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ʋɼʂ 004.8:005.8](063) 

ʇʨʠʩʚʷʯʝʥʦ 60-ʨʽʯʯʶ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ICSPM 2026: ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʻʢʪʘʤʠ : ʟʙʽʨʥʠʢ ʪʝʟ ʜʦʧʦʚʽʜʝʡ ɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ (ʊʝʨʥʦʧʽʣʴ, 21ï22 ʪʨʘʚʥʷ 2026 ʨʦʢʫ). ï 

ʊʝʨʥʦʧʽʣʴ : ɿʋʅʋ, 2026. ï 190 ʩ.  

ɼʦ ʟʙʽʨʥʠʢʘ ʫʚʽʡʰʣʠ ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʫʯʘʩʥʠʢʽʚ ɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çICSPM 2026: Intelligent 

Computing Systems and Project Management / ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʩʠʩʪʝʤʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠè, ʱʦ ʚʽʜʙʫʣʘʩʷ ʥʘ ʙʘʟʽ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ ʫʧʨʘʚʣʽʥʥʷ ʬʘʢʫʣʴʪʝʪʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ.  

ʄʘʪʝʨʽʘʣʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʪʘʢʠʤʠ ʥʘʧʨʷʤʘʤʠ:  

1. ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʽ ʩʠʩʪʝʤʠ.  

2. ʇʨʦʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʨʦʮʝʩʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ.  

3. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʘʥʘʣʽʪʠʢʘ ʜʘʥʠʭ ʽ ʢʽʙʝʨʥʝʪʠʢʘ.  

4. ʇʨʠʢʣʘʜʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ.  

5. ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʝʢʦʥʦʤʽʮʽ, ʧʨʘʚʽ ʪʘ ʦʩʚʽʪʽ.  

 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦ ʜʨʫʢʫ ʥʘ ʟʘʩʽʜʘʥʥʽ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʽ ʫʧʨʘʚʣʽʥʥʷ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

(ʧʨʦʪʦʢʦʣ ˉ12 ʚʽʜ 26.05.2026 ʨ.). 

 

 

ɿʘ ʟʤʽʩʪ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʪʦʯʥʽʩʪʴ ʥʘʚʝʜʝʥʠʭ ʮʠʪʫʚʘʥʴ, ʧʝʨʝʢʣʘʜʫ ʪʘ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʬʘʢʪʦʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʥʝʩʫʪʴ ʘʚʪʦʨʠ 

ʧʫʙʣʽʢʘʮʽʡ. ʋ ʟʙʽʨʥʠʢʫ ʟʙʝʨʝʞʝʥʦ ʘʚʪʦʨʩʴʢʫ ʩʪʠʣʽʩʪʠʢʫ, ʧʫʥʢʪʫʘʮʽʶ ʪʘ 

ʦʨʬʦʛʨʘʬʽʶ. 
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ʂʝʨʽʚʥʠʮʪʚʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

ɻʦʣʦʚʘ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

ʆʢʩʘʥʘ ɼɽʉʗʊʅʖʂ, ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ʨʝʢʪʦʨ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʉʧʽʚʛʦʣʦʚʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

ʋʣʷʥʘ ʂʆʈʋʎ, ʜ.ʶ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʦʾ ʨʦʙʦʪʠ 

ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʄʠʢʦʣʘ ɼʀɺɸʂ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ 

ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʏʣʝʥʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

ʅʘʪʘʣʽʷ ɼɿʖɹɸʅʆɺʉʔʂɸ, ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ʚ.ʦ. ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ ʫʧʨʘʚʣʽʥʥʷ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ɯʛʦʨ ʗʂʀʄɽʅʂʆ, ʜ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ɸʥʘʪʦʣʽʡ ʉɸʏɽʅʂʆ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʩʣʫʞʝʥʠʡ ʚʠʥʘʭʽʜʥʠʢ ʋʢʨʘʾʥʠ, 

ʜʠʨʝʢʪʦʨ ʅɼɯ ɯʂʉ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ɻʘʣʠʥʘ ʐʀʃʆ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʨʝʢʪʦʨ ɿʘʧʦʨʽʟʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ  

ʆʣʝʛ ʉɸɺɽʅʂʆ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ɺʘʣʝʥʪʠʥʘ ʇʃɽʉʂɸʏ, ʜ.ʝ.ʥ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ 

ʐʝʚʯʝʥʢʘ  

ʖʨʽʡ ɻʋʅʏɽʅʂʆ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ, ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ I.ɯ. ʄʝʯʥʠʢʦʚʘ  

ʇʘʚʣʦ ɻʈʀɻʆʈʋʂ, ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʝʢʦʥʦʤʽʢʠ, ʘʥʘʣʽʪʠʢʠ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʙʽʟʥʝʩʽ, ʍʤʝʣʴʥʠʮʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ɯʥʥʘ ʏɸʁʂʆɺʉʔʂɸ, ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʥʦʤʽʢʠ, ʘʥʘʣʽʪʠʢʠ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʙʽʟʥʝʩʽ, ʛʦʣʦʚʘ ʥʘʫʢʦʚʦʛʦ 

ʪʦʚʘʨʠʩʪʚʘ ʩʪʫʜʝʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ, ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ  

ʈʦʤʘʥ ʖɿɽʌʆɺʀʏ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʚʽʜʜʽʣʫ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ 

ʚʽʜʙʦʨʫ ʡ ʦʙʨʦʙʢʠ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʽʤ. ɻ. ɺ. ʂʘʨʧʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ  
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ʆʣʝʛ ʃʀʏɸʂ, ʜ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ʚʽʜʜʽʣʫ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ 

ʚʽʜʙʦʨʫ ʡ ʦʙʨʦʙʢʠ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʽʤ. ɻ. ɺ. ʂʘʨʧʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ  

ɹʦʛʜʘʥ ɸɼɸʄʀʂ, ɸʩʪʦʥʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ  

ɺʦʣʴʬʛʘʥʛ ɼʆʈʅɽʈ, ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʤ. ɼʝʛʛʝʥʜʦʨʬ, ʅʽʤʝʯʯʠʥʘ  

ʌʨʘʥʝ ʋʈɽʄ, ʋʥʽʚʝʨʩʠʪʝʪ ʧʨʠʢʣʘʜʥʠʭ ʥʘʫʢ ʫ ʤ. ʐʠʙʝʥʠʢ, ʈʝʩʧʫʙʣʽʢʘ ʍʦʨʚʘʪʽʷ 

ɸʨʪʫʨ ʈʆʊ, ɺʨʦʮʣʘʚʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʝʢʦʥʦʤʽʢʠ ʪʘ ʙʽʟʥʝʩʫ, ʇʦʣʴʱʘ  

ʄ. ʄʘʜʞʠʜ ʍɸʅ, ʋʥʽʚʝʨʩʠʪʝʪ COMSATS ʚ ɯʩʣʘʤʘʙʘʜʽ, ʇʘʢʠʩʪʘʥ  

ʊʦʤʘʩ ʃʗʁʊɻɽɹ, ʇʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ɹʫʨʛʝʥʣʘʥʜʫ, ɸʚʩʪʨʽʷ  

ʈʫʩʣʘʥ ʐɽɺʏʋʂ, ʋʥʽʚʝʨʩʠʪʝʪ ɹʝʣʴʩʴʢʦ-ɹʷʣʘ, ʇʦʣʴʱʘ  

ɼʘʨʽʫʰ ɹʆɹɽʈ, ɾʝʰʫʚʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʇʦʣʴʱʘ  

ʅʝʣʣʽ ʋʍʆɺɸ, ɼʨʝʟʜʝʥʩʴʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, CIDS ï ʎʝʥʪʨ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʮʠʬʨʦʚʠʭ ʥʘʫʢ, ʅʽʤʝʯʯʠʥʘ  

ʂʘʨʩʪʝʥ ɺʆʃʔʌ, ɼʦʨʪʤʫʥʜʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʧʨʠʢʣʘʜʥʠʭ ʥʘʫʢ ʽ ʤʠʩʪʝʮʪʚ, 

ʅʽʤʝʯʯʠʥʘ  

ʖʨʛʝʥ ɿɯʂ, ɹʝʨʣʽʥʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɻʫʤʙʦʣʴʜʪʽʚ, ʅʽʤʝʯʯʠʥʘ  

ɼʞʦʨʜʞ ʄɸʈʂʆɺʉʔʂʀʁ, ʋʥʽʚʝʨʩʠʪʝʪ ʰʪʘʪʫ ʄʝʡʥ, ʉʐɸ  

ʅʽʢʦʣʘʦʩ ɹɸʈɼɯʉ, ɻʨʝʮʴʢʘ ʚʽʡʩʴʢʦʚʘ ʘʢʘʜʝʤʽʷ, ɻʨʝʮʽʷ  

ʈʘʦ ɸʤʽʨ ɸʣʽ ʍɸʅ, ʋʥʽʚʝʨʩʠʪʝʪ COMSATS ʚ ɯʩʣʘʤʘʙʘʜʽ, ʇʘʢʠʩʪʘʥ  

ɻʨʽʛʦʨʝ ʉʊɸʄɸʊɽʉʂʋ, ʇʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ɹʫʭʘʨʝʩʪʘ, ʈʫʤʫʥʽʷ  

ʂʫʨʦʰ ʄɸɼɸʅɯ, ʋʥʽʚʝʨʩʠʪʝʪ ʇʘʨʠʞ XII ɺʘʣʴ ʜʝ ʄʘʨʥ, ʌʨʘʥʮʽʷ  

ɯʛʦʨ ʂʆʅʆʅɽʅʂʆ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè  

ʂʘʪʝʨʠʥʘ ʂʆʃɽʉʅɯʂʆɺɸ, ʄʽʞʥʘʨʦʜʥʠʡ ɯʊ-ʫʥʽʚʝʨʩʠʪʝʪ, ʂʘʟʘʭʩʪʘʥ  

ʉʝʨʛʽʡ ɹʋʐʋɭɺ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ  

ɯʥʥʘ ʉʂɸʈɻɸ-ɹɸʅɼʋʈʆɺɸ, ʆʢʩʬʦʨʜ ɹʨʫʢʩ ʋʥʽʚʝʨʩʠʪʝʪ, ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ  

ɻʝʦʨʛʽ ɼʀʄɯʊʈʆɺ, ʋʥʽʚʝʨʩʠʪʝʪ ʙʽʙʣʽʦʪʝʯʥʠʭ ʥʘʫʢ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ɹʦʣʛʘʨʽʷ  

ɺʽʪʘʣʽʡ ʂʆɹɽʎʔ, ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʝʨʩʦʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ɻʝʦʨʛʽ ɻɽʆʈɻɯɭɺ, ʉʦʬʽʡʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɹʦʣʛʘʨʽʷ  

ʉʝʨʛʽʡ ʈɯʇʇɸ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʜʠʤʘ 

ɻʝʪʴʤʘʥʘ  
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ʫʥʽʚʝʨʩʠʪʝʪʫ 
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ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ ʫʧʨʘʚʣʽʥʥʷ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 
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ʆʣʝʢʩʘʥʜʨ ʆʉʆʃɯʅʉʔʂʀʁ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ ʫʧʨʘʚʣʽʥʥʷ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ 

ɯʨʠʥʘ ʊʋʈʏɽʅʂʆ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʩʪʫʧʥʠʢ ʜʝʢʘʥʘ ʬʘʢʫʣʴʪʝʪʫ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʽ ʫʧʨʘʚʣʽʥʥʷ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʊʘʨʘʩ ʃɽʅɼʖʂ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʽ ʫʧʨʘʚʣʽʥʥʷ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʈʫʩʣʘʥ ʉʂɸʃɯʁ, ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʄʠʭʘʡʣʦ ʄɸʏʋʃʗʂ, ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʽ ʫʧʨʘʚʣʽʥʥʷ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ɼʤʠʪʨʦ ɼʖɻ, ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʄʠʢʦʣʘ ʊɽʃʔʂɸ, ʩʪʘʨʰʠʡ ʣʘʙʦʨʘʥʪ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʽ ʫʧʨʘʚʣʽʥʥʷ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʉʚʷʪʦʩʣʘʚ ɻʅɸʊɯɺ, ʣʘʙʦʨʘʥʪ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 
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The increasing share of renewable energy sources in modern power systems 

necessitates improving the efficiency of solar power installation control. Solar power 

generation is one of the most promising directions in the development of distributed 

energy systems; however, its operation strongly depends on external conditions, 

including solar irradiance, ambient temperature, cloud cover, and the nature of 

electrical load demand. 

The main challenge in the operation of solar power installations is the instability 

of output power, which complicates the maintenance of optimal operating conditions. 

Under such circumstances, conventional control methods, including classical 

maximum power point tracking algorithms and fixed controllers, do not always provide 

sufficient adaptability and response speed in real-time operation. 

A promising approach to solving this problem is the application of intelligent 

control methods combined with digital twin technology. A digital twin makes it 

possible to reproduce the current state of a solar power installation, predict changes in 

its operating parameters, and evaluate the effectiveness of control actions before 

applying them to the physical system. 

At the same time, the effective implementation of such an approach requires an 

appropriate software architecture. In this context, the operating system serves as the 

foundation for organizing data acquisition, information processing, control execution, 

monitoring, and interaction with the digital twin. The integration of operating system 
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architecture, intelligent algorithms, and digital twin technology makes it possible to 

improve the accuracy, adaptability, and reliability of solar power installation control. 

The analysis of recent studies has demonstrated the active adoption of digital twin 

technology in energy management systems. In particular, digital twins are used for 

power generation forecasting and optimization of energy system operating modes [1], 

as well as for condition monitoring of photovoltaic installations [2]. Some studies also 

demonstrate the feasibility of using operating systems as integration platforms for 

implementing intelligent control of complex technical systems [3, 4]. In addition, a 

digital twin can serve as a virtual environment for adaptive control parameter 

adjustment and real-time decision support [5]. However, the implementation of 

intelligent control for solar power installations at the level of operating system 

architecture with integrated digital twin functionality remains insufficiently explored. 

To develop the digital twin of a solar power installation, it is appropriate to use a 

mathematical model of the photovoltaic module that takes into account the effects of 

solar irradiance, ambient temperature, and the electrical parameters of the solar panel. 

To model the behavior of the photovoltaic module, a single-diode mathematical 

model is used, which is widely applied for describing the electrical characteristics of 

solar panels [6]. 

The output current of the photovoltaic module is determined by the following 

expression: 

Ὅ Ὅ Ὅ Ὡ ρ ,                                 (1) 

where I ï output current of the photovoltaic module; 

Iph ï photogenerated current; 

I0 ï diode saturation current; 

V ï output voltage; 

Rs ï series resistance; 

Rsh ï shunt resistance; 

a ï diode ideality factor; 

Vt ï thermal voltage. 

 

The output power of the photovoltaic module is determined as: 

 ὖ ὠϽὍ.                                                         (2) 

The proposed model makes it possible to take into account the influence of solar 

irradiance, ambient temperature, and the internal electrical parameters of the 

photovoltaic module, ensuring an adequate representation of the behavior of a real solar 

power installation within the digital twin. 

To implement intelligent control of the solar power installation, a two-level 

operating system architecture is proposed (Figure 1). The lower level is intended for 

executing time-critical tasks in real-time, while the upper level is responsible for digital 

twin operation, data analysis, and adaptive adjustment of control parameters. 

At the lower level, it is appropriate to use a real-time operating system, such as 

FreeRTOS or Zephyr. It provides priority-based task scheduling, predictable response 
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time, and execution of functions directly related to the control of the solar power 

installation. 

The lower level includes the following main tasks: 

Data Acquisition ï collection and preprocessing of telemetry data, including 

voltage, current, temperature, and solar irradiance values; 

Control Tasks ï generation of control signals for the power converter; 

Protection ï monitoring of abnormal operating conditions, including overvoltage, 

overload, and overheating; 

Communication ï transmission of telemetry data to the digital twin and reception 

of updated control parameters. 

 

 
 

Figure 1 ï Proposed Two-Level Operating System Architecture for Intelligent 

Control of a Solar Power Installation Using a Digital Twin 

 

The upper level is implemented on the basis of the Embedded Linux operating 

system. It provides the operation of the digital twin, forecasting module, and 

optimization module. The digital twin receives telemetry data from the lower level, 

compares actual operating parameters with calculated values, and generates 

recommendations for adjusting operating modes. 

A two-level operating system architecture for intelligent control of a solar power 

installation using a digital twin has been proposed. The lower RTOS-based level is 

responsible for data acquisition, control signal generation, protection, and 

communication, while the Embedded Linux-based upper level provides digital twin 

operation, forecasting, optimization, and analytical processing. This organization 

makes it possible to combine real-time responsiveness with intelligent decision-

making. 

The main advantage of the proposed architecture is the clear distribution of 

functions between deterministic control and analytical processing. Time-critical 

operations remain at the RTOS level, where predictable response time is required, 

whereas forecasting, optimization, and model-based analysis are performed at the 
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upper software level. This reduces the computational load on the real-time subsystem 

and increases the stability of the overall control process. 

The integration of a digital twin into the operating system architecture enables the 

comparison of actual and calculated operating parameters and supports adaptive 

adjustment of control actions under changing environmental conditions. As a result, 

the system can respond not only to current changes in solar irradiance, temperature, 

and load, but also to predicted changes obtained through digital twin-based analysis. 

The proposed approach can be used as a basis for developing scalable control 

solutions for distributed solar power installations. It is especially relevant for systems 

where local real-time control must be combined with higher-level monitoring, 

optimization, and decision support. Such architecture may also be applied in 

microgrids, smart energy systems, and distributed renewable energy infrastructures. 

Future research may focus on practical implementation of the proposed 

architecture on embedded hardware platforms integrating RTOS and Embedded Linux 

environments. An important direction is the use of artificial intelligence methods for 

solar power forecasting, anomaly detection, and dynamic optimization of control 

parameters. 

Another promising direction is experimental validation using real photovoltaic 

installations and hardware-in-the-loop simulation environments. Such validation 

would allow evaluation of system responsiveness, computational efficiency, reliability, 

and scalability under realistic operating conditions. In addition, further studies may 

include integration with battery energy storage systems and coordination with other 

renewable energy sources within smart grid infrastructures. 
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At the current stage of information technology development, a global 

transformation of human-computer interaction (HCI) interfaces is taking place, with 

the creation of natural, intuitive communication methods becoming a priority. Global 

trends indicate the gradual replacement of traditional manipulators with intelligent 

contactless interfaces based on computer vision. In scientific literature, hand gesture 

recognition is considered a fundamental task of human-machine interaction, enabling 

the control of complex equipment without physical contact with input devices [2, 5]. 

Despite significant progress and the deployment of efficient frameworks for hand 

skeleton tracking, such as MediaPipe Hands, unresolved problems and challenges still 

remain. The primary difficulties arise when systems operate in real-world 

environments: dynamic lighting, complex backgrounds, partial occlusion by other 

objects, as well as the limited computational resources of mobile platforms [1, 6]. 

Consequently, developing robust and energy-efficient algorithms that can reliably 

function within industrial environments or the "Smart Home" concept is of high 

relevance, where touchless control is essential for improving hygienic safety and 

ergonomics of work processes [3]. 

To select the technological foundation of the system, a formalized efficiency 

assessment of existing hardware solutions was implemented using the weighted sum 

method. The integral indicator ὛὧέὶὩ is calculated by the formula, where the 

parameters are evaluated on a 10-point scale: 

 

ὛὧέὶὩ  ὅ ὡ ὅ ὡ ὅ ὡ ὅ ὡ ȟ   (1) 
 

where  7  ð the level of overcoming technological challenges (the 

difficulty of mitigating obstacles); 

7  ð the availability and prevalence of tools; 

7  ð the quality of technical specifications (accuracy, speed); 

7  ð the universality of application; 

˞ ð the weighting coefficient. 
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The weighting coefficients are determined according to the system development 

priorities: ˞ πȟσ  (robustness to noise), ˞ πȟς  (availability), ˞ πȟτ 
(performance) and ˞ πȢρ (universality). Part of the comparison results is presented 

in Table 1. 
 

Table 1 ï Comparison of primary hand gesture recognition means 

Data Source 
Challenges 

(W1) 

Tools 

(W2) 

Specifications 

(W3) 

Application 

(W4) 

Evaluation 

(Score) 

Webcameras, 

Kinect 

Field of 

view (7) 

Available 

(10) 

High accuracy 

(8) 

HCI, 

household 

(9) 

8.2 

Leap Motion Lighting (6) 
Specialized 

(8) 

Joint tracking 

(10) 

Sign 

language (8) 
8.2 

Depth sensors Range (6) Medium (7) 
3D information 

(9) 
Gaming (8) 7.6 

Smart gloves Comfort (4) 
Expensive 

(6) 

Hand accuracy 

(9) 
Industry (8) 7.2 

Electromyography 

(EMG) 

Placement 

(4) 
Special (5) 

Muscle activity 

(7) 

Prosthetics 

(6) 
5.6 

 

Based on the analysis results, the highest integral evaluation (8.2 points) was 

achieved by computer vision-based systems utilizing standard webcameras and the 

Leap Motion controller. The selected approach is based on transitioning from simple 

visual image analysis and skin color segmentation to multi-level data processing with 

the construction of skeletal models. This allows for separating the pose capture process 

from the command interpretation logic. The conceptual diagram of the proposed 

solution is shown in Figure 1. 

 

 
Figure 1 ï System architecture concept 
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According to the developed concept, the first stage of video stream processing is 

the noise filtering and Region of Interest extraction module, which allows for automatic 

focusing on dynamic changes in the frame and ignoring background interference. The 

next level is the structural abstraction and feature extraction block, which includes a 

palm detector and a landmark localizer. Representing a gesture as a set of spatial 

vectors followed by their normalization ensures the system's invariance to the hand's 

distance from the camera and its orientation [5]. 

The central intelligent element of the system is the classifier, whose logic is 

divided into two branches. The static branch is responsible for recognizing the pose in 

the current frame using lightweight machine learning models, for example a one-

dimensional convolutional neural network operating on the feature vector. 

Concurrently, the dynamic branch analyzes the trajectory of movements through a 

temporal sequence buffer, applying recurrent neural networks, which allows for 

differentiating complex gestures that share similar initial phases but have distinct 

completion trajectories [3, 4]. 

To transform the classification results into control signals, a logical controller is 

integrated into the architecture. It consists of a state machine that filters out false 

positives using confidence thresholds and time delay (debounce) mechanisms, and a 

contextual mapping block. Contextual adaptation allows for changing the meaning of 

the same gesture depending on the active operation mode of the equipment, making the 

interface more ergonomic. Final commands are transmitted to the output interface to 

control the target equipment via an API or input/output ports [6]. 

Experimental verification of the architecture involves conducting tests for both 

static and dynamic branches on datasets collected under various lighting conditions and 

partial occlusion. To evaluate the quality of the algorithms, Accuracy and macro-F1 

metrics can be utilized, with latency and FPS metrics to confirm the feasibility of stable 

real-time operation. 

The developed architecture provides a qualitatively new level of human-machine 

interaction reliability due to the synergy of spatial pose modeling methods and adaptive 

decision-making logic. This establishes a solid foundation for implementing 

contactless intelligent interfaces in home automation systems and industrial cyber-

physical complexes. 
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ʋ ʯʘʩ ʟʨʦʩʪʘʥʥʷ ʮʠʬʨʦʚʽʟʘʮʽʾ ʟôʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰʝ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ 

ʧʦʻʜʥʘʥʥʷ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘ ʫ ʚʝʜʝʥʥʽ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʪʘ 

ʨʝʘʣʽʟʘʮʽʾ ʟʨʫʯʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʦʥʘʣʴʥʠʭ ʧʣʘʥʽʚ. ʇʦʰʠʨʝʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʩʪʦʩʦʚʥʦ ʧʨʘʚʠʣʴʥʦʛʦ ʭʘʨʯʫʚʘʥʥʷ ʽ ʪʨʝʥʫʚʘʥʴ ʻ ʟʘʛʘʣʴʥʠʤʠ, ʪʦʤʫ 

ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʷʢ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʣʶʜʠʥʠ, ʪʘʢ ʽ ʾʾ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʦʪʨʝʙʠ. 

ɿʛʽʜʥʦ ʜʦʩʣʽʜʞʝʥʥʷ [1], ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʫʥʽʢʘʣʴʥʽ 

ʤʝʪʦʜʠ ʭʘʨʯʫʚʘʥʥʷ ʽ ʪʨʝʥʫʚʘʥʴ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ 

ʜʘʥʠʭ ʧʨʦ ʟʜʦʨʦʚôʷ, ʚʨʘʭʦʚʫʶʯʠ ʡʦʛʦ ʩʧʝʮʠʬʽʯʥʽ ʧʦʪʨʝʙʠ.  

ɿ ʨʦʟʚʠʪʢʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʽʜʪʨʠʤʮʽ ʟʜʦʨʦʚʦʛʦ 

ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʧʦʯʘʣʠ ʚʽʜʽʛʨʘʚʘʪʠ ʮʠʬʨʦʚʽ ʩʠʩʪʝʤʠ. ʉʫʯʘʩʥʽ ʧʨʦʛʨʘʤʠ 

ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʟʙʦʨʫ, ʘʥʘʣʽʟʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ɼʦ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘʣʝʞʘʪʴ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʜʣʷ ʬʽʪʥʝʩʫ, ʦʥʣʘʡʥ-

ʩʝʨʚʽʩʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʭʘʨʯʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ 

ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʧʽʜʪʨʠʤʢʠ ʤʝʥʪʘʣʴʥʦʛʦ ʟʜʦʨʦʚô̫  [2]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʦʪʨʠʤʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ, 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʣʘʩʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʨʦʛʨʝʩ ʫ ʜʦʩʷʛʥʝʥʥʽ 

ʧʦʩʪʘʚʣʝʥʠʭ ʮʽʣʝʡ. 

ʎʠʬʨʦʚʽ ʩʠʩʪʝʤʠ ʟʜʘʪʥʽ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʦʨʛʘʥʽʟʘʮʽʾ ʟʜʦʨʦʚʦʛʦ 

ʩʧʦʩʦʙʫ ʞʠʪʪʷ. ɺʦʥʠ ʤʦʞʫʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʟʙʠʨʘʪʠ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʘ, ʟʙʝʨʽʛʘʪʠ ʾʭ 

ʫ ʙʘʟʘʭ ʜʘʥʠʭ, ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʫ ʢʘʣʦʨʽʷʭ ʪʘ ʬʦʨʤʫʚʘʪʠ 

ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʥʘʜʘʚʘʪʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʢʦʥʘʥʽ ʪʨʝʥʫʚʘʥʥʷ, ʨʽʚʝʥʴ ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, 

ʢʽʣʴʢʽʩʪʴ ʚʞʠʪʠʭ ʢʘʣʦʨʽʡ, ʙʽʣʢʽʚ, ʞʠʨʽʚ ʪʘ ʚʫʛʣʝʚʦʜʽʚ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʢʦʨʠʩʪʫʚʘʯ 

ʦʪʨʠʤʫʻ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʣʘʩʥʠʡ ʧʨʦʛʨʝʩ ʪʘ 

ʢʦʨʠʛʫʚʘʪʠ ʩʚʽʡ ʩʧʦʩʽʙ ʞʠʪʪʷ. 

ʆʜʥʠʤ ʽʟ ʩʫʯʘʩʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʠʭ ʩʝʨʚʽʩʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʯʘʪ-ʙʦʪʽʚ. ʎʝ ʧʨʦʛʨʘʤʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʚʟʘʻʤʦʜʽʶ ʟ 

ʢʦʨʠʩʪʫʚʘʯʝʤ ʯʝʨʝʟ ʪʝʢʩʪʦʚʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ ʤʝʩʝʥʜʞʝʨʘʭ. ʊʘʢʠʡ ʬʦʨʤʘʪ 

ʚʟʘʻʤʦʜʽʾ ʻ ʟʨʫʯʥʠʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʦʩʢʽʣʴʢʠ ʥʝ ʧʦʪʨʝʙʫʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

mailto:kseniavibla@gmail.com
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ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʩʝʨʝʜʦʚʠʱʽ ʟʚʠʯʥʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ. 

ʆʜʥʘʢ ʫʥʽʚʝʨʩʘʣʴʥʽ ʧʨʦʛʨʘʤʠ ʭʘʨʯʫʚʘʥʥʷ ʽ ʪʨʝʥʫʚʘʥʴ, ʱʦ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʶʜʠʥʠ, ʯʘʩʪʦ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʣʶʜʠʥʘ ʤʦʞʝ ʤʘʪʠ ʥʘ ʤʝʪʽ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʪʽʣʘ, ʟʙʽʣʴʰʝʥʥʷ ʤôʷʟʦʚʦʾ 

ʤʘʩʠ ʘʙʦ ʧʽʜʪʨʠʤʘʥʥʷ ʥʘʷʚʥʦʾ ʬʽʟʠʯʥʦʾ ʬʦʨʤʠ. ʂʦʞʥʘ ʟ ʮʠʭ ʮʽʣʝʡ ʧʦʪʨʝʙʫʻ 

ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʪʨʝʥʫʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ.  

ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʣʘʥʽʚ 

ʭʘʨʯʫʚʘʥʥʷ ʽ ʪʨʝʥʫʚʘʥʴ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʦʪʨʝʙ ʢʣʽʻʥʪʘ ʻ ʘʢʪʫʘʣʴʥʦʶ. ʊʘʢʠʡ 

ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʙʽʨ ʪʘ ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʢʦʨʠʩʪʫʚʘʯʘ (ʩʪʘʪʴ, ʚʽʢ, ʨʽʩʪ, ʚʘʛʘ, ʮʽʣʽ, ʨʽʚʝʥʴ ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ), ʘ ʪʘʢʦʞ 

ʛʝʥʝʨʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʽ ʨʝʢʦʤʝʥʜʘʮʽʡ. 

ʅʘʡʙʽʣʴʰ ʟʨʫʯʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʤʦʜʫʣʷ ʻ Telegram, ʦʩʢʽʣʴʢʠ ʮʝʡ ʜʦʜʘʪʦʢ ʻ ʜʦʩʠʪʴ ʧʦʧʫʣʷʨʥʠʤ  ʪʘ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʽʥʪʝʛʨʘʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʘ ʙʦʪʽʚ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʘʚʪʦʤʘʪʠʟʫʶʪʴʩʷ ʪʘʢʽ 

ʧʨʦʮʝʩʠ, ʷʢ ʟʙʽʨ ʽ ʦʙʨʦʙʢʘ ʜʘʥʠʭ, ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʥʘʜʘʥʥʷ ʧʝʨʩʦʥʘʣʴʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ. ʂʦʨʠʩʪʫʚʘʯ ʚʟʘʻʤʦʜʽʻ ʟ ʤʦʜʫʣʝʤ ʫ ʟʨʫʯʥʦʤʫ ʽ ʟʚʠʯʥʦʤʫ ʬʦʨʤʘʪʽ 

ʧʦʚʽʜʦʤʣʝʥʴ. ʆʢʨʽʤ ʮʴʦʛʦ, ʧʣʘʪʬʦʨʤʘ ʧʽʜʪʨʠʤʫʻ ʤʫʣʴʪʠʤʝʜʽʡʥʠʡ ʢʦʥʪʝʥʪ ʪʘ 

ʽʥʪʝʨʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʫ ʚʠʛʣʷʜʽ ʤʝʥʶ ʽ ʢʥʦʧʦʢ, ʱʦ ʨʦʙʠʪʴ ʚʟʘʻʤʦʜʽʶ ʣʝʛʰʦʶ ʪʘ 

ʟʨʦʟʫʤʽʣʽʰʦʶ.  

ʇʽʩʣʷ ʨʝʻʩʪʨʘʮʽʾ ʫ Telegram-ʙʦʪʽ ʢʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʫʻ ʜʦʩʪʫʧ ʜʦ ʤʝʥʶ, ʜʝ 

ʤʦʞʝ ʧʝʨʝʛʣʷʜʘʪʠ ʧʣʘʥ ʭʘʨʯʫʚʘʥʥʷ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʜʦʙʦʚʫ ʥʦʨʤʫ ʙʽʣʢʽʚ, ʞʠʨʽʚ, 

ʚʫʛʣʝʚʦʜʽʚ ʽ ʢʣʽʪʢʦʚʠʥʠ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʮʽʣʝʡ 

ʢʦʨʠʩʪʫʚʘʯʘ. ʊʘʢʦʞ ʜʦʩʪʫʧʥʠʡ ʧʣʘʥ ʪʨʝʥʫʚʘʥʥʷ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ 

ʨʝʢʦʤʝʥʜʦʚʘʥʫ ʬʽʟʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʣʽ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʟʘʻʤʦʜʽʾ 

ʪʘ ʫʪʦʯʥʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʝʨʝʜʙʘʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʜʽʘʣʦʛʫ ʟ ʤʦʚʥʦʶ ʤʦʜʝʣʣʶ 

LLaMA, ʷʢʘ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʥʘʜʘʻ ʧʦʷʩʥʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʟʘʧʠʪʘʥʥʷ, 

ʚʨʘʭʦʚʫʶʯʠ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʘ [3, 4]. 

ɸʣʛʦʨʠʪʤ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʩʝʨʚʝʨʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʤʦʜʫʣʷ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʝʻʩʪʨʘʮʽʾ ʪʘ 

ʬʦʨʤʫʻ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʜʦʙʦʚʦʛʦ ʨʘʮʽʦʥʫ ʽ ʪʨʝʥʫʚʘʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʭʽʜʥʽ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʘ (ʚʽʢ, ʩʪʘʪʴ, ʚʘʛʘ, ʟʨʽʩʪ, ʨʽʚʝʥʴ ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ 

ʮʽʣʴ) ʟʯʠʪʫʶʪʴʩʷ ʟ ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʬʫʥʢʮʽʶ ʨʦʟʨʘʭʫʥʢʫ. ʅʘ ʦʩʥʦʚʽ 

ʮʠʭ ʜʘʥʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʦʙʯʠʩʣʝʥʥʷ ʜʦʙʦʚʦʾ ʥʦʨʤʠ ʢʘʣʦʨʽʡʥʦʩʪʽ, ʧʽʩʣʷ ʯʦʛʦ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʤʘʢʨʦʥʫʪʨʽʻʥʪʽʚ, ʘ ʩʘʤʝ: ʙʽʣʢʽʚ, ʞʠʨʽʚ, ʚʫʛʣʝʚʦʜʽʚ ʪʘ 

ʢʣʽʪʢʦʚʠʥʠ. 

ʈʝʘʣʽʟʘʮʽʷ ʨʦʟʨʘʭʫʥʢʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʢʨʝʤʠʭ ʬʫʥʢʮʽʷʭ, ʷʢʽ ʬʦʨʤʫʶʪʴ 

ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʪʘ ʟʙʝʨʽʛʘʶʪʴ ʾʭ ʫ ʩʪʨʫʢʪʫʨʽ ʧʨʦʬʽʣʶ 

ʢʦʨʠʩʪʫʚʘʯʘ. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʱʦʜʝʥʥʦʛʦ 

ʧʣʘʥʫ ʭʘʨʯʫʚʘʥʥʷ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʦʙʨʘʥʦʾ ʢʦʨʠʩʪʫʚʘʯʝʤ ʮʽʣʽ (ʩʭʫʜʥʝʥʥʷ, ʧʽʜʪʨʠʤʢʘ ʘʙʦ ʥʘʙʽʨ 

ʤʘʩʠ) ʟʤʽʥʶʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʜʦʙʦʚʦʛʦ ʧʣʘʥʫ. 
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ʌʦʨʤʫʚʘʥʥʷ ʪʨʝʥʫʚʘʣʴʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʫʻʪʴʩʷ ʦʢʨʝʤʠʤ ʣʦʛʽʯʥʠʤ ʤʦʜʫʣʝʤ, 

ʷʢʠʡ ʧʽʜʙʠʨʘʻ ʪʠʧ ʪʨʝʥʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʣʽ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʨʽʚʥʷ ʬʽʟʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ. ʊʨʝʥʫʚʘʥʥʷ ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʱʦ ʚʠʢʣʶʯʘʻ 

ʧʨʦʧʫʩʢ ʘʙʦ ʜʦʚʽʣʴʥʠʡ ʚʠʙʽʨ ʚʧʨʘʚ. 

ʋʩʷ ʣʦʛʽʢʘ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʰʚʠʜʢʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʪʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʨʘʭʫʥʢʘʤʠ. ʈʝʟʫʣʴʪʘʪ 

ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʧʝʨʝʜʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʫ ʯʝʨʝʟ Telegram-ʙʦʪ ʫ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʨʝʘʣʽʟʘʮʽʾ ʻ ʪʝ, ʱʦ ʚʽʜʧʦʚʽʜʴ ʤʦʜʝʣʽ ʬʦʨʤʫʻʪʴʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʬʽʟʽʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʮʽʣʽ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʪʦʯʥʫ ʪʘ 

ʧʨʘʢʪʠʯʥʦ ʦʨʽʻʥʪʦʚʘʥʫ ʚʟʘʻʤʦʜʽʶ ʟ ʩʠʩʪʝʤʦʶ. 

ɼʦʜʘʪʢʦʚʦ ʜʦ ʢʦʞʥʦʾ ʚʽʜʧʦʚʽʜʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦ ʜʦʜʘʻʪʴʩʷ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʩʫʣʴʪʘʮʽʾ ʟ ʬʘʭʽʚʮʝʤ. ɿʦʢʨʝʤʘ, ʫ ʢʽʥʮʽ 

ʢʦʞʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʥʘʜʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʝ ʻ ʤʝʜʠʯʥʦʶ 

ʧʦʨʘʜʦʶ ʪʘ ʫ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʣʽʢʘʨʷ 

ʘʙʦ ʜʽʻʪʦʣʦʛʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ. 

ʇʦʻʜʥʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʟ ʧʨʘʢʪʠʯʥʠʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʱʦʜʝʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ ʫ ʩʬʝʨʽ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʦʛʦ 

ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʪʨʝʥʫʚʘʥʴ ʥʘ ʦʩʥʦʚʽ ʧʣʘʪʬʦʨʤʠ Telegram ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʠʭ ʩʝʨʚʽʩʽʚ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʱʦ ʧʦʻʜʥʫʻ 

ʟʨʫʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʟ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ 

ʨʝʢʦʤʝʥʜʘʮʽʡ. 
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ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʂʝʨʫʚʘʥʥʷ ʮʠʬʨʦʚʠʤʠ ʜʚʽʡʥʠʢʘʤʠ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʾ ʚʟʘʻʤʦʜʽʾ (Human-Computer Interaction, HCI) [1]. 

ʊʨʘʜʠʮʽʡʥʽ ʘʧʘʨʘʪʥʽ ʧʨʠʩʪʨʦʾ ʚʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢʽ ʷʢ ʢʣʘʚʽʘʪʫʨʠ, 

ʢʦʤʧ'ʶʪʝʨʥʽ ʤʠʰʽ ʯʠ ʛʝʡʤʧʘʜʠ, ʦʙʤʝʞʫʶʪʴ ʬʽʟʠʯʥʫ ʤʦʙʽʣʴʥʽʩʪʴ ʦʧʝʨʘʪʦʨʘ ʪʘ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʠʟʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʤʘʥʽʧʫʣʶʚʘʥʥʽ ʪʨʠʚʠʤʽʨʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ 

ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʎʝʡ ʧʽʜʭʽʜ ʚʠʤʘʛʘʻ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʪʘʢʪʠʣʴʥʦʛʦ 

ʢʦʥʪʘʢʪʫ ʽ ʩʪʚʦʨʶʻ ʰʪʫʯʥʠʡ ʙʘʨôʻʨ ʤʽʞ ʧʨʠʨʦʜʥʦʶ ʙʽʦʤʝʭʘʥʽʢʦʶ ʣʶʜʠʥʠ ʪʘ 

ʮʠʬʨʦʚʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʮʷ ʧʨʦʙʣʝʤʘ ʧʦʩʪʘʻ ʚ ʫʤʦʚʘʭ 

ʩʪʚʦʨʝʥʥʷ ʽʤʝʨʩʠʚʥʠʭ ʽʛʨʦʚʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ ʪʨʝʥʘʞʝʨʽʚ, ʜʝ ʬʽʟʠʯʥʠʡ ʨʫʭ 

ʢʦʨʠʩʪʫʚʘʯʘ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʚʟʘʻʤʦʜʽʾ 

ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʩʪʦʨʦʚʠʭ ʦʙʯʠʩʣʝʥʴ (Spatial Computing) ʬʦʨʤʫʻ 

ʥʦʚʫ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ, ʱʦ ʚʠʚʯʘʻ ʤʝʪʦʜʠ ʧʦʚʥʦʾ ʟʘʤʽʥʠ ʬʽʟʠʯʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ 

ʥʘ ʦʧʪʠʯʥʽ ʩʝʥʩʦʨʠ [2]. ɿʘʟʥʘʯʝʥʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʪʽʣʦ ʦʧʝʨʘʪʦʨʘ ʩʪʘʻ 

ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʧʨʠʩʪʨʦʻʤ ʚʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʩʪʨʽʤʢʝ 

ʦʥʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʥʘ ʨʠʥʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʦʟʨʠʚ: ʽʩʥʫʶʯʽ ʤʦʜʝʣʽ [3-4] ʛʝʥʝʨʫʶʪʴ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʤʘʩʠʚ 

ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ, ʷʢʠʡ ʥʝʤʦʞʣʠʚʦ ʥʘʧʨʷʤʫ ʧʝʨʝʜʘʪʠ ʜʦ ʽʛʨʦʚʦʛʦ ʨʫʰʽʷ. 

ɺʠʥʠʢʘʻ ʦʙ'ʻʢʪʠʚʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʤʽʞʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (Middleware API) ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ (ʞʝʩʪʦʚʦʛʦ) 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ, ʟʜʘʪʥʦʛʦ ʚʠʢʦʥʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʶ ʰʫʤʽʚ ʪʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʫʭʽʚ ʫ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʘʧʘʨʘʪʥʽ ʢʦʤʘʥʜʠ. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʚʽʜʝʦʢʝʨʫʚʘʥʥʷ 

ʚʠʤʘʛʘʻ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʦʧʣʝʥʥʷ ʨʫʭʫ (Motion Capture). 

ɯʥʜʫʩʪʨʽʘʣʴʥʽ ʨʽʰʝʥʥʷ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʤʝʪʦʜʦʤ ʦʪʨʠʤʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ: 

1) ʘʧʘʨʘʪʥʽ ʩʠʩʪʝʤʠ ʛʣʠʙʠʥʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ: Microsoft Azure Kinect, Intel 
RealSense ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʬʨʘʯʝʨʚʦʥʽ ʢʘʤʝʨʠ ʪʘ ToF-ʜʘʪʯʠʢʠ ʜʣʷ ʘʧʘʨʘʪʥʦʾ 
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ʛʝʥʝʨʘʮʽʾ ʢʘʨʪʠ ʛʣʠʙʠʥʠ ʧʨʦʩʪʦʨʫ. ɰʭʥʽʤ ʥʝʜʦʣʽʢʦʤ ʻ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ, 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʩʦʥʷʯʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʞʦʨʩʪʢʘ ʧʨʠʚ'ʷʟʢʘ ʜʦ ʩʧʝʮʠʬʽʯʥʠʭ ʆʉ; 

2) ʥ̔ʝʨʮʽʘʣʴʥʽ ʩʠʩʪʝʤʠ (IMU): ʥʘʪʽʣʴʥʽ ʢʦʩʪʶʤʠ ʥʘ ʟʨʘʟʦʢ Rokoko 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʢʩʝʣʝʨʦʤʝʪʨʠ ʪʘ ʛʽʨʦʩʢʦʧʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤʠ ʟʣʠʪʪʷ 

ʩʝʥʩʦʨʥʠʭ ʜʘʥʠʭ (Sensor Fusion). ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʠʟʴʢʫ ʟʘʪʨʠʤʢʫ, ʘʣʝ 

ʚʠʤʘʛʘʶʪʴ ʪʨʠʚʘʣʦʛʦ ʧʨʦʮʝʩʫ ʥʘʜʷʛʘʥʥʷ ʢʦʩʪʶʤʘ ʪʘ ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʧʨʦʙʣʝʤʠ 

ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʭʠʙʢʠ ʽʥʪʝʛʨʫʚʘʥʥʷ [5]; 

3) ʢʣʘʩʠʯʥʠʡ ʢʦʤʧ'ʶʪʝʨʥʠʡ ʟ̔ʨ (OpenCV): ʩʧʨʦʙʠ ʨʝʘʣʽʟʫʚʘʪʠ ʪʨʝʢʽʥʛ 

ʘʣʛʦʨʠʪʤʘʤʠ ʩʫʙʪʨʘʢʮʽ ʾʬʦʥʫ ʘʙʦ ʦʧʪʠʯʥʦʛʦ ʧʦʪʦʢʫ (ʤʝʪʦʜ ʃʫʢʘʩʘ-ʂʘʥʘʜʝ) ʻ 

ʚʢʨʘʡ ʥʝʩʪʘʙʽʣʴʥʠʤʠ ʪʘ ʚʠʤʘʛʘʶʪʴ ʽʜʝʘʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʫ; 

4) ʚʠʩʦʢʦʨʽʚʥʝʚʽ ʥʝʡʨʦʤʝʨʝʞʽ (OpenPose): ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʨʭʽʪʝʢʪʫʨʫ ʟ 

ʧʦʣʽʚ ʘʬʽʥʥʦʩʪʽ ʯʘʩʪʠʥ (PAFs). ɿʘʙʝʟʧʝʯʫʶʪʴ ʚʠʥʷʪʢʦʚʫ ʪʦʯʥʽʩʪʴ, ʧʨʦʪʝ 

ʚʠʤʘʛʘʶʪʴ ʥʘʷʚʥʦʩʪʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʜʠʩʢʨʝʪʥʠʭ GPU ʜʣʷ ʨʦʙʦʪʠ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [6]. 

ʋ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʽʜʝʦ-ʢʝʨʫʚʘʥʥʷ. 

 

ʊʘʙʣʠʮʷ 1 - ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʽʜʝʦ-ʢʝʨʫʚʘʥʥʷ 

ʊʝʭʥʦʣʦʛʽʷ / 

ʈʽʰʝʥʥʷ 

ɸʧʘʨʘʪʥʘ ʙʘʟʘ ɸʣʛʦʨʠʪʤʽʯʥʠʡ 

ʧʽʜʭʽʜ 

ʆʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ 

ʉʝʥʩʦʨʠ ʛʣʠʙʠʥʠ 

(Microsoft Kinect) 

ɯʥʬʨʘʯʝʨʚʦʥʽ 

ʢʘʤʝʨʠ, ToF-

ʜʘʪʯʠʢʠ 

ɸʧʘʨʘʪʥʘ ʛʝʥʝʨʘʮʽʷ 

ʢʘʨʪʠ ʛʣʠʙʠʥʠ 

ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ, 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʦʩʚʽʪʣʝʥʥʷ 

ɯʥʝʨʮʽʘʣʴʥʽ 

ʢʦʩʪʶʤʠ (Rokoko, 

Xsens) 

ʅʘʪʽʣʴʥʽ IMU-

ʩʝʥʩʦʨʠ 

ɿʣʠʪʪʷ ʩʝʥʩʦʨʥʠʭ 

ʜʘʥʠʭ (Sensor Fusion) 

ʇʦʪʨʝʙʘ ʫ ʥʦʩʽʥʥʽ 

ʢʦʩʪʶʤʘ, ʧʦʭʠʙʢʘ 

ʛʽʨʦʩʢʦʧʽʚ 

OpenPose ʉʪʘʥʜʘʨʪʥʘ RGB 

ʚʝʙ-ʢʘʤʝʨʘ 

ɺʘʞʢʽ ʥʝʡʨʦʤʝʨʝʞʽ 

(PAFs) 

ɺʠʤʘʛʘʻ ʧʦʪʫʞʥʠʭ 

ʜʠʩʢʨʝʪʥʠʭ GPU 

ʇʨʦʧʦʥʦʚʘʥʝ 

ʨʽʰʝʥʥʷ 

(ʂʘʩʪʦʤʥʠʡ API) 

ʉʪʘʥʜʘʨʪʥʘ RGB 

ʚʝʙ-ʢʘʤʝʨʘ 

MediaPipe Pose, 

ʝʚʢʣʽʜʦʚʘ 

ʤʘʪʝʤʘʪʠʢʘ 

ʇʦʪʨʝʙʫʻ ʝʪʘʧʫ 

ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʦʨʦʛʽʚ 

 

ʆʧʪʠʤʘʣʴʥʠʤ ʢʦʤʧʨʦʤʽʩʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ Middleware API ʻ ʬʨʝʡʤʚʦʨʢ 

Google MediaPipe Pose (ʘʨʭʽʪʝʢʪʫʨʘ BlazePose). ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʠʡ 

ʧʦʚʥʦʨʦʩʪʦʚʠʡ ʪʨʝʢʽʥʛ 33 ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ ʪʽʣʘ (Landmarks) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʨʦʮʝʩʦʨʽ (CPU) ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʢʦʤʧ'ʶʪʝʨʘ [7]. 

ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʝʨʬʝʡʩ ʚʽʜʝʦʢʝʨʫʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʥʮʝʧʮʽʾ 

ʢʦʥʚʝʻʨʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ (Data Pipeline Architecture) ʫ ʻʜʠʥʦʤʫ ʩʠʥʭʨʦʥʥʦʤʫ 

ʮʠʢʣʽ. ʆʙʨʘʥʘ ʩʭʝʤʘ ʢʦʤʧʦʥʫʚʘʥʥʷ ʩʢʣʘʜʘʻ ʧ'ʷʪʴ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʤʦʜʫʣʽʚ: 

1) ʧ̔ ʜʩʠʩʪʝʤʘ ʟʘʭʦʧʣʝʥʥʷ ʚʽʜʝʦʧʦʪʦʢʫ: ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʽʙʣʽʦʪʝʢʫ OpenCV 

ʜʣʷ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʚʝʙ-ʢʘʤʝʨʠ. ʂʦʞʝʥ ʢʘʜʨ ʧʽʜʣʷʛʘʻ ʦʙʦʚ'ʷʟʢʦʚʦʤʫ ʘʧʘʨʘʪʥʦʤʫ 

ʚʽʜʜʟʝʨʢʘʣʝʥʥʶ (ʜʣʷ ʽʥʪʫʾʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ) ʪʘ ʢʦʥʚʝʨʪʘʮʽʾ ʢʦʣʽʨʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʟ BGR ʚ RGB; 
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2) ʥʝʡʨʦʤʝʨʝʞʝʚʠʡ ʝʢʩʪʨʘʢʪʦʨ: ʤʦʜʫʣʴ ʥʘ ʙʘʟʽ MediaPipe Pose ʧʨʘʮʶʻ ʚ 

ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʪʨʝʢʽʥʛʫ, ʧʦʚʝʨʪʘʶʯʠ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʪʝʥʟʦʨ ʟ 33 

ʧʨʦʩʪʦʨʦʚʠʤʠ ʚʝʢʪʦʨʘʤʠ ʪʽʣʘ; 

3) ʜ̫ʨʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʣʦʛʽʢʠ: ʥʘʡʙʽʣʴʰ ʥʘʫʢʦʻʤʥʠʡ ʢʦʤʧʦʥʝʥʪ, ʷʢʠʡ 

ʚʽʜʤʦʚʠʚʩʷ ʚʽʜ ʘʙʩʦʣʶʪʥʠʭ ʝʢʨʘʥʥʠʭ ʢʦʦʨʜʠʥʘʪ. ʃʦʛʽʢʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʘʥʘʣʽʟʽ 

ʚʽʜʥʦʩʥʠʭ ʚʝʢʪʦʨʥʠʭ ʟʤʽʱʝʥʴ ʪʘ ʦʙʯʠʩʣʝʥʥʽ ʝʚʢʣʽʜʦʚʠʭ ʚʽʜʩʪʘʥʝʡ ʤʽʞ 

ʮʝʥʪʨʦʾʜʘʤʠ ʘʥʘʪʦʤʽʯʥʠʭ ʚʫʟʣʽʚ; 

4) ʧ̔ ʜʩʠʩʪʝʤʘ ʝʤʫʣʷʮʽʾ ʩʠʩʪʝʤʥʦʛʦ ʚʚʦʜʫ: ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʽʙʣʽʦʪʝʢʫ 

pydirectinput ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʥʠʟʴʢʦʨʽʚʥʝʚʠʭ ʘʧʘʨʘʪʥʠʭ ʧʝʨʝʨʠʚʘʥʴ. ʎʝ ʛʘʨʘʥʪʫʻ, 

ʱʦ ʽʛʨʦʚʠʡ ʨʫʰʽʡ (DirectX/OpenGL) ʨʦʟʧʽʟʥʘʻ ʩʠʛʥʘʣʠ ʚʽʜ ʚʽʨʪʫʘʣʴʥʦʾ 

ʢʣʘʚʽʘʪʫʨʠ/ʤʠʰʽ ʙʝʟ ʟʘʪʨʠʤʦʢ [8]; 

5) ʤʦʜʫʣʴ ʚʽʟʫʘʣʴʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ (HUD): ʅʘʢʣʘʜʘʻ ʥʘ ʚʽʜʝʦʢʘʜʨ 
ʛʨʘʬʦʚʫ ʩʪʨʫʢʪʫʨʫ ʨʦʟʧʽʟʥʘʥʦʛʦ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʩʢʝʣʝʪʘ ʪʘ ʚʠʚʦʜʠʪʴ 

ʪʝʣʝʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽ ʩʪʘʪʫʩʠ ʘʢʪʠʚʥʠʭ ʢʣʘʚʽʰ (ACTIVE). 

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʻ ʘʨʭʽʪʝʢʪʫʨʥʘ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʤʽʞ ʙʝʟʧʝʨʝʨʚʥʦʶ ʧʨʠʨʦʜʦʶ ʣʶʜʩʴʢʠʭ ʨʫʭʽʚ ʪʘ ʜʠʩʢʨʝʪʥʠʤ ʭʘʨʘʢʪʝʨʦʤ 

ʩʠʩʪʝʤʥʦʛʦ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ. ʋʥʘʩʣʽʜʦʢ ʧʨʠʨʦʜʥʦʛʦ ʤôʷʟʦʚʦʛʦ ʪʨʝʤʦʨʫ 

ʙʝʟʧʦʩʝʨʝʜʥʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʫ ʧʦʜʽʾ ʥʘʪʠʩʢʘʥʥʷ ʢʣʘʚʽʰ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ (ʪʘʢ ʟʚʘʥʦʛʦ çʜʨʝʙʽʟʛʫè). ɼʣʷ ʫʩʫʥʝʥʥʷ 

ʮʴʦʛʦ ʝʬʝʢʪʫ ʚ ʷʜʨʦ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʦʚʘʥʦ ʤʝʭʘʥʽʟʤʠ ʤʝʨʪʚʦʾ ʟʦʥʠ (deadzone) ʪʘ 

ʛʽʩʪʝʨʝʟʠʩʫ. 

ʄʘʪʝʤʘʪʠʯʥʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʞʝʩʪʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʘʭʫʥʢʫ ʝʚʢʣʽʜʦʚʦʾ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʢʣʶʯʦʚʠʤʠ ʪʦʯʢʘʤʠ ʫ ʧʨʦʩʪʦʨʽ [9]: 

 

Ὀ ὼ ὼ ώ ώ ,                                       (1) 

ʜʝ D - ʝʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ; 

x1, y1 - ʢʦʦʨʜʠʥʘʪʠ ʧʝʨʰʦʾ ʢʣʶʯʦʚʦʾ ʪʦʯʢʠ; 

x2, y2 - ʢʦʦʨʜʠʥʘʪʠ ʜʨʫʛʦʾ ʢʣʶʯʦʚʦʾ ʪʦʯʢʠ. 

 

ʎʷ ʣʦʛʽʢʘ ʽʥʪʝʛʨʦʚʘʥʘ ʟʽ ʩʣʦʚʥʠʢʦʤ ʩʪʘʥʽʚ (State Dictionary), ʱʦ ʬʫʥʢʮʽʦʥʫʻ 

ʷʢ ʩʢʽʥʯʝʥʥʠʡ ʘʚʪʦʤʘʪ. ʉʠʛʥʘʣ ʥʘ ʟʘʪʠʩʢʘʥʥʷ ʢʣʘʚʽʰʽ ʛʝʥʝʨʫʻʪʴʩʷ ʨʽʚʥʦ ʦʜʠʥ ʨʘʟ 

ʧʨʠ ʧʝʨʝʪʠʥʽ ʧʦʨʦʛʫ, ʘ ʚʽʜʧʫʩʢʘʥʥʷ ï ʣʠʰʝ ʧʽʩʣʷ ʧʦʚʝʨʥʝʥʥʷ ʙʽʦʤʝʪʨʽʾ ʫ 

ʥʝʡʪʨʘʣʴʥʫ ʟʦʥʫ. 

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʮʠʬʨʦʚʠʤ ʜʚʽʡʥʠʢʦʤ ʫ ʬʦʨʤʽ ʽʛʨʦʚʦʛʦ ʘʚʘʪʘʨʫ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʥʘʩʪʫʧʥʠʡ ʩʣʦʚʥʠʢ ʩʝʤʘʥʪʠʯʥʠʭ ʪʨʘʥʩʣʷʮʽʡ ʢʽʥʝʤʘʪʠʢʠ: 

1) ʧʝʨʝʤʽʱʝʥʥʷ (ʂʣʘʚʽʰʽ A / D): ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʦʚʫʻ ʮʝʥʪʨʦʾʜ ʦʩʽ ʧʣʝʯʝʡ ʪʘ 

ʮʝʥʪʨʦʾʜ ʪʘʟʘ. ʈʽʟʥʠʮʷ ʮʠʭ ʮʝʥʪʨʦʾʜʽʚ ʬʦʨʤʫʻ ʚʝʢʪʦʨ ʥʘʭʠʣʫ ʪʫʣʫʙʘ ʚʣʽʚʦ ʘʙʦ 

ʚʧʨʘʚʦ, ʱʦ ʽʥʽʮʽʶʻ ʨʫʭ; 

2) ʩʪʨʠʙʦʢ (Space): ʨʝʻʩʪʨʫʻʪʴʩʷ, ʢʦʣʠ ʢʦʦʨʜʠʥʘʪʠ ʦʙʦʭ ʢʠʩʪʝʡ ʩʪʘʶʪʴ 

ʚʽʟʫʘʣʴʥʦ ʚʠʱʠʤʠ ʟʘ Y-ʢʦʦʨʜʠʥʘʪʫ ʥʦʩʘ (ʪʦʯʢʘ 0 ʟʘ MediaPipe); 

3) ʘʪʘʢʘ (ʃʽʚʘ ʢʥʦʧʢʘ ʤʠʰʽ): ʜʠʥʘʤʽʯʥʠʡ ʙʦʡʦʚʠʡ ʨʫʭ (ʨʽʟʢʠʡ ʚʠʧʘʜ ʨʫʢʦʶ 

ʚʧʝʨʝʜ). ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ "ʬʘʥʪʦʤʥʠʤ" ʘʪʘʢʘʤ ʚʧʨʦʚʘʜʞʝʥʦ ʩʠʩʪʝʤʫ ʬʽʟʠʯʥʦʾ 

çʧʝʨʝʟʘʨʷʜʢʠè (cooldown) ï ʥʘʩʪʫʧʥʠʡ ʫʜʘʨ ʥʝʤʦʞʣʠʚʠʡ ʙʝʟ ʧʦʚʝʨʥʝʥʥʷ ʢʠʩʪʽ 

ʜʦ ʛʨʫʜʝʡ; 
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4) ʙʣʦʢ (ʇʨʘʚʘ ʢʥʦʧʢʘ ʤʠʰʽ): ʟʘʭʠʩʥʘ ʩʪʽʡʢʘ ʜʝʪʝʢʪʫʻʪʴʩʷ ʯʝʨʝʟ 

ʧʝʨʝʭʨʝʱʝʥʥʷ ʨʫʢ (X-ʢʦʦʨʜʠʥʘʪʘ ʣʽʚʦʾ ʢʠʩʪʽ ʧʝʨʝʪʠʥʘʻ ʚʝʨʪʠʢʘʣʴʥʫ ʚʽʩʴ ʧʨʘʚʦʛʦ 

ʧʣʝʯʘ); 

5) ʚ̔ ʜʥʦʚʣʝʥʥʷ ʤʘʥʠ (ʂʣʘʚʽʰʘ Q): ʤ̔ʝʨʩʠʚʥʠʡ ʞʝʩʪ ʧʽʜʥʝʩʝʥʥʷ ʢʠʩʪʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʨʦʪʘ ʘʙʦ ʥʦʩʘ ʛʨʘʚʮʷ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʨʬʝʡʩ ʫʩʧʽʰʥʦ ʟʘʢʨʠʚʘʻ ʚʠʷʚʣʝʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʦʟʨʠʚ, ʚʠʢʦʥʫʶʯʠ ʬʫʥʢʮʽʶ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ Middleware API. 

ʉʠʥʪʝʟ ʤʝʪʦʜʽʚ ʦʧʪʠʯʥʦʛʦ ʪʨʝʢʽʥʛʫ (MediaPipe), ʚʝʢʪʦʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ 

ʛʽʩʪʝʨʝʟʠʩʫ ʪʘ ʥʠʟʴʢʦʨʽʚʥʝʚʦʾ ʝʤʫʣʷʮʽʾ ʚʚʦʜʫ (pydirectinput) ʜʦʟʚʦʣʠʚ ʩʪʚʦʨʠʪʠ 

ʙʝʟʢʦʥʪʘʢʪʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʥʪʨʦʣʝʨ ʽʥʪʝʬʝʡʩʫ ʣʶʜʠʥʥʦ-ʤʘʰʠʥʥʦʾ ʚʟʘʻʤʦʜʽʾ. 

ɯʥʪʝʨʬʝʡʩ ʚʽʜʝʦʢʝʨʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʫʻ ʷʢ çʧʨʦʟʦʨʠʡè ʚʽʨʪʫʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘʙʽʣʴʥʫ ʪʨʘʥʩʣʷʮʽʶ ʬʽʟʠʯʥʠʭ ʨʫʭʽʚ ʫ ʢʦʤʘʥʜʠ ʢʝʨʫʚʘʥʥʷ 

ʮʠʬʨʦʚʠʤ ʜʚʽʡʥʠʢʦʤ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʣʫʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʜʦʨʦʛʦʚʘʨʪʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 
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ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʛʘʣʫʟʴ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʧʝʨʝʞʠʚʘʻ ʧʝʨʽʦʜ 

ʥʘʜʟʚʠʯʘʡʥʦ ʩʪʨʽʤʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʪʘ ʤʘʩʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ. ɼʨʦʥʠ ʝʚʦʣʶʮʽʦʥʫʚʘʣʠ ʚʽʜ ʧʨʦʩʪʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦ ʢʝʨʦʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʦ ʩʢʣʘʜʥʠʭ ʘʚʪʦʥʦʤʥʠʭ ʩʠʩʪʝʤ, ʟʜʘʪʥʠʭ 

ʚʠʢʦʥʫʚʘʪʠ ʚʠʩʦʢʦʪʦʯʥʫ ʚʽʜʝʦʟʡʦʤʢʫ, ʤʦʥʽʪʦʨʠʥʛ ʦʙôʻʢʪʽʚ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ 

ʩʫʧʨʦʚʽʜ ʮʽʣʝʡ ʙʝʟ ʧʦʩʪʽʡʥʦʾ ʫʯʘʩʪʽ ʣʶʜʠʥʠ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʻ 

ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʥʦʤʥʦʛʦ ʚʽʜʝʦʩʫʧʨʦʚʦʜʫ, ʷʢʽ ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʫ 

ʩʢʣʘʜʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʜʦʩʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʘʩʪʘʨʽʣʽ ʘʣʛʦʨʠʪʤʠ, ʪʘʢʽ ʷʢ ʢʘʩʢʘʜʠ ʍʘʘʨʘ [1]. ɺʦʥʠ ʤʘʶʪʴ ʥʠʟʴʢʫ 

ʪʦʯʥʽʩʪʴ, ʯʫʪʣʠʚʽ ʜʦ ʟʤʽʥ ʦʩʚʽʪʣʝʥʥʷ ʪʘ, ʥʘʡʛʦʣʦʚʥʽʰʝ, ʥʝ ʟʜʘʪʥʽ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʢʦʥʢʨʝʪʥʫ ʦʩʦʙʫ ʩʝʨʝʜ ʽʥʰʠʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʯʘʩʪʦʾ ʚʪʨʘʪʠ ʮʽʣ ̔ ʚ 

ʙʘʛʘʪʦʣʶʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʎʝ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʠʭ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʤʦʜʝʣʝʡ ʪʘ ʘʜʘʧʪʠʚʥʦʾ 

ʙʽʦʤʝʪʨʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʚʧʨʦʚʘʜʞʫʻ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʾ ʚʝʢʪʦʨʥʦʾ ʙʽʦʤʝʪʨʽʾ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʝʡʨʦʤʝʨʝʞʝʚʽʡ ʤʦʜʝʣʽ Face Mesh ʙʽʙʣʽʦʪʝʢʠ MediaPipe [2]. ʎʷ 

ʧʝʨʝʜʦʚʘ ʤʦʜʝʣʴ ʟʜʘʪʥʘ ʚʠʟʥʘʯʘʪʠ ʢʦʦʨʜʠʥʘʪʠ 468 ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ ʦʙʣʠʯʯʷ, 

ʥʘʜʘʶʯʠ ʜʦʩʪʘʪʥʴʦ ʜʘʥʠʭ ʜʣʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ʄʦʚʦʶ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ Python, ʱʦ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʽʥʪʝʛʨʫʚʘʪʠ ʦʧʪʠʤʽʟʦʚʘʥʽ 

ʙʽʙʣʽʦʪʝʢʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ ʜʨʦʥʦʤ.  

ɺʟʘʻʤʦʜʽʷ ʟ ʘʧʘʨʘʪʥʦʶ ʯʘʩʪʠʥʦʶ ʜʨʦʥʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʙʽʙʣʽʦʪʝʢʫ 

djitellopy, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʙʨʦʙʢʫ ʪʝʣʝʤʝʪʨʽʾ ʪʘ ʚʽʜʧʨʘʚʢʫ ʢʦʤʘʥʜ ʜʨʦʥʫ [3]. 

ɼʣʷ ʦʙʨʦʙʢʠ ʚʽʜʝʦʧʦʪʦʢʫ ʚʠʢʦʨʠʩʪʘʥʦ OpenCV. ɯʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ 

ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʙʘʟʽ CustomTkinter. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʚʠʚʝʜʝʥʥʷ ʚʽʜʝʦʧʦʪʦʢʫ ʟ 

ʢʘʤʝʨʠ ʜʨʦʥʘ, ʝʣʝʤʝʥʪʠ ʢʝʨʫʚʘʥʥʷ ʜʨʦʥʦʤ, ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʝʣʝʤʝʪʨʠʯʥʠʭ 

ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʨʽʚʝʥʴ ʟʘʨʷʜʫ ʘʢʫʤʫʣʷʪʦʨʘ ʪʘ ʧʦʪʦʯʥʘ ʧʦʭʠʙʢʘ ʚʘʣʽʜʘʮʽʾ ʮʽʣʽ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 
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ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʨʘʤʠ ʚʢʣʶʯʘʶʪʴ ʧʦʚʥʽʩʪʶ ʘʚʪʦʥʦʤʥʠʡ 

ʧʦʣʽʪ ʧʽʩʣʷ ʚʠʙʦʨʫ ʮʽʣʽ. ʆʧʝʨʘʪʦʨ ʫ ʛʨʘʬʽʯʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ ʦʙʠʨʘʻ ʦʙ'ʻʢʪ ʜʣʷ 

ʚʽʜʩʪʝʞʝʥʥʷ ʦʜʥʠʤ ʢʣʽʢʦʤ ʤʠʰʽ, ʧʽʩʣʷ ʯʦʛʦ ʩʠʩʪʝʤʘ ʬʦʨʤʫʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ 

ʙʽʦʤʝʪʨʠʯʥʠʡ ʧʨʦʬʽʣʴ ʦʙʣʠʯʯʷ, ʦʪʨʠʤʫʶʯʠ ʢʦʦʨʜʠʥʘʪʠ ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ 

ʦʙʣʠʯʯʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʇʨʦʛʨʘʤʘ ʙʝʟʧʝʨʝʨʚʥʦ ʢʦʥʪʨʦʣʶʻ ʩʪʘʥ ʜʨʦʥʘ. ɺʦʥʘ ʘʚʪʦʤʘʪʠʯʥʦ ʟʯʠʪʫʻ 

ʨʽʚʝʥʴ ʟʘʨʷʜʫ ʘʢʫʤʫʣʷʪʦʨʘ ʪʘ ʽʥʽʮʽʶʻ ʧʨʠʤʫʩʦʚʫ ʙʝʟʧʝʯʥʫ ʧʦʩʘʜʢʫ ʧʨʠ ʧʘʜʽʥʥʽ 

ʟʘʨʷʜʫ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʧʦʟʥʘʯʢʠ.  

ʊʘʢʦʞ ʧʝʨʝʜʙʘʯʝʥʘ ʩʠʩʪʝʤʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʧʘʤ'ʷʪʽ: ʷʢʱʦ ʮʽʣʴ ʥʘ ʤʠʪʴ 

ʟʥʠʢʣʘ ʟ ʧʦʣʷ ʟʦʨʫ (ʥʘʧʨʠʢʣʘʜ, ʾʾ ʧʝʨʝʢʨʠʚ ʽʥʠhʡ ʦʙôʻʢʪ), ʜʨʦʥ ʟʘʚʠʩʘʻ ʚ ʪʦʯʮʽ 

ʦʩʪʘʥʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʽ ʘʚʪʦʤʘʪʠʯʥʦ ʚʽʜʥʦʚʣʶʻ ʩʪʝʞʝʥʥʷ, ʷʢ ʪʽʣʴʢʠ ʽʜʝʥʪʠʬʽʢʫʻ 

ʧʦʪʨʽʙʥʝ ʦʙʣʠʯʯʷ ʧʦʨʽʚʥʷʚʰʠ ʡʦʛʦ ʟ ʝʪʘʣʦʥʥʠʤ ʧʨʦʬʽʣʝʤ. 

ʇʨʠ ʧʦʪʨʝʙʽ ʦʧʝʨʘʪʦʨ ʫ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʤʦʞʝ ʧʝʨʝʭʦʧʠʪʠ ʢʝʨʫʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʣʘʚʽʘʪʫʨʠ ʘʙʦ ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ çʧʨʦʙʽʣè ʜʣʷ ʝʢʩʪʨʝʥʦʾ ʧʦʩʘʜʢʠ. 

ʇʨʦʮʝʩ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙʣʠʯ ʧʦʣʷʛʘʻ ʫ ʧʦʨʽʚʥʷʥʥʽ ʧʦʪʦʯʥʦʛʦ ʧʨʦʬʽʣʶ ʽʟ 

ʝʪʘʣʦʥʥʠʤ, ʷʢʠʡ ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʩʪʘʨʪʦʚʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʨʠ 

ʚʠʙʦʨʽ ʮʽʣʽ (ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʦʙʯʠʩʣʝʥʠʭ ʚʝʢʪʦʨʽʚ ʟʘ 30 ʢʘʜʨʘʤʠ). ʇʽʜ ʯʘʩ 

ʚʽʜʩʪʝʞʝʥʥʷ ʩʠʩʪʝʤʘ ʦʙʯʠʩʣʶʻ ʚʝʢʪʦʨʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʦʙʣʠʯʯʷ, ʷʢʝ 

ʧʦʪʨʘʧʣʷʻ ʚ ʢʘʜʨ, ʪʘ ʧʦʨʽʚʥʶʻ ʾʭ ʽʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʧʽʜ ʯʘʩ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

 ʗʢʱʦ ʧʦʭʠʙʢʘ, ʪʦʙʪʦ ʨʽʟʥʠʮʷ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʧʦʪʦʯʥʦʛʦ ʦʙʣʠʯʯʷ ʽ 

ʝʪʘʣʦʥʥʠʤʠ, ʧʝʨʝʚʠʱʫʻ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʦʨʽʛ ï ʩʠʩʪʝʤʘ ʚʚʘʞʘʻ ʾʭ ʨʽʟʥʠʤʠ 

ʦʙʣʠʯʯʷʤʠ ʽ ʧʨʦʜʦʚʞʫʻ ʧʨʦʮʝʩ ʧʦʨʽʚʥʷʥʥʷ, ʧʦʢʠ ʧʦʭʠʙʢʘ ʥʝ ʦʧʫʩʪʠʪʴʩʷ ʥʠʞʯʝ 

ʧʦʨʦʛʫ. ʇʦʭʠʙʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʤʝʪʨʠʢʦʶ ʄʘʥʛʝʪʪʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ [4]. ʏʠʤ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʶ ʪʘ ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ ʨʫʭʽʚ ʻ ʦʟʥʘʢʘ 

ï ʪʠʤ ʙʽʣʴʰʠʡ ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʦʥʘ ʤʘʻ. 

ʆʢʨʽʤ ʤʦʜʫʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʧʨʠʩʫʪʥʽʡ ʪʘʢʦʞ ʤʦʜʫʣʴ ʚʽʜʩʪʝʞʝʥʥʷ. 

ʇʨʠʥʮʠʧ ʡʦʛʦ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʫʪʨʠʤʘʥʥʽ ʦʙʣʠʯʯʷ ʚ ʮʝʥʪʨʽ ʢʘʜʨʫ. ɺʽʜʭʠʣʝʥʥʷ 

ʮʝʥʪʨʫ ʦʙʣʠʯʯʷ ʚʽʜ ʮʝʥʪʨʫ ʢʘʜʨʫ - ʮʝ ʧʨʦʩʪʦʨʦʚʘ ʧʦʭʠʙʢʘ. ʅʘ ʦʩʥʦʚʽ ʥʝʾ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʜʘʣʽ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʢʦʤʘʥʜʠ ʢʝʨʫʚʘʥʥʷ 

ʜʨʦʥʦʤ. ɺʦʥʠ ʚʢʘʟʫʶʪʴ ʜʨʦʥʫ ʚ ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ ʨʫʭʘʪʠʩʷ, ʱʦʙ ʦʙʣʠʯʯʷ ʟʘʚʞʜʠ 

ʙʫʣʦ ʚ ʮʝʥʪʨʽ ʢʘʜʨʫ.  

ɿʘ ʧʣʘʚʥʽʩʪʴ ʨʫʭʽʚ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʧʦʨʮʽʡʥʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ, 

ʷʢʠʡ ʨʝʛʫʣʶʻ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʜʨʦʥʘ ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʨʦʩʪʦʨʦʚʦʾ ʧʦʭʠʙʢʠ, 

ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʧʣʘʚʥʝ ʛʘʣʴʤʫʚʘʥʥʷ ʜʨʦʥʘ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʮʝʥʪʨʘ ʦʙʣʠʯʯʷ 

ʜʦ ʮʝʥʪʨʫ ʢʘʜʨʫ [5]. ʎʝ ʫʩʫʚʘʻ ʨʽʟʢʽ ʨʫʭʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʧʣʘʚʥʝ ʜʠʥʘʤʽʯʥʝ ʚʽʜʝʦ.  

ʇʽʜ ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʘ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʭʦʨʦʰʽ ʨʝʟʫʣʴʪʘʪʠ 

(ʨʠʩʫʥʦʢ 1). ʊʝʩʪʫʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʩʠʩʪʝʤʘ ʟʜʘʪʥʘ ʢʦʨʝʢʪʥʦ ʨʦʟʨʽʟʥʷʪʠ 

ʦʙʣʠʯʯʷ, ʥʝ ʚʪʨʘʯʘʣʘ ʮʽʣʴ ʧʨʠ ʧʦʷʚʽ ʽʥʰʠʭ ʣʶʜʝʡ ʫ ʢʘʜʨʽ ʪʘ ʫʩʧʽʰʥʦ 

ʚʽʜʥʦʚʣʶʚʘʣʘ ʩʪʝʞʝʥʥʷ ʧʽʩʣʷ ʪʠʤʯʘʩʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʦʙʣʠʯʯʷ. ʇʨʦʛʨʘʤʫ 

ʧʨʦʪʝʩʪʦʚʘʥʦ ʥʘ ʩʝʤʠ ʨʽʟʥʠʭ ʦʙʣʠʯʯʷʭ, ʧʦʤʠʣʢʦʚʫ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʙʫʣʦ 

ʟʘʬʽʢʩʦʚʘʥʦ ʣʠʰʝ ʦʜʠʥ ʨʘʟ. 
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ɿʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʤʝʜʽʘʢʦʥʪʝʥʪʫ ʥʘ ʩʫʯʘʩʥʠʭ ʩʪʨʽʤʽʥʛʦʚʠʭ ʧʣʘʪʬʦʨʤʘʭ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʙʣʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ [1]. 

ʊʨʘʜʠʮʽʡʥʽ ʽʥʪʝʨʬʝʡʩʠ ʚʝʙ-ʩʘʡʪʽʚ ʯʘʩʪʦ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʦʛʦ ʯʘʩʫ ʥʘ ʥʘʚʽʛʘʮʽʶ, 

ʪʦʤʫ ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʯʘʪ-ʙʦʪʠ ʚ ʤʝʩʝʥʜʞʝʨʘʭ, ʟʦʢʨʝʤʘ ʚ 

Telegram [2]. Telegram ʟʘʙʝʟʧʝʯʫʻ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʽʩʪʴ, ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ 

ʚʟʘʻʤʦʜʽʾ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʘʩʠʥʭʨʦʥʥʦʾ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʤʦʜʫʣʷ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʦʙʨʦʙʢʫ ʪʝʢʩʪʦʚʠʭ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʘ 

ʜʣʷ ʥʘʜʘʥʥʷ ʨʝʣʝʚʘʥʪʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʬʽʣʴʤʽʚ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʟ 

ʟʦʚʥʽʰʥʽʤʠ API ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʦʢʘʣʴʥʠʭ ʙʘʟ ʜʘʥʠʭ ʜʣʷ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʨʦʟʨʦʙʣʝʥʦ ʾʩʠʩʪʝʤʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʫʣʴʥʦʤʫ ʧʽʜʭʦʜʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʪʘ ʣʝʛʢʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ. ʆʩʥʦʚʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʻ: 

1) ɯʥʪʝʨʬʝʡʩʥʠʡ ʨʽʚʝʥʴ: ʨʝʘʣʽʟʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢʠ python-

telegram-bot, ʱʦ ʧʽʜʪʨʠʤʫʻ ʘʩʠʥʭʨʦʥʥʫ ʦʙʨʦʙʢʫ ʧʦʚʽʜʦʤʣʝʥʴ [3, 9]. 

2) ʈʽʚʝʥʴ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ: ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʤʦʜʫʣʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 
ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʘʤʽʨʽʚ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʟʽʩʪʘʚʣʝʥʥʷ ʪʝʢʩʪʦʚʠʭ ʟʘʧʠʪʽʚ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʰʫʢʫ. 

3) ʈʽʚʝʥʴ ʜʘʥʠʭ: ʜʠʥʘʤʽʯʥʝ ʦʪʨʠʤʘʥʥʷ ʘʢʪʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʬʽʣʴʤʠ ʪʘ 
ʩʝʨʽʘʣʠ ʯʝʨʝʟ ʟʦʚʥʽʰʥʽʡ API-ʽʥʪʝʨʬʝʡʩ [4]. 

4) ʈʽʚʝʥʴ ʟʙʝʨʝʞʝʥʥʷ: ʣʦʢʘʣʴʥʝ ʩʭʦʚʠʱʝ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʽʩʪʦʨʽʾ ʧʝʨʝʛʣʷʜʽʚ, 
ʩʧʠʩʢʽʚ çʆʙʨʘʥʦʛʦè ʪʘ ʥʘʣʘʰʪʫʚʘʥʴ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɼʣʷ ʥʘʦʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʩʠʩʪʝʤʠ (ʨʠʩʫʥʦʢ 1). ʗʢ ʚʠʜʥʦ ʟʽ ʩʭʝʤʠ, ʧʽʩʣʷ 

ʧʝʨʚʠʥʥʦʛʦ ʧʨʠʡʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʪʝʢʩʪʦʚʦʛʦ ʟʘʧʠʪʫ, ʤʦʜʫʣʴ 

ʚʠʟʥʘʯʘʻ ʩʪʨʘʪʝʛʽʶ ʦʙʨʦʙʢʠ: ʧʦʰʫʢ ʟʘ ʢʦʤʧʣʝʢʩʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʙʦ ʟʘ 

ʢʦʥʢʨʝʪʥʦʶ ʥʘʟʚʦʶ.  

ɺʘʞʣʠʚʦʶ ʘʨʭʽʪʝʢʪʫʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʪʝ, ʱʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʦʙʨʘʥʦʾ ʛʽʣʢʠ 

ʧʦʰʫʢʫ, ʩʠʩʪʝʤʘ ʩʧʦʯʘʪʢʫ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʚʽʩʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 
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ʘʢʪʫʘʣʴʥʦʛʦ ʩʧʠʩʢʫ ʤʝʜʽʘʢʦʥʪʝʥʪʫ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ 

ʣʦʢʘʣʴʥʫ ʙʘʟʫ ʜʘʥʠʭ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʽʩʪʦʨʽʾ ʚʟʘʻʤʦʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ, ʽ ʣʠʰʝ ʧʽʩʣʷ 

ʮʴʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʬʽʥʘʣʴʥʠʡ ʩʧʠʩʦʢ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ 

ʚʽʜʧʨʘʚʢʠ ʫ ʯʘʪ. 

 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʦʙʨʦʙʢʠ ʪʝʢʩʪʦʚʦʛʦ ʟʘʧʠʪʫ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʤʦʜʫʣʽ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʩʠʥʭʨʦʥʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʙʦʪʫ ʦʙʨʦʙʣʷʪʠ ʜʝʢʽʣʴʢʘ ʟʘʧʠʪʽʚ 

ʦʜʥʦʯʘʩʥʦ ʙʝʟ ʟʘʪʨʠʤʦʢ ʫ ʯʘʪʽ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ [8]. 

ɼʣʷ ʟʘʭʠʩʪʫ ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʜʘʥʠʭ (API-ʢʣʶʯʽʚ) ʚʠʢʦʨʠʩʪʘʥʦ ʩʠʩʪʝʤʫ ʦʪʦʯʝʥʥʷ 

.env, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʘʤ ʙʝʟʧʝʯʥʦʾ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʆʩʥʦʚʥʝ ʪʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʘʙʦ 

ʥʘʧʽʚʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʚʚʦʜʫ ʢʦʨʠʩʪʫʚʘʯʘ ʫ ʬʦʨʤʘʣʽʟʦʚʘʥʠʡ ʟʘʧʠʪ ʜʦ 

ʙʘʟʠ ʜʘʥʠʭ ʬʽʣʴʤʽʚ [5]. ʋ ʨʦʟʨʦʙʣʝʥʦʤʫ ʤʦʜʫʣʽ ʨʝʘʣʽʟʦʚʘʥʦ ʪʨʠ ʦʩʥʦʚʥʽ ʩʪʨʘʪʝʛʽʾ 

ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ: 

1) ɿʤʽʩʪʦʚʝ ʟʽʩʪʘʚʣʝʥʥʷ ʝʤʦʮʽʡʥʦʛʦ ʩʪʘʥʫ (Mood-based Search). 

ɿʘʤʽʩʪʴ ʢʣʘʩʠʯʥʦʛʦ ʧʦʰʫʢʫ ʟʘ ʥʘʟʚʦʶ, ʤʦʜʫʣʴ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʰʫʢ ʟʘ 

çʥʘʩʪʨʦʻʤè. ʂʦʨʠʩʪʫʚʘʯ ʚʚʦʜʠʪʴ ʦʧʠʩ ʩʚʦʛʦ ʩʪʘʥʫ, ʘ ʤʦʜʫʣʴ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ 

ʟʜʽʡʩʥʶʻ ʟʽʩʪʘʚʣʝʥʥʷ ʮʠʭ ʦʧʠʩʽʚ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘʤʠ ʞʘʥʨʽʚ ʫ 

ʩʠʩʪʝʤʽ TMDB. 

2) ɹʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʬʽʣʴʪʨʘʮʽʷ ʟʘ ʤʝʪʘʜʘʥʠʤʠ 

ʇ̔ ʜʪʨʠʤʢʘ ʟʘʧʠʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʢʦʥʢʨʝʪʥʽ ʬʽʣʴʪʨʠ: ʞʘʥʨʠ, ʯʘʩʦʚʽ ʤʝʞʽ (ʨʽʢ 

ʚʠʧʫʩʢʫ) ʪʘ ʨʝʡʪʠʥʛʦʚʠʡ ʧʦʨʽʛ (ʥʘʧʨʠʢʣʘʜ, 6.0+), ʱʦ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʽʜʩʽʶʚʘʪʠ ʢʦʥʪʝʥʪ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ. 

3) ɸʣʛʦʨʠʪʤ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʽʩʪʦʨʽʾ ʪʘ ʫʧʦʜʦʙʘʥʴ 

ʋ ʙʘʟʽ ʜʘʥʠʭ SQLite ʨʝʘʣʽʟʦʚʘʥʦ ʦʙʣʽʢ ʧʦʧʝʨʝʜʥʽʭ ʚʟʘʻʤʦʜʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʙʝʨʽʛʘʪʠ ʚʠʙʽʨ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʫʥʠʢʘʪʠ ʧʦʚʪʦʨʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʠʭ ʩʘʤʠʭ 

ʬʽʣʴʤʽʚ [6, 7]. 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʙʦʪʘ ʧʽʜʪʨʠʤʫʻ ʜʚʦʤʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ (ʫʢʨʘʾʥʩʴʢʘ ʪʘ 

ʘʥʛʣʽʡʩʴʢʘ), ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʢʨʝʤʠʤ ʤʦʜʫʣʝʤ ʣʦʢʘʣʽʟʘʮʽʾ. ɺʟʘʻʤʦʜʽʷ ʟ 

Telegram Bot API [3] ʨʝʘʣʽʟʦʚʘʥʘ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʘʩʠʥʭʨʦʥʥʠʭ ʭʝʥʜʣʝʨʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʩʢʣʘʜʥʽ ʤʝʥʶ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʰʫʢʫ. 

ʆʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 1. 
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ʊʘʙʣʠʮʷ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ 
ʂʦʤʧʦʥʝʥʪ ʊʝʭʥʦʣʦʛʽʷ ʌʫʥʢʮʽʷ 

Core Language Python 3.10+ 
ʆʩʥʦʚʥʘ ʣʦʛʽʢʘ ʪʘ 

ʦʙʨʦʙʢʘ ʜʘʥʠʭ 

Bot Framework 
python-telegram-

bot  

ɺʟʘʻʤʦʜʽʷ ʟ API 

ʤʝʩʝʥʜʞʝʨʘ 

External Data TMDB API 
ʆʪʨʠʤʘʥʥʷ ʤʝʪʘʜʘʥʠʭ 

ʬʽʣʴʤʽʚ 

Local Storage SQLite3 
ʇʝʨʩʦʥʘʣʽʟʘʮʽʷ ʪʘ 

ʥʘʣʘʰʪʫʚʘʥʥʷ 

Deployment 
Cloud VDS / 

Docker 

ɿʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʫʧʥʦʩʪʽ 24/7 

 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʤʦʜʫʣʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʽʜʛʫʢʫ ʩʠʩʪʝʤʠ ʥʘ 

ʪʝʢʩʪʦʚʠʡ ʟʘʧʠʪ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 500 ʤʩ. ʉʠʩʪʝʤʘ ʩʪʘʙʽʣʴʥʦ ʦʙʨʦʙʣʷʻ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʯʘʩʥʠʭ ʩʝʩʽʡ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ asyncio ʪʘ ʘʩʠʥʭʨʦʥʥʠʭ 

ʭʝʥʜʣʝʨʽʚ Telegram Bot API. 

ɻʦʣʦʚʥʦʶ ʪʝʭʥʽʯʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʨʽʰʝʥʥʷ ʻ ʦʧʪʠʤʽʟʦʚʘʥʠʡ 

ʧʨʦʮʝʩ ʟʽʩʪʘʚʣʝʥʥʷ ʟʘ ʟʤʽʩʪʦʤ ʩʫʙ'ʻʢʪʠʚʥʠʭ ʪʝʢʩʪʦʚʠʭ ʦʧʠʩʽʚ ʥʘʩʪʨʦʶ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʦʙ'ʻʢʪʠʚʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ ʤʝʪʘʜʘʥʠʭ ʬʽʣʴʤʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ 

ʤʝʩʝʥʜʞʝʨʽʚ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʨʦʤʽʟʜʢʠʭ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʤʦʜʝʣʝʡ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʥʘ ʦʙʤʝʞʝʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʷʭ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʧʨʠʡʥʷʪʥʦʾ ʨʝʣʝʚʘʥʪʥʦʩʪʽ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʛʦʪʦʚʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʧʝʨʩʦʥʘʣʴʥʠʡ ʘʩʠʩʪʝʥʪ 

ʜʣʷ ʚʠʙʦʨʫ ʤʝʜʽʘʢʦʥʪʝʥʪʫ. ʄʦʜʫʣʴʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʽʥʪʝʛʨʫʚʘʪʠ 

ʽʥʰʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, IMDb ʘʙʦ Rotten Tomatoes) ʙʝʟ ʟʤʽʥʠ ʦʩʥʦʚʥʦʾ 

ʣʦʛʽʢʠ ʙʦʪʘ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʜʣʷ 

Telegram-ʙʦʪʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʦʙʨʦʙʢʫ ʪʝʢʩʪʦʚʠʭ ʟʘʧʠʪʽʚ ʜʣʷ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʬʽʣʴʤʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʩʠʥʭʨʦʥʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʜʠʥʘʤʽʯʥʠʤ 

ʦʪʨʠʤʘʥʥʷʤ ʜʘʥʠʭ ʯʝʨʝʟ TMDB API ʪʘ ʣʦʢʘʣʴʥʠʤ ʟʙʝʨʝʞʝʥʥʷʤ ʧʨʦʬʽʣʽʚ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟʽʩʪʘʚʣʝʥʥʷ ʥʘʩʪʨʦʾʚ ʽʟ ʞʘʥʨʘʤʠ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʫʾʪʠʚʥʦ 

ʟʨʦʟʫʤʽʣʫ ʚʟʘʻʤʦʜʽʶ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʤʽʥʽʤʽʟʫʶʯʠ ʟʫʩʠʣʣʷ ʥʘ ʧʦʰʫʢ ʢʦʥʪʝʥʪʫ. 

ʇʦʜʘʣʴʰʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʙʫʜʫʪʴ ʩʧʨʷʤʦʚʘʥ ̔ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʛʣʠʙʰʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʦʚʠʭ ʚʽʜʛʫʢʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ. 
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ʉʀʉʊɽʄɸ ʋʇʈɸɺʃɯʅʅʗ ʅʆʊɸʊʂɸʄʀ ɿ ʌʋʅʂʎɯʗʄʀ ʄɽʅɽɼɾɽʈɸ 
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ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʦʪʘʪʢʘʤʠ ʜʦʧʦʤʘʛʘʶʪʴ ʣʶʜʷʤ 

ʟʙʝʨʽʛʘʪʠ, ʫʧʦʨʷʜʢʦʚʫʚʘʪʠ ʪʘ ʟʥʘʭʦʜʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʫ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ, ʱʦ 

ʜʘʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʫ ʨʽʟʥʠʭ 

ʩʬʝʨʘʭ [1]. ʊʘʢʦʞ, ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ 

ʽʥʬʦʨʤʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʮʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ 

ʢʦʤʘʥʜʥʦʾ ʨʦʙʦʪʠ. ɺʦʜʥʦʯʘʩ, ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʥʷ ʤʘʻ ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ, 

ʪʦʤʫ ʽʥʪʝʛʨʘʮʽʷ ʤʝʥʝʜʞʝʨʘ ʧʘʨʦʣʽʚ ʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʥʦʪʘʪʢʘʤʠ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ ʢʦʥʬʽʜʝʥʮʽʡʥʽ ʜʘʥʽ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʟʘʭʠʩʪ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʙʘʛʘʪʦ ʘʥʘʣʦʛʽʚ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʨʤʘʮʽʻʶ. ʆʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʨʦʙʦʪʠ ʟ ʥʦʪʘʪʢʘʤʠ ʻ 

Microsoft OneNote. ʇʨʦʛʨʘʤʘ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʧʘʢʝʪʫ Microsoft 365 ʽ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʚʦʨʝʥʥʷ ʪʝʢʩʪʦʚʠʭ ʪʘ ʨʫʢʦʧʠʩʥʠʭ ʟʘʧʠʩʽʚ, ʚʩʪʘʚʢʫ ʟʦʙʨʘʞʝʥʴ, ʘʫʜʽʦ ʪʘ ʚʽʜʝʦ, 

ʽʥʪʝʛʨʘʮʽʶ ʟ Outlook ʪʘ Teams, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʫ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ [2], ʧʨʦʪʝ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʦʩʢʽʣʴʢʠ ʚʽʜʩʫʪʥʽʡ 

ʽʥʪʝʛʨʦʚʘʥʠʡ ʤʝʥʝʜʞʝʨ ʧʘʨʦʣʽʚ. ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ ʻ Joplin, ʷʢʠʡ ʩʪʚʦʨʝʥʠʡ ʽʟ 

ʘʢʮʝʥʪʦʤ ʥʘ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ, ʧʨʦʧʦʥʫʶʯʠ ʧʦʚʥʝ ʚʦʣʦʜʽʥʥʷ ʜʘʥʠʤʠ ʟʘʚʜʷʢʠ 

ʰʠʬʨʫʚʘʥʥʶ ʪʘ ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʦʪʝ ʫ ʥʴʦʤʫ ʥʝʤʘʻ 

ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʤʝʥʝʜʞʝʨʘ ʧʘʨʦʣʽʚ ʪʘ ʬʫʥʢʮʽʾ ʩʧʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʦʨʛʘʥʽʟʦʚʘʥʽ 

ʣʠʰʝ ʯʘʩʪʢʦʚʦ, ʪʘʢʦʞ ʽʥʪʝʨʬʝʡʩ ʤʦʞʝ ʟʜʘʪʠʩʴ ʧʝʨʝʚʘʥʪʘʞʝʥʠʤ. ʏʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʘʥʘʣʦʛʦʤ ʻ Simplenote, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ Joplin, ʚʽʥ ʤʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʪʽ ʝʢʨʘʥʥʽ ʬʦʨʤʠ, ʧʨʦʪʝ ʚʽʥ ʥʝ ʧʽʜʪʨʠʤʫʻ ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʜʘʥʽ, 

ʤʘʻ ʩʣʘʙʢʫ ʧʦʣʽʪʠʢʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʥʝ ʧʨʦʧʦʥʫʻ ʤʝʭʘʥʽʟʤʽʚ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʨʽʚʥʽ ʤʝʥʝʜʞʝʨʘ ʧʘʨʦʣʽʚ ʯʠ ʢʦʥʪʨʦʣʶ ʧʨʘʚ ʜʦʩʪʫʧʫ. ʆʛʣʷʜ 

ʽʩʥʫʶʯʠʭ ʧʨʦʜʫʢʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʦʪʘʪʢʘʤʠ ʥʝ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʟʨʫʯʥʦʩʪʽ ʨʦʙʦʪʠ, ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʩʧʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ.  
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ʈʦʟʨʦʙʢʘ ʥʘʩʪʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʦʪʘʪʢʘʤʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʥʦʪʘʪʦʢ, ʙʝʟʧʝʯʥʝ ʟʙʝʨʝʞʝʥʥʷ ʧʘʨʦʣʽʚ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʭʘʥʽʟʤʽʚ ʰʠʬʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʟʘʮʽʶ ʩʧʽʣʴʥʠʭ ʥʦʪʘʪʦʢ ʽʟ 

ʤʦʞʣʠʚʽʩʪʶ ʩʪʚʦʨʝʥʥʷ ʛʨʫʧ ʽ ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʥʠʭ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʈʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ SecureNotes ʤʽʩʪʠʪʴ ʪʨʠ ʤʦʜʫʣʽ: ʤʦʜʫʣʴ 

ʫʧʨʘʚʣʽʥʥʷ ʥʦʪʘʪʢʘʤʠ, ʤʦʜʫʣʴ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʦʣʷʤʠ ʪʘ ʤʦʜʫʣʴ ʫʧʨʘʚʣʽʥʥʷ 

ʩʧʽʣʴʥʠʤ ʜʦʩʪʫʧʦʤ (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ  

 

 ʅʘ ʨʠʩʫʥʢʫ 2 ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʜʽʾ, ʷʢʽ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯ ʫ ʤʝʞʘʭ 

ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɼʽʘʛʨʘʤʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

 

ʇʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ SecureNotes ʨʝʘʣʽʟʦʚʘʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʚʠʤʦʛ ʜʦ 

ʥʘʜʽʡʥʦʩʪʽ, ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʡ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʆʙʨʘʥʦ ʤʦʚʫ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ C# ʪʘ ʧʣʘʪʬʦʨʤʫ .NET, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʩʝʨʝʜʦʚʠʱʝ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʢʦʤʧʽʣʷʮʽʶ, ʢʝʨʫʚʘʥʥʷ ʧʘʤôʷʪʪʶ, ʧʝʨʝʚʽʨʢʫ 
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ʪʠʧʽʚ ʪʘ ʢʦʥʪʨʦʣʴ ʙʝʟʧʝʢʠ [3]. ɯʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʨʦʟʨʦʙʣʝʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ Windows Forms, ʩʪʘʥʜʘʨʪʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʘʩʪʽʣʴʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ Windows. ɼʣʷ ʬʽʟʠʯʥʦʛʦ 

ʨʦʟʛʦʨʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʭʦʚʠʱʘ ʚʠʢʦʨʠʩʪʘʥʦ ʭʤʘʨʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ 

Aiven ʥʘ ʙʘʟʽ ʉʋɹɼ MySQL. ʇʨʠʯʠʥʦʶ ʚʠʙʦʨʫ ʭʤʘʨʠ Aiven ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʜʦʩʪʫʧʥʽʩʪʴ ʜʘʥʠʭ ʪʘ ʤʘʩʰʪʘʙʫʚʘʪʠ ʨʝʩʫʨʩʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʦʙʩʷʛʫ ʽʥʬʦʨʤʘʮʽʾ.  

ɸʨʭʽʪʝʢʪʫʨʥʦ ʧʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʶ ʤʦʜʝʣʣʶ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʥʫʯʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʫ ʪʨʠʨʽʚʥʝʚʽʡ ʤʦʜʝʣʽ 

ʨʽʚʝʥʴ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʨʝʘʣʽʟʦʚʘʥʦ ʯʝʨʝʟ ʧʨʦʤʽʞʥʠʡ ʰʘʨ ï ʧʨʠʢʣʘʜʥʠʡ 

ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʝʨʬʝʡʩ (API). ʂʣʽʻʥʪʩʴʢʠʡ ʟʘʩʪʦʩʫʥʦʢ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʽʚ, ʩʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʟʜʽʡʩʥʶʻ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʫ ʦʙʨʦʙʢʫ ʣʦʛʽʢʠ ʚʟʘʻʤʦʜʽʾ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ ʜʦ 

ʜʘʥʠʭ, ʘ ʙʘʟʘ ʜʘʥʠʭ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʇʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ HTTP, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʩʪʨʫʢʪʫʨʫ ʟʘʧʠʪʽʚ ʽ ʚʽʜʧʦʚʽʜʝʡ, ʘ ʪʘʢʦʞ ʢʦʜʠ ʩʪʘʥʫ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʢʩʪʦʚʦʛʦ ʬʦʨʤʘʪʫ JSON ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʟʘʙʝʟʧʝʯʫʻ 

ʢʦʤʧʘʢʪʥʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʨʫʯʥʽʩʪʴ ʾʾ ʦʙʨʦʙʢʠ ʷʢ ʥʘ ʩʪʦʨʦʥʽ 

ʢʣʽʻʥʪʘ, ʪʘʢ ʽ ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʘ [4]. 

ɯʥʪʝʨʬʝʡʩ SecureNotes ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʘʢʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʙʝʟ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʝʣʝʤʝʥʪʘʤʠ ʢʝʨʫʚʘʥʥʷ. ʉʪʚʦʨʝʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʥʦʪʘʪʦʢ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʦʢʨʝʤʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʣʠʰʝ ʫ ʚʠʙʦʨʽ 

ʪʠʧʫ ʟʘʧʠʩʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʧʝʨʝʤʠʢʘʯʝʤ. ʗʢʱʦ ʦʙʨʘʥʦ ʪʠʧ 

ʟʘʧʠʩʫ çʧʘʨʦʣʴè, ʪʦ ʥʦʪʘʪʢʘ ʘʚʪʦʤʘʪʠʯʥʦ ʜʦʜʘʻʪʴʩʷ ʜʦ ʚʢʣʘʜʢʠ çʇʘʨʦʣʽè, ʷʢʘ 

ʟʘʭʠʱʝʥʘ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʥʘʷʚʥʽʩʪʴ ʫ ʚʽʢʥʽ 

ʩʪʚʦʨʝʥʥʷ ʥʦʪʘʪʦʢ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʬʦʨʤʘʪʫʚʘʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʪʝʢʩʪʫ ʪʘ 

ʧʽʜʪʨʠʤʢʘ ʟʙʝʨʝʞʝʥʥʷ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʜʘʥʠʭ ʽ ʧʨʠʢʨʽʧʣʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʬʘʡʣʽʚ. 

ʊʘʢʦʞ ʻ ʦʢʨʝʤʘ ʚʢʣʘʜʢʘ çʉʧʽʣʴʥʽ ʥʦʪʘʪʢʠè, ʫ ʷʢʽʡ ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʯʠ 

ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʛʨʫʧʠ, ʘ ʪʘʢʦʞ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʩʧʽʣʴʥʽ ʥʦʪʘʪʢʠ. ʆʢʨʽʤ ʦʩʥʦʚʥʠʭ 

ʬʦʨʤ, ʩʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʦʢʨʝʤʝ ʚʽʢʥʦ ʥʘʣʘʰʪʫʚʘʥʴ, ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʟʘʩʪʦʩʫʥʢʫ. ʋ ʮʴʦʤʫ ʚʽʢʥʽ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ 

ʧʘʨʘʤʝʪʨʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ, ʟʦʢʨʝʤʘ ʪʝʤʫ ʦʬʦʨʤʣʝʥʥʷ. ɿʤʽʥʘ ʪʝʤʠ 

ʚʧʣʠʚʘʻ ʥʘ ʢʦʣʽʨʥʝ ʦʬʦʨʤʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʧʨʦʛʨʘʤʠ. ʊʘʢʦʞ, ʫ ʮʴʦʤʫ ʞ ʚʽʢʥʽ ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʥʘ ʽʥʰʠʡ ʘʢʘʫʥʪ ʯʠ ʟʤʽʥʠʪʠ 

ʧʘʨʦʣʴ ʜʦ ʩʚʦʛʦ ʘʢʘʫʥʪʫ. ɼʦʜʘʪʢʦʚʦ, ʫ SecureNotes ʨʝʘʣʽʟʦʚʘʥʦ ʤʦʜʫʣʴ 

ʣʦʢʘʣʽʟʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʢʫ ʨʽʟʥʠʭ ʤʦʚ ʽʥʪʝʨʬʝʡʩʫ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ SecureNotes, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʦʩʦʙʠʩʪʠʭ ʽ ʩʧʽʣʴʥʠʭ ʥʦʪʘʪʦʢ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʥʘʚʯʘʣʴʥʽʡ, 

ʥʘʫʢʦʚʽʡ ʪʘ ʧʨʦʬʝʩʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. 
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1. ɸʚʨʘʤʝʥʢʦ ɺ. ʉ., ɸʚʨʘʤʝʥʢʦ ɸ. ʉ. ʇʨʦʻʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ: ʥʘʚʯ. ʧʦʩʽʙ. 

ʏʝʨʢʘʩʠ: ʏʝʨʢʘʩ. ʥʘʮ. ʫʥ-ʪ ʽʤ. ɹ. ʍʤʝʣʴʥʠʮʴʢʦʛʦ, 2017. 434 ʩ.  

2. Microsoft OneNote Review 2025. CRM.org. 2025. URL: https://crm.org 
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ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʘʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʆʜʥʠʤ 

ʽʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʝʨʝʚʽʨʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʧʨʦʛʨʘʤʥʠʭ 

ʩʠʩʪʝʤ ʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʪʝʩʪʫʚʘʥʥʷ. ʇʨʦʪʝ ʟ ʨʦʩʪʦʤ ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʛʨʘʤʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʪʝʩʪʦʚʠʭ ʩʮʝʥʘʨʽʾʚ ʪʘ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʨʽʟʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

ʊʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʩʪʫʚʘʥʥʷ ʯʘʩʪʦ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʞʦʨʩʪʢʝ ʧʦʻʜʥʘʥʥʷ ʪʝʩʪʦʚʦʾ ʣʦʛʽʢʠ ʟ ʪʝʩʪʦʚʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ 

ʧʽʜʪʨʠʤʢʫ ʪʝʩʪʽʚ ʪʘ ʟʥʠʞʫʻ ʨʽʚʝʥʴ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʬʨʝʡʤʚʦʨʢʫ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙʫ ʽʥʪʝʛʨʘʮʽʾ ʪʝʩʪʫʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʜʘʥʠʭ ʫ ʬʨʝʡʤʚʦʨʢ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʪʘ Data-Driven Testing 

ʨʦʟʛʣʷʜʘʣʘʩʷ ʫ ʧʨʘʮʷʭ ʙʘʛʘʪʴʦʭ ʥʘʫʢʦʚʮʽʚ ʽ ʧʨʘʢʪʠʢʽʚ. ɿʦʢʨʝʤʘ, ʂʝʥʪ ɹʝʢ 

ʜʦʩʣʽʜʞʫʚʘʚ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʝʬʝʢʪʠʚʥʠʭ ʪʝʩʪʦʚʠʭ ʩʠʩʪʝʤ ʪʘ ʧʽʜʭʦʜʠ ʜʦ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʩʪʫʚʘʥʥʷ [1]. ʃʽʟʘ ʂʨʽʩʧʽʥ ʪʘ ɼʞʘʥʝʪ ɻʨʝʛʦʨʽ ʘʥʘʣʽʟʫʚʘʣʠ ʛʥʫʯʢʽ 

ʤʝʪʦʜʦʣʦʛʽʾ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʩʪʽʚ ʫ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [2]. 

ʄʘʡʢʣ ʌʝʟʝʨʩ ʧʨʠʜʽʣʷʚ ʫʚʘʛʫ ʧʠʪʘʥʥʷʤ ʧʽʜʪʨʠʤʢʠ ʪʝʩʪʦʚʘʥʦʩʪʽ ʧʨʦʛʨʘʤʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʜʫʙʣʶʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ ʢʦʜʫ [3]. ɻʣʝʥʬʦʨʜ ʄʘʡʻʨʩ 

ʨʦʟʛʣʷʜʘʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ [4]. ɼʦʨʦʪʽ ɻʨʝʤ ʜʦʩʣʽʜʞʫʚʘʣʘ 

ʘʨʭʽʪʝʢʪʫʨʫ ʪʝʩʪʦʚʠʭ ʬʨʝʡʤʚʦʨʢʽʚ ʪʘ ʤʝʭʘʥʽʟʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʪʝʩʪʫʚʘʥʥʷ [5]. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʽʜʪʨʠʤʫʶʪʴ ʢʦʥʮʝʧʮʽʶ Data-Driven Testing, ʦʜʥʘʢ ʧʠʪʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʤʝʭʘʥʽʟʤʽʚ ʦʙʨʦʙʢʠ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ ʟʘʣʠʰʘʶʪʴʩʷ 

ʘʢʪʫʘʣʴʥʠʤʠ. 
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ̔ ʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʩʪʦʚʠʭ 

ʜʘʥʠʭ ʫ ʬʨʝʡʤʚʦʨʢʘʭ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ 

ʧʽʜʭʽʜ, ʟʘ ʷʢʦʛʦ ʪʝʩʪʦʚʽ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʦʢʨʝʤʦ ʚʽʜ ʣʦʛʽʢʠ ʪʝʩʪʦʚʠʭ ʩʮʝʥʘʨʽʾʚ. 

ʊʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʩʪʦʚʽ ʩʮʝʥʘʨʽʾ ʜʣʷ ʨʽʟʥʠʭ 

ʥʘʙʦʨʽʚ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙʫ ʙʫʣʦ ʦʙʨʘʥʦ ʘʨʭʽʪʝʢʪʫʨʫ, ʱʦ ʚʢʣʶʯʘʻ: 

- ʤʦʜʫʣʴ ʟʯʠʪʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ;  

- ʤʦʜʫʣʴ ʚʘʣʽʜʘʮʽʾ ʜʘʥʠʭ;  

- Data Provider ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʘʨʘʤʝʪʨʽʚ ʫ ʪʝʩʪʠ;  

- ʤʦʜʫʣʴ ʣʦʛʫʚʘʥʥʷ ʪʘ ʛʝʥʝʨʘʮʽʾ ʟʚʽʪʽʚ;  

- ̔ ʥʪʝʛʨʘʮʽʡʥʠʡ ʤʦʜʫʣʴ ʚʟʘʻʤʦʜʽʾ ʟ ʪʝʩʪʦʚʠʤ ʬʨʝʡʤʚʦʨʢʦʤ.  

ʋ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʾ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʦʙʨʘʥʦ Java, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʬʝʨʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʤʘʻ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʙʽʙʣʽʦʪʝʢ ʜʣʷ ʨʦʙʦʪʠ ʟ ʪʝʩʪʦʚʠʤʠ ʜʘʥʠʤʠ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʭʘʥʽʟʤʫ Data-Driven 

Testing ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʨʝʡʤʚʦʨʢʫ TestNG, ʷʢʠʡ ʧʽʜʪʨʠʤʫʻ ʤʝʭʘʥʽʟʤ 

Data Provider ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ ʪʝʩʪʽʚ. 

ʇʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʪʝʩʪʦʚʽ ʜʘʥʽ ʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠʩʷ ʫ 

ʬʦʨʤʘʪʘʭ JSON, CSV, Excel ʘʙʦ ʥʘʜʭʦʜʠʪʠ ʽʟ ʟʦʚʥʽʰʥʽʭ API ʪʘ ʙʘʟ ʜʘʥʠʭ. ɼʣʷ 

ʨʦʙʦʪʠ ʟ JSON-ʬʘʡʣʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʙʣʽʦʪʝʢʠ Jackson, ʘ ʜʣʷ 

ʨʦʙʦʪʠ ʟ Excel ï Apache POI. ʉʪʨʫʢʪʫʨʘ ʤʝʭʘʥʽʟʤʫ ʽʥʪʝʛʨʘʮʽʾ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʝʭʘʥʽʟʤʫ ʦʙʨʦʙʢʠ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ ʫ 

ʬʨʝʡʤʚʦʨʢʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 
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ʇʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʽʥʪʝʛʨʘʮʽʾ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʙʫʣʦ ʧʨʠʜʽʣʝʥʦ 

ʟʘʙʝʟʧʝʯʝʥʥʶ ʩʫʤʽʩʥʦʩʪʽ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʨʝʡʤʚʦʨʢʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ 

ʜʞʝʨʝʣʘʤʠ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʬʦʨʤʘʪʽʚ 

ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙʫ 

ʪʘ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ ʦʥʦʚʣʝʥʥʷ ʪʝʩʪʦʚʠʭ ʥʘʙʦʨʽʚ. ʂʨʽʤ ʪʦʛʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʦʜʫʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʪʘ ʩʧʨʦʱʫʻ 

ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʝʟ ʚʧʣʠʚʫ ʥʘ ʟʘʛʘʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ 

ʬʨʝʡʤʚʦʨʢʫ. ʈʝʘʣʽʟʘʮʽʷ ʤʝʭʘʥʽʟʤʫ Data-Driven Testing ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʦʚʠʭ ʩʮʝʥʘʨʽʾʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʝ ʜʦ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʪʘ ʚʠʢʦʨʠʩʪʘʥʝ ʫ ʩʫʯʘʩʥʠʭ ʧʨʦʮʝʩʘʭ ʨʦʟʨʦʙʢʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʭʘʥʽʟʤʫ Data-Driven Testing ʜʦʟʚʦʣʷʻ: 

- ʟʤʝʥʰʠʪʠ ʜʫʙʣʶʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ ʢʦʜʫ;  

- ʧʽʜʚʠʱʠʪʠ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʩʪʦʚʠʭ ʩʮʝʥʘʨʽʾʚ;  

- ʩʧʨʦʩʪʠʪʠ ʧʽʜʪʨʠʤʢʫ ʪʝʩʪʦʚʦʛʦ ʬʨʝʡʤʚʦʨʢʫ;  

- ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ;  

- ʧʨʠʰʚʠʜʰʠʪʠ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʩʪʽʚ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʪʝʩʪʦʚʠʤʠ ʜʘʥʠʤʠ ʪʘ ʩʧʨʦʱʫʻ ʽʥʪʝʛʨʘʮʽʶ ʥʦʚʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʫ 

ʬʨʝʡʤʚʦʨʢ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʦʙʨʦʙʢʠ 

ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ ʫ ʬʨʝʡʤʚʦʨʢʘʭ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦʟʚʦʣʠʚ ʦʙˇʨʫʥʪʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʮʝʧʮʽʾ Data-Driven 

Testing ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙʫ ʟʘʙʝʟʧʝʯʫʻ ʤʦʜʫʣʴʥʽʩʪʴ, 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʩʧʨʦʱʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʪʝʩʪʦʚʦʛʦ ʬʨʝʡʤʚʦʨʢʫ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʫ 

ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʩʪʫʚʘʥʥʷ. 
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ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʎʠʬʨʦʚʠʡ ʙʘʥʢʽʥʛ ʚ ʋʢʨʘʾʥʽ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʠʩʦʢʠʤʠ ʪʝʤʧʘʤʠ: ʟʥʘʯʥʘ 

ʯʘʩʪʠʥʘ ʜʦʨʦʩʣʦʛʦ ʥʘʩʝʣʝʥʥʷ ʨʝʛʫʣʷʨʥʦ ʢʦʨʠʩʪʫʻʪʴʩʷ ʤʦʙʽʣʴʥʠʤʠ ʟʘʩʪʦʩʫʥʢʘʤʠ 

ʙʘʥʢʽʚ [1]. ʅʘʷʚʥʽ ʟʘʩʦʙʠ ʦʙʣʽʢʫ ʦʩʦʙʠʩʪʠʭ ʬʽʥʘʥʩʽʚ, ʟʦʢʨʝʤʘ ʧʘʧʝʨʦʚʽ 

ʱʦʜʝʥʥʠʢʠ, ʝʣʝʢʪʨʦʥʥʽ ʪʘʙʣʠʮʽ ʪʘ ʙʘʟʦʚʽ ʤʦʙʽʣʴʥʽ ʟʘʩʪʦʩʫʥʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʠʟʢʦʶ ʦʙʤʝʞʝʥʴ, ʩʝʨʝʜ ʷʢʠʭ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʨʫʯʥʦʾ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʦʧʝʨʘʮʽʡ, 

ʩʫʙôʻʢʪʠʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʚʠʪʨʘʪ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʩʦʙʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ.  

ʇʦʜʦʣʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʦʙʤʝʞʝʥʴ ʟʘʩʦʙʘʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 

ʘʢʪʫʘʣʴʥʝ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʝ ʟʘʚʜʘʥʥʷ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʷʢʦʛʦ ʨʦʟʨʦʙʣʝʥʦ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʤʽʢʨʦʩʝʨʚʽʩʥʫ ʩʠʩʪʝʤʫ ʘʥʘʣʽʟʫ, ʦʙʣʽʢʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʦʩʦʙʠʩʪʠʭ ʬʽʥʘʥʩʽʚ. 

ɼʦ ʬʫʥʢʮʽʦʥʘʣʫ ʩʠʩʪʝʤʠ ʚʭʦʜʷʪʴ: 

ʘ) ʢʘʩʢʘʜʥʘ ʢʘʪʝʛʦʨʠʟʘʮʽʷ ʪʨʘʥʟʘʢʮʽʡ ʟ ʫʢʨʘʾʥʦʤʦʚʥʠʭ ʦʧʠʩʽʚ; 

ʙ) ʘʜʘʧʪʠʚʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʨʦʰʦʚʦʛʦ ʧʦʪʦʢʫ; 

ʚ) ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ; 

ʛ) ʜʝʥʥʘ ʧʨʦʻʢʮʽʷ ʙʘʣʘʥʩʫ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʝʨʰʦʾ ʜʘʪʠ ʢʘʩʦʚʦʛʦ ʨʦʟʨʠʚʫ; 

ˇ) ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʽʘʣʦʛʦʚʠʤ ʧʦʤʽʯʥʠʢʦʤ ʥʘ 

ʦʩʥʦʚʽ ʚʝʣʠʢʦʾ ʤʦʚʥʦʾ ʤʦʜʝʣʽ ʟ ʧʦʰʫʢʦʚʦ-ʜʦʧʦʚʥʝʥʠʤ ʛʝʥʝʨʫʚʘʥʥʷʤ (ʘʥʛʣ. 

Retrieval-Augmented Generation, RAG) [2]. 

ɸʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤʠ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʤʽʢʨʦʩʝʨʚʽʩʥʠʤ ʧʽʜʭʦʜʦʤ, ʱʦ ʥʘʣʽʯʫʻ 

ʚʽʩʽʤ ʘʚʪʦʥʦʤʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʉʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ ʩʝʨʚʽʩʠ: 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʨʦʪʘʮʽʻʶ JWT-ʪʦʢʝʥʽʚ [3], ʧʨʦʬʽʣʶ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʦʙʣʽʢʫ ʬʽʥʘʥʩʦʚʠʭ ʦʧʝʨʘʮʽʡ ʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʟ ʙʘʥʢʽʚʩʴʢʠʤʠ ʧʨʠʢʣʘʜʥʠʤʠ 

ʧʨʦʛʨʘʤʥʠʤʠ ʽʥʪʝʨʬʝʡʩʘʤʠ (application programming interfaces (APIs). ɼʦ ʰʘʨʫ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘʣʝʞʘʪʴ ʪʨʠ ʩʝʨʚʽʩʠ: ʢʘʪʝʛʦʨʠʟʘʪʦʨ ʦʧʝʨʘʮʽʡ, 

ʧʨʦʛʥʦʩʪʠʯʥʠʡ ʤʦʜʫʣʴ ʽ ʜʽʘʣʦʛʦʚʠʡ ʧʦʤʽʯʥʠʢ. 

ʂʣʽʻʥʪʩʴʢʫ ʯʘʩʪʠʥʫ ʨʝʘʣʽʟʦʚʘʥʦ ʷʢ ʦʜʥʦʩʪʦʨʽʥʢʦʚʠʡ ʟʘʩʪʦʩʫʥʦʢ. ɿʘʭʠʩʪ 

ʙʘʥʢʽʚʩʴʢʠʭ ʪʦʢʝʥʽʚ ʟʘʙʝʟʧʝʯʝʥʦ ʘʣʛʦʨʠʪʤʦʤ AES-256-GCM [4]. ʂʦʤʧʦʥʝʥʪʥʫ 

ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʂʦʤʧʦʥʝʥʪʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ 

 

ʂʘʩʢʘʜʥʠʡ ʢʘʪʝʛʦʨʠʟʘʪʦʨ ʦʧʝʨʘʮʽʡ ʧʦʙʫʜʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʪʨʴʦʭ ʨʽʚʥʽʚ. ʅʘ 

ʧʝʨʰʦʤʫ ʨʽʚʥʽ ʟʘʩʪʦʩʦʚʘʥʦ ʧʨʷʤʫ ʨʝʟʦʣʶʮʽʶ ʢʦʜʫ MCC ʟʘ ʩʪʘʥʜʘʨʪʦʤ ISO 

18245: ʟʘ ʥʘʷʚʥʦʩʪʽ ʢʦʜʫ ʢʘʪʝʛʦʨʽʶ ʚʠʟʥʘʯʝʥʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ. ʋ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ 

MCC ʟʘʜʽʷʥʦ ʢʣʘʩʠʬʽʢʘʪʦʨ ʥʘ ʦʩʥʦʚʽ ʚʝʢʪʦʨʠʟʘʮʽʾ ʦʧʠʩʫ ʦʧʝʨʘʮʽʾ ʤʝʪʦʜʦʤ TF-

IDF ʟ ʣʦʛʽʩʪʠʯʥʦʶ ʨʝʛʨʝʩʽʻʶ. ɿʘ ʫʤʦʚʠ ʥʝʜʦʩʪʘʪʥʴʦʾ ʚʧʝʚʥʝʥʦʩʪʽ ʤʦʜʝʣʽ 

ʩʧʨʘʮʴʦʚʫʻ ʤʝʭʘʥʽʟʤ ʥʘ ʦʩʥʦʚʽ ʧʨʘʚʠʣ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʣʦʚʥʠʢ ʥʘʟʚ 

ʪʦʨʛʦʚʝʣʴʥʠʭ ʤʝʨʝʞ.  

ʄʦʜʫʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʭʦʜʽʚ ʽ ʚʠʪʨʘʪ ʨʝʘʣʽʟʦʚʘʥʦ ʟ ʘʜʘʧʪʠʚʥʠʤ ʚʠʙʦʨʦʤ 

ʤʝʪʦʜʫ ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʚʞʠʥʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ: ʜʣʷ ʨʷʜʽʚ ʜʦʚʞʠʥʦʶ ʰʽʩʪʴ ʽ ʙʽʣʴʰʝ 

ʪʦʯʦʢ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ ɻʦʣʴʪʘ [5]; ʜʣʷ 

ʢʦʨʦʪʰʠʭ ʨʷʜʽʚ ʟʘʩʪʦʩʦʚʘʥʦ ʣʽʥʽʡʥʫ ʨʝʛʨʝʩʽʶ ʘʙʦ ʢʦʚʟʥʝ ʩʝʨʝʜʥʻ. 

ɼʽʘʣʦʛʦʚʠʡ ʧʦʤʽʯʥʠʢ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʚʝʣʠʢʦʾ ʤʦʚʥʦʾ ʤʦʜʝʣʽ. ʇʝʨʝʜ 

ʬʦʨʤʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʽ ʢʦʥʪʝʢʩʪʥʠʡ ʙʣʦʢ ʥʘʧʦʚʥʝʥʦ ʬʘʢʪʠʯʥʠʤʠ ʬʽʥʘʥʩʦʚʠʤʠ 

ʜʘʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘ: ʙʘʣʘʥʩʘʤʠ ʟʘ ʨʘʭʫʥʢʘʤʠ, ʘʛʨʝʛʘʪʘʤʠ ʚʠʪʨʘʪ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ, 

ʘʢʪʠʚʥʠʤʠ ʙʶʜʞʝʪʘʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʥʘ 

ʦʩʥʦʚʽ ʨʝʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʘʣʛʦʨʠʪʤʽʚ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʟʜʽʡʩʥʝʥʦ ʥʘ 

ʨʝʘʣʴʥʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ ʦʙʩʷʛʦʤ 3265 ʪʨʘʥʟʘʢʮʽʡ ʟʘ ʧʝʨʽʦʜ 736 ʜʥʽʚ. ʆʮʽʥʶʚʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʚʠʢʦʥʘʥʦ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ: ʟʘ ʥʘʷʚʥʦʩʪʽ ʙʘʥʢʽʚʩʴʢʠʭ ʢʦʜʽʚ ʢʘʪʝʛʦʨʽʡ 
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ʪʦʨʛʦʚʮʷ (MCC), ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʦʤʠʣʢʦʚʫ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʥʘ ʧʝʨʰʦʤʫ 

ʨʽʚʥʽ ʢʘʩʢʘʜʫ ʪʘ ʩʪʘʥʦʚʣʷʪʴ ʙʘʟʦʚʠʡ ʨʽʚʝʥʴ (baseline), ʘ ʪʘʢʦʞ ʚʠʢʣʶʯʥʦ ʟʘ 

ʪʝʢʩʪʦʚʠʤ ʦʧʠʩʦʤ ʦʧʝʨʘʮʽʾ (ʘʚʪʦʥʦʤʥʠʡ ʪʝʢʩʪʦʚʠʡ ʨʝʞʠʤ, ʷʢʠʡ ʽʤʽʪʫʻ ʨʫʯʥʝ 

ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ ʘʙʦ ʾʭ ʽʤʧʦʨʪ ʽʟ ʜʞʝʨʝʣ ʙʝʟ MCC). ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚ ʪʝʢʩʪʦʚʦʤʫ ʨʝʞʠʤʽ ʧʦʜʘʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 - ʄʝʪʨʠʢʠ ʤʝʪʦʜʽʚ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʫ ʪʝʢʩʪʦʚʦʤʫ ʨʝʞʠʤʽ 
ʄʝʪʦʜ Accuracy, % F1-weighted, % F1-macro, % 

TF-IDF + Linear 

SVM 
88,16 89,15 71,69 

TF-IDF + 

MultinomialNB 
89,39 88,99 73,43 

TF-IDF + LogReg 88,98 88,74 77,13 

TF-IDF + 

RandomForest 
87,55 88,81 71,36 

ʇʨʘʚʠʣʦʚʠʡ 

ʨʝʟʦʣʚʝʨ 
28,98 29,29 45,72 

ɻʽʙʨʠʜʥʠʡ ʢʘʩʢʘʜ 

(ʪʽʣʴʢʠ ʪʝʢʩʪ, ʙʝʟ 

MCC-ʢʦʜ̔ʚ) 

69,80 74,07 69,36 

 

ʗʢ ʙʘʟʦʚʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʜʨʫʛʦʛʦ ʨʽʚʥʷ ʢʘʩʢʘʜʫ (ʢʦʤʧʦʥʝʥʪʘ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ) ʦʙʨʘʥʦ ʤʦʜʝʣʴ ʣʦʛʽʩʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ ʟ ʦʟʥʘʢʘʤʠ TF-IDF. ʎʝʡ ʚʠʙʽʨ 

ʟʫʤʦʚʣʝʥʠʡ ʾʾ ʟʜʘʪʥʽʩʪʶ ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʥʘʡʚʠʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘ ʤʝʪʨʠʢʦʶ F1-

macro (77,13%) ʚ ʫʤʦʚʘʭ ʚʠʨʘʞʝʥʦʛʦ ʢʣʘʩʦʚʦʛʦ ʜʠʩʙʘʣʘʥʩʫ. 

ʅʠʞʯʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʘʩʢʘʜʥʦʾ ʤʦʜʝʣʽ ʚ ʩʫʪʦ ʪʝʢʩʪʦʚʦʤʫ ʨʝʞʠʤʽ ʧʦʨʽʚʥʷʥʦ 

ʟ ʣʦʛʽʩʪʠʯʥʦʶ ʨʝʛʨʝʩʽʻʶ ʩʧʨʠʯʠʥʝʥʘ ʪʠʤ, ʱʦ ʟʘ ʥʠʟʴʢʦʾ ʚʧʝʚʥʝʥʦʩʪʽ ʙʘʟʦʚʦʛʦ 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ (ʢʦʝʬʽʮʽʻʥʪ < 0,6) ʦʙʨʦʙʢʘ ʪʨʘʥʟʘʢʮʽʡ ʜʝʣʝʛʫʻʪʴʩʷ ʧʨʘʚʠʣʦʚʦʤʫ 

ʤʦʜʫʣʶ, ʷʢʠʡ ʜʝʤʦʥʩʪʨʫʻ ʥʠʟʴʢʫ ʪʦʯʥʽʩʪʴ ʥʘ ʥʘʷʚʥʽʡ ʚʠʙʽʨʮʽ. ɺʦʜʥʦʯʘʩ ʫ 

ʧʦʚʥʦʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ, ʟʘʚʜʷʢʠ ʧʨʽʦʨʠʪʝʪʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʙʘʥʢʽʚʩʴʢʠʭ MCC-ʢʦʜʽʚ, ʮʝʡ ʝʬʝʢʪ ʚʽʜʩʫʪʥʽʡ, ʦʩʢʽʣʴʢʠ ʧʦʯʘʪʢʦʚʠʡ ʝʪʘʧ ʢʘʩʢʘʜʫ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʦʚʽʜʩʦʪʢʦʚʫ ʪʦʯʥʽʩʪʴ ʢʘʪʝʛʦʨʠʟʘʮʽʾ. 

ʄʦʜʫʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʭʝʤʠ walk-forward 

ʚʘʣʽʜʘʮʽʾ, ʟʘʙʝʟʧʝʯʫʻ ʩʝʨʝʜʥʶ ʘʙʩʦʣʶʪʥʫ ʚʽʜʩʦʪʢʦʚʫ ʧʦʭʠʙʢʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

MAPE = 20,18 % ʜʣʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʦʙʤʝʞʝʥʦʛʦ ʦʙʩʷʛʫ. 

ɼʝʪʝʢʪʦʨ ʘʥʦʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʦʩʥʦʚʽ ʤʽʞʢʚʘʨʪʠʣʴʥʦʛʦ ʨʦʟʤʘʭʫ ʜʦʩʷʛʘʻ 

ʤʝʪʨʠʢʠ F1= 28,38%, ʱʦ ʧʨʠʙʣʠʟʥʦ ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʻ ʥʘʡʙʣʠʞʯʫ ʘʣʴʪʝʨʥʘʪʠʚʫ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʣʽʟʦʚʘʥʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʤʽʢʨʦʩʝʨʚʽʩʥʫ 

ʩʠʩʪʝʤʫ ʘʥʘʣʽʟʫ, ʦʙʣʽʢʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʩʦʙʠʩʪʠʭ ʬʽʥʘʥʩʽʚ. ɼʦ ʾʾ ʩʢʣʘʜʫ 

ʚʭʦʜʷʪʴ ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʦʧʝʨʘʮʽʡ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʛʨʦʰʦʚʦʛʦ ʧʦʪʦʢʫ, ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʪʘ ʜʽʘʣʦʛʦʚʘ ʚʟʘʻʤʦʜʽʷ ʟ 

ʧʦʤʽʯʥʠʢʦʤ. ʂʘʩʢʘʜʥʠʡ ʢʘʪʝʛʦʨʠʟʘʪʦʨ ʟʘʙʝʟʧʝʯʫʻ ʩʪʦʚʽʜʩʦʪʢʦʚʫ ʪʦʯʥʽʩʪʴ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘ ʥʘʷʚʥʦʩʪʽ ʢʦʜʽʚ ʢʘʪʝʛʦʨʽʡ ʪʦʨʛʦʚʮʷ (MCC); ʫ ʧʦʯʘʪʢʦʚʦʤʫ 

ʘʚʪʦʥʦʤʥʦʤʫ ʪʝʢʩʪʦʚʦʤʫ ʨʝʞʠʤʽ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʣʦʛʽʩʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ ʟ ʦʟʥʘʢʘʤʠ TF-IDF ʜʦʩʷʛʘʻ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ F1-

weighted 88,74% ʪʘ F1-macro 77,13%; ʧʨʦʛʥʦʩʪʠʯʥʠʡ ʤʦʜʫʣʴ ʟʘʙʝʟʧʝʯʫʻ ʩʝʨʝʜʥʶ 
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ʘʙʩʦʣʶʪʥʫ ʚʽʜʩʦʪʢʦʚʫ ʧʦʭʠʙʢʫ 20,18%; ʜʝʪʝʢʪʦʨ ʘʥʦʤʘʣʽʡ ʧʝʨʝʚʝʨʰʫʻ 

ʥʘʡʙʣʠʞʯʫ ʘʣʴʪʝʨʥʘʪʠʚʫ ʟʘ ʤʝʪʨʠʢʦʶ F1 ʧʨʠʙʣʠʟʥʦ ʚʜʚʽʯʽ.  

ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʦʪʦʪʠʧ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʦʩʥʦʚʘ ʢʦʤʝʨʮʽʡʥʦʛʦ 

ʬʽʥʪʝʭ-ʩʝʨʚʽʩʫ, ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʫʢʨʘʾʥʩʴʢʠʡ ʨʠʥʦʢ, ʘ ʪʘʢʦʞ ʷʢ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ML-ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ 

ʧʝʨʩʦʥʘʣʴʥʠʭ ʬʽʥʘʥʩʽʚ. 
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ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʤʦʙʽʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʘʩʦʙʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

(Augmented Reality, AR) ʥʘʜʘʻ ʙʘʛʘʪʦ ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʛʝʡʤʽʬʽʢʘʮʽʾ ʪʘʢʠʭ 

ʩʬʝʨ, ʷʢ ʪʫʨʠʟʤ ʽ ʦʩʚʽʪʘ. ʇʦʻʜʥʘʥʥʷ AR-ʪʝʭʥʦʣʦʛʽʡ ʟ ʛʣʦʙʘʣʴʥʠʤ ʧʦʟʠʮʽʶʚʘʥʥʷʤ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʽʤʝʨʩʠʚʥʽ ʧʨʦʩʪʦʨʦʚʽ ʩʮʝʥʘʨʽʾ, ʚ ʷʢʠʭ ʚʽʨʪʫʘʣʴʥʽ ʦʙôʻʢʪʠ 

ʽʥʪʝʛʨʫʶʪʴʩʷ ʫ ʬʽʟʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ [1, 2]. ʇʨʦʪʝ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʨʽʰʝʥʴ 

(ʥʘʧʨʠʢʣʘʜ, Pok®mon GO ʘʙʦ ʧʣʘʪʬʦʨʤ ʜʣʷ ʛʝʦʢʝʰʠʥʛʫ) ʧʦʢʘʟʘʚ ʚʽʜʩʫʪʥʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʧʨʦʩʪʦʛʦ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʠʭ AR-ʢʚʝʩʪʽʚ ʟ ʧʨʠʚôʷʟʢʦʶ ʜʦ 

ʢʦʦʨʜʠʥʘʪ ʤʽʩʮʝʚʦʩʪʽ. ɹʽʣʴʰʽʩʪʴ ʘʥʘʣʦʛʽʚ ʥʘʜʘʶʪʴ ʛʦʪʦʚʽ ʤʘʨʰʨʫʪʠ ʘʙʦ ʥʝ ʤʘʶʪʴ 

ʬʫʥʢʮʽʦʥʘʣʫ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʉʢʣʘʜʥʽʰʽ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʢʠ (Unity, Unreal 

Engine) ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʟʥʘʥʴ, ʱʦ ʥʝ ʻ ʟʨʫʯʥʠʤ ʜʣʷ ʟʚʠʯʘʡʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʤʦʙʽʣʴʥʦʛʦ 

ʟʘʩʪʦʩʫʥʢʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ, ʨʝʜʘʛʫʚʘʪʠ ʪʘ ʧʨʦʭʦʜʠʪʠ ʚʣʘʩʥʽ AR-

ʢʚʝʩʪʠ ʟ ʧʨʠʚôʷʟʢʦʶ ʜʦ ʢʦʦʨʜʠʥʘʪ ʤʽʩʮʝʚʦʩʪʽ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʩʪʦʩʫʥʢʫ ʦʙʨʘʥʦ ʢʨʦʩʧʣʘʪʬʦʨʤʥʝ ʩʝʨʝʜʦʚʠʱʝ Unity 3D 

(ʤʦʚʘ C#). ɻʝʥʝʨʘʮʽʶ ʢʘʨʪʠ ʪʘ ʦʪʨʠʤʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʤʽʩʮʝʚʦʩʪʽ ʚʠʢʦʥʘʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʝʨʚʽʩʫ ArcGIS Maps. ɼʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʘ ʟʘʢʨʽʧʣʝʥʥʷ 

3D-ʦʙôʻʢʪʽʚ ʫ ʧʝʚʥʽʡ ʤʽʩʮʝʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʬʨʝʡʤʚʦʨʢ 

Niantic Lightship ARDK [3-6]. 

ɸʨʭʽʪʝʢʪʫʨʫ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʧʦʜʽʣʝʥʦ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ 

ʤʦʜʫʣʽ: ʤʦʜʫʣʴ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ, ʤʦʜʫʣʴ ʩʪʚʦʨʝʥʥʷ ʩʮʝʥʘʨʽʾʚ ʪʘ ʽʛʨʦʚʫ AR-

ʩʮʝʥʫ. 

ʄʦʜʫʣʴ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʜʦʩʪʫʧ ʜʦ ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʨʦʙʦʪʫ ʟ 

ʜʘʥʠʤʠ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʩʝʨʚʝʨʫ ʯʠ ʜʦʨʦʛʠʭ 

ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʦʜʘʪʢʘ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʣʦʢʘʣʴʥʫ ʉʋɹɼ 

SQLite. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʫʩʽ ʜʘʥʽ ʧʨʦ ʩʮʝʥʘʨʽʾ (ʦʧʠʩ, ʤʝʪʘʜʘʥʽ, ʚʠʙʽʨ 3D-

ʤʦʜʝʣʽ) ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ ʧʨʠʩʪʨʦʾ. ʎʝʡ ʤʦʜʫʣʴ ʻ ʦʩʥʦʚʥʠʤ ʜʣʷ ʩʠʩʪʝʤʠ, ʘʜʞʝ 

ʩʶʜʠ ʟʚʝʨʪʘʶʪʴʩʷ ʨʝʰʪʘ ʨʦʟʜʽʣʽʚ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʜʘʥʠʤʠ (CRUD ʦʧʝʨʘʮʽʾ, 

ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʛʨʝʩʫ). ʏʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 
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ʩʝʨʚʝʨʘ ʦʙʤʽʥ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʧʨʠʥʮʠʧʦʤ Peer-to-Peer: ʩʠʩʪʝʤʘ ʩʪʚʦʨʶʻ JSON-

ʬʘʡʣ ʽʟ ʜʘʥʠʤʠ ʢʚʝʩʪʫ, ʷʢʠʡ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʧʘʤôʷʪʽ ʧʨʠʩʪʨʦʶ. ɼʘʣʽ ʮʝʡ ʬʘʡʣ 

ʤʦʞʥʘ ʥʘʜʽʩʣʘʪʠ ʯʝʨʝʟ ʙʫʜʴ-̫ ʢʠʡ ʤʝʩʝʥʜʞʝʨ ʪʘ ʽʤʧʦʨʪʫʚʘʪʠ ʚ ʜʦʜʘʪʢʫ ʽʥʰʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

ʄʦʜʫʣʴ ʩʪʚʦʨʝʥʥʷ ʩʮʝʥʘʨʽʾʚ ʻ ʦʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʚʪʦʨʽʚ ʢʚʝʩʪʫ. 

ʎʝʡ ʨʦʟʜʽʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʽʜʨʦʟʜʽʣʽʚ, ʚ ʧʝʨʰʦʤʫ ʥʘʜʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʩʘʤʦʛʦ ʢʚʝʩʪʫ, ʘ ʜʨʫʛʠʡ ʧʦʪʨʽʙʝʥ ʜʣʷ ʧʦʟʠʮʽʶʚʘʥʥʷ ʪʘ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʦʯʦʢ ʽʥʪʝʨʝʩʫ.  

ɯʥʪʝʨʬʝʡʩ ʧʨʦʩʪʦʨʦʚʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʚʥʦʝʢʨʘʥʥʽʡ 

ʽʥʪʝʨʘʢʪʠʚʥʽʡ ʢʘʨʪʽ, ʧʦʙʫʜʦʚʘʥʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ArcGIS. ɸʚʪʦʨ ʤʦʞʝ ʨʦʟʤʽʱʫʚʘʪʠ 

ʪʦʯʢʠ ʽʥʪʝʨʝʩʫ ʥʘ ʢʘʨʪʽ, ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʜʣʷ ʢʦʞʥʦʾ: ʥʘʟʚʫ, ʦʧʠʩ, ʪʠʧ ʚʠʜʠʤʦʩʪʽ 

(ʧʦʩʪʽʡʥʘ, ʧʦʩʣʽʜʦʚʥʘ), 3D-ʤʦʜʝʣʴ. ʋʩʽ ʜʦʧʦʤʽʞʥʽ ʝʣʝʤʝʥʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ 

ʧʘʥʝʣʝʡ, ʷʢʽ ʟôʷʚʣʷʶʪʴʩʷ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʢʥʦʧʦʢ, ʱʦʙ ʥʝ ʧʝʨʝʢʨʠʚʘʪʠ 

ʦʛʣʷʜ ʢʘʨʪʠ. 

ɯʛʨʦʚʘ AR-ʩʮʝʥʘ ʜʦʟʚʦʣʷʻ ʧʨʦʭʦʜʠʪʠ ʟʘʚʘʥʪʘʞʝʥʽ ʘʙʦ ʩʪʚʦʨʝʥʽ ʢʚʝʩʪʠ. ɼʣʷ 

ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʧʦʰʫʢʫ ʦʙôʻʢʪʽʚ ʛʨʘʚʝʮʴ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʥʽ-ʢʘʨʪʫ ʪʘ 

ʜʠʥʘʤʽʯʥʫ 3D-ʩʪʨʽʣʢʫ. ʎʷ ʩʮʝʥʘ ʧʦʩʪʽʡʥʦ ʦʙʨʘʭʦʚʫʻ ʚʽʜʩʪʘʥʽ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ 

ʦʙôʻʢʪʽʚ, ʢʦʥʪʨʦʣʶʶʯʠ ʚʠʜʠʤʽʩʪʴ ʦʙôʻʢʪʽʚ ʪʘ ʟʦʥʫ ʚʟʘʻʤʦʜʽʾ. ʆʩʢʽʣʴʢʠ 

ʢʦʦʨʜʠʥʘʪʠ ʤʘʶʪʴ ʬʦʨʤʘʪ WGS 84 (h ʠʨʦʪʘ ʪʘ ʜʦʚʛʦʪʘ), ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ ʩʬʝʨʠʯʥʘ ʤʦʜʝʣʴ (ʬʦʨʤʫʣʘ ɻʘʚʝʨʩʠʥʫʩʘ): 

 

Ὠ ςὙ ÁÒÃÓÉÎ ίὭὲ ÃÏÓ• ÃÏÓ• ίὭὲ   ,          (1) 

 

ʜʝ • ï hʠʨʦʪʘ ʚ ʨʘʜʽʘʥʘʭ; 

ɚ ï ʜʦʚʛʦʪʘ ʚ ʨʘʜʽʘʥʘʭ; 

R ï ʨʘʜʽʫʩ ɿʝʤʣʽ (φͯσχρπππ ̍). 
 

ʂʦʣʠ ʚʽʜʩʪʘʥʴ d ʩʪʘʻ ʤʝʥʰʦʶ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʦʨʽʛ (ʜʣʷ ʚʠʜʠʤʦʩʪʽ ï 50 

ʤʝʪʨʽʚ), ʩʠʩʪʝʤʘ ʧʦʯʠʥʘʻ ʨʝʥʜʝʨʠʪʠ ʚʽʨʪʫʘʣʴʥʠʡ ʦʙôʻʢʪ ʟʘ ʜʦʧʦʤʦʛʦʶ Lightship. 

ʂʦʣʠ ʛʨʘʚʝʮʴ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʙʣʠʟʴʢʦ, ʚʽʥ ʤʦʞʝ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʪʦʯʢʦʶ 

ʽʥʪʝʨʝʩʫ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʧʘʥʝʣʴ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʘʢʪʠʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ 

ʪʦʯʢʘ.  

ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʠ ʻ ʩʝʨʚʽʩ ʧʝʨʝʚʽʨʢʠ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ 

ɯʥʪʝʨʥʝʪ ʪʘ ʘʢʪʠʚʥʦʩʪʽ ʤʦʜʫʣʷ GPS. ʇʨʠ ʚʪʨʘʪʽ ʧʽʜʢʣʶʯʝʥʥʷ ʚʤʠʢʘʻʪʴʩʷ 

ʙʣʦʢʫʶʯʘ ʧʘʥʝʣʴ ʟ ʧʦʚʽʜʦʤʣʝʥʥʷʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. ʎʝʡ ʩʝʨʚʽʩ ʧʨʘʮʶʻ ʫ ʬʦʥʽ 

ʚʝʩʴ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʧʨʦʛʨʘʤʠ. 

ɽʢʨʘʥʥʽ ʬʦʨʤʠ ʟʘʩʪʦʩʫʥʢʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʤʦʙʽʣʴʥʠʡ 

ʟʘʩʪʦʩʫʥʦʢ, ʱʦ ʦʙ'ʻʜʥʫʻ ʽʥʩʪʨʫʤʝʥʪʠ ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ (ʯʝʨʝʟ SQLite ʪʘ JSON-ʬʘʡʣʠ) 

ʟʚʽʣʴʥʷʻ ʨʦʟʨʦʙʥʠʢʽʚ ʚʽʜ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʪʨʠʤʢʠ ʩʝʨʚʝʨʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʚʦʜʥʦʯʘʩ ʥʘʜʘʶʯʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʦʪʫʞʥʠʡ ʢʦʥʩʪʨʫʢʪʦʨ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʫʥʽʢʘʣʴʥʠʭ ʘʚʪʦʨʩʴʢʠʭ ʤʘʨʰʨʫʪʽʚ. 
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ʈʠʩʫʥʦʢ 1 ï ɽʢʨʘʥʥʽ ʬʦʨʤʠ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ 

 

ʈʽʰʝʥʥʷ ʤʘʻ ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ 

ʪʫʨʠʩʪʠʯʥʽʡ ʛʘʣʫʟʽ ʪʘ ʩʬʝʨʽ ʥʝʬʦʨʤʘʣʴʥʦʾ ʦʩʚʽʪʠ. 
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1. Introduction  

Software temporarily escaped physical constraints during the cloud era. Artificial 

intelligence and infrastructure-scale systems are forcing engineering discipline back 

into project management. 

From approximately 2008 through 2022, software development operated under 

incentive structures optimized for velocity, abstraction, and rapid iteration. Continuous 

deployment, rollback culture, cheap cloud compute, and platform abstraction reduced 

the immediate operational cost of architectural mistakes. These approaches produced 

genuine productivity gains within the economics of that period. 

The assumptions that governed web-scale consumer software do not transfer 

cleanly into systems where software operates as infrastructure. Once software controls 

transportation, hospitals, industrial automation, drones, energy grids, semiconductor 

tooling, or AI inference at scale, defects become physical consequences rather than 

digital inconvenience. Artificial intelligence accelerates this transition because it 

reintroduces physical constraints that software culture had partially abstracted away. 

Compute is finite. Latency matters. Cooling matters. Energy matters. GPU supply 

chains matter. Token usage carries real infrastructure cost. Modern technical project 

management increasingly resembles systems engineering rather than pure feature 

iteration. 

2. Hardware Discipline Maps Directly to Software 

Hardware engineering discipline transfers directly into modern software and AI 

infrastructure practice. The terminology changed during the cloud era. The operational 

realities did not. 

Engineers working in semiconductor manufacturing, avionics, photonics, or 

industrial systems learn quickly that abstraction layers do not remove physical 

consequences. Thermal limits remain thermal limits. Timing constraints remain timing 

constraints. Interface instability remains instability. During the cloud era, many 

software organizations evolved within environments where rollback capability and 

rapid deployment reduced the short-term penalty for poor architectural decisions. 

Hardware-oriented industries could not operate this way because their systems required 

qualification testing, release discipline, interface freezes, and validation gates. That 

distinction is disappearing as AI systems migrate from consumer software into 

infrastructure-scale operational environments (Table 1). 
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Table 1 ï Comparative characteristics of engineering approaches in hardware and 

software environments 
Hardware Discipline Software Equivalent 

Tape-out freeze API freeze 

Yield management Reliability engineering 

Supply chain management Dependency management 

Qualification testing CI/CD validation 

Thermal budget Compute budget 

Fault isolation Service isolation 

Manufacturing tolerances Edge-case handling 

 

Modern AI systems operate under bandwidth limitations, inference latency 

requirements, GPU allocation constraints, memory locality considerations, cooling 

capacity, electrical availability, and orchestration overhead. The abstraction layer still 

exists, but physical infrastructure increasingly determines what systems are 

economically viable. Software engineering is converging back toward systems 

engineering. 

3. AI as Infrastructure 

The transition from software product to infrastructure system is one of the 

defining engineering shifts of the AI era. The Boeing 737 MAX failures and the 2024 

CrowdStrike outage illustrate different versions of the same systems problem. In both 

cases, software operated as infrastructure while portions of the organizational process 

continued treating elements of the stack as low-consequence software layers. Agile 

methods did not fail. Methodology must match operational layer. 

Rapid iteration remains highly effective where rollback cost is low and system 

consequences remain bounded. Systems engineering discipline becomes mandatory 

where software interacts with physical infrastructure, industrial systems, or high-

dependency operational environments. The same transition is occurring inside AI 

infrastructure. Probabilistic outputs, orchestration complexity, GPU scarcity, energy 

requirements, and evaluation instability reintroduce engineering constraints that much 

of software culture had partially abstracted away during the cloud era. 

3.1 Tokens Are Not Abstract 

Current AI discourse treats tokens as abstract computational units detached from 

physical infrastructure. Tokens are not abstract. Tokens are electricity, cooling, silicon 

utilization, network transit, and time expressed through software interfaces. Every 

unnecessary inference pass, repeated prompt cycle, orchestration failure, or oversized 

context window consumes physical infrastructure resources somewhere within the 

system. Poor orchestration and uncontrolled iteration are infrastructure inefficiencies 

disguised as software convenience. 

Iteration itself is not the problem. Iteration remains valuable for experimentation 

and discovery. The question is whether iteration occurs with awareness of 

infrastructure cost. A poorly orchestrated AI system may consume enormous context 



51 
 

ICSPM 2026  21-22 ʪʨʘʚʥʷ 2026 ʨ., ʤ. ʊʝʨʥʦʧʣ̔ ɹ

windows while generating low-value output, unstable retrieval behavior, or redundant 

inference passes. A well-structured system can achieve superior results using 

significantly fewer resources. Bandwidth does not equal throughput. Clock speed does 

not equal capability. FLOPS do not equal system quality. Token volume does not equal 

intelligence. 

Uncontrolled AI iteration resembles repeatedly boiling unnecessary kettles of 

water. The user experiences only the interface layer while the underlying infrastructure 

absorbs the physical cost through electricity, cooling, networking, silicon utilization, 

and data-center operations. AI hides thermodynamics behind user experience. As AI 

systems scale, the organizations that survive economically will be those that treat 

compute as infrastructure rather than magic. 

4. Resource Allocation and Reliability 

Modern AI systems resemble constrained resource-allocation systems. Large-

scale AI infrastructure distributes finite computational resources across competing 

functions: compute and inference, validation and guardrails, retrieval and 

orchestration, monitoring and rollback, evaluation and testing, and operational 

headroom. This pattern is not unique to computing. Biological systems solve 

structurally similar allocation problems under finite energy budgets, a parallel 

formalized by Kleiber and developed by West, Brown, and Enquist [10]. 

Many current AI systems allocate disproportionate resources toward raw 

generation while underinvesting in validation, orchestration, monitoring, and 

evaluation. The failure modes are familiar: hallucination, drift, adversarial brittleness, 

orchestration collapse, unreliable automation, and security instability. Validation, 

orchestration, monitoring, and operator oversight are not secondary implementation 

details. They are core infrastructure functions carrying real computational and 

operational cost. AI infrastructure behaves more like industrial infrastructure than 

traditional software tooling. 

5. The Return of Technical Project Management 

The cloud era partially separated technical project management from deep 

systems awareness. Infrastructure abstraction reduced visibility into hardware 

constraints and encouraged organizational focus on delivery cadence, coordination 

velocity, and feature iteration. AI infrastructure reverses this separation. 

Modern technical project managers require operational awareness of compute 

allocation, orchestration topology, inference economics, GPU procurement constraints, 

thermal and power limitations, integration dependencies, probabilistic system 

behavior, and validation burden. Technical project management is converging back 

toward systems engineering. Organizations require personnel capable of stabilizing 

generated code, validating orchestration behavior, debugging probabilistic outputs, and 

integrating heterogeneous AI systems into existing operational infrastructure. These 

roles are not entirely new. They are modern expressions of older engineering 

disciplines: validation, integration, reliability engineering, systems coordination, and 

operator oversight. 

Technical project management is returning as a systems discipline. Modern AI 

infrastructure projects require architecture discipline, interface control, validation 
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gates, orchestration awareness, resource accounting, integration management, and 

failure-mode analysis. Iterative development and systems engineering apply to 

different layers of the same system. Rapid iteration remains effective for user-interface 

refinement, experimental workflows, feature exploration, and product discovery. 

Systems engineering discipline is mandatory where software interacts with physical 

infrastructure, safety-critical systems, industrial automation, defense systems, large-

scale AI infrastructure, or high-cost compute environments. The cloud era rewarded 

abstraction-first thinking. The AI infrastructure era rewards constraint-aware thinking. 

6. Conclusion 

AI did not eliminate systems engineering. It made systems engineering mandatory 

again. The cloud era produced major advances in deployment speed, experimentation, 

and software iteration. Those gains remain valuable where the underlying economics 

support them. AI systems operate under physical constraints that abstraction layers 

cannot remove. Compute has cost. Energy has cost. Cooling has cost. Latency has cost. 

Poor orchestration has cost. As software becomes infrastructure, engineering discipline 

returns. The future is neither pure waterfall nor pure agile. The future is hybrid. 

Iterative development and systems engineering coexist at different layers of the same 

system. Organizations that recognize this transition early will build more resilient, 

more efficient, and more sustainable AI infrastructure during the coming decade. 

Infrastructure obeys physics whether developers acknowledge it or not. 
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ʨʠʟʠʢʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʢʘʭ, ʩʮʝʥʘʨʥʦʤʫ ʘʥʘʣʽʟʽ ʪʘ ʢʣʘʩʠʯʥʠʭ 

ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ, ʟʘʣʠʰʘʶʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤʠ, ʧʨʦʪʝ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʘʩʪʦ ʻ ʥʝʜʦʩʪʘʪʥʽʤ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [1, 2]. 

ʉʫʯʘʩʥʽ ʥʘʫʢʦʚʽ ʧʫʙʣʽʢʘʮʽʾ ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʘ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ. 

ʊʘʢ, ʫ ʨʦʙʦʪʽ ʉʦʙʢʦ ʖ. ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʨʠʟʠʢʽʚ 

ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ [3]. ʏʫʙʫʢʦʚʘ ʆ. ʪʘ ʩʧʽʚʘʚʪʦʨʠ ʦʙˇʨʫʥʪʦʚʫʶʪʴ 

ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʫʢʠ ʧʨʦ ʜʘʥʽ ʪʘ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ [4]. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ, 

ʧʨʠʩʚʷʯʝʥʠʭ ʮʠʬʨʦʚʦʤʫ ʦʮʽʥʶʚʘʥʥʶ ʧʨʦʻʢʪʽʚ, ʪʘʢʦʞ ʘʢʮʝʥʪʦʚʘʥʦ ʫʚʘʛʫ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ, ʘʥʘʣʽʪʠʯʥʠʭ ʧʣʘʪʬʦʨʤ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ [5]. ʇʦʣʽʢʨʠʪʝʨʽʘʣʴʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʻʢʪʽʚ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʠʟʠʢʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ 

ʨʦʙʦʪʘʭ ʆʪʝʥʢʦ ɯ. ʪʘ ʩʧʽʚʘʚʪʦʨʽʚ [6], ʪʦʜʽ ʷʢ ʊʨʠʛʫʙʘ ɸ. ʪʘ ʩʧʽʚʘʚʪʦʨʠ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʦʻʜʥʘʥʥʷ ʤʝʪʦʜʽʚ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ, 

ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ, ʩʮʝʥʘʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʦʨʪʬʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ [7]. ʆʢʨʝʤʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ 

ʧʽʜʢʨʝʩʣʶʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʘʜʘʧʪʠʚʥʦʛʦ ʨʠʟʠʢ-ʤʝʥʝʜʞʤʝʥʪʫ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ [8]. 

ʈʘʟʦʤ ʽʟ ʪʠʤ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ ʜʘʻ ʧʽʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ, 

ʱʦ ʥʘʷʚʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ ʧʝʨʝʚʘʞʥʦ 

ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʦʢʨʝʤʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʙʦ ʦʮʽʥʶʚʘʥʥʽ 
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ʢʦʥʢʨʝʪʥʠʭ ʛʨʫʧ ʨʠʟʠʢʽʚ, ʱʦ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚ 

ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʻʢʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʘʢʪʫʘʣʽʟʫʻʪʴʩʷ 

ʧʦʪʨʝʙʘ ʫ ʬʦʨʤʫʚʘʥʥʽ ʮʽʣʽʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʟʜʘʪʥʦʛʦ ʧʦʻʜʥʘʪʠ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ, ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʫ ʦʮʽʥʢʫ ʪʘ ʤʝʭʘʥʽʟʤʠ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʘʜʘʧʪʠʚʥʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ 

ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ (ʨʠʩʫʥʦʢ 1), ʦʩʥʦʚʫ ʷʢʦʾ 

ʩʪʘʥʦʚʠʪʴ ʽʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤʠ ʨʠʟʠʢʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ, ʟʘʩʦʙʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ, ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʤʝʭʘʥʽʟʤʫ 

ʜʠʥʘʤʽʯʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ 

ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ 

 

ʄʦʜʝʣʴ ʚʽʜʦʙʨʘʞʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʚʨʘʭʫʚʘʥʥʽ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʧʨʦʻʢʪʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʠʟʠʢʫ. ɰʾ ʢʣʶʯʦʚʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ ʘʜʘʧʪʠʚʥʠʡ ʤʝʭʘʥʽʟʤ ʢʦʨʠʛʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʮʽʥʶʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʘʥʘʣʽʪʠʯʥʠʭ 

ʚʠʩʥʦʚʢʽʚ ʫ ʧʨʦʮʝʩʽ ʨʝʘʣʽʟʘʮʽʾ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʨʦʻʢʪʫ. ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʻ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʽʥʶʚʘʥʥʷ 

ʨʠʟʠʢʽʚ ʪʘ ʫʧʨʘʚʣʽʥʩʴʢʠʤʠ ʨʽʰʝʥʥʷʤʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʛʥʫʯʢʽʩʪʴ ʩʠʩʪʝʤʠ ʨʠʟʠʢ-

ʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʩʧʨʠʷʻ ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʘʛʫʚʘʥʥʶ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ. 
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ʇʨʘʢʪʠʯʥʘ ʦʨʽʻʥʪʘʮʽʷ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ 

ʬʽʢʩʘʮʽʻʶ ʧʦʪʦʯʥʦʛʦ ʨʽʚʥʷ ʨʠʟʠʢʫ, ʘ ʧʝʨʝʜʙʘʯʘʻ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʘʥʘʣʽʪʠʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʢʦʥʢʨʝʪʥʽ ʫʧʨʘʚʣʽʥʩʴʢʽ ʜʽʾ. ɿʦʢʨʝʤʘ, ʟʘʣʝʞʥʦ ʚʽʜ ʦʪʨʠʤʘʥʦʾ ʦʮʽʥʢʠ 

ʨʠʟʠʢʦʚʦʛʦ ʧʨʦʬʽʣʶ ʧʨʦʻʢʪʫ ʤʦʞʫʪʴ ʦʙˇʨʫʥʪʦʚʫʚʘʪʠʩʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʝʨʝʛʣʷʜʫ 

ʙʶʜʞʝʪʫ, ʟʤʽʥʠ ʩʪʨʦʢʽʚ ʨʝʘʣʽʟʘʮʽʾ, ʧʦʩʠʣʝʥʥʷ ʢʦʥʪʨʦʣʶ ʟʘ ʢʨʠʪʠʯʥʠʤʠ ʝʪʘʧʘʤʠ, 

ʟʘʣʫʯʝʥʥʷ ʩʪʨʘʭʦʚʠʭ ʘʙʦ ʛʘʨʘʥʪʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʘ ʪʘʢʦʞ ʜʦʮʽʣʴʥʦʩʪʽ 

ʧʦʜʘʣʴʰʦʛʦ ʽʥʚʝʩʪʫʚʘʥʥʷ. ʉʘʤʝ ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ ʤʦʜʝʣʽ ʪʘ ʾʾ 

ʟʚôʷʟʦʢ ʽʟ ʧʨʦʮʝʩʦʤ ʧʨʠʡʥʷʪʪʷ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʽʰʝʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʬʦʨʤʦʚʘʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ ʜʣʷ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. ɰʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʝ ʩʧʨʠʷʪʠ ʟʥʠʞʝʥʥʶ 

ʨʽʚʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʩʚʦʻʯʘʩʥʦʤʫ ʚʠʷʚʣʝʥʥʶ ʢʨʠʪʠʯʥʠʭ ʨʠʟʠʢʦʚʠʭ ʬʘʢʪʦʨʽʚ, 

ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʪʝʥʮʽʡʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʚʪʨʘʪ ʽ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ 

ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʬʦʨʤʫʻ ʦʩʥʦʚʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʦʛʣʠʙʣʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʠʟʠʢʽʚ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ ʫ ʢʦʥʪʝʢʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ʁʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʧʝʨʝʡʪʠ ʚʽʜ 
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Electronic spreadsheets remain one of the most widely used tools for working 

with data in business, education, finance, analytics, and research. They are popular 

because they are accessible, flexible, and allow users to organize information, calculate 

values, prepare reports, and build analytical models without developing specialized 

software. However, the basic logic of spreadsheet interaction still depends mainly on 

formulas. Traditional formulas are powerful, but they require users to know exact 

syntax, understand cell references, and build expressions correctly. Even common 

business tasks may involve nested conditions, lookup functions, regular expressions, 

or macros. This creates difficulties for users who work with data but are not 

professional programmers. 

This limitation becomes more visible when spreadsheets are used to process 

unstructured or semi-structured data, such as customer reviews, emails, product 

descriptions, company profiles, survey answers, and support requests. Classical 

formulas can compare exact values or search for predefined fragments, but they cannot 

reliably understand meaning, detect emotional tone, summarize text, or classify 

information according to business context. 

The development of large language models has created new opportunities for 

tabular computing. Recent studies show that such models are increasingly used for 

table understanding, spreadsheet manipulation, question answering, and semantic 

processing of structured and semi-structured data [1]. This allows spreadsheets to 

evolve from deterministic calculation tools into intelligent environments where users 

describe the desired result in natural language. 

The purpose of this work is to describe the concept and development of 

TableBrew, an intelligent SaaS platform for tabular computing based on semantic 

queries. TableBrew combines the familiar spreadsheet structure of rows, columns, and 

cells with generative artificial intelligence. The platform allows users to clean, classify, 

enrich, translate, summarize, and generate data directly inside a table (Figure 1). 

The key concept of TableBrew is Prompt-as-Formula. In a traditional spreadsheet, 

the user enters a formula with operators, functions, and cell references. In TableBrew, 
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the user enters a natural language instruction that describes the expected result. For 

example, if a table contains customer reviews, the user can create a column called 

ñSentimentò and enter the instruction: ñAnalyze the review text and return Positive, 

Negative, or Neutral.ò The system selects the relevant context, sends a structured 

request to a language model, and writes the generated result into the corresponding 

cell. 

 

 
Figure 1 - General view of the TableBrew spreadsheet interface 

 

This approach changes the logic of spreadsheet work. The user no longer needs 

to describe how the value should be calculated step by step. Instead, the user explains 

what the value should represent. This reduces the technical barrier for working with 

data and makes spreadsheets more suitable for tasks that require interpretation, context 

awareness, and language understanding. 

TableBrew follows the broader direction of AI-based spreadsheet agents. For 

example, SheetAgent demonstrates how large language models can support reasoning 

and manipulation in spreadsheet tasks that require planning and multi-step execution 

[2]. TableBrew focuses on a practical interface where semantic operations are 

integrated directly into the spreadsheet workflow and remain understandable for non-

technical users. 

The platform supports three main groups of semantic operations. The first group 

is data cleaning and normalization: correcting text errors, standardizing names, 

extracting parts of a value, converting formats, and removing unnecessary fragments. 

The second group is classification and analysis: detecting sentiment, urgency, topic, 

category, or lead relevance. The third group is generation and enrichment: creating 

descriptions, personalized messages, missing values, comparison tables, and additional 

context. 
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The main advantage of semantic spreadsheet processing is the ability to work with 

meaning rather than only with formal values. A traditional formula follows fixed rules. 

A language model can consider word meaning, relationships between columns, task 

purpose, and row context. For example, if a row contains a company name, website, 

industry, and short description, the system can generate a sales note or classify the 

company by potential relevance. This makes the spreadsheet more useful for business 

analytics and knowledge work. 

TableBrew is implemented as a modern web application. The client side is based 

on React, which supports component-based interface development and efficient state 

management [4]. The main technical challenge is rendering performance because large 

spreadsheet interfaces can become slow when every cell is represented as a separate 

HTML element. To solve this, TableBrew uses the Glide Data Grid library, which is 

designed for high-performance spreadsheet-like interfaces with virtualization [5]. 

The central interaction mechanism in TableBrew is the ñ=ò operator. In traditional 

spreadsheets, this symbol starts a formula. In TableBrew, it can also start a semantic 

query. For example, the instruction ñ=translate the product description into Englishò 

activates an AI generation process. The system collects relevant context, sends the 

request to the language model, and places the result into the cell. 

To improve output reliability, TableBrew can use structured response formats. 

Many spreadsheet tasks require predictable values, such as categories, labels, JSON 

objects, or fields with a fixed schema. Structured generation reduces formatting errors 

and simplifies the use of AI responses in the table interface [3]. For example, when 

classifying a record, the model can be instructed to return only one allowed label. 

A major technical problem in semantic spreadsheets is context size. Sending an 

entire table to a language model for every request is inefficient and expensive. For this 

reason, TableBrew uses contextual selection. Before sending a request, the system 

analyzes the current row, column names, user instruction, and related values. It then 

selects only the information that is most likely to be useful for the answer. This reduces 

token usage, improves response time, lowers cost, and helps the model focus on 

relevant data. 

Data persistence is implemented using Google Cloud Firestore. Firestore supports 

cloud synchronization, document-based storage, real-time updates, transactions, and 

batched writes. In TableBrew, it is used to store user edits, AI-generated values, 

workspace settings, and credit usage. The platform also supports automatic saving and 

undo/redo functionality, which is important because users often test prompts, compare 

generated results, and return to previous versions. 

TableBrew is also designed for organized and controlled work with data. Tables 

can be grouped into workspaces that represent projects, departments, clients, or 

research tasks. Since spreadsheets may contain confidential or personal information, 

the platform must isolate workspace data, control access through user roles, and 

prevent user data from being used for model training without explicit consent. Cost 

control is handled through a metered credit system, where each AI operation consumes 

a defined number of credits. Firestore transactions can be used to check balance and 

update credit usage consistently. 
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The development of the TableBrew application shows several limitations of 

semantic spreadsheet systems. Generated outputs can be inaccurate if the prompt is 

unclear or the context is incomplete. AI operations are also slower than ordinary 

formulas because they depend on external model inference. In addition, processing 

sensitive data through AI services creates privacy and compliance risks. Therefore, the 

platform must support result review, editing, regeneration, loading indicators, output 

validation, and proper safeguards for sensitive information. 

Recent research confirms that real-world spreadsheets can be difficult for 

language models to understand because they often include complex layouts, multiple 

regions, formulas, and implicit structure [6]. This supports the need for context 

selection, structured reasoning, and validation mechanisms. A practical semantic 

spreadsheet should not simply send raw table data to a model. It should prepare the 

context, guide the model, check the result, and present the output in a way that users 

can understand. 

Despite these challenges, semantic spreadsheets have clear practical value. Sales 

managers can classify leads, create personalized outreach messages, and summarize 

customer information. Marketers can generate product descriptions, segment 

audiences, and analyze survey responses. Researchers can clean text datasets and 

extract structured information. Business analysts can combine structured and 

unstructured data without writing scripts. In each case, users work at a higher level of 

abstraction and spend less time on repetitive technical operations. 

In conclusion, TableBrew demonstrates how generative artificial intelligence can 

extend the traditional spreadsheet model. The platform combines tabular structure, 

natural language interaction, cloud persistence, high-performance rendering, and 

semantic data processing. This makes it possible to move from rigid formulas to 

flexible user intentions. The spreadsheet becomes not only a calculation tool, but also 

an intelligent assistant for understanding, transforming, and enriching data. 
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ʥʘ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ, ʬʦʨʤʫʻ ʧʨʘʢʪʠʯʥʫ ʦʩʥʦʚʫ ʜʣʷ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽʛʨʦʚʠʭ ʩʠʩʪʝʤ ʫ ʚʝʙʩʝʨʝʜʦʚʠʱʘʭ ʪʘ ʙʘʛʘʪʦʞʘʥʨʦʚʠʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷʭ, ʩʧʨʠʷʶʯʠ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ ʟʘʣʫʯʝʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʦʩʪʽ 

ʚʟʘʻʤʦʜʽʾ ʪʘ ʝʪʠʯʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ [1]. 

ɿʨʦʩʪʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʽʛʦʨ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ 

ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʢʦʥʪʝʥʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʚʟʘʻʤʦʜʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʽʛʨʦʚʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʊʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʽʛʨʦʚʦʛʦ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ [2] ʯʘʩʪʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʭ ʩʮʝʥʘʨʽʷʭ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʥʝʽʛʨʦʚʠʭ ʧʝʨʩʦʥʘʞʽʚ ʪʘ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʟʘʣʫʯʝʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ 

ʥʘʙʫʚʘʶʪʴ ʽʥʪʝʨʘʢʪʠʚʥʽ ʧʨʦʛʨʘʤʥʽ ʩʠʩʪʝʤʠ, ʟʜʘʪʥʽ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʩʪʠʣʶ ʛʨʘʚʮʷ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʠʥʘʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [3]. 

ʄʝʪʦʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ, 

ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʦʙʨʦʙʢʫ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʘʜʘʧʪʠʚʥʦʾ ʧʦʚʝʜʽʥʢʠ ʽʛʨʦʚʦʛʦ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʪʘʥʫ 

ʽʛʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʫʣʴʥʦʤʫ ʧʽʜʭʦʜʽ (ʨʠʩʫʥʦʢ 1), ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʪʘ ʣʝʛʢʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ. ʆʩʥʦʚʫ ʩʠʩʪʝʤʠ 

ʩʢʣʘʜʘʶʪʴ ʢʽʣʴʢʘ ʣʦʛʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʨʽʚʥʽʚ: 

mailto:medikass2003@gmail.com
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- ʨʽʚʝʥʴ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʧʝʨʝʜʥʽ ʚʟʘʻʤʦʜʽʾ 
ʢʦʨʠʩʪʫʚʘʯʘ, ʧʘʨʘʤʝʪʨʠ ʽʛʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʥʫʪʨʽʰʥʽ ʩʪʘʥʠ ʘʛʝʥʪʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʪʘ ʫʥʠʢʘʪʠ ʧʦʚʪʦʨʶʚʘʥʠʭ 

ʩʮʝʥʘʨʽʾʚ ʧʦʚʝʜʽʥʢʠ; 

- ʨʽʚʝʥʴ ʦʙʨʦʙʢʠ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʢʦʥʫʻ ʘʥʘʣʽʟ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ, ʪʘʢʠʭ ʷʢ 
ʧʝʨʝʤʽʱʝʥʥʷ, ʚʠʙʽʨ ʦʙôʻʢʪʽʚ ʘʙʦ ʽʥʰʽ ʜʽʾ, ʪʘ ʧʝʨʝʪʚʦʨʶʻ ʾʭ ʫ ʬʦʨʤʘʣʽʟʦʚʘʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽʛʨʦʚʠʤʠ ʘʛʝʥʪʘʤʠ; 

- ʨʽʚʝʥʴ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʨʝʘʣʽʟʫʻ ʘʣʛʦʨʠʪʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢʽ 
ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʜʝʨʝʚʘ ʧʦʚʝʜʽʥʢʠ, ʩʢʽʥʯʝʥʥʽ ʘʚʪʦʤʘʪʠ ʘʙʦ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʟ 

ʧʽʜʢʨʽʧʣʝʥʥʷʤ. ʎʝʡ ʨʽʚʝʥʴ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʬʦʨʤʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʧʦʚʝʜʽʥʢʠ NPC 

ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʛʨʠ ʪʘ ʽʩʪʦʨʽʾ ʚʟʘʻʤʦʜʽʾ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɸʨʭʽʪʝʢʪʫʨʘ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʟ 

ʽʛʨʦʚʠʤ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ 

 

ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʩʪʘʥʽʚ ʽʛʨʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʫ ʬʦʨʤʘʣʽʟʦʚʘʥʽ ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʋ 

ʨʦʟʨʦʙʣʝʥʽʡ ʩʠʩʪʝʤʽ ʨʝʘʣʽʟʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ ʜʦ ʦʙʨʦʙʢʠ ʚʟʘʻʤʦʜʽʾ: 

- ʧʝʨʰʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʚ ʘʜʘʧʪʘʮʽʾ ʧʦʚʝʜʽʥʢʠ ʘʛʝʥʪʽʚ ʜʦ ʩʪʠʣʶ ʛʨʠ 

ʢʦʨʠʩʪʫʚʘʯʘ. ʉʠʩʪʝʤʘ ʘʥʘʣʽʟʫʻ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ ʛʨʘʚʮʷ ʪʘ ʚʠʟʥʘʯʘʻ ʭʘʨʘʢʪʝʨʥʽ 

ʧʘʪʝʨʥʠ ʧʦʚʝʜʽʥʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʽʛʨʦʚʦʤʫ ʰʪʫʯʥʦʤʫ ʽʥʪʝʣʝʢʪʫ ʟʤʽʥʶʚʘʪʠ 

ʪʘʢʪʠʢʫ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ [4]; 

- ʜʨʫʛʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʫ ʟʯʠʪʫʚʘʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʛʨʘʚʮʷ ʧʽʜ ʯʘʩ ʛʨʠ, 

ʥʘʩʢʽʣʴʢʠ ʪʦʡ ʘʛʨʝʩʩʠʚʥʠʡ ʽʟ ʧʨʦʪʠʚʥʠʢʘʤʠ, ʷʢ ʜʦʚʛʦ ʧʨʦʭʦʜʠʪʴ ʨʽʚʝʥʴ, ʩʢʽʣʴʢʠ 

ʨʘʟ ʚʽʥ ʧʦʤʠʨʘʻ ʤʽʞ ʧʦʯʘʪʢʦʤ ʪʘ ʧʝʨʝʤʦʛʦʶ, ʱʦ ʫ ʚʽʜʧʦʚʽʜʴ ʟʘʩʪʘʚʣʷʻ ʩʚʽʪ 

ʘʜʘʧʪʫʚʘʪʠʩʷ, ʨʦʙʣʷʯʠ ʥʝʽʛʨʦʚʠʭ ʧʝʨʩʦʥʘʞʽʚ ʩʠʣʴʥʽʰʠʤʠ ʪʘ ʙʽʣʴʰ ʟʛʫʨʪʦʚʘʥʠʤʠ 

[5]; 

- ʪʨʝʪʽʡ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʩʪʦʨʽʾ ʚʟʘʻʤʦʜʽʾ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʫʥʠʢʘʪʠ ʧʦʚʪʦʨʶʚʘʥʠʭ ʜʽʡ ʽ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʡ ʽʛʨʦʚʠʡ ʜʦʩʚʽʜ. 

ɿʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʧʨʦ ʧʦʧʝʨʝʜʥʽ ʩʪʘʥʠ ʪʘ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ ʧʦʩʪʫʧʦʚʦ 

ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʩʚʦʶ ʧʦʚʝʜʽʥʢʫ[6-7]. 
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ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʦʚʘʥʘ ʟ ʽʛʨʦʚʠʤ ʨʫʰʽʻʤ ʪʘ ʧʽʜʪʨʠʤʫʻ 

ʦʙʨʦʙʢʫ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʩʠʥʭʨʦʥʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʦʙʨʦʙʢʠ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ ʝʬʝʢʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʽʛʨʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʙʝʟ ʟʘʪʨʠʤʦʢ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʚʥʦʛʦ ʽʛʨʦʚʦʛʦ 

ʧʨʦʮʝʩʫ. ʋ ʪʘʙʣʠʮʽ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʪʝʨʘʢʪʠʚʥʦʾ 

ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ. 

 

ʊʘʙʣʠʮʷ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ 

ʂʦʤʧʦʥʝʥʪ ʊʝʭʥʦʣʦʛʽʷ ʌʫʥʢʮʽʷ 

Core Language ʉ# 
ʆʩʥʦʚʥʘ ʤʦʚʘ ʽʛʨʦʚʦʛʦ 

ʨʫʰʽʷ  

AI Framework 
Unity Machine 

Learning Agents 

Toolkit (ML-Agents 

ʅʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʥʘʚʯʘʥʥʷ ʐɯ ʫ 

ʩʝʨʝʜʦʚʠʱʽ Unity[8] 

 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʽʛʦʨ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʽʥʪʝʨʘʢʪʠʚʥʦʩʪʽ ʪʘ 

ʘʜʘʧʪʠʚʥʦʩʪʽ. ʄʦʜʫʣʴʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʘʣʛʦʨʠʪʤʠ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʘʙʦ ʨʦʟʰʠʨʶʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʙʝʟ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ 

ʩʪʨʫʢʪʫʨʽ ʩʠʩʪʝʤʠ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʽʥʪʝʨʘʢʪʠʚʥʘ ʧʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ ʚʟʘʻʤʦʜʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʽʛʨʦʚʠʤ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ ʟʘʙʝʟʧʝʯʫʻ ʘʜʘʧʪʠʚʥʫ ʦʙʨʦʙʢʫ ʜʽʡ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʽʛʨʦʚʠʭ ʘʛʝʥʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʜʫʣʴʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʝʬʝʢʪʠʚʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʟʘʣʫʯʝʥʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʽʛʨʦʚʦʛʦ ʧʨʦʮʝʩʫ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʘʜʘʧʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ɹʦʞʠʛʦʨʘ ʖ., ʊʫʨʯʝʥʢʦ ɯ. ʄʝʪʦʜʠ ʪʘ ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʽʛʨʦʚʠʤʠ 
ʘʛʝʥʪʘʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʅʘʫʢʦʚʽ ʽʥʥʦʚʘʮʽʾ: ʪʝʦʨʝʪʠʯʥʽ ʧʽʜʭʦʜʠ ʪʘ ʧʨʘʢʪʠʯ-ʥʠʡ ʚʧʣʠʚ: 

ʤʘʪʝʨʽʘʣʠ ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. (8-10.12.2025 ʨ.. ʅʝʘʧʦʣʴ. ɯʪʘʣʽʷ). ʅʝʘʧʦʣʴ. 2025. ʉ. 160-163. 

URL: https://www.eoss-conf.com/wp-content/uploads/2025/12/Naples_Italy_08.12.25.pdf 

2. Russell S., Norvig P. Artificial Intelligence: A Modern Approach. Pearson, 2020. 1166 p. 

3. Millington I., Funge J. Artificial Intelligence for Games. 2nd ed. CRC Press, 2009. 895 p. 

4. Yannakakis G. N., Togelius J. Artificial Intelligence and Games. Springer, 2018. 359 p. 

5. Fisher N. Dynamic Difficulty Adjustment in Games: Concepts, Techniques, and 

Applications. IntechOpen. 2026. URL: https://www.intechopen.com. 

6. Freeman E., Robson E. Head First Design Patterns: Building Extensible and Maintainable 

Object-Oriented Software. O'Reilly Media, 2020. 694 p. 

7. Zhang S., Yao L., Sun A., Tay Y. Deep Learning based Recommender System: A Survey 

and New Perspectives. ACM Computing Surveys. 2019. Vol. 52, no. 1. Art. 5. 

URL: https://doi.org/10.1145/3285029 

8. ML-Agents Toolkit Documentation, 2024. URL: https://unity-technologies.github.io/ml-

agents/ML-Agents-Toolkit-Documentation/  

https://www.intechopen.com/
https://www.google.com/search?q=https://doi.org/10.1145/3285029
https://unity-technologies.github.io/ml-agents/ML-Agents-Toolkit-Documentation/
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ɸʃɻʆʈʀʊʄ ɺʀɿʅɸʏɽʅʅʗ ʂɸʃʆʈɯʁʅʆʉʊɯ ʉʊʈɸɺ 

ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɰ ʉʀʉʊɽʄʀ ɸʅɸʃɯɿʋ ʇʈʆɼʋʂʊɯɺ ʍɸʈʏʋɺɸʅʅʗ 

 

ɺʦʨʦʥʦʚʩʴʢʠʡ ɺʦʣʦʜʠʤʠʨ ɺʘʩʠʣʴʦʚʠʯ, ʩʪʫʜʝʥʪ  

volodimir.voronovskiy@gmail.com 

 

ʂʦʚʘʣʴ ɺʘʩʠʣʴ ʉʝʨʛʽʡʦʚʠʯ, 

ʢ.ʪ.ʥ, ʜʦʮ., ʜʦʮ. ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ- 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ ʫʧʨʘʚʣʽʥʥʷ,  

ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

vko@wunu.edu.ua  

ORCID: 0000-0003-4726-097X 

 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʮʠʬʨʦʚʽʟʘʮʽʾ ʪʘ ʟʨʦʩʪʘʥʥʷ ʫʚʘʛʠ ʜʦ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ 

ʞʠʪʪʷ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʢʦʥʪʨʦʣʶ ʭʘʨʯʫʚʘʥʥʷ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ. 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʟʘʚʜʘʥʴ ʻ ʚʠʟʥʘʯʝʥʥʷ ʢʘʣʦʨʽʡʥʦʩʪʽ ʩʪʨʘʚ ʥʘ ʦʩʥʦʚʽ 

ʟʦʙʨʘʞʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʚʝʜʝʥʥʷ ʭʘʨʯʦʚʠʭ ʱʦʜʝʥʥʠʢʽʚ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʮʽʥʥʦʩʪʽ ʧʨʦʜʫʢʪʽʚ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ 

ʧʽʜʭʦʜʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʫʯʥʦʤʫ ʚʚʝʜʝʥʥʽ ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʰʚʠʜʢʠʡ ʽ ʟʨʫʯʥʠʡ ʘʥʘʣʽʟ [1]. 

ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʽʡ ʩʬʝʨʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʫ ʟʘʜʘʯʘʭ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʭʘʨʯʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ɿʦʢʨʝʤʘ, ʤʦʜʝʣʽ, ʥʘʚʯʝʥʽ ʥʘ ʥʘʙʦʨʽ ʜʘʥʠʭ 

Food-101, ʜʦʩʷʛʘʶʪʴ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʠʧʽʚ ʩʪʨʘʚ, 

ʦʜʥʘʢ ʥʝ ʚʠʨʽʰʫʶʪʴ ʟʘʜʘʯʫ ʦʮʽʥʢʠ ʢʘʣʦʨʽʡʥʦʩʪʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ [1]. ɯʥʰʽ ʧʽʜʭʦʜʠ, 

ʟʦʢʨʝʤʘ Im2Calories, ʦʮʽʥʶʶʪʴ ʢʘʣʦʨʽʡʥʽʩʪʴ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙôʻʢʪʽʚ ʽʟ ʘʥʘʣʽʟʦʤ ʦʙôʻʤʫ ʧʦʨʮʽʾ, ʧʨʦʪʝ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʜʘʥʠʭ ʽ ʤʘʶʪʴ 

ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʪʦʯʥʦʩʪʽ [2]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʣʠʙʦʢʠʭ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʟʘʙʝʟʧʝʯʫʻ ʚʠʜʽʣʝʥʥʷ ʦʟʥʘʢ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ [3, 4]. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʭ ʥʝʜʦʣʽʢʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʪʨʘʚ ʽʟ 

ʧʦʜʘʣʴʰʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʾʭ ʢʘʣʦʨʽʡʥʦʩʪʽ ʰʣʷʭʦʤ ʟʽʩʪʘʚʣʝʥʥʷ ʟ ʙʘʟʦʶ ʭʘʨʯʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʘʣʛʦʨʠʪʤʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1, ʩʠʩʪʝʤʘ ʧʨʘʮʶʻ ʷʢ ʻʜʠʥʠʡ ʢʦʥʚʝʻʨ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʽ ʧʨʦʚʦʜʠʣʦʩʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʨʠʢ 

ʢʣʘʩʠʬʽʢʘʮʽʾ [5-7]. ʋʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 
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ʈʠʩʫʥʦʢ 1- ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ  

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʘʣʦʨʽʡʥʦʩʪʽ ʩʪʨʘʚ 

 

 

ʊʘʙʣʠʮʷ 1 - ʇʦʢʘʟʥʠʢʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʪʨʘʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ  

ʜʘʪʘʩʝʪʫ ʽ Food-101 

ʇʦʢʘʟʥʠʢ ɿʥʘʯʝʥʥʷ 

Accuracy 0.723 

Precision 0.725 

Recall 0.723 

F1-score 0.721 

ROC-AUC 0.992(micro) / 0.991(macro) 
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ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 1, ʤʦʜʝʣʴ ʜʝʤʦʥʩʪʨʫʻ ʟʙʘʣʘʥʩʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʪʦʯʥʦʩʪʽ 

ʪʘ ʧʦʚʥʦʪʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ F1-score ʥʘ ʨʽʚʥʽ 0,72. ʗʢʽʩʪʴ ʨʦʙʦʪʠ 

ʤʦʜʝʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ 

ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʴ [2]. 

ɺʠʩʥʦʚʦʢ 

ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʘʣʦʨʽʡʥʦʩʪʽ ʩʪʨʘʚ 

ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ. ʄʦʜʝʣʴ ʜʝʤʦʥʩʪʨʫʻ ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ (F1-

score å 0,72), ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ ʭʘʨʯʫʚʘʥʥʷ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. Bossard L., Guillaumin M., Van Gool L. Food-101 ï Mining Discriminative Components 

with Random Forests. European Conference on Computer Vision (ECCV).  2014. ʈ. 446ï461.  

2. Myers A., Johnston N., Rathod V. ʪʘ ʽʥ. Im2Calories: Towards an Automated Mobile Vision 

Food Diary. IEEE International Conference on Computer Vision (ICCV). 2015. ʈ. 1233ï1241.  

3. Krizhevsky A., Sutskever I., Hinton G. ImageNet Classification with Deep Convolutional 

Neural Networks. Advances in Neural Information Processing Systems (NeurIPS). 2012. ʈ.1097ï

1105.  

4. Kovalskyi S.S., Koval V.S. Analysis and Comparison of Modern CNN Architectures for 

Wood Defect Detection. Artificial Intelligence for Sustainable Development: Proceedings of the 

Second International Workshop of Young Scientists. May 8-9 2025, ʈ.89-99.URL:https://ceur-

ws.org/Vol-3974/paper08.pdf 

5. Chicco D., Jurman G.The advantages of the Matthews correlation coefficient (MCC) over 

F1 score and accuracy in binary classification evaluation. BMC Genomics. 2020. Vol.21. P.6.  

URL:https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-019-6413-7  

6. Saito T., Rehmsmeier M.The precision-recall plot is more informative than the ROC plot 

when evaluating binary classifiers on imbalanced datasets. PLoS ONE. 2015.Vol.10,No.3.e0118432. 

URL:https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0118432  

7. Fernández A., García S., Galar M., Prati R. C., Krawczyk B., Herrera F. 

Learning from Imbalanced Data Sets. Cham: Springer, 2018. 377 ʨ.  

URL: https://link.springer.com/book/10.1007/978-3-319-98074-4 

  

https://ceur-ws.org/Vol-3974/paper08.pdf
https://ceur-ws.org/Vol-3974/paper08.pdf
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-019-6413-7
https://link.springer.com/book/10.1007/978-3-319-98074-4


67 
 

ICSPM 2026  21-22 ʪʨʘʚʥʷ 2026 ʨ., ʤ. ʊʝʨʥʦʧʣ̔ ɹ

ʋɼʂ 004.8 : 004.93 

 

ɸʅɸʃɯɿ ɺʇʃʀɺʋ ɸʈʍɯʊɽʂʊʋʈ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ ʅɸ ʊʆʏʅɯʉʊʔ 

ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʋʂʈɸɰʅʉʔʂʆɻʆ ʄʆɺʃɽʅʅʗ  
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ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʅʘ ʩʴʦʛʦʜʥʽ ʘʚʪʦʤʘʪʠʯʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʣʝʥʥʷ (ʘʥʛʣ. Automatic Speech 

Recognition, ASR) [1] ʜʣʷ ʫʢʨʘʾʥʩʴʢʦʾ ʤʦʚʠ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʫ ʩʬʝʨʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ [2] ʟôʷʩʦʚʘʥʦ, ʱʦ 

ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢʽʩʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʫʢʨʘʾʥʩʴʢʦʛʦ 

ʤʦʚʣʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʫʶʪʴ ʨʦʙʦʪʫ ʟ ʯʘʩʦʚʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ ʘʫʜʽʦʩʠʛʥʘʣʫ, 

ʟʘʣʠʰʘʻʪʴʩʷ ʦʙʤʝʞʝʥʦʶ. 

ʉʫʯʘʩʥʽ ASR-ʩʠʩʪʝʤʠ ʜʣʷ ʫʢʨʘʾʥʩʴʢʦʾ ʤʦʚʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʟʛʦʨʪʢʦʚʠʭ ʰʘʨʽʚ Conv [3], 

Transformer-ʧʦʜʽʙʥʠʭ ʘʨʭʽʪʝʢʪʫʨ, ʪʘʢʠʭ ʷʢ Conformer [3] ʪʘ Squeezeformer [4], ʘ 

ʪʘʢʦʞ BiLSTM- ʽ CTC-ʤʝʭʘʥʽʟʤʽʚ [5]. ʎʽ ʢʦʤʧʦʥʝʥʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʪʘ ʚʠʣʫʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʽʟ 

ʤʦʚʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʋ ʤʝʞʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʯʦʪʠʨʴʦʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʘʨʭʽʪʝʢʪʫʨ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʟʘʟʥʘʯʝʥʽ ʢʦʤʧʦʥʝʥʪʠ ʷʢ ʙʘʟʦʚʽ 

ʝʣʝʤʝʥʪʠ ʤʦʜʝʣʽ. ɰʭ ʚʠʙʽʨ ʦʙʫʤʦʚʣʝʥʠʡ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʨʠ ʦʙʨʦʙʮʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʘʫʜʽʦʜʘʥʠʭ ʪʘ ʟʜʘʪʥʽʩʪʶ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʦʯʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʤʦʚʣʝʥʥʷ ʥʘʚʽʪʴ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʦʛʦ ʦʙʩʷʛʫ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʇʝʨʰʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (ʅʄ) ʧʦʻʜʥʫʻ ʟʛʦʨʪʢʦʚʽ, ʨʝʢʫʨʝʥʪʥʽ ʰʘʨʠ ʪʘ 

ʤʝʭʘʥʽʟʤ ʟʦʩʝʨʝʜʞʝʥʥʷ ʫʚʘʛʠ: 

- Conv ʪʘ LayerNorm (ʜʚʘ ʧʦʩʣʽʜʦʚʥʽ ʙʣʦʢʠ) ï ʚʠʣʫʯʘʶʪʴ ʣʦʢʘʣʴʥʽ ʘʢʫʩʪʠʯʥʽ 

ʦʟʥʘʢʠ ʟʽ ʩʧʝʢʪʨʦʛʨʘʤʠ ʪʘ ʩʪʘʙʽʣʽʟʫʶʪʴ ʥʘʚʯʘʥʥʷ; 

- ʜʚʘ ʰʘʨʠ BiLSTM ï ʤʦʜʝʣʶʶʪʴ ʜʚʦʩʪʦʨʦʥʥʽ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʚ 

ʘʫʜʽʦʧʦʩʣʽʜʦʚʥʦʩʪʽ; 

- LightweightAttention ï ʟʘʙʝʟʧʝʯʫʻ ʬʦʢʫʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʥʘ 

ʥʘʡʙʽʣʴʰ ʨʝʣʝʚʘʥʪʥʠʭ ʯʘʩʪʠʥʘʭ ʧʦʩʣʽʜʦʚʥʦʩʪʽ;  

- Dense CTC ï ʬʦʨʤʫʻ ʬʽʥʘʣʴʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ; 

- Dense Timestamps ï ʜʦʜʘʪʢʦʚʠʡ ʚʠʭʽʜ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʯʘʩʦʚʠʭ 

ʽʥʪʝʨʚʘʣʽʚ. 
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ʎʷ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʙʫʜʫʚʘʣʘʩʷ ʟʘ ʪʘʢʦʶ ʣʦʛʽʢʦʶ: 

ʘ) ʟʛʦʨʪʢʦʚʝ ʚʠʣʫʯʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʦʟʥʘʢ;  

ʙ) ʨʝʢʫʨʝʥʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʦʚʦʾ ʩʪʨʫʢʪʫʨʠ; 

ʚ) ʤʝʭʘʥʽʟʤ ʫʚʘʛʠ ʜʣʷ ʢʦʥʪʝʢʩʪʥʦʛʦ ʟʚʘʞʫʚʘʥʥʷ;  

ʛ) ʧʦʚʥʦʟʚôʷʟʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʦʢʝʥʽʚ ʪʘ ʾʭʥʽʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

ʊʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʣʝʥʥʷ ʟ ʪʦʯʥʠʤ 

ʯʘʩʦʚʠʤ ʚʠʨʽʚʥʶʚʘʥʥʷʤ. 

ɼʨʫʛʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʤʘʻ ʧʦʜʽʙʥʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʦʜʥʘʢ ʤʽʩʪʠʪʴ ʰʽʩʪʴ 

ʧʦʩʣʽʜʦʚʥʠʭ ʙʣʦʢʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʽʟ ʰʘʨʽʚ Conv ʪʘ LayerNorm, ʘ ʪʘʢʦʞ ʪʨʠ ʰʘʨʠ 

BiLSTM. ʊʘʢʦʞ ʫ ʮʠʭ ʰʘʨʘʭ ʟʙʽʣʴʰʝʥʦ ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ. ɯʥʰʽ ʰʘʨʠ 

LightweightAttention, Dense CTC ʪʘ Dense Timestamps ʟʘʣʠʰʠʣʠʩʷ ʙʝʟ ʟʤʽʥ. 

ʊʨʝʪʷ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʤʘʻ ʙʽʣʴʰ ʩʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʚʣʘʩʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ, ʷʢʘ ʧʦʻʜʥʫʻ Conv subsampling ʽʟ ʙʣʦʢʘʤʠ Multi-Head Self-Attention 

ʪʘ Convolution: 

- ʜʚʘ ʙʣʦʢʠ Conv subsampling ï ʟʛʦʨʪʢʦʚʽ ʰʘʨʠ ʚʠʢʦʥʫʶʪʴ ʯʘʩʦʚʫ 

ʩʫʙʜʠʩʢʨʝʪʠʟʘʮʽʶ ʪʘ ʚʠʪʷʛʫʶʪʴ ʙʘʟʦʚʽ ʘʢʫʩʪʠʯʥʽ ʦʟʥʘʢʠ;  

- Input Projection (Dense) ï ʣʽʥʽʡʥʘ ʧʨʦʝʢʮʽʷ ʦʟʥʘʢ ʫ ʨʦʙʦʯʫ ʨʦʟʤʽʨʥʽʩʪʴ;  

- ʯʦʪʠʨʠ ʙʣʦʢʠ ConformerBlock ï ʦʩʥʦʚʥʽ ʙʣʦʢʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʢʦʞʝʥ ʟ 

ʷʢʠʭ ʤʽʩʪʠʪʴ Feed-Forward ʤʦʜʫʣʽ, Multi-Head Self-Attention ʪʘ Convolution 

module;  

- Dense CTC ï ʚʠʭʽʜ ʜʣʷ CTC-ʜʝʢʦʜʫʚʘʥʥʷ;  

- Dense Timestamps ï ʦʢʨʝʤʠʡ ʚʠʭʽʜ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʮʽʻʾ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʘʥʫ ʪʘʢʫ ʣʦʛʽʢʫ: 

ʘ) ʟʛʦʨʪʢʦʚʝ ʩʪʠʩʥʝʥʥʷ ʪʘ ʚʠʣʫʯʝʥʥʷ ʦʟʥʘʢ;  

ʙ) ʧʨʦʝʢʮʽʷ ʦʟʥʘʢ;  

ʚ) ʛʣʠʙʦʢʝ ʢʦʥʪʝʢʩʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʦʪʠʨʴʦʭ Conformer-

ʙʣʦʢʽʚ (ʧʦʻʜʥʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʫʚʘʛʠ ʪʘ ʣʦʢʘʣʴʥʠʭ ʟʛʦʨʪʦʢ); 

ʛ) ʧʘʨʘʣʝʣʴʥʝ ʧʝʨʝʜʙʘʯʝʥʥʷ ʩʠʤʚʦʣʽʚ ʪʘ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

ʊʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ ʝʬʝʢʪʠʚʥʦ ʧʦʻʜʥʫʻ ʣʦʢʘʣʴʥʝ ʪʘ ʛʣʦʙʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʣʝʥʥʷ ʟ ʪʦʯʥʠʤ ʯʘʩʦʚʠʤ 

ʚʠʨʽʚʥʶʚʘʥʥʷʤ. 

ʏʝʪʚʝʨʪʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʤʘʻ ʘʨʭʽʪʝʢʪʫʨʫ, ʧʦʜʽʙʥʫ ʜʦ ʧʦʧʝʨʝʜʥʴʦʾ ʤʦʜʝʣʽ. 

ɺʦʥʘ ʤʽʩʪʠʪʴ ʜʚʘ ʙʣʦʢʠ Conv subsampling, ʰʘʨ Input Projection (Dense) ʪʘ ʯʦʪʠʨʠ 

ʙʣʦʢʠ ConformerBlock. ʋ ʟʘʟʥʘʯʝʥʠʭ ʰʘʨʘʭ ʟʙʽʣʴʰʝʥʦ ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ, ʪʦʜʽ ʷʢ 

ʰʘʨʠ Dense CTC ʪʘ Dense Timestamps ʟʘʣʠʰʝʥʦ ʙʝʟ ʟʤʽʥ. 

ʋʩʽ ʯʦʪʠʨʠ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʥʘʚʯʘʣʠʩʷ ʥʘ ʚʣʘʩʥʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ, 

ʩʬʦʨʤʦʚʘʥʦʤʫ ʥʘ ʦʩʥʦʚʽ ʚʽʜʝʦʤʘʪʝʨʽʘʣʽʚ ʽʟ ʧʣʘʪʬʦʨʤʠ YouTube, ʟ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʣʠʰʝ ʘʫʜʽʦʜʦʨʽʞʢʠ. ʆʙʩʷʛ ʮʴʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʩʢʣʘʚ ʙʣʠʟʴʢʦ 

60 ʪʠʩʷʯ ʘʫʜʽʦʬʘʡʣʽʚ. ʊʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʫʛʤʝʥʪʘʮʽʶ ʜʣʷ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʱʦ 

ʜʘʣʦ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ ʥʘʙʦʨʫ ʜʘʥʠʭ ʜʦ 300 ʪʠʩʷʯ ʘʫʜʽʦʬʘʡʣʽʚ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʧʽʟʥʘʥʦʛʦ ʪʝʢʩʪʫ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʨʠʢʫ WER. ʂʦʝʬʽʮʽʻʥʪ ʧʦʤʠʣʦʢ ʩʣʽʚ (WER) ï ʮʝ ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʠ ʘʙʦ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʢʣʘʜʫ. ɿʥʘʯʝʥʥʷ 

WER ʟʘʟʚʠʯʘʡ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 1, ʜʝ 0 ʦʟʥʘʯʘʻ, ʱʦ ʧʦʨʽʚʥʶʚʘʥʽ 
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ʬʨʘʛʤʝʥʪʠ ʪʝʢʩʪʫ ʻ ʘʙʩʦʣʶʪʥʦ ʽʜʝʥʪʠʯʥʠʤʠ, ʘ 1 (ʘʙʦ ʙʽʣʴʰʝ) ï ɦ ʦ ʚʦʥʠ ʧʦʚʥʽʩʪʶ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʡ ʥʝ ʤʘʶʪʴ ʞʦʜʥʦʾ ʩʭʦʞʦʩʪʽ [6]:  

 

ὡὉὙ  ,                                               (1) 

ʜʝ S ï ʢʽʣʴʢʽʩʪʴ ʟʘʤʽʥ; 

D ï ʢʽʣʴʢʽʩʪʴ ʚʠʜʘʣʝʥʴ; 

I ï ʢʽʣʴʢʽʩʪʴ ʚʩʪʘʚʣʝʥʴ; 

C ï ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʠʭ ʩʣʽʚ; 

N ï ʢʽʣʴʢʽʩʪʴ ʩʣʽʚ ʫ ʚʠʭʽʜʥʦʤʫ ʪʝʢʩʪʽ (N = S + D + C). 

ʇʨʠ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʠ ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʦʢʘʟʥʠʢ ʪʦʯʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʣʽʚ (WAcc) [6]: 

 

ὡὃὧὧρ ὡὉὙ  ,                                 (2) 

ʜʝ S ï ʢʽʣʴʢʽʩʪʴ ʟʘʤʽʥ; 

D ï ʢʽʣʴʢʽʩʪʴ ʚʠʜʘʣʝʥʴ; 

I ï ʢʽʣʴʢʽʩʪʴ ʚʩʪʘʚʣʝʥʴ; 

C ï ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʠʭ ʩʣʽʚ; 

N ï ʢʽʣʴʢʽʩʪʴ ʩʣʽʚ ʫ ʚʠʭʽʜʥʦʤʫ ʪʝʢʩʪʽ (N = S + D + C). 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʪʦʯʥʦʩʪʽ ʯʦʪʠʨʴʦʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟʘ ʤʝʪʨʠʢʦʶ 

WER ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. ɺʩʽ ʯʦʪʠʨʠ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʥʘʚʯʘʣʠʩʷ ʧʦ 200 

ʝʧʦʭ. ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ ʚʽʜʙʫʚʘʣʘʩʷ 

ʥʘ ʘʫʜʽʦʬʘʡʣʘʭ, ʷʢʽ ʥʝ ʚʭʦʜʠʣʠ ʚ ʥʘʚʯʘʣʴʥʫ ʚʠʙʽʨʢʫ ʥʘʙʦʨʫ ʜʘʥʠʭ. 

 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ASR ʟʘ ʤʝʪʨʠʢʘʤʠ 

WER ʪʘ WAcc 
ʄʝʪʨʠʢʠ ʦʮʽʥʝʥʥʷ ʪʦʯʥʦʩʪʽ ʇʝʨʰʘ ʅʄ ɼʨʫʛʘ ʅʄ ʊʨʝʪʷ ʅʄ ʏʝʪʚʝʨʪʘ ʅʄ 

WER (ʫ ʜʫʞʢʘʭ WAcc) ʫ % ʜʣʷ ʘʫʜʽʦ 1 40.98% 

(59.02%) 

34.63% 

(65.37%) 

36.29% 

(63.71%) 

26.79% 

(73.21%) 

WER (ʫ ʜʫʞʢʘʭ WAcc) ʫ % ʜʣʷ ʘʫʜʽʦ 2 55.73% 

(44.27%) 

46.18% 

(53.82%) 

46.34% 

(53.66%) 

36.06% 

(63.94%) 

WER (ʫ ʜʫʞʢʘʭ WAcc) ʫ % ʜʣʷ ʘʫʜʽʦ 3 63.56% 

(36.44%) 

54.85% 

(45.15%) 

54.92% 

(45.08%) 

46.59% 

(53.41%) 

WER (ʫ ʜʫʞʢʘʭ WAcc) ʫ % ʜʣʷ ʘʫʜʽʦ 4 42.06% 

(57.94%) 

34.32% 

(65.68%) 

35.91% 

(64.09%) 

28.07% 

(71.93%) 

WER (ʫ ʜʫʞʢʘʭ WAcc) ʫ % ʜʣʷ ʘʫʜʽʦ 5 62.71% 

(37.29%) 

49.82% 

(50.18%) 

52.08% 

(47.92%) 

38.96% 

(61.04%) 

WER (ʫ ʜʫʞʢʘʭ WAcc) ʫ % ʜʣʷ ʘʫʜʽʦ 6 48.05% 

(51.95%) 

35.99% 

(64.01%) 

37.06% 

(62.84%) 

27.39% 

(72.61%) 

WER (ʫ ʜʫʞʢʘʭ WAcc) ʫ % ʜʣʷ ʘʫʜʽʦ 7 76.66% 

(23.34%) 

63.35% 

(36.65%) 

66.42% 

(33.58%) 

53.39% 

(46.61%) 

WER (ʫ ʜʫʞʢʘʭ WAcc) ʫ % ʜʣʷ ʘʫʜʽʦ 8 80.77% 

(19.23%) 

73.48% 

(26.52%) 

74.51% 

(25.49%) 

67.79% 

(32.21%) 

WER (ʫ ʜʫʞʢʘʭ WAcc) ʫ % ʜʣʷ ʘʫʜʽʦ 9 60.59% 

(39.41%) 

54.44% 

(45.56%) 

49.87% 

(50.13%) 

39.88% 

(60.12%) 

WER (ʫ ʜʫʞʢʘʭ WAcc) ʫ % ʜʣʷ ʘʫʜʽʦ 10 39.11% 

(60.89%) 

30.74% 

(69.26%) 

33.07% 

(66.93%) 

24.98% 

(75.02%) 

ʉʝʨʝʜʥʽʡ WER (ʫ ʜʫʞʢʘʭ ʩʝʨʝʜʥʽʡ WAcc) ʫ % 58.16% 

(41.84%) 

48% (52%) 48.10% 

(51.9%) 

38.99% 

(61.01%) 
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ʅʘʡʢʨʘʱʫ ʪʦʯʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʯʝʪʚʝʨʪʘ 

ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʜʦʩʷʛʥʫʚʰʠ ʥʘʡʥʠʞʯʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʧʦʢʘʟʥʠʢʘ WER = 38.99% 

(WAcc = 61.01%). ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ: ʧʝʨʰʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ï WER = 58.16%; 

ʜʨʫʛʘ ï WER = 48.00%; ʪʨʝʪʷ ï WER = 48.10%. ʏʝʪʚʝʨʪʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

ʚʠʷʚʠʣʘʩʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʟʘʚʜʷʢʠ: 

- ʚʠʢʦʨʠʩʪʘʥʥʶ Conformer-ʙʣʦʢʽʚ ʟ ʙʽʣʴʰʦʶ ʨʦʟʤʽʨʥʽʩʪʶ ʢʘʥʘʣʽʚ ʪʘ ʟʥʘʯʥʦ 

ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ; 

- ʧʦʪʫʞʥʽʰʦʤʫ ʧʦʻʜʥʘʥʥʶ ʛʣʦʙʘʣʴʥʦʾ ʩʘʤʦʫʚʘʛʠ (Multi -Head Self-Attention) 

ʟ ʣʦʢʘʣʴʥʠʤ ʟʛʦʨʪʢʦʚʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʫ ʢʦʞʥʦʤʫ ʙʣʦʮʽ; 

- ʛʣʠʙʰʽʡ ʪʘ ʤʘʩʰʪʘʙʥʽʰʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ. 

ɺʧʣʠʚ ʘʨʭʽʪʝʢʪʫʨ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʥʘ ʪʦʯʥʽʩʪʴ ʟʘ ʤʝʪʨʠʢʦʶ WER: 

- ʧʝʨʰʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (CNN + BiLSTM + LightweightAttention) ï 

ʥʘʡʩʣʘʙʰʘ ʯʝʨʝʟ ʦʙʤʝʞʝʥʫ ʛʣʠʙʠʥʫ ʪʘ ʤʝʥʰ ʧʦʪʫʞʥʠʡ ʤʝʭʘʥʽʟʤ ʫʚʘʛʠ; 

- ʜʨʫʛʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (ʛʣʠʙʰʘ CNN + 3 BiLSTM) ʧʦʢʘʟʘʣʘ ʧʦʤʽʪʥʝ 

ʧʦʢʨʘʱʝʥʥʷ ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʽʡ ʛʣʠʙʠʥʽ ʨʝʢʫʨʝʥʪʥʠʭ ʰʘʨʽʚ; 

- ʪʨʝʪʷ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (Conformer) ʜʦʩʷʛʣʘ ʨʝʟʫʣʴʪʘʪʽʚ, ʙʣʠʟʴʢʠʭ ʜʦ 

ʜʨʫʛʦʾ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ Conformer-ʙʣʦʢʽʚ ʥʘʚʽʪʴ ʟʘ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʘʨʘʤʝʪʨʽʚ; 

- ʯʝʪʚʝʨʪʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (ʤʘʩʰʪʘʙʦʚʘʥʠʡ Conformer) ʦʪʨʠʤʘʣʘ 

ʥʘʡʙʽʣʴʰʠʡ ʧʨʠʨʽʩʪ ʪʦʯʥʦʩʪʽ ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʙʘʣʘʥʩʫ ʤʽʞ ʣʦʢʘʣʴʥʠʤ ʽ ʛʣʦʙʘʣʴʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. 

ʆʪʞʝ, ʢʣʶʯʦʚʠʤʠ ʯʠʥʥʠʢʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʘʣʠ ʧʝʨʝʭʽʜ ʜʦ 

ʘʨʭʽʪʝʢʪʫʨʠ Conformer, ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʢʘʥʘʣʽʚ, ʘ ʪʘʢʦʞ ʟʘʛʘʣʴʥʘ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʜʣʷ ʟʘʜʘʯ ASR 

ʢʦʤʙʽʥʘʮʽʷ ʧʦʪʫʞʥʦʾ ʩʘʤʦʫʚʘʛʠ ʟ ʢʦʥʚʦʣʶʮʽʡʥʠʤʠ ʤʦʜʫʣʷʤʠ ʚ ʛʣʠʙʦʢʠʭ ʙʣʦʢʘʭ 

ʜʘʻ ʩʫʪʪʻʚʫ ʧʝʨʝʚʘʛʫ.  

ʋ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʣʘʥʫʻʪʴʩʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʚ 

ʘʨʭʽʪʝʢʪʫʨʽ ʷʢʠʭ ʙʫʜʫʪʴ ʰʘʨʠ ʽʥʰʠʭ ʪʠʧʽʚ Transfomer, ʪʘʢʦʞ ʙʫʜʝ ʧʦʢʨʘʱʝʥʥʷ 

ʥʘʙʦʨʫ ʜʘʥʠʭ, ʥʘ ʷʢʠʭ ʥʘʚʯʘʣʠʩʷ ʤʦʜʝʣʽ, ʟʦʢʨʝʤʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʘʫʜʽʦʬʘʡʣʽʚ. 
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ʉʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ ʫ CRM-ʩʠʩʪʝʤʘʭ ʦʙʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ 

ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʟʚʝʨʥʝʥʴ. ɼʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʩʫʧʨʦʚʽʜ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʦʢʨʝʤʘ BAS ʪʘ M.E.Doc [1, 2], ʦʧʝʨʘʪʠʚʥʝ ʚʠʷʚʣʝʥʥʷ 

ʥʝʛʘʪʠʚʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʽʯʥʦʾ 

ʧʽʜʪʨʠʤʢʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʢʣʽʻʥʪʽʚ. 

ʋ CRM-ʩʠʩʪʝʤʘʭ ʤʝʥʝʜʞʝʨʠ ʧʽʜʪʨʠʤʢʠ ʱʦʜʝʥʥʦ ʦʧʨʘʮʴʦʚʫʶʪʴ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʢʨʠʪʠʯʥʦʩʪʽ. ʈʫʯʥʠʡ ʘʥʘʣʽʟ 

ʟʚʝʨʥʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʪʨʫʜʦʤʽʩʪʢʽʩʪʶ, ʯʘʩʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ ʪʘ 

ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʩʫʙôʻʢʪʠʚʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʦʧʝʨʘʪʦʨʘ. ɿʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʟʚʝʨʥʝʥʴ ʧʽʜʚʠʱʫʻ ʢʦʛʥʽʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʩʦʥʘʣ ʽ ʫʩʢʣʘʜʥʶʻ ʩʚʦʻʯʘʩʥʝ 

ʚʠʷʚʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ [3ï6]. ʊʨʘʜʠʮʽʡʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʪʘ ʩʣʦʚʥʠʢʦʚʦ-

ʦʨʽʻʥʪʦʚʘʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʦʥʘʣʴʥʦʩʪʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʦʙʤʝʞʝʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʫʢʨʘʾʥʩʴʢʦʤʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʪʝʢʩʪʽʚ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ 

ʢʦʥʪʝʢʩʪʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʤʦʨʬʦʣʦʛʽʯʥʫ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʪʘ ʥʘʷʚʥʽʩʪʴ ʧʨʦʬʝʩʽʡʥʦʾ 

ʪʝʨʤʽʥʦʣʦʛʽʾ [6, 8]. 

ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʘʥʘʣʽʟʫ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʬʦʨʤʝʨʥʠʭ ʘʨʭʽʪʝʢʪʫʨ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ [3-5]. ʄʦʜʝʣʴ 

BERT [3] ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʣʝʞʥʠʭ ʚʝʢʪʦʨʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ 

ʪʝʢʩʪʫ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʩʝʤʘʥʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʩʣʦʚʘʤʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʴʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʫ ʨʝʯʝʥʥʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʝʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, 

ʪʨʘʥʩʬʦʨʤʝʨʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʨʝʘʣʽʟʫʻ ʧʘʨʘʣʝʣʴʥʝ ʦʧʨʘʮʶʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʫ ʙʘʛʘʪʦʛʦʣʦʚʦʾ ʫʚʘʛʠ (Multi-Head Self-Attention) [4]. ɸʥʘʣʽʟ 

ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʽʚ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ [8], ʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ NLP-ʪʝʭʥʦʣʦʛʽʡ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʫ ʩʬʝʨʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʣʶʜʠʥʠ ʪʘ 

ʢʦʤʧôʶʪʝʨʘ [5]. 

ʇʨʦʛʨʘʤʥʠʡ ʟʘʩʪʦʩʫʥʦʢ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚʠ Python ʪʘ ʬʨʝʡʤʚʦʨʢʫ Streamlit [7]. ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ 
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ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʜʽʣʝʥʥʷ ʨʽʚʥʽʚ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ, ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʪʝʢʩʪʫ 

ʪʘ ʽʥʬʝʨʝʥʩʫ ʪʨʘʥʩʬʦʨʤʝʨʥʦʾ ʤʦʜʝʣʽ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ 

ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʢʝʰʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʢʦʨʘʪʦʨʘ @st.cache_resource, 

ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʧʦʚʪʦʨʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʘʛ ʤʦʜʝʣʽ BERT ʽ ʧʽʜʚʠʱʠʪʠ 

ʰʚʠʜʢʦʜʽʶ ʟʘʩʪʦʩʫʥʢʫ [3, 7]. 

ʇʨʦʮʝʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʫ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ NLP-ʢʦʥʚʝʻʨʘ, 

ʥʘʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩʫʥʢʫ 1. ʂʦʥʚʝʻʨ ʚʢʣʶʯʘʻ ʨʽʚʥʽ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʪʝʢʩʪʫ, 

ʪʦʢʝʥʽʟʘʮʽʾ ʪʘ ʽʥʬʝʨʝʥʩʫ ʪʨʘʥʩʬʦʨʤʝʨʥʦʾ ʤʦʜʝʣʽ. ʅʘ ʝʪʘʧʽ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʯʠʱʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ ʚʽʜ ʩʣʫʞʙʦʚʠʭ ʩʠʤʚʦʣʽʚ ʽ ʪʝʭʥʽʯʥʠʭ 

ʘʨʪʝʬʘʢʪʽʚ CRM-ʩʠʩʪʝʤʠ. ʅʘ ʝʪʘʧʽ ʪʦʢʝʥʽʟʘʮʽʾ ʪʝʢʩʪ ʩʝʛʤʝʥʪʫʻʪʴʩʷ ʥʘ ʩʫʙʪʦʢʝʥʠ 

ʟʘ ʘʣʛʦʨʠʪʤʦʤ WordPiece, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʝʢʪʥʫ ʦʙʨʦʙʢʫ ʧʨʦʬʝʩʽʡʥʦʾ 

ʪʝʨʤʽʥʦʣʦʛʽʾ ʪʘ ʤʽʥʽʤʽʟʫʻ ʧʨʦʙʣʝʤʫ ʥʝʚʽʜʦʤʠʭ ʣʝʢʩʝʤ [3]. ʅʘ ʨʽʚʥʽ ʽʥʬʝʨʝʥʩʫ 

ʬʦʨʤʫʻʪʴʩʷ ʢʦʥʪʝʢʩʪʫʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʢʩʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 12-ʨʽʚʥʝʚʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ Transformer [4], ʧʽʩʣʷ ʯʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʝʤʦʮʽʡʥʦʛʦ 

ʪʦʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʂʦʥʚʝʻʨ NLP ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʫ 

ɺ ʦʩʥʦʚʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ bert-base-

multilingual-uncased, ʘʜʘʧʪʦʚʘʥʫ ʜʦ ʩʧʝʮʠʬʽʢʠ ʫʢʨʘʾʥʩʴʢʦʤʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʟʚʝʨʥʝʥʴ ʰʣʷʭʦʤ ʧʨʦʮʝʜʫʨʠ ʜʦʥʘʚʯʘʥʥʷ (fine-tuning) [3]. ɼʣʷ ʥʘʚʯʘʥʥʷ 

ʩʬʦʨʤʦʚʘʥʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʜʘʪʘʩʝʪ ʥʘ ʦʩʥʦʚʽ ʟʚʝʨʥʝʥʴ ʢʣʽʻʥʪʽʚ ʱʦʜʦ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ BAS, M.E.Doc ʪʘ ʩʫʤʽʞʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʝʨʚʽʩʽʚ. 

ʇʦʚʽʜʦʤʣʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦ ʥʘ ʪʨʠ ʢʣʘʩʠ: ʥʝʛʘʪʠʚʥʽ, ʧʦʟʠʪʠʚʥʽ ʪʘ ʥʝʡʪʨʘʣʴʥʽ. 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʨʘʥʩʬʦʨʤʝʨʥʦʾ ʤʦʜʝʣʽ ʧʽʜ ʯʘʩ 

ʜʦʥʘʚʯʘʥʥʷ ʟʘʩʪʦʩʦʚʘʥʦ ʬʫʥʢʮʽʶ ʚʪʨʘʪ ʧʝʨʝʭʨʝʩʥʦʾ ʝʥʪʨʦʧʽʾ (Cross-Entropy 

Loss), ʷʢʘ ʤʽʥʽʤʽʟʫʻ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʪʘ ʬʘʢʪʠʯʥʠʤʠ ʢʣʘʩʘʤʠ 

ʧʦʚʽʜʦʤʣʝʥʴ [3, 4]: 
 

ὒ В ώÌÏÇώ  , 

 

ʜʝ ώ ð ʽʩʪʠʥʥʘ ʤʽʪʢʘ ʢʣʘʩʫ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ; 

ώ ð ʧʨʦʛʥʦʟʦʚʘʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ.  

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʤʫ Self-Attention ʜʦʟʚʦʣʠʣʦ ʤʦʜʝʣʽ ʝʬʝʢʪʠʚʥʦ 

ʬʦʢʫʩʫʚʘʪʠʩʷ ʥʘ ʢʣʶʯʦʚʠʭ ʤʘʨʢʝʨʘʭ ʝʤʦʮʽʡ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʴʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʫ ʨʝʯʝʥʥʽ [4]. ʎʝ ʟʘʙʝʟʧʝʯʠʣʦ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʝʢʪʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʭʥʽʯʥʠʭ ʟʚʝʨʥʝʥʴ 

ʟʽ ʩʢʣʘʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʧʨʦʬʝʩʽʡʥʦʶ ʪʝʨʤʽʥʦʣʦʛʽʻʶ ʪʘ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʣʝʞʥʠʤʠ 

ʢʦʥʩʪʨʫʢʮʽʷʤʠ. 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʩʠʩʪʝʤʠ ʧʨʦʚʦʜʠʣʘʩʷ ʥʘ ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ 

ʧʦʚʽʜʦʤʣʝʥʴ CRM-ʩʠʩʪʝʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʨʠʢʠ Precision, Recall ʪʘ F1-score. ʈʝʟʫʣʴʪʘʪʠ 

ʦʮʽʥʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʄʝʪʨʠʢʠ ʦʮʽʥʶʚʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʾ ʤʦʜʝʣʽ BERT 

ʂʣʘʩ (ɽʤʦʮʽʡʥʠʡ ʪʦʥ) Precision Recall F1-score 
ʅʝʛʘʪʠʚʥʠʡ (label 0) 0,75 1,00 0,86 

ʇʦʟʠʪʠʚʥʠʡ (label 1) 1,00 0,67 0,80 

ʅʝʡʪʨʘʣʴʥʠʡ (label 2) 1,00 1,00 1,00 

ɿʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ (Accuracy) ð 0,88 ð 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ 

88,89%. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ CRM-ʩʠʩʪʝʤ ʻ ʟʥʘʯʝʥʥʷ Recall ʜʣʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʢʣʘʩʫ, ʷʢʝ ʜʦʩʷʛʣʦ 1,00. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʧʫʩʢʫ 

ʢʨʠʪʠʯʥʠʭ ʟʚʝʨʥʝʥʴ ʽ ʟʘʙʝʟʧʝʯʫʻ ʩʚʦʻʯʘʩʥʝ ʨʝʘʛʫʚʘʥʥʷ ʤʝʥʝʜʞʝʨʽʚ ʧʽʜʪʨʠʤʢʠ ʥʘ 

ʧʨʦʙʣʝʤʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɺʠʩʦʢʽ ʟʥʘʯʝʥʥʷ Precision ʜʣʷ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʪʘ ʧʦʟʠʪʠʚʥʦʛʦ ʢʣʘʩʽʚ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʟʜʘʪʥʽʩʪʴ ʤʦʜʝʣʽ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ. ʇʨʠʢʣʘʜ ʽʥʪʝʨʬʝʡʩʫ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. 

ʋ ʚʽʢʥʽ ʟʘʩʪʦʩʫʥʢʫ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʦʛʦ ʪʦʥʫ. 

 

 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʘʥʪʘʞʝʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʦʜʝʣʽ 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʟʘʩʪʦʩʫʥʢʫ ʨʝʘʣʽʟʦʚʘʥʦ 

ʤʦʜʫʣʴ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ. ʉʪʦʚʧʯʠʢʦʚʘ ʜʽʘʛʨʘʤʘ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3, 
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ʚʽʜʦʙʨʘʞʘʻ ʢʽʣʴʢʽʩʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʚʽʜʦʤʣʝʥʴ ʟʘ ʝʤʦʮʽʡʥʠʤʠ ʢʣʘʩʘʤʠ ʪʘ ʜʦʟʚʦʣʷʻ 

ʦʧʝʨʘʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʜʦʤʽʥʫʶʯʫ ʪʦʥʘʣʴʥʽʩʪʴ ʟʚʝʨʥʝʥʴ. 

 

 

ʈʠʩʫʥʦʢ 3 ïɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ 

ʂʨʫʛʦʚʘ ʜʽʘʛʨʘʤʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʤʦʮʽʡʥʠʭ ʢʘʪʝʛʦʨʽʡ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 

4, ʟʘʙʝʟʧʝʯʫʻ ʫʟʘʛʘʣʴʥʝʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʝʤʦʮʽʡʥʦʛʦ ʬʦʥʫ ʪʝʢʩʪʦʚʦʛʦ ʤʘʩʠʚʫ 

ʧʦʚʽʜʦʤʣʝʥʴ CRM-ʩʠʩʪʝʤʠ. 

 

 

ʈʠʩʫʥʦʢ 4 ïɼʽʘʛʨʘʤʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʜʦʥʘʚʯʘʥʥʷ 

ʤʫʣʴʪʠʤʦʚʥʠʭ ʪʨʘʥʩʬʦʨʤʝʨʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʘʥʘʣʽʟʫ ʫʢʨʘʾʥʩʴʢʦʤʦʚʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʝʥʪʫ ʚ CRM-ʩʠʩʪʝʤʘʭ ɯʊ-ʧʽʜʧʨʠʻʤʩʪʚ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʘʥʘʣʽʟʫ ʪʦʥʘʣʴʥʦʩʪʽ, ʨʦʟʨʦʙʣʝʥʠʡ ʟʘʩʪʦʩʫʥʦʢ ʚʨʘʭʦʚʫʻ 

ʩʧʝʮʠʬʽʢʫ ʧʨʦʬʝʩʽʡʥʦʾ ʣʝʢʩʠʢʠ, ʪʝʭʥʽʯʥʠʭ ʩʢʦʨʦʯʝʥʴ ʽ ʤʦʨʬʦʣʦʛʽʯʥʫ ʩʢʣʘʜʥʽʩʪʴ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʚʝʨʥʝʥʴ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʧʦʚʥʦʪʫ ʚʠʷʚʣʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ 

ʥʘʚʽʪʴ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʝʭʘʥʽʟʤʽʚ 
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Transfer Learning. ʋ ʧʽʜʩʫʤʢʫ ʩʪʚʦʨʝʥʦ ʘʚʪʦʥʦʤʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ, 

ʽʥʪʝʛʨʦʚʘʥʠʡ ʫ CRM-ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʬʦʨʤʘʪʠ ʦʙʤʽʥʫ ʜʘʥʠʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʪʦʩʫʥʢʫ ʘʚʪʦʤʘʪʠʟʫʻ ʧʨʽʦʨʠʪʝʟʘʮʽʶ ʟʚʝʨʥʝʥʴ ʢʣʽʻʥʪʽʚ, 

ʤʽʥʽʤʽʟʫʻ ʨʠʟʠʢ ʧʨʦʧʫʩʢʫ ʢʨʠʪʠʯʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, ʧʽʜʚʠʱʫʻ ʦʧʝʨʘʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʩʣʫʞʙʠ ʧʽʜʪʨʠʤʢʠ ʪʘ ʟʥʠʞʫʻ ʢʦʛʥʽʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʩʦʥʘʣ 

ʟʘʚʜʷʢʠ ʽʥʪʝʨʘʢʪʠʚʥʽʡ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʽʟʦʚʘʥʦ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʪʦʩʫʥʦʢ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʘʥʘʣʽʟʫ ʝʤʦʮʽʡʥʦʛʦ 

ʪʦʥʫ ʧʦʚʽʜʦʤʣʝʥʴ ʫ CRM-ʩʠʩʪʝʤʘʭ ʧʽʜʪʨʠʤʢʠ ʢʣʽʻʥʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʘʥʩʬʦʨʤʝʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ BERT ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʤʝʪʦʜʠʢʦʶ ʜʦʥʘʚʯʘʥʥʷ ʥʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʢʦʨʧʫʩʽ ʫʢʨʘʾʥʩʴʢʦʤʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʚʝʨʥʝʥʴ ʟʘʙʝʟʧʝʯʠʣʦ 

ʝʬʝʢʪʠʚʥʝ ʢʦʥʪʝʢʩʪʥʝ ʨʦʟʫʤʽʥʥʷ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʽ ʚʠʩʦʢʫ ʷʢʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ: 

ʜʦʩʷʛʥʫʪʦ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 88,89 % ʪʘ ʧʦʢʘʟʥʠʢʘ ʧʦʚʥʦʪʠ ʚʠʷʚʣʝʥʥʷ 

ʥʝʛʘʪʠʚʥʠʭ ʟʚʝʨʥʝʥʴ ʥʘ ʨʽʚʥʽ 1,00. ʇʨʘʢʪʠʯʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʩʪʦʩʫʥʢʫ 

ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʽʦʨʠʪʝʟʘʮʽʾ ʟʚʝʨʥʝʥʴ ʫ CRM-ʩʠʩʪʝʤʘʭ ʪʘ ʧʽʜʚʠʱʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʣʫʞʙ ʪʝʭʥʽʯʥʦʾ ʧʽʜʪʨʠʤʢʠ. 
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Processing. Proceedings of the 2020 Conference on Empirical Methods in Natural Language 

Processing: System Demonstrations.  2020.  P. 38ï45. 

8. ʂʦʚʘʣʝʥʢʦ ɸ. ʆ., ʐʝʚʯʝʥʢʦ ɯ. ɺ. ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ 
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ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-  

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ ʫʧʨʘʚʣʽʥʥʷ  

itu@wunu.edu.ua, 

ORCID: 0000-0002-9441-6669 

ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʩʽʙ ʟʘ ʫʤʦʚ ʯʘʩʪʢʦʚʦʾ ʦʢʣʶʟʽʾ ʪʘ 

ʧʨʦʩʪʦʨʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ ʢʨʠʪʠʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʪʘʧʫ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʢʦʨʝʢʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʘʨʭʽʪʝʢʪʫʨ ʛʣʠʙʦʢʦʛʦ 

ʥʘʚʯʘʥʥʷ [1]. ʌʦʨʤʫʚʘʥʥʷ ʽʥʚʘʨʽʘʥʪʥʦʛʦ ʙʽʦʤʝʪʨʠʯʥʦʛʦ ʜʝʩʢʨʠʧʪʦʨʘ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʝʜʦʚʠʭ ʤʝʪʨʠʯʥʠʭ ʬʫʥʢʮʽʡ ʚʪʨʘʪ, ʪʘʢʠʭ ʷʢ ʘʜʠʪʠʚʥʠʡ ʢʫʪʦʚʠʡ ʚʽʜʩʪʫʧ [2], 

ʚʠʤʘʛʘʻ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʩʪʦʨʦʥʥʽʭ ʟʘʚʘʜ, ʘʨʪʝʬʘʢʪʽʚ ʦʩʚʽʪʣʝʥʥʷ ʪʘ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʟʩʫʚʽʚ ʱʝ ʜʦ ʤʦʤʝʥʪʫ ʛʝʥʝʨʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʚʝʢʪʦʨʘ. ʎʝ 

ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʝʪʘʧʽʚ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʚ ʻʜʠʥʫ 

ʤʝʪʦʜʦʣʦʛʽʯʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦ ʜʝʩʪʨʫʢʪʠʚʥʠʭ 

ʯʠʥʥʠʢʽʚ ʩʝʨʝʜʦʚʠʱʘ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʢʦʤʧʣʝʢʩʥʦʾ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ ʚʽʟʫʘʣʴʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʣʽʜʦʚʥʝ ʚʠʨʽʰʝʥʥʷ ʢʽʣʴʢʦʭ 

ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʧʽʜʟʘʜʘʯ. ʇʦ-ʧʝʨʰʝ, ʥʝʦʙʭʽʜʥʠʤ ʻ ʦʮʽʥʶʚʘʥʥʷ ʘʚʪʝʥʪʠʯʥʦʩʪʽ 

ʙʽʦʤʝʪʨʠʯʥʦʛʦ ʧʨʝʜ'ʷʚʣʝʥʥʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʩʧʫʬʽʥʛ-ʘʪʘʢʘʤ ʩʧʽʣʴʥʦ ʟ 

ʜʠʥʘʤʽʯʥʠʤ ʘʥʘʣʽʟʦʤ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʛʦʣʦʚʠ ʢʦʨʠʩʪʫʚʘʯʘ. ʇʦ-ʜʨʫʛʝ, 

ʤʝʪʦʜ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʦʪʦʯʥʫ ʣʦʢʘʣʽʟʘʮʽʶ ʦʙʣʠʯʯʷ ʚ ʫʤʦʚʘʭ ʛʦʩʪʨʦʛʦ 

ʜʝʬʽʮʠʪʫ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ, ʟʦʢʨʝʤʘ ʟʘ ʥʘʷʚʥʦʩʪʽ ʟʘʭʠʩʥʠʭ ʤʘʩʦʢ ʘʙʦ 

ʢʨʠʪʠʯʥʠʭ ʢʫʪʽʚ ʥʘʭʠʣʫ. ʇʦ-ʪʨʝʪʻ, ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʻ ʚʠʢʦʥʘʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʚʠʨʽʚʥʶʚʘʥʥʷ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʚʠʷʚʣʝʥʠʭ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ 

ʪʦʯʦʢ ʜʦ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʽʚʝʣʶʚʘʪʠ ʧʨʦʩʪʦʨʦʚʽ 

ʚʠʢʨʠʚʣʝʥʥʷ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʢʨʝʩʣʝʥʦʛʦ ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʥʝʨʛʽʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ. ɿʘʜʘʯʘ ʜʝʪʝʢʮʽʾ ʦʙʣʠʯ ʚ ʫʤʦʚʘʭ ʦʢʣʶʟʽʾ 

ʫʩʧʽʰʥʦ ʚʠʨʽʰʫʻʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʘʤʠ ʟ ʤʝʭʘʥʽʟʤʘʤʠ ʙʘʛʘʪʦʟʘʜʘʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ. 

ʉʝʨʝʜ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʥʘʡʚʠʱʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʝʨʝʢʨʠʪʴ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ 

ʦʙʣʠʯʯʷ ʜʝʤʦʥʩʪʨʫʻ ʘʣʛʦʨʠʪʤ RetinaFace [3], ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʠʭ 
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ʢʘʩʢʘʜʥʠʭ ʜʝʪʝʢʪʦʨʽʚ, ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʥʮʝʧʮʽʾ ʦʜʥʦʩʪʘʜʽʡʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʣʦʢʘʣʽʟʘʮʽʾ ʟʘ ʧôʷʪʴʤʘ ʙʘʟʦʚʠʤʠ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʤʠ ʪʦʯʢʘʤʠ. ɽʬʝʢʪʠʚʥʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʪʘ ʽʥʬʝʨʝʥʩ ʧʦʜʽʙʥʠʭ ʤʘʩʰʪʘʙʥʠʭ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ ʜʣʷ 

ʛʝʪʝʨʦʛʝʥʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ [4]. ʇʦʜʘʣʴʰʝ ʦʙʦʚ'ʷʟʢʦʚʝ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʯʝʡ ʪʘ ʥʦʨʤʘʣʽʟʘʮʽʷ ʘʬʽʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʙʽʙʣʽʦʪʝʢʘʭ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ [5]. ʎʝ ʛʘʨʘʥʪʫʻ ʥʘʣʝʞʥʫ ʩʪʘʥʜʘʨʪʠʟʘʮʽʶ 

ʤʘʩʰʪʘʙʫ ʪʘ ʨʘʢʫʨʩʫ ʧʝʨʝʜ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʨʦʟʨʘʭʫʥʢʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʚʝʢʪʦʨʘ 

ʦʟʥʘʢ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʟʘ ʧʘʨʦʶ ʩʪʘʪʠʯʥʠʭ ʢʘʜʨʽʚ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʥʮʝʧʮʽʾ ʙʘʛʘʪʦʝʪʘʣʦʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

(ʘʥʛʣ. Multi-Reference Embedding, MRE) ʪʘ ʨʦʟʨʘʭʫʥʢʫ çʮʝʥʪʨʦʾʜʘ ʽʜʝʥʪʠʯʥʦʩʪʽè. 

ɺ ʦʩʥʦʚʫ ʧʽʜʭʦʜʫ ʧʦʢʣʘʜʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʦʦʜʠʥʦʢʠʡ ʜʝʩʢʨʠʧʪʦʨ ʤʽʩʪʠʪʴ 

ʚʠʧʘʜʢʦʚʠʡ ʰʫʤ, ʩʧʨʠʯʠʥʝʥʠʡ ʜʠʥʘʤʽʯʥʠʤʠ ʟʤʽʥʘʤʠ ʦʩʚʽʪʣʝʥʥʷ ʯʠ ʤʽʤʽʢʠ. ɼʣʷ 

ʥʽʚʝʣʶʚʘʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʩʪʦʨʦʚʫ ʘʛʨʝʛʘʮʽʶ ʩʝʨʽʾ 

ʚʝʢʪʦʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʦʙʤʝʞʝʥʦʾ ʚʠʙʽʨʢʠ N ʨʝʬʝʨʝʥʩʥʠʭ ʙʽʦʤʝʪʨʠʯʥʠʭ 

ʧʨʝʜ'ʷʚʣʝʥʴ ( N Ò 3 ). ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʩʪʽʡʢʠʡ ʝʪʘʣʦʥ, 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʮʝʥʪʨʽ ʢʣʘʩʪʝʨʘ ʦʟʥʘʢ ʢʦʨʠʩʪʫʚʘʯʘ ʫ 512-

ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʝʤʘʥʪʠʯʥʦʾ ʯʠʩʪʦʪʠ ʜʘʥʠʭ ʫ ʤʝʪʦʜʽ ʧʝʨʝʜʙʘʯʝʥʦ 

ʤʝʭʘʥʽʟʤ ʧʦʧʝʨʝʜʥʴʦʾ ʧʝʨʝʚʽʨʢʠ ʫʟʛʦʜʞʝʥʦʩʪʽ (Identity Validation), ʱʦ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʚʝʢʪʦʨʽʚ ʤʽʞ ʩʦʙʦʶ. ʗʢʱʦ ʢʦʩʠʥʫʩʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʙʫʜʴ-ʷʢʦʶ 

ʧʘʨʦʶ ʜʝʩʢʨʠʧʪʦʨʽʚ ʧʝʨʝʚʠʱʫʻ ʚʩʪʘʥʦʚʣʝʥʠʡ ʣʽʤʽʪ, ʪʘʢʝ ʧʨʝʜ'ʷʚʣʝʥʥʷ 

ʤʘʨʢʫʻʪʴʩʷ ʷʢ ʟʘʰʫʤʣʝʥʽ ʜʘʥʽ (Noisy Data) ʽ ʚʠʢʣʶʯʘʻʪʴʩʷ ʟ ʦʙʯʠʩʣʝʥʴ. 

ʈʦʟʨʘʭʫʥʦʢ ʮʝʥʪʨʦʾʜʘ ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʠʟʥʘʯʝʥʥʷ ʬʽʥʘʣʴʥʦʛʦ ʝʪʘʣʦʥʥʦʛʦ ʚʝʢʪʦʨʘ Vref  ʷʢ L2-ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʘʣʽʜʦʚʘʥʠʭ ʜʝʩʢʨʠʧʪʦʨʽʚ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ὠ
В Ὡ

ᴁВ Ὡᴁ
 

 

ʜʝ ei ï ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʚʝʢʪʦʨʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (ʝʤʙʝʜʽʥʛʠ) ArcFace.  

 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʧʨʦʙʣʝʤʠ ʢʫʪʦʚʠʭ ʚʽʜʭʠʣʝʥʴ ʪʘ ʧʨʦʩʪʦʨʦʚʠʭ ʟʩʫʚʽʚ ʥʘ ʝʪʘʧʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ (Verification Phase) ʫ ʤʝʪʦʜ ʽʥʪʝʛʨʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʤʦʜʠʬʽʢʘʮʽʾ 

ʜʘʥʠʭ ʧʽʜ ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ (ʘʥʛʣ. Test-Time Augmentation, TTA). ɿʘʤʽʩʪʴ ʛʝʥʝʨʘʮʽʾ 

ʜʝʩʢʨʠʧʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʻʜʠʥʦʛʦ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʘʣʛʦʨʠʪʤ ʬʦʨʤʫʻ ʪʨʠ 

ʛʝʦʤʝʪʨʠʯʥʽ ʚʘʨʽʘʮʽʾ: ʦʨʠʛʽʥʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʡʦʛʦ ʢʦʧʽʾ, ʧʦʚʝʨʥʫʪʽ ʥʘ ±5° 

ʥʘʚʢʦʣʦ ʦʙʯʠʩʣʝʥʦʛʦ ʮʝʥʪʨʘ ʦʙʣʠʯʯʷ. ʇʦʜʘʣʴʰʝ ʩʪʘʪʠʩʪʠʯʥʝ ʫʩʝʨʝʜʥʝʥʥʷ 

ʝʤʙʝʜʽʥʛʽʚ ʮʠʭ ʪʨʴʦʭ ʚʘʨʽʘʮʽʡ ʜʦʟʚʦʣʷʻ ʥʽʚʝʣʶʚʘʪʠ ʚʧʣʠʚ ʚʠʧʘʜʢʦʚʦʛʦ ʥʘʭʠʣʫ 

ʛʦʣʦʚʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʬʦʨʤʫʶʯʠ ʨʝʟʫʣʴʪʫʶʯʠʡ ʚʝʢʪʦʨ V live, ʷʢʠʡ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ 

ʝʪʘʣʦʥʥʠʤ Vref  ʟʘ ʤʝʪʨʠʢʦʶ ʢʦʩʠʥʫʩʥʦʾ ʧʦʜʽʙʥʦʩʪʽ. 
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ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʘʛʨʝʛʘʮʽʾ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ 

ʝʪʘʧʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʧʦʨʦʛʫ ʚʝʨʠʬʽʢʘʮʽʾ 

(Personal Thresholding). ʄʝʪʦʜ ʘʥʘʣʽʟʫʻ ʚʥʫʪʨʽʰʥʴʦʢʣʘʩʦʚʫ ʚʘʨʽʘʪʠʚʥʽʩʪʴ (Intra-

class variance) ʤʽʞ ʨʝʻʩʪʨʘʮʽʡʥʠʤʠ ʜʝʩʢʨʠʧʪʦʨʘʤʠ. ʋ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ʥʠʟʴʢʦʾ 

ʧʦʜʽʙʥʦʩʪʽ ʤʽʞ ʥʠʤʠ ʯʝʨʝʟ ʩʢʣʘʜʥʽ ʫʤʦʚʠ ʝʢʟʦʛʝʥʥʠʭ ʟʘʚʘʜ, ʘʣʛʦʨʠʪʤ 

ʘʚʪʦʤʘʪʠʯʥʦ ʟʤʽʱʫʻ ʧʦʨʽʛ ʚʝʨʠʬʽʢʘʮʽʾ ʫ ʙʽʢ ʙʽʣʴʰ ʞʦʨʩʪʢʠʭ ʟʥʘʯʝʥʴ, 

ʤʽʥʽʤʽʟʫʶʯʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʦʚʦʛʦ ʜʦʧʫʩʢʫ (ʘʥʛʣ. False Acceptance Rate, 

FAR). ʆʧʠʩʘʥʘ ʜʚʦʨʽʚʥʝʚʘ ʤʝʪʦʜʦʣʦʛʽʯʥʘ ʘʨʭʽʪʝʢʪʫʨʘ, ʱʦ ʧʦʻʜʥʫʻ ʫʩʝʨʝʜʥʝʥʠʡ 

ʧʨʦʩʪʦʨʦʚʠʡ ʮʝʥʪʨʦʾʜ ʪʘ ʤʝʭʘʥʽʟʤ TTA ʥʘ ʝʪʘʧʽ ʧʦʨʽʚʥʷʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʦʟʥʘʢ, ʜʦʟʚʦʣʷʶʯʠ ʜʦʩʷʛʪʠ ʪʦʯʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 90.82% ʥʘʚʽʪʴ 

ʚ ʫʤʦʚʘʭ ʩʫʪʪʻʚʦʾ ʦʢʣʶʟʽʾ ʦʙʣʠʯʯʷ ʤʘʩʢʘʤʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʤʝʪʦʜʫ ʜʦ ʦʢʣʶʟʽʡ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʚʘ ʪʠʧʠ ʥʘʙʦʨʽʚ 

ʜʘʥʠʭ, ʱʦ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʢʣʘʜʥʽʩʪʶ ʚʽʟʫʘʣʴʥʠʭ ʧʘʪʝʨʥʽʚ. ʅʘʙʽʨ LFW 

(Labeled Faces in the Wild) ʤʽʩʪʠʪʴ ʟʦʙʨʘʞʝʥʥʷ ʦʩʽʙ ʫ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʙʝʟ 

ʰʪʫʯʥʠʭ ʧʝʨʝʰʢʦʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʙʘʟʦʚʫ ʪʦʯʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʅʘʙʽʨ 

RMFD (Real-world Masked Face Dataset) ʚʢʣʶʯʘʻ ʟʦʙʨʘʞʝʥʥʷ ʣʶʜʝʡ ʫ ʤʝʜʠʯʥʠʭ 

ʤʘʩʢʘʭ, ʜʝ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ ʦʙʣʠʯʯʷ (ʥʽʩ, ʨʦʪ, ʧʽʜʙʦʨʽʜʜʷ) ʻ 

ʧʨʠʭʦʚʘʥʦʶ. ʇʨʠʢʣʘʜʠ ʟʦʙʨʘʞʝʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 1. 

 

ʘ)        ʙ)  

 
 

 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʢʣʘʜʠ ʟʦʙʨʘʞʝʥʴ ʽʟ ʥʘʙʦʨʽʚ ʜʘʥʠʭ: ʘ) LFW ï ʦʙʣʠʯʯʷ ʙʝʟ 

ʦʢʣʶʟʽʡ; ʙ) RMFD ï ʦʙʣʠʯʯʷ ʟ ʥʘʢʣʘʜʝʥʠʤʠ ʤʝʜʠʯʥʠʤʠ ʤʘʩʢʘʤʠ 

 

ɸʥʘʣʽʟ ʚʽʟʫʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʩʦʢ ʥʝʡʨʦʥʥʘ 

ʤʝʨʝʞʘ ʟʤʫʰʝʥʘ ʬʦʢʫʩʫʚʘʪʠʩʷ ʚʠʢʣʶʯʥʦ ʥʘ ʟʦʥʽ ʦʯʝʡ ʪʘ ʬʦʨʤʽ ʙʨʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʤʽʞʢʣʘʩʦʚʦʾ ʧʦʜʽʙʥʦʩʪʽ (Inter-class similarity). ʉʘʤʝ ʜʣʷ 

ʥʽʚʝʣʶʚʘʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ Multi-Reference Embedding, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʦʢʨʝʤʠʪʠ ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʽ ʦʟʥʘʢʠ ʟ ʢʽʣʴʢʦʭ ʝʪʘʣʦʥʥʠʭ 

ʟʦʙʨʘʞʝʥʴ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ Multi-Reference 

Embedding (MRE) ʧʨʦʚʦʜʠʣʘʩʷ ʥʘ ʜʚʦʭ ʢʣʶʯʦʚʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ, ʷʢʽ ʩʪʘʣʠ 

ʦʩʥʦʚʦʶ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ. ʄʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʙʫʣʦ 
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ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʷʢ ʫ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ, ʪʘʢ ʽ ʧʨʠ 

ʟʥʘʯʥʽʡ ʦʢʣʶʟʽʾ ʦʙʣʠʯʯʷ.  

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʪʦʯʥʦʩʪʽ ʩʠʩʪʝʤʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʜʘʪʘʩʝʪ LFW. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʫʩʝʨʝʜʥʝʥʦʛʦ ʚʝʢʪʦʨʘ (çʮʝʥʪʨʦʾʜʘ 

ʽʜʝʥʪʠʯʥʦʩʪʽè) ʪʘ ʤʝʭʘʥʽʟʤʫ TTA, ʩʠʩʪʝʤʘ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ Accuracy 94.00%. 

ɸʥʘʣʽʟ ʙʝʟʧʝʢʦʚʠʭ ʤʝʪʨʠʢ ʧʦʢʘʟʘʚ ʥʘʩʪʫʧʥʝ: 

- FAR (False Acceptance Rate) ʩʢʣʘʚ 4.17%, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʧʨʦʙ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʧʽʜ ʚʠʛʣʷʜʦʤ ʽʥʰʦʾ ʦʩʦʙʠ; 

- FRR (False Rejection Rate) ʥʘ ʨʽʚʥʽ 7.69% ʧʽʜʪʚʝʨʜʞʫʻ ʟʨʫʯʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʜʣʷ ʣʝʛʽʪʠʤʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʤʽʥʽʤʽʟʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙˇʨʫʥʪʦʚʘʥʠʭ ʚʽʜʤʦʚ ʫ 

ʜʦʩʪʫʧʽ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʽʜʭʦʜʫ ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ: ʥʘ 

ʪʝʩʪʦʚʦʤʫ ʜʘʪʘʩʝʪʽ RMFD ʚ ʫʤʦʚʘʭ ʦʢʣʶʟʽʾ ʦʙʣʠʯʯʷ ʤʝʜʠʯʥʠʤʠ ʤʘʩʢʘʤʠ 

ʧʦʢʘʟʥʠʢ ʪʦʯʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʢʣʘʚ 90.82%. ʎʝʡ ʧʦʢʘʟʥʠʢ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʠ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ 0.80, ʱʦ ʜʦʟʚʦʣʠʣʦ ʩʠʩʪʝʤʽ ʚʧʝʚʥʝʥʦ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʦʩʦʙʫ ʟʘ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʽʜʢʨʠʪʠʭ ʙʽʦʤʝʪʨʠʯʥʠʭ ʦʟʥʘʢ 

(ʟʦʥʘ ʦʯʝʡ ʪʘ ʙʨʽʚ). 

ʆʧʪʠʤʘʣʴʥʠʡ ʙʘʣʘʥʩ ʪʦʯʥʦʩʪʽ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʩʮʝʥʘʨʽʾʚ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ 

ʥʘ ʧʦʟʥʘʯʮʽ 88.00% (ʧʦʨʽʛ 0.78), ʱʦ ʻ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʤʘʢʩʠʤʫʤʦʤ ʜʣʷ ʦʙʨʘʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʚʠʪʨʘʪʥʦʛʦ ʜʦʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ. 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʧʨʦʛʨʝʩʫ ʚ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʬʽʥʘʣʴʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʽʟ ʧʦʯʘʪʢʦʚʠʤʠ ʪʝʩʪʘʤʠ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ (ʙʝʟ MRE) ʪʘ ʜʦʧʦʤʽʞʥʠʤʠ 

ʪʝʩʪʘʤʠ ʥʘ ʣʦʢʘʣʴʥʠʭ ʚʠʙʽʨʢʘʭ. 

 

ʊʘʙʣʠʮʷ 1 ïʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʝʨʠʬʽʢʘʮʽʾ 
ʉʪʘʪʫʩ 

ʨʝʟʫʣʴʪʘʪʫ 

ʅʘʙʽʨ 

ʜʘʥʠʭ 
ʋʤʦʚʘ ʊʦʯʥʽʩʪʴ FAR FRR 

ʆʩʥʦʚʥʠʡ 

ʨʝʟʫʣʴʪʘʪ 
LFW ɹʝʟ ʤʘʩʢʠ (MRE) 94.00% 4.17% 7.69% 

ʆʩʥʦʚʥʠʡ 

ʨʝʟʫʣʴʪʘʪ 
RMFD ɺ ʤʘʩʮʽ (MRE) 90.82% ï ï 

ɼʦʧʦʤʽʞʥʠʡ 

(MFR2) 
MFR2 

ʆʧʪʠʤʘʣʴʥʠʡ 

ʧʦʨʽʛ 
60.00% ï ï 

ɹʘʟʦʚʠʡ 

(Baseline) 
AFDB ʏʠʩʪʘ ʚʠʙʽʨʢʘ 40.00% ï ï 

ɹʘʟʦʚʠʡ 

(Baseline) 
AFDB ʇʦʯʘʪʢʦʚʠʡ ʪʝʩʪ 16.00% ï ï 

 

ʈʝʟʫʣʴʪʘʪʠ ʥʘ ʨʽʚʥʽ 94% ʪʘ 90.8% ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʧʝʨʝʭʽʜ ʚʽʜ ʧʦʨʽʚʥʷʥʥʷ 

ʧʦʦʜʠʥʦʢʠʭ ʢʘʜʨʽʚ ʜʦ ʙʘʛʘʪʦʨʝʬʝʨʝʥʪʥʠʭ ʝʤʙʝʜʽʥʛʽʚ ʜʦʟʚʦʣʠʚ ʥʽʚʝʣʶʚʘʪʠ ʰʫʤ 

ʪʘ ʘʨʪʝʬʘʢʪʠ ʟʡʦʤʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʱʦ 

ʻ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʡʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʢʦʨʧʦʨʘʪʠʚʥʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʢʦʥʪʨʦʣʶ 

ʜʦʩʪʫʧʫ ʪʘ ʧʨʦʮʝʜʫʨʠ ʜʚʦʬʘʢʪʦʨʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʜʝ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʻ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʩʽʙ ʫ ʟʘʩʦʙʘʭ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. ʅʘʦʯʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʧʝʨʝʚʘʛ ʨʦʟʨʦʙʣʝʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʧʽʜʭʦʜʫ Multi-Reference Embedding ʧʦʨʽʚʥʷʥʦ ʟ 
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ʙʘʟʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʝʪʘʧʘʤʠ ʦʯʠʱʝʥʥʷ ʜʘʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ 

ʛʨʘʬʽʢʫ (ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩʫʥʦʢ 2 ï ʇʦʨʽʚʥʷʥʥʷ ʪʦʯʥʦʩʪʽ (Accuracy) ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʝʪʘʧʘʭ 

ʦʧʪʠʤʽʟʘʮʽʾ 

 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʝʪʦʜʫ ʙʘʛʘʪʦʝʪʘʣʦʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʙʽʦʤʝʪʨʠʯʥʦʾ 

ʚʝʨʠʬʽʢʘʮʽʾ ʚ ʫʤʦʚʘʭ ʯʘʩʪʢʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʦʙʣʠʯʯʷ. ʋʩʝʨʝʜʥʝʥʥʷ ʝʤʙʝʜʽʥʛʽʚ 

ʢʽʣʴʢʦʭ ʝʪʘʣʦʥʥʠʭ ʟʦʙʨʘʞʝʥʴ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʚʽʜʩʽʶʚʘʥʥʷʤ 

ʥʝʷʢʽʩʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʚʘʪʠ ʩʪʽʡʢʠʡ ʙʽʦʤʝʪʨʠʯʥʠʡ ʰʘʙʣʦʥ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤʠ ʧʽʜʭʦʜʘʤʠ. 

ʉʧʽʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨ RetinaFace ʪʘ ArcFace ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʤʝʭʘʥʽʟʤʦʤ ʛʝʦʤʝʪʨʠʯʥʦʾ ʘʫʛʤʝʥʪʘʮʽʾ ʜʦʟʚʦʣʠʣʦ ʜʦʩʷʛʪʠ ʪʦʯʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʧʦʥʘʜ 90% ʥʘʚʽʪʴ ʜʣʷ ʟʦʙʨʘʞʝʥʴ ʽʟ ʤʘʩʢʘʤʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʫʤʦʚʘʭ ʯʘʩʪʢʦʚʦʾ ʦʢʣʶʟʽʾ ʦʙʣʠʯʯʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʤʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʠʡ ʫ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯʘʭ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ 

ʪʘ ʜʚʦʬʘʢʪʦʨʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʦʧʪʠʤʘʣʴʥʠʡ ʙʘʣʘʥʩ ʤʽʞ ʪʦʯʥʽʩʪʶ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʨʽʚʥʝʤ ʟʘʭʠʩʪʫ ʜʘʥʠʭ. 
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ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʥʦʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʨʦʙʦʪʦʪʝʭʥʽʮʽ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤʘʭ, ʢʦʤʧôʶʪʝʨʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʮʠʬʨʦʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ 

ʟʘʚʜʘʥʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʧʦʜʘʣʴʰʦʛʦ ʨʫʭʫ ʘʚʪʦʥʦʤʥʦʛʦ 

ʘʛʝʥʪʘ ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʧʝʨʝʰʢʦʜ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʮʽʻʾ ʟʘʜʘʯʽ ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʢʦʦʨʜʠʥʘʪ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʦʮʽʥʶʚʘʪʠ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʧʝʨʝʤʽʱʝʥʥʷ ʘʛʝʥʪʘ ʪʘ 

ʦʙʠʨʘʪʠ ʙʝʟʧʝʯʥʫ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʝʨʝʜʦʚʠʱʘ. 

ʋ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʥʘʚʽʛʘʮʽʾ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʝʚʨʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ [1]. ɿʦʢʨʝʤʘ, ʫ ʨʦʙʦʪʽ H. Surmann ʪʘ 

ʩʧʽʚʘʚʪʦʨʽʚ ʜʦʩʣʽʜʞʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʣʠʙʦʢʦʛʦ ʧʽʜʢʨʽʧʣʶʚʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʜʣʷ ʘʚʪʦʥʦʤʥʦʾ ʥʘʚʽʛʘʮʽʾ ʤʦʙʽʣʴʥʠʭ ʨʦʙʦʪʽʚ [2], ʘ ʜʦʩʣʽʜʞʝʥʥʷ G. Kahn 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʘʤʦʥʘʚʯʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʙʝʟʧʝʯʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʘ ʫʥʠʢʥʝʥʥʷ ʧʝʨʝʰʢʦʜ [3]. ɺʦʜʥʦʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʤʦʜʝʣʝʡ ʯʘʩʪʦ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʱʦ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ [4-

5]. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʘʚʪʦʥʦʤʥʦʛʦ ʘʛʝʥʪʘ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟ ʧʝʨʝʰʢʦʜʘʤʠ 

ʥʘ ʦʩʥʦʚʽ ʢʦʤʙʽʥʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʤʝʭʘʥʽʟʤʫ ʝʚʨʠʩʪʠʯʥʦʛʦ 

ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ʆʩʥʦʚʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʽʪʝʨʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ (ʨʠʩʫʥʦʢ 1), 

ʷʢʠʡ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʟʽ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʩʝʨʝʜʦʚʠʱʘ: 

ʢʦʦʨʜʠʥʘʪʠ ʘʛʝʥʪʘ, ʢʦʦʨʜʠʥʘʪʠ ʮʽʣʴʦʚʦʾ ʪʦʯʢʠ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʝʨʝʰʢʦʜ ʪʘ 

ʽʩʪʦʨʽʷ ʧʦʧʝʨʝʜʥʽʭ ʧʝʨʝʤʽʱʝʥʴ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʧʽʜʩʠʩʪʝʤʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʜʝ ʚʠʢʦʥʫʻʪʴʩʷ ʝʚʨʠʩʪʠʯʥʠʡ ʚʠʙʽʨ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 
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ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʪʝʛʨʦʚʘʥ ̔ ʤʦʜʝʣʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ ʧôʷʪʠ ʤʝʪʦʜʽʚ: 

1) ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ (Linear Regression); 

2) ʧʦʣʽʥʦʤʽʘʣʴʥʘ ʨʝʛʨʝʩʽʷ (Polynomial Regression); 

3) ʛʨʝʙʝʥʝʚʘ ʨʝʛʨʝʩʽʷ (Ridge Regression); 

4) ʚʠʧʘʜʢʦʚʠʡ ʣʽʩ (Random Forest); 

5) ʨʝʛʨʝʩʽʷ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ (Support Vector Regression, SVR). 

 

 
ʈʠʩʫʥʦʢ 1 ï ɸʣʛʦʨʠʪʤ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʨʫʭʦʤ ʘʚʪʦʥʦʤʥʦʛʦ ʘʛʝʥʪʘ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟ ʧʝʨʝʰʢʦʜʘʤʠ 
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ʇʽʩʣʷ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʘʛʝʥʪʘ ʥʘ 

ʥʘʩʪʫʧʥʠʡ ʯʘʩʦʚʠʡ ʢʨʦʢ. ʉʬʦʨʤʦʚʘʥʠʡ ʧʨʦʛʥʦʟ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʩʝʨʝʜʦʚʠʱʘ 

ʤʦʜʝʣʶʚʘʥʥʷ Godot Engine [6]. 

ʋ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʧʝʨʝʰʢʦʜ ʧʨʦʛʥʦʟʦʚʘʥʽ ʢʦʦʨʜʠʥʘʪʠ ʟʘʪʚʝʨʜʞʫʶʪʴʩʷ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʘʛʝʥʪʘ. ʗʢʱʦ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʛʥʦʟʫ ʥʝʤʦʞʣʠʚʘ ʯʝʨʝʟ 

ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʰʢʦʜʠ, ʚʽʜʧʦʚʽʜʥʠʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʥʝʝʬʝʢʪʠʚʥʠʡ ʜʣʷ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʧʽʩʣʷ ʯʦʛʦ ʘʣʛʦʨʠʪʤ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʝʪʘʧʫ 

ʚʠʙʦʨʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʤʦʜʝʣʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʨʝʘʣʽʟʫʻ ʤʝʭʘʥʽʟʤ ʘʜʘʧʪʠʚʥʦʛʦ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʘʣʛʦʨʠʪʤʫ ʻ ʪʝ, ʱʦ ʧʨʦʛʥʦʟʦʚʘʥʘ ʢʦʦʨʜʠʥʘʪʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝ 

ʷʢ ʦʩʪʘʪʦʯʥʝ ʨʽʰʝʥʥʷ, ʘ ʷʢ ʙʘʟʦʚʠʡ ʦʨʽʻʥʪʠʨ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʚʽʨʢʠ 

ʤʦʞʣʠʚʦʩʪʽ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʚ ʫʤʦʚʘʭ ʢʦʥʢʨʝʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʋ ʨʘʟʽ ʦʪʨʠʤʘʥʥʷ 

ʭʠʙʥʦʛʦ ʧʨʦʛʥʦʟʫ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʧʦʤʠʣʢʦʚʠʭ ʨʽʰʝʥʴ ʪʘ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʥʘʚʽʛʘʮʽʾ. 

ʇʝʨʝʚʘʛʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʚʘʥʥʽ ʛʽʙʨʠʜʥʦʾ ʣʦʛʽʢʠ 

ʢʝʨʫʚʘʥʥʷ, ʱʦ ʧʦʻʜʥʫʻ ʧʨʦʛʥʦʟʥʽ ʤʦʞʣʠʚʦʩʪʽ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ ʽʟ 

ʤʝʭʘʥʽʟʤʘʤʠ ʨʝʘʢʪʠʚʥʦʾ ʘʜʘʧʪʘʮʽʾ ʜʦ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʝʨʝʜʦʚʠʱʘ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʦʧʝʨʫʻ ʢʦʦʨʜʠʥʘʪʥʠʤʠ 

ʤʘʪʨʠʮʷʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʰʚʠʜʢʦʜʽʾ ʩʠʩʪʝʤʠ. 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʟʘʙʝʟʧʝʯʫʻ ʘʜʘʧʪʠʚʥʝ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʧʽʜ ʯʘʩ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʘʚʪʦʥʦʤʥʦʛʦ ʘʛʝʥʪʘ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟ ʧʝʨʝʰʢʦʜʘʤʠ.  

ʅʘʧʨʷʤʦʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʜʘʧʪʘʮʽʷ ʘʛʝʥʪʘ ʜʦ ʨʦʙʦʪʠ ʚ 

ʜʠʥʘʤʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʜʝ ʧʝʨʝʰʢʦʜʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ ʯʠ 

ʰʚʠʜʢʽʩʪʴ ʫ ʯʘʩʽ.  
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ʅʘʩʪʽʣʴʥʽ ʨʦʣʴʦʚʽ ʽʛʨʠ (ʅʈɯ) ï ʪʘʢʽ ʷʢ Dungeons & Dragons, Pathfinder ʪʘ Call 

of Cthulhu ï ʻ ʩʢʣʘʜʥʠʤ ʜʦʤʝʥʦʤ ʽʟ ʯʽʪʢʦʶ ʚʥʫʪʨʽʰʥʴʦʶ ʣʦʛʽʢʦʶ: ʜʝʪʘʣʴʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʧʨʘʚʠʣ, ʤʝʭʘʥʽʢʘʤʠ ʧʝʨʝʚʽʨʦʢ ʥʘʚʠʯʦʢ, ʩʧʝʮʠʬʽʯʥʦʶ ʪʝʨʤʽʥʦʣʦʛʽʻʶ 

ʪʘ ʨʦʟʛʘʣʫʞʝʥʠʤ ʣʦʨʦʤ. ʎʝʥʪʨʘʣʴʥʦʶ ʬʽʛʫʨʦʶ ʫ ʅʈɯ ʻ ʄʘʡʩʪʝʨ (Dungeon Master, 

Keeper, Game Master) ï ʦʩʦʙʘ, ʷʢʘ ʚʝʜʝ ʛʨʫ, ʦʧʠʩʫʻ ʧʦʜʽʾ, ʨʦʟʽʛʨʫʻ ʧʝʨʩʦʥʘʞʽʚ ʪʘ 

ʟʘʩʪʦʩʦʚʫʻ ʧʨʘʚʠʣʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [1]. 

ʉʫʯʘʩʥʽ ʚʝʣʠʢʽ ʤʦʚʥʽ ʤʦʜʝʣʽ (LLM) ʟʜʘʪʥʽ ʛʝʥʝʨʫʚʘʪʠ ʟʚ'ʷʟʥʠʡ ʪʝʢʩʪ ʽ ʚʝʩʪʠ 

ʜʽʘʣʦʛ, ʦʜʥʘʢ ʫ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʜʦʤʝʥʘʭ ʾʭ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʩʫʪʪʻʚʦ 

ʟʥʠʞʫʻʪʴʩʷ. ʄʦʜʝʣʴ, ʥʘʚʯʝʥʘ ʥʘ ʟʘʛʘʣʴʥʠʭ ʢʦʨʧʫʩʘʭ, ʥʝ ʤʘʻ ʪʦʯʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ 

ʧʨʘʚʠʣ ʢʦʥʢʨʝʪʥʦʾ ʛʨʠ ï ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ, ʪʘʢ ʟʚʘʥʠʭ, "ʛʘʣʶʮʠʥʘʮʽʡ": ʚʧʝʚʥʝʥʠʭ, 

ʘʣʝ ʬʘʢʪʠʯʥʦ ʥʝʢʦʨʝʢʪʥʠʭ ʚʽʜʧʦʚʽʜʝʡ. ɼʣʷ ʅʈɯ ʮʝ ʢʨʠʪʠʯʥʘ ʧʨʦʙʣʝʤʘ, ʦʩʢʽʣʴʢʠ 

ʥʝʢʦʨʝʢʪʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʤʝʭʘʥʽʢ ʨʫʡʥʫʻ ʽʛʨʦʚʠʡ ʜʦʩʚʽʜ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʦʧʠʩ ʤʝʪʦʜʫ ʨʝʘʣʽʟʘʮʽʾ AI-ʘʛʝʥʪʘ ʜʣʷ ʜʦʤʝʥʫ ʅʈɯ, ʱʦ 

ʧʦʻʜʥʫʻ RAG ʪʘ fine-tuning ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʽʜʧʦʚʽʜʝʡ. ʇʨʘʢʪʠʯʥʘ 

ʦʮʽʥʢʘ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʧʽʜʭʦʜʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʝʜʤʝʪʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɼʣʷ ʘʜʘʧʪʘʮʽʾ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʜʦʤʝʥʫ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʪʨʠ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ: ʽʥʞʝʥʝʨʽʷ ʧʽʜʢʘʟʦʢ (prompt engineering), ʧʦʰʫʢ ʟ 

ʜʦʧʦʚʥʝʥʥʷʤ ʛʝʥʝʨʘʮʽʾ ʪʘ ʜʦʤʝʥʥʝ ʜʦʥʘʚʯʘʥʥʷ [2]. 

Prompt engineering ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʽʥʩʪʨʫʢʮʽʡ ʜʣʷ ʤʦʚʥʦʾ ʤʦʜʝʣʽ ʙʝʟ 

ʟʤʽʥʠ ʾʾ ʧʘʨʘʤʝʪʨʽʚ. ʇʽʜʭʽʜ ʻ ʜʦʚʦʣʽ ʧʨʦʩʪʠʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽ ʥʝ ʚʠʤʘʛʘʻ 

ʛʣʠʙʦʢʠʭ ʪʝʭʥʽʯʥʠʭ ʟʥʘʥʴ ʽ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʦʜʥʘʢ ʦʙʤʝʞʝʥʠʡ 

ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʛʝʥʝʨʘʮʽʾ 

ʥʝʢʦʨʝʢʪʥʠʭ ʘʙʦ ʚʠʛʘʜʘʥʠʭ ʬʘʢʪʽʚ ʫ ʩʢʣʘʜʥʠʭ ʜʦʤʝʥʘʭ. 

Fine-tuning ʧʝʨʝʜʙʘʯʘʻ ʜʦʥʘʚʯʘʥʥʷ ʙʘʟʦʚʦʾ ʤʦʚʥʦʾ ʤʦʜʝʣʽ ʥʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʜʘʪʘʩʝʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʘʜʘʧʪʘʮʽʶ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʜʦʤʝʥʫ, 

ʟʦʢʨʝʤʘ ʦʧʘʥʫʚʘʥʥʷ ʪʝʨʤʽʥʦʣʦʛʽʾ, ʩʪʠʣʽʩʪʠʯʥʠʭ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. 

ɺʦʜʥʦʯʘʩ ʦʪʨʠʤʘʥʽ ʟʥʘʥʥʷ ʬʽʢʩʫʶʪʴʩʷ ʫ ʧʘʨʘʤʝʪʨʘʭ ʤʦʜʝʣʽ, ʱʦ ʦʙʤʝʞʫʻ ʾʾ 
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ʟʜʘʪʥʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʟʦʚʥʽʰʥʽʤʠ ʘʙʦ ʜʠʥʘʤʽʯʥʦ ʦʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʽʥʬʦʨʤʘʮʽʾ [3]. 

RAG ʜʦʧʦʚʥʶʻ ʧʨʦʮʝʩ ʛʝʥʝʨʘʮʽʾ ʤʝʭʘʥʽʟʤʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʰʫʢʫ ʟʥʘʥʴ, ʜʝ 

ʨʝʣʝʚʘʥʪʥʽ ʬʨʘʛʤʝʥʪʠ ʜʦʢʫʤʝʥʪʽʚ ʘʚʪʦʤʘʪʠʯʥʦ ʜʦʜʘʶʪʴʩʷ ʜʦ ʢʦʥʪʝʢʩʪʫ ʟʘʧʠʪʫ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ fine-tuning, ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʫʧ ʜʦ ʘʢʪʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʝʪʘʧʽ 

ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ, ʱʦ ʟʥʠʞʫʻ ʨʠʟʠʢ ʛʘʣʶʮʠʥʘʮʽʡ ʽ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʙʽʣʴʰ 

ʦʙˇʨʫʥʪʦʚʘʥʽ ʚʽʜʧʦʚʽʜʽ [4]. ɺʦʜʥʦʯʘʩ ʷʢʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʦʰʫʢʫ ʪʘ ʟʜʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʢʦʨʝʢʪʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ʦʪʨʠʤʘʥʫ ʽʥʬʦʨʤʘʮʽʶ.  

ʂʦʞʝʥ ʽʟ ʨʦʟʛʣʷʥʫʪʠʭ ʧʽʜʭʦʜʽʚ ʤʘʻ ʩʫʪʪʻʚʽ ʦʙʤʝʞʝʥʥʷ ʫ 

ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʜʦʤʝʥʘʭ, ʱʦ ʦʙˇʨʫʥʪʦʚʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ ʢʦʤʙʽʥʫʚʘʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʻ ʫʟʘʛʘʣʴʥʝʥʠʤ ʜʣʷ ʜʦʤʝʥʫ ʥʘʩʪʽʣʴʥʠʭ ʨʦʣʴʦʚʠʭ ʽʛʦʨ: 

ʩʧʝʮʠʬʽʢʘ ʢʦʥʢʨʝʪʥʦʾ ʛʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʧʦʚʥʝʥʥʷʤ ʙʘʟʠ ʟʥʘʥʴ (ʧʨʘʚʠʣʘ, ʣʦʨ, 

ʩʮʝʥʘʨʽʾ) ʪʘ ʜʦʤʝʥʥʦʶ ʘʜʘʧʪʘʮʽʻʶ ʤʦʜʝʣʽ ʥʘ ʝʪʘʧʽ fine-tuning. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʤʝʪʦʜ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘ ʧʨʠʢʣʘʜʽ Call of Cthulhu, ʜʝ ʘʛʝʥʪ ʚʠʢʦʥʫʻ ʨʦʣʴ 

ʍʨʘʥʠʪʝʣʷ (Keeper). ɿʘʛʘʣʴʥʫ ʩʭʝʤʫ ʤʝʪʦʜʫ ʜʣʷ Call of Cthulhu ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 1. 

ʄʝʪʦʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: RAG-ʧʘʡʧʣʘʡʥʫ ʟ 

ʚʝʢʪʦʨʥʦʶ ʙʘʟʦʶ ʟʥʘʥʴ ʪʘ ʜʦʥʘʚʯʝʥʦʾ ʤʦʚʥʦʾ ʤʦʜʝʣʽ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʘʛʝʥʪ 

ʦʪʨʠʤʫʻ ʟʘʧʠʪ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʠʢʦʥʫʻ ʩʝʤʘʥʪʠʯʥʠʡ ʧʦʰʫʢ ʫ ʙʘʟʽ ʟʥʘʥʴ ʽ ʥʘ 

ʦʩʥʦʚʽ ʟʥʘʡʜʝʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʛʝʥʝʨʫʻ ʚʽʜʧʦʚʽʜʴ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʟʘʩʚʦʻʥʽ ʧʽʜ ʯʘʩ 

fine-tuning ʜʦʤʝʥʥʽ ʟʥʘʥʥʷ. 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʻ ʬʦʨʤʫʚʘʥʥʷ ʜʦʤʝʥʥʦʛʦ ʢʦʨʧʫʩʫ. ɼʣʷ ʅʈɯ ʚʽʥ ʚʢʣʶʯʘʻ 

ʢʽʣʴʢʘ ʪʠʧʽʚ ʜʘʥʠʭ: ʥʦʨʤʘʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ (ʦʬʽʮʽʡʥʽ ʧʨʘʚʠʣʘ ʛʨʠ), ʩʪʨʫʢʪʫʨʦʚʘʥʽ 

ʦʧʠʩʠ ʽʛʨʦʚʦʛʦ ʩʚʽʪʫ (ʤʦʥʩʪʨʠ, ʣʦʢʘʮʽʾ, ʘʨʪʝʬʘʢʪʠ), ʩʮʝʥʘʨʥʽ ʤʘʪʝʨʽʘʣʠ (ʛʦʪʦʚʽ 

ʧʨʠʛʦʜʠ ʪʘ ʤʦʜʫʣʽ), ʧʨʠʢʣʘʜʠ ʥʘʨʘʪʠʚʫ, ʟʦʢʨʝʤʘ ʜʽʘʣʦʛʠ ʫ ʩʪʠʣʽ ʄʘʡʩʪʨʘ ʛʨʠ. 

ʋ ʚʠʧʘʜʢʫ Call of Cthulhu ʢʦʨʧʫʩ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʢʥʠʛʫ ʧʨʘʚʠʣ ʪʘ ʽʛʨʦʚʽ 

ʤʦʜʫʣʽ, ʟʦʢʨʝʤʘ "Clean Up, Aisle Four!" [5]. ʇʨʠ ʮʴʦʤʫ ʩʮʝʥʘʨʥʽ ʤʘʪʝʨʽʘʣʠ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ (ʫ ʚʠʛʣʷʜʽ ʛʦʪʦʚʠʭ ʧʨʠʛʦʜ), ʪʘʢ ʽ ʷʢ 

ʜʞʝʨʝʣʦ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʥʦʚʠʭ ʩʶʞʝʪʽʚ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ RAG-ʧʘʡʧʣʘʡʥʽ ʢʦʨʧʫʩ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ 

ʬʨʘʛʤʝʥʪʠ (chunks) ʬʽʢʩʦʚʘʥʦʛʦ ʨʦʟʤʽʨʫ ʟ ʧʝʨʝʢʨʠʪʪʷʤ ʤʽʞ ʩʫʩʽʜʥʽʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʢʦʥʪʝʢʩʪ ʥʘ ʤʝʞʘʭ ʨʦʟʙʠʪʪʷ. 

ʂʦʞʝʥ ʬʨʘʛʤʝʥʪ ʢʦʨʧʫʩʫ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʚʝʢʪʦʨʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

(embedding) ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʝʤʙʝʜʠʥʛʽʚ, ʧʽʩʣʷ ʯʦʛʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʚʝʢʪʦʨʥʽʡ 

ʙʘʟʽ ʜʘʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʫ ʩʠʩʪʝʤʽ CoCai ʜʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Qdrant ʷʢ 

ʚʝʢʪʦʨʥʘ ʙʘʟʘ ʪʘ ʤʦʜʝʣʴ nomic-embed-text ʜʣʷ ʧʦʙʫʜʦʚʠ ʝʤʙʝʜʠʥʛʽʚ [5]. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʧʨʠʢʣʘʜʽ Call of Cthulhu 

 

ʇʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʟʘʧʠʪʫ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʢʦʥʫʻʪʴʩʷ ʩʝʤʘʥʪʠʯʥʠʡ ʧʦʰʫʢ: 

ʟʘʧʠʪ ʢʦʜʫʻʪʴʩʷ ʫ ʚʝʢʪʦʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʧʽʩʣʷ ʯʦʛʦ ʟʘ ʤʝʪʨʠʢʦʶ ʙʣʠʟʴʢʦʩʪʽ 

(ʥʘʧʨʠʢʣʘʜ, cosine similarity) ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʨʝʣʝʚʘʥʪʥʽ ʬʨʘʛʤʝʥʪʠ 

ʢʦʨʧʫʩʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʥʘʭʦʜʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟʘ ʟʤʽʩʪʦʚʥʦʶ ʧʦʜʽʙʥʽʩʪʶ, 

ʘ ʥʝ ʣʠʰʝ ʟʘ ʟʙʽʛʦʤ ʢʣʶʯʦʚʠʭ ʩʣʽʚ. 

ɺʽʜʽʙʨʘʥʽ ʬʨʘʛʤʝʥʪʠ ʽʥʪʝʛʨʫʶʪʴʩʷ ʫ ʢʦʥʪʝʢʩʪ ʟʘʧʠʪʫ ʪʘ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ 

ʤʦʚʥʦʾ ʤʦʜʝʣʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʾʾ ʘʢʪʫʘʣʴʥʠʤʠ ʜʦʤʝʥʥʠʤʠ ʟʥʘʥʥʷʤʠ ʧʽʜ ʯʘʩ 

ʛʝʥʝʨʘʮʽʾ ʚʽʜʧʦʚʽʜʽ. 
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ʇʘʨʘʣʝʣʴʥʦ ʟ ʧʦʙʫʜʦʚʦʶ RAG-ʧʘʡʧʣʘʡʥʫ ʚʠʢʦʥʫʻʪʴʩʷ fine-tuning ʙʘʟʦʚʦʾ 

ʤʦʚʥʦʾ ʤʦʜʝʣʽ ʥʘ ʜʘʪʘʩʝʪʽ ʫ ʬʦʨʤʘʪʽ çʟʘʧʠʪ ï ʝʪʘʣʦʥʥʘ ʚʽʜʧʦʚʽʜʴ ʄʘʡʩʪʨʘè. 

ʅʘʚʯʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʭʦʜʫ Parameter-Efficient Fine-Tuning 

(PEFT), ʟʦʢʨʝʤʘ ʪʝʭʥʦʣʦʛʽʾ LoRA, ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʚʠʪʨʘʪʠ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʚʥʠʤ ʜʦʥʘʚʯʘʥʥʷʤ [2]. 

ʋ ʨʝʟʫʣʴʪʘʪʽ fine-tuning ʤʦʜʝʣʴ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʜʦʤʝʥʫ: ʟʘʩʚʦʶʻ ʩʧʝʮʠʬʽʯʥʫ 

ʪʝʨʤʽʥʦʣʦʛʽʶ, ʩʪʠʣʴ ʥʘʨʘʮʽʾ ʄʘʡʩʪʨʘ ʛʨʠ ʪʘ ʪʠʧʦʚʽ ʰʘʙʣʦʥʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʽʛʨʦʚʠʭ ʤʝʭʘʥʽʢ. ʎʝ ʪʘʢʦʞ ʧʦʢʨʘʱʫʻ ʾʾ ʟʜʘʪʥʽʩʪʴ ʫʟʛʦʜʞʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʬʨʘʛʤʝʥʪʠ ʧʨʘʚʠʣ, ʦʪʨʠʤʘʥʽ ʯʝʨʝʟ RAG, ʧʽʜ ʯʘʩ ʛʝʥʝʨʘʮʽʾ ʚʽʜʧʦʚʽʜʽ. 

ɺʠʙʽʨ ʢʦʥʢʨʝʪʥʦʾ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ ʜʣʷ ʜʦʥʘʚʯʘʥʥʷ ʻ ʧʨʝʜʤʝʪʦʤ ʧʦʜʘʣʴʰʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ; ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʚʽʜʙʦʨʫ ʩʣʫʛʫʚʘʪʠʤʝ ʟʜʘʪʥʽʩʪʴ ʤʦʜʝʣʽ 

ʝʬʝʢʪʠʚʥʦ ʘʜʘʧʪʫʚʘʪʠʩʴ ʜʦ ʜʦʤʝʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ PEFT/LoRA ʧʨʠ ʦʙʤʝʞʝʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʘʭ. 

ʇʽʜ ʯʘʩ ʛʝʥʝʨʘʮʽʾ ʚʽʜʧʦʚʽʜʽ ʤʦʜʝʣʴ ʦʪʨʠʤʫʻ ʜʚʘ ʜʞʝʨʝʣʘ ʟʥʘʥʴ: ʧʘʨʘʤʝʪʨʠʯʥʽ 

ʟʥʘʥʥʷ, ʟʘʩʚʦʻʥʽ ʧʽʜ ʯʘʩ fine-tuning, ʪʘ ʢʦʥʪʝʢʩʪʫʘʣʴʥʽ ʟʥʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʯʝʨʝʟ 

RAG. ʋ ʨʘʟʽ ʩʫʧʝʨʝʯʥʦʩʪʽ ʤʽʞ ʥʠʤʠ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʥʘʜʘʚʘʪʠ ʧʨʽʦʨʠʪʝʪ 

ʢʦʥʪʝʢʩʪʫ ʟ RAG ʷʢ ʙʽʣʴʰ ʪʦʯʥʦʤʫ ʪʘ ʚʝʨʠʬʽʢʦʚʘʥʦʤʫ ʜʞʝʨʝʣʫ ʧʨʘʚʠʣ ʛʨʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, fine-tuning ʟʘʙʝʟʧʝʯʫʻ ʩʪʠʣʴ ʽ ʜʦʤʝʥʥʝ ʨʦʟʫʤʽʥʥʷ, ʪʦʜʽ ʷʢ RAG 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʬʘʢʪʠʯʥʫ ʪʦʯʥʽʩʪʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʽʜʧʦʚʽʜʝʡ AI-

ʘʛʝʥʪʘ ʫ ʜʦʤʝʥʽ ʥʘʩʪʽʣʴʥʠʭ ʨʦʣʴʦʚʠʭ ʽʛʦʨ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʧʦʻʜʥʘʥʥʷ RAG ʪʘ fine-

tuning ʜʦʟʚʦʣʠʪʴ ʜʦʩʷʛʪʠ ʙʽʣʴʰʦʾ ʫʟʛʦʜʞʝʥʦʩʪʽ ʚʽʜʧʦʚʽʜʝʡ ʽʟ ʧʨʘʚʠʣʘʤʠ ʛʨʠ, ʘ 

ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʴ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʪʠʣʶ ʥʘʨʘʮʽʾ ʄʘʡʩʪʨʘ ʛʨʠ. ʂʨʽʤ ʪʦʛʦ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ RAG ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʫʧ ʜʦ ʘʢʪʫʘʣʴʥʠʭ ʽ ʩʧʝʮʠʬʽʯʥʠʭ ʜʦʤʝʥʥʠʭ 

ʟʥʘʥʴ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʚʥʦʛʦ ʧʝʨʝʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ. 

ɺʦʜʥʦʯʘʩ ʧʽʜʭʽʜ ʤʘʻ ʥʠʟʢʫ ʦʙʤʝʞʝʥʴ. ʗʢʽʩʪʴ ʚʽʜʧʦʚʽʜʝʡ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʧʦʚʥʦʪʠ ʪʘ ʷʢʦʩʪʽ ʢʦʨʧʫʩʫ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʭʘʥʽʟʤʫ ʧʦʰʫʢʫ 

ʨʝʣʝʚʘʥʪʥʠʭ ʬʨʘʛʤʝʥʪʽʚ. ʇʦʤʠʣʢʠ ʥʘ ʝʪʘʧʽ retrieval ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʥʝʢʦʨʝʢʪʥʠʭ ʘʙʦ ʥʝʧʦʚʥʠʭ ʚʽʜʧʦʚʽʜʝʡ. ʂʨʽʤ ʪʦʛʦ, ʥʘʚʽʪʴ ʧʽʩʣʷ fine-tuning ʤʦʜʝʣʴ 

ʤʦʞʝ ʛʝʥʝʨʫʚʘʪʠ ʥʝʪʦʯʥʽ ʘʙʦ ʚʠʛʘʜʘʥʽ ʪʚʝʨʜʞʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʘʭ 

ʥʝʦʜʥʦʟʥʘʯʥʠʭ ʘʙʦ ʥʝʧʦʚʥʠʭ ʧʨʘʚʠʣ. 

ɼʦʜʘʪʢʦʚʠʤ ʦʙʤʝʞʝʥʥʷʤ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʬʦʨʤʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʢʦʨʝʢʪʥʦʩʪʽ 

ʟʛʝʥʝʨʦʚʘʥʠʭ ʚʽʜʧʦʚʽʜʝʡ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʛʘʨʘʥʪʫʚʘʥʥʷ ʾʭ ʧʦʚʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʤʝʪʦʜʫ ʨʝʘʣʽʟʘʮʽʾ AI-ʘʛʝʥʪʘ ʜʣʷ ʜʦʤʝʥʫ ʥʘʩʪʽʣʴʥʠʭ 

ʨʦʣʴʦʚʠʭ ʽʛʦʨ ʥʘ ʦʩʥʦʚʽ ʧʦʻʜʥʘʥʥʷ RAG ʪʘ ʜʦʤʝʥʥʦʛʦ fine-tuning ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ 

ʞʦʜʝʥ ʽʟ ʧʽʜʭʦʜʽʚ ʦʢʨʝʤʦ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʴʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚ ʮʴʦʤʫ ʜʦʤʝʥʽ, 

ʪʦʜʽ ʷʢ ʾʭ ʢʦʤʙʽʥʫʚʘʥʥʷ ʚʟʘʻʤʥʦ ʢʦʤʧʝʥʩʫʻ ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʤʝʪʦʜ ʻ ʫʟʘʛʘʣʴʥʝʥʠʤ ʽ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʦ ʨʽʟʥʠʭ ʅʈɯ. ʇʦʨʽʚʥʷʣʴʥʘ 

ʦʮʽʥʢʘ ʧʽʜʭʦʜʽʚ ʟʘ ʢʽʣʴʢʽʩʥʠʤʠ ʤʝʪʨʠʢʘʤʠ ʻ ʧʨʝʜʤʝʪʦʤ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. Giann K. How to Build an AI Dungeon Master for Tabletop RPGs. Medium, 2025. URL: 

https://medium.com/@kgiannopoulou4033/how-to-build-an-ai-dungeon-master-for-tabletop-rpgs-

548b7dd6d1ee 
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2. IBM Think. RAG vs. fine-tuning vs. prompt engineering. IBM, 2024. URL: 

https://www.ibm.com/think/topics/rag-vs-fine-tuning-vs-prompt-engineering 

3. Wu, X.-K.; Chen, M.; Li, W.; Wang, R.; Lu, L.; Liu, J.; Hwang, K.; Hao, Y.; Pan, Y.; Meng, 

Q.; et al. LLM Fine-Tuning: Concepts, Opportunities, and Challenges. Big Data and Cognitive 

Computing. 2025. Vol. 9.  

4. Muhammad Arslan, Hussam Ghanem, Saba Munawar, Christophe Cruz, A Survey on RAG 

with LLMs. Procedia Computer Science. 2024. Vol. 246. P. 3781-3790. 

5. StarsRail. CoCai: A chatbot that plays Call of Cthulhu powered by AI. GitHub, 2024. URL: 

https://github.com/StarsRail/Cocai 
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REINFORCEMENT LEARNING ɺ ɸʃɻʆʈʀʊʄ ALNS 
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ɿʘʜʘʯʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʫ ʟ ʯʘʩʦʚʠʤʠ ʚʽʢʥʘʤʠ (Vehicle Routing 

Problem with Time Windows, VRPTW) ʧʦʣʷʛʘʻ ʫ ʧʦʙʫʜʦʚʽ ʦʧʪʠʤʘʣʴʥʠʭ 

ʤʘʨʰʨʫʪʽʚ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ ʫ ʟʘʜʘʥʽ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ 

ʣʦʛʽʩʪʠʯʥʠʭ ʚʠʪʨʘʪ. ʊʨʘʜʠʮʽʡʥʦ ʥʘʡʚʠʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʮʽʡ ʩʬʝʨʽ ʜʝʤʦʥʩʪʨʫʻ 

ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ Adaptive Large Neighborhood Search (ALNS), ʚʧʝʨʰʝ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʉ. ʈʦʧʢʝ ʪʘ ɼ. ʇʽʩʽʥʛʝʨʦʤ [1]. ʆʜʥʘʢ ʢʣʘʩʠʯʥʠʡ ALNS 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʝʘʢʪʠʚʥʫ ʩʭʝʤʫ ʚʠʙʦʨʫ ʝʚʨʠʩʪʠʯʥʠʭ ʦʧʝʨʘʪʦʨʽʚ (ʨʫʣʝʪʢʦʚʠʡ 

ʤʝʭʘʥʽʟʤ), ʷʢʘ ʩʧʠʨʘʻʪʴʩʷ ʣʠʰʝ ʥʘ ʽʩʪʦʨʠʯʥʫ ʫʩʧʽʰʥʽʩʪʴ ʽ ʻ çʩʣʽʧʦʶè ʜʦ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʧʨʦʩʪʦʨʫ ʨʽʰʝʥʴ.  

ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʦʜʷʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʟ 

ʧʽʜʢʨʽʧʣʝʥʥʷʤ (Deep Reinforcement Learning, DRL) ʟʜʘʪʥʝ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʠʪʠ 

ʧʨʦʮʝʩʠ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ [2, 3]. ɺʪʽʤ, ʷʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ ʧʦʧʝʨʝʜʥʠʢʽʚ, 

ʩʧʨʦʙʠ ʧʨʷʤʦʾ ʽʥʪʝʛʨʘʮʽʾ ʽʩʥʫʶʯʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʚ ʽʪʝʨʘʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ 

ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʯʘʩʪʦ ʩʪʠʢʘʶʪʴʩʷ ʟ ʧʨʦʙʣʝʤʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ çʚʫʟʴʢʦʛʦ 

ʤʽʩʮʷè (bottleneck): ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʚʠʢʣʠʢ ʚʘʞʢʦʾ ʤʦʜʝʣʽ ʥʘ ʢʦʞʥʽʡ ʟ ʪʠʩʷʯ 

ʽʪʝʨʘʮʽʡ ʥʽʚʝʣʶʶʪʴ ʧʝʨʝʚʘʛʠ ʚʽʜ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʨʽʰʝʥʴ[4]. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʽʜˇʨʫʥʪʷ ʜʦ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʩʧʦʯʘʪʢʫ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʚʣʘʩʥʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ ʙʘʟʫ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ð ʤʝʭʘʥʽʟʤ 

ʟʙʦʨʫ ʜʘʥʠʭ ʪʘ ʟʛʝʥʝʨʦʚʘʥʦ ʚʽʜʢʨʠʪʠʡ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʜʘʪʘʩʝʪ çVRPTW-Search-

Trajectories-Datasetè. ʎʝʡ ʥʘʙʽʨ ʜʘʥʠʭ ʤʽʩʪʠʪʴ ʧʦʥʘʜ 12 ʪʠʩʷʯ ʟʘʧʠʩʽʚ 

ʤʘʨʢʦʚʩʴʢʠʭ ʧʝʨʝʭʦʜʽʚ (S-A-R-S-A) [5] ʽ ʚʠʩʪʫʧʘʻ ʙʘʟʠʩʦʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʦʬʣʘʡʥ-ʥʘʚʯʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʛʝʥʪʽʚ. 

ʄʘʶʯʠ ʩʬʦʨʤʦʚʘʥʫ ʙʘʟʫ ʜʘʥʠʭ ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʥʝʜʦʣʽʢʠ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ 

ʜʦ ʽʥʪʝʛʨʘʮʽʾ ʥʝʡʨʦʤʝʨʝʞ, ʥʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʤʝʪʦʶ ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʧʨʦʛʨʘʤʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʨʦʟʚ'ʷʟʫʚʘʯʘ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʧʘʪʝʨʥ ʥʘ ʙʘʟʽ ʧʨʠʥʮʠʧʽʚ ʩʣʘʙʢʦʾ 

ʟʚ'ʷʟʥʦʩʪʽ (loose coupling) ʪʘ MLOps, ʷʢʠʡ ʬʽʟʠʯʥʦ ʪʘ ʣʦʛʽʯʥʦ ʨʦʟʜʽʣʷʻ 

ʨʝʩʫʨʩʦʤʽʩʪʢʽ ʧʨʦʮʝʩʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʘʩʢʨʽʟʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ʮʠʢʣ ʦʬʣʘʡʥ-

mailto:sergeu.ostrovetskiu.2001@gmail.com
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ʥʘʚʯʘʥʥʷ RL-ʤʦʜʝʣʝʡ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ ʽʥʬʝʨʝʥʩ (inference) ʫ 

ʷʜʨʽ ʘʣʛʦʨʠʪʤʫ ALNS ʙʝʟ ʚʪʨʘʪʠ ʰʚʠʜʢʦʜʽʾ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʘʨʭʽʪʝʢʪʫʨʠ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʽʥʪʝʛʨʦʚʘʥʠʭ 

ʧʽʜʩʠʩʪʝʤ (ʨʠʩʫʥʦʢ 1): 

 

 
 

ʈʠʩʫʥʦʢ 1 - ʄʦʜʝʣʴ ʧʨʦʛʨʘʤʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʥʘʩʢʨʽʟʥʦʛʦ ʮʠʢʣʫ ʥʘʚʯʘʥʥʷ ʪʘ 

RL-ʽʥʬʝʨʝʥʩʫ 

 

1. ʇʽʜʩʠʩʪʝʤʘ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ ʪʘ ʨʝʧʨʝʟʝʥʪʘʮʽʾ ʩʪʘʥʫ (State 

Representation Layer). ʎʝʡ ʤʦʜʫʣʴ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʩʠʨʠʭ ʜʘʥʠʭ ʟ 

ʜʘʪʘʩʝʪʫ [5] ʫ ʪʝʥʟʦʨʥʠʡ ʬʦʨʤʘʪ, ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʦʙʨʦʙʢʠ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ. 

ɺʝʢʪʦʨ ʩʪʘʥʫ Ὓ ʬʦʨʤʫʻʪʴʩʷ ʟ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʧʦʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ: 

ʚʽʜʥʦʩʥʦʾ ʚʘʨʪʦʩʪʽ (ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʘʡʢʨʘʱʦʛʦ ʟʥʘʡʜʝʥʦʛʦ ʨʽʰʝʥʥʷ), ʩʝʨʝʜʥʴʦʾ 

ʜʦʚʞʠʥʠ ʤʘʨʰʨʫʪʽʚ, ʢʽʣʴʢʦʩʪʽ ʟʘʜʽʷʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʩʫʤʘʨʥʦʛʦ 

ʰʪʨʘʬʫ ʟʘ ʧʦʨʫʰʝʥʥʷ ʯʘʩʦʚʠʭ ʚʽʢʦʥ. ʂʦʥʮʝʧʪ ʤʦʜʫʣʷ ʧʝʨʝʜʙʘʯʘʻ ʦʙʦʚ'ʷʟʢʦʚʫ 
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ʩʪʘʥʜʘʨʪʠʟʘʮʽʶ ʮʠʭ ʦʟʥʘʢ (Z-score normalization), ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʛʨʘʜʽʻʥʪʽʚ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʘʛʝʥʪʘ. 

2. ʄʦʜʫʣʴ ʦʬʣʘʡʥ-ʥʘʚʯʘʥʥʷ (Offline RL Training Engine). ʆʩʢʽʣʴʢʠ 

ʚʟʘʻʤʦʜʽʷ ʟ ʨʝʘʣʴʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ALNS ʧʽʜ ʯʘʩ ʪʨʝʥʫʚʘʥʥʷ ʻ ʥʘʜʪʦ ʧʦʚʽʣʴʥʦʶ, 

ʘʨʭʽʪʝʢʪʫʨʘ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʧʘʨʘʜʠʛʤʫ Offline RL (ʥʘʚʯʘʥʥʷ ʥʘ ʬʽʢʩʦʚʘʥʦʤʫ 

ʥʘʙʦʨʽ ʜʘʥʠʭ ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ ʝʢʩʧʣʦʨʘʮʽʾ) [6]. ʄʦʜʫʣʴ ʨʝʘʣʽʟʫʻ ʘʨʭʽʪʝʢʪʫʨʫ Deep 

Q-Network (DQN). ɼʽʷ ὃ  ʚ ʮʽʡ ʩʠʩʪʝʤʽ ʻ ʜʠʩʢʨʝʪʥʦʶ ʪʘ ʷʚʣʷʻ ʩʦʙʦʶ ʚʠʙʽʨ 

ʢʦʥʢʨʝʪʥʦʾ ʧʘʨʠ ʦʧʝʨʘʪʦʨʽʚ çʨʫʡʥʫʚʘʥʥʷ-ʚʽʜʥʦʚʣʝʥʥʷè ʟ ʤʥʦʞʠʥʠ ʢʣʘʩʠʯʥʠʭ 

ʝʚʨʠʩʪʠʢ [1]. ʄʦʜʫʣʴ ʧʨʦʻʢʪʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʭʘʥʽʟʤʫ Experience 

Replay: ʙʘʪʯʽ ʧʝʨʝʭʦʜʽʚ ὛȟὃȟὙȟὛ  ʚʠʧʘʜʢʦʚʦ ʩʝʤʧʣʶʶʪʴʩʷ ʟ ʜʘʪʘʩʝʪʫ [5]. 

ʌʫʥʢʮʽʷ ʚʪʨʘʪ ʦʧʪʠʤʽʟʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʝʡʨʦʤʝʨʝʞʘ ʥʘʚʯʠʣʘʩʷ 

ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʬʫʥʢʮʽʶ ʢʦʨʠʩʥʦʩʪʽ ὗίȟὥ ð ʦʯʽʢʫʚʘʥʫ ʩʫʤʘʨʥʫ ʚʠʥʘʛʦʨʦʜʫ 

(ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʤʘʨʰʨʫʪʫ) ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʚʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʝʚʨʠʩʪʠʢ ʫ 

ʟʘʜʘʥʦʤʫ ʩʪʘʥʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʝʨʝʥʦʩʠʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʩʪʘʜʽʶ ʧʦʧʝʨʝʜʥʴʦʾ ʧʽʜʛʦʪʦʚʢʠ (ʧʨʝʪʨʝʡʥʽʥʛʫ). 

3. ʇʨʦʤʽʞʥʠʡ ʰʘʨ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʚʝʨʩʽʦʥʫʚʘʥʥʷ (Policy Middleware). 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʟʘʪʨʠʤʦʢ (latency) ʧʽʜ ʯʘʩ ʽʥʪʝʛʨʘʮʽʾ, ʘʨʭʽʪʝʢʪʫʨʘ ʚʠʢʣʶʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʞʢʠʭ ʬʨʝʡʤʚʦʨʢʽʚ (PyTorch/TensorFlow) ʥʘ ʝʪʘʧʽ ʨʦʙʦʪʠ 

ʢʽʥʮʝʚʦʛʦ ʨʦʟʚ'ʷʟʫʚʘʯʘ. ʇʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʥʘʚʯʘʥʥʷ ʫ 

ʧʽʜʩʠʩʪʝʤʽ 2, ʛʨʘʬ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʾʾ ʚʘʛʠ ʟʘʤʦʨʦʞʫʶʪʴʩʷ ʽ ʝʢʩʧʦʨʪʫʶʪʴʩʷ ʫ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʡ ʩʝʨʽʘʣʽʟʦʚʘʥʠʡ ʬʦʨʤʘʪ (ONNX ʘʙʦ TorchScript). ʎʝʡ ʰʘʨ 

ʪʘʢʦʞ ʚʠʢʦʥʫʻ ʨʦʣʴ ʨʝʻʩʪʨʫ ʤʦʜʝʣʝʡ (Model Registry), ʜʦʟʚʦʣʷʶʯʠ ʨʦʟʚ'ʷʟʫʚʘʯʫ 

ʜʠʥʘʤʽʯʥʦ ʧʽʜʚʘʥʪʘʞʫʚʘʪʠ ʩʧʝʮʠʬʽʯʥʽ ʧʦʣʽʪʠʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʚʭʽʜʥʦʾ 

ʽʥʩʪʘʥʮʽʾ VRPTW. 

4. ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʨʦʟʚ'ʷʟʫʚʘʯ ʟ RL-ʽʥʬʝʨʝʥʩʦʤ (RL-Enhanced ALNS 

Solver). ʋ ʷʜʨʽ ʢʣʘʩʠʯʥʦʛʦ ʨʦʟʚ'ʷʟʫʚʘʯʘ ʤʦʜʫʣʴ ʘʜʘʧʪʠʚʥʦʛʦ ʚʠʙʦʨʫ ʧʦʚʥʽʩʪʶ 

ʟʘʤʽʥʶʻʪʴʩʷ ʥʘ ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʨʫʰʽʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (Inference Engine). 

ʈʦʙʦʯʠʡ ʮʠʢʣ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ALNS ʧʝʨʝʜʙʘʯʘʻ ʥʘʩʪʫʧʥʫ ʣʦʛʽʢʫ. 

-   ʆʮʽʥʢʘ: ʘʣʛʦʨʠʪʤ ʟʘ ὕρ ʯʘʩʫ ʟʙʠʨʘʻ ʤʝʪʨʠʢʠ ʧʦʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ. 

- ʇʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘʚʯʝʥʦʶ ʤʦʜʝʣʣʶ (ʽʥʬʝʨʝʥʩ): ʤʝʪʨʠʢʠ 

ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʚʽʜʢʦʤʧʽʣʴʦʚʘʥʫ ONNX-ʤʦʜʝʣʴ, ʷʢʘ ʚʠʢʦʥʫʻ ʧʨʷʤʠʡ ʧʨʦʭʽʜ 

(forward pass) ʽʟ ʩʫʙʤʽʣʽʩʝʢʫʥʜʥʦʶ ʟʘʪʨʠʤʢʦʶ ʪʘ ʧʦʚʝʨʪʘʻ ʚʝʢʪʦʨ Q-ʟʥʘʯʝʥʴ. 

- ɼʽʷ: ʨʦʟʚ'ʷʟʫʚʘʯ ʦʙʠʨʘʻ ʧʘʨʫ ʦʧʝʨʘʪʦʨʽʚ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ Q-ʟʥʘʯʝʥʥʷʤ 

ÁÒÇÍÁØὗ .  

- ɿʘʧʦʙʽʞʥʠʢ (Fallback): ʜʦ ʘʨʭʽʪʝʢʪʫʨʠ ʽʥʪʝʛʨʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ⱦ-ʞʘʜʽʙʥʦʛʦ 

ʚʠʙʦʨʫ. ʗʢʱʦ ʨʦʟʚ'ʷʟʫʚʘʯ ʧʦʪʨʘʧʣʷʻ ʫ ʩʪʘʥ, ʷʢʠʡ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʜʘʥʠʭ 

ʟ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ (out-of-distribution), ʘʙʦ ʬʽʢʩʫʻʪʴʩʷ ʩʪʘʛʥʘʮʽʷ ʧʦʰʫʢʫ, 

ʩʠʩʪʝʤʘ ʪʠʤʯʘʩʦʚʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʚʠʙʦʨʫ ʝʚʨʠʩʪʠʢ. ʎʝ ʨʽʰʝʥʥʷ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʢʦʤʝʥʜʘʮʽʷʭ ʟ ʫʧʨʘʚʣʽʥʥʷ ʘʜʘʧʪʠʚʥʠʤʠ ʤʝʪʘʝʚʨʠʩʪʠʢʘʤʠ, 

ʛʘʨʘʥʪʫʶʯʠ ʜʠʚʝʨʩʠʬʽʢʘʮʽʶ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦʟʚʦʣʷʻ ʧʦʜʦʣʘʪʠ ʨʦʟʨʠʚ 

ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʾʭ ʧʨʘʢʪʠʯʥʠʤ 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʫ ʩʠʩʪʝʤʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʣʦʛʽʩʪʠʢʠ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʜʠʛʤʠ Offline RL ʥʘ ʙʘʟʽ ʧʽʜʛʦʪʦʚʣʝʥʦʛʦ ʜʘʪʘʩʝʪʫ ʜʦʟʚʦʣʠʪʴ 
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ʝʬʝʢʪʠʚʥʦ ʥʘʚʯʠʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʛʝʥʪʘ ʧʦʣʽʪʠʢʘʤ ʦʧʪʠʤʽʟʘʮʽʾ ʙʝʟ ʚʠʪʨʘʪ ʥʘ 

ʦʥʣʘʡʥ-ʩʠʤʫʣʷʮʽʾ. ʉʧʨʦʻʢʪʦʚʘʥʘ ʪʝʦʨʝʪʠʯʥʘ ʽʟʦʣʷʮʽʷ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʚʽʜ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʨʦʟʚ'ʷʟʫʚʘʯʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʤʽʞʥʦʛʦ ʰʘʨʫ ʪʘ 

ʩʝʨʽʘʣʽʟʘʮʽʾ ʤʦʜʝʣʝʡ ʚ ONNX ʤʘʻ ʥʘ ʤʝʪʽ ʟʙʝʨʝʛʪʠ ʰʚʠʜʢʦʜʽʶ ʘʣʛʦʨʠʪʤʫ ALNS, 

ʦʜʥʦʯʘʩʥʦ ʥʘʜʘʚʰʠ ʡʦʤʫ ʧʝʨʝʚʘʛʠ çʨʦʟʫʤʥʦʛʦè, ʟʘʣʝʞʥʦʛʦ ʚʽʜ ʢʦʥʪʝʢʩʪʫ ʚʠʙʦʨʫ 

ʝʚʨʠʩʪʠʢ. ʇʦʜʘʣʴʰʽ ʝʪʘʧʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʶ 

ʧʨʘʢʪʠʯʥʫ ʨʦʟʨʦʙʢʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʡʦʛʦ ʪʝʩʪʫʚʘʥʥʷ 

ʥʘ ʥʘʜʚʝʣʠʢʠʭ ʽʥʩʪʘʥʮʽʷʭ (ʧʦʥʘʜ 1000 ʢʣʽʻʥʪʽʚ) ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʤʝʪʨʠʢ ʷʢʦʩʪʽ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʟ ʢʣʘʩʠʯʥʠʤʠ ʨʝʘʣʽʟʘʮʽʷʤʠ. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʈʦʟʚʠʪʦʢ ʪʠʧʦʛʨʘʬʽʢʠ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʙʘʛʘʪʦʚʽʢʦʚʦʾ 

ʝʚʦʣʶʮʽʾ ʧʠʩʴʤʘ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʪʚʦʨʝʥʥʷ ʪʝʢʩʪʫ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʣʠ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʽʟʥʦʤʘʥʽʪʪʷ ʰʨʠʬʪʦʚʠʭ ʬʦʨʤ [1]. ɿ ʦʛʣʷʜʫ ʥʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʜʦʩʪʫʧʥʠʭ ʛʘʨʥʽʪʫʨ ʽ ʚʘʨʽʘʮʽʡ ʾʭ ʥʘʢʨʝʩʣʝʥʴ ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʦʶ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʚʠʙʽʨ ʪʘ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻ ʯʘʩʦʚʽ ʚʠʪʨʘʪʠ 

ʜʠʟʘʡʥʝʨʘ ʥʘ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. 

ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʜʦʮʽʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʽʜʙʦʨʫ ʰʨʠʬʪʦʚʠʭ ʧʘʨ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʪʠʧʦʛʨʘʬʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʨʥʽʪʫʨ, ʟʚʫʟʠʪʠ ʤʥʦʞʠʥʫ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʩʬʦʨʤʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʩʫʤʽʩʥʠʭ ʧʦʻʜʥʘʥʴ. 

ɹʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʧʨʘʮʶʶʪʴ ʥʘ ʦʩʥʦʚʽ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʭ ʧʨʘʚʠʣ 

ʘʙʦ ʩʪʘʪʠʩʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʘʪʝʛʦʨʽʷʤʠ ʰʨʠʬʪʽʚ ʽ ʧʨʠ ʮʴʦʤʫ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʩʝʤʘʥʪʠʯʥʠʡ ʟʤʽʩʪ ʪʝʢʩʪʫ [2]. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʝʥʝʨʘʮʽʾ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ 

ʟʥʠʞʫʻ ʛʥʫʯʢʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʨʽʰʝʥʴ ʫ ʪʚʦʨʯʠʭ ʧʨʦʻʢʪʘʭ. 

ʇʨʦʙʣʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʽʜʙʦʨʫ ʪʠʧʦʛʨʘʬʽʯʥʠʭ ʧʘʨ ʰʨʠʬʪʽʚ ʦʩʪʘʥʥʽʤʠ 

ʨʦʢʘʤʠ ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʫ ʢʦʥʪʝʢʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʚʽʟʫʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʨʠʬʪʽʚ. ʋ ʨʦʙʦʪʽ Sh. Jiang ʪʘ ʽʥ. 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʰʨʠʬʪʦʚʠʭ ʧʘʨ ʥʘ ʦʩʥʦʚʽ 

ʥʘʚʯʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʰʨʠʬʪʘʤʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʣʠʢʦʾ 

ʙʘʟʠ ʨʝʘʣʴʥʠʭ ʜʦʢʫʤʝʥʪʽʚ [3]. ɸʚʪʦʨʠ ʟʘʩʪʦʩʫʚʘʣʠ ʤʝʪʦʜʠ metric learning ʪʘ k-

nearest neighbors ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʘʨʤʦʥʽʡʥʠʭ ʰʨʠʬʪʦʚʠʭ ʢʦʤʙʽʥʘʮʽʡ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʨʝʢʦʤʝʥʜʘʮʽʾ ʰʨʠʬʪʽʚ ʜʣʷ ʜʠʟʘʡʥʝʨʩʴʢʠʭ 

ʟʘʜʘʯ. 

ʋ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʘʢʦʞ ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʩʝʤʘʥʪʠʯʥʦʤʫ 

ʘʥʘʣʽʟʫ ʪʠʧʦʛʨʘʬʽʢʠ. ɿʦʢʨʝʤʘ, ʫ ʨʦʙʦʪʽ Y. Tatsukawa ʪʘ ʽʥ. ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʴ 

FontCLIP, ʷʢʘ ʧʦʻʜʥʫʻ ʩʝʤʘʥʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ vision-language ʤʦʜʝʣʝʡ ʽʟ 
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ʪʠʧʦʛʨʘʬʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʰʨʠʬʪʽʚ [4]. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʰʫʢ ʽ ʧʽʜʙʽʨ ʰʨʠʬʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʝʤʘʥʪʠʯʥʠʭ ʘʪʨʠʙʫʪʽʚ ʪʘ ʪʝʢʩʪʦʚʠʭ 

ʦʧʠʩʽʚ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʛʝʥʝʨʘʮʽʾ 

ʰʨʠʬʪʦʚʠʭ ʧʘʨ ʜʣʷ ʜʠʟʘʡʥʝʨʩʴʢʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʈʦʟʨʦʙʣʝʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ, ʱʦ 

ʥʘʜʘʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʦʻʜʥʘʥʥʷ ʰʨʠʬʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫ ʪʘ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʬʦʨʤʣʝʥʥʷ, ʤʘʻ 

ʪʨʠʨʽʚʥʝʚʫ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʫ ʘʨʭʽʪʝʢʪʫʨʫ. 

ʈʽʚʝʥʴ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʘʙʦ ʢʣʽʻʥʪʩʴʢʘ ʯʘʩʪʠʥʘ, ʟʘʙʝʟʧʝʯʫʻ 

ʚʟʘʻʤʦʜʽʶ ʢʦʨʠʩʪʫʚʘʯʘ ʽʟ ʩʠʩʪʝʤʦʶ ʪʘ ʚʠʩʪʫʧʘʻ ʩʧʦʣʫʯʥʦʶ ʣʘʥʢʦʶ ʤʽʞ 

ʢʦʨʠʩʪʫʚʘʮʴʢʠʤʠ ʟʘʧʠʪʘʤʠ ʡ ʙʽʟʥʝʩ-ʣʦʛʽʢʦʶ ʩʝʨʚʝʨʘ. 

ʉʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ, ʷʢʘ ʻ ʷʜʨʦʤ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʟʦʩʝʨʝʜʞʫ ̒ʣʦʛʽʢʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʘ ʩʘʤʝ, ʣʽʥʛʚʽʩʪʠʯʥʠʡ ʨʦʟʙʽʨ ʪʝʢʩʪʫ, ʧʦʰʫʢ ʩʝʤʘʥʪʠʯʥʠʭ 

ʟʚôʷʟʢʽʚ ʪʘ ʤʘʪʝʤʘʪʠʯʥʝ ʨʘʥʞʫʚʘʥʥʷ ʰʨʠʬʪʦʚʠʭ ʧʘʨ. ʉʝʨʚʝʨ ʦʙʨʦʙʣʷʻ 

ʦʪʨʠʤʘʥʠʡ ʟʘʧʠʪ, ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʙʘʟʠ ʜʘʥʠʭ ʽ ʧʦʚʝʨʪʘʻ ʛʦʪʦʚʠʡ ʨʝʟʫʣʴʪʘʪ 

ʢʦʨʠʩʪʫʚʘʯʫ.  

ʌʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʠʩʪʝʤʽ ʻ 

ʨʽʚʝʥʴ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ. ʁʦʛʦ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʨʝʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ SQLite.  

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʣʦʛʽʢʠ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ ʫ ʩʪʘʥʜʘʨʪʽ IDEF0 (ʨʠʩʫʥʦʢ 1), ʷʢʘ ʜʝʤʦʥʩʪʨʫʻ ʷʢ 

ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ ʪʘ ʩʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʚʟʘʻʤʦʜʽʶʪʴ ʜʣʷ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʠʢʦʥʘʥʥʷ ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʩʝʤʘʥʪʠʯʥʦʛʦ ʧʦʰʫʢʫ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʰʨʠʬʪʦʚʠʭ ʧʘʨ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ (IDEF0 ʜʽʘʛʨʘʤʘ) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʜʽʘʛʨʘʤʠ, ʮʝʥʪʨʘʣʴʥʠʤ ʧʨʦʮʝʩʦʤ ʩʠʩʪʝʤʠ ʻ 

çɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʧʽʜʙʽʨ ʰʨʠʬʪʦʚʠʭ ʧʘʨè. ʎʝʡ ʙʣʦʢ ʽʥʪʝʛʨʫʻ ʚ ʩʦʙʽ ʚʩʽ ʣʦʛʽʯʥʽ 

ʧʨʦʮʝʩʠ ʩʠʩʪʝʤʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʦʙʨʦʙʣʝʥʦʛʦ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ 
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ʫ ʛʦʪʦʚʝ ʚʽʟʫʘʣʴʥʝ ʨʽʰʝʥʥʷ. ʁʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʟʘʻʤʦʜʽʾ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ, ʟʘʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʪʝʭʥʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ɺʭʽʜʥʽ ʜʘʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʢʩʪʦʚʠʤ ʦʧʠʩʦʤ ʧʨʦʻʢʪʫ ʪʘ ʥʘʙʦʨʦʤ ʪʝʭʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ʎʝ ʪʘ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʟʘ ʽʥʽʮʽʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʩʧʨʠʷʻ ʧʦʰʫʢʫ ʽ 

ʟʚʫʞʫʻ ʧʽʜʙʽʨ ʟʘ ʤʦʚʥʦʶ ʧʽʜʪʨʠʤʢʦʶ ʪʘ ʚʽʟʫʘʣʴʥʦʶ ʢʦʥʪʨʘʩʪʥʽʩʪʶ ʤʘʡʙʫʪʥʴʦʾ 

ʧʘʨʠ.  

ɺʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʤʦʞʝ ʥʘʜʭʦʜʠʪʠ ʫ ʜʚʦʭ ʬʦʨʤʘʪʘʭ: 

ʜʦʚʽʣʴʥʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʦʧʠʩʫ ʧʨʦʻʢʪʫ ʫʢʨʘʾʥʩʴʢʦʶ/ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʘʤʠ ʘʙʦ ʞ ʫ 

ʚʠʛʣʷʜʽ ʬʽʢʩʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʦʙʠʨʘʶʪʴʩʷ ʯʝʨʝʟ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ. 

ʋʧʨʘʚʣʽʥʥʷ ʦʩʥʦʚʥʠʤ ʧʨʦʮʝʩʦʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʘʟʜʘʣʝʛʽʜʴ 

ʚʠʟʥʘʯʝʥʠʭ ʧʨʘʚʠʣ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʘʣʛʦʨʠʪʤ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʪʘ 

ʬʦʨʤʘʣʽʟʦʚʘʥʽ ʧʨʠʥʮʠʧʠ ʪʠʧʦʛʨʘʬʽʯʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʰʨʠʬʪʽʚ. 

ɸʣʛʦʨʠʪʤ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʟʘʙʝʟʧʝʯʫʻ ʦʙʨʦʙʢʫ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ 

ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʠʧʦʛʨʘʬʽʯʥʦ ʫʟʛʦʜʞʝʥʠʭ ʰʨʠʬʪʦʚʠʭ ʧʘʨ ʥʘ ʦʩʥʦʚʽ 

ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫ. ɺʦʜʥʦʯʘʩ ʧʨʘʚʠʣʘ ʩʫʤʽʩʥʦʩʪʽ ʰʨʠʬʪʽʚ ʦʙʤʝʞʫʶʪʴ 

ʧʨʦʩʪʽʨ ʚʠʙʦʨʫ, ʟʘʣʠʰʘʶʯʠ ʣʠʰʝ ʪʽ ʰʨʠʬʪʦʚʽ ʧʘʨʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʠʪʝʨʽʷʤ 

ʚʽʟʫʘʣʴʥʦʾ ʛʘʨʤʦʥʽʾ ʪʘ ʩʪʠʣʽʩʪʠʯʥʦʾ ʫʟʛʦʜʞʝʥʦʩʪʽ. 

ɿ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʩʠʩʪʝʤʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʟʘʧʠʪʫ ʫ ʚʝʢʪʦʨʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ [5] ʟ ʧʦʜʘʣʴʰʠʤ 

ʦʙʯʠʩʣʝʥʥʷʤ ʩʪʫʧʝʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʰʨʠʬʪʦʚʠʭ ʧʘʨ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ 

ʬʘʢʪʠʯʥʦ ʚʧʨʦʚʘʜʞʫʻ ʫ ʩʠʩʪʝʤʫ ʝʣʝʤʝʥʪʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (Machine 

Learning), ʦʩʢʽʣʴʢʠ ʜʘʻ ʟʤʦʛʫ ʬʦʨʤʫʚʘʪʠ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽ ʪʘ ʩʝʤʘʥʪʠʯʥʦ 

ʨʝʣʝʚʘʥʪʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ. 

ɺ ʦʩʥʦʚʽ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʣʝʞʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ NLP (Natural 

Language Processing) ʽʟ ʙʽʙʣʽʦʪʝʢʦʶ spaCy [6], ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʤʧôʶʪʝʨʘʤ 

ʨʦʟʫʤʽʪʠ ʪʘ ʦʙʨʦʙʣʷʪʠ ʣʶʜʩʴʢʫ ʤʦʚʫ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ, ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ 

ʫʢʨʘʾʥʦʤʦʚʥʫ ʘʫʜʠʪʦʨʽʶ, ʘ ʩʘʤʝ uk_core_news_lg [7]. ʎʝ ʚʝʣʠʢʘ ʧʦʧʝʨʝʜʥʴʦ 

ʥʘʪʨʝʥʦʚʘʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʥʘʚʯʝʥʘ ʥʘ ʤʽʣʴʡʦʥʘʭ ʫʢʨʘʾʥʦʤʦʚʥʠʭ ʨʝʯʝʥʥʷʭ ʪʘ 

ʟʜʘʪʥʘ ʨʦʟʧʽʟʥʘʚʘʪʠ ʟʚôʷʟʢʠ ʤʽʞ ʩʣʦʚʘʤʠ ʪʘ ʚʠʪʷʛʫʚʘʪʠ ʾʭ ʩʝʤʘʥʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. 

ʆʩʥʦʚʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʩʠʩʪʝʤʠ ʻ ʽʥʪʝʛʨʘʮʽʷ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʭʤʘʨʥʠʤ ʨʝʩʫʨʩʦʤ Google Fonts API. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʢʨʠʪʦʛʦ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ 

ʜʦʟʚʦʣʷʻ ʤʠʪʪʻʚʦ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʛʘʨʥʽʪʫʨʠ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʦʪʨʠʤʫʚʘʪʠ 

ʘʢʪʫʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʰʨʠʬʪʠ: ʥʘʟʚʠ, ʢʘʪʝʛʦʨʽʾ, ʘʪʨʠʙʫʪʠ (ʪʦʚʱʠʥʘ, ʩʪʠʣʴ, 

ʧʽʜʪʨʠʤʢʘ ʤʦʚ) ʪʘ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʨʠʬʪʽʚ. ʎʝ ʟʥʘʯʥʦ ʟʥʠʞʫʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʣʦʢʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʫ ʚʟʘʻʤʦʜʽʶ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʩʝʨʚʽʩʦʤ ʪʘ ʜʦʩʪʫʧ ʜʦ ʘʢʪʫʘʣʴʥʠʭ ʚʝʨʩʽʡ ʰʨʠʬʪʽʚ. 

ʊʝʭʥʽʯʥʽ ʤʝʭʘʥʽʟʤʠ ʫ ʧʨʦʮʝʩʽ ʻ ʨʝʩʫʨʩʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʦʥʘʥʥʷ 

ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ. ɼʦ ʪʘʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʘʣʝʞʘʪʴ: ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʢʣʽʻʥʪʩʴʢʘ ʯʘʩʪʠʥʘ (ʽʥʪʝʨʬʝʡʩ), ʩʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʪʘ ʙʘʟʘ ʜʘʥʠʭ ʰʨʠʬʪʽʚ.  

ʂʽʥʮʝʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʻ ʩʬʦʨʤʦʚʘʥʽ ʨʝʣʝʚʘʥʪʥʽ ʰʨʠʬʪʦʚʽ ʧʘʨʠ, ʫ 

ʟʨʫʯʥʦʤʫ ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʠʛʣʷʜʽ. ɺʦʥʠ ʧʨʦʭʦʜʷʪʴ ʩʠʩʪʝʤʫ 

ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʨʘʥʞʫʚʘʥʥʷ ʽ ʛʦʪʦʚʽ ʜʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʧʝʨʝʛʣʷʜʫ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʇʘʥʝʣʴ ʢʝʨʫʚʘʥʥʷ ʪʘ ʙʣʦʢ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 2.  
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ʈʠʩʫʥʦʢ 2 ï ʇʘʥʝʣʴ ʢʝʨʫʚʘʥʥʷ ʪʘ ʙʣʦʢ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʽʜʙʦʨʫ ʽʥʪʝʛʨʫʶʪʴʩʷ ʫ ʢʦʥʪʝʢʩʪʥʽ ʽʥʪʝʨʘʢʪʠʚʥʽ ʤʘʢʝʪʠ: ʚʝʙ-

ʩʘʡʪ, ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ, ʛʣʷʥʮʝʚʠʡ ʞʫʨʥʘʣ, ʧʦʩʪʝʨ, ʢʥʠʛʘ ʪʘ ʚʽʟʠʪʢʘ.  

ɺʠʩʥʦʚʢʠ. ʈʝʘʣʽʟʦʚʘʥʝ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʘʮʽʶ 

ʩʢʣʘʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʙʦʨʫ ʰʨʠʬʪʦʚʠʭ ʛʘʨʥʽʪʫʨ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫ. ʎʝ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫ ʩʬʝʨʽ ʛʨʘʬʽʯʥʦʛʦ ʜʠʟʘʡʥʫ ʪʘ ʩʫʤʽʞʥʠʭ ʛʘʣʫʟʷʭ, 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʨʦʟʨʦʙʣʝʥʥʷʤ ʽ ʚʽʟʫʘʣʴʥʠʤ ʦʬʦʨʤʣʝʥʥʷʤ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʝʥʪʫ. 
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ʋ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʦʙʩʷʛ ʧʫʙʣʽʢʘʮʽʡ ʟʨʦʩʪʘʻ 

ʰʚʠʜʰʝ, ʥʽʞ ʜʦʩʣʽʜʥʠʢ ʤʦʞʝ ʦʧʨʘʮʶʚʘʪʠ ʚʨʫʯʥʫ. ʏʝʨʝʟ ʮʝ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ 

ʥʘʙʫʚʘʶʪʴ ʨʝʢʦʤʝʥʜʘʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ, ʟʜʘʪʥʽ ʥʝ ʣʠʰʝ ʟʥʘʭʦʜʠʪʠ ʜʦʢʫʤʝʥʪʠ ʟʘ 

ʧʨʷʤʠʤ ʟʙʽʛʦʤ ʪʝʨʤʽʥʽʚ, ʘ ʡ ʫʨʘʭʦʚʫʚʘʪʠ ʟʤʽʩʪʦʚʫ ʙʣʠʟʴʢʽʩʪʴ ʨʦʙʽʪ. ɼʣʷ ʪʘʢʦʾ 

ʟʘʜʘʯʽ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʤʦʜʝʣʴ ʩʝʤʘʥʪʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʢʩʪʫ, 

ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʷʢʽʩʪʴ ʝʤʙʝʜʠʥʛʽʚ ʚʠʟʥʘʯʘʻ ʧʦʜʘʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, 

ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʪʘ ʨʘʥʞʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʰʫʢʫ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʝʡ SciBERT [1], SciNCL [2], 

SPECTER v1 [3] ʪʘ SPECTER v2 [4] ʜʣʷ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʚʝʢʪʦʨʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ 

ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ. SciBERT ʻ ʤʦʚʥʦʶ ʤʦʜʝʣʣʶ, ʘʜʘʧʪʦʚʘʥʦʶ ʜʦ ʥʘʫʢʦʚʠʭ 

ʪʝʢʩʪʽʚ, ʦʜʥʘʢ ʚʦʥʘ ʥʝ ʦʧʪʠʤʽʟʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʣʷ ʜʦʢʫʤʝʥʪʥʦʾ ʧʦʜʽʙʥʦʩʪʽ. 

SPECTER v1 ʽ SPECTER v2 ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʚôʷʟʢʽʚ ʤʽʞ ʧʫʙʣʽʢʘʮʽʷʤʠ, ʘ SciNCL ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʥʪʨʘʩʪʠʚʥʝ 

ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʥʘʫʢʦʚʠʭ ʝʤʙʝʜʠʥʛʽʚ. ʊʦʤʫ ʩʘʤʝ ʮʽ ʤʦʜʝʣʽ 

ʜʦʮʽʣʴʥʦ ʧʦʨʽʚʥʶʚʘʪʠ ʚ ʢʦʥʪʝʢʩʪʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʘʫʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʘʞʣʠʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʤʽʞ ʨʦʟʛʣʷʥʫʪʠʤʠ ʧʽʜʭʦʜʘʤʠ ʻ ʨʽʚʝʥʴ, ʥʘ ʷʢʦʤʫ 

ʤʦʜʝʣʴ ʬʦʨʤʫʻ ʦʟʥʘʢʠ ʜʦʢʫʤʝʥʪʘ. ʋʥʽʚʝʨʩʘʣʴʥʽ ʪʨʘʥʩʬʦʨʤʝʨʥʽ ʘʨʭʽʪʝʢʪʫʨʠ 

ʟʜʝʙʽʣʴʰʦʛʦ ʜʦʙʨʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʣʦʢʘʣʴʥʠʡ ʤʦʚʥʠʡ ʢʦʥʪʝʢʩʪ, ʦʜʥʘʢ ʜʣʷ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʮʴʦʛʦ ʥʝʜʦʩʪʘʪʥʴʦ. ʋ ʪʘʢʽʡ ʟʘʜʘʯʽ ʩʫʪʪʻʚʠʤʠ ʻ 

ʥʝ ʣʠʰʝ ʦʢʨʝʤʽ ʪʝʨʤʽʥʠ, ʘ ʡ ʟʚôʷʟʦʢ ʤʽʞ ʧʨʦʙʣʝʤʘʪʠʢʦʶ, ʤʝʪʦʜʘʤʠ, ʦʙôʻʢʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʤʽʩʮʝʤ ʨʦʙʦʪʠ ʫ ʰʠʨʰʽʡ ʩʪʨʫʢʪʫʨʽ ʥʘʫʢʦʚʦʾ ʢʦʤʫʥʽʢʘʮʽʾ. ʉʘʤʝ 

ʪʦʤʫ ʤʦʜʝʣʽ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʮʠʪʫʚʘʥʥʷ ʘʙʦ ʜʦʢʫʤʝʥʪʥʫ ʧʦʜʽʙʥʽʩʪʴ, ʤʘʶʪʴ 

ʪʝʦʨʝʪʠʯʥʫ ʧʝʨʝʚʘʛʫ ʥʘʜ ʤʦʜʝʣʷʤʠ, ʥʘʚʯʝʥʠʤʠ ʧʝʨʝʚʘʞʥʦ ʥʘ ʤʦʚʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ. 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʦʜʥʘʢʦʚʠʤ ʩʮʝʥʘʨʽʻʤ ʜʣʷ 

ʚʩʽʭ ʤʦʜʝʣʝʡ. ɼʣʷ ʢʦʞʥʦʾ ʧʫʙʣʽʢʘʮʽʾ ʙʫʜʫʚʘʚʩʷ ʝʤʙʝʜʠʥʛ, ʧʽʩʣʷ ʯʦʛʦ 

ʟʜʽʡʩʥʶʚʘʚʩʷ ʩʝʤʘʥʪʠʯʥʠʡ ʧʦʰʫʢ ʫ ʩʧʽʣʴʥʦʤʫ ʢʦʨʧʫʩʽ ʜʦʢʫʤʝʥʪʽʚ. ʋ ʨʦʣʽ 

ʧʦʰʫʢʦʚʦʛʦ ʟʘʧʠʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʩʝʤʘʥʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʫʙʣʽʢʘʮʽʡ, 

ʧʽʩʣʷ ʯʦʛʦ ʩʠʩʪʝʤʘ ʧʦʚʝʨʪʘʣʘ ʥʘʡʙʣʠʞʯʽ ʜʦʢʫʤʝʥʪʠ ʟ ʢʦʨʧʫʩʫ OpenAlex. ʎʝ ʜʘʣʦ 

ʟʤʦʛʫ ʧʦʨʽʚʥʷʪʠ ʥʝ ʟʘʛʘʣʴʥʽ ʤʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʝʣʝʡ, ʘ ʾʭʥʶ ʧʨʘʢʪʠʯʥʫ 

ʧʨʠʜʘʪʥʽʩʪʴ ʜʦ ʧʦʰʫʢʫ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʙʣʠʟʴʢʠʭ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʪʨʝʙʠ 

ʜʦʩʣʽʜʥʠʢʘ. ʆʩʥʦʚʥʦʶ ʤʝʪʨʠʢʦʶ ʦʙʨʘʥʦ normalized discounted cumulative gain 

(nDCG), ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʚʨʘʭʦʚʫʻ ʥʝ ʪʽʣʴʢʠ ʥʘʷʚʥʽʩʪʴ ʨʝʣʝʚʘʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʨʝʟʫʣʴʪʘʪʘʭ, ʘ ʡ ʾʭʥʽ ʧʦʟʠʮʽʾ ʫ ʨʘʥʞʦʚʘʥʦʤʫ ʩʧʠʩʢʫ. ɼʦʜʘʪʢʦʚʦ ʚʠʢʦʨʠʩʪʘʥʦ 

Precision, Recall, F1 ʪʘ mean reciprocal rank (MRR). 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʚʩʽ ʤʦʜʝʣʽ ʦʮʽʥʶʚʘʣʠʩʷ ʚ 

ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ: ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʪʦʡ ʩʘʤʠʡ ʥʘʙʽʨ ʜʦʢʫʤʝʥʪʽʚ, ʦʜʥʘʢʦʚʘ 

ʣʦʛʽʢʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʰʫʢʦʚʦʛʦ ʟʘʧʠʪʫ ʪʘ ʦʜʥʘʢʦʚʽ ʤʝʪʨʠʢʠ ʷʢʦʩʪʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʤʽʥʽʤʽʟʫʻ ʚʧʣʠʚ ʩʪʦʨʦʥʥʽʭ ʬʘʢʪʦʨʽʚ ʽ ʜʦʟʚʦʣʷʻ ʧʦʚôʷʟʫʚʘʪʠ ʚʽʜʤʽʥʥʦʩʪʽ ʚ 

ʨʝʟʫʣʴʪʘʪʘʭ ʩʘʤʝ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʝʤʙʝʜʠʥʛʽʚ.  

ʆʮʽʥʶʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟ ʧʦʟʠʮʽʾ ʧʨʘʢʪʠʯʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ 

ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʅʘʡʙʽʣʴʰʫ ʚʘʛʫ ʤʘʻ ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʚʠʜʘʯʽ, ʦʩʢʽʣʴʢʠ 

ʜʦʩʣʽʜʥʠʢ ʟʘʟʚʠʯʘʡ ʧʝʨʝʛʣʷʜʘʻ ʣʠʰʝ ʧʝʨʰʽ ʨʝʟʫʣʴʪʘʪʠ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ nDCG ʽ 

MRR ʻ ʦʩʦʙʣʠʚʦ ʧʦʢʘʟʦʚʠʤʠ: ʧʝʨʰʘ ʤʝʪʨʠʢʘ ʜʝʤʦʥʩʪʨʫʻ ʷʢʽʩʪʴ ʫʧʦʨʷʜʢʫʚʘʥʥʷ 

ʨʝʣʝʚʘʥʪʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʘ ʜʨʫʛʘ ʚʽʜʦʙʨʘʞʘʻ, ʥʘʩʢʽʣʴʢʠ ʰʚʠʜʢʦ ʢʦʨʠʩʪʫʚʘʯ 

ʟʥʘʭʦʜʠʪʴ ʧʝʨʰʠʡ ʢʦʨʠʩʥʠʡ ʤʘʪʝʨʽʘʣ. Precision, Recall ʪʘ F1 ʜʦʧʦʚʥʶʶʪʴ ʘʥʘʣʽʟ 

ʽ ʜʘʶʪʴ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʙʘʣʘʥʩ ʤʽʞ ʪʦʯʥʽʩʪʶ ʪʘ ʧʦʚʥʦʪʦʶ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʙʫʣʦ ʟʘʚʘʥʪʘʞʝʥʦ ʦʙʤʝʞʝʥʠʡ ʢʦʨʧʫʩ ʨʦʙʽʪ OpenAlex [5], 

ʷʢʠʡ ʩʢʣʘʚ ʙʣʠʟʴʢʦ 200000 ʘʥʛʣʦʤʦʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʦʙʤʝʞʝʥʠʭ ʛʘʣʫʟʷʤʠ 

ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʪʘ ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ. ʆʩʢʽʣʴʢʠ ʨʫʯʥʝ ʝʢʩʧʝʨʪʥʝ 

ʤʘʨʢʫʚʘʥʥʷ ʚʝʣʠʢʦʛʦ ʢʦʨʧʫʩʫ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʻ ʪʨʫʜʦʤʽʩʪʢʠʤ ʽ ʧʦʛʘʥʦ 

ʤʘʩʰʪʘʙʫʻʪʴʩʷ, ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʨʝʣʝʚʘʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʪʝʩʪʫʚʘʥʥʷ ʫ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʘʥʦ ʩʣʘʙʢʦ-ʢʝʨʦʚʘʥʠʡ ʧʽʜʭʽʜ. ʈʝʣʝʚʘʥʪʥʠʤʠ 

ʚʚʘʞʘʣʠʩʷ ʧʫʙʣʽʢʘʮʽʾ, ʷʢʽ ʤʘʶʪʴ ʦʙôʻʢʪʠʚʥʠʡ ʟʚôʷʟʦʢ ʽʟ ʥʘʫʢʦʚʠʤ ʧʨʦʬʽʣʝʤ 

ʘʚʪʦʨʘ ʘʙʦ ʤʘʶʪʴ ʮʠʪʘʪʥʽ ʟʚôʷʟʢʠ ʟ ʨʦʙʦʪʘʤʠ ʜʦʩʣʽʜʥʠʢʘ. ʊʘʢʠʡ ʧʨʠʥʮʠʧ 

ʜʦʟʚʦʣʷʻ ʥʘʙʣʠʟʠʪʠ ʪʝʩʪʫʚʘʥʥʷ ʜʦ ʨʝʘʣʴʥʦʛʦ ʩʮʝʥʘʨʽʶ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʫ ʷʢʦʤʫ 

ʩʠʩʪʝʤʘ ʤʘʻ ʟʥʘʭʦʜʠʪʠ ʥʝ ʚʠʧʘʜʢʦʚʦ ʧʦʜʽʙʥʽ ʪʝʢʩʪʠ, ʘ ʤʘʪʝʨʽʘʣʠ, ʟʤʽʩʪʦʚʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʧʦʧʝʨʝʜʥʴʦʶ ʥʘʫʢʦʚʦʶ ʘʢʪʠʚʥʽʩʪʶ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʇʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ ʚʨʘʭʦʚʫʚʘʣʦʩʷ, ʱʦ ʨʝʣʝʚʘʥʪʥʽʩʪʴ ʫ 

ʥʘʫʢʦʚʦʤʫ ʧʦʰʫʢʫ ʤʘʻ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʭʘʨʘʢʪʝʨ. ʎʠʪʫʚʘʥʥʷ ʚʽʜʦʙʨʘʞʘʻ 

ʥʘʫʢʦʚʫ ʩʧʘʜʢʦʻʤʥʽʩʪʴ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʽʣʴʥʦʾ ʜʞʝʨʝʣʴʥʦʾ ʙʘʟʠ, ʘ ʩʧʽʚʘʚʪʦʨʩʪʚʦ 

ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʥʘʣʝʞʥʽʩʪʴ ʜʦ ʩʧʦʨʽʜʥʝʥʦʛʦ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʥʘʧʨʷʤʫ. 

ʇʦʻʜʥʘʥʥʷ ʮʠʭ ʦʟʥʘʢ ʟʤʝʥʰʫʻ ʨʠʟʠʢ ʥʘʜʪʦ ʚʫʟʴʢʦʛʦ ʦʮʽʥʶʚʘʥʥʷ, ʢʦʣʠ 

ʨʝʣʝʚʘʥʪʥʠʤʠ ʚʠʟʥʘʶʪʴʩʷ ʣʠʰʝ ʜʦʢʫʤʝʥʪʠ ʟ ʧʨʷʤʠʤ ʣʝʢʩʠʯʥʠʤ ʟʙʽʛʦʤ, ʽ 

ʚʦʜʥʦʯʘʩ ʦʙʤʝʞʫʻ ʧʦʪʨʘʧʣʷʥʥʷ ʜʦ ʝʪʘʣʦʥʥʦʾ ʤʥʦʞʠʥʠ ʚʠʧʘʜʢʦʚʠʭ ʪʝʤʘʪʠʯʥʦ 

ʜʘʣʝʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɼʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʚʘʣʦʩʷ ʯʘʩʦʚʝ ʨʦʟʜʽʣʝʥʥʷ ʧʫʙʣʽʢʘʮʽʡ ʘʚʪʦʨʘ. ʊʘʢʠʡ 

ʧʨʠʥʮʠʧ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʨʝʘʣʽʩʪʠʯʥʠʡ ʩʮʝʥʘʨʽʡ, ʫ ʷʢʦʤʫ ʩʠʩʪʝʤʘ ʬʦʨʤʫʻ 
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ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʚʞʝ ʥʘʷʚʥʦʛʦ ʧʨʦʬʽʣʶ ʜʦʩʣʽʜʥʠʢʘ, ʘ ʷʢʽʩʪʴ ʧʝʨʝʚʽʨʷʻʪʴʩʷ 

ʟʘ ʨʦʙʦʪʘʤʠ, ʱʦ ʟôʷʚʣʷʶʪʴʩʷ ʧʽʟʥʽʰʝ ʘʙʦ ʤʘʶʪʴ ʟʤʽʩʪʦʚʠʡ ʟʚôʷʟʦʢ ʟ ʧʦʜʘʣʴʰʠʤ 

ʨʦʟʚʠʪʢʦʤ ʡʦʛʦ ʥʘʫʢʦʚʠʭ ʽʥʪʝʨʝʩʽʚ. ʎʝ ʟʤʝʥʰʫʻ ʨʠʟʠʢ ʥʝʢʦʨʝʢʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ, 

ʢʦʣʠ ʩʠʩʪʝʤʘ ʬʘʢʪʠʯʥʦ ʦʪʨʠʤʫʻ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʚ ʨʝʘʣʴʥʦʤʫ ʤʦʤʝʥʪʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʝ ʥʝ ʙʫʣʘ ʙ ʜʦʩʪʫʧʥʦʶ. ʂʨʠʪʝʨʽʾ, ʱʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʨʝʣʝʚʘʥʪʥʦʾ ʤʥʦʞʠʥʠ ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 

1. 

 

ʊʘʙʣʠʮʷ 1 ï ʂʨʠʪʝʨʽʾ ʬʦʨʤʫʚʘʥʥʷ ʨʝʣʝʚʘʥʪʥʦʾ ʤʥʦʞʠʥʠ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ 
ʂʨʠʪʝʨʽʡ ɿʤʽʩʪ ʢʨʠʪʝʨʽʶ ʇʨʠʟʥʘʯʝʥʥʷ ʚ ʦʮʽʥʶʚʘʥʥʽ 

ʎʠʪʘʪʥʽ ʟʚôʷʟʢʠ 

ʅʘʷʚʥʽʩʪʴ ʧʦʩʠʣʘʥʴ ʤʽʞ 

ʨʦʙʦʪʘʤʠ ʘʚʪʦʨʘ ʪʘ 

ʧʦʪʝʥʮʽʡʥʦ ʨʝʣʝʚʘʥʪʥʠʤʠ 

ʧʫʙʣʽʢʘʮʽʷʤʠ 

ɺʽʜʦʙʨʘʞʘʻ ʥʘʫʢʦʚʫ 

ʩʧʘʜʢʦʻʤʥʽʩʪʴ ʽ ʟʚôʷʟʦʢ 

ʜʞʝʨʝʣʴʥʦʾ ʙʘʟʠ 

ʉʧʽʚʘʚʪʦʨʩʪʚʦ 

ʅʘʷʚʥʽʩʪʴ ʩʧʽʣʴʥʠʭ ʘʚʪʦʨʽʚ 

ʘʙʦ ʥʘʣʝʞʥʽʩʪʴ ʜʦ ʙʣʠʟʴʢʦʛʦ 

ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʢʦʣʘ 

ɼʦʧʦʤʘʛʘʻ ʚʨʘʭʫʚʘʪʠ 

ʢʦʣʘʙʦʨʘʮʽʡʥʠʡ ʢʦʥʪʝʢʩʪ 

ʜʦʩʣʽʜʞʝʥʴ 

ʏʘʩʦʚʝ 

ʨʦʟʜʽʣʝʥʥʷ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ 

ʨʦʙʽʪ ʜʣʷ ʧʨʦʬʽʣʶʚʘʥʥʷ ʪʘ 

ʧʽʟʥʽʰʠʭ ʨʦʙʽʪ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʅʘʙʣʠʞʫʻ ʝʢʩʧʝʨʠʤʝʥʪ ʜʦ 

ʨʝʘʣʴʥʦʛʦ ʩʮʝʥʘʨʽʶ 

ʨʝʢʦʤʝʥʜʘʮʽʾ 

 

ʇʦʜʘʥʘ ʩʭʝʤʘ ʢʨʠʪʝʨʽʾʚ ʥʝ ʟʘʤʽʥʶʻ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ, ʦʜʥʘʢ ʟʘʜʘʻ 

ʚʽʜʪʚʦʨʶʚʘʥʫ ʦʩʥʦʚʫ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʝʡ. ɺʦʥʘ ʜʘʻ ʟʤʦʛʫ ʦʜʥʘʢʦʚʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʘʚʠʣʘ ʨʝʣʝʚʘʥʪʥʦʩʪʽ ʜʦ ʚʩʽʭ ʚʘʨʽʘʥʪʽʚ ʝʤʙʝʜʠʥʛʽʚ ʽ ʪʠʤ ʩʘʤʠʤ 

ʫʥʠʢʘʪʠ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʧʝʨʝʚʘʛʘ ʦʜʥʽʻʾ ʤʦʜʝʣʽ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʽʥʰʠʡ ʩʧʦʩʽʙ ʜʦʙʦʨʫ 

ʪʝʩʪʦʚʠʭ ʧʨʠʢʣʘʜʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʝʡ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 2. 

 

ʊʘʙʣʠʮʷ 2 ï ʇʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʝʡ ʝʤʙʝʜʠʥʛʽʚ ʜʣʷ ʟʘʜʘʯʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ 
ʄʦʜʝʣʴ nDCG Precision Recall F1 MRR 

SciBERT 0.008 0.004 0.007 0.005 0.014 

SciNCL 0.078 0.047 0.128 0.058 0.134 

SPECTER v1 0.080 0.027 0.086 0.035 0.127 

SPECTER v2 0.081 0.066 0.105 0.067 0.146 

 

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ SciBERT ʤʘʻ ʥʘʡʥʠʞʯʽ ʟʥʘʯʝʥʥʷ ʚʩʽʭ 

ʤʝʪʨʠʢ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʘʫʢʦʚʦʛʦ ʢʦʨʧʫʩʫ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ 

ʷʢʽʩʥʦʛʦ ʧʦʰʫʢʫ ʧʦʜʽʙʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʷʢʱʦ ʤʦʜʝʣʴ ʥʝ ʥʘʚʯʘʣʘʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʘʜʘʯʽ ʜʦʢʫʤʝʥʪʥʦʾ ʙʣʠʟʴʢʦʩʪʽ. SciNCL ʜʝʤʦʥʩʪʨʫʻ ʩʫʪʪʻʚʦ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʦʩʦʙʣʠʚʦ ʟʘ Recall, ʱʦ ʚʢʘʟʫʻ ʥʘ ʾʾ ʟʜʘʪʥʽʩʪʴ ʟʥʘʭʦʜʠʪʠ ʙʽʣʴʰʫ ʯʘʩʪʢʫ 

ʨʝʣʝʚʘʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʦʨʽʚʥʷʥʥʷ ʪʘʢʦʞ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʦʢʨʝʤʦʾ ʤʝʪʨʠʢʠ ʥʝ ʟʘʚʞʜʠ 

ʻ ʜʦʩʪʘʪʥʴʦʶ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʚʠʙʦʨʫ ʤʦʜʝʣʽ. ʅʘʧʨʠʢʣʘʜ, SciNCL ʜʝʤʦʥʩʪʨʫʻ 

ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʫ ʧʦʚʥʦʪʫ, ʦʜʥʘʢ ʧʦʩʪʫʧʘʻʪʴʩʷ SPECTER v2 ʟʘ Precision, F1 ʪʘ 

MRR. ɼʣʷ ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʦʜʝʣʴ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠ 

ʙʽʣʴʰʝ ʧʦʪʝʥʮʽʡʥʦ ʨʝʣʝʚʘʥʪʥʠʭ ʨʦʙʽʪ, ʘʣʝ ʥʝ ʟʘʚʞʜʠ ʨʦʟʤʽʱʫʻ ʾʭ ʫ ʥʘʡʙʽʣʴʰ 
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ʢʦʨʠʩʥʦʤʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʧʦʨʷʜʢʫ. ʊʦʤʫ ʦʩʪʘʪʦʯʥʠʡ ʚʠʙʽʨ ʤʘʻ ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ 

ʩʫʢʫʧʥʦʩʪʽ ʤʝʪʨʠʢ. 

SPECTER v1 ʽ SPECTER v2 ʧʦʢʘʟʫʶʪʴ ʥʘʡʢʨʘʱʽ ʟʥʘʯʝʥʥʷ nDCG ʩʝʨʝʜ 

ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʜʘʯʽ ʨʘʥʞʦʚʘʥʦʾ ʨʝʢʦʤʝʥʜʘʮʽʾ. ʇʨʠ 

ʮʴʦʤʫ SPECTER v2 ʤʘʻ ʥʘʡʚʠʱʽ Precision, F1 ʪʘ MRR. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʦʜʝʣʴ ʥʝ 

ʣʠʰʝ ʟʥʘʭʦʜʠʪʴ ʨʝʣʝʚʘʥʪʥʽ ʜʦʢʫʤʝʥʪʠ, ʘ ʡ ʢʨʘʱʝ ʨʦʟʤʽʱʫʻ ʾʭ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 

ʩʧʠʩʢʫ, ʪʦʙʪʦ ʬʦʨʤʫʻ ʧʨʘʢʪʠʯʥʦ ʢʦʨʠʩʥʽʰʫ ʚʠʜʘʯʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʧʨʠʨʦʜʦʶ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʝʡ. 

SPECTER v2 ʢʨʘʱʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʾʾ 

ʚʝʢʪʦʨʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʝ ʣʠʰʝ ʤʦʚʥʫ ʧʦʜʽʙʥʽʩʪʴ, ʘ ʡ ʟʤʽʩʪʦʚʽ ʪʘ ʩʪʨʫʢʪʫʨʥʽ 

ʟʚôʷʟʢʠ ʤʽʞ ʥʘʫʢʦʚʠʤʠ ʨʦʙʦʪʘʤʠ. ɼʣʷ ʩʠʩʪʝʤʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʘʫʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʮʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ, ʘʜʞʝ ʥʘʜʘʣʽ ʝʤʙʝʜʠʥʛʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʽʟʦʣʴʦʚʘʥʦ, ʘ 

ʷʢ ʦʩʥʦʚʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʘʚʪʦʨʘ, ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʡʦʛʦ 

ʧʫʙʣʽʢʘʮʽʡ ʽ ʛʽʙʨʠʜʥʦʛʦ ʧʦʰʫʢʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʠʙʦʨʫ SPECTER v2 ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʷʢʽʩʥʽʰʽ 

ʝʤʙʝʜʠʥʛʠ ʧʦʢʨʘʱʫʶʪʴ ʥʝ ʣʠʰʝ ʧʦʯʘʪʢʦʚʠʡ ʩʝʤʘʥʪʠʯʥʠʡ ʧʦʰʫʢ, ʘ ʡ ʫʩʽ 

ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ʗʢʱʦ ʚʝʢʪʦʨʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʦʯʥʽʰʝ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʩʪ ʧʫʙʣʽʢʘʮʽʡ, ʪʦ ʪʝʤʘʪʠʯʥʽ ʢʣʘʩʪʝʨʠ ʘʚʪʦʨʘ ʩʪʘʶʪʴ 

ʢʦʤʧʘʢʪʥʽʰʠʤʠ, ʮʝʥʪʨʦʾʜʠ ʽʥʪʝʨʝʩʽʚ ï ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽʰʠʤʠ, ʘ ʛʽʙʨʠʜʥʝ 

ʨʘʥʞʫʚʘʥʥʷ ï ʩʪʘʙʽʣʴʥʽʰʠʤ. ʆʪʞʝ, ʚʠʙʽʨ ʤʦʜʝʣʽ ʝʤʙʝʜʠʥʛʽʚ ʚʧʣʠʚʘʻ ʥʘ 

ʘʨʭʽʪʝʢʪʫʨʫ ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʛʘʣʦʤ, ʘ ʥʝ ʣʠʰʝ ʥʘ ʦʜʠʥ ʽʟ ʾʾ ʤʦʜʫʣʽʚ. 

ʆʪʞʝ, SPECTER v2 ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʙʘʟʦʚʫ ʤʦʜʝʣʴ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʝʤʙʝʜʠʥʛʽʚ ʫ ʩʠʩʪʝʤʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʘʫʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɰʾ ʧʝʨʝʚʘʛʘ 

ʧʦʣʷʛʘʻ ʫ ʟʙʘʣʘʥʩʦʚʘʥʦʤʫ ʧʦʻʜʥʘʥʥʽ ʪʦʯʥʦʩʪʽ, ʧʦʚʥʦʪʠ ʪʘ ʷʢʦʩʪʽ ʨʘʥʞʫʚʘʥʥʷ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʨʽʚʥʷʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʤʦʜʝʣʝʡ, ʜʦʥʘʚʯʘʥʥʷ ʥʘ ʜʦʤʝʥʥʦʤʫ ʢʦʨʧʫʩʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʤʦʚʥʠʭ 

ʥʘʫʢʦʚʠʭ ʪʝʢʩʪʽʚ ʽ ʧʦʻʜʥʘʥʥʷ ʪʝʢʩʪʦʚʠʭ ʝʤʙʝʜʠʥʛʽʚ ʽʟ ʛʨʘʬʦʚʠʤʠ ʩʠʛʥʘʣʘʤʠ 

ʮʠʪʫʚʘʥʥʷ. 
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ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʩʦʨʪʫʚʘʥʥʷ ʚ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ 

ʤʘʥʽʧʫʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽʟ ʟʘʩʦʙʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ [1]. ɾʦʨʩʪʢʦ 

ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʚʪʨʘʯʘʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ, ʢʦʣʠ ʜʝʪʘʣʽ ʧʦʜʘʶʪʴʩʷ 

ʥʘ ʨʦʙʦʯʫ ʟʦʥʫ ʭʘʦʪʠʯʥʦ ʪʘ ʟ ʚʠʧʘʜʢʦʚʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʦʨʽʻʥʪʘʮʽʻʶ. ɺʠʨʽʰʝʥʥʷʤ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʧʦʙʫʜʦʚʘ ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫʨʫ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʰʝʩʪʠʦʩʴʦʚʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ AR4, ʦʩʥʘʱʝʥʦʛʦ ʩʠʩʪʝʤʦʶ ʪʝʭʥʽʯʥʦʛʦ ʟʦʨʫ ʪʘ 

ʘʜʘʧʪʠʚʥʠʤ ʚʠʢʦʥʘʚʯʠʤ ʧʨʠʩʪʨʦʻʤ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʨʦʟʨʦʙʢʘ ʪʘ ʧʨʘʢʪʠʯʥʘ ʚʝʨʠʬʽʢʘʮʽʷ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʩʦʨʪʫʚʘʥʥʷ ʰʪʫʯʥʠʭ ʦʙôʻʢʪʽʚ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʦʶ ʥʘʜʽʡʥʽʩʪʶ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʨʦʟʨʦʙʣʝʥʦ ʩʦʨʪʫʚʘʣʴʥʠʡ ʩʪʝʥʜ, 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 1, ʘʨʭʽʪʝʢʪʫʨʘ ʷʢʦʛʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʣʦʩʢʦʤʫ ʩʪʦʣʽ 

ʨʦʟʤʽʨʦʤ 1200ʭ800 ʤʤ. ɻʝʦʤʝʪʨʠʯʥʠʡ ʮʝʥʪʨ ʤʝʪʘʣʝʚʦʾ ʦʩʥʦʚʠ ʤʘʥʽʧʫʣʷʪʦʨʘ AR4 

ʧʨʠʡʥʷʪʦ ʟʘ ʘʙʩʦʣʶʪʥʠʡ ʥʫʣʴ ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ (0, 0, 0), ʜʝ ʚʽʩʴ X 

ʩʧʨʷʤʦʚʘʥʘ ʚʧʝʨʝʜ, ʚʽʩʴ Y ð ʚʣʽʚʦ, ʘ ʚʽʩʴ Z ð ʚʝʨʪʠʢʘʣʴʥʦ ʚʛʦʨʫ. ʅʘʜ ʧʦʯʘʪʢʦʤ 

ʢʦʦʨʜʠʥʘʪ ʥʘ ʚʠʩʦʪʽ 650 ʤʤ ʩʪʘʮʽʦʥʘʨʥʦ ʟʘʢʨʽʧʣʝʥʦ ʮʠʬʨʦʚʫ ʢʘʤʝʨʫ, ʦʧʪʠʯʥʘ 

ʚʽʩʴ ʷʢʦʾ ʦʨʽʻʥʪʦʚʘʥʘ ʩʪʨʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ. ʈʦʙʦʯʘ ʦʙʣʘʩʪʴ ʢʘʤʝʨʠ ʬʦʨʤʫʻ 

ʧʣʦʱʠʥʫ ʩʢʘʥʫʚʘʥʥʷ ʨʦʟʤʽʨʦʤ 500ʭ500 ʤʤ. ɼʘʥʠʡ ʧʨʦʩʪʽʨ ʧʦʚʥʽʩʪʶ 

ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ ʨʦʙʦʯʦʶ ʩʬʝʨʦʶ ʤʘʥʽʧʫʣʷʪʦʨʘ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ 

ʚʠʣʽʪ ʷʢʦʛʦ ʙʝʟ ʽʥʩʪʨʫʤʝʥʪʫ ʩʪʘʥʦʚʠʪʴ 670 ʤʤ, ʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʜʘʧʪʠʚʥʦʛʦ 

ʜʚʦʧʘʣʴʮʝʚʦʛʦ ʟʘʭʦʧʣʶʚʘʯʘ ʜʦʚʞʠʥʦʶ 165.5 ʤʤ ʨʦʟʰʠʨʶʻʪʴʩʷ ʜʦ 835.5 ʤʤ. 

ʅʘʷʚʥʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʤʝʨʪʚʦʾ ʟʦʥʠ ʨʘʜʽʫʩʦʤ 150 ʤʤ ʥʘʚʢʦʣʦ ʦʩʥʦʚʠ ʨʦʙʦʪʘ 

ʚʨʘʭʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ. 

ʇʨʦʮʝʩ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʦʨʪʫʚʘʥʥʷ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʙʘʟʽ ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫʨʫ 

ʫʧʨʘʚʣʽʥʥʷ, ʣʦʛʽʢʘ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2. ʇʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʬʽʢʩʘʮʽʾ ʢʘʜʨʫ, ʜʝ ʥʝʡʨʦʤʝʨʝʞʘ YOLOv8 ʣʦʢʘʣʽʟʫʻ ʧʨʝʜʤʝʪ [2].  
ɼʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʽ ʛʦʤʦʛʨʘʬʽʾ ʧʽʢʩʝʣʴʥʽ ʢʦʦʨʜʠʥʘʪʠ ʧʝʨʝʨʘʭʦʚʫʶʪʴʩʷ ʫ 

ʬʽʟʠʯʥʽ ʤʽʣʽʤʝʪʨʠ ʥʘ ʩʪʦʣʽ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʚʠʨʽʰʫʻ 
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ʦʙʝʨʥʝʥʫ ʟʘʜʘʯʫ ʢʽʥʝʤʘʪʠʢʠ, ʪʨʘʥʩʬʦʨʤʫʶʯʠ ʣʽʥʽʡʥʽ ʢʦʦʨʜʠʥʘʪʠ ʫ ʢʫʪʠ 

ʧʦʚʦʨʦʪʫ ʰʝʩʪʠ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ ʤʘʥʽʧʫʣʷʪʦʨʘ. ʄʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʦʧʠʩʫ 

ʤʝʭʘʥʽʯʥʦʾ ʨʫʢʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʘʪʨʠʯʥʦʤʫ ʤʝʪʦʜʽ ɼʝʥʘʚʽʪʘ-ʍʘʨʪʝʥʙʝʨʛʘ, ʜʝ ʧʦʚʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʜʦ ʢʽʥʮʝʚʦʛʦ ʝʬʝʢʪʦʨʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʜʦʙʫʪʦʢ ʰʝʩʪʠ 

ʤʘʪʨʠʮʴ ʦʜʥʦʨʽʜʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʣʘʥʦʢ [3]. 

 
ʈʠʩʫʥʦʢ 1 ï ɺʠʛʣʷʜ ʨʦʙʦʯʦʛʦ ʩʪʝʥʜʫ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʤʠʣʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʨʠʬʽʢʘʮʽʡʥʦʛʦ ʢʘʜʨʫ 

 

ʏʠʩʝʣʴʥʘ ʚʝʨʠʬʽʢʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʚʝʜʝʥʘ ʥʘ ʧʨʠʢʣʘʜʽ 

ʩʦʨʪʫʚʘʥʥʷ ʧʣʘʩʪʠʢʦʚʦʛʦ ʢʫʙʠʢʘ ʨʦʟʤʽʨʦʤ 20ʭ20ʭ20 ʤʤ. ʉʠʩʪʝʤʘ 
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ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʚʠʟʥʘʯʠʣʘ ʮʝʥʪʨ ʦʙôʻʢʪʘ ʫ ʪʦʯʮʽ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ X = 250 ʤʤ 

ʪʘ Y = 250 ʤʤ ʚʽʜʥʦʩʥʦ ʥʫʣʷ ʙʘʟʠ. ʃʽʥʽʡʥʠʡ ʨʘʜʽʫʩ ʜʦ ʦʙôʻʢʪʘ ʟʘ ʪʝʦʨʝʤʦʶ 

ʇʽʬʘʛʦʨʘ ʩʪʘʥʦʚʠʪʴ 353.55 ʤʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʟʦʥʠ. ɼʣʷ 

ʚʠʢʦʥʘʥʥʷ ʟʘʭʦʧʣʝʥʥʷ ʙʣʦʢ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʟʛʝʥʝʨʫʚʘʚ ʚʝʢʪʦʨ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʫʪʽʚ ʦʩʝʡ: q1 = 45°, q2 = 30°, q3 = 15°, q4 = 0°, q5 = 90°, q6 = 0°.  

ʆʩʢʽʣʴʢʠ ʚ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʘʥʦ ʘʜʘʧʪʠʚʥʠʡ ʩʦʬʪ-ʛʨʽʧʧʝʨ ʜʦʚʞʠʥʦʶ 

165.5 ʤʤ, ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʫʪʨʠʤʘʥʥʷ ʜʝʪʘʣʽ ʪʘ ʧʦʚʥʦʛʦ ʦʙʭʦʧʣʝʥʥʷ ʾʾ ʙʦʢʦʚʠʭ 

ʛʨʘʥʝʡ ʢʽʥʯʠʢʠ ʝʣʘʩʪʠʯʥʠʭ ʧʘʣʴʮʽʚ ʧʦʚʠʥʥʽ ʦʧʫʩʪʠʪʠʩʷ ʥʘ ʚʠʩʦʪʫ Z = 2 ʤʤ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʩʪʦʣʫ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʚʞʠʥʠ ʟʘʭʦʧʣʶʚʘʯʘ, ʮʽʣʴʦʚʘ ʚʠʩʦʪʘ 

ʤʝʭʘʥʽʯʥʦʛʦ ʬʣʘʥʮʷ ʤʘʥʽʧʫʣʷʪʦʨʘ ʤʘʻ ʩʪʘʥʦʚʠʪʠ 167.5 ʤʤ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʢʦʥʘʥʦ ʤʦʜʠʬʽʢʘʮʽʶ ʟʤʽʱʝʥʥʷ ʦʩʪʘʥʥʴʦʾ ʣʘʥʢʠ: d6* = 36.25 + 

165.5 = 201.75 ʤʤ. ʇʦʚʥʠʡ ʤʘʪʨʠʯʥʠʡ ʜʦʙʫʪʦʢ ʜʣʷ ʟʘʜʘʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʘʻ 

ʚʠʛʣʷʜ: 

. 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʫ ʨʽʚʥʷʥʥʷ ʛʝʦʤʝʪʨʠʯʥʽ ʢʦʥʩʪʘʥʪʠ ʤʘʥʽʧʫʣʷʪʦʨʘ AR4 (a1 = 

64.2 ʤʤ, a2 = 305 ʤʤ, d1 = 169.77 ʤʤ, d4 = 222.63 ʤʤ) ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʝ ʟʥʘʯʝʥʥʷ 

d6*, ʨʦʟʨʘʭʦʚʘʥʦ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʾ ʤʘʪʨʠʮʽ: 

 

 

 
 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʤʥʦʞʝʥʥʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʦʪʨʠʤʘʥʦ ʧʽʜʩʫʤʢʦʚʫ ʯʠʩʣʦʚʫ ʤʘʪʨʠʮʶ ʪʨʘʥʩʬʦʨʤʘʮʽʾ: 



105 
 

ICSPM 2026  21-22 ʪʨʘʚʥʷ 2026 ʨ., ʤ. ʊʝʨʥʦʧʣ̔ ɹ

 
ɽʣʝʤʝʥʪʠ ʦʩʪʘʥʥʴʦʛʦ ʩʪʦʚʧʮʷ ʨʝʟʫʣʴʪʫʶʯʦʾ ʤʘʪʨʠʮʽ ʟʘʬʽʢʩʫʚʘʣʠ 

ʢʦʦʨʜʠʥʘʪʠ ʧʦʣʦʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ: Px = 250.00 ʤʤ, Py = 250.00 ʤʤ, Pz = 

167.50 ʤʤ. ɿʙʽʛ ʟʥʘʯʝʥʴ Px ʪʘ Py ʟ ʧʦʟʠʮʽʻʶ ʢʫʙʠʢʘ ʧʽʜʪʚʝʨʜʞʫʻ ʪʦʯʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʰʦʾ ʦʩʽ ʧʽʜ ʢʫʪʦʤ 45Á. ʂʦʦʨʜʠʥʘʪʘ ʚʠʩʦʪʠ Pz = 167.50 ʤʤ 

ʜʦʚʦʜʠʪʴ, ʱʦ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦ ʚʨʘʭʫʚʘʣʘ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʚʠʩʦʪʫ ʦʩʥʦʚʠ 

ʤʘʥʽʧʫʣʷʪʦʨʘ d1 = 169.77 ʤʤ ʪʘ ʥʘʭʠʣ ʣʘʥʦʢ. ɿʘ ʪʘʢʦʾ ʫʤʦʚʠ ʢʽʥʯʠʢʠ ʝʣʘʩʪʠʯʥʠʭ 

ʛʫʙʦʢ ʛʨʽʧʧʝʨʘ ʦʧʠʥʷʶʪʴʩʷ ʪʦʯʥʦ ʥʘ ʨʽʚʥʽ 2 ʤʤ ʚʽʜ ʩʪʦʣʫ, ʧʦʚʥʽʩʪʶ 

ʧʝʨʝʢʨʠʚʘʶʯʠ 20-ʤʽʣʽʤʝʪʨʦʚʫ ʚʠʩʦʪʫ ʢʫʙʠʢʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʧʣʦʱʫ 

ʢʦʥʪʘʢʪʫ ʝʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʦʙôʻʢʪʦʤ ʽ ʚʠʢʣʶʯʘʻ ʡʦʛʦ ʚʠʩʣʠʟʘʥʥʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʨʦʙʦʪʠʟʦʚʘʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʧʨʦʚʦʜʠʣʠʩʷ ʧʽʜ ʯʘʩ 100 ʮʠʢʣʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʦʨʪʫʚʘʥʥʷ. ʅʘʪʫʨʥʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʥʪʝʛʨʦʚʘʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ YOLOv8 ʟʘʙʝʟʧʝʯʫʻ 

ʪʦʯʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʭʘʦʪʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʨʽʚʥʽ 

84.2%. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʘʪʨʠʮʽ ʛʦʤʦʛʨʘʬʽʾ ʪʘ ʨʦʟʚôʷʟʘʥʥʶ ʦʙʝʨʥʝʥʦʾ 

ʟʘʜʘʯʽ ʢʽʥʝʤʘʪʠʢʠ, ʩʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʬʽʟʠʯʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

ʟʘʭʦʧʣʶʚʘʯʘ ʥʘʜ ʜʝʪʘʣʣʶ ʩʢʣʘʣʘ ʤʝʥʰʝ 0.8 ʤʤ. ʇʨʠ ʮʴʦʤʫ ʩʪʚʦʨʝʥʘ ʣʦʛʽʢʘ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ ʤʝʪʨʠʢʠ IoU 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʚʠʩʦʢʫ ʘʣʛʦʨʠʪʤʽʯʥʫ ʥʘʜʽʡʥʽʩʪʴ, ʦʧʝʨʘʪʠʚʥʦ ʬʽʢʩʫʶʯʠ 

ʚʠʧʘʜʢʠ ʚʠʧʘʜʘʥʥʷ ʜʝʪʘʣʝʡ ʪʘ ʩʘʤʦʩʪʽʡʥʦ ʽʥʽʮʽʶʶʯʠ ʧʦʚʪʦʨʥʽ ʮʠʢʣʠ ʟʘʭʦʧʣʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʚʦʨʝʥʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʪʠʟʦʚʘʥʠʤ ʤʘʥʽʧʫʣʷʪʦʨʦʤ AR4 ʜʣʷ 

ʘʚʪʦʥʦʤʥʦʛʦ ʩʦʨʪʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʷʢʘ ʧʦʚʥʽʩʪʶ ʨʝʘʣʽʟʫʻ ʧʦʩʪʘʚʣʝʥʽ ʪʝʭʥʽʯʥʽ 

ʟʘʚʜʘʥʥʷ. ʏʠʩʝʣʴʥʘ ʚʝʨʠʬʽʢʘʮʽʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʤʘʪʨʠʮʴ ʧʽʜʪʚʝʨʜʠʣʘ ʚʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʤʧʣʝʢʩʫ ʽʟ ʩʝʨʝʜʥʴʦʶ ʧʦʭʠʙʢʦʶ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʜʦ 0.8 ʤʤ. 

ɺʨʘʭʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤôʷʢʦʛʦ ʜʚʦʧʘʣʴʮʝʚʦʛʦ ʟʘʭʦʧʣʶʚʘʯʘ ʫ 

ʟʘʛʘʣʴʥʽʡ ʤʘʪʨʠʮʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʝ ʦʙʭʦʧʣʝʥʥʷ ʙʽʯʥʠʭ ʛʨʘʥʝʡ 

ʦʙôʻʢʪʽʚ ʩʦʨʪʫʚʘʥʥʷ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʛʥʫʯʢʽʩʪʴ ʩʦʨʪʫʚʘʣʴʥʠʭ ʣʽʥʽʡ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʫʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʦʧʝʨʘʪʦʨʘ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. ɺʩʪʫʧ ʜʦ ʨʦʙʦʪʦʪʝʭʥʽʢʠ: ʤʝʭʘʥʽʢʘ ʪʘ ʢʝʨʫʚʘʥʥʷ. ʃʴʚʽʚ: ɺʠʜʘʚʥʠʮʪʚʦ ʃʴʚʽʚʩʴʢʦʾ 

ʧʦʣʽʪʝʭʥʽʢʠ, 2019. 496 ʩ. 

2. Jocher G. Ultralytics YOLOv8: Real-time Object Detection and Image Segmentation. URL: 

https://github.com/ultralytics/ultralytics. 

3. Annin C. AR4 Robot Kinematics and Calibration Manual. Annin Robotics Publications, 

2023. 45 p. 
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 ʆʙôʻʤ ʜʘʥʠʭ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʰʚʠʜʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʜʫʞʝ 

ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʰʫʢʫ, ʬʽʣʴʪʨʫʚʘʥʥʷ ʪʘ ʦʙʨ̌ʫʥʪʫʚʘʥʥʷ 

ʨʝʣʝʚʘʥʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʊʨʘʜʠʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʟʥʘʭʦʜʞʝʥʥʽ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʘʙʦ ʩʪʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʘʥʞʫʚʘʥʥʷ, ʨʽʜʢʦ 

ʚʨʘʭʦʚʫʶʪʴ ʢʦʥʪʝʢʩʪ ʟʘʜʘʯʽ, ʮʽʣʴ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʩʝʤʘʥʪʠʯʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʜʘʥʠʤʠ. 

ʉʘʤʝ ʪʦʤʫ ʘʢʪʫʘʣʴʥʠʤʠ ʻ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʟʦʢʨʝʤʘ 

ʧʽʜʭʽʜ Retrieval Augmented Generation (RAG), ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʦʰʫʢ 

ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʚ ʧʦʜʘʣʴʰʽʡ ʛʝʥʝʨʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʣʠʢʠʭ ʯʠ 

ʤʘʣʠʭ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ [1]. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ RAG-ʘʛʝʥʪʽʚ ʷʢ ʦʩʥʦʚʠ 

ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʧʦʰʫʢʫ ʨʝʣʝʚʘʥʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʾʭ 

ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʧʨʠʥʮʠʧʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʥʘʧʨʷʤʽʚ ʚ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. 

Retrieval Augmented Generation ï ʮʝ ʧʽʜʭʽʜ, ʱʦ ʧʦʻʜʥʫʻ ʧʨʦʮʝʩ ʧʦʰʫʢʫ 

ʜʘʥʠʭ ʫ ʟʦʚʥʽʰʥʽʭ ʨʝʩʫʨʩʘʭ ʽʟ ʛʝʥʝʨʘʮʽʻʶ ʚʽʜʧʦʚʽʜʝʡ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ. ʂʣʶʯʦʚʦʶ 

ʚʽʜʤʽʥʥʽʩʪʶ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʛʝʥʝʨʘʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʠʰʝ 

ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʜʘʥʽ, RAG ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʥʘʡʜʝʥʠʡ ʢʦʥʪʝʢʩʪ ʽʟ 

ʜʦʢʫʤʝʥʪʽʚ, ʙʘʟ ʟʥʘʥʴ ʘʙʦ ʚʝʢʪʦʨʥʠʭ ʩʭʦʚʠʱ. ʎʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ 

ʚʽʜʧʦʚʽʜʝʡ, ʟʘʙʝʟʧʝʯʫʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʤʝʥʰʫʻ ʨʠʟʠʢ ʥʝʜʦʩʪʦʚʽʨʥʠʭ 

ʜʘʥʠʭ [2]. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʧʦʢʨʘʱʝʥʥʷ RAG ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʛʝʥʪʽʚ, ʫ ʷʢʠʭ ʤʦʚʥʘ 

ʤʦʜʝʣʴ ʥʝ ʣʠʰʝ ʛʝʥʝʨʫʻ ʚʽʜʧʦʚʽʜʴ, ʘ ʡ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʢʝʨʫʚʘʥʥʽ ʧʨʦʮʝʩʦʤ ʧʦʰʫʢʫ 

ʽʥʬʦʨʤʘʮʽʾ. RAG-ʘʛʝʥʪʠ ʟʜʘʪʥʽ ʘʥʘʣʽʟʫʚʘʪʠ ʟʘʧʠʪ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʠʟʥʘʯʘʪʠ ʡʦʛʦ 

ʢʦʥʪʝʢʩʪ, ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʟʘʧʠʪʘʥʴ ʪʘ 

ʬʦʨʤʫʚʘʪʠ ʩʪʨʘʪʝʛʽʾ ʦʪʨʠʤʘʥʥʷ ʨʝʣʝʚʘʥʪʥʠʭ ʜʘʥʠʭ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʟʫʚʘʪʠ ʙʘʛʘʪʦʢʨʦʢʦʚʝ ʦʧʨʘʮʶʚʘʥʥʷ ʟʘʧʠʪʽʚ ʪʘ ʧʽʜʚʠʱʠʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ 

ʩʬʦʨʤʦʚʘʥʠʭ ʚʽʜʧʦʚʽʜʝʡ [2]. 

mailto:sozanskiyandriyj@gmail.com
mailto:nvs@wunu.edu.ua


107 
 

ICSPM 2026  21-22 ʪʨʘʚʥʷ 2026 ʨ., ʤ. ʊʝʨʥʦʧʣ̔ ɹ

ʈʦʙʦʪʫ RAG-ʘʛʝʥʪʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ, ʫ ʤʝʞʘʭ ʷʢʦʛʦ 

ʢʦʞʝʥ ʚʫʟʦʣ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʦʛʦ ʝʪʘʧʫ ʦʧʨʘʮʶʚʘʥʥʷ ʟʘʧʠʪʫ, ʘ 

ʧʝʨʝʭʦʜʠ ʤʽʞ ʥʠʤʠ ʚʠʟʥʘʯʘʶʪʴ ʣʦʛʽʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ (ʨʠʩʫʥʦʢ 1).  

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬ RAG-ʘʛʝʥʪʘ 

 

ʇʦʯʘʪʢʦʚʠʤ ʝʪʘʧʦʤ ʻ ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʽʩʪʦʨʽʾ 

ʜʽʘʣʦʛʫ. ɼʘʣʽ ʘʛʝʥʪ ʟʜʽʡʩʥʶʻ ʦʮʽʥʢʫ ʟʘʧʠʪʫ ʱʦʜʦ ʜʦʩʪʘʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʧʦʰʫʢʫ ʜʦʢʫʤʝʥʪʽʚ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʥʪʝʢʩʪʫ ʥʝ ʜʦʩʪʘʪʥʴʦ, ʩʠʩʪʝʤʘ ʟʘʜʘʻ 
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ʫʪʦʯʥʶʚʘʣʴʥʝ ʟʘʧʠʪʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʝʚʽ. ʎʝ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ 

ʧʦʰʫʢʫ ʪʘ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʥʘʜʽʡʥʠʡ ʢʦʥʪʝʢʩʪ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʚʽʜʧʦʚʽʜʽ.  

ʗʢʱʦ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦʩʪʘʪʥʴʦ, ʟʘʧʠʪ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʤʦʜʫʣʷ ʧʦʰʫʢʫ 

ʜʦʢʫʤʝʥʪʽʚ, ʷʢʠʡ ʚʟʘʻʤʦʜʽʻ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʣʷʛʘʶʪʴ ʧʝʨʝʨʘʥʞʫʚʘʥʥʶ ʜʣʷ ʚʽʜʙʦʨʫ ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʭ 

ʬʨʘʛʤʝʥʪʽʚ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʝʢʩʪʫ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ 

ʜʦ ʤʦʚʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʬʽʥʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʽ [3]. 

ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʛʨʘʬ ʚʠʟʥʘʯʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʘʛʝʥʪʘ, ʤʝʭʘʥʽʟʤʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ. ʁʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʮʝʩ ʨʦʙʦʪʠ RAG-ʘʛʝʥʪʘ, ʧʽʜʚʠʱʫʻ ʧʨʦʟʦʨʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ ʤʝʪʦʜʦʤ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʥʦʜ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʘʣʽʟʘʮʽʷ ʤʦʜʫʣʷ ʧʦʰʫʢʫ ʨʝʣʝʚʘʥʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ Retrieval-Augmented Generation ʜʘʩʪʴ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʽʥʪʝʛʨʘʮʽʶ 

ʤʝʭʘʥʽʟʤʽʚ ʩʝʤʘʥʪʠʯʥʦʛʦ ʧʦʰʫʢʫ ʟ ʤʦʞʣʠʚʦʩʪʷʤʠ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʟʤʽʩʪʦʚʥʠʭ ʪʘ ʢʦʥʪʝʢʩʪʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʟʘʧʠʪʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ 

ʚʽʜʧʦʚʽʜʝʡ, ʦʩʢʽʣʴʢʠ ʤʦʚʥʘ ʤʦʜʝʣʴ ʦʪʨʠʤʫʻ ʜʦʩʪʫʧ ʜʦ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʬʦʨʤʫʻ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʦʩʥʦʚʽ ʘʢʪʫʘʣʴʥʠʭ ʜʘʥʠʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʢʫʤʝʥʪʽʚ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʯʘʪ-ʙʦʪʽʚ, ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ ʪʘ ʽʥʰʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʩʠʩʪʝʤʠ ʦʥʣʘʡʥ-ʦʨʝʥʜʠ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘʙʫʚʘʶʪʴ ʜʝʜʘʣʽ 

ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʨʦʩʪʘʥʥʶ 

ʧʦʪʨʝʙʠ ʚ ʦʧʝʨʘʪʠʚʥʦʤʫ ʜʦʩʪʫʧʽ ʜʦ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ 

ʢʦʨʠʩʪʫʚʘʯʽ ʟʘʮʽʢʘʚʣʝʥʽ ʚ ʦʪʨʠʤʘʥʥʽ ʽʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʚʠʙʦʨʫ ʘʚʪʦʤʦʙʽʣʷ, ʪʦʜʽ ʷʢ ʦʧʝʨʘʪʦʨʠ ʧʨʘʛʥʫʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʧʘʨʢʫ. 

ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʥʝ ʣʠʰʝ ʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʦʥʣʘʡʥ-ʦʨʝʥʜʠ ʘʚʪʦʤʦʙʽʣʽʚ, ʘ 

ʡ ʫ ʟʤʝʥʰʝʥʥʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʣʷ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʩʝʨʚʽʩʫ. ɿʦʢʨʝʤʘ, ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʙʦʨʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, 

ʪʘʨʠʬʥʦʛʦ ʧʣʘʥʫ ʘʙʦ ʧʫʥʢʪʫ ʦʪʨʠʤʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʪʘʢʦʞ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʧʘʨʢʦʤ ʜʣʷ ʦʧʝʨʘʪʦʨʘ 

ʩʝʨʚʽʩʫ [1].  

ɺʦʜʥʦʯʘʩ ʧʦʧʠʪ ʫ ʪʘʢʠʭ ʩʝʨʚʽʩʘʭ ʤʘʻ ʚʠʨʘʞʝʥʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʫ ʧʨʠʨʦʜʫ: 

ʚʽʥ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʜʥʷʤʠ ʪʠʞʥʷ, ʩʝʟʦʥʘʤʠ, ʧʦʛʦʜʥʠʤʠ ʫʤʦʚʘʤʠ ʪʘ ʧʦʜʽʷʤʠ ʫ 

ʤʽʩʪʽ [2]. 

ʋ ʟʚôʷʟʢʫ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʫ ʩʝʨʚʽʩʘʭ ʦʥʣʘʡʥ-ʦʨʝʥʜʠ ʘʚʪʦʤʦʙʽʣʽʚ 

ʪʘ ʧʦʪʨʝʙʦʶ ʚ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʘʚʪʦʧʘʨʢʫ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʤʦʜʫʣʴ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʜʣʷ ʩʝʨʚʽʩʫ 

ʦʥʣʘʡʥ-ʦʨʝʥʜʠ ʘʚʪʦʤʦʙʽʣʽʚ ʤʽʩʪʠʪʴ ʙʘʟʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ, 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʩʠʩʪʝʤ ʦʥʣʘʡʥ-ʦʨʝʥʜʠ ʘʚʪʦʤʦʙʽʣʽʚ, ʟʦʢʨʝʤʘ ʚʝʙ-ʽʥʪʝʨʬʝʡʩ ʽʟ 

ʢʘʪʘʣʦʛʦʤ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʟʘʩʦʙʘʤʠ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʧʦʩʪʦʨʽʥʢʦʚʦʛʦ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʧʽʜʩʠʩʪʝʤʫ ʙʨʦʥʶʚʘʥʥʷ. ʊʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ ʬʦʨʤʫʻ 

ʦʩʥʦʚʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʽʥʪʝʛʨʘʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ. 
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ʌʫʥʢʮʽʦʥʘʣʴʥʦ ʩʠʩʪʝʤʘ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ 

ʧʽʜʤʦʜʫʣʽʚ, ʢʦʞʝʥ ʽʟ ʷʢʠʭ ʚʠʢʦʥʫʻ ʚʠʟʥʘʯʝʥʽ ʬʫʥʢʮʽʾ ʪʘ ʚʟʘʻʤʦʜʽʻ ʟ ʽʥʰʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʽʥʪʝʨʬʝʡʩʠ ʦʙʤʽʥʫ ʜʘʥʠʤʠ (ʨʠʩʫʥʦʢ 1). 

ɸʨʭʽʪʝʢʪʫʨʘ ʚʢʣʶʯʘʻ ʧʨʠʢʣʘʜʥʠʡ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʨʽʚʥʽ. ʇʨʠʢʣʘʜʥʠʡ 

ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ ʩʝʨʚʽʩʫ ʦʥʣʘʡʥ-ʦʨʝʥʜʠ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʪʦʜʽ ʷʢ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʨʽʚʝʥʴ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʢʦʨʠʩʪʫʚʘʯʘʤ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʥʘ 

ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʢʦʧʠʯʝʥʠʭ ʜʘʥʠʭ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɸʨʭʽʪʝʢʪʫʨʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʜʣʷ ʩʝʨʚʽʩʫ ʦʥʣʘʡʥ-ʦʨʝʥʜʠ ʘʚʪʦʤʦʙʽʣʽʚ 

 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʨʽʚʝʥʴ ʬʫʥʢʮʽʦʥʫʻ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʨʦ ʧʝʨʝʛʣʷʜʠ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʧʘʨʘʤʝʪʨʠ ʧʦʰʫʢʫ ʪʘ ʽʩʪʦʨʽʶ ʙʨʦʥʶʚʘʥʴ ʽ ʚʢʣʶʯʘʻ ʜʚʘ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʧʽʜʤʦʜʫʣʽ:  

- ʇʽʜʤʦʜʫʣʴ ʨʝʢʦʤʝʥʜʘʮʽʡ ʨʝʘʣʽʟʫʻ ʛʽʙʨʠʜʥʠʡ ʧʽʜʭʽʜ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 
ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʧʨʦʧʦʟʠʮʽʡ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʙʽʨ 

ʧʦʪʝʥʮʽʡʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ ʢʨʠʪʝʨʽʾʚ, ʟʦʢʨʝʤʘ 

ʤʽʩʮʷ ʦʪʨʠʤʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ, ʧʝʨʽʦʜʫ ʦʨʝʥʜʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ ʨʘʥʞʫʚʘʥʥʷ ʚʽʜʽʙʨʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʣʝʚʘʥʪʥʦʩʪʽ, ʽʩʪʦʨʽʾ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʽʟ ʩʠʩʪʝʤʦʶ, 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʨʽʚʥʷ ʾʭʥʴʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ. ɼʣʷ ʥʦʚʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʝʨʝʜʙʘʯʝʥʦ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʥʘ ʦʩʥʦʚʽ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʤʦʜʝʣʝʡ ʧʦʚʝʜʽʥʢʠ ʪʘ ʢʦʥʪʝʢʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʚʽʩʫ. 
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- ʇʽʜʤʦʜʫʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʤʘʡʙʫʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʙʨʦʥʶʚʘʥʴ ʥʘ ʚʠʟʥʘʯʝʥʠʡ ʯʘʩʦʚʠʡ ʧʨʦʤʽʞʦʢ ʽʟ ʤʦʞʣʠʚʽʩʪʶ 

ʜʝʪʘʣʽʟʘʮʽʾ ʧʨʦʛʥʦʟʫ ʟʘ ʜʥʷʤʠ ʘʙʦ ʛʦʜʠʥʘʤʠ. ɺ ʦʩʥʦʚʽ ʣʝʞʘʪʴ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ 

ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʷʢʽ ʘʥʘʣʽʟʫʶʪʴ ʯʘʩʦʚʽ ʨʷʜʠ ʙʨʦʥʶʚʘʥʴ ʪʘ ʚʨʘʭʦʚʫʶʪʴ 

ʜʦʜʘʪʢʦʚʽ ʯʠʥʥʠʢʠ, ʟʦʢʨʝʤʘ ʢʘʣʝʥʜʘʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʠʭʽʜʥʽ ʜʥʽ ʪʘ ʧʦʛʦʜʥʽ 

ʫʤʦʚʠ. 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʦʜʫʣʷ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʥʘʢʦʧʠʯʝʥʥʷ 

ʜʘʥʠʭ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʟ ʩʠʩʪʝʤʦʶ ʪʘ ʧʽʜʪʨʠʤʫʻ ʧʝʨʽʦʜʠʯʥʝ 

ʦʥʦʚʣʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʙʝʟ ʧʝʨʝʨʠʚʘʥʥʷ ʨʦʙʦʪʠ ʩʝʨʚʽʩʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʢʣʽʻʥʪʩʴʢʦʶ ʯʘʩʪʠʥʦʶ ʪʘ ʩʝʨʚʝʨʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʘʻ ʟʤʦʛʫ ʦʧʝʨʘʪʠʚʥʦ ʦʙʨʦʙʣʷʪʠ ʟʘʧʠʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʙʽʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʙʨʦʥʶʚʘʥʥʷ. 

ʅʘ ʨʠʩʫʥʢʫ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʧʽʾ ʝʢʨʘʥʽʚ ʽʥʪʝʨʬʝʡʩʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʤʦʜʫʣʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʜʣʷ ʩʝʨʚʽʩʫ ʦʥʣʘʡʥ-ʦʨʝʥʜʠ 

ʘʚʪʦʤʦʙʽʣʽʚ. 

 

  
 

 

ʈʠʩʫʥʦʢ 2 ï ʂʦʧʽʾ ʝʢʨʘʥʽʚ ʽʥʪʝʨʬʝʡʩʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʜʣʷ ʩʝʨʚʽʩʫ ʦʥʣʘʡʥ-ʦʨʝʥʜʠ ʘʚʪʦʤʦʙʽʣʽʚ 

 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʤʦʜʫʣʴ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʜʣʷ ʩʝʨʚʽʩʫ ʦʥʣʘʡʥ-ʦʨʝʥʜʠ ʘʚʪʦʤʦʙʽʣʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʽʜʪʨʠʤʢʫ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʘʚʪʦʧʘʨʢʫ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʽʩʪʦʨʽʾ 

ʙʨʦʥʶʚʘʥʴ. 
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ʉʫʯʘʩʥʠʡ ʬʘʨʤʘʮʝʚʪʠʯʥʠʡ ʨʠʪʝʡʣ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʢʦʥʢʫʨʝʥʮʽʾ, ʟʥʘʯʥʠʤʠ ʦʙʩʷʛʘʤʠ ʪʨʘʥʟʘʢʮʽʡʥʠʭ ʜʘʥʠʭ ʪʘ ʧʦʪʨʝʙʦʶ ʚ 

ʝʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʪʦʚʘʨʥʠʤʠ ʟʘʧʘʩʘʤʠ [1]. ʅʝʜʦʩʪʘʪʥʷ ʪʦʯʥʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʬʽʮʠʪʫ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʘʙʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʟʘʧʘʩʽʚ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʬʽʥʘʥʩʦʚʽ ʚʪʨʘʪʠ ʪʘ ʟʥʠʞʝʥʥʷ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʘʧʪʝʯʥʦʾ ʤʝʨʝʞʽ. ʆʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʮʷ ʧʨʦʙʣʝʤʘ ʥʘʙʫʚʘʻ ʫ 

ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʛʘʣʫʟʽ, ʜʝ ʣʽʢʘʨʩʴʢʽ ʟʘʩʦʙʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʠʡ ʪʝʨʤʽʥ ʧʨʠʜʘʪʥʦʩʪʽ 

ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʜʦʪʨʠʤʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ. 

ʋʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʚ ʘʧʪʝʯʥʠʭ ʤʝʨʝʞʘʭ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ FEFO (First 

Expire, First Out), ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʰʦʯʝʨʛʦʚʫ ʨʝʘʣʽʟʘʮʽʶ ʪʦʚʘʨʽʚ ʽʟ 

ʥʘʡʤʝʥʰʠʤ ʟʘʣʠʰʢʦʚʠʤ ʪʝʨʤʽʥʦʤ ʧʨʠʜʘʪʥʦʩʪʽ [2]. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʩʪʘʻ ʢʣʶʯʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ 

ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʪʨʘʪ ʚʽʜ ʜʝʬʝʢʪʫʨʠ ʘʙʦ ʩʧʠʩʘʥʥʷ ʧʨʦʪʝʨʤʽʥʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʘʥʘʣʽʟʫ ʻ ʪʨʘʥʟʘʢʮʽʡʥʽ ʜʘʥʽ POS-ʩʠʩʪʝʤ 

ʘʧʪʝʢ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʧʦʙʫʜʦʚʠ ʧʨʦʛʥʦʟʥʠʭ ʤʦʜʝʣʝʡ ʜʘʥʽ ʧʨʦʭʦʜʷʪʴ 

ETL-ʧʨʦʮʝʩ (Extract, Transform, Load), ʷʢʠʡ ʚʢʣʶʯʘʻ ʦʯʠʱʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, 

ʦʙʨʦʙʢʫ ʧʨʦʧʫʱʝʥʠʭ ʟʥʘʯʝʥʴ, ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ 

ñʧʣʦʩʢʦʾ ʙʘʟʠ ʜʘʥʠʭò [3]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʘʛʨʝʛʫʚʘʪʠ ʜʘʥʽ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ 

ʪʦʚʘʨʽʚ, ʙʫʜʫʚʘʪʠ ʯʘʩʦʚʽ ʨʷʜʠ ʪʘ ʧʨʦʚʦʜʠʪʠ ʙʘʛʘʪʦʚʠʤʽʨʥʠʡ ʘʥʘʣʽʟ ʧʨʦʜʘʞʽʚ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʬʘʨʤʘʮʝʚʪʠʯʥʦʛʦ ʨʠʪʝʡʣʫ ʻ ʚʠʩʦʢʘ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʧʦʧʠʪʫ ʥʘ 

ʤʽʢʨʦʨʽʚʥʽ ʦʢʨʝʤʠʭ ʘʧʪʝʢ. ʅʘ ʧʨʦʜʘʞʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʩʝʟʦʥʥʽʩʪʴ, 

ʤʘʨʢʝʪʠʥʛʦʚʽ ʘʢʮʽʾ, ʟʤʽʥʠ ʮʽʥ, ʜʝʨʞʘʚʥʽ ʩʚʷʪʘ ʪʘ ʜʥʽ ʩʦʮʽʘʣʴʥʠʭ ʚʠʧʣʘʪ. ʂʨʽʤ ʪʦʛʦ, 

ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʪʦʚʘʨʥʠʭ ʧʦʟʠʮʽʡ (SKU) ʫʩʢʣʘʜʥʶʻ ʧʦʙʫʜʦʚʫ ʩʪʘʙʽʣʴʥʠʭ 

ʧʨʦʛʥʦʟʥʠʭ ʤʦʜʝʣʝʡ [2]. ʊʦʤʫ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʮʽʣʴʥʠʤ ʻ ʘʛʨʝʛʫʚʘʥʥʷ ʪʦʚʘʨʽʚ ʟʘ ɸʊʉ-ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʫ ʙʽʣʴʰʽ 

ʬʘʨʤʘʢʦʣʦʛʽʯʥʽ ʢʘʪʝʛʦʨʽʾ. ɼʣʷ ʮʴʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʠʡ 

ʤʦʜʫʣʴ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʜʘʞʽʚ ʘʧʪʝʯʥʦʾ ʤʝʨʝʞʽ. 

ʇʝʨʝʜ ʧʦʙʫʜʦʚʦʶ ʪʘʢʦʛʦ ʤʦʜʫʣʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ, ʷʢʽ ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʫ ʩʫʯʘʩʥʠʭ benchmark-
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ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ [4]. ɹʘʟʦʚʽ ʧʽʜʭʦʜʠ, ʟʦʢʨʝʤʘ Min-Max ʪʘ Naive-

ʤʦʜʝʣʽ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʨʝʘʣʽʟʘʮʽʾ, ʦʜʥʘʢ ʤʘʶʪʴ ʥʠʟʴʢʫ 

ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʟʤʽʥ ʨʠʥʢʫ ʪʘ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʤʘʡʙʫʪʥʶ ʜʠʥʘʤʽʢʫ ʧʦʧʠʪʫ [5]. 

ɼʣʷ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʽ ʤʦʜʝʣʽ 

ARIMA ʪʘ SARIMA, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʽ ʪʘ ʩʝʟʦʥʥʽ 

ʟʘʣʝʞʥʦʩʪʽ [6]. ɰʭ ʧʝʨʝʚʘʛʦʶ ʻ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʣʷ ʩʪʘʙʽʣʴʥʠʭ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʦʜʥʘʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʜʘʥʠʭ ʪʘ ʩʢʣʘʜʥʽʩʪʶ ʽʥʪʝʛʨʘʮʽʾ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʜʘʥʦʛʦ ʤʦʜʫʣʷ ʚʠʢʦʨʠʩʪʘʪʠ ʤʦʜʝʣʴ Prophet, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʦʚʫʚʘʪʠ ʩʝʟʦʥʥʽʩʪʴ, ʢʘʣʝʥʜʘʨʥʽ ʧʦʜʽʾ ʪʘ ʧʨʦʧʫʱʝʥʽ ʜʘʥʽ [7]. ʊʘʢʘ ʤʦʜʝʣʴ ʻ 

ʙʽʣʴʰ ʛʥʫʯʢʦʶ ʜʣʷ ʙʽʟʥʝʩ-ʟʘʩʪʦʩʫʚʘʥʴ ʽ ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʟʘʜʘʯ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʫ ʩʬʝʨʽ ʨʠʪʝʡʣʫ. 

ʆʢʨʝʤʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʤʝʪʦʜʘʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʛʣʠʙʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʠʧʫ LSTM (Long Short-Term 

Memory) ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʩʢʣʘʜʥʽ ʥʝʣʽʥʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʫ ʯʘʩʦʚʠʭ ʨʷʜʘʭ ʪʘ 

ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ ʪʨʘʥʟʘʢʮʽʡʥʠʭ ʜʘʥʠʭ [8, 9]. 

ʇʝʨʝʚʘʛʦʶ LSTM ʻ ʟʜʘʪʥʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʫ ʧʦʚʝʜʽʥʮʽ 

ʧʦʧʠʪʫ, ʦʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘ ʩʢʣʘʜʥʦʾ ʧʨʦʮʝʜʫʨʠ ʥʘʣʘʰʪʫʚʘʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʧʨʦʛʨʘʤʥʦʛʦ 

ʤʦʜʫʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʜʘʞʽʚ ʘʧʪʝʯʥʦʾ ʤʝʨʝʞʽ. ʈʦʟʨʦʙʣʝʥʠʡ 

ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘʩʦʙʘʤʠ Python ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢ 

Prophet, Pandas, NumPy, Plotly ʪʘ Streamlit [10, 11]. ʉʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʘʥʘʣʽʟ ʽʩʪʦʨʠʯʥʠʭ ʧʨʦʜʘʞʽʚ, ʦʮʽʥʶʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʛʥʦʟʽʚ ʤʘʡʙʫʪʥʴʦʛʦ ʧʦʧʠʪʫ. 

ɯʥʪʝʨʬʝʡʩ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. ɺʽʥ 

ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫ ʽʩʪʦʨʠʯʥʠʭ ʧʨʦʜʘʞʽʚ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʧʨʦʜʫʢʮʽʾ 

ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʛʥʦʟʽʚ ʧʦʧʠʪʫ ʜʣʷ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ ʪʦʚʘʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ɸʊʉ-ʢʣʘʩʠʬʽʢʘʮʽʾ. ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʟʘʜʘʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʽʩʪʦʨʠʯʥʠʡ ʧʝʨʽʦʜ 

ʘʥʘʣʽʟʫ, ʦʙʠʨʘʪʠ ʨʽʚʝʥʴ ʜʝʪʘʣʽʟʘʮʽʾ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʪʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʛʦʨʠʟʦʥʪ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʜʘʞʽʚ 

ʘʧʪʝʯʥʦʾ ʤʝʨʝʞʽ 
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ʇʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʢʦʥʫʻ ʨʦʟʨʘʭʫʥʦʢ ʢʣʶʯʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ (KPI) ʘʧʪʝʯʥʦʾ ʤʝʨʝʞʽ, ʟʦʢʨʝʤʘ ʧʦʢʘʟʥʠʢʽʚ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ, 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʦʙʩʷʛʽʚ ʧʨʦʜʘʞʽʚ ʪʘ ʦʯʽʢʫʚʘʥʦʾ ʤʘʨʞʽ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʨʠʢʘ MAPE, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ 

ʪʦʯʥʽʩʪʴ ʨʦʙʦʪʠ ʤʦʜʝʣʽ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʚʽʟʫʘʣʽʟʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʛʨʘʬʽʢʽʚ ʪʠʧʫ çʧʣʘʥïʬʘʢʪïʧʨʦʛʥʦʟè, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʧʝʨʘʪʠʚʥʦ 

ʦʮʽʥʶʚʘʪʠ ʜʠʥʘʤʽʢʫ ʧʨʦʜʘʞʽʚ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʽ ʪʝʥʜʝʥʮʽʾ ʧʦʧʠʪʫ. ɼʣʷ ʧʦʙʫʜʦʚʠ 

ʧʨʦʛʥʦʟʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ Prophet ʽʟ ʜʦʜʘʪʢʦʚʠʤʠ ʨʝʛʨʝʩʦʨʘʤʠ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʩʚʷʪʢʦʚʽ ʜʥʽ ʪʘ ʧʝʨʽʦʜʠ ʩʦʮʽʘʣʴʥʠʭ ʚʠʧʣʘʪ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ERP-ʨʽʰʝʥʴ ʪʠʧʫ Min-Max, ʨʦʟʨʦʙʣʝʥʠʡ ʤʦʜʫʣʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻ rolling forecast ʪʘ ʤʝʪʦʜʠ ʧʨʝʜʠʢʪʠʚʥʦʾ ʘʥʘʣʽʪʠʢʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʦʛʥʦʟʽʚ ʧʨʦʜʘʞʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʧʣʘʥʫʚʘʥʥʷ ʟʘʢʫʧʽʚʝʣʴ ʪʘ ʝʬʝʢʪʠʚʥʽʰʝ ʫʧʨʘʚʣʷʪʠ ʪʦʚʘʨʥʠʤʠ ʟʘʧʘʩʘʤʠ ʘʧʪʝʯʥʦʾ 

ʤʝʨʝʞʽ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʥʩʘʤʙʣʝʚʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʘʜʠʪʠʚʥʽ ʤʦʜʝʣʽ ʪʘ 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. ʆʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʦʜʝʣʝʡ ʧʣʘʥʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʨʠʢ MSE ʪʘ MAPE, ʘ ʪʘʢʦʞ 

ʯʝʨʝʟ ʘʥʘʣʽʟ ʙʽʟʥʝʩ-ʧʦʢʘʟʥʠʢʽʚ, ʟʦʢʨʝʤʘ ʨʽʚʥʷ ʚʪʨʘʯʝʥʦʾ ʤʘʨʞʽ ʪʘ ʜʝʬʝʢʪʫʨʠ. 

ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʧʽʜʪʚʝʨʜʠʣʘ ʤʦʞʣʠʚʽʩʪʴ 

ʽʥʪʝʛʨʘʮʽʾ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʫ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʘʧʪʝʯʥʦʾ ʤʝʨʝʞʽ ʪʘ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʝʜʠʢʪʠʚʥʦʾ ʘʥʘʣʽʪʠʢʠ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʦʜʫʣʴ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʘʧʪʝʯʥʦʾ ʤʝʨʝʞʽ, ʟʤʝʥʰʠʪʠ ʬʽʥʘʥʩʦʚʽ ʚʪʨʘʪʠ 

ʚʽʜ ʥʘʜʣʠʰʢʦʚʠʭ ʟʘʧʘʩʽʚ ʽ ʜʝʬʽʮʠʪʫ ʧʨʦʜʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ 

ʦʙˇʨʫʥʪʦʚʘʥʝ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 
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ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʠʤʫʣʷʮʽʡʥʽ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʥʘʚʯʘʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʘʛʝʥʪʽʚ ʨʫʭʫ. ʋ ʩʝʨʝʜʦʚʠʱʽ 

Unity ʮʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʬʽʟʠʯʥʫ ʩʠʤʫʣʷʮʽʶ ʦʙôʻʢʪʽʚ, ʚʢʣʶʯʥʦ ʟ ʛʨʘʚʽʪʘʮʽʻʶ, 

ʪʝʨʪʷʤ ʽ ʟʽʪʢʥʝʥʥʷʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʶʚʘʪʠ ʨʝʘʣʽʩʪʠʯʥʫ ʧʦʚʝʜʽʥʢʫ ʘʛʝʥʪʽʚ 

[2, 3]. 

ʍʦʜʷʯʽ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʫ ʣʦʛʽʩʪʠʮʽ, ʘʛʨʦʩʝʢʪʦʨʽ ʪʘ ʩʝʨʚʽʩʥʠʭ 

ʟʘʜʘʯʘʭ: ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʽʚ, ʽʥʩʧʝʢʮʽʷ ʪʝʨʠʪʦʨʽʡ, ʥʘʚʽʛʘʮʽʷ ʚ ʩʢʣʘʜʥʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ. ɰʭʥʷ ʧʝʨʝʚʘʛʘ ð ʟʜʘʪʥʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʥʘ ʥʝʨʽʚʥʠʭ ʧʦʚʝʨʭʥʷʭ ʽ ʚ 

ʦʙʤʝʞʝʥʠʭ ʧʨʦʩʪʦʨʘʭ, ʜʝ ʢʦʣʽʩʥʽ ʩʠʩʪʝʤʠ ʤʘʣʦʝʬʝʢʪʠʚʥʽ. 

ʇʽʜʭʽʜ Unity ML-Agents ʜʘʻ ʟʤʦʛʫ ʥʘʚʯʘʪʠ ʘʛʝʥʪʽʚ ʩʘʤʦʩʪʽʡʥʦ ʬʦʨʤʫʚʘʪʠ 

ʩʪʨʘʪʝʛʽʾ ʭʦʜʴʙʠ ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʟ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʩʠʩʪʝʤʦʶ ʚʠʥʘʛʦʨʦʜ [1]. ɼʣʷ 

ʽʥʬʝʨʝʥʩʫ ʥʝʡʨʦʥʥʠʭ ʤʦʜʝʣʝʡ ʫ Unity ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʽʙʣʽʦʪʝʢʘ Barracuda, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞ ʙʝʟ ʟʦʚʥʽʰʥʽʭ ʩʝʨʚʽʩʽʚ [4]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʜʦʟʚʦʣʷʻ ʘʛʝʥʪʘʤ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʟʤʽʥ ʩʝʨʝʜʦʚʠʱʘ, ʦʧʪʠʤʽʟʫʶʯʠ ʙʘʣʘʥʩ, ʰʚʠʜʢʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʫʭʫ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʬʦʨʤʫʶʪʴʩʷ ʤʦʜʝʣʽ ʘʚʪʦʥʦʤʥʦʾ ʭʦʜʴʙʠ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʨʫʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʨʘʚʠʣ ʨʫʭʫ. 

ʄʝʪʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʧʣʘʪʬʦʨʤʠ ʻ ʥʘʚʯʘʥʥʷ ʘʛʝʥʪʘ ʘʚʪʦʥʦʤʥʽʡ ʭʦʜʴʙʽ ʫ 

ʬʽʟʠʯʥʦ-ʨʝʘʣʽʩʪʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Unity ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ ʟ 

ʧʽʜʢʨʽʧʣʝʥʥʷʤ. ʉʠʩʪʝʤʘ ʧʦʙʫʜʦʚʘʥʘ ʷʢ ʽʥʪʝʛʨʘʮʽʷ ʬʽʟʠʯʥʦʾ ʩʠʤʫʣʷʮʽʾ, ʤʦʜʝʣʽ 

ʘʛʝʥʪʘ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ʌʽʟʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʨʝʘʣʽʟʦʚʘʥʝ ʫ Unity ʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʨʫʰʽʷ, ʷʢʠʡ ʤʦʜʝʣʶʻ ʛʨʘʚʽʪʘʮʽʶ, ʪʝʨʪʷ ʪʘ ʚʟʘʻʤʦʜʽʶ ʪʽʣ 

ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʠ Rigidbody ʽ Collider [2, 3]. ʉʮʝʥʘ ʚʢʣʶʯʘʻ ʦʧʦʨʥʫ ʧʦʚʝʨʭʥʶ, 

ʬʽʟʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʧʝʨʝʰʢʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʫʤʦʚʠ 

ʜʣʷ ʥʘʚʯʘʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʘʜʘʧʪʠʚʥʦʾ ʭʦʜʴʙʠ. 

ɸʛʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ ʙʘʛʘʪʦʩʝʛʤʝʥʪʥʘ ʩʪʨʫʢʪʫʨʘ, ʜʝ ʢʦʞʥʘ ʯʘʩʪʠʥʘ ʪʽʣʘ 

ʤʘʻ ʚʣʘʩʥʠʡ Rigidbody, ʘ ʟôʻʜʥʘʥʥʷ ʤʽʞ ʥʠʤʠ ʨʝʘʣʽʟʦʚʘʥʽ ʯʝʨʝʟ Joint-ʢʦʤʧʦʥʝʥʪʠ, 

ʩʪʨʫʢʪʫʨʫ ʘʛʝʥʪʘ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. ʊʘʢʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʶʚʘʪʠ 
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ʨʫʭʠ, ʧʽʜʪʨʠʤʫʚʘʪʠ ʙʘʣʘʥʩ ʽ ʨʝʘʛʫʚʘʪʠ ʥʘ ʬʽʟʠʯʥʽ ʩʠʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʽʚ 

ʤʝʭʘʥʽʢʠ [2, 3]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʠʛʣʷʜ ʪʽʣʘ ʘʛʝʥʪʘ ʫ ʩʝʨʝʜʦʚʠʱʽ Unity 

 

ɿʙʽʨ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ ʘʛʝʥʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʤʦʜʫʣʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʷʢʠʡ 

ʬʦʨʤʫʻ ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʢʣʶʯʘʻ ʧʦʣʦʞʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ, ʦʨʽʻʥʪʘʮʽʶ ʪʘ 

ʢʦʥʪʘʢʪ ʽʟ ʧʦʚʝʨʭʥʝʶ. ʎʽ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʤʦʜʝʣʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʄʦʜʫʣʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ 

ʬʦʨʤʫʻ ʢʝʨʫʶʯʽ ʩʠʛʥʘʣʠ ʜʣʷ ʨʫʭʫ ʘʛʝʥʪʘ. ɼʣʷ ʽʥʪʝʛʨʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʥʘʚʯʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Unity ML-Agents Toolkit, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʟʘʻʤʦʜʽʶ ʤʽʞ 

ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʤʦʜʝʣʣʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ [1]. ɺʠʢʦʥʘʥʥʷ ʥʘʚʯʝʥʠʭ ʤʦʜʝʣʝʡ 

ʫ ʩʝʨʝʜʦʚʠʱʽ Unity ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢʠ Barracuda [5]. 

ʅʘʚʯʘʥʥʷ ʘʛʝʥʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ Proximal Policy 

Optimization (PPO), ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʦʩʪʫʧʦʚʦ ʧʦʢʨʘʱʫʚʘʪʠ ʧʦʣʽʪʠʢʫ ʜʽʡ ʥʘ ʦʩʥʦʚʽ 

ʦʪʨʠʤʘʥʦʾ ʚʠʥʘʛʦʨʦʜʠ [1]. ɺʠʥʘʛʦʨʦʜʘ ʬʦʨʤʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʽʣʴʢʦʭ 

ʬʘʢʪʦʨʽʚ: ʟʙʝʨʝʞʝʥʥʷ ʙʘʣʘʥʩʫ, ʨʫʭʫ ʚʧʝʨʝʜ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʰʪʨʘʬʽʚ ʟʘ 

ʧʘʜʽʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʘʛʝʥʪʫ ʩʘʤʦʩʪʽʡʥʦ ʬʦʨʤʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʪʘ ʩʪʘʙʽʣʴʥʽ 

ʧʘʪʝʨʥʠ ʭʦʜʴʙʠ ʙʝʟ ʷʚʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʨʫʭʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʦʻʜʥʫʻ ʬʽʟʠʯʥʫ ʩʠʤʫʣʷʮʽʶ, 

ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʠ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʬʦʨʤʫʚʘʥʥʷ ʘʚʪʦʥʦʤʥʦʾ ʧʦʚʝʜʽʥʢʠ ʘʛʝʥʪʘ ʫ ʩʢʣʘʜʥʦʤʫ ʜʠʥʘʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

[1, 5]. 

ɼʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʟʘʜʘʯʽ ʚʠʢʦʨʠʩʪʘʥʦ ʜʝʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʧʽʜʭʦʜʽʚ. ʆʙʯʠʩʣʝʥʥʷ ʚʠʥʘʛʦʨʦʜʠ ʘʛʝʥʪʘ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʥʘʚʝʜʝʥʦ ʫ ʥʘʩʪʫʧʥʽʡ 

ʬʦʨʤʫʣʽ: 

 

Ὑίȟὥ ύ ẗὄί ύẗὛίȟὥ ύ ẗὉὥ   , 

 

ʜʝ Ὑίȟὥ ð ʚʠʥʘʛʦʨʦʜʘ ʘʛʝʥʪʘ ʫ ʩʪʘʥʽ ί ʧʨʠ ʜʽʾ ὥ; 

ὄί  ð ʧʦʢʘʟʥʠʢ ʧʽʜʪʨʠʤʢʠ ʙʘʣʘʥʩʫ; 

Ὓίȟὥ  ð ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʨʦʢʫ (ʰʚʠʜʢʽʩʪʴ ʪʘ ʧʨʦʛʨʝʩ ʚʧʝʨʝʜ); 

Ὁὥ  ð ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʚʠʢʦʥʘʥʥʷ ʜʽʾ; 

(1) 



118 
 

ICSPM 2026  21-22 ʪʨʘʚʥʷ 2026 ʨ., ʤ. ʊʝʨʥʦʧʣ̔ ɹ

ύ , ύ, ύ  ð ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʥʘʛʦʨʦʜʠ. 

ʂʫʤʫʣʷʪʠʚʥʘ ʚʠʥʘʛʦʨʦʜʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʫʤʘ ʜʠʩʢʦʥʪʦʚʘʥʠʭ  

ʚʠʥʘʛʦʨʦʜ [5]: 

 
ʜʝ ð ʚʠʥʘʛʦʨʦʜʘ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʝʧʽʟʦʜʫ; 

ɔ ð ʢʦʝʬʽʮʽʻʥʪ ʜʠʩʢʦʥʪʫʚʘʥʥʷ (); 

 ð ʥʘʢʦʧʠʯʝʥʘ (ʜʠʩʢʦʥʪʦʚʘʥʘ) ʚʠʥʘʛʦʨʦʜʘ ʟʘ ʝʧʽʟʦʜ. 

 

ʌʫʥʢʮʽʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʣʽʪʠʢʠ ʘʛʝʥʪʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ ɹʝʣʣʤʘʥʘ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ [5], ʚʠʟʥʘʯʘʻ ʧʨʦʮʝʩ ʦʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʧʽʜ ʯʘʩ 

ʥʘʚʯʘʥʥʷ: 

 
ʜʝ  ð ʦʧʪʠʤʘʣʴʥʘ ʧʦʣʽʪʠʢʘ ʧʦʚʝʜʽʥʢʠ ʘʛʝʥʪʘ; 

ɔ  ð ʢʦʝʬʽʮʽʻʥʪ ʜʠʩʢʦʥʪʫʚʘʥʥʷ, ʘ ʩʫʤʫʚʘʥʥʷ ʚʝʜʝʪʴʩʷ ʧʦ ʚʩʽʭ ʢʨʦʢʘʭ ʝʧʽʟʦʜʫ 

T. 

ʅʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʧʝʨʝʭʦʜʫ ʩʠʩʪʝʤʠ ʫ ʥʦʚʠʡ ʩʪʘʥ ʧʽʜ 

ʚʧʣʠʚʦʤ ʜʽʡ ʘʛʝʥʪʘ ʫ ʬʽʟʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʜʝ ʩʪʘʥ ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʻ ʧʘʨʘʤʝʪʨʠ, 

ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʣʦʞʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ, ʦʨʽʻʥʪʘʮʽʶ ʘʛʝʥʪʘ ʪʘ ʡʦʛʦ ʚʟʘʻʤʦʜʽʶ ʽʟ 

ʩʝʨʝʜʦʚʠʱʝʤ: 

 
ʜʝ  ð ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʩʝʨʝʜʦʚʠʱʘ: ʜʠʥʘʤʽʢʘ ʩʫʛʣʦʙʽʚ, ʩʠʣʘ 

ʪʷʞʽʥʥʷ, ʢʦʥʪʘʢʪ ʟ ʧʦʚʝʨʭʥʝʶ (ʛʘʨʘʥʪʫʻ, ʱʦ ʜʽʾ ʘʛʝʥʪʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʨʝʘʣʽʩʪʠʯʥʦʛʦ ʧʝʨʝʩʫʚʘʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʙʘʣʘʥʩʫ). 

 

ʋ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ ʘʛʝʥʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʽ ʬʫʥʢʮʽʾ 

ʜʣʷ ʧʦʩʪʫʧʦʚʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʧʦʣʽʪʠʢʠ ʨʫʭʫ. ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʧʨʦʛʥʦʟʫʻ 

ʦʧʪʠʤʘʣʴʥʽ ʜʽʾ ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʘʛʝʥʪʘ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʘ ʩʠʩʪʝʤʘ ʚʠʥʘʛʦʨʦʜʠ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʽ 

ʝʬʝʢʪʠʚʥʦʾ ʭʦʜʴʙʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ ʘʛʝʥʪʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ Unity ML-Agents ʙʫʣʠ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʽʚ TensorBoard, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʢʣʶʯʦʚʠʭ ʤʝʪʨʠʢ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ, ʟʦʢʨʝʤʘ ʩʫʤʘʨʥʫ 

ʚʠʥʘʛʦʨʦʜʫ, ʪʨʠʚʘʣʽʩʪʴ ʝʧʽʟʦʜʽʚ ʪʘ ʬʫʥʢʮʽʾ ʚʪʨʘʪ. ʊʝʩʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ 

ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʪʨʝʥʫʚʘʥʴ: firstTrainer ʨʦʞʝʚʦʛʦ ʢʦʣʴʦʨʫ ʪʘ trainerWalker32 

ʩʠʥʴʦʛʦ ʢʦʣʴʦʨʫ. ʈʦʟʛʣʷʥʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ. 

ʇʦʢʘʟʥʠʢ ʩʫʤʘʨʥʦʾ ʚʠʥʘʛʦʨʦʜʠ, ʡʦʛʦ ʛʨʘʬʽʢʠ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2, 

ʜʝʤʦʥʩʪʨʫʻ ʩʫʪʪʻʚʫ ʨʽʟʥʠʮʶ ʤʽʞ ʤʦʜʝʣʷʤʠ. ɸʛʝʥʪ firstTrainer ʧʽʩʣʷ ʧʨʠʙʣʠʟʥʦ 5 

ʤʽʣʴʡʦʥʽʚ ʢʨʦʢʽʚ ʧʦʯʠʥʘʻ ʩʪʨʽʤʢʦ ʧʦʢʨʘʱʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪ ʽ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ 

ʙʣʠʟʴʢʦ 1000, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʫʩʧʽʰʥʝ ʟʘʩʚʦʻʥʥʷ ʧʦʣʽʪʠʢʠ ʩʪʘʙʽʣʴʥʦʾ ʭʦʜʴʙʠ ʪʘ 

ʝʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʩʫʚʘʥʥʷ. ɺʦʜʥʦʯʘʩ trainerWalker32 ʜʝʤʦʥʩʪʨʫʻ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ 

(2) 

(3) 

(4) 
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ʚʠʥʘʛʦʨʦʜʠ, ʤʝʥʰʝ 100, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʜʦʩʪʘʪʥʻ ʥʘʚʯʘʥʥʷ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʩʬʦʨʤʦʚʘʥʦʾ ʩʪʨʘʪʝʛʽʾ ʨʫʭʫ [1]. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʢ ʜʠʥʘʤʽʢʠ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʚʠʥʘʛʦʨʦʜʠ ʘʛʝʥʪʘ 

 

ɸʥʘʣʽʟ ʛʨʘʬʽʢʽʚ ʜʦʚʞʠʥʠ ʝʧʽʟʦʜʫ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3, ʧʽʜʪʚʝʨʜʞʫʻ 

ʮʽ ʨʝʟʫʣʴʪʘʪʠ. ʋ ʚʠʧʘʜʢʫ firstTrainer ʪʨʠʚʘʣʽʩʪʴ ʝʧʽʟʦʜʽʚ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ ʜʦ 500 

ʢʨʦʢʽʚ, ʱʦ ʦʟʥʘʯʘʻ ʟʜʘʪʥʽʩʪʴ ʘʛʝʥʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʙʘʣʘʥʩ ʽ ʟʜʽʡʩʥʶʚʘʪʠ 

ʜʦʚʛʦʪʨʠʚʘʣʠʡ ʨʫʭ ʙʝʟ ʧʘʜʽʥʥʷ. ɼʣʷ trainerWalker32 ʭʘʨʘʢʪʝʨʥʽ ʢʦʨʦʪʢʽ ʝʧʽʟʦʜʠ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʯʘʩʪʽ ʚʪʨʘʪʠ ʨʽʚʥʦʚʘʛʠ ʪʘ ʥʝʩʪʘʙʽʣʴʥʫ ʧʦʚʝʜʽʥʢʫ [1]. 

 

 

 
ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʽʢ ʜʦʚʞʠʥʠ ʝʧʽʟʦʜʫ 

 

ʄʝʪʨʠʢʘ ʜʠʥʘʤʽʢʠ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʚʠʥʘʛʦʨʦʜʠ ʘʛʝʥʪʘ, ʛʨʘʬʽʢ, ʷʢʦʾ 

ʚʽʜʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 4, ʧʦʢʘʟʫʻ ʷʢʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʴʦʾ 

ʚʠʥʘʛʦʨʦʜʠ. ɼʣʷ firstTrainer ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʡ ʨʽʩʪ ʧʦʤʠʣʢʠ ʟ 

ʧʦʜʘʣʴʰʠʤ ʟʥʠʞʝʥʥʷʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʝʪʘʧʫ ʘʢʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʛʦ 

ʫʪʦʯʥʝʥʥʷ ʦʮʽʥʢʠ ʩʪʘʥʽʚ ʩʝʨʝʜʦʚʠʱʘ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʢʨʘʱʝʥʥʷ ʟʜʘʪʥʦʩʪʽ 

ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʚʠʥʘʛʦʨʦʜʫ ʚ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ [1]. 

ʈʽʟʥʠʮʷ ʜʚʦʭ ʤʦʜʝʣʝʡ ʫ ʾʭ ʩʧʦʩʦʙʘʭ ʭʦʜʴʙʠ. ʄʦʜʝʣʴ firstTrainer ʟʥʘʡʰʣʘ 

ʦʧʪʠʤʘʣʴʥʽʰʠʡ, ʘʣʝ ʩʧʝʮʠʬʽʯʥʠʡ ʩʧʦʩʽʙ ʭʦʜʴʙʠ. ɸʛʝʥʪ ʨʫʭʘʚʩʷ ʩʧʦʩʦʙʦʤ 

ʢʦʚʟʘʥʥʷ ʥʘ ʦʜʥʽʡ ʥʦʟʽ. ʊʦʙʪʦ ʦʜʥʘ ʥʦʛʘ ʟʘʚʞʜʠ ʙʫʣʘ ʥʘ ʧʽʜʣʦʟʽ ʽ ʪʨʠʤʘʣʘ ʙʘʣʘʥʩ 

ʘʛʝʥʪʘ, ʘ ʽʥʰʘ ʥʦʛʘ ʰʪʦʚʭʘʣʘ ʚʩʝ ʪʽʣʦ ʜʦ ʮʽʣʽ. 
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ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʽʢ ʜʠʥʘʤʽʢʠ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʚʠʥʘʛʦʨʦʜʠ ʘʛʝʥʪʘ 

 

ʊʘʢʠʡ ʩʧʦʩʽʙ ʨʫʭʫ ʙʫʚ ʤʦʞʣʠʚʠʡ ʯʝʨʝʟ ʥʝʧʨʘʚʠʣʴʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ 

ʩʝʨʝʜʦʚʠʱʘ, ʘ ʩʘʤʝ ʥʝʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʧʽʜʣʦʛʠ. ʏʝʨʝʟ ʱʦ 

ʘʛʝʥʪ ʤʘʚ ʟʤʦʛʫ ʚʦʜʥʦʯʘʩ ʽ ʢʦʚʟʘʪʠ ʥʘ ʦʜʥʽʡ ʥʦʟʽ ʧʦ ʧʽʜʣʦʟʽ ʽ ʰʪʦʚʭʘʪʠ ʪʽʣʦ ʜʦ 

ʮʽʣʽ ʽʥʰʦʶ ʥʦʛʦʶ. ɼʘʥʘ ʧʨʦʙʣʝʤʘ ʙʫʣʘ ʚʠʨʽʰʝʥʘ ʜʣʷ ʥʘʚʯʘʥʥʷ ʥʘʩʪʫʧʥʦʾ ʤʦʜʝʣʽ 

trainerWalker32. ʊʦʤʫ ʫ ʥʝʾ ʥʝ ʪʘʢʽ ʚʝʣʠʢʽ ʧʦʢʘʟʥʠʢʠ ʚʠʥʘʛʦʨʦʜ, ʷʢ ʫ firstTrainer, 

ʘʣʝ ʭʦʜʴʙʘ ʚʠʛʣʷʜʘʻ ʙʽʣʴʰ ʧʨʘʚʠʣʴʥʦʶ. 

ʋ ʮʽʣʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʤʦʜʝʣʴ firstTrainer ʜʦʩʷʛʣʘ ʟʙʽʞʥʦʩʪʽ 

ʪʘ ʩʬʦʨʤʫʚʘʣʘ ʩʪʘʙʽʣʴʥʫ, ʧʨʦʪʝ ʥʝʢʦʨʝʢʪʥʫ, ʧʦʣʽʪʠʢʫ ʭʦʜʴʙʠ. ʊʦʜʽ ʷʢ 

trainerWalker32 ʟʘʣʠʰʠʣʘʩʴ ʥʘ ʝʪʘʧʽ ʯʘʩʪʢʦʚʦʛʦ ʥʘʚʯʘʥʥʷ. ʇʨʠʯʠʥʘʤʠ ʨʽʟʥʠʮʽ ʻ 

ʚʠʧʘʜʢʦʚʘ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʚʘʛ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʥʘʚʯʘʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʧʽʜʭʦʜʘʤʠ ʥʘʚʯʘʥʥʷ ʘʛʝʥʪʽʚ ʫ Unity 

ML-Agents, ʜʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʣʽʪʠʢʠ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʩʝʨʝʜʦʚʠʱʘ, ʬʫʥʢʮʽʾ ʚʠʥʘʛʦʨʦʜʠ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ [1], [5]. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. Unity Technologies. Unity ML-Agents Toolkit Documentation. Unity Technologies, 2024. 

https://github.com/Unity-Technologies/ml-agents 

2. Unity Technologies. Unity Physics and Rigidbody Components Documentation. Unity 

Manual, 2024. https://docs.unity3d.com/Manual/class-Rigidbody.html 

3. Unity Technologies. Unity Collider Components Documentation. Unity Manual, 2024. 

https://docs.unity3d.com/Manual/CollidersOverview.html 

4. Unity Technologies. Barracuda Neural Network Inference Library Documentation. Unity 

Manual, 2024. https://docs.unity3d.com/Packages/com.unity.barracuda 

5. Reinforcement Learning: An Introduction / Richard S. Sutton, Andrew G. Barto.  2nd ed. 

Cambridge, MA: MIT Press, 2018.  552 p.  

  

https://docs.unity3d.com/Packages/com.unity.barracuda
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ʋɼʂ 004.738.5:004.42 

 

ɺɽɹ-ʆʈɯɭʅʊʆɺɸʅɸ ʉʀʉʊɽʄɸ ʇʈʆɺɽɼɽʅʅʗ ʎʀʌʈʆɺʆɻʆ 

ɼʆɿɺɯʃʃʗ 
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ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʤʝʜʽʘʢʦʥʪʝʥʪʫ ʢʦʨʠʩʪʫʚʘʯʽ 

ʯʘʩʪʦ ʟʽʰʪʦʚʭʫʶʪʴʩʷ ʟ ʧʨʦʙʣʝʤʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʩʢʣʘʜʥʦʱʘʤʠ ʫ ʰʚʠʜʢʦʤʫ ʧʽʜʙʦʨʽ ʬʽʣʴʤʽʚ, ʢʥʠʛ ʽ ʤʫʟʠʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʾʭʥʴʦʤʫ ʧʦʪʦʯʥʦʤʫ ʝʤʦʮʽʡʥʦʤʫ ʩʪʘʥʫ. ʑʦʜʥʷ ʥʘ ʩʪʨʽʤʽʥʛʦʚʠʭ ʧʣʘʪʬʦʨʤʘʭ 

ʟôʷʚʣʷʶʪʴʩʷ ʪʠʩʷʯʽ ʥʦʚʠʭ ʪʚʦʨʽʚ, ʯʝʨʝʟ ɦ ʦ ʧʨʦʮʝʩ ʚʠʙʦʨʫ ʢʦʥʪʝʥʪʫ ʩʪʘʻ ʪʨʠʚʘʣʠʤ 

ʽ ʚʠʩʥʘʞʣʠʚʠʤ. ʊʨʘʜʠʮʽʡʥʽ ʨʝʢʦʤʝʥʜʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ʪʘʢʽ ʷʢ ʘʣʛʦʨʠʪʤʠ Netflix, 

Spotify ʯʠ YouTube) ʦʨʽʻʥʪʦʚʘʥʽ ʧʝʨʝʚʘʞʥʦ ʥʘ ʘʥʘʣʽʟ ʽʩʪʦʨʽʾ ʧʝʨʝʛʣʷʜʽʚ, 

ʫʧʦʜʦʙʘʥʴ ʪʘ ʢʦʣʘʙʦʨʘʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ, ʧʨʦʪʝ ʚʦʥʠ ʥʝʜʦʩʪʘʪʥʴʦ ʚʨʘʭʦʚʫʶʪʴ 

ʤʠʪʪʻʚʠʡ ʝʤʦʮʽʡʥʠʡ ʩʪʘʥ ʢʦʨʠʩʪʫʚʘʯʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʯʘʩʪʦ ʥʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʢʪʫʘʣʴʥʦʤʫ ʥʘʩʪʨʦʶ ʣʶʜʠʥʠ, ʥʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʘ ʧʨʦʧʦʥʫʻ 

ʜʨʘʤʘʪʠʯʥʠʡ ʪʨʠʣʝʨ, ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʭʦʯʝ ʣʝʛʢʫ ʢʦʤʝʜʽʶ ʜʣʷ ʚʽʜʧʦʯʠʥʢʫ, ʘʙʦ 

ʥʘʚʧʘʢʠ. ʊʘʢʠʡ ʨʦʟʨʠʚ ʤʽʞ ʧʦʪʦʯʥʠʤ ʝʤʦʮʽʡʥʠʤ ʩʪʘʥʦʤ ʽ ʦʪʨʠʤʘʥʠʤʠ 

ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʟʥʠʞʫʻ ʟʘʜʦʚʦʣʝʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ 

ʤʝʜʽʘʢʦʥʪʝʥʪʫ. 

ɸʚʪʦʨʠ [1] ʨʦʟʛʣʷʜʘʶʪʴ ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ. ɼʦʩʣʽʜʥʠʢʠ ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʝʤʦʮʽʡʥʦʛʦ ʩʪʘʥʫ ʢʦʨʠʩʪʫʚʘʯʘ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ ʪʘʢʠʭ ʩʠʩʪʝʤ.  

ʋ [2] ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ mood-based 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʫ ʩʬʝʨʽ ʤʝʜʽʘʢʦʥʪʝʥʪʫ. ɸʚʪʦʨʠ ʘʥʘʣʽʟʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ 

ʟʽʩʪʘʚʣʝʥʥʷ ʥʘʩʪʨʦʶ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʞʘʥʨʘʤʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʥʪʝʥʪʫ. 

ʊʘʢʦʞ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʨʦʙʣʝʥʦ ʫ 

[3]. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʽ ʧʣʘʪʬʦʨʤʠ, ʾʭ ʽʥʪʝʨʬʝʡʩʠ ʪʘ 

ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ. ɸʚʪʦʨʠ ʧʽʜʢʨʝʩʣʶʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʟʨʫʯʥʦʛʦ ʪʘ 

ʽʥʪʫʾʪʠʚʥʦʛʦ ʜʠʟʘʡʥʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʣʫʯʝʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʜʞʝʨʝʣ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʫʯʘʩʥʽ 

ʚʝʙ-ʧʣʘʪʬʦʨʤʠ ʨʝʢʦʤʝʥʜʘʮʽʡ ʤʝʜʽʘʢʦʥʪʝʥʪʫ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʰʚʠʜʢʠʡ ʽ 

ʟʨʫʯʥʠʡ ʧʽʜʙʽʨ ʬʽʣʴʤʽʚ, ʢʥʠʛ ʪʘ ʤʫʟʠʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʝʤʦʮʽʡʥʦʛʦ ʩʪʘʥʫ 

ʢʦʨʠʩʪʫʚʘʯʘ.  
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ʉʪʨʫʢʪʫʨʘ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʚʝʜʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʜʦʟʚʽʣʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1.  

ʆʩʥʦʚʥʠʤʠ ʤʦʜʫʣʷʤʠ ʩʠʩʪʝʤʠ ʻ: ʛʦʣʦʚʥʘ ʩʪʦʨʽʥʢʘ, ʨʦʟʜʽʣʠ çʌʽʣʴʤʠè, 

çʂʥʠʛʠè, çʄʫʟʠʢʘè, ʩʪʦʨʽʥʢʠ ʦʢʨʝʤʠʭ ʥʘʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ ʟʚôʷʟʢʠ ʤʽʞ 

ʥʠʤʠ. ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʧʝʨʝʭʦʜʠʪʠ ʤʽʞ ʢʘʪʝʛʦʨʽʷʤʠ ʪʘ ʚʠʙʠʨʘʪʠ ʧʦʪʨʽʙʥʠʡ 

ʥʘʩʪʨʽʡ, ʧʽʩʣʷ ʯʦʛʦ ʦʪʨʠʤʫʻ ʧʽʜʙʽʨʢʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʥʪʝʥʪʫ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

çʇʽʜʅʘʩʪʨʽʡè 

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʠ, 

ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ. 

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʩʪʘʣʦ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʦʛʦ, ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 

ʟ ʻʜʠʥʠʤ ʩʪʠʣʝʤ ʜʣʷ ʚʩʽʭ ʨʦʟʜʽʣʽʚ. ʉʢʣʘʜʥʠʡ ʘʙʦ ʧʝʨʝʚʘʥʪʘʞʝʥʠʡ ʽʥʪʝʨʬʝʡʩ ʤʽʛ 

ʙʠ ʫʩʢʣʘʜʥʠʪʠ ʚʟʘʻʤʦʜʽʶ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʧʣʘʪʬʦʨʤʦʶ. 

ʇʣʘʪʬʦʨʤʘ ʧʽʜʪʨʠʤʫʻ ʧʝʨʝʤʠʢʘʥʥʷ ʤʽʞ ʪʝʤʥʦʶ ʪʘ ʩʚʽʪʣʦʶ ʪʝʤʦʶ, 

ʘʜʘʧʪʠʚʥʠʡ ʜʠʟʘʡʥ ʪʘ ʬʫʥʢʮʽʶ çɿʜʠʚʫʡ ʤʝʥʝè ʜʣʷ ʚʠʧʘʜʢʦʚʦʾ ʨʝʢʦʤʝʥʜʘʮʽʾ. 

ʂʦʞʥʘ ʢʘʨʪʢʘ ʢʦʥʪʝʥʪʫ ʻ ʽʥʪʝʨʘʢʪʠʚʥʦʶ ʪʘ ʚʝʜʝ ʥʘ ʟʦʚʥʽʰʥʽ ʨʝʩʫʨʩʠ (IMDb, 

Goodreads, Spotify). ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠ ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʽ ʤʫʟʠʢʠ 

ʨʝʘʣʽʟʦʚʘʥʦ ʤʦʜʘʣʴʥʝ ʚʽʢʥʦ ʟ ʚʠʙʦʨʦʤ ʩʝʨʚʽʩʫ (Spotify, Apple Music, YouTube 

Music). 

ʈʦʟʨʦʙʣʝʥʘ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʘ ʩʠʩʪʝʤʘ ʻ ʩʫʯʘʩʥʠʤ ʟʘʩʦʙʦʤ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʤʝʜʽʘʢʦʥʪʝʥʪʫ ʟʘ ʥʘʩʪʨʦʻʤ ʢʦʨʠʩʪʫʚʘʯʘ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʪʘ ʟʨʫʯʥʦ 
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ʧʽʜʽʙʨʘʪʠ ʬʽʣʴʤ, ʢʥʠʛʫ ʯʠ ʤʫʟʠʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʦʯʥʦʛʦ ʝʤʦʮʽʡʥʦʛʦ ʩʪʘʥʫ, 

ʦʧʪʠʤʽʟʫʻ ʯʘʩ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʧʽʜʚʠʱʫʻ ʟʘʜʦʚʦʣʝʥʽʩʪʴ ʚʽʜ ʩʧʦʞʠʚʘʥʥʷ ʢʦʥʪʝʥʪʫ. 

ɻʦʣʦʚʥʘ ʩʪʦʨʽʥʢʘ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2. 

 

ʈʠʩʫʥʦʢ 2 ï ɻʦʣʦʚʥʘ ʩʪʦʨʽʥʢʘ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ çʇʽʜʅʘʩʪʨʽʡè 

ɿʘʚʜʷʢʠ ʤʦʜʫʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʣʝʛʢʦ ʨʦʟʰʠʨʶʚʘʪʠ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ: ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʥʘʩʪʨʦʾ, ʽʥʪʝʛʨʫʚʘʪʠ ʨʝʻʩʪʨʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʽʚ, 

ʩʠʩʪʝʤʫ ʧʝʨʩʦʥʘʣʴʥʠʭ ʩʧʠʩʢʽʚ, ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʽʩʪʦʨʽʾ ʪʘ ʥʘʚʽʪʴ ʝʣʝʤʝʥʪʠ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʣʘʪʬʦʨʤʽ ʰʚʠʜʢʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʧʦʪʨʝʙ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʨʦʟʚʠʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʥʘ ʨʠʥʢʫ ʤʝʜʽʘʢʦʥʪʝʥʪʫ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. Aggarwal C. C. Recommender Systems: The Textbook. Cham : Springer, 2016. 498 p. 

2. Ricci F., Rokach L., Shapira B. Recommender Systems Handbook. 3rd ed. Cham : Springer, 

2022. 1084 p. 

3. Katarya R., Verma O. Recent developments in affective recommender systems.  Multimedia 

Tools and Applications. 2016. P. 182-190. 

4. ʂʦʚʘʣʝʥʢʦ ʆ. ɺ. ʈʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʝʤʦʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 
ʪʝʢʩʪʫ.  ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʩʠʩʪʝʤʠ. 2024. ˉ 2. ʉ. 45-52. 
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ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʠʩʚʷʯʝʥ ̔ʨʦʟʨʦʙʮʽ 

ʢʦʥʮʝʧʮʽʾ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʘʚʪʦʤʘʪʠʟʫʻ ʧʨʦʮʝʩʠ 

ʙʝʟʧʝʢʠ ʪʘ ʽʥʬʦʨʤʫʚʘʥʥʷ ʚ ʦʩʚʽʪʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʈʦʟʛʣʷʜ ʜʘʥʦʾ ʪʝʤʠ 

ʟʫʤʦʚʣʝʥʠʡ ʧʦʪʨʝʙʦʶ ʚ ʘʜʘʧʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʢʨʠʪʠʯʥʽ 

ʚʠʢʣʠʢʠ: ʧʦʚʽʪʨʷʥʽ ʪʨʠʚʦʛʠ, ʟʘʛʨʦʟʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʘ ʧʝʨʝʙʦʾ ʚ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʰʝʥʥʷ ʚ ʧʨʦʻʢʪʫʚʘʥʥʽ ʘʨʭʽʪʝʢʪʫʨʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʦ ʾʧʣʘʪʬʦʨʤʠ 

Arduino, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʦʨʫ ʜʘʥʠʭ ʚʽʜ ʬʽʟʠʯʥʠʭ ʩʝʥʩʦʨʽʚ ʘ ʪʘʢʦʞ ʩʝʨʚʝʨʥʦ ʾ

ʯʘʩʪʠʥʠ, ɦ ʦ ̔ʥʪʝʛʨʫʻ ʚʝʣʠʢʽ ʤʦʚʥʽ ʤʦʜʝʣʽ (LLM) ʜʣʷ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ [1]. 

ʊʘʢʝ ʧʦʻʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ, ʱʦ ʟʜʘʪʥʘ ʘʚʪʦʥʦʤʥʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ 

ʟʘʧʠʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʥʘʣʽʟʫʚʘʪʠ ʟʦʚʥʽʰʥʽ API ʪʘ ʢʦʦʨʜʠʥʫʚʘʪʠ ʨʦʙʦʪʫ 

ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʉʫʯʘʩʥʠʡ ʨʠʥʦʢ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʧʨʦʧʦʥʫʻ ʰʠʨʦʢʫ ʥʦʤʝʥʢʣʘʪʫʨʫ ʽʩʥʫʶʯʠʭ 

ʪʝʭʥʽʯʥʠʭ ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ, ʟʘʣʠʰʘʶʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʨʽʟʥʠʥʠʤʠ 

ʪʘ ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʦʙʤʝʞʝʥʥʷ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʦʩʚʽʪʥʽʡ ʩʬʝʨʽ [5]. ʇʨʦʤʠʩʣʦʚʽ 

ʩʠʩʪʝʤʠ ʩʠʛʥʘʣʽʟʘʮʽʾ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʥʘʜʽʡʥʽʩʪʶ, ʘʣʝ ʻ ʟʘʢʨʠʪʠʤʠ ʝʢʦʩʠʩʪʝʤʘʤʠ, 

ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʾʭ ʛʥʫʯʢʫ ʽʥʪʝʛʨʘʮʽʶ ʟ ʚʝʙ-ʩʝʨʚʽʩʘʤʠ ʯʠ ʘʢʘʜʝʤʽʯʥʠʤʠ 

ʨʦʟʢʣʘʜʘʤʠ [6]. ʇʦʙʫʪʦʚʽ ʨʽʰʝʥʥʷ ʢʣʘʩʫ çSmart Homeè ʦʙʤʝʞʝʥʽ ʨʘʜʽʫʩʦʤ ʜʽʾ ʪʘ 

ʞʦʨʩʪʢʠʤʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʧʨʘʚʠʣʘʤʠ, ʷʢʽ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʩʢʣʘʜʥʦʾ ʣʶʜʩʴʢʦʾ ʤʦʚʠ [7]. ʉʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʰʢʽʣʴʥʠʭ ʜʟʚʽʥʢʽʚ ʟʘʟʚʠʯʘʡ ʽʟʦʣʴʦʚʘʥʝ ʚʽʜ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʾ ʥʝʙʝʟʧʝʢʠ, ʘ 

ʽʥʬʦʨʤʘʮʽʡʥʽ Telegram-ʙʦʪʠ ʧʦʟʙʘʚʣʝʥʽ ʬʽʟʠʯʥʦʛʦ ʚʪʽʣʝʥʥʷ ʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʙʫʜʽʚʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʢʨʠʪʠʯʥʠʡ ʨʦʟʨʠʚ ʤʽʞ ʘʧʘʨʘʪʥʠʤ 

ʤʦʥʽʪʦʨʠʥʛʦʤ, ʮʠʬʨʦʚʠʤʠ ʜʘʥʠʤʠ ʪʘ ʤʝʪʦʜʘʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ 

ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʻʜʠʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʮʝʥʪʨʘʣʴʥʠʤ ʭʘʙʦʤ ʜʣʷ ʟʙʦʨʫ, 

ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʛʨʦʟʠ ʪʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʙʝʟʧʝʢʦʚʽ ʡ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ 

ʪʨʠʛʝʨʠ ʚ ʦʩʚʽʪʥʴʦʤʫ ʟʘʢʣʘʜʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ 
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ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʣʝʥʥʷ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʥʘ ʙʘʟʽ Arduino ʜʣʷ ʨʦʙʦʪʠ ʟ ʩʠʛʥʘʣʘʤʠ 

ʦʧʦʚʽʱʝʥʥʷ, ʦʧʨʘʮʶʚʘʥʥʷ ʩʝʥʩʦʨʥʠʭ ʧʦʢʘʟʽʚ ʘʥʘʣʽʟʘʪʦʨʽʚ  ʛʘʟʫ ʪʘ ʟʘʪʦʧʣʝʥʥʷ, 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʦʚʥʽʰʥʽʭ API (ʩʪʘʪʫʩ 

ʧʦʚʽʪʨʷʥʠʭ ʪʨʠʚʦʛ, ʛʨʘʬʽʢʠ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ) ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʤʦʜʫʣʷ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʦʙʨʦʙʢʠ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʝʢʩʪʦʚʠʭ ʽ ʛʦʣʦʩʦʚʠʭ ʢʦʤʘʥʜ. 

ʂʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʽʟʘʮʽʶ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʪʘ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʨʝʘʛʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ɼʣʷ 

ʦʧʨʘʮʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʦʧʦʚʽʱʝʥʥʷ, ʫʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 

1. 

 

 

ʈʠʩʫʥʦʢ 1 ï ɸʨʭʽʪʝʢʪʫʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʦʧʦʚʽʱʝʥʥʷʤʠ 

 

ɼʣʷ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ  

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ʽʻʨʘʨʭʽʯʥʽʡ ʧʨʽʦʨʠʪʝʟʘʮʽʾ ʧʦʜʽʡ. ɸʧʘʨʘʪʥʠʡ ʰʘʨ ʥʘ 

ʙʘʟʽ Arduino ʟʜʽʡʩʥʶʻ ʙʝʟʧʝʨʝʨʚʥʝ ʦʧʠʪʫʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ 

ʩʝʨʽʾ MQ (ʤʦʥʦʦʢʩʠʜ ʚʫʛʣʝʮʶ) ʪʘ ʜʘʪʯʠʢʽʚ ʟʘʪʦʧʣʝʥʥʷ[2]. ʇʨʦʛʨʘʤʥʠʡ ʩʝʨʚʝʨ ʥʘ 

Python [3] ʚʠʩʪʫʧʘʻ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ ʢʦʦʨʜʠʥʘʪʦʨʦʤ, ʱʦ ʦʙʨʦʙʣʷʻ ʜʘʥʽ ʟ 

ʯʦʪʠʨʴʦʭ ʢʘʥʘʣʽʚ: ʬʽʟʠʯʥʦʛʦ, ʤʝʨʝʞʝʚʦʛʦ (API ʪʨʠʚʦʛ), ʯʘʩʦʚʦʛʦ (ʙʘʟʘ ʜʘʥʠʭ 

SQLite/PostgreSQL) ʪʘ ʩʝʤʘʥʪʠʯʥʦʛʦ.  

ʆʩʦʙʣʠʚʽʩʪʶ ʧʽʜʭʦʜʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ LLM ʷʢ ʘʢʪʠʚʥʦʛʦ ʘʛʝʥʪʘ ʜʣʷ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʽʥʪʝʥʪʽʚ ʫ Telegram-ʙʦʪʽ. ɿʘʤʽʩʪʴ ʞʦʨʩʪʢʠʭ ʢʦʤʘʥʜ ʩʠʩʪʝʤʘ 
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ʚʠʢʦʨʠʩʪʦʚʫʻ Prompt Engineering ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ 

ʢʦʨʠʩʪʫʚʘʯʘ[4]. ʅʘʧʨʠʢʣʘʜ, ʬʨʘʟʠ ʧʨʦ ʟʘʜʠʤʣʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ 

ʷʢ ʢʨʠʪʠʯʥʠʡ ʽʥʪʝʥʪ FIRE_EMERGENCY, ʱʦ ʽʥʽʮʽʶʻ ʥʝʛʘʡʥʫ ʘʢʪʠʚʘʮʽʶ 

ʩʠʛʥʘʣʽʟʘʮʽʾ ʯʝʨʝʟ ʧʦʩʣʽʜʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ (Serial) ʥʘ Arduino. ʄʘʪʨʠʮʷ 

ʧʨʽʦʨʠʪʝʪʽʚ ʛʘʨʘʥʪʫʻ, ʱʦ ʙʝʟʧʝʢʦʚʽ ʟʘʛʨʦʟʠ ʟʘʚʞʜʠ ʤʘʶʪʴ ʧʝʨʝʚʘʛʫ ʥʘʜ ʨʫʪʠʥʥʠʤ 

ʨʦʟʢʣʘʜʦʤ.  

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʣʦʛʽʢʠ 

ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʧʨʦʚʝʜʝʥʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʘʥʘʣʽʟʫ 

ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ: ʩʝʨʝʜʥʽʡ ʯʘʩ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʥʘ 

ʢʨʠʪʠʯʥʠʡ ʪʨʠʛʝʨ ʚʽʜ ʩʝʥʩʦʨʽʚ ʩʪʘʥʦʚʠʪʴ ʥʝ ʙʽʣʴʰʝ 450 ʤʩ, ʘ ʟʘʪʨʠʤʢʘ ʧʨʠ 

ʧʘʨʘʣʝʣʴʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʘʩʠʥʭʨʦʥʥʠʭ ʟʘʧʠʪʽʚ ʜʦ ʟʦʚʥʽʰʥʽʭ API ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 

0,7 ʩ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʙʘʛʘʪʦʧʦʪʦʯʥʦʛʦ ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ: 

ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʬʽʢʩʫʚʘʪʠ ʪʨʠʛʝʨʠ ʚʽʜ ʩʝʥʩʦʨʽʚ ʛʘʟʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, 

ʧʘʨʘʣʝʣʴʥʦ ʚʠʢʦʥʫʶʯʠ ʤʝʨʝʞʝʚʽ ʟʘʧʠʪʠ ʜʦ ʟʦʚʥʽʰʥʽʭ API. 

ɸʧʨʦʙʘʮʽʷ ʩʝʤʘʥʪʠʯʥʦʛʦ ʤʦʜʫʣʷ ʥʘ ʙʘʟʽ LLM ʧʦʢʘʟʘʣʘ ʚʠʩʦʢʫ ʘʜʘʧʪʠʚʥʽʩʪʴ 

ʜʦ ʦʙʨʦʙʢʠ ʧʦʚʽʜʦʤʣʝʥʴ ʽʟ ʚʘʨʽʘʪʠʚʥʠʤ ʩʠʥʪʘʢʩʠʩʦʤ ʪʘ ʥʝʬʦʨʤʘʣʴʥʦʶ 

ʣʝʢʩʠʢʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʝʢʪʥʦ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʟʘʧʠʪ ʢʦʨʠʩʪʫʚʘʯʘ ʫ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ JSON-ʦʙôʻʢʪ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʥʘʥʥʷ ʘʧʘʨʘʪʥʠʤ ʨʽʚʥʝʤ. 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʣʘ ʧʝʨʝʚʽʨʢʘ ʣʦʛʽʢʠ 

ʙʣʦʢʫʚʘʥʥʷ ʧʦʙʫʪʦʚʠʭ ʩʠʛʥʘʣʽʚ: ʘʣʛʦʨʠʪʤ ʧʝʨʝʜʙʘʯʘʻ ʘʚʪʦʤʘʪʠʯʥʝ ʽʛʥʦʨʫʚʘʥʥʷ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʨʦʟʢʣʘʜʫ ʧʽʜ ʯʘʩ ʘʢʪʠʚʥʦʾ ʬʘʟʠ ʧʦʚʽʪʨʷʥʦʾ ʥʝʙʝʟʧʝʢʠ, 

ʧʨʽʦʨʠʪʝʟʫʶʯʠ ʪʨʘʥʩʣʷʮʽʶ ʽʥʩʪʨʫʢʮʽʡ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. ʊʘʢʦʞ ʙʫʣʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦ ʧʝʨʝʙʦʾʚ ʤʝʨʝʞʝʚʦʛʦ ʟʚôʷʟʢʫ ʟʘʚʜʷʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʣʦʢʘʣʴʥʦʛʦ ʢʝʰʫʚʘʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʽʥʪʝʛʨʘʮʽʾ 

ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʜʫʣʷ ʛʦʜʠʥʥʠʢʘ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ (RTC). 

ɺʠʩʥʦʚʢʠ 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʮʽʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʦʧʦʚʽʱʝʥʥʷʤʠ ʜʝʤʦʥʩʪʨʫʻ ʧʦʪʝʥʮʽʡʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʧʨʦʧʦʥʦʚʘʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʙʝʟʧʝʢʦʚʠʭ ʟʘʜʘʯ ʚ ʦʩʚʽʪʥʽʭ ʟʘʢʣʘʜʘʭ. ʊʝʦʨʝʪʠʯʥʠʡ 

ʘʥʘʣʽʟ ʧʦʻʜʥʘʥʥʷ ʘʧʘʨʘʪʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʽʚ 

ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʪʘʢʘ ʽʥʪʝʛʨʘʮʽʷ ʟʜʘʪʥʘ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʧʽʜʭʽʜ ʜʦ 

ʙʝʟʧʝʢʠ ʟ ʧʘʩʠʚʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʫ ʧʨʦʘʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ. ʇʨʦʚʝʜʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʦʧʦʚʽʱʝʥʥʷʤʠ ʧʽʜʪʚʝʨʜʞʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʥʘ ʟʘʛʨʦʟʠ ʪʘ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘʧʠʪʽʚ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʟ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ ʜʘʥʠʤʠ. ʇʦʜʘʣʴʰʽ ʝʪʘʧʠ ʨʦʙʦʪʠ ʙʫʜʫʪʴ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ ʘʧʘʨʘʪʥʠʭ ʤʦʜʫʣʽʚ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʽʚ 

ʧʨʝʜʠʢʪʠʚʥʦʾ ʘʥʘʣʽʪʠʢʠ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʘʣʛʦʨʠʪʤʽʟʘʮʽʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʝʚʘʢʫʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ. 
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ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʩʬʝʨʫ ʬʽʟʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ. ɿʦʢʨʝʤʘ, ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ 

ʥʘʙʫʚʘʶʪʴ ʤʦʙʽʣʴʥʽ ʟʘʩʪʦʩʫʥʢʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʪʨʝʥʫʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʽ ʜʘʶʪʴ 

ʟʤʦʛʫ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʠʢʦʥʫʚʘʪʠ ʩʧʦʨʪʠʚʥʽ ʚʧʨʘʚʠ ʩʘʤʦʩʪʽʡʥʦ  ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚʽʜʚʽʜʫʚʘʥʥʷ ʪʨʝʥʘʞʝʨʥʠʭ ʟʘʣʽʚ ʘʙʦ ʟʘʣʫʯʝʥʥʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʪʨʝʥʝʨʘ. 

ʆʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʘʢʽ ʩʝʨʚʽʩʠ ʥʘʙʫʣʠ ʧʽʩʣʷ ʧʘʥʜʝʤʽʾ COVID-19, ʢʦʣʠ 

ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʦʯʘʣʘ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʠʬʨʦʚʽ 

ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʟʘʥʷʪʴ ʩʧʦʨʪʦʤ ʫ ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ [1]. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʩʫʯʘʩʥʠʭ ʤʦʙʽʣʴʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʜʣʷ ʬʽʪʥʝʩʫ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʨʝʥʫʚʘʣʴʥʠʭ ʧʨʦʛʨʘʤ, 

ʚʽʜʩʪʝʞʝʥʥʷ ʚʣʘʩʥʦʛʦ ʧʨʦʛʨʝʩʫ, ʦʪʨʠʤʘʥʥʷ ʽʥʩʪʨʫʢʮʽʡ ʱʦʜʦ ʪʝʭʥʽʢʠ ʚʠʢʦʥʘʥʥʷ 

ʚʧʨʘʚ ʪʘ ʬʽʢʩʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʩʧʨʠʷʶʪʴ 

ʧʽʜʚʠʱʝʥʥʶ ʤʦʪʠʚʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʫʧʥʽʩʪʴ ʩʧʦʨʪʠʚʥʠʭ 

ʧʦʩʣʫʛ ʜʣʷ ʣʶʜʝʡ ʟ ʦʙʤʝʞʝʥʠʤ ʯʘʩʦʤ ʘʙʦ ʬʽʥʘʥʩʦʚʠʤʠ ʨʝʩʫʨʩʘʤʠ ʜʣʷ 

ʚʽʜʚʽʜʫʚʘʥʥʷ ʩʧʦʨʪʠʚʥʠʭ ʟʘʢʣʘʜʽʚ [2]. 

ʇʦʧʨʠ ʘʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʮʠʬʨʦʚʠʭ ʩʝʨʚʽʩʽʚ ʫ ʩʬʝʨʽ ʬʽʪʥʝʩʫ, ʽʩʥʫʶʯʽ 

ʨʽʰʝʥʥʷ ʤʘʶʪʴ ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ. ʏʘʩʪʠʥʘ ʤʦʙʽʣʴʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʨʝʚʘʥʪʘʞʝʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʩʢʣʘʜʥʦʶ ʥʘʚʽʛʘʮʽʻʶ ʘʙʦ 

ʥʘʜʤʽʨʥʦʶ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʻʶ ï ʟʥʘʯʥʠʡ ʦʙʩʷʛ ʬʫʥʢʮʽʦʥʘʣʫ ʜʦʩʪʫʧʥʠʡ ʣʠʰʝ ʟʘ 

ʧʣʘʪʥʦʶ ʧʽʜʧʠʩʢʦʶ. ʂʨʽʤ ʮʴʦʛʦ, ʦʢʨʝʤʽ ʩʝʨʚʽʩʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʣʝʞʥʦʛʦ 

ʨʽʚʥʷ ʛʥʫʯʢʦʩʪʽ ʫ ʬʦʨʤʫʚʘʥʥʽ ʪʨʝʥʫʚʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʷʚʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʘʙʦ ʡʦʛʦ ʨʽʚʥʷ ʬʽʟʠʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ [3]. 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʦʙʽʣʴʥʠʭ ʬʽʪʥʝʩ-ʟʘʩʪʦʩʫʥʢʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʨʦʟʛʣʷʜʘʣʠʩʷ 

Nike Training Club, Fitbod ʪʘ Strong [4, 5], ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ 

ʩʝʨʚʽʩʽʚ ʤʘʶʪʴ ʧʦʜʽʙʥʠʡ ʥʘʙʽʨ ʙʘʟʦʚʠʭ ʬʫʥʢʮʽʡ: ʢʘʪʘʣʦʛ ʚʧʨʘʚ, ʪʨʝʥʫʚʘʣʴʥʽ 

ʧʨʦʛʨʘʤʠ, ʪʘʡʤʝʨ ʪʘ ʣʽʯʠʣʴʥʠʢ ʧʦʚʪʦʨʝʥʴ, ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ (ʪʘʙʣʠʮʷ 1). 

ɺʦʜʥʦʯʘʩ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʧʣʘʪʬʦʨʤ ʥʝʜʦʩʪʘʪʥʴʦ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ 

ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʫ ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ ʚʽʜʢʨʠʪʝ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʪʝʥʪʦʤ. 

mailto:vorozhbytr21@gmail.com


130 
 

ICSPM 2026  21-22 ʪʨʘʚʥʷ 2026 ʨ., ʤ. ʊʝʨʥʦʧʣ̔ ɹ

 

ʊʘʙʣʠʮʷ 1 ï  ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʩʪʦʩʫʥʢʽʚ 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʤʦʞʣʠʚʽʩʪʴ Nike Training Club Fitbod Strong 

ʂʘʪʘʣʦʛ ʚʧʨʘʚ + + + 

ʊʨʝʥʫʚʘʣʴʥʽ ʧʨʦʛʨʘʤʠ + + ʯʘʩʪʢʦʚʦ 

ʊʘʡʤʝʨ ʽ ʣʽʯʠʣʴʥʠʢ ʧʦʚʪʦʨʝʥʥʷ + + + 

ɿʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ + + + 

ʉʪʘʪʠʩʪʠʢʘ ʘʢʪʠʚʥʦʩʪʽ + + + 

ʇʝʨʩʦʥʘʣʽʟʘʮʽʷ ʧʨʦʛʨʘʤ ʯʘʩʪʢʦʚʦ + + 

ʅʘʛʘʜʫʚʘʥʥʷ ʧʨʦ ʪʨʝʥʫʚʘʥʥʷ + + + 

ɺʽʜʝʦʽʥʩʪʨʫʢʮʽʾ ʜʦ ʚʧʨʘʚ + ʥʝʤʘʻ ʥʝʤʘʻ 

ɹʝʟʢʦʰʪʦʚʥʠʡ ʜʦʩʪʫʧ ʯʘʩʪʢʦʚʦ ʯʘʩʪʢʦʚʦ ʯʘʩʪʢʦʚʦ 

ʂʨʦʩʧʣʘʪʬʦʨʤʝʥʘ ʨʝʘʣʽʟʘʮʽʷ + + + 

 

ʈʦʟʨʦʙʢʘ ʧʨʦʪʦʪʠʧʫ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʩʧʦʨʪʠʚʥʠʭ ʚʧʨʘʚ ʪʘ ʩʘʤʦʢʦʥʪʨʦʣʶ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʜʫ ʢʘʪʘʣʦʛʫ ʚʧʨʘʚ, ʚʠʢʦʥʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʨʝʥʫʚʘʣʴʥʠʭ 

ʧʨʦʛʨʘʤ, ʚʽʜʩʪʝʞʝʥʥʷ ʚʣʘʩʥʦʛʦ ʧʨʦʛʨʝʩʫ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʯʝʨʝʟ 

ʟʨʫʯʥʠʡ ʽ ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʬʝʨʽ ʮʠʬʨʦʚʦʛʦ ʟʜʦʨʦʚôʷ ʪʘ ʬʽʪʥʝʩʫ.  

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʧʨʦʻʢʪʦʚʘʥʦʛʦ 

ʟʘʩʪʦʩʫʥʢʫ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʫ ʰʚʠʜʢʦ ʚʠʢʦʥʫʚʘʪʠ ʦʩʥʦʚʥʽ ʜʽʾ: ʦʙʨʘʪʠ 

ʪʨʝʥʫʚʘʣʴʥʫ ʧʨʦʛʨʘʤʫ, ʚʠʢʦʥʘʪʠ ʚʧʨʘʚʫ ʟ ʪʘʡʤʝʨʦʤ ʘʙʦ ʣʽʯʠʣʴʥʠʢʦʤ ʧʦʚʪʦʨʝʥʴ 

ʪʘ ʧʝʨʝʛʣʷʥʫʪʠ ʚʣʘʩʥʫ ʩʪʘʪʠʩʪʠʢʫ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʥʘʜʘʻʪʴʩʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʢʽʣʴʢʦʩʪʽ ʢʨʦʢʽʚ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʽʟ ʩʠʩʪʝʤʦʶ ʪʘ ʘʜʘʧʪʘʮʽʾ ʽʥʪʝʨʬʝʡʩʫ ʜʦ 

ʧʣʘʪʬʦʨʤ Android ʪʘ iOS. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʟʘʩʪʦʩʫʥʦʢ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʩʫʯʘʩʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʪʝʢʫ ʜʣʷ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʦʾ ʤʦʙʽʣʴʥʦʾ ʨʦʟʨʦʙʢʠ. ʂʣʽʻʥʪʩʴʢʘ 

ʯʘʩʪʠʥʘ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ React Native ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ TypeScript ʪʘ Redux Toolkit 

ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʥʦʤ. ʉʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ NestJS ʟ 

MongoDB ʷʢ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ. ʊʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʥʝʟʘʣʝʞʥʝ ʨʦʟʛʦʨʪʘʥʥʷ ʢʣʽʻʥʪʩʴʢʦʾ ʽ ʩʝʨʚʝʨʥʦʾ 

ʩʢʣʘʜʦʚʠʭ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʩʝʨʚʽʩʫ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʽʚ: 

ʢʘʪʘʣʦʛʫ ʚʧʨʘʚ ʟ ʬʽʣʴʪʨʘʮʽʻʶ ʟʘ ʛʨʫʧʦʶ ʤ'ʷʟʽʚ ʪʘ ʨʽʚʥʝʤ ʩʢʣʘʜʥʦʩʪʽ, ʢʦʣʝʢʮʽʡ 

ʪʨʝʥʫʚʘʣʴʥʠʭ ʧʨʦʛʨʘʤ, ʝʢʨʘʥʫ ʚʠʢʦʥʘʥʥʷ ʪʨʝʥʫʚʘʥʥʷ ʟ ʪʘʡʤʝʨʦʤ ʟʚʦʨʦʪʥʦʛʦ 
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ʚʽʜʣʽʢʫ ʪʘ ʣʽʯʠʣʴʥʠʢʦʤ ʧʦʚʪʦʨʝʥʴ, ʩʪʘʪʠʩʪʠʢʠ ʘʢʪʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʘʙʽʥʝʪʫ. 

ɼʽʘʛʨʘʤʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʩʠʩʪʝʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

  

ʊʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʪʦʪʠʧʫ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʧʨʠʩʪʨʦʷʭ Android 

(Samsung Galaxy A54, Android 14) ʪʘ ʩʠʤʫʣʷʪʦʨʽ iOS (iPhone 15, iOS 17). ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʠʩʪʝʤʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʦ ʢʦʨʝʢʪʥʫ ʨʦʙʦʪʫ ʚʩʽʭ 

ʦʩʥʦʚʥʠʭ ʩʮʝʥʘʨʽʾʚ ʚʠʢʦʨʠʩʪʘʥʥʷ: ʘʚʪʦʨʠʟʘʮʽʾ, ʧʝʨʝʛʣʷʜʫ ʢʘʪʘʣʦʛʫ, ʚʠʢʦʥʘʥʥʷ 

ʪʨʝʥʫʚʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʉʝʨʝʜʥʽʡ ʯʘʩ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʩʧʠʩʢʫ ʚʧʨʘʚ ʩʪʘʥʦʚʠʚ 320 ʤʩ, ʯʘʩ ʟʘʧʫʩʢʫ ʟʘʩʪʦʩʫʥʢʫ ï ʙʣʠʟʴʢʦ 2,1 ʩʝʢʫʥʜʠ ʥʘ 

Android ʪʘ 1,8 ʩʝʢʫʥʜʠ ʥʘ iOS. 

ɺʠʩʥʦʚʢʠ: ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʦʙʽʣʴʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʪʨʝʥʫʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʷʢʽʩʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʟʨʫʯʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ ʽʟ ʩʠʩʪʝʤʦʶ. ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʦʪʦʪʠʧ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʧʦʚʥʦʮʽʥʥʦʛʦ ʢʦʤʝʨʮʽʡʥʦʛʦ ʧʨʦʜʫʢʪʫ ʫ ʩʬʝʨʽ ʮʠʬʨʦʚʠʭ ʬʽʪʥʝʩ-ʧʦʩʣʫʛ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. World Health Organization. Physical activity. 2022. URL: https://www.who.int/news-

room/fact-sheets/detail/physical-activity 

2. Appinventiv. Fitness App Development: A Complete Guide. 2024. URL: 

https://appinventiv.com/blog/fitness-app-development/ 

3. Masiello E., Friedman J. Mastering React Native. Packt Publishing, 2017. 420 p. 

4. Nike Training Club. URL: https://www.nike.com/ntc-app 

5. Fitbod: Weight Lifting & Fitness. URL: https://fitbod.me 
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ʋɼʂ 004.9 : 004.77 

 

ɸʃɻʆʈʀʊʄʀ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ IoT-ʉʀʉʊɽʄʀ ʆɹʃɯʂʋ 

ʈʆɹʆʏʆɻʆ ʏɸʉʋ ɿ ɹɸɻɸʊʆʌɸʂʊʆʈʅʆʖ ɸɺʊɽʅʊʀʌɯʂɸʎɯɭʖ 

 

ɻʥʘʪʽʚ ʉʚʷʪʦʩʣʘʚ ɺʘʩʠʣʴʦʚʠʯ, ʩʪʫʜʝʥʪ,  

s.hnativ@st.wunu.edu.ua 

 

 ɺʘʩʠʣʴʢʽʚ ʅʘʜʽʷ ʄʠʭʘʡʣʽʚʥʘ, 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ ʫʧʨʘʚʣʽʥʥʷ  

ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

nvs@wunu.edu.ua,  

ORCID: 0000-0002-4247-7523 

 

ʂʦʥʮʝʧʮʽʷ Internet of Things ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ ʬʽʟʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʫ 

ʻʜʠʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʝʨʝʞʫ ʜʣʷ ʟʙʦʨʫ, ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ [1-3]. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʪʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʘʥʘʣʽʟʫ 

ʪʨʫʜʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ. ʇʨʦʧʦʥʦʚʘʥʘ IoT-ʩʠʩʪʝʤʘ ʦʙʣʽʢʫ ʨʦʙʦʯʦʛʦ ʯʘʩʫ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʠʨʽʚʥʝʚʽʡ ʘʨʭʽʪʝʢʪʫʨʽ, ʱʦ ʚʢʣʶʯʘʻ ʘʧʘʨʘʪʥʠʡ, ʧʨʦʛʨʘʤʥʠʡ ʪʘ 

ʘʥʘʣʽʪʠʯʥʠʡ ʨʽʚʥʽ [4]. 

ʅʘ ʘʧʘʨʘʪʥʦʤʫ ʨʽʚʥʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯ ʧʽʜ 

ʢʝʨʫʚʘʥʥʷʤ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ FreeRTOS [1]. ʋ ʩʠʩʪʝʤʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ SMP-ʧʣʘʥʫʚʘʣʴʥʠʢ ʽʟ ʟʘʢʨʽʧʣʝʥʥʷʤ ʟʘʜʘʯ ʟʘ ʦʢʨʝʤʠʤʠ ʷʜʨʘʤʠ 

ʧʨʦʮʝʩʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ xTaskCreatePinnedToCore() [2]. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʫʻ ʜʝʪʝʨʤʽʥʦʚʘʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʪʘ ʟʤʝʥʰʫʻ ʟʘʪʨʠʤʢʠ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ 

ʧʦʜʽʡ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ [1]. 

ʆʩʥʦʚʥʽ ʟʘʜʘʯʽ ʘʧʘʨʘʪʥʦʛʦ ʨʽʚʥʷ ʪʘ ʾʭ ʧʨʽʦʨʠʪʝʪʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ɿʘʜʘʯʽ ʘʧʘʨʘʪʥʦʛʦ ʨʽʚʥʷ 
 

ʅʘʟʚʘ ʟʘʜʘʯʽ ʆʧʠʩ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʇʨʽʦʨʠʪʝʪ 

 ɿʯʠʪʫʚʘʥʥʷ 

RFID 

ʆʧʠʪʫʚʘʥʥʷ RFID-ʟʯʠʪʫʚʘʯʘ ʪʘ 

ʦʪʨʠʤʘʥʥʷ UID ʢʘʨʪʢʠ 
10 

 ʂʝʨʫʚʘʥʥʷ 

ʢʘʤʝʨʦʶ 

ɿʘʭʦʧʣʝʥʥʷ ʪʘ ʧʝʨʝʚʽʨʢʘ ʟʦʙʨʘʞʝʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʘ 
10 

ʇʝʨʝʜʘʚʘʥʥʷ 

ʜʘʥʠʭ 

ʇʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʥʘ ʩʝʨʚʝʨʥʠʡ 

ʨʽʚʝʥʴ 
6 

 ʌʦʨʤʫʚʘʥʥʷ 

ʧʦʜʽʾ 

ʌʦʨʤʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʧʦʜʽʾ 

ʜʦʩʪʫʧ 
8 

ʃʦʢʘʣʴʥʝ 

ʟʙʝʨʝʞʝʥʥʷ 

ʃʦʢʘʣʴʥʝ ʟʙʝʨʝʞʝʥʥʷ ʩʬʦʨʤʦʚʘʥʠʭ 

ʧʦʜʽʡ 
5 
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ɿʘʜʘʯʽ RFID-ʟʯʠʪʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʢʘʤʝʨʦʶ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ CPU0, ʱʦ 

ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʤʽʞ ʟʯʠʪʫʚʘʥʥʷʤ ʢʘʨʪʢʠ ʪʘ ʟʘʭʦʧʣʝʥʥʷʤ 

ʟʦʙʨʘʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. ʅʘ CPU1 ʚʠʢʦʥʫʶʪʴʩʷ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʧʦʜʽʾ 

ʜʦʩʪʫʧʫ, ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʥʘ ʩʝʨʚʝʨʥʠʡ ʨʽʚʝʥʴ ʪʘ ʣʦʢʘʣʴʥʦʛʦ ʢʝʰʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʧʘʜʢʫ ʚʪʨʘʪʠ ʤʝʨʝʞʝʚʦʛʦ ʟôʻʜʥʘʥʥʷ. 

ʇʽʩʣʷ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʧʝʨʠʬʝʨʽʡʥʠʭ ʤʦʜʫʣʽʚ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯ. ɿʯʠʪʫʚʘʥʥʷ RFID-ʢʘʨʪʢʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʝʨʚʠʥʥʦʶ ʧʝʨʝʚʽʨʢʦʶ ʢʦʨʝʢʪʥʦʩʪʽ UID ʢʦʨʠʩʪʫʚʘʯʘ. ʋ ʨʘʟʽ ʫʩʧʽʰʥʦʾ ʚʘʣʽʜʘʮʽʾ 

ʘʢʪʠʚʫʻʪʴʩʷ ʤʦʜʫʣʴ ʢʘʤʝʨʠ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʟʘʭʦʧʣʝʥʥʷ ʪʘ ʙʘʟʦʚʫ ʧʝʨʝʚʽʨʢʫ ʷʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʟʙʦʨʫ ʬʘʢʪʦʨʽʚ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʬʦʨʤʫʻʪʴʩʷ 

ʢʦʤʧʣʝʢʩʥʘ ʧʦʜʽʷ ʜʦʩʪʫʧʫ, ʱʦ ʤʽʩʪʠʪʴ UID ʢʘʨʪʢʠ, ʯʘʩʦʚʽ ʤʽʪʢʠ, ʩʣʫʞʙʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʠʩʪʨʦʶ ʪʘ ʬʦʪʦ ʢʦʨʠʩʪʫʚʘʯʘ.  

ʋʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʧʘʨʘʪʥʦʛʦ ʨʽʚʥʷ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ïï ʋʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ  

ʘʧʘʨʘʪʥʦʛʦ ʨʽʚʥʷ ʩʠʩʪʝʤʠ  
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ʋ ʨʘʟʽ ʜʦʩʪʫʧʥʦʩʪʽ ʤʝʨʝʞʝʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʧʦʜʽʷ ʘʩʠʥʭʨʦʥʥʦ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ 

ʩʝʨʚʝʨʥʠʡ ʨʽʚʝʥʴ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʚôʷʟʢʫ ʽʥʬʦʨʤʘʮʽʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʣʦʢʘʣʴʥʦ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʽʩʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʜʢʣʶʯʝʥʥʷ. 

ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʨʽʚʥʷ IoT-ʩʠʩʪʝʤʠ ʦʙʣʽʢʫ ʨʦʙʦʯʦʛʦ 

ʯʘʩʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. 

  

 
ʈʠʩʫʥʦʢ 2 ï ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʨʽʚʥʷ 

 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʩʝʨʚʝʨʥʠʡ ʤʦʜʫʣʴ ʧʨʠʡʤʘʻ ʧʦʜʽʶ ʜʦʩʪʫʧʫ, 

ʩʬʦʨʤʦʚʘʥʫ ʘʧʘʨʘʪʥʠʤ ʨʽʚʥʝʤ, ʪʘ ʚʠʢʦʥʫʻ ʧʝʨʝʚʽʨʢʫ ʮʽʣʽʩʥʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ [4]. ʋ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʬʦʨʤʫʻʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʥʘʜʩʠʣʘʥʥʷ ʜʘʥʠʭ. ʇʽʩʣʷ ʫʩʧʽʰʥʦʾ ʚʘʣʽʜʘʮʽʾ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʥʘ ʜʫʙʣʶʚʘʥʥʷ ʧʦʜʽʡ. 

ɼʘʣʽ ʬʦʨʤʫʻʪʴʩʷ ʤʥʦʞʠʥʘ ʬʘʢʪʦʨʽʚ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʟʦʢʨʝʤʘ RFID- ʪʘ 

ʙʽʦʤʝʪʨʠʯʥʠʡ ʬʘʢʪʦʨʠ.  

ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʽʚʥʷ IoT-ʩʠʩʪʝʤʠ ʦʙʣʽʢʫ ʨʦʙʦʯʦʛʦ ʯʘʩʫ 

ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3. 

ɸʥʘʣʽʪʠʯʥʠʡ ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʦʙʨʦʙʢʫ ʧʽʜʪʚʝʨʜʞʝʥʠʭ ʩʝʩʽʡ ʜʦʩʪʫʧʫ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʽʟ ʩʝʨʚʝʨʥʦʛʦ ʨʽʚʥʷ ʩʠʩʪʝʤʠ [4]. ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʪʘʙʣʠʮʽ accesssessions 

ʬʦʨʤʫʻʪʴʩʷ ʯʘʩʦʚʠʡ ʧʨʦʬʽʣʴ ʢʦʞʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚʧʦʨʷʜʢʦʚʘʥʽ 

ʧʦʜʽʾ ʚʭʦʜʫ ʪʘ ʚʠʭʦʜʫ. ɼʘʣʽ ʮʽ ʧʦʜʽʾ ʛʨʫʧʫʶʪʴʩʷ ʫ ʧʘʨʠ çʚʭʽʜïʚʠʭʽʜè, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʽʥʪʝʨʚʘʣʠ ʧʨʠʩʫʪʥʦʩʪʽ ʧʨʘʮʽʚʥʠʢʘ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. 

ʅʘ ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ð ʚʢʣʶʯʥʦ 

ʟ ʨʦʟʨʘʭʦʚʘʥʠʤ ʨʦʙʦʯʠʤ ʯʘʩʦʤ, ʚʠʷʚʣʝʥʠʤʠ ʘʥʦʤʘʣʽʷʤʠ ʪʘ ʧʨʦʛʥʦʟʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʚʝʜʽʥʢʠ ð ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʭʤʘʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʯʝʨʝʟ 

edge-ʨʽʚʝʥʴ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʙʝʨʝʞʝʥʥʷ, ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʚʽʪʥʦʩʪʽ [5]. 
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ʈʠʩʫʥʦʢ 3 ï ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʽʚʥʷ 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. Espressif Systems. (2024). ESP-IDF Programming Guide: FreeRTOS (Overview), v5.3. 

https://docs.espressif.com/projects/esp-idf/en/stable/esp32/api-reference/system/freertos.html 

2. Abolhassani Khajeh, S., Saberikamarposhti, M., Rahmani, A. M. Real-time scheduling in 

IoT applications: A systematic review. Sensors. 2023. Vol. 23, Is.1. 

https://doi.org/10.3390/s23010232  

3. Elhanashi, A., Dini, P., Saponara, S., Zheng, Q. Integration of deep learning into the IoT: A 

survey of techniques and challenges for real-world applications. Electronics. 2023. Vol. 12, Is.24. 

https://doi.org/10.3390/electronics12244925  

4. ɻʥʘʪʽʚ ʉ.ɺ., ɺʘʩʠʣʴʢʽʚ ʅ.ʄ. ʄʦʜʝʨʥʽʟʘʮʽʷ IoT-ʤʦʜʫʣʷ ʦʙʣʽʢʫ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʥʘ ʦʩʥʦʚʽ 

ESP32. Advanced Technologies in Scientific Research: Collection of Scientific Papers with 

Proceedings of the 3rd International Scientific and Practical Conference. International Scientific 

Unity. February 25-27, 2026, Rotterdam, Netherlands. ʈ. 256-258. URL: https://isu-

conference.com/en/archive/advanced-technologies-in-scientific-research-25-02-26/ DOI: 

https://doi.org/10.70286/isu-25.02.2026 

5. Andriulo, F. C., Fiore, M., Mongiello, M., Traversa, E., Zizzo, V.  Edge computing and 

cloud computing for Internet of Things: A review. Informatics. 2024. Vol. 11, Is.4. 

https://doi.org/10.3390/informatics11040071 
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ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʜʽʡʥʽʩʪʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʧʨʠʪʘʤʘʥʥʘ ʡ  

ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʩʠʩʪʝʤʘʤ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʙʫʣʘ ʥʘʜʽʡʥʦʶ, 

ʧʦʪʨʽʙʥʦ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʩʽ ʾʾ ʧʘʨʘʤʝʪʨʠ ʚʪʨʠʤʫʚʘʪʠ ʚ ʜʦʟʚʦʣʝʥʠʭ ʤʝʞʘʭ. 

ʊʽʣʴʢʠ ʟʘ ʮʽʻʾ ʫʤʦʚʠ ʩʠʩʪʝʤʘ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠ ʧʦʢʣʘʜʝʥʽ ʥʘ ʥʝʾ ʬʫʥʢʮʽʾ [1]. 

ʈʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʘʣʴʥʠʭ ʫʤʦʚ  

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ  ʪʝʭʥʽʯʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʨʽʚʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ ʜʽʡ ʧʝʨʩʦʥʘʣʫ, ʨʝʞʠʤʽʚ ʧʨʘʮʽ ʽ ʚʽʜʧʦʯʠʥʢʫ, ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʟʘʚʜʘʥʴ, ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʦʱʦ [2]. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʚʠʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ, ʪʦ ʥʘʡʙʽʣʴʰ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʥʘʜʽʡʥʦʩʪʽ ʻ: ʪʝʭʥʽʯʥʝ, ʧʨʦʛʨʘʤʥʝ, ʽʥʬʦʨʤʘʮʽʡʥʝ ʪʘ ʧʝʨʩʦʥʘʣ [3]. 
ʈʦʟʛʣʷʥʝʤʦ ʣʶʜʩʴʢʽ ʨʝʩʫʨʩʠ, ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʫ ʨʦʣʴ ʜʣʷ 

ʷʢʽʩʥʦʛʦ ʪʘ ʥʘʜʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

ʅʝʭʘʡ, ʦʧʝʨʘʪʠʚʥʠʡ ʧʝʨʩʦʥʘʣ HR ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ  ʩʬʦʨʤʦʚʘʥʦ  ʽʟ n 

ʬʘʭʽʚʮʽʚ, ʷʢʽ  ʚʠʢʦʥʫʶʪʴ m ʬʫʥʢʮʽʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ ʜʽʡ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ:  

 

HR={h1 , h2 , éhn },      (1) 

 

ʘ ʚʠʢʦʥʫʚʘʥʽ ʥʠʤʠ ʨʦʙʦʪʠ ʙʫʜʫʪʴ ʧʦʚôʷʟʘʥʽ ʟ ʢʽʣʴʢʽʩʪʶ ʬʫʥʢʮʽʡ ʫ ʚʠʛʣʷʜʽ 

ʤʥʦʞʠʥʠ 

W={ w1 ,  w2 , éwm }.      (2) 

 

ʉʢʣʘʜ ʧʝʨʩʦʥʘʣʫ, ʷʢʠʡ ʤʘʻ ʧʨʘʚʘ ʜʦʩʪʫʧʫ ʜʦ ʩʠʩʪʝʤʠ, ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ 

ʫ ʚʠʛʣʷʜʽ: 

HR = {  Fm , T, V},         (3) 
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ʜʝ HR - ʟʘʛʘʣʴʥʠʡ ʩʢʣʘʜ ʧʝʨʩʦʥʘʣʫ; 

Fm ï ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʩʧʝʮʽʘʣʽʩʪʠ;  

Tï ʬʘʭʽʚʮʽ  ʛʨʫʧʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

V ï ʬʘʭʽʚʮʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʫʧʨʦʚʦʜʫ ʩʠʩʪʝʤʠ. 

 

ʇʨʘʮʽʚʥʠʢ F ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʽʜ ʯʘʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʨʦʙʣʝʤʠ P, 

ʤʘʶʯʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʨʦʬʝʩʽʡʥʦʛʦ ʜʦʩʚʽʜʫ, ʤʦʞʝ ʫʩʫʥʫʪʠ ʾʾ ʩʘʤʦʩʪʽʡʥʦ, 

ʚʠʢʦʥʘʚʰʠ ʨʦʙʦʪʫ wf ʟʘ ʯʘʩ tf : 

 

P(W) = {wf (F), tf}.         (4) 

 

 ʗʢʱʦ ʧʨʦʙʣʝʤʫ ʥʝ ʚʜʘʣʦʩʴ ʦʧʝʨʘʪʠʚʥʦ ʚʠʨʽʰʠʪʠ, ʪʦ ʫʩʫʥʝʥʥʷʤ ʧʨʦʙʣʝʤʠ 

ʟʘʡʤʘʶʪʴʩʷ ʬʘʭʽʚʮʽ ʛʨʫʧʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ: 

 

P(W) = {w t (T), tt}.         (5) 

 

ʅʘʜʘʣʽ, ʷʢʱʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʥʝ ʚʽʜʥʦʚʣʝʥʦ, ʪʦ ʮʝ ʟʘʚʜʘʥʥʷ 

ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ʬʘʭʽʚʮʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʫʧʨʦʚʦʜʫ ʩʠʩʪʝʤʠ, ʥʘʧʨʠʢʣʘʜ,  

ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʬʽʨʤʠ-ʨʦʟʨʦʙʥʠʢʘ ʩʠʩʪʝʤʠ ʘʙʦ ʬʽʨʤ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ  ʨʝʤʦʥʪʦʤ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ: 

P(W) = {wv (V), tv}.         (6) 

 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʚʥʠʡ ʮʠʢʣ ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ  

 

P(W) = {w f (F), tf ;  wt (T), tt; ;  wv (V), tv},     (7) 

 

ʘ ʪʨʠʚʘʣʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʩʪʘʥʦʚʠʪʴ ʩʫʤʫ ʚʩʽʭ 

ʟʘʪʨʘʯʝʥʠʭ ʯʘʩʽʚ: 

TB = t f + tt + tv     .                             (8) 

 

ɸʣʝ ʥʘ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʷʢʽʩʪʴ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʚʧʣʠʚʘʻ ʥʝ ʣʠʰʝ ʧʨʦʬʝʩʽʡʥʘ ʢʚʘʣʽʬʽʢʘʮʽʷ, ʘ ʡ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʦʨʛʘʥʽʟʤʫ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʪʘʢʦʞ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʨʽʟʥʠʤʠ ʯʠʥʥʠʢʘʤʠ [4]. 
ɿʘʛʘʣʴʥʠʡ ʩʪʘʥ  i-ʪʦʛʦ ʧʨʝʜʩʪʘʚʥʠʢʘ ʧʝʨʩʦʥʘʣʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ 

ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʫ ʚʠʛʣʷʜʽ: 

 

Si = {Ai , Bi , Ci ,  Ki},         (9) 

 

ʜʝ Si  - ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʧʨʘʮʽʚʥʠʢʘ; 

Ai - ʢʚʘʣʽʬʽʢʘʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʘʮʽʚʥʠʢʘ;  

ɺi - ʧʩʠʭʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʘʥʫ ʧʨʘʮʽʚʥʠʢʘ; 

ʉi - ʬʽʟʽʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʘʥʫ ʧʨʘʮʽʚʥʠʢʘ; 

Ki ï ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʧʨʘʮʽʚʥʠʢʘ ʟʘʚʜʘʥʥʷʤʠ. 
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ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʧʨʘʮʽʚʥʠʢ ʤʦʞʝ ʧʽʜʜʘʚʘʪʠʩʴ ʨʽʟʥʠʤ ʚʧʣʠʚʘʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʯʦʛʦ ʡʦʛʦ ʩʪʘʥ ʚ ʤʦʤʝʥʪ ʯʘʩʫ tw ʟʤʽʥʠʪʴʩʷ: 

 

Si(tw) = {ei Ai ; ei Bi ; ei Ci ; ei Ki} ,         (10) 

 

ʜʝ Si (tw) - ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʧʨʘʮʽʚʥʠʢʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ tw; 

ei - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʚʧʣʠʚ ʥʘ ʧʨʘʮʽʚʥʠʢʘ ʝʥʪʨʦʧʽʾ ʟʘ ʯʘʩ tw; 

Ai - ʢʚʘʣʽʬʽʢʘʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʘʮʽʚʥʠʢʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ tw;  

ɺi ï ʧʩʠʭʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʧʨʘʮʽʚʥʠʢʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ tw; 

ʉi ï ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʧʨʘʮʽʚʥʠʢʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ tw; 

Ki ï ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ  ʧʨʘʮʽʚʥʠʢʘ ʟʘʚʜʘʥʥʷʤʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ tw. 

ʗʢ ʚʠʜʥʦ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʩʪʘʥ ʧʨʘʮʽʚʥʠʢʽʚ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʪʘ ʧʝʚʥʠʤ 

ʯʠʥʦʤ ʚʧʣʠʚʘʪʠ ʥʘ ʚʠʢʦʥʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʬʫʥʢʮʽʡ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ, ʱʦ ʪʝʞ  

ʤʘʪʠʤʝ ʚʧʣʠʚ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ.  

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʤʽʥʠ ʩʪʘʥʫ ʧʝʨʩʦʥʘʣʫ ʩʠʩʪʝʤʠ ʩʣʽʜ ʧʦʨʽʚʥʷʪʠ ʟʥʘʯʝʥʥʷ 

Si, ʪʘ Si(tw). ɺ ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ, ʩʪʘʥ ʧʨʘʮʽʚʥʠʢʘ ʧʦʚʠʥʝʥ ʧʦʢʨʘʱʫʚʘʪʠʩʴ, ʪʦʙʪʦ 

 

Si  Ò  Si(tw) .             (11) 

 

ʗʢʱʦ ʞʦʜʥʽ ʩʪʦʨʦʥʥʽ ʯʠʥʥʠʢʠ ʥʝ ʚʧʣʠʥʫʣʠ ʥʘ ʜʘʥʦʛʦ ʧʨʘʮʽʚʥʠʢʘ, ʪʦ ʮʽ 

ʟʥʘʯʝʥʥʷ ʟʙʽʛʘʶʪʴʩʷ. ʅʘʡʛʽʨʰʦʶ ʻ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʩʪʘʥ ʧʨʘʮʽʚʥʠʢʘ ʟʘʟʥʘʻ 

ʥʝʛʘʪʠʚʥʠʭ ʟʤʽʥ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʝʨʽʚʥʠʮʪʚʦ ʧʦʚʠʥʥʦ ʚʞʠʪʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʧʝʨʩʦʥʘʣʦʤ, 

ʥʘʧʨʠʢʣʘʜ, ʟʤʽʥʠʚʰʠ ʨʝʞʠʤ ʯʠ ʛʨʘʬʽʢ ʨʦʙʦʪʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʜʽʡʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʘʣʴʥʠʭ 

ʫʤʦʚ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ, ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʻ ʢʚʘʣʽʬʽʢʘʮʽʷ ʧʝʨʩʦʥʘʣʫ, 

ʚʥʫʪʨʽʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʩʪʘʥ ʦʨʛʘʥʽʟʤʫ ʧʨʘʮʽʚʥʠʢʽʚ, 

ʝʨʛʦʥʦʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʨʽʚʝʥʴ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʦʱʦ.  
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ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʩʬʝʨʫ ʦʭʦʨʦʥʠ 

ʟʜʦʨʦʚôʷ ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʦʩʣʫʛ. ɿʦʢʨʝʤʘ, ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ 

ʥʘʙʫʚʘʶʪʴ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʠ ʜʣʷ ʧʦʰʫʢʫ, ʙʨʦʥʶʚʘʥʥʷ ʪʘ ʟʘʤʦʚʣʝʥʥʷ ʣʽʢʘʨʩʴʢʠʭ 

ʟʘʩʦʙʽʚ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʢʦʨʠʩʪʫʚʘʯʘʤ ʦʪʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʧʨʝʧʘʨʘʪʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʩʦʙʠʩʪʦʛʦ ʚʽʜʚʽʜʫʚʘʥʥʷ ʘʧʪʝʢ. ʆʩʦʙʣʠʚʦʾ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʘʢʽ ʩʝʨʚʽʩʠ ʥʘʙʫʣʠ ʧʽʩʣʷ ʧʘʥʜʝʤʽʾ COVID-19 ʪʘ ʧʽʜ ʯʘʩ ʚʽʡʥʠ, ʢʦʣʠ 

ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʦʯʘʣʘ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʠʬʨʦʚʽ 

ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʧʦʩʣʫʛ ʪʘ ʦʬʦʨʤʣʝʥʥʷ ʟʘʤʦʚʣʝʥʴ [1]. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʩʫʯʘʩʥʠʭ ʘʧʪʝʯʥʠʭ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʰʚʠʜʢʦʛʦ ʧʦʰʫʢʫ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ, ʧʦʨʽʚʥʷʥʥʷ ʮʽʥ ʫ ʨʽʟʥʠʭ ʘʧʪʝʯʥʠʭ ʤʝʨʝʞʘʭ, 

ʧʝʨʝʛʣʷʜʫ ʥʘʷʚʥʦʩʪʽ ʧʨʝʧʘʨʘʪʽʚ ʪʘ ʦʬʦʨʤʣʝʥʥʷ ʦʥʣʘʡʥ-ʙʨʦʥʶʚʘʥʥʷ ʘʙʦ 

ʜʦʩʪʘʚʢʠ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʩʧʨʠʷʶʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʯʘʩʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʽʜʚʠʱʫʶʪʴ 

ʜʦʩʪʫʧʥʽʩʪʴ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʦʩʣʫʛ ʜʣʷ ʣʶʜʝʡ ʟ ʦʙʤʝʞʝʥʦʶ ʤʦʙʽʣʴʥʽʩʪʶ ʘʙʦ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʧʨʠʜʙʘʥʥʷ ʤʝʜʠʢʘʤʝʥʪʽʚ [2]. 

ʇʦʧʨʠ ʘʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʮʠʬʨʦʚʠʭ ʩʝʨʚʽʩʽʚ ʫ ʩʬʝʨʽ ʬʘʨʤʘʮʝʚʪʠʢʠ, ʽʩʥʫʶʯʽ 

ʨʽʰʝʥʥʷ ʤʘʶʪʴ ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ. ʏʘʩʪʠʥʘ ʤʦʙʽʣʴʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʨʝʚʘʥʪʘʞʝʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʩʢʣʘʜʥʦʶ ʥʘʚʽʛʘʮʽʻʶ ʘʙʦ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʜʽʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ 

ʩʮʝʥʘʨʽʾʚ. ʂʨʽʤ ʮʴʦʛʦ, ʦʢʨʝʤʽ ʩʝʨʚʽʩʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ 

ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ, ʥʝ ʧʽʜʪʨʠʤʫʶʪʴ ʥʘʛʘʜʫʚʘʥʥʷ ʧʨʦ ʨʝʛʫʣʷʨʥʠʡ ʧʨʠʡʦʤ ʧʨʝʧʘʨʘʪʽʚ 

ʘʙʦ ʤʘʶʪʴ ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ ʨʦʙʦʪʠ ʟ ʝʣʝʢʪʨʦʥʥʠʤʠ ʨʝʮʝʧʪʘʤʠ [3]. 

ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʦʙʽʣʴʥʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʦʥʣʘʡʥ-

ʘʧʪʝʢ, ʩʝʨʝʜ ʷʢʠʭ ʨʦʟʛʣʷʜʘʣʠʩʷ Tabletki.ua, Liki24 ʪʘ ʤʽʞʥʘʨʦʜʥʽ ʮʠʬʨʦʚʽ 

ʬʘʨʤʘʮʝʚʪʠʯʥʽ ʧʣʘʪʬʦʨʤʠ [4, 5], ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʩʝʨʚʽʩʽʚ 

ʤʘʶʪʴ ʧʦʜʽʙʥʠʡ ʥʘʙʽʨ ʙʘʟʦʚʠʭ ʬʫʥʢʮʽʡ: ʧʦʰʫʢ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ, ʧʝʨʝʛʣʷʜ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʝʧʘʨʘʪʠ, ʧʦʨʽʚʥʷʥʥʷ ʮʽʥ, ʙʨʦʥʶʚʘʥʥʷ ʪʘ ʜʦʩʪʘʚʢʘ ʤʝʜʠʢʘʤʝʥʪʽʚ 

(ʪʘʙʣʠʮʷ 1). ɺʦʜʥʦʯʘʩ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʧʣʘʪʬʦʨʤ ʥʝʜʦʩʪʘʪʥʴʦ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ 

ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ ʪʘ ʩʧʨʦʱʝʥʥʷ ʥʘʚʽʛʘʮʽʾ. 

ʊʘʙʣʠʮʷ 1 - ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʜʘʪʢʽʚ 
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ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʤʦʞʣʠʚʽʩʪʴ Tabletki.ua Liki24 NowPatient 

ʇʦʰʫʢ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ + + + 

ʇʝʨʝʛʣʷʜ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʝʧʘʨʘʪ + + + 

ʇʦʨʽʚʥʷʥʥʷ ʮʽʥ ʫ ʨʽʟʥʠʭ ʘʧʪʝʢʘʭ + + ʯʘʩʪʢʦʚʦ 

ʇʝʨʝʛʣʷʜ ʘʧʪʝʢ ʥʘ ʢʘʨʪʽ + + + 

ʆʥʣʘʡʥ-ʙʨʦʥʶʚʘʥʥʷ ʧʨʝʧʘʨʘʪʫ + + + 

ɼʦʩʪʘʚʢʘ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʥʝʤʘʻ + + 

ʉʪʚʦʨʝʥʥʷ ʩʧʠʩʢʫ ʧʨʝʧʘʨʘʪʽʚ + + + 

ɯʥʪʝʛʨʘʮʽʷ ʟ ʝʣʝʢʪʨʦʥʥʠʤʠ ʨʝʮʝʧʪʘʤʠ ʥʝʤʘʻ ʥʝʤʘʻ + 

ʄʦʙʽʣʴʥʠʡ ʟʘʩʪʦʩʫʥʦʢ + + ʯʘʩʪʢʦʚʦ 

ʇʝʨʩʦʥʘʣʴʥʠʡ ʢʘʙʽʥʝʪ ʢʦʨʠʩʪʫʚʘʯʘ + + + 

 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ UI/UX ʤʦʜʫʣʷ ʤʦʙʽʣʴʥʦʛʦ 

ʩʝʨʚʽʩʫ ʦʥʣʘʡʥ-ʟʘʤʦʚʣʝʥʴ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ñPocket Pharmacyò, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʠʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʧʦʰʫʢʫ ʧʨʝʧʘʨʘʪʽʚ, ʧʦʨʽʚʥʷʥʥʷ 

ʮʽʥ ʫ ʨʽʟʥʠʭ ʘʧʪʝʢʘʭ, ʧʝʨʝʛʣʷʜʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʣʽʢʘʨʩʴʢʽ ʟʘʩʦʙʠ ʪʘ ʦʬʦʨʤʣʝʥʥʷ 

ʦʥʣʘʡʥ-ʟʘʤʦʚʣʝʥʴ ʯʝʨʝʟ ʟʨʫʯʥʠʡ ʽ ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ. 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʧʨʦʻʢʪʦʚʘʥʦʛʦ 

ʤʦʙʽʣʴʥʦʛʦ ʩʝʨʚʽʩʫ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʽʥʪʫʾʪʠʚʥʦ 

ʟʨʦʟʫʤʽʣʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʫ ʰʚʠʜʢʦ ʚʠʢʦʥʫʚʘʪʠ 

ʦʩʥʦʚʥʽ ʜʽʾ: ʧʦʰʫʢ ʧʨʝʧʘʨʘʪʫ, ʧʝʨʝʛʣʷʜ ʘʧʪʝʢ, ʧʦʨʽʚʥʷʥʥʷ ʮʽʥ ʪʘ ʦʬʦʨʤʣʝʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʥʘʜʘʻʪʴʩʷ ʤʽʥʽʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʢʨʦʢʽʚ ʧʽʜ ʯʘʩ 

ʚʟʘʻʤʦʜʽʾ ʽʟ ʩʠʩʪʝʤʦʶ, ʘʜʘʧʪʘʮʽʾ ʽʥʪʝʨʬʝʡʩʫ ʜʦ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʶ ʜʦʩʪʫʧʥʦʩʪʽ ʩʝʨʚʽʩʫ ʜʣʷ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʝʨʚʽʩ ñPocket Pharmacyò ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʨʝʘʣʽʟʘʮʽʶ 

ʩʫʯʘʩʥʠʭ UI/UX-ʧʽʜʭʦʜʽʚ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʙʽʣʴʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ. ʆʩʥʦʚʦʶ 

ʢʦʥʮʝʧʮʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʦʱʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʚʽʛʘʮʽʾ, ʘʢʮʝʥʪ ʥʘ ʧʦʰʫʢʦʚʦʤʫ 

ʬʫʥʢʮʽʦʥʘʣʽ ʪʘ ʰʚʠʜʢʦʤʫ ʜʦʩʪʫʧʽ ʜʦ ʢʣʶʯʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ. ɯʥʪʝʨʬʝʡʩ 

ʟʘʩʪʦʩʫʥʢʫ ʧʨʦʻʢʪʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ ʤʽʥʽʤʘʣʽʟʤʫ, ʚʽʟʫʘʣʴʥʦʾ 
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ʽʻʨʘʨʭʽʾ ʪʘ card-based ʜʠʟʘʡʥʫ, ʱʦ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʩʝʨʚʽʩʫ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʽʚ: 

ʧʦʰʫʢʫ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ, ʩʪʦʨʽʥʢʠ ʧʨʝʧʘʨʘʪʫ, ʧʝʨʝʛʣʷʜʫ ʘʧʪʝʢ, ʦʬʦʨʤʣʝʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ, ʽʩʪʦʨʽʾ ʧʦʢʫʧʦʢ ʪʘ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʘʙʽʥʝʪʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʂʨʽʤ ʮʴʦʛʦ, 

ʫ ʩʠʩʪʝʤʽ ʧʝʨʝʜʙʘʯʝʥʦ ʨʝʘʣʽʟʘʮʽʶ ʬʫʥʢʮʽʾ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʥʘʛʘʜʫʚʘʥʴ ʧʨʦ 

ʨʝʛʫʣʷʨʥʠʡ ʧʨʠʡʦʤ ʧʨʝʧʘʨʘʪʽʚ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʽʩʪʦʨʽʾ ʟʘʤʦʚʣʝʥʴ. 

ʋ ʤʝʞʘʭ ʨʦʙʦʪʠ ʪʘʢʦʞ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʧʨʦʪʦʪʠʧ ʤʦʙʽʣʴʥʦʛʦ 

ʟʘʩʪʦʩʫʥʢʫ ʫ ʩʝʨʝʜʦʚʠʱʽ Figma. ʇʨʦʪʦʪʠʧ ʜʝʤʦʥʩʪʨʫʻ ʦʩʥʦʚʥʽ ʩʮʝʥʘʨʽʾ ʚʟʘʻʤʦʜʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ ʽʟ ʩʠʩʪʝʤʦʶ ʪʘ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʣʦʛʽʢʫ ʥʘʚʽʛʘʮʽʾ, ʩʪʨʫʢʪʫʨʫ 

ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʜʽʡ. 

ʇʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʩʫʯʘʩʥʽ ʧʨʠʥʮʠʧʠ UI/UX-

ʜʠʟʘʡʥʫ, ʟʦʢʨʝʤʘ consistency, accessibility ʪʘ usability. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʘʱʦʛʦ 

ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʥʠʞʥʶ ʧʘʥʝʣʴ ʥʘʚʽʛʘʮʽʾ, ʚʝʣʠʢʽ 

ʽʥʪʝʨʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʩʪʨʫʢʪʫʨʦʚʘʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʣʽʢʘʨʩʴʢʽ 

ʟʘʩʦʙʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʠʭ ʩʝʨʚʽʩʽʚ ʜʣʷ ʦʥʣʘʡʥ-ʟʘʤʦʚʣʝʥʥʷ ʣʽʢʘʨʩʴʢʠʭ 

ʟʘʩʦʙʽʚ ʪʘ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʷʢʽʩʥʦʛʦ UI/UX-ʧʨʦʻʢʪʫʚʘʥʥʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʽʟ ʩʠʩʪʝʤʦʶ. ʈʦʟʨʦʙʣʝʥʠʡ 

ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʧʨʦʪʦʪʠʧ ñPocket Pharmacyò ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʦʩʥʦʚʘ 

ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʦʚʥʦʮʽʥʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʫ ʩʬʝʨʽ ʮʠʬʨʦʚʠʭ 

ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʦʩʣʫʛ. 
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ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʨʝʩʪʦʨʘʥʥʦʛʦ ʙʽʟʥʝʩʫ ʥʘʙʫʚʘʻ 

ʚʚʝʜʝʥʥʷ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʪʠʤʽʟʘʮʽʶ 

ʧʨʦʮʝʩʽʚ ʙʨʦʥʶʚʘʥʥʷ ʩʪʦʣʠʢʽʚ, ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʭʦʜʽʚ, ʫʧʨʘʚʣʽʥʥʷ ʟʘʤʦʚʣʝʥʥʷʤʠ ʪʘ 

ʚʟʘʻʤʦʜʽʾ ʟ ʢʣʽʻʥʪʘʤʠ. ʋ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʦʟʛʣʷʜʘʶʪʴ ʧʠʪʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʝʩʪʦʨʘʥʥʠʭ ʙʽʟʥʝʩʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. 

ʋ ʧʨʘʮʽ [1] ʘʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʫ ʜʽʷʣʴʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʨʝʩʪʦʨʘʥʽʚ. ɼʦʩʣʽʜʥʠʢʠ ʚʢʘʟʫʶʪʴ, ʱʦ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʫʧʨʘʚʣʽʥʩʴʢʽ ʧʨʦʮʝʩʠ, ʫʜʦʩʢʦʥʘʣʠʪʠ ʦʙʣʽʢ 

ʨʝʩʫʨʩʽʚ ʪʘ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. ʆʩʦʙʣʠʚʘ 

ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʥʘ ʪʝ, ʱʦ ʪʘʢʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʻ ʥʝʦʙʭʽʜʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʛʦ ʨʝʩʪʦʨʘʥʥʦʛʦ ʙʽʟʥʝʩʫ. 

ʋ ʩʪʘʪʪʽ [2] ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʪʝʦʨʝʪʠʯʥʽ ʘʩʧʝʢʪʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʪʦʨʘʥʥʠʤʠ ʙʽʟʥʝʩʘʤʠ. ɸʚʪʦʨʠ ʘʥʘʣʽʟʫʶʪʴ ʩʪʨʫʢʪʫʨʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʾʭ ʧʨʦʛʨʘʤʥʽ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʘʶʪʴ ʨʦʣʴ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʷʢʽʩʥʦʛʦ ʪʘ ʰʚʠʜʢʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ. ʋ ʨʦʙʦʪʽ ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʪʝ, ʱʦ ʩʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ ʩʧʨʠʷʶʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, ʧʽʜʚʠʱʫʶʪʴ ʰʚʠʜʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʦʢʨʘʱʫʶʪʴ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʧʝʨʩʦʥʘʣʦʤ ʽ ʢʣʽʻʥʪʘʤʠ.  

ʊʘʢʦʞ ʚʘʞʣʠʚʠʡ ʚʥʝʩʦʢ ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʨʝʩʪʦʨʘʥʥʦʾ 

ʩʬʝʨʠ ʟʨʦʙʣʝʥʦ ʫ [3]. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʫʯʘʩʥʽ ʮʠʬʨʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ɯʊ-

ʨʽʰʝʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʨʝʩʪʦʨʘʥʥʦʤʫ ʙʽʟʥʝʩʽ, ʥʘʧʨʠʢʣʘʜ, CRM-

ʩʠʩʪʝʤʠ, ʘʥʘʣʽʪʠʯʥʽ ʧʣʘʪʬʦʨʤʠ ʪʘ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʽ ʩʝʨʚʽʩʠ. ɸʚʪʦʨʠ ʟʚʝʨʪʘʶʪʴ 

ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʩʧʨʠʷʻ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʧʨʦʮʝʩʽʚ 

ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʭʦʜʽʚ, ʙʨʦʥʶʚʘʥʥʷ ʩʪʦʣʠʢʽʚ, ʟʘʣʽʚ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ ʢʣʽʻʥʪʘʤʠ, ʱʦ ʻ 

ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

https://journals.nupp.edu.ua/sunz/article/view/2309?utm_source=chatgpt.com
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ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʜʞʝʨʝʣ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʫʯʘʩʥʽ 

ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʘʚʪʦʤʘʪʠʟʘʮʽʶ 

ʦʩʥʦʚʥʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʨʝʩʪʦʨʘʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʦʨʛʘʥʽʟʘʮʽʶ 

ʟʘʭʦʜʽʚ, ʙʨʦʥʶʚʘʥʥʷ ʟʘʣʽʚ, ʩʘʤʦʩʪʽʡʥʝ ʬʦʨʤʫʚʘʥʥʷ ʤʝʥʶ, ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷʤʠ ʪʘ ʚʟʘʻʤʦʜʽʶ ʟ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʊʦʤʫ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʟʘʛʘʣʴʥʫ 

ʩʪʨʫʢʪʫʨʫ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʭʦʜʽʚ ʫ 

ʨʝʩʪʦʨʘʥʥʦʤʫ ʙʽʟʥʝʩʽ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

 

ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ: ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʘʤʦʚʣʝʥʥʷ ʪʘ ʟʘʣʠ, ʘ 

ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ ʟʚôʷʟʢʠ ʤʽʞ ʥʠʤʠ. ʊʦʙʪʦ, ʦʜʠʥ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ 

ʢʽʣʴʢʘ ʟʘʤʦʚʣʝʥʴ, ʘ ʢʦʞʝʥ ʟʘʣ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʨʽʟʥʠʤʠ ʟʘʤʦʚʣʝʥʥʷʤʠ. 

ɿʘʚʜʷʢʠ ʪʘʢʦʤʫ ʩʧʦʩʦʙʫ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʘʤʦʚʣʝʥʥʷ ʤʦʞʥʘ ʚʧʦʨʷʜʢʫʚʘʪʠ ʽ 

ʫʥʠʢʥʫʪʠ ʜʫʙʣʶʚʘʥʥʷ ʜʘʥʠʭ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʧʦʪʦʢʘʤʠ. 

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʠ, 

ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ. 

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʩʪʘʣʦ ʩʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʛʦ ʪʘ ʟʨʦʟʫʤʽʣʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʙʝʟ ʪʝʭʥʽʯʥʠʭ ʟʥʘʥʴ ʣʝʛʢʦ ʦʬʦʨʤʣʶʚʘʪʠ ʟʘʤʦʚʣʝʥʥʷ ʪʘ 

ʚʟʘʻʤʦʜʽʷʪʠ ʽʟ ʩʠʩʪʝʤʦʶ. ʉʢʣʘʜʥʠʡ ʘʙʦ ʧʝʨʝʚʘʥʪʘʞʝʥʠʡ ʽʥʪʝʨʬʝʡʩ ʤʦʞʝ 

ʫʩʢʣʘʜʥʶʚʘʪʠ ʨʦʙʦʪʫ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ ʚʽʜʤʦʚʠ ʚʽʜ ʦʬʦʨʤʣʝʥʥʷ 

ʟʘʷʚʢʠ ʱʝ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ. 

ʆʢʨʝʤʠʡ ʬʫʥʢʮʽʦʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʩʠʩʪʝʤʠ ʻ ʜʣʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ. ɺʽʥ 

ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʩʽ ʟʘʤʦʚʣʝʥʥʷ, ʤʦʞʝ ʧʝʨʝʚʽʨʷʪʠ, ʧʝʨʝʛʣʷʜʘʪʠ 

ʟʘʤʦʚʣʝʥʥʷ ʪʘ ʚʠʜʘʣʷʪʠ ʚ ʨʘʟʽ ʧʦʪʨʝʙʠ. ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʩʠʩʪʝʤʠ ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʜʘʥʠʭ. ʋ ʩʠʩʪʝʤʽ ʨʝʘʣʽʟʦʚʘʥʦ ʨʽʟʥʽ ʧʨʘʚʘ 
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ʜʦʩʪʫʧʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʣʝʡ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʟʚʠʯʘʡʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʪʘ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʤʘʶʪʴ ʨʽʟʥʽ ʤʦʞʣʠʚʦʩʪʽ ʡ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʣʠʰʝ ʧʝʨʝʜʙʘʯʝʥʽ 

ʜʣʷ ʥʠʭ ʬʫʥʢʮʽʾ. ʊʦʙʪʦ ʢʣʽʻʥʪʠ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʣʠʰʝ ʦʬʦʨʤʣʷʪʠ ʩʚʦʾ 

ʟʘʤʦʚʣʝʥʥʷ, ʘ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʤʦʞʝ ʧʝʨʝʛʣʷʜʘʪʠ ʜʘʥʽ ʩʬʦʨʤʦʚʘʥʽ ʢʣʽʻʥʪʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʻ ʩʫʯʘʩʥʠʤ ʟʘʩʦʙʦʤ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʭʦʜʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʜʦ 

ʮʠʬʨʦʚʠʭ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʪʘ ʩʝʨʚʽʩʘʤʠ. ɺʝʙ-ʦʨʽʻʥʪʦʚʘʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʭʦʜʽʚ ʫ ʨʝʩʪʦʨʘʥʥʦʤʫ ʙʽʟʥʝʩʽ (ʛʦʣʦʚʥʘ 

ʩʪʦʨʽʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2) ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʦʬʦʨʤʣʝʥʥʷ 

ʟʘʤʦʚʣʝʥʴ, ʩʧʨʦʩʪʠʪʠ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʢʣʽʻʥʪʦʤ ʽ ʟʘʢʣʘʜʦʤ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʪʦʨʘʥʥʠʤʠ ʧʦʩʣʫʛʘʤʠ. 

 

ʈʠʩʫʥʦʢ 2 - ɻʦʣʦʚʥʘ ʩʪʦʨʽʥʢʘ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʭʦʜʽʚ ʫ ʨʝʩʪʦʨʘʥʥʦʤʫ ʙʽʟʥʝʩʽ 

 

ʈʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʫ ʨʦʙʦʪʫ ʟ 

ʜʘʥʠʤʠ ʪʘ ʩʝʨʚʽʩʘʤʠ, ʘ ʡ ʟʘʢʣʘʜʘʻ ʦʩʥʦʚʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʧʨʦʻʢʪʫ. 

ɿʘʚʜʷʢʠ ʤʦʜʫʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʣʝʛʢʦ ʨʦʟʰʠʨʶʚʘʪʠ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ, ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʬʫʥʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʨʝʙ ʙʽʟʥʝʩʫ  ̔

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʨʝʩʪʦʨʘʥʫ, ʘ ʪʘʢʦʞ ʜʦʦʧʨʘʮʴʦʚʫʚʘʪʠ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʬʫʥʢʮʽʡ, ʪʘʢʠʭ ʷʢ ʦʥʣʘʡʥ-ʦʧʣʘʪʘ, 

ʽʥʪʝʛʨʘʮʽʷ ʟ CRM-ʩʠʩʪʝʤʘʤʠ ʘʙʦ ʨʦʟʰʠʨʝʥʘ ʘʥʘʣʽʪʠʢʘ ʟʘʤʦʚʣʝʥʴ. ʎʝ ʜʦʟʚʦʣʠʪʴ 
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ʨʝʩʪʦʨʘʥʫ ʰʚʠʜʢʦ ʘʜʘʧʪʦʚʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʥʘ ʨʠʥʢʫ, ʧʦʢʨʘʱʫʚʘʪʠ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ ʪʘ ʰʚʠʜʢʦ ʤʘʩʰʪʘʙʫʚʘʪʠ ʮʠʬʨʦʚʽ ʧʦʩʣʫʛʠ. 
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vasyl.morokhovych@uzhnu.edu.ua,  
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ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʛʣʦʙʘʣʴʥʦʛʦ ʨʠʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʩʣʫʛ ʜʝʤʦʥʩʪʨʫʻ ʩʪʨʽʤʢʫ 

ʜʠʥʘʤʽʢʫ ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʨʽʰʝʥʥʷ ʫ ʛʘʣʫʟʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ, ʷʢʽ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝ ʣʠʰʝ ʦʧʝʨʘʪʠʚʥʠʡ, ʘ ʡ 

ʚʠʩʦʢʦʧʨʝʮʠʟʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʧʦʪʝʥʮʽʡʥʦʾ ʛʝʥʝʨʘʮʽʾ [1]. ɸʢʪʫʘʣʴʥʽʩʪʴ 

ʨʦʟʨʦʙʣʝʥʥʷ ʪʘʢʠʭ ʧʣʘʪʬʦʨʤ ʟʫʤʦʚʣʝʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ 

ʚ ʙʽʢ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʤʝʨʝʞ, ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʪʘ 

ʦʙôʻʢʪʠʚʥʦʶ ʧʦʪʨʝʙʦʶ ʫ ʰʚʠʜʢʦʤʫ ʜʦʩʪʫʧʽ ʜʦ ʚʝʨʠʬʽʢʦʚʘʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʜʘʥʠʭ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʦʙʛʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʢʦʥʬʽʛʫʨʘʮʽʾ ʛʽʙʨʠʜʥʠʭ 

ʩʠʩʪʝʤ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʢʽʥʮʝʚʽ ʢʦʨʠʩʪʫʚʘʯʽ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ ʦʙʠʨʘʶʪ ɹʮʠʬʨʦʚ ̔

ʨʽʰʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʛʘʨʘʥʪʫʶʪʴ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ 

ʚʽʜʢʨʠʚʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ [2, 3]. 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ, ʨʝʘʣʽʟʦʚʘʥʦʾ ʫ ʬʦʨʤʘʪʽ ʜʝʩʢʪʦʧʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

«RaCoreè, ʱʦ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ). 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʦʭʦʧʣʶʶʪʴ ʩʠʩʪʝʤʘʪʠʯʥʝ ʚʚʝʜʝʥʥʷ 

ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʥʝʨʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘʚʪʦʤʘʪʠʯʥʫ ʘʛʨʝʛʘʮʽʶ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʯʝʨʝʟ ʟʦʚʥʽʰʥʽ ʧʨʦʛʨʘʤʥʽ ʽʥʪʝʨʬʝʡʩʠ, ʘ ʪʘʢʦʞ ʧʦʙʫʜʦʚʫ 

ʜʝʪʘʣʴʥʠʭ ʛʨʘʬʽʢʽʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʠʥʘʤʽʢʠ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʇʣʘʪʬʦʨʤʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʯʽʪʢʦʤʫ ʩʮʝʥʘʨʽʾ 

ʧʦʛʦʜʠʥʥʦʾ ʩʠʤʫʣʷʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ (8760 ʽʪʝʨʘʮʽʡ ʟʘ ʨʽʢ), ʱʦ ʚʢʣʶʯʘʻ 

ʨʦʟʨʘʭʫʥʦʢ ʧʦʪʝʥʮʽʘʣʫ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ, ʘʥʝʤʦʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʣʦʢʘʮʽʾ 

ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʤʽʢʨʦʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ʊʘʢʝ ʰʠʨʦʢʝ 

ʦʭʦʧʣʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʥʫ ʪʘ ʪʦʯʥʫ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʙʘʟʫ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʷʢʽʩʥʦʛʦ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʻʢʪʽʚ. ɺʘʞʣʠʚʦʶ ʤʝʪʦʜʠʯʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʨʽʰʝʥʥʷ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʨʝʡʤʚʦʨʢʫ Tauri, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʜʦʜʘʪʢʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʥʠʭ ʨʝʩʫʨʩʽʚ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʛʘʨʘʥʪʫʶʯʠ ʚʠʩʦʢʫ 
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ʰʚʠʜʢʦʜʽʶ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʩʧʦʞʠʚʘʥʥʽ ʧʘʤôʷʪʽ. ʋ ʧʦʻʜʥʘʥʥʽ ʟʽ ʩʪʨʦʛʦʶ 

ʪʠʧʽʟʘʮʽʻʶ ʤʦʚʠ TypeScript ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʡʤʦʚʽʨʥʽ ʧʦʭʠʙʢʠ ʫ ʬʽʟʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʽ ʩʪʚʦʨʶʻ ʥʘʜʽʡʥʠʡ 

ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʧʨʦʬʝʩʽʡʥʠʭ PDF-ʟʚʽʪʽʚ. ʎʝʥʪʨʘʣʴʥʠʤ 

ʚʫʟʣʦʤ ʘʨʭʽʪʝʢʪʫʨʠ ʧʣʘʪʬʦʨʤʠ ʻ ʽʥʪʝʛʨʦʚʘʥʘ ʧʘʥʝʣʴ ʫʧʨʘʚʣʽʥʥʷ, ʩʧʨʦʻʢʪʦʚʘʥʘ ʟʘ 

ʧʘʪʝʨʥʦʤ çʄʘʡʩʪʝʨ ʥʘʣʘʰʪʫʚʘʥʴè (Wizard). ɯʥʪʝʨʬʝʡʩ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʘʢʫʤʫʣʶʻ ʪʘ ʚʽʜʦʙʨʘʞʘʻ ʘʢʪʫʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʦʯʽʢʫʚʘʥʦʾ ʛʝʥʝʨʘʮʽʾ ʯʝʨʝʟ ʩʠʩʪʝʤʫ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪʦʢ ʪʘ ʜʠʥʘʤʽʯʥʦʾ ʽʥʬʦʛʨʘʬʽʢʠ (ʨʠʩʫʥʦʢ 1). ʊʘʢʘ ʦʨʛʘʥʽʟʘʮʽʷ 

ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʩʧʨʠʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʰʚʠʜʢʦʤʫ ʩʧʨʠʡʥʷʪʪʶ ʽʥʞʝʥʝʨʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʦʧʝʨʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʢʣʶʯʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʩʠʩʪʝʤʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɯʥʪʝʨʬʝʡʩ ʜʦʜʘʪʢʘ çRaCoreè 

 

ɸʥʘʣʽʪʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʦʜʘʪʢʘ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʥʝ ʣʠʰʝ 

ʬʽʢʩʫʚʘʪʠ ʧʦʪʦʯʥʽ ʧʘʨʘʤʝʪʨʠ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʡ ʚʽʜʩʪʝʞʫʚʘʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʽ 

ʪʝʥʜʝʥʮʽʾ ʦʢʫʧʥʦʩʪʽ, ʧʦʨʽʚʥʶʚʘʪʠ ʨʽʟʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ ʪʘ ʥʘ 

ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʧʨʠʡʤʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʛʝʥʝʨʫʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʧʨʠʜʽʣʝʥʦ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ: ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦ ʙʫʜʫʻ ʜʝʪʘʣʽʟʦʚʘʥʽ ʛʨʘʬʽʢʠ 

ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʟʘ ʤʽʩʷʮʷʤʠ, ʜʝ ʯʽʪʢʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʚʥʝʩʦʢ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ 

ʜʞʝʨʝʣʘ (ʉɽʉ, ɺɽʉ, ʤʽʢʨʦ-ɻɽʉ) ʫ ʟʘʛʘʣʴʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ (ʨʠʩʫʥʦʢ 2).  

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʦʟʧʦʜʽʣ ʤʽʩʷʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʪʠʧʘʤʠ ɺɼɽ 
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ʎʝ ʟʥʘʯʥʦ ʧʦʩʠʣʶʻ ʨʽʚʝʥʴ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʩʧʨʠʷʻ 

ʬʦʨʤʫʚʘʥʥʶ ʫ ʢʦʨʠʩʪʫʚʘʯʘ ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʜʦʩʷʛʥʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʘʚʪʦʥʦʤʽʾ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʻ ʤʝʪʦʜʠ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʘʣʛʦʨʠʪʤʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 

ʢʣʽʤʘʪʠʯʥʠʭ ʤʘʩʠʚʽʚ. ɼʣʷ ʦʙʨʦʙʢʠ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʤʝʪʝʦʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʯʝʨʝʟ 

Open-Meteo API [4], ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʠʬʽʯʥʽ ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʢʦʞʥʦʛʦ 

ʪʠʧʫ ʛʝʥʝʨʘʮʽʾ. ʈʦʟʨʘʭʫʥʦʢ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ ʜʣʷ 

ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʫʙʽʯʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʧʨʦʬʽʣʶ ʚʠʩʦʪʠ ʱʦʛʣʠ. ʊʝʦʨʝʪʠʯʥʫ 

ʤʝʭʘʥʽʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʚʽʪʨʦʪʫʨʙʽʥʠ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ὖ Ͻ”ϽὃϽὺϽὅ,     (1)  

ʜʝ ɟ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ;  

ὃ ï ʧʣʦʱʘ ʦʭʦʧʣʝʥʥʷ ʨʦʪʦʨʘ;  

ὺ ï ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ;  

ὅ ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʽʪʨʫ.  

 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʦʥʷʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʻ ʚʨʘʭʫʚʘʥʥʷ 

ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʽʨʦʢ. ʌʘʢʪʠʯʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ʩʦʥʷʯʥʦʾ ʧʘʥʝʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʪʘʥʜʘʨʪʥʠʭ ʪʝʩʪʦʚʠʭ 

ʫʤʦʚ (STC) ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ὖ ὖ Ͻρ ‎ ϽὝ  ςυ,    (2) 

ʜʝ ὖ  ï ʥʦʤʽʥʘʣʴʥʘ (ʧʘʩʧʦʨʪʥʘ) ʧʦʪʫʞʥʽʩʪʴ ʤʦʜʫʣʷ; 

‎ ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ; 

Ὕ  ï ʨʦʟʨʘʭʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʬʦʪʦʝʣʝʤʝʥʪʘ ʫ ʟʘʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ.  

 

ʇʨʝʮʠʟʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʢʨʦʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʚʠʤʘʛʘʻ ʦʙʯʠʩʣʝʥʥʷ 

ʚʪʨʘʪ ʫ ʪʨʫʙʦʧʨʦʚʦʜʽ ʟʘ ʝʤʧʽʨʠʯʥʦʶ ʬʦʨʤʫʣʦʶ ʍʘʟʝʥʘ-ɺʽʣʴʷʤʩʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʯʠʩʪʦʛʦ ʥʘʧʦʨʫ. ʈʦʟʨʘʭʫʥʦʢ ʤʝʭʘʥʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʽʜʨʦʪʫʨʙʽʥʠ ʦʧʠʩʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ: 

ὖ  ”ẗ Ὣẗ ὗẗ Ὄ ẗ–,    (3) 

ʜʝ ” ï ʛʫʩʪʠʥʘ ʚʦʜʠ; 

Ὣ ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ; 

ὗ ï ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʚʦʜʠ; 

Ὄ  ï ʯʠʩʪʠʡ ʥʘʧʽʨ;  

– ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ (ʂʂɼ) ʪʫʨʙʽʥʠ.  

 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʫ ʜʝʩʢʪʦʧʥʠʡ ʜʦʜʘʪʦʢ ʧʝʨʝʪʚʦʨʶʻ ʡʦʛʦ ʟ ʧʨʦʩʪʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ ʜʘʥʠʭ ʥʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʩʠʩʪʝʤʫ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ 

ʜʦʮʽʣʴʥʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ ɺɼɽ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ ʻ 
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ʽʥʪʝʛʨʘʮʽʷ ʨʦʟʰʠʨʝʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʫ ʛʝʥʝʨʘʮʽʾ.  

ɸʨʭʽʪʝʢʪʫʨʥʘ ʧʦʙʫʜʦʚʘ ʧʣʘʪʬʦʨʤʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʘʮʽʦʥʘʣʴʥʽʡ ʦʨʛʘʥʽʟʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ ʯʽʪʢʠʤ ʨʦʟʤʝʞʫʚʘʥʥʷʤ ʦʙʦʚôʷʟʢʽʚ ʤʽʞ ʢʣʽʻʥʪʩʴʢʠʤ ʽʥʪʝʨʬʝʡʩʦʤ 

ʥʘ React ʪʘ ʩʠʩʪʝʤʥʠʤ ʷʜʨʦʤ ʤʦʚʦʶ Rust. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʩʪʝʢʫ 

ʪʝʭʥʦʣʦʛʽʡ ʩʪʚʦʨʶʻ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ 

ʪʘ ʧʦʩʪʽʡʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ 

ʤʘʩʠʚʥʠʭ ʦʙʩʷʛʽʚ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ. 

ʈʦʟʨʦʙʣʝʥʝ ʧʨʦʛʨʘʤʥʝ ʨʽʰʝʥʥʷ çRaCoreè ʜʝʤʦʥʩʪʨʫʻ ʟʥʘʯʥʫ ʧʨʘʢʪʠʯʥʫ 

ʮʽʥʥʽʩʪʴ ʜʣʷ ʩʫʯʘʩʥʦʾ ʛʘʣʫʟʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʦʧʪʠʤʽʟʫʻ 

ʧʨʦʮʝʩʠ ʟʙʦʨʫ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʤʘʩʠʚʽʚ, ʾʭʥʴʦʛʦ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʪʘ 

ʧʨʝʮʠʟʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. ʉʠʩʪʝʤʘ ʩʧʨʠʷʻ ʧʨʠʩʢʦʨʝʥʥʶ ʦʙôʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʦʙʨʘʥʦʾ ʣʦʢʘʮʽʾ ʪʘ ʚʠʩʪʫʧʘʻ ʷʢ ʮʽʣʽʩʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʚʦʨʝʥʠʡ ʧʨʦʜʫʢʪ ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʮʠʬʨʦʚʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʧʦʻʜʥʫʻ ʬʫʥʢʮʽʾ ʩʠʤʫʣʷʮʽʾ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʥʘʦʯʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ. ɼʝʩʢʪʦʧʥʠʡ ʜʦʜʘʪʦʢ 

ʥʘ ʙʘʟʽ ʬʨʝʡʤʚʦʨʢʫ Tauri ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʽʜʚʠʱʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʟʘ ʢʣʶʯʦʚʠʤʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

(LCOE, NPV, CAPEX) ʪʘ ʬʦʨʤʫʻ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʽʚ 

ʧʨʝʜʠʢʪʠʚʥʦʾ ʘʥʘʣʽʪʠʢʠ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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https://doi.org/10.1016/j.rser.2015.12.223. 

2. Sinha S., Chandel S. S. Review of software tools for hybrid renewable energy systems. 

Renewable and Sustainable Energy Reviews. 2014. Vol. 32. P. 192-205. DOI: 

https://doi.org/10.1016/j.rser.2014.01.035. 

3. Staffell I., Pfenninger S. Using bias-corrected reanalysis to simulate current and future wind 
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ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʨʽʤʢʠʤ 

ʟʨʦʩʪʘʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷʤ 

ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʥʝʡʨʦʥʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʦʙʨʘʞʝʥʴ ʪʘ 

ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ, ʷʢʽ ʩʴʦʛʦʜʥʽ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʽ ʛʝʪʝʨʦʛʝʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʣʘʪʬʦʨʤʠ, ʟʜʘʪʥʽ 

ʚʠʢʦʥʫʚʘʪʠ ʥʝ ʣʠʰʝ ʛʨʘʬʽʯʥʽ ʟʘʜʘʯʽ, ʘʣʝ ʡ AI-ʽʥʬʝʨʝʥʩ, ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʪʘ ʦʙʨʦʙʢʫ ʧʦʪʦʢʦʚʠʭ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [2, 3]. ʊʘʢʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ 

ʟʤʽʥʶʻ ʢʣʘʩʠʯʥʫ ʨʦʣʴ GPU ʚʽʜ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʛʨʘʬʽʯʥʠʭ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʜʦ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʚʫʟʣʽʚ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ GPU, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʩʠʥʪʝʪʠʯʥʠʭ ʪʝʩʪʘʭ, ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʩʫʯʘʩʥʠʭ ʛʨʘʬʽʯʥʠʭ 

ʧʨʦʮʝʩʦʨʽʚ ʫ ʟʤʽʰʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ [1]. ʋ ʨʝʘʣʴʥʠʭ ʩʮʝʥʘʨʽʷʭ ʦʜʥʦʯʘʩʥʦ 

ʚʠʢʦʥʫʶʪʴʩʷ ʨʝʥʜʝʨʠʥʛ, ʬʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ AI-ʦʙʯʠʩʣʝʥʥʷ, ʱʦ ʬʦʨʤʫʻ 

ʩʢʣʘʜʥʽ ʪʘ ʥʝʨʽʚʥʦʤʽʨʥʽ ʧʨʦʬʽʣʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʙʣʦʢʽʚ. ʎʝ ʨʦʙʠʪʴ 

ʢʣʘʩʠʯʥʽ ʤʝʪʨʠʢʠ ʥʝʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ɸʨʭʽʪʝʢʪʫʨʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʫʯʘʩʥʠʭ GPU ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʣʠʰʝ 

ʪʘʢʪʦʚʦʶ ʯʘʩʪʦʪʦʶ, ʘ ʡ ʩʪʫʧʝʥʝʤ ʧʘʨʘʣʝʣʽʟʤʫ, ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʘʤôʷʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʙʣʦʢʽʚ, ʟʦʢʨʝʤʘ ʪʝʥʟʦʨʥʠʭ ʪʘ 

RT-ʷʜʝʨ [2, 3]. ɼʦʜʘʪʢʦʚʠʡ ʚʧʣʠʚ ʤʘʶʪʴ ʩʫʯʘʩʥʽ ʛʨʘʬʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʘʧʘʨʘʪʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ, ʷʢʽ ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ GPU 

ʪʘ ʟʙʽʣʴʰʫʶʪʴ ʨʦʣʴ ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʊʝʭʥʦʣʦʛʽʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʦʙʨʘʞʝʥʥʷ, ʪʘʢʽ ʷʢ DLSS ʪʘ FidelityFX Super 

Resolution, ʟʤʽʥʶʶʪʴ ʙʘʣʘʥʩ ʤʽʞ ʷʢʽʩʪʶ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʬʘʢʪʠʯʥʦ ʧʝʨʝʪʚʦʨʶʶʯʠ ʨʝʥʜʝʨʠʥʛ ʥʘ ʛʽʙʨʠʜʥʠʡ ʧʨʦʮʝʩ, ʱʦ 

ʧʦʻʜʥʫʻ ʢʣʘʩʠʯʥʽ ʛʨʘʬʽʯʥʽ ʪʘ AI-ʤʝʪʦʜʠ [5, 10]. ʎʝ ʜʦʜʘʪʢʦʚʦ ʫʩʢʣʘʜʥʶʻ 

ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʯʘʩʪʠʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ 

ʥʝʡʨʦʥʥʽ ʪʘ ʪʝʥʟʦʨʥʽ ʙʣʦʢʠ GPU. 

mailto:putkalo2003@gmail.com
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ʆʢʨʝʤʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʻ edge-ʦʙʯʠʩʣʝʥʥʷ, ʜʝ ʦʙʨʦʙʢʘ ʜʘʥʠʭ 

ʚʠʢʦʥʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʦ ʜʦ ʜʞʝʨʝʣʘ ʾʭ ʛʝʥʝʨʘʮʽʾ. ʋ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ 

ʢʨʠʪʠʯʥʠʤʠ ʩʪʘʶʪʴ ʟʘʪʨʠʤʢʘ ʚʠʢʦʥʘʥʥʷ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʽʜ ʪʨʠʚʘʣʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. GPU ʫ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ 

ʚʠʩʪʫʧʘʶʪʴ ʢʣʶʯʦʚʠʤʠ ʧʨʠʩʢʦʨʶʚʘʯʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʘʣʘʥʩ ʤʽʞ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʫ ʩʠʩʪʝʤʘʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, IoT ʪʘ 

ʘʚʪʦʥʦʤʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ [8, 12]. 

ɿʨʦʩʪʘʥʥʷ ʨʦʣʽ ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʟʦʢʨʝʤʘ Stable 

Diffusion, ʬʦʨʤʫʻ ʥʦʚʠʡ ʢʣʘʩ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʫ ʷʢʠʭ ʦʩʥʦʚʥʠʤʠ 

ʦʙʤʝʞʝʥʥʷʤʠ ʻ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʧʘʤôʷʪʽ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʥʟʦʨʥʠʭ ʙʣʦʢʽʚ 

GPU [9]. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʨʠʢʠ, ʪʘʢʽ ʷʢ ʩʝʨʝʜʥʽʡ FPS ʘʙʦ 

ʩʠʥʪʝʪʠʯʥʽ ʙʘʣʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʠʩʪʝʤʠ. 

ʋ ʤʝʞʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ GPU, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʛʨʘʬʽʯʥʽ, AI ʪʘ edge-

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʻ ʤʦʜʫʣʴ ʛʝʥʝʨʘʮʽʾ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʽʜʩʠʩʪʝʤʫ ʟʙʦʨʫ ʤʝʪʨʠʢ ʪʘ ʘʥʘʣʽʪʠʯʥʠʡ ʙʣʦʢ ʦʙʨʦʙʢʠ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʷʢ ʧʽʢʦʚʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʪʘʢ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʯʘʩʽ. ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ GPU ʫ ʩʮʝʥʘʨʽʷʭ AI, ʛʨʘʬʽʯʥʠʭ ʪʘ edge-ʥʘʚʘʥʪʘʞʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ GPU  

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʷ ʥʘ ʜʚʦʭ ʘʧʘʨʘʪʥʠʭ 

ʢʦʥʬʽʛʫʨʘʮʽʷʭ: ʥʘʩʪʽʣʴʥʽʡ ʩʠʩʪʝʤʽ AMD Ryzen 9 5950X ʽʟ 128 GB RAM ʪʘ 

ʤʦʙʽʣʴʥʽʡ ʩʠʩʪʝʤʽ AMD Ryzen 7 5800H ʽʟ 16 GB RAM. ʎʝ ʜʦʟʚʦʣʠʣʦ ʦʮʽʥʠʪʠ 
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ʚʧʣʠʚ ʢʣʘʩʫ ʧʣʘʪʬʦʨʤʠ ʥʘ ʧʦʚʝʜʽʥʢʫ GPU ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ʋ ʪʝʩʪʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʛʨʘʬʽʯʥʽ ʘʜʘʧʪʝʨʠ AMD Radeon RX 6950 

XT, AMD Radeon RX Vega 64 ʪʘ NVIDIA GeForce RTX 3060 (desktop ʽ laptop 

ʚʝʨʩʽʾ), ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʨʽʟʥʽ ʘʨʭʽʪʝʢʪʫʨʥʽ ʧʦʢʦʣʽʥʥʷ GPU. 

ʈʝʟʫʣʴʪʘʪʠ ʩʠʥʪʝʪʠʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫ Cinebench 2024 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2, ʷʢʠʡ ʜʝʤʦʥʩʪʨʫʻ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ 

ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʧʨʦʛʨʘʤʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ GPU ʫ Cinebench 2024 

 

ʋ ʪʝʩʪʽ Cinebench 2024 ʥʘʡʚʠʱʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ NVIDIA 

GeForce RTX 3060 (7 447 ʙʘʣʽʚ), ʱʦ ʢʦʨʝʣʶʻ ʟ ʘʨʭʽʪʝʢʪʫʨʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ 

Ampere ʫ ʙʘʛʘʪʦʧʦʪʦʢʦʚʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʮʝʥʘʨʽʷʭ ʪʘ ʩʪʘʙʽʣʴʥʦʶ 

ʧʽʜʪʨʠʤʢʦʶ ʩʫʯʘʩʥʠʭ ʛʨʘʬʽʯʥʠʭ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ API. AMD Radeon RX 6950 

XT ʥʝ ʟʘʚʝʨʰʠʣʘ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʫ ʯʝʨʝʟ ʜʨʘʡʚʝʨʥʽ ʦʙʤʝʞʝʥʥʷ ʪʘ ʩʧʝʮʠʬʽʢʫ 

ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʟʘʣʝʞʥʽʩʪʴ ʩʠʥʪʝʪʠʯʥʠʭ 

ʤʝʪʨʠʢ ʚʽʜ ʨʽʚʥʷ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ. RX Vega 64 ʜʝʤʦʥʩʪʨʫʻ 

ʩʫʪʪʻʚʦ ʥʠʞʯʽ ʨʝʟʫʣʴʪʘʪʠ, ʟʫʤʦʚʣʝʥʽ ʘʨʭʽʪʝʢʪʫʨʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ GCN, 

ʟʥʠʞʝʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʩʫʯʘʩʥʠʭ SIMD-ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʘʧʘʨʘʪʥʦʾ ʧʽʜʪʨʠʤʢʠ ʥʦʚʠʭ 

ʽʥʩʪʨʫʢʮʽʡʥʠʭ ʨʦʟʰʠʨʝʥʴ, ʱʦ ʚʠʟʥʘʯʘʻ ʾʾ ʥʠʟʴʢʫ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʫ 

ʩʫʯʘʩʥʠʭ HPC-ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʫ Cinebench 2026 ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3 ʪʘ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʫʯʘʩʥʠʭ GPU-ʘʨʭʽʪʝʢʪʫʨ ʫ 
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ʨʦʟʰʠʨʝʥʠʭ ʙʘʛʘʪʦʧʦʪʦʢʦʚʠʭ ʩʮʝʥʘʨʽʷʭ, ʱʦ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʨʝʘʣʴʥʠʭ HPC-

ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰ ʢʦʨʝʢʪʥʫ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʤʽʞ ʷʜʨʘʤʠ ʪʘ ʧʽʜʩʠʩʪʝʤʦʶ ʧʘʤôʷʪʽ. 

 

 

 

ʈʠʩʫʥʦʢ 3 ï ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ GPU ʫ Cinebench 2026 

 

ʋ Cinebench 2026 ʣʽʜʝʨʦʤ ʩʪʘʣʘ AMD Radeon RX 6950 XT ʽʟ ʨʝʟʫʣʴʪʘʪʦʤ 42 

968 ʙʘʣʽʚ. RTX 3060 ʪʘ RTX 3060 Laptop ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ 

(~32 ʪʠʩ. ʙʘʣʽʚ), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʘʨʭʽʪʝʢʪʫʨʠ NVIDIA Ampere ʫ 

ʨʽʟʥʠʭ ʬʦʨʤ-ʬʘʢʪʦʨʘʭ, ʪʦʜʽ ʷʢ RX Vega 64 ʥʝ ʧʽʜʪʨʠʤʫʚʘʣʘ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʫ 

ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʛʨʘʬʽʯʥʠʭ API ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʦʜʝʣʝʡ. 

ɼʦʜʘʪʢʦʚʦ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫ ʟʘʜʘʯʘʭ ʛʝʥʝʨʘʪʠʚʥʦʛʦ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʥʘ ʙʘʟʽ Stable Diffusion ʫ ʩʝʨʝʜʦʚʠʱʽ Fooocus. ʆʩʥʦʚʥʠʤʠ 

ʤʝʪʨʠʢʘʤʠ ʚʠʩʪʫʧʘʣʠ ʰʚʠʜʢʽʩʪʴ ʛʝʥʝʨʘʮʽʾ (iterations per second), ʯʘʩ ʽʥʬʝʨʝʥʩʫ 

ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʝʦʧʘʤôʷʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʣʶʯʦʚʠʤʠ 

ʦʙʤʝʞʫʚʘʣʴʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʻ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʧʘʤôʷʪʽ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʪʝʥʟʦʨʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʙʣʦʢʽʚ GPU. 

ɸʥʘʣʽʟ ʽʛʨʦʚʠʭ ʩʮʝʥʘʨʽʾʚ ʧʦʢʘʟʘʚ, ʱʦ ʩʝʨʝʜʥʽʡ FPS ʥʝ ʻ ʜʦʩʪʘʪʥʽʤ 

ʧʦʢʘʟʥʠʢʦʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ GPU, ʦʩʢʽʣʴʢʠ ʥʝ ʚʽʜʦʙʨʘʞʘʻ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʢʘʜʨʽʚ ʪʘ 

ʤʽʢʨʦʩʪʘʪʝʨʠ. ɹʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʻ ʤʝʪʨʠʢʠ frame time, 1% low ʪʘ 0.1% low, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʥʜʝʨʠʥʛʫ ʪʘ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ ʫ 

ʜʠʥʘʤʽʯʥʠʭ ʩʮʝʥʘʭ. 
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ʋʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʠʪʴ, ʱʦ ʩʫʯʘʩʥʽ GPU 

ʬʫʥʢʮʽʦʥʫʶʪʴ ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʽ ʛʝʪʝʨʦʛʝʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʫʟʣʠ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴ 

ʛʨʘʬʽʯʥʽ, AI ʪʘ RT-ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʝ ʥʘʙʣʠʞʘʻ ʾʭ ʜʦ ʢʦʥʮʝʧʮʽʾ edge-ʦʙʯʠʩʣʝʥʴ, ʫ 

ʷʢʠʭ ʢʨʠʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʻ ʟʘʪʨʠʤʢʘ ʚʠʢʦʥʘʥʥʷ, ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʧʘʤôʷʪʽ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʪʨʘʜʠʮʽʡʥʽ ʩʠʥʪʝʪʠʯʥʽ 

ʤʝʪʨʠʢʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʦʾ ʦʮʽʥʢʠ ʨʝʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. 
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ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʻ ʘʢʪʠʚʥʦʤʫ 

ʚʧʨʦʚʘʜʞʝʥʥʶ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ ʫ ʜʽʷʣʴʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡ 

ʨʽʟʥʠʭ ʩʬʝʨ. ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘʢʽ ʩʠʩʪʝʤʠ ʥʘʙʫʚʘʶʪʴ ʫ ʩʬʝʨʽ ʚʝʪʝʨʠʥʘʨʥʦʾ 

ʤʝʜʠʮʠʥʠ, ʜʝ ʦʧʝʨʘʪʠʚʥʝ ʥʘʜʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʾ ʪʘ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ 

ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʚʝʪʝʨʠʥʘʨʥʦʶ ʢʣʽʥʽʢʦʶ ʪʘ 

ʚʣʘʩʥʠʢʘʤʠ ʜʦʤʘʰʥʽʭ ʪʚʘʨʠʥ. ʅʘʷʚʥʽʩʪʴ ʩʫʯʘʩʥʦʛʦ ʚʝʙ-ʨʝʩʫʨʩʫ ʜʘʻ ʟʤʦʛʫ 

ʟʘʙʝʟʧʝʯʠʪʠ ʮʽʣʦʜʦʙʦʚʠʡ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʝʨʝʣʽʢ ʧʦʩʣʫʛ, ʛʨʘʬʽʢ 

ʨʦʙʦʪʠ, ʩʢʣʘʜ ʩʧʝʮʽʘʣʽʩʪʽʚ, ʢʦʥʪʘʢʪʥʽ ʜʘʥʽ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʜʦʛʣʷʜʫ ʟʘ 

ʪʚʘʨʠʥʘʤʠ. 

ɺʝʪʝʨʠʥʘʨʥʽ ʢʣʽʥʽʢʠ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʝʙ-ʨʝʩʫʨʩʠ ʷʢ 

ʦʩʥʦʚʥʠʡ ʟʘʩʽʙ ʽʥʬʦʨʤʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʟʠʪʠʚʥʦʛʦ ʽʤʽʜʞʫ 

ʟʘʢʣʘʜʫ. ʈʘʟʦʤ ʽʟ ʪʠʤ ʙʘʛʘʪʦ ʽʩʥʫʶʯʠʭ ʩʘʡʪʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʤ ʧʦʜʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ, ʧʝʨʝʚʘʥʪʘʞʝʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, 

ʥʝʟʨʫʯʥʦʶ ʥʘʚʽʛʘʮʽʻʶ ʪʘ ʥʝʜʦʩʪʘʪʥʴʦʶ ʘʜʘʧʪʘʮʽʻʶ ʜʦ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʎʝ 

ʫʩʢʣʘʜʥʶʻ ʧʦʰʫʢ ʥʝʦʙʭʽʜʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʽ ʟʥʠʞʫʻ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʙ-ʨʝʩʫʨʩʫ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʨʦʟʨʦʙʢʘ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚʝʪʝʨʠʥʘʨʥʦʾ ʢʣʽʥʽʢʠ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, 

ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ. 

ʋ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ 

ʚʝʪʝʨʠʥʘʨʥʠʭ ʧʦʩʣʫʛ, ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ 

ʜʦʩʣʽʜʞʝʥʦ ʽʩʥʫʶʯʽ ʚʝʙ-ʨʽʰʝʥʥʷ ʫ ʜʘʥʽʡ ʩʬʝʨʽ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʩʬʦʨʤʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʘʶʯʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ 

(ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʣʽʥʽʢʫ, ʧʦʩʣʫʛʠ, ʜʽʘʛʥʦʩʪʠʢʫ, ʧʨʘʡʩ ʪʘ ʢʦʥʪʘʢʪʠ) 

ʪʘ ʥʝʬʫʥʢʮʽʦʥʘʣʴʥʽ (ʟʨʫʯʥʽʩʪʴ ʽʥʪʝʨʬʝʡʩʫ, ʘʜʘʧʪʠʚʥʽʩʪʴ, ʰʚʠʜʢʦʜʽʷ ʪʘ ʧʨʦʩʪʦʪʘ 

ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ). 

ʇʨʦʻʢʪʫʚʘʥʥʷ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʴʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʪʘ 

ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʟ ʩʠʩʪʝʤʦʶ [1]. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ 
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ʨʦʟʨʦʙʢʠ ʪʘʢʦʞ ʻ ʜʦʪʨʠʤʘʥʥʷ ʧʨʠʥʮʠʧʽʚ UI/UX-ʜʠʟʘʡʥʫ, ʟʦʢʨʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʨʦʟʫʤʽʣʦʾ ʥʘʚʽʛʘʮʽʾ, ʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʥʘ ʧʦʪʨʝʙʠ 

ʢʦʨʠʩʪʫʚʘʯʘ [2]. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʟʥʘʯʝʥʠʭ ʧʨʠʥʮʠʧʽʚ ʫ ʤʝʞʘʭ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦ 

ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʚʝʪʝʨʠʥʘʨʥʦʾ ʢʣʽʥʽʢʠ, ʧʨʠʟʥʘʯʝʥʫ ʜʣʷ 

ʥʘʜʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʩʣʫʛʠ, ʣʽʢʘʨʽʚ, ʚʘʨʪʽʩʪʴ 

ʧʦʩʣʫʛ ʪʘ ʢʦʥʪʘʢʪʥʽ ʜʘʥʽ ʢʣʽʥʽʢʠ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ ʙʫʣʦ ʦʙʨʘʥʦ ʢʣʽʻʥʪ-

ʩʝʨʚʝʨʥʫ ʘʨʭʽʪʝʢʪʫʨʫ [3], ʫ ʤʝʞʘʭ ʷʢʦʾ ʢʦʨʠʩʪʫʚʘʯ ʚʟʘʻʤʦʜʽʻ ʟ ʚʝʙʨʝʩʫʨʩʦʤ ʯʝʨʝʟ 

ʙʨʘʫʟʝʨ, ʘ ʩʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʟʘʙʝʟʧʝʯʫʻ ʦʙʨʦʙʣʝʥʥʷ ʟʘʧʠʪʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʩʪʦʨʽʥʦʢ 

ʽ ʜʦʩʪʫʧ ʜʦ ʙʘʟʠ ʜʘʥʠʭ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʟʙʝʨʽʛʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʩʧʨʦʱʫʻ ʦʥʦʚʣʝʥʥʷ ʢʦʥʪʝʥʪʫ ʪʘ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ʂʣʽʻʥʪ-ʩʝʨʚʝʨʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 1, ʜʝ ʚʽʜʦʙʨʘʞʝʥʦ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ 

ʢʦʨʠʩʪʫʚʘʯʝʤ, ʚʝʙʩʝʨʚʝʨʦʤ, ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʝʥʪʦʤ ʽ ʙʘʟʦʶ ʜʘʥʠʭ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʣʽʻʥʪ-ʩʝʨʚʝʨʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʚʝʪʝʨʠʥʘʨʥʦʾ ʢʣʽʥʽʢʠ 

 

ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʝʥʘ ʥʘ 

ʦʩʥʦʚʽ WordPress ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʩʪʨʫʢʪʦʨʘ ʩʪʦʨʽʥʦʢ Elementor. ɼʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʘʥʦ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ 

MySQL. ɺʠʢʦʨʠʩʪʘʥʥʷ WordPress ʦʙʫʤʦʚʣʝʥʝ ʡʦʛʦ ʰʠʨʦʢʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʪʝʥʪʦʤ, ʥʘʷʚʥʽʩʪʶ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʛʦʪʦʚʠʭ ʤʦʜʫʣʽʚ ʪʘ 

ʟʨʫʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ. Elementor ʟʘʙʝʟʧʝʯʠʚ ʩʪʚʦʨʝʥʥʷ 

ʘʜʘʧʪʠʚʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘʧʠʩʘʥʥʷ ʟʥʘʯʥʦʛʦ ʦʙʩʷʛʫ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ. 

ʈʦʟʨʦʙʣʝʥʘ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʤʽʩʪʠʪʴ 28 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʦʨʽʥʦʢ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʦʩʥʦʚʥʽ ʨʦʟʜʽʣʠ ʜʽʷʣʴʥʦʩʪʽ ʢʣʽʥʽʢʠ: 

ʛʦʣʦʚʥʫ ʩʪʦʨʽʥʢʫ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʣʽʥʽʢʫ, ʧʝʨʝʣʽʢ ʧʦʩʣʫʛ, ʜʽʘʛʥʦʩʪʠʯʥʽ 

ʤʦʞʣʠʚʦʩʪʽ, ʧʨʘʡʩ-ʣʠʩʪ, ʢʦʥʪʘʢʪʥʫ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʜʦʜʘʪʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ 

ʚʣʘʩʥʠʢʽʚ ʪʚʘʨʠʥ.  

ʅʘ ʨʠʩʫʥʢʫ 2 ʟʦʙʨʘʞʝʥʦ ʩʪʨʫʢʪʫʨʫ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʚʝʪʝʨʠʥʘʨʥʦʾ ʢʣʽʥʽʢʠ. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʧʦʙʫʜʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʪʫʾʪʠʚʥʫ ʥʘʚʽʛʘʮʽʶ ʪʘ ʰʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 
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ɯʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʣʝʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ ʘʜʘʧʪʠʚʥʦʛʦ 

ʜʠʟʘʡʥʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʝʢʪʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʢʦʥʪʝʥʪ ʥʘ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ, 

ʚʢʣʶʯʘʶʯʠ ʩʤʘʨʪʬʦʥʠ, ʧʣʘʥʰʝʪʠ ʪʘ ʧʝʨʩʦʥʘʣʴʥʽ ʢʦʤʧôʶʪʝʨʠ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʝʥʦ ʣʦʛʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʩʪʦʨʽʥʦʢ, ʯʠʪʘʙʝʣʴʥʦʩʪʽ ʢʦʥʪʝʥʪʫ ʪʘ ʟʨʫʯʥʦʩʪʽ 

ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʩʠʩʪʝʤʦʶ.  

 

 

ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʘ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚʝʪʝʨʠʥʘʨʥʦʾ 

ʢʣʽʥʽʢʠ 

 

ʇʨʠʢʣʘʜ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʦʨʽʥʢʠ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚʝʪʝʨʠʥʘʨʥʦʾ ʢʣʽʥʽʢʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3. 

 

 

ʈʠʩʫʥʦʢ 3 ï ʂʦʧʽʷ ʝʢʨʘʥʫ ʩʪʦʨʽʥʢʠ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʚʝʪʝʨʠʥʘʨʥʦʾ ʢʣʽʥʽʢʠ 
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ʇʨʦʚʝʜʝʥʦ ʪʝʩʪʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʘʶʯʠ 

ʧʝʨʝʚʽʨʢʫ ʥʘʚʽʛʘʮʽʾ, ʢʦʨʝʢʪʥʦʩʪʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʪʦʨʽʥʦʢ, ʰʚʠʜʢʦʜʽʾ ʪʘ 

ʘʜʘʧʪʠʚʥʦʩʪʽ ʽʥʪʝʨʬʝʡʩʫ. ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ 

ʩʠʩʪʝʤʠ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʠʤ ʚʠʤʦʛʘʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘ ʧʨʘʢʪʠʮʽ ʫ ʜʽʷʣʴʥʦʩʪʽ 

ʚʝʪʝʨʠʥʘʨʥʦʾ ʢʣʽʥʽʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʻ 

ʛʦʪʦʚʦʶ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʘ ʚ ʨʦʙʦʪʫ ʨʝʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ. 

ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʠʡ ʜʦʩʪʫʧ ʢʣʽʻʥʪʽʚ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʧʦʢʨʘʱʫʻ 

ʢʦʤʫʥʽʢʘʮʽʶ ʟ ʚʽʜʚʽʜʫʚʘʯʘʤʠ ʪʘ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʩʫʯʘʩʥʦʛʦ ʽʤʽʜʞʫ ʢʣʽʥʽʢʠ. 

ʋ ʤʘʡʙʫʪʥʴʦʤʫ ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʚʜʦʩʢʦʥʘʣʠʪʠ, ʜʦʜʘʚʰʠ ʬʫʥʢʮʽʶ ʦʥʣʘʡʥ-

ʟʘʧʠʩʫ ʥʘ ʧʨʠʡʦʤ ʪʘ ʦʩʦʙʠʩʪʠʡ ʢʘʙʽʥʝʪ ʢʦʨʠʩʪʫʚʘʯʘ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. ɻʨʠʮʝʥʢʦ ɺ. ɯ., ʇʦʛʨʝʙʥʷʢ ʆ. ʆ. ʇʨʦʻʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ : ʥʘʚʯʘʣʴʥʠʡ 

ʧʦʩʽʙʥʠʢ. ʍʘʨʢʽʚ: ʍʅʋʈɽ, 2019. 210 ʩ. 

2. ʂʣʶʯʦʚʽ UI-ʧʨʠʥʮʠʧʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʷʢʽʩʥʦʛʦ ʜʠʟʘʡʥʫ ʚʘʰʦʛʦ ʚʝʙ-ʧʨʦʜʫʢʪʫ. Turum-

burum. 2024. URL: https://turumburum.ua/blog/klyuchovi-ui-principi-dlya-stvorennya-yakisnogo-

dizaynu-vashogo-veb-produktu. 

3. Client-server architecture. QATestLab Training. 2023. URL: 

https://training.qatestlab.com/blog/technical-articles/client-server-architecture. 
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ʽʤʝʥʽ ɯ.ʗ. ɻʦʨʙʘʯʝʚʩʴʢʦʛʦ 
 

ʄʦʥʽʪʦʨʠʥʛ ʤʝʜʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʟʘʚʜʘʥʴ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʢʣʘʜʘʤʠ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ [1]. ɺʽʜʩʫʪʥʽʩʪʴ ʟʨʫʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʧʝʨʘʪʠʚʥʠʭ ʜʘʥʠʭ ʟʤʫʰʫʻ ʢʝʨʽʚʥʠʢʽʚ ʤʝʜʠʯʥʠʭ ʫʩʪʘʥʦʚ ʚʠʪʨʘʯʘʪʠ 

ʟʥʘʯʥʠʡ ʯʘʩ ʥʘ ʟʙʽʨ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʦʟʨʽʟʥʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʩʫʯʘʩʥʠʭ dashboard-ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʩʦʣʽʜʘʮʽʶ ʜʘʥʠʭ ʫ ʻʜʠʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ, 

ʧʨʠʩʢʦʨʶʻ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʪʘ ʟʥʠʞʫʻ ʨʠʟʠʢ ʾʭ ʧʦʤʠʣʢʦʚʦʩʪʽ 

ʚʥʘʩʣʽʜʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʜʝʬʽʮʠʪʫ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʨʦʟʨʦʙʠʪʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʘʨʭʽʪʝʢʪʫʨʫ dashboard-

ʩʠʩʪʝʤʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʤʝʜʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʽʥʪʝʛʨʫʻ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʫʣʽ ʥʘ 

ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ. 

ɸʥʘʣʽʟ ʚʠʤʦʛ ʜʦ ʩʠʩʪʝʤʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʨʦʮʝʩʽʚ 

ʤʝʜʠʯʥʦʛʦ ʟʘʢʣʘʜʫ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʦʧʝʨʘʪʠʚʥʠʡ, ʪʘʢʪʠʯʥʠʡ ʽ ʩʪʨʘʪʝʛʽʯʥʠʡ ʨʽʚʥʽ. 

ʅʘ ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʽʚʥʽ ʢʣʶʯʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʻ: ʨʽʚʝʥʴ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʣʽʞʦʢ 

(occ), ʢʽʣʴʢʽʩʪʴ ʧʨʠʡʥʷʪʠʭ (adm) ʽ ʚʠʧʠʩʘʥʠʭ (dis) ʧʘʮʽʻʥʪʽʚ. ʅʘ ʪʘʢʪʠʯʥʦʤʫ ʨʽʚʥʽ 

ʚʽʜʩʪʝʞʫʶʪʴʩʷ ʜʦʭʽʜʥʽʩʪʴ ʚʽʜʜʽʣʝʥʴ (rev), ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ (margin) ʪʘ 

ʟʘʜʦʚʦʣʝʥʽʩʪʴ ʧʘʮʽʻʥʪʽʚ (sat). ʉʪʨʘʪʝʛʽʯʥʠʡ ʨʽʚʝʥʴ ʦʭʦʧʣʶʻ ʜʠʥʘʤʽʢʫ KPI ʟʘ 

ʜʦʚʽʣʴʥʽ ʯʘʩʦʚʽ ʛʦʨʠʟʦʥʪʠ. 

ɸʨʭʽʪʝʢʪʫʨʘ dashboard-ʩʠʩʪʝʤʠ ʨʝʘʣʽʟʦʚʘʥʘ ʷʢ ʦʜʥʦʩʪʦʨʽʥʢʦʚʠʡ ʚʝʙ-

ʟʘʩʪʦʩʫʥʦʢ (SPA) ʥʘ ʙʘʟʽ HTML5, CSS3 ʪʘ JavaScript ʙʝʟ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʘʞʢʠʭ 

ʬʨʝʡʤʚʦʨʢʽʚ [2]. ʉʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʤʽʢʨʦʬʨʝʡʤʚʦʨʢʫ Flask 3.x [3] 

ʽʟ REST API, ʱʦ ʦʭʦʧʣʶʻ ʩʽʤ ʢʽʥʮʝʚʠʭ ʪʦʯʦʢ API: /api/kpi, /api/trends, 

mailto:telkamikola@gmail.com
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/api/predict/<dept>, /api/clusters, /api/recommendations, /api/staff, /api/equipment. 

ɼʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ SQLite, ʱʦ ʚʠʢʣʶʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʟʦʚʥʽʰʥʴʦʤʫ ʩʝʨʚʝʨʽ ʙʘʟʠ ʜʘʥʠʭ. 

ɻʦʣʦʚʥʠʡ ʝʢʨʘʥ ʩʠʩʪʝʤʠ (ʨʠʩʫʥʦʢ 1) ʤʽʩʪʠʪʴ ʧôʷʪʴ KPI-ʢʘʨʪʦʢ ʽʟ 

ʜʠʥʘʤʽʯʥʠʤʠ ʽʥʜʠʢʘʪʦʨʘʤʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜʥʦʩʥʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʤʽʩʷʮʷ: ʨʽʚʝʥʴ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ, ʢʽʣʴʢʽʩʪʴ ʧʘʮʽʻʥʪʽʚ, ʜʦʭʽʜ, ʟʘʜʦʚʦʣʝʥʽʩʪʴ ʧʘʮʽʻʥʪʽʚ ʪʘ ʧʦʢʘʟʥʠʢ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ. ʂʦʣʴʦʨʦʚʝ ʢʦʜʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʻ ʻʜʠʥʠʤ ʫ ʚʩʴʦʤʫ ʽʥʪʝʨʬʝʡʩʽ: 

ʟʝʣʝʥʠʡ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʣʴʥʦʤʫ ʩʪʘʥʫ, ʞʦʚʪʠʡ ï ʧʦʤʽʨʥʦʤʫ ʚʽʜʭʠʣʝʥʥʶ, 

ʯʝʨʚʦʥʠʡ ï ʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʫ. ʅʠʞʯʝ KPI-ʢʘʨʪʦʢ ʨʦʟʤʽʱʝʥʦ ʯʦʪʠʨʠ ʜʽʘʛʨʘʤʠ: 

ʣʽʥʽʡʥʠʡ ʛʨʘʬʽʢ ʜʦʭʦʜʽʚ ʽ ʚʠʪʨʘʪ ʟʘ 90 ʜʥʽʚ, ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʛʽʩʪʦʛʨʘʤʘ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʚʽʜʜʽʣʝʥʴ, ʩʪʦʚʧʯʘʩʪʘ ʜʽʘʛʨʘʤʘ ʧʨʠʡʥʷʪʠʭ ʧʘʮʽʻʥʪʽʚ ʪʘ ʛʨʘʬʽʢ 

ʟʘʜʦʚʦʣʝʥʦʩʪʽ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ɻʦʣʦʚʥʠʡ ʝʢʨʘʥ ʩʠʩʪʝʤʠ 

 

ɸʥʘʣʽʪʠʯʥʠʡ ʤʦʜʫʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ [4] ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʘʣʛʦʨʠʪʤʽ Random 

Forest Regressor (100 ʜʝʨʝʚ), ʱʦ ʙʫʜʫʻ ʩʝʤʠʜʝʥʥʠʡ ʧʨʦʛʥʦʟ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʜʣʷ 

ʦʙʨʘʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ. ʄʝʪʨʠʢʠ ʷʢʦʩʪʽ ʤʦʜʝʣʽ (MAE ʪʘ RĮ) ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʽʥʪʝʨʬʝʡʩʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʦʟʦʨʽʩʪʴ ʧʨʦʛʥʦʟʫ ʜʣʷ ʦʩʦʙʠ, ʷʢʘ 

ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ.  

ɽʢʨʘʥ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʬʦʨʤʫʻ ʢʘʨʪʢʠ ʚʽʜʜʽʣʝʥʴ, ʚʽʜʩʦʨʪʦʚʘʥʽ 

ʟʘ ʧʨʽʦʨʠʪʝʪʦʤ. ʂʦʞʥʘ ʢʘʨʪʢʘ ʤʽʩʪʠʪʴ ʪʨʠ ʤʝʪʨʠʢʠ (ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ, 

ʟʘʜʦʚʦʣʝʥʽʩʪʴ, ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ) ʪʘ ʪʝʢʩʪʦʚʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʧʨʠʚôʷʟʘʥʽ ʜʦ 

ʢʦʥʢʨʝʪʥʦʛʦ KPI-ʧʦʢʘʟʥʠʢʘ, ʱʦ ʧʝʨʝʚʠʱʠʚ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʫ ʧʨʦʟʦʨʽʩʪʴ ʣʦʛʽʢʠ ʨʝʢʦʤʝʥʜʘʮʽʡ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

çʯʦʨʥʦʾ ʩʢʨʠʥʴʢʠè. 

ʇʝʨʝʚʘʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ dashboard-ʩʠʩʪʝʤʠ ʻ ʧʦʚʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʭʤʘʨʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ: ʩʠʩʪʝʤʘ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʣʦʢʘʣʴʥʦ ʟʘ ʯʘʩ ʜʦ 5 ʭʚʠʣʠʥ, ʫʩʽ ʜʘʥʽ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʚʠʢʣʶʯʥʦ ʥʘ ʩʝʨʚʝʨʽ ʤʝʜʠʯʥʦʛʦ ʟʘʢʣʘʜʫ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ 
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ʟʘʭʠʩʪʫ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʧʘʮʽʻʥʪʽʚ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʩʠʩʪʝʤʠ ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ ʟ ʨʝʘʣʴʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ ʤʝʜʠʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (eHealth [5]), ʨʦʟʰʠʨʝʥʥʷ 

ʛʦʨʠʟʦʥʪʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦ 30 ʜʥʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ LSTM-ʤʝʨʝʞ, ʘ 

ʪʘʢʦʞ ʜʦʜʘʚʘʥʥʷ ʤʦʜʫʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʙʝʥʯʤʘʨʢʽʥʛʫ ʤʽʞ ʟʘʢʣʘʜʘʤʠ ʦʭʦʨʦʥʠ 

ʟʜʦʨʦʚôʷ. 
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ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʎʠʬʨʦʚʽʟʘʮʽʷ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʣʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʙʽʟʥʝʩʫ ʻ ʥʝʦʙʭʽʜʥʦʶ 

ʫʤʦʚʦʶ ʧʽʜʪʨʠʤʢʠ ʾʭʥʴʦʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ [1]. ʋ ʩʬʝʨʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʢʨʘʬʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʟʦʢʨʝʤʘ ʢʦʥʜʠʪʝʨʩʴʢʦʾ, ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʧʨʠʡʦʤʫ 

ʟʘʤʦʚʣʝʥʴ ʪʘ ʚʝʜʝʥʥʷ ʦʙʣʽʢʫ ʘʩʦʨʪʠʤʝʥʪʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ. ʈʫʯʥʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʧʽʜʚʠʱʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʦʢ, ʫʧʦʚʽʣʴʥʶʻ 

ʢʦʤʫʥʽʢʘʮʽʶ ʟ ʢʣʽʻʥʪʘʤʠ ʪʘ ʫʩʢʣʘʜʥʶʻ ʧʦʜʘʣʴʰʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʙʽʟʥʝʩ-

ʧʨʦʮʝʩʽʚ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʨʫʪʠʥʥʽ ʦʧʝʨʘʮʽʾ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʟʦʨʽʩʪʴ ʧʨʦʮʝʩʽʚ 

ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʘ ʪʘʢʦʞ ʥʘʜʘʻ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤ 

ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʬʦʨʤʫʚʘʥʥʷ ʟʚʽʪʥʦʩʪʽ ʪʘ 

ʢʦʥʪʨʦʣʶ ʟʘʧʘʩʽʚ. ʆʪʞʝ, ʨʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʤʦʚʣʝʥʥʷ 

ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʚʠʨʦʙʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʜʘʯʝʶ. 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʫ ʩʬʝʨʽ ʝʣʝʢʪʨʦʥʥʦʾ 

ʢʦʤʝʨʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʧʨʘʮʷʭ ʙʘʛʘʪʴʦʭ 

ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʢʦʨʜʦʥʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ [2]. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ 

ʥʘʣʝʞʥʠʡ ʨʽʚʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʴ 

ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ. 

ɺʦʜʥʦʯʘʩ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ ʧʦʢʘʟʫʻ ʾʭʥʶ 

ʥʘʜʣʠʰʢʦʚʽʩʪʴ ʟʘ ʬʫʥʢʮʽʦʥʘʣʦʤ ʘʙʦ, ʥʘʚʧʘʢʠ, ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʧʽʜ 

ʚʫʟʴʢʦʧʨʦʬʽʣʴʥʽ ʟʘʚʜʘʥʥʷ. ʎʝ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʻʢʪʫʚʘʥʥʷ ʚʝʙ-

ʦʨʽʻʥʪʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʘʨʭʽʪʝʢʪʫʨʘ ʷʢʦʾ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʢʦʥʢʨʝʪʥʽʡ 

ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʟʘʡʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ. 

ʈʦʟʨʦʙʢʘ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʣʽʻʥʪ-

ʩʝʨʚʝʨʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʯʽʪʢʠʡ ʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʡ ʤʽʞ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʜʘʥʠʭ ʪʘ ʾʭ ʦʙʨʦʙʢʦʶ. ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 
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ʦʩʥʦʚʥʠʭ ʨʽʚʥʽʚ (ʨʠʩʫʥʦʢ 1): ʢʣʽʻʥʪʩʴʢʦʛʦ, ʩʝʨʚʝʨʥʦʛʦ ʪʘ ʨʽʚʥʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʛʘʨʘʥʪʫʻ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɸʨʭʽʪʝʢʪʫʨʘ ʨʦʟʨʦʙʣʝʥʦʾ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ 

 

ʆʩʥʦʚʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʻ ʨʝʣʷʮʽʡʥʘ 

ʙʘʟʘ ʜʘʥʠʭ [3]. ʇʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʜʘʥʠʭ ʙʫʣʦ ʚʠʜʽʣʝʥʦ 

ʢʣʶʯʦʚʽ ʩʫʪʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ: 

çʂʦʨʠʩʪʫʚʘʯʽè ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʘʚʪʦʨʠʟʘʮʽʡʥʠʭ ʪʘ ʢʦʥʪʘʢʪʥʠʭ ʜʘʥʠʭ ʢʣʽʻʥʪʽʚ ʽ 

ʧʝʨʩʦʥʘʣʫ, çʊʦʚʘʨʠè ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʘʪʘʣʦʛʫ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʚʠʨʦʙʽʚ ʽʟ 

ʟʘʟʥʘʯʝʥʥʷʤ ʙʘʟʦʚʦʾ ʚʘʨʪʦʩʪʽ, ʦʧʠʩʫ ʪʘ ʜʦʩʪʫʧʥʠʭ ʚʘʨʽʘʮʽʡ, çʂʘʪʝʛʦʨʽʾè ʜʣʷ 

ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ, çɿʘʤʦʚʣʝʥʥʷè ʜʣʷ ʬʽʢʩʘʮʽʾ ʧʦʪʦʯʥʦʛʦ ʩʪʘʪʫʩʫ, 

ʟʘʛʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʪʘ ʜʘʪʠ ʚʠʢʦʥʘʥʥʷ, ʘ ʪʘʢʦʞ çɼʝʪʘʣʽ ʟʘʤʦʚʣʝʥʥʷè, ʷʢʘ ʚʠʩʪʫʧʘʻ 

ʟʚôʷʟʫʶʯʦʶ ʩʫʪʥʽʩʪʶ ʪʘ ʬʽʢʩʫʻ ʦʙʨʘʥʽ ʪʦʚʘʨʠ, ʾʭʥʶ ʢʽʣʴʢʽʩʪʴ ʽ ʩʧʝʮʠʬʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʟʦʢʨʝʤʘ ʚʘʛʫ ʯʠ ʪʠʧ ʥʘʯʠʥʢʠ. ʄʽʞ ʪʘʙʣʠʮʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʟʚ'ʷʟʢʠ 

ʪʠʧʫ çʦʜʠʥ ʜʦ ʙʘʛʘʪʴʦʭè ʪʘ çʙʘʛʘʪʦ ʜʦ ʙʘʛʘʪʴʦʭè ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʢʘʩʢʘʜʥʦʛʦ 

ʦʥʦʚʣʝʥʥʷ ʪʘ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʽʭ ʢʣʶʯʽʚ (ʨʠʩʫʥʦʢ 2). 

ʂʣʽʻʥʪʩʴʢʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʘʜʘʧʪʠʚʥʦʛʦ ʚʝʙ-

ʽʥʪʝʨʬʝʡʩʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʝʢʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʨʽʟʥʠʭ ʪʠʧʘʭ ʧʨʠʩʪʨʦʾʚ. 

ʆʩʥʦʚʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ ʚʢʣʶʯʘʻ ʧʝʨʝʛʣʷʜ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʢʘʪʘʣʦʛʫ ʧʨʦʜʫʢʮʽʾ, ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʚʘʥʥʷ ʪʦʚʘʨʽʚ ʜʦ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʢʦʰʠʢʘ ʪʘ ʧʦʢʨʦʢʦʚʝ ʦʬʦʨʤʣʝʥʥʷ ʟʘʤʦʚʣʝʥʥʷ. ʇʨʦʮʝʩ ʦʬʦʨʤʣʝʥʥʷ 

ʦʧʪʠʤʽʟʦʚʘʥʦ ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʦʙʦʚ'ʷʟʢʦʚʠʭ ʧʦʣʽʚ: ʢʣʽʻʥʪ ʚʢʘʟʫʻ 

ʢʦʥʪʘʢʪʥʽ ʜʘʥʽ, ʦʙʠʨʘʻ ʜʘʪʫ ʜʦʩʪʘʚʢʠ ʘʙʦ ʩʘʤʦʚʠʚʦʟʫ, ʘ ʪʘʢʦʞ ʤʘʻ ʟʤʦʛʫ 

ʟʘʣʠʰʠʪʠ ʪʝʢʩʪʦʚʽ ʚʠʤʦʛʠ ʜʦ ʜʠʟʘʡʥʫ ʢʦʥʜʠʪʝʨʩʴʢʦʛʦ ʚʠʨʦʙʫ. ʋʩʽ ʚʚʝʜʝʥʽ ʜʘʥʽ 

ʧʨʦʭʦʜʷʪʴ ʚʘʣʽʜʘʮʽʶ ʥʘ ʩʪʦʨʦʥʽ ʢʣʽʻʥʪʘ ʧʝʨʝʜ ʚʽʜʧʨʘʚʢʦʶ ʥʘ ʩʝʨʚʝʨ, ʱʦ ʟʥʠʞʫʻ 

ʟʘʛʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ. 
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ʈʠʩʫʥʦʢ 2 ï ʃʦʛʽʯʥʘ ʤʦʜʝʣʴ ʨʝʣʷʮʽʡʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ 

 

ʉʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʙʨʦʙʢʫ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ, ʚʟʘʻʤʦʜʽʶ ʟ ʙʘʟʦʶ 

ʜʘʥʠʭ ʪʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ. ʇʝʨʩʦʥʘʣ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʨʘʚʘʤʠ ʚʠʢʦʥʫʚʘʪʠʤʝ ʙʘʟʦʚʽ 

ʦʧʝʨʘʮʽʾ ʥʘʜ ʘʩʦʨʪʠʤʝʥʪʦʤ ʪʦʚʘʨʽʚ: ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʧʦʟʠʮʽʾ, ʘʢʪʫʘʣʽʟʫʚʘʪʠ ʮʽʥʠ, 

ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʤʝʜʽʘʬʘʡʣʠ ʪʘ ʨʝʜʘʛʫʚʘʪʠ ʦʧʠʩʠ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʭʝʰʫʚʘʥʥʷ ʧʘʨʦʣʽʚ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʟʘʭʠʩʪʫ 

ʚʽʜ ʧʦʰʠʨʝʥʠʭ ʚʨʘʟʣʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ SQL-ʽʥôʻʢʮʽʡ, ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʘʥʠʭ ʢʣʽʻʥʪʽʚ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ɺʠʩʥʦʚʢʠ. ʈʝʘʣʽʟʦʚʘʥʦ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʟʘʤʦʚʣʝʥʴ 

ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʚʠʨʦʙʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʘʨʭʽʪʝʢʪʫʨʥʽ ʨʽʰʝʥʥʷ ʻ ʛʥʫʯʢʠʤʠ ʽ 

ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʙʘʟʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʩʠʩʪʝʤʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʦʾ ʦʩʚʽʪʠ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʥʘʚʯʘʥʥʷ (ʥʘʚʯʘʥʥʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʞʠʪʪʷ) ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʪʠʤʽʟʘʮʽʶ ʟʘʩʚʦʻʥʥʷ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ. ʆʜʥʠʤ ʽʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʤʝʪʦʜʽʚ ʻ ʽʥʪʝʨʚʘʣʴʥʝ 

ʟʘʧʘʤ'ʷʪʦʚʫʚʘʥʥʷ (ʘʥʛʣ. spaced repetition) [1], ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʛʦ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʜʽʘʣʦʛʦʚʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʩʢʣʘʜʥʦʛʦ ʤʘʥʽʧʫʣʶʚʘʥʥʷ 

ʜʘʥʠʤʠ. 

ʋ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʰʠʨʦʢʦ ʨʦʟʛʣʷʜʘʶʪʴ ʧʠʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʥʘʚʯʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʧʦʙʫʜʦʚʠ ʦʩʚʽʪʥʽʭ 

ʚʝʙ-ʧʣʘʪʬʦʨʤ. ʋ ʧʨʘʮʽ [2] ʘʚʪʦʨʠ ʜʦʩʣʽʜʞʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʽʥʪʝʨʚʘʣʽʚ 

ʧʦʚʪʦʨʝʥʥʷ, ʟʘʟʥʘʯʘʶʯʠ, ʱʦ ʘʜʘʧʪʠʚʥʝ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʜʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʢʨʠʚʦʾ 

ʟʘʙʫʚʘʥʥʷ ɽʙʙʽʥʛʘʫʟʘ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ ʚʠʚʯʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʚʽʜʩʦʪʦʢ ʡʦʛʦ ʫʪʨʠʤʘʥʥʷ ʚ ʧʘʤ'ʷʪʽ. 

ʋ [3] ʘʥʘʣʽʟʫʶʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʥʽ ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʢʠ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʚʝʙ-

ʟʘʩʪʦʩʫʥʢʽʚ ʜʣʷ ʦʩʚʽʪʥʽʭ ʮʽʣʝʡ. ɼʦʩʣʽʜʥʠʢʠ ʥʘʛʦʣʦʰʫʶʪʴ ʥʘ ʪʦʤʫ, ʱʦ ʟʨʫʯʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʪʘ ʛʥʫʯʢʘ ʩʝʨʚʝʨʥʘ ʣʦʛʽʢʘ ʻ ʢʨʠʪʠʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ʅʘʜʽʡʥʘ ʙʘʟʘ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʦʛʨʝʩ, ʘ ʜʽʘʣʦʛʦʚʘ ʩʢʣʘʜʦʚʘ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʻ ʧʦʩʪʽʡʥʠʡ 

ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʆʢʨʝʤʫ ʫʚʘʛʫ ʮʠʬʨʦʚʽʟʘʮʽʾ ʤʝʪʦʜʽʚ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʥʥʷ ʧʨʠʜʽʣʝʥʦ ʫ [4]. 

ɸʚʪʦʨʠ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʙ-ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʝʣʝʢʪʨʦʥʥʠʭ ʬʣʝʰ-ʢʘʨʪʦʢ ʩʧʨʠʷʻ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʥʘʚʯʘʥʥʷ.  

ʆʩʥʦʚʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʫ ʪʘʢʠʭ ʟʘʩʪʦʩʫʥʢʘʭ ʚʠʩʪʫʧʘʶʪʴ 

ʢʘʨʪʢʠ: ʢʘʨʪʢʘ ʻ ʦʜʠʥʠʮʝʶ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʦʞʝ ʤʘʪʠ ʨʽʟʥʽ ʬʦʨʤʘʪʠ, ʷʢ ʦʪ 

ʟʘʧʠʪʘʥʥʷ-ʚʽʜʧʦʚʽʜʴ, ʜʚʦʩʪʦʨʦʥʥʽ, ʟ ʧʨʦʧʫʩʢʦʤ, ʟ ʘʫʜʽʦ/ʚʽʜʝʦ, ʪʦʜʽ ʷʢ ʢʦʣʦʜʘ 

ʚʠʩʪʫʧʘʻ ʷʢ ʚʧʦʨʷʜʢʦʚʘʥʘ ʩʫʢʫʧʥʽʩʪʴ ʘʙʦ ʪʝʤʘʪʠʯʥʠʡ ʥʘʙʽʨ ʮʠʭ ʢʘʨʪʦʢ ʜʣʷ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʨʦ ʰʚʠʜʢʽʩʪʴ ʪʘ 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʽʜʧʦʚʽʜʝʡ ʢʦʨʠʩʪʫʚʘʯʘ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʟ ʢʘʨʪʘʤʠ ʚʠʩʪʫʧʘʶʪʴ 
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ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʩʪʫʧʥʦʾ ʜʘʪʠ ʧʦʢʘʟʫ ʢʘʨʪʢʠ, ʱʦ ʻ ʙʘʟʦʚʠʤ ʧʨʠʥʮʠʧʦʤ 

ʧʦʙʫʜʦʚʠ ʜʽʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʜʞʝʨʝʣ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʩʫʯʘʩʥʠʡ ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢ ʜʣʷ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʥʥʷ ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʝʟʧʝʨʝʙʽʡʥʝ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʤʘʩʠʚʘʤʠ ʜʘʥʠʭ (ʩʪʚʦʨʝʥʥʷ, 

ʨʝʜʘʛʫʚʘʥʥʷ ʢʘʨʪʦʢ ʪʘ ʾʭ ʦʨʛʘʥʽʟʘʮʽʶ ʫ ʢʦʣʦʜʠ), ʪʦʯʥʠʡ ʧʨʦʨʘʭʫʥʦʢ ʽʥʪʝʨʚʘʣʽʚ 

ʧʦʚʪʦʨʝʥʥʷ ʪʘ ʟʨʫʯʥʫ ʚʟʘʻʤʦʜʽʶ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ ʯʝʨʝʟ ʙʨʘʫʟʝʨ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢ ʤʘʻ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʫ ʘʨʭʽʪʝʢʪʫʨʫ (ʨʠʩʫʥʦʢ 1). 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʜʫʣʴʥʦʩʪʽ, ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʯʽʪʢʦʛʦ ʨʦʟʜʽʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʚ ʘʨʭʽʪʝʢʪʫʨʽ ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʚʠʢʦʨʠʩʪʘʥʦ 

ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʰʘʙʣʦʥ ʄʦʜʝʣʴ-ɺʠʛʣʷʜ-ʂʦʥʪʨʦʣʝʨ (ʘʥʛʣ. Model-View-Controller). 

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʻ: ʤʦʜʫʣʴ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ, ʤʦʜʫʣʴ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘʙʦʨʘʤʠ ʢʘʨʪʦʢ, ʘʣʛʦʨʠʪʤʽʯʥʠʡ ʤʦʜʫʣʴ ʨʦʟʨʘʭʫʥʢʫ ʽʥʪʝʨʚʘʣʽʚ (ʥʘ 

ʙʘʟʽ ʘʣʛʦʨʠʪʤʽʚ ʩʽʤʝʡʩʪʚʘ SuperMemo-2) ʪʘ ʤʦʜʫʣʴ ʟʙʦʨʫ ʩʪʘʪʠʩʪʠʢʠ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ɸʨʭʽʪʝʢʪʫʨʘ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʫ ʟ ʰʘʙʣʦʥʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ 

 Model-View-Controller 
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ɺʟʘʻʤʦʜʽʷ ʚ ʩʠʩʪʝʤʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʢʦʨʠʩʪʫʚʘʯ ʪʝʩʪʫʻ ʩʚʦʾ 

ʟʥʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʣʝʰ-ʢʘʨʪʢʠ ʽ ʩʘʤʦʩʪʽʡʥʦ ʦʮʽʥʶʻ ʩʢʣʘʜʥʽʩʪʴ ʧʨʠʛʘʜʫʚʘʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʦʮʽʥʢʠ ʟʘʩʪʦʩʫʥʦʢ ʚʠʢʦʥʫʻ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʜʘʥʠʤʠ, ʜʠʥʘʤʽʯʥʦ 

ʦʙʯʠʩʣʶʶʯʠ ʢʦʝʬʽʮʽʻʥʪ ʣʝʛʢʦʩʪʽ ʪʘ ʧʨʠʟʥʘʯʘʶʯʠ ʥʦʚʫ ʜʘʪʫ ʧʦʢʘʟʫ. ɿʘʚʜʷʢʠ 

ʮʴʦʤʫ ʧʽʜʭʦʜʫ ʽʥʬʦʨʤʘʮʽʶ ʤʦʞʥʘ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʫʥʠʢʘʶʯʠ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʜʫʙʣʶʚʘʥʥʷ ʚʞʝ ʟʘʩʚʦʻʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʟʘʩʪʦʩʫʥʢʫ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʠ, 

ʟʨʫʯʥʦʩʪʽ ʜʽʘʣʦʛʦʚʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʰʠʨʝʥʥʷ. 

ʇʨʦʩʪʠʡ ʪʘ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʣʝʛʢʦ 

ʬʦʢʫʩʫʚʘʪʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ, ʥʝ ʚʽʜʚʦʣʽʢʘʶʯʠʩʴ ʥʘ ʩʢʣʘʜʥʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷ. 

ʋ ʟʘʩʪʦʩʫʥʢʫ ʪʘʢʦʞ ʨʝʘʣʽʟʦʚʘʥʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʧʨʘʚ ʜʦʩʪʫʧʫ. ɿʚʠʯʘʡʥʽ 

ʢʦʨʠʩʪʫʚʘʯʽ (ʟʜʦʙʫʚʘʯʽ ʦʩʚʽʪʠ) ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ ʥʘʙʦʨʠ 

ʢʘʨʪʦʢ, ʽʤʧʦʨʪʫʚʘʪʠ ʜʘʥʽ ʪʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʦʩʦʙʠʩʪʠʡ ʧʨʦʛʨʝʩ. ɸʜʤʽʥʽʩʪʨʘʪʦʨ 

ʩʠʩʪʝʤʠ ʦʪʨʠʤʫʻ ʜʦʩʪʫʧ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʦʙʣʽʢʦʚʠʤʠ ʟʘʧʠʩʘʤʠ, ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʘʛʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʙʘʟʫ ʜʘʥʠʭ ʪʘ ʪʝʭʥʽʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʣʘʪʬʦʨʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʠʡ ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢ ʻ ʝʬʝʢʪʠʚʥʠʤ ʩʫʯʘʩʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʩʘʤʦʩʪʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʤʦʛʘʤ ʜʦ ʜʽʘʣʦʛʦʚʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɿʘʚʜʷʢʠ ʛʥʫʯʢʽʡ ʩʪʨʫʢʪʫʨʽ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʜʘʥʠʤʠ, ʡʦʛʦ ʤʦʞʥʘ ʣʝʛʢʦ 

ʨʦʟʰʠʨʶʚʘʪʠ ʫ ʤʘʡʙʫʪʥʴʦʤʫ, ʜʦʜʘʶʯʠ ʬʫʥʢʮʽʾ ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʙʦʨʽʚ 

ʢʘʨʪʦʢ, ʛʝʡʤʽʬʽʢʘʮʽʶ ʧʨʦʮʝʩʫ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʟ ʤʦʙʽʣʴʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ. 
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ʉʫʯʘʩʥʠʡ ʪʝʤʧ ʞʠʪʪʷ ʪʘ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʬʽʥʘʥʩʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʟʫʤʦʚʣʶʶʪʴ ʛʦʩʪʨʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʦʩʦʙʠʩʪʠʤ ʢʘʧʽʪʘʣʦʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʧʦʚʝʜʽʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ 

ʪʘ ʧʝʨʩʦʥʘʣʴʥʠʭ ʬʽʥʘʥʩʽʚ ʩʚʽʜʯʘʪʴ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

ʙʶʜʞʝʪʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʥʽʤʽʟʘʮʽʾ ʢʦʛʥʽʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʦʨʠʩʪʫʚʘʯʘ [1]. ɹʽʣʴʰʽʩʪʴ ʥʘʷʚʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʨʽʰʝʥʴ ʥʘ ʨʠʥʢʫ ʚʠʤʘʛʘʶʪʴ 

ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʨʫʯʥʦʛʦ ʚʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʨʘʥʟʘʢʮʽʾ [2], ʱʦ ʩʫʪʪʻʚʦ 

ʟʥʠʞʫʻ ʪʦʯʥʽʩʪʴ ʬʽʥʘʥʩʦʚʦʾ ʘʥʘʣʽʪʠʢʠ ʯʝʨʝʟ ʣʶʜʩʴʢʠʡ ʯʠʥʥʠʢ, ʧʦʩʣʘʙʣʶʻ ʨʽʚʝʥʴ 

ʟʘʣʫʯʝʥʦʩʪʽ ʪʘ ʩʧʦʪʚʦʨʶʻ ʢʽʥʮʝʚʽ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ [3]. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ 

ʘʢʪʫʘʣʴʥʦʶ ʻ ʨʦʟʨʦʙʢʘ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʫ, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ, 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʬʽʥʘʥʩʦʚʠʭ ʜʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʘʥʘʣʽʟʫ 

ʦʩʦʙʠʩʪʠʭ ʬʽʥʘʥʩʽʚ, ʟʤʝʥʰʠʪʠ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʬʽʥʘʥʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʪʨʠʤʢʫ ʧʨʦʮʝʩʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ɺʥʫʪʨʽʰʥʷ ʩʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʩʧʨʦʻʢʪʦʚʘʥʘ ʪʘ ʨʝʘʣʽʟʦʚʘʥʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʶ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ PHP 

ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʦʛʦ ʢʘʨʢʘʩʘ Laravel ʽʟ ʩʫʚʦʨʠʤ ʜʦʪʨʠʤʘʥʥʷʤ ʢʣʘʩʠʯʥʦʛʦ 

ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʫ çʄʦʜʝʣʴ-ɺʠʛʣʷʜ-ʂʦʥʪʨʦʣʝʨè. ʎʝʡ ʰʘʙʣʦʥ ʧʝʨʝʜʙʘʯʘʻ 

ʛʣʠʙʦʢʝ ʨʦʟʜʽʣʝʥʥʷ ʩʠʩʪʝʤʥʠʭ ʦʙʦʚ'ʷʟʢʽʚ, ʜʝ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʽʟʦʣʴʦʚʘʥʠʡ ʚʽʜ 

ʽʥʰʠʭ: ʄʦʜʝʣʴ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʙʦʪʫ ʟ ʜʘʥʠʤʠ ʪʘ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ, ɺʠʛʣʷʜ ï ʟʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʘ ʂʦʥʪʨʦʣʝʨ ï ʟʘ ʢʦʦʨʜʠʥʘʮʽʶ ʧʦʪʦʢʽʚ 

ʢʝʨʫʚʘʥʥʷ [4, 5]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʦʛʦ ʧʨʠʥʮʠʧʫ ʧʨʦʝʢʪʫʚʘʥʥʷ çʪʦʚʩʪʠʭè 

ʤʦʜʝʣʝʡ ʪʘ çʪʦʥʢʠʭè ʢʦʥʪʨʦʣʝʨʽʚ (Fat Models, Skinny Controllers) [6] ʜʦʟʚʦʣʠʣʦ 

ʧʦʚʥʽʩʪʶ ʽʥʢʘʧʩʫʣʶʚʘʪʠ ʧʨʘʚʠʣʘ ʦʙʨʦʙʢʠ ʢʘʧʽʪʘʣʫ ʚʩʝʨʝʜʠʥʽ ʦʙôʻʢʪʥʦ-

ʨʝʣʷʮʽʡʥʦʛʦ ʰʘʨʫ. ʂʦʥʪʨʦʣʝʨʠ ʫ ʪʘʢʽʡ ʩʠʩʪʝʤʽ ʟʚʽʣʴʥʝʥʽ ʚʽʜ ʚʠʢʦʥʘʥʥʷ 

ʛʨʦʤʽʟʜʢʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ ʯʠ ʧʨʷʤʠʭ ʤʘʥʽʧʫʣʷʮʽʡ ʟ ʙʘʟʦʶ ʜʘʥʠʭ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʤʦʜʫʣʴʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ, ʩʧʨʦʱʫʻ ʡʦʛʦ ʧʽʜʪʨʠʤʢʫ ʪʘ 

ʧʽʜʚʠʱʫʻ ʧʦʢʨʠʪʪʷ ʤʦʜʫʣʴʥʠʤ ʪʝʩʪʫʚʘʥʥʷʤ [7]. 
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ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʘʢʪʫʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ ʨʫʯʥʦʛʦ ʚʚʝʜʝʥʥʷ ʪʨʘʥʟʘʢʮʽʡ ʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʙʦʨʫ ʚʽʜʦʤʦʩʪʝʡ ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢ ʽʥʪʝʛʨʦʚʘʥʦ ʟ ʧʨʠʢʣʘʜʥʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʩʝʨʚʽʩʫ SaltEdge, ʱʦ ʬʫʥʢʮʽʦʥʫʻ ʥʘ 

ʙʘʟʽ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʢʨʠʪʦʛʦ ʙʘʥʢʽʥʛʫ [8]. ʎʝ ʽʥʞʝʥʝʨʥʝ 

ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʠʣʦ ʚʧʨʦʚʘʜʠʪʠ ʩʪʽʡʢʠʡ ʤʝʭʘʥʽʟʤ ʘʩʠʥʭʨʦʥʥʦʾ ʬʦʥʦʚʦʾ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʙʘʥʢʽʚʩʴʢʠʭ ʨʘʭʫʥʢʽʚ ʢʣʽʻʥʪʘ. ɿʘʧʫʩʢ ʧʨʦʮʝʩʽʚ ʽʤʧʦʨʪʫ ʜʘʥʠʭ 

ʜʝʣʝʛʫʻʪʴʩʷ ʩʠʩʪʝʤʥʠʤ ʯʝʨʛʘʤ ʟʘʚʜʘʥʴ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʪʨʠʚʘʣʽ ʤʝʨʝʞʝʚʽ ʦʧʝʨʘʮʽʾ 

ʚʟʘʻʤʦʜʽʾ ʽʟ ʙʘʥʢʽʚʩʴʢʠʤʠ ʩʝʨʚʝʨʘʤʠ ʥʝ ʙʣʦʢʫʶʪʴ ʦʩʥʦʚʥʠʡ ʧʦʪʽʢ ʚʠʢʦʥʘʥʥʷ ʚʝʙ-

ʟʘʩʪʦʩʫʥʢʫ ʪʘ ʥʝ ʧʦʛʽʨʰʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʚʽʜʛʫʢʫ ʽʥʪʝʨʬʝʡʩʫ. ɿ ʤʝʪʦʶ ʨʝʘʣʽʟʘʮʽʾ 

ʤʫʣʴʪʠʚʘʣʶʪʥʦʾ ʘʥʘʣʽʪʠʢʠ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʜʠʥʘʤʽʯʥʦʛʦ 

ʟʚʝʜʝʥʥʷ ʪʨʘʥʟʘʢʮʽʡ ʜʦ ʻʜʠʥʦʾ ʙʘʟʦʚʦʾ ʚʘʣʶʪʠ (ʟʦʢʨʝʤʘ, ʜʦ ʜʦʣʘʨʘ ʉʐɸ) [9]. ɼʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʤʝʨʝʞʝʚʠʭ ʟʘʧʠʪʽʚ ʪʘ ʫʩʫʥʝʥʥʷ ʧʦʰʠʨʝʥʦʾ ʧʨʦʙʣʝʤʠ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʜʫʙʣʶʚʘʥʥʷ ʟʘʧʠʪʽʚ (N+1) ʧʽʜ ʯʘʩ ʤʘʩʦʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

ʙʘʥʢʽʚʩʴʢʠʭ ʚʠʧʠʩʦʢ, ʧʦʪʦʯʥʽ ʢʫʨʩʠ ʦʙʤʽʥʫ ʦʪʨʠʤʫʶʪʴʩʷ ʯʝʨʝʟ ʩʪʦʨʦʥʥʽʡ 

ʧʨʠʢʣʘʜʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʝʨʬʝʡʩ ʣʠʰʝ ʦʜʠʥ ʨʘʟ ʟʘ ʚʠʟʥʘʯʝʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, 

ʧʽʩʣʷ ʯʦʛʦ ʬʽʢʩʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʽʚ ʪʠʤʯʘʩʦʚʦʛʦ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʚ 

ʦʧʝʨʘʪʠʚʥʽʡ ʧʘʤ'ʷʪʽ ʩʝʨʚʝʨʘ. 

ʋ ʧʽʜʩʠʩʪʝʤʽ ʚʟʘʻʤʦʜʽʾ ʟ ʙʘʟʦʶ ʜʘʥʠʭ ʨʝʘʣʽʟʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʣʦʢʘʣʴʥʠʭ 

ʦʙʣʘʩʪʝʡ ʚʠʜʠʤʦʩʪʽ (Local Scopes), ʷʢʘ ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʪʘ ʜʠʥʘʤʽʯʥʦ 

ʢʦʥʩʪʨʫʶʚʘʪʠ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʟʘʧʠʪʠ ʜʦ ʨʝʣʷʮʽʡʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʣʽʻʥʪʘ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʦʪʦʢʫ ʚʠʪʨʘʪ ʟʘ 

ʢʘʪʝʛʦʨʽʷʤʠ ʯʠ ʜʦʚʽʣʴʥʠʤʠ ʯʘʩʦʚʠʤʠ ʧʨʦʤʽʞʢʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʨʽʚʥʽ ʉʂɹɼ (ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ), ɦ ʦ ʤʽʥʽʤʽʟʫʻ ʦʙʩʷʛ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤ'ʷʪʽ ʩʝʨʚʝʨʘ ʪʘ ʜʦʟʚʦʣʷʻ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʫ ʤʠʪʪʻʚʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʜʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ. ɼʦʜʘʪʢʦʚʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʚʥʫʪʨʽʰʥʽʭ ʧʦʜʽʡ ʤʦʜʝʣʝʡ, ʷʢʠʡ 

ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʨʘʭʦʚʫʻ ʪʘ ʟʘʧʠʩʫʻ ʝʢʚʽʚʘʣʝʥʪ ʩʫʤʠ ʚ ʙʘʟʦʚʽʡ ʚʘʣʶʪʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʤʦʤʝʥʪ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʬʽʥʘʥʩʦʚʦʛʦ ʟʘʧʠʩʫ, ʛʘʨʘʥʪʫʶʯʠ 

ʮʽʣʽʩʥʽʩʪʴ ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ. 
ʂʣʽʻʥʪʩʴʢʘ ʯʘʩʪʠʥʘ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʷ ʚʽʟʫʘʣʽʟʘʮʽʷ ʦʙʯʠʩʣʝʥʠʭ 

ʬʽʥʘʥʩʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʛʨʘʬʽʯʥʦʾ 

ʙʽʙʣʽʦʪʝʢʠ Chart.js, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʧʘʨʘʪʥʽ ʤʦʞʣʠʚʦʩʪʽ ʝʣʝʤʝʥʪʘ 

ʜʚʦʚʠʤʽʨʥʦʛʦ ʨʝʥʜʝʨʠʥʛʫ HTML5 Canvas ʥʘ ʩʪʦʨʦʥʽ ʚʝʙ-ʙʨʘʫʟʝʨʘ [5]. ʅʘ ʦʩʥʦʚʽ 

ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʩʝʨʚʝʨʘ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʘʩʠʚʽʚ ʽʥʪʝʨʘʢʪʠʚʥʘ ʘʥʘʣʽʪʠʯʥʘ ʧʘʥʝʣʴ 

ʚʽʜʦʙʨʘʞʘʻ ʪʨʠ ʢʣʶʯʦʚʽ ʬʽʥʘʥʩʦʚʽ ʤʝʪʨʠʢʠ: 

- ʩʪʨʫʢʪʫʨʫ ʨʦʟʧʦʜʽʣʫ ʚʠʪʨʘʪ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ (Doughnut Chart); 

- ʱʦʜʝʥʥʫ ʜʠʥʘʤʽʢʫ ʪʘ ʰʚʠʜʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʰʪʽʚ (Daily Spend Trend) 

ʫ ʚʠʛʣʷʜʽ ʩʪʦʚʧʯʠʢʦʚʦʾ ʜʽʘʛʨʘʤʠ (Bar Chart) ʽʟ ʨʦʟʨʘʭʫʥʢʦʤ ʩʝʨʝʜʥʴʦʜʝʥʥʠʭ 

ʚʠʪʨʘʪ; 

- ʨʽʚʝʥʴ ʟʘʦʱʘʜʞʝʥʴ (Savings Rate) ʫ ʚʠʛʣʷʜʽ ʨʘʜʽʘʣʴʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ, ʱʦ 
ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʩʦʪʢʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʯʠʩʪʠʤ ʧʨʠʙʫʪʢʦʤ ʪʘ 

ʟʘʛʘʣʴʥʠʤ ʜʦʭʦʜʦʤ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʨʦʟʨʦʙʣʝʥʦʛʦ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ 

ʘʥʘʣʽʟʫ ʦʩʦʙʠʩʪʠʭ ʬʽʥʘʥʩʽʚ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʜʝʪʘʣʴʥʦ ʜʝʤʦʥʩʪʨʫʻ ʚʟʘʻʤʦʜʽʶ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʽʜ ʯʘʩ ʧʦʚʥʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʧʦʯʠʥʘʶʯʠ 
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ʚʽʜ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʟʘʢʽʥʯʫʶʯʠ ʨʽʚʥʝʤ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ. ʉʪʨʽʣʢʘʤʠ ʥʘ ʩʭʝʤʽ 

ʧʦʟʥʘʯʝʥʦ ʥʘʧʨʷʤʢʠ ʧʝʨʝʜʘʯʽ ʢʝʨʫʚʘʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ 

ʤʽʞ ʢʣʽʻʥʪʩʴʢʠʤ ʪʘ ʩʝʨʚʝʨʥʠʤ ʩʝʨʝʜʦʚʠʱʘʤʠ. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʚʟʘʻʤʦʜʽʾ 

ʢʣʽʻʥʪ (ʙʨʘʫʟʝʨ) ʽʥʽʮʽʶʻ ʜʽʶ, ʷʢʘ ʫ ʬʦʨʤʽ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ HTTP-ʟʘʧʠʪʫ 

ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʤʝʨʝʞʫ ʥʘ ʩʝʨʚʝʨ ʪʘ ʧʦʪʨʘʧʣʷʻ ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʘʥʘʣʽʟʫʻ URL-ʘʜʨʝʩʫ, ʧʨʦʚʦʜʠʪʴ ʟʘʧʠʪ ʯʝʨʝʟ ʰʘʨʠ ʚʘʣʽʜʘʮʽʾ ʪʘ 

ʧʝʨʝʜʘʻ ʚʠʢʣʠʢ ʜʦ ʢʦʥʪʨʦʣʝʨʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʨʢʝʩʪʨʘʪʦʨʘ 

ʩʠʩʪʝʤʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɸʨʭʽʪʝʢʪʫʨʘ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʫ 

 

ʗʢ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1, ʢʦʥʪʨʦʣʝʨʠ ʨʦʟʧʦʜʽʣʷʶʪʴ ʣʦʛʽʢʫ 

ʚʠʢʦʥʘʥʥʷ ʟʘ ʜʚʦʤʘ ʧʘʨʘʣʝʣʴʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʟʘʧʠʪʫ. ʋ 

ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʥʦʚʣʝʥʥʷ ʜʘʥʠʭ, ʢʦʥʪʨʦʣʝʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʚʽʜʧʨʘʚʣʷʻ ʘʩʠʥʭʨʦʥʥʫ ʢʦʤʘʥʜʫ ʚ ʯʝʨʛʫ ʬʦʥʦʚʠʭ ʟʘʜʘʯ. ʎʽ 

ʬʦʥʦʚʽ ʧʨʦʮʝʩʠ ʫ ʟʘʢʨʠʪʦʤʫ ʨʝʞʠʤʽ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʧʨʠʢʣʘʜʥʠʤʠ 

ʧʨʦʛʨʘʤʥʠʤʠ ʽʥʪʝʨʬʝʡʩʘʤʠ (ʧʣʘʪʬʦʨʤʦʶ ʚʽʜʢʨʠʪʦʛʦ ʙʘʥʢʽʥʛʫ SaltEdge ʪʘ 

ʩʝʨʚʽʩʦʤ ʢʫʨʩʽʚ ʦʙʤʽʥʫ ʚʘʣʶʪ), ʥʘʜʩʠʣʘʶʯʠ ʟʘʧʠʪʠ ʪʘ ʦʪʨʠʤʫʶʯʠ ʥʘʟʘʜ 

ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʚʽʜʧʦʚʽʜʽ ʫ ʬʦʨʤʘʪʽ JSON. ʆʪʨʠʤʘʥʽ ʬʽʥʘʥʩʦʚʽ ʤʘʩʠʚʠ ʧʨʦʭʦʜʷʪʴ 

ʝʪʘʧ ʪʠʤʯʘʩʦʚʦʛʦ ʢʝʰʫʚʘʥʥʷ (Caching) ʪʘ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʨʽʚʝʥʴ ʤʦʜʝʣʝʡ ʜʣʷ 

ʦʩʪʘʪʦʯʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ. ʄʦʜʝʣʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʩʪʨʫʤʝʥʪʠ ʦʙôʻʢʪʥʦ-

ʨʝʣʷʮʽʡʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ Eloquent ORM, ʪʨʘʥʩʣʶʶʪʴ ʦʙôʻʢʪʥʽ ʩʫʪʥʦʩʪʽ ʫ ʩʠʨʽ 

SQL-ʟʘʧʠʪʠ, ʚʟʘʻʤʦʜʽʶʯʠ ʚ ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ ʧʦʨʷʜʢʫ ʟ ʨʝʣʷʮʽʡʥʦʶ ʙʘʟʦʶ ʜʘʥʠʭ 
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ʜʣʷ ʚʠʙʽʨʢʠ ʘʙʦ ʬʽʢʩʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ. ʅʘ ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʦʙʨʦʙʣʝʥʽ ʡ ʘʛʨʝʛʦʚʘʥʽ ʤʦʜʝʣʷʤʠ ʢʦʣʝʢʮʽʾ ʜʘʥʠʭ ʧʦʚʝʨʪʘʶʪʴʩʷ ʜʦ ʢʦʥʪʨʦʣʝʨʘ, 

ʷʢʠʡ ʪʨʘʥʩʬʦʨʤʫʻ ʾʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʠʭ ʜʠʨʝʢʪʠʚ ʬʨʝʡʤʚʦʨʢʫ ʫ ʬʦʨʤʘʪ 

JSON ʪʘ ʧʝʨʝʜʘʻ ʚ ʢʦʤʧʦʥʝʥʪ ʚʠʛʣʷʜʫ (Blade). ʂʦʤʧʦʥʝʥʪ ʚʠʛʣʷʜʫ ʽʥʪʝʛʨʫʻ ʮʽ 

ʜʘʥʽ ʚ ʦʙ'ʻʢʪʥʫ ʤʦʜʝʣʴ ʜʦʢʫʤʝʥʪʘ (DOM) ʪʘ ʽʥʽʮʽʶʻ ʢʣʽʻʥʪʩʴʢʽ JavaScript-ʩʢʨʠʧʪʠ 

ʙʽʙʣʽʦʪʝʢʠ Chart.js, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʬʽʥʘʣʴʥʠʡ ʨʝʥʜʝʨʠʥʛ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʛʨʘʬʽʢʽʚ 

ʥʘ Canvas ʽ ʧʦʚʝʨʪʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʧʦʚʥʽʩʪʶ ʦʥʦʚʣʝʥʝ ʚʽʟʫʘʣʴʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʽʥʘʥʩʦʚʦʛʦ ʩʪʘʥʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʪʘ ʫʩʧʽʰʥʦ ʨʝʘʣʽʟʦʚʘʥʦ ʚʝʙ-

ʟʘʩʪʦʩʫʥʦʢ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʩʦʙʠʩʪʠʭ ʬʽʥʘʥʩʽʚ. ɿʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ ʟ 

ʧʨʠʢʣʘʜʥʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʽʥʪʝʨʬʝʡʩʘʤʠ ʚʽʜʢʨʠʪʦʛʦ ʙʘʥʢʽʥʛʫ ʚʜʘʣʦʩʷ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʘʛʨʝʛʘʮʽʾ ʪʨʘʥʟʘʢʮʽʡ, ʱʦ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ʨʫʯʥʦʛʦ 

ʚʚʝʜʝʥʥʷ ʪʨʘʥʟʘʢʮʽʡ ʪʘ ʤʽʥʽʤʽʟʫʻ ʩʧʦʪʚʦʨʝʥʥʷ ʩʪʘʪʠʩʪʠʢʠ ʯʝʨʝʟ ʣʶʜʩʴʢʠʡ 

ʯʠʥʥʠʢ. 
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Ukraineôs economic recovery under wartime and post-war transformation 

requires substantial investment resources, the effective attraction of which depends not 

only on the availability of financial mechanisms but also on the quality of analytical 

tools for evaluating project investment attractiveness. In the context of digital 

economic transformation, traditional approaches to assessing investment activity are 

undergoing significant changes, as investment decision-making is increasingly shaped 

by digital determinants, information transparency, and the adaptability of analytical 

systems [1, 2]. Digitalization creates new opportunities to enhance investment 

attractiveness by reducing transaction costs, improving access to information, 

increasing market transparency, and strengthening investor confidence [2, 3]. At the 

same time, economic recovery projects in Ukraine require the application of 

multicriteria evaluation models capable of considering not only financial efficiency, 

but also financial efficiency, risk resilience, strategic impact, ESG characteristics, 

digital readiness, and institutional capacity [4, 5]. 

In the scientific literature, investment attractiveness assessment is examined from 

the perspectives of financial-economic analysis, risk-oriented approaches, systemic 

evaluation, and digital transformation of investment processes. In particular, 

Sukhovieiev O. [1] substantiates the relevance of applying a systemic approach to 

assessing investment activity under digitalization, emphasizing the need to account for 

digital determinants, institutional changes, and transformations in managerial decision-

making logic. Yemets V. et al. [4] propose a multilevel monitoring model for regional 

investment attractiveness in the context of post-war recovery using expert evaluation 

and modern information technologies. At the same time, Malykhin M. et al. [5] justify 

a multicriteria approach to selecting reconstruction investment projects through the 

integration of technical, economic, and organizational information, while 

Rozumovych N. [3] demonstrates the significant impact of digital infrastructure 

development on investment attractiveness through increased transparency, 
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adaptability, and improved management decision quality. Despite the substantial 

scientific contribution in this area, approaches to comprehensive digital evaluation of 

the investment attractiveness of Ukraineôs economic recovery projects remain 

insufficiently developed, particularly those capable of integrating financial, risk-

related, strategic, ESG, institutional, and digital criteria within a unified formalized 

model. 

The aim of this study is to develop a qualimetric model for the digital evaluation 

of the investment attractiveness of Ukraineôs economic recovery projects, providing a 

comprehensive multicriteria assessment framework to support informed investment 

decision-making under conditions of high uncertainty. 

To achieve this objective, a qualimetric approach is proposed, allowing the 

evaluation process to be formalized through the integration of quantitative and 

qualitative project characteristics into a unified integrated indicator. The relevance of 

this approach is determined by the need to simultaneously consider heterogeneous 

parameters influencing the investment attractiveness of recovery projects, including 

economic efficiency, risk resilience, strategic significance, digital readiness, and 

institutional capacity. 

The proposed model is oriented toward the use of digital analytical tools that 

ensure automation of data collection, processing, monitoring, and visualization, 

thereby increasing transparency in the evaluation process and reducing subjectivity in 

determining investment priorities. 

Within the proposed qualimetric model, the investment attractiveness of recovery 

projects is assessed through a system of integrated criteria synthesized from investment 

analysis, systemic evaluation, risk-oriented management, and digital transformation 

approaches [1ï6]. The model includes six key criteria. 

Financial efficiency reflects the economic feasibility of project implementation 

and the effectiveness of investment resource utilization, corresponding to classical 

approaches to investment decision-making and multicriteria investment project 

evaluation [5, 6]. Risk resilience reflects project sensitivity to wartime, regulatory, 

operational, and institutional risks, which are particularly critical for post-war recovery 

projects [4, 6]. Strategic recovery impact determines the significance of a project for 

critical infrastructure restoration, economic growth, and social stability [4]. 

ESG characteristics account for the environmental, social, and governance impact 

of a project as an important component of contemporary investment analysis [6]. 

Digital readiness reflects the level of digital integration, data transparency, digital 

monitoring capability, and analytical support of the project [1ï3]. Institutional 

readiness determines the level of organizational, legal, and managerial preparedness of 

a project for implementation [1, 4, 6]. 

The proposed set of criteria ensures a comprehensive evaluation framework by 

combining classical investment efficiency parameters with digital and institutional 

characteristics that are critically important for Ukraineôs economic recovery projects. 

The quantitative evaluation of the investment attractiveness of recovery projects 

is proposed to be carried out using an integrated qualimetric indicator, developed in 



175 
 

ICSPM 2026  21-22 ʪʨʘʚʥʷ 2026 ʨ., ʤ. ʊʝʨʥʦʧʣ̔ ɹ

accordance with multicriteria decision-making approaches for supporting investment 

decisions [7]: 

ὗ В ή,                                                          (1) 

where Q ï integrated investment attractiveness score; 

qi ï normalized criterion value; 

n ï number of evaluation criteria. 

In this model, Q represents the integrated investment attractiveness score, while 

normalized criterion values allow the comparison of heterogeneous qualitative and 

quantitative indicators within a unified analytical framework. The value of Q ranges 

from 0 to 1: the closer Q is to 1, the higher the overall investment attractiveness of the 

project; conversely, values closer to 0 indicate a lower level of investment 

attractiveness. 

At the pilot stage, equal weighting is applied to demonstrate the operational logic 

of the model without introducing additional subjectivity related to weight calibration. 

This approach makes it possible to formalize the investment evaluation process, 

reduce subjectivity in decision-making, and support digital prioritization of economic 

recovery projects. 

To demonstrate the operational logic of the model, a five-level scoring scale is 

proposed for transforming qualitative project characteristics into normalized 

quantitative values (Table 1). 

 

Table 1 ï Scoring Scale for Pilot Evaluation 

Score Interpretation 

0.2 Very Low 

0.4 Low 

0.6 Moderate 

0.8 High 

1.0 Very High 

 

This scale enables the comparison of heterogeneous project parameters within a 

unified evaluation framework. 

The pilot application of the model was conducted using two recovery projects: the 

Mykolaiv Water Supply Restoration Project and the Western Border Infrastructure 

Modernization Project (Table 2). 

 

Table 2 ï Comparative Illustrative Evaluation Results 
Criterion Mykolaiv Project Border Project 

Financial efficiency 0.6 0.8 

Risk resilience 0.4 0.8 

Strategic recovery impact 1.0 0.8 

ESG characteristics 1.0 0.6 

Digital readiness 0.6 0.8 

Institutional readiness 0.8 0.8 

Integrated score Q 0.73 0.77 
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For the Mykolaiv Water Supply Restoration Project, the integrated score equals 

Q = 0.73, corresponding to a moderately high level of investment attractiveness. For 

the Western Border Infrastructure Modernization Project, Q = 0.77, indicating a 

slightly stronger investment profile due to higher financial efficiency, lower risk 

exposure, and higher digital readiness. 

Although these values are illustrative, the comparative results demonstrate that 

the proposed qualimetric framework can differentiate between recovery projects with 

distinct investment profiles and support structured investment prioritization. 

Thus, the proposed model provides a comprehensive framework for the digital 

evaluation of investment attractiveness of economic recovery projects in Ukraine. It 

integrates six complementary dimensions ï financial, risk-related, strategic, ESG, 

digital, and institutional ï enabling a more balanced assessment of recovery projects. 

The practical relevance of the model lies in improving transparency, reducing 

subjectivity, and strengthening analytical support for investment decision-making in 

the context of Ukraineôs economic recovery. Future research should focus on refining 

the methodology through expert-based weighting and exploring its integration into 

digital investment decision-support platforms. 
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ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʚʝʙ-

ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʴʥʠʤʠ ʬʽʥʘʥʩʘʤʠ. ʈʦʟʛʣʷʥʫʪʦ ʘʨʭʽʪʝʢʪʫʨʫ 

ʩʠʩʪʝʤʠ, ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʬʽʥʘʥʩʦʚʠʭ ʪʨʘʥʟʘʢʮʽʡ, ʤʝʭʘʥʽʟʤʠ ʙʶʜʞʝʪʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʜʘʥʠʭ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ 

ʽʥʪʝʛʨʘʮʽʾ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʫʣʽʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʬʽʥʘʥʩʦʚʦʛʦ ʩʪʘʥʫ ʢʦʨʠʩʪʫʚʘʯʘ 

ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʎʠʬʨʦʚʽʟʘʮʽʷ ʬʽʥʘʥʩʦʚʦʛʦ ʩʝʢʪʦʨʫ ʩʫʪʪʻʚʦ ʟʤʽʥʠʣʘ ʧʽʜʭʦʜʠ ʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʩʦʥʘʣʴʥʠʤʠ ʢʦʰʪʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʽʣʴʢʦʭ ʙʘʥʢʽʚʩʴʢʠʭ ʨʘʭʫʥʢʽʚ, 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʣʘʪʽʞʥʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʮʠʬʨʦʚʠʭ ʛʘʤʘʥʮʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʬʨʘʛʤʝʥʪʘʮʽʾ ʬʽʥʘʥʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʫʩʢʣʘʜʥʶʻ ʦʧʝʨʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʚʠʪʨʘʪ 

ʽ ʜʦʭʦʜʽʚ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʚʝʜʝʥʥʷ ʦʙʣʽʢʫ, ʟʦʢʨʝʤʘ ʝʣʝʢʪʨʦʥʥʽ ʪʘʙʣʠʮʽ ʘʙʦ 

ʨʫʯʥʘ ʬʽʢʩʘʮʽʷ ʪʨʘʥʟʘʢʮʽʡ, ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, 

ʘʥʘʣʽʪʠʯʥʦʾ ʛʥʫʯʢʦʩʪʽ ʪʘ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʽʥʘʥʩʦʚʦʛʦ ʩʪʘʥʫ 

ʢʦʨʠʩʪʫʚʘʯʘ [1-3]. 

ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ Personal Finance Management (PFM) ʜʦʟʚʦʣʷʶʪʴ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʬʽʥʘʥʩʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʦʜʥʘʢ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ 

ʥʘʷʚʥʠʭ ʨʽʰʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʘʢʨʠʪʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, ʦʙʤʝʞʝʥʠʤ 

ʬʫʥʢʮʽʦʥʘʣʦʤ ʙʝʟʢʦʰʪʦʚʥʠʭ ʚʝʨʩʽʡ ʘʙʦ ʚʠʩʦʢʦʶ ʩʢʣʘʜʥʽʩʪʶ ʽʥʪʝʨʬʝʡʩʫ. ʎʝ 

ʟʥʠʞʫʻ ʜʦʩʪʫʧʥʽʩʪʴ ʪʘʢʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʦʙʤʝʞʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʬʽʥʘʥʩʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ [4]. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʩʦʥʘʣʴʥʠʤʠ ʬʽʥʘʥʩʘʤʠ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʘʜʘʧʪʠʚʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʝʬʝʢʪʠʚʥʽ 

ʤʝʭʘʥʽʟʤʠ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʽ ʟʘʩʦʙʠ ʘʥʘʣʽʟʫ ʬʽʥʘʥʩʦʚʠʭ 

ʦʧʝʨʘʮʽʡ. ʆʩʦʙʣʠʚʽʩʪʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ ʻ ʧʦʻʜʥʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ 

ʙʶʜʞʝʪʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʬʽʥʘʥʩʦʚʦʾ ʘʥʘʣʽʪʠʢʠ ʪʘ ʤʦʜʫʣʽʚ 

ʤʦʥʽʪʦʨʠʥʛʫ ʬʽʥʘʥʩʦʚʠʭ ʮʽʣʝʡ ʫ ʤʝʞʘʭ ʻʜʠʥʦʛʦ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘ ʧʨʠʥʮʠʧʦʤ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʤʦʜʝʣʽ ʪʘ 

ʚʢʣʶʯʘʻ ʢʣʽʻʥʪʩʴʢʠʡ ʽʥʪʝʨʬʝʡʩ, ʩʝʨʚʝʨʥʫ ʯʘʩʪʠʥʫ ʪʘ ʨʝʣʷʮʽʡʥʫ ʙʘʟʫ ʜʘʥʠʭ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʩʧʨʦʱʫʻ ʽʥʪʝʛʨʘʮʽʶ 
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ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʪʘ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ [5]. 

ʉʝʨʚʝʨʥʘ ʣʦʛʽʢʘ ʨʝʘʣʽʟʦʚʘʥʘ ʤʦʚʦʶ Python, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʦʙʨʦʙʣʷʪʠ ʬʽʥʘʥʩʦʚʽ ʪʨʘʥʟʘʢʮʽʾ, ʚʠʢʦʥʫʚʘʪʠ ʧʝʨʝʚʽʨʢʫ ʢʦʨʝʢʪʥʦʩʪʽ ʜʘʥʠʭ ʪʘ 

ʬʦʨʤʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʚʠʢʦʨʠʩʪʘʥʦ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ PostgreSQL, ʷʢʘ ʧʽʜʪʨʠʤʫʻ 

ʧʨʠʥʮʠʧʠ ACID ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʮʽʣʽʩʥʽʩʪʴ ʬʽʥʘʥʩʦʚʠʭ ʟʘʧʠʩʽʚ [4, 6]. 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʚʝʜʝʥʥʷ ʦʙʣʽʢʫ ʜʦʭʦʜʽʚ ʽ ʚʠʪʨʘʪ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʧʽʜʪʨʠʤʫʻ ʢʘʪʝʛʦʨʠʟʘʮʽʶ ʬʽʥʘʥʩʦʚʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʜʦʟʚʦʣʷʻ 

ʧʨʘʮʶʚʘʪʠ ʟ ʜʝʢʽʣʴʢʦʤʘ ʨʘʭʫʥʢʘʤʠ ʦʜʥʦʯʘʩʥʦ. ʌʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʥʢʫ 

ʧʝʨʝʜʙʘʯʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʶʜʞʝʪʥʠʭ ʣʽʤʽʪʽʚ ʜʣʷ ʦʢʨʝʤʠʭ ʢʘʪʝʛʦʨʽʡ ʚʠʪʨʘʪ, 

ʤʦʥʽʪʦʨʠʥʛ ʬʽʥʘʥʩʦʚʠʭ ʮʽʣʝʡ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʪʘʢʦʞ ʘʚʪʦʤʘʪʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʚʽʪʽʚ ʽ ʛʨʘʬʽʯʥʦʾ ʘʥʘʣʽʪʠʢʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʬʽʥʘʥʩʦʚʦʛʦ ʩʪʘʥʫ. 

ɸʣʛʦʨʠʪʤ ʜʦʜʘʚʘʥʥʷ ʪʨʘʥʟʘʢʮʽʡ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʚʽʨʢʫ ʚʘʣʽʜʥʦʩʪʽ ʚʚʝʜʝʥʠʭ 

ʜʘʥʠʭ, ʬʽʢʩʘʮʽʶ ʟʘʧʠʩʫ ʚ ʙʘʟʽ ʜʘʥʠʭ ʪʘ ʘʚʪʦʤʘʪʠʯʥʝ ʦʥʦʚʣʝʥʥʷ ʬʽʥʘʥʩʦʚʦʾ 

ʩʪʘʪʠʩʪʠʢʠ. ʇʽʩʣʷ ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʩʠʩʪʝʤʘ ʧʝʨʝʨʘʭʦʚʫʻ ʧʦʪʦʯʥʠʡ 

ʙʘʣʘʥʩ ʨʘʭʫʥʢʫ ʪʘ ʦʥʦʚʣʶʻ ʘʥʘʣʽʪʠʯʥʽ ʽʥʜʠʢʘʪʦʨʠ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɼʣʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʣʽʻʥʪʩʴʢʦʶ ʪʘ ʩʝʨʚʝʨʥʦʶ ʯʘʩʪʠʥʘʤʠ ʚʠʢʦʨʠʩʪʘʥʦ REST 

API [7]. ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʩʠʥʭʨʦʥʥʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʟʘʪʨʠʤʢʠ ʧʨʠ ʦʥʦʚʣʝʥʥʽ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ ʩʠʩʪʝʤʠ 

ʥʘʚʽʪʴ ʧʨʠ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʟʘʢʮʽʡ. ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʢʣʽʻʥʪʩʴʢʠʤ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʦʤ, 

ʩʝʨʚʝʨʥʦʶ ʯʘʩʪʠʥʦʶ ʪʘ ʙʘʟʦʶ ʜʘʥʠʭ ʧʽʜ ʯʘʩ ʜʦʜʘʚʘʥʥʷ ʬʽʥʘʥʩʦʚʦʾ ʦʧʝʨʘʮʽʾ. 

ɼʽʘʛʨʘʤʘ ʜʝʤʦʥʩʪʨʫʻ ʘʩʠʥʭʨʦʥʥʠʡ ʦʙʤʽʥ ʜʘʥʠʤʠ ʪʘ ʤʝʭʘʥʽʟʤ ʦʥʦʚʣʝʥʥʷ 

ʩʪʘʪʠʩʪʠʢʠ ʧʽʩʣʷ ʫʩʧʽʰʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʪʨʘʥʟʘʢʮʽʾ. 

 
ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʬʽʥʘʥʩʦʚʠʭ ʪʨʘʥʟʘʢʮʽʡ 

 

ʆʢʨʝʤʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʩʪʝʤʠ ʻ ʤʦʜʫʣʴ ʬʽʥʘʥʩʦʚʠʭ ʮʽʣʝʡ. ʂʦʨʠʩʪʫʚʘʯ 

ʤʦʞʝ ʟʘʜʘʚʘʪʠ ʙʘʞʘʥʫ ʩʫʤʫ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʾʾ ʜʦʩʷʛʥʝʥʥʷ. 

ʇʨʦʛʨʝʩ ʚʠʢʦʥʘʥʥʷ ʮʽʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʪʦʯʥʠʭ ʥʘʢʦʧʠʯʝʥʴ 
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ʜʦ ʮʽʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ ʜʠʥʘʤʽʯʥʦ ʦʥʦʚʣʶʻʪʴʩʷ ʧʽʩʣʷ ʢʦʞʥʦʾ ʟʤʽʥʠ ʬʽʥʘʥʩʦʚʦʛʦ 

ʩʪʘʥʫ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ ʨʝʘʣʽʟʦʚʘʥʦ ʤʝʭʘʥʽʟʤʠ JWT-

ʘʚʪʦʨʠʟʘʮʽʾ ʪʘ ʭʝʰʫʚʘʥʥʷ ʧʘʨʦʣʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʦʢʝʥʽʚ ʜʦʩʪʫʧʫ ʜʦʟʚʦʣʷʻ 

ʟʘʭʠʩʪʠʪʠ API ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʟʘʧʠʪʽʚ, ʘ ʟʙʝʨʝʞʝʥʥʷ ʧʘʨʦʣʽʚ ʫ ʚʠʛʣʷʜʽ 

ʭʝʰʽʚ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ [4]. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ ʧʨʦʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʽʟ ʧʦʧʫʣʷʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʴʥʠʤʠ 

ʬʽʥʘʥʩʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢ 

ʟʘʙʝʟʧʝʯʫʻ ʙʘʟʦʚʠʡ ʥʘʙʽʨ ʬʫʥʢʮʽʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʬʽʥʘʥʩʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʧʽʜʪʨʠʤʫʻ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʘʥʘʣʽʟ ʬʽʥʘʥʩʦʚʠʭ ʜʘʥʠʭ ʪʘ ʥʝ ʤʽʩʪʠʪʴ 

ʨʝʢʣʘʤʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʙʘʛʘʪʴʦʭ ʙʝʟʢʦʰʪʦʚʥʠʭ ʧʣʘʪʬʦʨʤ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʜʦʩʪʫʧʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʬʽʥʘʥʩʦʚʦʛʦ ʦʙʣʽʢʫ ʪʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʧʽʜ ʯʘʩ ʧʣʘʥʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʙʶʜʞʝʪʫ. ʈʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʦʩʥʦʚʘ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʬʽʥʘʥʩʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʶʪʴ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʤʦʜʫʣʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʽʥʪʝʛʨʘʮʽʾ ʟ ʙʘʥʢʽʚʩʴʢʠʤʠ 

API ʪʘ ʨʦʟʰʠʨʝʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ ʟʘʩʦʙʘʤʠ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ 

ʬʽʥʘʥʩʦʚʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ. 
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ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ 

ʦʙʩʷʛʽʚ ʽ ʩʧʦʞʠʚʘʥʥʷ ʚʽʜʝʦʢʦʥʪʝʥʪʫ, ʱʦ ʚʦʜʥʦʯʘʩ ʻ ʷʢʽʩʥʠʤ ʨʝʩʫʨʩʦʤ ʜʣʷ 

ʥʘʚʯʘʣʴʥʠʭ ʮʽʣʝʡ, ʟʦʢʨʝʤʘ ʚ ʨʦʟʚʠʪʢʫ ʤʦʚʥʠʭ ʥʘʚʠʯʦʢ. 

ʋ ʢʦʥʮʝʧʮʽʾ ʢʦʤʧ'ʶʪʝʨʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʚʠʚʯʝʥʥʷ ʤʦʚ (Computer-Assisted 

Language Learning, CALL) ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʻ 

ʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʝʦʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʣʽʥʛʚʽʩʪʠʯʥʠʡ, ʚʽʟʫʘʣʴʥʠʡ ʪʘ 

ʘʫʜʽʘʣʴʥʠʡ ʢʘʥʘʣʠ ʩʧʨʠʡʥʷʪʪʷ [1]. 

ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʪʫʪ ʟʘʡʤʘʻ ʢʽʥʦʤʝʜʽʘ, ʧʝʨʝʚʘʛʘʤʠ ʷʢʦʛʦ ʻ ʟʘʥʫʨʝʥʥʷ ʚ ʤʦʚʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʯʝʨʝʟ ʘʚʪʝʥʪʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʡ ʤʠʩʪʝʮʪʚʦ ʦʧʦʚʽʜʘʥʥʷ ʽʩʪʦʨʽʡ, ʱʦ 

ʘʢʪʠʚʫʻ ʝʤʦʮʽʡʥʫ ʪʘ ʢʦʛʥʽʪʠʚʥʫ ʩʢʣʘʜʦʚʽ ʣʶʜʠʥʠ [2]. ʎʝ ʧʦʣʝʛʰʫʻ ʧʨʦʮʝʩ 

ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ ʽ ʧʽʜʪʨʠʤʫʻ ʤʦʪʠʚʘʮʽʶ, ʦʩʢʽʣʴʢʠ ʤʘʪʝʨʽʘʣʠ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʦʪʨʝʙʠ ʡ ʤʦʞʣʠʚʦʩʪʽ ʣʶʜʠʥʠ. 

ʅʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʻ ʧʦʻʜʥʘʥʥʷ ʧʝʨʝʛʣʷʜʫ ʚʽʜʝʦ ʟ ʘʢʪʠʚʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʥʘʚʯʘʥʥʷ: ʽʥʪʝʨʘʢʪʠʚʥʠʤʠ ʚʧʨʘʚʘʤʠ, ʪʝʩʪʘʤʠ, ʚʽʜʩʪʝʞʝʥʥʷʤ ʧʨʦʛʨʝʩʫ [3]. 

ʆʩʥʦʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʘʚʯʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʘʢʦʛʦ ʪʠʧʫ ʻ ʩʫʙʪʠʪʨʠ ï 

ʮʝʡ ʩʧʝʮʠʬʽʯʥʠʡ ʪʠʧ ʜʘʥʠʭ ʟʘʡʤʘʻ ʧʨʦʤʽʞʥʝ ʤʽʩʮʝ ʤʽʞ ʪʘʢʠʤʠ ʜʚʦʤʘ ʬʦʨʤʘʤʠ 

ʢʦʤʫʥʽʢʘʮʽʾ, ʷʢ ʧʠʩʴʤʦ ʪʘ ʫʩʥʝ ʤʦʚʣʝʥʥʷ [4]. ʆʩʥʦʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʻ: 

ï ʥʘʷʚʥʽʩʪʴ ʯʘʩʦʚʦʾ ʧʨʠʚôʷʟʢʠ (ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʩʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʠʡ 

ʚʠʤʽʨ ʜʘʥʠʭ); 

ï ʬʨʘʛʤʝʥʪʘʨʥʽʩʪʴ (ʪʝʢʩʪ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʩʝʛʤʝʥʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʘʩʦʚʠʭ 
ʤʽʪʦʢ); 

ï ʪʝʭʥʽʯʥʠʡ ʰʫʤ (ʩʣʫʞʙʦʚʽ ʧʦʟʥʘʯʢʠ, ʝʣʝʤʝʥʪʠ ʬʦʨʤʘʪʫʚʘʥʥʷ ʪʦʱʦ); 

ï ʨʦʟʤʦʚʥʠʡ ʭʘʨʘʢʪʝʨ (ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʦʨʦʯʝʥʴ, ʚʠʛʫʢʽʚ, ʬʽʣʝʨʽʚ); 

ï ʝʣʽʧʪʠʯʥʽʩʪʴ (ʥʝʧʦʚʥʽ ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʯʠ ʨʝʧʣʽʢʠ, ʱʦ ʥʝ ʟʨʦʟʫʤʽʣʽ ʙʝʟ 
ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʥʪʝʢʩʪʫ). 

mailto:anastasya.klymchuk@gmail.com


181 
 

ICSPM 2026  21-22 ʪʨʘʚʥʷ 2026 ʨ., ʤ. ʊʝʨʥʦʧʣ̔ ɹ

ʊʘʢʦʞ ʩʫʙʪʠʪʨʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʣʠʰʝ ʧʝʚʥʫ ʯʘʩʪʠʥʫ ʜʦʩʪʫʧʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽʟ 

ʚʽʜʝʦ, ʦʧʫʩʢʘʶʯʠ ʚʽʟʫʘʣʴʥʠʡ, ʘʫʜʽʘʣʴʥʠʡ, ʥʘʨʘʪʠʚʥʠʡ ʽ ʞʘʥʨʦʚʠʡ ʢʦʥʪʝʢʩʪʠ. ɺʩʝ 

ʮʝ ʟʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʽʜʭʦʜʘʭ ʜʦ ʾʭ ʦʙʨʦʙʢʠ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʩʫʙʪʠʪʨʽʚ ï ʧʨʷʤʫ ʩʝʛʤʝʥʪʥʫ 

ʦʙʨʦʙʢʫ, ʦʯʠʱʝʥʥʷ ʪʝʢʩʪʫ ʟ ʩʝʛʤʝʥʪʥʦʶ ʦʙʨʦʙʢʦʶ, ʩʝʤʘʥʪʠʯʥʫ ʩʝʛʤʝʥʪʘʮʽʶ 

ʩʫʙʪʠʪʨʽʚ ʽʟ ʾʭ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʫ ʚʝʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ ï ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʞʦʜʝʥ 

ʧʽʜʭʽʜ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʫʨʘʭʫʚʘʥʥʷ ʟʚôʷʟʥʦʩʪʽ 

ʩʫʙʪʠʪʨʽʚ ʽ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʥʪʝʢʩʪʫ, ʱʦ ʦʙʤʝʞʫʻ ʷʢʽʩʪʴ ʧʝʨʝʢʣʘʜʫ ʽ ʛʝʥʝʨʘʮʽʾ 

ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʫ ʥʘ ʾʭ ʦʩʥʦʚʽ [5-7]. 

ɺʨʘʭʦʚʫʶʯʠ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ, ʫ ʤʝʞʘʭ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʘʨʘʣʝʣʴʥʦʾ ʩʝʤʘʥʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʤʝʜʽʘ-

ʨʝʩʫʨʩʽʚ ʜʣʷ ʢʦʥʪʝʢʩʪʥʦ-ʘʜʘʧʪʠʚʥʦʾ ʛʝʥʝʨʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʽʜʛʦʪʦʚʢʫ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ ʩʫʙʪʠʪʨʽʚ ʜʣʷ ʾʭ ʧʝʨʝʢʣʘʜʫ, 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʟ ʚʽʜʝʦʨʷʜʦʤ ʽ ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɸʣʛʦʨʠʪʤ ʧʘʨʘʣʝʣʴʥʦʾ ʩʝʤʘʥʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʤʝʜʽʘ-ʨʝʩʫʨʩʽʚ (ʨʠʩʫʥʦʢ 1) 

ʚʢʣʶʯʘʻ: ʦʯʠʱʝʥʥʷ ʪʘ ʥʦʨʤʘʣʽʟʘʮʽʶ ʪʝʢʩʪʫ, ʩʝʤʘʥʪʠʯʥʫ ʩʝʛʤʝʥʪʘʮʽʶ ʽʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʩʪʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʨʝʧʣʽʢʘʤʠ, ʧʘʨʘʣʝʣʴʥʫ ʦʙʨʦʙʢʫ ʩʝʛʤʝʥʪʽʚ ʽʟ 

ʜʠʥʘʤʽʯʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʦʪʦʢʽʚ, ʚʠʨʽʚʥʶʚʘʥʥʷ (alignment) 

ʧʝʨʝʢʣʘʜʝʥʠʭ ʩʫʙʪʠʪʨʽʚ ʽʟ ʯʘʩʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʦʨʠʛʽʥʘʣʫ, ʟʙʘʛʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ 

ʤʝʪʘʜʘʥʠʤʠ ʤʝʜʽʘʨʝʩʫʨʩʫ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʧʘʨʘʣʝʣʴʥʦʾ ʩʝʤʘʥʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʤʝʜʽʘ-ʨʝʩʫʨʩʽʚ 
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ɽʪʘʧ ʦʯʠʱʝʥʥʷ ʡ ʥʦʨʤʘʣʽʟʘʮʽʾ ʩʫʙʪʠʪʨʽʚ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʫʩʫʥʝʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʰʫʤʫ ʽʟ ʩʠʨʦʛʦ ʪʝʢʩʪʫ. ʎʝ ʚʢʣʶʯʘʻ ʚʠʜʘʣʝʥʥʷ ʩʣʫʞʙʦʚʠʭ ʧʦʟʥʘʯʦʢ, 

ʪʝʛʽʚ ʬʦʨʤʘʪʫʚʘʥʥʷ, ʚʠʛʫʢʽʚ ʪʘ ʬʽʣʝʨʽʚ. ɼʦʜʘʪʢʦʚʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʦʨʤʘʣʽʟʘʮʽʷ 

ʨʦʟʜʽʣʦʚʠʭ ʟʥʘʢʽʚ ʪʘ ʩʢʦʨʦʯʝʥʴ. ʅʘʧʨʠʢʣʘʜ, ʨʷʜʦʢ çSARAH: Uh... well... I mean... 

[LAUGHS] okayè ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ çWell, I mean, okayè ï ʽʟ 

ʟʙʝʨʝʞʝʥʥʷʤ ʟʤʽʩʪʦʚʦʛʦ ʷʜʨʘ ʨʝʧʣʽʢʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʯʘʩʦʚʦʾ ʤʽʪʢʠ. 

ʅʘ ʝʪʘʧʽ ʩʝʤʘʥʪʠʯʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ ʦʯʠʱʝʥʽ ʬʨʘʛʤʝʥʪʠ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʫ 

ʟʤʽʩʪʦʚʽ ʙʣʦʢʠ ʥʘ ʦʩʥʦʚʽ ʚʝʢʪʦʨʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ (embeddings) ʪʘ ʦʙʯʠʩʣʝʥʥʷ 

ʢʦʩʠʥʫʩʥʦʾ ʩʭʦʞʦʩʪʽ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʨʝʧʣʽʢʘʤʠ. ʊʘʤ, ʜʝ ʟʥʘʯʝʥʥʷ ʩʭʦʞʦʩʪʽ ʨʽʟʢʦ 

ʟʥʠʞʫʻʪʴʩʷ ʥʠʞʯʝ ʧʦʨʦʛʦʚʦʛʦ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʞʘ ʟʤʽʩʪʦʚʦʛʦ ʙʣʦʢʫ. ʅʘʧʨʠʢʣʘʜ, 

ʨʝʧʣʽʢʠ çWhat happened to her?è, çShe left two days agoè ʪʘ çNobody knows where 

she wentè ʤʘʪʠʤʫʪʴ ʚʠʩʦʢʫ ʚʟʘʻʤʥʫ ʩʭʦʞʽʩʪʴ ʽ ʙʫʜʫʪʴ ʦʙ'ʻʜʥʘʥʽ ʚ ʦʜʠʥ ʙʣʦʢ. 

ʅʘʩʪʫʧʥʘ ʨʝʧʣʽʢʘ çLet's talk about the meetingè ʯʝʨʝʟ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʩʭʦʞʦʩʪʽ 

ʩʪʘʥʝ ʧʦʯʘʪʢʦʤ ʥʦʚʦʛʦ ʙʣʦʢʫ. 

ʅʘ ʝʪʘʧʽ ʧʘʨʘʣʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʩʝʛʤʝʥʪʽʚ ʩʬʦʨʤʦʚʘʥʽ ʟʤʽʩʪʦʚʽ ʙʣʦʢʠ 

ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʧʝʨʝʢʣʘʜ ʽʟ ʜʠʥʘʤʽʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʤʽʞ ʧʦʪʦʢʘʤʠ ʦʙʨʦʙʢʠ. 

ʂʽʣʴʢʽʩʪʴ ʧʦʪʦʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʩʪʨʦʶ ʪʘ ʦʙʩʷʛʫ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʩʪʫʧʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʨʝʩʫʨʩʠ. ʂʦʞʝʥ ʙʣʦʢ ʧʝʨʝʢʣʘʜʘʻʪʴʩʷ ʷʢ ʮʽʣʽʩʥʘ ʦʜʠʥʠʮʷ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʪʝʢʩʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʫ ʷʢʽʩʪʴ ʧʝʨʝʢʣʘʜʫ ʧʦʨʽʚʥʷʥʦ ʟ 

ʩʝʛʤʝʥʪʥʠʤ ʧʽʜʭʦʜʦʤ. 

ɼʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʪʘʧ ʚʠʨʽʚʥʶʚʘʥʥʷ ʯʘʩʦʚʠʭ ʤʽʪʦʢ, ʜʝ ʧʝʨʝʢʣʘʜʝʥʠʡ ʪʝʢʩʪ 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘʟʘʜ ʥʘ ʦʢʨʝʤʽ ʨʷʜʢʠ ʩʫʙʪʠʪʨʽʚ ʽʟ ʧʨʠʟʥʘʯʝʥʥʷʤ ʯʘʩʦʚʠʭ ʤʽʪʦʢ ʟ 

ʦʨʠʛʽʥʘʣʫ. ʈʦʟʧʦʜʽʣ ʤʽʪʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʜʦʚʞʠʥʠ ʢʦʞʥʦʛʦ ʨʷʜʢʘ 

ʫ ʩʠʤʚʦʣʘʭ ʽʟ ʜʦʪʨʠʤʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʩʠʤʚʦʣʽʚ ʫ ʨʷʜʢʫ 

ʩʫʙʪʠʪʨʽʚ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʝʢʪʥʫ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʧʝʨʝʢʣʘʜʝʥʠʭ ʩʫʙʪʠʪʨʽʚ ʽʟ 

ʚʽʜʝʦʨʷʜʦʤ. 

ɽʪʘʧ ʟʙʘʛʘʯʝʥʥʷ ʤʝʪʘʜʘʥʠʤʠ ʻ ʬʽʥʘʣʴʥʠʤ ʙʣʦʢʦʤ ʦʙʨʦʙʢʠ ʩʫʙʪʠʪʨʽʚ ʽ 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʢʦʥʪʝʢʩʪʥʦ-ʘʜʘʧʪʠʚʥʦʛʦ ʜʦʧʦʚʥʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʊʫʪ ʚʨʘʭʦʚʫʶʪʴʩʷ: ʥʘʟʚʘ, 

ʞʘʥʨʠ, ʨʽʢ, ʽʤʝʥʘ ʢʣʶʯʦʚʠʭ ʧʝʨʩʦʥʘʞʽʚ. ʎʽ ʜʘʥʽ ʚʢʣʶʯʘʶʪʴʩʷ ʫ ʟʘʧʠʪ ʜʦ ʤʦʚʥʦʾ 

ʤʦʜʝʣʽ ʧʨʠ ʛʝʥʝʨʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʨʝʣʝʚʘʥʪʥʽ 

ʪʝʩʪʠ ʪʘ ʟʘʚʜʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʥʪʝʥʪʫ. 

ɺʠʩʥʦʚʢʠ: ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʘʨʘʣʝʣʴʥʦʾ ʩʝʤʘʥʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 

ʤʝʜʽʘʨʝʩʫʨʩʽʚ ʜʣʷ ʢʦʥʪʝʢʩʪʥʦ-ʘʜʘʧʪʠʚʥʦʾ ʛʝʥʝʨʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʫ, ʱʦ 

ʚʠʨʽʰʫʻ ʢʣʶʯʦʚʽ ʧʨʦʙʣʝʤʠ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʙʨʦʙʢʠ ʩʫʙʪʠʪʨʽʚ: 

ʬʨʘʛʤʝʥʪʘʨʥʽʩʪʴ ʦʙʨʦʙʢʠ ʡ ʚʽʜʩʫʪʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʢʦʥʪʝʢʩʪʫ ʤʝʜʽʘʨʝʩʫʨʩʫ. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʨʝʢʪʥʠʡ ʧʝʨʝʢʣʘʜ ʽ ʷʢʽʩʥʘ ʛʝʥʝʨʘʮʽʷ ʥʘʚʯʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʣʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʽʟ ʜʠʥʘʤʽʯʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʧʦʪʦʢʽʚ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʤʘʩʰʪʘʙʫʚʘʪʠ ʤʝʪʦʜ ʟʘʣʝʞʥʦ ʚʽʜ ʦʙʩʷʛʫ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʝʜʦʚʠʱʘ ʚʠʢʦʥʘʥʥʷ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ 

ʩʝʤʘʥʪʠʯʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʥʘ ʢʦʨʦʪʢʠʭ ʜʽʘʣʦʛʽʯʥʠʭ 
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ʬʨʘʛʤʝʥʪʘʭ ʽ ʧʦʛʣʠʙʣʝʥʥʷ ʘʜʘʧʪʘʮʽʾ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʧʨʦʬʽʣʶ ʢʦʨʠʩʪʫʚʘʯʘ. 
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ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʩʚʽʪʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʨʽʤʢʠʤ ʧʝʨʝʭʦʜʦʤ 

ʬʦʨʤ ʪʦʨʛʽʚʣʽ ʫ ʮʠʬʨʦʚʠʡ ʧʨʦʩʪʽʨ. ɽʣʝʢʪʨʦʥʥʘ ʢʦʤʝʨʮʽʷ ʩʪʘʣʘ ʢʣʶʯʦʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʨʦʟʚʠʪʢʫ ʙʽʟʥʝʩʫ ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʽʟʘʮʽʾ ʪʘ ʯʘʩʪʠʭ ʢʨʠʟʦʚʠʭ ʷʚʠʱ [1, 

2]. ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʫ ʮʴʦʤʫ ʩʝʛʤʝʥʪʽ ʟʘʡʤʘʻ ʨʠʥʦʢ ʶʚʝʣʽʨʥʠʭ ʚʠʨʦʙʽʚ ʪʘ 

ʘʢʩʝʩʫʘʨʽʚ. ʇʨʠʢʨʘʩʠ ʥʘʣʝʞʘʪʴ ʜʦ ʪʦʚʘʨʽʚ ʟ ʚʠʩʦʢʦʶ ʝʤʦʮʽʡʥʦʶ ʩʢʣʘʜʦʚʦʶ, ʜʝ 

ʚʽʟʫʘʣʴʥʘ ʧʨʝʟʝʥʪʘʮʽʷ ʪʘ ʟʨʫʯʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚʠʙʦʨʫ ʩʧʨʦʱʫʶʪʴ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʧʨʦ ʧʦʢʫʧʢʫ. 

ʖʚʝʣʽʨʥʘ ʩʬʝʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʽʥʪʝʨʥʝʪ-ʢʦʤʝʨʮʽʾ, ʧʝʨʝʙʫʚʘʻ ʤʽʞ 

ʤʽʥʽʤʘʣʽʟʤʦʤ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʟʨʫʯʥʽʩʪʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʚʽʪʦʚʠʭ ʪʘ ʣʦʢʘʣʴʥʠʭ 

ʣʽʜʝʨʽʚ ʨʠʥʢʫ ʧʽʜʪʚʝʨʞʫʻ, ʱʦ ʥʘʜʤʽʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʨʢʝʪʠʥʛʫ ʘʙʦ ʩʢʣʘʜʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʫ ʯʘʩʪʦ ʤʦʞʝ ʟʘʚʘʞʘʪʠ ʢʦʨʠʩʪʫʚʘʯʫ.  

ʂʣʶʯʦʚʦʶ ʧʨʦʙʣʝʤʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ 

ʟʘʤʦʚʣʝʥʥʷ, ʷʢʘ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʩʧʝʮʠʬʽʢʫ ʪʦʚʘʨʫ: ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʨʦʟʤʽʨʽʚ, 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʦʨʫ ʢʦʥʪʘʢʪʥʠʭ ʜʘʥʠʭ ʢʣʽʻʥʪʘ [3].  

ʅʝʦʙʭʽʜʥʦ ʟʦʩʝʨʝʜʠʪʠ ʫʚʘʛʫ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʤʽʥʽʤʘʣʽʩʪʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʟʨʦʟʫʤʽʣʫ ʩʪʨʫʢʪʫʨʫ ʢʘʪʘʣʦʛʫ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʥʘʥʥʷ 

ʦʥʣʘʡʥ-ʟʘʤʦʚʣʝʥʴ ʶʚʝʣʽʨʥʠʭ ʧʨʠʢʨʘʩ, ɦ ʦ ʧʦʻʜʥʫʻ ʢʘʪʘʣʦʛ ʧʨʦʜʫʢʮʽʾ ʟ ʢʦʰʠʢʦʤ, 

ʻ ʨʘʮʽʦʥʘʣʴʥʠʤ ʢʨʦʢʦʤ ʥʘ ʰʣʷʭʫ ʜʦ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʶʚʝʣʽʨʥʠʭ ʧʨʦʜʘʞʽʚ 

ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʚʠʙʦʨʫ ʧʨʦʜʫʢʮʽʾ ʪʘ ʰʚʠʜʢʝ 

ʦʬʦʨʤʣʝʥʥʷ ʧʦʢʫʧʢʠ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʦʭʦʧʣʶʻ ʧʦʚʥʠʡ ʮʠʢʣ ʚʟʘʻʤʦʜʽʾ ʟ ʧʦʢʫʧʮʝʤ ð ʚʽʜ ʤʦʤʝʥʪʫ 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʩʘʡʪʽ ʜʦ ʦʩʪʘʪʦʯʥʦʾ ʧʝʨʝʜʘʯʽ ʛʦʪʦʚʦʛʦ ʶʚʝʣʽʨʥʦʛʦ 

ʚʠʨʦʙʫ ʟʘʤʦʚʥʠʢʫ. ɼʦ ʩʢʣʘʜʫ ʦʩʥʦʚʥʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʚʭʦʜʷʪʴ: ʧʝʨʝʚʽʨʢʘ 

ʥʘʷʚʥʦʩʪʽ ʧʨʠʢʨʘʩ ʥʘ ʩʢʣʘʜʽ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʨʦʙʫ (ʨʦʟʤʽʨ, ʪʠʧ ʤʝʪʘʣʫ, ʧʨʦʙʘ 

ʪʦʱʦ), ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʦʧʣʘʪʠ. ʋ ʶʚʝʣʽʨʥʽʡ ʩʬʝʨʽ ʮʠʢʣ ʻ ʦʩʦʙʣʠʚʦ 

ʩʢʣʘʜʥʠʤ ʯʝʨʝʟ ʪʝ, ʱʦ ʚʠʨʦʙʠ ʤʘʶʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʧʦʪʨʝʙʫʶʪʴ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʪʦʯʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʤʽʞ ʧʨʦʜʘʚʮʝʤ ʽ ʢʣʽʻʥʪʦʤ [4]. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʣʝʥʦ ʜʝʨʝʚʦ 

ʬʫʥʢʮʽʡ, ʷʢʝ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʮʝʩ ʦʥʣʘʡʥ-ʟʘʤʦʚʣʝʥʥʷ ʧʨʠʢʨʘʩ ʚʧʨʦʜʦʚʞ ʫʩʽʭ 
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ʝʪʘʧʽʚ ʢʫʧʽʚʣʽ/ʧʨʦʜʘʞʫ. 

ʇʝʨʰʘ ʛʽʣʢʘ ʜʝʨʝʚʘ ʬʫʥʢʮʽʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʜʝ 

ʨʝʘʣʽʟʦʚʘʥʦ ʣʦʛʽʢʫ ʚʠʙʦʨʫ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʨʦʙʫ, ʥʘʧʨʠʢʣʘʜ, 

ʨʦʟʤʽʨ ʢʘʙʣʫʯʢʠ ʯʠ ʪʠʧ ʤʝʪʘʣʫ. ʎʝʥʪʨʘʣʴʥʘ ʛʽʣʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʰʠʢʦʤ, ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʥʫ ʟʘʤʦʚʣʝʥʥʷ ʪʘ ʥʘʜʘʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʤʦʞʣʠʚʽʩʪʴ 

ʨʝʜʘʛʫʚʘʪʠ ʚʤʽʩʪ ʩʧʠʩʢʫ ʦʙʨʘʥʠʭ ʪʦʚʘʨʽʚ. ɿʘʢʣʶʯʥʠʡ ʝʪʘʧ ʦʬʦʨʤʣʝʥʥʷ ʪʘ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʨ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ ʢʣʽʻʥʪʘ ʪʘ ʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʩʠʩʪʝʤʦʶ.  

ʊʨʘʥʟʘʢʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʦʥʣʘʡʥ-

ʤʘʛʘʟʠʥʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʢʦʨʝʢʪʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʦʧʝʨʘʮʽʾ, ʷʢ 

ʦʪ: ʨʝʻʩʪʨʘʮʽʷ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ, ʟʙʝʨʝʞʝʥʥʷ ʦʙʨʘʥʠʭ ʪʦʚʘʨʽʚ, ʦʙʨʦʙʢʘ ʮʽʥ ʪʘ 

ʬʽʢʩʘʮʽʷ ʟʘʣʠʰʢʽʚ ʧʨʦʜʫʢʮʽʾ ʫ ʙʘʟʽ ʜʘʥʠʭ.  

ɸʥʘʣʽʪʠʯʥʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ 

ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʪʨʘʥʟʘʢʮʽʡʥʠʤ ʙʣʦʢʦʤ. ʎʷ ʩʢʣʘʜʦʚʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʘʥʘʣʽʪʠʢʫ ʜʽʷʣʴʥʦʩʪʽ ʦʥʣʘʡʥ-ʤʘʛʘʟʠʥʫ: ʷʢ ʟʤʽʥʶʚʘʣʠʩʷ ʦʙʩʷʛʠ ʧʨʦʜʘʞʫ 

ʫʧʨʦʜʦʚʞ ʧʝʚʥʦʛʦ ʯʘʩʫ; ʚʠʜʠ ʶʚʝʣʽʨʥʠʭ ʚʠʨʦʙʽʚ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ ʧʦʜʦʙʘʶʪʴʩʷ 

ʧʦʢʫʧʮʷʤ; ʫʩʧʽʰʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʦʱʦ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ 

ʢʝʨʽʚʥʠʮʪʚʦ ʤʘʛʘʟʠʥʫ ʥʝʦʙʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ 

ʨʦʟʰʠʨʝʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ ʯʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤ ʣʦʷʣʴʥʦʩʪʽ. 

ɺ ʦʩʥʦʚʫ ʧʦʙʫʜʦʚʠ ʘʨʭʽʪʝʢʪʫʨʠ ʩʠʩʪʝʤʠ ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ ʜʝʢʦʤʧʦʟʠʮʽʾ 

çʟʚʝʨʭʫ-ʚʥʠʟè, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʘʙʩʪʨʘʢʮʽʾ 

ʜʦ ʥʠʞʯʠʭ ʨʽʚʥʽʚ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʮʽʣʽʩʥʽʩʪʴ 

ʩʠʩʪʝʤʠ, ʜʝ ʢʦʞʥʘ ʦʢʨʝʤʘ ʬʫʥʢʮʽʷ, ʷʢ-ʦʪ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʥʫ ʢʦʰʠʢʘ ʯʠ ʣʦʛʽʢʘ 

ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ, ʯʽʪʢʦ ʧʽʜʧʦʨʷʜʢʦʚʘʥʘ ʟʘʛʘʣʴʥʽʡ ʤʝʪʽ ʧʨʦʻʢʪʫ. 

ɸʣʛʦʨʠʪʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʤʝʭʘʥʽʟʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟ 

ʤʦʤʝʥʪʫ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʦʩʪʘʪʦʯʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʪʨʘʥʟʘʢʮʽʾ ʚ ʙʘʟʽ 

ʜʘʥʠʭ.  

ʇʨʦʮʝʩ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʽʥʪʝʨʬʝʡʩʫ, ʜʝ ʩʠʩʪʝʤʘ ʦʯʽʢʫʻ 

ʚʚʝʜʝʥʥʷ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʶʚʝʣʽʨʥʦʛʦ ʚʠʨʦʙʫ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʨʦ 

ʟʨʘʟʦʢ ʤʝʪʘʣʫ ʪʘ ʨʦʟʤʽʨ ʚʠʨʦʙʫ ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʙʣʦʢ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʜʝ 

ʚʠʢʦʥʫʻʪʴʩʷ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʟ ʧʦʪʦʯʥʠʤ ʢʘʪʘʣʦʛʦʤ ʧʨʦʜʫʢʮʽʾ. ʊʘʢʘ ʧʝʨʝʚʽʨʢʘ 

ʚʘʞʣʠʚʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʩʠʪʫʘʮʽʷʤ, ʢʦʣʠ ʢʣʽʻʥʪ ʥʘʤʘʛʘʻʪʴʩʷ ʚʢʘʟʘʪʠ 

ʪʝʭʥʽʯʥʦ ʥʝʤʦʞʣʠʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʠʨʦʙʫ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʘʣʛʦʨʠʪʤ ʩʧʨʷʤʦʚʫʻ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ ʢʦʰʠʢʦʤ ʪʦʚʘʨʽʚ. ʊʫʪ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʟʙʝʨʝʞʝʥʥʷ ʚʠʙʦʨʫ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʩʧʠʩʢʫ ʧʦʢʫʧʦʢ. 

ɿʘʚʝʨʰʘʣʴʥʘ ʩʪʘʜʽʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʝʭʘʥʽʟʤʦʤ ʪʨʘʥʟʘʢʮʽʡʥʦʾ ʮʽʣʽʩʥʦʩʪʽ, 

ʜʝ ʟʘʧʠʩ ʫ ʙʘʟʫ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʣʠʰʝ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʚʩʽʭ 

ʧʦʧʝʨʝʜʥʽʭ ʢʨʦʢʽʚ ʙʝʟ ʞʦʜʥʠʭ ʟʙʦʾʚ ʩʠʩʪʝʤʠ. 

ɸʣʛʦʨʠʪʤ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʙʣʦʢʠ ʦʙʨʦʙʢʠ ʚʠʥʷʪʢʦʚʠʭ ʩʠʪʫʘʮʽʡ, ʪʘʢʠʭ ʷʢ 

ʨʘʧʪʦʚʝ ʟʘʢʽʥʯʝʥʥʷ ʩʝʩʽʾ ʘʙʦ ʥʝʢʦʨʝʢʪʥʝ ʚʚʝʜʝʥʥʷ ʩʠʤʚʦʣʽʚ ʫ ʧʦʣʷ ʢʦʥʪʘʢʪʥʠʭ 

ʜʘʥʠʭ. 
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ɿʘʚʜʷʢʠ ʯʽʪʢʦʩʪʽ ʬʫʥʢʮʽʡ ʪʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ, ʤʽʥʽʤʽʟʫʶʪʴʩʷ 

ʨʠʟʠʢʠ ʪʘ ʧʦʢʨʘʱʫʻʪʴʩʷ ʷʢʽʩʪʴ ʩʝʨʚʽʩʫ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʩʝʛʤʝʥʪʫ 

ʶʚʝʣʽʨʥʠʭ ʚʠʨʦʙʽʚ.  

ɯʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ, ʫ ʢʦʥʪʝʢʩʪʽ  ʫʧʨʘʚʣʽʥʥʷ ʦʥʣʘʡʥ-

ʟʘʤʦʚʣʝʥʥʷʤʠ ʶʚʝʣʽʨʥʠʭ ʚʠʨʦʙʽʚ,  ʻ ʩʝʨʝʜʦʚʠʱʝʤ, ʷʢʝ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʢʦʥʮʝʧʮʽʾ 

ʽʥʪʝʛʨʘʮʽʾ ʚʥʫʪʨʽʰʥʽʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʟʘʧʠʪʘʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ 

ʛʘʨʘʥʪʫʻ ʮʽʣʽʩʥʽʩʪʴ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʜʘʥʠʭ ʧʨʦ ʪʦʚʘʨʠ, ʢʣʽʻʥʪʽʚ ʪʘ 

ʩʪʘʥ ʪʨʘʥʟʘʢʮʽʡ (ʪʘʙʣʠʮʷ 1).  

 

ʊʘʙʣʠʮʷ 1 - ɯʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ 

ʂʘʪʝʛʦʨʽʷ ʜʘʥʠʭ ɼʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ ʇʨʠʟʥʘʯʝʥʥʷ ʪʘ ʟʤʽʩʪ ʜʘʥʠʭ 

ɺʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʂʣʽʻʥʪ 

(ʚʝʙ-ʽʥʪʝʨʬʝʡʩ) 

ʉʫʢʫʧʥʽʩʪʴ ʚʠʙʦʨʫ ʤʦʜʝʣʽ, ʨʦʟʤʽʨʫ 

ʧʨʠʢʨʘʩʠ ʪʘ ʢʦʥʪʘʢʪʥʠʭ ʚʽʜʦʤʦʩʪʝʡ 

ʟʘʤʦʚʥʠʢʘ 

ʅʦʨʤʘʪʠʚʥʦ-ʜʦʚʽʜʢʦʚʽ ʂʘʪʘʣʦʛ ɸʢʪʫʘʣʴʥʘ ʮʽʥʘ ʟʘ ʛʨʘʤ ʤʝʪʘʣʫ, 

ʢʦʝʬʽʮʽʻʥʪʠ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʽ 

ʟʘʣʠʰʢʠ 

ɺʠʭʽʜʥʽ ʧʦʢʘʟʥʠʢʠ ʄʦʜʫʣʴ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ 

ʉʬʦʨʤʦʚʘʥʠʡ ʟʘʧʠʩ ʧʨʦ ʪʨʘʥʟʘʢʮʽʶ, 

ʝʣʝʢʪʨʦʥʥʘ ʢʚʠʪʘʥʮʽʷ ʪʘ ʩʪʘʪʫʩ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʥʮʠʧ 

ʥʦʨʤʘʣʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʘʥʦʤʘʣʽʡ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʘʙʦ ʦʥʦʚʣʝʥʥʽ 

ʟʘʧʠʩʽʚ.  

ɿʘʚʜʷʢʠ ʯʽʪʢʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʪʘ ʚʩʪʘʥʦʚʣʝʥʠʤ ʟʚô̫ ʟʢʘʤ, ʩʠʩʪʝʤʘ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʬʽʥʘʥʩʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʦʧʝʨʘʪʠʚʥʝ 

ʦʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʪʫʩ ʟʘʤʦʚʣʝʥʥʷ. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʽʜʚʠʱʫʻ 

ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʧʦʢʨʘʱʫʻ ʚʟʘʻʤʦʜʽʶ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʮʠʬʨʦʚʠʤ ʽʥʪʝʨʬʝʡʩʦʤ. 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʟʙʽʨ ʟʘʤʦʚʣʝʥʴ, ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʦʢ ʪʘ  ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʙʘʟʘ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʦʚʥʦʮʽʥʥʠʭ ʢʦʤʝʨʮʽʡʥʠʭ ʚʝʙ-ʩʘʡʪʽʚ ʜʣʷ ʧʨʠʚʘʪʥʠʭ ʤʘʡʩʪʨʽʚ-

ʶʚʝʣʽʨʽʚ ʘʙʦ ʙʨʝʥʜʽʚ ʙʽʞʫʪʝʨʽʾ ʪʘ ʶʚʝʣʽʨʥʠʭ ʧʨʠʢʨʘʩ.  
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ʌʽʥʘʥʩʦʚʘ ʜʽʷʣʴʥʽʩʪʴ ʤʘʣʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʚôʷʟʘʥʘ ʟ ʧʦʩʪʽʡʥʠʤ 

ʦʧʨʘʮʶʚʘʥʥʷʤ ʜʦʭʦʜʽʚ, ʚʠʪʨʘʪ, ʧʦʜʘʪʢʦʚʠʭ ʧʣʘʪʝʞʽʚ, ʟʘʣʠʰʢʽʚ ʢʦʰʪʽʚ, 

ʜʝʙʽʪʦʨʩʴʢʦʾ ʟʘʙʦʨʛʦʚʘʥʦʩʪʽ, ʟʘʧʘʩʽʚ ʪʘ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ʅʝʚʝʣʠʢʠʡ ʤʘʩʰʪʘʙ ʙʽʟʥʝʩʫ ʥʝ ʟʤʝʥʰʫʻ ʩʢʣʘʜʥʦʩʪʽ ʬʽʥʘʥʩʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʘ ʧʦʤʠʣʢʘ ʚ ʧʨʦʛʥʦʟʽ ʧʨʦʜʘʞʽʚ, ʟʘʢʫʧʽʚʝʣʴ ʘʙʦ ʢʘʩʦʚʦʛʦ 

ʨʦʟʨʠʚʫ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʧʣʘʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʄʘʣʠʡ ʙʽʟʥʝʩ ʯʘʩʪʦ 

ʧʦʪʨʝʙʫʻ ʜʦʩʪʫʧʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʰʚʠʜʢʦ ʚʠʢʦʥʫʚʘʪʠ 

ʨʦʟʨʘʭʫʥʢʠ, ʟʽʩʪʘʚʣʷʪʠ ʩʮʝʥʘʨʽʾ ʨʦʟʚʠʪʢʫ, ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʫʭ ʢʦʰʪʽʚ ʪʘ 

ʬʦʨʤʫʚʘʪʠ ʟʨʦʟʫʤʽʣʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʩʥʦʚʢʠ ʜʣʷ ʢʝʨʽʚʥʠʢʘ [1]. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʤʦʚʣʝʥʘ ʧʦʪʨʝʙʦʶ ʫ ʩʪʚʦʨʝʥʥʽ ʧʨʘʢʪʠʯʥʦʾ 

ʬʽʥʘʥʩʦʚʦʾ ʤʦʜʝʣʽ, ʧʨʠʜʘʪʥʦʾ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟ ʩʢʣʘʜʥʠʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. Microsoft Excel ʻ ʟʨʫʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ ʧʝʨʚʠʥʥʦʛʦ 

ʚʚʝʜʝʥʥʷ, ʧʝʨʝʚʽʨʢʠ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʜʘʥʠʭ, ʘ Python 

ʜʘʻ ʟʤʦʛʫ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʦʚʪʦʨʶʚʘʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʚʠʢʦʥʫʚʘʪʠ ʦʙʨʦʙʢʫ 

ʪʘʙʣʠʯʥʠʭ ʥʘʙʦʨʽʚ, ʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ ʪʘ ʬʦʨʤʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʇʦʻʜʥʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘʙʣʠʮʴ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʧʽʜʚʠʱʫʻ ʛʥʫʯʢʽʩʪʴ 

ʬʽʥʘʥʩʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʢʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʶʚʘʪʠ 

ʽʟ ʟʨʦʟʫʤʽʣʦʶ ʩʪʨʫʢʪʫʨʦʶ ʢʥʠʛʠ Excel ʪʘ ʚʦʜʥʦʯʘʩ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʽʯʥʝ 

ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ [1, 2]. 

ʄʝʪʦʶ ʻ ʧʦʙʫʜʦʚʘ ʬʽʥʘʥʩʦʚʦʾ ʤʦʜʝʣʽ ʤʘʣʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘʩʦʙʘʤʠ Excel 

ʪʘ Python ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʭʦʜʽʚ, ʚʠʪʨʘʪ, ʧʨʠʙʫʪʢʫ ʪʘ ʛʨʦʰʦʚʠʭ ʧʦʪʦʢʽʚ, ʘ 

ʪʘʢʦʞ, ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ 

ʚʽʟʫʘʣʽʟʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʬʽʥʘʥʩʦʚʽ ʧʨʦʮʝʩʠ ʤʘʣʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʦʚôʷʟʘʥʽ 

ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʜʦʭʦʜʽʚ, ʚʠʪʨʘʪ, ʧʨʠʙʫʪʢʫ ʽ ʛʨʦʰʦʚʦʛʦ ʧʦʪʦʢʫ.  

ʌʽʥʘʥʩʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʣʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʪʨʝʙʫʻ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ 

ʧʦʻʜʥʫʶʪʴ ʧʨʦʩʪʦʪʫ ʚʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʟʨʦʟʫʤʽʣʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ. ɺ ʧʨʘʢʪʠʯʥʽʡ 

ʜʽʷʣʴʥʦʩʪʽ ʤʘʣʦʛʦ ʙʽʟʥʝʩʫ ʚʘʞʣʠʚʠʤ ʻ ʥʝ ʣʠʰʝ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʤʦʜʝʣʽ, ʘ ʡ 
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