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ʂʦʤʠʩʩʠʷ ʢʦʥʬʝʨʝʥʮʠʠ: 
 

ʋʣʴʷʥʦʚ ʅʠʢʦʣʘʡ ʅʠʢʦʣʘʝʚʠʯ ð ʜʝʢʘʥ ʌʂʉʠʉ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 
ʧʨʝʜʩʝʜʘʪʝʣʴ ʢʦʤʠʩʩʠʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʶ ʢʦʥʬʝʨʝʥʮʠʠ çʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʠ ʩʝʪʠè;   

ʈʫʩʠʥ ɺʠʪʘʣʠʡ ɻʝʥʥʘʜʴʝʚʠʯ ð ʟʘʤʝʩʪʠʪʝʣʴ ʜʝʢʘʥʘ ʌʂʉʠʉ. 
ɻʦʣʜʘ ʆʣʴʛʘ ɸʣʝʢʩʝʝʚʥʘ ð ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ 

ʇʆʀʊ. 
ɻʨʠʛʦʨʴʝʚ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ð ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ʜʦʮʝʥʪ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʬʠʟʠʢʠ. 
ʄʘʣʳʭʠʥʘ ɻʘʣʠʥʘ ʀʚʘʥʦʚʥʘ ð ʢʘʥʜʠʜʘʪ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ 

ʬʠʣʦʩʦʬʠʠ.  
ʉʠʨʦʪʢʦ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ ð ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʠʩʧʦʣʥʷʶʱʠʡ ʦʙʷʟʘʥʥʦʩʪʠ 

ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ ʠʥʬʦʨʤʘʪʠʢʠ.  
ʅʠʢʫʣʴʰʠʥ ɹʦʨʠʩ ɺʠʢʪʦʨʦʚʠʯ ð ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

ʕɺʄ. 
ɸʟʘʨʦʚ ʀʣʴʷ ʉʝʨʛʝʝʚʠʯ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ɺɺʉ.  
ʂʥʷʟʶʢ ʅʘʪʘʣʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘð ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʘʷ 

ʢʘʬʝʜʨʦʡ ɺʳʩʰʝʡ ʄʘʪʝʤʘʪʠʢʠ. 
ɼʝʤʝʥʢʦʚʝʮ ɼʝʥʠʩ ɺʠʢʪʦʨʦʚʠʯ ð ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʇʆʀʊ, ʟʘʤ. ʜʝʢʘʥʘ ʧʦ 

ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʌʂʉʠʉ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʧʦʜʛʦʪʦʚʢʫ, ʚʳʧʫʩʢ ʧʨʦʛʨʘʤʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʙʦʨʥʠʢʘ 
ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʢʦʥʬʝʨʝʥʮʠʠ çʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʠ ʩʝʪʠè. 
 
         ɺ ʩʙʦʨʥʠʢʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʜʦʢʣʘʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 62-ʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʠ ʩʝʪʠè. 
ɸʚʪʦʨʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʥʦʚʳʭ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʭ, 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʄʘʪʝʨʠʘʣʳ ʦʜʦʙʨʝʥʳ ʦʨʛʢʦʤʠʪʝʪʦʤ ʠ ʧʫʙʣʠʢʫʶʪʩʷ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʘʚʪʦʨʩʢʘʷ ʧʦʟʠʮʠʷ ʠ 
ʩʪʠʣʠʩʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʫʙʣʠʢʘʮʠʡ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʝʥʳ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ 
ʦʬʦʨʤʣʝʥʠʶ.  

ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʠ 
ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʙʫʜʝʪ ʧʦʣʝʟʝʥ ʥʘʫʯʥʳʤ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʨʘʙʦʪʥʠʢʘʤ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ, 
ʘʩʧʠʨʘʥʪʘʤ, ʤʘʛʠʩʪʨʘʥʪʘʤ ʠ ʩʪʫʜʝʥʪʘʤ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. 
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ʋɼʂ 004.932.1 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʂɸʏɽʉʊɺɸ ʉɽɻʄɽʅʊɸʎʀʀ ʀ 
ɺʓʏʀʉʃʀʊɽʃʔʅʆʁ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ɸʈʍʀʊɽʂʊʋʈʓ U-NET 
ʇʈʀ ʆɹʈɸɹʆʊʂɽ ʀɿʆɹʈɸɾɽʅʀʁ ʈɸɿʃʀʏʅʆʁ ʂɸʅɸʃʔʅʆʉʊʀ 

ɽʨʦʬʝʝʚ ɺ.ʉ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ1 

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ  

ʇʝʨʮʝʚ ɼ.ʖ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʘʥʘʣʦʚ ʚʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʠʠ ʠ 
ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ U-Net. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ RGB-
ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʝʩʤʦʪʨʷ ʥʘ 
ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʩʝʛʤʝʥʪʘʮʠʷ, U-Net, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʦʙʥʘʨʫʞʝʥʠʝ ʦʙʲʝʢʪʦʚ, ʥʘʛʨʫʟʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, GPU. 

ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ï ʚʘʞʥʘʷ ʟʘʜʘʯʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ 
ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʝʣʴ U-Net [1]. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʩʝʛʤʝʥʪʘʮʠʠ ʠ 
ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ ʢʘʥʘʣʦʚ ʚʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 
ʢʘʥʘʣʦʚ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠ ʠʟʚʣʝʢʘʪʴ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʧʨʠʟʥʘʢʠ, ʦʜʥʘʢʦ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʨʭʠʪʝʢʪʫʨʘ U-Net ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʛʠʧʝʨʧʘʨʘʤʝʪʨʘʤʠ 
ʦʙʫʯʝʥʠʷ. ʀʟʤʝʥʷʣʩʷ ʪʦʣʴʢʦ ʨʘʟʤʝʨ ʚʭʦʜʥʦʛʦ ʪʝʥʟʦʨʘ: ʚ ʧʝʨʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʤʝʥʷʣʠʩʴ 
ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʛʨʘʜʘʮʠʷʭ ʩʝʨʦʛʦ (1 ʢʘʥʘʣ), ʚʦ ʚʪʦʨʦʡ ï RGB-ʠʟʦʙʨʘʞʝʥʠʷ (3 ʢʘʥʘʣʘ). ʆʙʫʯʝʥʠʝ 
ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʫʩʢʦʨʠʪʝʣʷ NVIDIA Tesla T4 ʩ 
ʦʙʲʸʤʦʤ ʚʠʜʝʦʧʘʤʷʪʠ 16 ɻɹ. ɺ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ Intel Xeon ʩ ʪʘʢʪʦʚʦʡ 
ʯʘʩʪʦʪʦʡ 2,00 ɻɻʮ. ʆʙʲʸʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʩʦʩʪʘʚʣʷʣ 12 ɻɹ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 
ʦʜʠʥʘʢʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʘʧʧʘʨʘʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ 
ʢʦʨʨʝʢʪʥʦʩʪʴ ʠ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʜʝʣʝʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʝʛʤʝʥʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʨʠʢʠ Dice Loss, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʪʝʧʝʥʴ 
ʧʝʨʝʢʨʳʪʠʷ ʤʘʩʦʢ, F1-score ï ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ precision ʠ recall, ʘ ʪʘʢʞʝ Intersection over Union 
(IoU), ʦʧʨʝʜʝʣʷʶʱʘʷ ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʝʜʩʢʘʟʘʥʥʦʡ ʠ ʠʩʪʠʥʥʦʡ ʦʙʣʘʩʪʝʡ ʢ ʧʣʦʱʘʜʠ 
ʠʭ ʦʙʲʝʜʠʥʝʥʠʷ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʠʢ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʥʦ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʩʝʛʤʝʥʪʘʮʠʠ, 
ʫʯʠʪʳʚʘʷ ʢʘʢ ʧʦʣʥʦʪʫ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʪʘʢ ʠ ʪʦʯʥʦʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ ʠʭ ʛʨʘʥʠʮ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʦʙʫʯʝʥʠʠ, 
ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʝʛʤʝʥʪʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ 
ʄʝʪʨʠʢʘ ʆʜʥʦʢʘʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʊʨʝʭʢʘʥʘʣʴʥʘʷ ʤʦʜʝʣʴ 

Dice Loss 0,055 0,032 

F1-score 0,949 0,970 

IoU 0,911 0,946 

 
ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʝʭʦʜ ʢ RGB-ʜʘʥʥʳʤ ʧʨʠʚʸʣ ʢ ʩʥʠʞʝʥʠʶ Dice Loss ʥʘ 

41,8%, ʫʚʝʣʠʯʝʥʠʶ F1-score ʥʘ 2,1% ʠ ʨʦʩʪʫ IoU ʥʘ 3,5%. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʮʚʝʪʦʚʳʝ ʧʨʠʟʥʘʢʠ 
ʫʣʫʯʰʘʶʪ ʢʘʯʝʩʪʚʦ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʪʦʯʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ. 

ʅʘʛʨʫʟʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ batch size ʦʪ 1 ʜʦ 64. ʀʟʤʝʨʷʣʠʩʴ ʦʙʱʝʝ ʚʨʝʤʷ 
ʚʳʧʦʣʥʝʥʠʷ, ʚʨʝʤʷ ʧʨʷʤʦʛʦ ʧʨʦʭʦʜʘ (forward time), ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ (overhead), ʧʨʦʧʫʩʢʥʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ (throughput), ʟʘʛʨʫʟʢʘ CPU ʠ GPU, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʤʷʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʛʨʫʟʦʯʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʦʜʥʦʢʘʥʘʣʴʥʳʭ ʠ ʪʨʝʭʢʘʥʘʣʴʥʳʭ-ʠʟʦʙʨʘʞʝʥʠʡ 
ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʘʭ 2 ʠ 3, ʘ ʪʘʢʞʝ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2. 

ʈʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ batch size ʫʣʫʯʰʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʧʨʠ ʵʪʦʤ RGB-ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʢʘʥʘʣʴʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʯʠʩʣʦ 
ʚʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʫʚʝʣʠʯʠʣʦʩʴ ʚ ʪʨʠ ʨʘʟʘ, ʤʦʜʝʣʴ ʩ RGB-ʜʘʥʥʳʤʠ ʧʦʢʘʟʘʣʘ ʙʦʣʴʰʫʶ ʧʨʦʧʫʩʢʥʫʶ 
ʩʧʦʩʦʙʥʦʩʪʴ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʙʦʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ. 

 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʥʘʛʨʫʟʦʯʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʜʥʦʢʘʥʘʣʴʥʦʡ ʤʦʜʝʣʠ 

Batch Size  1 2 4 8 16 32 64 

Iterations  1024 512 256 128 64 32 16 

Total Time (s)  9,38 8,22 7,96 7,85 7,10 7,14 7,23 

Forward Time (s)  5,83 2,80 1,43 0,81 0,40 0,51 0,20 

Overhead (s)  3,55 5,42 6,54 7,04 6,70 6,62 7,03 

Throughput (image/s)  175,68 365,72 717,34 1270,99 2560,75 1989,77 5173,35 

Throughput (TB/day)  4,1280 8,5935 16,8556 29,8648 60,1709 46,7545 121,5603 

CPU Load (%)  49,504 49,435 49,316 49,250 49,197 48,445 46,463 

CPU Mem Used (MB)  1429,3 6739,2 8365,4 8060,3 7431,5 7168,5 7106,0 

GPU Load (%)  89,91 95,73 96,79 96,74 95,91 99,38 93,75 

GPU Mem Used (MB)  844,19 1046,19 1440,19 2216,19 3848,19 7100,19 13592,19 

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʛʨʫʟʦʯʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʜʥʦʢʘʥʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʥʘʛʨʫʟʦʯʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʨʝʭʢʘʥʘʣʴʥʦʡ ʤʦʜʝʣʠ 

Batch Size  1 2 4 8 16 32 64 

Iterations  1024 512 256 128 64 32 16 

Total Time (s)  8,92 5,75 5,60 5,43 4,82 4,71 4,69 

Forward Time (s)  7,12 2,43 1,25 0,64 0,39 0,41 0,14 

Overhead (s)  1,79 3,31 4,35 4,79 4,42 4,30 4,55 

Throughput (image/s)  143,70 419,96 818,77 1593,97 2560,40 2478,75 7032,88 

Throughput (TB/day)  2,3628 6,9051 13,462 26,208 42,099 40,756 115,63 

CPU Load (%)  48,543 50,412 50,002 49,710 48,53 48,128 47,015 

CPU Mem Used (MB)  1406,10 6759,85 8218,80 7546,90 7365,30 7059,00 6865,70 

GPU Load (%) 71,97 94,26 95,83 95,88 95,00 95,25 92,75 

GPU Mem Used (MB)  601,88 729,88 997,88 1501,88 2593,88 4765,88 9097,88 

 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʛʨʫʟʦʯʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʨʝʭʢʘʥʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʩʚʸʨʪʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʨʘʩʪʸʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ ʢʘʥʘʣʦʚ, 
ʦʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ GPU ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʝʨʘʮʠʡ, ʥʦ ʠ ʩʪʝʧʝʥʴʶ 
ʧʘʨʘʣʣʝʣʠʟʤʘ ʚʳʯʠʩʣʝʥʠʡ. ʆʜʥʦʢʘʥʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʦʣʥʦʡ ʟʘʛʨʫʟʢʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʚʠʜʝʦʢʘʨʪʳ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʪʨʘʪʠʪʩʷ ʥʘ ʩʣʫʞʝʙʥʳʝ ʦʧʝʨʘʮʠʠ, ʚʢʣʶʯʘʷ ʟʘʧʫʩʢ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʷʜʝʨ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʧʦʪʦʢʦʚ. ɼʣʷ ʦʜʥʦʢʘʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ 
ʩʦʩʪʘʚʠʣʠ 3,55 ʩ. ʧʨʠ batch size ʨʘʚʥʦʤ 1, ʪʦʛʜʘ ʢʘʢ ʜʣʷ RGB-ʤʦʜʝʣʠ ï ʣʠʰʴ 1,79 ʩ., ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 
ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʟʘʜʘʯ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ. 

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʢʘʥʘʣʦʚ ʧʦʚʳʰʘʝʪ ʘʨʠʬʤʝʪʠʯʝʩʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʦʟʚʦʣʷʝʪ 
ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ GPU. ʇʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʦʣʷ 
ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʚʳʯʠʩʣʝʥʠʷ ʧʝʨʝʭʦʜʷʪ ʚ ʨʝʞʠʤ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
ʤʦʱʥʦʩʪʴʶ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʥʝ ʟʘʜʝʨʞʢʘʤʠ ʧʘʤʷʪʠ ʠʣʠ ʩʣʫʞʝʙʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, 
ʦʧʪʠʤʠʟʘʮʠʷ ʙʠʙʣʠʦʪʝʢ cuDNN [2] ʧʦʜ ʙʦʣʴʰʠʝ ʪʝʥʟʦʨʳ ʧʦʟʚʦʣʷʝʪ ʚʳʙʠʨʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ 
ʘʣʛʦʨʠʪʤʳ ʩʚʸʨʪʢʠ, ʫʣʫʯʰʘʷ ʜʦʩʪʫʧ ʢ ʧʘʤʷʪʠ ʠ ʟʘʛʨʫʟʢʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, RGB-
ʚʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʫʪʠʣʠʟʘʮʠʠ GPU, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.  

ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳʡ ʨʦʩʪ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ batch size ʨʘʚʥʦʤ 64, ʢʦʛʜʘ 
cuDNN ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʚ ʧʦʣʴʟʫ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ GEMM-ʷʜʝʨ 
(SGEMM/volta_sgemm). ʇʨʠ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʘʭ batch ʩʚʸʨʪʢʠ ʚ ʦʩʥʦʚʥʦʤ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʯʝʨʝʟ 
ʢʦʤʙʠʥʘʮʠʶ Winograd ʠ FFT, ʯʪʦ ʩʦʟʜʘʸʪ ʦʱʫʪʠʤʳʝ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 
ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. ʅʘʧʨʦʪʠʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ GPU ʫʚʝʣʠʯʝʥʠʝ 
ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʤʦʞʝʪ ʫʣʫʯʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ. RGB-ʜʘʥʥʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʧʦʚʳʰʘʶʪ ʢʘʯʝʩʪʚʦ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ batch size. 
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Annotation. The paper investigates the effect of the number of input image channels on the segmentation result and computational 
efficiency of the U-Net neural network. Experimental results show that the use of RGB images provides improved segmentation quality 
and higher computational efficiency, despite an increase in the amount of input data. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʌʆʈʄɸʃʀɿɸʎʀʗ ʇɸʊʊɽʈʅʆɺ 
ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ "ʈɸɿʈɸɹʆʊʏʀʂ ï ʀʀ-ɸʉʉʀʉʊɽʅʊ" ɼʃʗ 
ʆʇʊʀʄʀɿɸʎʀʀ ʇʈʆʎɽʉʉɸ ʅɸʇʀʉɸʅʀʗ, ʈɽʌɸʂʊʆʈʀʅɻɸ ʀ 

ʆʊʃɸɼʂʀ ʂʆɼɸ 

ɹʦʯʘʨʦʚ ɸ.ʅ, ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ  

ʉʢʠʙʘ ʀ.ɻ. ï ʘʩʩʠʩʪʝʥʪ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʘʩʩʠʩʪʝʥʪʘʤʠ ʢʦʜʠʨʦʚʘʥʠʷ (ʀʀ-ʘʩʩʠʩʪʝʥʪʘʤʠ). ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʘʢʪʠʢʠ ʠ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ GitHub Copilot, AWS CodeWhisperer, Tabnine. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʧʨʝʜʣʦʞʝʥʳ ʧʘʪʪʝʨʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ 
ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʥʘʧʠʩʘʥʠʷ, ʨʝʬʘʢʪʦʨʠʥʛʘ ʠ ʦʪʣʘʜʢʠ ʢʦʜʘ. ʆʮʝʥʝʥʦ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʳʭ ʧʘʪʪʝʨʥʦʚ 
ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʀʀ-ʘʩʩʠʩʪʝʥʪ, GitHub Copilot, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʯʝʣʦʚʝʢʘ ʩ ʢʦʤʧʴʶʪʝʨʦʤ, ʧʘʪʪʝʨʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛ, ʛʝʥʝʨʘʮʠʷ ʢʦʜʘ, ʨʝʬʘʢʪʦʨʠʥʛ, ʦʪʣʘʜʢʘ. 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʚʩʝ ʘʢʪʠʚʥʝʝ 
ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ). ɿʥʘʯʠʪʝʣʴʥʦʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʀʀ-ʘʩʩʠʩʪʝʥʪʳ ʢʦʜʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ GitHub Copilot, AWS CodeWhisperer, 
Tabnine. ʕʪʠ ʀʀ-ʘʩʩʠʩʪʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʟʘ ʩʯʝʪ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʢʦʜʘ, ʘʚʪʦʜʦʧʦʣʥʝʥʠʷ, ʧʦʤʦʱʠ ʚ ʨʝʬʘʢʪʦʨʠʥʛʝ ʠ ʦʪʣʘʜʢʝ [1]. ʆʜʥʘʢʦ, 
ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʚ ʦʩʪʘʝʪʩʷ 
ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʨʘʟʨʘʙʦʪʯʠʢʘ ʩ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʤ ʯʘʩʪʦ ʥʦʩʠʪ ʥʝʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʪʩʫʪʩʪʚʠʝ 
ʫʩʪʦʷʚʰʠʭʩʷ ʤʝʪʦʜʠʢ ʠ ʧʘʪʪʝʨʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ ʧʨʦʙʣʝʤʘʤ: 
ʥʝʨʝʣʝʚʘʥʪʥʦʩʪʴ ʠʣʠ ʦʰʠʙʦʯʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʠʡ ʢʦʜʘ, ʩʣʦʞʥʦʩʪʴ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʪʦʯʥʳʭ ʟʘʧʨʦʩʦʚ 
(ʧʨʦʤʧʪʦʚ), ʧʨʦʙʣʝʤʳ ʠʥʪʝʛʨʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʚʝʨʠʬʠʢʘʮʠʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʢʦʜʘ. ʕʪʦ ʤʦʞʝʪ ʥʝ 
ʪʦʣʴʢʦ ʥʠʚʝʣʠʨʦʚʘʪʴ ʦʞʠʜʘʝʤʳʡ ʧʨʠʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʇʆ 
ʠ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʫʷʟʚʠʤʦʩʪʝʡ [2]. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 
ʩ ʀʀ-ʘʩʩʠʩʪʝʥʪʘʤʠ ʠ ʬʦʨʤʘʣʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʘʪʪʝʨʥʦʚ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 
ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ: ʥʘʧʠʩʘʥʠʝ, ʨʝʬʘʢʪʦʨʠʥʛ ʠ ʦʪʣʘʜʢʘ ʢʦʜʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
1. ɸʥʘʣʠʟ ʪʝʢʫʱʠʭ ʧʨʘʢʪʠʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʚ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ. 
2. ɺʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ "ʨʘʟʨʘʙʦʪʯʠʢ ï ʀʀ-

ʘʩʩʠʩʪʝʥʪ". 
3. ʆʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ, ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ 

ʢʦʜʘ. 
4. ʌʦʨʤʘʣʠʟʘʮʠʷ ʚʳʷʚʣʝʥʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʚ ʚʠʜʝ ʧʘʪʪʝʨʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 
5. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʘʪʪʝʨʥʦʚ ʥʘ ʧʨʦʮʝʩʩ 

ʨʘʟʨʘʙʦʪʢʠ. 
ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʘʢʪʠʢ ʠ ʧʨʦʙʣʝʤ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʢʝʪʠʨʦʚʘʥʠʝ ʠ ʩʝʨʠʷ 

ʥʝʬʦʨʤʘʣʴʥʳʭ ʠʥʪʝʨʚʴʶ ʩ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʇʆ (n=35) ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ (Junior, Middle, Senior), 
ʠʩʧʦʣʴʟʫʶʱʠʭ ʀʀ-ʘʩʩʠʩʪʝʥʪʳ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʀʀ-ʘʩʩʠʩʪʝʥʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 
ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ: ʦʪ ʛʝʥʝʨʘʮʠʠ ʰʘʙʣʦʥʥʦʛʦ ʢʦʜʘ ʠ ʘʚʪʦʜʦʧʦʣʥʝʥʠʷ (ʦʩʥʦʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫ 
Junior-ʨʘʟʨʘʙʦʪʯʠʢʦʚ) ʜʦ ʧʦʤʦʱʠ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʨʝʬʘʢʪʦʨʠʥʛʝ ʠ ʧʦʠʩʢʝ 
ʥʝʦʯʝʚʠʜʥʳʭ ʦʰʠʙʦʢ (ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ Middle/Senior). ʅʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ-
ʘʩʩʠʩʪʝʥʪʦʚ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʧʨʦʙʣʝʤʳ (ʩʤ. ʪʘʙʣʠʮʫ 1).  



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 

27 

 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʀʀ-ʘʩʩʠʩʪʝʥʪʘʤʠ 

ʇʨʦʙʣʝʤʘ 
ʏʘʩʪʦʪʘ 

ʫʧʦʤʠʥʘʥʠʷ, % 
ʍʘʨʘʢʪʝʨʥʳʝ ʢʦʤʤʝʥʪʘʨʠʠ 

ʅʝʪʦʯʥʦʩʪʴ/ʥʝʨʝʣʝʚʘʥʪʥʦʩʪʴ 
ʧʨʝʜʣʦʞʝʥʠʡ 

75 
çʏʘʩʪʦ ʧʨʝʜʣʘʛʘʝʪ ʥʝ ʪʦ, ʯʪʦ 
ʥʫʞʥʦè, çʂʦʜ ʥʝ ʫʯʠʪʳʚʘʝʪ 
ʢʦʥʪʝʢʩʪ ʧʨʦʝʢʪʘè 

ʊʨʫʜʥʦʩʪʠ ʩ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝʤ ʟʘʧʨʦʩʦʚ 
(ʧʨʦʤʧʪʦʚ) 

60 
çʅʝʧʦʥʷʪʥʦ, ʢʘʢ ʧʨʘʚʠʣʴʥʦ 
ʩʧʨʦʩʠʪʴ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 
ʥʫʞʥʳʡ ʨʝʟʫʣʴʪʘʪè 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʪʱʘʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ 
ʢʦʜʘ 

85 
çʅʠʢʦʛʜʘ ʥʝ ʧʨʠʥʠʤʘʶ ʢʦʜ ʙʝʟ 
ʧʨʦʚʝʨʢʠè, çʀʥʦʛʜʘ ʛʝʥʝʨʠʨʫʝʪ 
ʢʦʜ ʩ ʦʰʠʙʢʘʤʠ/ʫʷʟʚʠʤʦʩʪʷʤʠè 

ʉʣʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 
ʢʦʜʘ 

40 
çʉʪʠʣʴ ʢʦʜʘ ʦʪʣʠʯʘʝʪʩʷè, 
çʅʫʞʥʦ ʜʦʨʘʙʘʪʳʚʘʪʴ, ʯʪʦʙʳ 
ʚʧʠʩʘʪʴ ʚ ʘʨʭʠʪʝʢʪʫʨʫè 

çʏʝʨʥʳʡ ʷʱʠʢè / ʅʝʧʦʥʠʤʘʥʠʝ ʣʦʛʠʢʠ ʀʀ 30 
çʅʝ ʚʩʝʛʜʘ ʧʦʥʠʤʘʶ, ʧʦʯʝʤʫ ʦʥ 
ʧʨʝʜʣʦʞʠʣ ʠʤʝʥʥʦ ʵʪʦè 

 
ʈʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʀʀ-ʘʩʩʠʩʪʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʫʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ. 
ʕʬʬʝʢʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʨʦʙʣʝʤ ʠ ʧʨʠʤʝʨʦʚ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʪʨʘʪʝʛʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʜʝʣʘʪʴ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʨʘʙʦʪʯʠʢʘ ʩ ʵʪʠʤʠ ʀʀ-ʘʩʩʠʩʪʝʥʪʘʤʠ ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ. ʂʘʯʝʩʪʚʦ 
ʨʝʟʫʣʴʪʘʪʘ ʨʘʙʦʪʳ ʀʀ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʟʘʧʨʦʩʘ, ʢʦʪʦʨʳʡ ʝʤʫ ʟʘʜʘʝʪ ʯʝʣʦʚʝʢ. ʇʦʵʪʦʤʫ 
ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʚʳʢʦʚ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛ ï ʫʤʝʥʠʝ ʛʨʘʤʦʪʥʦ ʬʦʨʤʫʣʠʨʦʚʘʪʴ 
ʟʘʜʘʯʠ ʜʣʷ ʀʀ. ʕʬʬʝʢʪʠʚʥʳʝ ʟʘʧʨʦʩʳ ʦʪʣʠʯʘʶʪʩʷ ʯʝʪʢʦʩʪʴʶ ʠ ʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ. 
ʅʘʧʨʠʤʝʨ, ʚʤʝʩʪʦ ʦʙʱʝʡ ʬʨʘʟʳ çʥʘʧʠʰʠ ʬʫʥʢʮʠʶ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷè ʨʝʟʫʣʴʪʘʪʠʚʥʝʝ ʙʫʜʝʪ 
ʢʦʥʢʨʝʪʥʳʡ ʟʘʧʨʦʩ ʪʠʧʘ çʥʘʧʠʰʠ ʬʫʥʢʮʠʶ Python get_user_by_id(user_id: int) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
SQLAlchemy ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʟ ɹɼ ʧʦ IDè. ʀʀ-ʘʩʩʠʩʪʝʥʪ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʝʝ, 
ʝʩʣʠ ʝʤʫ ʧʨʝʜʦʩʪʘʚʠʪʴ ʨʝʣʝʚʘʥʪʥʳʡ ʢʦʥʪʝʢʩʪ: ʦʢʨʫʞʘʶʱʠʡ ʢʦʜ, ʢʦʤʤʝʥʪʘʨʠʠ ʩ ʦʧʠʩʘʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ, 
ʫʢʘʟʘʥʠʝ ʥʘ ʠʩʧʦʣʴʟʫʝʤʳʝ ʙʠʙʣʠʦʪʝʢʠ ʠ ʬʨʝʡʤʚʦʨʢʠ. ʇʦʣʫʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʥʝ ʚʩʝʛʜʘ 
ʚʦʟʤʦʞʥʦ ʩ ʧʝʨʚʦʡ ʧʦʧʳʪʢʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʵʬʬʝʢʪʠʚʝʥ ʠʪʝʨʘʪʠʚʥʳʡ 
ʧʦʜʭʦʜ, ʢʦʛʜʘ ʨʘʟʨʘʙʦʪʯʠʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʢ ʜʠʘʣʦʛ: ʘʥʘʣʠʟʠʨʫʝʪ ʧʝʨʚʳʡ ʦʪʚʝʪ ʀʀ ʠ 
ʬʦʨʤʫʣʠʨʫʝʪ ʫʪʦʯʥʷʶʱʠʡ ʟʘʧʨʦʩ, ʢʦʨʨʝʢʪʠʨʫʷ ʧʨʝʜʣʦʞʝʥʠʷ ʠʣʠ ʜʦʙʘʚʣʷʷ ʥʦʚʳʝ ʜʝʪʘʣʠ. ʕʪʠ 
ʥʘʙʣʶʜʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʘʞʥʦʩʪʴ ʯʝʪʢʠʭ ʟʘʧʨʦʩʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʞʠʜʘʥʠʷʤʠ, ʯʪʦ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ 
ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ ʠ ʶʟʘʙʠʣʠʪʠ ʧʦʜʦʙʥʳʭ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʚ [3]. 

ɼʨʫʛʦʡ ʚʘʞʥʳʡ ʘʩʧʝʢʪ ï ʚʝʨʠʬʠʢʘʮʠʷ ʠ ʠʥʪʝʛʨʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʀʀ ʢʦʜʘ. ʊʨʝʙʫʝʪʩʷ 
ʧʦʩʪʦʷʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʣʦʛʠʢʠ, ʢʦʨʨʝʢʪʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʢʦʜʘ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʢʠ: ʩʪʘʪʠʯʝʩʢʠʝ 
ʘʥʘʣʠʟʘʪʦʨʳ, ʣʠʥʪʝʨʳ ʠ ʪʝʩʪʳ (ʤʦʜʫʣʴʥʳʝ, ʠʥʪʝʛʨʘʮʠʦʥʥʳʝ). ʂʦʜ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʀʀ-ʘʩʩʠʩʪʝʥʪʘʤʠ, ʚ 
ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʨʝʙʫʝʪ ʧʦʩʣʝʜʫʶʱʝʡ ʤʦʜʠʬʠʢʘʮʠʠ. ʇʦʯʪʠ ʚʩʝʛʜʘ ʪʨʝʙʫʝʪʩʷ ʝʛʦ ʘʜʘʧʪʘʮʠʷ ʧʦʜ 
ʩʪʠʣʴ ʢʦʜʠʨʦʚʘʥʠʷ, ʧʨʠʥʷʪʳʡ ʚ ʧʨʦʝʢʪʝ, ʧʦʜ ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ ʠ ʢʦʥʢʨʝʪʥʳʝ 
ʪʨʝʙʦʚʘʥʠʷ ʟʘʜʘʯʠ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʣʠʷʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʀʀ-ʛʝʥʝʨʘʮʠʠ ʥʘ ʫʩʪʦʷʚʰʠʝʩʷ ʧʨʦʮʝʩʩʳ 
ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʠʤʘʪʝʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʠʭ ʨʝʟʫʣʴʪʘʪʘʤ [4]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ IDE, ʪʘʢʠʭ ʢʘʢ ʧʦʜʩʚʝʪʢʘ ʩʠʥʪʘʢʩʠʩʘ ʚ ʧʨʝʜʣʦʞʝʥʠʷʭ 
ʀʀ, ʥʘʚʠʛʘʮʠʷ ʧʦ ʢʦʜʫ, ʠʥʩʪʨʫʤʝʥʪʳ ʩʨʘʚʥʝʥʠʷ ʚʝʨʩʠʡ, ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ 
ʨʘʙʦʯʝʤʫ ʧʨʦʮʝʩʩʫ. 

ʌʦʨʤʘʣʠʟʘʮʠʷ ʧʘʪʪʝʨʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ 
ʫʧʨʦʱʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʘʪʪʝʨʥʘʭ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʧʘʪʪʝʨʥʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʇʆ, ʧʘʪʪʝʨʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʦʧʠʩʳʚʘʶʪ ʧʨʦʚʝʨʝʥʥʦʝ, ʧʦʚʪʦʨʷʝʤʦʝ ʨʝʰʝʥʠʝ ʪʠʧʠʯʥʦʡ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʀʀ-
ʘʩʩʠʩʪʝʥʪʦʤ. ʈʘʩʩʤʦʪʨʠʤ ʪʨʠ ʪʘʢʠʭ ʧʘʪʪʝʨʥʘ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʝʨʚʳʡ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʘʪʪʝʨʥ, çʂʦʥʪʝʢʩʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʟʘʧʨʦʩè, ʨʝʰʘʝʪ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʫʶ ʧʨʦʙʣʝʤʫ ʛʝʥʝʨʘʮʠʠ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʤ ʩʠʥʪʘʢʩʠʯʝʩʢʠ ʚʝʨʥʦʛʦ, ʥʦ ʥʝ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʥʪʝʢʩʪʫ ʧʨʦʝʢʪʘ ʢʦʜʘ (ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʨʝʣʝʚʘʥʪʥʳʭ ʙʠʙʣʠʦʪʝʢ ʠʣʠ 
ʥʘʨʫʰʝʥʠʝ ʧʨʠʥʷʪʦʛʦ ʩʪʠʣʷ). ʕʪʦ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʥʘ ʦʙʰʠʨʥʳʭ, ʥʦ 
ʛʝʪʝʨʦʛʝʥʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʩʧʝʮʠʬʠʢʘ ʢʦʥʢʨʝʪʥʦʡ ʢʦʜʦʚʦʡ ʙʘʟʳ. ʈʝʰʝʥʠʝ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʝʨʝʜ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʟʘʧʨʦʩʘ ʥʘ ʛʝʥʝʨʘʮʠʶ ʢʦʜʘ ʷʚʥʦ 
ʧʨʝʜʦʩʪʘʚʠʪʴ ʀʀ ʥʝʦʙʭʦʜʠʤʫʶ ʢʦʥʪʝʢʩʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʪʝʤ ʩʘʤʳʤ ʥʘʧʨʘʚʣʷʷ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʠ 
ʧʦʚʳʰʘʷ ʨʝʣʝʚʘʥʪʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ. ʂʦʥʪʝʢʩʪ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʥ ʥʝʩʢʦʣʴʢʠʤʠ 
ʩʧʦʩʦʙʘʤʠ: ʯʝʨʝʟ ʧʦʜʨʦʙʥʳʝ ʢʦʤʤʝʥʪʘʨʠʠ ʚ ʢʦʜʝ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʟʘʧʨʦʩʫ ʠ ʦʧʠʩʳʚʘʶʱʠʝ 
ʪʨʝʙʦʚʘʥʠʷ, ʦʞʠʜʘʝʤʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʦʢʨʫʞʝʥʠʝ; ʯʝʨʝʟ ʚʢʣʶʯʝʥʠʝ ʚ ʩʘʤ ʧʨʦʤʧʪ ʩʠʛʥʘʪʫʨ (ʠʣʠ ʜʘʞʝ 
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ʪʝʣ) ʨʝʣʝʚʘʥʪʥʳʭ ʬʫʥʢʮʠʡ, ʢʣʘʩʩʦʚ ʠʣʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʩ ʢʦʪʦʨʳʤʠ ʜʦʣʞʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 
ʛʝʥʝʨʠʨʫʝʤʳʡ ʢʦʜ; ʣʠʙʦ ʠʩʧʦʣʴʟʫʷ ʩʧʝʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ 
(IDE), ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʶʪ ʷʚʥʦ ʫʢʘʟʘʪʴ ʘʩʩʠʩʪʝʥʪʫ ʬʘʡʣʳ ʠʣʠ ʚʳʜʝʣʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʢʦʜʘ, 
ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʟʘʧʨʦʩʘ. ʇʨʠʤʝʨ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʤʧʪʘ ʩ ʢʦʥʪʝʢʩʪʦʤ 
ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʧʨʦʤʪʘ ʩ ʢʦʥʪʝʢʩʪʦʤ 

ɺʪʦʨʦʡ ʧʘʪʪʝʨʥ ï çʀʪʝʨʘʪʠʚʥʦʝ ʋʪʦʯʥʝʥʠʝè. ɼʘʥʥʳʡ ʧʘʪʪʝʨʥ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʝʰʝʥʠʠ 
ʩ ʧʦʤʦʱʴʶ ʀʀ ʩʣʦʞʥʳʭ ʠʣʠ ʩʣʘʙʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʟʘʜʘʯ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʥʳʭ 
ʘʣʛʦʨʠʪʤʦʚ, ʚʳʧʦʣʥʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʝʬʘʢʪʦʨʠʥʛʘ ʠʣʠ ʛʝʥʝʨʘʮʠʠ ʢʦʜʘ ʧʦ ʥʝʯʝʪʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ), 
ʛʜʝ ʧʝʨʚʳʡ ʦʪʚʝʪ ʀʀ-ʘʩʩʠʩʪʝʥʪʘ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʧʦʣʥʳʤ ʠʣʠ ʩʦʜʝʨʞʠʪ ʣʦʛʠʯʝʩʢʠʝ ʥʝʪʦʯʥʦʩʪʠ. 
ʈʝʰʝʥʠʝ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝ ʢʘʢ ʦʜʥʦʢʨʘʪʥʳʡ 
ʟʘʧʨʦʩ-ʦʪʚʝʪ, ʘ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʜʠʘʣʦʛ ʠʣʠ ʧʨʦʮʝʩʩ ʩʦʚʤʝʩʪʥʦʡ ʜʦʨʘʙʦʪʢʠ. ʇʦʣʫʯʠʚ 
ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʢʦʜʘ ʦʪ ʀʀ, ʨʘʟʨʘʙʦʪʯʠʢ ʧʨʦʚʦʜʠʪ ʝʛʦ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ, ʚʤʝʩʪʦ ʧʦʣʥʦʛʦ 
ʦʪʢʘʟʘ, ʬʦʨʤʫʣʠʨʫʝʪ ʫʪʦʯʥʷʶʱʠʡ ʟʘʧʨʦʩ. ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 
ʢʦʥʢʨʝʪʥʦʡ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ: ʷʚʥʦʝ ʫʢʘʟʘʥʠʝ ʥʘ ʦʙʥʘʨʫʞʝʥʥʳʝ ʦʰʠʙʢʠ ʠʣʠ ʣʦʛʠʯʝʩʢʠʝ 
ʧʨʦʩʯʝʪʳ, ʧʨʝʜʣʦʞʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʠʣʠ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʜʦʙʘʚʣʝʥʠʝ 
ʨʘʥʝʝ ʥʝ ʫʯʪʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. ʕʪʦʪ ʮʠʢʣ çʟʘʧʨʦʩ ï ʘʥʘʣʠʟ ï 
ʫʪʦʯʥʷʶʱʠʡ ʟʘʧʨʦʩ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶè ʧʦʚʪʦʨʷʝʪʩʷ ʠʪʝʨʘʪʠʚʥʦ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥ 
ʨʝʟʫʣʴʪʘʪ, ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʨʘʟʨʘʙʦʪʯʠʢʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʩʝʤ ʧʦʩʪʘʚʣʝʥʥʳʤ 
ʪʨʝʙʦʚʘʥʠʷʤ (ʩʤ. ʨʠʩʫʥʦʢ 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʧʨʦʤʪʘ ʩ ʫʪʦʯʥʝʥʠʝʤ 

ʊʨʝʪʠʡ ʧʘʪʪʝʨʥ ï çʎʠʢʣ ʇʨʝʜʣʦʞʝʥʠʝ-ɺʝʨʠʬʠʢʘʮʠʷ-ʀʥʪʝʛʨʘʮʠʷè. ɼʘʥʥʳʡ ʧʘʪʪʝʨʥ 
ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʰʠʙʦʢ, ʫʷʟʚʠʤʦʩʪʝʡ, ʩʥʠʞʝʥʠʷ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʢʦʜʘ), ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʥʝʧʨʦʚʝʨʝʥʥʦʛʦ ʢʦʜʘ, 
ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʤ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʣʶʙʦʛʦ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʢʦʜʦʚʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʦʪ 
ʀʀ-ʘʩʩʠʩʪʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ 
ʨʠʩʫʥʢʝ 3. ʇʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʣʦʞʝʥʠʷ ʦʪ ʀʀ, ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʦʙʷʟʘʪʝʣʴʥʳʡ 
ʵʪʘʧ ʚʝʨʠʬʠʢʘʮʠʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚʩʝʩʪʦʨʦʥʥʷʷ ʦʮʝʥʢʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʢʦʜʘ: ʧʨʦʚʝʨʷʝʪʩʷ 
ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʣʦʛʠʢʠ, ʦʪʩʫʪʩʪʚʠʝ ʷʚʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ, ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ ʧʨʦʝʢʪʘ, ʚʢʣʶʯʘʷ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ɼʣʷ 
ʵʪʦʛʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʨʫʯʥʦʡ ʘʥʘʣʠʟ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ ʯʠʪʘʝʤʦʩʪʴ ʠ ʦʙʱʫʶ 
ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʪʘʢ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ: ʩʪʘʪʠʯʝʩʢʠʝ 
ʘʥʘʣʠʟʘʪʦʨʳ, SAST-ʠʥʩʪʨʫʤʝʥʪʳ, ʧʨʦʬʠʣʠʨʦʚʱʠʢʠ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʫʣʴʥʳʝ ʪʝʩʪʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʠʥʠʤʘʝʪʩʷ ʚʟʚʝʰʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦ ʧʨʠʝʤʣʝʤʦʩʪʠ ʢʦʜʘ. ɺ ʩʣʫʯʘʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 
ʨʝʰʝʥʠʷ ʢʦʜ ʦʪʢʣʦʥʷʝʪʩʷ, ʠ ʨʘʟʨʘʙʦʪʯʠʢ ʤʦʞʝʪ ʧʝʨʝʡʪʠ ʢ ʫʪʦʯʥʝʥʠʶ ʟʘʧʨʦʩʘ (ʩʦʛʣʘʩʥʦ ʇʘʪʪʝʨʥʫ 2) 
ʠʣʠ ʚʳʙʨʘʪʴ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ. ʇʨʠ ʫʩʧʝʰʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ, ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ, 
ʚʳʧʦʣʥʷʝʤʳʤ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʘʮʠʷ ʢʦʜʘ. ɼʘʞʝ ʢʦʨʨʝʢʪʥʳʡ ʢʦʜ ʤʦʞʝʪ ʪʨʝʙʦʚʘʪʴ 
ʤʦʜʠʬʠʢʘʮʠʡ ʜʣʷ ʣʫʯʰʝʡ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʦʜʦʚʦʡ ʙʘʟʦʡ ʠʣʠ ʜʣʷ ʧʦʣʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ 
ʩʪʠʣʶ ʢʦʜʠʨʦʚʘʥʠʷ, ʧʨʠʥʷʪʦʤʫ ʚ ʢʦʤʘʥʜʝ ʠʣʠ ʧʨʦʝʢʪʝ. ʊʦʣʴʢʦ ʧʦʩʣʝ ʵʪʘʧʦʚ ʧʨʦʚʝʨʢʠ ʠ ʥʝʦʙʭʦʜʠʤʦʡ 
ʘʜʘʧʪʘʮʠʠ ʢʦʜ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʫʶ ʢʦʜʦʚʫʶ ʙʘʟʫ, ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ. 
ɿʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʮʠʢʣʘ ʷʚʣʷʝʪʩʷ ʬʠʥʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. ɽʛʦ ʮʝʣʴ ï ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʠʥʪʝʛʨʘʮʠʷ 
ʥʝ ʪʦʣʴʢʦ ʜʦʙʘʚʠʣʘ ʥʦʚʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʥʦ ʠ ʥʝ ʥʘʨʫʰʠʣʘ ʨʘʙʦʪʫ ʩʫʱʝʩʪʚʫʶʱʝʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ, 
ʪʦ ʝʩʪʴ ʥʝ ʚʳʟʚʘʣʘ ʨʝʛʨʝʩʩʠʡ. ʉʙʦʡ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʪʨʝʙʫʝʪ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦʡ ʦʪʣʘʜʢʠ ʠʣʠ, 
ʚʦʟʤʦʞʥʦ, ʦʪʢʘʪʘ ʚʥʝʩʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʜʫʢʪʘ. ʋʩʧʝʰʥʦʝ 
ʧʨʦʭʦʞʜʝʥʠʝ ʬʠʥʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʘʚʝʨʰʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʮʠʢʣʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 
ʧʨʝʜʣʦʞʝʥʠʷ ʀʀ. 
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ɿʘʢʣʶʯʝʥʠʝ. ʀʀ-ʘʩʩʠʩʪʝʥʪʳ ʢʦʜʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ 
ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʘʙʦʪʯʠʢʘ. ʆʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ ʠʭ ʧʦʪʝʥʮʠʘʣʘ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ 
ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʢʫʱʠʝ ʧʨʘʢʪʠʢʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʚ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʧʨʦʙʣʝʤʳ, ʚʳʜʝʣʝʥʳ ʩʪʨʘʪʝʛʠʠ ʠ 
ʬʦʨʤʘʣʠʟʦʚʘʥʳ ʪʨʠ ʧʘʪʪʝʨʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: çʂʦʥʪʝʢʩʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʟʘʧʨʦʩè, çʀʪʝʨʘʪʠʚʥʦʝ 
ʋʪʦʯʥʝʥʠʝè ʠ çʎʠʢʣ ʇʨʝʜʣʦʞʝʥʠʝ-ɺʝʨʠʬʠʢʘʮʠʷ-ʀʥʪʝʛʨʘʮʠʷè. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʧʘʪʪʝʨʥʦʚ 
ʧʦʟʚʦʣʷʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʀʀ-ʘʩʩʠʩʪʝʥʪʘʤʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ 
ʧʦʥʠʤʘʥʠʶ ʧʨʠʥʮʠʧʦʚ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʤ ʠ ʝʛʦ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʚʝʜʝʪ ʢ ʨʦʩʪʫ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʇʆ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʣʝʥʠʝ ʠ ʬʦʨʤʘʣʠʟʘʮʠʷ 
ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʧʘʪʪʝʨʥʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʵʪʠʭ ʧʘʪʪʝʨʥʦʚ ʚ IDE, ʘ ʪʘʢʞʝ 
ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʚ ʠ ʧʘʪʪʝʨʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʢʦʤʘʥʜʥʫʶ ʨʘʙʦʪʫ ʠ ʧʨʦʮʝʩʩʳ 
ʦʙʫʯʝʥʠʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ.  
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ʈɸɿʈɸɹʆʊʂɸ ʉʀʄʋʃʗʎʀʆʅʅʆʁ ʄʆɼɽʃʀ ʄʋʃʔʊʀɸɻɽʅʊʅʆʁ 
ʉʀʉʊɽʄʓ ɻʈʋɿʆɺʓʍ ʅɸɿɽʄʅʓʍ ʈʆɹʆʊʆɺ, 
ʌʋʅʂʎʀʆʅʀʈʋʖʑʀʍ ʅɸ ɿɸʄʂʅʋʊʆʄ ʇʋʊʀ 

ʄʘʰʢʦʚ ʀ.ɸ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʊʘʪʫʨ ʄ.ʄ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʦʩʦʙʦʡ ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ 
ʩʠʤʫʣʷʮʠʡ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʛʨʫʟʦʚʳʭ ʨʦʙʦʪʦʚ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʨʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠʚʦʜʠʪʩʷ 
ʩʭʝʤʘ ʤʦʜʫʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘʟʥʘʯʝʥʠʝ ʦʙʦʟʥʘʯʝʥʥʳʭ ʥʘ ʩʭʝʤʝ ʤʦʜʫʣʝʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ 
ʦʧʠʩʳʚʘʶʱʠʡ ʧʨʦʮʝʩʩ ʩʠʤʫʣʷʮʠʠ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ. ʆʧʠʩʳʚʘʝʪʩʷ ʚʠʟʫʘʣʴʥʘʷ ʯʘʩʪʴ ʛʦʪʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʠʤʫʣʷʮʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʦʜʝʣʴ, ʤʫʣʴʪʠʘʛʝʥʪʥʘʷ ʩʠʩʪʝʤʘ, ʘʛʝʥʪ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʘʣʛʦʨʠʪʤ, ʩʣʫʯʘʡʥʦʩʪʴ, 
ʛʝʥʝʨʘʪʦʨ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʨʦʙʦʪ, ʨʦʙʦʪʠʟʘʮʠʷ, ʮʠʢʣʠʯʥʦʩʪʴ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʝ, ʢʦʦʨʜʠʥʘʪʦʨ, 
ʢʦʤʤʫʥʠʢʘʮʠʷ, ʤʦʜʫʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʤʦʜʫʣʴ. 

ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʦʙʦʪʠʟʘʮʠʠ ʦʩʦʙʦʝ ʤʝʩʪʦ 
ʟʘʥʠʤʘʶʪ ʤʫʣʴʪʠʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ. ʆʥʠ ʚʩʸ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʣʦʛʠʩʪʠʢʠ ʠ 
ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʤʫʣʷʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʪʘʢʠʭ 
ʩʠʩʪʝʤ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ, ʤʠʥʠʤʠʟʠʨʫʷ ʨʠʩʢʠ ʠ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʨʘʟʚʸʨʪʳʚʘʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʪʦʪʠʧʦʚ. ʆʪʜʝʣʴʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʩʠʩʪʝʤʳ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʥʘ 
ʟʘʤʢʥʫʪʳʭ ʤʘʨʰʨʫʪʘʭ, ʛʜʝ ʮʠʢʣʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʸʪ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʧʨʘʚʣʝʥʠʶ ʘʛʝʥʪʘʤʠ. 
ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʦʧʠʩʳʚʘʝʪ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʩʠʩʪʝʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʩʠʤʫʣʷʮʠʠ 
ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʛʨʫʟʦʚʳʭ ʥʘʟʝʤʥʳʭ ʨʦʙʦʪʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʧʫʪʠ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʘʞʥʳʝ ʪʝʨʤʠʥʳ: 
1. ɸʛʝʥʪ ï ʩʫʙʲʝʢʪ ʥʝʢʦʪʦʨʦʡ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʥʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ 

ʢʦʥʢʨʝʪʥʦ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʯʘʱʝ ʚʩʝʛʦ ʦʜʥʦʡ ʝʜʠʥʩʪʚʝʥʥʦʡ [1]. 
2. ʄʫʣʴʪʠʘʛʝʥʪʥʘʷ ʩʠʩʪʝʤʘ ï ʵʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʘʛʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʩʪʘʚʣʝʥʥʳʤʠ, ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʠ 
ʧʦʩʪʘʚʣʷʝʤʳʤʠ, ʮʝʣʷʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʢ ʠʭ ʚʳʧʦʣʥʝʥʠʶ [2]. ɺ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʪʘʢʠʝ ʩʠʩʪʝʤʳ 
ʧʦʟʚʦʣʷʶʪ ʥʝʩʢʦʣʴʢʠʤ ʨʦʙʦʪʘʤ ʨʘʙʦʪʘʪʴ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ 
ʙʳʣʠ ʙʳ ʥʝʚʦʟʤʦʞʥʳ ʠʣʠ ʩʣʠʰʢʦʤ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤʠ ʜʣʷ ʦʜʥʦʡ ʦʪʜʝʣʴʥʦʡ ʤʘʰʠʥʳ. 

3. ʉʠʤʫʣʷʮʠʷ, ʠʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ï ʧʨʦʮʝʩʩ, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʲʝʢʪʦʚ ʠ ʩʨʝʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʠʨʪʫʘʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʠ 
ʚʠʨʪʫʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [3]. ʆʩʥʦʚʥʳʤ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʤ ʜʣʷ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ 
ʷʚʣʷʝʪʩʷ ʦʙʫʯʝʥʠʝ ʠ (ʠʣʠ) ʩʙʦʨ ʩʪʘʪʠʩʪʠʢʠ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʩʷ 
ʦʧʪʠʤʠʟʘʮʠʷ ʠ (ʠʣʠ) ʫʣʫʯʰʝʥʠʝ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʜ ʨʘʟʚʸʨʪʳʚʘʥʠʝʤ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʩʠʤʫʣʷʮʠʠ ʣʶʙʳʭ 
ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʷʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʟʨʘʙʦʪʢʠ ʩʪʦʠʪ 
ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʫʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʟʘʜʘʯʫ, ʘ ʪʘʢʞʝ ʢʘʢʠʝ ʙʫʜʫʪ ʤʦʜʫʣʠ ʠ ʘʛʝʥʪʳ ʚ ʩʠʩʪʝʤʝ ʠ ʢʘʢ 
ʦʥʠ ʙʫʜʫʪ ʢʦʤʤʫʥʠʮʠʨʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ: ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʩʠʤʫʣʷʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʤʦʜʫʣʷ 

ʩʦʟʜʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʤʫʣʷʮʠʝʡ, ʦʜʥʦʛʦ ʘʛʝʥʪʘ-ʢʦʦʨʜʠʥʘʪʦʨʘ ʠ ὔ ʧʦʜʯʠʥʝʥʥʳʭ ʝʤʫ ʘʛʝʥʪʦʚ-
ʨʦʙʦʪʦʚ, ʚ ʢʦʪʦʨʦʡ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʚʢʘ ʛʨʫʟʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʟʘʜʘʥʥʳʤʠ ʪʦʯʢʘʤʠ ʚ 
ʟʘʤʢʥʫʪʦʤ ʚ ʢʦʣʴʮʦ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʤʫʣʠʨʫʝʤʦʡ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ 
ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʩʠʩʪʝʤ 
ʥʘ ʙʘʟʝ ʨʝʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʂ ʪʘʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪʥʦʩʷʪʩʷ: 

ï ˟̏ ̂ ̚ï ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʩʝʭ ʢʦʨʦʙʦʢ-ʛʨʫʟʦʚ; 

ï ˟̱  ˎï ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʟʘʛʨʫʟʢʫ ʠʣʠ ʨʘʟʛʨʫʟʢʫ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʢʘʭ; 

ï ˟̐ ̑̆ ̐ ï ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʦʞʠʜʘʥʠʝ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʝʧʷʪʩʪʚʠʷ ʥʘ ʤʘʨʰʨʫʪʝ; 

ï ˟̈ ́̓̏̑ ï ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʦʞʠʜʘʥʠʝ ʚ ʟʘʪʦʨʘʭ (ʧʦʥʷʪʠʝ çʟʘʪʦʨè ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʦ ʧʦʟʞʝ 

ʧʦ ʪʝʢʩʪʫ). 
ʈʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʤʦʜʫʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ, ʩʭʝʤʘ 

ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʤʦʜʫʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ 

ʆʩʥʦʚʥʳʤ ʙʣʦʢʦʤ ʥʘ ʩʭʝʤʝ ʷʚʣʷʝʪʩʷ çʄʦʜʫʣʴ ʩʦʟʜʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʤʫʣʷʮʠʝʡè. ɼʘʥʥʳʡ 
ʤʦʜʫʣʴ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʥʘʩʪʨʦʡʢʠ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ. ʇʦʜ ʚʥʝʰʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʧʦʥʠʤʘʶʪʩʷ ʪʝ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʚ 
ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʙʳʣʠ ʙʳ ʩʦʟʜʘʥʳ ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʦʪ ʝʸ ʦʧʝʨʘʪʦʨʘ. ɺ ʫʩʣʦʚʠʷʭ 
ʩʠʤʫʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʫʧʨʘʚʣʷʪʴ ʙʫʜʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 
ʩʠʤʫʣʷʮʠʡ. ʇʘʨʘʤʝʪʨʘʤʠ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʷʚʣʷʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʡ ʩʠʤʫʣʠʨʫʝʤʦʡ 
ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʦʩʥʦʚʥʳʝ ʠ ʥʝʛʘʪʠʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪʳ 
ʩʠʩʪʝʤʳ. ʇʦʜ ʥʝʛʘʪʠʚʥʳʤʠ ʧʦʥʠʤʘʶʪʩʷ ʪʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʩʠʩʪʝʤʫ ʟʘʤʝʜʣʝʥʠʝʤ 
ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʬʘʢʪʦʨʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʪʦʯʥʦ 
ʧʨʦʚʝʩʪʠ ʩʠʤʫʣʷʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 

ʇʘʨʘʤʝʪʨʘʤʠ ʜʘʥʥʦʡ ʩʠʤʫʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ: 

ï ὺὸ ὧέὲίὸ ï ʧʦʩʪʦʷʥʥʘʷ ʩʢʦʨʦʩʪʴ ʘʛʝʥʪʦʚ-ʨʦʙʦʪʦʚ; 

ï ί ï ʜʣʠʥʘ ʧʫʪʠ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ; 

ï ὔ ï ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ-ʨʦʙʦʪʦʚ; 

ï ὓ ï ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʚʦʟʠʤʳʭ ʢʦʨʦʙʦʢ-ʛʨʫʟʦʚ; 

ï ʚʨʝʤʝʥʥʘʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʩʢʨʝʪʠʟʘʮʠʠ (ʥʝ ʟʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ); 
ï ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʛʨʫʟʢʠ ʠ ʨʘʟʛʨʫʟʢʠ (ʟʘʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʪʦʨʘ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ); 
ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʥʘ ʧʫʪʠ (ʥʝ ʟʘʜʘʝʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ); 
ï ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʠ (ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʪʦʨʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 

ʯʠʩʝʣ); 
ï ʚʨʝʤʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʟʜʘʚʘʝʤʳʭ ʧʨʝʧʷʪʩʪʚʠʡ (ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʪʦʨʘ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ). 

ʄʫʣʴʪʠʘʛʝʥʪʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʙʣʦʢʦʚ: çʄʦʜʫʣʴ ʘʛʝʥʪʘ-ʢʦʦʨʜʠʥʘʪʦʨʘè ʠ çὔ ʤʦʜʫʣʝʡ 
ʪʠʧʘ ʘʛʝʥʪ-ʨʦʙʦʪè. 

ɸʛʝʥʪ-ʢʦʦʨʜʠʥʘʪʦʨ ʷʚʣʷʝʪʩʷ ʢʦʦʨʜʠʥʠʨʫʶʱʠʤ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʤ ʜʣʷ ʚʩʝʭ ʘʛʝʥʪʦʚ-ʨʦʙʦʪʦʚ ʚ 
ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʝ. ʆʥ ʨʘʩʧʦʨʷʞʘʝʪʩʷ ʦʪʧʨʘʚʢʦʡ ʢʦʤʘʥʜ ʥʘ ʥʘʯʘʣʦ ʠ ʦʢʦʥʯʘʥʠʝ ʟʘʛʨʫʟʢʠ ʠʣʠ 
ʨʘʟʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʩʪʘʪʫʩ ʫ ʚʩʝʭ ʧʦʜʯʠʥʸʥʥʳʭ ʝʤʫ ʘʛʝʥʪʦʚ-ʨʦʙʦʪʦʚ. 
ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʫʧʨʘʚʣʷʝʪ ʦʙʝʠʤʠ ʦʩʥʦʚʥʳʤʠ ʪʦʯʢʘʤʠ ʥʘ ʟʘʜʘʥʥʦʤ ʤʘʨʰʨʫʪʝ, ʪʦ ʝʩʪʴ ʠʤʝʝʪ ʢʦʥʪʨʦʣʴ 
ʥʘʜ ʪʦʯʢʦʡ ʟʘʛʨʫʟʢʠ ʠ ʪʦʯʢʦʡ ʨʘʟʛʨʫʟʢʠ. 

ʇʦʩʣʝʜʥʠʤ ʙʣʦʢʦʤ ʥʘ ʩʭʝʤʝ ʷʚʣʷʝʪʩʷ çὔ ʤʦʜʫʣʝʡ ʪʠʧʘ ʘʛʝʥʪ-ʨʦʙʦʪè. ɸʛʝʥʪʳ-ʨʦʙʦʪʳ ï ʵʪʦ 

ʠʩʧʦʣʥʠʪʝʣʠ ʚ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʝ, ʠʤʝʥʥʦ ʦʥʠ ʚʳʧʦʣʥʷʶʪ ʟʘʜʘʥʥʫʶ ʠʤ ʟʘʜʘʯʫ ʧʦ ʜʦʩʪʘʚʢʝ 

ʛʨʫʟʦʚ. ʆʜʥʘʢʦ, ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠʟ ὔ ʦʜʠʥʘʢʦʚʳʭ ʘʛʝʥʪʦʚ-ʨʦʙʦʪʦʚ ʫ ʥʠʭ ʜʦʣʞʥʳ ʙʳʪʴ 
ʦʧʠʩʘʥʳ ʘʣʛʦʨʠʪʤʳ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʝʞʜʫ ʥʠʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 
ʤʫʣʴʪʠʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʜʝʣʷʪʩʷ ʥʘ ʩʠʩʪʝʤʳ ʩ ʨʦʝʚʳʤ ʠʥʪʝʣʣʝʢʪʦʤ, ʠʤʠʪʠʨʫʶʱʠʤ ʨʝʘʣʴʥʳʝ 
ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ [4], ʠ ʥʘ ʩʠʩʪʝʤʳ ʩ ʦʙʱʠʤ ʢʦʦʨʜʠʥʘʪʦʨʦʤ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʣʫʯʰʠʤ 
ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʝʥʥʦ ʢʦʦʨʜʠʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ, ʪʘʢ ʢʘʢ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ 
ʩʠʩʪʝʤʳ ʜʦʩʪʘʪʦʯʥʦ ʣʠʰʴ ʢʦʩʚʝʥʥʦʛʦ ʩʠʛʥʘʣʠʟʠʨʦʚʘʥʠʷ ʯʝʨʝʟ ʘʛʝʥʪʘ-ʢʦʦʨʜʠʥʘʪʦʨʘ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ 
ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚʫ, ʥʘ ʢʦʪʦʨʦʤ ʟʘʧʫʱʝʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 
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ʫʩʢʦʨʷʝʪʩʷ ʨʘʙʦʪʘ ʘʛʝʥʪʦʚ-ʨʦʙʦʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʥʘ 
ʨʝʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. 

ɺ ʩʚʷʟʠ ʩ ʛʝʦʤʝʪʨʠʝʡ ʤʘʨʰʨʫʪʘ (ʟʘʤʢʥʫʪʳʡ ʤʘʨʰʨʫʪ ï ʢʦʣʴʮʦ) ʥʘ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʘʛʝʥʪʦʚ-
ʨʦʙʦʪʦʚ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʩʠʪʫʘʮʠʷ ʟʘʪʦʨʘ. ɿʘʪʦʨ ï ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʜʚʘ ʠ ʙʦʣʴʰʝ ʘʛʝʥʪʦʚ-ʨʦʙʦʪʦʚ 
ʦʙʨʘʟʫʶʪ ʦʯʝʨʝʜʴ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ ʠʣʠ ʚʩʣʝʜʩʪʚʠʝ ʜʦʩʪʠʞʝʥʠʷ ʪʦʯʢʠ 
ʟʘʛʨʫʟʢʠ ʠʣʠ ʨʘʟʛʨʫʟʢʠ ʘʛʝʥʪʦʤ-ʨʦʙʦʪʦʤ ʠ ʧʝʨʝʭʦʜ ʝʛʦ ʚ ʩʦʩʪʦʷʥʠʝ ʟʘʛʨʫʟʢʠ ʠʣʠ ʨʘʟʛʨʫʟʢʠ. 

ɺʳʰʝʦʧʠʩʘʥʥʳʝ ʫʩʣʦʚʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʚʩʝʭ ʤʦʜʫʣʝʡ ʦʧʨʝʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 
ʩʦʩʪʦʷʥʠʷ ʘʛʝʥʪʘ-ʨʦʙʦʪʘ: 

ï ʜʚʠʞʝʥʠʝ ʘʛʝʥʪʘ-ʨʦʙʦʪʘ ʢ ʩʣʝʜʫʶʱʝʡ ʪʦʯʢʝ (ʪʦʯʢʘʤ) ï ʜʚʠʞʝʥʠʝ; 
ï ʦʩʪʘʥʦʚʢʘ ʜʣʷ ʟʘʛʨʫʟʢʠ ï ʟʘʛʨʫʟʢʘ; 
ï ʦʩʪʘʥʦʚʢʘ ʜʣʷ ʨʘʟʛʨʫʟʢʠ ï ʨʘʟʛʨʫʟʢʘ; 
ï ʦʩʪʘʥʦʚʢʘ ʚ ʩʚʷʟʠ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ ï ʦʩʪʘʥʦʚʢʘ (ʧʨʝʧʷʪʩʪʚʠʝ); 
ï ʦʩʪʘʥʦʚʢʘ ʚ ʩʚʷʟʠ ʩ ʟʘʪʦʨʦʤ ï ʦʩʪʘʥʦʚʢʘ (ʟʘʪʦʨ). 
ʀʩʭʦʜʷ ʠʟ ʧʦʩʪʘʚʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ, ʢʦʪʦʨʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴ ʩʠʤʫʣʷʮʠʠ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʛʨʫʟʦʚʳʭ ʥʘʟʝʤʥʳʭ ʨʦʙʦʪʦʚ ʥʘ 
ʟʘʤʢʥʫʪʦʤ ʧʫʪʠ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ ʠ ʩ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʫʩʣʦʚʠʷʤʠ. ʅʝʢʦʪʦʨʳʝ 
ʫʩʣʦʚʠʷ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʩʚʷʟʠ ʩ ʘʧʧʘʨʘʪʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠ ʦʧʪʠʤʘʣʴʥʳʤ 
ʚʨʝʤʝʥʝʤ ʚʳʧʦʣʥʝʥʠʷ ʩʠʤʫʣʷʮʠʠ. 

ʆʩʥʦʚʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʚ ʜʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʨʝʰʝʥʠʠ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʦʩʥʦʚʥʦʛʦ ʮʠʢʣʘ 
ʩʠʤʫʣʷʮʠʠ, ʪʘʢ ʢʘʢ ʦʥ ʦʧʠʩʳʚʘʝʪ ʢʘʢ ʧʨʦʭʦʜʠʪ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʦʡ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ 
ʩʠʩʪʝʤʳ (ʩʤ. ʨʠʩʫʥʦʢ 2). 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʦʩʥʦʚʥʦʛʦ ʮʠʢʣʘ ʨʘʙʦʪʳ ʩʠʤʫʣʷʮʠʠ 
ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʤʫʣʷʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʦʥ ʩʦʟʜʘʝʪ ʠ ʟʘʧʫʩʢʘʝʪ ʩʠʤʫʣʷʮʠʶ. 
ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʠʪ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʚʩʝʭ ʘʛʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 
ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ, ʘ ʪʘʢʞʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʘʛʝʥʪʦʚ-ʨʦʙʦʪʦʚ. ɼʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʩʠʤʫʣʷʮʠʠ ʬʫʥʢʮʠʷ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʦʩʥʦʚʥʦʡ ʮʠʢʣ ʨʘʙʦʪʳ 
ʩʠʤʫʣʷʮʠʠ, ʚʳʥʦʩʠʪʩʷ ʚ ʦʪʜʝʣʴʥʳʡ ʧʦʪʦʢ, ʪʝʤ ʩʘʤʳʤ ʟʘʱʠʱʘʷ ʩʦʟʜʘʥʥʫʶ ʩʠʤʫʣʷʮʠʶ ʦʪ 
ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʠʟʚʥʝ. ʆʜʥʘʢʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʦʩʪʘʥʦʚʢʝ ʩʠʤʫʣʷʮʠʠ. ɺ 
ʢʦʥʮʝ ʩʠʤʫʣʷʮʠʠ, ʪʦ ʝʩʪʴ ʧʦʩʣʝ ʜʦʩʪʘʚʢʠ ʚʩʝʭ ʛʨʫʟʦʚ, ʘʛʝʥʪ-ʢʦʦʨʜʠʥʘʪʦʨ ʚʳʜʘʝʪ ʢʦʤʘʥʜʫ ʥʘ ʦʩʪʘʥʦʚʢʫ 
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ʚʩʝʭ ʘʛʝʥʪʦʚ-ʨʦʙʦʪʦʚ, ʘ ʪʘʢʞʝ ʚʳʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʩʠʤʫʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 
ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ. 

ɺʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʟʘʧʫʱʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 
ʩʠʤʫʣʷʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3. 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ. ɺʠʟʫʘʣʴʥʘʷ ʯʘʩʪʴ ʧʨʠ ʟʘʧʫʱʝʥʥʦʡ ʩʠʤʫʣʷʮʠʠ 

ʅʘ ʨʠʩʫʥʢʝ 3 ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʨʘʟʣʠʯʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʦʙʲʝʢʪʦʚ ʩʠʩʪʝʤʳ. ʂʣʝʪʢʠ 
ʩ ʙʠʨʶʟʦʚʳʤ ʮʚʝʪʦʤ ʠ ʯʠʩʣʦʤ ʚʥʫʪʨʠ ʥʘ ʨʠʩʫʥʢʝ ʦʙʦʟʥʘʯʝʥʳ ʩʚʦʙʦʜʥʳʝ, ʥʝʟʘʛʨʫʞʝʥʥʳʝ, ʘʛʝʥʪʳ-
ʨʦʙʦʪʳ, ʝʩʣʠ ʞʝ ʮʚʝʪ ʢʣʝʪʢʠ ʟʝʣʝʥʳʡ ï ʘʛʝʥʪ-ʨʦʙʦʪ ʥʝʩʝʪ ʛʨʫʟ. ʂʨʘʩʥʳʝ ʢʣʝʪʢʠ ʩ ʢʨʝʩʪʦʤ ʚʥʫʪʨʠ 
ʦʙʦʟʥʘʯʘʶʪ ʧʨʝʧʷʪʩʪʚʠʷ. ʂʣʝʪʢʠ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ çɸè ʠ çɺè ʷʚʣʷʶʪʩʷ ʪʦʯʢʦʡ ʟʘʛʨʫʟʢʠ ʠ ʪʦʯʢʦʡ 
ʨʘʟʛʨʫʟʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʝʣʳʤʠ ʢʣʝʪʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʦʪʨʝʟʢʠ ʧʫʪʠ, ʥʝ ʟʘʥʷʪʳʝ ʥʠʯʝʤ. 

ʇʦ ʠʪʦʛʫ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ ʜʣʷ 
ʩʠʤʫʣʷʮʠʠ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʛʨʫʟʦʚʳʭ ʥʘʟʝʤʥʳʭ ʨʦʙʦʪʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʘ ʟʘʤʢʥʫʪʦʤ ʧʫʪʠ. 
ʉʦʟʜʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʩ ʫʯʝʪʦʤ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, 
ʚʢʣʶʯʘʷ ʚʦʟʥʠʢʘʶʱʠʝ ʩʣʫʯʘʡʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʧʦʷʚʣʝʥʠʝ ʟʘʪʦʨʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʫʣʴʥʦʡ ʩʭʝʤʳ ʩ 
ʮʝʥʪʨʘʣʴʥʳʤ ʘʛʝʥʪʦʤ-ʢʦʦʨʜʠʥʘʪʦʨʦʤ ʦʙʝʩʧʝʯʠʣʦ ʛʠʙʢʦʩʪʴ ʥʘʩʪʨʦʡʢʠ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ 
ʨʦʙʦʪʦʚ ʠ ʫʧʨʦʩʪʠʣʦ ʣʦʛʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ. ɼʘʥʥʳʝ ʧʦʣʫʯʘʝʤʳʝ ʧʦ 
ʦʢʦʥʯʘʥʠʶ ʩʠʤʫʣʷʮʠʠ (ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ, ʧʨʦʩʪʦʠ ʠ ʪ.ʜ.) ʧʨʝʜʦʩʪʘʚʣʷʶʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʧʝʨʝʜ ʝʸ ʬʠʟʠʯʝʩʢʠʤ 
ʨʘʟʚʝʨʪʳʚʘʥʠʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʨʠʩʢʠ ʠ ʟʘʪʨʘʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ 
ʚʳʩʪʫʧʘʝʪ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 
ʜʣʷ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ. 
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Annotation.  This paper describes the development of a specialized simulation system designed to model multi-agent systems of cargo robots. 
Metrics and parameters for such a system are defined. A diagram of the systemôs modular structure is provided, and the functions of the 
modules indicated in the diagram are described. An algorithm describing the simulation process of a multi-agent system is examined. The 
visual component of the final software solution is described. 
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʂʈʀʇʊʆɻʈɸʌʀʏɽʉʂʆʁ ʉʊʆʁʂʆʉʊʀ ʀ 
ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ɻɽʅɽʈɸʊʆʈʆɺ ʇʉɽɺɼʆʉʃʋʏɸʁʅʓʍ 

ʏʀʉɽʃ 

ʍʦʪʝʥʦʚʩʢʘʷ ɺ.ʉ.; ʐʘʭʣʘʥ ʇ.ʉ. ʩʪʫʜʝʥʪʳ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɹʦʛʜʘʥ ɽ.ɺ. ï ʤʘʛ. ʪʝʭʥ. ʥʘʫʢ, ʘʩʩʠʩʪʝʥʪ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʠ ʛʝʥʝʨʘʪʦʨʦʚ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ: ʩʪʘʥʜʘʨʪʥʦʛʦ 
ʤʦʜʫʣʷ random, ʟʘʱʠʱʝʥʥʦʛʦ ʤʦʜʫʣʷ secrets ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ LCG-ʘʣʛʦʨʠʪʤʘ. ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʠʝ 
ʧʦʢʘʟʘʪʝʣʠ ʵʥʪʨʦʧʠʠ ʠ ʚʠʟʫʘʣʴʥʘʷ ʭʘʦʪʠʯʥʦʩʪʴ ʜʘʥʥʳʭ ʥʝ ʛʘʨʘʥʪʠʨʫʶʪ ʟʘʱʠʪʫ ʦʪ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʈʘʙʦʪʘ 
ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʷʟʚʠʤʦʩʪʴ ʥʝʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʢ ʘʪʘʢʘʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ CSPRNG ʚ ʟʘʜʘʯʘʭ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɻʝʥʝʨʘʪʦʨ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, PRNG, CSPRNG, ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʴ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʵʥʪʨʦʧʠʷ, ʘʣʛʦʨʠʪʤ 
Mersenne Twister, ʣʠʥʝʡʥʳʡ ʢʦʥʛʨʫʵʥʪʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, Python, ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ɻʝʥʝʨʘʪʦʨʳ ʩʣʫʯʘʡʥʳʭ ʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʢʨʠʧʪʦʛʨʘʬʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʢʣʶʯʝʡ, ʦʜʥʦʨʘʟʦʚʳʭ ʪʦʢʝʥʦʚ, nonce-
ʟʥʘʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʘʭ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʰʠʬʨʦʚʘʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʥʝ ʚʩʝ ʛʝʥʝʨʘʪʦʨʳ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 
ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʨʝʜʩʪʚʘʤ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʥʦʛʠʝ 
ʩʪʘʥʜʘʨʪʥʳʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʛʝʥʝʨʘʪʦʨʳ (PRNG), ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 
ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʧʨʠʝʤʣʝʤʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʜʥʘʢʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ, ʚʢʣʶʯʘʷ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʨʝʜʩʢʘʟʘʥʠʶ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷʥʠʷ [1, 2]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʚ ʟʘʜʘʯʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʝʪ 
ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʫʷʟʚʠʤʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʝʨʠʨʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʦ, ʚ ʩʚʦʶ 
ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʟʘʱʠʱʘʝʤʳʭ ʩʠʩʪʝʤ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʛʝʥʝʨʘʪʦʨʦʚ ʩʣʫʯʘʡʥʳʭ ʠ 
ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʩ ʫʯʝʪʦʤ ʢʘʢ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢ ʠ ʧʦʢʘʟʘʪʝʣʝʡ 
ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʥʝʨʘʪʦʨʦʚ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 
ʯʠʩʝʣ, ʚʢʣʶʯʘʷ ʚʩʪʨʦʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʩ 
ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
ï ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ (PRNG) 

ʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʩʪʦʡʢʠʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ (CSPRNG); 
ï ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʙʨʘʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ; 
ï ʧʨʦʚʝʜʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ; 
ï ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʝʥʝʨʘʪʦʨʦʚ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʘʪʘʢʘʤ. 
ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʛʝʥʝʨʘʪʦʨʳ (PRNG). ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʯʠʩʝʣ (Pseudo-Random 

Number Generators, PRNG) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʣʛʦʨʠʪʤʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
ʟʥʘʯʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ PRNG 
ʦʩʥʦʚʘʥʦ ʥʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʘʞʜʦʝ ʧʦʩʣʝʜʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʪʝʢʫʱʠʤ ʚʥʫʪʨʝʥʥʠʤ ʩʦʩʪʦʷʥʠʝʤ ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʘʯʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ï ʟʝʨʥʦʤ (seed). 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʷʚʣʷʝʪʩʷ Mersenne Twister, 
ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʙʠʙʣʠʦʪʝʢʘʭ ʤʥʦʛʠʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [3]. ʋʢʘʟʘʥʥʳʡ ʘʣʛʦʨʠʪʤ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʛʝʥʝʨʘʮʠʠ ʠ ʭʦʨʦʰʠʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʢʣʶʯʘʷ 
ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʙʦʣʴʰʦʡ ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ. ɺʥʫʪʨʝʥʥʝʝ ʩʦʩʪʦʷʥʠʝ ʛʝʥʝʨʘʪʦʨʘ 
ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʩʩʠʚʦʤ ʠʟ 624 32-ʙʠʪʥʳʭ ʮʝʣʳʭ ʯʠʩʝʣ. ʇʨʠ ʥʘʣʠʯʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ 
ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʝʛʦ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ 
ʟʥʘʯʝʥʠʷ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Mersenne Twister ʦʪʥʦʩʠʪʩʷ ʢ ʣʠʥʝʡʥʳʤ ʨʝʢʫʨʨʝʥʪʥʳʤ 
ʛʝʥʝʨʘʪʦʨʘʤ. ʃʠʥʝʡʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʳʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ 
ʛʝʥʝʨʘʪʦʨʦʚ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ ɼ. ʂʥʫʪʘ [4]. 

ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ PRNG ʷʚʣʷʝʪʩʷ ʠʭ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʴ: ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 
ʥʘʯʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʛʝʥʝʨʘʪʦʨ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ 
ʜʝʣʘʝʪ ʠʭ ʫʜʦʙʥʳʤʠ ʜʣʷ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʤʥʦʛʠʭ PRNG ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ 
ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʯʘʩʪʠ ʚʳʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 
ʚʦʟʤʦʞʥʳʤ ʧʨʝʜʩʢʘʟʘʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʪʘʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʟʘʜʘʯʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʩʪʦʡʢʠʝ ʛʝʥʝʨʘʪʦʨʳ (CSPRNG). ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʩʪʦʡʢʠʝ ʛʝʥʝʨʘʪʦʨʳ 
ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ (Cryptographically Secure Pseudo-Random Number Generators, CSPRNG) 
ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ, ʧʨʝʜʲʷʚʣʷʶʱʠʭ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʱʠʪʝ ʦʪ 
ʧʨʝʜʩʢʘʟʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʛʝʥʝʨʠʨʫʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʝʥʝʨʘʪʦʨʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, CSPRNG ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʨʷʜʫ ʩʪʨʦʛʠʭ 
ʪʨʝʙʦʚʘʥʠʡ: 

- ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ (unpredictability), ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝʜʫʶ-
ʱʠʭ ʟʥʘʯʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʯʘʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ; 

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʘʞʝ ʯʘʩʪʠʯʥʦʝ ʨʘʩʢʨʳʪʠʝ 
ʩʦʩʪʦʷʥʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜʳʜʫʱʠʝ ʠʣʠ ʙʫʜʫʱʠʝ ʟʥʘʯʝʥʠʷ; 

- ʧʨʷʤʘʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ (forward secrecy), ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩ-
ʩʪʘʥʦʚʣʝʥʠʷ ʨʘʥʝʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ; 

- ʦʙʨʘʪʥʘʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ (backward secrecy), ʧʨʠ ʢʦʪʦʨʦʡ ʟʥʘʥʠʝ ʧʨʝʜʳʜʫʱʠʭ 
ʟʥʘʯʝʥʠʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʩʣʝʜʫʶʱʠʝ. 

ʅʘ ʧʨʘʢʪʠʢʝ CSPRNG ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ, ʚʢʣʶʯʘʷ ʙʣʦʯʥʳʝ 
ʠ ʧʦʪʦʢʦʚʳʝ ʰʠʬʨʳ (ʥʘʧʨʠʤʝʨ, ChaCha20), ʣʠʙʦ ʠʩʧʦʣʴʟʫʶʪ ʠʩʪʦʯʥʠʢʠ ʵʥʪʨʦʧʠʠ ʦʧʝʨʘʮʠʦʥʥʦʡ 
ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ /dev/urandom ʚ Unix-ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ ʠʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 
ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʝʤʝʡʩʪʚʘ Windows. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʩʪʦʡʢʠʤʠ 
ʛʝʥʝʨʘʪʦʨʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʦʜʫʣʴ 
secrets ʷʟʳʢʘ Python ʠʩʧʦʣʴʟʫʝʪ ʩʠʩʪʝʤʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʪʨʦʧʠʠ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 
ʟʥʘʯʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʟʘʜʘʯʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ PRNG ʠ CSPRNG ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʮʝʣʝʚʦʡ 
ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ: ʧʝʨʚʳʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʳʩʦʢʦʡ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʳʝ ï ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤ ʘʪʘʢʘʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʛʝʥʝʨʘʪʦʨʳ: 
1. ʉʪʘʥʜʘʨʪʥʳʡ ʛʝʥʝʨʘʪʦʨ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (random), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʣʛʦʨʠʪʤʝ Mersenne 

Twister ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʢʨʠʧʪʦʛʨʘʬʠʝʡ. 
2. ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʩʪʦʡʢʠʡ ʛʝʥʝʨʘʪʦʨ (secrets), ʠʩʧʦʣʴʟʫʶʱʠʡ ʠʩʪʦʯʥʠʢʠ ʵʥʪʨʦʧʠʠ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʟʘʱʠʱʸʥʥʳʭ ʟʥʘʯʝʥʠʡ (ʪʦʢʝʥʦʚ, ʢʣʶʯʝʡ, 
ʧʘʨʦʣʝʡ). 

3. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʛʝʥʝʨʘʪʦʨ, ʨʝʘʣʠʟʫʶʱʠʡ ʧʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʛʝʥʝʨʘʮʠʠ 
(ʥʘʧʨʠʤʝʨ, ʣʠʥʝʡʥʳʡ ʢʦʥʛʨʫʵʥʪʥʳʡ ʛʝʥʝʨʘʪʦʨ ʠʣʠ ʛʝʥʝʨʘʪʦʨ ʩʝʤʝʡʩʪʚʘ Xorshift), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ 
ʧʨʦʩʪʦʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʙʦʪʳ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʛʝʥʝʨʘʪʦʨʦʚ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʨʘʟʨʘʙʦʪʘʥʘ 
ʤʝʪʦʜʦʣʦʛʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʪʨʠ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷ: ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, 
ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʳʭʦʜʥʦʡ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʚʦʡʩʪʚʘʤ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 
ʙʘʟʦʚʳʝ ʪʝʩʪʳ: 

- ʯʘʩʪʦʪʥʳʡ ʪʝʩʪ (monobit test), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʙʠʪʦʚ; 

- ʪʝʩʪ ʩʝʨʠʡ (runs test), ʘʥʘʣʠʟʠʨʫʶʱʠʡ ʜʣʠʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʜʠʥʘʢʦʚʳʭ ʙʠʪʦʚ; 

- ʦʮʝʥʢʘ ʵʥʪʨʦʧʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʪʝʧʝʥʴ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ; 

- ʢʨʠʪʝʨʠʡ ʩʦʛʣʘʩʠʷ ɢĮ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ. 

ʋʢʘʟʘʥʥʳʝ ʪʝʩʪʳ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʣʫʯʘʡʥʦʩʪʠ, ʦʜʥʘʢʦ ʠʭ ʫʩʧʝʰʥʦʝ 
ʧʨʦʭʦʞʜʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ. 

ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘʧʨʘʚʣʝʥ ʥʘ ʦʮʝʥʢʫ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʛʝʥʝʨʘʪʦʨʦʚ ʢ ʘʪʘʢʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʨʝʜʩʢʘʟʘʥʠʝʤ ʚʳʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 
ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʮʝʥʘʨʠʠ ʘʪʘʢ: 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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- ʘʪʘʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦ ʯʘʩʪʠ ʚʳʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʝʜ-
ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʧʳʪʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷʥʠʷ ʛʝʥʝʨʘʪʦʨʘ; 

- ʘʪʘʢʘ ʧʨʝʜʩʢʘʟʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ 
ʟʥʘʯʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʫʞʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ; 

- ʘʥʘʣʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʥʘʯʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ (seed), ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ 
ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ɼʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (Mersenne Twister) ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʯʠʩʣʫ ʚʳʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ. ɼʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 
ʛʝʥʝʨʘʪʦʨʘ (ʥʘʧʨʠʤʝʨ, ʣʠʥʝʡʥʦʛʦ ʢʦʥʛʨʫʵʥʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ) ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ. 

ʆʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʧʨʠʤʝʥʠʤʦʩʪʴ ʛʝʥʝʨʘʪʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʪʦʤ 
ʯʠʩʣʝ, ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʮʝʥʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

- ʚʨʝʤʷ ʛʝʥʝʨʘʮʠʠ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʦʙʲʸʤʘ ʜʘʥʥʳʭ; 

- ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ; 

- ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ. 
ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʧʦʩʪʘʚʠʪʴ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʩ ʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʴʶ. 
ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʘʥʘʣʠʟʘ ʚʳʙʨʘʥʳ ʪʨʠ 
ʨʝʘʣʠʟʘʮʠʠ: ʩʪʘʥʜʘʨʪʥʳʡ ʤʦʜʫʣʴ random (ʘʣʛʦʨʠʪʤ Mersenne Twister), ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʩʪʦʡʢʠʡ 
ʤʦʜʫʣʴ secrets (ʠʥʪʝʨʬʝʡʩ ʢ ʩʠʩʪʝʤʥʦʤʫ CSPRNG), ʘ ʪʘʢʞʝ ʘʚʪʦʨʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʣʠʥʝʡʥʦʛʦ 
ʢʦʥʛʨʫʵʥʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ a=1664525, c=1013904223, m=232. 

ɼʣʷ ʢʘʞʜʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚʳʙʦʨʢʘ ʦʙʲʸʤʦʤ N=105 ʟʥʘʯʝʥʠʡ. ʆʮʝʥʢʘ ʧʨʦʚʦʜʠʣʘʩʴ 
ʧʦ ʪʨʸʤ ʢʨʠʪʝʨʠʷʤ: ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʵʥʪʨʦʧʠʷ ʠ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ. ʄʝʪʦʜʦʣʦʛʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʩʥʦʚʘʥʘ ʥʘ 
ʧʦʜʭʦʜʘʭ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ NIST SP 800-22 [5]. 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʫʨʦʚʥʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʝ ʛʝʥʝʨʘʪʦʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʭʦʞʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɻʠʩʪʦʛʨʘʤʤʳ 
ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 1) ʠʤʝʶʪ ʙʣʠʟʢʠʡ ʢ ʨʘʚʥʦʤʝʨʥʦʤʫ ʚʠʜ ʙʝʟ ʚʳʨʘʞʝʥʥʳʭ 
ʘʥʦʤʘʣʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʳʯʠʩʣʝʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʵʥʪʨʦʧʠʷ ʐʝʥʥʦʥʘ ʧʦ ʟʥʘʯʝʥʠʷʤ, 
ʧʨʠʚʝʜʸʥʥʳʤ ʢ 8-ʙʠʪʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ. ɼʣʷ ʛʝʥʝʨʘʪʦʨʘ random ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 7,9924, ʜʣʷ 
secrets ï 7,9926, ʜʣʷ LCG ï 7,9925. ɹʣʠʟʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʤʘʢʩʠʤʫʤʫ (8,0) 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʳʩʦʢʘʷ ʵʥʪʨʦʧʠʷ ʦʪʨʘʞʘʝʪ ʣʠʰʴ ʢʘʯʝʩʪʚʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʥʝ 
ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʢʨʠʪʝʨʠʝʤ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʦʚʝʜʸʥʥʳʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ 
ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʪʦʡʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʢʨʳʪʳʭ 
ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ (scatter plot), ʚ ʢʦʪʦʨʳʭ ʢʘʞʜʘʷ ʪʦʯʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʧʘʨʝ ʩʦʩʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʩʤ. ʨʠʩʫʥʦʢ 2). 

 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 

38 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɸʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʠʟʫʘʣʴʥʦ ʭʘʦʪʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚʳʨʘʞʝʥʥʳʭ 
ʩʪʨʫʢʪʫʨ (ʩʤ. ʨʠʩʫʥʦʢ 3), ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʷʟʚʠʤʦʩʪʴ 
ʥʝʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʚʠʜʝ ʙʠʪʦʚʦʛʦ ʰʫʤʘ 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʘʣʠʟʦʚʘʥʘ ʘʪʘʢʘ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʣʠʥʝʡʥʦʛʦ 
ʢʦʥʛʨʫʵʥʪʥʦʛʦ ʪʠʧʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʠ ʧʝʨʝʭʚʘʪ ʦʜʥʦʛʦ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ 
ʚʦʩʩʪʘʥʦʚʠʪʴ ʚʥʫʪʨʝʥʥʝʝ ʩʦʩʪʦʷʥʠʝ ʛʝʥʝʨʘʪʦʨʘ. ɼʣʷ ʛʝʥʝʨʘʪʦʨʘ Mersenne Twister ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʪʨʝʙʫʝʪ 624 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʳʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 
ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʤ ʩʮʝʥʘʨʠʝʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʧʳʪʢʠ ʘʥʘʣʠʟʘ ʛʝʥʝʨʘʪʦʨʘ secrets ʥʝ ʚʳʷʚʠʣʠ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʠʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. 

ʆʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʛʝʥʝʨʘʮʠʠ 105 ʟʥʘʯʝʥʠʡ 
ʧʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʤʦʜʫʣʴ secrets ʨʘʙʦʪʘʝʪ ʚ 8,1 ʨʘʟʘ ʤʝʜʣʝʥʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʦʜʫʣʝʤ random, ʪʦʛʜʘ 
ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ LCG ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʤʝʜʣʝʥʠʝ ʧʨʠʤʝʨʥʦ ʚ 3,2 ʨʘʟʘ. ɼʘʥʥʳʝ 
ʨʘʟʣʠʯʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ CSPRNG ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʝʩʧʝʯʝʥʠʷ 
ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʩʙʦʨ ʵʥʪʨʦʧʠʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ɺʳʚʦʜʳ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʫ. ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ 
ʤʝʞʜʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʠʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʙʣʠʟʢʠʭ ʢ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʥʝʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʦʣʥʫʶ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʚ 
ʫʩʣʦʚʠʷʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʚʠʟʫʘʣʴʥʦʡ ʠ 
ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ ʧʨʠʨʦʜʫ PRNG, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 
ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʩʪʦʡʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ 
ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʦʡ ʧʣʘʪʦʡ ʟʘ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʘʪʘʢʘʤ, ʚʢʣʶʯʘʷ 
ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʥʝʨʘʪʦʨʦʚ 
ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ, ʚʢʣʶʯʘʷ ʩʪʘʥʜʘʨʪʥʳʝ ʙʠʙʣʠʦʪʝʯʥʳʝ ʨʝʘʣʠʟʘʮʠʠ, 
ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʩʪʦʡʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʘʣʛʦʨʠʪʤʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 
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ʧʦʜʪʚʝʨʞʜʝʥʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʩʣʫʯʘʡʥʦʩʪʴ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ 
ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʥʝʨʘʪʦʨʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ Mersenne Twister ʠ ʣʠʥʝʡʥʳʝ 
ʢʦʥʛʨʫʵʥʪʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʠ ʧʨʠʝʤʣʝʤʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ, ʦʜʥʘʢʦ ʦʙʣʘʜʘʶʪ ʫʷʟʚʠʤʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ 
ʩʦʩʪʦʷʥʠʷ. ʕʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʟʘʱʠʱʸʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʩʪʦʡʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 
ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʣʶʯʝʡ, ʪʦʢʝʥʦʚ ʠ ʠʥʳʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 
ʫʯʠʪʳʚʘʪʴ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʧʨʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 
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ʕɺʆʃʖʎʀʗ ʇʈʆʊʆʂʆʃʆɺ HTTP ʀ ʀʍ ɺʃʀʗʅʀɽ ʅɸ ɸʃɻʆʈʀʊʄʓ ʀ 
ʇɸʊʊɽʈʅʓ ʈɸɿʈɸɹʆʊʂʀ ʉɽʊɽɺʓʍ ʇʈʀʃʆɾɽʅʀʁ  

ʂʨʘʚʯʫʢ ʂ. ɸ., ʃʫʢʴʷʥʦʚ ɼ. ɼ., ʃʘʟʘʢʦʚʠʯ ɸ. ɸ., ʩʪʫʜʝʥʪʳ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʐʘʪʠʣʦʚʘ ʆ.ʆ. ï ʤʘʛ. ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ  

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʪʦʢʦʣʦʚ HTTP/1.1, HTTP/2 ʠ HTTP/3 ʚ ʢʦʥʪʝʢʩʪʝ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʡ 
ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʪʦʢʦʣʦʚ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʧʨʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʵʚʦʣʶʮʠʠ ʧʨʠʢʣʘʜʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʣʠʟʘʮʠʠ: ʦʪ 
ʤʝʪʦʜʦʚ ʧʨʦʛʨʘʤʤʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʦʛʨʘʥʠʯʝʥʠʡ ʚ HTTP/1.1 ʜʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʪʨʦʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʞʘʪʠʷ ʢʦʥʪʝʢʩʪʘ (HPACK) ʠ 
ʠʥʪʝʨʬʝʡʩʦʚ ʛʠʙʢʦʡ ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ (WebTransport) ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʥʜʘʨʪʘʭ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʜʘʧʪʘʮʠʠ 
ʧʘʪʪʝʨʥʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʪʦʢʦʣʘ TCP ʢ QUIC (UDP). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. HTTP/1.1, HTTP/2, HTTP/3, QUIC, ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ, ʘʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ, HPACK, WebTransport, 
ʧʨʠʦʨʠʪʠʟʘʮʠʷ ʧʦʪʦʢʦʚ, ʥʝʥʘʜʝʞʥʘʷ ʜʦʩʪʘʚʢʘ ʜʘʥʥʳʭ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʧʘʨʘʜʠʛʤʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʩʝʪʝʚʳʤ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ʇʨʦʪʦʢʦʣ HTTP (HyperText Transfer Protocol) ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʦʩʥʦʚʦʡ 
ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ. ʆʜʥʘʢʦ ʣʘʚʠʥʦʦʙʨʘʟʥʳʡ ʨʦʩʪ ʦʙʲʝʤʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ 
ʫʩʣʦʞʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʚʳʷʚʠʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʝʨʩʠʡ 
ʧʨʦʪʦʢʦʣʘ. ʇʦʥʠʤʘʥʠʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ HTTP/1.1, HTTP/2 ʠ HTTP/3 ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ 
ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʢʘʢ ʚʳʙʦʨ ʧʨʦʪʦʢʦʣʘ ʥʘʧʨʷʤʫʶ 
ʜʠʢʪʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʧʘʪʪʝʨʥʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʦʜʭʦʜʦʚ ʢ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʇʨʦʪʦʢʦʣ HTTP/1.1, ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʚ 1997 ʛʦʜʫ, ʷʚʣʷʝʪʩʷ ʪʝʢʩʪʦʚʳʤ ʠ ʠʩʧʦʣʴʟʫʝʪ 
ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʨʦʪʦʢʦʣ TCP. ɻʣʘʚʥʦʡ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʜʘʥʥʦʡ ʚʝʨʩʠʠ ʷʚʣʷʝʪʩʷ 
ʙʣʦʢʠʨʦʚʢʘ ʥʘʯʘʣʘ ʦʯʝʨʝʜʠ (Head-of-Line blocking, HOL) ʥʘ ʫʨʦʚʥʝ HTTP. ɺ ʨʘʤʢʘʭ ʦʜʥʦʛʦ TCP-
ʩʦʝʜʠʥʝʥʠʷ ʟʘʧʨʦʩʳ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩʪʨʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ɼʣʷ ʦʙʭʦʜʘ ʵʪʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ 
ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʧʨʠʭʦʜʠʣʦʩʴ ʚʥʝʜʨʷʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʠ ʧʘʪʪʝʨʥʳ (çʘʥʪʠʧʘʪʪʝʨʥʳè ʩ ʪʦʯʢʠ 
ʟʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ). 

Domain Sharding ð ʵʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʧʦ ʨʘʟʥʳʤ 
ʧʦʜʜʦʤʝʥʘʤ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʣʠʤʠʪʘ ʧʘʨʘʣʣʝʣʴʥʳʭ TCP-ʩʦʝʜʠʥʝʥʠʡ ʙʨʘʫʟʝʨʘ [1]. 

ʉʧʨʘʡʪʳ (CSS Sprites) ð ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʤʝʣʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʦʜʥʦ 
ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ HTTP-ʟʘʧʨʦʩʦʚ, ʪʨʝʙʫʶʱʝʝ ʩʣʦʞʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ʥʘ 
ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ. ʂʦʥʢʘʪʝʥʘʮʠʷ ʠ ʤʠʥʠʬʠʢʘʮʠʷ ʢʦʜʘ ð ʩʙʦʨʢʘ ʜʝʩʷʪʢʦʚ JS/CSS ʬʘʡʣʦʚ ʚ ʦʜʠʥ 
ʦʛʨʦʤʥʳʡ ʙʘʥʜʣ (bundle) [1]. 

ʇʨʠʥʷʪʳʡ ʚ 2015 ʛʦʜʫ ʩʪʘʥʜʘʨʪ HTTP/2 ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʣ ʧʦʜʭʦʜ ʢ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ. 
ʇʨʦʪʦʢʦʣ ʩʪʘʣ ʙʠʥʘʨʥʳʤ, ʯʪʦ ʫʧʨʦʩʪʠʣʦ ʘʣʛʦʨʠʪʤʳ ʧʘʨʩʠʥʛʘ ʠ ʦʙʨʘʙʦʪʢʠ ʬʨʝʡʤʦʚ ʥʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ 
ʠ ʢʣʠʝʥʪʘ [4]. ɻʣʘʚʥʦʝ ʥʦʚʦʚʚʝʜʝʥʠʝ ð ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʚ ʨʘʤʢʘʭ ʝʜʠʥʩʪʚʝʥʥʦʛʦ TCP-
ʩʦʝʜʠʥʝʥʠʷ [4]. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʪʧʨʘʚʣʷʪʴ ʤʥʦʞʝʩʪʚʦ ʟʘʧʨʦʩʦʚ ʠ ʧʦʣʫʯʘʪʴ ʦʪʚʝʪʳ ʧʘʨʘʣʣʝʣʴʥʦ, ʥʝ 
ʜʦʞʠʜʘʷʩʴ ʟʘʚʝʨʰʝʥʠʷ ʧʨʝʜʳʜʫʱʠʭ. ɺʣʠʷʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ: ʚʥʝʜʨʝʥʠʝ HTTP/2 ʩʜʝʣʘʣʦ ʘʣʛʦʨʠʪʤʳ 
ʙʘʥʜʣʠʥʛʘ ʠ ʰʘʨʜʠʥʛʘ ʠʟʙʳʪʦʯʥʳʤʠ ʠ ʜʘʞʝ ʚʨʝʜʥʳʤʠ [1]. ʈʘʟʨʘʙʦʪʯʠʢʘʤ ʩʪʘʣʦ ʚʳʛʦʜʥʝʝ ʟʘʛʨʫʞʘʪʴ 
ʤʦʜʫʣʠ ʘʩʠʥʭʨʦʥʥʦ ʥʝʙʦʣʴʰʠʤʠ ʯʘʩʪʷʤʠ (ʛʨʘʥʫʣʷʨʥʘʷ ʟʘʛʨʫʟʢʘ), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʦ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʢʵʰʠʨʦʚʘʥʠʷ ʙʨʘʫʟʝʨʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ ʚʥʝʜʨʝʥ ʘʣʛʦʨʠʪʤ ʩʞʘʪʠʷ 
ʟʘʛʦʣʦʚʢʦʚ HPACK, ʩʥʠʞʘʶʱʠʡ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʤʝʪʘʜʘʥʥʳʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʩʧʝʭʠ HTTP/2, 
ʧʨʦʙʣʝʤʘ HOL-ʙʣʦʢʠʨʦʚʢʠ ʥʝ ʙʳʣʘ ʨʝʰʝʥʘ ʧʦʣʥʦʩʪʴʶ, ʦʥʘ ʧʝʨʝʤʝʩʪʠʣʘʩʴ ʥʘ ʫʨʦʚʝʥʴ ʧʨʦʪʦʢʦʣʘ TCP. 
ʇʦʪʝʨʷ ʦʜʥʦʛʦ TCP-ʧʘʢʝʪʘ ʧʨʠʚʦʜʠʣʘ ʢ ʦʩʪʘʥʦʚʢʝ ʚʩʝʭ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʥʳʭ ʧʦʪʦʢʦʚ HTTP/2 ʜʦ 
ʤʦʤʝʥʪʘ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ. HTTP/3, ʦʜʦʙʨʝʥʥʳʡ IETF ʚ 2022 ʛʦʜʫ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʨʝʚʦʣʶʮʠʦʥʥʳʡ ʰʘʛ, ʪʘʢ ʢʘʢ ʦʪʢʘʟʳʚʘʝʪʩʷ ʦʪ TCP ʚ ʧʦʣʴʟʫ ʧʨʦʪʦʢʦʣʘ QUIC, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ UDP 
[2].  

ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ HTTP/3:  
1. ʅʝʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʦʢʦʚ: QUIC ʨʝʘʣʠʟʫʝʪ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʫʨʦʚʥʝ. 

ʇʦʪʝʨʷ UDP-ʜʝʡʪʘʛʨʘʤʤʳ ʚʣʠʷʝʪ ʪʦʣʴʢʦ ʥʘ ʪʦʪ ʢʦʥʢʨʝʪʥʳʡ ʧʦʪʦʢ, ʢ ʢʦʪʦʨʦʤʫ ʦʥʘ ʧʨʠʥʘʜʣʝʞʠʪ; 
ʦʩʪʘʣʴʥʳʝ ʧʨʦʜʦʣʞʘʶʪ ʚʳʧʦʣʥʝʥʠʝ [3].  

2. ʋʩʢʦʨʝʥʥʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ (0-RTT): ʘʣʛʦʨʠʪʤʳ ʢʨʠʧʪʦʛʨʘʬʠʠ (TLS 1.3) 
ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ QUIC [3]. ɽʩʣʠ ʢʣʠʝʥʪ ʨʘʥʝʝ ʧʦʜʢʣʶʯʘʣʩʷ ʢ ʩʝʨʚʝʨʫ, ʦʙʤʝʥ ʜʘʥʥʳʤʠ 
ʤʦʞʝʪ ʥʘʯʘʪʴʩʷ ʚ ʧʝʨʚʦʤ ʞʝ ʧʘʢʝʪʝ (Zero Round Trip Time), ʤʠʥʫʷ ʜʣʠʪʝʣʴʥʦʝ çʪʨʦʡʥʦʝ ʨʫʢʦʧʦʞʘʪʠʝè 
(Three-way handshake) TCP. 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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3. ʄʠʛʨʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ: ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʧʦ ʩʚʷʟʢʝ çIP-ʘʜʨʝʩ + ʧʦʨʪè, 
ʘ ʧʦ ʫʥʠʢʘʣʴʥʦʤʫ Connection ID [3]. ʇʨʦʛʨʘʤʤʥʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ 
Wi-Fi ʥʘ ʤʦʙʠʣʴʥʫʶ ʩʝʪʴ (ʩʤʝʥʘ IP) ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʨʚʝʪʩʷ, ʠ ʘʣʛʦʨʠʪʤʳ ʧʨʠʣʦʞʝʥʠʷ ʥʝ ʪʨʝʙʫʶʪ 
ʦʙʨʘʙʦʪʢʠ ʨʘʟʨʳʚʦʚ ʩʚʷʟʠ ʠ ʧʦʚʪʦʨʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ. 

ʇʝʨʝʭʦʜ ʤʝʞʜʫ ʚʝʨʩʠʷʤʠ HTTP ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʢʠ, ʥʦ 
ʠ ʧʦʷʚʣʝʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʠʣʠ ʩʦʚʨʝʤʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ 
ʨʘʟʨʘʙʦʪʢʠ ʩʝʪʝʚʦʛʦ ʇʆ. ɺ ʫʩʣʦʚʠʷʭ ʪʝʢʩʪʦʚʦʡ ʧʨʠʨʦʜʳ ʧʨʦʪʦʢʦʣʘ ʠ ʦʪʩʫʪʩʪʚʠʷ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ 
ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʚ HTTP/1.1 ʙʳʣʠ ʩʬʦʢʫʩʠʨʦʚʘʥʳ ʥʘ ʧʨʝʦʜʦʣʝʥʠʠ ʦʛʨʘʥʠʯʝʥʠʡ ʩʠʥʭʨʦʥʥʦʡ 
ʤʦʜʝʣʠ çʟʘʧʨʦʩ-ʦʪʚʝʪè. 

ʄʝʭʘʥʠʟʤʳ ʢʵʰʠʨʦʚʘʥʠʷ: ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʚ ʨʝʘʣʠʟʘʮʠʷʭ ʩʜʝʣʘʥ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʫʩʣʦʚʥʳʭ 
ʟʘʧʨʦʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʛʦʣʦʚʢʦʚ ETag ʠ Last-Modified [1]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʥʦ 
ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ, ʠʟʙʝʛʘʷ ʧʦʚʪʦʨʥʦʡ ʟʘʛʨʫʟʢʠ ʥʝʠʟʤʝʥʝʥʥʳʭ ʨʝʩʫʨʩʦʚ.  

ʇʘʪʪʝʨʥ Long Polling: ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʯʘʪʳ, ʫʚʝʜʦʤʣʝʥʠʷ) ʚ ʨʘʤʢʘʭ 
HTTP/1.1 ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ çʜʣʠʥʥʳʭ ʦʧʨʦʩʦʚè. ʇʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ ʫʜʝʨʞʠʚʘʝʪ ʦʪʢʨʳʪʦʝ 
ʩʦʝʜʠʥʝʥʠʝ ʜʦ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʩʝʨʚʝʨʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʩʫʨʩʦʝʤʢʦʡ, ʥʦ ʥʝʦʙʭʦʜʠʤʦʡ 
ʠʤʠʪʘʮʠʝʡ ʜʚʫʩʪʦʨʦʥʥʝʡ ʩʚʷʟʠ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʥʘʪʠʚʥʦʛʦ ʩʪʨʠʤʠʥʛʘ [1]. 

ʇʦʷʚʣʝʥʠʝ ʙʠʥʘʨʥʦʛʦ ʩʣʦʷ ʬʨʝʡʤʠʨʦʚʘʥʠʷ ʚ HTTP/2 ʧʦʟʚʦʣʠʣʦ ʧʝʨʝʥʝʩʪʠ ʯʘʩʪʴ ʣʦʛʠʢʠ 
ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ ʥʘ ʫʨʦʚʝʥʴ ʧʨʦʪʦʢʦʣʘ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʨʝʘʣʠʟʘʮʠʡ HTTP/2 
ʩʪʘʣʦ ʚʥʝʜʨʝʥʠʝ ʩʞʘʪʠʷ ʟʘʛʦʣʦʚʢʦʚ ʧʦ ʘʣʛʦʨʠʪʤʫ HPACK. ʇʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʜʝʨʞʠʚʘʶʪ 
ʜʠʥʘʤʠʯʝʩʢʠʝ ʪʘʙʣʠʮʳ ʠʥʜʝʢʩʦʚ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ ʠ ʩʝʨʚʝʨʘ [5]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʪʦʣʴʢʦ 
ʠʟʤʝʥʝʥʠʷ ʚ ʤʝʪʘʜʘʥʥʳʭ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʤʠʢʨʦʩʝʨʚʠʩʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʛʜʝ ʦʙʲʝʤ ʟʘʛʦʣʦʚʢʦʚ 
(ʥʘʧʨʠʤʝʨ, ʧʝʨʝʜʘʯʘ JWT-ʪʦʢʝʥʦʚ) ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʦʙʲʝʤ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ.  

ɺʟʚʝʰʝʥʥʘʷ ʧʨʠʦʨʠʪʠʟʘʮʠʷ: ʚ ʦʪʣʠʯʠʝ ʦʪ HTTP/1.1, ʨʝʘʣʠʟʘʮʠʠ HTTP/2 ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʨʘʤʤʥʦ 
ʫʧʨʘʚʣʷʪʴ ʧʨʠʦʨʠʪʝʪʘʤʠ ʧʦʪʦʢʦʚ. ʈʘʟʨʘʙʦʪʯʠʢ ʤʦʞʝʪ ʥʘʟʥʘʯʘʪʴ ʚʝʩ (weight) ʧʦʪʦʢʫ [4], ʚʣʠʷʷ ʥʘ 
ʧʨʠʦʨʠʪʝʪ ʝʛʦ ʦʙʨʘʙʦʪʢʠ ʧʣʘʥʠʨʦʚʱʠʢʦʤ: ʯʝʤ ʚʳʰʝ ʚʝʩ, ʪʝʤ ʙʦʣʴʰʝ ʬʨʝʡʤʦʚ ʵʪʦʛʦ ʧʦʪʦʢʘ ʙʫʜʝʪ 
ʦʪʧʨʘʚʣʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʦʩʪʫʧʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ.  

HTTP/3 ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʜʦʩʪʫʧ ʢ ʫʧʨʘʚʣʝʥʠʶ ʥʘʜʝʞʥʦʩʪʴʶ ʜʦʩʪʘʚʢʠ, ʯʪʦ ʨʘʥʝʝ 
ʙʳʣʦ ʩʢʨʳʪʦ ʚʥʫʪʨʠ ʩʪʝʢʘ TCP. ʀʥʪʝʨʬʝʡʩ WebTransport, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʙʘʟʝ HTTP/3, ʧʨʝʜʦʩʪʘʚʣʷʝʪ 
ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʛʠʙʢʠʡ ʚʳʙʦʨ ʤʝʞʜʫ ʥʘʜʸʞʥʦʡ ʜʦʩʪʘʚʢʦʡ (ʧʦʪʦʢʠ QUIC) ʠ ʥʝʥʘʜʸʞʥʦʡ (ʜʝʡʪʘʛʨʘʤʤʳ) ʚ 
ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [6]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʙʝʟ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʧʨʦʪʦʢʦʣʳ ʚʨʦʜʝ WebSocket ʠʣʠ WebRTC ʜʣʷ ʧʨʦʩʪʳʭ 
ʩʮʝʥʘʨʠʝʚ. ɺ ʨʘʤʢʘʭ ʦʜʥʦʛʦ HTTP-ʩʝʘʥʩʘ ʵʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʛʠʙʨʠʜʥʳʝ 
ʘʣʛʦʨʠʪʤʳ: ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʩ ʛʘʨʘʥʪʠʝʡ ʜʦʩʪʘʚʢʠ, ʘ ʧʦʪʦʢʦʚʳʝ ʜʘʥʥʳʝ, ʛʜʝ 
ʟʘʜʝʨʞʢʘ ʢʨʠʪʠʯʥʝʝ ʧʦʣʥʦʪʳ, ʧʝʨʝʜʘʶʪʩʷ ʙʝʟ ʧʦʚʪʦʨʥʳʭ ʟʘʧʨʦʩʦʚ ʧʦʪʝʨʷʥʥʳʭ ʧʘʢʝʪʦʚ [6]. ʊʘʢʦʡ 
ʧʦʜʭʦʜ ʨʘʜʠʢʘʣʴʥʦ ʫʧʨʦʱʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʨʘʟʣʠʯʠʷ ʧʨʦʪʦʢʦʣʦʚ.  

ʊʘʙʣʠʮʘ 1 ð ʉʨʘʚʥʝʥʠʝ ʧʨʦʪʦʢʦʣʦʚ HTTP 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ HTTP/1.1 HTTP/2 HTTP/3 

ʊʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ TCP TCP QUIC 

ʌʦʨʤʘʪ ʜʘʥʥʳʭ ʊʝʢʩʪʦʚʳʡ ɹʠʥʘʨʥʳʡ ɹʠʥʘʨʥʳʡ 

ʄʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʅʝʪ (HOL ʥʘ ʫʨʦʚʥʝ 
HTTP) 

ɼʘ (ɽʜʠʥʦʝ ʩʦʝʜʠʥʝʥʠʝ) ɼʘ (ʥʝʟʘʚʠʩʠʤʳʝ ʧʦʪʦʢʠ) 

ʂʣʶʯʝʚʦʡ ʤʝʭʘʥʠʟʤ REST, Long Polling, ETag HPACK, Stream Weights WebTransport, Datagrams 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʪʝʨʝ 
ʩʝʪʠ 

ʅʠʟʢʘʷ (ʨʘʟʨʳʚ TCP) ʅʠʟʢʘʷ (ʨʘʟʨʳʚ TCP) ɺʳʩʦʢʘʷ (ConnectionID) 

ɹʝʟʦʧʘʩʥʦʩʪʴ (TLS) ʆʧʮʠʦʥʘʣʴʥʦ ʆʙʷʟʘʪʝʣʴʥʦ ɺʩʪʨʦʝʥʦ (TLS 1.3) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʧʨʦʪʦʢʦʣʦʚ HTTP ʦʪ 
ʚʝʨʩʠʠ 1.1 ʢ 3 ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʝʪʝʚʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʇʝʨʝʭʦʜ ʢ ʥʦʚʳʤ 
ʩʪʘʥʜʘʨʪʘʤ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʨʝʩʫʨʩʦʝʤʢʠʭ ʦʙʭʦʜʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ ʚ ʧʦʣʴʟʫ 
ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʠ ʩʝʘʥʩʦʚʦʛʦ ʫʨʦʚʥʝʡ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-ʩʝʨʚʠʩʦʚ.  
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ɸʃɻʆʈʀʊʄ ʌʆʈʄʀʈʆɺɸʅʀʗ ʈɽʂʆʄɽʅɼɸʎʀʁ ʉ ʇʈʀʄɽʅɽʅʀɽʄ 
MULTILINGUAL BERT ʅɸ ʇʈʀʄɽʈɽ ʇʈʀʃʆɾɽʅʀʗ ɼʃʗ ʅʆɺʆʉʊɽʁ 

ʐʘʛʫʥ ɼ.ɺ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʫʧʨʠʷʥʦʚʘ ɼ. ɺ. ï ʤʘʛ. ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʦʟʜʘʥʠʶ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʫʶ ʥʦʚʦʩʪʥʫʶ 
ʣʝʥʪʫ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʦʭʨʘʥʸʥʥʳʭ ʥʦʚʦʩʪʝʡ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 
ʵʤʙʝʜʜʠʥʛʦʚ BERT ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 
ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʘʩʧʝʢʪʘʤ ʧʦʩʪʨʦʝʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ multilingual BERT ʚ ʟʘʜʘʯʘʭ ʘʥʘʣʠʟʘ ʠ 
ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʥʦʚʦʩʪʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʦʙʱʝʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʝʞʝʜʥʝʚʥʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʦʛʨʦʤʥʳʤ 
ʧʦʪʦʢʦʤ ʥʦʚʦʩʪʝʡ. ɿʘʜʘʯʘ ʚʳʙʦʨʘ ʨʝʣʝʚʘʥʪʥʳʭ ʠ ʠʥʪʝʨʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʪʘʥʦʚʠʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ. 
ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʦʚʦʩʪʥʳʝ ʘʛʨʝʛʘʪʦʨʳ ʯʘʩʪʦ ʧʨʝʜʣʘʛʘʶʪ ʦʜʥʦʪʠʧʥʳʡ ʢʦʥʪʝʥʪ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦ 
ʫʯʠʪʳʚʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʤʦʜʫʣʷ, ʩʧʦʩʦʙʥʦʛʦ ʬʦʨʤʠʨʦʚʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʨʠʠ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʥʦʚʦʩʪʷʤʠ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʦʢʨʘʩʢʫ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʢʦʤʝʥʜʘʮʠʡ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʢʘʞʜʘʷ ʪʝʢʩʪʦʚʘʷ ʥʦʚʦʩʪʴ ʩʦʩʪʦʠʪ 
ʠʟ ʟʘʛʦʣʦʚʢʘ, ʦʧʠʩʘʥʠʷ ʠ ʩʦʜʝʨʞʠʤʦʛʦ ʠ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ: 

ʐʘʛ 1. ʇʨʠʚʝʜʝʥʠʝ ʢ ʥʠʞʥʝʤʫ ʨʝʛʠʩʪʨʫ, ʫʜʘʣʝʥʠʝ ʥʝʘʣʬʘʚʠʪʥʳʭ ʩʠʤʚʦʣʦʚ ʠ ʪʦʢʝʥʠʟʘʮʠʷ. 
ʐʘʛ 2. ɺʳʯʠʩʣʷʝʪʩʷ ʵʤʙʝʜʜʠʥʛ ʢʘʢ ʩʨʝʜʥʝʝ ʧʦ ʚʩʝʤ ʪʦʢʝʥʘʤ ʧʦʩʣʝʜʥʝʛʦ ʩʢʨʳʪʦʛʦ ʩʣʦʷ: 
 

Ὡ
ρ

Ὕ
Ὤ, (1) 

 

ʛʜʝ Ὡ ï ʵʤʙʝʜʜʠʥʛ ʥʦʚʦʩʪʠ; Ὤ ï ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ BERT ʜʣʷ t-ʛʦ ʪʦʢʝʥʘ; Ὕ ï ʢʦʣʠʯʝʩʪʚʦ ʪʦʢʝʥʦʚ. 
ʈʘʟʤʝʨʥʦʩʪʴ ʵʤʙʝʜʜʠʥʛʘ ï 768 ʟʥʘʯʝʥʠʡ. 

BERT (ʦʪ ʘʥʛʣ. Bidirectional Encoder Representations from Transformers) ï ʵʪʦ ʧʨʝʜʦʙʫʯʝʥʥʘʷ 
ʥʝʡʨʦʩʝʪʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʘ ʦʩʥʦʚʝ ʪʨʘʥʩʬʦʨʤʝʨʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ Google ʚ 2018 ʛʦʜʫ [1]. ʂʣʶʯʝʚʦʡ 
ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚʥʠʤʘʥʠʷ (ʦʪ ʘʥʛʣ. self-attention), ʢʦʪʦʨʳʡ 
ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʢʘʞʜʳʡ ʪʦʢʝʥ ʚ ʢʦʥʪʝʢʩʪʝ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʪʦʢʝʥʦʚ ʧʨʝʜʣʦʞʝʥʠʷ 
ʦʜʥʦʚʨʝʤʝʥʥʦ, ʯʪʦ ʜʘʝʪ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʩʝʤʘʥʪʠʢʠ ʪʝʢʩʪʘ. ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ 
ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ BERT. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ BERT [2] 

ʐʘʛ 3. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʩʪʨʦʝʥʠʷ ʥʦʚʦʩʪʠ ʧʦ ʥʘʣʠʯʠʶ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʧʦʟʠʪʠʚʥʦʡ ʠʣʠ ʥʝʛʘʪʠʚʥʦʡ 
ʦʢʨʘʩʢʠ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʣʦʚʘʨʠ ʜʣʷ ʨʫʩʩʢʦʛʦ ʠ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ 
ʢʘʞʜʦʡ ʥʦʚʦʩʪʠ ʩʪʨʦʠʪʩʷ ʧʨʠʟʥʘʢʦʚʦʝ ʦʧʠʩʘʥʠʝ, ʦʙʲʝʜʠʥʷʶʱʝʝ ʵʤʙʝʜʜʠʥʛ BERT, one-hot ʢʦʜʠʨʦʚʢʫ 
ʢʘʪʝʛʦʨʠʠ ʠ one-hot ʢʦʜʠʨʦʚʢʫ ʥʘʩʪʨʦʝʥʠʷ: 

 

Ὢ Ὡȟὧȟά, (2) 

ʛʜʝ Ὢ ï ʦʙʲʝʜʠʥʸʥʥʳʡ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ ʥʦʚʦʩʪʠ; ὧ ï one-hot ʚʝʢʪʦʨ ʢʘʪʝʛʦʨʠʠ ʥʦʚʦʩʪʠ; ά ï one-hot 

ʚʝʢʪʦʨ ʥʘʩʪʨʦʝʥʠʷ ʥʦʚʦʩʪʠ. ʀʪʦʛʦʚʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ï 778 ʟʥʘʯʝʥʠʡ. 
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ʐʘʛ 4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʬʠʣʷ ʜʣʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 
ʚʝʢʪʦʨʦʚ ʧʨʠʟʥʘʢʦʚ ʚʩʝʭ ʩʦʭʨʘʥʸʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʥʦʚʦʩʪʝʡ: 

 

ὴ  
ρ

ὔ
Ὢ, (3) 

 

ʛʜʝ ὴ ï ʧʨʦʬʠʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ; ὔ ï ʢʦʣʠʯʝʩʪʚʦ ʩʦʭʨʘʥʸʥʥʳʭ ʥʦʚʦʩʪʝʡ. 
ʐʘʛ 5. ʅʦʨʤʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʢʘʞʜʳʡ ʧʨʠʟʥʘʢ ʮʝʥʪʨʠʨʫʝʪʩʷ ʠ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ ʧʦ 

ʚʳʙʦʨʦʯʥʦʤʫ ʩʨʝʜʥʝʤʫ ʠ ʩʪʘʥʜʘʨʪʥʦʤʫ ʦʪʢʣʦʥʝʥʠʶ, ʚʳʯʠʩʣʝʥʥʳʤ ʧʦ ʤʥʦʞʝʩʪʚʫ ʢʘʥʜʠʜʘʪʦʚ: 
 

Ὢ  
Ὢ  ‘

„
ȟ ‘

ρ

ὓ
Ὢȟ „  

ρ

ὓ
Ὢ ‘ ȟ  (4) 

 

ʛʜʝ Ὢ ï ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ j-ʡ ʥʦʚʦʩʪʠ-ʢʘʥʜʠʜʘʪʘ ʧʦʩʣʝ ʥʦʨʤʘʣʠʟʘʮʠʠ; ‘ ï ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ ʧʦ ʚʩʝʤ ʥʦʚʦʩʪʷʤ-ʢʘʥʜʠʜʘʪʘʤ; „ ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʢʘʞʜʦʛʦ 

ʧʨʠʟʥʘʢʘ ʧʦ ʚʩʝʤ ʥʦʚʦʩʪʷʤ-ʢʘʥʜʠʜʘʪʘʤ; ὓ ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʦʚʦʩʪʝʡ. 

ʐʘʛʠ 1-5 ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ʥʦʚʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʚʳʙʨʘʣ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ 
ʬʦʨʤʠʨʫʝʪʩʷ ʝʛʦ ʧʨʦʬʠʣʴ. ʊʘʢʞʝ ʵʪʠ ʰʘʛʠ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʩʪʝʡ-ʢʘʥʜʠʜʘʪʦʚ. 

ʐʘʛ 6. ɼʣʷ ʢʘʞʜʦʡ ʥʦʚʦʩʪʠ-ʢʘʥʜʠʜʘʪʘ ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʩʠʥʫʩʥʦʝ ʩʭʦʜʩʪʚʦ ʩ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ 
ʧʨʦʬʠʣʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ: 

 

ίὭάὴȟὪ  
ὴ Ὢ

ᴁὴᴁὪ
,  (5) 

 

ʛʜʝ ίὭάὴȟὪ  ï ʢʦʩʠʥʫʩʥʦʝ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʧʨʦʬʠʣʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʚʝʢʪʦʨʦʤ j-ʛʦ ʢʘʥʜʠʜʘʪʘ. 
ɸʨʭʠʪʝʢʪʫʨʘ ʨʝʰʝʥʠʷ ʚʢʣʶʯʘʝʪ ʢʣʠʝʥʪʩʢʦʝ Android-ʧʨʠʣʦʞʝʥʠʝ ʠ ʩʝʨʚʝʨ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ. ʂʣʠʝʥʪ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʷʟʳʢʝ Kotlin ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Clean Architecture. ʃʦʢʘʣʴʥʦʝ ʭʨʘʥʝʥʠʝ 
ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ SQLite, ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩ Firebase ï ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʨʝʟʝʨʚʥʦʛʦ 
ʢʦʧʠʨʦʚʘʥʠʷ ʩʦʭʨʘʥʸʥʥʳʭ ʥʦʚʦʩʪʝʡ. ʉʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ NewsAPI ʠ ʩʦʙʩʪʚʝʥʥʳʤ ʩʝʨʚʝʨʦʤ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ Retrofit ʠ OkHttp. ɺ ʧʨʠʣʦʞʝʥʠʠ ʨʝʘʣʠʟʦʚʘʥʳ ʵʢʨʘʥʳ ʥʦʚʦʩʪʥʦʡ ʣʝʥʪʳ, 
ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʢʘʪʝʛʦʨʠʷʤ, ʩʦʭʨʘʥʸʥʥʳʭ ʥʦʚʦʩʪʝʡ, ʧʨʦʬʠʣʷ ʠ ʦʧʣʘʪʳ VIP-ʧʦʜʧʠʩʢʠ (ʙʝʟ ʨʝʢʣʘʤʳ). 
ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʝʨʝʢʣʶʯʝʥʠʝ ʷʟʳʢʘ (ʨʫʩʩʢʠʡ/ʘʥʛʣʠʡʩʢʠʡ) ʠ ʚʘʣʶʪʳ. ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʥʘʧʠʩʘʥʘ ʥʘ 
FastAPI ʠ ʚʢʣʶʯʘʝʪ ʤʦʜʫʣʠ: ʧʘʨʩʝʨ RSS-ʣʝʥʪ, ʧʦʩʪʨʦʠʪʝʣʴ ʵʤʙʝʜʜʠʥʛʦʚ ʥʘ ʦʩʥʦʚʝ multilingual BERT. 
ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʘʧʨʦʙʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ ʠ 
ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʥʦʚʦʩʪʥʦʡ ʘʛʨʝʛʘʪʦʨ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ 
ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʢʦʥʪʝʥʪʘ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʚʢʣʶʯʘʶʪ 
ʚʥʝʜʨʝʥʠʝ ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʫʯʸʪ ʚʨʝʤʝʥʠ ʯʪʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 
ʤʦʜʝʣʝʡ ʪʦʥʘʣʴʥʦʩʪʠ. 
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ɸʈʍʀʊɽʂʊʋʈɸ ʀʀ-ɸɻɽʅʊɸ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ MCP ʀ RAG ɼʃʗ 
ʋʇʈɸɺʃɽʅʀʗ ʇʈʆɼʋʂʊʀɺʅʆʉʊʔʖ 

ʍʦʨʦʰʫʥ ʅ.ɸ., ʩʪʫʜʝʥʪ  

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ  

ʂʫʧʨʠʷʥʦʚʘ ɼ.ɺ. ï ʤʘʛ. ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʀʀ-ʘʛʝʥʪʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʧʨʦʪʦʢʦʣ Model Context 
Protocol (MCP) ʠ ʤʝʪʦʜ Retrieval-Augmented Generation (RAG) ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ 
ʧʦʣʴʟʦʚʘʪʝʣʷ. ʆʧʠʩʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʝʢʪʦʨʥʦʛʦ ʧʦʠʩʢʘ pgvector ʠ 
LLM Gemini. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ, ʪʘʢʠʝ ʢʘʢ ʪʨʝʢʝʨʳ ʚʨʝʤʝʥʠ ʠ ʤʝʥʝʜʞʝʨʳ 
ʟʘʜʘʯ, ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʩʙʦʨʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʨʠʢ: ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʝʩʩʠʡ, ʢʦʣʠʯʝʩʪʚʦ 
ʚʳʧʦʣʥʝʥʥʳʭ ʟʘʜʘʯ, ʧʨʦʮʝʥʪ ʬʦʢʫʩʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʩʧʦʩʦʙʥʳ ʫʯʠʪʳʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ 
ʢʦʥʪʝʢʩʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʩʦʜʝʨʞʘʥʠʝ ʨʝʬʣʝʢʩʠʚʥʳʭ ʟʘʤʝʪʦʢ, ʠʩʪʦʨʠʶ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʤ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʘʪʪʝʨʥʳ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʯʘʪ-
ʙʦʪʳ ʥʘ ʦʩʥʦʚʝ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (LLM) ʨʘʙʦʪʘʶʪ ʚ ʨʘʤʢʘʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʥʪʝʢʩʪʥʦʛʦ ʦʢʥʘ 
ʠ ʥʝ ʠʤʝʶʪ ʜʦʩʪʫʧʘ ʢ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʝʣʝʚʘʥʪʥʦʩʪʴ 
ʛʝʥʝʨʠʨʫʝʤʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 
ʘʨʭʠʪʝʢʪʫʨʳ ʀʀ-ʘʛʝʥʪʘ, ʩʧʦʩʦʙʥʦʛʦ ʦʙʲʝʜʠʥʷʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ 
ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɺ ʦʩʥʦʚʫ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʧʦʣʦʞʝʥʳ ʜʚʘ ʢʣʶʯʝʚʳʭ ʧʦʜʭʦʜʘ: Retrieval-Augmented 
Generation (RAG) ʠ Model Context Protocol (MCP). RAG ï ʵʪʦ ʤʝʪʦʜ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ LLM 
ʧʫʪʸʤ ʠʟʚʣʝʯʝʥʠʷ ʨʝʣʝʚʘʥʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠʟ ʚʥʝʰʥʝʡ ʙʘʟʳ ʟʥʘʥʠʡ ʧʝʨʝʜ ʛʝʥʝʨʘʮʠʝʡ ʦʪʚʝʪʘ [2]. MCP 
ï ʦʪʢʨʳʪʳʡ ʧʨʦʪʦʢʦʣ, ʩʪʘʥʜʘʨʪʠʟʠʨʫʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ LLM ʩ ʚʥʝʰʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʜʘʥʥʳʭ ʠ 
ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʯʝʨʝʟ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ çʢʣʠʝʥʪïʩʝʨʚʝʨè, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʛʝʥʪʫ 
ʜʠʥʘʤʠʯʝʩʢʠ ʧʦʜʢʣʶʯʘʪʴ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʷʜʨʘ ʩʠʩʪʝʤʳ [3]. 

ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʤʠʢʨʦʩʝʨʚʠʩʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʯʝʨʝʟ REST API ʠ 
ʙʨʦʢʝʨ ʩʦʦʙʱʝʥʠʡ Redpanda. ɼʘʥʥʳʝ ʦ ʪʝʣʝʤʝʪʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʩʦʙʠʨʘʶʪʩʷ ʢʣʠʝʥʪʦʤ 
ʠ ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ ʧʦʪʦʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʭʨʘʥʠʣʠʱʝ ClickHouse ʜʣʷ ʘʛʨʝʛʘʮʠʡ. 

ʀʀ-ʘʛʝʥʪ ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʩʝʨʚʠʩ ʠ ʠʩʧʦʣʴʟʫʝʪ Gemini API ʚ ʢʘʯʝʩʪʚʝ LLM. ʇʦʜʩʠʩʪʝʤʘ 
RAG ʧʦʩʪʨʦʝʥʘ ʥʘ ʨʘʩʰʠʨʝʥʠʠ pgvector [4] ʜʣʷ PostgreSQL, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ 768-ʤʝʨʥʳʝ 
ʚʝʢʪʦʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʣʷʮʠʦʥʥʦʡ ʉʋɹɼ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 
ʦʪʜʝʣʴʥʦʡ ʚʝʢʪʦʨʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ɼʣʷ ʠʥʜʝʢʩʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ HNSW (Hierarchical 
Navigable Small World), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʠʩʢ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʩʦ ʩʣʦʞʥʦʩʪʴʶ O(log n). ʇʨʠ 
ʧʦʩʪʫʧʣʝʥʠʠ ʟʘʧʨʦʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʠʩʪʝʤʘ ʚʳʧʦʣʥʷʝʪ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʧʦ ʪʨʸʤ ʢʘʪʝʛʦʨʠʷʤ 
ʠʩʪʦʯʥʠʢʦʚ: ʨʝʬʣʝʢʩʠʚʥʳʝ ʟʘʤʝʪʢʠ ʠʟ ʩʝʩʩʠʡ ʬʦʢʫʩʠʨʦʚʢʠ, ʦʧʠʩʘʥʠʷ ʟʘʜʘʯ ʠ ʚʩʪʨʦʝʥʥʘʷ ʙʘʟʘ ʟʥʘʥʠʡ 
ʦ ʤʝʪʦʜʦʣʦʛʠʷʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʅʘʡʜʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʨʘʥʞʠʨʫʶʪʩʷ ʧʦ ʢʦʩʠʥʫʩʥʦʤʫ ʩʭʦʜʩʪʚʫ ʠ 
ʚʢʣʶʯʘʶʪʩʷ ʚ ʩʠʩʪʝʤʥʳʡ ʧʨʦʤʧʪ LLM, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʪʚʝʪʳ ʩ ʫʯʸʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 
ʢʦʥʪʝʢʩʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʀʥʪʝʛʨʘʮʠʷ MCP ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʜʫʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʛʝʥʪʘ. ʏʝʨʝʟ MCP-
ʩʝʨʚʝʨʳ ʘʛʝʥʪ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʠʥʩʪʨʫʤʝʥʪʘʤ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʯʘʤʠ, ʟʘʧʫʩʢʘ ʬʦʢʫʩ-ʩʝʩʩʠʡ, 
ʧʨʦʩʤʦʪʨʘ ʘʥʘʣʠʪʠʢʠ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ Google Calendar. ʂʘʞʜʳʡ MCP-ʩʝʨʚʝʨ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 
ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʩʚʦʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ LLM ʘʚʪʦʥʦʤʥʦ ʚʳʙʠʨʘʪʴ 
ʥʝʦʙʭʦʜʠʤʳʡ ʠʥʩʪʨʫʤʝʥʪ ʥʘ ʦʩʥʦʚʝ ʥʘʤʝʨʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ 
ʥʦʚʳʝ ʠʥʪʝʛʨʘʮʠʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʣʦʛʠʢʠ ʩʘʤʦʛʦ ʘʛʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʀʀ-ʘʛʝʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʠ ʢʣʶʯʝʚʳʭ ʨʝʟʫʣʴʪʘʪʘ: 
ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʜʦʩʪʫʧ ʢ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ RAG ʫʩʪʨʘʥʷʝʪ 
ʦʛʨʘʥʠʯʝʥʠʝ ʢʦʥʪʝʢʩʪʥʦʛʦ ʦʢʥʘ LLM; ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠʥʩʪʨʫʤʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʨʝʟ MCP 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʷʜʨʘ ʘʛʝʥʪʘ; ʩʦʚʤʝʱʝʥʠʝ ʨʝʘʢʪʠʚʥʦʛʦ ʠ 
ʧʨʦʘʢʪʠʚʥʦʛʦ ʨʝʞʠʤʦʚ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ ʢʘʢ ʦʪʚʝʯʘʪʴ ʥʘ ʟʘʧʨʦʩʳ, ʪʘʢ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 
ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
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ʆʊʇʈɸɺʃɽʅʀʁ ʅɸ ʆʉʅʆɺɽ ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ 

ʄʦʞʝʡʢʦ ɼ.ʆ., ʄʳʥʟʫʣ ɸ.ʕ., ʩʪʫʜʝʥʪʳ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʝʨʮʝʚ ɼ.ʖ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʬʠʟʠʯʝʩʢʦʡ ʩʦʨʪʠʨʦʚʢʠ ʧʦʯʪʦʚʦʡ 
ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ. ʆʧʠʩʘʥʘ ʜʚʫʭʫʨʦʚʥʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ Raspberry Pi 4 ʠ 
ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ESP32. ʇʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʥʜʝʢʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʮʝʧʪʨʦʥʘ, 
ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʷʟʳʢʝ C++ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ OpenCV. ʇʨʠʚʝʜʝʥ ʨʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ 
ʩʠʩʪʝʤʳ ʚ ʣʦʢʘʣʴʥʳʭ ʫʟʣʘʭ ʩʚʷʟʠ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʣʦʢʘʣʴʥʳʭ ʫʟʣʘʭ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ 
ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʩʪʘʚʢʠ çʧʦʩʣʝʜʥʝʡ ʤʠʣʠè. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ 
ʣʠʥʠʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʟʘʢʨʳʪʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ [1]. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 
ʘʚʪʦʥʦʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʦʪʢʨʳʪʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ (Edge Computing), ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʳʩʦʢʫʶ 
ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʙʝʟ ʦʙʨʘʱʝʥʠʷ ʢ ʦʙʣʘʯʥʳʤ ʩʝʨʚʠʩʘʤ. 

ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʧʦʩʪʨʦʝʥʘ ʥʘ ʙʘʟʝ ʦʜʥʦʧʣʘʪʥʦʛʦ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ Raspberry Pi 4 
(Master-ʫʟʝʣ), ʚʳʧʦʣʥʷʶʱʝʛʦ ʬʫʥʢʮʠʠ ʟʘʭʚʘʪʘ ʚʠʜʝʦʧʦʪʦʢʘ ʠ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʠʥʬʝʨʝʥʩʘ. 
ʇʝʨʠʬʝʨʠʡʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ESP32-WROOM-32U, ʢʦʪʦʨʳʡ ʚ ʨʝʞʠʤʝ 
ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʠʛʥʘʣʳ ʜʘʪʯʠʢʦʚ ʠ ʫʧʨʘʚʣʷʝʪ ʧʨʠʚʦʜʘʤʠ. 

 ɺ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠʤʝʥʝʥʳ ʢʦʣʣʝʢʪʦʨʥʳʡ ʜʚʠʛʘʪʝʣʴ JGB37-520 ʜʣʷ 
ʢʦʥʚʝʡʝʨʘ ʠ ʩʝʨʚʦʧʨʠʚʦʜ MG996R ʜʣʷ ʫʟʣʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʙʨʦʩʘ. ʆʧʪʠʯʝʩʢʘʷ ʨʝʛʠʩʪʨʘʮʠʷ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʜʫʣʝʤ Raspberry Pi Camera v2, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʯʝʪʢʠʝ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ 
ʢʘʜʨʳ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʜʝʨʞʢʘʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘʧʨʷʤʫʶ ʚ ʛʨʘʬʠʯʝʩʢʠʡ 
ʩʦʧʨʦʮʝʩʩʦʨ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʷʟʳʢʝ C++ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ OpenCV ʜʣʷ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ [2]. ɺʳʯʠʩʣʠʪʝʣʴʥʦʝ ʷʜʨʦ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʮʝʧʪʨʦʥ (MLP). ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʣʥʦʩʪʴʶ ʥʘ ʥʘʪʠʚʥʦʤ ʢʦʜʝ ʙʝʟ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʙʳʪʦʯʥʳʭ ʩʪʦʨʦʥʥʠʭ ʬʨʝʡʤʚʦʨʢʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚʢʣʶʯʘʝʪ ʚʭʦʜʥʦʡ ʩʣʦʡ ʠʟ 784 ʥʝʡʨʦʥʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʢʪʦʨʫ 
ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʤʝʨʦʤ 28ʭ28 ʧʠʢʩʝʣʝʡ. ʍʨʘʥʝʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʩʦʚ 
ʦʨʛʘʥʠʟʦʚʘʥʦ ʚ ʚʠʜʝ ʥʝʧʨʝʨʳʚʥʳʭ ʦʜʥʦʤʝʨʥʳʭ ʤʘʩʩʠʚʦʚ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʵʰ-ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʬʨʘʛʤʝʥʪʘʮʠʶ ʨʝʩʫʨʩʦʚ ʧʨʠ 
ʚʳʧʦʣʥʝʥʠʠ ʨʝʩʫʨʩʦʝʤʢʠʭ ʤʘʪʨʠʯʥʳʭ ʦʧʝʨʘʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʢʨʳʪʳʭ 
ʩʣʦʷʭ ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ModRelu [3]. ɼʘʥʥʘʷ ʬʫʥʢʮʠʷ ʨʝʰʘʝʪ 
ʧʨʦʙʣʝʤʫ ʟʘʪʫʭʘʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʤʘʣʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ 
ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʟʘʱʠʱʘʝʪ ʩʠʩʪʝʤʫ ʦʪ ʚʟʨʳʚʥʦʛʦ ʨʦʩʪʘ ʟʥʘʯʝʥʠʡ ʥʘ ʵʪʘʧʝ 
ʦʙʫʯʝʥʠʷ. 

ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʤʝʪʦʜʫ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʥʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ EMNIST. 
ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʦʙʦʙʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʬʬʝʢʪʘ ʧʝʨʝʦʙʫʯʝʥʠʷ ʚ 
ʘʨʭʠʪʝʢʪʫʨʫ ʠʥʪʝʛʨʠʨʦʚʘʥ ʘʣʛʦʨʠʪʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ Dropout, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʣʫʯʘʡʥʦʝ ʦʪʢʣʶʯʝʥʠʝ 
20% ʥʝʡʨʦʥʦʚ ʚʭʦʜʥʦʛʦ ʩʣʦʷ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ. ʊʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʘ 
ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ (Accuracy) ʩʦʩʪʘʚʠʣʘ 98% ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

 

 ὃὧὧόὶὥὧώ  
ὧέὶὶὩὧὸ

ὔ
 (1) 

 

ʛʜʝ ὧέὶὶὩὧὸ ï ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʥʦ ʨʘʩʧʦʟʥʘʥʥʳʭ ʩʠʤʚʦʣʦʚ; ὔ  ï ʦʙʲʝʤ ʚʳʙʦʨʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ: ʩʨʦʢ 
ʦʢʫʧʘʝʤʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ ʩʦʩʪʘʚʣʷʝʪ 0,67 ʛʦʜʘ ʧʨʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ 150,1%. 
 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Siemens Logistics Intelligent intralogistics for airports and postal services [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.siemens-logistics.com/en/ ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 16.03.2026. 
2. OpenCV (Open Source Computer Vision Library) ɹʠʙʣʠʦʪʝʢʘ ʘʣʛʦʨʠʪʤʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://opencv.org/ ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 16.03.2026. 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 

47 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɹʆʃʔʐʀʍ ʗɿʓʂʆɺʓʍ ʄʆɼɽʃɽʁ ɺ 
ʉʀʉʊɽʄʅʆʄ ɸʅɸʃʀɿɽ: ʄɽʊʆɼʓ ɺɽʈʀʌʀʂɸʎʀʀ ʀ ʉʅʀɾɽʅʀʗ 

ʇʈʆɽʂʊʅʓʍ ʈʀʉʂʆɺ 

ɻʨʠʛʦʨʝʥʢʦ ɹ.ʉ., ʂʦʭʥʶʢ ʂ.ɸ. ʩʪʫʜʝʥʪʳ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʅʠʢʫʣʴʰʠʥ ɹ. ɺ. ï ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʚ ʟʘʜʘʯʘʭ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ 
ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʪʨʝʙʦʚʘʥʠʡ, ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʠʘʛʨʘʤʤ, ʘ ʪʘʢʞʝ 
ʦʛʨʘʥʠʯʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʮʝʜʫʨ ʧʨʦʚʝʨʢʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʵʪʘʧʥʦʡ 
ʜʝʢʦʤʧʦʟʠʮʠʠ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʛʝʥʝʨʘʮʠʠ ʘʨʪʝʬʘʢʪʦʚ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʘʥʘʣʠʪʠʢʘ. ʆʪʜʝʣʴʥʦ 
ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ, ʦʙʫʯʝʥʥʳʭ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʧʦ ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʠʟʫ. 

ʈʘʟʚʠʪʠʝ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʟʘʤʝʪʥʦ ʚʣʠʷʝʪ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʥʦʛʦ 
ʘʥʘʣʠʪʠʢʘ. ʉʦʚʨʝʤʝʥʥʳʝ LLM ʤʦʛʫʪ ʚʳʜʝʣʷʪʴ ʩʫʱʥʦʩʪʠ ʠʟ ʪʝʢʩʪʦʚ ʪʨʝʙʦʚʘʥʠʡ, ʧʦʜʛʦʪʘʚʣʠʚʘʪʴ 
ʯʝʨʥʦʚʠʢʠ ʩʧʝʮʠʬʠʢʘʮʠʡ, ʬʦʨʤʠʨʦʚʘʪʴ ʩʮʝʥʘʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʪʝʢʩʪʦʚʫʶ ʦʩʥʦʚʫ ʜʣʷ 
ʜʠʘʛʨʘʤʤ. ʋʥʠʚʝʨʩʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ, ʥʘʧʨʠʤʝʨ ʠ Gemini, ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 
ʰʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ: ʨʘʙʦʪʫ ʩ ʜʦʢʫʤʝʥʪʘʤʠ, ʧʦʤʦʱʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʝʨʝʭʦʜ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʪʦʪʠʧʫ, 
ʪʦ ʝʩʪʴ ʦʥʠ ʧʦʣʝʟʥʳ ʢʘʢ ʦʙʱʠʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʦʤʦʱʥʠʢ. 

ʆʜʥʘʢʦ ʫʩʢʦʨʝʥʠʝ ʨʘʙʦʪʳ ʥʝ ʦʟʥʘʯʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʚʳʰʝʥʠʷ ʝʸ ʢʘʯʝʩʪʚʘ. ɺ ʩʠʩʪʝʤʥʦʡ 
ʠʥʞʝʥʝʨʠʠ ʢʣʶʯʝʚʳʤʠ ʦʩʪʘʶʪʩʷ ʧʦʣʥʦʪʘ, ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʠ ʪʨʘʩʩʠʨʫʝʤʦʩʪʴ ʪʨʝʙʦʚʘʥʠʡ. ʆʰʠʙʢʠ, 
ʜʦʧʫʱʝʥʥʳʝ ʥʘ ʩʪʘʜʠʠ ʘʥʘʣʠʟʘ, ʟʘʪʝʤ ʧʝʨʝʭʦʜʷʪ ʚ ʧʨʦʝʢʪʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ, ʢʦʜ, ʪʝʩʪʦʚʳʝ ʩʮʝʥʘʨʠʠ 
ʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ LLM ʚ ʩʠʩʪʝʤʥʦʤ ʘʥʘʣʠʟʝ ʜʦʣʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝ ʢʘʢ 
ʟʘʤʝʥʘ ʘʥʘʣʠʪʠʢʘ, ʘ ʢʘʢ ʩʨʝʜʩʪʚʦ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 
ʘʨʪʝʬʘʢʪʦʚ [1]. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʷʟʳʢʦʚʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʫʝʪ ʦʪʚʝʪ ʥʘ 
ʦʩʥʦʚʝ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʪʝʢʩʪʘ ʠ ʥʝ ʦʙʣʘʜʘʝʪ ʠʥʞʝʥʝʨʥʳʤ ʧʦʥʠʤʘʥʠʝʤ ʧʨʝʜʤʝʪʥʦʡ 
ʦʙʣʘʩʪʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʧʨʷʤʦʡ ʛʝʥʝʨʘʮʠʠ ʩʧʝʮʠʬʠʢʘʮʠʡ ʠ ʜʠʘʛʨʘʤʤ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʣʦʛʠʯʝʩʢʠʝ 
ʨʘʟʨʳʚʳ, ʧʦʪʝʨʷ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʝʧʦʣʥʳʡ ʫʯʸʪ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠ 
ʵʬʬʝʢʪ çʯʸʨʥʦʛʦ ʷʱʠʢʘè, ʢʦʛʜʘ ʬʦʨʤʘʣʴʥʦ ʫʙʝʜʠʪʝʣʴʥʳʡ ʦʪʚʝʪ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʢʦʨʨʝʢʪʥʳʡ ʙʝʟ 
ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʚʝʨʢʠ [2]. ɼʣʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʵʪʦ ʦʩʦʙʝʥʥʦ ʦʧʘʩʥʦ, ʪʘʢ ʢʘʢ ʦʰʠʙʢʘ ʚ 
ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ ʥʘ ʚʝʩʴ ʧʨʦʝʢʪ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʵʪʠʭ ʨʠʩʢʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʦʜʝʣʴ ʚʳʧʦʣʥʷʝʪ 
ʜʝʢʦʤʧʦʟʠʮʠʶ ʪʨʝʙʦʚʘʥʠʡ: ʚʳʜʝʣʷʝʪ ʘʢʪʦʨʦʚ, ʩʫʱʥʦʩʪʠ, ʩʦʙʳʪʠʷ, ʧʨʘʚʠʣʘ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ 
ʠʩʢʣʶʯʝʥʠʷ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʣʦʛʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ: ʜʣʷ ʢʘʞʜʦʛʦ ʜʝʡʩʪʚʠʷ ʫʪʦʯʥʷʶʪʩʷ 
ʧʨʝʜʫʩʣʦʚʠʷ, ʧʦʩʪʫʩʣʦʚʠʷ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʝʪʚʠ ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ ʩʠʪʫʘʮʠʠ. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʥʘ 
ʦʩʥʦʚʝ ʫʞʝ ʧʨʦʚʝʨʝʥʥʦʛʦ ʥʘʙʦʨʘ ʬʘʢʪʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʦʝʢʪʥʳʝ ʘʨʪʝʬʘʢʪʳ. ʅʘ ʯʝʪʚʸʨʪʦʤ ʵʪʘʧʝ 
ʘʥʘʣʠʪʠʢ ʚʳʧʦʣʥʷʝʪ ʵʢʩʧʝʨʪʥʫʶ ʚʘʣʠʜʘʮʠʶ ʨʝʟʫʣʴʪʘʪʘ. ʊʘʢʦʡ ʢʦʥʪʫʨ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʧʨʝʠʤʫʱʝʩʪʚʘ LLM, ʥʦ ʩʦʭʨʘʥʷʪʴ ʠʥʞʝʥʝʨʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʢʘʯʝʩʪʚʦʤ. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʩʨʘʚʥʝʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʦʜʝʣʠ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ 
ʩʠʩʪʝʤʳ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʙʫʯʝʥʥʦʡ ʠʣʠ ʜʦʦʙʫʯʝʥʥʦʡ ʠʤʝʥʥʦ ʧʦʜ ʟʘʜʘʯʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. Gemini 
ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʥʦ ʝʛʦ ʩʠʣʴʥʘʷ ʩʪʦʨʦʥʘ ï ʰʠʨʦʪʘ ʧʨʠʤʝʥʝʥʠʷ, ʘ ʥʝ 
ʫʟʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ. ʅʘʧʨʦʪʠʚ, ʤʦʜʝʣʴ, ʦʙʫʯʝʥʥʘʷ ʥʘ ʢʦʨʧʫʩʝ ʪʨʝʙʦʚʘʥʠʡ, ʩʧʝʮʠʬʠʢʘʮʠʡ, use case, 
BPMN/UML-ʦʧʠʩʘʥʠʡ, ʧʨʦʝʢʪʥʳʭ ʰʘʙʣʦʥʦʚ ʠ ʧʨʠʤʝʨʦʚ ʚʝʨʠʬʠʢʘʮʠʠ, ʦʙʳʯʥʦ ʣʫʯʰʝ ʨʝʰʘʝʪ 
ʧʨʦʬʠʣʴʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʥʘ ʪʦʯʥʝʝ ʨʘʩʧʦʟʥʘʸʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ 
ʪʝʨʤʠʥʦʣʦʛʠʶ, ʫʩʪʦʡʯʠʚʝʝ ʚʳʜʝʣʷʝʪ ʦʙʷʟʘʪʝʣʴʥʳʝ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʝʪʚʠ ʧʨʦʮʝʩʩʘ, ʣʫʯʰʝ 
ʩʦʭʨʘʥʷʝʪ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʯʘʱʝ ʬʦʨʤʠʨʫʝʪ ʦʪʚʝʪʳ ʚ ʬʦʨʤʘʪʝ, ʧʨʠʛʦʜʥʦʤ ʜʣʷ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚ ʧʨʦʝʢʪʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ.  

ʄʘʪʝʨʠʘʣʳ Google Cloud ʧʨʷʤʦ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ domain-specific fine-tuning ʘʜʘʧʪʠʨʫʝʪ ʤʦʜʝʣʴ ʢ 
ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴ ʪʦʯʥʦʩʪʴ ʠ ʨʝʣʝʚʘʥʪʥʦʩʪʴ ʦʪʚʝʪʦʚ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 
ʛʘʣʣʶʮʠʥʘʮʠʡ; ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ domain-specific RAG ʠ ʧʦʩʪʦʙʫʯʝʥʠʶ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ ʫʣʫʯʰʝʥʠʝ 
ʢʘʯʝʩʪʚʘ ʥʘ ʚʥʫʪʨʠʦʪʨʘʩʣʝʚʳʭ ʟʘʜʘʯʘʭ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 
ʦʙʲʷʩʥʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʚ ʧʨʝʜʝʣʘʭ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɽʩʣʠ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʦʜʝʣʴ ʯʘʱʝ 
ʬʦʨʤʠʨʫʝʪ ʦʪʚʝʪ ʢʘʢ ʩʚʷʟʥʳʡ, ʥʦ ʦʙʦʙʱʸʥʥʳʡ ʪʝʢʩʪ, ʪʦ ʤʦʜʝʣʴ, ʦʙʫʯʝʥʥʘʷ ʥʘ ʪʨʝʙʦʚʘʥʠʷʭ, ʩʮʝʥʘʨʠʷʭ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʥʳʭ ʰʘʙʣʦʥʘʭ, ʩʧʦʩʦʙʥʘ ʚʳʜʘʚʘʪʴ ʩʪʨʫʢʪʫʨʫ, ʙʣʠʞʝ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 
ʣʦʛʠʢʝ ʘʥʘʣʠʪʠʢʘ: ʦʪʜʝʣʴʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʨʦʣʠ, ʦʛʨʘʥʠʯʝʥʠʷ, ʠʩʢʣʶʯʝʥʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʜʝʡʩʪʚʠʷʤʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʟʘʜʘʯʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʯʝʨʥʦʚʦʡ ʘʨʪʝʬʘʢʪ, ʥʦ 
ʠ ʦʙʦʩʥʦʚʘʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʢʘʞʜʳʡ ʝʛʦ ʵʣʝʤʝʥʪ ʩʚʷʟʘʥ ʩ ʠʩʭʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 
ʚʦʟʤʦʞʥʦʩʪʠ ʝʸ ʘʜʘʧʪʘʮʠʠ ʢ ʚʥʫʪʨʝʥʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ʢʦʥʢʨʝʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ 
ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʀʀ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʩʪʨʦʝʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʰʘʙʣʦʥʦʚ ʩʧʝʮʠʬʠʢʘʮʠʡ, ʧʨʘʚʠʣ ʦʧʠʩʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ 
ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʬʦʨʤʣʝʥʠʶ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʥʠʞʘʝʪʩʷ ʦʙʲʸʤ ʧʦʩʣʝʜʫʶʱʝʡ 
ʨʫʯʥʦʡ ʜʦʨʘʙʦʪʢʠ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʛʝʥʝʨʘʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʝʜʠʥʦʦʙʨʘʟʥʳʤʠ ʠ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ 
ʚʢʣʶʯʝʥʠʷ ʚ ʨʘʙʦʯʠʡ ʢʦʥʪʫʨ ʘʥʘʣʠʟʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [3]. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, 
ʦʥʘ ʦʙʫʯʘʝʪʩʷ ʥʘ ʜʘʥʥʳʭ, ʦʪʨʘʞʘʶʱʠʭ ʠʤʝʥʥʦ ʣʦʛʠʢʫ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʥʝ ʥʘ ʰʠʨʦʢʦʤ ʤʘʩʩʠʚʝ 
ʨʘʟʥʦʨʦʜʥʳʭ ʪʝʢʩʪʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʪʘʢʘʷ ʤʦʜʝʣʴ ʣʫʯʰʝ ʫʩʚʘʠʚʘʝʪ ʪʠʧʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʘʨʪʝʬʘʢʪʦʚ: 
ʦʧʠʩʘʥʠʝ ʨʦʣʝʡ, ʧʨʝʜʫʩʣʦʚʠʡ, ʧʦʩʪʫʩʣʦʚʠʡ, ʙʠʟʥʝʩ-ʧʨʘʚʠʣ, ʠʩʢʣʶʯʝʥʠʡ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʪʨʝʙʦʚʘʥʠʷʤʠ. 
ɺ-ʪʨʝʪʴʠʭ, ʝʸ ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʧʦʜ ʚʥʫʪʨʝʥʥʠʝ ʩʪʘʥʜʘʨʪʳ ʦʨʛʘʥʠʟʘʮʠʠ: ʰʘʙʣʦʥʳ 
ʩʧʝʮʠʬʠʢʘʮʠʡ, ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʧʨʘʚʠʣʘ ʠʤʝʥʦʚʘʥʠʷ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʬʦʨʤʘʪʳ ʜʠʘʛʨʘʤʤ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʥʘ ʜʘʸʪ ʥʝ ʧʨʦʩʪʦ ʩʚʷʟʥʳʡ ʪʝʢʩʪ, ʘ ʙʦʣʝʝ ʜʠʩʮʠʧʣʠʥʠʨʦʚʘʥʥʳʡ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ 
ʨʝʟʫʣʴʪʘʪ. 

ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ 
ʢʘʯʝʩʪʚʦ ʦʙʫʯʘʶʱʝʛʦ ʢʦʨʧʫʩʘ. ɽʩʣʠ ʚ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ ʚʢʣʶʯʝʥʳ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ 
ʪʨʝʙʦʚʘʥʠʷ, ʢʦʨʨʝʢʪʥʳʝ ʩʧʝʮʠʬʠʢʘʮʠʠ, ʧʨʠʤʝʨʳ ʜʠʘʛʨʘʤʤ ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʨʦʝʢʪʥʳʝ 
ʘʨʪʝʬʘʢʪʳ, ʤʦʜʝʣʴ ʣʫʯʰʝ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʣʦʛʠʢʫ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠ ʵʪʦʤ 
ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ, ʧʨʦʪʠʚʦʨʝʯʠʡ ʠʣʠ ʥʝʧʦʣʥʳʭ ʦʧʠʩʘʥʠʡ ʚ ʜʘʥʥʳʭ ʦʙʫʯʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 
ʪʠʨʘʞʠʨʦʚʘʥʠʶ ʪʝʭ ʞʝ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʘʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʡ 
ʤʦʜʝʣʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʘʨʭʠʪʝʢʪʫʨʳ, ʥʦ ʠ ʦʪ ʢʘʯʝʩʪʚʘ ʠʥʞʝʥʝʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ [4]. 

ʇʨʠ ʵʪʦʤ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʚʩʝʛʜʘ ʣʫʯʰʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ, ʙʳʣʦ ʙʳ 
ʥʝʢʦʨʨʝʢʪʥʦ. ɽʸ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʫʟʢʦʤ ʢʣʘʩʩʝ ʟʘʜʘʯ, ʛʜʝ ʝʩʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ 
ʦʙʫʯʘʶʱʠʡ ʢʦʨʧʫʩ, ʧʦʥʷʪʥʳʝ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʠ ʩʪʘʙʠʣʴʥʘʷ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ. ʋʥʠʚʝʨʩʘʣʴʥʳʝ 
ʤʦʜʝʣʠ ʦʩʪʘʶʪʩʷ ʧʦʣʝʟʥʝʝ ʚ ʩʠʪʫʘʮʠʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʰʠʨʦʢʠʡ ʢʨʫʛʦʟʦʨ, ʨʘʙʦʪʘ ʩ ʨʘʟʥʦʨʦʜʥʦʡ 
ʠʥʬʦʨʤʘʮʠʝʡ, ʙʳʩʪʨʳʡ ʯʝʨʥʦʚʦʡ ʘʥʘʣʠʟ ʠʣʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʠʩʢ ʨʝʰʝʥʠʡ. ʇʦʵʪʦʤʫ ʥʘ 
ʧʨʘʢʪʠʢʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʝ ʵʪʠʭ ʩʠʩʪʝʤ, ʘ ʠʭ ʦʩʤʳʩʣʝʥʥʦʝ 
ʩʦʯʝʪʘʥʠʝ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʧʦʢʘʟʘʪʝʣʝʡ: 
ʣʦʛʠʯʝʩʢʘʷ ʧʦʣʥʦʪʘ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠ ʪʨʘʩʩʠʨʫʝʤʦʩʪʴ. ʇʝʨʚʘʷ ʦʪʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʫʯʸʪʘ 
ʦʙʷʟʘʪʝʣʴʥʳʭ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʚʝʪʚʝʡ ʧʨʦʮʝʩʩʘ. ɺʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ 
ʧʨʦʪʠʚʦʨʝʯʠʡ ʠ ʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʳʚʦʚ. ʊʨʝʪʴʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʷʟʘʪʴ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ 
ʜʠʘʛʨʘʤʤʳ ʠʣʠ ʩʧʝʮʠʬʠʢʘʮʠʠ ʩ ʠʩʭʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʤʦʜʝʣʴ ʠ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ, ʪʦ ʠʤʝʥʥʦ ʧʦ ʵʪʠʤ ʤʝʪʨʠʢʘʤ ʧʨʦʬʠʣʴʥʦ ʦʙʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ 
ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʟʘʜʘʯʘʭ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʜʦʣʞʥʘ ʧʦʜʪʚʝʨʞʜʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ 
ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ, ʥʦ ʠ ʠʟʤʝʨʠʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ɼʣʷ ʪʘʢʦʛʦ ʩʨʘʚʥʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʢʩʧʝʨʪʥʫʶ ʦʮʝʥʢʫ ʧʦʣʥʦʪʳ ʫʯʸʪʘ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʧʫʱʝʥʥʳʭ 
ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʮʝʥʘʨʠʝʚ, ʩʪʝʧʝʥʠ ʩʦʭʨʘʥʝʥʠʷ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʫʨʦʚʥʷ 
ʪʨʘʩʩʠʨʫʝʤʦʩʪʠ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤ ʪʝʢʩʪʦʤ ʠ ʢʦʥʝʯʥʳʤ ʘʨʪʝʬʘʢʪʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ LLM ʚ ʩʠʩʪʝʤʥʦʤ ʘʥʘʣʠʟʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 
ʠʥʩʪʨʫʤʝʥʪ ʠʥʞʝʥʝʨʥʦʛʦ ʫʩʠʣʝʥʠʷ, ʘ ʥʝ ʢʘʢ ʟʘʤʝʥʫ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʪʠʢʘ. ʅʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤ 
ʷʚʣʷʝʪʩʷ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʯʝʣʦʚʝʢ ʦʧʨʝʜʝʣʷʝʪ ʨʘʤʢʠ ʘʥʘʣʠʟʘ, ʟʘʜʘʸʪ ʢʨʠʪʝʨʠʠ 
ʢʦʨʨʝʢʪʥʦʩʪʠ ʠ ʚʘʣʠʜʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪ, ʘ ʀʀ ʚʳʧʦʣʥʷʝʪ ʜʝʢʦʤʧʦʟʠʮʠʶ ʪʨʝʙʦʚʘʥʠʡ, ʧʦʠʩʢ ʧʨʦʧʫʩʢʦʚ ʠ 
ʧʦʜʛʦʪʦʚʢʫ ʯʝʨʥʦʚʳʭ ʘʨʪʝʬʘʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ, ʦʙʫʯʝʥʥʘʷ ʥʘ ʤʘʪʝʨʠʘʣʘʭ 
ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʀʀ Gemini ʠʤʝʥʥʦ ʚ ʧʨʦʬʠʣʴʥʳʭ 
ʟʘʜʘʯʘʭ, ʧʦʩʢʦʣʴʢʫ ʣʫʯʰʝ ʫʯʠʪʳʚʘʝʪ ʧʨʝʜʤʝʪʥʫʶ ʪʝʨʤʠʥʦʣʦʛʠʶ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʫ ʧʨʦʝʢʪʥʳʭ 
ʜʦʢʫʤʝʥʪʦʚ.  

ʕʪʦ ʜʝʣʘʝʪ ʝʸ ʙʦʣʝʝ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʨʘʩʩʠʨʫʝʤʦʩʪʠ ʪʨʝʙʦʚʘʥʠʡ ʠ ʩʥʠʞʝʥʠʷ 
ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʛʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ 
ʤʦʜʝʣʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʦʜʛʦʪʦʚʢʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʘʨʪʝʬʘʢʪʦʚ ʠ ʧʦʚʳʰʘʝʪ 
ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʧʦʚʪʦʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʭʦʞʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ 
ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʩʣʦʞʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʫʚʝʣʠʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʧʨʦʝʢʪʥʦʡ 
ʜʦʢʫʤʝʥʪʘʮʠʠ. 
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ʂʈʆʉʉ-ʇʃɸʊʌʆʈʄɽʅʅʆɽ ʄʆɹʀʃʔʅʆɽ ʇʈʀʃʆɾɽʅʀɽ ɼʃʗ 
ʂʆʄʇʃɽʂʉʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ʄɽʈʆʇʈʀʗʊʀʗʄʀ 

ʉʘʚʠʥʠʯ ʊ.ʄ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ  

ʂʫʧʨʠʷʥʦʚʘ ɼ.ɺ. ï ʤʘʛ. ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣ ɹ

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 
ʫʧʨʘʚʣʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʷʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʩʦʙʳʪʠʡ ʨʘʟʣʠʯʥʦʛʦ ʤʘʩʰʪʘʙʘ ï ʦʪ ʯʘʩʪʥʳʭ ʪʦʨʞʝʩʪʚ ʜʦ 
ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʫʣʴʥʦʡ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 
ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ, ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʫʚʝʜʦʤʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʥʘ ʦʙʝʩʧʝʯʝʥʠʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʩʠʩʪʝʤʳ 
ʯʝʨʝʟ ʛʠʙʢʫʶ ʤʦʜʝʣʴ ʧʦʜʧʠʩʦʢ ʠ ʩʝʨʚʝʨʥʫʶ ʧʨʦʚʝʨʢʫ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʣʠʤʠʪʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʩʪʴʶ ʨʝʰʝʥʠʡ: ʫʧʨʘʚʣʝʥʠʝ ʛʦʩʪʷʤʠ, ʟʘʜʘʯʘʤʠ, ʢʦʤʘʥʜʦʡ ʠ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ 
ʟʘʯʘʩʪʫʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʟʨʦʟʥʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʯʪʦ ʧʦʨʦʞʜʘʝʪ ʧʨʦʙʣʝʤʫ ʜʫʙʣʠʨʦʚʘʥʠʷ 
ʜʘʥʥʳʭ ʠ ʧʦʪʝʨʠ ʢʦʥʪʝʢʩʪʘ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʙʣʠʯʥʳʭ 
ʨʝʜʘʢʪʦʨʦʚ, ʤʝʩʩʝʥʜʞʝʨʦʚ ʠ ʙʫʤʘʞʥʳʭ ʯʝʢ-ʣʠʩʪʦʚ, ʥʝ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʝʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 
ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʨʦʧʨʠʷʪʠʷ: ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʫʯʸʪ ʛʦʩʪʝʡ ʩ ʠʭ ʩʪʘʪʫʩʘʤʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ, ʢʦʥʪʨʦʣʴ 
ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠ ʩʨʦʢʦʚ, ʘ ʪʘʢʞʝ ʦʧʝʨʘʪʠʚʥʦʝ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʚʩʝʭ 
ʫʯʘʩʪʥʠʢʦʚ ʢʦʤʘʥʜʳ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʧʦʜʛʦʪʦʚʢʠ. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 
ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʦʰʠʙʦʢ ʠ 
ʧʦʪʝʨʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʵʪʘʧʘʭ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-
ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʩʧʦʩʦʙʥʦʡ ʦʙʲʝʜʠʥʠʪʴ 
ʚʩʝ ʘʩʧʝʢʪʳ ʫʧʨʘʚʣʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʝʤ ʚ ʝʜʠʥʦʤ ʢʦʥʪʝʢʩʪʝ ʠ ʦʙʝʩʧʝʯʠʪʴ ʦʧʝʨʘʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ (Eventbrite, Trello, Google Sheets ʚ ʩʚʷʟʢʝ ʩ ʤʝʩʩʝʥʜʞʝʨʘʤʠ) 
ʧʦʢʘʟʘʣ, ʯʪʦ ʥʠ ʦʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʛʦ ʧʦʢʨʳʪʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 
ʤʝʨʦʧʨʠʷʪʠʷ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʇʣʘʪʬʦʨʤʳ ʧʨʦʜʘʞʠ ʙʠʣʝʪʦʚ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 
ʥʘ ʧʫʙʣʠʯʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ ʢʦʦʨʜʠʥʘʮʠʠ ʢʦʤʘʥʜʳ. 
ʋʥʠʚʝʨʩʘʣʴʥʳʝ ʤʝʥʝʜʞʝʨʳ ʟʘʜʘʯ ʣʠʰʝʥʳ ʜʦʤʝʥʥʦʡ ʩʧʝʮʠʬʠʢʠ: ʧʦʥʷʪʠʡ çʛʦʩʪʴè, çʧʨʠʛʣʘʰʝʥʠʝè, 
çʨʘʩʩʘʜʢʘè ʠʣʠ çʰʘʙʣʦʥ ʤʝʨʦʧʨʠʷʪʠʷè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ, 
ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʯʘʤʠ, ʛʦʩʪʝʚʳʤʠ ʩʧʠʩʢʘʤʠ, ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʦʡ ʠ 
ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ ʚ ʢʦʥʪʝʢʩʪʝ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ, ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʦʡ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʨʝʰʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ REST API 
ʠ ʪʦʢʝʥʥʦʡ ʘʚʪʦʨʠʟʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʛʦ ʨʘʟʜʝʣʠʪʴ ʣʦʛʠʢʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ.  

ʉʝʨʚʝʨʥʳʡ ʩʣʦʡ (REST API). ʎʝʥʪʨʘʣʴʥʳʤ ʫʟʣʦʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚʳʩʪʫʧʘʝʪ ʩʝʨʚʝʨ ʥʘ ʦʩʥʦʚʝ 
ʧʣʘʪʬʦʨʤʳ Node.js ʩ ʬʨʝʡʤʚʦʨʢʦʤ Express.js [1]. ʂʘʞʜʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʙʠʣʴʥʦʛʦ ʢʣʠʝʥʪʘ ʩ 
ʩʠʩʪʝʤʦʡ (ʩʦʟʜʘʥʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʟʘʜʘʯʘʤʠ, ʦʪʧʨʘʚʢʘ ʧʨʠʛʣʘʰʝʥʠʡ, ʦʙʤʝʥ ʩʦʦʙʱʝʥʠʷʤʠ) 
ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ ʚ HTTP-ʟʘʧʨʦʩ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʨʰʨʫʪ API. ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ 
ʩʦʜʝʨʞʠʪ 44 ʬʘʡʣʘ ʤʘʨʰʨʫʪʦʚ, ʧʦʢʨʳʚʘʶʱʠʭ ʚʩʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʫʣʠ ʧʨʠʣʦʞʝʥʠʷ, ʠ ʥʘʙʦʨ 
ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʫʪʠʣʠʪ (usersHelper, tasksHelper, emailHelper, paymentHelper), ʠʥʢʘʧʩʫʣʠʨʫʶʱʠʭ 
ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʫʶ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʯʸʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ 
ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ: ʩʝʨʚʝʨ ʚʳʧʦʣʥʷʝʪ ʧʨʦʚʝʨʢʫ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʨʦʚʝʨʢʫ ʧʨʘʚ ʜʦʩʪʫʧʘ ʯʝʨʝʟ 
middleware-ʩʣʦʡ ʠ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ, ʘ ʢʣʠʝʥʪ ʦʪʚʝʯʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ 
ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʫʣʘ ʩʦʝʜʠʥʝʥʠʡ MySQL2 ʚ ʨʝʞʠʤʝ Promise 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʩʠʥʭʨʦʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʟʘʧʨʦʩʦʚ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʙʝʟ ʙʣʦʢʠʨʦʚʢʠ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ 
ʩʦʙʳʪʠʡ (Event Loop) Node.js, ʯʪʦ ʢʨʠʪʠʯʥʦ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ ʤʥʦʞʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
Middleware-ʢʦʤʧʦʥʝʥʪ authMiddleware ʚʳʧʦʣʥʷʝʪ ʚʝʨʠʬʠʢʘʮʠʶ JWT-ʪʦʢʝʥʘ ʧʨʠ ʢʘʞʜʦʤ ʟʘʱʠʱʸʥʥʦʤ 
ʟʘʧʨʦʩʝ, ʠʟʚʣʝʢʘʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʟ ʧʦʣʷ sub ʪʦʢʝʥʘ ʠ ʧʦʤʝʱʘʷ ʝʛʦ ʚ ʦʙʲʝʢʪ ʟʘʧʨʦʩʘ 
ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʤʘʨʰʨʫʪʘʤʠ. 

ʈʝʣʷʮʠʦʥʥʦʝ ʷʜʨʦ (MySQL). ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʨʝʣʷʮʠʦʥʥʘʷ 
ʙʘʟʘ ʜʘʥʥʳʭ MySQL, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʦʪʨʘʞʘʝʪ ʜʦʤʝʥʥʫʶ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
ʤʝʨʦʧʨʠʷʪʠʷʤʠ. ʇʦʣʴʟʦʚʘʪʝʣʠ, ʤʝʨʦʧʨʠʷʪʠʷ, ʟʘʜʘʯʠ, ʛʦʩʪʠ, ʧʨʠʛʣʘʰʝʥʠʷ ʠ ʰʘʙʣʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 
ʚ ʚʠʜʝ ʩʚʷʟʘʥʥʳʭ ʪʘʙʣʠʮ ʩ ʚʥʝʰʥʠʤʠ ʢʣʶʯʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʩʩʳʣʦʯʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ. ʂʣʶʯʝʚʳʤ 
ʵʣʝʤʝʥʪʦʤ ʘʨʭʠʪʝʢʪʫʨʳ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʩʚʷʟʫʶʱʘʷ ʪʘʙʣʠʮʘ user_event_mapping, ʨʝʘʣʠʟʫʶʱʘʷ 
ʨʦʣʝʚʫʶ ʤʦʜʝʣʴ ʜʦʩʪʫʧʘ: ʢʘʞʜʦʤʫ ʫʯʘʩʪʥʠʢʫ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘʟʥʘʯʘʝʪʩʷ ʨʦʣʴ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʥʘʙʦʨʦʤ 
ʧʨʘʚ (ʫʧʨʘʚʣʝʥʠʝ ʛʦʩʪʷʤʠ, ʩʦʟʜʘʥʠʝ ʠ ʥʘʟʥʘʯʝʥʠʝ ʟʘʜʘʯ, ʧʨʠʛʣʘʰʝʥʠʝ ʥʦʚʳʭ ʯʣʝʥʦʚ ʢʦʤʘʥʜʳ, 
ʦʪʧʨʘʚʢʘ ʩʦʦʙʱʝʥʠʡ). ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʥʝʩʢʦʣʴʢʠʭ 
ʤʝʨʦʧʨʠʷʪʠʷʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʦʣʷʤʠ, ʘ ʦʜʥʦʤʫ ʤʝʨʦʧʨʠʷʪʠʶ ï ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʩ 
ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠ ʜʦʢʫʤʝʥʪʦ-
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ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʭʨʘʥʠʣʠʱ, ʨʝʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʯʝʨʝʟ 
ʤʝʭʘʥʠʟʤʳ ʪʨʘʥʟʘʢʮʠʡ ʠ ʢʘʩʢʘʜʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ (ON DELETE CASCADE, ON UPDATE CASCADE), ʯʪʦ 
ʢʨʠʪʠʯʥʦ ʜʣʷ ʩʠʩʪʝʤʳ, ʛʜʝ ʥʝʩʢʦʣʴʢʦ ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʧʘʨʘʣʣʝʣʴʥʦ ʚʥʦʩʷʪ ʠʟʤʝʥʝʥʠʷ ʚ ʦʜʥʦ 
ʤʝʨʦʧʨʠʷʪʠʝ. ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʦʚʘʥʦ ʯʝʨʝʟ ʤʦʜʫʣʴ config/db.js, ʬʦʨʤʠʨʫʶʱʠʡ ʧʫʣ 
ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʳʥʝʩʝʥʥʳʤʠ ʚ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʬʘʡʣ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʝʨʝʢʣʶʯʝʥʠʝ 
ʤʝʞʜʫ ʩʨʝʜʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʜʘʢʰʝʥʘ. 

ʉʣʦʡ ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʠʩʪʝʤʘ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʩʪʨʦʝʥʘ ʥʘ ʙʘʟʝ JSON Web Tokens 
(JWT) ʠ ʨʝʘʣʠʟʫʝʪ ʩʪʘʥʜʘʨʪʥʫʶ ʩʭʝʤʫ çaccess token + refresh tokenè. ʇʨʠ ʧʝʨʚʠʯʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 
ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʝʨʝʜʘʸʪ ʫʯʸʪʥʳʝ ʜʘʥʥʳʝ (email ʠ ʧʘʨʦʣʴ), ʧʘʨʦʣʴ ʚʝʨʠʬʠʮʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
ʘʣʛʦʨʠʪʤʘ bcrypt, ʧʦʩʣʝ ʯʝʛʦ ʩʝʨʚʝʨ ʛʝʥʝʨʠʨʫʝʪ ʧʦʜʧʠʩʘʥʥʳʡ JWT-ʪʦʢʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʢʨʝʪʥʦʛʦ 
ʢʣʶʯʘ, ʭʨʘʥʷʱʝʛʦʩʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʤ ʬʘʡʣʝ. ʂʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ ʟʘʧʨʦʩ ʢ ʟʘʱʠʱʸʥʥʳʤ 
ʵʥʜʧʦʠʥʪʘʤ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ middleware authMiddleware, ʢʦʪʦʨʳʡ ʜʝʢʦʜʠʨʫʝʪ ʪʦʢʝʥ, ʧʨʦʚʝʨʷʝʪ ʝʛʦ 
ʢʦʨʨʝʢʪʥʦʩʪʴ ʠ ʩʨʦʢ ʜʝʡʩʪʚʠʷ, ʘ ʟʘʪʝʤ ʠʟʚʣʝʢʘʝʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 
ʘʚʪʦʨʠʟʘʮʠʠ ʥʘ ʫʨʦʚʥʝ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ. ʅʘ ʤʦʙʠʣʴʥʦʤ ʢʣʠʝʥʪʝ ʫʧʨʘʚʣʝʥʠʝ ʩʝʩʩʠʷʤʠ ʨʝʘʣʠʟʦʚʘʥʦ ʯʝʨʝʟ 
ʤʦʜʫʣʴ SessionManager, ʠʩʧʦʣʴʟʫʶʱʠʡ React Native Keychain ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʭʨʘʥʝʥʠʷ ʪʦʢʝʥʦʚ ʚ 
ʟʘʱʠʱʸʥʥʦʤ ʭʨʘʥʠʣʠʱʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (Keychain ʥʘ iOS, Keystore ʥʘ Android), ʯʪʦ 
ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʢʦʤʧʨʦʤʝʪʘʮʠʶ ʫʯʸʪʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤ ʜʦʩʪʫʧʝ ʢ ʬʘʡʣʦʚʦʡ 
ʩʠʩʪʝʤʝ ʫʩʪʨʦʡʩʪʚʘ [2]. 

ʉʣʦʡ ʫʚʝʜʦʤʣʝʥʠʡ (Push Notifications). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦ ʟʥʘʯʠʤʳʭ ʩʦʙʳʪʠʷʭ ʧʨʠʤʝʥʷʝʪʩʷ ʩʝʨʚʠʩ Firebase Cloud Messaging (FCM) [3]. 
ʉʝʨʚʝʨʥʳʡ ʤʦʜʫʣʴ FirebaseNotificationManager ʠʥʢʘʧʩʫʣʠʨʫʝʪ ʣʦʛʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʪʧʨʘʚʢʠ push-
ʫʚʝʜʦʤʣʝʥʠʡ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʪʨʠʛʛʝʨʥʳʭ ʩʦʙʳʪʠʡ (ʥʦʚʦʝ ʧʨʠʛʣʘʰʝʥʠʝ ʚ ʢʦʤʘʥʜʫ, ʠʟʤʝʥʝʥʠʝ 
ʩʪʘʪʫʩʘ ʟʘʜʘʯʠ, ʥʦʚʦʝ ʩʦʦʙʱʝʥʠʝ ʚ ʯʘʪʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʨʠʩʫʪʩʪʚʠʷ ʛʦʩʪʝʤ) ʩʝʨʚʝʨʥʘʷ 
ʯʘʩʪʴ ʬʦʨʤʠʨʫʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ push-ʫʚʝʜʦʤʣʝʥʠʝ ʩ ʫʢʘʟʘʥʠʝʤ ʪʠʧʘ ʩʦʙʳʪʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 
ʩʚʷʟʘʥʥʦʡ ʩʫʱʥʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʧʨʘʚʣʷʝʪ ʝʛʦ ʥʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ FCM-ʪʦʢʝʥʳ ʫʩʪʨʦʡʩʪʚ 
ʮʝʣʝʚʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʅʘ ʩʪʦʨʦʥʝ ʤʦʙʠʣʴʥʦʛʦ ʢʣʠʝʥʪʘ ʤʦʜʫʣʴ NotificationHandler ʫʧʨʘʚʣʷʝʪ 
ʨʝʛʠʩʪʨʘʮʠʝʡ FCM-ʪʦʢʝʥʘ, ʦʙʨʘʙʦʪʢʦʡ ʚʭʦʜʷʱʠʭ ʫʚʝʜʦʤʣʝʥʠʡ ʚ ʨʝʞʠʤʘʭ foreground ʠ background, ʘ 
ʪʘʢʞʝ ʥʘʚʠʛʘʮʠʝʡ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʵʢʨʘʥʫ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʫʚʝʜʦʤʣʝʥʠʝ. ɹʠʙʣʠʦʪʝʢʘ 
Notifee ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʦʙʨʘʞʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʫʚʝʜʦʤʣʝʥʠʡ ʩ ʨʘʩʰʠʨʝʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ: ʢʘʩʪʦʤʥʳʝ 
ʢʘʥʘʣʳ ʫʚʝʜʦʤʣʝʥʠʡ, ʩʯʸʪʯʠʢ ʥʝʧʨʦʯʠʪʘʥʥʳʭ ʩʦʦʙʱʝʥʠʡ (badge count) ʠ ʛʨʫʧʧʠʨʦʚʢʘ ʫʚʝʜʦʤʣʝʥʠʡ ʧʦ 
ʤʝʨʦʧʨʠʷʪʠʷʤ. ʇʦʤʠʤʦ push-ʫʚʝʜʦʤʣʝʥʠʡ, ʩʠʩʪʝʤʘ ʨʝʘʣʠʟʫʝʪ email-ʦʧʦʚʝʱʝʥʠʷ ʯʝʨʝʟ ʤʦʜʫʣʴ 
emailHelper ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ Nodemailer ʠ SMTP-ʧʨʦʪʦʢʦʣʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʚʢʫ 
ʧʨʠʛʣʘʰʝʥʠʡ ʠ ʚʘʞʥʳʭ ʫʚʝʜʦʤʣʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʚʨʝʤʝʥʥʦ ʥʝ ʠʤʝʶʱʠʤ ʜʦʩʪʫʧʘ ʢ ʤʦʙʠʣʴʥʦʤʫ 
ʧʨʠʣʦʞʝʥʠʶ. 

ʉʣʦʡ ʤʦʥʝʪʠʟʘʮʠʠ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʉʠʩʪʝʤʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʪʨʠ ʪʘʨʠʬʥʳʭ ʧʣʘʥʘ ʧʦʜʧʠʩʢʠ 
ï Basic, Advanced ʠ Premium, ï ʫʧʨʘʚʣʷʝʤʳʭ ʯʝʨʝʟ ʩʝʨʚʠʩ RevenueCat ʩ ʥʘʪʠʚʥʦʡ ʠʥʪʝʛʨʘʮʠʝʡ ʚ App 
Store ʠ Google Play. ʂʘʞʜʳʡ ʪʘʨʠʬʥʳʡ ʧʣʘʥ ʦʧʨʝʜʝʣʷʝʪ ʣʠʤʠʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʶʯʝʚʳʭ ʩʫʱʥʦʩʪʝʡ 
ʩʠʩʪʝʤʳ: ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʦʪ 5 ʜʦ 100), ʟʘʜʘʯ ʥʘ ʤʝʨʦʧʨʠʷʪʠʝ (ʦʪ 100 ʜʦ 10 
000), ʛʦʩʪʝʡ (ʦʪ 50 ʜʦ 5 000) ʠ ʯʣʝʥʦʚ ʢʦʤʘʥʜʳ (ʦʪ 5 ʜʦ 500). Middleware-ʢʦʤʧʦʥʝʥʪ checkUserLimits 
ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʚʫʭʫʨʦʚʥʝʚʫʶ ʧʨʦʚʝʨʢʫ ʣʠʤʠʪʦʚ ʥʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ: ʧʝʨʚʳʡ ʫʨʦʚʝʥʴ ʧʨʦʚʝʨʷʝʪ 
ʩʦʦʪʚʝʪʩʪʚʠʝ ʙʘʟʦʚʦʤʫ ʪʘʨʠʬʫ, ʚʪʦʨʦʡ ï ʧʨʝʤʠʘʣʴʥʦʤʫ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʣʠʤʠʪʦʚ ʩʝʨʚʝʨ ʚʦʟʚʨʘʱʘʝʪ 
ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʦʪʚʝʪ ʩ ʢʦʜʦʤ ʦʰʠʙʢʠ ʠ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʪʝʢʫʱʝʤ ʪʘʨʠʬʝ, ʧʦʟʚʦʣʷʷ ʢʣʠʝʥʪʫ 
ʦʪʦʙʨʘʟʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʣʦʞʝʥʠʝ ʦʙ ʦʙʥʦʚʣʝʥʠʠ ʧʦʜʧʠʩʢʠ. ʆʙʨʘʙʦʪʢʘ ʧʣʘʪʝʞʝʡ ʟʘ ʨʘʟʦʚʳʝ 
ʫʩʣʫʛʠ ʚʳʧʦʣʥʷʝʪʩʷ ʯʝʨʝʟ ʧʣʘʪʸʞʥʳʡ ʰʣʶʟ BePaid ʩ ʧʦʜʜʝʨʞʢʦʡ ʤʫʣʴʪʠʚʘʣʶʪʥʦʩʪʠ (USD, BYN, RUB, 
EUR), ʣʦʛʠʢʘ ʢʦʪʦʨʦʛʦ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʘ ʚ ʤʦʜʫʣʝ paymentHelper. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ 
ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʙʘʟʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ 
ʢʦʜʦʚʦʡ ʙʘʟʳ. 

ʉʣʦʡ ʰʘʙʣʦʥʦʚ ʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺʘʞʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʠʩʪʝʤʳ 
ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ ʰʘʙʣʦʥʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʦʭʨʘʥʷʪʴ ʩʪʨʫʢʪʫʨʫ ʤʝʨʦʧʨʠʷʪʠʷ (ʥʘʙʦʨ 
ʟʘʜʘʯ, ʢʘʪʝʛʦʨʠʠ ʛʦʩʪʝʡ, ʨʦʣʠ ʢʦʤʘʥʜʳ) ʚ ʢʘʯʝʩʪʚʝ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʰʘʙʣʦʥʘ. ʇʨʠ ʩʦʟʜʘʥʠʠ 
ʥʦʚʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘ ʦʩʥʦʚʝ ʰʘʙʣʦʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʪ ʚʩʝ ʩʚʷʟʘʥʥʳʝ ʩʫʱʥʦʩʪʠ, 
ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʦʨʛʘʥʠʟʘʪʦʨʦʚ, ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʷʱʠʭ ʦʜʥʦʪʠʧʥʳʝ 
ʤʝʨʦʧʨʠʷʪʠʷ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʣʠʟʦʚʘʥ ʯʝʨʝʟ ʩʝʨʚʝʨʥʳʝ ʤʘʨʰʨʫʪʳ, ʢʦʧʠʨʫʶʱʠʝ ʩʪʨʫʢʪʫʨʫ 
ʰʘʙʣʦʥʘ ʩ ʛʝʥʝʨʘʮʠʝʡ ʥʦʚʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠ ʧʨʠʚʷʟʢʦʡ ʢ ʪʝʢʫʱʝʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ. ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʧʣʘʪʬʦʨʤʝ Node.js ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ Express.js, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʤʘʨʰʨʫʪʠʟʘʮʠʠ HTTP-
ʟʘʧʨʦʩʦʚ ʠ ʧʦʜʜʝʨʞʢʫ ʮʝʧʦʯʝʢ middleware-ʦʙʨʘʙʦʪʯʠʢʦʚ. ʉʝʨʚʝʨ ʟʘʧʫʩʢʘʝʪʩʷ ʥʘ ʧʦʨʪʫ 3001 ʩ 
ʥʘʩʪʨʦʝʥʥʦʡ ʧʦʣʠʪʠʢʦʡ CORS ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʨʦʩʩ-ʜʦʤʝʥʥʳʭ ʟʘʧʨʦʩʦʚ ʦʪ ʤʦʙʠʣʴʥʦʛʦ ʢʣʠʝʥʪʘ. 
ɸʚʪʦʨʠʟʘʮʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʯʝʨʝʟ JWT-ʪʦʢʝʥʳ (ʙʠʙʣʠʦʪʝʢʘ jsonwebtoken) ʩ ʭʝʰʠʨʦʚʘʥʠʝʤ ʧʘʨʦʣʝʡ 
ʘʣʛʦʨʠʪʤʦʤ bcrypt. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʟʘʛʨʫʟʢʠ ʤʝʜʠʘʬʘʡʣʦʚ (ʘʚʘʪʘʨʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʟʦʙʨʘʞʝʥʠʷ 
ʤʝʨʦʧʨʠʷʪʠʡ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ Multer ʩ ʥʘʩʪʨʘʠʚʘʝʤʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʨʘʟʤʝʨʫ ʠ ʪʠʧʫ 
ʬʘʡʣʘ, ʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ï ʙʠʙʣʠʦʪʝʢʘ Sharp, ʚʳʧʦʣʥʷʶʱʘʷ ʢʦʤʧʨʝʩʩʠʶ 
ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ. ʉʪʘʪʠʯʝʩʢʠʝ ʬʘʡʣʳ ʟʘʛʨʫʟʦʢ ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʯʝʨʝʟ 
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Express.static ʠʟ ʜʠʨʝʢʪʦʨʠʠ /uploads. ʇʦʜʜʝʨʞʢʘ ʤʫʣʴʪʠʷʟʳʯʥʦʩʪʠ ʠʥʪʝʨʬʝʡʩʘ (ʨʫʩʩʢʠʡ ʠ ʘʥʛʣʠʡʩʢʠʡ 
ʷʟʳʢʠ) ʨʝʘʣʠʟʦʚʘʥʘ ʯʝʨʝʟ ʙʠʙʣʠʦʪʝʢʫ i18n, ʦʧʨʝʜʝʣʷʶʱʫʶ ʷʟʳʢ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦ ʟʘʛʦʣʦʚʢʫ Accept-
Language ʠ ʧʦʜʩʪʘʚʣʷʶʱʫʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʨʦʢʦʚʳʝ ʨʝʩʫʨʩʳ ʚ ʩʝʨʚʝʨʥʳʝ ʦʪʚʝʪʳ. ʈʘʟʚʸʨʪʳʚʘʥʠʝ 
ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ CI/CD-ʧʘʡʧʣʘʡʥ ʥʘ ʦʩʥʦʚʝ GitHub Actions ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 
ʜʦʩʪʘʚʢʦʡ ʧʦ ʧʨʦʪʦʢʦʣʫ FTP ʥʘ ʭʦʩʪʠʥʛ CloudLinux, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʫʶ ʠʥʪʝʛʨʘʮʠʶ ʠ 
ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʦʙʥʦʚʣʝʥʠʡ ʜʦ ʤʠʥʫʪ. 

ʂʣʠʝʥʪʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʬʨʝʡʤʚʦʨʢʝ React Native ʚʝʨʩʠʠ 0.72.14, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʜʠʥʫʶ ʢʦʜʦʚʫʶ ʙʘʟʫ JavaScript/TypeScript ʜʣʷ ʧʣʘʪʬʦʨʤ iOS ʠ Android, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ 
ʵʪʦʤ ʥʘʪʠʚʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ ʠ ʜʦʩʪʫʧ ʢ ʘʧʧʘʨʘʪʥʳʤ ʩʨʝʜʩʪʚʘʤ ʫʩʪʨʦʡʩʪʚʘ. ʅʘʚʠʛʘʮʠʷ 
ʧʦʩʪʨʦʝʥʘ ʥʘ React Navigation 6.x ʩ ʢʦʤʙʠʥʘʮʠʝʡ Stack-ʥʘʚʠʛʘʪʦʨʘ ʜʣʷ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʵʢʨʘʥʦʚ ʠ 
BottomTab-ʥʘʚʠʛʘʪʦʨʘ ʜʣʷ ʦʩʥʦʚʥʳʭ ʨʘʟʜʝʣʦʚ ʧʨʠʣʦʞʝʥʠʷ. ɻʣʦʙʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʢʫʱʝʛʦ 
ʤʝʨʦʧʨʠʷʪʠʷ ʫʧʨʘʚʣʷʝʪʩʷ ʯʝʨʝʟ React Context API (EventContext), ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ 
ʩʦʙʳʪʠʷ ʠʟ ʚʩʝʭ ʩʚʷʟʘʥʥʳʭ ʵʢʨʘʥʦʚ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʜʘʯʠ ʧʘʨʘʤʝʪʨʦʚ ʯʝʨʝʟ ʧʨʦʧʩʳ. ɼʣʷ 
ʭʨʘʥʝʥʠʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʩʝʩʩʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ AsyncStorage, ʘ ʫʯʸʪʥʳʝ ʜʘʥʥʳʝ (JWT-ʪʦʢʝʥʳ) 
ʟʘʱʠʱʘʶʪʩʷ ʯʝʨʝʟ React Native Keychain ʩ ʘʧʧʘʨʘʪʥʳʤ ʰʠʬʨʦʚʘʥʠʝʤ. ʉʝʪʝʚʦʡ ʩʣʦʡ ʢʣʠʝʥʪʘ 
ʨʝʘʣʠʟʦʚʘʥ ʯʝʨʝʟ ʙʠʙʣʠʦʪʝʢʫ Axios ʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʙʘʟʦʚʦʛʦ URL ʠ 
ʠʥʪʝʨʮʝʧʪʦʨʘʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʪʦʢʝʥʘ ʘʚʪʦʨʠʟʘʮʠʠ ʢ ʢʘʞʜʦʤʫ ʟʘʧʨʦʩʫ. ɼʣʷ 
ʫʣʫʯʰʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ ʧʨʠʤʝʥʷʶʪʩʷ ʘʥʠʤʠʨʦʚʘʥʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʟʘʛʨʫʟʢʠ ʥʘ ʦʩʥʦʚʝ 
Lottie, ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʪʘʪʠʩʪʠʢʠ ʯʝʨʝʟ react-native-chart-kit, ʘ ʪʘʢʞʝ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʤʦʜʘʣʴʥʳʝ ʧʘʥʝʣʠ 
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ @gorhom/bottom-sheet. ʄʦʜʫʣʴ Urls.js ʩʦʜʝʨʞʠʪ 52 ʦʧʨʝʜʝʣʝʥʠʷ API-ʵʥʜʧʦʠʥʪʦʚ, 
ʦʙʝʩʧʝʯʠʚʘʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʘʜʨʝʩʘʤʠ ʩʝʨʚʝʨʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʫʧʨʦʱʘʷ ʤʠʛʨʘʮʠʶ ʤʝʞʜʫ 
ʩʨʝʜʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʷʤʠ 
ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʩʣʝʜʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ: 

ï ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʷ ʟʘ ʩʯʸʪ ʦʙʲʝʜʠʥʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʯʘʤʠ, 
ʛʦʩʪʷʤʠ, ʢʦʤʘʥʜʦʡ ʠ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ ʚ ʝʜʠʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʩ ʦʙʱʠʤ ʢʦʥʪʝʢʩʪʦʤ ʩʦʙʳʪʠʷ, ʘ ʪʘʢʞʝ ʟʘ 
ʩʯʸʪ ʤʝʭʘʥʠʟʤʘ ʰʘʙʣʦʥʦʚ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʨʘʥʝʝ ʧʨʦʚʝʜʸʥʥʳʭ 
ʤʝʨʦʧʨʠʷʪʠʡ; 

ï ʧʦʚʳʰʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ ʦʨʛʘʥʠʟʘʪʦʨʘʤʠ ʙʣʘʛʦʜʘʨʷ ʨʦʣʝʚʦʡ ʤʦʜʝʣʠ ʜʦʩʪʫʧʘ ʩ 
ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʧʨʘʚʘʤʠ, ʚʩʪʨʦʝʥʥʦʤʫ ʤʝʩʩʝʥʜʞʝʨʫ ʩ push-ʫʚʝʜʦʤʣʝʥʠʷʤʠ ʠ ʩʠʩʪʝʤʝ 
ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʪʘʪʫʩʦʚ ʟʘʜʘʯ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʥʘ ʵʪʘʧʝ 
ʧʦʜʛʦʪʦʚʢʠ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʧʣʘʪʬʦʨʤʳ ʯʝʨʝʟ ʪʘʨʠʬʥʫʶ ʩʠʩʪʝʤʫ ʧʦʜʧʠʩʦʢ ʩ 
ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʩʝʨʚʝʨʥʦʡ ʧʨʦʚʝʨʢʦʡ ʣʠʤʠʪʦʚ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʙʩʣʫʞʠʚʘʪʴ ʢʘʢ ʝʜʠʥʠʯʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ 
ʩ ʜʝʩʷʪʢʘʤʠ ʛʦʩʪʝʡ, ʪʘʢ ʠ ʤʘʩʰʪʘʙʥʳʝ ʧʨʦʝʢʪʳ ʩ ʪʳʩʷʯʘʤʠ ʫʯʘʩʪʥʠʢʦʚ ʠ ʩʦʪʥʷʤʠ ʟʘʜʘʯ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 
ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ; 

ï ʩʥʠʞʝʥʠʝ ʧʦʨʦʛʘ ʚʭʦʜʘ ʜʣʷ ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʟʘ ʩʯʸʪ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ ʤʦʙʠʣʴʥʦʛʦ 
ʧʨʠʣʦʞʝʥʠʷ (iOS ʠ Android ʠʟ ʝʜʠʥʦʡ ʢʦʜʦʚʦʡ ʙʘʟʳ), ʤʫʣʴʪʠʷʟʳʯʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ ʠʥʪʫʠʪʠʚʥʦʡ 
ʥʘʚʠʛʘʮʠʠ ʩ ʢʦʥʪʝʢʩʪʥʦʡ ʧʨʠʚʷʟʢʦʡ ʚʩʝʭ ʜʝʡʩʪʚʠʡ ʢ ʚʳʙʨʘʥʥʦʤʫ ʤʝʨʦʧʨʠʷʪʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʫʣʴʥʦʡ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 
ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʤʝʞʜʫ REST API ʥʘ ʙʘʟʝ Node.js/Express.js, ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ MySQL ʩ 
ʨʦʣʝʚʦʡ ʤʦʜʝʣʴʶ ʜʦʩʪʫʧʘ ʠ ʩʝʨʚʠʩʦʤ push-ʫʚʝʜʦʤʣʝʥʠʡ Firebase Cloud Messaging ʷʚʣʷʝʪʩʷ 
ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 
ʤʝʨʦʧʨʠʷʪʠʷʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʢʦʦʨʜʠʥʘʮʠʠ 
ʤʝʨʦʧʨʠʷʪʠʡ, ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʟʘ ʩʯʸʪ ʜʝʣʝʛʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 
ʢʦʥʪʨʦʣʷ ʠʭ ʚʳʧʦʣʥʝʥʠʷ, ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ ʯʝʨʝʟ JWT-ʘʚʪʦʨʠʟʘʮʠʶ 
ʠ ʘʧʧʘʨʘʪʥʦʝ ʰʠʬʨʦʚʘʥʠʝ ʫʯʸʪʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʢʦʤʘʥʜʳ ʧʦʩʨʝʜʩʪʚʦʤ 
ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʦʜʝ ʧʦʜʛʦʪʦʚʢʠ ʩʦʙʳʪʠʷ ʯʝʨʝʟ 
ʤʥʦʛʦʢʘʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʫʚʝʜʦʤʣʝʥʠʡ. 
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2. React Native Documentation [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://reactnative.dev. ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 

15.03.2026. 
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52 

 

ʄʆɹʀʃʔʅʆɽ ʇʈʀʃʆɾɽʅʀɽ ɼʃʗ ʋʇʈɸɺʃɽʅʀʗ ɺʅʋʊʈɽʅʅʀʄʀ 
ʇʈʆʎɽʉʉɸʄʀ ʉɽʊʀ ʈɽʉʊʆʈɸʅʆɺ 

ɿʦʣʦʪʥʠʮʢʠʡ ɸ.ɸ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʫʧʨʠʷʥʦʚʘ ɼ.ɺ. ï ʤʘʛ. ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʦʚ ʩʝʪʠ ʨʝʩʪʦʨʘʥʦʚ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʦʪʨʫʜʥʠʢʘʤʠ ʟʘʚʝʜʝʥʠʷ ʠ ʝʛʦ ʧʦʩʝʪʠʪʝʣʷʤʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʩʪʦʨʘʥʥʳʡ ʙʠʟʥʝʩ ʧʨʝʜʲʷʚʣʷʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʢʦʨʦʩʪʠ 
ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʦʨʜʠʥʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ. ʂʘʯʝʩʪʚʦ 
ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʛʦʩʪʝʡ, 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʬʠʥʘʥʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʦ ʤʥʦʛʠʭ ʟʘʚʝʜʝʥʠʷʭ ʧʦ-ʧʨʝʞʥʝʤʫ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʨʘʟʨʦʟʥʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʫʯʝʪʘ, ʪʘʢʠʝ ʢʘʢ ʙʫʤʘʞʥʳʝ ʟʘʧʠʩʠ, ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ ʠʣʠ ʥʝʩʚʷʟʘʥʥʳʝ 
ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ [1]. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ ʟʘʢʘʟʦʚ, ʫʩʣʦʞʥʷʝʪ ʫʧʨʘʚʣʝʥʠʝ 
ʩʤʝʥʘʤʠ, ʩʥʠʞʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʩʢʣʘʜʩʢʦʛʦ ʫʯʝʪʘ ʠ ʟʘʪʨʫʜʥʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 
ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 
ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʢʣʶʯʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʨʝʩʪʦʨʘʥʘ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚʢʣʶʯʘʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʧʦʜʩʠʩʪʝʤʳ: ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʠ 
ʩʣʫʞʝʙʥʫʶ. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʯʘʩʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʛʦʩʪʝʡ ʨʝʩʪʦʨʘʥʘ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʣʝʜʫʶʱʠʝ 
ʚʦʟʤʦʞʥʦʩʪʠ: ʧʨʦʩʤʦʪʨ ʤʝʥʶ, ʙʨʦʥʠʨʦʚʘʥʠʝ ʩʪʦʣʠʢʦʚ, ʦʬʦʨʤʣʝʥʠʝ ʟʘʢʘʟʦʚ ʥʝ ʦʞʠʜʘʷ ʦʬʠʮʠʘʥʪʘ, 
ʟʘʧʨʦʩ ʩʯʝʪʘ, ʦʩʪʘʚʣʝʥʠʝ ʦʪʟʳʚʦʚ ʠ ʯʘʝʚʳʭ. ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 
ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʧʝʨʩʦʥʘʣ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʠʦʜʳ ʚʳʩʦʢʦʡ 
ʟʘʛʨʫʞʝʥʥʦʩʪʠ. 

ʉʣʫʞʝʙʥʘʷ ʯʘʩʪʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʫʯʝʪʦʤ ʠʭ ʨʦʣʝʡ. ʆʬʠʮʠʘʥʪʳ 
ʠʩʧʦʣʴʟʫʶʪ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʟʘʢʘʟʦʚ ʠ ʧʝʨʝʜʘʯʠ ʠʭ ʥʘ ʢʫʭʥʶ. ʂʫʭʦʥʥʳʡ 
ʧʝʨʩʦʥʘʣ ʧʦʣʫʯʘʝʪ ʟʘʢʘʟʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʦʪʤʝʯʘʝʪ ʠʭ ʛʦʪʦʚʥʦʩʪʴ, ʧʦʩʣʝ ʯʝʛʦ ʩʠʩʪʝʤʘ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʚʝʜʦʤʣʷʝʪ ʦʬʠʮʠʘʥʪʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʘʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 
ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʠ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ. ɸʜʤʠʥʠʩʪʨʘʪʦʨʳ ʠʤʝʶʪ ʜʦʩʪʫʧ ʢ ʨʘʩʰʠʨʝʥʥʦʤʫ 
ʬʫʥʢʮʠʦʥʘʣʫ, ʚʢʣʶʯʘʶʱʝʤʫ ʫʧʨʘʚʣʝʥʠʝ ʩʤʝʥʘʤʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʥʪʨʦʣʴ ʚʳʨʫʯʢʠ ʟʘ ʨʘʟʣʠʯʥʳʝ 
ʧʝʨʠʦʜʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʙʝʣʝʡ ʫʯʝʪʘ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ, ʫʧʨʘʚʣʝʥʠʝ ʩʢʣʘʜʩʢʠʤʠ ʟʘʧʘʩʘʤʠ, 
ʥʘʩʪʨʦʡʢʫ ʩʠʩʪʝʤʳ ʰʪʨʘʬʦʚ. 

ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚʩʪʨʦʝʥʥʦʛʦ ʪʨʝʥʘʞʝʨʘ 
ʜʣʷ ʧʝʨʩʦʥʘʣʘ. ʆʥ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʥʶ. 

ʊʨʝʥʘʞʝʨ ʧʦʟʚʦʣʷʝʪ ʩʦʪʨʫʜʥʠʢʘʤ ʧʨʦʚʝʨʷʪʴ ʟʥʘʥʠʷ ʩʦʩʪʘʚʘ ʙʣʶʜ, ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʛʦʪʦʚʣʝʥʠʷ.  

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ React Native [2] ʚ ʢʘʯʝʩʪʚʝ ʢʣʠʝʥʪʩʢʦʡ 
ʧʣʘʪʬʦʨʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʝ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ 
ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ Android ʠ iOS ʥʘ ʦʩʥʦʚʝ ʝʜʠʥʦʡ ʢʦʜʦʚʦʡ ʙʘʟʳ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 
ʧʦʜʭʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʜʫʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʫʧʨʦʱʘʝʪ ʝʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. 

ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʪʬʦʨʤʳ Firebase [3]. ɼʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ 
ʧʨʠʤʝʥʷʝʪʩʷ Firebase Firestore, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʘʙʦʪʫ ʩ ʜʘʥʥʳʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ 
ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʤʝʞʜʫ ʢʣʠʝʥʪʘʤʠ. 

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ Firebase Authentication, ʯʪʦ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʳʡ ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʩʦʙʳʪʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ Firebase Cloud Functions, ʧʦʟʚʦʣʷʶʱʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 
ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ. ɼʣʷ ʜʦʩʪʘʚʢʠ ʫʚʝʜʦʤʣʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ Firebase Cloud Messaging, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʪʧʨʘʚʢʫ push-ʫʚʝʜʦʤʣʝʥʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʧʨʦʮʝʩʩʳ 
ʨʝʩʪʦʨʘʥʥʦʛʦ ʙʠʟʥʝʩʘ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠ ʫʣʫʯʰʠʪʴ 
ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʛʦʩʪʝʡ. 
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ʅɽʁʈʆʅʅʓɽ ʉɽʊʀ, ʀʅʊɽʈʅɽʊ ɺɽʑɽʁ ʀ ɹʃʆʂʏɽʁʅ ɺ 
ʋʇʈɸɺʃɽʅʀʀ ɹɽʉʇʀʃʆʊʅʓʄ ɸɺʊʆʄʆɹʀʃɽʄ 

ʉʝʣʝʟʥʸʚ ɸ.ʀ., ʘʩʧʠʨʘʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɺʠʰʥʷʢʦʚ ɺ.ɸ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʙʣʦʢʯʝʡʥ ʜʣʷ ʫʧʨʘʚʣʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʤ ʘʚʪʦʤʦʙʠʣʝʤ. 
ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʡ ʠʟ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʠʭ ʥʝʜʦʩʪʘʪʢʠ. 

ɺʚʝʜʝʥʠʝ. ʈʘʟʚʠʪʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 
ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɹʝʩʧʠʣʦʪʥʳʡ ʘʚʪʦʤʦʙʠʣʴ (ɹɸ) ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 
ʷʚʣʷʝʪʩʷ ʥʘʟʝʤʥʳʤ ʙʝʩʧʠʣʦʪʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ, ʦʩʥʘʱʝʥʥʳʤ ʨʷʜʦʤ ʩʝʥʩʦʨʦʚ(ʜʘʪʯʠʢʠ), 
ʀʀ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʤʦʜʫʣʝʤ. ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʠʥʪʝʛʨʘʮʠʦʥʥʳʤʠ 
ʨʝʰʝʥʠʷʤʠ ʜʣʷ ɹɸ ʷʚʣʷʶʪʩʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (Internet of Things, IoT) ʠ ʪʝʭʥʦʣʦʛʠʷ 
ʙʣʦʢʯʝʡʥ. 

ɺʘʞʥʳʤ ʧʦʥʷʪʠʝʤ ʚ ʫʧʨʘʚʣʝʥʠʠ ɹɸ ʷʚʣʷʶʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ (ʀʊʉ) ï 
ʵʪʦ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʢʦʤʧʴʶʪʝʨʳ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
ʠ ʩʚʷʟʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ. ɹʝʩʧʠʣʦʪʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 
ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʘʩʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʥʠʢʠ, ʜʠʥʘʤʠʢʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 
ʩʚʷʟʠ, ʫʧʨʘʚʣʝʥʠʷ, ʜʘʪʯʠʢʦʚ ʠ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʠʥʩʪʠʥʢʪʦʚ ʧʦʚʝʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʥʘ ʜʦʨʦʛʝ [1]. 

ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʚ ɹɸ. ʕʢʦʩʠʩʪʝʤʘ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʜʣʷ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʦʡ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ, ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ, ʠʟʚʝʩʪʥʘ ʢʘʢ 
ʢʠʙʝʨʬʠʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ (ʂʇʉ). ʈʝʰʝʥʠʷ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʦʙʣʝʛʯʘʶʱʠʝ ʩʚʷʟʴ ʤʝʞʜʫ 
ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʷʚʣʷʶʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 
ʩʠʩʪʝʤ. ʉʠʩʪʝʤʘ ʀʊʉïʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʦʙʨʘʟʫʝʪ ʵʢʦʩʠʩʪʝʤʫ ʩ ʩʝʥʩʦʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʩʠʩʪʝʤʘʤʠ 
ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʩʠʩʪʝʤʘʤʠ ʦʪʦʙʨʘʞʝʥʠʷ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ɹɸ IoT ʧʣʘʪʬʦʨʤʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʫʨʦʚʥʠ: 

1. ʋʨʦʚʝʥʴ ʚʦʩʧʨʠʷʪʠʷ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʚʢʣʶʯʘʷ ʜʘʪʯʠʢʠ, 
ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʧʨʦʮʝʩʩʦʨʳ ʠ ʚʩʪʨʦʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʶʪ 
ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʜʘʥʥʳʝ ʠʟ ʬʠʟʠʯʝʩʢʦʛʦ ʤʠʨʘ. 

2. ʉʝʪʝʚʦʡ ʫʨʦʚʝʥʴ. ɺʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ Wi-Fi ʠ ʩʦʪʦʚʳʝ 
ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ 4G, 5G, 6G, ʘ ʪʘʢʞʝ ʧʨʦʪʦʢʦʣʳ ʩʚʷʟʠ, ʪʘʢʠʝ ʢʘʢ MQTT, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 
ʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʙʣʘʯʥʳʤ ʫʨʦʚʥʝʤ. 

3. ʋʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ. ɺʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʵʪʦʪ 
ʫʨʦʚʝʥʴ ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʫʨʦʚʥʝʡ. 

4. ʇʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ, ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʳʡ ʦʙʣʘʯʥʳʤ ʫʨʦʚʥʝʤ IoT, ʵʪʦ ʩʘʤʳʡ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ, 
ʩʦʜʝʨʞʘʱʠʡ ʚʘʞʥʳʝ ʩʝʨʚʝʨʳ ʠʣʠ ʦʙʣʘʢʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʩʚʷʟʠ ʠ 
ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʣʶʜʴʤʠ, 
ʩʠʩʪʝʤʘʤʠ ʠ ʚʝʱʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʧʨʘʚʣʝʥʠʝ çʧʦʜʢʣʶʯʝʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠè. ʆʥ ʜʝʡʩʪʚʫʝʪ ʢʘʢ 
ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ. 

ʕʢʦʩʠʩʪʝʤʘ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ: 
ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʯʝʣʦʚʝʢ, ʧʝʨʩʦʥʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʝʪʝʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʜʘʪʯʠʢ ʠ 
ʧʨʠʜʦʨʦʞʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ɺ ʪʘʢʦʡ ʦʙʰʠʨʥʦʡ ʵʢʦʩʠʩʪʝʤʝ IoT ʧʨʦʠʩʭʦʜʠʪ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʦʙʤʝʥ 
ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʚʩʝʤʠ ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʝʝ ʯʘʩʪʴʶ. ʐʝʩʪʴ ʪʠʧʦʚ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ D2D (device-to-device) [2], ʚʢʣʶʯʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʥʳʤʠ 
ʩʨʝʜʩʪʚʘʤʠ (V2V), ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʠ ʧʝʨʩʦʥʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 
(V2P) (ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʠ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, V2H), 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʠ ʧʨʠʜʦʨʦʞʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ (V2R), ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʠ ʜʘʪʯʠʢʦʤ (V2S), ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʠ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ (V2I), ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʠʜʦʨʦʞʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʧʝʨʩʦʥʘʣʴʥʳʤ 
ʫʩʪʨʦʡʩʪʚʦʤ (R2P), ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʠʜʦʨʦʞʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ (R2R) ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʤʝʞʜʫ ʜʘʪʯʠʢʘʤʠ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ (S2A). 

Internet of Vehicles (IoV) ʠ Internet of Autonomous Vehicles (IoAV) ʷʚʣʷʶʪʩʷ ʦʪʚʝʪʚʣʝʥʠʷʤʠ IoT ʜʣʷ 
ɹɸ. ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ IoV: 

1. ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ. IoAV ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʤʝʥ ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 
ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʘʢʦʡ ʢʘʢ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʳʭ 
ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʩʢʦʣʴʢʫ ʜʦʩʪʫʧ ʢ IoV ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʤʥʦʞʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚ, ʦʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 
ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʝʨʚʠʩʳ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʫʷʟʚʠʤʳʤ ʜʣʷ DDoS-ʘʪʘʢ ʠ ʜʨʫʛʠʭ ʚʨʝʜʦʥʦʩʥʳʭ 
ʨʠʩʢʦʚ. ʈʘʟʣʠʯʥʳʝ ʯʘʩʪʠ ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʪʘʢʠʝ ʢʘʢ ʢʘʤʝʨʳ, GPS, ʜʘʪʯʠʢʠ, ʪʦʨʤʦʟʘ, 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʩʠʛʥʘʣʠʟʘʮʠʷ, ʨʫʣʝʚʦʝ ʢʦʣʝʩʦ ʠ ʧʝʜʘʣʴ ʘʢʩʝʣʝʨʘʪʦʨʘ, ʤʦʛʫʪ ʙʳʪʴ ʫʜʘʣʝʥʥʦ ʜʦʩʪʫʧʥʳ, ʯʪʦ ʩʪʘʚʠʪ ʧʦʜ 
ʫʛʨʦʟʫ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʤʦʞʝʪ ʜʘʞʝ ʧʨʠʚʝʩʪʠ ʢ ʣʝʪʘʣʴʥʦʤʫ ʠʩʭʦʜʫ. 

2. ʈʝʘʛʠʨʦʚʘʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʫʩʣʦʚʠʡ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʩʝʪʠ 
IoAV ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʠʥʷʪʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦʡ ʜʦʩʪʫʧʥʦʡ ʩʚʷʟʠ, ʯʪʦ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʪʩʪʘʝʪ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʟʘʜʝʨʞʢʠ ʚ ʩʝʪʴ ʠʟ-ʟʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 

3. ʇʨʦʚʝʨʢʘ ʜʘʥʥʳʭ. ʆʛʨʦʤʥʳʡ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʩʝʪʴʶ IoAV, ʥʝʦʙʭʦʜʠʤʦ 
ʵʬʬʝʢʪʠʚʥʦ ʩʦʙʠʨʘʪʴ, ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʧʨʦʚʝʨʷʪʴ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. 

4. ʅʘʜʝʞʥʦʩʪʴ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʚʷʟʠ IoT ʩ ʘʚʪʦʥʦʤʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 
ʦʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʪʝʚʳʝ ʫʟʢʠʝ ʤʝʩʪʘ, DoS-ʘʪʘʢʠ 
ʠ ʩʙʦʠ ʚ ʩʚʷʟʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʠʪʴ ʨʘʙʦʪʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

5. ɻʣʫʰʝʥʠʝ ʩʠʛʥʘʣʘ. ʉʝʪʴ IoAV ʫʷʟʚʠʤʘ ʜʣʷ ʘʪʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʤʝʭ, ʪʘʢʠʭ ʢʘʢ ʧʦʜʘʚʣʝʥʠʝ 
ʜʘʥʥʳʭ, ʧʦʜʘʚʣʝʥʠʝ ʩʠʛʥʘʣʘ ʠ ʧʦʜʘʚʣʝʥʠʝ GPS. 

6. ʆʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ. ʇʦʜʢʣʶʯʝʥʥʳʝ ʢ ʩʝʪʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ 
ʛʝʥʝʨʠʨʫʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1 ɻɹ ʜʘʥʥʳʭ ʚ ʩʝʢʫʥʜʫ, ʠ ʵʪʦʪ ʦʙʲʝʤ ʙʫʜʝʪ ʨʘʩʪʠ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʚʩʝ 
ʙʦʣʴʰʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʫʩʪʨʦʡʩʪʚ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʩʝʪʠ ʠ ʪʨʝʙʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʚ ɹɸ. ɺ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ 
ʩʝʪʠ (CNN) ʜʣʷ çʚʦʩʧʨʠʷʪʠʷè ʦʢʨʫʞʝʥʠʷ ï ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʦʩʪʫʧʥʳʭ ʜʘʪʯʠʢʦʚ, ʚʢʣʶʯʘʷ ʨʘʜʘʨ, ʣʠʜʘʨ ʠʣʠ ʢʘʤʝʨʳ. 
ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʚʦʩʧʨʠʷʪʠʷ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ: 

1. ʆʧʦʩʨʝʜʦʚʘʥʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʠʩʧʦʣʴʟʫʝʪ ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʜʥʦʛʦ 
ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʨʦʙʥʦʡ ʢʘʨʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 
ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʜʨʫʛʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʜʝʨʝʚʴʝʚ, 
ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ ʠ ʪ. ʜ. ʅʘʧʨʠʤʝʨ, ʙʝʩʧʠʣʦʪʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʤʦʛʫʪ ʪʦʯʥʦ ʨʘʩʧʦʟʥʘʚʘʪʴ ʜʦʨʦʞʥʳʝ ʟʥʘʢʠ 
ʩ ʧʦʤʦʱʴʶ ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ɺ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʦʙʥʘʨʫʞʝʥʠʝ 
ʧʦʣʦʩ ʜʚʠʞʝʥʠʷ ʠ ʦʙʥʘʨʫʞʝʥʠʝ ʩʚʝʪʦʬʦʨʦʚ, ʪʦʯʥʦʩʪʴ ʘʥʘʣʦʛʠʯʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 
ʩʪʨʫʢʪʫʨ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʅʘʧʨʠʤʝʨ, YOLO Darknet v2 [3] ʤʦʞʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʙʦʣʝʝ 9000 ʦʙʲʝʢʪʦʚ ʩ 
ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ CNN ʩ ʯʘʩʪʦʪʦʡ 40ï70 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ (fps) ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʊʦʯʥʦʩʪʴ 
ʦʙʥʘʨʫʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 80% ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʝʛʦ ʧʦʯʪʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 
ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʲʝʢʪʦʚ ʚ ʘʚʪʦʥʦʤʥʦʤ ʚʦʞʜʝʥʠʠ. ɺ ʥʠʭ ʨʝʘʣʠʟʦʚʘʥʳ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʦʙʥʘʨʫʞʝʥʠʝ 
ʛʨʘʥʠʮ ʠ ʘʥʘʣʠʟ ʟʥʘʯʠʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 
ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

2. ʇʨʷʤʦʝ ʚʦʩʧʨʠʷʪʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ʩʮʝʥʳ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ. ɹɸ 
ʩʦʟʜʘʶʪ ʬʨʘʛʤʝʥʪʳ ʢʘʨʪ (ʚʢʣʶʯʘʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʜʨʫʛʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʨʘʟʤʝʪʢʫ ʧʦʣʦʩ) 
ʚʤʝʩʪʦ ʧʦʜʨʦʙʥʦʡ ʣʦʢʘʣʴʥʦʡ ʢʘʨʪʳ ʠʣʠ ʟʘʧʠʩʠ ʪʨʘʝʢʪʦʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʷʤʦʝ ʚʦʩʧʨʠʷʪʠʝ ʩʨʘʟʫ 
ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʫʧʨʘʚʣʝʥʠʠ ʨʫʣʝʚʳʤ ʢʦʣʝʩʦʤ ʠ ʩʢʦʨʦʩʪʴʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʤʠʥʫʷ ʥʘʯʘʣʴʥʫʶ 
ʣʦʢʘʣʠʟʘʮʠʶ ʠ ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʪʳ.  

ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ CNN ʜʣʷ ɹɸ: 
1. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. CNN ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ (ʜʦʞʜʴ, ʩʥʝʛ, ʪʫʤʘʥ, ʷʨʢʦʝ 
ʩʦʣʥʮʝ) ʠʣʠ ʧʨʠ ʨʝʟʢʦʤ ʠʟʤʝʥʝʥʠʠ ʦʩʚʝʱʝʥʠʷ.  

2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʘʯʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ CNN 
ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʸʤ ʨʘʟʤʝʯʝʥʥʳʭ ʜʘʥʥʳʭ. ɽʩʣʠ ʥʘʙʦʨ ʜʘʥʥʳʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʥʦʦʙʨʘʟʝʥ 
(ʥʘʧʨʠʤʝʨ, ʥʝ ʚʢʣʶʯʘʝʪ ʨʝʜʢʠʝ ʠʣʠ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʩʮʝʥʘʨʠʠ), ʩʝʪʴ ʤʦʞʝʪ ʧʣʦʭʦ ʦʙʦʙʱʘʪʴ ʥʘ ʥʦʚʳʝ 
ʩʠʪʫʘʮʠʠ.  

3. ʇʨʦʙʣʝʤʘ ʧʝʨʝʦʙʫʯʝʥʠʷ. ɻʣʫʙʦʢʠʝ CNN ʩʢʣʦʥʥʳ ʢ ʧʝʨʝʦʙʫʯʝʥʠʶ, ʢʦʛʜʘ ʤʦʜʝʣʴ ʩʪʘʥʦʚʠʪʩʷ 
ʩʣʠʰʢʦʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʠ ʧʣʦʭʦ ʨʘʙʦʪʘʝʪ ʩ ʥʦʚʳʤʠ, ʥʝʦʙʫʯʝʥʥʳʤʠ 
ʜʘʥʥʳʤʠ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʘʤ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʩʠʪʫʘʮʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʭ, ʯʪʦ 
ʙʳʣʠ ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ.  

4. ɺʳʩʦʢʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. CNN, ʦʩʦʙʝʥʥʦ ʛʣʫʙʦʢʠʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʪʨʝʙʫʶʪ 
ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʠʥʬʝʨʝʥʩʘ (ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ 
ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ). ʕʪʦ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 
ʠʣʠ ʪʨʝʙʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʱʥʳʭ GPU/TPU, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ.  

5. ʋʷʟʚʠʤʦʩʪʴ ʢ ʘʪʘʢʘʤ adversarial. CNN ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ adversarial-ʘʪʘʢʘʤ ï ʩʧʝʮʠʘʣʴʥʦ 
ʩʦʟʜʘʥʥʳʤ ʚʦʟʤʫʱʝʥʠʷʤ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʝʟʘʤʝʪʥʳ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʥʦ ʤʦʛʫʪ ʟʘʩʪʘʚʠʪʴ 
ʤʦʜʝʣʴ ʦʰʠʙʘʪʴʩʷ. ʅʘʧʨʠʤʝʨ, ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʠʟʦʙʨʘʞʝʥʠʠ ʜʦʨʦʞʥʦʛʦ ʟʥʘʢʘ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ 
ʢ ʝʛʦ ʥʝʧʨʘʚʠʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʕʪʦ ʩʦʟʜʘʸʪ ʩʝʨʴʸʟʥʳʝ ʨʠʩʢʠ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʢʘʢ 
ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʘʪʘʢʠ ʜʣʷ ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʳ ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ.  

6. ʆʛʨʘʥʠʯʝʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʢʦʥʪʝʢʩʪʥʦʤʫ ʧʦʥʠʤʘʥʠʶ. ʅʝʡʨʦʥʥʳʝ ʩʚʝʨʪʦʯʥʳʝ ʩʝʪʠ ʭʦʨʦʰʦ 
ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʩʪʘʪʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʦ ʤʦʛʫʪ ʠʩʧʳʪʳʚʘʪʴ ʪʨʫʜʥʦʩʪʠ ʩ ʧʦʥʠʤʘʥʠʝʤ 
ʢʦʥʪʝʢʩʪʘ ʩʮʝʥʳ.  



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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7. ʇʨʦʙʣʝʤʳ ʩ ʠʟʤʝʨʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʡ. CNN ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
ʦʙʲʝʢʪʦʚ, ʥʦ ʦʥʠ ʥʝ ʚʩʝʛʜʘ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʪʦʯʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʥʠʭ. ʕʪʦ 
ʢʨʠʪʠʯʥʦ ʜʣʷ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʦʮʝʥʢʠ ʜʠʩʪʘʥʮʠʠ ʜʦ ʧʨʝʧʷʪʩʪʚʠʡ ʠʣʠ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ ʜʚʠʞʝʥʠʷ.  

8. ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʆʙʫʯʝʥʠʝ CNN, ʦʩʦʙʝʥʥʦ ʥʘ ʙʦʣʴʰʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ, ʤʦʞʝʪ 
ʟʘʥʠʤʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʕʪʦ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʤʦʜʝʣʝʡ, ʘ 
ʪʘʢʞʝ ʫʩʣʦʞʥʷʝʪ ʠʭ ʘʜʘʧʪʘʮʠʶ ʢ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ. 

ʊʝʭʥʦʣʦʛʠʷ ʙʣʦʢʯʝʡʥ ʚ ɹɸ. ɹʣʦʢʯʝʡʥ [4] ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʚ 
ʩʣʝʜʫʶʱʠʭ ʩʮʝʥʘʨʠʷʭ: 

1. ʊʝʭʥʦʣʦʛʠʷ ʘʚʪʦʥʦʤʥʦʛʦ ʚʦʞʜʝʥʠʷ: ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʜʘʪʯʠʢʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, 
ʭʨʘʥʷʪʩʷ ʚ ʙʣʦʢʯʝʡʥʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʩʝʤ ʩʪʦʨʦʥʘʤ ʦʪʩʣʝʞʠʚʘʪʴ ʠ ʦʙʤʝʥʠʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʩʧʦʩʦʙʘʭ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʣʘʜʝʣʴʮʝʤ ʙʦʣʝʝ ʩʪʨʦʛʠʤ 
ʦʙʨʘʟʦʤ, ʧʦʚʳʰʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʥʠʞʘʷ ʨʠʩʢ ʢʨʘʞʠ ʜʘʥʥʳʭ.  

2. ʊʝʣʝʤʘʪʠʢʘ ï ʠʩʧʦʣʴʟʫʝʪ ʪʝʭʥʦʣʦʛʠʶ ʙʣʦʢʯʝʡʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʥʘʜʝʞʥʦʛʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʥʦʞʝʩʪʚʦʤ ʘʚʪʦʥʦʤʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ 
ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʨʝʛʠʦʥʘʣʴʥʳʝ ʚʣʘʩʪʠ ʠ ʦʙʱʝʩʪʚʝʥʥʳʝ ʫʯʨʝʞʜʝʥʠʷ. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥʘ ʚ ɹɸ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ:  
1. ɹʝʟʦʧʘʩʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɼʘʪʯʠʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʦʧʦʚʝʱʝʥʠʷ ʠʣʠ ʜʘʞʝ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ, ʘ 
ʪʘʢʞʝ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʦʪ ʢʫʨʩʘ, ʯʪʦʙʳ 
ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʝʦʩʪʦʨʦʞʥʦʝ ʚʦʞʜʝʥʠʝ ʠ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ.  

2. ʋʧʨʘʚʣʝʥʠʝ ʘʚʘʨʠʷʤʠ. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʦʢʘʟʘʥʠʝ ʵʢʩʪʨʝʥʥʦʡ ʧʦʤʦʱʠ ʧʨʠ 
ʘʚʘʨʠʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʫʧʨʘʚʣʝʥʠʷ ʘʚʘʨʠʷʤʠ. ɹʣʘʛʦʜʘʨʷ ʙʦʨʪʦʚʦʤʫ 
ʢʦʤʧʴʶʪʝʨʫ, ʪʝʭʥʦʣʦʛʠʷʤ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʠ ʛʣʦʙʘʣʴʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, 
ʤʦʞʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʧʨʘʚʠʪʴ ʩʠʛʥʘʣ ʦ ʧʦʤʦʱʠ ʩʧʘʩʘʪʝʣʴʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 
ʘʚʘʨʠʠ. ɹʣʦʢʯʝʡʥ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʦʤʦʯʴ ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʥʦʝ 
ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʪʷʞʝʩʪʴ ʘʚʘʨʠʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʩʧʘʩʘʪʝʣʴʥʳʝ 
ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ.  

3. ʄʦʥʠʪʦʨʠʥʛ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʣʦʙʘʣʴʥʫʶ ʩʧʫʪʥʠʢʦʚʫʶ ʩʠʩʪʝʤʫ 
ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ. ʆʥ ʦʙʲʝʜʠʥʷʝʪ ʨʘʟʣʠʯʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʫʩʣʫʛʠ, ʪʘʢʠʝ ʢʘʢ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʷ ʢʦʤʘʥʜ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʮʝʣʝʡ, ʘʚʘʨʠʡʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ ʠ ʧʝʨʝʜʘʯʘ 
ʠʥʬʦʨʤʘʮʠʠ, ʚ ʦʜʥʦʤ ʙʣʦʢʯʝʡʥʝ. ɹʣʘʛʦʜʘʨʷ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ ʙʣʦʢʯʝʡʥʘ, ʤʦʞʥʦ 
ʦʪʩʣʝʞʠʚʘʪʴ ʤʘʨʰʨʫʪ, ʫʩʪʘʣʦʩʪʴ ʚʦʜʠʪʝʣʷ, ʧʝʨʝʛʨʫʟʢʫ ʠ ʘʚʘʨʠʡʥʫʶ ʩʠʛʥʘʣʠʟʘʮʠʶ, ʵʬʬʝʢʪʠʚʥʦ 
ʧʦʚʳʰʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʦʙʣʝʤʳ ʧʨʠʤʝʥʝʥʠʷ ʙʣʦʢʯʝʡʥʘ ʚ ɹɸ: 
1. ʀʟ-ʟʘ ʘʥʦʥʠʤʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʪʦʯʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ. 
2. ʅʝʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ.  
ɼʘʥʥʳʝ ʙʣʦʢʯʝʡʥʘ ʘʥʦʥʠʤʥʳ ʠ ʥʝʪ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʩʨʝʜʩʪʚʫ 

ʧʨʠʥʘʜʣʝʞʘʪ ʜʘʥʥʳʝ. ʆʪʩʫʪʩʪʚʫʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʙʣʦʢʯʝʡʥʘ ʜʣʷ ʤʦʙʠʣʴʥʦʡ ʩʨʝʜʳ ʩʝʪʝʡ 
ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ [5], ʩʧʝʮʠʬʠʢʘʮʠʷ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ ʥʝ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʛʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɼʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʚ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʠʣʠ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 
ʩʝʪʝʡ V2I (ʩʠʩʪʝʤʘ çʘʚʪʦʤʦʙʠʣʴ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʘè, çʘʚʪʦʤʦʙʠʣʴ-ʜʦʨʦʛʘè), V2N (ʩʠʩʪʝʤʘ çʘʚʪʦʤʦʙʠʣʴ-
ʩʝʪʴè), V2V (ʩʠʩʪʝʤʘ çʘʚʪʦʤʦʙʠʣʴ-ʘʚʪʦʤʦʙʠʣʴè), V2P (ʩʠʩʪʝʤʘ çʘʚʪʦʤʦʙʠʣʴ-ʧʝʰʝʭʦʜè) ʠ V2D 
(ʩʠʩʪʝʤʘ çʘʚʪʦʤʦʙʠʣʴ-ʫʩʪʨʦʡʩʪʚʦè) ʜʦʣʞʥʳ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʚ ʚʠʜʝ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ ʜʣʷ ʟʘʱʠʪʳ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʘʚ, ʧʨʝʞʜʝ ʯʝʤ ʦʥʠ ʙʫʜʫʪ ʜʦʙʘʚʣʝʥʳ ʚ ʩʠʩʪʝʤʫ ʙʣʦʢʯʝʡʥ. ʆʛʨʦʤʥʳʡ ʦʙʲʝʤ 
ʜʘʥʥʳʭ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʠ ʪʦ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʷ ʙʣʦʢʯʝʡʥ ʨʘʙʦʪʘʝʪ ʚ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʩ ʚʳʩʦʢʠʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʙʣʝʤʳ. 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠʤʝʥʝʥʠʝ ʢʘʞʜʦʡ ʠʟ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ 
ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣ. ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ɹɸ, 
ʩʚʷʟʳʚʘʷ ʚʩʝ ʝʛʦ ʩʝʥʩʦʨʳ, ʙʦʨʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ ʠ ʚʥʝʰʥʶʶ ʩʨʝʜʫ ʚ ʝʜʠʥʫʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʝʪʴ. 
ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ çʚʦʩʧʨʠʷʪʠʷè ʦʢʨʫʞʝʥʠʷ ʠ çʦʩʤʳʩʣʝʥʠʷè ʧʦʩʪʫʧʘʶʱʠʭ ʜʘʥʥʳʭ c 
ʩʝʥʩʦʨʦʚ, ʪʘʢ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʥʝ ʩʧʦʩʦʙʥʳ ʩʧʨʘʚʠʪʴʩʷ ʩ ʤʥʦʛʦʦʙʨʘʟʠʝʤ 
ʨʝʘʣʴʥʳʭ ʜʦʨʦʞʥʳʭ ʩʠʪʫʘʮʠʡ. ɹʣʦʢʯʝʡʥ ʥʫʞʝʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 
ʙʝʩʧʠʣʦʪʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. 
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ʄʘʣʴʯʝʥʢʦ ɸ.ɽ., ʐʘʧʫʪʴʢʦ ɸ.ɽ., ʩʪʫʜʝʥʪʳ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʝʨʮʝʚ ɼ.ʖ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʜʝʪʝʢʮʠʠ ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝʦʧʦʪʦʢʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʛʦʣʦʩʦʚʦʛʦ ʚʳʙʦʨʘ ʮʝʣʝʚʳʭ ʢʣʘʩʩʦʚ 
ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʠʥʪʝʛʨʘʮʠʠ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ YOLO-World ʠ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ Vosk, 
ʨʝʘʣʠʟʦʚʘʥʘ ʤʥʦʛʦʧʦʪʦʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ɼʝʪʝʢʮʠʷ ʦʙʲʝʢʪʦʚ ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʧʦʪʦʢʘ ï ʵʪʦ ʧʨʦʮʝʩʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 
ʚʳʜʝʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʘ ʢʘʜʨʘʭ ʚʠʜʝʦ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʚʠʪʩʷ 
ʩʦʟʜʘʥʠʝ ʠʥʪʫʠʪʠʚʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩ ʩʠʩʪʝʤʦʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, 
ʧʦʟʚʦʣʷʶʱʝʛʦ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʪʴ ʮʝʣʝʚʳʝ ʢʣʘʩʩʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʙʝʟ ʧʝʨʝʟʘʛʨʫʟʢʠ ʤʦʜʝʣʠ [1]. 

ɼʣʷ ʜʝʪʝʢʮʠʠ ʦʙʲʝʢʪʦʚ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 
ʨʝʰʝʥʠʷ ʜʣʷ ʚʩʝʭ ʩʮʝʥʘʨʠʝʚ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ 
ʤʝʪʦʜʦʚ ʠ ʧʦʥʠʤʘʥʠʝ ʩʧʝʮʠʬʠʢʠ ʚʳʙʨʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ ʚʳʙʠʨʘʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʜʝʪʝʢʮʠʠ ʦʙʲʝʢʪʦʚ ʩ ʛʦʣʦʩʦʚʳʤ 
ʫʧʨʘʚʣʝʥʠʝʤ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ, ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʪʝʩʪʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ ʨʝʘʣʴʥʳʭ 
ʜʘʥʥʳʭ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʜʣʷ ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ.  

ɸʣʛʦʨʠʪʤ ʜʝʪʝʢʮʠʠ ʥʘ ʙʘʟʝ YOLO-World . YOLO-World (You Only Look Once ï World) ï ʵʪʦ 
ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʜʝʪʝʢʮʠʠ ʦʙʲʝʢʪʦʚ ʩ ʦʪʢʨʳʪʳʤ ʩʣʦʚʘʨʸʤ, ʧʦʟʚʦʣʷʶʱʘʷ ʜʝʪʝʢʪʠʨʦʚʘʪʴ 
ʦʙʲʝʢʪʳ ʧʦ ʪʝʢʩʪʦʚʦʤʫ ʦʧʠʩʘʥʠʶ ʙʝʟ ʜʦʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ [2]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ YOLO-
ʤʦʜʝʣʝʡ, ʦʙʫʯʝʥʥʳʭ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʥʘʙʦʨʝ ʢʣʘʩʩʦʚ, YOLO-World ʠʩʧʦʣʴʟʫʝʪ ʤʝʭʘʥʠʟʤ 
ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʪʝʢʩʪʦʚʳʭ ʵʤʙʝʜʜʠʥʛʦʚ ʩ ʚʠʟʫʘʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʪʴ 
ʩʧʠʩʦʢ ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʜʝʣʠʪʴ ʧʨʦʮʝʩʩ ʜʝʪʝʢʮʠʠ ʥʘ ʜʚʘ ʵʪʘʧʘ: 
1. ʀʟʚʣʝʯʝʥʠʝ ʧʨʠʟʥʘʢʦʚ: ʩʚʸʨʪʦʯʥʘʷ ʩʝʪʴ ʠʟʚʣʝʢʘʝʪ ʚʠʟʫʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʠʟ ʚʭʦʜʥʦʛʦ ʢʘʜʨʘ. 
2. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʪʝʢʩʪʦʤ: ʤʝʭʘʥʠʟʤ ʚʥʠʤʘʥʠʷ ʩʦʧʦʩʪʘʚʣʷʝʪ ʚʠʟʫʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʩ 

ʵʤʙʝʜʜʠʥʛʘʤʠ ʮʝʣʝʚʳʭ ʢʣʘʩʩʦʚ. 
ʊʘʢʦʡ ʧʦʜʭʦʜ ʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʝʪ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʝʚʳʭ ʢʣʘʩʩʦʚ, ʯʪʦ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʬʦʢʫʩʠʨʦʚʢʫ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʦʙʲʝʢʪʘʭ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʧʨʠʚʦʜʠʪ ʢ 
ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ 
ʩʧʦʩʦʙʳ: 

1. ʇʨʠʤʝʥʝʥʠʝ ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʧʦʨʦʛʫ ʫʚʝʨʝʥʥʦʩʪʠ ʜʣʷ ʦʪʩʝʯʝʥʠʷ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. 
2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ YOLO-World ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʩʧʠʩʢʘ ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. 
ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʤʝʪʦʜ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʢʦʥʢʨʝʪʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ 

ʛʦʣʦʩʦʚʦʡ ʢʦʤʘʥʜʝ. 
ɸʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʥʘ ʙʘʟʝ Vosk. Vosk ï ɻ ʪʦ ʦʬʬʣʘʡʥ-ʩʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ 

ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ Kaldi [3]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ 
ʧʦʩʪʨʦʝʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʷʟʳʢʘ ʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʫʜʠʦʩʠʛʥʘʣʘ ʚ 
ʪʝʢʩʪ. ɸʫʜʠʦʩʠʛʥʘʣʳ, ʠʤʝʶʱʠʝ ʙʣʠʟʢʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʬʦʥʝʤʳ, 
ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩʦ ʩʣʦʚʘʤʠ ʩʣʦʚʘʨʷ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʳʣʘ ʚʚʝʜʝʥʘ ʤʦʜʝʣʴ ʜʝʢʦʜʠʨʦʚʘʥʠʷ, ʛʜʝ 
ʤʘʢʩʠʤʫʤʳ ʬʫʥʢʮʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʦʯʢʘʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʘʫʜʠʦʩʝʛʤʝʥʪʦʚ ʩʣʦʚ. 
ɸʫʜʠʦʩʝʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʤʫ ʩʣʦʚʫ, ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʪʝʢʩʪʦʚʫʶ ʩʪʨʦʢʫ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʷʟʳʢʦʚʫʶ ʤʦʜʝʣʴ ʧʦʜ 
ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ. ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʚʳʙʠʨʘʝʪʩʷ ʨʫʩʩʢʦʷʟʳʯʥʘʷ (vosk-model-small-ru-0.22), 
ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʢʦʨʨʝʢʪʥʦ ʨʘʩʧʦʟʥʘʚʘʪʴ ʢʦʤʘʥʜʳ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʚʳʙʦʨʝ ʜʨʫʛʦʡ 
ʤʦʜʝʣʠ, ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʘ ʠʜʝʥʪʠʯʥʦʤ ʘʫʜʠʦʧʦʪʦʢʝ ʠʟʤʝʥʠʪʩʷ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʚʳʙʦʨʘ ʪʘʢʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 
ʥʘʩʪʨʦʡʢʠ ʧʦʨʦʛʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʇʨʝʠʤʫʱʝʩʪʚʦ Vosk ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʪʦʤ, ʯʪʦ ʦʥ ʨʘʙʦʪʘʝʪ ʦʬʬʣʘʡʥ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʜʝʨʞʢʫ ʤʝʥʝʝ 200 ʤʩ. 

ʄʥʦʛʦʧʦʪʦʯʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ. ʈʘʟʚʝʨʪʳʚʘʥʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 
ʨʘʟʜʝʣʝʥʠʝ ʝʝ ʥʘ ʥʝʟʘʚʠʩʠʤʳʝ ʧʦʪʦʢʠ ʚʳʧʦʣʥʝʥʠʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 
ʚʳʙʨʘʥ ʧʦʜʭʦʜ ʩ ʯʝʪʳʨʴʤʷ ʧʦʪʦʢʘʤʠ: 

1. GUI-ʧʦʪʦʢ ʦʙʨʘʙʦʪʢʘ ʩʦʙʳʪʠʡ ʠʥʪʝʨʬʝʡʩʘ PyQt6 [4], ʦʪʨʠʩʦʚʢʘ ʢʘʜʨʦʚ. 
2. ɺʠʜʝʦʧʦʪʦʢ ʟʘʭʚʘʪ ʢʘʜʨʦʚ, ʜʝʪʝʢʮʠʷ YOLO. 
3. ɸʫʜʠʦ-ʧʦʪʦʢ: ʟʘʭʚʘʪ ʘʫʜʠʦ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ Vosk, ʦʙʨʘʙʦʪʢʘ ʢʦʤʘʥʜ. 
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4. ʇʦʪʦʢ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ UART ʥʘ ʧʣʘʪʬʦʨʤʫ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʩʪʝʤʘ, ʛʜʝ ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ ʟʘʜʘʯʫ ʙʝʟ 

ʙʣʦʢʠʨʦʚʢʠ ʦʩʪʘʣʴʥʳʭ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʣʝʟʝʥ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʜʝʨʞʝʢ ʚ ʢʦʥʚʝʡʝʨʝ ʦʙʨʘʙʦʪʢʠ. 
ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦʪʦʢʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ `threading.Lock` ʜʣʷ ʜʦʩʪʫʧʘ ʢ 
ʦʙʱʠʤ ʜʘʥʥʳʤ ʠ `pyqtSignal` ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʠʥʪʝʨʬʝʡʩ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʧʦʪʦʢʘ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 
ʩʪʘʙʠʣʴʥʦʡ ʯʘʩʪʦʪʳ ʢʘʜʨʦʚ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʜʘʯʘ ʢʘʜʨʦʚ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʯʝʨʝʟ 
ʢʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ (QPixmap.copy()), ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʛʦʥʢʠ ʜʘʥʥʳʭ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʤʝʪʦʜʦʚ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʘʧʧʘʨʘʪʥʳʭ ʩʠʩʪʝʤʘʭ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ɸʧʧʘʨʘʪʥʳʝ ʩʠʩʪʝʤʳ 

ʇʘʨʘʤʝʪʨ ʅʦʫʪʙʫʢ 1 ʅʦʫʪʙʫʢ 2 

ʇʨʦʮʝʩʩʦʨ Intel Core i5 AMD Ryzen 5 4600H 

ʆɿʋ 8 ɻɹ 16 ɻɹ 

ɺʠʜʝʦʢʘʨʪʘ ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ NVIDIA GeForce GTX 1650 Ti (4 ɻɹ) 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ʩ. 0.14 0.14 

ʇʦʣʥʳʡ ʮʠʢʣ: ʘʫʜʠʦ ʠ ʜʝʪʝʢʮʠʷ 4.20 3.92 

 
ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʄʝʪʨʠʢʘ ʅʦʫʪʙʫʢ 1 ʅʦʫʪʙʫʢ 2 

ʆʙʱʠʡ FPS ʩʠʩʪʝʤʳ (640Ĭ480), 
ʢʘʜʨʦʚ/ʩ. 

4ï20 24.27 

ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʢʘʜʨʘ, ʤʩ. 30ï40 25ï35 

ʆʙʨʘʙʦʪʢʘ ʘʫʜʠʦ-ʙʣʦʢʘ, ʤʩ. 46.8ï74.0 40ï65 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ʩ. 0.14 0.14 

ʇʦʣʥʳʡ ʮʠʢʣ: ʘʫʜʠʦ ʠ ʜʝʪʝʢʮʠʷ 4.20 3.92 

 
ʄʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʜʝʣʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɸʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʘ ʥʘ nano-ʚʝʨʩʠʶ ʤʦʜʝʣʠ ʜʝʪʝʢʮʠʠ ʦʙʲʝʢʪʦʚ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 
ʛʦʣʦʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʥʦ ʩʦʭʨʘʥʷʝʪ ʪʦʯʥʦʩʪʴ ʜʝʪʝʢʮʠʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʨʠʨʦʩʪʝ FPS (ʙʳʣʦ 10 
FPS, ʩʪʘʣʦ 20-24 FPS). 

ɸʣʛʦʨʠʪʤʳ YOLO-World ʠ Vosk ʠʤʝʶʪ ʩʭʦʞʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠ ʠʥʪʝʛʨʘʮʠʠ ʩ ʦʙʱʠʤʠ ʩʣʘʙʳʤʠ 
ʤʝʩʪʘʤʠ: ʦʙʘ ʤʝʪʦʜʘ ʩʢʣʦʥʥʳ ʢ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʰʫʤʘ ʚʦ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʇʨʠ 
ʨʘʙʦʪʝ ʩ ʦʙʦʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʥʝʦʙʭʦʜʠʤʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʧʨʝʜʦʙʨʘʙʦʪʢʘ, ʝʩʣʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 
ʪʨʝʙʦʚʘʥʠʷʤʠ ʦʧʨʝʜʝʣʝʥʘ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

ʄʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʤʝʥʳ ʢʣʘʩʩʦʚ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʠʟʙʳʪʦʯʥʫʶ 
ʥʘʛʨʫʟʢʫ: ʯʘʩʪʳʝ ʚʳʟʦʚʳ `set_classes()` ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʟʘʛʨʫʟʢʝ ʚʝʩʦʚ ʤʦʜʝʣʠ, ʯʪʦ ʤʘʣʦʟʘʤʝʪʥʦ ʧʨʠ 
ʨʝʜʢʠʭ ʢʦʤʘʥʜʘʭ, ʥʦ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʥʳʤ ʧʨʠ ʯʘʩʪʦʤ ʧʝʨʝʢʣʶʯʝʥʠʠ. 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʦ ʧʨʠʤʝʥʝʥʠʠ ʢʘʞʜʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ 
ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʬʠʢʠ ʟʘʜʘʯʠ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ. ʆʙʨʘʙʦʪʢʘ ʚʠʜʝʦʧʦʪʦʢʘ ʚ ʨʝʘʣʴʥʦʤ 
ʚʨʝʤʝʥʠ ï ʵʪʦ ʧʨʦʮʝʩʩ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʩʪʘʙʠʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʧʦʜ ʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʦ 
ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ. ʇʦʵʪʦʤʫ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʧʨʠ 
ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʦ ʜʝʪʝʢʮʠʠ ʦʙʲʝʢʪʦʚ ʩ ʛʦʣʦʩʦʚʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʚʩʝʭ 
ʘʣʛʦʨʠʪʤʦʚ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʜʘʯʫ. 
 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ:  
1. What is object detection [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.ibm.com/think/topics/object-detection ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 25.03.2026. 
2. YOLO-World: Real-Time Open-Vocabulary Object Detection [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://github.com/AILab-CVC/YOLO-World ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 25.03.2026. 
3. Vosk: Offline speech recognition toolkit [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://alphacephei.com/vosk/ ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 25.03.2026. 
4. PyQt6 Documentation [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.riverbankcomputing.com/static/Docs/PyQt6/ ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 25.03.2026.  
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ʇʈʆɻʈɸʄʄʅʆɽ ʉʈɽɼʉʊɺʆ ɼʃʗ ʉɽɻʄɽʅʊɸʎʀʀ ʉʇʋʊʅʀʂʆɺʓʍ 
ʉʅʀʄʂʆɺ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄʆɼɽʃʀ DEEPLABV3+ 

ɸʥʪʦʥʝʥʢʦ ɸ.ɺ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʝʨʮʝʚ ɼ.ʖ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʧʠʩʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʧʦʧʠʢʩʝʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ. ʆʙʩʫʞʜʘʝʪʩʷ ʤʦʜʝʣʴ DeepLabV3+ ʩ 
ʵʥʢʦʜʝʨʦʤ ResNet-50, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʜʝʣʠ. 

ʉʧʫʪʥʠʢʦʚʳʝ ʩʥʠʤʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ 
ʢʘʨʪʦʛʨʘʬʠʠ [1]. ʈʫʯʥʦʡ ʘʥʘʣʠʟ ʪʘʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʪʨʫʜʦʸʤʦʢ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʝʪʦʜʦʚ.ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʦʧʠʢʩʝʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ DeepLabV3+ [2] ʩ ʵʥʢʦʜʝʨʦʤ ResNet-50 [3], 
ʧʨʝʜʦʙʫʯʝʥʥʳʤ ʥʘ ImageNet. ʄʦʜʫʣʴ ASPP ʠʟʚʣʝʢʘʝʪ ʢʦʥʪʝʢʩʪ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʤʘʩʰʪʘʙʘʭ, ʘ ʜʝʢʦʜʝʨ 
ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʘʥʠʮʳ ʦʙʲʝʢʪʦʚ. 

ʕʥʢʦʜʝʨ ResNet-50 ʩʦʩʪʦʠʪ ʠʟ ʩʚʸʨʪʦʯʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʙʣʦʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪ 
ʦʙʭʦʜʥʦʝ (skip) ʩʦʝʜʠʥʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʛʨʘʜʠʝʥʪʫ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʜʝʩʷʪʢʠ ʩʣʦʸʚ ʙʝʟ ʚʳʨʘʞʝʥʥʦʛʦ 
ʟʘʪʫʭʘʥʠʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʦʙʫʯʝʥʠʠ ʥʘ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʫʯʠʪʳʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʜʝʪʘʣʠ (ʛʨʘʥʠʮʳ ʦʙʲʝʢʪʦʚ, ʪʦʥʢʠʝ ʣʠʥʝʡʥʳʝ ʩʪʨʫʢʪʫʨʳ) ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʡ 
ʢʦʥʪʝʢʩʪ ʩʮʝʥʳ. ɺ ʘʨʭʠʪʝʢʪʫʨʝ DeepLabV3+ ʧʦʩʣʝʜʥʠʝ ʙʣʦʢʠ ʵʥʢʦʜʝʨʘ ʨʘʙʦʪʘʶʪ ʩ ʘʪʨʦʟʥʳʤʠ 
ʩʚʸʨʪʢʘʤʠ (dilated convolutions) ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʘʩʰʠʨʝʥʠʷ 6, 12 ʠ 18, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 
ʨʝʮʝʧʪʠʚʥʦʝ ʧʦʣʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʥʠʞʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʤʦʜʝʣʠ ʚʳʩʪʫʧʘʝʪ ʤʦʜʫʣʴ ASPP (Atrous Spatial Pyramid Pooling), ʢʦʪʦʨʳʡ 
ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʠʤʝʥʷʝʪ ʥʝʩʢʦʣʴʢʦ ʘʪʨʦʟʥʳʭ ʩʚʸʨʪʦʢ ʩ ʨʘʟʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʘʩʰʠʨʝʥʠʷ ʠ ʚʝʪʚʴ 
ʛʣʦʙʘʣʴʥʦʛʦ ʫʩʨʝʜʥʷʶʱʝʛʦ ʧʫʣʠʥʛʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʠʟʥʘʢʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʠ ʧʨʦʭʦʜʷʪ ʧʦʩʣʝʜʫʶʱʫʶ 
ʦʙʨʘʙʦʪʢʫ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʝʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʠʪʳʚʘʝʪ ʤʝʣʢʠʝ ʪʝʢʩʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ ʠ ʛʣʦʙʘʣʴʥʳʝ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. 

ɼʝʢʦʜʝʨ DeepLabV3+ ʧʨʠʥʠʤʘʝʪ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʧʨʠʟʥʘʢʠ ʠʟ ASPP ʠ ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ ʢʘʨʪʳ ʠʟ 
ʨʘʥʥʠʭ ʩʣʦʸʚ ʵʥʢʦʜʝʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʲʝʜʠʥʷʝʪ ʠʭ ʯʝʨʝʟ ʢʦʥʢʘʪʝʥʘʮʠʶ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʚʸʨʪʦʢ 
3Ĭ3. ʊʘʢʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʯʸʪʢʠʝ ʛʨʘʥʠʮʳ ʢʣʘʩʩʦʚ ʠ ʫʤʝʥʴʰʘʪʴ ʦʰʠʙʢʠ ʥʘ 
ʩʪʳʢʘʭ ʦʙʲʝʢʪʦʚ. ʅʘ ʚʳʭʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʪʦʯʝʯʥʘʷ ʩʚʸʨʪʢʘ 1Ĭ1, ʬʦʨʤʠʨʫʶʱʘʷ ʢʘʨʪʫ ʚʝʨʦʷʪʥʦʩʪʝʡ 
ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʟʝʤʥʦʛʦ ʧʦʢʨʦʚʘ. ɼʘʣʝʝ ʧʨʠʤʝʥʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʚʳʙʦʨʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 
ʧʦ ʢʘʥʘʣʴʥʦʤʫ ʠʟʤʝʨʝʥʠʶ, ʯʪʦ ʜʘʸʪ ʠʪʦʛʦʚʫʶ ʧʦʧʠʢʩʝʣʴʥʫʶ ʨʘʟʤʝʪʢʫ ʩʥʠʤʢʘ. 

ʄʦʜʝʣʴ ʦʙʫʯʘʣʘʩʴ ʥʘ ʩʝʤʠ ʢʣʘʩʩʘʭ ʟʝʤʥʦʛʦ ʧʦʢʨʦʚʘ: ʬʦʥ, ʛʦʨʦʜ, ʦʙʣʘʢʘ, ʧʦʣʷ, ʧʝʩʦʢ, ʜʝʨʝʚʴʷ, 
ʚʦʜʘ. ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʩʣʘʛʘʝʤʳʭ: ʢʨʦʩʩ-ʵʥʪʨʦʧʠʷ (Ŭ = 0,3), ʠʥʜʝʢʩ ɾʘʢʢʘʨʘ (ɓ = 0,5) ʠ 
ʬʦʢʘʣʴʥʘʷ ʧʦʪʝʨʷ (ɔ = 0,2). ɺʝʩʘ ʢʣʘʩʩʦʚ ʨʘʩʩʯʠʪʘʥʳ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʘʩʪʦʪʝ 
ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʯʪʦ ʢʦʤʧʝʥʩʠʨʫʝʪ ʜʠʩʙʘʣʘʥʩ ʤʝʞʜʫ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʠ ʨʝʜʢʠʤʠ ʢʘʪʝʛʦʨʠʷʤʠ. 
ɸʫʛʤʝʥʪʘʮʠʠ ʥʘʨʘʩʪʘʶʪ ʧʦʩʪʝʧʝʥʥʦ ï ʦʪ ʧʨʦʩʪʳʭ ʦʪʨʘʞʝʥʠʡ ʠ ʧʦʚʦʨʦʪʦʚ ʥʘ 90Á ʚ ʥʘʯʘʣʝ ʦʙʫʯʝʥʠʷ ʜʦ 
ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʷʨʢʦʩʪʥʳʭ ʠʩʢʘʞʝʥʠʡ ʠ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʢ ʢʦʥʮʫ. 

ʆʙʫʯʝʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ GPU NVIDIA GeForce RTX 5060 ʩ 8 ɻɹ ʚʠʜʝʦʧʘʤʷʪʠ. ʋʩʪʘʥʦʚʣʝʥ 
ʵʬʬʝʢʪʠʚʥʳʡ ʙʘʪʯ 16 (ʬʠʟʠʯʝʩʢʠʡ 4 Ĭ ʘʢʢʫʤʫʣʷʮʠʷ 4), ʚʢʣʶʯʝʥʘ ʩʤʝʰʘʥʥʘʷ ʪʦʯʥʦʩʪʴ (ʬʦʨʤʘʪ 
bfloat16), ʚʳʙʨʘʥ ʧʣʘʥʠʨʦʚʱʠʢ OneCycleLR ʩ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ LR, ʨʘʚʥʳʤ 5Ŀ10-4.ɺʩʝʛʦ ʙʳʣʦ 
ʟʘʧʣʘʥʠʨʦʚʘʥʦ 70 ʵʧʦʭ ʧʨʠ ʨʘʟʨʝʰʝʥʠʠ 384Ĭ384; ʦʜʥʘʢʦ ʨʘʥʥʷʷ ʦʩʪʘʥʦʚʢʘ ʩʨʘʙʦʪʘʣʘ ʥʘ 53-ʡ ʵʧʦʭʝ. 

ʃʫʯʰʠʡ ʩʨʝʜʥʠʡ IoU ʩʦʩʪʘʚʠʣ 0,8679 ʥʘ 29-ʡ ʵʧʦʭʝ, ʘ ʧʦʢʘʟʘʪʝʣʴ F-score ï 0,9220. ʅʘʠʚʳʩʰʫʶ 
ʪʦʯʥʦʩʪʴ IoU ʧʦʢʘʟʘʣ ʢʣʘʩʩ çʇʝʩʦʢè ʩʦ ʟʥʘʯʝʥʠʝʤ 0,98, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʢʣʘʩʩʦʚ çɻʦʨʦʜè ʠ çʆʙʣʘʢʘè 
ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 0,88. ʉʣʘʙʝʝ ʚʩʝʛʦ ʨʘʩʧʦʟʥʘʝʪʩʷ çʌʦʥè ʩʦ ʟʥʘʯʝʥʠʝʤ 0,46. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʦʟʜʘʥ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PyQt6, ʚ 
ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʦʚʘʥʘ ʟʘʛʨʫʟʢʘ ʩʥʠʤʢʦʚ, ʧʘʢʝʪʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʦʪʦʙʨʘʞʝʥʠʝ ʤʘʩʦʢ, ʘ ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʢʠ 
ʧʦ ʢʣʘʩʩʘʤ. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʘʥʩʘʤʙʣʴ ʥʝʩʢʦʣʴʢʠʭ ʯʝʢʧʦʠʥʪʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ DeepLabV3+ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦʪʝʨʴ ʦʙʝʩʧʝʯʠʣʦ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʟʝʤʥʦʛʦ ʧʦʢʨʦʚʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʥʘ PyQt6 
ʦʧʪʠʤʠʟʠʨʫʝʪ ʘʥʘʣʠʟ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ, ʦʙʲʝʜʠʥʷʷ ʦʙʨʘʙʦʪʢʫ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʩʪʘʪʠʩʪʠʢʠ, ʘ 
ʘʥʩʘʤʙʣʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʛʘʨʘʥʪʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʢ ʠʩʢʘʞʝʥʠʷʤ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ʇʈʆɻʈɸʄʄʅʆɽ ʉʈɽɼʉʊɺʆ ɼʃʗ ʉʆʇʈʆɺʆɾɼɽʅʀʗ 
ɼʆʂʋʄɽʅʊɸʎʀʀ ʉʊʈʆʀʊɽʃʔʅʓʍ ʆɹʒɽʂʊʆɺ 

ɼʝʤʠʜʦʚʠʯ ʈ.ʉ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ  

ʂʫʧʨʠʷʥʦʚʘ ɼ.ɺ. ï ʤʘʛ. ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 
ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʜʦʢʫʤʝʥʪʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʠʥʞʝʥʝʨʘʤʠ, 
ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤʠ ʠ ʟʘʢʘʟʯʠʢʘʤʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʧʨʝʜʲʷʚʣʷʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ 
ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ, ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʬʠʢʩʘʮʠʠ ʜʝʬʝʢʪʦʚ ʠ ʢʘʯʝʩʪʚʫ ʚʝʜʝʥʠʷ 
ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ 
ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʠ ʬʠʥʘʥʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ 
ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʦ ʤʥʦʛʠʭ ʧʨʦʬʠʣʴʥʳʭ ʢʦʤʧʘʥʠʷʭ ʧʦ-ʧʨʝʞʥʝʤʫ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʨʦʟʥʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʢʦʥʪʨʦʣʷ, ʪʘʢʠʝ ʢʘʢ ʙʫʤʘʞʥʳʝ ʞʫʨʥʘʣʳ ʦʩʤʦʪʨʘ, 
ʤʝʩʩʝʥʜʞʝʨʳ ʠʣʠ ʥʝʩʚʷʟʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʜʘʥʥʳʭ ʦ ʜʝʬʝʢʪʘʭ, 
ʫʩʣʦʞʥʷʝʪ ʦʪʩʣʝʞʠʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʡ ʠ ʩʥʠʞʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʦʪʯʝʪʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 
ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʝʜʠʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 
ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʢʣʶʯʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʦʙʲʝʢʪʦʚ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʚʢʣʶʯʘʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ: ʤʦʙʠʣʴʥʳʡ ʢʣʠʝʥʪ ʠ 
ʩʝʨʚʝʨʥʫʶ ʧʦʜʩʠʩʪʝʤʫ. ʄʦʙʠʣʴʥʘʷ ʯʘʩʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʠʥʞʝʥʝʨʦʚ, ʧʨʦʚʦʜʷʱʠʭ ʧʦʣʝʚʳʝ 
ʦʙʩʣʝʜʦʚʘʥʠʷ, ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: ʬʠʢʩʘʮʠʷ ʜʝʬʝʢʪʦʚ ʩ ʧʨʠʚʷʟʢʦʡ ʢ 
ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʘʤ, ʨʘʙʦʪʘ ʩ ʧʣʘʥʘʤʠ ʵʪʘʞʝʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʤʫʣʴʪʠʤʝʜʠʡʥʦʝ 
ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʦʩʤʦʪʨʦʚ (ʬʦʪʦʬʠʢʩʘʮʠʷ ʠ ʘʫʜʠʦʟʘʤʝʪʢʠ). ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ 
ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʦʙʩʣʝʜʦʚʘʥʠʡ ʠ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʠ ʧʝʨʚʠʯʥʳʭ 
ʜʘʥʥʳʭ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʦʙʲʝʢʪʝ. 

ʉʣʫʞʝʙʥʘʷ ʯʘʩʪʴ (backend) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ, 
ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʫʯʝʪʦʤ ʨʦʣʝʚʦʡ ʤʦʜʝʣʠ ʜʦʩʪʫʧʘ. ɸʜʤʠʥʠʩʪʨʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ 
ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʀʥʞʝʥʝʨʳ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢ ʘʢʪʫʘʣʴʥʳʤ 
ʧʣʘʥʘʤ ʠ ʠʩʪʦʨʠʠ ʜʝʬʝʢʪʦʚ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʦʙʲʝʢʪʘʤ. 

ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʤʦʜʫʣʷ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʦʪʯʝʪʥʦʩʪʠ. ʆʥ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʦʚ 
ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʘʢʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʤʦʪʨʘ. 

ʄʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʥʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʜʝʬʝʢʪʘʭ ʚ 
ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʦʢʫʤʝʥʪʳ ʬʦʨʤʘʪʦʚ DOCX ʠ PDF ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʰʘʙʣʦʥʘʤʠ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʷʟʳʢʘ Kotlin [1] ʠ Android SDK 
[2] ʚ ʢʘʯʝʩʪʚʝ ʢʣʠʝʥʪʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʤʦʙʠʣʴʥʦʝ 
ʧʨʠʣʦʞʝʥʠʝ ʩ ʛʣʫʙʦʢʦʡ ʠʥʪʝʛʨʘʮʠʝʡ ʘʧʧʘʨʘʪʥʳʭ ʬʫʥʢʮʠʡ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʫʣʴʥʦʛʦ 
ʧʦʜʭʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʰʠʨʷʝʤʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʫʧʨʦʱʘʝʪ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʠʧʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 
ʨʘʩʯʝʪʦʚ. 

ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ Spring Boot [3]. ɼʣʷ ʭʨʘʥʝʥʠʷ 
ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʝʪʩʷ ʨʝʣʷʮʠʦʥʥʘʷ ʉʋɹɼ PostgreSQL, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 
ʮʝʣʦʩʪʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʧʨʦʩʦʚ. 

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʦʚ Spring Security ʠ JWT-
ʪʦʢʝʥʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʳʡ ʠ ʨʘʟʛʨʘʥʠʯʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʠ ʨʘʙʦʪʳ ʩ ʤʝʜʠʘʢʦʥʪʝʥʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʨʚʠʩʳ ʠʥʪʝʛʨʘʮʠʠ ʩ 
S3-ʭʨʘʥʠʣʠʱʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʜʝʞʥʦ ʭʨʘʥʠʪʴ ʬʘʡʣʳ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ.  

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʧʨʦʮʝʩʩʳ 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 
ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Kotlin Documentation [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://kotlinlang.org/docs/home.html. ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 

12.01.2026. 
2. Android Developers: Build for Android [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://developer.android.com/docs. ï 

ɼʘʪʘ ʜʦʩʪʫʧʘ: 15.01.2026. 
3. Spring Boot Reference Documentation [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://docs.spring.io/spring-

boot/docs/current/reference/htmlsingle/. ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 18.01.2026. 
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ʇʈʀʄɽʅɽʅʀɽ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ ɺ ɿɸɼɸʏɸʍ ʇʆʀʉʂɸ ʄɽʃʆɼʀʀ 
ʇʆ ʅɸʇɽɺʋ 

ʂʘʤʠʥʩʢʠʡ ɸ.ɺ., ʤʘʛʠʩʪʨʘʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʝʪʨʦʚʩʢʠʡ ʅ.ɸ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʤʫʟʳʢʘʣʴʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʦ ʥʘʧʝʪʦʤʫ ʬʨʘʛʤʝʥʪʫ ʤʝʣʦʜʠʠ (QBSH). ʆʙʩʫʞʜʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 
ʩʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ ʚʦʢʘʣʴʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʠ ʥʝʪʦʯʥʦʩʪʷʤʠ ʠʥʪʦʥʘʮʠʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ 
ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʢʦʥʪʨʘʩʪʠʚʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦʪʝʨʴ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʭʨʦʤʘʪʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʫʜʠʦʩʠʛʥʘʣʘ ʠ MIDI-
ʜʘʥʥʳʭ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 
ʥʘʧʝʪʳʭ ʤʝʣʦʜʠʡ ʩ ʦʨʠʛʠʥʘʣʴʥʳʤʠ ʢʦʤʧʦʟʠʮʠʷʤʠ. 

ɿʘʜʘʯʘ ʧʦʠʩʢʘ ʤʝʣʦʜʠʠ ʧʦ ʥʘʧʝʚʫ (Query-by-Singing-Humming, QBSH) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 
ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʤʫʟʳʢʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʥʘʧʝʚʘʝʪ ʬʨʘʛʤʝʥʪ 
ʤʝʣʦʜʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʥʘʡʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʦʤʧʦʟʠʮʠʶ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʳʤʠ 
ʪʨʫʜʥʦʩʪʷʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʠʷ ʚ ʚʳʩʦʪʝ, ʘ ʪʘʢʞʝ ʚʘʨʠʘʮʠʠ ʪʝʤʧʘ ʠʩʧʦʣʥʝʥʠʷ.  

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ QBSH ʩʦʩʪʦʷʪ ʚ ʩʨʘʚʥʝʥʠʠ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 
ʧʨʠʟʥʘʢʦʚ. ʊʘʢ, ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ 
ʧʦ ʚʨʝʤʝʥʠ (dynamic time warping, DTW). ʆʜʥʘʢʦ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ (ὕὔ ). 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ 

ʦʙʫʯʘʝʪʩʷ ʩʦʧʦʩʪʘʚʣʷʪʴ ʤʝʣʦʜʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʘʫʜʠʦ ʠ MIDI ʚ ʦʙʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʤʙʝʜʜʠʥʛʦʚ 
[1]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʟʷʪ HumTrans ʜʘʪʘʩʝʪ, ʩʦʜʝʨʞʘʱʠʡ midi-ʧʨʝʜʩʪʘʚʣʝʥʠʷ 
ʤʝʣʦʜʠʡ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠʤ ʤʝʣʦʜʠʷʤ ʥʘʧʝʚʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [1]. 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʝʣʦʜʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʭʨʦʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (chroma features), 
ʢʦʪʦʨʦʝ ʦʪʦʙʨʘʞʘʝʪ ʵʥʝʨʛʠʶ ʩʠʛʥʘʣʘ ʧʦ 12 ʢʣʘʩʩʘʤ ʚʳʩʦʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʥʦʪ ʚ ʦʜʥʦʡ 
ʤʫʟʳʢʘʣʴʥʦʡ ʦʢʪʘʚʝ. ʍʨʦʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʝʣʦʜʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʍʨʦʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʝʣʦʜʠʠ 

ʇʦʩʢʦʣʴʢʫ ʜʣʠʥʘ ʤʝʣʦʜʠʡ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ, ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ 
ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʦʢʥʘ. ʈʘʟʤʝʨ ʦʢʥʘ ʨʘʚʝʥ 100 ʩ ʰʘʛʦʤ ʧʝʨʝʢʨʳʪʠʷ 50. ɽʩʣʠ ʜʣʠʥʘ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʝʥʴʰʝ ʨʘʟʤʝʨʘ ʦʢʥʘ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʧʦʣʥʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʣʷʤʠ 
(padding). 

ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 
ResNet18, ʷʚʣʷʶʱʘʷʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 
ʠʟʦʙʨʘʞʝʥʠʡ. 

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʵʤʙʝʜʜʠʥʛʘ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʥʪʨʘʩʪʠʚʥʘʷ ʬʫʥʢʮʠʷ ʦʰʠʙʢʠ (InfoNCE Loss) [2]. 
ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʝʪʠ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʵʤʙʝʜʜʠʥʛʦʚ, ʚ ʢʦʪʦʨʦʤ 
ʬʨʘʛʤʝʥʪʳ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʝʣʦʜʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʘ ʬʨʘʛʤʝʥʪʳ ʨʘʟʣʠʯʥʳʭ 
ʤʝʣʦʜʠʡ - ʥʘ ʙʦʣʴʰʝʤ ʨʘʩʩʪʦʷʥʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʵʤʙʝʜʜʠʥʛʠ ʛʨʫʧʧʠʨʫʶʪʩʷ ʧʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 
ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʚʨʝʤʝʥʥʦʤʫ ʦʢʥʫ ʤʝʣʦʜʠʠ: ʪʘʢʠʝ ʵʤʙʝʜʜʠʥʛʠ ʩʯʠʪʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 
ʧʨʠʤʝʨʘʤʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝ ʵʤʙʝʜʜʠʥʛʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʜʨʫʛʠʤ ʤʝʣʦʜʠʷʤ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 
ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʨʠʤʝʨʳ. ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʚʘʪʴ ʩʭʦʜʩʪʚʦ 
ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʧʘʨʘʤʠ ʠ ʫʤʝʥʴʰʘʪʴ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ: 
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(1) 

ʛʜʝ ὑ ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧ ʚ ʙʘʪʯʝ, ὤ  ʤʥʦʞʝʩʪʚʦ ʵʤʙʝʜʜʠʥʛʦʚ ʦʜʥʦʡ ʛʨʫʧʧʳ, ᾀ  ʵʤʙʝʜʜʠʥʛ ʠʟ 

ʛʨʫʧʧʳ, ᾀ  ɻ ʤʙʝʜʜʠʥʛ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʛʨʫʧʧʝ, ίὭάὼȟώ  ʬʫʥʢʮʠʷ ʩʭʦʜʩʪʚʘ (ʢʦʩʠʥʫʩʥʦʝ 

ʩʭʦʜʩʪʚʦ), †  ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʚʝʥ 0.2. 
ʆʙʫʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʤʠʟʘʪʦʨʘ Adam. ʇʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ 

ˉ ʧ/ʧ ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

1 ʈʘʟʤʝʨ ʙʘʪʯʘ 16 

2 ʈʘʟʤʝʨʥʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʵʤʙʝʜʜʠʥʛʘ 256 

3 ʉʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ 0.002 

4 ʂʦʣʠʯʝʩʪʚʦ ʵʧʦʭ ʦʙʫʯʝʥʠʷ 100 

 
ɻʨʘʬʠʢ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ ʤʝʪʨʠʢʠ: ʪʦʯʥʦʩʪʴ (accuracy), ʦʪʨʘʞʘʶʱʘʷ ʜʦʣʶ 
ʤʝʣʦʜʠʡ ʠʟ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʢʦʨʨʝʢʪʥʦ ʨʘʩʧʦʟʥʘʥʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ, ʠ ʩʨʝʜʥʠʡ 
ʦʙʨʘʪʥʳʡ ʨʘʥʛ (Mean Reciprocal Rank, MRR), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʦʟʠʮʠʶ ʧʨʘʚʠʣʴʥʦʡ ʤʝʣʦʜʠʠ ʚ ʩʧʠʩʢʝ 
ʚʩʝʭ ʧʨʦʨʘʥʞʠʨʦʚʘʥʥʳʭ ʢʘʥʜʠʜʘʪʦʚ. ʉʨʝʜʥʠʡ ʦʙʨʘʪʥʳʡ ʨʘʥʛ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 2. 
 

ὓὙὙ  
ρ

Ὗ

ρ

ὶὥὲὯ
ȟ 

 
(2) 

 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʨʝʟʫʣʴʪʘʪʳ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ˉ ʧ/ʧ ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

1 Accuracy 0.82 

2 MRR 0.52 

 
ʊʦʯʥʦʩʪʴ 0.82 ʦʟʥʘʯʘʝʪ, ʯʪʦ 82 % ʤʝʣʦʜʠʡ ʠʟ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ ʙʳʣʠ ʢʦʨʨʝʢʪʥʦ ʨʘʩʧʦʟʥʘʥʳ 

ʩʠʩʪʝʤʦʡ. ɿʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʦʙʨʘʪʥʦʛʦ ʨʘʥʛʘ 0.52 ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʘʚʠʣʴʥʘʷ ʤʝʣʦʜʠʷ ʚ ʩʨʝʜʥʝʤ 
ʥʘʭʦʜʠʪʩʷ ʩʨʝʜʠ ʧʝʨʚʳʭ ʧʦʟʠʮʠʡ ʚ ʨʘʥʞʠʨʦʚʘʥʥʦʤ ʩʧʠʩʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʠʩʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ QBSH ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʪʦʯʥʦʡ 
ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ResNet18 ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ 
ʢʦʤʧʘʢʪʥʳʝ ʵʤʙʝʜʜʠʥʛʠ ʤʝʣʦʜʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ. 
 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. A semi-supervised deep learning approach to dataset collection for query-by-humming task / A. Amatov, D. Lamanov, M. Titov, 

I. Vovk, I. Makarov, M. Kudinov // https://arxiv.org/pdf/2312.01092, 2023. 
2. InfoNCE: Identifying the Gap Between Theory and Practice / E. Rusak, P. Reizinger // https://arxiv.org/pdf/2312.01092, 2025.  

https://arxiv.org/pdf/2407.00143
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ʇʈʀʄɽʅɽʅʀɽ ʌʀʃʔʊʈɸ ʂɸʃʄɸʅɸ ʀ ɽɻʆ ʄʆɼʀʌʀʂɸʎʀʁ ɺ 
ɿɸɼɸʏɽ SLAM 

ʌʝʜʝʥʢʦʚ ʂ. ʂ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʝʨʮʝʚ ɼ.ʖ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʷʜ ʧʦʜʭʦʜʦʚ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʧʦʩʪʨʦʝʥʠʠ ʢʘʨʪʳ ʤʝʩʪʥʦʩʪʠ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ 
ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʦʧʪʠʤʘʣʴʥʳʝ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʫ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʤʝʩʪʥʦʩʪʠ 
ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʚʠʜʝ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠ 
ʧʦʩʪʨʦʝʥʠʠ ʢʘʨʪʳ (simultaneous localization and mapping, SLAM). ʇʦʢʘʟʘʪʝʣʴʥʳʤʠ ʧʨʠʤʝʨʘʤʠ 
ʧʨʠʣʦʞʝʥʠʷ SLAM ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ, ʦʨʠʝʥʪʠʨʫʶʱʠʝʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʧʦʤʦʱʴʶ ʣʠʜʘʨʦʚ ʠ RGB 
ʢʘʤʝʨ: ʨʦʙʦʪʳ-ʧʳʣʝʩʦʩʳ, ʨʦʙʦʪʳ-ʢʫʨʴʝʨʳ, ʜʨʦʥʳ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ SLAM ʷʚʣʷʝʪʩʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ [1]. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ 
ʬʠʣʴʪʨʘ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʝʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʚʝʨʩʠʡ. 

KF. ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ ï ɹʀʍ-ʬʠʣʴʪʨ, ʦʮʝʥʠʚʘʶʱʠʡ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 
ʠʩʧʦʣʴʟʫʷ ʨʷʜ ʥʝʧʦʣʥʳʭ ʟʘʰʫʤʣʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ ʦʧʝʨʠʨʫʝʪ ʜʚʫʤʷ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʚʝʢʪʦʨʘʤʠ: ʚʝʢʪʦʨʦʤ ʩʦʩʪʦʷʥʠʷ ʠ ʚʝʢʪʦʨʦʤ ʥʘʙʣʶʜʝʥʠʡ. ɺʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʝʩʪʴ 
ʠʩʢʦʤʳʡ ʚʝʢʪʦʨ, ʦʮʝʥʢʫ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʘ ʚʝʢʪʦʨ ʥʘʙʣʶʜʝʥʠʡ ʝʩʪʴ ʜʘʥʥʳʝ, 
ʧʦʣʫʯʘʝʤʳʝ ʩ ʩʝʥʩʦʨʦʚ (ʣʠʜʘʨʳ, ʢʘʤʝʨʳ). ʌʠʣʴʪʨ ʨʘʙʦʪʘʝʪ ʚ ʮʠʢʣʝ ʧʨʝʜʩʢʘʟʘʥʠʝ-ʢʦʨʨʝʢʮʠʷ. 
ʇʨʝʜʩʢʘʟʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚʝʢʪʦʨ 
ʩʦʩʪʦʷʥʠʷ, ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʩʦʩʪʦʷʥʠʷ ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘ ʵʪʘʧʝ ʢʦʨʨʝʢʮʠʠ 
ʚʳʧʦʣʥʷʝʪʩʷ ʫʪʦʯʥʝʥʠʝ ʧʨʝʜʩʢʘʟʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʫʯʝʪʦʤ ʚʝʢʪʦʨʘ ʥʘʙʣʶʜʝʥʠʡ. ʆʜʥʘʢʦ ʚ ʯʠʩʪʦʤ 
ʚʠʜʝ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ ʥʝ ʧʨʠʤʝʥʠʤ ʜʣʷ ʟʘʜʘʯʠ SLAM ʧʦʩʢʦʣʴʢʫ ʦʥ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʜʣʷ ʣʠʥʝʡʥʳʭ 
ʩʠʩʪʝʤ ʩ ʛʘʫʩʩʦʚʳʤʠ ʰʫʤʘʤʠ, ʘ ʟʘʜʘʯʘ SLAM ï ʥʝʣʠʥʝʡʥʘʷ. ʅʝʣʠʥʝʡʥʦʩʪʴ ʟʘʜʘʯʠ SLAM ʦʙʫʩʣʦʚʣʝʥʘ 
ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ (ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʚʳʨʘʞʘʝʪʩʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤʠ 
ʬʫʥʢʮʠʷʤʠ), ʘ ʪʘʢʞʝ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʥʘʙʣʶʜʝʥʠʡ (ʣʠʜʘʨʳ ʪʘʢʞʝ ʦʧʝʨʠʨʫʶʪ ʫʛʣʘʤʠ, ʘ ʚ ʩʣʫʯʘʝ ʩ 
ʢʘʤʝʨʘʤʠ ʧʝʨʝʚʦʜ ʪʦʯʢʠ ʚ ʧʠʢʩʝʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʯʝʨʝʟ ʧʨʦʝʢʪʠʚʥʫʶ ʛʝʦʤʝʪʨʠʶ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ 
ʜʝʣʝʥʠʝ ʥʘ ʛʣʫʙʠʥʫ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ ʦʧʝʨʘʮʠʝʡ). ʇʨʦʩʪʝʡʰʠʤ ʨʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 
ʷʚʣʷʝʪʩʷ ʦʪʢʘʟ ʦʪ ʛʣʦʙʘʣʴʥʦʡ ʣʠʥʝʡʥʦʩʪʠ ʚ ʧʦʣʴʟʫ ʣʦʢʘʣʴʥʦʡ. ɺ ʵʪʦʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʪʴ ʨʘʩʰʠʨʝʥʥʦʛʦ 
ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ. 

EKF. ʈʘʩʰʠʨʝʥʥʳʡ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʫʪʝʤ ʣʠʥʝʘʨʠʟʘʮʠʠ 
ʥʝʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʝʢʫʱʝʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʨʷʜ ʊʝʡʣʦʨʘ ʧʝʨʚʦʛʦ 
ʧʦʨʷʜʢʘ. ʉʘʤʦ ʧʨʝʜʩʢʘʟʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠ ʦʞʠʜʘʝʤʦʝ ʥʘʙʣʶʜʝʥʠʝ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʠʩʭʦʜʥʳʤ 
ʥʝʣʠʥʝʡʥʳʤ ʬʫʥʢʮʠʷʤ, ʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʚʘʨʠʘʮʠʠ ʠ ʚʳʯʠʩʣʝʥʠʝ ʫʩʠʣʝʥʠʷ ʂʘʣʤʘʥʘ 
ʚʳʧʦʣʥʷʶʪʩʷ ʯʝʨʝʟ ʷʢʦʙʠʘʥʳ ï ʤʘʪʨʠʮʳ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʩʪʨʫʢʪʫʨʫ 
ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ. ʆʪʙʨʘʩʳʚʘʥʠʝ ʯʣʝʥʦʚ ʨʷʜʘ ʊʝʡʣʦʨʘ ʚʳʰʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 
ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ, ʚʳʯʠʩʣʝʥʥʦʝ ʯʝʨʝʟ 
ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʥʝ ʨʘʚʥʦ ʠʩʪʠʥʥʦʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʞʠʜʘʥʠʶ ʵʪʦʡ ʬʫʥʢʮʠʠ. 
ʆʜʥʘʢʦ EKF ʧʦʩʪʫʣʠʨʫʝʪ ʨʘʚʝʥʩʪʚʦ, ʯʪʦ ʚʥʦʩʠʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʦʰʠʙʢʫ (ʩʤʝʱʝʥʠʝ) ʚ ʦʮʝʥʢʫ ʧʝʨʚʦʛʦ 
ʤʦʤʝʥʪʘ. ɸʥʘʣʦʛʠʯʥʦ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʚʘʨʠʘʮʠʠ ʯʝʨʝʟ ʣʠʥʝʘʨʠʟʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʠʛʥʦʨʠʨʫʝʪ ʚʢʣʘʜ 
ʯʣʝʥʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʚʝʨʥʦʤʫ ʚʳʯʠʩʣʝʥʠʶ ʚʪʦʨʦʛʦ ʤʦʤʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʂʘʢ 
ʩʣʝʜʩʪʚʠʝ, ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʩʦʩʪʦʷʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʥʠʞʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʪʠʥʥʦʡ 
ʜʠʩʧʝʨʩʠʠ ʦʰʠʙʢʠ ʦʮʝʥʠʚʘʥʠʷ. ʕʪʦ ʷʚʣʝʥʠʝ ʠʟʚʝʩʪʥʦ ʢʘʢ loss of consistency ï ʬʠʣʴʪʨ ʩʪʘʥʦʚʠʪʩʷ 
ʦʧʪʠʤʠʩʪʠʯʝʩʢʠ ʥʝʩʦʩʪʦʷʪʝʣʴʥʳʤ, ʯʪʦ ʚ ʧʨʝʜʝʣʝ ʚʝʜʝʪ ʢ ʨʘʩʭʦʜʠʤʦʩʪʠ. ɺ ʟʘʜʘʯʝ SLAM ʜʘʥʥʘʷ 
ʧʨʦʙʣʝʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʢʨʠʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ. ʄʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʩʦʜʝʨʞʘʪ 
ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʯʴʠ ʚʪʦʨʳʝ ʠ ʚʳʩʰʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʥʝ ʦʛʨʘʥʠʯʝʥʳ, ʯʪʦ ʜʝʣʘʝʪ ʦʰʠʙʢʫ 
ʣʠʥʝʘʨʠʟʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʘʞʝ ʧʨʠ ʤʘʣʳʭ ʠʟʤʝʥʝʥʠʷʭ ʫʛʣʘ. ʆʩʣʦʞʥʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚʳʩʪʫʧʘʝʪ ʠ 
ʪʦ, ʯʪʦ ʣʠʥʝʘʨʠʟʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʠʩʪʠʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʝʢʫʱʝʡ 
ʦʮʝʥʢʠ, ʢʦʪʦʨʘʷ ʩʘʤʘ ʩʦʜʝʨʞʠʪ ʦʰʠʙʢʫ. ʕʪʦ ʧʦʨʦʞʜʘʝʪ ʵʬʬʝʢʪ ʥʘʢʦʧʣʝʥʠʷ: ʩʤʝʱʝʥʠʝ ʦʮʝʥʢʠ ʥʘ 
ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʣʠʥʝʘʨʠʟʘʮʠʠ ʥʘ ʪʝʢʫʱʝʤ, ʯʪʦ ʚʝʜʝʪ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʨʦʩʪʫ 
ʦʰʠʙʢʠ. ɹʦʣʝʝ ʪʦʛʦ, ʘʣʛʦʨʠʪʤ ʦʙʣʘʜʘʝʪ ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ [2]. 

FastSLAM . FastSLAM ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʳ EKF ʟʘ ʩʯʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 
ʦʮʝʥʠʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʪʝʭʥʠʢʝ Rao-Blackwellized ʬʠʣʴʪʨʘʮʠʠ [3]. ʉʫʪʴ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʜʝʢʦʤʧʦʟʠʮʠʠ ʟʘʜʘʯʠ SLAM ʥʘ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʧʦʜʟʘʜʘʯʠ: ʦʮʝʥʢʘ ʪʨʘʝʢʪʦʨʠʠ ʨʦʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩ 
ʧʦʤʦʱʴʶ ʤʥʦʞʝʩʪʚʘ ʯʘʩʪʠʮ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʧʦʪʝʟʫ ʦ ʧʨʦʡʜʝʥʥʦʤ ʧʫʪʠ, ʘ 
ʦʮʝʥʢʘ ʢʘʨʪʳ ï ʯʝʨʝʟ ʥʘʙʦʨ ʥʝʟʘʚʠʩʠʤʳʭ ʬʠʣʴʪʨʦʚ ʂʘʣʤʘʥʘ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʚ ʨʘʤʢʘʭ ʢʘʞʜʦʡ 
ʯʘʩʪʠʮʳ. ʊʘʢʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ EKF ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
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ʭʨʘʥʝʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʧʦʣʥʦʡ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʩʦʩʪʦʷʥʠʷ, ʩʚʷʟʳʚʘʶʱʝʡ ʨʦʙʦʪʘ ʠ ʚʩʝ 
ʢʘʨʪʦʯʥʳʝ ʪʦʯʢʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʩ ʢʚʘʜʨʘʪʠʯʥʦʡ ʜʦ ʣʠʥʝʡʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʯʠʩʣʘ ʦʨʠʝʥʪʠʨʦʚ. ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ FastSLAM ʨʘʙʦʪʘʪʴ ʩ 
ʤʥʦʛʦʤʦʜʘʣʴʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ: ʚ ʦʪʣʠʯʠʝ ʦʪ EKF, ʢʦʪʦʨʳʡ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʘʧʦʩʪʝʨʠʦʨʥʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʜʠʥʩʪʚʝʥʥʳʤ ʛʘʫʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠ ʥʝʠʟʙʝʞʥʦ ʨʘʩʭʦʜʠʪʩʷ ʧʨʠ 
ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʦʮʝʥʦʢ, FastSLAM ʩʦʭʨʘʥʷʝʪ ʤʥʦʞʝʩʪʚʦ ʛʠʧʦʪʝʟ ʦ ʪʨʘʝʢʪʦʨʠʠ ʯʝʨʝʟ ʯʘʩʪʠʮʳ, ʢʘʞʜʘʷ 
ʠʟ ʢʦʪʦʨʳʭ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʚʦʶ ʢʘʨʪʫ. ʆʰʠʙʦʯʥʳʝ ʛʠʧʦʪʝʟʳ ʦʪʙʨʘʩʳʚʘʶʪʩʷ ʥʘ ʵʪʘʧʝ ʨʝʩʵʤʧʣʠʥʛʘ ʥʘ 
ʦʩʥʦʚʝ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʥʘʙʣʶʜʝʥʠʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʩʪʨʦʝʥʥʫʶ ʨʦʙʘʩʪʥʦʩʪʴ ʢ ʦʰʠʙʢʘʤ ʘʩʩʦʮʠʘʮʠʠ 
ʜʘʥʥʳʭ, ʢʨʠʪʠʯʝʩʢʠʤ ʜʣʷ EKF. ʆʜʥʘʢʦ FastSLAM ʥʝ ʣʠʰʝʥ ʥʝʜʦʩʪʘʪʢʦʚ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ 
ʜʝʛʨʘʜʘʮʠʷ ʯʘʩʪʠʮ: ʨʝʩʵʤʧʣʠʥʛ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʛʠʧʦʪʝʟ, ʠ, ʝʩʣʠ ʧʨʘʚʠʣʴʥʘʷ 
ʪʨʘʝʢʪʦʨʠʷ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʦʣʫʯʠʣʘ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʚʝʩ, ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʙʝʟʚʦʟʚʨʘʪʥʦ ʫʪʝʨʷʥʘ. 
ʂʨʦʤʝ ʪʦʛʦ, ʜʝʢʦʤʧʦʟʠʮʠʷ ʟʘʜʘʯʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʩʣʦʚʥʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʪʦʯʝʢ ʢʘʨʪʳ ʧʨʠ ʠʟʚʝʩʪʥʦʡ 
ʪʨʘʝʢʪʦʨʠʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʦʨʠʝʥʪʠʨʘʤʠ ï ʚ ʩʮʝʥʘʨʠʷʭ ʩ ʟʘʤʳʢʘʥʠʝʤ 
ʧʝʪʣʠ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʫʙʦʧʪʠʤʘʣʴʥʳʤ ʦʮʝʥʢʘʤ. ʅʘʢʦʥʝʮ, ʚʳʙʦʨ ʯʠʩʣʘ ʯʘʩʪʠʮ ʦʩʪʘʝʪʩʷ 
ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ: ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʪʦʯʥʦʩʪʠ, ʠʟʙʳʪʦʯʥʦʝ ï ʢ 
ʥʝʦʧʨʘʚʜʘʥʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ. 

DP-SLAM . DP-SLAM (Distributed Particle SLAM) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠʜʝʡ 
ʬʠʣʴʪʨʘʮʠʠ ʯʘʩʪʠʮ ʚ ʢʦʥʪʝʢʩʪʝ ʧʦʩʪʨʦʝʥʠʷ ʤʝʪʨʠʯʝʩʢʠʭ ʢʘʨʪ ʟʘʥʷʪʦʩʪʠ [4]. ɺ ʦʪʣʠʯʠʝ ʦʪ FastSLAM, 
ʢʦʪʦʨʳʡ ʦʧʝʨʠʨʫʝʪ ʢʘʨʪʦʡ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʪʦʯʝʯʥʳʭ ʦʨʠʝʥʪʠʨʦʚ, DP-SLAM ʩʪʨʦʠʪ ʢʘʨʪʫ ʚ ʚʠʜʝ ʩʝʪʢʠ 
ʟʘʥʷʪʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʠ ʘʩʩʦʮʠʘʮʠʠ ʦʨʠʝʥʪʠʨʦʚ ï 
ʧʨʦʙʣʝʤʳ, ʦʩʪʘʶʱʝʡʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʷ EKF ʠ ʪʨʝʙʫʶʱʝʡ ʦʪʜʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʚ FastSLAM. ʆʩʥʦʚʥʘʷ 
ʠʜʝʷ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʚʤʝʩʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʨʦʙʦʪʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʘʨʪʳ ʩ 
ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʘ ʯʘʩʪʠʮ, ʛʜʝ ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ ʥʝʩʝʪ ʧʦʣʥʫʶ ʛʠʧʦʪʝʟʫ ʦ ʢʘʨʪʝ ʠ ʦ ʧʦʣʦʞʝʥʠʠ ʨʦʙʦʪʘ. 
ʂʣʶʯʝʚʳʤ ʜʦʩʪʠʞʝʥʠʝʤ DP-SLAM ʩʪʘʣʦ ʚʚʝʜʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ï ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ 
ʜʝʨʝʚʘ ʧʨʝʜʢʦʚ (ancestry tree) ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʦʙʥʦʚʣʝʥʠʷʤʠ ʢʘʨʪʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 
ʧʦʣʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʚʩʝʡ ʢʘʨʪʳ ʜʣʷ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʧʨʠ ʨʝʩʵʤʧʣʠʥʛʝ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ 
ʭʨʘʥʠʪ ʣʠʰʴ ʩʧʠʩʦʢ ʠʟʤʝʥʝʥʠʡ, ʚʥʝʩʝʥʥʳʭ ʚ ʢʘʨʪʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʜʠʪʝʣʴʩʢʦʡ ʯʘʩʪʠʮʳ, ʯʪʦ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʠʥʝʡʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʧʦ ʯʠʩʣʫ ʯʘʩʪʠʮ ʠ ʧʦ ʧʣʦʱʘʜʠ, ʦʙʦʟʨʝʚʘʝʤʦʡ 
ʩʝʥʩʦʨʦʤ. ʄʝʪʦʜ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʤʳʢʘʪʴ ʧʝʪʣʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 250 ʤʝʪʨʦʚ ʙʝʟ 
ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʢʦʨʨʝʢʮʠʠ ʜʨʝʡʬʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ 
ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʦʮʝʥʦʢ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ DP-SLAM ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʭʨʘʥʝʥʠʷ ʠ 
ʧʦʜʜʝʨʞʘʥʠʷ ʜʝʨʝʚʘ ʦʙʥʦʚʣʝʥʠʡ ʜʣʷ ʚʩʝʭ ʯʘʩʪʠʮ, ʯʪʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʧʘʤʷʪʠ, 
ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʯʘʩʪʠʮ ʠ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʩ ʩʝʪʢʦʡ 
ʟʘʥʷʪʦʩʪʠ ʚʤʝʩʪʦ ʪʦʯʝʯʥʳʭ ʦʨʠʝʥʪʠʨʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʟʨʝʰʝʥʠʝ ʢʘʨʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, 
ʘ ʚ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥʘʨʠʷʭ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʠʟ-ʟʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 
ʨʦʩʪʘ ʨʘʟʤʝʨʥʦʩʪʠ ʩʝʪʢʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 
SLAM ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʝʦʜʦʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʨʠʩʫʱʠʭ ʢʣʘʩʩʠʯʝʩʢʦʤʫ 
ʬʠʣʴʪʨʫ ʂʘʣʤʘʥʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʠʩʪʝʤʘʭ 
ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʫʩʪʫʧʠʣʠ ʜʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʛʨʘʬʦʚʦʡ ʦʧʪʠʤʠʟʘʮʠʠ (graph-based 
SLAM). ʊʘʢʠʝ ʩʠʩʪʝʤʳ, ʢʘʢ Cartographer (Google), ORB-SLAM3, VINS-Mono, LIO-SAM ʠ FAST-LIO2, 
ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʛʣʦʙʘʣʴʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 
ʢʚʘʜʨʘʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʦʮʝʥʦʢ ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʧʝʪʝʣʴ ʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ 
ʨʘʟʨʝʞʝʥʥʦʩʪʴ ʟʘʜʘʯʠ, ʜʦʩʪʠʛʘʷ ʣʠʥʝʡʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʣʠʯʝʩʪʚʘ 
ʢʣʶʯʝʚʳʭ ʢʘʜʨʦʚ. ɻʨʘʬʦʚʳʡ ʧʦʜʭʦʜ ʫʩʪʨʘʥʷʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 
ï ʥʘʢʦʧʣʝʥʠʝ ʦʰʠʙʦʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ ï ʟʘ ʩʯʝʪ ʭʨʘʥʝʥʠʷ ʚʩʝʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 
ʦʛʨʘʥʠʯʝʥʠʡ ʤʝʞʜʫ ʧʦʟʘʤʠ ʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʝʨʝʩʯʝʪʦʤ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩʦʭʨʘʥʷʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʠʰʘʭ. EKF 
ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʦʜʚʦʜʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʛʜʝ ʯʘʩʪʦʪʘ ʧʦʩʪʫʧʣʝʥʠʷ ʜʘʥʥʳʭ 
ʩʝʥʩʦʨʦʚ ʥʝʚʳʩʦʢʘ, ʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʩʪʨʦʛʦ ʦʛʨʘʥʠʯʝʥʳ. FastSLAM ʠ DP-SLAM ʚ 
ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʟ-ʟʘ ʧʨʦʙʣʝʤ ʜʝʛʨʘʜʘʮʠʠ ʯʘʩʪʠʮ ʠ 
ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʘʤʷʪʠ, ʫʩʪʫʧʘʷ ʤʝʩʪʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʛʨʘʬʦʚʳʤ 
ʧʦʜʭʦʜʘʤ. 
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ʉʀʉʊɽʄɸ ʋɼɸʃɽʅʅʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ ʋɿʃʆɺ ʉɽʊʀ 

ʉʣʠʥʴʢʦ ɸ.ɻ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʫʧʨʠʷʥʦʚʘ ɼ.ɺ. ï ʤʘʛ. ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 
ʫʟʣʦʚ ʩʝʪʠ. 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʭ IT-
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʛʜʝ ʦʪʢʘʟ ʣʶʙʦʛʦ ʩʝʪʝʚʦʛʦ ʫʟʣʘ ʤʦʞʝʪ ʥʘʨʫʰʠʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ. ʈʦʩʪ ʢʦʣʠʯʝʩʪʚʘ 
ʩʝʨʚʝʨʦʚ, ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ ʜʝʣʘʝʪ ʨʫʯʥʦʡ ʢʦʥʪʨʦʣʴ ʠʭ ʨʝʩʫʨʩʦʚ ʥʝʵʬʬʝʢʪʠʚʥʳʤ. 
ʆʪʩʫʪʩʪʚʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʙʦʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʩʣʠʰʢʦʤ 
ʧʦʟʜʥʦ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʨʦʩʪʦʡ ʩʠʩʪʝʤ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʬʠʥʘʥʩʦʚʳʝ ʧʦʪʝʨʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 
ʥʝʦʙʭʦʜʠʤʘ ʩʠʩʪʝʤʘ ʫʜʘʣʝʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ, ʩʧʦʩʦʙʥʘʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ 
ʫʟʣʦʚ ʠ ʦʧʝʨʘʪʠʚʥʦ ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʦʙʳʪʠʡ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʧʦʩʪʨʦʝʥʘ ʧʦ ʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʚʢʣʶʯʘʶʱʝʡ ʪʨʠ ʢʣʶʯʝʚʳʭ 
ʢʦʤʧʦʥʝʥʪʘ: ʘʛʝʥʪ (Agent), ʩʝʨʚʝʨʥʫʶ ʯʘʩʪʴ (Backend) ʠ ʢʣʠʝʥʪʩʢʫʶ ʯʘʩʪʴ (Frontend). ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ 
ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʥʝʟʘʚʠʩʠʤʦ. 
ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ɸʛʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʦʥʝʥʪ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʩʙʦʨ ʜʘʥʥʳʭ ʫʟʣʘ, ʥʘ ʢʦʪʦʨʦʤ ʦʥ 
ʫʩʪʘʥʦʚʣʝʥ. ʆʥ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʷʟʳʢʝ Go, ʚʳʙʦʨ ʢʦʪʦʨʦʛʦ ʦʙʫʩʣʦʚʣʝʥ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴʶ, 
ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʢʦʤʧʠʣʠʨʫʝʤʦʛʦ ʢʦʜʘ, ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʦʡ, ʧʦʢʨʳʚʘʶʱʝʡ 
ʤʥʦʞʝʩʪʚʦ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ ʨʘʙʦʪʘ ʩ HTTP ʠ JSON. ɸʛʝʥʪ ʩʦʙʠʨʘʝʪ ʤʝʪʨʠʢʠ ʦʩʥʦʚʥʳʭ 
ʨʝʩʫʨʩʦʚ: ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʜʠʩʢʦʚʦʡ ʧʦʜʩʠʩʪʝʤʳ ʠ ʩʝʪʝʚʳʭ 
ʠʥʪʝʨʬʝʡʩʦʚ, ʧʝʨʝʜʘʚʘʷ ʠʭ ʥʘ ʩʝʨʚʝʨʥʫʶ ʯʘʩʪʴ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ. 

ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʬʨʝʡʤʚʦʨʢʝ ASP.NET Core, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʤ ʰʠʨʦʢʠʡ ʥʘʙʦʨ 
ʩʨʝʜʩʪʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ɼʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ 
ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʪ 
ʘʛʝʥʪʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ API ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ. ɼʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʙʫʬʝʨʠʟʘʮʠʠ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦʪ ʘʛʝʥʪʦʚ 
ʦʨʛʘʥʠʟʦʚʘʥʘ ʯʝʨʝʟ Apache Kafka [1]. ʉʠʩʪʝʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʭʨʘʥʠʪʩʷ ʚ ʨʝʣʷʮʠʦʥʥʦʡ ʉʋɹɼ 
PostgreSQL [2], ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʩʩʳʣʦʯʥʫʶ ʠ ʪʨʘʥʟʘʢʮʠʦʥʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 
ʭʨʘʥʝʥʠʷ ʤʝʪʨʠʢ ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʢʦʣʦʥʦʯʥʘʷ ʉʋɹɼ ClickHouse [3], ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ 
ʚʩʪʘʚʢʠ ʠ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ ʧʦ ʙʦʣʴʰʠʤ ʦʙʲʝʤʘʤ ʜʘʥʥʳʭ. 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʠʩʪʝʤʦʡ, 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ API ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ. ɼʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʬʨʝʡʤʚʦʨʢʝ Vue.js, 
ʧʦʟʚʦʣʷʶʱʝʤ ʧʦʩʪʨʦʠʪʴ ʤʦʜʫʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʦʪʟʳʚʯʠʚʦʩʪʠ ʟʘ ʩʯʝʪ ʨʝʘʢʪʠʚʥʦʛʦ 
ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ. ʀʥʪʝʨʬʝʡʩ ʩʦʜʝʨʞʠʪ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 
ʛʨʘʬʠʢʦʚ, ʫʧʨʘʚʣʝʥʠʷ ʘʛʝʥʪʘʤʠ ʠ ʥʘʩʪʨʦʡʢʠ ʩʮʝʥʘʨʠʝʚ ʦʧʦʚʝʱʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, 
ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʫʟʣʦʚ, ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʠʥʮʠʜʝʥʪʦʚ 
ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Apache Kafka [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://kafka.apache.org/ ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 28.03.2026 
2. PostgreSQL [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.postgresql.org/ ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 28.03.2026 
3. ClickHouse [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://clickhouse.com/ ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 28.03.2026 
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ʉʆɹʓʊʀʁʅʆ-ʆʈʀɽʅʊʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ 
ʇɽʈʉʆʅɸʃʀɿʀʈʆɺɸʅʅʓʍ ʈɽʂʆʄɽʅɼɸʎʀʁ ʊʋʈʀʉʊʀʏɽʉʂʀʍ 
ʃʆʂɸʎʀʁ ʅɸ ʆʉʅʆɺɽ ɻʈɸʌʆɺʓʍ ʄʆɼɽʃɽʁ ʀ ʇʆʊʆʂʆɺʆʁ 

ʆɹʈɸɹʆʊʂʀ ɼɸʅʅʓʍ 

ɹʘʢʫʥʦʚʠʯ ʅ.ɸ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ  

ʂʫʧʨʠʷʥʦʚʘ ɼ.ɺ. ï ʤʘʛ. ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, 
ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʦʮʠʘʣʴʥʦʡ 
ʩʝʪʠ ʜʣʷ ʪʫʨʠʩʪʦʚ. ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʩʦʙʳʪʠʡʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ (EDA) ʠ ʛʨʘʬʦʚʳʭ ʩʪʨʫʢʪʫʨ 
ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ SQL ʥʝ ʩʧʦʩʦʙʥʳ ʦʧʝʨʘʪʠʚʥʦ 
ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʜʠʥʘʤʠʯʥʦʤʫ ʢʦʥʪʝʢʩʪʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʥʘʛʨʫʟʢʘʤ [1]. ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 
ʩʦʟʜʘʥʠʝ ʛʠʙʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʝʦʙʨʘʟʫʶʱʝʡ ʧʦʪʦʢʠ ʛʝʦ-ʩʦʙʳʪʠʡ ʚ ʨʝʣʝʚʘʥʪʥʳʝ ʧʝʨʩʦʥʘʣʴʥʳʝ 
ʨʝʢʦʤʝʥʜʘʮʠʠ çʥʘ ʣʝʪʫè. ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʨʝʰʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʩʠʥʪʝʟʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʙʨʦʢʝʨʘ 
ʩʦʦʙʱʝʥʠʡ ʠ ʛʨʘʬʦʚʦʡ ʙʘʟʳ ʜʘʥʥʳʭ [2, 3], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʧʨʦʮʝʩʩʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʠʭ 
ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ: 

1 ʉʦʙʳʪʠʡʥʳʡ ʩʣʦʡ (Event Streaming). ʎʝʥʪʨʘʣʴʥʳʤ ʫʟʣʦʤ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʚʳʩʪʫʧʘʝʪ ʢʣʘʩʪʝʨ 
Apache Kafka [2]. ʂʘʞʜʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʤʦʙʠʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ (ʛʝʦ-
ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ, ʩʦʟʜʘʥʠʝ ʢʦʥʪʝʥʪʘ, çʣʘʡʢè, ʧʦʠʩʢʦʚʳʡ ʟʘʧʨʦʩ) ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ ʚ ʦʙʲʝʢʪ ʩʦʙʳʪʠʷ 
ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʦʧʠʢʠ ʙʨʦʢʝʨʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʘʢʪʠʚʥʳʡ ʧʦʜʭʦʜ: 
ʩʠʩʪʝʤʘ ʥʝ ʞʜʝʪ ʟʘʧʨʦʩʘ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʟʘʨʘʥʝʝ ʬʦʨʤʠʨʫʝʪ ʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ 
ʩʦʙʳʪʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʘʟʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʚ Kafka ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ 
ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʨʠ ʨʦʩʪʝ ʯʠʩʣʘ ʘʢʪʠʚʥʳʭ ʫʟʣʦʚ ʜʦ ʩʦʪʝʥ ʪʳʩʷʯ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

2 ɻʨʘʬʦʚʦʝ ʷʜʨʦ. ʇʦʣʴʟʦʚʘʪʝʣʠ, ʠʥʪʝʨʝʩʳ ʠ ʣʦʢʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʫʟʣʦʚ ʛʨʘʬʘ, ʘ ʠʭ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʧʦʜʧʠʩʢʠ, ʧʦʩʝʱʝʥʠʷ) ï ʚ ʚʠʜʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʙʝʨ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʝʣʷʮʠʦʥʥʳʭ 
ʪʘʙʣʠʮ, ʛʨʘʬʦʚʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʛʣʫʙʦʢʠʡ ʦʙʭʦʜ (multi-hop traversal) ʜʣʷ ʧʦʠʩʢʘ ʩʣʦʞʥʳʭ 
ʘʩʩʦʮʠʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʭʦʞʠʝ ʧʘʪʪʝʨʥʳ ʧʝʨʝʤʝʱʝʥʠʡ ʨʘʟʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [4]. 

3 ɻʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʨʘʬʦʚʳʝ 
ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʩʣʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʜʝʢʩʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʝʚʦʚʠʜʥʳʭ 
ʩʪʨʫʢʪʫʨ (ʥʘʧʨʠʤʝʨ, Quadtree) ʧʦʟʚʦʣʷʝʪ ʤʛʥʦʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʚʳʙʦʨʢʫ ʦʙʲʝʢʪʦʚ ʧʦ ʢʨʠʪʝʨʠʶ 
ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ 
ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ [5]. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʩʣʝʜʫʶʱʠʭ 
ʨʝʟʫʣʴʪʘʪʦʚ: 

ï ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʟʘ ʩʯʝʪ 
ʘʩʠʥʭʨʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʯʝʨʝʟ ʦʯʝʨʝʜʠ ʩʦʦʙʱʝʥʠʡ; 

ï ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʚ ʠʥʪʝʨʝʩʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʨʘʬʦʚʳʭ 
ʘʣʛʦʨʠʪʤʦʚ ʨʘʥʞʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, PageRank ʜʣʷ ʣʦʢʘʮʠʡ); 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʧʣʘʪʬʦʨʤʳ ʚ ʧʝʨʠʦʜʳ ʧʠʢʦʚʦʡ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʩʦʙʳʪʠʡʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʨʘʬʦʚʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 
ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʩʝʨʚʠʩʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʜʙʦʨʘ ʧʝʨʩʦʥʘʣʴʥʳʭ 
ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʤʘʨʰʨʫʪʦʚ, ʩʥʠʟʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʨʚʝʨʥʫʶ ʯʘʩʪʴ ʧʨʠ 
ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʠ ʧʦʚʳʩʠʪʴ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʟʘ ʩʯʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʘʢʪʫʘʣʴʥʦʛʦ ʠ 
ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʦʛʦ ʢʦʥʪʝʥʪʘ. 
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ELECTRE I, II ʀ III ʇʈʀ 
ɺʓɹʆʈɽ ʀʊ-ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ 

ɺʘʙʠʱʝʚʠʯ ɸ.ʉ., ɺʘʩʠʣʸʥʦʢ ʄ.ɺ., ʄʠʭʘʡʣʦʚ ʂ.ɺ., ʉʘʚʠʯ ɸ.ʉ., ʗʢʫʙʦʚʩʢʘʷ ɸ.ɸ., ʩʪʫʜʝʥʪʳ  

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʅʠʢʫʣʴʰʠʥ ɹ.ɺ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ELECTRE I, II ʠ III ʥʘ ʧʨʠʤʝʨʝ ʚʳʙʦʨʘ 
ʦʙʣʘʯʥʦʛʦ ʧʨʦʚʘʡʜʝʨʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʝʤʴ ʘʣʴʪʝʨʥʘʪʠʚ ʠ ʧʷʪʴ ʢʨʠʪʝʨʠʝʚ ʩ ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ 
ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʳ ʜʦʤʠʥʠʨʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʷʜʨʘ, ʨʘʥʞʠʨʦʚʘʥʠʷ ʠ ʥʝʯʸʪʢʠʭ ʦʪʥʦʰʝʥʠʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ʇʦʢʘʟʘʥʘ 
ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʚʣʦʞʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʦʙʦʩʥʦʚʘʥʳ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ. 

ʇʨʠ ʚʳʙʦʨʝ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘʷ ʦʙʣʘʯʥʳʭ ʧʨʦʚʘʡʜʝʨʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʪʝʢʠ, ʣʠʮʦ, 
ʧʨʠʥʠʤʘʶʱʝʝ ʨʝʰʝʥʠʝ, ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʯʸʪʘ ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʪʝʨʠʝʚ, 
ʯʘʩʪʦ ʧʨʦʪʠʚʦʨʝʯʘʱʠʭ ʜʨʫʛ ʜʨʫʛʫ [1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʝʤʝʡʩʪʚʘ 
ʤʝʪʦʜʦʚ ELECTRE (ELimination Et Choix Traduisant la REalit®) ʜʣʷ ʘʥʘʣʠʟʘ ʩʝʤʠ ʘʣʴʪʝʨʥʘʪʠʚ (A1éA7) 
ʧʦ ʧʷʪʠ ʢʨʠʪʝʨʠʷʤ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʚʝʩ 3), ʥʘʜʸʞʥʦʩʪʴ (ʚʝʩ 4), ʩʪʦʠʤʦʩʪʴ (ʚʝʩ 2, ʤʠʥʠʤʠʟʘʮʠʷ), 
ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ (ʚʝʩ 3) ʠ ʧʨʦʩʪʦʪʘ ʚʥʝʜʨʝʥʠʷ (ʚʝʩ 2). ʀʩʭʦʜʥʘʷ ʤʘʪʨʠʮʘ ʦʮʝʥʦʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 
ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʄʘʪʨʠʮʘ ʦʮʝʥʦʢ ʘʣʴʪʝʨʥʘʪʠʚ ʧʦ ʢʨʠʪʝʨʠʷʤ 

ɸʣʴʪʝʨʥʘʪʠʚʘ C1 (3) C2 (4) C3 (2) C4 (3) C5 (2) 

A1 8 7 4 9 5 

A2 9 6 5 8 6 

A3 6 9 2 7 4 

A4 5 5 8 5 9 

A5 7 8 3 7 5 

A6 4 4 9 4 8 

A7 9 9 1 9 3 

 
ʇʝʨʚʦʝ ʧʦʢʦʣʝʥʠʝ (ELECTRE, ʠʣʠ ELECTRE I) ʫʯʠʪʳʚʘʝʪ ʪʦʣʴʢʦ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʠʣʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʚ ʧʘʨʥʦʤ ʧʦʢʨʠʪʝʨʠʘʣʴʥʦʤ ʩʨʘʚʥʝʥʠʠ [2]. ʅʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʥʳʭ ʠʥʜʝʢʩʦʚ ʩʦʛʣʘʩʠʷ 
ʠ ʥʝʩʦʛʣʘʩʠʷ ʧʨʠ ʧʦʨʦʛʘʭ P=0,65 ʠ Q=0,30 ʧʦʩʪʨʦʝʥ ʛʨʘʬ ʜʦʤʠʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 
1.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬ ʜʦʤʠʥʠʨʦʚʘʥʠʷ (ELECTRE I) 

ʅʘ ʨʠʩʫʥʢʝ 1, ʷʜʨʦ ʩʦʩʪʘʚʠʣʠ ʘʣʴʪʝʨʥʘʪʠʚʳ A7 ʠ A1. A7 ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ, A1 
ï ʥʘʜ A4 ʠ A6. ʄʝʪʦʜ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ çʩʠʪʘè, ʧʦʟʚʦʣʷʷ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ. 

ʄʝʪʦʜʳ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ (ELECTRE II) ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʦʪʩʪʘʚʘʥʠʷ ʦʜʥʦʛʦ 
ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʪ ʜʨʫʛʦʛʦ ʧʨʠ ʧʘʨʥʦʤ ʩʨʘʚʥʝʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚ [2]. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʥʦʛʦ 
ʨʘʥʞʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʸʥ ʤʝʪʦʜ ELECTRE II, ʚ ʢʦʪʦʨʦʤ ʚʚʦʜʷʪʩʷ ʜʚʘ ʫʨʦʚʥʷ ʧʨʝʚʦʩʭʦʜʩʪʚʘ: ʩʠʣʴʥʦʝ ʠ 
ʩʣʘʙʦʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʜʫʨʳ ʜʠʩʪʠʣʣʷʮʠʠ ʧʦʣʫʯʝʥʘ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ 
ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 ï ʀʝʨʘʨʭʠʯʝʩʢʦʝ ʨʘʥʞʠʨʦʚʘʥʠʝ (ELECTRE II) 

ʅʘ ʨʠʩʫʥʢʝ 2, ʨʘʥʛ 1 ʧʨʠʩʚʦʝʥ ʘʣʴʪʝʨʥʘʪʠʚʝ A7, ʨʘʥʛ 2 ï A1, ʨʘʥʛ 3 ï A2 ʠ A5 (ʥʝʩʨʘʚʥʠʤʳʝ ʤʝʞʜʫ 
ʩʦʙʦʡ), ʨʘʥʛ 4 ï A3, ʨʘʥʛ 5 ï A4 ʠ A6. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʛʣʷʜʥʦʝ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʠ ʫʜʦʙʝʥ 
ʜʣʷ ʧʨʝʟʝʥʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʅʘʠʙʦʣʝʝ ʛʠʙʢʠʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ELECTRE III, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʯʝʨʝʟ ʧʦʨʦʛʠ 
ʙʝʟʨʘʟʣʠʯʠʷ q, ʧʨʝʜʧʦʯʪʝʥʠʷ p ʠ ʚʝʪʦ v. ɺ ʨʘʙʦʪʝ ʧʨʠʥʷʪʳ ʟʥʘʯʝʥʠʷ: q=1, p=3 ʜʣʷ ʢʨʠʪʝʨʠʝʚ C1, C2, 
C4, C5 ʠ p=2 ʜʣʷ C3, ʧʦʨʦʛʠ ʚʝʪʦ v=5 ʠ v=4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʪʨʦʝʥʘ ʤʘʪʨʠʮʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 
ʧʨʝʚʦʩʭʦʜʩʪʚʘ, ʘ ʥʘ ʝʸ ʦʩʥʦʚʝ ï ʥʝʯʸʪʢʠʡ ʛʨʘʬ, ʩʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 
3. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʅʝʯʸʪʢʠʡ ʛʨʘʬ ʜʦʩʪʦʚʝʨʥʦʩʪʠ (ELECTRE III) 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʚʦʩʭʦʜʩʪʚʘ A7 ʥʘʜ ʜʨʫʛʠʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʩʦʩʪʘʚʠʣʘ ʦʪ 0,73 ʜʦ 0,91, ʯʪʦ 
ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʸ ʣʠʜʝʨʩʪʚʦ. ʕʬʬʝʢʪ ʚʝʪʦ ʚ ʜʘʥʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʥʝ ʧʨʦʷʚʠʣʩʷ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʤʝʪʦʜʦʚ ʦʙʨʘʟʫʶʪ ʚʣʦʞʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ: ʷʜʨʦ 
ELECTRE I ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʨʭʥʠʤ ʫʨʦʚʥʷʤ ʨʘʥʞʠʨʦʚʘʥʠʷ ELECTRE II, ʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ 
ELECTRE III ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʠ ʚʳʚʦʜʳ. ELECTRE I ʮʝʣʝʩʦʦʙʨʘʟʝʥ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʦʪʙʦʨʘ, ELECTRE 
II ï ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʝʨʘʨʭʠʠ, ELECTRE III ï ʜʣʷ ʪʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʫʯʸʪʦʤ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. 
 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Figueira, J. ELECTRE Methods: A Survey / J. Figueira, S. Greco, B. Roy // Multiple Criteria Decision Analysis: State of the Art 

Surveys. ï New York : Springer, 2016. ï P. 155ï185. 
2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ELECTRE ʚ ʟʘʜʘʯʘʭ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ // CyberLeninka [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://cyberleninka.ru/article/n/ispolzovanie-metodov-electre-v-zadachah-prinyatiya-resheniya/pdf3. ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 
25.03.2026.  
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ʉɽʂʎʀʗ 2 
 

çʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ 

ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁè 
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ʋɼʂ 616-71:616.728.48:004.42 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʇʈʀʄɽʅɽʅʀʗ ʉʀʃʆɺʓʍ ʇʃɸʊʌʆʈʄ ʀ 
ɹɸʃɸʅʉʀʈʆɺʆʏʅʓʍ ɼʀʉʂʆɺ ɺ ɼʀɸɻʅʆʉʊʀʂɽ ʅɸʈʋʐɽʅʀʁ 

ʆʇʆʈʅʆ-ɼɺʀɻɸʊɽʃʔʅʆɻʆ ɸʇʇɸʈɸʊɸ 

ɻʣʫʰʘʯʝʥʢʦ ʅ.ʉ., ʤʘʛʠʩʪʨʘʥʪ; ɼʝʤʝʥʢʦʚʝʮ ɼ.ɺ., ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɹʨʘʥʮʝʚʠʯ ʇ.ʖ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʘʙʠʣʦʤʝʪʨʠʠ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʣʦʚʦʡ ʧʣʘʪʬʦʨʤʝ ʠ 
ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʨʘʚʥʦʚʝʩʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʪʘʪʠʚʥʦʛʦ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ ʜʠʩʢʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʩʪʘʙʠʣʴʥʘʷ ʦʧʦʨʘ 
ʵʬʬʝʢʪʠʚʥʝʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʥʘʨʫʰʝʥʠʡ ʛʦʣʝʥʦʩʪʦʧʥʦʛʦ ʩʫʩʪʘʚʘ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ 
ʥʘʛʨʫʟʢʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʅʘʨʫʰʝʥʠʷ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʛʦʣʝʥʦʩʪʦʧʥʳʡ ʩʫʩʪʘʚ, ʩʪʘʙʠʣʦʤʝʪʨʠʷ, ʩʠʣʦʚʘʷ ʧʣʘʪʬʦʨʤʘ, 
ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʡ ʜʠʩʢ, ʘʢʩʝʣʝʨʦʤʝʪʨ, ʧʦʩʪʫʨʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ, ʨʝʘʙʠʣʠʪʘʮʠʷ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʨʝʘʙʠʣʠʪʘʮʠʠ ʥʘʨʫʰʝʥʠʡ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ 
ʘʧʧʘʨʘʪʘ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʧʦʩʪʫʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ. ɺʘʞʥʝʡʰʠʤ 
ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʤ ʟʚʝʥʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʢʦʤʧʝʥʩʘʮʠʶ ʦʪʢʣʦʥʝʥʠʡ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʠ ʫʜʝʨʞʘʥʠʝ 
ʨʘʚʥʦʚʝʩʠʷ, ʷʚʣʷʝʪʩʷ ʛʦʣʝʥʦʩʪʦʧʥʳʡ ʩʫʩʪʘʚ. ʈʘʟʣʠʯʥʳʝ ʧʘʪʦʣʦʛʠʠ ʜʘʥʥʦʛʦ ʫʟʣʘ, ʪʘʢʠʝ ʢʘʢ 
ʭʨʦʥʠʯʝʩʢʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ, ʧʦʩʣʝʜʩʪʚʠʷ ʧʝʨʝʥʝʩʝʥʥʳʭ ʪʨʘʚʤ ʠʣʠ ʜʣʠʪʝʣʴʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 
ʢʦʥʝʯʥʦʩʪʠ, ʧʨʠʚʦʜʷʪ ʢ ʚʳʨʘʞʝʥʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʦʨʪʦʧʝʜʠʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʷʤ ʠ ʩʙʦʷʤ ʚ 
ʢʦʦʨʜʠʥʘʮʠʠ ʜʚʠʞʝʥʠʡ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʦʡ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʪʨʘʜʠʮʠʦʥʥʦ 
ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʩʪʘʙʠʣʦʤʝʪʨʠʠ, ʬʠʢʩʠʨʫʶʱʠʡ ʢʦʣʝʙʘʥʠʷ ʮʝʥʪʨʘ ʜʘʚʣʝʥʠʷ ʧʘʮʠʝʥʪʘ. ʊʝʤ ʥʝ 
ʤʝʥʝʝ, ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʪʘʙʠʣʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʪʠʯʝʩʢʦʡ ʩʪʦʡʢʠ ʥʘ 
ʥʝʧʦʜʚʠʞʥʦʡ ʦʧʦʨʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʠʥʬʦʨʤʘʪʠʚʝʥ ʜʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʚʝʩʪʠʙʫʣʷʨʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʦʜʥʘʢʦ 
ʦʥ ʟʘʯʘʩʪʫʶ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʩʢʨʳʪʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ ʛʦʣʝʥʦʩʪʦʧʘ, ʧʦʩʢʦʣʴʢʫ ʩʫʩʪʘʚ 
ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʬʠʮʠʪʘ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʧʨʦʙʣʝʤ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʛʦʣʝʥʦʩʪʦʧʥʳʤ ʩʫʩʪʘʚʦʤ 
ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʫʧʨʘʚʣʷʝʤʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ. ʕʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ 
ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʭ ʜʠʩʢʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ ʜʚʠʛʘʪʝʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʩʪʦʚ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʛʜʝ ʧʘʮʠʝʥʪ ʚʳʥʫʞʜʝʥ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʪʴ 
ʫʛʣʳ ʥʘʢʣʦʥʘ ʛʦʣʝʥʦʩʪʦʧʘ. ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʧʦʨʪʘʪʠʚʥʳʭ ʘʢʩʝʣʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʦʟʥʠʢʘʝʪ 
ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʯʝʪʢʦʤ ʨʘʟʛʨʘʥʠʯʝʥʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʘʟʣʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʩʠʣʦʚʘʷ ʧʣʘʪʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʘʮʠʦʥʘʨʥʳʡ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ 
ʢʦʤʧʣʝʢʩ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʣʦʞʝʥʠʷ ʠ ʢʦʣʝʙʘʥʠʡ ʦʙʱʝʛʦ ʮʝʥʪʨʘ ʜʘʚʣʝʥʠʷ (ʎɼ) 
ʯʝʣʦʚʝʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʩʪʘʪʠʯʝʩʢʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʦʡʢʝ ʥʘ ʧʣʦʩʢʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʧʦʨʝ. ɼʘʥʥʳʡ 
ʤʝʪʦʜ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʪʘʙʠʣʦʤʝʪʨʠʷ, ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ 
ʩʪʨʘʪʝʛʠʠ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʠ ʚʳʷʚʠʪʴ ʦʪʢʣʦʥʝʥʠʷ ʚ ʨʘʙʦʪʝ ʧʦʩʪʫʨʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʜʘʪʯʠʢʠ ʧʣʘʪʬʦʨʤʳ ʬʠʢʩʠʨʫʶʪ 
ʢʦʦʨʜʠʥʘʪʳ ʩʤʝʱʝʥʠʷ ʎɼ ʚ ʜʚʫʤʝʨʥʦʡ ʩʠʩʪʝʤʝ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʢʦʦʨʜʠʥʘʪ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʯʠʩʣʷʝʪ ʨʷʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʟʳ: ʦʙʱʫʶ ʜʣʠʥʫ 
ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ, ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʎɼ, ʧʣʦʱʘʜʴ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʵʣʣʠʧʩʘ, ʘ ʪʘʢʞʝ 
ʧʦʢʘʟʘʪʝʣʠ ʜʠʩʧʝʨʩʠʠ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʘʪʫʩ ʵʪʘʣʦʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʧʦʩʪʫʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ, 
ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʠʣʦʚʳʝ ʧʣʘʪʬʦʨʤʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ 
ʦʛʨʘʥʠʯʝʥʠʡ. ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʦʪʥʦʩʷʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 
ʦʙʦʨʫʜʦʚʘʥʠʷ, ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʠ ʞʝʩʪʢʘʷ ʧʨʠʚʷʟʢʘ ʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʩʪʘʮʠʦʥʘʨʥʳʤ 
ʤʝʜʠʮʠʥʩʢʠʤ ʫʯʨʝʞʜʝʥʠʷʤ [1]. 

ʉ ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʪʘʪʠʯʥʦʡ ʞʝʩʪʢʦʡ ʦʧʦʨʝ 
ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʦʮʝʥʢʫ ʚʝʩʪʠʙʫʣʷʨʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʛʣʦʙʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 
ʫʜʝʨʞʘʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʪʘʪʠʯʝʩʢʠʭ ʧʨʦʙ ʛʦʣʝʥʦʩʪʦʧʥʳʡ ʩʫʩʪʘʚ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ 
ʚʳʨʘʞʝʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ ʠ ʥʝ ʩʦʚʝʨʰʘʝʪ ʘʢʪʠʚʥʳʭ ʫʛʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʩ ʙʦʣʴʰʦʡ 
ʘʤʧʣʠʪʫʜʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʠʣʦʚʳʝ ʧʣʘʪʬʦʨʤʳ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 
ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʦʮʝʥʢʠ ʨʝʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʛʦʣʝʥʦʩʪʦʧʘ ʠ ʚʳʷʚʣʝʥʠʷ ʝʛʦ 
ʩʢʨʳʪʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ [2]. 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ɺ ʢʘʯʝʩʪʚʝ ʩʦʚʨʝʤʝʥʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʠʩʪʝʤʘʤ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 
ʥʘʭʦʜʷʪ ʧʦʨʪʘʪʠʚʥʳʝ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʠʥʪʝʛʨʠʨʫʝʤʳʝ ʚ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʝ ʜʠʩʢʠ 
[1]. ʂʣʶʯʝʚʳʤ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʤ ʦʪʣʠʯʠʝʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʫʧʨʘʚʣʷʝʤʦʡ 
ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ. ʇʨʠ ʥʘʭʦʞʜʝʥʠʠ ʥʘ ʢʘʯʘʶʱʝʡʩʷ ʧʣʘʪʬʦʨʤʝ ʧʘʮʠʝʥʪ ʚʳʥʫʞʜʝʥ ʥʝʧʨʝʨʳʚʥʦ 
ʙʘʣʘʥʩʠʨʦʚʘʪʴ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʛʦʣʝʥʦʩʪʦʧʥʳʡ ʩʫʩʪʘʚ 
ʠ ʘʢʪʠʚʥʦ ʚʢʣʶʯʘʝʪ ʚ ʨʘʙʦʪʫ ʣʦʢʘʣʴʥʳʡ ʤʳʰʝʯʥʦ-ʩʚʷʟʦʯʥʳʡ ʘʧʧʘʨʘʪ [2]. ʇʨʠʤʝʨ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ 
ʜʠʩʢʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʵʪʠʭ ʮʝʣʷʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɹʘʣʘʥʩʠʨʦʚʦʯʥʳʡ ʜʠʩʢ  

ʉ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʙʦʨ ʜʘʥʥʳʭ ʥʘ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʤ ʜʠʩʢʝ ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 
ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʩʠʣʦʚʦʡ ʧʣʘʪʬʦʨʤʳ. ɺʤʝʩʪʦ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ 
ʜʘʚʣʝʥʠʷ ʚ ʤʠʣʣʠʤʝʪʨʘʭ, ʜʠʩʢ ʠʩʧʦʣʴʟʫʝʪ ʚʩʪʨʦʝʥʥʳʝ ʘʢʩʝʣʝʨʦʤʝʪʨʳ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʫʛʣʦʚ ʥʘʢʣʦʥʘ 
ʦʧʦʨʳ ʚ ʛʨʘʜʫʩʘʭ [1]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʢʩʝʣʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʚ 
ʧʦʩʪʫʨʦʛʨʘʬʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʨʷʜʦʤ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʨʘʙʦʪʝ Dolinay et al. (2014) 
ʦʙʦʩʥʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʦʤʧʘʢʪʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 
ʥʘ ʙʘʟʝ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʧʦʨʪʘʪʠʚʥʳʝ ʤʦʜʫʣʠ ʩʧʦʩʦʙʥʳ ʩ 
ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʥʘʢʣʦʥʳ ʧʣʘʪʬʦʨʤʳ ʠ ʪʨʘʥʩʣʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ, ʚʳʩʪʫʧʘʷ ʧʦʣʥʦʮʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʜʦʨʦʛʦʩʪʦʷʱʝʤʫ ʩʪʘʮʠʦʥʘʨʥʦʤʫ 
ʦʙʦʨʫʜʦʚʘʥʠʶ [1]. 

ʂʣʠʥʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝʩʪʘʙʠʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʠʤʝʥʥʦ ʚ ʦʨʪʦʧʝʜʠʯʝʩʢʦʡ 
ʧʨʘʢʪʠʢʝ ʙʳʣʘ ʜʝʪʘʣʴʥʦ ʜʦʢʘʟʘʥʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ Laessoe et al. (2019). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ ʜʠʩʢʘ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʦʚʝʨʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʟʜʦʨʦʚʳʭ 
ʠʩʧʳʪʫʝʤʳʭ ʠ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʛʦʣʝʥʦʩʪʦʧʘ, ʦʧʠʨʘʷʩʴ ʥʘ 
ʧʦʢʘʟʘʪʝʣʠ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʚ ʤʝʜʠʦʣʘʪʝʨʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦʪ 
ʬʘʢʪ, ʯʪʦ ʨʝʛʠʩʪʨʘʮʠʷ ʫʛʣʦʚʳʭ ʦʪʢʣʦʥʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 
ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʚʳʷʚʣʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʫʩʪʘʚʥʳʭ ʧʘʪʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʦʩʪʘʚʘʪʴʩʷ ʥʝʟʘʤʝʯʝʥʥʳʤʠ ʧʨʠ ʩʪʘʪʠʯʝʩʢʠʭ ʪʝʩʪʘʭ [2]. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʠʣʦʚʳʭ ʧʣʘʪʬʦʨʤ ʠ ʥʝʩʪʘʙʠʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʳʷʚʣʷʝʪ ʢʘʢ 
ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʪʘʢ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʭʦʜʩʪʚʘ ʚ 
ʤʝʪʦʜʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ. ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ 
ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ [4]. 

ʆʙʘ ʪʠʧʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʦʡ 
ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ, ʤʝʪʦʜʳ ʠʭ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ɹʘʟʦʚʳʝ ʩʪʘʙʠʣʦʤʝʪʨʠʯʝʩʢʠʝ 
ʤʝʪʨʠʢʠ, ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʦʨʜʠʥʘʪ ʚ ʤʠʣʣʠʤʝʪʨʘʭ, ʤʘʪʝʤʘʪʠʯʝʩʢʠ 
ʪʦʞʜʝʩʪʚʝʥʥʳ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢ ʫʛʣʦʚʳʤ ʢʦʦʨʜʠʥʘʪʘʤ [3]. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ 
ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ɹʆʉ) ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʚʠʛʘʪʝʣʴʥʦ-
ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʩʪʦʚ, ʛʜʝ ʧʘʮʠʝʥʪ ʦʩʦʟʥʘʥʥʦ ʫʧʨʘʚʣʷʝʪ ʩʚʦʠʤ ʮʝʥʪʨʦʤ ʪʷʞʝʩʪʠ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʠʧʝ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʠ 
ʭʘʨʘʢʪʝʨʝ ʩʦʟʜʘʚʘʝʤʦʡ ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. 

ʉʨʘʚʥʝʥʠʝ ʫʩʪʨʦʡʩʪʚ ʧʨʦʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 1. 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʩʠʣʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ ʜʠʩʢʘ 

 ʉʠʣʦʚʘʷ ʧʣʘʪʬʦʨʤʘ ɹʘʣʘʥʩʠʨʦʚʦʯʥʳʡ ʜʠʩʢ 

ʀʟʤʝʨʷʝʤʳʡ ʧʘʨʘʤʝʪʨ ʎɼ ʚ ʤʠʣʣʠʤʝʪʨʘʭ ʦʪ ʮʝʥʪʨʘ ʋʛʣʳ ʥʘʢʣʦʥʘ ʦʪ ʧʦʣʦʞʝʥʠʷ 
ʨʘʚʥʦʚʝʩʠʷ 

ʍʘʨʘʢʪʝʨ ʧʦʟʳ ʉʪʘʪʠʯʝʩʢʘʷ ɼʠʥʘʤʠʯʝʩʢʘʷ (ʧʦʜʚʠʞʥʘʷ) 

ɹʠʦʤʝʭʘʥʠʯʝʩʢʠʡ ʬʦʢʫʩ ɺʝʩʪʠʙʫʣʷʨʥʳʡ ʘʧʧʘʨʘʪ ɻʦʣʝʥʦʩʪʦʧʥʳʡ ʩʫʩʪʘʚ 

ʇʦʨʪʘʪʠʚʥʦʩʪʴ ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ 

 
ʆʧʠʨʘʷʩʴ ʥʘ ʚʳʷʚʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʩʪʫʨʦʛʨʘʬʠʠ, ʙʳʣ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʧʦʨʪʘʪʠʚʥʳʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ. ʈʝʰʝʥʠʝ 
ʩʦʩʪʦʠʪ ʠʟ ʘʧʧʘʨʘʪʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 
ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʢʘʢ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʚʨʘʯʝʙʥʳʭ ʨʝʰʝʥʠʡ. 

ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʘʢʪʥʳʡ ʚʩʪʨʘʠʚʘʝʤʳʡ ʙʣʦʢ, ʢʦʪʦʨʳʡ 
ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʡ ʜʠʩʢ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʘ. ʂʣʶʯʝʚʳʤ 
ʩʝʥʩʦʨʦʤ ʚʳʩʪʫʧʘʝʪ ʘʢʩʝʣʝʨʦʤʝʪʨ, ʥʝʧʨʝʨʳʚʥʦ ʨʝʛʠʩʪʨʠʨʫʶʱʠʡ ʫʛʣʳ ʥʘʢʣʦʥʘ, ʦʪʨʘʞʘʶʱʠʝ 
ʦʪʢʣʦʥʝʥʠʷ ʧʣʘʪʬʦʨʤʳ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʚʠʞʝʥʠʡ ʧʘʮʠʝʥʪʘ ʘʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚʳʧʦʣʥʷʝʪ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʦʢʦʥʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 
ʫʩʪʨʦʡʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʩʷ ʦʙʷʟʘʪʝʣʴʥʘʷ ʢʘʣʠʙʨʦʚʢʘ: ʧʨʦʛʨʘʤʤʥʦʝ 
ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʦʩʝʡ ʜʣʷ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʜʘʪʯʠʢʘ ʠ ʬʠʢʩʘʮʠʷ 
ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʜʠʩʢʘ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʧʨʦʙʣʝʤʝ ʥʠʟʢʦʡ ʤʦʪʠʚʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʜʝʪʩʢʦʛʦ 
ʚʦʟʨʘʩʪʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʫʪʠʥʥʳʭ ʦʨʪʦʧʝʜʠʯʝʩʢʠʭ ʫʧʨʘʞʥʝʥʠʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʚ 
ʧʨʦʮʝʩʩ ʨʝʘʙʠʣʠʪʘʮʠʠ ʚʥʝʜʨʝʥ ʤʝʪʦʜ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ɹʆʉ) ʩ ʵʣʝʤʝʥʪʘʤʠ 
ʛʝʡʤʠʬʠʢʘʮʠʠ. ʇʘʮʠʝʥʪ, ʙʘʣʘʥʩʠʨʫʷ ʥʘ ʥʝʩʪʘʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʝ, ʫʧʨʘʚʣʷʝʪ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ 
ʚʠʟʫʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ (ʢʫʨʩʦʨʦʤ), ʩʪʘʨʘʷʩʴ ʧʝʨʝʤʝʩʪʠʪʴ ʝʛʦ ʚ ʟʘʜʘʥʥʫʶ ʤʠʰʝʥʴ ʠ ʫʜʝʨʞʘʪʴ ʪʘʤ 
ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ [5]. 

ʇʨʦʚʝʜʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʘʷ ʩʪʘʪʠʯʝʩʢʘʷ 
ʩʪʘʙʠʣʦʤʝʪʨʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʥʘ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʭ ʜʠʩʢʘʭ ʷʚʣʷʶʪʩʷ ʥʝ 
ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʤʠ, ʘ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʦʩʪʫʨʘʣʴʥʦʛʦ 
ʢʦʥʪʨʦʣʷ. 

ʉʠʣʦʚʘʷ ʧʣʘʪʬʦʨʤʘ ʦʩʪʘʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʳʙʦʨʘ ʜʣʷ ʙʘʟʦʚʦʡ ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, 
ʦʮʝʥʢʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚʝʩʪʠʙʫʣʷʨʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ 
ʧʨʦʚʝʜʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʪʘʙʠʣʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʙ ʚ ʫʩʣʦʚʠʷʭ ʣʘʙʦʨʘʪʦʨʠʠ. 

ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʡ ʜʠʩʢ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥ ʚ ʪʨʘʚʤʘʪʦʣʦʛʠʠ, ʦʨʪʦʧʝʜʠʠ ʠ 
ʩʧʦʨʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ. ʕʪʦʪ ʤʝʪʦʜ ʦʧʪʠʤʘʣʝʥ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ 
ʛʦʣʝʥʦʩʪʦʧʥʦʛʦ ʩʫʩʪʘʚʘ, ʨʝʘʙʠʣʠʪʘʮʠʠ ʧʦʩʣʝ ʪʨʘʚʤ ʠʣʠ ʜʣʠʪʝʣʴʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ. ɸʚʪʦʥʦʤʥʦʩʪʴ 
ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʝʣʘʝʪ ʠʭ ʢʨʘʡʥʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʩʩʘ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʮʠʝʥʪʦʚ ʥʘ ʜʦʤʫ, ʘ ʚʳʩʦʢʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ 
ʜʣʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʪʨʝʥʠʨʦʚʦʢ ʚ ʧʝʜʠʘʪʨʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. 

ʉʦʟʜʘʥʠʝ ʫʧʨʘʚʣʷʝʤʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʘʢʮʝʥʪʠʨʦʚʘʥʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 
ʛʦʣʝʥʦʩʪʦʧʥʳʡ ʩʫʩʪʘʚ, ʚʳʷʚʣʷʷ ʝʛʦ ʩʢʨʳʪʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʤʦʪʦʨʥʳʡ ʜʝʬʠʮʠʪ, 
ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʧʨʦʙʘʭ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʫʩʧʝʰʥʦ ʠʥʪʝʛʨʠʨʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ 
ʥʝʩʪʘʙʠʣʴʥʳʭ ʧʦʨʪʘʪʠʚʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺʥʝʜʨʝʥʠʝ 
ʜʚʠʛʘʪʝʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʩʪʦʚ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʚ ʠʛʨʦʚʦʡ ʬʦʨʤʝ ʨʝʰʘʝʪ 
ʢʨʠʪʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ ʥʠʟʢʦʡ ʤʦʪʠʚʘʮʠʠ ʫ ʜʝʪʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʜʥʦʪʠʧʥʳʭ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʭ 
ʫʧʨʘʞʥʝʥʠʡ. 

ɺʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʳʭ ʧʦʨʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʨʘʯʘʤ-
ʦʨʪʦʧʝʜʘʤ ʦʙʲʝʢʪʠʚʥʳʡ ʦʮʠʬʨʦʚʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʠʥʘʤʠʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 
ɸʚʪʦʥʦʤʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʜʝʣʘʶʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʢʘʢ ʜʣʷ 
ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʣʝʯʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʮʠʝʥʪʦʚ ʚ ʘʤʙʫʣʘʪʦʨʥʳʭ 
ʫʩʣʦʚʠʷʭ. 
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Annotation. A comparative analysis of classical stabilometry using a stationary force platform and instrumental balance assessment using a 
portable balance disc was conducted. The results show that an unstable stance is more effective for detecting hidden ankle joint disorders, 
as it provides a specific dynamic load. 
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biofeedback.  



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 

73 

 

ʋɼʂ 004.9:331.44 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɹɸʃɸʅʉʀʈʆɺʂʀ ʅɸ ʈɽɸʃʔʅʓʍ ɼɸʅʅʓʍ 

ʇʦʪʸʤʠʥ ʀ.ɺ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɻʦʣʜʘ ʆ. ï ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʜʠʩʙʘʣʘʥʩʘ ʢʣʘʩʩʦʚ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʅʘ ʧʨʠʤʝʨʝ 
ʜʘʪʘʩʝʪʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʚʳʛʦʨʘʥʠʷ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʨʸʭ ʤʝʪʦʜʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ: 
ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʥʝʜʦʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʚʟʚʝʰʠʚʘʥʠʷ ʢʣʘʩʩʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʮʝʥʝʥʳ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ, ʜʝʨʝʚʦ 
ʨʝʰʝʥʠʡ ʠ ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʜʠʩʙʘʣʘʥʩʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʝʡ ʚʳʷʚʣʷʪʴ 
ʤʠʥʦʨʥʳʡ ʢʣʘʩʩ ʧʨʠ ʚʳʩʦʢʦʡ ʦʙʱʝʡ ʪʦʯʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʠʟʥʘʥʦ ʚʟʚʝʰʠʚʘʥʠʝ ʢʣʘʩʩʦʚ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʳʩʦʢʫʶ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʫʶ ʪʦʯʥʦʩʪʴ ʠ PR-AUC ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʦʙʲʸʤʘ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ ʬʦʨʤʠʨʫʶʪ 
ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʩʪʨʘʪʝʛʠʠ ʙʘʣʘʥʩʠʨʦʚʢʠ ʜʣʷ ʟʘʜʘʯ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʣʘʩʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʜʠʩʙʘʣʘʥʩ ʢʣʘʩʩʦʚ, ʙʘʣʘʥʩʠʨʦʚʢʘ ʜʘʥʥʳʭ, ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʷ, ʥʝʜʦʜʠʩʢʨʝʪʠʟʘʮʠʷ, 
ʚʟʚʝʰʠʚʘʥʠʝ ʢʣʘʩʩʦʚ, ʙʠʥʘʨʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ, ʜʝʨʝʚʦ ʨʝʰʝʥʠʡ, ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ, 
ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʘʷ ʪʦʯʥʦʩʪʴ, PR-AUC. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʜʘʯʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʠʩʙʘʣʘʥʩ ʢʣʘʩʩʦʚ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʤʦʜʝʣʝʡ, ʪʘʢ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʠʨʫʶʪ ʦʙʱʫʶ ʬʫʥʢʮʠʶ ʧʦʪʝʨʴ, ʠʛʥʦʨʠʨʫʷ ʤʠʥʦʨʥʳʡ 
ʢʣʘʩʩ [1]. ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʮʝʥʢʘ ʤʝʪʦʜʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ ʜʘʥʥʳʭ: ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ, 
ʥʝʜʦʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʚʟʚʝʰʠʚʘʥʠʷ ʢʣʘʩʩʦʚ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʜʝʥ ʥʘ ʜʘʪʘʩʝʪʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
ʚʳʛʦʨʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ, ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ ʠ ʤʝʪʦʜʘ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ. 
ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʠ PR-AUC. ʈʝʟʫʣʴʪʘʪʳ ʬʦʨʤʠʨʫʶʪ 
ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʩʪʨʘʪʝʛʠʠ ʙʘʣʘʥʩʠʨʦʚʢʠ ʜʣʷ ʟʘʜʘʯ, ʛʜʝ ʮʝʥʘ ʧʨʦʧʫʩʢʘ ʮʝʣʝʚʦʛʦ ʩʦʙʳʪʠʷ 
ʧʨʝʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʘʪʘʩʝʪ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʠʥʬʦʨʤʘʮʠʶ 
ʦ ʩʦʪʨʫʜʥʠʢʘʭ ʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʟʘʜʘʯʠ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘʣʠʯʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 
ʚʳʛʦʨʘʥʠʷ. ʅʘʙʦʨ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʪʘʢʠʝ ʢʘʢ ʚʦʟʨʘʩʪ ʠ ʧʦʣ, 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʢʣʶʯʘʷ ʜʦʣʞʥʦʩʪʴ ʠ ʩʪʘʞ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 
ʧʦʢʘʟʘʪʝʣʠ: ʫʨʦʚʝʥʴ ʩʪʨʝʩʩʘ, ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʨʘʙʦʪʦʡ, ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʯʘʩʦʚ ʚ ʥʝʜʝʣʶ ʠ ʜʦʣʶ 
ʫʜʘʣʝʥʥʦʡ ʨʘʙʦʪʳ. 

ʎʝʣʝʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚʳʩʪʫʧʘʣ ʙʠʥʘʨʥʳʡ ʧʨʠʟʥʘʢ Burnout, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʥʘʣʠʯʠʝ ʠʣʠ 
ʦʪʩʫʪʩʪʚʠʝ ʚʳʛʦʨʘʥʠʷ. ʅʘ ʵʪʘʧʝ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʦʚʝʨʢʘ ʥʘ 
ʥʘʣʠʯʠʝ ʧʨʦʧʫʱʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʚʠʟʫʘʣʠʟʘʮʠʠ heatmap ʠ ʙʳʣʠ ʫʜʘʣʝʥʳ ʧʨʦʧʫʩʢʠ ʚ 
ʜʘʪʘʩʝʪʝ. 

ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʠʟ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʙʳʣ ʫʜʘʣʝʥ ʩʪʦʣʙʝʮ Name, ʥʝ ʥʝʩʫʱʠʡ ʩʤʳʩʣʦʚʦʡ ʥʘʛʨʫʟʢʠ 
ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʢʘʪʝʛʦʨʠʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ Gender ʠ JobRole ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ ʢʦʜʠʨʦʚʘʥʠʝ 
ʤʝʪʦʜʦʤ One-Hot Encoding, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʪʝʢʩʪʦʚʳʝ ʤʝʪʢʠ ʚ ʯʠʩʣʦʚʦʡ ʬʦʨʤʘʪ, 
ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʇʦʜʛʦʪʦʚʣʝʥʥʘʷ ʚʳʙʦʨʢʘ ʙʳʣʘ 
ʨʘʟʜʝʣʝʥʘ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ ʪʝʩʪʦʚʫʶ ʯʘʩʪʠ ʚ ʧʨʦʧʦʨʮʠʠ 80/20 ʩ ʬʠʢʩʘʮʠʝʡ ʧʘʨʘʤʝʪʨʘ random_state 
ʨʘʚʥʦʛʦ 42. ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʝʣʝʚʦʛʦ ʢʣʘʩʩʘ ʚ ʦʙʝʠʭ ʧʦʜʚʳʙʦʨʢʘʭ ʠ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʚ ʦʜʥʦʡ ʠʟ ʥʠʭ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ 
ʤʠʥʦʨʥʦʛʦ ʢʣʘʩʩʘ, ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʦ ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʟʜʝʣʝʥʠʝ ʚʳʙʦʨʢʠ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʫʶ ʠ ʪʝʩʪʦʚʫʶ ʩʦ ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ 

ʏʠʩʣʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ StandardScaler. 
ʇʘʨʘʤʝʪʨʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ (ʩʨʝʜʥʝʝ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ) ʚʳʯʠʩʣʷʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 
ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ (fit), ʧʦʩʣʝ ʯʝʛʦ ʧʦʣʫʯʝʥʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠʤʝʥʷʣʠʩʴ ʢ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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(transform). ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʤʦʜʝʣʴ ʥʝ ʧʦʣʫʯʘʝʪ ʢʦʩʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ (ʨʠʩʫʥʦʢ 2). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʜʘʥʥʳʭ ʧʦʩʣʝ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʇʦʜʛʦʪʦʚʣʝʥʥʘʷ ʚʳʙʦʨʢʘ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ ʪʝʩʪʦʚʫʶ ʯʘʩʪʠ ʚ ʧʨʦʧʦʨʮʠʠ 
ʚʦʩʝʤʴʜʝʩʷʪ ʢ ʜʚʘʜʮʘʪʠ ʩ ʬʠʢʩʘʮʠʝʡ ʧʘʨʘʤʝʪʨʘ random_state ʨʘʚʥʦʛʦ ʩʦʨʦʢʘ ʜʚʫʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʜʠʩʙʘʣʘʥʩʘ ʢʣʘʩʩʦʚ ʚ 
ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʪʨʠ ʧʦʜʭʦʜʘ, ʧʝʨʚʳʡ ʠʟ ʢʦʪʦʨʳʭ RandomOverSampler, 
ʧʨʝʜʧʦʣʘʛʘʣ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʤʝʥʴʰʝʛʦ ʢʣʘʩʩʘ ʧʫʪʝʤ ʜʫʙʣʠʨʦʚʘʥʠʷ 
ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʤʝʨʦʚ, ʚʪʦʨʦʡ ʤʝʪʦʜ RandomUnderSampler, ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʣʫʯʘʡʥʦʤ ʫʜʘʣʝʥʠʠ 
ʯʘʩʪʠ ʦʙʲʝʢʪʦʚ ʙʦʣʴʰʝʛʦ ʢʣʘʩʩʘ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʙʘʣʘʥʩʘ, ʠ ʪʨʝʪʠʡ ʧʦʜʭʦʜ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʪʨʦʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʟʚʝʰʠʚʘʥʠʷ ʢʣʘʩʩʦʚ, ʧʘʨʘʤʝʪʨ class_weight ʨʘʚʥʳʡ balanced, 
ʢʦʪʦʨʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʨʨʝʢʪʠʨʫʝʪ ʬʫʥʢʮʠʶ ʧʦʪʝʨʴ ʘʣʛʦʨʠʪʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʢʣʘʩʩʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ 
ʙʘʣʘʥʩʠʨʦʚʢʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʨʘʟʥʦʨʦʜʥʳʝ ʤʦʜʝʣʠ: ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ LogisticRegression, 
ʚʳʩʪʫʧʘʶʱʘʷ ʚ ʢʘʯʝʩʪʚʝ ʣʠʥʝʡʥʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʜʝʨʝʚʦ ʨʝʰʝʥʠʡ DecisionTreeClassifier, 
ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʥʝʣʠʥʝʡʥʳʡ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʘʚʠʣʘʭ, ʠ ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ SVC ʩ 
ʨʘʜʠʘʣʴʥʳʤ ʙʘʟʠʩʥʳʤ ʷʜʨʦʤ RBF, ʩʧʦʩʦʙʥʳʡ ʩʪʨʦʠʪʴ ʩʣʦʞʥʳʝ ʨʘʟʜʝʣʷʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʪʘʙʣʠʮʘ 
1). 

ʊʘʙʣʠʮʘ 1 ï ɻʠʧʝʨʧʘʨʘʤʝʪʨʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʝʡ 

ʄʦʜʝʣʴ ɻʠʧʝʨʧʘʨʘʤʝʪʨʳ 

LogisticRegression C=0.7, max_iter=500, random_state=42 

DecisionTreeClassifier 
max_depth=3, min_samples_leaf=50, 
random_state=42 

SVC kernel='rbf', C=0.8, gamma='scale', probability=True 

 
ʆʙʫʯʝʥʠʝ ʠ ʦʮʝʥʢʘ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ, 

ʚʢʣʶʯʘʷ ʦʙʱʫʶ ʪʦʯʥʦʩʪʴ, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʫʶ ʪʦʯʥʦʩʪʴ, ʤʘʪʨʠʮʫ ʦʰʠʙʦʢ ʠ ʧʣʦʱʘʜʴ ʧʦʜ PR ʢʨʠʚʦʡ, ʯʪʦ 
ʧʦʟʚʦʣʠʣʦ ʢʦʤʧʣʝʢʩʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʤʝʪʦʜʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʝʡ ʚʳʷʚʣʷʪʴ 
ʤʝʥʴʰʠʡ ʢʣʘʩʩ. 

ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʪʨʝʭ ʚʳʙʨʘʥʥʳʭ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ï ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ, ʜʝʨʝʚʘ 
ʨʝʰʝʥʠʡ ʠ ʤʝʪʦʜʘ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ï ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʫʯʝʥʠʝ ʚ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʘʭ: ʙʘʟʦʚʘʷ ʤʦʜʝʣʴ 
ʙʝʟ ʢʦʨʨʝʢʮʠʠ ʜʠʩʙʘʣʘʥʩʘ, ʤʦʜʝʣʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ RandomOverSampler ʤʝʥʴʰʝʛʦ ʢʣʘʩʩʘ, ʤʦʜʝʣʴ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ RandomUnderSampler ʙʦʣʴʰʝʛʦ ʢʣʘʩʩʘ ʠ ʤʦʜʝʣʴ ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ 
ʚʝʩʦʚ ʢʣʘʩʩʦʚ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ class_weight='balanced' [2]. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ 
ʠʜʝʥʪʠʯʥʳʭ ʦʙʫʯʘʶʱʝʡ ʠ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʘʭ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʧʨʦʧʦʨʮʠʠ ʚʦʩʝʤʴʜʝʩʷʪ ʢ ʜʚʘʜʮʘʪʠ 
ʩ ʬʠʢʩʘʮʠʝʡ ʧʘʨʘʤʝʪʨʘ random_state ʨʘʚʥʦʛʦ ʩʦʨʦʢʘ ʜʚʫʤ ʜʣʷ ʛʘʨʘʥʪʠʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ 
ʨʝʟʫʣʴʪʘʪʦʚ (ʨʠʩʫʥʦʢ 3). 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 

75 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʈʘʟʤʝʨʳ ʚʳʙʦʨʦʢ ʜʦ ʠ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʤʝʪʨʠʢ, ʧʦʟʚʦʣʷʶʱʠʭ 
ʚʩʝʩʪʦʨʦʥʥʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʙʘʣʘʥʩʘ [3]. ʆʩʥʦʚʥʳʤ 
ʢʨʠʪʝʨʠʝʤ ʩʨʘʚʥʝʥʠʷ ʩʣʫʞʠʣʘ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʘʷ ʪʦʯʥʦʩʪʴ Balanced Accuracy, ʫʯʠʪʳʚʘʶʱʘʷ ʜʦʣʶ 
ʚʝʨʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʢʘʞʜʦʤ ʢʣʘʩʩʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʢʦʣʠʯʝʩʪʚʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 
ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʧʨʝʜʩʢʘʟʘʥʠʡ ʧʦ ʢʘʞʜʦʤʫ ʢʣʘʩʩʫ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʨʠʢʠ Precision, 
Recall ʠ F1-score, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʦʪʯʝʪʝ classification report, ʯʪʦ ʧʦʟʚʦʣʷʣʦ 
ʦʮʝʥʠʪʴ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʝʜʩʢʘʟʘʥʠʡ ʠ ʧʦʣʥʦʪʦʡ ʚʳʷʚʣʝʥʠʷ ʮʝʣʝʚʦʛʦ 
ʢʣʘʩʩʘ (ʨʠʩʫʥʦʢ 4). 

 

 
 

ʈʠʩʫʥʦʢ 4 ï classification_report ʜʣʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ 

ɼʣʷ ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ ʨʘʥʞʠʨʦʚʘʪʴ ʦʙʲʝʢʪʳ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ 
ʤʠʥʦʨʥʦʤʫ ʢʣʘʩʩʫ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʣʦʱʘʜʴ ʧʦʜ PR-ʢʨʠʚʦʡ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ 
ʤʝʪʨʠʢʦʡ ʢ ʢʘʯʝʩʪʚʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʮʝʣʝʚʦʛʦ ʢʣʘʩʩʘ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʙʘʣʘʥʩʘ ʠ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ 
ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʢʘʟʘʥʠʡ (precision) ʠ ʧʦʣʥʦʪʦʡ ʚʳʷʚʣʝʥʠʷ 
(recall) ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʧʦʨʦʛʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʨʠʩʫʥʦʢ 5). 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʈʠʩʫʥʦʢ 5 ï PR-ʢʨʠʚʳʝ ʜʣʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʢʣʶʯʘʣʘ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮ ʦʰʠʙʦʢ Confusion Matrix ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʰʠʙʦʢ ʤʦʜʝʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʦʦʪʥʦʰʝʥʠʷ ʣʦʞʥʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ 
ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʝʜʩʢʘʟʘʥʠʡ, ʯʪʦ ʠʤʝʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʟʘʜʘʯ, ʛʜʝ ʮʝʥʘ ʧʨʦʧʫʩʢʘ 
ʮʝʣʝʚʦʛʦ ʩʦʙʳʪʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ (ʨʠʩʫʥʦʢ 6). 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʄʘʪʨʠʮʘ ʦʰʠʙʦʢ ʜʣʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ɺʩʝ ʚʳʯʠʩʣʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ scikit-learn ʠ ʠʤʧʦʨʪʠʨʦʚʘʥʥʳʭ 
ʬʫʥʢʮʠʡ balanced_accuracy_score, classification_report, confusion_matrix, pr_curve ʠ auc, ʘ ʤʝʪʦʜʳ 
ʨʝʩʝʤʧʣʠʥʛʘ ʨʝʘʣʠʟʦʚʳʚʘʣʠʩʴ ʯʝʨʝʟ ʤʦʜʫʣʴ imblearn.over_sampling ʠ imblearn.under_sampling. 
ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʣʝʛʣʠ ʚ 
ʦʩʥʦʚʫ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʪʝʛʠʡ ʙʦʨʴʙʳ ʩ ʜʠʩʙʘʣʘʥʩʦʤ ʜʘʥʥʳʭ. 

ɹʘʟʦʚʳʝ ʤʦʜʝʣʠ ʚʩʝʭ ʪʨʝʭ ʘʣʛʦʨʠʪʤʦʚ, ʦʙʫʯʝʥʥʳʝ ʥʘ ʠʩʭʦʜʥʳʭ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, 
ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʭʦʞʫʶ ʧʨʦʙʣʝʤʫ ʩʤʝʱʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʝʛʦ ʢʣʘʩʩʘ: ʣʦʛʠʩʪʠʯʝʩʢʘʷ 
ʨʝʛʨʝʩʩʠʷ ʠ ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ʧʦʢʘʟʘʣʠ ʠʜʝʥʪʠʯʥʫʶ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʫʶ ʪʦʯʥʦʩʪʴ 0.686 ʧʨʠ 
ʦʙʱʝʡ ʪʦʯʥʦʩʪʠ ʦʢʦʣʦ 0.9475, ʘ ʜʝʨʝʚʦ ʨʝʰʝʥʠʡ ʦʢʘʟʘʣʦʩʴ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʤ ʢ ʜʠʩʙʘʣʘʥʩʫ ʩ 
ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ 0.50 ʠ ʧʦʣʥʦʡ ʥʝʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʷʚʠʪʴ ʩʣʫʯʘʠ ʚʳʛʦʨʘʥʠʷ. ʕʪʠ 
ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʧʨʦʙʣʝʤʳ ʜʠʩʙʘʣʘʥʩʘ ʜʝʣʘʝʪ ʤʦʜʝʣʠ ʥʝʧʨʠʛʦʜʥʳʤʠ 
ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʘʣʛʦʨʠʪʤʘ, ʪʘʢ ʢʘʢ ʚʩʝ ʦʥʠ ʦʧʪʠʤʠʟʠʨʫʶʪ ʦʙʱʫʶ 
ʬʫʥʢʮʠʶ ʧʦʪʝʨʴ ʚ ʫʱʝʨʙ ʚʳʷʚʣʝʥʠʶ ʤʝʥʴʰʝʛʦ ʢʣʘʩʩʘ (ʨʠʩʫʥʦʢ 7). 

 

 

 
ʈʠʩʫʥʦʢ 7 ï classification_report ʜʣʷ CART 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʣʦ ʢʘʯʝʩʪʚʦ ʚʩʝʭ ʤʦʜʝʣʝʡ, ʦʜʥʘʢʦ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʢʨʝʪʥʳʭ ʧʦʜʭʦʜʦʚ ʦʢʘʟʘʣʘʩʴ ʨʘʟʣʠʯʥʦʡ ʜʣʷ ʨʘʟʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʄʝʪʦʜ ʩʣʫʯʘʡʥʦʡ 
ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʤʝʪʦʜʘ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ, 
ʦʙʝʩʧʝʯʠʚ ʦʙʱʫʶ ʪʦʯʥʦʩʪʴ 0.9825, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʫʶ ʪʦʯʥʦʩʪʴ 0.962 ʠ precision ʧʨʝʜʩʢʘʟʘʥʠʡ 
ʤʝʥʴʰʝʛʦ ʢʣʘʩʩʘ 0.86 ʧʨʠ recall 0.94, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʙʘʣʘʥʩʦʤ ʤʝʞʜʫ ʚʳʷʚʣʝʥʠʝʤ ʩʣʫʯʘʝʚ 
ʚʳʛʦʨʘʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʝʡ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ 8 ï classification_report ʜʣʷ SVM 

ɼʣʷ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʷ ʧʨʠʚʝʣʘ ʢ ʠʜʝʘʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ ʤʝʪʨʠʢʘʤʠ 1.00 
ʧʦ ʚʩʝʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʦʜʥʘʢʦ ʩʪʦʣʴ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʝʨʝʦʙʫʯʝʥʠʠ 
ʤʦʜʝʣʠ ʥʘ ʜʘʪʘʩʝʪʝ, ʦʩʦʙʝʥʥʦ ʫʯʠʪʳʚʘʷ ʜʫʙʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʤʝʥʴʰʝʛʦ ʢʣʘʩʩʘ. ʃʦʛʠʩʪʠʯʝʩʢʘʷ 
ʨʝʛʨʝʩʩʠʷ ʩ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʝʡ ʧʦʢʘʟʘʣʘ recall 1.00 ʜʣʷ ʢʣʘʩʩʘ ʚʳʛʦʨʘʥʠʷ ʧʨʠ precision 0.64 (ʪʘʙʣʠʮʘ 
2). 

ʄʝʪʦʜ ʚʟʚʝʰʠʚʘʥʠʷ ʢʣʘʩʩʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʨʝʜʠ ʚʩʝʭ 
ʘʣʛʦʨʠʪʤʦʚ: ʜʣʷ ʤʝʪʦʜʘ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ʦʥ ʦʙʝʩʧʝʯʠʣ ʪʦʯʥʦʩʪʴ 0.975, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʫʶ ʪʦʯʥʦʩʪʴ 
0.958 ʠ precision ʤʝʥʴʰʝʛʦ ʢʣʘʩʩʘ 0.79 ʧʨʠ recall 0.94, ʯʪʦ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ 
ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʥʦ ʥʝ ʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʜʘʥʥʳʭ. ɼʣʷ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ ʚʟʚʝʰʠʚʘʥʠʝ 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʢʣʘʩʩʦʚ ʪʘʢʞʝ ʧʨʠʚʝʣʦ ʢ ʠʜʝʘʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ ʤʝʪʨʠʢʘʤʠ 1.00, ʘ ʜʣʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ 
ʦʙʝʩʧʝʯʠʣʦ ʧʦʢʘʟʘʪʝʣʠ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʝʡ (recall 1.00, precision 0.60). ʕʪʦ ʜʝʣʘʝʪ 
ʤʝʪʦʜ ʚʟʚʝʰʠʚʘʥʠʷ ʢʣʘʩʩʦʚ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ, 
ʦʩʦʙʝʥʥʦ ʜʣʷ ʙʦʣʴʰʠʭ ʜʘʪʘʩʝʪʦʚ, ʛʜʝ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʢʨʠʪʠʯʥʳʤ. 

ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʝʥʠʝ ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘʭ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʄʦʜʝʣʴ ʄʝʪʦʜ 
Balanced 
accuracy 

Precision Recall PR-AUC 

ʃʦʛʠʩʪʠʯʝʩʢʘʷ 
ʨʝʛʨʝʩʩʠʷ 

Oversampling 0.9755 0.64 1 0.8397 

Undersampling 0.9620 0.53 1 0.8134 

ɹʝʟ 
ʙʘʣʘʥʩʠʨʦʚʢʠ 

0.6891 0.92 0.38 0.8269 

Class weight 0.9715 0.60 1 0.6038 

CART 

Oversampling 1 1 1 1 

Undersampling 0.8655 0.24 1 0.3148 

ɹʝʟ 
ʙʘʣʘʥʩʠʨʦʚʢʠ 

0.5 0 0 0.5161 

Class weight 1 1 1 1 

SVM 

Oversampling 0.9620 0.86 0.94 0.8086 

Undersampling 0.9524 0.48 1 0.4776 

ɹʝʟ 
ʙʘʣʘʥʩʠʨʦʚʢʠ 

0.6861 0.92 0.38 0.3962 

Class weight 0.9579 0.79 0.94 0.7451 

 
ʄʝʪʦʜ ʩʣʫʯʘʡʥʦʡ ʥʝʜʦʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦʢʘʟʘʣ ʥʘʠʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: ʜʣʷ ʤʝʪʦʜʘ 

ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ʦʥ ʦʙʝʩʧʝʯʠʣ recall 1.00 ʧʨʠ precision ʤʝʥʴʰʝʛʦ ʢʣʘʩʩʘ 0.48 ʠ ʦʙʱʝʡ ʪʦʯʥʦʩʪʠ 0.9125, 
ʜʣʷ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ precision ʫʧʘʣʘ ʜʦ 0.24 ʧʨʠ ʦʙʱʝʡ ʪʦʯʥʦʩʪʠ 0.7525, ʘ ʜʣʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ 
ʩʦʩʪʘʚʠʣʘ 0.53 ʧʨʠ recall 1.00. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʯʘʩʪʠ ʜʘʥʥʳʭ ʙʦʣʴʰʝʛʦ 
ʢʣʘʩʩʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʫʭʫʜʰʝʥʠʶ ʦʙʦʙʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 
ʤʦʜʝʣʝʡ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʣʦʞʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʉʨʘʚʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʚʳʷʚʠʣʦ, ʯʪʦ ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ʩ ʨʘʜʠʘʣʴʥʳʤ ʙʘʟʠʩʥʳʤ ʷʜʨʦʤ 
ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʘʠʣʫʯʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʠʩʙʘʣʘʥʩʫ ʠ ʥʘʠʙʦʣʝʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʠʢ ʙʘʣʘʥʩʠʨʦʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ precision ʧʨʝʜʩʢʘʟʘʥʠʡ ʤʝʥʴʰʝʛʦ ʢʣʘʩʩʘ 
ʙʝʟ ʯʨʝʟʤʝʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. ɼʝʨʝʚʦ ʨʝʰʝʥʠʡ ʧʦʢʘʟʘʣʦ ʥʘʠʙʦʣʴʰʫʶ 
ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʝʪʦʜʘʤ ʙʘʣʘʥʩʠʨʦʚʢʠ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʧʦʣʥʦʛʦ ʧʨʦʚʘʣʘ (balanced accuracy 0.50) 
ʜʦ ʠʜʝʘʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (balanced accuracy 1.00), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʚʳʩʦʢʫʶ ʛʠʙʢʦʩʪʴ, ʥʦ ʪʘʢʞʝ 
ʠ ʥʘ ʨʠʩʢ ʧʝʨʝʦʙʫʯʝʥʠʷ. ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʩʪʘʙʠʣʴʥʳʝ ʧʨʝʜʩʢʘʟʫʝʤʳʝ 
ʨʝʟʫʣʴʪʘʪʳ ʩ recall 1.00 ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʳʛʦʨʘʥʠʷ ʧʨʠ ʚʩʝʭ ʤʝʪʦʜʘʭ ʙʘʣʘʥʩʠʨʦʚʢʠ. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʜʣʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʚʳʛʦʨʘʥʠʷ, ʛʜʝ 
ʮʝʥʘ ʧʨʦʧʫʩʢʘ ʩʦʪʨʫʜʥʠʢʘ ʚ ʛʨʫʧʧʝ ʨʠʩʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ, 
ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʳʡ recall ʚʳʷʚʣʝʥʠʷ ʤʝʥʴʰʝʛʦ 
ʢʣʘʩʩʘ. ʄʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ʩ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʝʡ ʠʣʠ ʚʟʚʝʰʠʚʘʥʠʝʤ ʢʣʘʩʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʦʧʪʠʤʘʣʴʥʳʡ ʚʳʙʦʨ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪ recall 0.94 ʧʨʠ ʚʳʩʦʢʦʡ precision 0.86 ʠ 0.79 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʠʥʠʤʠʟʠʨʫʷ ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 
ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʩʭʦʜʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ ʦʪʜʝʣʘ ʢʘʜʨʦʚ. ɼʣʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ 
ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʟʚʝʰʠʚʘʥʠʷ ʢʣʘʩʩʦʚ ʢʘʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ 
ʤʝʪʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ recall 1.00. ɼʝʨʝʚʦ ʨʝʰʝʥʠʡ ʩ ʤʝʪʦʜʘʤʠ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠʣʠ 
ʚʟʚʝʰʠʚʘʥʠʷ ʢʣʘʩʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʛʦ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ ʚʳʛʦʨʘʥʠʷ, 
ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʘʣʠʜʘʮʠʠ ʥʘ ʥʝʟʘʚʠʩʠʤʳʭ ʚʳʙʦʨʢʘʭ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʝʨʝʦʙʫʯʝʥʠʷ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʘ ʢʨʠʪʠʯʝʩʢʘʷ ʚʘʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ 
ʜʘʥʥʳʭ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ ʜʠʩʙʘʣʘʥʩʦʤ ʢʣʘʩʩʦʚ. ɹʘʟʦʚʳʝ ʤʦʜʝʣʠ ʚʩʝʭ ʘʣʛʦʨʠʪʤʦʚ 
ʙʝʟ ʢʦʨʨʝʢʮʠʠ ʧʦʢʘʟʘʣʠ ʥʠʟʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʷʚʣʷʪʴ ʤʝʥʴʰʠʡ ʢʣʘʩʩ: ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʘʷ ʪʦʯʥʦʩʪʴ 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 

79 

 

ʩʦʩʪʘʚʠʣʘ 0.686 ʜʣʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ ʠ SVM, ʠ 0.50 ʜʣʷ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ, ʧʨʠ recall ʢʣʘʩʩʘ 
ʚʳʛʦʨʘʥʠʷ 0.00 ʜʣʷ CART. 

ʅʘʠʣʫʯʰʝʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʜʣʷ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʳʛʦʨʘʥʠʷ ʧʨʠʟʥʘʥ ʤʝʪʦʜ ʦʧʦʨʥʳʭ 
ʚʝʢʪʦʨʦʚ ʩ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʝʡ (accuracy 0.9825, balanced accuracy 0.962, precision 0.86, recall 0.94). 
ʄʝʪʦʜ ʚʟʚʝʰʠʚʘʥʠʷ ʢʣʘʩʩʦʚ ʧʦʢʘʟʘʣ ʩʦʧʦʩʪʘʚʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʤʝʥʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 
ʟʘʪʨʘʪʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ. ɼʝʨʝʚʦ ʨʝʰʝʥʠʡ ʩ ʙʘʣʘʥʩʠʨʦʚʢʦʡ 
ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʠʜʝʘʣʴʥʳʝ ʤʝʪʨʠʢʠ 1.00, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʚʘʣʠʜʘʮʠʠ ʥʘ ʥʝʟʘʚʠʩʠʤʳʭ ʜʘʥʥʳʭ ʠʟ-
ʟʘ ʨʠʩʢʘ ʧʝʨʝʦʙʫʯʝʥʠʷ. ʅʝʜʦʜʠʩʢʨʝʪʠʟʘʮʠʷ ʧʦʢʘʟʘʣʘ ʥʘʠʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦ 
ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ precision. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʢʦʤʝʥʜʘʮʠʷ: ʜʣʷ ʟʘʜʘʯ HR-ʘʥʘʣʠʪʠʢʠ, ʛʜʝ ʮʝʥʘ ʧʨʦʧʫʩʢʘ ʮʝʣʝʚʦʛʦ ʩʦʙʳʪʠʷ 
ʚʳʩʦʢʘ, ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ recall ʤʝʥʴʰʝʛʦ ʢʣʘʩʩʘ ʠ ʦʮʝʥʠʚʘʪʴ ʢʘʯʝʩʪʚʦ 
ʧʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʠ PR-AUC, ʘ ʥʝ ʧʦ ʦʙʱʝʡ ʪʦʯʥʦʩʪʠ. ʆʧʪʠʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʜʣʷ 
ʚʥʝʜʨʝʥʠʷ ʷʚʣʷʝʪʩʷ SVM ʩ class_weight='balanced'. 
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Annotation.  The paper examines the influence of class imbalance on the efficiency of machine learning algorithms. Using the example of a 
dataset of professional burnout forecasting, three balancing methods are compared: oversampling, undersampling and weighing classes. 
Logistic regression, decision tree and reference vector method were experimentally evaluated. It has been established that ignoring the 
imbalance leads to the inability of models to identify a minor class with high overall accuracy. Class weighing is recognised as the most 
versatile solution, providing high balanced accuracy and PR-AUC without changing the amount of data. The results form recommendations 
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ʆɹɽʉʇɽʏɽʅʀɽ ʎɽʃʆʉʊʅʆʉʊʀ ɼɸʅʅʓʍ ɺ ʄʅʆɻʆʇʆʊʆʏʅʆʄ 
TCP-ʉɽʈɺɽʈɽ ʅɸ JAVA ʇʈʀ ʀʉʇʆʃʔɿʆɺɸʅʀʀ HIBERNATE 

ʊʦʣʩʪʠʢ ɸ.ʉ., ɻʝʨʘʩʠʤʦʚʠʯ ɸ.ʖ., ʉʢʚʦʨʝʮ ʀ.ʉ., ʩʪʫʜʝʥʪʳ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʠʜʦʨʦʚ ʉ.ɺ. ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʚ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʩʝʨʚʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʠ 
ʢʦʥʢʫʨʝʥʪʥʦʤ ʜʦʩʪʫʧʝ. ʇʨʝʜʣʦʞʝʥ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʧʦʜʭʦʜ ʢ ʟʘʱʠʪʝ ʜʘʥʥʳʭ ʜʣʷ Java-ʩʝʨʚʝʨʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ TCP-ʟʘʧʨʦʩʳ ʠ 
ʠʩʧʦʣʴʟʫʶʱʝʛʦ Hibernate. ʈʘʩʩʤʦʪʨʝʥʘ ʧʦʩʣʦʡʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʚʢʣʶʯʘʶʱʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʫʶ ʤʘʨʰʨʫʪʠʟʘʮʠʶ, ʩʝʨʚʠʩʥʫʶ 
ʚʘʣʠʜʘʮʠʶ, ʤʝʭʘʥʠʟʤ ʣʦʛʠʯʝʩʢʦʛʦ ʫʜʘʣʝʥʠʷ, ʪʨʘʥʟʘʢʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʝʩʩʠʷʤʠ ʠ ʦʧʪʠʤʠʩʪʠʯʝʩʢʫʶ ʙʣʦʢʠʨʦʚʢʫ. ʈʝʟʫʣʴʪʘʪʳ 
ʥʘʛʨʫʟʦʯʥʦʛʦ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ: ʩʠʩʪʝʤʘ ʫʩʧʝʰʥʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 
ʧʦʪʝʨʶ ʦʙʥʦʚʣʝʥʠʡ ʠ ʥʘʨʫʰʝʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʦʙʲʝʢʪʥʦʛʦ ʛʨʘʬʘ, ʥʘʜʝʞʥʦ ʧʨʝʦʙʨʘʟʫʷ ʢʦʥʢʫʨʝʥʪʥʳʝ ʪʨʘʥʟʘʢʮʠʦʥʥʳʝ 
ʢʦʥʬʣʠʢʪʳ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʦʪʢʘʟʳ ʙʝʟ ʩʢʨʳʪʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ. ʄʥʦʛʦʧʦʪʦʯʥʳʡ ʩʝʨʚʝʨ, ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ, ʢʦʥʢʫʨʝʥʪʥʳʡ ʜʦʩʪʫʧ, ORM, Hibernate, ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʥʟʘʢʮʠʷʤʠ, 
ʦʧʪʠʤʠʩʪʠʯʝʩʢʘʷ ʙʣʦʢʠʨʦʚʢʘ, ʣʦʛʠʯʝʩʢʦʝ ʫʜʘʣʝʥʠʝ, ʧʦʪʝʨʷ ʦʙʥʦʚʣʝʥʠʡ, ʧʦʩʣʦʡʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʝ, Java. 

ʄʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʩʝʨʚʝʨʥʳʝ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʫʩʣʦʚʠʷʭ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʜʦʩʪʫʧʘ 
ʢ ʦʙʱʠʤ ʜʘʥʥʳʤ. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʟʘʧʨʦʩʦʚ ʢ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʟʘʧʠʩʷʤ ʠʣʠ ʢ ʩʚʷʟʘʥʥʳʤ 
ʩʫʱʥʦʩʪʷʤ ʚʦʟʥʠʢʘʶʪ ʧʦʪʝʨʷ ʦʙʥʦʚʣʝʥʠʡ, ʢʦʥʬʣʠʢʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʥʘʨʫʰʝʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ 
ʦʙʲʝʢʪʥʦʛʦ ʛʨʘʬʘ. ɼʣʷ backend-ʨʘʟʨʘʙʦʪʢʠ ʵʪʘ ʧʨʦʙʣʝʤʘ ʥʦʩʠʪ ʧʨʠʢʣʘʜʥʦʡ ʭʘʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ 
ʦʰʠʙʢʘ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʪʘʙʣʠʮʘʭ ʙʘʟʳ ʜʘʥʥʳʭ, ʥʦ ʠ ʚ ʧʦʚʝʜʝʥʠʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʧʨʦʚʝʨʢʝ 
ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʨʘʚʠʣʘʭ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʚ ʨʘʙʦʪʝ ʩʣʦʷ ʩʦʭʨʘʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʦʙʝʩʧʝʯʝʥʠʝ 
ʮʝʣʦʩʪʥʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʨʘʙʦʪʫ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʪʫʨʦʚ ʟʘʱʠʪʳ: ʦʪ 
ʧʨʠʝʤʘ ʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʟʘʧʨʦʩʘ ʜʦ ʪʨʘʥʟʘʢʮʠʦʥʥʦʡ ʬʠʢʩʘʮʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʤ 
ʦʪʦʙʨʘʞʝʥʠʠ (ʜʘʣʝʝ ï ORM) ʠ ʙʘʟʝ ʜʘʥʥʳʭ [1]. ʇʨʘʢʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ 
ʤʥʦʛʦʧʦʪʦʯʥʳʡ Java-ʩʝʨʚʝʨ, ʧʨʠʥʠʤʘʶʱʠʡ ʢʣʠʝʥʪʩʢʠʝ ʟʘʧʨʦʩʳ ʧʦ Transmission Control Protocol 
(ʜʘʣʝʝ ï TCP) ʠ ʠʩʧʦʣʴʟʫʶʱʠʡ Hibernate ʜʣʷ ʨʘʙʦʪʳ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʩʫʱʥʦʩʪʷʤʠ ʦʪʜʝʣʦʚ, 
ʩʦʪʨʫʜʥʠʢʦʚ, ʧʨʦʝʢʪʦʚ ʠ ʩʚʷʟʝʡ ʫʯʘʩʪʠʷ [2]. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʩʝʨʚʝʨ ʧʦʩʪʨʦʝʥ ʧʦ ʧʦʩʣʦʡʥʦʡ ʩʭʝʤʝ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʘ [3]. ʂʣʠʝʥʪʩʢʘʷ 
ʢʦʤʘʥʜʘ ʧʨʠʥʠʤʘʝʪʩʷ TCP-ʩʝʨʚʝʨʦʤ, ʜʘʣʝʝ ʧʨʦʭʦʜʠʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʩʣʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, 
ʢʦʥʪʨʦʣʣʝʨʥʳʡ ʠ ʩʝʨʚʠʩʥʳʡ ʢʦʥʪʫʨʳ, ʧʦʩʣʝ ʯʝʛʦ ʠʟʤʝʥʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʯʝʨʝʟ Hibernate ʚ 
ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʢʨʦ-ʩʭʝʤʘ ʧʨʦʭʦʞʜʝʥʠʷ ʢʣʠʝʥʪʩʢʦʛʦ ʟʘʧʨʦʩʘ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʘʢʨʦ-ʩʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʢʣʠʝʥʪʩʢʦʛʦ ʟʘʧʨʦʩʘ 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʭʝʤʘ ʦʪʨʘʞʘʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʨʷʜʦʢ ʧʨʦʭʦʞʜʝʥʠʷ ʟʘʧʨʦʩʘ, ʥʦ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʤʝʞʜʫ ʩʣʦʷʤʠ. 

ʇʝʨʚʘʷ ʣʠʥʠʷ ʟʘʱʠʪʳ ʬʦʨʤʠʨʫʝʪʩʷ ʝʱʝ ʜʦ ʦʙʨʘʱʝʥʠʷ ʢ ʙʠʟʥʝʩ-ʣʦʛʠʢʝ. ɿʘʧʨʦʩ ʧʦʩʪʫʧʘʝʪ ʚ 
ʩʝʨʚʝʨ ʚ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʤ ʬʦʨʤʘʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʥʦʨʤʘʣʠʟʫʝʪʩʷ, ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ 
ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʤʘʨʰʨʫʪʦʤ ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʢ ʚʳʟʦʚʫ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʨʘʙʦʪʯʠʢʘ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ 
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ʠʩʢʣʶʯʘʶʪʩʷ ʦʙʨʘʱʝʥʠʷ ʢ ʥʝʩʫʱʝʩʪʚʫʶʱʠʤ ʤʘʨʰʨʫʪʘʤ, ʘ ʘʨʛʫʤʝʥʪʳ ʢʦʥʪʨʦʣʣʝʨʥʦʛʦ ʤʝʪʦʜʘ 
ʠʟʚʣʝʢʘʶʪʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʠʟ ʧʫʪʠ ʠ ʪʝʣʘ ʟʘʧʨʦʩʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʚʘʞʝʥ ʩ ʧʦʟʠʮʠʠ ʮʝʣʦʩʪʥʦʩʪʠ, 
ʧʦʩʢʦʣʴʢʫ ʩʝʨʚʠʩʥʳʡ ʩʣʦʡ ʧʦʣʫʯʘʝʪ ʫʞʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʠ ʪʠʧʠʟʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ, ʘ ʥʝ 
ʧʨʦʠʟʚʦʣʴʥʳʡ ʥʘʙʦʨ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʟʥʘʯʝʥʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʪʦʛʦ ʫʨʦʚʥʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʥʥʝʤ ʦʪʩʝʯʝʥʠʠ ʥʝʢʦʨʨʝʢʪʥʳʭ ʩʦʩʪʦʷʥʠʡ. 
ɽʩʣʠ ʧʫʪʴ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʰʘʙʣʦʥʫ, ʪʝʣʦ ʟʘʧʨʦʩʘ ʦʪʩʫʪʩʪʚʫʝʪ ʣʠʙʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʝ ʧʨʠʚʦʜʠʪʩʷ ʢ 
ʪʨʝʙʫʝʤʦʤʫ ʪʠʧʫ, ʚʳʧʦʣʥʝʥʠʝ ʧʨʝʢʨʘʱʘʝʪʩʷ ʜʦ ʥʘʯʘʣʘ ʧʨʝʜʤʝʪʥʦʡ ʦʧʝʨʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʰʠʙʢʘ ʥʝ 
ʤʘʩʢʠʨʫʝʪʩʷ ʧʦʜ ʩʙʦʡ ORM ʠʣʠ ʙʘʟʳ ʜʘʥʥʳʭ, ʘ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʪʦʯʢʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ɼʣʷ 
ʤʥʦʛʦʧʦʪʦʯʥʦʛʦ ʩʝʨʚʝʨʘ ʵʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʯʝʤ ʨʘʥʴʰʝ ʦʪʢʣʦʥʝʥ ʥʝʢʦʨʨʝʢʪʥʳʡ ʟʘʧʨʦʩ, ʪʝʤ 
ʤʝʥʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ ʚ ʨʘʙʦʪʫ ʫʞʝ ʫʧʨʘʚʣʷʝʤʳʭ ʩʫʱʥʦʩʪʝʡ ʠ ʪʨʘʥʟʘʢʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʢʦʥʪʨʦʣʣʝʨʘʤ ʠ ʩʝʨʚʠʩʘʤ. ɿʜʝʩʴ 
ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʢʣʘʜʥʘʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʜʘʥʥʳʭ. ʉʝʨʚʠʩʥʳʝ ʤʝʪʦʜʳ ʧʨʦʚʝʨʷʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ 
ʘʢʪʠʚʥʦʩʪʴ ʩʚʷʟʘʥʥʳʭ ʩʫʱʥʦʩʪʝʡ, ʥʝ ʜʦʧʫʩʢʘʶʪ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʦ ʥʝʧʦʣʥʦʤʫ ʠʣʠ ʧʨʦʪʠʚʦʨʝʯʠʚʦʤʫ 
ʥʘʙʦʨʫ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠ ʧʨʠʤʝʥʷʶʪ ʧʨʘʚʠʣʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʜʦ ʬʠʢʩʘʮʠʠ ʠʟʤʝʥʝʥʠʡ. ʇʦ ʵʪʦʡ 
ʧʨʠʯʠʥʝ ʮʝʣʦʩʪʥʦʩʪʴ ʥʘ ʩʝʨʚʠʩʥʦʤ ʫʨʦʚʥʝ ʚʳʨʘʞʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʬʦʨʤʘʣʴʥʦʡ ʚʘʣʠʜʥʦʩʪʠ ʧʦʣʝʡ, ʥʦ 
ʠ ʚ ʢʦʨʨʝʢʪʥʦʩʪʠ ʩʘʤʦʛʦ ʩʮʝʥʘʨʠʷ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ. 

ɺ ʪʝʢʫʱʝʤ ʩʝʨʚʝʨʝ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚʳʭ ʤʝʭʘʥʠʟʤʘʭ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʠʣʠ 
ʠʟʤʝʥʝʥʠʠ ʩʫʱʥʦʩʪʝʡ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʩʩʳʣʦʢ ʥʘ ʩʚʷʟʘʥʥʳʝ ʦʙʲʝʢʪʳ, ʘ ʣʦʛʠʯʝʩʢʦʝ ʫʜʘʣʝʥʠʝ 
ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ soft delete, ʧʨʠ ʢʦʪʦʨʦʤ ʟʘʧʠʩʴ ʠʩʢʣʶʯʘʝʪʩʷ ʠʟ ʘʢʪʠʚʥʦʛʦ ʥʘʙʦʨʘ ʙʝʟ ʬʠʟʠʯʝʩʢʦʛʦ 
ʫʜʘʣʝʥʠʷ ʩʪʨʦʢʠ. ɼʣʷ ʩʚʷʟʠ ʩʦʪʨʫʜʥʠʢʘ ʠ ʧʨʦʝʢʪʘ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʦʪʜʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ: ʘʢʪʠʚʥʘʷ 
ʜʫʙʣʠʨʫʶʱʘʷ ʩʚʷʟʴ ʟʘʧʨʝʱʘʝʪʩʷ, ʘ ʨʘʥʝʝ ʫʜʘʣʝʥʥʘʷ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʚʤʝʩʪʦ ʧʦʚʪʦʨʥʦʛʦ 
ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʟʘʧʠʩʠ. ɸʥʘʣʦʛʠʯʥʦ, ʧʨʠ ʫʜʘʣʝʥʠʠ ʩʦʪʨʫʜʥʠʢʘ ʠʣʠ ʧʨʦʝʢʪʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 
ʜʝʘʢʪʠʚʠʨʫʶʪʩʷ ʩʚʷʟʘʥʥʳʝ ʟʘʧʠʩʠ ʫʯʘʩʪʠʷ. ʊʝʤ ʩʘʤʳʤ ʩʝʨʚʝʨ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʷʚʣʝʥʠʝ ʘʢʪʠʚʥʳʭ 
ʩʚʷʟʝʡ, ʚʝʜʫʱʠʭ ʢ ʣʦʛʠʯʝʩʢʠ ʫʜʘʣʝʥʥʳʤ ʦʙʲʝʢʪʘʤ. ʉ ʧʨʠʢʣʘʜʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 
ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝ ʧʨʦʩʪʦ ʢʦʨʨʝʢʪʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʩʪʨʦʢ, ʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʚʩʝʛʦ ʩʚʷʟʘʥʥʦʛʦ 
ʥʘʙʦʨʘ ʜʘʥʥʳʭ. 

ʉʣʝʜʫʶʱʠʡ ʢʦʥʪʫʨ ʟʘʱʠʪʳ ʩʚʷʟʘʥ ʩ ʪʨʘʥʟʘʢʮʠʦʥʥʳʤ ʚʳʧʦʣʥʝʥʠʝʤ ʦʧʝʨʘʮʠʡ. ɺʩʝ ʠʟʤʝʥʷʶʱʠʝ 
ʜʝʡʩʪʚʠʷ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʘʪʦʤʘʨʥʦ, ʪʦ ʝʩʪʴ ʣʠʙʦ ʟʘʚʝʨʰʘʪʴʩʷ ʧʦʣʥʦʩʪʴʶ, ʣʠʙʦ ʥʝ ʦʩʪʘʚʣʷʪʴ 
ʧʦʩʣʝ ʩʝʙʷ ʯʘʩʪʠʯʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʀʤʝʥʥʦ ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ 
ʤʝʥʝʜʞʝʨ ʩʝʩʩʠʡ, ʢʦʪʦʨʳʡ ʦʪʢʨʳʚʘʝʪ Hibernate Session, ʥʘʯʠʥʘʝʪ ʪʨʘʥʟʘʢʮʠʶ, ʚʳʧʦʣʥʷʝʪ ʧʨʠʢʣʘʜʥʫʶ 
ʦʧʝʨʘʮʠʶ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʘʪʘ ʣʠʙʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʟʤʝʥʝʥʠʷ, ʣʠʙʦ ʚʳʧʦʣʥʷʝʪ rollback. ʉ 
ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʤʥʦʛʦʧʦʪʦʯʥʦʛʦ ʩʝʨʚʝʨʘ ʵʪʦ ʠʩʢʣʶʯʘʝʪ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʦʜʥʘ ʯʘʩʪʴ 
ʩʚʷʟʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʞʝ ʟʘʧʠʩʘʥʘ, ʘ ʜʨʫʛʘʷ ʥʝ ʟʘʚʝʨʰʠʣʘʩʴ ʠʟ-ʟʘ ʠʩʢʣʶʯʝʥʠʷ. 

Hibernate ʨʘʩʩʤʘʪʨʠʚʘʝʪ Session ʢʘʢ ʢʦʥʪʝʢʩʪ ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʠ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʩʫʱʥʦʩʪʠ 
ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʷʭ transient, managed, detached ʠʣʠ removed, ʘ flush ʩʠʥʭʨʦʥʠʟʠʨʫʝʪ ʥʘʢʦʧʣʝʥʥʳʝ 
ʠʟʤʝʥʝʥʠʷ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ [4]. ʊʘʢʘʷ ʤʦʜʝʣʴ ʚʘʞʥʘ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʧʦʯʝʤʫ ʮʝʣʦʩʪʥʦʩʪʴ ʥʝʣʴʟʷ 
ʩʚʦʜʠʪʴ ʪʦʣʴʢʦ ʢ ʠʟʦʣʷʮʠʠ ʥʘ ʩʪʦʨʦʥʝ ʉʋɹɼ. ʄʝʞʜʫ ʯʪʝʥʠʝʤ ʜʘʥʥʳʭ, ʧʦʩʪʨʦʝʥʠʝʤ ʦʙʲʝʢʪʥʦʛʦ ʛʨʘʬʘ 
ʠ ʬʠʢʩʘʮʠʝʡ ʠʟʤʝʥʝʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʤʝʞʫʪʦʢ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʠ ʚʦʟʥʠʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 
ʢʦʥʢʫʨʝʥʪʥʳʭ ʢʦʥʬʣʠʢʪʦʚ. ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʧʨʦʤʝʞʫʪʢʝ ʩʪʘʥʦʚʷʪʩʷ ʢʨʠʪʠʯʥʳʤʠ ʦʧʪʠʤʠʩʪʠʯʝʩʢʘʷ 
ʙʣʦʢʠʨʦʚʢʘ ʠ ʢʦʨʨʝʢʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷʤʠ ʩʫʱʥʦʩʪʝʡ. 

ʂʣʶʯʝʚʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʨʷʥʥʳʭ ʦʙʥʦʚʣʝʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʝʨʚʝʨʝ 
ʚr ʩʪʫʧʘʝʪ ʧʦʣʝ ʚʝʨʩʠʠ, ʧʦʤʝʯʝʥʥʦʝ ʘʥʥʦʪʘʮʠʝʡ @Version. ʊʘʢʦʝ ʧʦʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʩʪʘʚʱʠʢʦʤ 
ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʠ ʜʣʷ ʦʧʪʠʤʠʩʪʠʯʝʩʢʦʡ ʙʣʦʢʠʨʦʚʢʠ, ʘ ʧʨʠ ʟʘʧʠʩʠ ʩʫʱʥʦʩʪʠ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʚʝʨʩʠʷ ʚ 
ʧʘʤʷʪʠ ʜʦʣʞʥʘ ʩʨʘʚʥʠʚʘʪʴʩʷ ʩ ʚʝʨʩʠʝʡ ʚ ʭʨʘʥʠʣʠʱʝ [5]. @Version ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ 
ʢʦʥʬʣʠʢʪʫʶʱʠʝ ʦʙʥʦʚʣʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʦʪʝʨʶ ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʣʘ ʙʳ ʧʨʠ ʩʪʨʘʪʝʛʠʠ 
last commit wins [6]. ʄʝʭʘʥʠʟʤ ʪʘʢʦʚ, ʯʪʦ version-ʩʪʦʣʙʝʮ ʚʢʣʶʯʘʝʪʩʷ ʚ ʫʩʣʦʚʠʝ ʦʙʥʦʚʣʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ 
ʯʝʤʫ ʫʩʪʘʨʝʚʰʠʡ ʩʥʠʤʦʢ ʩʪʨʦʢʠ ʥʝ ʤʦʞʝʪ ʥʝʟʘʤʝʪʥʦ ʧʝʨʝʟʘʧʠʩʘʪʴ ʙʦʣʝʝ ʥʦʚʫʶ ʚʝʨʩʠʶ. 

ʈʦʣʴ ʙʘʟʳ ʜʘʥʥʳʭ ʚ ʵʪʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʦʩʪʘʝʪʩʷ ʩʪʨʘʭʫʶʱʝʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʚʝʨʰʘʶʱʝʡ. ʅʘ 
ʫʨʦʚʥʝ ʩʭʝʤʳ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʢʨʠʪʠʯʥʳʭ ʧʦʣʝʡ, ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʩʩʳʣʦʢ ʚ ʩʫʱʥʦʩʪʠ 
ʩʚʷʟʠ ʠ ʫʥʠʢʘʣʴʥʦʩʪʴ ʧʘʨʳ ʩʦʪʨʫʜʥʠʢ-ʧʨʦʝʢʪ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʦʰʠʙʢʝ ʥʘ ʚʝʨʭʥʠʭ ʩʣʦʷʭ 
ʩʠʩʪʝʤʘ ʭʨʘʥʝʥʠʷ ʥʝ ʧʦʟʚʦʣʠʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʨʷʜ ʩʪʨʫʢʪʫʨʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʩʦʩʪʦʷʥʠʡ. 
ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʟʥʘʯʠʤ ʨʝʞʠʤ ʠʟʦʣʷʮʠʠ ʪʨʘʥʟʘʢʮʠʡ PostgreSQL. ʋʨʦʚʝʥʴ Read Committed 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʘ Repeatable Read ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʛʘʨʘʥʪʠʠ ʚʠʜʠʤʦʩʪʠ 
ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʪʨʘʥʟʘʢʮʠʠ [7]. 

ʆʜʥʘʢʦ ʜʣʷ ʧʨʠʢʣʘʜʥʦʛʦ ʩʝʨʚʝʨʘ ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʠʟʦʣʷʮʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʢʦʛʜʘ ʯʪʝʥʠʝ ʠ 
ʧʦʩʣʝʜʫʶʱʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʨʘʟʜʝʣʝʥʳ ʚʦ ʚʨʝʤʝʥʠ ʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʣʦʛʠʢʦʡ ORM. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 
ʥʘʜʝʞʥʘʷ ʟʘʱʠʪʘ ʮʝʣʦʩʪʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʩʦʯʝʪʘʥʠʝʤ ʪʨʘʥʟʘʢʮʠʡ, ʦʧʪʠʤʠʩʪʠʯʝʩʢʦʡ 
ʙʣʦʢʠʨʦʚʢʠ, ʩʝʨʚʠʩʥʳʭ ʧʨʘʚʠʣ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʩʭʝʤʳ. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʦʚʝʨʷʣʘʩʴ ʩʪʨʝʩʩ-ʪʝʩʪʦʤ ʤʥʦʛʦʧʦʪʦʯʥʦʛʦ 
TCP-ʩʝʨʚʝʨʘ ʧʨʠ 15 ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʢʣʠʝʥʪʘʭ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪʧʨʘʚʣʷʣ ʧʦ 250 
ʟʘʧʨʦʩʦʚ. ʅʘʛʨʫʟʦʯʥʳʡ ʩʮʝʥʘʨʠʡ ʚʢʣʶʯʘʣ ʯʪʝʥʠʝ ʢʦʣʣʝʢʮʠʡ ʠ ʦʪʜʝʣʴʥʳʭ ʟʘʧʠʩʝʡ, ʩʦʟʜʘʥʠʝ, ʯʘʩʪʠʯʥʦʝ 
ʦʙʥʦʚʣʝʥʠʝ ʠ ʣʦʛʠʯʝʩʢʦʝ ʫʜʘʣʝʥʠʝ ʩʫʱʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʩʚʷʟʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʤʘʨʰʨʫʪʘʤ 
ʩʦʪʨʫʜʥʠʢ-ʧʨʦʝʢʪʳ ʠ ʧʨʦʝʢʪ-ʩʦʪʨʫʜʥʠʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʩʪʨʝʩʩ-ʪʝʩʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʩʪʨʝʩʩ-ʪʝʩʪʘ 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʧʦʣʥʝʥʦ 3750 ʪʝʩʪʦʚʳʭ ʟʘʧʨʦʩʦʚ. ʋʩʧʝʰʥʦ ʟʘʚʝʨʰʠʣʠʩʴ 2798 ʦʧʝʨʘʮʠʡ, 
ʥʝʫʩʧʝʰʥʦ ï 952. ʉʨʝʜʥʷʷ ʟʘʜʝʨʞʢʘ ʩʦʩʪʘʚʠʣʘ 35,54 ʤʩ, ʤʘʢʩʠʤʘʣʴʥʘʷ ï 3489 ʤʩ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 
ʦʪʚʝʪʦʚ ʧʦʢʘʟʘʣʦ 2798 ʦʪʚʝʪʦʚ ʩ ʢʦʜʦʤ 200, 937 ʦʪʚʝʪʦʚ ʩ ʢʦʜʦʤ 404, 14 ʦʪʚʝʪʦʚ ʩ ʢʦʜʦʤ 503 ʠ 1 ʦʪʚʝʪ 
ʩ ʢʦʜʦʤ 400. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ, ʯʪʦ ʚ ʞʫʨʥʘʣʝ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚʥʫʪʨʝʥʥʠʝ ʦʰʠʙʢʠ ʫʨʦʚʥʷ 500. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜ ʢʦʥʢʫʨʝʥʪʥʦʡ ʥʘʛʨʫʟʢʦʡ ʩʝʨʚʝʨ ʥʝ ʧʝʨʝʭʦʜʠʣ ʚ ʘʚʘʨʠʡʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʚʦʟʚʨʘʱʘʣ 
ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʝ ʦʪʚʝʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʢʦʥʢʨʝʪʥʳʡ ʪʠʧ ʢʦʥʬʣʠʢʪʘ. 

ʆʪʚʝʪʳ 404 ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʧʨʠʟʥʘʢ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ. ʀʭ ʧʨʠʨʦʜʘ ʩʚʷʟʘʥʘ ʥʝ ʩ 
ʧʦʚʨʝʞʜʝʥʠʝʤ ʜʘʥʥʳʭ ʚ ʙʘʟʝ, ʘ ʩ ʦʙʨʘʱʝʥʠʝʤ ʢ ʩʫʱʥʦʩʪʷʤ, ʢʦʪʦʨʳʝ ʢ ʤʦʤʝʥʪʫ ʧʦʚʪʦʨʥʦʛʦ ʯʪʝʥʠʷ ʠʣʠ 
ʠʟʤʝʥʝʥʠʷ ʫʞʝ ʙʳʣʠ ʣʦʛʠʯʝʩʢʠ ʫʜʘʣʝʥʳ ʜʨʫʛʠʤ ʧʦʪʦʢʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʝʨʚʝʨ 
ʚʦʟʚʨʘʱʘʣ ʦʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʫʞʝ ʥʝʘʢʪʫʘʣʴʥʦʤʫ ʦʙʲʝʢʪʫ. 

ʂʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʟʘʱʠʪʳ ʮʝʣʦʩʪʥʦʩʪʠ ʠʤʝʶʪ ʦʪʚʝʪʳ 400 ʠ 503. ɽʜʠʥʩʪʚʝʥʥʳʡ 
ʦʪʚʝʪ 400 ʚʦʟʥʠʢ ʧʨʠ ʧʦʚʪʦʨʥʦʡ ʧʦʧʳʪʢʝ ʩʦʟʜʘʪʴ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʪʨʫʜʥʠʢʦʤ ʠ 
ʧʨʦʝʢʪʦʤ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʝʨʚʝʨ ʥʝ ʜʦʧʫʩʢʘʝʪ ʜʫʙʣʠʨʦʚʘʥʠʷ ʣʦʛʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʭ ʩʚʷʟʝʡ ʠ 
ʧʨʝʨʳʚʘʝʪ ʢʦʥʬʣʠʢʪʥʫʶ ʦʧʝʨʘʮʠʶ ʜʦ ʬʠʢʩʘʮʠʠ ʥʝʢʦʨʨʝʢʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʆʪʚʝʪʳ 503 ʦʪʨʘʞʘʶʪ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʢʦʥʬʣʠʢʪʳ ʢʦʥʢʫʨʝʥʪʥʦʡ ʟʘʧʠʩʠ. ʊʘʢʠʝ ʦʰʠʙʢʠ ʚʦʟʥʠʢʘʣʠ 
ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʜʠʥ ʧʦʪʦʢ ʫʩʧʝʚʘʣ ʠʟʤʝʥʠʪʴ ʠʣʠ ʫʜʘʣʠʪʴ ʩʫʱʥʦʩʪʴ ʨʘʥʴʰʝ, ʯʝʤ ʜʨʫʛʦʡ ʧʦʪʦʢ 
ʟʘʚʝʨʰʘʣ ʦʙʥʦʚʣʝʥʠʝ ʪʦʡ ʞʝ ʟʘʧʠʩʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʨʝʚʰʘʷ ʦʧʝʨʘʮʠʷ ʥʝ ʧʨʠʤʝʥʷʣʘʩʴ ʢ ʜʘʥʥʳʤ, ʘ 
ʦʪʢʣʦʥʷʣʘʩʴ ʩʝʨʚʝʨʦʤ ʢʘʢ ʢʦʥʬʣʠʢʪ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʜʦʩʪʫʧʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ 
ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʪʦʢʦʚ ʙʦʣʝʝ ʧʦʟʜʥʝʝ ʩʦʩʪʦʷʥʠʝ ʥʝ ʧʝʨʝʟʘʧʠʩʳʚʘʣʦʩʴ 
ʫʩʪʘʨʝʚʰʠʤ ʟʥʘʯʝʥʠʝʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʩʝʨʚʝʨ ʥʝ ʧʝʨʝʚʦʜʠʪ ʢʦʥʬʣʠʢʪʥʳʝ 
ʩʠʪʫʘʮʠʠ ʚ ʩʢʨʳʪʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʜʘʥʥʳʭ. ʅʘʧʨʦʪʠʚ, ʧʦʧʳʪʢʠ ʧʦʚʪʦʨʥʦʛʦ ʩʦʟʜʘʥʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʡ 
ʩʚʷʟʠ ʠ ʧʦʧʳʪʢʠ ʟʘʧʠʩʠ ʧʦ ʫʩʪʘʨʝʚʰʝʤʫ ʩʦʩʪʦʷʥʠʶ ʟʘʚʝʨʰʘʶʪʩʷ ʷʚʥʳʤ ʦʪʢʘʟʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʩʪʨʝʩʩ-ʪʝʩʪ ʧʦʜʪʚʝʨʜʠʣ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʤʝʥʝʥʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʧʨʠ 
ʢʦʥʢʫʨʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʟʘʧʨʦʩʦʚ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʚ ʤʥʦʛʦʧʦʪʦʯʥʦʤ TCP-ʩʝʨʚʝʨʝ ʥʘ 
Java ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʝʡ ʟʘʱʠʪʳ. 
ʉʦʯʝʪʘʥʠʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʟʘʧʨʦʩʘ, ʩʝʨʚʠʩʥʦʡ ʚʘʣʠʜʘʮʠʠ, ʣʦʛʠʢʠ soft delete, ʪʨʘʥʟʘʢʮʠʦʥʥʦʛʦ 
ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ, optimistic locking ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʙʘʟʳ ʜʘʥʥʳʭ ʩʥʠʞʘʝʪ ʨʠʩʢ ʢʦʥʬʣʠʢʪʥʳʭ 
ʠʟʤʝʥʝʥʠʡ ʠ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʝʨʚʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʠ 
ʢʦʥʢʫʨʝʥʪʥʦʡ ʥʘʛʨʫʟʢʝ ʩʝʨʚʝʨ ʧʝʨʝʚʦʜʠʪ ʢʦʥʬʣʠʢʪʥʳʝ ʩʠʪʫʘʮʠʠ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʦʪʚʝʪʳ 
ʧʨʠʣʦʞʝʥʠʷ, ʘ ʥʝ ʚ ʩʢʨʳʪʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʟʘʱʠʪʳ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʨʠ ʦʙʥʦʚʣʝʥʠʡ. 
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ɺɽɹ-ʇʈʀʃʆɾɽʅʀɽ çʉʆʎʀɸʃʔʅɸʗ ʉɽʊʔè 

ɸʣʝʩʠʥʘ ɸ.ɽ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʫʣʠʢʦʚ ʉ.ʉ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʫʙʣʠʢʘʮʠʠ 
ʢʦʨʦʪʢʠʭ ʩʦʦʙʱʝʥʠʡ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʥʪʝʥʪʦʤ ʠ ʜʨʫʛʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʣʝʥʪʳ 
ʥʦʚʦʩʪʝʡ. 

ʉʝʛʦʜʥʷ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ. ʆʥʠ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʱʝʥʠʷ, ʧʫʙʣʠʢʘʮʠʠ ʥʦʚʦʩʪʝʡ, ʩʦʟʜʘʥʠʷ ʩʦʦʙʱʝʩʪʚ ʧʦ ʠʥʪʝʨʝʩʘʤ ʠ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʥʪʝʥʪʘ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʠ 
ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʜʦʙʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʄʠʢʨʦʙʣʦʛʠ ï ʵʪʦ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʧʫʙʣʠʢʘʮʠʶ 
ʢʦʨʦʪʢʠʭ ʩʦʦʙʱʝʥʠʡ ʠ ʙʳʩʪʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʚʠʜʦʚ ʩʦʮʠʘʣʴʥʳʭ 
ʩʝʪʝʡ, ʤʠʢʨʦʙʣʦʛ ʦʪʜʘʝʪ ʧʨʠʦʨʠʪʝʪ ʣʘʢʦʥʠʯʥʦʤʫ ʢʦʥʪʝʥʪʫ, ʩʢʦʨʦʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ, ʘ ʪʘʢʞʝ 
ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʫʙʣʠʢʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ [1]. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʫʜʦʙʥʦʡ ʩʨʝʜʳ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʢʦʨʦʪʢʠʭ ʪʝʢʩʪʦʚʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʯʝʨʝʟ ʧʦʜʧʠʩʢʠ 
ʠ ʨʝʘʢʮʠʠ. ʄʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʧʨʝʜʣʘʛʘʶʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

1) ʧʫʙʣʠʢʘʮʠʷ ʪʝʢʩʪʦʚʳʭ ʧʫʙʣʠʢʘʮʠʡ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʣʠʥʳ (270-500 ʩʠʤʚʦʣʦʚ); 
2) ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʤʝʥʪʠʨʦʚʘʥʠʷ ʠʣʠ ʩʦʟʜʘʥʠʷ ʚʝʪʦʢ ʦʪʚʝʪʦʚ ʥʘ ʧʫʙʣʠʢʘʮʠʠ; 
3) ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʣʝʥʪʘ ʥʦʚʦʩʪʝʡ; 
4) ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʧʠʩʳʚʘʪʴʩʷ ʥʘ ʧʨʦʬʠʣʠ ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʧʦʧʫʣʷʨʥʳʝ ʧʣʘʪʬʦʨʤʳ ʦʙʣʘʜʘʶʪ ʪʘʢʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʢʘʢ ʧʝʨʝʛʨʫʞʝʥʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣ, ʩʣʦʞʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʦʪʩʫʪʩʪʚʠʝ ʛʠʙʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 
ʢʘʩʪʦʤʠʟʘʮʠʠ ʧʫʙʣʠʢʫʝʤʦʛʦ ʢʦʥʪʝʥʪʘ, ʧʨʦʬʠʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʣʝʥʪʳ ʥʦʚʦʩʪʝʡ.  

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʜʘʚʘʪʴ 
ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ: 

1) ʧʫʙʣʠʢʦʚʘʪʴ ʪʝʢʩʪʦʚʳʝ ʧʦʩʪʳ ʜʣʠʥʦʡ ʜʦ 1000 ʩʠʤʚʦʣʦʚ; 
2) ʧʨʠʢʨʝʧʣʷʪʴ ʢ ʧʦʩʪʘʤ ʤʝʜʠʘʬʘʡʣʳ; 
3) ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʘ ʧʦʜʧʠʩʢʠ, ʦʪʤʝʪʦʢ çʅʨʘ-

ʚʠʪʩʷè, ʢʦʤʤʝʥʪʘʨʠʝʚ ʠ ʨʝʧʦʩʪʦʚ. 
4) ʧʝʨʝʢʣʶʯʘʪʴ ʨʝʞʠʤ ʣʝʥʪʳ ʥʦʚʦʩʪʝʡ ʤʝʞʜʫ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤ (ʧʦʩʪʳ ʣʶʜʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʧʦʜʧʠ-

ʩʘʥ ʧʦʣʴʟʦʚʘʪʝʣʴ), ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʤ (ʧʦʧʫʣʷʨʥʳʝ ʥʦʚʳʝ ʧʦʩʪʳ). 
ʇʦʣʴʟʦʚʘʪʝʣʴ ʪʘʢ ʞʝ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʠʪʴ ʚʥʝʰʥʠʡ ʚʠʜ ʩʚʦʝʡ ʩʪʨʘʥʠʮʳ 

ʧʨʦʬʠʣʷ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʘʛʨʫʟʢʫ ʠʟʦʙʨʘʞʝʥʠʷ ʘʚʘʪʘʨʘ ʠ ʬʦʥʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʨʘʥʠʮʳ, ʘ 
ʪʘʢʞʝ ʫʢʘʟʘʥʠʷ ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʩʳʣʦʢ ʥʘ ʚʥʝʰʥʠʝ ʨʝʩʫʨʩʳ, ʥʘʧʨʠʤʝʨ, ʘʢʢʘʫʥʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ 
ʚ ʜʨʫʛʠʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʥʦʮʝʥʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʥʘ JavaScript 
ʙʳʣ ʚʳʙʨʘʥ ʩʪʝʢ MERN (MongoDB, Express.js, React, Node.js). ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʦʩʪʨʦʝʥʘ ʧʦ 
ʧʨʠʥʮʠʧʫ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʢʣʠʝʥʪʩʢʫʶ ʠ ʩʝʨʚʝʨʥʫʶ ʯʘʩʪʠ. ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ React ʠ Tailwind CSS, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʩʦʩʪʦʷʥʠʝʤ ʧʨʠʣʦʞʝʥʠʷ 
ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʧʦʜ ʨʘʟʣʠʯʥʳʝ 
ʫʩʪʨʦʡʩʪʚʘ. ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʦʩʥʦʚʘʥʘ ʥʘ Node.js ʠ ʠʩʧʦʣʴʟʫʝʪ ʬʨʝʡʤʚʦʨʢ Express.js, ʢʦʪʦʨʳʡ 
ʦʙʨʘʙʘʪʳʚʘʝʪ HTTP-ʟʘʧʨʦʩʳ ʠ ʨʝʘʣʠʟʫʝʪ REST API. ɼʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ MongoDB, 
ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʛʠʙʢʫʶ ʩʭʝʤʫ ʭʨʘʥʝʥʠʷ ʠ ʧʨʦʩʪʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ ʚ ʬʦʨʤʘʪʝ ʜʦʢʫʤʝʥʪʦʚ. 

ʊʘʢʞʝ ʦʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʥʪʝʛʨʘʮʠʷ ʩ ʦʙʣʘʯʥʳʤ ʩʝʨʚʠʩʦʤ 
Cloudinary ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʬʘʡʣʦʚ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 
ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʦʩʥʦʚʥʦʡ ʩʝʨʚʝʨ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 
ʨʝʩʫʨʩʦʝʤʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʭʨʘʥʝʥʠʶ ʠ ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʠʜʝʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʙʳʩʪʨʦʛʦ ʦʙʤʝʥʘ 
ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚ ʬʦʨʤʘʪʝ ʤʠʢʨʦʙʣʦʛʦʚ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. EBSCO Information Services [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 03.04.2026. URL: https://www.ebsco.com/research-
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ʉʀʅʍʈʆʅʀɿɸʎʀʗ ʇʈʆʌʀʃɽʁ ʇʆʃʔɿʆɺɸʊɽʃɽʁ ʄɽɾɼʋ 
ʇʈʆɺɸʁɼɽʈʆʄ KEYCLOAK IAM ʀ ʈɽʃʗʎʀʆʅʅʆʁ ɹɸɿʆʁ ɼɸʅʅʓʍ 

ɺ SPRING-ʇʈʀʃʆɾɽʅʀʀ 

ɺʦʡʪʦʚ ɸ.ɺ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʅʝʩʪʝʨʝʥʢʦʚ ʉ.ʅ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ JIT-ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʬʠʣʝʡ ʤʝʞʜʫ Keycloak ʠ ʨʝʣʷʮʠʦʥʥʦʡ ɹɼ ʚ Spring-ʧʨʠʣʦʞʝʥʠʠ. ʀʟʚʣʝʯʝʥʠʝ 
ʜʘʥʥʳʭ ʠʟ JWT-ʪʦʢʝʥʘ çʥʘ ʣʝʪʫè ʧʦʟʚʦʣʷʝʪ ʪʨʘʥʟʘʢʮʠʦʥʥʦ ʩʦʟʜʘʚʘʪʴ ʠ ʦʙʥʦʚʣʷʪʴ ʣʦʢʘʣʴʥʳʝ ʟʘʧʠʩʠ ʙʝʟ ʧʨʷʤʳʭ ʟʘʧʨʦʩʦʚ ʢ IAM, 
ʩʥʠʞʘʷ ʩʝʪʝʚʫʶ ʥʘʛʨʫʟʢʫ ʠ ʩʦʭʨʘʥʷʷ stateless-ʘʨʭʠʪʝʢʪʫʨʫ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʙʫʯʝʥʠʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʠ ʘʚʪʦʨʠʟʘʮʠʶ ʚʩʸ ʯʘʱʝ ʚʳʥʦʩʷʪ ʚ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʢʣʘʩʩʘ Identity and Access Management (IAM). ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ IT-ʢʦʤʧʘʥʠʠ 
ʨʦʣʴ ʪʘʢʦʛʦ IAM-ʧʨʦʚʘʡʜʝʨʘ ʚʳʧʦʣʥʷʝʪ Keycloak [1]. ʉʝʨʚʝʨʥʘʷ ʣʦʛʠʢʘ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠ ʵʪʦʤ 
ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʙʘʟʝ ʧʦʧʫʣʷʨʥʦʛʦ ʬʨʝʡʤʚʦʨʢʘ Spring Boot [2]. 

Keycloak ʥʘʜʝʞʥʦ ʭʨʘʥʠʪ ʫʯʝʪʥʳʝ ʜʘʥʥʳʝ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʢʚʦʟʥʫʶ ʘʚʪʦʨʠʟʘʮʠʶ (Single Sign-
On). ʆʜʥʘʢʦ ʠʟ-ʟʘ ɻʪʦʛʦ ʚʦʟʥʠʢʘʝʪ ʢʣʘʩʩʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʩʚʷʟʳʚʘʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʟ Keycloak ʩ ʝʛʦ ʣʦʢʘʣʴʥʳʤ ʧʨʦʬʠʣʝʤ ʚ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʝ 
PostgreSQL [3], ʛʜʝ ʭʨʘʥʷʪʩʷ ʦʮʝʥʢʠ ʠ ʧʨʦʛʨʝʩʩ ʧʦ ʢʫʨʩʘʤ. ɼʣʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʳ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ 
ʩʦʭʨʘʥʷʪʴ ʩʪʨʦʛʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʵʪʠʭ ʜʘʥʥʳʭ. ɽʩʣʠ ʩʦʪʨʫʜʥʠʢ ʧʝʨʝʡʜʝʪ ʚ ʜʨʫʛʦʡ ʦʪʜʝʣ, ʠʩʪʦʨʠʷ ʝʛʦ 
ʦʙʫʯʝʥʠʷ ʥʠ ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʥʝ ʜʦʣʞʥʘ ʧʦʪʝʨʷʪʴʩʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʩʠʥʭʨʦʥʥʳʭ REST-ʟʘʧʨʦʩʦʚ ʢ Admin API Keycloak ʧʨʠ 
ʢʘʞʜʦʤ ʜʝʡʩʪʚʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʬʠʣʷ. ʅʦ ʵʪʦ ʩʝʨʴʝʟʥʦ ʟʘʤʝʜʣʠʪ ʨʘʙʦʪʫ ʧʨʠʣʦʞʝʥʠʷ 
ʠ ʩʦʟʜʘʩʪ ʩʣʠʰʢʦʤ ʞʝʩʪʢʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʩʝʨʚʠʩʘʤʠ. ʍʨʘʥʠʪʴ ʚʩʝ ʦʮʝʥʢʠ ʠ ʧʨʦʛʨʝʩʩ ʧʨʷʤʦ ʚ ʘʪʨʠʙʫʪʘʭ 
Keycloak ʪʘʢʞʝ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ: ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʩʣʦʞʥʳʝ ʨʝʣʷʮʠʦʥʥʳʝ 
ʩʚʷʟʠ ʠ ʟʘʧʨʦʩʳ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣ ʚʥʝʜʨʝʥ ʧʘʪʪʝʨʥ Just-In-Time (JIT) 
ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʨʦʬʠʣʝʡ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʠʩʪʝʤʘ ʧʝʨʝʭʚʘʪʳʚʘʝʪ ʠ 
ʨʘʟʙʠʨʘʝʪ ʪʦʢʝʥ ʜʦʩʪʫʧʘ (JWT), ʧʝʨʝʜʘʚʘʝʤʳʡ ʢʣʠʝʥʪʩʢʠʤ React-ʧʨʠʣʦʞʝʥʠʝʤ ʚ ʟʘʛʦʣʦʚʢʘʭ ʢʘʞʜʦʛʦ 
ʟʘʧʨʦʩʘ. ɺʩʷ ʣʦʛʠʢʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʩʪʨʦʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʮʝʧʦʯʢʫ ʬʠʣʴʪʨʦʚ Spring Security. ɼʣʷ 
ʵʪʦʛʦ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ JwtAuthenticationConverter. ʆʥ ʦʙʨʘʙʘʪʳʚʘʝʪ ʚʭʦʜʷʱʠʡ 
HTTP-ʟʘʧʨʦʩ ʝʱʝ ʜʦ ʧʦʧʘʜʘʥʠʷ ʚ ʩʣʦʡ ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʩʦʙʠʨʘʝʪ ʛʦʪʦʚʳʡ ʦʙʲʝʢʪ ʘʚʪʦʨʠʟʘʮʠʠ ʜʣʷ 
ʢʦʥʪʝʢʩʪʘ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʘʨʘʣʣʝʣʴʥʦ ʢʦʥʚʝʨʪʝʨ ʧʨʝʦʙʨʘʟʫʝʪ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ: ʠʟʚʣʝʢʘʝʪʩʷ ʤʘʩʩʠʚ 
realm_access.roles ʠʟ ʪʦʢʝʥʘ ʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʩʧʠʩʦʢ ʧʨʘʚ GrantedAuthority, ʯʪʦʙʳ ʘʥʥʦʪʘʮʠʠ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ ʩʝʨʚʠʩʦʚ ʨʘʙʦʪʘʣʠ ʢʦʨʨʝʢʪʥʦ. 

ʇʨʠ ʫʩʧʝʰʥʦʡ ʧʨʦʚʝʨʢʝ ʧʦʜʧʠʩʠ ʪʦʢʝʥʘ ʠʟ ʥʝʛʦ ʠʟʚʣʝʢʘʶʪʩʷ ʙʘʟʦʚʳʝ ʧʦʣʷ: ʫʥʠʢʘʣʴʥʳʡ UUID, 
ʧʦʯʪʘ, ʌʀʆ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʜʦʣʞʥʦʩʪʠ. ʉʨʘʟʫ ʧʦʩʣʝ ʵʪʦʛʦ 
ʧʨʠʣʦʞʝʥʠʝ ʦʙʨʘʱʘʝʪʩʷ ʢ ʣʦʢʘʣʴʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ. ɽʩʣʠ ʟʘʧʠʩʠ ʩ ʪʘʢʠʤ UUID ʝʱʝ ʥʝʪ, ʦʪʢʨʳʚʘʝʪʩʷ 
ʥʦʚʘʷ ʪʨʘʥʟʘʢʮʠʷ, ʠ ʚ ʪʘʙʣʠʮʝ ʩʦʟʜʘʝʪʩʷ ʩʚʝʞʠʡ ʧʨʦʬʠʣʴ ʩʦʪʨʫʜʥʠʢʘ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʦʩʪʦʷʥʠʡ 
ʛʦʥʢʠ (race condition) ʠ ʜʫʙʣʠʨʦʚʘʥʠʷ ʟʘʧʠʩʝʡ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʟʘʧʨʦʩʦʚ ʦʪ 
ʥʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩʦʭʨʘʥʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʯʝʨʝʟ ʩʪʨʦʛʫʶ ʪʨʘʥʟʘʢʮʠʶ, ʘ ʢʦʣʦʥʢʘ UUID ʚ ʙʘʟʝ 
ʟʘʱʠʱʝʥʘ ʦʛʨʘʥʠʯʝʥʠʝʤ ʫʥʠʢʘʣʴʥʦʩʪʠ. ɽʩʣʠ ʞʝ ʧʨʦʬʠʣʴ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʚʝʨʢʘ ʝʛʦ 
ʧʦʣʝʡ ʩ ʜʘʥʥʳʤʠ ʠʟ ʪʦʢʝʥʘ. ɺ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʌʀʆ ʠʣʠ ʜʦʣʞʥʦʩʪʠ ʣʦʢʘʣʴʥʘʷ ʙʘʟʘ ʥʝʤʝʜʣʝʥʥʦ 
ʦʙʥʦʚʣʷʝʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʜʘʥʥʳʭ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ (eventual 
consistency). 

ɺ ʠʪʦʛʝ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʩ ʙʠʟʥʝʩ-ʜʘʥʥʳʤʠ ʚʥʫʪʨʠ ʤʦʥʦʣʠʪʘ. 
ʉʥʠʞʘʝʪʩʷ ʩʝʪʝʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ Keycloak ʠ ʠʩʢʣʶʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʦʯʝʨʝʜʝʡ 
ʩʦʦʙʱʝʥʠʡ. ɿʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ: ʜʘʞʝ ʧʨʠ ʚʨʝʤʝʥʥʦʤ ʩʙʦʝ ʩʝʨʚʝʨʘ 
ʘʚʪʦʨʠʟʘʮʠʠ ʧʣʘʪʬʦʨʤʘ ʧʨʦʜʦʣʞʠʪ ʦʙʩʣʫʞʠʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʪʦʢʝʥʘʤʠ. ɺʘʞʥʳʤ 
ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ stateless (ʩʝʨʚʝʨ ʥʝ ʭʨʘʥʠʪ ʣʦʢʘʣʴʥʳʝ ʩʝʩʩʠʠ ʚ 
ʧʘʤʷʪʠ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʩʪʦʝ ʠ ʙʳʩʪʨʦʝ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʫʟʣʦʚ ʧʨʠʣʦʞʝʥʠʷ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Keycloak Documentation [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.keycloak.org/documentation (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 29.03.2026). 
2. Walls, C. Spring in Action, Sixth Edition / C. Walls. ï Manning, 2022. ï 536 p. 
3. PostgreSQL Documentation [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.postgresql.org/docs/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

29.03.2026). 
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ʇʈʆɻʈɸʄʄʅʆ-ɸʇʇɸʈɸʊʅʆɽ ʉʈɽɼʉʊɺʆ ʄʀʂʈʆʇʈʆɻʈɸʄʄʅʆɻʆ 
ʋʇʈɸɺʃɽʅʀʗ ʊɽʉʊʀʈʆɺɸʅʀɽʄ ʇɸʄʗʊʀ 

ɻʦʣʦʚʠʥ ɽ.ʉ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʚʘʥʶʢ ɸ.ɸ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ï ʵʪʦ ʢʣʶʯʝʚʦʡ ʵʪʘʧ ʚ ʣʶʙʦʡ ʨʘʟʨʘʙʦʪʢʝ ʉʠʩʪʝʤ ʥʘ ʂʨʠʩʪʘʣʣʝ (ʉʥʂ). ʆʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʜʝʣʘʝʪ ʵʪʦʪ ʵʪʘʧ ʪʦ, ʯʪʦ ʚ 
ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ, ʧʦʪʦʤʫ ʢʘʞʜʘʷ ʦʰʠʙʢʘ, ʩʦʚʝʨʰʝʥʥʘʷ 
ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʠʛʦʜʥʦʩʪʠ ʮʝʣʦʡ ʧʘʨʪʠʠ ʯʠʧʦʚ. ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʉʥʂ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʠ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʜʘʸʪʩʷ ʢʦʥʝʯʥʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ. ɼʦʩʪʠʛʘʝʪʩʷ ʵʪʦ ʟʘ ʩʯʸʪ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ 
ʚʩʪʨʦʝʥʥʦʛʦ ʩʘʤʦʪʝʩʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʚʝʨʷʶʪ ʢʣʶʯʝʚʳʝ ʜʣʷ ʨʘʙʦʪʳ ʙʣʦʢʠ ʥʘ ʠʩʧʨʘʚʥʦʩʪʴ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 
ʫʩʪʨʦʡʩʪʚʦ ʚʩʪʨʦʝʥʥʦʛʦ ʩʘʤʦʪʝʩʪʠʨʦʚʘʥʠʷ ʧʘʤʷʪʠ ʩ ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʝʞʠʤʳ 
ʨʘʟʨʫʰʘʶʱʝʛʦ ʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʘʤʷʪʠ. 

ɺ ʦʙʣʘʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʘʤʷʪʠ ʤʘʨʰʝʚʳʝ ʪʝʩʪʳ ʩʪʘʣʠ ʩʪʘʥʜʘʨʪʦʤ ʠʥʜʫʩʪʨʠʠ ʚ ʩʠʣʫ ʠʭ 
ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʘʨʫʞʠʚʘʪʴ ʚʩʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʢʣʘʩʩʘ Stuck-at Fault, 
ʘ ʪʘʢʞʝ ʯʘʩʪʠʯʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ [1]. 
ʄʘʨʰʝʚʳʝ ʪʝʩʪʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʥʘʙʦʨ ʤʘʨʰʝʚʳʭ ʵʣʝʤʝʥʪʦʚ. ʄʘʨʰʝʚʳʤ ʵʣʝʤʝʥʪʦʤ 
ʥʘʟʳʚʘʝʪʩʷ ʥʘʙʦʨ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘʜ 
ʦʜʥʦʡ ʷʯʝʡʢʦʡ ʧʘʤʷʪʠ. ʆʧʝʨʘʮʠʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʜʥʦʤʫ ʤʘʨʰʝʚʦʤʫ ʵʣʝʤʝʥʪʫ, ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ 
ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʘʜʨʝʩʦʚ ʆɿʋ, ʟʘ ʩʯʸʪ ʯʝʛʦ ʠ ʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʥʘ ʦʜʥʦʡ 
ʷʯʝʡʢʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. 

ʄʘʨʰʝʚʳʝ ʪʝʩʪʳ ʩʪʘʣʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚ Memory Built-In Self-Test (MBIST) ʩʭʝʤʘʭ, ʢʦʪʦʨʳʝ 
ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʨʦʚʝʨʢʠ ʷʯʝʝʢ ʆɿʋ ʥʘ ʥʘʣʠʯʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʫʞʝ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʫʩʪʨʦʡʩʪʚʦ 
ʧʦʧʘʜʘʣʦ ʢ ʢʦʥʝʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ʕʪʠ ʩʭʝʤʳ ʚʳʧʦʣʥʷʣʠ ʦʜʠʥ ʟʘʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʨʢʠ ʧʘʤʷʪʠ 
ʠ ʩʪʨʦʠʣʠʩʴ ʥʘ ʞʸʩʪʢʦʡ ʣʦʛʠʢʝ. ʆʜʥʘʢʦ ʫ ʪʘʢʠʭ ʩʭʝʤ ʠʤʝʝʪʩʷ ʦʜʠʥ ʥʝʜʦʩʪʘʪʦʢ ï ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 
ʛʠʙʢʦʩʪʠ. ʀʟ-ʟʘ ʵʪʦʛʦ ʢʘʯʝʩʪʚʦ ʧʨʦʚʝʨʦʢ ʧʘʤʷʪʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʝʣʦ ʦʪ ʦʙʥʘʨʫʞʠʚʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ 
ʚʳʙʨʘʥʥʦʛʦ ʟʘ ʦʩʥʦʚʫ ʤʘʨʰʝʚʦʛʦ ʪʝʩʪʘ ʠ ʥʠʢʘʢ ʥʝ ʤʦʛʣʦ ʙʳʪʴ ʫʣʫʯʰʝʥʦ ʥʦʚʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, 
ʩʧʦʩʦʙʥʳʤʠ ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʳ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩ ʛʠʙʢʦʩʪʴʶ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ Programmable MBIST ʩʭʝʤʳ. ʀʭ 
ʦʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʣʦʛʠʢʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʟʘʜʘʸʪʩʷ ʧʦ ʥʝʢʦʪʦʨʦʤʫ 
ʢʦʜʫ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʘʨʰʝʚʳʡ ʪʝʩʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʥʳʝ ʘʣʛʦʨʠʪʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ 
ʦʙʥʘʨʫʞʝʥʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʷʯʝʝʢ ʆɿʋ, ʘ ʪʘʢʞʝ ʩʧʘʩʘʝʪ 
ʫʩʪʨʦʡʩʪʚʦ ʩʘʤʦʪʝʩʪʠʨʦʚʘʥʠʷ ʦʪ ʤʦʨʘʣʴʥʦʛʦ ʫʩʪʘʨʝʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩ 
ʢʣʘʩʩʠʯʝʩʢʠʤʠ MBIST ʚ ʩʠʣʫ ʥʝʧʨʠʛʦʜʥʦʩʪʠ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʚʳʙʨʘʥʥʦʛʦ ʟʘ ʦʩʥʦʚʫ 
ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤʳ ʤʘʨʰʝʚʦʛʦ ʪʝʩʪʘ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʦʜʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʤʘʨʰʝʚʳʝ ʪʝʩʪʳ ʙʫʜʫʪ ʟʘʧʠʩʳʚʘʪʴʩʷ ʚ ʧʨʦʝʢʪʠʨʫʝʤʳʡ 
Programmable MBIST, ʫʯʠʪʳʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʜʚʘ ʢʨʠʪʝʨʠʷ: 

1. ʂʦʤʧʘʢʪʥʦʩʪʴ ʢʦʜʘ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʠʪʦʛʦʚʦʛʦ ʨʘʟʤʝʨʘ ʩʭʝʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ 
ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʤʘʨʰʝʚʦʛʦ ʪʝʩʪʘ ʧʘʤʷʪʠ. 

2. ʇʨʦʩʪʦʪʘ ʢʦʜʘ. ʅʝʦʙʭʦʜʠʤʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʚ ʢʦʜʠʨʦʚʘʥʠʠ ʤʘʨʰʝʚʦʛʦ 
ʪʝʩʪʘ ʠ ʫʧʨʦʱʝʥʠʷ ʦʪʣʘʜʢʠ. 

ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʜ ʦʧʝʨʘʮʠʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʸʭ ʙʠʪ. ɺʦ ʚʪʦʨʦʤ ʙʠʪʝ 
ʢʦʜʠʨʫʝʪʩʷ ʧʨʠʟʥʘʢ ʧʦʩʣʝʜʥʝʡ ʦʧʝʨʘʮʠʠ ʚ ʤʘʨʰʝʚʦʤ ʪʝʩʪʝ. ɺ ʧʝʨʚʦʤ ʙʠʪʝ ʢʦʜʠʨʫʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ 
ʠʟʤʝʥʝʥʠʷ ʘʜʨʝʩʦʚ: ʝʩʣʠ ʧʦʣʝ ʨʘʚʥʦ 1, ʪʦ ʘʜʨʝʩ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʤʣʘʜʰʝʛʦ ʢ ʩʪʘʨʰʝʤʫ, ʠʥʘʯʝ ï ʦʪ 
ʩʪʘʨʰʝʛʦ ʢ ʤʣʘʜʰʝʤʫ. ʅʫʣʝʚʦʡ ʙʠʪ ʦʪʚʝʯʘʝʪ ʟʘ ʪʠʧ ʦʧʝʨʘʮʠʠ: ʝʩʣʠ ʧʦʣʝ ʨʘʚʥʦ 0, ʪʦ ʚʳʧʦʣʥʷʝʪʩʷ 
ʦʧʝʨʘʮʠʷ ʟʘʧʠʩʠ, ʚ ʦʙʨʘʪʥʦʤ ʩʣʫʯʘʝ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʯʪʝʥʠʷ. ɺ ʧʨʝʜʣʦʞʝʥʥʦʤ ʢʦʜʝ ʦʪʩʫʪʩʪʚʫʝʪ 
ʦʪʜʝʣʴʥʳʡ ʙʠʪ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ. ʀʭ ʟʥʘʯʝʥʠʝ ʚʳʯʠʩʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʝʜʫʶʱʝʡ 
ʦʧʝʨʘʮʠʠ ʚ ʤʘʨʰʝʚʦʤ ʪʝʩʪʝ: ʝʩʣʠ ʵʪʦ ʟʘʧʠʩʴ, ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʳʭ ʠʥʚʝʨʪʠʨʫʝʪʩʷ, ʝʩʣʠ ʯʪʝʥʠʝ, 
ʪʦ ʟʥʘʯʝʥʠʝ ʜʘʥʥʳʭ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʩ ʧʨʝʜʳʜʫʱʝʡ ʦʧʝʨʘʮʠʠ [2]. 

ɺ ʫʩʪʨʦʡʩʪʚʝ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʚʘʣʠʜʘʮʠʠ ʭʨʘʥʷʱʝʛʦʩʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʩʭʝʤʳ 
ʩʘʤʦʪʝʩʪʠʨʦʚʘʥʠʷ ʤʘʨʰʝʚʦʛʦ ʪʝʩʪʘ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʝʛʦ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʤʘʨʰʝʚʳʝ ʪʝʩʪʳ ʠʤʝʶʪ 
ʧʨʦʠʟʚʦʣʴʥʫʶ ʜʣʠʥʫ ʠ ʧʨʠʟʥʘʢʦʤ ʦʢʦʥʯʘʥʠʷ ʪʝʩʪʘ ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ ʢʦʜʝ ʩʣʫʞʠʪ ʚʳʩʪʘʚʣʝʥʥʳʡ Last 
Operation ʙʠʪ ʚ ʧʦʩʣʝʜʥʝʡ ʦʧʝʨʘʮʠʠ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʘʤʷʪʠ ʧʨʦʠʩʭʦʜʠʪ 
ʧʨʦʚʝʨʢʘ ʟʘʧʠʩʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʦʧʝʨʘʮʠʠ ʩ Last Operation ʙʠʪʦʤ ʪʝʩʪ ʩʯʠʪʘʝʪʩʷ 
ʥʝ ʚʘʣʠʜʥʳʤ ʠ ʫʩʪʨʦʡʩʪʚʦ ʥʝ ʚʳʧʦʣʥʷʝʪ ʧʨʦʚʝʨʢʫ ʧʘʤʷʪʠ ʧʦ ʟʘʜʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. 

ʊʝʩʪʳ ʧʘʤʷʪʠ ʧʦ ʠʭ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʭʨʘʥʷʱʠʝʩʷ ʜʘʥʥʳʝ ʧʨʠʥʷʪʦ ʨʘʟʜʝʣʷʪʴ ʥʘ ʨʘʟʨʫʰʘʶʱʠʝ ʠ 
ʥʝʨʘʟʨʫʰʘʶʱʠʝ. ʈʘʟʨʫʰʘʶʱʠʤ ʥʘʟʳʚʘʝʪʩʷ ʪʝʩʪ, ʢʦʪʦʨʳʡ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʩʦʭʨʘʥʥʦʩʪʴ ʜʘʥʥʳʭ, 
ʭʨʘʥʷʱʠʭʩʷ ʧʝʨʝʜ ʧʨʦʚʝʨʢʦʡ ʚ ʪʝʩʪʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ ʧʘʤʷʪʠ. ʅʝʨʘʟʨʫʰʘʶʱʠʤ ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʦʡ ʪʝʩʪ 
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ʧʘʤʷʪʠ, ʢʦʪʦʨʳʡ ʛʘʨʘʥʪʠʨʫʝʪ ʩʦʭʨʘʥʥʦʩʪʴ ʭʨʘʥʷʱʠʭʩʷ ʚ ʧʘʤʷʪʠ ʜʘʥʥʳʭ ʚ ʩʣʫʯʘʝ ʝʛʦ ʫʩʧʝʰʥʦʛʦ 
ʟʘʚʝʨʰʝʥʠʷ. 

ʄʘʨʰʝʚʳʝ ʪʝʩʪʳ ʚ ʪʦʡ ʬʦʨʤʝ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʩʪʨʦʷʪʩʷ, ʷʚʣʷʶʪʩʷ ʨʘʟʨʫʰʘʶʱʠʤʠ ʪʝʩʪʘʤʠ, ʪʘʢ 
ʢʘʢ ʦʥʠ ʧʨʦʚʝʨʷʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʘʤʷʪʠ, ʥʦ ʥʠʢʘʢ ʥʝ ʩʦʭʨʘʥʷʶʪ ʨʘʥʝʝ ʠʤʝʚʰʠʝʩʷ ʚ ʪʝʩʪʠʨʫʝʤʦʡ 
ʦʙʣʘʩʪʠ ʧʘʤʷʪʠ ʜʘʥʥʳʝ. ʇʦʪʦʤʫ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʤʦʤʝʥʪ ʘʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʩʪʘʥʦʚʠʪʩʷ 
ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʣʠʙʦ ʢʦʧʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʚ ʨʝʟʝʨʚʥʳʝ ʦʙʣʘʩʪʠ, ʣʠʙʦ ʞʝ 
ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʣʠʰʴ ʧʨʠ ʛʘʨʘʥʪʠʠ ʦʪʩʫʪʩʪʚʠʷ ʦʩʤʳʩʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʭʨʘʥʠʤʳʭ ʚ 
ʧʘʤʷʪʠ, ʥʘʧʨʠʤʝʨ, ʚ ʤʦʤʝʥʪ ʧʦʜʘʯʠ ʧʠʪʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʧʨʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʘʤʷʪʠ. 

ɺ ʨʝʘʣʠʟʦʚʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʧʦʜʜʝʨʞʘʥʳ ʨʝʞʠʤʳ ʨʘʟʨʫʰʘʶʱʝʡ ʠ ʥʝʨʘʟʨʫʰʘʶʱʝʡ ʧʨʦʚʝʨʢʠ 
ʧʘʤʷʪʠ. ʇʨʠ ʚʳʙʦʨʝ ʨʝʞʠʤʘ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʭʨʘʥʠʤʦʛʦ ʚ ʫʩʪʨʦʡʩʪʚʝ 
ʤʘʨʰʝʚʦʛʦ ʪʝʩʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʪʝʩʪ [3]. ʇʨʠ 
ʧʨʦʚʝʜʝʥʠʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʝʣʴʟʷ ʪʦʯʥʦ ʟʥʘʪʴ, ʢʘʢʠʝ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʚ ʧʘʤʷʪʠ ʠ 
ʥʘʩʢʦʣʴʢʦ ʦʥʠ ʢʦʨʨʝʢʪʥʳʝ, ʧʦʪʦʤʫ ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʛʥʘʪʫʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ. ʇʨʠʥʷʪʦ 
ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʛʥʘʪʫʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʨʝʛʠʩʪʨʘ ʩʜʚʠʛʘ ʩ ʣʠʥʝʡʥʦʡ ʦʙʨʘʪʥʦʡ 
ʩʚʷʟʴʶ. ɺʳʯʠʩʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʪʝʩʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʩʨʘʚʥʝʥʠʷ ʵʪʘʣʦʥʥʦʡ ʠ ʨʘʙʦʯʝʡ 
ʩʠʛʥʘʪʫʨ. ʕʪʘʣʦʥʥʘʷ ʩʠʛʥʘʪʫʨʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʧʨʦʮʝʜʫʨʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʘʤʷʪʠ, 
ʈʘʙʦʯʘʷ ʩʠʛʥʘʪʫʨʘ ʚʳʯʠʩʣʷʝʪʩʷ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɺ ʩʣʫʯʘʝ ʠʭ 
ʥʝʩʦʚʧʘʜʝʥʠʷ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 
ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʚ ʷʯʝʡʢʘʭ ʆɿʋ. 

ʀʪʦʛʦʚʘʷ ʩʭʝʤʘ Programmable MBIST ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʘʤʦʪʝʩʪʠʨʦʚʘʥʠʷ ʧʘʤʷʪʠ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʳʣʦ ʩʦʟʜʘʥʦ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʝ ʩʨʝʜʩʪʚʦ ʚʩʪʨʦʝʥʥʦʛʦ 
ʩʘʤʦʪʝʩʪʠʨʦʚʘʥʠʷ ʧʘʤʷʪʠ ʩ ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʢʦʜʠʨʦʚʘʥʠʷ 
ʤʘʨʰʝʚʳʭ ʪʝʩʪʦʚ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʘʷ ʦʧʝʨʘʮʠʷ ʩ ʷʯʝʡʢʦʡ ʆɿʋ ʢʦʜʠʨʫʝʪʩʷ ʪʨʝʤʷ ʙʠʪʘʤʠ. ɺ ʫʩʪʨʦʡʩʪʚʝ 
ʨʝʘʣʠʟʦʚʘʥʳ ʨʝʞʠʤʳ ʨʘʟʨʫʰʘʶʱʝʛʦ ʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʅʝʨʘʟʨʫʰʘʶʱʝʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʟʘʜʘʥʥʦʤʫ ʤʘʨʰʝʚʦʤʫ ʪʝʩʪʫ ʘʣʛʦʨʠʪʤʦʤ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʛʥʘʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʜʣʷ ʧʦʜʩʯʸʪʘ ʵʪʘʣʦʥʥʦʡ ʩʠʛʥʘʪʫʨʳ ʭʨʘʥʷʱʠʭʩʷ ʚ ʧʘʤʷʪʠ 
ʜʘʥʥʳʭ ʠ ʨʘʙʦʯʝʡ ʩʠʛʥʘʪʫʨʳ ʪʝʩʪʘ.  

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Abadir M. S., Reghbati H. K. Functional Testing of Semiconductor Random Access Memories // ACM Computing Surveys. ï 

1983. ï Vol. 15, Issue 3. ï P. 175ï198. 
2. Ivaniuk A. A. Optimal Memory Tests Coding for Programmable BIST Architecture. ï 2008 ï R&I, No. 4. ï P. 32ï37. 
3. Van de Goor A. J. Testing Semiconductor Memories: Theory and Practice. ï Chichester, UK: John Wiley & Sons, 1991 ï P. 

195ï207. 
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ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʉʈɽɼʉʊɺɸ ɸʋɼʀʆ-ɺʀɼɽʆ 
ʂʆʅʌɽʈɽʅʎʀʗ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʊɽʍʅʆʃʆɻʀʀ GOLANG 

ɻʨʠʜʶʰʢʦ ɹ.ʆ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʐʘʤʳʥʘ ɸ.ʖ. - ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʣʫʙʦʢʦʡ ʠʥʪʝʛʨʘʮʠʝʡ ʩʠʩʪʝʤ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʩʚʷʟʠ 
(ɺʂʉ) ʚ ʧʦʚʩʝʜʥʝʚʥʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʋʜʘʣʝʥʥʘʷ ʨʘʙʦʪʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʢʦʤʘʥʜʳ ʩʪʘʣʠ 
ʩʪʘʥʜʘʨʪʦʤ, ʯʪʦ ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ, ʟʘʜʝʨʞʢʝ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʩʧʝʢʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ɺʂʉ, ʠʩʧʦʣʴʟʫʶʱʝʡ 
ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʨʝʜʘʯʠ ʧʦʪʦʢʦʚʳʭ ʜʘʥʥʳʭ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ 
ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʪʝʢʘ ʪʝʭʥʦʣʦʛʠʡ WebRTC. ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʧʦʚʩʝʤʝʩʪʥʫʶ ʧʦʜʜʝʨʞʢʫ ʚ ʙʨʘʫʟʝʨʘʭ, 
WebRTC, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʠʟʥʘʯʘʣʴʥʦ ʥʘ ʦʜʥʦʨʘʥʛʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ (Peer-to-Peer), ʩʦʟʜʘʝʪ 
ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʫʶ ʥʘʛʨʫʟʢʫ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʨʝʰʝʥʠʡ. 
ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʪʝʨʤʠʥʘʮʠʠ ʤʥʦʞʝʩʪʚʘ ʩʝʩʩʠʡ DTLS ʠ SCTP, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ ʦʙʭʦʜʘ 
NAT (STUN/TURN) ʥʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ ʧʨʠʚʦʜʷʪ ʢ ʠʟʙʳʪʦʯʥʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ ʨʝʩʫʨʩʦʚ CPU ʠ 
ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠ ʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʚʳʩʪʫʧʘʝʪ ʧʨʦʪʦʢʦʣ WebTransport, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʧʦʚʝʨʭ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
ʧʨʦʪʦʢʦʣʘ QUIC (RFC 9000) [1]. ʊʝʭʥʦʣʦʛʠʷ QUIC ʦʙʲʝʜʠʥʷʝʪ ʪʨʘʥʩʧʦʨʪʥʳʡ ʠ ʟʘʱʠʱʝʥʥʳʡ ʫʨʦʚʥʠ ʚ 

ʝʜʠʥʦʝ ʨʫʢʦʧʦʞʘʪʠʝ (TLS 1.3), ʘ ʪʘʢʞʝ ʨʝʰʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʧʨʦʪʦʢʦʣʘ TCP - 
ʙʣʦʢʠʨʦʚʢʫ ʥʘʯʘʣʘ ʦʯʝʨʝʜʠ (Head-of-Line Blocking) ʟʘ ʩʯʝʪ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʪʦʢʦʚ 
ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʩʝʩʩʠʠ. ʇʨʠʤʝʥʝʥʠʝ WebTransport ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʝʨʝʜʘʯʫ 
ʤʝʜʠʘʜʘʥʥʳʭ ʯʝʨʝʟ ʥʝʥʘʜʝʞʥʳʝ ʜʘʪʘʛʨʘʤʤʳ, ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʟʘʜʝʨʞʢʠ ʚ ʫʩʣʦʚʠʷʭ ʩʝʪʝʚʦʛʦ 
ʜʞʠʪʪʝʨʘ ʠ ʧʦʪʝʨʠ ʧʘʢʝʪʦʚ, ʥʝʠʟʙʝʞʥʳʭ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʠ ʤʦʙʠʣʴʥʳʭ ʩʝʪʷʭ [2]. 

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʥʘ ʜʚʘ 
ʪʠʧʘ ʢʘʥʘʣʦʚ WebTransport: Streams (ʧʦʪʦʢʠ) ʠ Datagrams (ʜʘʪʘʛʨʘʤʤʳ). ʅʘʜʝʞʥʳʝ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʝ 
ʧʦʪʦʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʩʦʦʙʱʝʥʠʡ ʯʘʪʘ ʠ ʤʝʪʘʜʘʥʥʳʭ 
ʢʦʥʬʝʨʝʥʮʠʠ, ʛʜʝ ʚʘʞʥʘ ʛʘʨʘʥʪʠʨʦʚʘʥʥʘʷ ʜʦʩʪʘʚʢʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʝʭʘʥʠʟʤ ʜʘʪʘʛʨʘʤʤ 
ʟʘʜʝʡʩʪʚʦʚʘʥ ʜʣʷ ʪʨʘʥʩʣʷʮʠʠ ʘʫʜʠʦ- ʠ ʚʠʜʝʦʬʨʝʡʤʦʚ. ʇʦʩʢʦʣʴʢʫ ʜʘʪʘʛʨʘʤʤʳ ʚ QUIC ʥʝ ʪʨʝʙʫʶʪ 
ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʠ ʧʦʚʪʦʨʥʦʡ ʦʪʧʨʘʚʢʠ ʧʨʠ ʧʦʪʝʨʝ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ çʟʘʤʠʨʘʥʠʷè 
ʚʠʜʝʦ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʩʝʪʝʚʳʭ ʩʙʦʷʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ RTT. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʥʦʚʘʮʠʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ Selective 
Forwarding Unit (SFU) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʠʟʢʦʫʨʦʚʥʝʚʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ 
ʪʨʘʜʠʮʠʦʥʥʳʭ MCU-ʩʠʩʪʝʤ (Multipoint Control Unit), ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʜʝʢʦʜʠʨʦʚʘʥʠʝ, ʤʠʢʰʠʨʦʚʘʥʠʝ 
ʠ ʧʦʚʪʦʨʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʚʩʝʭ ʚʭʦʜʷʱʠʭ ʧʦʪʦʢʦʚ ʚ ʦʜʠʥ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʦʪʦʢ, SFU-ʩʝʨʚʝʨ 
ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʧʘʢʝʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʜʠʢʘʣʴʥʦ ʩʥʠʟʠʪʴ 
ʟʘʜʝʨʞʢʫ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ 
ʙʠʪʨʝʡʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʫʯʘʪʝʣʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʷʟʳʢʘ 
Go ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ SFU-ʜʚʠʞʢʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʧʘʤʷʪʴʶ ʠ ʩʝʪʝʚʳʤʠ ʙʫʬʝʨʘʤʠ, 
ʤʠʥʠʤʠʟʠʨʫʷ ʚʣʠʷʥʠʝ ʮʠʢʣʦʚ ʩʙʦʨʢʠ ʤʫʩʦʨʘ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʪʦʢʘ. 

ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ ɺʂʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ. 
ɸʨʭʠʪʝʢʪʫʨʥʦʝ ʨʝʰʝʥʠʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʪʨʦʛʦʤ ʨʘʟʜʝʣʝʥʠʠ ʫʧʨʘʚʣʷʶʱʝʡ ʣʦʛʠʢʠ ʠ ʢʦʥʪʫʨʘ 
ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʨʘʬʠʢʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʦʨʛʘʥʠʟʦʚʘʥʦ ʯʝʨʝʟ 
ʤʠʢʨʦʩʝʨʚʠʩʥʫʶ ʪʦʧʦʣʦʛʠʶ, ʚʢʣʶʯʘʶʱʫʶ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ: 

1 REST API Server (Golang): ʨʝʘʣʠʟʫʝʪ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ ʫʧʨʘʚʣʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʤʠ ʢʦʤʥʘʪʘʤʠ, 
ʘʚʪʦʨʠʟʘʮʠʶ ʠ ʢʦʦʨʜʠʥʘʮʠʶ ʜʦʩʪʫʧʘ. ɺʳʙʦʨ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Go ʦʙʦʩʥʦʚʘʥ ʝʛʦ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʟʘʜʘʯʘʭ ʢʦʥʢʫʨʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʪʝʚʳʭ ʟʘʧʨʦʩʦʚ ʙʣʘʛʦʜʘʨʷ ʣʝʛʢʦʚʝʩʥʳʤ ʧʦʪʦʢʘʤ 
ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʤʫ ʧʣʘʥʠʨʦʚʱʠʢʫ ʟʘʜʘʯ. ʉʝʨʚʝʨ ʦʪʚʝʯʘʝʪ ʟʘ ʩʦʟʜʘʥʠʝ ʫʥʠʢʘʣʴʥʳʭ 
ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʛʝʥʝʨʘʮʠʶ ʘʩʠʤʤʝʪʨʠʯʥʦ ʧʦʜʧʠʩʘʥʥʳʭ ʪʦʢʝʥʦʚ ʜʦʩʪʫʧʘ. 

2 Media Server Cluster: ʛʨʫʧʧʘ ʥʝʟʘʚʠʩʠʤʳʭ ʫʟʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʧʨʠʥʮʠʧʫ Selective Forwarding 
Unit (SFU). ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʫʟʣʘ ʷʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʙʠʥʘʨʥʳʭ ʧʘʢʝʪʦʚ 
ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʩʝʩʩʠʠ. ʈʝʘʣʠʟʘʮʠʷ SFU-ʜʚʠʞʢʘ ʥʘ ʷʟʳʢʝ Go ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʧʘʢʝʪʘ, ʪʘʢ ʢʘʢ ʩʝʨʚʝʨ ʚʳʧʦʣʥʷʝʪ ʣʠʰʴ 
ʩʝʣʝʢʪʠʚʥʫʶ ʧʝʨʝʩʳʣʢʫ ʜʘʥʥʳʭ ʙʝʟ ʨʝʩʫʨʩʦʝʤʢʦʛʦ ʪʨʘʥʩʢʦʜʠʨʦʚʘʥʠʷ ʚʠʜʝʦʧʦʪʦʢʘ. ʇʨʠʤʝʥʝʥʠʝ SFU-
ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʩʝʨʚʝʨʫ ʜʠʥʘʤʠʯʝʩʢʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʩʳʣʘʝʤʳʭ ʧʦʪʦʢʦʚ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʠʝʥʪʘ. 

3 ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ ʰʠʥʘ ʜʘʥʥʳʭ NATS: ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ 
ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʤʝʞʩʝʨʚʝʨʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʦʩʪʦʷʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ çʀʟʜʘʪʝʣʴ-



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 

88 

 

ʇʦʜʧʠʩʯʠʢè (Pub/Sub) ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʘʪʪʝʨʥ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʪʨʘʬʠʢʘ. ʂʦʛʜʘ 
ʫʯʘʩʪʥʠʢ ʦʪʧʨʘʚʣʷʝʪ ʤʝʜʠʘʧʘʢʝʪ ʥʘ ʣʦʢʘʣʴʥʳʡ ʫʟʝʣ, ʩʝʨʚʝʨ ʠʥʢʘʧʩʫʣʠʨʫʝʪ ʝʛʦ ʠ ʧʫʙʣʠʢʫʝʪ ʚ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʦʧʠʢ NATS. ʆʩʪʘʣʴʥʳʝ ʫʟʣʳ ʢʣʘʩʪʝʨʘ, ʦʙʩʣʫʞʠʚʘʶʱʠʝ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ ʵʪʦʡ ʞʝ 
ʢʦʤʥʘʪʳ, ʤʛʥʦʚʝʥʥʦ ʧʦʣʫʯʘʶʪ ʧʘʢʝʪ ʠ ʧʝʨʝʩʳʣʘʶʪ ʝʛʦ ʢʦʥʝʯʥʳʤ ʢʣʠʝʥʪʘʤ. ʂʘʞʜʳʡ ʤʝʜʠʘ-ʩʝʨʚʝʨ 
ʢʣʘʩʪʝʨʘ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʥʘ ʪʦʧʠʢʠ ʘʢʪʠʚʥʳʭ ʢʦʤʥʘʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʩʰʦʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʜʘʞʝ ʝʩʣʠ ʦʥʠ ʬʠʟʠʯʝʩʢʠ ʧʦʜʢʣʶʯʝʥʳ ʢ ʨʘʟʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʫʟʣʘʤ ʚ ʨʘʟʣʠʯʥʳʭ 
ʨʝʛʠʦʥʘʭ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʠ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʉʋɹɼ PostgreSQL, 
ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʭʨʘʥʝʥʠʝ ʤʝʪʘʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʘʩʪʨʦʝʢ ʚʠʨʪʫʘʣʴʥʳʭ ʢʦʤʥʘʪ ʠ ʧʨʘʚ ʜʦʩʪʫʧʘ. 
ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʦʧʪʠʤʠʟʠʨʦʚʘʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʧʨʠ 
ʘʚʪʦʨʠʟʘʮʠʠ. ʇʦʤʠʤʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʚ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʦʚʘʥ ʫʟʝʣ ʭʨʘʥʝʥʠʷ, 
ʨʘʙʦʪʘʶʱʠʡ ʩ S3-ʩʦʚʤʝʩʪʠʤʳʤʠ ʦʙʲʝʢʪʥʳʤʠ ʭʨʘʥʠʣʠʱʘʤʠ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʦʥʬʝʨʝʥʮʠʠ 
ʘʨʭʠʚʥʳʝ ʬʘʡʣʳ ʚʠʜʝʦʟʘʧʠʩʝʡ ʚ ʬʦʨʤʘʪʝ MP4 ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʛʨʫʞʘʶʪʩʷ ʚ ʭʨʘʥʠʣʠʱʝ, ʘ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʘʜʘʥʥʳʝ (ʜʣʠʪʝʣʴʥʦʩʪʴ, ʩʧʠʩʦʢ ʫʯʘʩʪʥʠʢʦʚ, ʩʩʳʣʢʘ ʥʘ ʬʘʡʣ) ʩʪʘʥʦʚʷʪʩʷ 
ʜʦʩʪʫʧʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʯʝʨʝʟ REST API, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦʣʥʦʮʝʥʥʳʡ ʜʦʩʪʫʧ ʢ 
ʘʨʭʠʚʘʤ ʚʩʪʨʝʯ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʝ ʫʜʝʣʝʥʦ ʤʝʭʘʥʠʟʤʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ 
ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ JWT-ʪʦʢʝʥʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʨʠʩʢʘʤ ʘʪʘʢ ʪʠʧʘ algorithm agility, ʚ ʩʠʩʪʝʤʝ 
ʚʥʝʜʨʝʥ ʩʦʚʨʝʤʝʥʥʳʡ ʩʪʘʥʜʘʨʪ PASETO ʚʝʨʩʠʠ v4.public [3]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʨʝʘʣʠʟʦʚʘʪʴ 
ʧʦʣʥʦʮʝʥʥʫʶ ʢʦʥʮʝʧʮʠʶ Stateless-ʘʚʪʦʨʠʟʘʮʠʠ: ʢʘʞʜʳʡ ʤʝʜʠʘ-ʩʝʨʚʝʨ ʢʣʘʩʪʝʨʘ ʧʨʦʚʦʜʠʪ ʘʚʪʦʥʦʤʥʫʶ 
ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʫʶ ʚʝʨʠʬʠʢʘʮʠʶ ʧʦʜʧʠʩʠ ʪʦʢʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ (ʘʣʛʦʨʠʪʤ 
Ed25519). ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ gRPC-ʟʘʧʨʦʩʦʚ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʠʣʠ 
ʩʝʨʚʝʨʫ ʘʚʪʦʨʠʟʘʮʠʠ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʟʘʜʝʨʞʢʫ ʚʭʦʜʘ ʚ 
ʢʦʤʥʘʪʫ ʠ ʦʙʱʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʪʝʚʦʡ ʢʦʥʪʫʨ. 

ʅʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʩʢʦʛʦ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ WebCodecs API, 
ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ ʧʨʷʤʦʡ ʥʠʟʢʦʫʨʦʚʥʝʚʳʡ ʜʦʩʪʫʧ ʢ ʘʧʧʘʨʘʪʥʳʤ ʚʠʜʝʦʢʦʜʝʢʘʤ ʘʙʦʥʝʥʪʩʢʦʛʦ 
ʫʩʪʨʦʡʩʪʚʘ (H.264, VP9, AV1). ʇʨʦʮʝʩʩ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʢʘʜʨʦʚ ʚʳʥʦʩʠʪʩʷ ʚ ʦʪʜʝʣʴʥʳʝ 
ʬʦʥʦʚʳʝ ʧʦʪʦʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ ʠʥʪʝʨʬʝʡʩʘ ʠ ʦʙʝʩʧʝʯʠʪʴ 
ʧʣʘʚʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚʠʜʝʦ ʚ ʨʘʟʨʝʰʝʥʠʠ Full HD ʠ ʚʳʰʝ. ɼʣʷ ʩʝʨʠʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʘʪ Protocol Buffers (Protobuf), ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʙʠʥʘʨʥʳʭ 
ʟʘʛʦʣʦʚʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʢʩʪʦʚʳʤʠ ʬʦʨʤʘʪʘʤʠ (JSON, XML), ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʵʢʦʥʦʤʠʠ 
ʪʨʘʬʠʢʘ ʚ WebTransport ʜʘʪʘʛʨʘʤʤʘʭ. ʉʪʨʦʛʘʷ ʪʠʧʠʟʘʮʠʷ Protobuf ʚ ʩʚʷʟʢʝ ʩ ʷʟʳʢʦʤ Go ʠʩʢʣʶʯʘʝʪ 
ʦʰʠʙʢʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʘʢʝʪʘ ʥʘ ʨʘʟʥʳʭ ʢʦʥʮʘʭ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʩʢʦʨʦʩʪʴ ʜʝʩʝʨʠʘʣʠʟʘʮʠʠ 
ʙʠʥʘʨʥʦʛʦ ʧʦʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ ʧʘʨʩʠʥʛʘ JSON-ʩʪʨʦʢ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʩʝʪʝʚʦʛʦ ʦʢʨʫʞʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥ 
ʘʣʛʦʨʠʪʤ ʫʩʢʦʨʝʥʥʦʛʦ ʧʝʨʝʧʦʜʢʣʶʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʠ 0-RTT ʧʨʦʪʦʢʦʣʘ QUIC. ɺ ʩʣʫʯʘʝ 
ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʳʚʘ ʩʚʷʟʠ ʠʣʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʩʝʪʷʤʠ, ʢʣʠʝʥʪʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ 
ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʩʝʩʩʠʶ ʩʚʷʟʠ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ, ʙʝʟ ʧʦʚʪʦʨʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʣʥʦʡ ʧʨʦʮʝʜʫʨʳ 
ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʠʬʨʦʚʘʥʠʷ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʩʚʷʟʘʥʳ ʩ ʚʥʝʜʨʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʛʣʫʙʦʢʦʛʦ 
ʦʙʫʯʝʥʠʷ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʵʭʘ ʠ ʬʦʥʦʚʳʭ ʰʫʤʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʙʨʘʫʟʝʨʝ 
ʢʣʠʝʥʪʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʜʝʢʘ AV1 ʜʣʷ ʝʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 
ʩʞʘʪʠʷ ʜʘʥʥʳʭ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʚʠʟʫʘʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ɺʂʉ ʥʘ ʙʘʟʝ ʩʠʥʝʨʛʠʠ ʪʝʭʥʦʣʦʛʠʡ Go, 
WebTransport ʠ NATS ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ 
ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʩʧʦʩʦʙʥʳʝ ʵʬʬʝʢʪʠʚʥʦ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʦʢ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
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.NET 

ɻʫʱʘ ɸ.ʉ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʄʦʞʝʡ ʅ.ʇ. ï ʢʘʥʜ. ʬʠʟ.- ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʫʟʝʠ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʝʩʷ ʥʘ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ 
ʧʨʝʜʤʝʪʦʚ ʠʩʪʦʨʠʠ ʠ ʘʨʭʝʦʣʦʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʦʧʨʦʩʳ ʠʭ ʫʯʸʪʘ ʠ ʩʦʭʨʘʥʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 
ʢʦʣʣʝʢʮʠʡ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʬʦʨʤʘʪʦʚ ʦʧʠʩʘʥʠʷ ʘʨʪʝʬʘʢʪʦʚ ʚ ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ. ɺ ʟʘʢʣʶʯʝʥʠʠ 
ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʧʦʟʠʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʥʘʫʯʥʦ-ʬʦʥʜʦʚʦʡ ʨʘʙʦʪʳ ʤʫʟʝʷ 
ʀʥʩʪʠʪʫʪʘ ʠʩʪʦʨʠʠ ʅɸʅ ɹʝʣʘʨʫʩʠ. 

ɸʨʪʝʬʘʢʪ ï ʦʩʥʦʚʥʦʡ ʥʦʩʠʪʝʣʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʰʣʦʤ. ɿʥʘʥʠʷ ʦ ʢʫʣʴʪʫʨʝ, ʧʦʣʠʪʠʢʝ, ʙʳʪʝ 
ʜʨʝʚʥʝʛʦ ʤʠʨʘ, ʢʦʪʦʨʳʝ ʫʯʸʥʳʝ ʠʟʚʣʝʢʘʶʪ ʠʟ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʭʦʜʦʢ, ʠ ʪʦʪ ʦʧʳʪ ʧʨʝʜʢʦʚ, ʢʦʪʦʨʳʡ 
ʣʶʜʠ ʧʝʨʝʥʠʤʘʶʪ ʠʟ ʵʪʠʭ ʟʥʘʥʠʡ, ʙʝʩʮʝʥʥʳ. ʆʜʥʘʢʦ ʣʶʙʳʤ ʬʠʟʠʯʝʩʢʠʤ ʦʙʲʝʢʪʘʤ ʩʚʦʡʩʪʚʝʥʥʦ 
ʨʘʟʨʫʰʘʪʴʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. ɼʘʞʝ ʩʦʭʨʘʥʝʥʠʝ ʚ ʤʫʟʝʝ ʠ ʪʱʘʪʝʣʴʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʧʨʦʪʦʢʦʣʦʚ ʦʙʨʘʱʝʥʠʷ 
ʩ ʵʢʩʧʦʥʘʪʘʤʠ ʥʝ ʤʦʛʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʥʘʥʝʩʝʥʠʶ ʠʤ ʤʠʢʨʦʧʦʚʨʝʞʜʝʥʠʡ ʚʦ ʚʨʝʤʷ ʨʝʩʪʘʚʨʘʮʠʠ ʠʣʠ 
ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʚʳʩʪʘʚʢʠ. ʅʝ ʨʝʜʢʠ ʩʣʫʯʘʠ ʢʨʘʞ, ʫʪʝʨʠ ʘʨʪʝʬʘʢʪʦʚ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ çʩʪʠʨʘʝʪè ʠʭ ʜʣʷ 
ʠʩʪʦʨʠʠ. ʇʦʵʪʦʤʫ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʭʦʜʢʝ, ʧʦʢʘ ʦʥʘ 
ʜʦʩʪʫʧʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʝʸ ʤʠʥʠʤʘʣʴʥʦ. 

ʆʧʠʩʘʥʠʷ ʤʫʟʝʡʥʳʭ ʵʢʩʧʦʥʘʪʦʚ ʩʦʟʜʘʶʪʩʷ ʫʞʝ ʙʦʣʝʝ 150 ʣʝʪ ʠ ʭʨʘʥʷʪʩʷ ʥʘ ʥʦʩʠʪʝʣʷʭ ʨʘʟʣʠʯʥʳʭ 
ʚʠʜʦʚ: ʚ ʙʫʤʘʞʥʳʭ ʢʘʨʪʦʪʝʢʘʭ, ʥʘ ʬʦʪʦʧʣʸʥʢʘʭ, ʤʠʢʨʦʬʠʣʴʤʘʭ ʠ ʪ.ʧ. ɺ ʢʦʥʮʝ XX ï ʥʘʯʘʣʝ XXI ʚʝʢʘ ʵʪʠ 
ʤʘʪʝʨʠʘʣʳ ʩʪʘʣʠ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʮʠʬʨʦʚʫʶ ʩʨʝʜʫ, ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦ 
ʫʯʸʪʫ ʠ ʭʨʘʥʝʥʠʶ ʜʘʥʥʳʭ ʦ ʢʦʣʣʝʢʮʠʷʭ ʧʨʝʜʤʝʪʦʚ ʘʨʭʝʦʣʦʛʠʠ, ʠʩʪʦʨʠʠ ʠ ʠʩʢʫʩʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ 
ʦʧʝʨʠʨʦʚʘʪʴ ʪʝʢʩʪʦʚʳʤʠ ʠ ʧʨʠʤʠʪʠʚʥʳʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ ʬʦʨʤʘʪʘʤʠ ʬʘʡʣʦʚ [1]. ʂ ʩʦʞʘʣʝʥʠʶ, 
ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʸʪʩʷ ʥʘ ʵʪʦʤ ʵʪʘʧʝ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʤ 
ʤʫʟʝʝʚʝʜʝʥʠʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʥʘʧʨʠʤʝʨ çɸʄʉ-5è ʠʣʠ ʚʝʙ-ʧʦʨʪʘʣ çɻʂʄʌ ʈɹè, ʥʝ 
ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʪʘʢʠʝ, ʢʘʢ 3D-ʤʦʜʝʣʠ, ʛʠʛʘʧʠʢʩʝʣʴʥʳʝ 
ʠʟʦʙʨʘʞʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʞʝ ʦʥʠ ʥʝ ʨʘʩʩʯʠʪʘʥʳ ʥʘ 
ʩʪʦʣʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʢʦʣʣʝʢʮʠʡ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʶʪ ʤʫʟʝʠ ʩʪʨʘʥʳ ʩʝʛʦʜʥʷ, ʠʟ-ʟʘ ʯʝʛʦ ʩ ʢʘʞʜʳʤ 
ʛʦʜʦʤ ʩʢʦʨʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʡ ʩ ʤʘʩʩʠʚʘʤʠ ʦʙʲʝʢʪʦʚ ʚ ʠʭ ʚʠʨʪʫʘʣʴʥʦʤ ʭʨʘʥʠʣʠʱʝ ʥʝʫʢʣʦʥʥʦ 
ʧʘʜʘʝʪ. 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʨʘʟʨʘʙʦʪʢʝ ʚ 
ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʀʥʩʪʠʪʫʪʦʤ ʠʩʪʦʨʠʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʠʤʝʶʱʠʤ ʩʘʤʳʝ ʢʨʫʧʥʳʝ ʚ ʩʪʨʘʥʝ ʬʦʥʜʳ 
ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʭʦʜʦʢ, ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʢʦʤʧʣʝʢʩʥʫʶ ʘʚʪʦʤʘʪʠʟʘʮʠʶ 
ʤʫʟʝʡʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʦʚʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʣʘ ʥʝ ʪʦʣʴʢʦ ʚʳʧʦʣʥʷʪʴ ʫʯʸʪ ʠ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʚ 
ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʨʤʘʪʘʭ (ʪʝʢʩʪ, PNG/GPEG, PDF, OBJ, TIFF) ʥʦ ʠ ʧʦʟʚʦʣʷʪʴ ʩʦʩʪʘʚʣʷʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 
ʜʦʢʫʤʝʥʪʘʮʠʶ (ʘʢʪʳ ʩʜʘʯʠ-ʧʨʠʝʤʢʠ, ʠʥʚʝʥʪʘʨʥʳʝ ʢʥʠʛʠ, ʦʪʯʝʪʳ), ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ ʤʘʩʩʦʚʳʭ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʝʨʝʜʦʚʦʡ ʦʧʳʪ 
çʎʝʥʪʨʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʩʪʘʚʨʘʮʠʠ ʤʫʟʝʝʚ ʌʨʘʥʮʠʠè ʚ ʦʙʣʘʩʪʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 
ʦʙ ʵʢʩʧʦʥʘʪʘʭ. ʅʠʞʝ ʧʦʜʨʦʙʥʝʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ, ʨʘʥʝʝ ʥʝ ʧʨʠʤʝʥʷʚʰʠʝʩʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 
ʫʯʸʪʥʦ-ʬʦʥʜʦʚʳʭ ʩʠʩʪʝʤʘʭ. 

ɻʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʚ ʩʬʝʨʝ ʤʫʟʝʝʚʝʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ, ʪʘʢ ʢʘʢ 
ʜʘʶʪ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʵʢʩʧʦʥʘʪʝ, ʯʝʤ ʪʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ. ʀ ʯʝʤ ʢʘʯʝʩʪʚʝʥʥʝʝ 
ʠʟʦʙʨʘʞʝʥʠʝ, ʪʝʤ ʧʦʣʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʝʜʤʝʪʝ. ʇʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 
ʨʝʰʝʥʠʡ ʩʪʘʣʘ ʨʝʘʣʠʟʘʮʠʷ ʤʝʭʘʥʠʟʤʘ ʨʘʙʦʪʳ ʩ ʛʠʛʘʧʠʢʩʝʣʴʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 
ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʧʣʠʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ (pyramidal tiled images) [2]. ʀʩʭʦʜʥʳʡ ʩʥʠʤʦʢ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 
ʥʘʙʦʨ ʢʦʧʠʡ ʨʘʟʥʦʡ ʜʝʪʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʧʣʠʪʢʠ. ʇʨʠ ʨʘʙʦʪʝ ʟʘʛʨʫʞʘʝʪʩʷ ʪʦʣʴʢʦ 
ʚʠʜʠʤʘʷ ʚ ʦʙʣʘʩʪʠ ʵʢʨʘʥʘ ʯʘʩʪʴ ʩʥʠʤʢʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʨʦʚʥʝʤ ʜʝʪʘʣʠʟʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʩʚʝʨʭʚʳʩʦʢʦʤ ʨʘʟʨʝʰʝʥʠʠ ʙʝʟ ʧʝʨʝʨʘʩʭʦʜʘ ʨʝʩʫʨʩʦʚ ʦʧʝʨʘʪʠʚʥʦʡ 
ʧʘʤʷʪʠ. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʠʨʘʤʠʜʘʣʴʥʦ-ʧʣʠʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ 3D-ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʭʦʞʘʷ ʧʦ ʠʜʝʝ ʪʝʭʥʦʣʦʛʠʷ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 
GigaVoxcels, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʚʦʢʩʝʣʴʥʦʡ ʧʠʨʘʤʠʜʳ (Octree) ʠ ʧʦʜʛʨʫʞʘʝʪ ʪʦʣʴʢʦ 
ʪʝ ʜʝʪʘʣʠ, ʢʦʪʦʨʳʝ ʚʠʜʥʳ ʢʘʤʝʨʝ ʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʥʫʞʥʦʤ ʨʘʩʩʪʦʷʥʠʠ. 

ɽʱʸ ʦʜʥʠʤ ʫʥʠʢʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʩ ʚʝʙ-ʧʦʨʪʘʣʦʤ çɸʨʭʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ 
ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴè, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʤʝʩʪʝ ʥʘʭʦʜʢʠ ʩ 
ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʘʨʪʝʬʘʢʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʣʫʯʘʶʪ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʦʝ ʚʠʜʝʥʠʝ 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʦʪʩʣʝʜʠʪʴ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ 
ʨʝʤʝʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʣʠ ʵʣʝʤʝʥʪʦʚ ʢʫʣʴʪʘ ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʤʘʪʝʨʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʘʤ. 

ʊʘʢʞʝ ʙʳʣʘ ʚʥʝʜʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʩʩʦʚʳʭ ʥʘʭʦʜʦʢ 
ʪʘʢʠʭ, ʢʘʢ ʦʩʪʝʦʣʦʛʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʦʩʢʦʣʢʠ ʢʝʨʘʤʠʢʠ ʠ ʧʣʠʥʬʳ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ, ʧʝʯʥʳʝ 
ʠʟʨʘʟʮʳ ʜʨ. ɺʩʝʛʦ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʷʪʴ ʚʠʜʦʚ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ï ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ï ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʢ ʠ ʤʘʪʝʨʠʘʣʦʚ, 
ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʤʝʪʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʝʢʦʚ; 

ï ʜʝʩʢʨʠʧʪʠʚʥʳʡ ʘʥʘʣʠʟ ï ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʦʧʠʩʳʚʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʢʦʣʣʝʢʮʠʡ. ʅʘʧʨʠʤʝʨ, ʦʪʥʦʰʝʥʠʝ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʦʩʪʝʡ ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ ʢ ʜʦʤʘʰʥʠʤ ʤʦʞʝʪ 
ʧʦʢʘʟʘʪʴ, ʢʘʢʦʡ ʨʦʜ ʟʘʥʷʪʠʡ (ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ ʠʣʠ ʦʭʦʪʥʠʯʠʡ ʧʨʦʤʳʩʝʣ) ʙʳʣ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʜʣʷ 
ʣʶʜʝʡ ʦʧʨʝʜʝʣʸʥʥʦʡ ʟʦʥʳ ʨʘʩʩʝʣʝʥʠʷ; 

ï ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ï ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʫʥʠʢʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʚʳʙʦʨʢʝ 
ʘʨʪʝʬʘʢʪʦʚ ʧʦ ʦʪʦʙʨʘʥʥʳʤ ʧʨʠʟʥʘʢʘʤ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʥʘʢʦʥʝʯʥʠʢʦʚ ʩʪʨʝʣ ï ʧʦ ʠʭ ʨʘʟʤʝʨʘʤ, ʤʝʪʘʣʣʫ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʪ. ʜ.; 

ï ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟʳ ï ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʨʘʟʣʠʯʠʷ 
ʧʨʝʜʤʝʪʦʚ ʚ ʦʜʥʦʡ ʛʨʫʧʧʝ ʠ ʩʭʦʞʝʩʪʠ ʧʨʝʜʤʝʪʦʚ ʨʘʟʥʳʭ ʛʨʫʧʧ ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʠʨʘʤʠʜʘʣʴʥʦ-ʧʣʠʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʠʛʘʧʠʢʩʝʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ [3] 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʟʠʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪ ʚʥʝʜʨʝʥʠʷ 
ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʥʘʫʯʥʦ-ʬʦʥʜʦʚʦʡ ʨʘʙʦʪʳ ʤʫʟʝʷ ʀʥʩʪʠʪʫʪʘ ʠʩʪʦʨʠʠ ʅɸʅ 
ɹʝʣʘʨʫʩʠ. ʆʥʠ ʚʢʣʶʯʘʶʪ: 

ï ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʫʜʘ ʩʦʪʨʫʜʥʠʢʦʚ ʟʘ ʩʯʸʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʸʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʦʪʯʸʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ; 

ï ʩʦʭʨʘʥʝʥʠʝ ʙʦʣʴʰʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʣʣʝʢʮʠʡ ʙʣʘʛʦʜʘʨʷ ʧʦʜʜʝʨʞʢʝ 
ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ; 

ï ʫʩʢʦʨʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘ ʩʯʸʪ ʚʩʪʨʦʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 
ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ ʤʘʩʩʦʚʳʭ ʥʘʭʦʜʦʢ; 

ï ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʘʨʭʝʦʣʦʛʠʠ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʙʣʘʛʦʜʘʨʷ 
ʠʥʪʝʛʨʘʮʠʠ ʩ ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ çɸʨʭʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʈʝʩʧʫʙʣʠʢʠ 
ɹʝʣʘʨʫʩʴè. 
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ʇʈʆɻʈɸʄʄʅʓʁ ʂʆʄʇʃɽʂʉ ɼʃʗ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʄʆɹʀʃʔʅʆɻʆ 
ʋʉʊʈʆʁʉʊɺɸ ɺ ʂɸʏɽʉʊɺɽ ɼʆʇʆʃʅʀʊɽʃʔʅʆɻʆ ʄʆʅʀʊʆʈɸ 

ɼʘʜʫʰ ʄ.ʉ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʗʨʤʦʣʠʢ ɺ.ʅ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʬʘʢʪʦʨʳ, ʧʦʚʣʠʷʚʰʠʝ ʥʘ ʠʜʝʶ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʙʦʩʥʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʘ 
ʪʘʢʞʝ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʧʨʠʰʣʦʩʴ ʩʪʦʣʢʥʫʪʴʩʷ ʚʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ. ʆʧʠʩʘʥʳ ʧʨʠʥʮʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʝʨʚʝʨʥʦʛʦ 
ʢʦʤʧʦʥʝʥʪʘ ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʧʝʨʝʜʘʯʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʚʠʨʪʫʘʣʴʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʥʘ ʫʜʘʣʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʥʠʪʦʨʘ 
ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʬʠʟʠʯʝʩʢʠʤʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, 
ʬʠʥʘʥʩʦʚʘʷ ʩʪʦʨʦʥʘ ʚʦʧʨʦʩʘ. ʉ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴ 
ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʘʥʰʝʪʥʳʡ ʢʦʤʧʴʶʪʝʨ ʣʠʙʦ ʩʤʘʨʪʬʦʥ ʚ ʨʦʣʠ ʢʘʢ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʘ, ʪʘʢ ʠ 
ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʣʘʥʰʝʪʘ, ʠʟʙʘʚʣʷʷʩʴ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ɺʦ-ʚʪʦʨʳʭ, ʤʦʙʠʣʴʥʦʩʪʴ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʨʦʣʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʥʠʪʦʨʘ 
ʠʟʙʘʚʣʷʝʪ ʦʪ ʧʨʠʚʷʟʢʠ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʜʫʙʣʠʨʦʚʘʥʠʷ 
ʦʩʥʦʚʥʦʛʦ ʵʢʨʘʥʘ ʠ ʧʝʨʝʜʘʯʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʫʜʘʣʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ ʨʝʰʝʥʠʡ ʜʣʷ 
ʨʘʩʰʠʨʝʥʠʷ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʟʘ ʩʯʝʪ ʵʢʨʘʥʘ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʠʥʠʤʘʣʴʥʦ, ʧʨʠ ʵʪʦʤ ʜʦʩʪʫʧʥʦʩʪʴ 
ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ Windows ʠ MacOS. ʈʘʟʨʘʙʦʪʢʘ 
ʧʦʜʦʙʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʜʜʝʨʞʢʦʡ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʝʤʝʡʩʪʚʘ GNU/Linux 
ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠ ʧʦʟʚʦʣʠʪ ʟʘʥʷʪʴ ʥʠʰʫ ʨʳʥʢʘ ʥʘ ʬʦʥʝ ʠʭ ʨʘʩʪʫʱʝʡ ʧʦʧʫʣʷʨʥʦʩʪʠ. 

ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʩʪʠʞʝʥʠʠ 
ʝʜʠʥʦʦʙʨʘʟʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʩʨʝʜʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ GNU/Linux, ʪʘʢ ʢʘʢ 
ʩʠʩʪʝʤʳ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 
ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ ʩʦʪʥʠ ʜʠʩʪʨʠʙʫʪʠʚʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʠʩʪʝʤʥʳʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ, ʩʪʘʥʜʘʨʪʥʳʤʠ 
ʧʨʦʛʨʘʤʤʘʤʠ, ʛʨʘʬʠʯʝʩʢʠʤ ʦʢʨʫʞʝʥʠʝʤ ʠ ʜʨʘʡʚʝʨʘʤʠ ʫʩʪʨʦʡʩʪʚ. ʅʝʢʦʪʦʨʳʝ ʜʠʩʪʨʠʙʫʪʠʚʳ 
ʧʦʩʪʘʚʣʷʶʪʩʷ ʚ ʨʘʟʥʳʭ ʚʝʨʩʠʷʭ ʠ ʦʪʣʠʯʘʶʪʩʷ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʛʨʘʬʠʯʝʩʢʠʤ ʦʢʨʫʞʝʥʠʝʤ ʠ 
ʥʘʙʦʨʦʤ ʧʨʠʢʣʘʜʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʦʣʦʯʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠ ʤʝʭʘʥʠʟʤʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 
ʩʠʩʪʝʤʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤ ʫʨʦʚʥʝʤ ʨʘʟʣʠʯʥʳʭ ʜʠʩʪʨʠʙʫʪʠʚʦʚ 
ʦʩʪʘʝʪʩʷ ʷʜʨʦ Linux. ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʙʣʠʦʪʝʢ, ʧʦʣʘʛʘʶʱʠʭʩʷ ʪʦʣʴʢʦ 
ʥʘ ʬʫʥʢʮʠʦʥʘʣ ʷʜʨʘ, ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʜʨʘʡʚʝʨʦʚ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʜʣʷ ʜʠʩʪʨʠʙʫʪʠʚʦʚ GNU/Linux ʘʥʘʣʦʛʠ ʧʦʣʥʦʩʪʴʶ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ 
ʛʨʘʬʠʯʝʩʢʦʛʦ ʩʝʨʚʝʨʘ, ʠʟ-ʟʘ ʯʝʛʦ ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘʧʠʩʘʥʠʷ 
ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʧʣʘʪʬʦʨʤʦʟʘʚʠʩʠʤʦʛʦ ʢʦʜʘ. ʊʘʢ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʧʦʜʜʝʨʞʠʚʘʝʪ X11, ʥʦ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʣʠ ʦʛʨʘʥʠʯʝʥʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪ Wayland, ʯʪʦ 
ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ, ʪʘʢ ʢʘʢ ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʦʧʫʣʷʨʥʳʭ ʜʠʩʪʨʠʙʫʪʠʚʦʚ ʦʪʢʘʟʳʚʘʶʪʩʷ ʦʪ X11 ʚ ʧʦʣʴʟʫ 
Wayland. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʘʡʚʝʨʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʘʜʘʧʪʝʨʘ ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʥʘ ʜʘʥʥʳʡ 
ʤʦʤʝʥʪ ʩʧʦʩʦʙ ʥʠʚʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʘʬʠʯʝʩʢʠʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ. 

ʉ ʫʯʝʪʦʤ ʧʦʜʜʝʨʞʢʠ ʥʝʩʢʦʣʴʢʠʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʜʨʘʡʚʝʨ 
ʚʠʨʪʫʘʣʴʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʘʜʘʧʪʝʨʘ ʜʣʷ ʢʘʞʜʦʡ ʧʣʘʪʬʦʨʤʳ. ʆʙʦʙʱʠʪʴ ʢʦʜʦʚʫʶ ʙʘʟʫ ʜʣʷ ʜʨʘʡʚʝʨʦʚ 
ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʠʤʝʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʥʝ ʪʦʣʴʢʦ ʚ API ʷʜʨʘ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ 
ʩʠʩʪʝʤʳ, ʥʦ ʠ ʚ ʧʘʨʘʜʠʛʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʝʛʦ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʘʪʬʦʨʤʳ 
ʜʨʘʡʚʝʨ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

1) ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʘʜʘʧʪʝʨʘ; 
2) ʫʧʨʘʚʣʝʥʠʝ ʚʠʨʪʫʘʣʴʥʳʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ ʚʳʚʦʜʘʤʠ; 
3) ʫʧʨʘʚʣʝʥʠʝ ʚʠʜʝʦʨʝʞʠʤʘʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ; 
4) ʟʘʭʚʘʪ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʚʳʚʦʜʘ ʠ ʧʝʨʝʜʘʯʘ ʙʫʬʝʨʘ ʧʨʦʮʝʩʩʘʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

(ʩʝʨʚʝʨʫ). 
ʆʩʦʙʝʥʥʦʩʪʴ ʵʪʘʧʘ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʘʜʘʧʪʝʨʘ ʩʦʩʪʦʠʪ ʚ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʴ ʫʩʪʨʦʡʩʪʚʘ. API Windows WDF (Windows Driver Frameworks) 
ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʬʫʥʢʮʠʶ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʨʘʟʨʝʰʘʝʪʩʷ ʥʘʟʥʘʯʠʪʴ ʠʟʚʝʩʪʥʦʝ ʩʝʨʚʝʨʫ ʠʤʷ 
ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʜʦʩʪʫʧʘ ʧʦ ʧʨʠʩʚʦʝʥʥʦʤʫ ʠʤʝʥʠ ʥʫʞʥʦ ʦʪʢʨʳʪʴ ʫʩʪʨʦʡʩʪʚʦ ʧʦ ʧʫʪʠ ʩ ʧʨʝʬʠʢʩʦʤ 
\\.\GLOBALROOT\ [1]. ɺ API ʷʜʨʘ Linux ʘʥʘʣʦʛʠʯʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ, ʠʟ-ʟʘ ʯʝʛʦ ʚ ʧʨʦʮʝʩʩʝ 
ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʩʝʨʚʝʨ ʚʳʥʫʞʜʝʥ ʧʝʨʝʙʠʨʘʪʴ ʫʩʪʨʦʡʩʪʚʘ cardX, ʛʜʝ X ï ʮʝʣʦʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʝ ʯʠʩʣʦ, 
ʠʟ ʢʘʪʘʣʦʛʘ /drv/dri, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʘʜʘʧʪʝʨ ʠ ʦʪʣʠʯʠʪʴ ʝʛʦ ʦʪ ʬʠʟʠʯʝʩʢʦʡ 
ʚʠʜʝʦʢʘʨʪʳ. 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 

92 

 

ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʣʠʝʥʪʦʤ ʩʝʨʚʝʨ ʦʙʨʘʱʘʝʪʩʷ ʢ ʜʨʘʡʚʝʨʫ ʘʜʘʧʪʝʨʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʚʠʨʪʫʘʣʴʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʧʨʘʚʢʠ IOCTL (Input/Output Control) ʢʦʜʘ. ʏʪʦʙʳ 
ʧʝʨʝʚʝʩʪʠ ʚʳʚʦʜ ʚ ʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʦʥʠʪʦʨ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ 
ʜʘʥʥʳʭ EDID (Extended Display Identification Data) [2], ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʨʝʜʘʢʪʠʨʦʚʘʚ ʠʥʬʦʨʤʘʮʠʶ ʦ 
ʤʦʥʠʪʦʨʝ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʚʠʜʝʦʨʝʞʠʤʳ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʧʦʣʥʦʡ ʧʦʜʜʝʨʞʢʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʚʠʨʪʫʘʣʴʥʦʛʦ ʘʜʘʧʪʝʨʘ ʛʨʘʬʠʢʠ 
ʥʫʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʜʚʘ ʜʨʘʡʚʝʨʘ: ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʞʠʤʘ (ʚ Linux ʚʤʝʩʪʦ ʜʨʘʡʚʝʨʘ 
ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʞʠʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ API), ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʨʝʘʣʠʟʘʮʠʶ 
ʛʨʘʬʠʯʝʩʢʦʛʦ API, (DirectX ʚ Windows, Vulkan ʠ OpenGL ʚ Linux), ʠ ʨʝʞʠʤʘ ʷʜʨʘ, ʟʘʥʠʤʘʶʱʠʡʩʷ 
ʫʧʨʘʚʣʝʥʠʝʤ ʧʘʤʷʪʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ (ʩʤ. ʨʠʩ. 1). ʉʦʟʜʘʥʠʝ ʙʠʙʣʠʦʪʝʢʠ 
ʛʨʘʬʠʯʝʩʢʦʛʦ API ʪʨʝʙʫʝʪ ʦʛʨʦʤʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʧʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʞʝ ʠʤʝʶʱʫʶʩʷ ʚ ʢʦʤʧʴʶʪʝʨʝ ʚʠʜʝʦʢʘʨʪʫ ʜʣʷ ʦʪʨʠʩʦʚʢʠ ʠ ʦʙʦʡʪʠʩʴ ʨʘʟʨʘʙʦʪʢʦʡ ʪʦʣʴʢʦ 
ʜʨʘʡʚʝʨʘ ʨʝʞʠʤʘ ʷʜʨʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʚʠʨʪʫʘʣʴʥʳʤʠ ʚʳʚʦʜʘʤʠ ʠ 
ʟʘʧʨʘʰʠʚʘʪʴ ʢʘʜʨʳ ʠʟ ʧʘʤʷʪʠ ʚʠʜʝʦʢʘʨʪʳ. ɺ Windows ʠ Linux [4] ʦʧʠʩʘʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʞʝ 
ʨʝʘʣʠʟʦʚʘʥʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʚʨʫʯʥʫʶ ʫʧʨʘʚʣʷʪʴ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʢʘʜʨʦʚ ʥʘ 
ʚʠʨʪʫʘʣʴʥʦʤ ʚʳʚʦʜʝ ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʧʨʘʚʢʠ ʩʦʙʳʪʠʡ vblank. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɸʨʭʠʪʝʢʪʫʨʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʩʪʝʢʘ Windows [3] 

ɿʘʭʚʘʪ ʢʘʜʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʧʨʘʚʢʠ IOCTL ʢʦʜʘ. ʈʝʟʫʣʴʪʘʪ ʚʳʟʦʚʘ ï 
ʜʝʩʢʨʠʧʪʦʨ ʙʫʬʝʨʘ ʧʠʢʩʝʣʝʡ ʢʘʜʨʘ ʵʢʨʘʥʘ ʚ ʬʦʨʤʘʪʝ ARGB. ʇʨʠ ʧʝʨʝʜʘʯʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ Wi-Fi 
ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʪʦʢʦʚʦʝ ʩʞʘʪʠʝ, ʪʘʢ ʢʘʢ ʪʨʘʥʩʣʷʮʠʷ ʵʢʨʘʥʘ ʚ ʨʘʟʨʝʰʝʥʠʠ FullHD ʩ 
ʯʘʩʪʦʪʦʡ ʦʙʥʦʚʣʝʥʠʷ ʵʢʨʘʥʘ 60 ɻʮ ʧʫʪʝʤ ʦʪʧʨʘʚʢʠ ʥʝʩʞʘʪʳʭ ʢʘʜʨʦʚ ʚ ʬʦʨʤʘʪʝ 32 ʙʠʪ ʥʘ ʧʠʢʩʝʣʴ 
ʧʨʠʚʦʜʠʪ ʢ ʠʟʙʳʪʦʯʥʳʤ ʥʘʛʨʫʟʢʘʤ ʥʘ ʩʝʪʴ, ʪʘʢ ʢʘʢ ʩʨʝʜʥʠʡ ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ï 5 ɻʙʠʪ/ʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʘʮʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʜʨʘʡʚʝʨʦʚ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 
ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʧʘʨʠʪʝʪʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ, ʜʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʠʝʥʪʘ ʠ ʩʝʨʚʝʨʘ: ʫʩʪʘʥʦʚʣʝʥʠʝ 
ʩʦʝʜʠʥʝʥʠʷ, ʧʦʜʢʣʶʯʝʥʠʝ ʤʦʥʠʪʦʨʘ, ʪʨʘʥʩʣʷʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʦʪʢʣʶʯʝʥʠʝ ʤʦʥʠʪʦʨʘ ï ʚ ʨʘʤʢʘʭ 
ʝʜʠʥʦʡ ʢʦʜʦʚʦʡ ʙʘʟʳ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʛʨʘʬʠʯʝʩʢʦʡ, 
ʧʦʜʩʠʩʪʝʤʳ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Naming Files, Paths and Namespaces ï Win32 apps : Microsoft Learn. ï URL: https://learn.microsoft.com/en-us/windows/ 

win32/fileio/naming-a-file (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.03.2026). 
2. VESA Enhanced EDID Standard Version 1.4 : Release A, Revision 2. ï Video Electronics Standards Association, 2006. ï URL: 

https://vesa.org/vesa-standards (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.03.2026). 
3. WDDM Architecture ï Windows Drivers : Microsoft Learn. ï URL: https://learn.microsoft.com/en-us/windows-hardware/ 

drivers/display/windows-vista-and-later-display-driver-model-architecture (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 16.03.2026). 
4. Chapter 35. PRIME Render Offload : Nvidia. ï URL: https://download.nvidia.com/XFree86/Linux-x86_64/435.17/README/ 

primerenderoffload.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 16.03.2026). 
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https://download.nvidia.com/XFree86/Linux-x86_64/435.17/README/primerenderoffload.html
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ʇʈʆɻʈɸʄʄʅɸʗ ʄʆɼɽʃʔ ɼʃʗ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ 
ʆʇʈɽɼɽʃɽʅʀʗ ɿɸʅʗʊʆʉʊʀ ʇʆʄɽʑɽʅʀʗ ʇʆ ɼɸʅʅʓʄ 

ʊɽʄʇɽʈɸʊʋʈʓ ʀ ɺʃɸɾʅʆʉʊʀ 

ɾʫʢ ʗ.ʉ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʚʘʥʶʢ ɸ.ɸ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʥʷʪʦʩʪʠ ʧʦʤʝʱʝʥʠʷ ʧʦ ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 
ʚʣʘʞʥʦʩʪʠ ʚ ʩʨʝʜʝ Home Assistant. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʚ ʩʠʩʪʝʤʝ çʫʤʥʦʛʦ ʜʦʤʘè ʜʦʩʪʫʧʝʥ 
ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʜʘʪʯʠʢʦʚ ʠ ʪʨʝʙʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ ʦ ʟʘʥʷʪʦʩʪʠ ʧʦʤʝʱʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʦʜʫʣʝʤ 
ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʜʘʪʯʠʢʦʚ ʜʚʠʞʝʥʠʷ ʠ ʢʘʤʝʨ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʦʙʳʪʠʡʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩ ʧʝʨʝʜʘʯʝʡ ʪʝʣʝʤʝʪʨʠʠ ʧʦ 
MQTT, ʚʳʜʝʣʝʥʠʝʤ ʵʪʘʧʘ ʧʨʝʜʦʙʨʘʙʦʪʢʠ, ʥʝʡʨʦʩʝʪʝʚʦʡ ʦʮʝʥʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʥʷʪʦʩʪʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʣʦʛʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ 
ʨʝʰʝʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʮʝʥʢʠ ʟʘʥʷʪʦʩʪʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʪʯʠʢʦʚ 
ʜʚʠʞʝʥʠʷ ʠ ʢʘʤʝʨ, ʘ ʪʘʢʞʝ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʮʝʥʘʨʠʷʭ ʫʧʨʘʚʣʝʥʠʷ ʦʪʦʧʣʝʥʠʝʤ ʠ ʚʝʥʪʠʣʷʮʠʝʡ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʧʣʘʪʬʦʨʤ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʧʦʤʝʱʝʥʠʷʤʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ 
ʩʝʥʩʦʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʚʩʝʛʦ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 
ʚʣʘʞʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʟʚʝʩʪʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʠʩʫʪʩʪʚʠʷ ʦʧʠʨʘʝʪʩʷ 
ʥʘ ʨʘʩʰʠʨʝʥʥʳʡ ʥʘʙʦʨ ʩʝʥʩʦʨʦʚ, ʚʢʣʶʯʘʷ ʢʦʥʪʨʦʣʴ CO2, ʜʘʪʯʠʢʠ ʜʚʠʞʝʥʠʷ ʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ [1, 2]. 
ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠ ʫʩʣʦʞʥʷʝʪ ʩʦʧʨʦʚʦʞʜʝʥʠʝ, ʧʦʵʪʦʤʫ ʢʦʩʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 
ʟʘʥʷʪʦʩʪʠ ʧʦ ʫʞʝ ʠʤʝʶʱʝʡʩʷ ʪʝʣʝʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʘʨʭʠʪʝʢʪʫʨʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʪʨʦʠʪʴ ʢʘʢ ʩʦʙʳʪʠʡʥʦ-
ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ Home Assistant (HA) ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʢʦʥʪʫʨ ʠ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ BLE-ʜʘʪʯʠʢʦʤ, ʘ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʧʨʦʪʦʢʦʣʫ 
MQTT ʚ ʤʦʜʝʣʠ çʠʟʜʘʪʝʣʴïʧʦʜʧʠʩʯʠʢè [3, 4]. ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʘ ʦʙʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 
ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ML-ʩʝʨʚʠʩʘ ʩ HA. 
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ʈʠʩʫʥʦʢ 1 ï ɸʨʭʠʪʝʢʪʫʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ HA, MQTT-ʙʨʦʢʝʨʘ ʠ ML-ʩʝʨʚʠʩʘ 

ʅʘ ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥ ʠʩʪʦʨʠʯʝʩʢʠʡ ʤʘʩʩʠʚ ʪʝʣʝʤʝʪʨʠʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʢʦʣʦ ʜʚʫʭ 
ʣʝʪ ʜʣʷ ʯʝʪʳʨʝʭ ʢʘʥʘʣʦʚ ʠʟʤʝʨʝʥʠʡ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʚ ʜʚʫʭ ʧʦʤʝʱʝʥʠʷʭ). ʇʦʩʣʝ ʧʨʠʚʝʜʝʥʠʷ 
ʚʨʝʤʝʥʥʦʡ ʦʩʠ ʢ ʝʜʠʥʦʤʫ ʰʘʛʫ ʧʦʣʫʯʝʥʳ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʨʷʜʳ ʜʣʷ ʜʚʫʭ ʨʝʞʠʤʦʚ: ʘʥʘʣʠʟ ʥʘ ʰʘʛʝ 30 
ʤʠʥʫʪ ʠ ʦʙʫʯʝʥʠʝ ʥʘ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʩʝʪʢʝ 5 ʤʠʥʫʪ. ɼʚʫʭʣʝʪʥʠʡ ʛʦʨʠʟʦʥʪ ʥʘʙʣʶʜʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 
ʫʯʠʪʳʚʘʪʴ ʩʝʟʦʥʥʳʝ ʠ ʥʝʜʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʨʘʙʦʯʠʤʠ ʠ 
ʥʝʨʘʙʦʯʠʤʠ ʨʝʞʠʤʘʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʤʝʱʝʥʠʷ, ʩʥʠʞʘʷ ʨʠʩʢ ʧʨʠʚʷʟʢʠ ʢ ʯʘʩʪʥʳʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ 
ʩʮʝʥʘʨʠʷʤ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʙʦʣʴʰʦʡ ʦʙʲʸʤ ʧʨʠʤʝʨʦʚ ʩ ʰʘʛʦʤ 5 ʤʠʥʫʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʮʝʥʢʠ ʚʝʩʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʫʯʘʶʱʠʭ ʦʢʦʥ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʠʥʳ ʙʝʟ ʧʦʪʝʨʠ ʜʠʥʘʤʠʢʠ 
ʩʠʛʥʘʣʘ. ɺʳʙʦʨʢʘ ʪʘʢʞʝ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʢʦʨʨʝʢʪʥʦʡ ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʟʘ ʩʯʸʪ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 
ʥʘ ʦʙʫʯʘʶʱʫʶ, ʧʨʦʚʝʨʦʯʥʫʶ ʠ ʢʦʥʪʨʦʣʴʥʫʶ ʯʘʩʪʠ: ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʤʦʜʝʣʴ ʥʘ ʙʫʜʫʱʠʭ 
ʠʥʪʝʨʚʘʣʘʭ, ʥʘʩʪʨʘʠʚʘʪʴ ʨʘʙʦʯʠʡ ʧʦʨʦʛ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʧʘʨʘʤʝʪʨʳ ʣʦʛʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 
ʩʦʧʦʩʪʘʚʣʷʪʴ ʚʝʨʩʠʠ ʤʦʜʝʣʠ ʚ ʝʜʠʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚʳʩʪʨʘʠʚʘʪʴ ʫʧʨʘʚʣʷʝʤʳʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ 
ʧʝʨʝʦʙʫʯʝʥʠʷ. 

ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʣʦʛʠʢʘ ʧʨʦʛʨʘʤʤʥʦʡ ʤʦʜʝʣʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʝʨʝʭʦʜ ʦʪ ʘʥʘʣʠʟʘ ʦʜʠʥʦʯʥʳʭ 
ʠʟʤʝʨʝʥʠʡ ʢ ʦʢʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. ʇʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʢʦʣʴʟʷʱʝʝ ʦʢʥʦ 
ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʜʠʥʘʤʠʯʝʩʢʠʝ 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʧʨʠʟʥʘʢʠ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʛʥʘʣʘ. ʊʘʢʦʡ ʚʳʙʦʨ ʤʦʪʠʚʠʨʦʚʘʥ ʪʝʤ, ʯʪʦ ʟʘʥʷʪʦʩʪʴ 
ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʭʘʨʘʢʪʝʨʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ. 

ʕʪʘʧ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʥʪʫʨ. ʅʘ 
ʜʘʥʥʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʪʴ ʥʦʨʤʘʣʠʟʘʮʠʶ ʚʨʝʤʝʥʥʦʡ ʦʩʠ, ʬʠʣʴʪʨʘʮʠʶ ʚʳʙʨʦʩʦʚ, ʦʙʨʘʙʦʪʢʫ ʧʨʦʧʫʩʢʦʚ 
ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ ʢʘʯʝʩʪʚʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙʫʯʝʥʠʝ 
ʠ ʧʨʦʚʝʨʢʫ ʢʘʯʝʩʪʚʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʚʳʙʦʨʦʢ, ʪʦ ʝʩʪʴ ʧʨʦʚʝʨʷʪʴ 
ʤʦʜʝʣʴ ʥʘ ʙʫʜʫʱʠʭ ʠʥʪʝʨʚʘʣʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʫʯʘʶʱʝʡ ʯʘʩʪʠ. 

ɼʣʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʥʷʪʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʡʨʦʩʝʪʝʚʫʶ ʤʦʜʝʣʴ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʠʧʘ çʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥè, ʦʙʫʯʘʝʤʫʶ ʥʘ ʦʢʦʥʥʳʭ ʧʨʠʟʥʘʢʘʭ. ɹʘʟʦʚʘʷ 
ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʭʦʜʥʦʡ ʩʣʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʨʘʚʥʦʡ ʯʠʩʣʫ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 
ʧʨʠʟʥʘʢʦʚ ʦʢʥʘ, ʜʚʘïʪʨʠ ʩʢʨʳʪʳʭ ʩʣʦʷ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʘʢʪʠʚʘʮʠʠ, ʤʝʭʘʥʠʟʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ 
ʠ ʚʳʭʦʜʥʦʡ ʩʣʦʡ ʩ ʩʠʛʤʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ, ʚʦʟʚʨʘʱʘʶʱʠʡ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʢʣʘʩʩʫ 
çʟʘʥʷʪʦè. ʆʙʫʯʝʥʠʝ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʧʦ ʬʫʥʢʮʠʠ ʙʠʥʘʨʥʦʡ ʢʨʦʩʩ-ʵʥʪʨʦʧʠʠ ʩ ʫʯʝʪʦʤ ʚʝʩʦʚ 
ʢʣʘʩʩʦʚ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʦʩʪʦʷʥʠʡ çʟʘʥʷʪʦ/ʩʚʦʙʦʜʥʦè.  

ʉʠʩʪʝʤʘ ʙʫʜʝʪ ʜʦʧʦʣʥʝʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʤʦʜʝʣʴʶ ʧʨʦʛʥʦʟʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʟʘʜʘʥʥʦʤ 
ʛʦʨʠʟʦʥʪʝ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʪʨʦʠʪʴʩʷ ʥʘ ʪʦʤ ʞʝ ʧʨʠʟʥʘʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʦ ʨʝʰʘʪʴ ʨʝʛʨʝʩʩʠʦʥʥʫʶ 
ʟʘʜʘʯʫ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʵʪʘʧʳ ʧʨʝʜʦʙʨʘʙʦʪʢʠ, ʫʧʨʦʩʪʠʪʴ ʩʦʧʨʦʚʦʞʜʝʥʠʝ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʣʫʯʠʪʴ ʜʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʝʟʫʣʴʪʘʪʘ: ʦʮʝʥʢʫ 
ʟʘʥʷʪʦʩʪʠ ʠ ʧʨʦʛʥʦʟ ʧʘʨʘʤʝʪʨʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʜʣʷ ʫʧʨʝʞʜʘʶʱʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʡ. 

ʆʙʫʯʝʥʠʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʢʘʢ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʥʚʝʡʝʨ. ʀʟ 
ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʪʦʢʘ ʪʝʣʝʤʝʪʨʠʠ ʙʫʜʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʙʫʯʘʶʱʠʝ ʧʨʠʤʝʨʳ ʧʦ ʧʨʠʥʮʠʧʫ çʦʜʥʦ ʦʢʥʦ 
ʥʘʙʣʶʜʝʥʠʡ ï ʦʜʥʘ ʤʝʪʢʘ ʩʦʩʪʦʷʥʠʷè. ʅʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʧʣʘʥʠʨʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʜʠʩʙʘʣʘʥʩ ʢʣʘʩʩʦʚ 
çʟʘʥʷʪʦ/ʩʚʦʙʦʜʥʦè ʟʘ ʩʯʝʪ ʚʟʚʝʰʠʚʘʥʠʷ ʢʣʘʩʩʦʚ ʠ ʥʘʩʪʨʦʡʢʠ ʨʘʙʦʯʝʛʦ ʧʦʨʦʛʘ ʧʦ ʧʨʦʚʝʨʦʯʥʦʡ ʚʳʙʦʨʢʝ. 
ʂʘʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʮʝʥʠʚʘʪʴ ʤʝʪʨʠʢʘʤʠ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ; ʜʣʷ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʯʘʩʪʦʪʫ ʧʝʨʝʢʣʶʯʝʥʠʡ 
ʩʪʘʪʫʩʘ ʠ ʜʦʣʶ ʚʨʝʤʝʥʠ ʩ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʚʝʨʝʥʥʦʩʪʠ. ɼʣʷ ʧʨʦʛʥʦʟʘ ʪʝʤʧʝʨʘʪʫʨʳ 
ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʰʠʙʢʠ, ʦʪʨʘʞʘʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʣʝʟʥʦʩʪʴ 
ʧʨʦʛʥʦʟʘ ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ ʦʪʦʧʣʝʥʠʝʤ ʠ ʚʝʥʪʠʣʷʮʠʝʡ. 

ɺ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʝʨʚʠʩ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʢʘʢ ʥʝʧʨʝʨʳʚʥʳʡ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʥʪʫʨ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ MQTT-ʩʦʦʙʱʝʥʠʷ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʦʚʝʨʢʘ 
ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʘʧʘʟʦʥʦʚ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʦʙʥʦʚʣʝʥʠʝ ʙʫʬʝʨʘ ʦʢʥʘ, ʧʝʨʝʩʯʝʪ ʧʨʠʟʥʘʢʦʚ, 
ʥʦʨʤʘʣʠʟʘʮʠʷ, ʚʳʯʠʩʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʤʦʜʝʣʠ, ʣʦʛʠʯʝʩʢʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ ʧʫʙʣʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʘ 
ʚ MQTT-ʪʦʧʠʢʠ HA. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʜʝʛʨʘʜʘʮʠʠ ʢʘʯʝʩʪʚʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʪʫʨ ʧʝʨʝʦʙʫʯʝʥʠʷ: 
ʥʘʢʦʧʣʝʥʠʝ ʘʢʪʫʘʣʴʥʦʡ ʠʩʪʦʨʠʠ, ʧʦʚʪʦʨʥʘʷ ʧʨʦʚʝʨʢʘ, ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʝ ʠ ʙʝʟʦʧʘʩʥʘʷ ʟʘʤʝʥʘ ʤʦʜʝʣʠ 
ʚ ʨʘʙʦʯʝʤ ʩʝʨʚʠʩʝ ʪʦʣʴʢʦ ʧʨʠ ʧʦʜʪʚʝʨʞʜʝʥʥʦʤ ʥʝʫʭʫʜʰʝʥʠʠ ʮʝʣʝʚʳʭ ʤʝʪʨʠʢ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʘʯʝʩʪʚʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʜʝʣʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʚ 
HA. ʇʨʠ ʦʰʠʙʦʯʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʟʘʥʷʪʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʫ, ʢʦʪʦʨʘʷ 
ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʘʟʤʝʪʢʘ. ʕʪʠ ʦʪʤʝʪʢʠ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʜʣʷ 
ʤʛʥʦʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʝʩʦʚ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ; ʠʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʢʣʶʯʘʪʴ ʚ ʦʯʝʨʝʜʥʦʡ ʮʠʢʣ 
ʜʦʦʙʫʯʝʥʠʷ ʧʦʩʣʝ ʧʘʢʝʪʥʦʡ ʧʨʦʚʝʨʢʠ ʠ ʚʘʣʠʜʘʮʠʠ ʥʦʚʦʡ ʚʝʨʩʠʠ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʪʫʨʘ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʠʟ-ʟʘ ʝʜʠʥʠʯʥʳʭ ʦʰʠʙʦʯʥʳʭ ʢʦʨʨʝʢʮʠʡ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʩʪʝʢ: 
Python 3.11; ʙʠʙʣʠʦʪʝʢʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ; ʩʨʝʜʩʪʚʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 
ʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ; ʦʙʤʝʥ ʩʦʦʙʱʝʥʠʷʤʠ ʧʦ MQTT; ʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʧʣʘʪʬʦʨʤʫ HA ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ 
ʨʘʩʯʝʪʥʳʭ ʩʫʱʥʦʩʪʝʡ ʠ ʩʮʝʥʘʨʠʝʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 
ʧʝʨʝʜʘʚʘʪʴ ʚ HA ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʩʫʱʥʦʩʪʠ: ʙʠʥʘʨʥʳʡ ʜʘʪʯʠʢ ʟʘʥʷʪʦʩʪʠ, ʜʘʪʯʠʢ ʚʝʨʦʷʪʥʦʩʪʠ ʠ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʚʝʨʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʘʪʯʠʢ ʧʨʦʛʥʦʟʘ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʀʪʦʛʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʤʦʜʝʣʠ ʜʦʣʞʥʦ ʩʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ, ʢʦʪʦʨʦʝ ʥʘ 
ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʜʚʫʭʣʝʪʥʝʡ ʪʝʣʝʤʝʪʨʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʪʦʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʫʩʪʦʡʯʠʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʥʷʪʦʩʪʠ ʧʦʤʝʱʝʥʠʷ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʥʘʙʦʨʝ ʩʝʥʩʦʨʦʚ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 
ʧʨʦʛʥʦʟ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʫʧʨʝʞʜʘʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʨʘʟʨʘʙʦʪʢʠ 
ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʦʙʫʯʘʶʱʠʡ ʢʦʥʪʫʨ, ʚʝʨʩʠʦʥʠʨʫʝʤʳʡ ʨʘʙʦʯʠʡ ʤʦʜʫʣʴ 
ʚʳʯʠʩʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʥʫʶ ʤʝʪʨʠʢʘʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʠʥʪʝʛʨʘʮʠʝʡ ʧʨʠʤʝʥʠʤʦʩʪʴ ʨʝʰʝʥʠʷ 
ʚ ʩʨʝʜʝ HA. 
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ɿɸʇʈʆʉʆɺ ɺ POSTGRESQL 

ʂʠʩʝʣʸʚ ɸ.ʉ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʄʦʞʝʡ ʅ.ʇ. ï ʢʘʥʜ. ʬʠʟ.- ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʜʢʣʶʯʝʥʠʡ ʢ PostgreSQL ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʵʪʠʤ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 
ʫʩʣʦʞʥʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʠʧʦʚʳʝ ʧʦʜʭʦʜʳ ʠ ʠʭ ʦʛʨʘʥʠʯʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʠ 
ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ PgPooler, ʦʙʲʝʜʠʥʷʶʱʝʝ ʫʧʨʘʚʣʝʥʠʝ ʧʫʣʦʤ ʩʦʝʜʠʥʝʥʠʡ 
(connection pooling), ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʧʨʘʚʠʣʘʤ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʩʙʦʨ ʘʥʘʣʠʪʠʢʠ ʠ ʠʥʪʝʨʬʝʡʩʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 
ʫʧʨʘʚʣʝʥʠʷ. 

PostgreSQL ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠ ʦʙʣʘʯʥʳʭ ʩʠʩʪʝʤʘʭ [1, 2]. ʇʨʠ ʨʦʩʪʝ ʯʠʩʣʘ 
ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʠʭ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʙʦʣʴʰʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʩʝʩʩʠʡ ʩʪʘʥʦʚʷʪʩʷ ʬʘʢʪʦʨʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʦʩʦʙʝʥʥʦ ʧʨʠ 
ʢʦʨʦʪʢʠʭ ʟʘʧʨʦʩʘʭ ʠ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʨʝʩʫʨʩʳ ɹɼ [2]. ʊʠʧʦʚʦʡ ʩʧʦʩʦʙ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ï 
ʧʨʠʤʝʥʝʥʠʝ ʚʥʝʰʥʝʛʦ ʧʫʣʣʝʨʘ: ʦʛʨʘʥʠʯʝʥʠʝ ʯʠʩʣʘ ʧʦʜʢʣʶʯʝʥʠʡ ʢ ʩʝʨʚʝʨʫ ɹɼ ʠ ʠʭ ʧʝʨʝʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʢʣʠʝʥʪʩʢʠʭ ʩʝʩʩʠʡ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʫʣʣʝʨʳ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʶʪ ʟʘʜʘʯʫ ʦʛʨʘʥʠʯʝʥʠʷ ʯʠʩʣʘ ʧʦʜʢʣʶʯʝʥʠʡ ʢ ʩʝʨʚʝʨʫ 
ɹɼ, ʦʜʥʘʢʦ ʚ ʪʠʧʦʚʦʤ ʩʮʝʥʘʨʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʯʘʩʪʦ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ: 
ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʭʨʘʥʝʥʠʷ ʠʩʪʦʨʠʠ ʩʦʝʜʠʥʝʥʠʡ ʠ ʟʘʧʨʦʩʦʚ, ʘ ʪʘʢʞʝ ʫʜʦʙʥʳʭ ʩʨʝʜʩʪʚ 
ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʟʘʚʝʨʰʝʥʠʝ ʩʝʩʩʠʡ, ʙʣʦʢʠʨʦʚʢʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʫʧʨʘʚʣʝʥʠʝ 
ʢʦʥʬʠʛʫʨʘʮʠʝʡ) [3, 4]. ʕʪʦ ʧʦʚʳʰʘʝʪ ʪʨʫʜʦʸʤʢʦʩʪʴ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʥʘ 
ʠʥʮʠʜʝʥʪʳ. 

PgPooler ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʧʨʦʢʩʠ-ʩʝʨʚʝʨ ʫʨʦʚʥʷ ʩʦʝʜʠʥʝʥʠʡ ʤʝʞʜʫ ʢʣʠʝʥʪʘʤʠ PostgreSQL ʠ 
ʩʝʨʚʝʨʘʤʠ ɹɼ. ʗʜʨʦ ʥʘʧʠʩʘʥʦ ʥʘ C++ (ʩʪʘʥʜʘʨʪ C++17) ʠ ʧʦʩʪʨʦʝʥʦ ʥʘ ʩʦʙʳʪʠʡʥʦʡ ʤʦʜʝʣʠ 
ʥʝʙʣʦʢʠʨʫʶʱʝʛʦ ʚʚʦʜʘΆʚʳʚʦʜʘ (ʙʠʙʣʠʦʪʝʢʘ libevent), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʩʣʫʞʠʚʘʪʴ ʤʥʦʞʝʩʪʚʦ 
ʢʣʠʝʥʪʩʢʠʭ ʧʦʜʢʣʶʯʝʥʠʡ ʧʨʠ ʧʨʝʜʩʢʘʟʫʝʤʦʤ ʧʦʪʨʝʙʣʝʥʠʠ ʨʝʩʫʨʩʦʚ. 

ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʷʜʨʘ: ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ (Listener) ʠ ʩ 
ʤʥʦʛʦʧʨʦʮʝʩʩʥʦʡ ʩʭʝʤʦʡ çʜʠʩʧʝʪʯʝʨ ï ʚʦʨʢʝʨʳè. ɺ ʚʘʨʠʘʥʪʝ ʩ ʜʠʩʧʝʪʯʝʨʦʤ ʦʜʠʥ ʧʨʦʮʝʩʩ (Dispatcher) 
ʧʨʠʥʠʤʘʝʪ ʚʭʦʜʷʱʠʝ TCP-ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʟʘʜʘʥʥʦʤ ʧʦʨʪʫ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʯʠʪʘʝʪ ʧʝʨʚʳʡ ʧʘʢʝʪ ʦʪ 
ʢʣʠʝʥʪʘ (ʩʪʘʨʪʦʚʦʝ ʩʦʦʙʱʝʥʠʝ ʠʣʠ SSL-ʟʘʧʨʦʩ). ʇʦ ʧʨʘʚʠʣʘʤ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʠʩʧʝʪʯʝʨ ʦʧʨʝʜʝʣʷʝʪ 
ʮʝʣʝʚʦʡ ʙʵʢʝʥʜ; ʟʘʪʝʤ ʜʝʩʢʨʠʧʪʦʨ ʩʦʝʜʠʥʝʥʠʷ ʠ ʙʫʬʝʨ ʧʝʨʝʜʘʶʪʩʷ ʦʜʥʦʤʫ ʠʟ N ʚʦʨʢʝʨʦʚ ʯʝʨʝʟ Unix 
domain socket (handoff). ɺʦʨʢʝʨ ʧʦʣʫʯʘʝʪ ʫʞʝ ʧʨʦʯʠʪʘʥʥʳʝ ʜʘʥʥʳʝ ʠ ʧʨʦʜʦʣʞʘʝʪ ʦʙʨʘʙʦʪʢʫ ʩʝʩʩʠʠ: 
ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʩ ʚʳʙʨʘʥʥʳʤ ʩʝʨʚʝʨʦʤ ɹɼ, ʨʘʙʦʪʘ ʩ ʧʫʣʦʤ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʦʢʩʠʨʦʚʘʥʠʝ ʪʨʘʬʠʢʘ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʸʤ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʚʦʨʢʝʨʘʤ ʚʳʧʦʣʥʷʝʪ ʜʠʩʧʝʪʯʝʨ, ʘ 
ʢʘʞʜʘʷ ʢʣʠʝʥʪʩʢʘʷ ʩʝʩʩʠʷ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʦʜʥʠʤ ʚʦʨʢʝʨʦʤ ʜʦ ʦʪʢʣʶʯʝʥʠʷ; ʵʪʦ ʧʦʟʚʦʣʷʝʪ 
ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʥʘʛʨʫʟʢʫ ʧʦ ʷʜʨʘʤ ʧʨʦʮʝʩʩʦʨʘ ʠ ʩʥʠʞʘʪʴ ʢʦʥʢʫʨʝʥʮʠʶ ʟʘ ʦʙʱʠʡ ʮʠʢʣ ʩʦʙʳʪʠʡ. ʏʠʩʣʦ 
ʚʦʨʢʝʨʦʚ ʟʘʜʘʸʪʩʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʟʘʜʘʸʪʩʷ ʚ ʬʦʨʤʘʪʝ YAML ʦʪʜʝʣʴʥʳʤʠ ʬʘʡʣʘʤʠ: pgpooler.yaml (ʘʜʨʝʩ ʠ ʧʦʨʪ 
ʧʨʦʩʣʫʰʠʚʘʥʠʷ, ʧʫʪʠ ʢ ʬʘʡʣʘʤ ʙʵʢʝʥʜʦʚ ʠ ʧʨʘʚʠʣ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʥʘʩʪʨʦʡʢʠ ʚʦʨʢʝʨʦʚ, ʣʦʛʠʨʦʚʘʥʠʷ 
ʠ ʘʥʘʣʠʪʠʢʠ), backends.yaml (ʩʧʠʩʦʢ ʩʝʨʚʝʨʦʚ ɹɼ ï ʭʦʩʪ, ʧʦʨʪ, ʧʘʨʘʤʝʪʨʳ ʧʫʣʦʚ ʧʦ ʫʤʦʣʯʘʥʠʶ), 
routing.yaml (ʧʨʘʚʠʣʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʦ ʧʦʣʷʤ user ʠ database ï ʪʦʯʥʦʝ ʩʦʚʧʘʜʝʥʠʝ, ʩʧʠʩʦʢ ʟʥʘʯʝʥʠʡ, 
ʧʨʝʬʠʢʩ, ʨʝʛʫʣʷʨʥʦʝ ʚʳʨʘʞʝʥʠʝ, ʧʨʘʚʠʣʦ ʧʦ ʫʤʦʣʯʘʥʠʶ). ʂʣʶʯʝʚʦʝ ʨʝʰʝʥʠʝ ï ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʧʦ 
ʧʘʨʘʤʝʪʨʘʤ ʩʪʘʨʪʦʚʦʛʦ ʩʦʦʙʱʝʥʠʷ ʧʨʦʪʦʢʦʣʘ PostgreSQL ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 
ʩʝʨʚʝʨʫ ɹɼ; ʚʳʙʦʨ ʮʝʣʝʚʦʛʦ ʙʵʢʝʥʜʘ ʠ ʧʫʣʘ ʚʳʧʦʣʥʷʝʪʩʷ ʜʦ ʬʘʟʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʠʝʥʪʘ, ʧʨʦʢʩʠ-ʩʝʨʚʝʨʘ ʠ ʩʝʨʚʝʨʘ PostgreSQL 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʋʧʨʘʚʣʝʥʠʝ ʧʫʣʦʤ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ (çʩʝʘʥʩè, çʪʨʘʥʟʘʢʮʠʷè, çʦʧʝʨʘʪʦʨè) ʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʫʣʦʚ (ʨʘʟʤʝʨʳ, ʪʘʡʤΆʘʫʪʳ) [2ï4]. ɺ ʨʝʞʠʤʝ çʩʝʘʥʩè ʚʳʜʘʥʥʦʝ ʢʣʠʝʥʪʫ ʩʦʝʜʠʥʝʥʠʝ 
ʟʘʢʨʝʧʣʝʥʦ ʟʘ ʥʠʤ ʜʦ ʦʪʢʣʶʯʝʥʠʷ; ʚ ʨʝʞʠʤʝ çʪʨʘʥʟʘʢʮʠʷè ʩʦʝʜʠʥʝʥʠʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʧʫʣ ʧʦʩʣʝ 
ʟʘʚʝʨʰʝʥʠʷ ʪʨʘʥʟʘʢʮʠʠ (ʧʦ ʩʦʦʙʱʝʥʠʶ ReadyForQuery ʩ ʩʦʩʪʦʷʥʠʝʤ idle); ʚ ʨʝʞʠʤʝ çʦʧʝʨʘʪʦʨè ï 
ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʚʳʧʦʣʥʝʥʥʦʛʦ ʟʘʧʨʦʩʘ. ʇʨʠ ʚʳʜʘʯʝ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʩʝʨʚʝʨ ɹɼ 
ʦʪʧʨʘʚʣʷʝʪʩʷ ʢʦʤʘʥʜʘ ʩʙʨʦʩʘ ʩʦʩʪʦʷʥʠʷ (DISCARD ALL). ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʚʦʙʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ 

ʧʫʣʝ ʢʣʠʝʥʪʩʢʘʷ ʩʝʩʩʠʷ ʩʪʘʚʠʪʩʷ ʚ ʦʯʝʨʝʜʴ ʦʞʠʜʘʥʠʷ ʩ ʥʘʩʪʨʘʠʚʘʝʤʳʤ ʪʘʡʤΆʘʫʪʦʤ; ʧʨʠ ʝʛʦ ʠʩʪʝʯʝʥʠʠ 
ʢʣʠʝʥʪʫ ʚʦʟʚʨʘʱʘʝʪʩʷ ʦʰʠʙʢʘ. 

ʂʘʞʜʦʤʫ ʢʣʠʝʥʪʩʢʦʤʫ ʧʦʜʢʣʶʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʠʥ ʵʢʟʝʤʧʣʷʨ ClientSession ʚ ʷʜʨʝ: ʧʨʠʸʤ 
ʧʝʨʚʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʙʵʢʝʥʜʦʤ, ʧʨʦʢʩʠʨʦʚʘʥʠʝ ʦʙʤʝʥʘ ʧʨʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 
ʩ ʢʵʰʠʨʦʚʘʥʠʝʤ ʦʪʚʝʪʘ ʜʦ ReadyForQuery, ʦʙʨʘʱʝʥʠʝ ʢ ʧʫʣʫ (take ï ʧʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠʣʠ 
ʧʦʩʪʘʥʦʚʢʘ ʚ ʦʯʝʨʝʜʴ ʦʞʠʜʘʥʠʷ; put ï ʚʦʟʚʨʘʪ ʩʦʝʜʠʥʝʥʠʷ ʚ ʧʫʣ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʢʵʰʘ ʩʪʘʨʪʦʚʦʛʦ 
ʦʪʚʝʪʘ), ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʤʝʥʪʘ ʚʦʟʚʨʘʪʘ ʩʦʝʜʠʥʝʥʠʷ ʚ ʧʫʣ ʧʦ ʨʝʞʠʤʫ ʠ ʧʨʦʟʨʘʯʥʘʷ ʧʝʨʝʜʘʯʘ 
ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ ʠ ʩʝʨʚʝʨʦʤ ɹɼ. ʇʫʣ ʩʦʝʜʠʥʝʥʠʡ (BackendConnectionPool) ʧʨʠʚʷʟʘʥ ʢ ʢʣʶʯʫ 
(ʙʵʢʝʥʜ, ʧʦʣʴʟʦʚʘʪʝʣʴ, ʙʘʟʘ ʜʘʥʥʳʭ); ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʶʯʘ ʭʨʘʥʷʪʩʷ ʩʚʦʙʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢ ʩʝʨʚʝʨʫ ɹɼ 
ʠ ʦʯʝʨʝʜʴ ʩʝʩʩʠʡ, ʦʞʠʜʘʶʱʠʭ ʚʳʜʘʯʠ ʩʦʝʜʠʥʝʥʠʷ (ConnectionWaitQueue). ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʩʚʦʙʦʜʥʦʛʦ 
ʩʦʝʜʠʥʝʥʠʷ ʠʣʠ ʧʦ ʪʘʡʤ-ʘʫʪʫ ʦʞʠʜʘʶʱʠʝ ʩʝʩʩʠʠ ʫʚʝʜʦʤʣʷʶʪʩʷ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ (Router) ʧʦ ʧʘʨʝ (user, 
database) ʚʦʟʚʨʘʱʘʝʪ ʚʳʙʨʘʥʥʳʡ ʙʵʢʝʥʜ ʠ ʧʘʨʘʤʝʪʨʳ ʧʫʣʘ (ʨʘʟʤʝʨ, ʨʝʞʠʤ, ʪʘʡʤ-ʘʫʪʳ). 

ʆʙʤʝʥ ʩ ʢʣʠʝʥʪʦʤ ʠ ʙʵʢʝʥʜʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʙʠʥʘʨʥʳʝ ʩʦʦʙʱʝʥʠʷ ʧʨʦʪʦʢʦʣʘ 
PostgreSQL (ʪʠʧ, ʜʣʠʥʘ, ʪʝʣʦ); ʧʨʦʢʩʠ ʥʝ ʨʘʟʙʠʨʘʝʪ SQL ʠ ʧʝʨʝʩʳʣʘʝʪ ʩʦʦʙʱʝʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ, 
ʩʦʭʨʘʥʷʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʢʣʠʝʥʪʘʤʠ ʠ ʚʝʨʩʠʷʤʠ ʧʨʦʪʦʢʦʣʘ. ɺ ʨʝʞʠʤʘʭ çʪʨʘʥʟʘʢʮʠʷè ʠ çʦʧʝʨʘʪʦʨè 
ʤʦʤʝʥʪ ʚʦʟʚʨʘʪʘ ʩʦʝʜʠʥʝʥʠʷ ʚ ʧʫʣ ʟʘʜʘʸʪʩʷ ReadyForQuery ('Z') ʠ ʙʘʡʪʦʤ ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʟʘʢʮʠʠ I, T, E 
(idle / ʚ ʪʨʘʥʟʘʢʮʠʠ / ʦʰʠʙʢʘ): ʚ ʨʝʞʠʤʝ çʪʨʘʥʟʘʢʮʠʷè ï ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ idle ʧʦʩʣʝ COMMIT/ROLLBACK, 
ʚ ʨʝʞʠʤʝ çʦʧʝʨʘʪʦʨè ï ʧʨʠ ʢʘʞʜʦʤ Z. ʉʝʩʩʠʷ ʯʝʨʝʜʫʝʪ ʩʦʩʪʦʷʥʠʷ Forwarding (ʧʨʦʢʩʠ ʟʘʧʨʦʩʘ ʠ ʦʪʚʝʪʘ) 
ʠ WaitingForBackend; ʧʨʠ ʜʘʥʥʳʭ ʦʪ ʢʣʠʝʥʪʘ ʠʟ WaitingForBackend ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʚʪʦʨʥʳʡ take ʫ ʧʫʣʘ. 

ʇʨʝʜʫʩʤʦʪʨʝʥʳ ʪʘʡʤ-ʘʫʪʳ ʦʞʠʜʘʥʠʷ ʚʳʜʘʯʠ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʧʫʣʘ (ʦʰʠʙʢʘ ʢʣʠʝʥʪʫ ʧʨʠ 
ʧʨʝʚʳʰʝʥʠʠ), ʧʨʦʩʪʦʷ ʚ ʧʫʣʝ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʛʨʘʥʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʩʦʝʜʠʥʝʥʠʷ ʧʦ 
ʚʦʟʨʘʩʪʫ. ʇʨʠ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʩʝʨʚʝʨʘ ɹɼ ʟʘʚʠʩʷʱʠʝ ʢʣʠʝʥʪʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʟʘʢʨʳʚʘʶʪʩʷ ʢʦʨʨʝʢʪʥʦ; 
ʩʦʙʳʪʠʝ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʣʦʛʝ ʠ ʧʨʠ ʚʢʣʶʯʸʥʥʦʡ ʘʥʘʣʠʪʠʢʝ ï ʚ ʪʘʙʣʠʮʝ events. ʉʧʠʩʦʢ blocked_users 
ʧʨʦʚʝʨʷʝʪʩʷ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ; ʙʣʦʢʠʨʦʚʢʘ ʠ ʨʘʟʙʣʦʢʠʨʦʚʢʘ ï ʯʝʨʝʟ REST ʠʣʠ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ, 
ʭʨʘʥʝʥʠʝ ʚ ʙʘʟʝ ʘʥʘʣʠʪʠʢʠ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʧʝʨʝʟʘʛʨʫʞʘʝʪʩʷ ʙʝʟ ʧʝʨʝʟʘʧʫʩʢʘ ʧʨʦʮʝʩʩʘ. ʈʘʟʚʸʨʪʳʚʘʥʠʝ: 
ʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ ʷʜʨʘ ʠ YAML ʥʘ ʜʠʩʢʝ; ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ï Docker Compose ʩ ʢʦʥʪʝʡʥʝʨʘʤʠ 
pgpooler, PostgreSQL, ʙʘʟʳ ʘʥʘʣʠʪʠʢʠ ʠ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ ʚ ʝʜʠʥʦʡ ʩʝʪʠ. 

ɹʘʟʘ ʘʥʘʣʠʪʠʢʠ (PostgreSQL, ʩʭʝʤʘ pgpooler) ʥʘʢʘʧʣʠʚʘʝʪ ʠʩʪʦʨʠʶ: connection_sessions (ʩʝʩʩʠʷ, 
ʚʦʨʢʝʨ, ʘʜʨʝʩ ʢʣʠʝʥʪʘ, ʧʦʣʴʟʦʚʘʪʝʣʴ, ʙʘʟʘ, ʙʵʢʝʥʜ, ʨʝʞʠʤ ʧʫʣʘ, ʚʨʝʤʷ ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʦʪʢʣʶʯʝʥʠʷ), 
query_fingerprints ʠ queries (ʦʪʧʝʯʘʪʦʢ, ʭʝʰ, ʪʝʢʩʪ ʟʘʧʨʦʩʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ, ʪʠʧ ʢʦʤʘʥʜʳ), pool_snapshots 
(ʨʘʟʤʝʨ ʧʫʣʘ, ʯʠʩʣʦ ʩʚʦʙʦʜʥʳʭ, ʟʘʥʷʪʳʭ ʠ ʦʞʠʜʘʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ) ï ʜʣʷ ʦʪʯʸʪʥʦʩʪʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ. 
ɿʘʧʠʩʴ ʠʟ ʷʜʨʘ ʧʨʦʢʩʠ ʧʨʠ ʚʢʣʶʯʸʥʥʦʡ ʥʘʩʪʨʦʡʢʝ. ɸʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ï ʦʪʜʝʣʴʥʳʡ ʩʝʨʚʠʩ: REST API 
(HTTP, JSON) ï ʩʪʘʪʫʩ, ʘʢʪʠʚʥʳʝ ʩʝʩʩʠʠ, ʟʘʚʝʨʰʝʥʠʝ ʩʝʩʩʠʠ, ʙʣʦʢʠʨʦʚʢʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʝʨʝʟʘʛʨʫʟʢʘ 
ʢʦʥʬʠʛʫʨʘʮʠʠ; ʚʝʙΆʧʘʥʝʣʴ ï ʥʘʛʨʫʟʢʘ ʧʦ ʧʫʣʘʤ ʠ ʩʝʨʚʝʨʘʤ ɹɼ, ʩʝʩʩʠʠ, ʙʣʦʢʠʨʦʚʢʠ, ʛʨʘʬʠʢʠ 
ʘʥʘʣʠʪʠʢʠ. REST ʠ ʚʝʙ ʥʝ ʚʭʦʜʷʪ ʚ ʷʜʨʦ ʠ ʦʙʨʘʱʘʶʪʩʷ ʢ ʙʘʟʝ ʘʥʘʣʠʪʠʢʠ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢ ʷʜʨʫ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʛʜʝ PostgreSQL ï 
ʦʩʥʦʚʥʘʷ ʠʣʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʉʋɹɼ (ʜʘʪʘ-ʮʝʥʪʨʳ, ʦʙʣʘʯʥʳʝ ʧʨʦʚʘʡʜʝʨʳ, ʢʦʨʧʦʨʘʪʠʚʥʳʝ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ). ʊʠʧʠʯʥʳʝ ʩʮʝʥʘʨʠʠ: ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʧʫʣ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʤʥʦʞʝʩʪʚʘ 
ʧʨʠʣʦʞʝʥʠʡ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʥʘʛʨʫʟʢʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʚʝʨʰʘʪʴ ʜʦʣʛʠʝ ʟʘʧʨʦʩʳ ʠ ʙʣʦʢʠʨʦʚʘʪʴ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʝʟ ʢʦʥʩʦʣʠ ʩʝʨʚʝʨʘ; ʘʥʘʣʠʪʠʢʘ ʧʦ ʧʦʜʢʣʶʯʝʥʠʷʤ ʠ ʟʘʧʨʦʩʘʤ ʜʣʷ ʦʪʯʸʪʥʦʩʪʠ ʠ ʘʫʜʠʪʘ; 
ʨʘʟʚʸʨʪʳʚʘʥʠʝ ʚ Docker ʚʤʝʩʪʝ ʩ ʢʣʘʩʪʝʨʦʤ PostgreSQL ʠ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʦʤ ʚ ʝʜʠʥʦʤ ʩʮʝʥʘʨʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, PgPooler ʧʨʝʜʣʘʛʘʝʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ PostgreSQL: 
ʩʦʯʝʪʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʧʫʣʦʤ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʦ ʧʨʘʚʠʣʘʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ 
ʥʘʙʣʶʜʘʝʤʦʩʪʴʶ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʚ ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ, ʯʪʦ ʩʥʠʞʘʝʪ ʪʨʫʜʦʟʘʪʨʘʪʳ 
ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʫʩʢʦʨʷʝʪ ʨʝʘʢʮʠʶ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʠʪʫʘʮʠʠ. ʄʥʦʛʦʧʨʦʮʝʩʩʥʘʷ ʩʭʝʤʘ ʩ 
ʜʠʩʧʝʪʯʝʨʦʤ ʠ ʚʦʨʢʝʨʘʤʠ ʧʦʟʚʦʣʷʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʷʜʨʦ ʧʨʦʢʩʠ ʧʦ ʷʜʨʘʤ ʧʨʦʮʝʩʩʦʨʘ ʧʨʠ ʨʦʩʪʝ 
ʯʠʩʣʘ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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databases effectively / S. Riggs, G. Ciolli. ï Birmingham : Packt Publishing, 2022. ï 608 p. ï ISBN 978-1-80324-897-4.  
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ʉʇʆʉʆɹʓ ɼʆʉʊɸɺʂʀ ʂʆʈʇʆʈɸʊʀɺʅʓʍ ʇʈʀʃʆɾɽʅʀʁ 

ʂʣʝʟʦʚʠʯ ʆ.ʉ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʨʦʭʦʨʯʠʢ ʈ.ɺ. ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʊʨʫʜʥʦ ʥʝʜʦʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟ ʞʠʟʥʠ ʣʶʜʝʡ: ʦʧʣʘʪʘ ʧʨʦʝʟʜʘ ʚ ʦʙʱʝʩʪʚʝʥʥʦʤ 
ʪʨʘʥʩʧʦʨʪʝ, ʧʦʣʫʯʝʥʠʝ ʩʢʠʜʢʠ ʠ ʦʧʣʘʪʘ ʧʦʢʫʧʦʢ ʚ ʩʫʧʝʨʤʘʨʢʝʪʝ, ʙʨʦʥʠʨʦʚʘʥʠʝ ʟʘʨʷʜʥʳʭ ʩʪʘʥʮʠʡ ʜʣʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. ʇʨʠʤʝʨ 
ʤʦʞʥʦ ʥʘʡʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʡ ʩʬʝʨʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʝʨʚʠʩʳ ʫʧʨʦʱʘʶʪ ʧʦʚʩʝʜʥʝʚʥʳʝ ʟʘʜʘʯʠ, 
ʧʦʚʳʰʘʶʪ ʜʦʩʪʫʧʥʦʩʪʴ ʫʩʣʫʛ ʠ ʩʦʟʜʘʶʪ ʥʦʚʳʝ ʧʫʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ ʠ ʙʠʟʥʝʩʦʤ, ʩʪʘʥʦʚʷʩʴ ʥʝ ʧʨʦʩʪʦ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʥʜʦʤ, ʘ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ. 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʘʷ ʩʪʘʚʠʪ ʢʦʤʧʘʥʠʠ ʧʝʨʝʜ ʚʳʙʦʨʦʤ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʳʭ 
ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʘ ʢʦʥʝʯʥʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ ï 
ʧʦʣʴʟʦʚʘʪʝʣʶ ï ʜʣʷ ʯʝʛʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʦʣʠ ʨʳʥʢʘ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʦʣʠ ʨʳʥʢʘ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʤʦʙʠʣʴʥʳʭ 
ʫʩʪʨʦʡʩʪʚ ʧʦ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʚ ʧʝʨʠʦʜ ʩ ʬʝʚʨʘʣʷ 2022 ʧʦ ʬʝʚʨʘʣʴ 2026 [1]. ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ, 
ʦʙʱʘʷ ʜʦʣʷ ʫʩʪʨʦʡʩʪʚ ʥʘ ʙʘʟʝ Android ʠ iOS ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 50,76 %, ʯʪʦ ʤʦʞʝʪ ʢʦʩʚʝʥʥʦ ʛʦʚʦʨʠʪʴ ʦ 
ʨʘʩʪʫʱʝʤ ʪʨʝʥʜʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʙ-ʪʨʘʬʠʢʘ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʥʠʝ ʩʘʡʪʦʚ, ʥʦ ʠ ʤʦʙʠʣʴʥʳʭ 
ʧʨʠʣʦʞʝʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʦ ʚʳʜʝʣʷʶʪ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ: ʥʘʪʠʚʥʘʷ ʨʘʟʨʘʙʦʪʢʘ (ʩʦʟʜʘʥʠʝ 
ʧʨʠʣʦʞʝʥʠʷ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʨʦʜʥʳʭè ʷʟʳʢʦʚ) ʠ 
ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ (ʩʦʟʜʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠʟ 
ʝʜʠʥʦʡ ʢʦʜʦʚʦʡ ʙʘʟʳ). ʂʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ 
ʥʝʜʦʩʪʘʪʢʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩʦ ʩʪʦʠʤʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ, ʫʜʦʙʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ. 

ʂʦʤʧʘʥʠʠ, ʦʙʣʘʜʘʶʱʠʝ ʜʦʩʪʘʪʦʯʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʯʘʱʝ ʧʨʠʙʝʛʘʶʪ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʘʪʠʚʥʳʭ 
ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʦʩʪʘʚʢʠ ʢʦʥʝʯʥʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ ʠʩʧʦʣʴʟʫʶʪ 
ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʘʛʘʟʠʥʳ ʧʨʠʣʦʞʝʥʠʡ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ: 

ï AppStore ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʥʘ ʙʘʟʝ iOS; 
ï Google Play, Huawei AppGallery, RuStore ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʥʘ ʙʘʟʝ Android. 
ɺ ʩʣʫʯʘʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʛʘʟʠʥʦʚ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʤʧʘʥʠʷ 

ʩʦʙʩʪʚʝʥʥʦʨʫʯʥʦ ʧʦʧʘʜʘʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʭ ʚʣʘʜʝʣʴʮʝʚ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 
ï ʧʝʨʝʜ ʧʫʙʣʠʢʘʮʠʝʡ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʡʪʠ ʦʙʷʟʘʪʝʣʴʥʫʶ ʤʦʜʝʨʘʮʠʶ ʥʘ 

ʧʨʝʜʤʝʪ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʘʚʠʣʘʤ ʤʘʛʘʟʠʥʘ; 
ï ʢʘʞʜʦʝ ʦʙʥʦʚʣʝʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʣʠ ʨʫʯʥʦʡ 

ʤʦʜʝʨʘʮʠʝʡ ʥʘ ʧʨʝʜʤʝʪ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʘʚʠʣʘʤ ʤʘʛʘʟʠʥʘ; 
ï ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠ ʩʘʤʘ ʫʯʝʪʥʘʷ ʟʘʧʠʩʴ ʨʘʟʨʘʙʦʪʯʠʢʘ ʤʦʛʫʪ ʙʳʪʴ ʫʜʘʣʝʥʳ ʧʨʠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʥʘʨʫʰʝʥʠʡ ʧʨʘʚʠʣ ʤʘʛʘʟʠʥʘ. 
ɺ ʥʝʜʘʚʥʝʝ ʚʨʝʤʷ ʢʦʤʧʘʥʠʠ, ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʵʢʩʧʦʨʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʘʛʘʟʠʥʦʚ ʧʨʠʣʦʞʝʥʠʡ ʫʜʘʣʠʣʠ ʢʘʢ ʩʘʤʠ 
ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʪʘʢ ʠ ʫʯʝʪʥʳʝ ʟʘʧʠʩʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʵʪʠ ʧʨʠʣʦʞʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ, ʯʪʦ 
ʧʨʠʚʝʣʦ ʢ ʧʘʥʠʢʝ ʢʘʢ ʩʨʝʜʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʘʢ ʠ ʩʨʝʜʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʦʩʪʨʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʤʝʱʝʥʠʶ ʨʘʥʝʝ 
ʫʜʘʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʩʪʘʣ ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʦʜ ʤʘʩʢʠʨʦʚʘʥʠʷ [2], ʥʘʨʫʰʘʶʱʠʡ ʧʨʘʚʠʣʘ 
ʤʘʛʘʟʠʥʦʚ ʧʨʠʣʦʞʝʥʠʡ, ʦʜʥʘʢʦ ʠ ʝʛʦ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʧʨʠʙʝʛʥʫʚ ʢ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 
ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ (ʦʪ ʘʥʛʣ. ï Progressive Web Applications, PWA) ï ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ 
ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʠ ʚʠʟʫʘʣʴʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʩʘʡʪ ʚ ʧʨʠʣʦʞʝʥʠʝ (ʪʘʢ 
ʥʘʟʳʚʘʝʤʦʝ çʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚ ʙʨʘʫʟʝʨʝè) ï ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʨʝʰʝʥʠʝ 
ʤʝʞʜʫ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝʤ ʠ ʥʘʪʠʚʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ, ʩʦʭʨʘʥʷʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ push-
ʫʚʝʜʦʤʣʝʥʠʡ, ʨʘʙʦʪʳ ʚ ʦʬʬʣʘʡʥ-ʨʝʞʠʤʝ, ʫʩʪʘʥʦʚʢʠ ʷʨʣʳʢʘ ʥʘ ʨʘʙʦʯʠʡ ʩʪʦʣ, ʠ ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ 
ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ [3]. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Desktop, Mobile & Tablet Operating System Market Share Belarus [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://gs.statcounter.com/os-market-share/desktop-mobile-tablet/belarus/#monthly-202302-202602-bar. ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 24.03.2026. 
2. ʂʝʡʩ çʋʯʸʪ ʥʘʜʦʷè: ʢʨʝʘʪʠʚʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʈʉʍɹ çʉʚʦʠ ʬʠʥʘʥʩʳè [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://habr.com/ru/companies/rshb/articles/971984/. ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 24.03.2026. 
3. What are Progressive Web Apps? [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://web.dev/articles/what-are-pwas. ï ɼʘʪʘ 

ʜʦʩʪʫʧʘ: 24.03.2026. 
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ʆʇɽʈɸʎʀʁ ɺ ʉʈɽɼɸʍ ɺʓʇʆʃʅɽʅʀʗ NODE.JS ʀ BUN 

ʂʦʨʦʪʢʘʷ ʄ.ɼ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʄʝʣʢʠʭ ɽ.ɻ. ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʘʩʠʥʭʨʦʥʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ʩʨʝʜʘʭ ʚʳʧʦʣʥʝʥʠʷ Node.js ʠ Bun. 
ɺʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ ʩʦʙʳʪʠʡʥʦʛʦ ʮʠʢʣʘ, ʤʝʭʘʥʠʟʤʦʚ ʨʘʙʦʪʳ ʩ ʧʨʦʤʠʩʘʤʠ ʠ ʥʠʟʢʦʫʨʦʚʥʝʚʳʭ ʦʧʪʠʤʠʟʘʮʠʡ. 
ʇʦʢʘʟʘʥʳ ʨʘʟʣʠʯʠʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʘʤʷʪʴʶ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ Bun ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ Node.js ï ʚ ʟʨʝʣʦʩʪʠ ʵʢʦʩʠʩʪʝʤʳ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʝʨʚʝʨʥʳʝ ʩʨʝʜʳ ʚʳʧʦʣʥʝʥʠʷ JavaScript ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʘʩʠʥʭʨʦʥʥʳʝ ʤʦʜʝʣʠ 
ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. ʂʣʶʯʝʚʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 
ʷʚʣʷʶʪʩʷ Node.js ʠ Bun, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʧʦʜʭʦʜʘʤʠ 
ʢ ʦʙʨʘʙʦʪʢʝ ʘʩʠʥʭʨʦʥʥʳʭ ʦʧʝʨʘʮʠʡ. 

Node.js ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʚʠʞʢʝ V8 ʠ ʙʠʙʣʠʦʪʝʢʝ libuv, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʫʶ 
ʨʝʘʣʠʟʘʮʠʶ ʥʝʙʣʦʢʠʨʫʶʱʝʛʦ ʚʚʦʜʘ-ʚʳʚʦʜʘ. ʎʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ 
ʩʦʙʳʪʠʡʥʳʡ ʮʠʢʣ, ʢʦʪʦʨʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪ ʦʯʝʨʝʜʠ ʟʘʜʘʯ ʠ ʬʫʥʢʮʠʡ ʦʙʨʘʪʥʦʛʦ 
ʚʳʟʦʚʘ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʬʘʟʳ (ʪʘʡʤʝʨʳ, ʦʙʨʘʙʦʪʢʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʦʞʠʜʘʥʠʝ ʩʦʙʳʪʠʡ, ʟʘʚʝʨʰʘʶʱʠʝ 
ʦʧʝʨʘʮʠʠ ʠ ʜʨ.). ʊʘʢʘʷ ʤʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʦʜʥʘʢʦ ʥʘʣʠʯʠʝ 
ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ ʚ ʚʠʜʝ libuv ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʘʢʣʘʜʥʳʤ ʨʘʩʭʦʜʘʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 
ʩʠʩʪʝʤʥʳʭ ʦʧʝʨʘʮʠʡ [1]. 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ Node.js ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ 
ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʘʩʠʥʭʨʦʥʥʦʩʪʠ ʠʛʨʘʝʪ ʙʠʙʣʠʦʪʝʢʘ libuv, ʨʝʘʣʠʟʫʶʱʘʷ ʥʝʙʣʦʢʠʨʫʶʱʠʡ ʚʚʦʜ-ʚʳʚʦʜ ʠ 
ʫʧʨʘʚʣʝʥʠʝ ʧʫʣʦʤ ʧʦʪʦʢʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʜʥʦʧʦʪʦʯʥʫʶ ʤʦʜʝʣʴ ʚʳʧʦʣʥʝʥʠʷ JavaScript-ʢʦʜʘ, Node.js 
ʠʩʧʦʣʴʟʫʝʪ ʧʫʣ ʨʘʙʦʯʠʭ ʧʦʪʦʢʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʣʦʢʠʨʫʶʱʠʭ ʦʧʝʨʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ 
ʜʦʩʪʫʧ ʢ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ, ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʚʳʯʠʩʣʝʥʠʷ ʠ ʩʝʪʝʚʳʝ ʟʘʧʨʦʩʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 
ʠʟʙʝʞʘʪʴ ʙʣʦʢʠʨʦʚʢʠ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ ʚʳʧʦʣʥʝʥʠʷ. 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʟʘʜʘʯ ʥʘ ʤʘʢʨʦʟʘʜʘʯʠ ʠ 
ʤʠʢʨʦʟʘʜʘʯʠ. ʄʘʢʨʦʟʘʜʘʯʠ (ʥʘʧʨʠʤʝʨ, ʦʙʨʘʙʦʪʢʘ ʩʦʙʳʪʠʡ ʚʚʦʜʘ-ʚʳʚʦʜʘ) ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʨʘʤʢʘʭ ʬʘʟ 
ʩʦʙʳʪʠʡʥʦʛʦ ʮʠʢʣʘ, ʪʦʛʜʘ ʢʘʢ ʤʠʢʨʦʟʘʜʘʯʠ (ʥʘʧʨʠʤʝʨ, ʦʙʨʘʙʦʪʢʘ ʦʙʝʱʘʥʠʡ) ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʙʦʣʝʝ 
ʚʳʩʦʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ ʤʝʞʜʫ ʠʪʝʨʘʮʠʷʤʠ ʮʠʢʣʘ. ʆʜʥʘʢʦ ʪʘʢʘʷ ʤʦʜʝʣʴ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
ʧʨʦʚʝʨʦʢ ʦʯʝʨʝʜʠ ʤʠʢʨʦʟʘʜʘʯ ʧʦʩʣʝ ʢʘʞʜʦʡ ʬʘʟʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʢʣʘʜʥʳʭ 
ʨʘʩʭʦʜʦʚ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʦʨʦʪʢʠʭ ʘʩʠʥʭʨʦʥʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʜʚʠʞʢʦʤ V8 ʠ ʙʠʙʣʠʦʪʝʢʦʡ libuv ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʣʦʡ 
ʧʨʠʚʷʟʦʢ ʥʘ ʷʟʳʢʝ C++, ʯʪʦ ʜʦʙʘʚʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʘʙʩʪʨʘʢʮʠʠ. ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʥʘʛʨʫʟʢʝ 
ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ 
ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʩʠʩʪʝʤʳ. 

ʉʭʝʤʘ ʘʨʭʠʪʝʢʪʫʨʳ Node.js ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ɸʨʭʠʪʝʢʪʫʨʘ Node.js 

ɺ ʦʪʣʠʯʠʝ ʦʪ Node.js, ʩʨʝʜʘ Bun ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ ʠ 
ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʆʥʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʙʘʟʝ ʜʚʠʞʢʘ JavaScriptCore ʠ ʨʝʘʣʠʟʫʝʪ 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 

99 

 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʳ ʚʳʧʦʣʥʝʥʠʷ, ʚʢʣʶʯʘʷ ʦʙʨʘʙʦʪʢʫ HTTP-
ʟʘʧʨʦʩʦʚ ʠ ʨʘʙʦʪʫ ʩ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʦʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ 
ʫʨʦʚʥʷʤʠ ʘʙʩʪʨʘʢʮʠʠ ʠ ʫʤʝʥʴʰʠʪʴ ʟʘʜʝʨʞʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Bun ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʠʞʢʘ 
JavaScriptCore, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʠʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥʠʷ ʢʦʜʘ ʠ ʫʧʨʘʚʣʝʥʠʷ 
ʧʘʤʷʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ V8. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʤʝʥʷʶʪʩʷ ʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʳʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʯʘʩʪʦ 
ʚʳʧʦʣʥʷʝʤʳʭ ʫʯʘʩʪʢʦʚ ʢʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʦʧʝʨʘʮʠʡ. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ Bun ʷʚʣʷʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʷʜʘ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, 
ʢʦʪʦʨʳʝ ʚ Node.js ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʚʥʝʰʥʠʤʠ ʤʦʜʫʣʷʤʠ. ʅʘʧʨʠʤʝʨ, ʩʨʝʜʩʪʚʘ ʨʘʙʦʪʳ ʩ HTTP ʠ 
ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʨʝʜʫ ʚʳʧʦʣʥʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʟʘʛʨʫʟʢʫ ʤʦʜʫʣʝʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʘʙʩʪʨʘʢʮʠʠ. 

ʊʘʢʞʝ Bun ʠʩʧʦʣʴʟʫʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʘʙʦʪʳ ʩ ʩʝʪʝʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, 
ʧʦʟʚʦʣʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʝʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʟʘʧʨʦʩʦʚ. ɿʘ ʩʯʝʪ 
ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʫʬʝʨʘʤʠ 
ʩʥʠʞʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʥʘ ʩʠʩʪʝʤʫ ʧʘʤʷʪʠ ʠ ʫʤʝʥʴʰʘʶʪʩʷ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʧʫʩʢʘ ʧʨʠʣʦʞʝʥʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ Node.js, 
ʛʜʝ ʟʘʧʫʩʢ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʟʘʛʨʫʟʢʦʡ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʟʘʚʠʩʠʤʦʩʪʝʡ, Bun ʠʩʧʦʣʴʟʫʝʪ ʙʦʣʝʝ 
ʙʳʩʪʨʳʝ ʤʝʭʘʥʠʟʤʳ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʤʦʜʫʣʝʡ ʠ ʢʵʰʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʩʪʘʨʪʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʨʝʜ ʚʳʧʦʣʥʝʥʠʷ Node.js ʠ Bun ʚʳʷʚʠʣ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ, 
ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʉʨʝʜʘ Node.js ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ 
ʩʪʝʧʝʥʴʶ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʝʸ ʟʨʝʣʦʡ ʵʢʦʩʠʩʪʝʤʦʡ, ʰʠʨʦʢʠʤ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʚʝʨʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ Bun ʦʙʫʩʣʦʚʣʝʥʘ ʨʷʜʦʤ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 
ʦʧʪʠʤʠʟʘʮʠʡ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʳ ʚʳʧʦʣʥʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ Node.js, ʛʜʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʘʩʠʥʭʨʦʥʥʳʭ 
ʦʧʝʨʘʮʠʡ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʣʦʡ libuv, Bun ʨʝʘʣʠʟʫʝʪ ʤʥʦʛʠʝ ʤʝʭʘʥʠʟʤʳ ʥʘʧʨʷʤʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʩʠʩʪʝʤʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ. ʅʘʧʨʠʤʝʨ, ʦʙʨʘʙʦʪʢʘ HTTP-ʟʘʧʨʦʩʦʚ ʚ Bun ʚʩʪʨʦʝʥʘ ʚ ʩʨʝʜʫ 
ʚʳʧʦʣʥʝʥʠʷ ʠ ʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʠʭ ʤʦʜʫʣʝʡ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 
ʚʳʟʦʚʦʚ ʠ ʩʥʠʞʘʝʪ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ. ɸʥʘʣʦʛʠʯʥʦ, ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʷ ʬʘʡʣʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʤʝʥʴʰʠʤ 
ʢʦʣʠʯʝʩʪʚʦʤ ʫʨʦʚʥʝʡ ʘʙʩʪʨʘʢʮʠʠ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʩʠʩʪʝʤʥʳʭ ʚʳʟʦʚʦʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʧʝʨʝʢʣʶʯʝʥʠʡ ʢʦʥʪʝʢʩʪʘ ʤʝʞʜʫ 
JavaScript-ʜʚʠʞʢʦʤ ʠ ʥʘʪʠʚʥʳʤ ʫʨʦʚʥʝʤ. ɺ Node.js ʚʳʧʦʣʥʝʥʠʝ ʘʩʠʥʭʨʦʥʥʦʡ ʦʧʝʨʘʮʠʠ ʚʢʣʶʯʘʝʪ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ: JavaScript, V8, C++ bindings, libuv, ʆʉ ʠ ʦʙʨʘʪʥʦ. ɺ Bun ʵʪʘ ʮʝʧʦʯʢʘ 
ʢʦʨʦʯʝ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʪʝʩʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʩ JavaScriptCore, ʯʪʦ ʩʥʠʞʘʝʪ ʟʘʜʝʨʞʢʠ ʧʨʠ ʠʥʪʝʥʩʠʚʥʳʭ 
ʦʧʝʨʘʮʠʷʭ ʚʚʦʜʘ-ʚʳʚʦʜʘ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʦʙʨʘʙʦʪʢʠ ʘʩʠʥʭʨʦʥʥʳʭ ʟʘʜʘʯ ʚ Bun ʪʘʢʞʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ ʦʯʝʨʝʜʷʤʠ ʤʘʢʨʦʟʘʜʘʯ ʠ ʤʠʢʨʦʟʘʜʘʯ. ɺ Node.js ʧʦʩʣʝ ʢʘʞʜʦʡ ʬʘʟʳ ʩʦʙʳʪʠʡʥʦʛʦ ʮʠʢʣʘ 
ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʦʯʝʨʝʜʠ ʤʠʢʨʦʟʘʜʘʯ, ʪʦʛʜʘ ʢʘʢ ʚ Bun ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʨʘʪʝʛʠʷ ʧʘʢʝʪʥʦʡ 
ʦʙʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʧʦʣʥʷʪʴ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʟʘʜʘʯ ʧʦʜʨʷʜ ʙʝʟ ʚʦʟʚʨʘʪʘ ʚ ʦʩʥʦʚʥʦʡ ʮʠʢʣ. ʕʪʦ 
ʩʥʠʞʘʝʪ ʟʘʜʝʨʞʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʣʠʥʥʳʭ ʮʝʧʦʯʝʢ ʘʩʠʥʭʨʦʥʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʇʦʚʳʰʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʦʙʝʱʘʥʠʡ ʚ Bun ʩʚʷʟʘʥʘ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʘʣʠʟʘʮʠʠ 
ʤʠʢʨʦʟʘʜʘʯ ʚ JavaScriptCore. ʀʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ ʣʝʛʢʦʚʝʩʥʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ 
ʦʧʝʨʘʮʠʠ ʩʦʟʜʘʥʠʷ ʠ ʟʘʚʝʨʰʝʥʠʷ ʦʙʝʱʘʥʠʡ ʪʨʝʙʫʶʪ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʥʫʪʨʝʥʥʠʭ ʚʳʜʝʣʝʥʠʡ 
ʧʘʤʷʪʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʘʟʣʠʯʠʷ ʚ ʧʦʜʭʦʜʘʭ ʢ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʧʨʠʣʦʞʝʥʠʡ. ɺ 
Node.js ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ ʟʘʧʫʩʢʘ ʥʝʩʢʦʣʴʢʠʭ ʵʢʟʝʤʧʣʷʨʦʚ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʠ 
ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʥʠʤʠ. ɺ Bun ʜʘʥʥʳʡ ʘʩʧʝʢʪ ʫʧʨʦʱʘʝʪʩʷ ʟʘ ʩʯʸʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʦʩʦʚ ʙʝʟ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʥʘ ʫʨʦʚʥʝ ʧʨʠʣʦʞʝʥʠʷ. 

ʅʘʢʦʥʝʮ, ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʧʘʤʷʪʴʶ. ɺ ʩʮʝʥʘʨʠʷʭ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 
ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʧʨʦʤʠʩʦʚ Node.js ʩʦʟʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʩʙʦʨʱʠʢʘ ʤʫʩʦʨʘ V8. Bun, 
ʙʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʷʤ JavaScriptCore, ʠʩʧʦʣʴʟʫʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʘʣʣʦʢʘʮʠʠ ʠ 
ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʯʘʩʪʦʪʫ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʙʦʨʱʠʢʘ ʤʫʩʦʨʘ ʠ 
ʧʦʚʳʰʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʩʨʝʜʳ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʩʠʩʪʝʤʝ. Node.js ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʩʪʘʙʠʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʙʣʘʛʦʜʘʨʷ 
ʟʨʝʣʦʡ ʵʢʦʩʠʩʪʝʤʝ, ʪʦʛʜʘ ʢʘʢ Bun ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ 
ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʛʜʝ ʢʨʠʪʠʯʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʘʩʠʥʭʨʦʥʥʳʭ ʦʧʝʨʘʮʠʡ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Libuv Documentation : [ʩʘʡʪ]. ï 2025. ï URL: https://docs.libuv.org/en/v1.x/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 25.03.2026). 
2. Bun Runtime Documentation : [ʩʘʡʪ]. ï 2025. ï URL: https://bun.sh/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 25.03.2026). 
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ʇʈʀʄɽʅɽʅʀɽ ʇɸʊʊɽʈʅʆɺ çʏʀʉʊʆʁè ɸʈʍʀʊɽʂʊʋʈʓ ʀ 
ʈɽɸʂʊʀɺʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ʉʆʉʊʆʗʅʀʗʄʀ ɺ ʈɸɿʈɸɹʆʊʂɽ 

ɺʓʉʆʂʆʅɸɻʈʋɾɽʅʅʓʍ ɸɻʈɽɻɸʊʆʈʆɺ ɼɸʅʅʓʍ 

ʂʨʫʪʴʢʦ ɸ.ɸ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʍʤʝʣʝʚʘ ɸ.ɺ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʘʛʨʝʛʘʮʠʠ 
ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʜʘʥʥʳʭ. ʅʘ ʧʨʠʤʝʨʝ ʩʪʘʪʠʩʪʠʢʠ Dota 2 ʠʩʩʣʝʜʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ çʯʠʩʪʦʡè ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʠʥʪʝʛʨʘʮʠʠ ʩ 
ʧʘʪʪʝʨʥʦʤ CQRS. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷʤʠ ʚ ʢʣʠʝʥʪʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʠ ʘʣʛʦʨʠʪʤʦʚ ʩʝʪʝʚʦʡ 
ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʕʧʦʭʘ ʧʦʚʩʝʤʝʩʪʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʤ ʨʦʩʪʦʤ ʦʙʲʝʤʦʚ 
ʤʘʰʠʥʥʳʭ ʜʘʥʥʳʭ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ, ʛʝʥʝʨʠʨʫʶʱʠʭ ʢʦʣʦʩʩʘʣʴʥʳʝ 
ʤʘʩʩʠʚʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʪʝʣʝʤʝʪʨʠʠ, ʚʳʩʪʫʧʘʝʪ ʠʥʜʫʩʪʨʠʷ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʳʭ ʚʠʜʝʦʠʛʨ. ɺ ʨʘʤʢʘʭ 
ʩʪʘʥʜʘʨʪʥʦʡ ʠʛʨʦʚʦʡ ʩʝʩʩʠʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʭ ʜʠʩʮʠʧʣʠʥʘʭ (ʥʘ ʧʨʠʤʝʨʝ Dota 2) 
ʩʝʨʚʝʨʳ ʬʠʢʩʠʨʫʶʪ ʩʦʪʥʠ ʪʳʩʷʯ ʜʠʩʢʨʝʪʥʳʭ ʩʦʙʳʪʠʡ: ʚʝʢʪʦʨʳ ʧʝʨʝʤʝʱʝʥʠʷ ʩʫʱʥʦʩʪʝʡ, ʧʨʠʤʝʥʝʥʠʝ 
ʩʧʦʩʦʙʥʦʩʪʝʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʥʘ ʠ ʠʟʤʝʥʝʥʠʷ ʙʘʣʘʥʩʘ ʠʛʨʳ. 

ʈʦʩʪ ʦʙʲʝʤʦʚ ʤʘʰʠʥʥʳʭ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʠʥʜʫʩʪʨʠʠ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʳʭ ʚʠʜʝʦʠʛʨ. ɺ 
ʨʘʤʢʘʭ ʩʝʩʩʠʠ ʚ Dota 2 ʩʝʨʚʝʨʳ ʬʠʢʩʠʨʫʶʪ ʩʦʪʥʠ ʪʳʩʷʯ ʩʦʙʳʪʠʡ: ʚʝʢʪʦʨʳ ʧʝʨʝʤʝʱʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ 
ʩʧʦʩʦʙʥʦʩʪʝʡ, ʨʘʩʯʝʪ ʫʨʦʥʘ. ʅʝʦʙʨʘʙʦʪʘʥʥʳʝ ʣʦʛʠ ʚ ʬʦʨʤʘʪʝ JSON ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʢʦʛʥʠʪʠʚʥʦʛʦ 
ʘʥʘʣʠʟʘ. ɺʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʘʛʨʝʛʘʪʦʨʘʭ, ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʭ ʜʘʥʥʳʝ ʚ ʚʠʟʫʘʣʴʥʳʝ ʤʝʪʨʠʢʠ: 
ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ, ʛʨʘʬʠʢʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʤʘʪʨʠʮʳ ʩʨʘʞʝʥʠʡ [1]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʢʦʥʮʝʧʮʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʧʦʜʦʙʥʳʭ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʜʦʙʥʦʡ ʪʝʣʝʤʝʪʨʠʠ. 

ʌʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʘʛʨʝʛʘʪʦʨʘ ʩʣʫʞʠʪ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ 
ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʡ ʬʨʝʡʤʚʦʨʢ ASP.NET Core. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʜʫʣʴʥʦʩʪʠ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ 
ʢʦʜʦʚʦʡ ʙʘʟʳ ʧʨʠʤʝʥʷʝʪʩʷ ʧʘʨʘʜʠʛʤʘ çʯʠʩʪʦʡè ʘʨʭʠʪʝʢʪʫʨʳ [2]. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʘʷ 
ʙʠʟʥʝʩ-ʣʦʛʠʢʘ ʦʙʨʘʙʦʪʢʠ ʪʝʣʝʤʝʪʨʠʠ ʧʦʣʥʦʩʪʴʶ ʠʟʦʣʠʨʦʚʘʥʘ ʦʪ ʚʥʝʰʥʠʭ ʙʠʙʣʠʦʪʝʢ ʠʥʪʝʛʨʘʮʠʠ ʙʘʟ 
ʜʘʥʥʳʭ ʠ ʩʪʦʨʦʥʥʠʭ ʧʦʩʪʘʚʱʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 
ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʩʣʦʝʚ çʯʠʩʪʦʡè ʘʨʭʠʪʝʢʪʫʨʳ 

ʅʝʜʘʚʥʠʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʝʬʘʢʪʦʨʠʥʛ ʩʣʦʞʥʳʭ ʩʝʨʚʝʨʥʳʭ 
ʩʠʩʪʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ çʯʠʩʪʦʡè ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʠʥʜʝʢʩʘ ʩʦʧʨʦʚʦʞʜʘʝʤʦʩʪʠ ʠ 
ʩʥʠʞʝʥʠʶ ʤʝʪʨʠʢ ʍʦʣʩʪʝʜʘ ʥʘ 21ï61% ʟʘ ʩʯʝʪ ʨʘʜʠʢʘʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʮʠʢʣʦʤʘʪʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ 
ʷʜʨʘ ʩʠʩʪʝʤʳ [3]. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʪʦʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʧʨʠʢʣʘʜʥʦʤ ʫʨʦʚʥʝ ʚʥʝʜʨʷʝʪʩʷ 
ʧʘʪʪʝʨʥ ʨʘʟʜʝʣʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʢʦʤʘʥʜʳ ʠ ʟʘʧʨʦʩʳ (CQRS). ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 
ʨʘʟʜʝʣʠʪʴ ʣʦʛʠʢʫ ʯʪʝʥʠʷ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʤʝʪʨʠʢ ʠ ʣʦʛʠʢʫ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʥʘ 
ʥʝʟʘʚʠʩʠʤʳʝ ʧʦʪʦʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʚʝʜʝʥʯʝʩʢʠʡ ʧʘʪʪʝʨʥ 
çʇʦʩʨʝʜʥʠʢè. 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʪʪʝʨʥʦʚ, ʚʥʝʜʨʝʥʠʝ CQRS ʚ 
ʩʠʩʪʝʤʘʭ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʣʫʯʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʘʧʨʦʩʦʚ 
ʜʦ 167% [4]. ɼʣʷ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʦʨʦʚ ʭʘʨʘʢʪʝʨʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʢ ʟʘʧʠʩʠ 
ʧʨʠʤʝʨʥʦ 20:1, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʧʘʪʪʝʨʥ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ. 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʢʦʥʚʝʡʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʵʣʝʛʘʥʪʥʦ ʮʝʥʪʨʘʣʠʟʦʚʘʪʴ 
ʩʢʚʦʟʥʦʡ ʬʫʥʢʮʠʦʥʘʣ: ʢʘʞʜʳʡ ʚʭʦʜʷʱʠʡ HTTP-ʟʘʧʨʦʩ ʜʦ ʧʦʧʘʜʘʥʠʷ ʚ ʩʣʦʡ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʭʦʜʠʪ ʵʪʘʧʳ ʩʪʨʦʛʦʡ ʚʘʣʠʜʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʚʝʨʢʫ ʥʘʣʠʯʠʷ ʘʢʪʫʘʣʴʥʦʛʦ ʦʪʚʝʪʘ ʚ 
ʩʠʩʪʝʤʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʢʵʰʠʨʦʚʘʥʠʷ. ʇʦʜʦʙʥʘʷ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 
ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʜʦʤʝʥʥʦʝ ʷʜʨʦ. 

ʇʦʩʢʦʣʴʢʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʘʛʨʝʛʘʪʦʨʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʦ 
ʩʪʦʨʦʥʥʠʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ, ʢʨʠʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʝʪʝʚʦʡ 
ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʨʝʘʣʠʟʫʝʪʩʷ ʧʘʪʪʝʨʥ çʧʨʝʜʦʭʨʘʥʠʪʝʣʴè ʚ 
ʢʦʤʙʠʥʘʮʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ ʧʦʚʪʦʨʥʳʭ ʧʦʧʳʪʦʢ [5]. 

ʆʮʝʥʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʳʭ ʧʘʪʪʝʨʥʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 
ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʘʛʨʝʛʘʪʦʨʦʚ ʤʦʞʥʦ ʯʝʨʝʟ ʠʥʪʝʛʨʘʣʴʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʚʭʦʜʷʱʝʛʦ ʟʘʧʨʦʩʘ. ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʘʩʠʥʭʨʦʥʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘʜʝʞʥʦʩʪʴ ʦʪʢʣʠʢʘ ʩʝʨʚʝʨʘ ὖ  
ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʚʳʨʘʞʝʥʠʝʤ: 

 

 ὖ Ὄ ρ  Ὄ Ͻὖ Ͻρ ὖ ȟ (1) 
 

ʛʜʝ ὖ  ï ʠʪʦʛʦʚʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʚʝʪʘ ʢʣʠʝʥʪʫ; Ὄ  ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʧʘʜʘʥʠʷ ʤʝʪʨʠʢ ʚ ʩʣʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʢʵʰʠʨʦʚʘʥʠʷ; ὖ  ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʰʪʘʪʥʦʡ 

ʨʘʙʦʪʳ ʫʜʘʣʝʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʦʩʪʘʚʱʠʢʘ ʜʘʥʥʳʭ; ὖ  ï ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʦʤʢʥʫʪʦʛʦ (ʙʣʦʢʠʨʫʶʱʝʛʦ 

ʩʝʪʴ) ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʦʭʨʘʥʠʪʝʣʷ ʧʨʠ ʧʝʨʝʛʨʫʟʢʘʭ. 

ɺʳʨʘʞʝʥʠʝ (1) ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʘʢʩʠʤʠʟʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ Ὄ  ʧʦʩʨʝʜʩʪʚʦʤ 

ʘʣʛʦʨʠʪʤʦʚ ʢʵʰʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʝʤʢʠʭ ʤʝʪʨʠʢ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʥʠʚʝʣʠʨʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʦʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ὖ . ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʧʘʜʘʥʠʷ ʚʳʰʝ 80% ʦʙʱʘʷ ʥʘʜʸʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʝʚʳʰʘʝʪ 99,5% ʜʘʞʝ ʧʨʠ 
ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʥʝʰʥʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʥʘ ʫʨʦʚʥʝ 10ï15%. 

ɸʨʭʠʪʝʢʪʫʨʘ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʦʟʜʘʥʠʠ ʦʜʥʦʩʪʨʘʥʠʯʥʦʛʦ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. ɼʣʷ 
ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʳʭ ʩʣʦʞʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ï ʯʨʝʟʤʝʨʥʦʡ ʩʚʷʟʘʥʥʦʩʪʠ 
ʠ ʩʣʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ ʜʘʥʥʳʭ ï ʧʨʠʤʝʥʷʝʪʩʷ ʩʪʨʦʛʦʝ ʨʘʟʜʝʣʝʥʠʝ 
ʩʦʩʪʦʷʥʠʡ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʘʚʣʝʥʠʶ ʩʦʩʪʦʷʥʠʷʤʠ ʚ ʦʜʥʦʩʪʨʘʥʠʯʥʦʤ ʧʨʠʣʦʞʝʥʠʠ 

ʇʘʨʘʤʝʪʨ ʩʨʘʚʥʝʥʠʷ ʄʦʥʦʣʠʪʥʦʝ (Redux/Flux) ʈʘʟʜʝʣʴʥʦʝ (Zustand + TanStack) 

ʀʟʦʣʷʮʠʷ ʜʘʥʥʳʭ 
ʉʝʨʚʝʨʥʳʝ ʠ ʢʣʠʝʥʪʩʢʠʝ 
ʜʘʥʥʳʝ ʩʤʝʰʘʥʳ 

ʉʪʨʦʛʦʝ ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʆʙʲʝʤ ʰʘʙʣʦʥʥʦʛʦ ʢʦʜʘ ɺʳʩʦʢʠʡ (Actions, Reducers) ʄʠʥʠʤʘʣʴʥʳʡ (ʘʪʦʤʘʨʥʳʝ ʬʫʥʢʮʠʠ) 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʦʪʢʘʟ ʦʪ ʪʷʞʝʣʦʚʝʩʥʳʭ ʨʝʰʝʥʠʡ ʘʨʭʠʪʝʢʪʫʨʳ Flux ʚ ʧʦʣʴʟʫ 
ʜʝʣʝʛʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩʝʨʚʝʨʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʝ TanStack Query 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʜʝʜʫʧʣʠʢʘʮʠʶ ʠʜʝʥʪʠʯʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʟʘʧʨʦʩʦʚ ʠ ʢʵʰʠʨʦʚʘʥʠʝ 
ʦʪʚʝʪʦʚ ʥʘ ʩʪʦʨʦʥʝ ʙʨʘʫʟʝʨʘ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʣʦʢʘʣʴʥʳʤ ʠʥʪʝʨʬʝʡʩʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 
ʧʨʠʤʝʥʷʝʪʩʷ ʣʝʛʢʦʚʝʩʥʳʡ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʤʝʥʝʜʞʝʨ Zustand. 

ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ çʯʠʩʪʦʡè ʘʨʭʠʪʝʢʪʫʨʳ, CQRS, ʤʝʭʘʥʠʟʤʦʚ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 
ʨʝʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷʤʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ 
ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʈʝʰʝʥʠʷ ʛʘʨʘʥʪʠʨʫʶʪ ʤʛʥʦʚʝʥʥʳʡ ʦʪʢʣʠʢ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ 
ʩʦʪʝʥ ʪʳʩʷʯ ʤʝʪʨʠʢ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʥʝʰʥʠʭ ʫʟʣʦʚ. 
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ʄʀʂʈʆʂʃʀʄɸʊɸ ʇʆʄɽʑɽʅʀʁ 

ʂʫʣʠʢ ʄ.ʀ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʗʨʤʦʣʠʢ ɺ.ʅ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʇʦʢʘʟʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʦʤʝʱʝʥʠʷʭ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ 
ʤʦʥʠʪʦʨʠʥʛʘ, ʚʳʷʚʣʝʥʳ ʠʭ ʥʝʜʦʩʪʘʪʢʠ. ʈʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ. ʉʦʟʜʘʥʦ ʤʦʙʠʣʴʥʦʝ 
ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʩʪʨʦʡʩʪʚʦʤ. 

 ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʨʦʭʦʜʠʪ ʚ ʟʘʢʨʳʪʳʭ 
ʧʦʤʝʱʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʞʠʣʳʝ ʜʦʤʘ, ʦʬʠʩʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʫʯʝʙʥʳʝ ʘʫʜʠʪʦʨʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 
ʦʙʲʝʢʪʳ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ʩʪʘʥʦʚʷʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, 
ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʨʦʚʝʥʴ ʢʦʤʬʦʨʪʘ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. 
ʆʪʢʣʦʥʝʥʠʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʦʪ ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 
ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʦʛʥʠʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʦʨʛʘʥʠʟʤʘ [1]. ʇʨʠ ʵʪʦʤ ʙʝʟ ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʪʘʢʠʝ 
ʦʪʢʣʦʥʝʥʠʷ ʥʝ ʚʩʝʛʜʘ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠʭ ʤʦʥʠʪʦʨʠʥʛ, ʩʦʚʤʝʩʪʥʦ ʩ 
ʩʠʩʪʝʤʦʡ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʧʨʝʚʳʰʝʥʠʠ ʙʝʟʦʧʘʩʥʳʭ ʧʦʨʦʛʦʚ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʣʠʙʦ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ ʪʨʝʙʫʶʪ 
ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʣʦʞʝʥʠʡ, ʣʠʙʦ ʷʚʣʷʶʪʩʷ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 
ʫʩʪʨʦʡʩʪʚʘʤʠ. ʉ ʫʯʝʪʦʤ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ ʠ ʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʪʘʥʦʚʠʪʩʷ 
ʚʦʟʤʦʞʥʦʡ ʨʘʟʨʘʙʦʪʢʘ ʥʝʜʦʨʦʛʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʫʩʪʨʦʡʩʪʚʘ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ESP32 [2]. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʦ ʩ ʟʘʜʘʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 
ʚʳʧʦʣʥʷʝʪ ʩʯʠʪʳʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 
ʦʪʦʙʨʘʞʘʝʪ ʠʭ ʥʘ ʵʢʨʘʥʝ ʠ ʩʦʭʨʘʥʷʝʪ ʥʘ SD-ʢʘʨʪʫ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʟʘʜʘʥʥʳʭ ʧʦʨʦʛʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʫʩʪʨʦʡʩʪʚʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʢʣʶʯʘʝʪ ʟʚʫʢʦʚʫʶ ʠʥʜʠʢʘʮʠʶ, ʠʥʬʦʨʤʠʨʫʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥ ʚʥʝʰʥʠʡ ʚʳʭʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ 
ʧʦʜʢʣʶʯʸʥʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʠʣʠ ʫʚʣʘʞʥʠʪʝʣʴ 
ʚʦʟʜʫʭʘ, ʯʝʨʝʟ ʨʝʣʝ. ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʜʚʝ ʢʥʦʧʢʠ. 
ʂʦʨʦʪʢʦʝ ʥʘʞʘʪʠʝ ʧʝʨʚʦʡ ʢʥʦʧʢʠ ʧʝʨʝʢʣʶʯʘʝʪ ʝʜʠʥʠʮʳ ʦʪʦʙʨʘʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʛʨʘʜʫʩʳ ʎʝʣʴʩʠʷ 
ʠʣʠ ʌʘʨʝʥʛʝʡʪʘ); ʢʦʨʦʪʢʦʝ ʥʘʞʘʪʠʝ ʚʪʦʨʦʡ ï ʮʠʢʣʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪ ʷʨʢʦʩʪʴ ʧʦʜʩʚʝʪʢʠ ʜʠʩʧʣʝʷ ʩ 
ʩʦʭʨʘʥʝʥʠʝʤ ʚʳʙʨʘʥʥʦʛʦ ʫʨʦʚʥʷ ʚʦ Flash-ʧʘʤʷʪʠ. ɼʣʠʪʝʣʴʥʦʝ ʥʘʞʘʪʠʝ ʧʝʨʚʦʡ ʢʥʦʧʢʠ ʚʢʣʶʯʘʝʪ ʠʣʠ 
ʦʪʢʣʶʯʘʝʪ ʟʚʫʢʦʚʫʶ ʩʠʛʥʘʣʠʟʘʮʠʶ; ʜʣʠʪʝʣʴʥʦʝ ʥʘʞʘʪʠʝ ʚʪʦʨʦʡ ʧʝʨʝʚʦʜʠʪ ʫʩʪʨʦʡʩʪʚʦ ʚ ʨʝʞʠʤ ʨʫʯʥʦʡ 
ʫʩʪʘʥʦʚʢʠ ʪʝʢʫʱʝʛʦ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʦʯʝʨʸʜʥʦ ʨʝʜʘʢʪʠʨʫʝʪ ʯʘʩʳ ʠ ʤʠʥʫʪʳ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʫʣʴ MH-Z19C (ʥʝʜʠʩʧʝʨʩʠʦʥʥʳʡ 
ʠʥʬʨʘʢʨʘʩʥʳʡ ʘʥʘʣʠʟʘʪʦʨ). ʀʟʤʝʨʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʜʘʸʪʩʷ ʚ ʚʠʜʝ ʮʠʬʨʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʠʥʪʝʨʬʝʡʩʫ UART. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʜʘʪʯʠʢʘ ʷʚʣʷʝʪʩʷ 
ʪʨʝʙʦʚʘʥʠʝ ʢ ʚʭʦʜʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ï 5 ɺ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ 0.1 ɺ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʢʘʣʠʙʨʦʚʢʠ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ [3]. ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʮʠʬʨʦʚʦʡ 
ʩʦʚʤʝʱʸʥʥʳʡ ʜʘʪʯʠʢ DHT22 (AM2302). ʇʦʩʣʝ ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩ ʣʠʥʠʠ ʜʘʥʥʳʭ ʦʥ ʧʝʨʝʜʘʸʪ 
ʢʘʜʨ ʠʟ 40 ʙʠʪ, ʩʦʜʝʨʞʘʱʠʡ ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʢʦʥʪʨʦʣʴʥʫʶ ʩʫʤʤʫ. ʉʚʷʟʴ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ 
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ʨʝʘʣʠʟʦʚʘʥʘ ʧʦ ʦʜʥʦʧʨʦʚʦʜʥʦʡ ʰʠʥʝ ʩ ʚʨʝʤʝʥʥʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ ʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ, ʯʪʦ 
ʥʘʢʣʘʜʳʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʫʩʪʨʦʡʩʪʚʦʤ ʧʦʣʫʯʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ 
ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʤʦʙʠʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʢʘʥʘʣʫ 
ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʤʦʜʫʣʷ Wi-Fi ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʚʢʣʶʯʝʥʠʷ 
ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʝʛʦ ʪʦʯʢʝ ʜʦʩʪʫʧʘ: ʥʘʟʚʘʥʠʝ ʩʝʪʠ, 
ʧʘʨʦʣʴ, ʘʜʨʝʩ ʣʦʢʘʣʴʥʦʡ ʩʪʨʘʥʠʮʳ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʩʝʪʠ ʠ ʚ 
ʦʪʢʨʳʪʦʡ ʩʪʨʘʥʠʮʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʚʝʩʪʠ ʜʘʥʥʳʝ ʮʝʣʝʚʦʡ Wi-Fi ʩʝʪʠ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ 
ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʫʢʘʟʘʥʥʦʡ ʩʝʪʠ ʠ ʟʘʧʦʤʠʥʘʝʪ ʝʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʚʦ Flash-ʧʘʤʷʪʠ. ɼʣʷ 
ʫʩʪʘʥʦʚʢʠ ʩʦʝʜʠʥʝʥʠʷ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʚʨʫʯʥʫʶ ʫʢʘʟʘʪʴ ʩʝʪʝʚʦʡ ʘʜʨʝʩ 
ʫʩʪʨʦʡʩʪʚʘ ʚ ʧʨʠʣʦʞʝʥʠʠ. ʆʥ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʧʘʤʷʪʠ ʧʨʠʣʦʞʝʥʠʷ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 
ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʟʘʧʫʩʢʘʭ. ɺ ʧʨʠʣʦʞʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʫʧʝʥ ʧʨʦʩʤʦʪʨ ʩʪʘʪʠʩʪʠʢʠ 
ʠʟʤʝʥʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʫʩʪʨʦʡʩʪʚʘ (ʚʢʣʶʯʘʷ 
ʥʘʩʪʨʦʡʢʫ ʧʦʨʦʛʦʚ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠʥʜʠʢʘʮʠʠ, ʯʘʩʪʦʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʛʦ ʚʳʭʦʜʘ). 
ʇʝʨʝʜʘʥʥʳʝ ʥʘʩʪʨʦʡʢʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʩʦʭʨʘʥʷʶʪʩʷ ʚʦ Flash-ʧʘʤʷʪʠ. ʇʨʠʤʝʨ 
ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʘʪʠʩʪʠʢʠ ʠʟʤʝʥʝʥʠʷ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʤʦʙʠʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥ 
ʥʘ ʨʠʩʫʥʢʝ 2. ʉʨʘʟʫ ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʥʘ ʩʚʝʞʝʤ ʚʦʟʜʫʭʝ, 
ʯʝʤ ʦʙʲʷʩʥʷʶʪʩʷ ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ, ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʫʨʦʚʝʥʴ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʦʢʦʣʦ 400 ppm. 

 

  
 

ʈʠʩʫʥʦʢ 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʨʘʟʜʝʣʘ ʩʪʘʪʠʩʪʠʢʠ ʧʨʠʣʦʞʝʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʝ ʩʨʝʜʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʳʡ 
ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʦʪʢʣʦʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ 
ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʦʤʬʦʨʪʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʙʳʚʘʥʠʷ 
ʣʶʜʝʡ ʚ ʧʦʤʝʱʝʥʠʷʭ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʘʧʧʘʨʘʪʥʦʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. 
ʋʩʪʨʦʡʩʪʚʦ ʧʨʠʤʝʥʠʤʦ ʚ ʞʠʣʳʭ, ʦʬʠʩʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʦʥʘʭ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Indoor Environment: Health Aspects of Air Quality, Thermal Environment, Light and Noise / World Health Organization, United 

Nations Environment Programme. ï Geneva : WHO/UNEP, 1990. ï 128 p. 
2. ESP32 Modules and Boards [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://docs.espressif.com/projects/esp-

idf/en/v4.2.5/esp32/hw-reference/modules-and-boards.html ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 18.03.2026. 

3. Winsen. MH-Z19C Infrared Gas Sensor (COϜ) Manual [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.winsen-
sensor.com/d/files/infrared-gas-sensor/mh-z19c-pins-type-co2-manual-ver1_0.pdf ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 20.03.2026.  
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ʇʈʆɻʈɸʄʄʅʆɽ ʉʈɽɼʉʊɺʆ ʇʈʆɺɽɼɽʅʀʗ ʀ ɾɽʈɽɹʔɽɺʂʀ 
ʉʇʆʈʊʀɺʅʓʍ ʊʋʈʅʀʈʆɺ 

ʃʘʧʫʩʴ ɺ.ɸ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ  

ʇʝʪʶʢʝʚʠʯ ʅ.ʉ. ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʠʷ ʠ ʞʝʨʝʙʴʸʚʢʠ 
ʩʧʦʨʪʠʚʥʳʭ ʪʫʨʥʠʨʦʚ. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʧʦʜʜʝʨʞʢʝ ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʩʦʨʝʚʥʦʚʘʥʠʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʙʦʪʳ ʚ 
ʦʥʣʘʡʥ ʠ ʦʬʣʘʡʥ ʨʝʞʠʤʝ. ʈʝʘʣʠʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʸʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʪʦʛʦʚʳʭ ʤʝʩʪ 
ʫʯʘʩʪʥʠʢʦʚ. ʇʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʘʥʘʣʦʛʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʧʦʨʪʠʚʥʳʝ ʪʫʨʥʠʨʳ ï ʰʘʭʤʘʪʥʳʝ, ʰʘʰʝʯʥʳʝ, ʪʝʥʥʠʩʥʳʝ, ʬʫʪʙʦʣʴʥʳʝ ï ʪʨʝʙʫʶʪ 
ʦʧʝʨʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ: ʨʝʛʠʩʪʨʘʮʠʠ ʫʯʘʩʪʥʠʢʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʨʘʩʧʠʩʘʥʠʷ ʤʘʪʯʝʡ, ʬʠʢʩʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʨʘʩʯʸʪʘ ʨʝʡʪʠʥʛʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʊʨʘʜʠʮʠʦʥʥʳʝ 
ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʦʟʥʝʥʥʳʭ 
ʠʥʩʪʨʫʤʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʪʨʫʜʦʸʤʢʦʩʪʴʶ ʠ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ [1]. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ï ChessManager, Swiss-Manager ʠ Brakto ï ʚʳʷʚʠʣ 
ʨʷʜ ʦʙʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʅʠ ʦʜʥʦ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʰʝʥʠʡ ʥʝ ʩʦʯʝʪʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ (ʧʦʜʜʝʨʞʢʫ ʨʘʟʥʳʭ ʚʠʜʦʚ ʩʧʦʨʪʘ), ʛʠʙʢʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
ʧʦʢʘʟʘʪʝʣʝʡ, ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʙʝʟ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ 
ʀʥʪʝʨʥʝʪ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʨʘʩʰʠʨʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ 
ʣʠʰʴ ʚ ʧʣʘʪʥʳʭ ʚʝʨʩʠʷʭ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʙʫʜʝʪ ʣʠʰʝʥʦ ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɸʨʭʠʪʝʢʪʫʨʘ 
ʩʠʩʪʝʤʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʩʝʨʚʝʨʥʫʶ ʠ ʥʘʩʪʦʣʴʥʫʶ ʯʘʩʪʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʷʟʳʢʝ 
Java ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ JavaFX ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ PostgreSQL. ʅʘʩʪʦʣʴʥʘʷ ʯʘʩʪʴ 
ʩʧʦʩʦʙʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ ʙʝʟ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 
ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʜʘʥʥʳʭ ʩ ʩʝʨʚʝʨʦʤ. 

ʉʠʩʪʝʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʬʦʨʤʘʪʦʚ ʧʨʦʚʝʜʝʥʠʷ ʩʦʨʝʚʥʦʚʘʥʠʡ: ʢʨʫʛʦʚʫʶ ʩʠʩʪʝʤʫ, 
ʦʣʠʤʧʠʡʩʢʫʶ (ʩ ʚʳʙʳʚʘʥʠʝʤ), ʰʚʝʡʮʘʨʩʢʫʶ ʠ ʩʤʝʰʘʥʥʫʶ. ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ 
ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʨʘʩʯʸʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ï ɹʫʭʛʦʣʴʮʘ, ɹʝʨʛʝʨʘ, 
ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʩʯʸʪʘ, ʨʝʟʫʣʴʪʘʪʦʚ ʣʠʯʥʳʭ ʚʩʪʨʝʯ ʠ ʢʦʷ-ʩʠʩʪʝʤʳ, ï ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʤʝʩʪ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ [2]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʛʣʘʤʝʥʪʘʤʠ ʩʧʦʨʪʠʚʥʳʭ ʬʝʜʝʨʘʮʠʡ 
ʧʦʢʘʟʘʪʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʧʨʠʦʨʠʪʝʪʘ [3]. 

ʂʦʵʬʬʠʮʠʝʥʪ ɹʫʭʛʦʣʴʮʘ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʦʯʢʦʚ ʚʩʝʭ ʩʦʧʝʨʥʠʢʦʚ ʫʯʘʩʪʥʠʢʘ ʠ ʦʪʨʘʞʘʝʪ 
ʩʣʦʞʥʦʩʪʴ ʧʨʦʡʜʝʥʥʦʛʦ ʪʫʨʥʠʨʥʦʛʦ ʧʫʪʠ. ʂʦʵʬʬʠʮʠʝʥʪ ɹʝʨʛʝʨʘ ʫʯʠʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʠʣʫ ʩʦʧʝʨʥʠʢʦʚ, 
ʥʦ ʠ ʢʘʯʝʩʪʚʦ ʧʦʙʝʜ: ʩʫʤʤʠʨʫʶʪʩʷ ʦʯʢʠ ʧʦʙʝʞʜʸʥʥʳʭ ʩʦʧʝʨʥʠʢʦʚ ʠ ʧʦʣʦʚʠʥʘ ʦʯʢʦʚ ʩʦʧʝʨʥʠʢʦʚ, ʩ 
ʢʦʪʦʨʳʤʠ ʩʳʛʨʘʥʘ ʥʠʯʴʷ. ʇʨʦʛʨʝʩʩʠʚʥʳʡ ʩʯʸʪ ʜʘʸʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʫʯʘʩʪʥʠʢʘʤ, ʩʪʘʙʠʣʴʥʦ 
ʚʳʩʪʫʧʘʚʰʠʤ ʩ ʥʘʯʘʣʘ ʪʫʨʥʠʨʘ [4]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʘʥʘʣʦʛʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ: ʦʨʛʘʥʠʟʘʪʦʨ ʤʦʞʝʪ ʟʘʜʘʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʘʚʠʣʦ ʧʦʜʩʯʸʪʘ ʧʦʢʘʟʘʪʝʣʷ ʠ ʫʩʪʘʥʦʚʠʪʴ 
ʝʛʦ ʧʨʠʦʨʠʪʝʪ ʚ ʮʝʧʦʯʢʝ ʪʘʡ-ʙʨʝʡʢʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʘʧʪʘʮʠʶ ʩʠʩʪʝʤʳ ʢ ʥʝʩʪʘʥʜʘʨʪʥʳʤ 
ʨʝʛʣʘʤʝʥʪʘʤ ʩʦʨʝʚʥʦʚʘʥʠʡ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʠʝʥʪʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʩ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʴʶ ʨʝʘʣʠʟʦʚʘʥʦ ʧʦʩʨʝʜʩʪʚʦʤ REST 
API, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ. ʈʝʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ 
PostgreSQL ʛʘʨʘʥʪʠʨʫʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ 
ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʨʝʜʫʩʤʦʪʨʝʥ ʵʢʩʧʦʨʪ ʪʫʨʥʠʨʥʳʭ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪʳ CSV ʠ PGN. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʢʣʶʯʝʚʳʭ ʧʨʦʮʝʩʩʦʚ 
ʧʨʦʚʝʜʝʥʠʷ ʩʦʨʝʚʥʦʚʘʥʠʡ, ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʦʚ ʠ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʦʨʛʘʥʠʟʘʪʦʨʦʚ. ʉʠʩʪʝʤʘ 
ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʫʨʥʠʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʧʦ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʚʠʜʦʚ ʩʧʦʨʪʘ ʚ 
ʫʩʣʦʚʠʷʭ ʢʘʢ ʩʪʘʙʠʣʴʥʦʛʦ, ʪʘʢ ʠ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʠʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʷ. 
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ʃʳʩʷʢʦʚ ʀ.ʉ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʫʣʠʢʦʚ ʉ.ʉ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʚʩʸ 
ʯʘʱʝ ʚʳʙʠʨʘʶʪ ʮʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʦʪʨʝʙʣʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ, ʨʘʟʚʣʝʢʘʪʝʣʴʥʦʛʦ ʠ ʥʦʚʦʩʪʥʦʛʦ ʢʦʥʪʝʥʪʘ. ʆʜʥʠʤ ʠʟ 
ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʬʦʨʤʘʪʦʚ ʷʚʣʷʶʪʩʷ ʧʦʜʢʘʩʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʫʜʦʙʥʦʡ ʘʫʜʠʦʬʦʨʤʝ ʠ 
ʩʦʯʝʪʘʪʴ ʝʸ ʩ ʧʦʚʩʝʜʥʝʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʉʘʤ ʨʳʥʦʢ ʧʦʜʢʘʩʪʠʥʛʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ [1]. ʇʦʪʦʤʫ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ 
ʮʝʣʴ ʩʦʟʜʘʪʴ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʜʢʘʩʪʘʤʠ, ʛʜʝ ʤʦʞʥʦ ʙʫʜʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʚʩʸ ʧʦʜ ʩʝʙʷ, ʫʜʦʙʥʦ ʫʧʨʘʚʣʷʪʴ ʢʦʥʪʝʥʪʦʤ ʠ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. 
 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʝʨʚʠʩʘ, ʦʭʚʘʪʳʚʘʶʱʝʛʦ ʢʘʢ 
ʤʦʞʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʪ ʨʷʜʦʚʳʭ ʩʣʫʰʘʪʝʣʝʡ ʜʦ ʤʝʣʦʤʘʥʦʚ ʠ ʣʶʜʝʡ ʩ 
ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʩʣʫʭʘ. ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʫʩʧʝʭ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʣʝʜʫʶʱʝʝ: 

1) ʧʦʠʩʢ ʠ ʦʪʢʨʳʪʠʝ ʥʦʚʳʭ ʰʦʫ; 
2) ʧʦʠʩʢ ʧʦ ʥʘʟʚʘʥʠʷʤ; ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʧʠʩʢʠ ʥʘ ʦʙʥʦʚʣʝʥʠʷ (ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʟʘʛʨʫʟʢʘ ʥʦʚʳʭ 

ʵʧʠʟʦʜʦʚ); 
3) ʫʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʪʘʡʤʝʨ ʩʥʘ; 
4) ʩʦʟʜʘʥʠʝ ʧʣʝʡʣʠʩʪʦʚ ʠ ʦʯʝʨʝʜʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ; 
5) ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʨʦʛʨʝʩʩʘ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ. 
ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʥʘʣʠʯʠʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʦʪʦʚʳʭ 

ʨʝʰʝʥʠʡ, ʵʪʦʪ ʬʫʥʢʮʠʦʥʘʣ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʤʠʥʠʤʫʤʦʤ ʜʣʷ ʚʭʦʞʜʝʥʠʷ ʥʘ ʨʳʥʦʢ. ɼʣʷ ʪʦʛʦ, 
ʯʪʦʙʳ ʧʨʠʣʦʞʝʥʠʝ ʚʳʜʝʣʷʣʦʩʴ ʥʘ ʬʦʥʝ ʢʦʥʢʫʨʝʥʪʦʚ ʠ ʧʨʝʜʦʩʪʘʚʣʷʣʦ ʫʥʠʢʘʣʴʥʳʡ ʦʧʳʪ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʠʤ, ʥʫʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʠ ʫʥʠʢʘʣʴʥʳʝ ʨʝʰʝʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ: 
1) ʧʨʦʚʦʜʠʪʴ ʪʨʘʥʩʢʨʠʙʘʮʠʶ ʵʧʠʟʦʜʦʚ (ʧʝʨʝʚʦʜ ʠʟ ʘʫʜʠʦ ʚ ʪʝʢʩʪʦʚʳʡ ʬʦʨʤʘʪ); 
2) ʬʦʨʤʠʨʦʚʘʪʴ ʢʨʘʪʢʠʡ ʧʝʨʝʩʢʘʟ ʩʫʪʠ ʵʧʠʟʦʜʦʚ; 
3) ʧʝʨʝʚʦʜ ʩʦʜʝʨʞʠʤʦʛʦ ʵʧʠʟʦʜʦʚ ʥʘ ʠʥʦʩʪʨʘʥʥʳʝ ʷʟʳʢʠ. 
ɺʩʝ ʪʨʠ ʧʫʥʢʪʘ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʩʦʙʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ï ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʦʙʘʣʴʥʳʤ ʪʨʝʥʜʘʤ ʨʘʟʚʠʪʠʷ ʘʫʜʠʦʬʦʨʤʘʪʦʚ, ʛʜʝ 
ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʤʫʣʴʪʠʷʟʳʯʥʦʩʪʴ ʩʪʘʥʦʚʷʪʩʷ ʢʣʶʯʝʚʳʤʠ ʜʨʘʡʚʝʨʘʤʠ [2]. 

ʊʨʘʥʩʢʨʠʙʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʠʩʭʦʜʥʳʡ ʘʫʜʠʦʬʨʘʛʤʝʥʪ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 
ʢʦʨʦʪʢʠʝ ʩʝʛʤʝʥʪʳ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 5ï10 ʩʝʢʫʥʜ ʩ ʧʝʨʝʢʨʳʪʠʝʤ. ʂʘʞʜʳʡ ʩʝʛʤʝʥʪ ʧʦʜʚʝʨʛʘʝʪʩʷ 
ʦʙʨʘʙʦʪʢʝ ʤʦʜʝʣʴʶ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʪʦʙʨʘʙʦʪʢʘ, 
ʚʢʣʶʯʘʶʱʘʷ ʫʜʘʣʝʥʠʝ ʩʣʦʚ-ʧʘʨʘʟʠʪʦʚ, ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʪʝʨʤʠʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʩʣʦʚʘʨʷ ʠ ʩʝʛʤʝʥʪʘʮʠʶ ʪʝʢʩʪʘ ʥʘ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʧʘʫʟʘʤ. ɺ ʩʣʫʯʘʝ ʫʯʘʩʪʠʷ 
ʥʝʩʢʦʣʴʢʠʭ ʩʧʠʢʝʨʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʜʠʘʨʠʟʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʷʪʴ ʛʦʣʦʩʘ ʧʦ ʢʣʘʩʪʝʨʘʤ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʪʝʢʩʪ ʩ ʪʘʡʤʢʦʜʘʤʠ ʠ ʦʪʤʝʪʢʘʤʠ ʦ ʛʦʚʦʨʷʱʠʭ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʨʘʪʢʦʛʦ ʧʝʨʝʩʢʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ 
ʩʪʘʥʜʘʨʪʥʳʭ ʩʣʫʞʝʙʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʨʠʚʝʪʩʪʚʠʷ ʠ ʨʝʢʣʘʤʥʳʝ ʚʩʪʘʚʢʠ. ʆʩʪʘʚʰʠʡʩʷ 
ʤʘʪʝʨʠʘʣ ʜʝʣʠʪʩʷ ʥʘ ʩʤʳʩʣʦʚʳʝ ʙʣʦʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʤʦʜʝʣʴ ʵʢʩʪʨʘʢʪʠʚʥʦʡ ʩʫʤʤʘʨʠʟʘʮʠʠ ʦʮʝʥʠʚʘʝʪ 
ʧʨʝʜʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʯʘʩʪʦʪʳ ʢʣʶʯʝʚʳʭ ʩʣʦʚ, ʠʭ ʧʦʟʠʮʠʠ ʠ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʢ 
ʦʧʠʩʘʥʠʶ ʚʳʧʫʩʢʘ. ʆʪʦʙʨʘʥʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʛʝʥʝʨʘʪʠʚʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʸʪ 
ʩʚʷʟʥʳʡ ʨʝʬʝʨʘʪ ʩ ʣʦʛʠʯʝʩʢʠʤʠ ʧʝʨʝʭʦʜʘʤʠ. ʇʝʨʝʚʦʜ ʥʘ ʠʥʦʩʪʨʘʥʥʳʝ ʷʟʳʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ 
ʨʘʟʙʠʝʥʠʝ ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ ʥʘ ʧʨʝʜʣʦʞʝʥʠʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʘʡʤʢʦʜʠʨʦʚʘʥʠʷ. ʀʤʝʥʘ, 
ʥʘʟʚʘʥʠʷ ʠ ʩʣʝʥʛʦʚʳʝ ʚʳʨʘʞʝʥʠʷ ʧʦʤʝʱʘʶʪʩʷ ʚ ʦʩʦʙʳʡ ʩʣʦʚʘʨʴ ʠʩʢʣʶʯʝʥʠʡ. ʆʩʥʦʚʥʦʡ ʪʝʢʩʪ 
ʧʝʨʝʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʪʨʝʜʘʢʪʠʨʦʚʘʥʠʝ: 
ʫʥʠʬʠʢʘʮʠʷ ʪʝʨʤʠʥʦʚ, ʘʜʘʧʪʘʮʠʷ ʠʜʠʦʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʠ ʧʝʨʝʩʪʘʥʦʚʢʘ ʬʨʘʟ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʩʠʥʪʘʢʩʠʩʦʤ ʮʝʣʝʚʦʛʦ ʷʟʳʢʘ. ʀʪʦʛʦʚʳʡ ʧʝʨʝʚʦʜ ʚʳʚʦʜʠʪʩʷ ʩʠʥʭʨʦʥʥʦ ʩ ʘʫʜʠʦ ʚ ʬʦʨʤʘʪʝ ʩʫʙʪʠʪʨʦʚ ʠ 
ʜʦʩʪʫʧʝʥ ʜʣʷ ʵʢʩʧʦʨʪʘ.ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʜʢʘʩʪʘʤʠ 
ʦʙʲʝʜʠʥʷʝʪ ʙʘʟʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ ʩ ʪʨʝʤʷ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ AI-ʨʝʰʝʥʠʷʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 
ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʠ ʩʣʫʰʘʪʝʣʝʡ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʣʶʜʝʡ 
ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʩʣʫʭʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʪʴ ʫʥʠʢʘʣʴʥʳʡ ʦʧʳʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʳʜʝʣʷʶʱʠʡ ʩʝʨʚʠʩ 
ʩʨʝʜʠ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʨʳʥʢʝ. 
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ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʆɹʈɸɹʆʊʂʀ ɼɸʅʅʓʍ ɸʂʋʉʊʀʏɽʉʂʆɻʆ 
ʇɽʃɽʅɻʆɺɸʅʀʗ ɼʃʗ ʆɹʅɸʈʋɾɽʅʀʗ ɹɽʉʇʀʃʆʊʅʓʍ 

ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ 

ʄʘʨʢʦʚʩʢʠʡ ʀ.ʄ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʫʣʘʛʘ ɺ.ɺ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 
ʘʧʧʘʨʘʪʦʚ (ɹʃɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʝʪʝʡ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʝʣʝʥʛʘʪʦʨʦʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʠʟʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ 
ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʣʦʢʘʮʠʠ ʠ ʧʨʝʜʣʦʞʝʥʳ ʘʣʛʦʨʠʪʤʳ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʦʚʳʭ ʚʳʙʨʦʩʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʥʩʝʥʩʫʩʥʦʡ ʚʳʙʦʨʢʠ. ʆʧʠʩʘʥʘ 
ʘʨʭʠʪʝʢʪʫʨʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʮʝʣʝʡ. 
ʆʙʦʩʥʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 
ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ɹʃɸ) ʩʘʤʦʣʸʪʥʦʛʦ ʪʠʧʘ ʩ ʜʚʠʛʘʪʝʣʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 
ʩʪʘʣʠ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 
ʚʦʦʨʫʞʸʥʥʳʭ ʢʦʥʬʣʠʢʪʘʭ. ɼʦʩʪʫʧʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʳ ʧʨʠʚʝʣʘ ʢ ʢʨʘʪʥʦʤʫ ʩʥʠʞʝʥʠʶ ʠʭ ʩʪʦʠʤʦʩʪʠ 
ʠ ʩʜʝʣʘʣʘ ʚʦʟʤʦʞʥʳʤ ʤʘʩʩʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʪʦʛʜʘ ʢʘʢ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʨʝʜʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ 
ʩʦʟʜʘʚʘʣʠʩʴ ʧʦʜ ʠʥʳʝ ʢʣʘʩʩʳ ʚʦʟʜʫʰʥʳʭ ʮʝʣʝʡ. ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ ʫʚʝʨʝʥʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪ 
ʢʨʫʧʥʳʝ ʚʦʟʜʫʰʥʳʝ ʩʫʜʘ, ʦʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʨʘʩʩʝʷʥʠʷ ʤʘʣʦʨʘʟʤʝʨʥʦʛʦ ɹʃɸ ʩʦʩʪʘʚʣʷʝʪ 
ʣʠʰʴ 0,01ï0,1 ʤĮ ï ʥʘ ʧʨʝʜʝʣʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʤʝʥʷʝʤʳʭ ʩʝʛʦʜʥʷ ʈʃʉ, ï ʘ ʧʣʦʪʥʦʝ 
ʨʘʟʚʸʨʪʳʚʘʥʠʝ ʚʳʩʦʢʦʪʦʯʥʳʭ ʩʪʘʥʮʠʡ ʚʙʣʠʟʠ ʢʘʞʜʦʛʦ ʦʭʨʘʥʷʝʤʦʛʦ ʦʙʲʝʢʪʘ ʵʢʦʥʦʤʠʯʝʩʢʠ 
ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ [1]. ʈʘʜʠʦʪʝʭʥʠʯʝʩʢʘʷ ʨʘʟʚʝʜʢʘ ʵʬʬʝʢʪʠʚʥʘ ʧʨʦʪʠʚ ʘʧʧʘʨʘʪʦʚ, ʥʝʧʨʝʨʳʚʥʦ 
ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʚʷʟʴ ʩ ʦʧʝʨʘʪʦʨʦʤ, ʥʦ ʧʦʣʥʦʩʪʴʶ ʙʝʩʩʠʣʴʥʘ, ʢʦʛʜʘ ɹʃɸ ʣʝʪʠʪ ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ 
ʧʦ ʟʘʨʘʥʝʝ ʟʘʣʦʞʝʥʥʦʤʫ ʤʘʨʰʨʫʪʫ [2]. ʆʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʟʘʚʠʩʷʪ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʥʝ 
ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʢʨʳʚʘʪʴ ʚʦʟʜʫʰʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʮʝʣʝʫʢʘʟʘʥʠʷ [3]. 
ʅʘ ʵʪʦʤ ʬʦʥʝ ʘʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʦʥ 
ʧʘʩʩʠʚʝʥ, ʥʝ ʜʝʤʘʩʢʠʨʫʝʪ ʥʘʙʣʶʜʘʪʝʣʷ, ʘ ʘʢʫʩʪʠʯʝʩʢʘʷ ʩʠʛʥʘʪʫʨʘ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 
ʥʝʦʪʜʝʣʠʤʘ ʦʪ ʩʘʤʦʛʦ ʬʘʢʪʘ ʧʦʣʸʪʘ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʢʨʳʪʘ ʧʝʨʝʭʦʜʦʤ ʚ ʨʝʞʠʤ ʨʘʜʠʦʤʦʣʯʘʥʠʷ [4]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʘʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ: ʜʘʣʴʥʦʩʪʴ ʫʚʝʨʝʥʥʦʛʦ 
ʦʙʥʘʨʫʞʝʥʠʷ ɹʃɸ ʩ ʜʚʠʛʘʪʝʣʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 2ï4 ʢʤ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ 
ʢʦʥʪʨʦʣʴ ʧʨʦʪʷʞʸʥʥʦʛʦ ʧʝʨʠʤʝʪʨʘ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʜʘʪʯʠʢʘ ʠ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʸʨʪʳʚʘʥʠʷ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʩʝʪʠ ʧʝʣʝʥʛʘʪʦʨʦʚ [5]. ʆʜʥʘʢʦ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʬʠʢʩʠʨʫʝʪ ʣʠʰʴ 
ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʠʩʪʦʯʥʠʢ ʟʚʫʢʘ, ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʝʯʝʥʠʝ ʧʝʣʝʥʛʦʚ 
ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʫʟʣʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ï ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʧʦʪʦʢʝ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ 
ʚʨʝʤʝʥʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʚʨʫʯʥʫʶ ʠ ʪʨʝʙʫʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɺ ʨʘʙʦʪʝ ʩ ʘʢʫʩʪʠʯʝʩʢʦʡ 
ʧʝʣʝʥʛʘʮʠʝʡ ʚʦʟʥʠʢʘʝʪ ʩʣʝʜʫʶʱʘʷ ʩʣʦʞʥʦʩʪʴ: ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʘʪʤʦʩʬʝʨʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 343 ʤ/ʩ, 
ʪʦʛʜʘ ʢʘʢ ʫʜʘʨʥʳʡ ɹʃɸ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 150ï200 ʢʤ/ʯ, ʧʦʵʪʦʤʫ ʨʘʟʥʝʩʸʥʥʳʝ ʜʘʪʯʠʢʠ ʩʣʳʰʘʪ 
ʦʜʥʫ ʠ ʪʫ ʞʝ ʪʦʯʢʫ ʪʨʘʝʢʪʦʨʠʠ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ï ʠ ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʨʠʘʥʛʫʣʷʮʠʷ ʩʠʥʭʨʦʥʥʳʭ 
ʧʝʣʝʥʛʦʚ ʥʝʠʟʙʝʞʥʦ ʜʘʸʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʰʠʙʢʫ [6]. 

ɸʥʘʣʠʟ ʢʠʥʝʤʘʪʠʢʠ ʫʜʘʨʥʳʭ ɹʃɸ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʤʘʨʰʝʚʳʭ ʫʯʘʩʪʢʘʭ ʤʝʞʜʫ ʧʦʚʦʨʦʪʥʳʤʠ 
ʪʦʯʢʘʤʠ ʤʘʨʰʨʫʪʘ ʘʧʧʘʨʘʪ ʜʚʠʞʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ï ʙʦʨʪʦʚʦʡ ʘʚʪʦʧʠʣʦʪ ʥʘ 
ʦʩʥʦʚʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ ʥʝʧʨʝʨʳʚʥʦ ʢʦʨʨʝʢʪʠʨʫʝʪ ʢʫʨʩ, ʩʚʦʜʷ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʛʦ ʚʝʢʪʦʨʘ ʢ 
ʥʫʣʶ [7]. ʕʪʦ ʜʝʣʘʝʪ ʣʠʥʝʡʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʘʩʩʠʚʘ 
ʩʳʨʳʭ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʧʝʣʝʥʛʦʚ, ʦʜʥʘʢʦ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʥʘʧʨʷʤʫʶ ʥʝʣʴʟʷ 
ï ʧʝʨʚʠʯʥʳʝ ʦʪʤʝʪʢʠ ʥʝʠʟʙʝʞʥʦ ʩʦʜʝʨʞʘʪ ʚʳʙʨʦʩʳ, ʢ ʢʦʪʦʨʳʤ ʦʥ ʢʨʘʡʥʝ ʯʫʚʩʪʚʠʪʝʣʝʥ. ʇʦʵʪʦʤʫ 
ʩʥʘʯʘʣʘ, ʠʩʧʦʣʴʟʫʷ ʘʣʛʦʨʠʪʤ ʢʦʥʩʝʥʩʫʩʥʦʡ ʚʳʙʦʨʢʠ, ʠʪʝʨʘʪʠʚʥʦ ʦʪʩʝʠʚʘʶʪʩʷ ʘʥʦʤʘʣʴʥʳʝ ʪʦʯʢʠ, 
ʦʩʪʘʚʣʷʷ ʣʠʰʴ ʪʝ, ʯʪʦ ʫʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʦʜʥʫ ʧʨʷʤʫʶ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. ʊʦʣʴʢʦ 
ʧʦʩʣʝ ʵʪʦʛʦ, ʢ ʦʯʠʱʝʥʥʦʤʫ ʤʘʩʩʠʚʫ ʧʨʠʤʝʥʷʝʪʩʷ ʄʅʂ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʠ ʨʘʩʯʸʪʘ 
ʢʫʨʩʘ ʠ ʩʢʦʨʦʩʪʠ ʦʙʲʝʢʪʘ [8, 9]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʩʦʟʜʘʸʪ ʩʭʦʞʝʩʪʴ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʪʫʨ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 
ʩʛʦʨʘʥʠʷ ɹʃɸ ʩʦ ʩʧʝʢʪʨʘʤʠ ʥʘʟʝʤʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʩʪʝʤʘ ʤʦʞʝʪ 
ʬʦʨʤʠʨʦʚʘʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʪʨʝʢʠ ʦʪ ʤʦʪʦʮʠʢʣʦʚ, ʛʨʫʟʦʚʠʢʦʚ ʠʣʠ ʤʦʪʦʨʥʳʭ ʣʦʜʦʢ. ɼʣʷ 
ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʦʣʞʥʘ ʩʦʧʦʩʪʘʚʣʷʪʴʩʷ ʩ ʧʦʣʠʛʦʥʘʤʠ 
ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʠ ʚʦʜʥʳʭ ʘʨʪʝʨʠʡ. ɽʩʣʠ ʪʨʘʝʢʪʦʨʠʷ ʦʙʲʝʢʪʘ ʩʦʚʧʘʜʘʝʪ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ 
ʜʦʨʦʞʥʦʡ ʩʝʪʴʶ ʠʣʠ ʨʫʩʣʦʤ ʨʝʢʠ, ʮʝʣʴ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʣʦʞʥʘʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 
ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʫʛʨʦʟ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʚʠʜʝʦʜʘʪʯʠʢʦʚ ʠʣʠ 
ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʙʦʟʥʘʯʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ, 
ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʨʘʩʧʨʝʜʝʣʸʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʧʦ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʤʦʜʝʣʠ. 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʷʟʳʢʝ Rust, ʚʳʩʪʫʧʘʝʪ ʷʜʨʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, 
ʨʝʘʣʠʟʫʶʱʠʤ ʩʪʨʦʛʫʶ ʨʦʣʝʚʫʶ ʤʦʜʝʣʴ ʜʦʩʪʫʧʘ. ɼʦʩʪʫʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʬʫʥʢʮʠʷʤ ʫʧʨʘʚʣʝʥʠʷ ʠ 
ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʟʛʨʘʥʠʯʝʥ ʨʦʣʷʤʠ çʂʦʤʘʥʜʠʨè ʠ çʆʧʝʨʘʪʦʨè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ JWT-ʪʦʢʝʥʦʚ, ʚ ʪʦ 
ʚʨʝʤʷ ʢʘʢ ʫʩʪʨʦʡʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ ʟʚʫʢʘ (ʋʆɿ) ʧʨʦʭʦʜʷʪ ʧʨʦʮʝʜʫʨʫ ʘʚʪʦʨʠʟʘʮʠʠ ʚ ʩʝʪʠ ʧʦ ʫʥʠʢʘʣʴʥʳʤ 
ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤ ʧʨʠ ʠʥʠʮʠʠʨʦʚʘʥʠʠ WebSocket-ʩʦʝʜʠʥʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʟʦʣʷʮʠʶ ʜʘʥʥʳʭ ʠ 
ʟʘʱʠʪʫ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʩʪʦʨʦʥʥʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʝʪʠ 
ʤʦʥʠʪʦʨʠʥʛʘ. 

ʎʝʥʪʨʘʣʴʥʳʡ ʩʝʨʚʝʨ ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʛʨʝʛʘʮʠʶ ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʦʣʥʳʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ 
ʬʦʨʤʠʨʫʝʤʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʵʪʘʧʳ ʧʝʨʚʠʯʥʦʡ ʬʠʢʩʘʮʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, 
ʘʩʩʦʮʠʘʮʠʶ ʥʦʚʳʭ ʪʦʯʝʢ ʦʙʥʘʨʫʞʝʥʠʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʮʝʣʷʤʠ ʠ ʨʘʩʯʝʪ ʧʨʦʛʥʦʟʥʳʭ ʢʦʦʨʜʠʥʘʪ. ɺ 
ʧʨʦʮʝʩʩʝ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʩʠʩʪʝʤʘ ʜʠʥʘʤʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʪ ʩʦʩʪʦʷʥʠʷʤʠ ʦʙʲʝʢʪʦʚ: ʦʪ çʘʢʪʠʚʥʦʛʦ 
ʦʪʩʣʝʞʠʚʘʥʠʷè ʜʦ çʘʧʧʨʦʢʩʠʤʘʮʠʠè ʧʨʠ ʚʭʦʜʝ ʮʝʣʠ ʚ çʤʝʨʪʚʳʝ ʟʦʥʳè ʠʣʠ ʚʨʝʤʝʥʥʦʡ ʧʦʪʝʨʝ ʩʠʛʥʘʣʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 
ʣʦʛʠʯʝʩʢʠʝ ʤʦʜʫʣʠ. ʄʦʜʫʣʴ çʇʣʘʥʠʨʦʚʘʥʠʝè ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʲʝʢʪʦʚ ʦʭʨʘʥʳ, 
ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ ʠ ʨʘʩʩʪʘʥʦʚʢʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʝʣʝʥʛʘʪʦʨʦʚ ʥʘ ʢʘʨʪʝ ʤʝʩʪʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʠʭ 
ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʫʛʣʦʚ ʦʙʟʦʨʘ. ʄʦʜʫʣʴ çʈʘʙʦʪʘè ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 
ʚʦʟʜʫʰʥʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʚʳʧʦʣʥʷʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʜʘʪʯʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʘ 
ʩʤʝʞʥʦʩʪʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʪʨʝʢʦʚ. ɼʣʷ ʘʥʘʣʠʟʘ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ ʠ ʚʝʜʝʥʠʷ ʞʫʨʥʘʣʦʚ 
ʠʥʮʠʜʝʥʪʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥ ʤʦʜʫʣʴ çʂʦʥʪʨʦʣʴè, ʨʝʘʣʠʟʫʶʱʠʡ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ (ʧʦ 
ʩʤʝʥʘʤ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ ʠ ʧʦʣʥʫʶ ʠʩʪʦʨʠʶ ʜʣʷ ʢʦʤʘʥʜʠʨʦʚ) ʩ ʧʦʜʜʝʨʞʢʦʡ ʵʢʩʧʦʨʪʘ ʦʪʯʝʪʦʚ ʚ ʬʦʨʤʘʪ 
CSV. ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ çʂʦʥʬʠʛʫʨʘʮʠʷè, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʦʤʘʥʜʠʨʫ 
ʧʨʷʤʦʡ ʜʦʩʪʫʧ ʢ ʧʘʨʘʤʝʪʨʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʷʜʨʘ. ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʫʯʥʘʷ 
ʥʘʩʪʨʦʡʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘʮʠʠ, ʜʦʧʫʩʢʦʚ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʧʝʣʝʥʛʦʚ, ʤʠʥʠʤʘʣʴʥʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʜʣʷ ʥʘʯʘʣʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʧʦʨʦʛʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʣʦʞʥʳʭ ʮʝʣʝʡ ʧʦ ɻʀʉ-ʜʘʥʥʳʤ. 
ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʧʦʜ ʩʧʝʮʠʬʠʢʫ ʢʦʥʢʨʝʪʥʦʛʦ 
ʨʝʣʴʝʬʘ ʠ ʟʘʩʪʨʦʡʢʠ, ʠʩʢʣʶʯʘʷ ʵʬʬʝʢʪ çʯʝʨʥʦʛʦ ʷʱʠʢʘè. 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʦʜʥʦʩʪʨʘʥʠʯʥʦʛʦ ʚʝʙ-
ʧʨʠʣʦʞʝʥʠʷ (SPA) ʥʘ ʙʘʟʝ ʬʨʝʡʤʚʦʨʢʘ Angular. ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 
ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʮʠʬʨʦʚʦʡ ʢʘʨʪʝ ʤʝʩʪʥʦʩʪʠ (ʎʂʄ), ʦʪʨʠʩʦʚʢʘ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
TileServer GL. ʆʧʝʨʘʪʦʨ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʣʫʯʘʝʪ ʫʚʝʜʦʤʣʝʥʠʷ ʦʙ ʦʙʥʘʨʫʞʝʥʥʳʭ ʫʛʨʦʟʘʭ, 
ʚʠʜʠʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʮʝʣʝʡ ʠ ʠʭ ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʟʘʱʠʱʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʡ ʨʫʙʝʞ ʟʘʱʠʪʳ. ʉʦʯʝʪʘʥʠʝ ʤʝʪʦʜʦʚ 
ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʧʝʣʝʥʛʘʮʠʠ ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʥʝʦʙʭʦʜʠʤʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʘʥʥʳʭ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʘʢʪʠʚʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ. ʉʠʩʪʝʤʘ 
ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʮʝʣʝʡ: ʨʦʣʴ ʦʧʝʨʘʪʦʨʘ ʩʚʦʜʠʪʩʷ ʢ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʡ ʥʘ 
ʦʩʥʦʚʝ ʛʦʪʦʚʦʡ ʢʘʨʪʠʥʳ ʚʦʟʜʫʰʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʢʫʨʩ, 
ʩʢʦʨʦʩʪʴ, ʚʨʝʤʷ ʧʦʜʣʝʪʘ). 
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ʈɽɸʃʀɿɸʎʀʗ ɺʀʈʊʋɸʃʔʅʆʁ ʏɸʉʊʅʆʁ ʉɽʊʀ ʋɼɸʃɽʅʅʆɻʆ 
ɼʆʉʊʋʇɸ 

ʄʠʩʶʣʴ ɺ.ʉ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʗʨʤʦʣʠʢ ɺ.ʅ. - ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ VPN ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʥʘ ʙʘʟʝ WireGuard ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʳ. ʇʨʝʜʣʘʛʘʝʪʩʷ 
ʨʘʩʰʠʨʠʪʴ ʧʨʦʪʦʢʦʣ ʤʝʭʘʥʠʟʤʦʤ crypto agility, ʧʦʟʚʦʣʷʶʱʠʤ ʟʘʤʝʥʷʪʴ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʯʝʨʝʟ ʧʣʘʛʠʥʳ ʙʝʟ 
ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʣʦʛʠʢʠ ʪʫʥʥʝʣʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʚʢʣʶʯʘʷ 
ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʦʙʨʘʙʦʪʢʠ ʪʨʘʬʠʢʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʭʦʜʷʱʠʭ UDP-ʧʘʢʝʪʦʚ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʩʦʢʝʪʘʤʠ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʩʦʟʜʘʪʴ ʟʘʱʠʱʝʥʥʳʡ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ VPN, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ 
ʢʦʥʢʨʝʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ.  

ʋʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʪʨʝʙʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʡ 
ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠ ʛʠʙʢʦʩʪʠ ʚ ʚʳʙʦʨʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ. WireGuard ʭʦʨʦʰʦ 
ʧʦʜʭʦʜʠʪ ʜʣʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ peer-to-peer, ʨʘʙʦʪʝ ʥʘ ʫʨʦʚʥʝ ʩʝʪʝʚʦʛʦ ʩʣʦʷ ʠ 
ʥʝʙʦʣʴʰʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʪʘʢʠ. 

ɼʣʷ ʨʘʙʦʪʳ WireGuard ʩʦʟʜʘʝʪʩʷ ʚʠʨʪʫʘʣʴʥʳʡ ʩʝʪʝʚʦʡ ʠʥʪʝʨʬʝʡʩ, ʥʘ ʢʦʪʦʨʳʡ ʥʘʩʪʨʘʠʚʘʝʪʩʷ 
ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʪʨʘʬʠʢʘ: ʧʘʢʝʪʳ, ʘʜʨʝʩʦʚʘʥʥʳʝ ʦʧʨʝʜʝʣʸʥʥʳʤ IP-ʧʨʝʬʠʢʩʘʤ, ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʵʪʦʪ 
ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʠ ʯʝʨʝʟ VPN. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 
ʵʪʠʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʧʦʣʫʯʘʷ ʠʩʭʦʜʷʱʠʝ IP-ʧʘʢʝʪʳ ʠ ʧʝʨʝʜʘʚʘʷ ʦʙʨʘʪʥʦ ʚʭʦʜʷʱʠʝ ʧʦʩʣʝ ʠʭ ʦʙʨʘʙʦʪʢʠ. 

ɺ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ ʣʝʞʠʪ ʩʚʷʟʢʘ ʧʫʙʣʠʯʥʦʛʦ ʢʣʶʯʘ ʫʟʣʘ ʠ ʜʦʧʫʩʪʠʤʳʭ IP-ʘʜʨʝʩʦʚ, ʯʪʦ ʫʧʨʦʱʘʝʪ 
ʢʦʥʪʨʦʣʴ ʪʨʘʬʠʢʘ ʠ ʜʝʣʘʝʪ ʧʦʚʝʜʝʥʠʝ ʪʫʥʥʝʣʷ ʧʨʝʜʩʢʘʟʫʝʤʳʤ. ɼʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʟʘʨʘʥʝʝ ʟʘʜʘʝʪʩʷ 
ʝʛʦ ʧʫʙʣʠʯʥʳʡ ʢʣʶʯ ʠ ʩʧʠʩʦʢ IP-ʧʨʝʬʠʢʩʦʚ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʟʘ ʥʠʤ ʟʘʢʨʝʧʣʸʥʥʳʤʠ. 

ʇʨʠ ʦʪʧʨʘʚʢʝ ʧʘʢʝʪʘ ʩʠʩʪʝʤʘ ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʦʤʫ ʫʟʣʫ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʘʚʣʝʥ, ʥʘ 
ʦʩʥʦʚʝ ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ. ɿʘʪʝʤ ʚʳʙʠʨʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʫʙʣʠʯʥʳʡ ʢʣʶʯ, ʠ ʧʘʢʝʪ 
ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ ʠ ʰʠʬʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʩʩʠʦʥʥʳʭ ʢʣʶʯʝʡ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʥʠʤ. 

ʇʨʠ ʧʨʠʝʤʝ ʧʘʢʝʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʦʙʨʘʪʥʘʷ ʧʨʦʚʝʨʢʘ. ʇʦʩʣʝ ʫʩʧʝʰʥʦʡ ʜʝʰʠʬʨʘʮʠʠ 
ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢʦʤʫ ʧʫʙʣʠʯʥʦʤʫ ʢʣʶʯʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʡ ʧʘʢʝʪ. ɼʘʣʝʝ ʠʟʚʣʝʢʘʝʪʩʷ ʚʥʫʪʨʝʥʥʠʡ 
IP-ʧʘʢʝʪ, ʠ ʝʛʦ ʠʩʭʦʜʥʳʡ ʘʜʨʝʩ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʩʧʠʩʢʫ IP-ʘʜʨʝʩʦʚ ʟʘʢʨʝʧʣʝʥʥʳʭ ʜʣʷ 
ʵʪʦʛʦ ʫʟʣʘ. ɽʩʣʠ ʘʜʨʝʩ ʥʝ ʚʭʦʜʠʪ ʚ ʨʘʟʨʝʰʸʥʥʳʡ ʜʠʘʧʘʟʦʥ, ʧʘʢʝʪ ʦʪʙʨʘʩʳʚʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 
ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ ʧʦʜʤʝʥʘ ʘʜʨʝʩʘ ʚʥʫʪʨʠ ʪʫʥʥʝʣʷ. 

ʇʝʨʝʜʘʯʘ ʪʨʘʬʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʚʝʨʭ UDP. ʇʦʣʫʯʝʥʥʳʡ ʠʟ ʚʠʨʪʫʘʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ IP-
ʧʘʢʝʪ ʰʠʬʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʩʩʠʦʥʥʳʭ ʢʣʶʯʝʡ, ʧʦʩʣʝ ʯʝʛʦ ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ ʚ UDP-
ʜʝʡʪʘʛʨʘʤʤʫ ʠ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʩʝʪʝʚʦʡ ʘʜʨʝʩ ʫʜʘʣʸʥʥʦʛʦ ʫʟʣʘ, ʫʢʘʟʘʥʥʳʡ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʅʘ 
ʧʨʠʥʠʤʘʶʱʝʡ ʩʪʦʨʦʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʦʙʨʘʪʥʘʷ ʦʧʝʨʘʮʠʷ: UDP-ʧʘʢʝʪ ʧʨʠʥʠʤʘʝʪʩʷ, ʠʟ ʥʝʛʦ ʠʟʚʣʝʢʘʝʪʩʷ 
ʟʘʰʠʬʨʦʚʘʥʥʘʷ ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʝʰʠʬʨʘʮʠʷ, ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ IP-ʧʘʢʝʪ 
ʧʝʨʝʜʘʸʪʩʷ ʦʙʨʘʪʥʦ ʚ ʚʠʨʪʫʘʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ UDP ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 
ʧʨʠʯʠʥ. ɺ ʦʪʣʠʯʠʝ ʦʪ TCP, UDP ʥʝ ʨʝʘʣʠʟʫʝʪ ʤʝʭʘʥʠʟʤʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʜʪʚʝʨʞʜʝʥʠʷ 
ʜʦʩʪʘʚʢʠ, ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʧʘʢʝʪʦʚ ʠ ʢʦʥʪʨʦʣʷ ʧʝʨʝʛʨʫʟʢʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʜʫʙʣʠʨʦʚʘʪʴ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʫʞʝ ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʚ ʚʳʰʝʣʝʞʘʱʠʭ ʧʨʦʪʦʢʦʣʘʭ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ TCP), ʪʨʘʬʠʢ 
ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʸʪʩʷ ʯʝʨʝʟ VPN. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʣʘ ʙʳ ʧʨʦʙʣʝʤʘ TCP-over-TCP, 
ʧʨʠʚʦʜʷʱʘʷ ʢ ʫʭʫʜʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʟ-ʟʘ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʪʨʦʣʷ ʧʝʨʝʛʨʫʟʢʠ 
ʠ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʩʦʩʪʦʷʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʫʧʨʦʱʘʝʪ ʦʙʨʘʙʦʪʢʫ 
ʧʘʢʝʪʦʚ. ʂʘʞʜʘʷ UDP-ʜʝʡʪʘʛʨʘʤʤʘ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ, ʯʪʦ ʩʥʠʞʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʨʘʥʝʥʠʶ 
ʩʦʩʪʦʷʥʠʷ, ʫʤʝʥʴʰʘʝʪ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʠ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʜʝʨʞʢʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ 
ʜʣʷ VPN, ʛʜʝ ʢʘʞʜʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʪʘʧ ʦʙʨʘʙʦʪʢʠ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʦʙʱʫʶ ʣʘʪʝʥʪʥʦʩʪʴ. 

UDP ʪʘʢʞʝ ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ NAT. ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʩʝʪʝʡ 
ʠʩʧʦʣʴʟʫʶʪ ʪʨʘʥʩʣʷʮʠʶ ʘʜʨʝʩʦʚ, ʚʘʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʠʡ (NAT bindings). ɺ 
ʩʣʫʯʘʝ UDP ʵʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʦʪʧʨʘʚʢʠ keepalive-ʧʘʢʝʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʩʦʭʨʘʥʷʪʴ ʦʪʢʨʳʪʳʤ ʤʘʨʰʨʫʪ ʤʝʞʜʫ ʫʟʣʘʤʠ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ 
ʩʦʝʜʠʥʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʫʪʩʪʚʠʝ ʞʸʩʪʢʦʡ ʧʨʠʚʷʟʢʠ ʢ ʩʦʩʪʦʷʥʠʶ ʩʦʝʜʠʥʝʥʠʷ ʫʧʨʦʱʘʝʪ ʩʤʝʥʫ 
ʚʥʝʰʥʝʛʦ ʘʜʨʝʩʘ ʠʣʠ ʧʦʨʪʘ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʢʣʠʝʥʪʘ ʤʝʞʜʫ ʩʝʪʷʤʠ). 

ʅʘʢʦʥʝʮ, ʤʦʜʝʣʴ UDP ʫʧʨʦʱʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʊʘʢ ʢʘʢ ʧʘʢʝʪʳ 
ʥʝʟʘʚʠʩʠʤʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʠʭ ʤʦʞʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʦʪʦʢʘʭ ʙʝʟ ʩʣʦʞʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 
ʩʦʩʪʦʷʥʠʷ ʩʦʝʜʠʥʝʥʠʷ. 

WireGuard ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʳʙʦʨ ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʦʚ ʥʘ ʣʝʪʫ, ʧʦʩʢʦʣʴʢʫ 
ʩʦʟʥʘʪʝʣʴʥʦ ʜʝʣʘʝʪ ʩʪʘʚʢʫ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʧʨʠʤʠʪʠʚʦʚ ʨʘʜʠ ʧʨʦʩʪʦʪʳ ʠ ʥʘʜʝʞʥʦʩʪʠ. 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ VPN ʥʘ ʙʘʟʝ WireGuard ʩ ʨʘʩʰʠʨʝʥʠʝʤ crypto 
agility. ʉʫʪʴ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʳʥʝʩʪʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʤʠʪʠʚʳ ʚ ʘʙʩʪʨʘʢʪʥʳʡ ʩʣʦʡ 
ʠ ʧʦʜʢʣʶʯʘʪʴ ʠʭ ʯʝʨʝʟ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʟʘʤʝʥʷʪʴ ʘʣʛʦʨʠʪʤʳ 
ʰʠʬʨʦʚʘʥʠʷ, ʭʵʰʠʨʦʚʘʥʠʷ ʠ ʦʙʤʝʥʘ ʢʣʶʯʘʤʠ ʙʝʟ ʧʝʨʝʨʘʙʦʪʢʠ ʚʩʝʛʦ ʧʨʦʪʦʢʦʣʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ 
ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʜʣʷ ʢʨʫʧʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʛʜʝ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 
ʜʦʧʫʩʪʠʤʳʤ ʘʣʛʦʨʠʪʤʘʤ, ʜʣʠʥʘʤ ʢʣʶʯʝʡ ʠ ʩʨʦʢʘʤ ʤʠʛʨʘʮʠʠ ʥʘ ʥʦʚʳʝ ʩʪʘʥʜʘʨʪʳ. 

ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ 
ʩʥʠʞʝʥʠʶ ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ, ʚʢʣʶʯʘʷ ʤʠʥʠʤʠʟʘʮʠʶ ʢʦʧʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠ ʫʩʢʦʨʝʥʠʝ ʦʙʨʘʙʦʪʢʠ 
ʪʨʘʬʠʢʘ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʩʧʘʨʘʣʣʝʣʠʪʴ ʯʪʝʥʠʝ ʠʟ 
ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʝʪʝʚʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ UDP-ʩʦʢʝʪʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʯʠʭ ʧʦʪʦʢʦʚ. ʊʝʦʨʝʪʠʯʝʩʢʠ 
ʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʯʪʝʥʠʝ ʯʝʨʝʟ ʦʜʠʥ ʬʘʡʣʦʚʳʡ ʜʝʩʢʨʠʧʪʦʨ, ʦʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʧʦʪʦʢʦʚ 
ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʟʘʜʝʨʞʝʢ, ʧʦʩʢʦʣʴʢʫ ʦʧʝʨʘʮʠʷ ʯʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʣʦʢʠʨʫʶʱʝʡ, ʠ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 
ʚʨʝʤʝʥʠ ʪʦʣʴʢʦ ʦʜʠʥ ʧʦʪʦʢ ʤʦʞʝʪ ʯʠʪʘʪʴ ʠʟ ʜʝʩʢʨʠʧʪʦʨʘ. ʕʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ 
ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʫʟʢʦʛʦ ʤʝʩʪʘ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʜʝʣʴʥʳʡ ʬʘʡʣʦʚʳʡ 
ʜʝʩʢʨʠʧʪʦʨ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʩʦʟʜʘʥʠʷ ʩʦʢʝʪʦʚ ʩ ʦʧʮʠʝʡ 
SO_REUSEPORT, ʘ ʪʘʢʞʝ ʚʠʨʪʫʘʣʴʥʳʭ ʩʝʪʝʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ (IFF_MULTI_QUEUE). ʊʘʢʦʡ ʧʦʜʭʦʜ 
ʧʦʟʚʦʣʷʝʪ ʢʘʞʜʦʤʫ ʧʦʪʦʢʫ ʥʝʟʘʚʠʩʠʤʦ ʧʨʠʥʠʤʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʘʢʝʪʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 
ʨʘʚʥʦʤʝʨʥʫʶ ʟʘʛʨʫʟʢʫ ʧʨʦʮʝʩʩʦʨʘ ʠ ʩʥʠʞʘʝʪ ʟʘʜʝʨʞʢʠ ʧʨʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʬʠʢʘ. 

ʆʜʥʘʢʦ ʩʪʘʥʜʘʨʪʥʳʡ ʤʝʭʘʥʠʟʤ ʙʘʣʘʥʩʠʨʦʚʢʠ ʜʣʷ ʬʘʡʣʦʚʳʭ ʜʝʩʢʨʠʧʪʦʨʦʚ UDP-ʩʦʢʝʪʦʚ ʠ TUN-
ʠʥʪʝʨʬʝʡʩʦʚ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʭʦʜʷʱʠʭ ʧʘʢʝʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 
ʭʵʰʠʨʦʚʘʥʠʷ ʧʦʣʝʡ ʟʘʛʦʣʦʚʢʘ ʧʘʢʝʪʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʨʝʪʥʳʡ ʬʘʡʣʦʚʳʡ ʜʝʩʢʨʠʧʪʦʨ, 
ʧʨʠʥʠʤʘʶʱʠʡ ʧʘʢʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝ ʧʘʢʝʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʜʥʦʤʫ ʧʦʪʦʢʫ ʠʣʠ ʠʩʪʦʯʥʠʢʫ, 
ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʜʝʩʢʨʠʧʪʦʨ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʟʘʛʨʫʟʢʝ: ʦʜʠʥ ʧʦʪʦʢ ʤʦʞʝʪ 
ʙʳʪʴ ʧʝʨʝʛʨʫʞʝʥ, ʪʦʛʜʘ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʦʩʪʘʶʪʩʷ ʥʝʜʦʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ. ɺ ʢʦʥʪʝʢʩʪʝ VPN ʵʪʦ ʦʩʦʙʝʥʥʦ 
ʢʨʠʪʠʯʥʦ, ʧʦʩʢʦʣʴʢʫ ʪʨʘʬʠʢ ʦʪ ʤʥʦʞʝʩʪʚʘ ʢʣʠʝʥʪʦʚ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʜʥʫ ʠ ʪʫ ʞʝ ʪʦʯʢʫ ʪʦʥʥʝʣʷ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ eBPF-ʧʨʦʛʨʘʤʤʫ, ʧʦʜʢʣʶʯʘʝʤʫʶ ʢ 
ʤʝʭʘʥʠʟʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʢʝʪʦʚ ʤʝʞʜʫ ʬʘʡʣʦʚʳʤʠ ʜʝʩʢʨʠʧʪʦʨʘʤʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 
ʚʥʝʜʨʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʣʦʛʠʢʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʷʜʨʦ ʠ ʧʝʨʝʦʧʨʝʜʝʣʠʪʴ ʩʪʨʘʪʝʛʠʶ ʚʳʙʦʨʘ 
ʩʦʢʝʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʚʭʦʜʷʱʝʛʦ ʧʘʢʝʪʘ, ʫʩʪʨʘʥʷʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʭʵʰʠʨʦʚʘʥʠʷ ʠ 
ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʘʢʝʪʳ ʦʪ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʠʩʪʦʯʥʠʢʘ ʤʦʛʫʪ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʨʘʟʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʯʪʦ 
ʫʩʪʨʘʥʷʝʪ ʫʟʢʠʝ ʤʝʩʪʘ ʠ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ. ʕʪʦ 
ʩʥʠʞʘʝʪ ʟʘʜʝʨʞʢʠ ʦʙʨʘʙʦʪʢʠ, ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʧʦʣʥʝʥʠʷ ʦʯʝʨʝʜʝʡ ʠ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ 
ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʝ ʠ 
ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʘʢʝʪʦʚ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ VPN-
ʩʝʨʚʠʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʙʦʪʘ ʩʦʯʝʪʘʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ VPN ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʜʚʫʤʷ 
ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ: ʛʠʙʢʦʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʧʦʚʳʰʝʥʠʝʤ ʧʨʦʧʫʩʢʥʦʡ 
ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʩʯʝʪ ʩʠʩʪʝʤʥʳʭ ʦʧʪʠʤʠʟʘʮʠʡ. ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʢʦʨʧʦʨʘʪʠʚʥʦʝ 
ʧʨʠʤʝʥʝʥʠʝ, ʛʜʝ ʚʘʞʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 
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ʆʉʅʆɺɽ ɸʃʔʊɽʈʅɸʊʀɺʅʆɻʆ ʀʅʊɽʈʌɽʁʉɸ ɺɺʆɼɸ 

ʈʘʯʠʥʩʢʘʷ ɸ.ʉ., ɽʚʩʝʝʥʢʦ ɽ.ʉ., ʩʪʫʜʝʥʪʳ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɼʝʤʝʥʢʦʚʝʮ ɼ.ɺ. ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʉʦʚʨʝʤʝʥʥʫʶ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʤʝʜʠʮʠʥʫ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʘʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩ ʵʣʝʤʝʥʪʘʤʠ ʛʝʡʤʠʬʠʢʘʮʠʠ ʤʦʞʝʪ ʠʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʙʠʣʠʪʘʮʠʠ ʠ 
ʧʦʚʳʰʝʥʠʠ ʤʦʪʠʚʘʮʠʠ ʧʘʮʠʝʥʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʠʛʨʦʚʦʛʦ 
ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʟʘʥʷʪʠʡ ʣʝʯʝʙʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ. 

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʛʝʡʤʠʬʠʢʘʮʠʠ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ 
ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. ɺ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ 
ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʣʝʯʝʙʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ (ʃʌʂ) ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ. 
ʉʪʘʥʜʘʨʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʫʧʨʘʞʥʝʥʠʡ ʥʘ ʫʜʝʨʞʘʥʠʝ ʙʘʣʘʥʩʘ ʯʘʩʪʦ ʤʦʥʦʪʦʥʥʳ ʠ ʥʝ ʚʳʟʳʚʘʶʪ ʫ ʜʝʪʝʡ 
ʵʥʪʫʟʠʘʟʤʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ [1]. ʉʦʚʨʝʤʝʥʥʘʷ ʨʝʘʙʠʣʠʪʘʮʠʷ 
ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʪʨʝʥʠʨʦʚʦʢ ʠ ʧʦʚʳʰʝʥʠʷ ʚʦʚʣʝʯʝʥʥʦʩʪʠ 
ʧʘʮʠʝʥʪʦʚ. ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʩ ʠʛʨʦʚʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʤʦʞʝʪ ʩʪʘʪʴ ʭʦʨʦʰʠʤ 
ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʨʝʰʝʥʠʠ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ. 

ɺ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ʆʜʥʠʤ ʠʟ 
ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʦʮʝʩʩ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʣʝʯʝʥʠʷ ʠ ʨʝʘʙʠʣʠʪʘʮʠʠ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʧʨʘʚʣʝʥʘ 
ʥʘ ʧʦʚʳʰʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʧʝʨʝʚʦʜʘ ʯʘʩʪʠ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʭ 
ʧʨʘʢʪʠʢ ʚ ʬʦʨʤʘʪ ʫʜʦʙʥʳʭ ʜʦʤʘʰʥʠʭ ʟʘʥʷʪʠʡ ʧʦʜ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʢʦʥʪʨʦʣʝʤ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʧʦʩʦʙʦʤ ʛʝʡʤʠʬʠʢʘʮʠʠ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʇʆ, ʠʩʧʦʣʴʟʫʝʤʦʝ 
ʩʦʚʤʝʩʪʥʦ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʚʚʦʜʘ. ʀʥʪʝʨʬʝʡʩʦʤ ʚʚʦʜʘ ʷʚʣʷʝʪʩʷ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʡ 
ʜʠʩʢ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ ʠʣʠ 
ʪʝʣʝʚʠʟʦʨ. ʇʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʮʠʬʨʦʚʫʶ ʨʘʩʢʨʘʩʢʫ, ʫʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʡ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʪʝʣʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʠ ʚʥʝʰʥʠʭ ʢʦʦʨʜʠʥʘʪ. ɽʸ 
ʛʣʘʚʥʘʷ ʮʝʣʴ ï ʥʝʟʘʤʝʪʥʦ ʜʣʷ ʨʝʙʝʥʢʘ ʧʝʨʝʚʝʩʪʠ ʨʫʪʠʥʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʚ ʬʦʨʤʘʪ 
ʫʚʣʝʢʘʪʝʣʴʥʦʛʦ ʟʘʥʷʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʪʨʝʥʠʨʦʚʢʫ ʚʝʩʪʠʙʫʣʷʨʥʦʛʦ ʘʧʧʘʨʘʪʘ, 
ʧʨʦʧʨʠʦʮʝʧʮʠʠ ʠ ʟʨʠʪʝʣʴʥʦ-ʤʦʪʦʨʥʦʡ ʨʝʘʢʮʠʠ. 

ɸʥʘʣʠʟ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ 
ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (VR) ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʢʠʥʝʪʦʟ ʫ ʜʝʪʝʡ, ʘ ʤʝʜʠʮʠʥʩʢʠʝ ʩʪʘʙʠʣʦʧʣʘʪʬʦʨʤʳ 
ʠʤʝʶʪ ʢʨʘʡʥʝ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ [2]. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʧʦʣʥʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʧʨʠʣʦʞʝʥʠʷ, ʥʝʟʘʚʠʩʠʤʦʛʦ 
ʦʪ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʞʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʫʥʠʢʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʠʥʪʝʨʬʝʡʩʦʤ. ʅʦʚʠʟʥʘ ʨʝʰʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʥʦʤ ʦʪʢʘʟʝ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʥʘʞʘʪʠʡ. 
ɺʳʙʦʨ ʮʚʝʪʘ ʢʠʩʪʠ ʠ ʟʘʣʠʚʢʘ ʢʦʥʪʫʨʦʚ ʨʠʩʫʥʢʘ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʠʢʩʘʮʠʠ ʢʫʨʩʦʨʘ ʥʘ 
ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ (dwell click). ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʜʝʨʞʠʚʘʪʴ ʢʫʨʩʦʨ ʚ ʦʜʥʦʡ ʧʦʟʠʮʠʠ ʚʳʥʫʞʜʘʝʪ 
ʨʝʙʝʥʢʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʬʠʟʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ. 

ʌʠʟʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʤ ʜʠʩʢʦʤ, ʦʩʥʘʱʝʥʥʳʤ ʘʧʧʘʨʘʪʥʳʤ 
ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ. ʇʦʣʴʟʦʚʘʪʝʣʴ (ʨʝʙʝʥʦʢ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʪʦʷ ʥʘ ʧʣʘʪʬʦʨʤʝ, ʘ ʧʝʨʝʜ ʥʠʤ, 
ʥʘʧʨʠʤʝʨ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʝʣʝʚʠʟʦʨ ʠʣʠ ʚʥʝʰʥʠʡ ʤʦʥʠʪʦʨ, ʜʫʙʣʠʨʫʶʱʠʡ ʵʢʨʘʥ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 
ʢʦʤʧʴʶʪʝʨʘ ʩ ʟʘʧʫʱʝʥʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ. ʉʭʝʤʘ ʧʨʠʤʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɸʧʧʘʨʘʪʥʳʡ ʙʣʦʢ ʧʣʘʪʬʦʨʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʩʙʦʨ ʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʚʩʪʨʦʝʥʥʦʛʦ 
ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʠʟʤʝʨʷʶʱʝʛʦ ʫʛʣʳ ʥʘʢʣʦʥʘ ʧʦ ʪʨʝʤ ʦʩʷʤ. ʇʝʨʝʜʘʯʘ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘ 
ʢʦʤʧʴʶʪʝʨ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʧʨʦʪʦʢʦʣʫ TCP ʯʝʨʝʟ ʚʳʜʝʣʝʥʥʳʡ Wi-Fi ʤʦʜʫʣʴ, ʯʪʦ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ ʜʦʩʪʘʚʢʫ ʧʘʢʝʪʦʚ ʢʦʦʨʜʠʥʘʪ ʙʝʟ ʧʦʪʝʨʴ. ʈʝʙʝʥʢʫ ʥʝʦʙʭʦʜʠʤʦ 
ʬʠʟʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʣʘʪʬʦʨʤʳ, ʥʝ ʪʝʨʷʷ ʨʘʚʥʦʚʝʩʠʷ, ʯʪʦʙʳ ʧʝʨʝʤʝʱʘʪʴ ʢʫʨʩʦʨ ʚ 
ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʣʘʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʠ ʫʜʝʨʞʠʚʘʪʴ ʝʛʦ ʪʘʤ ʥʝʢʦʪʦʨʦʝ ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ [3]. 

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʝʙʸʥʦʢ 
ʩʪʘʥʦʚʠʪʩʷ ʥʘ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʡ ʜʠʩʢ, ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʨʘʚʥʦʚʝʩʠʝ ʠ ʧʦʩʣʝ ʥʘʯʘʣʘ ʠʛʨʦʚʦʛʦ ʫʨʦʚʥʷ 
ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʥʘʯʠʥʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʙʘʣʘʥʩʠʨʦʚʘʥʠʷ ʨʝʙʸʥʦʢ ʧʝʨʝʤʝʱʘʝʪ 
ʢʫʨʩʦʨ ʧʦ ʵʢʨʘʥʫ ʜʣʷ ʚʳʙʦʨʘ ʮʚʝʪʘ ʢʠʩʪʠ ʠ ʟʘʢʨʘʰʠʚʘʥʠʷ ʦʙʣʘʩʪʝʡ ʨʠʩʫʥʢʘ ʨʘʩʢʨʘʩʢʠ. ɺ ʢʘʯʝʩʪʚʝ 
ʢʦʥʝʯʥʦʛʦ ʟʘʜʘʥʠʷ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʠ ʟʘʛʨʫʞʝʥʥʳʝ ʰʘʙʣʦʥʳ ʨʠʩʫʥʢʦʚ, ʪʘʢ ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʘʤʠʤ 
ʠʛʨʦʢʦʤ. ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ ʠʜʸʪ ʧʦʜʩʯʸʪ ʩʫʤʤʘʨʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ 
ʠ ʠʥʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʩʦʭʨʘʥʷʷ ʚʩʝ ʜʘʥʥʳʝ ʚ ʣʦʢʘʣʴʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʂʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʚʩʪʨʦʝʥʥʳʡ ʤʦʜʫʣʴ 
ʘʥʘʣʠʪʠʢʠ. ʂʦʤʧʣʝʢʩ ʚ ʬʦʥʦʚʦʤ ʨʝʞʠʤʝ ʩʦʙʠʨʘʝʪ ʧʦʩʪʫʧʘʶʱʠʝ ʜʘʥʥʳʝ ʩ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ ʜʠʩʢʘ ʠ 
ʠʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʛʨʳ, ʥʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʥʝʫʜʘʯʥʳʭ ʧʦʧʳʪʦʢ ʚʳʙʨʘʪʴ ʥʫʞʥʳʡ ʮʚʝʪ ʠʣʠ ʦʙʱʫʶ 
ʧʨʦʡʜʝʥʥʫʶ ʜʠʩʪʘʥʮʠʶ ʢʠʩʪʠ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ: ʥʠʟʢʠʡ ʧʦʨʦʛ ʚʭʦʞʜʝʥʠʷ ʚ 
ʣʝʯʝʙʥʫʶ ʨʝʘʙʠʣʠʪʘʮʠʶ ʚʚʠʜʫ ʨʘʙʦʪʳ ʩ ʜʦʩʪʫʧʥʳʤ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, 
ʧʦʣʫʯʝʥʠʝ ʘʥʘʣʠʪʠʢʠ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʟʳ, ʵʢʩʧʦʨʪʠʨʫʝʤʦʡ ʚ CSV-ʦʪʯʝʪʳ, ʚʤʝʩʪʦ ʩʫʙʲʝʢʪʠʚʥʦʛʦ 
ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʜʝʪʝʡ ʙʣʘʛʦʜʘʨʷ ʷʨʢʦʡ ʛʨʘʬʠʢʝ ʠ 
ʧʦʥʷʪʥʦʡ ʮʝʣʠ ï ʨʘʩʢʨʘʩʠʪʴ ʢʘʨʪʠʥʢʫ ʩʦʛʣʘʩʥʦ ʟʘʜʘʥʠʶ ʠʣʠ ʧʦ ʞʝʣʘʥʠʶ ʩʦʙʩʪʚʝʥʥʦʡ ʬʘʥʪʘʟʠʠ. 
ʇʨʠʤʝʨ ʠʛʨʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʢʨʘʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʘ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʤʦʛʫʪ ʩʪʘʪʴ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 
ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʜʫʨ ʜʣʷ ʜʝʪʝʡ. ɺ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 
ʛʝʡʤʠʬʠʢʘʮʠʠ, ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʭʦʨʦʰʠʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʙʠʥʝʪʘʭ ʃʌʂ, 
ʧʨʦʬʠʣʴʥʳʭ ʩʘʥʘʪʦʨʠʷʭ ʠ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʝʞʝʜʥʝʚʥʳʭ ʜʦʤʘʰʥʠʭ ʪʨʝʥʠʨʦʚʦʢ. 
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ɺʓɼɽʃɽʅʀɽ ɿʆʅʓ ɼɽʊɽʂʎʀʀ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄʆɼʋʃʗ 
ESP32-CAM 

ʈʫʩʘʢʦʚʠʯ ɽ.ʉ., ʤʘʛʠʩʪʨʘʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʗʨʤʦʣʠʢ ɺ.ʅ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʆʧʠʩʳʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʟʦʥʳ ʜʝʪʝʢʮʠʠ ʚ ʚʠʜʝʦʧʦʪʦʢʝ, ʧʦʣʫʯʘʝʤʦʤ c ʤʦʜʫʣʷ ESP32-CAM. ʉʨʘʚʥʠʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ 
ʧʦʨʦʛʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʪʠʧʦʚʘʷ ʧʨʦʙʣʝʤʘ ʘʣʛʦʨʠʪʤʦʚ ʫʜʘʣʝʥʠʷ ʬʦʥʘ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʩʝʨʝʜʠʥʳ 20-ʛʦ ʚʝʢʘ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 
ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ, ʚʦʩʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ 
ʦʙʲʝʢʪʦʚ, ʜʝʪʝʢʮʠʠ ʘʥʦʤʘʣʠʡ ʠ ʜʨ. ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʚʩʪʨʦʝʥʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ 
ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʚʢʣʶʯʘʶʱʠʝ ʤʦʜʫʣʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 
ʤʝʩʪʘʭ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʥʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʠ ʚʳʩʦʢʫʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ. 
ɺʩʪʨʦʝʥʥʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ, ʜʝʪʝʢʮʠʠ ʩʙʦʝʚ ʠ ʥʘʨʫʰʝʥʠʡ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʷ ʜʚʠʞʝʥʠʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ 
ʟʦʥʘʭ ʠ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʤʝʭʘʥʠʟʤ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʦʙʳʪʠʡ ʧʦ ʢʘʜʨʘʤ ʚʭʦʜʥʦʛʦ ʚʠʜʝʦʧʦʪʦʢʘ. ɿʥʘʯʠʪʝʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ, ʚʳʧʦʣʥʷʷ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʥʝ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʜʨʘ 
ʚʠʜʝʦʧʦʪʦʢʘ, ʘ ʪʦʣʴʢʦ ʜʣʷ ʟʦʥ ʜʝʪʝʢʮʠʠ (ROI) [1], ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʩʚʦʜʠʪʩʷ ʢ ʚʳʯʠʩʣʝʥʠʶ ʤʘʩʢʠ 
ʧʦʧʘʚʰʠʭ ʚ ʢʘʜʨ ʦʙʲʝʢʪʦʚ, ʜʣʷ ʯʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʫʜʘʣʝʥʠʷ ʬʦʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 
ʬʠʣʴʪʨʘʮʠʝʡ ʰʫʤʘ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʤʝʪʨʠʢ (ʪʦʯʥʦʩʪʴ, ʧʦʣʥʦʪʘ, 
F-ʤʝʨʘ ʠ ʜʨ.) ʷʚʣʷʝʪʩʷ ʚʳʯʠʪʘʥʠʝ ʬʦʥʘ ʩ ʘʜʘʧʪʠʚʥʳʤ ʦʙʥʦʚʣʝʥʠʝʤ ʬʦʥʦʚʦʡ ʤʦʜʝʣʠ [2]. ʕʪʦʪ ʤʝʪʦʜ 
ʬʦʨʤʠʨʫʝʪ ʬʦʥʦʚʫʶ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʥʘʯʘʣʴʥʳʭ ʢʘʜʨʦʚ. ɿʘʪʝʤ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʬʦʥʦʚʦʡ ʤʦʜʝʣʠ 
ʠ ʧʠʢʩʝʣʝʡ ʧʦʩʣʝʜʫʶʱʠʭ ʢʘʜʨʦʚ ʚʳʯʠʩʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʧʦ ʤʦʜʫʣʶ, ʬʦʨʤʠʨʫʷ ʤʘʩʢʫ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ 
ʦʙʲʝʢʪʦʚ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠʭʦʜʷʱʠʝ ʢʘʜʨʳ, ʫʤʥʦʞʝʥʥʳʝ 
ʥʘ ʢʦʥʩʪʘʥʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ (ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ), ʧʨʠʙʘʚʣʷʶʪʩʷ ʢ ʬʦʥʦʚʦʡ ʤʦʜʝʣʠ, ʪʝʤ ʩʘʤʳʤ 
ʘʜʘʧʪʠʨʫʷ ʝʸ ʢ ʧʦʩʪʝʧʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʘʢʠʤ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʦʩʚʝʱʝʥʠʷ, 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʥʝʡ ʠ ʜʚʠʞʝʥʠʝ ʬʦʥʘ. ʇʨʠʯʸʤ ʩʫʤʤʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʪʘ ʯʘʩʪʴ ʢʘʜʨʘ, ʢʦʪʦʨʘʷ ʥʝ 
ʧʦʧʘʜʘʝʪ ʚ ʠʪʦʛʦʚʫʶ ʟʦʥʫ ʜʝʪʝʢʮʠʠ. 

ʇʦʣʫʯʠʚʰʘʷʩʷ ʤʘʩʢʘ ʦʙʲʝʢʪʦʚ ʩʦʜʝʨʞʠʪ ʰʫʤʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʚ ʪʦʤ ʯʠʩʣʝ ʠ 
ʬʠʟʠʯʝʩʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʩʝʥʩʦʨʘ ʢʘʤʝʨʳ. ɼʣʷ ʠʭ ʫʜʘʣʝʥʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʧʦʨʦʛʦʚʦʡ 
ʦʙʨʘʙʦʪʢʠ: ʧʠʢʩʝʣʠ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʳʝ ʚʳʙʨʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ 0. ʇʨʠ ʫʩʪʘʥʦʚʢʝ 
ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʨʦʛʘ ʜʣʷ ʚʩʝʛʦ ʢʘʜʨʘ ʬʠʣʴʪʨʘʮʠʷ ʤʦʞʝʪ ʜʘʚʘʪʴ ʥʝʢʦʨʨʝʢʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ 
ʥʝʩʪʘʙʠʣʴʥʦʤ ʦʩʚʝʱʝʥʠʠ, ʪʝʥʷʭ ʦʙʲʝʢʪʦʚ ʠ ʜʨʫʛʠʭ ʫʩʣʦʞʥʷʶʱʠʭ ʬʘʢʪʦʨʘʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ 
ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʘʣʛʦʨʠʪʤ ʘʜʘʧʪʠʚʥʦʡ ʧʦʨʦʛʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪ 
ʧʦʨʦʛ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʚ ʝʛʦ ʣʦʢʘʣʴʥʦʡ ʦʢʨʝʩʪʥʦʩʪʠ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʵʤʧʠʨʠʯʝʩʢʠ. ʆʜʥʘʢʦ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ 
ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʚʳʙʦʨʝ ʧʦʨʦʛʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʠʢʩʝʣʝʡ ʢʘʜʨʘ, ʥʘʧʨʠʤʝʨ, 
ʚ ʘʣʛʦʨʠʪʤʝ ʆʪʩʫ [3]. ʆʥ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʤʘʩʢʠ ʦʙʲʝʢʪʦʚ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ 
ʛʠʩʪʦʛʨʘʤʤʘ ʜʣʷ ʧʦʣʫʯʠʚʰʠʭʩʷ ʧʠʢʩʝʣʝʡ ʩʪʨʝʤʠʪʩʷ ʢ ʙʠʤʦʜʘʣʴʥʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʚʩʝ 
ʧʠʢʩʝʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: ʬʦʥʦʚʳʡ ʠ ʦʙʲʝʢʪʘ. ʇʦʨʦʛʦʚʳʤ ʚʳʙʠʨʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʠʢʩʝʣʷ, 
ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʝʞʢʣʘʩʩʦʚʘʷ ʜʠʩʧʝʨʩʠʷ. ʄʝʞʢʣʘʩʩʦʚʘʷ ʜʠʩʧʝʨʩʠʷ 
ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

 „ Ô   ύ ὸϽύ ὸϽ‘ ὸ ‘ ὸ ȟ (1) 

 

ʛʜʝ ύ  ʠ ‘ ï ʚʝʨʦʷʪʥʦʩʪʴ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʧʠʢʩʝʣʝʡ ʢʣʘʩʩʘ ʬʦʥʘ; ύ  ʠ ‘ ï ʚʝʨʦʷʪʥʦʩʪʴ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʧʠʢʩʝʣʝʡ ʢʣʘʩʩʘ ʦʙʲʝʢʪʘ; ὸ ï ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʟʜʝʣʷʶʱʝʝ ʢʣʘʩʩʳ. 
ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʘʣʛʦʨʠʪʤʘ, ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʢ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʤ 

ʛʠʩʪʦʛʨʘʤʤʘʤ ʠ ʟʘʰʫʤʣʸʥʥʳʤ ʢʘʜʨʘʤ. ʅʦ ʚʩʝ ʦʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ, 
ʫʯʠʪʳʚʘʷ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʠʢʩʝʣʝʡ ʠ ʠʭ ʫʥʠʢʘʣʴʥʳʭ 
ʟʥʘʯʝʥʠʡ. ɺ ʩʪʘʪʴʝ [4] ʧʨʠʚʦʜʠʪʩʷ ʩʧʦʩʦʙ ʩʦʢʨʘʱʝʥʠʷ ʘʩʠʤʧʪʦʪʠʢʠ ʘʣʛʦʨʠʪʤʘ ʩ ʣʠʥʝʡʥʦʡ ʜʦ 
ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ. ʄʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʤʝʞʢʣʘʩʩʦʚʳʭ ʜʠʩʧʝʨʩʠʡ ʥʝ ʜʣʷ ʚʩʝʡ 
ʛʠʩʪʦʛʨʘʤʤʳ ʟʥʘʯʝʥʠʡ, ʘ ʪʦʣʴʢʦ ʜʣʷ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠʤʝʥʝʥʠʝʤ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʙʠʩʝʢʮʠʠ. 
ɺʳʙʦʨ ʩʣʝʜʫʶʱʝʛʦ ʦʪʨʝʟʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʚ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʟʨʘʩʪʘʝʪ ʜʠʩʧʝʨʩʠʷ. ɸʣʛʦʨʠʪʤ 
ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʞʢʣʘʩʩʦʚʦʡ ʜʠʩʧʝʨʩʠʠ ʫʥʠʤʦʜʘʣʴʥʦ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ ʤʘʩʦʢ, 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 

113 

 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʚʳʯʠʪʘʥʠʷ ʬʦʥʘ. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʩʨʘʚʥʝʥʠʷ 
ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ. ʊʝʩʪʦʚʳʡ ʦʙʲʝʢʪ ʠ ʬʦʥʦʚʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1, 
ʨʝʟʫʣʴʪʘʪʳ ʬʠʣʴʪʨʘʮʠʠ ʬʦʥʦʚʳʭ ʧʠʢʩʝʣʝʡ ï ʥʘ ʨʠʩʫʥʢʝ 2. 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 1 ï ʆʙʲʝʢʪ ʚ ʟʦʥʝ ʜʝʪʝʢʮʠʠ (ʘ) ʠ ʬʦʥʦʚʘʷ ʤʦʜʝʣʴ (ʙ) 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 2 ï ʇʦʨʦʛʦʚʘʷ ʬʠʣʴʪʨʘʮʠʷ ʢʘʜʨʘ ʢʣʘʩʩʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ (ʘ) ʠ ʩ ʙʠʩʝʢʮʠʝʡ (ʙ) 

ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʠʢʩʝʣʝʡ ʜʣʷ ʤʘʩʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2ʘ, ʩʦʩʪʘʚʠʣʦ 60, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
ʜʣʷ ʤʘʩʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ ʆʪʩʫ ʩ ʙʠʩʝʢʮʠʝʡ, ï 143. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʟʦʥʘ ʜʝʪʝʢʮʠʠ, ʚʳʙʨʘʥʥʘʷ 
ʧʦʩʣʝ ʧʦʨʦʛʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʪʦʯʥʝʝ ʟʘʭʚʘʪʳʚʘʝʪ ʧʦʷʚʠʚʰʠʡʩʷ ʚ ʢʘʜʨʝ ʦʙʲʝʢʪ, 
ʧʦʵʪʦʤʫ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʘʭ 2ʘ ʠ 2ʙ ʧʨʦʷʚʣʷʝʪʩʷ ʪʠʧʦʚʘʷ ʧʨʦʙʣʝʤʘ ʘʣʛʦʨʠʪʤʦʚ ʚʳʯʠʪʘʥʠʷ ʬʦʥʘ: 
ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʦʙʲʝʢʪ ʦʪʙʨʘʩʳʚʘʝʪ ʪʝʥʴ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʤʘʩʢʫ. ʉʦʛʣʘʩʥʦ 
ʠʩʩʣʝʜʦʚʘʥʠʶ [2] ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘʷ ʢ ʨʝʘʣʴʥʦʡ ʤʘʩʢʘ ʦʙʲʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʧʦʤʦʱʠ 
ʘʣʛʦʨʠʪʤʘ ʚʳʯʠʪʘʥʠʷ ʬʦʥʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʮʚʝʪ ʠ ʪʝʢʩʪʫʨʫ ʧʠʢʩʝʣʝʡ [5], ʦʜʥʘʢʦ ʦʙʲʸʤ ʥʝʦʙʭʦʜʠʤʦʡ 
ʜʣʷ ʨʘʙʦʪʳ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʜʝʣʘʶʪ ʝʛʦ ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʨʘʤʢʘʭ ʚʩʪʨʦʝʥʥʦʡ 
ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ESP32. ɺ ʧʣʘʪʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 520 ʂɹ ʚʩʪʨʦʝʥʥʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʩ 
ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʜʨʝʩʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 8 ʄɹ ʧʩʝʚʜʦʩʪʘʪʠʯʝʩʢʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʚʩʪʨʦʝʥʥʦʡ 
ʚ ʦʙʱʝʝ ʚʠʨʪʫʘʣʴʥʦʝ ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʱʝʡ ʚ ʩʢʦʨʦʩʪʠ ʦʙʨʘʱʝʥʠʷ [6]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʣʫʯʝʥʠʷ ʤʘʩʢʠ 
ʦʙʲʝʢʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʦʜʫʣʝ ESP32-CAM. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ 
ʆʪʩʫ ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʙʠʩʝʢʮʠʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʟʘʷʚʣʝʥʥʦʝ ʚ ʩʪʘʪʴʝ 
[4] ʫʤʝʥʴʰʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ, ʩʥʠʞʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʠʢʩʝʣʝʡ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Noman, M. An optimized and fast scheme for real-time human detection using Raspberry Pi / M. Noman, M. H. Yousaf, S. A. 

Velastin // 2016 International Conference on Digital Image Computing: Techniques and Applications (DICTA): proc., Gold Coast, Australia, 
2015 / IEEE. ï [Gold Coast], 2016. ï P. 1-7. 

2. Sobral, A. A comprehensive review of background subtraction algorithms evaluated with synthetic and real videos / A. Sobral, 
A. Vacavant // Computer Vision and Image Understanding. ï 2014. ï Vol. 122. ï P. 4-21. 

3. Otsu, N. A Threshold Selection Method from Gray-Level Histograms / N. Otsu // IEEE Transactions on Systems, Man, and 
Cybernetics. ï 1979. ï Vol. 9, No. 1. ï P. 62-66. 

4. Kodathala, V. Fast OTSU Thresholding Using Bisection Method [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://arxiv.org/abs/2509.16179v1 ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 23.03.2026. 

5. Yao, J. Multi-Layer Background Subtraction Based on Color and Texture / J. Yao, J. -M. Odobez // 2007 IEEE Conference on 
Computer Vision and Pattern Recognition: proc., Minneapolis, USA, 17-22 June 2007 / IEEE. ï [Minneapolis], 2007. ï P. 1-8. 

6. ESP32 Technical Reference Manual [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://documentation.espressif.com/ 
esp32_technical_reference_manual_en.pdf ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 23.03.2026.  
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ʇʈʆɻʈɸʄʄʅʆɽ ʉʈɽɼʉʊɺʆ ʉʆɿɼɸʅʀʗ, ʈɽɼɸʂʊʀʈʆɺɸʅʀʗ ʀ 
ʇʈʀʄɽʅɽʅʀʗ ʇʈʆʎɽɼʋʈʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʅɸ ɹɸɿɽ 

ɻʈɸʌʀʏɽʉʂʆɻʆ API VULKAN 

ʉʘʟʦʥʦʚ ɸ.ɺ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ  

ʂʨʘʩʢʦʚʩʢʠʡ ʇ.ʅ. ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʩʦʟʜʘʥʠʷ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʜʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
ʨʝʘʣʠʟʦʚʘʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʛʦ API Vulkan. ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʫʨ ʥʘ ʦʩʥʦʚʝ ʰʫʤʦʚʳʭ 
ʬʫʥʢʮʠʡ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʩʠʩʪʝʤʘʭ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʨʘʜʠʝʥʪʥʦʛʦ ʰʫʤʘ, 
ʢʣʝʪʦʯʥʦʛʦ ʰʫʤʘ (Worley noise) ʠ ʬʨʘʢʪʘʣʴʥʦʛʦ ʰʫʤʘ (fBm). 

ɺʚʝʜʝʥʠʝ. ʇʨʦʮʝʜʫʨʥʘʷ ʛʝʥʝʨʘʮʠʷ ʪʝʢʩʪʫʨ ï ʤʝʪʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʷ ʮʚʝʪʘ ʠ ʜʨʫʛʠʭ 
ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʯʠʩʣʷʶʪʩʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʝʩʢʦʥʝʯʥʦ 
ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʧʘʤʷʪʠ. 

ʆʩʥʦʚʦʡ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʮʝʜʫʨʥʳʭ ʪʝʢʩʪʫʨ ʷʚʣʷʶʪʩʷ ʰʫʤʦʚʳʝ ʬʫʥʢʮʠʠ, ʬʦʨʤʠʨʫʶʱʠʝ 
ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ, ʥʦ ʥʝʧʨʝʨʳʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɻʨʘʜʠʝʥʪʥʳʡ ʰʫʤ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ Perlin Noise ï 
ʛʨʘʜʠʝʥʪʥʳʡ ʰʫʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʛʣʘʜʢʠʝ ʧʝʨʝʭʦʜʳ ʟʥʘʯʝʥʠʡ. 

ʌʫʥʢʮʠʷ ʰʫʤʘ [1] ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʠʥʪʝʨʧʦʣʷʮʠʷ ʩʢʘʣʷʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʛʨʘʜʠʝʥʪʦʚ ʠ 
ʚʝʢʪʦʨʦʚ ʩʤʝʱʝʥʠʷ: 

 

 ὔὼ ύẗ ὫẗØ ὼ ȟ (1) 

 

ʛʜʝ Ὣ ï ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʡ ʛʨʘʜʠʝʥʪ ʚ ʫʟʣʝ ʨʝʰʝʪʢʠ; ύ ï ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʷ ʠʥʪʝʨʧʦʣʷʮʠʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʣʘʜʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʛʣʘʞʠʚʘʶʱʘʷ ʬʫʥʢʮʠʷ [1]: 
 

 Ὢὸ φὸ ρυὸ ρπὸ (2) 

 
ɻʨʘʜʠʝʥʪʥʳʡ ʰʫʤ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʦʪʩʫʪʩʪʚʠʷ ʨʝʟʢʠʭ 

ʧʝʨʝʭʦʜʦʚ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʩʪʠ ʯʘʩʪʦʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʨʠʤʝʨ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʫʨʳ ʩ ʧʦʤʦʱʴʶ Perlin 
Noise ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʫʨʳ ʩ ʧʦʤʦʱʴʶ Perlin Noise 

ʂʣʝʪʦʯʥʳʡ ʰʫʤ. ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ Worley Noise, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʳʯʠʩʣʝʥʠʠ 
ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʙʣʠʞʘʡʰʠʭ ʦʧʦʨʥʳʭ ʪʦʯʝʢ. ʌʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʟʥʘʯʝʥʠʷ ʰʫʤʘ, [2] ʠʤʝʝʪ 
ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

 Ὂ ὼ ὨὭίὸὥὲὧὩὼȟὴ  (3) 

 

ʛʜʝ ὴ ï n-ʷ ʙʣʠʞʘʡʰʘʷ ʪʦʯʢʘ. 
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ʂʣʝʪʦʯʥʳʡ ʰʫʤ ʬʦʨʤʠʨʫʝʪ ʭʘʨʘʢʪʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ: ʷʯʝʡʢʠ, ʪʨʝʱʠʥʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʘʪʪʝʨʥʳ. 
ʇʨʠʤʝʨ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʫʨʳ ʩ ʧʦʤʦʱʴʶ Worley Noise ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʫʨʳ ʩ ʧʦʤʦʱʴʶ Worley Noise 

ʌʨʘʢʪʘʣʴʥʳʡ ʰʫʤ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʝʪʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʨʘʢʪʘʣʴʥʘʷ ʩʫʤʤʘ ʰʫʤʦʚ fBm 
(fractural Brownian motion). ʌʫʥʢʮʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʩʫʤʤʳ ʰʫʤʦʚ [2] ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

 Ὂὼ ὥẗὔςὼȟ (4) 

 

ʛʜʝ ὥ ï ʘʤʧʣʠʪʫʜʘ ʦʢʪʘʚʳ; ὴ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʤʝʥʴʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʦʪ ʰʫʤʘ, ʬʦʨʤʠʨʫʷ ʩʣʦʞʥʳʝ ʩʪʨʫʢʪʫʨʳ 
ʠ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʩʘʤʦʧʦʜʦʙʠʝ, ʚʳʩʦʢʘʷ ʜʝʪʘʣʠʟʘʮʠʷ ʠ ʛʠʙʢʦʩʪʴ ʥʘʩʪʨʦʡʢʠ. 
ʇʨʠʤʝʨ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʫʨʳ ʩ ʧʦʤʦʱʴʶ fBm ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʫʨʳ ʩ ʧʦʤʦʱʴʶ fBm 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: 
ʚʠʟʫʘʣʴʥʦʝ ʢʘʯʝʩʪʚʦ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʠ ʧʨʠʤʝʥʠʤʦʩʪʴ. 

ɻʨʘʜʠʝʥʪʥʳʡ ʰʫʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʣʘʜʢʠʡ ʠ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʝʨʝʭʦʜʳ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʦʜʭʦʜʷʱʠʤ 
ʜʣʷ ʛʝʥʝʨʘʮʠʠ: ʦʙʣʘʢʦʚ, ʨʝʣʴʝʬʘ ʠ ʤʷʛʢʠʭ ʪʝʢʩʪʫʨ. 

ʂʣʝʪʦʯʥʳʡ ʰʫʤ ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʢʘʤʥʷ, ʢʦʞʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. 
ʌʨʘʢʪʘʣʴʥʳʡ ʰʫʤ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʜʝʪʘʣʠʟʘʮʠʶ, ʢʦʤʙʠʥʠʨʫʷ ʙʘʟʦʚʳʝ ʤʝʪʦʜʳ, 

ʦʜʥʘʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ. 
 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Graphics Programming: Procedural Textures and Noise [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.mathematik.uni-marburg.de/~thormae/lectures/graphics1/graphics_11_2_eng_web.html#1. ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 22.03.2026. 
2. The Book of Shaders by Patrico Conzalez Vivo & Jen Lowe [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://thebookofshaders.com. ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 25.03.2026. 
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ɺɽɹ-ʇʈʀʃʆɾɽʅʀɽ ɼʃʗ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ 
ʇʆɼɼɽʈɾʂʀ ʉʆʆɹʑɽʉʊɺɸ ɺʃɸɼɽʃʔʎɽɺ ɼʆʄɸʐʅʀʍ ɾʀɺʆʊʅʓʍ 

ʉʪʘʩʝʚʠʯ ʖ.ʄ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʫʣʠʢʦʚ ʉ.ʉ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʞʜʳʡ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʩʪʘʪʴ ʚʣʘʜʝʣʴʮʝʤ ʜʦʤʘʰʥʝʛʦ ʧʠʪʦʤʮʘ. ʇʨʠ ʵʪʦʤ ʥʝ ʚʩʝ ʧʦʥʠʤʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʫʭʦʜʘ ʟʘ 
ʞʠʚʦʪʥʳʤʠ. ʄʥʦʛʠʝ ʣʶʜʠ ʪʘʢʞʝ ʠʱʫʪ ʫʜʦʙʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʩʚʦʠʭ ʫʩʣʫʛ ʠ ʨʝʘʣʠʟʘʮʠʠ ʪʦʚʘʨʦʚ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠ 
ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʘʥʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ. 

ɺ ʠʥʪʝʨʥʝʪʝ ʩʫʱʝʩʪʚʫʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʘʚʠʣʴʥʦʡ ʟʘʙʦʪʝ ʦ ʜʦʤʘʰʥʠʭ ʧʠʪʦʤʮʘʭ. ʅʦ ʯʪʦʙʳ ʝʸ 
ʥʘʡʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʥʝʩʦʨʘʟʤʝʨʥʦ ʤʥʦʛʦ ʫʩʠʣʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʥʝ ʚ ʦʜʥʦʤ ʤʝʩʪʝ, 
ʘ ʨʘʟʙʨʦʩʘʥʘ ʧʦ ʨʘʟʥʳʤ ʪʝʤʘʪʠʯʝʩʢʠʤ ʩʘʡʪʘʤ ʠ ʬʦʨʫʤʘʤ. ʅʝʤʘʣʦʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʨʦʚʝʨʢʘ 
ʵʪʠʭ ʜʘʥʥʳʭ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ. ɼʣʷ ʤʥʦʛʠʭ ʣʶʜʝʡ ʵʪʦ ʩʣʠʰʢʦʤ ʪʨʫʜʦʟʘʪʨʘʪʥʦ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʯʠʩʣʘ ʜʦʤʘʰʥʠʭ ʧʠʪʦʤʮʝʚ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʩʦʟʜʘʥʦ 
ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʣʘʪʬʦʨʤ ʜʣʷ ʠʭ ʚʣʘʜʝʣʴʮʝʚ. ʅʦ ʦʥʠ ʟʘʯʘʩʪʫʶ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 
ʥʝʜʦʩʪʘʪʢʘʤʠ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

- ʧʦʠʩʢ ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʬʠʣʴʪʨʘʮʠʠ; 

- ʥʝʜʦʩʪʦʚʝʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ; 

- ʦʪʩʫʪʩʪʚʠʝ ʤʦʜʝʨʘʮʠʠ. 
ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʧʨʠʟʚʘʥʦ ʫʩʪʨʘʥʠʪʴ ʜʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʆʥʦ ʜʦʣʞʥʦ ʩʪʘʪʴ 

ʫʜʦʙʥʦʡ ʝʜʠʥʦʡ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ ʢʦ ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʥʬʦʨʤʘʮʠʠ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ 
ʨʘʟʜʝʣʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

- ʙʣʦʛʠ; 

- ʦʙʲʷʚʣʝʥʠʷ; 

- ʩʧʨʘʚʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ; 

- ʢʘʨʪʦʯʢʠ ʧʠʪʦʤʮʝʚ. 
ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʧʦʣʥʦʪʝʢʩʪʦʚʦʛʦ ʧʦʠʩʢʘ ʩ ʬʠʣʴʪʨʘʮʠʝʡ. ɼʣʷ ʙʣʦʛʦʚ 

ʧʦʠʩʢ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʥʘʟʚʘʥʠʶ, ʠʤʝʥʠ ʘʚʪʦʨʘ, ʪʝʛʘʤ ʠ ʘʥʥʦʪʘʮʠʠ; ʜʣʷ ʦʙʲʷʚʣʝʥʠʡ ï ʧʦ ʥʘʟʚʘʥʠʶ ʠ 
ʪʝʛʘʤ. ʌʠʣʴʪʨʳ ʜʣʷ ʦʙʲʷʚʣʝʥʠʡ ʚʢʣʶʯʘʶʪ ʪʠʧ ʦʙʲʷʚʣʝʥʠʷ (ʧʨʦʧʘʞʘ, ʥʘʭʦʜʢʘ, ʚʷʟʢʘ, ʧʨʦʜʘʞʘ, 
ʧʝʨʝʜʘʯʘ), ʪʠʧ ʞʠʚʦʪʥʦʛʦ (ʢʦʰʢʠ, ʩʦʙʘʢʠ, ʛʨʳʟʫʥʳ, ʧʪʠʮʳ, ʨʳʙʳ, ʜʨʫʛʦʝ) ʠ ʛʦʨʦʜ ʨʘʟʤʝʱʝʥʠʷ. 
ʈʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʤʦʞʥʦ ʩʦʨʪʠʨʦʚʘʪʴ ʧʦ ʜʘʪʝ, ʧʨʦʩʤʦʪʨʘʤ ʠʣʠ ʨʝʡʪʠʥʛʫ (ʨʘʟʥʠʮʘ ʣʘʡʢʦʚ ʠ 
ʜʠʟʣʘʡʢʦʚ). 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʩʠʩʪʝʤʘ ʢʘʨʪʦʯʝʢ ʧʠʪʦʤʮʘ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ 
ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʩʝʭ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʫʢʘʟʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ 
ʧʦʚʝʜʝʥʠʷ, ʧʨʠʚʠʚʢʠ ʠ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʷʪ ʫʚʝʜʦʤʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦ ʙʣʠʞʘʡʰʠʭ 
ʤʝʨʦʧʨʠʷʪʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʧʠʪʦʤʮʘʤʠ, ʪʘʢʠʭ ʢʘʢ ʛʨʘʬʠʢ ʧʨʠʚʠʚʦʢ ʠ ʦʙʨʘʙʦʪʦʢ. 

ʉʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʠ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʃʶʙʘʷ ʤʝʜʠʮʠʥʩʢʘʷ 
ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʠʪʦʤʮʝ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʚʣʘʜʝʣʴʮʫ ʢʘʨʪʦʯʢʠ. ʇʨʠ ʵʪʦʤ ʩʘʤʫ ʢʘʨʪʦʯʢʫ 
ʤʦʞʥʦ ʧʨʠʚʷʟʘʪʴ ʢ ʙʣʦʛʫ ʠʣʠ ʦʙʲʷʚʣʝʥʠʶ, ʪʝʤ ʩʘʤʳʤ ʫʙʨʘʚ ʨʫʯʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʧʦʚʪʦʨʷʶʱʝʡʩʷ 
ʠʥʬʦʨʤʘʮʠʠ. 

ʀʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʛʠʙʢʫʶ ʩʠʩʪʝʤʫ ʤʦʜʝʨʘʮʠʠ ʩ ʯʸʪʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʨʦʣʠ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ: 

- ʥʝʘʚʪʦʨʠʟʦʚʘʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ; 

- ʘʚʪʦʨʠʟʦʚʘʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ; 

- ʤʦʜʝʨʘʪʦʨ; 

- ʘʜʤʠʥʠʩʪʨʘʪʦʨ. 
ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʠʣʦʞʝʥʠʠ ʨʝʘʣʠʟʦʚʘʥ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʨʢʠ ʩʦʦʙʱʝʥʠʡ ʥʘ 

ʥʝʧʦʜʦʙʘʶʱʠʡ ʢʦʥʪʝʥʪ. ʊʝʢʩʪ ʩʥʘʯʘʣʘ ʥʦʨʤʘʣʠʟʫʝʪʩʷ (ʧʨʠʚʦʜʠʪʩʷ ʢ ʥʠʞʥʝʤʫ ʨʝʛʠʩʪʨʫ, ʦʯʠʱʘʝʪʩʷ ʦʪ 
ʣʠʰʥʠʭ ʩʠʤʚʦʣʦʚ), ʧʦʩʣʝ ʯʝʛʦ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʥʘʨʫʰʝʥʠʡ ʩʦʦʙʱʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʚʳʩʦʢʦʡ (ʫʛʨʦʟʳ, 
ʧʨʠʟʳʚʳ ʢ ʥʘʩʠʣʠʶ, ʜʠʩʢʨʠʤʠʥʘʮʠʷ, ʧʨʦʪʠʚʦʧʨʘʚʥʳʝ ʜʝʡʩʪʚʠʷ), ʩʨʝʜʥʝʡ (ʥʝʮʝʥʟʫʨʥʘʷ ʣʝʢʩʠʢʘ, 
ʦʩʢʦʨʙʣʝʥʠʷ, ʛʨʫʙʦʩʪʴ) ʠʣʠ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʨʠʩʢʘ (ʩʧʘʤ, ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʩʩʳʣʢʠ, ʠʟʙʳʪʦʯʥʦʝ 
ʧʦʚʪʦʨʝʥʠʝ). ɼʣʷ ʩʦʦʙʱʝʥʠʡ ʥʠʟʢʦʡ ʠ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʨʠʩʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʩʦʢʨʳʪʠʝ ʩʦʦʙʱʝʥʠʡ ʠʣʠ 
ʠʭ ʮʝʥʟʫʨʠʨʦʚʘʥʠʝ. ʉʦʦʙʱʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʨʠʩʢʘ ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʤʦʜʝʨʘʮʠʶ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1.    Pet population continues to increase while pet spending declines [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / American Veterinary Medical 

Association. ï ɼʘʪʘ ʧʫʙʣʠʢʘʮʠʠ: 10.10.2024. ï URL: https://www.avma.org/news/pet-population-continues-increase-while-pet-spend-
ing-declines (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 04.04.2026).  



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ɼʀʅɸʄʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʇʈʆɻʈɸʄʄʅʆɻʆ ʂʆɼɸ ʂɸʂ 
ʀʅʉʊʈʋʄɽʅʊ ʆʇʊʀʄʀɿɸʎʀʀ ɸʈʍʀʊɽʂʊʋʈʓ 

ɸʇʇɸʈɸʊʅʓʍ ʋʉʂʆʈʀʊɽʃɽʁ 

ʊʨʫʙʘʯ ʂ.ʀ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʚʘʥʶʢ ɸ.ɸ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʘʧʧʘʨʘʪʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʜʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ 
ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʦʥ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ ʧʦʜ ʨʝʘʣʴʥʳʝ ʨʘʙʦʯʠʝ ʥʘʛʨʫʟʢʠ ʠ ʠʩʢʣʶʯʠʪʴ ʠʟʙʳʪʦʯʥʳʝ 
ʘʧʧʘʨʘʪʥʳʝ ʙʣʦʢʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʫʩʢʦʨʠʪʝʣʷ ʜʣʷ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʌʅʌ, ʯʪʦ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʭ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʨʥʳʭ ʘʨʭʠʪʝʢʪʫʨ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʘʭ ʢʨʠʩʪʘʣʣʘ. ʇʨʠʤʝʥʝʥʠʝ 
ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʷʜʝʨ ʜʣʷ ʨʝʰʝʥʠʷ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʙʳʪʦʯʥʦʩʪʠ 
ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ. ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ [1] ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʝ 
ʨʝʩʫʨʩʳ, ʦʜʥʘʢʦ ʦʥ ʥʝ ʚʩʝʛʜʘ ʫʯʠʪʳʚʘʝʪ ʨʝʘʣʴʥʳʝ ʩʮʝʥʘʨʠʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ, ʛʜʝ 
ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʝʪʚʠ ʢʦʜʘ ʤʦʛʫʪ ʠʩʧʦʣʥʷʪʴʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ ʠʣʠ ʟʘʚʠʩʝʪʴ ʦʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʭʦʜʥʳʭ 
ʜʘʥʥʳʭ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʨʭʠʪʝʢʪʫʨʝ ʘʧʧʘʨʘʪʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ. ɼʠʥʘʤʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ çʭʫʜʰʝʛʦ ʩʣʫʯʘʷè ʢ ʘʜʘʧʪʠʚʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 
ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʧʦʜ ʨʝʘʣʴʥʳʝ ʨʘʙʦʯʠʝ ʥʘʛʨʫʟʢʠ. ʆʥ ʧʨʝʜʧʦʣʘʛʘʝʪ 
ʚʳʧʦʣʥʝʥʠʝ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʢʦʜʘ ʥʘ ʵʤʫʣʷʪʦʨʝ ʠʣʠ ʚʠʨʪʫʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʝ ʩ ʮʝʣʴʶ 
ʩʙʦʨʘ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʦʧʝʨʠʨʫʝʪ ʩʪʨʫʢʪʫʨʦʡ 
ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʧʦʪʦʢʝ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʪʦʢʝ ʜʘʥʥʳʭ ʚʦ ʚʨʝʤʷ 
ʠʩʧʦʣʥʝʥʠʷ, ʠ ʚʢʣʶʯʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʙʦʨʦʚ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʰʠʨʦʢʦʛʦ ʧʦʢʨʳʪʠʷ 
ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʛʨʘʥʠʯʥʳʝ ʠ ʩʣʫʯʘʡʥʳʝ ʟʥʘʯʝʥʠʷ; ʩʙʦʨ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʢʘʞʜʦʤʫ 
ʚʳʧʦʣʥʝʥʥʦʤʫ ʧʝʨʝʭʦʜʫ ʠ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ; ʚʳʷʚʣʝʥʠʷ ʮʝʧʦʯʝʢ ʚʳʯʠʩʣʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ 
ʢʨʠʪʠʯʝʩʢʠʡ ʧʫʪʴ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ; ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʬʠʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. ɺʳʭʦʜʥʳʤʠ 
ʜʘʥʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨ ʜʘʥʥʳʭ ʦ ʚʝʪʚʣʝʥʠʷʭ ʚ ʘʣʛʦʨʠʪʤʝ, ʦ ʯʘʩʪʦʪʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʩʪʨʫʢʮʠʡ, ʦ ʮʝʧʦʯʢʘʭ ʩʚʷʟʘʥʥʳʭ ʠʥʩʪʨʫʢʮʠʡ ʠ ʧʨʦʯʠʝ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʥʝʥʠʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʘʧʧʘʨʘʪʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ 
ʘʧʧʘʨʘʪʥʳʤʠ ʙʣʦʢʘʤʠ ʬʠʟʠʯʝʩʢʠ ʥʝʢʣʦʥʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ (ʌʅʌ) [2], ʘ ʪʘʢʞʝ ʨʘʩʯʸʪ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ, ʟʘʜʘʥʥʳʡ ʥʘ ʧʩʝʚʜʦʷʟʳʢʝ, ʜʣʷ ʨʘʩʯʸʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʫʥʠʢʘʣʴʥʦʩʪʠ (UNQ) ʜʣʷ i-ʪʦʡ ʠ j-ʪʦʡ ʌʅʌ, ʘ ʪʘʢʞʝ ʘʧʧʘʨʘʪʫʨʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʜʣʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ 
ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʌʫʥʢʮʠʷ STA_ch(CHk, E, i) ʚʚʝʜʝʥʘ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʧʩʝʚʜʦʢʦʜʘ ʠ 
ʨʘʩʩʯʠʪʳʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʌʅʌ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʦʚʪʦʨʝʥʠʠ (2E ʨʘʟ) ʟʘʧʨʦʩʘ ʢ ʌʅʌ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɸʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʫʥʠʢʘʣʴʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʘ ʘʧʧʘʨʘʪʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʝʛʦ 
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ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʧʧʘʨʘʪʫʨʘ ʜʦʣʞʥʘ ʫʤʝʪʴ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʠʥʩʪʨʫʢʮʠʠ ʠ 
ʦʧʝʨʘʮʠʠ: ʩʜʚʠʛʠ ʚʣʝʚʦ ʥʘ ʝʜʠʥʠʮʫ ʠ ʟʥʘʯʝʥʠʝ ʨʝʛʠʩʪʨʘ, ʠʥʩʪʨʫʢʮʠʷ ʤʦʜʫʣʷ (ʵʪʘ ʠ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 
ʨʘʥʝʝ ʦʧʝʨʘʮʠʠ ʩʧʝʮʠʬʠʯʥʳ ʜʣʷ ʬʫʥʢʮʠʠ STA_ch(CHk, E, i)), ʩʣʦʞʝʥʠʝ ʠ ʚʳʯʠʪʘʥʠʝ ʥʘʜ ʨʝʛʠʩʪʨʘʤʠ ʠ 
ʢʦʥʩʪʘʥʪʘʤʠ, ʩʜʚʠʛ ʚʧʨʘʚʦ ʥʘ ʟʥʘʯʝʥʠʝ ʨʝʛʠʩʪʨʘ, ʠʥʩʪʨʫʢʮʠʠ ʜʝʢʨʝʤʝʥʪʘ ʠ ʠʥʢʨʝʤʝʥʪʘ, ʩʨʘʚʥʝʥʠʝ ʩ 
ʝʜʠʥʠʮʝʡ, ʩʨʘʚʥʝʥʠʝ ʩ ʜʚʦʡʢʦʡ, ʚʳʯʠʪʘʥʠʝ ʨʝʛʠʩʪʨʘ ʦʪ ʝʜʠʥʠʮʳ, ʘ ʪʘʢʞʝ ʚʝʪʚʣʝʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ 
ʠʥʩʪʨʫʢʮʠʡ ʥʝʩʪʘʥʜʘʨʪʥʳ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʨʭʠʪʝʢʪʫʨ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʧʝʨʘʮʠʠ, 
ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʩʪʳʭ ʠʥʩʪʨʫʢʮʠʡ ʠ ʩʧʝʮʠʬʠʯʥʳʝ ʠʤʝʥʥʦ ʜʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. ɿʘʯʘʩʪʫʶ 
ʩʦʩʪʘʚʥʳʝ ʠʥʩʪʨʫʢʮʠʠ, ʝʩʣʠ ʦʥʠ ʚʳʟʳʚʘʶʪʩʷ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 
ʠʥʩʪʨʫʢʮʠʷʤʠ, ʤʦʞʥʦ ʨʘʟʚʝʨʥʫʪʴ ʚ ʥʘʙʦʨ ʧʨʦʩʪʳʭ ʦʧʝʨʘʮʠʡ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʫʧʨʦʩʪʠʪ ʧʨʦʮʝʩʩ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʦʨʥʦʤ ʷʜʨʝ ʠ ʚʳʧʦʣʥʝʥʠʝ 
ʤʠʢʨʦʦʧʝʨʘʮʠʡ ɸʃʋ. 

ʆʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ, ʢʘʢʠʝ ʩʧʝʮʠʘʣʴʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ, ʧʦʤʦʛʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ. ɽʛʦ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 
ʪʠʧʠʯʥʦʤ ʟʘʧʫʩʢʝ. ɼʣʷ ʘʣʛʦʨʠʪʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚʳʰʝ, ʧʘʨʘʤʝʪʨʳ N ʠ E ʷʚʣʷʶʪʩʷ ʫʪʦʯʥʷʶʱʠʤʠ 
(ʪʦ ʝʩʪʴ ʦʪ ʠʭ ʨʦʩʪʘ ʟʘʚʠʩʠʪ ʪʦʯʥʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ respequal, ʘ ʧʘʨʘʤʝʪʨʳ i, j, ʠʥʜʝʢʩʠʨʫʶʱʠʝ 
ʌʅʌ, ï ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʢʨʘʡʥʠʝ ʩʣʫʯʘʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦʣʫʯʠʪʴ ʩʪʘʙʠʣʴʥʳʡ ʦʪʚʝʪ ʦʪ 
ʢʦʥʢʨʝʪʥʦʡ ʌʅʌ. ʉʦʛʣʘʩʥʦ ʘʣʛʦʨʠʪʤʫ ʚʳʰʝ, ʦʪ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʘʨ ʟʘʧʨʦʩ-ʦʪʚʝʪ ʜʚʫʭ ʌʅʌ ʟʘʚʠʩʠʪ 
ʚʳʧʦʣʥʝʥʠʝ ʠʣʠ ʥʝʚʳʧʦʣʥʝʥʠʝ ʠʥʩʪʨʫʢʮʠʡ ʚ ʫʩʣʦʚʥʳʭ ʙʣʦʢʘʭ if. ɽʩʣʠ ʜʣʷ ʜʘʥʥʦʛʦ ʟʘʧʨʦʩʘ ʦʙʝ ʌʅʌ 
ʥʝʩʪʘʙʠʣʴʥʳ, ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥ ʥʠ ʦʜʠʥ ʪʘʢʦʡ ʙʣʦʢ; ʝʩʣʠ ʭʦʪʷ ʙʳ ʦʜʥʘ ʠʟ ʌʅʌ ʥʝʩʪʘʙʠʣʴʥʘ, ʙʫʜʝʪ 
ʚʳʧʦʣʥʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʫʩʣʦʚʥʳʡ ʙʣʦʢ; ʠ ʥʘʢʦʥʝʮ, ʝʩʣʠ ʦʙʝ ʌʅʌ ʩʪʘʙʠʣʴʥʳ, ʙʫʜʫʪ ʚʳʧʦʣʥʝʥʳ ʚʩʝ 
ʫʩʣʦʚʥʳʝ ʙʣʦʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʞʝʣʘʪʝʣʴʥʦ ʥʘ ʪʨʸʭ ʩʣʫʯʘʷʭ, ʜʣʷ 
ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʦʜʥʠʤ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 
ʠʥʩʪʨʫʢʮʠʡ (ʚʳʨʘʞʘʝʤʘʷ ʚ ʧʨʦʮʝʥʪʘʭ) ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ ʤʠʢʨʦʢʦʜʘ ʚ ʩʣʫʯʘʝ ʩʪʘʙʠʣʴʥʳʭ 
ʌʅʌ (Ffs), ʚ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦ ʩʪʘʙʠʣʴʥʳʭ ʌʅʌ (Fps) ʠ ʚ ʩʣʫʯʘʝ ʥʝʩʪʘʙʠʣʴʥʳʭ ʌʅʌ (Fns). ɺ ʪʘʙʣʠʮʝ 1 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʙʨʘʥʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʘʣʛʦʨʠʪʤʘ, ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 
ʠʟʤʝʥʝʥʠʷ ʧʨʦʮʝʥʪʘ ʩʚʦʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʘʣʛʦʨʠʪʤʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʙʠʣʴʥʦʩʪʠ ʌʅʌ. 

ʊʘʙʣʠʮʘ 1 ï ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠʟʙʨʘʥʥʳʭ ʠʥʩʪʨʫʢʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʙʠʣʴʥʦʩʪʠ ʌʅʌ 

ʀʥʩʪʨʫʢʮʠʷ Fns, % Fps, % Ffs, % 

ʉʣʦʞʝʥʠʝ ʜʚʫʭ ʨʝʛʠʩʪʨʦʚ (add) 20,0466 20,1738 20,2016 

ɺʳʯʠʪʘʥʠʝ ʨʝʛʠʩʪʨʘ ʦʪ ʝʜʠʥʠʮʳ (one_sub) 0,0002 0,0002 0,0001 

ʇʝʨʝʭʦʜ ʧʦ ʘʜʨʝʩʫ, ʝʩʣʠ ʜʚʘ ʩʨʘʚʥʠʚʘʝʤʳʭ ʨʝʛʠʩʪʨʘ ʥʝ ʨʘʚʥʳ 
(bne) 

11,1302 11,1170 10,0038 

ʇʝʨʝʭʦʜ ʧʦ ʘʜʨʝʩʫ, ʝʩʣʠ ʨʝʛʠʩʪʨ ʥʝ ʩʦʜʝʨʞʠʪ ʝʜʠʥʠʮʫ (bne_one) 0,0002 0,0432 9,9648 

ʇʝʨʝʭʦʜ ʧʦ ʘʜʨʝʩʫ, ʝʩʣʠ ʨʝʛʠʩʪʨ ʥʝ ʩʦʜʝʨʞʠʪ ʜʚʦʡʢʫ (bne_two) 0 0,0216 0,0389 

ɺʟʷʪʠʝ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʝʛʠʩʪʨʘ (abs) 11,0869 11,0737 9,9649 

ʉʙʨʦʩ ʨʝʛʠʩʪʨʘ ʚ ʟʥʘʯʝʥʠʝ ʥʫʣʷ (reset) 0,1269 0,1299 0,1196 

ɸʨʠʬʤʝʪʠʯʝʩʢʠʡ ʩʜʚʠʛ ʨʝʛʠʩʪʨʘ ʚʧʨʘʚʦ (shr) 0,0002 0,0002 0,0001 

 
ʀʥʩʪʨʫʢʮʠʷ add ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʪʝʭ ʠʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʦʪʦʢʘ 

ʫʧʨʘʚʣʝʥʠʷ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʮʠʢʣʝ ʬʫʥʢʮʠʠ STA_ch(CHk, E, i)), ʠ ʠʭ ʟʘʤʝʥʘ ʥʘ ʨʷʜ 
ʧʨʦʩʪʳʭ ʠʥʩʪʨʫʢʮʠʡ ʙʫʜʝʪ ʢʨʘʡʥʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʦʙʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ. 
ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʠʥʩʪʨʫʢʮʠʷ ʚʳʯʠʪʘʥʠʷ ʠʟ ʝʜʠʥʠʮʳ (one_sub) ʚʩʪʨʝʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʝʜʢʦ 
ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʠ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʢʘʥʜʠʜʘʪʦʤ ʥʘ ʫʜʘʣʝʥʠʝ ʠʟ ʘʨʭʠʪʝʢʪʫʨʳ 
ʥʘʙʦʨʘ ʠʥʩʪʨʫʢʮʠʡ (instruction set architecture, ISA) ʧʫʪʸʤ ʟʘʤʝʥʳ ʥʘ ʢʦʤʙʠʥʘʮʠʶ ʠʥʩʪʨʫʢʮʠʡ ʩʣʦʞʝʥʠʷ 
ʩ ʢʦʥʩʪʘʥʪʦʡ (addi) ʠ ʚʳʯʠʪʘʥʠʷ (sub). ʊʘʢʦʡ ʞʝ ʧʦʜʭʦʜ ʭʦʨʦʰʦ ʧʨʠʤʝʥʠʤ ʜʣʷ ʩʙʨʦʩʘ ʨʝʛʠʩʪʨʘ ʚ 
ʟʥʘʯʝʥʠʝ ʥʫʣʷ (zero): ʝʸ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʢʮʠʠ add ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʘʧʧʘʨʘʪʥʳʤ 
ʨʝʛʠʩʪʨʦʤ-ʢʦʥʩʪʘʥʪʦʡ ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ. ʇʨʠ ʵʪʦʤ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʥʩʪʨʫʢʮʠʷ ʩʜʚʠʛʘ ʚʧʨʘʚʦ (shr) 
ʚʩʪʨʝʯʘʝʪʩʷ ʪʘʢ ʞʝ ʨʝʜʢʦ, ʢʘʢ ʠ ʠʥʩʪʨʫʢʮʠʷ ʩʙʨʦʩʘ ʨʝʛʠʩʪʨʘ, ʦʥʘ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʦʡ ʠ ʫʜʘʣʝʥʠʶ ʠʟ 
ISA ʥʝ ʧʦʜʣʝʞʠʪ. ʀʥʩʪʨʫʢʮʠʠ ʚʝʪʚʣʝʥʠʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʛʠʩʪʨʦʚ (bne), ʩʨʘʚʥʝʥʠʠ ʨʝʛʠʩʪʨʘ ʩ ʝʜʠʥʠʮʝʡ 
(bne_one) ʠ ʩʨʘʚʥʝʥʠʷ ʨʝʛʠʩʪʨʘ ʩ ʜʚʦʡʢʦʡ (bne_two) ʭʦʨʦʰʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʧʠʩʘʥʥʫʶ ʨʘʥʝʝ ʩʚʷʟʴ 
ʤʝʞʜʫ ʫʩʣʦʚʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʌʅʌ. ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʠʥʩʪʨʫʢʮʠʷ bne_one 
ʫʯʘʩʪʚʫʝʪ ʨʝʜʢʦ, ʥʦ ʦʥʘ ʤʦʞʝʪ ʜʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʠʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʩʪʘʙʠʣʴʥʳʭ 
ʌʅʌ, ʠ ʫʙʠʨʘʪʴ ʝʸ ʠʟ ISA ʥʝʞʝʣʘʪʝʣʴʥʦ. 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʫʩʢʦʨʠʪʝʣʝʡ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ 
ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ ʧʦʜ ʨʝʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʠ ʠʩʢʣʶʯʠʪʴ ʠʟʙʳʪʦʯʥʦʩʪʴ. ʕʪʦ ʚʣʝʯʸʪ ʢ ʧʝʨʝʩʤʦʪʨʫ ʠ 
ʠʟʤʝʥʝʥʠʶ ʩʫʱʝʩʪʚʫʶʱʝʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʭ ʠ 
ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʷʜʝʨ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Kaiky M., IVANIUK A., ZALIVAKA S. Methodology for constructing statically reconfigurable soft-processor cores for hardware 

acceleration of algorithms : ʧʘʪ. 12204882 ʉʐɸ. ï 2025. 
2. ʀʚʘʥʶʢ ɸ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠ ʥʝʢʣʦʥʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ ʢʦʥʬʠʛʫʨʠʨʫʝʤʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ. 

ʀʥʬʦʨʤʘʪʠʢʘ. 2025, ʪ. 22, ˉ 1, ʩ. 73ï89. DOI: https://doi.org/10.37661/1816-0301-2025-22-1-73-89.  
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ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʇʈʆʎɽʉʉʆɺ ʉʂʃɸɼʉʂʆɻʆ ʋʏɪʊɸ ʀ 
ʕʃɽʂʊʈʆʅʅʆɻʆ ʊʆɺɸʈʅʆɻʆ ɼʆʂʋʄɽʅʊʆʆɹʆʈʆʊɸ ʅɸ ʊʆʈɻʆɺʆʄ 

ʇʈɽɼʇʈʀʗʊʀʀ 

ʋʙʦʞʝʥʢʦ ʄ.ɸ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʐʘʤʳʥʘ ɸ.ʖ. - ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʩʢʣʘʜʩʢʦʛʦ ʫʯʸʪʘ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʦʚʘʨʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʥʘ 
ʪʦʨʛʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʘʩʰʪʘʙʳ ʬʠʥʘʥʩʦʚʳʭ ʧʦʪʝʨʴ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 
ʦʰʠʙʢʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ ʪʦʚʘʨʦʚ ʚ ʈʝʩʧʫʙʣʠʢʝ 
ɹʝʣʘʨʫʩʴ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʝʙ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ 
ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʯʸʪʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʦʚʘʨʥʳʤʠ ʟʘʧʘʩʘʤʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ 
ʫʩʪʦʡʯʠʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʶʙʦʛʦ ʪʦʨʛʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʄʝʞʜʫ ʪʝʤ ʤʘʩʰʪʘʙ ʧʨʦʙʣʝʤʳ 
ʥʝʢʦʨʨʝʢʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʦʙʳʜʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʉʦʛʣʘʩʥʦ 
ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʦʪʯʸʪʫ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʢʦʤʧʘʥʠʠ IHL Group, ʤʠʨʦʚʳʝ ʧʦʪʝʨʠ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʠ 
ʦʪ ʠʩʢʘʞʝʥʠʷ ʩʢʣʘʜʩʢʠʭ ʜʘʥʥʳʭ ʜʦʩʪʠʛʘʶʪ 1,73 ʪʨʠʣʣʠʦʥʘ ʜʦʣʣʘʨʦʚ ʝʞʝʛʦʜʥʦ, ʠʟ ʢʦʪʦʨʳʭ 690,9 
ʤʠʣʣʠʘʨʜʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʝʬʠʮʠʪ ʪʦʚʘʨʦʚ, ʘ 572 ʤʠʣʣʠʘʨʜʘ ï ʥʘ ʟʘʪʦʚʘʨʠʚʘʥʠʝ [1]. ʇʨʦʙʣʝʤʘ 
ʟʘʪʦʚʘʨʠʚʘʥʠʷ ʠ ʜʠʩʙʘʣʘʥʩʘ ʟʘʧʘʩʦʚ ʧʦʜʨʦʙʥʦ ʦʪʨʘʞʝʥʘ ʚ ʦʪʨʘʩʣʝʚʦʤ ʦʪʯʸʪʝ Netstock 2024 Inventory 
Management Benchmark Report, ʧʦʩʪʨʦʝʥʥʦʤ ʥʘ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʙʦʣʝʝ 2 400 ʢʦʤʧʘʥʠʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. 
ɼʦʣʷ ʠʟʙʳʪʦʯʥʳʭ ʟʘʧʘʩʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʪʦʚʘʨʥʳʭ ʦʩʪʘʪʢʦʚ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚʳʨʦʩʣʘ ʜʦ 
38%, ʫ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʩʚʳʰʝ 500 ʩʦʪʨʫʜʥʠʢʦʚ) ï ʜʦ 44%. ʇʦʯʪʠ 80% ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʢʦʤʧʘʥʠʡ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʪʨʘʜʘʶʪ ʦʪ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʠʟʙʳʪʦʯʥʦʛʦ 
ʟʘʪʦʚʘʨʠʚʘʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʱʝʝ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʟʘʧʘʩʦʚ ʥʘ 9% ʟʘ ʛʦʜ. ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʩʨʦʢʦʚ 
ʧʦʩʪʘʚʦʢ ʦʩʪʘʸʪʩʷ ʚʝʜʫʱʝʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ 72% ʧʨʝʜʧʨʠʷʪʠʡ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʨʠʩʢ ʢʘʢ ʜʝʬʠʮʠʪʘ, ʪʘʢ ʠ 
ʠʟʙʳʪʢʘ ʪʦʚʘʨʦʚ ʥʘ ʩʢʣʘʜʝ. ʇʨʠ ʵʪʦʤ ʣʠʰʴ ʥʝʙʦʣʴʰʘʷ ʜʦʣʷ ʢʦʤʧʘʥʠʡ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʫʝʪ 
ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʧʘʩʦʚ, ʘ ʦʩʥʦʚʥʳʤʠ ʩʜʝʨʞʠʚʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʦʩʪʘʶʪʩʷ 
ʦʧʘʩʝʥʠʷ ʧʦ ʧʦʚʦʜʫ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʵʬʬʝʢʪʘ ʦʪ ʚʥʝʜʨʝʥʠʷ [2]. 

ʇʨʦʙʣʝʤʘ ʫʩʫʛʫʙʣʷʝʪʩʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤʠ ʠ ʫʯʸʪʥʳʤʠ ʦʰʠʙʢʘʤʠ. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 
ʦʪʯʸʪʘ, ʝʞʝʛʦʜʥʳʝ ʧʦʪʝʨʠ ʨʦʟʥʠʯʥʦʛʦ ʩʝʢʪʦʨʘ ʪʦʣʴʢʦ ʚ ʉʐɸ, ʚʳʟʚʘʥʥʳʝ ʦʰʠʙʢʘʤʠ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ, 
ʥʝʧʨʘʚʠʣʴʥʳʤ ʧʦʜʩʯʸʪʦʤ ʟʘʧʘʩʦʚ ʠ ʥʝʢʦʨʨʝʢʪʥʳʤ ʦʬʦʨʤʣʝʥʠʝʤ ʧʦʩʪʫʧʣʝʥʠʡ, ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 20 
ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ [3]. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 
ʪʦʚʘʨʦʫʯʸʪʘ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʧʦʪʝʨʠ ʦʪ ʩʧʠʩʘʥʠʡ ʩ 8% ʜʦ 2% ʦʪ ʪʦʚʘʨʦʦʙʦʨʦʪʘ, ʦʙʝʩʧʝʯʠʚʘʷ 
ʟʥʘʯʠʪʝʣʴʥʫʶ ʵʢʦʥʦʤʠʶ ʫʞʝ ʚ ʧʝʨʚʳʝ ʤʝʩʷʮʳ ʵʢʩʧʣʫʘʪʘʮʠʠ [3]. 

ʉʦʚʨʝʤʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʯʸʪʘ, ʧʨʠ 
ʢʦʪʦʨʦʤ ʢʘʞʜʘʷ ʩʢʣʘʜʩʢʘʷ ʦʧʝʨʘʮʠʷ ï ʦʧʨʠʭʦʜʦʚʘʥʠʝ, ʨʝʘʣʠʟʘʮʠʷ, ʩʧʠʩʘʥʠʝ, ʧʝʨʝʤʝʱʝʥʠʝ ï 
ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʘʪʦʤʘʨʥʘʷ ʪʨʘʥʟʘʢʮʠʷ, ʤʛʥʦʚʝʥʥʦ ʦʙʥʦʚʣʷʶʱʘʷ ʩʦʩʪʦʷʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 
ʩʠʩʪʝʤʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʩʪʘʨʝʚʰʝʛʦ ʧʦʜʭʦʜʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ, ʪʨʝʙʫʶʱʝʛʦ 
ʧʨʠʦʩʪʘʥʦʚʢʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʝʧʨʝʨʳʚʥʳʡ ʫʯʸʪ ʠʩʢʣʶʯʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʟʘʜʝʨʞʢʫ ʤʝʞʜʫ 
ʬʠʟʠʯʝʩʢʠʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʪʦʚʘʨʘ ʠ ʝʛʦ ʦʪʨʘʞʝʥʠʝʤ ʚ ʩʠʩʪʝʤʝ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʜʣʷ 
ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʚʳʩʦʢʦʡ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʴʶ ʪʦʚʘʨʦʚ, ʛʜʝ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʫʯʸʪʥʳʭ ʠ 
ʨʝʘʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʩʧʦʩʦʙʥʦ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʮʝʧʥʫʶ ʨʝʘʢʮʠʶ ʦʰʠʙʦʢ ʚ ʟʘʢʫʧʢʘʭ ʠ ʧʨʦʜʘʞʘʭ. 

ʎʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʦʚʘʨʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʚʳʩʪʫʧʘʝʪ 
ʵʣʝʢʪʨʦʥʥʘʷ ʥʘʢʣʘʜʥʘʷ ï ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪ, ʬʠʢʩʠʨʫʶʱʠʡ ʜʚʠʞʝʥʠʝ ʪʦʚʘʨʥʦ-
ʤʘʪʝʨʠʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ ʤʝʞʜʫ ʢʦʥʪʨʘʛʝʥʪʘʤʠ. ɺ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʵʣʝʢʪʨʦʥʥʳʡ 
ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʚ ʪʦʨʛʦʚʣʝ ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʠ ʧʝʨʝʞʠʚʘʝʪ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʛʦ 
ʨʘʟʚʠʪʠʷ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɹɽʃʊɸ, ʧʦʯʪʠ 35 ʪʳʩʷʯ ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʚ ʩʪʨʘʥʝ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪ 
ʵʣʝʢʪʨʦʥʥʳʝ ʥʘʢʣʘʜʥʳʝ [4]. ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ˉ381 çʆ ʮʠʬʨʦʚʦʤ ʨʘʟʚʠʪʠʠè ʦʪ 29 ʥʦʷʙʨʷ 2023 ʛʦʜʘ 
ʟʘʢʨʝʧʠʣ ʶʨʠʜʠʯʝʩʢʫʶ ʨʘʚʥʦʟʥʘʯʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʙʫʤʘʞʥʳʤ ʠ ʦʧʨʝʜʝʣʠʣ ʩʪʨʘʪʝʛʠʶ 
ʜʘʣʴʥʝʡʰʝʛʦ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ [5]. ʉ 1 ʤʘʷ 2024 ʛʦʜʘ ʧʦʩʪʘʥʦʚʣʝʥʠʝ ʫʩʪʘʥʦʚʠʣʦ 
ʦʙʥʦʚʣʸʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʦʨʤʘʪʘʤ ʵʣʝʢʪʨʦʥʥʳʭ ʪʦʚʘʨʥʳʭ ʠ ʪʦʚʘʨʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʥʘʢʣʘʜʥʳʭ, 
ʚʢʣʶʯʘʷ ʦʙʷʟʘʪʝʣʴʥʳʝ ʨʘʟʜʝʣʳ ʧʦ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʶ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʝʨʝʚʦʟʯʠʢʝ [6]. ɹʦʣʝʝ ʪʦʛʦ, ʩ 1 
ʦʢʪʷʙʨʷ 2025 ʛʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʩʷ ʧʝʨʝʯʝʥʴ ʪʦʚʘʨʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʦʙʷʟʘʪʝʣʴʥʦʡ 
ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ ʠ ʤʘʨʢʠʨʦʚʢʝ, ʘ ʠʭ ʦʙʦʨʦʪ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʥʥʳʭ 
ʥʘʢʣʘʜʥʳʭ [7]. 

ɼʘʥʥʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʙʷʟʳʚʘʶʪ ʪʦʨʛʦʚʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʫʯʸʪ 
ʪʦʚʘʨʦʚ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ, ʫʢʘʟʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʭʦʜʥʦʤ ʜʦʢʫʤʝʥʪʝ (ʪʠʧ, 
ʜʘʪʘ, ʥʦʤʝʨ, ʥʦʤʝʨ ʩʪʨʦʢʠ), ʘ ʪʘʢʞʝ ʬʠʢʩʠʨʦʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʤʘʨʢʠʨʦʚʦʯʥʳʝ ʢʦʜʳ ï 
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ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʟʥʘʢʠ (ʋʂɿ) ʠ ʩʨʝʜʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (ʉʀ). ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ 
ʪʦʚʘʨʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʵʪʘʧʥʳʡ ʧʨʦʮʝʩʩ: ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʥʘʢʣʘʜʥʦʡ ʩ ʨʝʢʚʠʟʠʪʘʤʠ ʢʦʥʪʨʘʛʝʥʪʦʚ ʠ ʪʦʨʛʦʚʦʡ ʪʦʯʢʠ, ʜʦʙʘʚʣʝʥʠʝ ʪʦʚʘʨʥʳʭ ʧʦʟʠʮʠʡ ʩ ʮʝʥʦʚʳʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʩʨʦʢʘʤʠ ʛʦʜʥʦʩʪʠ, ʧʨʠʢʨʝʧʣʝʥʠʝ ʤʘʨʢʠʨʦʚʦʯʥʳʭ ʢʦʜʦʚ ʢ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ, 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʤʝʥʘ ʩʪʘʪʫʩʦʚ ʜʦʢʫʤʝʥʪʘ (ʩʦʟʜʘʥʠʝ, ʧʨʦʚʝʨʢʘ, ʧʨʦʚʝʜʝʥʠʝ) ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ 
ʧʝʨʝʩʯʸʪ ʩʢʣʘʜʩʢʠʭ ʦʩʪʘʪʢʦʚ ʚ ʨʘʟʨʝʟʝ ʧʘʨʪʠʡ ʠ ʪʦʨʛʦʚʳʭ ʪʦʯʝʢ. ʇʦʜʦʙʥʘʷ ʩʭʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʩʢʚʦʟʥʫʶ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʴ ʪʦʚʘʨʘ ʦʪ ʧʦʩʪʫʧʣʝʥʠʷ ʜʦ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦʤʫ ʧʦʢʫʧʘʪʝʣʶ. 

ʇʦʤʠʤʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʯʸʪʘ, ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʝʜʧʨʠʷʪʠʶ 
ʥʝʦʙʭʦʜʠʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʪʦʨʛʦʚʦʡ ʘʥʘʣʠʪʠʢʠ. ʉʦʛʣʘʩʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ, 
ʦʧʫʙʣʠʢʦʚʘʥʥʦʤʫ ʚ ʨʝʮʝʥʟʠʨʫʝʤʦʤ ʞʫʨʥʘʣʝ Path of Science, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʛʨʘʬʠʢʠ ʫʩʢʦʨʷʶʪ 
ʧʨʠʥʷʪʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ 35 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʙʣʠʯʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʜʘʥʥʳʭ, ʘ 
ʚʠʟʫʘʣʠʟʘʮʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʠ ʜʠʘʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʠʪʴ ʘʥʦʤʘʣʠʠ 
ï ʨʝʟʢʠʝ ʩʧʘʜʳ ʧʨʦʜʘʞ ʠʣʠ ʧʝʨʠʦʜʳ ʧʦʚʳʰʝʥʥʦʛʦ ʩʧʨʦʩʘ [8]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʘʥʦ ʚʝʙ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ 
MarkTrack, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʩʢʣʘʜʩʢʦʛʦ ʫʯʸʪʘ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʦʚʘʨʥʦʛʦ 
ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʥʘ ʪʦʨʛʦʚʦʤ ʧʨʝʜʧʨʠʷʪʠʠ. ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʙʘʟʝ 
ʬʨʝʡʤʚʦʨʢʘ Next.js ʠ ʷʟʳʢʘ TypeScript ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ App 
Router, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʝʨʚʝʨʥʳʡ ʠ ʢʣʠʝʥʪʩʢʠʡ ʨʝʥʜʝʨʠʥʛ ʩʪʨʘʥʠʮ. 

ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʤʦʜʫʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʫʣʠ: ʤʦʜʫʣʴ 
ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʤʦʜʫʣʴ ʩʢʣʘʜʩʢʦʛʦ ʫʯʸʪʘ, ʤʦʜʫʣʴ ʧʨʦʜʘʞ, ʤʦʜʫʣʴ ʩʧʨʘʚʦʯʥʳʭ 
ʜʘʥʥʳʭ, ʤʦʜʫʣʴ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʪʯʸʪʥʦʩʪʠ ʠ ʤʦʜʫʣʴ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ. ʄʦʜʫʣʴ ʵʣʝʢʪʨʦʥʥʦʛʦ 
ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʳʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʪʦʚʘʨʥʳʭ ʥʘʢʣʘʜʥʳʭ ï ʦʪ ʩʦʟʜʘʥʠʷ 
ʜʦʢʫʤʝʥʪʘ ʩ ʨʝʢʚʠʟʠʪʘʤʠ ʢʦʥʪʨʘʛʝʥʪʦʚ ʠ ʪʦʚʘʨʥʳʭ ʧʦʟʠʮʠʡ ʜʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʤʝʥʳ ʩʪʘʪʫʩʦʚ ʠ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝʩʯʸʪʘ ʩʢʣʘʜʩʢʠʭ ʦʩʪʘʪʢʦʚ. ʈʝʘʣʠʟʦʚʘʥʘ ʧʦʜʜʝʨʞʢʘ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʜʦʢʫʤʝʥʪʦʚ: 
ʧʨʠʭʦʜʥʳʝ ʠ ʨʘʩʭʦʜʥʳʝ ʥʘʢʣʘʜʥʳʝ, ʧʝʨʝʤʝʱʝʥʠʷ ʤʝʞʜʫ ʩʢʣʘʜʘʤʠ, ʩʧʠʩʘʥʠʷ ʠ ʮʝʥʦʚʳʝ 
ʢʦʨʨʝʢʪʠʨʦʚʢʠ. ʂʘʞʜʘʷ ʪʦʚʘʨʥʘʷ ʧʦʟʠʮʠʷ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʤʘʨʢʠʨʦʚʦʯʥʳʝ ʢʦʜʳ ï ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ 
ʢʦʥʪʨʦʣʴʥʳʝ ʟʥʘʢʠ (ʋʂɿ) ʠ ʩʨʝʜʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (ʉʀ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʥʳʤ 
ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ ʪʦʚʘʨʦʚ. ʇʨʝʜʫʩʤʦʪʨʝʥʳ ʬʫʥʢʮʠʠ ʦʪʤʝʥʳ ʠʟʤʝʥʝʥʠʡ ʧʦʣʝʡ 
ʜʦʢʫʤʝʥʪʘ, ʦʪʢʘʪʘ ʜʦʢʫʤʝʥʪʘ ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʵʢʩʧʦʨʪʘ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪ DBF. 

ʄʦʜʫʣʴ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʪʯʸʪʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʥʝʣʠ ʩ 
ʣʠʥʝʡʥʳʤʠ, ʩʪʦʣʙʯʘʪʳʤʠ ʠ ʧʣʦʱʘʜʥʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ, ʘ ʪʘʢʞʝ ʪʘʙʣʠʯʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʠ 
ʢʘʨʪʦʯʢʘʤʠ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɼʦʤʘʰʥʷʷ ʩʪʨʘʥʠʮʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʢʦʥʬʠʛʫʨʠʨʫʝʤʫʶ ʧʘʥʝʣʴ ʤʦʥʠʪʦʨʠʥʛʘ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʙʣʦʢʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʘʜʘʧʪʠʚʥʦʡ ʢʦʤʧʦʥʦʚʢʦʡ. 

ʄʦʜʫʣʴ ʩʢʣʘʜʩʢʦʛʦ ʫʯʸʪʘ ʨʝʘʣʠʟʫʝʪ ʤʦʥʠʪʦʨʠʥʛ ʪʦʚʘʨʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʨʘʟʨʝʟʝ ʧʘʨʪʠʡ ʠ ʪʦʨʛʦʚʳʭ 
ʪʦʯʝʢ ʩ ʨʘʩʰʠʨʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʬʠʣʴʪʨʘʮʠʠ, ʧʦʠʩʢʘ ʠ ʩʦʨʪʠʨʦʚʢʠ. 

ʄʦʜʫʣʴ ʧʨʦʜʘʞ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʯʸʪ ʪʨʘʥʟʘʢʮʠʡ ʩ ʧʨʠʚʷʟʢʦʡ ʢ ʚʥʝʰʥʠʤ ʫʩʪʨʦʡʩʪʚʘʤ ʠ 
ʜʝʪʘʣʠʟʘʮʠʝʡ ʧʦ ʩʤʝʥʘʤ, ʩʧʦʩʦʙʘʤ ʦʧʣʘʪʳ (ʥʘʣʠʯʥʳʝ, ʢʘʨʪʘ), ʩʢʠʜʢʘʤ ʠ ʚʦʟʚʨʘʪʘʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʛʦ ʫʞʝʩʪʦʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ 
ʪʦʚʘʨʦʚ ʠ ʦʙʷʟʘʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʢʣʘʜʩʢʦʛʦ ʫʯʸʪʘ 
ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʦʨʛʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʉʦʛʣʘʩʥʦ ʦʪʨʘʩʣʝʚʳʤ 
ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʚʥʝʜʨʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʠʟʜʝʨʞʢʠ ʥʘ 31%, 
ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʩʢʣʘʜʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘ 42% ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʰʠʙʢʠ ʫʯʸʪʘ ʥʘ 40ï60% [9]. 
ʇʨʠʤʝʥʝʥʠʝ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ 
ʧʦʜʦʙʥʳʝ ʨʝʰʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ. 
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ʈɸɿʈɸɹʆʊʂɸ ʉʆɺʈɽʄɽʅʅʆʁ ʉʀʉʊɽʄʓ ʕʃɽʂʊʈʆʅʅʆɻʆ 
ʆɹʋʏɽʅʀʗ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʕʃɽʄɽʅʊʆɺ ʄʀʂʈʆʆɹʋʏɽʅʀʗ ʀ 

ʄʆɼʋʃʔʅʆʁ ʆʈɻɸʅʀɿɸʎʀɽʁ ʄɸʊɽʈʀɸʃʆɺ 

ʋʩʪʠʥʦʚʠʯ ʄ.ɸ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʝʪʨʦʚʩʢʘʷ ɺ.ɺ. ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʦʩʪʦʤ ʩʧʨʦʩʘ ʥʘ ʛʠʙʨʠʜʥʳʝ ʬʦʨʤʘʪʳ ʦʙʫʯʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 
ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 
ʧʨʠʥʮʠʧʦʚ ʤʠʢʨʦʦʙʫʯʝʥʠʷ ʠ ʤʦʜʫʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʪʝʥʪʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʢʦʛʥʠʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ ʫʯʘʱʠʭʩʷ. 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʧʨʦʚʝʜʝʥʥʦʤʫ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʩʨʝʜʠ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʠ 
ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʘʫʜʠʪʦʨʠʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤ, 98,1% ʦʙʫʯʘʶʱʠʭʩʷ 
ʚʣʘʜʝʶʪ ʩʤʘʨʪʬʦʥʘʤʠ [1]. ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʧʨʠʣʦʞʝʥʠʠ ʢʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʠʩʧʦʣʴʟʫʝʪ ʷʟʳʢ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Dart ʠ ʬʨʝʡʤʚʦʨʢ Flutter, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʠʥʘʢʦʚʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ ʥʘ 
ʚʩʝʭ ʧʣʘʪʬʦʨʤʘʭ, ʙʣʘʛʦʜʘʨʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Kotlin ʠ 
Spring Framework. Kotlin ʙʳʣ ʚʳʙʨʘʥ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʙʣʘʜʘʝʪ ʣʘʢʦʥʠʯʥʳʤ ʩʠʥʪʘʢʩʠʩʦʤ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 
null-restricted ʪʠʧʳ ʜʘʥʥʳʭ, ʯʪʦ ʩʥʠʞʘʝʪ ʯʠʩʣʦ ʚʦʟʥʠʢʘʶʱʠʭ ʦʰʠʙʦʢ ʠ ʫʧʨʦʱʘʝʪ ʦʪʣʘʜʢʫ ʧʨʠʣʦʞʝʥʠʷ. 
Spring Framework ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʙʣʘʯʥʳʭ 
ʧʨʠʣʦʞʝʥʠʡ. 

ʄʠʢʨʦʦʙʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʮʝʧʮʠʶ ʠʟʫʯʝʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʤʘʪʝʨʠʘʣʘ ʥʝʙʦʣʴʰʠʤʠ 
ʝʜʠʥʠʮʘʤʠ, ʧʨʠʤʝʥʷʝʤʫʶ ʜʣʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ [2]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʥʠʞʘʝʪ 
ʢʦʛʥʠʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʫʯʘʱʠʭʩʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʚʦʩʧʨʠʷʪʠʶ ʠ ʟʘʧʦʤʠʥʘʥʠʶ ʠʥʬʦʨʤʘʮʠʠ. 
ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʮʠʧʦʚ ʤʠʢʨʦʦʙʫʯʝʥʠʷ ʚ ʧʨʠʣʦʞʝʥʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʫʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʫʨʩʦʚ. 
ʇʨʠʤʝʨ ʤʦʜʫʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʦʨʛʘʥʠʟʘʮʠʠ ʢʫʨʩʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1: ʢʫʨʩ ʩʦʩʪʦʠʪ ʠʟ ʩʝʢʮʠʡ, 
ʨʘʟʜʝʣʝʥʥʳʭ ʧʦ ʦʙʱʝʡ ʪʝʤʘʪʠʢʝ, ʚ ʩʝʢʮʠʠ ʚʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʘʪʝʨʠʘʣʦʚ (ʛʦʣʫʙʳʝ ï 
ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʟʝʣʝʥʳʝ ï ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʦʨʘʥʞʝʚʳʝ ï ʪʝʩʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʤʦʜʫʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʫʨʩʘ 

ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʧʨʠʣʦʞʝʥʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʘʣʦʛʦʚ. ʂ 
ʧʨʠʤʝʨʫ: ʥʠʟʢʘʷ ʩʣʦʞʥʦʩʪʴ ʚ ʦʩʚʦʝʥʠʠ ʧʨʠʣʦʞʝʥʠʷ, ʢʘʢ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, 
ʝʜʠʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ ʥʘ ʚʩʝʭ ʧʣʘʪʬʦʨʤʘʭ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʢʣʠʝʥʪʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ. 
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ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʇʈʆʎɽʉʉʆɺ ʌʀʅɸʅʉʆɺʆɻʆ ʇʃɸʅʀʈʆɺɸʅʀʗ ʀ 
ʉʆʎʀɸʃʔʅʆʁ ʂʆʆʈɼʀʅɸʎʀʀ ʅɸ ɹɸɿɽ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ 
ʉʀʉʊɽʄʓ ʂɸʊɸʃʆɻʀɿɸʎʀʀ ʇʃɸʅʀʈʋɽʄʓʍ ʇʆʂʋʇʆʂ 

ʍʦʤʝʣʴʷʥʩʢʘʷ ʂ.ɺ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʤʦʣʷʢʦʚʘ ʆ.ɻ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʧʦʪʨʝʙʣʷʝʤʦʡ 
ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʝʜʣʘʛʘʝʤʳʭ ʪʦʚʘʨʦʚ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩʳ ʣʠʯʥʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʮʝʣʝʚʦʛʦ 
ʥʘʢʦʧʣʝʥʠʷ ʩʨʝʜʩʪʚ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʣʠʯʥʳʭ 
ʧʦʪʨʝʙʥʦʩʪʝʡ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʫʣʴʪʫʨʳ ʦʩʦʟʥʘʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʩʥʠʞʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʠʚʥʳʭ 
ʪʨʘʪ. 

ʉʦʟʜʘʥʠʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʘʪʘʣʦʛʠʟʘʮʠʠ ʧʣʘʥʠʨʫʝʤʳʭ ʧʦʢʫʧʦʢ ʠʣʠ ʞʝʣʘʥʠʡ ʷʚʣʷʝʪʩʷ 
ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʫʯʝʪʘ, ʥʦ ʠ ʜʣʷ ʩʦʮʠʘʣʴʥʦʡ 
ʢʦʦʨʜʠʥʘʮʠʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʬʠʢʩʘʮʠʠ ʧʣʘʥʦʚ ʥʘ ʧʦʢʫʧʢʠ (ʪʝʢʩʪʦʚʳʝ ʟʘʤʝʪʢʠ, ʟʘʢʣʘʜʢʠ ʚ 
ʙʨʘʫʟʝʨʘʭ) ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʢʨʠʪʠʯʝʩʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ: ʦʥʠ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʤʝʪʦʜʳ ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʠ 
ʥʝ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʷ ʛʨʫʧʧʳ ʣʠʮ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ 
ʧʨʘʟʜʥʠʢʦʚ ʠ ʚʳʙʦʨʝ ʧʦʜʘʨʢʦʚ). ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʥʝʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʭʦʜʦʚʘʥʠʷ 
ʩʨʝʜʩʪʚ ʠʟ-ʟʘ ʧʨʠʦʙʨʝʪʝʥʠʷ ʜʫʙʣʠʨʫʶʱʠʭʩʷ ʠʣʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʪʦʚʘʨʦʚ. 

ɿʘʜʘʯʫ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʧʨʝʜʩʪʦʷʱʠʭ ʧʦʢʫʧʦʢ 
ʨʝʰʘʝʪ ʇʆ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʜʠʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʨʝʜʫ ʜʣʷ ʘʛʨʝʛʘʮʠʠ ʩʩʳʣʦʢ ʥʘ 
ʪʦʚʘʨʳ, ʠʭ ʬʠʥʘʥʩʦʚʦʡ ʦʮʝʥʢʠ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʪʨʝʪʴʠʤ ʣʠʮʘʤ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʩʪʨʦʛʦʡ ʤʝʪʦʜʦʣʦʛʠʠ 
ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʞʝʣʘʥʠʡ. ʇʦʧʳʪʢʠ ʨʘʩʩʪʘʚʠʪʴ ʧʨʠʦʨʠʪʝʪʳ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 
ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʛʨʫʟʢʝ ʨʘʙʦʯʝʡ ʧʘʤʷʪʠ ʠ ʢʦʛʥʠʪʠʚʥʦʤʫ ʠʩʢʘʞʝʥʠʶ, ʧʨʠ ʢʦʪʦʨʦʤ ʯʝʣʦʚʝʢ ʨʝʘʛʠʨʫʝʪ ʥʘ 
ʩʘʤʳʝ çʩʨʦʯʥʳʝè ʩʪʠʤʫʣʳ, ʠʛʥʦʨʠʨʫʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʝ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʯʝʩʪʚʝʥʥʘʷ 
ʧʨʠʦʨʠʪʠʟʘʮʠʷ ʟʘʜʘʯ ʚ ʧʨʦʝʢʪʠʨʫʝʤʦʤ ʚʝʙ-ʩʝʨʚʠʩʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ 
ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ, ʘ ʪʘʢʞʝ, ʚ ʢʦʥʪʝʢʩʪʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʢʫʧʦʢ, ʧʨʝʜʦʩʪʝʨʝʛʘʝʪ ʯʝʣʦʚʝʢʘ ʦʪ 
çʠʤʧʫʣʴʩʠʚʥʳʭ ʨʝʰʝʥʠʡè. 

ʇʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʥʞʠʨʦʚʘʪʴ ʜʦʙʘʚʣʷʝʤʳʝ ʵʣʝʤʝʥʪʳ ʧʦ ʩʪʝʧʝʥʠ 
ʠʭ ʩʫʙʲʝʢʪʠʚʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʨʘʩʩʪʘʥʦʚʢʠ ʧʨʠʦʨʠʪʝʪʦʚ ʙʳʣ 
ʚʳʙʨʘʥ ʚʳʙʨʘʥ ʤʝʪʦʜ MoSCoW, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʯʝʪʳʨʝ ʢʘʪʝʛʦʨʠʠ ʟʘʜʘʯ: Must-have (ʢʨʠʪʠʯʝʩʢʠ 
ʚʘʞʥʳʝ), Should-have (ʞʝʣʘʪʝʣʴʥʳʝ), Could-have (ʜʦʧʫʩʪʠʤʳʝ) ʠ Won't-have (ʦʪʣʦʞʝʥʥʳʝ) [2]. ʇʨʠʤʝʨ 
ʚʠʟʫʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʞʝʣʘʥʠʡ ʧʦ ʤʝʪʦʜʫ MoSCoW ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʚʠʟʫʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʞʝʣʘʥʠʡ ʧʦ ʤʝʪʦʜʫ MoSCoW 

ʂʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ. 
ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʘ ʫʩʧʝʰʥʦ ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʥʘ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ 
ʣʠʯʥʳʤʠ ʬʠʥʘʥʩʘʤʠ. ɺʠʟʫʘʣʴʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʣʘʥʠʨʫʝʤʳʭ ʧʦʢʫʧʦʢ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʧʦʟʚʦʣʷʝʪ 
ʧʦʣʴʟʦʚʘʪʝʣʶ ʣʝʛʢʦ ʦʪʜʝʣʷʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʪʨʘʪʳ ʦʪ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʷ 
ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʠ ʦʩʦʟʥʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʙʶʜʞʝʪʘ. 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ɸʥʘʣʠʟ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʨʳʥʢʝ ʨʝʰʝʥʠʡ ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʝʥʥʫʶ 
ʧʨʦʙʣʝʤʫ: ʚʳʩʦʢʠʡ ʙʘʨʴʝʨ ʚʭʦʜʘ (ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ) ʜʣʷ ʩʪʦʨʦʥʥʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʢʣʦʥʥʳ ʠʟʙʝʛʘʪʴ ʣʠʰʥʠʭ ʜʝʡʩʪʚʠʡ ʠ ʢʦʛʥʠʪʠʚʥʦʡ 
ʥʘʛʨʫʟʢʠ. ʂʦʛʜʘ ʠʥʪʝʨʬʝʡʩ ʪʨʝʙʫʝʪ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʜʝʡʩʪʚʠʡ ʠʣʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʴʟʦʚʘʪʝʣʠ 
ʧʝʨʝʛʨʫʞʘʶʪʩʷ, ʩʦʚʝʨʰʘʶʪ ʦʰʠʙʢʠ ʠʣʠ ʚʦʚʩʝ ʦʪʢʘʟʳʚʘʶʪʩʷ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ [3]. ɼʣʷ ʨʝʰʝʥʠʷ 
ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʧʨʠʣʦʞʝʥʠʠ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 
ʥʝʘʚʪʦʨʠʟʦʚʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ: ʩʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʥʦʮʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʧʨʦʩʤʦʪʨʘ ʠ 
ʙʨʦʥʠʨʦʚʘʥʠʷ ʧʦʜʘʨʢʦʚ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʤʳʭ ʛʦʩʪʝʚʳʭ ʩʝʩʩʠʡ. ɼʠʘʛʨʘʤʤʘ 
ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʆ ʥʝʘʚʪʦʨʠʟʦʚʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ (ʛʦʩʪʝʤ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʆ ʛʦʩʪʝʤ 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʘʣʛʦʨʠʪʤʘʤ ʨʘʟʨʝʰʝʥʠʷ ʢʦʥʬʣʠʢʪʦʚ ʠ ʟʘʱʠʪʝ 
ʧʨʠʚʘʪʥʦʩʪʠ. ɺ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʦʚʘʥ ʤʝʭʘʥʠʟʤ ʤʘʩʢʠʨʦʚʢʠ ʜʘʥʥʳʭ: ʝʩʣʠ ʚʣʘʜʝʣʝʮ ʩʧʠʩʢʘ ʫʩʪʘʥʦʚʠʪ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʥʘʩʪʨʦʡʢʫ ʚ ʧʨʦʬʠʣʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʥ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʦ 
ʩʪʘʪʫʩʘʭ ʙʨʦʥʠʨʦʚʘʥʠʷ ʩʚʦʠʭ ʞʝʣʘʥʠʡ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʟʘʜʘʥʥʦʡ ʜʘʪʳ ʩʦʙʳʪʠʷ. ɺ ʩʣʫʯʘʝ ʦʪʢʣʶʯʝʥʠʷ 
ʜʘʥʥʦʡ ʥʘʩʪʨʦʡʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʩʪʘʪʫʩʳ ʙʨʦʥʠʨʦʚʘʥʠʷ ʩʚʦʠʭ 
ʞʝʣʘʥʠʡ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʷʪʴ ʠʤʠ, ʚʢʣʶʯʘʷ ʦʪʤʝʥʫ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʙʨʦʥʠʨʦʚʘʥʠʡ ʩʚʦʠʭ ʪʦʚʘʨʦʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 
ʤʦʜʫʣʷ ʘʥʘʣʠʪʠʢʠ. ʇʣʘʪʬʦʨʤʘ ʘʛʨʝʛʠʨʫʝʪ ʜʘʥʥʳʝ ʦ ʜʦʙʘʚʣʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʧʠʩʢʘ, ʧʨʝʜʦʩʪʘʚʣʷʷ 
ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʘʛʣʷʜʥʫʶ ʩʪʘʪʠʩʪʠʢʫ. ɼʘʥʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʙʫʜʝʪ ʧʦʣʝʟʥʘ ʢʘʢ ʜʣʷ ʣʠʯʥʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ 
ʧʣʘʥʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʪʨʝʪʴʠʭ ʣʠʮ ʧʨʠ ʚʳʙʦʨʝ ʧʦʜʘʨʢʘ ʚ ʧʦʜʭʦʜʷʱʝʤ ʮʝʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʨʠʤʝʨ 
ʬʦʨʤʠʨʫʝʤʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʛʨʘʬʠʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨ ʬʦʨʤʠʨʫʝʤʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʛʨʘʬʠʢʦʚ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʧʦʚʳʰʝʥʠʶ ʬʠʥʘʥʩʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. ʇʨʠʤʝʥʝʥʠʝ 
ʤʝʪʦʜʦʚ ʧʨʠʦʨʠʪʠʟʘʮʠʠ, ʩʥʠʞʝʥʠʝ ʙʘʨʴʝʨʘ ʚʭʦʜʘ ʜʣʷ ʥʦʚʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ 
ʘʥʘʣʠʪʠʢʠ ʜʝʣʘʶʪ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʢʘʢ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ 
ʣʠʯʥʦʛʦ ʙʶʜʞʝʪʘ, ʪʘʢ ʠ ʜʣʷ ʩʦʮʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ. 
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ʀʄʀʊɸʎʀʗ ɸʂʋʉʊʀʏɽʉʂʀʍ ɺʆɿʄʋʑɽʅʀʁ ɸɺʀɸʎʀʆʅʅʓʍ 
ʉʀʉʊɽʄ ɹɽʉʇʀʃʆʊʅʓʍ ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ ʇʈʀ ʀʍ 

ʇʆʃɽʊɽ ɺ ɺʆɿɼʋʐʅʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ 

ʗʥʫʮʝʚʠʯ ɼ.ɺ., ʩʪʫʜʝʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʫʣʘʛʘ ɺ.ɺ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʘ ʘʢʫʩʪʠʯʝʩʢʠʭ 
ʩʠʛʥʘʪʫʨ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) ʩ ʜʚʠʛʘʪʝʣʷʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʠʟʠʯʝʩʢʠʝ 
ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʥʘʣʴʥʦʛʦ ʠ ʚʠʭʨʝʚʦʛʦ ʰʫʤʦʚ ʚʠʥʪʘ, ʘ ʪʘʢʞʝ ʰʫʤʘ ʚʳʭʣʦʧʥʦʡ ʩʠʩʪʝʤʳ. ʆʧʠʩʘʥʳ ʤʝʪʦʜʳ ʫʯʝʪʘ 
ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʟʚʫʢʘ ʘʪʤʦʩʬʝʨʦʡ ʠ ʠʤʠʪʘʮʠʠ ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʠʡ ʟʘʜʝʨʞʢʠ. ʆʙʦʩʥʦʚʘʥʘ 
ʧʨʠʤʝʥʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʧʝʣʝʥʛʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʪʣʘʜʢʘ ʘʣʛʦʨʠʪʤʦʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʣʦʢʘʮʠʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ɹʇʃɸ ʪʨʝʙʫʝʪ 
ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʰʪʘʙʥʳʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʦʮʝʥʢʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ 
ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʆʨʛʘʥʠʟʘʮʠʷ ʥʘʪʫʨʥʳʭ ʧʦʣʝʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʧʨʷʞʝʥʘ ʩ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ɹʇʃɸ, ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʤʝʪʝʦʫʩʣʦʚʠʡ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʫʩʣʦʚʠʡ, 
ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʡ ʚ ʘʣʛʦʨʠʪʤʘʭ. ɺ ʜʘʥʥʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 
ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʠʤʠʪʘʮʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ 
ʚʦʟʤʫʱʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʟʘʤʝʥʠʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʚʳʣʝʪʳ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ ʪʝʩʪʘʤʠ ʚ 
ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ [1]. 

 
ʇʨʠʨʦʜʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʰʫʤʘ ɹʇʃɸ. ɸʢʫʩʪʠʯʝʩʢʠʡ ʰʫʤ, ʛʝʥʝʨʠʨʫʝʤʳʡ ɹʇʃɸ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʧʨʦʮʝʩʩ. ʐʫʤ ʚʦʟʜʫʰʥʦʛʦ ʚʠʥʪʘ ʷʚʣʷʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʜʠʩʢʨʝʪʥʳʭ 
ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʛʘʨʤʦʥʠʢ ʠ ʩʧʣʦʰʥʦʛʦ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʧʝʢʪʨʘ. ɺʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʝ 
ʩʦʩʪʘʚʣʷʶʱʠʝ: ʰʫʤ ʚʳʪʝʩʥʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʛʝʦʤʝʪʨʠʝʡ ʧʨʦʬʠʣʷ ʣʦʧʘʩʪʠ; ʰʫʤ ʥʘʛʨʫʞʝʥʠʷ, 
ʚʦʟʥʠʢʘʶʱʠʡ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʜʘʯʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʩʨʝʜʝ; ʠ ʚʠʭʨʝʚʦʡ ʰʫʤ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʠʟ-
ʟʘ ʩʨʳʚʘ ʧʦʪʦʢʘ ʩ ʟʘʜʥʝʡ ʢʨʦʤʢʠ ʠ ʢʦʥʮʦʚ ʣʦʧʘʩʪʝʡ.  

ʉʧʝʢʪʨ ʰʫʤʘ ʚʨʘʱʝʥʠʷ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʫʶ ʛʘʨʤʦʥʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʛʜʝ ʜʠʩʢʨʝʪʥʳʝ ʯʘʩʪʦʪʳ fm 
ʢʨʘʪʥʳ çʣʦʧʘʩʪʥʦʡ ʯʘʩʪʦʪʝè [2]: 

 

 Ὢ άὔ ȟ (1) 

 

ʛʜʝ ά ï ʥʦʤʝʨ ʛʘʨʤʦʥʠʢʠ, ὔ ï ʯʠʩʣʦ ʣʦʧʘʩʪʝʡ,   ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ ʚ ʩʝʢʫʥʜʫ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʦʥʘʣʴʥʦʛʦ ʰʫʤʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʠʢʫ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ 
ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ ʟʘʪʫʭʘʥʠʷ ʛʘʨʤʦʥʠʢ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 
ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʘʢʫʩʪʠʯʝʩʢʫʶ ʧʦʜʧʠʩʴ ʙʝʟ ʠʟʙʳʪʦʯʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʙʩʯʝʪ ʘʵʨʦʜʠʥʘʤʠʢʠ 
ʢʘʞʜʦʡ ʪʦʯʢʠ ʣʦʧʘʩʪʠ. ʊʝʤʙʨʘʣʴʥʘʷ ʦʢʨʘʩʢʘ ʩʠʛʥʘʣʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʦʛʣʘʩʥʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 
ʟʘʪʫʭʘʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʛʘʨʤʦʥʠʢ [3]: 

 

 Ὄ ςφϽὩ ȢϽ Ȣ Ͻ ςςȟ (2) 

 

ʛʜʝ ὓ  ï ʯʠʩʣʦ ʄʘʭʘ ʢʦʥʮʘ ʣʦʧʘʩʪʠ, . ï ʥʦʤʝʨ ʛʘʨʤʦʥʠʢʠ. 
ɸʢʫʩʪʠʯʝʩʢʘʷ ʩʠʛʥʘʪʫʨʘ ɼɺʉ ʬʦʨʤʠʨʫʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʜʘʚʣʝʥʠʷ 

ʚʳʭʣʦʧʘ ʠ ʰʫʤʘ ʚʩʘʩʳʚʘʥʠʷ ʚʦʟʜʫʭʘ [4]. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʝʢʪʠʨʫʝʪʩʷ 
ʧʨʦʮʝʜʫʨʘ, ʫʧʨʘʚʣʷʝʤʘʷ ʬʘʟʦʚʳʤ ʠʥʢʨʝʤʝʥʪʦʤ, ʧʨʠʚʷʟʘʥʥʳʤ ʢ ʦʙʦʨʦʪʘʤ ʜʚʠʛʘʪʝʣʷ. ɹʘʟʦʚʘʷ ʯʘʩʪʦʪʘ 
ʚʳʭʣʦʧʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [5]: 

 

 Ὢ
ςϽὪ Ͻὔ

Ὅ
ȟ (3) 

 

ʛʜʝ Ὅ ï ʯʠʩʣʦ ʪʘʢʪʦʚ, ὔ  ï ʯʠʩʣʦ ʮʠʣʠʥʜʨʦʚ, Ὢ  ï ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʘʫʪʝʥʪʠʯʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʚʫʢʘ ɼɺʉ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ 
ʚʚʝʜʝʥʠʷ ʘʩʠʤʤʝʪʨʠʠ ʬʘʟ ʟʘʞʠʛʘʥʠʷ ʚ ʨʘʟʥʳʭ ʮʠʣʠʥʜʨʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʟʚʫʢ 
ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘ ʥʠʟʢʠʭ ʦʙʦʨʦʪʘʭ ʠ ʩʧʝʮʠʬʠʯʝʩʢʦʝ çʨʳʯʘʱʝʝè ʟʚʫʯʘʥʠʝ ʥʘ ʚʳʩʦʢʠʭ [4]. 

 
 
 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʚʫʢʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ 
ʦʪ ɹʇʃɸ ʢ ʩʠʩʪʝʤʝ ʦʙʥʘʨʫʞʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ 
ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʘ. ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʠʤʠʪʘʮʠʠ ʧʦʣʝʪʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ 
ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʚʘ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʘ: ʟʘʪʫʭʘʥʠʝ ʠ ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ. 

ɿʘʪʫʭʘʥʠʝ ʠʟ-ʟʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʜʠʚʝʨʛʝʥʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [6]: 
 

 ὃ ςπϽÌÏÇ
Ὠ

Ὠ
ρρȟ (4) 

 

ʛʜʝ Ὠ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʰʫʤʘ ʜʦ ʧʨʠʝʤʥʠʢʘ (ʚ ʤʝʪʨʘʭ), Ὠ ï ʦʧʦʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ (Ὠ ρ ̍). 
ʂʦʵʬʬʠʮʠʝʥʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [7]: 
 

 ‌ ‌ ‌ ‌ȟ (5) 

 

ʛʜʝ ‌  ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʥʦʩʘ ʩ ʧʦʟʠʮʠʡ 

çʢʣʘʩʩʠʯʝʩʢʦʡè ʬʠʟʠʢʠ, ‌  ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʘʟʦʪʘ, ‌  ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʢʠʩʣʦʨʦʜʘ. 
ɼʠʥʘʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʤʠʢʨʦʬʦʥʦʚ ʧʨʠ ʜʚʠʞʝʥʠʠ ɹʇʃɸ ʚʳʟʳʚʘʝʪ ʩʜʚʠʛ 

ʯʘʩʪʦʪʳ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʣʘʚʥʦʩʪʠ ʬʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʢʨʝʪʥʦʡ ʚʨʝʤʝʥʥʦʡ ʩʝʪʢʠ 
ʧʨʠʤʝʥʷʝʪʩʷ ʜʨʦʙʥʘʷ ʟʘʜʝʨʞʢʘ, ʨʝʘʣʠʟʫʝʤʘʷ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 
ʦʪʩʯʝʪʘʤʠ ʙʫʬʝʨʘ [8]. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʨʝʘʣʠʟʫʝʪ ʢʦʥʮʝʧʮʠʶ ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʙʲʝʜʠʥʷʷ 
ʠʤʠʪʘʮʠʶ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠ 
ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʠ ʩʠʥʪʝʟʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ 
ʩʪʝʧʝʥʠ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʚʝʨʠʬʠʢʘʮʠʶ 
ʘʢʫʩʪʠʯʝʩʢʠʭ ʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʮʝʥʘʨʠʝʚ ʠ ʩʥʠʞʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 
ʧʨʦʚʝʜʝʥʠʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ʀʅʊɽɻʈɸʎʀʗ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ɺ ɸʈʍʀʊɽʂʊʋʈʋ 
ʀʅʊɽʈʅɽʊɸ ɺɽʑɽʁ 

ʉʣʘʚʠʥʩʢʠʡ ɻ.ɸ., ʤʘʛʠʩʪʨʘʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɹʦʙʨʦʚʘ ʅ.ʃ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʫʨʦʚʥʠ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ IoT ʩ ʧʦʜʜʝʨʞʢʦʡ ʤʘʰʠʥʥʦʛʦ 
ʦʙʫʯʝʥʠʷ: Cloud, Fog, Edge. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʘʪʪʝʨʥʳ ʠʥʪʝʛʨʘʮʠʠ ʥʘ ʧʨʠʤʝʨʝ MLOps-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 
ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʦʩʥʦʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʬʝʜʝʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ IoT-ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ, MLOps, ʬʝʜʝʨʘʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ. 

ɺʚʝʜʝʥʠʝ. ʂʦʥʮʝʧʮʠʷ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT) ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʝʪʴ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, 
ʦʩʥʘʱʝʥʥʳʭ ʚʩʪʨʦʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. ʅʘ 
ʧʨʘʢʪʠʢʝ IoT ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʙʲʝʜʠʥʷʶʱʫʶ ʬʠʟʠʯʝʩʢʠʝ 
ʫʩʪʨʦʡʩʪʚʘ, ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ [1]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʩʪʳʭ ʩʠʩʪʝʤ ʩʙʦʨʘ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ IoT-ʧʣʘʪʬʦʨʤʳ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʥʘʣʠʟ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʢʘʢ ʧʝʨʩʦʥʘʣʴʥʳʝ 
ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʘʪʠʢʠ ʦʙʫʩʣʦʚʣʝʥʘ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 
ʠʥʪʝʣʣʝʢʪʘ, ʚʢʣʶʯʘʷ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ML), ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ 
ʧʦʜʢʣʶʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʥʝʪ 39 ʤʠʣʣʠʘʨʜʦʚ ʢ 2030 ʛʦʜʫ [2].  

ʉʦʚʨʝʤʝʥʥʳʝ ML-ʘʨʭʠʪʝʢʪʫʨʳ IoT ʩʪʨʦʷʪʩʷ ʚʦʢʨʫʛ ʪʨʝʭ ʢʣʶʯʝʚʳʭ ʫʨʦʚʥʝʡ ʦʙʨʘʙʦʪʢʠ: ʦʙʣʘʢʘ 
(Cloud), ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʪʫʤʘʥʥʦʛʦ ʫʨʦʚʥʷ (Fog) ʠ ʧʝʨʠʬʝʨʠʠ (Edge). ʇʦʥʠʤʘʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ 
ʫʨʦʚʥʝʡ ʦʧʨʝʜʝʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʫʶ ʩʠʩʪʝʤʫ [3]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ 
ML-ʘʨʭʠʪʝʢʪʫʨ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ Cloud-Fog-Edge. 

ʆʙʣʘʯʥʳʡ ʫʨʦʚʝʥʴ. ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ML-ʘʨʭʠʪʝʢʪʫʨʳ ʚ IoT 
ʜʣʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʠ ʦʪʚʝʯʘʝʪ ʟʘ ʭʨʘʥʝʥʠʝ, ʦʙʨʘʙʦʪʢʫ ʠ ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ. 
ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚʢʣʶʯʘʝʪ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʜʘʪʘ-ʮʝʥʪʨʳ, ʦʩʥʘʱʝʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʤʠ ʠ 
ʪʝʥʟʦʨʥʳʤʠ ʫʩʢʦʨʠʪʝʣʷʤʠ, ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 
ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ.  

ɺ ʦʙʣʘʢʝ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʝʩʫʨʩʦʝʤʢʠʝ ʟʘʜʘʯʠ: ʦʙʫʯʝʥʠʝ ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, 
ʧʝʨʝʦʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ, ʭʨʘʥʝʥʠʝ ʤʝʪʘʜʘʥʥʳʭ ʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʆʨʢʝʩʪʨʘʮʠʷ ML-ʧʘʡʧʣʘʡʥʦʚ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʘʢ Kubeflow ʠ Apache Airflow. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʦʙʣʘʯʥʦʛʦ ʫʨʦʚʥʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ 
ʫʩʪʨʦʡʩʪʚ, ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ, ʧʦʜʜʝʨʞʢʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʝʡ, 
ʘ ʪʘʢʞʝ ʚ ʩʦʟʜʘʥʠʠ ʝʜʠʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ, ʘʥʘʣʠʟʘ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʫʱʝʩʪʚʫʶʪ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʚ ʦʙʣʘʢʦ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 
ʟʘʜʝʨʞʢʘʤʠ, ʯʪʦ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʊʨʝʙʫʝʪʩʷ 
ʩʪʘʙʠʣʴʥʦʝ ʠʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʝ. ʊʘʢʞʝ ʜʣʷ ʦʙʣʘʯʥʦʛʦ ʫʨʦʚʥʷ ʚʘʞʥʳ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ð 
ʰʠʬʨʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ, ʘ ʪʘʢʞʝ ʟʘʱʠʪʘ ʦʪ ʢʦʤʧʨʦʤʝʪʘʮʠʠ. 

ʆʙʣʘʯʥʳʡ ʫʨʦʚʝʥʴ ʦʧʪʠʤʘʣʝʥ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʤʦʜʝʣʝʡ, ʜʦʣʛʦʩʨʦʯʥʦʡ ʘʥʘʣʠʪʠʢʠ ʠ 
ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ, ʜʦʧʫʩʢʘʶʱʠʭ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʧʦ ʩʝʪʠ. 

ʇʝʨʠʬʝʨʠʡʥʳʡ ʫʨʦʚʝʥʴ. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ Edge ʚʢʣʶʯʘʝʪ ʫʩʪʨʦʡʩʪʚʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʦʡ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʢʘʢ ʜʘʪʯʠʢʠ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ, ʪʘʢ ʠ 
ʦʜʥʦʧʣʘʪʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ. ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʫʨʦʚʥʷ ð ʦʙʨʘʙʦʪʢʘ 
ʜʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʝ ʠʭ ʛʝʥʝʨʘʮʠʠ [3]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʟʘʜʝʨʞʢʫ, 
ʚʳʩʦʢʫʶ ʘʚʪʦʥʦʤʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʙʦʷʤ ʩʝʪʠ. 

ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʟʘʜʘʯ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ 
ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ: ʬʠʣʴʪʨʘʮʠʶ ʪʝʣʝʤʝʪʨʠʠ, ʦʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʠʡ ʠ ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʥʷʪʠʝ 
ʨʝʰʝʥʠʡ ʙʝʟ ʦʙʨʘʱʝʥʠʷ ʢ ʦʙʣʘʢʫ. ʀʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʥʘ 
ʧʝʨʠʬʝʨʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ. 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 

128 

 

ʆʙʫʯʝʥʠʝ ʥʘ ʫʨʦʚʥʝ Edge ʚʦʟʤʦʞʥʦ ʚ ʚʠʜʝ ʘʜʘʧʪʘʮʠʠ ʦʙʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠʣʠ ʫʯʘʩʪʠʷ ʚ 
ʬʝʜʝʨʘʪʠʚʥʦʤ ʦʙʫʯʝʥʠʠ. ɼʘʥʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚʘʞʥʘ ʜʣʷ ʩʠʩʪʝʤ, ʛʜʝ ʟʘʜʝʨʞʢʠ ʥʝʜʦʧʫʩʪʠʤʳ, ʪʘʢʠʭ 
ʢʘʢ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʠ ʘʚʪʦʥʦʤʥʳʡ ʪʨʘʥʩʧʦʨʪ. 

ʂʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʫʨʦʚʥʷ ð ʥʠʟʢʘʷ ʣʘʪʝʥʪʥʦʩʪʴ, ʩʪʨʦʛʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 
ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ ʠ ʧʘʤʷʪʠ.  

ɼʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʦʛʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʧʘʨʘʜʠʛʤʘ TinyML, ʧʦʟʚʦʣʷʶʱʘʷ 
ʟʘʧʫʩʢʘʪʴ ʤʦʜʝʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ ʠ ʚʦ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤʘʭ [4]. 
ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʡ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 
ʬʨʝʡʤʚʦʨʢʦʚ, ʘʧʧʘʨʘʪʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʜʝʣʝʡ. 

ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʫʨʦʚʝʥʴ. Fog-ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ 
ʤʥʦʞʝʩʪʚʘ Edge-ʫʟʣʦʚ ʚ ʨʘʤʢʘʭ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. ɽʛʦ ʟʘʜʘʯʘ ð ʦʙʲʝʜʠʥʠʪʴ ʣʦʢʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʚ 
ʝʜʠʥʫʶ ʩʝʪʴ ʜʣʷ ʙʳʩʪʨʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʙʝʟ ʦʙʨʘʱʝʥʠʷ ʢ ʫʜʘʣʝʥʥʳʤ ʜʘʪʘ-ʮʝʥʪʨʘʤ [5]. 

ʂʣʶʯʝʚʦʝ ʦʪʣʠʯʠʝ Fog ʦʪ Edge ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʘʩʰʪʘʙʝ ʠ ʨʦʣʠ. ɽʩʣʠ Edge-ʫʩʪʨʦʡʩʪʚʘ ʦʪʚʝʯʘʶʪ 
ʟʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʨʝʜʦʡ ʠ ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʪʦ Fog-ʫʨʦʚʝʥʴ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʦʨʜʠʥʘʮʠʶ ʤʥʦʞʝʩʪʚʘ Edge-ʫʟʣʦʚ, ʨʝʘʣʠʟʫʝʪ ʣʦʛʠʢʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ 
ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʙʦʪʫ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. 

ʅʘ ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʛʨʝʛʘʮʠʷ ʜʘʥʥʳʭ ʦʪ ʤʥʦʞʝʩʪʚʘ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʟʣʦʚ, 
ʚʳʧʦʣʥʷʶʪʩʷ ʤʦʜʝʣʠ ʩʨʝʜʥʝʡ ʩʣʦʞʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʬʠʣʴʪʨʘʮʠʷ ʠ 
ʢʵʰʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. ʇʦʜʜʝʨʞʢʘ ʢʦʥʪʝʡʥʝʨʥʦʡ ʦʨʢʝʩʪʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʝʨʪʳʚʘʪʴ ʥʘ Fog-ʫʟʣʘʭ 
ʩʣʦʞʥʳʝ ʩʝʨʚʠʩʳ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠʭ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Fog-ʫʨʦʚʝʥʴ ʚʳʩʪʫʧʘʝʪ ʚ 
ʨʦʣʠ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʘʣʘʥʩ ʤʝʞʜʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 
ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴʶ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʢʘʥʘʣʳ ʩʚʷʟʠ ʟʘ ʩʯʝʪ ʦʪʧʨʘʚʢʠ ʚ ʦʙʣʘʢʦ ʪʦʣʴʢʦ 
ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʜʢʣʶʯʘʪʴ ʥʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ ʢ ʙʣʠʞʘʡʰʝʤʫ ʫʟʣʫ ʙʝʟ ʧʝʨʝʛʨʫʟʢʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 
ʩʝʨʚʝʨʘ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʤʥʦʞʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʚʷʟʠ ʩ ʦʙʣʘʢʦʤ. ʆʜʥʘʢʦ ʵʪʦ 
ʪʘʢʞʝ ʫʩʣʦʞʥʷʝʪ ʘʨʭʠʪʝʢʪʫʨʫ, ʥʝ ʠʩʢʣʶʯʘʝʪ ʧʨʦʙʣʝʤ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʥʳʭ 
ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʩʦʟʜʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʪʦʯʢʠ ʚʭʦʜʘ ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ, ʠ ʪʨʝʙʫʝʪ ʟʘʪʨʘʪ ʥʘ 
ʫʩʪʘʥʦʚʢʫ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ ʧʨʠʤʝʥʠʤ ʚ ʩʮʝʥʘʨʠʷʭ, ʛʜʝ Edge-ʫʩʪʨʦʡʩʪʚʘ ʩʣʠʰʢʦʤ ʦʛʨʘʥʠʯʝʥʳ ʜʣʷ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʣʦʩʪʥʦʡ ʢʘʨʪʠʥʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʘ ʧʨʷʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʙʣʘʢʦʤ 
ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʞʝʩʪʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʟʘʜʝʨʞʢʝ ʠʣʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʧʘʪʪʝʨʥʳ ʠʥʪʝʛʨʘʮʠʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʠ ʥʘʜʝʞʥʳʭ IoT-
ʧʣʘʪʬʦʨʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ 
ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ.  

ʋʧʨʘʚʣʝʥʠʝ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʤʦʜʝʣʝʡ ʚ ʢʨʫʧʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ MLOps-
ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ [6]. ʆʥʘ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʨʘʟʚʝʨʪʳʚʘʥʠʝ, ʤʦʥʠʪʦʨʠʥʛ ʢʘʯʝʩʪʚʘ, 
ʧʝʨʝʦʙʫʯʝʥʠʝ ʠ ʜʦʩʪʘʚʢʫ ʦʙʥʦʚʣʝʥʠʡ ʥʘ ʤʥʦʞʝʩʪʚʦ ʫʩʪʨʦʡʩʪʚ. 

ʈʘʩʰʠʨʝʥʠʝʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʦʙʣʘʯʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ Edge MLOps, ʢʦʪʦʨʘʷ 
ʯʘʩʪʠʯʥʦ ʧʝʨʝʥʦʩʠʪ ʥʝʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʣʘʯʥʦʛʦ MLOps ʥʘ ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. 

ɼʣʷ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ: ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʬʦʨʤʘʪʦʚ ʤʦʜʝʣʝʡ, ʧʦʜʜʝʨʞʢʘ OTA-
ʦʙʥʦʚʣʝʥʠʡ, ʢʦʥʪʨʦʣʴ ʜʘʥʥʳʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʯʪʦ 
ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ IoT-ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʌʝʜʝʨʘʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ. ʀʥʪʝʛʨʘʮʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ð 
ʵʪʦ ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ, ʥʘʟʳʚʘʝʤʳʡ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ML-ʤʦʜʝʣʠ. ɺ ʢʦʥʪʝʢʩʪʝ IoT ʵʪʦʪ ʮʠʢʣ ʠʤʝʝʪ 
ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʩʪʦʷʥʥʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ. ɸʢʪʫʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʦʙʫʯʝʥʠʝ 
ʷʚʣʷʝʪʩʷ ʬʝʜʝʨʘʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ. 

ʌʝʜʝʨʘʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʦ 
ʝʛʦ ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʩʤʝʱʝʥ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʧʨʠʚʘʪʥʦʩʪʠ ʠ ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʶ 
ʜʘʥʥʳʭ. ɽʛʦ ʢʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʝ ʧʦʢʠʜʘʶʪ ʢʣʠʝʥʪʩʢʠʝ 
ʫʩʪʨʦʡʩʪʚʘ [7]. ɺʤʝʩʪʦ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʙʫʯʘʶʪ ʤʦʜʝʣʴ ʥʘ ʣʦʢʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʧʝʨʝʜʘʶʪ ʥʘ 
ʮʝʥʪʨʘʣʴʥʳʡ ʩʝʨʚʝʨ ʠʣʠ Fog-ʫʟʝʣ ʪʦʣʴʢʦ ʦʙʥʦʚʣʝʥʠʷ ʚʝʩʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ. 
ʊʘʢʦʡ ʧʦʜʭʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʩʝʪʝʚʫʶ ʥʘʛʨʫʟʢʫ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʠʩʢ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ. 

ɺ ʨʘʤʢʘʭ ʬʝʜʝʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʨʘʪʝʛʠʠ ʘʛʨʝʛʘʮʠʠ, ʥʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʫʩʨʝʜʥʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʦʙʥʦʚʣʝʥʠʡ ʚʝʩʦʚ (FedAvg) ʠ ʤʝʪʦʜ 
FedProx, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʨʘʟʥʦʨʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɺʳʙʦʨ 
ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʜʘʥʥʳʭ, ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ 
ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʫʯʝʥʠʷ. 
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ɿʘʢʣʶʯʝʥʠʝ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʨʦʚʥʠ Cloud, Fog ʠ Edge ʬʦʨʤʠʨʫʶʪ ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, 
ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʚʳʧʦʣʥʷʝʪ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʠ ʜʦʧʦʣʥʷʝʪ ʦʩʪʘʣʴʥʳʝ. ʆʙʣʘʯʥʳʡ 
ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ 
ʩʠʩʪʝʤ. Fog-ʫʨʦʚʝʥʴ ʚʳʩʪʫʧʘʝʪ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ, ʨʝʘʣʠʟʫʷ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʨʢʝʩʪʨʘʮʠʶ, 
ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʘʥʘʣʠʪʠʢʫ ʠ ʢʦʦʨʜʠʥʘʮʠʶ ʤʥʦʞʝʩʪʚʘ Edge-ʫʟʣʦʚ ʚ ʧʨʝʜʝʣʘʭ ʣʦʢʘʣʴʥʦʡ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. Edge-ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʛʥʦʚʝʥʥʳʡ ʦʪʢʣʠʢ, ʘʚʪʦʥʦʤʥʫʶ ʨʘʙʦʪʫ ʠ ʚʳʧʦʣʥʝʥʠʝ 
ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ. ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ, 
ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ IoT-ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ 
ʜʠʥʘʤʠʯʥʳʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʩʪʘʙʠʣʴʥʳʭ ʩʨʝʜ. 

ʀʥʪʝʛʨʘʮʠʷ MLOps-ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʤʦʜʝʣʝʡ, 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʙʥʦʚʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ. ʌʝʜʝʨʘʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ 
ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 
ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 
ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʘʟʣʠʯʠʷʤ ʚ ʜʘʥʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʫʩʪʨʦʡʩʪʚ. 

ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʝʣʷʤʠ ʠ 
ʧʨʠʚʘʪʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʬʦʨʤʠʨʫʝʪ ʦʩʥʦʚʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

IoT-ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʜʠʥʘʤʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ 
ʘʚʪʦʥʦʤʥʦʩʪʴ. 
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ʌʅʌ ʅɸ ʂʆʅʌʀɻʋʈʀʈʋɽʄʓʍ ʂʆʃʔʎɽɺʓʍ ʆʉʎʀʃʃʗʊʆʈɸʍ 

ɹʫʨʢʦ ʃ.ɸ., ʤʘʛʠʩʪʨʘʥʪ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʚʘʥʶʢ ɸ.ɸ. ï ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʬʠʟʠʯʝʩʢʠ ʥʝʢʣʦʥʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ 
ʢʦʣʴʮʝʚʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʠʩʪʦʛʨʘʤʤʳ, QQ-ʛʨʘʬʠʢʠ ʠ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʪʝʩʪʳ ʐʘʧʠʨʦ-ʋʠʣʢʘ, ɼôɸʛʦʩʪʠʥʦ-ʇʠʨʩʦʥʘ, ɾʘʨʢʘ-ɹʝʨʘ ʠ ɸʥʜʝʨʩʦʥʘ-ɼʘʨʣʠʥʛʘ (scipy.stats). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʌʠʟʠʯʝʩʢʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ, ʬʠʟʠʯʝʩʢʠ ʥʝʢʣʦʥʠʨʫʝʤʳʝ ʬʫʥʢʮʠʠ, ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʡ ʢʦʣʴʮʝʚʦʡ ʦʩʮʠʣʣʷʪʦʨ, 
ʛʝʥʝʨʘʮʠʷ ʩʣʫʯʘʡʥʳʭ ʜʘʥʥʳʭ, ʪʝʩʪʳ ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ. 

 ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤʘʭ ʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ. ʆʥʠ ʠʛʨʘʶʪ 
ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
ʇʦʵʪʦʤʫ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʛʝʥʝʨʘʮʠʝʡ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤ 
ʧʨʝʜʤʝʪʦʤ ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʨʠʧʪʦʛʨʘʬʠʠ ʠ 
ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʜʘʥʥʳʝ. ʅʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʳ ʪʠʧʘ Kyber ʠʣʠ Dilithium ʠʩʧʦʣʴʟʫʶʪ 
ʜʠʩʢʨʝʪʥʦʝ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ çʤʘʣʦʛʦè ʰʫʤʘ ʢ ʩʝʢʨʝʪʥʳʤ ʜʘʥʥʳʤ. ʕʪʦ 
ʜʝʣʘʝʪ ʟʘʜʘʯʫ ʥʘʭʦʞʜʝʥʠʷ ʟʘʢʨʳʪʦʛʦ ʢʣʶʯʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʥʝʨʘʟʨʝʰʠʤʦʡ, ʪʘʢ ʢʘʢ ʰʫʤ ʤʘʩʢʠʨʫʝʪ 
ʩʪʨʫʢʪʫʨʫ ʨʝʰʝʪʢʠ (ʨʝʰʝʪʦʯʥʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ). ʅʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʞʥʦ ʪʘʢʞʝ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʨʠʧʪʦʛʨʘʬʠʠ ʠ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ 
ʘʥʘʣʠʟʝ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʠ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʰʠʙʦʢ ʠʣʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʠ ʧʦʧʳʪʢʝ ʚʟʣʦʤʘ ʩʠʩʪʝʤʳ. 

ʌʠʟʠʯʝʩʢʠ ʥʝʢʣʦʥʠʨʫʝʤʳʝ ʬʫʥʢʮʠʠ (ʌʅʌ), ʨʝʘʣʠʟʫʝʤʳʝ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ 
ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʘʧʧʘʨʘʪʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʛʝʥʝʨʘʮʠʠ 
ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʛʠʙʢʦʩʪʠ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʡ 
ʣʦʛʠʢʠ. ʌʠʟʠʯʝʩʢʠ ʥʝʢʣʦʥʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ ï ʵʪʦ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʬʠʟʠʯʝʩʢʠʝ 
ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʫʥʠʢʘʣʴʥʦʛʦ ʠ ʥʝʢʣʦʥʠʨʫʝʤʦʛʦ ʦʪʚʝʪʘ ʥʘ ʦʩʥʦʚʝ 
ʟʘʧʨʦʩʘ. ʆʩʥʦʚʦʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʌʅʌ ʷʚʣʷʶʪʩʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʘʨʠʘʮʠʠ, 
ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʌʅʌ ʥʘ ʢʦʣʴʮʝʚʳʭ 
ʦʩʮʠʣʣʷʪʦʨʘʭ (ʂʆ ʌʅʌ), ʚ ʢʦʪʦʨʦʡ ʦʪʢʣʠʢ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʡ ʯʘʩʪʦʪ ʥʝʩʢʦʣʴʢʠʭ 
ʠʜʝʥʪʠʯʥʳʭ ʢʦʣʴʮʝʚʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ. ʂʦʥʬʠʛʫʨʠʨʫʝʤʳʡ ʢʦʣʴʮʝʚʦʡ ʦʩʮʠʣʣʷʪʦʨ (ʂʂʆ) ʧʦʟʚʦʣʷʝʪ 
ʧʦʣʫʯʘʪʴ ʤʥʦʞʝʩʪʚʦ ʯʘʩʪʦʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʟʘ ʩʯʸʪ ʚʳʙʦʨʘ ʨʘʟʣʠʯʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʨʠ 
ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʯʠʩʣʝ ʛʝʥʝʨʘʪʦʨʦʚ. ɼʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʦʧʠʩʘʥʥʘʷ ʧʦʜʨʦʙʥʦ ʚ [1, 2], ʬʦʨʤʠʨʫʝʪ 
ʤʥʦʛʦʙʠʪʥʳʡ ʦʪʚʝʪ. ʅʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʝʨʠʦʜʘ ʩʠʛʥʘʣʘ ʂʂʆ ʙʫʜʝʪ ʚʣʠʷʪʴ ʰʠʨʠʥʘ ʦʢʥʘ ʠʟʤʝʨʝʥʠʷ 
(ʤʥʦʞʠʪʝʣʴ ʧʝʨʠʦʜʘ ʩʠʛʥʘʣʘ ʩʠʩʪʝʤʥʦʡ ʯʘʩʪʦʪʳ kfactor = 2i, i  ɸᴚ). 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʨʘʙʦʪʳ ʌʅʌ. ʇʘʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘʧʨʦʩʘ 
(Challenge) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʤʫ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪʚʝʪʘ (Response), ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʦʡ 
çʟʘʧʨʦʩïʦʪʚʝʪè. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʌʅʌ 

 
ʇʨʦʮʝʩʩ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʵʪʘʧʘ ʦʧʠʩʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʌʅʌ ʠ ʝʸ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ 
ʩʨʝʜʝ Vivado, ʛʜʝ ʚʳʧʦʣʥʷʶʪʩʷ ʩʠʥʪʝʟ, ʨʘʟʤʝʱʝʥʠʝ, ʪʨʘʩʩʠʨʦʚʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʠʪʦʚʦʛʦ ʬʘʡʣʘ ʜʣʷ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʣʘʪʳ. ɼʘʣʝʝ ʢʦʥʬʠʛʫʨʘʮʠʷ ʟʘʛʨʫʞʘʝʪʩʷ ʥʘ ʦʪʣʘʜʦʯʥʫʶ ʧʣʘʪʬʦʨʤʫ, ʛʜʝ 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʘʧʧʘʨʘʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʌʅʌ ʠ ʛʝʥʝʨʘʮʠʷ ʦʪʢʣʠʢʦʚ. ʇʘʨʘʣʣʝʣʴʥʦ 
ʚ ʩʨʝʜʝ Xilinx Vitis ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʧʨʦʩʦʚ, 
ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ. ʆʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʧʣʘʪʦʡ ʠ ʧʝʨʩʦʥʘʣʴʥʳʤ 
ʢʦʤʧʴʶʪʝʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʪʝʨʤʠʥʘʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ TeraTerm, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʯʪʝʥʠʝ ʠ 
ʟʘʧʠʩʴ ʜʘʥʥʳʭ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʠʥʪʝʨʬʝʡʩʫ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʌʅʌ ʧʝʨʝʜʘʶʪʩʷ ʚ ʩʨʝʜʫ 
ʘʥʘʣʠʟʘ ʥʘ ʙʘʟʝ Python (Jupyter Notebook ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ NumPy, pandas ʠ matplotlib), ʛʜʝ 
ʚʳʧʦʣʥʷʝʪʩʷ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʦʮʝʥʢʘ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʫʥʠʢʘʣʴʥʦʩʪʠ ʠ ʧʦʩʪʨʦʝʥʠʝ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʬʠʢʦʚ. ʉʭʝʤʘ ʥʘ ʨʠʩʫʥʢʝ 2 ʦʪʨʘʞʘʝʪ ʧʦʣʥʳʡ ʮʠʢʣ ï ʦʪ ʘʧʧʘʨʘʪʥʦʛʦ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʌʅʌ ʜʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʣʘʪʝ ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ Digilent ZYBO-Z7 (ʢʨʠʩʪʘʣʣ Xilinx 
ZYNQ xc7z010-1). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ɹʳʣ ʧʦʣʫʯʝʥ 31 ʥʘʙʦʨ ʜʘʥʥʳʭ ʩ ʧʘʨʘʤʝʪʨʦʤ i  ɸ[0; 30], ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ M = 1000 
ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ.  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʠʩʪʦʛʨʘʤʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʩ ʌʅʌ ʂʂʆ, ʥʘʯʠʥʘʷ ʩ i = 9, ʥʘʙʣʶʜʘʝʪʩʷ 
ʩʭʦʜʩʪʚʦ ʩ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ɺ ʨʘʙʦʪʝ [1] ʫʞʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ 
ʧʦʨʘʟʨʷʜʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʘʥʥʳʭ ʌʅʌ ʂʂʆ ʩ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʙʳʣ ʦʧʨʝʜʝʣʝʥ 
ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʜʣʷ ʦʢʥʘ ʠʟʤʝʨʝʥʠʷ i  ɸ [9; 30]. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʷʜʳ ʤʦʞʥʦ 
ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʩʠʣʴʥʦ ʩʪʘʙʠʣʴʥʳʝ (ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʙʠʪʘ 100%), 
ʩʠʣʴʥʦ ʥʝʩʪʘʙʠʣʴʥʳʝ (ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʙʠʪʘ 50%) ʠ ʩʣʘʙʦ ʩʪʘʙʠʣʴʥʳʝ 
(ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʙʠʪʘ ʦʪ 50% ʜʦ 100%).  

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 3, ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʣʷ i<15 ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʧʦʩʢʦʣʴʢʫ 
ʫʤʝʥʴʰʝʥʠʝ i ʧʨʠʚʝʜʸʪ ʣʠʰʴ ʢ ʫʭʫʜʰʝʥʠʶ ʩʦʛʣʘʩʠʷ ʩ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʟ-ʟʘ ʙʦʣʴʰʝʡ 
ʜʠʩʢʨʝʪʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʡ ʘʩʠʤʤʝʪʨʠʠ, ʥʝ ʜʘʚʘʷ ʧʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 
ʧʦʚʝʜʝʥʠʠ ʚʳʙʦʨʢʠ. 

 

 
ʈʠʩʫʥʦʢ 3 ï QQ-ʪʝʩʪ ʠ ʢʨʠʚʘʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ i = {12,13,14,15} 



62-ʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ɸʩʧʠʨʘʥʪʦʚ, ʄʘʛʠʩʪʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, ʄʠʥʩʢ, 2026 
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ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʌʅʌ ʂʂʆ, ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ i ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʟʘʜʘʯ 
ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʣʠ ʛʝʥʝʨʘʮʠʠ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʧʨʠʤʝʥʸʥ ʢʦʤʧʣʝʢʩ ʛʨʘʬʠʯʝʩʢʠʭ ʠ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʦ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ 
ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ.  

ʂ ʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ QQ-ʛʨʘʬʠʢʠ, ʧʨʠʤʝʨʳ ʜʣʷ i = 
{19, 23, 25, 26} ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. ɻʠʩʪʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʪʴ ʬʦʨʤʫ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʩʨʘʚʥʠʪʴ ʝʸ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʘ 
ʛʠʩʪʦʛʨʘʤʤʫ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʦʨʤʘʣʴʥʘʷ ʢʨʠʚʘʷ, ʧʘʨʘʤʝʪʨʳ (ʄʆ ʠ ʉʂʆ) ʢʦʪʦʨʦʡ 
ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʚʳʙʦʨʢʝ. 

 

 
 

   
 

ʈʠʩʫʥʦʢ 4 ï QQ-ʪʝʩʪ ʠ ʢʨʠʚʘʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ i = {19, 23, 25, 26} 

 

ɹʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ QQ-ʛʨʘʬʠʢ (quantile-quantile plot), ʥʘ ʢʦʪʦʨʦʤ 
ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʢʚʘʥʪʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʚʘʥʪʠʣʝʡ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 
ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʪʦʯʢʠ ʥʘ 
ʛʨʘʬʠʢʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʜʦʣʴ ʧʨʷʤʦʡ ʣʠʥʠʠ. ʆʪʢʣʦʥʝʥʠʷ ʦʪ ʣʠʥʝʡʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 
ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʧʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʦʪʢʣʦʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ 
ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʊʘʢ, ʦʪʢʣʦʥʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ ʦʪʢʣʦʥʝʥʠʷ ʥʘ ʢʦʥʮʘʭ ï ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʭʚʦʩʪʦʚ (ʥʘʣʠʯʠʝ ʚʳʙʨʦʩʦʚ ʠʣʠ 
ʪʷʞʸʣʳʭ ʭʚʦʩʪʦʚ). 

ʅʘ ʨʠʩʫʥʢʝ 4 QQ-ʛʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 
ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷ ʚ ʭʚʦʩʪʘʭ ʜʣʷ i = 23 ʠ i = 26, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʙʦʣʝʝ 
ʪʷʞʸʣʳʭ ʭʚʦʩʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʕʪʦ ʧʨʠʤʝʨ ʩʠʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 
ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʚ ʩʣʫʯʘʷʭ i = 19 ʠ i = 25 ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʡ ʚ ʭʚʦʩʪʘʭ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʥʦʨʤʘʣʴʥʦʩʪʠ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ: ʪʝʩʪ ʐʘʧʠʨʦ-ʋʠʣʢʘ (stats.shapiro), ʪʝʩʪ ɼôɸʛʦʩʪʠʥʦ-ʇʠʨʩʦʥʘ 
(stats.normaltest), ʢʨʠʪʝʨʠʡ ɾʘʨʢʘ-ɹʝʨʘ (stats.jarque_bera) ʠ ʢʨʠʪʝʨʠʡ ɸʥʜʝʨʩʦʥʘ-ɼʘʨʣʠʥʛʘ 
(stats.anderson). ʇʨʠʤʝʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʪʝʩʪʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢʘʞʜʦʛʦ ʠʟ 
ʥʠʭ ʢ ʦʪʜʝʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ʊʝʩʪ ʐʘʧʠʨʦ-ʋʠʣʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʦʚʝʨʢʠ ʥʦʨʤʘʣʴʥʦʩʪʠ, 
ʦʩʦʙʝʥʥʦ ʜʣʷ ʚʳʙʦʨʦʢ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʩʨʘʚʥʝʥʠʠ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 
ʚʳʙʦʨʢʠ ʩ ʦʞʠʜʘʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʚʳʯʠʩʣʷʝʪʩʷ 
ʩʪʘʪʠʩʪʠʢʘ ʪʝʩʪʘ ʠ ʟʥʘʯʝʥʠʝ p-value. ɽʩʣʠ p-value ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ (ʦʙʳʯʥʦ 
0,05), ʪʦ ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʦʪʚʝʨʛʘʪʴ ʛʠʧʦʪʝʟʫ ʥʦʨʤʘʣʴʥʦʩʪʠ.  

ʊʝʩʪ ɼôɸʛʦʩʪʠʥʦ-ʇʠʨʩʦʥʘ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʜʚʫʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʘʩʠʤʤʝʪʨʠʠ ʠ 
ʵʢʩʮʝʩʩʘ. ʆʥ ʦʙʲʝʜʠʥʷʝʪ ʠʭ ʚ ʝʜʠʥʫʶ ʩʪʘʪʠʩʪʠʢʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʮʝʥʠʪʴ ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ. ʊʝʩʪ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʘʩʠʤʤʝʪʨʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʦʪʢʣʦʥʝʥʠʷʤ ʚ ʬʦʨʤʝ ʭʚʦʩʪʦʚ. 
ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʘ ʘʥʘʣʦʛʠʯʥʘ ʪʝʩʪʫ ʐʘʧʠʨʦ-ʋʠʣʢʘ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʟʥʘʯʝʥʠʶ p-value. 

ʂʨʠʪʝʨʠʡ ɾʘʨʢʘ-ɹʝʨʘ ʪʘʢʞʝ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʘʩʠʤʤʝʪʨʠʠ ʠ ʵʢʩʮʝʩʩʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
ʅʫʣʝʚʘʷ ʛʠʧʦʪʝʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʘʩʠʤʤʝʪʨʠʷ ʨʘʚʥʘ ʥʫʣʶ ʠ ʵʢʩʮʝʩʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

i = 19 

i = 25 

i = 23 

i = 26 


