɼʀɻʄ. ʂʨʠʞʘʥʦʚʩʴʢʠʡ ɻ.ʆ., ʂʦʚʘʣʶʢ ʊ.ɺ. ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ  (ʋʢʨʘʾʥʘ)  

550 

ɸʅɸʃɯɿ ʄʆɾʃʀɺʆʉʊɽʁ ʉʋʏɸʉʅʀʍ TELEGRAM-ɹʆʊɯɺ ɼʃʗ ɼʆʇʆʄʆɻʀ ɺ 

ʅɸɺʏɸʃʔʅʆʄʋ ʇʈʆʎɽʉɯ ɿɸʂʃɸɼɯɺ ɺʀʑʆɰ ʆʉɺɯʊʀ. ʃʘʟʘʨ ʄ., ɻʘʡʰʘ ʆ.ʆ.  

ʄʽʞʥʘʨʦʜʥʠʡ ʢʣʘʩʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʇʠʣʠʧʘ ʆʨʣʠʢʘ (ʋʢʨʘʾʥʘ)  

552 

ɼʆʊʈʀʄɸʅʅʗ ʂʆʅʌɯɼɽʅʎɯʁʅʆʉʊɯ ʄɽɼʀʏʅʆɰ ɯʅʌʆʈʄɸʎɯɰ ɺ ʆʉɺɯʊʅʔʆʄʋ 

ʇʈʆʎɽʉɯ ɿɼʆɹʋɺɸʏɯɺ ɯɯɯ ʂʋʈʉʋ ɿ ɼʀʉʎʀʇʎɯʅʀ çʈɸɼɯʆʃʆɻɯʗè. ʃʝʥʯʫʢ ʊ.ʃ., 

ʄʘʮʴʢʝʚʠʯ ɺ.ʄ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

554 

ɯʅʌʆʈʄɸʎɯʁʅʆ-ʂʆʄʋʅɯʂɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ʇʈʆʎɽʉɯ ʈʆɿɺʀʊʂʋ 

ʂʈɽɸʊʀɺʅʆɰ ʂʆʄʇɽʊɽʅʊʅʆʉʊɯ ɿɼʆɹʋɺɸʏɯɺ ʆʉɺɯʊʀ ɿɸʂʃɸɼɯɺ ɺʀʑʆɰ ɯ 

ʌɸʍʆɺʆɰ ʇɽʈɽɼɺʀʑʆɰ ʆʉɺɯʊʀ. ʃʠʩʪʦʧʘʜ ʅ. ʃ. ʂʦʤʫʥʘʣʴʥʠʡ ʟʘʢʣʘʜ çʆʜʝʩʴʢʠʡ 

ʧʝʜʘʛʦʛʽʯʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞè (ʋʢʨʘʾʥʘ), ɻʫʜʘʥʠʯ ʅ. ʄ. ɼʝʨʞʘʚʥʠʡ ʟʘʢʣʘʜ 

çʇʽʚʜʝʥʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʂ. ɼ. ʋʰʠʥʩʴʢʦʛʦè 

(ʋʢʨʘʾʥʘ)  

555 

DESIGN AND EVALUATION OF A SOFTWARE TOOL FOR FOREIGN LANGUAGE 

LEARNING. Lukov D., Khoshaba O. Vinnitsia National Technical University (Ukraine)  
558 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɺɯʈʊʋɸʃʔʅʀʍ ʉʀʄʋʃʗʊʆʈɯɺ ʊɸ ʐɯ-ɯʅʉʊʈʋʄɽʅʊɯɺ ɼʃʗ 

ʌʆʈʄʋɺɸʅʅʗ ʊɽʍʅɯʏʅʀʍ ʋʄɯʅʔ ɿ ʂʆʄʇ'ʖʊɽʈʅʆɰ ɽʃɽʂʊʈʆʅɯʂʀ ɺ 

ɹɸʂɸʃɸɺʈɯɺ ʂʆʄʇ'ʖʊɽʈʅʀʍ ʅɸʋʂ. ʄʘʣʝʞʠʢ ʄ.ʇ., ɿʣʘʛʦʜʫʭ ɼ.ʆ.  ʋʢʨʘʾʥʩʴʢʠʡ 

ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʄʠʭʘʡʣʘ ɼʨʘʛʦʤʘʥʦʚʘ (ʋʢʨʘʾʥʘ)  

560 

ɯʅɼʀɺɯɼʋɸʃɯɿɸʎɯʗ ʊɸ ɸɼɸʇʊʀɺʅɽ ʅɸɺʏɸʅʅʗ ɿɸ ɼʆʇʆʄʆɻʆʖ ʐʊʋʏʅʆɻʆ 

ɯʅʊɽʃɽʂʊʋ. ʆʛʽʙʦʚʩʴʢʠʡ ʉ. ɺ. ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʄʠʭʘʡʣʘ 

ɼʨʘʛʦʤʘʥʦʚʘ (ʋʢʨʘʾʥʘ)  

562 

ʄɽʊʆɼʀʏʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ɺʀɺʏɽʅʅʗ ʌɯɿʀʂʀ ɸʊʄʆʉʌɽʈʀ ɿ ɸʂʎɽʅʊʆʄ ʅɸ 

ʌɸʂʊʆʈʀ ʈʀɿʀʂʋ ʇʆʃʔʆʊɯɺ ʊɸ ʈʆɿʈʆɹʂʋ ɸʃɻʆʈʀʊʄɯɺ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ 

ʇɯʃʆʊɸʄʀ. ʇʦʣʪʦʨʘʮʴʢʘ ʆ.ʆ.  ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʥʫʪʨʽʰʥʽʭ 

ʩʧʨʘʚ, ʂʨʝʤʝʥʯʫʮʴʢʠʡ ʣʴʦʪʥʠʡ ʢʦʣʝʜʞ (ʋʢʨʘʾʥʘ)  

564 

ʉʋʏɸʉʅɸ ʆʉɺɯʊɸ ʋ ʉɺɯʊɯ ʅʆɺɯʊʅʀʍ ʊɽʍʅʆʃʆɻɯʁ. ʈʠʩʦʚʘʥʘ ɿ.ɻ.
1
, ʈʠʩʦʚʘʥʠʡ 

ʆ.ʄ.
2
 
1
 ʂʦʤʫʥʘʣʴʥʠʡ ʟʘʢʣʘʜ "ʍʘʨʢʽʚʩʴʢʠʡ ʣʽʮʝʡ ˉ 164 ʍʘʨʢʽʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ", 

2
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

566 

ɸʅɸʃɯɿ ɯʊ-ɻɸʃʋɿɯ ʋ ɺɯʅʅʀʎʔʂɯʁ ʆɹʃɸʉʊɯ ʊɸ ɿɸʊʈɽɹʋɺɸʅɯʉʊʔ ɺʀʇʋʉʂʅʀʂɯɺ 

ɸʉʇɯʈɸʅʊʋʈʀ. ʈʦʤʘʥʶʢ ʆ.ʅ., ʄʘʡʜʘʥʶʢ ɺ.ʇ., ʈʝʰʝʪʥʽʢ ʆ.ʆ. ɺʽʥʥʠʮʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

567 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ʇʈʀ ɺʀɺʏɽʅʅɯ ʂʋʈʉʋ 

çʄɸʊɽʄɸʊʀʂɸè ʋ ʂʆʃɽɼɾɸʍ. ʈʫʜʝʥʢʦ ʆ.ɺ. ʉʫʤʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʝʢʦʥʦʤʽʢʠ ʽ 

ʪʦʨʛʽʚʣʽ (ʋʢʨʘʾʥʘ)  

569 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʍʄɸʈʅʀʍ ʉɽʈɺɯʉɯɺ ʋ ʅɸɺʏɸʅʅɯ ʌɯɿʀʂʀ ʊɸ ɯʅʌʆʈʄɸʊʀʂʀ 

ʋ ʇʈʆʌɯʃʔʅɯʁ ʐʂʆʃɯ. ʈʫʩʘʥʦʚ ʖ.ʆ. ɻʣʫʭʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʢʩʘʥʜʨʘ ɼʦʚʞʝʥʢʘ (ʋʢʨʘʾʥʘ)  

571 

ʄɽʊʆɼʀʏʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ʈʆɹʆʊʆʊɽʍʅɯʂʀ ʅɸ ʋʈʆʂɸʍ 

ʌɯɿʀʂʀ ʊɸ ɯʅʌʆʈʄɸʊʀʂʀ ɼʃʗ ʈʆɿɺʀʊʂʋ ɯʅɾɽʅɽʈʅʆɻʆ ʄʀʉʃɽʅʅʗ ʋʏʅɯɺ. 
574 
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ʉʘʚʯʝʥʢʦ ʈ.ʆ. ɻʣʫʭʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʢʩʘʥʜʨʘ 

ɼʦʚʞʝʥʢʘ (ʋʢʨʘʾʥʘ)  

ʉʀʉʊɽʄʅʀʁ ɸʅɸʃɯɿ ʊɸ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ʆʅʃɸʁʅ-ʅɸɺʏɸʅʅʗ ʋ 

ʎʀʌʈʆɺʆʄʋ ʉɽʈɽɼʆɺʀʑɯ. ʉʘʢʘʣʶʢ ʆ.ʖ., ʂʦʨʥʽʻʥʢʦ ʖ.ʂ., ʇʦʧʢʦʚ ɼ.ʄ.  ʆʜʝʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

576 

ɸʅɸʃɯɿ ʉʋʏɸʉʅʀʍ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʋ ʅɸɺʏɸʅʅɯ. ʉʘʤʽʣʦ ɸ. 

ʍʘʨʢʽʚʩʴʢʘ ɿʆ ʦʥʣʘʡʥ-ʰʢʦʣʘ ɯ-ɯɯɯ ʩʪʫʧʝʥʽʚ çɸʣʴʪʝʨʥʘʪʠʚʘè (ʋʢʨʘʾʥʘ)  
579 

USE OF ARTIFICIAL INTELLIGENCE FOR THE AUTOMATION OF THE 

EDUCATIONAL PROCESS. ʉʽʢʝʪʽʥ ɼ. ʉ., ʄʠʭʘʡʣʦʚʩʴʢʘ ʆ. ɺ.,  ʃʝʥʩʴʢʘ ʆ.ʆ. ʍʘʨʢʽʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ̔ʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ (ʋʢʨʘʾʥʘ)  

581 

ɯʅʌʆʈʄɸʎɯʁʅɸ ʇʃɸʊʌʆʈʄɸ ʇʈʆʌʆʈɯɭʅʊɸʎɯɰ ɿ ɸʅɸʃɯɿʆʄ ʈʀʅʂʋ ʇʈɸʎɯ ʊɸ 

ʇʈʆɻʅʆɿʋɺɸʅʅʗʄ ɿɸʊʈɽɹʋɺɸʅʆʉʊɯ ʇʈʆʌɽʉɯʁ. ʉʽʨʝʥʢʦ ɺ.ɺ., ɻʨʫʰʢʦ ʉ.ʉ., 

ʊʽʤʝʥʢʦ ɸ.ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

582 

ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ʆʈɻɸʅɯɿɸʎɯɰ ɼʀʉʊɸʅʎɯʁʅʆɻʆ ʅɸɺʏɸʅʅʗ ɿ 

ʄɸʊɽʄɸʊʀʏʅʀʍ ɼʀʉʎʀʇʃɯʅ: ɸɼɸʇʊɸʎɯʗ ɼʃʗ ʉʊʋɼɽʅʊɯɺ ɿ ʆʉʆɹʃʀɺʀʄʀ 

ʆʉɺɯʊʅɯʄʀ ʇʆʊʈɽɹɸʄʀ. ʉʦʤʝʥʢʦ ʆ.ʆ. ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʨʦʟʚʠʪʢʫ 

ʣʶʜʠʥʠ ɺʽʜʢʨʠʪʦʛʦ ʤʽʞʥʘʨʦʜʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʨʦʟʚʠʪʢʫ ʣʶʜʠʥʠ çʋʢʨʘʾʥʘè (ʋʢʨʘʾʥʘ), 

ʉʦʤʝʥʢʦ ɼ.ɺ. ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ 

ɺʠʥʥʠʯʝʥʢʘ (ʋʢʨʘʾʥʘ)  

585 

ʇʉʀʍʆʃʆɻɯʏʅɯ ʄɽʍɸʅɯɿʄʀ ʊʈɽʅʋɺɸʅʅʗ ʂʆʅʎɽʅʊʈɸʎɯɰ ʊɸ ɼɽʂʆʅʎɽʅʊʈɸʎɯɰ 

ʋɺɸɻʀ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʉʀʉʊɽʄ ɹɯʆʃʆɻɯʏʅʆɻʆ ɿɺʆʈʆʊʅʆɻʆ ɿɺ'ʗɿʂʋ. 

ʉʧʘʩʴʢʠʡ ɯ.ɼ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

587 

ʇʈʆɻʈɸʄʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ɼʃʗ ʄʆʅɯʊʆʈʀʅɻʋ ʇʈʆɻʈɽʉʋ ʋ ʅɸɺʏɸʅʅɯ. 

ʉʪʘʨʽʢʦʚ ɯ. ʈ., ɿʽʥʦʚʘʪʥʘ ʉ.ʃ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  
589 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɯʅʉʊʈʋʄɽʅʊɯɺ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ʋ ʌʆʈʄʋɺɸʅʅɯ 

ʂʃʖʏʆɺʀʍ ʂʆʄʇɽʊɽʅʊʅʆʉʊɽʁ ʋʏʅɯɺ ʋ ʇʈʆʎɽʉɯ ɺʀɺʏɽʅʅʗ ʌɯɿʀʂʀ ʊɸ 

ɯʅʌʆʈʄɸʊʀʂʀ. ʊʠʤʯʝʥʢʦ ɻ.ʆ. ɻʣʫʭʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ʆʣʝʢʩʘʥʜʨʘ ɼʦʚʞʝʥʢʘ (ʋʢʨʘʾʥʘ)  

592 

ʉʊʋɼɽʅʊʆʎɽʅʊʈʆɺʀʁ ʇɯɼʍɯɼ ʋ ɺʀʂʃɸɼɸʅʅɯ ʊɽʆʈɽʊʀʏʅʆɰ ʄɽʍɸʅɯʂʀ ʊɸ 

ʆʇʆʈʋ ʄɸʊɽʈɯɸʃɯɺ ʋ ɺʀʑʆʄʋ ʅɸɺʏɸʃʔʅʆʄʋ ɿɸʂʃɸɼɯ. ʊʦʚʪ ɹ. ʄ. 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʘʨʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

594 

ɸɺʊʆʄɸʊʀɿɸʎɯʗ ʋʇʈɸɺʃɯʅʅʗ ʋ ɺʀʑɯʁ ʆʉɺɯʊɯ: ɺʀʂʃʀʂʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ. 

ʊʨʘʯ ʆ.ʈ.  ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  (ʋʢʨʘʾʥʘ)  
596 

ʂʈʆʉʇʃɸʊʌʆʈʄʅɯ ʌʈɽʁʄɺʆʈʂʀ ɼʃʗ ʄʆɹɯʃʔʅʆɰ ʈʆɿʈʆɹʂʀ: ʆɻʃʗɼ 

ʄʆɾʃʀɺʆʉʊɽʁ ʊɸ ʆɹʄɽɾɽʅʔ. ʌʫʨʢʘʣʦ ɼ.ʖ., ʇʝʪʨʽʚʩʴʢʠʡ ɺ. ʗ. ʂʠʾʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ (ʋʢʨʘʾʥʘ)  

597 

ɺʇʃʀɺ ɻɽʅɽʈɸʊʀɺʅʆɻʆ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ʊɸ LLM ʅɸ ɿʄɯʉʊ ʂʋʈʉʋ 

ɯʅʌʆʈʄɸʊʀʂʀ ʋ ʐʂʆʃɯ. ʍʫʜʘʥ ʊ.ɻ., ʍʫʜʘʥ ʄ.ʖ. ɻʣʫʭʽʚʩʴʢʘ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʷ ʰʢʦʣʘ ɯ-

ɯɯɯ ʩʪʫʧʝʥʽʚ ˉ6 ɻʣʫʭʽʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ ʉʫʤʩʴʢʦʾ ʦʙʣʘʩʪʽ (ʋʢʨʘʾʥʘ)  

600 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʆʉɺɯʊʅɯʍ ʆʅʃɸʁʅ-ʇʃɸʊʌʆʈʄ ɯɿ ɽʃɽʄɽʅʊɸʄʀ ʐʊʋʏʅʆɻʆ 

ɯʅʊɽʃɽʂʊʋ ɼʃʗ ɼʆʇʆʄʆɻʀ ʐʂʆʃʗʈɸʄ ʋ ɺʀɹʆʈɯ ʄɸʁɹʋʊʅʔʆɰ ʇʈʆʌɽʉɯɰ. 

ʏʫʙʠʢʽʥʘ ɺ.ʆ., ʇʝʪʨʽʚʩʴʢʠʡ ɺ.ʗ. ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ 

ʐʝʚʯʝʥʢʘ (ʋʢʨʘʾʥʘ)  

602 

ɺɽɹɼʆʉʊʋʇʅɯʉʊʔ ʗʂ ʂʆʄʇʆʅɽʅʊ ʎʀʌʈʆɺʆɰ ʊʈɸʅʉʌʆʈʄɸʎɯɰ ʆʉɺɯʊʀ. 

ʖʨʽʡʯʫʢ ɸ.ʆ.  ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ  (ʋʢʨʘʾʥʘ)  
605 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ɹʃʆʂʏɽʁʅ ɼʃʗ ɿɸʍʀʉʊʋ ʎʀʌʈʆɺʀʍ 

ʇɽʈʉʆʅɸʃʔʅʀʍ ɼɸʅʀʍ ʆʉɺɯʊʗʅ. ʗʣʘʥʝʮʴʢʠʡ ɺ. A. ʂʇɯ ̔ ʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

(ʋʢʨʘʾʥʘ)  

607 

ʈʆɿɼɯʃ 5. ʇʈʆɽʂʊʋɺɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ ʊɸ ʇʈʆɻʈɸʄʅʀʍ 

ʂʆʄʇʃɽʂʉɯɺ 
609 

BENCHMARKING VISION TRANSFORMERS FOR WEBSITE AESTHETIC 

PREDICTION. Glib Briia, Lina Volobuieva. National Aerospace University "Kharkiv Aviation 

Institute" (Ukraine)  

609 

USING OF INFORMATION TECHNOLOGIES IN THE CONTROL OF ENTERPRISES. 611 
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Dyadun S.V. V.N.Karazin Kharkiv National University (Ukraine)  

INFORMATION COMPUTER TECHNOLOGIES IN THE CONTROL OF TOURISM 

ORGANIZATIONS AND HOTELS. Dyadun S.V., Oleshko O.I. V.N.Karazin Kharkiv National 

University (Ukraine)  

612 

THE IMPACT OF QUALITY ATTRIBUTE SELECTION ON COMPARING CQRS WITH 

EVENT SOURCING ARCHITECTURAL VARIATIONS. Hruzin D.L., Lytvynov O.A. Oles 

Honchar Dnipro National University (Ukraine)  

614 

INFORMATION SYSTEM FOR ASSESSING WEAR OF INTERNAL COMBUSTION 

ENGINE CYLINDERS. Keyda A.A., Cherevko S.L., Lymar O.O., Marchenko D.D. Mykolayiv 

National Agrarian University (Ukraine)  

616 

CONCEPTUAL DESIGN OF A BUS TICKET SALES SERVICE MODULE. Anastasiia 

Kylynnyk. Simon Kuznets Kharkiv National University of Economics (Ukraine)  
618 

DATA ENCRYPTION METHODS IN RELATIONAL DATABASES. Lavreniuk A.O., 

Romaniuk O.V., Maidaniuk V.P. Vinnytsia National Technical University (Ukraine)  
621 

MONOREPOSITORY-DRIVEN DESIGN OF INFORMATION SYSTEMS AND SOFTWARE 

COMPLEXES. Maidaniuk V., Khoshaba O. Vinnitsia National Technical University (Ukraine)  
625 

INCIDENT DATABASE FORMATION FOR SIMULATING PRODUCTION 

ENVIRONMENT RESPONSES WITHIN THE DIGITAL TWIN. Tetyana Neroda. Educational 

and Scientific Institute of Printing Art and Media Technologies in Lviv Polytechnic National 

University (Ukraine)  

627 

HEADLESS ARCHITECTURE - INNOVATIVE DIRECTION IN CREATING WEB 

RESOURCES AND CONTENT SYSTEMS. Romanyuk 
1 

O.N., Maidanyuk 
1 

V.P., Kotlyk 
2 

S.V., Kovalova 
3 

Y. O. Kutsyn S. O. 
1 

Vinnytsia National Technical University (Ukraine), 
2 

Odessa National Technological University (Ukraine), 
3
Smart Alpaca LLC (USA)  

630 

NEW MONITOR MANUFACTURING TECHNOLOGIES. Romanyuk 
1 
ON, Maidanyuk 

1 
VP, 

Romanyuk 
1 

O. V. , Kostenko
1
 A.V.,  Kotlyk 

2 
S.V. 

1
Vinnytsia National Technical University, 

Ukraine, 
2
Odessa National Technological University (Ukraine)  

632 

STUDYING THE PROCESS OF CODE INJECTION INTO THE HEADERS OF THE 

WINDOWS 11 EXECUTIVE FILE RE-FORMAT. Rysovanyi O. National Technical University 

"Kharkiv Polytechnic Institute" (Ukraine)  

634 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʉʊʈɸʊɽɻɯʁ ʄʆɼɽʃʖɺɸʅʅʗ ɿɺ'ʗɿʂʋ çʆɼʀʅ ɼʆ 

ɹɸɻɸʊʔʆʍè ʋ ʈɽʃʗʎɯʁʅʀʍ ʊɸ ɼʆʂʋʄɽʅʊʆ-ʆʈɯɭʅʊʆɺɸʅʀʍ ɹɸɿɸʍ ɼɸʅʀʍ. 

ɹʘʙʝʥʢʦ ʉ. ʇ., ʈʦʤʘʥʶʢ ʆ. ɺ.  ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

636 

ʄɽʊʆɼʀ ɺʀʗɺʃɽʅʅʗ ɸʅʆʄɸʃɯʁ ɯ ɺʊʆʈɻʅɽʅʔ ʋ ʉʀʉʊɽʄɸʍ ʆɹʈʆɹʂʀ 

ʇɽʈʉʆʅɸʃʔʅʀʍ ɼɸʅʀʍ. ɹʘʢʘʻʚ ʆ.ʆ. ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

638 

ʇʈʆɭʂʊʋɺɸʅʅʗ ʄʆɼʋʃʖ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ ɼʃʗ ɸʅɸʃɯʊʀʂʀ 

ʈɽʂʃɸʄʅʆɰ ɸʂʊʀɺʅʆʉʊɯ ʇɯɼʇʈʀɭʄʉʊɺɸ. ɹʘʥʜʦʨʽʥʘ ʃ.ʄ., ʂʣʠʤʢʦʚʠʯ ʊ.ʆ., 

ɹʝʟʧʘʣʠʡ ʃ.ɭ. ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ)  

641 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼɯɺ ɯ ʇʈʆɻʈɸʄʅʀʍ ɿɸʉʆɹɯɺ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ ʉʀʉʊɽʄʀ 

ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɰ ʇɯɼʊʈʀʄʂʀ ɯ ʌʆʈʄʋɺɸʅʅʗ ʂʆʈʀʉʊʋɺɸʎʔʂʀʍ ɿɺʀʏʆʂ. 

ɹʝʚʟ ʉ. ɺ.
1
, ʄʦʥʘʩʪʠʨʩʴʢʠʡ ʆ. ʄ.

2
. 
1
ɾʠʪʦʤʠʨʩʴʢʠʡ ʚʽʡʩʴʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ʉ.ʇ. 

ʂʦʨʦʣʴʦʚʘ, 
2
 ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

644 

ʇʈʆɻʈɸʄʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ ɼʆɺɯʈʀ ɼʆ ʄɽʊɽʆʇʈʆɻʅʆɿɯɺ 

ʐʃʗʍʆʄ ɸɻʈɽɻɸʎɯɰ ɼɸʅʀʍ ʊɸ ɯʅʊɽʈʇʈɽʊɸʎɯɰ ʐɯ. ɹʝʨʝʞʥʠʡ ʊ. ɺ., ɹʦʡʯʝʥʢʦ ɺ.ɯ , 

ʇʦʯʫʻʚ ɼ.ʉ., ɿʽʥʦʚʘʪʥʘ ʉ. ʃ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

646 

ɯʅʊɽʃɽʂʊʋɸʃʔʅɸ ʉʆʎɯɸʃʔʅɸ ʄɽʈɽɾɸ ɼʃʗ ʆɹʄɯʅʋ ʌʆʊʆɻʈɸʌɯʗʄʀ ɿ 

ɸɺʊʆʄɸʊʀʏʅʀʄ ʐɯ-ʊɽɻʋɺɸʅʅʗʄ. ɹʝʨʝʞʥʠʡ ʊ. ɺ., ʊʨʦʡʥʽʥʘ ɸ.ʉ., ʈʫʚʽʥʩʴʢʘ ɺ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

649 

A HEALTH-DRIVEN ADAPTIVE CONSENSUS PROTOCOL  FOR STABLE FINALITY 

TIME. Bystryk M. Vinnytsia National Technical University (Ukraine)  
651 

ʆɻʃʗɼ ʉʋʏɸʉʅʀʍ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ ʊɸ ʈɯʐɽʅʔ ɼʃʗ ɸɻʈʆɹɯɿʅɽʉʋ. 

ɹʠʯʝʥʢʦ ɭ.ɺ. ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ  ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
653 

ʈʆɿʈʆɹʂɸ ʊɸ ʇʈʆɻʈɸʄʅɸ ʈɽɸʃɯɿɸʎɯʗ ʉʀʉʊɽʄʀ ʈʆɿʐʀʈɽʅʆɰ 655 
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ɸɺʊɽʅʊʀʌɯʂɸʎɯɰ ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ ɹɽɿʇɽʂʀ BLUETOOTH-ɿ'ɭɼʅɸʅʔ. ɹʽʣʴʦʨʽʥ-

ɽʨʨʝʨʘ ʆ.ʄ., ɻʣʘʚʯʝʚ ʄ.ɯ., ɯʛʥʘʪʴʻʚ ʂ.ɯ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

ʇʈʆɽʂʊʋɺɸʅʅʗ ɽʊɸʃʆʅʅʆɰ ʄʆɼɽʃɯ ʂʆʄʇɸʅɯɰ-ʇʆʉʊɸʏɸʃʔʅʀʂɸ IT-ʈɯʐɽʅʔ. 

ɹʦʡʯʝʥʢʦ ɺ.ɯ., ʊʨʦʡʥʽʥʘ ɸ.ʉ., ʈʫʚʽʥʩʴʢʘ ɺ.ʄ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ 

ʇʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

658 

ʇʈʆɽʂʊʋɺɸʅʅʗ ʉʀʉʊɽʄʀ ʋʇʈɸɺʃɯʅʅʗ ʌɯʅɸʅʉɸʄʀ ɼʃʗ ʌɯɿʀʏʅʆɰ ʆʉʆɹʀ-

ʇɯɼʇʈʀɭʄʎè. ɹʦʨʦʜʢʽʥʘ ɯ.ʃ. ɹʦʨʦʜʢʽʥ ɻ.ʆ. ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ̔ ʤʝʥʽ 

ʄʠʭʘʡʣʘ ɼʨʘʛʦʤʘʥʦʚʘ (ʋʢʨʘʾʥʘ), ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

660 

ɺɯɼʇʆɺɯɼʅɯʉʊʔ ʉʊɸʅɼɸʈʊɸʄ ʇʈʀ ʇʈʆɭʂʊʋɺɸʅʅɯ ʉɽʈɺɽʈʅʆɰ ʏɸʉʊʀʅʀ 

ɺɽɹɿɸʉʊʆʉʋʅʂɯɺ. ɹʨʘʪʘʰ ʉ.ʇ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

(ʋʢʨʘʾʥʘ)  

664 

ʆʇʊʀʄɯɿɸʎɯʗ ɺɽɹʉʀʉʊɽʄʀ ɼʃʗ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ  ɹɯɿʅɽʉ-ʇʃɸʅʋɺɸʅʅʗ 

ɹʈɽʅɼʋ ʆɼʗɻʋ. ɹʨʝʞʥʻʚ ʆ.ʉ., ɾʫʣʴʢʦʚʩʴʢʘ ɯ.ɯ., ɾʫʣʴʢʦʚʩʴʢʠʡ ʆ.ʆ. ɼʥʽʧʨʦʚʩʴʢʠʡ 

ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

666 

ɯʅʊɽʃɽʂʊʋɸʃʔʅɸ ʊɽʍʅʆʃʆɻɯʗ ʇɯɼʊʈʀʄʂʀ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ʅɸ ʆʉʅʆɺɯ 

ʎʀʌʈʆɺʀʍ ɼɺɯʁʅʀʂɯɺ ɼʃʗ ɼʀʉʇɽʊʏɽʈɯɺ ɽʂʉʊʈɽʅʀʍ ʉʃʋɾɹ. ɹʫʙʝʥʱʠʢʦʚ 

ɼ.ɭ., ʐʘʧʦʚʘʣʦʚ ʉ.ʇ. ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

668 

ʊɽʃɽɻʈɸʄ-ɹʆʊ ʗʂ ɯʅʉʊʈʋʄɽʅʊ ʆʇɽʈɸʊʀɺʅʆɰ ɺɿɸɭʄʆɼɯɰ ɿɯ ʉʃʋɾɹʆʖ 

ʊɽʍʅɯʏʅʆɰ ʇɯɼʊʈʀʄʂʀ. ɹʫʨô̫ ʥ ʉ. ʉ., ʇʦʛʦʨʻʣʦʚʩʴʢʘ ɯ. ɼ. ɼʝʨʞʘʚʥʠʡ ʧʦʜʘʪʢʦʚʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

670 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼɯɺ ʊɸ ʇʈʆɻʈɸʄʅʀʍ ɿɸʉʆɹɯɺ ʄʆɹɯʃʔʅʆɰ ʉʀʉʊɽʄʀ SMART-

ʅʆʊɸʊʆʂ. ɹʫʨʙʝʣʦ ʉ. ʄ.
1
, ʂʦʚʘʣʝʥʢʦ ʆ. ʆ.

2
, ʉʘʻʮʴʢʠʡ ɼ. ʈ.

2 1
ɾʠʪʦʤʠʨʩʴʢʠʡ ʚʽʡʩʴʢʦʚʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤ. ʉ.ʇ. ʂʦʨʦʣʴʦʚʘ, 
2
 ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

672 

ʇʈʆɭʂʊʋɺɸʅʅʗ ʊɸ ʈʆɿʈʆɹʂɸ ʄɽʍɸʅɯɿʄʋ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ɺɯɼʄʆɺʆʉʊɯʁʂʆʉʊɯ ɺ ʄɯʂʈʆʉɽʈɺɯʉʅɯʁ ɸʈʍɯʊɽʂʊʋʈɯ ʅɸ ʆʉʅʆɺɯ ʇɸʊɽʈʅʋ 

CIRCUIT BREAKER. ɺʘʥʜʘ ɯ. ʉ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ʅ. 

ʂʘʨʘʟʽʥʘ (ʋʢʨʘʾʥʘ)  

675 

ɹɽɿʇɽʂɸ ʊɸ ʇʈʀɺɸʊʅɯʉʊʔ ʋ IOS-ɼʆɼɸʊʂɸʍ: ʗʂ ɿɸɹɽɿʇɽʏʀʊʀ 

ɺɯɼʇʆɺɯɼʅɯʉʊʔ ɺʀʄʆɻɸʄ APPLE. ɺʜʦʚʝʥʢʦ ɼ.ʆ., ʉʻʜʠʭ ʆ.ʃ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ)  

677 

ʈʆɿʈʆɹʂɸ IOS-ɿɸʉʊʆʉʋʅʂʋ "AI TRAVEL ASSISTANT" ʅɸ ɹɸɿɯ SWIFTUI ʊɸ 

ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ. ɺʜʦʚʝʥʢʦ ɼ.ʆ., ʉʻʜʠʭ ʆ.ʃ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ)  

679 

ʄɽʊʆɼʀ ʈɽʂʆʄɽʅɼɸʎɯʁʅʀʍ ʉʀʉʊɽʄ ɼʃʗ ɺʀɹʆʈʋ ʂʆʅɼʀʊɽʈʉʔʂʀʍ 

ʄɸɻɸɿʀʅɯɺ. ɺʠʥʦʛʨʘʜʦʚ ʄ.ʖ., ʊʽʪʦʚ ʉ.ɺ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʋʢʨʘʾʥʘ)  

681 

ɸʈʍɯʊɽʂʊʋʈɸ ʍʄɸʈʅʆɰ ʉʀʉʊɽʄʀ ɼʃʗ ʆɹʄɯʅʋ ɼɸʅʀʄʀ ɽʃɽʂʊʈʆʅʅʆɰ 

ʂʆʄɽʈʎɯɰ ɿ ɼɽʈɾɸɺʅʀʄʀ ʉʃʋɾɹɸʄʀ: ʆʉʆɹʃʀɺʆʉʊɯ ʆʇʊʀʄɯɿɸʎɯɰ 

ɺʀʈʆɹʅʀʏʀʍ ʇʈʆʎɽʉɯɺ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɸʃɻʆʈʀʊʄɯɺ ʄɸʐʀʅʅʆɻʆ 

ʅɸɺʏɸʅʅʗ ɺʦʨʦʙʡʦʚ ʈ.ʈ. ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ)   

682 

ɯʅʊɽʃɽʂʊʋɸʃʔʅɸ ʄʆɼɽʃʔ ʋʇʈɸɺʃɯʅʅʗ ʂʆʃɽʂʎɯʗʄʀ ɺ ʍʄɸʈʅʀʍ 

ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄɸʍ. ɺ'ʶʥʥʽʢ ʖ.ʆ. ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

684 

ʇɯɼʍɯɼ ʅɸ ʆʉʅʆɺɯ MOCK-ʆɹôɭʂʊɯɺ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ ɺɸʈɯɸɹɽʃʔʅʆʉʊɯ 

ʇʈʆʎɽʉɯɺ ʊɽʉʊʋɺɸʅʅʗ ʉɽʈɺɯʉ-ʆʈɯɭʅʊʆɺɸʅʀʍ ʇʈʆɻʈɸʄʅʀʍ ʉʀʉʊɽʄ. 

ɻʘʤʟʘʻʚ ʈ.ʆ., ʊʢʘʯʫʢ ʄ.ɺ.  ʍʘʨʢʽʚʩʴʢʽʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ 

(ʋʢʨʘʾʥʘ)  

687 

ʄʆɼɽʃʖɺɸʅʅʗ ʇʆɺɽɼɯʅʂʆɺʀʍ ʇɸʊɽʈʅɯɺ ʂʆʈʀʉʊʋɺɸʏɯɺ ʋ ɿɸɼɸʏɸʍ 

ʇɯɼɺʀʑɽʅʅʗ ʗʂʆʉʊɯ ɯʅʊɽʈʌɽʁʉɯɺ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ. ɻʘʤʦʨ ɯ.ʄ. 

ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

690 

ʇʈʆɻʈɸʄʅʀʁ ʂʆʄʇʃɽʂʉ ɼʃʗ ʂɽʈʋɺɸʅʅʗ 2-DOF ʄɽʍɸʅɯɿʄɸʄʀ ʇʈʆʊɽɿɯɺ. 693 
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ɻʶʣʴʤʘʤʝʜʦʚ ʅ. ʄ., ʍʘʚʠʯ ʆ. ʉ., ɹʫʨʣʘʯʝʥʢʦ ɯ. ʉ. ʏʦʨʥʦʤʦʨʩʴʢʠʡ ʥʘʮ. ʫʥ-ʪ ʽʤ. ʇʝʪʨʘ 

ʄʦʛʠʣʠ  (ʋʢʨʘʾʥʘ)  

ɸʃɻʆʈʀʊʄ ʊɽʄɸʊʀʏʅʆɻʆ ɸʅɸʃɯɿʋ ʉʂɸʈɻ ɼʃʗ ɯʅɼʀʂɸʎɯɰ ʊʀʇʆɺʀʍ 

ʂʆʈʋʇʎɯʁʅʀʍ ʈʀɿʀʂɯɺ ʋ ʉʀʉʊɽʄɯ PROZORRO. ɼʝʤô̫ ʥʯʫʢ ʆ. ʇ, ʂʨʘʤʘʨ ʖ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè (ʋʢʨʘʾʥʘ)  

696 

ʄɯʂʈʆʉɽʈɺɯʉʅɸ ɸʈʍɯʊɽʂʊʋʈɸ ʗʂ ʉʋʏɸʉʅɸ ʇɸʈɸɼʀɻʄɸ ʇʈʆɭʂʊʋɺɸʅʅʗ 

ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ. ɼʻʥʽʥ ɹ.ʉ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

698 

BIG DATA PROCESSING AND MODELING IN PYTHON FOR COMPLEX SYSTEMS 

PROBLEMS. Doroshenko D. "Gymnasium 12" Kamianske, Oles Honchar Dnipro National 

University (Ukraine)  

699 

ʈʆɿʈʆɹʂɸ ʊɸ ɺʇʈʆɺɸɼɾɽʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ ʋʇʈɸɺʃɯʅʅʗ 

ʃʖɼʉʔʂʀʄʀ ʈɽʉʋʈʉɸʄʀ ʄʋʃʔʊʀʇʈʆɭʂʊʅʆɻʆ ʉɽʈɽɼʆɺʀʑɸ. ɼʦʮʝʥʢʦ ʅ.ɺ.
1
, 

ʅʝʢʨʘʩʦʚ ɯ.ɹ.
2
, ʃʫʮʽʚ ʗ.ʉ.

1
 
1
ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʤʽʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʽʤʝʥʽ ʆ.ʄ. ɹʝʢʝʪʦʚʘ (ʋʢʨʘʾʥʘ), 
2
ʎʝʥʪʨʘʣʴʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʦʟʙʨʦʻʥʥʷ ʪʘ 

ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

701 

ʇɸʊɽʈʅʀ ʇʈʆɽʂʊʋɺɸʅʅʗ ʗʂ ɯʅʉʊʈʋʄɽʅʊ ʇɯɼɺʀʑɽʅʅʗ ʗʂʆʉʊɯ 

ɸʈʍɯʊɽʂʊʋʈʀ ʇʈʆɻʈɸʄʅʀʍ ʉʀʉʊɽʄ. ɾʦʚʥʽʨʯʠʢ ʃ. ɯ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ ʬʽʣʽʷ 

ʋʥʽʚʝʨʩʠʪʝʪʫ çʋʢʨʘʾʥʘè (ʋʢʨʘʾʥʘ)  

703 

ʆʎɯʅʂɸ ɽʌɽʂʊʀɺʅʆʉʊɯ ɯʅʉʊʈʋʄɽʅʊɯɺ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ʊɽʉʊʋɺɸʅʅʗ 

ɺʈɸɿʃʀɺʆʉʊɽʁ ʇʈʆɻʈɸʄʅʆɻʆ ʂʆɼʋ. ɿʘʧʦʪʦʯʥʠʡ ɯ.ɯ. ʂʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘ (ʋʢʨʘʾʥʘ)  

705 

ɯʅʌʆʈʄɸʎɯʁʅɸ ʉʀʉʊɽʄɸ ɼʃʗ ʆʈɻɸʅɯɿɸʎɯɰ ʊɸ ɿɹɽʈɯɻɸʅʅʗ  ɸʈʍɯɺɯɺ 

ʌʆʊʆɻʈɸʌɯʁ. ɿʽʤʽʥ ʆ.ɸ., ʉʢʨʫʧʩʴʢʠʡ ʉ.ʖ., ʂʫʣʠʢʦʚʩʴʢʘ ʅ.ɸ., ʊʽʤʝʥʢʦ ɸ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ), ɿʘʧʦʨʽʟʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ 

ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʽʤ. ʆ. ɻ. ɯʚʯʝʥʢʘ (ʋʢʨʘʾʥʘ)  

707 

ɹɸʃɸʅʉʋɺɸʅʅʗ ʅɸɺɸʅʊɸɾɽʅʅʗ ʄɯɾ ʎɽʅʊʈɸʄʀ ʆɹʈʆɹʂʀ ɼɸʅʀʍ ʇʈʀ 

ɿʄɯʅʅɯʁ ʊʆʇʆʃʆɻɯɰ ʄɽʈɽɾɯ. ɯʣʴʾʥ ʉ. ɸ. ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

710 

ɽʌɽʂʊʀɺʅɯʉʊʔ ɸʈʍɯʊɽʂʊʋʈʀ MVC ʋ ʉʊɺʆʈɽʅʅɯ ʉʋʏɸʉʅʆɻʆ WEB-ʉɸʁʊʋ ɺ 

ʇʈʆɭʂʊɯ ʈɽʉʊʆʈɸʅʅʆɻʆ ʂʆʄʇʃɽʂʉʋ çCONCEPTUAL CUISINEè. ɯʣʴʥʠʮʴʢʠʡ ɹ.ɯ., 

ʂʦʨʥʽʻʥʢʦ ʖ.ʂ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

713 

ɯʅʊɽɻʈɸʎɯʗ ɸʅɸʃɯʊʀʏʅʀʍ ʄʆɼʋʃɯɺ ʋ ʇʃɸʊʌʆʈʄʋ WAZERCODE ɿ ʄɽʊʆʖ 

ɺʀɿʅɸʏɽʅʅʗ ʆʉɺɯʊʅɯʍ ɼʆʉʗɻʅɽʅʔ. ʂʽʯʘʢ ɹ.ɺ. ɯʨʧʽʥʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʋɹʽʇ 

ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

715 

ʈʆɿʈʆɹʂɸ ɺɽɹ-ʉɸʁʊʋ ɼʃʗ ʂʆʄʇɸʅɯɰ, ʑʆ ʅɸɼɸɭ ʇʆʉʃʋɻʀ ɼʈʋʂʋ ʅɸ 

ʊɽʂʉʊʀʃʔʅɯʁ ʊɸ ʉʋɺɽʅɯʈʅɯʁ ʇʈʆɼʋʂʎɯɰ. ʂʽʯʫʢ ʉ.ʉ., ʂʦʨʥʽʻʥʢʦ ʖ.ʂ. ʆʜʝʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

717 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ ʄʆɺ ʇʈʆɻʈɸʄʋɺɸʅʅʗ SCHEME ʊɸ 

PYTHON ɺ ʆɹʏʀʉʃʖɺɸʃʔʅʀʍ ɿɸɼɸʏɸʍ. ʂʦʚʘʣʶʢ ʊ.ɺ., ʐʘʧʦʚʘʣ ɺ.ɺ., ʂʦʤʽʩʩʘʨʦʚ 

ɺ.ʈ. ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ (ʋʢʨʘʾʥʘ)  

719 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ɭɺʈʆʇɽʁʉʔʂʆɰ ʂʋʃʔʊʋʈʀ ʅɸ ɸʈʍɯʊɽʂʊʋʈʋ ʤ. ʆɼɽʉʀ 

ʅɸ ʆʉʅʆɺɯ ʉʊɺʆʈɽʅʆɻʆ ɺɽɹ-ɿɸʉʊʆʉʋʅʂʋ. ʂʦʣʽʩʥʽʯʝʥʢʦ ɺ.ʉ. , ʂʦʨʥʽʻʥʢʦ ʖ.ʂ.  

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

721 

ʇʈʆɭʂʊʋɺɸʅʅʗ ʊɸ ʈʆɿʈʆɹʂɸ ʇʈʆɻʈɸʄʅʆɻʆ ʈɯʐɽʅʅʗ ɼʃʗ ɸʅɸʃɯɿʋ 

ɿɺôʗɿʂɯɺ ʂʆʄʇʆʅɽʅʊɯɺ ʋ ARCHIMATE-ʄʆɼɽʃʗʍ.ʂʦʧʧ ɸ. ʄ., ʃʠʩʝʥʢʦ ɯ. ʆ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

723 

ʈʆɿʈʆɹʂɸ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ ɿɸʉʊʆʉʋʅʂʋ ɼʃʗ ɻʋʄɸʅɯʊɸʈʅʆɻʆ 

ʈʆɿʄɯʅʋɺɸʅʅʗ ʅɸ ʆʉʅʆɺɯ ʂʆʄʇ'ʖʊɽʈʅʆɻʆ ɿʆʈʋ. ʂʦʨʦʣʝʥʢʦ ʉ. ʆ., ʃʶʙʯʝʥʢʦ ʅ. 

ʖ., ʇʦʜʦʨʦʞʥʷʢ ɸ. ʆ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪò(ʋʢʨʘʾʥʘ)  

725 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺɽɹ-ʊɽʍʅʆʃʆɻɯʁ ʋ ʉʀʉʊɽʄɸʍ 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ʇʈʆɭʂʊʋɺɸʅʅʗ.ʂʦʨʦʪʢʽʭ ɺ. ʄ.  ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
728 
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çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè  (ʋʢʨʘʾʥʘ)   

ʈʆɿʈʆɹʃɽʅʅʗ ɼʆɼɸʊʂʋ ɼʃʗ ʇʆʐʋʂʋ ʊɸ ʇʋɹʃɯʂɸʎɯɰ ɺʃɸʉʅʀʍ ʈɽʎɽʇʊɯɺ 

RECEPTICO. ɺ.ʂʨʠʚʝʥʢʦ, ʉ.ɸʥʪʦʥʝʥʢʦ. ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ 

ʆʣʝʩʷ ɻʦʥʯʘʨʘ (ʋʢʨʘʾʥʘ)  

729 

ʈʆɿʈʆɹʂɸ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼʊʈʀʄʂʀ ʈɯʐɽʅʔ ɼʃʗ 

ʋʇʈɸɺʃɯʅʅʗ çʆʉʊɸʅʅʔʆʖ ʄʀʃɽʖè ɼʆʉʊɸɺʂʀ. ʂʫʟʽʥ ʖ.ɺ. ʃʠʬʘʨ ɺ.ʆ.  

ʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɼʘʣʷ (ʋʢʨʘʾʥʘ)  

731 

ʄʆɼɽʃɯ ʉʇʆʉʊɽʈɽɾʋɺɸʅʆʉʊɯ ʇʈʆɻʈɸʄʅʀʍ ʂʆʄʇʃɽʂʉɯɺ. ʂʫʧʮʦʚ ɼ.ɺ. 

ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  
733 

ʉʋʏɸʉʅɯ ɺɽɹʊɽʍʅʆʃʆɻɯɰ ʊɸ ʄʆɹɯʃʔʅɯ ʊɽʍʅʆʃʆɻɯɰ ɼʃʗ ʆʇʊʀʄɯɿɸʎɯɰ 

ʂʆʆʈɼʀʅɸʎɯɰ ɺʆʃʆʅʊɽʈɯɺ ɿ ɽʃɽʄɽʅʊɸʄʀ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ. 

ʃʝʞʥʝʥʢʦ ɺ. ʉ., ʂʦʧʧ ɸ. ʄ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

735 

ʉʀʉʊɽʄɸ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ɾɽʉʊɯɺ ɼʃʗ ɺɯɼɼɸʃɽʅʆɻʆ ɺɺɽɼɽʅʅʗ ʊɽʂʉʊʋ 

ʃʖɼʔʄʀ ɿ ɿɸʍɺʆʈʖɺɸʅʅʗʄʀ ʄʆʊʆʈʅʆɰ ʉʀʉʊɽʄʀ. ʃʝʧʝʭʘ ɺ.ɺ, ʆʨʝʣ ɸ.ɹ, 

ʄʫʨʘʚʩʴʢʘ ɯ.ʆ.  ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ̔ʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè (ʋʢʨʘʾʥʘ)  

737 

ɸʈʍɯʊɽʂʊʋʈɸ ɹʆʈʊʆɺʆɰ ʆɹʏʀʉʃʖɺɸʃʔʅʆɰ ʉʀʉʊɽʄʀ CUBESAT ʅɸ ɹɸɿɯ 

ɺɯɼʂʈʀʊʆɻʆ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ. ʃʠʤʘʨʝʥʢʦ ʆ.ɹ., ʉʦʢʦʣʦʚʘ ɭ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

739 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɹɸɻɸʊʆʂʈʀʊɽʈɯɸʃʔʅʆɻʆ ʇʆʐʋʂʋ ɺ ʉʀʉʊɽʄɯ ʂɽʈʋɺɸʅʅʗ 

ɼɯʗʃʔʅʆʉʊɯ ɹɯɿʅɽʉ-ʎɽʅʊʈʋ. ʃʠʥʥʠʢ ʄ.M., ɿʽʥʦʚʘʪʥʘ ʉ.ʃ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

741 

ɸʅɸʃɯɿ ɺɽɹ ʈɽʉʋʈʉʋ ʂɸʌɽɼʈʀ ɿɺʆ ɿ ʄɽʊʆʖ ʇɯɼɻʆʊʆɺʂʀ ɼʆ ɸʂʈɽɼʀʊɸʎɯɰ 

ʉʇɽʎɯɸʃʔʅʆʉʊɯ. ʃʦʤʦʚʮʝʚ ʉ. ʇ., ʉʝʣʽʚʘʥʦʚʘ ɸ.ɺ., ʃʦʤʦʚʮʝʚ ʇ. ɹ. ʆʜʝʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

744 

ʄʆɼɽʃʖɺɸʅʅʗ ɹIɿʅɽʉ-ʇʈʆʎɽʉIɺ ʇʈʀ ʇʈOEʂʊʋɺAʅʅI ɼʆɼɸʊʂʋ ɼʃʗ 

ɹʈʆʅʖɺɸʅʅʗ ʅʆʄɽʈɯɺ ɻʆʊɽʃʖ. ʃʶʪʝʥʢʦ ɯ. ɺ., ʆʨʣʦʚʩʴʢʠʡ ʂ. ʖ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ iʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

746 

ʈʆɿʈʆɹʂɸ ɹɸɻɸʊʆʈɯɺʅɽɺʆɰ ʉʀʉʊɽʄʀ ʈʆʃɽʁ ʊɸ ʇʈɸɺ ɼʆʉʊʋʇʋ ɼʃʗ 

ʊʋʈʀʉʊʀʏʅʀʍ ɺɽɹ-ʇʃɸʊʌʆʈʄ. ʃʶʪʝʥʢʦ ɯ. ɺ.,ʊʽʪʦʚ ɺ. ʆ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ iʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

748 

ʉʀʉʊɽʄɸ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ɺɸʃɯɼɸʎɯʁʅʆɻʆ ʊɽʉʊʋɺɸʅʅʗ REST API ʅɸ 

ʆʉʅʆɺɯ OPENAPI. ʄʘʜʷʨ ʄ. ʄ., ɻʝʜʝʦʥ ɻ. ʆ. ɼɺʅɿ çʋʞʛʦʨʦʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪè (ʋʢʨʘʾʥʘ)  

750 

ɸʃɻʆʈʀʊʄʀ ʆʇɽʈʋɺɸʅʅʗ ʉʊʈʋʂʊʋʈɸʄʀ ɼɸʅʀʍ ɼʃʗ ʇɯɼʉʀʉʊɽʄʀ 

ɯʅʌʆʈʄɸʎɯʁʅʆɻʆ ʂʆʄʇôʖʊɽʈɸ ʇʈʀʈʆɼʅʆʄʆɺʅʆɻʆ ɼɯɸʃʆɻʋ. ʄʘʣʘʭʦʚ ʂ.ʉ., 

ʂʘʚʝʨʠʥʩʴʢʠʡ ɺ.ɺ. ɺʽʜʜʽʣ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʪʝʭʥʽʢʠ, ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ 

ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

752 

ɽʂʆʃʆɻɯʏʅɽ ʇʈʆɻʈɸʄʋɺɸʅʅʗ ʗʂ ʇɯɼʍɯɼ ɼʆ ɿʄɽʅʐɽʅʅʗ 

ɽʅɽʈɻʆʉʇʆɾʀɺɸʅʅʗ ʇɿ. ʄʘʨʪʠʥʦʚ ɸ. ɺ., ʂʘʨʧʝʥʢʦ ɺ. ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ è (ʋʢʨʘʾʥʘ)  

755 

ʈʆɿʈʆɹʂɸ ʉʀʉʊɽʄʀ ʄʆʅɯʊʆʈʀʅɻʋ ʎɯʅ ʎʀʌʈʆɺʀʍ ɸʂʊʀɺɯɺ ɼʃʗ 

ɺʀʗɺʃɽʅʅʗ ɸʈɹɯʊʈɸɾʅʀʍ ʄʆɾʃʀɺʆʉʊɽʁ ʅɸ ʊʆʈɻʆɺʀʍ ʇʃɸʊʌʆʈʄɸʍ ɺ 

ʈɽɸʃʔʅʆʄʋ ʏɸʉɯ. ʄʝʜʦʚʢiʥ ɺ. ɺ.  ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ.ʅ. 

ʂʘʨʘʟʽʥʘ (ʋʢʨʘʾʥʘ)  

757 

ɸɺʊʆʄɸʊʀɿʆɺɸʅɸ ɯʅʌʆʈʄɸʎɯʁʅɸ ʉʀʉʊɽʄɸ ɿ ʆɹʃɯʂʋ ʊɸ ʋʇʈɸɺʃɯʅʅʗ 

ʄɸɻɸɿʀʅʆʄ. ʄʝʣʴʥʠʢ ɸ. ɸ.   ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  (ʋʢʨʘʾʥʘ)  
759 

ʇʈʆɽʂʊʋɺɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ ʊɸ ʇʈʆɻʈɸʄʅʀʍ ʂʆʄʇʃɽʂʉɯɺ. 

ʄʻʨʘʜʞʠ ʄ.ɺ. ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ "ʌʘʭʦʚʠʡ ʢʦʣʝʜʞ ʧʨʦʤʠʩʣʦʚʦʾ 

ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ" (ʋʢʨʘʾʥʘ)  

762 

ʇɽʈʉʇɽʂʊʀɺʅɯ ʅɸʇʈʗʄʀ ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼɯɺ ʄɸʉʐʊɸɹʋɺɸʅʅʗ 

ʉʀʉʊɽʄ ʂɽʈʋɺɸʅʅʗ ɹɸɿɸʄʀ ɼɸʅʀʍ. ʄʠʨʛʦʨʦʜʩʴʢʠʡ ɸ.ɺ. ɺʽʥʥʠʮʴʢʠʡ 
764 
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ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

ɭɼʀʅɽ ɼɽɺ-ʉɽʈɽɼʆɺʀʑɽ ɼʃʗ WINDOWS/MACOS/LINUX: DOCKER DEV 

CONTAINERS, DOCKER COMPOSE ɯ MULTI-ARCH ʆɹʈɸɿʀ ʗʂ ɹɸɿʀʉ ʋʅɯʌɯʂɸʎɯɰ. 

ʄʠʭʘʡʣʝʥʢʦ ɼ. ɺ., ʄʠʭʘʡʣʝʥʢʦ ʉ. ɺ.  ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ"  

(ʋʢʨʘʾʥʘ)  

767 

ɹʈɸʋɿɽʈʅʀʁ HMI ɹɽɿ ɯʅʉʊɸʃʗʎɯʁ: SPA + WEBSOCKET + JWT ɼʃʗ 

ɺɯɼɼɸʃɽʅʆɻʆ ʂɽʈʋɺɸʅʅʗ ʇʃʂ. ʄʠʭʘʡʣʝʥʢʦ ʉ. ɺ., ʄʠʭʘʡʣʝʥʢʦ ɼ. ɺ., ʗʜʨʦʚʘ ʄ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ"  (ʋʢʨʘʾʥʘ)  

769 

ʆʉʆɹʃʀɺʆʉʊɯ ʇʈʆɭʂʊʋɺɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ ʋʇʈɸɺʃɯʅʅʗ 

ʂɸʈʐɽʈʀʅɻʆɺʀʄʀ ʇʆʉʃʋɻɸʄʀ. ʄʦʨʦʭʦʚʠʯ ɺ.ʉ., ʇʝʪʨʫʩ ɺ.ʄ. ɼɺʅɿ 

çʋʞʛʦʨʦʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè (ʋʢʨʘʾʥʘ)  

771 

ɯʅʌʆʈʄɸʎɯʁʅɸ ʉʀʉʊɽʄɸ ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʆʈɽʅɼʀ ɾʀʊʃɸ. ʄʦʪʦʰʠʥ 

ʆ.ɸ., ɯʣʴʷʰʝʥʢʦ ʄ.ɹ., ʂʫʣʠʢʦʚʩʴʢʘ ʅ.ɸ., ʊʽʤʝʥʢʦ ɸ.ɺ.  ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɿʘʧʦʨʽʟʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʽʤ. ʆ. ɻ. ɯʚʯʝʥʢʘ  

(ʋʢʨʘʾʥʘ)  

773 

ɽɺʆʃʖʎɯʗ SEARCH ENGINE OPTIMIZATION (SEO) ɺ ʂʃɯɭʅʊʉʔʂʀʍ ɼʆɼɸʊʂɸʍ ɿ 

ʂʃɯɭʅʊʉʔʂʀʄ ʈɽʅɼɽʈʀʅɻʆʄ. ʅʘʩʝʥʦʢ ʂ.ʆ., ɺʦʡʮʝʭʦʚʩʴʢʘ ʄ.ʄ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

775 

ɯʅʊɽɻʈɸʎɯʗ ʄʆɼʋʃɯɺ ɿɹʆʈʋ ʊɸ ɸʅɸʃɯɿʋ ɼɸʅʀʍ ʋ ɺɽɹʆʈɯɭʅʊʆɺɸʅʀʍ 

ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄɸʍ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ORACLE APEX. ʅʝʙʦʛʘ ʉ.ɺ.  

ɼʝʨʞʘʚʥʠʡ ʧʦʜʘʪʢʦʚʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

778 

ɻɯɹʈʀɼʅʀʁ ʇɯɼʍɯɼ ɼʆ ʄɯɻʈɸʎɯɰ ʂʆʈʀʉʊʋɺɸʎʔʂʆɻʆ ʂʆɼʋ SAP ABAP. 

ʇʦʟʜʥʷʢʦʚ ʆ. ɸ., ʇʘʨʭʦʤʝʥʢʦ ɸ. ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

(ʋʢʨʘʾʥʘ)  

780 

 ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼɯɺ ʄɽʊɸʇʈʆɻʈɸʄʋɺɸʅʅʗ ɺ ʇʈʆʎɽʉɯ ʈʆɿʈʆɹʂʀ 

ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ ʅɸ ʇʃɸʊʌʆʈʄɯ .NET. ʇʦʟʫʨ ʄ.ʖ., ɺʦʡʪʢʦ ɺ.ɺ.  

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

783 

ʇʈʆɭʂʊʋɺɸʅʅʗ ɸʃɻʆʈʀʊʄɯɺ ʈʆɹʆʊʀ ɿ ʊɽʂʉʊʆɺʀʄʀ ɼɸʅʀʄʀ ʅɸ ʄʆɺɯ 

ʇʈʆɻʈɸʄʋɺɸʅʅʗ C#. ʇʦʣʽʱʫʢ ɼ.ʉ., ʉʦʙʢʦ ʆ.ɺ., ɿʘʣʫʮʴʢʘ ʆ.ʆ. ʍʤʝʣʴʥʠʮʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

785 

ʄʋʃʔʊʀʄʆɼɸʃʔʅɸ ʂʃɸʉʀʌɯʂɸʎɯʗ ʂʆʃɽʂʎɯʁʅʀʍ ɼɸʅʀʍ ɼʃʗ 

ʄɸʉʐʊɸɹʆɺɸʅʀʍ ʉʀʉʊɽʄ. ʇʦʧʝʨʝʰʥʷʢ ɼ.ɯ ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ)  

788 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼɯɺ ʉʀʉʊɽʄʅʆɻʆ ɸʅɸʃɯɿʋ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ 

ɼɯɸɻʅʆʉʊʀʂʀ ɹɯɿʅɽʉ-ʇʈʆʎɽʉɯɺ ʉɽʈɺɯʉʅʆɻʆ ʇɯɼʇʈʀɭʄʉʊɺɸ (ʅɸ ʇʈʀʂʃɸɼɯ 

ʂɸɺ'ʗʈʅɯ çɽʉʇʈɽʉʆ-ʊʆʏʂɸè). ʇʦʯʫʻʚ ɼ. ʉ, ʈʫʚʽʥʩʴʢʘ ɺ. ʄ., ʊʨʦʡʥʽʥʘ ɸ.ʉ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

790 

ʆʉʆɹʃʀɺʆʉʊɯ ɸʈʍɯʊɽʂʊʋʈʅʆɰ ʇʆɹʋɼʆɺʀ ʇʈʆɻʈɸʄʅʀʍ ʉʀʉʊɽʄ 

ʈɽʅɼɽʈʀʅɻʋ. ʈʦʤʘʥʶʢ ʆ.ʅ., ɿʘʚʘʣʴʥʶʢ ɭ.ʂ., ʄʝʣʴʥʠʢ ɸ.ɺ., ʉʪʘʭʦʚ ʆ.ʗ. ɺʽʥʥʠʮʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

793 

ʊɸʂʉʆʅʆʄɯʗ ʊɸ ʄɽʊʈʀʂʀ ʆʎɯʅʖɺɸʅʅʗ ʇɯɼʍʆɼɯɺ ɼʆ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ɾʀɺʋʏʆʉʊɯ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ. ʈʫʙʘʥ ɯ.ɺ., ʊʢʘʯʦʚ ɺ.ʄ. ʍʘʨʢʽʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʋʢʨʘʾʥʘ)  

796 

IDENTIFYING NON-FUNCTIONAL REQUIREMENTS FOR A CRM SYSTEM. Rudenko 

ʄ.ʆ., Sotnik S.V. Kharkiv National University of Radio Electronics (Ukraine)  
798 

ɯʅʌʆʈʄɸʎɯʁʅɸ ʉʀʉʊɽʄɸ ɼʃʗ ɻɽʅɽʈɸʎɯɰ ɺɯɿʋɸʃʔʅʀʍ ʂɸʈʊ ʉʇʆɻɸɼɯɺ ʊɸ 

ʇʆɼʆʈʆɾɽʁ. ʉʽʣʽʥ ʄ.ʖ., ɻʦʣʫʙ ʊ.ɺ., ʂʫʣʠʢʦʚʩʴʢʘ ʅ.ɸ., ʊʽʤʝʥʢʦ ɸ.ɺ.  ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɿʘʧʦʨʽʟʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʽʤ. ʆ. ɻ. 

ɯʚʯʝʥʢʘ  (ʋʢʨʘʾʥʘ)  

801 

ʅɽʁʈʆʅʅɯ ʄɽʈɽɾɯ ɺ ʉʀʉʊɽʄɸʍ ʇɽʈʉʆʅɸʃɯɿʆɺɸʅʀʍ ʈɽʂʆʄɽʅɼɸʎɯʁ: 

ʉʋʏɸʉʅɯ ʇɯɼʍʆɼʀ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ ɼʃʗ ɺɽɹ-ɿɸʉʊʆʉʋʅʂɯɺ ʆʈɽʅɼʀ 

ʅɽʈʋʍʆʄʆʉʊɯ. ʉʦʣʦʤô̫ ʥʠʡ ʆ.ʄ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʶʨʠʜʠʯʥʘ 

ʘʢʘʜʝʤʽʷè (ʋʢʨʘʾʥʘ)   

804 

ʆʇʊʀʄɯɿɸʎɯʗ ɹɯɿʅɽʉ-ʇʈʆʎɽʉɯɺ ʅɸɼɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ɼʆʇʆʄʆɻʀ 805 
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ɿɸʉʆɹɸʄʀ ɯʊ. ʉʦʣʦʤʘʭʘ ɭ.ɽ., ʃʶʪʝʥʢʦ ɯ.ɺ.  ʅʘʮʽʦʥʘʣʴʥʠʡ ʊʝʭʥʽʯʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ 

çʍʘʨʢʽʚʩʴʢʠʡ ʇʦʣʽʪʝʭʥʽʯʥʠʡ ɯʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

ɺɽɹɼʆɼɸʊʆʂ çʃɯʉʆɺɸ ɸɹɽʊʂɸè. ʊʢʘʯʝʥʢʦ ʆ. ɽ.  ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

(ʋʢʨʘʾʥʘ)  
808 

ʇʈʆɽʂʊ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸʉʊʆʉʋɺɸʅʅʗ ʇʆʈɯɺʅʗʃʔʅʆɻʆ ʂʃɸʉʊɽʈʅʆɻʆ 

ɸʅɸʃɯɿʋ ʂʆʈʇʋʉɯɺ ʊɽʂʉʊʆɺʀʍ ɼɸʅʀʍ. ʊʫʣʽʩʦʚ ɺ. ɸ., ʈʫʜʥʽʯʝʥʢʦ ʄ. ɼ. 

ʄʽʞʨʝʛʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ (ʋʢʨʘʾʥʘ), ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

810 

ɸʃɻʆʈʀʊʄʀ ʇɯɼɺʀʑɽʅʅʗ ɾʀɺʋʏʆʉʊɯ ɻɯɹʈʀɼʅʀʍ ʉʀʉʊɽʄ ʂɽʈʋɺɸʅʅʗ 

ɹɸɿɸʄʀ ɼɸʅʀʍ. ʌʝʜʦʨʯʝʥʢʦ ʆ.ɼ. ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ 

ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

812 

ʂɸʊɽɻʆʈʅʆ-ʌʋʅʂʊʆʈʅɸ ʄʆɼɽʃʔ ʌʆʈʄɸʃɯɿɸʎɯɰ ɺʀʄʆɻ ɼʆ ʇʈʀɺɸʊʅʆɰ 

ʍʄɸʈʅʆɰ ɯʊ-ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ ʄɽɼʀʏʅʀʍ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ. ʎʚʽʨʢʫʥ 

ʆ.ɸ., ɭʚʣʘʥʦʚ ʄ.ɺ.  ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʽʥʢʠ  (ʋʢʨʘʾʥʘ)  

815 

ɸʃɻʆʈʀʊʄɯʏʅɯ ʇʈʀʅʎʀʇʀ ʆʇʊʀʄɯɿɸʎɯɰ ʆɹʈʆɹʂʀ ʂʆʈʀʉʊʋɺɸʎʔʂʀʍ 

ɿɸʇʀʊɯɺ ɺ REST API ɺɽɹɿɸʉʊʆʉʋʅʂɸʍ. ʏʝʨʝʜʥʠʯʝʥʢʦ ʄ. ɭ. ʃʽʪʚʽʥʦʚʘ ʖ. ʉ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ" (ʋʢʨʘʾʥʘ)  

817 

ʂʆʄʇôʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ñɺʀʉʆʂʆʆʈɻɸʅɯɿʆɺɸʅʆɻʆò ɹʆʖ ɿ 

ɻʈʋʇʆɺʀʄ ʋʈɸɾɽʅʅʗʄ ʎɯʃɯ ɺ ʉʊʆʍɸʉʊʀʏʅɯʁ ʇʆʉʊɸʅʆɺʎɯ ʋ PYTHON. 

ʏʝʨʥʦʚʦʣ ʅ.ʄ., ɹʦʙʨʠʮʴʢʘ ɻ.ʉ., ʌʫʨʩʝʥʢʦ ʆ.ʂ.  ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤ. ɯ. ʂʦʞʝʜʫʙʘ (ʋʢʨʘʾʥʘ)  

818 

ʈʆʃʔ ʊɽʍʅʆʃʆɻɯɰ DATA LAKE ʋ ʉʋʏɸʉʅʀʍ ɸʅɸʃɯʊʀʏʅʀʍ ʉʀʉʊɽʄɸʍ. ʏʦʨʥʠʡ 

ʆ. ɺ., ʈʦʤʘʥʶʢ ʆ. ɺ. ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
821 

ɸʅɸʃɯɿ ɺʀʊʈɸʊ ɼʃʗ ʆʎɯʅʂʀ ʈɽɿʋʃʔʊɸʊɯɺ ʇʈʆɺɽɼɽʅʅʗ ʈɽʂʃɸʄʅʀʍ 

ʂɸʄʇɸʅɯʁ. ʐʚʝʜʘ ʄ. ʆ., ɿʽʥʦʚʘʪʥʘ ʉ.ʃ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

823 

ʈɽɸʃɯɿɸʎɯʗ ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɰ ʉʀʉʊɽʄʀ ɯɼɽʅʊʀʌɯʂɸʎɯɰ 

ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʀʍ ʐʂɯɼʅʀʂɯɺ. ʐʝʚʯʝʥʢʦ ɸ. ɭ., ʇô̫ ʪʠʢʦʧ ʆ. ɭ. ɼɺʅɿ 

çʇʨʠʘʟʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè (ʋʢʨʘʾʥʘ)  

826 

ʇɽʈɽʆʉʄʀʉʃɽʅʅʗ ʇʆʃɯʊʀʂ ɯɭʈɸʈʍɯɰ ʇɸʄôʗʊɯ ɺ ʉʀʉʊɽʄɸʍ DRAM+HBM. 

ʑʝʨʙʘ ʄ. ʖ., ʊʘʨʥʘʚʩʴʢʠʡ ʇ. ɺ., ɹʽʣʝʮʴʢʠʡ ɺ. ʄ.  ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ  (ʋʢʨʘʾʥʘ)  

828 

ʄʆɼɽʃɯ ʉʀʊʋɸʎɯʁʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ ʌʋʅʂʎɯʆʅɸʃʔʅɯʉʊʖ 

ʂʆʈʇʆʈɸʊʀɺʅʆɻʆ ɺɽɹʉɸʁʊʋ ɺ ʋʄʆɺɸʍ ɼʀʅɸʄɯʏʅʀʍ ɹɯɿʅɽʉ-ʇʈʆʎɽʉɯɺ. 

ʖʨʯʝʥʢʦ ʂ. ʖ.  ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ 

(ʋʢʨʘʾʥʘ)  

829 

ʈʆɿɼɯʃ 6. ʂʆʄʇ'ʖʊɽʈʅɯ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅɯ ʄɽʈɽɾɯ ʊɸ ʊɽʍʅʆʃʆɻɯɰ 833 

ʄɽʊʆɼʀʂɸ ʅɸʊʋʈʅʀʍ ɺʀʇʈʆɹʋɺɸʅʔ ɹɽɿɼʈʆʊʆɺʀʍ ʉɽʅʉʆʈʅʀʍ ʄɽʈɽɾ ɼʃʗ 

ɿɸɼɸʏ ʊʆʏʅʆɻʆ ɿɽʄʃɽʈʆɹʉʊɺɸ. ɸʥʪʦʥʦʚʘ ɻ.ɺ. ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ. 

ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

833 

ɸɼɸʇʊʀɺʅɸ ʉʀʉʊɽʄɸ ʂɽʈʋɺɸʅʅʗ ɸʂʋʄʋʃʗʊʆʈʅʀʄʀ ɹɸʊɸʈɽʗʄʀ ɼʃʗ 

ʇɯɼɺʀʑɽʅʅʗ ʉʊɯʁʂʆʉʊɯ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅʀʍ ʄɽʈɽɾ ʊɸ ʄʆʅɯʊʆʈʀʅɻ 

ɽʅɽʈɻʆɿɹɽʈɽɾɽʅʅʗ ʂʈʀʊʀʏʅʆɰ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ ɺ ʋʄʆɺɸʍ 

ʅɸɼɿɺʀʏɸʁʅʀʍ ʉʀʊʋɸʎɯʁ ɯ ɹʃɽʂɸʋʊɯɺ. ʖʨʽʡ ɺʠʭʥʝʚʠʯ, BestLink LLC (ʋʢʨʘʾʥʘ)  

836 

EMBEDDED DEVSECOPS ʋ ʍʄɸʈɯ: ɿɸʉʆɹʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ʆʇʊʀʄɯɿɸʎɯɰ. 

ɭʨʦʬʝʻʚ ʖ.ɺ., ʉʣʘʙʦʩʧʠʮʴʢʘ ʆ.ʆ. ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ 

ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

837 

ɺʇʃʀɺ ʄɽʈɽɾɽɺʀʍ ʊɽʍʅʆʃʆɻɯʁ ʅɸ ɽʅɽʈɻʆʉʇʆɾʀɺɸʅʅʗ ʄʆɹɯʃʔʅʀʍ 

ɿɸʉʊʆʉʋʅʂɯɺ. ɿʘʢʽʨʢʦ ʖ.ʆ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñʆʜʝʩʴʢʘ ʶʨʠʜʠʯʥʘ ʘʢʘʜʝʤʽʷò 

(ʋʢʨʘʾʥʘ)  

840 

ɸʈʍɯʊɽʂʊʋʈɸ ɻɯɹʈʀɼʅʆɰ ʄɽʈɽɾɯ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ ɹɽɿʇɽʈɽʈɺʅʆɻʆ 

ɿɺ'ʗɿʂʋ ʋɿɼʆɺɾ ʃɯʅɯʁʅʆ-ʇʈʆʊʗɾʅʀʍ ɹʋɼɯɺɽʃʔʅʀʍ ʆɹ'ɭʂʊɯɺ. ʂʦʥʦʥʠʭʽʥ ʆ.ʉ., 

ʄʦʽʩʝʻʥʢʦ ʈ.ʉ., ʄʘʣʽʢ ɼ.ʆ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ 

ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

843 
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ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ʋʇʈɸɺʃɯʅʅɯ ɾʀʊʊɭɺʀʄ ʎʀʂʃʆʄ ɹʇʃɸ. 

ʃʘʩʪʽʚʢʘ ʆ.ɯ. ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʂʠʾʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  
845 

ɿɹɯʈ ʊɸ ʆɹʈʆɹʂɸ ʂʆʅʌɯɻʋʈɸʎɯʁ ɻɯɹʈʀɼʅʀʍ ʍʄɸʈ. ʄʘʣʽʥʽʯ ɯ. ʇ., ɯʚʘʥʯʫʢ ʗ. ɺ.  

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. (ʋʢʨʘʾʥʘ)  
847 

ʆʎɯʅʖɺɸʅʅʗ ʇʆʐʀʈɽʅʅʗ ʉʀɻʅɸʃʋ ʋ ʇʈʀʄɯʑɽʅʅɯ ʅɸ ɹɸɿɯ ʅɽʁʈʆʅʅʀʍ 

ʄɽʈɽɾ. ʄʠʭʘʣʝʚʩʴʢʠʡ ɼ.ɺ., ɹʨʠʣʴ ɼ.ʈ.  ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

850 

ʇɯɼʍʆɼʀ ɼʆ ʆʎɯʅʖɺɸʅʅʗ ɿɺôʗɿʅʆʉʊɯ ɺ ɹɽɿɼʈʆʊʆɺʀʍ 

ʉɸʄʆʆʈɻɸʅɯɿʆɺɸʅʀʍ ʄɽʈɽɾɸʍ. ʅʻʥʦʚ ʆ. ʃ., ɻʨʠʰʢʦʚʝʮʴ ɭ. ʇ.  ʆʜʝʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  (ʋʢʨʘʾʥʘ)  

852 

ʌʋʅʂʎɯʆʅɸʃʔʅɸ ɸʃɻɽɹʈɸ ʇʆʃɯʊʀʂ ɯ FRP ɼʃʗ ʉʊɸɹɯʃʔʅʆɰ ɸɼɸʇʊʀɺʅʆɰ 

ʊɽʃɽʄɽʊʈɯɰ ɺ NBIOT ʊɸ LORAWAN. ʅʽʢʦʥʦʨʦʚ ɸ.ʆ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

(ʋʢʨʘʾʥʘ)  

854 

ɸʅɸʃɯɿ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ ʅɸɺɸʅʊɸɾɽʅʅʗ ʅɸ ʆɹʏʀʉʃʖɺɸʃʔʅɯ ʈɽʉʋʈʉʀ 

ʂʆʄʇʆʅɽʅʊɯɺ ɯʅʊɽʈʅɽʊʋ ʈɽʏɽʁ. ʆʢʫʥʮʦʚ ɼ.ʂ., ʉʽʨʝʥʢʦ ʆ.ɯ. ʆʜʝʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

856 

ʈʆɿʈʆɹʂɸ ɸɼɸʇʊʀɺʅʆɻʆ ʄɽʍɸʅɯɿʄʋ ʋʇʈɸɺʃɯʅʅʗ ʊʈɸʌɯʂʆʄ ɺ 

ʇʈʆɻʈɸʄʅʆ-ɺʀɿʅɸʏɽʅʀʍ ʄɽʈɽɾɸʍ (SDN) ɿ ʄɽʊʆʖ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ 

ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ. ʇʘʣʘʤʘʨʯʫʢ ʆ.ʆ., ʂʽʯʘʢ ɹ.ɺ. ɯʨʧʽʥʩʴʢʠʡ ʬʘʭoʚʠʡ ʢoʣʝʜʞ ʅʋɹʽʇ 

ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

858 

ʇɯɼɺʀʑɽʅʅʗ ɹɽɿʇɽʂʀ ɹɽɿɼʈʆʊʆɺʀʍ ʄɽʈɽɾ ɿɸ ɼʆʇʆʄʆɻʆʖ ɸʃɻʆʈʀʊʄɯɺ 

ʂʃɸʉʀʌɯʂɸʎɯɰ. ʇʘʧʽʨʦʚʠʡ ɼ.ɺ ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ)  

859 

ʂʆʄʇʈɽʉɯʗ ɺɯɼɽʆɯʅʌʆʈʄɸʎɯʁʅʆɻʆ ʈɽʉʋʈʉʋ ɺ ʉʀʉʊɽʄɸʍ 

ɺɯɼɽʆʂʆʅʌɽʈɽʅʎɿɺôʗɿʂʋ. ʈʘʜʟʽʻʚʩʴʢʠʡ ɺ.ʖ., ʇʘʨʭʦʤʝʥʢʦ ʄ.ɺ.   
861 

ʇʈʆɹʃɽʄʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ʋ ʇɯɼɻʆʊʆɺʎɯ ʌɸʍɯɺʎɯɺ 

ɺ ɿɸʂʃɸɼɸʍ ɺʀʑʆɰ ʆʉɺɯʊʀ. ʉʤʠʨʥʦʚʘ ʉ.ʆ.  ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ  (ʋʢʨʘʾʥʘ)  

863 

ʇɽʈɽɼɸʏɸ ʉʊʈʋʂʊʋʈʆɺɸʅʀʍ ɼɸʅʀʍ ʋ ɹɽɿɼʈʆʊʆɺɯʁ ʄɽʈɽɾɯ EASY NET 

EVERYWHERE. ʉʤʽʨʥʦʚ ɺ.ɺ, ʉʤʽʨʥʦʚʘ ʅ.ɺ. ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ), Easy Net Everywhere Research Group (ʋʢʨʘʾʥʘ)  

865 

ʄʆɼɽʃʖɺɸʅʅʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɼʃʗ ʉʊɸɹɯʃɯɿɸʎɯɰ ɺʀʍɯɼʅʆɰ ʅɸʇʈʋɻʀ 

ɽʃɽʂʊʈʆʅʅʀʍ ɼɾɽʈɽʃ ɾʀɺʃɽʅʅʗ. ʉʦʣʦʜʢʘ ɺ.ɯ., ʄ.ʆ, ɹʽʣʠʡ ɽ.ʆ., ʌʝʜʦʨʠʰʠʥ 

ʄ.ɺ., ʊʦʚʢʠʩ ɼ.ʈ.  ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʚʷᾷʟʢʫ  

(ʋʢʨʘʾʥʘ)  

867 

ɯɭʈɸʈʍɯʏʅʀʁ ɸʃɻʆʈʀʊʄ ɼɽʂʆʄʇʆɿʀʎɯɰ ɿʆɹʈɸɾɽʅʔ ʋ ʇʈʆʉʊʆʈɯ ɺɽʁɺʃɽʊɯɺ. 

ʉʦʣʦʜʢʘ ɺ.ɯ., ʇʘʪʣʘʻʥʢʦ ʄ.ʆ, ɹʽʣʠʡ ɽ.ʆ., ʌʝʜʦʨʠʰʠʥ ʄ.ɺ., ɼʫʰʢʽʥ ɼ. ʖ. ɼʝʨʞʘʚʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʚʷᾷʟʢʫ (ʋʢʨʘʾʥʘ)  

869 

ʇʆʂɸɿʅʀʂʀ ʗʂʆʉʊɯ ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ  ɺ ʄɽʈɽɾɸʍ WI-FI. ʐʝʩʪʦʧʘʣʦʚ ʉ.ɺ., 

ʆʩʘʜʯʠʡ ʈ.ʈ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
872 

ʈʆɿɼɯʃ 7. ʐʊʋʏʅʀʁ ɯʅʊɽʃɽʂʊ ɯ ɸɺʊʆʄɸʊʀɿɸʎɯʗ ʈʆɹʆʊʆʊɽʍʅɯʏʅʀʍ 

ʉʀʉʊɽʄ 
875 

COMPARATIVE ANALYSIS OF LOCALIZATION METHODS FOR ACCURATE AND 

ROBUST POSITIONING. Ivan Ilnytskyi. Lviv Polytechnic National University (Ukraine)  
875 

RESEARCH OF CONTROL METHODS FOR A MOBILE MANIPULATION ROBOTIC 

PLATFORM WITHIN THE FRAMEWORK OF INDUSTRY 5.0 CONCEPTS. Elgun 

Jabrayilzade. Kharkiv National University of Radio Electronics (Ukraine)  

878 

USAGE OF MACHINE LEARNING ALGORITHMS IN TELECOMMUNICATIONS AND 

BILLING SYSTEMS. Kazhymukhanov A.T., Kim Ye.R., Kulambayev B.O. Turan University 

(Kazakhstan)  

880 

TOWARDS HUMAN EXPERTS SUBSTITUTION WITHIN MULTI-ASSISTANT AI-BASED 

DECISION-MAKING FRAMEWORK. Andrii Kopp, Ivan Nesterenko, Roman Dashkivskyi. 

National Technical University çKharkiv Polytechnic Instituteè (Ukraine)  

882 
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INTELLIGENT WEB SERVICE FOR PERSONALIZED NUTRITION. Kotova A. V., 

Rakhimbayeva A. B., Ospanov R. R., Kim E. R. Turan University (Kazakhstan)  
885 

AI IN SEARCH-AND-RESCUE ROBOTIC SYSTEMS. Kulesh K. S. National Technical 

University of Ukraine ñIgor Sikorsky Kyiv Polytechnic Instituteò (Ukraine)  
887 

VERIFYING ONLINE MARKETING CHANNEL WITH CHATGPT. Orekhov S. V., Taran 

P.A.,  Bahatskyi N.S. NTU ñKhPIò (Ukraine)  
889 

ARTIFICIAL INTELLIGENCE AND THE AUTOMATION OF ROBOTIC SYSTEMS IN 

CONVERGENT JOURNALISM. Mariam Vekua, Tatia Kokobinadze. Caucasus International 

University, Tbilisi (Georgia)  

892 

FEATURES OF THE USE OF QUANTUM COMPUTING IN CONSTRUCTING 

TRAJECTORY OF COLLABORATIVE MOBILE ROBOT. Vladyslav Yevsieiev, Nataliia 

Demska. Kharkiv National University of Radio Electronics (Ukraine)  

893 

ɸʅɸʃɯɿ AI-ɸʉʀʉʊɽʅʊɯɺ ɼʃʗ IDE VISUAL STUDIO CODE. Aʥʪʦʥʝʥʢʦ ɺ. ɸ., 

ʐʝʚʯʝʥʢʦ ɯ. ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ 

ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

895 

ɼʆʉʃɯɼɾɽʅʅʗ ʄʆɼɽʃɽʁ ɻʃʀɹʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ ʆʎɯʅʂʀ ʊʆʅɸʃʔʅʆʉʊɯ 

ʇʈʀ ʆɹʈʆɹʎɯ ʇʈʀʈʆɼʅʔʆɰ ʄʆɺʀ. ɸʨʥʘʫʪʦʚ ʖ. ʆ., ʈʫʜʥʽʯʝʥʢʦ ʄ.ɼ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

897 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɼʃʗ ʌʆʈʄʋɺɸʅʅʗ 

ɯʅɼʀɺɯɼʋɸʃʔʅʀʍ ʅɸɺʏɸʃʔʅʀʍ ʊʈɸɭʂʊʆʈɯʁ ɺ ʉʀʉʊɽʄɸʍ ʅɸɺʏɸʅʅʗ. 

ɸʨʩʝʥʶʢ ɼ.ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʭ 

ʽʥʩʪʠʪʫʪè(ʋʢʨʘʾʥʘ)  

899 

ɯʅʊɽɻʈɸʎɯʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɺ ʈʆɹʆʊʆʊɽʍʅɯʏʅɯ ʉʀʉʊɽʄʀ. ɹʘʥʜʦʨʽʥʘ 

ʃ.ʄ. ɼʨʫʞʠʥ ɯ. ɭ. ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ̔ ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ)  
900 

ɸʅɸʃɯɿ ʉʋʏɸʉʅʀʍ ɹɯɹʃɯʆʊɽʂ ɼʃʗ ʅɸɺʏɸʅʅʗ ɸɻɽʅʊɯɺ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ɻʃʀɹʆʂʆɻʆ ʅɸɺʏɸʅʅʗ ɿ ʇɯɼʂʈɯʇʃɽʅʅʗʄ. ɹʦʚʢʫʥ ʄ. ʌ. ɼʥʽʧʨʦʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ (ʋʢʨʘʾʥʘ)  

902 

ɼʆʉʃɯɼɾɽʅʅʗ ʉʋʏɸʉʅʀʍ ʇɯɼʍʆɼɯɺ ɼʆ ʇʆɹʋɼʆɺʀ ʈɽʂʆʄɽʅɼɸʎɯʁʅʀʍ 

ʉʀʉʊɽʄ ʋ ʉʌɽʈɯ ʊʋʈʀɿʄʋ. ɹʦʛʘʯʠʢ ɭ.ʌ., ʂʫʚʘʻʚʘ ɺ.ɯ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʆʜʝʩʴʢʘ ʇʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

904 

MODIFICATIONS OF CONVOLUTIONAL NEURAL NETWORKS FOR STREAMING 

SIGNAL PROCESSING IN CROSS-DOMAIN APPLICATIONS. V. Bondarchuk, A. Matsui. 

Central Ukrainian National Technical University (Ukraine)  

906 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʂʆʄʇôʖʊɽʈʅʆɻʆ ɿʆʈʋ ɺ ɸɺʊʆʅʆʄʅʀʍ ʈʆɹʆʊʆʊɽʍʅɯʏʅʀʍ 

ʉʀʉʊɽʄɸʍ. ɹʫʨʜʘ ʉ.ɺ., ʂʽʯʘʢ ɹ.ɺ. ɯʨʧʽʥʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʋɹʽʇ ʋʢʨʘʾʥʠ 

(ʋʢʨʘʾʥʘ)  

908 

INTELLIGENT WELD QUALITY CONTROL SYSTEM BASED ON DEEP LEARNING 

METHODS. Velychkovych B., Liaskovska S. Lviv National Polytechnic University (Ukraine)  
910 

ʈʆɿʈʆɹʃɽʅʅʗ AI-ɸʉʀʉʊɽʅʊɸ ɼʃʗ ɯʅʊɽʈɸʂʊʀɺʅʆɻʆ ɸʅɸʃɯɿʋ ʊɸ 

ɺɯɿʋɸʃɯɿɸʎɯɰ ɼɸʅʀʍ. ɺʝʯʪʦʤʦʚʘ ɼ. ɺ., ʐʝʚʯʝʥʢʦ ɯ. ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

912 

ʇʆʈɯɺʅʗʃʔʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɸʃɻʆʈʀʊʄɯɺ ɼʃʗ ɿɸɼɸʏɯ ʇʈʆɻʅʆɿʋɺɸʅʅʗ 

ɸʂɸɼɽʄɯʏʅʆɰ ʋʉʇɯʐʅʆʉʊɯ ɿɼʆɹʋɺɸʏɯɺ ɺʀʑʆɰ ʆʉɺɯʊʀ ʅɸ ʆʉʅʆɺɯ ɸʅɸʃɯɿʋ 

ɼɸʅʀʍ ʇʈʆ ɺɯɼɺɯɼʋɺɸʅɯʉʊʔ ʊɸ ʆʎɯʅʂʀ. ɺʦʣʦʱʫʢ ʄ. ɸ., ɹʦʛʘʪʻʥʢʦʚʘ ʆ. ɭ. 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

913 

ɻɽʅɽʈɸʎɯʗ ʊɽʉʊɯɺ ʊɸ ɼʆʂʋʄɽʅʊɸʎɯɰ ʋ ɺɽɹɯʅʊɽɻʈʆɺɸʅʆʄʋ ʉɽʈɽɼʆɺʀʑɯ 

ʈʆɿʈʆɹʂʀ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ OPENAI API. ɻʘʥʞʘ ɸ.ʉ. ɸʥʪʦʥʝʥʢʦ 

ʉ.ɺ. ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ (ʋʢʨʘʾʥʘ)  

916 

ʈʆʃʔ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ʋ ʈʆɿɺʀʊʂʋ ʉʋʏɸʉʅʆɰ ʈʆɹʆʊʆʊɽʍʅɯʂʀ. ɻʣʘʜʽʡ 

ɸ.ʃ. ɺʉʇ çʍʤʝʣʴʥʠʮʴʢʠʡ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ɼʝʨʞʘʚʥʦʛʦ 

ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè (ʋʢʨʘʾʥʘ)  

918 

ʈʆʃʔ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ʋ ɿɸɹɽɿʇɽʏɽʅʅɯ ʌɯʅɸʅʉʆɺʆɰ ɹɽɿʇɽʂʀ 

ɼɽʈɾɸɺʀ. ɻʣʫʭʦʥʝʮʴ ɸʜʨʽʘʥʘ, ʅʝʩʪʝʨʫʢ ɻʘʣʠʥʘ. ɺʉʇ çʍʤʝʣʴʥʠʮʴʢʠʡ ʪʦʨʛʦʚʝʣʴʥʦ ï 

ʝʢʦʥʦʤʽʯʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ɼʊɽʋè (ʋʢʨʘʾʥʘ)  

920 
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ʂʆʅʎɽʇʎɯʗ ɸɼɸʇʊʀɺʅʆɻʆ ʅɽʏɯʊʂʆɻʆ ʃʆɻɯʏʅʆɻʆ ʂʆʅʊʈʆʃɽʈɸ ɿ 

ʇɯɼʊʈʀʄʂʆʖ ʌɽɼɽʈɸʊʀɺʅʆɻʆ ʅɸɺʏɸʅʅʗ ʋ ɺɯʈʊʋɸʃʔʅɯʁ ɯʅʊɽʃɽʂʊʋɸʃʔʅɯʁ 

ɽʅɽʈɻʆʉʀʉʊɽʄɯ. ɻʦʨʽʯʝʥʢʦ ʖ. ɭ., ʇʘʨʭʦʤʝʥʢʦ ɸ. ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

922 

ɻɯɹʈʀɼʅɸ ʅɽʏɯʊʂʆ-ɻɽʅɽʊʀʏʅɸ AI-ʄʆɼɽʃʔ ɼʃʗ ʇʈʆɿʆʈʀʍ ʊɸ ɸɼɸʇʊʀɺʅʀʍ 

ʈɽʂʆʄɽʅɼɸʎɯʁ. ɻʨʝʙʝʥʶʢ ʄ. ʆ., ʉʠʪʥʽʢʦʚʘ ʇ. ɽ.ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʋʢʨʘʾʥʘ)  

925 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʇʈʆɻʈɸʄʅʀʍ ʉʀʉʊɽʄ ɼʃʗ ʇɯɼɹʆʈʋ ʈʆɿɺɸɻ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ. ɻʫʨʥʠʮʴʢʘ ɺ. ʆ., ʂʦʟʘʯʝʥʢʦ ɼ. ʆ., 

ʇʨʦʢʦʧ ʖ. ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

928 

ʆʉʆɹʃʀɺʆʉʊɯ ʅɸɺʏɸʅʅʗ ʐʊʋʏʅʀʍ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ ʇʈʀ 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʀʍ ʇʈʆʎɽʉɸʍ ʉʀʅʊɽɿʋ ʄɽʈɽɾ ʇɽʊʈɯ. ɻʫʨʩʴʢʠʡ ʆ.ʆ.  

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

930 

ɸʈʍɯʊɽʂʊʋʈɸ ʄʆɼʋʃʔʅʆɰ ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɰ ʉʀʉʊɽʄʀ ʂʃɸʉʀʌɯʂɸʎɯɰ 

ʇʆɹʋʊʆɺʆɻʆ ʉʄɯʊʊʗ ɿ ʂʆʅʊʈʆʃɽʄ ʗʂʆʉʊɯ ɺʍɯɼʅʀʍ ɿʆɹʈɸɾɽʅʔ. ɼʝʨʞʘʢ ɺ. 

ɺ., ʆʚʯʘʨʫʢ ʆ.ʄ. ʄʘʟʫʨʝʮʴ ʆ.ɺ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

932 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʀʁ ɸʅɸʃɯɿ ʊɸ ʂʃɸʉʀʌɯʂɸʎɯʗ ɹɯʆʃʆɻɯʏʅʀʍ ʆɿʅɸʂ ʈʆʉʃʀʅ 

ɿ ɿɸʉʊʆʉʋɺɸʅʅʗʄ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ. ɼʽʜʫʩʴ ʆ. ʇ., ʉʠʪʥʽʢʦʚʘ ʇ. ɽ.  

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʋʢʨʘʾʥʘ)  

934 

ɺʀʄʆɻʀ ʑʆɼʆ ʉʊʈʋʂʊʋʈʀ ʊɸ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ɽʂʉʇɽʈʊʅʆɰ ʉʀʉʊɽʄʀ 

ʆʎɯʅʂʀ ʉʊɸʅʋ ɿɸʍʀʉʊʋ ɯʅʌʆʈʄɸʎɯɰ ʅɸ ʇɯɼʇʈʀɭʄʉʊɺɯ. ɼʦʙʨʠʰʠʥ ʖ.ɭ. 

ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʉʣʫʞʙʠ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

937 

ʇʃɸʊʌʆʈʄɸ ʄʋʃʔʊʀʄʆɼɸʃʔʅʆɻʆ ɸʅɸʃɯɿʋ ɼɸʅʀʍ ɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ɺɽʃʀʂʀʍ ʄʆɺʅʀʍ ʄʆɼɽʃɽʁ. ɭʨʜʫʛʘʥʦʚ ɸ.ʆ., ʇʦʧʦʚʘ ʄ. ʆ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

940 

ʅɽʁʈʆʄɽʈɽɾɽɺɸ ʊɽʍʅʆʃʆɻɯʗ ɸʅɸʃɯɿʋ ʄɸʂʈʆʉʊʈʋʂʊʋʈʀ ʊʂɸʅʀʅ ɼʃʗ 

ɯʅʊɽʃɽʂʊʋɸʃʔʅʀʍ ɺʀʈʆɹʅʀʏʀʍ ʉʀʉʊɽʄ ʃɽɻʂʆɰ ʇʈʆʄʀʉʃʆɺʆʉʊɯ. ɿʘʣʫʮʴʢʘ 

ʆ.ʆ, ʄʘʟʫʨʝʮʴ ʆ.ɺ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

941 

ʈʆɿʈʆɹʂɸ ʏɸʊ-ɹʆʊɯɺ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ RAG ɼʃʗ ʋʅɯɺɽʈʉʀʊɽʊʉʔʂʆɰ 

ʆʉɺɯʊʀ. ɿʘʮʝʨʢʦʚʥʠʡ ʈ. ɻ. ʃʴʚʽʚʩʴʢʠʡ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ), 

ɿʘʮʝʨʢʦʚʥʘ ʈ. ʉ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò (ʋʢʨʘʾʥʘ)   

944 

ʈʆɿʈʆɹʂɸ ɺɽɹ-ʉɽʈɺɯʉʋ ʇʉʀʍʆʃʆɻɯʏʅʆɰ ʇɯɼʊʈʀʄʂʀ ʅɸ ʆʉʅʆɺɯ ʐʊʋʏʅʆɻʆ 

ɯʅʊɽʃɽʂʊʋ ɺ ʋʄʆɺɸʍ ʉʋʏɸʉʅʀʍ ʉʆʎɯɸʃʔʅʀʍ ɺʀʂʃʀʂɯɺ. ɿʽʥʽʥ ʄ.ʖ., ɯʟʚʘʣʦʚ 

ʆ.ɺ. ɽʢʦʥʦʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ʈʦʙʝʨʪʘ ɽʣʴʚʦʨʪʽ (ʋʢʨʘʾʥʘ)  

946 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɺɽʂʊʆʈʅʆɻʆ ʇʆʐʋʂʋ ɼʃʗ ʇʆɼʆʃɸʅʅʗ ʉɽʄɸʅʊʀʏʅʆɻʆ 

ɹɸʈ'ɭʈʋ ɺ ʈʆɹʆʊʆʊɽʍʅɯʎɯ. ɯʚʘʥʠʰʝʥ ʄ.ʂ., ʈʦʤʘʥʶʢ ʆ.ʅ.  ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

948 

ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʅɽʁʈʆʄɽʈɽɾɽɺʀʍ ɸʈʍɯʊɽʂʊʋʈ ɼʃʗ 

ʂʃɸʉʀʌɯʂɸʎɯɰ ɿɸʃʀʐʂɯɺ ɿʈʋʁʅʆɺɸʅʀʍ ɹʋɼɯɺɽʃʔ. ʂʘʜʠʥʩʴʢʘ ɺ.ɼ., ʄʦʣʯʘʥʦʚʘ 

ʄ.ʆ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

950 

ʅɽʁʈʆʄɽʈɽɾɯ ʗʂ ʎʀʌʈʆɺɯ ɸʉʀʉʊɽʅʊʀ: ʊʈɸʅʉʌʆʈʄɸʎɯʗ ʇʆɺʉʗʂɼɽʅʅʀʍ 

ɿɺʀʏʆʂ. ʂʘʣʘʰʥʠʢʦʚʘ ʂ.ʆ., ʏʦʨʥʘ ɺ.ɺ.ʅʅɯ ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ ʋʢʨʘʾʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ 

(ʋʢʨʘʾʥʘ)  

952 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ɹɯɹʃɯʆʊɽʂ ɯ ʌʈɽʁʄɺʆʈʂɯɺ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ 

ɼʃʗ EDGE INTELLIGENCE. ʂʝʜʠʯ ɸ.ɺ., ʂʝʜʠʯ ʅ.ɸ. ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ̔ ʤʝʥʽ ɺ.ʄ. 

ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

954 

ʉʊɺʆʈɽʅʅʗ ɼɸʊɸʉɽʊʋ ɼʃʗ ʐɯ ɿ ʆʇʊʀʄɯɿɸʎɯɰ ʇʈʆʎɽʉɯɺ ʋʊʀʃɯɿɸʎɯɰ 

ʆʈɻɸʅɯʏʅʀʍ ɺɯɼʍʆɼɯɺ. ʂʣʠʤʝʥʢʦ ʄʘʢʩʠʤĭ, ʋʩʝʥʢʦ ʉʪʘʥʽʩʣʘʚĮ, ʐʘʧʦʚʘʣʦʚ ɭʚʛʝʥʽʡĭ, 

ʅʦʩʘʯʦʚʘ ʖʣʽʷĮ, ʆʚʯʘʨʝʥʢʦ ʂʘʪʝʨʠʥʘ
1
. ĭʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

(ʋʢʨʘʾʥʘ), Įʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ (ʋʢʨʘʾʥʘ)  

956 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɺ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄɸʍ ɼʃʗ 

ɸɺʊʆʄɸʊʀʏʅʆɰ ʆɹʈʆɹʂʀ ʌʆʊʆɻʈɸʌɯʁ. ʂʦʚʘʣʝʥʢʦ ʂ.ɸ., ʅʽʞʝʛʦʨʦʜʮʝʚ 

ɺ.ʆ. ɼʝʨʞʘʚʥʠʡ ʧʦʜʘʪʢʦʚʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

959 
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ʇʆʈɯɺʅʗʅʅʗ ʇʈʆʉʊʀʍ ɸʃɻʆʈʀʊʄɯɺ ʊɸ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɺ ʈʆɿʈʆɹʎɯ 

ɯʅʌʆʈʄɸʎɯʁʅʆɻʆ ʉɽʈɺɯʉʋ. ʂʦʟʦʣʫʧ ʇ. ɼ.  ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

(ʋʢʨʘʾʥʘ)  

960 

ʆʇʊʀʄɯɿɸʎɯʗ ʊɽʂʉʊʆɺʀʍ ʇɯɼʂɸɿʆʂ ɺɽʃʀʂʀʍ ʄʆɺʅʀʍ ʄʆɼɽʃɽʁ 

ɿɸʉʆɹɸʄʀ ɯʊɽʈɸʎɯʁʅʆɰ ɻɽʅɽʈɸʎɯɰ. ʂʦʨʦʚʽʥ ɼ.ɼ. ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ (ʋʢʨʘʾʥʘ)  

961 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼɯɺ ɻʃʀɹʆʂʆɻʆ ʅɸɺʏɸʅʅʗ ɼʃʗ ʇʈʆɻʅʆɿʋɺɸʅʅʗ 

ɿʅɸʏɽʅʔ ʏɸʉʆɺʀʍ ʈʗɼɯɺ. ʂʦʩʪʶʯʝʥʢʦ ɸ.ɼ., ɻʝʨʘʩʠʤʦʚ ɺ.ɺ. ɼʥʽʧʨʦʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ (ʋʢʨʘʾʥʘ)  

963 

ʈʆɿʈʆɹʂɸ ʇɽʈʉʆʅɸʃʔʅʆɻʆ ʇʆʄɯʏʅʀʂɸ ʋ ɺʀɻʃʗɼɯ TELEGRAM-ɹʆʊɸ ɯɿ 

ʄʆɾʃʀɺɯʉʊʖ ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɰ ʆɹʈʆɹʂʀ ɿɸʇʀʊɯɺ. ʂʦʰʦʚʠʡ ʄ. ɺ. ʍʘʨʢʽʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɺ. ʅ. ʂʘʨʘʟʽʥʘ (ʋʢʨʘʾʥʘ)  

966 

ɽʂʆʅʆʄɯʏʅɸ ɼʆʎɯʃʔʅɯʉʊʔ ʊɸ ʉʊʈɸʊɽɻɯʏʅɯ ɯʄʇɽʈɸʊʀɺʀ ɸɺʊʆʄɸʊʀɿɸʎɯɰ 

ɹʋɼɯɺɽʃʔʅʆɰ ɻɸʃʋɿɯ ʋʂʈɸɰʅʀ ɺ ʋʄʆɺɸʍ ʉʋʏɸʉʅʀʍ ɺʀʂʃʀʂɯɺ. ʂʨʫʢ ɺ.ʄ.  

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

969 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼɯɺ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ ɼʃʗ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ 

ʂʃɸʉʊɽʈʀɿɸʎɯɰ ʉʊʋɼɽʅʊɯɺ ʋ ɺɽɹʉʀʉʊɽʄɯ ʆʅʃɸʁʅ-ʆʉɺɯʊʀ. ʂʨʷʞʻʚʘ ɼ.ɭ., 

ʃʽʪʚʽʥʦʚʘ ʖ.ʉ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʊʝʭʥʽʯʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʇʦʣʽʪʝʭʥʽʯʥʠʡ 

ɯʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

972 

ʆʉʆɹʃʀɺʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎɯɰ 

ʌɯʅɸʅʉʆɺʆɻʆ ɸʅɸʃɯɿʋ. ʂʫʯʝʨʝʥʢʦ ɺ.ɺ., ʉʝʨʜʶʢ ʅ. ʄ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʋʢʨʘʾʥʘ)  

973 

THE ROLE OF ARTIFICIAL INTELLIGENCE IN OPTIMIZING INFORMATION 

RETRIEVAL SYSTEMS. Levenets I.O., Sotnik S.V. Kharkiv National University of Radio 

Electronics (Ukraine)  

975 

ʎʀʌʈʆɺɯ ʇɽʈɽʊɺʆʈɽʅʅʗ ʆɹʈɸɿɯɺ ʋ ʌʆʊʆ- ʊɸ ɺɯɼɽʆʉʀʉʊɽʄɸʍ: ʄɽʊʆɼʀ 

ʋʉʋʅɽʅʅʗ ʐʋʄɯɺ ʊɸ ʉʇʆʊɺʆʈɽʅʔ ʅɸ ɿʆɹʈɸɾɽʅʅʗʍ. ʃʠʧʦʚʠʡ ɸ.ɭ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè  (ʋʢʨʘʾʥʘ)  

977 

ɺʀʂʆʈʀʉʊɸʅʅʗ CLIPS ɼʃʗ ʉʊɺʆʈɽʅʅʗ ɽʂʉʇɽʈʊʅʀʍ ʉʀʉʊɽʄ. ʃʽʱʠʥʩʴʢʘ ʃ.ɹ. 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
979 

ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʅɽʁʈʆʄɽʈɽɾɽɺʆɻʆ ʄɽʊʆɼʋ 

ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʄɸʅɯʇʋʃʗʊʀɺʅʀʍ ʌɯʐʀʅɻʆɺʀʍ ʇʆɺɯɼʆʄʃɽʅʔ ʋ 

ʂʆʅʊɽʂʉʊɯ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ɹɽɿʇɽʂʀ. ʄʘʟʫʨʝʮʴ ʆ.ɺ., ʅʘʟʘʨʦʚ ɺ.ɺ.ʍʤʝʣʴʥʠʮʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʢʦʤʫʥʘʣʴʥʠʡ ʟʘʢʣʘʜ ʟʘʛʘʣʴʥʦʾ ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ çʃʽʮʝʡ ˉ17 

ʍʤʝʣʴʥʠʮʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠè (ʋʢʨʘʾʥʘ)  

980 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ʋ ʅɸɺɯɻɸʎɯʁʅʀʍ ʉʀʉʊɽʄɸʍ 

ɹɽɿʇɯʃʆʊʅʀʍ ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ. ʄʘʡʜʘʥʠʢ ʆ.ʆ., ʄʘʮʫʡ ɸ.ʄ., ʄʝʣʝʰʢʦ ɭ.ɺ. 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

983 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄʆɺʅʀʍ ʄʆɼɽʃɽʁ ʋ ɺɽɹʇʃɸʊʌʆʈʄɸʍ ɼʃʗ 

ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ ʇɽʈʉʆʅɸʃʔʅʀʄʀ ʂʅʀɾʂʆɺʀʄʀ 

ʂʆʃɽʂʎɯʗʄʀ. ʄʘʡʦʨʦʚ ɯ.ɸ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

985 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼɯɺ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɺ ʊɽʉʊʋɺɸʅʅɯ ɹɽɿʇɽʂʀ 

ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ. ʄʘʢʩʠʤʦʚʠʯ ʄ.ɺ.  ʅʘʮ̔ʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

986 

ʆʎɯʅʂɸ ɺʇʃʀɺʋ ʈɯɿʅʀʍ ʄɽʊʈʀʂ ʅɸ ʇʈʆɼʋʂʊʀɺʅɯʉʊʔ ʉʀʉʊɽʄʀ 

ʈɽʂʆʄɽʅɼɸʎɯʁ ʌɯʃʔʄɯɺ. ʄʘʨʽʫʧʦʣʴʩʴʢʠʡ ʈ. ʖ., ɾʝʙʢʦ ʆ. ʆ.  ʄʠʢʦʣʘʾʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  (ʋʢʨʘʾʥʘ)  

989 

ʆɻʃʗɼ ʇɯɼʍʆɼʋ ɻɽʅɽʈɸʎɯɰ ɺɯɼʇʆɺɯɼɽʁ ɿ ɼʆʇʆɺʅɽʅʅʗʄ ʏɽʈɽɿ ʇʆʐʋʂ 

(RAG). ʄʘʨʽʯʝʚ ɼ.ʆ., ʆʣʽʡʥʠʢ ɸ.ʆ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

(ʋʢʨʘʾʥʘ)  

992 

ʇʈɸɺɸ ʃʖɼʀʅʀ ʊɸ ɯʅʌʆʈʄɸʎɯʁʅɸ ɹɽɿʇɽʂɸ: ʅɸʋʂʆɺɯ ɻʆʈʀɿʆʅʊʀ. ʄʘʨʫʩʠʢ 

ɸ.ɯ., ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʉʣʫʞʙʠ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  
994 

ɸʅɸʃɯɿ ʊʆʏʅʆʉʊɯ ʅɽʁʈʆʄɽʈɽɾɽɺʆɰ ʂʃɸʉʀʌɯʂɸʎɯɰ ɿɸʃʀʐʂɯɺ 996 
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ɿʈʋʁʅʆɺɸʅʀʍ ɹʋɼɯɺɽʃʔ ɿ ʋʈɸʍʋɺɸʅʅʗʄ ɺɸʈɯɸʊʀɺʅʆʉʊɯ ʂʋʊɸ 

ʌʆʊʆʌɯʂʉɸʎɯɰ. ʄʘʩʣʦʚʩʴʢʘ ɺ.ɺ., ʂʣʽʤʝʥʢʦ ɺ.ɯ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

ɺʀʂʃʀʂʀ ʊɸ ɿɸɺɼɸʅʅʗ ɺʀʂʆʈʀʉʊɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɺ ʎʀʌʈʆɺɯʁ 

ʆʉɺɯʊɯ. ʄʘʭʥʠʢ ʉ. ɯ., ʆʩʪʘʧʯʫʢ ʅ. ʆ. ʈʽʚʥʝʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʛʫʤʘʥʽʪʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

(ʋʢʨʘʾʥʘ)  

999 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʊɽʍʅʆʃʆɻɯʁ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ (ML) ɼʃʗ 

ʇʈʆɸʂʊʀɺʅʆɻʆ ɺʀʗɺʃɽʅʅʗ ʊɸ ʅɽʁʊʈɸʃɯɿɸʎɯɰ ʂɯɹɽʈɸʊɸʂ ʊʀʇʋ ADVANCED 

PERSISTENT THREAT (APT). ʄʘʮʦʣʘ ɸ. ʉ. ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʉʣʫʞʙʠ ʙʝʟʧʝʢʠ 

ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

1000 

ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏɯ ʉʊɺʆʈɽʅʅʗ ʐɯ-ɸɻɽʅʊɸ ɼʃʗ ʉʇʈʆʑɽʅʅʗ ɼʆʉʊʋʇʋ ɼʆ 

ɯʅʌʆʈʄɸʎɯɰ ʉɸʁʊɸ ɿɸʂʃɸɼʋ ɺʀʑʆɰ ʆʉɺɯʊʀ. ʄʝʣʴʥʠʢʦʚ ʆ. ʖ., ʑʝʨʙʠʥʘ ɹ. ʊ.
  

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ (ʋʢʨʘʾʥʘ)  

1002 

ʅɽʁʈʆʅʅɯ ʄɽʈɽɾɯ ʋ ʉʂʃɸɼʉʔʂɯʁ ʃʆɻɯʉʊʀʎɯ. ɾʫʨʙʘ ɸ.ʆ., ʄʦʜʟʘʣʝʚʩʴʢʠʡ ɭ.ʆ. 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ)  
1004 

APPLICATION OF ARTIFICIAL INTELLIGENCE IN ADDITIVE MANUFACTURING (3D 

PRINTING). Nevludov I.Sh., Sotnik S.V.Kharkiv National University of Radio Electronics 

(Ukraine)  

1006 

ɺʇʃʀɺ ʅɽʁʈʆʄɽʈɽɾ ʅɸ ʈʀʅʆʂ ʇʈɸʎɯ: ʅʆɺɯ ʇʈʆʌɽʉɯɰ ʊɸ ɺʀʂʃʀʂʀ ɼʃʗ 

ʇʈɸʎɯɺʅʀʂɯɺ. ʅʝʩʢʨʝʙʘ ʄ.ʉ., ʏʦʨʥʘ ɺ.ɺ.  ʅʅɯ ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ ʋʢʨʘʾʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ  

(ʋʢʨʘʾʥʘ)  

1009 

SEMANTIC SEGMENTATION AND ADAPTIVE ATTENTION IN AUTONOMOUS 

DRIVING. Nikolenko K. Odesa I.I. Mechnikov National University (Ukraine)  
1011 

ɿɸʉʊʆʉʋɺɸʅʅʗ LLM ɼʃʗ ɺɯɼʉʊɽɾɽʅʅʗ ɼʀʅɸʄɯʂʀ ʇʉʀʍʆɽʄʆʎɯʁʅʆɻʆ 

ʉʊɸʅʋ ʅɸ ʆʉʅʆɺɯ ʂʆʈʀʉʊʋɺɸʎʔʂʀʍ ɿɸʇʀʉɯɺ. ʆʚʯʘʨʝʥʢʦ ʄ.ʆ., ʃʽʪʚʽʥʦʚʘ ʖ.ʉ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʊʝʭʥʽʯʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʇʦʣʽʪʝʭʥʽʯʥʠʡ ɯʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

1012 

ɸɼɸʇʊʀɺʅɽ ʋʇʈɸɺʃɯʅʅʗ ʗʂɯʉʊʖ ɾʀʊʊɭɺʆɻʆ ʎʀʂʃʋ ɯʅʌʆʈʄɸʎɯʁʅʀʍ 

ʉʀʉʊɽʄ ʅɸ ʆʉʅʆɺɯ ɿɺʆʈʆʊʅʆɻʆ ɿɺôʗɿʂʋ. ʆʚʯʘʨʝʥʢʦ ɺ.ʉ. ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ 

ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

1013 

ɯʅʊɽʈʇʈɽʊʆɺɸʅɸ ɯʅʊɽʃɽʂʊʋɸʃʔʅɸ ʅɽʁʈʆʄɽʈɽɾɽɺɸ ʉʀʉʊɽʄɸ ʈɸʅʅʔʆɻʆ 

ʇʆʇɽʈɽɼɾɽʅʅʗ ɼɽʉʊʈʋʂʊʀɺʅʆɰ ʇʆɺɽɼɯʅʂʀ ɻʈʆʄɸɼʗʅ ɿ ʇʊʉʈ. ʆʚʯʘʨʫʢ 

ʆ.ʄ., ʄʘʟʫʨʝʮʴ ʆ.ɺ.  ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  (ʋʢʨʘʾʥʘ)  

1016 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼɯɺ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ ɼʃʗ ɸʅɸʃɯɿʋ 

ʈɽɿʋʃʔʊɸʊɯɺ ʄʆʅɯʊʆʈʀʅɻʋ ʊɽʍʅɯʏʅʆɻʆ ʉʊɸʅʋ ʆɹʃɸɼʅɸʅʅʗ. ʆʯʢʘʩʦʚ ʆ. ɹ. 

ɻʨʠʰʝʯʢʽʥʘ  ʊ.ʉ. ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ), 

ʆʯʢʘʩʦʚ ʄ.ʆ. ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ (ʋʢʨʘʾʥʘ)  

1019 

ʄɽʊʆɼʀ ʊɸ ɿɸʉʆɹʀ ʈʆɿʈʆɹʂʀ ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɻʆ ɸʉʀʉʊɽʅʊɸ ɼʃʗ 

ʇʃɸʅʋɺɸʅʅʗ çʆʑɸɼʃʀɺʆɻʆè ɯʊ-ʉʊɸʈʊɸʇʋ. ʇʘʨʭʦʤʝʥʢʦ ɯ. ɸ., ʍʦʤʝʥʢʦ ɸ. ɺ., 

ɼʫʙʨʦʚʽʥ ɺ. ɯ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè(ʋʢʨʘʾʥʘ)  

1021 

ʇʈʆɹʃɽʄʀ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ʊɸ ɿɸʉʊʆʉʋɺɸʅʅʗ ʁʆɻʆ ʄɽʊʆɼɯɺ ʑʆɼʆ 

ɿɸʍʀʉʊʋ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʈɽʉʋʈʉɯɺ ɼɽʈɾɸɺʀ. ʇʝʨʝʩʘʜʘ ɼ.ɺ., ʆʜʥʦʨʦʛ ʄ.ʊ 

ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʉʣʫʞʙʠ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

1024 

ɼʆʉʃɯɼɾɽʅʅʗ ʈʆɹʆʊʀɿʆɺɸʅʆɰ ʄʆɹɯʃʔʅʆɰ ʇʃɸʊʌʆʈʄʀ ʅɸ ɹɸɿɯ MICRO:BIT ɿ 

ɽʃɽʄɽʅʊɸʄʀ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ. ʇʦʣʝʰʢʦ ʊ.ɯ., ʅʘʟʘʨʦʚʘ ʆ.ʉ.  ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè  (ʋʢʨʘʾʥʘ)  

1026 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɺ ʆʉɺɯʊʅʔʆʄʋ ʇʈʆʎɽʉɯ. ʇʦʤʧʝʥʢʦ ɯ.ɻ. 

ʌʘʭʦʚʠʡ ʢʦʣʝʜʞ ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʆʅʊʋ (ʋʢʨʘʾʥʘ)  
1028 

ʐʊʋʏʅʀʁ ɯʅʊɽʃɽʂʊ ɯ ɸɺʊʆʄɸʊʀɿɸʎɯʗ ʈʆɹʆʊʆʊɽʍʅɯʏʅʀʍ ʉʀʉʊɽʄ. ʇʨʦʮʝʥʢʦ 

ɭ. ɺ. ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʉʣʫʞʙʠ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  
1030 

ɸʅɸʃɯɿ ɸʈʍɯʊɽʂʊʋʈ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ ɼʃʗ ʈʆɿʇɯɿʅɸɺɸʅʅʗ 

ʆɹʃʀʏ.ʉʘʚʽʮʴʢʠʡ ʈ.ʉ., ɹʘʙʽʮʴʢʠʡ ɹ ʆ. ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɾʠʪʦʤʠʨʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

1032 

ɸʃɻʆʈʀʊʄʀ, ɸʈʍɯʊɽʂʊʋʈɸ ʊɸ ʇʈɸʂʊʀʏʅɽ ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɸʐʀʅʅʆɻʆ 1035 
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ʅɸɺʏɸʅʅʗ ɺ ɸɺʊʆʅʆʄʅʀʍ ɹʆʁʆɺʀʍ ʉʀʉʊɽʄɸʍ. ʉʝʤʝʥʠʰʠʥ ɹ.ʊ., ɺʦʚʢ ʈ.ɹ. 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ (ʋʢʨʘʾʥʘ)  

ʄɽʊʆɼʀ ʉɸʄʆʆʈɻɸʅɯɿɸʎɯɰ ʅɽʁʈʆʅʅʀʍ ʉʀʉʊɽʄ ʋ ɿɸɼɸʏɸʍ ʈɽɸʃʔʅʆɻʆ 

ʏɸʉʋ. ʉʠʤʦʥʝʥʢʦ ʆ. ɺ.  ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ 

(ʋʢʨʘʾʥʘ)  

1038 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄʆɾʃʀɺʆʉʊɽʁ LEARNLM ɺ ʄʆɼɽʃʗʍ GEMINI ɼʃʗ 

ʊʈɸʅʉʌʆʈʄɸʎɯɰ ʆʉɺɯʊʅɯʍ ʊɽʍʅʆʃʆɻɯʁ. ʉʠʪʥʠʢ ʃ.ɻ.  ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

1041 

ɯʅʊɽɻʈɸʎɯʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɿ ɸɺʊʆʅʆʄʅʀʄʀ ʉʀʉʊɽʄɸʄʀ ʇʈʀ 

ɻʋʄɸʅɯʊɸʈʅʆʄʋ ʈʆɿʄɯʅʋɺɸʅʅɯ. ʉʢʦʨʣʫʧʽʥ ʆ. ɺ., ʇʦʜʦʨʦʞʥʷʢ ɸ. ʆ.  ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò (ʋʢʨʘʾʥʘ)  

1044 

ɿɸʉʊʆʉʋɺɸʅʅʗ ML-ʄɽʊʆɼɯɺ ɼʃʗ ʈʆɿʐʀʈɽʅʅʗ ʌʋʅʂʎɯʆʅɸʃʋ LIFESTYLE-

ɺɽɹɿɸʉʊʆʉʋʅʂɯɺ. ʉʦʢʦʣ ɼ. ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

1047 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɻɽʅɽʈɸʊʀɺʅʆɻʆ ʐɯ ɼʃʗ ʇɽʈɽɺɯʈʂʀ ʗʂʆʉʊɯ ʂʆɼʋ 

ʉʊʋɼɽʅʊɯɺ ɺ ʇʈʆʎɽʉɯ ʅɸɺʏɸʅʅʗ ʇʈʆɻʈɸʄʋɺɸʅʅʖ. ʉʦʨʦʢʘ ʉ.ʄ., ʂʦʚʘʣʶʢ ʊ.ɺ.   

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ  (ʋʢʨʘʾʥʘ)  

1048 

ɸʈʍɯʊɽʂʊʋʈɸ ɻɯɹʈʀɼʅʆɰ ɸɻɽʅʊʅʆɰ ʉʀʉʊɽʄʀ ɼʃʗ ɸʅɸʃɯɿʋ ɺɯɼɻʋʂɯɺ ɺ E-

COMMERCE. ʉʦʩʽʥ ɼ.ʆ., ʉʘʛʘʡʜʘʢ ɺ.ɸ. ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ)   

1050 

ʇʆʐʋʂ ʆʇʊʀʄɸʃʔʅʆɰ ɸʈʍIʊɽʂʊʋʈʀ ɿɻʆʈʊʂʆɺʀʍ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ɸʃɻʆʈʀʊʄIɺ ɻʃʆɹɸʃʔʅʆɰ ʆʇʊʀʄIɿɸʎIɰ. ʉʪʨʘʭʦʚ ɭ.ʄ., ʏʘʯʢʦ ʅ.ʃ.  

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ. ɯ. ʄʝʯʥʠʢʦʚʘ  (ʋʢʨʘʾʥʘ)  

1052 

ɸʅʉɸʄɹʃɽɺɯ ʄɽʊʆɼʀ ɺ ʉʀʉʊɽʄɸʍ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ. ʉʫʣʝʡʤʘʥʦʚ ɭ.ʉ., 

ɹʘʡʙʫʟ ʆ.ɻ. ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ (ʋʢʨʘʾʥʘ)  
1054 

ɽʂʆʃʆɻɯʏʅʀʁ ʄʆʅɯʊʆʈʀʅɻ ɺʆɼʅʀʍ ʈɽʉʋʈʉɯɺ ɼʆɺʂɯʃʃʗ. ʉʫʨʦʚʮʝʚ ɯ.ɺ.
1
, 

ɻʘʣʽʤʦʚʘ ɺ.ʄ.
2
, ʉʘʚʯʝʥʢʦ-ʉʠʥʷʢʦʚʘ ɭ.ɸ.

1
,  ʃʷʭʦʚ ɺ.ʉ.

1
, ʍʘʥʝʚʠʯ ɸ.ʂ.

1
, ɸʥʪʦʥʶʢ ʗ.ʄ.

1
 

1
ɯʥʩʪʠʪʫʪ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ,  

2
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

1056 

ANALYSIS OF MAIN TASKS AND CHALLENGES IN DRONE REMOTE CONTROL. 

Sukhomlinova D.A., Sotnik S.V. Kharkiv National University of Radio Electronics (Ukraine)  
1059 

ɿɸʉʆɹʀ ʂʈʆʉʇʃɸʊʌʆʈʄʅʆɻʆ ʇʈʆɻʈɸʄʋɺɸʅʅʗ ɼʃʗ ʈʆɿʈʆɹʂʀ 

ɯʅʊɽʃɽʂʊʋɸʃʔʅʀʍ ʈʆɹʆʊʆʊɽʍʅɯʏʅʀʍ ʉʀʉʊɽʄ. ʊʘʚʦʣʞʘʥ ɼ.ʆ., ʇʝʪʨʽʚʩʴʢʠʡ ɺ.ʗ. 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊ.ɻ. ʐʝʚʯʝʥʢʘ (ʋʢʨʘʾʥʘ)  

1061 

ʂʆʄɹɯʅʆɺɸʅɽ ɿɻʃɸɼɾʋɺɸʅʅʗ ʉʀɻʅɸʃɯɺ ʈɯɺʅʗ ʇɸʃʔʅʆɻʆ ʅɸ ʄʆɹɯʃʔʅʀʍ 

ʇʃɸʊʌʆʈʄɸʍ ɯɿ ʋʈɸʍʋɺɸʅʅʗʄ ɼɸʅʀʍ ɸʂʉɽʃɽʈʆʄɽʊʈɸ. ʊʝʥʝʪʘ ɭ. ɺ., ʉʠʪʥʽʢʦʚ 

ɺ. ʉ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

1063 

ɸʅɸʃɯɿ ɼɸʅʀʍ ʋ ɺɽɹ-ʄɸɻɸɿʀʅɯ ɼʃʗ ʇʈʆɼɸɾʋ ʂʆʄʇôʖʊɽʈʅʀʍ ɯɻʆʈ: 

ɺʀʗɺʃɽʅʅʗ ʌɸʃʔʉʀʌɯʂʆɺɸʅʀʍ ʈɽʁʊʀʅɻɯɺ ɯ ɺɯɼɻʋʂɯɺ ʋ ʉʀʉʊɽʄɸʍ 

ʆʎɯʅʖɺɸʅʅʗ ɯɻʆʈ. ʊʝʨʝʱʝʥʢʦ ʆ.ʆ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʋʢʨʘʾʥʘ)  

1065 

ʅɽʁʈʆʄɽʈɽɾɽɺɽ ɺʀʗɺʃɽʅʅʗ ɼɽʇʈɽʉʀɺʅʀʍ ʇɸʊɽʈʅɯɺ ʉʆʎɯɸʃʔʅʆ-

ɼɽʉʊʈʋʂʊʀɺʅʀʍ ʅɸʈɸʊʀɺɯɺ ʋ ʊɽʂʉʊɸʍ  ɯɿ ɺɯɿʋɸʃʔʅʀʄ ʇʆʗʉʅɽʅʅʗʄ 

ʈɽɿʋʃʔʊɸʊɯɺ. ʊʠʤʦʬʽʻʚ ɯ.ɸ., ʄʘʟʫʨʝʮʴ ʆ.ɺ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

(ʋʢʨʘʾʥʘ)  

1066 

ʈʆɿʇʆɼɯʃɽʅʅʗ ʈɽʉʋʈʉɯɺ ʆʉ ɼʃʗ ɹɸɻɸʊʆʇʆʊʆʂʆɺʀʍ AI-ɼʆɼɸʊʂɯɺ. ʌʫʨʢʘʣʦ 

ɼ.ʖ., ʊʢʘʯʝʥʢʦ ʆ. ʄ. ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

(ʋʢʨʘʾʥʘ)  

1069 

ɸɺʊʆʄɸʊʀɿɸʎɯʗ ɽʊɸʃʆʅʅʆɻʆ ʂʆʅʊʈʆʃʖ ʗʂʆʉʊɯ ʉʂɸʅʆɺɸʅʀʍ 

ʇʈʆʉʊʆʈʆɺʀʍ ɿʆɹʈɸɾɽʅʔ ɿɸ ɼʆʇʆʄʆɻʆʖ ʂʆʄʇôʖʊɽʈʅʆɻʆ ɿʆʈʋ. ʂʘʤʝʣʽʷ 

ʏʽʥʢʫʝ, ʇʘʦʣʘ ʏʽʥʢʫʝ. ɯʥʩʪʠʪʫʪ ʧʦʣʽʛʨʘʬʽʾ ʪʘ ʤʝʜʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʅʋ çʃʴʚʽʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

1071 

ɽɺʆʃʖʎɯʗ ɸɺʊʆʄɸʊʀɿɸʎɯɰ: ɺɯɼ ɾʆʈʉʊʂʀʍ ɸʃɻʆʈʀʊʄɯɺ ɼʆ 

ɯʅʊɽʃɽʂʊʋɸʃʔʅʀʍ ʈʆɹʆʊɯɺ. ʐʝʧʝʣʴ ɸ.ʉ., ʌʨʘʥʯʫʢ ʊ.ʄ. ɼʝʨʞʘʚʥʠʡ ʪʦʨʛʦʚʝʣʴʥʦ-
1073 
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ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

ɸʇɸʈɸʊʅʆ-ʇʈʆɻʈɸʄʅɸ ʉʀʉʊɽʄɸ ɼʀʉʊɸʅʎɯʁʅʆɻʆ ʂɽʈʋɺɸʅʅʗ ʄʆɹɯʃʔʅʀʄ 

ɼɽʊɽʂʊʆʈʆʄ ʄɯʅ ʅɸ ɹɸɿɯ ɻɽʂʉɸʇʆɼɸ. ʐʠʰʢʘʥʠʯ ʊ.ɺ.  ʋʞʛʦʨʦʜʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

1075 

ɸʅʉɸʄɹʃɽɺʀʁ ʄɽʊʆɼ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʏɸʉʆɺʀʍ ʈʗɼɯɺ ɯɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʉʊʈʋʂʊʋʈʅʆ-ʏɸʉʊʆʊʅʆɻʆ ɸʅɸʃɯɿʋ ʊɸ ɻʃʀɹʀʅʅʀʍ 

ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ. ʐʢʚʽʨ ɯ.ɽ., ɭʤʝʮʴ ʂ.ɺ., ɯʟʦʥʽʥ ɯ.ɺ., ɻʝʥʪʦʰ ʃ.ɯ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

1077 

THE USE OF ARTIFICIAL INTELLIGENCE IN HUMAN RESOURCE MANAGEMENT: 

AN OVERVIEW OF ADVANTAGES, RISKS AND CHALLENGES. Shmatko O. V., Shabanov 

M. V. National Technical University çKharkiv Polytechnic Instituteè (Ukraine)  

1079 

ɹɸɻɸʊʆʈɯɺʅɽɺʀʁ ʂɸʉʂɸɼʅʀʁ ʄɽʊʆɼ ʇɯɼɺʀʑɽʅʅʗ ʊʆʏʅʆʉʊɯ ɸʃɻʆʈʀʊʄɯɺ 

ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ ɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʈɸʎɯʆʅɸʃʔʅʀʍ ɼʈʆɹɯɺ. ʑʝʨʙʽʡ 

ʆ. ɸ. , ɯʟʦʥʽʥ ɯ.ɺ., ɭʤʝʮʴ ʂ.ɺ., ʄʫʟʠʢʘ ʈ.T. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

1080 

ʄɽʊʆɼʀʂɸ ɺʀʂʆʈʀʉʊɸʅʅʗ ʊɸ ɸʅɸʃɯɿ ʄɯʂʈʆʂʆʄʇôʖʊɽʈɯɺ ɼʃʗ 

ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʆɹôɭʂʊɯɺ ɺ ʋʄʆɺɸʍ ʆɹʄɽɾɽʅʀʍ ʈɽʉʋʈʉɯɺ. ʖʟʚʠʰʠʥ ɯ. ʉ.  

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ (ʋʢʨʘʾʥʘ)  

1082 

ʇɯɼʍɯɼ ɼʆ ɺɯɿʋɸʃʔʅʆɰ ɯʅʊɽʈʇʈɽʊɸʎɯɰ ʈɽɿʋʃʔʊɸʊɯɺ ɸʅɸʃɯɿʋ ɽʄʆʎɯʁʅʀʍ 

ʇɸʊɽʈʅɯɺ ʄɸʅɯʇʋʃʗʊʀɺʅʀʍ ʊɽʍʅɯʂ ʋ ʎʀʌʈʆɺʀʍ ʊɽʂʉʊɸʍ ɿɸʉʆɹɸʄʀ 

ʆɹʈʆɹʂʀ ʇʈʀʈʆɼʅʆɰ ʄʆɺʀ.ʖʨʯʝʥʢʦ ɼ. ʖ., ʄʘʟʫʨʝʮʴ ʆ.ɺ.  ʍʤʝʣʴʥʠʮʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  (ʋʢʨʘʾʥʘ)  

1085 

ʆɻʃʗɼ ʊʈɸʅʉʌʆʈʄɽʈʅʀʍ ʄʆɼɽʃɽʁ ɼʃʗ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ɽʄʆʎɯʁ ʊɸ 

ʄɯʄɯʂʀ ʅɸ ʆʉʅʆɺɯ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ. ʗʨʝʤʯʝʥʢʦ ʆ. ɼ.   ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò  (ʋʢʨʘʾʥʘ)  

1088 

ʇʆʈɯɺʅʗʃʔʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʅɽʁʈʆʅʅʀʍ ɸʈʍɯʊɽʂʊʋʈ CNN ʊɸ RNN/LSTM 

ɼʃʗ ɿɸɼɸʏɯ ʂʃɸʉʀʌɯʂɸʎɯɰ ʄʋɿʀʏʅʀʍ ɾɸʅʈɯɺ. ʗʨʯʝʥʢʦ ɼ. ʉ., ʇʘʨʭʦʤʝʥʢʦ ʆ. ʖ.  

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  (ʋʢʨʘʾʥʘ)  

1090 

ʈʆɿɼɯʃ 8. ʂʆʄʇ'ʖʊɽʈʅɯ ɯɻʈʀ ʊɸ WEB-ɼʀɿɸʁʅ 1094 

INNOVATIVE METHODS OF CODING GRAPHIC IMAGES. Nechyporuk M. L., Luzhetskyi 

V. A., Romanyuk O. N., Maydanyuk V. P.  Vinnytsia National Technical University (Ukraine)  
1094 

ANALYSIS OF THE GRAPHICS CONVEYOR STAGES AND ITS MODIFICATIONS. 
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1097 

MODIFICATIONS OF THE PHOENIX METHOD FOR 3D IMAGE RENDERING 

PROBLEMS. Romanyuk 
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O.N., Melnyk 
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1100 

OVERVIEW OF TECHNIQUES USED FOR MITIGATION OF SUBOPTIMAL NETWORK 

CONDITIONS IN ONLINE GAMES. Shevchenko I. O. Sokolova Yevheniia (National 

Aerospace University ñKharkiv Aviation Instituteò (Ukraine)  

1102 

ʈʆɿʈʆɹʂɸ WEB-ɿɸʉʊʆʉʋʅʂʋ ɼʃʗ ʈʆɿʄɯʑɽʅʅʗ ʊɸ ʇʆʐʋʂʋ ɺɸʂɸʅʉɯʁ. 

ɿʘʧʦʣʦʚʩʴʢʠʡ ʄ.ʁ., ɹʘʙʝʥʢʦ ɸ.ʇ ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʍʘʨʢʽʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ iʥʩʪʠʪʫʪ" (ʋʢʨʘʾʥʘ)  

1104 

ʈʆɿʈʆɹʃɽʅʅʗ ʄɽʊʆɼʀʂʀ ʆɹʈʆɹʂʀ ʊɽʇʃʆɺɯɿɯʁʅʀʍ ɿʆɹʈɸɾɽʅʔ. ɹʘʥʜʫʨʢʘ 

ʃʶʜʤʠʣʘ. ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤ. ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅʋ (ʋʢʨʘʾʥʘ)  
1106 

ʄɽʊʆɼʀʂɸ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ʅɸʃɸʐʊʋɺɸʅʅʗ ʄɽʍɸʅɯʂʆ-

ɼʀʅɸʄɯʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ʂʆʄʇôʖʊɽʈʅʆɰ ɯɻʈʆɺɯɿɸʎɯɰ ʆɿɼʆʈʆɺʏʀʍ 

ʌɯɿʀʏʅʀʍ ɺʇʈɸɺ. ɹʝʟʫʛʣʘ ɸ. ɯ., ɹʣʘʞʢʦ ʆ. ɸ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

1108 

ɺɽɹɻʈɸ ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ ʌɯʅɸʅʉʆɺʆɰ ɻʈɸʄʆʊʅʆʉʊɯ ʂʆʈʀʉʊʋɺɸʏɯɺ. 

ɹʦʨʝʮʴʢʠʡ ɯ. ɺ., ʊʨʦʡʥʽʥʘ ɸ. ʉ., ʢʈʫʚʽʥʩʴʢʘ ɺ. ʄ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ 

ʇʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

1111 

ʈʆɿʈʆɹʂɸ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸʉʊʆʉʋʅʂʋ ɼʃʗ ʆʇʊʀʄɯɿɸʎɯɰ ʇʈʆʎɽʉɯɺ 1113 
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ʋʇʈɸɺʃɯʅʅʗ ʇɽʈʉʆʅɸʃʆʄ. ɹʦʨʝʮʴʢʠʡ ɺ.ʆ., ʊʢʘʯʝʥʢʦ ʆ.ʄ. ɺʽʥʥʠʮʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

ʂʆʄʇôʖʊɽʈʅɯ ɯɻʈʀ ʊɸ WEB-ɼʀɿɸʁʅ. ɹʦʨʤʘʥ ɺ.ʆ., ʐʠʙʢʦ ʆ.ʄ. ʅʅɯ 

çʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠè ʋɼʋʅʊ (ʋʢʨʘʾʥʘ)  
1115 

ʉʊɺʆʈɽʅʅʗ ʄʆɹɯʃʔʅʆɰ ɻʈʀ ɼʃʗ ANDROID ɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɸʃɻʆʈʀʊʄʋ 

FLOOD-FILL. ɹʨʫʩʢʽ ɭ. ɺ., ʊʶʪʶʥʥʠʢʦʚʘ ɻ. ʉ. ʋʞʛʦʨʦʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

(ʋʢʨʘʾʥʘ)  

1116 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼɯɺ ʆʇʊʀʄɯɿɸʎɯɰ ɸʅɯʄʆɺɸʅʀʍ ɺɽɹ-ʈɽʉʋʈʉɯɺ ɼʃʗ ʃʖɼɽʁ ɿ 

ʆʉʆɹʃʀɺʀʄʀ ʇʆʊʈɽɹɸʄʀ ʅɸ ʆʉʅʆɺɯ ʅɸʉʊɸʅʆɺ ɿ ɼʆʉʊʋʇʅʆʉʊɯ WCAG. 

ɺʘʩʠʣʴʮʽʚ ʆ.ɺ. ʂʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘ (ʋʢʨʘʾʥʘ)  

1118 

ʉɸʋʅɼʊʈɽʂ ʗʂ ɯʅʉʊʈʋʄɽʅʊ ɿɸʅʋʈɽʅʅʗ ɻʈɸɺʎʗ ʋ ɺɯʈʊʋɸʃʔʅʀʁ ʉɺɯʊ. 

ɺʠʰʥʝʚʩʴʢʠʡ ʆ.ʆ., ʇʘʨʭʦʤʝʥʢʦ ʆ.ʖ. ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

(ʋʢʨʘʾʥʘ)  

1121 

ʇɯɼʍɯɼ ɼʆ ɺɯɿʋɸʃʔʅʆɰ ɯʅʊɽʈʇʈɽʊɸʎɯɰ ʈɽɿʋʃʔʊɸʊɯɺ ʅɽʁʈʆʄɽʈɽɾɽɺʆɻʆ 

ɺʀʗɺʃɽʅʅʗ ʎʀʌʈʆɺʆɰ ɺʊʆʄʀ ɺ ʇʆɺɯɼʆʄʃɽʅʅʗʍ ʉʆʎɯɸʃʔʅʀʍ ʄɽʈɽɾ. ɺʽʪ 

ʈ.ɺ., ʄʘʟʫʨʝʮʴ ʆ.ɺ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

1122 

ɺɯɿʋɸʃʔʅɯ ʊɸ ɽʄʆʎɯʁʅɯ ʇɸʊɽʈʅʀ ʋ ɺɽɹɼʀɿɸʁʅɯ: ʗʂ ɯʅʊɽʈʌɽʁʉ ɺʇʃʀɺɸɭ ʅɸ 

ʇʆɺɽɼɯʅʂʆɺʋ ɽʂʆʅʆʄɯʂʋ ʂʆʈʀʉʊʋɺɸʏɸ. ɻʘʣʫʟʘ ʄ.ʆ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʋʢʨʘʾʥʘ)   

1124 

ʆʉʆɹʃʀɺʆʉʊɯ ʈʆɿʈʆɹʂʀ ɻʈʀ ʍʈɽʉʊʀʂʀ-ʅʋʃʀʂʀ ʄʆɺʆʖ ʇʈʆɻʈɸʄʋɺɸʅʅʗ 

PYTHON. ɻʣʠʥʯʫʢ ʃ.ʗ., ʐʝʚʯʫʢ ɯ. ʉ. ɺʦʣʠʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʃʝʩʽ 

ʋʢʨʘʾʥʢʠ (ʋʢʨʘʾʥʘ)  

1126 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʇʈʀʅʎʀʇɯɺ UI/UX-ɼʀɿɸʁʅʋ ɺ ʈʆɿʈʆɹʎɯ ɺɽɹ-ɼʆɼɸʊʂɯɺ. 

ɻʨʝʯʘʥʠʢ ɸ.ʈ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
1127 

2D-ɻʈɸ ʋ ɾɸʅʈɯ ROGUELIKE ɿ ʉʀʉʊɽʄʆʖ ʇʈʆʎɽɼʋʈʅʆɰ ɻɽʅɽʈɸʎɯɰ ʈɯɺʅɯɺ. 

ɼʝʤʠʜʝʥʢʦ ʄ.ʆ., ʊʨʦʡʥʽʥʘ ɸ. ʉ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

(ʋʢʨʘʾʥʘ)  

1130 

ʈʆɿʈʆɹʂɸ ɸʅɯʄɸʎɯʁ ʇɽʈʉʆʅɸɾɯɺ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ANIMATION  ʊɸ BLEND 

TREES ʋ UNITY. ɼʦʨʦʭʽʥ ɼ.ɸ., ʐʚʝʮʴ ɼ.ɺ.  ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

(ʋʢʨʘʾʥʘ)  

1132 

ʆʉʆɹʃʀɺʆʉʊɯ UI/UX ɼʀɿɸʁʅʋ ʂʆʈʀʉʊʋɺɸʎʔʂʆɻʆ ɯʅʊɽʈʌɽʁʉʋ 

ʇʈʆɻʈɸʄʅʀʍ ɿɸʉʆɹɯɺ.   ɼʦʨʦʰʝʥʢʦ ʖ.ʆ. ʊʘʚʨʽʡʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ɺ.ɯ.ɺʝʨʥʘʜʩʴʢʦʛʦ (ʋʢʨʘʾʥʘ)  

1135 

NFT ʊɸ ɹʃʆʂʏɽʁʅ ʋ ɻɽʁʄɼʀɿɸʁʅɯ. ɿʘʽʯʝʥʢʦ ʖ.ʇ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ (ʋʢʨʘʾʥʘ)  
1138 

ɸʅɸʃɯɿ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ ʇʆ ʈʆɿʇʆɺʉʖɼɾɽʅʅʖ ɯɻʆʈ ʊɸ 

ʇʈʆɻʈɸʄʅʀʍ ɿɸʉʊʆʉʋʅʂɯɺ çTOP GAMESè. ɿʽʤʘʥʢʦʚ ɸ.ʄ., ʊʨʦʡʥʽʥʘ ɸ.ʉ., 

ʈʫʚʽʥʩʴʢʘ ɺ. ʄ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʇʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

1140 

ʈʆɿʈʆɹʂɸ ɺɽɹʈɽʉʋʈʉʋ ɼʃʗ ʈʆɿʄɯʑɽʅʅʗ ʆʅʃɸʁʅʆɺʀʍ ɯɻʆʈ. ʂʨʘʚʯʝʥʢʦ ɸ. ʆ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  
1142 

ʇɸʈɸʉʆʎɯɸʃʔʅʀʁ ʅɸʈɸʊʀɺ: ɺʇʃʀɺ ʉʊʈɯʄɯʅɻʆɺʆɰ ʂʋʃʔʊʋʈʀ ʊɸ ʄɽʊɸ-

ɿʅɸʅʅʗ ʅɸ ʉʇʈʀʁʅʗʊʊʗ ɯɻʈʆɺʀʍ ʉʖɾɽʊɯɺ. ʃʦʛʽʥʦʚ ɼ. ʆ.  ʆʜʝʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  (ʋʢʨʘʾʥʘ)  

1143 

ɯʅʊɽʈɸʂʊʀɺʅɸ ʅʆɺɽʃɸ-ʉʀʄʋʃʗʊʆʈ. ʃʫʢʘʰʫʢ ɻ.ʆ., ɻʝʨʘʩʠʤʝʥʢʦ ɸ.ɸ, ʉʝʣʽʭʦʚʘ ʈ.ʈ., 

ʊʠʤʦʰʝʥʢʦ ɼ.ʆ. ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʅʘʚʯʘʣʴʥʦ-

ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ çʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠè 

(ʋʢʨʘʾʥʘ)  

1145 

ɯʅʊɽʈɸʂʊʀɺʅɯ ɽʃɽʄɽʅʊʀ ɺɽɹ ɼʀɿɸʁʅʋ ʗʂ ɿɸʉɯɹ ɿɸʃʋʏɽʅʅʗ ʅʆɺʀʍ 

ʂʆʈʀʉʊʋɺɸʏɯɺ. ʄʘʪʶʰʠʥ ʃ. ʉ., ɹʽʣʝʮʴ ɼ. ʖ., ʃʝʚʠʢʽʥ ɯ. ɺ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʋʢʨʘʾʥʘ)  

1148 

ʇʈʀʅʎʀʇʀ UX/UI-ɼʀɿɸʁʅʋ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ ʋʉʇɯʐʅʆɻʆ ʊʆʈɻʆɺʆɻʆ 

ɹɯɿʅɽʉʋ. ʄʠʨʦʰʥʠʯʝʥʢʦ ɭ.ɭ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)   

1150 

ɯʅɾɽʅɽʈɯʗ ʇʈɽɼʄɽʊʅʆɰ ʆɹʃɸʉʊɯ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ GAMEDEV 1152 
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STUDIO çPIXELFORGEè ʋ ʂʆʅʊɽʂʉʊɯ ɺɿɸɭʄʆɼɯɰ ɯɿ ɿʆɺʅɯʐʅɯʄ 

ʉɽʈɽɼʆɺʀʑɽʄ. ʄʽʨʦʰʥʠʢ ɼ.ʆ., ʊʨʦʡʥʽʥʘ ɸ.ʉ., ʈʫʚʽʥʩʴʢʘ ɺ. ʄ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʇʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

ɸʅɸʃɯɿ ʊɸ ʆʇʊʀʄɯɿɸʎɯʗ ɸʃɻʆʈʀʊʄɯɺ ʇʈʆʎɽɼʋʈʅʆɰ ɻɽʅɽʈɸʎɯɰ ɯɻʈʆɺʀʍ 

ʉɺɯʊɯɺ ʋ ʉɽʈɽɼʆɺʀʑɯ UNITY. ʆʛʘʨʢʦʚ ɺ.ʖ., ɸʥʪʦʥʝʥʢʦ ʉ.ɺ. ɼʥʽʧʨʦʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ (ʋʢʨʘʾʥʘ)  

1155 

ɸɼɸʇʊʆɺɸʅɸ ʉʀʉʊɽʄɸ ʆɹʈʆɹʂʀ ɸʋɼɯʆʉʀɻʅɸʃɯɺ ɼʃʗ ɯʅʊɽɻʈɸʎɯɰ ɺ ɯɻʈʆɺɯ 

ʇʃɸʊʌʆʈʄʀ. ʇʘʩʻʢʘ ɯ. ɺ., ʐʪʝʬʘʥ ʅ. ɿ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

1158 

ʂʆʄʇôʖʊɽʈʅɯ ɯɻʈʀ ɯ WEB-ɼʀɿɸʁʅ: ɺɿɸɭʄʆɼɯʗ ʊɽʍʅʆʃʆɻɯʁ, ɽʉʊɽʊʀʂʀ ʊɸ 

ʂʆʈʀʉʊʋɺɸʎʔʂʆɻʆ ɼʆʉɺɯɼʋ. ʇʨʘʡʩ ɯ. ʉ.  ɼʝʨʞʘʚʥʠʡ ʧʦʜʘʪʢʦʚʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

(ʋʢʨʘʾʥʘ)  

1160 

ʇʆʗʉʅʖɺɸʅɸ ʆʇʊʀʄɯɿɸʎɯʗ ɺɽɹ-ɯʅʊɽʈʌɽʁʉɯɺ ʅɸ ʆʉʅʆɺɯ ʋɿɸɻɸʃʔʅɽʅʆɻʆ 

ɿɸʂʆʅʋ ɸʄɼɸʃɸ. ʇʨʫʩ ʆ. ɺ., ʄʘʡʜʘʥʶʢ ɺ. ʇ.  ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

1161 

ʆʉʆɹʃʀɺʆʉʊɯ ɸʈʍɯʊɽʂʊʋʈʅʆɰ ʇʆɹʋɼʆɺʀ  ʇʈʆɻʈɸʄʅʀʍ ʉʀʉʊɽʄ 

ʈɽʅɼɽʈʀʅɻʋ. ʈʦʤʘʥʶʢ ʆ. ʅ.,  ɿʘʚʘʣʴʥʶʢ ɭ. ʂ., ʈʦʤʘʥʶʢ ʆ. ɺ., ʅʦʚʦʩʝʣʴʮʝʚ ʆ.ʆ., 

ɹʦʙʢʦ ʆ.ʃ.  ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

1163 

ɼʀʅɸʄɯʏʅɽ ʈɽʃʔɭʌʅɽ ʊɽʂʉʊʋʈʋɺɸʅʅʗ. ʈʦʤʘʥʶʢ
1
 ʆ. ʅ.,  ʅʦʚʦʩʝʣʴʮʝʚ

1
 ʆ.ʆ., 

ʊʝʨʝʥʯʫʢ
1
 ɸ.ʊ., ʂʦʪʣʠʢ

2
 ʉ.ɺ. 

1 
 ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

(ʋʢʨʘʾʥʘ), 
2
ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

1165 

ɯʅʊɽɻʈɸʎɯʗ ɯɻʈʆɺʀʍ ʄɽʍɸʅɯʂ ɼʆ ɺɽɹɼʆɼɸʊʂɯɺ: ɻɽʁʄɯʌɯʂɸʎɯʗ ʗʂ 

ɯʅʉʊʈʋʄɽʅʊ ɿɸʃʋʏɽʅʅʗ ʂʆʈʀʉʊʋɺɸʏɯɺ. ʈʫʩʪʘʤʦʚʘ ɸ.ʖ. ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ ʅʅɯ çʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʘʨʭʽʪʝʢʪʫʨʠè (ʋʢʨʘʾʥʘ)  

1167 

ʇɯɼʍɯɼ ɼʆ ʉʊɺʆʈɽʅʅʗ ɸɼɸʇʊʀɺʅʆɻʆ ʐɯ ʉʋʇʈʆʊʀɺʅʀʂɯɺ  ʋ ʉʀʄʋʃʗʊʆʈɸʍ 

ʄʆʈʉʔʂʀʍ ɺɯʁʉʔʂʆɺʀʍ ʆʇɽʈɸʎɯʁ. ʉʪʨʫʢ ʅ.ʆ., ʃʦʛʽʥʦʚʘ ʅ.ɯ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʶʨʠʜʠʯʥʘ ʘʢʘʜʝʤʽʷè (ʋʢʨʘʾʥʘ)  

1170 

ʆʇɽʈɸʎɯʁʅɯ ʉʀʉʊɽʄʀ ʈɽɸʃʔʅʆɻʆ ʏɸʉʋ ʋ VR/AR-ʊʈɽʅɸɾɽʈɸʍ ʊɸ ɯɻʈʆɺʀʍ 

ʉʀʄʋʃʗʊʆʈɸʍ. ʊʘʚʦʣʞʘʥ ɼ.ʆ., ʊʢʘʯʝʥʢʦ ʆ.ʄ. ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ʊ.ɻ. ʐʝʚʯʝʥʢʘ (ʋʢʨʘʾʥʘ)  

1172 

ʄʆɼɽʈʅɯɿɸʎɯʗ ɺɯɼʂʈʀʊʆɻʆ WEB-AR-ʂʆʅʉʊʈʋʂʊʆʈɸ ʋ GITHUB-ʉɽʈɽɼʆɺʀʑɯ 

ɿ ʇɯɼʊʈʀʄʂʆʖ ʊɽʍʅʆʃʆɻɯɰ ɿʄɯʐɸʅʆɰ ʈɽɸʃʔʅʆʉʊɯ. ʍʘʣʘʤʽʨʝʥʢʦ ʆ. ɯ., ɹʣʘʞʢʦ 

ʆ. ɸ.  ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè  (ʋʢʨʘʾʥʘ)  

1174 

ɯʅɼʋʉʊʈɯʗ ʈʆɿɺɸɻ: ɹɯɿʅɽʉ-ʄʆɼɽʃɯ, ʄɸʈʂɽʊʀʅɻ ʊɸ ʉʋʏɸʉʅɯ ʊɽʍʅʆʃʆɻɯɰ. ʎʠʙ 

ɸ.ʆ. ɼʝʨʞʘʚʥʠʡ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
1177 

ɯʅʊɽɻʈɸʎɯʗ ɺɽʃʀʂʀʍ ʄʆɺʅʀʍ ʄʆɼɽʃɽʁ (LLM) ɼʃʗ ʉʊɺʆʈɽʅʅʗ 

ɼʀʅɸʄɯʏʅʀʍ ɼɯɸʃʆɻʆɺʀʍ ʉʀʉʊɽʄ ʊɸ ʆɹʈʆɹʂʀ ʂʆʄɸʅɼ ʇʈʀʈʆɼʅʆʖ 

ʄʆɺʆʖ ɺ ɯɻʈɸʍ ɾɸʅʈʋ TYCOON. ʏʝʧʝʥʜʶʢ ʆ.ʆ., ʄʘʥʘʢʦʚ ʉ.ʖ., ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʶʨʠʜʠʯʥʘ ʘʢʘʜʝʤʽʷè (ʋʢʨʘʾʥʘ) 

1180 

ɸɼɸʇʊʀɺʅʀʁ ɼʀɿɸʁʅ, ʐɺʀɼʂɯʉʊʔ ʊɸ SEO-ʆʇʊʀʄɯɿɸʎɯʗ ʉʋʏɸʉʅʀʍ 

ɺɽɹʉɸʁʊɯɺ. ʏʫʙʘʪʦʚ ʄ. ɸ. ɼʝʨʞʘʚʥʠʡ ʧʦʜʘʪʢʦʚʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
1182 

ɯʅʌʆʈʄɸʎɯʁʅɸ ʉʀʉʊɽʄɸ ɼʃʗ ɺʀɺʏɽʅʅʗ ɸʅɻʃɯʁʉʔʂʆɰ IT ʊɽʈʄɯʅʆʃʆɻɯɰ ɿ 

ɸɼɸʇʊʀɺʅʀʄ ʇɯɼʍʆɼʆʄ ɼʆ ʅɸɺʏɸʅʅʗ. ʐʚʝʮʴ ʈ.ʖ. ɻʨʫʰʢʦ ʉ.ʉ ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

1184 

ʐʂɯɼʃʀɺɯʉʊʔ ʂʆʄʇôʖʊɽʈʅʀʍ ɯɻʆʈ. ɼʟʽʤʽʥʘ ɸ.ɸ., ʐʝʚʯʝʥʢʦ ɼ.ɻ.  ɺʽʥʥʠʮʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
1186 

ʈʆɿɼɯʃ 9. ɹɯɹʃɯʆʄɽʊʈʀʂɸ. ɯʅʌʆʈʄɸʊʀɿɸʎɯʗ ʅɸɺʏɸʃʔʅʆɻʆ, 

ʅɸʋʂʆɺʆɻʆ, ɼʆʉʃɯɼʅʀʎʔʂʆɻʆ ʇʈʆʎɽʉɯɺ 
1188 

ʂʆʄʇ'ʖʊɽʈʅɯ ɯɻʈʀ ʊɸ WEB-ɼʀɿɸʁʅ. ɸʥʪʦʥʦʚ ɿ.ɭ. ʌʘʭʦʚʠʡ ʢʦʣʝʜʞ ʧʨʦʤʠʩʣʦʚʦʾ 

ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʆʅʊʋ (ʋʢʨʘʾʥʘ)  
1188 

ɼʆ ʇʀʊɸʅʅʗ ʆʅʊʆʃʆɻʆ-ʆʈɯɭʅʊʆɺɸʅʆɰ ʆɹʈʆɹʂʀ ʎʀʌʈʆɺʀʍ ɹɯɹʃɯʆʊɽʂ. 

ɹʦʡʢʦ ʄ.ʆ., ɺʠʭʦʚʘʥʝʮʴ ɼ.ɼ. ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ. ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, 

(ʋʢʨʘʾʥʘ)  

1190 
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ʆʈɻɸʅɯɿɸʎɯʗ ʅɸʋʂʆɺʀʍ ɼʆʉʃɯɼɾɽʅʔ ʋ ɿɸʂʃɸɼɸʍ ɺʀʑʆɰ ʆʉɺɯʊʀ: 

ʎʀʌʈʆɺɯɿɸʎɯʗ ʊɸ ɺʀʂʆʈʀʉʊɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʆ-ʂʆʄʋʅɯʂɸʎɯʁʅʀʍ 

ʊɽʍʅʆʃʆɻɯʁ. ʃʠʩʪʦʧʘʜ ʆ. ɸ., ʄʘʨʜʘʨʦʚʘ ɯ. ʂ. ɼʝʨʞʘʚʥʠʡ ʟʘʢʣʘʜ çʇʽʚʜʝʥʥʦʫʢʨʘʾʥʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʂ. ɼ. ʋʰʠʥʩʴʢʦʛʦè (ʋʢʨʘʾʥʘ)  

1192 

ʇɽʈʉʆʅɸʃɯɿʆɺɸʅʀʁ ɯʅʌʆʈʄɸʎɯʁʅʀʁ ʉɽʈɺɯʉ ɼʃʗ ʇɯɼʊʈʀʄʂʀ ʅɸʋʂʆɺʆɰ 

ɼɯʗʃʔʅʆʉʊɯ ɼʆʉʃɯɼʅʀʂɯɺ. ʐʦʚʢʦʧʣʷʩ ʄ.ʆ. ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

(ʋʢʨʘʾʥʘ)   

1195 

ʈʆɿɼɯʃ 10. ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ʋ ʄɽɼʀʎʀʅɯ 1198 

MOBILE APPLICATION FOR EFFECTIVE COORDINATION OF BLOOD DONORS. 

Meliukhina K, Rysovanyi O. National Technical University "Kharkiv Polytechnic Institute" 

(Ukraine)  

1198 

TELEMEDICINE ð A NEW STAGE IN THE DEVELOPMENT OF COMPUTER 

TELECOMMUNICATION TECHNOLOGIES IN MEDICINE. O. V. Miroshnyk, S. V. Kotlyk. 

Odesa National University of Technology ( Ukraine)  

1199 

EARLY-STAGE DIAGNOSIS OF ALZHEIMERôS DISEASE  USING MACHINE 

LEARNING METHODS. Veronika Pletnova, Inna Zhulkovska, Oleg Zhulkovskyi  Dniprovsky 

State Technical University (Ukraine)  

1201 

USE OF NEUROHEADSETS IN LIMB PROSTHESIS. Romanyuk 
1 

O. N., Pavlov 
1 

S.V., 

Maidanyuk 
1 

V.P., Romanyuk 
2 

S.O., Titova 
2 

N.V. 
1 

Vinnytsia National Technical University, 

Ukraine, 
2
National University "Odessa Polytechnic" (Ukraine)    

1202 

CONDUCTING VIRTUAL MEDICAL SURGERIES ABROAD AND IN UKRAINE. Titova 
1 

N.V., Romanyuk 
1 

S.O. , Kotlyk 
3
 S.V., Romanyuk 

2
 O.N.

 
, Pavlov 

2 
S.V. 

1 
National University 

"Odessa Polytechnic" (Ukraine), 
2 

Vinnytsia National Technical University (Ukraine), 
3 

Odessa 

National Technological University (Ukraine)  

1204 

INFORMATION TECHNOLOGY IN MEDICINE. Andreiev ɸ.S., Sotnik S.V. Kharkiv 

National University of Radio Electronics (Ukraine)  
1207 

ʈʆɿʈʆɹʃɽʅʅʗ ʇʈʆɻʈɸʄʅʆ-ɸʇɸʈɸʊʅʆɰ ʉʀʉʊɽʄʀ ɼʃʗ ʄʆʅɯʊʆʈʀʅɻʋ ʉʊɸʅʋ 

ʃʖɼʀʅʀ. ɹʘʥʜʫʨʢʘ ʃ.ʄ. ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ.ɻʣʫʰʢʦʚʘ (ʋʢʨʘʾʥʘ)  
1209 

ʇʆʊɽʅʎɯɸʃ ɻɽʆɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ ʋ ʉʀʉʊɽʄɯ ɻʈʆʄɸɼʉʔʂʆɻʆ 

ɿɼʆʈʆɺôʗ. ɹʽʣʦʰʠʮʴʢʘ ʆ.ʂ., ɻʘʣʢʽʥ ʆ.ʖ., ɹʝʩʘʨʘʙ ʆ.ɹ., ʃʫʮʝʥʢʦ ʊ.ʄ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè (ʋʢʨʘʾʥʘ)  

1212 

ɸʂʊʋɸʃʔʅɯʉʊʔ ɺʀʂʆʈʀʉʊɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʋ ʈɽɸʃɯɿɸʎɯɰ 

ʂʃɯʅɯʏʅʀʍ ʄɸʈʐʈʋʊɯɺ ʇɸʎɯɭʅʊɯɺ ʇɯɼ ʏɸʉ ʇʈʆʊɽɿʅʆ-ʈɽɸɹɯʃɯʊɸʎɯʁʅʀʍ 

ʇʈʆʎɽɼʋʈ. ɹʽʣʦʰʠʮʴʢʘ ʆ.ʂ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ̔ʥʩʪʠʪʫʪ ̔ʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè (ʋʢʨʘʾʥʘ)  

1215 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄʆɹɯʃʔʅʀʍ ɿɸʉʊʆʉʋʅʂɯɺ ʋ ʌɯɿʀʏʅɯʁ ʈɽɸɹɯʃɯʊɸʎɯɰ. 

ɺʠʰʝʤʽʨʩʴʢʘ ʗ. ʉ., ɺʠʰʝʤʽʨʩʴʢʠʡ ɭ.ɼ. ʊʘʚʨʽʡʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  ̔ʤʝʥʽ ɺ. ɯ. 

ɺʝʨʥʘʜʩʴʢʦʛʦ (ʋʢʨʘʾʥʘ)  

1218 

ʈʆɹɸʉʊʅʀʁ ɹɽɻɯʅɻʆɺʀʁ ɸʅʉɸʄɹʃʔ ɿ ɸɻʈɽɻʋɺɸʅʅʗʄ ʈɽɿʋʃʔʊɸʊɯɺ ɿɸ 

ʄɽɼɯɸʅʆʖ. ɻʘʚʨʠʣʶʢ ʄ.ɸ., ɯʟʦʥʽʥ ɯ. ɺ., ʏʝʩʘʥʦʚ ʉ. ɺ., ʉʘʚʽʮʴʢʠʡ ʅ. ʆ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

1220 

ʄɽɼʀʏʅɯ ɯʅʌʆʈʄɸʎɯʁʅɯ ʉʀʉʊɽʄʀ ʗʂ ʂʆʄʇʆʅɽʅʊɸ ʋʉʇɯʐʅʆɻʆ 

ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ɿɸʂʃɸɼʋ ʆʍʆʈʆʅʀ ɿɼʆʈʆɺôʗ. ɻʦʣʦʚʯʫʢ ʖ. ʆ., ʇʣʶʰʢʦ ʈ. ɯ. 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ. ɯ. ʇʠʨʦʛʦʚʘ (ʋʢʨʘʾʥʘ)  

1222 

ʉʄɸʈʊ-ʊɽʍʅʆʃʆɻɯɰ ʗʂ ɿɸʉɯɹ ʇɯɼʊʈʀʄʂʀ ɿɼʆʈʆɺʆɻʆ ʉʇʆʉʆɹʋ ɾʀʊʊʗ. 

ɻʫʣʝʚʠʯ ʆ.ʆ. ɼʝʨʞʘʚʥʠʡ ʧʦʜʘʪʢʦʚʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
1225 

ɼʆʉʃɯɼɾɽʅʅʗ ʄɽʊʆɼɯɺ ɸɼɸʇʊɸʎɯɰ ʇʈʆɻʈɸʄʅʀʍ ʇʈʆɼʋʂʊɯɺ ʇɯɼ ʇʆʊʈɽɹʀ 

ʆʉɯɹ ɿ ɺɸɼɸʄʀ ɿʆʈʋ. ɼʨʘʯʝʥʢʦ ɸ.ɺ., ʉʝʣʽʚʘʥʦʚʘ ɸ.ɺ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

1227 

MEDICAL DEVICE OPERATING SYSTEMS: CURRENT STATUS, CHALLENGES AND 

FUTURE TRENDS. Zhelezniak-Kranh I. O. Taras Shevchenko National University of Kyiv 

(Ukraine)  

1229 

ʈʆɿʈʆɹʂɸ ʇʈʆɻʈɸʄʅʆɻʆ ɼʆɼɸʊʂʋ ɼʃʗ ɸʅʆʅɯʄɯɿɸʎɯɰ ʄɽɼʀʏʅʀʍ ɽʂɻ 1232 
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ɿɺɯʊɯɺ. ɿʘʢʨʞʝʚʩʴʢʠʡ ɼ.ʉ. ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

ɺʇʈʆɺɸɼɾɽʅʅʗ ʊɽʍʅʆʃʆɻɯʁ ʂʆʄʇôʖʊɽʈʅʆɻʆ ɿʆʈʋ  ɺ ɸɺʊʆʄɸʊʀɿʆɺɸʅɯ 

ʉʀʉʊɽʄʀ ʆɹʈʆɹʂʀ ʈɽʅʊɻɽʅɯɺʉʔʂʀʍ ɿʆɹʈɸɾɽʅʔ ʋ ʄɽɼʀʏʅɯʁ ʊɸ 

ɺɽʊɽʈʀʅɸʈʅɯʁ ʇʈɸʂʊʀʎɯ. ɯʚʘʥʦʚʘ ʃ.ɺ., ʂʨʘʩʥʽʻʥʢʦ ʅ.ɺ., ʂʘʚʘʣʞʽ ɼ.ɼ. ɺʉʇ 

çʆʜʝʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʫʥʽʚʝʩʠʪʝʪʘè (ʋʢʨʘʾʥʘ)  

1233 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʀʂʀ ʆɹʈʆɹʂʀ ʂɸʇɯʃʗʈʆʉʂʆʇɯʏʅʀʍ ɿʆɹʈɸɾɽʅʔ. ʂɸʃɯʅɸ 

ɺ.ɺ., ɹʋɼʅʀʂ ʄ.ʄ. ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅʋ (ʋʢʨʘʾʥʘ)  
1235 

ʂɯʃʔʂɯʉʅɽ ʆʎɯʅʖɺɸʅʅʗ ɿɼʆʈʆɺôʗ ʊɸ ʁʆɻʆ ʉʂʃɸɼʅʀʂɯɺ ɺ ʂʆʅʊɽʂʉʊɯ 

ɯʅʊɽʈʆʇɽʈɸɹɽʃʔʅʆʉʊɯ. ʂʽʬʦʨʝʥʢʦ ʉ.ɯ., ɹʻʣʦʚ ɺ.ʄ., ʃʘʚʨʝʥʶʢ ʄ.ɺ., ɻʦʥʪʘʨ ʊ.ʄ., 

ʂʦʟʣʦʚʩʴʢʘ ɺ.ʆ. ɯʥʩʪʠʪʫʪ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤ ʅɸʅʋ (ʋʢʨʘʾʥʘ)  

1238 

ʂʆʄʇôʖʊɽʈʅɸ ʇʈʆɻʈɸʄɸ Ăɸɺʊʆʄɸʊʀɿʆɺɸʅɽ ʈʆɹʆʏɽ ʄɯʉʎɽ ʃɯʂɸʈʗ-

ʇʉʀʍʆʃʆɻɸò. ʂʦʩʪʽʰʠʥ ʉ. ɺ., ʂʦʥʘʭʦʚ ʆ. ʖ.  ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

1240 

ɯʅʌʆʈʄɸʎɯʁʅɸ ʉʀʉʊɽʄɸ ʆʎɯʅʖɺɸʅʅʗ ɺʇʃʀɺʋ ʇʉʀʍʆɻɽʅʅʀʍ ʌɸʂʊʆʈɯɺ 

ʅɸ ʇʉʀʍʆʌɯɿʀʏʅʀʁ ʉʊɸʅ ʃʖɼʀʅʀ. ʂʨʯ̫ʦʢ ʊ.ɺ., ʂʦʙʟʘʨ ʊ.ɸ., ʏʘʣʠʡ ʇ.ɺ.  ɯʥʩʪʠʪʫʪ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤ ʅɸʅʋ  (ʋʢʨʘʾʥʘ)  

1243 

ɻɽʅʆʄʅʀʁ ʉɽʈɺɯʉ ɼʃʗ ɺʉʊɸʅʆɺʃɽʅʅʗ ʊɸ ʇɯɼʊɺɽʈɼɾɽʅʅʗ ʈʆɼʀʅʅʀʍ 

ɿɺôʗɿʂɯɺ ɯ ʆʎɯʅʂʀ ʇʆʍʆɼɾɽʅʅʗ ɿɸ ʉʀʈʀʄʀ ɼɸʅʀʄʀ ʉɽʂɺɽʅʋɺɸʅʅʗ. 

ʂʫʟʴʤʝʥʢʦ ɼ. ʉ., ʄʦʨʦʟʦʚʘ ɸ. ɯ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ 

(ʋʢʨʘʾʥʘ)  

1245 

ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ʄɽɼʀʎʀʅɯ. ʃʦʟʦʚʠʡ ɼ. ʆ. ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ 

ʉʣʫʞʙʠ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  
1247 

ʉʇʆʉʆɹʀ ʂʈɯʇʃɽʅʅʗ ɺɽʃʆɸɼɸʇʊɽʈɸ ɼʆ ʇʈʆʊɽɿʋ ɺɽʈʍʅʔʆɰ ʂɯʅʎɯɺʂʀ. 

ʃʫʮʝʥʢʦ ʂ. ʆ., ʆʚʯʘʨʝʥʢʦ ɸ. ʈ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè (ʋʢʨʘʾʥʘ)  

1249 

ʎʀʌʈʆɺɸ ʆʍʆʈʆʅɸ ɿɼʆʈʆɺôʗ: ʐɯ-ɸɻɽʅʊʀ ʊɸ ʎʀʌʈʆɺʀʁ ɼɺɯʁʅʀʂ ʃʖɼʀʅʀ 

ʄʘʣʘʭʦʚ ʂ.ʉ.  ɺʽʜʜʽʣ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʪʝʭʥʽʢʠ, ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ 

ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ  

1251 

ʉʀʉʊɽʄʀ ʂʆʅʊʈʆʃʖ ʇʆʂɸɿʅʀʂɯɺ ɿɼʆʈʆɺôʗ ʃʖɼʀʅʀ. ʄʽʨʝʮʴʢʠʡ ɺ.ɺ., 

ʇʨʠʭʦʜʴʢʦ ʆ.ɺ. ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
1254 

ɯʅʌʆʈʄɸʎɯʁʅɸ ʉʀʉʊɽʄɸ ɼʃʗ ɻɽʅɽʈɸʎɯɰ ʊɸ ʄʆʅɯʊʆʈʀʅɻʋ ʇɽʈʉʆʅɸʃʔʅʀʍ 

ʇʃɸʅɯɺ ʍɸʈʏʋɺɸʅʅʗ. ʄʦʪʦʰʠʥ ɸ.ɸ., ɯʣʴʷʰʝʥʢʦ ʄ.ɹ., ʂʫʣʠʢʦʚʩʴʢʘ ʅ.ɸ., ʊʽʤʝʥʢʦ 

ɸ.ɺ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɿʘʧʦʨʽʟʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ 

ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʽʤ. ʆ. ɻ. ɯʚʯʝʥʢʘ  (ʋʢʨʘʾʥʘ) 

1256 

ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʇʈʆɭʂʊʋɺɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʇʃɸʊʌʆʈʄ 

ʇɽʈʉʆʅɸʃɯɿʆɺɸʅʆɻʆ ʌɯʊʅɽʉ-ʂʆʋʏʀʅɻʋ. ʅʘʣʠʚʘʡʢʦ ɸ.ʖ., ʂʫʜʝʨʤʝʪʦʚ ʈ.ʂ., 

ɻʨʫʰʢʦ ʉ.ʉ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

1259 

ɹɯʆɯʅʌʆʈʄɸʊʀʏʅʀʁ ɸʅɸʃɯɿ ʄʋʊɸʎɯʁ ɻɽʅɯɺ CYP450 ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ɸʃɻʆʈʀʊʄɯɺ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɼʃʗ ʇɽʈʉʆʅɸʃɯɿʆɺɸʅʆɰ 

ʌɸʈʄɸʂʆʊɽʈɸʇɯɰ. ʇʘʩʪʫʰʝʥʢʦ ʄ.ʆ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè (ʋʢʨʘʾʥʘ), ʐʘʨʠʡ ʆ.ʆ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆ.ʆ. ɹʦʛʦʤʦʣʴʮʷ (ʋʢʨʘʾʥʘ)  

1262 

ɼʆʉʃɯɼɾɽʅʅʗ ʄʆɼɽʃɯ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ɼɯɸɻʅʆʉʊʀʏʅʀʍ ʇʈʆʎɽʉɯɺ ʋ 

ʄɽɼʀʏʅɯʁ ɯʅʌʆʈʄɸʎɯʁʅɯʁ ʉʀʉʊɽʄɯ. ʇʽʢʫʣʷʢ ʄ. ɺ., ʇʝʨʝʛʽʥʝʮʴ ɯ. ɺ. ʂʘʨʧʘʪʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘ (ʋʢʨʘʾʥʘ)  

1263 

ʂɯʃʔʂɯʉʅʀʁ ɸʅɸʃɯɿ ʈʆɿʇʆɼɯʃʋ ʉʊʈʋʄɯɺ ʋ ʉɽʈʎɯ ɿɸ ɼɸʅʀʄʀ 

ʄɸɻʅɯʊʆʂɸʈɼɯʆɻʈɸʌɯɰ. ʈʠʞʝʥʢʦ ʊ.ʄ., ʏʘʡʢʦʚʩʴʢʠʡ ɯ.ɸ., ɹʫʜʥʠʢ ʄ.ʄ.  ɯʥʩʪʠʪʫʪ 

ʢʽʙʝʨʥʝʪʠʢʠ ʽʤ. ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  

1266 

ɯʅʌʆʃʆɻɯʏʅɸ ʊɽʍʅʆʃʆɻɯʗ ʆɹʈʆɹʂʀ ɯʅʌʆʈʄɸʎɯɰ ʇʈʀ ʉʊɺʆʈɽʅʅɯ 

ɽʃɽʂʊʈʆʅʅʆɻʆ ʇʆʄɯʏʅʀʂɸ ʃɯʂɸʈʗ. ʉʤʦʣʽʥ ʖ.ʆ., ʂʦʥʦʥʠʭʽʥ ʆ.ɼ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  

1269 

ɿɸʍʀʉʊ ʂʆʅʌɯɼɽʅʎɯʁʅʆʉʊɯ ɿʆɹʈɸɾɽʅʔ ʇɸʎɯɭʅʊɯɺ ʋ ɿɸʂʃɸɼɸʍ ʆʍʆʈʆʅʀ 

ɿɼʆʈʆɺôʗ. ʍʘʥʝʥʢʦ ʆ. ɯ., ʈʠʙʘʢ ɺ. ʊ., ʂʝʨʽʚʥʠʢ: ʄʘʮʴʢʝʚʠʯ ɺ.ʄ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ 
1271 
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ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

ɸʅʉɸʄɹʃʔ ʃɯʅɯʁʅʀʍ ʄɽʊʆɼɯɺ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ ɿ ɸɻʈɽɻʋɺɸʅʅʗʄ 

ʈɽɿʋʃʔʊɸʊɯɺ ɿɸ ʇʈʀʅʎʀʇʆʄ çʇɽʈɽʄʆɾɽʎʔ ɿɸɹʀʈɸɭ ʋʉɽè. ʏʝʩʘʥʦʚ ʉ. ɺ. , 

ɯʟʦʥʽʥ ɯ. ɺ., ɻʝʥʪʦʰ ʃ. ɯ., ɻʘʚʨʠʣʶʢ ʄ.ɸ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

1273 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʂʆʄʇôʖʊɽʈʅʀʍ ɯɻʆʈ ʋ ʉʋʏɸʉʅʆʄʋ ʉʋʉʇɯʃʔʉʊɺɯ. ʐʝʚʯʝʥʢʦ 

ɼ.ɻ., ɼʟʽʤʽʥʘ ɸ.ɸ. ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  
1275 

ɯʅʌʆʈʄɸʎɯʁʅɸ ʉʀʉʊɽʄɸ ɼʃʗ ʄʆʅɯʊʆʈʀʅɻʋ ʄɽʅʊɸʃʔʅʆɻʆ ɿɼʆʈʆɺ'ʗ. 

ʐʢʦʜʘ ɼ.ʉ., ɯʣʴʷʰʝʥʢʦ ʄ.ɹ., ʂʫʣʠʢʦʚʩʴʢʘ ʅ.ɸ., ʊʽʤʝʥʢʦ ɸ.ɺ.  ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɿʘʧʦʨʽʟʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʽʤ. ʆ. ɻ. ɯʚʯʝʥʢʘ,  

(ʋʢʨʘʾʥʘ)  

1277 

ɯʅʌʆʈʄɸʎɯʁʅɸ ɹɽɿʇɽʂɸ ɺ ʄɽɼʀʎʀʅɯ: ɿɸʍʀʉʊ ʇɽʈʉʆʅɸʃʔʅʀʍ ɼɸʅʀʍ 

ʇɸʎɯɭʅʊɯɺ. ʐʪʝʬʘʥ ʉ.ʄ. ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʉʣʫʞʙʠ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ)  
1280 

ʈʆɿɼɯʃ 11. 3D ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ 3D ɼʈʋʂ 1283 

FEATURES OF AUTOMATION TECHNOLOGY OF 3D METAL MATERIALS. Batsak A. 

M., Bernatskyi A. V., Bondarieva V. I, Harder D. A., Lukashenko V. A.  E.O. Paton Electric 

Welding Institute of the National Academy of Sciences of Ukraine (Ukraine)  

1283 

ɯʅʊɽɻʈɸʎɯʗ ɻɽʅɽʈɸʊʀɺʅʀʍ AI-ʄʆɼɽʃɽʁ ʋ ʈʆɹʆʏʀʁ ʇʈʆʎɽʉ 3D-ʍʋɼʆɾʅʀʂɸ 

ʗʂ ɿɸʉɯɹ ʇʈʀʉʂʆʈɽʅʅʗ ɽʊɸʇɯɺ ɽʉʂɯɿʋɺɸʅʅʗ ʊɸ ʇʈʆʊʆʊʀʇʋɺɸʅʅʗ. ɺʦʡʪʦʚ 

ʉ. ʉ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

1285 

ʇʈʀʅʎʀʇʀ ʉʊɺʆʈɽʅʅʗ ʌʆʅʆɺʀʍ 3D-ʄʆɼɽʃɽʁ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ ɰʍʅʔʆɰ 

ʆʇʊʀʄɯɿɸʎɯɰ ɼʃʗ ɯɻʈʆɺʆɻʆ ʉɽʈɽɼʆɺʀʑɸ. ɺʦʣʥʷʥʩʴʢʘ ɺ.ʇ., ʉʠʣʝʥʢʦ ʖ.ɺ., 

ɯʚʘʥʦʚʘ ʄ.ʉ. ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ (ʋʢʨʘʾʥʘ)  

1286 

ɺʀʂʆʈʀʉʊɸʅʅʗ 3D ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʀ ʈʆɿʈʆɹʎɯ ʇʈʆɻʈɸʄʅʆɻʆ 

ɿɸɹɽɿʇɽʏɽʅʅʗ. ɻʣʠʥʯʫʢ ʃ.ʗ. ɺʦʣʠʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʃʝʩʽ 

ʋʢʨʘʾʥʢʠ (ʋʢʨʘʾʥʘ)  

1289 

3D-ɺɯɿʋɸʃɯɿɸʎɯʗ ʋ ʅɸʋʎɯ ʊɸ ʄʀʉʊɽʎʊɺɯ. ɻʦʥʯʘʨʫʢ ɼ.ʆ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ(ʋʢʨʘʾʥʘ)  
1291 

ʄʆɹɯʃʔʅʀʁ ɿɸʉʊʆʉʋʅʆʂ ɼʃʗ ɼʀʉʊɸʅʎɯʁʅʆɻʆ ʂʆʅʊʈʆʃʖ ɿɸ ʇʈʆʎɽʉʆʄ 

3D-ɼʈʋʂʋ. ʂʦʚʘʣʴʯʫʢ ɼ.ʄ. ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ 

(ʋʢʨʘʾʥʘ)  

1292 

3D-ɺɯɿʋɸʃɯɿɸʎɯʗ ʋ ʅɸɺʏɸʃʔʅʆʄʋ ʇʈʆʎɽʉɯ. ʂʨʘʚʯʝʥʢʦ ɸ. ʆ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ)  
1293 

ɸɺʊʆʄɸʊʀɿʆɺɸʅɽ ʅɸʃɸʐʊʋɺɸʅʅʗ 3-POINT LIGHT ʋ BLENDER 3D ʗʂ ɽʊɸʇ 

ɼʆʉʃɯɼɾɽʅʅʗ ʆʉɺɯʊʃɽʅʅʗ ɺ 3D ʉʎɽʅɸʍ. ʃʠʩʢʦʚʝʮʴʢʠʡ  ɺ.ɺ., ɹʦʣʪʘʯ ʉ.ɺ., 

ʃʦʤʦʚʮʝʚ ʇ.ɹ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

1295 

ɸɺʊʆʄɸʊʀɿʆɺɸʅɽ ʇʈʆɭʂʊʋɺɸʅʅʗ ʇʈʆʌɯʃɯɺ ɼɽʊɸʃɽʁ ɼɽʂʆʈʋ. 

ʃʦʤʦʚʮʝʚ ʇ.ɹ., ɹʦʣʪʘʯ ʉ.ɺ.  ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

(ʋʢʨʘʾʥʘ)  

1298 

ʄɽʊʆɼʀ ʌʆʈʄʋɺɸʅʅʗ ʆɹôɭʄʅʀʍ ʄʆɼɽʃɽʁ ɼʃʗ ʊʈʀɺʀʄɯʈʅʆɻʆ ɼʈʋʂʋ. 

ʈʦʤʘʥʶʢ 
1
ʆ.ʅ. ʄʘʡʜʘʥʶʢ ɺ.ʇ., ʉʪʘʭʦʚ ʆ. ʗ., ɹʦʡʢʦ

2
 ʆ.ʇ. 

1
ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 
2
ʂʦʤʫʥʘʣʴʥʠʡ ʟʘʢʣʘʜ çɺʽʥʥʠʮʴʢʠʡ ʣʽʮʝʡ ˉ7 ʽʤ.ʆʣʝʢʩʘʥʜʨʘ 

ʉʫʭʦʤʦʚʩʴʢʦʛʦè (ʋʢʨʘʾʥʘ)  

1299 

ɸɼʀʊʀɺʅɯ ʊɽʍʅʆʃʆɻɯɰ ʋ ɺɯʁʉʔʂʆɺɯʁ ʆʉɺɯʊɯ. 3D-ɼʈʋʂ ʅɸɺʏɸʃʔʅʀʍ 

ʄʆɼɽʃɽʁ 155-ʄʄ ɹʆɭʇʈʀʇɸʉɯɺ. ʉʥʽʪʢʦʚ ʂ.ɯ., ʇʦʣʽʱʫʢ ɸ.ʄ, ʉʝʤʽʚ ɻ.ʆ. ʅʘʮʽʦʥʘʣʴʥʘ 

ʘʢʘʜʝʤʽʷ ʩʫʭʦʧʫʪʥʠʭ ʚʽʡʩʴʢ ʽʤʝʥʽ ʛʝʪʴʤʘʥʘ ʇʝʪʨʘ ʉʘʛʘʡʜʘʯʥʦʛʦ (ʋʢʨʘʾʥʘ)  

1301 

ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ 3ɼ-ɼʈʋʂ ʇʈʆʊɽɿɯɺ. ʉʦʣʦʱʫʢ ʆ.ʆ. ɺʉʇ çʌʘʭʦʚʠʡ ʢʦʣʝʜʞ 

ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè (ʋʢʨʘʾʥʘ)  

1304 

ɺʀʂʆʈʀʉʊɸʅʅʗ 3D-ɼʈʋʂʋ ɼʃʗ ʇʈʀʉʂʆʈɽʅʅʗ ʈʆɿʈʆɹʂʀ ɹɯʆʄɯʄɽʊʀʏʅʀʍ 

ʇʆɺɽʈʍʆʅʔ. ʊʫʧʢʘʣʦ ʆ. ɸ. ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ 

(ʋʢʨʘʾʥʘ)  

1306 

ɼʆʉʃɯɼɾɽʅʅʗ ʉʋʏɸʉʅʀʍ ʄɽʊʆɼɯɺ ʇʈʆɭʂʊʋɺɸʅʅʗ ʉʂʃɸɼʅʀʍ ʆɹôɭʂʊɯɺ. 

ʊʫʨʷʥʩʴʢʠʡ ʂ. ʆ., ʉʝʣʽʚʘʥʦʚʘ ɸ.ɺ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
1308 
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(ʋʢʨʘʾʥʘ)  

ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʋʏɸʉʅʀʍ 3D-ʊɽʍʅʆʃʆɻɯʁ ɼʃʗ ɼɽʄʆʅʉʊʈɸʎɯɰ ʂʆʅʎɽʇʊɯɺ 

ʇʈʀɺɸʊʅʆɻʆ ɾʀʊʃʆɺʆɻʆ ɹʋɼɯɺʅʀʎʊɺɸ. ʐʠʥʢʘʨ ʆ.ɺ. ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ)  

1311 

3D-ɼʈʋʂ ʋ ɿɸʂʃɸɼɸʍ ʈɽʉʊʆʈɸʅʅʆɻʆ ɹɯɿʅɽʉʋ. ʗʥʶʢ ʆ.ɺ., ʂʫʮʘʢ ʖ.ʉ.  ɺʉʇ 

çʍʤʝʣʴʥʠʮʴʢʠʡ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ɼʝʨʞʘʚʥʦʛʦ ʪʦʨʛʦʚʝʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè (ʋʢʨʘʾʥʘ)  

1312 
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ʆʨʛʘʥʽʟʘʮʽʾ - ʫʯʘʩʥʠʢʠ ʢʦʥʬʝʨʝʥʮʽʾ 

Organizations - participants of the conference 

 
1 Astana IT University (Kazakhstan) 

2 Caucasus International University (Georgia) 

3 Iakob Gogebashvili Telavi State University (Georgia) 

4 SE Group International (Germany) 

5 Private Higher Education Establishment "European University" 

6 School of Aerospace Engineering, Xi'an Jiaotong University (China) 

7 Turan University (Kazakhstan) 

8 ɹʝʨʜʷʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

9 
ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ "ʍʤʝʣʴʥʠʮʴʢʠʡ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʬʘʭʦʚʠʡ 

ʢʦʣʝʜʞ ʜʝʨʞʘʚʥʦʛʦ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ" 

10 ɺʽʥʥʠʮʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʄʠʭʘʡʣʘ ʂʦʮʶʙʠʥʩʴʢʦʛʦ 

11 ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ.ɯ. ʇʠʨʦʛʦʚʘ 

12 ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

13 ɺʦʣʠʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʃʝʩʽ ʋʢʨʘʾʥʢʠ 

14 
ɺʉʇ "ʆʜʝʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ" 

15 
ɺʉʇ çʍʤʝʣʴʥʠʮʴʢʠʡ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ɼʝʨʞʘʚʥʦʛʦ ʪʦʨʛʦʚʝʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 
16 ɺʉʇ ʌʘʭʦʚʠʡ ʢʦʣʝʜʞ ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʆʅʊʋ 

17 ɻʣʫʭʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʢʩʘʥʜʨʘ ɼʦʚʞʝʥʢʘ 

18 ɼɺʅɿ "ʇʨʠʘʟʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ" 

19 ɼɺʅɿ "ʋʞʛʦʨʦʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ" 

20 ɼʝʨʞʘʚʥʠʡ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

21 
ɼʝʨʞʘʚʥʠʡ ʟʘʢʣʘʜ çʇʽʚʜʝʥʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʂ. ɼ. 

ʋʰʠʥʩʴʢʦʛʦè 

22 ɼʝʨʞʘʚʥʠʡ ʧʦʜʘʪʢʦʚʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

23 ɼʝʨʞʘʚʥʠʡ ʪʦʨʛʦʚʝʣʴʥʠʡ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

24 ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ɾʠʪʦʤʠʨʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ" 

25 ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʂʠʾʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè  

26 ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʚᾷʷʟʢʫ  

27 ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

28 ɼʥʽʧʨʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

29 ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʘʨʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

30 ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

31 ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ 

32 ɽʢʦʥʦʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ʈʦʙʝʨʪʘ ɽʣʴʚʦʨʪʽ 

33 ɾʠʪʦʤʠʨʩʴʢʠʡ ʚʽʡʩʴʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ʉ.ʇ. ʂʦʨʦʣʴʦʚʘ 

34 ɾʠʪʦʤʠʨʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

35 ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

36 ɯʚʘʥʦ_ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

37 ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

38 ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ ʬʽʣʽʷ ʋʥʽʚʝʨʩʠʪʝʪʫ çʋʢʨʘʾʥʘè 

39 ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʾʥʠ  

40 ɯʥʩʪʠʪʫʪ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ 

41 ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤ. ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ  ʋʢʨʘʾʥʠ 

42 
ɯʥʩʪʠʪʫʪ ʧʦʣʽʛʨʘʬʽʾ ʪʘ ʤʝʜʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè 

43 ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʙʝʟʧʝʢʠ ɸɽʉ ʅɸʅ ʋʢʨʘʾʥʠ 

44 ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ.ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ 
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45 

45 ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ 

46 ɯʥʩʪʠʪʫʪ ʩʧʝʮʽaʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʪa ʟaʭʠʩʪʫ ʽʥʬʦʨʤaʮʽʾ ʅaʮʽʦʥaʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʋʢʨaʾʥʠ ñʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò 47 ɯʥʩʪʠʪʫʪ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʽ ʪʝʭʥʦʣʦʛʽʡ ʅɸʅ ʋʢʨʘʾʥʠ 

48 ɯʨʧʽʥʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʋɹʽʇ ʋʢʨʘʾʥʠ 

49 ʂʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘ 

50 ʂʦʤʫʥʘʣʴʥʠʡ ʟʘʢʣʘʜ ɻʽʤʥʘʟʽʷ ˉ12 ʤ.ʂʘʤ'ʷʥʩʴʢʝ 

51 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɺ. ɻʝʪʴʤʘʥʘ 

52 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ  

53 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

54 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ 

55 ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

56 ʂʠʾʚʩʴʢʠʡ ʩʪʦʣʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʨʠʩʘ ɻʨʽʥʯʝʢʘ 

57 ʂʦʤʫʥʘʣʴʥʠʡ ʟʘʢʣʘʜ çʆʜʝʩʴʢʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞè 

58 ʂʨʠʚʦʨʽʟʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

59 ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

60 ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

61 ʃʴʚʽʚʩʴʢʠʡ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

62 ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

63 ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ 

64 ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʉʣʫʞʙʠ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠʠ 

65 ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʩʫʭʦʧʫʪʥʠʭ ʚʽʡʩʴʢ ʽʤʝʥʽ ʛʝʪʴʤʘʥʘ ʇʝʪʨʘ ʉʘʛʘʡʜʘʯʥʦʛʦ 

66 ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè 

67 ʅʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆ.ʆ. ɹʦʛʦʤʦʣʴʮʷ  

68 ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  ñʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò 

69 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ" 

70 ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

71 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ" 

72 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ" 

73 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ" 

74 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʆʜʝʩʴʢʘ ʶʨʠʜʠʯʥʘ ʘʢʘʜʝʤʽʷ" 

75 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ" 

76 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 

77 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

78 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ 

79 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

80 ʅʅɯ çɼʄʝʪɯè ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ  

81 
ʅʅɯ çʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠè ʋʢʨʘʾʥʩʴʢʦʛʦ 

ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ 

82 ʆʜʝʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

83 ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

84 ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʦʨʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

85 ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

86 ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ. ɯ. ʄʝʯʥʠʢʦʚʘ 

87 ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ 

88 ʈʽʚʥʝʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʛʫʤʘʥʽʪʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

89 ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

90 ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

91 ʉʫʤʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʝʢʦʥʦʤʽʢʠ ʽ ʪʦʨʛʽʚʣʽ 

92 ʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɼʘʣʷ  

93 ʊʘʚʨʽʡʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɺ.ɯ.ɺʝʨʥʘʜʩʴʢʦʛʦ 

94 ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ɻʥʘʪʶʢʘ 

95 ʋʢʨʘʾʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʣʴʦʪʥʘ ʘʢʘʜʝʤʽʷ 
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96 ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

97 ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʄʠʭʘʡʣʘ ɼʨʘʛʦʤʘʥʦʚʘ 

98 ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ 

99 ʋʤʘʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʇʘʚʣʘ ʊʠʯʠʥʠ 

100 ʌʽʣʽʷ ʂʣʘʩʠʯʥʦʛʦ ʧʨʠʚʘʪʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ ʤʽʩʪʽ ʂʨʝʤʝʥʯʫʢ 

101 ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

102 ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʉʝʤʝʥʘ ʂʫʟʥʝʮʷ 

103 ʂʨʝʤʝʥʯʫʮʴʢʠʡ ʣʴʦʪʥʠʡ ʢʦʣʝʜʞ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ 

104 ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ 

105 ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʤʽʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤʝʥʽ ʆ.ʄ. ɹʝʢʝʪʦʚʘ  

106 ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤ. ɯ. ʂʦʞʝʜʫʙʘ  

107 ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ 

108 ʍʘʨʢʽʚʩʴʢʠʡ ʨʘʜʽʦʪʝʭʥʽʯʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ 

109 ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ 

110 ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

111 
ʎʝʥʪʨʘʣʴʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ɿʙʨʦʡʥʠʭ ʉʠʣ 

ʋʢʨʘʾʥʠ 

112 
ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʨʦʟʚʠʪʢʫ ʣʶʜʠʥʠ ɺʽʜʢʨʠʪʦʛʦ ʤʽʞʥʘʨʦʜʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʨʦʟʚʠʪʢʫ ʣʶʜʠʥʠ çʋʢʨʘʾʥʘè 

113 ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

114 ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

115 ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ 

116 ʏʦʨʥʦʤʦʨʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʇʝʪʨʘ ʄʦʛʠʣʠ 
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ʈʦʟʜʽʣ 1.  

 

ʄʘʪʝʤʘʪʠʯʥʝ ʽ ʢʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ 

ʧʨʦʮʝʩʽʚ 
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V.N.Karazin Kharkiv National University (Ukraine) 

 

  The report examines mathematical models of the functioning of pipeline systems of critical 

infrastructure of cities, which have confirmed their effectiveness and have been widely tested in the 

implementation of automatized control systems, as well as systems of automatized design and 

reconstruction of gas, water, heat supply, water drainage and ventilation networks of many cities. 

When solving the problems of designing and reconstructing pipeline systems of critical 

infrastructure of cities, as well as during their operation, in particular at the stages of operational and 

long-term planning of the necessary flow distribution in them, the mathematical model of sustainable 

flow distribution in these systems has become wide widespread, which can be represented in the form 

( ) ( ) () ()[ ] ( ),Er  0 xaxrbxaxrf 2iiiiii
Ei

ri1rrrrrrr
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Í=-+-= ä
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    (2) 

where ( )( )Ej  x jj Íj  is usually a monotonically increasing odd function jx , and ( )( )Ej  x jj Íy  is a 

monotonically decreasing or constant function, i.e. 
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Here E is the set of arcs of the graph of the pipeline system; jj xr , ï the aerodynamic or 

hydrodynamic resistance and flow rate of the target product of the j-th section of the pipeline;1B ï the 

matrix of fundamental cycles for the branches of the tree; 21 E,E ï the set of arcs of the graph assigned to 

the branches of the tree and chords, respectively; [ ][ ]T
2

T
1j

T xx)Ej(xx =Í= ; [ ])Ei(xx 1i

T

1 Í= ; 

[ ])Er(xx 2r
T

2 Í= . 

It is assumed that in the main section there may be an active element, the direction of which 

coincides with the selected direction of this section; 1j =a , if in the j-th section there is such an active 

element, and 0=ja otherwise, and at least for one 0, ¸= kkj a . 

System (1) - (2) under conditions (3) - (5) is a system m(mï cyclomatic number of the graph of the 

pipeline system) of nonlinear equations with ( )1-v  a linear equation of the connection. Moreover 

1+-= vem , where cardEe=  and v - the number of arcs and vertices of this graph, respectively. The 
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solution of system (1) - (2) with respect to the costs of the target product is called the solution of the 

analysis direct problem or digital modeling of the distribution of the target product in the pipeline system. 

 Model (1) - (2) was obtained under the following assumptions: 

- the pipeline system can be structurally represented as a large number of interconnected subsystems 

of three types: loads, or consumers, active elements, communication lines. Moreover, as a consumer in 

the system, a real or equivalent section is considered, called a fictitious (or drain) and directed from any 

node of the pipeline system graph to some point with zero pressure. Active elements, or sources, include 

ventilation units (for ventilation networks), as well as pumping and compressor stations (for hydraulic and 

gas networks). Communication lines (passive elements) are sections of the pipeline. Since with increasing 

flow rate in such a section, the head loss increases, and with equal but opposite flow rates it is the same in 

absolute value but opposite in sign, the dependence of the head loss on the flow rate is a monotonically 

increasing and odd function (relations (3), (4)). Passive elements should also include various adjustable 

and unadjustable shut-off valves (gate valves); 

- each subsystem is characterized by two variables: serial (flow) and parallel (head loss), a number 

of parameters, as well as the selected direction. Head loss is the pressure difference under which the gas 

or liquid is at the beginning and end of the i-th section of the pipeline. Sometimes for gas, the difference 

in squared pressures is taken as a parallel variable; 

- the relationship between the main elements of the pipeline system, that is, its structure can be 

represented as a linear graph; 

- the total flow of liquid or gas supplied to the system is equal to the total flow consumed from it; 

- the system obeys Kirchhoff's laws (network postulates): 

a) the algebraic sum of the flows at any node of the system graph is zero; 

b) the total head loss over any closed cycle (contour, ring) of this graph is also zero.    

The above assumptions make it possible to consider the pipeline system as a strongly connected 

linear graph, on which two Kirchhoff's laws are fulfilled. This graph contains vertices and arcs, each of 

which is assigned a number of active and passive elements and two variables: the flow rate of the target 

product, or a sequential variable, and the head loss, or a parallel variable, which are related to each other 

by a monotonic dependence. The terms "sequential" and "parallel" variables emphasize the main 

characteristic of the variables and the method of their measurement, namely: the sequential variable (flow 

rate) is measured when the measuring device is connected in series, and the parallel (head loss) - when the 

latter is connected in parallel. 

The set of quantities ix and 
iy  ( e1i ,= ) is a two e-dimensional vector: ],...,,[ e21

T xxxx =  and 

],...,,[ e21
T yyyy = . 

These vectors characterize the state of flow distribution in the pipeline system, and their current (for 

example, the i-th) components are related by a dependence determined by the parameters of the active and 

passive elements of the corresponding (i-th) arc of the graph of this system, but do not depend on the 

geometric structure of the latter. On the other hand, the first postulate of the pipeline system allows us to 

find the dependence between the components of the vector x , the second - the dependence for the 

components of the vector y . These dependences are determined only by the graph of this system, that is, 

its geometric structure. The system of e equations for the branches together with e equations arising from 

Kirchhoff's laws, and is the mathematical model of the flow distribution process in the pipeline system, 

which uniquely reflects the relationship between variables, parameters and the structure of the system. 

 The model (1) - (2), obtained using the contour separation method [1], must be supplemented in the 

general case with ʝ equations for the parallel variable y  

                                             ( ) ( ) ( )( ).Ej  x a- xr xy jjjjjjjj Í= yj                 (6) 

Here 

                                                         
() ( )( ) Ej  xr y jjjj Í= j
ʧ

                            (7) 

parallel variable of the j-th passive element, 

                                                     
() ( )( )Ej  xʘ y jjj

a

j Í= y                              (8) 

 parallel variable of the j-th active element; 0 >jx , if the direction of the serial variable of the j-th 

arc of the pipeline system graph coincides with the selected direction of this arc; 0 <jx  otherwise; 
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()
 0 

ʧ
>jy , if 0 >jx ; 

()
 0 

ʧ
<jy , if 0 <jx . It is also assumed that the j-th active source is oriented 

identically with the j-th arc. In this case 
()

  
a

jy , in expression (1) is taken with a minus sign. 

  

References 

1. Evdokimov A.G. Pipeline Transport Systems. Theory. Practical Applications. Mathematical Principles. 

- Kharkiv: Tochka Publishing House, 2004. - 572 p. 

 

 

 

 

 

UDC 621.436.001.57 

MODELING OF DYNAMIC VALUE CHARACTERISTICS OF DIESEL ENGINES  

Ishchenko P.P., Hryhorenko A.O., Usov D.D., Lymar O.O., Marchenko D.D. 

(limaroo@mnau.edu.ua, marchenkodd@mnau.edu.ua) 

Mykolayiv National Agrarian University (Ukraine) 

 

The article considers the issue of forming dynamic operating modes of a diesel engine during 

vehicle acceleration. The influence of turbocharger inertia on boost pressure, acceleration dynamics, and 

the occurrence of such phenomena as ñturbo pitò and ñturbo pick-upò is determined. The author 

proposes a method for mathematical modeling of transient engine operation based on the use of an 

extended mathematical model of the Blitz-PRO
È
 turbo-piston engine. A system of equations for the 

dynamics of the engine, turbocharger, and pneumatic actuators is presented, which allows for highly 

accurate determination of changes in the speed, boost pressure, and load in real operating conditions. 

The results obtained contribute to increasing the accuracy of transient evaluation in modern diesel 

engines with gas turbine supercharging and can be used in the design improvement of supercharging 

systems. 

 

When a diesel internal combustion engine is used in a motor vehicle, transient operating modes 

constitute a significant portion of its operation. These modes include starting, warming up, accelerating, 

and braking. From the perspective of the turbocharging system's operation, the acceleration mode of the 

vehicle is of greatest interest [1]. Due to the inertia of the turbocharger, it takes a certain amount of time 

for its rotor to spin up to its operating speed. Consequently, during the initial acceleration phase, the boost 

pressure does not correspond to that during steady-state engine operation. To maintain the maximum 

permissible excess air coefficient, it is necessary to limit the cyclic dose of fuel injected into the cylinder, 

which leads to a decrease in engine power and an increase in acceleration time. This phenomenon is 

known as "turbo lag". As the vehicle accelerates, the boost pressure begins to increase sharply, which 

leads to a sudden increase in engine power and acceleration of the vehicle - "turbo lag". Both of these 

phenomena are unfavorable and are the subject of constant efforts by designers to eliminate them. 

Fig. 1 shows the combination of external speed characteristics of the engine (VSH) and the 

resistance power (load) on the engine. 

When accelerating a vehicle at maximum acceleration, the engine operates according to its external 

speed characteristic, despite the engine load being significantly lower than the power it generates. The 

difference between the engine's generated power and the load power is expended to increase the kinetic 

energy of the engine and vehicle. Clearly, the dynamic VSH is lower than the static VSH, which 

adversely affects the transition time. 

The problem of favorable formation of dynamic VSH becomes more acute with increasing boost 

pressure, since, with single-stage boost, it becomes necessary to use high-pressure turbocompressors, 

which have higher rotor moments of inertia. 
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Fig. 1 External speed characteristics during vehicle acceleration and a fixed transmission gear ratio 

 

To simulate transient operating modes, the Blitz-PRO
È
 mathematical model of the turbopiston 

engine, developed at the Department of Tractors and Agricultural Machinery, Operation and Technical 

Service, was supplemented with the corresponding calculation modules. Initially, the steady-state 

operating mode of the engine is calculated before the onset of a transient process (e.g., acceleration). This 

step is necessary for the initial filling of the arrays of parameters of the working fluid in the engine 

cylinder, intake receiver, and exhaust manifolds [2 - 5]. Next, the sequence of engine operating cycles is 

calculated. In this case, the change in the rotational speed of the engine and turbochargers is calculated at 

a time interval corresponding to the cycle time. Dynamic equations are used for the calculation engine 

and turbochargers, as well as an equation for determining the load on engine: 
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where n - is the current engine speed; nTK  - is the current engine speed turbocharger rotor; Ne - the 

current value of the effective engine power, which is the difference between the indicated power and 

power of mechanical losses; Nload - current value of engine load; Nt - instantaneous value of 

turbocharger turbine power; NK- instantaneous value of turbocharger compressor power; Ieng- 

instantaneous value of power losses in transmission: Ieng- total moment of inertia of moving parts of 

engine, transmission and vehicle propeller; A0, A1, A1 - constant coefficients; ITK - moment of inertia of 

turbocharger rotor; nʥ - rated engine speed; Ne- rated engine power; ̔ - time layer number. 

The turbocharger dynamics equation is solved together with the iterative refinement of the pressure 

increase ratio in ʇʢ the turbocharger compressor based on the interpolation of the digitalized 

characteristics of the turbocharger. 

It is especially important to emphasize the need to use extrapolated characteristics of the compressor 

and turbine of the turbocharger [6, 7] to ensure the stability of such a calculation, since the engine 

operates over a very wide range. 

It should be noted that when simulating transient engine conditions, the mathematical model is also 

supplemented by a calculation of the dynamics of pneumatic actuators to determine the current flow area 

of the bypass valves [8, 9]. According to the fundamental law of dynamics: 

ВF=-ma:Ps+Pt+Fʧʨ=-mmex
d
2
hcl

dt
2; 
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Ps=
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Pt=pt
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d́cl
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4
; 

Fʧʨ=Cʧʨhʢʣ+Bin, 

where p
s
  - is the air pressure in the engine receiver; p

o
 - is the ambient pressure; p

t
 - is the gas pressure 

before the turbine; p
t
 - is the gas pressure after the turbine; Cʧʨ - is the spring stiffness coefficient; B   - 

is the static force of the spring; is the diameter of dʤ - the actuator membrane; dBP - is the diameter of the 

bypass valve; is the diameter of dcl - the actuator membrane ; hcl - is the valve lift height; hcl - the total 

mass of the moving parts of the mechanism. 

In conclusion, it should be said that the application of the indicated approach to modeling the 

dynamic VSH [10] of diesel engines allows us to estimate transient processes in modern gas turbine 

supercharging systems with a fairly high degree of accuracy. 
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Annotation. This paper proposes a mathematically grounded framework for organising urban 

passenger transport that couples classic transit modelling (assignment, headway control and capacity 

analysis) with a permissioned blockchain for trusted, auditable data exchange among agencies, operators 

and users. We formalise the problem as minimising generalised passenger time and operational cost 

subject to fleet, capacity and service constraints, while enforcing the integrity of ticketing, vehicle 
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telemetry and control actions via smart contracts. The contribution is threefold: (i) a demandïsupply 

modelling layer based on transit assignment and holding control; (ii) a data and governance layer using 

a consortium blockchain with role-based consensus; and (iii) a set of measurable performance indicators 

and deployment guidelines for multi-operator cities. The approach targets reductions in headway 

variability and excess waiting, improved fare integrity and transparent inter-operator reconciliation, 

while meeting throughput and latency requirements of large networks.  

Keywords: urban transport; transit assignment; headway control; blockchain; smart ticketing; 

distributed ledger; operations research. 

 

Problem statement. Urban passenger systems increasingly operate as multi-operator, multi-

modal networks that must coordinate timetables, capacity and fares under demand peaks and 

disturbances. Conventional data pipelines and bilateral clearing create silos, reconciliation delays and 

limited auditability. The lack of a commonly trusted record complicates pay-as-you-go and capping 

policies, hinders real-time control across agencies, and weakens evidence for service-quality enforcement. 

Meanwhile, rigorous planning still requires mathematically consistent models of passenger behaviour and 

service control to guarantee predictable levels of service under constraints [3]ï[5], [9]. Recent research 

suggests blockchain can supply a tamper-evident, multi-stakeholder data fabric and programmable 

settlement for mobility ecosystems [1], [2], [6], [7], [10]ï[12]. We therefore address the following: how 

to integrate (A) transit network modelling and (B) a practical, high-throughput blockchain substrate so 

that operational decisions and economic transactions share a single source of verifiable truth. 

Research tasks.  
T1 ï Mathematical modelling of service and demand. Build a transit assignment model on a 

directed network where passenger route choice follows optimal strategies (frequent-service assumption), 

consistent with established formulations [4]. Then, compute link and line loads under given headways and 

capacities. Integrate passenger arrival processes at stops and vehicle capacity to quantify excess waiting 

and on-board crowding [3]ï[5], [9]. 

T2 ï Real-time control policy. Design a headway-based holding controller at selected control 

stops to suppress bunching, parameterised to balance passenger delay and schedule regularity, following 

evidence from the holding-control literature [9]ï[12]. 

T3 ï Blockchain architecture and data model. Specify a permissioned (consortium) ledger that 

records: (i) fare events (issue/validate/revoke/cap); (ii) vehicle events (arrival/departure, dwell, load); and 

(iii) control actions (hold/release) as signed transactions governed by smart contracts. Select a BFT-class 

consensus (e.g., PBFT/IBFT) to achieve low-latency finality appropriate for operational control, per 

blockchain design guidance and ITS-oriented surveys [1], [2], [6]. 

T4 ï Inter-operator clearing and audit. Implement periodic settlement and subsidy rules as 

programmable contracts (caps, concessions, revenue splits), and expose cryptographic audit trails for 

regulators and operators [6], [7], [10]ï[12]. 

T5 ï Performance indicators and design targets. Define KPIs: headway CV on trunk segments, 

excess waiting time, on-board time, dispatched fleet, fare-leakage proxy, and ledger throughput/latency. 

Map event rates to ledger capacity (e.g., for 600k boardings/day å 6.9 s ĭ average, peaking Ĭ8ï10 in rush 

hours; with ~3ï5 ledger events/boarding, dimension for O(150ï350) TPS with sub-second commit at the 

edge). These order-of-magnitude requirements follow simple rate calculations and align with throughput 

reported for permissioned, BFT-style deployments in applied studies [2], [6], [7], [10]ï[12]. 

3. Essence of the approach. 

3.1 Demandïsupply and assignment layer. We adopt an optimal-strategies assignment on transit 

networks (passengers minimise expected journey time, including waiting and in-vehicle time under 

frequency-based service) to compute equilibrium flows [4], using Sheffi-style network equilibrium 

concepts for existence and solution quality [3]. Capacity constraints and stochastic arrivals feed a 

queueing-inspired waiting model consistent with TRB practice [5]. Outputs include platform loads, line 

segment utilisation and expected waiting time by stop and time-of-day. 

3.2 Control layer (holding). We place dynamic holding controllers at a small set of control points. 

Each controller observes preceding/following headways (estimated from vehicle telemetry) and solves a 

convex surrogate of the passenger timeïregularity trade-off, consistent with the literature on 

predictive/dynamic holding [9]ï[12]. Control actions are discretised dwell extensions that respect 

minimum headway and capacity constraints. 
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3.3 Blockchain data and governance layer. 

Data objects. (a) Fare tokens (or account entries) encoding product, capping and concessions; (b) 

Telemetry events (arrival/departure, dwell, load, device attestations); (c) Control actions. 

Smart contracts. (i) Ticketing/validation (single-tap account-based or token-based), (ii) Capping 

across operators and modes, (iii) Revenue distribution with rules agreed ex ante, (iv) Service-quality 

oracle that locks bonuses/penalties based on KPIs. 

Consensus & performance. We recommend a permissioned BFT family for finality and low 

latency within a consortium of agencies/operators, following blockchain overviews and ITS-focused 

surveys [1], [2], [6]. 

Privacy & security. Pseudonymous identifiers, selective disclosure for audits, and on-chain proofs 

anchored to off-chain payloads (e.g., Merkle commitments) in line with smart-ticketing studies [6], [7], 

[10], [11]. 

3.4 Systems integration. Roadside units/validators act as edge nodes signing events; control 

centres and settlement services act as validating peers. The ledger provides a tamper-evident trail across 

agencies, replacing bilateral files and enabling near-real-time reconciliation, as proposed in recent 

transport-ticketing work [6], [7], [10], [11]. 

Results (what the framework enables). Analytical and simulation outputs from the coupled 

model are intended to demonstrate: 

(i) Regularity gains-median headway CV reductions on trunk segments via holding (literature 

baseline suggests material improvements under dynamic policies) [9]ï[12]; (ii) Passenger benefits - lower 

excess waiting time and missed-bus probability under stochastic arrivals [5], [9]; 

(iii) Operational efficiency - meeting target loads with fewer ad-hoc extras by stabilising service; 

(iv) Economic and governance benefits- on-chain capping and automated inter-operator settlement with 

cryptographic auditability [6], [7], [10], [11]; (v) Data integrity - single source of truth for regulators and 

planners, supporting before/after evaluation. The blockchainôs role is not to ñoptimiseò flows per se, but 

to ensure that control decisions, validations and reconciliations are reproducible and tamper-evident, a 

property emphasised in surveys and smart-ticketing studies [1], [2], [6], [7], [10], [11]. 

Conclusions. We developed a coherent, deployable scheme that unites transit assignment and 

headway control with a permissioned blockchain to handle trust, reconciliation and programmability 

across agencies. The framework is technology-agnostic at the modelling layer and pragmatic at the 

data/governance layer, using smart contracts for ticketing, capping and settlements. Future work includes 

field trials with live validators, robustness to device failures, and formal welfare analysis under multi-

operator governance. Given the pace of development in IoV/ITS blockchain tooling and the maturity of 

transit control theory, the proposed synthesis is timely and actionable for mid-sized and large cities [1], 

[2], [6], [7], [10]ï[12]. 

On a simulated urban bus line with variable demand (peak load), the proposed control scheme 

(dynamic holding + slack control) reduced the interval fluctuations: CV(H) from 0.32 to 0.21 (-34%), the 

average expected passenger delay (EWT) from 4.8 to 3.1 min (-35%), and the share of ñstickingò trips 

from 12 to 5 cases per 100 trips (-58%). The blockchain component (IBFT, permissioned) provided a 

median commit delay of 0.19 s (P95 = 0.42 s) at ~250 txn/s and an end-to-end control decision delay of 

0.8 s (median); the average additional CPU load of the onboard node <3%. 
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Analysing user behaviour in the digital environment requires the use of intelligent data analysis. 

The study proposes a combination of cluster and discriminant analysis for segmentation and prediction 

of target actions (e.g., purchases) based on interaction metrics.  

 

In today's digital world, companies and developers are faced with a huge flow of information about 

how users interact with their products ï websites, applications, services. These ever-growing volumes of 

data on clicks, views, purchases and other actions can easily turn into information noise if you don't have 

effective tools to analyze them. Without a deep understanding of user behavior, it becomes difficult to 

make informed decisions about product development, content personalization, or marketing strategies, 

leading to missed opportunities and inefficient use of resources. In such situations, data mining methods 

become reliable tools for identifying hidden patterns and assessing user behavior. 

For a comprehensive analysis and understanding of user behavior in the digital environment, it is 

important to consider three key aspects: how this behavior can be measured, how it can be conceptually 

modelled, and what factors influence it. Behavior is measured using a variety of metrics that allow for the 

quantitative assessment of different aspects of user interaction with a digital product. Behavioral models 

help to structure the understanding of these interactions, explain existing patterns, or predict future 

actions. Finally, influencing factors provide the necessary context, explaining why users behave in one 

way rather than another, considering both their internal characteristics and the features of the external 

environment.  

Key aspects of analysing user behaviour in the digital environment: 

Behavior measurement: visitor numbers/traffic; engagement; navigation; conversions; retention; 

satisfaction/experience; 

User behavior models: describing the decision-making process; describing interaction; data-driven; 

agent-based; profiling; 
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Factors influencing behavior: internal; external. 

User behaviour in the digital environment is a complex, multifaceted and dynamic phenomenon that 

reflects human interaction with technology. Studying it is key to creating successful digital products. The 

characteristics of this behaviour, such as purposefulness, measurability, variability and the presence of 

patterns, make it a suitable object for the application of intelligent data analysis methods. 

Since user interaction generates a lot of different information, we will highlight the following 

potentially important groups of indicators: 

session and visit data: traffic sources, visit time, session duration, device type, geographic data, 

number of pages/screens viewed; 

data on interaction with content and functionality: page view sequences (user paths), clicks on 

interface elements, search usage, form filling, video viewing, time on page, scrolling depth; 

conversion action data (if relevant): purchases, registrations, subscriptions, file downloads, other 

goal completion; 

user data (if available and relevant): demographic characteristics, history of previous interactions, 

user segment (if previously segmented). 

This data is typically captured by web analytics systems, internal application logs, or special event 

tracking systems. 

Solving the problem of evaluating user behaviour requires the use of adequate methods of 

multidimensional statistical analysis capable of processing complex data sets that characterise objects 

according to many features. This section discusses two classes of such methods, namely cluster and 

discriminant analysis.  

Although these methods solve different problems ï cluster analysis aims to reveal the internal 

structure of data and segment objects without prior information about classes, while discriminant analysis 

is used to classify objects into predefined groups ï they can be effectively combined to achieve the goals 

of this study. In particular, we plan to use cluster analysis to identify natural segments of users based on 

their behavioural patterns, and then apply discriminant analysis to build a model that predicts target 

actions (e.g., purchases) and identifies key behavioural factors that distinguish users. 

To visualize and structure this comprehensive approach, it is advisable to construct a conceptual 

research framework. This diagram will reflect the main stages of analysis, linking specific models that 

need to be developed to assess user behavior and potential demand with the corresponding methods of 

intelligent data analysis that will be used to solve them (Table 1). 

 

Table 1. Conceptual diagram of building models for intelligent data analysis 

Models / Research tasks Intelligent data analysis methods 

M1. Model of user segmentation by behavior 

patterns (identification of typical user groups)    

Cluster analysis (CA): Hierarchical methods 

(dendrograms, Ward's method) for visual 

determination of the number of clusters; K-

means method for final cluster formation; 

Calculation of distance measures (Euclidean) to 

calculate similarity between observations. 

M2. Classification model for assessing cluster 

membership (verification of segmentation 

accuracy and development of classification 

rules)  

Discriminate analysis (DA): Construction of 

discriminant functions to separate clusters; 

Classification of observations according to the 

discrimination rule; Assessment of classification 

accuracy (error matrix, Wilks' lambda) 

M3. Analysis of factors influencing behavioral 

membership (interpretation of clusters and 

discriminant functions)  

Descriptive statistics (for profiling clusters 

obtained in M1). Analysis of discriminant 

function coefficients (from M2) to determine the 

importance of features. 

 

The key task of the practical part is to evaluate their behavior in terms of predicting specific 

outcomes. In particular, the goal is to develop a model that will allow, based on data about user 

interaction with a digital product (collected behavior metrics), to assess the probability of achieving target 

actions, such as making a purchase or leaving positive feedback, as well as potentially classifying users 

by level of satisfaction. 
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A comparative analysis revealed fundamental differences between cluster analysis and 

discrimination analysis. Cluster analysis, as an unsupervised learning method, aims to reveal the internal 

structure of data and form groups (clusters) of objects based on their similarity, regardless of any external 

criteria or target variables. Although it can be useful for exploratory analysis and identifying unknown 

user segments, it does not provide direct tools for solving classification or prediction problems for 

predefined categories. 

In contrast, discriminant analysis is a supervised learning method, the main purpose of which is to 

develop rules for classifying objects into known groups. Direct alignment with goals: discriminant 

analysis allows you to build a model that, based on behavioral predictors (number of views, session time, 

functions used, etc.) will classify users into target categories (óboughtô/ódid not buyô, óleft positive 

feedbackô/ódid not leaveô, óhighly satisfiedô/ólow satisfactionô). 

Predictive power. The discriminant function (or functions) can be used to predict the behavior of 

new users, which has high practical value for business (for example, for targeting marketing campaigns or 

proactive work with customer support). 

Interpretation of influencing factors. Discriminate analysis not only classifies but also allows you to 

evaluate the contribution of each behavioral characteristic to the separation of groups. This makes it 

possible to understand which aspects of behavior are the most significant indicators of the likelihood of 

purchase, satisfaction or leaving positive feedback. 

Thus, the application of intelligent data analysis methods to assess and predict key aspects of user 

behavior (probability of purchase, leaving positive feedback), the optimal solution would be to combine 

these two models. 
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Abstract. The paper explores the phenomenon of Internet dependency among Ukrainian youth, 

emphasizing behavioral tendencies, emotional aspects, and the role of digital habits in shaping daily life. 

The study combines theoretical research, online data collection, and statistical clustering to identify 

distinct user profiles that reflect varying degrees of Internet engagement and addiction risk. 
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Introduction  

Over the past decade, the Internet has evolved from a communication tool into an essential part of 

everyday life. According to the Digital 2024 global report, more than 5.5 billion peopleðabout two-

thirds of the worldôs populationðuse the Internet daily, spending an average of 6.5 hours online. For 

many, online activity is an integral part of work, study, entertainment, and social interaction. However, 

the fine line between productive use and dependency often becomes blurred, especially among young 

users who spend a significant portion of their time in digital environments. 

Theoretical Background 
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Internet dependency is rooted in the brainôs reward system. Activities such as receiving likes on 

social media, gaming achievements, or continuous content consumption trigger dopamine release, 

creating positive reinforcement loops that encourage repetitive behavior. As a result, individuals may lose 

control over time spent online, neglect responsibilities, and experience emotional fatigue. 

Researchers identify several forms of Internet addiction: social media obsession, gaming 

dependency, compulsive information seeking, binge-watching, excessive communication via messengers, 

online shopping addiction, gambling, and virtual relationships. Each reflects a specific behavioral pattern 

but shares a common mechanismðdisplacement of real-life activities by online substitutes. 

Methodology 

The study aimed to assess the level of Internet dependency among Ukrainian youth, determine the 

main behavioral patterns, and identify risk factors. 

A Google Forms online survey was designed based on adapted elements of the Kimberly Young 

Internet Addiction Test (IAT) and Chen Internet Addiction Scale (CIAS), supplemented with customized 

questions relevant to modern digital habits. 

The questionnaire covered demographics, daily online time, purposes of Internet use, emotional 

response to disconnection, procrastination, and attempts to self-limit online activity. A total of 405 

respondents participated, including students and teachers of Odesa National Technological University and 

affiliated colleges. 

Data Analysis 

Statistical analysis was performed using descriptive statistics, correlation evaluation, and the k-

means clustering algorithm to segment respondents by behavioral similarity. Visualization was 

implemented using dimensionality reduction (PCA). 

The main findings include: 

- Average online time: 3ï7 hours per day for most respondents; 21% exceeded 7 hours. 

- Main purposes of use: social networks (79%), academic information search (69%), news reading 

(61%), and entertainment (47%). 

- Emotional dependence: 52% reported discomfort when offline. 

- Impact on life: over 60% admitted procrastination due to online activity. 

- Self-regulation attempts: only 24% successfully reduced Internet use. 

- Preferred coping methods: time management (27%), changing environment (21%), and social support 

(15%). 

Clustering Results 

Four distinct behavioral clusters were identified: 

1. Addicted Users ï mostly under 17; spend over 7 hours online; experience anxiety when disconnected; 

frequent procrastination; failed attempts to limit usage. 

2. Active Users ï aged 17ï23; spend 5ï7 hours daily; moderate discomfort offline; use Internet actively 

for both entertainment and study. 

3. Stable Users ï over 24; balanced Internet use (3ï4 hours/day); minimal negative effects; rarely 

procrastinate. 

4. Conscious Users ï adults using the Internet for work and learning; 3ï5 hours/day; rational and 

controlled digital behavior. 

Discussion 

The clustering results reveal age-related progression in Internet dependency. Younger groups 

exhibit stronger emotional and behavioral attachment, while older participants demonstrate more self-

regulated use. The transition from ñaddictedò to ñconsciousò patterns reflects a maturing understanding of 

digital self-control. 

The findings also confirm that Internet dependency correlates with time online, social media 

activity, and limited self-regulation strategies. The emotional dimensionðdiscomfort, anxiety, or guiltð

serves as a key diagnostic indicator. 

Conclusions 

Internet dependency remains a pressing issue among Ukrainian youth. The majority of 

respondents show moderate to high engagement levels, often linked to procrastination and reduced focus. 

To mitigate these risks, the study recommends: 

- integrating digital hygiene education into university curricula; 
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- promoting self-monitoring tools and time-tracking apps; 

- encouraging offline social interaction; 

- implementing institutional awareness campaigns about responsible Internet use. 

The results provide a data-driven foundation for developing preventive programs and contribute to 

the broader understanding of digital behavior within Eastern European academic environments. 
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This research explores the behavior of multiscale site percolation on fractal substrates through 

the construction of a multiplicative measure on a two-scale Cantor-type set, capturing the probabilistic 

structure of cluster formation. Simultaneously, it investigates the force field generated by point sources 

distributed over the nodes of a Sierpinski pre-fractal of arbitrary generation. By employing recursive 

relations and symmetry principles, explicit analytical expressions for field components are derived. The 

study offers a unified framework for understanding how hierarchical geometries influence both statistical 

distributions and physical interactions, contributing to the broader modeling of complex systems on 

fractal domains. 

 

The study introduces a refined approach to modeling site and gradient percolation on fractal 

substrates, emphasizing the role of arithmetic structures in redefining the nature of phase transitions. 

Within the framework of an infinite system, the transition is shown to manifest not as a singular critical 
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point, but as a finite critical interval, reflecting the layered complexity of multiscale interactions. 

Analytical expressions are derived for stress fields and critical exponents associated with cluster systems 

embedded in Sierpinski-type geometries. A system of recurrence relations is formulated, enabling the 

classification of defect dynamics through attractor behavior in phase space. The model incorporates a 

representation of the nearest neighborhood as a "thick" fractal set, with the Sierpinski carpet of arbitrary 

generation serving as a canonical example. Recognizing its structural analogy to a two-dimensional 

Cantor set, the study identifies a corresponding multiplicative measure, extending the applicability of 

fractal analysis to interconnected systems. These findings reinforce the interdisciplinary relevance of 

percolation theory, where the concept of connectedness emerges as a unifying principle across physical 

and computational domains. 

Really one of the possible representations of the nearest neighborhood in the model is the 

prefractal of the Sierpinski n-th generation carpet. It is well known that the Sierpinski gasket can be 

considered as the two-dimensional Cantor set. By analogy with [1], we identify its multiplicative 

measure.  

Let there be a two-dimensional Cantor set with two scales s1and s2 and the measure generated by a 

multiplicative process p1and p2. Totally, we have n! /k! (n ī k)! segments of the space ίί  and weight 

‘ ὴὴ  in the n-th generation of the Cantor set (Fig. 1). Thus, the measure is given by  

 

ὓ ήȟ‏ ὴί ὴί ὴὰ ὴὰ ȟ 
 

where ŭ is the same box size on all cells used to cover the set and q is the moment order of M.  

This measure remains finite with ‏ ὰ as ὲ O Њ if, and only if, one chooses Ὠ †ήȾς [1] 

where the mass exponent Ű (q) is the solution of the equation  

 

ὴὰ ὴὰ = 1 

 

For q = 0 the mass exponent is the fractal dimension of the set and equals 0.6110497257 (Fig. 1).  

The possibility of solving the percolation problem on the Sierpinski carpet by the renormalization 

group method is shown in [2]. 

Let us consider modification of the "wire" model of the Sierpinski carpet, which proposed in [2]. 

 
 

Figure 1 - Two-scale fractal measure on the 2D Cantor set with s1 = 0.25
2 
and weight p1 = 0.6 and s2 = 0.4

2
 

with p2 = 0.4. The space of squares in the n-th generation is proportional to the density ɟi = ɛi/si. The 

fractal dimension of the Cantor set supporting the measure is D = 1.8927892607 

 

Let the original square frame be divided on nine equal squares by four "wires". The procedure is 

repeated many times on each of the 8m frames (except for the central ones) received in the next step. Let 

also on each the Sierpinski carpet of any "generation" with linear density l contain point sources that 

create fields with the intensity ɽ ~ 1/r
2
.  

Let the Sierpinski carpet with side of the forming square equal to 2H be arranged so that its center 

coincides with the central point, and sides are parallel to the axes. The components of the stress vector, 

created by the segment, are determined by relations 
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ɽʭ= ɚ (sin Ŭ2 ï sin Ŭ1) /  r ,                                                         

 

ɽy= ɚ (cos Ŭ2 ï cos Ŭ1) /  r , 

 

where Ŭi is the angle between the perpendicular of length r, dropped from the point at which the strength 

is determined, to the segment or its continuation, and the corresponding direction to the end points of the 

segment. 

If designate 

 

A(u,v) =  (u
2 

 +  v
2
)
-1/2

, B(u,v) =  v/   [u (u
2 
+ v

2
)
1/2

], 

ɝ (n, p) = ï ɝ + (ï1)
n

 p , ɖ (n, p) = ï ɖ + (ï1)
n

 p, 

 

then the components of the stress vector E, produced by the carpet of the m-th generation at arbitrary 

points that do not lie on lines that contain segments of the network, can be calculated from the recurrence 

relations 

Ex = Xm (ɝ, ɖ) = ä
=

2

1i

{Xm-1(ɝ, ɖ(i, H
 
'') + Xm-1(ɝ (i, H

 
''), ɖ) + 

+ä
=

2

1j

[Xm-1(ɝ (j, H
 
''), y(i, H

 
'')) + ɚ(ī1)

 j
 (A(ɝ (j, H
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')) ī 

ī A(ɝ (j, H
 
), ɖ(i, H

 
')) + B(ɝ (i, H

 
'), ɖ(j, H) ī B(ɝ (i, H

 
'), ɖ(j, H')))]},  

 

Ey = Ym (ɝ, ɖ) = Xm (ɖ, ɝ), where H
 
' = H/  3, H

 
'' = 2H/  3, 

where X0 (ɝ, ɖ) = ɚä
=

2

1j

ä
=

2

1i

[(ī1)
i
 A(ɝ (i, H), ɖ(j, H)) + (ī1)

 j+1
B(ɝ (i, H), ɖ(j, H))],; 

Y0 (ɝ, ɖ) = X0 (ɖ, ɝ) = ɚä
=

2

1j

ä
=

2

1i

[(ī1)
i
 A(ɖ(i, H), ɝ (j, H)) + (ī1)

 j+1
B(ɖ(i, H), ɝ (j, H))]. 

 

Conclusions 
The proposed framework provides a consistent analytical approach to modeling multiscale site 

percolation on fractal domains and evaluating force fields generated by discrete sources on Sierpinski-

type pre-fractals. The construction of a multiplicative measure on a two-scale Cantor set enables precise 

characterization of probabilistic distributions within hierarchical percolation structures. The derived 

recurrence relations for field components, based on symmetry and generational indexing, yield explicit 

expressions for the spatial behavior of vector fields on pre-fractal geometries. These results contribute to 

the theoretical understanding of complex systems governed by fractal topology and offer potential 

applications in statistical physics, network theory, and field modeling on non-Euclidean substrates. 
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The abstract considers a model of the dynamics of crushed ore material on the screening surface of 

a vibrating screen, which takes into account the advection, diffusion, segregation, and percolation of its 

particles. The approach used enables a description of how the granulometric composition and density of 

the oversize product transform as it moves across the screen, thereby enhancing the quality of automated 

process control. 

 

Problem statement. Screening or sifting is widely used in the mining industry to separate ore 

particles by size. A massive amount of ore at mining enterprises is regularly subjected to industrial 

screening; therefore, studying the kinetics of the process and optimizing the corresponding technology is 

of great economic importance. However, many studies have identified the decisive influence of the 

movement of discrete particles on the results of this operation [1, 2]. Solving this problem is complicated 

by the presence of many operating variables and various disturbing factors that determine the results of 

this technological operation. The most significant factors include the complex distribution of ore particles 

by size and density, along with the intricate effects of various dynamic operating modes of the screening 

surface on the movement of oversize products. 

List of completed tasks. Recently, fine wet screening machines have been increasingly used for the 

classification of crushed ore at enrichment plants. The use of wet material screening, the solid phase of 

which includes ore particles of varying density and size, imposes additional requirements on the design 

and adjustment of the relevant operating equipment. During continuous screening, when the feed rate of 

ore material to the screen is high enough and it creates a concentrated layer of particles of a certain 

thickness, for example, around the feed section, only the particles in the layer that are in direct contact 

with the screen have a chance to pass through the openings. As long as the upper layers are able to add 

small particles to this contact layer, the material flow rate will remain constant. As the material moves 

along the screen and more and more smaller particles pass through the openings, it becomes more 

dispersed. At the same time, the particles become more mobile and ñseparated,ò transitioning from a 

ñclumpedò state to ñseparatedò motion. These features significantly complicate the task of developing 

effective automated control of this process. The studied model of the dynamics of crushed ore material on 

the screening surface of the screen takes into account the advection, diffusion, segregation, and 

percolation of its particles in the material layer. The approach used allows taking into account the 

transformation of the particle size distribution of the solid phase of the oversize product and its density 

during movement on the screen surface, thereby improving the quality of automated control of the 

process. 

Research essence.  
During the research, the process of movement of the primary mass of ore material across the surface 

of the sieve was modeled. The granulometric composition of the ore material was determined by the 

content of crushed ore particles with a size of 150, 106, 74, and 45 ɛm. The change in the coordinate of 

the concentration of the corresponding size class relative to its input value in the mass of the pulp product 

loaded onto the surface of the sieve was determined. The change in the mass concentration of the solid 

phase in the input product from 20 to 40% was modeled. Fig. 1 shows the results of modeling in 

MATLABÈ the change in the concentration of the specified ore size classes in the oversize product when 

screening on a sieve with a mesh size of 74 ɛm. 

For ore material with a particle size of 74 ɛm, the green sector determines the effect of changing the 

mass concentration of the solid phase in the input product from 20% (+74d) to 40% (+74u). 

Analysis of this approach showed that its application allows simulating virtually all possible 

dynamics of ore material during its movement through the screen and, based on the results obtained, 

forming an appropriate strategy for automated process control [3, 4]. 
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Fig. 1. Results of modeling changes in the concentration of certain classes 

of ore particle size in the oversize product of a screen 

 

Conclusions. The proposed model allows for changes in the particle size distribution and density of 

the oversize product to be taken into account, which makes it possible to develop a strategy for automated 

process control. Further research should be aimed at refining the model parameters and developing 

intelligent control systems for fine wet screening. 
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The article presents the results of mathematical modeling and fuel economy calculations for a gas 

engine equipped with a combined heating system during pre-start and start-up cycles. A mathematical 

model was developed to evaluate the fuel efficiency and environmental performance of the K159M2 

internal combustion engine using a system for pre-starting and accelerated warm-up (SPC). The model 

incorporates data from experimental studies and takes into account the influence of coolant circulation 

speed, temperature variations, and thermal accumulator operation. Simulation results demonstrate that 
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the implementation of SPC reduces the warm-up time by 16ï38%, fuel consumption by up to 75%, 

nitrogen oxide emissions by 93ï98%, and particulate matter emissions by 88ï94%, compared to a 

conventional cooling system. The use of the combined heating system ensures stable engine operation, 

improved fuel economy, and significantly enhanced environmental performance. The proposed 

mathematical model allows accurate prediction of temperature dynamics, thermal energy requirements, 

and emission characteristics during the pre-start heating and warm-up phases, providing an effective 

approach for optimizing cold-start conditions in gas engines. 

 

Introduction.  Accelerated warm-up elements include solenoid valves and a liquid pump, which 

allows modulating the circulation of the coolant (OR) depending on its temperature, to ensure effective 

warming up of the internal combustion engine. The peculiarity of the construction and operation of the 

SKP is as follows: if the temperature of the coolants of the cooling system (CO) of the internal 

combustion engine is below the maximum permissible level (40 ÁC), then to carry out the process of 

warming up and starting the internal combustion engine, the TA is first put into operation and passes the 

liquid coolant CO through the TA using its own pump. which takes the heat accumulated by the heat-

accumulating material (TAM) and transports it inside the small circulation circuit of the internal 

combustion engine CO until the set temperature is reached in it (40 ÁC). 

Analysis of recent research. According to the results of bench tests of the K159M2 engine 

equipped with a SPC in the laboratory conditions of the Gas Institute of the National Academy of 

Sciences of Ukraine [1], it was found that the use of SPC improves fuel efficiency (total fuel consumption 

for warming up) when starting and warming up after starting the internal combustion engine when it is 

operating at idle. In addition, the warming up time of the internal combustion engine is significantly 

reduced in the range from the ambient temperature to the ñhot startò temperature and to the temperature at 

which it is possible to accept the load by the engine. At the same time, the environmental performance of 

the engine is improved, in particular, nitrogen oxide emissions and particulate emissions are reduced, in 

the same operating temperature range. 

Problem statement. To assess the effectiveness of the use of the SPC, it is advisable to determine 

the fuel efficiency and environmental performance of a stationary internal combustion engine according 

to the cycle of pre-start warm-up, start-up and accelerated warm-up after start-up using a mathematical 

model when using a combined warm-up system. 

Main material.  In the course of research, a mathematical model for calculating fuel efficiency and 

environmental performance of the K159M2 engine when using the SPC during start-up and warm-up was 

developed, and after conducting experimental studies, it was refined [2], which allows obtaining urgent 

(hourly) parameters, fuel efficiency indicators and environmental performance of the engine in the 

process of its implementation of the pre-start thermal preparation mode from the ambient temperature to 

the ñhot startò temperature and the possibility of accepting the load. The mathematical model takes into 

account the features of using the SPC on the K159M2 engine. To form the initial data base of the 

developed mathematical model, experimental data on the design and working process of the internal 

combustion engine were used, and the initial data on the working process of the studied internal 

combustion engine were also calculated. For this purpose, the Diesel-RK software package was used (a 

program of the thermodynamic program class, i.e. the engine cylinders are considered in it as open 

thermodynamic systems) [3], which is intended for the calculation, analysis and research of two-stroke 

and four-stroke internal combustion engines. As a result of the preparation of the necessary initial data, 

the dependences of pressure, temperature in the cylinder and temperature in the exhaust manifold on the 

crankshaft rotation of the internal combustion engine at a speed of 700 were obtained ʭʚ-1, which were 

subsequently used in the mathematical model. Also, the mathematical model includes polynomial 

dependencies obtained by processing the results of bench tests of the K159M2 engine, namely, the 

dependencies of fuel consumption during engine warm-up: with a standard cooling system, and elements 

of accelerated engine warm-up (EPA) installed in the CO of the ICE, with an experimental SPC installed 

on the ICE and preliminary engine warm-up to "hot start" temperatures, namely: 40 ÁC, 50 ÁC and 60 ÁC. 

[4]. As well as the components of the mathematical model, according to the provisions of [4]. the 

equations of the developed method for monitoring the thermal parameters of the cooling system of the 

K159M2 engine were refined according to the data of the natural characteristic of CO. First of all, this 

concerns the regularities of the engine cooling process. In the mathematical model, as its dominant 

parameter when choosing the criterion for permissible cooling of the K159M2 engine, the parameters of 
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the temperature change at the inlet to the engine cylinder block were introduced. Due to this, it was 

possible to predict the dynamics of the drop in engine temperature indicators in time in the mathematical 

model and to give appropriate recommendations regarding the amount of thermal energy, intervals and 

duration of pre-start preparation of the engine from the thermal accumulator of the phase transition of the 

SPC. 

To take into account the specifics of the application of the SPC in the CO of the internal combustion 

engine, the mathematical model includes the conditions, basic assumptions and model representations 

necessary for building a mathematical model of the functioning of the SPC of the internal combustion 

engine with the TA of the adopted design, at which the SPC is turned on, operated and turned off. The 

model is based on the well-known formula [5] for determining the specific heat flow through a flat wall: 

q=
tÚ1

-tÚ
1

Ŭ
Ú1

+
ŭ

ɚ
+
1

Ŭ
Ú

,                                                              (1) 

wheretÚ1 and tÚ - the temperature of the gases in the cylinder and the coolant, respectively; ŬÚ1and ŬÚ- the 

heat transfer coefficient of the gases to the wall and from the wall to the liquid, respectively; ɚ - the 

thermal conductivity coefficient ; ŭ- wall thickness. 

Since the gas temperature is not required for this case, we transform formula (1) by taking out tÚ1and 

ŬÚinserting the value of the wall temperature on the gas side (tw), we obtain: 

tw=tÚ+q
1

ŬÚ
+
ŭ

ɚ
.                                                           (2) 

Analyzing the formula (2), it can be noted that the change tw, according to the given law, is possible, 

either by affecting the temperature of the coolant tÚ, which is not very effective, or by affecting the 

intensity of heat transfer ŬÚ. Other parameters are either constant for this design 
ŭ

ɚ
, or are set by the 

engine operating mode (q). Mathematical modeling was carried out under the conditions of installing the 

SPC on the K159M2 engine stationary electric unit DGMA-48M1, the parameters of which are included 

in the mathematical model. The simulation was carried out under the following conditions when using the 

VG thermal energy utilizer: without using the SPC; when using the SPC with operating elements of the 

SPPD with disconnected elements of the SUTTA; when using the SPC with operating elements of the 

SPPD and SUTTA. In the process of modeling, a cycle of pre-starting warm-up and starting of the ICE 

was formed from the beginning of the discharge of the TA (the beginning of the thermal preparation of 

the ICE) to its full charging, which is determined by the temperature of the phase transition of the TAM. 

During the simulation, the processes of pre-starting warm-up of the ICE K159M2 at different fixed 

ambient temperatures were considered, but the results were selected for the temperatures most 

characteristic of the region, namely: 20 ÁC, 0 ÁC, -20 ÁC. 

At the specified temperature regimes, the system operates as follows: the internal combustion engine 

warm-up from the TA lasts 862 s, 1433 s, 1956 s, respectively, then upon reaching the OC temperature of 

50 ÁC , the internal combustion engine is started and combined with its warming up from the TA and the 

thermal energy of fuel combustion to the OC temperature of 85 ÁC in 570 s, after reaching the OC 

temperature of 85 ÁC, the TA is charged, which lasts 460 s, 1697 s, 1876 s, respectively. While the OC 

warm-up using the classical method will last 1350 s, 1810 s and 2715 s, respectively. From these 

dependencies it can be seen that the internal combustion engine with the SPC warms up to a temperature t 

 40 (50/60) Áʉ respectively in 1343 (1433/1541) s., which is less by 486 s. (27%) and 196 s. (21%) / 

288 s. (16%) compared to warming up the ICE with standard CO to a temperature of 50 Áʉ, which is 

1829 s. At the same time, the engine consumes less fuel by 0.895 (0.789 / 0.643) m
3
, which is less by 

2.259 kg. (72%) (2.359 kg. (75%) / 2.504 kg. (79%)) compared to warming up the ICE with standard CO 

to a temperature of 50 Áʉ, which is 3.147 m
3 

. The engine emits less nitrogen oxide emissions by 0.333 

(0.246 and 0.154) g, which is 5.864 g (94%) less (5.617 g (96%) / 5.617 g (96%)) compared to warming 

up the ICE with standard CO to a temperature of 50 ÁC, which is 5.864 g. Particulate emissions are 

reduced by 0.056 (0.044 / 0.030) mg, which is 0.570 mg (90%) less (0.582 mg (91%) / 0.596 mg (95%)) 

compared to warming up the ICE with standard CO to a temperature of 50 ÁC, which is 0.626 mg. Thus, 

comparing the warm-up time of t,s., hourly fuel consumption GT, emissions of nitrogen oxides NO, of 

solid particles K during start-up and warming it up to the temperature of "hot warm-up", it is seen that the 

SPC allows to significantly improve the indicators of warm-up time (up to 16-38%), and environmental 

friendliness (for NO* up to 93-98%, and for A' up to 88-94%) and economy (up to 62-75%) of the 
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experimental internal combustion engine when solving the problems of cold start based on TA and 

accelerating the internal combustion engine warm-up using the SPC. The results of the study also show 

that by increasing the circulation speed of the OC flow in the CO of the ICE from 0.08 m/s (which 

corresponds to the circulation speed of the OC when warming up the ICE at idle with a standard pump) to 

0.22 m/s (which corresponds to the characteristics of the SKP circulation pump), we obtain a reduction in 

the warm-up time g.s. on average by 14%, fuel consumption for warming up GT by 25%, reduce 

emissions of particulate matter K during warming up by 28%, and nitrogen oxides NOx during warming 

up by 23%. 

Conclusion. Thus, the assessment of the effectiveness of the use of SPC in the cycle of pre-starting 

and starting the internal combustion engine confirmed the improvement of fuel efficiency when working 

with the combined heating system, as well as the effectiveness of the use of SPC as one of the directions 

for improving the environmental performance of the internal combustion engine without worsening fuel 

efficiency. 
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This paper examines a promising approach to reducing operating costs of internal combustion 

engines: converting them to run on gaseous fuel. The challenge with this method is the fundamental 

change in the operating conditions of most powertrain components and assemblies, which requires 

careful preliminary analysis. To address this issue, a mathematical model was developed, which is a 

universal system of volume balance differential equations. A key advantage of the proposed model is its 

capability to interact with other subsystemsðsuch as intake and exhaust manifoldsðvia feedback loops, 

enabling comprehensive simulation of heat and mass transfer, mixture formation, fuel supply, and air 

exchange processes. Implemented in the MathCAD environment, the model is currently adapted for high-

speed, naturally aspirated gas engines with external mixture formation and a cylinder diameter of 70ï95 

mm. The developed approach provides a reliable tool for predicting key engine performance parameters, 

optimizing operating conditions, and reducing the time and cost of experimental refinement during the 

conversion of conventional engines to gaseous fuels. 
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A promising way to reduce operating costs of internal combustion engines is to convert them to use 

gaseous fuels. This conversion changes the operating conditions of most engine components and 

assemblies. 

In this regard, before converting a specific engine, it is necessary to perform mathematical modeling 

of the gas engine's operating process in order to determine its key parameters and reduce the time, 

material, and financial costs of further refinement work, as well as to ensure its fuel efficiency and service 

life. 

The developed mathematical model of the engine's working process is a core, the basis of which is a 

system of differential equations of volume balance developed and proposed by N.M. Glagolev. Its 

peculiarity is that it allows one to determine with sufficient accuracy the parameters of the working fluid 

in the engine cylinder throughout the entire working cycle, taking into account the peculiarities of heat 

and mass transfer processes. One of its advantages is the ability to interact with other models using the 

feedback principle. That is, having, for example, parameters or functional dependencies for gas-dynamic 

processes in the intake manifold, one can link them with the above-mentioned model and obtain a more 

accurate calculation of the processes in the cylinder and vice versa, knowing the parameters of gas 

outflow from the cylinder through the valve into the intake port, one can estimate the influence of the 

working fluid parameters on the gas-dynamic processes in the intake manifold. Thus, the interconnected 

calculation blocks take into account the processes in the engine systems and units, before/after the 

cylinder, they can be constantly expanded and the mathematical model can be improved, forming its basis 

based on design features the engine under consideration. 

This model is related to the gas-dynamic and thermodynamic parameters of the working fluid, and is 

also associated with the processes of mixture formation, fuel supply, air supply, the thermal state of the 

engine, and parameters that determine mechanical losses. 

The system of differential equations defining the core of the program is based on the following 

assumptions: 

a) the cylinder during gas exchange processes can be considered as an open thermodynamic system; 

b) the cylinder during the processes of compression, combustion and expansion can be considered as 

a conditionally closed thermodynamic system; 

c) the processes occurring in a thermodynamic system are of a quasi-stationary nature; 

d) heat exchange processes are of a quasi-equilibrium nature; 

d) the physicochemical properties of gaseous fuels obey the law of additivity. 

The change in the parameters of the working fluid is shown schematically in the Fig. 1. 

 

 
 

Fig. 1 - Change in the parameters of the working fluid in the cylinder 

 

The model itself is implemented in the MathCAD environment and at this stage is adapted for the 

calculation of high-speed naturally aspirated gas engines with external mixture formation and a cylinder 

diameter of 70...95 mm. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʣʦʛʽʢʦ-ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʪʨʘʻʢʪʦʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦ 

ʦʮʽʥʶʚʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʪʘ ʞʠʚʫʯʦʩʪʽ ʽʻʨʘʨʭʽʯʥʠʭ ʩʠʩʪʝʤ ʚʽʡʩʴʢʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (C2) ʪʠʧʫ 

çh ʪʘʙðʙʨʠʛʘʜʘðʙʘʪʘʣʴʡʦʥðʨʦʪʘè. ʉʪʨʫʢʪʫʨʘ ʧʦʜʘʻʪʴʩʷ ʷʢ ʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ ʽʟ 

ʢʨʠʪʠʯʥʠʤʠ ʚʫʟʣʘʤʠ ʚ ʜʚʦʭ ʩʪʘʥʘʭ: ʧʨʘʮʶʻ / ʚʽʜʤʦʚʘ.  ʃʦʛʽʢʦ-ʡʤʦʚʽʨʥʽʩʥʠʡ ʤʝʪʦʜ ʪʨʘʻʢʪʦʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʢʪʫʻ ʧʨʦʭʦʜʞʝʥʥʷ çʡʤʦʚʽʨʥʽʩʥʠʭ ʧʘʢʝʪʽʚè ʷʢ ʪʨʘʻʢʪʦʨʽʾ ʜʦʚʝʜʝʥʥʷ 

ʥʘʢʘʟʽʚ/ʟʙʠʨʘʥʥʷ ʟʚʽʪʽʚ ʯʝʨʝʟ ʙʘʛʘʪʦʨʽʚʥʝʚʽ ʰʣʷʭʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʘʚʠʣ ʤʽʩʽʾ (AND/OR, k-of-n) ʪʘ 

ʢʽʥʮʝʚʠʾ ʯʘʩʦʚʠʭ ʪʝʨʤʽʥʽʚ. ʄʝʪʦʜ ʥʘʜʘʻ ʤʝʪʨʠʢʠ: (1) ʡʤʦʚʽʨʥʽʩʪʴ P{ʫʩʧʽʰʥʝ ʜʦʚʝʜʝʥʥʷ ʥʘʢʘʟʫ ʚ 

ʤʝʞʘʭ ʯʘʩʫ T}, (2) ʡʤʦʚʽʨʥʽʩʪʴ P{ʢʝʨʦʚʘʥʽʩʪʴ ʧʨʠ ʜʝʛʨʘʜʘʮʽʷʭ}, (3) ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʽʜʤʦʚ ʚʫʟʣʽʚ ʽ 

ʣʽʥʽʡ. ʇʦʨʽʚʥʷʥʦ ʟ ʧʽʜʭʦʜʘʤʠ ʥʘ ʙʘʟʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʧʦʣʽʥʦʤʽʚ ʃʦʛʽʢʦ-ʡʤʦʚʽʨʥʽʩʥʠʡ ʤʝʪʦʜ 

ʪʨʘʻʢʪʦʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʤʝʥʰʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ ʽ ʢʨʘʱʫ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ çwhat-ifè ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʽʻʨʘʨʭʽʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: C2; ʽʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ; ʞʠʚʫʯʽʩʪʴ; ʥʘʜʽʡʥʽʩʪʴ; ʢʨʠʪʠʯʥʽ ʚʫʟʣʠ. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʠʩʪʝʤʠ ʚʽʡʩʴʢʦʚʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʫ ʧʦʣʽ ʙʦʶ ʟʘʟʥʘʶʪʴ ʚʧʣʠʚʫ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʘ ʙʦʨʦʪʴʙʘ(ʈɽɹ), ʚʦʛʥʝʚʠʭ ʫʨʘʞʝʥʴ ʪʘ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʢʘʥʘʣʽʚ. ʈɽɹ ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʫʟʛʦʜʞʝʥʠʭ 

ʜʽʡ ʚʽʡʩʴʢʦʚʠʭ ʩʠʣ ʱʦʜʦ ʟʜʦʙʫʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ, ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʚʽʡʩʴʢʘʤʠ ʽ ʟʙʨʦʾ ʧʨʦʪʠʚʥʠʢʘ, ʾʭʥʴʦʛʦ 

ʟʥʠʱʝʥʥʷ, ʟʘʭʦʧʣʝʥʥʷ, ʚʠʚʝʜʝʥʥʷ ʟ ʣʘʜʫ, 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʜʫʰʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʘʭʠʩʪʫ 

ʚʣʘʩʥʠʭ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ ʽ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʚʽʡʩʴʢʘʤʠ ʪʘ ʟʙʨʦʻʶ ʚʽʜ ʟʘʩʪʦʩʦʚʘʥʠʭ ʧʨʦʪʠʚʥʠʢʦʤ 

ʟʘʭʦʜʽʚ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʨʦʟʚʽʜʢʠ ʽ ʚʝʜʝʥʥʷ 

ʢʦʥʪʨʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʪʠʜʽʾ. ʋ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ 

ʧʦʪʨʽʙʝʥ ʤʝʪʦʜ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʦʚʫʻ ʽʻʨʘʨʭʽʶ, 

ʥʝʥʘʜʽʡʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʯʘʩʦʚʽ ʦʙʤʝʞʝʥʥʷ ʜʦʩʪʘʚʢʠ 

ʥʘʢʘʟʽʚ. ʄʝʪʘ ʨʦʙʦʪʠ ð ʧʦʢʘʟʘʪʠ, ʱʦ ʃʦʛʽʢʦ-

ʡʤʦʚʽʨʥʽʩʥʠʡ ʤʝʪʦʜ ʪʨʘʻʢʪʦʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ(ʃɯʊʄ) ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʥʘ ʙʘʛʘʪʦʨʽʚʥʝʚʽ C2-

ʩʪʨʫʢʪʫʨʠ ʪʘ ʜʘʻ ʽʥʞʝʥʝʨʥʦ ʟʨʦʟʫʤʽʣʽ ʧʦʢʘʟʥʠʢʠ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ. 

ɭ ʽʻʨʘʨʭʽʷ C2 [1]:  ʚʝʨʰʠʥʘ ð ʰʪʘʙ, ʥʠʞʯʝ ð ʙʨʠʛʘʜʠ, ʙʘʪʘʣʴʡʦʥʠ, ʨʦʪʠ. ʂʦʞʝʥ ʚʫʟʦʣ ʽʩʥʫʻ ʫ 

ʜʚʦʭ ʩʪʘʥʘʭ: ʧʨʘʮʶʻ ʘʙʦ ʚʽʜʤʦʚʘ. ʃʽʥʽʾ ʟʚôʷʟʢʫ ʤʘʶʪʴ ʽʤʦʚʽʨʥʽʩʪʴ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʟʘʪʨʠʤʢʫ. 

ʇʦʪʨʽʙʥʦ ʦʮʽʥʠʪʠ: 

ǒ ʡʤʦʚʽʨʥʽʩʪʴ P{ʥʘʢʘʟ ʜʦʚʝʜʝʥʦ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʧʽʜʤʥʦʞʠʥʠ ʧʽʜʣʝʛʣʠʭ ʟʘ ʯʘʩ Ò T}; 

ǒ ʡʤʦʚʽʨʥʽʩʪʴ P{ʟʙʝʨʝʞʝʥʥʷ ʢʝʨʦʚʘʥʦʩʪʽ ʧʨʠ ʚʪʨʘʪʽ ʯʘʩʪʠʥʠ ʚʫʟʣʽʚ}; 

ǒ ʯʫʪʣʠʚʽʩʪʴ ʤʝʪʨʠʢ ʜʦ ʚʽʜʤʦʚ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ/ʣʽʥʽʡ (ʚʠʷʚʣʝʥʥʷ ʚʫʟʴʢʠʭ ʤʽʩʮʴ). 

ʄʝʪʦʜ ʣʦʛʽʢʦ ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʪʨʘʻʢʪʦʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʽʡʩʴʢʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʃɯʊʄ [2] ʨʦʟʛʦʨʪʘʻ ʛʨʘʬ ʟʘʜʘʯʽ ʚ ʧʨʦʩʪʽʨ ʪʨʘʻʢʪʦʨʽʡ çʡʤʦʚʽʨʥʽʩʥʠʭ ʧʘʢʝʪʽʚè. ʅʘ ʧʝʨʰʦʤʫ 

ʚʭʦʜʽ ʚ ʢʦʞʥʠʡ ʚʫʟʦʣ ʧʘʢʝʪ ʨʦʟʛʘʣʫʞʫʻʪʴʩʷ ʥʘ ʜʚʘ ʚʘʨʽʘʥʪʠ ʩʪʘʥʫ ʚʫʟʣʘ (ʧʨʘʮʶʻ / ʚʽʜʤʦʚʘ) ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ; ʧʦʚʪʦʨʥʽ ʚʭʦʜʠ ʩʪʘʥ ʥʝ ʟʤʽʥʶʶʪʴ. ʊʨʘʻʢʪʦʨʽʾ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʜʝʜʣʘʡʥ T ʽ ʧʨʘʚʠʣʘ ʤʽʩʽʾ (AND/OR, k-of-n), ʘʛʨʝʛʫʶʪʴʩʷ ʚ ʽʥʪʝʛʨʘʣʴʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ʫʩʧʽʭʫ 

ʩʮʝʥʘʨʽʶ. 

ʗʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʭʽʜʥʽ ʜʘʥʽ: 

1. ɻʨʘʬ G=(V,E), V ð ʚʫʟʣʠ ʰʪʘʙʽʚ/ʧʽʜʨʦʟʜʽʣʽʚ/ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ, E ð ʢʘʥʘʣʠ 

(ʨʘʜʽʦ/ʚʦʣʦʢʥʦ/ʩʫʧʫʪʥʠʢ). 

2. ɼʣʷ ʢʦʞʥʦʛʦ vVɴ: p(v)=P{ʚʫʟʦʣ ʧʨʘʮʶʻ}; ʜʣʷ eEɴ: r(e)=P{ʢʘʥʘʣ ʜʦʩʪʫʧʥʠʡ}, 

d(e)=ʟʘʪʨʠʤʢʘ. 

3. ʇʨʘʚʠʣʦ ʤʽʩʽʾ ʥʘ ʥʠʞʥʴʦʤʫ ʨʽʚʥʽ: AND, OR ʘʙʦ k-of-n (ʥʘʧʨ., ʜʦʩʪʘʪʥʴʦ ʟʚôʷʟʢʫ ʟ Ók 

ʨʦʪʘʤʠ). 

4. ɼʝʜʣʘʡʥ T ʟʘʜʘʻ ʬʽʣʴʪʨ ʪʨʘʻʢʪʦʨʽʡ: ʩʫʤʘʨʥʘ ʟʘʪʨʠʤʢʘ ÒT. 

 

ɸʣʛʦʨʠʪʤ ʃɯʊʄ: 

1. ɺʠʟʥʘʯʠʪʠ ʩʮʝʥʘʨʽʾ: ʜʦʚʝʜʝʥʥʷ ʥʘʢʘʟʫ ʟʚʝʨʭʫ ʚʥʠʟ; ʟʚʦʨʦʪʥʽʡ ʟʚʽʪ ʟʥʠʟʫ ʚʛʦʨʫ. 

2. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬ ʽʻʨʘʨʭʽʾ ʟ ʜʦʧʫʩʪʠʤʠʤʠ ʨʝʟʝʨʚʘʤʠ (ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʢʘʥʘʣʠ, ʨʝʪʨʘʥʩʣʷʪʦʨʠ). 

3. ʇʨʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ p(v), r(e), d(e); ʩʪʘʥʠ ʚʫʟʣʽʚ ð ʣʠʰʝ ʜʚʘ. 

4. ɿʘʧʫʩʪʠʪʠ çʡʤʦʚʽʨʥʽʩʥʠʡ ʧʘʢʝʪè ʽʟ ʚʝʨʰʠʥʠ; ʥʘ ʧʝʨʰʦʤʫ ʚʭʦʜʽ ʚ ʢʦʞʥʠʡ ʚʫʟʦʣ ð 

ʨʦʟʛʘʣʫʞʝʥʥʷ {ʧʨʘʮʶʻ/ʚʽʜʤʦʚʘ}. 

5. ʇʨʦʧʫʩʪʠʪʠ ʧʘʢʝʪʠ ʢʨʽʟʴ ʛʨʘʬ; ʚʽʜʩʽʷʪʠ ʪʨʘʻʢʪʦʨʽʾ, ʱʦ ʧʦʨʫʰʫʶʪʴ ʜʝʜʣʘʡʥ ʘʙʦ ʧʨʘʚʠʣʦ 
ʤʽʩʽʾ. 

6. ɸʛʨʝʛʫʚʘʪʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʘʣʽʜʥʠʭ ʪʨʘʻʢʪʦʨʽʡ Ÿ P(ʫʩʧʽʭ); ʚʠʢʦʥʘʪʠ ʨʘʥʞʫʚʘʥʥʷ ʯʫʪʣʠʚʦʩʪʽ 
ʟʘ ʟʤʽʥʦʶ P(ʫʩʧʽʭ) ʧʨʠ ʣʦʢʘʣʴʥʠʭ ʜʝʛʨʘʜʘʮʽʷʭ ʧʘʨʘʤʝʪʨʽʚ. 

 

ʇʦʨʽʚʥʷʥʥʷ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ ʧʦʣʽʥʦʤʘʤʠ. 

ʇʦʙʫʜʦʚʘ ʧʦʣʽʥʦʤʘ ʥʘʜʽʡʥʦʩʪʽ ʜʣʷ ʚʝʣʠʢʠʭ ʽʻʨʘʨʭʽʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʚʠʙʫʭʫ. 

ʃɯʊʄ ʧʨʘʮʶʻ ʥʘ ʨʽʚʥʽ ʪʨʘʻʢʪʦʨʽʡ, ʜʦʟʚʦʣʷʶʯʠ: 

ǒ ʣʦʢʘʣʴʥʠʡ ʧʝʨʝʨʘʭʫʥʦʢ ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ (ʝʬʝʢʪʠʚʥʦ ʜʣʷ çwhat-ifè); 
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ǒ ʧʨʠʨʦʜʥʝ ʚʚʝʜʝʥʥʷ ʜʝʜʣʘʡʥʽʚ ʪʘ k-of-n ʧʦʣʽʪʠʢ; 

ǒ ʟʨʫʯʥʝ ʯʫʪʣʠʚʽʩʥʝ ʘʥʘʣʽʟʫʚʘʥʥʷ çʚʫʟʴʢʠʭ ʤʽʩʮʴè. 

ǒ ɽʤʧʽʨʠʯʥʦ (ʥʘ ʤʘʢʝʪʥʽʡ ʪʦʧʦʣʦʛʽʾ ʥʠʞʯʝ) ʃɯʊʄ ʜʘʻ ʚʠʛʨʘʰ ʫ ʯʘʩʽ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʪʠ 
ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʧʨʠ ʙʣʠʟʴʢʠʭ ʦʮʽʥʢʘʭ P(ʫʩʧʽʭ). 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʧʨʠʢʣʘʜ. ʊʦʧʦʣʦʛʽʷ: ʰʪʘʙ Ÿ 2 ʙʨʠʛʘʜʠ Ÿ ʧʦ 3 ʙʘʪʘʣʴʡʦʥʠ; ʜʣʷ 

ʚʽʟʫʘʣʴʥʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʧʨʠʢʣʘʜʫ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʧʽʜʛʨʘʬ ç1Ÿ2Ÿ{3,4}è (ʨʠʩ. 1). ʂʘʥʘʣʠ: 

ʨʘʜʽʦ/ʚʦʣʦʢʥʦ/ʩʫʧʫʪʥʠʢ (ʨʝʟʝʨʚ ʥʘ ʨʽʚʥʽ ʙʨʠʛʘʜ). ʇʘʨʘʤʝʪʨʠ (ʫʤʦʚʥʽ): p(v) ʫ ʤʝʞʘʭ 0.97ï0.995, r(e) 

ʫ ʤʝʞ. 

ʌʦʨʤʘʣʽʟʘʮʽʷ ʤʽʩʽʾ. ʈʦʟʛʣʷʥʫʪʦ ʜʚʽ ʧʦʣʽʪʠʢʠ ʘʛʨʝʛʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʙʘʪʘʣʴʡʦʥʽʚ:ʘʭ 0.90ï0.99, 

ʜʝʜʣʘʡʥ T = 5 ʭʚ. 

ǒ OR (1-of-2): ʥʘʢʘʟ ʚʚʘʞʘʻʪʴʩʷ ʜʦʚʝʜʝʥʠʤ, ʷʢʱʦ ʜʦʭʦʜʠʪʴ ʭʦʯʘ ʙ ʜʦ ʦʜʥʦʛʦ ʟ {3,4} ʫ ʤʝʞʘʭ T 

(ʨʠʩ. 1). ɸʛʨʝʛʘʪʦʨ: Pʫʩʧ = 1 ī Ʉi (1 ī P(ʪʨʘʻʢʪʦʨʽʷi)) ʜʣʷ ʪʠʭ ʪʨʘʻʢʪʦʨʽʡ, ʫ ʷʢʠʭ ʩʫʤʘʨʥʘ 

ˇʟʘʪʨʠʤʢʘ Ò T. 

ǒ AND (2-of-2): ʥʘʢʘʟ ʤʘʻ ʜʽʡʪʠ ʜʦ ʦʙʦʭ {3,4} ʫ ʤʝʞʘʭ T (ʨʠʩ. 1). ɸʛʨʝʛʘʪʦʨ: Pʫʩʧ = Ʉi 

P(ʪʨʘʻʢʪʦʨʽʷi). 

ʈʝʟʫʣʴʪʘʪʠ ʥʘ ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʘʭ. ɼʣʷ OR ʧʨʠ ʙʘʟʦʚʠʭ r(e) ʦʪʨʠʤʘʥʦ Pʫʩʧ å 

0.995. ɼʣʷ AND ʟʥʘʯʝʥʥʷ ʤʝʥʰʝ (ʦʯʽʢʫʚʘʥʦ), ʙʦ ʚʠʤʘʛʘʻʪʴʩʷ ʫʩʧʽʭ ʦʙʦʭ ʪʨʘʻʢʪʦʨʽʡ. ʇʦʙʫʜʦʚʘʥʦ 

ʢʨʠʚʽ ʯʫʪʣʠʚʦʩʪʽ Pʫʩʧ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ʢʘʥʘʣʫ 2Ÿ3 ʪʘ ʧʽʜʛʦʪʦʚʣʝʥʦ ʪʘʙʣʠʮʶ ʟʥʘʯʝʥʴ ʜʣʷ ʚʩʪʘʚʢʠ ʫ 

ʟʙʽʨʥʠʢ (ʪʘʙʣ. 1). ɺʠʜʥʦ, ʱʦ ʧʦʣʽʪʠʢʘ AND ʟʥʘʯʥʦ ʯʫʪʣʠʚʽʰʘ ʜʦ ʟʥʠʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 2Ÿ3. 

 

ʊʘʙʣʠʮʷ.1. ʁʤʦʚʽʨʥʽʩʪʴ P(ʫʩʧʽʭ) ʜʦ r(2Ÿ3), T = 5 ʭʚ 

r(2->3) Pʫʩʧ OR (1-of-2) Pʫʩʧ OR (2-of-2) 

0.6 0.9698 0.5337 

0.65 0.9732 0.5732 

0.7 0.9766 0.6227 

0.75 0.98 0.6672 

0.8 0.9834 0.7116 

0.85 0.9868 0.7561 

0.9 0.9902 0.8006 

0.93 0.9922 0.8273 

0.95 0.9936 0.8451 

0.97 0.9949 0.8629 

 

ʇʨʘʢʪʠʯʥʠʡ ʚʠʩʥʦʚʦʢ. ɼʣʷ ʟʘʚʜʘʥʴ, ʜʝ ʜʦʩʪʘʪʥʴʦ ʯʘʩʪʢʦʚʦʛʦ ʜʦʚʝʜʝʥʥʷ ʥʘʢʘʟʽʚ (ʜʦ ʙʫʜʴ-

ʷʢʦʛʦ ʟ ʜʚʦʭ ʤʘʥʝʚʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ), ʧʦʣʽʪʠʢʘ OR ʟʘʙʝʟʧʝʯʫʻ ʽʩʪʦʪʥʦ ʚʠʱʫ ʞʠʚʫʯʽʩʪʴ ʧʨʠ ʪʠʭ 

ʩʘʤʠʭ ʨʝʩʫʨʩʘʭ. ʗʢʱʦ ʧʦʪʨʽʙʥʝ ʩʠʥʭʨʦʥʥʝ ʜʦʚʝʜʝʥʥʷ ʜʦ ʦʙʦʭ ʝʣʝʤʝʥʪʽʚ (AND), ʜʦʮʽʣʴʥʦ 

ʧʦʩʠʣʶʚʘʪʠ ʨʝʟʝʨʚʫʚʘʥʥʷ ʥʘʡʚʨʘʟʣʠʚʽʰʠʭ ʢʘʥʘʣʽʚ (ʪʫʪ 2Ÿ3). 

 

ɺʠʩʥʦʚʢʠ. ʃɯʊʄ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʫ ʡ ʤʘʩʰʪʘʙʦʚʘʥʫ ʦʮʽʥʢʫ ʞʠʚʫʯʦʩʪʽ ʽʻʨʘʨʭʽʯʥʠʭ C2-ʩʠʩʪʝʤ 

ʽʟ ʜʚʦʩʪʘʥʦʚʠʤʠ ʚʫʟʣʘʤʠ. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ: (1) ʽʥʪʝʛʨʫʚʘʪʠ ʜʝʜʣʘʡʥʠ ʪʘ ʧʦʣʽʪʠʢʠ k-of-n; (2) 

ʦʧʝʨʘʪʠʚʥʦ ʧʨʦʚʦʜʠʪʠ çwhat-ifè; (3) ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʨʠʪʠʯʥʽ ʚʫʟʣʠ. ʅʘʧʨʷʤʢʠ ʧʦʜʘʣʴʰʠʭ ʨʦʙʽʪ: 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʈɽɹ/ʥʘʚʘʥʪʘʞʝʥʴ, ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʟʝʨʚʫʚʘʥʥʷ ʢʘʥʘʣʽʚ. 
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An original method for synthesizing a multidimensional tracking system controller is presented. It 

enables the development of a control system for a test bench that simulates the spatial movements of an 

aircraft in laboratory conditions. This method is unique in that it allows finding the transfer function 

matrices of a three-component controller that minimize the quadratic quality criterion. 

 

Systems for natural flight simulation are widely used to solve various problems. These problems 

include the certification of aviation system sensors, the adjustment and testing of autopilots and onboard 

control systems, research into human psychophysiological properties, and the adjustment of stabilization 

systems for targeting and firing equipment, among others. The relevance of developing and creating such 

systems is underscored by the large number of companies engaged in developing similar systems. 

Virtually all design bureaus in the aerospace industry have full-scale simulation complexes in their 

structure. Despite this, the accuracy of natural simulation of stochastic flight conditions is limited. This 

limitation leads to an increase in the time, labor intensity, and cost of developing onboard equipment. 

The main reason for these limitations is the imperfection of the platform motion control system, 

which simulates the behavior of the simulation object. Most systems that mimic natural flight conditions 

consist of a computer and a simulator stand (test bench) for aircraft movements. They are connected via a 

special interface. As shown by the project author's research and analysis of literature sources [1, 2, 3], 

almost all of them are designed using an open-loop structure. This material is devoted to overcoming this 

shortcoming by developing, implementing, and using a control system synthesis method, the choice of 

which is influenced by the nature of the change in the probing signal vectors (r) from a standard signal 

generator, noise when solving the inverse kinematics and interpolation problem (ű), platform resistance 

forces (ɣ), as well as the dynamic properties of such system elements as the inverse kinematics solution 

block (IS), the stand dynamics block (SS), and the filter block (FF). 

The choice of synthesis method must be made from a variety of methods for designing optimal 

multidimensional closed-loop control systems with random input signals. These methods can be divided 

into time-domain methods and frequency-domain methods. 

 
Figure 1 - Asymplified closed-loop structure 

 

To solve the problem, the block diagram shown in Fig. 1 was considered, and a system of 

equations was formulated. It relates the Fourier images of the input and output signal vectors of the 

system under zero initial conditions and has the form 
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ὖὼ ὓό ‪Ƞ
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ώ ὶȟ

 

 

where ὖ is a polynomial matrix of size n0Ĭn0 from the differentiation operator p; ὼ is a vector of 

coordinates defining the position of the test bench platform, having size n0; ὓ  is a polynomial matrix of 

size n0Ĭm0 from the differentiation operator p; ό is a vector of control signals for the test bench drives, 

having size m0; ‪  is a vector of disturbances. The transfer function matrix FF is represented as the 

product of two polynomial matrices 

 

ὊὊ ὖ̍ ὓ̍ . 

 

To convert the above system of equations into vector-matrix form, the following designations 

were introduced: 
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where En0 is a unit matrix of size n0Ĭn0; On0 is a zero matrix of size n0Ĭn0; On0Ĭm0 is a zero matrix of size 

n0Ĭm0; 
/
 is a transposition sign. The transfer function matrix of a three-part controller, taking into account 

Fig. 1, can be represented as follows: 

[ ]1 2 3W W W W= . 

The optimal transfer function matrix for controller W can be found using one of the algorithms 

described in sources [4, 5, 6]. Such transfer functions for the controller, which ensure stability and high-

quality simulation, can be found using methods for synthesizing optimal multidimensional systems for 

stabilizing the motion of a rigid body.  

Further research should focus on developing and implementing multidimensional optimal robust 

control systems to model the movements of moving objects in stochastic conditions. 
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The paper presents a rigorous mathematical study of Kademliaôs routing behavior using 

probabilistic methods. We derive analytical bounds on the expected routing time, proving that it scales 

less than logarithmically with network size and depends on bucket size and system parameters. We 

describe experiment results proving the theoretical proposal, presenting quantitative evaluation. 

 

Kademlia is one of the most prominent structured overlay protocols based on Distributed Hash 

Tables (DHT). A Distributed Hash Table is essentially a mapping of keys to objects, created by applying 

a hash function to the objectôs element and generating an index. For instance, applying a hash algorithm 

such as SHA-1 produces a key that uniquely identifies the object. The efficiency of routing is critical for 

the overall performance of Kademlia. Its analysis is the topic of this work. To answer how long it takes to 

find a node in Kademlia, we study theorems bounding probability of meeting the target node, and conduct 

two experiments. 

As Kademlia assigns each participant a unique identifier (ID), sampled uniformly at random from 

the space πȟρ , we can denote points of the space as vertices of a Ὠ-dimensional hypercube, where Ὠ 

typically equals ρςψ or ρφπ [3]. In our simulation, nodes are always referred to by their assigned IDs. 

Given two identifiers ὼ ὼȟȣȟὼ  and ώ ώȟȣȟώ , the protocol defines the XOR-based distance 

metric (integer value of the XOR of the two IDs) as 

ὼȟώ‏ ὼṥώײ ẗς ȟ 

where ṥ represents the bitwise exclusive OR, 

όṥὺ
ρ if ό ὺȟ
π if ό ὺȢ

 

Because a node cannot realistically maintain knowledge of every other node in such a vast 

identifier space, Kademlia requires each node ὼ to store information only about a small, carefully selected 

subset of peers. More precisely, the space πȟρ  is conceptually divided into Ὠ regions, each representing 

nodes that are at comparable XOR distances from ὼ. The Ὠ buckets associated with ὼ make its routing 

table. Let us consider a Kademlia overlay consisting of ὲ nodes, denoted ὢȟȣȟὢ . Each node is assigned 

an identifier, which we write as a byte array of length Ὠ. The entire set ὢȟȣȟὢ  can then be naturally 

embedded in a binary trie. The sequence of bits collected along a path of length Ὠ specifies the unique ID 

stored at the leaf. Consequently, the binary trie has height Ὠ, and the ὲ network nodes appear as leaves at 

depth Ὠ from the root. The number of hops in ” , denoted Ὕ , is the number of communication rounds 

required to complete the lookup, and hence we define it as the routing time (expected routing time 

denoted as Ὕ ). Our first experiment concerns the deterministic-ID model, where nodes ὢ

ὼȟȣȟὢ ὼ are fixed Ὠ-bit integers. The only randomness stems from how Ὧ-buckets are populated. 

In formal expressions, we will consider ÓÕÐ
ȟȣȟ
-ð worst ײð worst-case choice of the entire ID set, ÓÕÐ ײ

case source node ὼ among ὲ nodes and ÓÕÐײ, worst-case destination ID ώ. 

Theorem 1. [2] Under the deterministic-ID model, the expected routing time satisfies 
ÓÕÐ
ȟȣȟ
ὝײÓÕÐײÓÕÐײ  ὧ έρ ÌÏÇ ὲȟ 

where the constant ὧ depends on the bucket size Ὧ and ὧ ρȾὌ , with Ὄ В -ρȾὭ denoting the Ὧײ
th harmonic number. The inequality provides a sharp upper bound on the expected routing time between 

any fixed source and destination pair.  

Our second experiment examines the random ID model, where node identifiers ὢȟȣȟὢ  are 

sampled randomly, uniformly without replacement from πȟρ . 

Theorem 2.[2] In the random ID model, as ὲᴼЊ, 
Ὕ

ÌÏÇ ὲ
  

ρ

ὫὯ
 in probabilityȟ 
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where ὫὯ Ὄ ὕρ depends on the bucket size Ὧ. 
The limit immediately implies 

ρ

ὫὯ
  
ρ

Ὄ
Ȣ 

Yet the practical difference is small: since ὫὯ Ὄ ὕρ, the scaling behavior essentially 

coincides with the deterministic case as Ὧ grows. This observation confirms that the upper bound of 

Theorem 1 is nearly tight. [2] 

To investigate the behavior of distributed hash tables (DHTs), we rely on an event-driven 

simulation. We model a scenario in which a large population of nodes attempts to bootstrap into a 

Kademlia overlay network nearly simultaneously (ςπ ms latency). Following a successful join, each node 

periodically issues a find_node query toward a randomly selected key.  

 

Table 1. Non-deterministic model: convergence and growth metrics 

Parameters Roun

ds 

Theo. 

conv. 

Actual 

conv. 

ActualīThe

o. 

% diff P

eak 

R 

P

eak 

G 

Acc. 

knowledge 

Norm. 

acc. 

k = 8, Ŭ = 1 161 3.6793 2.8048 ī0.8750 ī23.7781 2 1

52 

155.8175 0.9678 

k = 8, Ŭ = 3 192 3.6793 4.2917 0.6118 16.6260 2 7

3 

187.7990 0.9781 

k = 20, Ŭ = 1 138 2.7795 2.4839 ī0.2960 ī10.6482 2 1

27 

134.7521 0.9764 

k = 20, Ŭ = 3 132 2.7795 3.1258 0.3459 12.4442 5 6

5 

128.9024 0.9765 

 

Table 2. Deterministic model: convergence and growth metrics 

Parameters Rou

nds 

Theo. 

conv. 

Actual 

conv. 

ActualīTheo

. 

% diff  P

eak 

R 

P

eak 

G 

Acc. 

knowledge 

Norm. 

acc. 

k = 8, Ŭ = 1 174 3.6788 2.5517 ī1.1276 ī30.6468 3 8

9 

167.9863 0.9654 

k = 8, Ŭ = 3 159 3.6788 3.7490 0.0696 1.8931 2 1

14 

153.6523 0.9663 

k = 20, Ŭ = 1 160 2.7791 2.1376 ī0.6418 ī23.0912 3 1

11 

156.2128 0.9763 

k = 20, Ŭ = 3 81 2.7791 2.8515 0.0720 2.5917 3 1

24 

77.5244 0.9570 

 

Tables 1 and 2 summarize the experimental outcomes for networks operating under non-

deterministic and deterministic ID assignment models, respectively. Increasing the bucket size from ψ to 

ςπ consistently reduced the average number of hops and shortened the convergence time. For instance, in 

the deterministic model with ‌ ρ, rounds before convergence dropped from ρχτ to ρφπ, and the actual 

hop count decreased from ςȢυυ to ςȢρτ. This demonstrates that larger routing tables improve path 

efficiency by providing each node with more long-range contacts.  

Raising the ‌ parameter accelerated the early discovery phase but sometimes increased the overall 

hop count slightly, due to redundant lookups. In the deterministic scenario, moving from ‌ ρ to ‌ σ 
reduced the number of rounds from ρχτ to ρυω, while the average hop count increased marginally from 

ςȢυυ to σȢχυ. This trade-off aligns with the expected behavior of Kademlia, where higher concurrency 

improves responsiveness but reduces routing precision. 

Deterministic networks generally converged with fewer hops and exhibited smoother discovery 

curves (higher AUC values and smaller variance), while non-deterministic systems reflected more 

realistic, stochastic behavior. For example, in deterministic experiments with Ὧ ψ, the deviation from 

theoretical expectation was πσπȢφϷ, compared to ςσȢψϷ for the corresponding non-deterministic 
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case. However, both achieved comparable normalized accumulated knowledge (πȢωφυπȢωφψ), 
implying that long-term efficiency remained high regardless of ID distribution.  

Peak growth behavior: in both models, the most rapid expansion of routing knowledge occurred 

earlyðtypically within the first 2ï5 rounds ð and the magnitude of this growth correlated positively 

with ‌. For instance, in the deterministic configuration with Ὧ ςπȟ‌ σ, the peak growth of ρςτ 
occurred at round σ, reflecting aggressive initial exploration. 

Overall, the results confirm that Kademliaôs theoretical model accurately predicts average routing 

efficiency, with deviations mostly within σπϷ. Because ὧ ὧ ρȾÌÏÇ ς, this result strengthens the 

original bound of ổÌÏÇ ὲỖ reported by Maymounkov and Mazi¯res [1]. Deterministic ID assignment 

yields slightly more stable convergence, while non-deterministic assignment better reflects realistic 

decentralized overlays, where random ID distribution introduces minor variability. Both configurations 

maintain high normalized accumulated knowledge (πȢωυ), underscoring that the implemented network 

sustains near-optimal connectivity throughout the convergence process. 
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Abstract. Flaky tests ð non-deterministic pass/fail outcomes on unchanged codeðundermine 

CI/CD reliability. We present a pipeline-native framework that combines Bayesian outcome modelling, 

controlled test re-ordering, coverage- and change-aware triage, and a light-weight machine-learning 

predictor to identify likely flakiness early and cheaply. A cost-aware policy allocates re-runs and restricts 

quarantine to time-boxed, auto-revalidated cases. Minimisation emphasises hermetic builds, deterministic 

time/network abstractions, concurrency isolation, and automated fixes (e.g., seeding, teardown guards). 

The design is grounded in empirical evidence on dominant causes (async waits, concurrency, order 

dependency) and industrial practice at scale. The result is reduced noise, preserved bug-finding power, 

and faster feedback cycles in CI/CD. 

Keywords: flaky tests; CI/CD; order dependency; deterministic testing; Bayesian modelling; test 

quarantine. 

 

Problem Statement. In modern CI/CD, developers expect each failing test to indicate a genuine 

regression. Flaky tests violate this assumption, creating false alarms that waste engineering time, consume 

compute resources, and obscure real defects [1]. Empirical studies show that flakiness is both prevalent 

and multi-causalðcommonly due to asynchronous timing, concurrency, or test-order dependency [1]. 

Industrial reports and datasets further indicate that naµve re-run policies and indiscriminate quarantine 

lists are palliative at best, masking rather than removing root causes [2ï4]. The research problem is to 

devise detection models and pipeline-integrated procedures that (a) accurately identify likely flakiness 

early; (b) minimise its operational impact; and (c) guide durable fixes without suppressing tests that do 

reveal faults. 

https://arxiv.org/abs/1309.5866
https://ieeexplore.ieee.org/document/5962665
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Objectives and Solved Tasks. 

We address seven tasks: 

1. Taxonomise flakiness mechanisms relevant to pipelines. We adopt a practical taxonomyð

order-dependent (OD) vs non-order-dependent (NOD)ðand map concrete manifestations (async waits, 

race conditions, resource leaks, time/network non-determinism) to pipeline controls [1ï3]. 

2. Formulate a probabilistic detection model. We define a Bayesian Flakiness Score (BFS) for 

each test using Bernoulli outcome histories under stable code, applying hierarchical shrinkage across 

projects to remain data-efficient on small suites. BFS drives triage, alerts, and re-run budgeting. 

3. Detect order dependencies. We integrate targeted re-ordering (class/method permutations) and 

repetition strategies to surface OD failures with minimal wall-clock cost, inspired by iDFlakies 

configurations [2]. 

4. Exploit coverage and change information. We incorporate change-vs-coverage reasoningðif a 

newly failing test did not cover changed code, prefer the flakiness hypothesis (DeFlaker principle) and 

route to OD/NOD checks [3]. 

5. Predict flakiness before re-runs. We train a light-weight classifier on readily available artefacts 

(recent pass/fail streaks, duration variability, historical environment signals, basic static metrics) to 

prioritise suspect tests; this complements BFS and reduces confirmation runs [5]. 

6. Optimise re-run and quarantine policy. We cast re-run decisions as a cost-minimisation 

problem, balancing build latency, developer time, and the probability of masking a genuine fault. A 

constrained ñquarantine-with-expiryò is used sparingly, with automatic re-admission gates. 

7. Codify minimisation and automatic fixes. We provide a remediation playbook that enforces 

hermeticity, fixed seeds, virtual clocks, strict timeouts, deterministic mocks, resource cleanup, and 

concurrency isolation. For OD, we add state-reset checks and teardown guards; for async timing, we 

replace sleeps with condition waits; for network/IO, we virtualise endpoints. 

 

Essence of the Proposed Approach. 

1. Statistical Backbone. For a test t with a stream of outcomes on unchanged code, we model 

pass/fail as Bernoulli(pt); the posterior P(pt>ɗ᷄data) (e.g., with a Beta prior and project-level hyper-prior) 

yields BFS. A high BFS indicates likely flakiness; a low BFS suggests a fault. This unified score governs: 

(i) when to re-run; (ii) when to schedule OD re-ordering; and (iii) when to open an automated remediation 

ticket. (No formulas shown per requirements.) 

2. Order-Dependency Discovery. We apply bounded randomisation of class/method orderings and 

an original-order repetition budget. OD likelihood rises if a failure toggles with order under constant 

code; otherwise, the test proceeds to NOD diagnostics (timing, concurrency, resources). This mirrors the 

effectiveness of controlled re-ordering in prior work [2]. 

3. Coverage- and Change-Aware Heuristics. If a failing test covers no modified code regions, a 

flakiness hypothesis gains prior weight [3]. We cache coverage snapshots and intersect with diffs to gate 

re-runs cheaply before expensive complete suites. 

4. Learning-Based Prediction. A pipeline-friendly classifier (e.g., gradient-boosted trees) uses: 

short-horizon pass/fail windows, execution time variance, retry history, environment jitter (CPU pressure, 

clock skew, network), and basic static test metrics. Unlike heavyweight static analysis, features are 

inexpensive to collect and align with ICSE-grade predictors [5]. 

5. Cost-Aware Re-run Policy. We model the expected utility of re-runs vs immediate 

fail/quarantine. The policy allocates a flakiness budget per build, preferring re-runs on tests with high 

BFS but high failure impact (broad coverage, gate tests). Quarantine, if used, is time-boxed with 

automatic re-evaluation to avoid coverage erosion. 

6. Minimisation and Automated Fixes. We treat flakiness as an environmental non-determinism 

leak. Pipeline measures include: fully hermetic containers; pinned dependencies; fixed seeds; virtualised 

time; deterministic network stubs; file-system sandboxes; aggressive resource cleanup; per-test process 

isolation for concurrency; and teardown checks to reset shared state. For OD tests, we add isolation of 

global/static state and enforce idempotent setup/teardown hooks. These align with industrial experience, 

which shows that focusing on async waits, concurrency, and order yields the highest payoff [1,4]. 
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Results in Context (What the Literature Implies). 

Empirical evidence shows (i) async waits, concurrency, and order dependency dominate root 

causes [1]; (ii) OD/NOD rates are near-even in large Java ecosystems, validating the need for re-ordering 

checks [2]; (iii) change-vs-coverage reasoning is practical for triage [3]; and (iv) at Google-scale, 

dedicated tooling can reliably localise root causes and improve adoption when integrated into developer 

workflows [4]. ML-based predictors reduce re-run costs and can prioritise suspect tests before execution 

churn [5], while surveys and multivocal reviews catalogue effective responses and pitfalls [6,7]. These 

insights motivated our combined statisticalïstructural learning design. 

 

Conclusions. 

We contribute a pipeline-native framework to detect and minimise flakiness without losing the 

defect-revealing value of unreliable tests. The BFS-driven triage, OD discovery, coverage-aware 

heuristics, and ML prediction form a coherent decision layer that curbs needless re-runs and guides 

automated fixes. Future work targets (a) failure-focused prediction at the build level (reducing missed 

faults), (b) generalisation beyond JVM ecosystems, and (c) continuous learning loops that adapt policies 

as projects evolve [2ï7]. 

To ground our study in empirically established baselines, we reference three widely used anchor 

figures. First, within the iDFlakies corpus of 422 flaky tests, order-dependent and non-order-dependent 

cases appear in approximately equal proportions (50.5% versus 49.5% [2]), which motivates treating both 

classes symmetrically in our data collection and model design. Second, industrial root-cause localisation 

at Google reports 82% accuracy across large-scale codebases [4], providing a realistic upper bound for 

diagnostic precision in practice. Third, live deployment of DeFlaker on 96 open-source Java projects 

surfaced 87 previously unknown flaky tests at an approximate false-positive rate of 1.5% [3], illustrating 

the practical trade-off between coverage and noise in CI settings. In our work, these anchors serve strictly 

as external reference points rather than as claims of novelty; we use them to calibrate thresholds (e.g., for 

order-sensitivity detection), to select evaluation metrics (precision and false-positive rate), and to frame 

any observed improvements in relative terms. When reporting results, we therefore contrast our measured 

outcomes against these baselines and, in the Conclusions, include a concise statement that qualifies any 

gains with explicit citations to [2], [4] and [3]. 
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ɹʘʙʽʯ ɯ.ʂ., ʆʨʣʦʚʩʴʢʠʡ ɼ.ʃ. 
 (Ihor.Babich@cs.khpi.edu.ua, Dmytro.Orlovskyi@khpi.edu.ua) 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ) 

 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʽʥʢʨʝʤʝʥʪʘʣʴʥʦʛʦ (uplift) ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʛʨʘʤ ʣʦʷʣʴʥʦʩʪʽ ʢʣʽʻʥʪʽʚ. ʈʦʟʢʨʠʪʦ ʩʫʪʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ uplift 

score, ʡʦʛʦ ʨʦʣʴ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʨʝʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʽʡ ʥʘ ʧʦʚʝʜʽʥʢʫ. ʆʧʠʩʘʥʦ ʧʽʜʭʦʜʠ 

ʜʦ ʧʦʙʫʜʦʚʠ uplift-ʤʦʜʝʣʝʡ. ʅʘʚʝʜʝʥʦ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʯʝʨʝʟ ʩʝʛʤʝʥʪʠ 

ʢʣʽʻʥʪʽʚ ð çʣʦʷʣʴʥʽè, çʧʝʨʝʢʦʥʫʚʘʥʽè, çʚʪʨʘʯʝʥʽè ʪʘ çʥʝ ʪʫʨʙʫʚʘʪʠè. ʈʦʟʛʣʷʥʫʪʦ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʭʦʜʫ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʽʜʪʦʢʫ ʢʣʽʻʥʪʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘʨʛʝʪʠʥʛʫ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʘʤʧʘʥʽʡ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ, ʨʠʟʠʢʠ ʪʘ ʦʙʤʝʞʝʥʥʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ uplift-ʘʥʘʣʽʪʠʢʠ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʣʦʷʣʴʥʽʩʪʶ. ʆʢʨʝʩʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʠ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ɺ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʽʥʥʷ ʣʦʷʣʴʥʽʩʪʶ ʢʣʽʻʥʪʽʚ ʘʥʘʣʽʪʠʢʫ ʽʥʦʜʽ ʪʨʝʙʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ 

ʥʘʩʪʘʥʥʷ ʜʝʷʢʦʾ ʧʦʜʽʾ, ʥʘʧʨʠʢʣʘʜ, ʚʠʟʥʘʯʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʪʦʢʫ ʘʙʦ ʥʘʩʪʫʧʥʦʾ ʧʦʢʫʧʢʠ. ʎʷ 

ʽʥʬʦʨʤʘʮʽʷ ʙʫʜʝ ʚʨʘʭʦʚʘʥʘ ʦʩʦʙʦʶ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʚ ʥʘʩʣʽʜʦʢ ʯʦʛʦ ʙʫʜʫʪʴ ʟʘʧʣʘʥʦʚʘʥʽ ʽ 

ʚʧʨʦʚʘʜʞʝʥʽ ʤʝʭʘʥʽʟʤʠ ʩʪʠʤʫʣʶʚʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ (ʷʢʱʦ ʤʦʚʘ ʧʨʦ ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʩʪʫʧʥʦʾ 

ʧʦʢʫʧʢʠ) ʘʙʦ ʟʤʝʥʰʝʥʥʷ (ʷʢʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʽʜʪʦʢ ʢʣʽʻʥʪʽʚ) ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʩʪʘʥʥʷ ʧʦʜʽʾ. Uplift -

ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʢʣʽʻʥʪʽʚ, ʥʘ ʷʢʠʭ ʩʪʠʤʫʣʶʚʘʥʥʷ (ʜʽʷ) ʜʽʡʩʥʦ ʚʧʣʠʥʝ. 

ʇʦʢʘʟʥʠʢ Uplift  score ʚʠʟʥʘʯʘʻ ʥʘ ʩʢʽʣʴʢʠ ʟʤʽʥʠʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʜʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ ʯʠ 

ʚʠʢʦʥʫʚʘʣʦʩʷ ʾʾ ʩʪʠʤʫʣʶʚʘʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʩʪʠʤʫʣʶʚʘʥʥʷ. ʅʘʧʨʷʤʫ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ 

ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ ʘʥʘʣʽʪʠʢ ʥʝ ʤʦʞʝ, ʘʣʝ ʻ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʦʮʽʥʠʪʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɼʣʷ ʮʴʦʛʦ ʟ ʢʣʽʻʥʪʩʴʢʦʾ ʙʘʟʠ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ (ʮʝ ʚʘʞʣʠʚʦ) ʦʙʠʨʘʻʪʴʩʷ ʜʚʘ ʥʘʙʦʨʠ ʢʣʽʻʥʪʽʚ: 

ʪʝʩʪʦʚʠʡ ʪʘ ʢʦʥʪʨʦʣʴʥʠʡ. ʆʮʽʥʶʶʯʠ ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜʛʫʢʫ ʫ ʮʠʭ ʛʨʫʧʘʭ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʻ ʥʘʩʢʽʣʴʢʠ 

ʚʪʨʫʯʘʥʥʷ ʟʤʽʥʠʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʙʘʞʘʥʦʾ ʜʽʾ. 

ɼʣʷ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʘ uplift ʽʩʥʫʶʪʴ ʪʘʢʽ ʛʨʫʧʠ ʘʣʛʦʨʠʪʤʽʚ: 

¶ ʤʝʪʘ-ʥʘʚʯʘʣʴʥʽ ʬʨʝʡʤʚʦʨʢʽ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʣʦʛʽʩʪʠʯʥʘ 

ʨʝʛʨʝʩʽʷ, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ) ʜʣʷ ʧʽʜʭʦʜʽʚ ʟ ʦʜʥʽʻʶ ʤʦʜʝʣʣʶ (S-learner) ʪʘ ʟ ʜʚʦʤʘ 

ʤʦʜʝʣʷʤʠ (T-learner); 

¶ ʤʝʪʦʜ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʢʣʘʩʫ; 

¶ ʤʝʪʦʜ ʧʨʷʤʦʾ ʦʮʽʥʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʘʥʥʷ uplift-ʤʦʜʝʣʶʚʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ 

Uplift i = P(ὣi = 1 | Xi, Wi = 1) ī P(ὣi = 1 | Xi, Wi = 0), 

ʜʝ ὖ(ὣi = 1 | Xi, Wi = 1) ï ʡʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʽ Y i = 1 ʚʽʜ ʢʣʽʻʥʪʘ i ʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ Xi ʧʨʠ ʫʤʦʚʽ ʟʜʽʡʩʥʝʥʥʷ ʥʘ ʥʴʦʛʦ ʚʧʣʠʚʫ Wi = 1, ὖ(ὣi = 1 | Xi, Wi = 0) ï 

ʡʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʽ Yi = 1 ʚʽʜ ʢʣʽʻʥʪʘ i ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ Xi ʧʨʠ ʫʤʦʚʽ ʟʜʽʡʩʥʝʥʥʷ ʥʘ 

ʥʴʦʛʦ ʚʧʣʠʚʫ Wi = 0 (ʚʧʣʠʚ ʥʝ ʟʜʽʡʩʥʶʻʪʴʩʷ), Y  ɴ{0, 1} ī ʟʤʽʥʥʘ ʢʣʘʩʫ: Y = 1 ī ʧʦʟʠʪʠʚʥʘ ʨʝʘʢʮʽʷ 

ʦʙôʻʢʪʫ, Y = 0 ī ʥʝʛʘʪʠʚʥʘ ʨʝʘʢʮʽʷ ʦʙôʻʢʪʫ; W  ɴ{1, 0} ī ʟʤʽʥʥʘ ʚʧʣʠʚʫ ʥʘ ʦʙôʻʢʪ: W = 1 ī 

ʧʦʢʘʟʥʠʢ ʪʦʛʦ, ʱʦ ʦʙ'ʻʢʪ ʧʦʪʨʘʧʠʚ ʚ ʮʽʣʴʦʚʫ (ʪʝʩʪʦʚʫ) ʛʨʫʧʫ, ʜʝ ʙʫʚ ʚʧʣʠʚ, W = 0 ī ʧʦʢʘʟʥʠʢ ʪʦʛʦ, 

ʱʦ ʦʙ'ʻʢʪ ʧʦʪʨʘʧʠʚ ʚ ʢʦʥʪʨʦʣʴʥʫ ʛʨʫʧʫ, ʜʝ ʚʧʣʠʚʫ ʥʝ ʙʫʣʦ. 

ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʻ ʢʣʶʯʝʤ ʜʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ: 

¶ ʧʦʟʠʪʠʚʥʠʡ uplift ʽʜʝʥʪʠʬʽʢʫʻ ʢʣʽʻʥʪʽʚ, ʥʘ ʷʢʠʭ ʚʧʣʠʚ ʤʘʻ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ; 

¶ Uplift, ʙʣʠʟʴʢʠʡ ʜʦ ʥʫʣʷ, ʚʢʘʟʫʻ ʥʘ ʢʣʽʻʥʪʽʚ, ʯʠʷ ʧʦʚʝʜʽʥʢʘ ʥʝ ʟʤʽʥʠʪʴʩʷ ʚʽʜ ʚʧʣʠʚʫ; 

¶ ʥʝʛʘʪʠʚʥʠʡ uplift ʚʠʷʚʣʷʻ ʢʣʽʻʥʪʽʚ, ʜʣʷ ʷʢʠʭ ʚʧʣʠʚ ʻ ʢʦʥʪʨʧʨʦʜʫʢʪʠʚʥʠʤ. 

ʗʢ ʨʝʟʫʣʴʪʘʪ, ʦʪʨʠʤʫʻʤʦ 4 ʩʝʛʤʝʥʪʠ ʢʣʽʻʥʪʽʚ (ʨʠʩ. 1): 

1. ʃʦʷʣʴʥʠʡ: ʟʜʽʡʩʥʷʪʴ ʜʽʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʦʪʨʠʤʘʶʪʴ ʚʦʥʠ ʚʧʣʠʚ (ʧʨʦʧʦʟʠʮʽʶ). 

ʉʧʨʷʤʫʚʘʥʥʷ ʫʚʘʛʠ ʥʘ ʥʠʭ ʻ ʪʨʘʪʦʶ ʨʝʩʫʨʩʽʚ ʯʝʨʝʟ ʥʘʜʘʥʥʷ ʥʝʧʦʪʨʽʙʥʠʭ ʟʥʠʞʦʢ; 

2. ɺʪʨʘʯʝʥʠʡ: ʥʝ ʟʜʽʡʩʥʷʪʴ ʜʽʶ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʚʧʣʠʚʽ, ʢʦʤʫʥʽʢʘʮʽʷ ʟ ʥʠʤʠ ʥʝʚʠʧʨʘʚʜʘʥʘ; 

3. ʇʝʨʝʢʦʥʫʚʘʥʠʡ: ʟʜʽʡʩʥʶʶʪʴ ʮʽʣʴʦʚʫ ʜʽʶ ʧʽʜ ʚʧʣʠʚʦʤ ʩʪʠʤʫʣʫ, ʥʘ ʪʘʢʫ ʛʨʫʧʫ ʚʘʨʪʦ 

ʟʦʩʝʨʝʜʠʪʠ ʟʫʩʠʣʣʷ; 

4. ʅʝ ʪʫʨʙʫʚʘʪʠ: ʚʧʣʠʚ ʥʘ ʪʘʢʫ ʛʨʫʧʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʚʦʨʦʪʥʦʛʦ ʝʬʝʢʪʫ, ʥʝʛʘʪʠʚʥʘ ʨʝʘʢʮʽʷ. 
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ɭ ʚʽʜʧʦʚʽʜʴ ʙʝʟ ʚʧʣʠʚʫ 

 

ʈʠʩ. 1 ʈʦʟʧʦʜʽʣʝʥʥʷ ʛʨʫʧ ʢʣʽʻʥʪʽʚ ʚʽʜ ʾʭ ʨʝʘʢʮʽʾ ʥʘ ʚʧʣʠʚ 

 

ɯʩʥʫʚʘʥʥʷ ʩʝʛʤʝʥʪʫ çʅʝ ʪʫʨʙʫʚʘʪʠè (ʘʙʦ çʉʧʣʷʯʽ ʩʦʙʘʢʠè) ʧʝʨʝʢʦʥʫʻ ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷ uplift-ʤʦʜʝʣʶʚʘʥʥʷ. ʊʦʜʽ ʷʢ ʩʝʛʤʝʥʪ çʇʝʨʝʢʦʥʫʚʘʥʠʡè ʩʭʠʣʴʥʠʡ ʜʦ ʚʧʣʠʚʫ ʥʘ 

ʤʘʨʢʝʪʠʥʛʦʚʽ ʘʢʮʽʾ, ʤʘʻ ʚʠʩʦʢʫ ʡʤʦʚʽʨʥʽʩʪʴ ʢʦʥʚʝʨʩʽʾ. 

ʆʜʥʽʻʶ ʟ ʩʪʨʘʪʝʛʽʯʥʠʭ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʣʦʷʣʴʥʽʩʪʶ ʻ ʧʨʦʘʢʪʠʚʥʝ ʟʘʧʦʙʽʛʘʥʥʷ ʚʽʜʪʦʢʫ ʪʘ 

ʫʪʨʠʤʘʥʥʷ ʢʣʽʻʥʪʽʚ. ʈʝʘʢʮʽʷ ʥʘ ʚʪʨʘʪʫ ʢʣʽʻʥʪʘ ʤʦʞʝ ʙʫʪʠ ʟʘʧʽʟʥʴʦʶ, ʪʦʞ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʷʚʣʷʶʪʴʩʷ 

ʩʭʠʣʴʥʽ ʜʦ ʚʽʜʪʦʢʫ ʢʣʽʻʥʪʠ ʽ ʚʞʠʚʘʶʪʴʩʷ ʟʘʭʦʜʠ ʥʘ ʾʭ ʫʪʨʠʤʫʚʘʥʥʷ. ʇʝʨʩʦʥʘʣʽʟʦʚʘʥʽ ʟʥʠʞʢʠ, 

ʙʦʥʫʩʠ ʘʙʦ ʩʧʝʮʽʘʣʴʥʘ ʧʨʦʧʦʟʠʮʽʷ ʤʦʞʫʪʴ ʷʢ ʩʧʦʥʫʢʘʪʠ ʢʣʽʻʥʪʘ ʜʦ ʙʘʞʘʥʦʾ ʜʽʾ (ʨʦʟʤʽʱʝʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ), ʪʘʢ ʽ ʧʨʠʩʢʦʨʠʪʠ ʡʦʛʦ ʨʽʰʝʥʥʷ ʧʽʪʠ ʚʽʜ ʢʦʤʧʘʥʽʾ. ʅʘʚʯʝʥʘ uplift-ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʻ ʥʘ 

ʢʦʛʦ ʟ ʢʣʽʻʥʪʽʚ ʧʨʦʧʦʟʠʮʽʷ ʤʘʪʠʤʝ ʥʘʡʙʽʣʴʰʠʡ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʪʘ ʚʠʜʽʣʷʻ ʩʝʛʤʝʥʪ ʢʣʽʻʥʪʽʚ 

çʧʝʨʝʢʦʥʫʚʘʥʽè, ʥʘ ʷʢʠʭ ʮʝʡ ʚʧʣʠʚ ʩʧʨʷʤʦʚʫʻʪʴʩʷ. ɼʦ ʪʦʛʦ ʞ uplift-ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʦʞʝ ʧʽʜʢʘʟʘʪʠ 

ʤʘʨʢʝʪʦʣʦʛʫ ʷʢʠʡ ʩʘʤʝ ʚʧʣʠʚ (email, ʪʝʣʝʬʦʥʥʠʡ ʜʟʚʽʥʦʢ ʘʙʦ ʧʦʰʪʦʚʘ ʨʦʟʩʠʣʢʘ) ʜʦʧʦʤʦʞʝ 

ʫʪʨʠʤʘʪʠ ʢʣʽʻʥʪʘ ʚʽʜ ʚʽʜʪʦʢʫ. 

ʋ ʨʝʘʣʴʥʦʤʫ ʢʝʡʩʽ ʫ ʬʽʥʘʥʩʦʚʽʡ ʛʘʣʫʟʽ ʙʫʣʦ ʧʦʢʘʟʘʥʦ [1], ʱʦ ʤʦʜʝʣʴ churn uplift (ʜʣʷ 

ʫʪʨʠʤʘʥʥʷ ʢʣʽʻʥʪʽʚ) ʧʝʨʝʚʝʨʰʫʻ ʪʨʘʜʠʮʽʡʥʫ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜʪʦʢʫ ʟʘ ʪʦʯʥʽʩʪʶ 

ʬʦʢʫʩʫʚʘʥʥʷ ʥʘ ʧʦʪʨʽʙʥʠʭ ʢʣʽʻʥʪʘʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʢʘʤʧʘʥʽʾ ʟ 

ʫʪʨʠʤʘʥʥʷ. ʆʨʽʻʥʪʘʮʽʷ ʩʘʤʝ ʥʘ çʧʝʨʝʢʦʥʫʚʘʥʽè ʢʣʽʻʥʪʽʚ, ʘ ʥʝ ʧʨʦʩʪʦ ʥʘ ʪʠʭ, ʭʪʦ ʤʘʻ ʥʘʡʚʠʱʠʡ 

ʨʠʟʠʢ ʚʽʜʪʦʢʫ, ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤ ʣʦʷʣʴʥʦʩʪʽ. 

Uplift -ʤʦʜʝʣʴ ʢʦʨʠʩʥʘ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʩʪʠʤʫʣʶʚʘʥʥʷ ʢʣʽʻʥʪʽʚ, ʱʦ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʜʦ ʚʽʜʪʦʢʫ, 

ʘʣʝ ʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʷʤʠʭ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʘʤʧʘʥʽʾ. ʈʦʟʩʠʣʢʠ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʧʦʟʠʮʽʡ ʯʠ 

ʢʫʧʦʥʽʚ ʟʜʽʡʩʥʶʶʪʴʩʷ ʣʠʰʝ ʪʠʤ ʧʦʢʫʧʮʷʤ, ʷʢʽ ʙʝʟ ʮʴʦʛʦ ʩʪʠʤʫʣʫ ʥʝ ʟʜʽʡʩʥʠʣʠ ʙ ʧʦʢʫʧʢʫ.  

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ uplift-ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʫʧʨʘʚʣʽʥʥʽ ʣʦʷʣʴʥʽʩʪʶ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʟʘʭʦʜʽʚ ʯʝʨʝʟ ʦʧʪʠʤʽʟʘʮʽʶ ʨʦʟʧʦʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ [1] ʜʝʤʦʥʩʪʨʫʻ ʟʨʦʩʪʘʥʥʷ ʧʨʠʙʫʪʢʫ ʢʘʤʧʘʥʽʡ ʟ ʫʪʨʠʤʘʥʥʷ ʢʣʽʻʥʪʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ 

ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʢʨʝʤʝʥʪʘʣʴʥʦʛʦ ʝʬʝʢʪʫ (uplift-ʤʦʜʝʣʶʚʘʥʥʷ). ʊʘʢʽ ʤʦʜʝʣʽ ʚʠʷʚʠʣʠʩʷ 

ʝʬʝʢʪʠʚʥʽʰʠʤʠ ʟʘ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜʪʦʢʫ. 

Uplift -ʧʽʜʭʽʜ ʜʦʧʦʤʘʛʘʻ ʫʥʠʢʥʫʪʠ ʥʝʮʽʣʴʦʚʠʭ ʢʦʥʪʘʢʪʽʚ, ʚʽʜʩʽʢʘʶʯʠ ʟʘʡʚʽ ʯʠ ʥʘʚôʷʟʣʠʚʽ 

ʧʨʦʧʦʟʠʮʽʾ ʢʣʽʻʥʪʘʤ, ʷʢʽ ʙ ʽ ʪʘʢ ʟʨʦʙʠʣʠ ʧʦʢʫʧʢʫ. ɿʤʝʥʰʫʻʪʴʩʷ ʨʠʟʠʢ ʨʦʟʜʨʘʪʫʚʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ 

ʥʘʜʤʽʨʥʦʶ ʫʚʘʛʦʶ ʪʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʾʭʥʷ ʣʦʷʣʴʥʽʩʪʴ ʜʦ ʙʨʝʥʜʫ. ʂʣʽʻʥʪʦʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ, ʢʦʣʠ 

ʟʫʩʠʣʣʷ ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʪʠʭ ʢʣʽʻʥʪʘʭ, ʷʢʠʭ ʩʧʨʘʚʜʽ ʧʦʪʨʽʙʥʦ ʧʝʨʝʢʦʥʘʪʠ, ʧʽʜʚʠʱʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤ ʣʦʷʣʴʥʦʩʪʽ ʪʘ ʜʦʚʽʨʫ ʢʣʽʻʥʪʽʚ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʧʝʚʥʽ ʨʠʟʠʢʠ ʪʘ ʦʙʤʝʞʝʥʥʷ. ʇʦʙʫʜʦʚʘ ʩʧʨʘʚʜʽ ʟʥʘʯʫʱʠʭ uplift-

ʤʦʜʝʣʝʡ ʧʦʪʨʝʙʫʻ ʜʘʥʠʭ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʢʣʽʻʥʪʽʚ ʷʢ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʧʣʠʚʫ, ʪʘʢ ʽ ʙʝʟ ʥʴʦʛʦ. ʊʦʙʪʦ 

ʥʝʦʙʭʽʜʥʦ ʧʨʠʜʽʣʷʪʠ ʫʚʘʛʫ ʥʝ ʪʽʣʴʢʠ ʥʘʧʦʚʥʝʥʥʶ ʪʝʩʪʦʚʦʾ ʛʨʫʧʠ, ʘ ʡ ʢʦʥʪʨʦʣʴʥʦʾ. ʉʣʽʜ 

ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʶ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽʩʪʴ ʚʠʙʽʨʢʠ, ʧʨʘʛʥʫʯʽ ʦʭʦʧʠʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʩʝʛʤʝʥʪ 

ʢʣʽʻʥʪʽʚ. ʈʘʥʜʦʤʽʟʦʚʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʻ ʥʘʜʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʟʙʦʨʫ ʜʘʥʠʭ ʜʣʷ uplift-ʤʦʜʝʣʶʚʘʥʥʷ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʨʽʚʥʷʥʥʽʩʪʴ ʪʝʩʪʦʚʦʾ ʪʘ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʟʘ ʚʩʽʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɼʣʷ 

ʢʦʨʝʢʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʞʘʥʽ ʩʪʘʙʽʣʴʥʽ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʢʘʤʧʘʥʽʾ, ʚʠʢʣʶʯʝʥʥʷ ʩʝʟʦʥʥʠʭ ʘʙʦ 

ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ. 

ɯʩʥʫʶʪʴ ʨʠʟʠʢʠ ʥʝʢʦʨʝʢʪʥʦʛʦ ʪʘʨʛʝʪʠʥʛʫ, ʢʦʣʠ ʥʝʧʨʘʚʠʣʴʥʦ ʧʦʙʫʜʦʚʘʥʘ ʯʠ ʟʘʩʪʦʩʦʚʘʥʘ 

ʤʦʜʝʣʴ çʧʨʦʙʫʜʞʫʻè çʩʧʣʷʯʠʭ ʩʦʙʘʢè. ʊʘʢʽ ʢʣʽʻʥʪʠ ʡʤʦʚʽʨʥʦ ʟʘʣʠʰʠʣʠʩʷ ʙ ʟ ʢʦʤʧʘʥʽʻʶ, ʘʣʝ ʟʘʡʚʘ 

ʫʚʘʛʘ ʜʨʘʪʫʻ ʘʙʦ ʥʘʛʘʜʫʻ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʧʽʪʠ, ʱʦ ʫ ʧʽʜʩʫʤʢʫ ʧʨʦʚʦʢʫʻ ʚʽʜʪʦʢ. ʂʦʥʪʘʢʪʫʶʯʠ 



Proceedings of the XVIII International scientific and practical conference çInformation technologies and automationï 2025è 

79 

ʥʝʟʘʜʦʚʦʣʝʥʠʭ ʢʣʽʻʥʪʽʚ ʢʦʤʧʘʥʽʷ ʤʦʞʝ ʟʘʛʦʩʪʨʠʪʠ ʾʭ ʥʝʛʘʪʠʚ, ʨʝʟʫʣʴʪʘʪ ʚʧʣʠʚʫ ʤʘʪʠʤʝ ʥʝʛʘʪʠʚʥʠʡ 

ʨʝʟʫʣʴʪʘʪ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ uplift-ʤʦʜʝʣʝʡ ʧʦʪʨʝʙʫʻ ʪʝʭʥʽʯʥʠʭ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʧʝʨʝʜʫʤʦʚ. ʆʨʛʘʥʽʟʘʮʽʷ 

ʧʦʚʠʥʥʘ ʤʘʪʠ ʩʠʩʪʝʤʫ ʟʙʠʨʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʜʝʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʢʣʽʻʥʪʽʚ ʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʘʤʧʘʥʽʡ. ʅʝʦʙʭʽʜʥʦ ʬʽʢʩʫʚʘʪʠ, ʭʪʦ ʟ ʢʣʽʻʥʪʽʚ ʦʪʨʠʤʫʚʘʚ ʚʧʣʠʚ, ʘ ʭʪʦ ʥʽ, ʷʢʠʡ ʩʘʤʝ 

ʙʫʚ ʚʧʣʠʚ. ɺʘʞʣʠʚʠʤ ʻ ʧʦʜʘʣʴʰʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʦʚʝʜʽʥʢʦʶ ʚʩʽʭ ʢʣʽʻʥʪʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ uplift-ʘʥʘʣʽʪʠʢʠ ʚʠʤʘʛʘʻ ʩʧʽʚʧʨʘʮʽ ʤʽʞ ʤʘʨʢʝʪʦʣʦʛʘʤʠ, ʘʥʘʣʽʪʠʢʘʤʠ ʪʘ ɯʊ-

ʩʧʝʮʽʘʣʽʩʪʘʤʠ. ɺʽʜʜʽʣ ʤʘʨʢʝʪʠʥʛʫ ʧʦʚʠʥʝʥ ʫʩʚʽʜʦʤʣʶʚʘʪʠ ʚʘʞʣʠʚʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʥʝ ʦʭʦʧʣʶʚʘʪʠ ʯʘʩʪʠʥʫ ʢʣʽʻʥʪʽʚ, ʱʦ ʤʘʪʠʤʝ ʝʬʝʢʪ ʫ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. ɹʽʟʥʝʩ-ʧʨʦʮʝʩʠ 

ʜʝʱʦ ʟʤʽʥʶʶʪʴʩʷ: ʮʠʢʣʠ ʢʘʤʧʘʥʽʾ ʧʦʚʠʥʥʽ ʚʢʣʶʯʘʪʠ ʝʪʘʧ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʝʪʘʧ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ, 

ʝʪʘʧ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘ ʙʽʣʴʰʫ ʘʫʜʠʪʦʨʽʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʢʦʤʝʥʜʘʮʽʡ ʤʦʜʝʣʽ. 

ɺʙʫʜʦʚʫʚʘʥʥʷ ʽʥʢʨʝʤʝʥʪʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʩʠʩʪʝʤʫ ʣʦʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʨʦʟʧʦʯʠʥʘʪʠ ʟ ʦʢʨʝʤʦʛʦ ʩʝʛʤʝʥʪʫ ʜʣʷ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʢʦʨʝʛʫʚʘʥʥʷ ʤʦʜʝʣʽ. 

ʊʘʢ ʙʫʜʝ ʟʨʦʟʫʤʽʣʘ ʧʨʘʢʪʠʯʥʘ ʚʽʜʜʘʯʘ ʧʝʨʝʜ ʪʠʤ, ʷʢ ʨʦʟʰʠʨʶʚʘʪʠ ʮʶ ʤʝʪʦʜʦʣʦʛʽʶ ʥʘ ʫʩʶ ʙʘʟʫ 

ʢʣʽʻʥʪʽʚ. ɺʘʞʣʠʚʦ ʧʦʩʪʽʡʥʦ ʧʝʨʝʛʣʷʜʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʤʦ-ʢʘʤʧʘʥʽʾ ʥʘ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ. 

ʅʘʷʚʥʽʩʪʴ ʚʽʜʭʠʣʝʥʴ ʤʦʞʝ ʧʦʪʨʝʙʫʚʘʪʠ ʧʝʨʝʛʣʷʜʫ ʤʦʜʝʣʽ, ʧʝʨʝʚʽʨʢʠ ʷʢʦʩʪʽ ʜʘʥʠʭ ʘʙʦ ʥʘʩʪʨʦʾʚ 

ʢʣʽʻʥʪʽʚ. ʉʪʠʤʫʣʠ ʜʣʷ çʧʝʨʝʢʦʥʫʚʘʥʠʭè ʢʣʽʻʥʪʽʚ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʽʥʪʝʨʝʩʘʤ ʢʣʽʻʥʪʘ, ʮʝ 

ʧʽʜʚʠʱʠʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʟʠʪʠʚʥʦʾ ʚʽʜʧʦʚʽʜʽ. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʻ ʫʥʠʢʘʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡ ʟ 

ʩʝʛʤʝʥʪʦʤ çʥʝ ʪʫʨʙʫʚʘʪʠè. 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʦʙʤʝʞʝʥʴ uplift-ʤʦʜʝʣʝʡ ʚʝʜʫʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ 

ʚʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ. ʂʣʘʩʠʯʥʽ ʤʦʜʝʣʽ ʦʮʽʥʶʶʪʴ ʝʬʝʢʪ ʨʘʟʦʚʦʛʦ ʚʧʣʠʚʫ ʫ ʬʽʢʩʦʚʘʥʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ, ʧʨʦʪʝ ʫ ʨʝʘʣʴʥʦʤʫ ʞʠʪʪʽ ʚʟʘʻʤʦʜʽʷ ʟ ʢʣʽʻʥʪʦʤ ʥʦʩʠʪʴ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʽ 

ʚʢʣʶʯʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ. ʅʝʱʦʜʘʚʥʽ ʨʦʙʦʪʠ [2] ʧʨʦʧʦʥʫʶʪʴ ʽʥʪʝʛʨʫʚʘʪʠ ʤʝʪʦʜʠ ʧʨʠʯʠʥʥʦʛʦ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ, ʱʦʙ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʝʨʽʾ ʤʘʨʢʝʪʠʥʛʦʚʠʭ 

ʽʥʪʝʨʚʝʥʮʽʡ ʟ ʯʘʩʦʤ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʣʦʷʣʴʥʽʩʪʶ, ʱʦ 

ʙʫʜʫʪʴ ʧʨʦʘʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ, ʢʦʣʠ ʽ ʷʢʫ ʩʘʤʝ ʧʨʦʧʦʟʠʮʽʶ ʟʨʦʙʠʪʠ ʢʦʥʢʨʝʪʥʦʤʫ ʢʣʽʻʥʪʫ 

ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʡʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. 

Uplift -ʤʦʜʝʣʶʚʘʥʥʷ ï ʮʝ ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʣʦʷʣʴʥʽʩʪʶ. ʁʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʤʽʩʪʠʪʠ ʘʢʮʝʥʪ ʟ ʢʽʣʴʢʦʩʪʽ ʥʘ ʷʢʽʩʪʴ ï ʟʦʩʝʨʝʜʠʪʠ ʤʘʨʢʝʪʠʥʛʦʚʽ ʟʫʩʠʣʣʷ 

ʪʘʤ, ʜʝ ʚʦʥʠ ʩʧʨʘʚʜʽ ʟʤʽʥʶʶʪʴ ʧʦʚʝʜʽʥʢʫ ʢʣʽʻʥʪʘ. ʇʦʧʨʠ ʥʘʷʚʥʽ ʚʠʢʣʠʢʠ (ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʩʢʣʘʜʥʽʩʪʴ ʤʦʜʝʣʝʡ, ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʟʤʽʥʠ), ʪʝʥʜʝʥʮʽʷ ʜʦ ʙʽʣʴʰ 

ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʽ ʦʩʥʦʚʘʥʠʭ ʥʘ ʜʘʥʠʭ ʧʨʦʛʨʘʤ ʣʦʷʣʴʥʦʩʪʽ ʨʦʙʠʪʴ uplift-ʤʦʜʝʣʽ ʚʩʝ ʙʽʣʴʰ 

ʟʘʪʨʝʙʫʚʘʥʠʤʠ. 
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ʈʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ çʈʦʟʫʤʥʠʡ ʜʽʤè ʷʢ 

ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʦʙʫ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʟʜʦʙʫʚʘʯʽʚ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʝʪʘʧʽʚ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ï ʚʽʜ ʩʮʝʥʘʨʽʶ ʨʦʙʦʪʠ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʪʘ 

ʪʝʩʪʫʚʘʥʥʷ. ɿʘʟʥʘʯʝʥʦ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʤʫʣʷʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʷʢ ʙʝʟʧʝʯʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦ ʩʪʠʤʫʣʶʻ ʥʘʚʯʘʥʥʷ ʯʝʨʝʟ ʧʨʘʢʪʠʢʫ ʪʘ ʽʥʞʝʥʝʨʥʝ ʤʠʩʣʝʥʥʷ. 

 

ʉʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ, ʧʦʚôʷʟʘʥʠʭ ʟ ɯʥʪʝʨʥʝʪʦʤ ʨʝʯʝʡ (IoT), ʩʧʨʠʷʻ ʧʦʷʚʽ 

çʨʦʟʫʤʥʠʭè ʩʝʨʝʜʦʚʠʱ, ʩʝʨʝʜ ʷʢʠʭ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʧʦʩʽʜʘʻ ʩʠʩʪʝʤʘ çʈʦʟʫʤʥʠʡ ʜʽʤè. ʎʷ ʩʠʩʪʝʤʘ 

ʧʦʻʜʥʫʻ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ, ʩʝʥʩʦʨʠ ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʩʚʽʪʣʝʥʥʷ, 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʙʝʟʧʝʢʠ, ʧʽʜʪʨʠʤʢʠ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʪʦʱʦ.  

ʄʘʪʝʤʘʪʠʯʥʝ ʡ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʥʝʦʙʭʽʜʥʠʤ ʝʪʘʧʦʤ ʧʝʨʝʜ ʾʭ 

ʬʽʟʠʯʥʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʣʦʛʽʢʫ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʾʚ, ʧʝʨʝʚʽʨʠʪʠ 

ʘʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʧʦʪʫʞʥʠʤ ʜʠʜʘʢʪʠʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ ʫ ʛʘʣʫʟʽ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʽʥʞʝʥʝʨʽʾ, ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɺʦʥʦ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʧʨʘʢʪʠʯʥʠʭ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ï ʚʽʜ ʨʦʟʨʦʙʢʠ ʘʣʛʦʨʠʪʤʽʚ ʜʦ ʥʘʣʘʛʦʜʞʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ 

ʩʭʝʤ. 

ʋ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ ʟʜʦʙʫʚʘʯʽ ʦʩʚʽʪʠ ʩʪʚʦʨʶʶʪʴ ʚʣʘʩʥʽ ʤʦʜʠʬʽʢʘʮʽʾ çʨʦʟʫʤʥʠʭ ʩʠʩʪʝʤè ï ʮʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʤʦʜʝʣʽ ʦʭʦʨʦʥʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʣʠʚʫ, ʨʦʟʫʤʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

ʣʘʙʦʨʘʪʦʨʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ: 

- ʧʦʻʜʥʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʥʥʷ ʟ ʧʨʘʢʪʠʯʥʠʤʠ ʥʘʚʠʯʢʘʤʠ ʫ ʩʬʝʨʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ; 

- ʥʘʚʯʠʪʠʩʷ ʤʠʩʣʠʪʠ ʩʠʩʪʝʤʥʦ, ʧʨʦʻʢʪʫʶʯʠ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʩʝʥʩʦʨʘʤʠ, ʤʦʜʫʣʷʤʠ ʽ 
ʧʨʦʛʨʘʤʥʠʤ ʢʦʜʦʤ; 

- ʨʦʟʚʠʚʘʪʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ STEM-ʥʘʧʨʷʤʫ ï ʟʦʢʨʝʤʘ, ʘʣʛʦʨʠʪʤʽʯʥʝ ʤʠʩʣʝʥʥʷ, ʪʝʭʥʽʯʥʫ 

ʪʚʦʨʯʽʩʪʴ ʽ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʫ ʽʥʪʝʛʨʘʮʽʶ ʟʥʘʥʴ; 

- ʤʦʜʝʣʶʚʘʪʠ ʢʦʤʘʥʜʥʫ ʨʦʙʦʪʫ, ʨʦʟʧʦʜʽʣʷʶʯʠ ʟʘʚʜʘʥʥʷ ʟʘ ʨʦʣʷʤʠ: ʘʥʘʣʽʪʠʢ, 

ʩʭʝʤʦʪʝʭʥʽʢ, ʧʨʦʛʨʘʤʽʩʪ, ʪʝʩʪʫʚʘʣʴʥʠʢ; 

- ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʝʨʝʜʦʚʠʱʝ ʤʦʜʝʣʶʚʘʥʥʷ ʷʢ ʙʝʟʧʝʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʧʦʤʠʣʦʢ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦ ʩʪʠʤʫʣʶʻ ʥʘʚʯʘʥʥʷ ʯʝʨʝʟ ʧʨʘʢʪʠʢʫ. 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Tinkercad Circuits, ʷʢʝ 

ʥʘʜʘʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ ʽ ʩʠʤʫʣʷʮʽʾ ʾʭ ʨʦʙʦʪʠ ʙʝʟ ʬʽʟʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʡʦʤʩʪʚʦ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʦʢʨʝʤʠʭ ʧʨʠʩʪʨʦʾʚ, ʨʦʟʨʦʙʢʘ ʩʭʝʤʠ ʜʣʷ ʤʦʜʝʣʽ çʈʦʟʫʤʥʦʛʦ ʜʦʤʫè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Arduino Uno, ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʛʨʘʤʥʦʾ ʣʦʛʽʢʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʨʠʩʪʨʦʷʤʠ, ʘ ʪʘʢʦʞ 

ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. 

ʋ ʧʨʦʻʢʪʽ ʤʘʡʙʫʪʥʴʦʾ ʩʠʩʪʝʤʠ ʚ ʩʝʨʝʜʦʚʠʱʽ Tinkercad Circuits ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ: 

- Arduino Uno, ʷʢ ʦʩʥʦʚʥʠʡ ʢʦʥʪʨʦʣʝʨ; 

- ʜʘʪʯʠʢʠ ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ: ʪʝʤʧʝʨʘʪʫʨʠ, ʦʩʚʽʪʣʝʥʦʩʪʽ, ʚʽʜʩʪʘʥʽ, 
ʟʘʜʠʤʣʝʥʥʷ, ʚʦʣʦʛʦʩʪʽ ʪʦʱʦ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ; 

- ʩʚʽʪʣʦʜʽʦʜʠ ʪʘ ʩʝʨʚʦʜʚʠʛʫʥʠ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʢʝʨʫʚʘʥʥʷ. 

ʇʨʦʛʨʘʤʥʘ ʣʦʛʽʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʦʚʦʶ C++ (Arduino IDE) ʫ ʚʠʛʣʷʜʽ ʩʢʝʪʯʫ, ʱʦ ʤʽʩʪʠʪʴ 

ʫʤʦʚʥʽ ʦʧʝʨʘʪʦʨʠ, ʪʘʡʤʝʨʠ ʪʘ ʬʫʥʢʮʽʾ ʦʧʠʪʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ. 

ʈʦʙʦʪʘ ʟ ʧʨʦʻʢʪʦʤ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʟ ʨʦʟʨʦʙʢʠ ʩʮʝʥʘʨʽʶ ʨʦʙʦʪʠ ʤʘʡʙʫʪʥʴʦʾ ʩʠʩʪʝʤʠ 

çʈʦʟʫʤʥʠʡ ʜʽʤè. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʮʝʥʘʨʽʶ ʥʝʦʙʭʽʜʥʦ ʧʽʜʽʙʨʘʪʠ ʢʦʤʧʦʥʝʥʪʠ (ʜʝʪʘʣʽ ʪʘ 

ʧʨʠʩʪʨʦʾ) ʟ ʙʽʙʣʽʦʪʝʢʠ Tinkercad. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʝʚʥʘ ʧʨʦʙʣʝʤʘ ï ʪʦʡ ʯʠ ʽʥʰʠʡ 
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ʥʝʦʙʭʽʜʥʠʡ ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʙʫʪʠ ʚʽʜʩʫʪʥʽʤ ʫ ʙʽʙʣʽʦʪʝʮʽ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʩʮʝʥʘʨʽʡ ʪʘ ʚʥʝʩʪʠ ʥʝʦʙʭʽʜʥʽ ʟʤʽʥʠ ʫ ʨʦʙʦʪʫ çʈʦʟʫʤʥʦʛʦ ʜʦʤʫè. ʇʽʩʣʷ 

ʧʽʜʙʦʨʫ ʢʦʤʧʦʥʝʥʪʽʚ ʙʫʜʫʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʪʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʠ ʩʠʩʪʝʤʠ. ʅʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ 

ʬʦʨʤʫʻʪʴʩʷ ʣʽʩʪʠʥʛ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʩʪʨʦʷʤʠ ʩʠʩʪʝʤʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʾʭ 

ʚʟʘʻʤʦʜʽʾ. 

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʩʠʩʪʝʤʠ çʈʦʟʫʤʥʠʡ ʜʽʤè, ʟʤʦʜʝʣʴʦʚʘʥʦʾ ʟʜʦʙʫʚʘʯʝʤ ʦʩʚʽʪʠ ʚ 

ʩʝʨʝʜʦʚʠʱʽ Tinkercad ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʥʘʚʯʘʣʴʥʦʾ ʧʨʘʢʪʠʢʠ. 

 

 
 

ʈʠʩ. 1 - ɺʽʟʫʘʣʽʟʦʚʘʥʘ ʩʭʝʤʘ ʟôʻʜʥʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʠʩʪʝʤʠ çʈʦʟʫʤʥʠʡ ʜʽʤè 

 

ʅʘʚʝʜʝʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ çʈʦʟʫʤʥʠʡ ʜʽʤè ʤʽʩʪʠʪʴ: 

- ʜʘʪʯʠʢ ʩʚʽʪʣʘ, ʷʢʠʡ ʢʝʨʫʻ ʩʝʨʚʦʧʨʠʚʦʜʦʤ (ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 
ʚʽʜʢʨʠʪʪʷ/ʟʘʢʨʠʪʪʷ ʰʪʦʨ), ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʇɯʈ-ʩʝʥʩʦʨʘ ʪʘ ʧôʻʟʦʝʣʝʤʝʥʪʘ; 

- ʇɯʈ ʩʝʥʩʦʨ ʪʘ ʧ'ʻʟʦʝʣʝʤʝʥʪ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʧʨʠ ʧʝʚʥʦʤʫ ʟʥʘʯʝʥʥʽ ʷʩʢʨʘʚʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 
ʨʝʻʩʪʨʘʮʽʷ ʧʨʠʩʫʪʥʦʩʪʽ ʦʙôʻʢʪʘ ʪʘ ʟʚʫʢʦʚʝ ʦʧʦʚʽʱʝʥʥʷ; 

- ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʬʽʢʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʣʠʚʘʥʴ; 

- ʢʦʜʦʚʠʡ ʟʘʤʦʢ ʚ ʢʦʤʧʣʝʢʩʽ ʟ ʩʝʨʚʦʧʨʠʚʦʜʦʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʽʜʢʨʠʚʘʥʥʷ 

ʜʚʝʨʝʡ; 

- LCD ʜʠʩʧʣʝʡ ʪʘ ʜʝʢʽʣʴʢʘ ʩʚʽʪʣʦʜʽʦʜʽʚ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʩʠʩʪʝʤʠ (ʚʽʜʦʙʨʘʞʝʥʥʷ 
ʯʠʩʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ ʨʽʟʥʠʭ ʜʘʪʯʠʢʽʚ, ʚʠʚʝʜʝʥʥʷ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʦʱʦ). 

ʇʨʦʻʢʪʥʘ ʜʽʷʣʴʥʽʩʪʴ ʫ ʬʦʨʤʘʪʽ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʠʭ ʤʦʜʝʣʝʡ çʈʦʟʫʤʥʠʭ ʩʠʩʪʝʤè ʨʦʟʚʠʚʘʻ 

ʢʨʠʪʠʯʥʝ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʝ ʤʠʩʣʝʥʥʷ, ʩʧʨʠʷʻ ʥʘʙʫʪʪʶ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ STEM-

ʥʘʧʨʷʤʫ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʷʢ ʥʘʚʯʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ 

ʙʝʟʧʝʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʥʥʷ, ʧʦʤʠʣʦʢ ʽ ʾʭ ʫʩʚʽʜʦʤʣʝʥʦʛʦ ʚʠʧʨʘʚʣʝʥʥʷ, ʱʦ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ 

ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ. ʊʦʞ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʮʝʧʮʽʾ çʈʦʟʫʤʥʦʛʦ ʜʦʤʫè ʫ ʥʘʚʯʘʥʥʽ ʩʧʨʠʷʻ ʧʽʜʛʦʪʦʚʮʽ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ ʬʘʭʽʚʮʽʚ, ʟʜʘʪʥʠʭ ʜʦ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʮʠʬʨʦʚʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʫʩʧʽʣʴʩʪʚʘ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

[1]   ɺʦʣʢ ʄ. ʆ. ʈʦʟʧʦʜʽʣʝʥʝ ʢʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ // 

ɺʽʩʥʠʢ ʍʝʨʩʦʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ï 2024. ï ˉ. 1 (88). ï ʩ. 211-217. 

[2] ʇʦʩʪʦʚʘ ʉ. ɸ. Stem-ʦʩʚʽʪʘ ʷʢ ʢʣʶʯ ʜʦ ʨʦʟʚʠʪʢʫ ʣʽʜʝʨʽʚ ʤʘʡʙʫʪʥʴʦʛʦ: ʬʦʨʤʫʚʘʥʥʷ 

ʢʣʶʯʦʚʠʭ ʥʘʚʠʯʦʢ // ʅʘʫʢʦʚʽ ʽʥʥʦʚʘʮʽʾ ʪʘ ʧʝʨʝʜʦʚʽ ʪʝʭʥʦʣʦʛʽʾ. ï 2024. ï ˉ 39. ï ʩ. 486-1498. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ɿʄɯʅʀ ʅɸɺɸʅʊɸɾɽʅʅʗ ɺ ʉʋɼʅʆɺʀʍ 

ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʀʏʅʀʍ ʉʀʉʊɽʄɸʍ 

ɹʦʨʱʝʚʩʴʢʠʡ ɺ.ɺ., ʋʰʢʘʨʝʥʢʦ ʆ.ʆ. (maestrotees@gmail.com) 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ (ʋʢʨʘʾʥʘ) 

 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʽʚ ʢʦʤʫʪʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʫʜʥʦʚʽʡ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽʡ ʩʠʩʪʝʤʽ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʪʦʭʘʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʨʦʙʦʪʠ ʩʧʦʞʠʚʘʯʽʚ ʽ 

ʧʘʨʘʣʝʣʴʥʫ ʨʦʙʦʪʫ ʛʝʥʝʨʘʪʦʨʥʠʭ ʘʛʨʝʛʘʪʽʚ. ʆʪʨʠʤʘʥʦ ʜʽʘʛʨʘʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʉɽɽʉ ʰʣʷʭʦʤ 

ʢʦʤʧʦʟʠʮʽʾ ʜʽʘʛʨʘʤ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʧʨʦʚʝʜʝʥʦ ʾʾ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ. 

 

ʉʫʯʘʩʥʽ ʘʚʪʦʥʦʤʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ (ɸɽɽʉ), ʜʦ ʷʢʠʭ ʪʘʢʦʞ ʚʽʜʥʦʩʷʪʴʩʷ ʩʫʜʥʦʚʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ (ʉɽɽʉ), ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʩʧʦʞʠʚʘʯʽʚ ʽʟ ʥʝʧʦʩʪʽʡʥʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʥʘʷʚʥʽʩʪʶ ʮʠʢʣʽʯʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʟʛʦʜʞʝʥʦʾ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʥʠʭ ʘʛʨʝʛʘʪʽʚ (ɻɸ). ʂʨʽʤ ʪʦʛʦ, ʚ ʙʽʣʴʰʦʩʪʽ 

ʨʝʞʠʤʽʚ ʚʠʜʽʣʷʶʪʴʩʷ ʯʘʩʦʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʪʨʠʚʘʣʦʩʪʽ ʝʪʘʧʽʚ ʷʢʠʭ - ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ, 

ʩʪʘʪʠʩʪʠʯʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʯʘʩʽ.  

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʫʻ, ʱʦ ʩʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʦʨʽʻʥʪʦʚʘʥʽ ʧʝʨʝʚʘʞʥʦ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʽʜʪʚʦʨʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʢʝʨʫʚʘʥʥʷ ʥʠʤʠ. ʋ ʨʦʙʦʪʽ [1] ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʝʬʝʢʪʠʚʥʠʡ ʛʽʙʨʠʜʥʠʡ ʧʽʜʭʽʜ, ʧʨʦʪʝ ʚʽʥ ʟʦʩʝʨʝʜʞʝʥʠʡ ʧʝʨʝʚʘʞʥʦ ʥʘ ʽʤʧʫʣʴʩʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʽ 

ʥʝ ʦʭʦʧʣʶʻ ʩʪʦʭʘʩʪʠʯʥʫ ʧʨʠʨʦʜʫ ʙʽʣʴʰʦʩʪʽ ʩʫʜʥʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ [2] ʚʽʜʟʥʘʯʘʻʪʴʩʷ 

ʚʠʩʦʢʦʶ ʯʘʩʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʤʦʜʝʣʽ, ʦʜʥʘʢ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʤʝʞʝʥʝ ʧʝʨʝʚʘʞʥʦ 

ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʨʝʞʠʤʘʤʠ. ʈʦʙʦʪʘ [3] ʤʘʻ ʚʘʛʦʤʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʘʣʝ ʥʝ ʨʦʟʛʣʷʜʘʻ ʩʪʨʫʢʪʫʨʥʫ ʦʨʛʘʥʽʟʘʮʽʶ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʨʽʚʥʽ ʦʢʨʝʤʠʭ 

ʩʧʦʞʠʚʘʯʽʚ. ʋ ʨʦʙʦʪʽ [4] ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʥʠʭ ʪʘ ʡʤʦʚʽʨʥʽʩʥʠʭ 

ʤʦʜʝʣʝʡ, ʦʜʥʘʢ ʚʽʜʩʫʪʥʽ ʧʨʘʢʪʠʯʥʽ ʟʘʩʦʙʠ ʾʭ ʽʥʪʝʛʨʘʮʽʾ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʩʝʨʝʜʦʚʠʱʘ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʆʪʞʝ, ʩʪʚʦʨʝʥʥʷ ʩʪʦʭʘʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʦʤʫʪʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʜʘʪʥʦʾ ʧʦʻʜʥʘʪʠ ʘʚʪʦʤʘʪʥʫ ʣʦʛʽʢʫ 

ʟ ʯʘʩʦʚʠʤʠ ʨʦʟʧʦʜʽʣʘʤʠ ʨʦʙʦʪʠ ʩʧʦʞʠʚʘʯʽʚ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʫ ʨʝʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʉɽɽʉ, ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩʠ ʢʦʤʫʪʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʠʧʘʜʢʦʚʦʩʪʽ ʪʨʠʚʘʣʦʩʪʽ ʝʪʘʧʽʚ ʽ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʩʪʘʥʘʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥʠ 

ʧʦʪʫʞʥʦʩʪʽ ʉɽɽʉ, ʤʦʞʣʠʚʠʭ ʧʨʦʚʘʣʽʚ ʥʘʧʨʫʛʠ ʽ ʧʦʧʝʨʝʜʞʝʥʥʶ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʢʦʤʫʪʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʉɽɽʉ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʶʚʘʪʠ ʨʝʘʣʴʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʩʧʦʞʠʚʘʯʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʚʠʧʘʜʢʦʚʦʾ ʧʨʠʨʦʜʠ, ʘ 

ʪʘʢʦʞ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʟʤʽʥ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʙʦʪʫ ɻɸ. 

ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʪʠʧʽʚ ʩʫʜʝʥ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʧʦʜʽʣ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʛʨʫʧʠ, ʜʣʷ ʷʢʠʭ 

ʯʘʩʦʚʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ, ʧʝʨʝʨʚ ʽ ʨʽʚʥʽ ʧʦʪʫʞʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʘʟʦʶ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʩʫʜʥʘ. 

ʆʩʢʽʣʴʢʠ ʢʦʞʝʥ ʩʧʦʞʠʚʘʯ ʫ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʝʨʝʙʫʚʘʻ ʚ ʦʜʥʦʤʫ ʟ ʜʚʦʭ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ï 

çʫʚʽʤʢʥʝʥʠʡè ʘʙʦ çʚʠʤʢʥʝʥʠʡè, ʜʦʮʽʣʴʥʦ ʤʦʜʝʣʶʚʘʪʠ ʡʦʛʦ ʧʦʚʝʜʽʥʢʫ ʫ ʚʠʛʣʷʜʽ ʢʽʥʮʝʚʦʛʦ ʘʚʪʦʤʘʪʘ. 

ʇʝʨʝʭʽʜ ʤʽʞ ʩʪʘʥʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ, ʟʛʝʥʝʨʦʚʘʥʦʛʦ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʝʤʧʽʨʠʯʥʦ ʚʠʟʥʘʯʝʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. ɸʥʘʣʦʛʽʯʥʦ, ʜʦʙʦʚʠʡ ʮʠʢʣ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʫʜʥʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ ʢʽʥʮʝʚʠʡ ʘʚʪʦʤʘʪ, ʜʝ ʢʦʞʝʥ ʝʪʘʧ ʮʠʢʣʫ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʦʤʫ ʩʪʘʥʫ, ʘ 

ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʥʴʦʤʫ ʻ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʫ ʤʝʞʘʭ, 

ʚʠʟʥʘʯʝʥʠʭ ʜʣʷ ʮʴʦʛʦ ʝʪʘʧʫ. 

ʆʩʢʽʣʴʢʠ ʟʤʽʥʘ ʝʪʘʧʽʚ ʮʠʢʣʫ ʪʘ ʨʦʙʦʪʘ ʦʢʨʝʤʠʭ ʩʧʦʞʠʚʘʯʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ, ʟʘʩʪʦʩʦʚʘʥʦ 

ʧʽʜʭʽʜ ʧʘʨʘʣʝʣʴʥʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʫʧʝʨʩʪʘʥʽʚ, ʜʝ ʢʦʞʝʥ ʘʚʪʦʤʘʪ ʨʝʘʣʽʟʫʻ ʦʢʨʝʤʠʡ ʧʨʦʮʝʩ. ʉʫʢʫʧʥʽʩʪʴ 

ʪʘʢʠʭ ʧʘʨʘʣʝʣʴʥʦ ʟôʻʜʥʘʥʠʭ ʘʚʪʦʤʘʪʽʚ ʬʦʨʤʫʻ Stateflow-ʤʦʜʝʣʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʜʥʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɺʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʜʣʷ ʥʝʾ ʻ ʽʤʧʫʣʴʩ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʷʢʠʡ ʽʥʽʮʽʶʻ ʧʝʨʝʚʽʨʢʫ ʫʤʦʚ 

ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʩʪʘʥʘʤʠ, ʪʦʜʽ ʷʢ ʚʠʭʽʜʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʚʠʩʪʫʧʘʶʪʴ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ, 

ʥʦʨʤʦʚʘʥʽ ʚʽʜʥʦʩʥʦ ʾʭʥʽʭ ʥʦʤʽʥʘʣʴʥʠʭ ʨʽʚʥʽʚ. 

ʋ ʤʝʞʘʭ ʤʦʜʝʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʫʜʥʦʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʚʢʣʶʯʘʻ ʪʨʠ ʛʝʥʝʨʘʪʦʨʥʽ 

ʘʛʨʝʛʘʪʠ ʨʽʟʥʦʾ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (100 ʢɺʪ, 250 ʢɺʪ ʽ 150 ʢɺʪ), ʜʝʚôʷʪʴ ʩʧʦʞʠʚʘʯʽʚ ʟʽ ʟʤʽʥʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʦʜʠʥ ʩʧʦʞʠʚʘʯ ʽʟ ʧʦʩʪʽʡʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. ʂʝʨʫʚʘʥʥʷ ʧʽʜʢʣʶʯʝʥʥʷʤ ʘʛʨʝʛʘʪʽʚ ʜʦ 

ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʾ ʩʧʦʞʠʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ: 
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ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʜʦ 100 ʢɺɸ ʧʨʘʮʶʻ ʦʜʠʥ ʘʛʨʝʛʘʪ, ʫ ʤʝʞʘʭ 100-350 ʢɺɸ ï ʜʚʘ, ʘ ʟʘ ʧʝʨʝʚʠʱʝʥʥʷ 350 

ʢɺɸ ï ʫʩʽ ʪʨʠ. ʋ ʨʘʟʽ ʦʜʥʦʯʘʩʥʦʾ ʨʦʙʦʪʠ ʜʝʢʽʣʴʢʦʭ ʛʝʥʝʨʘʪʦʨʽʚ ʨʦʟʧʦʜʽʣ ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʝʡ ʤʽʞ ʥʠʤʠ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʾʭ ʥʦʤʽʥʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʧʨʦʛʨʘʤʠ, ʱʦ ʨʝʘʣʽʟʫʻ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ 

ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʉɽɽʉ. 

 
ʈʠʩʫʥʦʢ 1 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʧʨʦʛʨʘʤʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʉɽɽʉ 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʉɽɽʉ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʽʘʛʨʘʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʽʘʣʦʛʦʚʠʡ ʽʥʪʝʨʬʝʡʩ ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʉɽɽʉ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʪʨʠʤʘʥʦʾ 

ʜʦʙʦʚʦʾ ʜʽʘʛʨʘʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʢʦʤʫʪʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʉɽɽʉ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʶʚʘʪʠ ʩʪʦʭʘʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʨʽʟʥʠʭ ʛʨʫʧ 

ʩʧʦʞʠʚʘʯʽʚ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʧʽʜʭʦʜʫ ʥʘ ʦʩʥʦʚʽ ʢʽʥʮʝʚʠʭ ʘʚʪʦʤʘʪʽʚ ʫ ʤʦʜʝʣʽ ʚʨʘʭʦʚʘʥʦ 

ʚʠʧʘʜʢʦʚʽʩʪʴ ʫ ʯʘʩʽ ʚʚʽʤʢʥʝʥʥʷ ʪʘ ʚʠʤʢʥʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʾʭ ʚʧʣʠʚ ʥʘ ʩʫʤʘʨʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ. ʂʨʽʤ ʪʦʛʦ, ʨʝʘʣʽʟʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫ ʚʟʘʻʤʦʜʽʾ ʩʧʦʞʠʚʘʯʽʚ ʽʟ 

ʛʝʥʝʨʘʪʦʨʥʠʤʠ ʘʛʨʝʛʘʪʘʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʧʘʨʘʣʝʣʴʥʦʤʫ ʨʝʞʠʤʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ 

ʨʝʘʣʽʩʪʠʯʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɽɽʉ. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʌʆʊʆʉʊʈʋʂʊʋʈʅʀʍ ʇɽʈɽʊɺʆʈɽʅʔ ʋ ʅɸʅʆʇʆʃɯʄɽʈɸʍ 
ɺʘʚʨʠʥʶʢ ɸ. ʄ. (artemvm03@gmail.com) 

ʂʨʠʚʦʨʽʟʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ) 

 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʬʦʪʦʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʥʘʥʦʧʦʣʽʤʝʨʘʭ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ʆʩʥʦʚʥʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʝʥʦ ʧʦʣʽʤʝʨʥʽʡ ʩʠʩʪʝʤʽ ʥʘ ʦʩʥʦʚʽ ʘʢʨʠʣʘʪ-ʝʧʦʢʩʠʜʦʚʘʥʦʾ ʩʦʻʚʦʾ ʦʣʽʾ (AESO) ʟ ʜʦʜʘʚʘʥʥʷʤ 

ʚʘʥʽʣʽʥʜʠʤʝʪʘʢʨʠʣʘʪʫ (VDM) ʪʘ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (DMPA), ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʫ 

ʬʦʪʦʯʫʪʣʠʚʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʤʘʰʠʥʥʦ-ʥʘʚʯʝʥʠʭ 

ʤʽʞʘʪʦʤʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ (U-MLIP), ʪʘʢʠʭ ʷʢ MACE-OFF23, ʜʘʣʦ ʟʤʦʛʫ ʚʽʜʪʚʦʨʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ 

ʙʘʨôʻʨʠ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʧʨʦʩʪʝʞʠʪʠ ʝʚʦʣʶʮʽʶ ʣʦʢʘʣʴʥʠʭ ʦʨʽʻʥʪʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʦʧʪʠʯʥʽ ʡ ʜʽʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʦʪʦʧʦʣʽʤʝʨʽʚ. 

  

ʌʦʪʦʩʪʨʫʢʪʫʨʥʽ ʧʦʣʽʤʝʨʠ, ʟʜʘʪʥʽ ʟʤʽʥʶʚʘʪʠ ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʜ ʜʽʻʶ ʩʚʽʪʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʫ ʥʦʚʽʪʥʽʭ ʬʦʪʦʥʥʠʭ, ʩʝʥʩʦʨʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [1]. 

ʆʜʥʠʤ ʽʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʩʝʨʝʜ ʥʠʭ ʻ ʧʦʣʽʤʝʨʥʘ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʽ ʘʢʨʠʣʘʪ-ʝʧʦʢʩʠʜʦʚʘʥʦʾ 

ʩʦʻʚʦʾ ʦʣʽʾ (AESO), ʷʢʘ ʧʨʠʚʝʨʥʫʣʘ ʫʚʘʛʫ ʟʘʚʜʷʢʠ ʩʚʦʻʤʫ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʪʽʡʢʠʭ 
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ʤʘʪʝʨʽʘʣʽʚ, ʟ ʜʦʜʘʚʘʥʥʷʤ ʚʘʥʽʣʽʥʜʠʤʝʪʘʢʨʠʣʘʪʫ (VDM) ʪʘ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ 

ʜʠʤʝʪʦʢʩʠʬʝʥʽʣʘʮʝʪʦʬʝʥʦʥʫ (DMPA). ɰʾ ʬʦʪʦʩʪʨʫʢʪʫʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ 

ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʤʽʞʣʘʥʮʶʛʦʚʠʭ ʟʚôʷʟʢʽʚ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʜʽʝʣʝʢʪʨʠʯʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ [2].  

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʫʥʽʚʝʨʩʘʣʴʥʽ ʧʦʪʝʥʮʽʘʣʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

(U-MLIP). ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʩʽʤʝʡʩʪʚʘ MACE-OFF23 ʜʦʟʚʦʣʠʣʦ ʚʽʜʪʚʦʨʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ 

ʙʘʨôʻʨʠ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʦʙʝʨʪʘʥʥʷʤ ʙʽʯʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʽ ʩʝʛʤʝʥʪʽʚ 

ʧʦʣʽʤʝʨʥʦʛʦ ʣʘʥʮʶʛʘ, ʧʨʦʩʪʝʞʠʪʠ ʝʚʦʣʶʮʽʶ ʣʦʢʘʣʴʥʠʭ ʦʨʽʻʥʪʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ ʫ ʧʦʣʽʤʝʨʥʽʡ 

ʤʝʨʝʞʽ (ʨʠʩ.1). 

 

 

ʈʠʩ.1. ʘ) ʌʨʘʛʤʝʥʪ (AESO) ʽʟ ʦʨʽʻʥʪʘʮʽʡʥʠʤʠ ʜʝʬʝʢʪʘʤʠ Ŭ-, ɓ-, Ŭɓ-, ŭ-, ʪʘ ɔ-

ʨʝʣʘʢʩʘʮʽʡʥʠʤʠ ʦʙʣʘʩʪʷʤʠ. ʙ) VDM ʚ) DMPA 

 

 

ʆʨʽʻʥʪ ʜʝʬʝʢʪʘʤʠ, ʤʠ ʥʘʟʠʚʘʻʤʦ ʣʦʢʘʣʴʥʽ ʟʤʽʥʠ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʙʝʨʪʘʥʥʷ ʘʪʦʤʥʠʭ ʘʙʦ ʤʦʣʝʢʫʣʷʨʥʠʭ ʛʨʫʧ ʫ ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ.  

ɼʣʷ ʘʥʘʣʽʟʫ ʣʦʢʘʣʴʥʠʭ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʦʣʽʤʝʨʥʽʡ ʩʠʩʪʝʤʽ AESO:VDM:DMPA 

ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʬʽʣʽʚ ʦʙʝʨʪʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ (Ŭ-, ɓ-, Ŭ/ɓ- ʪʘ ɔ-

ʪʠʧʽʚ) ʚʽʜʥʦʩʥʦ ʛʦʣʦʚʥʦʛʦ ʣʘʥʮʶʛʘ ʧʦʣʽʤʝʨʫ. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ (DFT) 

ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʝʥʮʽʘʣʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʦʪʨʠʤʘʥʦ ʚʠʩʦʢʫ ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʽʞ ʜʚʦʤʘ 

ʧʽʜʭʦʜʘʤʠ. ɿʦʢʨʝʤʘ, ʤʦʜʝʣʽ MACE ʪʦʯʥʦ ʚʽʜʪʚʦʨʶʶʪʴ ʧʦʣʦʞʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ ʽ ʙʘʨôʻʨʠ 

ʦʙʝʨʪʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʨʘʥʠʤ ʨʝʣʘʢʩʘʮʽʡʥʠʤ ʜʝʬʝʢʪʘʤ (ʨʠʩ. 2). 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ U-MLIP ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʬʦʪʦʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʦʣʽʤʝʨʥʠʭ ʩʠʩʪʝʤʘʭ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʨʦʮʝʩʠ 

ʩʪʨʫʢʪʫʨʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʢʦʣʝʢʪʠʚʥʦʩʪʽ [3] ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ 

ʬʦʪʦʧʦʣʽʤʝʨʽʚ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʜʦʨʦʛʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʚʽʜʢʨʠʚʘʶʯʠ ʧʝʨʩʧʝʢʪʠʚʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʘʜʘʧʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʢʝʨʦʚʘʥʠʤʠ ʦʧʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ʈʠʩ.2. ʇʨʦʬʽʣʽ ʝʥʝʨʛʽʾ ʨʦʪʘʮʽʡ AESO. ʆʧʦʨʥʽ ʜʘʥʽ DFT ʪʘ ʧʨʦʛʥʦʟʠ MACE ʧʦʢʘʟʘʥʽ ʷʢ ʬʫʥʢʮʽʷ 

ʜʚʦʛʨʘʥʥʦʛʦ ʢʫʪʘ 
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ʇɸʈɸʃɽʃʔʅɸ ʈɽɸʃɯɿɸʎɯʗ ʉʊɽʇɽʅɽɺʆɻʆ ʄɽʊʆɼʋ  ɼʃʗ ʈʆɿɺôʗɿɸʅʅʗ ɿɸɼɸʏɯ 

ʈɸʅɾʋɺɸʅʅʗ Web-ʉʊʆʈɯʅʆʂ 

ɺʝʨʙʽʮʴʢʠʡ ɺ.ɺ., ʂʦʨʥʽʡʯʫʢ ɯ. ɻ. 
(v.verbitskyi@onu.edu.ua, ivan.korniichuk@stud.onu.edu.ua) 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ.ɯ. ʄʝʯʥʠʢʦʚʘ (ʋʢʨʘʾʥʘ) 
 

ʅʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʩʫʯʘʩʥʦʶ ʩʭʝʤʦʶ ʨʘʥʞʫʚʘʥʥʷ ʻ ʘʣʛʦʨʠʪʤ PageRank, ʨʦʟʨʦʙʣʝʥʠʡ 

ʟʘʩʥʦʚʥʠʢʘʤʠ Google ʃʘʨʨʽ ʇʝʡʜʞʝʤ ʪʘ ʉʝʨʛʽʻʤ ɹʨʽʥʦʤ ʪʘ ʚʧʨʦʚʘʜʞʝʥʠʡ Google ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʚʝʙ-ʧʦʰʫʢʫ. ɸʣʛʦʨʠʪʤ PageRank ʚʠʤʘʛʘʻ ʦʙʯʠʩʣʝʥʥʷ ʜʦʤʽʥʫʶʯʦʛʦ ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʘ 

Google-ʤʘʪʨʠʮʽ, ʷʢʠʡ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʩʪʝʧʝʥʝʚʠʤ ʤʝʪʦʜʦʤ. ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʨʠʯʥʦ-

ʚʝʢʪʦʨʥʝ ʤʥʦʞʝʥʥʷ, ʥʘ ʷʢʝ ʧʨʠʭʦʜʠʪʴʩʷ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʦʙʯʠʩʣʝʥʴ ʩʪʝʧʝʥʝʚʦʛʦ ʤʝʪʦʜʫ, 

ʨʝʘʣʽʟʫʚʘʪʠ ʧʘʨʘʣʝʣʴʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʯʠʩʣʝʥʴ ʥʘ GPU-ʧʨʦʮʝʩʦʨʘʭ.  

 

ɺʝʙ-ʧʦʰʫʢ ʩʪʘʚ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʩʪʚʦʨʶʻ ʙʘʛʘʪʦ 

ʮʽʢʘʚʠʭ ʟʘʜʘʯ ʫ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʨʝʟʫʣʴʪʘʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʨʘʥʞʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʰʫʢʫ. 

ʆʜʥʠʤ ʟ ʥʘʡʚʽʜʦʤʽʰʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʘʥʞʫʚʘʥʥʷ, ʩʧʝʮʠʬʽʯʥʠʭ ʜʣʷ ɯʥʪʝʨʥʝʪʫ, ʻ PageRank ï ʤʝʪʦʜ 

ʦʙʯʠʩʣʝʥʥʷ ʘʚʪʦʨʠʪʝʪʥʦʩʪʽ ʩʪʦʨʽʥʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʘ ʛʽʧʝʨʧʦʩʠʣʘʥʴ ʚ ɯʥʪʝʨʥʝʪʽ[1,3,4,5]. ʍʦʯʘ 

PageRank ï ʮʝ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʦʬʣʘʡʥ-ʦʙʯʠʩʣʝʥʥʷ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʪʘ 

ʽʥʜʝʢʩʘʮʽʾ ʚʝʙ-ʩʢʘʥʫʚʘʥʥʷ ʜʦ ʪʦʛʦ, ʷʢ ʙʫʜʫʪʴ ʚʠʜʘʥʽ ʙʫʜʴ-ʷʢʽ ʟʘʧʠʪʠ, ʩʪʘʻ ʜʝʜʘʣʽ ʙʽʣʴʰ ʙʘʞʘʥʠʤ 

ʧʨʠʰʚʠʜʰʠʪʠ ʮʝ ʦʙʯʠʩʣʝʥʥʷ. ʐʚʠʜʢʦ ʟʨʦʩʪʘʶʯʽ ʨʝʧʦʟʠʪʦʨʽʾ ʩʢʘʥʫʚʘʥʥʷ, ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ 

ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʙʘʞʘʥʥʷ ʛʝʥʝʨʫʚʘʪʠ ʢʽʣʴʢʘ ʚʝʢʪʦʨʽʚ PageRank ʥʘ ʦʩʥʦʚʽ ʪʝʤ ʜʣʷ ʢʦʞʥʦʛʦ 

ʩʢʘʥʫʚʘʥʥʷ ï ʚʩʝ ʮʝ ʤʦʪʠʚʫʶʯʽ ʬʘʢʪʦʨʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʧʨʠʰʚʠʜʰʝʥʥʷ ʦʙʯʠʩʣʝʥʥʷ 

PageRank. 

PageRank ʦʙʯʠʩʣʶʻ ʜʦʤʽʥʫʶʯʠʡ ʚʣʘʩʥʠʡ ʚʝʢʪʦʨ Google-ʤʘʪʨʠʮʽ A, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ: 

A=ɻ0 ρ ɻÖÅ, ʜʝ ὖ ï ʩʪʦʚʧʮʝʚʦ-ʩʪʦʭʘʩʪʠʯʥʘ ʤʘʪʨʠʮʷ (ʪʦʙʪʦ ʚʠʩʷʯʽ ʚʫʟʣʠ ʚʞʝ ʟʘʤʽʥʝʥʽ 

ʩʪʦʚʧʮʷʤʠ ʟ ρȾὲ), Ŭ  ɴ (0, 1) ð ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʫʚʘʥʥʷ, Ὡ ρȟρȟȣȟρ ᶰὙ , ὺ ρȾὺ, ὲ ï 
ʨʦʟʤʽʨʥʽʩʪʴ ὖ. ɹʽʣʴʰʝ ʜʝʪʘʣʝʡ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ [4,5].  PageRank-ʚʝʢʪʦʨ  ὼ ʟʘʜʦʚʽʣʴʥʷʻ ὃὼ ὼ. 
ɿʘʜʘʯʫ ʦʙʯʠʩʣʝʥʥʷ PageRank-ʚʝʢʪʦʨʘ ὼ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʟʘʜʘʯʫ ʧʨʦ ʦʙʯʠʩʣʝʥʥʷ ʥʘʡʙʽʣʴʰʦʛʦ 
ʚʣʘʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʘ Google-ʤʘʪʨʠʮʽ A. ʎʶ ʟʘʜʘʯʫ  ʟʘʟʚʠʯʘʡ 

ʨʦʟʚ'ʷʟʫʶʪʴ ʩʪʝʧʝʥʝʚʠʤ ʤʝʪʦʜʦʤ.  ʉʪʝʧʝʥʝʚʠʡ ʤʝʪʦʜ  [2,3] ʚʧʝʨʰʝ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ PageRank ʇʝʡʜʞʝʤ ʪʘ ɹʨʽʥʦʤ[4]. ʆʜʥʘʢ ʩʪʝʧʝʥʝʚʠʡ ʤʝʪʦʜ  ʚʠʤʘʛʘʻ ʙʘʛʘʪʦ ʦʙʯʠʩʣʝʥʴ 

ʪʘ ʟʙʽʛʘʻʪʴʩʷ ʜʫʞʝ ʧʦʚʽʣʴʥʦ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʫʚʘʥʥʷ ʙʣʠʟʴʢʠʡ ʜʦ 1. ʅʘʤʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʝ ʤʥʦʞʝʥʥʷ, ʥʘ ʷʢʝ ʧʨʠʭʦʜʠʪʴʩʷ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʦʙʯʠʩʣʝʥʴ 

ʩʪʝʧʝʥʝʚʦʛʦ ʤʝʪʦʜʫ, ʨʝʘʣʽʟʫʚʘʪʠ ʧʘʨʘʣʝʣʴʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʯʠʩʣʝʥʴ ʥʘ GPU-ʧʨʦʮʝʩʦʨʘʭ.     
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ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɾʠʪʦʤʠʨʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ) 

  

ʋ ʨʦʙʦʪʽ ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʨʴʦʭ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ð ʛʝʥʝʪʠʯʥʦʛʦ, 

ʢʦʣʦʥʽʾ ʤʫʨʘʭ ʪʘ ʪʘʙʫ-ʧʦʰʫʢʫ ð ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʨʰʨʫʪʽʚ ʜʦʩʪʘʚʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ 

ʥʘ ʚʘʥʪʘʞʦʤʽʩʪʢʽʩʪʴ. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʨʝʘʣʴʥʠʭ 

ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʪʘ ʚʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʜʦʮʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʤʝʪʦʜʫ. 

  

ʇʨʦʙʣʝʤʘ ʚʠʙʦʨʫ ʝʬʝʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʨʰʨʫʪʽʚ ʜʦʩʪʘʚʢʠ ʧʦʩʪʘʻ ʱʦʨʘʟʫ, 

ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʯʘʩʫ ʘʙʦ ʚʽʜʩʪʘʥʽ ʟʘ ʩʢʣʘʜʥʠʭ ʫʤʦʚ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʤʝʨʝʞʽ. ʊʘʢʽ ʟʘʜʘʯʽ ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ ʢʦʤʙʽʥʘʪʦʨʥʠʭ, ʜʝ ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʟʨʦʩʪʘʻ 

ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ. ʊʨʘʜʠʮʽʡʥʽ ʪʦʯʥʽ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʦʚʥʦʤʫ 

ʧʝʨʝʙʦʨʽ ʘʙʦ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʧʨʦʛʨʘʤʫʚʘʥʥʽ, ʰʚʠʜʢʦ ʚʪʨʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ, 

ʪʦʤʫ ʚ ʧʨʘʢʪʠʮʽ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʘʝʚʨʠʩʪʠʯʥʽ ʧʽʜʭʦʜʠ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʦʨʽʚʥʷʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ð ʛʝʥʝʪʠʯʥʦʛʦ, ʘʣʛʦʨʠʪʤʫ ʢʦʣʦʥʽʾ ʤʫʨʘʭ ʽ ʪʘʙʫ-ʧʦʰʫʢʫ ð ʫ ʢʦʥʪʝʢʩʪʽ ʟʘʜʘʯʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʫ ʟ ʦʙʤʝʞʝʥʥʷʤ ʥʘ ʚʘʥʪʘʞʦʤʽʩʪʢʽʩʪʴ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʨʠʥʮʠʧʠ 

ʨʦʙʦʪʠ ʢʦʞʥʦʛʦ ʟ ʘʣʛʦʨʠʪʤʽʚ ʽ ʚʠʷʚʠʪʠ ʾʭʥʽ ʩʠʣʴʥʽ ʪʘ ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ; ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʽ ʨʝʘʣʽʟʘʮʽʾ 

ʤʝʪʦʜʽʚ ʽ ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʠʭ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ; 

ʧʦʨʽʚʥʷʪʠ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʤʘʨʰʨʫʪʽʚ ʽ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ; ʘ ʪʘʢʦʞ ʩʬʦʨʤʫʣʶʚʘʪʠ 

ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʾʭ ʢʦʤʙʽʥʫʚʘʥʥʷ ʚ 

ʤʝʞʘʭ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʘʝʚʨʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʭʦʜʠʪʠ ʙʣʠʟʴʢʽ ʜʦ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʥʷ ʟʘ 

ʦʙʤʝʞʝʥʠʡ ʯʘʩ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʘʙʦ ʧʨʠ 

ʨʦʙʦʪʽ ʟ ʚʝʣʠʢʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ. ɺʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʪʨʘʜʠʮʽʡʥʽ ʪʦʯʥʽ ʤʝʪʦʜʠ 

ʚʪʨʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʯʝʨʝʟ ʝʢʩʧʦʥʝʥʮʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʦʞʣʠʚʠʭ ʢʦʤʙʽʥʘʮʽʡ. ɿʘʣʝʞʥʦ 

ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʟʘʜʘʯʽ ʦʙʠʨʘʶʪʴʩʷ ʨʽʟʥʽ ʪʠʧʠ ʘʣʛʦʨʠʪʤʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʚʣʘʩʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ 

ʧʝʨʝʚʘʛʠ. 

ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ (GA) ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʤʽʪʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʧʨʠʨʦʜʥʦʛʦ ʜʦʙʦʨʫ [1]. ʄʥʦʞʠʥʘ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʟʘʜʘʯʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ 

ʧʦʧʫʣʷʮʽʾ, ʷʢʘ ʝʚʦʣʶʮʽʦʥʫʻ ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʦʧʝʨʘʪʦʨʽʚ ʚʽʜʙʦʨʫ, ʩʭʨʝʱʫʚʘʥʥʷ ʪʘ ʤʫʪʘʮʽʾ. 

ʂʦʞʥʝ ʨʽʰʝʥʥʷ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʬʫʥʢʮʽʻʶ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʷʢʽʩʪʴ ʚʽʜʥʦʩʥʦ 

ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ. ʋ ʤʝʞʘʭ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʘʨʰʨʫʪʽʚ ʜʦʩʪʘʚʢʠ ʥʘ ʦʩʥʦʚʽ ʤʘʪʨʠʮʽ ʚʽʜʩʪʘʥʝʡ, ʩʬʦʨʤʦʚʘʥʦʾ ʩʝʨʚʽʩʦʤ 

OpenRouteService. ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʨʽʰʝʥʴ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʦʯʦʢ ʤʘʨʰʨʫʪʫ, 

ʘ ʜʣʷ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʠʭ ʨʽʰʝʥʴ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʪʫʨʥʽʨʥʠʡ ʚʽʜʙʽʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʚ ʟʙʝʨʝʞʝʥʥʷ 

ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʢʦʤʙʽʥʘʮʽʡ. 

ɸʣʛʦʨʠʪʤ ʢʦʣʦʥʽʾ ʤʫʨʘʭ (Ant Colony Optimization, ACO) ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʨʦʻʚʠʭ ʤʝʪʦʜʽʚ ʽ 

ʤʦʜʝʣʶʻ ʢʦʣʝʢʪʠʚʥʫ ʧʦʚʝʜʽʥʢʫ ʘʛʝʥʪʽʚ, ʷʢʽ ʰʫʢʘʶʪʴ ʥʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ ʤʽʞ ʪʦʯʢʘʤʠ. ʂʦʞʝʥ ʘʛʝʥʪ 

(ʤʫʨʘʭʘ) ʜʦʩʣʽʜʞʫʻ ʤʦʞʣʠʚʽ ʤʘʨʰʨʫʪʠ ʪʘ ʟʘʣʠʰʘʻ ʬʝʨʦʤʦʥʥʠʡ ʩʣʽʜ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʦʛʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʷʢʦʩʪʽ ʟʥʘʡʜʝʥʦʛʦ ʨʽʰʝʥʥʷ [2]. ɯʥʰʽ ʘʛʝʥʪʠ ʦʨʽʻʥʪʫʶʪʴʩʷ ʥʘ ʮʽ ʩʣʽʜʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʢʦʣʝʢʪʠʚʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʧʦʩʪʫʧʦʚʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ. ʋ 

ʜʦʩʣʽʜʞʝʥʥʽ ʘʣʛʦʨʠʪʤ ʢʦʣʦʥʽʾ ʤʫʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʟʘʜʘʯʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʽʟ ʦʙʤʝʞʝʥʥʷʤ ʥʘ ʚʘʥʪʘʞʦʤʽʩʪʢʽʩʪʴ, ʜʝ ʧʘʨʘʤʝʪʨʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʬʝʨʦʤʦʥʽʚ ʢʦʥʪʨʦʣʶʚʘʣʠ 

ʙʘʣʘʥʩ ʤʽʞ ʜʦʩʣʽʜʞʝʥʥʷʤ ʥʦʚʠʭ ʰʣʷʭʽʚ ʽ ʟʘʢʨʽʧʣʝʥʥʷʤ ʫʞʝ ʚʜʘʣʠʭ. 

ʄʝʪʦʜ ʪʘʙʫ-ʧʦʰʫʢʫ (Tabu Search) ʥʘʣʝʞʠʪʴ ʜʦ ʣʦʢʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʦʜʥʘʢ ʤʘʻ ʫ 

ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʝʣʝʤʝʥʪ ʧʘʤôʷʪʽ, ʷʢʠʡ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʰʫʢʫ [3]. ɸʣʛʦʨʠʪʤ ʧʦʩʪʫʧʦʚʦ 

ʧʝʨʝʭʦʜʠʪʴ ʚʽʜ ʦʜʥʦʛʦ ʨʽʰʝʥʥʷ ʜʦ ʽʥʰʦʛʦ, ʦʙʠʨʘʶʯʠ ʥʘʡʢʨʘʱʝ ʟ-ʧʦʤʽʞ ʩʫʩʽʜʥʽʭ, ʧʨʦʪʝ ʫʥʠʢʘʻ 

ʧʦʚʪʦʨʥʦʛʦ ʚʽʜʚʽʜʫʚʘʥʥʷ ʚʞʝ ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʽʚ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʧʠʩʢʫ çʟʘʙʦʨʦʥʝʥʠʭè 

ʭʦʜʽʚ (ʪʘʙʫ). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ GA ʪʘ ACO, ʮʝʡ ʤʝʪʦʜ ʥʝ ʧʨʘʮʶʻ ʟ ʧʦʧʫʣʷʮʽʻʶ ʨʽʰʝʥʴ, ʘ ʚʜʦʩʢʦʥʘʣʶʻ 
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ʧʦʪʦʯʥʠʡ ʤʘʨʰʨʫʪ ʰʣʷʭʦʤ ʣʦʢʘʣʴʥʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʪʦʯʦʢ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʩʪʘʙʽʣʴʥʠʤ ʽ 

ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʟʘʜʘʯ ʩʝʨʝʜʥʴʦʾ ʩʢʣʘʜʥʦʩʪʽ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʚʝʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽʟ ʦʙʤʝʞʝʥʥʷʤ ʥʘ 

ʚʘʥʪʘʞʦʤʽʩʪʢʽʩʪʴ. ʊʝʩʪʫʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʷ ʥʘ ʦʩʥʦʚʽ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʤʽʩʪʘ ʂʠʻʚʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ, ʦʪʨʠʤʘʥʦʾ ʯʝʨʝʟ ʙʽʙʣʽʦʪʝʢʫ OSMnx ʪʘ ʩʝʨʚʽʩ OpenRouteService, 

ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʚʘʚ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʽ ʚʽʜʩʪʘʥʝʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʘʣʴʥʦʾ ʪʦʧʦʣʦʛʽʾ ʚʫʣʠʯʥʦʾ 

ʤʝʨʝʞʽ. 

ɿʛʽʜʥʦ ʪʘʙʣ. çʇʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʨʰʨʫʪʽʚè, ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶð ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʩʪʘʥʦʚʠʚ ʙʣʠʟʴʢʦ 0.06 ʩʝʢʫʥʜʠ, 

ʧʨʦʪʝ ʦʪʨʠʤʘʥʽ ʤʘʨʰʨʫʪʠ ʤʘʣʠ ʥʘʡʙʽʣʴʰʫ ʟʘʛʘʣʴʥʫ ʜʦʚʞʠʥʫ (å208 800 ʦʜʠʥʠʮʴ), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʠʞʯʫ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ. ɸʣʛʦʨʠʪʤ ʢʦʣʦʥʽʾ ʤʫʨʘʭ ʟʘʙʝʟʧʝʯʠʚ ʢʨʘʱʫ ʷʢʽʩʪʴ ʨʦʟʚôʷʟʢʫ ð 

ʜʦʚʞʠʥʘ ʤʘʨʰʨʫʪʫ ʩʪʘʥʦʚʠʣʘ å183 300 ʦʜʠʥʠʮʴ, ʘʣʝ ʧʦʪʨʝʙʫʚʘʚ ʙʽʣʴʰʝ ʯʘʩʫ ʜʣʷ ʦʙʯʠʩʣʝʥʴ (1.03 

ʩʝʢʫʥʜʠ) ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʢʦʣʝʢʪʠʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʦʰʫʢʫ. ʄʝʪʦʜ ʪʘʙʫ-ʧʦʰʫʢʫ ʧʦʢʘʟʘʚ 

ʥʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘ ʷʢʽʩʪʶ ð å177 600 ʦʜʠʥʠʮʴ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʯʘʩʽ ʚʠʢʦʥʘʥʥʷ (0.06 

ʩʝʢʫʥʜʠ), ʱʦ ʚʢʘʟʫʻ ʥʘ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʟʘʜʘʯʘʭ ʩʝʨʝʜʥʴʦʛʦ ʤʘʩʰʪʘʙʫ, ʜʝ ʚʘʞʣʠʚʠʡ ʙʘʣʘʥʩ ʤʽʞ 

ʪʦʯʥʽʩʪʶ ʪʘ ʰʚʠʜʢʽʩʪʶ. 

 

ʇʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʨʰʨʫʪʽʚ 

 ʄʝʪʦʜ ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ 

ʤʘʨʰʨʫʪʫ 

ʏʘʩ ʚʠʢʦʥʘʥʥʷ 

(ʩ) 

ʂʽʣʴʢʽʩʪʴ 

ʤʘʰʠʥ 

1 ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ 208797.46 0.06 3 

2 ʄʫʨʘʰʠʥʠʡ 

ʘʣʛʦʨʠʪʤ 

183312.99 1.03 3 

3 ʊʘʙʫ ʧʦʰʫʢ 177558.90 0.06 3 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʚʽʜʯʠʣʠ ʥʘʷʚʥʽʩʪʴ ʢʦʤʧʨʦʤʽʩʫ ʤʽʞ ʪʦʯʥʽʩʪʶ ʨʽʰʝʥʴ ʽ ʰʚʠʜʢʦʜʽʻʶ 

ʦʙʯʠʩʣʝʥʴ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʙʦʨʫ ʘʣʛʦʨʠʪʤʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʝʮʠʬʽʢʠ ʟʘʜʘʯʽ. ʋ ʭʦʜʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʪʨʠ ʤʝʪʘʝʚʨʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʚ ʦʜʥʘʢʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʫʤʦʚʘʭ, ʧʨʦʚʝʜʝʥʦ ʾʭ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʨʝʘʣʴʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʟʜʽʡʩʥʝʥʦ ʦʮʽʥʢʫ ʷʢʦʩʪʽ 

ʤʘʨʰʨʫʪʽʚ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ, ʘ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ.  

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʞʦʜʝʥ ʽʟ ʤʝʪʦʜʽʚ ʥʝ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ 

ʢʦʞʝʥ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɺʦʜʥʦʯʘʩ ʢʦʤʙʽʥʫʚʘʥʥʷ 

ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʫ ʤʝʞʘʭ ʛʽʙʨʠʜʥʠʭ ʤʦʜʝʣʝʡ ʜʘʻ ʟʤʦʛʫ ʜʦʩʷʛʪʠ ʟʙʘʣʘʥʩʦʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʧʦʻʜʥʫʶʯʠ ʰʚʠʜʢʽʩʪʴ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʽʟ ʪʦʯʥʽʩʪʶ ʣʦʢʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʽʥʪʝʛʨʘʮʽʷ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽʟ ʤʝʪʦʜʘʤʠ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʈʄʆɼʀʅɸʄɯʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ɿɺɸʈʖɺɸʃʔʅʀʍ 

ʈʆɿʇʃɸɺɯɺ, ʑʆ ʄɯʉʊʗʊʔ Mn, Fe, Co, Ni ɯ Cu  

ɻʦʥʯʘʨʦʚ ɯ.ʆ.
1
, ʄʽʱʝʥʢʦ ɼ.ɼ.

1
, ɹʦʛʘʯʝʥʢʦ ʆ.ɻ.

1
, ʉʫʜʘʚʮʦʚʘ ɺ.ʉ.

2
  

 (sud.materials@ukr.net) 
1
ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤʝʥʽ ɭʚʛʝʥʘ ʇʘʪʦʥʘ ʅɸʅʋ (ʋʢʨʘʾʥʘ) 

2
ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʤ̔. ɯ.ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅʋ (ʋʢʨʘʾʥʘ) 

 

ʆʣʦʚʦʚʤʽʩʥʽ ʩʧʣʘʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʙʝʟʩʚʠʥʮʝʚʠʭ ʧʨʠʧʦʾʚ ʥʠʟʴʢʦ- ʽ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʧʣʘʚʽʚ ʩʠʩʪʝʤʠ SnïLa ʜʦʩʣʽʜʞʝʥʦ ʟʽ 

ʩʪʦʨʦʥʠ Sn, ʪʦʤʫ ʱʦʙ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʤʽʩʪʷʪʴ ʦʣʦʚʦ, ʥʝʦʙʭʽʜʥʦ 

ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ ʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʨʦʟʧʣʘʚʽʚ ʟʙʘʛʘʯʝʥʠʭ ʣʘʥʪʘʥʦʤ, ʜʦʚʝʣʦʩʴ ʚʠʟʥʘʯʠʪʠ ʾʭ 

ʤʝʪʘʣʽʯʥʫ ʽʟʦʧʝʨʠʙʦʣʽʯʥʫ ʢʘʣʦʨʠʤʝʪʨʽʶ. ɺʣʘʩʥʽ ʽ ʣʽʪʝʨʘʪʫʨʥʽ ʪʝʨʤʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʧʣʘʚʽʚ 

ʩʠʩʪʝʤʠ LaïSn ʩʧʽʣʴʥʦ ʦʙʨʦʙʣʝʥʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʽ ʜʘʥʽ ʢʦʨʝʣʶʶʪʴ ʤʽʞ ʩʦʙʦʶ ʽ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʩʠʣʴʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʨʽʟʥʦʡʤʝʥʥʠʤʠ ʘʪʦʤʘʤʠ, ʘ Dʅmin ~ī50 ʢɼʞ/ʤʦʣʴ ʽ ʧʨʠʧʘʜʘʻ ʥʘ xSn = 0,44. ʎʝ 

ʢʦʨʝʣʶʻ ʟ ʜʽʘʛʨʘʤʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ LnïLa ʟʛʽʜʥʦ ʷʢʦʾ ʩʘʤʦʶ ʪʫʛʦʧʣʘʚʢʦʶ ʻ ʩʧʦʣʫʢʘ La5Ln4. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʨʽʜʢʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ LaïSnï3d-Me, ʪʦ ʚʦʥʠ ʜʦʩʣʽʜʞʝʥʽ ʜʦʙʨʝ ʥʘʤʠ ʽ 

ʽʥʰʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ ʽ ʾʭ ʤʦʞʥʘ ʢʨʠʪʠʯʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽ ʚʠʚʝʩʪʠ ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʽ.  

ɺʠʜʥʦ, ʱʦ ʧʦ ʟʨʦʩʪʘʥʥʶ ʝʥʝʨʛʽʾ ʤʽʞʯʘʩʪʢʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʾʭ ʤʦʞʥʘ ʨʦʟʤʽʩʪʠʪʠ ʚ ʪʘʢʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

LaïFe Ÿ LaïSn Ÿ MnïLa Ÿ CuïSn Ÿ MnïSn Ÿ LaïCu Ÿ LaïSn. 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʢʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤ LaïSnï3d-Me ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ ʚʠʚʯʝʥʦ, ʘ 

ʜʣʷ ʙʽʥʘʨʥʠʭ ʦʙʤʝʞʫʶʯʠʭ ʧʽʜʩʠʩʪʝʤ ʚʦʥʠ ʚʽʜʦʤʽ, ʤʠ ʩʧʨʦʙʫʚʘʣʠ ʦʙʯʠʩʣʠʪʠ ʘʥʘʣʦʛʽʯʥʽ ʜʘʥʽ ʜʣʷ 

ʧʦʪʨʽʡʥʠʭ ʟʘ ʨʽʟʥʠʤʠ ʤʦʜʝʣʷʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʝʷʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢʽ ʤʠ ʚʚʘʞʘʻʤʦ ʥʘʡʙʽʣʴʰ 

ʪʦʯʥʠʤʠ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ.1. 

 

  
                              ʘ                                                          ʙ              

 

ʈʠʩ. 1. ɯʟʦʝʥʪʘʣʴʧʽʾ ʟʤʽʰʫʚʘʥʥʷ ʨʦʟʧʣʘʚʽʚ ʩʠʩʪʝʤʠ LaïSnïCo (ʘ) ʽ LaïSnïNi (ʙ) ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ 

ʤʦʜʝʣʣʶ ʈʝʜʣʽʭʘïʂʽʩʪʝʨʘïʄʫʜʞʽʘʥʫ  ʙʝʟ ʧʦʪʨʽʡʥʦʛʦ ʚʥʝʩʢʫ ʧʨʠ 1300 ʂ (ʚ ʢɼʞ/ʤʦʣʴ). 

 

ʗʩʥʦ, ʱʦ ʩʧʽʣʴʥʠʤ ʜʣʷ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʧʦʪʨʽʡʥʠʭ ʨʦʟʧʣʘʚʽʚ ʻ ʪʝ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʥʝʩʦʢ 

ʦʙʫʤʦʚʣʝʥʦ ʧʽʜʩʠʩʪʝʤʦʶ LaïSn. ʇʨʠʯʦʤʫ ʭʽʜ ʽʟʦʝʥʪʘʣʴʧʽʡ ʟʤʽʰʫʚʘʥʥʷ ʨʽʜʢʠʭ ʨʦʟʯʠʥʽʚ LaïSnï3d-

Me ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʽ ʮʝ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʡ ʟʤʽʰʫʚʘʥʥʷ ʚ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʑʦʙ ʧʽʜʪʚʝʨʜʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʤʠ ʩʧʨʦʙʫʚʘʣʠ ʚʽʜʰʫʢʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʦ ʬʘʟʦʚʠʤ ʨʽʚʥʦʚʘʛʘʤ ʚ ʩʧʣʘʚʘʭ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʩʠʩʪʝʤ. ɺʠʷʚʠʣʦʩʴ, ʱʦ ʥʘ ʜʘʥʠʡ ʯʘʩ 

ʧʦʙʫʜʦʚʘʥʦ ʽʟʦʪʝʨʤʽʯʥʠʡ ʧʝʨʝʨʽʟ ʩʠʩʪʝʤ LaïNiïSn [1], ʟʛʽʜʥʦ ʷʢʦʛʦ ʚ ʮʽʡ ʩʠʩʪʝʤʽ ʫʪʚʦʨʶʶʪʴʩʷ ~10 

ʪʝʨʥʘʨʥʠʭ ʧʨʦʤʽʞʥʠʭ ʬʘʟ. ɸʣʝ ʪʘʢ ʷʢ ʚʦʥʠ ʥʝ ʧʨʦʷʚʣʷʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʝʥʪʘʣʴʧʽʡ ʟʤʽʰʫʚʘʥʥʷ, ʮʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʥʠʟʴʢʫ ʪʝʨʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʪʘ ʾʭ ʽʥʢʦʥʛʨʫʝʥʪʥʠʡ ʭʘʨʘʢʪʝʨ ʧʣʘʚʣʝʥʥʷ. 

ʉʧʦʜʽʚʘʻʤʦʩʴ ʚ ʥʘʡʙʣʠʞʯʠʡ ʯʘʩ ʧʝʨʝʚʽʨʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʢʘʣʦʨʠʤʝʪʨʽʾ. 

 

https://paton.org.ua/
https://paton.org.ua/
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ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. Yinghong Zhuang, Haixia Deng, Jingqi Liu, Qingrong Yao The 673 K isothermal section of the 

LaïNiïSn ternary system.  Journal of Alloys and Compounds. 2004. V.363 p. 223ï226 

 

 

 

 

ʋɼʂ 004.8:519.876.5:502.3 

ɻɯɹʈʀɼʅɸ ʄʆɼɽʃʔ ʗʂ ɯʅʊɽʃɽʂʊʋɸʃʔʅɸ ʉʂʃɸɼʆɺɸ ʉʀʉʊɽʄʀ ɽʂʆʃʆɻɯʏʅʆɻʆ 

ʄʆʅɯʊʆʈʀʅɻʋ 

ɻʫʜʞʫʤʘʥʶʢ ʂ.ʉ., ʇʦʜʦʨʦʞʥʷʢ ɸ.ʆ., ɹʘʣʝʥʢʦ ʆ. ɯ. 

(kseniia.hudzhumaniuk@cit.khpi.edu.ua, 

andrii.podorozhniak@khpi.edu.ua, 

oleksii.balenko@khpi.edu.ua) 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò(ʋʢʨʘʾʥʘ) 

 

ɺ ʪʝʟʘʭ ʨʦʟʛʣʷʥʫʪʦ ʛʽʙʨʠʜʥʫ ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ PSOïGWOïDE ʷʢ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʩʢʣʘʜʦʚʫ 

ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʧʦʻʜʥʫʻ ʛʣʦʙʘʣʴʥʠʡ ʧʦʰʫʢ, ʘʜʘʧʪʠʚʥʽʩʪʴ 

ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʝʚʦʣʶʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʮʽʥʢʠ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʾʭʥʽʭ ʜʞʝʨʝʣ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʽʥʪʝʛʨʘʮʽʶ ʤʦʜʝʣʽ 

ʟ IoT-ʩʝʥʩʦʨʥʠʤʠ ʤʝʨʝʞʘʤʠ ʡ ʥʝʡʨʦʤʝʨʝʞʝʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ 

ʟʘʙʨʫʜʥʝʥʥʷ. 

 

ʂʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ, ʽʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʫʤʦʚʣʶʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʽʥʪʝʨʤʽʪʝʥʪʥʠʭ ʽ ʥʝʣʽʥʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚʠʢʠʜʽʚ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʣʠʰʝ ʟʘʛʘʣʴʥʠʤ ʦʙʩʷʛʦʤ ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʘ ʡ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʾʭ ʨʦʟʧʦʜʽʣʫ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʛʽʙʨʠʜʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʧʦʻʜʥʫʻ Particle Swarm 

Optimization (PSO), Grey Wolf Optimizer (GWO) ʽ Differential Evolution (DE) ʜʣʷ ʟʘʜʘʯʽ: 

ï ʤʦʥʽʪʦʨʠʥʛʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʧʦʚʽʪʨʷ; 

ï ʣʦʢʘʣʽʟʘʮʽʾ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʈʦʟʨʘʭʫʥʦʢ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʦʟʠʮʽʾ PSO ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʩʪʫʧʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ [1]: 

 

ὺὸ ρ ύ ὺz ὸ ὧὶὴὦὩίὸὼὸ ὧὶὫὦὩίὸὼὸ  

ὼὸ ρ ὼὸ ὺὸ ρ, 

 

vi(t) ï ʰʚʠʜʢʽʩʪʴ ʯʘʩʪʠʥʢʠ i ʥʘ ʽʪʝʨʘʮʽʾ t; 

vi(t+1) ï ʥʦʚʘ ʰʚʠʜʢʽʩʪʴ ʯʘʩʪʠʥʢʠ i ʧʽʩʣʷ ʦʥʦʚʣʝʥʥʷ ʥʘ ʥʘʩʪʫʧʥʽʡ ʽʪʝʨʘʮʽʾ; 

xi(t) ï ʧʦʪʦʯʥʝ ʧʦʣʦʞʝʥʥʷ ʯʘʩʪʠʥʢʠ i ʥʘ ʽʪʝʨʘʮʽʾ t; 

xi(t+1) ï ʥʦʚʝ ʧʦʣʦʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʧʽʩʣʷ ʦʥʦʚʣʝʥʥʷ; 

w ï ʢʦʝʬʽʮʽʻʥʪ ʽʥʝʨʮʽʾ; 

c1 ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʛʥʽʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; 

c2 ï ʢʦʝʬʽʮʽʻʥʪ ʩʦʮʽʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; 

r1, r2 ï ʚʠʧʘʜʢʦʚʽ ʯʠʩʣʘ ʟ ʽʥʪʝʨʚʘʣʫ [0,1]; 

pbesti ï ʥʘʡʢʨʘʱʝ ʧʦʣʦʞʝʥʥʷ ʯʘʩʪʠʥʢʠ i; 

gbest ï ʥʘʡʢʨʘʱʝ ʧʦʣʦʞʝʥʥʷ ʚʩʽʭ ʯʘʩʪʠʥʦʢ ʫ ʨʦʾ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ. 

 ɸʣʛʦʨʠʪʤ GWO [2]: 

 

 

ὃ ςὥz ὶ ὥ, 

Ὀ ὅᴆz ὢᴆὸ ὢᴆ, 

ὅᴆ ςὶᴆ 

ὢᴆ ὢᴆ ὃᴆz Ὀᴆ, 
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ὢᴆὸ ρ
ᴆ ᴆ ᴆ

. 

 

ʊʫʪ t ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʦʯʥʽʡ ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ, A ʽ C ʻ ʚʝʢʪʦʨʘʤʠ ʢʦʝʬʽʮʽʻʥʪʽʚ, Xp ï ʚʝʢʪʦʨʦʤ 

ʢʦʦʨʜʠʥʘʪ ʟʜʦʙʠʯʽ, ʘ X ï ʚʝʢʪʦʨʦʤ ʢʦʦʨʜʠʥʘʪ ʩʽʨʦʛʦ ʚʦʚʢʘ. 

ʌʦʨʤʫʣʠ ʘʣʛʦʨʠʪʤʫ DE [3]: 

 

ὺ  ὼ ȟ  Ὂ ẗὼ ȟ  ὼ ȟ  

 

ʎʽʣʽ ʯʠʩʣʘ r1, r2 ʪʘ r3 ʦʙʠʨʘʶʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟ ʽʥʪʝʨʚʘʣʫ [0, NP-1] ʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʧʦʪʦʯʥʦʛʦ ʽʥʜʝʢʩʫ i. F ï ʜʽʡʩʥʝ ʪʘ ʩʪʘʣe ʟʥʘʯʝʥʥʷ, ʷʢʝ ʢʦʥʪʨʦʣʶʻ ʧʽʜʩʠʣʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦʾ 

ʚʘʨʽʘʮʽʾ (XG). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʽʙʨʠʜʥʠʡ ʘʣʛʦʨʠʪʤ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

 

ὢ  ύ ẗὢ  ύ ẗὢ  ύ ẗὢ  

ύ  ύ  ύ  ρ, 
ʜʝ: 

ï X i
PSO

 ï ʧʦʟʠʮʽʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ PSO-ʢʨʦʢʦʤ; 

ï X i
GWO

 ï ʧʦʟʠʮʽʷ ʟ GWO-ʦʧʝʨʘʪʦʨʘ; 

ï X i
DE

 ï ʨʽʰʝʥʥʷ, ʫʪʚʦʨʝʥʝ ʯʝʨʝʟ DE-ʤʫʪʘʮʽʶ/ʢʨʦʩʦʚʝʨ; 

ï ʚʘʛʠ w1,w2,w3 ʤʦʞʫʪʴ ʙʫʪʠ ʘʜʘʧʪʠʚʥʠʤʠ ʘʙʦ ʬʽʢʩʦʚʘʥʠʤʠ. 

ʌʫʥʢʮʽʷ ʧʦʤʠʣʢʠ: 

 

ὙὓὛὉ—   В ὅ ὼȟώȠ—  ὅ ȟ , 

 

ʜʝ Cmodel ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʜ ʤʦʜʝʣʽ ʨʦʟʩʽʶʚʘʥʥʷ; 

Cobs,s ï ʚʠʤʽʨʷʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʛʽʙʨʠʜʥʠʡ ʘʣʛʦʨʠʪʤ PSOïGWOïDE ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜʚʠʱʝʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʟʚôʷʟʘʥʥʷ ʩʢʣʘʜʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʟʘʜʘʯ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʤʦʥʽʪʦʨʠʥʛʦʤ ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ 

ʣʦʢʘʣʽʟʘʮʽʻʶ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ ʛʣʦʙʘʣʴʥʦʾ ʧʦʰʫʢʦʚʦʾ ʟʜʘʪʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ 

PSO, ʘʜʘʧʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ GWO ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ DE. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʣʛʦʨʠʪʤ PSOïGWOïDE ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʙʘʟʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ʈʦʟʨʦʙʣʝʥʘ ʛʽʙʨʠʜʥʘ ʤʦʜʝʣʴ, ʱʦ ʧʦʻʜʥʫʻ 

ʘʣʛʦʨʠʪʤʠ Particle Swarm Optimization (PSO), Grey Wolf Optimizer (GWO) ʪʘ Differential 

Evolution (DE), ʜʝʤʦʥʩʪʨʫʻ ʧʽʜʚʠʱʝʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʟʘʜʘʯʘʭ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ. ɰʾ ʧʝʨʝʚʘʛʘ ʧʦʣʷʛʘʻ ʫ ʟʜʘʪʥʦʩʪʽ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʰʫʢʫ, ʘʜʘʧʪʘʮʽʾ ʜʦ ʩʢʣʘʜʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ ʽ ʟʤʝʥʰʝʥʥʽ ʧʦʭʠʙʢʠ ʤʦʜʝʣʶʚʘʥʥʷ (RMSE) 

ʟʘʚʜʷʢʠ ʝʬʝʢʪʫ ʧʦʻʜʥʘʥʥʶʷ ʝʚʦʣʶʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʛʽʙʨʠʜʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʧʣʘʪʬʦʨʤ, ʟʜʘʪʥʠʭ ʜʦ ʩʘʤʦʥʘʚʯʘʥʥʷ ʡ ʘʚʪʦʥʦʤʥʦʛʦ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʛʽʙʨʠʜʥʦʾ ʤʦʜʝʣʽ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ IoT ʽ ʙʝʟʧʽʣʦʪʥʠʭ ʜʨʦʥʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ ʪʘ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ 

ʘʜʘʧʪʠʚʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʪʘʢʦʞ ʧʦʻʜʥʘʥʥʷ ʛʽʙʨʠʜʥʦʛʦ 

ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʷʜʨʘ ʟ ʤʝʪʦʜʘʤʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʽ 

ʨʦʟʨʦʙʢʠ ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 
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2. Mirjalili , S., Mirjalili , S. M., and Lewis A. (2014). Grey Wolf Optimizer. Advances in 

Engineering Software, 2014, vol. 69, pp.46-61. DOI: https://doi.org/10.1016/j.advengsoft.2013.12.007. 



Proceedings of the XVIII International scientific and practical conference çInformation technologies and automationï 2025è 

93 
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ɯʅʌʆʈʄɸʎɯʁʅɸ ʄʆɼɽʃʔ ʋʇʈɸɺʃɯʅʅʗ ʇʆʊʆʂɸʄʀ ɼʆʇʆʄʆɻʀ ɺ ʋʄʆɺɸʍ 

ʆɹʄɽɾɽʅʀʍ ʈɽʉʋʈʉɯɺ 

ɼʝʥʠʩʶʢ ʉ. ʉ. (sstdenysyuk@gmail.com) 

ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ) 

 

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʜʦʧʦʤʦʛʠ ʚ ʫʤʦʚʘʭ 

ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ. ʄʦʜʝʣʴ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʤʘʪʝʨʽʘʣʴʥʦ-

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʤʽʞ ʧʽʜʨʦʟʜʽʣʘʤʠ ʰʣʷʭʦʤ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʧʨʦ ʟʘʧʘʩʠ, ʟʘʧʠʪʠ ʪʘ ʣʦʛʽʩʪʠʯʥʽ 

ʤʘʨʰʨʫʪʠ. ɺʠʢʦʨʠʩʪʘʥʦ ʧʨʠʥʮʠʧʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʘʜʘʧʪʠʚʥʦʛʦ 

ʙʘʣʘʥʩʫʚʘʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʧʦʪʨʝʙ, ʯʘʩʦʚʽ ʦʙʤʝʞʝʥʥʷ ʪʘ ʚʠʪʨʘʪʠ ʥʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʜʦʟʚʦʣʷʻ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʪʠ ʤʘʨʰʨʫʪʠ ʽ ʦʙʩʷʛʠ ʧʦʩʪʘʯʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʘʢʪʫʘʣʴʥʦʾ ʩʠʪʫʘʮʽʾ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʟ ʘʜʘʧʪʠʚʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʫ ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʧʣʘʪʬʦʨʤʘʭ 

ʨʝʩʫʨʩʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ.  

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʯʘʩʫ ʪʘ ʢʨʠʟʦʚʠʭ ʩʠʪʫʘʮʽʡ ʧʦʩʪʘʯʘʥʥʷ ʨʝʩʫʨʩʽʚ 

ʜʣʷ ʧʽʜʨʦʟʜʽʣʽʚ ʽ ʮʠʚʽʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘʙʫʚʘʻ ʩʢʣʘʜʥʦʛʦ, ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʆʙʩʷʛʠ 

ʟʦʚʥʽʰʥʴʦʾ ʜʦʧʦʤʦʛʠ ð ʛʫʤʘʥʽʪʘʨʥʦʾ, ʪʝʭʥʽʯʥʦʾ ʯʠ ʤʘʪʝʨʽʘʣʴʥʦʾ ð ʯʘʩʪʦ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʦʪʦʯʥʠʤ ʧʦʪʨʝʙʘʤ, ʘ ʧʨʦʮʝʩʠ ʨʦʟʧʦʜʽʣʫ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʥʝʩʪʘʯʝʶ ʽʥʬʦʨʤʘʮʽʾ, ʜʫʙʣʶʚʘʥʥʷʤ 

ʟʘʧʠʪʽʚ ʽ ʥʝʝʬʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʤʝʞʝʥʠʭ ʟʘʧʘʩʽʚ. 

ʊʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʣʘʥʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʧʦʪʦʢʽʚ ʙʘʟʫʶʪʴʩʷ ʥʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʤʦʜʝʣʷʭ ʽ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ ʫ ʩʝʨʝʜʦʚʠʱʽ: ʧʦʷʚʠ ʥʦʚʠʭ ʟʘʧʠʪʽʚ, ʟʘʪʨʠʤʦʢ ʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʯʠ 

ʟʤʽʥʠ ʧʨʽʦʨʠʪʝʪʽʚ. ʎʝ ʟʥʠʞʫʻ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʨʝʘʛʫʚʘʥʥʷ, ʚʠʢʣʠʢʘʻ ʜʠʩʙʘʣʘʥʩ ʤʽʞ ʧʦʪʨʝʙʘʤʠ ʪʘ 

ʧʦʩʪʘʯʘʥʥʷʤ ʽ ʫʩʢʣʘʜʥʶʻ ʢʦʦʨʜʠʥʘʮʽʶ ʜʦʥʦʨʩʴʢʠʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʨʝʩʫʨʩʽʚ. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʜʦʧʦʤʦʛʠ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ, ʢʨʠʪʝʨʽʾʚ ʢʨʠʪʠʯʥʦʩʪʽ ʧʦʪʨʝʙ ʪʘ ʦʙʤʝʞʝʥʴ ʨʝʩʫʨʩʽʚ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʜʦʧʦʤʦʛʠ ʚ 

ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʤʽʞ ʧʽʜʨʦʟʜʽʣʘʤʠ ʰʣʷʭʦʤ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʧʨʦ ʟʘʧʘʩʠ, ʤʘʨʰʨʫʪʠ ʪʘ ʜʦʥʦʨʩʴʢʫ ʧʽʜʪʨʠʤʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

1. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ ʤʦʜʝʣʽ ʨʝʩʫʨʩʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʣʦʛʽʩʪʠʢʠ ʛʫʤʘʥʽʪʘʨʥʦʾ ʜʦʧʦʤʦʛʠ, 

ʚʠʟʥʘʯʠʚʰʠ ʾʭʥʽ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʛʥʫʯʢʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ. 

2. ʌʦʨʤʘʣʽʟʫʚʘʪʠ ʢʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ð ʪʠʧʠ ʨʝʩʫʨʩʽʚ, ʜʞʝʨʝʣʘ 

ʧʦʩʪʘʯʘʥʥʷ, ʟʘʧʠʪʠ ʩʧʦʞʠʚʘʯʽʚ ʽ ʯʘʩʦʚʽ ʦʙʤʝʞʝʥʥʷ. 

3. ʈʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʜʦʧʦʤʦʛʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʽʦʨʠʪʝʪʽʚ, ʨʠʟʠʢʽʚ 

ʟʘʪʨʠʤʦʢ ʽ ʩʪʫʧʝʥʷ ʢʨʠʪʠʯʥʦʩʪʽ ʟʘʧʠʪʽʚ. 

4. ʈʝʘʣʽʟʫʚʘʪʠ ʩʭʝʤʫ ʽʥʪʝʛʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʤʽʞ ʧʽʜʨʦʟʜʽʣʘʤʠ, ʩʢʣʘʜʘʤʠ ʪʘ 

ʜʦʥʦʨʘʤʠ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

5. ʇʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʨʽʟʥʠʭ 

ʩʮʝʥʘʨʽʷʭ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ. 

ʉʫʪʴ ʜʦʩʣʽʜʞʝʥʥʷ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʜʦʧʦʤʦʛʠ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʨʠʥʮʠʧʽ ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʦʧʠʪʫ ʽ ʧʨʦʧʦʟʠʮʽʾ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ. ɺʦʥʘ ʧʝʨʝʜʙʘʯʘʻ 
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ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ ʽʟ ʢʽʣʴʢʦʭ ʜʞʝʨʝʣ ð ʚʥʫʪʨʽʰʥʽʭ ʩʢʣʘʜʽʚ, ʜʦʥʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʣʦʛʽʩʪʠʯʥʠʭ 

ʤʘʨʰʨʫʪʽʚ ʽ ʟʘʧʠʪʽʚ ʚʽʜ ʧʽʜʨʦʟʜʽʣʽʚ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʨʝʩʫʨʩʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʣʦʛʽʩʪʠʢʠ ʛʫʤʘʥʽʪʘʨʥʦʾ ʜʦʧʦʤʦʛʠ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ ʨʦʟʛʣʷʥʫʪʦ ʢʣʘʩʠʯʥʽ 

ʤʦʜʝʣʽ ʪʠʧʫ Linear Programming (LP), Vehicle Routing Problem (VRP), Supply Chain Optimization ʪʘ 

Agent-Based Logistics Simulation. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʛʥʫʯʢʦʩʪʽ ʧʨʠ ʨʽʟʢʽʡ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ ð ʥʘʧʨʠʢʣʘʜ, 

ʧʦʷʚʽ ʥʦʚʠʭ ʟʘʧʠʪʽʚ, ʟʤʽʥʽ ʧʨʽʦʨʠʪʝʪʽʚ ʘʙʦ ʧʦʰʢʦʜʞʝʥʥʽ ʤʘʨʰʨʫʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʤʘʶʪʴ 

ʦʙʤʝʞʝʥʫ ʟʜʘʪʥʽʩʪʴ ʽʥʪʝʛʨʫʚʘʪʠ ʦʧʝʨʘʪʠʚʥʽ ʜʘʥʽ ʟ ʩʝʥʩʦʨʽʚ, ERP-ʩʠʩʪʝʤ  ̔ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʱʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʘʛʫʚʘʥʥʷ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʎ ̔ ʦʙʤʝʞʝʥʥʷ ʚʠʟʥʘʯʠʣʠ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʜʦʧʦʤʦʛʠ, ʟʜʘʪʥʦʾ 

ʜʠʥʘʤʽʯʥʦ ʙʘʣʘʥʩʫʚʘʪʠ ʨʝʩʫʨʩʠ ʟʘʣʝʞʥʦ ʚʽʜ ʩʠʪʫʘʮʽʡʥʦʛʦ ʢʦʥʪʝʢʩʪʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ, ʜʝ 

ʧʦʻʜʥʫʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʽ, ʧʨʦʛʥʦʟʥʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʢʦʤʧʦʥʝʥʪʠ. ʂʦʞʝʥ ʝʣʝʤʝʥʪ ʤʦʜʝʣʽ 

ʦʧʠʩʫʻʪʴʩʷ ʪʨʽʡʢʦʶ: 

ὔ ἂὈȟὗȟὝἃȟ 
ʜʝ Ὀ ð ʜʞʝʨʝʣʦ ʘʙʦ ʧʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ, 

ὗ ð ʢʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʫ (ʫ ʥʘʪʫʨʘʣʴʥʠʭ ʘʙʦ ʬʽʥʘʥʩʦʚʠʭ ʦʜʠʥʠʮʷʭ), 

Ὕ ð  ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʜʦʩʪʘʚʢʠ ʘʙʦ ʧʦʪʨʝʙʠ. 

ʇʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʮʠʢʣʽʯʥʦʶ ʩʭʝʤʦʶ (ʨʠʩ. 1), ʱʦ ʚʢʣʶʯʘʻ ʝʪʘʧʠ ʟʙʦʨʫ ʜʘʥʠʭ 

ʽʟ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʧʠʪʽʚ ʽ ʩʢʣʘʜʽʚ, ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʝʩʫʨʩʽʚ, ʬʦʨʤʫʚʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ ʽ ʧʣʘʥʽʚ ʜʦʩʪʘʚʢʠ, ʘ ʪʘʢʦʞ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʜʽʡ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʉʭʝʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʜʦʧʦʤʦʛʠ ʚʽʜʦʙʨʘʞʘʻ ʣʦʛʽʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʦʪʦʢʽʚ: ʚʽʜ ʟʙʦʨʫ ʜʘʥʠʭ ʧʨʦ ʨʝʩʫʨʩʠ ʪʘ ʟʘʧʠʪʠ ð ʜʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʟʤʦʛʫ ʜʠʥʘʤʽʯʥʦ ʧʝʨʝʙʘʣʘʥʩʦʚʫʚʘʪʠ ʦʙʩʷʛʠ ʜʦʧʦʤʦʛʠ ʧʨʠ 

ʟʤʽʥʽ ʩʠʪʫʘʮʽʾ ʥʘ ʤʽʩʮʷʭ. 

ʋ ʮʝʥʪʨʽ ʤʦʜʝʣʽ ʨʝʘʣʽʟʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ, ʷʢʠʡ ʦʧʪʠʤʽʟʫʻ ʨʦʟʧʦʜʽʣ 

ʨʝʩʫʨʩʽʚ ʤʽʞ ʩʧʦʞʠʚʘʯʘʤʠ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ, ʯʘʩʫ ʜʦʩʪʘʚʢʠ ʪʘ ʚʘʨʪʦʩʪʽ ʣʦʛʽʩʪʠʢʠ. ʅʘ 

ʩʪʨʘʪʝʛʽʯʥʦʤʫ ʨʽʚʥʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʟʘ ʤʝʪʦʜʦʤ ʟʚʘʞʝʥʦʛʦ ʇʘʨʝʪʦ, 

ʪʦʜʽ ʷʢ ʥʘ ʪʘʢʪʠʯʥʦʤʫ ʨʽʚʥʽ ʨʝʘʣʽʟʦʚʘʥʦ ʝʚʨʠʩʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʘʜʘʧʪʠʚʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʧʦʪʦʯʥʫ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʤʘʨʰʨʫʪʽʚ, ʯʘʩʦʚʽ ʚʽʢʥʘ ʜʦʩʪʘʚʢʠ ʪʘ ʩʪʘʥ ʟʘʧʘʩʽʚ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʩʪʚʦʨʝʥʦ ʩʠʤʫʣʷʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʫ ʷʢʦʤʫ 

ʟʤʦʜʝʣʴʦʚʘʥʦ 20 ʜʞʝʨʝʣ ʧʦʩʪʘʯʘʥʥʷ, 50 ʩʧʦʞʠʚʘʯʽʚ ʪʘ 8 ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ (ʧʘʣʠʚʦ, ʤʝʜʠʢʘʤʝʥʪʠ, 

ʧʨʦʜʦʚʦʣʴʩʪʚʦ, ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ). ɼʘʥʽ ʥʘʜʭʦʜʠʣʠ ʫ ʚʠʛʣʷʜʽ ʧʦʪʦʢʽʚ ʟʘʧʠʪʽʚ ʟ ʨʽʟʥʦʶ 

ʧʨʽʦʨʠʪʝʪʥʽʩʪʶ ʪʘ ʯʘʩʦʚʠʤʠ ʚʽʢʥʘʤʠ ʜʦʩʪʘʚʢʠ. 

ʇʦʨʽʚʥʷʥʥʷ ʟ ʙʘʟʦʚʦʶ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ ʩʭʝʤʦʶ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʘʣʦ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: 

¶ ʩʝʨʝʜʥʽʡ ʯʘʩ ʫʟʛʦʜʞʝʥʥʷ ʧʦʩʪʘʯʘʥʴ ʟʤʝʥʰʠʚʩʷ ʟ 96 ʜʦ 68 ʭʚʠʣʠʥ (ï29 %); 

¶ ʢʦʝʬʽʮʽʻʥʪ ʟʙʘʣʘʥʩʦʚʘʥʦʩʪʽ ʨʝʩʫʨʩʽʚ (ratio supply/demand) ʟʨʽʩ ʽʟ 0,72 ʜʦ 0,89; 

¶ ʢʽʣʴʢʽʩʪʴ ʜʫʙʣʶʚʘʥʴ ʫ ʤʘʨʰʨʫʪʘʭ ʜʦʩʪʘʚʢʠ ʟʤʝʥʰʠʣʘʩʷ ʥʘ 17 %; 

¶ ʨʽʚʝʥʴ ʟʘʜʦʚʦʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʟʘʧʠʪʽʚ ʧʝʨʰʦʾ ʯʝʨʛʠ ʟʨʽʩ ʜʦ 94 %. 

ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʪʝʧʣʦʚʫ ʢʘʨʪʫ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, ʱʦ ʧʦʢʘʟʘʣʘ 

ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʫʟʣʠ ʜʦʩʪʘʚʢʠ ʫ ʧʽʢʦʚʽ ʛʦʜʠʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʪʦʢʘʤʠ ʜʦʧʦʤʦʛʠ, ʟʤʝʥʰʠʪʠ ʯʘʩ ʨʝʘʛʫʚʘʥʥʷ ʪʘ ʧʦʢʨʘʱʠʪʠ ʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʤʽʞ ʜʞʝʨʝʣʘʤʠ ʽ 

ʩʧʦʞʠʚʘʯʘʤʠ ʨʝʩʫʨʩʽʚ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʜʦʧʦʤʦʛʠ ʚ ʫʤʦʚʘʭ 

ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘʙʝʟʧʝʯʫʻ ʮʽʣʽʩʥʫ ʢʦʦʨʜʠʥʘʮʽʶ ʤʽʞ ʜʦʥʦʨʘʤʠ, ʣʦʛʽʩʪʠʯʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʪʘ 

ʩʧʦʞʠʚʘʯʘʤʠ. ɰʾ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʯʥʦ 

ʟʤʽʥʶʚʘʪʠ ʤʘʨʰʨʫʪʠ ʡ ʦʙʩʷʛʠ ʧʦʩʪʘʚʦʢ ʟʘʣʝʞʥʦ ʚʽʜ ʢʨʠʪʠʯʥʦʩʪʽ ʟʘʧʠʪʽʚ ʪʘ ʟʤʽʥ ʫ ʥʘʷʚʥʠʭ ʟʘʧʘʩʘʭ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʜʘʻ 

ʟʤʦʛʫ ʟʥʠʟʠʪʠ ʩʝʨʝʜʥʽʡ ʯʘʩ ʫʟʛʦʜʞʝʥʥʷ ʧʦʩʪʘʚʦʢ ʥʘ 25ï30 %, ʘ ʨʽʚʝʥʴ ʥʘʜʣʠʰʢʦʚʠʭ ʘʙʦ 

ʜʫʙʣʴʦʚʘʥʠʭ ʜʦʩʪʘʚʦʢ ð ʜʦ 15 %. ʄʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʘ ʫ ʩʠʩʪʝʤʘʭ ʣʦʛʽʩʪʠʯʥʦʛʦ 
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ʫʧʨʘʚʣʽʥʥʷ, ʚʽʡʩʴʢʦʚʠʭ ʽ ʛʫʤʘʥʽʪʘʨʥʠʭ ʧʣʘʪʬʦʨʤʘʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʟʦʨʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʝʨʦʚʘʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʧʦʩʪʘʯʘʥʥʷ. 
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ɯʅʌʆʈʄɸʎɯʁʅɸ ʇɯɼʊʈʀʄʂɸ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ʇʈʀ ʂʆʆʈɼʀʅɸʎɯɰ ɻʈʋʇʀ 

ɹʇʃɸ ɺ ʈɽɸʃʔʅʆʄʋ ʏɸʉɯ  

ɼʝʨʝʚ'ʷʥʢʦ ɭ.ʄ.  (evg.derevianko@gmail.com) 

ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ) 

 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʣʝʥʥʶ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʢʦʦʨʜʠʥʘʮʽʾ ʛʨʫʧʠ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʪʨʠʨʽʚʥʝʚʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʱʦ ʧʦʻʜʥʫʻ ʣʦʢʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʦʢʨʝʤʠʤʠ ʘʧʘʨʘʪʘʤʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ 

ʦʙʤʽʥ ʪʝʣʝʤʝʪʨʽʻʶ ʤʽʞ ɹʇʃɸ ʪʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʫ ʘʥʘʣʽʪʠʯʥʫ ʢʦʦʨʜʠʥʘʮʽʶ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʆʩʥʦʚʦʶ ʧʽʜʭʦʜʫ ʻ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʡʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʚʨʘʭʦʚʫʻ 

ʟʘʪʨʠʤʢʫ ʦʙʤʽʥʫ, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʪʨʘʻʢʪʦʨʽʡ, ʘ ʪʘʢʦʞ ʤʝʭʘʥʽʟʤ ʘʜʘʧʪʠʚʥʦʛʦ 

ʢʦʨʠʛʫʚʘʥʥʷ ʢʝʨʫʚʘʣʴʥʠʭ ʜʽʡ ʟʘ ʧʨʠʥʮʠʧʦʤ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʽʜʪʚʝʨʜʠʣʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʩʝʨʝʜʥʶ ʟʘʪʨʠʤʢʫ ʦʙʤʽʥʫ ʥʘ 25ï30%, 

ʧʽʜʚʠʱʠʪʠ ʫʟʛʦʜʞʝʥʽʩʪʴ ʜʽʡ ɹʇʃɸ ʥʘ 15ï20% ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʨʘʻʢʪʦʨʽʡ ʥʘʚʽʪʴ 

ʧʨʠ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʧʦʨʫʰʝʥʥʷʭ ʟʚôʷʟʢʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʆʧʪʠʤʽʟʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ 

ʟʚʽʪ ʨʝʢʦʤʝʥʜʘʮʽʾ ʤʘʨʰʨʫʪʠ 

ɸʣʛʦʨʠʪʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʦʪʦʢʽʚ 

ʧʨʽʦʨʠʪʝʪʠ ʦʙʤʝʞʝʥʥʷ ʯʘʩ 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʘʛʨʝʛʘʮʽʷ ʜʘʥʠʭ 

ʧʦʪʨʝʙʠ ʟʘʣʠʰʢʠ ʤʘʨʰʨʫʪʠ  

ɼʞʝʨʝʣʘ ʨʝʩʫʨʩʽʚ  

ʜʦʥʦʨʠ ʩʢʣʘʜʠ 
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ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʨʦʷʤʠ ɹʇʃɸ ʚ ʦʙʦʨʦʥʥʠʭ, ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʽ ʨʷʪʫʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʽʣʦʪʥʠʤʠ ʣʽʪʘʣʴʥʠʤʠ ʘʧʘʨʘʪʘʤʠ 

(ɹʇʃɸ) ʫʩʝ ʯʘʩʪʽʰʝ ʧʝʨʝʭʦʜʷʪʴ ʚʽʜ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʜʦ ʛʨʫʧʦʚʦʛʦ (ʨʦʻʚʦʛʦ) ʢʝʨʫʚʘʥʥʷ, ʱʦ ʚʠʤʘʛʘʻ 

ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʋ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʩʧʽʣʴʥʠʭ ʤʽʩʽʡ 

ð ʨʦʟʚʽʜʢʠ, ʤʦʥʽʪʦʨʠʥʛʫ, ʧʦʰʫʢʫ ʯʠ ʜʦʩʪʘʚʢʠ ð ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʰʚʠʜʢʦʾ ʦʙʨʦʙʢʠ ʚʝʣʠʢʦʛʦ 

ʦʙʩʷʛʫ ʪʝʣʝʤʝʪʨʠʯʥʠʭ, ʥʘʚʽʛʘʮʽʡʥʠʭ ʽ ʩʝʥʩʦʨʥʠʭ ʜʘʥʠʭ, ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʽʡ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʛʦ 

ʟʚôʷʟʢʫ ʤʽʞ ʘʧʘʨʘʪʘʤʠ. 

ʊʨʘʜʠʮʽʡʥʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʮʽʾ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ ʩʭʠʣʴʥʽ 

ʜʦ ʟʘʪʨʠʤʦʢ ʧʨʠ ʦʙʤʽʥʽ ʜʘʥʠʤʠ, ʱʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʽʰʝʥʴ ʫ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ. ʊʦʤʫ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʟʜʘʪʥʦʾ ʟʘʙʝʟʧʝʯʠʪʠ ʘʜʘʧʪʠʚʥʫ 

ʢʦʦʨʜʠʥʘʮʽʶ ʛʨʫʧʠ ɹʇʃɸ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʧʨʦʛʥʦʟʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ð ʨʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ 

ʢʦʦʨʜʠʥʘʮʽʾ ʛʨʫʧʠ ɹʇʃɸ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʘʧʘʨʘʪʘʤʠ, 

ʟʥʠʞʝʥʥʷ ʟʘʪʨʠʤʦʢ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʣʝʢʪʠʚʥʠʭ ʜʽʡ ʫ ʟʤʽʥʥʠʭ ʫʤʦʚʘʭ 

ʩʝʨʝʜʦʚʠʱʘ. 

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

1. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ ʘʨʭʽʪʝʢʪʫʨʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʛʨʫʧʘʤʠ ɹʇʃɸ ʪʘ ʚʠʟʥʘʯʠʪʠ ʾʭ 

ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʰʚʠʜʢʦʜʽʾ ʡ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ. 

2. ʉʬʦʨʤʫʚʘʪʠ ʥʘʙʽʨ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʫ ɹʇʃɸ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

3. ʈʦʟʨʦʙʠʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʴ, ʱʦ ʚʢʣʶʯʘʻ ʤʦʜʫʣʽ ʟʙʦʨʫ, 

ʬʽʣʴʪʨʘʮʽʾ, ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʘʛʨʝʛʘʮʽʾ ʜʘʥʠʭ. 

4. ʇʦʙʫʜʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʢʦʦʨʜʠʥʘʮʽʾ ʛʨʫʧʠ ɹʇʃɸ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʽʚ ʨʦʟʧʦʜʽʣʝʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʨʦʛʥʦʟʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

5. ʇʨʦʚʝʩʪʠ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʛʨʫʧʽ ɹʇʃɸ ʟ ʦʮʽʥʢʦʶ 

ʯʘʩʦʚʦʾ ʟʘʪʨʠʤʢʠ, ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʽʡ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʨʘʻʢʪʦʨʽʡ. 

ʉʫʪʴ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʧʨʦʮʝʩʽ ʢʦʦʨʜʠʥʘʮʽʾ ʛʨʫʧʠ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) 

ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʻ ʫʟʛʦʜʞʝʥʥʷ ʜʽʡ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. ʂʦʞʝʥ ʘʧʘʨʘʪ ʛʝʥʝʨʫʻ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ ð ʪʝʣʝʤʝʪʨʠʯʥʠʭ, 

ʥʘʚʽʛʘʮʽʡʥʠʭ, ʩʝʥʩʦʨʥʠʭ ð ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʦʙʨʦʙʣʷʪʠ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʣʷ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʱʦʜʦ ʟʤʽʥʠ ʪʨʘʻʢʪʦʨʽʡ, ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʪʘ ʫʥʠʢʥʝʥʥʷ ʢʦʣʽʟʽʡ. 

ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʜʦʮʽʣʴʥʠʤ ʻ ʧʦʙʫʜʦʚʘ ʨʦʟʧʦʜʽʣʝʥʦʾ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ ʣʦʢʘʣʴʥʫ ʘʚʪʦʥʦʤʥʽʩʪʴ ʦʢʨʝʤʠʭ ɹʇʃɸ ʽʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʧʨʦʛʥʦʟʥʠʤ ʘʥʘʣʽʟʦʤ 

ʜʘʥʠʭ ʥʘ ʨʽʚʥʽ ʛʨʫʧʠ. 

 ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʮʽʾ ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʙʘʛʘʪʦʨʽʚʥʝʚʽʡ ʘʨʭʽʪʝʢʪʫʨʽ, ʜʝ ʚʠʜʽʣʷʶʪʴʩʷ ʪʨʠ ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ: 

¶ ʣʦʢʘʣʴʥʠʡ ʨʽʚʝʥʴ ð ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʢʦʞʥʠʤ ɹʇʃɸ ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʠʭ ʩʝʥʩʦʨʥʠʭ 

ʜʘʥʠʭ; 

¶ ʨʽʚʝʥʴ ʦʙʤʽʥʫ ð ʢʦʦʨʜʠʥʘʮʽʷ ʤʽʞ ʘʧʘʨʘʪʘʤʠ ʰʣʷʭʦʤ ʧʝʨʝʜʘʯʽ ʘʛʨʝʛʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʩʪʘʥʫ; 

¶ ʛʣʦʙʘʣʴʥʠʡ ʨʽʚʝʥʴ ð ʘʥʘʣʽʪʠʯʥʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʫ ʮʝʥʪʨʽ ʫʧʨʘʚʣʽʥʥʷ ʘʙʦ ʥʘ ʧʨʦʚʽʜʥʦʤʫ 

ʚʫʟʣʽ ʨʦʶ. 

ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.1: 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʽʜʦʙʨʘʞʘʻ ʦʩʥʦʚʥʽ ʨʽʚʥʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ð ʚʽʜ 

ʣʦʢʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʦʢʨʝʤʠʤʠ ʘʧʘʨʘʪʘʤʠ ʜʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʘʥʘʣʽʪʠʢʠ. ʅʘ ʥʠʞʥʴʦʤʫ ʨʽʚʥʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʨʦʙʢʘ ʩʝʥʩʦʨʥʠʭ ʜʘʥʠʭ ʽ ʬʦʨʤʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʢʦʞʥʦʛʦ ɹʇʃɸ, ʪʦʜʽ ʷʢ 

ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʦʙʤʽʥ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʘʥʫ ʤʽʞ ʘʧʘʨʘʪʘʤʠ. 

ɺʝʨʭʥʽʡ ʨʽʚʝʥʴ ð ʮʝʥʪʨ ʘʥʘʣʽʪʠʢʠ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ ð ʨʝʘʣʽʟʫʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʨʰʨʫʪʽʚ, 

ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ ʽ ʦʧʪʠʤʽʟʘʮʽʶ ʛʨʫʧʦʚʠʭ ʜʽʡ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʊʘʢʘ ʽʻʨʘʨʭʽʯʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʘʣʘʥʩʫ ʤʽʞ ʘʚʪʦʥʦʤʥʽʩʪʶ ʦʢʨʝʤʠʭ ɹʇʃɸ ʪʘ ʫʟʛʦʜʞʝʥʽʩʪʶ ʨʦʶ ʚ 

ʮʽʣʦʤʫ. 
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ʈʠʩʫʥʦʢ 1. ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʮʽʾ ʛʨʫʧʠ ɹʇʃɸ 

 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ ʤʽʞ ʨʽʚʥʷʤʠ ʬʦʨʤʫʶʪʴ ʟʘʤʢʥʝʥʫ ʧʝʪʣʶ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ, ʱʦ ʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʞʠʚʫʯʦʩʪʽ ʩʠʩʪʝʤʠ ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʦ ʟʘʪʨʠʤʦʢ ʫ 

ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ. 

ɸʣʛʦʨʠʪʤʽʯʥʘ ʦʩʥʦʚʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʇʨʦʮʝʩ ʢʦʦʨʜʠʥʘʮʽʾ ʦʧʠʩʫʻʪʴʩʷ ʷʢ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʟʘʜʘʯʘ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ʨʠʟʠʢʫ: 

ὐ ‌ẗὝ ‍ẗὉ ‎ẗὈ ȟ 

ʜʝ Ὕ  ð ʩʝʨʝʜʥʷ ʟʘʪʨʠʤʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ, 

Ὁ  ð ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ, 

Ὀ  ð ʚʽʜʭʠʣʝʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ; 

‌ȟ‍ȟ‎  ð ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʽʦʨʠʪʝʪʠ ʮʽʣʝʡ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʜʘʧʪʠʚʥʝ ʦʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʨʽʰʝʥʴ ʟʘ ʧʨʠʥʮʠʧʦʤ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ: 

ό ό –ẗ​ὐό ȟ 
ʜʝ ό ð ʚʝʢʪʦʨ ʢʝʨʫʚʘʣʴʥʠʭ ʜʽʡ (ʢʦʦʨʜʠʥʘʪʠ, ʰʚʠʜʢʽʩʪʴ, ʥʘʧʨʷʤ), – ð ʢʦʝʬʽʮʽʻʥʪ ʥʘʚʯʘʥʥʷ 

ʩʠʩʪʝʤʠ. 

ʋ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʢʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ 

ʩʠʩʪʝʤʽ. 

ʊʘʙʣʠʮʷ 1. ɯʥʬʦʨʤʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʤʝʪʨʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʇʦʟʥʘʯʝʥʥʷ ʇʘʨʘʤʝʪʨ 
ʆʜʠʥʠʮʷ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ɿʥʘʯʝʥʥʷ 

ʜʣʷ ʘʥʘʣʽʟʫ 

ὸ  ɿʘʪʨʠʤʢʘ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʩ Ò 150 

ὶ   ʏʘʩʪʢʘ ʚʪʨʘʪ ʧʘʢʝʪʽʚ % Ò 5 

ὴ   ɯʤʦʚʽʨʥʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʽʡ ʚʽʜʥ. ʦʜ. Ó 0.9 

Ὁ   ʉʝʨʝʜʥʻ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚʫʟʣʘ ɼʞ Ò 10į 

ὅ   ʂʦʝʬʽʮʽʻʥʪ ʢʦʦʧʝʨʘʮʽʾ ʨʦʶ ʚʽʜʥ. ʦʜ. Ó 0.85 

 

ʎʽ ʤʝʪʨʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʽʡ ɹʇʃɸ, ʥʘʜʽʡʥʦʩʪʽ ʦʙʤʽʥʫ 

ʪʘ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ ʧʨʠ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʘʭ. 

ʇʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʜʦʟʚʦʣʷʻ: 

¶ ʩʢʦʨʦʪʠʪʠ ʩʝʨʝʜʥʶ ʟʘʪʨʠʤʢʫ ʦʙʤʽʥʫ ʥʘ 25ï30% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤʠ ʩʭʝʤʘʤʠ; 

¶ ʧʽʜʚʠʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʥʘ 15%; 

¶ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʽʩʣʷ ʚʪʨʘʪʠ ʟʚôʷʟʢʫ ʧʨʦʪʷʛʦʤ 2ï3 ʩʝʢʫʥʜ. 

͔̇ͤͭͪ 
͙͙͊ͤ͊ͭ͜͟͡ ͭ͊ 
͙ͦͦͪ͒ͤ͊͟ͼ͜͝ ό/ύ 

ωͨ ͎͍ͪͦͤͦͯ͊ͤͤ͘Ύ ͣ͊ͪ΄͍ͪͯͭ͜ 

ωͦ ͙ͨͭͣ͊͘͜ͼ͜Ύ ͍͊͒͊ͤ͘Έ 

ωͦ ͙ͨͭͣ͊͘͜ͼ͜Ύ ͍͊͒͊ͤ͘Έ 

˴ͦͣͯͤ͊͜͟ͼ͚͙͚ͤ͜ 
͍͔ͪͤ͜Έ ͦ͋ͣͤͯ͜ 
͙͙͒͊ͤͣ 

ωͣ ͊ͪ΄͙ͪͯͭ͊͘ͼ͜Ύ ͍͔ͨͦ͒ͦͣͤ͜͡Έ 

ω͊ ͎͔͎ͪ͊ͼ͜Ύ ͭ͊ ͺ͜͡Έͭͪ͊ͼ͜Ύ ͔͔͔ͭͣͭͪ͜͡͝  

ˢ͍ͭͦͤͦͣͤ͜ 
ˣ˽˶ˢ  

ω͡ ͦ͊͟͡Έ͔ͤ ͦͼͤ͜Ό͍͊ͤͤΎ ͙͙͍ͪ͘͟͜ 

ωͨ ͍͊ͤͯ͊ͤͤ͡Ύ ͭͪ͊Ί͚ͭͦͪ͟͜ 

ωͪ ͔͎͍͊ͯ͊ͤͤΎ ͤ͊ ͔͔ͨͪ΄͙ͦ͒͟  

ʩʝʥʩʦʨʥʘ 

ʪʝʣʝʤʝʪʨʽʷ 

ʜʘʥʽ 

ʩʪʝʢʫ 
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ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʢʦʦʨʜʠʥʘʮʽʾ 

ʛʨʫʧʠ ɹʇʃɸ, ʷʢʘ ʧʦʻʜʥʫʻ ʨʦʟʧʦʜʽʣʝʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ, ʘʜʘʧʪʠʚʥʫ ʦʧʪʠʤʽʟʘʮʽʶ ʪʘ ʤʝʭʘʥʽʟʤʠ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʙʘʣʘʥʩ ʤʽʞ ʰʚʠʜʢʦʜʽʻʶ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ ʪʘ ʫʟʛʦʜʞʝʥʽʩʪʶ 

ʜʽʡ ʘʧʘʨʘʪʽʚ ʫ ʜʠʥʘʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʨʦʷʤʠ ɹʇʃɸ, ʦʙʦʨʦʥʥʠʭ ʪʘ 

ʧʦʰʫʢʦʚʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʘʭ.  
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ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ) 

 

ɺ ʪʝʟʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʜʠʥʘʤʽʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʬʨʦʚʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʪʘ ʾʭ ʘʥʘʣʽʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʝʢʩʫ ʄʘʣʴʤʢʚʽʩʪʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʜʝʢʩʫ ʄʘʣʴʤʢʚʽʩʪʘ ʷʢ ʘʥʘʣʽʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʜʞʝʨʝʣʘ ʥʝʝʬʝʢʪʠʚʥʦʩʪʽ. 

 

ɯʥʜʝʢʩ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʥʠʟʢʦʶ ʢʣʶʯʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʮʠʬʨʦʚʽʟʘʮʽʾ. ʑʦʨʽʯʥʦ ʧʝʨʝʣʽʢ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʽʥʜʝʢʩʫ ʟʤʽʥʶʻʪʴʩʷ, ï ʪʦʤʫ ʧʦʨʽʚʥʶʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʨʝʛʽʦʥʽʚ ʚ 

ʋʢʨʘʾʥʽ ʧʦ ʨʦʢʘʭ ʟʘ ʽʥʜʝʢʩʦʤ ʥʝ ʻ ʢʦʨʝʢʪʥʠʤ. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʪʘ ʚʠʷʚʠʪʠ ʜʞʝʨʝʣʘ ʥʝʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʣʠʚʦ ʯʝʨʝʟ ʘʥʘʣʽʟ ʟʤʽʥʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʮʠʬʨʦʚʽʟʘʮʽʾ, ʚʠʟʥʘʯʝʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʝʢʩʫ ʄʘʣʴʤʢʚʽʩʪʘ [1]. ʆʮʽʥʢʘ ʟʤʽʥʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʮʠʬʨʦʚʽʟʘʮʽʾ ʨʝʛʽʦʥʫ (ʜʘʣʽ ï ὈὓὟȟὈὩὧὭίὭέὲ ὓὥὯὭὲὫ ὟὲὭὸ) ʚʽʜʥʦʩʥʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʝʨʽʦʜʫ ʟʘ 
ʽʥʜʝʢʩʦʤ ʄʘʣʴʤʢʚʽʩʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [1]: 

0

0

1

1

E

E
TCngMind Ö= ,                                                             (1) 

ʜʝ 
1

0

0

0

1

1

0

1

E

E

E

E
TCng Ö=  ï ʪʝʭʥʽʯʥʠʡ ʟʩʫʚ ʤʝʞʽ; 

0

0E , 1

1E  ï ʝʬʝʢʪʠʚʥʽʩʪʴ ὈὓὟ Ὧ ρȠὑ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ ʚ ʧʝʨʽʦʜ 
0T  ʪʘ 1T  ʚʽʜʧʦʚʽʜʥʦ; 

1

0E , 0

1E  ï ʝʬʝʢʪʠʚʥʽʩʪʴ ὈὓὟ Ὧ ρȠὑ  ʟ ʧʦʢʘʟʥʠʢʘʤʠ 

ʚ ʧʝʨʽʦʜ 
0T  ʚʽʜʥʦʩʥʦ ʤʝʞʽ ʝʬʝʢʪʠʚʥʠʭ ὈὓὟ ʫ ʧʝʨʽʦʜ 1T  ʪʘ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʚ ʧʝʨʽʦʜ 1T  ʚʽʜʥʦʩʥʦ 

ʤʝʞʽ ʝʬʝʢʪʠʚʥʠʭ ὈὓὟ ʫ ʧʝʨʽʦʜ 
0T  ʚʽʜʧʦʚʽʜʥʦ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ὈὓὟ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʤʝʪʦʜʦʤ DEA ʟʘ ʤʦʜʝʣʷʤʠ VRS (ʜʣʷ ʘʥʘʣʽʟʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʫʤʦʚʠ ʾʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ  ʟʘ ʨʦʟʤʽʨʦʤ ʪʘ ʨʽʚʥʝʤ ʨʦʟʚʠʪʢʫ) ʪʘ CRS (ʜʣʷ ʘʥʘʣʽʟʫ 

ʤʘʩʰʪʘʙʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ). ɺʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʬʨʦʚʽʟʘʮʽʾ ʤʦʞʫʪʴ 
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ʙʫʪʠ: 1) % ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʩʝʢʪʦʨʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʂʊ) ʫ ʟʘʛʘʣʴʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʟʘʡʥʷʪʠʭ; 2) ʦʙʩʷʛ ʚʠʪʨʘʪ ʥʘ ɯʂʊ. ɺʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ: 

1) % ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ, ʷʢʽ ʤʘʶʪʴ ʜʦʩʪʫʧ ʜʦ ɯʥʪʝʨʥʝʪʫ; 2) % ʥʘʩʝʣʝʥʥʷ, ʷʢʝ ʤʘʻ ʧʨʠʥʘʡʤʥʽ ʙʘʟʦʚʽ 

ʮʠʬʨʦʚʽ ʥʘʚʠʯʢʠ; 3) ʦʙʩʷʛ ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ (ʪʦʚʘʨʽʚ, ʧʦʩʣʫʛ), ʦʪʨʠʤʘʥʠʡ ʚʽʜ ʝʣʝʢʪʨʦʥʥʦʾ 

ʪʦʨʛʽʚʣʽ ʫ % ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ (ʪʦʚʘʨʽʚ, ʧʦʩʣʫʛ); 4) % ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ; 5) % ʥʘʩʝʣʝʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ɯʥʪʝʨʥʝʪ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ 

ʦʨʛʘʥʘʤʠ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ. ʉʬʦʨʤʦʚʘʥʽ ʚʝʢʪʦʨʠ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʫʤʦʚʽ ʥʝʚʠʨʦʜʞʝʥʦʩʪʽ [1]. 

ʗʢʱʦ ʄind=1, ï ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ DMUk ʥʝ ʟʤʽʥʠʣʘʩʴ, ʷʢʱʦ ʄind>1, ï 

ʟʙʽʣʴʰʠʣʘʩʴ, ʄind<1, ï ʟʤʝʥʰʠʣʘʩʴ. ɯʥʜʝʢʩ ʄʘʣʴʤʢʚʽʩʪʘ (1) ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ (TCng) ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ (0

0

1

1 EE ), ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ, ʥʘʩʢʽʣʴʢʠ ʟʤʽʥʠʣʘʩʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʚʜʷʢʠ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, 

ʚʧʨʦʚʘʜʞʝʥʥʶ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʟʤʽʥʠ ʤʘʩʰʪʘʙʽʚ ʮʠʬʨʦʚʽʟʘʮʽʾ.  

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

[1]  W. W. Cooper , L. M. Seiford , K. Tone  Data envelopment analysis. A Comprehensive Text with 

Models, Applications, References and DEA-Solver Software. Second Edition. New York: Springer 

Science&Business Media, 2007.  
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NEURAL NETWORK MODELING I N PYTHON FOR APPROXIMATING COMPLEX 

FUNCTIONAL DEPENDENCIES  

Doroshenko D. (dsniil2727@gmail.com) 

"Gymnasium 12" Kamianske,  Oles Honchar Dnipro National University (Ukraine) 

 

Introduction . In modern scientific research and applied problems, there is often a need to 

approximate complex functional dependencies that cannot be described in the form of simple formulas. 

Examples are forecasting economic indicators, describing nonlinear physical processes, and processing 

experimental data. 

One of the most powerful tools for this is artificial neural networks. Due to their flexible 

architecture, they are able to approximate almost any continuous function. The Python programming 

language provides convenient libraries (TensorFlow, PyTorch, Keras, scikit-learn) that allow you to 

easily build and train neural networks for tasks of this type. 

Mathematical formulation of the problem. Let the unknown function ώ Ὢὼ, ὼɴ  ὥȟὦ, 

which describes a certain complex process (for example, a nonlinear dependence between the input 

parameters and the output results of an experiment. 

The goal is to find an approximation Ὢὼ that minimizes the error 

Ὁ
ρ

ὔ
Ὢὼ Ὢὼ  

where ὼ  are experimental data or model points. 

Approximation example. Consider the approximation of the function: 

Ὢὼ ÓÉÎὼ πȟσὼȟὼɴ ςȟς. 

This function combines a periodic and a quadratic component, which makes it interesting for 

approximation. 

Python implementation. Below is an example of a neural network implementation in Python using 

TensorFlow/Keras: 

import numpy as np 

import matplotlib.pyplot as plt 

from tensorflow.keras.models import Sequential 

from tensorflow.keras.layers import Dense 

# Generate data 
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x = np.linspace(-2, 2, 200) 

y = np.sin(x) + 0.3 * x**2 

# Form training set 

x_train = x.reshape(-1, 1) 

y_train = y 

# Create neural network 

model = Sequential([ 

Dense(16, activation='relu', input_dim=1), 

Dense(16, activation='relu'), 

Dense(1) 

]) 

model.compile(optimizer='adam', loss='mse') 

# Train the model 

history = model.fit(x_train, y_train, epochs=200, verbose=0) 

# Forecast 

y_pred = model.predict(x_train) 

# Visualization 

plt.scatter(x, y, label='Real function') 

plt.plot(x, y_pred, color='red', label='NN approximation') 

plt.legend() 

plt.show() 

Results. During the computational experiment, an artificial neural network was built with two 

hidden layers of 16 neurons each and a ReLU activation function. The training was performed using the 

Adam optimization method with a mean square error (MSE) loss function. After 200 training epochs, the 

network was able to reproduce the general form of the complex functional dependence 

Ὢὼ ÓÉÎὼ πȟσὼ. 

The obtained approximation practically coincided with the initial values, which is confirmed by the low 

error value and the visual proximity of the predicted curve to the real one. 

It is important to note that even the relatively simple architecture of the neural network provided 

high approximation accuracy. This demonstrates the power of neural networks in reproducing complex 

nonlinear dependencies, which are often difficult or cumbersome to describe using traditional methods 

(e.g., polynomial approximation). The results obtained confirm that neural network approaches can be 

effectively applied not only to work with large data sets or complex systems, but also for local problems 

of mathematical modeling of functions. 

Conclusions. The conducted research demonstrates that Python is an extremely convenient tool for 

implementing neural networks and applying them to problems of approximation of functional 

dependencies. Thanks to the TensorFlow and Keras libraries, the process of building, training and testing 

a model becomes intuitive even for users with a basic level of training. The neural network has shown the 

ability to reproduce both periodic and nonlinear component functions, which emphasizes the versatility of 

this method. 

The promising approach lies in the possibility of extending such modeling to more complex 

processes in economics, biology, engineering and physics. The use of neural networks opens up new 

opportunities for researchers in cases where traditional mathematical methods are ineffective or require 

significant simplification of the original model. Thus, the results of the work confirm that the use of 

neural networks in Python is a powerful tool for modeling and studying complex processes, which makes 

this direction particularly relevant in modern science and practice. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ ʋ ʇɸʈɸʃɽʃʔʅʀʍ ʆɹʏʀʉʃʖɺɸʃʔʅʀʍ 

ʉʀʉʊɽʄɸʍ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ ʅɽʃɯʅɯʁʅʀʍ ɼʀʅɸʄɯʏʅʀʍ ʇʈʆʎɽʉɯɺ 

ɿʦʱʘʢ ʃ.ʄ. (lilya2707@gmail.com) 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ ʬʽʣʽʷ ʋʥʽʚʝʨʩʠʪʝʪʫ çʋʢʨʘʾʥʘè (ʋʢʨʘʾʥʘ) 

 

ɺ ʪʝʟʘʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʘʨʘʣʝʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʥʘʚʯʘʥʥʷ 

ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʫʤʦʚʣʝʥʘ ʟʨʦʩʪʘʶʯʦʶ ʩʢʣʘʜʥʽʩʪʶ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʜʘʯ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʘʥʘʣʽʟ ʘʨʭʽʪʝʢʪʫʨ 

ʧʘʨʘʣʝʣʴʥʠʭ ʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ, ʤʝʪʦʜʽʚ ʜʝʢʦʤʧʦʟʠʮʽʾ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ 

ʩʪʨʘʪʝʛʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʤʽʞʧʨʦʮʝʩʦʨʥʦʾ ʚʟʘʻʤʦʜʽʾ. ɺʠʩʥʦʚʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʟʥʘʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ 

ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʘʨʘʣʝʣʴʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ. 

 

ʅʝʣʽʥʽʡʥʽ ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʢʣʘʜʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʟ ʯʠʩʣʝʥʥʠʤʠ 

ʚʟʘʻʤʦʟʘʣʝʞʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʯʘʩʦʚʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʨʦʙʦʪʽ ʟ 

ʚʠʩʦʢʦʨʦʟʤʽʨʥʠʤʠ ʜʘʥʠʤʠ ʪʘ ʛʣʠʙʦʢʠʤʠ ʘʨʭʽʪʝʢʪʫʨʘʤʠ. ʊʨʘʜʠʮʽʡʥʽ ʧʦʩʣʽʜʦʚʥʽ ʦʙʯʠʩʣʝʥʥʷ ʯʘʩʪʦ 

ʥʝʩʧʨʦʤʦʞʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠʡʥʷʪʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʜʣʷ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʱʦ ʨʦʙʠʪʴ ʘʢʪʫʘʣʴʥʠʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ ʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. 

ʇʘʨʘʣʝʣʽʟʤ ʫ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʘʭ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ. ʇʘʨʘʣʝʣʽʟʤ ʟʘ 

ʜʘʥʠʤʠ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʧʦʜʽʣ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʤʽʞ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʫʟʣʘʤʠ, ʜʝ ʢʦʞʝʥ ʚʫʟʦʣ 

ʦʙʨʦʙʣʷʻ ʚʣʘʩʥʫ ʧʽʜʤʥʦʞʠʥʫ ʜʘʥʠʭ ʽ ʦʙʯʠʩʣʶʻ ʛʨʘʜʽʻʥʪʠ, ʷʢʽ ʧʦʪʽʤ ʘʛʨʝʛʫʶʪʴʩʷ ʜʣʷ ʦʥʦʚʣʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʤʦʜʝʣʽ. ʎʝʡ ʧʽʜʭʽʜ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʡ ʧʨʠ ʥʘʚʯʘʥʥʽ ʥʘ ʚʝʣʠʢʠʭ ʜʘʪʘʩʝʪʘʭ ʪʘ ʜʦʙʨʝ 

ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʇʘʨʘʣʝʣʽʟʤ ʟʘ ʤʦʜʝʣʣʶ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʜʫʞʝ ʚʝʣʠʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʷʢʽ ʥʝ 

ʚʤʽʱʫʶʪʴʩʷ ʚ ʧʘʤ'ʷʪʴ ʦʜʥʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʄʝʨʝʞʘ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʯʘʩʪʠʥʠ, ʷʢʽ 

ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʧʨʦʮʝʩʦʨʘʭ ʘʙʦ GPU. ʂʦʥʚʝʻʨʥʠʡ ʧʘʨʘʣʝʣʽʟʤ ʜʦʟʚʦʣʷʻ ʦʙʨʦʙʣʷʪʠ ʨʽʟʥʽ 

ʰʘʨʠ ʤʝʨʝʞʽ ʥʘ ʨʽʟʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʘʭ ʦʜʥʦʯʘʩʥʦ, ʩʪʚʦʨʶʶʯʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʢʦʥʚʝʻʨ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʫʪʠʣʽʟʘʮʽʾ ʨʝʩʫʨʩʽʚ. 

ɻʨʘʬʽʯʥʽ ʧʨʦʮʝʩʦʨʠ ʩʪʘʣʠ ʦʩʥʦʚʥʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʤʘʩʦʚʦ-ʧʘʨʘʣʝʣʴʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ. ʊʠʩʷʯʽ ʷʜʝʨ GPU ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʤʘʪʨʠʯʥʽ ʦʧʝʨʘʮʽʾ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʫ ʦʙʯʠʩʣʝʥʴ ʫ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʘʭ. ʉʫʯʘʩʥʽ 

ʬʨʝʡʤʚʦʨʢʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʦʧʪʠʤʽʟʦʚʘʥʽ ʜʣʷ ʨʦʙʦʪʠ ʥʘ GPU ʪʘ ʧʽʜʪʨʠʤʫʶʪʴ 

ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʘʡʞʝ ʣʽʥʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦʶ ʻ ʝʬʝʢʪʠʚʥʘ ʨʝʘʣʽʟʘʮʽʷ 

ʨʝʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʈʅʄ ʤʘʶʪʴ ʧʦʩʣʽʜʦʚʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ 

ʧʘʨʘʣʝʣʽʟʘʮʽʶ. ʆʜʥʘʢ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ truncated backpropagation through time ʪʘ ʧʘʨʘʣʝʣʴʥʝ 

ʦʙʯʠʩʣʝʥʥʷ ʥʝʟʘʣʝʞʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʠʪʠ ʥʘʚʯʘʥʥʷ. LSTM ʪʘ GRU 

ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ GPU ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʦʧʝʨʘʮʽʡ ʟ ʪʝʥʟʦʨʘʤʠ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʙʽʙʣʽʦʪʝʢ. 

ʈʦʟʧʦʜʽʣʝʥʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʤʘʩʰʪʘʙʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʢʣʘʩʪʝʨʠ ʪʘ ʭʤʘʨʥʽ 

ʧʣʘʪʬʦʨʤʠ. ʌʨʝʡʤʚʦʨʢʠ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʪʘʢʽ ʷʢ Horovod ʪʘ TensorFlow Distributed, 

ʨʝʘʣʽʟʫʶʪʴ ʝʬʝʢʪʠʚʥʽ ʧʨʦʪʦʢʦʣʠ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʚʫʟʣʘʤʠ ʢʣʘʩʪʝʨʘ. ɸʣʛʦʨʠʪʤʠ ʩʠʥʭʨʦʥʥʦʛʦ ʪʘ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʶʪʴ ʨʽʟʥʽ ʧʝʨʝʚʘʛʠ ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞʽ ʪʘ 

ʜʘʥʠʭ. ʉʠʥʭʨʦʥʥʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʜʝʪʝʨʤʽʥʦʚʘʥʫ ʧʦʚʝʜʽʥʢʫ, ʘʣʝ ʤʦʞʝ ʩʪʨʘʞʜʘʪʠ ʚʽʜ ʧʨʦʙʣʝʤʠ 

ʧʦʚʽʣʴʥʠʭ ʚʫʟʣʽʚ. ɸʩʠʥʭʨʦʥʥʠʡ ʧʽʜʭʽʜ ʙʽʣʴʰ ʩʪʽʡʢʠʡ ʜʦ ʟʘʪʨʠʤʦʢ, ʘʣʝ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʨʦʟʙʽʞʥʦʩʪʝʡ ʫ ʥʘʚʯʘʥʥʽ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʛʝʪʝʨʦʛʝʥʥʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʱʦ ʧʦʻʜʥʫʶʪʴ CPU, GPU ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʘʢʩʝʣʝʨʘʪʦʨʠ. ɽʬʝʢʪʠʚʥʠʡ 

ʨʦʟʧʦʜʽʣ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʜʘʯ ʤʽʞ ʨʽʟʥʦʪʠʧʥʠʤʠ ʧʨʦʮʝʩʦʨʘʤʠ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʽʟʫʚʘʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. ɼʠʥʘʤʽʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʫ 

ʫʪʠʣʽʟʘʮʽʶ ʚʩʽʭ ʜʦʩʪʫʧʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘʚʽʪʴ ʧʨʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʜʘʯ. 
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ʂʦʤʫʥʽʢʘʮʽʡʥʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʻ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ ʥʘʚʯʘʥʥʽ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʆʧʪʠʤʽʟʘʮʽʷ ʤʽʞʧʨʦʮʝʩʦʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʢʣʶʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʣʝʢʪʠʚʥʠʭ 

ʦʧʝʨʘʮʽʡ, ʪʘʢʠʭ ʷʢ all-reduce, ʛʨʘʜʽʻʥʪʥʫ ʢʦʤʧʨʝʩʽʶ ʪʘ ʣʦʢʘʣʴʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʛʨʘʜʽʻʥʪʽʚ ʧʝʨʝʜ 

ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ. ʊʦʧʦʣʦʛʽʷ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʫʟʣʘʤʠ ʪʘʢʦʞ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʧʘʨʘʣʝʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ ʻ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ. ʉʠʩʪʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʛʦʜʠ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʦʪʦʢʽʚ, ʘʥʘʣʽʟ 

ʬʽʥʘʥʩʦʚʠʭ ʨʠʥʢʽʚ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʧʦʪʨʝʙʫʶʪʴ ʰʚʠʜʢʦʾ 

ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ. ʇʘʨʘʣʝʣʴʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʪʠ ʥʝʦʙʭʽʜʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʦʙʨʦʙʢʠ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ. ʉʧʝʮʽʘʣʽʟʦʚʘʥʽ 

ʥʝʡʨʦʧʨʦʮʝʩʦʨʠ ʪʘ TPU ʦʧʪʠʤʽʟʦʚʘʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʤʽʥʽʤʘʣʴʥʠʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ. ʂʚʘʥʪʠʟʘʮʽʷ ʤʦʜʝʣʝʡ ʪʘ ʧʨʫʥʽʥʛ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʫ 

ʩʢʣʘʜʥʽʩʪʴ ʙʝʟ ʩʫʪʪʻʚʦʾ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ edge computing ʪʘ ʤʦʙʽʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. 

ʌʝʜʝʨʘʪʠʚʥʝ ʥʘʚʯʘʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ, ʜʝ ʜʘʥʽ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ ʣʦʢʘʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʘ ʩʠʥʭʨʦʥʽʟʫʶʪʴʩʷ ʣʠʰʝ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ. 

ʎʝʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʚʘʪʥʽʩʪʴ ʜʘʥʠʭ ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʧʦʜʽʣʝʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʨʝʩʫʨʩʠ ʙʝʟ ʮʝʥʪʨʘʣʽʟʘʮʽʾ ʜʘʥʠʭ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʤʝʜʠʮʠʥʽ, 

ʬʽʥʘʥʩʘʭ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʟ ʯʫʪʣʠʚʠʤʠ ʜʘʥʠʤʠ. 

ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʧʘʨʘʣʝʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʢʣʶʯʦʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʉʣʘʙʢʘ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʦʙʨʦʙʣʷʪʠ ʧʨʦʧʦʨʮʽʡʥʦ ʙʽʣʴʰʽ ʟʘʜʘʯʽ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʧʨʦʮʝʩʦʨʽʚ. ʉʠʣʴʥʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʧʦʢʘʟʫʻ, ʥʘʩʢʽʣʴʢʠ ʰʚʠʜʰʝ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʚ'ʷʟʘʥʘ ʬʽʢʩʦʚʘʥʘ ʟʘʜʘʯʘ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ɼʣʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ʪʠʧʦʚʦ ʜʦʩʷʛʘʻʪʴʩʷ ʭʦʨʦʰʘ ʩʣʘʙʢʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʪʦʜʽ ʷʢ ʩʠʣʴʥʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʦʙʤʝʞʫʻʪʴʩʷ 

ʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʥʘʢʣʘʜʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. 

ɺʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʤʝʭʘʥʽʟʤʘʤʠ checkpointing ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ. ʇʝʨʽʦʜʠʯʥʝ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʥʫ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʻ 

ʧʨʦʜʦʚʞʠʪʠ ʥʘʚʯʘʥʥʷ ʧʽʩʣʷ ʟʙʦʾʚ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ. ʈʝʧʣʽʢʘʮʽʷ ʦʙʯʠʩʣʝʥʴ ʥʘ ʨʽʟʥʠʭ ʚʫʟʣʘʭ ʧʽʜʚʠʱʫʻ 

ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʦʩʦʙʣʠʚʦ ʢʨʠʪʠʯʥʫ ʜʣʷ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʦʙʯʠʩʣʝʥʴ ʥʘ ʥʝʩʪʘʙʽʣʴʥʽʡ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ. 

ɺʠʩʥʦʚʢʠ. ʇʘʨʘʣʝʣʴʥʽ ʪʘ ʨʦʟʧʦʜʽʣʝʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʻ ʥʝʦʙʭʽʜʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʉʫʯʘʩʥʽ ʧʘʨʘʣʝʣʴʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʪʠ ʟʥʘʯʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

ʥʘʚʯʘʥʥʷ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʘʙʦ ʥʘʚʽʪʴ ʧʦʢʨʘʱʝʥʥʽ ʷʢʦʩʪʽ ʤʦʜʝʣʝʡ. ʅʘʡʙʽʣʴʰʦʶ ʧʨʦʙʣʝʤʦʶ 

ʟʘʣʠʰʘʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʥʘʢʣʘʜʥʠʭ ʚʠʪʨʘʪ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʨʦʟʤʽʨʫ ʢʣʘʩʪʝʨʘ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʨʦʟʨʦʙʢʘ ʛʽʙʨʠʜʥʠʭ 

ʧʘʨʘʣʝʣʴʥʠʭ ʩʪʨʘʪʝʛʽʡ, ʱʦ ʘʜʘʧʪʠʚʥʦ ʢʦʤʙʽʥʫʶʪʴ ʨʽʟʥʽ ʚʠʜʠ ʧʘʨʘʣʝʣʽʟʤʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʜʘʯʽ ʪʘ ʜʦʩʪʫʧʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʷ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʘʧʘʨʘʪʥʠʭ ʘʢʩʝʣʝʨʘʪʦʨʽʚ ʜʣʷ ʩʧʝʮʠʬʽʯʥʠʭ ʪʠʧʽʚ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ ʟʘʜʘʯ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
[1] ɺ. ɺ. ɹʘʨʘʥʥʽʢ, ʖ. ʄ. ʈʷʙʽʥʽʥ, ʪʘ ʉ. ʉ. ʐʫʣʴʛʽʥ, ʇʘʨʘʣʝʣʴʥʽ ʪʘ ʨʦʟʧʦʜʽʣʝʥʽ ʦʙʯʠʩʣʝʥʥʷ. 

ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ: ʍʅʋʈɽ, 2020. 

[2] ʉ. ʆ. ʉʫʙʙʦʪʽʥ, ɸ. ʆ. ʆʣʽʡʥʠʢ, ʪʘ ʆ. ʆ. ʆʣʽʡʥʠʢ, ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ: ʪʝʦʨʽʷ ʪʘ ʧʨʘʢʪʠʢʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ: ɿʅʊʋ, 2021. 

[3] ʉ. ʌ. ʊʝʣʝʥʠʢ ʪʘ ʆ. ʄ. ʈʦʣʽʢ, ɺʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ. ʂʠʾʚ, ʋʢʨʘʾʥʘ: 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2019. 

[4] ɭ. ɺ. ɹʦʜʷʥʩʴʢʠʡ ʪʘ ʆ. ɻ. ʈʫʜʝʥʢʦ, ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ: ʘʨʭʽʪʝʢʪʫʨʠ, ʥʘʚʯʘʥʥʷ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ: ʉʄIT, 2019. 

[5] ɭ. ɹ. ʐʘʧʦʚʘʣʦʚ ʪʘ ʆ. ɺ. ʂʦʚʘʣʴ, ʈʦʟʧʦʜʽʣʝʥʽ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ʃʴʚʽʚ, 

ʋʢʨʘʾʥʘ: ɺʠʜʘʚʥʠʮʪʚʦ ʃʴʚʽʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ, 2021. 

 

  



Proceedings of the XVIII International scientific and practical conference çInformation technologies and automationï 2025è 

103 

ʋɼʂ 004.855, 519.86 

 

ɸʅʉɸʄɹʃɽɺɸ ɯʅʊɽɻʈɸʎɯʗ ʈɯʐɽʅʔ ɺ ʄʆɼɽʃɯ ʈɽʉʋʈʉʅʆɻʆ ɯʅɼʀʂɸʊʆʈʋ 

ɹɽɿʇɽʂʀ ɯʅʊɽʈɽʉɯɺ ʈʆɿʇʆɼɯʃɽʅʆɰ ʆʈɻɸʅɯɿɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ ʅɸ ʆʉʅʆɺɯ 

ɸɼɸʇʊʀɺʅʆɰ ʄɽʊʈʀʂʀ ʗʂʆʉʊɯ  

ɯʣʴʾʥʘ ʆ.ʇ., ʉʢʠʙʠʢ ʉ.ʗ. (ilyina.elena1@ukr.net, sskybyk@gmail.com) 

ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ) 

 

ɺ ʪʝʟʘʭ ʦʧʠʩʘʥʦ ʘʣʛʦʨʠʪʤ ʘʜʘʧʪʠʚʥʦʾ ʽʥʪʝʛʨʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʝʩʫʨʩʥʠʭ ʩʪʘʥʽʚ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʥʩʘʤʙʣʶ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ.  ʅʘʜʘʥʦ ʦʙʛʨʫʥʪʫʚʘʥʥʷ 

ʜʦʤʝʥʥʦ-ʦʙʫʤʦʚʣʝʥʠʭ ʧʝʨʝʚʘʛ ʘʣʛʦʨʠʪʤʫ.    

 

ʇʽʜʪʨʠʤʢʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʧʦʪʨʝʙʫʻ ʟʘʩʦʙʽʚ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʨʝʩʫʨʩʥʠʭ ʟʘʛʨʦʟ ʩʪʨʘʪʝʛʽʯʥʠʤ ʽʥʪʝʨʝʩʘʤ. ɸʧʘʨʘʪ ʧʦʙʫʜʦʚʠ ʽʥʜʠʢʘʪʦʨʫ 

ʨʝʩʫʨʩʥʦʾ ʙʝʟʧʝʢʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ [1], ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ML-ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʝʩʫʨʩʥʠʭ ʩʪʘʥʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʩʘʤʙʣʶ  ʤʦʜʝʣʝʡ (ɹʘʡʻʩʽʚʩʴʢʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ; SVM; ɼʝʨʝʚʘ ʨʽʰʝʥʴ; ɺʠʧʘʜʢʦʚʠʡ 

ʣʽʩ (RF); ʄʝʪʦʜ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ; ʃʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ). ɯʥʪʝʛʨʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ Ri ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ 

CLi ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ [1] ʟʚʘʞʝʥʠʤ ʜʠʩʢʨʝʪʥʠʤ ʛʦʣʦʩʫʚʘʥʥʷʤ, ʧʨʠ ʷʢʦʤʫ ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ Ri  

ʤʘʻ ʚʠʛʣʷʜ  

ὖ   ρȾτ ρ ὑὈ ϽὑὍ Ͻὗ  

 

ʜʝ KDij ï ʨʽʚʝʥʴ ʢʨʠʪʠʯʥʦʩʪʽ j-  ʾʚʠʤʦʛʠ ʚʽʜ i-ʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʭʽʜʥʠʭ ʜʘʥʠʭ; 

KI ij  (0 ʘʙʦ 1) ï ʥ̔ʜʝʢʩ ʥʘʷʚʥʦʩʪʽ ʧʦʨʫʰʝʥʥʷ j-ʾ ʚʠʤʦʛʠ ʫ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ; Qi  ï ʢʦʝʬʽʮʽʻʥʪ ʷʢʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʥʘ ʨʦʣʴ ʷʢʦʛʦ ʙʫʚ ʦʙʨʘʥʠʡ ʢʨʠʪʝʨʽʡ ʂʘʧʧʘ ʂʦʝʥʘ. 

ɸʥʘʣʽʟ ʩʧʝʮʠʬʽʢʠ ʨʝʩʫʨʩʥʠʭ ʜʘʥʠʭ ʽʥʜʠʢʘʪʦʨʫ ʪʘ ʚʠʤʦʛ ʜʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʷʚʠʚ ʥʠʟʢʫ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʘʨʛʫʤʝʥʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʽʥʪʝʛʨʘʮʽʾ. ɺʽʥ ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʜʧʦʚʽʜʴ ʥʘ ʚʠʢʣʠʢʠ ʮʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠ ʨʦʙʦʪʽ ʟ ʢʦʥʢʨʝʪʥʠʤ ʥʘʙʦʨʦʤ ʩʧʦʩʪʝʨʝʞʝʥʴ.  

ʄʥʦʞʠʥʘ ʬʘʢʪʦʨʽʚ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʩʢʣʘʜ: 

ʌ1. ʈʽʟʥʦʨʽʜʥʽʩʪʴ ʦʟʥʘʢ ʟʘ ʪʠʧʘʤʠ ʪʘ ʰʢʘʣʘʤʠ; 

ʌ2. ʉʢʣʘʜʥʽʩʪʴ ʨʦʟʧʦʜʽʣʽʚ (ʦʙʤʝʞʝʥʽʩʪʴ ʦʙʣʘʩʪʽ, ʩʢʫʧʯʝʥʽʩʪʴ, ʧʨʘʚʠʡ çʭʚʽʩʪè); 

ʌ3. ʄʦʞʣʠʚʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʨʝʩʫʨʩʥʦʾ ʧʝʨʝʜʽʩʪʦʨʽʾ; 

ʌ4. ɺʠʩʦʢʠʡ ʜʠʩʙʘʣʘʥʩ ʥʘ ʢʦʨʠʩʪʴ ʧʦʟʠʪʠʚʥʦʛʦ ʢʣʘʩʫ; 

ʌ5. ʂʨʠʪʠʯʥʽʩʪʴ ʛʽʧʦʜʽʘʛʥʦʩʪʠʢʠ ʥʝʟʘʜʦʚʽʣʴʥʠʭ ʩʪʘʥʽʚ (FP ʧʦʤʠʣʦʢ); 

ʌ6. ʅʘʷʚʥʽʩʪʴ ʥʝʬʽʢʩʦʚʘʥʠʭ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ; 

ʌ7. ʅʝʦʜʥʦʨʽʜʥʽʩʪʴ ʫʤʦʚ ʩʧʦʩʪʝʨʝʞʝʥʴ; 

ʌ8. ɽʧʽʟʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʮʽʣʴʦʚʦʾ ʟʤʽʥʥʦʾ ʟʘ ʚʽʜʤʽʥʥʠʤʠ ʤʦʜʝʣʷʤʠ; 

ʌ9. ʆʙʤʝʞʝʥʠʡ ʦʙʩʷʛ ʜʘʥʠʭ; 

ʌ10. ʈʽʟʥʽ ʪʠʧʠ ʤʦʜʝʣʝʡ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʽʤʦʚʽʨʥʽʩʥʘ, ʣʦʛʽʯʥʘ, ʛʝʦʤʝʪʨʠʯʥʘ) ʚ ʘʥʩʘʤʙʣʽ; 

ʌ11. ɺʠʤʦʛʘ ʧʨʠʜʘʪʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

 

ʇʦʙʫʜʦʚʘ ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʽʥʪʝʛʨʘʮʽʾ ʛʨʫʥʪʫʚʘʣʘʩʷ ʥʘ ʪʘʢʠʭ ʟʘʩʘʜʘʭ: 

- ʩʪʚʦʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʤʝʪʨʠʢʠ ʷʢʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʘ ʚʽʜʦʙʨʘʞʫʻ ʨʽʟʥʽ ʘʩʧʝʢʪʠ 
ʷʢʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʦʟʠʮʽʾ ʢʽʣʴʢʦʭ ʢʨʠʪʝʨʽʾʚ ʪʘ ʘʜʘʧʪʫʻʪʴʩʷ ʟʛʽʜʥʦ ʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʾʭ ʧʦʚʝʜʽʥʢʠ ʧʨʠ ʥʘʚʯʘʥʥʽ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʽ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʙʦʨʫ 

ʩʧʦʩʪʝʨʝʞʝʥʴ; 

- ʟʘʤʽʥʘ ʧʨʦʮʝʜʫʨʠ ʜʠʩʢʨʝʪʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ CLi ʥʘ ʧʨʦʮʝʜʫʨʫ 

ʟʚʘʞʝʥʦʛʦ ʽʤʦʚʽʨʥʽʩʥʦʛʦ (ʤô̫ ʢʦʛʦ) ʛʦʣʦʩʫʚʘʥʥʷ [2]; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʨʦʙʦʯʠʭ ʜʘʥʠʭ ʪʘ ʥʘʙʦʨʫ ʾʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 
ʚʠʢʣʠʢʘʤ ʌ1-ʌ11 ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʧʽʚʤʽʨʥʽʩʪʴ ʪʘ ʟʽʩʪʘʚʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʤʽʞ ʫʩʽʤʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʧʘʨʘʜʠʛʤʘʤʠ.   

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʪʘ ʥʘʚʯʘʥʥʷ ʽʥʜʠʢʘʪʦʨʫ ʩʪʘʥʦʚʠʪʴ ʥʘʩʪʫʧʥʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʝʪʘʧʽʚ ʪʘ ʜʽʡ. 
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ɽ1. ʇʽʜʛʦʪʦʚʢʘ ʜʘʥʠʭ 

DSNĄLS, TS 

ʜʝ DSN  ╖  ʧʝʨʚʠʥʥʠʡ ʤʘʩʠʚ ʩʧʦʩʪʝʨʝʞʝʥʴ, LS, TS-ʚʽʜʧʦʚʽʜʥʦ ʥʘʚʯʘʣʴʥʘ ʡ ʪʝʩʪʦʚʘ ʚʠʙʽʨʢʘ. 

ɽ1.1 ʉʪʨʫʢʪʫʨʠʟʘʮʽʷ ʩʠʩʪʝʤʠ ʦʟʥʘʢ. ɽ1.2 ʆʙʨʦʙʢʘ ʧʨʦʧʫʩʢʽʚ. ɽ1.3 ʄʘʩʰʪʘʙʫʚʘʥʥʷ. 

ɽ2. ʅʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ ʘʥʩʘʤʙʣʶ 

Mi, LSĄ UPi (LS), M
T
i, KQi,  i = 1,...,6 

ʜʝ M
T
i ïʪʨʝʥʦʚʘʥʘ ʥʘ ʜʘʥʠʭ LS ʢʘʣʽʙʨʦʚʘʥʘ ʤʦʜʝʣʴ Mi ; UPi (LS)-ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚ 

ʪʦʯʢʘʭ LS ʚʽʜ ʤʦʜʝʣʽ Mi , ʧʦʜʘʥʠʡ ʷʢ ʢʘʣʽʙʨʦʚʘʥʘ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʟʠʪʠʚʥʦʛʦ ʢʣʘʩʫ; KQi ïʟʥʘʯʝʥʥʷ 

ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ (ʢʨʠʪʝʨʽʾ F1, MCC, ʂʘʧʧʘ) ʤʝʪʨʠʢʠ ʷʢʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ɽ2.1 ʆʨʛʘʥʽʟʘʮʽʷ ʮʠʢʣʫ ʢʨʦʩ-ʚʘʣʽʜʘʮʽʾ ʥʘ LS. ɽ2.2 ʇʘʨʘʤʝʪʨʠʟʘʮʽʷ ʧʨʦʮʝʜʫʨʠ ʥʘʚʯʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʨʠʢʠ ʷʢʦʩʪʽ. ɽ2.3 ʈʝʘʣʽʟʘʮʽʷ ʥʘʚʯʘʥʥʷ Mi ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʦʩ-ʚʘʣʽʜʘʮʽʾ ʪʘ 

ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʨʝʟʫʣʴʪʫʶʯʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ (ʢʨʦʩ-ʚʘʣʽʜʘʮʽʡʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʘ 

ʤʝʪʦʜʦʤ ʇʣʘʪʪʘ [3]). 

ɽ3. ɺʠʟʥʘʯʝʥʥʷ ʘʧʨʽʦʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʦʚʽʨʠ ʜʦ ʝʣʝʤʝʥʪʽʚ ʘʥʩʘʤʙʣʶ 

D, S, Mi ĄKDRi 

ʜʝ D  ╖  ʚʠʤʦʛʠ ʜʦ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʘʥʠʭ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʨʘʟʣʠʚʦʩʪʽ ʤʦʜʝʣʽ Mi; S  ╖  

ʨʠʟʠʢʠ ʧʦʨʫʰʝʥʥʷ ʚʠʤʦʛ ʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʘʥʠʭ; KDR  ╖  ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʢʦʝʬʽʮʽʻʥʪʫ ʜʦʚʽʨʠ. 

ɽ4. ʇʦʙʫʜʦʚʘ ʜʠʥʘʤʽʯʥʦʾ ʤʝʪʨʠʢʠ ʷʢʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 

UP
MCC

i(LS),UP
KAPPA

i(LS),UP
F1

i(LS), KQi  ĄCORi, W
KQD

i 

ʜʝ UP
MCC

i(LS),UP
KAPPA

i(LS),UP
F1

i(LS)  ╖  ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʦʪʨʠʤʘʥʽ ʘʥʘʣʦʛʽʯʥʦ ɽʪʘʧʫ 3, 

ʘʣʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʨʠʢʠ ʷʢʦʩʪʽ ʪʽʣʴʢʠ ʟ ʦʜʥʠʤ ʽʟ ʪʨʴʦʭ ʝʣʝʤʝʥʪʽʚ-ʢʨʠʪʝʨʽʾʚ; COR  ╖  ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʝʣʷʮʽʾ ʚʭʽʜʥʠʭ ʤʘʩʠʚʽʚ; W
KQD
  ╖  ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚ ʩʢʣʘʜʽ ʜʠʥʘʤʽʯʥʦʾ 

ʤʝʪʨʠʢʠ ʷʢʦʩʪʽ KQDi . 

ɽ5. ʇʨʦʛʥʦʟʥʘ ʽʥʪʝʛʨʦʚʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ 

TS, { M
T
i , W

KQD
i , KDRi }, TRPĄ UPi (TS), DPi (TS) 

ʜʝ M
T
i ïʪʨʝʥʦʚʘʥʽ ʥʘ ʝʪʘʧʽ ɽ2 ʤʦʜʝʣʽ; W

KQD
  ╖  ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʨʠʪʝʨʽʾʚ ʚ ʤʝʪʨʠʢʘʭ KQD 

ʤʦʜʝʣʝʡ; KDR  ╖  ʢʦʝʬʽʮʽʻʥʪʠ ʜʦʚʽʨʠ ʜʦ ʤʦʜʝʣʝʡ; TRP  ╖  ʤʥʦʞʠʥʘ ʟʥʘʯʝʥʴ ʽʤʦʚʽʨʥʦʩʪʽ, ʦʜʥʝ ʟ ʷʢʠʭ 

ʙʫʜʝ ʦʙʨʘʥʦ ʷʢ ʧʦʨʽʛ ʜʣʷ ʧʨʦʝʮʽʶʚʘʥʥʷ ʥʝʧʝʨʝʨʚʥʠʭ ʟʥʘʯʝʥʴ ʽʤʦʚʽʨʥʦʩʪʽ ʢʣʘʩʫ ʥʘ ʙʽʥʘʨʥʫ ʰʢʘʣʫ 

(0, 1); UPi(TS)  ╖  ̔ ʤʦʚʽʨʥʽʩʥʠʡ ʧʨʦʛʥʦʟ; DPi(TS)  ╖  ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʡ ʧʨʦʛʥʦʟ. 

ɽ5.1. ʈʦʟʨʘʭʫʥʦʢ ʚʘʛʠ ʤʦʜʝʣʝʡ. ɽ5.2. ɯʤʦʚʽʨʥʽʩʥʠʡ ʧʨʦʛʥʦʟ ʚʽʜ M
T
i  ʚ ʪʦʯʢʘʭ TS. 

ɽ5.3. ɿʚʘʞʝʥʝ ʫʩʝʨʝʜʥʝʥʥʷ ʧʨʦʛʥʦʟʫ. ɽ5.4. ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʧʨʦʛʥʦʟʫ. 

ɺ ʪʘʙʣʠʮʽ ʥʘʜʘʥʦ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʚ ʫʤʦʚʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʢʣʠʢʘʤ ʌ1-ʌ11, ʙʫʚ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʩʠʥʪʝʪʠʯʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʽʟ 4 ʨʝʩʫʨʩʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʱʦ ʤʘʶʪʴ ʣʦʛʥʦʨʤʘʣʴʥʠʡ 

ʨʦʟʧʦʜʽʣ ʽʟ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 2 ʣʘʛʦʚʠʤʠ ʦʟʥʘʢʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʬʽʢʩʫʚʘʪʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʽ ʩʪʘʣʠʤ ʟʥʘʯʝʥʥʷʤ ʤʽʪʢʠ, ʪʘ 5 ʥʝʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʦʟʥʘʢʘʤʠ. ʇʨʠ ʛʝʥʝʨʘʮʽʾ ʚʽʜʩʦʪʦʢ 

ʥʝʛʘʪʠʚʥʦʛʦ ʢʣʘʩʫ ʩʪʘʥʦʚʠʚ 20.  

ɻʝʥʝʨʘʮʽʷ ʤʽʪʢʠ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʟ ʜʦʜʘʚʘʥʥʷʤ ʰʫʤʫ (3%). ʈʝʩʫʨʩʥʽ ʦʟʥʘʢʠ ʛʝʥʝʨʫʚʘʣʠʩʷ ʟ 

ʽʤʽʪʘʮʽʻʶ ʚʧʣʠʚʽʚ ʧʝʨʝʜʽʩʪʦʨʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤôʷʢʦʛʦ ʩʢʦʨʠʥʛʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʠ ʩʪʚʦʨʝʥʽ 

ʩʢʣʘʜʥʽ ʫʤʦʚʠ ʜʣʷ ʨʦʙʦʪʠ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʫ ʤʝʞʘʭ ʚʧʣʠʚʫ ʨʝʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ. 

ʇʨʦʚʝʜʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʚʢʣʶʯʘʚ 5 ʩʝʨʽʡ ʟ ʦʙʩʷʛʘʤʠ ʚʠʙʽʨʢʠ, ʚʽʜʧʦʚʽʜʥʦ, 3000, 1500, 840, 

364, 140 (ʦʙʤʝʞʝʥʽʩʪʴ ʦʙôʻʤʫ ʜʘʥʠʭ), ʧʨʠ 10 ʧʦʚʪʦʨʝʥʥʷʭ. ʆʪʨʠʤʘʥʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢʠ KQ 

ʜʣʷ ʘʥʩʘʤʙʣʶ ʧʝʨʝʚʠʱʫʚʘʣʠ ʨʝʟʫʣʴʪʘʪ ʢʨʘʱʦʾ ʤʦʜʝʣʽ (ʚʩʶʜʠ RF) ʚ ʫʩʽʭ ʩʝʨʽʷʭ. ɺ ʤʝʞʘʭ ʚʠʙʽʨʢʠ 

ʚʩʽʭ ʧʦʚʪʦʨʝʥʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʢʣʘʜʘʣʘ 98%. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʨʝʩʫʨʩʥʦʛʦ ʽʥʜʠʢʘʪʦʨʫ ʙʝʟʧʝʢʠ ʽʥʪʝʨʝʩʽʚ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ [1]. ɺ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʚʦʻʥʥʦʾ ʩʬʝʨʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʧʨʦʮʝʩʽʚ ʦʙʦʨʦʥʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ, ʥʘ ʘʥʘʣʽʟʽ ʷʢʠʭ ʛʨʫʥʪʫʚʘʣʦʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʠʭ ʚʠʢʣʠʢʽʚ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʘʥʫʶʪʴʩʷ ʩʪʦʩʦʚʥʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʘʢʪʫʘʣʴʥʠʭ ʤʝʪʨʠʢ ʷʢʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʽʜʥʦʩʥʦ ʨʽʚʥʶ ʜʠʩʙʘʣʘʥʩʫ ʢʣʘʩʽʚ, ʦʙôʻʤʽʚ ʜʘʥʠʭ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʧʦʜʽʣʫ, ʝʬʝʢʪʽʚ 

ʰʫʤʫ. 
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ʊʘʙʣʠʮʷ ï ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʘʣʛʦʨʠʪʤʫ 

ɽʪʘʧ ɺʠʢʣʠʢʠ ɺʪʽʣʝʥʽ ʚ ʘʣʛʦʨʠʪʤʽ ʤʝʪʦʜʠʯʥʽ ʨʽʰʝʥʥʷ ɸʨʛʫʤʝʥʪʘʮʽʷ ʜʦʮʽʣʴʥʦʩʪʽ 

ɽ1.1 ʌ1 ʈʦʟʨʽʟʥʷʥʥʷ ʨʝʩʫʨʩʥʠʭ ʪʘ ʣʘʛʦʚʠʭ ʦʟʥʘʢ ʈʽʟʥʠʡ ʧʨʝʧʨʦʮʝʩʠʥʛ 

ɽ1.2 ʌ1, ʌ3 ɺʠʜʘʣʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟ ʧʨʦʧʫʩʢʦʤ 

ʣʘʛʽʚ ʪʘ kNN ʜʦʧʦʚʥʝʥʥʷ ʨʝʩʫʨʩʥʠʭ 

ɿʙʝʨʝʞʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ɽ1.3 ʌ1,ʌ2, 

ʌ6,ʌ10 

ʈʦʙʘʩʪʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʨʝʩʫʨʩʥʠʭ 

ʦʟʥʘʢ ʚ LR, kNN, SVM (ʙʝʟ ʟʚʘʞʫʚʘʥʥʷ 

ʢʣʘʩʽʚ ʪʘ ʚʠʜʘʣʝʥʥʷ ʢʦʨʝʣʴʦʚʘʥʠʭ ʦʟʥʘʢ) 

ʉʪʽʡʢʽʩʪʴ ʜʦ ʚʠʢʠʜʽʚ, 

ʟʙʝʨʝʞʝʥʥʷ ʧʝʨʝʜʽʩʪʦʨʽʾ ʡ 

ʧʦʪʝʥʮʽʡʥʦ ʚʘʞʣʠʚʠʭ ʦʟʥʘʢ 

ɽ2.1 ʌ4, ʌ6, 

ʌ7, ʌ8 

5 ʬʦʣʜʽʚ ʟ ʧʦʯʝʨʛʦʚʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ 

ʨʦʣʽ ʪʝʩʪʦʚʦʛʦ 

ʉʪʘʙʽʣʴʥʽʩʪʴ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ɽ2.2 ʌ4, ʌ5 ɸʧʨʽʦʨʥʘ ʤʝʪʨʠʢʘ ʷʢʦʩʪʽ KQi ʜʣʷ ʤʦʜʝʣʽ 

Mi: ʟʚʘʞʝʥʘ ʩʫʤʘ ʘʜʘʧʪʦʚʘʥʠʭ ʢʨʠʪʝʨʽʾʚ 

F1 (ʟ ʽʥʚʝʨʩʽʻʶ ʢʣʘʩʽʚ), MCC ʪʘ ʂʘʧʧʘ 

(ʧʝʨʝʥʦʨʤʦʚʘʥʦʾ) 

ɸʢʮʝʥʪ ʥʘ ʚʠʷʚʣʝʥʥʽ 

ʥʝʛʘʪʠʚʥʠʭ ʩʪʘʥʽʚ, ʙʘʣʘʥʩ 

ʘʩʧʝʢʪʽʚ ʷʢʦʩʪʽ, ʟʽʩʪʘʚʥʽʩʪʴ  

ɽ2.3 ʌ10 ʅʘʚʯʘʥʥʷ Mi ʟ ʢʨʦʩ-ʚʘʣʽʜʘʮʽʡʥʠʤ 

ʢʘʣʽʙʨʫʚʘʥʥʷʤ ʡʤʦʚʽʨʥʦʩʪʝʡ ʟʘ ʤʝʪʦʜʦʤ 

ʇʣʘʪʪʘ [3] 

ɻʘʨʘʥʪʦʚʘʥʘ ʩʫʤʽʞʥʽʩʪʴ ʪʘ 

ʥʝʟʘʣʝʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ɽ3 ʌ2, ʌ3, 

ʌ6,ʌ10 

ɺʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʦʚʽʨʠ ʜʦ ʤʦʜʝʣʝʡ Mi 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ 

ʈʝʛʫʣʷʮʽʷ ʚʧʣʠʚʫ ʤʦʜʝʣʝʡ 

ʟʛʽʜʥʦ ʚʨʘʟʣʠʚʦʩʪʽ ʜʦ ʚʣʘʩʪʠ-

ʚʦʩʪʝʡ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ɽ4 ʌ3, ʌ4, 

ʌ5 

ʋʨʘʭʫʚʘʥʥʷ ʬʘʢʪʠʯʥʦʾ ʢʦʨʝʣʴʦʚʘʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ KQi ʜʣʷ ʜʠʥʘʤʽʯʥʦʾ ʚʘʛʦʚʦʾ ʧʘ-

ʨʘʤʝʪʨʠʟʘʮʽʾ ʟ ʦʪʨʠʤʘʥʥʷʤ KQDi ʜʣʷ Mi 

ɸʜʘʧʪʦʚʘʥʽʩʪʴ ʤʝʪʨʠʢʠ ʷʢʦʩʪʽ 

ʜʦ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʥʘʩʪʫʧʥʦʛʦ ʧʨʦʛʥʦʟʫ 

ɽ5.1 ʌ2, ʌ3, 

ʌ5,ʌ10 

ɺʘʛʦʚʽ ʢʦʝʬʬʽʮʽʻʥʪʠ ʤʦʜʝʣʝʡ Mi ʜʣʷ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʛʦʣʦʩʫʚʘʥʥʽ 

ɯʥʪʝʛʨʘʮʽʷ ʚʨʘʟʣʠʚʦʩʪʽ Mi ʟ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦʶ ʷʢʽʩʪʶ 

ɽ5.2 ʌ10 ʇʨʦʛʥʦʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ (ʚʽʜ Mi) ʽʤʦʚʽʨ-

ʥʦʩʪʝʡ ʢʣʘʩʽʚ ʜʣʷ ʪʝʩʪʦʚʠʭ ʪʦʯʦʢ   

ɿʽʩʪʘʚʥʽʩʪʴ Mi - ʧʨʦʛʥʦʟʽʚ 

ʟʘʚʜʷʢʠ ʧʦʧʝʨʝʜʥʽʤ ʢʨʦʢʘʤ  

ɽ5.3 ʌ2, ʌ4, 

ʌ6, ʌ7, 

ʌ8, ʌ9 

ɯʥʪʝʛʨʘʮʽʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʨʦʛʥʦʟʽʚ ʜʣʷ 

ʪʦʯʦʢ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ ʟʚʘʞʝʥʠʤ ʤô̫ ʢʠʤ 

ʛʦʣʦʩʫʚʘʥʥʷʤ [2] 

ʇʽʜʚʠʱʝʥʥʷ ʚʧʣʠʚʫ ʧʝʨʝʚʘʛ, 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʦʮʽʥʮʽ ʙʽʣʴ-

ʰʦʛʦ ʢʣʘʩʫ, ʘʛʨʝʛʘʮʽʷ ʨʦʟʤʠʪʠʭ 

ʨʽʰʝʥʴ ʧʨʠ ʩʢʣʘʜʥʠʭ ʨʦʟʧʦ-

ʜʽʣʘʭ ʦʟʥʘʢ 

ɽ5.4 ʌ11 ʆʧʪʠʤʘʣʴʥʘ ʧʦʨʦʛʦʚʘ ʜʠʩʢʨʝʪʠʟʘʮʽʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʛʨʘʥʠʮʷ ʤʽʞ 

ʢʣʘʩʘʤʠ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʷʢ ʟʥʘʯʝʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʽ, ʷʢʝ ʤʘʢʩʠʤʽʟʫʻ KQD ʚ 

ʪʦʯʢʘʭ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ) 

ʉʪʚʦʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʨʽʚ-

ʥʷʥʥʷ ʧʨʦʛʥʦʟʫ ʢʣʘʩʫ ʟ ʬʘʢʪʠʯ-

ʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ ʪʝʩʪʦʚʦʾ 

ʚʠʙʽʨʢʠ ʟ ʤʝʪʦʶ ʥʘʩʪʫʧʥʦʾ 

ʦʮʽʥʢʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʜʠʢʘʪʦʨʫ 
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ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ) 

 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʫ ʚʠʷʚʣʝʥʥʷ ʥʝʚʽʜʦʤʠʭ ʢʽʙʝʨʘʪʘʢ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʘ ʦʩʥʦʚʽ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʣʝʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ. ʉʫʯʘʩʥʽ ʩʠʛʥʘʪʫʨʥʽ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ (IDS) ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʫ ʨʝʘʛʫʚʘʥʥʽ ʥʘ ʟʘʛʨʦʟʠ ʪʠʧʫ çʥʫʣʴʦʚʦʛʦ ʜʥʷè, ʱʦ ʟʫʤʦʚʣʶʻ 

ʧʦʪʨʝʙʫ ʫ ʧʦʚʝʜʽʥʢʦʚʠʭ ʧʽʜʭʦʜʘʭ, ʟʜʘʪʥʠʭ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʩʝʨʝʜʦʚʠʱʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʦʤʙʽʥʦʚʘʥʫ ʤʦʜʝʣʴ ʦʙʨʦʙʢʠ ʪʝʣʝʤʝʪʨʽʾ, ʷʢʘ ʧʦʻʜʥʫʻ ʦʥʣʘʡʥ-ʢʣʘʩʪʝʨʠʟʘʮʽʶ ʧʦʪʦʢʽʚ ʧʦʜʽʡ 

(ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ K-Means ʟ DBSCAN-ʬʽʣʴʪʨʘʮʽʻʶ) ʪʘ ʦʮʽʥʢʫ ʘʥʦʤʘʣʴʥʦʩʪʝʡ ʟʘ 

ʧʦʚʝʜʽʥʢʦʚʠʤʠ ʦʟʥʘʢʘʤʠ. ʄʦʜʝʣʴ ʬʫʥʢʮʽʦʥʫʻ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʘʜʘʧʪʠʚʥʝ ʦʥʦʚʣʝʥʥʷ 

ʢʣʘʩʪʝʨʽʚ ʽ ʢʦʥʪʝʢʩʪʥʫ ʢʦʨʝʣʷʮʽʶ ʧʦʜʽʡ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʜʝʪʝʢʮʽʾ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʧʦʚʥʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʽ 

ʫ SIEM/SOAR-ʧʣʘʪʬʦʨʤʠ ʘʙʦ ʤʦʜʫʣʽ User Behavior Analytics (UBA) ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʢʽʙʝʨʩʪʽʡʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿʨʦʩʪʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʢʽʙʝʨʟʘʛʨʦʟ, ʟʦʢʨʝʤʘ ʘʪʘʢ ʪʠʧʫ 

çʥʫʣʴʦʚʦʛʦ ʜʥʷè, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʛʥʘʪʫʨʥʠʭ ʤʝʪʦʜʽʚ ʜʝʪʝʢʮʽʾ ʜʦ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʧʦʚʝʜʽʥʢʦʚʠʭ ʽ ʪʝʣʝʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʊʨʘʜʠʮʽʡʥʽ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ (IDS) ʥʝ ʟʜʘʪʥʽ ʝʬʝʢʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʥʝʚʽʜʦʤʽ ʰʘʙʣʦʥʠ ʘʪʘʢ, ʦʩʢʽʣʴʢʠ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʽ ʩʠʛʥʘʪʫʨʠ. ʅʘʪʦʤʽʩʪʴ 

ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʽʥʪʝʛʨʫʶʪʴ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

ʜʣ̫ ʬʦʨʤʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʥʦʨʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ. ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʫ 

ʨʦʟʨʦʙʣʝʥʥʽ ʤʦʜʝʣʽ ʢʦʤʙʽʥʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʪʝʣʝʤʝʪʨʠʯʥʠʭ ʧʦʪʦʢʽʚ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʣʷʪʠ 

ʘʥʦʤʘʣʴʥʽ ʧʦʜʽʾ ʙʝʟ ʧʦʪʨʝʙʠ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʥʘʚʯʘʥʥʽ ʥʘ ʧʦʚʥʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ ʘʪʘʢ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʦʙʨʦʙʢʠ ʪʝʣʝʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʚʽʜʦʤʠʭ ʘʪʘʢ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʧʦʚʝʜʽʥʢʦʚʦʾ ʘʥʘʣʽʪʠʢʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʧʝʨʝʜʙʘʯʝʥʦ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ: 

1. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʜʦ ʜʝʪʝʢʮʽʾ ʘʪʘʢ ʥʘ ʦʩʥʦʚʽ ʪʝʣʝʤʝʪʨʽʾ ʪʘ ʚʠʟʥʘʯʠʪʠ ʾʭʥʽ 

ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʚʠʷʚʣʝʥʥʷ ʟʘʛʨʦʟ çʥʫʣʴʦʚʦʛʦ ʜʥʷè. 

2. ʈʦʟʨʦʙʠʪʠ ʢʦʤʙʽʥʦʚʘʥʫ ʤʦʜʝʣʴ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʯʘʩʦʚʫ ʜʠʥʘʤʽʢʫ ʪʘ 

ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʧʦʪʦʢʘʤʠ ʜʘʥʠʭ. 

3. ʈʝʘʣʽʟʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʦʥʣʘʡʥ-ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟ ʤʝʭʘʥʽʟʤʦʤ ʩʘʤʦʥʘʚʯʘʥʥʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʥʦʨʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ. 

4. ʇʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʪʝʣʝʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ 

ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ. 

5. ʆʮʽʥʠʪʠ ʪʦʯʥʽʩʪʴ ʽ ʰʚʠʜʢʦʜʽʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʠʯʥʠʤʠ IDS-

ʨʽʰʝʥʥʷʤʠ. 

ʉʫʪʴ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʛʝʥʝʨʫʶʪʴ ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ ʪʝʣʝʤʝʪʨʠʯʥʠʭ 

ʜʘʥʠʭ ð ʣʦʛʽʚ, ʩʠʩʪʝʤʥʠʭ ʧʦʜʽʡ, ʤʝʨʝʞʝʚʠʭ ʤʝʪʨʠʢ ʽ ʞʫʨʥʘʣʽʚ ʜʦʩʪʫʧʫ. ʎʽ ʧʦʪʦʢʠ ʽʥʬʦʨʤʘʮʽʾ 

ʤʽʩʪʷʪʴ ʧʨʠʭʦʚʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʱʦ ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ ʧʽʜʛʦʪʦʚʢʫ ʘʙʦ ʧʦʯʘʪʦʢ ʢʽʙʝʨʘʪʘʢʠ. 

ʊʨʘʜʠʮʽʡʥʽ ʩʠʩʪʝʤʠ ʘʥʘʣʽʟʫ ʧʦʜʽʡ ʙʝʟʧʝʢʠ (SIEM) ʟʜʘʪʥʽ ʬʽʢʩʫʚʘʪʠ ʽʥʮʠʜʝʥʪʠ, ʦʜʥʘʢ ʥʝ 

ʟʘʚʞʜʠ ʚʠʷʚʣʷʶʪʴ ʥʦʚʽ ʘʙʦ ʩʢʣʘʜʥʽ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʽ ʟʘʛʨʦʟʠ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ 

ʢʦʥʪʝʢʩʪʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʥʘʣʽʟʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʢʦʤʙʽʥʦʚʘʥʦʾ 

ʦʙʨʦʙʢʠ ʪʝʣʝʤʝʪʨʽʾ, ʷʢʘ ʧʦʻʜʥʫʻ ʢʣʘʩʪʝʨʠʟʘʮʽʶ ʧʦʪʦʢʽʚ ʧʦʜʽʡ ʟ ʘʣʛʦʨʠʪʤʘʤʠ ʦʮʽʥʢʠ ʘʥʦʤʘʣʽʡ ʥʘ 

ʦʩʥʦʚʽ ʧʦʚʝʜʽʥʢʦʚʠʭ ʧʘʪʝʨʥʽʚ. 

ʄʦʜʝʣʴ ʨʦʟʛʣʷʜʘʻ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢ ʙʘʛʘʪʦʰʘʨʦʚʫ ʩʪʨʫʢʪʫʨʫ  

ὓ ἂὅȟὊȟὃȟὈἃ 
ʜʝ: C ð ʜʞʝʨʝʣʘ ʜʘʥʠʭ (ʩʝʥʩʦʨʠ, ʘʛʝʥʪʠ, ʤʝʨʝʞʝʚʽ ʧʨʠʩʪʨʦʾ); F ð ʬʫʥʢʮʽʾ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ 

(ʥʦʨʤʘʣʽʟʘʮʽʷ, ʘʛʨʝʛʘʮʽʷ, ʚʝʢʪʦʨʠʟʘʮʽʷ); A ð ʘʥʘʣʽʪʠʯʥʝ ʷʜʨʦ ʢʣʘʩʪʝʨʠʟʘʮʽʾ; D ð ʤʦʜʫʣʴ ʜʝʪʝʢʮʽʾ 

ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. 
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ɼʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʘʥʘʣʽʟʫ ʪʝʣʝʤʝʪʨʠʯʥʠʭ ʧʦʪʦʢʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʯʘʩʦʚʽ, ʩʪʨʫʢʪʫʨʥʽ ʪʘ ʚʘʛʦʚʽ ʘʩʧʝʢʪʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʎʽ 

ʧʘʨʘʤʝʪʨʠ ʜʦʟʚʦʣʷʶʪʴ ʦʧʠʩʘʪʠ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʟʘʙʝʟʧʝʯʠʪʠ 

ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʜʽʡ ʽ ʟʙʝʨʽʛʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʣʘʩʪʝʨʠʟʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ 

ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʢʣʶʯʦʚʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʪʝʣʝʤʝʪʨʽʾ. 

ʊʘʙʣʠʮʷ 1. 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʦʙʨʦʙʢʠ ʪʝʣʝʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ 

ʇʦʟʥʘʯʝʥʥʷ ʇʘʨʘʤʝʪʨ ʆʧʠʩ 
ʆʜʠʥʠʮʷ 

ʚʠʤʽʨʶʚʘʥʥʷ 

† 
ɯʥʪʝʨʚʘʣ ʥʘʜʭʦʜʞʝʥʥʷ 

ʪʝʣʝʤʝʪʨʽʾ 
ʉʝʨʝʜʥʽʡ ʯʘʩ ʤʽʞ ʧʦʜʽʷʤʠ ʤʩ 

Ὢ ʆʟʥʘʢʦʚʠʡ ʚʝʢʪʦʨ ʧʦʜʽʾ 
ʅʦʨʤʘʣʽʟʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ 

ʟʘʧʠʪʫ 
ʚʽʜʥ. ʦʜ. 

  ‏
ʇʦʨʦʛʦʚʝ ʚʽʜʭʠʣʝʥʥʷ 

ʢʣʘʩʪʝʨʘ 

ɺʠʟʥʘʯʘʻ ʧʦʷʚʫ ʧʦʪʝʥʮʽʡʥʦʾ 

ʘʥʦʤʘʣʽʾ 
% 

‌  
ʂʦʝʬʽʮʽʻʥʪ ʦʥʦʚʣʝʥʥʷ 

ʮʝʥʪʨʦʾʜʘ 

ɺʽʜʧʦʚʽʜʘʻ ʟʘ ʘʜʘʧʪʠʚʥʽʩʪʴ 

ʢʣʘʩʪʝʨʫ 
0ï1 

ɺʘʛʘ ʧʦʪʦʢʫ ‫ 
ɺʠʟʥʘʯʘʻ ʧʨʽʦʨʠʪʝʪ ʜʞʝʨʝʣʘ 

ʜʘʥʠʭ 
ʚʽʜʥ. ʦʜ. 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ, ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʦʭʦʧʣʶʶʪʴ ʷʢ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʽʥʪʝʨʚʘʣ 

ʥʘʜʭʦʜʞʝʥʥʷ ʜʘʥʠʭ †), ʪʘʢ ʽ ʩʪʨʫʢʪʫʨʥʽ ʧʦʢʘʟʥʠʢʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ (‏, Ŭ) ʪʘ ʢʦʥʪʝʢʩʪʥʽ ʧʨʽʦʨʠʪʝʪʠ 
ʜʞʝʨʝʣ (ɤ). ʊʘʢʝ ʧʦʻʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʤʽʞ ʰʚʠʜʢʦʜʽʻʶ, 

ʪʦʯʥʽʩʪʶ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʶ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ. ʆʪʨʠʤʘʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʜʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʘʥʘʣʽʪʠʯʥʦʤʫ ʤʦʜʫʣʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʤʝʪʨʠʢ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʦʥʦʚʣʝʥʥʷ ʮʝʥʪʨʦʾʜʽʚ ʢʣʘʩʪʝʨʽʚ ʫ 

ʧʨʦʮʝʩʽ ʦʥʣʘʡʥ-ʘʥʘʣʽʟʫ. 

ɼʣʷ ʜʠʥʘʤʽʯʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ K-Means ʟ ʢʦʚʟʥʠʤ 

ʚʽʢʥʦʤ, ʷʢʠʡ ʦʥʦʚʣʶʻ ʮʝʥʪʨʦʾʜʠ ʢʣʘʩʪʝʨʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʙʝʟ ʧʦʪʨʝʙʠ ʧʦʚʥʦʛʦ ʧʝʨʝʨʘʭʫʥʢʫ. 

ɼʦʜʘʪʢʦʚʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ DBSCAN-ʬʽʣʴʪʨʘʮʽʷ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʰʫʤʦʚʠʭ ʪʦʯʦʢ ʽ PCA-

ʟʥʠʞʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʦʟʥʘʢ, ʱʦ ʧʽʜʚʠʱʫʻ ʰʚʠʜʢʦʜʽʶ ʩʠʩʪʝʤʠ ʧʨʠ ʦʙʨʦʙʮʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ 

ʧʦʪʦʢʽʚ. 

ʅʘ ʘʥʘʣʽʪʠʯʥʦʤʫ ʨʽʚʥʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʦʮʽʥʢʘ ʘʥʦʤʘʣʴʥʦʩʪʽ 

ὃὪ
ᴁὪ ‘ᴁ

‏
ȟ 

ʜʝ ‘  ʽ ‏ ð ʩʪʘʪʠʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʘʢʪʠʚʥʦʛʦ ʢʣʘʩʪʝʨʘ. ʇʦʜʽʾ, ʜʣʷ ʷʢʠʭ ὃὪ  ʧʦʟʥʘʯʘʶʪʴʩʷ ,‏
ʷʢ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ ʡ ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʤʦʜʫʣʴ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʝʪʘʧʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ 

ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʢʽʚ ʪʝʣʝʤʝʪʨʽʾ. ʅʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʙʽʨ ʜʘʥʠʭ ʽʟ ʨʽʟʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ 

(ʩʠʩʪʝʤʥʽ ʣʦʛʠ, ʤʝʨʝʞʝʚʽ ʘʛʝʥʪʠ, ʤʦʜʫʣʽ SIEM). ɼʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ, ʱʦ ʚʢʣʶʯʘʻ 

ʬʽʣʴʪʨʘʮʽʶ, ʥʦʨʤʘʣʽʟʘʮʽʶ ʪʘ ʘʛʨʝʛʘʮʽʶ ʧʦʜʽʡ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʯʥʦ ʘʜʘʧʪʫʚʘʪʠ ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ ʜʦ ʥʦʚʠʭ ʜʘʥʠʭ, 

ʤʽʥʽʤʽʟʫʶʯʠ ʭʠʙʥʦʧʦʟʠʪʠʚʥʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʪʘ ʩʢʦʨʦʯʫʶʯʠ ʯʘʩ ʚʠʷʚʣʝʥʥʷ ʽʥʮʠʜʝʥʪʽʚ.  

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟʥʠʞʫʻ ʩʝʨʝʜʥʶ ʢʽʣʴʢʽʩʪʴ ʧʨʦʧʫʱʝʥʠʭ ʘʥʦʤʘʣʽʡ ʥʘ 23ï28% ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤʠ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 
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ʈʠʩʫʥʦʢ  1. ʋʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʪʝʣʝʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ 

 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʚʽʜʦʤʠʭ ʘʪʘʢ 

ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʣʝʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ. ʄʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʘʜʘʧʪʠʚʥʝ ʦʥʦʚʣʝʥʥʷ 

ʩʪʨʫʢʪʫʨ ʢʣʘʩʪʝʨʽʚ ʽ ʢʦʥʪʝʢʩʪʥʫ ʢʦʨʝʣʷʮʽʶ ʧʦʜʽʡ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʜʝʪʝʢʮʽʾ ʘʥʦʤʘʣʽʡ ʫ 

ʜʠʥʘʤʽʯʥʠʭ ʤʝʨʝʞʝʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʽʙʨʠʜʥʠʭ ʢʣʘʩʪʝʨʠʟʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʥʘʣʽʟʫ ʪʝʣʝʤʝʪʨʽʾ ʙʝʟ 

ʽʩʪʦʪʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʘ ʫ 

ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʪʠʧʫ SIEM/SOAR ʘʙʦ ʫ ʬʨʝʡʤʚʦʨʢʠ ʤʘʰʠʥʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʝʜʽʥʢʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ (User Behavior Analytics, UBA). 
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ʂʆʄʇôʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʆɺɽʈʍʆʅʔ ʃɯʂɺɯɼʋʉʋ ɯ ʉʆʃɯɼʋʉʋ ʅɸ 

ʇʈʀʂʃɸɼɯ ʉʀʉʊɽʄʀ Fe-Mn-Si-Ti  ʊɸ ɰɰ ʇɯɼʉʀʉʊɽʄ 

ʂʘʚʝʨʠʥʩʴʢʠʡ ɺ. ɺ., ʉʫʜʘʚʮʦʚʘ ɺ.ʉ. (insamhlaithe@gmail.com, sud.materials@ukr.net)
 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʅɸʅ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ) 

 

ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʧʦʚʝʨʭʦʥʴ ʣʽʢʚʽʜʫʩʫ ʽ ʩʦʣʽʜʫʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

PyCALPHAD. ʈʝʘʣʽʟʦʚʘʥʦ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʥʘ Python ʜʣʷ ʧʦʙʫʜʦʚʠ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʝʢʮʽʡ. ʆʪʨʠʤʘʥʦ 2D ʪʘ 3D ʧʦʚʝʨʭʥʽ ʜʣʷ ʧʦʪʨʽʡʥʠʭ ʧʽʜʩʠʩʪʝʤ FeïMnïSiïTi. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʧʦʚʝʜʽʥʢʠ ʤʘʪʝʨʽʘʣʽʚ ʽ ʣʽʛʘʪʫʨ ʧʨʠ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʮʴʦʤʫ, ʩʘʤʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʣʽʢʚʽʜʫʩʫ ʽ ʩʦʣʽʜʫʩʫ ʫ ʰʠʨʦʢʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʩʧʣʘʚʽʚ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʟʘʟʥʘʯʝʥʽʡ ʩʬʝʨʽ ʥʘ ʜʘʥʠʡ ʯʘʩ ʣʠʰʘʶʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʣʠʪʠʭ ʩʧʣʘʚʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʧʝʨʚʠʥʥʽ ʬʘʟʠ ʪʘ ʬʘʟʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʦʩʪʘʥʥʽʡ ʩʪʘʜʽʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʊʘʢʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʠʩʪʝʤʽ Fe-Mn-Si-Ti ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʯʘʩʪʢʦʚʫ ʧʨʦʝʢʮʽʶ ʧʦʚʝʨʭʥʽ 

ʣʽʢʚʽʜʫʩʫ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦ 30 ʘʪ.% Ti. ʊʝʨʤʦʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʚʯʝʥʥʷ ʬʘʟʦʚʠʭ ʜʽʘʛʨʘʤ [1, 2]. ʈʦʙʦʪʠ, ʧʨʠʩʚʷʯʝʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽʡ 

ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ Fe-Mn-Ti, ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ CALPHAD ʤʝʪʦʜʫ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʬʘʟʦʚʠʭ ʜʽʘʛʨʘʤ [3]. ʋ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʘʟ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʙʘʯʘʪʠ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤ ʧʨʠ ʟʤʽʥʽ ʩʢʣʘʜʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʎʝʡ ʧʽʜʭʽʜ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʩʠʩʪʝʤʠ Ti-Cr-Mn. 

ʇʨʦʪʝ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʟʥʘʯʥʫ ʧʨʠʢʣʘʜʥʫ ʚʘʞʣʠʚʽʩʪʴ, ʧʦʚʝʨʭʥʽ ʣʽʢʚʽʜʫʩʘ ʽ ʩʦʣʽʜʫʩʘ ʯʝʪʚʝʨʥʦʾ 

ʩʠʩʪʝʤʠ Fe-Mn-Si-Ti ʜʦʩʣʽʜʞʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ, ʪʘʢʦʞ ʥʝ ʧʦʚʥʽʩʪʶ ʜʦʩʪʫʧʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʚʽʜʧʦʚʽʜʥʽ ʜʘʥʽ ʜʣʷ ʜʝʷʢʠʭ ʾʾ ʧʦʪʨʽʡʥʠʭ ʧʽʜʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ Ti-Mn-Si, Fe-Mn-Ti ʪʘ Fe-Mn-Si (ʜʣʷ 

ʧʦʪʨʽʡʥʠʭ ʩʢʣʘʜʽʚ ʙʘʛʘʪʠʭ Si ʪʘ Mn). ʈʦʟʨʘʭʫʥʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʫ ʥʘʷʚʥʽʡ ʨʦʙʦʪʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʪʝʤʧʝʨʘʪʫʨ ʣʽʢʚʽʜʫʩʘ ʽ ʩʦʣʽʜʫʩʘ ʜʣʷ ʦʢʨʝʤʠʭ ʩʢʣʘʜʽʚ ʯʝʪʚʝʨʥʦʾ ʩʠʩʪʝʤʠ 

Fe-Mn-Si-Ti ʚʟʜʦʚʞ ʚʩʴʦʛʦ ʽʥʪʝʨʚʘʣʫ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʘ ʪʘʢʦʞ ʧʦʙʫʜʦʚʠ ʧʨʦʝʢʮʽʡ ʧʦʚʝʨʭʦʥʴ 

ʣʽʢʚʽʜʫʩʘ ʽ ʩʦʣʽʜʫʩʘ ʜʣʷ ʯʦʪʠʨʴʦʭ ʧʦʪʨʽʡʥʠʭ ʾʾ ʧʽʜʩʠʩʪʝʤ: Fe-Mn-Si, Ti-Mn-Si, Ti-Fe-Mn ʪʘ Ti-Fe-Si. 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʣʽʢʚʽʜʫʩʫ ʽ ʩʦʣʽʜʫʩʫ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ) ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʽ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʤʦʚʽ Python, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʥʪʩʪʫʤʝʥʪʽʚ ʙʽʙʣʽʦʪʝʢʠ 

PyCALPHAD [3] ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʙʘʟʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʜʘʥʠʭ. ɿʘʛʘʣʴʥʘ ʧʦʙʫʜʦʚʘ ʧʨʦʛʨʘʤʥʦʾ 

ʩʠʩʪʝʤʠ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1 (ʘ) ʫ ʚʠʛʣʷʜʽ C4 ʜʽʘʛʨʘʤʠ. ʈʦʙʦʪʘ ʘʣʛʦʨʠʪʤʫ ʦʙʯʠʩʣʝʥʥʷ 

ʩʭʝʤʘʪʠʯʥʦ ʩʧʨʦʱʝʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1 (ʙ) ʫ ʚʠʛʣʷʜʽ UML ʜʽʘʛʨʘʤʠ. 

ʇʦʯʘʪʢʦʚʦʶ ʪʦʯʢʦʶ ʦʙʯʠʩʣʝʥʴ ʻ 100 % ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʜʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʚ ʜʘʥʦʤʫ ʨʘʟʽ ʻ ʚʽʜʦʤʦʶ ʜʦʚʽʜʥʠʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ, ʱʦ ʩʪʚʦʨʶʻ ʝʬʝʢʪʠʚʥʝ 

ʧʝʨʰʝ ʥʘʙʣʠʞʝʥʥʷ. ɼʘʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʪʝʨʘʮʽʷ ʩʢʣʘʜʫ ʟʘ ʦʜʥʠʤ ʽʟ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʧʨʠ 

ʬʽʢʩʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʫ; ʢʽʣʴʢʽʩʪʴ ʪʨʝʪʴʦʛʦ (ʪʘ ʽʥʰʠʭ, ʟʘ ʥʘʷʚʥʦʩʪʽ) 

ʢʦʤʧʦʥʝʥʪʽʚ ʦʙʯʠʩʣʶʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ, ʱʦ ʩʫʤʘ ʫʩʽʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ 

ʦʜʠʥʠʮʽ. ɼʣʷ ʧʝʨʰʦʛʦ ʥʘʙʣʠʞʝʥʥʷ, ʷʢʠʤ ʩʪʘʻ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʟʘʜʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, 

CALPHAD ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʦʚʘʞʥʠʡ ʬʘʟʦʚʠʡ ʩʢʣʘʜ. 

ʗʢʱʦ ʚʠʟʥʘʯʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʦʢʘʟʫʻ ʧʨʠʩʫʪʥʽʩʪʴ ʪʽʣʴʢʠ ʨʽʜʢʦʾ ʬʘʟʠ (ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʟʥʘʭʦʜʞʝʥʥʶ ʚʠʱʝ ʷʢ ʣʽʢʚʽʜʫʩʫ, ʪʘʢ ʽ ʩʦʣʽʜʫʩʫ), ʩʪʘʨʪʫʻ ʽʪʝʨʘʮʽʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʫ ʥʘʧʨʷʤʢʫ 

ʟʥʠʞʝʥʥʷ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤ ʧʝʨʝʨʘʭʫʥʢʦʤ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʦʟʨʘʭʫʥʢʦʚʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʠʥʷʻʪʴʩʷ ʥʠʞʯʝ ʚʠʟʥʘʯʫʚʘʥʦʾ ʭʘʨʘʢʪʝʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʣʽʢʚʽʜʫʩ, ʘʙʦ ʩʦʣʽʜʫʩ), 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʪʝʨʘʮʽʷ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ʋʤʦʚʦʶ ʟʘʚʝʨʰʝʥʥʷ ʽʪʝʨʘʮʽʾ ʻ ʘʙʦ ʧʨʠʩʫʪʥʽʩʪʴ 

ʪʚʝʨʜʦʾ ʬʘʟʠ (ʷʢʱʦ ʚʽʜʰʫʢʫʻʪʴʩʷ ʣʽʢʚʽʜʫʩ) ʘʙʦ ʟʥʠʢʥʝʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ (ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʩʦʣʽʜʫʩʘ). 

ʊʘʢ ʦʪʨʠʤʫʻʪʴʩʷ ʽʥʪʝʨʚʘʣ, ʫ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʭʘʨʘʢʪʝʨʥʘ ʮʽʣʴʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʟʥʘʡʜʝʥʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʠʭʦʪʦʤʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ. 

ɼʣʷ ʧʝʨʰʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʩʢʣʘʜʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʝʢʩʪʨʘʧʦʣʷʮʽʷ ʟʘ 

ʷʢ ʤʽʥʽʤʫʤ ʜʚʦʤ ʧʦʧʝʨʝʜʥʽʤʠ ʪʦʯʢʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ çʚʘʞʢʠʭè 

ʦʙʯʠʩʣʝʥʴ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ. ʌʘʢʪʠʯʥʦ, ʘʥʘʣʽʟ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ ʧʦʚʝʨʭʥʽ ʣʽʢʚʽʜʫʩʫ ʘʙʦ ʩʦʣʽʜʫʩʫ ʽ 
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ʣʠʰʝ ʚʠʢʦʥʫʻ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʦʙʯʠʩʣʝʥʴ ʣʠʰʝ ʫʪʦʯʥʝʥʥʷ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ 

ʟ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʚ ʥʝʚʝʣʠʢʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ʇʨʠ ʽʪʝʨʘʮʽʾ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʨʝʪʴʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʟʘʜʘʥʠʡ 

ʢʨʦʢ ʽ ʬʽʢʩʫʻʪʴʩʷ. ʇʦʪʽʤ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʝʨʰʠʭ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɻʨʘʥʠʯʥʽ 

ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʤʦʚʦʶ, ʱʦ ʩʫʤʘ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʨʽʚʥʶʻ 100 %. ʈʦʟʨʘʭʦʚʘʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʢʚʽʜʫʩʫ ʽ ʩʦʣʽʜʫʩʘ ʧʨʦʪʦʢʦʣʶʶʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʧʦʙʫʜʦʚʠ ʧʦʚʝʨʭʦʥʴ 

ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ. 

 

 

 
ʘ) ʙ) 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ: 

ʘ) C4 ʜʽʘʛʨʘʤʘ ʩʪʨʫʢʪʫʨʠ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ 

ʙ) UML-ʜʽʘʛʨʘʤʘ ʜʽʡ, ʱʦ ʦʧʠʩʫʻ ʟʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ 

 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ ʩʝʨʽʘʣʽʟʦʚʘʥʠʭ ʜʘʥʠʭ, ʨʝʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʦʚʝʨʭʦʥʴ ʣʽʢʚʽʜʫʩʫ ʘʙʦ ʩʦʣʽʜʫʩʫ ʷʢ ʧʨʦʝʢʮʽʡ ʥʘ ʪʨʠʢʫʪʥʠʢ ɻʽʙʙʩʘ, ʘʙʦ ʫ ʚʠʛʣʷʜʽ 3D 

ʟʦʙʨʘʞʝʥʥʷ ʽʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʘʢʝʪʫ Matplotlib. ɼʣʷ ʙʽʣʴʰ ʥʘʦʯʥʦʛʦ ʽ ʟʨʦʟʫʤʽʣʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʘʣʽʟʦʚʘʥʦ ʜʦʜʘʪʢʦʚʝ ʩʪʚʦʨʝʥʥʷ ʘʥʽʤʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʡʜʝʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʫ ʬʦʨʤʘʪʽ GIF. 

ʅʘ ʈʠʩʫʥʢʫ 2 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʚʽʟʫʘʣʴʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʜʣʷ 

ʚʘʞʣʠʚʦʾ ʚ ʦʙʣʘʩʪʽ ʤʝʪʘʣʫʨʛʽʾ ʽ ʣʠʚʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʩʪʝʤʠ FeïMnïSi: ʢʘʨʪʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʣʽʢʚʽʜʫʩʫ (ʘ) ʪʘ ʩʦʣʽʜʫʩʫ (ʙ) ʽ ʾʭ ʘʢʩʦʥʦʤʝʪʨʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ (ʚ) ʽ (ʛ). 
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                                    ʘ)                                                                            ʙ) 

            
                                    ʚ)                                                                            ʛ) 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʢʣʘʜ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʜʣʷ Fe-Mn-Si: ʘ) ʧʨʦʝʢʮʽʷ 

ʣʽʢʚʽʜʫʩʫ ʥʘ ʪʨʠʢʫʪʥʠʢ ɻʽʙʙʩʘ; ʙ) ʧʨʦʝʢʮʽʷ ʩʦʣʽʜʫʩʫ ʥʘ ʪʨʠʢʫʪʥʠʢ ɻʽʙʙʩʘ; ʚ) ʘʢʩʦʥʦʤʝʪʨʠʯʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʣʽʢʚʽʜʫʩʫ; ʚ) ʘʢʩʦʥʦʤʝʪʨʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʩʦʣʽʜʫʩʫ. 

 

ʈʝʟʫʣʴʪʘʪʠ, ʥʘʚʝʜʝʥʽ ʷʢ ʧʨʠʢʣʘʜ, ʷʩʥʦ ʚʢʘʟʫʶʪʴʩʷ ʪʘʢʦʞ ʥʘ ʧʦʣʦʞʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʬʘʟ 

(ʩʧʦʣʫʢ), ʝʚʪʝʢʪʠʢ, ʫ ʬʦʨʤʽ ʾʭ ʭʘʨʘʢʪʝʨʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʠʛʣʷʜ ʧʦʚʝʨʭʦʥʴ ʣʽʢʚʽʜʫʩʫ ʽ ʩʦʣʽʜʫʩʫ. ʂʨʽʤ 

ʪʦʛʦ, ʘʥʘʣʽʟ ʥʘʙʦʨʫ ʨʦʟʨʘʭʦʚʘʥʠʭ ʧʝʨʝʨʽʟʽʚ ʬʘʟʦʚʦʾ ʜʽʘʛʨʘʤʠ ʜʦʟʚʦʣʠʚ ʧʨʠʧʫʩʪʠʪʠ ʥʘʷʚʥʽʩʪʴ 

ʦʙʣʘʩʪʽ ʥʝʟʤʽʰʫʚʘʥʦʩʪʽ ʫ ʜʽʣʷʥʢʘʭ ʧʦʪʨʽʡʥʠʭ ʩʢʣʘʜʽʚ ʽʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʢʨʝʤʥʽʶ [3]. ʉʣʽʜ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʮʝ ʻ ʣʠʰʝ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʦʟʨʘʭʫʥʢʘʭ ʽ ʧʦʪʨʝʙʫʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ, ʪʦʤʫ ʟʘʟʥʘʯʝʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʣʠʰʝ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ 

çʘʨʪʝʬʘʢʪʦʤè. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ WOLFRAMALPHA ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʇʆʐʋʂʋ ɽʂʉʊʈɽʄʋʄɯɺ 

ʋ ɿɸɼɸʏɸʍ ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ 

ʂʘʨʥʘʰʝʥʢʦ ɸ.ʉ., ʌʨʘʥʯʫʢ ʅ.ʇ.  
(artem.karnash@gmail.com, n.p.franchuk@udu.edu.ua) 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʄʠʭʘʡʣʘ ɼʨʘʛʦʤʘʥʦʚʘ (ʋʢʨʘʾʥʘ) 

 

ʋ ʪʝʟʘʭ ʨʦʟʛʣʷʥʫʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ WolframAlpha ʷʢ ʝʬʝʢʪʠʚʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʥʘʭʦʜʞʝʥʥʷ ʝʢʩʪʨʝʤʫʤʽʚ ʬʫʥʢʮʽʡ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʝʨʝʚʘʛʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʾʾ ʟʜʘʪʥʽʩʪʴ ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʟʘʧʠʪʠ ʧʨʠʨʦʜʥʦʶ ʤʦʚʦʶ ʪʘ 

ʚʠʢʦʥʫʚʘʪʠ ʩʢʣʘʜʥʽ ʦʙʯʠʩʣʝʥʥʷ. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʣʘʩʠʯʥʦʾ ʟʘʜʘʯʽ ʟ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʪʽʣʘ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʧʨʦʮʝʩ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʪʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʽʥʪʝʛʨʘʮʽʷ WolframAlpha ʚ 

ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʧʨʦʮʝʩ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ, ʟʤʝʥʰʫʻ ʯʘʩ ʥʘ 

ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʤʽʥʽʤʽʟʫʻ ʨʠʟʠʢ ʘʥʘʣʽʪʠʯʥʠʭ ʧʦʤʠʣʦʢ. 

 

ɺʩʪʫʧ. ʇʦʰʫʢ ʝʢʩʪʨʝʤʫʤʽʚ ʬʫʥʢʮʽʡ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʱʦ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʙʘʛʘʪʴʦʭ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ. ʊʨʘʜʠʮʽʡʥʽ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ (ʥʘʧʨʠʢʣʘʜ, 

ʤʝʪʦʜ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ, ʤʝʪʦʜ ʃʘʛʨʘʥʞʘ, ʤʝʪʦʜ ʚʠʱʠʭ ʧʦʭʽʜʥʠʭ, ʘʥʘʣʽʟ ʟʥʘʢʫ ʧʦʭʽʜʥʦʾ) 

ʚʠʤʘʛʘʶʪʴ ʛʣʠʙʦʢʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ ʪʘ ʻ ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʠʤʠ. ɺʠʢʦʥʘʥʥʷ ʩʢʣʘʜʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ, ʟʥʘʭʦʜʞʝʥʥʷ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʚʨʫʯʥʫ ʧʦʚôʷʟʘʥʝ ʟ 

ʚʠʩʦʢʠʤ ʨʠʟʠʢʦʤ ʤʝʭʘʥʽʯʥʠʭ ʧʦʤʠʣʦʢ [1]. ʎʝ ʩʪʚʦʨʶʻ ʧʦʪʨʝʙʫ ʚ ʽʥʩʪʨʫʤʝʥʪʘʭ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʮʝʡ ʧʨʦʮʝʩ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʈʦʟʚôʷʟʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ 

ʥʝʨʦʟʨʠʚʥʦ ʧʦʚôʷʟʘʥʝ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʘʣʛʝʙʨʠ (ʉʂɸ). ʊʘʢʽ ʟʘʩʦʙʠ, ʷʢ: 

Maple, Mathematica ʪʘ Maxima ʻ ʚʠʟʥʘʥʠʤʠ ʣʽʜʝʨʘʤʠ ʫ ʮʽʡ ʩʬʝʨʽ, ʧʨʦʧʦʥʫʶʯʠ ʛʣʠʙʦʢʠʡ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʩʠʤʚʦʣʴʥʠʭ ʽ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʆʜʥʘʢ ʾʭ ʧʦʪʫʞʥʽʩʪʴ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʟ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʧʘʥʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʦ ʤʦʞʝ ʩʪʘʪʠ ʩʫʪʪʻʚʠʤ ʙʘʨôʻʨʦʤ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʯʠʷ ʦʩʥʦʚʥʘ ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʥʝ ʥʘʣʝʞʠʪʴ ʜʦ IT. ʅʘ ʮʴʦʤʫ ʪʣʽ ʦʢʨʝʤʝ ʤʽʩʮʝ ʧʦʩʽʜʘʻ 

ʭʤʘʨʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ WolframAlpha [3], ʘʨʭʽʪʝʢʪʫʨʘ ʷʢʦʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʧʨʘʮʶʚʘʥʥʽ 

ʟʘʧʠʪʽʚ ʧʨʠʨʦʜʥʦʶ ʤʦʚʦʶ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʶʻ ʧʘʨʘʜʠʛʤʫ ʚʟʘʻʤʦʟʚôʷʟʢʫ: ʟʘʤʽʩʪʴ 

ʥʘʧʠʩʘʥʥʷ ʢʦʜʫ, ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʬʦʨʤʫʣʶʚʘʪʠ ʟʘʚʜʘʥʥʷ ʫ ʟʚʠʯʘʡʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʬʦʨʤʽ. ʎʷ 

ʜʦʩʪʫʧʥʽʩʪʴ, ʷʢ ʟʘʟʥʘʯʘʻʪʴʩʷ ʫ ʧʨʘʮʽ [2], ʨʦʙʠʪʴ ʧʣʘʪʬʦʨʤʫ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʦʶ ʥʝ ʣʠʰʝ ʜʣʷ 

ʧʨʦʬʝʩʽʡʥʠʭ ʥʘʫʢʦʚʮʽʚ, ʘʣʝ ʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ. 

ʄʝʪʦʶ ʥʘʧʠʩʘʥʥʷ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʠʪʠ ʪʘ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʢʣʘʜʽ 

ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ WolframAlpha ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʽʚ, ʘ ʪʘʢʦʞ 

ʧʦʨʽʚʥʷʪʠ ʮʝʡ ʧʽʜʭʽʜ ʽʟ ʢʣʘʩʠʯʥʠʤ ʘʥʘʣʽʪʠʯʥʠʤ ʨʦʟʚôʷʟʫʚʘʥʥʷʤ. 

ʇʦʜʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺ ʦʩʥʦʚʽ ʨʦʙʦʪʠ WolframAlpha ʣʝʞʠʪʴ ʧʨʠʥʮʠʧʦʚʦ ʽʥʰʠʡ 

ʧʽʜʭʽʜ, ʥʽʞ ʪʦʡ, ʱʦ ʻ ʚ ʢʣʘʩʠʯʥʠʭ ʉʂɸ. ɿʘʩʽʙ ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʟʥʘʥʴ, ʱʦ 

ʟʚʽʣʴʥʷʻ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘʧʠʩʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʪʘ ʚʠʚʯʝʥʥʷ ʩʢʣʘʜʥʦʛʦ 

ʩʠʥʪʘʢʩʠʩʫ. ɿʘʤʽʩʪʴ ʮʴʦʛʦ, ʯʝʨʝʟ ʟʘʧʠʪʠ ʧʨʠʨʦʜʥʦʶ ʤʦʚʦʶ, ʤʦʞʥʘ ʬʦʨʤʫʣʶʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ 

ʧʨʦʙʣʝʤʫ ʚ ʾʾ ʟʚʠʯʥʽʡ, ʤʘʡʞʝ çʩʣʦʚʝʩʥʽʡ ʬʦʨʤʽè. ʎʝ ʜʘʻ ʟʤʦʛʫ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʧʦʚʥʽʩʪʶ 

ʩʢʦʥʮʝʥʪʨʫʚʘʪʠʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʩʫʪʽ ʟʘʜʘʯʽ, ʘ ʥʝ ʥʘ ʪʝʭʥʽʯʥʠʭ ʘʩʧʝʢʪʘʭ ʾʾ ʨʝʘʣʽʟʘʮʽʾ. ʂʣʶʯʦʚʦʶ 

ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʧʝʨʝʚʘʛʦʶ ʩʠʩʪʝʤʠ ʻ ʾʾ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʠʤʚʦʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʦʧʝʨʫʶʪʴ ʥʘʙʣʠʞʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʩʠʤʚʦʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʟʥʘʭʦʜʠʪʠ ʪʦʯʥʽ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ. ʋ ʢʦʥʪʝʢʩʪʽ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʽʚ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ WolframAlpha ʤʦʞʥʘ ʥʝ ʧʨʦʩʪʦ ʟʥʘʭʦʜʠʪʠ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ, ʘ ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʚʝʩʴ ʣʘʥʮʶʞʦʢ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ: ʘʥʘʣʽʪʠʯʥʝ ʟʥʘʭʦʜʞʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ 

ʯʝʨʝʟ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʬʫʥʢʮʽʾ ʪʘ ʧʝʨʝʚʽʨʢʫ ʫʤʦʚ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ 

ʝʢʩʪʨʝʤʫʤʫ. ʎʝ ʛʘʨʘʥʪʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ ʪʘ ʚʠʢʣʶʯʘʻ ʧʦʤʠʣʢʠ ʦʢʨʫʛʣʝʥʥʷ, 

ʚʣʘʩʪʠʚʽ ʯʠʩʝʣʴʥʠʤ ʘʣʛʦʨʠʪʤʘʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʘʢʪʠʯʥʫ ʟʘʜʘʯʫ. ɼʦʩʣʽʜʠʪʠ ʬʫʥʢʮʽʶ Ὢὼȟώ ςὼ σώ τὼώ ςὼ ώ ʥʘ 
ʛʣʦʙʘʣʴʥʽ ʝʢʩʪʨʝʤʫʤʠ ʚ ʦʙʣʘʩʪʽ Ὀ, ʟʘʜʘʥʽʡ ʥʝʨʽʚʥʽʩʪʶ ὼ ώ ρȢ 

ʊʨʘʜʠʮʽʡʥʝ ʘʥʘʣʽʪʠʯʥʝ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʚʠʢʦʥʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʭʦʜʞʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ ʚʩʝʨʝʜʠʥʽ ʦʙʣʘʩʪʽ, ʜʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʾ ʥʘ ʤʝʞʽ (ʯʘʩʪʦ 
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ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ) ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ. ʎʝʡ 

ʙʘʛʘʪʦʝʪʘʧʥʠʡ ʧʨʦʮʝʩ ʻ ʛʨʦʤʽʟʜʢʠʤ ʽ ʥʝʩʝ ʚ ʩʦʙʽ ʨʠʟʠʢ ʧʦʤʠʣʦʢ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ. ʅʘ ʧʨʦʪʠʚʘʛʫ 

ʮʴʦʤʫ ʚ WolframAlpha ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʚʩʶ ʟʘʜʘʯʫ ʮʽʣʢʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʾʾ ʧʦʯʘʪʢʦʚʽʡ 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ. ɿʘʤʽʩʪʴ ʨʦʟʙʠʪʪʷ ʥʘ ʦʢʨʝʤʽ ʢʨʦʢʠ, ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʻʜʠʥʦʛʦ ʟʘʧʠʪʫ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ ʬʫʥʢʮʽʾ Ὢὼȟώ ʥʘ 

ʟʘʤʢʥʝʥʦʤʫ ʢʨʫʟʽ D ʜʦʩʪʘʪʥʴʦ ʚʚʝʩʪʠ ʢʦʤʘʥʜʫ, ʱʦ ʧʦʚʥʽʩʪʶ ʦʧʠʩʫʻ ʟʘʜʘʯʫ (ʨʠʩ. 1): 

extrema of 2x^2 + 3y^2 - 4xy + 2x - y on x^2 + y^2 <= 1. 

 

 

ʈʠʩ. 1 -  ʈʝʟʫʣʴʪʘʪ ʧʦʰʫʢʫ ʛʣʦʙʘʣʴʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʻʜʠʥʦʛʦ ʟʘʧʠʪʫ 

 

ʋ ʩʠʩʪʝʤʽ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʚʥʠʡ ʘʥʘʣʽʟ, ʚʢʣʶʯʘʶʯʠ ʧʝʨʝʚʽʨʢʫ ʚʥʫʪʨʽʰʥʽʭ ʪʦʯʦʢ 

ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʝʞʽ, ʽ ʚʠʚʦʜʠʪʴʩʷ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ: ʛʣʦʙʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤ (Global 

maximum): å 6.62555 ʚ ʪʦʯʮʽ (x,y) å (0.68644, -0.727187). ɻʣʦʙʘʣʴʥʠʡ ʤʽʥʽʤʫʤ (Global 

minimum): å -0.743643 ʚ ʪʦʯʮʽ (x,y) å (-0.903725, -0.428114). 

ʅʝʚʽʜʜʽʣʴʥʦʶ ʯʘʩʪʠʥʦʶ ʚʽʜʧʦʚʽʜʽ ʻ ʛʨʘʬʽʯʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ. ʇʦʙʫʜʦʚʘ ʛʨʘʬʽʢʽʚ ʬʫʥʢʮʽʾ ʻ ʥʝ 

ʧʨʦʩʪʦ ʽʣʶʩʪʨʘʮʽʻʶ, ʘ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʽʟʫ. ɿʘʚʜʷʢʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʦʞʥʘ ʤʠʪʪʻʚʦ 

ʧʦʙʘʯʠʪʠ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʽʥʢʠ ʬʫʥʢʮʽʾ, ʧʝʨʝʚʽʨʠʪʠ ʘʥʘʣʽʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʽʜʨʽʟʥʠʪʠ ʣʦʢʘʣʴʥʽ ʡ 

ʛʣʦʙʘʣʴʥʽ ʝʢʩʪʨʝʤʫʤʠ. ʎʝ ʥʝ ʧʨʦʩʪʦ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʦʙʯʠʩʣʝʥʴ, ʘ ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʨʦʟʫʤʽʥʥʷ, 

ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʯʠʩʣʦʚʠʡ ʨʝʟʫʣʴʪʘʪ ʥʘ ʮʽʣʽʩʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʟʚʽʪ (ʨʠʩ. 2). 

ʇʽʜʧʠʩʘʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʧʦʣʝʛʰʫʶʪʴ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʦʪʨʠʤʘʥʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʂʨʽʤ ʪʦʛʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʟʦʙʨʘʞʝʥʴ. ɺ ʦʩʚʽʪʥʴʦʤʫ 

ʢʦʥʪʝʢʩʪʽ ʚʽʟʫʘʣʽʟʘʮʽʷ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʽʥʪʫʾʮʽʾ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʱʦʜʦ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʝʢʩʪʨʝʤʫʤʽʚ ʪʘ ʩʪʠʤʫʣʶʻ ʤʦʜʝʣʶʚʘʥʥʷ ʚʣʘʩʥʠʭ ʚʘʨʽʘʥʪʽʚ ʟʘʜʘʯʽ (ʟʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʽʚ, 

ʟʤʽʥʘ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʱʦ). ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʚʽʟʫʘʣʽʟʘʮʽʡ ʤʦʞʥʘ: ʫʥʘʦʯʥʠʪʠ ʪʦʧʦʣʦʛʽʶ 

ʬʫʥʢʮʽʾ (ʚʠʩʦʪʠ, ʟʘʧʘʜʠʥʠ ʪʘ ʛʨʝʙʝʥʽ), ʱʦ ʧʦʣʝʛʰʫʻ ʚʠʷʚʣʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʽ ʛʣʦʙʘʣʴʥʠʭ 

ʝʢʩʪʨʝʤʫʤʽʚ; ʧʝʨʝʚʽʨʠʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʥʘʡʜʝʥʠʭ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ ʚʽʜʥʦʩʥʦ ʦʙʣʘʩʪʽ D; ʚʽʟʫʘʣʴʥʦ 

ʩʧʽʚʩʪʘʚʠʪʠ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʚ ʢʨʠʪʠʯʥʠʭ ʪʦʯʢʘʭ ʽʟ ʟʥʘʯʝʥʥʷʤʠ ʥʘ ʤʝʞʽ ï ʮʝ ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ, 
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ʥʽʞ ʨʫʯʥʝ ʧʦʝʪʘʧʥʝ ʧʦʨʽʚʥʷʥʥʷ; ʚʠʷʚʠʪʠ ʦʩʦʙʣʠʚʽ ʚʠʧʘʜʢʠ (ʥʘʧʨʠʢʣʘʜ, ʤʘʡʞʝ ʧʣʦʩʢʽ ʜʽʣʷʥʢʠ ʘʙʦ 

ʚʫʟʴʢʽ ʞʦʣʦʙʠ), ʜʝ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʜʘʚʘʪʠ ʥʝʪʦʯʥʦʩʪʽ. 

 

 

 

ʈʠʩ.2  - . ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʦʚʝʨʭʥʽ ʬʫʥʢʮʽʾ ØȟÙ ςØ σÙ τØÙςØ Ù 

 

ɺʠʩʥʦʚʢʠ. ɯʥʪʝʛʨʘʮʽʷ ʩʠʤʚʦʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʛʨʘʬʽʯʥʦʶ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ 

ʜʦʚʽʨʫ ʜʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: ʚʽʟʫʘʣʴʥʽ ʧʝʨʝʚʽʨʢʠ (ʪʨʠʚʠʤʽʨʥʽ ʧʦʚʝʨʭʥʽ, ʽʟʦʣʽʥʽʾ, ʛʨʘʬʽʢʠ ʥʘ 

ʤʝʞʽ ʦʙʣʘʩʪʽ) ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʤʠʪʪʻʚʦ ʚʠʷʚʠʪʠ ʘʥʦʤʘʣʽʾ ʘʙʦ ʧʽʜʪʚʝʨʜʠʪʠ ʭʘʨʘʢʪʝʨ ʝʢʩʪʨʝʤʫʤʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʛʨʘʮʽʷ ʮʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʫ ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʪʘ ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩʠ ʜʦʟʚʦʣʷʻ 

ʟʤʽʩʪʠʪʠ ʘʢʮʝʥʪ ʟ ʨʫʪʠʥʥʠʭ ʦʙʯʠʩʣʝʥʴ ʥʘ ʢʣʶʯʦʚʽ ʝʪʘʧʠ ʨʦʙʦʪʠ: ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ 

ʧʨʦʙʣʝʤʠ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʘʶʪʴ ʥʘ 

ʤʝʪʽ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʝʤʠ çʧʦʰʫʢ ʝʢʩʪʨʝʤʫʤʽʚè ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʝʨʚʽʩʽʚ, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʫ ʚʧʨʘʚʠ ʪʘ ʣʘʙʦʨʘʪʦʨʥʽ ʨʦʙʦʪʠ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ 

ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ. 
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ʂʆʄʇôʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ʉʀʉʊɽʄʅʀʁ ɸʅɸʃɯɿ ɹɸɻɸʊʆʈɯɺʅɽɺʀʍ 

ʇʈʆʎɽʉɯɺ ʋʇʈɸɺʃɯʅʅʗ 

ʂʦʚʘʣʝʥʢʦ ʂ. ɸ., ɻʣʘʜʯʝʥʢʦ ʆ. ɺ. 

 ( karinakovalenko2711@gmail.com, gov_2016-2017ns@ukr.net)  

ɼʝʨʞʘʚʥʠʡ ʧʦʜʘʪʢʦʚʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ) 

 

ʋ ʪʝʟʘʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʥʷʪʪʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭʥʷ ʨʦʣʴ ʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ. ʆʧʠʩʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʩʪʨʫʢʪʫʨʘ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ 

ʽʻʨʘʨʭʽʯʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʤʝʪʦʜʠ ʾʭ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ. 

 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ð ʮʝ ʩʧʦʩʽʙ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʘ ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ ʘʙʦ ʧʨʦʮʝʩʽʚ ʟ ʤʝʪʦʶ ʾʭ ʘʥʘʣʽʟʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ʎʝʡ ʤʝʪʦʜ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʥʘʫʮʽ, ʪʝʭʥʽʮʽ, ʤʝʜʠʮʠʥʽ, ʝʢʦʥʦʤʽʮʽ ʪʘ ʽʥʰʠʭ 

ʩʬʝʨʘʭ, ʘʜʞʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʣʴʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ [1]. 

ʆʩʥʦʚʥʽ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʦʥʷʪʪʷ ʦʭʦʧʣʶʶʪʴ ʢʣʶʯʦʚʽ ʝʣʝʤʝʥʪʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʄʦʜʝʣʴ ð ʮʝ ʩʧʨʦʱʝʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʦʙôʻʢʪʘ, ʩʠʩʪʝʤʠ ʯʠ ʧʨʦʮʝʩʫ, ʱʦ ʧʝʨʝʜʘʻ 

ʾʭʥʽ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [1]. 

ɺʘʞʣʠʚʠʤ ʻ ʧʦʥʷʪʪʷ ʩʠʤʫʣʷʮʽʾ. ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʧôʶʪʝʨʥʘ 

ʧʨʦʛʨʘʤʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʽʨʪʫʘʣʴʥʦ ʚʽʜʪʚʦʨʠʪʠ ʦʙôʻʢʪ ʘʙʦ ʩʠʩʪʝʤʫ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʦʞʥʘ 

ʜʦʩʣʽʜʞʫʚʘʪʠ, ʘʥʘʣʽʟʫʚʘʪʠ ʡ ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʫ ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ. ɺʦʥʦ 

ʜʦʧʦʤʘʛʘʻ ʚʠʚʯʘʪʠ ʧʦʚʝʜʽʥʢʫ ʦʙôʻʢʪʽʚ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ, ʟʜʽʡʩʥʶʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʅʘʧʨʠʢʣʘʜ, ʫʯʝʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʦʜʝʣʽ ʢʣʽʪʠʥ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʘ ʽʥʞʝʥʝʨʠ ð ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʻʢʪʽʚ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʄʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ 

ʤʘʡʙʫʪʥʽʭ ʧʦʜʽʡ ʘʙʦ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʦʢʨʝʤʘ, ʤʝʪʝʦʨʦʣʦʛʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʦʛʦʜʥʽ ʤʦʜʝʣʽ ʜʣʷ 

ʩʢʣʘʜʘʥʥʷ ʧʨʦʛʥʦʟʽʚ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʫ ʙʽʟʥʝʩʽ ʪʘ ʪʝʭʥʽʮʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʧʦʤʘʛʘʻ ʟʥʘʭʦʜʠʪʠ ʥʘʡʢʨʘʱʽ ʨʽʰʝʥʥʷ, 

ʧʦʢʨʘʱʫʚʘʪʠ ʧʨʦʜʫʢʪʠ ʘʙʦ ʧʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ [2]. 

ʆʢʨʝʤʝ ʤʽʩʮʝ ʧʦʩʽʜʘʻ ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ. ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ð ʮʝ ʥʘʫʢʦʚʠʡ ʧʽʜʭʽʜ ʜʦ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʧʦʝʪʘʧʥʦʤʫ ʚʠʷʚʣʝʥʥʽ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ 

ʯʠ ʟʤʽʥʥʠʤʠ ʧʝʚʥʦʾ ʩʠʩʪʝʤʠ. ʁʦʛʦ ʦʩʥʦʚʦʶ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʟʘʛʘʣʴʥʦʥʘʫʢʦʚʠʭ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ, ʧʨʠʨʦʜʥʠʯʠʭ, ʩʪʘʪʠʩʪʠʯʥʠʭ ʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. 

ɭʜʠʥʦʾ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʥʘʫʢʦʚʽʡ ʧʨʘʢʪʠʮʽ ʧʦʢʠ ʥʝ ʽʩʥʫʻ. 

ʇʨʦʪʝ ʥʘ ʧʨʘʢʪʠʮʽ ʚʽʥ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʪʘʢʽ ʧʽʜʭʦʜʠ: 

¶ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʚʘʪʠ 

ʜʦʩʣʽʜʞʫʚʘʥʽ ʦʙôʻʢʪʠ; 

¶ ʘʥʘʣʽʟ ʩʠʩʪʝʤ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʧʨʠʡʤʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ 

ʨʽʰʝʥʥʷ ʧʨʠ ʥʝʩʪʘʯʽ ʜʘʥʠʭ; 

¶ ʩʠʩʪʝʤʦʪʝʭʥʽʢʫ, ʷʢʘ ʦʭʦʧʣʶʻ ʧʨʦʮʝʩʠ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʩʠʥʪʝʟʫ ʪʘ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ. 

ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ [3]. 

ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʘʢʪʠʚʥʠʤ ʫʧʨʦʚʘʜʞʝʥʥʷʤ 

ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʡ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʽʜˇʨʫʥʪʷʤ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʽʻʨʘʨʭʽʷ 

ʧʽʜʟʘʜʘʯ (ʬʫʥʢʮʽʡ), ʷʢʽ ʚʠʢʦʥʫʻ ʩʠʩʪʝʤʘ. ʂʦʞʥʘ ʟ ʥʠʭ ʤʘʻ ʚʣʘʩʥʽ ʦʙôʻʢʪʠ, ʢʨʠʪʝʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʤʝʪʦʜʠ ʨʝʘʣʽʟʘʮʽʾ. ʎʷ ʽʻʨʘʨʭʽʯʥʽʩʪʴ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʝ ʣʠʰʝ ʫ ʩʪʨʫʢʪʫʨʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟ 

ʧʝʚʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ, ʘ ʡ ʫ ʧʦʙʫʜʦʚʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭʥʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ɯʻʨʘʨʭʽʯʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʠʤʠ ʢʣʶʯʦʚʠʤʠ ʦʟʥʘʢʘʤʠ: 
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¶ ʧʦʩʣʽʜʦʚʥʝ ʚʝʨʪʠʢʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ ʧʽʜʩʠʩʪʝʤ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʻʜʠʥʫ ʩʠʩʪʝʤʫ 

(ʚʝʨʪʠʢʘʣʴʥʘ ʜʝʢʦʤʧʦʟʠʮʽʷ); 

¶ ʧʨʽʦʨʠʪʝʪ ʜʽʡ ʘʙʦ ʧʨʘʚʦ ʚʪʨʫʯʘʥʥʷ ʟʘ ʧʽʜʩʠʩʪʝʤʘʤʠ ʚʠʱʦʛʦ ʨʽʚʥʷ; 

¶ ʯʽʪʢʝ ʧʽʜʧʦʨʷʜʢʫʚʘʥʥʷ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʨʽʚʥʷʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ɿʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʾʭ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ. ʊʘʢʠʡ ʦʧʠʩ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʾʾ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʘʣʛʦʨʠʪʤʽʚ ʚʟʘʻʤʦʜʽʾ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ 

ʚʠʨʽʰʝʥʥʽ ʛʦʣʦʚʥʦʾ ʩʠʩʪʝʤʦʪʝʭʥʽʯʥʦʾ ʟʘʜʘʯʽ ð ʩʠʥʪʝʟʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ. ʎʝ 

ʤʦʞʣʠʚʦ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʽʻʨʘʨʭʽʯʥʦʛʦ ʦʧʠʩʫ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʨʽʟʥʠʭ ʬʦʨʤʘʣʴʥʠʭ ʤʦʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ: 

¶ ʨʦʟʛʣʷʜʘʪʠ ʩʠʩʪʝʤʫ ʷʢ ʯʘʩʪʠʥʫ ʙʽʣʴʰʦʾ ʥʘʜʩʠʩʪʝʤʠ; 

¶ ʘʥʘʣʽʟʫʚʘʪʠ ʾʾ ʷʢ ʻʜʠʥʝ ʮʽʣʝ; 

¶ ʚʠʟʥʘʯʘʪʠ ʩʪʨʫʢʪʫʨʫ ʟ ʥʝʦʙʭʽʜʥʠʤ ʨʽʚʥʝʤ ʜʝʪʘʣʽʟʘʮʽʾ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʟʨʫʯʥʦʩʪʽ ʘʥʘʣʽʟʫ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʯʠʩʣʝʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʩʪʝʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʨʽʚʥʽ ʦʧʠʩʫ: 

1. ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʨʽʚʝʥʴ ð ʨʦʟʢʨʠʚʘʻ ʽʥʬʦʨʤʘʮʽʡʥʽ ʟʚôʷʟʢʠ ʩʠʩʪʝʤʠ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʘ ʪʘʢʦʞ ʾʾ ʬʫʥʢʮʽʾ ʱʦʜʦ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʡ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. 

2. ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ð ʚʠʟʥʘʯʘʻ ʤʥʦʞʠʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ 

ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʥʠʤʠ. 

3. ʉʠʩʪʝʤʦʪʝʭʥʽʯʥʠʡ ʨʽʚʝʥʴ ð ʦʧʠʩʫʻ ʪʝʭʥʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʪʘ ʟʘʩʦʙʠ ʾʾ 

ʨʝʘʣʽʟʘʮʽʾ. 

ɹʘʛʘʪʦʨʽʚʥʝʚʠʡ ʦʧʠʩ ʩʠʩʪʝʤʠ ʤʘʻ ʥʠʟʢʫ ʭʘʨʘʢʪʝʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: 

¶ ʚʠʙʽʨ ʨʽʚʥʷ ʦʧʠʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʤʦʜʝʣʽ ʨʽʟʥʠʭ ʨʽʚʥʽʚ 

ʤʦʞʫʪʴ ʨʦʟʨʦʙʣʷʪʠʩʷ ʧʘʨʘʣʝʣʴʥʦ ʡ ʥʝʟʘʣʝʞʥʦ; 

¶ ʫʤʦʚʠ ʨʦʙʦʪʠ ʧʽʜʩʠʩʪʝʤ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʦʙʤʝʞʝʥʥʷ ʜʣʷ ʥʠʞʯʠʭ 

ʨʽʚʥʽʚ; 

¶ ʥʘ ʥʠʞʯʠʭ ʨʽʚʥʷʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʝʪʘʣʽʟʘʮʽʷ, ʪʦʜʽ ʷʢ ʟʤʽʩʪ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ 

ʨʦʟʢʨʠʚʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ ʚʝʨʭʥʽʭ ʨʽʚʥʷʭ [4]. 

ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʽ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʚʠʚʯʝʥʥʷ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʛʣʠʙʦʢʦʛʦ 

ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ ʽ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ. 
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ʋɼʂ 004.94 

ʂʆʄʇôʖʊɽʈʅɸ ʄʆɼɽʃʔ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɽʅɽʈɻʆʉʇʆɾʀɺɸʅʅʗ 

ʇʈʆʄʀʉʃʆɺʀʍ ʇɯɼʇʈʀɭʄʉʊɺ 
ʂʦʚʘʣʴʯʫʢ ɼ.ʄ. (kovalchuk.d.n@ukr.net) 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ (ʋʢʨʘʾʥʘ) 
 

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʜʘʪʥʦʛʦ ʧʽʜʚʠʱʫʚʘʪʠ ʪʦʯʥʽʩʪʴ 
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ʧʝʨʝʜʙʘʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ ʚ 

ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʧʨʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, 

ʚʠʨʦʙʥʠʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʢʣʽʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʟʦʢʨʝʤʘ ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʪʠʧʫ LSTM. ʈʦʟʨʦʙʢʘ ʧʝʨʝʜʙʘʯʘʻ ʝʪʘʧʠ ʟʙʦʨʫ ʪʘ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ, ʦʮʽʥʢʫ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ MAE ʽ RMSE ʪʘ 

ʽʥʪʝʛʨʘʮʽʶ ʟ ʘʥʘʣʽʪʠʯʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʧʝʨʝʚʽʨʢʘ ʥʘ ʜʘʥʠʭ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘ 2021ï2024 ʨʦʢʠ ʧʦʢʘʟʘʣʘ, ʱʦ ʤʦʜʝʣʴ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ 19ï23% ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ARIMA ʪʘ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ. 

 

ʇʨʦʤʠʩʣʦʚʽʩʪʴ ʻ ʢʣʶʯʦʚʠʤ ʩʝʢʪʦʨʦʤ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ, ʷʢʠʡ ʩʧʦʞʠʚʘʻ ʟʥʘʯʥʫ 

ʯʘʩʪʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʢʨʘʾʥʠ. ɿʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ, ʩʪʘʨʽʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʤʦʛʠ 

ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʚʦʨʶʶʪʴ ʧʦʪʨʝʙʫ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ. ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ ʩʪʘʻ ʨʦʟʨʦʙʢʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ, ʟʜʘʪʥʠʭ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʨʦʤʠʩʣʦʚʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʽʩʪʦʨʠʯʥʠʭ 

ʜʘʥʠʭ, ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʚʦʻʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʣʘʥʫʚʘʪʠ ʟʘʢʫʧʽʚʣʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ 

ʚʠʛʽʜʥʠʤʠ ʪʘʨʠʬʘʤʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʧʨʝʜʤʝʪʦʤ ï ʤʝʪʦʜʠ, ʘʣʛʦʨʠʪʤʠ ʪʘ ʢʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʥʝʡʨʦʥʥʠʭ ʧʽʜʭʦʜʽʚ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʩʪʚʦʨʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʝʨʝʜʙʘʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʡ ʧʽʜʪʨʠʤʢʫ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ. 

ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʻ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʬʘʢʪʦʨʽʚ ï ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʢʣʽʤʘʪʠʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ. ʊʨʘʜʠʮʽʡʥʽ ʩʪʘʪʠʩʪʠʯʥʽ 

ʧʽʜʭʦʜʠ, ʪʘʢʽ ʷʢ ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ, ʤʝʪʦʜʠ ʢʦʚʟʥʠʭ ʩʝʨʝʜʥʽʭ ʯʠ ARIMA-ʤʦʜʝʣʽ, ʧʦʢʘʟʫʶʪʴ 

ʧʨʠʡʥʷʪʥʽ ʨʝʟʫʣʴʪʘʪʠ ʣʠʰʝ ʟʘ ʫʤʦʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʣʽʥʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. ʋ ʨʝʘʣʴʥʽʡ 

ʚʠʨʦʙʥʠʯʽʡ ʧʨʘʢʪʠʮʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʻ ʥʝʣʽʥʽʡʥʠʤ, ʤʽʩʪʠʪʴ ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ, ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʽʢʠ, ʚʠʧʘʜʢʦʚʽ ʟʙʦʾ, ʪʦʤʫ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ʄʘʪʝʤʘʪʠʯʥʦ ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʷʢ ʟʥʘʭʦʜʞʝʥʥʷ ʥʝʚʽʜʦʤʦʾ ʬʫʥʢʮʽʾ ʟʚôʷʟʢʫ 

ʤʽʞ ʥʘʙʦʨʦʤ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ( )1 2, ,..., nX x x x=  ʽ ʚʠʭʽʜʥʦʶ ʟʤʽʥʥʦʶ Yt, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t: 

,( )t t tY f X e= +  

ʜʝ 
te ï ʚʠʧʘʜʢʦʚʘ ʧʦʭʠʙʢʘ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʢʣʘʜʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʻ 

ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʟʦʢʨʝʤʘ ʘʨʭʽʪʝʢʪʫʨʠ ʪʠʧʫ LSTM (Long Short-Term Memory), ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʯʘʩʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʘʥʠʭ. ʇʨʠʥʮʠʧ ʾʭ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʧʦʩʪʫʧʦʚʦʤʫ ʦʥʦʚʣʝʥʥʽ 

ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ wij ʤʽʞ ʚʭʦʜʘʤʠ xi ʪʘ ʥʝʡʨʦʥʘʤʠ ʰʘʨʫ hj, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 
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ʜʝ ű ï ʘʢʪʠʚʘʮʽʡʥʘ ʬʫʥʢʮʽʷ, ʘ bj ï ʟʤʽʱʝʥʥʷ. ʅʘʚʯʘʥʥʷ ʤʝʨʝʞʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ 

ʬʫʥʢʮʽʾ ʚʪʨʘʪ 
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ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʩʪʫʧʦʚʝ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫ. 

ʈʦʟʨʦʙʣʝʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʝʪʘʧʽʚ: ʟʙʽʨ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʚʠʨʦʙʥʠʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ; ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʜʘʥʠʭ 

(ʥʦʨʤʘʣʽʟʘʮʽʷ, ʫʩʫʥʝʥʥʷ ʧʨʦʧʫʩʢʽʚ, ʧʦʙʫʜʦʚʘ ʣʘʛʦʚʠʭ ʟʤʽʥʥʠʭ); ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ; ʦʮʽʥʢʘ 

ʪʦʯʥʦʩʪʽ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ MAE ʽ RMSE. ʄʦʜʝʣʴ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʩʝʨʝʜʦʚʠʱʽ Python ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʽʙʣʽʦʪʝʢ TensorFlow ʽ Scikit-learn, ʘ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʽʚ ʚʽʟʫʘʣʽʟʫʶʪʴʩʷ ʫ Power BI ʜʣʷ ʟʨʫʯʥʦʩʪʽ 

ʘʥʘʣʽʪʠʢʠ ʪʘ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʜʝʣʴ ʙʫʣʦ ʧʨʦʪʝʩʪʦʚʘʥʦ ʥʘ ʜʘʥʠʭ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘ 2021ï2024 ʨʦʢʠ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ï ARIMA ʪʘ 

ʤʥʦʞʠʥʥʘ ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʝʡʨʦʥʥʘ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ 
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ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ: ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʟʤʝʥʰʠʣʘʩʷ ʥʘ 23%, ʘ ʩʝʨʝʜʥʷ 

ʘʙʩʦʣʶʪʥʘ ï ʥʘ 19% ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʧʽʜʭʦʜʘʤʠ. ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʤʘʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʧʨʠʙʣʠʟʥʦ 60% ʚʘʨʽʘʮʽʾ), ʨʽʚʝʥʴ 

ʚʠʨʦʙʥʠʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (25%) ʽ ʚʠʧʘʜʢʦʚʽ ʬʘʢʪʦʨʠ (15%). ʄʦʜʝʣʴ ʬʦʨʤʫʻ ʧʨʦʛʥʦʟʠ ʥʘ ʨʽʟʥʽ 

ʯʘʩʦʚʽ ʛʦʨʠʟʦʥʪʠ ï ʚʽʜ ʜʦʙʦʚʠʭ ʜʦ ʤʽʩʷʯʥʠʭ ï ʽ ʜʘʻ ʟʤʦʛʫ ʽʤʽʪʫʚʘʪʠ ʩʮʝʥʘʨʽʾ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʝʞʠʤʽʚ ʘʙʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʚʦʜʷʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɺʠʩʦʢʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ ʜʘʻ 

ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ ʷʢ ʩʢʣʘʜʦʚʫ ʩʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʘʙʦ ʷʢ ʯʘʩʪʠʥʫ 

ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɯʥʪʝʛʨʘʮʽʷ ʟ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʯʥʦ ʢʦʨʠʛʫʚʘʪʠ ʛʨʘʬʽʢʠ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʟʥʠʞʫʚʘʪʠ ʧʽʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʝʢʦʥʦʤʠʪʠ ʝʥʝʨʛʦʨʝʩʫʨʩʠ. ɿ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʟʘʙʝʟʧʝʯʫʻ ʥʝ 

ʣʠʰʝ ʝʢʦʥʦʤʽʶ ʚʠʪʨʘʪ, ʘ ʡ ʟʤʝʥʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʚʜʷʢʠ ʟʥʠʞʝʥʥʶ ʚʠʢʠʜʽʚ ʚʽʜ 

ʝʥʝʨʛʦʛʝʥʝʨʘʮʽʾ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ. ɺʦʥʘ ʧʦʻʜʥʫʻ ʤʘʪʝʤʘʪʠʯʥʫ ʪʦʯʥʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʦʚʠʭ ʜʘʥʠʭ ʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʦʮʽʣʴʥʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʧʦʻʜʥʘʥʥʷ ʧʨʦʛʥʦʟʥʠʭ ʤʦʜʝʣʝʡ ʽʟ ʘʣʛʦʨʠʪʤʘʤʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʥʝ ʣʠʰʝ ʧʝʨʝʜʙʘʯʘʪʠ, ʘ ʡ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʛʫʣʶʚʘʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʟʙʦʨʫ ʜʘʥʠʭ ʽʟ 

ʩʝʥʩʦʨʽʚ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʣʠʙʠʥʥʠʭ ʤʦʜʝʣʝʡ, ʪʘʢʠʭ ʷʢ CNN-LSTM, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʧʨʦʛʥʦʟʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʜʦ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʾʾ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʪʨʘʪʝʛʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ. 
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ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ) 

 

ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʘʥʪʠʘʣʽʘʩʠʥʛʫ ʚ ʢʦʤʧôʶʪʝʨʥʽʡ ʛʨʘʬʽʮʽ, ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʧʦʻʜʥʫʻ ʚʽʟʫʘʣʴʥʽ, ʦʙôʻʢʪʠʚʥʽ ʤʝʪʦʜʠ ʪʘ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ 

ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʛʣʘʜʞʫʚʘʥʥʷ. 

 

ɺʩʪʫʧ 

ɸʥʪʠʘʣʽʘʩʠʥʛ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ, 

ʟʦʢʨʝʤʘ ʫ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. ʁʦʛʦ ʦʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʮʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʣʘʚʥʽʩʪʴ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʧʽʢʩʝʣʷʤʠ ʨʽʟʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʡ ʢʦʣʴʦʨʫ, ʫʩʫʚʘʶʯʠ ʨʽʟʢʽ 

ʧʝʨʝʭʦʜʠ, ʷʢʽ ʨʦʙʣʷʪʴ ʢʦʥʪʫʨʠ ʦʙôʻʢʪʽʚ çʟʣʘʤʘʥʠʤʠè [1,2]. ʆʜʥʘʢ ʧʨʠ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʘʥʪʠʘʣʽʘʩʠʥʛʫ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ï ʷʢ ʦʙôʻʢʪʠʚʥʦ ʦʮʽʥʠʪʠ ʾʭʥʶ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʈʽʟʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʧʦ-
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ʨʽʟʥʦʤʫ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʩʧʦʪʚʦʨʶʚʘʪʠ ʜʝʪʘʣʽ ʘʙʦ ʩʪʚʦʨʶʚʘʪʠ ʧʦʙʽʯʥʽ 

ʘʨʪʝʬʘʢʪʠ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʯʽʪʢʽ ʢʨʠʪʝʨʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʢʽʣʴʢʽʩʥʦ ʽ ʷʢʽʩʥʦ ʧʦʨʽʚʥʷʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʟʛʣʘʜʞʫʚʘʥʥʷ. ɿ ʯʘʩʦʤ ʩʬʦʨʤʫʚʘʣʠʩʷ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʢʠ 

ʘʥʪʠʘʣʽʘʩʠʥʛʫ ï ʚʽʜ ʧʨʦʩʪʠʭ ʚʽʟʫʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʦ ʩʢʣʘʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ. 

ɰʭʥʽʡ ʨʦʟʚʠʪʦʢ ʚʽʜʦʙʨʘʞʘʻ ʝʚʦʣʶʮʽʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʚʽʜ ʨʫʯʥʦʛʦ ʩʫʙôʻʢʪʠʚʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʜʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʙôʻʢʪʠʚʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ. 

 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʘʥʪʠʘʣʽʘʩʠʥʛʫ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʘʢʽ ʢʘʪʝʛʦʨʽʾ (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʘʥʪʠʘʣʽʩʠʥʛʫ 

 

ʇʝʨʰʠʤ ʽ ʥʘʡʙʽʣʴʰ ʽʥʪʫʾʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʥʪʠʘʣʽʘʩʠʥʛʫ ʩʪʘʣʘ 

ʚʽʟʫʘʣʴʥʘ ʦʮʽʥʢʘ. ɰʾ ʩʫʪʥʽʩʪʴ ʧʦʣʷʛʘʣʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʧʘʨ ʟʦʙʨʘʞʝʥʴ ï ʦʜʥʦʛʦ ʟ ʫʚʽʤʢʥʝʥʠʤ 

ʟʛʣʘʜʞʫʚʘʥʥʷʤ ʽ ʦʜʥʦʛʦ ʙʝʟ ʥʴʦʛʦ. ʊʘʢʝ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʢʦʨʠʩʪʫʚʘʯʽ ʘʙʦ ʝʢʩʧʝʨʪʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʣʠ, ʷʢʝ ʟʦʙʨʘʞʝʥʥʷ ʚʠʛʣʷʜʘʻ ʧʨʠʻʤʥʽʰʝ, ʧʨʠʨʦʜʥʽʰʝ ʯʠ ʤʘʻ ʤʝʥʰʝ çʩʭʦʜʠʥʦʢè. 

ʇʝʨʝʚʘʛʦʶ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʻ ʧʨʦʩʪʦʪʘ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʰʚʠʜʢʝ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʦʪʝ 

ʤʝʪʦʜ ʤʘʻ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ: ʚʽʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʤʦʥʽʪʦʨʘ, ʫʤʦʚ ʦʩʚʽʪʣʝʥʥʷ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʦʨʫ 

ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʽ ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʽʩʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʏʝʨʝʟ ʮʝ ʩʫʙôʻʢʪʠʚʥʘ ʦʮʽʥʢʘ ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʪʘ ʬʦʨʤʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʥʝʧʨʠʜʘʪʥʦʶ ʜʣʷ ʥʘʫʢʦʚʦʛʦ 

ʘʥʘʣʽʟʫ, ʘʣʝ ʢʦʨʠʩʥʦʶ ʜʣʷ ʧʦʯʘʪʢʦʚʦʾ ʧʝʨʝʚʽʨʢʠ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʦʮʽʥʢʠ ʘʥʪʠʘʣʽʘʩʠʥʛʫ ʟʫʤʦʚʠʚ ʧʦʷʚʫ ʪʝʭʥʽʯʥʠʭ ʤʝʪʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. ʋ ʮʝʥʪʨʽ ʫʚʘʛʠ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʢʽʣʴʢʽʩʪʴ ʢʘʜʨʽʚ ʟʘ 

ʩʝʢʫʥʜʫ (FPS) ʪʘ ʦʙʩʷʛ ʚʠʢʦʨʠʩʪʘʥʦʾ ʚʽʜʝʦʧʘʤôʷʪʽ [3]. ʎʽ ʧʘʨʘʤʝʪʨʠ ʜʘʚʘʣʠ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ, 

ʥʘʩʢʽʣʴʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʪʠʘʣʽʘʩʠʥʛʫ ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʪʫ ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʪʘ ʰʚʠʜʢʦʜʽʶ 

ʩʠʩʪʝʤʠ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʚʘʚ ʪʦʯʥʽ, ʦʙôʻʢʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʜʥʘʢ ʦʮʽʥʶʚʘʚ ʣʠʰʝ ʪʝʭʥʽʯʥʠʡ 

ʘʩʧʝʢʪ, ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʝʩʪʝʪʠʯʥʫ ʷʢʽʩʪʴ. ɿʦʙʨʘʞʝʥʥʷ ʤʦʛʣʦ ʙʫʪʠ ʦʙʨʦʙʣʝʥʝ ʟ ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ 

ʢʘʜʨʽʚ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʪʠʩʷ ʥʝʯʽʪʢʠʤ ʘʙʦ ʥʘʜʤʽʨʥʦ ʨʦʟʤʠʪʠʤ. ʆʪʞʝ, ʦʮʽʥʢʘ ʣʠʰʝ ʟʘ FPS ʯʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʤôʷʪʽ ʥʝ ʚʽʜʦʙʨʘʞʘʻ ʩʧʨʘʚʞʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʟʛʣʘʜʞʫʚʘʥʥʷ. 

ʉʫʪʪʻʚʠʡ ʧʨʦʨʠʚ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʘʥʪʠʘʣʽʘʩʠʥʛʫ ʩʪʘʚ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. ɿôʷʚʠʣʠʩʷ ʤʝʪʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʩʘʤʽ ʟʦʙʨʘʞʝʥʥʷ ʟ ʤʝʪʦʶ 

ʦʙôʻʢʪʠʚʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʷʢʦʩʪʽ ʟʛʣʘʜʞʫʚʘʥʥʷ. ʆʜʥʠʤ ʽʟ ʥʘʧʨʷʤʽʚ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʩʪʘʚ ʘʥʘʣʽʟ 

ʢʨʘʾʚ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʚʠʷʚʣʝʥʥʷ ʢʦʥʪʫʨʽʚ ï ʟʦʢʨʝʤʘ ʦʧʝʨʘʪʦʨʘ ʉʦʙʝʣʷ 

ʘʙʦ ʂʝʥʥʽ [4]. ʇʦʨʽʚʥʶʶʯʠ ʢʦʥʪʫʨʠ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʽ ʧʽʩʣʷ ʘʥʪʠʘʣʽʘʩʠʥʛʫ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ 

ʟʛʣʘʜʞʝʥʦʩʪʽ ʣʽʥʽʡ: ʯʠʤ ʧʣʘʚʥʽʰʝ ʧʝʨʝʭʦʜʠ ʛʨʘʜʽʻʥʪʽʚ, ʪʠʤ ʝʬʝʢʪʠʚʥʽʰʝ ʩʧʨʘʮʶʚʘʚ ʘʣʛʦʨʠʪʤ. 

ʂʨʽʤ ʪʦʛʦ, ʫ ʧʨʘʢʪʠʮʽ ʜʦʩʣʽʜʞʝʥʴ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ 

(SNR ï Signal-to-Noise Ratio) [5]. ɺʦʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ, ʥʘʩʢʽʣʴʢʠ ʢʦʨʠʩʥʘ ʜʝʪʘʣʽ ʟʦʙʨʘʞʝʥʥʷ 

ʧʝʨʝʚʘʞʘʶʪʴ ʥʘʜ ʰʫʤʦʤ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʨʝʥʜʝʨʠʥʛʫ. ɺʠʩʦʢʝ ʟʥʘʯʝʥʥʷ SNR ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʟʛʣʘʜʞʫʚʘʥʥʷ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʘʨʪʝʬʘʢʪʠ ʧʽʢʩʝʣʽʟʘʮʽʾ ʙʝʟ ʚʪʨʘʪʠ 

ʯʽʪʢʦʩʪʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʪʦʜʽʚ ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ: ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, 

ʬʦʨʤʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʦʮʽʥʢʠ, ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘ ʪʘ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ. ʆʜʥʘʢ ʮʽ 
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ʤʝʪʦʜʠ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

 

ɺʠʩʥʦʚʦʢ 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʟôʷʩʦʚʘʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʥʪʠʘʣʽʘʩʠʥʛʫ ʥʝʤʦʞʣʠʚʦ 

ʦʮʽʥʠʪʠ ʻʜʠʥʠʤ ʤʝʪʦʜʦʤ. ʉʫʙôʻʢʪʠʚʥʽ ʧʽʜʭʦʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʯʘʪʢʦʚʫ ʦʮʽʥʢʫ ʟ ʧʦʟʠʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ. ʆʙôʻʢʪʠʚʥʽ ʤʝʪʦʜʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʢʘʟʫʶʪʴ ʪʝʭʥʽʯʥʠʡ ʚʧʣʠʚ ʟʛʣʘʜʞʫʚʘʥʥʷ ʥʘ 

ʩʠʩʪʝʤʫ. ʃʠʰʝ ʤʝʪʦʜʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʫ 

ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʫ ʦʮʽʥʢʫ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ, ʧʨʦʪʝ ʚʦʥʠ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ. ɺʠʟʥʘʯʝʥʦ ʢʣʶʯʦʚʽ ʥʘʧʨʷʤʢʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʦʮʽʥʢʠ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʨʘʜʽʻʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʥʷ, ʧʦʻʜʥʘʥʥʷ ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʤʝʪʨʠʢ ʷʢʦʩʪʽ ʟ ʽʥʪʝʨʘʢʪʠʚʥʦʶ 

ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʨʝʟʫʣʴʪʘʪʽʚ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʤʝʪʦʜʽʚ ʟʛʣʘʜʞʫʚʘʥʥʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʩʠʩʪʝʤʠ. ʉʫʯʘʩʥʘ ʧʨʘʢʪʠʢʘ ʦʮʽʥʢʠ ʘʥʪʠʘʣʽʘʩʠʥʛʫ ʤʘʻ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʧʽʜʭʦʜʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʘʣʘʥʩʫ ʤʽʞ ʪʦʯʥʽʩʪʶ, ʦʙôʻʢʪʠʚʥʽʩʪʶ ʪʘ ʨʝʘʣʽʩʪʠʯʥʽʩʪʶ ʚʽʟʫʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 
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 (kolchin_av@yahoo.com, dasharudenko1902@gmail.com) 

 ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤ. ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ) 
 

ɺ ʪʝʟʘʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʘʪʦʣʦʛʽʷ ʭʠʙʥʦ ʟʘʭʠʱʝʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʾʾ ʩʧʝʮʠʬʽʢʘʮʽʷ ʪʘ ʘʚʪʦʤʘʪʠʯʥʽ 

ʤʝʪʦʜʠ ʾʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʜʫ ʧʨʦʛʨʘʤ. ʎʷ ʧʘʪʦʣʦʛʽʷ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʝʦʯʽʢʫʚʘʥʦʾ ʧʦʚʝʜʽʥʢʠ ʧʨʦʛʨʘʤʠ, ʥʝʧʨʘʚʠʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʘ ʪʘʢʦʞ ʜʦ 

ʘʚʘʨʽʡʥʠʭ ʟʫʧʠʥʦʢ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ʢʽʙʝʨʚʨʘʟʣʠʚʦʩʪʝʡ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ. ʅʘʚʝʜʝʥʦ 

ʧʨʠʢʣʘʜʠ, ʘ ʪʘʢʦʞ ʫʟʘʛʘʣʴʥʝʥʘ ʩʧʝʮʠʬʽʢʘʮʽʷ ʧʨʦʙʣʝʤʠ ʫ ʚʠʛʣʷʜʽ ʰʘʙʣʦʥʫ ʧʦʪʦʢʫ ʜʘʥʠʭ. 

 

ʅʘʜʽʡʥʘ ʧʝʨʝʚʽʨʢʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʻ ʦʩʥʦʚʦʶ ʙʝʟʧʝʯʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʩʣʫʛʫʻ 

ʢʨʠʪʠʯʥʠʤ ʟʘʭʠʩʪʦʤ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʧʦʪʨʘʧʣʷʥʥʶ ʥʝʢʦʨʝʢʪʥʠʭ ʘʙʦ ʥʝʦʯʽʢʫʚʘʥʠʭ ʜʘʥʠʭ ʜʦ 

ʚʨʘʟʣʠʚʠʭ ʦʧʝʨʘʮʽʡ. ʅʝʧʦʚʥʽ ʘʙʦ ʥʝʧʨʘʚʠʣʴʥʦ ʨʦʟʤʽʱʝʥʽ ʧʝʨʝʚʽʨʢʠ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʫʪʴ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʝʦʯʝʚʠʜʥʠʭ ʜʝʬʝʢʪʽʚ ʪʘ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʚʽʨʢʠ ʧʝʚʥʦʾ ʫʤʦʚʠ ʾʾ 

ʯʘʩʪʠʥʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ (ʘʙʦ ʥʘʚʽʪʴ ʟʘʣʠʰʘʪʠʩʷ ʥʝʦʙʨʦʙʣʝʥʦʶ), ʘʣʝ ʪʠʤ ʥʝ ʤʝʥʰ ʧʦʚʥʘ ʫʤʦʚʘ 

ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ. ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʮʶ ʯʘʩʪʠʥʫ ʥʘʟʠʚʘʶʪʴ çʟʘʤʘʩʢʦʚʘʥʦʶè. ʉʘʤʘ ʧʦ ʩʦʙʽ 

ʟʘʤʘʩʢʦʚʘʥʘ ʫʤʦʚʘ ʥʝ ʻ ʧʦʤʠʣʢʦʶ; ʧʨʦʙʣʝʤʘ ʚʠʥʠʢʘʻ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʩʝʨʝʜʠʥʽ ʙʣʦʢʫ 

ʚʠʢʦʥʫʻʪʴʩʷ ʦʙʯʠʩʣʝʥʥʷ ʽʟ ʟʤʽʥʥʦʶ, ʷʢʘ ʟʘʣʠʰʠʣʘʩʷ ʟʘʤʘʩʢʦʚʘʥʦʶ ʧʽʜ ʯʘʩ ʧʝʨʝʚʽʨʢʠ ʮʽʻʾ ʫʤʦʚʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʢʦʜʫ ʥʘ ʤʦʚʽ ʉ: 
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if (p != NULL || flagP == true) 

   *p = 42; 

ʍʦʯʘ ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʘʞʯʠʢʘ ʟʘʭʠʱʝʥʦ ʚʽʜʧʦʚʽʜʥʦʶ ʧʝʨʝʜʫʤʦʚʦʶ, ʜʝ ʷʚʥʦ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʚʘʣʽʜʥʽʩʪʴ ʧʦʢʘʞʯʠʢʘ, ʥʘʩʧʨʘʚʜʽ ʽʩʥʫʻ ʧʦʪʝʥʮʽʡʥʘ ʘʚʘʨʽʷ: ʷʢʱʦ ʟʤʽʥʥʘ p ʜʦʨʽʚʥʶʻ 

NULL, ʘʣʝ flagP == true, ʚʠʨʘʟ *p = 42 ʧʨʠʟʚʝʜʝ ʜʦ ʥʝʙʝʟʧʝʯʥʦʾ ʦʧʝʨʘʮʽʾ ʟ ʥʫʣʴʦʚʠʤ ʧʦʢʘʞʯʠʢʦʤ. 

ʋ ʥʘʩʪʫʧʥʦʤʫ ʧʨʠʢʣʘʜʽ ʟʤʽʥʥʘ idx ʟ ʚʽʜ'ʻʤʥʠʤ ʟʥʘʯʝʥʥʷʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʫ ʽʥʜʝʢʩʘʮʽʾ 

ʤʘʩʠʚʫ INFO: 

void access(int user, int idx, bool flag) { 

    if (idx >=0 || is_valid(user)) { 

        if (flag) 

            INFO[idx] = user; // potential out-of-bounds indexing 

    }  

}  

ɿʚʝʨʪʘʻʤʦ ʫʚʘʛʫ, ʱʦ ʜʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ ʧʘʪʦʣʦʛʽʷ ʤʦʞʝ ʟʘʣʠʰʘʪʠʩʴ ʥʝʚʠʷʚʣʝʥʦʶ ʥʘʚʽʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʩʪʦʚʠʭ ʥʘʙʦʨʽʚ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʪʘʢʠʤ ʚʠʙʘʛʣʠʚʠʤ ʢʨʠʪʝʨʽʷʤ ʧʦʢʨʠʪʪʷ ʷʢ MC/DC 

[1] ʪʘ all-uses [2]: MC/DC ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʥʝʟʘʣʝʞʥʦʤʫ ʚʧʣʠʚʽ ʢʦʞʥʦʾ ʧʽʜʫʤʦʚʠ ʥʘ ʟʘʛʘʣʴʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʨʽʰʝʥʥʷ, ʘʣʝ ʦʜʥʦʦʩʽʙʥʠʡ ʚʧʣʠʚ ʧʨʝʜʠʢʘʪʘ idx>=0 ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ ʚʽʜʧʦʚʽʜʥʦʶ ʧʘʨʦʶ 

ʪʝʩʪʽʚ, ʜʝ ʟʥʘʯʝʥʥʷ ʧʨʘʧʦʨʮʷ flag ʻ ʭʠʙʥʠʤ: 

Test#1: { !is_valid(user),   idx>=0,   flag=false } 

Test#2: { !is_valid(user), !(idx>=0),  flag=false } 

ʋ ʧʝʨʰʦʤʫ ʪʝʩʪʦʚʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʰʘ ʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ, ʘ ʚ ʜʨʫʛʦʤʫ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʽʣʴʢʠ 

ʟʥʘʯʝʥʥʷʤ ʟʤʽʥʥʦʾ idx, ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ. ʌʘʢʪʠʯʥʦ, ʟʥʘʯʝʥʥʷ flag ʫ ʜʨʫʛʦʤʫ ʪʝʩʪʽ ʤʦʞʝ ʙʫʪʠ 

ʜʦʚʽʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʥʝ ʥʘʣʝʞʠʪʴ ʜʦ ʧʝʨʰʦʾ ʫʤʦʚʠ. ʑʦʙ ʦʭʦʧʠʪʠ ʧʦʢʨʠʪʪʷ ʜʨʫʛʦʾ ʫʤʦʚʠ, 

ʥʘʙʽʨ ʪʝʩʪʽʚ ʤʦʞʝ ʜʦʜʘʪʢʦʚʦ ʚʢʣʶʯʘʪʠ ʪʨʝʪʽʡ ʪʝʩʪ, ʷʢʠʡ ʚ ʧʘʨʽ ʟ ʧʝʨʰʠʤ ʪʝʩʪʦʤ ʪʘʢʦʞ 

ʧʝʨʝʚʽʨʷʪʠʤʝ ʦʜʥʦʦʩʽʙʥʠʡ ʚʧʣʠʚ ʧʨʝʜʠʢʘʪʘ is_valid(user): 

Test#3: {  is_valid(user),  idx>=0,   flag=true } 

ʎʝʡ ʥʘʙʽʨ ʪʝʩʪʽʚ ʪʘʢʦʞ ʙʫʜʝ ʜʦʩʪʘʪʥʽʤ ʽ ʜʣʷ ʢʨʠʪʝʨʽʶ all-uses, ʷʢʠʡ ʛʘʨʘʥʪʫʻ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ 

ʧʘʨʠ ʚʠʟʥʘʯʝʥʥʷ-ʚʠʢʦʨʠʩʪʘʥʥʷ: ʚʩʽ ʧʘʨʠ ʜʣʷ ʚʩʽʭ ʟʤʽʥʥʠʭ ʧʦʢʨʠʚʘʶʪʴʩʷ. ɸʣʝ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʥʝʧʨʘʚʠʣʴʥʦʾ ʽʥʜʝʢʩʘʮʽʾ ʧʦʪʨʽʙʥʦ ʜʦʜʘʪʠ ʱʝ ʦʜʠʥ ʪʝʩʪ: 

Test#4: { is_valid(user), !(idx>=0),  flag=true } 

ɺʠʷʚʣʝʥʥʷ ʧʘʪʦʣʦʛʽʾ ʟ ʥʝʧʨʘʚʠʣʴʥʦ ʟʘʭʠʱʝʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʤʽʥʥʦʾ ʚʠʤʘʛʘʻ ʾʾ ʩʧʝʮʠʬʽʢʘʮʽʾ. 

ʅʝʭʘʡ ʧʨʦʛʨʘʤʘ P ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʛʨʘʬ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʦʤ (CFG) ʟ ʚʫʟʣʘʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʨʦʛʨʘʤʥʠʤ ʦʧʝʨʘʪʦʨʘʤ ʘʙʦ ʧʨʝʜʠʢʘʪʘʤ. ʈʦʟʛʣʷʥʝʤʦ ʟʤʽʥʥʽ V={v1,v2,é,vn} ʪʘ ʧʨʝʜʠʢʘʪʠ C, ʜʝ 

ʢʦʞʝʥ ʧʨʝʜʠʢʘʪ cCɴ ʻ ʙʫʣʝʚʠʤ ʚʠʨʘʟʦʤ ʥʘʜ ʟʤʽʥʥʠʤʠ ʪʘ, ʤʦʞʣʠʚʦ, ʽʥʰʠʤʠ ʧʨʝʜʠʢʘʪʘʤʠ. ʄʠ 

ʚʠʟʥʘʯʘʻʤʦ ʩʢʣʘʜʝʥʠʡ ʧʨʝʜʠʢʘʪ C=P1 Pʐ2ᶼỄPʐm, ʜʝ ʢʦʞʝʥ Pi  ð ʮʝ ʧʽʜʧʨʝʜʠʢʘʪ, ʟôʻʜʥʘʥʠʡ 

ʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ (ʢʦʥôʶʥʢʮʽʷ ,᷈ ʜʠʟôʶʥʢʮʽʷ )᷉. ɿʘʤʘʩʢʦʚʘʥʠʡ ʧʨʝʜʠʢʘʪ ð ʮʝ ʧʽʜʧʨʝʜʠʢʘʪ Pj 

ʟʽ ʩʢʣʘʜʝʥʦʛʦ ʧʨʝʜʠʢʘʪʘ C, ʪʘʢʠʡ, ʱʦ ʟʥʘʯʝʥʥʷ ʽʩʪʠʥʥʦʩʪʽ Pj  ʩʘʤʝ ʧʦ ʩʦʙʽ ʥʝ ʚʠʟʥʘʯʘʻ ʟʥʘʯʝʥʥʷ C 

ʯʝʨʝʟ ʚʧʣʠʚ ʽʥʰʠʭ ʧʽʜʧʨʝʜʠʢʘʪʽʚ PiÍj. ɿʘʤʘʩʢʦʚʘʥʝ ʥʝʟʘʜʦʚʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ (masked 

unsatisfiable use) ʚʠʥʠʢʘʻ, ʢʦʣʠ ʧʝʚʥʝ ʦʙʯʠʩʣʝʥʥʷ F ʥʘʜ ʟʤʽʥʥʦʶ v ʩʠʥʪʘʢʩʠʯʥʦ ʦʭʦʨʦʥʷʻʪʴʩʷ 

ʩʢʣʘʜʝʥʠʤ ʧʨʝʜʠʢʘʪʦʤ C, ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʥʘ ʧʝʚʥʦʤʫ ʰʣʷʭʫ ʚʠʢʦʥʘʥʥʷ, ʘʣʝ ʧʽʜʧʨʝʜʠʢʘʪ Pj, 

ʱʦ ʧʝʨʝʚʽʨʷʻ ʧʨʠʧʫʩʪʠʤʽʩʪʴ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ v ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ F, ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ (ʘʙʦ ʻ 

ʭʠʙʥʠʤ) ʫ ʮʴʦʤʫ ʰʣʷʭʫ. ʎʝ ʝʬʝʢʪʠʚʥʦ ʤʘʩʢʫʻ ʧʝʨʝʚʽʨʢʫ ʙʝʟʧʝʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ F. ʅʘʧʨʠʢʣʘʜ, 

ʫ ʚʠʨʘʟʽ: C=(P1 P᷉2) ʥʘ ʜʝʷʢʦʤʫ ʰʣʷʭʫ P1=true, P2=false, ʽ ʟʤʽʥʥʘ v ʦʭʦʨʦʥʷʻʪʴʩʷ P2. ʋ ʪʘʢʦʤʫ ʨʘʟʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʤʘʩʢʦʚʘʥʝ ʥʝʟʘʜʦʚʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ: ʧʝʨʝʚʽʨʢʘ P2, ʱʦ ʤʘʣʘ ʛʘʨʘʥʪʫʚʘʪʠ 

ʙʝʟʧʝʯʥʽʩʪʴ v, ʧʦʚʝʨʥʫʣʘ false (ʘʙʦ ʤʦʛʣʘ ʥʘʚʽʪʴ ʥʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʚʟʘʛʘʣʽ), ʥʘʪʦʤʽʩʪʴ P1=true 

ʟʘʙʝʟʧʝʯʠʚ ʟʘʛʘʣʴʥʫ ʧʦʟʠʪʠʚʥʫ ʫʤʦʚʫ C, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʥʷ Ὂ(v) ʧʦʧʨʠ ʪʝ, ʱʦ 

ʣʦʢʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʥʘ ʙʝʟʧʝʯʥʽʩʪʴ ʥʝ ʧʨʦʡʰʣʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʰʘʙʣʦʥ ʧʦʪʦʢʫ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʠʩʘʥʠʡ ʷʢ ʣʘʥʮʶʞʦʢ def-use ʧʘʨ [2] ʫ ʚʠʛʣʷʜʽ (ʩʧʨʦʱʝʥʦ): def ï maksed unsat use ï 

computational-use. 

ʄʦʞʣʠʚʽ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʰʫʢʫ ʪʘʢʦʾ ʧʘʪʦʣʦʛʽʾ. ɰʾ ʤʦʞʥʘ ʚʠʷʚʣʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʤʚʦʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ʘʥʘʣʽʟʫ ʰʣʷʭʽʚ ʫ ʧʨʦʩʪʦʨʽ ʧʨʝʜʠʢʘʪʽʚ [3]), ʨʝʛʫʣʷʨʥʠʭ ʚʠʨʘʟʽʚ ʘʙʦ 

ʧʨʘʚʠʣ ʥʘ ʨʽʚʥʽ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ (ʜʣʷ ʰʚʠʜʢʦʛʦ ʚʠʷʚʣʝʥʥʷ ʧʽʜʦʟʨʽʣʠʭ ʩʪʨʫʢʪʫʨ ʫʤʦʚ) [4] ʘʙʦ 
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ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʜʦʩʷʞʥʽʩʪʴ ʚʫʟʣʽʚ CFG ʽʟ 

ʚʽʜʩʪʝʞʝʥʥʷʤ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʫʤʦʚʘʤʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤʠ ʟʤʽʥʥʠʭ. 

ɺʠʩʥʦʚʢʠ. ʆʧʠʩʘʥʘ ʧʘʪʦʣʦʛʽʷ ʥʝ ʟʘʚʞʜʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʚʘʨʽʡʥʠʭ ʩʪʘʥʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʽʜʭʦʜʫ ʤʘʻ ʩʪʦʩʫʚʘʪʠʩʴ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʢʨʠʪʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ. ʄʝʪʦʜʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʰʫʢʫ 

ʤʘʶʪʴ ʢʣʘʩʠʯʥʽ ʧʨʦʙʣʝʤʠ ʧʦʚôʷʟʘʥʽ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʦʙôʻʤʦʤ, ʛʝʥʝʨʘʮʽʻʶ ʭʠʙʥʦ-ʧʦʟʠʪʠʚʥʠʭ ʘʙʦ 

ʭʠʙʥʦ-ʥʝʛʘʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʘʩʣʽʜʢʠ ʦʧʠʩʘʥʦʾ ʧʘʪʦʣʦʛʽʾ ʤʦʞʫʪʴ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʝʥʘʣʝʞʥʦʾ ʚʘʣʽʜʘʮʽʾ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʥʝʧʨʘʚʠʣʴʥʦʾ ʽʥʜʝʢʩʘʮʽʾ ʪʦʱʦ ð ʚʨʘʟʣʠʚʦʩʪʝʡ, 

ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʪʦʧ-ʩʧʠʩʢʫ CWE [5]. 
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ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ) 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʦʾ ʩʢʣʘʜʥʦʩʪʽ ʤʝʨʝʞʝʚʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ 

(ʛʽʙʨʠʜʥʽ ʭʤʘʨʠ, ʰʠʬʨʫʚʘʥʥʷ ʪʨʘʬʽʢʫ, ʚʠʩʦʢʽ ʰʚʠʜʢʦʩʪʽ) ʪʘ ʧʦʩʪʽʡʥʠʭ ʢʽʙʝʨʟʘʛʨʦʟ ʧʦʩʪʽʡʥʦ 

ʟʨʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʝʬʝʢʪʠʚʥʦʛʦ, ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʘ ʜʝʪʘʣʽʟʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʽʥʪʝʨʥʝʪ-

ʪʨʘʬʽʢʫ. ʆʪʞʝ ʮʷ ʪʝʤʘ ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʘʩʦʙʠ ʜʣʷ ʘʥʘʣʽʟʫ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʫ (ʘʙʦ ʤʝʨʝʞʝʚʦʛʦ 

ʪʨʘʬʽʢʫ) ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʢʘʪʝʛʦʨʽʾ: ʘʥʘʣʽʟʘʪʦʨʠ ʤʝʨʝʞʝʚʠʭ ʧʘʢʝʪʽʚ (ʩʥʽʬʝʨʠ) ʽ 

ʟʘʩʦʙʠ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʪʦʢʽʚ ʜʘʥʠʭ (flow-based analysis), ʘ ʪʘʢʦʞ ʦʢʨʝʤʫ ʢʘʪʝʛʦʨʽʶ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʘʥʘʣʽʟʫ ʚʝʙ-ʪʨʘʬʽʢʫ (ʚʽʜʚʽʜʫʚʘʥʦʩʪʽ ʩʘʡʪʽʚ).[1] 

 ɸʥʘʣʽʟʘʪʦʨʠ ʤʝʨʝʞʝʚʠʭ ʧʘʢʝʪʽʚ (ʉʥʽʬʝʨʠ) ð ʮʝ ʧʨʦʛʨʘʤʘ ʯʠ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʧʝʨʝʭʦʧʣʶʻ ʪʘ 

ʟʘʧʠʩʫʻ ʤʝʨʝʞʝʚʽ ʧʘʢʝʪʠ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʤʝʨʝʞʝʚʠʡ ʽʥʪʝʨʬʝʡʩ. ʇʨʠʥʮʠʧ ʡʦʛʦ ʨʦʙʦʪʠ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʝʪʘʧʠ: ʟʘʭʦʧʣʝʥʥʷ ʧʘʢʝʪʽʚ, ʬʽʣʴʪʨʘʮʽʷ, ʜʝʢʦʜʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ. 

 ɺ ʝʪʘʧʽ ʟʘʭʦʧʣʝʥʥʷ ʧʘʢʝʪʽʚ ʩʥʽʬʝʨ ʧʝʨʝʚʦʜʠʪʴ ʤʝʨʝʞʝʚʫ ʢʘʨʪʫ ʫ ʥʝʨʦʟʙʽʨʣʠʚʠʡ ʨʝʞʠʤ. ʋ 

ʟʚʠʯʘʡʥʦʤʫ ʨʝʞʠʤʽ ʤʝʨʝʞʝʚʘ ʢʘʨʪʘ ʽʛʥʦʨʫʻ ʚʩʽ ʧʘʢʝʪʠ, ʘʜʨʝʩʦʚʘʥʽ ʽʥʰʠʤ ʧʨʠʩʪʨʦʷʤ. ʋ 

ʥʝʨʦʟʙʽʨʣʠʚʦʤʫ ʨʝʞʠʤʽ ʚʦʥʘ ʧʨʠʡʤʘʻ ʪʘ ʧʝʨʝʜʘʻ ʥʘ ʦʙʨʦʙʢʫ ʦʧʝʨʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʚʩʽ ʧʘʢʝʪʠ, ʷʢʽ 

ʬʽʟʠʯʥʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʩʝʛʤʝʥʪ ʤʝʨʝʞʽ (ʮʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʚ ʟʘʩʪʘʨʽʣʠʭ ʤʝʨʝʞʘʭ ʟ ʭʘʙʘʤʠ). 

ʋ ʩʫʯʘʩʥʠʭ ʢʦʤʫʪʦʚʘʥʠʭ ʤʝʨʝʞʘʭ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʚʽʪʯʽʚ) ʜʣʷ ʟʘʭʦʧʣʝʥʥʷ ʪʨʘʬʽʢʫ, ʧʨʠʟʥʘʯʝʥʦʛʦ 

ʽʥʰʠʤ ʧʨʠʩʪʨʦʷʤ, ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʫʥʢʮʽʶ ʜʟʝʨʢʘʣʶʚʘʥʥʷ ʧʦʨʪʽʚ (SPAN/Port 

Mirroring) ʥʘ ʢʦʤʫʪʘʪʦʨʽ.[2] 

 ʅʘ ʝʪʘʧʽ ʬʽʣʴʪʨʘʮʽʾ ʯʝʨʝʟ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʪʨʘʬʽʢʫ, ʩʥʽʬʝʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʽʣʴʪʨʠ ʟʘʭʦʧʣʝʥʥʷ 

(Capture Filters), ʱʦʙ ʟʙʝʨʝʛʪʠ ʣʠʰʝ ʧʦʪʨʽʙʥʽ ʧʘʢʝʪʠ (ʥʘʧʨʠʢʣʘʜ, ʪʽʣʴʢʠ HTTP-ʪʨʘʬʽʢ ʘʙʦ ʧʘʢʝʪʠ ʟ 

ʧʝʚʥʦʾ IP-ʘʜʨʝʩʠ). 

 ʇʽʜ ʯʘʩ ʜʝʢʦʜʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʩʥʽʬʝʨ ʨʦʟʙʠʨʘʻ ʚʤʽʩʪ ʢʦʞʥʦʛʦ ʧʘʢʝʪʘ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʟʥʘʥʥʷ 

ʧʨʦ ʤʝʨʝʞʝʚʽ ʧʨʦʪʦʢʦʣʠ ʟʛʽʜʥʦ ʟ ʤʦʜʝʣʣʶ TCP/IP ʘʙʦ OSI (ʢʘʥʘʣʴʥʠʡ, ʤʝʨʝʞʝʚʠʡ, ʪʨʘʥʩʧʦʨʪʥʠʡ, 
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ʧʨʠʢʣʘʜʥʠʡ ʨʽʚʥʽ). ɺʽʥ ʚʽʜʦʢʨʝʤʣʶʻ ʟʘʛʦʣʦʚʢʠ ʧʨʦʪʦʢʦʣʽʚ (Ethernet, IP, TCP/UDP) ʚʽʜ ʜʘʥʠʭ ʽ 

ʚʽʜʦʙʨʘʞʘʻ ʾʭ ʫ ʟʨʫʯʥʦʤʫ ʜʣʷ ʯʠʪʘʥʥʷ ʬʦʨʤʘʪʽ.[3] 

 ɿʘʩʦʙʠ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʪʦʢʽʚ ʜʘʥʠʭ (Flow-Based Analysis) ʻ ʙʽʣʴʰ ʚʠʩʦʢʦʨʽʚʥʝʚʠʤ ʽ 

ʤʘʩʰʪʘʙʦʚʘʥʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʧʘʢʝʪʥʠʤ ʘʥʘʣʽʟʦʤ. ɺʽʥ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʥʮʝʧʮʽʾ ʧʦʪʦʢʽʚ. ʇʨʠʥʮʠʧ ʡʦʛʦ 

ʨʦʙʦʪʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʝʪʘʧʠ: ɺʠʟʥʘʯʝʥʥʷ ʧʦʪʦʢʫ (Flow Definition), ɻʝʥʝʨʘʮʽʷ 

ʟʘʧʠʩʽʚ (Flow Export), ɸʥʘʣʽʟ ʥʘ ʢʦʣʝʢʪʦʨʽ (Collector Analysis).[4] 

 ʇʦʪʽʢ (Flow) ð ʮʝ ʦʜʥʦʩʧʨʷʤʦʚʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʘʢʝʪʽʚ ʤʽʞ ʜʚʦʤʘ ʢʽʥʮʝʚʠʤʠ ʪʦʯʢʘʤʠ, ʷʢʽ 

ʤʘʶʪʴ ʩʧʽʣʴʥʠʡ ʥʘʙʽʨ ʢʣʶʯʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʪʘʢ ʟʚʘʥʠʡ "ʢʣʶʯ ʧʦʪʦʢʫ"). ʉʪʘʥʜʘʨʪʥʠʡ ʢʣʶʯ 

NetFlow v5 ʚʢʣʶʯʘʻ 7 ʦʩʥʦʚʥʠʭ ʟʥʘʯʝʥʴ: ʚʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ (Ingress interface), IP-ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ, 

IP-ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ, ʧʨʦʪʦʢʦʣ IP (TCP, UDP, ICMP ʪʦʱʦ), ʧʦʨʪ ʜʞʝʨʝʣʘ, ʧʦʨʪ ʧʨʠʟʥʘʯʝʥʥʷ, ʪʠʧ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ToS). 

 ɻʝʥʝʨʘʮʽʷ ʟʘʧʠʩʽʚ (Flow Export) ʚʝʜʝʪʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞʝʚʦʛʦ ʧʨʠʩʪʨʦʶ 

(ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʢʦʤʫʪʘʪʦʨ, ʤʽʞʤʝʨʝʞʝʚʠʡ ʝʢʨʘʥ), ʷʢʠʡ ʟ ʧʽʜʪʨʠʤʢʦʶ ʧʨʦʪʦʢʦʣʫ (ʥʘʧʨʠʢʣʘʜ, 

NetFlow, sFlow, IPFIX) ʚʝʜʝ ʦʙʣʽʢ ʫʩʽʭ ʘʢʪʠʚʥʠʭ ʧʦʪʦʢʽʚ. ʂʦʣʠ ʧʦʪʽʢ ʟʘʚʝʨʰʫʻʪʴʩʷ (ʟʘ ʪʘʡʤʘʫʪʦʤ 

ʘʙʦ ʟʘ ʧʘʢʝʪʘʤʠ TCP FIN/RST), ʧʨʠʩʪʨʽʡ ʛʝʥʝʨʫʻ ʟʘʧʠʩ ʧʦʪʦʢʫ (flow record) ð ʤʝʪʘʜʘʥʽ, ʱʦ 

ʤʽʩʪʷʪʴ ʩʪʘʪʠʩʪʠʢʫ (ʦʙʩʷʛ ʪʨʘʬʽʢʫ, ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ, ʯʘʩ ʧʦʯʘʪʢʫ/ʟʘʚʝʨʰʝʥʥʷ), ʘʣʝ ʥʝ ʤʽʩʪʷʪʴ 

ʬʘʢʪʠʯʥʦʛʦ ʚʤʽʩʪʫ ʜʘʥʠʭ. ʎʝʡ ʟʘʧʠʩ ʝʢʩʧʦʨʪʫʻʪʴʩʷ ʥʘ ʢʦʣʝʢʪʦʨ ʧʦʪʦʢʽʚ (Flow Collector).[5] 

 ʋ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʢʦʣʝʢʪʦʨ ʦʪʨʠʤʫʻ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʟʚʝʜʝʥʠʭ ʟʘʧʠʩʽʚ ʚʽʜ ʨʽʟʥʠʭ 

ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ.ʂʦʣʝʢʪʦʨ ʘʛʨʝʛʫʻ ʪʘ ʘʥʘʣʽʟʫʻ ʮʽ ʜʘʥʽ ʜʣʷ: ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʟʘʚʘʥʪʘʞʝʥʠʭ 

ʭʦʩʪʽʚ ʽ ʜʦʜʘʪʢʽʚ ("ʧʦʞʠʨʘʯʽ" ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ), ʧʦʙʫʜʦʚʠ ʤʘʪʨʠʮʽ ʪʨʘʬʽʢʫ (ʭʪʦ ʟ ʢʠʤ 

ʩʧʽʣʢʫʻʪʴʩʷ), ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ ʘʪʘʢʠ (ʥʘʧʨʠʢʣʘʜ, SYN flood ʘʙʦ 

ʚʠʩʦʢʠʡ ʚʽʜʩʦʪʦʢ ʢʦʨʦʪʢʠʭ ʩʝʩʽʡ). 

 ɿʘʩʦʙʠ ʜʣʷ ʘʥʘʣʽʟʫ ʚʝʙ-ʪʨʘʬʽʢʫ (ɺʝʙ-ʘʥʘʣʽʪʠʢʘ) ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʤʘʨʢʝʪʠʥʛʦʚʠʡ ʘʥʘʣʽʟ ʪʘ 

ʚʠʚʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʚʝʙ-ʩʘʡʪʽ, ʘ ʥʝ ʥʘ ʥʠʟʴʢʦʨʽʚʥʝʚʠʡ ʤʝʨʝʞʝʚʠʡ ʘʥʘʣʽʟ. ʇʨʠʥʮʠʧ 

ʡʦʛʦ ʨʦʙʦʪʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʝʪʘʧʠ: ʟʙʽʨ ʜʘʥʠʭ (Tracking Code), ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘ 

ʩʝʩʽʷ, ʘʥʘʣʽʟ ʢʣʶʯʦʚʠʭ ʤʝʪʨʠʢ. 

ʇʽʜ ʯʘʩ ʟʙʦʨʫ ʜʘʥʠʭ ʥʘ ʢʦʞʥʫ ʩʪʦʨʽʥʢʫ ʩʘʡʪʫ ʜʦʜʘʻʪʴʩʷ ʥʝʚʝʣʠʢʠʡ ʬʨʘʛʤʝʥʪ JavaScript-ʢʦʜʫ 

(ʥʘʧʨʠʢʣʘʜ, ʢʦʜ Google Analytics). ʂʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʟʘʚʘʥʪʘʞʫʻ ʩʪʦʨʽʥʢʫ, ʮʝʡ ʢʦʜ ʚʠʢʦʥʫʻʪʴʩʷ ʽ 

ʚʽʜʧʨʘʚʣʷʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʽʜʚʽʜʫʚʘʯʘ ʪʘ ʡʦʛʦ ʜʽʾ (ʪʘʢ ʟʚʘʥʠʡ ʭʽʪ ʘʙʦ ʧʦʜʽʷ) ʥʘ ʩʝʨʚʝʨʠ 

ʘʥʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ.[6] 

ʅʘ ʝʪʘʧʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʩʝʩʽʾ ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʘʡʣʠ cookie ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʫʥʽʢʘʣʴʥʠʭ ʚʽʜʚʽʜʫʚʘʯʽʚ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ ʾʭʥʽʭ ʜʽʡ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʩʝʩʽʾ (ʧʝʨʽʦʜʫ ʘʢʪʠʚʥʦʩʪʽ ʥʘ 

ʩʘʡʪʽ). ɸʥʘʣʽʪʠʯʥʘ ʩʠʩʪʝʤʘ ʦʙʨʦʙʣʷʻ ʟʽʙʨʘʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʣʶʯʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ: 

ʢʽʣʴʢʽʩʪʴ ʫʥʽʢʘʣʴʥʠʭ ʪʘ ʟʘʛʘʣʴʥʠʭ ʚʽʜʚʽʜʫʚʘʯʽʚ, ʜʞʝʨʝʣʘ ʪʨʘʬʽʢʫ, ʧʦʢʘʟʥʠʢ ʚʽʜʤʦʚ, ʩʝʨʝʜʥʽʡ ʯʘʩ ʥʘ 

ʩʪʦʨʽʥʮʽ, ʩʪʦʨʽʥʢʠ ʟʘ ʩʝʩʽʶ, ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʴʦʚʠʭ ʜʽʡ (ʢʫʧʽʚʣʷ, ʧʽʜʧʠʩʢʘ, ʟʘʧʦʚʥʝʥʥʷ ʬʦʨʤʠ), 

ʧʦʚʝʜʽʥʢʘ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

 ɸʥʘʣʽʟ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʫ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, ʜʽʘʛʥʦʩʪʠʢʠ 

ʤʝʨʝʞʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ. ɾʦʜʝʥ ʽʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚʠʱʝ ʟʘʩʦʙʽʚ ʥʝ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ. 

ɽʬʝʢʪʠʚʥʠʡ ʽ ʚʩʝʙʽʯʥʠʡ ʘʥʘʣʽʟ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʫ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ, 

ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʠ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ. 
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ʄɽʊʆɼʀ ʆʇʊʀʄɯɿɸʎɯɰ CASE-ʉʀʉʊɽʄ ʇʈʀ ʇʈʆɭʂʊʋɺɸʅʅɯ ɯʅʌʆʈʄɸʎɯʁʅʆ-

ɸʅɸʃɯʊʀʏʅʀʍ ʇʃɸʊʌʆʈʄ 

ʂʦʨʥʽʻʥʢʦ ʆ. ʆ.  (oleksiikorniienko@gmail.com)  

ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ) 

 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʫ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʠʭ ʧʣʘʪʬʦʨʤ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ CASE-ʩʠʩʪʝʤ (Computer-Aided 

Software Engineering). ʉʫʯʘʩʥʽ CASE-ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʪʨʠʤʢʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ, ʧʨʦʪʝ ʾʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʦʜʝʣʝʡ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʨʽʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʦʥʦʚʣʝʥʥʷ, ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʢʦʥʪʨʦʣʶ ʟʤʽʥ. ʅʝʜʦʣʽʢʦʤ ʙʽʣʴʰʦʩʪʽ 

ʢʦʤʝʨʮʽʡʥʠʭ CASE-ʩʠʩʪʝʤ ʻ ʩʪʘʪʠʯʥʽʩʪʴ ʩʪʨʫʢʪʫʨ, ʜʫʙʣʶʚʘʥʥʷ ʘʨʪʝʬʘʢʪʽʚ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʙʽʟʥʝʩ-ʚʠʤʦʛʘʤʠ ʽ ʪʝʭʥʽʯʥʠʤʠ ʤʦʜʝʣʷʤʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʦʨʛʘʥʽʟʘʮʽʡ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʰʚʠʜʢʦʩʪʽ, ʷʢʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʻ CASE-

ʩʠʩʪʝʤʠ (Computer-Aided Software Engineering), ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ð ʚʽʜ ʬʦʨʤʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʪʝʩʪʫʚʘʥʥʷ ʡ ʩʫʧʨʦʚʦʜʫ. 

ʆʜʥʘʢ ʝʬʝʢʪʠʚʥʽʩʪʴ CASE-ʟʘʩʦʙʽʚ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʾʭ ʽʥʪʝʛʨʘʮʽʾ ʟ ʙʽʟʥʝʩ-

ʧʨʦʮʝʩʘʤʠ, ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʦʜʝʣʝʡ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʦʙʨʦʙʢʠ ʚʠʤʦʛ. ʊʨʘʜʠʮʽʡʥʽ 

CASE-ʩʠʩʪʝʤʠ ʯʘʩʪʦ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʥʘʜʤʽʨʥʫ ʬʦʨʤʘʣʽʟʘʮʽʶ ʤʦʜʝʣʝʡ ʽ 

ʥʝʜʦʩʪʘʪʥʶ ʧʽʜʪʨʠʤʢʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʘʨʪʝʬʘʢʪʘʤʠ. ʎʝ ʟʥʠʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʩʢʣʘʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʧʣʘʪʬʦʨʤ, ʦʩʦʙʣʠʚʦ ʫ ʚʝʣʠʢʠʭ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ.  

ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ CASE-ʩʠʩʪʝʤ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʛʥʫʯʢʦʩʪʽ ʪʘ ʘʥʘʣʽʪʠʯʥʦʾ ʟʜʘʪʥʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʧʣʘʪʬʦʨʤ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ CASE-ʩʠʩʪʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʧʣʘʪʬʦʨʤ ʰʣʷʭʦʤ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʘʥʘʣʽʟʫ ʚʠʤʦʛ, ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʜʝʣʝʡ ʪʘ ʟʥʠʞʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʝʪʘʧʽʚ ʨʦʟʨʦʙʢʠ. 

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

1. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ CASE-ʟʘʩʦʙʽʚ ʫ ʧʨʦʻʢʪʫʚʘʥʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʚʠʟʥʘʯʠʪʠ ʾʭʥʽ ʦʙʤʝʞʝʥʥʷ. 

2. ɺʠʟʥʘʯʠʪʠ ʢʨʠʪʝʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ CASE-ʩʠʩʪʝʤ ð ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʦʜʝʣʝʡ, 

ʯʘʩ ʦʙʨʦʙʢʠ ʚʠʤʦʛ, ʛʣʠʙʠʥʫ ʽʥʪʝʛʨʘʮʽʾ ʟ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ. 

3. ʈʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ CASE-ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʟʚôʷʟʢʽʚ ʤʽʞ 

ʘʨʪʝʬʘʢʪʘʤʠ ʨʦʟʨʦʙʢʠ, ʩʮʝʥʘʨʽʷʤʠ ʟʤʽʥ ʽ ʟʘʣʝʞʥʦʩʪʷʤʠ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

4. ʇʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʧʨʠʢʣʘʜʽ 

ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʧʣʘʪʬʦʨʤʠ ʫʧʨʘʚʣʽʥʥʷ ʘʥʘʣʽʪʠʯʥʠʤʠ ʜʘʥʠʤʠ. 

ʉʫʪʴ ʜʦʩʣʽʜʞʝʥʥʷ.  CASE-ʩʠʩʪʝʤʠ (Computer-Aided Software Engineering) ʚʠʩʪʫʧʘʶʪʴ 

ʢʣʶʯʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʧʽʜʪʨʠʤʢʫ ʚʩʽʭ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ð ʚʽʜ ʟʙʦʨʫ ʚʠʤʦʛ ʜʦ ʩʫʧʨʦʚʦʜʫ. 
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ʊʘʙʣʠʮʷ 1.ʂʨʠʪʝʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ CASE-ʩʠʩʪʝʤ 

ˉ 
ʂʨʠʪʝʨʽʡ 

ʝʬʝʢʪʠʚʥʦʩʪʽ 
ʆʧʠʩ ʧʦʢʘʟʥʠʢʘ ʊʠʧ ʦʮʽʥʶʚʘʥʥʷ 

1 ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ 
ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʙʨʦʙʢʠ ʤʦʜʝʣʝʡ ʪʘ 

ʦʥʦʚʣʝʥʥʷ ʘʨʪʝʬʘʢʪʽʚ 
ʂʽʣʴʢʽʩʥʠʡ 

2 
ʋʟʛʦʜʞʝʥʽʩʪʴ 

ʤʦʜʝʣʝʡ 

ɺʽʜʩʦʪʦʢ ʘʚʪʦʤʘʪʠʯʥʦ 

ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʭ ʟʚôʷʟʢʽʚ 
ʗʢʽʩʥʠʡ 

3 
ɸʜʘʧʪʠʚʥʽʩʪʴ ʜʦ 

ʟʤʽʥ 

ʐʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʥʘ 

ʦʥʦʚʣʝʥʥʷ ʚʠʤʦʛ 
ʏʘʩʦʚʠʡ 

4 ɯʥʪʝʛʨʦʚʘʥʽʩʪʴ 
ʈʽʚʝʥʴ ʟʚôʷʟʢʫ ʤʽʞ ʤʦʜʝʣʷʤʠ ʙʽʟʥʝʩ-

ʧʨʦʮʝʩʽʚ ʽ ʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 
ɸʥʘʣʽʪʠʯʥʠʡ 

 

ʇʦʧʨʠ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʫ ʮʽʡ ʛʘʣʫʟʽ, ʙʽʣʴʰʽʩʪʴ ʢʦʤʝʨʮʽʡʥʠʭ ʨʽʰʝʥʴ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ 

ʛʥʫʯʢʠʤʠ ʫ ʜʠʥʘʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʻʢʪʽʚ, ʜʝ ʚʠʤʦʛʠ ʪʘ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʟʤʽʥʶʶʪʴʩʷ ʤʘʡʞʝ 

ʙʝʟʧʝʨʝʨʚʥʦ. 

ʆʩʥʦʚʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʩʫʯʘʩʥʠʭ CASE-ʟʘʩʦʙʽʚ ʻ: 

¶ ʦʙʤʝʞʝʥʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʟʤʽʥ ʤʦʜʝʣʝʡ; 

¶ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʩʢʨʽʟʥʦʛʦ ʢʦʥʪʨʦʣʶ ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʽʞ ʘʨʪʝʬʘʢʪʘʤʠ; 

¶ ʜʫʙʣʶʚʘʥʥʷ ʜʘʥʠʭ ʧʨʠ ʚʥʝʩʝʥʥʽ ʟʤʽʥ; 

¶ ʚʠʩʦʢʘ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʨʝʚʽʟʽʡ ʽ ʪʝʩʪʫʚʘʥʥʷ. 

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʫʧʦʚʽʣʴʥʝʥʥʷ ʦʥʦʚʣʝʥʴ ʪʘ ʚʪʨʘʪʠ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʤʦʜʝʣʝʡ ʫ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʚʝʣʠʢʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʧʣʘʪʬʦʨʤ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ CASE-ʩʝʨʝʜʦʚʠʱʘ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ 

ʢʨʠʪʝʨʽʾ (ʊʘʙʣ. 1). 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʮʽʥʶʚʘʚʩʷ ʥʝ ʣʠʰʝ ʨʽʚʝʥʴ ʪʝʭʥʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʡ ʟʜʘʪʥʽʩʪʴ 

ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʪʠ ʩʪʨʫʢʪʫʨʥʫ ʫʟʛʦʜʞʝʥʽʩʪʴ ʧʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʣʝʣʴʥʠʭ ʟʤʽʥ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ CASE-ʩʠʩʪʝʤʠ ʨʦʟʛʣʷʜʘʻ ʾʾ ʷʢ ʜʠʥʘʤʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʘʨʪʝʬʘʢʪʽʚ: ʜʽʘʛʨʘʤ, ʩʧʝʮʠʬʽʢʘʮʽʡ, ʪʝʩʪʽʚ, ʢʦʜʦʚʠʭ ʤʦʜʫʣʽʚ ʽ ʚʠʤʦʛ. 

ʂʦʞʝʥ ʝʣʝʤʝʥʪ ʫ ʮʽʡ ʩʠʩʪʝʤʽ ʤʘʻ ʚʣʘʩʥʠʡ ʩʪʘʥ ʽ ʚʧʣʠʚʘʻ ʥʘ ʽʥʰʽ ʦʙôʻʢʪʠ ʧʽʜ ʯʘʩ ʤʦʜʠʬʽʢʘʮʽʡ. 

ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ (ʨʠʩ. 1). 

 

 
 

ʈʠʩʫʥʦʢ 1. ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʘ ʦʧʪʠʤʽʟʦʚʘʥʦʾ CASE-ʩʠʩʪʝʤʠ 

 

ʉʠʩʪʝʤʘ ʬʫʥʢʮʽʦʥʫʻ ʟʘ ʧʨʠʥʮʠʧʦʤ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ: ʙʫʜʴ-ʷʢʘ ʟʤʽʥʘ ʥʘ ʨʽʚʥʽ ʚʠʤʦʛ ʘʙʦ 

ʤʦʜʝʣʝʡ ʘʚʪʦʤʘʪʠʯʥʦ ʽʥʽʮʽʶʻ ʦʥʦʚʣʝʥʥʷ ʟʚôʷʟʘʥʠʭ ʘʨʪʝʬʘʢʪʽʚ ʽ ʪʝʩʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʢʽʣʴʢʽʩʪʴ ʨʫʯʥʠʭ ʜʽʡ, ʟʘʧʦʙʽʛʪʠ ʧʦʤʠʣʢʘʤ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʪʘ ʧʽʜʚʠʱʠʪʠ ʫʟʛʦʜʞʝʥʽʩʪʴ ʫ ʢʦʤʘʥʜʥʽʡ 

ʨʦʟʨʦʙʮʽ. 

ˣ͔ͤͫ͘͜-͍͙͎͙ͣͦ ό.ǳǎƛƴŜǎǎ wǳƭŜǎύ 

˸͔ͦ͒͜͡ ͨͪͦͼ͔͍ͫ͜ ό.tabΣ ¦a[ύ 

ˢ͔ͪͭͺ͙͊ͭ͟ ͔ͪ͊͊͘͜͡ͼ͜͝ ό͙ͦ͒͟Σ !tLύ  

͔͍́ͫͭͦ͜ ͫͼ͔ͤ͊ͪ͜͝ ͚ ͔͙͙ͣͭͪ͟  

ˢ͙ͤ͊ͭ͜͡;͙͚ͤ ͣͦ͒ͯ͡Έ ͙ͦͨͭͣ͊͘͜ͼ͜͝ 

ω͍ ͙Ύ͍͔ͤͤ͡Ύ ͒ͯ͋͡Ό͍͊ͤΈΣ ͍͘ΩΎ͍͘͟͜ 

ω ͊ ͍͙ͭͦͣ͊ͭ;͔ͤ ͍͔ͦͤͦͤͤ͡Ύ ͔͔͚ͣͦ͒͡  
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ʈʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʾ ʫʟʘʛʘʣʴʥʶʶʪʴʩʷ ʫ ʪʘʙʣʠʮʽ 2. 

ʊʘʙʣʠʮʷ 2. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʇʦʢʘʟʥʠʢ 
ɼʦ 

ʦʧʪʠʤʽʟʘʮʽʾ 

ʇʽʩʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ 
ɿʤʽʥʘ, % 

ʏʘʩ ʦʥʦʚʣʝʥʥʷ ʤʦʜʝʣʝʡ, ʩ 14,8 9,3 ï37,2 

ʋʟʛʦʜʞʝʥʽʩʪʴ ʘʨʪʝʬʘʢʪʽʚ, % 81,4 95,6 +17,5 

ʏʘʩ ʨʝʘʢʮʽʾ ʥʘ ʟʤʽʥʫ ʚʠʤʦʛ, ʭʚ 27,5 17,1 ï37,8 

ɯʥʪʝʛʨʦʚʘʥʽʩʪʴ ʽʟ ʙʽʟʥʝʩ-ʨʽʚʥʝʤ 0,68 0,91 +33,8 

 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫ CASE-ʩʝʨʝʜʦʚʠʱʽ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʤʙʽʥʘʮʽʶ ʪʨʴʦʭ ʤʝʭʘʥʽʟʤʽʚ: 

1. ʄʦʜʫʣʴ ʪʨʘʩʫʚʘʥʥʷ ʟʤʽʥ, ʷʢʠʡ ʘʚʪʦʤʘʪʠʯʥʦ ʚʽʜʩʪʝʞʫʻ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʘʨʪʝʬʘʢʪʘʤʠ ʪʘ 

ʩʠʛʥʘʣʽʟʫʻ ʧʨʦ ʢʦʥʬʣʽʢʪʠ. 

2. ʉʠʩʪʝʤʘ ʧʨʽʦʨʠʪʠʟʘʮʽʾ ʦʥʦʚʣʝʥʴ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʘʞʣʠʚʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʚʧʣʠʚʫ 

ʥʘ ʙʽʟʥʝʩ-ʚʠʤʦʛʠ. 

3. ɸʥʘʣʽʪʠʯʥʠʡ ʧʣʘʛʽʥ ð ʤʦʜʫʣʴ, ʷʢʠʡ ʘʥʘʣʽʟʫʻ ʽʩʪʦʨʽʶ ʟʤʽʥ ʽ ʨʝʢʦʤʝʥʜʫʻ ʦʧʪʠʤʘʣʴʥʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʥʦʚʣʝʥʴ. 

ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʦʧʪʠʤʽʟʦʚʘʥʘ CASE-ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʫʚʘʣʘ ʩʪʘʙʽʣʴʥʝ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 35ï40 %. 

ʂʦʤʘʥʜʠ ʨʦʟʨʦʙʥʠʢʽʚ ʚʽʜʟʥʘʯʠʣʠ ʧʦʢʨʘʱʝʥʥʷ ʚ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʤʦʜʫʣʽʚ, ʘ 

ʪʘʢʦʞ ʫ ʟʥʠʞʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʦʢ ʧʨʠ ʟʤʽʥʘʭ ʤʦʜʝʣʝʡ. 

ʆʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʤ ʚʠʷʚʠʚʩʷ ʤʝʭʘʥʽʟʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʦʥʦʚʣʝʥʥʷ UML-ʜʽʘʛʨʘʤ ʧʽʩʣʷ ʟʤʽʥʠ 

ʙʽʟʥʝʩ-ʚʠʤʦʛ, ʱʦ ʩʢʦʨʦʪʠʚ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʨʫʯʥʫ ʨʝʚʽʟʽʶ ʤʦʜʝʣʝʡ ʤʘʡʞʝ ʥʘ ʪʨʝʪʠʥʫ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʦʧʪʠʤʽʟʘʮʽʷ CASE-ʩʝʨʝʜʦʚʠʱ ʥʘ ʦʩʥʦʚʽ ʩʠʪʫʘʮʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ʟʚôʷʟʢʽʚ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʟʨʦʙʢʠ ʩʢʣʘʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ.  

ʄʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʘ ʫ ʩʫʯʘʩʥʽ ʢʦʨʧʦʨʘʪʠʚʥʽ ʧʣʘʪʬʦʨʤʠ (ʥʘʧʨʠʢʣʘʜ, DevOps ʘʙʦ 

CI/CD), ʟʘʙʝʟʧʝʯʫʶʯʠ ʘʜʘʧʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʘʨʪʝʬʘʢʪʘʤʠ ʪʘ ʙʝʟʧʝʨʝʨʚʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʻʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ CASE-

ʩʠʩʪʝʤ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʩʪʨʫʢʪʫʨʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʘʨʪʝʬʘʢʪʘʤʠ ʨʦʟʨʦʙʢʠ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʤʫ 

ʦʥʦʚʣʝʥʥʽ ʤʦʜʝʣʝʡ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʩʪʘʪʠʯʥʠʭ CASE-ʟʘʩʦʙʽʚ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʙʽʟʥʝʩ-ʨʽʚʥʝʤ, ʧʨʦʮʝʩʥʠʤʠ ʤʦʜʝʣʷʤʠ ʪʘ 

ʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʜʫʙʣʶʚʘʥʥʷ ʜʘʥʠʭ, ʩʢʦʨʦʪʠʪʠ ʯʘʩ 

ʨʝʘʢʮʽʾ ʥʘ ʟʤʽʥʠ ʚʠʤʦʛ ʽ ʧʽʜʚʠʱʠʪʠ ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʽʞ ʝʪʘʧʘʤʠ ʨʦʟʨʦʙʢʠ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
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ʇʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ (ʚʘʢʘʥʩʽʡ, ʜʠʚʘʢʘʥʩʽʡ, ʉʪʦʫʥʘ- 

ɺʝʣʴʩʘ) ʚ ʛʨʘʬʝʥʦʚʠʭ ʢʚʘʥʪʦʚʠʭ ʪʦʯʢʘʭ (ɻʂʊ) ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ, ʬʦʨʤʠ ʪʘ ʩʪʘʥʫ ʥʘ ʢʨʘʷʭ. ʇʨʠ 

ʮʴʦʤʫ ʟʘʤʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʦ-ʚʘʨʪʽʩʥʠʭ ʤʝʪʦʜʽʚ ʪʠʧʫ ʬʫʥʢʮʽʦʥʘʣʘ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ 
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ʟʘʩʪʦʩʦʚʘʥʦ ʤʽʞʘʪʦʤʥʽ ʧʦʪʝʥʮʽʘʣʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʪʦʯʥʽʩʪʴ ʢʚʘʥʪʦʚʦ-

ʤʝʭʘʥʽʯʥʠʭ ʤʝʪʦʜʽʚ ʟʽ ʰʚʠʜʢʦʜʽʻʶ ʝʤʧʽʨʠʯʥʠʭ ʤʦʜʝʣʝʡ. ɽʥʝʨʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ 

ʦʪʨʠʤʘʥʽ ʷʢ ʜʣʷ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ ʘʪʦʤʘ ʩʪʨʫʢʪʫʨʠ ɻʂʊ, ʪʘʢ ʽ ʢʘʨʪʘ ʝʥʝʨʛʽʡ ʜʣʷ ʫʩʽʭ ʘʪʦʤʽʚ ɻʂʊ. 

ʇʦʙʫʜʦʚʘʥʽ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʡ ʬʦʨʤʫʚʘʥʥʷ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʾʭ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʛʝʦʤʝʪʨʽʾ 

ɻʂʊ. ɺʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʤʝʥʰʝʥʽ ʨʦʟʤʽʨʽʚ ɻʂʊ ʝʥʝʨʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʟʨʦʩʪʘʶʪʴ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʬʘʡʥʤʝʥʪ ʝʬʝʢʪʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʚʦʨʶʶʪʴ ʧʽʜˇʨʫʥʪʷ ʜʣʷ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʜʝʬʝʢʪʘʤʠ ʚ ʥʘʥʦʤʘʪʝʨʽʘʣʘʭ ʽ ʨʦʟʰʠʨʶʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʾʭ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 

ʉʫʯʘʩʥʽ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʜʦʩʣʽʜʞʫʚʘʪʠ ʩʢʣʘʜʥʽ ʧʨʦʮʝʩʠ ʥʘ ʘʪʦʤʥʦʤʫ ʨʽʚʥʽ ʟ 

ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. ɿʘʚʜʷʢʠ ʤʦʜʝʣʶʚʘʥʥʶ ʥʘ ʘʪʦʤʥʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʥʠʢʠ ʤʦʞʫʪʴ ʥʝ ʣʠʰʝ 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʘ ʡ ʧʝʨʝʜʙʘʯʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʱʝ ʜʦ ʾʭ 

ʩʠʥʪʝʟʫ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʜʚʦʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ ʷʢ ʛʨʘʬʝʥ, ʜʝ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʽ 

ʧʦʨʫʰʝʥʥʷ ʩʠʤʝʪʨʽʾ ʯʠ ʜʝʬʝʢʪʠ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʟʤʽʥʶʚʘʪʠ ʝʣʝʢʪʨʦʥʥʫ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ. 

ɻʨʘʬʝʥʦʚʽ ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ (ɻʂʊ) ð ʮʝ ʥʘʥʦʨʦʟʤʽʨʥʽ ʬʨʘʛʤʝʥʪʠ ʛʨʘʬʝʥʫ, ʫ ʷʢʠʭ ʧʨʦʷʚʣʷʶʪʴʩʷ 

ʢʚʘʥʪʦʚʽ ʝʬʝʢʪʠ ʪʘ ʢʨʘʡʦʚʽ ʩʪʘʥʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʭʥʽ ʝʣʝʢʪʨʦʥʥʽ ʡ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɿʘʚʜʷʢʠ 

ʨʦʟʤʽʨʘʤ, ʧʦʨʽʚʥʷʥʥʠʤ ʽʟ ʜʦʚʞʠʥʦʶ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ, ɻʂʊ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʜʠʩʢʨʝʪʠʟʘʮʽʻʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ, ʧʦʜʽʙʥʦʶ ʜʦ ʘʪʦʤʥʠʭ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʢʚʘʥʪʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ, ʩʝʥʩʦʨʠʮʽ ʪʘ ʬʦʪʦʚʦʣʴʪʘʾʮʽ. 

ɺʧʣʠʚ ʜʝʬʝʢʪʽʚ ʥʘ ʪʘʢʽ ʩʠʩʪʝʤʠ ʻ ʢʨʠʪʠʯʥʠʤ: ʥʘʚʽʪʴ ʦʜʠʥʠʯʥʘ ʚʘʢʘʥʩʽʷ ʤʦʞʝ ʟʤʽʥʠʪʠ 

ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʪʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʥʦʢʣʘʩʪʝʨʘ, ʪʦʜʽ ʷʢ ʜʠʚʘʢʘʥʩʽʾ ʪʘ ʧʝʨʝʙʫʜʦʚʠ ʪʠʧʫ 

ʉʪʦʫʥʘïɺʝʣʴʩʘ ʬʦʨʤʫʶʪʴ ʩʪʽʡʢʽ ʪʦʧʦʣʦʛʽʯʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ 

ʝʥʝʨʛʽʶ ʟʚôʷʟʢʽʚ ʫ ʤʘʪʝʨʽʘʣʽ [1]. 

ɺʨʘʭʦʚʫʶʯʠ ʢʨʠʪʠʯʥʠʡ ʚʧʣʠʚ ʜʝʬʝʢʪʽʚ ʥʘ ʝʣʝʢʪʨʦʥʥʽ ʡ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɻʂʊ, ʜʣʷ ʾʭ 

ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʦʤʙʽʥʦʚʘʥʽ ʧʽʜʭʦʜʠ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ, ʤʦʜʝʣʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʘʣʛʦʨʠʪʤʠ ʯʠʩʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ 

ʚʜ̔ʪʚʦʨʶʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʘ ʡ ʧʝʨʝʜʙʘʯʘʪʠ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʽʟʥʠʭ ʜʝʬʝʢʪʽʚ ʪʘ ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʣʦʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ [2, 3]. 

ʆʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʪʝʦʨʽʷ ʬʫʥʢʮʽʦʥʘʣʘ ʛʫʩʪʠʥʠ 

(DFT), ʱʦ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʂʦʥʘïʐʝʤʘ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʝʣʝʢʪʨʦʥʥʫ ʛʫʩʪʠʥʫ 

ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʦʜʥʦʯʘʩʪʠʥʢʦʚʽ ʦʨʙʽʪʘʣʽ. ʄʝʪʦʜ DFT ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʝʥʝʨʛʝʪʠʯʥʠʭ, ʝʣʝʢʪʨʦʥʥʠʭ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʧʨʦʪʝ ʡʦʛʦ ʛʦʣʦʚʥʠʤ 

ʥʝʜʦʣʽʢʦʤ ʻ ʚʠʩʦʢʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ, ʱʦ ʟʨʦʩʪʘʻ ʟ ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ ʫ ʩʠʩʪʝʤʽ. ɼʣʷ 

ʩʪʨʫʢʪʫʨ, ʷʢʽ ʤʽʩʪʷʪʴ ʩʦʪʥʽ ʘʙʦ ʪʠʩʷʯʽ ʘʪʦʤʽʚ, ʪʘʢʠʭ ʷʢ ɻʂʊ, ʚʠʢʦʥʘʥʥʷ ʧʦʚʥʠʭ DFT-ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʦʩʦʙʣʠʚʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ ʽ ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ [2]. 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʛʽʙʨʠʜʥʽ ʤʝʪʦʜʠ, ʫ ʷʢʠʭ ʨʝʟʫʣʴʪʘʪʠ DFT 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʟʜʘʪʥʠʭ ʚʽʜʪʚʦʨʶʚʘʪʠ ʧʦʚʝʨʭʥʶ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʟ ʪʦʯʥʽʩʪʶ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʣʝ ʟʽ ʰʚʠʜʢʦʜʽʻʶ ʢʣʘʩʠʯʥʠʭ 

ʤʦʜʝʣʝʡ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʤʽʞʘʪʦʤʥʽ ʧʦʪʝʥʮʽʘʣʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (MLIP), ʱʦ 

ʘʧʨʦʢʩʠʤʫʶʪʴ ʧʦʚʝʨʭʥʶ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ (PES) ʥʘ ʦʩʥʦʚʽ ʢʚʘʥʪʦʚʠʭ ʜʘʥʠʭ ʟʘ ʚʠʨʘʟʦʤ: 

ὉὙ ВὪὶȟ ʜʝ Ὁ ð ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ, ʘ Ὢὶ  - ʚʥʝʩʦʢ ʘʪʦʤʘ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ 

ʦʪʦʯʝʥʥʷ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨ ʛʨʘʬʝʥʦʚʠʭ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ð ʚʽʜ ʛʝʥʝʨʘʮʽʾ ʘʪʦʤʥʠʭ 

ʢʦʥʬʽʛʫʨʘʮʽʡ ʜʦ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʻ Atomic Simulation 

Environment (ASE) ð ʤʦʜʫʣʴʥʘ Python-ʙʽʙʣʽʦʪʝʢʘ, ʷʢʘ ʽʥʪʝʛʨʫʻʪʴʩʷ ʟ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ 

ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ (VASP, Quantum ESPRESSO, LAMMPS, GPAW). ɺʦʥʘ ʜʘʻ ʟʤʦʛʫ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʦʙʫʜʦʚʫ ʧʦʯʘʪʢʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʧʨʦʚʦʜʠʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʛʝʦʤʝʪʨʽʾ ʪʘ ʚʠʟʥʘʯʘʪʠ 

ʩʪʘʙʽʣʴʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʘʪʦʤʽʚ. ʇʘʢʝʪ orb-models ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʡ ʥʘʚʯʘʥʥʷ 

ʥʝʡʨʦʥʥʠʭ ʤʽʞʘʪʦʤʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʪʦʯʥʽʩʪʴ DFT ʽʟ ʰʚʠʜʢʦʜʽʻʶ ʤʝʪʦʜʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʢʦʥʪʨʦʣʶ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

Jmol, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʤʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ, ʢʫʪʠ ʪʘ ʩʠʤʝʪʨʽʶ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʆʧʪʠʤʽʟʘʮʽʷ 

ʢʦʦʨʜʠʥʘʪ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ FIRE (Fast Inertial Relaxation Engine), ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʫ 
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ʟʙʽʞʥʽʩʪʴ ʽ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʥʘʚʽʪʴ ʜʣʷ ʚʝʣʠʢʠʭ ʢʣʘʩʪʝʨʽʚ ʛʨʘʬʝʥʫ ʟ 

ʜʝʬʝʢʪʘʤʠ [2]. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʨʘʭʦʚʫʻ ʨʽʟʥʽ ʪʠʧʠ ʜʝʬʝʢʪʽʚ ð ʪʦʯʢʦʚʽ (ʚʘʢʘʥʩʽʾ, ʜʠʚʘʢʘʥʩʽʾ) ʪʘ 

ʦʨʽʻʥʪʘʮʽʡʥʽ (ʜʝʬʝʢʪʠ ʉʪʦʫʥʘïɺʝʣʴʩʘ). ɽʥʝʨʛʽʷ ʾʭ ʫʪʚʦʨʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

Ὁ Ὁ Ὁ ὲ‘ȟ ʜʝ Ὁ  ð ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ ʟ ʜʝʬʝʢʪʦʤ, Ὁ  ð ʝʥʝʨʛʽʷ ʽʜʝʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ὲ ð ʢʽʣʴʢʽʩʪʴ ʚʠʣʫʯʝʥʠʭ ʘʙʦ ʜʦʜʘʥʠʭ ʘʪʦʤʽʚ, ‘ ð ʭʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʘʪʦʤʘ.  

ɼʝʪʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʜʝʬʝʢʪʽʚ ð 

ʤʦʥʦʚʘʢʘʥʩʽʡ, ʜʠʚʘʢʘʥʩʽʡ ʪʘ ʜʝʬʝʢʪʽʚ ʉʪʦʫʥʘïɺʝʣʴʩʘ (ʜʠʚ. ʨʠʩ.) ð ʜʘʻ ʟʤʦʛʫ ʧʨʦʩʪʝʞʠʪʠ, ʷʢ 

ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʛʨʘʬʝʥʫ ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʠʤʝʪʨʽʾ ʚʧʣʠʚʘʻ ʥʘ 

ʣʦʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʘʬʝʥʦʚʠʭ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ. 

 

(ʘ)   (b)     (ʩ) 

ʈʠʩ. 1 - ʂʘʨʪʠ ʝʥʝʨʛʽʡ ʫʪʚʦʨʝʥʥʷ ʦʜʠʥʠʯʥʦʾ ʚʘʢʘʥʩʽʾ (ʘ), ʜʠʚʘʢʘʥʩʽʾ (b) ʪʘ (ʩ) ʜʝʬʝʢʪʫ ʉʪʦʫʥʘ-

ɺʝʣʴʩʘ ʫ ʩʪʨʫʢʪʫʨʽ ʛʨʘʬʝʥʘ 

 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʽʡ ʬʦʨʤʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʙʫʣʠ 

ʧʦʙʫʜʦʚʘʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʢʘʨʪʠ ʜʝʬʝʢʪʦʫʪʚʦʨʝʥʥʷ ʜʣʷ ʛʨʘʬʝʥʦʚʠʭ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʨʦʟʤʽʨʦʤ 9Ĭ9 

ʘʪʦʤʽʚ. ɺʦʥʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʨʦʩʪʦʨʦʚʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʽʟʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ 

ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʽ ʦʙʣʘʩʪʽ ʫʪʚʦʨʝʥʥʷ ʚʘʢʘʥʩʽʡ, ʘ ʪʘʢʦʞ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ ʽ 

ʢʚʘʥʪʦʚʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʫ. 

ʂʘʨʪʘ ʝʥʝʨʛʽʡ ʜʣʷ ʦʜʠʥʠʯʥʦʾ ʚʘʢʘʥʩʽʾ (ʨʠʩ. 1ʘ) ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʥʘʡʤʝʥʰʽ ʝʥʝʨʛʝʪʠʯʥʽ 

ʙʘʨôʻʨʠ ʬʦʨʤʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʦʙʣʠʟʫ ʢʨʘʾʚ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ. ʋ ʮʝʥʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ 

ʢʣʘʩʪʝʨʘ, ʜʝ ʢʨʠʩʪʘʣʽʯʥʘ ʩʠʤʝʪʨʽʷ ʪʘ ů-ʟʚôʷʟʢʠ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʽ, ʝʥʝʨʛʽʷ ʫʪʚʦʨʝʥʥʷ ʚʘʢʘʥʩʽʾ ʟʨʦʩʪʘʻ. 

ʊʘʢʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʻ ʧʨʷʤʠʤ ʧʨʦʷʚʦʤ ʝʬʝʢʪʫ ʢʦʥʬʘʡʥʤʝʥʪʫ, ʢʦʣʠ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ 

ʥʘʥʦʯʘʩʪʠʥʢʠ ʧʽʜʩʠʣʶʻ ʚʧʣʠʚ ʢʨʘʾʚ ʥʘ ʣʦʢʘʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɼʣʷ ʜʠʚʘʢʘʥʩʽʡ (ʨʠʩ. 1b) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʢʣʘʜʥʽʰʘ ʝʥʝʨʛʝʪʠʯʥʘ ʢʘʨʪʠʥʘ: ʫʪʚʦʨʝʥʥʷ ʜʚʦʭ 

ʩʫʩʽʜʥʽʭ ʧʦʨʫʰʝʥʴ ʨʝʰʽʪʢʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʣʦʢʘʣʴʥʦʶ ʧʝʨʝʙʫʜʦʚʦʶ ʟʚôʷʟʢʽʚ ʽ ʬʦʨʤʫʚʘʥʥʷʤ 

ʧôʷʪʠ- ʪʘ ʚʦʩʴʤʠʯʣʝʥʥʠʭ ʢʽʣʝʮʴ. ʅʘʡʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʽʰʽ ʟʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʙʣʠʞʯʝ ʜʦ 

ʮʝʥʪʨʘʣʴʥʦʾ ʦʙʣʘʩʪʽ ʪʦʯʢʠ, ʜʝ ʤʽʞʘʪʦʤʥʘ ʚʟʘʻʤʦʜʽʷ ʜʦʟʚʦʣʷʻ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʥʦʚʫ ʪʦʧʦʣʦʛʽʶ. ʎʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʠʚʘʢʘʥʩʽʾ ʤʦʞʫʪʴ ʚʽʜʽʛʨʘʚʘʪʠ ʨʦʣʴ ʮʝʥʪʨʽʚ ʨʝʣʘʢʩʘʮʽʾ ʥʘʧʨʫʛ ʫ ʛʨʘʬʝʥʦʚʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ, ʟʥʠʞʫʶʯʠ ʟʘʛʘʣʴʥʫ ʝʥʝʨʛʽʶ ʩʠʩʪʝʤʠ. 

ɼʝʬʝʢʪ ʉʪʦʫʥʘïɺʝʣʴʩʘ (ʨʠʩ. 1ʩ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʙʝʨʪʘʥʥʷʤ ʦʜʥʦʛʦ CïC ʟʚôʷʟʢʫ ʥʘ 90Á, 

ʫʥʘʩʣʽʜʦʢ ʯʦʛʦ ʯʦʪʠʨʠ ʰʝʩʪʠʘʪʦʤʥʽ ʢʽʣʴʮʷ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʢʦʤʙʽʥʘʮʽʶ ʜʚʦʭ ʧôʷʪʠ- ʪʘ ʜʚʦʭ 

ʩʝʤʠʯʣʝʥʥʠʭ. ʂʘʨʪʘ ʝʥʝʨʛʽʾ ʧʦʢʘʟʫʻ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʦʛʦ ʜʝʬʝʢʪʫ ʤʝʥʰ ʡʤʦʚʽʨʥʝ ʥʘ ʧʝʨʠʬʝʨʽʾ, 

ʜʝ ʝʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʛʽʨʰʝ ʢʦʤʧʝʥʩʫʶʪʴʩʷ, ʽ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʝ ʫ ʚʥʫʪʨʽʰʥʽʭ ʜʽʣʷʥʢʘʭ ʨʝʰʽʪʢʠ. 

ʅʘʷʚʥʽʩʪʴ ʪʘʢʠʭ ʦʨʽʻʥʪʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʣʦʢʘʣʴʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʛʨʘʬʝʥʫ, 

ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʝʣʝʢʪʨʦʥʥʫ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ, ʦʧʪʠʯʥʽ ʧʝʨʝʭʦʜʠ ʪʘ ʩʪʚʦʨʶʻ ʧʦʪʝʥʮʽʡʥʽ ʮʝʥʪʨʠ 

ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʩʪʨʫʢʪʫʨʥʽ ʜʝʬʝʢʪʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ, ʝʣʝʢʪʨʦʥʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʘʬʝʥʦʚʠʭ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ. ʂʘʨʪʠ 

ʝʥʝʨʛʽʡ ʫʪʚʦʨʝʥʥʷ ʜʝʬʝʢʪʽʚ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʽʜ ʾʭʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʤʝʞʘʭ 

ʢʣʘʩʪʝʨʘ ʪʘ ʚʠʨʘʞʝʥʠʡ ʚʧʣʠʚ ʢʚʘʥʪʦʚʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʫ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ. 

ʇʨʦʚʝʜʝʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʧʦʷʩʥʠʪʠ ʤʝʭʘʥʽʟʤʠ ʫʪʚʦʨʝʥʥʷ ʜʝʬʝʢʪʽʚ, ʘ ʡ 

ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʢʝʨʦʚʘʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʪʠʧʫ ʪʘ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʫ 

ʛʨʘʬʝʥʦʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ, ʩʪʚʦʨʶʶʯʠ ʦʩʥʦʚʫ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʜʝʬʝʢʪʥʽʡ 
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ʽʥʞʝʥʝʨʽʾ, ʜʝ ʢʦʥʪʨʦʣʴ ʥʘʜ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ ʩʪʨʫʢʪʫʨʠ ʚʠʟʥʘʯʘʻ ʤʘʢʨʦʩʢʦʧʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ð ʧʨʦʚʽʜʥʽʩʪʴ, ʤʘʛʥʽʪʥʫ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʪʘ ʬʦʪʦʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʇʦʻʜʥʘʥʥʷ ʤʝʪʦʜʽʚ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ (MLIP, MACE) ʟ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ 

ʯʠʩʝʣʴʥʠʤʠ ʧʽʜʭʦʜʘʤʠ (DFT, ASE, orb-models, FIRE) ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʪʦʧʦʣʦʛʽʾ, ʚʽʜʢʨʠʚʘʶʯʠ ʧʝʨʩʧʝʢʪʠʚʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʠʧʽʚ 

ʜʝʬʝʢʪʽʚ, ʦʧʪʠʤʽʟʘʮʽʾ ʾʭʥʴʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʽ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʬʝʥʦʚʠʭ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ.  

ʆʪʞʝ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʫʶʪʴ ʥʘʫʢʦʚʝ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʥʘʧʨʷʤʦʤ 

ʩʫʯʘʩʥʦʾ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ʪʘ ʜʝʬʝʢʪʥʦʾ ʽʥʞʝʥʝʨʽʾ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 

 ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè (ʋʢʨʘʾʥʘ) 

 

ʇʨʦʧʦʥʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʥʘʧʨʘʮʶʚʘʥʴ, ʜʝ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʜʽʘʛʥʦʩʪʠʢʠ ʦʙʦʨʦʥʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʪʠʤʝ ʯʠʩʣʦʚʽ ʤʝʪʦʜʠ 

ʜʽʘʛʥʦʩʪʠʢʠ ʨʘʢʝʪʥʠʭ ʫʜʘʨʽʚ, ʥʝʙʝʟʧʝʯʥʠʭ ʦʙô̒ ʢʪʽʚ, ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ɼʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʟʦʨʫ. ɺʠʭʽʜʥʽ ʦʮʽʥʢʠ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʚʭʽʜʥʽ 

ʦʮʽʥʢʠ ʛʽʙʨʠʜʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥ.̫ ɼʣʷ ʛʨʫʧʫʚʘʥʥʷ ʦʮʽʥʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢʣʘʩʪʝʨʠʟʘʪʦʨ, ʘ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ï ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʆʙôʻʜʥʘʥʥʷ 

ʚʩʽʭ ʥʘʚʝʜʝʥʠʭ ʩʢʣʘʜʦʚʠʭ ʷʚʣʷʻ ʩʦʙʦʶ ʽʥʪʝʛʨʦʚʘʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʜʽʘʛʥʦʩʪʠʢʠ ʦʙʦʨʦʥʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ. 

 

ʆʙʦʨʦʥʥʝ ʧʣʘʥʫʚʘʥʥʷ ʻ ʩʢʣʘʜʦʚʦʶ ʩʠʩʪʝʤʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ ʪʘ ʚʢʣʶʯʘʻ 

ʙʘʛʘʪʦ ʩʢʣʘʜʦʚʠʭ. ʅʘʨʘʟʽ ʦʙʦʨʦʥʥʝ ʧʣʘʥʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʥʦʚʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʨʽʰʝʥʴ, ʟʦʢʨʝʤʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ [1]. 

ʇʨʦʪʷʛʦʤ 2020-2023 ʨʦʢʽʚ ʘʢʪʠʚʥʦ ʚʠʚʯʘʚʩʷ ʽʩʥʫʶʯʠʡ ʜʦʩʚʽʜ ʱʦʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ ʦʙʦʨʦʥʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. ʋ 2023 ʨʦʮʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʝʨʰʠʡ ʨʦʙʦʯʠʡ ʧʨʦʪʦʪʠʧ 

ʢʦʥʮʝʧʮʽʾ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʛʦʪʦʚʥʦʩʪʽ ʩʠʩʪʝʤ ʜʦ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ [2]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʫʤʫ, 

ʢʦʥʮʝʧʮʽʷ ʚʢʣʶʯʘʻ ʨʷʜ ʩʢʣʘʜʦʚʠʭ, ʟʦʢʨʝʤʘ ʚʭʽʜʥʽ ʜʘʥʽ, ʩʮʝʥʘʨʽʾ ʪʘ ʤʦʜʝʣʽ ʜʽʡ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ. ɸʣʝ ʪʘʢʘ ʢʦʥʮʝʧʮʽʷ ʥʘʛʘʜʫʻ ʩʠʩʪʝʤʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʱʦ ʥʝ ʻ ʢʦʤʧʣʝʢʩʥʠʤ 

ʚʠʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ.  

ʃʠʰʝ ʫ 2025 ʨʦʮʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʜʝʶ ʱʦʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʦʨʦʥʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʦʙʦʨʦʥʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʨʠʩ. 1. 
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ʗʢ ʚʠʜʥʦ ʟ ʈʠʩ. 1, ʽʥʪʝʛʨʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʦʙʦʨʦʥʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʧʦʙʫʜʦʚʘʥʘ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʽʻʨʘʨʭʽʯʥʦʩʪʽ ʪʘ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʩʪʽ. ʄʝʪʦʜʦʣʦʛʽʷ ʚʢʣʶʯʘʻ ʨʷʜ ʤʦʜʝʣʝʡ, ʥʘ ʦʩʥʦʚʽ 

ʷʢʠʭ ʨʦʟʨʦʙʣʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʯʠʩʣʦʚʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ ʨʘʢʝʪʥʠʭ ʫʜʘʨʽʚ, ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ, 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ʅʝʚʽʜôʻʤʥʦʶ 

ʯʘʩʪʠʥʦʶ ʽʥʪʝʛʨʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʻ ʤʝʪʦʜ ʪʨʝʢʽʥʛʫ ʦʙôʻʢʪʽʚ ʩʢʣʘʜʥʠʭ ʬʦʨʤ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ 

ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʣʦʢʘʣʴʥʽ ʧʨʦʛʥʦʟʠ. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʧʨʦʛʥʦʟʽʚ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ. ʅʘ ʚʭʽʜ ʤʝʨʝʞʽ 

ʧʦʜʘʶʪʴʩʷ ʦʮʽʥʢʠ, ʚʠʟʥʘʯʝʥʽ ʯʠʩʣʦʚʠʤʠ ʤʝʪʦʜʘʤʠ. ʊʘʢʦʞ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʛʨʫʧʫʚʘʥʥʷ 

ʦʮʽʥʦʢ.  

 

1 ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʪʝʛʨʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʽʘʛʥʦʩʪʠʢʠ ʦʙʦʨʦʥʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ  

2 ʇʨʠʥʮʠʧʠ ʽʻʨʘʨʭʽʯʥʦʩʪʽ, ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʩʪʽ 

3 ʄʦʜʝʣʽ ʜʽʘʛʥʦʩʪʠʢʠ  ʤʘʩʦʚʘʥʠʭ ʨʘʢʝʪʥʠʭ 

ʫʜʘʨʽʚ,  ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ, 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ, ʪʨʝʢʽʥʛʫ ʦʙ'ʻʢʪʽʚ ʩʢʣʘʜʥʠʭ ʬʦʨʤ 

ʄʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ ʤʘʩʦʚʘʥʠʭ ʨʘʢʝʪʥʠʭ 

ʫʜʘʨʽʚ,  ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ, 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ, ʪʨʝʢʽʥʛʫ ʦʙ'ʻʢʪʽʚ ʩʢʣʘʜʥʠʭ ʬʦʨʤ 

4 ɻʽʙʨʠʜʥʘ ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʦʢ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ 

ʤʘʩʦʚʘʥʠʭ ʨʘʢʝʪʥʠʭ ʫʜʘʨʽʚ, ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ, ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ 

5 ʄʝʪʦʜ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʦʢ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ 

6 ʉʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

 

ʈʠʩ. 1 - ʉʢʣʘʜʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʥʪʝʛʨʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʜʽʘʛʥʦʩʪʠʢʠ ʦʙʦʨʦʥʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

 

ɯʥʪʝʛʨʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʩʠʩʪʝʤʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʱʦ ʤʽʩʪʠʪʴ ʥʘʙʽʨ 

ʧʨʘʚʠʣ, ʢʨʠʪʝʨʽʾʚ ʟʘ ʷʢʠʤʠ ʧʨʠʡʤʘʶʪʴʩʷ ʨʽʰʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ 

ʜʦʟʚʦʣʷʻ ʢʦʤʧʣʝʢʩʥʦ ʚʠʨʽʰʫʚʘʪʠ ʧʠʪʘʥʥʷ ʦʙʦʨʦʥʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠʤʝʪʴʩʷ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʦʣʦʛʽʡ. 

ʄʦʞʣʠʚʦʩʪʽ ʽʥʪʝʛʨʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʜʽʘʛʥʦʩʪʠʢʠ ʦʙʦʨʦʥʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

1. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʠʢʠ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ. 

2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʛʽʙʨʠʜʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʤʝʪʦʜʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʜʣʷ ʛʨʫʧʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ. 

3. ʂʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ ʧʨʦʛʥʦʟʠ ʽʥʪʝʛʨʦʚʘʥʽ ʫ ʩʠʩʪʝʤʫ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ 

ʙʘʛʘʪʦʨʽʚʥʝʚʠʤ ʘʥʘʣʽʟʦʤ. 

ʉʪʘʥʦʤ ʥʘ ʞʦʚʪʝʥʴ 2025 ʨʦʢʫ ʧʨʦʚʝʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʯʘʩʪʢʦʚʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʥʪʝʛʨʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʜʽʘʛʥʦʩʪʠʢʠ ʦʙʦʨʦʥʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ. ʋ ʥʘʩʪʫʧʥʠʭ ʥʘʧʨʘʮʶʚʘʥʥʷʭ ʚʘʨʪʦ ʟôʷʩʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ. 

ʊʘʢʦʞ ʚʘʨʪʦ ʘʢʮʝʥʪʫʚʘʪʠ ʫʚʘʛʫ ʥʘ ʧʨʘʢʪʠʯʥʫ ʩʢʣʘʜʦʚʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʥʘʧʨʘʮʶʚʘʥʴ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

[1] ɹ. ɺʦʨʦʚʠʯ, ñʇʽʜʭʦʜʠ ʜʦ ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʾ ʤʦʜʝʣʽ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʚ 

ʄʽʥʽʩʪʝʨʩʪʚʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ, ɿʙʨʦʡʥʠʭ ʉʠʣʘʭ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʣ ʦʙʦʨʦʥʠò, ɿʙ. 

ʥʘʫʢ. ʧʨ. ʎʝʥʪʨʫ ʚʦʻʥ.-ʩʪʨʘʪʝʛ. ʜʦʩʣʽʜʞ. ʅʋʆʋ ʽʤ. ɯʚ. ʏʝʨʥʷʭ., ʩ. 25ï31, ʯʝʨʚ. 2023. ɼʘʪʘ 

ʟʚʝʨʥʝʥʥʷ: 11 ʞʦʚʪ. 2025. [ʆʥʣʘʡʥ]. ɼʦʩʪʫʧʥʦ: https://doi.org/10.33099/2304-2745/2023-1-77/25-31 

[2] ʆ. ʃʘʢʪʽʦʥʦʚ ʪʘ ʅ. ʇʝʜʯʝʥʢʦ, ñʂʦʥʮʝʧʮʽʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʛʦʪʦʚʥʦʩʪʽ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ 

ʜʦ ʚʠʢʦʥʘʥʥʷ ʙʦʡʦʚʠʭ ʟʘʚʜʘʥʴò, ɺʽʩʥ. ʍʤʝʣʴʥ. ʥʘʮ. ʫʥ-ʪʫ, ʪ. 1, ˉ 5, ʩ. 160ï165, 2023. 
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      ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɻʃʆɹɸʃʔʅʀʍ ʊɸ ʃʆʂɸʃʔʅʀʍ ʆʇʊʀʄʋʄɯɺ 

ʋ ɿɸɼɸʏɸʍ ʆʇʊʀʄɯɿɸʎɯɰ 

ʃʠʪʚʠʥʝʥʢʦ ʆ. ɭ., ʂʘʰʢʝʚʠʯ ʉ.ʆ.  

(svitlana.kashkevych@npp.kai.edu.ua) 

ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʂʠʾʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ) 

 

  ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫʥʽʤʦʜʘʣʴʥʠʭ ʪʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʬʫʥʢʮʽʡ ʚ ʟʘʜʘʯʘʭ ʦʧʪʠʤʽʟʘʮʽʾ. ʆʢʨʝʤʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʚʠʟʥʘʯʝʥʥʶ ʛʣʦʙʘʣʴʥʠʭ ʽ ʣʦʢʘʣʴʥʠʭ 

ʦʧʪʠʤʫʤʽʚ, ʘ ʪʘʢʦʞ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʦʯʦʢ. ʇʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʬʫʥʢʮʽʡ ʪʘ 

ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʪʝʭʥʽʯʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. 

 

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʥʘʧʨʷʤʽʚ ʩʫʯʘʩʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. ʆʩʦʙʣʠʚʫ ʩʢʣʘʜʥʽʩʪʴ ʩʪʘʥʦʚʣʷʪʴ ʟʘʜʘʯʽ ʟ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ, ʷʢʽ ʤʘʶʪʴ ʜʝʢʽʣʴʢʘ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʥʝ ʣʠʰʝ ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ (ʛʨʘʜʽʻʥʪʥʠʡ ʩʧʫʩʢ, ʤʝʪʦʜ ʅʴʶʪʦʥʘ), ʘʣʝ ʡ ʛʣʦʙʘʣʴʥʽ ʧʽʜʭʦʜʠ (ʛʝʥʝʪʠʯʥʽ 

ʘʣʛʦʨʠʪʤʠ, ʨʦʡʦʚʽ ʤʝʪʦʜʠ, ʤʦʜʠʬʽʢʘʮʽʾ ʤʝʪʦʜʫ ʛʽʣʦʢ ʽ ʤʝʞ). 

ʋʥʽʤʦʜʘʣʴʥʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʬʫʥʢʮʽʷ )(xf , ʷʢʘ ʚ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʨʽʰʝʥʴ (ʆɼʈ) ʤʘʻ 

ʻʜʠʥʠʡ ʦʧʪʠʤʫʤ (ʤʽʥʽʤʫʤ ʘʙʦ ʤʘʢʩʠʤʫʤ). ʗʢʱʦ ʪʘʢʠʭ ʦʧʪʠʤʫʤʽʚ ʚ ʆɼʈ ʜʝʢʽʣʴʢʘ, ʪʦ ʬʫʥʢʮʽʷ ʻ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʶ. 

 

 
 

ʈʠʩ.1. ʄʫʣʴʪʠʤʦʜʘʣʴʥʘ ʬʫʥʢʮʽʷ 

ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫʥʽʤʦʜʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʪʘ 

ʙʽʙʣʽʦʪʝʢʠ NumPy ʽ Matplotlib.  

 

 

ʈʠʩ.2. ʋʥʽʤʦʜʘʣʴʥʘ ʬʫʥʢʮʽʷ 

ɻʣʦʙʘʣʴʥʠʤ ʤʽʥʽʤʫʤʦʤ ʥʘʟʠʚʘʶʪʴ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ )(xf  ʥʘ ʚʩʽʡ ʦʙʣʘʩʪʽ 

ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚôʷʟʢʽʚ R: 

});(min{)( min

* Rxxffxf Í== , 
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ʜʝ 
*x
 ï ʚʝʢʪʦʨ ʟʥʘʯʝʥʴ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ, ʷʢʠʡ ʥʘʜʘʻ ʬʫʥʢʮʽʾ )(xf  ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʥʘ R: 

)(minarg* xfx
RxÍ

=
. 

ʃʦʢʘʣʴʥʠʤ ʤʽʥʽʤʫʤʦʤ ʥʘʟʠʚʘʶʪʴ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ )(xf  ʚ ʦʢʦʣʽ 0R  ʜʝʷʢʦʾ ʪʦʯʢʠ 
RxÍ : 

});(min{)( 0min

* Rxxffxf Í=¡=¡
, ʜʝ  

)(minarg
0

* xfx
RxÍ

=
; 

}:{ *

0 r¢-Í= xxRxR
; r ï ʨʘʜʽʫʩ ʦʢʦʣʫ 0R . 

ʉʪʘʮʽʦʥʘʨʥʽ ʪʦʯʢʠ. ɺʝʢʪʦʨʠ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ, ʜʝ ʬʫʥʢʮʽʷ ʜʦʩʷʛʘʻ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ, ʫʪʚʦʨʶʶʪʴ ʤʥʦʞʠʥʫ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʦʯʦʢ. ɺʠʚʯʝʥʥʷ ʮʠʭ ʪʦʯʦʢ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʢʘʨʪʫ 

ʤʦʞʣʠʚʠʭ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫʥʽʤʦʜʘʣʴʥʠʭ ʪʘ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʚ ʟʘʜʘʯʘʭ ʦʧʪʠʤʽʟʘʮʽʾ. ʇʦʢʘʟʘʥʦ, ʱʦ ʫʥʽʤʦʜʘʣʴʥʽ ʬʫʥʢʮʽʾ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʻʜʠʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ, ʱʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ ʾʭ ʘʥʘʣʽʟʫ ʪʘ 

ʨʦʟʚôʷʟʘʥʥʷ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʦʚʝʜʝʥʝ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʚ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ, ʟʦʢʨʝʤʘ 

ʫ ʩʬʝʨʽ ʪʝʭʥʽʯʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 
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ɻɯɹʈʀɼʅʀʁ ʇɯɼʍɯɼ ɼʆ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɺɸʈʊʆʉʊɯ ɸʂʎɯʁ ʅɸ ʆʉʅʆɺɯ LSTM-

ʄɽʈɽɾ ʊɸ ʉɽʅʊʀʄɽʅʊ-ɸʅɸʃɯɿʋ ʅʆɺʀʅ 

ʄʘʢʦʚʽʡ ɸ.ʉ., ʃʶʪʝʥʢʦ ɯ.ɺ. 

(alina.makovii@cs.khpi.edu.ua, iryna.liutenko@khpi.edu.ua) 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ iʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ) 

 

ʋ ʪʝʟʘʭ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʛʽʙʨʠʜʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʘʢʮʽʡ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʯʠʩʣʦʚʠʭ ʽ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʝʡ 

ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ (LSTM ʽ FinBERT) ʜʣʷ ʘʥʘʣʽʟʫ ʝʤʦʮʽʡʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʬʽʥʘʥʩʦʚʦʛʦ ʥʦʚʠʥʥʦʛʦ 

ʬʦʥʫ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʧʦʣʷʛʘʻ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʧʽʜʪʚʝʨʜʞʝʥʥʽ ʪʦʛʦ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʦʚʦʛʦ ʬʘʢʪʦʨʘ (ʩʝʥʪʠʤʝʥʪʫ) ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘ ʤʝʪʨʠʢʦʶ RMSE. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʨʭʽʪʝʢʪʫʨʫ, ʨʝʘʣʽʟʦʚʘʥʫ ʥʘ ʙʘʟʽ Node.js ʽ TensorFlow.js, ʷʢʘ ʧʦʻʜʥʫʻ LSTM ʜʣʷ 

ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʪʘ ʜʦʥʘʚʯʝʥʫ ʪʨʘʥʩʬʦʨʤʝʨʥʫ ʤʦʜʝʣʴ (BERT) ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʦʥʘʣʴʥʦʩʪʽ. 

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʪʘʢʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰ ʥʘʜʽʡʥʽ ʧʨʦʛʥʦʟʠ ʚ ʫʤʦʚʘʭ 

ʨʠʥʢʦʚʦʾ ʚʦʣʘʪʠʣʴʥʦʩʪʽ [1,2]. 

 

ɺʩʪʫʧ. ʌʦʥʜʦʚʽ ʨʠʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʜʠʥʘʤʽʯʥʽʩʪʶ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʶ 

ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʮʽʥ ʥʘ ʘʢʮʽʾ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, 

ʦʩʢʽʣʴʢʠ ʥʘ ʥʠʭ ʚʧʣʠʚʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʦʢʘʟʥʠʢʠ ʤʠʥʫʣʦʾ ʮʽʥʠ, ʘʣʝ ʡ ʽʥʬʦʨʤʘʮʽʡʥʝ ʧʦʣʝ: ʥʦʚʠʥʠ, 

ʯʫʪʢʠ, ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʚʧʣʠʚʦʚʠʭ ʣʶʜʝʡ, ʥʘʩʪʨʦʾ ʤʘʩ. 

ʊʨʘʜʠʮʽʡʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʙʘʟʫʶʪʴʩʷ ʚʠʢʣʶʯʥʦ ʥʘ ʯʘʩʦʚʠʭ 

ʨʷʜʘʭ (ARIMA, Prophet, GARCH) ʪʘ ʥʝ ʟʘʚʞʜʠ ʩʧʨʘʚʣʷʶʪʴʩʷ ʟ ʧʦʩʪʘʚʣʝʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ 

ʩʧʠʨʘʶʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ, ʽʛʥʦʨʫʶʯʠ ʥʦʚʠʥʥʠʡ ʬʦʥ, ʷʢʠʡ ʬʦʨʤʫʻ ʨʠʥʢʦʚʫ ʜʠʥʘʤʽʢʫ [1]. 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʦʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʛʘʣʫʟʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ï ʟʦʢʨʝʤʘ, ʨʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ 

ʤʝʨʝʞʽ (LSTM) ʪʘ ʪʨʘʥʩʬʦʨʤʝʨʠ (BERT, FinBERT) ï ʚʽʜʢʨʠʚʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ [2, 4]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɺʩʝ ʚʠʱʝʟʘʟʥʘʯʝʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʛʽʙʨʠʜʥʦʾ 

ʤʦʜʝʣʽ, ʷʢʘ ʙʫʜʝ ʘʥʘʣʽʟʫʚʘʪʠ ʨʽʟʥʦʨʽʜʥʽ ʜʘʥʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ 

ʦʯʽʢʫʚʘʥʦʛʦ ʧʨʦʛʥʦʟʫ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʢʦʥʮʝʧʮʽʾ ʛʽʙʨʠʜʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʚʨʘʭʦʚʫʚʘʪʠʤʝ ʷʢ ʯʠʩʣʦʚʽ ʽʩʪʦʨʠʯʥʽ 

ʜʘʥʽ ʬʽʥʘʥʩʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʪʘʢ ʽ ʩʝʥʪʠʤʝʥʪ ʥʦʚʠʥʥʦʛʦ ʧʦʪʦʢʫ ʟ ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ 

ʧʨʦʛʥʦʟʫ ʚʘʨʪʦʩʪʽ ʘʢʮʽʾ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʚʢʣʶʯʘʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʽ. 

1. LTSM ʤʦʜʫʣʴ ʜʣʷ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʢʦʪʠʨʫʚʘʥʴ ʽ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʛʥʦʟʫ ʤʘʡʙʫʪʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ. ʄʘʪʝʤʘʪʠʯʥʘ ʦʩʥʦʚʘ LSTM ʙʘʟʫʻʪʴʩʷ ʥʘ ʛʝʡʪʘʭ ʟʘʙʫʪʪʷ, ʚʭʦʜʫ ʪʘ ʚʠʭʦʜʫ, ʥʘʧʨʠʢʣʘʜ, 

ʛʝʡʪ ʟʘʙʫʪʪʷ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

Ὢ „ὡ ẗὬ ȟὼ ὦ  

ʜʝ „ ï ʩʠʛʤʦʾʜʘʣʴʥʘ ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ, ὡ  ï ʤʘʪʨʠʮʷ ʚʘʛ, Ὤ  ï ʧʦʧʝʨʝʜʥʽʡ ʧʨʠʭʦʚʘʥʠʡ ʩʪʘʥ, 

ὼ ï ʚʭʽʜʥʽ ʜʘʥʽ, ὦ ï ʟʩʫʚ. 

2. ʄʦʜʫʣʴ ʩʝʥʪʠʤʝʥʪ-ʘʥʘʣʽʟʫ ʜʣʷ ʘʥʘʣʽʟʫ ʥʦʚʠʥʥʠʭ ʟʘʛʦʣʦʚʢʽʚ ʽ ʩʪʘʪʝʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

FinBERT ʤʦʜʝʣʽ, ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʦʾ ʥʘ ʬʽʥʘʥʩʦʚʠʭ ʪʝʢʩʪʘʭ. ɯʥʜʝʢʩ ʩʝʥʪʠʤʝʥʪʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʦʥʘʣʴʥʦʩʪʽ ʟʘ ʬʦʨʤʫʣʦʶ: 

Ὓ
ρ

ὔ
ί 

ʜʝ ί ï ʦʮʽʥʢʘ ʪʦʥʘʣʴʥʦʩʪʽ ʜʣʷ Ὥ-ʾ ʥʦʚʠʥʠ (ʚʽʜ -1 ʜʦ +1), ὔ ï ʢʽʣʴʢʽʩʪʴ ʥʦʚʠʥ ʟʘ ʜʝʥʴ. 

ʄʦʜʝʣʴ ʧʣʘʥʫʻʪʴʩʷ ʨʝʘʣʽʟʫʚʘʪʠ ʫ ʩʝʨʝʜʦʚʠʱʽ Node.js ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢ 

TensorFlow.js ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʊʘʢʠʡ ʚʠʙʽʨ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʪʝʢʫ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʷʢ ʥʘ ʩʝʨʚʝʨʥʽʡ, ʪʘʢ ʽ ʥʘ ʢʣʽʻʥʪʩʴʢʽʡ ʩʪʦʨʦʥʽ, ʱʦ ʻ ʢʦʨʠʩʥʠʤ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʽʥʪʝʛʨʘʮʽʾ ʚ ʘʥʘʣʽʪʠʯʥʽ ʚʝʙ-ʜʦʜʘʪʢʠ. 

ɺʠʤʦʛʠ ʜʦ ʇɿ. ʈʦʟʨʦʙʣʶʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʠʥʥʦ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ 

ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʙʫʪʠ ʩʫʤʽʩʥʠʤ ʽʟ ʚʝʙ-ʧʣʘʪʬʦʨʤʘʤʠ, ʤʘʪʠ ʚʠʩʦʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʣʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʽ ʧʽʜʪʨʠʤʢʫ ʽʥʪʝʛʨʘʮʽʾ ʟ API ʜʞʝʨʝʣ ʥʦʚʠʥ. ɺʠʢʦʨʠʩʪʘʥʥʷ 
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Node.js ʽ TensorFlow.js ʧʝʨʝʜʙʘʯʘʻ ʣʝʛʢʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘ ʢʣʽʻʥʪʩʴʢʽʡ ʽ ʩʝʨʚʝʨʥʽʡ ʩʪʦʨʦʥʽ, ʘ ʪʘʢʦʞ 

ʧʦʪʨʝʙʫ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʥʘʙʦʨʘʤʠ ʪʝʢʩʪʦʚʠʭ ʽ ʯʠʩʣʦʚʠʭ ʜʘʥʠʭ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʤʦʜʝʣʽ ʚʢʣʶʯʘʻ: 

1) ʚʭʽʜʥʠʡ ʰʘʨ ʽʟ ʯʘʩʦʚʠʭ ʨʷʜʽʚ (ʮʽʥʠ, ʦʙʩʷʛʠ) ʪʘ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ (ʥʦʚʠʥʠ), 

2) ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʟ FinBERT ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʽʥʜʝʢʩʫ ʩʝʥʪʠʤʝʥʪʫ Ὓ, 

3) ʽʥʪʝʛʨʘʮʽʶ Ὓ ʷʢ ʜʦʜʘʪʢʦʚʦʛʦ ʚʭʦʜʫ ʜʦ LSTM, 

4) ʚʠʭʽʜʥʠʡ ʰʘʨ ʽʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ ʮʽʥʠ. 

ʎʷ ʩʪʨʫʢʪʫʨʘ ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʦʣʘʪʠʣʴʥʦʩʪʽ ʨʠʥʢʫ. 

ʆʯʽʢʫʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʅʘ ʦʩʥʦʚʽ ʧʦʜʽʙʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [1, 2] ʛʽʙʨʠʜʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʮʽʥʦʚʠʭ ʢʦʣʠʚʘʥʴ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ LSTM-ʤʦʜʝʣʷʤʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʠʰʝ ʨʠʥʢʦʚʽ ʜʘʥʽ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʣʘʥʫʻʪʴʩʷ ʦʮʽʥʶʚʘʪʠ ʟʘ ʤʝʪʨʠʢʘʤʠ RMSE, MAE, Accuracy ʪʘ F1-score, ʜʝ 

RMSE ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὙὓὛὉ ώ ώ , 

ʜʝ ώï ʨʝʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, ώï ʧʨʦʛʥʦʟʦʚʘʥʝ ʟʥʘʯʝʥʥʷ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʜʝ ʧʽʜʪʚʝʨʜʞʝʥʦ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʛʽʙʨʠʜʥʦʾ 

ʤʦʜʝʣʽ ʪʘ ʙʘʟʦʚʦʶ ʟ ʦʜʥʠʤ LTSM ʤʦʜʫʣʝʤ. 

ɺʠʩʥʦʚʢʠ. ɯʥʪʝʛʨʘʮʽʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʪʝʢʩʪʽʚ ʫ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʫʚʘʪʠ ʝʤʦʮʽʡʥʠʡ ʪʘ ʧʦʚʝʜʽʥʢʦʚʠʡ ʢʦʥʪʝʢʩʪ ʨʠʥʢʫ [3]. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʝʤʦʥʩʪʨʫʻ 

ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʽʰʝʥʴ. ʋ 

ʤʘʡʙʫʪʥʴʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʨʦʟʰʠʨʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʜʘʥʠʭ ʽʟ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ 

(Twitter, Reddit) ʽ ʪʝʩʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʥʘ ʨʽʟʥʠʭ ʩʝʢʪʦʨʘʭ ʨʠʥʢʫ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʅɽʏɯʊʂʆɰ ʂʃɸʉʊɽʈʀɿɸʎɯɰ ɼʃʗ ɯɼɽʅʊʀʌɯʂɸʎɯɰ ɻʈʋʇ 

ʉʊʋɼɽʅʊɯɺ ʋ ʆʉɺɯʊʅɯʍ ɼɸʅʀʍ 

ʄʘʪʚʽʡʯʫʢ ʆ., ʄʘʤʯʠʯ ʊ. ɯ. (tetyana.mamchych@gmail.com) 

ɺʦʣʠʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʃʝʩʽ ʋʢʨʘʾʥʢʠ (ʋʢʨʘʾʥʘ) 

 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʦʧʠʩʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʯʽʪʢʦʾ ʪʘ ʥʝʯʽʪʢʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʣʷ 

ʛʨʫʧʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʩʪʫʜʝʥʪʽʚ ʟʘ ʦʧʠʪʫʚʘʥʥʷʤ ENAPE 2021. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʯʘʩʪʦ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʢʦʞʝʥ ʫʯʝʥʴ ʩʪʨʦʛʦ ʥʘʣʝʞʠʪʴ ʜʦ ʦʜʥʽʻʾ ʛʨʫʧʠ, ʱʦ ʤʦʞʝ ʥʘʜʤʽʨʥʦ 

ʩʧʨʦʱʫʚʘʪʠ ʩʢʣʘʜʥʽʩʪʴ ʨʝʘʣʴʥʠʭ ʦʩʚʽʪʥʽʭ ʧʨʦʮʝʩʽʚ. ʅʘʪʦʤʽʩʪʴ, ʤʝʪʦʜ ʥʝʯʽʪʢʠʭ C-ʩʝʨʝʜʥʽʭ 

(FCM) ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʛʥʫʯʢʦ ʛʨʫʧʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʜʝ ʫʯʥʽ ʤʦʞʫʪʴ ʦʜʥʦʯʘʩʥʦ ʥʘʣʝʞʘʪʠ ʜʦ 

ʢʽʣʴʢʦʭ ʢʣʘʩʪʝʨʽʚ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʥʘʣʝʞʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʠʩʫʶʪʴ ʪʘ 

ʽʥʪʝʨʧʨʝʪʫʶʪʴ ʟʥʘʡʜʝʥʽ ʢʣʘʩʪʝʨʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʥʘ ʘʥʘʣʦʛʽʯʥʠʭ 

ʜʘʥʠʭ ʚ ʫʢʨʘʾʥʩʴʢʦʤʫ ʢʦʥʪʝʢʩʪʽ. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʦʩʚʽʪʠ ʜʘʥʽ ʯʘʩʪʦ ʤʘʶʪʴ ʙʘʛʘʪʦʚʠʤʽʨʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʚʠʩʦʢʫ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʪʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭʥʽʡ ʘʥʘʣʽʟ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʏʽʪʢʽ ʘʣʛʦʨʠʪʤʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʷʢ k-means, ʥʝ ʟʘʚʞʜʠ ʟʜʘʪʥʽ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʠ 

ʧʦʚʝʜʽʥʢʫ ʩʪʫʜʝʥʪʽʚ, ʦʩʢʽʣʴʢʠ ʦʩʪʘʥʥʽ ʤʦʞʫʪʴ ʦʜʥʦʯʘʩʥʦ ʧʨʦʷʚʣʷʪʠ ʦʟʥʘʢʠ ʢʽʣʴʢʦʭ ʛʨʫʧ ð 

ʥʘʧʨʠʢʣʘʜ, ʤʘʪʠ ʩʝʨʝʜʥʽ ʘʢʘʜʝʤʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʘʣʝ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʤʦʪʠʚʘʮʽʾ ʯʠ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʽʚ. ʎʝ ʩʪʚʦʨʶʻ ʧʦʪʨʝʙʫ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʥʫʯʢʽʰʠʭ ʤʝʪʦʜʽʚ, ʟʜʘʪʥʠʭ ʚʨʘʭʦʚʫʚʘʪʠ çʧʨʦʤʽʞʥʫè 

ʥʘʣʝʞʥʽʩʪʴ ʦʙôʻʢʪʽʚ ʜʦ ʢʽʣʴʢʦʭ ʢʣʘʩʪʝʨʽʚ. 

ʇʝʨʝʣʽʢ ʚʠʨʽʰʝʥʠʭ ʟʘʚʜʘʥʴ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʥʝʯʽʪʢʦʾ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ Fuzzy C-Means (FCM) [14] ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʚʠʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʫ ʩʢʣʘʜʥʠʭ 

ʦʩʚʽʪʥʽʭ ʜʘʥʠʭ. ʅʘ ʦʩʥʦʚʽ ʥʘʙʦʨʫ ʜʘʥʠʭ ENAPE 2021 (National Survey on Educational System Access 

and Retention in Mexico) [5] ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ: ʢʣʘʩʪʝʨʠʟʘʮʽʶ ʩʪʫʜʝʥʪʽʚ ʟʘ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ, 

ʤʦʪʠʚʘʮʽʡʥʠʤʠ ʪʘ ʘʢʘʜʝʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; ʧʦʨʽʚʥʷʥʥʷ ʥʝʯʽʪʢʦʛʦ ʧʽʜʭʦʜʫ ʟ ʪʨʘʜʠʮʽʡʥʠʤ 

ʤʝʪʦʜʦʤ k-means; ʧʦʙʫʜʦʚʫ ʥʝʯʽʪʢʠʭ ʧʨʦʬʽʣʽʚ ʩʪʫʜʝʥʪʽʚ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ 

ʥʘʣʝʞʥʦʩʪʽ ʜʦ ʛʨʫʧ; ʘʥʘʣʽʟ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʠʟʠʢ ʚʽʜʩʽʚʫ ʟ ʥʘʚʯʘʥʥʷ. 

ʉʫʪʴ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʜ Fuzzy C-Means ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʛʥʫʯʢʦ ʦʧʠʩʘʪʠ ʧʦʚʝʜʽʥʢʫ 

ʩʪʫʜʝʥʪʽʚ, ʥʘʜʘʶʯʠ ʢʦʞʥʦʤʫ ʟ ʥʠʭ ʧʝʚʥʫ ʤʽʨʫ ʥʘʣʝʞʥʦʩʪʽ ʜʦ ʢʽʣʴʢʦʭ ʛʨʫʧ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʰʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʩʚʽʪʥʽʭ ʧʨʦʮʝʩʽʚ, ʜʝ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʩʪʫʜʝʥʪʘʤʠ ʥʝ ʟʘʚʞʜʠ ʻ ʨʽʟʢʠʤʠ. ɼʣʷ ʧʦʙʫʜʦʚʠ 

ʤʦʜʝʣʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʚʽʜʙʽʨ ʨʝʣʝʚʘʥʪʥʠʭ ʟʤʽʥʥʠʭ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʩʚʽʪʥʽ ʧʨʦʮʝʩʠ ʪʘ ʧʩʠʭʦʝʤʦʮʽʡʥʠʡ ʩʪʘʥ ʫʯʥʽʚ. ɼʦ ʧʝʨʝʣʽʢʫ ʚʽʜʽʙʨʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʚʽʡʰʣʠ:  

- ʩʧʦʩʦʙʠ ʦʮʽʥʶʚʘʥʥʷ (ev_exam, ev_tareas, ev_asist, ev_nula) ð ʽʩʧʠʪʠ, ʜʦʤʘʰʥʽ ʟʘʚʜʘʥʥʷ, 

ʚʽʜʚʽʜʫʚʘʥʽʩʪʴ, ʚʽʜʩʫʪʥʽʩʪʴ ʦʮʽʥʶʚʘʥʥʷ;  

- ʬʦʨʤʘʪʠ ʥʘʚʯʘʥʥʷ (med_plataform, med_clases_v, med_presencial, med_mail_RS) ð 

ʪʨʘʜʠʮʽʡʥʝ, ʜʠʩʪʘʥʮʽʡʥʝ, ʟʤʽʰʘʥʝ ʥʘʚʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʘʪʬʦʨʤ ʯʠ ʝʣʝʢʪʨʦʥʥʦʾ 

ʧʦʰʪʠ;  

- ʪʝʭʥʦʣʦʛʽʾ, ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ (t_smartphone, t_laptop, t_PC, t_tablet, t_TV) ð 

ʩʤʘʨʪʬʦʥʠ, ʥʦʫʪʙʫʢʠ, ʩʪʘʮʽʦʥʘʨʥʽ ʇʂ, ʧʣʘʥʰʝʪʠ, ʪʝʣʝʚʽʟʦʨʠ; ʧʩʠʭʦʝʤʦʮʽʡʥʽ ʩʪʘʥʠ (estres, 

depresion, desespero, antisocial) ð ʨʽʚʝʥʴ ʩʪʨʝʩʫ, ʜʝʧʨʝʩʽʾ, ʚʽʜʯʘʶ, ʩʦʮʽʘʣʴʥʦʾ ʜʝʟʘʜʘʧʪʘʮʽʾ;  

- ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʽ ʫʯʘʩʪʴ ʫ ʥʘʚʯʘʥʥʽ (recursado, extraord, t_horas) ð ʧʦʚʪʦʨʥʝ 

ʧʨʦʭʦʜʞʝʥʥʷ ʢʫʨʩʽʚ, ʜʦʜʘʪʢʦʚʽ ʽʩʧʠʪʠ, ʚʠʪʨʘʯʝʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʯʘʩ. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʜʘʥʠʭ ʤʝʪʦʜʦʤ Fuzzy C-Means, 

ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ð k = 3 ʪʘ ʨʽʚʝʥʴ 

ʬʘʟʠʬʽʢʘʮʽʾ m = 1.1. ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʢʣʘʩʪʝʨʽʚ ʧʦʢʘʟʘʣʘ ʪʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʩʪʫʜʝʥʪʽʚ:  

1. ʆʥʣʘʡʥ-ʚʽʜʤʽʥʥʠʢʠ ʧʽʜ ʩʪʨʝʩʦʤ. ʄʘʶʪʴ ʚʠʩʦʢʽ ʦʮʽʥʢʠ ʟʘ ʽʩʧʠʪʠ ʪʘ ʟʘʚʜʘʥʥʷ, ʙʝʨʫʪʴ 

ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʚ ʦʥʣʘʡʥ-ʥʘʚʯʘʥʥʽ, ʘʣʝ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʩʪʨʝʩʫ, ʜʝʧʨʝʩʽʾ ʪʘ 

ʚʽʜʯʘʶ.  

2. ʉʧʦʢʽʡʥʽ ʪʘ ʝʬʝʢʪʠʚʥʽ ʚʽʜʤʽʥʥʠʢʠ. ʄʘʶʪʴ ʥʘʡʚʠʱʽ ʘʢʘʜʝʤʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʤʽʥʽʤʘʣʴʥʠʡ 
ʨʽʚʝʥʴ ʝʤʦʮʽʡʥʠʭ ʧʨʦʙʣʝʤ, ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ.  

3. ʊʨʘʜʠʮʽʡʥʽ ʚʽʜʚʽʜʫʚʘʯʽ ʟʘʥʷʪʴ ʽʟ ʥʠʞʯʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʆʨʽʻʥʪʫʶʪʴʩʷ ʥʘ ʦʯʥʝ ʥʘʚʯʘʥʥʷ, 
ʤʘʶʪʴ ʩʪʘʙʽʣʴʥʠʡ ʝʤʦʮʽʡʥʠʡ ʩʪʘʥ, ʘʣʝ ʥʠʞʯʽ ʧʦʢʘʟʥʠʢʠ ʫʩʧʽʰʥʦʩʪʽ. 

ʆʪʞʝ, ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʦʟʚʦʣʠʣʠ ʥʝ ʣʠʰʝ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʦʩʚʽʪʥʽ ʜʘʥʽ, ʘʣʝ ʡ ʚʠʦʢʨʝʤʠʪʠ 

ʛʨʫʧʠ ʩʪʫʜʝʥʪʽʚ ʽʟ ʨʽʟʥʠʤʠ ʥʘʚʯʘʣʴʥʠʤʠ ʧʨʦʬʽʣʷʤʠ ʪʘ ʝʤʦʮʽʡʥʠʤ ʩʪʘʥʦʤ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ 

ʧʦʪʝʥʮʽʘʣ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʣʷ ʩʢʣʘʜʥʠʭ ʦʩʚʽʪʥʽʭ ʜʘʥʠʭ. ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʧʦʜʽʙʥʽ 

ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ ʫʢʨʘʾʥʩʴʢʠʭ ʦʩʚʽʪʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʤʘʪʠʤʝ ʚʝʣʠʢʝ 

ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʽʜʪʨʠʤʢʠ ʩʪʫʜʝʥʪʽʚ ʽ ʨʦʟʨʦʙʢʠ 

ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʩʪʨʘʪʝʛʽʡ ʥʘʚʯʘʥʥʷ. 
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ɿɸɼɸʏɸ ɿɸʉʊʆʉʋɺɸʅʅʗ ʅʀɿʂʀ ʄɽʊʆɼɯɺ ʈʆɿʈɸʍʋʅʂʋ ʈɯɺʅʗ ʆʉɺɯʊʃɽʅʅʗ ʊɸ 

ʂɯʃʔʂʆʉʊɯ, ʇʆʊʋɾʅʆʉʊɯ ʊɸ ʈʆɿʊɸʐʋɺɸʅʅʗ ɼɾɽʈɽʃ ʉɺɯʊʃɸ 

ʄʝʣʴʥʠʢʦʚ ʆ. ʖ., ʄʘʣʶʢʽʥ ʆ. ɺ. (alexandr@melnikov.in.ua) 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ (ʋʢʨʘʾʥʘ) 

 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ ʨʦʟʨʘʭʫʥʢʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʜʞʝʨʝʣ ʩʚʽʪʣʘ ʷʢ ʩʫʢʫʧʥʦʩʪʽ 

ʜʚʦʭ ʦʢʨʝʤʠʭ ʟʘʜʘʯ: ʨʦʟʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ, ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʞʝʨʝʣ ʩʚʽʪʣʘ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʟʘʜʦʚʽʣʴʥʦʛʦ ʨʽʚʥʷ ʦʩʚʽʪʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʦʢ ʨʽʚʥʷ ʦʩʚʽʪʣʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʠʭ ʜʞʝʨʝʣ. 

 

ʆʩʚʽʪʣʝʥʥʷ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʞʠʪʪʷ ʣʶʜʝʡ ʫ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ʇʨʘʚʠʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʨʽʚʥʽʚ ʦʩʚʽʪʣʝʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ, 

ʥʘʚʯʘʥʥʷ ʪʘ ʚʽʜʧʦʯʠʥʢʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʘʚʪʦʨʠ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʨʽʚʥʽʚ 

ʦʩʚʽʪʣʝʥʥʷ, ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʘ ʪʘʢʦʞ ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʮʽʥʢʠ ʦʩʚʽʪʣʝʥʥʷ [1ï3]. 

ɸʚʪʦʨʠ ʧʦʩʪʘʚʠʣʠ ʪʘ ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʫ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʜʦʜʘʪʢʘ ï ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʽʚʥʷ ʦʩʚʽʪʣʝʥʥʷ [4ï6], ʫ ʨʦʙʦʪʽ [7] ʥʘʚʝʜʝʥʦ ʪʨʠ ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ: ʜʣʷ çʧʫʩʪʦʛʦè ʧʦʣʷ, ʜʣʷ ʫʤʦʚʥʦʾ ʢʚʘʨʪʠʨʠ ʪʘ ʜʣʷ ʚʫʣʠʮʽ. ʉʧʦʯʘʪʢʫ ʩʪʚʦʨʝʥʘ 

ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘ ʪʽʣʴʢʠ ʦʜʠʥ ʤʝʪʦʜ, ʪʦʤʫ ʫ ʨʦʙʦʪʽ [8] ʙʫʣʦ ʥʘʚʝʜʝʥʦ ʥʠʟʢʫ ʤʝʪʦʜʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʦʩʚʽʪʣʝʥʦʩʪʽ: ʤʝʪʦʜ ʪʦʯʢʦʚʠʭ ʜʞʝʨʝʣ ʩʚʽʪʣʘ (çʧʦʪʦʯʢʦʚʠʡ ʤʝʪʦʜè), ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʩʚʽʪʣʝʥʦʩʪʽ ʚʽʜ ʪʦʯʢʦʚʦʛʦ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ; ʤʝʪʦʜ 

ʣʶʤʝʥʘ, ʘʙʦ ʤʝʪʦʜ çʟʦʥʘʣʴʥʦʾ ʧʦʨʦʞʥʠʥʠè, ʱʦ ʻ ʩʧʨʦʱʝʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʩʚʽʪʣʝʥʥʷ ʚ 

ʧʨʠʤʽʱʝʥʥʽ; ʤʝʪʦʜ ʉʘʤʧʥʝʨʘ, ʱʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʷʢ ʜʣʷ ʧʨʷʤʦʛʦ, ʪʘʢ ʡ ʥʝʧʨʷʤʦʛʦ 

ʦʩʚʽʪʣʝʥʥʷ, ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʚʩʝ ʩʚʽʪʣʦ, ʷʢʝ ʚʭʦʜʠʪʴ ʚ ʧʨʦʩʪʽʨ, ʤʘʻ ʘʙʦ ʧʦʢʠʥʫʪʠ ʡʦʛʦ, ʘʙʦ 

ʙʫʪʠ ʧʦʛʣʠʥʫʪʠʤ ʦʜʥʽʻʶ ʟ ʧʦʚʝʨʭʦʥʴ ʧʨʦʩʪʦʨʫ; ʤʝʪʦʜʠ ʨʦʟʧʦʜʽʣʫ ʩʚʽʪʣʘ, ʷʢʠʡ ʚʨʘʭʦʚʫʶʪʴ ʥʝ 

ʪʽʣʴʢʠ ʪʦʯʢʦʚʽ ʜʞʝʨʝʣʘ, ʘ ʡ ʨʦʟʧʦʜʽʣ ʩʚʽʪʣʘ ʚʽʜ ʣʽʥʽʡʥʠʭ ʘʙʦ ʧʣʦʱʠʥʥʠʭ ʜʞʝʨʝʣ ʪʦʱʦ. ʇʽʩʣʷ 

ʦʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʠʨʘʪʠ ʢʨʘʱʠʡ ʤʝʪʦʜ, ʥʘ ʡʦʛʦ ʧʦʛʣʷʜ, ʫ ʢʦʞʥʦʤʫ 

ʚʠʧʘʜʢʫ. 

ɸʣʝ ʧʝʨʝʜ ʨʦʟʨʘʭʫʥʢʦʤ ʨʽʚʥʷ ʦʩʚʽʪʣʝʥʥʷ ʧʦʪʨʽʙʥʦ ʟʜʽʡʩʥʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ, 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʞʝʨʝʣ ʩʚʽʪʣʘ. ɿʛʽʜʥʦ ʟ [9, 10], ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʜʞʝʨʝʣ 

ʦʩʚʽʪʣʝʥʥʷ ʚ ʧʨʠʤʽʱʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ: ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ (ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʢʦʨʠʩʪʘʥʥʷ); ʧʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ;  ʪʦʯʢʦʚʠʡ. ʄʝʪʦʜ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ ʦʩʚʽʪʣʶʚʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʩʚʽʪʠʣʴʥʠʢʽʚ ʟʘʛʘʣʴʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʢʦʣʠ ʥʝʤʘʻ ʚʝʣʠʢʠʭ ʦʙ'ʻʢʪʽʚ. ʎʝʡ 

ʤʝʪʦʜ ʚʨʘʭʦʚʫʻ ʷʢ ʧʨʷʤʝ, ʪʘʢ ʽ ʚʽʜʙʠʪʝ ʩʚʽʪʣʦ. ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ 

ʩʝʨʝʜʥʴʦʛʦ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ. ʄʝʪʦʜ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʠʭ ʩʘʤʠʭ 

ʚʠʧʘʜʢʘʭ, ʱʦ ʡ ʤʝʪʦʜ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ. ʎʝʡ ʤʝʪʦʜ ʚʚʘʞʘʻʪʴʩʷ ʥʘʙʣʠʞʝʥʠʤ, ʦʩʢʽʣʴʢʠ ʧʨʦʩʪʦʪʘ 

ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʮʽʥʦʶ ʜʝʷʢʦʾ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ. ɿʘʛʘʣʴʥʝ ʤʽʩʮʝʚʝ ʦʩʚʽʪʣʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʟʘʛʘʣʴʥʝ ʨʽʚʥʦʤʽʨʥʝ ʦʩʚʽʪʣʝʥʥʷ ʫ ʚʠʧʘʜʢʘʭ ʟʥʘʯʥʦʛʦ ʟʘʪʽʥʝʥʥʷ ʩʣʽʜ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʦʯʢʦʚʠʤ 

ʤʝʪʦʜʦʤ. ʎʝʡ ʞʝ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʩʚʽʪʣʝʥʦʩʪʽ ʧʦʭʠʣʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ 

ʚʽʜʢʨʠʪʠʭ ʧʨʦʩʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʤʽʩʮʝʚʦʛʦ ʦʩʚʽʪʣʝʥʥʷ. ʋ ʪʦʯʢʦʚʦʤʫ ʤʝʪʦʜʽ ʚʽʜʙʠʪʘ ʢʦʤʧʦʥʝʥʪʘ 

ʦʩʚʽʪʣʝʥʥʷ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ ʨʦʟʨʘʭʫʥʢʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʜʞʝʨʝʣ ʩʚʽʪʣʘ ʷʢ ʩʫʢʫʧʥʦʩʪʽ 

ʜʚʦʭ ʦʢʨʝʤʠʭ ʟʘʜʘʯ: 

https://www.researchgate.net/publication/288943313_A_study_of_various_Fuzzy_Clustering_Algorithms
https://www.researchgate.net/publication/288943313_A_study_of_various_Fuzzy_Clustering_Algorithms
https://www.kaggle.com/datasets/renecardoso/national-survey-on-school-dropout/data
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ï ʨʦʟʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ, ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʞʝʨʝʣ ʩʚʽʪʣʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʟʘʜʦʚʽʣʴʥʦʛʦ ʨʽʚʥʷ ʦʩʚʽʪʣʝʥʥʷ; 

ï ʨʦʟʨʘʭʫʥʦʢ ʨʽʚʥʷ ʦʩʚʽʪʣʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʠʭ ʜʞʝʨʝʣ. 

ʆʙʠʜʚʘ ʨʦʟʨʘʭʫʥʢʠ ʤʘʶʪʴ ʧʦʻʜʥʘʪʠʩʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ï ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʩʪʦʩʫʥʢʫ, 

ʷʢʠʡ ʙʠ ʜʦʟʚʦʣʠʚ ʟʜʽʡʩʥʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʢʽʣʴʢʦʩʪʽ, ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʞʝʨʝʣ ʩʚʽʪʣʘ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʟʘʜʦʚʽʣʴʥʦʛʦ ʨʽʚʥʷ ʦʩʚʽʪʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʨʽʚʥʷ ʦʩʚʽʪʣʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʠʭ 

ʜʞʝʨʝʣ. 

ɸʣʛʦʨʠʪʤ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ ʻ ʥʘʩʪʫʧʥʠʤ: ʩʧʦʯʘʪʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ, 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʞʝʨʝʣ ʩʚʽʪʣʘ ʫ ʧʝʨʰʦʤʫ ʤʦʜʫʣʽ ʩʠʩʪʝʤʠ, ʜʘʣʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʜʨʫʛʠʡ ʤʦʜʫʣʴ ʩʠʩʪʝʤʠ, ʜʝ ʢʦʨʠʩʪʫʚʘʯʘ ʟʤʦʞʝ ʷʢ ʧʝʨʝʚʽʨʠʪʠ ʨʽʚʝʥʴ ʦʩʚʽʪʣʝʥʥʷ ʫ 

ʢʦʞʥʽʡ ʪʦʯʮʽ ʧʨʠʤʽʱʝʥʥʷ, ʪʘʢ ʽ ʟʜʽʡʩʥʠʪʠ çʧʝʨʝʤʽʱʝʥʥʷè ʜʞʝʨʝʣ, ʷʢʱʦ ʮʝ ʙʫʜʝ ʧʦʪʨʽʙʥʦ. 

 

  
(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ: ʤʦʜʫʣʽ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ (ʘ) ʪʘ ʦʩʚʽʪʣʝʥʦʩʪʽ (ʙ) 
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This paper analyses the application of epidemiological models, such as SIR, SEIR, and SIS, to the 

study of user behavior in social networks, identifies, studies, and reveals how parameters ɓ and ɔ 

influence the spread and attenuation of content. The paper considers the dynamics of content virality, 

assesses the impact of different network structures and user interactions on information dissemination, 

and identifies the effectiveness of integrating machine learning techniques for parameter optimization 

and prediction accuracy. 

 

In social networks, among the usual actions of users today, the process of disseminating information 

is becoming more and more noticeable, which has signs of the spread of the epidemic and traditional 

forecasting methods do not take into account complex interactions between users, while the SIR, SEIR 

and SIS models allow you to describe the dynamics of content virality and investigate the infection of 

systems. The main problem is to accurately determine the parameters of the user behavior model and 

adapt them to real data,  which requires the use of machine learning methods. 

The main goal of the work is to analyze the processes of dissemination of information "virality" in 

social networks using epidemiological models to predict the dynamics of user activity. The key aspect is 

to study the influence of ɓ (probability of spread) and ɔ (probability of loss of interest) parameters on the 

speed of distribution and subsequent extinction of content.  which allows you to adapt the models to the 

specifics of specific social platforms. An additionally important task is the application of machine 

learning methods to optimize parameters, take into account complex interactions between users and 

increase the accuracy of predictions regarding the likelihood of viral effects or attenuation of information 

flows. 

The application of models such as SIR, SEIR and SIS to analyze behavior in social networks is a 

very interesting and relevant direction, since many processes in social networks (dissemination of 

information, rumors, ideas or even viral content) can be modeled using these epidemiological models. 

Thus, it is possible to investigate the spread of information or viral content using a SIR model with three 

agent (user) states: susceptible (S), infected (I), and recovered (R).  

In this context, vulnerable users may be potentially interested in new content, infected users are 

those who actively share or react to content, and recovered users are those who have unfollowed or are no 

longer interested.  

In addition, an intermediate exposure state (E) can be introduced into the SEIR model, which can be 

matched by people who have just begun to be interested in content or rumors, but are not yet actively 
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disseminating them. The SIS model is useful for modeling the behavior of people who may constantly 

switch between interests, making them susceptible to new rumors or ideas. 

Regarding the popularity and relevance of this topic, it should be noted that the article [1] considers 

models of information dissemination in the context of information warfare, draws attention to the 

importance of modeling in the context of modern threats. Instead, the article[2] applies epidemiological 

models to the analysis of the spread of information on Twitter, in particular in the context of rumors and 

information viruses. Similarly, [3] the research focuses on the SIR model for estimating the dissemination 

of awareness information among users, using mathematical analysis to improve understanding of 

diffusion dynamics. The paper [4] emphasizes the importance of the social network for the accuracy of 

epidemiological models, pointing out the need to take into account the structure of connections when 

modeling the dynamics of user activity. 

An analysis of popularity dynamics is carried out, using these models to model and predict the 

popularity of certain content or campaign over time. Parameters such as the probability of infection (beta) 

and the probability of recovery (gamma) can be adapted to the specific characteristics of the network 

(how quickly users will actively distribute this or that content and how long they will remain interested).  

Another type of task using SIR models is to spread rumors or fake news. In particular, it is possible 

to build a model for spreading fake news, where the "infected" are users who have already spread fake 

news, and the "recovered" are users who have stopped spreading it or believing it. 

Predicting the level of network activityallows you to explore how the number of active users on the 

network will change over time, whether the news or campaign will become "viral", whether it will 

quickly stop spreading.  

The algorithm consists of several steps. The first of them is a description of the user's interaction 

(likes, reposts, comments) directly to social networks. Using the real data obtained in [5] with user 

actions, publication texts, and the time of posting users from social networks Facebook and Instagram, it 

is possible to predict how the number of active users (infected) will change in the future, as well as 

optimize the model parameters to better describe the real dynamics. The final step is to improve accuracy 

using optimization techniques (minimizing error).  

According to Fig.1, we see the selection of Beta and Gamma parameters in the content distribution 

model is an important stage in accurately predicting the dynamics of distribution in social networks, and 

for this it is necessary to take into account both real data and theoretical aspects. One of the effective 

methods is the empirical approach, where the optimization of parameters is carried out by minimizing the 

error between real data and simulation results, which allows you to adjust the model based on real user 

activity. Modeling using network statistics, such as the average number of connections between users or 

the degree of nodes, allows for a more accurate estimate of the beta version based on network density and 

gamma based on the speed at which users stop distributing content. Analysis of user behavior in social 

networks, in particular the study of examples of news or rumors, allows you to assess the speed of content 

distribution and clarify the parameters of beta and gamma, according to specific conditions. For more 

accurate parameter selection, machine learning techniques such as neural networks or decision trees can 

be applied, which allow a large number of factors and interactions between users to be taken into account, 

increasing the accuracy of the simulation. 

Technologies such as NumPy and SciPy for calculations and numerical methods, as well as 

Matplotlib and Seaborn for visualization of results, are used to solve the problem of modeling content 

distribution in social networks. The Pandas library is used for data processing, and Scikit-learn is used for 

parameter optimization and machine learning, with the ability to use TensorFlow/PyTorch for deep 

learning. 

Thus, the analysis confirms that epidemiological models, in particular the SIR framework, are an 

effective tool for studying and predicting the dynamics of content distribution in social networks. The 

parameters of ɓ and ɔ play a decisive role in the formation of the trajectory of information dissemination: 

ɓ determines the intensity of acceptance and distribution, and ɔ characterizes the rate of user withdrawal. 

It depends on their interaction whether the information acquires viral properties or quickly loses its 

relevance. The results demonstrate that higher ɓ values accelerate the growth of active users, which 

corresponds to the rapid viral spread of news, rumors, or campaigns. Conversely, increased ɔ values 

shorten the life cycle of information on the network by accelerating the transition of users to an inactive 

state. This indicates that the effectiveness of information campaigns strongly depends not only on the 

attractiveness of the content, but also on the structural and behavioral features of the network. 
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Fig. 1 ï Beta and Gamma parameters in the content distribution model 

 

In addition, the integration of data on real user activity in SIR-type models, combined with 

optimization and machine learning techniques, greatly improves the accuracy of prediction. This 

approach allows you to identify critical thresholds ɓ and ɔ at which information acquires viral potential, 

as well as evaluate scenarios related to the spread of fake news or targeted information campaigns. 

Thus, the proposed methodology allows not only to model the dynamics of content distribution, 

but also to develop practical recommendations for managing information flows in social networks. This 

can be especially valuable for marketing strategies, countering misinformation, and analyzing social 

media user engagement patterns. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ) 

 

ɺ ʪʝʟʘʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ  ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʧʦʚʥʝʥʥʷʤ ʨʝʟʝʨʚʫʘʨʽʚ  ʨʽʜʠʥʦʶ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʜʠʩʢʨʝʪʥʠʭ ʚʠʤʽʨʶʚʘʯʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ ʜʘʪʠ ʦʮʽʥʢʠ ʟʙʽʛʫ ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʜʘʥʠʤ ʨʽʚʥʝʤ ʨʽʜʠʥʠ; ʚʩʪʘʥʦʚʣʝʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʜʘʥʫ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ.  
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ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʨʦʚʝʜʝʥʥʽ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟʘʧʦʚʥʝʥʥʷ ʩʧʘʨʝʥʠʭ ʨʝʟʝʨʚʫʘʨʽʚ ʟ ʨʽʜʠʥʦʶ ʽ ʦʮʽʥʢʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʽ ʰʚʠʜʢʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʩʢʨʝʪʥʠʭ ʚʠʤʽʨʶʚʘʯʽʚ ʚ ʥʝʣʽʥʽʡʥʽʡ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ. ʇʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ 

ʚʠʨʽʰʫʻʪʴʩʷ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʣʦʚʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ: ʨʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʜʘʥʘ ʦʮʽʥʢʘ ʟʙʽʛʫ 

ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘʜʘʥʠʤ ʨʽʚʥʝʤ ʨʽʜʠʥʠ; ʚʩʪʘʥʦʚʣʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʩʠʣʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʟʘʜʘʥʫ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ. ʉʪʚʦʨʝʥʘ ʜʠʩʢʨʝʪʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʟʘʧʦʚʥʝʥʥʷ 

ʨʝʟʝʨʚʫʘʨʽʚ. ʇʨʦʚʝʜʝʥʽ ʯʠʩʣʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʫ ʟʘʧʦʚʥʝʥʥʷ ʨʝʟʝʨʚʫʘʨʽʚ ʧʨʠ 

ʟʘʜʘʥʽʡ ʪʦʯʥʦʩʪʽ.  ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

MatLab/Simulink. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ  ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʟ ʨʽʟʥʠʤʠ ʨʽʚʥʷʤʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ʗʢ 

ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ, ʚʠʤʽʨʶʚʘʯʽ ʟ ʚʽʜʥʦʩʥʦʶ ʜʠʩʢʨʝʪʥʽʩʪʶ ʙʽʣʴʰʝ ʜʝʩʷʪʠ ʦʜʠʥʠʮʴ, ʜʦʩʪʘʪʥʽ ʜʣʷ 

ʩʪʘʣʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ʅʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʟʙʽʞʥʽʩʪʴ ʧʨʦʮʝʩʫ ʢʦʥʪʨʦʣʶ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʨʽʚʥʝʤ ʨʽʜʠʥʠ ʚ ʩʧʘʨʝʥʠʭ ʨʝʟʝʨʚʫʘʨʘʭ.ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʪʝ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʽʚʥʷ ʟʘʧʦʚʥʝʥʥʷ ʨʝʟʝʨʚʫʘʨʽʚ. 

ʇʦʩʪʘʥʦʚʢʦʶ ʧʨʦʙʣʝʤʠ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʨʽʚʥʝʤ ʨʽʜʠʥʠ ʚ 

ʨʝʟʝʨʚʫʘʨʘʭ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʝʣʽʥʽʡʥʽ ʢʣʘʧʘʥʠ, ʪʦʤʫ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʟʘʧʦʚʥʝʥʥʷ 

ʨʽʜʠʥʦʶ ʨʝʟʝʨʚʫʘʨʽʚ  ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʪʝʭʥʽʯʥʠʭ  ʩʠʩʪʝʤ .  

ʂʦʥʪʨʦʣʴ ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʽʚ ʨʽʜʠʥʠ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʻ ʢʣʘʩʠʯʥʦʶ ʟʘʜʘʯʝʶ  ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʧʨʦʮʝʩʘʤʠ ʟʘʧʦʚʥʝʥʥʷ ʟʘʜʘʥʦʛʦ ʦʙ'ʻʤʫ [1]. ɹʽʣʴʰʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʝʨʝʜʙʘʯʘʻ ʧʦʯʝʨʛʦʚʝ 

ʟʘʧʦʚʥʝʥʥʷ  ʨʽʜʠʥʦʶ  ʧʫʩʪʠʭ ʨʝʟʝʨʚʫʘʨʽʚ, ʚʠʪʨʘʯʘʥʥʷ ʨʽʜʠʥʠ ʟ ʚʠʙʨʘʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ,  

ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʨʽʜʠʥʠ ʤʽʞ  ʮʠʤʠ ʦʙ'ʻʤʘʤʠ ʽ ʧʦʚʪʦʨʥʝ ʟʘʧʦʚʥʝʥʥʷ ʧʝʨʰʦʛʦ ʨʝʟʝʨʚʫʘʨʘ [2].  

ʇʝʨʝʣʽʢ ʚʠʨʽʰʝʥʠʭ ʟʘʚʜʘʥʴ. ɼʦʩʣʽʜʞʝʥʥʶ  ʧʽʜʣʷʛʘʻ ʜʠʩʢʨʝʪʥʠʡ ʧʨʦʮʝʩ ʟʘʧʦʚʥʝʥʥʷ 

ʨʝʟʝʨʚʫʘʨʽʚ ʟ ʨʽʜʠʥʦʶ ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʠʡ ʰʣʷʭʦʤ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʮʽʥʶʚʘʥʥʷ 

ʪʦʯʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ ʨʝʟʝʨʚʫʘʨʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʩʢʨʝʪʥʠʭ ʚʠʤʽʨʶʚʘʯʽʚ ʚ ʥʝʣʽʥʽʡʥʽʡ ʩʠʩʪʝʤʽ 

ʫʧʨʘʚʣʽʥʥʷ. ʇʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʜʽʘʛʨʘʤ ʥʘ ʦʩʥʦʚʽ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Simulink ʘʙʦ 

ʘʥʘʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʅʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ  ʨʦʙʦʪʠ ʥʝʣʽʥʽʡʥʦʾ  ʩʠʩʪʝʤʠ ʚ ʷʢʽʡ  ʻ ʨʝʟʝʨʚʫʘʨ, ʱʦ 

ʟʘʧʦʚʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʞʝʨʝʣʘ ʨʽʜʠʥʠ. ʈʝʟʝʨʚʫʘʨʠ  ʩʧʦʣʫʯʘʶʪʴʩʷ ʜʠʩʢʨʝʪʥʠʤ ʚʝʥʪʠʣʝʤ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ  ʜʠʩʢʨʝʪʥʠʤʠ ʜʘʪʯʠʢʘʤʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʟʘʧʦʚʥʝʥʥʷ ʨʝʟʝʨʚʫʘʨʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʚ ʩʠʩʪʝʤʽ Simulink. 

ʉʭʝʤʫ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘʢ (ʨʠʩ. 1.). 

ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʦʟʚʦʣʠʣʘ ʦʪʨʠʤʘʪʠ ʩʪʽʡʢʫ ʤʦʜʝʣʴ, ʨʝʟʫʣʴʪʘʪʠ 

ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ  ʛʨʘʬʽʢʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦ ʜʦʩʣʽʜʞʝʥʥʶ ʧʘʨʘʤʝʪʨʽʚ ʜʠʩʢʨʝʪʥʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʨʽʟʥʠʤʠ ʨʽʚʥʷʤʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ.  

 
 

ʈʠʩ. 1 -  ɹʣʦʢ-ʜʽʘʛʨʘʤʘ ʤʦʜʝʣʶʚʘʥʥʷ 
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ʇʦʙʫʜʦʚʘ ʩʪʽʡʢʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ  ʻ ʚʘʞʣʠʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ 

ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʠʡ ʛʨʘʬʽʢ ʟʙʽʞʥʦʩʪʽ ʧʨʦʮʝʩʫ ʢʦʥʪʨʦʣʶ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʨʽʚʥʽʚ ʨʽʜʠʥʠ ʚ  ʨʝʟʝʨʚʫʘʨʽ. 

 

ʈʠʩ 2 - ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʥʘʧʦʚʥʝʥʥʷ ʥʘʧʦʚʥʝʥʥʷ ʨʝʟʝʨʚʫʘʨʫ 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

[1] Bhagyashri, Gurjar. Parameter estimation based robust liquid level control of quadruple tank 

system ð Second order sliding mode approach  [Text] / Bhagyashri, Gurjar,  Vinit, Chaudhari,  Shailaja, 

Kurode// Journal of Process Control. ï 2021.ï  Volume 104. ï P. 1-10. - 2021.05.009.   

[2] Vadym, Stupnytskyy. Modeling and simulation of machined surface layer microgeometry 

parameters  [Text]/ Vadym, Stupnytskyy, Egidijus, Dragaġius, Saulius, Baskutis, She, Xianning 

//Ukrainian Journal of Mechanical Engineering and Materials Science. ï 2022. ï Volume 8. ï No 1. ï pp. 

1-11. - 2022.01.001. 

 

 

 

 

 

 

ʋɼʂ 62.64 

ʇʈʆɻʈɸʄʅʀʁ ʂʆʄʇʃɽʂʉ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ɺɯɿʋɸʃɯɿɸʎɯɰ 

ɼʀʅɸʄɯʂʀ FPV-ɼʈʆʅɯɺ ɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ MATLAB GUI ʊɸ ʂɺɸʊɽʈʅɯʆʅʅʆɻʆ 

ɯʅʊɽɻʈɸʊʆʈɸ 

ʅʽʢʫʣʽʥ ʉ. ʉ., ɿʘʙʦʣʦʪʥʠʡ ʆ. ɺ. (s.s.nikulin@khai.edu, o.zabolotnyi@khai.edu) 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ) 

 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ MATLAB-ʢʦʤʧʣʝʢʩ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʝʨʪʘʣʴʥʦʾ ʜʠʥʘʤʽʢʠ FPV-ʜʨʦʥʽʚ. ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʨʫʰʽʡʥʽ ʤʦʤʝʥʪʠ ʚʽʜ ʜʚʠʛʫʥʽʚ, 

ʛʽʨʦʩʢʦʧʽʯʥʽ ʝʬʝʢʪʠ ʪʘ ʜʝʤʧʬʫʚʘʥʥʷ. ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ ʦʨʽʻʥʪʘʮʽʾ ʟʘʩʪʦʩʦʚʘʥʦ 

ʢʚʘʪʝʨʥʽʦʥʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʘ ʯʠʩʝʣʴʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʈʫʥʛʝïʂʫʪʪʠ 4-ʛʦ 

ʧʦʨʷʜʢʫ. ɯʥʪʝʨʘʢʪʠʚʥʠʡ GUI ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʜʨʦʥʘ, ʢʝʨʫʚʘʪʠ ʪʷʛʘʤʠ ʜʚʠʛʫʥʽʚ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʩʧʦʩʪʝʨʽʛʘʪʠ ʯʘʩʦʚʽ ʨʷʜʠ ʢʫʪʽʚ ɽʡʣʝʨʘ, ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʽ ʪʷʛ. ʇʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʠʧʦʚʠʭ ʨʝʞʠʤʽʚ ʧʦʣʴʦʪʫ ʪʘ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʽʾ ʨʘʤʠ ʡ ʤʘʩʠ ʙʘʪʘʨʝʾ ʥʘ 

ʜʠʥʘʤʽʢʫ. ʈʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʣʝʢʩ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ HIL-ʩʪʝʥʜʽʚ ʪʘ ʚʽʜʣʘʛʦʜʞʝʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʩʪʘʙʽʣʽʟʘʮʽʾ. 

 

 

https://science.lpnu.ua/ujmems/all-volumes-and-issues/volume-8-number-1-2022/modeling-and-simulation-machined-surface-layer
https://science.lpnu.ua/ujmems/all-volumes-and-issues/volume-8-number-1-2022/modeling-and-simulation-machined-surface-layer
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ʈʦʟʨʦʙʢʘ ʪʦʯʥʠʭ ʽ ʥʘʦʯʥʠʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʽʢʠ FPV-ʜʨʦʥʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʫʯʘʩʥʦʾ 

ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʽʥʞʝʥʝʨʽʾ. ʈʝʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʨʠʟʠʢʘʤʠ ʧʦʰʢʦʜʞʝʥʥʷ ʪʝʭʥʽʢʠ ʡ 

ʚʠʪʨʘʪʘʤʠ ʯʘʩʫ, ʪʦʤʫ ʨʦʟʨʦʙʣʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʩʪʝʥʜʫ ʻ ʩʧʦʩʦʙʦʤ ʩʠʥʪʝʟʫ 

ʙʝʟʧʝʯʥʦʛʦ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ [1-4]. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʦʙʝʨʪʘʣʴʥʦʾ ʜʠʥʘʤʽʢʠ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʚ ʩʝʨʝʜʦʚʠʱʽ MATLAB [5]. 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ: 

ʘ) ʧʦʙʫʜʦʚʘ ʥʝʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʤʝʥʪʽʚ ʜʚʠʛʫʥʽʚ, 

ʛʽʨʦʩʢʦʧʽʯʥʠʭ ʪʘ ʜʝʤʧʬʫʚʘʣʴʥʠʭ ʝʬʝʢʪʽʚ [6]; 

ʙ) ʨʝʘʣʽʟʘʮʽʷ ʽʥʪʝʛʨʘʪʦʨʘ ʈʫʥʛʝïʂʫʪʪʠ 4-ʛʦ ʧʦʨʷʜʢʫ ʪʘ ʢʚʘʪʝʨʥʽʦʥʥʦʛʦ ʦʧʠʩʫ ʦʨʽʻʥʪʘʮʽʾ; 

ʚ) ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ GUI ʜʣʷ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʢʝʨʫʚʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [7]; 

ʛ) ʧʝʨʝʚʽʨʢʘ ʤʦʜʝʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ FPV-ʜʨʦʥʽʚ. 

ʉʫʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 

FPV-ʜʨʦʥ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʞʦʨʩʪʢʝ ʪʽʣʦ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʤʘʩʘʤʠ. ʈʫʭ ʦʧʠʩʫʶʪʴ ʩʠʩʪʝʤʦʶ 

ʨʽʚʥʷʥʴ ɽʡʣʝʨʘ: 

ἓⱷ ⱷ ἓⱷ Ⱳȟ 
 

ʜʝ ἓð ʪʝʥʟʦʨ ʽʥʝʨʮʽʾ, ⱷð ʚʝʢʪʦʨ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, Ⱳð ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ. 

ʂʚʘʪʝʨʥʽʦʥʥʘ ʢʽʥʝʤʘʪʠʢʘ: 

 

 

Ἱ
ρ

ς
ⱷἹȟ 

 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʝ ʦʙʯʠʩʣʝʥʥʷ ʦʨʽʻʥʪʘʮʽʾ ʙʝʟ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ. 

ɼʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʈʫʥʛʝïʂʫʪʪʠ 4-ʛʦ ʧʦʨʷʜʢʫ ʟ ʥʦʨʤʫʚʘʥʥʷʤ ʢʚʘʪʝʨʥʽʦʥʽʚ 

ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʯʠʩʝʣʴʥʫ ʩʪʽʡʢʽʩʪʴ ʪʘ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ɯʥʪʝʨʬʝʡʩ ʤʦʜʫʣʷ FPV drone simulation 

 

ɯʥʪʝʨʬʝʡʩ ʩʪʚʦʨʝʥʦ ʚ MATLAB  App Designer (ʨʠʩ. 1). ɺʽʥ ʤʽʩʪʠʪʴ ʩʣʘʡʜʝʨʠ ʢʝʨʫʚʘʥʥʷ 

ʪʷʛʦʶ ʜʚʠʛʫʥʽʚ, ʛʨʘʬʽʢʠ ʢʫʪʽʚ ɽʡʣʝʨʘ ʪʘ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʨʝʞʠʤʠ ʩʠʤʫʣʷʮʽʾ (Manual, 

Preset). ʇʘʥʝʣʴ ʧʨʘʚʦʨʫʯ ʚʽʜʪʚʦʨʶʻ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʨʠ ʛʨʘʬʽʢʠ: ʢʫʪʠ ɽʡʣʝʨʘ (ʢʨʝʥ, ʪʘʥʛʘʞ, 
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ʨʠʩʢʘʥʥʷ), ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ (p, q, r) ʪʘ ʟʥʘʯʝʥʥʷ ʪʷʛʠ ʜʣʷ ʜʚʠʛʫʥʽʚ. ʃʽʚʘ ʧʘʥʝʣʴ ʤʽʩʪʠʪʴ: ʩʣʘʡʜʝʨʠ 

ʜʣʷ ʥʝʟʘʣʝʞʥʦʛʦ ʟʘʜʘʚʘʥʥʷ ʟʥʘʯʝʥʴ ʪʷʛʠ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʯʦʪʠʨʴʦʭ ʜʚʠʛʫʥʽʚ, ʧʦʣʷ ʫʚʝʜʝʥʥʷ ʢʨʦʢʫ ʽ 

ʯʘʩʫ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʢʥʦʧʢʠ ʜʣʷ ʦʙʨʘʥʥʷ ʨʝʞʠʤʫ ʢʝʨʫʚʘʥʥʷ (Manual ʘʙʦ Preset), ʢʥʦʧʢʠ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʩʠʤʫʣʷʮʽʻʶ (Start, Pause, ʪʘ Stop), ʝʣʝʤʝʥʪʠ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ / ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ.   

 

 

 ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2 ï ɿʤʽʥʘ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʥʘ ʢʝʨʽʚʥʠʡ ʚʧʣʠʚ ʧʦ ʢʨʝʥʫ ʟʘ ʫʤʦʚʠ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʙʘʪʘʨʝʾ ʟ 

910 ʛ (ʘ) ʜʦ 1200 ʛ (ʙ) 

 

ʈʝʟʫʣʴʪʘʪʠ 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ: 

ʘ) ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʝʘʢʮʽʾ ʤʦʜʝʣʽ ʥʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʪʷʛʠ (ʢʨʝʥ, ʪʘʥʛʘʞ, ʨʠʩʢʘʥʥʷ); 

ʙ) ʚʧʣʠʚ ʤʘʩʠ ʙʘʪʘʨʝʾ ʥʘ ʽʥʝʨʮʽʡʥʽʩʪʴ ʨʫʭʫ: ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʟʤʝʥʰʫʻ ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ 

(ʨʠʩ. 2); 

ʚ) ʟʙʽʣʴʰʝʥʥʷ ʧʣʝʯʘ ʜʚʠʛʫʥʽʚ (ʜʦʚʞʠʥʠ ʧʨʦʤʝʥʽʚ ʨʘʤʠ) ʧʽʜʚʠʱʫʻ ʤʘʥʝʚʨʦʚʽʩʪʴ ʜʨʦʥʘ (ʨʠʩ. 3); 

ʛ) ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʝʤʧʬʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʛʣʘʜʞʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɯʤʽʪʘʮʽʷ ʨʝʘʣʴʥʠʭ ʤʘʥʝʚʨʽʚ ʧʽʜʪʚʝʨʜʠʣʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʤʠʣʦʢ. ʉʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʫʻ ʨʝʘʣʽʩʪʠʯʥʫ ʜʠʥʘʤʽʢʫ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʫʪʽʚ, 

ʚʢʣʶʯʥʦ ʟ ʘʢʨʦʙʘʪʠʯʥʠʤʠ ʧʝʨʝʚʝʨʪʘʥʥʷʤʠ. 

 

 

 

 ʘ) ʙ) 

ʈʠʩʫʥʦʢ 3 ï ɿʤʽʥʘ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʥʘ ʢʝʨʽʚʥʠʡ ʚʧʣʠʚ ʟʘ ʢʨʝʥʦʤ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʜʚʠʛʫʥʽʚ ʜʦ ʮʝʥʪʨʫ ʤʘʩ ʜʣʷ ʙʘʟʦʚʦʾ ʨʘʤʠ (ʘ) ʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʦʚʞʠʥʠ ʧʨʦʤʝʥʽʚ ʥʘ 5 ʤʤ (ʙ) 

 

ɺʠʩʥʦʚʢʠ 

ʈʦʟʨʦʙʣʝʥʠʡ MATLAB-ʢʦʤʧʣʝʢʩ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʜʠʥʘʤʽʢʫ FPV-ʜʨʦʥʽʚ ʫ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ ʪʘ ʩʣʫʛʫʻ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʽ ʥʘʚʯʘʣʴʥʠʭ ʮʽʣʝʡ. ɺʽʥ ʧʦʻʜʥʫʻ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʟ 

ʽʥʪʝʨʘʢʪʠʚʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ 
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ʟ Arduino ʪʘ IMU ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʧʘʨʘʪʥʦʛʦ HIL-ʩʪʝʥʜʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʪʨʦʣʝʨʽʚ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʥʘ ʨʽʚʥʽ GUI. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ) 

 

ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʧʦʻʜʥʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʪʘ ʥʝʡʨʦʥʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʟ ʣʽʥʛʚʽʩʪʠʯʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʫʟʛʦʜʠʪʠ ʦʙôʻʢʪʠʚʥʽ ʤʝʪʨʠʢʠ ʟ ʩʫʙôʻʢʪʠʚʥʠʤ ʩʧʨʠʡʥʷʪʪʷʤ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʩʪʨʫʢʪʫʨʫ ʥʝʯʽʪʢʦʛʦ 

ʚʠʩʥʦʚʢʫ (ʬʘʟʠʬʽʢʘʮʽʷ ð ʙʘʟʘ ʧʨʘʚʠʣ ð ʜʝʬʘʟʠʬʽʢʘʮʽʷ), ʘ ʪʘʢʦʞ ʚʘʨʽʘʥʪ ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ANFIS (ʘʜʘʧʪʠʚʥʘ ʥʝʡʨʦ-ʥʝʯʽʪʢʘ ʩʠʩʪʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ). ʆʢʨʝʩʣʝʥʦ ʧʝʨʝʚʘʛʠ 

ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʟʦʢʨʝʤʘ ʚ ʤʝʜʽʘ ʪʘ ʽʛʨʦʚʽʡ ʽʥʜʫʩʪʨʽʾ.  

 

ʆʙôʻʢʪʠʚʥʽ ʤʝʪʨʠʢʠ ʷʢʦʩʪʽ (PSNR, SSIM, VIF) ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ, 

ʦʜʥʘʢ ʚʦʥʠ ʥʝ ʟʘʚʞʜʠ ʢʦʨʝʣʶʶʪʴ ʽʟ ʣʶʜʩʴʢʠʤ ʩʧʨʠʡʥʷʪʪʷʤ ʧʨʠ ʟʤʽʰʘʥʠʭ ʩʧʦʪʚʦʨʝʥʥʷʭ. ʅʘ ʧʨʘʢʪʠʮʽ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʷʢʽʩʪʴ ʬʦʨʤʫʻʪʴʩʷ ʯʝʨʝʟ ʢʽʣʴʢʘ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʦʟʥʘʢ (ʨʽʟʢʽʩʪʴ, ʰʫʤ, ʢʦʥʪʨʘʩʪ, ʩʪʫʧʽʥʴ 

ʢʦʤʧʨʝʩʽʾ), ʘ ʧʽʜʩʫʤʢʦʚʝ ʩʫʜʞʝʥʥʷ ʤʘʻ ʣʽʥʛʚʽʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ (çʚʠʩʦʢʘè, çʩʝʨʝʜʥʷè, çʥʠʟʴʢʘè ʷʢʽʩʪʴ). 

ʅʝʯʽʪʢʘ ʣʦʛʽʢʘ ʧʨʠʨʦʜʥʦ ʤʦʜʝʣʶʻ ʥʝʪʦʯʥʽ ʡ ʢʦʥʪʝʢʩʪʥʽ ʦʮʽʥʢʠ, ʜʦʟʚʦʣʷʶʯʠ ʘʛʨʝʛʫʚʘʪʠ ʨʽʟʥʦʨʽʜʥʽ 

ʧʦʢʘʟʥʠʢʠ. 

ʄʝʪʦʶ ʻ ʧʦʙʫʜʦʚʘ ʫʟʛʦʜʞʝʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʟ: 

- ʜʦʙʦʨʦʤ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʚʭʽʜʥʠʭ ʦʟʥʘʢ (ʩʪʨʫʢʪʫʨʥʽ/ʽʥʬʦʨʤʘʮʽʡʥʽ [1], [2] ʪʘ ʩʪʘʪʠʩʪʠʯʥʽ [3]); 

- ʟʘʜʘʥʥʷʤ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʪʘ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʧʨʘʚʠʣ; 

- ʚʠʙʦʨʦʤ ʩʭʝʤʠ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ (ʤʝʪʦʜ ʄʘʤʜʘʥʽ) ʽ ʤʝʪʦʜʫ ʜʝʬʘʟʠʬʽʢʘʮʽʾ (ʮʝʥʪʨʦʾʜ); 
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- ʤʦʞʣʠʚʽʩʪʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʯʝʨʝʟ ANFIS [5], [6]. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʘʥʘʣʽʟ ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʫ ʚʘʞʣʠʚʠʡ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ. ʋ ʜʠʟʘʡʥʽ ʪʘ 

ʤʝʜʽʘ ʚʽʥ ʦʧʪʠʤʽʟʫʻ ʚʽʜʙʽʨ ʤʘʪʝʨʽʘʣʽʚ, ʘʚʪʦʤʘʪʠʟʫʻ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʪʘ ʩʢʦʨʦʯʫʻ ʯʘʩ ʚʠʭʦʜʫ 

ʧʨʦʜʫʢʪʫ. ɺ ʽʛʨʦʚʽʡ ʽʥʜʫʩʪʨʽʾ ʧʦʜʽʙʥʽ ʩʠʩʪʝʤʠ ʧʨʠʰʚʠʜʰʫʶʪʴ ʦʮʽʥʶʚʘʥʥʷ ʘʩʩʝʪʽʚ, ʢʣʘʩʠʬʽʢʘʮʽʶ 

ʩʮʝʥ ʽ ʧʝʨʩʦʥʘʞʽʚ ʪʘ ʽʥʪʝʛʨʫʶʪʴʩʷ ʟ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʛʝʡʤʜʠʟʘʡʥʫ. ʎʝ ʧʦʣʝʛʰʫʻ ʨʦʙʦʪʫ ʟ ʚʝʣʠʢʠʤʠ 

ʙʽʙʣʽʦʪʝʢʘʤʠ ʨʝʩʫʨʩʽʚ. 

ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʟʤʝʥʰʝʥʥʷ ʩʫʙôʻʢʪʠʚʥʦʛʦ ʯʠʥʥʠʢʘ. ʗʢʱʦ ʨʘʥʽʰʝ ʘʥʘʣʽʟ ʙʘʟʫʚʘʚʩʷ ʥʘ 

ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʢʘʭ ʜʠʟʘʡʥʝʨʽʚ ʘʙʦ ʪʝʩʪʦʚʠʭ ʛʨʫʧ, ʪʦ ʧʦʻʜʥʘʥʥʷ ʛʣʠʙʠʥʥʠʭ ʤʦʜʝʣʝʡ ʟ ʥʝʯʽʪʢʠʤʠ 

ʧʨʘʚʠʣʘʤʠ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, ʟʙʝʨʽʛʘʻ ʧʦʷʩʥʶʚʘʥʽʩʪʴ ʨʽʰʝʥʴ 

[4], [8]. 

ɼʦʜʘʪʢʦʚʦ ʘʢʪʫʘʣʴʥʦʶ ʻ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ: ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʧʦʪʨʽʙʥʽ ʘʨʭʽʪʝʢʪʫʨʠ, 

ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʎʝ ʩʫʪʪʻʚʦ 

ʜʣʷ ʧʦʪʦʢʦʚʠʭ ʧʣʘʪʬʦʨʤ, ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʽʛʦʨ ʪʘ VR/AR, ʜʝ ʟʘʪʨʠʤʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ. 

ʅʝʭʘʡ ʚʝʢʪʦʨ ʦʟʥʘʢ x ʤʽʩʪʠʪʴ: SSIM (ʽʥʜʝʢʩ ʩʪʨʫʢʪʫʨʥʦʾ ʧʦʜʽʙʥʦʩʪʽ), VIF (ʚʽʟʫʘʣʴʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ), BRISQUE (ʙʝʟʝʪʘʣʦʥʥʠʡ ʦʮʽʥʶʚʘʯ ʧʨʦʩʪʦʨʦʚʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ), 

ʧʦʢʘʟʥʠʢʠ ʨʽʟʢʦʩʪʽ (ʛʨʘʜʽʻʥʪʥʽ ʦʟʥʘʢʠ, ʥʘʧʨ. Sobel/Scharr) ʪʘ ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ (Laplace), ʦʮʽʥʢʫ 

ʰʫʤʫ (ů), ʢʦʥʪʨʘʩʪ (ʣʦʢʘʣʴʥʠʡ/ʛʣʦʙʘʣʴʥʠʡ), ʥʘʩʠʯʝʥʽʩʪʴ ʢʦʣʴʦʨʽʚ. ɼʣʷ ʢʦʞʥʦʾ ʦʟʥʘʢʠ ʟʘʜʘʶʪʴʩʷ 

2ï3 ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ (ʪʨʠʢʫʪʥʽ/ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʽ ʘʙʦ ˇʘʫʩʦʚʽ), ʥʘʧʨʠʢʣʘʜ çʥʠʟʴʢʘ ð ʩʝʨʝʜʥʷ ð 

ʚʠʩʦʢʘ ʨʽʟʢʽʩʪʴè. ɹʘʟʘ ʧʨʘʚʠʣ: IF (ʨʽʟʢʽʩʪʴ ð ʚʠʩʦʢʘ)  ᷈(ʰʫʤ ð ʥʠʟʴʢʠʡ)  ᷈(BRISQUE ð ʥʠʟʴʢʠʡ) 

THEN (ʷʢʽʩʪʴ ð ʚʠʩʦʢʘ). 

ʌʦʨʤʫʚʘʥʥʷ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʤʝʪʦʜʦʤ ʄʘʤʜʘʥʽ ʟ ʘʛʨʝʛʫʚʘʥʥʷʤ ʧʨʘʚʠʣ 

(maxïmin, t-ʥʦʨʤʠ). ʇʽʜʩʫʤʢʦʚʫ ʦʮʽʥʢʫ ʷʢʦʩʪʽ Q ʦʪʨʠʤʫʻʤʦ ʜʝʬʘʟʠʬʽʢʘʮʽʻʶ (ʤʝʪʦʜ ʮʝʥʪʨʦʾʜʘ): 

  { }( ) .Q defuzz FIS x=  (1) 

ɼʣʷ ʘʜʘʧʪʘʮʽʾ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʜʦʤʝʥʠ (ʤʝʜʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʽʛʨʦʚʽ ʘʩʩʝʪʠ, ʨʝʥʜʝʨʠ) ʧʘʨʘʤʝʪʨʠ 

ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʪʘ ʚʘʛ ʧʨʘʚʠʣ ʤʦʞʝ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ANFIS ð ʛʽʙʨʠʜʥʘ ʥʝʡʨʦ-ʥʝʯʽʪʢʘ ʤʦʜʝʣʴ, 

ʱʦ ʥʘʚʯʘʻʪʴʩʷ ʟʘ MOS (ʩʝʨʝʜʥʽʡ ʩʫʙôʻʢʪʠʚʥʠʡ ʙʘʣ ʷʢʦʩʪʽ) / DMOS (ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʩʝʨʝʜʥʽʡ 

ʩʫʙôʻʢʪʠʚʥʠʡ ʙʘʣ) [5], [6]. ɼʣʷ ʘʧʘʨʘʪʥʦ ʦʙʤʝʞʝʥʠʭ ʩʮʝʥʘʨʽʾʚ ʚʽʜʦʤʽ FPGA-ʨʝʘʣʽʟʘʮʽʾ ʥʝʯʽʪʢʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ [7]. ʋʟʘʛʘʣʴʥʝʥʫ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1 - ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʥʝʯʽʪʢʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ 

 

ɺʠʩʥʦʚʦʢ. ʅʝʯʽʪʢʘ ʣʦʛʽʢʘ ʜʦʟʚʦʣʷʻ ʟʚʝʩʪʠ ʨʽʟʥʦʪʠʧʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ (SSIM, VIF, BRISQUE, 

ʨʽʟʢʽʩʪʴ, ʰʫʤ, ʢʦʥʪʨʘʩʪ) ʜʦ ʦʜʥʽʻʾ ʽʥʪʝʨʧʨʝʪʦʚʘʥʦʾ ʦʮʽʥʢʠ, ʱʦ ʢʨʘʱʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ MOS. 

ʇʦʻʜʥʘʥʥʷ ʧʨʘʚʠʣ ʄʘʤʜʘʥʽ, ʜʝʬʘʟʠʬʽʢʘʮʽʾ ʪʘ ANFIS-ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽʩʪʴ ʥʘ 

ʟʤʽʰʘʥʠʭ ʩʧʦʪʚʦʨʝʥʥʷʭ ʽ ʟʙʝʨʽʛʘʻ ʧʦʷʩʥʶʚʘʥʽʩʪʴ ʨʽʰʝʥʴ. ʄʦʜʝʣʴ ʣʝʛʢʦ ʤʘʩʰʪʘʙʫʚʘʪʠ (ʫ ʪ.ʯ. 

ʘʧʘʨʘʪʥʦ), ʱʦ ʨʦʙʠʪʴ ʾʾ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʤʝʜʽʘ ʡ ʽʛʨʦʚʦʾ ʽʥʜʫʩʪʨʽʾ ʫ ʙʣʠʟʴʢʠʭ ʜʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʨʝʞʠʤʘʭ. ʅʘ ʧʨʘʢʪʠʮʽ ʮʝ ʟʤʝʥʰʫʻ ʚʧʣʠʚ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʧʨʠ ʚʽʜʙʦʨʽ ʢʦʥʪʝʥʪʫ ʪʘ ʧʨʠʰʚʠʜʰʫʻ 

ʚʠʨʦʙʥʠʯʽ ʮʠʢʣʠ. ʇʦʜʘʣʴʰʘ ʘʜʘʧʪʘʮʽʷ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʜʦʤʝʥʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʰʚʠʜʢʦ ʧʝʨʝʥʦʩʠʪʠ ʩʠʩʪʝʤʫ ʤʽʞ ʧʨʦʻʢʪʘʤʠ ʙʝʟ ʧʦʚʥʦʛʦ ʧʝʨʝʥʘʚʯʘʥʥʷ. 
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ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ  ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ) 
 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʫ ʭʽʤʽʯʥʦʤʫ 

ʘʥʘʣʽʟʽ, ʟʦʢʨʝʤʘ ʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʣʘʙʦʨʘʪʦʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʭʽʤʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ 

ʨʝʘʢʪʠʚʽʚ. ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʙʘʯʝʥʥʷ ʡ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʋʟʘʛʘʣʴʥʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʦʢʘʟʘʥʦ 

ʧʝʨʩʧʝʢʪʠʚʠ ʽʥʪʝʛʨʘʮʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʫ ʩʬʝʨʽ ʣʘʙʦʨʘʪʦʨʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʘʥʘʣʽʪʠʯʥʦʾ 

ʭʽʤ̔ʾ . 

 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʪʦʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ: 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʦʩʫʜʫ, ʨʝʘʢʪʠʚʽʚ ʽ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ 

ʚʽʟʫʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʻ ʪʨʫʜʦʤʽʩʪʢʠʤʠ ʪʘ ʩʭʠʣʴʥʠʤʠ ʜʦ ʣʶʜʩʴʢʠʭ ʧʦʤʠʣʦʢ. ɺ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ 

ʢʦʥʮʝʧʮʽʾ çʨʦʟʫʤʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡè ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʙʘʯʝʥʥʷ 

ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʽ ʜʽʡ ʫ ʭʽʤʽʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ. 

ʆʩʪʘʥʥʽ ʨʦʢʠ ʧʦʟʥʘʯʝʥʽ ʽʥʪʝʥʩʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʩʠʩʪʝʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʩʪʨʫʢʪʫʨ 

(OCSR). Rajan ʪʘ ʽʥ. [2] ʟʜʽʡʩʥʠʣʠ ˇʨʫʥʪʦʚʥʠʡ ʦʛʣʷʜ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʤʝʪʦʜʠ 

ʙʽʥʘʨʠʟʘʮʽʾ, ʩʝʛʤʝʥʪʘʮʽʾ ʪʘ ʦʧʪʠʯʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ. ʅʘʪʦʤʽʩʪʴ ʥʦʚʽʪʥʽ ʨʦʙʦʪʠ Kalinin [3] 

ʪʘ Stiehler [4] ʘʢʮʝʥʪʫʶʪʴ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʣʠʙʠʥʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʷʢʽ ʟʜʘʪʥʽ ʚʽʜʪʚʦʨʶʚʘʪʠ 

ʤʦʣʝʢʫʣʷʨʥʽ ʛʨʘʬʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʞʦʨʩʪʢʠʭ ʧʨʘʚʠʣ. 

ɺʦʜʥʦʯʘʩ ʫ ʩʬʝʨʽ ʜʝʪʝʢʮʽʾ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ Tiong ʪʘ ʩʧʽʚʘʚʪʦʨʠ [1] ʟʘʧʨʦʧʦʥʫʚʘʣʠ 

ʤʦʜʝʣʴ DenseSSD, ʱʦ ʧʦʢʘʟʘʣʘ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʧʨʦʟʦʨʦʛʦ ʩʢʣʷʥʦʛʦ ʧʦʩʫʜʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ Mozaffari [5] ʜʝʤʦʥʩʪʨʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ, ʟʦʢʨʝʤʘ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʤʽʰʝʡ ʟʘ ʨʘʤʘʥʽʚʩʴʢʠʤʠ ʩʧʝʢʪʨʘʤʠ. 

ʄʝʪʦʜʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʫ ʭʽʤʽʯʥʦʤʫ ʘʥʘʣʽʟʽ ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʠ: 

ʂʣʘʩʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʙʘʯʝʥʥʷ. ɺʦʥʠ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʚʠʜʽʣʝʥʥʽ ʦʟʥʘʢ (SIFT, 

SURF, HOG), ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʷʭ, ʢʦʥʪʫʨʥʦʤʫ ʘʥʘʣʽʟʽ ʡ ʧʦʜʘʣʴʰʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ SVM ʯʠ Random Forest. ʄʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ ʻ ʢʣʘʩʠʯʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʜʣʷ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʨʝʛʨʝʩʽʾ. ʋ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʦʙôʻʢʪʽʚ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʷʢ ʜʨʫʛʠʡ ʝʪʘʧ ʧʽʩʣʷ ʚʠʜʽʣʝʥʥʷ ʦʟʥʘʢ. SVM ʥʘʤʘʛʘʻʪʴʩʷ ʟʥʘʡʪʠ ʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ 
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ʛʽʧʝʨʧʣʦʱʠʥʫ, ʷʢʘ ʤʘʢʩʠʤʘʣʴʥʦ ʨʦʟʜʽʣʷʻ ʢʣʘʩʠ (ʥʘʧʨʠʢʣʘʜ, ʪʠʧʠ ʧʦʩʫʜʫ ʯʠ ʬʨʘʛʤʝʥʪʠ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ). ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʷʜʝʨʥʠʭ ʬʫʥʢʮʽʡ ʤʝʪʦʜ ʜʦʙʨʝ ʧʨʘʮʶʻ ʫ 

ʚʠʩʦʢʦʨʦʟʤʽʨʥʠʭ ʧʨʦʩʪʦʨʘʭ ʽ ʤʦʞʝ ʚʽʜʦʢʨʝʤʣʶʚʘʪʠ ʥʘʚʽʪʴ ʥʝʣʽʥʽʡʥʦ ʨʦʟʜʽʣʴʥʽ ʢʣʘʩʠ [3]. 

ʇʝʨʝʚʘʛʘʤʠ SVM ʻ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʥʘ ʥʝʚʝʣʠʢʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʝʨʝʥʘʚʯʘʥʥʷ ʪʘ 

ʟʜʘʪʥʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʽʟ ʰʫʤʥʠʤʠ ʦʟʥʘʢʘʤʠ. ʅʝʜʦʣʽʢʘʤʠ ʻ ʧʦʪʨʝʙʘ ʚ ʨʝʪʝʣʴʥʦʤʫ ʚʠʙʦʨʽ ʷʜʨʘ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʦʙʤʝʞʝʥʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʜʣʷ ʚʝʣʠʢʠʭ ʜʘʪʘʩʝʪʽʚ. 

ɸʥʩʘʤʙʣʝʚʠʡ ʘʣʛʦʨʠʪʤ Random Forest  ʦʙôʻʜʥʫʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʝʨʝʚ ʨʽʰʝʥʴ, ʢʦʞʥʝ ʟ ʷʢʠʭ 

ʥʘʚʯʘʻʪʴʩʷ ʥʘ ʚʠʧʘʜʢʦʚʽʡ ʧʽʜʤʥʦʞʠʥʽ ʦʟʥʘʢ ʽ ʧʨʠʢʣʘʜʽʚ. ʆʩʪʘʪʦʯʥʠʡ ʧʨʦʛʥʦʟ ʬʦʨʤʫʻʪʴʩʷ 

ʛʦʣʦʩʫʚʘʥʥʷʤ ʜʝʨʝʚ, ʱʦ ʟʤʝʥʰʫʻ ʨʠʟʠʢ ʧʝʨʝʥʘʚʯʘʥʥʷ ʡ ʧʽʜʚʠʱʫʻ ʫʟʘʛʘʣʴʥʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. ʋ 

ʟʘʜʘʯʘʭ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʫ ʭʽʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʮʝʡ ʧʽʜʭʽʜ ʝʬʝʢʪʠʚʥʠʡ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʦʬʽʣʽʚ ʧʽʢʩʝʣʽʚ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʦʥʪʫʨʽʚ ʧʦʩʫʜʫ ʯʠ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʬʦʥʘʤʠ ʪʘ 

ʨʝʘʛʝʥʪʘʤʠ [4]. ʇʝʨʝʚʘʛʘʤʠ Random Forest ʻ ʚʽʜʥʦʩʥʘ ʧʨʦʩʪʦʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʥʘ 

ʛʝʪʝʨʦʛʝʥʥʠʭ ʜʘʥʠʭ ʽ ʟʜʘʪʥʽʩʪʴ ʦʮʽʥʶʚʘʪʠ ʚʘʞʣʠʚʽʩʪʴ ʦʟʥʘʢ ʘ ʩʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʚʽʜʟʥʘʯʘʻʤʦ 

ʧʦʨʽʚʥʷʥʦ ʙʽʣʴʰʽ ʚʠʪʨʘʪʠ ʧʘʤôʷʪʽ ʪʘ ʥʠʞʯʘ ʽʥʪʝʨʧʨʝʪʦʚʘʥʽʩʪʴ ʦʢʨʝʤʠʭ ʨʽʰʝʥʴ ʘʥʩʘʤʙʣʶ. 

ʋ ʣʘʙʦʨʘʪʦʨʥʽʡ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʙʠʜʚʘ ʘʣʛʦʨʠʪʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʫ ʢʦʤʙʽʥʘʮʽʾ ʟ 

ʢʣʘʩʠʯʥʠʤʠ ʦʟʥʘʢʦʚʠʤʠ ʜʝʩʢʨʠʧʪʦʨʘʤʠ (HOG, LBP, ʢʦʣʴʦʨʦʚʽ ʛʽʩʪʦʛʨʘʤʠ), ʜʝ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʙʘʟʦʚʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʦʙôʻʢʪʽʚ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. SVM ʽ Random Forest 

ʟʘʣʠʰʘʶʪʴʩʷ ʮʽʥʥʠʤʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʣʝʛʢʠʭ, ʰʚʠʜʢʠʭ ʽ ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʧʨʦʪʦʪʠʧʽʚ ʫ ʩʝʨʝʜʦʚʠʱʘʭ 

ʽʟ ʦʙʤʝʞʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʊʘʢʽ ʧʽʜʭʦʜʠ ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʧʨʦʩʪʠʭ ʟʦʙʨʘʞʝʥʴ, ʘʣʝ 

ʤʘʣʦʩʪʽʡʢʽ ʜʦ ʰʫʤʫ ʪʘ ʩʢʣʘʜʥʠʭ ʬʦʥʽʚ. 

ɻʣʠʙʠʥʥʝ ʥʘʚʯʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʦ ʚʠʱʫ 

ʪʦʯʥʽʩʪʴ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ. ʅʘʧʨʠʢʣʘʜ, DenseSSD ʜʦʟʚʦʣʷʻ ʥʘʜʽʡʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʨʦʟʦʨʽ ʻʤʥʦʩʪʽ 

ʫ ʩʢʣʘʜʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʩʮʝʥʘʭ [1]. ʋ ʩʬʝʨʽ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ MolGrapher ʪʘ 

ChemGrapher ʧʦʢʘʟʘʣʠ ʧʝʨʝʚʘʛʠ ʛʨʘʬʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʭʽʤʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʽʟ 

ʟʦʙʨʘʞʝʥʴ [3], [4]. 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ. ɸʚʪʦʤʘʪʠʯʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʝʘʛʝʥʪʽʚ ʟʘ ʩʧʝʢʪʨʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ 1D-CNN ʪʘ ʽʥʰʠʭ ʤʦʜʝʣʝʡ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. RaMixNet ʧʦʢʘʟʘʚ ʟʜʘʪʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʘ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʚʘʪʠ ʢʦʤʧʦʥʝʥʪʠ ʩʫʤʽʰʝʡ [5]. 

ʆʢʨʝʤʠʡ ʥʘʧʨʷʤʦʢ ʜʦʩʣʽʜʞʝʥʴ ʩʪʦʩʫʻʪʴʩʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʽʡ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʽʜʝʦ. Sasaki ʪʘ 

ʩʧʽʚʘʚʪʦʨʽʚ [6] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʧʦʻʜʥʘʥʥʷ ʦʙôʻʢʪʥʦʾ ʜʝʪʝʢʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʜʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚʝʩʪʠ ʝʣʝʢʪʨʦʥʥʽ ʞʫʨʥʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʙʝʟʧʝʢʫ ʧʨʦʮʝʩʽʚ. 

ʈʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʦʮʝʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʢʪʠʚʽʚ ʤʘʻ 

ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʧʦʻʜʥʘʥʥʽ ʢʣʘʩʠʯʥʠʭ ʽ ʩʫʯʘʩʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʙʘʯʝʥʥʷ. ʅʘ ʧʦʯʘʪʢʦʚʠʭ 

ʝʪʘʧʘʭ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ð ʬʽʣʴʪʨʘʮʽʶ ʰʫʤʽʚ, 

ʩʝʛʤʝʥʪʘʮʽʶ ʦʙôʻʢʪʽʚ ʽ ʚʠʜʽʣʝʥʥʷ ʜʝʩʢʨʠʧʪʦʨʽʚ (HOG, SIFT, ʢʦʣʽʨʥʽ ʛʽʩʪʦʛʨʘʤʠ). ʇʦʜʘʣʴʰʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʮʠʭ ʦʟʥʘʢ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ SVM ʘʙʦ Random Forest, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʝ ʡ ʥʘʜʽʡʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʧʦʩʫʜʠʥ, ʝʪʠʢʝʪʦʢ ʥʘ 

ʨʝʘʢʪʠʚʘʭ ʪʘ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʘʨʠ ʥʘʚʽʪʴ ʥʘ ʥʝʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʅʘ ʚʠʱʦʤʫ ʨʽʚʥʽ ʩʠʩʪʝʤʘ ʤʦʞʝ ʽʥʪʝʛʨʫʚʘʪʠ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (CNN) ʜʣʷ ʜʝʪʝʢʮʽʾ 

ʩʢʣʘʜʥʽʰʠʭ ʦʙôʻʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʨʽʜʠʥʠ ʚ ʢʦʣʙʘʭ ʯʠ ʤʦʣʝʢʫʣʷʨʥʽ ʩʪʨʫʢʪʫʨʠ ʥʘ ʩʭʝʤʘʭ, ʘ ʪʘʢʦʞ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʛʨʘʬʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʽ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢ. 

ʇʦʻʜʥʘʥʥʷ SVM ʽ Random Forest ʽʟ ʛʣʠʙʠʥʥʠʤʠ ʤʦʜʝʣʷʤʠ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʙʘʛʘʪʦʨʽʚʥʝʚʫ 

ʘʨʭʽʪʝʢʪʫʨʫ, ʜʝ ʢʣʘʩʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʦʧʝʨʝʜʥʽʡ ʚʽʜʙʽʨ ʽ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʨʦʩʪʠʭ 

ʦʙôʻʢʪʽʚ, ʘ ʥʝʡʨʦʤʝʨʝʞʽ ð ʟʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʩʢʣʘʜʥʠʭ ʩʮʝʥ ʽ ʭʽʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʩʧʨʠʷʪʠʤʝ ʩʪʚʦʨʝʥʥʶ ʘʜʘʧʪʠʚʥʦʾ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʨʦʣʶ ʨʝʘʛʝʥʪʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʣʛʦʨʠʪʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʫ ʭʽʤʽʯʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʦʭʦʜʷʪʴ ʪʨʘʥʩʬʦʨʤʘʮʽʶ 

ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʜʦ ʛʣʠʙʠʥʥʠʭ ʤʦʜʝʣʝʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʨʘʬʦʚʠʭ 

ʤʝʨʝʞ ʽ ʪʨʘʥʩʬʦʨʤʝʨʽʚ. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʦʜʷʪʴ ʾʭʥʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʟʘʜʘʯʘʭ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʦʙʣʘʜʥʘʥʥʷ, ʩʪʨʫʢʪʫʨ ʪʘ ʨʝʘʛʝʥʪʽʚ. ʆʩʥʦʚʥʠʤʠ ʚʠʢʣʠʢʘʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʦʪʨʝʙʘ ʫ ʚʝʣʠʢʠʭ 

ʨʦʟʤʽʯʝʥʠʭ ʚʠʙʽʨʢʘʭ, ʘʜʘʧʪʘʮʽʷ ʜʦ ʨʝʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʻ ʽʥʪʝʛʨʘʮʽʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʙʘʯʝʥʥʷ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʽʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʚʥʽʩʪʶ ʘʚʪʦʥʦʤʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʩʠʩʪʝʤ. 
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ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ 

 
ʋ ʨʦʙʦʪʽ ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʦʧʠʩʫʻ ʨʦʟʧʦʜʽʣ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ 

ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ ʥʘ ʦʩʥʦʚʽ ʦʙʤʝʞʝʥʠʭ ʥʝʨʫʡʥʽʚʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʨʦʙʣʝʥʦ ʦʧʝʨʘʪʦʨ 

ʽʥʪʝʨʣʽʥʘʮʽʾ ʬʫʥʢʮʽʾ ʪʨʴʦʭ ʟʤʽʥʥʠʭ ʟʘ ʚʽʜʦʤʠʤʠ ʩʣʽʜʘʤʠ ʥʘ ʥʘʙʦʨʽ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ʊʦʯʥʽʩʪʴ ʤʝʪʦʜʫ ʦʮʽʥʝʥʦ ʧʦʨʽʚʥʷʥʦ ʟ 3D ʽʥʪʝʨʧʦʣʷʮʽʻʶ ʐʝʧʘʨʜʘ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʢʦʥʢʫʨʝʥʪʥʫ 

ʩʝʨʝʜʥʶ ʧʦʭʠʙʢʫ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʦʤʽʨʥʦʛʦ ʰʫʤʫ. 

 

ɺʘʞʢʽ ʤʝʪʘʣʠ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʫ ˇʨʫʥʪʽ ʪʘ ʥʘʚʽʪʴ ʫ ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʻ ʪʦʢʩʠʯʥʠʤʠ ʜʣʷ 

ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ [1]. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʥʘʜʭʦʜʞʝʥʥʷ ʚ ʨʦʩʣʠʥʠ, ʭʘʨʯʦʚʽ ʧʨʦʜʫʢʪʠ ʽ ʟʨʝʰʪʦʶ ʚ 

ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ, ʩʧʨʠʯʠʥʷʶʯʠ ʭʨʦʥʽʯʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ [1][2]. ɿʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʚʘʞʢʠʤʠ 

ʤʝʪʘʣʘʤʠ ʪʘʢʦʞ ʧʦʛʽʨʰʫʻ ʨʦʜʶʯʽʩʪʴ ʽ ʧʦʨʫʰʫʻ ʝʢʦʩʠʩʪʝʤʠ [3]. ʆʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʪʘʢʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʤʝʪʘʣʫʨʛʽʷ, ʭʽʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʪʨʘʥʩʧʦʨʪ, ʘʛʨʦʭʽʤʽʢʘʪʠ, ʚʽʜʭʦʜʠ ʪʦʱʦ [4]. 

ɼʦʜʘʪʢʦʚʦ, ʚʦʻʥʥʽ ʜʽʾ ʩʧʨʠʯʠʥʷʶʪʴ ʟʥʘʯʥʽ ʚʠʢʠʜʠ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʥʘ ʧʦʣʷʭ ʙʦʶ [5], ʱʦ ʫʩʢʣʘʜʥʶʻ 

ʩʠʪʫʘʮʽʶ. ʆʪʞʝ, ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ 

ʟʘ ʦʙʤʝʞʝʥʠʤʠ, ʙʝʟʢʦʥʪʘʢʪʥʦ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ [6]. ɼʣʷ ʮʽʻʾ ʤʝʪʠ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜʠ 

ʽʥʪʝʨʣʽʥʘʮʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʽ ʚʟʜʦʚʞ ʣʽʥʽʡ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʱʫ ʪʦʯʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ [7]. 

ʅʝʭʘʡ ʥʝʚʽʜʦʤʘ ʬʫʥʢʮʽʷ ( , , )f x y z ʦʧʠʩʫʻ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ. ɺʽʜʦʤʽ ʾʾ ʟʥʘʯʝʥʥʷ ʣʠʰʝ ʥʘ ʤʥʦʞʠʥʽ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ (ʣʽʥʽʡ) ʚ 

ʜʠʩʢʨʝʪʥʠʭ ʪʦʯʢʘʭ: ʥʘ i-ʡ ʩʚʝʨʜʣʦʚʠʥʽ ʟʘʜʘʥʦ ʧʨʦʬʽʣʴ ( ) ( , , )i i ig z f x y z=  [6,7]. ɯʥʪʝʨʣʽʥʘʮʽʷ 

ʜʦʟʚʦʣʷʻ ʚʽʜʥʦʚʠʪʠ ( , , )f x y z  ʫ ʚʩʴʦʤʫ ʦʙôʻʤʽ ʟʘ ʮʠʤʠ ʩʣʽʜʘʤʠ. ɼʣʷ ʢʦʞʥʦʾ ʚʥʫʪʨʽʰʥʴʦʾ ʪʦʯʢʠ 

( , , )x y z  ʦʙʯʠʩʣʶʶʪʴʩʷ ʚʘʛʠ, ʦʙôʻʜʥʫʶʯʠ ʚʧʣʠʚ ʫʩʽʭ ʩʚʝʨʜʣʦʚʠʥ, ʽ ʬʦʨʤʫʻʪʴʩʷ ʥʘʙʣʠʞʝʥʝ 

ʟʥʘʯʝʥʥʷ 
* ( , , )f x y z  ʷʢ ʟʚʘʞʝʥʘ ʩʫʤʘ ʧʨʦʬʽʣʽʚ [6,7]. ʂʨʽʤ ʩʪʘʥʜʘʨʪʥʦʾ ʽʥʪʝʨʣʽʥʘʮʽʾ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ñʯʘʩʪʢʦʚʘò ʽʥʪʝʨʣʽʥʘʮʽʷ ï ʦʢʨʝʤʝ ʽʥʪʝʨʧʦʣʶʚʘʥʥʷ ʧʨʦʬʽʣʽʚ ʚʠʱʝ ʪʘ ʥʠʞʯʝ ʛʣʠʙʠʥʠ 0.5z=  ʜʣʷ 

ʫʨʘʭʫʚʘʥʥʷ ʩʪʨʠʙʢʘ ʚ ʩʝʨʝʜʠʥʽ ʰʘʨʫ [6,7]. ʊʘʢʦʞ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʢʣʘʩʠʯʥʫ 3D 

ʽʥʪʝʨʧʦʣʷʮʽʶ ʐʝʧʘʨʜʘ (ʦʙʝʨʥʝʥʽ ʚʘʛʠ ʥʘ ʦʩʥʦʚʽ ʧʦʚʥʦʾ ʚʽʜʩʪʘʥʽ) ʪʘ ʾʾ ʤʦʜʠʬʽʢʘʮʽʶ ʟ ʘʥʽʟʦʪʨʦʧʥʠʤ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ ʚʽʜʩʪʘʥʝʡ [6,7]. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʥʘʙʣʠʞʝʥʥʷ ʚʚʦʜʷʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʚʘʛʠ ʜʣʷ ʢʦʞʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ i ʟʘ 

ʬʦʨʤʫʣʦʶ (1): 
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ʋ ʬʦʨʤʫʣʽ (1) ʧʘʨʘʤʝʪʨʠ ʦʙʨʘʥʦ ʨʽʚʥʠʤʠ 2 20.1, 2D Dl = b = ï ʮʽ ʟʥʘʯʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʧʪʠʤʘʣʴʥʫ ʪʦʯʥʽʩʪʴ ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [8]. ʅʝʚʝʣʠʢʝ ʜʦʜʘʪʥʝ 

2Dl  ʫʩʫʚʘʻ ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʠ ʥʫʣʴʦʚʽʡ ʚʽʜʩʪʘʥʽ ʪʘ ʦʙʤʝʞʫʻ ʚʧʣʠʚ ʥʘʡʙʣʠʞʯʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ʇʦʢʘʟʥʠʢ 2 2Db =  (ʦʙʝʨʥʝʥʠʡ ʢʚʘʜʨʘʪ ʚʽʜʩʪʘʥʽ) ʦʙʨʘʥʦ ʷʢ ʙʘʟʦʚʠʡ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʘʚ ʥʘʡʤʝʥʰʫ 

ʧʦʭʠʙʢʫ ʥʘʙʣʠʞʝʥʥʷ. ʆʙʯʠʩʣʝʥʽ ʚʘʛʠ ʥʦʨʤʫʶʪʴʩʷ (ʧʨʠʚʦʜʷʪʴʩʷ ʜʦ ʩʫʤʠ 1), ʧʽʩʣʷ ʯʦʛʦ ʚʟʜʦʚʞ 

ʢʦʞʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʽʥʪʝʨʧʦʣʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʧʨʦʬʽʣʽʚ ( )ig z  ʥʘ ʚʠʩʦʪʫ z  ʪʘ ʫʩʝʨʝʜʥʶʶʪʴʩʷ ʟ 

ʮʠʤʠ ʚʘʛʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ [6,7]. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʤʝʪʦʜʠʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʩʠʥʪʝʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʱʦ ʤʽʩʪʠʪʴ 

ʛʣʘʜʢʫ ʢʦʣʠʚʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʪʘ ʩʪʨʠʙʦʢ ʥʘ ʨʽʚʥʽ 0.5z=  [6,7]. ʈʦʟʛʣʷʥʫʪʦ 9m=  ʩʚʝʨʜʣʦʚʠʥ, ʥʘ 

ʷʢʠʭ ʟʘʜʘʥʦ ʨʽʟʥʽ ʪʠʧʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʨʦʬʽʣʽʚ ( )ig z . ɿʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʘʥʦ ʬʫʥʢʮʽʾ: 
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ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʧʨʦʬʽʣʽ ʦʭʦʧʣʶʶʪʴ ʪʠʧʦʚʽ ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʛʣʠʙʠʥʦʶ: 

ʝʢʩʧʦʥʝʥʮʽʡʥʝ ʟʛʘʩʘʥʥʷ, ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʥʘʚʢʦʣʦ ʙʘʟʦʚʦʛʦ ʨʽʚʥʷ, ʥʘʷʚʥʽʩʪʴ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʪʨʝʥʜʫ ʪʦʱʦ. ʎʝʡ ʥʘʙʽʨ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʠʪʠ ʨʦʙʦʪʫ ʤʝʪʦʜʽʚ ʷʢ ʥʘ ʛʣʘʜʢʠʭ, ʪʘʢ ʽ ʥʘ 

ʨʦʟʨʠʚʥʠʭ ʜʽʣʷʥʢʘʭ (ʩʪʨʠʙʦʢ ʥʘ ʨʽʚʥʽ 0.5z=  ʽʤʽʪʫʻ ʨʽʟʢʫ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʞ ʜʚʦʤʘ ʰʘʨʘʤʠ 

ˇʨʫʥʪʫ). 

ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʫ (max err) ʽ ʩʝʨʝʜʥʶ (mean err) ʘʙʩʦʣʶʪʥʽ 

ʧʦʭʠʙʢʠ, ʘ ʪʘʢʦʞ ʮʽ ʧʦʭʠʙʢʠ ʦʢʨʝʤʦ ʜʣʷ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ( )0.5z<  ʪʘ ʥʠʞʥʴʦʛʦ ʰʘʨʫ ( 0.5)zʽ . 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1 [8]. ɯʥʪʝʨʣʽʥʘʮʽʷ ʜʝʤʦʥʩʪʨʫʻ ʤʝʥʰʫ ʩʝʨʝʜʥʶ ʧʦʭʠʙʢʫ (0.161 ʧʨʦʪʠ 

0.232 ʫ ʐʝʧʘʨʜʘ) [8], ʭʦʯʘ ʢʣʘʩʠʯʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʐʝʧʘʨʜʘ ʤʘʻ ʪʨʦʭʠ ʥʠʞʯʫ ʤʘʢʩʠʤʘʣʴʥʫ ʧʦʭʠʙʢʫ 

ʫ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ. ʋ ʥʠʞʥʴʦʤʫ ʰʘʨʽ ʽʥʪʝʨʣʽʥʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʩʫʪʪʻʚʦ ʤʝʥʰʠʡ ʤʘʢʩʠʤʫʤ ʧʦʭʠʙʢʠ 

(0.519 ʧʨʦʪʠ 0.757), ʥʽʞ ʐʝʧʘʨʜ [6,7]. ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʐʝʧʘʨʜʘ ʜʘʻ ʥʘʡʤʝʥʰʫ ʩʝʨʝʜʥʶ 

ʧʦʭʠʙʢʫ (0.156) ʟʘʚʜʷʢʠ ʘʥʽʟʦʪʨʦʧʥʦʤʫ ʤʘʩʰʪʘʙʫ, ʘʣʝ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʭʠʙʢʘ ʚ ʛʣʠʙʦʢʦʤʫ 

ʰʘʨʽ ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢ ʽʥʪʝʨʣʽʥʘʮʽʾ. ʏʘʩʪʢʦʚʘ ʽʥʪʝʨʣʽʥʘʮʽʷ ʤʘʡʞʝ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʩʪʘʥʜʘʨʪʥʦʾ, ʦʩʢʽʣʴʢʠ ʚʨʘʭʫʚʘʥʥʷ ʩʪʨʠʙʢʘ ʥʝ ʚʧʣʠʥʫʣʦ ʥʘ ʪʦʯʥʽʩʪʴ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ. 

ʊʘʙʣʠʮʷ 1. ʄʘʢʩʠʤʘʣʴʥʽ ʪʘ ʩʝʨʝʜʥʽ ʧʦʭʠʙʢʠ ʤʝʪʦʜʽʚ { }( )ˉ =test 10 . 

ʄʝʪʦʜ 

max 

err 

mean 

err 

max err 

( 0.5)z<  

mean err 

( 0.5)z<  

max err 

( 0.5)zʽ  

mean err 

( 0.5)zʽ  

ɯʥʪʝʨʣʽʥʘʮʽʷ 0.9044 0.1610 0.9044 0.2046 0.5189 0.1174 

ʇʦʢʨʘʱʝʥʘ 

ʽʥʪʝʨʣʽʥʘʮʽʷ 

(ʯʘʩʪʢʦʚʘ) 

0.9044 0.1610 0.9044 0.2046 0.5189 0.1174 

ʐʝʧʘʨʜ 3D 0.7924 0.2316 0.7924 0.2362 0.7567 0.2270 

ʄʦʜʠʬʽʢʦʚʘʥʠʡ 

ʐʝʧʘʨʜ 

0.8526 0.1563 0.8526 0.1879 0.6230 0.1247 

 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʽʥʪʝʨʣʽʥʘʮʽʾ ʬʫʥʢʮʽʡ ʪʨʴʦʭ ʟʤʽʥʥʠʭ ʝʬʝʢʪʠʚʥʦ ʚʽʜʥʦʚʣʶʻ 

ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟʘ ʜʘʥʠʤʠ ʚʠʤʽʨʽʚ ʥʘ ʦʙʤʝʞʝʥʽʡ ʢʽʣʴʢʦʩʪʽ 
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ʩʚʝʨʜʣʦʚʠʥ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʩʪʴ ʥʘʙʣʠʞʝʥʥʷ ʥʘ ʨʽʚʥʽ 

ʩʫʯʘʩʥʠʭ 3D ʤʝʪʦʜʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʻ ʩʪʽʡʢʠʤ ʜʦ ʚʧʣʠʚʫ ʧʦʤʽʨʥʦʛʦ ʰʫʤʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʘʨʪ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ; ʫ ʧʦʜʘʣʴʰʦʤʫ ʧʣʘʥʫʻʪʴʩʷ 

ʘʧʨʦʙʘʮʽʷ ʤʦʜʝʣʽ ʥʘ ʨʝʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ 

ʟʘʙʨʫʜʥʝʥʥʷ [6,7]. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʈʋʍʋ ʂʆʅɺɽɭʈʅʆɻʆ ʇʆɰɿɼɸ 

ʇʦʣʷʢʦʚ ɺ. ʆ. (pva78125@gmail.com) 

ɯʥʩʪʠʪʫʪ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʽ ʪʝʭʥʦʣʦʛʽʡ ʅɸʅ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ) 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʝʨʦʚʘʥʦʛʦ ʧʦʟʜʦʚʞʥʴʦʛʦ ʨʫʭʫ ʢʦʥʚʝʻʨʥʦʛʦ ʧʦʾʟʜʘ. ɺʠʷʚʣʝʥʦ ʦʩʥʦʚʥʽ 

ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʮʝʡ ʨʫʭ. ɺʨʘʭʦʚʘʥʦ ʤʦʞʣʠʚʫ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ 

ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʪʘʢʠʭ ʚʧʣʠʚʽʚ ʷʢ ʚʥʘʩʣʽʜʦʢ ʨʫʭʫ ʦʙ'ʻʢʪʘ ʨʦʟʛʣʷʜʫ, ʪʘʢ ʽ ʯʝʨʝʟ ʤʦʞʣʠʚʽ 

ʥʝʩʧʨʘʚʥʦʩʪʽ ʧʨʠʚʦʜʽʚ ʧʦʾʟʜʘ. ʆʙʩʪʘʥʦʚʢʘ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʨʫʭʫ ʚʚʘʞʘʻʪʴʩʷ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʶ. 

ʆʪʨʠʤʘʥʦ ʩʠʩʪʝʤʫ ʣʽʤʽʪʫʶʯʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʛʣʦʙʘʣʴʥʠʡ ʙʝʟʧʝʨʝʨʚʥʠʡ ʢʦʥʪʨʦʣʴ ʜʦʪʨʠʤʘʥʥʷ 

ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʨʫʭʠ ʧʦʾʟʜʘ ʚ ʩʠʪʫʘʮʽ̫ ʭ, ʱʦ ʩʢʣʘʜʘʪʁʴʩʷ, ʟ ʪʦʯʥʽʩʪʶ, ʥʝ 

ʛʽʨʰʦʶ, ʥʽʞ ʪʘ, ʷʢʘ ʘʧʨʽʦʨʽ ʟʘʜʘʻʪʴʩʷ. ʊʘʢʘ ʧʦʙʫʜʦʚʘ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʚʥʘʩʣʽʜʦʢ ʨʝʘʣʽʟʘʮʽʾ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʘʣʛʦʨʠʪʤʫ ʢʦʤʫʪʘʮʽʾ ʜʚʠʛʫʥʽʚ ʧʨʠʚʦʜʽʚ ʧʦʾʟʜʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʈʘʜʠʢʘʣʴʥʝ ʚʠʨʽʰʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʨʦʙʣʝʤʠ ʧʽʜʧʨʠʻʤʩʪʚ 

ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ ʤʦʞʣʠʚʝ ʣʠʰʝ ʥʘ ʦʩʥʦʚʽ ʜʦʢʦʨʽʥʥʦʛʦ ʧʝʨʝʛʣʷʜʫ ʩʪʨʘʪʝʛʽʾ 

ʬʦʨʤʫʚʘʥʥʷ ʾʾ ʚʠʜʦʙʫʚʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ, ʥʘʩʘʤʧʝʨʝʜ, ʾʭʥʽʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʩʠʩʪʝʤ [1,2]. ɼʫʞʝ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ, ʱʦʜʦ ʮʴʦʛʦ, ʻ ʢʦʥʚʝʻʨʥʽ ʧʦʾʟʜʠ [3,4]. ʇʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʛʽʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʚʦʥʠ ʤʘʶʪʴ ʨʷʜ ʽʩʪʦʪʥʠʭ ʧʝʨʝʚʘʛ: ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ ʜʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʝʣʠʢʦʢʫʩʢʦʚʦʾ 

ʩʢʝʣʴʥʦʶ ʛʽʨʩʴʢʦʶ ʤʘʩʦʶ; ʤʦʞʣʠʚʽʩʪʴ ʨʫʭʫ ʧʦ ʢʦʣʽʾ ʟ ʚʝʣʠʢʠʤʠ ʫʭʠʣʘʤʠ ʪʘ ʤʘʣʠʤʠ ʨʘʜʽʫʩʘʤʠ 

ʢʨʠʚʠʭ ʫ ʧʣʘʥʽ ʪʘ ʧʨʦʬʽʣʽ; ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʚʘʥʪʘʞʦʧʦʪʦʢʫ; ʚʝʣʠʢʘ ʛʥʫʯʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʤʦʞʣʠʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʷʜ ʽʥʰʠʭ. ɹʫʜʫʯʠ ʩʢʣʘʜʥʠʤʠ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʜʣʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʽʨʥʠʯʦʾ ʤʘʩʠ ʪʘʢʽ ʧʦʾʟʜʠ ʚʠʤʘʛʘʶʪʴ ʚʢʣʶʯʝʥʥʷ ʾʭ ʜʦ ʩʢʣʘʜʫ ʜʦʩʠʪʴ ʜʦʩʢʦʥʘʣʠʭ, 

ʘʣʝ, ʧʦ ʤʦʞʣʠʚʦʩʪʽ, ʧʨʦʩʪʠʭ ʽ ʥʘʜʽʡʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ. ʎʝ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʚʠʢʣʠʢʘʻ 

ʥʘʛʘʣʴʥʫ ʧʦʪʨʝʙʫ ʫ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʧʨʦʙʣʝʤʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʨʷʜ ʧʨʠʯʠʥ ʷʢ ʦʙ'ʻʢʪʠʚʥʦʛʦ, ʪʘʢ ʽ 

ʩʫʙ'ʻʢʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʟ ʢʦʥʚʝʻʨʥʠʤʠ ʧʦʾʟʜʘʤʠ ʚ 
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ʋʢʨʘʾʥʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʾʭʥ  ʁ ʚʠʩʦʢʫ, ʰʠʨʦʢʦ ʚʠʟʥʘʥʫ ʚ ʙʘʛʘʪʴʦʭ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ 

ʘʢʪʫʘʣʴʥʽʩʪʴ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʦʚʦʜʷʪʴʩʷ ʧʨʦʪʷʛʦʤ ʚʞʝ ʢʽʣʴʢʦʭ ʜʝʩʷʪʠʣʽʪʴ [5]. 

ʉʫʪʴ ʜʦʩʣʽʜʞʝʥʥʷ. ɹʝʟʧʦʩʝʨʝʜʥʽ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʥʘ ʨʫʭʫ ʢʦʥʚʝʻʨʥʦʛʦ ʧʦʾʟʜʘ ʤʦʞʫʪʴ 

ʥʘʜʘʚʘʪʠ ʪʷʛʦʚʽ ʧʨʠʚʦʜʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʡʦʛʦ ʪʨʘʩʽ, ʘ ʪʘʢʦʞ ʧʨʦʪʠʘʚʘʨʽʡʥʽ ʩʪʦʧʦʨʠ. ʋ ʰʪʘʪʥʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʚʠʢʦʥʘʚʯʠʤʠ ʦʨʛʘʥʘʤʠ ʢʝʨʫʚʘʥʥʷ ʻ ʣʠʰʝ ʧʨʠʚʦʜʠ. ʊʦʤʫ ʟʤʽʥʘ ʩʪʘʥʫ 

ʧʦʾʟʜʘ ʤʦʞʣʠʚʘ ʫ ʚʟʘʻʤʦʜʽʾ ʟ ʥʠʤʠ, ʘ ʪʘʢʦʞ ʫ ʨʝʞʠʤʽ ʚʠʙʽʛʫ. ʋ ʪʷʛʦʚʦʤʫ ʨʝʞʠʤʽ ʨʝʟʫʣʴʪʫʶʯʘ ʩʠʣʘ 

ʚʧʣʠʚʫ ʧʨʠʚʦʜʽʚ ʥʘ ʧʦʾʟʜ 

],)(,1[)()(
~~

tPrtUtU r
r Í"dÖ=                                                   (1) 

ʜʝ rd  ï ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ-ʩʪʦʚʧʝʮʴ; )(),(,
~

tPtUt r ï ʧʦʪʦʯʥʠʡ ʯʘʩ, ʟʥʘʯʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʩʢʣʘʜʦʚʦʾ 

ʩʠʣʠ ʚʟʘʻʤʦʜʽʾ ʧʦʾʟʜʘ ʟ r -ʳʤ ʧʨʠʚʦʜʦʤ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʴ ʮʠʭ ʧʨʦʚʦʜʽʚ, ʱʦ ʘʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ 

ʥʠʤ ʚ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʩʫʯʘʩʥʠʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʣʝʢʩʽʚ ʟ ʢʦʥʚʝʻʨʥʠʤʠ 

ʧʦʾʟʜʘʤʠ, ʚ ʾʭ ʧʨʠʚʦʜʘʭ ʤʦʞʣʠʚʝ ʜʦʩʠʪʴ ʯʘʩʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʠʛʫʥʽʚ ʟ ʥʝʢʝʨʦʚʘʥʠʤʠ ʢʨʫʪʥʠʤʠ 

ʤʦʤʝʥʪʘʤʠ (ʪʷʛʦʚʠʤʠ ʟʫʩʠʣʣʷʤʠ) [6,7]. ʋ ʪʘʢʦʤʫ ʨʘʟʽ, ʷʢ ʚʠʧʣʠʚʘʻ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1), ʻʜʠʥʠʤ 

ʧʨʠʡʥʷʪʥʠʤ ʤʝʪʦʜʦʤ ʥʘʙʣʠʞʝʥʥʷ )(
~

tU  ʜʦ ʡʦʛʦ ʥʝʦʙʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ()tU  ʚʧʣʠʚʫ ʥʘ ʧʦʾʟʜ ʻ 

ʨʝʛʫʣʶʚʘʥʥʷ )(tP . ʗʢʱʦ ʧʨʠ ʮʴʦʤʫ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʩʪʘʮʽʦʥʘʨʥʽ, ʪʦ ʤʠʪʪʻʚʝ 

ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʧʨʠʚʦʜʽʚ, ʱʦ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʧʦʾʟʜʦʤ, ʫ ʬʽʢʩʦʚʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʥʝ ʻ ʢʝʨʦʚʘʥʠʤ. 

ʊʦʜʽ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʩʧʦʩʦʙʦʤ ʨʝʛʫʣʶʚʘʥʥʷ )(tP  ʻ ʧʝʨʝʚʝʜʝʥʥʷ ʯʘʩʪʠʥʠ ʧʨʠʚʦʜʽʚ ʫ 

ʧʘʩʠʚʥʠʡ ʩʪʘʥ ʰʣʷʭʦʤ ʚʽʜʢʣʶʯʝʥʥʷ ʾʭ ʜʚʠʛʫʥʽʚ ʚʽʜ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ. ʇʨʠ ʪʘʢʦʤʫ ʩʧʦʩʦʙʽ 

ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʧʦʾʟʜʘ, ),(
~

tU  ʷʢʝ ʨʝʘʣʽʟʫʻʪʴʩʷ, ʟʤʽʥʶʻʪʴʩʷ ʩʪʫʧʽʥʯʘʩʪʦ ʽ ʪʦʯʥʝ ʚʽʜʩʪʝʞʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ()tU  ʥʝ ʤʦʞʣʠʚʝ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʥʘ ʚʠʢʦʥʘʥʥʷ ʮʽʣʴʦʚʦʾ ʨʽʚʥʦʩʪʽ 

],,0[)()(
~

QÍ"= ttUtU                                                         (2) 

ʜʝ Qï ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʧʦʚʥʦʛʦ ʮʠʢʣʫ ʨʫʭʫ ʧʦʾʟʜʘ (ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ), 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʘʢʣʘʜʝʥʠʡ ʜʦʧʫʩʢ z, ʘ ʷʢ ʤʝʪʘ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʢʦʤʫʪʘʮʽʾ ʩʠʣʦʚʠʭ ʣʘʥʮʶʛʽʚ 

ʜʚʠʛʫʥʽʚ ʧʨʠʚʦʜʽʚ ʧʦʾʟʜʘ, ʧʨʠʡʥʷʪʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

z+¢ )()(
~

tUtU    Ø   z-² )()(
~

tUtU      ].,0[ QÍ"t                                    (3) 

ʈʽʰʝʥʥʷ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʚʠʥʥʦʛʦ, ʥʘ ʜʘʥʦʤʫ ʨʦʙʦʯʦʤʫ ʮʠʢʣʽ ʨʫʭʫ ʧʦʾʟʜʘ, ʚʢʣʶʯʝʥʥʷ 

ʜʚʠʛʫʥʽʚ g-ʛʦ ʧʨʠʚʦʜʫ ʤʘʻ ʧʨʠʡʤʘʪʠʩʷ, ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ ʜʦʪʨʠʤʘʥʥʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ (3) ʫ ʤʦʤʝʥʪ ,J ʧʽʩʣʷ ʧʝʨʰʦʾ ʬʽʢʩʘʮʽʾ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ 

,)( rG d²Jh                                                                   (4) 

ʜʝ rG d),(Jh ï ʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ, ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ʥʘʯʘʣʘ ʚʽʜʣʽʢʫ ʧʫʪʽ ʧʦʾʟʜʘ, ʡʦʛʦ ʮʽʣʴʦʚʦʾ ʪʦʯʢʠ 

G  ʚ ʤʦʤʝʥʪ ʪʘʢʦʾ ʬʽʢʩʘʮʽʾ ,J ʘ ʪʘʢʦʞ ʫʤʦʚʥʦʛʦ ʮʝʥʪʨʫ r -ʛʦ ʧʨʠʚʦʜʫ. 

ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ )(
~

JU  ʧʨʠʡʤʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʧʨʠʚʦʜʽʚ, ʚʠʢʣʶʯʘʶʯʠ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ r -ʳʡ, ʷʢʠʡ ʘʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽ ̒ʟ ʧʦʾʟʜʦʤ, ʫ ʧʨʠʧʫʱʝʥʥʽ ʜʦʪʨʠʤʘʥʥʷ ʨʽʚʥʦʩʪʽ 

.)( rd=Jh                                                                    (5) 

ʗʢʱʦ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʛʘʜʘʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʚʠʷʚʣʝʥʦ ʜʦʪʨʠʤʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (3), ʘʙʦ ʚʠʥʠʢʥʝʥʥʷ 

ʩʠʪʫʘʮʽʾ, ʢʦʣʠ 

,)()(
~

z+J>J UU                                                               (6) 

ʪʦ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʚʠʥʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʽʚ r -ʛʦ 

ʧʨʠʚʦʜʫ. ɯ ʣʠʰʝ ʫ ʨʘʟʽ ʬʽʢʩʘʮʽʾ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʜʫ 

,)()(
~

z-J<J UU                                                              (7) 
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ʜʚʠʛʫʥʠ r -ʛʦ ʧʨʠʚʦʜʫ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ. ʆʪʞʝ, ʨʽʰʝʥʥʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʝʨʚʠʥʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʽʚ ʢʦʞʥʦʛʦ ʧʨʠʚʦʜʫ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘʟʜʘʣʝʛʽʜʴ, ʚʠʭʦʜʷʯʠ ʟ ʢʦʥʪʨʦʣʶ 

ʚʠʢʦʥʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (3) ï (7), ʱʝ ʜʦ ʨʝʘʣʴʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʽʟ ʥʠʤ ʧʦʾʟʜʘ, ʛʦʣʦʚʘ ʷʢʦʛʦ 

ʤʘʻ ʜʦʩʷʛʪʠ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʮʝʥʪʨʫ ʮʴʦʛʦ ʧʨʠʚʦʜʫ ʯʝʨʝʟ ʯʘʩ D. ʅʦʨʤʘʣʴʥʝ ʚʽʜʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʽʚ 

ʢʦʞʥʦʛʦ ʧʨʠʚʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʩʣʷ ʩʭʦʜʞʝʥʥʷ ʟ ʥʴʦʛʦ ʧʦʾʟʜʘ. 

ʆʙʩʪʘʥʦʚʢʘ ʢʦʥʩʪʨʫʡʦʚʘʥʦʛʦ ʨʫʭʫ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ,  ̒ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦ .ʁ ɹʫʜʫʯʠ 

ʧʦʛʽʨʰʝʥʝ ʩʪʫʧʽʥʯʘʩʪʽʩʪʶ ʨʝʘʣʽʟʘʮʽʾ ʢʝʨʫʚʘʥʥʷ, ʮʝ ʟʥʘʯʥʦ ʘʢʪʫʘʣʽʟʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʷʢʥʘʡʯʘʩʪʽʰʦʛʦ 

ʡʦʛʦ ʟʘʤʠʢʘʥʥʷ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ, ʯʝʨʝʟ ʷʢʽ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʝ 

ʟʥʘʯʝʥʥʷ ʧʨʠʤʫʩʽʚ ʩʠʩʪʝʤʠ )(tU  ʽ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʟʥʘʭʦʜʞʝʥʥʷ ʾʭ ʬʘʢʪʠʯʥʦ 

ʨʝʘʣʽʟʦʚʘʥʠʭ ʟʥʘʯʝʥʴ )(
~

tU  ʚ -zÖ2 ʦʢʦʣʠʮʽ ʱʦʜʦ )(tU , ʧʦʚʠʥʥʽ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤʠ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʟʦʢʨʝʤʘ, ʢʦʥʪʨʦʣʴ ʟʘ ʜʦʪʨʠʤʘʥʥʷʤ ʫʤʦʚ (3) ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ 

ʝʧʽʟʦʜʠʯʥʦ ï ʫ ʧʨʦʮʝʩʽ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʚʠʥʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʽʚ 

ʧʨʠʚʦʜʫ, ʘ ʡ ʨʝʛʫʣʷʨʥʦ, ʟ ʧʝʚʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ m. ʋ ʧʨʦʮʝʩʽ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʶ, ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ 

)(
~

tU  ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʨʝʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʧʨʠʚʦʜʽʚ, ʱʦ ʘʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʧʦʾʟʜʦʤ ʫ 

ʤʦʤʝʥʪ J. ʇʨʠ ʚʠʷʚʣʝʥʥʽ ʥʘʜʤʽʨʥʦʩʪʽ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

ʚʠʜʫ (6), ʧʦʩʣʽʜʦʚʥʦ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʨʠʚʦʜʽʚ, ʥʘʡʙʣʠʞʯʠʭ ʜʦ ʭʚʦʩʪʘ ʧʦʾʟʜʘ ʽ ʜʘʣʽ ï ʜʣʷ ʜʝʜʘʣʽ ʙʽʣʴʰʝ 

ʚʽʜ ʥʴʦʛʦ ʚʽʜʜʘʣʝʥʠʭ, ʚʽʜʢʣʶʯʘʶʪʴʩʷ ʜʚʠʛʫʥʠ, ʷʢʽ ʚʠʷʚʠʣʠʩʷ ʥʠʤ ʫʚʽʤʢʥʫʪʽ. ʊʘʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʪʠʭ 

ʧʽʨ, ʧʦʢʠ, ʧʨʠ ʯʝʨʛʦʚʦʤʫ ʮʠʢʣʽ ʢʦʥʪʨʦʣʶ, ʘʙʦ ʚ ʧʨʦʮʝʩʽ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʽʚ ʯʝʨʛʦʚʦʛʦ ʧʨʠʚʦʜʫ, ʜʦ ʷʢʦʛʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʧʦʾʟʜ, ʙʫʜʝ ʢʦʥʩʪʘʪʦʚʘʥʦ 

ʜʦʪʨʠʤʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (3). ɸʥʘʣʦʛʽʯʥʦ, ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʥʝʩʪʘʯʽ ʪʷʛʠ, ʱʦ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ ʟʘ 

ʜʦʪʨʠʤʘʥʥʷʤ ʫʤʦʚʠ (7), ʧʦʩʣʽʜʦʚʥʦ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʨʠʚʦʜʽʚ, ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʭ ʜʦ ʛʦʣʦʚʠ ʧʦʾʟʜʘ ʽ 

ʜʘʣʽ ï ʜʣʷ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʚʽʜ ʥʝʾ ʚʽʜʜʘʣʝʥʠʭ, ʚʢʣʶʯʘʶʪʴʩʷ ʾʭ ʜʚʠʛʫʥʠ, ʷʢʽ, ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, 

ʚʠʷʚʠʣʠʩʷ ʥʝ ʚʢʣʶʯʝʥʠʤʠ. ʎʝʡ ʧʨʦʮʝʩ ʧʨʠʧʠʥʷʻʪʴʩʷ ʣʠʰʝ ʧʽʩʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʫʤʦʚ 

(3). ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʫʪʘʮʽʷ ʩʠʣʦʚʠʭ ʣʘʥʮʶʛʽʚ ʜʚʠʛʫʥʽʚ ʧʨʠʚʦʜʽʚ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʢʝʨʫʚʘʥʥʷ 

ʩʠʩʪʝʤʦʶ )(
~

tU , ʟ ʧʦʭʠʙʢʦʶ, ʷʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ z, ʷʢʝ ʢʦʧʽʶʻ ʧʨʠʤʫʩ )(tU , ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʩʪʽ ʨʫʭʫ ʧʦʾʟʜʘ. ʇʨʠ ʮʴʦʤʫ ʫ ʷʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ )(
~

tU  

ʧʨʠʡʤʘʶʪʴʩʷ )(
~

tUg  ʣʠʰʝ ʜʣʷ ʪʠʭ ʧʨʠʚʦʜʽʚ, ʜʚʠʛʫʥʠ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʷʢʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʧʨʘʮʝʟʜʘʪʥʦʤʫ ʩʪʘʥʽ. ʅʝʩʧʨʘʚʥʽ ʧʨʠʚʦʜʠ ʽʛʥʦʨʫʶʪʴʩʷ. 

ɺʠʩʥʦʚʢʠ ʟʘ ʥʘʩʣʽʜʢʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦ 

ʘʣʛʦʨʠʪʤ ʢʦʤʫʪʘʮʽʾ ʜʚʠʛʫʥʽʚ ʧʨʠʚʦʜʽʚ ʨʦʟʛʣʷʥʫʪʦʛʦ ʢʦʥʚʝʻʨʥʦʛʦ ʧʦʾʟʜʘ. ʅʘʪʫʨʥʘ ʨʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʜʦʟʚʦʣʠʪʴ ʙʫʜʫʚʘʪʠ ʡʦʛʦ ʙʘʞʘʥʽ ʧʦʟʜʦʚʞʥʽ ʨʫʭʠ ʚ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽʡ ʦʙʩʪʘʥʦʚʮʽ ʟ 

ʪʦʯʥʽʩʪʶ, ʷʢʘ ʥʝ ʛʽʨʰʘ ʟʘ ʪʫ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʘʧʨʽʦʨʥʦ. ʎʝ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʟʘʙʝʟʧʝʯʠʪʴ ʙʝʟʧʝʨʝʙʽʡʥʝ 

ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʚʽʟʥʦʛʦ ʧʨʦʮʝʩʫ ʛʽʨʥʠʯʦʾ ʤʘʩʠ, ʨʘʮʽʦʥʘʣʴʥʦ ʚʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʫ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʽ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʝ ʚʠʤʘʛʘʪʠʤʝ ʜʣʷ ʮʴʦʛʦ ʥʝʚʠʧʨʘʚʜʘʥʠʭ ʚʠʪʨʘʪ 

ʝʥʝʨʛʝʪʠʯʥʠʭ, ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʬʽʥʘʥʩʦʚʠʭ ʨʝʩʫʨʩʽʚ. 
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ʄɽʊʆɼʀ ʇɯɼɺʀʑɽʅʅʗ ɽʅʊʈʆʇɯɰ ɻɽʅɽʈɸʊʆʈɯɺ ʇʉɽɺɼʆɺʀʇɸɼʂʆɺʀʍ 

ʏʀʉɽʃ ʐʃʗʍʆʄ ɯʅʊɽɻʈɸʎɯɰ ʉɽʅʉʆʈʅʀʍ ɼɸʅʀʍ 

ʇʦʧʝʨʝʰʥʷʢ ʉ.ɺ. (spopereshnyak@gmail.com) 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ   

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè  (ʋʢʨʘʾʥʘ)  

 

ʋ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʛʝʥʝʨʘʪʦʨʘ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ (ɻʇɺʏ) ʥʘ 

ʦʩʥʦʚʽ ʬʽʟʠʯʥʠʭ ʩʝʥʩʦʨʽʚ, ʷʢʠʡ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ 

ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʪʘʢʠʭ ʷʢ ʢʨʠʧʪʦʛʨʘʬʽʷ, ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT), ʽʛʨʦʚʘ ʽʥʜʫʩʪʨʽʷ ʪʘ ʢʽʙʝʨʬʽʟʠʯʥʽ 

ʩʠʩʪʝʤʠ. ʉʝʥʩʦʨʠ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʟʦʢʨʝʤʘ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʚʫʢʫ, ʩʚʽʪʣʘ, ʛʽʨʦʩʢʦʧʠ ʪʘ 

ʤʘʛʥʽʪʦʤʝʪʨʠ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʷʢ ʜʞʝʨʝʣʘ ʝʥʪʨʦʧʽʾ ʟʘʚʜʷʢʠ ʧʨʠʨʦʜʥʠʤ 

ʬʣʫʢʪʫʘʮʽʷʤ ʪʘ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʷʢʽ ʚʦʥʠ ʨʝʻʩʪʨʫʶʪʴ. ʌʽʟʠʯʥʽ ʷʚʠʱʘ, ʱʦ 

ʚʠʤʽʨʶʶʪʴʩʷ ʮʠʤʠ ʜʘʪʯʠʢʘʤʠ, ʛʝʥʝʨʫʶʪʴ ʟʥʘʯʥʠʡ ʨʽʚʝʥʴ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʘʜʽʡʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʩʪʽʡʢʠʭ ʜʦ ʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ. ʋ 

ʨʦʙʦʪʽ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʧʨʦʮʝʩ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʚʽʜ ʩʝʥʩʦʨʽʚ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʢʽʣʴʢʘ 

ʝʪʘʧʽʚ: ʬʽʣʴʪʨʘʮʽʶ ʰʫʤʽʚ, ʥʦʨʤʘʣʽʟʘʮʽʶ ʩʠʛʥʘʣʽʚ, ʢʚʘʥʪʫʚʘʥʥʷ ʪʘ ʙʽʥʘʨʠʟʘʮʽʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʚʠʧʘʜʢʦʚʠʭ ʙʽʪʽʚ.  

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʽ ʯʠʩʣʘ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ 

ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ, ʚʢʣʶʯʘʶʯʠ ʢʨʠʧʪʦʛʨʘʬʽʶ, ʢʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʪʘ 

ʽʛʨʦʚʫ ʽʥʜʫʩʪʨʽʶ. ʆʜʥʘʢ ʪʨʘʜʠʮʽʡʥʽ ʘʣʛʦʨʠʪʤʽʯʥʽ ʛʝʥʝʨʘʪʦʨʠ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʤʘʶʪʴ ʧʝʚʥʽ 

ʦʙʤʝʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʪʘ ʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ, ʱʦ ʤʦʞʝ ʩʪʘʪʠ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ 

ʜʣʷ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʪʘ ʝʥʪʨʦʧʽʾ [1, 2]. 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʚʠʥʠʢʘʻ ʥʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ ʫ ʩʪʚʦʨʝʥʥʽ ʙʽʣʴʰ ʥʘʜʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʪʨʦʧʽʾ. ʆʜʥʠʤ 

ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʪʯʠʢʽʚ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠʨʦʜʥʽ ʚʠʧʘʜʢʦʚʽ ʬʣʫʢʪʫʘʮʽʾ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ [3, 4]. ɼʘʪʯʠʢʠ, ʱʦ 

ʚʠʤʽʨʶʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʰʫʤ, ʨʫʭ, ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʥʪʨʦʧʽʾ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʨʠʚʘʙʣʠʚʠʤʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʧʘʨʘʪʥʠʭ 

ʛʝʥʝʨʘʪʦʨʽʚ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʰʣʷʭʽʚ ʜʦ ʧʦʙʫʜʦʚʠ ʛʝʥʝʨʘʪʦʨʘ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʥʘ ʦʩʥʦʚʽ ʜʘʪʯʠʢʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʧʘʜʢʦʚʽ ʬʽʟʠʯʥʽ ʷʚʠʱʘ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʝʥʪʨʦʧʽʾ ʽ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ. 

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

1. ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʛʝʥʝʨʘʮʽʾ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʥʘ ʦʩʥʦʚʽ 

ʚʠʤʽʨʶʚʘʥʴ ʜʘʪʯʠʢʽʚ. ɺʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʥʦʨʤʘʣʽʟʘʮʽʾ ʜʘʥʠʭ, ʢʚʘʥʪʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʜʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʙʽʪʽʚ. 

2. ʈʝʘʣʽʟʘʮʽʷ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʩʪʽ. ɺʠʟʥʘʯʝʥʥʷ 

ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ʰʫʤʽʚ, ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʧʦʙʫʜʦʚʘ ʧʨʦʮʝʩʫ 

ʦʪʨʠʤʘʥʥʷ ʙʽʪʽʚ. 

https://mining-journal.com.ua/web/uploads/pdf/Mining%20Journal%20of%20Kryvyi%20Rih%20National%20University,%20Vol%2020,%20No%201-3-8,%202022.pdf
https://mining-journal.com.ua/web/uploads/pdf/Mining%20Journal%20of%20Kryvyi%20Rih%20National%20University,%20Vol%2020,%20No%201-3-8,%202022.pdf
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3. ʈʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʜʘʪʯʠʢʽʚ. 

ʆʙʛʦʚʦʨʝʥʥʷ ʘʧʘʨʘʪʥʠʭ ʚʠʤʦʛ ʪʘ ʧʦʪʝʥʮʽʡʥʠʭ ʩʮʝʥʘʨʽʾʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʫ ʨʽʟʥʠʭ 

ʛʘʣʫʟʷʭ. 

ʆʪʞʝ, ʫ ʩʪʘʪʪʽ ʙʫʜʝ ʚʠʢʣʘʜʝʥʦ ʢʦʥʮʝʧʮʽʶ ʧʦʙʫʜʦʚʠ ʛʝʥʝʨʘʪʦʨʘ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʥʘ 

ʦʩʥʦʚʽ ʬʽʟʠʯʥʠʭ ʷʚʠʱ, ʱʦ ʚʠʤʽʨʶʶʪʴʩʷ ʜʘʪʯʠʢʘʤʠ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ ʪʘ ʦʮʽʥʢʠ ʚʠʧʘʜʢʦʚʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʯʠʩʝʣ. 

ʉʫʪʴ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʘʪʯʠʢʠ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ ʚʠʤʽʨʶʶʪʴ ʩʠʛʥʘʣʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʷʢ ʟ 

ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʪʘʢ ʽ ʟ ʚʠʧʘʜʢʦʚʠʭ ʰʫʤʽʚ. ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʩʠʛʥʘʣʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʽʣʴʪʨʘʮʽʷ. ʆʜʠʥ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ ʰʫʤʫ ð 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʬʽʣʴʪʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʬʽʣʴʪʨʠ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʽʜʩʽʷʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʢʦʣʠʚʘʥʥʷ (ʜʝʪʝʨʤʽʥʦʚʘʥʫ ʢʦʤʧʦʥʝʥʪʫ). 

ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʩʦʙʠ ʬʽʣʴʪʨʘʮʽʾ ʰʫʤʽʚ: 

¶ ʄʝʜʽʘʥʥʠʡ ʬʽʣʴʪʨ: ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʽʢʦʚʠʭ ʰʫʤʽʚ ʫ ʩʠʛʥʘʣʽʚ. ɺʽʥ ʧʨʘʮʶʻ, 

ʦʙʯʠʩʣʶʶʯʠ ʤʝʜʽʘʥʫ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʥʘʯʝʥʴ ʫ ʢʦʚʟʥʦʤʫ ʚʽʢʥʽ ʨʦʟʤʽʨʫ n. 

ʇʨʠʧʫʩʪʠʤʦ, ʫ ʥʘʩ ʻ ʩʠʛʥʘʣ ὼὸ , ʱʦ ʟʯʠʪʫʻʪʴʩʷ ʟ ʜʘʪʯʠʢʘ: 

ὼ ὸ ÍÅÄÉÁÎὼὸ ὲȟȢȢȢȟὼὸ ὲ  

ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʘʥʦʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʘʙʦ ʚʠʢʠʜʽʚ, ʟʙʝʨʽʛʘʶʯʠ ʦʩʥʦʚʥʽ 

ʢʦʣʠʚʘʥʥʷ. 

¶ ʂʦʚʟʥʝ ʩʝʨʝʜʥʻ: ʱʝ ʦʜʠʥ ʩʧʦʩʽʙ ʟʛʣʘʜʠʪʠ ʩʠʛʥʘʣ ð ʮʝ ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚ 

ʢʦʚʟʥʦʤʫ ʚʽʢʥʽ ʨʦʟʤʽʨʫ ύ: 

ὼ ὸ
ρ

ύ
ὼὭȢ

ϳ

ϳ

 

ʊʘʢʘ ʬʽʣʴʪʨʘʮʽʷ ʜʦʟʚʦʣʷʻ ʟʛʣʘʜʠʪʠ ʩʠʛʥʘʣ, ʟʤʝʥʰʠʚʰʠ ʚʧʣʠʚ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʬʣʫʢʪʫʘʮʽʡ. 

2. ɿʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʑʦʙ ʚʠʜʽʣʠʪʠ ʜʽʡʩʥʦ ʚʠʧʘʜʢʦʚʫ ʯʘʩʪʠʥʫ ʩʠʛʥʘʣʫ, ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʠʪʠ ʘʙʦ ʧʦʚʥʽʩʪʶ ʫʩʫʥʫʪʠ 

ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʢʦʤʧʦʥʝʥʪʠ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ: 

¶ ɺʽʜʥʽʤʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ: ʗʢʱʦ ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʢʦʤʧʦʥʝʥʪʘ ʤʘʻ ʩʪʘʙʽʣʴʥʠʡ ʪʨʝʥʜ, ʾʾ 

ʤʦʞʥʘ ʫʩʫʥʫʪʠ, ʚʽʜʥʷʚʰʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ: 

ὼ ὸ ὼὸ ὼӶȟ 
ʜʝ ὼӶ ð ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. 

¶ ʌʫʨ'ʻ-ʘʥʘʣʽʟ: ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʨʝʛʫʣʷʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʫ, ʱʦ ʧʦʚʪʦʨʶʶʪʴʩʷ ʟ ʧʝʚʥʦʶ 

ʯʘʩʪʦʪʦʶ, ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ. ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʛʘʨʤʦʥʽʢ 

(ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʯʘʩʪʦʪ) ʤʦʞʥʘ ʚʠʜʘʣʠʪʠ ʾʭ ʟʽ ʩʧʝʢʪʨʫ, ʟʘʣʠʰʠʚʰʠ ʣʠʰʝ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ 

ʬʣʫʢʪʫʘʮʽʾ (ʚʠʧʘʜʢʦʚʠʡ ʰʫʤ). 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʜʣʷ ʩʠʛʥʘʣʫ ὼὸ: 

ὢὪ ὼὸὩ ὨὸȢ 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣ ʤʦʞʥʘ ʦʙʨʦʙʣʷʪʠ ʰʣʷʭʦʤ ʚʠʜʘʣʝʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʛʘʨʤʦʥʽʢ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʛʫʣʷʨʥʠʤ ʢʦʣʠʚʘʥʥʷʤ, ʽ ʚʠʢʦʥʘʪʠ ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʯʠʩʪʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ. 

3. ʇʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʙʽʪʽʚ 

ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʡʦʛʦ ʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʙʽʪʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴʩʷ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ. 

ɸʣʛʦʨʠʪʤ ʢʚʘʥʪʫʚʘʥʥʷ: 

¶ ʅʦʨʤʘʣʽʟʘʮʽʷ ʩʠʛʥʘʣʫ: ʉʧʦʯʘʪʢʫ ʩʠʛʥʘʣ ʥʦʨʤʘʣʽʟʫʻʪʴʩʷ ʜʦ ʜʽʘʧʘʟʦʥʫ ʚʽʜ 0 ʜʦ 1. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ ὼ   ʜʦ ὼ : 

ὼ ὸ
ὼὸ ὼ

ὼ ὼ
 

¶ ɹʽʥʘʨʠʟʘʮʽʷ ʩʠʛʥʘʣʫ: ʇʽʩʣʷ ʥʦʨʤʘʣʽʟʘʮʽʾ ʤʦʞʥʘ ʢʚʘʥʪʫʚʘʪʠ ʩʠʛʥʘʣ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʪʽʚ. ɼʣʷ 

ʮʴʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ 0.5: 
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ὦὸ
ρȟὭὪ ὼ ὸ πȢυ 
πȟὭὪ ὼ ὸ πȢυ

Ȣ 

ʆʪʨʠʤʘʥʽ ʙʽʪʠ ʤʦʞʥʘ ʟʽʙʨʘʪʠ ʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʚʠʧʘʜʢʦʚʽ ʯʠʩʣʘ. ɼʣʷ 

ʧʦʙʫʜʦʚʠ ʙʘʛʘʪʦʨʦʟʨʷʜʥʠʭ ʯʠʩʝʣ ʤʦʞʥʘ ʢʦʤʙʽʥʫʚʘʪʠ ʢʽʣʴʢʘ ʙʽʪʽʚ ʫ ʛʨʫʧʠ ʧʦ Ὧ ʙʽʪʽʚ: 

Ὑ ὦὸ ρϽςȢ 

ʎʝ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ ς ρ. 
ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʧʦʪʝʥʮʽʡʥʽ ʩʮʝʥʘʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʜʘʪʯʠʢʽʚ.  

1. ʂʨʠʧʪʦʛʨʘʬʽʷ ʪʘ ʙʝʟʧʝʢʘ. ʅʘʡʚʘʞʣʠʚʽʰʠʡ ʩʮʝʥʘʨʽʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ð ʮʝ 

ʢʨʠʧʪʦʛʨʘʬʽʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ɻʇɺʏ ʥʘ ʦʩʥʦʚʽ ʜʘʪʯʠʢʽʚ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʽ 

ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʟʘ ʨʘʭʫʥʦʢ ʛʝʥʝʨʘʮʽʾ ʙʽʣʴʰ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʢʣʶʯʽʚ: 

¶ ɻʝʥʝʨʘʮʽʷ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʢʣʶʯʽʚ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ. 

¶ ɿʘʭʠʩʪ ʚʽʜ ʘʪʘʢ ʥʘ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʽʩʪʴ: ʬʽʟʠʯʥʘ ʧʨʠʨʦʜʘ ʜʘʪʯʠʢʽʚ ʜʦʟʚʦʣʷʻ ʟʘʭʠʩʪʠʪʠʩʷ ʚʽʜ 

ʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʩʭʝʤ. 

2 ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT). ɻʇɺʏ ʥʘ ʦʩʥʦʚʽ ʜʘʪʯʠʢʽʚ ʤʦʞʝ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʠʡ ʫ IoT-ʧʨʠʩʪʨʦʾ, ʜʝ 

ʚʘʞʣʠʚʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʣʘʤʫ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʥʽʢʘʣʴʥʦʩʪʽ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʝʩʽʡ: 

¶ ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʧʨʠʩʪʨʦʾʚ ʯʝʨʝʟ ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʧʘʜʢʦʚʽ 

ʯʠʩʣʘ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʫʥʽʢʘʣʴʥʠʭ ʪʦʢʝʥʽʚ. 

¶ ʐʠʬʨʫʚʘʥʥʷ ʧʝʨʝʜʘʥʠʭ ʜʘʥʠʭ ʜʣʷ ʟʘʭʠʩʪʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʚ ʤʝʨʝʞʘʭ IoT. 

3 ɯʛʨʦʚʘ ʽʥʜʫʩʪʨʽʷ. ɺ ʽʛʨʦʚʠʭ ʜʦʜʘʪʢʘʭ ʚʠʧʘʜʢʦʚʽʩʪʴ ʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʯʝʩʥʦʩʪʽ ʛʨʠ ʪʘ ʩʪʚʦʨʝʥʥʽ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʜʦʩʚʽʜʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɻʇɺʏ ʥʘ ʦʩʥʦʚʽ ʜʘʪʯʠʢʽʚ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ: 

¶ ɻʝʥʝʨʘʮʽʾ ʚʠʧʘʜʢʦʚʠʭ ʧʦʜʽʡ ʘʙʦ ʯʠʩʝʣ ʫ ʽʛʨʦʚʠʭ ʧʨʦʮʝʩʘʭ (ʥʘʧʨʠʢʣʘʜ, ʚ ʘʟʘʨʪʥʠʭ ʽʛʨʘʭ, 

ʩʠʤʫʣʷʮʽʷʭ ʘʙʦ ʛʝʥʝʨʘʮʽʾ ʽʛʨʦʚʠʭ ʢʘʨʪ). 

¶ ɿʘʭʠʩʪʫ ʚʽʜ ʤʘʥʽʧʫʣʷʮʽʡ ʟ ʙʦʢʫ ʛʨʘʚʮʽʚ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ 

ʛʝʥʝʨʘʮʽʾ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʯʠʩʝʣ. 

ɺʠʩʥʦʚʢʠ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʜʠʥ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʧʦʙʫʜʦʚʠ ʛʝʥʝʨʘʪʦʨʘ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ (ɻʇɺʏ) ʥʘ ʦʩʥʦʚʽ ʬʽʟʠʯʥʠʭ ʩʝʥʩʦʨʽʚ. ɼʘʪʯʠʢʠ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʪʘʢʽ ʷʢ 

ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʚʫʢʫ, ʩʚʽʪʣʘ, ʛʽʨʦʩʢʦʧʠ ʪʘ ʤʘʛʥʽʪʦʤʝʪʨʠ, ʙʫʣʠ ʚʠʟʥʘʥʽ ʥʘʜʽʡʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʝʥʪʨʦʧʽʾ ʯʝʨʝʟ ʾʭʥʽ ʧʨʠʨʦʜʥʽ ʬʣʫʢʪʫʘʮʽʾ ʪʘ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʌʽʟʠʯʥʽ 

ʷʚʠʱʘ, ʚʠʤʽʨʷʥʽ ʮʠʤʠ ʜʘʪʯʠʢʘʤʠ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ, ʷʢʠʡ 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʘʜʽʡʥʠʭ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʚʽʜ ʜʘʪʯʠʢʽʚ, ʱʦ ʚʢʣʶʯʘʻ ʬʽʣʴʪʨʘʮʽʶ ʰʫʤʽʚ, 

ʥʦʨʤʘʣʽʟʘʮʽʶ, ʢʚʘʥʪʫʚʘʥʥʷ ʪʘ ʙʽʥʘʨʠʟʘʮʽʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʙʽʪʽʚ. ʆʮʽʥʢʘ ʷʢʦʩʪʽ 

ʦʪʨʠʤʘʥʠʭ ʯʠʩʝʣ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʝʩʪʽʚ ʧʦʢʘʟʘʣʘ, ʱʦ ʛʝʥʝʨʘʪʦʨʠ ʥʘ 

ʦʩʥʦʚʽ ʜʘʪʯʠʢʽʚ ʤʦʞʫʪʴ ʫʩʧʽʰʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʠʧʘʜʢʦʚʦʩʪʽ ʽ ʩʪʽʡʢʦʩʪʽ ʜʦ 

ʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ. 

ʇʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʢʣʶʯʘʶʪʴ ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʫ ʜʘʪʯʠʢʘ ʥʘ ʦʩʥʦʚʽ ʢʦʥʢʨʝʪʥʠʭ 

ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʚʠʤʦʛ ʜʦ ʦʙʣʘʜʥʘʥʥʷ. ɻʝʥʝʨʘʪʦʨʠ ʮʴʦʛʦ ʪʠʧʫ ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʘʥʽ ʚ ʛʘʣʫʟʷʭ, ʜʝ ʧʦʪʨʽʙʥʘ ʚʠʩʦʢʘ ʙʝʟʧʝʢʘ, ʚʢʣʶʯʘʶʯʠ ʢʨʠʧʪʦʛʨʘʬʽʶ, ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT), 

ʽʛʨʦʚʫ ʽʥʜʫʩʪʨʽʶ ʪʘ ʢʽʙʝʨʬʽʟʠʯʥʽ ʩʠʩʪʝʤʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

[1] Lv N., Chen T., Ma Y. Analysis on Entropy Sources based on Smartphone. Sensors. 2020. P. 21-

31. doi:10.1145/3442520.3442528. 

[2] Popereshnyak S. Technique of the testing of pseudorandom sequences, International Journal of 

Computing. 2020. 19(3). P. 387-398. doi:10.47839/ijc.19.3.1888  

[3] Masol V., Popereshnyak S., Joint Distribution of Some Statistics of Random Bit Sequences. 

Cybernetics and Systems Analysis. 2021. 57(1). P. 139ï145. doi.org/10.1007/s10559-021-00337-x 
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ʄɸʊɽʄɸʊʀʏʅɽ ʊɸ ʂʆʄʇ'ʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʅɽɻɸʋʉɯɺʉʔʂʀʍ 

ɺʀʇɸɼʂʆɺʀʍ ʇʈʆʎɽʉɯɺ ʅɸ ʆʉʅʆɺɯ ʅʆʈʄɸʃɯɿʋʖʏʀʍ ʇɽʈɽʊɺʆʈɽʅʔ 

ʇʨʠʭʦʜʴʢʦ ʉ.ɹ. (sergiy.prykhodko@nuos.edu.ua, prykhodko.s.b@op.edu.ua) 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ (ʋʢʨʘʾʥʘ), 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ) 

 

ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʥʝʛʘʫʩʽʚʩʴʢʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ 

(ʅɺʇ) ʫ ʚʠʛʣʷʜʽ ʥʝʣʽʥʽʡʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (ʉɼʈ) ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʥʦʨʤʘʣʽʟʫʶʯʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʷʢ ʦʜʥʦʚʠʤʽʨʥʠʭ ʪʘʢ ʽ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ. ʅʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʧʦʙʫʜʦʚʠ 

ʥʝʣʽʥʽʡʥʠʭ ʉɼʈ ʜʣʷ ʜʝʷʢʠʭ ʅɺʇ: ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʤʦʨʩʴʢʦʛʦ ʭʚʠʣʶʚʘʥʥʷ, ʤʦʚʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʙʦʨʪʦʚʦʾ ʭʠʪʘʚʠʮʽ ʩʫʜʥʘ ʥʘ ʥʝʨʝʛʫʣʷʨʥʠʭ ʭʚʠʣʷʭ. ɿʜʽʡʩʥʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟʘ ʧʦʙʫʜʦʚʘʥʠʤʠ ʤʦʜʝʣʷʤʠ. ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʅɺʇ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʷʢʝ ʧʦʢʘʟʘʣʦ ʾʭ ʟʘʜʦʚʽʣʴʥʫ ʷʢʽʩʪʴ. ɿʦʢʨʝʤʘ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʟʘ 

ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʦʨʜʠʥʘʪ ʜʣʷ ʫʩʽʭ ʅɺʇ ʤʝʥʰʘ 5%. 

 

ʗʢ ʚʽʜʦʤʦ, ʅɺʇ ï ʮʝ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ, ʨʦʟʧʦʜʽʣ ʷʢʠʭ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʛʘʫʩʽʚʩʴʢʦʛʦ 

(ʥʦʨʤʘʣʴʥʦʛʦ). ɺʦʥʠ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʦʢʝʘʥʦʣʦʛʽʾ, ʬʽʥʘʥʩʘʭ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʪʘ 

ʽʥʰʠʭ ʛʘʣʫʟʷʭ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʅɺʇ ʚʠʤʘʛʘʻ ʧʦʙʫʜʦʚʠ ʧʝʚʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, 

ʱʦ ʜʦʩʽ ʟʘʣʠʰʘʻʪʴʩʷ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ. ʋ ʷʢʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʅɺʇ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʥʝʣʽʥʽʡʥʽ ʉɼʈ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʪʦʤʫ, ʱʦ ʮʽ ʨʽʚʥʷʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʦʧʠʩʘʪʠ ʬʽʟʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʮʠʭ 

ʧʨʦʮʝʩʽʚ. ɺ [1, 2] ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʝʣʽʥʽʡʥʠʭ ʉɼʈ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦʾ 

ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʥʝʣʽʥʽʡʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʩʠʩʪʝʤ (ʉɼʉ) ʥʘ ʦʩʥʦʚʽ ʥʦʨʤʘʣʽʟʫʶʯʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ, ʩʫʪʴ ʷʢʦʛʦ ʻ ʪʘʢʦʶ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʦʨʤʘʣʽʟʫʶʯʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʝ ʻ ʦʙʦʨʦʪʥʠʤ 

(ʪʦʙʪʦ ʤʘʻ ʦʙʝʨʥʝʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ), ʅɺʇ ʧʝʨʝʪʚʦʨʶʶʪʴ ʫ ʛʘʫʩʽʚʩʴʢʽ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ (ɻɺʇ). 

ɼʘʣʽ ʟʘ ʤʝʪʦʜʦʤ ʬʦʨʤʫʶʯʠʭ ʬʽʣʴʪʨʽʚ ʦʪʨʠʤʫʶʪʴ ʣʽʥʽʡʥʽ ʉɼʈ ʜʣʷ ɻɺʇ ʘʙʦ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ 

ʩʠʛʥʘʣʽʚ ʟʛʽʜʥʦ [1]. ʇʽʩʣʷ ʯʦʛʦ ʟʘʩʪʦʩʦʚʫʶʯʠ ʦʙʝʨʥʝʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʫʜʫʶʪʴ ʥʝʣʽʥʽʡʥʽ ʉɼʈ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʝʣʽʥʽʡʥʠʭ ʉɼʈ ʜʣʷ ʅɺʇ ʟʘ ʚʢʘʟʘʥʠʤ ʤʝʪʦʜʦʤ ʙʘʞʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢ ʟʚʘʥʽ ʙʽʻʢʪʠʚʥʽ ʥʦʨʤʘʣʽʟʫʶʯʽ ʧʝʨʝʪʚʦʨʝʥʥʷ (ɹʅʇ), ʪʦʙʪʦ ʪʘʢʽ, ʷʢʽ ʻ ʥʝ ʪʽʣʴʢʠ 

ʦʙʦʨʦʪʥʠʤʠ, ʘ ʱʝ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʽʟʦʤʦʨʬʥʽ ʤʥʦʞʠʥʠ. 

ɿʘ ʚʢʘʟʘʥʠʤ ʚʠʱʝ ʤʝʪʦʜʦʤ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʥʝʣʽʥʽʡʥʽ ʉɼʈ ʜʣʷ ʪʨʴʦʭ ʅɺʇ: ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʤʦʨʩʴʢʦʛʦ ʭʚʠʣʶʚʘʥʥʷ, ʤʦʚʥʦʛʦ ʩʠʛʥʘʣʫ, ʙʦʨʪʦʚʦʾ ʭʠʪʘʚʠʮʽ ʩʫʜʥʘ ʥʘ ʥʝʨʝʛʫʣʷʨʥʠʭ ʭʚʠʣʷʭ. 

ʅʝʣʽʥʽʡʥʽ ʉɼʈ ʚʽʜʧʦʚʽʜʥʦ 4-ʛʦ ʪʘ 8-ʛʦ ʧʦʨʷʜʢʽʚ ʜʣʷ ʧʝʨʰʠʭ ʜʚʦʭ ʅɺʇ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ɹʅʇ ɼʞʦʥʩʦʥʘ ʩʽʤôʾ SU ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ 2-ʭ ʪʘ 4-ʭ ʧʽʢʦʚʫ ʬʦʨʤʫ ʾʭ 

ʩʧʝʢʪʨʽʚ. ʅʝʣʽʥʽʡʥʝ ʉɼʈ 2-ʛʦ ʧʦʨʷʜʢʫ ʜʣʷ ʙʦʨʪʦʚʦʾ ʭʠʪʘʚʠʮʽ ʩʫʜʥʘ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ 

ʜʚʦʚʠʤʽʨʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ɼʞʦʥʩʦʥʘ ʩʽʤôʾ SB. ɿʘ ʟʘʟʥʘʯʝʥʠʤʠ ʉɼʈ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʽʟʥʠʮʝʚʽ 

ʨʽʚʥʷʥʥʷ, ʟʘ ʷʢʠʤʠ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʭ ʅɺʇ. ɺʠʢʦʥʘʥʝ ʧʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʅɺʇ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʧʦʢʘʟʘʣʦ ʾʭ 

ʟʘʜʦʚʽʣʴʥʫ ʷʢʽʩʪʴ. ʊʘʢ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʟʘ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʦʨʜʠʥʘʪ ʜʣʷ ʫʩʽʭ 

ʪʨʴʦʭ ʅɺʇ ʤʝʥʰʘ 5%. ʎʝ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʚʢʘʟʫʻ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʨʦʟʛʣʷʥʫʪʦʛʦ ʤʝʪʦʜʫ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

[1] ʉ. ɹ. ʇʨʠʭʦʜʴʢʦ, çʉʪʨʫʢʪʫʨʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʥʝʣʽʥʽʡʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚè, ɺʽʩʥʠʢ ɺʇɯ, ʚʠʧ. 3, ʩ. 86ï92, ʃʠʩʪʦʧ. 

2010. 

[2] ʉ. ɹ. ʇʨʠʭʦʜʴʢʦ, çʄʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʣʽʥʽʡʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʽ ʥʦʨʤʘʣʽʟʫʶʯʠʭ ʧʝʨʝʪʚʦʨʝʥʴè, ʜʠʩ. ... ʜ-ʨʘ ʪʝʭʥ. ʥʘʫʢ : 01.05.02, ʅʘʮ. ʘʢʘʜ. ʥʘʫʢ ʋʢʨʘʾʥʠ, ɯʥ-

ʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤ. ɺ. ʄ. ɻʣʫʰʢʦʚʘ, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 2012. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʇʆɺɽɼɯʅʂʀ ɸɻɽʅʊɯɺ ɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɺɽʃʀʂʀʍ ʄʆɺʅʀʍ 

ʄʆɼɽʃɽʁ 

ʇʨʠʱʝʧʘ ɺ.ʆ., ɿʘʜʦʨʦʞʥʽʡ ɸ.ʆ. (vladpryshchepa1@gmail.com, zaotroy@gmail.com) 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ)  

 

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʽʥʪʝʛʨʘʮʽʶ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ (LLMs) ʚ ʘʛʝʥʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

(ABM) ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʠʤʫʣʷʮʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ LLMs 

ʜʦʟʚʦʣʷʻ ʜʠʥʘʤʽʯʥʦ ʬʦʨʤʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʘʛʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʝʢʩʪʥʠʭ ʧʽʜʢʘʟʦʢ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʙʽʣʴʰʫ ʘʜʝʢʚʘʪʥʽʪʩʴ ʤʦʜʝʣʝʡ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʽʥʞʝʥʝʨʽʾ ʧʽʜʢʘʟʦʢ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʯʽʪʢʠʭ ʽ ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʫ ʩʮʝʥʘʨʽʷʭ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ. ʈʦʟʛʣʷʥʫʪʦ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʤʘʣʦʤʘʩʰʪʘʙʥʠʤ ʽ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ: ʫ 

ʧʝʨʰʦʤʫ ʥʝʦʙʭʽʜʥʠʡ ʜʝʪʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʢʦʞʥʦʛʦ ʘʛʝʥʪʘ, ʪʦʜʽ ʷʢ ʫ ʜʨʫʛʦʤʫ ʝʬʝʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʘʨʭʝʪʠʧʠ ʧʦʚʝʜʽʥʢʠ, ʱʦ ʟʥʠʞʫʶʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ. ʗʢ ʧʨʠʢʣʘʜ ʥʘʚʝʜʝʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʨʭʝʪʠʧʽʚ ʫ ʬʨʝʡʤʚʦʨʢʫ AgentTorch ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʥʜʝʤʽʾ COVID-19 ʫ ʅʴʶ-

ʁʦʨʢʫ. ʆʢʨʝʩʣʝʥʦ ʢʣʶʯʦʚʽ ʚʠʢʣʠʢʠ ʽʥʪʝʛʨʘʮʽʾ LLMs, ʩʝʨʝʜ ʷʢʠʭ ʽʤʦʚʽʨʥʽʩʥʘ ʧʨʠʨʦʜʘ ʤʦʜʝʣʝʡ, ʨʠʟʠʢ 

ʛʝʥʝʨʘʮʽʾ ʭʠʙʥʠʭ ʚʽʜʧʦʚʽʜʝʡ ʪʘ ʧʦʪʨʝʙʘ ʫ ʩʪʨʦʛʽʡ ʚʘʣʽʜʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘʟʥʘʯʝʥʦ, ʱʦ ʧʦʻʜʥʘʥʥʷ 

ABM ʪʘ LLM ʩʪʚʦʨʶʻ ʤʘʩʰʪʘʙʦʚʘʥʽ, ʢʦʥʪʝʢʩʪʥʦ ʯʫʪʣʠʚʽ ʪʘ ʨʝʘʣʽʩʪʠʯʥʽ ʩʠʤʫʣʷʮʽʾ, ʷʢʽ 

ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʚʘʢʫʘʮʽʡ, ʚʠʤʫʰʝʥʦʾ ʤʽʛʨʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʜʟʚʠʯʘʡʥʠʤʠ ʩʠʪʫʘʮʽʷʤʠ. 

 

ʐʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʆʜʥʠʤ ʽʟ ʧʨʠʢʣʘʜʽʚ ʻ ʽʥʪʝʛʨʘʮʽʷ 

ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ (LLMs) ʚ ʘʛʝʥʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ (ABM), ʱʦ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ 

ʩʠʤʫʣʷʮʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ.  

ɸʛʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʤʦʜʝʣʶʚʘʥʥʷ (ABM) ï ʮʝ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʜʦʩʣʽʜʥʠʢʘʤ ʩʪʚʦʨʶʚʘʪʠ, ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʪʠ ʟ ʤʦʜʝʣʷʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʘʚʪʦʥʦʤʥʠʭ ʪʘ ʛʝʪʝʨʦʛʝʥʥʠʭ ʘʛʝʥʪʽʚ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʤʝʭʘʥʽʟʤʠ, ʱʦ 

ʚʠʢʣʠʢʘʶʪʴ ʧʝʚʥʝ ʤʘʢʨʦʩʢʦʧʽʯʥʝ ʷʚʠʱʝ, ʱʦ ʮʽʢʘʚʠʪʴ [1]. ɸʛʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʥʠʢʘʤ ʜʦʩʣʽʜʞʫʚʘʪʠ ʝʤʝʨʜʞʝʥʪʥʽ ʷʚʠʱʘ, ʤʦʜʝʣʶʶʯʠ ʚʟʘʻʤʦʜʽʾ ʷʢ ʥʘ ʤʽʢʨʦ-, ʪʘʢ ʽ 

ʥʘ ʤʘʢʨʦʨʽʚʥʽ. ʊʨʘʜʠʮʽʡʥʦ ABM ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʠʭ ʧʨʘʚʠʣʘʭ ʽ ʩʪʘʪʠʯʥʠʭ 

ʰʘʙʣʦʥʘʭ ʧʦʚʝʜʽʥʢʠ, ʜʝ ʜʦʩʣʽʜʥʠʢʠ ʚʨʫʯʥʫ ʟʘʜʘʶʪʴ ʨʽʰʝʥʥʷ ʘʛʝʥʪʽʚ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʧʨʝʜʤʝʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʽ ʟʥʘʥʥʷ. ʍʦʯʘ ʜʘʥʠʡ ʧʽʜʭʽʜ ʜʦʙʨʝ ʧʨʘʮʶʻ ʜʣʷ ʧʨʦʩʪʠʭ ʩʮʝʥʘʨʽʾʚ, ʚʽʥ ʯʘʩʪʦ ʚʠʷʚʣʷʻʪʴʩʷ 

ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʨʝʘʣʴʥʠʭ ʩʠʪʫʘʮʽʡ, ʫ ʷʢʠʭ ʟʥʘʯʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ 

ʣʶʜʩʴʢʘ ʧʦʚʝʜʽʥʢʘ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʪʘ ʨʽʰʝʥʥʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʪʝʢʩʪʫ. 

ɿʘʚʜʷʢʠ ʰʚʠʜʢʦʤʫ ʨʦʟʚʠʪʢʫ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ ʚʠʥʠʢ ʥʦʚʠʡ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʥʘʧʨʷʤʦʢ 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ LLM ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʘʛʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʙʽʣʴʰ ʘʜʝʢʚʘʪʥʽ ʤʦʜʝʣʽ. ɺʝʣʠʢʽ ʤʦʚʥʽ ʤʦʜʝʣʽ (LLM) ʻ ʢʘʪʝʛʦʨʽʻʶ ʙʘʟʦʚʠʭ ʤʦʜʝʣʝʡ, ʥʘʚʯʝʥʠʭ ʥʘ 

ʚʝʣʠʯʝʟʥʠʭ ʦʙʩʷʛʘʭ ʜʘʥʠʭ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʟʜʘʪʥʠʤʠ ʨʦʟʫʤʽʪʠ ʪʘ ʛʝʥʝʨʫʚʘʪʠ ʧʨʠʨʦʜʥʫ ʤʦʚʫ ʪʘ ʽʥʰʽ 

ʪʠʧʠ ʢʦʥʪʝʥʪʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʟʘʚʜʘʥʴ [2]. ʇʨʦʩʪʽʰʝ ʢʘʞʫʯʠ, LLM ï ʮʝ 

ʢʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ, ʷʢʽʡ ʙʫʣʦ ʥʘʜʘʥʦ ʜʦʩʪʘʪʥʴʦ ʧʨʠʢʣʘʜʽʚ, ʱʦʙ ʚʦʥʘ ʤʦʛʣʘ ʨʦʟʧʽʟʥʘʚʘʪʠ ʪʘ 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʣʶʜʩʴʢʫ ʤʦʚʫ ʘʙʦ ʽʥʰʽ ʪʠʧʠ ʩʢʣʘʜʥʠʭ ʜʘʥʠʭ [3]. 

ʇʦʻʜʥʘʥʥʷ LLMs ʟ ABM ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠʪʠ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʘʛʝʥʪʽʚ. 

ɿʘʤʽʩʪʴ ʨʫʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʨʘʚʠʣ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʦʩʣʽʜʥʠʢʠ ʤʦʞʫʪʴ ʥʘʜʘʚʘʪʠ ʢʦʥʪʝʢʩʪʥʽ 

ʧʽʜʢʘʟʢʠ (prompts), ʱʦ ʦʧʠʩʫʶʪʴ ʩʝʨʝʜʦʚʠʱʝ ʘʛʝʥʪʘ, ʡʦʛʦ ʮʽʣʽ ʪʘ ʦʙʤʝʞʝʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ 

LLM ʛʝʥʝʨʫʻ ʜʽʾ ʘʛʝʥʪʽʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʎʝ ʩʪʚʦʨʶʻ ʙʽʣʴʰ ʘʜʘʧʪʠʚʥʫ ʩʪʨʫʢʪʫʨʫ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʟʜʘʪʥʫ ʨʝʘʣʽʩʪʠʯʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʨʝʘʣʴʥʽ ʩʠʪʫʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʮʝʥʘʨʽʾʚ 

ʝʚʘʢʫʘʮʽʾ ʣʶʜʝʡ ʟ ʙʫʜʽʚʣʽ ʧʽʜʢʘʟʢʠ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʭʦʜʽʚ, 

ʥʘʷʚʥʽʩʪʴ ʜʠʤʫ, ʱʽʣʴʥʽʩʪʴ ʥʘʪʦʚʧʫ ʪʘ ʨʽʚʝʥʴ ʧʘʥʽʢʠ ʘʛʝʥʪʘ. ʇʨʠ ʮʴʦʤʫ ʤʦʜʝʣʴ ʘʥʘʣʽʟʫʻ ʢʦʥʪʝʢʩʪ ʽ 

ʩʪʚʦʨʶʻ ʨʽʰʝʥʥʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʘʣʽʩʪʠʯʥʝ ʣʶʜʩʴʢʝ ʤʠʩʣʝʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ 

ʙʽʣʴʰʫ ʛʥʫʯʢʽʩʪʴ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʠʪʫʘʮʽʡ ʙʝʟ ʧʦʪʨʝʙʠ ʫʩʢʣʘʜʥʶʚʘʪʠ 

ʧʦʚʝʜʽʥʢʦʚʫ ʣʦʛʽʢʫ, ʱʦ ʨʦʙʠʪʴ ʩʠʤʫʣʷʮʽʾ ʥʘ ʦʩʥʦʚʽ LLM ʥʘʜʟʚʠʯʘʡʥʦ ʤʘʩʰʪʘʙʦʚʘʥʠʤʠ. 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ LLMs ʜʣʷ ʩʠʤʫʣʷʮʽʾ ʧʦʚʝʜʽʥʢʠ ʘʛʝʥʪʽʚ ʻ ʽʥʞʝʥʝʨʽʷ 

ʧʽʜʢʘʟʦʢ (prompt engineering). ʇʽʜʢʘʟʢʠ ʥʝʦʙʭʽʜʥʦ ʬʦʨʤʫʣʶʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʦʪʨʠʤʫʚʘʪʠ 

ʯʽʪʢʽ, ʦʜʥʦʟʥʘʯʥʽ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʽ ʚʽʜʧʦʚʽʜʽ ʚʽʜ ʤʦʜʝʣʽ, ʦʩʦʙʣʠʚʦ ʚ ʩʠʪʫʘʮʽʷʭ, ʜʝ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʽ 
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ʚʽʜʭʠʣʝʥʥʷ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ ʧʝʨʝʙʽʛ ʩʠʤʫʣʷʮʽʾ ʪʘ ʾʾ ʢʽʥʮʝʚʽ ʨʝʟʫʣʴʪʘʪʠ. ʅʘʧʨʠʢʣʘʜ, ʧʽʜ 

ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʘʪʝʛʽʡ ʝʚʘʢʫʘʮʽʾ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʦʪʨʠʤʘʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ 

ʙʫʣʝʚʠʭ ʨʽʰʝʥʴ ï ʥʘ ʢʰʪʘʣʪ çʨʫʭʘʪʠʩʷ ʣʽʚʦʨʫʯè ʯʠ çʨʫʭʘʪʠʩʷ ʧʨʘʚʦʨʫʯè ï ʟʘʤʽʩʪʴ ʥʝʦʜʥʦʟʥʘʯʥʠʭ 

ʘʙʦ ʨʦʟʤʠʪʠʭ ʚʽʜʧʦʚʽʜʝʡ. ʈʝʪʝʣʴʥʝ ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʽʜʢʘʟʦʢ ʧʽʜʚʠʱʫʻ ʫʟʛʦʜʞʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʟʥʠʞʫʻ ʨʠʟʠʢ ʧʦʤʠʣʢʦʚʠʭ ʽʥʪʝʨʧʨʝʪʘʮʽʡ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʚʝʜʽʥʢʠ ʘʛʝʥʪʽʚ ʫ ʩʠʤʫʣʷʮʽʾ.  

ɺʦʜʥʦʯʘʩ ʨʽʚʝʥʴ ʢʦʥʪʨʦʣʶ ʪʘ ʜʝʪʘʣʽʟʘʮʽʾ ʧʦʚʝʜʽʥʢʠ ʘʛʝʥʪʽʚ ʻ ʢʣʶʯʦʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʤʽʞ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ LLM ʫ ʤʘʣʦʤʘʩʰʪʘʙʥʦʤʫ ʪʘ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. ʋ 

ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʩʠʤʫʣʷʮʽʷʭ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʪʠʩʷʯʽ ʘʙʦ ʥʘʚʽʪʴ ʤʽʣʴʡʦʥʠ ʘʛʝʥʪʽʚ, ʧʨʽʦʨʠʪʝʪ 

ʟʤʽʱʫʻʪʴʩʷ ʚʽʜ ʢʦʥʪʨʦʣʶ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʜʽʡ ʜʦ ʘʥʘʣʽʟʫ ʟʘʛʘʣʴʥʠʭ ʪʝʥʜʝʥʮʽʡ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ 

LLM ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʘʛʨʝʛʦʚʘʥʠʤʠ ʧʦʚʝʜʽʥʢʦʚʠʤʠ ʧʘʪʝʨʥʘʤʠ (ʘʨʭʝʪʠʧʘʤʠ), 

ʬʦʨʤʫʶʯʠ ʜʠʥʘʤʽʯʥʽ ʧʦʣʽʪʠʢʠ ʙʝʟ ʩʫʪʪʻʚʦʾ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʛʨʫʧʫʚʘʪʠ ʘʛʝʥʪʽʚ ʟʘ 

ʧʝʚʥʠʤʠ ʰʘʙʣʦʥʘʤʠ ʧʦʚʝʜʽʥʢʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ LLM. ʂʨʽʤ ʪʦʛʦ, 

ʚʚʝʜʝʥʥʷ ʙʽʣʴʰʦʾ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ ʫ ʧʦʚʝʜʽʥʢʫ ʘʛʝʥʪʽʚ ʜʦʧʦʤʘʛʘʻ ʨʝʘʣʽʩʪʠʯʥʽʰʝ ʚʽʜʦʙʨʘʞʘʪʠ 

ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʫ ʧʦʧʫʣʷʮʽʾ ʪʘ ʨʦʙʠʪʴ ʤʦʜʝʣʽ ʙʽʣʴʰ ʛʥʫʯʢʠʤʠ ʡ ʘʜʘʧʪʠʚʥʠʤʠ. 

ʅʘʪʦʤʽʩʪʴ ʫ ʤʘʣʦʤʘʩʰʪʘʙʥʠʭ ʩʮʝʥʘʨʽʷʭ, ʜʝ ʢʦʞʥʘ ʜʽʷ ʦʢʨʝʤʦʛʦ ʘʛʝʥʪʘ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ 

ʥʘ ʧʝʨʝʙʽʛ ʩʠʤʫʣʷʮʽʾ ʪʘ ʾʾ ʢʽʥʮʝʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʥʝʦʙʭʽʜʥʦ ʤʦʜʝʣʶʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʢʦʞʥʦʛʦ ʘʛʝʥʪʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʰʘʙʣʦʥʽʚ ʧʦʚʝʜʽʥʢʠ ʻ ʥʝʝʬʝʢʪʠʚʥʠʤ, 

ʦʩʢʽʣʴʢʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʨʽʰʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʛʘʣʴʥʫ ʜʠʥʘʤʽʢʫ. ʎʝ ʚʠʤʘʛʘʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʚʽʜʧʦʚʽʜʝʡ LLM, ʨʝʪʝʣʴʥʦʛʦ ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʽʜʢʘʟʦʢ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʩʪʨʘʪʝʛʽʡ ʪʘ ʧʦʩʪʽʡʥʦʾ ʚʘʣʽʜʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʧʽʜ 

ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʝʚʘʢʫʘʮʽʾ ʦʢʨʝʤʦʾ ʙʫʜʽʚʣʽ ʥʝʦʙʭʽʜʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʽʾ ʢʦʞʥʦʛʦ ʘʛʝʥʪʘ, ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʥʝʙʘʞʘʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʚʽʜʭʠʣʝʥʴ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʨʝʢʪʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʦʢʘʟʦʚʠʤ ʨʝʘʣʴʥʠʤ ʧʨʠʢʣʘʜʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ LLM-ʘʨʭʝʪʠʧʽʚ ʫ ABM ʻ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʘʥʜʝʤʽʾ COVID-19 ʫ ʅʴʶ-ʁʦʨʢʫ, ʚʠʢʦʥʘʥʝ ʫ ʨʘʤʢʘʭ ʬʨʝʡʤʚʦʨʢʫ AgentTorch. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʜʦʩʣʽʜʥʠʢʠ ʩʠʤʫʣʶʚʘʣʠ ʧʦʚʝʜʽʥʢʫ ʧʨʠʙʣʠʟʥʦ 8,4 ʤʽʣʴʡʦʥʘ ʘʛʝʥʪʽʚ, ʷʢʽ ʨʝʧʨʝʟʝʥʪʫʶʪʴ ʥʘʩʝʣʝʥʥʷ 

ʤʽʩʪʘ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʨʭʝʪʠʧʠ ï ʪʦʙʪʦ ʫʟʘʛʘʣʴʥʝʥʽ ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ ʜʣʷ ʛʨʫʧ ʘʛʝʥʪʽʚ ʽʟ 

ʧʦʜʽʙʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʜʝʤʦʛʨʘʬʽʷ, ʛʝʦʣʦʢʘʮʽʷ, ʜʠʥʘʤʽʢʘ ʧʘʥʜʝʤʽʾ, ʝʢʦʥʦʤʽʯʥʘ ʧʽʜʪʨʠʤʢʘ). 

ʊʘʢʠʤ ʯʠʥʦʤ, LLM ʧʦʪʨʽʙʥʦ ʚʠʢʣʠʢʘʪʠ ʣʠʰʝ ʜʣʷ ʘʨʭʝʪʠʧʫ, ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʤʦʜʝʣʶʚʘʪʠ 

ʢʦʞʥʦʛʦ ʘʛʝʥʪʘ ʦʢʨʝʤʦ [4]. 

ɸʨʭʝʪʠʧʠ ʜʦʟʚʦʣʠʣʠ ʤʦʜʝʣʶʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʘʛʝʥʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʨʽʰʝʥʥʷ ʱʦʜʦ ʚʠʭʦʜʫ ʥʘ 

ʨʦʙʦʪʫ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʚʽʢʦʚʠʭ ʛʨʫʧʘʭ, ʩʪʘʪʽ, ʨʽʚʥʽ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʡ ʥʘʷʚʥʦʩʪʽ ʩʪʠʤʫʣʶʶʯʠʭ 

ʚʠʧʣʘʪ. ʈʝʟʫʣʴʪʘʪʠ ʩʠʤʫʣʷʮʽʡ ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ ʢʦʨʝʣʷʮʽʶ ʟ ʬʘʢʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʱʦʜʦ ʨʽʚʥʷ 

ʟʘʡʥʷʪʦʩʪʽ ʪʘ ʽʥʬʝʢʮʽʡ ʫ ʨʽʟʥʠʭ ʨʘʡʦʥʘʭ ʤʽʩʪʘ, ʧʨʠʯʦʤʫ ʜʦʜʘʚʘʥʥʷ ʢʦʥʪʝʢʩʪʫ (ʷʢ-ʦʪ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʚʠʧʣʘʪʠ ʩʪʠʤʫʣʽʚ ʯʠ ʨʽʚʝʥʴ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ) ʧʦʢʨʘʱʫʚʘʣʦ ʧʨʦʛʥʦʩʪʠʯʥʫ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʝʡ [5]. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʘʨʭʝʪʠʧ ʫ AgentTorch ï ʮʝ ʰʘʙʣʦʥ ʧʦʚʝʜʽʥʢʠ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʛʨʫʧ ʘʛʝʥʪʽʚ, 

ʷʢʽ ʧʦʜʽʣʷʶʪʴ ʧʦʜʽʙʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʙʦ ʢʦʥʪʝʢʩʪ, ʱʦ ʜʦʟʚʦʣʷʻ LLM ʦʙʨʦʙʣʷʪʠ ʾʭ ʥʝ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʘ ʛʨʫʧʦʚʦ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʽ ʟʘʙʝʟʧʝʯʫʻ 

ʟʙʝʨʝʞʝʥʥʷ ʚʠʨʘʟʥʦʩʪʽ ʤʦʜʝʣʽ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʜʫʞʝ ʚʝʣʠʢʠʭ ʧʦʧʫʣʷʮʽʡ [4]. 

ʇʦʧʨʠ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʽʥʪʝʛʨʘʮʽʷ LLMs ʫ ʘʛʝʥʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ (ABM) ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʥʠʟʢʦʶ ʚʠʢʣʠʢʽʚ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʟʘʚʜʘʥʴ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʦʩʦʙʣʠʚʦ ʫ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʩʮʝʥʘʨʽʷʭ, ʷʢ-ʦʪ ʧʣʘʥʫʚʘʥʥʷ ʝʚʘʢʫʘʮʽʡ ʘʙʦ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʜʟʚʠʯʘʡʥʠʤʠ ʩʠʪʫʘʮʽʷʤʠ. LLMs ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʻ ʡʤʦʚʽʨʥʽʩʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʪʦʤʫ ʟʘ 

ʦʜʥʘʢʦʚʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʚʦʥʠ ʤʦʞʫʪʴ ʧʦʚʝʨʪʘʪʠ ʨʽʟʥʽ ʚʽʜʧʦʚʽʜʽ. ʑʦʙ ʧʽʜʚʠʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ 

ʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, ʜʦʩʣʽʜʥʠʢʠ ʟʘʟʚʠʯʘʡ ʥʘʣʘʰʪʦʚʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʛʝʥʝʨʘʮʽʾ. ɿʦʢʨʝʤʘ, 

ʧʘʨʘʤʝʪʨ ñtemperatureò ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ñʢʨʝʘʪʠʚʥʦʩʪʽò ʤʦʜʝʣʽ: ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʨʦʙʣʷʪʴ ʚʽʜʧʦʚʽʜʽ 

ʩʪʘʙʽʣʴʥʠʤʠ ʪʘ ʦʜʥʦʟʥʘʯʥʠʤʠ, ʪʦʜʽ ʷʢ ʚʠʩʦʢʽ ï ʟʙʽʣʴʰʫʶʪʴ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʽ ʚʠʧʘʜʢʦʚʽʩʪʴ. ɯʥʰʠʡ 

ʚʘʞʣʠʚʠʡ ʧʘʨʘʤʝʪʨ ï ñtop-k samplingò, ʷʢʠʡ ʢʦʥʪʨʦʣʶʻ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʩʣʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʤʦʜʝʣʴ 

ʦʙʠʨʘʻ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ; ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰʫ ʢʦʥʪʨʦʣʴʦʚʘʥʽʩʪʴ, ʪʦʜʽ ʷʢ ʙʽʣʴʰʽ ï 

ʧʽʜʚʠʱʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ. ɺʦʜʥʦʯʘʩ ʥʘʚʽʪʴ ʽʟ ʥʘʣʘʰʪʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ LLMs ʟʜʘʪʥʽ 

ʩʪʚʦʨʶʚʘʪʠ ʧʨʘʚʜʦʧʦʜʽʙʥʽ, ʘʣʝ ʧʦʤʠʣʢʦʚʽ ʚʽʜʧʦʚʽʜʽ (hallucinations), ʱʦ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ 

ʪʦʯʥʽʩʪʴ ʩʠʤʫʣʷʮʽʡ, ʦʩʦʙʣʠʚʦ ʫ ʩʬʝʨʘʭ, ʜʝ ʥʝʚʽʨʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʢʨʠʪʠʯʥʽ ʥʘʩʣʽʜʢʠ. ʑʦʙ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʮʽ ʨʠʟʠʢʠ, ʽʥʞʝʥʝʨʽʷ ʧʽʜʢʘʟʦʢ ʤʘʻ ʧʦʻʜʥʫʚʘʪʠʩʷ ʟʽ ʩʪʨʦʛʠʤʠ ʢʦʥʚʝʻʨʘʤʠ ʚʘʣʽʜʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʢʨʽʧʣʶʚʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʫʯʘʩʪʶ ʣʶʜʠʥʠ (RLHF) ʪʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʪʦʥʢʠʤ ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʤʦʜʝʣʝʡ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʩʮʝʥʘʨʽʾʚ. 
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ɿʘʛʘʣʦʤ ʽʥʪʝʛʨʘʮʽʷ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ (LLMs) ʚ ʘʛʝʥʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ (ABM) ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʤʘʩʰʪʘʙʦʚʘʥʽ ʪʘ ʨʝʘʣʽʩʪʠʯʥʽ ʩʠʤʫʣʷʮʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ LLMs 

ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʪʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʘʛʝʥʪʽʚ, ʱʦ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʧʦʪʨʝʙʫ ʚ ʨʫʯʥʦʤʫ 

ʧʨʦʛʨʘʤʫʚʘʥʥʽ. ɼʣʷ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʩʠʤʫʣʷʮʽʡ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʨʭʝʪʠʧʠ 

ʧʦʚʝʜʽʥʢʠ, ʱʦ ʦʧʪʠʤʽʟʫʶʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʘʜʝʢʚʘʪʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʦʪʝ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʜʽʡʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʪʝʣʴʥʫ 

ʽʥʞʝʥʝʨʽʾ ʧʽʜʢʘʟʦʢ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ, ʘ ʪʘʢʦʞ ʚʘʣʽʜʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʙʽʥʘʮʽʷ ABM ʪʘ LLM ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʮʝʥʘʨʽʾʚ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ 

ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʩʠʤʫʣʷʮʽʡ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ) 

 

ɼʦʩʣʽʜʞʝʥʦ ʧʨʦʙʣʝʤʫ ʥʝʜʦʩʪʘʪʥʴʦʾ ʧʨʦʟʦʨʦʩʪʽ ʨʠʥʢʫ ʧʦʙʫʪʦʚʠʭ ʧʦʩʣʫʛ ʪʘ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʦʙʤʝʞʝʥʥʷ ʥʘʷʚʥʠʭ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ ʜʣʷ ʧʦʰʫʢʫ ʤʘʡʩʪʨʽʚ. ɺʠʢʦʥʘʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʦʛʣʷʜ ʤʽʞʥʘʨʦʜʥʠʭ ʩʝʨʚʽʩʥʠʭ ʧʣʘʪʬʦʨʤ ʟ ʚʠʷʚʣʝʥʥʷʤ ʥʝʜʦʣʽʢʽʚ ʫ ʤʝʭʘʥʽʟʤʘʭ 

ʬʦʨʤʫʚʘʥʥʷ ʨʝʡʪʠʥʛʽʚ ʚʠʢʦʥʘʚʮʽʚ. ʇʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʽʜʭʦʜʽʚ ʜʦ ʧʦʙʫʜʦʚʠ ʨʝʡʪʠʥʛʦʚʠʭ 

ʩʠʩʪʝʤ ʟ ʘʥʘʣʽʟʦʤ ʤʝʪʦʜʽʚ ʟʘʧʦʙʽʛʘʥʥʷ ʤʘʥʽʧʫʣʷʮʽʷʤ ʚʽʜʛʫʢʘʤʠ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʢʫʤʝʥʪʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʛʝʪʝʨʦʛʝʥʥʠʭ ʧʨʦʬʽʣʽʚ 

ʤʘʡʩʪʨʽʚ. ɺʠʟʥʘʯʝʥʦ ʢʨʠʪʝʨʽʾ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʪʝʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʨʦʟʨʦʙʢʠ ʪʘ 

ʤʦʞʣʠʚʦʩʪʝʡ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʧʣʘʪʬʦʨʤʠ ʟ 

ʨʦʟʧʦʜʽʣʦʤ ʥʘ ʢʣʽʻʥʪʩʴʢʫ ʪʘ ʩʝʨʚʝʨʥʫ ʯʘʩʪʠʥʠ. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʟʚʘʞʝʥʦʛʦ ʨʝʡʪʠʥʛʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʪʦʨʽʾ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʧʽʜʦʟʨʽʣʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʩʠʩʪʝʤʽ ʚʽʜʛʫʢʽʚ ʥʘ ʦʩʥʦʚʽ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʘʪʝʨʥʽʚ. 

 

ʉʫʯʘʩʥʠʡ ʨʠʥʦʢ ʧʦʙʫʪʦʚʠʭ ʧʦʩʣʫʛ ʧʦʪʨʝʙʫʻ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʚʽʨʠ ʤʽʞ 

ʟʘʤʦʚʥʠʢʘʤʠ ʪʘ ʚʠʢʦʥʘʚʮʷʤʠ. ʅʘʷʚʥʽ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʩʠʩʪʝʤʥʽ ʧʨʦʙʣʝʤʠ: 

ʚʽʜʩʫʪʥʽʩʪʴ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ, ʥʝʝʬʝʢʪʠʚʥʽ ʤʝʭʘʥʽʟʤʠ ʚʝʨʠʬʽʢʘʮʽʾ 

ʢʦʤʧʝʪʝʥʮʽʡ ʚʠʢʦʥʘʚʮʽʚ, ʦʙʤʝʞʝʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʚʽʜ 

ʩʪʚʦʨʝʥʥʷ ʟʘʷʚʢʠ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʨʦʙʽʪ. 

https://bdtechtalks.com/2024/10/02/agenttorch-llm-agents/
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ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʜʘʥʥʷ ʧʦʙʫʪʦʚʠʭ ʧʦʩʣʫʛ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʟ 

ʦʙ'ʻʢʪʠʚʥʦʶ ʦʮʽʥʢʦʶ ʚʠʢʦʥʘʚʮʽʚ ʥʘ ʦʩʥʦʚʽ ʚʝʨʠʬʽʢʦʚʘʥʠʭ ʚʽʜʛʫʢʽʚ. 

ʉʠʩʪʝʤʘʪʠʯʥʠʡ ʦʛʣʷʜ ʤʽʞʥʘʨʦʜʥʠʭ ʧʣʘʪʬʦʨʤ ʜʦʟʚʦʣʠʚ ʚʠʜʽʣʠʪʠ ʯʦʪʠʨʠ ʪʠʧʠ ʩʝʨʚʽʩʽʚ. 

ɸʛʨʝʛʘʪʦʨʠ ʰʠʨʦʢʦʛʦ ʧʨʦʬʽʣʶ (Angie's List, HomeStars) ʥʘʢʦʧʠʯʫʶʪʴ ʚʝʣʠʢʽ ʙʘʟʠ ʚʠʢʦʥʘʚʮʽʚ, 

ʦʜʥʘʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʨʦʱʝʥʽ ʘʣʛʦʨʠʪʤʠ ʨʘʥʞʫʚʘʥʥʷ ʙʝʟ ʘʥʘʣʽʟʫ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ. ʇʣʘʪʬʦʨʤʠ ʟ ʤʦʜʝʣʣʶ ʪʝʥʜʝʨʥʠʭ ʟʘʷʚʦʢ (MyBuilder, Bark) ʜʦʟʚʦʣʷʶʪʴ 

ʧʦʨʽʚʥʶʚʘʪʠ ʧʨʦʧʦʟʠʮʽʾ ʤʘʡʩʪʨʽʚ, ʧʨʦʪʝ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʥʘ ʝʪʘʧʽ ʚʠʢʦʥʘʥʥʷ. 

ʉʝʨʚʽʩʠ ʟ ʛʘʨʘʥʪʦʚʘʥʦʶ ʦʧʣʘʪʦʶ (Taskrabbit, Handy) ʚʠʨʽʰʫʶʪʴ ʧʨʦʙʣʝʤʫ ʬʽʥʘʥʩʦʚʠʭ ʨʠʟʠʢʽʚ, ʘʣʝ 

ʦʙʤʝʞʫʶʪʴ ʩʘʤʦʩʪʽʡʥʽʩʪʴ ʚʠʢʦʥʘʚʮʽʚ ʫ ʮʽʥʦʫʪʚʦʨʝʥʥʽ. ʃʦʢʘʣʴʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʨʠʥʢʫ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʬʨʘʛʤʝʥʪʦʚʘʥʽʩʪʶ ʪʘ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʮʠʬʨʦʚʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ. ɺʠʷʚʣʝʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʧʦʻʜʥʫʻ ʛʥʫʯʢʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʟ ʤʝʭʘʥʽʟʤʘʤʠ ʦʙ'ʻʢʪʠʚʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʧʘʪʝʨʥʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʚʝʙ-ʩʠʩʪʝʤ. 

ʄʦʥʦʣʽʪʥʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʻʜʠʥʫ ʢʦʜʦʚʫ ʙʘʟʫ ʟ ʫʩʽʻʶ ʙʽʟʥʝʩ-ʣʦʛʽʢʦʶ. ɼʦ ʧʝʨʝʚʘʛ ʥʘʣʝʞʘʪʴ 

ʰʚʠʜʢʽʩʪʴ ʧʦʯʘʪʢʦʚʦʾ ʨʦʟʨʦʙʢʠ ʪʘ ʧʨʦʩʪʦʪʘ ʣʦʢʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, ʧʨʦʪʝ ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ 

ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʥʦʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ, ʻ ʦʙʤʝʞʝʥʥʷ ʫ ʚʠʙʦʨʽ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʫʣʽʚ, ʫʩʢʣʘʜʥʝʥʥʷ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʢʦʤʘʥʜʠ ʨʦʟʨʦʙʥʠʢʽʚ. 

ʄʽʢʨʦʩʝʨʚʽʩʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʜʝʢʦʤʧʦʟʠʮʽʶ ʥʘ ʘʚʪʦʥʦʤʥʽ ʩʝʨʚʽʩʠ. ʇʦʟʠʪʠʚʥʠʤʠ 

ʘʩʧʝʢʪʘʤʠ ʪʘʢʦʾ ʨʝʘʣʽʟʘʮʽʾ ʻ ʪʝʭʥʦʣʦʛʽʯʥʘ ʥʝʟʘʣʝʞʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ, ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʢʦʚʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʠʭ ʤʦʜʫʣʽʚ, ʣʦʢʘʣʽʟʘʮʽʷ ʥʘʩʣʽʜʢʽʚ ʟʙʦʾʚ, ʘʣʝ ʟʨʦʩʪʘʻ ʩʢʣʘʜʥʽʩʪʴ 

ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʝʨʚʽʩʘʤʠ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʩʠʩʪʝʤʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʦʙʤʝʞʝʥʠʡ ʦʙʩʷʛ MVP 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʥʦʣʽʪʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʟ ʤʦʜʫʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ 

ʤʘʡʙʫʪʥʴʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʫ ʦʨʛʘʥʽʟʘʮʽʶ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧ'ʷʪʴʤʘ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʤʠ ʤʦʜʫʣʷʤʠ: 

ʧʽʜʩʠʩʪʝʤʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟ JWT-ʪʦʢʝʥʘʤʠ ʜʣʷ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʢʣʽʻʥʪʽʚ ʪʘ ʤʘʡʩʪʨʽʚ, ʤʦʜʫʣʴ 

ʧʨʦʬʽʣʶʚʘʥʥʷ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʘʪʨʠʙʫʪʽʚ ʚʠʢʦʥʘʚʮʽʚ ʚʢʣʶʯʥʦ ʟ ʧʝʨʝʣʽʢʦʤ ʢʦʤʧʝʪʝʥʮʽʡ ʪʘ 

ʬʽʥʘʥʩʦʚʠʤʠ ʫʤʦʚʘʤʠ, ʧʽʜʩʠʩʪʝʤʘ ʦʙʨʦʙʢʠ ʟʘʷʚʦʢ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ ʟʘʤʦʚʣʝʥʥʷ 

ʯʝʨʝʟ ʚʠʟʥʘʯʝʥʽ ʩʪʘʥʠ, ʢʦʤʧʦʥʝʥʪ ʟʙʦʨʫ ʚʽʜʛʫʢʽʚ ʟ ʢʦʥʪʨʦʣʝʤ ʤʦʞʣʠʚʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ ʣʠʰʝ ʧʽʩʣʷ 

ʬʘʢʪʠʯʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ ʨʦʙʽʪ, ʘʥʘʣʽʪʠʯʥʠʡ ʤʦʜʫʣʴ ʜʣʷ ʘʛʨʝʛʘʮʽʾ ʤʝʪʨʠʢ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʨʦʟʨʘʭʫʥʢʫ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ʜʣʷ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ ʦʭʦʧʣʶʶʪʴ ʢʽʣʴʢʘ ʥʘʧʨʷʤʢʽʚ. Node.js ʟ 

ʬʨʝʡʤʚʦʨʢʦʤ Express ʟʘʙʝʟʧʝʯʫʻ ʥʝʙʣʦʢʫʶʯʫ ʦʙʨʦʙʢʫ ʟʘʧʠʪʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ JavaScript ʥʘ ʚʩʽʭ 

ʨʽʚʥʷʭ ʨʦʟʨʦʙʢʠ. Python ʟ Flask ʘʙʦ FastAPI ʧʨʦʧʦʥʫʻ ʙʘʛʘʪʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʨʝʡʪʠʥʛʽʚ ʪʘ ʘʥʘʣʽʪʠʢʠ ʜʘʥʠʭ. Ruby on Rails ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ 

ʟʘʚʜʷʢʠ ʢʦʥʚʝʥʮʽʷʤ ʥʘʜ ʢʦʥʬʽʛʫʨʘʮʽʻʶ. ɺʠʙʽʨ Node.js ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʨʠ 

ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʦʜʥʦʯʘʩʥʠʭ ʟ'ʻʜʥʘʥʴ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʣʘʪʬʦʨʤ ʟ ʙʘʛʘʪʴʤʘ ʘʢʪʠʚʥʠʤʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʥʘʷʚʥʽʩʪʶ ʨʦʟʚʠʥʝʥʦʾ ʝʢʦʩʠʩʪʝʤʠ ʧʘʢʝʪʽʚ ʜʣʷ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, 

ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʽʣʴʥʠʭ JavaScript-ʤʦʜʫʣʽʚ ʥʘ ʢʣʽʻʥʪʽ ʪʘ ʩʝʨʚʝʨʽ. 

ɸʥʘʣʽʟ ʚʘʨʽʘʥʪʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʚʠʷʚʠʚ ʜʚʽ ʧʘʨʘʜʠʛʤʠ. ʈʝʣʷʮʽʡʥʽ ʉʋɹɼ 

(PostgreSQL, MySQL) ʛʘʨʘʥʪʫʶʪʴ ʮʽʣʽʩʥʽʩʪʴ ʯʝʨʝʟ ʧʽʜʪʨʠʤʢʫ ʪʨʘʥʟʘʢʮʽʡ ACID ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʢʣʘʜʥʠʭ ʟʘʧʠʪʽʚ ʟ ʦʙ'ʻʜʥʘʥʥʷʤ ʪʘʙʣʠʮʴ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʚʽʪʥʦʩʪʽ. ɼʦʢʫʤʝʥʪʦ-

ʦʨʽʻʥʪʦʚʘʥʽ NoSQL ʙʘʟʠ (MongoDB, Couchbase) ʦʧʝʨʫʶʪʴ JSON-ʩʪʨʫʢʪʫʨʘʤʠ ʟ ʜʠʥʘʤʽʯʥʦʶ 

ʩʭʝʤʦʶ, ʱʦ ʩʧʨʦʱʫʻ ʝʚʦʣʶʮʽʶ ʤʦʜʝʣʽ ʜʘʥʠʭ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ MongoDB ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʨʠʨʦʜʥʽʡ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨ ʧʨʦʬʽʣʽʚ ʤʘʡʩʪʨʽʚ ʜʦʢʫʤʝʥʪʥʽʡ ʤʦʜʝʣʽ, ʜʝ ʢʽʣʴʢʽʩʪʴ ʢʘʪʝʛʦʨʽʡ 

ʧʦʩʣʫʛ ʻ ʟʤʽʥʥʦʶ, ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʪʨʝʙʠ ʚ ʩʢʣʘʜʥʠʭ ʪʨʘʥʟʘʢʮʽʷʭ ʜʣʷ ʦʩʥʦʚʥʠʭ ʦʧʝʨʘʮʽʡ ʯʠʪʘʥʥʷ 

ʧʨʦʬʽʣʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʤʦʞʣʠʚʦʩʪʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʦʙʩʷʛʫ ʜʘʥʠʭ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʢʣʽʻʥʪʩʴʢʦʾ ʯʘʩʪʠʥʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʨʠ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʾ. React ʟʘʙʝʟʧʝʯʫʻ 

ʢʦʤʧʦʥʝʥʪʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʽʚ ʟ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʨʝʥʜʝʨʠʥʛʫ. Vue.js 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʦʩʪʽʰʠʤ ʦʩʚʦʻʥʥʷʤ ʜʣʷ ʧʦʯʘʪʢʽʚʮʽʚ ʪʘ ʚʙʫʜʦʚʘʥʦʶ ʨʝʘʢʪʠʚʥʽʩʪʶ ʜʘʥʠʭ. Svelte 

ʢʦʤʧʽʣʶʻ ʢʦʤʧʦʥʝʥʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʦʧʪʠʤʽʟʦʚʘʥʠʡ JavaScript-ʢʦʜ. ʆʙʨʘʥʦ React ʟʘʚʜʷʢʠ 

ʰʠʨʦʢʽʡ ʝʢʦʩʠʩʪʝʤʽ ʛʦʪʦʚʠʭ UI-ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʟʨʦʙʢʠ, ʨʦʟʚʠʥʝʥʽʡ ʧʽʜʪʨʠʤʮʽ 

ʩʧʽʣʴʥʦʪʠ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʟʨʫʯʥʽʡ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʫʧʨʘʚʣʽʥʥʷ 
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ʩʪʘʥʦʤ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʜʦʜʘʪʢʫ.ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʫ ʨʝʧʫʪʘʮʽʾ ʤʘʡʩʪʨʘ ʚʨʘʭʦʚʫʻ 

ʤʥʦʞʠʥʫ ʬʘʢʪʦʨʽʚ. ɹʘʟʦʚʠʡ ʩʝʨʝʜʥʽʡ ʨʝʡʪʠʥʛ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ: 

R_mean = (1/N) Ĭ Ɇ(i=1 to N) r_i 

ʜʝ r_i ð ʦʮʽʥʢʘ ʟ -̔ʪʦʛʦ ʚʽʜʛʫʢʫ, N ð ʢʽʣʴʢʽʩʪʴ ʚʽʜʛʫʢʽʚ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ: ʤʝʭʘʥʽʟʤ ʨʝʻʩʪʨʘʮʽʾ ʟ ʜʠʬʝʨʝʥʮʽʘʮʽʻʶ 

ʧʨʘʚ ʜʦʩʪʫʧʫ ʜʣʷ ʜʚʦʭ ʪʠʧʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʢʦʥʩʪʨʫʢʪʦʨ ʧʨʦʬʽʣʽʚ ʤʘʡʩʪʨʽʚ ʟ ʜʠʥʘʤʽʯʥʠʤ 

ʜʦʜʘʚʘʥʥʷʤ ʢʘʪʝʛʦʨʽʡ ʧʦʩʣʫʛ, ʬʽʣʴʪʨʘʮʽʡʥʠʡ ʧʦʰʫʢ ʚʠʢʦʥʘʚʮʽʚ ʟʘ ʤʥʦʞʠʥʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ 

ʚʢʣʶʯʥʦ ʟ ʛʝʦʛʨʘʬʽʯʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ, ʤʝʭʘʥʽʟʤ ʩʪʚʦʨʝʥʥʷ ʟʘʷʚʦʢ ʟ ʦʧʠʩʦʤ ʧʨʦʙʣʝʤʠ ʪʘ 

ʧʨʠʢʨʽʧʣʝʥʥʷʤ ʬʦʪʦʤʘʪʝʨʽʘʣʽʚ, ʚʽʜʩʪʝʞʝʥʥʷ ʩʪʘʪʫʩʫ ʟʘʤʦʚʣʝʥʥʷ ʯʝʨʝʟ ʧ'ʷʪʴ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʚʽʜ 

ʦʯʽʢʫʚʘʥʥʷ ʜʦ ʟʘʚʝʨʰʝʥʥʷ, ʬʦʨʤʘ ʚʽʜʛʫʢʫ ʟ ʢʦʤʙʽʥʘʮʽʻʶ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʪʘ ʪʝʢʩʪʦʚʦʛʦ 

ʢʦʤʝʥʪʘʨʷ, ʘʚʪʦʤʘʪʠʯʥʝ ʦʥʦʚʣʝʥʥʷ ʘʛʨʝʛʦʚʘʥʠʭ ʤʝʪʨʠʢ ʧʨʦʬʽʣʶ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʥʦʚʦʛʦ ʚʽʜʛʫʢʫ.  

ɸʣʛʦʨʠʪʤ ʜʝʪʝʢʪʫʚʘʥʥʷ ʘʥʦʤʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʘʥʘʣʽʟʫʻ ʚʽʜʛʫʢʠ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. 

ʉʠʩʪʝʤʘ ʽʜʝʥʪʠʬʽʢʫʻ ʧʽʜʦʟʨʽʣʽ ʧʘʪʝʨʥʠ: ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʜʛʫʢʽʚ ʚʽʜ ʥʦʚʦʩʪʚʦʨʝʥʠʭ ʘʢʘʫʥʪʽʚ ʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʽʩʪʦʨʽʻʶ ʘʢʪʠʚʥʦʩʪʽ, ʪʝʢʩʪʦʚʘ ʩʭʦʞʽʩʪʴ ʢʦʤʝʥʪʘʨʽʚ ʧʦʥʘʜ 80% ʟʘ ʤʝʪʨʠʢʦʶ 

ʢʦʩʠʥʫʩʥʦʾ ʧʦʜʽʙʥʦʩʪʽ, ʘʥʦʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʦʚʠʭ ʤʽʪʦʢ ʧʫʙʣʽʢʘʮʽʡ ʚʽʜʛʫʢʽʚ. ɼʣʷ ʚʠʷʚʣʝʥʠʭ 

ʚʠʧʘʜʢʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʚʘʛʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚ ʨʦʟʨʘʭʫʥʢʫ ʟʘʛʘʣʴʥʦʛʦ ʨʝʡʪʠʥʛʫ, ʘ 

ʢʨʠʪʠʯʥʽ ʩʠʪʫʘʮʽʾ ʤʘʨʢʫʶʪʴʩʷ ʜʣʷ ʨʫʯʥʦʾ ʧʝʨʝʚʽʨʢʠ ʤʦʜʝʨʘʪʦʨʘʤʠ. ʇʨʦʟʦʨʽʩʪʴ ʧʨʦʮʝʩʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʚʝʨʠʬʽʢʦʚʘʥʠʭ ʪʘ ʥʝʚʝʨʠʬʽʢʦʚʘʥʠʭ 

ʚʽʜʛʫʢʽʚ ʫ ʧʨʦʬʽʣʽ ʤʘʡʩʪʨʘ. 

ɺʠʢʦʥʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽ ʪʝʭʥʽʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʚʝʙ-

ʧʣʘʪʬʦʨʤ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʨʠʥʢʫ ʧʦʙʫʪʦʚʠʭ ʧʦʩʣʫʛ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʤʝʪʦʜ 

ʦʮʽʥʶʚʘʥʥʷ ʩʪʚʦʨʶʻ ʪʝʦʨʝʪʠʯʥʫ ʙʘʟʫ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʦʙ'ʻʢʪʠʚʥʦʛʦ 

ʨʝʡʪʠʥʛʫʚʘʥʥʷ ʚʠʢʦʥʘʚʮʽʚ ʥʘ ʦʩʥʦʚʽ ʚʝʨʠʬʽʢʦʚʘʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʚʽʜ ʟʘʤʦʚʥʠʢʽʚ. 
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ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ) 

 

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʥʝʯʽʪʢʦʾ 3W-ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʨʦʞʥʽʭ ʩʮʝʥ, ʷʢʠʡ ʦʮʽʥʶʻ ʨʽʚʝʥʴ 

ʙʝʟʧʝʢʠ (Safe, Unsafe, Suspect) ʥʘ ʦʩʥʦʚʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʢʫ 

ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ. ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʩʠʩʪʝʤʫ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ ʪʠʧʫ IFïTHEN, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʪʠʧ ʦʙôʻʢʪʘ, ʚʽʜʩʪʘʥʴ ʽ ʧʦʣʦʞʝʥʥʷ ʫ ʩʮʝʥʽ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʥʘ 5000 ʟʦʙʨʘʞʝʥʥʷʭ 

ʧʦʢʘʟʘʣʠ ʩʝʨʝʜʥʶ ʪʦʯʥʽʩʪʴ 96 %, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʩʠʩʪʝʤʘʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʜʦʧʦʤʦʛʠ ʚʦʜʽʻʚʽ 

ʪʘ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. 

 

ʉʠʩʪʝʤʠ ʘʥʘʣʽʟʫ ʚʫʣʠʯʥʠʭ ʩʮʝʥ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ 

ʜʣʷ ʘʥʘʣʽʟʫ ʜʦʨʦʞʥʽʭ ʩʮʝʥ ʫ ʩʠʩʪʝʤʘʭ ʜʦʧʦʤʦʛʠ ʚʦʜʽʻʚʽ, ʤʦʥʽʪʦʨʠʥʛʫ ʨʫʭʫ ʪʘ ʙʝʟʧʝʢʠ ʧʽʰʦʭʦʜʽʚ. 
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ʇʨʦʪʝ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘʢʠʭ ʩʮʝʥ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʫʯʘʩʥʠʢʽʚ 

ʨʫʭʫ, ʟʤʽʥ ʦʩʚʽʪʣʝʥʥʷ, ʧʝʨʩʧʝʢʪʠʚʠ ʢʘʤʝʨʠ ʪʘ ʧʝʨʝʢʨʠʪʪʷ ʦʙôʻʢʪʽʚ. 

ʋ ʨʦʙʦʪʽ [1] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʽʟʫʘʣʴʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʜʥʦʰʝʥʴ çʦʙôʻʢʪï

ʩʫʙôʻʢʪè ʜʣʷ ʘʥʘʣʽʟʫ ʜʦʨʦʞʥʽʭ ʩʮʝʥ, ʷʢʠʡ ʜʦʟʚʦʣʷʚ ʚʠʟʥʘʯʘʪʠ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ 

ʨʫʭʫ ʥʘ ʦʩʥʦʚʽ ʧʨʦʩʪʦʨʦʚʠʭ ʚʽʜʩʪʘʥʝʡ ʽ ʢʦʥʪʝʢʩʪʫ ʩʮʝʥʠ. ʇʨʦʪʝ ʪʘʢʘ ʤʦʜʝʣʴ ʤʘʣʘ ʦʙʤʝʞʝʥʥʷ ʫ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʥʝ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʜʦʩʪʘʪʥʴʦʾ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʣʷ ʦʮʽʥʢʠ 

ʨʠʟʠʢʫ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ 3W-ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʨʦʞʥʽʭ ʩʮʝʥ (Safe / 

Unsafe / Suspect), ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʠʭ ʛʨʘʥʫʣʷʨʥʠʭ ʧʨʘʚʠʣ [2, 3]. ʎʝʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʩʮʝʥʠ ʥʝ ʪʽʣʴʢʠ ʥʘ ʦʩʥʦʚʽ ʯʽʪʢʠʭ ʦʟʥʘʢ, ʘ ʡ ʯʝʨʝʟ ʩʪʫʧʽʥʴ 

ʚʧʝʚʥʝʥʦʩʪʽ ʫ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʤʫ ʨʽʰʝʥʥʽ. 

ʄʝʪʦʜ ʥʝʯʽʪʢʦʾ 3W - ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʄʝʪʦʜ ʨʝʘʣʽʟʫʻ ʪʨʠ ʨʽʚʥʽ ʨʠʟʠʢʫ ʜʦʨʦʞʥʴʦʾ ʩʮʝʥʠ: 

- Safe (W ) - ʩʠʪʫʘʮʽʷ ʙʝʟ ʟʘʛʨʦʟ; 

- Unsafe (W ) - ʥʘʷʚʥʘ ʧʦʪʝʥʮʽʡʥʘ ʥʝʙʝʟʧʝʢʘ ʘʙʦ ʢʦʥʬʣʽʢʪʥʘ ʪʨʘʻʢʪʦʨʽʷ; 

- Suspect (W ) - ʧʨʦʤʽʞʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʾ ʦʮʽʥʢʠ. 

ʂʦʞʝʥ ʫʯʘʩʥʠʢ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʦʧʠʩʫʻʪʴʩʷ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ: 

- ʪʠʧ ʦʙôʻʢʪʘ (Car, Person, Cyclist), 

- ʚʽʜʩʪʘʥʴ ʜʦ ʦʙôʻʢʪʘ, 

- ʥʘʧʨʷʤʦʢ ʨʦʟʪʘʰʫʚʘʥʥʷ (ʟʣʽʚʘ, ʧʦ ʮʝʥʪʨʫ, ʩʧʨʘʚʘ), 

- ʨʽʚʝʥʴ ʧʝʨʝʢʨʠʪʪʷ ʪʘ ʚʧʝʚʥʝʥʽʩʪʴ ʜʝʪʝʢʮʽʾ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʫʯʘʩʥʠʢʽʚ ʨʫʭʫ (ʘʚʪʦʤʦʙʽʣʽ, ʧʽʰʦʭʦʜʠ, ʚʝʣʦʩʠʧʝʜʠʩʪʠ) ʬʦʨʤʫʶʪʴʩʷ ʪʨʠ 

ʥʝʯʽʪʢʽ ʧʽʜʢʣʘʩʠ: 

- Car_Safe, Car_Unsafe, Car_Suspect; 

- Person_Safe, Person_Unsafe, Person_Suspect; 

- Cyclist_Safe, Cyclist_Unsafe, Cyclist_Suspect. 

ʈʽʰʝʥʥʷ ʫʭʚʘʣʶʻʪʴʩʷ ʟʘ ʩʠʩʪʝʤʦʶ IFïTHEN ʧʨʘʚʠʣ. ʇʨʠʢʣʘʜ: 

IF object = Pedestrian AND direction = center AND distance < 5 m THEN scene = Unsafe (0.9). 

ʊʘʢʠʤ ʯʠʥʦʤ ʬʦʨʤʫʻʪʴʩʷ 9-ʢʣʘʩʦʚʘ ʤʦʜʝʣʴ 3W-ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʽʥʪʝʛʨʫʻ ʧʨʦʩʪʦʨʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʟ ʦʮʽʥʢʦʶ ʨʠʟʠʢʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʝʜʝʥʦ ʥʘ ʥʘʙʦʨʽ ʟ 5000 ʟʦʙʨʘʞʝʥʴ ʚʫʣʠʯʥʠʭ ʩʮʝʥ. ʉʝʨʝʜʥʷ ʪʦʯʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʪʘʥʦʚʠʣʘ: 94ï96 % ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ, 96ï98 % ʜʣʷ ʧʽʰʦʭʦʜʽʚ, 95ï97 % ʜʣʷ 

ʚʝʣʦʩʠʧʝʜʠʩʪʽʚ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʧʨʠʢʣʘʜ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʨʦʞʥʴʦʾ ʩʮʝʥʠ ʩʠʩʪʝʤʦʶ 3W 
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ʆʩʥʦʚʥʽ ʧʦʤʠʣʢʠ ʬʽʢʩʫʶʪʴʩʷ ʤʽʞ ʢʣʘʩʘʤʠ Unsafe ʽ Suspect, ʜʝ ʚʽʟʫʘʣʴʥʽ ʦʟʥʘʢʠ ʤʘʶʪʴ 

ʯʘʩʪʢʦʚʠʡ ʟʙʽʛ. ɿʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʩʠʩʪʝʤʠ ð ʙʣʠʟʴʢʦ 96 %. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʥʝʯʽʪʢʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʧʦʢʨʘʱʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤ ʧʽʜʭʦʜʦʤ ʦʙôʻʢʪïʩʫʙôʻʢʪ [1]. 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʢʘʟʘʥʦ ʧʨʠʢʣʘʜ ʨʝʟʫʣʴʪʘʪʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʨʦʞʥʴʦʾ ʩʮʝʥʠ. 

ʉʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʜʝʪʝʢʮʽʶ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽ ʧʽʰʦʭʦʜʽʚ ʪʘ ʦʙʯʠʩʣʶʻ ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʣʝʞʥʦʩʪʽ 

ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ ʜʦ ʢʣʘʩʫ Safe / Unsafe / Suspect. 

ʅʘ ʟʦʙʨʘʞʝʥʥʽ ʦʙôʻʢʪʠ ʦʙʚʝʜʝʥʽ ʨʘʤʢʘʤʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʽʜʧʠʩʘʤʠ. 

 

ʇʽʰʦʭʦʜʠ ʧʨʘʚʦʨʫʯ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʷʢ Suspect, ʦʩʢʽʣʴʢʠ ʨʫʭʘʶʪʴʩʷ ʙʣʠʟʴʢʦ ʜʦ ʧʨʦʾʞʜʞʦʾ 

ʯʘʩʪʠʥʠ. ɸʚʪʦʤʦʙʽʣʴ ʙʽʣʷ ʙʦʨʜʶʨʫ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʷʢ Suspect ʯʝʨʝʟ ʟʤʝʥʰʝʥʫ ʦʛʣʷʜʦʚʽʩʪʴ. 

ʇʝʨʝʜʥʽʡ ʘʚʪʦʤʦʙʽʣʴ ʟʣʽʚʘ ʪʘ ʘʚʪʦ ʚ ʮʝʥʪʨʽ ʚʫʣʠʮʽ ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ Safe, ʦʩʢʽʣʴʢʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʩʪʘʪʠʯʥʠʤʠ ʘʙʦ ʨʫʭʘʶʪʴʩʷ ʧʦʚʽʣʴʥʦ ʪʘ ʥʝ ʩʪʚʦʨʶʶʪʴ ʨʠʟʠʢʫ. 

ʈʽʰʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

Scene = {Car: Safe, Person: Suspect, Cyclist: none, Overall: Suspect}.  

 

ɺʠʩʥʦʚʢʠ 

ʅʝʯʽʪʢʘ 3W-ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ: ʽʥʪʝʨʧʨʝʪʦʚʘʥʽʩʪʴ ʨʽʰʝʥʴ ʽ ʤʦʞʣʠʚʽʩʪʴ ʧʦʷʩʥʝʥʥʷ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʯʘʩʪʢʦʚʠʭ ʧʝʨʝʢʨʠʪʪʽʚ ʽ ʥʝʯʽʪʢʠʭ ʤʝʞ ʦʙôʻʢʪʽʚ, ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʨʠ 

ʥʠʟʴʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ) 

ɿʘʧʦʨʽʟʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʽʤ. ʆ. ɻ. ɯʚʯʝʥʢʘ (ʋʢʨʘʾʥʘ) 

 

ʋ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʦʙʣʝʤʘʪʠʢʫ ʧʘʨʢʫʚʘʥʥʷ ʚ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʪʘ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʥʘʷʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʾʾ ʚʠʨʽʰʝʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʧ'ʷʪʠ ʪʠʧʽʚ ʩʠʩʪʝʤ ʨʦʟʫʤʥʦʛʦ ʧʘʨʢʫʚʘʥʥʷ ʟ ʚʠʷʚʣʝʥʥʷʤ ʾʭ ʧʝʨʝʚʘʛ ʪʘ ʦʙʤʝʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ IoT ʪʝʭʥʦʣʦʛʽʡ ʫ ʢʦʥʪʝʢʩʪʽ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʢʫʚʘʣʴʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʯʝʨʝʟ ʘʥʘʣʽʟ ʯʦʪʠʨʴʦʭ ʢʣʶʯʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʩʝʥʩʦʨʽʚ, ʧʽʜʢʣʶʯʝʥʥʷ, ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ 

ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ɺʠʢʦʥʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʩʝʥʩʦʨʽʚ ʜʣʷ ʜʝʪʝʢʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʥʘ ʽʥʪʨʫʟʠʚʥʽ ʪʘ ʥʝʽʥʪʨʫʟʠʚʥʽ ʪʠʧʠ ʟ ʧʦʨʽʚʥʷʥʥʷʤ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʢʦʤʙʽʥʘʮʽʾ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʪʘ 

ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʩʝʥʩʦʨʽʚ ʜʣʷ ʫʤʦʚ ʦʙʤʝʞʝʥʦʛʦ ʙʶʜʞʝʪʫ ʯʝʨʝʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʽʥʘ-ʷʢʽʩʪʴ. 

ɺʠʟʥʘʯʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʥʝʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ IoT-ʩʠʩʪʝʤʠ ʧʘʨʢʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʨʠʪʝʨʽʾʚ ʥʘʜʽʡʥʦʩʪʽ, ʰʚʠʜʢʦʜʽʾ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʘʨʭʽʪʝʢʪʫʨʫ 

ʩʠʩʪʝʤʠ ʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʚʠʙʦʨʫ ʘʧʘʨʘʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ Arduino UNO ʪʘ Raspberry Pi ʜʣʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʦʛʦ ʨʽʚʥʷ, Django Framework ʜʣʷ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ. ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʽ 
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ʘʣʛʦʨʠʪʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʦʪʦʢʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

 

ʇʨʦʙʣʝʤʘ ʧʘʨʢʫʚʘʥʥʷ ʚ ʩʫʯʘʩʥʠʭ ʤʽʩʪʘʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤʠ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʥʘʩʣʽʜʢʘʤʠ. ɿʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ, ʚʦʜʽʾ ʚʠʪʨʘʯʘʶʪʴ ʫ ʩʝʨʝʜʥʴʦʤʫ 20 ʭʚʠʣʠʥ ʥʘ ʧʦʰʫʢ 

ʧʘʨʢʫʚʘʣʴʥʦʛʦ ʤʽʩʮʷ, ʧʨʠ ʮʴʦʤʫ 30-45% ʤʽʩʴʢʦʛʦ ʪʨʘʬʽʢʫ ʛʝʥʝʨʫʻʪʴʩʷ ʩʘʤʝ ʧʨʦʮʝʩʦʤ ʧʦʰʫʢʫ. 

ɽʢʦʥʦʤʽʯʥʽ ʚʪʨʘʪʠ ʚʢʣʶʯʘʶʪʴ ʥʝʧʨʦʜʫʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʫ, ʥʘʜʤʽʨʥʝ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ ʪʘ 

ʧʽʜʚʠʱʝʥʽ ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʦʙʫʜʦʚʠ IoT-ʩʠʩʪʝʤ ʨʦʟʫʤʥʦʛʦ ʧʘʨʢʫʚʘʥʥʷ 

ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʽʯʥʠʭ, 

ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʢʨʠʪʝʨʽʾʚ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʩʚʽʜʫ ʚʠʜʽʣʝʥʦ ʧ'ʷʪʴ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 

ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʨʦʟʫʤʥʦʛʦ ʧʘʨʢʫʚʘʥʥʷ. ɽʢʩʧʝʨʪʥʽ ʩʠʩʪʝʤʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʦʙʨʦʙʢʠ ʩʢʣʘʜʥʠʭ ʩʮʝʥʘʨʽʾʚ ʟ ʤʥʦʞʠʥʦʶ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʉʠʩʪʝʤʠ ʩʘʤʦʥʘʚʯʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʜʭʽʜ, ʘʥʘʣʦʛʽʯʥʠʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʶ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. 

ɹʝʟʜʨʦʪʦʚʽ ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʝʜʦʨʦʛʠʭ ʚʫʟʣʽʚ, ʱʦ ʩʘʤʦʦʨʛʘʥʽʟʦʚʫʶʪʴʩʷ ʚ ad-hoc 

ʤʝʨʝʞʫ. GPS-ʥʘʚʽʛʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʫʶʪʴʩʷ ʟ ʽʩʥʫʶʯʠʤʠ ʥʘʚʽʛʘʮʽʡʥʠʤʠ ʜʦʜʘʪʢʘʤʠ. 

ɸʚʪʦʤʦʙʽʣʴʥʽ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʚʽʛʘʮʽʡʥʽ ʧʦʩʣʫʛʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ. 

IoT ʘʨʭʽʪʝʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʦʪʠʨʤʘ ʢʣʶʯʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʉʝʥʩʦʨʠ ʪʘ ʧʨʠʩʪʨʦʾ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʽʜʢʣʶʯʝʥʥʷ ʨʝʘʣʽʟʫʻ ʟ'ʻʜʥʘʥʥʷ 

ʩʝʥʩʦʨʽʚ ʟ ʭʤʘʨʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʯʝʨʝʟ ʨʽʟʥʽ ʤʝʪʦʜʠ: GSM, Wi-Fi, Ethernet ʘʙʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ 

ʧʨʦʪʦʢʦʣʠ IoT. ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʭʤʘʨʥʠʭ ʩʝʨʚʝʨʘʭ ʧʽʩʣʷ ʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ. 

ʂʦʨʠʩʪʫʚʘʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ ʟʘʙʝʟʧʝʯʫʻ ʚʟʘʻʤʦʜʽʶ ʯʝʨʝʟ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ, ʚʝʙ-ʧʦʨʪʘʣʠ ʘʙʦ 

ʘʚʪʦʤʦʙʽʣʴʥʽ ʩʠʩʪʝʤʠ. 

ʉʝʥʩʦʨʠ ʜʣʷ ʜʝʪʝʢʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʢʣʘʩʠʬʽʢʦʚʘʥʦ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ. ɯʥʪʨʫʟʠʚʥʽ 

ʩʝʥʩʦʨʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʜʦʨʦʞʥʻ ʧʦʢʨʠʪʪʷ ʪʘ ʚʢʣʶʯʘʶʪʴ ʽʥʜʫʢʪʠʚʥʽ ʧʝʪʣʽ ʟ ʪʦʯʥʽʩʪʶ >99%, 

ʤʘʛʥʽʪʦʤʝʪʨʠ, ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʢʘʙʝʣʽ. ʅʝʽʥʪʨʫʟʠʚʥʽ ʩʝʥʩʦʨʠ ʤʦʥʪʫʶʪʴʩʷ ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʧʦʢʨʠʪʪʷ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʩʝʥʩʦʨʠ ʛʝʥʝʨʫʶʪʴ ʘʢʫʩʪʠʯʥʽ ʭʚʠʣʽ >20 ʢɻʮ ʪʘ ʚʠʤʽʨʶʶʪʴ ʯʘʩ ʚʽʜʙʠʪʪʷ. ɺʽʜʩʪʘʥʴ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ  

d = (v Ĭ t) / 2, 

ʜʝ v ï ʰʚʠʜʢʽʩʪʴ ʟʚʫʢʫ (344 ʤ/ʩ), t ï ʯʘʩ ʧʦʚʝʨʥʝʥʥʷ. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʩʝʥʩʦʨʽʚ -  ʯʘʩ 

ʚʽʜʛʫʢʫ 10-30 ʤʩ, ʚʘʨʪʽʩʪʴ $8-12, ʜʘʣʴʥʽʩʪʴ 2-400 ʩʤ. ɯʥʬʨʘʯʝʨʚʦʥʽ ʩʝʥʩʦʨʠ ʜʝʪʝʢʪʫʶʪʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 700 ʥʤ ï 1 ʤʤ ʟ ʪʦʯʥʽʩʪʶ Ñ1 ʩʤ, ʯʘʩʦʤ ʚʽʜʛʫʢʫ <10 ʤʩ, ʚʘʨʪʽʩʪʶ $5-10. ʉʠʩʪʝʤʠ 

ʚʽʜʝʦʦʙʨʦʙʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʥʽʪʦʨʠʥʛ ʙʘʛʘʪʴʦʭ ʤʽʩʮʴ ʦʜʥʽʻʶ ʢʘʤʝʨʦʶ, ʘʣʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ ʪʘ ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʦʩʚʽʪʣʝʥʥʷ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʫʤʦʚ ʦʙʤʝʞʝʥʦʛʦ ʙʶʜʞʝʪʫ ʦʧʪʠʤʘʣʴʥʦʶ ʻ ʢʦʤʙʽʥʘʮʽʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʩʝʥʩʦʨʽʚ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʩʪʴ ʜʝʪʝʢʮʽʾ >95% ʧʨʠ ʚʘʨʪʦʩʪʽ 

$10-20 ʟʘ ʧʘʨʢʫʚʘʣʴʥʝ ʤʽʩʮʝ. ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʩʝʥʩʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʽʜʢʨʠʪʠʭ ʟʦʥ ʯʝʨʝʟ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʤʽʥ ʦʩʚʽʪʣʝʥʥʷ, ʽʥʬʨʘʯʝʨʚʦʥʽ ï ʜʣʷ ʟʘʢʨʠʪʠʭ ʧʨʠʤʽʱʝʥʴ ʯʝʨʝʟ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ. 

ɻʽʙʨʠʜʥʠʡ ʧʽʜʭʽʜ ʟʥʠʞʫʻ ʧʦʤʠʣʢʦʚʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʜʦ <5%. 

ɺʠʟʥʘʯʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤʠ: ʘʚʪʦʤʘʪʠʯʥʘ ʜʝʪʝʢʮʽʷ ʟ ʪʦʯʥʽʩʪʶ Ó95% ʪʘ 

ʯʘʩʦʤ ʚʽʜʛʫʢʫ <5 ʩʝʢʫʥʜ, ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʟ ʟʘʪʨʠʤʢʦʶ Ò10 ʩʝʢʫʥʜ, ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ 

ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ, ʨʝʟʝʨʚʫʚʘʥʥʷ ʤʽʩʮʴ ʥʘ 15-20 ʭʚʠʣʠʥ, GPS-ʥʘʚʽʛʘʮʽʷ ʟ ʧʨʦʧʦʥʫʚʘʥʥʷʤ 

ʘʣʴʪʝʨʥʘʪʠʚ. ʅʝʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ ʚʢʣʶʯʘʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʟ MTBF Ó8760 ʛʦʜʠʥ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʛʦʪʦʚʥʦʩʪʽ Ó99.5%, ʰʚʠʜʢʦʜʽʶ ʟ ʯʘʩʦʤ ʚʽʜʛʫʢʫ API <500 ʤʩ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʜʦ 1000 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʚʽʜ 10 ʜʦ 10000+ ʤʽʩʮʴ, ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟ ʚʘʨʪʽʩʪʶ 

ʦʙʣʘʜʥʘʥʥʷ Ò$150-200 ʟʘ ʤʽʩʮʝ ʪʘ ʦʢʫʧʥʽʩʪʶ 2-3 ʨʦʢʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʘʨʭʽʪʝʢʪʫʨʫ ʟ ʯʦʪʠʨʤʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʨʽʚʥʷʤʠ. ʈʽʚʝʥʴ 

ʩʝʥʩʦʨʽʚ ʚʢʣʶʯʘʻ ʽʥʬʨʘʯʝʨʚʦʥʽ ʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʧʨʠʩʪʨʦʾ ʟ ʧʝʨʽʦʜʦʤ ʦʧʠʪʫʚʘʥʥʷ 100-500 ʤʩ. 

ʈʽʚʝʥʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʨʝʘʣʽʟʦʚʘʥʦ ʯʝʨʝʟ Arduino UNO ʟ 14 ʮʠʬʨʦʚʠʤʠ ʪʘ 6 ʘʥʘʣʦʛʦʚʠʤʠ 

ʚʭʦʜʘʤʠ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ ATmega328P 16 ʄɻʮ, ʚʘʨʪʽʩʪʶ $20-25. Arduino ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʫ 

ʨʦʙʦʪʫ ʟ ʩʝʥʩʦʨʘʤʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. Raspberry Pi Model B+ ʟ ʧʨʦʮʝʩʦʨʦʤ Broadcom BCM2835 

ARM 700 ʄɻʮ, 512 ʄɹ ʧʘʤ'ʷʪʽ, ʚʘʨʪʽʩʪʶ $25-35 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʰʣʶʟ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ 
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ʤʝʨʝʞʝʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ. ʊʘʢʘ ʢʦʤʙʽʥʘʮʽʷ ($45-50) ʜʝʰʝʚʰʘ ʟʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ IoT-ʢʦʥʪʨʦʣʝʨʠ ($80-

150). 

ɼʣʷ ʩʝʨʚʝʨʥʦʛʦ ʨʽʚʥʷ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ Django Framework ʯʝʨʝʟ MVT ʘʨʭʽʪʝʢʪʫʨʫ ʟ 

ʧʦʜʽʣʦʤ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ, ʚʙʫʜʦʚʘʥʫ ORM ʜʣʷ ʘʙʩʪʨʘʢʮʽʾ ʙʘʟ ʜʘʥʠʭ, ʘʚʪʦʤʘʪʠʯʥʫ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʫ 

ʧʘʥʝʣʴ, Django REST Framework ʜʣʷ RESTful API ʟ ʪʦʢʝʥʦʚʦʶ ʘʚʪʝʥʪʠʬʽʢʘʮʽʻʶ. ɸʨʭʽʪʝʢʪʫʨʘ 

ʚʢʣʶʯʘʻ ʤʦʜʫʣʽ ʧʨʠʡʦʤʫ ʜʘʥʠʭ ʚʽʜ IoT ʧʨʠʩʪʨʦʾʚ, ʟʙʝʨʽʛʘʥʥʷ ʽʩʪʦʨʽʾ, ʙʽʟʥʝʩ-ʣʦʛʽʢʠ ʨʝʟʝʨʚʫʚʘʥʥʷ ʪʘ 

ʨʦʟʨʘʭʫʥʢʫ ʚʘʨʪʦʩʪʽ, API ʜʣʷ ʢʣʽʻʥʪʽʚ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. 

ʈʽʚʝʥʴ ʢʣʽʻʥʪʩʴʢʠʭ ʜʦʜʘʪʢʽʚ ʚʢʣʶʯʘʻ ʪʨʠ ʪʠʧʠ: ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʚʦʜʽʾʚ ʟ ʚʽʟʫʘʣʽʟʘʮʽʻʶ 

ʟʦʥ ʥʘ ʢʘʨʪʽ, GPS-ʥʘʚʽʛʘʮʽʻʶ, ʨʝʟʝʨʚʫʚʘʥʥʷʤ, ʽʩʪʦʨʽʻʶ ʧʣʘʪʝʞʽʚ; ʜʦʜʘʪʦʢ ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ ʟ ʨʫʯʥʠʤ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʩʪʘʪʫʩʽʚ, ʩʧʦʚʽʱʝʥʥʷʤʠ ʧʨʦ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʧʝʨʝʚʽʨʢʦʶ ʨʝʟʝʨʚʫʚʘʥʴ; ʚʝʙ-ʧʘʥʝʣʴ 

ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʟ ʤʦʥʽʪʦʨʠʥʛʦʤ ʩʠʩʪʝʤʠ, ʘʥʘʣʽʪʠʯʥʠʤʠ ʜʘʰʙʦʨʜʘʤʠ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʪʘ ʯʘʩʦʚʠʭ 

ʧʘʪʝʨʥʽʚ, ʫʧʨʘʚʣʽʥʥʷʤ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʮʽʥʦʫʪʚʦʨʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ɸʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʘʥʘʣʽʟʫʻ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʟ ʬʘʢʪʦʨʘʤʠ: ʜʝʥʴ ʪʠʞʥʷ, ʯʘʩ ʜʦʙʠ, ʧʦʛʦʜʥʽ ʫʤʦʚʠ, 

ʩʧʝʮʽʘʣʴʥʽ ʧʦʜʽʾ. ʇʨʠ ʧʨʦʛʥʦʟʽ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ >85% ʩʠʩʪʝʤʘ ʧʨʦʧʦʥʫʻ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʟʦʥʠ. 

ʄʦʜʝʣʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɸʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʚʨʘʭʦʚʫʻ ʚʽʜʩʪʘʥʴ ʜʦ ʟʦʥ, ʚʘʨʪʽʩʪʴ ʧʘʨʢʫʚʘʥʥʷ, ʪʨʠʚʘʣʽʩʪʴ ʧʘʨʢʫʚʘʥʥʷ, ʧʦʪʦʯʥʫ 

ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʫ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ ʧʦʰʫʢʫ. ʂʦʥʮʝʧʮʽʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʘʚʪʦʤʘʪʠʯʥʫ ʢʦʨʝʢʮʽʶ ʚʘʨʪʦʩʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʧʠʪʫ ʜʣʷ ʩʪʠʤʫʣʶʚʘʥʥʷ 

ʚʠʙʦʨʫ ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʠʭ ʟʦʥ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʢʦʨʠʛʫʚʘʥʥʷ. 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʤʧʣʝʢʩʽ ʢʨʠʪʝʨʽʾʚ. Arduino ʦʧʪʠʤʘʣʴʥʘ 

ʜʣʷ ʨʦʙʦʪʠ ʟ ʩʝʥʩʦʨʘʤʠ ʯʝʨʝʟ ʘʨʭʽʪʝʢʪʫʨʫ ʙʝʟ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, Raspberry Pi ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʩʢʣʘʜʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ʩʪʘʙʽʣʴʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ. ɽʢʦʥʦʤʽʯʥʦ ʢʦʤʧʣʝʢʪ Arduino + 

Raspberry Pi ($45-50) ʚʠʛʽʜʥʽʰʠʡ ʟʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʢʦʥʪʨʦʣʝʨʠ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʝʨʝʚʘʛʠ 

ʚʢʣʶʯʘʶʪʴ ʚʝʣʠʢʫ ʩʧʽʣʴʥʦʪʫ ʨʦʟʨʦʙʥʠʢʽʚ, ʤʦʞʣʠʚʽʩʪʴ ʟʘʤʽʥʠ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, 

ʧʨʦʩʪʦʪʫ ʥʘʣʘʛʦʜʞʝʥʥʷ. Django Framework ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʯʝʨʝʟ ʘʩʠʥʭʨʦʥʥʽ ʦʧʝʨʘʮʽʾ 

ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʙʝʟʧʝʢʫ ʯʝʨʝʟ ʟʘʭʠʩʪ ʚʽʜ SQL-ʽʥ'ʻʢʮʽʡ ʪʘ XSS ʘʪʘʢ, 

ʨʦʟʰʠʨʶʚʘʥʽʩʪʴ ʯʝʨʝʟ ʤʦʜʫʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʦʙˇʨʫʥʪʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ IoT ʩʠʩʪʝʤ 

ʨʦʟʫʤʥʦʛʦ ʧʘʨʢʫʚʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ 15-25%. ʈʝʟʫʣʴʪʘʪʠ ʬʦʨʤʫʶʪʴ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʫ ʦʩʥʦʚʫ ʜʣʷ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʴʢʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ. 
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ʋɼʂ 377.1 

ʇʆɹʋɼʆɺɸ ʉʍɽʄ ʆʇɽʈɸʎɯʁʅʀʍ ʇʈʀʉʊʈʆɰɺ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʉʀʉʊɽʄ 

ʄʆɼɽʃʖɺɸʅʅʗ 

ʈʦʤʘʥʦʚʩʴʢʘ ɯ.ʆ. (hrtkki.123@gmail.com) 

ʍʘʨʢʽʚʩʴʢʠʡ ʨʘʜʽʦʪʝʭʥʽʯʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ (ʋʢʨʘʾʥʘ) 

 

ɺ ʪʝʟʘʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʶʶʯʠʭ ʧʨʦʛʨʘʤ ʥʘ ʧʨʠʢʣʘʜʽ ʝʪʘʧʽʚ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʭʝʤʠ ʦʧʝʨʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʆʇ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʶʶʯʦʾ ʧʨʦʛʨʘʤʠ AFDK. 

 

ʉʫʯʘʩʥʘ ʮʠʬʨʦʚʘ ʝʣʝʢʪʨʦʥʽʢʘ, ʚʽʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʜʦ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʦʨʽʚ, ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʙʝʟʜʦʛʘʥʥʽʡ ʨʦʙʦʪʽ ʣʦʛʽʯʥʠʭ ʩʭʝʤ. ɼʣʷ ʩʪʫʜʝʥʪʽʚ, ʤʘʡʙʫʪʥʽʭ ʽʥʞʝʥʝʨʽʚ, ʧʨʦʛʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʻ 

ʘʙʩʦʣʶʪʥʦ ʢʨʠʪʠʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʱʦ ʚʠʢʦʥʫʻ ʢʽʣʴʢʘ ʬʫʥʢʮʽʡ: 

- ʅʘʦʯʥʝ ʟʘʩʚʦʻʥʥʷ ʪʝʦʨʽʾ: ɺʦʥʠ ʧʝʨʝʪʚʦʨʶʶʪʴ ʘʙʩʪʨʘʢʪʥʽ ʙʫʣʝʚʽ ʨʽʚʥʷʥʥʷ ʪʘ ʜʽʘʛʨʘʤʠ ʩʪʘʥʽʚ 
ʥʘ ʨʝʘʣʴʥʽ, ʬʫʥʢʮʽʦʥʫʶʯʽ ʩʭʝʤʠ. 

- ɹʝʟʧʝʯʥʝ ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʥʥʷ: ɼʦʟʚʦʣʷʶʪʴ ʪʝʩʪʫʚʘʪʠ ʩʢʣʘʜʥʽ, ʘ ʽʥʦʜʽ ʡ ʥʝʙʝʟʧʝʯʥʽ, 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʙʝʟ ʨʠʟʠʢʫ ʧʦʰʢʦʜʞʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

- ɽʢʦʥʦʤʽʯʥʽʩʪʴ: ɿʥʘʯʥʦ ʟʥʠʞʫʶʪʴ ʚʘʨʪʽʩʪʴ ʥʘʚʯʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ, ʫʩʫʚʘʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ 
ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʩʪʚʦʨʝʥʥʷ ʜʦʨʦʛʠʭ ʧʨʦʪʦʪʠʧʽʚ. 

ʅʘʚʯʘʣʴʥʠʡ ʪʘ ʽʥʞʝʥʝʨʥʠʡ ʧʨʦʮʝʩ ʚʠʢʦʨʠʩʪʦʚʫʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʢʦʞʝʥ ʽʟ ʷʢʠʭ 

ʤʘʻ ʩʚʦʶ ʩʧʝʮʽʘʣʽʟʘʮʽʶ (ʪʘʙʣ. 1) 

 

ʊʘʙʣʠʮʷ 1 ï ʉʧʝʮʽʘʣʽʟʘʮʽʷ ʪʠʧʦʚʠʭ ʩʠʤʫʣʷʪʦʨʽʚ 

ʇʨʦʛʨʘʤʘ ʇʨʠʟʥʘʯʝʥʥʷ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

Logisim/Digital ʅʘʚʯʘʣʴʥʽ ʮʽʣʽ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʎʇ ʪʘ 

ʘʨʭʽʪʝʢʪʫʨʠ 

ʇʨʦʩʪʠʡ, ʽʥʪʫʾʪʠʚʥʠʡ 

ʽʥʪʝʨʬʝʡʩ, ʬʦʢʫʩ ʥʘ 

ʣʦʛʽʮʽ, ʚʽʜʢʨʠʪʠʡ 

ʢʦʜ/ʙʝʟʢʦʰʪʦʚʥʽʩʪʴ. 

ʆʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʦʬʝʩʽʡʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ; 

ʧʦʚʽʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʝʣʠʢʠʭ ʩʭʝʤ; ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʽʜʪʨʠʤʢʠ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

Logic.ly (ʆʥʣʘʡʥ) ʐʚʠʜʢʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, 

ʧʦʯʘʪʢʦʚʝ ʥʘʚʯʘʥʥʷ 

ɼʦʩʪʫʧʥʽʩʪʴ ʟ ʙʫʜʴ-

ʷʢʦʛʦ ʙʨʘʫʟʝʨʘ, 

ʧʨʦʩʪʦʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʽʜʝʘʣʴʥʦ ʜʣʷ ʙʘʟʦʚʠʭ 

ʢʦʤʙʽʥʘʮʽʡʥʠʭ ʩʭʝʤ. 

ʅʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʩʢʣʘʜʥʠʭ 

ʧʦʩʣʽʜʦʚʥʽʩʥʠʭ ʩʭʝʤ; 

ʦʙʤʝʞʝʥʠʡ ʥʘʙʽʨ 

ʢʦʤʧʦʥʝʥʪʽʚ.  

NI Multisim ɸʥʘʣʦʛʦʚʽ, ʮʠʬʨʦʚʽ 

ʪʘ ʟʤʽʰʘʥʽ ʩʭʝʤʠ, 

ʩʠʤʫʣʷʮʽʷ ʥʘ ʦʩʥʦʚʽ 

SPICE. 

ɺʝʣʠʢʘ ʙʘʟʘ ʨʝʘʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, 

ʽʥʪʝʛʨʘʮʽʷ ʟ 

ʚʠʤʽʨʶʚʘʣʴʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ.  

ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʣʽʮʝʥʟʽʾ; 

ʽʥʪʝʨʬʝʡʩ ʦʨʽʻʥʪʦʚʘʥʠʡ 

ʙʽʣʴʰʝ ʥʘ ʘʥʘʣʦʛʦʚʫ 

ʝʣʝʢʪʨʦʥʽʢʫ, ʥʽʞ ʥʘ 

ʘʨʭʽʪʝʢʪʫʨʫ ʎʇ; ʩʢʣʘʜʥʠʡ 

ʜʣʷ ʰʚʠʜʢʦʾ ʣʦʛʽʢʠ. 

AFDK 

(Automated 

Function Design 

Kit)  

ɻʨʘʬʽʯʥʝ 

ʧʨʦʝʢʪʫʚʘʥʥʷ  

ʐʚʠʜʢʝ ʛʨʘʬʽʯʥʝ 

ʚʚʝʜʝʥʥʷ ʩʭʝʤʠ, 

ʽʥʪʝʛʨʘʮʽʷ ʚʝʨʠʬʽʢʘʮʽʾ 

ʪʘ ʩʠʥʪʝʟʫ ʜʣʷ ʚʫʟʴʢʦʾ 

ʛʘʣʫʟʽ. ɺʽʜʢʨʠʪʠʡ 

ʢʦʜ/ʙʝʟʢʦʰʪʦʚʥʽʩʪʴ 

ʁʤʦʚʽʨʥʦ, ʚʫʟʴʢʘ 

ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʪʘ ʤʝʥʰʘ 

ʛʥʫʯʢʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ HDL-

ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʟʘʩʦʙʘʤʠ; 

ʧʦʪʝʥʮʽʡʥʘ. 

 

 ʄʦʜʝʣʶʚʘʥʥʷ ʦʧʝʨʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʻ ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ. 

ɺʦʥʦ ʜʦʟʚʦʣʷʻ ʽʥʞʝʥʝʨʘʤ ʧʝʨʝʚʽʨʠʪʠ ʣʦʛʽʢʫ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ, ʚʠʷʚʠʪʠ ʧʦʤʠʣʢʠ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ 

ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʭʝʤʫ ʜʦ ʾʾ ʬʽʟʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. ʇʨʦʛʨʘʤʘ AFDK (Automated Function Design Kit) , 

ʷʢ ʧʨʝʜʩʪʘʚʥʠʢ ʢʣʘʩʫ CAD-ʟʘʩʦʙʽʚ, ʥʘʜʘʻ ʥʝʦʙʭʽʜʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ (ʊʘʙʣ. 2) 
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ʊʘʙʣʠʮʷ 2 - ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ AFDK ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʇʝʨʝʚʘʛʘ ʆʧʠʩ 

ʐʚʠʜʢʽʩʪʴ 

ʨʦʟʨʦʙʢʠ 

ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ AFDK ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʩʪʚʦʨʶʚʘʪʠ ʪʘ 

ʤʦʜʠʬʽʢʫʚʘʪʠ ʩʢʣʘʜʥʽ ʩʭʝʤʠ, ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʶʶʯʠ ʝʪʘʧ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ɽʢʦʥʦʤʽʯʥʽʩʪʴ 

ɺʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʥʘ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʜʦʨʦʛʠʭ ʽ 

ʪʨʠʚʘʣʠʭ ʽʪʝʨʘʮʽʡ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪ ʘʙʦ ʧʨʦʛʨʘʤʫʚʘʥʥʽ 

FPGA. 

ɺʝʨʠʬʽʢʘʮʽʷ ʚ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

AFDK ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʪʨʠʤʦʢ 

ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʽʚ (timing simulation), ʱʦ ʥʘʙʣʠʞʘʻ ʤʦʜʝʣʴ ʜʦ ʬʽʟʠʯʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ. 

ɼʦʢʫʤʝʥʪʫʚʘʥʥʷ 
ʉʪʚʦʨʝʥʘ ʚ AFDK ʩʭʝʤʘ ʻ ʛʦʪʦʚʦʶ ʧʨʦʝʢʪʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ, 

ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʯʠ ʽʥʪʝʛʨʘʮʽʾ. 

 

ʉʫʪʥʽʩʪʴ ʦʧʝʨʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ 

ʆʧʝʨʘʮʽʡʥʠʡ ʧʨʠʩʪʨʽʡ (ʆʇ) ð ʮʝ ʯʘʩʪʠʥʘ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ (ʥʘʧʨʠʢʣʘʜ, ʧʨʦʮʝʩʦʨʘ), ʱʦ 

ʚʠʢʦʥʫʻ ʧʝʚʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʜʘʥʠʤʠ, ʪʘʢʽ ʷʢ ʘʨʠʬʤʝʪʠʯʥʽ, ʣʦʛʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʟʩʫʚʠ ʯʠ ʧʝʨʝʜʘʯʘ 

ʜʘʥʠʭ. ʁʦʛʦ ʧʦʙʫʜʦʚʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʢʦʤʙʽʥʘʮʽʡʥʦʾ ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʥʦʾ ʣʦʛʽʢʠ. 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʆʇ ʟʘ ʜʦʧʦʤʦʛʦʶ AFDK ʚʢʣʶʯʘʻ: 

1. ʉʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ: ʇʦʙʫʜʦʚʘ ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʤʫʣʴʪʠʧʣʝʢʩʦʨʠ, ʜʝʰʠʬʨʘʪʦʨʠ, ʨʝʛʽʩʪʨʠ, ʣʽʯʠʣʴʥʠʢʠ, ɸʃʇ, ʪʨʠʛʝʨʠ, ʣʦʛʽʯʥʽ ʚʝʥʪʠʣʽ). 

2. ɺʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ: ʇʨʠʟʥʘʯʝʥʥʷ ʯʘʩʦʚʠʭ ʽ ʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ 

ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ. 

3. ɯʤʽʪʘʮʽʷ ʨʦʙʦʪʠ (ʩʠʤʫʣʷʮʽʷ): ɿʘʧʫʩʢ ʤʦʜʝʣʽ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ 

ʦʯʽʢʫʚʘʥʠʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ɽʪʘʧʠ ʧʦʙʫʜʦʚʠ ʩʭʝʤʠ ʚ AFDK 

ʇʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚ AFDK, ʷʢ ʧʨʘʚʠʣʦ, 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

1. ʉʪʚʦʨʝʥʥʷ ʧʨʦʝʢʪʫ ʪʘ ʚʠʙʽʨ ʙʽʙʣʽʦʪʝʢ ʝʣʝʤʝʥʪʽʚ 

ʅʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʥʦʚʠʡ ʧʨʦʝʢʪ ʚ AFDK ʪʘ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʙʽʙʣʽʦʪʝʢʠ 

ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʙʽʙʣʽʦʪʝʢʠ ʩʪʘʥʜʘʨʪʥʠʭ TTL-

ʤʽʢʨʦʩʭʝʤ, ʝʣʝʤʝʥʪʽʚ FPGA ʯʠ ʫʤʦʚʥʠʭ ʛʨʘʬʽʯʥʠʭ ʧʦʟʥʘʯʝʥʴ. 

2. ɺʚʝʜʝʥʥʷ ʩʭʝʤʠ (ʉʭʝʤʦʪʝʭʥʽʯʥʠʡ ʨʝʜʘʢʪʦʨ) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ AFDK: 

- ʈʦʟʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ: ɿ ʙʽʙʣʽʦʪʝʢʠ ʚʠʙʠʨʘʶʪʴʩʷ ʥʝʦʙʭʽʜʥʽ ʣʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ (ʥʘʧʨʠʢʣʘʜ, 4-

ʨʦʟʨʷʜʥʠʡ ʩʫʤʘʪʦʨ, ʨʝʛʽʩʪʨʠ) ʪʘ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ ʨʦʙʦʯʦʤʫ ʧʦʣʽ. 

- ɿ'ʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ (ʪʨʘʩʫʚʘʥʥʷ): ɽʣʝʤʝʥʪʠ ʟ'ʻʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡ 

(ʰʠʥ ʜʘʥʠʭ ʪʘ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ), ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʣʦʛʽʯʥʽ ʟʚ'ʷʟʢʠ. ɺʘʞʣʠʚʦ ʧʨʘʚʠʣʴʥʦ 

ʚʠʟʥʘʯʠʪʠ ʰʠʨʠʥʫ ʰʠʥ (ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʷʜʽʚ). 

- ʇʨʠʟʥʘʯʝʥʥʷ ʚʭʦʜʽʚ/ʚʠʭʦʜʽʚ: ɺʠʟʥʘʯʘʶʪʴʩʷ ʟʦʚʥʽʰʥʽ ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʧʦʨʪʠ ʧʨʠʩʪʨʦʶ. 

3. ɺʝʨʠʬʽʢʘʮʽʷ ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʣʦʛʽʢʠ 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʩʭʝʤʠ ʥʘʩʪʘʻ ʥʘʡʚʘʞʣʠʚʽʰʠʡ ʝʪʘʧ ð ʩʠʤʫʣʷʮʽʷ ʚ AFDK. 

- ʅʘʣʘʰʪʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʚʧʣʠʚʽʚ: ʂʦʨʠʩʪʫʚʘʯ ʟʘʜʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ 

ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ (ʪʝʩʪʦʚʠʡ ʚʝʢʪʦʨ ʘʙʦ ʜʽʘʛʨʘʤʘ) ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʚʩʽʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʆʇ 

(ʥʘʧʨʠʢʣʘʜ, ʦʧʝʨʘʮʽʷ ʜʦʜʘʚʘʥʥʷ, ʟʩʫʚʫ, ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ). 

- ɿʘʧʫʩʢ ʩʠʤʫʣʷʪʦʨʘ: AFDK ʦʙʯʠʩʣʶʻ ʩʪʘʥʠ ʚʩʽʭ ʚʥʫʪʨʽʰʥʽʭ ʚʫʟʣʽʚ ʩʭʝʤʠ ʚ ʯʘʩʽ ʟʛʽʜʥʦ ʟ 

ʧʦʜʘʥʠʤʠ ʩʠʛʥʘʣʘʤʠ. 

- ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ: ʈʝʟʫʣʴʪʘʪʠ ʩʠʤʫʣʷʮʽʾ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʯʘʩʦʚʠʭ ʜʽʘʛʨʘʤ. 

ɯʥʞʝʥʝʨ ʧʦʨʽʚʥʶʻ ʬʘʢʪʠʯʥʽ ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʟ ʦʯʽʢʫʚʘʥʠʤʠ. ʗʢʱʦ ʚʠʷʚʣʝʥʦ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʩʭʝʤʘ 

ʢʦʨʠʛʫʻʪʴʩʷ ʚ ʨʝʜʘʢʪʦʨʽ, ʽ ʩʠʤʫʣʷʮʽʷ ʧʦʚʪʦʨʶʻʪʴʩʷ. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʧʨʠ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ ʚʠʥʠʢʘʻ ʥʝʧʨʘʚʠʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ, AFDK ʜʦʟʚʦʣʷʻ 

ʧʨʦʩʪʝʞʠʪʠ ʧʦ ʯʘʩʦʚʽʡ ʜʽʘʛʨʘʤʽ, ʥʘ ʷʢʦʤʫ ʝʪʘʧʽ (ʷʢʠʡ ʝʣʝʤʝʥʪ) ʚʠʥʠʢʣʘ ʧʦʤʠʣʢʘ ʣʦʛʽʢʠ. 
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ʈʠʩʫʥʦʢ 1 - ʆʧʝʨʘʮʽʡʥʽ ʩʭʝʤʠ ʧʨʠʩʪʨʦʾʚ 

 

 
 

ʈʠʩʫʥʦʢ 2 - ʄʦʜʝʣʶʚʘʥʥʷ ʆʇ ʟʘ ʜʦʧʦʤʦʛʦʶ AFDK 

 

ʊʦʞ, ʧʨʦʛʨʘʤʘ AFDK ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʦʧʝʨʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɺʦʥʘ 

ʧʝʨʝʪʚʦʨʶʻ ʘʙʩʪʨʘʢʪʥʽ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʥʘ ʧʝʨʝʚʽʨʝʥʫ ʪʘ ʦʧʪʠʤʽʟʦʚʘʥʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʚʢʣʶʯʘʻ ʛʨʘʬʽʯʥʝ ʚʚʝʜʝʥʥʷ ʩʭʝʤʠ, ʪʦʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʽʟʫʘʣʴʥʠʡ 

ʘʥʘʣʽʟ ʯʘʩʦʚʠʭ ʜʽʘʛʨʘʤ, ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʶʚʘʥʠʭ ʮʠʬʨʦʚʠʭ 

ʩʠʩʪʝʤ. ʋ ʩʫʯʘʩʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʪʝʭʥʽʮʽ ʪʘʢʽ CAD-ʟʘʩʦʙʠ, ʷʢ AFDK, ʻ ʥʝʟʘʤʽʥʥʠʤʠ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ ʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʆʇ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

1. Logisim Evolution [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 2023. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://github.com/logisim-

evolution/logisim-evolution (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 25.09.2025). 

2. Logic.ly ï Digital Logic Simulator [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 2024. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://logic.ly/ 

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 25.09.2025). 

3. National Instruments. NI Multisim ï Circuit Design and Simulation Software [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. 

ï 2024. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.ni.com/multisim (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 20.09.2025). 

4. ʇʻʪʫʭʦʚʘ, ʃ. ɭ., ʂʘʩʴʷʥʦʚʘ, ʅ. ɺ. ʎʠʬʨʦʚʘ ʝʣʝʢʪʨʦʥʽʢʘ: ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ï ʍʘʨʢʽʚ: ʍʅʋʈɽ, 

2020. ï 256 ʩ. 

5. ʉʝʤʝʥʦʚ, ʆ. ʄ., ɻʨʠʮʝʥʢʦ, ɺ. ʄ. ʎʠʬʨʦʚʘ ʩʭʝʤʦʪʝʭʥʽʢʘ: ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ï ʂʠʾʚ: ʂʦʥʜʦʨ, 

2019. ï 368 ʩ. 
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ʋɼʂ 004.89 

ʉʀʉʊɽʄɸ ʇɯɼʊʈʀʄʂʀ, ʇʆɹʋɼʆɺʀ, ʊɽʉʊʋɺɸʅʅʗ ʊɸ ɺʀʂʆʈʀʉʊɸʅʅʗ 

ʈɽɻʈɽʉɯʁʅʀʍ ʄʆɼɽʃɽʁ 

 ʈʫʚʽʥʩʴʢʘ ɺ. ʄ., ɾʫʧʽʢʦʚʘ ɺ.ɭ. (victoriya.ruvinskaya@gmail.com,  

zhupikovaaa@gmail.com) 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ) 

 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʧʽʜʪʨʠʤʢʠ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠ ʧʦʙʫʜʦʚʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʙʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʨʦʟʨʘʭʦʚʘʥʦ ʥʘ 

ʜʦʩʚʽʜʯʝʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʚ ʦʙʣʘʩʪʽ ʐɯ, ʘ ʪʘʢʦʞ ʥʝ ʤʘʶʪʴ ʧʦʜʘʣʴʰʦʾ ʧʽʜʪʨʠʤʢʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʆʪʞʝ ʨʦʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ.  

 

       ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʡʜʝ ʨʽʯ ʧʨʦ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʟʜʽʡʩʥʫʶʪʴ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʮʽʣʴʦʚʦʾ ʢʽʣʴʢʽʩʥʦʾ ʦʟʥʘʢʠ ʦʙ'ʻʢʪʽʚ ʥʘ ʧʽʜʩʪʘʚʽ ʽʥʰʠʭ ʾʭ ʦʟʥʘʢ.  

ʈʝʛʨʝʩʽʷ [1] ï ʮʝ ʩʪʘʪʠʯʥʠʡ ʤʝʪʦʜ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʽ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʤʦʜʝʣʝʡ, ʱʦ ʥʘʜʘʶʪʴ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ ʪʘ ʦʟʥʘʢʘʤʠ. ʈʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʠʢʣʘʜʥʦʤʫ ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʽ, ʚʦʥʠ ʧʦʟʠʯʝʥʽ ʽʟ ʩʪʘʪʠʩʪʠʢʠ ʽ ʦʪʨʠʤʘʣʠ ʫ 

ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʽ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ [2].  

ʅʘʨʘʟʽ ʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʨʝʛʨʝʩʽʾ, ʘʣʝ ʧʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʧʨʦʙʣʝʤʠ, ʘ ʩʘʤʝ, ʜʣʷ ʘʥʘʣʽʪʠʢʘ ʜʘʥʠʭ - ʚʝʣʠʢʽ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʚʠʚʯʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʝʪʘʧʽʚ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ. ʊʦʤʫ ʨʽʰʝʥʥʷʤ ʻ ʩʠʩʪʝʤʘ, ʱʦ ʙʫʜʝ ʚʝʩʪʠ ʨʦʟʨʦʙʥʠʢʘ 

ʤʦʜʝʣʝʡ ʧʦ ʝʪʘʧʘʭ ʾʭ ʧʦʙʫʜʦʚʠ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʧʝʮʠʬʽʯʥʠʭ ʟʥʘʥʴ ʤʦʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʪʦʥʢʦʱʽʚ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. ɼʣʷ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʝʦʙʭʽʜʥʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘ ʦʩʥʦʚʽ ʛʦʪʦʚʠʭ ʤʦʜʝʣʝʡ ʣʠʰʝ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘ ʚʚʝʜʝʥʠʤʠ ʜʘʥʠʤʠ. ɸʥʘʣʽʪʠʢ ʧʨʘʛʥʝ ʜʘʪʠ ʟʤʦʛʫ ʢʽʥʮʝʚʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʚʯʝʥʽ ʤʦʜʝʣʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʪʦʤʫ ʙʘʞʘʥʦ ʘʚʪʦʤʘʪʠʯʥʝ ʨʦʟʛʦʨʪʘʥʥʷ 

ʩʪʚʦʨʝʥʠʭ ʤʦʜʝʣʝʡ ʫ ʩʠʩʪʝʤʫ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ.  

 ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ, ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʨʦʟʨʦʙʢʫ, ʪʝʩʪʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʪʘ 

ʧʽʜʪʨʠʤʢʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʞʠʤʽ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʦʩʥʦʚʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʧʨʦʛʨʘʤʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʰʘʙʣʦʥ çʂʣʽʻʥʪ-ʉʝʨʚʝʨè (ʨʠʩ. 1). 

ʂʣʽʻʥʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʚʦʤʘ ʢʣʘʩʘʤʠ: UI (ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ) ʪʘ Invoker (ʧʝʨʝʜʘʯʘ ʜʽʡ ʥʘ 

ʩʝʨʚʝʨʥʫ ʯʘʩʪʠʥʫ). 

 

 
 

                                    ʈʠʩʫʥʦʢ 1 ð ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ 
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ʉʝʨʚʝʨ ʨʝʘʣʽʟʫʻ ʙʝʟʧʦʩʝʨʝʜʥʶ ʨʝʘʢʮʽʶ ʥʘ ʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ: ʟʘʚʘʥʪʘʞʫʻ ʜʘʪʘʩʝʪ, ʙʫʜʫʻ ʪʘ 

ʦʮʽʥʶʻ ʤʦʜʝʣʽ, ʢʦʥʩʪʨʫʶʻ ʧʨʦʛʨʘʤʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. ʂʣʘʩ ʜʣʷ ɹɼ ʨʝʘʣʽʟʫʻ ʚʟʘʻʤʦʜʽʶ ʟ ʥʝʶ ʪʘ ʟ 

ʩʝʨʚʝʨʦʤ.  

ʌʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ ʧʨʝʮʝʜʝʥʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.  

 

 
 

ʈʠʩʫʥʦʢ 2 - ʌʫʥʢʮʽʾ ʩʠʩʪʝʤʠ 

 

ʈʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʧʽʜʩʠʩʪʝʤ: ʧʦʙʫʜʦʚʘ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʤʦʜʝʣʝʡ, ʾʭ 

ʘʚʪʦʤʘʪʠʯʥʝ ʨʦʟʛʦʨʪʘʥʥʷ ʫ ʧʽʜʩʠʩʪʝʤʫ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʙʘʟʽ 

ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ (ʨʠʩ. 3).  

 

 

 

                           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3 - ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ 
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ʂʦʨʠʩʪʫʚʘʯ-ʘʥʘʣʽʪʠʢ ʧʨʠ ʨʦʙʦʪʽ ʟʘʚʘʥʪʘʞʫʶ ʜʘʪʘʩʝʪ, ʦʙʠʨʘʻ ʪʠʧ ʤʦʜʝʣʝʡ (ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ, 

ʧʦʣʽʥʦʤʽʘʣʴʥʘ ʘʙʦ ʽʥʰʽ), ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ (ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ, 

ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ ʘʙʦ ʽʥʰʽ), ʜʘʣʽ - ʮʽʣʴʦʚʫ ʟʤʽʥʥʫ ʪʘ ʦʟʥʘʢʠ. ʆʪʨʠʤʘʻ ʘʚʪʦʤʘʪʠʯʥʦ ʤʦʜʝʣʽ, 

ʧʝʨʝʛʣʷʜʘʻ ʾʭ, ʧʦʪʽʤ ʧʨʦʚʦʜʠʪʴ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʦʙʠʨʘʻ ʢʨʘʱʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ 

ʦʪʨʠʤʘʥʥʠʭ ʤʝʪʨʠʢ ʷʢʦʩʪʽ, ʧʦʪʽʤ ʘʚʪʦʤʘʪʠʯʥʦ ʨʦʟʛʦʨʪʘʻ ʤʦʜʝʣʽ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʩʠʩʪʝʤʫ. ʇʨʠ 

ʮʴʦʤʫ ʢʽʥʮʝʚʠʡ ʢʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʫʻ ʩʧʠʩʦʢ ʤʦʜʝʣʝʡ ʟ ʾʭ ʦʧʠʩʘʤʠ, ʧʽʩʣʷ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʟôʷʚʣʷʻʪʴʩʷ 

ʬʦʨʤʘ ʜʣʷ ʚʚʝʜʝʥʥʷ ʟʥʘʯʝʥʴ ʦʟʥʘʢ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʨʦʛʥʦʟ ʮʽʣʴʦʚʦʾ ʟʤʽʥʥʦʾ.   

ɺʠʷʚʣʝʥʦ, ʱʦ ʪʘʢʠʡ ʧʽʜʭʽʜ, ʢʦʣʠ ʘʥʘʣʽʪʠʢʠ-ʧʦʯʘʪʢʽʚʮʽ ʤʦʞʫʪʴ ʧʨʦʚʦʜʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʥʘʙʫʚʘʪʠ ʜʦʩʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʾʭ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ, ʚ ʨʘʟʠ ʩʢʦʨʦʯʫʻ ʯʘʩ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʤʦʜʝʣʝʡ ʪʘ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʩʠʩʪʝʤʠ ʜʣʷ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʽ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʨʦʜʫ ʧʽʜʭʦʜʠ ʜʣʷ ʽʥʰʠʭ ʟʘʜʘʯ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʢʣʘʩʠʬʽʢʘʮʽʷ, ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʪʘ ʽʥʰʠʭ.   

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
1. ʃʘʚʨʝʥʶʢ ʄ.ɺ. ɸʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɻʣʠʙʦʢʽ ʥʝʡʨʦʤʝʨʝʞʽ ʚ ʟʘʜʘʯʘʭ ʤʝʭʘʥʽʢʠ 

ʩʫʮʽʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ: ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ï ʂʠʾʚ: ʂʅʋ ʽʤ. ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, 2024. ï 100 ʩ. 

2. A Refresher on Regression Analysis. Amy Gallo. [Online]. Available: https://hbr.org/2015/11/a-

refresher-on-regression-analysis. [Accessed: October 10, 2025] 
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ʈʆɿʈʆɹʂɸ ʇʈʆɽʂʊɸ ʄʆɼʋʃʗ ɹɸɻɸʊʆɺʀʄɯʈʅʆɻʆ ɸʅɸʃɯɿʋ ʌɯʅɸʅʉʆɺʀʍ ɼɸʅʀʍ 

ɿ ɯʅɺɽʉʊʀʎɯʁ 
ʈʫʜʥʽʯʝʥʢʦ ʄ. ɼ., ʐʚʝʜʦʚ ɼ. ɺ. (studylearner@gmail.com, nickolay.rud@gmail.com) 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ) 
  

ʋ ʪʝʟʘʭ ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʝʢʪ ʤʦʜʫʣʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʬʽʥʘʥʩʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʫ ʜʠʥʘʤʽʯʥʦʤʫ ʝʢʦʥʦʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʰʝʩʪʠ ʙʣʦʢʽʚ ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʛʨʘʮʽʶ ʜʞʝʨʝʣ ʜʘʥʠʭ ʾʭʥʶ ʦʯʠʩʪʢʫ ʬʘʢʪʦʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʮʽʥʢʫ ʨʠʟʠʢʽʚ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʘʜʘʧʪʠʚʥʝ ʥʘʚʯʘʥʥʷ. ʋ ʨʦʙʦʪʽ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʧʨʦʛʥʦʟʽʚ ʽ ʩʪʽʡʢʦʩʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʦʩʪʽ ʧʦʻʜʥʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ ʟ ʝʢʩʧʝʨʪʥʦʶ ʦʮʽʥʢʦʶ ʨʠʟʠʢʽʚ. ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʫʱʽʩʪʴ ʤʦʜʫʣʷ ʧʦʣʷʛʘʻ ʫ 

ʡʦʛʦ ʟʜʘʪʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʟʘʛʨʦʟ ʽ ʧʽʜʪʨʠʤʢʫ ʧʨʠʡʥʷʪʪʷ ʽʥʚʝʩʪʠʮʽʡʥʠʭ 

ʨʽʰʝʥʴ.. 

  

ɺʩʪʫʧ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʨʦʟʨʦʙʢʠ ʤʦʜʫʣʽʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʬʽʥʘʥʩʦʚʠʭ ʜʘʥʠʭ 

ʦʙʫʤʦʚʣʝʥʘ ʟʨʦʩʪʘʶʯʦʶ ʩʢʣʘʜʥʽʩʪʶ ʬʽʥʘʥʩʦʚʠʭ ʨʠʥʢʽʚ ʽ ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ 

ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʫ ʤʽʥʣʠʚʦʤʫ ʝʢʦʥʦʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ [1]. ʉʫʯʘʩʥʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʚʠʥʥʽ ʧʦʻʜʥʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʟʙʦʨʫ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʛʝʪʝʨʦʛʝʥʥʠʭ ʜʘʥʠʭ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʽ ʤʘʰʠʥʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʢʦʨʝʣʷʮʽʡʥʠʭ ʪʘ ʢʘʫʟʘʣʴʥʠʭ ʟʚ'ʷʟʢʽʚ ʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʽʥʪʝʨʧʨʝʪʦʚʘʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ ʨʠʟʠʢʫ [2]. ʋ ʥʘʫʢʦʚʽʡ 

ʣʽʪʝʨʘʪʫʨʽ ʙʘʛʘʪʦʚʠʤʽʨʥʠʡ ʧʽʜʭʽʜ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʙʘʟʠʩ ʜʣʷ ʬʦʨʤʘʣʽʟʦʚʘʥʦʾ ʦʮʽʥʢʠ ʩʢʣʘʜʥʠʭ 

ʩʦʮʽʘʣʴʥʦ ʝʢʦʥʦʤʽʯʥʠʭ ʩʠʩʪʝʤ ʽ ʬʽʥʘʥʩʦʚʠʭ ʧʨʦʮʝʩʽʚ ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ 

ʤʽʞ ʯʠʩʣʝʥʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʽ ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ ʪʘ ʩʪʽʡʢʽʩʪʴ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ [3].  

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʜʫʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ 

ʘʥʘʣʽʟʫ ʥʘʙʫʚʘʻ ʧʨʘʢʪʠʯʥʦʾ ʟʥʘʯʫʱʦʩʪʽ ʜʣʷ ʽʥʚʝʩʪʦʨʽʚ ʘʥʘʣʽʪʠʯʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʬʽʥʘʥʩʦʚʠʭ ʫʩʪʘʥʦʚ 

ʽ ʥʘʫʢʦʚʮʽʚ ʱʦ ʧʨʘʮʶʶʪʴ ʥʘʜ ʧʨʦʙʣʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʜʣʷ ʨʦʟʛʣʷʜʫ ʤʦʜʫʣʴ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʬʽʥʘʥʩʦʚʠʭ 

ʜʘʥʠʭ ʤʘʻ ʘʨʭʽʪʝʢʪʫʨʫ ʟ ʰʝʩʪʠ ʣʦʛʽʯʥʦ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʙʣʦʢʽʚ ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʠʢʦʥʫʻ ʯʽʪʢʦ 

https://hbr.org/search?term=Amy%20Gallo
https://hbr.org/2015/11/a-refresher-on-regression-analysis
https://hbr.org/2015/11/a-refresher-on-regression-analysis
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ʚʠʟʥʘʯʝʥʫ ʬʫʥʢʮʽʶ ʽ ʨʘʟʦʤ ʫʪʚʦʨʶʻ ʽʥʪʝʛʨʦʚʘʥʫ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʠʟʠʢʽʚ 

(ʨʠʩ.1).  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʢʣʘʜ ʙʣʦʢʽʚ ʤʦʜʫʣʷ  

 

ʇʝʨʰʠʡ ʙʣʦʢ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʽʥʪʝʛʨʘʮʽʶ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʟʘʙʝʟʧʝʯʫʻ ʤʝʭʘʥʽʟʤʠ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 

ʟʦʚʥʽʰʥʽʭ ʧʦʪʦʢʽʚ ʨʠʥʢʦʚʠʭ ʢʦʪʠʨʫʚʘʥʴ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʫʭʛʘʣʪʝʨʩʴʢʦʾ ʟʚʽʪʥʦʩʪʽ ʪʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʘʥʠʭ ʪʘʢʠʭ ʷʢ ʥʦʚʠʥʥʽ ʩʪʨʽʯʢʠ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʽ ʧʦʢʘʟʥʠʢʠ ʣʘʥʮʶʞʢʽʚ ʧʦʩʪʘʚʦʢ. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʮʴʦʛʦ ʙʣʦʢʫ ʻ ʫʥʽʬʽʢʘʮʽʷ ʬʦʨʤʘʪʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʦʥʦʚʣʝʥʥʷ ʧʨʠ 

ʟʙʝʨʝʞʝʥʥʽ ʮʽʣʽʩʥʦʩʪʽ ʽ ʚʽʜʩʪʝʞʫʚʘʥʦʩʪʽ ʤʝʪʘʜʘʥʠʭ.  

ɼʨʫʛʠʡ ʙʣʦʢ ʨʝʘʣʽʟʫʻ ʧʨʦʮʝʜʫʨʥʫ ʦʯʠʩʪʢʫ ʪʘ ʧʽʜʛʦʪʦʚʢʫ ʜʘʥʠʭ ʽ ʚʢʣʶʯʘʻ ʤʝʪʦʜʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʦʧʫʱʝʥʠʭ ʟʥʘʯʝʥʴ ʜʝʪʝʢʮʽʾ ʪʘ ʢʦʨʝʢʮʽʾ ʘʥʦʤʘʣʽʡ ʧʨʠʚʝʜʝʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʜʦ ʩʧʽʣʴʥʦʾ ʯʘʩʪʦʪʠ ʽ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʦʟʥʘʢ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʫ ʮʴʦʤʫ ʙʣʦʮʽ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʟʙʝʨʝʞʝʥʥʶ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʽ ʧʦʙʫʜʦʚʽ ʩʮʝʥʘʨʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʘʪʠ 

ʥʘʜʤʽʨʥʦʾ ʚʧʝʚʥʝʥʦʩʪʽ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʦʙʨʦʙʢʠ.  

ʊʨʝʪʽʡ ʙʣʦʢ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʬʘʢʪʦʨʥʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ ʽ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ 

ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʦʟʥʘʢʘʤʠ. ʋ ʡʦʛʦ ʩʢʣʘʜʽ ʧʝʨʝʜʙʘʯʝʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʛʦʣʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʥʟʦʨʥʠʭ ʨʦʟʢʣʘʜʽʚ ʘ ʪʘʢʦʞ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘʢʠʭ ʷʢ ʘʚʪʦʢʦʜʝʨʠ ʽ ʚʘʨʽʘʮʽʡʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʜʽʣʷʪʠ 

ʣʘʪʝʥʪʥʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ. 

 ʏʝʪʚʝʨʪʠʡ ʙʣʦʢ ʨʝʘʣʽʟʫʻ ʤʦʜʫʣʽ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʥʘ ʦʩʥʦʚʽ ʧʦʻʜʥʘʥʥʷ ʩʠʤʫʣʷʮʽʡʥʠʭ ʤʝʪʦʜʽʚ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʽ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɺʽʥ ʚʢʣʶʯʘʻ ʤʝʭʘʥʽʟʤʠ ʄʦʥʪʝ ʂʘʨʣʦ ʜʣʷ 

ʦʮʽʥʢʠ ʨʦʟʧʦʜʽʣʫ ʤʦʞʣʠʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʨʪʬʝʣʷ ʩʮʝʥʘʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʰʦʢʘʭ ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʦʮʽʥʢʫ ʢʦʨʝʣʷʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʭʚʠʣʴʦʚʦʾ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ 

ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ.  

ʇ'ʷʪʠʡ ʙʣʦʢ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʘʥʘʣʽʪʠʢʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ ʽʥʪʝʨʬʝʡʩ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʽʥ ʧʦʻʜʥʫʻ ʧʨʘʚʠʣʘ ʽʥʬʦʨʤʫʚʘʥʥʷ ʧʨʦ ʨʠʟʠʢʠ ʩʠʛʥʘʣʴʥʽ ʤʝʭʘʥʽʟʤʠ ʨʘʥʥʴʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʽ 

ʚʽʟʫʘʣʽʟʘʮʽʡʥʽ ʢʦʤʧʦʥʝʥʪʠ ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʘʥʘʣʽʪʠʢʫ ʰʚʠʜʢʦ ʟʨʦʟʫʤʽʪʠ ʜʞʝʨʝʣʘ ʨʠʟʠʢʫ ʦʮʽʥʠʪʠ 

ʾʭʥʽʡ ʚʥʝʩʦʢ ʽ ʩʬʦʨʤʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʝʤ.  

ʐʦʩʪʠʡ ʙʣʦʢ ʟʘʙʝʟʧʝʯʫʻ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʽ ʘʜʘʧʪʘʮʽʶ ʤʦʜʝʣʝʡ ʧʽʜ ʚʧʣʠʚʦʤ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚ'ʷʟʢʫ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʟʦʚʥʽʰʥʽʭ ʧʦʜʽʡ. ɼʦ ʡʦʛʦ ʬʫʥʢʮʽʡ ʥʘʣʝʞʠʪʴ ʘʚʪʦʤʘʪʠʯʥʠʡ ʧʝʨʝʭʽʜ 

ʤʦʜʝʣʝʡ ʚ ʨʝʞʠʤ ʜʦʦʙʫʯʝʥʥʷ ʚʠʷʚʣʝʥʥʷ ʜʝʛʨʘʜʘʮʽʾ ʷʢʦʩʪʽ ʧʨʦʛʥʦʟʽʚ ʽ ʚʘʣʽʜʘʮʽʷ ʦʥʦʚʣʝʥʠʭ ʤʦʜʝʣʝʡ 

ʥʘ ʚʽʜʢʣʘʜʝʥʠʭ ʚʠʙʽʨʢʘʭ ʟ ʬʽʢʩʘʮʽʻʶ ʤʝʪʨʠʢ ʩʪʘʙʽʣʴʥʦʩʪʽ. ʄʽʞʙʣʦʢʦʚʘ ʚʟʘʻʤʦʜʽʷ ʨʝʘʣʽʟʦʚʘʥʘ ʯʝʨʝʟ 

ʩʪʨʠʤʽʥʛʦʚʫ ʰʠʥʫ ʜʘʥʠʭ ʜʝ ʧʽʜʛʦʪʦʚʣʝʥʽ ʽ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʦʟʥʘʢʠ ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʫʣʽ 

ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʚʽʟʫʘʣʽʟʫʶʪʴʩʷ ʽ ʦʜʥʦʯʘʩʥʦ ʟʘʧʠʩʫʶʪʴʩʷ ʚ ʧʽʜʩʠʩʪʝʤʫ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʦʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʛʘʨʘʥʪʫʻ ʮʽʣʽʩʥʽʩʪʴ ʢʦʥʚʝʻʨʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʽ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʪʨʠʤʢʠ ʤʽʞ ʧʦʷʚʦʶ ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʛʝʥʝʨʘʮʽʻʶ 

ʽʥʜʠʢʘʪʦʨʽʚ ʨʠʟʠʢʫ.  

ʊʝʦʨʝʪʠʯʥʘ ʦʩʥʦʚʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʦʜʫʣʷ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʤʝʪʦʜʠ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ 

ʢ̫ʽ ʜʦʚʝʜʝʥʦ ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʩʦʮʽʘʣʴʥʦ ʝʢʦʥʦʤʽʯʥʠʭ ʩʠʩʪʝʤ ʽ ʘʜʘʧʪʦʚʘʥʽ ʜʣʷ ʬʽʥʘʥʩʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʾʭʥʴʦʾ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ ʽ ʷʚʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ. ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʤʦʜʫʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʱʦ ʧʦʣʝʛʰʫʻ ʪʝʩʪʫʚʘʥʥʷ ʽ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʥʦʚʽ ʘʣʛʦʨʠʪʤʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʦʚʥʦʾ ʧʝʨʝʙʫʜʦʚʠ ʩʠʩʪʝʤʠ. ʆʩʦʙʣʠʚʽʩʪʶ ʘʨʭʽʪʝʢʪʫʨʠ ʻ ʤʝʭʘʥʽʟʤ ʽʥʪʝʨʧʨʝʪʦʚʘʥʦʩʪʽ ʱʦ ʟʘʙʝʟʧʝʯʫʻ 
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ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ ʽ ʥʘʜʘʻ ʘʥʘʣʽʪʠʯʥʽ ʦʧʠʩʠ ʚ ʪʝʨʤʽʥʘʭ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʘ ʥʝ 

ʣʠʰʝ ʯʠʩʝʣʴʥʠʭ ʽʥʜʝʢʩʽʚ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʦʜʫʣʴ ʩʪʘʻ ʢʦʨʠʩʥʠʤ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʘʣʝ ʡ ʜʣʷ ʛʣʠʙʦʢʦʛʦ ʝʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʩʪʨʘʪʝʛʽʾ ʟʥʠʞʝʥʥʷ 

ʨʠʟʠʢʽʚ. ɹʝʟʧʝʢʘ ʽ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦʩʷʛʘʶʪʴʩʷ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʧʨʦʮʝʜʫʨ 

ʘʫʜʠʪʫ ʜʘʥʠʭ ʞʫʨʥʘʣʶʚʘʥʥʷ ʟʤʽʥ ʤʦʜʝʣʝʡ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʪʠʢ ʜʦʩʪʫʧʫ ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʠʤʦʛʘʤ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʬʽʥʘʥʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʦʝʢʪ ʤʦʜʫʣʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʬʽʥʘʥʩʦʚʠʭ ʜʘʥʠʭ ʷʚʣʷʻ 

ʩʦʙʦʶ ʢʦʤʧʣʝʢʩʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʱʦ ʧʦʻʜʥʫʻ ʽʥʪʝʛʨʘʮʽʶ ʛʝʪʝʨʦʛʝʥʥʠʭ ʜʘʥʠʭ ʧʽʜʭʽʜ ʜʦ ʾʭʥʴʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʤʝʪʦʜʠ ʬʘʢʪʦʨʥʦʛʦ ʽ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʘ ʪʘʢʦʞ ʘʜʘʧʪʠʚʥʽ ʤʝʭʘʥʽʟʤʠ 

ʥʘʚʯʘʥʥʷ ʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. ʊʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʽ ʟʤʝʥʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʨʘʭʫʚʘʥʥʷ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʽ ʧʦʙʫʜʦʚʠ ʩʮʝʥʘʨʽʾʚ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ 

ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʚ ʾʾ ʟʜʘʪʥʦʩʪʽ ʧʦʻʜʥʫʚʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʧʨʦʮʝʩʠ ʟ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ 

ʝʢʩʧʝʨʪʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦ ʨʦʙʠʪʴ ʾʾ ʢʦʨʠʩʥʦʶ ʜʣʷ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʘʥʘʣʽʪʠʢʽʚ ʤʝʥʝʜʞʝʨʽʚ 

ʨʠʟʠʢʽʚ ʽ ʥʘʫʢʦʚʮʽʚ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʽʜ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʘʧʨʦʙʘʮʽʶ ʘʨʭʽʪʝʢʪʫʨʠ ʚ ʨʝʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʥʘ ʧʨʠʢʣʘʜʽ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʧʦʨʪʬʝʣʽʚ ʽ ʙʽʨʞʦʚʠʭ ʽʥʜʝʢʩʽʚ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʣʘʪʝʥʪʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽ ʨʦʟʨʦʙʢʫ ʧʨʦʮʝʜʫʨ ʧʦʷʩʥʶʚʘʥʦʛʦ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʟʘʩʪʦʩʦʚʘʥʠʭ ʜʦ ʬʽʥʘʥʩʦʚʠʭ ʨʠʟʠʢʽʚ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʦʜʫʣʷ ʩʧʨʠʷʪʠʤʝ 

ʧʽʜʚʠʱʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʽʰʝʥʴ ʽ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʦʣʦʛʽʾ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚ 

ʧʨʠʢʣʘʜʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ.  
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ʈʆɿʈʆɹʂɸ ʇʈʆɻʈɸʄʅʆɻʆ ʄʋɿʀʏʅʆɻʆ ʉʀʅʊɽɿɸʊʆʈɸ ʋ ʌʆʈʄɸʊɯ VST-ʇʃɸɻɯʅʋ 

ʉʝʥʪʶʨʽʥ ɭ.ɭ.,ʊʢʘʯʝʥʢʦ ʆ. ʄ. 

(yevhenii_sentiurin@ukr.net, alextk1960@gmail.com) 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ) 

 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʘʨʭʽʪʝʢʪʫʨ ʙʝʟʢʦʰʪʦʚʥʠʭ VST-ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ 

ʚʠʤʦʛ ʜʦ ʩʝʛʤʝʥʪʫ. ʈʦʟʨʦʙʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʧʨʦʪʦʪʠʧ VST-ʩʠʥʪʝʟʘʪʦʨʘ TapSynth ʥʘ ʙʘʟʽ C++ 

ʪʘ JUCE, ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʤʦʜʫʣʴʥʽʩʪʴ, FM-ʩʠʥʪʝʟ ʪʘ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɺʠʟʥʘʯʝʥʦ ʢʣʶʯʦʚʽ 

ʧʝʨʝʚʘʛʠ ʧʨʦʪʦʪʠʧʫ ʥʘʜ ʘʥʘʣʦʛʘʤʠ, ʟʦʢʨʝʤʘ, ʟʘʢʣʘʜʝʥʥʷ ʛʥʫʯʢʦʾ ʦʩʥʦʚʠ ʜʣʷ ʤʘʡʙʫʪʥʴʦʛʦ 

ʨʦʟʚʠʪʢʫ. ʇʨʦʪʦʪʠʧ ʚʢʣʶʯʘʻ ʩʝʢʮʽʾ ʦʩʮʠʣʷʪʦʨʘ ʟ FM-ʤʦʜʫʣʷʮʽʻʶ, ʜʚʽ ADSR-ʦʛʠʥʘʶʯʽ ʪʘ ʬʽʣʴʪʨ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʧʦʜʘʣʴʰʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʨʦʪʦʪʠʧʫ ʫ ʬʽʥʘʣʴʥʠʡ ʧʨʦʜʫʢʪ ʽʟ 

ʨʦʟʰʠʨʝʥʥʷʤ DSP-ʬʫʥʢʮʽʦʥʘʣʫ ʪʘ UX/UI. 

 

ʈʦʟʚʠʪʦʢ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʘʫʜʽʦ (DSP) ʪʘ ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʤʫʟʠʯʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʽʜʢʨʝʩʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʛʥʫʯʢʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʨʽʰʝʥʴ. 

ʉʝʛʤʝʥʪ ʙʝʟʢʦʰʪʦʚʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʩʪʫʜʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (VST) ʯʘʩʪʦ ʩʪʨʘʞʜʘʻ ʚʽʜ ʥʝʜʦʩʪʘʪʥʴʦʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, ʟʘʩʪʘʨʽʣʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʘʙʦ ʥʠʟʴʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʱʦ ʦʙʤʝʞʫʻ ʡʦʛʦ 

ʧʨʦʬʝʩʽʡʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʧʨʦʪʦʪʠʧʫ VST-ʩʠʥʪʝʟʘʪʦʨʘ, ʷʢʠʡ ʩʣʫʛʫʚʘʪʠʤʝ ʦʩʥʦʚʦʶ ʜʣʷ 

ʤʘʡʙʫʪʥʴʦʾ, ʧʦʚʥʦʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʚʝʨʩʽʾ ʚ ʩʝʛʤʝʥʪʽ ʙʝʟʢʦʰʪʦʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʂʣʶʯʦʚʘ 
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ʽʥʥʦʚʘʮʽʷ ʧʦʣʷʛʘʻ ʫ ʟʘʢʣʘʜʝʥʥʽ ʤʦʜʫʣʴʥʦʾ ʪʘ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʥʠʟʴʢʦʾ ʟʘʪʨʠʤʢʠ [1]. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʘʨʭʽʪʝʢʪʫʨ ʙʝʟʢʦʰʪʦʚʥʠʭ VST-ʩʠʥʪʝʟʘʪʦʨʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʤʦʛ ʜʦ 

ʨʦʟʨʦʙʢʠ. ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʢʣʶʯʦʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʜʣʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʻ: ʥʠʟʴʢʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ CPU, ʛʥʫʯʢʘ DSP-ʘʨʭʽʪʝʢʪʫʨʘ ʪʘ ʩʫʯʘʩʥʠʡ, ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʦʪʦʪʠʧ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʜʝʤʦʥʩʪʨʘʮʽʾ ʙʘʟʦʚʠʭ ʬʫʥʢʮʽʡ ʩʠʥʪʝʟʫ ʪʘ ʡʦʛʦ 

ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʨʦʟʰʠʨʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʝʨʝʚʘʛʠ ʘʨʭʽʪʝʢʪʫʨʠ: 

1.  ʅʘʪʠʚʥʘ ʨʦʟʨʦʙʢʘ: ɺʠʢʦʨʠʩʪʘʥʥʷ C++ ʪʘ JUCE/VST3 API (ʨʠʩʫʥʦʢ 1) ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ CPU, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ DSP-ʟʘʩʪʦʩʫʥʢʽʚ [1, 2]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɺʽʢʥʦ ʧʨʦʝʢʪʫ ʧʨʦʪʦʪʠʧʫ ʚ Projucer 

 

2.  ʄʦʜʫʣʽ ʩʠʥʪʝʟʫ ʪʘ ʢʝʨʫʚʘʥʥʷ: ʇʨʦʪʦʪʠʧ ʚʢʣʶʯʘʻ ʦʩʥʦʚʥʽ ʤʦʜʫʣʽ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʛʽʙʨʠʜʥʦʛʦ ʩʠʥʪʝʟʫ (ʨʠʩʫʥʦʢ 2), ʟʦʢʨʝʤʘ: 

¶ ʉʝʢʮʽʶ ʆʩʮʠʣʷʪʦʨʘ (Oscillator) ʟ ʚʠʙʦʨʦʤ ʬʦʨʤʠ ʭʚʠʣʽ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ FM-ʤʦʜʫʣʷʮʽʾ 

(Frequency Modulation Frequency ʪʘ Depth) [1, 3]. 

¶ ɼʚʽ ʥʝʟʘʣʝʞʥʽ ʦʛʠʥʘʶʯʽ ADSR (ʜʣʷ ʘʤʧʣʽʪʫʜʠ ʪʘ ʤʦʜʫʣʷʮʽʾ). 

¶ ʂʝʨʦʚʘʥʫ ʩʝʢʮʽʶ ʌʽʣʴʪʨʘ ʪʠʧʫ Low-Pass ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʨʝʟʦʥʘʥʩʦʤ (Filter Res). 

3.  ɻʥʫʯʢʘ ʤʦʜʫʣʴʥʘ ʦʩʥʦʚʘ: ɺʥʫʪʨʽʰʥʷ ʩʪʨʫʢʪʫʨʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʯʽʪʢʠʭ ʢʣʘʩʘʭ (`OscDatà, 

`SynthVoicè, `AdsrComponent̀ ), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʣʝʛʢʦ ʟʘʤʽʥʶʚʘʪʠ ʪʘ ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʤʦʜʫʣʽ 

(ʦʩʮʠʣʷʪʦʨʠ, ʬʽʣʴʪʨʠ, ʦʛʠʥʘʶʯʽ) ʙʝʟ ʧʝʨʝʨʦʙʢʠ ʷʜʨʘ ʧʣʘʛʽʥʘ [4]. 

ʎʷ ʘʨʭʽʪʝʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʨʦʪʦʪʠʧʫ ʫ 

ʧʦʚʥʦʮʽʥʥʠʡ, ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʡ ʧʨʦʜʫʢʪ. 

4.  ɯʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʛʝʥʝʨʘʮʽʾ: ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʷʤʙʜʘ-ʬʫʥʢʮʽʾ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʦʩʮʠʣʷʪʦʨʽʚ, ʱʦ ʩʧʨʦʱʫʻ ʧʦʜʘʣʴʰʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʙʣʠʯʥʦ-

ʭʚʠʣʴʦʚʦʛʦ ʩʠʥʪʝʟʫ [3]. 
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ʈʠʩ. 2 ï ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦʪʦʪʠʧʫ 

 

ɺʠʩʥʦʚʦʢ 

ʉʪʚʦʨʝʥʠʡ ʧʨʦʪʦʪʠʧ ʫʩʧʽʰʥʦ ʜʝʤʦʥʩʪʨʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʦʩʥʦʚʫ ʜʣʷ ʤʘʡʙʫʪʥʴʦʛʦ 

ʙʝʟʢʦʰʪʦʚʥʦʛʦ VST-ʩʠʥʪʝʟʘʪʦʨʘ. ɸʨʭʽʪʝʢʪʫʨʥʽ ʨʽʰʝʥʥʷ, ʟʘʢʣʘʜʝʥʽ ʚ ʥʴʦʤʫ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʡʦʛʦ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʫ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. 

ʇʦʜʘʣʴʰʘ ʨʦʙʦʪʘ ʙʫʜʝ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʨʦʪʦʪʠʧʫ ʫ ʬʽʥʘʣʴʥʠʡ ʧʨʦʜʫʢʪ 

ʰʣʷʭʦʤ: ʨʦʟʰʠʨʝʥʥʷ ʙʽʙʣʽʦʪʝʢʠ ʦʩʮʠʣʷʪʦʨʽʚ ʪʘ ʤʦʜʫʣʷʮʽʡ (LFO, FM), ʨʦʟʨʦʙʢʠ ʧʦʚʥʦʮʽʥʥʦʛʦ 

ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ (UI/UX) ʪʘ ʜʦʜʘʚʘʥʥʷ ʧʦʣʽʬʦʥʽʾ [1, 4]. ʂʽʥʮʝʚʦʶ ʤʝʪʦʶ ʻ ʚʠʧʫʩʢ ʷʢʽʩʥʦʛʦ, 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʪʘ ʜʦʩʪʫʧʥʦʛʦ VST-ʧʣʘʛʽʥʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʫʟʠʢʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
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 ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ) 

 

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʨʦʟʨʦʙʢʫ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʪʦʨʛʦʚʠʭ ʩʪʨʘʪʝʛʽʡ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʘʥʘʣʽʟʫ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʨʠʥʢʫ ʪʘ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʝʜʦʣʽʢʠ ʪʨʘʜʠʮʽʡʥʠʭ 

ʤʦʜʝʣʝʡ, ʱʦ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʜʘʥʽ, ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʨʘʥʫʣʷʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟ ʢʥʠʛʠ ʦʨʜʝʨʽʚ ʪʘ ʧʦʪʦʢʫ ʫʛʦʜ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ʧʘʨʘʜʠʛʤ ʢʝʨʦʚʘʥʦʛʦ, ʥʝʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʠʥʢʦʚʠʭ ʨʫʭʽʚ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʠʥʢʦʚʠʭ ʨʝʞʠʤʽʚ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʦʨʛʦʚʠʭ ʨʽʰʝʥʴ. 

ɿʘʟʥʘʯʝʥʦ, ʱʦ ʩʠʥʝʨʛʽʷ ʮʠʭ ʤʝʪʦʜʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʨʦʙʘʩʪʥʦʶ ʤʝʪʦʜʦʣʦʛʽʻʶ ʙʝʢʪʝʩʪʫʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʘʜʘʧʪʠʚʥʽ ʪʘ ʧʦʪʝʥʮʽʡʥʦ ʧʨʠʙʫʪʢʦʚʽ ʪʦʨʛʦʚʽ ʩʠʩʪʝʤʠ. 
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ʉʫʯʘʩʥʽ ʬʽʥʘʥʩʦʚʽ ʨʠʥʢʠ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʪʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ 

ʪʦʨʛʦʚʠʭ ʩʠʩʪʝʤ (HFT), ʜʝ ʫʩʧʽʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʜʘʪʥʦʩʪʽ ʤʠʪʪʻʚʦ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʧʦʪʦʢʠ ʜʘʥʠʭ. 

ʎʝ ʚʠʩʫʚʘʻ ʥʘ ʧʝʨʝʜʥʽʡ ʧʣʘʥ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʨʠʥʢʫ ð ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʨʝʛʫʣʶʶʪʴ 

ʚʟʘ̒ʤʦʜʽʶ ʪʨʝʡʜʝʨʽʚ ʥʘ ʥʘʡʥʠʞʯʦʤʫ ʨʽʚʥʽ. ʊʨʘʜʠʮʽʡʥʽ ʝʢʦʥʦʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʜʘʥʽ (ʥʘʧʨʠʢʣʘʜ, ʜʝʥʥʽ ʮʽʥʠ ʟʘʢʨʠʪʪʷ), ʽʛʥʦʨʫʶʪʴ ʙʘʛʘʪʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʰʘʨ, ʱʦ 

ʤʽʩʪʠʪʴʩʷ ʚ ʢʥʠʟʽ ʦʨʜʝʨʽʚ, ʧʦʪʦʮʽ ʫʛʦʜ ʪʘ ʛʣʠʙʠʥʽ ʨʠʥʢʫ. ʎʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʜʘʥʽ ʤʽʩʪʷʪʴ ʧʨʠʭʦʚʘʥʽ 

ʩʠʛʥʘʣʠ ʧʨʦ ʥʘʤʽʨʠ ʫʯʘʩʥʠʢʽʚ ʨʠʥʢʫ ʪʘ ʧʦʪʝʥʮʽʡʥʽ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽ ʨʫʭʠ ʮʽʥ, ʦʜʥʘʢ ʾʭ ʩʢʣʘʜʥʽʩʪʴ 

ʪʘ ʟʘʰʫʤʣʝʥʽʩʪʴ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʘʥʘʣʽʟ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ.    

ʄʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ML) ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʛʦʨʠʟʦʥʪʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʮʠʭ ʧʨʠʭʦʚʘʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ. ʋ ʢʦʥʪʝʢʩʪʽ ʪʨʝʡʜʠʥʛʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʨʠ ʦʩʥʦʚʥʽ ʧʘʨʘʜʠʛʤʠ ML. ʂʝʨʦʚʘʥʝ 

ʥʘʚʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʮʽʥʠ ʥʘ ʦʩʥʦʚʽ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ. 

ʅʝʢʝʨʦʚʘʥʝ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʨʠʭʦʚʘʥʽ ʨʠʥʢʦʚʽ ʨʝʞʠʤʠ (ʥʘʧʨʠʢʣʘʜ, ʧʝʨʽʦʜʠ 

ʚʠʩʦʢʦʾ ʚʦʣʘʪʠʣʴʥʦʩʪʽ ʘʙʦ ʪʨʝʥʜʫ) ʰʣʷʭʦʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ʅʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʜʘʻ ʟʤʦʛʫ 

ʨʦʟʨʦʙʣʷʪʠ ʘʜʘʧʪʠʚʥʽ ʩʪʨʘʪʝʛʽʾ, ʜʝ ʘʛʝʥʪ ʚʯʠʪʴʩʷ ʧʨʠʡʤʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ ʰʣʷʭʦʤ ʚʟʘʻʤʦʜʽʾ ʟ 

ʨʠʥʢʦʚʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʽʻʨʘʨʭʽʯʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʧʦʻʜʥʫʻ ʮʽ ʧʘʨʘʜʠʛʤʠ: 

ʤʦʜʝʣʴ ʥʝʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚʠʟʥʘʯʘʻ ʧʦʪʦʯʥʠʡ ʨʝʞʠʤ ʨʠʥʢʫ, ʘʢʪʠʚʫʶʯʠ ʚʽʜʧʦʚʽʜʥʫ ʧʨʦʛʥʦʟʥʫ 

ʤʦʜʝʣʴ ʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʘ ʘʛʝʥʪ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʧʨʠʡʤʘʻ ʬʽʥʘʣʴʥʝ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʟʠʮʽʻʶ ʪʘ ʨʠʟʠʢʦʤ [1].    

ʇʨʦʻʢʪʫʚʘʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʻ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ. ʇʝʨʰʠʡ ʝʪʘʧ ð ʟʙʽʨ ʪʘ 

ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʜʘʥʠʭ, ʾʭ ʦʯʠʱʝʥʥʷ ʪʘ ʘʛʨʝʛʘʮʽʷ. ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ð 

ʽʥʞʠʥʽʨʠʥʛ ʦʟʥʘʢ, ʪʦʙʪʦ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʨʝʜʠʢʪʦʨʽʚ ʟ ʩʠʨʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʜʠʩʙʘʣʘʥʩ 

ʢʥʠʛʠ ʦʨʜʝʨʽʚ (OBI) ʘʙʦ ʽʥʜʠʢʘʪʦʨʠ ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʢʫ ʫʛʦʜ (VPIN). ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʦʚʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʫ ʬʽʥʘʥʩʦʚʠʭ ʨʷʜʘʭ ʝʬʝʢʪʠʚʥʠʤʠ ʻ ʘʨʭʽʪʝʢʪʫʨʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʟʦʢʨʝʤʘ 

ʨʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (LSTM), ʱʦ ʟʜʘʪʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʧʘʪʝʨʥʠ, ʪʘ ʟʛʦʨʪʢʦʚʽ 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (CNN) ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ. 

ʂʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʨʦʙʘʩʪʥʝ ʙʝʢʪʝʩʪʫʚʘʥʥʷ ð ʩʠʤʫʣʷʮʽʷ ʩʪʨʘʪʝʛʽʾ ʥʘ ʽʩʪʦʨʠʯʥʠʭ 

ʜʘʥʠʭ ʜʣʷ ʦʙ'ʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɹʝʢʪʝʩʪʝʨ ʧʦʚʠʥʝʥ ʨʝʘʣʽʩʪʠʯʥʦ ʽʤʽʪʫʚʘʪʠ ʨʠʥʢʦʚʽ 

ʫʤʦʚʠ, ʚʨʘʭʦʚʫʶʯʠ ʪʨʘʥʟʘʢʮʽʡʥʽ ʚʠʪʨʘʪʠ ʪʘ ʧʨʦʩʣʠʟʘʥʥʷ. ʆʩʥʦʚʥʦʶ ʟʘʛʨʦʟʦʶ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ML ʻ ʧʝʨʝʥʘʚʯʘʥʥʷ (overfitting), ʢʦʣʠ ʤʦʜʝʣʴ ʟʘʧʘʤ'ʷʪʦʚʫʻ ʚʠʧʘʜʢʦʚʠʡ ʰʫʤ ʟʘʤʽʩʪʴ ʨʝʘʣʴʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ. ɼʣʷ ʙʦʨʦʪʴʙʠ ʟ ʮʠʤ ʥʝʦʙʭʽʜʥʝ ʩʫʚʦʨʝ ʨʦʟʙʠʪʪʷ ʜʘʥʠʭ ʥʘ ʪʨʝʥʫʚʘʣʴʥʠʡ, 

ʚʘʣʽʜʘʮʽʡʥʠʡ ʪʘ ʪʝʩʪʦʚʠʡ ʥʘʙʦʨʠ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʽʢ ʨʝʛʫʣʷʨʠʟʘʮʽʾ. ʆʮʽʥʢʘ ʩʪʨʘʪʝʛʽʾ 

ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʨʠʢ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʥʝ ʣʠʰʝ ʧʨʠʙʫʪʢʦʚʽʩʪʴ, ʘ ʡ ʨʠʟʠʢ, ʟʦʢʨʝʤʘ 

ʢʦʝʬʽʮʽʻʥʪ ʐʘʨʧʘ ʪʘ ʤʘʢʩʠʤʘʣʴʥʫ ʧʨʦʩʘʜʢʫ.    

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʩʠʥʝʨʛʽʷ ʘʥʘʣʽʟʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʨʠʥʢʫ ʪʘ ʤʝʪʦʜʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʘʣʛʦʨʠʪʤʽʯʥʽ ʪʦʨʛʦʚʽ ʩʪʨʘʪʝʛʽʾ. ɯʻʨʘʨʭʽʯʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʧʘʨʘʜʠʛʤ ML ʪʘ ʩʫʚʦʨʘ ʤʝʪʦʜʦʣʦʛʽʷ ʙʝʢʪʝʩʪʫʚʘʥʥʷ ʻ ʢʣʶʯʦʚʠʤʠ 

ʬʘʢʪʦʨʘʤʠ ʫʩʧʽʭʫ.  

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʚʠʪʦʢ ʽʥʪʝʨʧʨʝʪʦʚʘʥʦʛʦ ʐɯ (XAI) ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʨʽʰʝʥʴ ʤʦʜʝʣʝʡ ʪʘ ʙʘʛʘʪʦʘʛʝʥʪʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʦʾ ʨʠʥʢʦʚʦʾ ʜʠʥʘʤʽʢʠ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
[1] O'Hara, M. Market Microstructure Theory. Blackwell Publishers, 1995. 304 p.  de Prado, M. L. 

Advances in financial machine learning. John Wiley & Sons, 2018. 528 p.  Cartea, Ć., Jaimungal, S., & 

Penalva, J. Algorithmic and high-frequency trading. Cambridge University Press, 2015. 478 p.    

 

 

 

ʋɼʂ 004.094:005.21  

ʄɽʊʆɼʀ ʆʎɯʅʖɺɸʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʆʈɻɸʅɯɿɸʎɯʁʅʀʍ ʊʈɸʅʉʌʆʈʄɸʎɯʁ 

ɺ ʋʄʆɺɸʍ ʎʀʌʈʆɺʆɰ ʂʆʅʂʋʈɽʅʎɯɰ  

ʉʠʚʠʮʴʢʠʡ ʖ. ɯ. (ys@intecracy.com) 

ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ) 

 

ʋ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʫ 

ʮʠʬʨʦʚʦʤʫ ʢʦʥʢʫʨʝʥʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʬʽʥʘʥʩʦʚʦ-ʦʨʽʻʥʪʦʚʘʥʽ 

ʧʦʢʘʟʥʠʢʠ ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʚʥʦʶ ʤʽʨʦʶ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʮʠʬʨʦʚʠʭ ʟʤʽʥ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ 
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ʪʝʭʥʦʣʦʛʽʯʥʽ, ʧʨʦʮʝʩʥʽ ʪʘ ʩʦʮʽʘʣʴʥʽ ʘʩʧʝʢʪʠ ʜʽʷʣʴʥʦʩʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʛʨʘʣʴʥʫ ʤʦʜʝʣʴ IETM 

(Integrated Efficiency Transformation Model), ʷʢʘ ʧʦʻʜʥʫʻ ʩʪʨʫʢʪʫʨʥʫ ʛʥʫʯʢʽʩʪʴ, ʮʠʬʨʦʚʫ ʟʨʽʣʽʩʪʴ 

ʪʘ ʩʦʮʽʘʣʴʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʫ ʘʜʘʧʪʠʚʥʽʩʪʴ. ʄʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʘʥʘʣʽʪʠʯʥʫ ʧʽʜʪʨʠʤʢʫ ʧʨʠʡʥʷʪʪʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʪʘ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ 

ʘʥʘʣʽʪʠʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʟʦʨʽʩʪʴ ʧʨʦʮʝʩʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʟʤʝʥʰʠʪʠ ʨʠʟʠʢʠ ʥʝʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʜʠʥʘʤʽʯʥʫ ʘʜʘʧʪʘʮʽʶ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦ ʫʤʦʚ ʮʠʬʨʦʚʦʾ ʢʦʥʢʫʨʝʥʮʽʾ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʾ ʩʪʠʢʘʶʪʴʩʷ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʦʩʪʽʡʥʦʛʦ ʧʝʨʝʛʣʷʜʫ ʚʣʘʩʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʩʪʨʫʢʪʫʨ, 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʽ ʤʦʜʝʣʝʡ ʚʟʘʻʤʦʜʽʾ. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʦʚʥʽʰʥʴʦʾ ʢʦʥʢʫʨʝʥʮʽʾ, ʧʦʷʚʘ ʥʦʚʠʭ 

ʮʠʬʨʦʚʠʭ ʧʣʘʪʬʦʨʤ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʬʫʥʢʮʽʡ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʢʠ ʜʘʥʠʭ 

ʩʪʚʦʨʶʶʪʴ ʜʠʥʘʤʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʫ ʷʢʦʤʫ ʪʨʘʜʠʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʤʽʥ ʩʪʘʶʪʴ ʥʝʜʦʩʪʘʪʥʽʤʠ. 

ɹʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʩʪʘʪʠʯʥʠʭ ʘʙʦ ʬʽʥʘʥʩʦʚʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʘʭ (ROI, KPI), ʷʢʽ ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʧʣʠʚʫ ʮʠʬʨʦʚʠʭ ʬʘʢʪʦʨʽʚ ð ʪʘʢʠʭ ʷʢ ʨʽʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʰʚʠʜʢʽʩʪʴ ʘʜʘʧʪʘʮʽʾ, ʟʨʽʣʽʩʪʴ ʜʘʥʠʭ ʯʠ 

ʽʥʪʝʛʨʘʮʽʡʥʘ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʧʽʜʨʦʟʜʽʣʘʤʠ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʩʚʦʻʯʘʩʥʫ ʜʽʘʛʥʦʩʪʠʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʚ ʫʤʦʚʘʭ ʮʠʬʨʦʚʦʾ ʢʦʥʢʫʨʝʥʮʽʾ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʩʪʨʘʪʝʛʽʯʥʠʭ 

ʧʝʨʝʚʘʛ. 

ʆʪʞʝ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʽʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʢʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ ʽʥʜʠʢʘʪʦʨʠ, ʚʨʘʭʦʚʫʶʪʴ ʜʠʥʘʤʽʢʫ 

ʮʠʬʨʦʚʠʭ ʧʨʦʮʝʩʽʚ ʽ ʜʦʟʚʦʣʷʶʪʴ ʘʜʘʧʪʠʚʥʦ ʢʦʨʠʛʫʚʘʪʠ ʩʪʨʘʪʝʛʽʶ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ð ʨʦʟʨʦʙʣʝʥʥʷ ʩʠʩʪʝʤʠ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʫ ʮʠʬʨʦʚʦʤʫ ʢʦʥʢʫʨʝʥʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʥʘʣʽʪʠʯʥʫ ʧʽʜʪʨʠʤʢʫ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʧʽʜʚʠʱʝʥʥʷ ʢʝʨʦʚʘʥʦʩʪʽ ʟʤʽʥ ʪʘ ʩʚʦʻʯʘʩʥʫ ʘʜʘʧʪʘʮʽʶ ʩʪʨʫʢʪʫʨʠ ʫʧʨʘʚʣʽʥʥʷ ʜʦ 

ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʚʠʢʣʠʢʽʚ. 

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. 

1. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠʢʠ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʤʽʥ ʽ ʚʠʟʥʘʯʠʪʠ ʾʭ 
ʦʙʤʝʞʝʥʥʷ ʫ ʢʦʥʪʝʢʩʪʽ ʮʠʬʨʦʚʦʾ ʢʦʥʢʫʨʝʥʮʽʾ. 

2. ɺʠʟʥʘʯʠʪʠ ʢʣʶʯʦʚʽ ʬʘʢʪʦʨʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ð ʪʝʭʥʦʣʦʛʽʯʥʽ, 

ʧʨʦʮʝʩʥʽ, ʫʧʨʘʚʣʽʥʩʴʢʽ ʪʘ ʧʦʚʝʜʽʥʢʦʚʽ. 

3. ʈʦʟʨʦʙʠʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʤʦʜʝʣʴ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʷʢ ʬʽʥʘʥʩʦʚʽ, ʪʘʢ ʽ 
ʥʝʬʽʥʘʥʩʦʚʽ ʧʦʢʘʟʥʠʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʽ ʮʠʬʨʦʚʠʭ ʟʤʽʥ. 

4. ʉʬʦʨʤʫʚʘʪʠ ʩʠʩʪʝʤʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʬʦʨʤʘʮʽʡ, ʧʦʙʫʜʦʚʘʥʫ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʡ ʘʥʘʣʽʪʠʢʠ ʜʘʥʠʭ. 

5. ʇʨʦʚʝʩʪʠ ʘʧʨʦʙʘʮʽʶ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʤʦʜʝʣʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʽʜʧʨʠʻʤʩʪʚʘ 
ʟ ʝʣʝʤʝʥʪʘʤʠ ʮʠʬʨʦʚʦʾ ʝʢʦʩʠʩʪʝʤʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ. 

ʉʫʪʴ ʜʦʩʣʽʜʞʝʥʥʷ.  ʋ ʤʝʞʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʟʘʜʘʯʘ, ʫ ʷʢʽʡ ʨʝʟʫʣʴʪʘʪʠ 

ʩʪʨʫʢʪʫʨʥʠʭ, ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʤʘʶʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʤʽʨʶʚʘʥʽʡ, 

ʧʦʨʽʚʥʷʥʥʽʡ ʪʘ ʘʜʘʧʪʠʚʥʽʡ ʬʦʨʤʽ. 

ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʩʫʯʘʩʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʧʝʨʝʜʙʘʯʘʻ ʥʝ ʣʠʰʝ ʟʤʽʥʫ ʽʻʨʘʨʭʽʾ ʯʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, ʘ ʡ 

ʽʥʪʝʛʨʘʮʽʶ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ð ʩʠʩʪʝʤ ʘʥʘʣʽʪʠʢʠ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʣʘʪʬʦʨʤ ʫʧʨʘʚʣʽʥʥʷ 

ʟʥʘʥʥʷʤʠ, ʟʘʩʦʙʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʊʦʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʟʤʽʥ ʧʦʚʠʥʥʘ ʚʠʟʥʘʯʘʪʠʩʷ ʯʝʨʝʟ ʩʠʥʝʨʛʽʶ ʪʨʴʦʭ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ: 

¶ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʩʪʨʫʢʪʫʨʥʘ ʛʥʫʯʢʽʩʪʴ, ʢʝʨʦʚʘʥʽʩʪʴ, ʫʟʛʦʜʞʝʥʽʩʪʴ ʨʦʣʝʡ); 

¶ ʮʠʬʨʦʚʦʾ ʟʨʽʣʦʩʪʽ (ʨʽʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʽʥʪʝʛʨʘʮʽʾ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ); 

¶ ʩʦʮʽʘʣʴʥʦʾ ʘʜʘʧʪʠʚʥʦʩʪʽ (ʽʥʥʦʚʘʮʽʡʥʘ ʢʫʣʴʪʫʨʘ, ʰʚʠʜʢʽʩʪʴ ʥʘʚʯʘʥʥʷ, ʢʦʤʫʥʽʢʘʮʽʡʥʘ ʚʟʘʻʤʦʜʽʷ). 

ɼʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʛʨʘʣʴʥʫ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡ (IETM), ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʟʚʘʞʝʥʦʾ ʘʛʨʝʛʘʮʽʾ ʧʦʢʘʟʥʠʢʽʚ: 

Ὁ ‌ẗὊ ‍ẗὊ ‎ẗὊ ȟ 

ʜʝ Ὂ   ð  ʩʪʨʫʢʪʫʨʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ,  

Ὂ  ð ʮʠʬʨʦʚʘ ʟʨʽʣʽʩʪʴ,  
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Ὂ  ð ʩʦʮʽʘʣʴʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʘ ʘʜʘʧʪʠʚʥʽʩʪʴ, 

ʘ ‌ȟ‍ȟ‎ ð ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʦʨʛʘʥʽʟʘʮʽʾ. 

 

ʊʘʙʣʠʮʷ 1. ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ 

ʇʦʢʘʟʥʠʢ ʆʧʠʩ 
ʆʜʠʥʠʮʷ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ɯʥʜʝʢʩ ʩʪʨʫʢʪʫʨʥʦʾ 

ʛʥʫʯʢʦʩʪʽ 

ɺʽʜʦʙʨʘʞʘʻ ʟʜʘʪʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʘʜʘʧʪʫʚʘʪʠ 

ʩʪʨʫʢʪʫʨʫ ʜʦ ʥʦʚʠʭ ʚʠʤʦʛ 
ʚʽʜʥ. ʦʜ. 

ʈʽʚʝʥʴ ʮʠʬʨʦʚʦʾ 

ʟʨʽʣʦʩʪʽ 

ʏʘʩʪʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʟʘʛʘʣʴʥʽʡ 

ʩʪʨʫʢʪʫʨʽ ʫʧʨʘʚʣʽʥʥʷ 
% 

ʂʦʝʬʽʮʽʻʥʪ 

ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ 

ʽʥʪʝʛʨʦʚʘʥʦʩʪʽ 

ɺʠʤʽʨʶʻ ʰʚʠʜʢʽʩʪʴ ʽ ʷʢʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʧʽʜʨʦʟʜʽʣʘʤʠ 
ʚʽʜʥ. ʦʜ. 

ɯʥʜʝʢʩ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʟʤʽʥ 

ɺʽʜʥʦʰʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ 

ʟʘʧʣʘʥʦʚʘʥʠʭ 
% 

ɯʥʜʝʢʩ ʩʪʽʡʢʦʩʪʽ ʜʦ 

ʨʠʟʠʢʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ɺʽʜʦʙʨʘʞʘʻ ʟʜʘʪʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʚʪʨʘʪʠ ʧʽʜ ʯʘʩ ʟʤʽʥ 
ʚʽʜʥ. ʦʜ. 

ɯʥʜʝʢʩ ʥʘʚʯʘʣʴʥʦʾ 

ʘʜʘʧʪʠʚʥʦʩʪʽ 

ʍʘʨʘʢʪʝʨʠʟʫʻ ʟʜʘʪʥʽʩʪʴ ʧʝʨʩʦʥʘʣʫ ʟʘʩʚʦʶʚʘʪʠ 

ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 
ʚʽʜʥ. ʦʜ. 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʽʥʜʠʢʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʜʠʥʘʤʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʤʽʥ ʪʘ ʬʦʨʤʫʚʘʪʠ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ɯʥʪʝʛʨʘʮʽʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʫ ʩʠʩʪʝʤʫ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (DSS) 

ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʝ ʦʥʦʚʣʝʥʥʷ ʤʝʪʨʠʢ, ʚʽʟʫʘʣʽʟʘʮʽʶ ʪʝʥʜʝʥʮʽʡ ʽ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʱʦʜʦ ʧʦʜʘʣʴʰʠʭ ʢʨʦʢʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. 

ʈʠʩʫʥʦʢ 1 ʚʽʜʦʙʨʘʞʘʻ ʫʟʘʛʘʣʴʥʝʥʫ ʩʪʨʫʢʪʫʨʫ ʽʥʪʝʛʨʘʣʴʥʦʾ ʤʦʜʝʣʽ IETM (Integrated Efficiency 

Transformation Model), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʤʽʥ ʫ 

ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʈʠʩ. 1). 

 

 
 

ʈʠʩʫʥʦʢ 1. ɯʥʪʝʛʨʘʣʴʥʘ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʚʽʜʦʙʨʘʞʘʻ ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʫʨ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʜʝ ʨʝʟʫʣʴʪʘʪʠ 

ʘʥʘʣʽʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ, ʘ ʟʤʽʥʠ ʫ ʩʪʨʫʢʪʫʨʽ ʯʠ 

ʧʨʦʮʝʩʘʭ ʦʨʛʘʥʽʟʘʮʽʾ ð ʥʘ ʦʥʦʚʣʝʥʥʷ ʤʦʜʝʣʝʡ ʽ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʴ IETM 

ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʜʦʟʚʦʣʷʶʯʠ ʥʝ ʣʠʰʝ 

ɺʭʽʜʥʽ ʜʘʥʽ 
(ʪʝʣʝʤʝʪʨʽʷ ʟʤʽʥ) 

ÅKPI, OKR 

ÅHR-ʤʝʪʨʠʢʠ, ʬʽʥʘʥʩʦʚʽ ʧʦʢʘʟʥʠʢʠ 

Å ɼʘʥʽ ʮʠʬʨʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ  

ɸʥʘʣʽʪʠʯʥʠʡ ʨʽʚʝʥʴ 
(Data Processing) 

Åʅʦʨʤʘʣʽʟʘʮʽʷ ʪʘ ʘʛʨʝʛʘʮʽʷ ʧʦʢʘʟʥʠʢʽʚ 

Åɺʠʷʚʣʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʽ ʪʨʝʥʜʽʚ  

Åʌʦʨʤʫʚʘʥʥʷ ʦʟʥʘʢʦʚʠʭ ʚʝʢʪʦʨʽʚ 

ʆʮʽʥʶʚʘʣʴʥʠʡ 
ʨʽʚʝʥʴ (ʤʦʜʝʣʴ 

IETM) 

Åʈʦʟʨʘʭʫʥʦʢ  ʧʦʢʘʟʥʠʢʽʚ 

Åɸʛʨʝʛʘʮʽʷ ʟ ʚʘʛʘʤʠ 

Åʇʦʙʫʜʦʚʘ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʪʘ 
ʧʽʜʪʨʠʤʢʘ ʨʽʰʝʥʴ 

Åɼʘʰʙʦʨʜʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

Åʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʢʦʨʝʢʮʽʾ ʩʪʨʘʪʝʛʽʾ  

Åʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʢʦʨʝʢʮʽʾ ʩʪʨʘʪʝʛʽʾ 
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ʬʽʢʩʫʚʘʪʠ ʬʘʢʪ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʡ ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʘʡʙʫʪʥʽ ʪʝʥʜʝʥʮʽʾ, ʚʠʷʚʣʷʪʠ ʟʦʥʠ ʨʠʟʠʢʫ ʡ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʪʨʘʪʝʛʽʶ ʨʦʟʚʠʪʢʫ ʦʨʛʘʥʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ ʮʠʬʨʦʚʦʾ ʢʦʥʢʫʨʝʥʮʽʾ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʦʮʽʥʠʪʠ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʫʞʝ ʨʝʘʣʽʟʦʚʘʥʠʭ ʟʤʽʥ, ʘ ʡ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʡʙʫʪʥʽʭ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʠʬʨʦʚʦʾ ʢʦʥʢʫʨʝʥʮʽʾ, 

ʜʠʥʘʤʽʢʠ ʨʠʥʢʫ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʨʦʟʚʠʪʢʫ. 

 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ 

ʫ ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʘʜʝʢʚʘʪʥʦ ʦʮʽʥʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʠʰʝ ʬʽʥʘʥʩʦʚʠʭ ʘʙʦ 

ʧʨʦʮʝʩʥʠʭ ʤʝʪʨʠʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʪʝʛʨʘʣʴʥʘ ʤʦʜʝʣʴ IETM ʟʘʙʝʟʧʝʯʫʻ ʮʽʣʽʩʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʦʮʽʥʶʚʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʩʪʨʫʢʪʫʨʥʠʤʠ, ʮʠʬʨʦʚʠʤʠ ʪʘ ʩʦʮʽʘʣʴʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʤʽʥ. ʈʝʘʣʽʟʘʮʽʷ ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ ʘʥʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʦʮʽʥʶʚʘʥʥʷ ʡ 

ʟʘʙʝʟʧʝʯʠʪʠ ʘʜʘʧʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʩʪʨʘʪʝʛʽʡ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʩʧʨʠʷʪʠʤʝ ʧʝʨʝʭʦʜʫ ʚʽʜ ʨʝʘʢʪʠʚʥʦʛʦ ʜʦ ʧʨʦʛʥʦʟʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷʤʠ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʩʪʽʡʢʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡ ʫ ʢʦʥʢʫʨʝʥʪʥʦʤʫ 

ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 
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ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʋʢʨʘʾʥʘ) 

 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʝʪʦʜ ʩʝʛʤʝʥʪʘʮʽʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʟʘʜʘʥʘ ʬʫʥʢʮʽʻʶ ʜʚʦʭ ʟʤʽʥʥʠʭ 

ʪʘ ʤʘʻ ʨʦʟʨʠʚʠ ʧʝʨʰʦʛʦ ʨʦʜʫ ʬʫʥʢʮʽʾ ʘʙʦ ʾʾ ʧʦʭʽʜʥʦʾ ʜʝʷʢʦʛʦ ʧʦʨʷʜʢʫ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʨʦʟʨʠʚʽʚ 

ʧʦʚʝʨʭʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʟʨʠʚʥʽ ʩʧʣʘʡʥʠ ʥʘ ʧʨʷʤʦʢʫʪʥʠʭ ʝʣʝʤʝʥʪʘʭ ʨʦʟʙʠʪʪʷ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʫ ʟʘʜʘʯʘʭ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ, ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʪʘ 

ʽʥʞʝʥʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

ʇʨʦʙʣʝʤʘ ʩʝʛʤʝʥʪʘʮʽʾ ʧʦʚʝʨʭʦʥʴ ʧʦʩʽʜʘʻ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʫ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʘʭ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʛʨʘʬʽʢʠ, ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʪʘ ʽʥʞʝʥʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʂʣʘʩʠʯʥʽ ʧʽʜʭʦʜʠ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʛʣʦʙʘʣʴʥʠʭ ʤʝʪʦʜʘʭ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʟʦʢʨʝʤʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʟʧʝʨʝʨʚʥʠʭ ʩʧʣʘʡʥʽʚ 

[1]. ʆʜʥʘʢ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʦʚʝʨʭʥʷ ʤʽʩʪʠʪʴ ʨʽʟʢʽ ʟʤʽʥʠ ʢʨʠʚʠʟʥʠ ʯʠ ʩʪʨʫʢʪʫʨʥʽ ʨʦʟʨʠʚʠ, ʪʘʢʽ 

ʤʦʜʝʣʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʠʞʝʥʫ ʪʦʯʥʽʩʪʴ ʪʘ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʷʚʠ ʥʝʙʘʞʘʥʠʭ ʘʨʪʝʬʘʢʪʽʚ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʨʦʟʨʦʙʣʝʥʦ ʥʠʟʢʫ ʧʽʜʭʦʜʽʚ ʜʦ ʣʦʢʘʣʴʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ ʪʘ ʘʜʘʧʪʠʚʥʦʾ 

ʘʧʨʦʢʩʠʤʘʮʽʾ [2], ʟʦʢʨʝʤʘ ʤʝʪʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ B-ʩʧʣʘʡʥʽʚ ʪʘ NURBS [3]. ɼʣʷ ʟʘʜʘʯ ʽʟ 

ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʠʚʥʠʭ ʩʧʣʘʡʥʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʜʽʣʷʪʠ ʨʦʟʨʠʚʠ ʬʫʥʢʮʽʾ ʘʙʦ ʾʾ ʧʦʭʽʜʥʠʭ ʜʝʷʢʦʛʦ ʧʦʨʷʜʢʫ [4]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʦʻʜʥʘʥʥʷ ʢʣʘʩʠʯʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʧʣʘʡʥʦʚʦʛʦ ʘʥʘʣʽʟʫ ʟ ʥʦʚʠʤʠ ʧʽʜʭʦʜʘʤʠ ʜʦ ʩʝʛʤʝʥʪʘʮʽʾ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ. 
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ʅʝʭʘʡ ( , )f x y  ï ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʚʠʟʥʘʯʝʥʘ ʥʘ ʜʝʷʢʽʡ ʧʨʷʤʦʢʫʪʥʽʡ ʦʙʣʘʩʪʽ 

[ ][ ] 2

1 1 2 2, ,D a b a b= ³ Ë. ʅʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʫ ʧʦʚʝʨʭʥʶ ʥʘ ʥʘʷʚʥʽʩʪʴ ʨʦʟʨʠʚʽʚ ʧʝʨʰʦʛʦ 

ʨʦʜʫ ʩʘʤʦʾ ʬʫʥʢʮʽʾ ʘʙʦ ʾʾ ʧʦʭʽʜʥʦʾ ʜʝʷʢʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʪʘʢʽ ʨʦʟʨʠʚʠ ʽʩʥʫʶʪʴ, ʪʦ 

ʚʠʜʽʣʠʪʠ ʫ ʦʙʣʘʩʪʽ D ʦʢʨʝʤʽ ʩʝʛʤʝʥʪʠ ʪʘ ʥʘʙʣʠʟʠʪʠ ʣʽʥʽʶ ʨʦʟʨʠʚʫ ʙʽʣʽʥʽʡʥʠʤʠ ʩʧʣʘʡʥʘʤʠ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʨʠʚʽʚ ʥʘ ʦʙʣʘʩʪʽ D ʫ ʨʦʙʦʪʽ [4] ʥʘʚʝʜʝʥʦ ʤʝʪʦʜ, ʷʢʠʡ ʜʣʷ ʨʦʟʙʠʪʪʷ 

ʦʙʣʘʩʪʽ D ʥʘ ʧʨʷʤʦʢʫʪʥʽ ʝʣʝʤʝʥʪʠ ʧʨʷʤʠʤʠ, ʱʦ ʧʘʨʘʣʝʣʴʥʽ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ, ʙʫʜʫʻ ʥʘʙʣʠʞʝʥʥʷ 

ʢʨʠʚʦʾ ʨʦʟʨʠʚʫ ʬʫʥʢʮʽʾ ʘʙʦ ʾʾ ʧʦʭʽʜʥʦʾ ʜʝʷʢʦʛʦ ʧʦʨʷʜʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʠʚʥʠʭ ʙʽʣʽʥʽʡʥʠʭ 

ʩʧʣʘʡʥʽʚ ʚʠʛʣʷʜʫ: 
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ʜʝ 
, 1 1[ , ] [ , ]i j i i j jx x y y+ +P = ³  ï ʧʨʷʤʦʢʫʪʥʠʡ ʝʣʝʤʝʥʪ ʨʦʟʙʠʪʪʷ, ʷʢʠʡ ʥʘʣʝʞʠʪʴ ʦʙʣʘʩʪʽ D. 

 ʇʘʨʘʤʝʪʨʠ ʨʦʟʨʠʚʥʦʛʦ ʩʧʣʘʡʥʫ ʟʥʘʭʦʜʷʪʴʩʷ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ: 
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ʜʝ k ï ʟʥʘʯʝʥʥʷ ʧʦʭʽʜʥʦʾ, ʚ ʷʢʽʡ ʰʫʢʘʻʪʴʩʷ ʨʦʟʨʠʚ. 

 ʌʫʥʢʮʽʷ ʘʙʦ ʾʾ ʧʦʭʽʜʥʘ ʜʝʷʢʦʛʦ ʧʦʨʷʜʢʫ ʚʚʘʞʘʻʪʴʩʷ ʥʝʧʝʨʝʨʚʥʦʶ ʚ ʪʦʯʮʽ ( , )i jx y  ʷʢʱʦ ʜʣʷ 

ʥʝʾ ʩʧʨʘʚʝʜʣʠʚʽ ʪʘʢʽ ʥʝʨʽʚʥʦʩʪʽ [4]: 
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 ʉʬʦʨʤʫʣʶʻʤʦ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʤʝʪʦʜʫ ʩʝʛʤʝʥʪʘʮʽʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʠʚʥʠʭ 

ʩʧʣʘʡʥʽʚ: 

 1) ɿʘʜʘʻʤʦ ʧʦʯʘʪʢʦʚʝ ʨʦʟʙʠʪʪʷ Pʦʙʣʘʩʪʽ D ʥʘ ʧʨʷʤʦʢʫʪʥʽ ʝʣʝʤʝʥʪʠ 

, , 1, 1, 1, 1.i j i n j mP = - = - 

 2) ʅʘ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ ʨʦʟʙʠʪʪʷ ʽʟ P ʙʫʜʫʻʤʦ ʚʽʜʧʦʚʽʜʥʠʡ ʨʦʟʨʠʚʥʠʡ ʙʽʣʽʥʽʡʥʠʡ ʩʧʣʘʡʥ

, ( , ), 1, 1, 1, 1i jp x y i n j m= - = -. 

 3) ʄʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʟʥʘʭʦʜʠʤʦ ʥʝʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ , 1, , 1 1, 1, , , ,i j i j i j i jC C C C++ -+ +- --

+ + + + 

1, 1, 1, 1i n j m= - = - ʪʘ ʧʽʜʩʪʘʚʣʷʻʤʦ ʾʭ ʫ ʧʦʙʫʜʦʚʘʥʽ ʫ ʧ.2 ʨʦʟʨʠʚʥʽ ʙʽʣʽʥʽʡʥʽ ʩʧʣʘʡʥʠ. 

 4) ʅʘ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ ʨʦʟʙʠʪʪʷ ʦʙʯʠʩʣʶʻʤʦ ʟʥʘʯʝʥʥʷ: 

1

1

*

, , , ,max , ( , ) ( , ) , 1, 1, 1, 1
i i

j j

k

i j i j i j i j
x x x
y y y

J J J d f x y p x y i n j m
+

+

¢ ¢
¢ ¢

= = - = - = -. 

 5) ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʚ ʧ.4 ʟʥʘʯʝʥʴ ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʨʦʟʙʠʪʪʷ ʧʨʦ 

ʪʝ ʯʠ ʥʘʣʝʞʠʪʴ ʝʣʝʤʝʥʪ ʷʢʦʤʫʩʴ ʩʝʛʤʝʥʪʫ ʦʙʣʘʩʪʽ ʘʙʦ ʤʽʩʪʠʪʴ ʨʦʟʨʠʚ ʬʫʥʢʮʽʾ ʘʙʦ ʾʾ ʧʦʭʽʜʥʦʾ 

ʜʝʷʢʦʛʦ ʧʦʨʷʜʢʫ.  

ʗʢʱʦ *,i jJ <e, ʪʦ ʰʫʢʘʻʪʴʩʷ ʪʘʢʠʡ ʩʝʛʤʝʥʪ , 1,pG D p rË =  ʽʟ ʚʞʝ ʚʽʜʦʤʠʭ r ʩʝʛʤʝʥʪʽʚ, ʷʢʠʡ 

ʤʘʻ ʩʧʽʣʴʥʫ ʛʨʘʥʠʮʶ ʽʟ ʦʙʣʘʩʪʶ 
,i jP . ʗʢʱʦ ʪʘʢʠʡ ʩʝʛʤʝʥʪ ʽʩʥʫʻ, ʪʦ 

,i jP  ʦʙôʻʜʥʫʻʪʴʩʷ ʽʟ ʮʠʤ 

ʩʝʛʤʝʥʪʦʤ, ʪʦʙʪʦ 
,p p i jG G= P, ʫ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʫʪʚʦʨʶʻʪʴʩʷ ʥʦʚʠʡ ʩʝʛʤʝʥʪ 1 ,r i jG +=P, ʘ 

ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʝʤʝʥʪʽʚ ʧʦʚʝʨʭʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 1. ɺʠʜʘʣʷʻʤʦ ʽʟ P ʝʣʝʤʝʥʪ 
,i jP , ʦʩʢʽʣʴʢʠ ʚʽʥ 

ʚʚʘʞʘʻʪʴʩʷ ʥʝʧʝʨʝʨʚʥʠʤ. 
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ʗʢʱʦ *

,i jJ ²e, ʪʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʫ ʦʙʣʘʩʪʽ 
,i jP  ʤʽʩʪʠʪʴʩʷ ʨʦʟʨʠʚ ʧʝʨʰʦʛʦ ʨʦʜʫ ʬʫʥʢʮʽʾ ʘʙʦ ʾʾ 

ʧʦʭʽʜʥʦʾ ʜʝʷʢʦʛʦ ʧʦʨʷʜʢʫ. ɼʽʣʠʤʦ 
,i jP  ʥʘ ʯʦʪʠʨʠ ʨʽʚʥʽ ʯʘʩʪʠʥʠ, ʚʚʦʜʷʯʠ ʥʦʚʽ ʣʽʥʽʾ ʚʩʝʨʝʜʠʥʽ 

ʧʨʷʤʦʢʫʪʥʠʢʘ, ʚʠʜʘʣʷʻʤʦ ʽʟ P ʝʣʝʤʝʥʪ 
,i jP  ʪʘ ʜʦʜʘʻʤʦ ʟʘʤʽʩʪʴ ʥʴʦʛʦ ʥʦʚʽ ʯʦʪʠʨʠ ʧʨʷʤʦʢʫʪʥʽ 

ʝʣʝʤʝʥʪʠ. 

6) ʇʝʨʝʚʽʨʷʻʤʦ ʫʤʦʚʫ ʟʘʚʝʨʰʝʥʥʷ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ: 

,

,
(x,y)
max ( , ) ( , ) , 1, 1, 1, 1

i j

k

i jd f x y p x y i n j m
ÍP

- <e = - = - 

ʋ ʚʠʧʘʜʢʫ ʷʢʱʦ ʫʤʦʚʘ ʥʝ ʚʠʢʦʥʘʥʘ, ʪʦ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʧ.2. 

ʋ ʚʠʧʘʜʢʫ ʷʢʰʦ ʫʤʦʚʘ ʚʠʢʦʥʘʥʘ, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʠ ʦʪʨʠʤʫʻʤʦ ʥʘʙʽʨ ʟ r ʩʝʛʤʝʥʪʽʚ, ʱʦ 

ʦʧʠʩʫʶʪʴʩʷ ʦʙʣʘʩʪʷʤʠ , 1,pG D p rË = , ʪʘ ʥʘʙʣʠʞʝʥʥʷ ʢʨʠʚʦʾ ʨʦʟʨʠʚʫ ʫ ʚʠʛʣʷʜʽ ʨʦʟʨʠʚʥʠʭ 

ʩʧʣʘʡʥʽʚ P. 

ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʾ ʨʦʙʦʪʠ ʫʩʧʽʰʥʦ ʧʨʦʪʝʩʪʦʚʘʥʽ ʥʘ ʧʨʠʢʣʘʜʽ ʬʘʥʪʦʤʫ ʐʝʧʘ-ʃʦʛʘʥʘ, ʱʦ 

ʜʦʚʦʜʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʦʟʨʦʙʢʘ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʫ ʩʝʛʤʝʥʪʘʮʽʾ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʟʘʜʘʶʪʴʩʷ 

ʥʝʧʝʨʝʨʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʘʙʦ ʧʦʩʪʫʧʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ.  

ʆʢʨʝʤʦ ʩʣʽʜ ʚʠʜʽʣʠʪʠ, ʱʦ ʥʘʚʝʜʝʥʠʡ ʤʝʪʦʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʙʣʠʞʫʚʘʪʠ ʢʨʠʚʫ ʨʦʟʨʠʚʫ ʽ, ʟʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ, ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʱʝʥʠʡ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʣʠʰʝ ʢʨʠʚʦʾ ʨʦʟʨʠʚʫ ʬʫʥʢʮʽʾ ʘʙʦ ʾʾ ʧʦʭʽʜʥʦʾ 

ʜʝʷʢʦʛʦ ʧʦʨʷʜʢʫ, ʘʥʘʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʫ ʟ [4]. 

ʄʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʫ ʟʘʜʘʯʘʭ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ, ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, 

ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ ʪʘ ʽʥʞʝʥʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʜʝ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʩʢʣʘʜʥʦʾ 

ʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʦʥʴ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʻʜʥʘʥʥʷ ʨʦʟʨʠʚʥʠʭ ʩʧʣʘʡʥʽʚ ʽʟ 

ʘʣʛʦʨʠʪʤʘʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʩʝʛʤʝʥʪʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʩʪʽʡʢʦʩʪʽ ʜʦ ʰʫʤʽʚ ʫ ʜʘʥʠʭ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
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[2] L. Piegl and W. Tiller, The NURBS Book, Berlin: Springer, 1997. 

[3] D. F. Rogers, An Introduction to NURBS: With Historical Perspective, San Francisco: Morgan 

Kaufmann, 2001. 

[4] O. M. ʃʠʪʚʠʥ, ʆ. ɺ. ʉʣʘʚʽʢ, ɼʦʩʣʽʜʞʝʥʥʷ ʣʽʥʽʡ ʨʦʟʨʠʚʫ ʬʫʥʢʮʽʡ ʜʚʦʭ ʟʤʽʥʥʠʭ ʘʙʦ ʾʭ ʧʦʭʽʜʥʠʭ 

ʜʝʷʢʦʛʦ ʧʦʨʷʜʢʫ, ʇʨʦʙʣʝʤʠ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, vol. 19, no. 1, pp. 37-43, 2016. 

 

 

 

 

ʋɼʂ 519.6 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʆʇɽʈɸʊʆʈɯɺ ʆ. ʄ. ʃʀʊɺʀʅɸ ɼʃʗ 

ʄʆɼɽʃʖɺɸʅʅʗ ʇʆɺɽʈʍʅɯ ɿɸ ɺɯɼʆʄʆʖ ɯʅʌʆʈʄɸʎɯɭʖ ʇʈʆ ʅɽɰ ʅɸ 

ʇɯɼʆɹʃɸʉʊʗʍ ʇʈʗʄʆʂʋʊʅʆɰ ʌʆʈʄʀ 

ʉʣʘʚʽʢ ʆ. ɺ., ʉʝʨʜʶʢʦʚ ɸ. ɸ. (oleksii.slavik@nure.ua, andrii.serdiukov@nure.ua) 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʋʢʨʘʾʥʘ) 

 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʜʠʬʽʢʘʮʽʷ ʤʝʪʦʜʫ ʽʥʪʝʨʩʪʨʽʧʘʮʽʾ ʬʫʥʢʮʽʡ ʜʚʦʭ ʟʤʽʥʥʠʭ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʷʢʫ ʟʘʜʘʥʘ ʥʘ ʥʘʙʦʨʽ ʧʨʷʤʦʢʫʪʥʠʭ 

ʧʽʜʦʙʣʘʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʫ ʟʘʜʘʯʘʭ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʛʨʘʬʽʢʠ, ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʪʘ ʽʥʞʝʥʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

ʋ ʩʫʯʘʩʥʠʭ ʟʘʜʘʯʘʭ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʤʝʪʦʜʠ 

ʚʽʜʥʦʚʣʝʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʬʫʥʢʮʽʡ ʟʘ ʥʝʧʦʚʥʠʤʠ ʘʙʦ ʬʨʘʛʤʝʥʪʘʨʥʠʤʠ ʜʘʥʠʤʠ. ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ 

ʧʦʪʨʝʙʫʶʪʴ ʟʘʜʘʯʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʢʦʣʠ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʬʫʥʢʮʽʶ ʟʘʜʘʥʘ 

ʣʠʰʝ ʥʘ ʦʢʨʝʤʠʭ ʧʽʜʦʙʣʘʩʪʷʭ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ. ɼʣʷ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ ʜʦʮʽʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʽʥʪʝʨʩʪʨʽʧʘʮʽʾ ʆ. ʄ. ʃʠʪʚʠʥʘ ʬʫʥʢʮʽʡ ʜʚʦʭ ʟʤʽʥʥʠʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 
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ʦʧʝʨʘʪʦʨʽʚ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʥʘ ʩʤʫʛʘʭ, ʱʦ ʤʘʻ ʟʥʘʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʪʘ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʦʱʦ [1]. 

ʅʝʭʘʡ ( , )f x y  ï ʬʫʥʢʮʽʷ ʜʚʦʭ ʟʤʽʥʥʠʭ, ʷʢʘ ʚʠʟʥʘʯʝʥʘ ʥʘ ʜʝʷʢʽʡ ʧʨʷʤʦʢʫʪʥʽʡ ʦʙʣʘʩʪʽ 

[ ][ ] 2, ,D a b c d= ³ Ë. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʬʫʥʢʮʽʾ ʚʽʜʦʤʽ ʣʠʰʝ ʥʘ ʩʠʩʪʝʤʽ ʧʨʷʤʦʢʫʪʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʛʨʘʥʠʮʽ ʷʢʠʭ ʧʘʨʘʣʝʣʴʥʽ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ ʪʘ ʦʧʠʩʫʶʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 
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, ( , )i jL f x y  



Proceedings of the XVIII International scientific and practical conference çInformation technologies and automationï 2025è 

184 

ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʽʥʪʝʨʩʪʨʽʧʘʮʽʾ ʫ ʬʦʨʤʽ ʃʘʛʨʘʥʞʘ ʥʘ ʩʠʩʪʝʤʽ ʧʝʨʝʨʪʠʥʥʠʭ ʩʤʫʛ ʽʟ ʛʨʘʥʠʮʷʤʠ, ʱʦ 

ʧʘʨʘʣʝʣʴʥʽ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ [3]. 

ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʚʽʜʯʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʆ. ʄ. 

ʃʠʪʚʠʥʘ ʷʢ ʝʬʝʢʪʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʟʘ ʥʝʧʦʚʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʥʝʾ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʫʟʛʦʜʞʝʥʽ ʛʣʦʙʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʦʙʤʝʞʝʥʠʭ ʜʘʥʠʭ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʘʜʘʯ. ɿʨʦʙʣʝʥʽ ʚʠʩʥʦʚʢʠ ʚʽʜʢʨʠʚʘʶʪʴ 

ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʚ ʥʘʧʨʷʤʽ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ, ʨʦʟʰʠʨʝʥʥʷ ʢʣʘʩʫ ʬʫʥʢʮʽʡ ʪʘ ʦʙʣʘʩʪʝʡ, ʜʦ ʷʢʠʭ 

ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʽ ʦʧʝʨʘʪʦʨʠ. 

ʅʘʚʝʜʝʥʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʦʧʝʨʘʪʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʫ ʦʙʨʦʙʮʽ ʜʘʥʠʭ. 

ʆʢʨʽʤ ʪʦʛʦ ʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʾʭ ʟʘʩʪʦʩʚʘʥʥʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. 
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INTEGRATED MODELS AND METHODS FOR DYNAMIC PRICING AND QUEUE 

MANAGEMENT IN AMUSEMENT PARKS  

Slobodyanuk V., Khoshaba O. (pzmag2022@gmail.com) 

Vinnitsia National Technical University (Ukraine) 

 

Abstract. This work develops and evaluates an integrated framework for dynamic pricing and 

queue management in amusement parks. We model time-varying arrivals, heterogeneous visitor 

segments, and attraction service processes using stochastic queueing models coupled with demand 

functions linking price, quoted waiting time, and perceived utility. Control is formulated as a finite-

horizon optimisation that selects time-of-day prices and queue policies (including virtual queues and slot-

based admissions) to maximise a multi-objective criterion balancing revenue, average waiting time, and 

service-level constraints. Parameter estimation combines historical ticketing and entry-gate data with 

attraction-level telemetry. Simulation studies calibrated on realistic park scales indicate that coordinated 

pricing and queue control can reduce mean waiting times by 30ï40% while increasing revenue by 10ï

20% relative to flat pricing with FIFO, subject to fairness caps and satisfaction constraints. The 

approach uses well-established results from revenue management and queueing theory, making it 

suitable for deployment as a digital twin for operational decision support. 

Keywords: dynamic pricing; queueing; revenue management; virtual queuing; demand elasticity; 

stochastic optimisation; amusement parks; digital twin. 

 

Amusement parks face persistent peak-time congestion, volatile demand and heightened 

expectations of transparency and equity in service delivery. We address these challenges with an 

integrated framework that couples a time-varying queueing network with cross-price and cross-delay 

elasticities, enabling joint control of dynamic prices, virtual queues and capacity quotas under explicit 

fairness constraints. The approach draws on revenue-management fundamentals to shape willingness to 

pay and arrival timing [1], [2], classical and modern queueing theory to map operational states to delays 

and throughputs [3]ï[6], and Markov decision processes for sequential control under uncertainty [7]. 

Uniquely, we make quoted waiting time (QWT) a first-class, customer-visible signal that co-drives 

demand alongside price, while guaranteeing fairness and accessibility via enforceable constraints. 

Arrivals are modelled as piecewise-stationary Poisson processes with distinct weekday and 

holiday profiles; service times are log-normal fits per ride category (thrill, family, kids). Demand 



Proceedings of the XVIII International scientific and practical conference çInformation technologies and automationï 2025è 

185 

sensitivities include own- and cross-elasticities to (i) posted price and (ii) the QWT forecast published to 

guests at booking or entry. Control actionsðprice levels, virtual-queue admissions and per-ride capacity 

quotasðare computed through a rolling-horizon optimisation with 15-minute receding windows. 

Elasticity parameters are updated online using a Bayesian scheme every hour based on a seven-day 

sliding window of operational traces; priors are truncated to maintain stability under sparse data. To 

ensure operational realism, each attraction is limited to at most one price change per 30 minutes. Fairness 

is enforced via three hard caps: intra-day price dispersion between equivalent customer groups Ò15%; 

P90 waiting time for non-priority guests Ò35 minutes; and an accessibility quota reserving Ó5% of 

capacity. These constraints institutionalise transparency and equity without removing managerial degrees 

of freedom [1], [2]. 

We instantiate the framework as a digital-twin testbed comprising 14 rides (5 thrill, 6 family, 3 

kids), operating 10:00ï20:00. Calibrated peak arrival rates at the three flagship rides are 220ï260 

guests/hour, while across the park per-ride arrivals range from 40 to 260 guests/hour depending on time-

of-day and scenario. Median service times span 2.8ï4.1 minutes (IQR 1.1ï1.6) across categories. 

Scenarios cover weekday, holiday and light-rain conditions (the latter reducing arrivals by ~12%) with 

bimodal peaks around 12:00ï14:00 and 16:00ï18:00. The queueing backbone follows standard results 

linking arrival and service characteristics to sojourn times and throughput [3]ï[6]; we invoke Littleôs law 

qualitatively to interpret loadïdelay trade-offs without recourse to explicit formulae [5]. The controller is 

solved as a finite-horizon decision problem in the spirit of MDPs, with approximate dynamic 

programming elements used to warm-start the rolling optimisations [7]. 

Primary outcomes are P50/P90 sojourn time (minutes), on-time service probability (target Ó95%), 

throughput (guests/hour) and revenue; we additionally track QWT error, defined as |quoted ī realised|. 

All metrics are reported as medians with interquartile ranges over K = 64 stochastic replications per 

scenario, using a fixed seed set to ensure reproducibility. Baselines include (i) static pricing with FIFO 

queues, and (ii) time-of-day pricing without virtual queues. Ablations remove cross-elasticities or fairness 

constraints to isolate their marginal contributions. This stacked evaluation design adheres to best practice 

in operations research, separating demand-shaping, queue-structuring and ethical-governance effects [1]ï

[3], [6]. 

Across all weekday and holiday scenarios, the integrated controller reduces P90 sojourn time by 

32ï38% (median 35%) and increases revenue by 11ï19% (median 14%) relative to static pricing, while 

raising throughput by 6ï9%. These gains arise from two mechanisms: prices and QWTs cooperatively re-

time arrivals away from peaks, and virtual queues reduce wasted physical waiting without degrading 

service discipline. Crucially, fairness caps are not merely feasible but active in congested periods, 

bounding dispersion and protecting non-priority guests. Customer-visible QWTs remain within Ñ3 

minutes of realised medians, reinforcing trust and mitigating perceived queue unfairness. Against the 

time-of-day-only baseline, additional benefits stem from cross-elasticity awareness: coordinating prices at 

substitutable rides prevents counterproductive load shifting and avoids local optima that inflate park-wide 

P90. Ablations confirm both cross-elasticities and fairness constraints are materialðremoving either 

erodes revenueïdelay trade-offs and, in the latter case, increases tail waits for non-priority guests. 

Robustness analyses indicate graceful degradation under model error and shocks. With Ñ20% mis-

specification of elasticities and an unannounced 25% demand spike at 16:00, revenue and P90 

improvements deteriorate by Ò4 percentage points, while fairness constraints remain satisfied. The 

rolling-horizon cadence is a key design knob. A 15-minute re-optimisation schedule with conservative 

elasticity priors offers the best balance of stability and responsiveness. Switching to a five-minute 

cadence yields negligible incremental benefit but higher operational complexity due to more frequent 

candidate changes. From a managerial standpoint, we recommend configuring the controller to prioritise 

adherence to fairness caps during 12:00ï14:00 and 16:00ï18:00 peaks, and to prefer small, predictable 

price movements that align with guestsô reference prices [1], [2]. The capacity-quota lever is particularly 

effective in protecting accessibility slots with minimal throughput loss when applied pre-peak rather than 

reactively. 

The study contributes a practical synthesis of revenue management, queueing models and 

sequential decision-making tailored to the realities of themed attractions. Methodologically, it 

demonstrates that posting credible QWTs as a demand signal is as powerful as classical pricing in shaping 

flows, provided those QWTs are tightly coupled to the underlying queueing dynamics [3], [6]. 

Empirically, we show that a fairness-aware controller can deliver double-digit revenue gains while cutting 
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tail delays by roughly a third, without eroding perceived equityðan outcome often presumed to be a 

zero-sum trade-off. Limitations include reduced headroom under extreme spikiness (e.g., concert-adjacent 

events) or under legally mandated price caps below elasticity thresholds. In such regimes, the gains 

diminish, and fairness constraints bind earlier. Future work will extend the digital twin to heterogeneous 

risk preferences and group arrivals. It will explore staff-scheduling co-optimisation to tighten the link 

between planned capacity and realised service times. 

In summary, the proposed framework formalises a transparent and equitable way to blend 

dynamic pricing with virtual queue management in amusement parks. By anchoring control on realistic 

demand and service models, exposing QWTs as a meaningful promise to guests, and hard-coding fairness 

protections, operators can achieve robust improvements in both economic and experiential outcomes. Our 

results are consistent with established theories of demand and congestion while advancing their joint 

application in a complex, high-variability service system [4]ï[7]. 
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ʪʝʯʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʆʧʠʩʫʻʪʴʩʷ ʩʫʯʘʩʥʠʡ ʩʪʘʥ  ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʥʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ 

ʛʽʙʨʠʜʥʽ ʧʽʜʭʦʜʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʰʚʠʜʢʽʩʥʠʭ  ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

 

ɻʽʙʨʠʜʥʽ RANS (Reynolds Averaged Navier ï Stokes) ï LES (Large Eddy Simulation) ʤʦʜʝʣʽ 

ʟôʷʚʠʣʠʩʷ ʧʦʨʽʚʥʷʥʦ ʥʝʜʘʚʥʦ: ʚ ʜʝʚôʷʥʦʩʪʽ  ʨʦʢʠ  ʥʘʧʨʠʢʽʥʮʽ ʤʠʥʫʣʦʛʦ  ʩʪʦʣʽʪʪʷ.  ʅʘ ʩʴʦʛʦʜʥʽ, 

ʧʨʠʥʘʡʤʥʽ, ʧʦʰʠʨʝʥʽ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʪʘʢʠʭ ʤʦʜʝʣʝʡ.  ɰʭ ʧʦʜʘʣʴʰʦʤʫ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʽ ʨʦʟʚʠʪʢʫ 

ʧʨʠʩʚʷʯʝʥʦ ʚʝʣʠʯʝʟʥʝ ʯʠʩʣʦ ʨʦʙʽʪ [1-7]. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʤʝʪʦʜʦʤ ʩʪʘʚ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʽʜ'ʻʜʥʘʥʠʭ ʚʠʭʦʨʽʚ - Detached Eddy Simulation ʘʙʦ DES [4].  DES ʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ - 

Delayed Detached Eddy Simulation (DDES) [5].  ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʟʠʪʠʚʥʽ ʩʪʦʨʦʥʠ ʽʜʝʾ, ʱʦ ʣʝʞʠʪʴ 

ʚ ʦʩʥʦʚʽ ʛʽʙʨʠʜʥʠʭ ʤʦʜʝʣʝʡ. ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ  ʥʝ ʤʘʻ ʧʦʚʥʦʾ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʚʞʝ ʽʩʥʫʶʯʠʤʠ 

ʤʦʜʝʣʷʤʠ ʪʘʢʦʛʦ ʪʠʧʫ. 

ɿʘʛʘʣʴʥʘ ʢʦʥʮʝʧʮʽʷ, ʱʦ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʛʽʙʨʠʜʥʠʭ ʤʦʜʝʣʝʡ, ʚʽʜʙʠʚʘʻʪʴʩʷ ʚ ʾʭ ʥʘʟʚʽ. ɺʦʥʘ 

ʧʦʣʷʛʘʻ ʚ ʩʧʨʦʙʽ ʧʦʙʫʜʦʚʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʚʘʣʠ ʙ ʷʢ RANS ʚ ʦʜʥʠʭ ʽ ʷʢ LES 

ʚ ʽʥʰʠʭ ʦʙʣʘʩʪʷʭ ʪʝʯʽʾ. ʊʘʢʘ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʬʦʨʤʘʣʴʥʽʡ ʩʭʦʞʦʩʪʽ ʨʽʚʥʷʥʴ 
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ʈʝʡʥʦʣʴʜʩʘ  ʽ ʨʽʚʥʷʥʴ LES. ʇʨʦʪʝ ʰʣʷʭʠ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʤʦʞʣʠʚʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʘʙʩʦʣʶʪʥʦ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ  ʚʽʜʤʽʥʥʽʩʪʶ ʨʽʟʥʠʭ ʬʦʨʤ ʛʽʙʨʠʜʥʠʭ ʤʦʜʝʣʝʡ. 

ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʜʦ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʛʽʙʨʠʜʥʠʭ RANS ï LES ʤʦʜʝʣʝʡ  ʩʣʽʜ ʚʽʜʥʝʩʪʠ 

ʽʩʪʦʨʠʯʥʦ ʧʝʨʰʠʡ ʛʽʙʨʠʜʥʠʡ ʤʝʪʦʜ DES. ɺʽʥ  ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ  ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʘ RANS ʽ LES 

ʤʝʪʦʜʘʤ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʯʽʡ ʟ ʚʝʣʠʢʠʤʠ  ʚʽʜʨʠʚʥʠʤʠ ʟʦʥʘʤʠ. ɺʽʜʦʤʦ, ʱʦ  RANS ʤʦʜʝʣʽ ʥʝ ʟʜʘʪʥʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠʡʥʷʪʥʫ ʜʣʷ ʧʨʘʢʪʠʢʠ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʪʘʢʠʭ ʪʝʯʽʡ.  LES ʧʽlʭsʜ ʚʠʤʘʛʘʻ 

ʥʘʜʤʽʨʥʦ ʚʝʣʠʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ, ʣʝʚʦʚʘ ʯʘʩʪʢʘ ʷʢʠʭ ʧʦʚ'ʷʟʘʥʘ ʟ ʨʦʟʨʘʭʫʥʢʦʤ ʧʨʠʩʪʽʥʥʦʾ 

ʯʘʩʪʠʥʠ ʧʨʠʻʜʥʘʥʠʭ ʧʨʠʤʝʞʦʚʠʭ ʰʘʨʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ  ʝʥʝʨʛʦʥʝʩʫʯʽ ʚʠʭʦʨʠ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ. 

 ʎʝ ʩʧʦʥʫʢʘʣʦ  ʘʚʪʦʨʽʚ DES [4-8] ʜʦ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʬʫʥʢʮʽʦʥʫʚʘʣʘ ʙ ʷʢ RANS ʚ 

ʦʙʣʘʩʪʽ ʧʨʠʻʜʥʘʥʦʛʦ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ ʽ ʟʘʙʝʟʧʝʯʫʚʘʣʘ  ʮʽʣʢʦʤ ʧʨʠʡʥʷʪʥʫ ʪʦʯʥʽʩʪʴ, ʽ ʷʢ LES ʫ 

ʚʽʜʨʠʚʥʠʭ ʦʙʣʘʩʪʷʭ ʧʦʪʦʢʫ, ʜʝ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʚʠʤʘʛʘʻ ʥʘʜʤʽʨʥʦ ʜʨʽʙʥʠʭ ʩʽʪʦʢ. ʅʘʟʚʘ 

ʤʝʪʦʜʫ "ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜ'ʻʜʥʘʥʠʭ ʚʠʭʦʨʽʚ" ʧʽʜʢʨʝʩʣʶʻ ʧʨʠʥʮʠʧʦʚʫ ʚʽʜʤʽʥʥʽʩʪʴ DES ʚʽʜ LES. 

ʊʘʢʠʤ  ʯʠʥʦʤ  ʫ ʨʘʤʢʘʭ DES "ʪʦʯʥʦ" ʨʦʟʨʽʟʥʷʶʪʴʩʷ  ʣʠʰʝ "ʚʽʜ'ʻʜʥʘʥʽ" ʚʠʭʦʨʠ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʫ 

ʚʽʜʨʠʚʥʽʡ ʟʦʥʽ,  ɺʽʜʥʦʩʥʦ ʜʨʽʙʥʽ ʚʠʭʦʨʠ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʫ  ʧʨʠʻʜʥʘʥʦʤʫ ʧʨʠʤʝʞʦʚʦʤʫ  ʰʘʨʽ, 

ʦʧʠʩʫʶʪʴʩʷ ʟʚʠʯʘʡʥʠʤʠ ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʤʠ RANS ʤʦʜʝʣʷʤʠ. 

ʑʝ ʦʜʥʘ ʚʘʞʣʠʚʘ ʦʩʦʙʣʠʚʽʩʪʴ DES ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʫ ʨʘʤʢʘʭ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʫ RANS ʽ LES 

ʦʙʣʘʩʪʷʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʥʘ ʽ ʪʘ ʞ "ʙʘʟʦʚʘ" ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʷʢʘ ʬʫʥʢʮʽʦʥʫʻ ʷʢ RANS 

ʤʦʜʝʣʴ ʫ ʩʝʨʝʜʠʥʽ ʧʨʠʩʪʽʥʥʦʛʦ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ ʽ ʷʢ ʾʾ ʧʽʜʩʽʪʢʦʚʠʡ ʘʥʘʣʦʛ ʜʘʣʝʢʦ ʚʽʜ ʪʚʝʨʜʠʭ 

ʩʪʽʥʦʢ. ʇʨʠ ʮʴʦʤʫ ʤʝʞʘ ʤʽʞ ʦʙʣʘʩʪʷʤʠ RANS ʽ LES ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʘʭʫʥʢʫ 

ʘʚʪʦʤʘʪʠʯʥʦ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʨʦʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʽʪʢʠ, ʚʽʜ ʚʽʜʩʪʘʥʽ ʚʽʜ ʜʘʥʦʾ 

ʪʦʯʢʠ ʧʦʪʦʢʫ ʜʦ ʦʙʪʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʽ, ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʚʽʜ ʣʦʢʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ.  

ɯʥʪʝʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʘʝʨʦʜʠʥʘʤʽʢʠ ʩʧʨʠʷʚ ʧʦʷʚʽ ʮʽʣʦʛʦ ʨʷʜʫ ʛʽʙʨʠʜʥʠʭ DES 

ʤʝʪʦʜʽʚ [9-10]. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ DES ʽ ʽʥʰʽ ʘʥʘʣʦʛʽʯʥʽ DES-ʧʦʜʽʙʥʽ ʤʝʪʦʜʠ: Extra - Large Eddy 

Simulation ʘʙʦ E-LES [10] ʽ Limited Numerical Scales ʘʙʦ LNS [11], ʷʢʽ ʯʘʩʪʦ ʥʝ ʟʦʚʩʽʤ ʪʦʯʥʦ 

ʥʘʟʠʚʘʶʪʴ "ʥʝʟʦʥʥʠʤʠ" ("non-zonal") ʛʽʙʨʠʜʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʱʦʙ ʚʽʜʨʽʟʥʠʪʠ ʾʭ ʚʽʜ ʟʦʥʥʠʭ ʛʽʙʨʠʜʽʚ, 

ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʘʥʥʷ RANS ʽ LES ʦʙʣʘʩʪʝʡ ʧʨʦʧʦʥʫʶʪʴʩʷ ʟ ʪʠʭ ʘʙʦ ʽʥʰʠʭ ʤʽʨʢʫʚʘʥʴ. ɼʦ ʪʘʢʠʭ 

ʤʝʪʦʜʽʚ ʥʘʣʝʞʠʪʴ, ʥʘʧʨʠʢʣʘʜ, ʟʦʥʥʠʡ DES (Zonal DES ʘʙʦ ZDES), ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ  ʨʦʙʦʪʽ [12], ʘ 

ʪʘʢʦʞ ʨʷʜ ʽʥʰʠʭ ʟʦʥʥʠʭ ʧʽʜʭʦʜʽʚ . ʎʝʡ ʤʝʪʦʜ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ DES, ʱʦ ʧʦʣʷʛʘʶʪʴ ʫ 

ʙʽʣʴʰʽʡ ʛʥʫʯʢʦʩʪʽ. ʇʨʦʪʝ ʡʦʛʦ ʦʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʧʦʣʷʛʘʻ  ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʧʨʽʦʨʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ 

ʩʪʨʫʢʪʫʨʫ ʪʝʯʽʾ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʘʙʦ ʣʽʥʽʾ ʚʽʜʨʠʚʫ ʧʦʪʦʢʫ.  

ʆʢʨʝʤʫ ʛʨʫʧʫ ʛʽʙʨʠʜʥʠʭ RANS - LES ʤʝʪʦʜʽʚ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʪʘʢ ʟʚʘʥʽ ʤʦʜʝʣʽ LES ʟ 

ʧʨʠʩʪʽʥʥʠʤʠ ʤʦʜʝʣʶʚʘʥʥʷʤ (Wall Modeled LES - WMLES) [13], ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʝ ʣʠʰʝ ʚʽʜʨʠʚʥʠʭ, ʘʣʝ ʽ ʩʢʣʘʜʥʠʭ ʧʨʠʻʜʥʘʥʠʭ ʪʫʨʙʫʣʝʥʪʥʠʭ ʪʝʯʽʡ.  ɯʜʝʷ ʮʠʭ 

ʤʝʪʦʜʽʚ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ RANS ʥʝ ʚ ʫʩʴʦʤʫ ʧʨʠʩʪʽʥʥʦʤʫ ʧʨʠʤʝʞʦʚʦʤʫ  ʰʘʨʽ, ʷʢ ʮʝ 

ʨʦʙʠʪʴʩʷ ʚ DES, ʘ ʪʽʣʴʢʠ ʚ ʡʦʛʦ ʚʥʫʪʨʽʰʥʽʡ ʦʙʣʘʩʪʽ, ʪʦʙʪʦ ʩʘʤʝ ʚ ʪʽʡ ʦʙʣʘʩʪʽ, ʥʘ ʨʦʟʨʘʭʫʥʦʢ ʷʢʦʾ 

ʜʦʚʦʜʷʪʴʩʷ ʦʩʥʦʚʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ LES.  ʇʨʦʪʝ ʩʧʝʢʪʨ ʟʘʩʪʦʩʫʚʘʥʥʷ WMLES ʻ ʜʦʩʠʪʴ 

ʰʠʨʦʢʠʤ [2,14]. 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʦʪʨʠʤʘʚ ʨʦʟʚʠʪʦʢ ʱʝ ʦʜʠʥ ʧʽʜʭʽʜ ʜʦ RANSSLES ʤʦʜʝʣʶʚʘʥʥʶ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʱʦ ʻ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʦʶ ʟʦʥʥʠʭ ʤʝʪʦʜʽʚ ʽ ʜʽʩʪʘʚ ʥʘʟʚʫ ʚʙʫʜʦʚʘʥʦʛʦ LES 

(Embedded LES), ʫ ʨʘʤʢʘʭ ʷʢʦʾ ʦʙʣʘʩʪʴ LES ʤʦʞʝ ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʫʩʝʨʝʜʠʥʽ 

ʦʙʣʘʩʪʽ RANS   [2]. 

ʎʝ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʪʨʫʜʦʤʽʩʪʢʦʛʦ ʤʝʪʦʜʫ LES ʪʽʣʴʢʠ ʚ 

ʪʠʭ ʦʙʣʘʩʪʷʭ ʧʦʪʦʢʫ, ʷʢʽ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʦʧʠʩʫ ʫ ʨʘʤʢʘʭ RANS, ʘʙʦ ʚ ʦʙʣʘʩʪʷʭ, ʜʣʷ ʷʢʠʭ ʧʦʪʨʽʙʥʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʝ ʣʠʰʝ ʧʨʦ ʦʩʝʨʝʜʥʝʥʽ, ʘʣʝ ʽ ʧʨʦ ʧʫʣʴʩʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʫ. ʊʘʢʘ 

ʟʘʜʘʯʘ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʟʚôʷʟʘʥʠʭ  ʟʘʜʘʯ  ʘʝʨʦʜʠʥʘʤʽʢʠ ʪʘ ʧʨʫʞʥʦʩʪʽ, ʘʢʫʩʪʠʢʠ 

ʇʨʦʪʝ ʜʣʷ ʾʭ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʦʪʨʽʙʥʽ  ʚʠʨʽʰʝʥʥʷ ʨʷʜʫ ʩʢʣʘʜʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʦʙʣʝʤ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ "ʟʰʠʚʘʥʥʷʤ"  RANS ʽ LES ʨʦʟʚôʷʟʢʽʚ. 

ʊʘʢ, ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ LES ʜʦ RANS ʨʦʟʚôʷʟʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʝ  ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʚʥʦʛʦ 

ʧʨʠʛʥʽʯʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʫʣʴʩʘʮʽʡ [12,13].  

ɺ ʧʨʦʪʠʣʝʞʥʽʩʪʴ ʮʴʦʤʫ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʰʚʠʜʢʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʦʚʥʽʩʪʶ ʤʦʜʝʣʴʦʚʘʥʦʾ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʚ RANS ʦʙʣʘʩʪʽ ʜʦ "ʜʦʟʚʦʣʝʥʦʾ" ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʚ LES ʦʙʣʘʩʪʽ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʝʞʘʭ ʦʩʪʘʥʥʴʦʶ ʥʝʦʙʭʽʜʥʦ ʚʚʦʜʠʪʠ ʰʪʫʯʥʽ ʟʙʫʨʝʥʥʷ  [2].  ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʽ ʤʦʜʝʣʶʚʘʥʥʽ 

ʪʫʨʙʫʣʝʥʪʥʠʭ ʪʝʯʽʡ ʮʽʣʢʦʤ ʟʘʜʦʚʽʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʮʠʭ ʧʠʪʘʥʴ ʜʦʩʽ ʥʝ ʟʥʘʡʜʝʥʦ. ʆʢʨʽʤ ʮʴjʛʦ, 

ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ ʽ ʽʩʪʦʪʥʠʤ ʯʠʥʦʤ ʦʧʠʨʘʻʪʴʩʷ ʥʘ 

ʩʧʝʮʠʬʽʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʽʪʦʢ ʽ ʩʪʨʫʢʪʫʨʫ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 
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ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʢʦʜʘʭ. ʎʝ ʫʪʨʫʜʥʷʻ, ʘ ʽʥʦʜʽ ʽ ʫʥʝʤʦʞʣʠʚʣʶʻ ʧʝʨʝʥʝʩʝʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʟ ʦʜʥʦʛʦ 

ʢʦʜʫ ʚ ʽʥʰʠʡ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʨʦʟʨʦʙʣʝʥʦ ʽ ʱʝ ʪʘʢ ʟʚʘʥʽ   ñʙʝʟʰʦʚʥʽò (seamless) RANS - LES ʛʽʙʨʠʜʠ, ʚ ʷʢʠʭ 

ʦʙʠʜʚʘ ʧʽʜʭʦʜʠ ʪʠʤ ʘʙʦ ʽʥʰʠʤ ʯʠʥʦʤ ñʟʚʘʞʫʶʪʴʩʷò ʽ ʦʜʥʦʯʘʩʥʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʫ ʚʩʽʡ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤ ʟ ʥʠʭ ʻ ʤʝʪʦʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʯʘʩʪʢʦʚʦ ʦʩʝʨʝʜʥʝʥʠʭ 

ʨʽʚʥʷʥʥʷʭ ʅʘʚôʻ-ʉʪʦʢʩʘ, ï Partially Averaged Navier-stokes ʘʙʦ PANS [16]. ʇʨʦʪʝ ʧʨʦʙʣʝʤʘ ʧʦʙʫʜʦʚ 

ʚʘʛʦʚʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʜʝʢʚʘʪʥʽ, ʫ  ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ  ʣʦʢʘʣʴʥʠʤ ʨʦʟʤʽʨʘʤ 

ʩʽʪʢʠ,  ʚʘʛʠ RANS ʽ LES ʤʦʜʝʣʝʡ ʚ ʜʘʥʽʡ ʪʦʯʮʽ ʧʦʪʦʢʫ ʟʘʣʠʰʘʻʪʴʩʷ, ʧʦ ʩʫʪʽ, ʥʝʚʠʨʽʰʝʥʦʶ. ʎʝ 

ʽʩʪʦʪʥʦ ʦʙʤʝʞʫʻ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʰʦʚʥʠʭ ʧʽʜʭʦʜʽʚ RANS-LES. 

ʐʠʨʦʢʠʡ ʜʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʥʽʡʥʠʭ ʤʦʜʝʣʝʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʽ ʚ ʥʘʰ ʯʘʩ  ʥʘʡʙʽʣʴʰ 

ʚʠʩʦʢʠʡ ñʨʝʡʪʠʥʛò ʩʝʨʝʜ ʥʠʭ ʦʪʨʠʤʘʣʠ ʜʚʽ ʤʦʜʝʣʽ ʪʘ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ:  

- ʤʦʜʝʣʴ ʧʝʨʝʥʝʩʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚ'ʷʟʢʦʩʪʽ [15,16,17] (ʤʦʜʝʣʴ ʉʧʘʣʘʨʪʘ-ɸʣʣʤʘʨʘʩʘ ʘʙʦ SA 

ʤʦʜʝʣʴ),  

-  ʤʦʜʝʣʴ ʧʝʨʝʥʝʩʝʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʽ ʧʠʪʦʤʦʾ ʰʚʠʜʢʦʩʪʽ ʾʾ ʜʠʩʠʧʘʮʽʾ [18] 

( w-k  Shear Stress Transport ʤʦʜʝʣʴ ʄʝʥʪʝʨʘ ʘʙʦ SST ʤʦʜʝʣʴ).  

ʇʨʦʪʝ ʩʝʨʝʜ  ʛʽʙʨʠʜʥʠʭ RANS-LES   ʤʝʪʦʜʽʚ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ  ʛʽʙʨʠʜʥʠʡ 

ʤʝʪʦʜ DES [15-18] ʪʘ ʡʦʛʦ ʧʽʟʥʽʰʽ ʤʦʜʠʬʽʢʘʮʽʾ. 

ɺʚʘʞʘʶʪʴ, ʱʦ ʧʨʠʥʘʡʤʥʽ ʚʧʨʦʜʦʚʞ ʥʘʡʙʣʠʞʯʠʭ ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ, ʦʩʥʦʚʥʠʤ ʨʦʙʦʯʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʘʝʨʦʜʠʥʘʤʽʢʠ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʨʦʟʨʘʭʫʥʢʦʤ 

ʪʫʨʙʫʣʝʥʪʥʠʭ ʪʝʯʽʡ, ʙʫʜʫʪʴ ʟʘʣʠʰʘʪʠʩʷ ʤʝʪʦʜʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ RANS ʫ ʧʦʻʜʥʘʥʥʽ 

ʟ ʨʽʟʥʠʤʠ ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʛʽʙʨʠʜʥʽ RANS - LES ʤʝʪʦʜʠ. 
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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɸɼɸʇʊʀɺʅʆɰ ʉʀʉʊɽʄʀ ɯʅʊɽʈɺɸʃʔʅʀʍ 

ʇʆɺʊʆʈɽʅʔ ɼʃʗ ɺʀɺʏɽʅʅʗ ʃɽʂʉʀʂʀ 

ʊʢʘʯʝʥʢʦ ɼ. ʈ. (Daniil.Tkachenko@cs.khpi.edu.ua) 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ) 

 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʽʥʪʝʨʚʘʣʴʥʠʭ ʧʦʚʪʦʨʝʥʴ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʚʦʻʥʥʷ ʣʝʢʩʠʯʥʠʭ ʦʜʠʥʠʮʴ. ɼʦʩʣʽʜʞʝʥʦ ʤʦʜʠʬʽʢʘʮʽʾ 

ʢʣʘʩʠʯʥʦʾ ʤʦʜʝʣʽ ʢʨʠʚʦʾ ʟʘʙʫʚʘʥʥʷ ɽʙʙʽʥʛʘʫʟʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʢʦʛʥʽʪʠʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʩʧʝʮʠʬʽʢʠ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʥʥʷ ʩʣʦʚʥʠʢʦʚʦʛʦ ʟʘʧʘʩʫ. ʊʘʢʦʞ 

ʦʧʠʩʘʥʦ ʨʦʟʨʦʙʢʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʜʣʷ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʥʘʚʯʘʥʥʷ, ʱʦ ʜʠʥʘʤʽʯʥʦ 

ʦʧʪʠʤʽʟʫʻ ʽʥʪʝʨʚʘʣʠ ʧʦʚʪʦʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʣʝʢʩʠʢʠ 

ʢʦʨʠʩʪʫʚʘʯʝʤ. 

 

ʇʨʦʙʣʝʤʘ ʰʚʠʜʢʦʛʦ ʟʘʙʫʚʘʥʥʷ ʚʠʚʯʝʥʦʛʦ ʩʣʦʚʥʠʢʦʚʦʛʦ ʟʘʧʘʩʫ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʫ 

ʧʨʦʮʝʩʽ ʦʚʦʣʦʜʽʥʥʷ ʽʥʦʟʝʤʥʦʶ ʤʦʚʦʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʨʠʚʦʾ ʟʘʙʫʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʙʝʟ 

ʧʦʚʪʦʨʝʥʥʷ ʙʽʣʴʰʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟʘʙʫʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʜʥʽʚ ʧʽʩʣʷ ʚʠʚʯʝʥʥʷ[1]. ɯʩʥʫʶʯʽ 

ʩʠʩʪʝʤʠ ʽʥʪʝʨʚʘʣʴʥʠʭ ʧʦʚʪʦʨʝʥʴ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʩʢʣʘʜʥʽʩʪʴ ʢʦʥʢʨʝʪʥʠʭ ʣʝʢʩʠʯʥʠʭ ʦʜʠʥʠʮʴ ʪʘ ʜʠʥʘʤʽʢʫ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʦʙʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʚʪʦʨʝʥʴ ʪʘ ʦʧʪʠʤʽʟʫʶʪʴ ʯʘʩ, 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʥʥʷ ʣʝʢʩʠʢʠ. 

ʆʩʥʦʚʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʻ ʤʦʜʠʬʽʢʦʚʘʥʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʘ ʬʫʥʢʮʽʷ ʩʠʣʠ 

ʧʘʤ'ʷʪʽ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

Ὓὸ Ὓ Ὡ ȟ 
ʜʝ S(t) ï ʩʠʣʘ ʧʘʤôʷʪʽ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t;  

S0 ï ʧʦʯʘʪʢʦʚʘ ʩʠʣʘ ʧʘʤôʷʪʽ ʧʽʩʣʷ ʚʠʚʯʝʥʥʷ;  

ɚ ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʽ ʢʦʛʥʽʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʢʦʨʠʩʪʫʚʘʯʘ; 

t ï ʯʘʩ, ʱʦ ʧʨʦʡʰʦʚ ʟ ʤʦʤʝʥʪʫ ʧʦʚʪʦʨʝʥʥʷ. 

ʂʣʶʯʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʻ ʘʜʘʧʪʠʚʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʙʫʚʘʥʥʷ 

ɚ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʽʩʪʦʨʽʶ ʚʽʜʧʦʚʽʜʝʡ ʢʦʨʠʩʪʫʚʘʯʘ, ʩʢʣʘʜʥʽʩʪʴ ʣʝʢʩʠʯʥʦʾ ʦʜʠʥʠʮʽ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʢʦʛʥʽʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʧʦʚʪʦʨʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʬʦʨʤʫʣʘ: 

ὸ ÌÎ  Ўὸȟ 

ʜʝ St ï ʮʽʣʴʦʚʠʡ ʧʦʨʽʛ ʟʘʙʫʚʘʥʥʷ;  

S0 ï ʧʦʯʘʪʢʦʚʘ ʩʠʣʘ ʧʘʤôʷʪʽ (1);  

ɚeff  ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʙʫʚʘʥʥʷ;  
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ætm ï ʢʦʨʝʢʮʽʷ ʥʘ ʥʝʝʢʩʧʦʥʝʥʮʽʡʥʫ ʧʦʚʝʜʽʥʢʫ. 

ʎʽʣʴʦʚʠʡ ʧʦʨʽʛ ʟʘʙʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦ ʘʜʘʧʪʫʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʧʝʨʝʜʥʽʭ 

ʧʦʚʪʦʨʝʥʴ: 

Ὓ Ὓ ‎ὲ  ὲȟ‏

ʜʝ Sprev ï ʧʦʧʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʨʦʛʫ ʟʘʙʫʚʘʥʥʷ (ʧʦʯʘʪʢʦʚʝ 0.7);  

nm ï ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʧʨʠ ʤʠʥʫʣʦʤʫ ʧʦʚʪʦʨʶʚʘʥʥʽ;  

ns ï ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʶʚʘʥʴ ʙʝʟ ʧʦʤʠʣʦʢ ʧʦʩʧʽʣʴ;  

ɔ, ŭ ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ (0.05). 

ɽʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʙʫʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

‗ ‗ „ ὸ ‌ Ὀ ‍ ρ ὅȟ 
ʜʝ ɚbase ï ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ (0.2);  

ů
2
 ï ʜʠʩʧʝʨʩʽʷ ʰʫʤʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʟʘʙʫʚʘʥʥʷ[2] (0.02);  

tprev ï ʧʦʧʝʨʝʜʥʽʡ ʽʥʪʝʨʚʘʣ ʧʦʚʪʦʨʝʥʥʷ;  

D ï ʩʢʣʘʜʥʽʩʪʴ ʩʣʦʚʘ (1-5 ʙʘʣʽʚ);  

C ï ʢʦʛʥʽʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʪʫʚʘʯʘ (ʚʽʜ 0.5 ʜʦ 1.5);  

Ŭ, ɓ ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ (ʦʙʨʘʥʦ Ŭ=0.02, ɓ=0.03). 

ʂʦʛʥʽʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʢʠ ʡʦʛʦ ʥʘʚʯʘʣʴʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ: 

˞ πȟυ
ὔ

ὔ
ȟ 

ʜʝ Nr ï ʢʽʣʴʢʽʩʪʴ ʫʩʧʽʰʥʠʭ ʧʦʚʪʦʨʝʥʴ ʢʦʨʠʩʪʫʚʘʯʘ;  

N ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʝʥʴ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɼʣʷ ʫʨʘʭʫʚʘʥʥʷ ʥʝʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʭ ʝʬʝʢʪʽʚ ʫ ʧʨʦʮʝʩʘʭ ʧʘʤ'ʷʪʽ ʚʚʝʜʝʥʦ ʜʦʜʘʪʢʦʚʫ ʢʦʨʝʢʮʽʶ: 

Ўὸ
†

ς
ρ Ὡ ȟ 

ʜʝ Ű ï ʯʘʩ ʢʦʨʝʣʷʮʽʾ ʧʘʤ'ʷʪʽ[2] (2 ʜʥʽ);  

tprev ï ʧʦʧʝʨʝʜʥʽʡ ʽʥʪʝʨʚʘʣ ʧʦʚʪʦʨʝʥʥʷ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʩʧʝʮʠʬʽʢʫ ʟʘʩʚʦʻʥʥʷ ʣʝʢʩʠʢʠ ʯʝʨʝʟ ʚʚʝʜʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 

ʩʢʣʘʜʥʦʩʪʽ ʣʝʢʩʠʯʥʦʾ ʦʜʠʥʠʮʽ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʤʦʨʬʦʣʦʛʽʯʥʽ, ʩʝʤʘʥʪʠʯʥʽ ʪʘ ʬʦʥʝʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʚʘ. ʉʠʩʪʝʤʘ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʨʠʩʪʫʚʘʯʘ ʯʝʨʝʟ 

ʜʠʥʘʤʽʯʥʝ ʦʙʯʠʩʣʝʥʥʷ ʢʦʛʥʽʪʠʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʥʘʚʯʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʇʝʨʝʚʘʛʘʤʠ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʻ ʧʝʨʩʦʥʘʣʽʟʘʮʽʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʝʢʦʥʦʤʽʷ ʯʘʩʫ ʯʝʨʝʟ 

ʩʢʦʨʦʯʝʥʥʷ ʟʘʡʚʠʭ ʧʦʚʪʦʨʝʥʴ ʣʝʛʢʠʭ ʩʣʽʚ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʫʚʘʛʠ ʥʘ ʩʢʣʘʜʥʠʭ ʣʝʢʩʠʯʥʠʭ ʦʜʠʥʠʮʷʭ. 

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʪʝʤʧʫ ʥʘʚʯʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʠʡ 

ʨʦʟʧʦʜʽʣ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʯʘʩʽ.  

ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʫ ʩʠʩʪʝʤʘʭ ʚʠʚʯʝʥʥʷ ʽʥʦʟʝʤʥʠʭ ʤʦʚ, 

ʧʨʦʬʝʩʽʡʥʦʾ ʪʝʨʤʽʥʦʣʦʛʽʾ ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʣʝʢʩʠʢʠ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ 

ʣʝʢʩʠʯʥʠʭ ʦʜʠʥʠʮʴ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʤʦʜʝʣʽ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʢʦʥʪʝʢʩʪʫʘʣʴʥʦʛʦ ʟʘʩʚʦʻʥʥʷ 

ʩʣʦʚʥʠʢʦʚʦʛʦ ʟʘʧʘʩʫ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
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ʋɼʂ 332.1:330.43:004.738.5 

ʄʆɼɽʃʖɺɸʅʅʗ ʉʄɸʈʊʇʆʊɽʅʎɯɸʃʋ ʈɽɻɯʆʅɯɺ ʋʂʈɸɰʅʀ ɺ ʋʄʆɺɸʍ ʎʀʌʈʆɺʆɰ 

ʊʈɸʅʉʌʆʈʄɸʎɯɰ 

ʋʜʘʯʠʥʘ ʂ. ʆ.,ʇʽʜʛʦʨʥʘ ʂ. ɼ., ʇʽʜʛʦʨʥʠʡ ɺ. ʆ.  

(k.d.pidgorna@ust.edu.ua, k.o.udachina@ust.edu.ua) 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ (ʋʢʨʘʾʥʘ) 

 

ʋ ʪʝʟʘʭ ʧʦʜʘʥʦ ʩʫʪʥʽʩʪʴ ʧʦʥʷʪʪʷ ʩʤʘʨʪʧʦʪʝʥʮʽʘʣʫ ʨʝʛʽʦʥʽʚ ʪʘ ʡʦʛʦ ʨʦʣʴ ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ 

ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ ʩʤʘʨʪʧʦʪʝʥʮʽʘʣʫ, ʩʝʨʝʜ ʷʢʠʭ ʮʠʬʨʦʚʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʣʶʜʩʴʢʠʡ ʢʘʧʽʪʘʣ ʽ ʧʽʜʧʨʠʻʤʥʠʮʴʢʝ ʩʝʨʝʜʦʚʠʱʝ. ʆʧʠʩʘʥʦ ʝʪʘʧʠ ʤʦʜʝʣʶʚʘʥʥʷ ï 

ʚʽʜ ʥʦʨʤʘʣʽʟʘʮʽʾ ʧʦʢʘʟʥʠʢʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʩʤʘʨʪʽʥʜʝʢʩʫ. ʅʘʚʝʜʝʥʦ ʤʦʞʣʠʚʦʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʨʝʛʽʦʥʽʚ ʪʘ ʧʽʜʪʨʠʤʢʠ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. ʋ ʚʠʩʥʦʚʢʫ ʧʽʜʢʨʝʩʣʝʥʦ ʟʥʘʯʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʽʦʥʘʣʴʥʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ. 

 

ʋ ʧʨʦʮʝʩʽ ʧʝʨʝʭʦʜʫ ʥʘ ʮʠʬʨʦʚʽ ʟʘʩʘʜʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʧʦʥʷʪʪʷ 

ʩʤʘʨʪʧʦʪʝʥʮʽʘʣʫ ʨʝʛʽʦʥʫ ï ʩʫʢʫʧʥʦʩʪʽ ʨʝʩʫʨʩʽʚ, ʢʦʤʧʝʪʝʥʮʽʡ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʜʦ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʦʥʦʚʣʝʥʥʷ [1, 2]. ʉʫʯʘʩʥʠʡ ʨʝʛʽʦʥʘʣʴʥʠʡ 

ʨʦʟʚʠʪʦʢ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ ʦʮʽʥʶʶʪʴ ʥʝ ʣʠʰʝ ʟʘ ʚʠʨʦʙʥʠʯʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʯʠ ʦʙʩʷʛʘʤʠ ʽʥʚʝʩʪʠʮʽʡ, 

ʘ ʡ ʯʝʨʝʟ ʟʜʘʪʥʽʩʪʴ ʨʝʛʽʦʥʫ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʛʝʥʝʨʫʚʘʪʠ ʟʥʘʥʥʷ ʪʘ 

ʩʪʚʦʨʶʚʘʪʠ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡ. ɺ ʫʤʦʚʘʭ ʮʠʬʨʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʩʘʤʝ 

ʧʦʻʜʥʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ, ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʪʘ ʽʥʩʪʠʪʫʮʽʡʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʚʠʟʥʘʯʘʻ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʪʝʨʠʪʦʨʽʡ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʙʫʜʦʚʠ 

ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ ʦʮʽʥʶʚʘʥʥʷ ʩʤʘʨʪʧʦʪʝʥʮʽʘʣʫ, ʷʢʘ ʙ ʫʨʘʭʦʚʫʚʘʣʘ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʢʽʣʴʢʽʩʥʠʭ ʽ 

ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʚʠʪʢʫ, ʘ ʪʘʢʦʞ ʚʽʜʦʙʨʘʞʘʣʘ ʨʝʘʣʴʥʠʡ ʩʪʘʥ ʮʠʬʨʦʚʦʾ ʟʨʽʣʦʩʪʽ ʨʝʛʽʦʥʽʚ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʤʘʨʪʧʦʪʝʥʮʽʘʣʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʥʜʝʥʮʽʡ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ ʥʦʚʠʭ 

ʚʠʢʣʠʢʽʚ ʽʥʥʦʚʘʮʽʡʥʦʾ ʝʢʦʥʦʤʽʢʠ. ʄʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʚʠʩʪʫʧʘʻ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʩʤʘʨʪʝʢʦʥʦʤʽʢʠ ʟ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ʝʢʦʥʦʤʽʢʦ-

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [1]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʧʦʻʜʥʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʽ ʣʦʛʽʯʥʦʛʦ ʫʟʘʛʘʣʴʥʝʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʨʦʟʛʣʷʜʘʪʠ ʩʤʘʨʪʧʦʪʝʥʮʽʘʣ ʷʢ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʫ ʩʠʩʪʝʤʫ. ʋ ʤʝʞʘʭ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʜʽʶʪʴ ʮʠʬʨʦʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʣʶʜʩʴʢʠʡ ʢʘʧʽʪʘʣ, ʽʥʩʪʠʪʫʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʧʽʜʧʨʠʻʤʥʠʮʴʢʘ ʘʢʪʠʚʥʽʩʪʴ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʽ 

ʝʢʦʣʦʛʽʯʥʘ ʩʪʘʣʽʩʪʴ, ʷʢʽ ʨʘʟʦʤ ʬʦʨʤʫʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ. 

ʇʽʜʛʦʪʦʚʯʠʡ ʝʪʘʧ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʟʙʽʨ ʚʠʭʽʜʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʽʟ ʚʽʜʢʨʠʪʠʭ 

ʜʞʝʨʝʣ, ʾʭ ʘʥʘʣʽʪʠʯʥʫ ʧʝʨʝʚʽʨʢʫ ʪʘ ʧʦʜʘʣʴʰʫ ʥʦʨʤʘʣʽʟʘʮʽʶ [3]. ʎʷ ʧʨʦʮʝʜʫʨʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʫʩʫʥʝʥʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʦʜʠʥʠʮʷʤʠ ʚʠʤʽʨʫ ʧʦʢʘʟʥʠʢʽʚ, ʘʜʞʝ ʚʦʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʫ ʧʨʠʨʦʜʫ ï 

ʚʽʜ ʝʢʦʥʦʤʽʯʥʠʭ ʜʦ ʩʦʮʽʘʣʴʥʠʭ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ. ʅʦʨʤʘʣʽʟʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʦʙôʻʢʪʠʚʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʽ ʩʪʚʦʨʶʻ ʙʘʟʫ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʝʪʘʧʫ ï ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʝʥʪʨʦʧʽʡʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʞʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʪʘ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʥʘʜʘʪʠ ʡʦʤʫ ʚʽʜʧʦʚʽʜʥʫ ʚʘʛʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʤʽʥʽʤʽʟʫʻ ʚʧʣʠʚ ʩʫʙôʻʢʪʠʚʥʠʭ ʩʫʜʞʝʥʴ ʝʢʩʧʝʨʪʽʚ ʽ ʚʦʜʥʦʯʘʩ ʟʙʝʨʽʛʘʻ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ [4]. 

ʆʪʨʠʤʘʥʽ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʪʘ ʟʚʘʞʝʥʽ ʧʦʢʘʟʥʠʢʠ ʽʥʪʝʛʨʫʶʪʴʩʷ ʚ ʻʜʠʥʠʡ ʚʠʤʽʨʶʚʘʯ ï 

ʽʥʪʝʛʨʘʣʴʥʠʡ ʩʤʘʨʪʽʥʜʝʢʩ. ɺʽʥ ʚʽʜʦʙʨʘʞʘʻ ʩʪʫʧʽʥʴ ʨʦʟʚʠʪʢʫ ʢʦʞʥʦʛʦ ʨʝʛʽʦʥʫ ʟʘ ʩʫʢʫʧʥʽʩʪʶ 

ʢʨʠʪʝʨʽʾʚ ʽ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʤʽʞʨʝʛʽʦʥʘʣʴʥʽ ʧʦʨʽʚʥʷʥʥʷ. ʋ ʤʝʞʘʭ ʤʦʜʝʣʽ ʤʦʞʣʠʚʝ ʦʙʯʠʩʣʝʥʥʷ 

ʷʢ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ, ʪʘʢ ʽ ʦʢʨʝʤʠʭ ʩʫʙʽʥʜʝʢʩʽʚ ʜʣʷ ʢʣʶʯʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʩʤʘʨʪʧʦʪʝʥʮʽʘʣʫ [5]. ʎʝ 

ʥʘʜʘʻ ʟʤʦʛʫ ʙʘʯʠʪʠ ʥʝ ʣʠʰʝ ʟʘʛʘʣʴʥʠʡ ʨʝʡʪʠʥʛ ʨʝʛʽʦʥʽʚ, ʘ ʡ ʜʝʪʘʣʽʟʦʚʘʥʦ ʚʠʟʥʘʯʘʪʠ ʩʠʣʴʥʽ ʡ ʩʣʘʙʢʽ 

ʩʪʦʨʦʥʠ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. 

ɼʣʷ ʧʦʛʣʠʙʣʝʥʦʛʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ 

ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. ʂʣʘʩʪʝʨʥʠʡ ʧʽʜʭʽʜ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʯʝʨʝʟ ʘʣʛʦʨʠʪʤ k-ʩʝʨʝʜʥʽʭ, ʜʘʻ ʟʤʦʛʫ 

ʛʨʫʧʫʚʘʪʠ ʨʝʛʽʦʥʠ ʟʘ ʩʭʦʞʠʤʠ ʧʨʦʬʽʣʷʤʠ ʩʤʘʨʪʨʦʟʚʠʪʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʢʽʣʴʢʘ ʪʠʧʦʚʠʭ 

ʢʘʪʝʛʦʨʽʡ: ʣʽʜʝʨʠ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʪʝʨʠʪʦʨʽʾ ʟ ʧʦʪʝʥʮʽʘʣʦʤ ʟʨʦʩʪʘʥʥʷ ʪʘ ʨʝʛʽʦʥʠ, ʱʦ 

ʧʦʪʨʝʙʫʶʪʴ ʩʪʠʤʫʣʶʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ [6]. ʊʘʢʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʘʻ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ, 

ʦʩʢʽʣʴʢʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʨʽʻʥʪʫʚʘʪʠ ʜʝʨʞʘʚʥʫ ʧʽʜʪʨʠʤʢʫ ʥʘ ʢʦʥʢʨʝʪʥʽ ʧʦʪʨʝʙʠ ʢʦʞʥʦʾ ʛʨʫʧʠ. 



Proceedings of the XVIII International scientific and practical conference çInformation technologies and automationï 2025è 

192 

ʈʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʩʤʘʨʪʧʦʪʝʥʮʽʘʣʫ ʥʘ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ: ʚʘʣʦʚʠʡ ʨʝʛʽʦʥʘʣʴʥʠʡ ʧʨʦʜʫʢʪ, ʟʘʡʥʷʪʽʩʪʴ ʫ ʩʝʢʪʦʨʘʭ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʨʽʚʝʥʴ ʮʠʬʨʦʚʦʾ ʦʩʚʽʪʠ ʯʠ ʽʥʥʦʚʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʧʽʜʧʨʠʻʤʩʪʚ. ʎʝ ʧʦʛʣʠʙʣʶʻ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ 

çʨʦʟʫʤʥʽè ʯʠʥʥʠʢʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʦʥʦʤʽʯʥʫ ʜʠʥʘʤʽʢʫ ʨʝʛʽʦʥʽʚ. 

ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʫʱʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʘʥʘʣʽʪʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʝʨʞʘʚʥʠʤʠ ʦʨʛʘʥʘʤʠ ʚʣʘʜʠ, ʦʨʛʘʥʘʤʠ ʤʽʩʮʝʚʦʛʦ 

ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʤʠ ʫʩʪʘʥʦʚʘʤʠ. ɰʾ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ, 

ʨʦʟʚʠʪʦʢ ʣʶʜʩʴʢʦʛʦ ʢʘʧʽʪʘʣʫ, ʫʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʧʨʦʛʨʘʤ. ʇʝʨʝʚʘʛʦʶ ʧʽʜʭʦʜʫ ʻ ʪʘʢʦʞ ʡʦʛʦ ʘʜʘʧʪʘʮʽʷ ʜʦ ʨʝʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʫʢʨʘʾʥʩʴʢʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʩʢʣʘʜʥʠʭ ʙʘʟ ʜʘʥʠʭ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ, ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʩʤʘʨʪʽʥʜʝʢʩʫ ʷʢ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʚʠʤʽʨʥʠʢʘ ʜʦʟʚʦʣʷʻ ʦʙôʻʢʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʽʥʥʦʚʘʮʽʡʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʪʝʨʠʪʦʨʽʡ, 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʤʽʥʠ ʨʽʚʥʷ ʮʠʬʨʦʚʦʾ ʟʨʽʣʦʩʪʽ ʪʘ ʚʠʟʥʘʯʘʪʠ ʥʘʧʨʷʤʢʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʥʝ ʣʠʰʝ ʬʦʨʤʘʣʽʟʫʻ ʧʨʦʮʝʩ ʦʮʽʥʶʚʘʥʥʷ, ʘ ʡ ʩʪʚʦʨʶʻ ʧʽʜˇʨʫʥʪʷ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʩʪʨʘʪʝʛʽʯʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʨʝʛʽʦʥʘʣʴʥʦʾ ʧʦʣʽʪʠʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ 

ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʽ ʮʠʬʨʦʚʫ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ. ɰʾ ʧʨʘʢʪʠʯʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʞʝ ʩʪʘʪʠ 

ʜʽʻʚʠʤ ʤʝʭʘʥʽʟʤʦʤ ʤʦʜʝʨʥʽʟʘʮʽʾ ʝʢʦʥʦʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʋʢʨʘʾʥʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʫʤʦʚʘʭ ʩʪʘʥʦʚʣʝʥʥʷ ʩʤʘʨʪʝʢʦʥʦʤʽʢʠ. 
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ʚʟʘʻʤʦʜʽʾ.   ɺ ʤʦʜʝʣʷʭ ʚʠʢʦʨʠʩʪʘʥʦ  ʢʨʠʪʝʨʽʾ   ʦʮʽʥʶʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʛʨʫʧ ʧʦʚʽʜʦʤʣʝʥʴ  ʜʣʷ 

ʚʽʟʫʘʣʴʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ.. 
 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɯʥʪʝʨʬʝʡʩ ʤʽʞ ʣʶʜʠʥʦʶ ʽ ʤʘʰʠʥʦʶ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ 

ʚʠʟʥʘʯʝʥʥʽ ʟʨʫʯʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ  ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ. ɺʘʞʣʠʚʽʩʪʴ 

ʨʦʟʨʦʙʢʠ  ʝʬʝʢʪʠʚʥʠʭ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ  ʘʢʪʫʘʣʴʥʘ, ʦʩʦʙʣʠʚʦ ʚ ʢʦʥʪʝʢʩʪʽ ʝʢʩʧʝʨʪʥʠʭ 

ʩʠʩʪʝʤ, ʚʙʫʜʦʚʘʥʠʭ ʫ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʜʽʘʛʥʦʩʪʠʢʠ 

ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ɺʘʞʣʠʚʦʶ ʜʠʩʮʠʧʣʽʥʦʶ ʚ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽʥʪʝʨʬʝʡʩʽʚ ʚʠʩʪʫʧʘʻ ʝʨʛʦʥʦʤʽʢʘ. ɺʦʥʘ ʩʧʨʷʤʦʚʘʥʘ 

ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʟʘʜʦʚʦʣʝʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ɽʨʛʦʥʦʤʽʢʘ ʙʝʨʝ ʜʦ ʫʚʘʛʠ ʟʜʘʪʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʧʨʠʡʤʘʪʠ ʡ ʨʦʟʫʤʽʪʠ ʽʥʬʦʨʤʘʮʽʶ, 

ʱʦ ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʩʪʚʦʨʝʥʥʽ ʽʥʪʝʨʬʝʡʩʽʚ, ʷʢʽ ʧʽʜʚʠʱʫʶʪʴ ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʤʽʥʽʤʽʟʫʶʪʴ ʧʦʤʠʣʢʠ. 

ʇʨʠʥʮʠʧʠ ʝʨʛʦʥʦʤʽʢʠ ʻ  ʚʘʞʣʠʚʠʤʠ ʚ ʩʬʝʨʽ ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤ ʪʘ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ, ʜʝ 

ʟʘʚʜʘʥʥʷ ʯʘʩʪʦ ʻ ʩʢʣʘʜʥʠʤʠ ʪʘ ʯʫʪʣʠʚʠʤʠ ʜʦ ʯʘʩʫ. ʊʘʢʽ ʯʘʩʦʚʽ ʝʨʛʦʥʦʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʯʘʩ 

ʚʽʜʛʫʢʫ, ʪʨʠʚʘʣʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣ ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʪʘʶʪʴ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʧʨʦʻʢʪʫʚʘʥʥʽ ʽʥʪʝʨʬʝʡʩʫ. ʅʘʪʦʤʽʩʪʴ ʫ ʩʝʨʝʜʦʚʠʱʘʭ ʤʦʥʽʪʦʨʠʥʛʫ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʫ ʚʽʜʦʙʨʘʞʝʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʯʠ ʛʨʦʤʽʟʜʢʝ ʢʦʤʧʦʥʫʚʘʥʥʷ 

ʽʥʪʝʨʬʝʡʩʫ ʤʦʞʫʪʴ ʧʝʨʝʰʢʦʜʞʘʪʠ ʧʨʠʡʥʷʪʪʶ ʨʽʰʝʥʴ ʽ ʟʥʠʞʫʚʘʪʠ ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʩʠʩʪʝʤʠ. 

ɸʣʛʦʨʠʪʤ ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʦʚʠʭ ʝʨʛʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʪʝʨʬʝʡʩʫ.ʂʦʥʬʽʛʫʨʘʮʽʷ 

ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʟ ʽʥʪʝʨʬʝʡʩʦʤ ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʻ ʥʠʟʢʫ ʩʮʝʥʘʨʽʾʚ, ʜʣʷ ʷʢʠʭ ʧʦʪʨʽʙʥʦ 

ʟʘʣʫʯʠʪʠ n -ʛʨʫʧ ʢʘʜʨʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʚʽʟʫʘʣʴʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ. ɼʣʷ ʪʨʠʚʘʣʦʩʪʽ ʮʠʭ 

ʧʦʚʽʜʦʤʣʝʥʴ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʨʦʟʢʠʜ ʾʭʥʽʭ ʪʨʠʚʘʣʦʩʪʝʡ.ʈʝʩʫʨʩ ʪʨʠʚʘʣʦʩʪʽ Tʩon ʩʮʝʥʘʨʽʶ ʧʨʦʮʝʩʫ 

ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʪʨʠʚʘʣʦʩʪʷʤʠ ʤʥʦʞʠʥʠ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʚʠʙʨʘʥʠʭ ʟ ʦʢʨʝʤʠʭ n -ʛʨʫʧ. 

ʊʨʠʚʘʣʽʩʪʴ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ ʘʧʨʽʦʨʽ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʽʥʪʝʨʬʝʡʩʫ. 

ɼʣʷ ʢʦʞʥʦʾ ʽ-ʪʦʾ ʛʨʫʧʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʤʽʥʽʤʘʣʴʥʫ ʪʘ ʤʘʢʩʠʤʘʣʴʥʫ ʪʨʠʚʘʣʦʩʪʽ, 

ʧʦʩʦʨʪʫʚʘʚʰʠ ʚ ʢʦʞʥʽʡ ʛʨʫʧʽ: 

Tʽ,ʤʽn , Tʽ,ʤʘʭ; ʽ ʻ [1, n], (1)  

 ʆʙʯʠʩʣʝʥʥʷ ʯʘʩʦʚʦʛʦ ʨʝʩʫʨʩʫ ʧʦʣʷʛʘʻ ʫ ʚʠʙʦʨʽ ʟ ʢʦʞʥʦʾ ʛʨʫʧʠ ʧʦʚʽʜʦʤʣʝʥʴ ʝʣʝʤʝʥʪʘ ʟ ʪʨʠʚʘʣʽʩʪʶ 

Ti . ʈʦʟʛʣʷʥʴʤʦ ʤʦʞʣʠʚʫ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʴ ʪʨʠʚʘʣʦʩʪʝʡ ʷʢ ʦʙʣʘʩʪʴ ʽʟ ʥʝʧʝʨʝʨʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʪʨʠʚʘʣʦʩʪʽ ʚ ʢʦʞʥʽʡ ʛʨʫʧʽ.  

. ʇʨʠ ʥʝʧʝʨʝʨʚʥʽʡ ʦʙʣʘʩʪʽ ʦʙʤʝʞʝʥʴ (1) ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʮʝʥʘʨʽʶ ʽʟ ʟʘʜʘʥʦʶ ʪʨʠʚʘʣʽʩʪʶ  

Tʩon 
 

 

ʥʘ ʦʩʥʦʚʽ ʚʠʨʘʟʫ ὴ В Ὕ,maxВ Ὕ,minϳВ Ὕ В Ὕ,min  
ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʨ ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʙʠʪʪʷ ʦʙʣʘʩʪʽ ʦʙʤʝʞʝʥʴ, ʨ >= 1. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʨ ʦʙʯʠʩʣʶʶʪʴʩʷ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʨʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ 

ʧʦʚʽʜʦʤʣʝʥʴ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʚʠʨʘʟʽʚ: 

Ὕ В Ὕ
,max

ὴ ρ Вz Ὕ,minὴϳȠὭɴ Ὥȟὲ .  

ʊʨʠʚʘʣʦʩʪʽ ʚʠʙʨʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ ʧʦʚʽʜʦʤʣʝʥʴ  ʚ ʨʦʟʛʦʨʥʫʪʦʤʫ ʚʠʛʣʷʜʽ 

ʦʙʯʠʩʣʶʶʪʴ ʟ ʚʠʨʘʟʽʚ 

T1 = (T1,ʤʘʭ + ( ʨ-1) * T1,ʤʽn) / ʨ; 

T2 = (T2,ʤʘʭ + ( ʨ-1) * T2,ʤʽn) / ʨ; 

T3 = (T3,ʤʘʭ + ( ʨ-1) * T3,ʤʽʥ) / ʨ; 

----------------------------------------- 

Tn = (Tn,ʤʘʭ + ( ʨ-1) * Tn,ʤʽn) /ʨ. 
 

      ʊʘʢ ʦʙʯʠʩʣʶʶʪʴʩʷ ʪʨʠʚʘʣʦʩʪʽ ʦʢʨʝʤʠʭ ʢʘʜʨʽʚ.  ɺʦʥʠ  ʻ ʤʘʢʝʪʦʤ ʜʣʷ ʦʢʨʝʤʦʛʦ ʩʮʝʥʘʨʽʶ  

ʧʨʦʮʝʩʫ. ʇʨʠ ʜʠʥʘʤʽʯʥʽʡ ʟʤʽʥʽ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʦʙʯʠʩʣʝʥʥʷ ʜʠʥʘʤʽʢʠ ʦʢʨʝʤʠʭ 

ʩʮʝʥʘʨʽʾʚ. 

  ʄʘʩʰʪʘʙʫʚʘʥʥʷ  ʦʢʨʝʤʠʭ  ʛʨʫʧ  ʧʦʚʽʜʦʤʣʝʥʴ ʚ ʢʘʜʨʽ.ʄʘʩʰʪʘʙʫʶʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʟʥʘʯʝʥʥʷʤ c ïʟʘʜʘʥʦʶ   ʢʽʣʴʢʽʩʪʶ  ʦʜʥʦʪʠʧʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʚ ʛʨʫʧʽ.  ɿʥʘʯʝʥʥʷ T ʜʦʧʫʩʪʠʤʦʛʦ 
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ʨʝʩʫʨʩʫ ʦʙʠʨʘʻʪʴʩʷ  ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʤʽʥʽʤʘʣʴʥʦʾ  ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʩʫʤʠ ʜʣʷ ʜʦʙʫʪʢʽʚ , 

ʦʙʯʠʩʣʶʚʘʥʠʭ ʟʘ ʝʣʝʤʝʥʪʘʤʠ  ʧʦʜʘʥʦʾ ʤʥʦʞʠʥʠ: 

  
                             В ╬░

,min

╣░
,min

▪
░ ȟВ ╬░

,max

╣░
,max

▪
░ Ƞ░ɴ ȟ▪          (3) 

 

 ʇʨʠ ʥʝʧʝʨʝʨʚʥʽʡ ʦʙʣʘʩʪʽ ʦʙʤʝʞʝʥʴ (1) ʜʣʷ   ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʫ  ʽʟ ʟʘʜʘʥʦʶ  ʪʨʠʚʘʣʽʩʪʶ 

                                            ╣
con

В ╬░◄░
▪
░ .                   (4) 

 ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʙʠʪʪʷ  ʦʙʣʘʩʪʽ ʦʙʤʝʞʝʥʴ p  ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ  ʚʠʨʘʟʫ  

 

                         ▬ В ╬░╣░
,max

▪
░ В ╬░╣░

,min

▪
░ ϳ╣

con

В ╬░╣░
,min

▪
░  .                        (5) 

 

                ʇʽʩʣʷ  ʦʙʯʠʩʣʝʥʴ   ʢʦʝʬʽʮʽʻʥʪʘ ʨ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ  ʪʨʠʚʘʣʦʩʪʽ   ʢʦʞʥʦʾ ʛʨʫʧʠ 

ʧʦʚʽʜʦʤʣʝʥʴ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʚʠʨʘʟʽʚ: 

T1 =( ʩ1T1,ʤʘʭ  +( ʨ-1)*ʩ1T1,ʤʽn)/ʨ; 

T2 =( ʩ2T2,ʤʘʭ  +( ʨ-1)*ʩ2T2,ʤʽn)/ʨ; 

T3 =( ʩ3T3,ʤʘʭ  +( ʨ-1)*ʩ3T3,ʤʽʥ)/ʨ; 

----------------------------------------- 

Tn =(ʩn Tn,ʤʘʭ  +( ʨ-1)*cnTn,ʤʽn)/ʨ. 

      ʊʘʢ ʦʙʯʠʩʣʶʶʪʴʩʷ ʪʨʠʚʘʣʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ʟ n- ʛʨʫʧ,  ʜʝ ʢʦʞʥʘ ʤʘʩʰʪʘʙʦʚʘʥʘ  ʢʽʣʴʢʽʩʪʶ ʩ- 

ʢʘʜʨʽʚ .  ʎʝ  ʻ ʤʘʢʝʪʠ ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʢʘʜʨʽʚ ʩʮʝʥʘʨʽʶ.  

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

1. ʌʝʜʦʨʯʫʢ  ɭ. ʅ. ɸʣʛʦʨʠʪʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʧʦʰʫʢʫ ʢʣʘʩʪʝʨʽʚ ʥʘ ʦʩʥʦʚʽ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ  ʢʨʠʪʝʨʽʾʚ  

ʜʣʷ ʪʦʚʘʨʥʠʭ ʙʘʟ ʜʘʥʠʭ.  ʂʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ. ɺʠʧ. 591, 2007ʨ. 
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Kharkiv National University of Radio Electronics (Ukraine) 

 

The work is dedicated to studying the main provisions for developing an automated system for 

monitoring the microclimate parameters of industrial premises. The proposed comprehensive architecture 

of the automated system for monitoring microclimate parameters of industrial premises addresses the 

problem of untimely detection of dangerous deviations of critical indicators when using traditional 

methods of periodic manual control. The system is based on six key principles: comprehensive 

monitoring of all parameters, a distributed sensor network architecture, specialized preventive analysis 

algorithms, information integration with existing systems, a modular structure for flexible scaling, and 

comprehensive criteria for evaluating effectiveness. The developed architecture includes a network of 

sensors at control points in the premises, local data collection and preprocessing stations, a central 

analytics and information storage server, as well as user workstations for visualization and management. 

Implementing such a system ensures personnel safety, energy consumption optimization, equipment 

preservation, and product quality improvement. The research results meet modern industrial 

manufacturing requirements and can be implemented in manufacturing enterprises, greenhouses, 

laboratories, medical institutions, and other facilities. 

 

Problem Statement. 

In modern industrial enterprises, there is an urgent need to maintain optimal microclimate 

parameters to ensure personnel safety, preserve equipment, and enhance the efficiency of technological 
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processes. Existing control systems often rely on periodic manual measurements, leading to untimely 

detection of hazardous deviations in key parameters such as temperature, humidity, concentration of 

harmful airborne substances, and noise levels. Data fragmentation and the lack of a unified real-time 

monitoring system complicate operational response and management decision-making [1-3].  

Automating the control of the industrial environment is a critical task for overcoming these 

limitations, as routine methods prove ineffective in ensuring the necessary responsiveness, accuracy, and 

comprehensiveness of assessment [4-7]. This creates risks to worker health, violations of sanitary norms, 

reduced product quality, and increased energy costs. Thus, a contradiction arises between the objective 

need for continuous comprehensive monitoring of the industrial environment and the limited capabilities 

of existing monitoring tools. Solving this problem requires the development of an automated system 

capable of integrating disparate measuring instruments into a unified information space, providing timely 

threat alerts, and forming an analytical basis for long-term planning. 

 

Essence of study. 

The development of an automated microclimate parameter control system is based on a number of 

key principles that determine its architecture, functionality, and efficiency:  

1. The principle of comprehensive monitoring, that is, the system implements an integrated approach 

to microclimate control, providing simultaneous measurement of all critical parameters: temperature, 

relative humidity, air movement speed, concentration of harmful substances (CO, CO , dust), and noise 

level. This allows obtaining an objective picture of the production environment in real time. 

2. Distributed network architecture, that is, a system built on the principles of distributed  

architecture, which includes: 

- a network of sensors placed at control points within the premises; 

- local stations for data collection and preliminary processing; 

- a central server for analytics and information storage; 

- user workstations for visualization and management. 

3. Preventive analysis algorithms, that is, specialized algorithms have been developed to ensure: 

- detection of trends toward exceeding regulatory parameters; 

- forecasting the development of hazardous situations; 

- generating early warnings about threats; 

- automatic adjustment of ventilation and air conditioning systems. 

4. Principle of information integration, that is, the system provides a unified information space for: 

- combining data from different types of sensors; 

- integration with existing production management systems; 

- information exchange with occupational safety and energy management systems. 

5. Modular construction principle, that is, the system architecture provides a modular structure, 

which allows: 

- flexible scaling of the system according to the enterprise's needs; 

- easy integration of new types of sensors and functions; 

- ensuring fault tolerance and ease of maintenance. 

6. Efficiency criteria, that is, the system's effectiveness is evaluated based on a set of indicators: 

- accuracy and reliability of measurements; 

- speed of response to parameter deviations; 

- energy efficiency of associated systems; 

- compliance with sanitary and hygienic standards; 

- economic impact of implementation. Create a diagram. 

Thus, let us present a comprehensive diagram (Fig. 1) that reflects the architecture of the 

microclimate control system. 

The system is organized into the following levels: 

- sensor level ï provides comprehensive monitoring of all critical parameters: temperature, 

humidity, air speed, pollution, and noise; 

- local level ï three local stations, designed for different room zones, collect and pre-process data 

from sensors; 

- central level ï the heart of the system, where data is accumulated in a database, analyzed with 

specialized algorithms, situations are forecasted, and alerts are generated; 
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- control ï automatic adjustment of ventilation, air conditioning, and purification systems based on 

the obtained data; 

- integration ï information exchange with production management, energy management, and 

occupational safety systems (shown with dashed lines); 

- user workstations ï operators, mobile devices, and analytics panels access data for visualization 

and management. 

 

 
 

Figure 1 - General architecture of the microclimate control system 

 

Conclusions 

As a result of the conducted research, a comprehensive architecture of an automated system for 

monitoring the microclimate parameters of industrial premises has been developed, which meets modern 

industrial production requirements and addresses current issues of monitoring the production 

environment. The developed system integrates six key principles that define its functionality and 

efficiency. Based on a distributed architecture, a technical structure has been created, consisting of a 

network of sensors at control points within the premises. This organization allows the system to be 

flexibly adapted to the specialized requirements of a particular enterprise and ensures reliability through 

load distribution. The system architecture ensures information integration with existing production 

management, energy management, and occupational safety systems, creating a unified information space 

for analysis and decision-making. This allows all aspects of production environment management to be 

coordinated and achieves a synergistic effect from comprehensive data analysis. 
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The patterns of ball wear in ball mills are considered, and the characteristics of feed size are 

simulated for different initial ball diameters. It is shown that as the initial size of the grinding media 

increases, the average feed size increases, which reduces the efficiency of grinding. The optimal ball 

diameters for different ore sizes have been determined. The feasibility of using mixed loads of different-

sized balls has been substantiated, which ensures uniform grinding of the material, stabilisation of the 

technological mode, and reduction of specific energy consumption. The results obtained can be used to 

improve automated control systems for the ore grinding process. 

 

According to data from the United States Geological Survey, Ukraine produces a significant amount 

of iron ore raw materials for ferrous metallurgy [1]. The steady decline in rich iron ore reserves since the 

second half of the last century has contributed to the development of processes for enriching poor iron 

ores at magnetic enrichment plants, where the initial ore, ranging in size from 0 to 25 mm, is crushed to 

expose the useful component. 

An important area for optimising this process is the development of staged crushing using steel balls 

and linings, as these consume 7 to 10% of energy and 2% of metal from total global production, with 

energy intensity ranging from 20 to 60 k*Wh/t [2]. Energy costs for grinding at mining and processing 

plants account for up to 20% of the world's total electricity consumption. Due to their high performance, 

reliability, ease of operation and ability to perform their intended functions even with significant wear, 

grinding is mainly carried out in ball mills. However, they have a significant disadvantage ï high specific 

energy consumption and a fairly low efficiency coefficient when forming a new surface [2]. This results 

in high capital and operating costs, which can reach 50ï70%. Since the situation with a large share of 

energy consumed at the first stage of grinding has remained virtually unchanged, the relevance of this 

research topic remains high. 

During the grinding of ore in drum mills, intense wear of the balls occurs, which over time changes 

the composition and particle size distribution of the grinding medium, directly affecting the energy 

efficiency and stability of the technological process. Analysis shows that the rate of ball wear is a 

function of a complex set of factors: the physical and mechanical properties of the ore, the properties of 

the lining, the speed of the drum rotation, the degree of mill filling, the ratio of solid and liquid phases in 

the pulp, the mass and diameter of the balls, as well as their movement mode ï cascade or waterfall. 

The equation for determining the speed of ball operation was proposed by K. A. Razumov 

ὯὈ,      (1) 

https://scholar.google.com/citations?view_op=view_citation&hl=uk&user=z_eMRPcAAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=z_eMRPcAAAAJ:kh2fBNsKQNwC
https://scholar.google.com/citations?view_op=view_citation&hl=uk&user=z_eMRPcAAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=z_eMRPcAAAAJ:kh2fBNsKQNwC
https://scholar.google.com/citations?view_op=view_citation&hl=uk&user=z_eMRPcAAAAJ&pagesize=80&sortby=pubdate&citation_for_view=z_eMRPcAAAAJ:bz8QjSJIRt4C
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where G ï mass of the ball at the start of wear, kg; k ï proportionality coefficient; t ï wear duration; Ὀ  ï 

initial diameter of the ball, cm; m ï a value that varies depending on the mill's operating mode within a 

range of 2 to 3. 

In formula (1), the cascade mode corresponds to m=2, and the waterfall mode corresponds to m=3. 

The mixed mode corresponds to a parameter m between 2 and 3. 

In accordance with the generalised hypothesis (1) on the rate of wear of balls in a ball mill, the 

equation for the output Z of balls of a certain size can be written for the ball load plus D. 

ὤ ρππρ ρππ ,    (2) 

where D ï diameter of the ball under consideration, D<Ὀ ; n=6-m. 

Therefore, equation (2) allows us to construct characteristics of the grinding media size after wear of 

the initial mill load. They show that after a certain period of operation in the mill, large balls predominate, 

while medium and small balls, which provide the greatest contact area with the material being ground, 

wear out faster. As a result, the total surface area of the grinding medium decreases, the grinding intensity 

drops, and part of the energy consumed is spent inefficiently ï on impact loads that are not accompanied 

by ore crushing. 

When constructing the characteristics of the grinding medium size according to equation (2), the 

initial value of the ball diameter DM and the final value DK=0, at which the grinding body is completely 

worn out, are taken into account. In practice, balls in a mill are usually used until their diameter decreases 

to 15ï20 mm. 

Based on dependence (2), taking into account DK=0, calculations were performed and characteristics 

of ball bed size were constructed for various initial diameters DM. The results are shown in Fig. 1, which 

also shows idealised characteristics of ball bed size (1ǋ, 2ǋ, 3ǋ). 

An analysis of dependencies (1, 2, 3) shows that the exact characteristics of ball size are convex, 

with the degree of convexity depending on the initial diameter of the balls. The greater the value of DM, 

the greater the average size of the balls in the mill charge. This indicates a decrease in the specific contact 

surface of the grinding bodies with the material and, accordingly, in the productivity of the processing 

unit. 

The idealised characteristics (1ǋ, 2ǋ, 3ǋ) are close to a straight line, which corresponds to a more 

uniform size distribution and ensures the best grinding efficiency. As can be seen from Fig. 1, the highest 

mill performance is determined by the initial size of the largest ball and the degree to which the actual 

loading characteristic approximates the idealised one. 

 

 
 

Fig. 1 -  Characteristics of the size of the ball mill charge operating on balls of the same size at 

different initial sizes: 1, 2, 3 ï exact; 1ǋ, 2ǋ, 3ǋ ï idealised 

 

It is advisable to determine the characteristics of ball mill feed size experimentally for each type of 
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ore and grinding conditions. 

Balls with a diameter of 100-125 mm are used to grind ore with a size of 0-25 mm, while balls with 

a diameter of 80-90 mm are effective for ore with a size of 0-12 mm or smaller. Thus, based on the 

known size of the ore at the inlet of the ball mill, it is possible to determine the maximum initial diameter 

of the balls in the load. This greatly simplifies the process of selecting the optimal composition of the ball 

mill medium and ensures the rational use of energy during grinding. 

The use of balls of different diameters in the grinding medium significantly increases the efficiency 

of ore grinding compared to a mill operating with balls of a single size. The initial ball charge is formed 

from several ball sizes, the base of which is taken as diameter DM. For hard ore with a size of 0-12 mm, it 

is recommended to take DM=90 mm. 

Research has shown that limiting the number of large balls (over 80 mm) has a positive effect on the 

energy efficiency and stability of the mill. Therefore, it is advisable to use a relatively small proportion of 

them. To simplify calculations and practical implementation, it is advisable to use four standard ball sizes, 

selected according to the criterion of minimum deviation of the actual load characteristics from the 

idealised curve. 

The purpose of selecting a mixture of balls of different sizes is to achieve a particle size distribution 

close to the optimum, which ensures uniform grinding of the material and maximum energy utilisation. 

To do this, the following parameters are used: the number of ball sizes, the interval between diameters, 

the minimum ball size, and the proportion of each size in the mixture. 

The optimal composition of the mixture is determined by the degree of deviation of the actual 

loading characteristics from the idealised ones. The smaller the deviation, the higher the efficiency of the 

process. A balanced combination of large, medium and small balls allows the unit to maintain high 

productivity over a long period of operation without the need for frequent reloading. 

Therefore, mixed loading of balls of different sizes is the most rational approach in terms of 

stabilising the grinding process, reducing specific energy consumption and ensuring uniform quality of 

the finished product. 
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Abstract. This paper addresses optimisation problems that arise in the development of centralised 

and decentralised distributed systems. We unify the treatment of technology workflows and architectural 

patterns of corporate computer networks by modelling them as open queueing networks with 

product form stationary behaviour (Jackson networks). On that basis we formalise throughput ceilings, 

latency/availability trade offs, and actionable levers such as feedback reduction, proportional flow 

splitting, server pooling, and targeted capacity increments at bottlenecks. We further propose an 

extended architecture notation that separates protocol and infrastructure security, encodes independent 

failure domains and consensus type, and binds qualitative labels to measurable KPIs. The approach 

naturally supports both single criterion optimisation and multiobjective (Pareto) analysis and aligns 

with current architecture description standards.  
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Problem statement and motivation. The continued evolution of both centralised and 

decentralised distributed systems depends on rigorous optimisation of (i) operational technology 

workflows and (ii) architectural patterns of corporate computer networks. In practice, engineers need 

compact, defensible models that predict how architectural choices - pooling vs localising, adding 

channels, tuning load balancers, or redesigning feedback paths - affect throughput, delay and availability. 

Classical queueing network theory provides exactly such a lens: open Jackson networks offer 

product form stationary behaviour under mild assumptions and enable interpretable capacity planning 

results without heavy simulation [1]-[6]. For decentralised systems, additional constraints stem from 

quorum based consensus and broadcast patterns that impose communication overheads and latencyï

throughput trade offs [11]. 

Research tasks and scope. The work resolves four tightly coupled tasks. 

(i) It unifies the modelling of centralised (pooled) and decentralised (multi node, quorum based) 

deployments as open Jackson networks whose nodes represent processing stages and network hops, so 

that both data plane and control plane costs are captured [1], [5], [9]-[11]. 

(ii) It translates architectural patterns into queueing parameters and introduces a 

throughput ceiling concept that exposes the true bottleneck under realistic feedback and routing. 

(iii) It provides closed form, engineer friendly rules for flow splitting, feedback reduction and 

capacity increments, making the expected benefit of each architectural lever explicit and comparable. 

(iv) It frames design as a multi objective optimisation (throughput, latency, cost, reliability), 

allowing Pareto reasoning when criteria inevitably conflict [7], [8]. 

These tasks leverage the authorôs recent studies, which ground the modelling choices and 

validation scenarios: 

Notations of Architectural Models in Blockchain Networks. Defines a compact notation for 

local/distributed, single /multi node blockchain architectures and shows how the securityïscalabilityï

decentralisation trade offs surface across those models; we reuse this notation to bind performance 

models to architecture descriptors [14]. 

Multi Dimensional Resource Evaluation in Blockchain. Argues for resource assessment beyond 

one dimensional gas metering by separating compute, memory access and latency footprints; we adopt 

this multidimensional view when mapping consensus/control overheads to queueing loads [15]. 

RATEM: A Resource Aware Transaction Evaluation Framework. A preprint [16] proposing 

fairness  and scalability oriented transaction evaluation aligned with resource metrics; in our model this 

corresponds to load aware routing/weighting that equalises effective utilisations across stages. 

Assessing the utilisation of computing resources in blockchain networks. Conference theses that 

classify workloads from scalar to tensor operations and motivate unconventional metrics (FLOPS, 

memory bandwidth, execution time); that taxonomy informs our treatment of compute bound stages [17]. 

Differential Load Modelling and Multi objective Optimisation of BFT Parameters in Hyperledger 

Besu. A preprint introducing time varying arrival rate modelling and stability conditions for BFT based 

permissioned networks; we reflect these constraints in consensus aware staging and Pareto analysis [18]. 

Evaluating and Benchmarking Resilient Web3 Architectures for Multimedia. Conference theses 

outlining end to end benchmarks (cost/GB, time to first frame, rebuffering, carbon footprint) for 

storage/availability/scaling stacks; we use these scenarios as external validation targets [19]. 

Methodological foundations. We adopt open queueing networks in the Jackson sense, where 

each processing stage or link is represented as a service node with service rate ɛi, and requests arrive 

exogenously at rate ɚ0. Let P be the routing matrix with elements pij (probability a job leaving node i goes 

to node j). The traffic equations read: 

 
where ɚ is the vector of throughputs per node and e is the unit row vector. The visit ratios vi:=ɚi/ɚ0 

are thus determined by .  For M/M/1 nodes, the utilisation at node, the utilisation at 

node i under network input X equals ɟi = Xvi/ɛi, and stability requires ɟi<1 for all i. The throughput 

ceiling (maximal sustainable input rate) follows directly as: 

 
Under standard reversibility assumptions, these networks admit a product form stationary 

distribution, yielding transparent expressions for steady state measures (utilisations, queue lengths, mean 
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sojourn times) and enabling interpretable capacity planning without heavy simulation [1]-[6]. For 

architects, the key benefit is interpretability: bottlenecks surface as the stages whose effective capacity per 

visit saturates first [5]. 

Optimising technology workflows. Workflow optimisation can be posed as either a 

single criterion problem - maximising sustainable input subject to latency/utilisation bounds - or as a 

multi objective problem that balances throughput, mean delay and cost [7], [8]. In the single criterion 

setting, monotonicity properties of Xmax and convex optimisation surrogates give practical tuning 

heuristics for service allocations and routing biases [8]. In the multi objective setting, Pareto fronts 

emerge naturally: decreasing tail latency via duplication/retries often increases work in system and cost. 

Our framework places each candidate design on the Pareto frontier, making trade offs explicit for 

decision makers [7]. 

Optimising architectural patterns. We express familiar patterns in queueing network language 

so that their effect on throughput and latency is auditable rather as is: 

Server pooling. A single logical queue feeding a worker pool reduces imbalance and waiting 

relative to disjoint parallel queues; this is a first line tactic for centralised designs and for ñlocalò stages 

inside decentralised stacks [5], [9], [10]. 

Proportional flow splitting. Allocate traffic across parallel branches in proportion to their effective 

service capacities ɛi, which equalises utilisations (ɟi) and elevates Xmax without new hardware [5]. 

Feedback reduction. Removing/suppressing backflows due to retries, re validation or ñreturn for 

reworkò increases the share of requests that exit per pass and raises sustainable input; engineering 

counterparts include idempotency, deduplication, earlier validation/caching [5]. 

Targeted capacity increments. Adding service capacity at the active bottleneck yields the highest 

marginal gain; the model provides a per channel ñreturn on investmentò that ranks where to add workers 

next. 

Consensus aware staging (decentralised deployments). Collocate compute with state to cut 

cross site messages and minimise the set of nodes on the critical quorum; this has first order impact on 

both throughput and confirmation latency [11]. 

Each lever admits compact rules backed by the product form structure and the Xmax expression 

above, and was validated in the case study. 

Extended architecture notation and standardisation. To compare centralised and decentralised 

designs consistently, we enrich common SïBïD taxonomies (scalability, security, decentralisation) [14] 

by decoupling protocol from infrastructure security, encoding the number of independent failure domains, 

and recording the consensus style and quorum rule where applicable. We propose the tuple: 

ἂProtSec, InfraSec, FDomains, Consensus, Quorum, DataPlane, ControlPlaneἃ, 
bound to measurable KPIs (sustainable throughput, confirmation delay percentiles, availability) so 

that qualitative labels map to operational targets. This notation sits comfortably within established 

architecture description practice and helps align performance models with enterprise architecture 

processes and repositories [12], [13]. It also supports standardisation of architectural patterns - pooling, 

proportional splitting, feedback control, and staged consensus - as reusable, testable building blocks with 

quantified performance envelopes. 

Conclusions. We presented a unified treatment of centralised and decentralised distributed 

systems by modelling technology workflows and corporate network architectures as open Jackson 

networks with product-form stationary behaviour. This lens yields operationally meaningful throughput 

ceilings, makes latency/availability trade-offs explicit, and turns common architectural moves - feedback 

reduction, proportional flow splitting, server pooling, and targeted capacity increments at bottlenecks - 

into auditable, closed-form levers. We further introduced an extended architecture notation that separates 

protocol from infrastructure security, encodes independent failure domains and consensus type, and binds 

qualitative labels to measurable KPIs. The result is a reproducible, standard-aligned pathway from 

architectural intent to performance outcomes: it supports both single-criterion tuning and multi-objective 

(Pareto) analysis, integrates naturally with enterprise architecture practice, and provides concise rules of 

thumb that can be applied without heavy simulation. In short, the approach closes the gap between 

architectural description and capacity planning, offering actionable guidance for designing and operating 

resilient, efficient distributed systems. 
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Annotation. Permissioned blockchain platforms with Byzantine-fault-tolerant consensus 

increasingly host latency-sensitive workloads. Yet their performance is governed by coupled, burst-prone 

subsystems: the transaction mempool, batch (block) formation and leader-based finality. We design, 

model and evaluate a queueing-driven controller that uses latency quantiles and block utilisation as 

service-level indicators to steer both mempool policy and block-formation cadence. The modelling view 
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abstracts the mempool and block builder as a finite-buffer batch-service queue calibrated from node 

telemetry. At the same time, the controller manipulates safe levers ð time-bounded adjustments of the 

block period and conservative changes to admission/eviction in the mempool ð guarded by error-budget 

logic and consensus constraints. On a Hyperledger Besu IBFT/QBFT testbed we observe that, under 

trace-driven bursts, p99 time-to-inclusion halves from 3.8 s to 1.9 s (-50%) and p95 drops from 2.4 s to 

1.6 s (-33%); average block utilisation rises from 82% to 92% while its coefficient of variation halves; 

sustainable throughput at ɟå0.9 improves from 270 to 305 TPS without breaching a 2.5 s p99 SLO; 

mempool drain-time after a burst shrinks from 18 s to 7 s; and IBFT/QBFT round-changes fall from 38 to 

11 per 10k blocks. These gains are achieved with å1ï2% CPU overhead and negligible extra RPC traffic. 

The results align with queueing-theoretic expectations for finite-buffer batch service and demonstrate a 

practical path to SLO-centred control in permissioned chains. 

Keywords: queueing-based control; Hyperledger Besu; IBFT/QBFT; tail latency; service-level 

objectives; mempool; block utilisation. 

Problem and modelling stance. Latency in permissioned blockchains is dominated by two 

coupled phases: time spent waiting in the mempool and time to the next successful batch commit. Bursty 

arrivals, leader variability and bounded blocks induce heavy-tailed delays that make p95/p99 targets 

fragile [2]. We consider a realistic operating envelope in which the gas limit per block and the block 

period define the instantaneous service capacity; the mempool enforces admission and eviction; and the 

consensus layer occasionally triggers round-changes, which transiently reduce effective service. To 

reason about this system without resorting to protocol-specific minutiae, we adopt a finite-buffer batch-

service abstraction whose parameters are calibrated from node telemetry: arrival processes from 

transaction submission traces; batch-size distribution from gas-accounted inclusion; service cadence from 

block timestamps; and disturbance processes from observed round-change events. This stance follows 

classical queueing for computer systems [1] while respecting blockchain particularities such as EIP-1559-

style fee pressure [4] and IBFT-style leader rotation [3], [5]. The modelling objective is not closed-form 

analysis but identifiability of control-relevant sensitivities: how tail latencies and block-utilisation 

variability respond to small, safe changes in block period and mempool policy, and how these responses 

shift as load approaches capacity. 

Controller design and safety guards. The controller treats user-facing SLOs as first-class: for 

example, we aim for p99 time-to-inclusion Ò2.5 s and limit the fraction of one-minute windows breaching 

the SLO to an error budget. Telemetry streamed via Prometheus/Grafana and Besuôs JSON-RPC (e.g., 

txpool_besuStatistics) provides sliding-window estimates of p50/p95/p99 inclusion latencies, average and 

variance of block utilisation, mempool depth, drop/TTL rates and consensus health (round-changes) [3], 

[6]. Actions are deliberately conservative. First, a cadence governor proposes small step-changes to the 

block period within policy bounds, smoothing transitions and avoiding oscillations in leader schedules; 

such changes trade higher batch frequency for lower queueing delay when bursts threaten the SLO, but 

remain bounded to preserve safety margins in consensus processing. Second, a pool governor tweaks 

admission and eviction: temporarily raising the minimum effective fee, tightening TTL or prioritising 

transactions that improve packing efficiency. Both mechanisms are wrapped in guards: they respect 

consensus invariants, rate-limit reconfiguration and default to safe settings under missing telemetry. The 

two levers are synergistic: cadence reduces waiting time; pool policy improves packing and dampens 

variance; together they cut tails without destabilising throughput. 

Experimental setting and methodology. We evaluate on a Besu network with seven validators 

(IBFT 2.0 / QBFT), a baseline block period of 2s, and a gas limit of ~15 M. Clients submit a stationary 

background of simple transfers interleaved with trace-driven Pareto-like bursts 3ï5Ĭ above background 

for 2ï5s. Windows for SLI computation are one minute (SLO control) and fifteen minutes (stability), with 

additional roll-ups per 10k blocks for consensus metrics. Baseline runs fix the period and use the default 

mempool policy, while controlled runs enable both governors with step sizes and bounds pre-vetted for 

deployment. All measurements are gathered from the RPC and metrics endpoints with identical sampling 

configurations across conditions [3], [6]. We report medians with interquartile ranges for steady-state 

metrics and emphasise p95/p99 quantiles for tails, as recommended for user-perceived latency [2]. Where 

appropriate, we corroborate improvements by showing that mempool peaks shrink and drain faster after a 

burst, and that the frequency of round-changes decreases, indicating gentler load on the consensus path. 

Results. Under the bursty profiles, the controller halves tail latency: p99 inclusion falls from 3.8 s 

to 1.9 s (-50%) and p95 drops from 2.4 s to 1.6 s (-33%), shrinking the share of one-minute windows 
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breaching the 2.5 s p99 target from 18% to 3%. Average block utilisation increases from 82% to 92% 

while its coefficient of variation halves, indicating steadier packing; the fraction of near-empty blocks 

(<30% gas) falls from 7% to 1.5%. At a utilisation ratio around 0.9 of the empirical capacity, sustainable 

throughput rises from 270 to 305 TPS without violating the p99 SLO, and under mild overload (å1.1 of 

capacity) the controller holds a 300 TPS target with Ò20% inflation in p99 and no mempool meltdown. 

Transient resilience improves: the mempoolôs peak during bursts decreases from ~20k to ~8k 

transactions, and the drain-time to background shrinks from 18s to 7s; TTL-based drops decline from 

4.2% to 1.3%, reflecting healthier flow. Consensus stability benefits as well: round changes reduce from 

38 to 11 per 10k blocks, and the dispersion of block utilisation across validators narrows (e.g., a Gini 

measure dropping from 0.17 to 0.08), suggesting a fairer proposer workload. Control overheads remain 

negligible at å1ï2% CPU and <0.5% extra RPC traffic, with no adverse effects on finality or 

reorganisation rates. An ablation study clarifies mechanism complementarity: enabling only the pool 

governor improves p99 by ~22%, while enabling only the cadence governor improves it by ~28%. In 

comparison, both together reach ~50% ð a non-additive gain consistent with reduced variability feeding 

a faster cadence. These effects are reproducible across IBFT and QBFT variants and align with queueing-

theoretic expectations for finite-buffer batch service under bursty arrivals [1], [2], [5]. 

Discussion, threats to validity and implications. The findings are most directly applicable to 

permissioned networks where block cadence and mempool policy are configurable and where operational 

SLOs justify modest, well-guarded adaptivity. Extrapolation to public, fee-auctioned chains requires care: 

EIP-1559-style dynamics interact with admission rules through base-fee adjustment and priority tips, 

potentially altering the controllerôs feasible action set [4]. Our burst traces are representative of enterprise 

workloads but may not capture adversarial patterns; nevertheless, the reduction in round-changes and in 

near-empty blocks indicates that the controller reduces stress on consensus and improves packing 

efficiency in ways that should generalise. Importantly, the controller respects protocol safety by bounding 

changes, rate-limiting reconfiguration and failing safe on telemetry gaps. From an engineering 

perspective, the approach encourages operators to frame objectives in terms of quantiles and error 

budgets, moving beyond averages and peak TPS. From a modelling perspective, the results show that a 

lightweight, telemetry-calibrated queueing abstraction is sufficient to identify effective levers without 

invasive protocol modification. Finally, the small resource footprint and compatibility with stock Besu 

suggest an attractive costïbenefit trade-off for deployments that must sustain tail-latency SLOs. 

Conclusions. We presented a queueing-driven controller that couples mempool policy and block 

cadence to achieve SLO-centred improvements in latency and stability on a Besu IBFT/QBFT network. 

Without changing consensus rules, the controller halves p99 time-to-inclusion, raises and steadies block 

utilisation, increases sustainable throughput near capacity and reduces round-changes, all while imposing 

minimal overhead. The results substantiate the value of queueing-aware control in permissioned chains 

and open a path to principled, low-risk adaptivity for latency-sensitive applications. Future work includes 

integrating fee-aware admission under EIP-1559 economics, extending to smart-contract heavy workloads 

and exploring formal guarantees for stability under wider perturbations. 
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ɿʘ ʤʦʜʝʣʣʶ ʈʝʜʣʽʭʘïʂʽʩʪʝʨʘïʄʫʜʞʽʘʥʫ ʦʪʨʠʤʘʥʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ  ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʧʣʘʚʽʚ 

ʩʠʩʪʝʤʠ ALïMGïSI(GE, SN, PB) ʚ ʫʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʣʘʚʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʪʫʛʦʧʣʘʚʢʽ ʽ ʭʽʤʽʯʥʦ ʘʛʨʝʩʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʻ ʩʢʣʘʜʥʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʊʦʤʫ ʚ ʜʘʥʠʡ ʯʘʩ ʚʩʝ ʙʽʣʴʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʠ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʘʟ ʟʘ ʨʽʟʥʠʤʠ ʤʦʜʝʣʷʤʠ,  ʘ ʪʘʢʦʞ ʤʝʪʦʜʘʤʠ Calphad, Mqm, ʪʦʱʦ.  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʧʣʘʚʽʚ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʜʝʣʴ ɯɸʈ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʝʨʤʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʨʦʟʧʣʘʚʽʚ ʚʠʟʥʘʯʝʥʠʭ ʤʝʪʦʜʘʤʠ ʢʘʣʦʨʠʤʝʪʨʽʾ ʽ ʽʥʰʠʤʠ, ʘ ʪʘʢʦʞ ʜʘʥʽ ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʠʩʪʝʤ . ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʫʻʤʦ ʚʩʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʧʣʘʚʽʚ, ʘ 

ʪʘʢʦʞ ʢʦʦʨʜʠʥʘʪʠ ʢʨʠʚʠʭ ʣʽʢʚʽʜʫʩʘ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʤʦʜʝʣʴʦʚʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʜʘʥʽ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɸʣʝ ʢʦʦʨʜʠʥʘʪʘ ʣʽʢʚʽʜʫʩʘ ʥʝ ʟʘʚʞʜʠ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʙʫʜʦʚʘʥʦʶ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ. ʊʘʢ ʜʣʷ ʩʠʩʪʝʤ GeïLn ʚʜʘʣʦʩʴ 

ʟʥʘʡʪʠ ʥʦʚʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʙʫʣʠ ʚʽʜʢʨʠʪʽ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ. ʊʦʤʫ ʤʠ ʧʨʠʡʰʣʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʙʘʞʘʥʦ ʧʨʦʚʦʜʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʽʟ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʘʟ, ʪʦʤʫ ʱʦ 

ʦʩʪʘʥʥʽ ʜʦʟʚʦʣʷʶʪʴ ʫʪʦʯʥʠʪʠ ʜʽʘʛʨʘʤʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʪʦʤʫ ʱʦ ʤʝʪʦʜʠ ʌʍɸ ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʥʝ 

ʟʘʚʞʜʠ. ʊʦʤʫ ʪʨʝʙʘ ʨʦʟʚʠʚʘʪʠ ʤʝʪʦʜʠ ʷʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢ ʽ ʤʦʜʝʣʶʚʘʥʥʷ. ʑʝ 

ʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ ʻ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ, ʪʦʤʫ ʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʤʦʜʝʣʴ ʈʝʜʣʽʭʘïʂʽʩʪʝʨʘïʄʫʜʞʽʘʥʫ (ʈʂʄ) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ (ʊɼɺ) ʪʨʠʢʦʤʧʦʥʝʥʪʥʠʭ ʨʦʟʧʣʘʚʽʚ ʽʟ ʘʥʘʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʙʽʥʘʨʥʠʭ ʛʨʘʥʠʯʥʠʭ 

ʩʠʩʪʝʤ. 

 

 

 
                                                    ʘ                                                            ʙ                

 
ʈʠʩ. 1. ɯʟʦʝʥʪʘʣʴʧʽʾ ʟʤʽʰʫʚʘʥʥʷ ʨʦʟʧʣʘʚʽʚ ʩʠʩʪʝʤʠ AlïMgïGe L=0 (ʘ) ʽ ī150 (ʙ) ʢɼʞ/ʤʦʣʴ ʧʨʠ 1300 

ʂ (ʚ ʢɼʞ/ʤʦʣʴ). 

 

ɺʠʩʦʢʦʤʽʮʥʽ ʘʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ ʤʽʩʪʷʪʴ ʙʘʛʘʪʦ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʧʦʢʨʘʱʫʶʪʴ ʾʭ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʑʦʙ ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜʠ ʽ ʫʤʦʚʠ ʚʠʨʦʙʥʠʮʪʚʘ ʮʠʭ ʩʧʣʘʚʽʚ ʪʘ ʟ ʤʝʪʦʶ 

ʧʦʢʨʘʱʝʥʥʷ ʾʭʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʘʞʘʥʦ ʤʘʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʜʘʥʽ ʷʢ ʜʣʷ  ʧʦʜʚʽʡʥʠʭ, ʪʘʢ ʽ 

ʦʩʦʙʣʠʚʦ ʜʣʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʧʣʘʚʽʚ. ʊʘʢ ʷʢ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʦʟʧʣʘʚʽʚ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤ ʻ ʩʢʣʘʜʥʠʤʠ ʽ ʜʣʷ ʨʦʟʧʣʘʚʽʚ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤ AlïMgïSi(Ge, Sn, Pb) ʾʭ 

ʥʝ ʧʨʦʚʝʜʝʥʦ, ʪʦ ʜʦʮʽʣʴʥʦ ʾʭ ʨʦʟʨʘʭʫʚʘʪʴ ʽʟ ʘʥʘʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʦʙʤʝʞʫʶʯʠʭ ʧʦʜʚʽʡʥʠʭ 
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ʧʽʜʩʠʩʪʝʤ ʟʘ  ʚʽʜʦʤʠʤʠ ñʛʝʦʤʝʪʨʠʯʥʠʤʠò ʽ ñʘʥʘʣʽʪʠʯʥʦʶò (ʈʝʜʣʽʭʘïʂʽʩʪʝʨʘïʄʫʜʞʽʘʥʫ ʟ 

ʧʦʪʨʽʡʥʠʤ ʚʥʝʩʢʦʤ ʘʙʦ ʙʝʟ ʥʴʦʛʦ) ʤʦʜʝʣʣʶ. ʑʦʙ ʚʩʪʘʥʦʚʠʪʠ, ʷʢʘ ʽʟ ʚʢʘʟʘʥʠʭ ʤʦʜʝʣʝʡ ʥʘʡʢʨʘʱʝ 

ʦʧʠʩʫʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʜʦʮʽʣʴʥʦ ʜʦʩʣʽʜʠʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʧʣʘʚʽʚ 1ï3 

ʧʨʦʤʝʥʝʚʠʭ ʧʝʨʝʨʽʟʽʚ ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʦʤ ʢʘʣʦʨʠʤʝʪʨʽʾ. ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʧʣʘʚʽʚ 

ʜʣʷ ʦʙʤʝʞʫʶʯʠʭ ʧʦʜʚʽʡʥʠʭ ʩʠʩʪʝʤ ʙʫʣʠ ʚʟʷʪʽ ʽʟ ʜʦʚʽʜʥʠʢʽʚ ʘʙʦ ʙʘʟ ʜʘʥʠʭ. 

ʈʦʟʨʘʭʦʚʘʥʽ ʪʝʨʤʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʧʣʘʚʽʚ ʩʠʩʪʝʤʠ AlïMgïGe ʟʘ ʤʦʜʝʣʣʶ ʈʂʄ ʙʝʟ ʽ ʟ 

ʧʦʪʨʽʡʥʠʤ ʚʥʝʩʢʦʤ ī150 ʢɼʞ/ʤʦʣʴ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.  

ɼʣʷ ʨʦʟʧʣʘʚʽʚ ʩʠʩʪʝʤʠ AlïMgïGe ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʪʘʢʦʞ ʚʠʢʦʥʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ 

ʢʘʣʦʨʠʤʝʪʨʽʾ ʜʣʷ ʪʨʴʦʭ ʧʨʦʤʝʥʝʚʠʭ ʧʝʨʝʨʽʟʽʚ. ɺʦʥʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2 

 

 

 
                                                   ʘ                                                                  ʙ    

 

ʈʠʩ.2. ɯʟʦʣʽʥʽʾ ʽʥʪʝʛʨʘʣʴʥʠʭ (ʘ) ʽ ʧʘʨʮʽʘʣʴʥʠʭ ʜʣʷ ʛʝʨʤʘʥʽʶ  (ʙ) ʝʥʪʘʣʴʧʽʾ ʟʤʽʰʫʚʘʥʥʷ ʨʦʟʧʣʘʚʽʚ 

ʩʠʩʪʝʤʠ AlïMgïGe ʜʣʷ ʧʝʨʝʨʽʟʽʚ ʽʟ ʭAl /ʭMg = 0,45/0,55 ʧʨʠ 1205 ʂ, ʭAl /ʭMg =0,54/0,46 ʧʨʠ 1278 

ʂ ʪʘ  ʭAl /ʭMg =0,49/0,51 ʧʨʠ 1318 ʂ: ʪʦʯʢʠ ð ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʽ, ʣʽʥʽʾ ð ʨʦʟʨʘʭʦʚʘʥʽ 

ʟʘ ʤʦʜʝʣʣʶ ʈʂʄ ʟ L= ī150  (ʚ ʢɼʞ/ʤʦʣʴ). 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʜʘʣʦʩʷ ʦʪʨʠʤʘʪʠ ʪʝʨʤʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʧʣʘʚʽʚ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʚ ʫʩʴʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ. ɺʠʜʥʦ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʽ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʤʦʜʝʣʣʶ ʈʂʄ ʫʟʛʦʜʞʫʶʪʴʩʷ 

ʤʽʞ ʩʦʙʦʶ, ʘ ʤʽʥʽʤʫʤ ȹʅ ʜʣʷ ʧʦʪʨʽʡʥʠʭ ʨʦʟʧʣʘʚʽʚ ʧʨʠʧʘʜʘʻ ʥʘ ʦʙʣʘʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʧʣʘʚʽʚ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʙʣʠʟʫ ʻʜʠʥʦʾ ʩʧʦʣʫʢʠ Mg2Ge (ʊʧʣ.=1390ʂ), ʷʢʘ ʧʣʘʚʠʪʴʩʷ ʢʦʥʛʨʫʝʥʪʥʦ. ʎʴʦʛʦ ʩʣʽʜ 

ʙʫʣʦ ʦʯʽʢʫʚʘʪʠ. 

ɺʢʘʟʘʥʫ ʤʦʜʝʣʴ ʚʠʢʦʨʠʩʪʘʣʠ ʜʣʷ ʦʮʽʥʢʠ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʧʣʘʚʽʚ ʧʦʪʨʽʡʥʠʭ 

ʩʠʩʪʝʤ AlïMgïSi(Sn, Pb). ɼʣʷ  ʨʦʟʧʣʘʚʽʚ ʮʠʭ ʩʠʩʪʝʤ, ʘ ʤʽʥʽʤʫʤ ȹʅ ʜʣʷ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʩʧʦʣʫʢʠ 

Mg2Si(Sn, Pb). ʇʦ ʟʨʦʩʪʘʥʥʶ ʝʥʝʨʛʽʾ ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ ʾʭ ʤʦʞʥʘ ʨʦʟʤʽʩʪʠʪʠ ʚ ʨʷʜ: 

MgïPb ð MgïSn ð MgïSi ð MgïGe 

ʎʝ ʢʦʨʝʣʶʻ ʟ ʾʭ ʜʽʘʛʨʘʤʘʤʠ ʩʪʘʥʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʶʚʘʥʥʷ ʊɼɺ ʨʦʟʧʣʘʚʽʚ ʚʢʘʟʘʥʠʭ ʪʝʨʥʘʨʥʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʠʣʦ 

ʨʦʟʰʠʨʠʪʴ ʫʷʚʣʝʥʥʷ ʧʨʦ ʾʭ ʝʥʝʨʛʽʾ ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽ ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ ʥʘ ʥʝʾ Si, Ge, Sn, Pb. 
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This paper analyses the application of intelligent data analysis methods to transaction data in 

blockchain-oriented social networks, identifies, studies, and reveals how different clustering algorithms 

influence the detection of behavioral patterns and relationships among users. The paper considers the 

structure and characteristics of smart contract data, assesses the effectiveness of various clustering 

methods for grouping users, and identifies the most suitable approaches for accurately classifying 

transaction patterns.  

 

Modern social networks generate a large amount of transactional data that can be tracked and stored 

in a blockchain database through smart contracts. Effective analysis of such data requires the use of 

mining techniques to identify patterns, cluster users, and predict behavioral patterns. The main problem is 

to determine the most suitable analysis methods that allow you to correctly process the structure and 

features of smart contract data in social networks and ensure the accuracy and reliability of the results 

obtained. 

This study compares various methods of data mining, as in the paper [1], in particular clustering 

algorithms, to determine their effectiveness in identifying patterns and behavioral patterns of users. The 

main task is to choose the most suitable method for clustering smart contracts, according to [2] and 

transactions, which ensures the accuracy of analysis, allows you to identify key relationships in the data, 

and supports informed decision-making based on blockchain data. 

To compare data mining methods, several clustering methods are used based on collected data from 

social media based on donation transactions and behavioral metrics in order to highlight typical groups of 

donors (regular donors, large patrons, one-time payers, NFT collectors).  

The paper considers three main approaches: K-means clustering, which effectively divides users 

into a predetermined number of clusters according to the quantitative characteristics of transactions, such 

as the number of donations, the total amount and frequency of activity; Hierarchical clustering, which 

allows you to build a dendrogram and identify the hierarchical structure of users, which is useful for 

analyzing donor subgroups; and DBSCAN (Density-Based Spatial Clustering of Applications with 

Noise), which distinguishes user groups by transaction density and allows you to identify atypical, as in 

the article [3], or rare patterns, such as large one-time donations. 

Based on user parameters such as donation frequency (frequency), total amount (total_amount), 

average amount (avg_amount), and NFT activity (nft_activity), users were divided into groups [4]. 

K-means [5] effectively divided users into four clusters reflecting typical donor patterns: regular donors, 

large patrons, one-time payers, and NFT collectors. This method is well-suited for identifying clusters 

with clear differences in transaction quantities. 

Hierarchical clustering has made it possible to construct a dendrogram and identify the hierarchical 

structure of groups, which is useful for analyzing donor subgroups and further dividing large clusters into 

smaller subclasses. 

DBSCAN identified user groups by transaction density, which made it possible to detect atypical 

patterns, including users with large one-time donations or activity in NFTs. At the same time, users who 

are not part of dense groups are marked as noise (-1). 
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Fig.1. Displaying clustering methods when investigating transaction activity 

 

The visualization shows that each method has its own advantages: K-means provides simple and 

interpreted separation by quantitative indicators, Hierarchical allows you to see the hierarchy of groups, 

and DBSCAN highlights anomalous or rare transactions that may be important for additional analysis of 

donor behavior. Such a combined application of data mining techniques allows for a deeper and more 

accurate understanding of the structure of users and their behavioral patterns in social networks based on 

blockchain transactions. 

 

Tabl.1. Division of transactions into user donation groups 

User 

group 

ʍʘʨʘʢʪʝʨʥʽ 

ʧʘʨʘʤʝʪʨʠ 

K-means Cluster Hierarchical 

Cluster 

DBSCAN Cluster 

Regular Medium/High 

Frequency, Medium 

total_amount 

Cluster with 

average frequency 

and sum 

Subcluster in a large 

cluster of active 

donors 

Dense cluster by 

transaction 

frequency 

Great 

patrons 

High total_amount ̔  

avg_amount, low 

frequency 

A detached cluster 

with a high sum 

Subcluster on the 

periphery of a large 

cluster 

Dense isolated 

cluster by 

transaction amount 

One-time 

payers 

Low frequency, 

different total_amount 

Low frequency 

cluster 

Small subclasses on 

the periphery 

Usually noise or a 

separate small 

cluster 

NFT 

collectors 

nft_activity = 1, 

medium/low frequency 

Cluster behind 

NFT transactions 

The subcluster is 

allocated separately 

Dense cluster of 

NFT transactions 

 

From Table 1. we can see that the K-means clustering method groups users by distance in the 

multidimensional space of transaction parameters, and in the Hierarchical clustering  method, 

subclasses are allocated within a large cluster of active donors or separate groups for rare transactions. 

Then, when the DBSCAN methodthe density of the points determines the clusters; rare or one-time 

donations may be considered noise, and NFT groups or large patrons are singled out separately. 

For data collection and processing, JavaScript programming languages, namely the Node.js library, 

were used, and scikit-learn and SciPy libraries were used to implement clustering algorithms, providing 

a wide range of machine learning and cluster analysis methods. Visualization of the results was carried 

out using the Matplotlib  and Seaborn libraries, which made it possible to graphically display the 

structure of clusters, relationships between users, and anomalous transactions. To integrate with the 

blockchain environment, APIs of platforms that support access to smart contracts were used, providing 

automated data collection and aggregation for further analysis. 

Thus, the analysis confirmed the feasibility of using clustering methods for intelligent processing of 

transactional data in blockchain-oriented social networks. The application of the K-means algorithm 

made it possible to clearly distinguish four key types of donors: regular users with stable contributions, 

large patrons with high transaction amounts, one-time payers, as well as active NFT collectors. This 
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indicates a high suitability method for identifying typical behavior patterns based on quantitative 

characteristics. 

The use of hierarchical clustering made it possible to study the internal structure of selected 

groups in depth, in particular, to identify subclasses among large donors and build a dendrogram of 

relationships. This approach is valuable in cases where it is necessary not only to identify the main 

categories of users, but also to carry out a multilevel analysis to detail behavioral subgroups. 

The DBSCAN algorithm has demonstrated effectiveness in detecting atypical transaction patterns, 

including users with large one-time donations or specific activity in NFTs. This allows for the automatic 

identification of anomalous users and the identification of potentially significant exceptions that do not 

fall within the boundaries of standard clusters. 

Therefore, the results of the study confirm that the combined application of K-means, hierarchical 

clustering, and DBSCAN provides a comprehensive analysis of smart contract data. This approach allows 

both to identify typical user groups and to identify rare or anomalous transaction scenarios. The practical 

value of the results obtained lies in the possibility of using clustering to build personalized strategies for 

interacting with users, increase the efficiency of donation monitoring, and develop tools for predicting 

behavior in blockchain-oriented social networks. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ) 

 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʦʨʤʘʣʽʟʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʠʟʠʢʽʚ ʟʘ 

ʧʨʽʦʨʠʪʝʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʨʠʟʠʢʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʛʨʦʟ, ʚʨʘʟʣʠʚʦʩʪʝʡ, ʚʘʨʪʦʩʪʽ ʘʢʪʠʚʽʚ ʪʘ ʾʭ ʚʧʣʠʚʫ. ʆʧʠʩʘʥʦ ʛʨʘʜʘʮʽʶ ʨʠʟʠʢʽʚ 

(ʜʦʧʫʩʪʠʤʠʡ, ʥʠʟʴʢʠʡ, ʚʠʩʦʢʠʡ ʟʘ ʚʧʣʠʚʦʤ, ʚʠʩʦʢʠʡ ʟʘ ʚʘʨʪʽʩʪʶ, ʥʝʧʨʠʧʫʩʪʠʤʠʡ) ʪʘ ʧʽʜʭʽʜ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ. ʈʝʟʫʣʴʪʘʪʠ ʩʧʨʠʷʶʪʴ ʝʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʶ ʨʠʟʠʢʘʤʠ ʰʣʷʭʦʤ 

ʾʭ ʧʨʽʦʨʠʪʝʟʘʮʽʾ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ. ɺʽʜʩʫʪʥʽʩʪʴ ʬʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʫʩʢʣʘʜʥʶʻ 

ʧʨʽʦʨʠʪʝʟʘʮʽʶ ʨʠʟʠʢʽʚ ʽ ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ. ʅʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʛʨʦʟ, ʚʨʘʟʣʠʚʦʩʪʝʡ, ʚʘʨʪʦʩʪʽ ʪʘ ʚʧʣʠʚʫ ʥʘ ʘʢʪʠʚʠ, ʘ 

ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ. 

ɺʠʨʽʰʝʥʽ ʟʘʚʜʘʥʥʷ. 

1. ʈʦʟʨʦʙʣʝʥʦ ʬʦʨʤʘʣʽʟʦʚʘʥʠʡ ʦʧʠʩ ʨʦʟʨʘʭʫʥʢʫ ʨʠʟʠʢʽʚ ʽʟ ʨʽʟʥʠʤʠ ʧʨʽʦʨʠʪʝʪʘʤʠ: ʧʦʤʽʨʥʠʡ, 
ʚʠʩʦʢʠʡ ʟʘ ʚʧʣʠʚʦʤ, ʚʠʩʦʢʠʡ ʟʘ ʚʘʨʪʽʩʪʶ, ʢʨʠʪʠʯʥʠʡ.  
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2. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʨʠʟʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʜʝʢʘʨʪʦʚʦʛʦ ʜʦʙʫʪʢʫ ʤʥʦʞʠʥ ʟʘʛʨʦʟ, 

ʚʨʘʟʣʠʚʦʩʪʝʡ, ʚʘʨʪʦʩʪʽ ʪʘ ʚʧʣʠʚʫ.  

3. ɺʠʟʥʘʯʝʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʪʨʟʘʭʦʜʽʚ. 

4. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʛʨʘʜʘʮʽʶ ʨʠʟʠʢʽʚ ʜʣʷ ʾʭ ʝʬʝʢʪʠʚʥʦʾ ʧʨʽʦʨʠʪʝʟʘʮʽʾ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʠʟʠʢʫ ʽʟ ʧʦʤʽʨʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ὙὭίὯ ʚʨʘʭʫʻʤʦ ʜʚʘ ʧʘʨʘʤʝʪʨʠ ï ʤʥʦʞʠʥʫ Ὕ  

(Thread, ʟʘʛʨʦʟʘ) ʪʘ ʤʥʦʞʠʥʫ ὠ (Vulnerability, ʚʨʘʟʣʠʚʽʩʪʴ). ɺ (1) Ὕ  ὸȟὸȟȣȟὸ ʽ ὠ
 ὺȟὺȟȣȟὺ  ï ʤʥʦʞʠʥʠ ʟʘʛʨʦʟ ʪʘ ʚʨʘʟʣʠʚʦʩʪʝʡ ʚʽʜʧʦʚʽʜʥʦ. 

ὙὭίὯὝz ὠȟ       (1) 

ɼʝʢʘʨʪʦʚʠʡ ʜʦʙʫʪʦʢ ʮʠʭ ʤʥʦʞʠʥ ʟʛʝʥʝʨʫʻ ʤʥʦʞʠʥʫ ʢʦʨʪʝʞʽʚ ʚʠʜʫ (2): 

ὙὭίὯ Ὕz ὠ   ὸȟὺ  ὸᶰὝȟὺ ɴὠ  ,    (2) 

ʄʥʦʞʠʥʘ ʦʪʨʠʤʘʥʠʭ ʢʦʨʪʝʞʽʚ ʚʽʜʦʙʨʘʞʘʪʠʤʝ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʟʘʛʨʦʟ ʽ ʚʨʘʟʣʠʚʦʩʪʝʡ ʽ ʢʦʞʝʥ 

ʢʦʨʪʝʞ ʚʠʜʫ ộὸȟὺỚ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʠʟʠʢʫ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʘʢʪʠʚʫ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʨʠʟʠʢʫ ʽʟ ʚʠʩʦʢʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʟʘ ʚʘʨʪʽʩʪʶ 

ὙὭίὯ ʜʦʜʘʪʢʦʚʦ ʚʚʝʜʝʤʦ ʧʘʨʘʤʝʪʨ ὅ ï (Cost, ʚʘʨʪʽʩʪʴ) ʜʦ  ʚʠʨʘʟʫ (1), ʽ ʦʪʨʠʤʘʻʤʦ (3). ɺ ʚʠʨʘʟʽ (3) 

ʤʥʦʞʠʥʘ  ˞  ̒ȟ̒ ȟȣȟ̒  ï  ʤʥʦʞʠʥʘ ʟʥʘʯʝʥʴ ʚʘʨʪʦʩʪʝʡ ʘʢʪʠʚʽʚ. 

ὙὭίὯὝz ὠ ὅzȟ      (3) 

ɼʝʢʘʨʪʦʚʠʡ ʜʦʙʫʪʦʢ ʮʠʭ ʤʥʦʞʠʥ ʟʛʝʥʝʨʫʻ ʤʥʦʞʠʥʫ ʢʦʨʪʝʞʽʚ ʚʠʜʫ (4): 

ὙὭίὯ Ὕz ὠ ὅz   ὸȟὺȟὧ  ὸᶰὝȟὺ ɴὠȟ ὧᶰὅ   (4) 

ʄʥʦʞʠʥʘ ʦʪʨʠʤʘʥʠʭ ʢʦʨʪʝʞʽʚ ʚʽʜʦʙʨʘʞʘʪʠʤʝ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʟʘʛʨʦʟ ʽ ʚʨʘʟʣʠʚʦʩʪʝʡ ʽʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʨʪʦʩʪʽ ʘʢʪʠʚʽʚ; ʽ ʢʦʞʝʥ ʢʦʨʪʝʞ ʚʠʜʫ ộὸȟὺȟὧỚ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ 
ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʠʟʠʢʫ. 

ɿ ʤʝʪʦʶ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʥʘ ʘʢʪʠʚʠ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʨʠʟʠʢʫ ʽʟ ʚʠʩʦʢʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʟʘ 

ʚʧʣʠʚʦʤ ὙὭίὯ ʜʦʜʘʪʢʦʚʦ ʚʚʝʜʝʤʦ ʜʦʜʘʪʢʦʚʠʡ ʧʘʨʘʤʝʪʨ ï Ὅ (Impact ï ʚʧʣʠʚ ʥʘ ʘʢʪʠʚ). ʋ ʚʠʨʘʟʽ (5) 

ʤʥʦʞʠʥʘ Ὅ  ὭȟὭȟȣȟὭ  ï ʤʥʦʞʠʥʘ ʟʥʘʯʝʥʴ ʚʧʣʠʚʫ ʥʘ ʘʢʪʠʚ.  

ὙὭίὯὝz ὠ Ὅzȟ      (5) 

ʊʦʜʽ ʥʘʜʘʣʽ ʧʦʩʣʫʛʦʚʫʚʘʪʠʤʝʤʦʩʷ ʪʘʢʠʤ ʢʦʨʪʝʞʝʤ (6) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ ʽʟ ʚʠʩʦʢʠʤ 

ʧʨʽʦʨʠʪʝʪʦʤ ʟʘ ʚʧʣʠʚʦʤ: 

ὙὭίὯὝz ὠ Ὅz   ὸȟὺȟὭ  ὸᶰὝȟὺ ɴὠȟὭᶰὍ    (6) 

ʄʥʦʞʠʥʘ ʦʪʨʠʤʘʥʠʭ ʢʦʨʪʝʞʽʚ ʚʽʜʦʙʨʘʞʘʪʠʤʝ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʟʘʛʨʦʟ ʽ ʚʨʘʟʣʠʚʦʩʪʝʡ ʽʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʥʘ ʘʢʪʠʚʠ; ʽ ʢʦʞʝʥ ʢʦʨʪʝʞ ʚʠʜʫ ộὸȟὺȟὭỚ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʠʟʠʢʫ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʠʟʠʢʫ ʽʟ ʢʨʠʪʠʯʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ὙὭίὯ ʚʨʘʭʫʻʤʦ ʚ (1) ʧʦʚʥʠʡ ʥʘʙʽʨ ʧʘʨʘʤʝʪʨʽʚ: 
ʤʥʦʞʠʥʠ ʟʥʘʯʝʥʴ ʚʧʣʠʚʫ ʪʘ ʚʘʨʪʦʩʪʽ ʥʘ ʢʦʞʝʥ ʦʢʨʝʤʠʡ ʝʣʝʤʝʥʪ ʤʥʦʞʠʥ ʟʘʛʨʦʟ ʪʘ ʚʨʘʟʣʠʚʦʩʪʝʡ 

(7):  

ὙὭίὯὝz ὠ ὅz Ὅz,      (7) 

ʽ ʪʦʜʽ ʥʘʜʘʣʽ ʧʦʩʣʫʛʦʚʫʚʘʪʠʤʝʤʦʩʷ ʪʘʢʠʤ ʢʦʨʪʝʞʝʤ (8) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ ʽʟ ʢʨʠʪʠʯʥʠʤ 

ʧʨʽʦʨʠʪʝʪʦʤ: 

ὙὭίὯὝz ὠ ὅz Ὅz   ὸȟὺȟὧȟὭ  ὸᶰὝȟὺ ɴὠȟ ὧᶰὅ ȟ ὭᶰὍ   (8) 

ʄʥʦʞʠʥʘ ʦʪʨʠʤʘʥʠʭ ʢʦʨʪʝʞʽʚ ʪʠʧʫ (9) 

 ộὸȟὺȟὭȟὧỚộὸȟὺȟὭȟὧỚȣ ộὸȟὺȟὭȟὧỚ    (9) 

ʥʘʡʧʦʚʥʽʰʝ ʦʧʠʩʫʚʘʪʠʤʫʪʴ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ ʘʢʪʠʚʫ. 

 
 

ʈʠʩʫʥʦʢ 1  ï  ʉʢʣʘʜʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʨʠʟʠʢʫ 
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ ὙὭίὯȟ2ÅÓÉÄÕÁÌ 2ÉÓË ʚʽʜʥʽʤʽʪʴ ʩʫʢʫʧʥʽʩʪʴ 

ʨʝʘʣʽʟʦʚʘʥʠʭ ʢʦʥʪʨʟʘʭʦʜʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʧʝʚʥʫ ʚʘʨʪʽʩʪʴ ʪʘ/ʘʙʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʟʥʠʞʝʥʥʽ ʨʠʟʠʢʫ 

#Íȟ#ÏÕÎÔÅÒÍÅÁÓÕÒÅÓ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʨʠʟʠʢʫ ὙὭίὯȟ4ÏÔÁÌ 2ÉÓË (10). ɿʘʛʘʣʴʥʠʡ ʨʠʟʠʢ ʚʢʣʶʯʘʻ 

ʚʩʽ ʤʦʞʣʠʚʽ ʨʠʟʠʢʠ ʜʣʷ ʦʙ'ʻʢʪʫ ʯʠ ʩʠʩʪʝʤʠ ʪʘ ʚʽʜʧʦʚʽʜʥʝ ʡʦʛʦ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ. 

ὙὭίὯ ὙὭίὯ  ὅά ,     (10) 

ʜʝ ὅά  ̒ά ȟ̒ά ȟȣȟ̒ά ̍̎̏̇̉̎́ ̨̖̈́̏̅̃ ̨̩̐̑̏̓̉̅. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʣʠʰʢʦʚʠʡ ʨʠʟʠʢ ʚʨʘʭʦʚʫʻ ʚʩʽ ʤʦʞʣʠʚʽ ʜʽʾ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʨʠʟʠʢʫ, ʘʣʝ ʚʽʥ ʟʘʣʠʰʘʻʪʴʩʷ ʷʢ ʯʘʩʪʢʘ ʨʠʟʠʢʫ, ʷʢʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʫʩʫʥʝʥʘ. 

ʂʦʥʪʨʟʘʭʦʜʠ ï ʩʫʢʫʧʥʽʩʪʴ ʟʘʭʦʜʽʚ ʘʙʦ ʧʨʦʮʝʜʫʨ, ʱʦ ʟʤʝʥʰʫʶʪʴ ʨʠʟʠʢ. ʂʦʞʝʥ ʝʣʝʤʝʥʪ 

ʤʥʦʞʠʥʠ Cm ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʢʦʥʪʨʟʘʭʦʜʦʤ (ʥʘʧʨʠʢʣʘʜ, ʘʥʪʠʚʽʨʫʩʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʬʽʣʴʪʨʠ ʙʨʘʥʜʤʘʫʝʨʘ, ʰʠʬʨʫʚʘʥʥʷ), ʽ ʚʽʥ ʟʥʠʞʫʻ ʨʠʟʠʢ ʚ ʧʝʚʥʦʤʫ ʦʙʩʷʟʽ. 

ʅʘ ʦʩʥʦʚʽ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʚʠʨʘʟʽʚ ʪʘ ʢʦʨʪʝʞʽʚ ʜʣʷ ʦʮʽʥʢʠ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʨʠʟʠʢʫ, ʤʦʞʝʤʦ 

ʚʠʟʥʘʯʠʪʠ ʛʨʘʜʘʮʽʶ ʨʠʟʠʢʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʚʧʣʠʚ ʟʘʛʨʦʟ, ʚʨʘʟʣʠʚʦʩʪʝʡ, ʚʘʨʪʦʩʪʽ ʘʢʪʠʚʽʚ ʪʘ ʚʧʣʠʚʫ ʥʘ 

ʥʠʭ. ʅʘʚʝʜʝʤʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʨʠʟʠʢʫ ʟ ʧʦʷʩʥʝʥʥʷʤ. 

1. ɼʦʧʫʩʪʠʤʠʡ ʨʠʟʠʢ ï ʮʝ ʟʘʣʠʰʢʦʚʠʡ ʨʠʟʠʢ, ʷʢʠʡ ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʩʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʩʽʭ ʤʦʞʣʠʚʠʭ 

ʢʦʥʪʨʟʘʭʦʜʽʚ. ʎʝʡ ʨʽʚʝʥʴ ʨʠʟʠʢʫ ʧʨʠʡʤʘʻʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʻʶ ʷʢ ʤʽʥʽʤʘʣʴʥʠʡ ʟʘʣʠʰʦʢ, ʷʢʠʡ ʥʝ 

ʚʜʘʻʪʴʩʷ ʫʩʫʥʫʪʠ. 

2. ʅʠʟʴʢʠʡ ʨʠʟʠʢ ï ʨʠʟʠʢ ʽʟ ʧʦʤʽʨʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ. ɺʽʥ ʚʨʘʭʦʚʫʻ ʤʥʦʞʠʥʠ ʟʘʛʨʦʟ ʪʘ ʚʨʘʟʣʠʚʦʩʪʝʡ, 

ʽ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʜʝʢʘʨʪʦʚʦʛʦ ʜʦʙʫʪʢʫ ʮʠʭ ʤʥʦʞʠʥ. ʄʥʦʞʠʥʘ ʢʦʨʪʝʞʽʚ 

ʚʽʜʦʙʨʘʞʘʻ ʫʩʽ ʢʦʤʙʽʥʘʮʽʾ ʟʘʛʨʦʟ ʽ ʚʨʘʟʣʠʚʦʩʪʝʡ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʯʠ ʚʧʣʠʚʫ. 

3. ɺʠʩʦʢʠʡ ʨʠʟʠʢ ʟʘ ʚʧʣʠʚʦʤ ï ʨʠʟʠʢ ʽʟ ʚʠʩʦʢʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʟʘ ʚʧʣʠʚʦʤ, ʱʦ ʚʨʘʭʦʚʫʻ ʤʥʦʞʠʥʠ 

ʟʘʛʨʦʟ, ʚʨʘʟʣʠʚʦʩʪʝʡ ʪʘ ʚʧʣʠʚʫ ʥʘ ʘʢʪʠʚʠ. ʎʝʡ ʨʠʟʠʢ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʦʞʣʠʚʽ ʟʘʛʨʦʟʠ ʽ ʚʨʘʟʣʠʚʦʩʪʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʚʧʣʠʚʫ ʥʘ ʘʢʪʠʚʠ. 

 

 
 

ʈʠʩʫʥʦʢ 2  ï  ɻʨʘʜʘʮʽʷ ʨʠʟʠʢʽʚ 

 

4. ɺʠʩʦʢʠʡ ʨʠʟʠʢ ʟʘ ʚʘʨʪʽʩʪʶ ï ʨʠʟʠʢ ʽʟ ʚʠʩʦʢʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʟʘ ʚʘʨʪʽʩʪ,ʁ ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʤʥʦʞʠʥʠ 

ʟʘʛʨʦʟ, ʚʨʘʟʣʠʚʦʩʪʝʡ ʪʘ ʚʘʨʪʦʩʪʽ ʘʢʪʠʚʽʚ. ʎʝʡ ʨʠʟʠʢ ʚʽʜʦʙʨʘʞʘʻ ʢʦʤʙʽʥʘʮʽʾ ʟʘʛʨʦʟ ʽ ʚʨʘʟʣʠʚʦʩʪʝʡ ʽʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʘʨʪʦʩʪʽ ʘʢʪʠʚʽʚ. 

5. ʅʝʧʨʠʧʫʩʪʠʤʠʡ ʨʠʟʠʢ ï ʨʠʟʠʢ ʽʟ ʢʨʠʪʠʯʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʧʦʚʥʠʡ ʥʘʙʽʨ 

ʧʘʨʘʤʝʪʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʟʘʛʨʦʟʠ, ʚʨʘʟʣʠʚʦʩʪʽ, ʚʘʨʪʽʩʪʴ ʪʘ ʚʧʣʠʚ ʥʘ ʘʢʪʠʚʠ. ʎʝʡ ʨʠʟʠʢ ʻ ʥʘʡʚʠʱʠʤ, 

ʦʩʢʽʣʴʢʠ ʚʨʘʭʦʚʫʻ ʚʩʽ ʤʦʞʣʠʚʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʧʦʪʨʝʙʫʻ ʥʝʛʘʡʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʟʥʠʞʝʥʥʷ. 

ʆʪʞʝ, ʪʘʢʘ ʛʨʘʜʘʮʽʷ ʨʠʟʠʢʫ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʘ ʦʮʽʥʶʚʘʪʠ ʨʽʟʥʽ ʨʽʚʥʽ ʨʠʟʠʢʽʚ, 

ʟʦʢʨʝʤʘ ʚʠʜʽʣʷʶʯʠ ʾʭ ʟʘ ʧʨʽʦʨʠʪʝʪʦʤ ʚʧʣʠʚʫ, ʚʘʨʪʽʩʪʶ, ʪʘ ʟʘʣʠʰʢʦʚʠʤ ʨʠʟʠʢʦʤ, ʷʢʠʡ ʻ 

ʜʦʧʫʩʪʠʤʠʤ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʚʘʪʠ ʨʠʟʠʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʛʨʦʟ, 

ʚʨʘʟʣʠʚʦʩʪʝʡ, ʚʘʨʪʦʩʪʽ ʪʘ ʚʧʣʠʚʫ ʥʘ ʘʢʪʠʚʠ. ɻʨʘʜʘʮʽʷ ʨʠʟʠʢʽʚ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʯʽʪʢʫ ʧʨʽʦʨʠʪʝʟʘʮʽʶ, 

ʩʧʨʠʷʶʯʠ ʝʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʶ. ɿʘʣʠʰʢʦʚʠʡ ʨʠʟʠʢ ʚʽʜʦʙʨʘʞʘʻ ʨʽʚʝʥʴ, ʷʢʠʡ ʦʨʛʘʥʽʟʘʮʽʷ ʤʦʞʝ 

ʧʨʠʡʥʷʪʠ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʪʨʟʘʭʦʜʽʚ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʟ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʋʢʨʘʾʥʘ) 
  

ɺ ʪʝʟʘʭ ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʘʪʠʢʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʩʣʘʙʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʜʘʥʠʭ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ 

ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʣʝʞʥʦʾ ʪʦʯʥʦʩʪʽ ʯʝʨʝʟ ʜʠʥʘʤʽʯʥʽʩʪʴ, ʰʫʤ ʪʘ 

ʢʦʨʝʣʷʮʽʡʥʫ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʯʘʩʦʚʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ, 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ. ʅʘʛʦʣʦʰʝʥʦ ʥʘ ʩʢʣʘʜʥʦʩʪʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʣʘʥʩʫ ʤʽʞ ʪʦʯʥʽʩʪʶ ʧʨʦʛʥʦʟʽʚ ʽ ʧʨʦʟʦʨʽʩʪʶ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʨʦʙʣʝʥʦ 

ʘʢʮʝʥʪ ʥʘ ʧʦʪʨʝʙʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ, ʟʦʢʨʝʤʘ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʪʘ ʩʝʤʘʥʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʪʝʢʩʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʛʽʙʨʠʜʥʦʛʦ ʧʽʜʭʦʜʫ ʟ 

ʧʦʻʜʥʘʥʥʷʤ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʪʘ ʛʽʙʨʠʜʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ ʡ ʩʪʽʡʢʦʩʪʽ ʜʦ 

ʰʫʤʫ. 

  

ʉʫʯʘʩʥʘ ʬʽʥʘʥʩʦʚʘ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʟʥʘʯʥʦʶ 

ʤʽʥʣʠʚʽʩʪʶ. ɯʥʚʝʩʪʠʮʽʡʥʘ ʜʽʷʣʴʥʽʩʪʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʜʝ ʨʠʟʠʢʠ ʻ ʧʦʩʪʽʡʥʦʶ 

ʩʢʣʘʜʦʚʦʶ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʧʠʪʘʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ 

ʩʪʘʣʠ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ ʬʽʥʘʥʩʦʚʦʾ ʘʥʘʣʽʪʠʢʠ, ʧʨʦʪʝ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʥʝ ʟʘʚʞʜʠ 

ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʶ ʛʥʫʯʢʽʩʪʴ ʫ ʚʠʧʘʜʢʘʭ ʦʙʨʦʙʢʠ ʩʣʘʙʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ ʚʝʣʠʢʦʛʦ 

ʦʙʩʷʛʫ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʬʽʥʘʥʩʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʯʘʩʪʦ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʝʢʩʪʦʚʠʭ 

ʧʦʚʽʜʦʤʣʝʥʴ, ʥʦʚʠʥ, ʚʽʜʛʫʢʽʚ, ʘ ʪʘʢʦʞ ʥʝʦʜʥʦʨʽʜʥʠʭ ʯʠʩʣʦʚʠʭ ʨʷʜʽʚ, ʷʢʽ ʥʝ ʟʘʚʞʜʠ ʤʦʞʥʘ 

ʝʬʝʢʪʠʚʥʦ ʟʚʝʩʪʠ ʜʦ ʻʜʠʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʤʝʪʦʜʽʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʟʜʘʪʥʠʭ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ, ʚʠʩʦʢʫ ʜʠʥʘʤʽʢʫ ʪʘ 

ʡʤʦʚʽʨʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ [1]. 

ʆʩʦʙʣʠʚʽʩʪʶ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʻ ʾʭʥʽʡ ʙʘʛʘʪʦʚʠʤʽʨʥʠʡ ʭʘʨʘʢʪʝʨ. ʅʘ ʨʽʚʝʥʴ ʨʠʟʠʢʽʚ 

ʚʧʣʠʚʘʶʪʴ ʥʝ ʣʠʰʝ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʘ ʡ ʧʩʠʭʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ ʧʦʚʝʜʽʥʢʠ ʽʥʚʝʩʪʦʨʽʚ, 

ʧʦʣʽʪʠʯʥʽ ʨʽʰʝʥʥʷ, ʰʚʠʜʢʦʧʣʠʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʽʤʧʫʣʴʩʠ, ʱʦ ʮʠʨʢʫʣʶʶʪʴ ʫ ʮʠʬʨʦʚʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʙʩʷʛ ʜʘʥʠʭ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʦʙʨʦʙʢʠ, ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʠʤ, ʘ ʾʭʥʷ 

ʩʪʨʫʢʪʫʨʘ ð ʥʝʜʦʩʪʘʪʥʴʦ ʬʦʨʤʘʣʽʟʦʚʘʥʦʶ. ʉʢʣʘʜʥʽʩʪʴ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʘʢʦʞ ʯʝʨʝʟ ʯʘʩʦʚʫ 

ʟʘʣʝʞʥʽʩʪʴ ʮʠʭ ʜʘʥʠʭ ʪʘ ʥʘʷʚʥʽʩʪʴ ʣʘʪʝʥʪʥʠʭ ʟʤʽʥʥʠʭ, ʷʢʽ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʧʨʷʤʦʤʫ ʚʠʤʽʨʶʚʘʥʥʶ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʫ ʪʘʢʠʭ ʫʤʦʚʘʭ ʯʘʩʪʦ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʦʛʦ 

ʨʽʚʥʷ ʪʦʯʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʙʽʣʴʰ ʯʽʪʢʽ ʪʘ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʤʦʜʝʣʽ ʜʘʥʠʭ [2]. 
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ɺʝʣʠʢʽ ʜʘʥʽ ʫ ʩʬʝʨʽ ʬʽʥʘʥʩʽʚ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʙʝʟʣʽʯʽ ʨʽʟʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ. ʉʶʜʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʙʽʨʞʦʚʽ ʢʦʪʠʨʫʚʘʥʥʷ, ʬʽʥʘʥʩʦʚʽ ʟʚʽʪʠ ʢʦʤʧʘʥʽʡ, ʧʫʙʣʽʢʘʮʽʾ ʫ ɿʄɯ, ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ, 

ʨʝʟʫʣʴʪʘʪʠ ʝʢʦʥʦʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʜʝʨʞʘʚʥʘ ʩʪʘʪʠʩʪʠʢʘ. ʋʩʽ ʮʽ ʜʞʝʨʝʣʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ 

ʨʽʚʥʝʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʰʚʠʜʢʽʩʪʶ ʥʘʜʭʦʜʞʝʥʥʷ ʪʘ ʬʦʨʤʘʪʦʤ ʧʦʜʘʥʥʷ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʽʥʬʦʨʤʘʮʽʾ 

ʥʘʜʭʦʜʠʪʴ ʫ ʚʠʛʣʷʜʽ ʩʣʘʙʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ, ʜʝ ʢʣʶʯʦʚʽ ʩʤʠʩʣʦʚʽ ʝʣʝʤʝʥʪʠ ʥʝ 

ʟʘʚʞʜʠ ʧʽʜʜʘʶʪʴʩʷ ʦʜʥʦʟʥʘʯʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʎʝ ʩʪʚʦʨʶʻ ʩʫʪʪʻʚʽ ʪʨʫʜʥʦʱʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʠʟʠʢʽʚ, ʦʩʢʽʣʴʢʠ ʪʦʯʥʘ ʬʦʨʤʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʜʘʥʠʭ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʚʢʣʶʯʥʦ ʟ ʘʥʘʣʽʟʦʤ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʩʝʤʘʥʪʠʯʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʪʘ 

ʢʦʥʪʝʢʩʪʫʘʣʽʟʘʮʽʻʶ. 

ʋ ʧʨʦʮʝʩʽ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʦʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʨʝʣʝʚʘʥʪʥʠʭ ʟʤʽʥʥʠʭ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʽʞ ʥʠʤʠ ʟʚôʷʟʢʽʚ. ɼʣʷ ʬʽʥʘʥʩʦʚʦʾ ʩʬʝʨʠ ʭʘʨʘʢʪʝʨʥʘ ʚʠʩʦʢʘ 

ʢʦʨʝʣʷʮʽʷ ʬʘʢʪʦʨʽʚ, ʷʢʘ ʫʩʢʣʘʜʥʶʻ ʚʠʜʽʣʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʢʦʞʥʦʾ ʟʤʽʥʥʦʾ. ʂʨʽʤ ʪʦʛʦ, 

ʢʦʨʝʣʷʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʫ ʯʘʩʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʝʬʝʢʪʽʚ 

ʩʪʨʫʢʪʫʨʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʤʦʜʝʣʝʡ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʪʘʢʦʛʦ ʨʠʟʠʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʤʝʪʦʜʠ ʘʜʘʧʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʩʪʘʻ ʨʦʟʨʦʙʢʘ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʟʜʘʪʥʠʭ 

ʽʥʪʝʛʨʫʚʘʪʠ ʨʽʟʥʦʨʽʜʥʽ ʜʘʥʽ ʪʘ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʤʽʥʣʠʚʠʭ ʫʤʦʚ ʩʝʨʝʜʦʚʠʱʘ [3]. 

ʑʝ ʦʜʥʽʻʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʨʦʙʣʝʤʘʪʠʢʠ ʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʰʫʤʫ ʫ ʩʣʘʙʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʬʽʥʘʥʩʦʚʠʭ ʜʘʥʠʭ. ʏʠʤʘʣʦ ʧʦʚʽʜʦʤʣʝʥʴ ʫ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʘʙʦ ʥʘʚʽʪʴ ʫ ʤʘʩʦʚʠʭ ʤʝʜʽʘ ʥʝ 

ʥʝʩʫʪʴ ʩʫʪʪʻʚʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʮʽʥʥʦʩʪʽ, ʦʜʥʘʢ ʾʭʥʷ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʦʙʩʷʛ ʜʦʩʪʦʚʽʨʥʠʭ 

ʜʞʝʨʝʣ. ɺʽʜʦʢʨʝʤʣʝʥʥʷ ʨʝʣʝʚʘʥʪʥʠʭ ʩʠʛʥʘʣʽʚ ʚʽʜ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʰʫʤʫ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʦʮʽʥʢʠ ʢʦʥʪʝʢʩʪʫ. ɿʦʢʨʝʤʘ, ʚʘʞʣʠʚʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʟʜʘʪʥʽ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʜʘʥʽ ʥʘ ʦʩʥʦʚʽ ʧʨʠʭʦʚʘʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʱʦ ʥʝ 

ʻ ʦʯʝʚʠʜʥʠʤʠ ʧʨʠ ʧʦʚʝʨʭʥʝʚʦʤʫ ʘʥʘʣʽʟʽ. ʆʜʥʘʢ ʽ ʪʫʪ ʚʠʥʠʢʘʻ ʧʝʚʥʝ ʦʙʤʝʞʝʥʥʷ, ʘʜʞʝ ʤʦʜʝʣʽ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʭʠʣʴʥʽ ʜʦ ʧʝʨʝʦʙʫʯʝʥʥʷ ʥʘ ʥʝʩʪʘʙʽʣʴʥʠʭ ʜʘʥʠʭ, ʘ ʮʝ ʟʥʠʞʫʻ ʾʭʥʶ 

ʧʨʦʛʥʦʩʪʠʯʥʫ ʟʜʘʪʥʽʩʪʴ. 

ʋ ʧʨʘʢʪʠʯʥʦʤʫ ʚʠʤʽʨʽ ʙʘʛʘʪʦʚʠʤʽʨʥʠʡ ʘʥʘʣʽʟ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʩʪʠʢʘʻʪʴʩʷ ʟ ʧʨʦʙʣʝʤʦʶ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʽʞ ʪʦʯʥʽʩʪʶ ʪʘ ʽʥʪʝʨʧʨʝʪʦʚʘʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʤʦʜʝʣʝʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ. ɼʦʜʘʪʢʦʚʫ 

ʩʢʣʘʜʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ʬʘʢʪʦʨ ʯʘʩʦʚʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʩʣʘʙʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ. ɽʢʦʥʦʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʟʤʽʥʶʶʪʴʩʷ ʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʡ ʟʥʘʯʠʤʽʩʪʴ 

ʦʢʨʝʤʠʭ ʟʤʽʥʥʠʭ. ɼʝʷʢʽ ʜʘʥʽ ʤʘʶʪʴ ʜʦʚʛʦʪʨʠʚʘʣʠʡ ʝʬʝʢʪ, ʪʦʜʽ ʷʢ ʽʥʰʽ ʚʪʨʘʯʘʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʤʘʡʞʝ ʤʠʪʪʻʚʦ [4].  

ʋ ʚʠʧʘʜʢʘʭ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʬʽʥʘʥʩʦʚʠʤʠ ʜʘʥʠʤʠ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʻ 

ʧʨʦʙʣʝʤʘ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ. ɸʣʛʦʨʠʪʤʠ ʘʥʘʣʽʟʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʧʨʦʤʦʞʥʠʤʠ ʦʙʨʦʙʣʷʪʠ ʟʥʘʯʥʽ 

ʤʘʩʠʚʠ ʽʥʬʦʨʤʘʮʽʾ ʫ ʧʨʠʡʥʷʪʥʠʡ ʪʝʨʤʽʥ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʥʘʣʝʞʥʠʡ ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ. 

ʇʨʦʪʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʯʘʩʪʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʪʨʘʪʘʤʠ ʚ ʜʝʪʘʣʽʟʘʮʽʾ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʝʜʦʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʫ ʢʦʥʢʨʝʪʥʠʭ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʤʧʨʦʤʽʩ ʤʽʞ 

ʰʠʨʦʪʦʶ ʦʭʦʧʣʝʥʥʷ ʜʘʥʠʭ ʪʘ ʛʣʠʙʠʥʦʶ ʘʥʘʣʽʟʫ [5]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʙʣʝʤʘʪʠʢʘ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʫ 

ʩʣʘʙʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʜʘʥʠʭ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʦʭʦʧʣʶʻ ʮʽʣʫ ʥʠʟʢʫ ʩʢʣʘʜʥʠʭ ʘʩʧʝʢʪʽʚ. 

ʉʶʜʠ ʚʽʜʥʦʩʷʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʚʠʩʦʢʦʾ ʜʠʥʘʤʽʢʠ, ʰʫʤʦʚʠʭ ʝʬʝʢʪʽʚ, ʢʦʨʝʣʷʮʽʡʥʦʾ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ, ʯʘʩʦʚʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ, ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ 

ʽʥʬʦʨʤʘʮʽʾ. ʇʦʜʦʣʘʥʥʷ ʮʠʭ ʪʨʫʜʥʦʱʽʚ ʤʦʞʣʠʚʝ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʷʢʽ ʟʜʘʪʥʽ ʦʙôʻʜʥʫʚʘʪʠ ʘʜʘʧʪʠʚʥʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ ʪʘ ʚʠʩʦʢʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʋ ʷʢʦʩʪʽ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʷʤʫ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʢʦʥʮʝʧʮʽʶ ʛʽʙʨʠʜʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ 

ʧʦʻʜʥʫʻ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʽʥʪʝʛʨʫʚʘʪʠ 

ʪʦʯʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽʟ ʧʨʦʟʦʨʽʩʪʶ ʽʥʪʝʨʧʨʝʪʘʮʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʛʽʙʨʠʜʥʦʛʦ ʥʘʚʯʘʥʥʷ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʥʝʯʽʪʢʠʤʠ ʧʨʘʚʠʣʘʤʠ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ 

ʘʥʘʣʽʟʫ ʜʦ ʰʫʤʫ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʘʜʘʧʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʩʣʘʙʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʬʽʥʘʥʩʦʚʠʭ ʜʘʥʠʭ.  
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The aim of this work is to analyze the advantages provided when using edge-based architecture in 

video surveillance systems that have the ability to detect object movement in real time. This kind of 

systems can replace ñordinaryò video systems and gain more flexibility in case adding new features for 

analyzing video data and saving the results of it. 

 

At present, there are many ñstandardò video surveillance systems, which generally have a 

hierarchical structure - video cameras that use data transmission channels to transmit a video stream to a 

server, where the received information is analyzed and stored. The architecture of this kind of a system is 

simple ï video cameras (or ñend nodesò) of the same type that generate data in real time, then transmit 

some data to a single master node that can process this data and store the result in an auxiliary node for 

further analysis. The problem with such a ñstandardò architecture is the large amount of data that must be 

transferred in real time for processing in the main node, which leads to an increase in the load on the data 

transmission channels. An alternative is to build a video system based on ñedge computingò architecture. 

The ñedge-basedò video system [1] had a few preferences via ñstandardò video system that can be, 

in general, divided into two parts. There can be even more than five key differences above (like easier 

automation some scenarios with data or enhancing the privacy for data conversion results) but it should 

be noted, that these systems are particularly good in scenarios where speed, security, and independent 

decision-making are critical. 

The first part can be named ñUsage benefitsò, consist of preferences that makes data processing 

faster versus ñstandardò approaching. The main preferences of this part are:  

1) Minimization of data bandwidth. With edge-based systems, data can be processed locally, 

reducing the need to send all raw video elsewhere. Thus, the data can proceed not only on main local 

server but on ñedge peersò (or hardware inside cameras); data must be zipped as encoded videostream or 

frames. 

2) Processing data in real-time on ñedgeò devices. The ñedge-basedò camera may do tasks 

like data normalization, transformation, and video compression. The hardware and software of the edge 

nodes of the system must support the ability to carry out some simple initial processing of the video 

stream at a speed not less than the speed of frame change in the camera (usually it is not slower than 1/25 

of a second). 

3) Security data.  Sometimes video surveillance systems may collect sensitive content, and 

thus, processing video locally edge-based systems help ensure that data doesnôt need to be transmitted or 

stored on main servers, which minimize the risk of grabbing data and improving privacy, especially in 

applications like public safety or healthcare. The end node of the system must be able to encrypt and 

decrypt data for further transmission to the main node or to their local storage; the data transfer protocol 

must be secure. 

The other part can be named as ñImplementation benefitsò, which consists of preferences of a whole 

system, namely: 
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4) Scalability. The new cameras may need to be provisioned connect to network dynamically 

and the network must be able to handle peak loads without compromising performance. The edge-based 

systems can distribute the processing load across multiple devices, making it easier to scale and manage 

without additional main servers or high use network bandwidth. 

5) Reliability. Edge-based systems often organize each camera or local node to operate 

independently, ensuring continuous video monitoring and data recording even if thereôs a network failure 

or server downtime.  

These ñImplementation benefitsò can be provided through the use of standardized hardware and 

software solutions for data transmission and storage processing. 

So, taking into account the above-mentioned features of the edge video system, there is a possibility 

of adapting the hardware and software at the end nodes to solve the problem of motion detection. 

Methods for solving the problem of detecting motion in a video sequence use a frame-by-frame 

comparison method to determine changes in successive frames and, thus, "detect" the motion. The 

simplest option for comparing two (or more) frames is the operation of subtracting the values of the 

corresponding pixels in adjacent frames to detect either object motion (the camera is not moving) or the 

motion of the object on which the camera is located. 

The advantages of this approach are speed, which, in turn, can be increased by using parallel data 

processing using the hardware capabilities of not only the CPU but also the GPU (for example, using 

NVidia CUDA technology [2]) and combining input with data processing. 

As experiments have shown [3], such a task can be solved in real time at the end node using cheap 

so-called microcomputers (microPCs), which (for example [4], [5]) as the main computing unit usually 

have a System-on-Chip of four hardware ARM cores with a clock frequency of each core of about 1 GHz 

and the amount of RAM from 512 MB to 4 GB. Some of these microPCs even have the ability to perform 

tracking tasks on a moving object using GPU computation [6]. The vast majority of such devices use 

Linux-based operating systems, which opens up great opportunities for creating, adding and modifying 

existing programs for processing video information; a few OS (such as Ubuntu ) even officially support 

specific microPCs. It is also important to note that such an OS allows the use of a large number of free 

tools for analyzing and processing video sequences (for example, the open source OpenCV library [7]), 

which allows you to quickly create the necessary processing program or modify an existing one. 

In addition, the hardware and software capabilities of microPC allow you to significantly reduce the 

amount of information by transmitting only the sequence of frames in which movement was detected on 

protected channels, and the official support of the OS leads to the elimination of detected security 

problems.  

To convert a standard end node into a node that can be used in an edge video system, you can 

connect either a microPC or a ñhardware-software adapter equivalent in computing powerò to the camera, 

which will allow you to process video data in real time and transmit only the necessary information. In 

addition, connecting such an adapter allows you to use different cameras, unifying the transmitted 

information directly on the adapters and thus unifying the communication channels to the main node. 
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Abstract. Reviewing intelligent approaches to secure coding in Rust, as conducted in this paper, 

enables the software engineering community to improve memory safety, guide the development of 

advanced AI-based tools, improve vulnerability detection, and accelerate the adoption of safe coding 

practices in Rust development. 

 

Introduction. Rust is currently seen as the most ñadmiredò language [7]. It is being integrated 

into world-class projects like the Linux kernel. The main cause of Rustôs attractiveness is the strict 

separation of ñsafeò and unsafe code. All safe code is prevented from using the five ñUnsafe 

Superpowersò [8]. These ñsuperpowersò are used in unsafe code to work with vulnerability-prone buffers, 

pointers and concurrency. 

Problem statement. The main problem addressed in this paper is that many real-world scenarios 

of using Rust require the necessary but dangerous use of unsafe code. This problem is aggravated by 

developers' unfamiliarity with safe coding practices, the flaws of AI tools that lead to vulnerable code 

generation, and the limitations of existing analysis tools in this new paradigm, leading to possibly 

underreported and undetected vulnerabilities. Rust did not, and never intended to, prevent all memory-

related vulnerabilities. Developers may choose to write unsafe code in cases where the same is possible in 

safe code. This may happen due to lack of experience in Rust or unawareness of better approaches. AI 

coding tools can produce vulnerable code due to flawed and out-of-date training datasets [6]. Rustôs 

unsafe code separation introduces new challenging tasks for traditional static analysis tools. Beside fixing 

vulnerable unsafe code in Rust with safer unsafe code, some unsafe code can be replaced with Rustôs safe 

code [4][5].  

Analysis of current research. The current research on Rust has multiple focuses: 

Safety requirements classification. As Rust is a relatively new language, existing research has 

collected less than 500 disclosed vulnerabilities in open-source projects [3][9]. The most common types 

of vulnerabilities were found to be ñmemory access, memory management, and synchronizationò [3]. Cui 

et al. hypothesize [2] that some types of vulnerabilities may be severely underrepresented among 

disclosed vulnerabilities due to the limitations of current analysis tools. Dong et al. argue that the five 

ñsuperpowersò of Unsafe Rust are isolated from real-world scenarios in which unsafe is used [4]. Thus, 

they propose an additional classification of 9 scenarios of necessary usage of Unsafe Rust, including 

ñnon-exclusive mutabilityò, ñdelayed initializationò, ñtransmuteò, etc. [4] Rust documentation describes 

requirements for the safe usage of unsafe functions of the standard library. These were organized into 

ñSafety Propertiesò [2] that group together recurring safety requirements found in the standard library 

documentation. Li et al. have proposed [1] a similar classification called ñContract Typesò. The 

improvement of this classification is that each contract includes multiple ñGuarantee Patternsò [1] that 

define conditions under which the contract can be satisfied. 

Unsafe code replacement. Multiple attempts have been made to develop solutions to prevent 

unnecessary use of unsafe code. Dong et al., based on their classification of 9 scenarios of necessary 

Unsafe Rust, identified 5 scenarios where Unsafe Rust is fully or conditionally replaceable with Safe Rust 

[4]. They trained a BERT-based model ñSafeNetò on almost 500 cases of Unsafe Rust replacements. The 

resulting model was reported to perform much better than the general purpose GPT-3.5 [4]. Jiang et al. 

base their study on the 5 scenarios of replaceable Unsafe Rust and propose ñThetis-latheò as an automated 

framework for minimizing unsafe code through code replacement and ñencapsulationò [5]. Unlike 

SafeNet, Thetis-lathe uses a non-machine-learning, pattern-based algorithm with pre-defined replacement 
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rules. 

Unsafe code encapsulation. Li et al. propose [1] a term ñsafe encapsulation of unsafe calls 

(EUC)ò. This term refers to safe functions that place necessary safeguards before internally executing 

unsafe code in order to comply with safety requirements. In scenarios where unsafe code that cannot be 

replaced with safe code, Thetis-lathe can also suggest EUCs [5]. Jiang et al. propose two methods of 

encapsulation: (a) ñlifetime supportò that aims to reduce the risk of accessing raw pointers after data is 

moved or freed; (b) ñassertionò that performs necessary checks before, for example, dereferencing [5]. 

Unfortunately, the lifetime support method [5] was not sufficiently clarified or given examples of, 

prompting further research. 

Li et al. develop Safe4U [1], a system designed to identify ñunsoundò EUCs. It uses LLMs to 

identify ñcontractsò described in function comments or official documentation (for standard library 

functions). For each identified contract, Safe4U requires satisfying at least one ñguarantee patternò, 

otherwise, the EUC is deemed unsound [1]. Safe4U is based on prompt engineering an LLM [1]. It 

operates in multiple steps of decomposing the contracts and checking them for guarantee patterns. This 

allows Safe4U to significantly outperform plain LLM and non-LLM methods [1]. 

Vulnerabilities of safe Rust. Hassnain and Stanford discuss 5 potential attack vectors that can 

corrupt an applicationôs memory and execute malicious commands [9]. Unix-like systems like 

GNU/Linux and FreeBSD generally allow every program to access its own raw memory via ordinary API 

by accessing the proc virtual file system, along with other data provided by it. While developers are 

unlikely to unintentionally use proc to bypass safe Rust, they may be unaware of the danger of allowing 

untrusted users to access arbitrary files. Similarly, general-purpose API allows executing binary files by 

spawning new processes [9]. The ñattack patternsò, including those omitted here, are generally not 

detectable by existing analysis tools, except for ñcompiler unsoundnessò, where compiler bugs are 

exploited [9]. A significant number of vulnerabilities are caused by these attack patterns [9]. 

Vectors of future research. The main weaknesses of Safe4Uôs approach are the reliance on 

comments for identifying contracts, and imperfections of the authorsô classification of them [1]. The 

study by Hassnain and Stanford prompt research on ways of addressing the attack patterns in safe Rust 

identified by them [9]. SafeNetôs model is a fine-tuned version of BERT [4]. It could be rebased on newer 

small-sized LLMs. Modern LLMs support Chain-of-Thought, and it may improve SafeNetôs 

performance, as CoT was successfully used by Li et al. in Safe4U [1]. Thetis-lathe could possibly benefit 

from incorporating an LLM in its approach. 

Conclusion. SafeNet, Safe4U and other projects show that the scientific community is attempting 

to devise and experiment with novel intelligent approaches to secure coding in Rust. As a young 

programming language, Rust seems to be acquiring its own ecosystem of analysis tools. The qualitative 

improvement of the emerging tools over those of Rustôs predecessors is making use of the boundaries of 

safe Rust and clearly defined powers of unsafe Rust. 
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Small projects struggle to implement heavyweight security frameworks like SABSA, especially 

during rapid growth, resulting in significant security gaps. These frameworks are artifact-heavy and lack 

clear tailoring guidance for rapidly changing environments. This paper proposes a lightweight, 

extensible method based on a retrospective analysis of past implementations in dynamic projects. We 

introduce a four-step lifecycle (Prepare, Plan, Design, Implement, Validate) that extends the SABSA 

framework, ensuring all security layers are integrated concisely from the start. This approach closes the 

gap between flexibility and completeness, designing a process that allows teams to implement security 

integrations and respond to organizational volatility. 

 

Introduction . In the modern landscape of information systems, applying multiple security 

standards and frameworks is a complex but required task for integration with software and data 

architecture. Complexity is even higher if we consider a small team that needs to adopt these standards, 

and security integrity depends on them. Adding to the equation, organizational growth and product 

scaling worsen the situation. This exposes the system to security vulnerabilities or limits its scalability. 

An obvious solution to ensuring security across the entire system is to use specialized frameworks. 

This could help unify the structure and integrate all required standards and security considerations. One of 

the most popular solutions for this is to use SABSA[1] as it provides a structured methodology to ensure 

that an organization's security infrastructure is cost-effective, manages risk, and directly enables its 

business goals. The implementers agree that it follows a quite reasonable lifecycle. It could be 

characterized as one that follows common sense and the best practices of agile techniques. It consists of 

the following steps: Plan, Design, Implement, Test. On the other hand, SABSA defines a comprehensive 

list of layers of security rules and definitions. The list of artifacts to implement it is very detailed, which is 

reasonable for a big project. 

Regarding the process steps, to ensure integrity and coverage of all phases, even for a small project, 

it is advised to use finer-grained steps. An example of such a detailed flow is the TOGAF [2] framework 

described in Figure 1. It ensures that planning is done and achievable, thus measurable, goals are set. The 

next important step is to allocate time for ñenoughò design upfront.  
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Figure 1. TOGAF lifecycle [2] 

 

Problem Statement. A proper strategic approach often requires integrating both instruments [3]. 

This is somewhat hard to achieve on a small scale. Because of their enterprise nature, TOGAF and 

SABSA are very detailed and require a reasonably high number of artifacts involved. Both frameworks 

are designed to be cooperative. Both declare that details are not strictly defined, and it is preferable to 

fine-tune each step to each project's needs. That is observed to be correct while the project and the 

organizational structure are stable. But even then, there are no precise guides on how to tailor them 

properly and keep high cohesion and extensibility, in case required in the future. During organizational 

changes, project growth, or rapid team scaling up, it's not the case. A high amount of volatility prevents a 

consistent rate and completeness of all steps due to a lack of understanding of the required steps. Many 

recent studies, for example, those by Kauspadiene [4], are improving the detail level but are even more 

increasing overall complexity. The new method aims to help keep this complexity at a manageable level 

and allow extension. 

 

 
 

Figure 2. Proposed process 

 

Proposed method. We suggest a method to initialize such integration of multiple frameworks, such 

as discussed above, but not limited to. One reason to avoid TOGAF specifically is the fact that it is highly 

proprietary, but the same objectives could be achieved by adopting this or a similar framework.  Our 

design is based on the number of attempts to integrate such heavy but complete frameworks into small 

and medium-sized projects. Retrospectively, we evaluated the biggest issues during initial 
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implementation, but with a focus on the subsequent issues that occurred during rapid growth. We see 

more value in not overcomplicating the integration process in the beginning, at the same time leaving the 

required room for extension. 

To remove dependency on TOGAF, we defined an extended list of steps based on the SABSA 

lifecycle described in Figure 2. Its goal is to improve efficiency and cover all required design decisions. 

Let's review the process step by step, reviewing artifacts that are needed at that stage. And review where 

the integration points for SABSA layers are located: 

 

0.    Prepare. Defining Architecture principles, describing the main project approaches. The Stakeholder 

Map explains roles, responsibilities, and concerns. 

1. Plan. Covers Goals and Use case definitions. Use case diagrams are recommended. It is important to 

ensure goal traceability and verifiability. Corresponds to Strategy and planning in SABSA. Covers 

Contextual security architecture definition. 

2. Design. Includes design activity for: 

a. A Requirements matrix is recommended unless there is a reason not to include it and BPMN flow, 

which is often a result of Event Storming. 

b. Data architecture diagram. (Often C4 at the beginning) 

c. Application architecture diagram. (Often C4 at the beginning) 

 Contains Conceptual, Logic, and Physical architecture layers definitions. 

3. Implement. This phase defines the starting situation and calculates the Module dependency tree to 

find the optimal critical path. Based on that roadmap is combined. All significant decisions are recorded 

using ADRs. Before the implementation of each module, Component security and overall Operational 

security (sometimes divided by subsystems) layers should be covered in detail. 

4. Validate. Arguably, the most important phase is during which analysis is made to detect met and 

unmet requirements. Before that, the team should validate that the result conforms to each security and 

other industry standards. Based on that, Backlog is modified for the next Plan phase. 

 

All SABSA layers should be covered step by step in separate artifacts, even if at the starting point, 

many layers would be very concise. That does guarantee that under a lot of uncertainty, which is usually 

present in times of fast growth or reorganization, the team would be able to respond quickly. 

 

Conclusion. Presented a lightweight integration methodology of integration security standards and 

frameworks to the evolutionary process flow using SABSA layers and improved lifecycle. Our primary 

contribution is an approach that resolves the common conflict with heavyweight frameworks by 

prioritizing simplicity and well-defined steps engineered for future extensibility. The principal benefit of 

this method is its capacity to ensure security integrity is maintained, even during high uncertainty and 

volatility of dependencies. This model effectively provides guidance on starting points, integration points 

that are ready to adopt numerous security practices based on a well-known security framework, and 

removes common problems of heavy enterprise process approaches. 

We could summarize that the main task is to split responsibility artifacts upfront to achieve 

flexibility and extensibility. It is dictated by the fact that a later split may not involve the original parties 

and therefore complicates the process, or even leads to misalignment of phases.  

 

Acknowledgments. The authors acknowledge that the enterprise architecture methodology 

analyzed in this study is based solely on publicly available TOGAF materials from the Open Group. No 

paid or proprietary TOGAF resources, training courses, or guides were consulted or used in preparing this 

work. 
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Modern methods and tools for accelerated image encryption using chaotic coding are considered. 

The principles of constructing chaotic maps, algorithmic, hardware and parallel approaches to 

increasing performance, as well as the possibilities of implementation on graphics processors ( GPU ) for 

processing images and video streams in real time are analyzed. 

 

Methods and tools for accelerated image encryption [1-5] using chaotic coding are based on the 

properties of deterministic chaos [1], in particular, sensitivity to initial conditions, ergodicity, and 

topological mixing. The idea is to use chaotic mappings to quickly and uniformly mix the spatial and 

luminance components of an image with the subsequent propagation of local changes throughout the data 

set. Early works showed how two-dimensional mappings on a torus or square can be discretized to 

construct symmetric block ciphers, which are especially relevant for large arrays such as digital images. 

Further development has given a generalization to three-dimensional ñcatò-type mappings that provide 

efficient pixel permutations and are combined with separate chaotic generators for substitution operations, 

thereby creating the classical ñpermutationïdiffusionò connection in a specialized form for images. In 

parallel with constructive schemes, research on cryptographic robustness has emerged, formalizing 

requirements for the key space, robustness against statistical, known/chosen-open attacks, and outlining 

typical weaknesses of unsuccessful implementations, in particular insufficient diffusion on high-order bits 

or interdependence between the mixing and scattering stages. At the current stage, chaotic methods are 

considered not in isolation, but as the basis of hybrid solutions, where chaotic maps are combined with bit 

operations, frequency domain transformations, multilevel schemes on bit planes, and hardware 

acceleration. Review works of recent years systematize spatial, frequency, and spatiotemporal 

approaches, and also show a trend towards integration with machine learning and standardized procedures 

for assessing encryption quality (entropy, neighboring pixel correlation, histogram analysis, differential 

robustness indicators). In a practical sense, acceleration is achieved in three complementary ways. The 

first way is algorithmic optimization: compact maps (logistic, tent, generalized mappings) are used to 

generate long pseudorandom sequences with the possibility of parallel processing of blocks; permutation 

at the index level is performed without copying data, with a preliminary layout of the traversal path; 

diffusion is performed at the bit plane level according to the chain principle to ensure the propagation of a 

local change in a pixel to the entire array in a minimum number of steps. The second way is hardware 

acceleration: in field programmable matrices, chaotic sequence generation pipelines and permutation 

modules with fixed delays are built, which makes it possible to encode image streams in real time; many 

works demonstrate that high-level synthesis for FPGAs allows implementing parallel block buffers and 

achieving operating frequencies sufficient to process a full frame within a few milliseconds. The third 

way is parallelism on GPUs: independent blocks or image tiles are encrypted by separate threads, chaotic 

sequences are generated in registers of each core or read from buffers, and memory is organized 

according to a co-authorship scheme of permutation and diffusion computation to reduce accesses to 

global memory; this approach scales well for streaming video and systems with many cameras. 

https://www.opengroup.org/open-group-issues-guide-integrating-togaf%C2%AE-sabsa%C2%AE-secure-architecture-methodology
https://www.opengroup.org/open-group-issues-guide-integrating-togaf%C2%AE-sabsa%C2%AE-secure-architecture-methodology
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Importantly, chaotic coding is suitable not only for general images, but also for specialized domains, such 

as medical images. The combination of three-dimensional mappings with diffusion schemes allows you to 

build protection into telemedical channels without a significant increase in latency. In practical 

implementations, they demonstrate frame rates comparable to classical block ciphers with lower hardware 

decoding complexity, which is important for peripheral devices. However, the correctness of the design is 

critical: careless reproduction of chaos in fixed precision, reuse of sequences, or dependence of initial 

conditions on low-entropy image parameters reduce robustness. The evaluation must be supplemented 

with extrastatistical tests, simulation of known/chosen-open attacks, analysis of sensitivity to the key and 

independence between the permutation and diffusion stages. Compared to classical universal ciphers, 

chaotic approaches have two practical advantages for visual data. First, they are naturally consistent with 

parallel processing, since permutations and bit diffusion are easily decomposed into independent 

subtasks, and this fits well with both FPGAs and GPUs. Second, they allow for fine-tuning of the trade-

off between mixing quality and resource consumption: from lightweight configurations for mobile 

sensors to multi-step schemes for highly secure channels. Recent publications offer new chaotic maps 

with improved mixing properties and demonstrate higher performance without losing security indicators 

due to optimization of computational cores and reduction of memory accesses. Promising development 

directions include standardized evaluation profiles for video streaming tasks, compatibility with hardware 

trusted environments, joint design with watermark hiding modules and access control mechanisms. The 

formation of open test benches with common data sets and a complete protocol for measuring speed, 

latency, power consumption and stability remains a scientific and practical task. For applications on the 

periphery, energy efficiency is important: here lightweight maps with linear-fragmentary operations and 

bit diffusion on compressed representations are appropriate. For central nodes, the use of parallel arrays 

of computers with hardware pseudo-random sequence generators and block read/write pipelines is 

recommended. In both cases, rigorous methods for assessing security and proving the properties of 

schemes, based not only on empirical indicators but also on the analysis of the attack structure, remain 

key. Thus, the use of chaotic coding methods in accelerated image encryption provides well-managed 

parallelism, high adaptability to the hardware base, and a flexible balance between resources and 

cryptographic stability. The development of this direction moves from classical two-dimensional 

mappings to multidimensional and hybrid schemes, from purely software implementations to optimized 

hardware accelerators, as well as open benchmarking protocols, which allows making informed decisions 

for specific application areas. 

With the development of parallel computing, significant attention has been paid to the use of 

graphics processing units ( GPUs ) [2] for implementing chaotic image encryption schemes. GPUs 

provide a large number of parallel computing cores, high memory bandwidth, and flexible thread 

management models, which makes them particularly suitable for algorithms where it is possible to divide 

the image into blocks or tiles and process each fragment independently. Parallel generation of chaotic 

sequences on GPUs is performed independently for each core, which allows the creation of large pseudo-

random key streams. Research in 2024 showed that the implementation on CUDA provides a significant 

reduction in encryption time, allows parallel processing of the R , G , B channels , and achieve 

performance compatible with real-time requirements. After generating the key streams, permutation and 

diffusion are performed in parallel by each stream, minimizing accesses to global memory, which ensures 

scalability when working with streaming video. 

The main advantages of the GPU approach include a high degree of parallelism, adaptability to 

specific system resources, and the ability to process large-format images in real time. Among the 

limitations are the need to optimize memory access, prevent thread divergence, and control numerical 

accuracy when implementing chaotic maps. A typical GPU encryption architecture consists of sequential 

stages: initializing initial conditions, parallel generation of key sequences, performing permutations, 

performing diffusion, and recording the encrypted result. Practical studies confirm that GPU 

implementations can be 2ï3 times faster than classical CPU algorithms, providing encryption of large 

images and video streams within a few milliseconds. A promising direction of development is the 

creation of hybrid systems based on GPU + FPGA , the use of GPU threads for mobile and peripheral 

devices, and the integration of chaotic encryption schemes with machine learning modules for dynamic 

key generation in real time. 
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The paper addresses approaches to asymmetric encryption aimed at enhancing data protection 

within cloud environments. The relevance of the research is substantiated by the limitations of traditional 

symmetric encryption algorithms, which fail to ensure a sufficient level of security in cloud-based web 

systems. The study focuses on the mathematical foundations of the RSA algorithm, providing a detailed 

examination of key generation mechanisms, as well as the encryption and decryption processes. 

Particular attention is given to factors affecting cryptographic robustness, including the computational 

complexity of large-number factorization and the optimal key length required for secure communication. 

The findings confirm the effectiveness and applicability of the RSA algorithm for maintaining data 

confidentiality, integrity, and authenticity in modern cloud infrastructures. 

 

Statement of the problem 

The active use of cloud services for data storage and processing is accompanied by increased 

information security requirements. Transferring confidential data over a network makes it vulnerable to 

interception, substitution, or unauthorised access. 

Traditional symmetric encryption algorithms do not provide an adequate level of protection in 

web cloud environments due to the need for a shared secret key. Asymmetric encryption, based on a pair 

of public and private keys, enhances security during authentication, data exchange, and user access 

management.  

At the same time, the implementation of asymmetric cryptographic methods in web cloud 

platforms faces problems of performance, scalability, and compatibility with modern web protocols. 

Therefore, the research problem is to identify effective ways to implement asymmetric encryption in web 

cloud systems to ensure data confidentiality and integrity without significant losses in performance and 

ease of access. 

 

Purpose of the Study 

The contribution of this research is presenting an analysis of the RSA method from a 

mathematical perspective and reviewing its use for the protection of data in web cloud. The report is 

concerned about principles of key generation, encryption and decryption in RSA and involves 

mathematical concepts connected with stability and computational cost. 

 

Objectives 

1. Consider the mathematical foundations of asymmetric encryption, in particular the 

principles of key pair operation.  
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2. Analyse the RSA algorithm: key generation, encryption and decryption from a 

mathematical point of view.  

3. Identify factors affecting the stability of RSA and its cryptographic security.  

4. Assess the computational complexity of the algorithm and the impact of key size on 

encryption efficiency.  

5. Summarise the results of the mathematical analysis and draw conclusions about the 

feasibility of using RSA in web cloud environments. 

 

Significance of the Study 

Information security has become very important as the cloud services are increasingly being used 

for information storage and exchange. Public-key encryption, for example RSA, is one of the fundamental 

methods used to secure such data. Analytical study of the RSA makes possible a profound insight into its 

working practices, evaluation of its cryptanalytic behaviour and influence on efficiency when dealing 

with key parameters.  

The scientific value of the research lies in accumulation of theoretical knowledge on formation of 

mechanisms to structure and function RSA, and its practical significance is that materials are submitted 

for development and selection of reliable cryptographic methods to protect data in web cloud platforms. 

 

Theoretical Background 

The RSA scheme is a simple case of asymmetric encryption algorithm, and it relies on the prime 

number properties and difficulty to factor large numbers [1, 2]. Itôs based on using a pair of keys: one 

public key to encrypt messages and the other private (secret) key to decrypt them [1]. The key feature of 

RSA is that knowledge of the public key does not allow the private key to be calculated without solving a 

complex mathematical problem - the factorisation of a large number. 

 

1.1 RSA key generation 

Key generation is a fundamental step in algorithm security and consists of several mathematically 

sound steps [1]: 

1. The selection of two large prime numbers, p and q, which must be independent and 

sufficiently large to ensure cryptographic strength. The size of each number is typically hundreds or 

thousands of bits. 

2. Calculation of the modulus: 

ὲ ὴz ή 
The number n is the basic module for encryption and decryption. Its value determines the key size 

and security of the system. 

3. Calculation of Euler's function for n: 

•ὲ ὴ ρ ή ρ 
The Euler function ű(n) represents the quantity of integers relatively prime to n and is used to 

construct a mathematical inverse encryption function [2, 4]. 

4. Selecting a public key e that satisfies the condition: 

ρ Ὡ •ὲȟὫὧὨὩȟ•ὲ ρ 
This ensures the mutual simplicity of e and ű(n), which is a prerequisite for the existence of a 

multiplicative inverse. 

5. Calculation of the private key d, which is multiplicative inverse to e modulo ű(n): 

ὨẗὩḳρ άέὨ•ὲ  

Thanks to this property, encryption and decryption operations are mutually inverse: 

ά ḳά άέὨ ὲ 
This results in the following key pair: 

¶ Public key: (e, n) 

¶ Private key: (d, n) 

 

1.2 Mathematical encryption procedure 

The message M is converted into an integer m in the range 0 Ò m < n. The encryption procedure is 

described by the formula [1]: 

ὧ  ά  άέὨ ὲ 
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where c is the encrypted message. Modular exponentiation ensures that even for large m, the 

calculations remain limited to the number n. 

 

1.3 Mathematical decryption procedure 

Decryption is performed using a private key [1]: 

ά  ὧ άέὨ ὲ  
This process guarantees the recovery of the original message thanks to Euler's theorem and the 

properties of inverse numbers in modular arithmetic [4]. 

Mathematically, this follows from the fact that: 

ά ḳάάέὨ ὴ   ÁÎÄ   ά ḳάάέὨ ή 
Applying the Chinese remainder theorem allows us to show that both relations are simultaneously 

satisfied and guarantee the restoration of the initial m modulo n [2]. 

 

1.4 Cryptographic properties and robustness of RSA 

1. Factoring complexity: Without knowledge of the prime numbers p and q, it is practically 

impossible to calculate the private key d for large values of n [1, 4].  

2. Modular exponentiation: The main computational operation is modular exponentiation, 

which is efficiently implemented by the fast exponentiation algorithm.  

3. Key size: Modern systems use keys ranging from 2048 to 4096 bits, which makes factoring 

n impractical [3].  

4. Mathematical guarantee: RSA security is based on proven properties of numbers and 

Euler's theorem, rather than on the secrecy of the algorithm [4]. 

 

Results 

Security analysis of the RSA cryptosystem validates its suitability for secure data access in web 

cloud. The message confidentiality, data integrity and authenticity are provided by the mathematical 

structure of the algorithm based on factorization complexity of large numbers together with digital 

signature to ensure all these three parameters. On-the-other-hand, we note that the web cloud platforms 

use modern hardware with a large number of multipliers/dividers and are able to efficiently execute 

modular exponentiation. The use of a public key ensures secure data exchange between users without the 

need for centralised management of secret keys, making RSA suitable for practical application in web 

cloud services. 

Conclusion 

It has been proved that the RSA algorithm is a suitable way to guarantee secure data in the web 

cloud. The cryptographic algorithm provides for the security of messages by way of confidentiality, 

integrity and authenticity without the necessity to exchange secret keys. Despite the heavy computational 

overhead, our current cloud start-ups do allow RSA to be an effective solution for user authentication and 

data protection which is good enough for real-world deployment over web cloud services. 
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Annotation. This paper discusses the prospects for applying blockchain technologies in urban 

passenger transport systems for collecting, verifying, and analyzing data on transport and passenger 

flows. The concept proposes using a decentralized transaction roster as a reliable source of statistical 

data on trips, waiting times, passenger flows at stops, and the tracking of vehicle movement. 
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The planning and development of urban transport systems require accurate data on the volume of 

traffic, passenger flows, and the efficiency of transport operations on routes. Traditional centralized 

databases often fail to ensure the necessary level of transparency and consistency, especially when 

services are provided by a mixed group of private and municipal operators. 

The use of blockchain methods makes it possible to create a trusted environment of information 

exchange among operators, municipalities, and users, where each transaction is stored immutably and 

validated by all participants in the system [2], [4]. 

One of the most promising directions is passenger flow analysis. The best option for collecting such 

data would be to install specialized sensor gates at the entrances and exits of public transport vehicles. 

However, this approach needs additional financial costs and has a number of significant drawbacks. 

Therefore, a better solution is to collect data based on payment transactions, especially since in many 

large Ukrainian cities payment terminals are the primary, if not the only, means of fare collection in 

municipal transport. 

In an electronic ticketing system, each operation is a record in the distributed roster: ñpassenger ï 

stop ï time ï vehicleò [1], [6]. Such data, collected in real time, form a foundation for statistical analysis 

that can be used to: 

¶ assess route load and peak intervals; 

¶ forecast passenger flows by zones; 

¶ identify imbalances between demand and supply in transport services. 

Blockchain ensures data integrity and security. Once written, data cannot be modified, eliminating 

the risk of falsification or ticket forgery. For logistics and transport management departments, this 

provides a reliable basis for decision-making. From schedule optimization to planning new routes [3], [4]. 

Another key application is the registration of vehicle movement events in the blockchain. 

Each bus or tram can act as a network node that records and signs its coordinates, arrival/departure times, 

route delays, and passenger occupancy. Telemetry data are transmitted as blockchain transactions and 

stored in a shared roster [4], [5]. 

Such records allow to: 

¶ monitor the actual execution of timetables; 

¶ automatically calculate average speeds, delays, and waiting times; 

¶ build maps of service regularity; 

¶ update data on municipal information dashboards. 

The blockchain approach eliminates the need for a single central server and guarantees data 

integrity even when several service operators are involved [3]. 

Smart contracts enable automated processing of statistical and financial data. For example, after 

reaching a certain number of trips or exceeding capacity limits, a contract can automatically initiate 

compensation recalculations between operators or update tariff coefficients. 

Conclusions. Blockchain methods open a new level of analytics and digitalization in urban 

transport, ensuring trust, analytical accuracy, and management automation. 

Collecting payment and telemetry data in a unified decentralized roster forms the foundation for 

evidence-based decisions in route planning, load balancing, and quality control of passenger services. 

Future research should focus on modeling blockchain network loads during peak hours, optimizing the 

storage of large telemetry datasets, and developing forecasting algorithms for transport demand based on 

immutable blockchain records. 
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ɸʃɻʆʈʀʊʄ ɼʀʅɸʄɯʏʅʆɰ ɺɯɿʋɸʃɯɿɸʎɯɰ ɻɽʆʄɯʊʆʂ ʅɸ ʂɸʈʊɸʍ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɼɽʈɽɺɸ ɼɽʊɸʃɯɿɸʎɯɰ 

ʆʣʝʢʩʘʥʜʨ ɸʥʪʦʥʝʥʢʦ (alorken2@gmail.com), ɻʘʥʥʘ ʄʠʭʘʣʴʯʫʢ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ (ʋʢʨʘʾʥʘ) 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʝʦʤʽʪʦʢ ʥʘ ʢʘʨʪʘʭ, ʱʦ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ʾʭ 

ʥʘʜʤʽʨʥʦʾ ʱʽʣʴʥʦʩʪʽ ʰʣʷʭʦʤ ʜʠʥʘʤʽʯʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʤʘʩʰʪʘʙʫ. ʄʝʪʦʜ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʜʝʨʝʚʽ ʜʝʪʘʣʽʟʘʮʽʾ ʟ ʣʦʛʘʨʠʬʤʽʯʥʦʶ ʩʢʣʘʜʥʽʩʪʶ n*log(n), ʟʘʙʝʟʧʝʯʫʶʯʠ ʯʽʪʢʝ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʜʘʥʠʭ ʙʝʟ ʥʘʢʣʘʜʘʥʥʷ ʪʦʯʦʢ. ɸʣʛʦʨʠʪʤ ʘʧʨʦʙʦʚʘʥʦ ʚ ʜʦʜʘʪʢʫ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʣʦʙʘʣʴʥʠʭ 

ʦʛʦʣʦʰʝʥʴ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʇʝʨʩʧʝʢʪʠʚʠ: ʦʧʪʠʤʽʟʘʮʽʷ ʜʣʷ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʪʘ 

ʽʥʪʝʛʨʘʮʽʷ ʟ ɻɯʉ. 

 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʛʝʦʤʽʪʦʢ ʥʘ ʢʘʨʪʘʭ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɻɯʉ), 

ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʥʘʜʤʽʨʥʽʡ 

ʱʽʣʴʥʦʩʪʽ ʪʦʯʦʢ, ʷʢʘ ʫʩʢʣʘʜʥʶʻ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʥʠʞʫʻ ʢʦʨʠʩʥʽʩʪʴ ʢʘʨʪʠ. ʊʨʘʜʠʮʽʡʥʽ 

ʤʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʝ ʟʘʚʞʜʠ ʚʨʘʭʦʚʫʶʪʴ ʜʠʥʘʤʽʯʥʫ ʟʤʽʥʫ ʤʘʩʰʪʘʙʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʘʢʣʘʜʘʥʥʷ ʛʝʦʤʽʪʦʢ ʽ ʚʪʨʘʪʠ ʯʠʪʘʙʝʣʴʥʦʩʪʽ. ɯʩʥʫʶʯʽ ʘʣʛʦʨʠʪʤʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʯʘʩʪʦ ʥʝ 

ʦʧʪʠʤʽʟʦʚʘʥʽ ʜʣʷ ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʘʙʦ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ: ʨʦʟʨʦʙʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʝʦʤʽʪʦʢ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʜʠʥʘʤʽʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʜʝʪʘʣʽʟʘʮʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʤʘʩʰʪʘʙʫ ʢʘʨʪʠ, ʫʥʠʢʥʫʚʰʠ ʥʘʢʣʘʜʘʥʥʷ ʪʦʯʦʢ ʽ 

ʧʦʢʨʘʱʠʚʰʠ ʚʽʟʫʘʣʴʥʫ ʯʽʪʢʽʩʪʴ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʪʘ ʘʣʛʦʨʠʪʤ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʦʙʫʜʦʚʽ ʜʝʨʝʚʘ 

ʜʝʪʘʣʽʟʘʮʽʾ, ʜʝ ʢʦʞʝʥ ʚʫʟʦʣ ʧʨʝʜʩʪʘʚʣʷʻ ʢʣʘʩʪʝʨ ʙʣʠʟʴʢʠʭ ʛʝʦʤʽʪʦʢ. ɸʣʛʦʨʠʪʤ ʚʢʣʶʯʘʻ ʪʘʢʽ ʝʪʘʧʠ: 

1. ʉʦʨʪʫʚʘʥʥʷ ʪʦʯʦʢ ʟʘ ʜʦʚʛʦʪʦʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʩʦʨʪʫʚʘʥʥʷ 
(ʩʢʣʘʜʥʽʩʪʴ n*log(n)). 

2. ʇʦʰʫʢ ʥʘʡʙʣʠʞʯʠʭ ʪʦʯʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʜʝʟʠʯʥʦʾ ʬʫʥʢʮʽʾ ʚʽʜʩʪʘʥʽ, ʷʢʘ ʚʨʘʭʦʚʫʻ 
ʢʨʠʚʠʟʥʫ ɿʝʤʣʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʙôʻʜʥʫʚʘʪʠ ʪʦʯʢʠ ʚ ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʣʦʛʘʨʠʬʤʽʯʥʦʶ 

ʩʢʣʘʜʥʽʩʪʶ n*log(n). 

3. ʇʦʙʫʜʦʚʘ ʜʝʨʝʚʘ ʜʝʪʘʣʽʟʘʮʽʾ: ʪʦʯʢʠ ʦʙôʻʜʥʫʶʪʴʩʷ ʚ ʚʫʟʣʠ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴ ʚʽʜʩʪʘʥʴ ʤʽʞ 
ʩʦʙʦʶ. ʇʨʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʝʨʝʚʦ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʜʦ ʨʽʚʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʦʯʥʦʤʫ ʤʘʩʰʪʘʙʫ ʢʘʨʪʠ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʦʧʪʠʤʘʣʴʥʫ ʜʝʪʘʣʽʟʘʮʽʶ. 

ʇʝʨʝʚʘʛʠ ʘʣʛʦʨʠʪʤʫ: 

ï ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘʚʜʷʢʠ ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʩʢʣʘʜʥʦʩʪʽ; 
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ï ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʜʣʷ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ; 

ï ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʟʙʽʣʴʰʝʥʥʷ ʢʘʨʪʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɺʽʜʦʙʨʘʞʝʥʥʷ ʛʝʦʤʽʪʦʢ ʥʘ ʙʽʣʴʰʦʤʫ ʤʘʩʰʪʘʙʽ 

 

ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʄʝʪʦʜ ʘʧʨʦʙʦʚʘʥʦ ʚ ʜʦʜʘʪʢʫ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʣʦʙʘʣʴʥʠʭ 

ʦʛʦʣʦʰʝʥʴ ʧʨʦ ʧʨʦʜʘʞ ʷʭʪ. ɸʣʛʦʨʠʪʤ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʛʝʦʤʽʪʦʢ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʯʽʪʢʽʩʪʴ ʢʘʨʪʠ ʙʝʟ ʥʘʢʣʘʜʘʥʥʷ ʪʦʯʦʢ. ʅʘ ʨʠʩʫʥʢʘʭ 1 ʪʘ 2 ʧʦʢʘʟʘʥʦ ʧʨʠʢʣʘʜ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʝʦʤʽʪʦʢ ʥʘ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʘʭ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɺʽʜʦʙʨʘʞʝʥʥʷ ʛʝʦʤʽʪʦʢ ʥʘ ʤʝʥʰʦʤʫ ʤʘʩʰʪʘʙʽ 

 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ʥʘʜʤʽʨʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʛʝʦʤʽʪʦʢ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʯʽʪʢʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʥʘ ʢʘʨʪʘʭ. ɺʽʥ ʫʩʧʽʰʥʦ ʘʧʨʦʙʦʚʘʥʠʡ ʚ 

ʨʝʘʣʴʥʦʤʫ ʧʨʦʻʢʪʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʡʦʛʦ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ. 
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