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ɺʽʪʘʶ, ʰʘʥʦʚʥʽ ʫʯʘʩʥʠʢʠ Xʍ ʄʽʞʥʘʨʦʜʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʧʨʦʙʣʝʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʩʚʽʪʽ, ʥʘʫʮʽ 

ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʅʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ ʪʘ 

ʟʥʘʥʥʷ ʥʘʫʢʦʚʠʭ ʰʢʽʣ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè ʫ ʛʘʣʫʟʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʠʚ ʽʥʪʝʛʨʫʚʘʪʠ ʥʘʰʽ 

ʟʜʦʙʫʪʢʠ ʫ ʨʝʘʣʴʥʽ ʢʝʡʩʠ ʚ ʦʩʚʽʪʽ, ʝʥʝʨʛʝʪʠʮʽ 

ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʽʜʢʨʝʩʣʶʶʯʠ 

ʥʘʜʟʚʠʯʘʡʥʫ ʚʘʞʢʽ ʚʠʢʣʠʢʠ, ʟ ʷʢʠʤʠ 

ʟʽʪʢʥʫʣʘʩʴ ʥʘʰʘ ʢʨʘʾʥʘ ʧʽʜ ʯʘʩ ʚʦʻʥʥʦʛʦ 

ʩʪʘʥʫ, ʭʦʯʫ ʧʽʜʢʨʝʩʣʠʪʠ ʯʠʥʥʠʢʠ, ʱʦ 

ʧʨʠʟʚʝʣʠ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʛʣʷʜʫ ʩʪʨʘʪʝʛʽʾ 

ʨʦʟʚʠʪʢʫ ʪʘ ʮʠʬʨʦʚʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʢʠ. 

ɯʩʥʫʶʯʘ ʛʝʥʝʨʘʮʽʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʝ 

ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ 

ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʟʘʧʘʩʽʚ ʪʘ ʟʨʦʩʪʘʥʥʷ ʮʽʥʠ. ʆʜʥʦʯʘʩʥʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʙôʻʜʥʘʥʥʷ  ʪʨʘʜʠʮʽʡʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʽ ʩʠʩʪʝʤ ʟ 

ʨʦʟʧʦʜʽʣʝʥʦʶ ʛʝʥʝʨʘʮʽʻʶ ʧʨʠ ʘʢʪʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʮʠʭ ʚʘʞʣʠʚʠʭ ʚʠʤʦʛ ʜʦʟʚʦʣʠʣʘ ʩʬʦʨʤʫʣʶʚʘʪʠ 

ʥʦʚʫ ʢʦʥʮʝʧʮʽʶ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʢʠ (ʢʦʥʮʝʧʮʽʷ Smart Grid). ʂʦʥʮʝʧʮʽʷ 

ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʩʠʩʪʝʤʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʥʝʨʛʝʪʠʢʠ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ: ʛʝʥʝʨʘʮʽʷ, ʧʝʨʝʜʘʯʘ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʝʥʝʨʛʽʾ. ɰʾ ʨʝʘʣʽʟʘʮʽʷ ʥʦʩʠʪʴ ʽʥʥʦʚʘʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʩʪʚʦʨʶʻ 

ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʫ ʜʦ ʥʦʚʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʢʣʘʜʫ ʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ ʪʘ ʝʢʦʥʦʤʽʮʽ ʢʨʘʾʥʠ. 

ʈʽʚʝʥʴ ʢʝʨʦʚʘʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʧʦʪʨʝʙʫʻ ʚʽʜʧʦʚʽʜʥʦʾ ʝʣʝʤʝʥʪʥʦʾ 

ʙʘʟʠ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʈʦʟʚʠʪʦʢ ʢʦʥʮʝʧʮʽʾ ʜʦʟʚʦʣʠʪʴ ʨʝʘʣʽʟʫʚʘʪʠ 

ʚʠʤʦʛʠ: ʚʩʽ ʧʨʦʤʠʩʣʦʚʽ ʪʘ ʧʦʙʫʪʦʚʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʯʽ ʦʪʨʠʤʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʤʝʨʝʞʽ, ʩʪʘʥʫʪʴ ʢʝʨʦʚʘʥʠʤʠ ʽ ʙʫʜʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʚʠʤʽʨʶʚʘʥʥʷ ʚʣʘʩʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʧʨʦʙʣʝʤʘʪʠʢʠ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʝʥʝʨʛʝʪʠʢʠ, ʥʘʰʘ ʢʦʥʬʝʨʝʥʮʽʷ ʦʙôʻʜʥʘʣʘ ʥʘʫʢʦʚʮʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ, 

ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʤʝʭʘʪʨʦʥʽʢʠ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ʷʢʽ 

ʧʨʝʟʝʥʪʫʶʪʴ ʥʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʨʦʙʽʪ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʰʚʠʜʢʦ ʪʘ ʝʬʝʢʪʠʚʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʦʻʢʪʠ ʧʦʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʥʘʰʦʾ ʢʨʘʾʥʠ! 

 

ʑʠʨʦ ɺʘʰ    ʘʢʘʜʝʤʽʢ ʅɸʅ ʋʢʨʘʾʥʠ ɻʝʥʥʘʜʽʡ ʇɯɺʅʗʂ 
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ʎʀʌʈʆɺɸ ʊʈɸʅʉʌʆʈʄɸʎɯʗ ɽʅɽʈɻɽʊʀʂʀ 

 

ʋɼʂ 621.316.13 

 

ɻ.ɻ. ʇʽʚʥʷʢ1, ʆ.ʆ. ɸʟʶʢʦʚʩʴʢʠʡ1, ɯ.ʄ. ʃʫʮʝʥʢʦ1, ɭ.ɺ. ʂʦʰʝʣʝʥʢʦ1, ʆ.ʆ. ɿʘʧʠʰʥʠʡ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʇʈʀʅʎʀʇʀ ʈɽɸʃɯɿɸʎɯɰ ʄɯʂʈʆʄɽʈɽɾ ɼʃʗ 

ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ ʉʇʆɾʀɺɸʏɯɺ ʅɸʉɽʃɽʅʀʍ ʇʋʅʂʊɯɺ 

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʢʣʶʯʦʚʽ ʧʨʠʥʮʠʧʠ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʡ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʻʢʪʽʚ ʩʠʩʪʝʤ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ ʜʣʷ ʝʣʝʢʪʨʦʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʦʪʦʯʥʠʭ ʦʙʤʝʞʝʥʴ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʜʫʤʦʚ ʧʽʩʣʷʚʦʻʥʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʝʥʝʨʛʝʪʠʢʠ ʽ ʝʢʦʥʦʤʽʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʽʢʨʦʤʝʨʝʞʘ, ʨʦʟʧʦʜʽʣʝʥʘ ʛʝʥʝʨʘʮʽʷ, E-Mobility, ʫʩʪʘʥʦʚʢʘ ʟʙʝʨʽʛʘʥʥʷ 

ʝʥʝʨʛʽʾ, ʛʨʘʬʽʢ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

 

ɺʩʪʫʧ. ʇʽʩʣʷʚʦʻʥʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ ʩʣʽʜ ʨʝʘʣʽʟʦʚʫʚʘʪʠ 

ʧʦʝʪʘʧʥʦ, ʽʟ ʯʽʪʢʦ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʧʣʘʥʫʚʘʥʥʷ, ʧʘʨʘʣʝʣʴʥʦ ʟ ʥʦʚʠʤʠ 

ʩʝʢʪʦʨʘʣʴʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ. 

1. ɺʽʜʥʦʚʣʝʥʥʷ ʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʛʝʥʝʨʫʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʫ ʤʝʨʝʞʘʭ (ʜʦ 

2030 ʨʦʢʫ). ʆʮʽʥʦʯʥʠʡ ʦʙʩʷʛ ʽʥʚʝʩʪʠʮʽʡ ï 30ï50 ʤʣʨʜ ʜʦʣ. ʉʐɸ. 

2. ɼʦʩʷʛʥʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʩʪʽ ʚ ʤʦʜʝʣʽ 

ñʚʠʨʦʙʥʠʮʪʚʦïʩʧʦʞʠʚʘʥʥʷò (2030ï2040 ʨʦʢʠ). ʆʨʽʻʥʪʦʚʥʘ ʧʦʪʨʝʙʘ ʚ ʽʥʚʝʩʪʠʮʽʷʭ 

ï 70ï120 ʤʣʨʜ ʜʦʣ. ʉʐɸ. 

3. ʅʘʨʦʱʫʚʘʥʥʷ ʯʘʩʪʢʠ ʚʫʛʣʝʮʝʚʦ-ʥʝʡʪʨʘʣʴʥʦʾ ʛʝʥʝʨʘʮʽʾ ʜʦ 70ï80 % (2030ï

2050 ʨʦʢʠ) ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʭʦʜʦʤ ʥʘ ʻʚʨʦʧʝʡʩʴʢʽ ʨʠʥʢʠ ʷʢ ʢʦʥʢʫʨʝʥʪʥʦʛʦ 

ʝʢʩʧʦʨʪʝʨʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʦʥʦʩʽʾʚ. ʆʨʽʻʥʪʦʚʥʠʡ ʽʥʚʝʩʪʠʮʽʡʥʠʡ ʦʙʩʷʛ ï 

50ï100 ʤʣʨʜ ʜʦʣ. ʉʐɸ. 

ʆʩʥʦʚʥʠʤʠ ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʋʢʨʘʾʥʠ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʽ ʽʥʪʝʨʝʩʠ ʪʘ 

ʬʦʨʤʫʶʪʴ ʙʘʟʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʛʘʣʫʟʽ, ʤʘʶʪʴ ʩʪʘʪʠ: 

¶ ʬʦʨʤʫʚʘʥʥʷ ʮʽʣʽʩʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʢʦʩʠʩʪʝʤʠ ʟ ʧʨʦʟʦʨʠʤʠ ʨʠʥʢʦʚʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ, ʷʢʽ ʩʪʠʤʫʣʶʶʪʴ ʛʥʫʯʢʠʡ ʪʘ ʜʠʥʘʤʽʯʥʠʡ 

ʨʦʟʚʠʪʦʢ ʛʘʣʫʟʽ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʟʥʘʯʥʦʛʦ ʧʨʠʚʘʪʥʦʛʦ ʢʘʧʽʪʘʣʫ; 

¶ ʣʽʙʝʨʘʣʽʟʘʮʽʷ ʪʘ ʜʝʤʦʥʦʧʦʣʽʟʘʮʽʷ ʨʠʥʢʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʡ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ; 

¶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʧʦʪʨʝʙ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʚ 

ʦʙʣʘʜʥʘʥʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʽʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ 

ʾʭʥʴʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʩʝʢʪʦʨʫ; 

¶ ʬʦʨʤʫʚʘʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ (10ï20 ʨʦʢʽʚ) ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʩʪʨʘʪʝʛʽʾ 

ʚʟʘʻʤʦʜʽʾ ʥʘ ʟʦʚʥʽʰʥʽʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʠʥʢʘʭ. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʂʣʶʯʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ 

ʚʠʢʣʠʢʽʚ ʝʥʝʨʛʝʪʠʢʠ ʤʘʪʠʤʫʪʴ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʟʚʠʪʦʢ çʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭè ʝʥʝʨʛʦʩʠʩʪʝʤ [1, 4-6]. ʉʚʽʪʦʚʠʡ ʪʨʝʥʜ 

ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʣʽʜʦʚʥʫ ʚʽʜʤʦʚʫ ʚʽʜ ʜʦʤʽʥʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʧʥʦʛʦ 

ʧʘʣʠʚʘ ʪʘ ʽʥʪʝʥʩʠʚʥʝ ʨʦʟʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ʃʦʢʘʣʴʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ (ʤʽʢʨʦʤʝʨʝʞʽ) ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ 

ʘʚʪʦʥʦʤʥʦ ʘʙʦ ʚ ʩʠʥʭʨʦʥʽʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ ʟ ʦʩʥʦʚʥʦʶ ʤʝʨʝʞʝʶ, ʽʥʪʝʛʨʫʶʯʠ 

ʨʦʟʧʦʜʽʣʝʥʫ ʛʝʥʝʨʘʮʽʶ, ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ 

ʢʝʨʫʚʘʥʥʷ. ʋ ʨʝʛʽʦʥʘʭ ʽʟ ʥʝʩʪʘʙʽʣʴʥʠʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷʤ ʽ ʧʽʜʚʠʱʝʥʠʤ 

ʧʦʧʠʪʦʤ ʥʘ çʟʝʣʝʥʫè ʝʥʝʨʛʽʶ ʤʽʢʨʦʤʝʨʝʞʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʪʘ ʩʪʽʡʢʦʩʪʽ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʻʢʪʽʚ ʤʽʢʨʦʤʝʨʝʞʜʣʷ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ ʢʽʣʴʢʦʭ ʙʘʟʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʛʝʥʝʨʫʚʘʣʴʥʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ, ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ. ʊʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʥʦʤʥʦʩʪʽ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʛʥʫʯʢʦʩʪʽ ʨʝʞʠʤʽʚ ʪʘ 

ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʩʥʫʶʯʦʶ ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ. 

ɹʘʟʦʶ ʪʘʢʠʭ ʧʨʦʻʢʪʽʚ ʻ ʧʦʻʜʥʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʪʘ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ. ʋ ʞʠʪʣʦʚʠʭ ʽ ʤʘʣʠʭ ʢʦʤʫʥʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ ʪʘ ʤʘʣʽ ʚʽʪʨʦʚʽ ʪʫʨʙʽʥʠ, ʷʢʽ ʜʦʧʦʚʥʶʶʪʴʩʷ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʘʤʠ ʜʣʷ ʨʝʟʝʨʚʫʚʘʥʥʷ. ʊʠʧʦʚʠʤ ʨʽʰʝʥʥʷʤ ʻ ʛʽʙʨʠʜʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ, ʜʝ 

PV-ʤʦʜʫʣʽ ʧʦʪʫʞʥʽʩʪʶ 10ï100 ʢɺʪ ʽʥʪʝʛʨʫʶʪʴʩʷ ʟ ʽʥʚʝʨʪʦʨʘʤʠ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʟʤʽʥʥʠʡ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʌɽʉ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʩʦʣʷʮʽʡʥʠʤʠ 

ʫʤʦʚʘʤʠ, ʢʫʪʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʥʝʣʝʡ ʽ ʥʘʷʚʥʽʩʪʶ ʟʘʪʽʥʝʥʥʷ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (HOMER, 

PVSyst, PVSol) [2]. 

ʋʩʪʘʥʦʚʢʠ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʻʤʥʽʩʪʶ 50ï500 ʢɺʪĿʛʦʜ ʫʧʨʦʚʘʜʞʫʶʪʴʩʷ ʟ 

ʩʠʩʪʝʤʘʤʠ BMS, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʪʨʦʣʴ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʨʝʞʠʤʽʚ 

ʟʘʨʷʜʞʘʥʥʷ/ʨʦʟʨʷʜʞʘʥʥʷ. ɼʣʷ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʚʦʥʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ 

ʫ ʙʘʣʘʥʩʫʚʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʴ, ʤʘʢʩʠʤʽʟʘʮʽʾ ʩʘʤʦʩʧʦʞʠʚʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʽ 

ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʩʪʽ, ʘ ʾʭʥʷ ʫʯʘʩʪʴ ʫ ʨʠʥʢʦʚʠʭ ʤʝʭʘʥʽʟʤʘʭ 

ʥʘʨʘʟʽ ʻ ʦʙʤʝʞʝʥʦʶ. 

ʄʽʢʨʦʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʠʟʴʢʦʚʦʣʴʪʥʽ ʤʝʨʝʞʽ (0,4ï10 ʢɺ) ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ çʨʦʟʫʤʥʠʭè ʣʽʯʠʣʴʥʠʢʽʚ AMI ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʝʨʫʚʘʥʥʷ 

ʜʚʦʥʘʧʨʘʚʣʝʥʠʤʠ ʧʦʪʦʢʘʤʠ ʝʥʝʨʛʽʾ. ɼʣʷ ʚʟʘʻʤʦʜʽʾ ʦʙʣʘʜʥʘʥʥʷ ʜʦʮʽʣʴʥʠʤ ʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʥʜʘʨʪʫ IEC 61850, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʫ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʟ 

ʮʝʥʪʨʘʣʴʥʦʶ ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ. 

ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʽ ʚʢʣʶʯʘʪʠ ʘʣʛʦʨʠʪʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ, ʘ ʪʘʢʦʞ ʤʦʜʝʣʽ MPC (Model Predictive Control) ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ. ɼʣʷ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʮʝ ʜʘʻ ʟʤʦʛʫ ʨʝʘʣʽʟʫʚʘʪʠ 

ʘʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʯʝʨʝʟ ʩʧʝʮʽʘʣʴʥʽ ʢʦʨʠʩʪʫʚʘʮʴʢʽ ʟʘʩʪʦʩʫʥʢʠ. 
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ʂʨʠʪʠʯʥʠʡ ʪʝʭʥʽʯʥʠʡ ʘʥʘʣʽʟ ʤʽʢʨʦʤʝʨʝʞ ʜʣʷ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʚʠʷʚʣʷʻ 

ʙʘʣʘʥʩ ʤʽʞ ʽʥʥʦʚʘʮʽʡʥʽʩʪʶ ʨʽʰʝʥʴ ʪʘ ʧʨʘʢʪʠʯʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ. ʆʩʥʦʚʥʽ 

ʧʝʨʝʚʘʛʠ:  

Å ʧʽʜʚʠʱʝʥʘ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ;  

Å ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ;  

Å ʤʽʥʽʤʽʟʘʮʽʷ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. 

ɺʦʜʥʦʯʘʩ ʽʩʥʫʶʪʴ ʢʣʶʯʦʚʽ ʚʠʢʣʠʢʠ:  

Å ʚʠʩʦʢʘ ʢʘʧʽʪʘʣʦʤʽʩʪʢʽʩʪʴ ï ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦʤʝʨʝʞʽ ʜʣʷ 100ï500 

ʩʧʦʞʠʚʘʯʽʚ ʦʮʽʥʶʻʪʴʩʷ ʫ 1ï5 ʤʣʥ ʜʦʣ. ʉʐɸ ʟʘʣʝʞʥʦ ʚʽʜ ʤʘʩʰʪʘʙʽʚ ʪʘ ʪʝʭʥʽʯʥʠʭ 

ʨʽʰʝʥʴ;  

Å ʩʢʣʘʜʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ɺɼɽ; ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʤʦʞʣʠʚʝ ʟʥʠʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʥʘ 20ï

30% ʪʘ ʧʦʚʥʝ ʚʽʜʢʣʶʯʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʌɽʉ ʧʽʜ ʯʘʩ ʙʣʝʢʘʫʪʽʚ; ʢʽʙʝʨʟʘʭʠʩʪ ʟʘ IEC 

62351 ʫ ʙʘʛʘʪʴʦʭ ʨʝʘʣʽʟʘʮʽʷʭ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʽʤ; 

Å ʽʥʪʝʛʨʘʮʽʡʥʽ ʪʘ ʨʝʛʫʣʷʪʦʨʥʽ ʙʘʨôʻʨʠ ï ʚʽʜʩʫʪʥʽʩʪʴ ʯʽʪʢʠʭ ʥʦʨʤ ʱʦʜʦ 

ʤʽʢʨʦʤʝʨʝʞ ʫʩʢʣʘʜʥʶʻ ʾʭʥʶ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʟ ʥʘʮʽʦʥʘʣʴʥʦʶ ʤʝʨʝʞʝʶ ʪʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʥʬʣʽʢʪʽʚ ʽʥʪʝʨʝʩʽʚ ʤʽʞ ʦʧʝʨʘʪʦʨʘʤʠ ʪʘ ʩʧʦʞʠʚʘʯʘʤʠ; 

Å ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ï ʜʣʷ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʽʟ ʧʦʥʘʜ 1000 ʩʧʦʞʠʚʘʯʘʤʠ 

ʧʦʪʨʽʙʥʽ ʙʘʛʘʪʦʨʽʚʥʝʚʽ ʤʽʢʨʦʤʝʨʝʞʥʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʱʦ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʦʪʨʝʙʫʻ ʽʥʪʝʥʩʠʚʥʦʾ AI-ʦʧʪʠʤʽʟʘʮʽʾ. 

ʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʤʽʢʨʦʤʝʨʝʞ ʫ ʧʽʣʦʪʥʠʭ ʧʨʦʻʢʪʘʭ (ʧʦʪʫʞʥʽʩʪʶ 50ï200 

ʢɺʪ) ʧʝʨʝʜʙʘʯʘʻ ʦʙʦʚôʷʟʢʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʠʟʠʢ-ʘʥʘʣʽʟʫ ʱʦʜʦ ʢʽʙʝʨʙʝʟʧʝʢʠ ʚ 

ʤʝʞʘʭ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʤʦʜʝʣʽ. ɺʘʞʣʠʚʠʤ ʻ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʩʚʽʜʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʫʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʩʫʤʽʩʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʛʘʨʘʥʪʦʚʘʥʝ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʚʽʜ ʩʠʩʪʝʤ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʛʝʥʝʨʘʮʽʾ. 

ʊʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʟ ʫʧʨʦʚʘʜʞʝʥʥʷ ʤʽʢʨʦʤʝʨʝʞ ʫ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʝʪʘʧʥʠʡ ʨʦʟʚʠʪʦʢ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʜʦʩʷʛʥʝʥʥʷ ʘʚʪʦʥʦʤʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ. ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʤʽʢʨʦʤʝʨʝʞʽ 

ʤʦʞʫʪʴ ʩʪʘʪʠ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ çʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭè 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʟʘ ʫʤʦʚʠ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʽʥʥʦʚʘʮʽʡ ʽ ʧʨʘʢʪʠʯʥʠʭ 

ʧʽʜʭʦʜʽʚ [7]. 

ʈʦʟʚʠʪʦʢ ʛʽʙʨʠʜʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʧʨʠʚʘʪʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʟʽ 

ʟʙʝʨʽʛʘʥʥʷʤ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ ʤʘʻ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʽ ʻ ʢʣʶʯʦʚʠʤ ʥʘʧʨʷʤʦʤ ʥʘ 

ʰʣʷʭʫ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʪʘ ʟʤʽʮʥʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ 

ʛʨʦʤʘʜ [3]. ɿʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ çʟʝʣʝʥʫè ʝʥʝʨʛʽʶ, ʧʨʦʛʨʝʩ ʪʝʭʥʦʣʦʛʽʡ ʽ ʜʝʨʞʘʚʥʘ 

ʧʽʜʪʨʠʤʢʘ ʬʦʨʤʫʶʪʴ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʤʘʩʰʪʘʙʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʽʰʝʥʴ. 

ʇʨʠʢʣʘʜʦʤ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫʩʪʘʥʦʚʦʢ 

ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʢʦʤʝʨʮʽʡʥʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʣʘʩʫ ʩʽʤʝʡʩʪʚʘ LUNA2000 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ Huawei, ʷʢʘ ʚʞʝ ʨʝʘʣʽʟʫʚʘʣʘ ʫ ʩʚʽʪʽ ʧʦʥʘʜ 2 ɻɺʪĿʛʦʜ 

ʧʦʜʽʙʥʠʭ ʨʽʰʝʥʴ (ʨʠʩ. 1). 



 

 

 

 

7 

 

 
ʈʠʩ. 1. BESS LUNA2000 ʟ ʧʦʚʽʪʨʷʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ 

 

ɿʘʣʝʞʥʦ ʚʽʜ ʙʽʟʥʝʩ-ʤʦʜʝʣʽ, ʟʘ ʷʢʦʶ ʧʨʘʮʶʻ ʚʣʘʩʥʠʢ ʋɿɽ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʜʚʘ ʦʩʥʦʚʥʠʭ ʩʮʝʥʘʨʽʾ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ: 

V ʋɿɽ ʥʘ ʚʣʘʩʥʝ ʩʧʦʞʠʚʘʥʥʷ (ʦʩʥʦʚʥʘ ʨʦʣʴ ï ʟʤʝʥʰʝʥʥʷ ʧʣʘʪʠ ʟʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʧʦʩʪʘʯʘʣʴʥʠʢʫ); 

V ʧʨʦʤʠʩʣʦʚʽ ʋɿɽ (ʧʨʘʮʶʶʪʴ ʥʘ ʨʠʥʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟ ʤʝʪʦʶ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʧʨʦʜʘʞʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʘʙʦ 

ʧʦʪʫʞʥʦʩʪʽ ʷʢ ʪʦʚʘʨʫ). 

 

ʇʨʠʢʣʘʜʦʤ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʰʦʛʦ ʩʮʝʥʘʨʽʶ ʤʽʢʨʦʤʝʨʝʞʽ ʟ ʌɽʉ ʪʘ ʋɿɽ ʻ 

ʧʨʦʻʢʪ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʝʣʝʢʪʨʦʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʦʞʠʚʘʯʘ ï 

ʟʘʢʣʘʜʫ ʦʩʚʽʪʠ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʄʽʢʨʦʤʝʨʝʞʘ ʟ ʌɽʉ ʪʘ ʋɿɽ ʥʘ ʧʨʠʢʣʘʜʽ ʟʘʢʣʘʜʫ ʦʩʚʽʪʠ 
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ʄʝʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʋɿɽ ʩʧʦʞʠʚʘʯʘ ʪʘʢʦʛʦ ʪʠʧʫ: 

ʦʧʪʠʤʽʟʘʮʽʷ ʚʣʘʩʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ; ʫʪʠʣʽʟʘʮʽʷ ʥʘʜʣʠʰʢʽʚ ʛʝʥʝʨʘʮʽʾ ʌɽʉ; 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʧʽʜ ʯʘʩ ʚʽʜʢʣʶʯʝʥʴ (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ʈʝʞʠʤ ʨʦʙʦʪʠ ʤʽʢʨʦʤʝʨʝʞʽ ʟʘʢʣʘʜʫ ʦʩʚʽʪʠ ʟ ʌɽʉ ʪʘ ʋɿɽ ʚ ʫʤʦʚʘʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʘʬʽʢʽʚ ʧʦʛʦʜʠʥʥʠʭ ʚʽʜʢʣʶʯʝʥʴ 13.11.2025 ʨ. ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʞʠʚʣʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʦʨʘʥʞʝʚʠʡ ï ʨʦʙʦʪʘ 

ʋɿɽ ʚ off-grid, ʩʠʥʽʡ ï ʞʠʚʣʝʥʥʷ ʚʽʜ ʤʝʨʝʞʽ) 

 

ɼʨʫʛʠʡ ʩʮʝʥʘʨʽʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʩʪʘʥʦʚʦʢ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ (ʋɿɽ) 

ʧʝʨʝʜʙʘʯʘʻ ʾʭʥʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʫ ʩʝʨʝʜʦʚʠʱʽ ʨʠʥʢʫ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʟʦʢʨʝʤʘ: ʥʘʜʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʧʦʩʣʫʛ, ʧʝʨʝʥʝʩʝʥʥʷ ʦʙʩʷʛʽʚ 

ʛʝʥʝʨʘʮʽʾ ʫ ʛʦʜʠʥʠ ʟ ʚʠʱʦʶ ʮʽʥʦʶ, ʤʽʥʽʤʽʟʘʮʽʾ ʚʪʨʘʪ ʫ ʨʘʟʽ ʦʙʤʝʞʝʥʥʷ ʛʝʥʝʨʘʮʽʾ, 

ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʟʘ ʥʝʙʘʣʘʥʩʠ ʪʦʱʦ. ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʬʫʥʢʮʽʡ ʤʦʞʣʠʚʘ ʷʢ ʧʽʜ 

ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʌɽʉ ʽʟ ʋɿɽ ʦʧʪʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʻʤʥʦʩʪʽ, ʪʘʢ ʽ 

ʯʝʨʝʟ ʽʥʪʝʛʨʘʮʽʶ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʜʦ ʚʞʝ ʽʩʥʫʶʯʠʭ ʩʪʘʥʮʽʡ ʟ ʧʦʜʘʣʴʰʠʤ 

ʧʝʨʝʭʦʜʦʤ ʜʦ ʛʽʙʨʠʜʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. ʆʩʥʦʚʥʽ ʮʽʣʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʋɿɽ 

ʚʢʣʶʯʘʶʪʴ: ʦʧʪʠʤʽʟʘʮʽʶ ʚʣʘʩʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ, ʫʪʠʣʽʟʘʮʽʶ ʥʘʜʣʠʰʢʦʚʦʾ 

ʛʝʥʝʨʘʮʽʾ ʉɽʉ ʪʘ ʢʦʥʪʨʦʣʴ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʚ ʪʦʯʮʽ ʧʨʠʻʜʥʘʥʥʷ. 

ʂʦʤʝʨʮʽʡʥʽ ʪʘ ʧʨʦʤʠʩʣʦʚʽ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟʘʟʚʠʯʘʡ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ Smart-ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʦʥʘʥʥʷ 

ʪʠʧʦʚʠʭ ʙʽʟʥʝʩ-ʤʦʜʝʣʝʡ ʽ ʧʽʜʪʨʠʤʢʫ ʥʝʦʙʭʽʜʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʚ ʩʢʣʘʜʽ 

ʤʽʢʨʦʤʝʨʝʞ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ. 
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ʈʝʞʠʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʘʤʦʩʧʦʞʠʚʘʥʥʷ (Maximum Self-Consumption) 

ʧʝʨʝʜʙʘʯʘʻ ʘʢʫʤʫʣʶʚʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʩʦʥʷʯʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʷʢʘ ʥʝ ʩʧʦʞʠʚʘʻʪʴʩʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʋ ʨʘʟʽ ʥʝʜʦʩʪʘʪʥʴʦʾ ʘʙʦ ʚʽʜʩʫʪʥʴʦʾ ʛʝʥʝʨʘʮʽʾ ʋɿɽ ʨʦʟʨʷʜʞʘʻʪʴʩʷ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʞʠʚʣʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʚʣʘʩʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʟʥʠʟʠʪʠ ʦʙʩʷʛ ʽʤʧʦʨʪʦʚʘʥʦʾ ʝʥʝʨʛʽʾ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʤʝʨʝʞʽ. 

ʈʝʞʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʟʘ ʯʘʩʦʤ (Time of Use) ʧʦʣʷʛʘʻ ʫ 

ʨʦʟʨʷʜʞʘʥʥʽ ʙʘʪʘʨʝʾ ʧʽʜ ʯʘʩ ʧʽʢʦʚʠʭ ʪʘʨʠʬʽʚ ʪʘ ʾʾ ʟʘʨʷʜʞʘʥʥʽ ʫ ʧʝʨʽʦʜʠ ʥʠʟʴʢʠʭ 

ʮʽʥ ʟ ʤʝʨʝʞʽ ʘʙʦ ʚʽʜ ʌɽʉ. ʈʝʞʠʤ ʻ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʤ ʟʘ ʥʘʷʚʥʦʩʪʽ ʛʨʘʬʽʢʽʚ 

ʧʣʘʥʦʚʠʭ ʚʽʜʢʣʶʯʝʥʴ (ɻʇɺ), ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʟʘʚʯʘʩʥʦ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʮʠʢʣ ʟʘʨʷʜʞʘʥʥʷ/ʨʦʟʨʷʜʞʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʙʦʪʫ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 

ʈʝʞʠʤ ʟʤʝʥʰʝʥʥʷ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ (Peak Shaving) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʽʜʤʦʚʘʤ ʯʠ 

ʘʚʘʨʽʡʥʠʤ ʚʽʜʢʣʶʯʝʥʥʷʤ, ʘ ʪʘʢʦʞ ʫ ʚʠʧʘʜʢʘʭ ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʛʦʚʽʨʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. ʋɿɽ ʧʨʘʮʶʻ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʢʦʤʧʝʥʩʫʻ ʜʝʬʽʮʠʪ 

ʧʦʪʫʞʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʨʝʞʠʤʫ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʚʝʣʠʯʠʥʫ 

ʜʦʛʦʚʽʨʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ, ʟʘ ʫʤʦʚʠ ʱʦ ʩʧʦʞʠʚʘʯ 

ʧʝʨʝʜʙʘʯʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʋɿɽ ʜʦʩʪʘʪʥʴʦʾ ʻʤʥʦʩʪʽ. 

ʇʝʨʝʣʽʯʝʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʋɿɽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʽʥʝʥʽ ʜʠʩʧʝʪʯʝʨʦʤ 

ʤʽʢʨʦʤʝʨʝʞʽ ʘʙʦ ʚʠʢʦʥʫʚʘʪʠʩʷ ʽʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʝʨʝʤʠʢʘʥʥʷʤ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ. 

ɼʣʷ ʮʴʦʛʦ ʩʠʩʪʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʩʥʘʱʝʥʘ ʽʥʪʝʛʨʦʚʘʥʦʶ ʘʙʦ 

ʩʫʤʽʩʥʦʶ ʩʠʩʪʝʤʦʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ (EMS). ʎʝ ʻ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʤ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʜʦ ʤʽʢʨʦʤʝʨʝʞʽ ʧʽʜʢʣʶʯʝʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʨʽʟʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʦʧʪʠʤʘʣʴʥʝ, ʧʨʽʦʨʠʪʝʪʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʽʯʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʣʶʚʘʥʥʽ ʢʣʶʯʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʪʘ 

ʘʩʧʝʢʪʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʩʧʦʞʠʚʘʯʽʚ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ  ʚ ʫʤʦʚʘʭ ʚʠʤʫʰʝʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ ʜʦ ʛʽʙʨʠʜʥʠʭ 

ʩʠʩʪʝʤ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʽʜʪʚʝʨʜʞʝʥʦʛʦ ʜʦʩʚʽʜʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʪʝʩʪʫʚʘʥʥʽ ʾʾ ʦʩʥʦʚʥʠʭ ʨʝʞʠʤʽʚ.  

ɺʠʩʥʦʚʢʠ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ ʪʠʧʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʤʽʩʪ ʚ 

ʫʤʦʚʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʘʬʽʢʽʚ ʧʦʛʦʜʠʥʥʠʭ ʪʘ ʝʢʩʪʨʝʥʠʭ ʚʽʜʢʣʶʯʝʥʴ ʻ 

ʥʝʤʦʞʣʠʚʠʤ ʙʝʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʻʢʪʽʚ ʡ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ ʫ ʢʦʤʙʽʥʘʮʽʾ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ ʪʘ ʋɿɽ 

ʨʘʮʽʦʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ / ʻʤʥʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʢʦʥʢʨʝʪʥʦʛʦ ʩʧʦʞʠʚʘʯʘ, ʩʧʨʠʷʻ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʜʞʝʨʝʣ 

ʞʠʚʣʝʥʥʷ, ʨʝʘʣʽʟʫʶʯʠ ʩʤʘʨʪ-ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʦʤ ʛʝʥʝʨʘʮʽʾ/ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʫʤʦʚʘʭ ʤʽʢʨʦʤʝʨʝʞʽ. 
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ʖ.ɺ. ʋʜʦʚʽʢʦʚ1, ʖ.ɸ. ʇʘʧʘʾʢʘ2, ɸ.ɺ. ʈʫʭʣʦʚ3, ʆ.ʆ. ʉʝʣʷʥʩʴʢʠʡ3 
1ʐʘʭʪʘ ʽʤ. çɻʝʨʦʾʚ ʂʦʩʤʦʩʫè ʇʨɸʊ çɼʊɽʂ ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè, ʇʘʚʣʦʛʨʘʜ, ʋʢʨʘʾʥʘ 
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 
3ʊʆɺ çʊʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʄʝʪʽʥʚʝʩʪ ʧʦʣʽʪʝʭʥʽʢʘè, ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ 

 

ʇʈɸʂʊʀʏʅʀʁ ɼʆʉɺɯɼ ɺʇʈʆɺɸɼɾɽʅʅʗ ʎʀʌʈʆɺʀʍ 

ʊɽʍʅʆʃʆɻɯʁ ʋ ʇɯɼɿɽʄʅʋ ʉʀʉʊɽʄʋ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ 

ɺʋɻɯʃʔʅʆɰ ʐɸʍʊʀ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ 

ʫ ʧʽʜʚʠʱʝʥʥʽ ʥʘʜʽʡʥʦʩʪʽ, ʢʝʨʦʚʘʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʊʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʚʩʝ ʯʘʩʪʽʰʝ ʧʦʩʪʫʧʘʶʪʴʩʷ ʤʽʩʮʝʤ ʮʠʬʨʦʚʠʤ ʨʽʰʝʥʥʷʤ 

ï ʩʠʩʪʝʤʘʤ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ, ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ ʟʘʩʦʙʘʤ 

ʟʘʭʠʩʪʫ ʪʘ ʟʚôʷʟʢʫ, ʱʦ ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʽʜʟʝʤʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʥʠʞʝʥʥʷ ʘʚʘʨʽʡʥʦʩʪʽ, ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʧʨʦʤʠʩʣʦʚʦʾ ʙʝʟʧʝʢʠ. ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʨʽʰʝʥʴ ʥʘ ʚʫʛʽʣʴʥʽʡ ʰʘʭʪʽ, ʚʠʩʚʽʪʣʝʥʽ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ 

ʚʠʟʥʘʯʝʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʧʽʜʟʝʤʥʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʚʫʛʽʣʴʥʘ 

ʰʘʭʪʘ, ʧʽʜʩʪʘʥʮʽʷ. 

 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʫ ʨʘʤʢʘʭ 

ʢʦʥʮʝʧʮʽʡ Industry 4.0 ʽ 5.0 ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʫ ʧʽʜʚʠʱʝʥʥʽ ʥʘʜʽʡʥʦʩʪʽ, ʢʝʨʦʚʘʥʦʩʪʽ 

ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ  ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. ʊʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʚʩʝ 

ʯʘʩʪʽʰʝ ʧʦʩʪʫʧʘʶʪʴʩʷ ʤʽʩʮʝʤ ʮʠʬʨʦʚʠʤ ʪʝʭʥʦʣʦʛʽʷʤ ï ʩʠʩʪʝʤʘʤ ʤʦʥʽʪʦʨʠʥʛʫ ʡ 

ʜʽʘʛʥʦʩʪʠʢʠ, ʧʣʘʪʬʦʨʤʘʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ ʟʘʩʦʙʘʤ 

ʟʘʭʠʩʪʫ ʪʘ ʟʚôʷʟʢʫ. ʇʦʚôʷʟʘʥʽ ʽʟ ʮʠʤʠ ʘʩʧʝʢʪʘʤʠ ʧʠʪʘʥʥʷ ʰʠʨʦʢʦ ʦʙʛʦʚʦʨʶʶʪʴʩʷ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ ʩʧʽʣʴʥʦʪʦʶ ʋʢʨʘʾʥʠ ʪʘ ʩʚʽʪʫ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʘʭ [1, 2]. 

ɿʘʛʘʣʴʥʦ-ʧʨʦʤʠʩʣʦʚʠʡ ʪʨʝʥʜ ʥʘ ʜʽʜʞʠʪʘʣʽʟʘʮʽʶ ʪʦʨʢʥʫʚʩʷ ʡ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʪʦʤʫ ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʽʜʟʝʤʥʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʟʥʠʞʝʥʥʷ ʘʚʘʨʽʡʥʦʩʪʽ, ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʧʨʦʤʠʩʣʦʚʦʾ ʙʝʟʧʝʢʠ. ʎʠʬʨʦʚʽ ʨʽʰʝʥʥʷ ʧʝʚʥʠʤ 

ʯʠʥʦʤ ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʠʩʪʝʤʘʭ ʞʠʪʪʻ- ʪʘ ʝʣʝʢʪʨʦʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ, ʯʦʤʫ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ [3-6]. ʆʜʥʘʢ ʯʝʨʝʟ ʥʠʟʢʫ ʧʨʠʯʠʥ 

ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʨʽʰʝʥʴ ʩʘʤʝ ʫ ʧʽʜʟʝʤʥʫ ʩʠʩʪʝʤʫ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʱʝ ʥʝ ʟʥʘʡʰʦʚ ʩʚʦʛʦ 

ʥʘʣʝʞʥʦʛʦ ʤʽʩʮʷ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʩʚʽʪʣʝʥʥʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʆʪʞʝ, ʫ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʽ ʪʘ ʨʦʟʢʨʠʪʽ ʦʩʥʦʚʥʽ 

ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ 
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ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʽʜʟʝʤʥʽʡ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʫʛʽʣʴʥʦʾ ʰʘʭʪʠ, ʚʠʩʚʽʪʣʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʾʭ ʨʦʟʚʠʪʢʫ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʐʘʭʪʘ ʽʤ. çɻʝʨʦʾʚ ʂʦʩʤʦʩʫè ʇʨɸʊ çɼʊɽʂ 

ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè ʻ ʦʜʥʠʤ ʟ ʧʨʦʚʽʜʥʠʭ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʝ ʪʽʣʴʢʠ 

ɿʘʭʽʜʥʦʛʦ ɼʦʥʙʘʩʫ, ʘ ʡ ʫʩʽʻʾ ʋʢʨʘʾʥʠ. ʅʘ ʰʘʭʪʽ ʧʣʘʥʦʤʽʨʥʦ ʪʘ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ 

ʚʧʨʦʚʘʜʞʫʶʪʴ ʟʘʭʦʜʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ ʾʾ ʨʦʙʦʪʠ: ʩʫʯʘʩʥʝ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʩʥʦʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʨʝʤʦʥʪʫ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʧʨʦʛʨʝʩʠʚʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ (ʢʝʨʦʚʘʥʠʡ ʬʽʣʴʪʨʦ-

ʢʦʤʧʝʥʩʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʥʘ ʧʦʚʝʨʭʥʽ, ʧʽʜʟʝʤʥʘ ʢʦʤʧʝʥʩʘʮʽʷ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ) ʪʦʱʦ. 

ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʩʫʯʘʩʥʠʡ ʪʨʝʥʜ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʝ 

ʤʽʛ ʦʤʠʥʫʪʠ ʚʫʛʣʝʚʠʜʦʙʫʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ. ʉʢʣʘʜʥʽ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʧʽʜʟʝʤʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʰʘʭʪ 

ʩʪʚʦʨʶʶʪʴ ʟʥʘʯʥʽ ʧʨʦʙʣʝʤʠ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʥʘʜʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʢʦʤʫʪʘʮʽʡʥʦʶ ʪʘ ʟʘʭʠʩʥʦʶ ʘʧʘʨʘʪʫʨʦʶ. ʆʩʦʙʣʠʚʦ ʮʝ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʚʠʙʫʭʦʟʘʭʠʱʝʥʠʭ ʢʦʤʽʨʦʢ (ʂʈʋɺ) ʧʽʜʟʝʤʥʠʭ ʨʦʟʧʦʜʽʣʴʯʠʭ 

ʧʫʥʢʪʽʚ ʈʇʇ ʽ ʮʝʥʪʨʘʣʴʥʠʭ ʧʽʜʩʪʘʥʮʽʡ ʎʇʇ ʥʘʧʨʫʛʦʶ 6 ʢɺ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʞʠʚʣʝʥʥʷ ʫʩʴʦʛʦ ʧʽʜʟʝʤʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʉʘʤʝ ʪʦʤʫ ʥʘ ʰʘʭʪʽ 

ʽʤ. çɻʝʨʦʾʚ ʂʦʩʤʦʩʫè ʟʘʧʨʦʚʘʜʞʝʥʦ ʩʠʩʪʝʤʫ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʙʦʨʫ 

ʜʘʥʠʭ (SCADA, Supervisory Control and Data Acquisition) ʜʣʷ ʢʦʤʽʨʦʢ ʈʇʇ ʽ ʎʇʇ-

6 ʢɺ.  

ɿʘʛʘʣʦʤ ʪʘʢʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʾ: 

Å ʤʦʥʽʪʦʨʠʥʛ: ʟʙʽʨ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʢʦʤʽʨʦʢ; 

Å ʚʽʟʫʘʣʽʟʘʮʽʷ: ʛʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʪʘ ʩʪʘʥʫ ʢʦʤʽʨʦʢ ʥʘ ʝʢʨʘʥʽ 

ʤʦʥʽʪʦʨʘ, ʱʦ ʩʧʨʦʱʫʻ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʦʧʝʨʘʪʦʨʦʤ; 

Å ʢʝʨʫʚʘʥʥʷ: ʜʠʩʪʘʥʮʽʡʥʝ ʢʝʨʫʚʘʥʥʷ ʢʦʤʽʨʢʘʤʠ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ ʦʧʝʨʘʪʦʨʘ; 

Å ʟʙʽʨ ʪʘ ʘʨʭʽʚʫʚʘʥʥʷ ʜʘʥʠʭ: ʨʝʻʩʪʨʘʮʽʷ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ 

ʪʘ ʟʚʽʪʽʚ; 

Å ʩʠʛʥʘʣʽʟʘʮʽʷ: ʩʧʦʚʽʱʝʥʥʷ ʦʧʝʨʘʪʦʨʘ ʧʨʦ ʘʚʘʨʽʡʥʽ ʪʘ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʽ 

ʩʠʪʫʘʮʽʾ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʠʩʪʝʤʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɿ ʩʝʨʚʝʨʥʦʾ ʥʘ 

ʧʦʚʝʨʭʥʽ ʧʨʦʢʣʘʜʝʥʘ ʦʧʪʠʯʥʘ ʣʽʥʽʷ ʟʚôʷʟʢʫ ʚ ʰʘʭʪʫ ʜʦ ʈʇʇ ʪʘ ʎʇʇ. ʋ ʢʦʞʥʦʤʫ 

ʈʇʇ ʚʩʪʘʥʦʚʣʝʥʘ ʰʘʬʘ ʟʚôʷʟʢʫ, ʢʫʜʠ ʟʘʭʦʜʠʪʴ ʦʧʪʠʯʥʠʡ ʢʘʙʝʣʴ ʪʘ ʧʽʜʢʣʶʯʘʻʪʴʩʷ 

ʜʦ ʦʧʪʠʯʥʦʛʦ ʽʩʢʨʦʙʝʟʧʝʯʥʦʛʦ ʢʦʤʫʪʘʪʦʨʘ Mikrotik CRS106, ʘ ʟ ʥʴʦʛʦ ʧʦ ethernet 

ï ʜʦ ʽʩʢʨʦʙʝʟʧʝʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʥʪʝʨʬʝʡʩʫ MOXA N5430i. ɹʝʟʧʦʩʝʨʝʜʥʴʦ 

ʜʦ ʮʴʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʞʝ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʢʦʤʽʨʢʠ. ʋ ʢʦʞʥʽʡ ʢʦʤʽʨʮʽ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʢʦʥʪʨʦʣʝʨ ɹɿʋ-2-11 ʚʠʨʦʙʥʠʮʪʚʘ ʊʆɺ çʈʫʜʧʨʦʤʘʚʪʦʤʘʪʠʢʘè. ʎʝʡ 

ʢʦʥʪʨʦʣʝʨ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʄʆʍɸ ʧʦ RS485 ʽʥʪʝʨʬʝʡʩʫ ʟʘ ʧʨʦʪʦʢʦʣʦʤ Modbus 

RTU. ʅʘ ʦʜʠʥ ʧʦʨʪ ʧʦʩʣʽʜʦʚʥʦ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ 20 ʢʦʤʽʨʦʢ, ʢʦʞʥʘ ʟʽ ʩʚʦʻʶ 

ʘʜʨʝʩʦʶ. ɿʘ ʜʦʧʦʤʦʛʦʶ SCADA-ʩʠʩʪʝʤʠ, ʧʦʙʫʜʦʚʘʥʦʾ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ AVEVA, ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʢʝʨʫʚʘʥʥʷ ʢʦʤʽʨʢʘʤʠ, ʘ ʪʘʢʦʞ 

ʮʽʣʦʜʦʙʦʚʘ ʘʨʭʽʚʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʢʦʥʪʨʦʣʴ, ʟ ʷʢʦʛʦ ʦʙʣʽʢʦʚʦʛʦ ʟʘʧʠʩʫ ʙʫʣʦ 
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ʟʨʦʙʣʝʥʦ ʢʝʨʫʚʘʥʥʷ ʢʦʤʽʨʢʦʶ ʪʘ ʭʪʦ ʟʤʽʥʶʚʘʚ ʫʩʪʘʚʢʠ. ʆʢʨʽʤ ʮʴʦʛʦ, ʩʠʩʪʝʤʘ 

ʜʦʟʚʦʣʷʻ ʦʥʣʘʡʥ ʘʥʘʣʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʚʠʙʫʭʦʟʘʭʠʱʝʥʠʭ ʫʩʪʘʥʦʚʦʢ ʢʦʤʧʝʥʩʘʮʽʾ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʋʂʈɺ-6 ʢɺ. 

ʅʘ ʬʨʘʛʤʝʥʪ ̔ʨʦʙʦʯʦʛʦ ʩʪʦʣʫ ʦʧʝʨʘʪʦʨʘ ʩʠʩʪʝʤʠ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʪʦʧʦʣʦʛʽʷ 

ʫʩʽʻʾ ʩʠʩʪʝʤʠ ʧʽʜʟʝʤʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 6 ʢɺ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʥʝʤʦʩʭʝʤ ʧʦʢʘʟʘʥʽ ʫʩʽ ʢʦʤʽʨʢʠ ʂʈʋɺ-6 ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʪʠʧʫ (ʚʚʽʜʥʘ, ʩʝʢʮʽʡʥʘ, 

ʚʽʜʭʦʜʷʯʠʭ ʧʨʠʻʜʥʘʥʴ).  

ʅʘ ʤʥʝʤʦʩʭʝʤʽ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ʢʦʤʽʨʢʠ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘʩʪʫʧʥʘ 

ʽʥʬʦʨʤʘʮʽʷ  

Å ʩʧʣʠʚʘʶʯʘ ʧʽʜʢʘʟʢʘ; 

Å ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʢʦʤʽʨʢʠ; 

Å ʥʦʤʝʨ ʢʦʤʽʨʢʠ ʥʘ ʩʭʝʤʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ; 

Å ʦʧʠʩ ʩʧʦʞʠʚʘʯʽʚ, ʱʦ ʞʠʚʣʷʪʴʩʷ ʚʽʜ ʢʦʤʽʨʢʠ (ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʝʜʘʛʫʚʘʥʥʷ). 

ʄʥʝʤʦʩʭʝʤʘ ʢʦʤʽʨʢʠ ʤʘʻ ʥʘʩʪʫʧʥʫ ʢʦʣʴʦʨʦʚʫ ʽʥʜʠʢʘʮʽʶ: 

Å ʩʽʨʝ ʰʪʨʠʭʫʚʘʥʥʷ ʥʘ ʙʽʣʦʤʫ ʬʦʥʽ ï ʩʪʘʥ ʢʦʤʽʨʢʠ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ 

ʟ ʧʨʠʯʠʥʠ ʧʦʛʘʥʦʾ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ; 

Å ʯʝʨʚʦʥʘ ï ʥʘʷʚʥʽʩʪʴ ʘʚʘʨʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʢʦʤʽʨʢʠ; 

Å ʞʦʚʪʘ ï ʢʦʤʽʨʢʘ ʚʠʤʢʥʝʥʘ; 

Å ʞʦʚʪʘ ʽʟ ʟʝʣʝʥʠʤ ʙʣʠʤʘʥʥʷʤ ï ʢʦʤʽʨʢʘ ʚʤʠʢʘʻʪʴʩʷ; 

Å ʟʝʣʝʥʘ ï ʢʦʤʽʨʢʘ ʚʚʽʤʢʥʝʥʘ; 

Å ʥʘʧʽʚʧʨʦʟʦʨʝ ʯʝʨʚʦʥʝ ʙʣʠʤʘʥʥʷ ï ʥʘʷʚʥʽʩʪʴ ʥʝʢʚʠʪʦʚʘʥʠʭ (ʥʝ 

ʧʽʜʪʚʝʨʜʞʝʥʠʭ) ʘʚʘʨʽʡʥʠʭ ʧʦʜʽʡ. 

ʂʝʨʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ʢʦʤʽʨʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ Modbus ʨʝʪʨʘʥʩʣʷʪʦʨʫ ɹɿʋ-ʈʂ ʪʘ ʙʣʦʢʘ ʢʝʨʫʚʘʥʥʷ ɹɿʋ-2. ʆʢʨʽʤ 

ʽʥʜʠʢʘʮʽʾ ʩʪʨʫʤʽʚ ʢʦʤʽʨʢʠ, ʥʘʧʨʫʛʠ, ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʩʪʘʥʫ 

ʩʠʛʥʘʣʽʟʘʮʽʾ ɹɿʋ, ʤʥʝʤʦʩʭʝʤʘ ʤʘʻ ʢʥʦʧʢʠ ʚʤʠʢʘʥʥʷ, ʚʠʤʠʢʘʥʥʷ ʪʘ ʜʝʙʣʦʢʫʚʘʥʥʷ 

ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʘʧʘʨʘʪʫ ʢʦʤʽʨʢʠ 6 ʢɺ. 

ʇʨʘʢʪʠʯʥʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʥʘʜʘʥʥʽ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ SCADA ʜʣʷ 

ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʙʦʨʫ ʜʘʥʠʭ ʚʠʙʫʭʦʟʘʭʠʱʝʥʠʤʠ ʢʦʤʽʨʢʘʤʠ ʈʇʇ ʽ 

ʎʇʇ-6 ʢɺ ʧʽʜʟʝʤʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʫʛʽʣʴʥʦʾ ʰʘʭʪʠ. ʇʦʜʘʣʴʰʠʤ 

ʨʦʟʚʠʪʢʦʤ ʚʢʘʟʘʥʦʾ ʩʠʩʪʝʤʠ ʙʘʯʠʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷ ʾʾ ʬʫʥʢʮʽʦʥʘʣʫ ʥʘ ʥʘʩʪʫʧʥʽ 

ʨʽʚʥʽ ʩʭʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʥʘ ʨʽʚʝʥʴ ʧʝʨʝʩʫʚʥʠʭ ʪʘ (ʘʙʦ) 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʢʦʤʧʣʝʢʪʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʧʽʜʩʪʘʥʮʽʡ 6/1,2(0,69) ʢɺ. 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʽʜʟʝʤʥʫ ʩʠʩʪʝʤʫ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʛʽʨʥʠʯʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ, ʢʝʨʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʫ ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʽʦʜʠ ʪʘ ʧʦʢʨʘʱʫʚʘʪʠ 

ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʤʧʝʥʩʫʶʯʠʭ ʫʩʪʘʥʦʚʦʢ. ɿʘʛʘʣʦʤ ʮʠʬʨʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ 

ʧʽʜʟʝʤʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʝʜʝ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʘʤʦʢʝʨʦʚʘʥʠʭ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʦ ʩʪʽʡʢʠʭ ʢʦʤʧʣʝʢʩʽʚ. ɺʦʥʘ ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ, ʟʤʝʥʰʫʻ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʡ ʚʽʜʢʨʠʚʘʻ ʧʨʦʩʪʽʨ ʜʣʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʫ 

ʛʽʨʥʠʯʦʚʠʜʦʙʫʚʥʽʡ ʛʘʣʫʟʽ. 
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ɻ.ɻ. ʇʽʚʥʷʢ1, ʖ.ɸ. ʇʘʧʘʾʢʘ1, ʆ.ɻ. ʃʠʩʝʥʢʦ1, ʄ.ʄ. ʄʘʣʠʰʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʇʈɸʂʊʀʏʅʀʁ ɼʆʉɺɯɼ ɺʇʈʆɺɸɼɾɽʅʅʗ ʎʀʌʈʆɺʀʍ 

ʊɽʍʅʆʃʆɻɯʁ ʋ ʉʀʉʊɽʄɯ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ 

ɸʊ çʅɯʂʆʇʆʃʔʉʔʂʀʁ ɿɸɺʆɼ ʌɽʈʆʉʇʃɸɺɯɺè 

 
ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʫʟʘʛʘʣʴʥʝʥʦ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ɸʊ çʅʽʢʦʧʦʣʴʩʴʢʠʡ ʟʘʚʦʜ 

ʬʝʨʦʩʧʣʘʚʽʚè ʱʦʜʦ ʮʠʬʨʦʚʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʟ ʦʩʦʙʣʠʚʠʤ ʘʢʮʝʥʪʦʤ 

ʥʘ ʨʦʟʚʠʪʦʢ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʚʣʘʩʥʦʾ SCADA-ʤʝʨʝʞʽ. ʇʦʢʘʟʘʥʦ, ʷʢ ʧʦʙʫʜʦʚʘ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ 

ʩʠʩʪʝʤʠ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʢʦʥʪʨʦʣʶ, ʦʧʝʨʘʪʠʚʥʦʛʦ ʟʙʦʨʫ ʜʘʥʠʭ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʜʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʡʪʠ ʚʽʜ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʢʦʥʪʨʦʣʶ ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʧʦʚʥʦʮʽʥʥʦʛʦ 

ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʛʦʩʧʦʜʘʨʩʪʚʦʤ. 

ʆʧʠʩʘʥʦ ʢʣʶʯʦʚʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ: ʤʦʜʝʨʥʽʟʘʮʽʶ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ, ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʞʠʚʠʣʴʥʠʭ ʽ ʨʦʟʧʦʜʽʣʴʯʠʭ ʧʽʜʩʪʘʥʮʽʷʭ, ʨʦʟʰʠʨʝʥʥʷ ʩʠʩʪʝʤʠ 

ʢʦʤʝʨʮʽʡʥʦʛʦ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʽʢʫ, ʘ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʘʥʘʣʽʟʫ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ 

ʜʽʘʛʥʦʩʪʠʢʠ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʦʥʦʚʣʝʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʟʘʩʚʽʜʯʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʨʝʘʛʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʜʦʩʚʽʜ ʜʝʤʦʥʩʪʨʫʻ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʮʠʬʨʦʚʠʭ ʨʽʰʝʥʴ ʫ ʩʢʣʘʜʥʠʭ 

ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

SCADA-ʤʝʨʝʞʽ ʷʢ ʦʩʥʦʚʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʢʝʨʦʚʘʥʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʠʬʨʦʚʽʟʘʮʽʷ, SCADA-ʤʝʨʝʞʘ, ʜʠʩʧʝʪʯʝʨʩʴʢʠʡ ʢʦʥʪʨʦʣʴ, 

ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪ, ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʤʦʥʽʪʦʨʠʥʛ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ, ʜʽʘʛʥʦʩʪʠʢʘ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ɸʊ çʅɿʌè. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʚʠʤʦʛʠ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʢʝʨʦʚʘʥʦʩʪʽ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ ʢʦʤʧʣʝʢʩʥʠʭ ʮʠʬʨʦʚʠʭ ʨʽʰʝʥʴ. ɼʣʷ 

ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʝʥʝʨʛʦʻʤʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʪʘʢʠʭ ʷʢ ɸʊ çʅʽʢʦʧʦʣʴʩʴʢʠʡ ʟʘʚʦʜ 

ʬʝʨʦʩʧʣʘʚʽʚè, ʩʪʘʙʽʣʴʥʽʩʪʴ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʪʘ ʨʽʚʝʥʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ. 

ʋ ʮʠʭ ʫʤʦʚʘʭ ʮʠʬʨʦʚʽʟʘʮʽʷ ʝʥʝʨʛʦʛʦʩʧʦʜʘʨʩʪʚʘ ʧʝʨʝʩʪʘʻ ʙʫʪʠ ʣʠʰʝ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʤʦʜʝʨʥʽʟʘʮʽʾ ʡ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʢʣʶʯʦʚʠʡ ʝʣʝʤʝʥʪ ʩʪʨʘʪʝʛʽʯʥʦʛʦ 

ʨʦʟʚʠʪʢʫ. ʎʝʥʪʨʘʣʴʥʝ ʤʽʩʮʝ ʚ ʮʽʡ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʟʘʡʤʘʻ ʧʦʙʫʜʦʚʘ ʩʫʯʘʩʥʦʾ 

SCADA-ʤʝʨʝʞʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʧʝʨʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ 

ʦʙʣʘʜʥʘʥʥʷ, ʜʠʩʪʘʥʮʽʡʥʝ ʢʝʨʫʚʘʥʥʷ ʪʘ ʛʥʫʯʢʫ ʽʥʪʝʛʨʘʮʽʶ ʥʦʚʠʭ ʬʫʥʢʮʽʡ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 

ʇʝʨʝʭʽʜ ʜʦ ʮʠʬʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʜʝʪʘʣʽʟʘʮʽʶ 

ʦʙʣʽʢʫ, ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʈʘʟʦʤ ʽʟ ʪʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʤʘʛʘʻ 
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ʘʜʘʧʪʘʮʽʾ ʽʩʥʫʶʯʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʜʘʥʠʭ ʪʘ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʧʽʜʭʦʜʽʚ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ɸʊ ʅɿʌ ʫ ʨʦʟʛʦʨʪʘʥʥʽ ʪʘ 

ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷʤ, ʘ ʪʘʢʦʞ ʦʢʨʝʩʣʝʥʦ 

ʪʽ ʨʝʟʫʣʴʪʘʪʠ ʡ ʧʝʨʝʚʘʛʠ, ʷʢʽ ʦʪʨʠʤʘʥʦ ʚʥʘʩʣʽʜʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʦʾ 

SCADA-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʟ ʷʢʦʶ ʟʽʪʢʥʫʣʦʩʴ ɸʊ çʅɿʌè, 

ʙʫʣʘ ʬʨʘʛʤʝʥʪʘʨʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʪʘ ʥʠʟʴʢʘ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ 

ʩʪʘʥ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʚ ʨʽʟʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʨʦʟʜʽʣʘʭ. ʅʘʷʚʥʽ ʩʠʩʪʝʤʠ ʥʝ 

ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʧʦʚʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʤʽʞ ʧʽʜʩʪʘʥʮʽʷʤʠ, ʱʠʪʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʢʦʤʝʨʮʽʡʥʠʤʠ ʚʫʟʣʘʤʠ ʦʙʣʽʢʫ, ʱʦ ʫʩʢʣʘʜʥʶʚʘʣʦ ʩʚʦʻʯʘʩʥʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ 

ʘʚʘʨʽʡʥʽ ʨʝʞʠʤʠ ʪʘ ʧʝʨʝʰʢʦʜʞʘʣʦ ʚʧʨʦʚʘʜʞʝʥʥʶ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ. ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ, ʯʘʩʪʠʭ ʟʤʽʥ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʪʘ ʟʦʚʥʽʰʥʽʭ ʨʠʟʠʢʽʚ ʚʠʥʠʢʣʘ ʧʦʪʨʝʙʘ ʫ ʻʜʠʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, 

ʟʜʘʪʥʦʤʫ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʚʥʫ ʧʨʦʟʦʨʽʩʪʴ ʽ ʢʝʨʦʚʘʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 

ɿʘʚʜʘʥʥʷʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʪʘʣʦ ʩʪʚʦʨʝʥʥʷ ʤʘʩʰʪʘʙʦʚʘʥʦʾ SCADA-ʤʝʨʝʞʽ, 

ʷʢʘ ʦʭʦʧʣʶʚʘʣʘ ʙ ʫʩʽ ʢʣʶʯʦʚʽ ʝʣʝʤʝʥʪʠ ʝʥʝʨʛʦʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʜʦʟʚʦʣʷʣʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʟʙʽʨ, ʦʙʨʦʙʢʫ ʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʇʦʪʨʽʙʥʦ ʙʫʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷʤ, 

ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʪʠʧʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʣʽʢʫ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʜʠʩʧʝʪʯʝʨʽʚ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʩʣʫʞʙ. ʈʝʘʣʽʟʘʮʽʷ ʮʠʭ ʟʘʚʜʘʥʴ ʤʘʣʘ ʩʪʚʦʨʠʪʠ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

ʟʘʚʦʜʫ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʋ ʧʨʦʮʝʩʽ ʮʠʬʨʦʚʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɸʊ çʅɿʌè ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʩʪʘʣʦ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʾ 

SCADA-ʤʝʨʝʞʽ, ʟʜʘʪʥʦʾ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʦʙʤʽʥ ʜʘʥʠʤʠ ʤʽʞ 

ʧʽʜʩʪʘʥʮʽʷʤʠ, ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʜʠʩʧʝʪʯʝʨʩʴʢʠʤʠ ʧʫʥʢʪʘʤʠ. ɼʣʷ 

ʮʴʦʛʦ ʙʫʣʘ ʨʦʟʛʦʨʥʫʪʘ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʘ ʧʣʘʪʬʦʨʤʘ ʟʙʦʨʫ ʪʘ ʣʦʛʫʚʘʥʥʷ ʜʘʥʠʭ, 

ʱʦ ʜʦʟʚʦʣʠʣʘ ʩʪʘʥʜʘʨʪʠʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʟʚôʷʟʢʫ, ʩʪʨʫʢʪʫʨʫ ʩʠʛʥʘʣʽʚ ʽ ʤʝʪʦʜʠ 

ʚʟʘʻʤʦʜʽʾ ʟ ʦʙʣʘʜʥʘʥʥʷʤ. ʎʝʥʪʨʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʩʪʘʚ ʤʦʜʫʣʴ ʢʦʥʬʽʛʫʨʘʮʽʾ, 

ʫ ʷʢʦʤʫ ʥʘʣʘʰʪʦʚʫʚʘʣʠʩʴ ʧʦʨʪʠ ʟʚôʷʟʢʫ, ʧʨʦʪʦʢʦʣʠ Modbus RTU/TCP, ʘʜʨʝʩʘʮʽʷ 

ʧʨʠʩʪʨʦʾʚ ʪʘ ʧʘʨʘʤʝʪʨʠ ʣʦʛʫʚʘʥʥʷ. ʂʦʞʝʥ ʧʦʨʪ ʢʦʥʪʨʦʣʝʨʘ ʦʪʨʠʤʘʚ ʚʠʟʥʘʯʝʥʠʡ 

ʧʝʨʝʣʽʢ ʧʨʠʻʜʥʘʥʠʭ ʚʫʟʣʽʚ, ʘ ʧʽʜʩʪʘʥʮʽʾ ʙʫʣʠ ʟʚʝʜʝʥʽ ʚ ʻʜʠʥʝ ʽʥʬʦʨʤʘʮʽʡʥʝ ʧʦʣʝ, 

ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʜʠʩʪʘʥʮʽʡʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʪʘ ʩʪʘʥ ʢʦʤʫʪʘʮʽʡʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. 

ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʙʫʣʘ ʧʨʠʜʽʣʝʥʘ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʜʘʥʠʭ, ʟʦʢʨʝʤʘ 

ʬʦʨʤʫʚʘʥʥʶ ʘʥʘʣʦʛʦʚʠʭ ʪʘ ʜʠʩʢʨʝʪʥʠʭ ʩʠʛʥʘʣʽʚ. ɼʣʷ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ ʟʘʜʘʚʘʣʠʩʴ 

ʘʜʨʝʩʠ ʨʝʛʽʩʪʨʽʚ, ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʬʫʥʢʮʽʾ Modbus ʪʘ ʪʠʧʠ ʘʜʨʝʩ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʠʚ ʦʜʥʦʨʽʜʥʽʩʪʴ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʪʘ ʜʦʟʚʦʣʠʚ 

ʚʠʢʣʶʯʠʪʠ ʨʦʟʙʽʞʥʦʩʪʽ ʫ ʚʠʤʽʨʶʚʘʥʥʷʭ, ʱʦ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʦʙʦʪʽ ʟ 

ʦʙʣʘʜʥʘʥʥʷʤ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ. ɿʘʚʜʷʢʠ ʩʠʩʪʝʤʽ ʣʦʛʫʚʘʥʥʷ ʚʜʘʣʦʩʷ ʩʪʚʦʨʠʪʠ 
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ʧʦʚʥʦʮʽʥʥʽ ʽʩʪʦʨʠʯʥʽ ʟʘʧʠʩʠ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʦʜʽʡ ʪʘ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʪʝʭʥʽʯʥʠʡ ʘʥʘʣʽʟ ʽ ʧʽʜʚʠʱʫʚʘʪʠ ʷʢʽʩʪʴ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʨʽʰʝʥʴ. 

ɺ ʦʩʥʦʚʫ SCADA-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʙʫʣʠ ʧʦʢʣʘʜʝʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʦʣʴʦʚʽ 

ʧʨʠʩʪʨʦʾ ʪʠʧʫ UMD (Universal Measurement Device) ʪʘ UCD (Universal Control 

Device). UMD ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ, ʜʦ 

ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʢʘʥʘʣʠ ʧʽʜʢʣʶʯʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ, 

ʚʠʩʦʢʦʪʦʯʥʽ ɸʎʇ, ʧʨʦʮʝʩʦʨʥʠʡ ʙʣʦʢ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʠʡ 

ʤʦʜʫʣʴ. ʇʨʠʩʪʨʦʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʢʣʶʯʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ð ʥʘʧʨʫʛʠ, ʩʪʨʫʤʫ, ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʯʘʩʪʦʪʠ, 

ʧʝʨʝʢʦʩʽʚ ʬʘʟ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʶʪʴ ʪʝʣʝʤʝʪʨʽʶ ʜʣʷ SCADA. ɸʨʭʽʪʝʢʪʫʨʘ UMD 

ʚʢʣʶʯʘʻ ʛʘʣʴʚʘʥʽʯʥʫ ʨʦʟʚôʷʟʢʫ, FRAM/EEPROM ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ 

ʤʦʜʫʣʴ ʣʦʛʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʝʩʪʠ ʧʨʦʬʽʣʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʧʨʠʩʪʨʦʾ. UCD, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʣʦʛʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʢʝʨʫʚʘʥʥʷ. 

ɺʦʥʠ ʦʩʥʘʱʝʥʽ ʦʢʨʝʤʠʤ ʧʨʦʮʝʩʦʨʥʠʤ ʙʣʦʢʦʤ ʟ ʧʽʜʪʨʠʤʢʦʶ ʘʣʛʦʨʠʪʤʽʚ 

ʧʫʩʢʫ/ʦʩʪʘʥʦʚʫ, ʤʽʞʟʘʭʠʩʥʠʭ ʙʣʦʢʫʚʘʥʴ, ʬʦʨʤʫʚʘʥʥʷʤ ʢʦʤʘʥʜ ʥʘ ʚʠʢʦʥʘʚʯʽ 

ʤʝʭʘʥʽʟʤʠ ʪʘ ʬʽʢʩʘʮʽʻʶ ʩʪʘʥʽʚ ʜʠʩʢʨʝʪʥʠʭ ʚʭʦʜʽʚ. ʅʘʷʚʥʽʩʪʴ ʽʟʦʣʴʦʚʘʥʠʭ 

ʜʠʩʢʨʝʪʥʠʭ ʚʭʦʜʽʚ ʽ ʚʠʭʦʜʽʚ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ UCD ʽʟ ʚʠʤʠʢʘʯʘʤʠ, 

ʢʦʥʪʘʢʪʦʨʘʤʠ, ʨʝʣʝʡʥʠʤʠ ʩʭʝʤʘʤʠ ʪʘ ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʽʜʩʪʘʥʮʽʡ. 

ʂʦʤʫʥʽʢʘʮʽʡʥʠʡ ʤʦʜʫʣʴ UCD ʟʘʙʝʟʧʝʯʫʻ ʦʙʤʽʥ ʽʟ SCADA ʧʦ Modbus RTU/TCP, 

ʘ ʤʦʜʫʣʴ ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʠ ʢʦʥʪʨʦʣʶʻ ʥʘʧʨʫʛʫ ʞʠʚʣʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ 

ʩʧʨʘʚʥʽʩʪʴ ʩʠʛʥʘʣʴʥʠʭ ʣʘʥʮʶʛʽʚ. 

ɯʥʪʝʛʨʘʮʽʷ UMD ʪʘ UCD ʫ ʻʜʠʥʫ SCADA-ʤʝʨʝʞʫ ʩʪʚʦʨʠʣʘ ʙʘʛʘʪʦʨʽʚʥʝʚʫ 

ʘʨʭʽʪʝʢʪʫʨʫ, ʜʝ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʣʦʛʽʢʘ ʢʝʨʫʚʘʥʥʷ ʧʨʘʮʶʶʪʴ ʫʟʛʦʜʞʝʥʦ. UMD 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʪʦʯʥʠʡ ʟʙʽʨ ʪʝʣʝʤʝʪʨʽʾ, ʘ UCD ï ʟʘ ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʢʦʤʘʥʜ 

ʪʘ ʨʝʘʣʽʟʘʮʽʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ɼʠʩʧʝʪʯʝʨʩʴʢʘ ʩʣʫʞʙʘ ʦʪʨʠʤʘʣʘ 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʩʽ ʢʣʶʯʦʚʽ ʧʨʦʮʝʩʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʦʮʽʥʶʚʘʪʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʽʜʭʠʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʧʨʦʚʘʜʞʝʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʠʣʘ ʷʢʽʩʥʦ ʥʦʚʠʡ ʨʽʚʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʝʥʝʨʛʦʛʦʩʧʦʜʘʨʩʪʚʘ ɸʊ çʅɿʌè. ʉʪʘʥʜʘʨʪʠʟʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ, 

ʛʥʫʯʢʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʧʨʠʩʪʨʦʾʚ, ʜʝʪʘʣʴʥʝ ʣʦʛʫʚʘʥʥʷ ʪʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʩʪʚʦʨʠʣʠ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʮʠʬʨʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʋ ʤʝʞʘʭ ʮʠʬʨʦʚʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʙʫʣʘ 

ʚʧʨʦʚʘʜʞʝʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʤʝʨʝʞʝʚʦʛʦ ʪʘ ʩʝʨʚʝʨʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʠʡ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʧʨʠʩʪʨʦʾʚ, 

ʾʭʥʻ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʧʘʨʘʤʝʪʨʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ. ʊʘʢʠʡ ʽʥʩʪʨʫʤʝʥʪ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ, ʮʝʥʪʨʘʭ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʽʟ ʨʦʟʛʘʣʫʞʝʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʪʘ ʩʝʨʝʜ ʧʨʦʚʘʡʜʝʨʽʚ, ʦʩʢʽʣʴʢʠ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʧʦʚʥʫ ʢʘʨʪʠʥʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʩʽʭ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. 
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ʉʠʩʪʝʤʘ ʧʽʜʪʨʠʤʫʻ ʨʦʙʦʪʫ ʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ, ʢʦʤʫʪʘʪʦʨʘʤʠ, 

ʩʝʨʚʝʨʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ (Linux, Windows, BSD), ʩʠʩʪʝʤʘʤʠ ʟʙʝʨʽʛʘʥʥʷ, 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʥʘ ʢʰʪʘʣʪ ɼɹɾ 

ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʞʠʚʣʝʥʥʷ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʪʘʢʠʭ ʧʨʦʪʦʢʦʣʽʚ, 

ʷʢ SNMP, IPMI, LLDP ʪʘ ʨʽʟʥʠʭ API-ʽʥʪʝʨʬʝʡʩʽʚ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʠʨʦʢʝ 

ʦʭʦʧʣʝʥʥʷ ʪʝʣʝʤʝʪʨʽʾ. 

ʆʩʥʦʚʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʻ ʤʦʥʽʪʦʨʠʥʛ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʧʨʦʮʝʩʦʨ, 

ʦʧʝʨʘʪʠʚʥʘ ʧʘʤôʷʪʴ, ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʽʥʪʝʨʬʝʡʩʽʚ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʞʠʚʣʝʥʥʷ), ʘʚʪʦʤʘʪʠʯʥʝ ʚʠʷʚʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟʘ IP-ʘʜʨʝʩʦʶ ʪʘ ʧʦʙʫʜʦʚʘ 

ʽʩʪʦʨʠʯʥʠʭ ʛʨʘʬʽʢʽʚ. ʋ ʨʘʟʽ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʥʦʨʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʩʠʩʪʝʤʘ ʥʘʜʩʠʣʘʻ 

ʩʧʦʚʽʱʝʥʥʷ ʧʨʦ ʥʝʜʦʩʪʫʧʥʽʩʪʴ ʧʨʠʩʪʨʦʾʚ, ʘʥʦʤʘʣʴʥʠʡ ʨʽʩʪ ʯʠ ʧʘʜʽʥʥʷ ʪʨʘʬʽʢʫ, 

ʧʽʜʚʠʱʝʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʘʙʦ ʟʘʧʦʚʥʝʥʥʷ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ. ʅʘʷʚʥʽʩʪʴ 

ʜʝʪʘʣʴʥʦʾ ʽʩʪʦʨʽʾ ʨʦʙʦʪʠ ʜʘʻ ʟʤʦʛʫ ʧʣʘʥʫʚʘʪʠ ʤʦʜʝʨʥʽʟʘʮʽʶ, ʦʮʽʥʶʚʘʪʠ 

ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɿʘʚʜʷʢʠ ʧʨʦʩʪʦʤʫ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʫ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʢʝʨʫʚʘʥʥʷ 

ʬʫʥʢʮʽʷʤʠ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʯʝʨʝʟ ʙʫʜʴ-ʷʢʠʡ ʙʨʘʫʟʝʨ. ʉʠʩʪʝʤʘ ʜʦʙʨʝ 

ʧʽʜʭʦʜʠʪʴ ʩʘʤʝ ʜʣʷ ʤʝʨʝʞʝʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʙʝʟ ʩʢʣʘʜʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʝʬʝʢʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

 

 

ʈʠʩ. 1. ʉʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʤʝʨʝʞʽ 

 

ʇʨʘʢʪʠʯʥʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʤʝʨʝʞʝʚʦʾ ʪʘ ʩʝʨʚʝʨʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʦʧʝʨʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ, ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 
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ʙʝʟʧʝʢʠ ʪʘ ʜʦʟʚʦʣʷʻ ʩʚʦʻʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʚʽʜʭʠʣʝʥʥʷ ʫ ʨʦʙʦʪʽ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʟʙʽʨ ʪʝʣʝʤʝʪʨʽʾ, ʩʪʚʦʨʠʪʠ ʻʜʠʥʝ ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʘʥʘʣʽʟʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʥʠʟʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʘʚʘʨʽʡʥʠʭ 

ʧʨʦʩʪʦʾʚ. ʈʝʘʣʽʟʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɺʠʩʥʦʚʢʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʠʩʪʝʤʫ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʪʘʥ 

ʤʝʨʝʞʝʚʦʛʦ ʪʘ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʟʙʦʾʚ ʪʘ ʘʥʦʤʘʣʽʡ, ʧʽʜʚʠʱʫʶʯʠ ʥʘʜʽʡʥʽʩʪʴ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. 

ʎʠʬʨʦʚʽ ʧʣʘʪʬʦʨʤʠ ʘʚʪʦʤʘʪʠʟʫʶʪʴ ʟʙʽʨ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ, ʱʦ ʦʧʪʠʤʽʟʫʻ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʟʥʠʞʫʻ ʚʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʩʠʩʪʝʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʣʘʥʫʚʘʪʠ ʪʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʟʘʧʦʙʽʛʘʪʠ ʘʚʘʨʽʡʥʠʤ ʩʠʪʫʘʮʽʷʤ. ʎʠʬʨʦʚʽʟʘʮʽʷ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ɿʘʛʘʣʦʤ, ʽʥʪʝʛʨʘʮʽʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʫ ʝʥʝʨʛʦʩʠʩʪʝʤʫ ʩʪʚʦʨʶʻ 

ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ, ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʥʘʜʽʡʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 
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1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʄɽʊʆɼʀ ʄɯʅɯʄɯɿɸʎɯɰ ʂʆʈʆɿɯʁʅʀʍ ʈʀɿʀʂɯɺ ɺʀʂʃʀʂɸʅʀʍ 

ʈʆɹʆʊʆʖ ʉʋʄɯɾʅʀʍ ʉʊɸʅʎɯʁ ʂɸʊʆɼʅʆɻʆ ɿɸʍʀʉʊʋ 

 
ɸʥʦʪʘʮʽʷ. ʅʘʚʝʜʝʥʦ ʤʝʪʦʜʠ, ʱʦ ʩʧʦʚʽʣʴʥʶʶʪʴ ʧʨʦʮʝʩʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʢʦʨʦʟʽʾ 

ʧʽʜʟʝʤʥʠʭ ʩʪʘʣʝʚʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ ʩʫʤʽʞʥʦʶ ʨʦʙʦʪʦʶ ʩʪʘʥʮʽʡ ʢʘʪʦʜʥʦʛʦ 

ʟʘʭʠʩʪʫ. ʇʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʤʽʥʽʤʽʟʘʮʽʾ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ ʚ ʪʦʯʢʘʭ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʚʦʭ ʩʫʤʽʞʥʠʭ ʉʂɿ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʽʜʟʝʤʥʽ ʩʪʘʣʝʚʽ ʪʨʫʙʦʧʨʦʚʦʜʠ, ʩʪʘʥʮʽʾ ʢʘʪʦʜʥʦʛʦ ʟʘʭʠʩʪʫ, 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ ʢʦʨʦʟʽʷ, ʟʘʭʠʩʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʘʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ, ʨʽʟʥʠʮʷ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ. 

 

ɺʩʪʫʧ. ʉʝʨʝʜ ʢʨʘʾʥ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʋʢʨʘʾʥʘ ʤʘʻ ʦʜʥʫ ʟ ʥʘʡʙʽʣʴʰ 

ʧʨʦʪʷʞʥʠʭ ʽ ʨʦʟʛʘʣʫʞʝʥʠʭ ʤʝʨʝʞ ʛʘʟʦʧʨʦʚʽʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟʽ ʩʢʣʘʜʥʦʶ 

ʪʦʧʦʣʦʛʽʻʶ. ɻʘʟʦʪʨʘʥʩʧʦʨʪʥʘ ʉʠʩʪʝʤʠ (ɻʊʉ) ʋʢʨʘʾʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʣʠʟʴʢʦ 33,2 

ʪʠʩ. ʢʤ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʱʦ ʻ ʜʨʫʛʠʤ ʧʦʢʘʟʥʠʢʦʤ ʚ ɭʚʨʦʧʽ (ʧʝʨʰʝ 

ʤʽʩʮʝ ʧʦʩʽʜʘʻ ʅʽʤʝʯʯʠʥʘ ʟ 40 ʪʠʩ. ʢʤ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ) [1], ʪʘ 

ʨʦʟʚʠʥʝʥʘ ɻʘʟʦʨʦʟʧʦʜʽʣʴʥʘ ʤʝʨʝʞʘ (ɻʈʄ), ʷʢʘ ʟʘ ʜʘʥʠʤʠ ʅʂʈɽʂʇ ʩʷʛʘʻ ʙʣʠʟʴʢʦ 

290 ʪʠʩ. ʢʤ [2]. 

ɺʨʘʭʦʚʫʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʱʦʜʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ, ʤʽʥʽʤʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʦʛʦʜʥʠʭ 

ʫʤʦʚ ʪʘ ʟʜʘʪʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʛʘʟʫ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʜʦ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʨʦʙʦʪʠ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʚʠʩʫʚʘʶʪʴʩʷ ʩʫʚʦʨʽ ʚʠʤʦʛʠ 

ʱʦʜʦ ʾʭ ʮʽʣʽʩʥʦʩʪʽ, ʟʙʝʨʝʞʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉʪʘʣʝʚʽ 

ʧʽʜʟʝʤʥʽ ʛʘʟʦʧʨʦʚʦʜʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʤʝʭʘʥʽʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʜʦ ʚʧʣʠʚʫ ʛʝʦʪʝʢʪʦʥʽʯʥʠʭ ʟʩʫʚʽʚ ˇʨʫʥʪʫ ʽ ʜʦʚʛʦʪʨʠʚʘʣʠʤ ʪʝʨʤʽʥʦʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʪʘʢʦʞ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ. ɺʦʜʥʦʯʘʩ, ʩʪʘʣʝʚʽ ʪʨʫʙʦʧʨʦʚʦʜʠ ʤʘʶʪʴ ʩʭʠʣʴʥʽʩʪʴ ʜʦ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʢʦʨʦʟʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʛʦʥʫ, ʧʦʷʚʠ ʪʨʽʱʠʥ, ʧʽʪʽʥʛʽʚ ʪʘ ʥʘʩʢʨʽʟʥʠʭ ʦʪʚʦʨʽʚ, ʷʢʽ ʦʢʨʽʤ 

ʧʨʷʤʠʭ ʚʪʨʘʪ ʪʨʘʥʩʧʦʨʪʫʻʤʦʛʦ ʧʨʠʨʦʜʥʴʦʛʦ ʛʘʟʫ ʪʘʢʦʞ ʬʦʨʤʫʶʪʴ ʥʝʛʘʪʠʚʥʽ 

ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ. 

ɼʣʷ ʟʘʭʠʩʪʫ ʧʽʜʟʝʤʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʚʽʜ ʢʦʨʦʟʽʡʥʠʭ ʚʧʣʠʚʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʢʪʠʚʥʠʡ ʟʘʭʠʩʪ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʷʢʦʛʦ ʻ ʩʪʘʥʮʽʾ 

ʢʘʪʦʜʥʦʛʦ ʟʘʭʠʩʪʫ (ʉʂɿ), ʨʦʟʪʘʰʦʚʘʥʽ ʚʟʜʦʚʞ ʥʠʪʢʠ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʜʞʝʨʝʣ ʟʦʚʥʽʰʥʴʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʧʨʠʛʥʽʯʫʻ ʽ ʩʧʦʚʽʣʴʥʶʻ 

ʢʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ [3]. ʋ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʘ ʩʠʩʪʝʤʘ, 

ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʫʤʽʞʥʠʭ ʉʂɿ, ʷʢʽ ʛʘʣʴʚʘʥʽʯʥʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʽʜʟʝʤʥʠʤ 

ʩʪʘʣʝʚʠʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ, ʘ ʦʪʞʝ ʤʘʶʪʴ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ, ʷʢʠʡ ʟʘ ʧʝʚʥʠʭ ʦʙʩʪʘʚʠʥ 

ʫʩʢʣʘʜʥʶʻ ʢʦʨʦʟʽʡʥʫ ʩʠʪʫʘʮʽʶ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʦʙôʻʢʪʫ ʟʘʭʠʩʪʫ. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. 

¶ ʚʠʦʢʨʝʤʠʪʠ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽʡ ʩʠʩʪʝʤʽ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʧʽʜʟʝʤʥʠʭ ʩʪʘʣʝʚʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʟʘ ʫʤʦʚ 

ʦʜʥʦʯʘʩʥʦʾ ʨʦʙʦʪʠ ʉʂɿ ʷʢʽ ʻ ʩʫʤʽʞʥʠʤʠ ʪʘ ʛʘʣʴʚʘʥʽʯʥʦ ʧʦʚôʷʟʘʥʠʤʠ 

ʦʙôʻʢʪʘʤʠ ʟʘʭʠʩʪʫ ʽ ʦʙʫʤʦʚʣʶʶʪʴ ʾʭ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ; 

¶ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ ʨʠʟʠʢʫ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʚʽʜ ʩʫʤʽʞʥʦʾ ʨʦʙʦʪʠ 
ʜʚʦʭ ʉʂɿ;  

¶ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʤʽʥʽʤʽʟʘʮʽʾ ʾʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 
ʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. 

 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʅʘ ʦʩʥʦʚʥʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [4, 5] 

ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘʢʠʭ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ 

ʩʪʘʥʮʽʷʤʠ ʢʘʪʦʜʥʦʛʦ ʟʘʭʠʩʪʫ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʝʨʘʪʠʚʥʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ 

ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʫʤʽʞʥʠʭ ʩʪʘʥʮʽʡ ʟʘ ʫʤʦʚ ʯʘʩʪʢʦʚʦʛʦ ʙʣʻʢʘʫʪʫ 

(ʟʥʝʩʪʨʫʤʣʝʥʥʷ). ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʟʘ ʧʦʪʦʯʥʠʭ ʫʤʦʚ ʨʽʚʥʷ ʟʘʭʠʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʷʢʠʡ 

ʩʧʦʚʽʣʴʥʶʻ ʰʚʠʜʢʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʧʽʜʟʝʤʥʠʭ ʩʪʘʣʝʚʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ. ʇʨʠ ʮʴʦʤʫ ʟʘʭʠʩʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʱʦ ʤʦʞʣʠʚʦ ʫʪʚʦʨʶʚʘʪʠ ʫ ʮʴʦʤʫ 

ʧʦʟʘʰʪʘʪʥʦʤʫ ʨʝʞʠʤʽ, ʯʘʩʪʦ ʤʦʞʝ ʥʝ ʩʷʛʘʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʟʥʘʯʝʥʴ -0,75 ɺ [6], 

ʘ ʧʨʠʥʘʡʤʥʽ ʧʦʚʠʥʝʥ ʧʦʜʦʚʞʫʚʘʪʠ ʮʽʣʽʩʥʽʩʪʴ ʧʽʜʟʝʤʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʰʣʷʭʦʤ 

ʫʪʨʠʤʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʙʽʣʴʰ ʚʽʜôʻʤʥʦʛʦ ʟʘ ʚʣʘʩʥʠʡ ʧʦʪʝʥʮʽʘʣ ʤʝʪʘʣʫ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʚ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʟʘʭʠʩʪʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʧʦʚʽʣʴʥʝʥʥʷ ʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʽʜʟʝʤʥʠʤ ʩʪʘʣʝʚʠʤ 

ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʧʨʦʪʽʢʘʶʪʴ ʩʪʨʫʤʠ ʩʪʽʢʘʥʥʷ ʘʙʦ ʥʘʪʽʢʘʥʥʷ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʩʪʨʫʤʠ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʧʦʚʝʨʭʥʝʶ ʪʨʫʙʦʧʨʦʚʦʜʫ [4]. 

 

 
ʈʠʩ. 1. ʉʪʨʫʤʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʧʽʜʟʝʤʥʠʤ ʩʪʘʣʝʚʠʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ 

 

ʗʢ ʥʘʩʣʽʜʦʢ, ʫʪʚʦʨʶʶʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ ʟʘʢʦʥʽʚ 

ʢʝʨʫʚʘʥʥʷ ʱʦʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʢʦʨʦʟʽʡʥʠʭ ʚʧʣʠʚʽʚ ʢʦʞʥʦʛʦ ʟ ʩʪʨʫʤʽʚ (ʩʪʽʢʘʥʥʷ ʘʙʦ 

ʥʘʪʽʢʘʥʥʷ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʩʪʨʫʤʽʚ ʚʠʨʽʚʥʷʥʥʷ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ 

ʥʘʷʚʥʽʩʪʶ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʫ ʫ ʪʦʤʫ ʯʠʩʣʽ ʚ ʥʘʩʣʽʜʦʢ ʥʝʫʟʛʦʜʞʝʥʠʭ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʉʂɿ, ʱʦ ʧʨʘʮʶʶʪʴ ʩʫʤʽʩʥʦ). 
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ʉʪʨʫʤʠ, ʱʦ ʩʪʽʢʘʶʪʴ ʘʙʦ ʥʘʪʽʢʘʶʪʴ ʥʘ ʧʽʜʟʝʤʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ ʽʟ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʦʪʞʝ ʧʨʠʡʤʘʶʪʴ ʦʩʥʦʚʥʫ ʫʯʘʩʪʴ ʫ ʢʦʨʦʟʽʡʥʠʭ 

ʧʨʦʮʝʩʘʭ ʟʘ ʫʤʦʚʠ ʾʭ ʜʦʤʽʥʫʚʘʥʥʷ ʟʘ ʘʤʧʣʽʪʫʜʦʶ, ʱʦ ʚʠʢʣʠʢʘʥʽ ʩʘʤʝ ʚʟʘʻʤʦʜʽʻʶ 

ʤʝʪʘʣʫ ʛʘʟʦʧʨʦʚʦʜʫ ʽ ˇʨʫʥʪʫ, ʻ ʦʩʥʦʚʥʠʤ ʬʦʢʫʩʦʤ ʨʦʙʽʪ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʥʠʢʽʚ, ʽ 

ʷʢ ʥʘʩʣʽʜʦʢ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʠʪʘʥʥʷ ʷʢʝ ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʱʦʜʦ ʾʭ ʤʽʥʽʤʽʟʘʮʽʾ.  

ʅʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʽʚ ʨʽʟʥʠʭ ʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʘ 

ʪʨʫʙʦʧʨʦʚʽʜ ʚ ʧʫʙʣʽʢʘʮʽʷʭ [7, 8] ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʧʦʰʢʦʜʞʝʥʦʾ, 

ʥʝʜʦʩʢʦʥʘʣʦʾ, ʟʘʩʪʘʨʽʣʦʾ, ʧʦʨʠʩʪʦʾ ʽʟʦʣʷʮʽʾ ʩʪʨʫʤʠ ʩʪʽʢʘʥʥʷ / ʥʘʪʽʢʘʥʥʷ 

ʩʪʘʥʦʚʣʷʪʴ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʫʩʽʻʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʩʪʘʥʮʽʻʶ 

ʢʘʪʦʜʥʦʛʦ ʟʘʭʠʩʪʫ ʽ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ.  

ɺʽʜʧʦʚʽʜʥʦ, ʩʭʝʤʦʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʚʠʧʨʷʤʣʷʯʘ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 

ʉʂɿ, ʟʘʢʦʥʠ ʢʝʨʫʚʘʥʥʷ ʩʠʣʦʚʠʤʠ ʢʣʶʯʘʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʙʫʤʦʚʣʶʶʪʴ ʩʧʝʢʪʨ 

ʯʘʩʪʦʪ ʫ ʩʢʣʘʜʽ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʩʪʘʥʮʽʾ ʢʘʪʦʜʥʦʛʦ ʟʘʭʠʩʪʫ, ʥʝ ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʦʾ 

ʨʦʣʽ ʽ ʤʦʞʝ ʦʙʠʨʘʪʠʩʷ ʚʠʭʦʜʷʯʠ ʽʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʨʽʚʥʷ 

ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ. ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʫ ʛʥʫʯʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʘʤʠ 

ʨʦʙʦʪʠ ʉʂɿ, ʟʘʙʝʟʧʝʯʫʻ ʩʘʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. 

ʋ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʽʜʟʝʤʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ ʤʘʻ ʥʦʚʫ, ʷʢʽʩʥʫ ʽʟʦʣʷʮʽʶ, 

ʟʥʘʯʥʦʛʦ ʚʠʧʣʠʚʫ ʥʘ ʩʠʩʪʝʤʫ ʟʘʚʜʘʻ ʾʾ ʻʤʥʽʩʥʘ ʩʢʣʘʜʦʚʘ ʫ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽʡ ʩʭʝʤʠ 

ʟʘʤʽʱʝʥʥʷ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʦʙʫʤʦʚʣʶʻ ʚʧʣʠʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʩʪʘʥʮʽʡ ʢʘʪʦʜʥʦʛʦ ʟʘʭʠʩʪʫ ʥʘ ʚʝʣʠʯʠʥʫ ʩʪʨʫʤʽʚ ʩʪʽʢʘʥʥʷ 

ʥʘʪʽʢʘʥʥʷ [7,8]. ʑʦ ʦʟʥʘʯʘʻ, ʱʦ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʷʢʦʩʪʽ ʽʟʦʣʷʮʽʾ ʪʨʫʙʦʧʨʦʚʦʜʫ, 

ʙʽʣʴʰ ʙʘʞʘʥʠʤʠ ʩʭʝʤʦʪʝʭʥʽʯʥʠʤʠ ʨʽʰʝʥʥʷʤʠ, ʻ ʢʣʘʩʠʯʥʽ, ʪʘʢʽ ʷʢ ʤʦʩʪʦʚʠʡ 

ʥʝʢʝʨʦʚʘʥʠʡ ʪʘ ʥʘʡʧʨʦʩʪʽʰʠʡ ʢʝʨʦʚʘʥʠʡ ʚʠʧʨʷʤʣʷʯʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʪʫʞʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ 

ʜʽʘʧʘʟʦʥ.  

ɺʦʜʥʦʯʘʩ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʪʨʫʤʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʧʦʚʝʨʭʥʝʶ 

ʩʪʘʣʝʚʦʛʦ ʧʽʜʟʝʤʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʘʣʴʥʫ ʨʽʟʥʠʮʽ 

ʧʦʪʝʥʮʽʘʣʽʚ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʉʂɿ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʩʫʤʽʩʥʦ. ɿʤʝʥʰʠʪʠ ʨʽʟʥʠʮʶ 

ʧʦʪʝʥʮʽʘʣʽʚ ʟʘ ʤʠʪʪʻʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʉʂɿ, ʷʢʽ ʧʨʘʮʶʶʪʴ 

ʦʜʥʦʯʘʩʥʦ ʪʘ ʛʘʣʴʚʘʥʽʯʥʦ ʧʦʚôʷʟʘʥʽ ʦʙôʻʢʪʦʤ ʟʘʭʠʩʪʫ ʤʦʞʣʠʚʦ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʥʽʬʽʢʦʚʘʥʠʭ ʩʭʝʤʦʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ 

ʜʦ ʩʢʣʘʜʫ ʮʠʭ ʩʪʘʥʮʽʡ. ʆʜʥʘʢʦʚʝ ʩʭʝʤʦʪʝʭʥʽʯʥʝ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʉʂɿ ʥʘʜʘʻ ʟʤʦʛʫ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʚʠʭʽʜʥʠʤʠ 

ʩʠʛʥʘʣʘʤʠ ʩʫʤʽʞʥʠʭ ʉʂɿ, ʪʠʤ ʩʘʤʠʤ ʫʥʠʢʘʶʯʠ ʨʽʟʥʠʭ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ 

ʧʦʪʝʥʮʽʘʣʽʚ, ʘ ʦʪʞʝ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʾʭ ʨʽʟʥʠʮʶ. ʂʨʽʤ ʪʦʛʦ ʫʥʽʬʽʢʦʚʘʥʝ 

ʨʽʰʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʧʫʩʪʠʪʠ ʚʠʢʣʶʯʝʥʥʷ ʬʘʢʪʦʨʽʚ ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʠʩʪʝʤʫ ʽʟ ʙʦʢʫ ʚʠʧʨʷʤʣʷʯʘ, ʪʘʢʠʭ ʷʢ ʨʽʟʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʪʘ ʟʘʪʨʠʤʢʘ 

ʥʘ ʚʽʜʢʨʠʪʪʷ ʩʠʣʦʚʠʭ ʢʣʶʯʽʚ. 

ʅʘʩʪʫʧʥʠʤ ʤʝʪʦʜʦʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʘʢʦʚʠʭ ʨʽʚʥʽʚ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ 

ʥʘʜʘʻʪʴʩʷ ʩʪʘʥʮʽʷʤʠ ʜʣʷ ʟʘʭʠʩʪʫ ʧʽʜʟʝʤʥʦʛʦ ʩʪʘʣʝʚʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ. ʊʘʢʠʤ 
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ʯʠʥʦʤ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʦʜʥʘʢʦʚʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʦʪʝʥʮʽʘʣʫ, ʱʦ ʪʘʢʦʞ 

ʤʽʥʽʤʽʟʫʻ ʨʽʟʥʠʮʶ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʩʫʤʽʞʥʠʭ ʩʪʘʥʮʽʷʭ. 

ɿʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʜʚʦʭ ʧʦʧʝʨʝʜʥʽʭ ʫʤʦʚ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ 

ʩʪʘʥʮʽʷʤʠ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʷ ʯʝʨʝʟ ʚʽʜʤʽʥʥʽʩʪʴ ʬʘʟ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʠʭ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ. ʇʽʜʢʣʶʯʝʥʥʷ ʩʫʤʽʞʥʠʭ ʩʪʘʥʮʽʡ 

ʢʘʪʦʜʥʦʛʦ ʟʘʭʠʩʪʫ ʜʦ ʦʜʥʽʻʾ ʡ ʪʽʻʾ ʞ ʬʘʟʠ ʞʠʚʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʽʟʘʮʽʶ 

ʚʧʣʠʚʫ ʮʴʦʛʦ ʬʘʢʪʦʨʫ.  

ʑʝ ʦʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʪʚʦʨʝʥʥʷ 

ʟʘʭʠʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʧʽʜʟʝʤʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ ʻ ʢʦʥʩʪʨʫʢʮʽʷ ʽ ʤʘʪʝʨʽʘʣ 

ʘʥʦʜʥʦʛʦ ʟʘʟʝʤʣʝʥʥʷ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʚ ʬʦʨʤʫʚʘʥʥʽ ʣʘʥʮʶʛʘ ʉʂɿ ï ˇʨʫʥʪ 

ï ʪʨʫʙʦʧʨʦʚʽʜ. ɺʽʜʧʦʚʽʜʥʦ ʾʭ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʽ ʨʽʟʥʦʪʠʧʦʚʽʩʪʴ ʚʧʣʠʚʘʻ ʥʘ 

ʚʝʣʠʯʠʥʫ ʩʪʨʫʤʽʚ ʩʪʽʢʘʥʥʷ / ʥʘʪʽʢʘʥʥʷ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʛʘʣʴʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ʉʂɿ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʟ ʩʪʨʫʤʘʤʠ ʧʦʚʝʨʭʥʝʶ ʪʨʫʙʦʧʨʦʚʦʜʫ. 

ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʦʪʝʥʮʽʘʣʽʚ  

ʤʦʞʣʠʚʦ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʩʠʥʭʨʦʥʽʟʦʚʘʥʦʾ ʨʦʙʦʪʠ ʩʠʣʦʚʠʤʠ ʢʣʶʯʘʤʠ 

ʩʫʤʽʞʥʠʭ ʩʪʘʥʮʽʡ ʢʘʪʦʜʥʦʛʦ ʟʘʭʠʩʪʫ, ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʷʢʠʭ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ 

ʧʽʜʪʨʠʤʘʥʥʷ ʷʢʦʤʦʛʘ ʦʜʥʘʢʦʚʠʭ ʨʽʚʥʽʚ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ ʩʪʘʥʮʽʷʤʠ, ʪʠʤ ʩʘʤʠʤ 

ʤʽʥʽʤʽʟʫʶʯʠ ʩʪʨʫʤʠ ʧʝʨʝʪʽʢʘʥʥʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ 

ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʩʪʘʥʮʽʡ ʢʘʪʦʜʥʦʛʦ ʟʘʭʠʩʪʫ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʩʧʽʣʴʥʦ ʪʘ ʻ 

ʧʦʚôʷʟʘʥʠʤʠ ʦʙôʻʢʪʦʤ ʟʘʭʠʩʪʫ ʽ ʩʪʨʫʤʘʤʠ ʚʠʨʽʚʥʷʥʥʷ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ 

ʧʽʜʟʝʤʥʠʤ ʩʪʘʣʝʚʠʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ, ʘ ʪʘʢʦʞ ʫ ʜʦʚʝʜʝʥʥʽ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʷʢʦʩʪʽ ʽʟʦʣʷʮʽʾ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʘʣʫ 

ʟʘʭʠʩʪʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʶ ʩʢʣʘʜʦʚʦʶ ʩʠʛʥʘʣʽʚ ʉʂɿ. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʦʤʧʣʝʢʩ ʪʝʭʥʽʯʥʠʭ ʽ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʽʟʥʠʮʶ ʧʦʪʝʥʮʽʘʣʽʚ ʫ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʥʷʭ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʉʂɿ, 

ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʫʶʯʠ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʘ ʢʦʨʦʟʽʡʥʠʭ ʨʠʟʠʢʽʚ ʫ 

ʧʝʨʝʭʽʜʥʠʭ ʽ ʧʦʟʘʰʪʘʪʥʠʭ ʨʝʞʠʤʘʭ. 

ɺʠʩʥʦʚʢʠ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʨʦʟʽʡʥʽ ʨʠʟʠʢʠ, ʦʙʫʤʦʚʣʝʥʽ ʚʟʘʻʤʦʜʽʻʶ ʩʫʤʽʞʥʠʭ 

ʩʪʘʥʮʽʡ ʢʘʪʦʜʥʦʛʦ ʟʘʭʠʩʪʫ ,ʷʢʽ ʻ ʛʘʣʴʚʘʥʽʯʥʦ ʧʦʚôʷʟʘʥʠʤʠ ʦʙôʻʢʪʦʤ ʟʘʭʠʩʪʫ, 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ ʩʪʨʫʤʘʤʠ 

ʩʪʽʢʘʥʥʷ/ʥʘʪʽʢʘʥʥʷ ʪʘ ʩʪʨʫʤʘʤʠ, ʱʦ ʧʝʨʝʪʽʢʘʶʪʴ ʧʦʚʝʨʭʥʝʶ ʪʨʫʙʦʧʨʦʚʦʜʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʽʟ ʥʦʚʦʶ ʘʙʦ ʷʢʽʩʥʦʶ ʽʟʦʣʷʮʽʻʶ ʜʦʤʽʥʫʶʯʠʡ 

ʚʧʣʠʚ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʤʘʶʪʴ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʩʢʣʘʜʦʚʽ 

ʩʠʛʥʘʣʫ ʉʂɿ, ʪʦʜʽ ʷʢ ʜʣʷ ʟʥʦʰʝʥʦʾ ʽʟʦʣʷʮʽʾ ð ʩʧʝʢʪʨʘʣʴʥʠʡ ʩʢʣʘʜ ʥʝ ʻ 

ʢʨʠʪʠʯʥʠʤ. ɼʦʚʝʜʝʥʦ, ʱʦ ʤʽʥʽʤʽʟʘʮʽʷ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ ʩʫʤʽʞʥʠʤʠ ʉʂɿ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʩʪʨʫʤʠ ʤʽʞʩʪʘʥʮʽʡʥʦʛʦ ʧʝʨʝʪʽʢʘʥʥʷ ʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʪʘʙʽʣʴʥʽʰʽ ʫʤʦʚʠ ʢʘʪʦʜʥʦʛʦ ʟʘʭʠʩʪʫ ʥʘʚʽʪʴ ʫ ʨʝʞʠʤʘʭ ʯʘʩʪʢʦʚʦʛʦ ʙʣʻʢʘʫʪʫ, ʪʠʤ 

ʩʘʤʠʤ ʧʽʜʚʠʱʫʶʯʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʧʽʜʟʝʤʥʠʭ ʩʪʘʣʝʚʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ. 
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ɼ.ɺ. ʌʘʡʥʰʪʝʡʥ1, ɻ.ɻ. ɼʷʯʝʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʆɹɻʈʋʅʊʋɺɸʅʅʗ ɺʀʄʆɻ ɼʆ ʎʀʌʈʆɺʀʍ ɼɺɯʁʅʀʂɯɺ 

ʗʂ ɿɸʉʆɹɯɺ ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ 

ʇʈʆʄʀʉʃʆɺʀʍ ʄɯʂʈʆɻʈɯɼ-ʉʀʉʊɽʄ 

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ ʤʽʢʨʦʛʨʽʜ-

ʩʠʩʪʝʤ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ. ʅʘʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʫ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ 

ʤʽʢʨʦʛʨʽʜ-ʩʠʩʪʝʤʠ ʪʘ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʡʦʛʦ ʧʦʙʫʜʦʚʠ. ʈʦʟʨʦʙʣʶʚʘʥʽ ʨʽʰʝʥʥʷ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʟʥʠʞʝʥʥʷ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʣʦʢʘʣʴʥʠʭ 

ʝʥʝʨʛʦʤʝʨʝʞʘʭ, ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ, SmartGrid, ʤʽʢʨʦʛʨʽʜ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, Industry 

4.0, ʧʨʝʜʠʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʘ ʝʥʝʨʛʝʪʠʢʘ ʟʘʟʥʘʻ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ ʟʚôʷʟʢʫ ʟ ʧʝʨʝʭʦʜʦʤ ʜʦ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʰʠʨʦʢʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ (ɺɼɽ) ʪʘ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʻ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʚʠʢʣʠʢʘʥʘ ʩʪʦʭʘʩʪʠʯʥʦʶ ʧʨʠʨʦʜʦʶ ʛʝʥʝʨʘʮʽʾ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʟʘʻʤʦʜʽʻʶ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʥʦʤʥʠʭ ʝʣʝʤʝʥʪʽʚ [1ï3]. 

ʋ ʮʠʭ ʫʤʦʚʘʭ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʩʠʩʪʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʽ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ 

ʤʽʢʨʦʛʨʽʜ-ʩʠʩʪʝʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [4ï6]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʤʠʩʣʦʚʠʭ ʤʽʢʨʦʛʨʽʜ-ʩʠʩʪʝʤ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ, ʟʜʘʪʥʠʭ 

ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺ ʩʚʦʶ 

ʯʝʨʛʫ ʮʝ ʧʦʪʨʝʙʫʻ ʬʦʨʤʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʎʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ ï ʮʝ ʩʢʣʘʜʥʘ ʩʠʩʪʝʤʘ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʬʽʟʠʯʥʠʡ ʦʙôʻʢʪ ʘʙʦ ʩʠʩʪʝʤʘ ï 

ʨʝʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʤʽʢʨʦʛʨʽʜ, ʷʢʠʡ ʚʽʜʩʪʝʞʫʻʪʴʩʷ (ʦʙʣʘʜʥʘʥʥʷ, ʝʥʝʨʛʦʩʠʩʪʝʤʘ); 

ʚʽʨʪʫʘʣʴʥʠʡ ʦʙôʻʢʪ ʘʙʦ ʤʦʜʝʣʴ ï ʮʠʬʨʦʚʘ ʢʦʧʽʷ, ʱʦ ʚʽʜʪʚʦʨʶʻ ʧʦʚʝʜʽʥʢʫ 

ʬʽʟʠʯʥʦʛʦ ʦʙôʻʢʪʘ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ; ʟʚôʷʟʦʢ ʤʽʞ ʥʠʤʠ ï IoT ʧʣʘʪʬʦʨʤʠ, 

ʩʝʥʩʦʨʠ, ʧʨʦʪʦʢʦʣʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʽʨ, ʧʝʨʝʜʘʯʫ ʪʘ 

ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʽʥʪʝʛʨʦʚʘʥʘ ʚʽʨʪʫʘʣʴʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʚʽʜʪʚʦʨʶʻ ʨʝʘʣʴʥʽ ʧʨʦʮʝʩʠ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʦʙôʻʢʪʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ IoT-ʩʝʥʩʦʨʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ 

ʚʝʣʠʢʠʭ ʜʘʥʠʭ.  
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ʋ ʢʦʥʪʝʢʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ ʤʽʢʨʦʛʨʽʜ-ʩʠʩʪʝʤ ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ ʚʠʩʪʫʧʘʻ 

ʢʣʶʯʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ, ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʧʽʜʪʨʠʤʢʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʥʘʧʨʫʛʠ. ʁʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʘʥʘʣʽʟ ñwhat-ifò ʩʮʝʥʘʨʽʾʚ ʙʝʟ ʨʠʟʠʢʫ ʜʣʷ 

ʬʽʟʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʠʨʦʙʥʠʯʠʭ ʦʙôʻʢʪʽʚ ʟ ʚʠʩʦʢʠʤʠ 

ʚʠʤʦʛʘʤʠ ʜʦ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʞʠʚʣʝʥʥʷ. 

 

ʊʘʙʣʠʮʷ 1 

ʂʣʶʯʦʚʽ ʚʠʤʦʛʠ ʜʦ ʨʦʟʨʦʙʢʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ 

ʤʽʢʨʦʛʨʽʜ-ʩʠʩʪʝʤ 

ɺʠʤʦʛʘ ʂʨʠʪʝʨʽʡ ʚʠʢʦʥʘʥʥʷ ʄʝʪʦʜ ʧʝʨʝʚʽʨʢʠ 

ɸʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʽ 
ɺʽʜʭʠʣʝʥʥʷ ʤʦʜʝʣʽ ʚʽʜ ʨʝʘʣʴʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʥʝ ʧʝʨʝʚʠʱʫʻ 2ï5% 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʽʟ ʜʘʥʠʤʠ 

ʩʝʥʩʦʨʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʄʦʜʫʣʴʥʽʩʪʴ ʪʘ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ 

ʘʨʭʽʪʝʢʪʫʨʠ 

ʄʦʞʣʠʚʽʩʪʴ ʜʦʜʘʚʘʥʥʷ/ʚʠʣʫʯʝʥʥʷ 

ʚʫʟʣʽʚ ʙʝʟ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ 

ʜʝʛʨʘʜʘʮʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʊʝʩʪʫʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ 

ʧʽʜʢʣʶʯʝʥʥʷ ʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ 

ɯʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ 
ʇʽʜʪʨʠʤʢʘ ʩʪʘʥʜʘʨʪʽʚ IEC 61850, 

Modbus, MQTT, OPC UA 

ɺʝʨʠʬʽʢʘʮʽʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʟ 

ʨʝʘʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ 

ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʆʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʟ ʯʘʩʪʦʪʦʶ ʥʝ 

ʙʽʣʴʰʝ 1ï10 ɻʮ 

ʊʝʩʪʦʚʽ ʩʠʤʫʣʷʮʽʾ ʟ ʯʘʩʦʚʠʤʠ 

ʟʘʪʨʠʤʢʘʤʠ 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʝʞʠʤʽʚ 

ʂʦʨʝʢʪʥʽʩʪʴ ʧʨʦʛʥʦʟʫ >90% ʜʣʷ 

ʢʣʶʯʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʛʥʦʟʽʚ ʽʟ 

ʬʘʢʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʟʘ ʽʩʪʦʨʽʻʶ 

ʆʧʪʠʤʽʟʘʮʽʷ 

ʢʝʨʫʚʘʥʥʷ 

ʄʽʥʽʤʽʟʘʮʽʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ 

ʘʙʦ ʚʠʪʨʘʪ >5% ʧʦʨʽʚʥʷʥʦ ʟ 

ʙʘʟʦʚʠʤ ʨʝʞʠʤʦʤ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʟ MPC ʘʙʦ AI-ʢʦʥʪʨʦʣʝʨʦʤ 

ʗʢʽʩʪʴ ʜʘʥʠʭ 
ʇʦʚʥʦʪʘ, ʪʦʯʥʽʩʪʴ, ʩʠʥʭʨʦʥʥʽʩʪʴ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ 

ɸʣʛʦʨʠʪʤʠ ʬʽʣʴʪʨʘʮʽʾ, 

ʥʦʨʤʘʣʽʟʘʮʽʾ, ʚʘʣʽʜʘʮʽʾ 

ʅʘʜʽʡʥʽʩʪʴ ʽ 

ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ 

ɹʝʟʧʝʨʝʨʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠ ʟʙʦʷʭ 

ʢʦʤʫʥʽʢʘʮʽʾ >99% ʯʘʩʫ 

ɯʤʽʪʘʮʽʷ ʘʚʘʨʽʡʥʠʭ ʩʮʝʥʘʨʽʾʚ 

(ʚʽʜʢʣʶʯʝʥʥʷ ʚʫʟʣʽʚ, ʢʘʥʘʣʽʚ) 

ʂʽʙʝʨʙʝʟʧʝʢʘ 
ɿʘʭʠʱʝʥʠʡ ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ, 

ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ, ʞʫʨʥʘʣ ʜʽʡ 

ʈʝʘʣʽʟʘʮʽʷ TLS/SSL, 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʣʦʛʫʚʘʥʥʷ ʧʦʜʽʡ 

ɺʘʣʽʜʘʮʽʷ ʮʠʬʨʦʚʦʛʦ 

ʜʚʽʡʥʠʢʘ 

ʋʟʛʦʜʞʝʥʽʩʪʴ ʜʠʥʘʤʽʢʠ ʨʝʘʣʴʥʦʾ ʪʘ 

ʚʽʨʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʇʦʨʽʚʥʷʥʥʷ ʛʨʘʬʽʢʽʚ ʩʪʨʫʤʽʚ, 

ʥʘʧʨʫʛ, ʧʦʪʫʞʥʦʩʪʝʡ 

ɯʥʪʝʛʨʘʮʽʷ ʟ 

ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ 
ʉʫʤʽʩʥʽʩʪʴ ʟ EMS/BMS/SCADA 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʯʝʨʝʟ API ʘʙʦ 

ʧʨʦʪʦʢʦʣ IEC 61850 

ɸʜʘʧʪʘʮʽʷ ʪʘ 

ʩʘʤʦʥʘʚʯʘʥʥʷ 

ɸʚʪʦʤʘʪʠʯʥʝ ʦʥʦʚʣʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ 

ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ 

ɸʣʛʦʨʠʪʤʠ online learning ʘʙʦ 

ML-ʨʝʢʘʣʽʙʨʫʚʘʥʥʷ 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ 

ʩʪʘʥʜʘʨʪʘʤ 

ɺʠʢʦʥʘʥʥʷ ʚʠʤʦʛ IEC 62832, IEC 

61850, IEEE 2030.7 / 2030.8, 

ISO/IEC 30182, EU Digital Twin 

Energy Initiative 

ɸʫʜʠʪ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ 
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ʂʣʶʯʦʚʽ ʚʠʤʦʛʠ ʜʦ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʤʽʢʨʦʛʨʽʜ-ʩʠʩʪʝʤ ʦʭʦʧʣʶʶʪʴ 

ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ, ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ, 

ʢʽʙʝʨʟʘʭʠʩʪ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ. ɰʭ ʧʝʨʝʚʽʨʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʩʠʤʫʣʷʮʽʾ, ʘʫʜʠʪ ʩʪʘʥʜʘʨʪʽʚ ʽ ʘʥʘʣʽʟ ʚʽʜʭʠʣʝʥʴ ʤʽʞ 

ʚʽʨʪʫʘʣʴʥʦʶ ʪʘ ʨʝʘʣʴʥʦʶ ʩʠʩʪʝʤʘʤʠ. ʋ ʪʘʙʣʠʮʽ 1 ʜʘʥʦ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʠʡ ʧʝʨʝʣʽʢ 

ʽʟ ʧʦʷʩʥʝʥʥʷʤʠ ʟʘ ʩʪʨʫʢʪʫʨʦʶ: ʚʠʤʦʛʘ, ʢʨʠʪʝʨʽʡ ʚʠʢʦʥʘʥʥʷ, ʤʝʪʦʜ ʧʝʨʝʚʽʨʢʠ. 

ʇʨʠ ʩʪʚʦʨʝʥʽ ʟʘʩʦʙʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʡ ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ IoT-ʩʠʩʪʝʤ, ʱʦ ʚʢʣʶʯʘʻ ʩʝʥʩʦʨʥʽ ʚʫʟʣʠ, ʢʦʤʫʥʽʢʘʮʽʡʥʽ 

ʧʨʦʪʦʢʦʣʠ, ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ.  

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʥʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. ʇʨʠ ʮʴʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʤʝʪʦʜʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʫ ʪʘʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ MATLAB/Simulink ʪʘ/ʘʙʦ Python. 

ɽʥʝʨʛʝʪʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ 

ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʥʝʣʽʥʽʡʥʽ ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʥʘ ʨʝʩʫʨʩʠ ʪʘ ʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʘʜʥʘʥʥʷ. 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʤʽʢʨʦʛʨʽʜ-ʩʠʩʪʝʤʘʭ ʮʠʬʨʦʚʠʡ 

ʜʚʽʡʥʠʢ ʤʦʞʝ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʟ ʤʝʪʦʜʘʤʠ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ (Model 

Predictive Control, MPC). ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʽʟ ʚʽʨʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ 

ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʤʘʡʙʫʪʥʽʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʢʝʨʫʶʯʠʭ ʜʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʦʙʤʝʞʝʥʴ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ. ʇʦʻʜʥʘʥʥʷ MPC ʟ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʟʦʢʨʝʤʘ, ʨʝʢʫʨʝʥʪʥʠʤʠ 

ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ ʘʙʦ LSTM) ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ ʽ ʘʜʘʧʪʠʚʥʽʩʪʴ 

ʩʠʩʪʝʤʠ ʜʦ ʟʤʽʥ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʘʣʽʟʘʮʽʾ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʚʠʤʦʛ ʜʦ 

ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʤʽʢʨʦʛʨʽʜ-ʩʠʩʪʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʧʝʨʝʣʽʢ ʚʠʤʦʛ ʽʟ ʢʨʠʪʝʨʽʷʤʠ ʚʠʢʦʥʘʥʥʷ ʪʘ 

ʤʝʪʦʜʘʤʠ ʧʝʨʝʚʽʨʢʠ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʙʘʟʘ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʚʜʘʥʴ ʥʘ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʫ 

ʧʨʦʤʠʩʣʦʚʽʡ ʝʥʝʨʛʝʪʠʮʽ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʽʥʪʝʛʨʘʮʽʶ ʧʽʜʭʦʜʽʚ ʧʨʝʜʠʢʪʠʚʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦ ʤʦʜʝʣʽ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʦʙʦʪʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʢʣʶʯʦʚʽ ʚʠʤʦʛʠ ʜʦ 

ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʤʽʢʨʦʛʨʽʜ-ʩʠʩʪʝʤ, ʚʢʣʶʯʥʦ ʟ ʪʝʭʥʽʯʥʠʤʠ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʪʘ ʙʝʟʧʝʢʦʚʠʤʠ ʘʩʧʝʢʪʘʤʠ. ʅʘʚʝʜʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʪʘʙʣʠʮʶ 

ʢʨʠʪʝʨʽʾʚ ʽ ʤʝʪʦʜʽʚ ʧʝʨʝʚʽʨʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʷʢʽʩʪʴ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʠʭ 

ʜʚʽʡʥʠʢʽʚ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʾʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. 
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ʆ.ɺ. ʃʠʪʚʠʥʯʫʢ1, ɻ.ʉ. ʆʣʽʰʝʚʩʴʢʠʡ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʇʈʆɭʂʊ ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɻʆ IOT-ʄʆɼʋʃʗ ɼʃʗ ʄʆʅɯʊʆʈʀʅɻʋ 

ɽʅɽʈɻʆʉʇʆɾʀɺɸʅʅʗ ʅɸ ɹɸɿɯ ESP32 ʊɸ HLW8012 

 
ɸʥʦʪʘʮʽʷ. ʋ ʪʝʟʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ IoT-ʤʦʜʫʣʷ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʚʘʥʥʷ ʪʝʣʝʤʝʪʨʽʾ ʫ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ. 

ʇʨʦʻʢʪ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ESP32 ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʜʘʪʯʠʢʘ 

HLW8012, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʥʘʧʨʫʛʫ, ʩʪʨʫʤ ʪʘ ʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʱʦ ʤʦʞʝ ʩʪʘʪʠ ʝʣʝʤʝʥʪʦʤ 

ʮʠʬʨʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ Smart Grid ʪʘ Smart Home. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: IoT, smart socket, ESP32, HLW8012, ʝʥʝʨʛʦʤʦʥʽʪʦʨʠʥʛ. 

 

ɺʩʪʫʧ. ʎʠʬʨʦʚʽʟʘʮʽʷ ʝʥʝʨʛʝʪʠʢʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʧʦʧʠʪʫ ʥʘ 

ʢʦʤʧʘʢʪʥʽ, ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʘʚʪʦʥʦʤʥʽ ʧʨʠʩʪʨʦʾ, ʟʜʘʪʥʽ ʬʦʨʤʫʚʘʪʠ ʧʦʪʦʢʦʚʽ ʜʘʥʽ 

ʧʨʦ ʩʪʘʥ ʣʦʢʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ [1-5]. ʊʘʢʽ IoT-ʤʦʜʫʣʽ ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʪʦʯʥʫ ʪʘ ʦʧʝʨʘʪʠʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʝʥʝʨʛʝʪʠʯʥʦʾ ʘʥʘʣʽʪʠʢʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʦʻʢʪ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ, ʱʦ ʤʦʞʝ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʚ ʨʽʟʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʦʙôʻʢʪʠ ï ʚʽʜ ʧʦʙʫʪʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʜʦ ʧʨʦʤʠʩʣʦʚʠʭ ʩʠʩʪʝʤ 

https://doi.org/10.35833/mpce.2019.000237
https://doi.org/10.59247/csol.v2i3.142
https://doi.org/10.15588/1607-6761-2024-3-4
https://doi.org/10.1186/s42162-024-00385-5
https://doi.org/10.1007/s10207-023-00784-x
https://doi.org/10.1007/s40684-025-00750-z
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ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʙʘʟʦʚʦʛʦ ʝʣʝʤʝʥʪʘ 

ʤʘʡʙʫʪʥʽʭ Smart Grid ʩʠʩʪʝʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ.  ɼʣʷ ʩʪʚʦʨʝʥʥʷ IoT-ʤʦʜʫʣʷ ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʪʘʢʽ 

ʟʘʚʜʘʥʥʷ: 

¶ ʉʧʨʦʻʢʪʫʚʘʪʠ ʘʧʘʨʘʪʥʫ ʯʘʩʪʠʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ESP32 ʪʘ ʢʦʥʪʨʦʣʝʨʘ 
HLW8012. 

¶ ʇʝʨʝʜʙʘʯʠʪʠ ʤʝʪʦʜʠʢʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ. 

¶ ʈʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʮʽʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʦʙʨʦʙʢʦʶ ʽʤʧʫʣʴʩʥʠʭ 
ʩʠʛʥʘʣʽʚ HLW8012. 

¶ ʆʨʛʘʥʽʟʫʚʘʪʠ ʧʝʨʝʜʘʚʘʥʥʷ ʪʝʣʝʤʝʪʨʽʾ ʯʝʨʝʟ MQTT ʘʙʦ HTTPS ʫ ʭʤʘʨʥʠʡ 
ʩʝʨʚʽʩ. 

¶ ʉʬʦʨʤʫʚʘʪʠ ʘʨʭʽʪʝʢʪʫʨʫ ʭʤʘʨʥʦʾ ʦʙʨʦʙʢʠ, ʜʝ ʜʘʥʽ ʟ ʧʨʠʩʪʨʦʶ 

ʟʙʝʨʽʛʘʪʠʤʫʪʴʩʷ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠʤʫʪʴʩʷ. 

¶ ɿʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʫ ʙʽʣʴʰʽ ʩʠʩʪʝʤʠ 
ʮʠʬʨʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʄʦʜʫʣʴ ʙʘʟʫʚʘʪʠʤʝʪʴʩʷ ʥʘ ESP32, ʷʢʠʡ ʧʦʻʜʥʫʻ 

ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʚʙʫʜʦʚʘʥʽ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʽʥʪʝʨʬʝʡʩʠ ʪʘ ʧʽʜʪʨʠʤʢʫ 

ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʗʢ ʩʝʥʩʦʨʥʠʡ ʢʦʤʧʦʥʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ HLW8012, 

ʱʦ ʬʦʨʤʫʻ ʽʤʧʫʣʴʩʥʽ ʩʠʛʥʘʣʠ, ʧʨʦʧʦʨʮʽʡʥʽ ʝʣʝʢʪʨʠʯʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʤʝʨʝʞʽ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʨʝʢʪʥʠʭ ʜʘʥʠʭ ʧʣʘʥʫʻʪʴʩʷ ʨʝʘʣʽʟʫʚʘʪʠ: 

¶ ʧʨʦʮʝʜʫʨʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʪʘʣʦʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ; 

¶ ʮʠʬʨʦʚʫ ʬʽʣʴʪʨʘʮʽʶ ʪʘ ʢʦʨʝʢʮʽʶ ʰʫʤʽʚ; 

¶ ʘʣʛʦʨʠʪʤʠ ʦʙʯʠʩʣʝʥʥʷ ʤʠʪʪʻʚʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ; 

¶ ʨʦʟʨʘʭʫʥʦʢ ʟʘʛʘʣʴʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʘ ʽʤʧʫʣʴʩʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʇʨʦʛʨʘʤʥʘ ʯʘʩʪʠʥʘ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʢʽʣʴʢʦʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʜʫʣʽʚ: 

¶ ʤʦʜʫʣʴ ʦʙʨʦʙʢʠ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ HLW8012; 

¶ ʤʦʜʫʣʴ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠʩʪʨʦʶ; 

¶ ʤʦʜʫʣʴ ʤʝʨʝʞʝʚʦʾ ʚʟʘʻʤʦʜʽʾ ʜʣʷ ʚʽʜʧʨʘʚʣʝʥʥʷ ʜʘʥʠʭ ʫ ʭʤʘʨʫ. 

ʅʘ ʩʝʨʚʝʨʥʽʡ ʩʪʦʨʦʥʽ ʧʣʘʥʫʻʪʴʩʷ ʨʝʘʣʽʟʫʚʘʪʠ: ʧʨʠʡʤʘʥʥʷ ʜʘʥʠʭ ʚʽʜ IoT-

ʤʦʜʫʣʷ; ʟʙʝʨʝʞʝʥʥʷ ʪʝʣʝʤʝʪʨʽʾ ʫ ʙʘʟʽ ʜʘʥʠʭ; ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʛʥʦʟʽʚ ʥʘ ʦʩʥʦʚʽ ʥʘʢʦʧʠʯʝʥʠʭ 

ʜʘʥʠʭ. 

ʉʧʨʦʻʢʪʦʚʘʥʠʡ ʤʦʜʫʣʴ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʨʽʟʥʽ 

ʩʠʩʪʝʤʠ, ʜʝ ʧʦʪʨʽʙʥʠʡ ʣʦʢʘʣʴʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʧʦʙʫʜʦʚʽ ʢʦʥʮʝʧʮʽʾ ʢʦʤʧʘʢʪʥʦʛʦ IoT-ʤʦʜʫʣʷ, 

ʷʢʠʡ ʧʦʻʜʥʫʻ ʧʨʦʩʪʦʪʫ ʘʧʘʨʘʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟ ʤʦʞʣʠʚʽʩʪʶ ʽʥʪʝʛʨʘʮʽʾ ʫ 

ʤʘʩʰʪʘʙʦʚʘʥʫ ʭʤʘʨʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʋ ʤʝʞʘʭ ʨʦʟʨʦʙʢʠ ʧʨʦʧʦʥʫʻʪʴʩʷ: 

¶ ʄʦʜʝʣʴ ʦʙʯʠʩʣʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʙʘʟʽ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ 
HLW8012. 
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¶ ʇʽʜʭʽʜ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʭʤʘʨʥʦʾ ʘʥʘʣʽʪʠʢʠ ʜʘʥʠʭ ʚʽʜ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʦʜʫʣʽʚ. 

¶ ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʦ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʣʦʢʘʣʴʥʦʛʦ ʨʽʚʥʷ. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʻʢʪ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ IoT-ʤʦʜʫʣʷ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʙʘʟʽ ESP32 ʪʘ HLW8012. ʄʦʜʫʣʴ ʤʦʞʝ ʙʫʪʠ 

ʽʥʪʝʛʨʦʚʘʥʠʡ ʫ ʩʠʩʪʝʤʠ ʮʠʬʨʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʜʝ ʧʦʪʨʽʙʥʘ ʜʦʩʪʦʚʽʨʥʘ ʪʝʣʝʤʝʪʨʽʷ 

ʟ ʣʦʢʘʣʴʥʠʭ ʚʫʟʣʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʬʦʨʤʫʻ ʦʩʥʦʚʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʪʦʪʠʧʫ, ʧʦʜʘʣʴʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 
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ʋɼʂ 621.31 

 

ʄ.ʉ. ʂʠʨʠʯʝʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʆɼʅʆɼɯʆɼʅʆɰ ʄʆɼɽʃɯ PV-ʄʆɼʋʃʗ ɺ 

ʉɽʈɽɼʆɺʀʑɯ PYTHON ɼʃʗ ʆʎɯʅʂʀ ɻɽʅɽʈɸʎɯɰ ɽʅɽʈɻɯɰ ʅɸ 

ʆʉʅʆɺɯ ɼɸʅʀʍ PVGIS 

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʦʜʽʦʜʥʦʾ ʤʦʜʝʣʽ PV-ʤʦʜʫʣʷ ʜʣʷ ʦʮʽʥʢʠ 

ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʶ ʩʪʘʥʮʽʻʶ ʚ ʩʝʨʝʜʦʚʠʱʽ Python ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢʠ pvlib. ʅʘʚʝʜʝʥʦ ʘʣʛʦʨʠʪʤ ʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ 

ʦʜʥʦʜʽʦʜʥʦʾ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʤʦʜʫʣʷ. ʄʦʜʝʣʶʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʨʘʭʫʚʘʥʥʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʩʝʨʚʽʩʫ Photovoltaic 

Geographical Information System (PVGIS) ʪʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʦʛʦʜʠʥʥʽ, ʜʦʙʦʚʽ ʪʘ ʧʦʤʽʩʷʯʥʽ 

ʟʥʘʯʝʥʥʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʶ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʜʥʦʜʽʦʜʥʘ ʤʦʜʝʣʴ, ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʡ ʤʦʜʫʣʴ, ʚʦʣʴʪ-ʘʤʧʝʨʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, Python, PVGIS, ʛʝʥʝʨʘʮʽʷ ʝʥʝʨʛʽʾ. 

 

ɺʩʪʫʧ. ɿʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʽʡʢʘ ʪʝʥʜʝʥʮʽʷ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʢʠ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʟʘʛʘʣʴʥʦʤʫ ʝʥʝʨʛʦʙʘʣʘʥʩʽ [1]. 

ɺ ʋʢʨʘʾʥʽ ʨʦʟʚʠʪʦʢ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʩʠʩʪʝʤ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ 

ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʠʭ ʚʦʨʦʞʠʭ ʨʦʩʽʡʩʴʢʠʭ ʘʪʘʢ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʎʠʬʨʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ, ʟʦʢʨʝʤʘ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ 

ʩʠʩʪʝʤ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʙʘʟʦʚʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ 

ʦʧʠʩʦʤ ʨʦʙʦʪʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ ʻ ʦʜʥʦʜʽʦʜʥʘ ʩʭʝʤʘ ʟʘʤʽʱʝʥʥʷ [2-5], 

ʷʢʘ ʽʤʽʪʫʻ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ  ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʤʫ ʤʘʪʝʨʽʘʣʽ 

ʬʦʪʦʝʣʝʤʝʥʪʘ ʧʽʜ ʚʧʣʠʚʦʤ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɸʥʘʣʦʛʽʯʥʠʡ ʧʨʠʥʮʠʧ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ PVsyst, ʧʨʠʟʥʘʯʝʥʦʤʫ ʜʣʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʩʪʘʥʮʽʾ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʜʽʦʜʥʦʾ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ PV-ʤʦʜʫʣʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ PVGIS ʪʘ ʙʽʙʣʽʦʪʝʢʠ pvlib ʜʣʷ ʦʮʽʥʢʠ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʩʬʦʨʤʦʚʘʥʽ ʽ ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

¶ ʦʧʠʩʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʦʜʥʦʜʽʦʜʥʦʾ ʤʦʜʝʣʽ ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ 
ʧʘʨʘʤʝʪʨʠ (Ὅ , Ὅ, Ὑ, Ὑ  ʪʘ ὲ); 

¶ ʦʮʽʥʠʪʠ ʨʦʙʦʯʫ ʪʝʤʧʝʨʘʪʫʨʫ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ ʟʘ ʤʝʪʦʜʦʤ 
ʌʘʡʤʘʥʘ (Faiman Module Temperature Model) ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʠʭ 

ʚʪʨʘʪ; 

¶ ʨʝʘʣʽʟʫʚʘʪʠ ʤʦʜʝʣʴ ʫ ʩʝʨʝʜʦʚʠʱʽ Python ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢʠ 
pvlib;  
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¶ ʦʮʽʥʠʪʠ ʛʝʥʝʨʘʮʽʶ ʝʥʝʨʛʽʾ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʩʪʘʥʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʦʛʦʜʠʥʥʠʭ 
ʜʘʥʠʭ ʽʥʩʦʣʷʮʽʾ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʆʜʥʦʜʽʦʜʥʘ ʤʦʜʝʣʴ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʩʭʝʤʽ ʟʘʤʽʱʝʥʥʷ (ʨʠʩ. 1) ʟ ʧôʷʪʴʤʘ ʧʘʨʘʤʝʪʨʘʤʠ (ʪʘʙʣ. 

1) ʽ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

 

Ὅ Ὅ Ὅ Ὡὼὴ
 

ρ .                  (1) 

 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʽ ʪʘ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (1) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʬʫʥʢʮʽʷ singlediode() ʪʘ ʘʣʛʦʨʠʪʤ calcparams_desoto(), ʱʦ ʚʠʟʥʘʯʘʻ ʧôʷʪʴ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʽʥʩʦʣʷʮʽʶ ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʤʽʨʢʠ ʟʘ ʤʝʪʦʜʦʤ ɼʝ ʉʦʪʦ 

[6], ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʘ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɼʘʥʽ ʽʥʩʦʣʷʮʽʾ, ʪʝʤʧʝʨʘʪʫʨʠ, ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʟ ʩʝʨʚʽʩʫ PVGIS ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʘ. 

ʊʘʢʦʞ ʚʨʘʭʦʚʫʻʪʴʩʷ ʢʫʪ ʥʘʭʠʣʫ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʜʦ ʛʦʨʠʟʦʥʪʫ (Á) ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʠʨʦʪʠ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʦʨʽʻʥʪʘʮʽʷ ʧʘʥʝʣʝʡ ʚʽʜʥʦʩʥʦ ʩʪʦʨʽʥ ʩʚʽʪʫ. 

ʈʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʤʝʪʦʜʦʤ 

ʌʘʡʤʘʥʘ (Faiman Module Temperature Model) [7], ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʦʧʨʦʤʽʥʝʥʥʷ ʪʘ ʧʘʨʘʤʝʪʨʠ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ.  

 

 
ʈʠʩ. 1. ʆʜʥʦʜʽʦʜʥʘ ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʟʘʤʽʱʝʥʥʷ  

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ 

 

ʆʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ Ὅ , Ὅ, Ὑ, Ὑ  ʪʘ ὲ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʪʦʯʢʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ MPP (ʘʥʛʣ. Maximum 

Power Point), ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʙʦʯʠʡ ʨʝʞʠʤ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ ʟʘ 

ʢʦʥʢʨʝʪʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʧʦʛʦʜʠʥʥʠʭ ʟʥʘʯʝʥʴ 

ʧʦʪʫʞʥʦʩʪʽ ʬʦʨʤʫʻʪʴʩʷ ʧʨʦʬʽʣʴ ʛʝʥʝʨʘʮʽʾ. ʇʦʜʘʣʴʰʘ ʘʛʨʝʛʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʦʙʦʚʽ, ʤʽʩʷʯʥʽ ʪʘ ʨʽʯʥʽ ʦʙʩʷʛʠ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ ʜʣʷ 

ʦʜʥʦʛʦ ʤʦʜʫʣʷ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʘʪʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʚʩʪʘʥʦʚʣʝʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. 
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ʊʘʙʣʠʮʷ 1 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʦʜʥʦʜʽʦʜʥʦʾ ʤʦʜʝʣʽ 

ʇʘʨʘʤʝʪʨ ʇʦʟʥʘʯʝʥʥʷ ʌʽʟʠʯʥʠʡ ʟʤʽʩʪ 

ʌʦʪʦʩʪʨʫʤ Ὅ  
ʛʝʥʝʨʫʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʉʪʨʫʤ ʥʘʩʠʯʝʥʥʷ ʜʽʦʜʘ Ὅ 
ʚʨʘʭʦʚʫʻ ʨʝʢʦʤʙʽʥʘʮʽʡʥʽ ʚʪʨʘʪʠ ʚ 

p-n-ʧʝʨʝʭʦʜʽ 

ʇʦʩʣʽʜʦʚʥʠʡ ʦʧʽʨ Ὑ 
ʚʨʘʭʦʚʫʻ ʦʧʽʨ ʢʦʥʪʘʢʪʽʚ, 

ʧʨʦʚʽʜʥʠʢʽʚ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ 

ʐʫʥʪʫʶʯʠʡ ʦʧʽʨ Ὑ  
ʽʤʽʪʫʻ ʚʠʪʦʢʠ ʩʪʨʫʤʫ ʯʝʨʝʟ 

ʜʝʬʝʢʪʠ ʘʙʦ ʢʨʘʡ ʢʦʤʽʨʢʠ 

ʂʦʝʬʽʮʽʻʥʪ ʽʜʝʘʣʴʥʦʩʪʽ 

ʜʽʦʜʘ 
ὲ ʚʨʘʭʦʚʫʻ ʥʝʽʜʝʘʣʴʥʽʩʪʴ ʜʽʦʜʘ 

 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʟʨʦʙʢʠ ʧʦʣʷʛʘʻ ʚ ʧʦʻʜʥʘʥʥʽ ʦʜʥʦʜʽʦʜʥʦʾ ʬʽʟʠʯʥʦʾ 

ʤʦʜʝʣʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ ʟ ʚʽʜʢʨʠʪʠʤʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ  

ʩʝʨʚʽʩʫ PVGIS ʚ ʩʝʨʝʜʦʚʠʱʽ Python. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ PVsyst, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʪʽʣʴʢʠ ʩʦʥʷʯʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʛʥʫʯʢʦʾ 

ʤʦʜʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ (ʟʘʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʤʦʜʝʣʝʡ, ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ 

ʦʜʥʦʜʽʦʜʥʦʾ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ) ʪʘ ʦʮʽʥʢʠ ʨʦʙʦʪʠ ʛʽʙʨʠʜʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ ʟ 

ʢʦʤʧʣʝʢʩʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʞʠʚʣʝʥʥʷ.  

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʢʨʠʧʪ ʫ Python, ʷʢʠʡ ʨʝʘʣʽʟʫʻ 

ʧʦʚʥʠʡ ʮʠʢʣ ʤʦʜʝʣʶʚʘʥʥʷ: ʚʽʜ ʦʪʨʠʤʘʥʥʷ ʧʦʛʦʜʠʥʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ 

PVGIS ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʧʦʛʦʜʠʥʥʦʾ, ʜʦʙʦʚʦʾ, ʧʦʤʽʩʷʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʉɽʉ ʥʘ ʦʩʥʦʚʽ 

ʧôʷʪʠʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʜʥʦʜʽʦʜʥʦʾ ʤʦʜʝʣʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ɼʝ ʉʦʪʦ 

ʟʘʙʝʟʧʝʯʠʣʦ ʬʽʟʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʽʥʩʦʣʷʮʽʾ. ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʚʽʜ ʦʜʥʦʛʦ ʤʦʜʫʣʷ ʜʦ ʙʫʜʴ-ʷʢʦʾ 

ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʣʽʟʦʚʘʥʦ ʚʠʟʥʘʯʝʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʜʫʣʽʚ 

ʟʘ ʾʭ ʧʘʩʧʦʨʪʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʢʨʠʪʽʩʪʴ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʤʦʜʝʣʽ ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʦʮʽʥʢʠ ʛʝʥʝʨʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʛʽʙʨʠʜʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ.  
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ʖ.ɸ. ʇʘʧʘʾʢʘ1, ɺ.ʉ. ʇʫʰʢʦʚ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɸʈʍɯʊɽʂʊʋʈɸ ʊɸ ɸʃɻʆʈʀʊʄʀ ʂɽʈʋɺɸʅʅʗ ɯʅʊɽʃɽʂʊʋɸʃʔʅʀʄʀ 

ʄɯʂʈʆʄɽʈɽɾɸʄʀ ɿ ɺɼɽ 

 
ɸʥʦʪʘʮʽʷ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʧʽʜʭʦʜʘʤ ʜʦ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʽʢʨʦʤʝʨʝʞ ʟ 

ɺɼɽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʘʚʪʦʥʦʤʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʥʦʟʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʤʽʢʨʦʤʝʨʝʞʽ, ʢʨʠʪʠʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʝʥʝʨʛʝʪʠʯʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʝʥʝʨʛʝʪʠʯʥʘ ʙʝʟʧʝʢʘ, ʘʚʪʦʥʦʤʥʘ ʨʦʙʦʪʘ. 

 

ʉʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʦʙôʻʢʪʽʚ ʬʦʨʤʫʶʪʴ 

ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʽʢʨʦʤʝʨʝʞ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ. ʉʫʯʘʩʥʽ ʚʠʤʦʛʠ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ, ʛʥʫʯʢʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʫʤʦʚʣʶʶʪʴ ʧʦʪʨʝʙʫ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʘʚʪʦʥʦʤʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʩʠʩʪʝʤ, ʟʜʘʪʥʠʭ ʝʬʝʢʪʠʚʥʦ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʤʝʨʝʞ. ʆʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʮʷ ʧʨʦʙʣʝʤʘʪʠʢʘ ʥʘʙʫʚʘʻ ʫ 

ʟʚôʷʟʢʫ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʯʘʩʪʢʠ ɺɼɽ, ʷʢʽ, ʧʦʧʨʠ ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʚʘʛʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʦʭʘʩʪʠʯʥʦʶ ʧʨʠʨʦʜʦʶ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʾ ʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ [1]. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʮʝʧʮʽʡ ʧʦʙʫʜʦʚʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʤʽʢʨʦʤʝʨʝʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɺɼɽ, ʦʮʽʥʢʘ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʘʚʪʦʥʦʤʥʦʾ 

ʨʦʙʦʪʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʝʨʝʚʘʛ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʽ ʧʨʦʛʥʦʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʆʙôʻʢʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʪʫʧʘʻ ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʝʣʝʢʪʨʠʯʥʘ ʤʽʢʨʦʤʝʨʝʞʘ ʷʢ ʩʠʩʪʝʤʘ, ʱʦ 

ʧʦʻʜʥʫʻ ʛʝʥʝʨʘʮʽʶ, ʥʘʢʦʧʠʯʝʥʥʷ, ʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʤʦʜʝʣʽ 
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ʢʝʨʫʚʘʥʥʷ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ 

ʘʚʪʦʥʦʤʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʽʢʨʦʤʝʨʝʞʽ ʧʨʠ ʚʠʩʦʢʽʡ ʯʘʩʪʮʽ ɺɼɽ ʪʘ 

ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʨʝʞʠʤʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʨʽʰʫʶʪʴʩʷ ʪʘʢʽ ʟʘʜʘʯʽ:  

¶ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʪʘ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 
ʤʽʢʨʦʤʝʨʝʞ ʜʣʷ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; 

¶ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʪʘ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ; 

¶ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʡ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ ʝʥʝʨʛʽʾ;  

¶ ʚʠʚʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʤʫʣʴʪʠʘʛʝʥʪʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʘʚʪʦʥʦʤʥʦʩʪʽ ʡ ʞʠʚʫʯʦʩʪʽ ʤʽʢʨʦʤʝʨʝʞʽ; 

¶ ʘʥʘʣʽʟ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʚ ʫʤʦʚʘʭ ʽʟʦʣʷʮʽʾ ʚʽʜ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʤʝʨʝʞʽ 
[1-2]. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʤʽʢʨʦʤʝʨʝʞʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʫʚʘʪʠ ɺɼɽ ʟ 

ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ ʪʘ ʘʜʘʧʪʠʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʩʧʦʞʠʚʘʥʥʷ ʚ ʻʜʠʥʠʡ ʮʠʬʨʦʚʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʢʦʥʪʫʨ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ 

ʧʦʻʜʥʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʟ ʧʝʨʝʜʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʘʢʫʤʫʣʶʚʘʥʥʷ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʙʘʣʘʥʩʫʚʘʥʥʷ ʝʥʝʨʛʦʧʦʪʦʢʽʚ ʽ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʦʾ 

ʨʦʙʦʪʠ ʫ ʚʠʧʘʜʢʫ ʦʙʤʝʞʝʥʥʷ ʘʙʦ ʧʦʚʥʦʾ ʚʪʨʘʪʠ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 

ɽʬʝʢʪʠʚʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʮʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʨʝʞʠʤʠ ʟʘʨʷʜʞʘʥʥʷ ʡ ʨʦʟʨʷʜʞʘʥʥʷ, 

ʜʝʛʨʘʜʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʪʘ ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʞʠʚʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʩʧʦʞʠʚʘʯʽʚ [1]. 

 

 
ʈʠʩ. 1. ʆʙʨʘʥʘ ʢʦʥʮʝʧʮʽʷ ʢʝʨʫʚʘʥʥʷ ʜʘʥʠʤʠ ʫ ʩʠʩʪʝʤʽ  

ɺɼɽ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʤʝʨʝʞʽ 
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ʎʠʬʨʦʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʽʢʨʦʤʝʨʝʞ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʠʩʣʝʥʥʠʭ IoT-ʩʝʥʩʦʨʽʚ, ʱʦ ʬʽʢʩʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʪʘʢʽ ʷʢ: ʨʽʚʝʥʴ ʛʝʥʝʨʘʮʽʾ, ʩʧʦʞʠʚʘʥʥʷ, ʧʦʛʦʜʥʽ ʫʤʦʚʠ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʦʞʣʠʚʽ ʚʽʜʭʠʣʝʥʥʷ ʫ ʡʦʛʦ ʨʦʙʦʪʽ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ 

ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʫʯʘʩʥʽ ʘʣʛʦʨʠʪʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʛʝʥʝʨʘʮʽʶ ʝʥʝʨʛʽʾ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. ɼʦ ʪʘʢʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʥʘʣʝʞʘʪʴ ʤʦʜʝʣʽ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʨʦʙʦʪʫ ʟ ʯʘʩʦʚʠʤʠ ʨʷʜʘʤʠ 

(ʥʘʧʨʠʢʣʘʜ, LSTM), ʢʦʤʙʽʥʦʚʘʥʽ ʤʦʜʝʣʽ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʝʪʘʧ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ ʘʙʦ ʩʠʛʥʘʣʽʚ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ CNN), ʘ ʪʘʢʦʞ 

ʧʽʜʭʦʜʠ, ʱʦ ʦʙôʻʜʥʫʶʪʴ ʙʘʛʘʪʦ ʧʨʦʩʪʽʰʠʭ ʤʦʜʝʣʝʡ ʫ ʦʜʥʫ ʫʟʛʦʜʞʝʥʫ ʩʠʩʪʝʤʫ 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫ. ʆʢʨʝʤʦ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʩʪʘʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʧʽʜʢʨʽʧʣʶʚʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʤʽʢʨʦʤʝʨʝʞʽ 

ʩʘʤʦʩʪʽʡʥʦ ʧʽʜʙʠʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʧʦʪʦʢʘʤʠ ʡ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʫ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚʘʭ ʙʝʟ ʨʫʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. 

ʄʫʣʴʪʠʘʛʝʥʪʥʽ ʩʠʩʪʝʤʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʤʽʢʨʦʤʝʨʝʞʘʭ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ ï ʛʝʥʝʨʘʪʦʨʫ, 

ʥʘʢʦʧʠʯʫʚʘʯʫ, ʩʧʦʞʠʚʘʯʫ ʯʠ ʩʝʥʩʦʨʫ ï ʧʨʘʮʶʚʘʪʠ ʷʢ ʘʚʪʦʥʦʤʥʦʤʫ ʘʛʝʥʪʫ ʟ 

ʚʣʘʩʥʦʶ ʣʦʛʽʢʦʶ ʜʽʡ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʤʽʢʨʦʤʝʨʝʞʽ, ʟʤʝʥʰʫʻ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʫ ʨʝʘʢʮʽʶ ʥʘ 

ʘʚʘʨʽʡʥʽ ʩʠʪʫʘʮʽʾ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʟʘʚʜʘʥʴ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʽʢʨʦʤʝʨʝʞ, ʦʩʢʽʣʴʢʠ ʮʠʬʨʦʚʽʟʘʮʽʷ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʚʝʢʪʦʨʠ ʘʪʘʢ. 

ɼʣʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʧʦʪʨʽʙʥʽ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ, ʟʘʭʠʩʪ ʢʦʤʫʥʽʢʘʮʽʡ 

ʪʘ ʩʝʛʤʝʥʪʘʮʽʷ ʤʝʨʝʞʽ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʻ ʨʝʞʠʤ 

ʽʟʦʣʴʦʚʘʥʦʾ ʨʦʙʦʪʠ, ʢʦʣʠ ʤʽʢʨʦʤʝʨʝʞʘ ʧʦʚʠʥʥʘ ʩʘʤʦʩʪʽʡʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʯʘʩʪʦʪʫ, ʥʘʧʨʫʛʫ ʪʘ ʙʘʣʘʥʩ ʛʝʥʝʨʘʮʽʾ ʡ ʩʧʦʞʠʚʘʥʥʷ ʟʘ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɺʠʩʥʦʚʢʠ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʤʽʢʨʦʤʝʨʝʞʽ ʟ ɺɼɽ ʻ ʢʣʶʯʦʚʠʤ ʥʘʧʨʷʤʦʤ 

ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʢʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʘʚʪʦʥʦʤʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʽ ʛʥʫʯʢʝ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɰʭʥʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ ʪʘ ʟʤʝʥʰʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ 

ʤʝʨʝʞ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʘʶʪʴ ʟʦʩʝʨʝʜʞʫʚʘʪʠʩʷ ʥʘ ʧʦʢʨʘʱʝʥʥʽ ʧʨʦʛʥʦʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʧʽʜʚʠʱʝʥʥʽ 

ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʡ ʩʪʚʦʨʝʥʥʽ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʦʨʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʻʜʠʥʠʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʢʦʤʧʣʝʢʩ. 
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ɼ.ʉ. ɿʠʙʘʣʦʚ1 

1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʄɽʊʆɼʀ ʇʆʐʋʂʋ ʊʆʏʂʀ ʄɸʂʉʀʄɸʃʔʅʆɰ ʇʆʊʋɾʅʆʉʊɯ 

ʉʆʅʗʏʅʆɻʆ ʌʆʊʆɽʃɽʂʊʈʀʏʅʆɻʆ ʇɽʈɽʊɺʆʈʖɺɸʏɸ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʧʦʰʫʢʫ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

(Maximum Power Point, MPP) ʜʣʷ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʉʌʇ, Solar 

Photovoltaic Converter, SPC) ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʝʥʘ ʘʣʛʦʨʠʪʤʘʤ ʧʦʰʫʢʦʚʦʛʦ ʪʠʧʫ, ʟʦʢʨʝʤʘ çʢʨʦʢʫʡ ʽ ʩʧʦʩʪʝʨʽʛʘʡè (Perturb and Observe, 

P&O) ʪʘ ʽʥʢʨʝʤʝʥʪʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ (Incremental Conductance, INC), ʷʢʽ ʘʥʘʣʽʟʫʶʪʴ ʟʤʽʥʠ 

ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʥʘʧʨʫʛʠ ʘʙʦ ʩʪʨʫʤʫ ʡ ʜʦʟʚʦʣʷʶʪʴ ʘʜʘʧʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʫ ʫʤʦʚ 

ʦʩʚʽʪʣʝʥʦʩʪʽ. ʊʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʬʨʘʢʮʽʡʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʥʘʧʨʫʛʠ ʚʽʜʢʨʠʪʦʛʦ ʢʦʣʘ (Fractional Open-Circuit Voltage, FOCV), ʬʨʘʢʮʽʡʥʦʤʫ ʩʪʨʫʤʽ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ (Fractional Short-Circuit Current, FSCC) ʪʘ ʧʦʚʥʦʤʫ ʩʢʘʥʫʚʘʥʥʽ ʨʦʙʦʯʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʥʘʧʨʫʛʠ (Scanning/Sweep), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʶʚʘʪʠ MPP ʟʘ ʝʤʧʽʨʠʯʥʠʤʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʶʚʘʪʠ ʡʦʛʦ. ʋ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʘʣʛʦʨʠʪʤʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʮʠʭ ʤʝʪʦʜʽʚ, ʾʭ ʧʨʘʢʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʛʦ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʌʇ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʦʥʷʯʥʠʡ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʪʦʯʢʘ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ, ʢʨʦʢʫʡ ʽ ʩʧʦʩʪʝʨʽʛʘʡ, ʤʝʪʦʜ ʽʥʢʨʝʤʝʥʪʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. 

 

ɺʩʪʫʧ. 24 ʣʶʪʦʛʦ 2022 ʨʦʢʫ ʚ ʋʢʨʘʾʥʽ ʨʦʟʧʦʯʘʣʘʩʷ ʧʦʚʥʦʤʘʩʰʪʘʙʥʘ ʚʽʡʥʘ, 

ʷʢʘ ʩʧʨʠʯʠʥʠʣʘ ʤʘʩʰʪʘʙʥʽ ʨʫʡʥʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʥʠʱʝʥʥʷ 

ʛʝʥʝʨʫʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʪʘ ʧʦʰʢʦʜʞʝʥʥʷ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʨʝʛʫʣʷʨʥʠʭ ʦʙʩʪʨʽʣʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʚʠʥʠʢ ʜʝʬʽʮʠʪ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʯʘʩʪʽ ʘʚʘʨʽʡʥʽ ʚʽʜʢʣʶʯʝʥʥʷ ʪʘ ʪʨʠʚʘʣʽ ʧʝʨʝʙʦʾ ʫ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʤʫ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʽ. ʎʝ ʟʫʤʦʚʠʣʦ ʘʢʪʠʚʥʠʡ ʧʝʨʝʭʽʜ ʥʘʩʝʣʝʥʥʷ, ʧʽʜʧʨʠʻʤʩʪʚ ʽ 

ʢʨʠʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʘʚʪʦʥʦʤʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ 

ʧʦʩʽʣʠ ʩʦʥʷʯʥʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʉʌʇ). ʉʦʥʷʯʥʘ ʝʥʝʨʛʝʪʠʢʘ ʩʪʘʣʘ 

ʦʜʥʠʤ ʽʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʥʘʧʨʷʤʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ, 

ʧʨʦʪʝ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʠʟʢʦʶ ʪʝʭʥʽʯʥʠʭ ʪʨʫʜʥʦʱʽʚ. ʆʜʥʠʤ ʽʟ 

ʛʦʣʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʉʌʇ ʻ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʦʩʚʽʪʣʝʥʦʩʪʽ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʧʽʜʢʣʶʯʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠʯʦʤʫ ʢʦʣʠʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʯʠ ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʤʦʞʫʪʴ ʟʤʝʥʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʥʘ 70%. ɺ ʩʚʦʶ ʯʝʨʛʫ ʥʝʧʨʘʚʠʣʴʥʠʡ ʚʽʜʙʽʨ ʝʥʝʨʛʽʾ ʤʦʞʝ ʟʤʝʥʰʠʪʠ  ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʉʌʇ ʧʨʘʢʪʠʯʥʦ ʜʦ ʥʫʣʷ. ʊʦʤʫ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʪʦʯʢʠ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (Maximum Power Point, MPP). ʗʢʱʦ ʩʠʩʪʝʤʘ ʧʨʘʮʶʻ 

ʧʦʟʘ ʮʽʻʶ ʪʦʯʢʦʶ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ. 

ʆʩʢʽʣʴʢʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ, 

ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʘʚʪʦʤʘʪʠʯʥʝ ʩʣʽʜʫʚʘʥʥʷ ʟʘ MPP ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʧʦʰʫʢʫ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

(Maximum Power Point Tracking, MPPT), ʷʢʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʨʦʙʦʯʦʾ ʥʘʧʨʫʛʠ 
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ʘʙʦ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʉʌʇ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʛʝʥʝʨʘʮʽʾ. ʋ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ 

ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʦʚʦʛʦ ʪʠʧʫ, ʟʦʢʨʝʤʘ ʤʝʪʦʜ çʢʨʦʢʫʡ ʽ ʩʧʦʩʪʝʨʽʛʘʡè (Perturb and 

Observe) ʪʘ ʤʝʪʦʜ ʽʥʢʨʝʤʝʥʪʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ (Incremental Conductance). ɺʦʥʠ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʟʤʽʥ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʚʘʨʽʘʮʽʡ ʥʘʧʨʫʛʠ ʘʙʦ ʩʪʨʫʤʫ ʪʘ 

ʜʦʟʚʦʣʷʶʪʴ ʩʠʩʪʝʤʽ ʘʜʘʧʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʢʦʣʠʚʘʥʥʷ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ. ʋ 

ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ  ʚ ʋʢʨʘʾʥʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʦʪʨʝʙʘ ʫ ʩʪʘʙʽʣʴʥʠʭ, ʘʚʪʦʥʦʤʥʠʭ ʽ 

ʥʘʜʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ MPPT ʥʘʙʫʚʘʻ 

ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ 

ʉʌʇ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʨʚʥʝ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ 

ʤʝʪʦʜʽʚ ʧʦʰʫʢʦʚʦʛʦ ʪʠʧʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ MPP, ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʧʨʘʢʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ, 

ʩʧʨʠʯʠʥʝʥʦʾ ʙʦʡʦʚʠʤʠ ʜʽʷʤʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʉʌʇ ʛʝʥʝʨʫʶʪʴ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ, ʧʦʪʫʞʥʽʩʪʴ ʷʢʦʾ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ, ʪʝʤʧʝʨʘʪʫʨʠ, ʢʫʪʘ ʧʘʜʽʥʥʷ ʩʦʥʷʯʥʠʭ 

ʧʨʦʤʝʥʽʚ ʥʘ ʧʦʚʝʨʭʥʶ ʉʌʇ, ʤʝʪʝʦʫʤʦʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʢʣʶʯʝʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠ ʟʤʽʥʥʠʭ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚʘʭ ʛʝʥʝʨʦʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʉʌʇ ʤʦʞʝ 

ʚʽʜʭʠʣʷʪʠʩʷ ʚʽʜ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʚʪʨʘʪ 

ʝʥʝʨʛʽʾ ʪʘ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ 

ʧʦʰʫʢʫ MPP, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʉʌʇ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ. ɿʘʜʘʯʘ ʧʦʣʷʛʘʻ ʫ ʚʠʷʚʣʝʥʥʽ ʘʣʛʦʨʠʪʤʽʚ, 

ʟʜʘʪʥʠʭ ʘʜʘʧʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʫ ʫʤʦʚ ʦʩʚʽʪʣʝʥʦʩʪʽ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʧʦʨʽʚʥʷʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʧʦʰʫʢʦʚʦʛʦ ʪʠʧʫ, ʚʢʣʶʯʘʶʯʠ P&O, 

INC, ʬʨʘʢʮʽʡʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʧʨʫʛʠ ʚʽʜʢʨʠʪʦʛʦ ʢʦʣʘ (Fractional Open-

Circuit Voltage, FOCV, FSCC, Scanning, ʦʮʽʥʮʽ ʰʚʠʜʢʦʩʪʽ ʨʝʘʛʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʽʜʪʨʠʤʘʥʥʷ MPP, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʮʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ MPPT ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʉʌʇ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʈʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʜʦʟʚʦʣʠʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʫ ʛʝʥʝʨʘʮʽʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʦʥʷʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥʘʭ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɼʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʉʌʇ 

ʪʨʝʙʘ ʟʘʙʝʟʧʝʯʠʪʠ, ʱʦʙ ʜʦʙʫʪʦʢ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʜʦʩʷʛʘʚ ʩʚʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ [1-4]. ʎʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʜʠʥʘʤʽʯʥʦʛʦ ʚʽʜʩʪʝʞʝʥʥʷ 

MPP, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʬʦʪʦʝʣʝʤʝʥʪʽʚ, ʢʫʪʘ ʧʘʜʽʥʥʷ ʧʨʦʤʝʥʽʚ ʪʘ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ [4]. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʠʚʝʜʝʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʛʝʥʝʨʦʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʉʌʇ ʚʽʜ 

ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʈʦʟʨʦʙʣʝʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ [2] ʟʤʽʥʶʚʘʣʘ ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʬʽʢʩʫʚʘʣʘ ʟʥʘʯʝʥʥʷ ʜʦʙʫʪʢʫ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ. ʋʩʽ ʟʥʘʯʝʥʥʷ ʟʯʠʪʫʚʘʣʠʩʷ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʧʽʩʣʷ ʯʦʛʦ ʧʨʦʭʦʜʠʣʠ ʧʝʨʚʠʥʥʫ ʬʽʣʴʪʨʘʮʽʶ ʥʘ ʘʧʘʨʘʪʥʦʤʫ ʨʽʚʥʽ 

ʪʘ ʟʙʝʨʽʛʘʣʠʩʷ ʫ ʪʝʢʩʪʦʚʦʤʫ ʬʘʡʣʽ ʥʘ ʇʂ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. 
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ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʛʝʥʝʨʦʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʉʌʇ ʚʽʜ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʽʜʪʚʝʨʜʠʣʠ ʥʘʷʚʥʽʩʪʴ ʯʽʪʢʦ ʚʠʨʘʞʝʥʦʾ  

MPP ʪʘ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʣʦʞʝʥʥʷ ʮʽʻʾ ʪʦʯʢʠ ʽʩʪʦʪʥʦ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ 

ʦʩʚʽʪʣʝʥʥʷ ʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʨʦʙʠʪʴ ʨʦʙʦʪʫ ʉʌʇ ʥʘʜʟʚʠʯʘʡʥʦ ʜʠʥʘʤʽʯʥʦʶ. ʎʝ 

ʟʘʩʚʽʜʯʠʣʦ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʢʩʦʚʘʥʠʭ ʨʝʞʠʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʘʜʘʧʪʠʚʥʠʡ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʊʘʢʠʡ 

ʚʠʩʥʦʚʦʢ ʩʪʚʦʨʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʷʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 

ʚʽʜʩʪʝʞʝʥʥʷ MPP, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚʽʜ ʚʠʙʦʨʫ ʘʣʛʦʨʠʪʤʫ MPPT ʟʘʣʝʞʠʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʢʝʨʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ 

ʜʦʮʽʣʴʥʦ ʧʨʦʚʝʩʪʠ ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʦʰʫʢʫ MPP, ʨʦʟʛʣʷʥʫʚʰʠ ʾʭ 

ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ, ʧʝʨʝʚʘʛʠ, ʦʙʤʝʞʝʥʥʷ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʫʯʘʩʥʠʭ 

ʬʦʪʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʄʝʪʦʜ ʟʙʫʨʝʥʥʷ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (Perturb and Observe, P&O) [3] ʻ ʦʜʥʠʤ 

ʽʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʽʜʩʪʝʞʝʥʥʷ MPP ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʽ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʦʮʽʥʮʽ ʣʦʢʘʣʴʥʦʛʦ ʛʨʘʜʽʻʥʪʘ ʬʫʥʢʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʥʘʧʨʫʛʠ. ʉʫʪʴ 

ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʥʘʚʤʠʩʥʦʤʫ ʚʚʝʜʝʥʥʽ ʤʘʣʦʛʦ ʟʙʫʨʝʥʥʷ ʨʦʙʦʯʦʾ ʥʘʧʨʫʛʠ ʘʙʦ 

ʩʪʨʫʤʫ ʪʘ ʧʦʜʘʣʴʰʦʤʫ ʘʥʘʣʽʟʽ ʟʤʽʥʠ ʤʠʪʪʻʚʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʗʢʱʦ ʧʽʩʣʷ ʟʙʫʨʝʥʥʷ 

ʧʦʪʫʞʥʽʩʪʴ ʟʨʦʩʪʘʻ, ʩʠʩʪʝʤʘ ʨʦʙʠʪʴ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʧʨʷʤ ʟʤʽʥʠ ʦʙʨʘʥʦ ʚʽʨʥʦ, ʽ 

ʧʨʦʜʦʚʞʫʻ ʨʫʭ ʫ ʮʴʦʤʫ ʞ ʥʘʧʨʷʤʽ. ʗʢʱʦ ʧʦʪʫʞʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ, ʥʘʧʨʷʤ 

ʢʦʨʠʛʫʚʘʥʥʷ ʟʤʽʥʶʻ ʥʘʧʨʷʤʦʢ. ʂʨʠʪʠʯʥʠʤ ʬʽʟʠʯʥʠʤ ʧʽʜˇʨʫʥʪʷʤ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ 

ʟʤʽʥʘ ʟʥʘʢʫ ʧʦʭʽʜʥʦʾ dVdP/  ʧʨʠ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʪʦʯʢʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʅʝʜʦʣʽʢʦʤ ʤʝʪʦʜʘ ʻ ʥʝʚʝʣʠʢʽ ʧʫʣʴʩʘʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ.  
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ʄʝʪʦʜ ʽʥʢʨʝʤʝʥʪʘʣʴʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ (Incremental Conductance, IncCond)  

ʧʦʨʽʚʥʶʻ ʤʠʪʪʻʚʫ ʧʦʪʫʞʥʽʩʪʴ ʟ ʽʥʢʨʝʤʝʥʪʥʦʶ dVdI / . ʆʩʢʽʣʴʢʠ ʧʦʪʫʞʥʽʩʪʴ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʙʫʪʢʦʤ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ, ʪʦ ʧʦʭʽʜʥʘ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘʙʫʚʘʻ 

ʚʠʛʣʷʜʫ .*
dV

dI
VI

dV

dP
+=  ʋ MPP ʧʦʭʽʜʥʘ ʧʦʪʫʞʥʦʩʪʽ ʜʦʨʽʚʥʶʻ ʥʫʣʶ 0/ =dVdP , ʘ 

ʧʦʭʽʜʥʘ ʩʪʨʫʤʫ .
V

I

dV

dI
-=  ɼʦ MPP ʧʦʭʽʜʥʘ ʩʪʨʫʤʫ 

V

I

dV

dI
->  , ʘ ʧʽʩʣʷ 

V

I

dV

dI
-<  . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʘʻ ʬʘʢʪʠʯʥʠʡ ʥʘʧʨʷʤ ʨʫʭʫ ʜʦ MPP ʟʘʚʜʷʢʠ  

ʘʥʘʣʽʟʫ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʤʽʞ ʪʘʢʪʘʤʠ. ʎʝʡ ʤʝʪʦʜ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʪʘ ʩʪʽʡʢʽʩʪʶ ʜʦ ʰʚʠʜʢʠʭ ʟʤʽʥ ʦʩʚʽʪʣʝʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʦʜʥʠʤ ʽʟ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ. 

ʄʝʪʦʜ ʜʨʦʙʦʚʦʾ ʥʘʧʨʫʛʠ ʨʦʟʽʤʢʥʝʥʦʛʦ ʢʦʣʘ (Fractional Open-Circuit 

Voltage, FOCV) ʨʝʘʣʽʟʫʻ ʝʤʧʽʨʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʥʘʧʨʫʛʦʶ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʪʘ 

ʥʘʧʨʫʛʦʶ ʚ ʪʦʯʮʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

VkVMPP *= , ʜʝ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ k ʟʘʟʚʠʯʘʡ ʜʦʨʽʚʥʶʻ 0.70ï0.80 ʜʣʷ 

ʢʨʝʤʥʽʻʚʠʭ ʉʌʇ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ V ʩʠʩʪʝʤʘ ʥʘ ʜʫʞʝ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ 

ʚʽʜʢʣʶʯʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʥʘʣʘʰʪʦʚʫʻ ʨʦʙʦʯʫ ʥʘʧʨʫʛʫ ʷʢ ʯʘʩʪʢʫ 

ʚʠʤʽʨʷʥʦʾ ʥʘʧʨʫʛʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ. ʄʝʪʦʜ ʻ ʧʨʦʩʪʠʤ ʫ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʥʝ ʧʦʪʨʝʙʫʻ 

ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʠʭ ʘʙʦ ʘʥʘʣʽʟʫ ʤʠʪʪʻʚʠʭ ʟʤʽʥ ʧʦʪʫʞʥʦʩʪʽ, ʧʨʦʪʝ ʤʘʻ ʥʠʞʯʫ 

ʪʦʯʥʽʩʪʴ ʽ ʚʠʢʣʠʢʘʻ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʽʦʜʠʯʥʦʛʦ ʨʦʟʤʠʢʘʥʥʷ 

ʢʦʣʘ. 

ʄʝʪʦʜ ʜʨʦʙʦʚʦʛʦ ʩʪʨʫʤʫ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ (Fractional Short-Circuit 

Current, FSCC) ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʪʨʫʤʦʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ 

ʪʘ ʩʪʨʫʤʦʤ ʫ MPP IkI MPP *= , ʜʝ ʢʦʝʬʽʮʽʻʥʪ k ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ 0.90ï0.98. ɼʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ I ʣʘʥʮʶʛ ʉʌʇ ʥʘ ʜʫʞʝ ʢʦʨʦʪʢʠʡ ʯʘʩ ʟʘʤʠʢʘʻʪʴʩʷ ʥʘ ʰʫʥʪ, ʧʽʩʣʷ 

ʯʦʛʦ ʩʠʩʪʝʤʘ ʚʩʪʘʥʦʚʣʶʻ ʥʝʦʙʭʽʜʥʠʡ ʨʦʙʦʯʠʡ ʩʪʨʫʤ ʷʢ ʧʨʦʧʦʨʮʽʡʥʫ ʯʘʩʪʢʫ ʚʽʜ 

I. ʄʝʪʦʜ ʜʦʙʨʝ ʨʝʘʛʫʻ ʥʘ ʟʤʽʥʫ ʽʥʩʦʣʷʮʽʾ, ʦʩʢʽʣʴʢʠ ʩʪʨʫʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ 

ʙʣʠʟʴʢʠʡ ʜʦ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʩʚʽʪʣʝʥʦʩʪʽ, ʧʨʦʪʝ, ʷʢ ʽ ʚ ʤʝʪʦʜʽ FOCV, 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʮʠʢʣʽʚ.  

ʉʢʘʥʫʚʘʣʴʥʠʡ ʤʝʪʦʜ (Scanning MPPT) ʚʠʢʦʥʫʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʴʪ-

ʘʤʧʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʫʞʥʦʩʪʽ ʉʌʇ. ɸʣʛʦʨʠʪʤ 

ʧʦʩʣʽʜʦʚʥʦ ʟʤʽʥʶʻ ʨʦʙʦʯʫ ʥʘʧʨʫʛʫ ʫ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʚʠʤʽʨʶʻ ʚʽʜʧʦʚʽʜʥʠʡ 

ʩʪʨʫʤ ʽ ʦʙʯʠʩʣʶʻ ʧʦʪʫʞʥʽʩʪʴ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ, ʧʽʩʣʷ ʯʦʛʦ ʚʠʟʥʘʯʘʻ ʥʘʧʨʫʛʫ, ʟʘ ʷʢʦʾ 

ʧʦʪʫʞʥʽʩʪʴ ʻ ʤʘʢʩʠʤʘʣʴʥʦʶ. ʊʘʢʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʚʠʱʫ ʪʦʯʥʽʩʪʴ ʽ ʟʜʘʪʥʠʡ 

ʢʦʨʝʢʪʥʦ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʤʥʦʞʠʥʥʠʭ ʣʦʢʘʣʴʥʠʭ ʤʘʢʩʠʤʫʤʽʚ, ʦʩʦʙʣʠʚʦ 

ʚ ʫʤʦʚʘʭ ʯʘʩʪʢʦʚʦʛʦ ʟʘʪʽʥʝʥʥʷ. ʇʨʦʪʝ ʚʽʥ ʤʘʻ ʧʽʜʚʠʱʝʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʧʽʜ 

ʯʘʩ ʦʪʨʠʤʘʥʥʷ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʥʠʟʴʢʫ ʰʚʠʜʢʦʜʽʶ ʧʨʠ ʨʽʟʢʠʭ ʟʤʽʥʘʭ 

ʥʘʚʢʦʣʠʰʥʽʭ ʫʤʦʚ, ʦʩʢʽʣʴʢʠ ʧʦʚʥʠʡ ʮʠʢʣ ʩʢʘʥʫʚʘʥʥʷ ʟʘʡʤʘʻ ʧʝʚʥʠʡ ʯʘʩ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ MPP ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʧʨʦʛʨʘʤʘ ʚ ʧʘʢʝʪʽ MATLAB 

ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʷʢʦʾ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. 
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ʈʠʩ. 2. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʙʨʦʙʢʠ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʢʦʤʘʥʜ ʧʨʦʰʠʚʢʦʶ 

 

ʋ ʮʽʡ ʩʠʤʫʣʷʮʽʾ ʧʦʨʽʚʥʶʚʘʣʠʩʴ ʘʣʛʦʨʠʪʤʠ P&O,  IncCond ʪʘ Scanning. ʅʘ 

ʚʭʽʜ ʧʦʜʘʚʘʚʩʷ ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʩʠʛʥʘʣ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʤʦʜʝʣʶʻ ʟʤʽʥʥʝ 

ʦʩʚʽʪʣʝʥʥʷ. ʋ ʧʨʦʛʨʘʤʽ  ʟʘʜʘʻʪʴʩʷ ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʩʠʤʫʣʷʮʽʾ. 

ɺʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʠʥʫʩʦʾʜʘʣʴʥʘ ʬʫʥʢʮʽʷ (ʨʠʩ.3). ʊʘʢʘ 

ʨʝʘʣʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʽʤʽʪʫʚʘʪʠ ʟʤʽʥʥʫ ʩʦʥʷʯʥʫ ʽʥʩʦʣʷʮʽʶ. 

 

 
 

ʈʠʩ. 3. ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʠ 

 

ɼʣʷ ʢʦʞʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʩʪʚʦʨʶʶʪʴʩʷ ʦʢʨʝʤʽ ʤʘʩʠʚʠ ʧʦʪʫʞʥʦʩʪʽ. 

ɸʣʛʦʨʠʪʤ P&O ʟʤʽʥʶʻ ʥʘʧʨʫʛʫ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʝʚʝʣʠʢʠʤʠ ʢʨʦʢʘʤʠ ʪʘ ʩʣʽʜʢʫʻ, 

ʚ ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ ʟʤʽʥʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ, ʱʦʙ ʧʦʪʫʞʥʽʩʪʴ ʟʙʽʣʴʰʫʚʘʣʘʩʷ. 

ɸʣʛʦʨʠʪʤ IncCond ʧʦʨʽʚʥʶʻ ʤʠʪʪʻʚʫ ʧʦʪʫʞʥʽʩʪʴ ʟ ʽʥʢʨʝʤʝʥʪʥʦʶ ʽ ʚʠʟʥʘʯʘʻ 

ʬʘʢʪʠʯʥʠʡ ʥʘʧʨʷʤ ʨʫʭʫ ʜʦ MPP ʟʘʚʜʷʢʠ  ʘʥʘʣʽʟʫ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʤʽʞ 

ʪʘʢʪʘʤʠ. 

ɸʣʛʦʨʠʪʤ Scanning ʚʠʤʽʨʶʻ ʧʦʪʫʞʥʽʩʪʴ ʯʝʨʝʟ ʬʽʢʩʦʚʘʥʠʡ ʢʨʦʢ ʜʦ 

ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ɺɸʍ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ MPP. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʦʾ ʘʣʛʦʨʠʪʤ 

ʧʝʨʝʙʫʜʦʚʫʻ ɺɸʍ ʽ ʥʘʭʦʜʠʪʴ ʥʦʚʫ ʪʦʯʢʫ MPP. 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʦʜʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ɻʝʥʝʨʦʚʘʥʘ ʉʌʇ 

ʧʦʪʫʞʥʽʩʪʴ ʧʦʟʥʘʯʝʥʘ  ʧʫʥʢʪʠʨʥʦʶ ʯʦʨʥʦʶ ʣʽʥʽʻʶ, ʘ ʚʠʭʽʜ ʢʦʞʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ï 

ʢʦʣʴʦʨʦʚʠʤʠ ʣʽʥʽʷʤʠ. ʅʘ ʛʨʘʬʽʢʫ ʥʘʦʯʥʦ ʚʠʜʥʦ ʜʠʩʢʨʝʪʥʽ ʢʨʦʢʠ P&O, IncCond 

ʪʘ ʘʣʛʦʨʠʪʤʘ Scanning . 
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ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʮʽʻʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ 

ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʨʽʟʥʠʭ MPPT ʘʣʛʦʨʠʪʤʽʚ ʥʘ 

ʟʤʽʥʥʦʤʫ ʩʠʥʫʩʦʾʜʘʣʴʥʦʤʫ ʜʞʝʨʝʣʽ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʤʦʜʝʣʶʻ ʨʝʘʣʴʥʽ ʫʤʦʚʠ 

ʨʦʙʦʪʠ ʬʦʪʦʛʘʣʴʚʘʥʽʯʥʠʭ ʩʠʩʪʝʤ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʝʤʦʥʩʪʨʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʦʛʦ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʢʣʘʜʥʠʭ ʨʝʘʣʴʥʠʭ ʫʤʦʚ, ʱʦ 

ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʫ ʰʚʠʜʢʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ 

MPP ʙʝʟ ʩʢʣʘʜʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʪʝʥʜʽʚ. 

ɺʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʘʣʛʦʨʠʪʤʠ P&O ʪʘ IncCond 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʜʘʧʪʠʚʥʝ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ 

ʚʠʨʘʞʝʥʠʤʠ ʜʠʩʢʨʝʪʥʠʤʠ ʢʨʦʢʘʤʠ. ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ P&O ʪʘ 

IncCond ʩʧʽʚʧʘʜʘʻ. ɺʽʜʤʽʥʥʽʩʪʴ ʣʠʰʝ ʚ ʤʝʪʦʜʠʮʽ ʜʦʩʷʛʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ. 

ɸʣʛʦʨʠʪʤ Scanning ʝʬʝʢʪʠʚʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ MPP ʫ ʤʝʞʘʭ ʬʽʢʩʦʚʘʥʠʭ ʢʨʦʢʽʚ 

ʧʦʪʫʞʥʦʩʪʽ, ʧʨʦʪʝ ʡʦʛʦ ʨʦʙʦʪʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʮʠʢʣʽʯʥʠʤʠ ʩʢʠʜʘʥʥʷʤʠ 

ʥʘʢʦʧʠʯʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʚʪʨʘʪ ʝʥʝʨʛʽʾ 

ʧʨʠ ʨʽʟʢʠʭ ʢʦʣʠʚʘʥʥʷʭ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɼʣʷ ʨʝʛʽʦʥʽʚ ʟ ʭʤʘʨʥʽʩʪʶ ʪʘʢʠʡ ʤʝʪʦʜ 

ʥʝ ʧʽʜʭʦʜʠʪʴ. ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ 

ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ MPPT, ʘ ʡ ʚʠʷʚʠʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʾʭʥʴʦʾ ʜʠʥʘʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ, ʱʦ ʤʘʻ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʢʝʨʫʚʘʥʥʷ ʬʦʪʦʛʘʣʴʚʘʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʟʤʽʥʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 
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ɺ.ɺ. ʉʽʜʘʥʯʝʥʢʦ1, ʄ.ʄ. ʈʫʜʝʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʌʈɸʂʊɸʃʔʅʀʁ ɸʅɸʃɯɿ ʊɸ ʅɽɻɸʋʉʉɯɺʉʔʂɸ ʇʈʀʈʆɼɸ 

ɽʃɽʂʊʈʀʏʅʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ ɽʅɽʈɻʆʉʀʉʊɽʄ 

(ɹɽʃʔɻɯʗ, ʇʆʃʔʑɸ, 2015ï2025) 

 
ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʯʘʩʦʚʽ ʨʷʜʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤ 

ɭʚʨʦʧʠ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʣʘʪʬʦʨʤʠ ENTSO-E ʫ ʧʝʨʽʦʜ 2015-2025 ʨʨ. ɺʠʢʦʥʘʥʦ ʬʨʘʢʪʘʣʴʥʠʡ 

ʘʥʘʣʽʟ, ʨʦʟʨʘʭʦʚʘʥʦ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ, ʬʨʘʢʪʘʣʴʥʫ ʨʦʟʤʽʨʥʽʩʪʴ, ʢʦʨʝʣʷʮʽʡʥʫ ʝʥʪʨʦʧʽʶ ʪʘ 

ʨʦʟʤʽʨʥʽʩʪʴ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤ ɹʝʣʴʛʽʾ ʪʘ ʇʦʣʴʱʽ, 

ʜʝʤʦʥʩʪʨʫʻ ʜʦʚʛʦʪʨʠʚʘʣʫ ʧʘʤ'ʷʪʴ ʪʘ ʤʘʻ ʥʝʛʘʫʩʩʽʚʩʴʢʫ ʧʨʠʨʦʜʫ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʨʦʟʛʣʷʜʫ ʬʨʘʢʪʘʣʴʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʦʯʥʠʭ ʧʨʦʛʥʦʟʽʚ ʯʘʩʦʚʠʭ ʨʷʜʽʚ 

ʜʘʥʠʭ ʧʨʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʬʨʘʢʪʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ, 

ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ, ʥʝʣʽʥʽʡʥʘ ʜʠʥʘʤʽʢʘ, ʜʦʚʛʘ ʧʘʤ'ʷʪʴ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

 

ɺʩʪʫʧ. ɽʣʝʢʪʨʠʯʥʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʩʢʣʘʜʥʽʩʪʶ 

ʪʘ ʥʘʷʚʥʽʩʪʶ ʥʝʣʽʥʽʡʥʠʭ, ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʧʨʦʮʝʩʽʚ. ʏʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ 

ʥʝʩʪʘʙʽʣʴʥʠʭ ʜʞʝʨʝʣ ʛʝʥʝʨʘʮʽʾ ʪʘ ʟʨʦʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʽ 

ʩʪʘʪʠʩʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ (ʟʦʢʨʝʤʘ, ARIMA, Holt -Winters ʪʘ ʽʥ.) ʜʝʜʘʣʽ 

ʯʘʩʪʽʰʝ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʝʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʜʘʥʠʭ ʧʨʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʥʘʷʚʥʽʩʪʴ ʬʨʘʢʪʘʣʴʥʦʾ ʪʘ ʥʝʛʘʫʩʩʽʚʩʴʢʦʾ ʧʨʠʨʦʜʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʙˇʨʫʥʪʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʜʝʢʚʘʪʥʠʭ ʭʘʨʘʢʪʝʨʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʩʬʦʨʤʦʚʘʥʽ 

ʽ ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

¶ ɿʘ ʜʦʧʦʤʦʛʦʶ API transparency platform ENTSO-E ʦʪʨʠʤʘʪʠ ʯʘʩʦʚʽ ʨʷʜʠ 

ʟʘ ʧʝʨʽʦʜ 2015-2025ʨʨ. [1-4]; 

¶ ʦʮʽʥʠʪʠ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ ʪʘ ʬʨʘʢʪʘʣʴʥʫ ʨʦʟʤʽʨʥʽʩʪʴ [5]; 

¶ ʚʠʟʥʘʯʠʪʠ ʢʦʨʝʣʷʮʽʡʥʫ ʝʥʪʨʦʧʽʶ; 

¶ ʚʩʪʘʥʦʚʠʪʠ ʥʘʷʚʥʽʩʪʴ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʧʘʤ'ʷʪʽ, ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʘ 

ʤʘʩʰʪʘʙʥʦʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ; 

¶ ʦʮʽʥʠʪʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʛʘʫʩʩʽʚʩʴʢʠʭ ʤʦʜʝʣʝʡ; 

¶ ʦʙˇʨʫʥʪʫʚʘʪʠ ʬʨʘʢʪʘʣʴʥʫ ʧʨʠʨʦʜʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʋ ʨʦʙʦʪʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ ʽʥʩʪʨʫʤʝʥʪʠ: 

¶ ʇʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ Fractan 4.4 ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʨʘʢʪʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʘʩʦʚʠʭ ʨʷʜʽʚ; 
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¶ ʉʪʚʦʨʝʥʠʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 
Python: ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʟ API transparency platform ENTSO-E, ʟʙʝʨʝʞʝʥʥʷ 

ʜʘʥʠʭ ʚ ʙʘʟʽ ʜʘʥʠʭ, ʥʦʨʤʘʣʽʟʘʮʽʾ ʜʘʥʠʭ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʯʘʩʦʚʽ ʨʷʜʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʝʥʝʨʛʦʩʠʩʪʝʤ ɹʝʣʴʛʽʾ ʪʘ ʇʦʣʴʱʽ ʟʘ ʧʝʨʽʦʜ 2015ï2025 ʨʨ., ʦʪʨʠʤʘʥʽ ʟ ʚʽʜʢʨʠʪʦʾ 

ʙʘʟʠ ENTSO-E. ɼʣʷ ɹʝʣʴʛʽʾ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʚʘ ʥʘʙʦʨʠ ʜʘʥʠʭ ʟ ʨʽʟʥʦʶ 

ʜʠʩʢʨʝʪʥʽʩʪʶ: 15-ʭʚʠʣʠʥʥʦʶ, ʷʢʘ ʧʦʚʥʽʩʪʶ ʚʽʜʦʙʨʘʞʘʻ ʚʠʭʽʜʥʫ ʩʪʨʫʢʪʫʨʫ ʜʘʥʠʭ, 

ʪʘ ʘʛʨʝʛʦʚʘʥʽ 60-ʭʚʠʣʠʥʥʽ ʜʘʥʽ, ʩʬʦʨʤʦʚʘʥʽ ʰʣʷʭʦʤ ʫʩʝʨʝʜʥʝʥʥʷ 15-ʭʚʠʣʠʥʥʠʭ 

ʟʥʘʯʝʥʴ. ɼʘʥʽ ʜʣʷ ʇʦʣʴʱʽ ʤʽʩʪʠʣʠ ʛʦʜʠʥʥʫ ʜʠʩʢʨʝʪʥʽʩʪʴ (ʟ 2024 ʨʦʢʫ - ʟʚʝʜʝʥʽ ʟ 

15-ʭʚʠʣʠʥʥʠʭ ʚʠʙʽʨʦʢ). ʆʙʩʷʛ ʚʠʙʽʨʦʢ ʩʪʘʥʦʚʠʚ ʚʽʜʧʦʚʽʜʥʦ 382043 ʚʽʜʣʽʢʽʚ ʜʣʷ 

ɹʝʣʴʛʽʾ ʪʘ 95510 ʚʽʜʣʽʢʽʚ ʜʣʷ ʇʦʣʴʱʽ. ʅʘ ʮʠʭ ʨʷʜʘʭ ʚʠʢʦʥʘʥʦ ʦʙʯʠʩʣʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ (H), ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ (D = 2 ï H), ʢʦʨʝʣʷʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ 

ʪʘ ʤʽʥʽʤʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʦʮʽʥʢʠ ʩʢʣʘʜʥʦʩʪʽ ʪʘ 

ʜʠʥʘʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʛʥʘʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʦʢʘʟʥʠʢ ʍʝʨʩʪʘ ʜʣʷ ɹʝʣʴʛʽʾ ʟ ʜʠʩʢʨʝʪʥʽʩʪʶ 15 ʭʚʠʣʠʥ ʩʢʣʘʚ H = 0.8097 Ñ 

0.2840, ʜʣʷ ʛʦʜʠʥʥʦʾ ʚʝʨʩʽʾ  H = 0.8093 Ñ 0.2840, ʘ ʜʣʷ ʇʦʣʴʱʽ  H = 0.7554 Ñ 0.1406. 

ɿʥʘʯʝʥʥʷ H ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ 0.5, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʜʦʚʛʦʪʨʠʚʘʣʦʾ 

ʧʘʤôʷʪʽ ʪʘ ʧʝʨʩʠʩʪʝʥʪʥʦʾ ʧʦʚʝʜʽʥʢʠ, ʢʦʣʠ ʪʝʥʜʝʥʮʽʾ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʠʭ ʯʘʩʦʚʠʭ ʧʝʨʽʦʜʽʚ. ʈʽʚʝʥʴ ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʽ, ʱʦ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 0.8-0.9, ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʧʨʦʮʝʩʽʚ, ʫ ʷʢʠʭ ʢʦʨʝʣʷʮʽʡʥʽ ʟʚôʷʟʢʠ 

ʧʦʚʽʣʴʥʦ ʟʘʪʫʭʘʶʪʴ ʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʠʥʘʤʽʢʫ ʥʘʚʽʪʴ ʥʘ ʚʝʣʠʢʠʭ 

ʤʘʩʰʪʘʙʘʭ ʯʘʩʫ [6,7]. 

ʌʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʫ ʚʩʽʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʪʘʢʦʞ ʙʫʣʘ ʩʪʘʙʽʣʴʥʦʶ: D = 

1.1903 Ñ 0.2840 ʜʣʷ ɹʝʣʴʛʽʾ (15 ʭʚʠʣʠʥ), D = 1.1907 Ñ 0.2840 ʜʣʷ ɹʝʣʴʛʽʾ (60 ʭʚʠʣʠʥ) 

ʪʘ D = 1.2446 Ñ 0.1406 ʜʣʷ ʇʦʣʴʱʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʘʫʩʩʽʚʩʴʢʦʛʦ ʙʽʣʦʛʦ ʰʫʤʫ, ʜʣʷ 

ʷʢʦʛʦ D = 1.5, ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʽ ʜʦ 1.2 ʩʚʽʜʯʘʪʴ ʧʨʦ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʟʤʽʥ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʣʘʩʪʠʚʫ ʬʨʘʢʪʘʣʴʥʠʤ ʘʙʦ ʤʘʩʰʪʘʙʥʦ-ʽʥʚʘʨʽʘʥʪʥʠʤ ʧʨʦʮʝʩʘʤ. ʊʘʢʽ 

ʟʥʘʯʝʥʥʷ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ Hurst-ʩʪʝʧʝʥʝʚʠʤ ʩʢʘʣʶʚʘʥʥʷʤ. 

ɿʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ ʩʪʘʥʦʚʠʣʠ 1.715 ʜʣʷ ɹʝʣʴʛʽʾ (15 ʭʚʠʣʠʥ), 

0.765 ʜʣʷ ɹʝʣʴʛʽʾ (60 ʭʚʠʣʠʥ) ʪʘ 0.668 ʜʣʷ ʇʦʣʴʱʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʽ ʭʘʦʪʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚ ʩʪʨʫʢʪʫʨʽ ʧʨʦʮʝʩʫ. ʄʽʥʽʤʘʣʴʥʘ 

ʨʦʟʤʽʨʥʽʩʪʴ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʦʮʽʥʝʥʘ ʷʢ Ó 7 ʜʣʷ ɹʝʣʴʛʽʾ ʪʘ Ó 6 ʜʣʷ ʇʦʣʴʱʽ, ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʙʘʛʘʪʦʚʠʤʽʨʥʫ ʜʠʥʘʤʽʢʫ ʪʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʦʧʠʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʩʪʠʤʠ ʦʜʥʦʚʠʤʽʨʥʠʤʠ ʤʦʜʝʣʷʤʠ (ʥʘʧʨʠʢʣʘʜ ARIMA  ʪʘ ʽʥ.). 

ʇʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ɹʝʣʴʛʽʾ ʟ ʨʽʟʥʦʶ ʜʠʩʢʨʝʪʥʽʩʪʶ ʧʦʢʘʟʘʣʦ, ʱʦ ʢʣʶʯʦʚʽ 

ʬʨʘʢʪʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʣʠʰʘʶʪʴʩʷ ʽʥʚʘʨʽʘʥʪʥʠʤʠ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ 15-

ʭʚʠʣʠʥʥʦʾ ʜʦ ʛʦʜʠʥʥʦʾ ʚʠʙʽʨʢʠ: ʟʤʽʥʘ H ʩʪʘʥʦʚʠʣʘ ʣʠʰʝ - 0.05%, ʘ ʟʤʽʥʘ D - 

+0.03%. ɿʙʝʨʝʞʝʥʥʷ ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʾ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʘʩʰʪʘʙʥʫ ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʻ 

ʚʠʟʥʘʯʘʣʴʥʦʶ ʦʟʥʘʢʦʶ ʬʨʘʢʪʘʣʴʥʠʭ ʩʠʩʪʝʤ. ɿʘʛʘʣʦʤ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʝʣʝʢʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʦʙʦʭ ʢʨʘʾʥʘʭ ʻ ʥʝʛʘʫʩʩʽʚʩʴʢʠʤ, 

ʜʦʚʛʦʧʘʤôʷʪʥʠʤ, ʤʘʻ ʝʬʝʢʪ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʟʽ ʩʢʣʘʜʥʦʶ ʙʘʛʘʪʦʚʠʤʽʨʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʘʭ. 



 

 

 

 

46 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʻ ʬʨʘʢʪʘʣʴʥʠʤ ʧʨʦʮʝʩʦʤ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʤʘʻ ʜʦʚʛʦʪʨʠʚʘʣʫ ʧʘʤôʷʪʴ (H å 0.8), ʜʝʤʦʥʩʪʨʫʻ ʥʝʣʽʥʽʡʥʽʩʪʴ ʪʘ ʙʘʛʘʪʦʚʠʤʽʨʥʽʩʪʴ, 

ʘ ʪʘʢʦʞ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʘʫʩʩʽʚʩʴʢʦʾ ʧʨʠʨʦʜʠ ʪʘ ʟʙʝʨʽʛʘʻ ʩʚʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʟʤʽʥʽ ʜʠʩʢʨʝʪʥʦʩʪʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʜʘʥʠʭ ʧʨʦ ʝʣʝʢʪʨʠʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʜʝʢʚʘʪʥʠʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʧʨʦʮʝʩʘʤ.  

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ɹʝʣʴʛʽʾ ʪʘ ʇʦʣʴʱʽ ʟʘ 2015ï2025 ʨʨ. ʤʘʻ ʬʨʘʢʪʘʣʴʥʽ, ʧʝʨʩʠʩʪʝʥʪʥʽ 

ʪʘ ʥʝʛʘʫʩʩʽʚʩʴʢʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺʠʷʚʣʝʥʦ ʩʪʘʙʽʣʴʥʫ ʬʨʘʢʪʘʣʴʥʫ ʨʦʟʤʽʨʥʽʩʪʴ D å 1.19-

1.24, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʥʘʷʚʥʽʩʪʴ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʦʢʘʟʥʠʢ ʍʝʨʩʪʘ ʩʪʘʙʽʣʴʥʦ 

ʧʝʨʝʚʠʱʫʻ 0.75, ʱʦ ʦʙʫʤʦʚʣʶʻ ʜʦʚʛʦʪʨʠʚʘʣʫ ʧʘʤôʷʪʴ. ɺʠʷʚʣʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʢʘʟʫʶʪʴ ʥʘʧʨʷʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʤʝʪʦʜʘʭ ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ 

ʽ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʭʘʦʩʫ [8, 9]. 
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DEVELOPMENT OF AN INTERACTIVE SYSTEM FOR GENERATING 

PROCEDURALLY GENERATED 2D MAPS  

 
Abstract. This paper examines the development of an interactive software system for 

constructing two-dimensional maps based on the Wave Function Collapse (WFC) algorithm. The 

system enables automatic generation of coherent maps that take local constraints into account, 

providing flexible pattern configuration, interactive user interaction, and visualization of results. The 

development has practical significance for the gaming industry, educational platforms, and simulation 

environments. The paper describes the system architecture, the principles of the WFC algorithm, the 

implementation of the graphical interface, and the testing results. 

Keywords: interactive system, algorithm, two-dimensional maps, system architecture, WFC 

algorithm. 

 

Introduction . Automatic content generation is one of the key areas of modern 

software development, increasingly influencing the advancement of the gaming 

industry, computer graphics, modeling, and simulation systems. By enabling the 

creation of complex structures, maps, or objects without constant human intervention, 

such technologies significantly improve development efficiency and open new 

horizons for creativity. 

Map generation, in particular, plays a crucial role in video games, educational 

simulators, and scientific visualizations. In these fields, automation allows for the rapid 

creation of large, diverse, and logically consistent environments, making user 

experiences more engaging and dynamic. For example, in video games, procedurally 

generated maps ensure unique gameplay sessions; in simulators, they provide realistic 

learning scenarios; and in scientific research, they enable the modeling of complex 

environments for analysis. 

Traditional methods of creating maps and levels require significant resources, 

time, and manual work from artists and designers. This limits the scalability and 

variability of content. In response to these challenges, a number of procedural 

generation algorithms have been developed, among which the Wave Function Collapse 

(WFC) algorithm stands out. 

The WFC algorithm offers an effective solution ï it allows the generation of 

coherent maps and structures based on a given example while considering local 
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constraints and stochastic principles. This approach combines elements of probabilistic 

modeling and information theory, ensuring a balanced mix of predictability and 

randomness. As a result, the generated content both follows the logical structure of the 

source sample and exhibits unique variations, making it ideal for automated design. 

Thus, the Wave Function Collapse algorithm becomes a powerful tool for 

developers who aim to create flexible, scalable, and intelligent content generation 

systems that combine mathematical rigor with the creative potential of artificial 

intelligence. 

The purpose of this research is to develop an interactive system that allows the 

user to define generation parameters, observe the map construction process in real time, 

edit the result, and export it in a convenient format. 

Analysis of the Wave Function Collapse Algorithm. The Wave Function 

Collapse (WFC) algorithm is one of the most well-known and efficient methods of 

procedural content generation in modern programming. Its essence lies in creating new 

structures (maps, images, levels, etc.) based on a given example, while maintaining 

local compatibility rules between elements. Although the algorithmôs name is 

borrowed from quantum mechanics, WFC is not a physical model ï it only uses an 

analogy to the process of ñwave function collapse,ò where an indeterminate state 

gradually narrows down to a specific outcome [1]. 

The core idea of the algorithm is that each cell of the future map has a certain set 

of possible states (tiles) that can occupy that position. Initially, all cells have maximum 

entropy ï meaning that each of them can be any tile. The algorithm then sequentially 

ñcollapsesò individual cells, selecting one of the possible states according to 

probabilistic principles or predefined rules. After a state is chosen, the algorithm 

updates neighboring cells, narrowing their possible options in accordance with local 

constraints. 

This process continues until all cells receive definite values, forming a complete 

and logically consistent map. If, at any point, a conflict arises (meaning there are no 

valid options for a given cell), the algorithm can apply backtracking ï returning to 

previous states and regenerating with different choices. 

Let us highlight the key advantages of the WFC algorithm: 

ï Consistency of results. The algorithm ensures that neighboring map elements 

are logically compatible ï roads connect to roads, walls align with corners, and textures 

blend smoothly into one another. This provides naturalness and structural integrity in 

the generated environment. 

ï High variability. Due to the stochastic nature of the WFC algorithm, each new 

generation differs from the previous one, even when using the same sample. This 

creates an almost limitless number of unique content variations. 

ï Learning from examples. The algorithm does not require rigid manual rule 

programming ï it is sufficient to provide a sample map or pattern, from which it 

independently derives the rules of tile placement. This approach resembles the basic 

principles of machine learning in its simplest form. 
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ï Flexibility in constraint configuration. The developer can specify additional 

rules: which elements cannot be adjacent, which must be present, or which map regions 

must follow a certain structure. This makes it possible to create both fully automated 

and semi-controlled generation systems. 

With the advancement of algorithms such as WFC, interactive approaches to 

content generation are becoming increasingly important. In such systems, the user does 

not simply receive a finished result but can actively influence the process of creating a 

map or level. 

Let us outline the main principles of interactivity: 

ï Visual control over the process. The user can observe the generation process 

in real time ï seeing how the algorithm gradually fills the map, which areas remain 

undefined, and how the structure changes after each collapse step. 

ï User intervention capability. If a particular section of the map does not meet 

expectations, the user can modify or lock specific tiles, make manual adjustments, or 

define additional constraints. This transforms the algorithm from a fully automated tool 

into a flexible creative instrument. 

ï Real-time feedback. Through interactive interfaces, the user can immediately 

see the results of their actions. This not only increases workflow efficiency but also 

promotes a deeper understanding of the algorithmôs operating principles. 

Architecture of the WFC-Based Map Generation System. The 

architecture of the system implementing the Wave Function Collapse (WFC) 

algorithm is designed in a modular way, ensuring scalability, ease of maintenance, 

and the ability to integrate with other software products. Each module performs its 

specific role, yet all of them interact through clearly defined interfaces. This 

approach allows developers to easily extend functionality, adapt the system to new 

requirements, or port it to other platforms [2]. 

Generation Module. This component serves as the core of the system ï it 

implements the logic of the WFC algorithm and is responsible for constructing the map 

or spatial structure. 

Main functions of the generation module: 

ï Pattern analysis (sample recognition): at the initial stage, the system identifies 

all unique tiles in the input pattern and determines their compatibility rules based on 

their spatial arrangement. 

ï Compatibility table construction: a matrix is generated that defines which tiles 

can be adjacent to one another in different directions (up, down, left, right). 

ï Stochastic state selection: for each map cell, a tile is selected from the set of 

allowed options, taking into account its probability (frequency in the pattern). 

ï Constraint propagation: after a tile is selected, the system updates the possible 

states of neighboring cells to avoid conflicts and maintain logical consistency. 

ï Backtracking: if the system reaches a state where no valid tile can be placed, 

the algorithm automatically returns to a previous step to attempt a different 

combination. 
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This module is implemented in JavaScript, which ensures efficient work with 

multidimensional data arrays, matrices, and related operations. Thanks to this, the 

generation of even large maps is performed quickly and without significant delays. 

Graphical User Interface (GUI). The graphical interface is built using the ReactJS 

framework, providing flexibility and convenience in creating interactive tools. The main 

goal of the interface is to make the generation process intuitive and visually clear. 

Key features of the graphical interface: 

ï Setting generation parameters: the user can select the input pattern, map size, 

level of randomness, type of constraints, and more. 

Visualization of the Generation Process. The system visualizes the map 

formation in real time ï from the initial state to the final result. 

Manual Map Editing. The user can replace individual tiles, lock specific areas, 

or define new rules for local regions. 

Interactive Feedback. Any change is immediately reflected on the screen, 

allowing the user to experiment with parameters and instantly observe the results in 

real time. 

The interface design follows the principles of ergonomics and minimalism: the 

main screen is divided into a map preview area, a toolbar, and a parameters panel. This 

provides a clear workflow structure and lowers the entry barrier for new users. 

Saving and Export Module. The generation results can be saved in various 

formats depending on the userôs or systemôs needs. 

Main export formats: 

ï PNG ï convenient for visual representation or publication of the map. 

ï JSON ï used to store the mapôs structure as a dataset of tile positions and 

properties, facilitating integration with other applications. 

ï CSV ï suitable for analytical or statistical purposes where a simple tabular data 

format is required. 

The export module supports automatic saving after generation completion as 

well as manual export via the graphical interface. In addition, version control is 

implemented, allowing users to save multiple iterations of a map for comparison or 

further analysis. 

  Architectural Features. 

ï Scalability: new functions can be added without modifying the core structure 

of the program. 

ï Ease of testing: each module can be tested independently, which increases the 

systemôs reliability. 

ï Interactivity: the user has full control over the generation process. 

It is worth noting that the architecture of the system based on the Wave Function 

Collapse algorithm combines intelligent content generation methods, a flexible 

interface, and powerful integration capabilities. By utilizing JavaScript, the React and 

Lodash libraries, as well as a custom implementation of the WFC algorithm, the system 

achieves high performance, intuitive user interaction, and extensive potential for future 

expansion. 
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Practical Significance of the Research. The development and implementation of a 

content generation system based on the Wave Function Collapse (WFC) algorithm has 

substantial practical potential across multiple fields ï from the entertainment industry to 

education, science, and geographic information systems. The algorithm enables the 

automation of complex, structurally consistent environments that previously required 

extensive manual work from designers, developers, or analysts. Below are the main areas 

where the results of this research have the greatest applied value [3]. 

Gaming Industry. One of the most evident applications of WFC is in generating 

game levels, landscapes, mazes, and maps. Modern video games often require vast 

amounts of content ï unique locations, dungeons, buildings, or entire worlds. Manually 

creating such content demands considerable resources, especially for open-world 

projects or those with a high level of detail. 

The Wave Function Collapse algorithm allows developers to: 

ï create procedurally generated levels that preserve the design logic defined by 

an artistôs example; 

ï ensure high variability ï each gameplay session can feature a different map 

configuration; 

ï integrate the system into engines such as Unity, Unreal Engine, or Godot via 

API; 

ï maintain a balance between randomness and structural consistency, making the 

gameplay both predictable and engaging. 

Thus, the WFC algorithm provides developers with the ability to build games 

featuring virtually limitless variations and high replayability, while significantly 

reducing the cost of manual content creation [4]. 

Education. In the field of education and training simulations, the WFC algorithm 

can be used to automatically generate educational maps, virtual environments, training 

modules, and interactive scenarios. 

By doing so, WFC bridges learning, modeling, and creativity, creating 

interactive and adaptable educational tools that enhance engagement and 

understanding. 

Scientific Visualization. In scientific contexts, the Wave Function Collapse 

algorithm can be applied to model complex natural and artificial systems, where local 

dependencies and patterns play a crucial role [5]. 

Scientific vizualizations generated using WFC have two main advantages: 

ï First, they allow for the rapid creation of consistent models that adhere to 

predefined interaction rules. 

ï Second, due to their stochastic nature, researchers can generate multiple 

alternative scenarios and analyze their statistical behavior. 

Such tools are particularly valuable in mathematical modeling, bioinformatics, 

physical simulations, and environmental research [6]. 

In conclusion, the practical significance of this study lies in the development of a 

universal system that combines intelligent content generation, flexible customization, and 

a high degree of adaptability. Thanks to the Wave Function Collapse algorithm, users 
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across various domains ï from game designers to scientists ï gain a tool capable of 

automatically creating logically consistent, realistic, and functional environments [7]. 

Conclusions. In the course of this research, an interactive software system for 

automated two-dimensional map generation based on the Wave Function Collapse 

(WFC) algorithm was developed and implemented. The system combines an intelligent 

approach to spatial structure construction with the capability for user interactivity, 

making it an effective tool for both practical and educational purposes. 

The developed system demonstrates high efficiency in generating coherent maps 

while offering a wide range of flexible configuration options. This allows users to 

control the environment creation process, adjust the level of stochasticity, define 

constraints, or use custom templates to train the algorithm. As a result, users can obtain 

unique maps with desired characteristics ï from simple mazes to complex structures 

featuring diverse elements. 

Thus, the developed interactive system confirms that the Wave Function 

Collapse algorithm is a powerful tool for automatic structured content generation. It 

combines mathematical precision, practical usability, and creative potential, providing 

a flexible environment for experimentation, learning, and creativity. 

The results obtained confirm the successful achievement of the research 

objectives and demonstrate the practical significance of the study. The system can be 

effectively applied in scientific and educational projects, as well as in practical domains 

ï particularly in game development, simulations, geoinformation technologies, and 

architectural modeling. 
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METHODS, ALGORITHMS, AND PROGRAMS FOR ERROR  

DETECTION IN A GEOSPATIAL DATABASE  

 
Annotation. The problem of ensuring data quality in geospatial databases is examined. 

Improving data reliability is achieved through an integrated control system that combines spatial 

analysis, algorithmic validation, and artificial intelligence methods. 

Keywords: database, spatial, anomaly detection, outlier, geospatial data, machine learning, 

data analysis, big data. 

 

Introduction. Modern geographic information systems (GIS) store large 

volumes of spatial data actively used in urban planning, environmental monitoring, 

land management. The data is a foundation for management and legal decision-making. 

The quality of such data has crucial importance, as errors in geometry, attribute values, 

or topological inconsistencies may distort analytical results, violate legislation, and 

lead to economic losses. 

The widespread adoption of geospatial databases in various industries has led to 

an increase in data volumes and complexity of data generation mechanisms. Anomalies 

in such databases may appear as deviations from expected patterns or as logical and 

spatial inconsistencies. They occur during data collection, processing, integration, or 

updating and may be a result of human error, technical failures, or inaccuracies 

inherited from source documents. 

Existing studies confirm that errors in geospatial data can significantly affect 

analytical accuracy and slow down the use of information in practice[1]. As data 

volumes grow, manual verification becomes inefficient, creating a need for automated 

quality control methods and anomaly detection algorithms. However, there is still no 

comprehensive solution capable of performing a full cycle of error detection and 

correction across all anomaly types in geospatial data. This emphasizes the relevance 

of developing new methods and tools for automatic data analysis to ensure the 

reliability and accuracy of information systems. 

Problem statement. Maintaining geospatial data quality is a critical task since 

any errors can impact legal decisions, spatial planning, land monitoring, and economic 

operations. Errors may arise due to human factors, technical deficiencies, inaccuracies 

in primary documents, or discrepancies among data sources. 

To address the issue, the following tasks must be solved: 

1. Conduct an analysis of scientific literature regarding known error types in 

geospatial data and identify their causes. 

2. Develop a classification of common errors in geospatial databases. 
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3. Study existing methods and algorithms for automated error and anomaly 

detection in spatial data. 

4. Design original methods and algorithms for automated identification and 

prevention of different error types. 

5. Develop a software module for geospatial data analysis and implementation of 

the proposed algorithms. 

6. Test the developed algorithms on real-world data and evaluate their 

effectiveness. 

Main content. At the initial stage, a thorough analysis of existing scientific and 

technical sources was carried out, allowing systematization and preliminary 

identification of known error classes in geospatial databases. This provided a 

foundation for further empirical testing. 

Within the study, a dataset from the State Land Cadastre of Ukraine was 

analyzed, based on data published through the API services in 2021-2022. The 

analyzed dataset contained over 24 million records, ensuring statistical significance of 

the results. 

Based on this dataset, four key groups of inconsistencies were identified [2]:  

1. Attribute errors: inaccurate or missing data, incorrect field values. 

2. Geometric errors: positional inaccuracies, incorrect object shape or size 

representation. 

3. Topological errors: violations of spatial relationships (e.g., boundary overlaps, 

gaps, missing connections, duplicate objects). 

4. Contextual errors: logical inconsistencies between data and external sources or 

regulatory requirements. 

Practical testing of the developed algorithms on real datasets confirmed the 

capability of automated procedures to detect inconsistencies at early processing stages 

and prevent deterioration of spatial data quality [3].  

A key achievement of the second stage was the systematization of detected 

issues. An extended hierarchical error classification was developed, encompassing the 

four main violation groups and providing a new level of detail [4].  

At the current stage, the focus has shifted toward automation of data entry and 

subsequent validation. Special attention is paid to working with unstructured data 

sources (including paper documents), since a significant portion of historical geospatial 

information is preserved in scanned archives and textual materials. The study plans to 

apply computer vision and natural language processing (NLP) technologies for 

automatic data recognition, document structuring, and consistency verification with 

registry data. 

Future research also involves the development of AI-driven modules for data 

validation, detection of non-local interdependencies, and statistical detection of 

complex anomalies, as outlined in previous works. 

The scientific novelty of the research lies in the formation of a comprehensive 

geospatial data quality assurance concept that covers all stages of the data life cycle ï 

from initial creation and input from heterogeneous sources to long-term maintenance, 
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updating, and analytical use. The proposed approach integrates classical spatial 

analysis methods, algorithmic consistency validation procedures, and modern artificial 

intelligence technologies. This enables a complete quality control cycle ï from 

processing unstructured information to intelligent anomaly monitoring in large-scale 

geospatial systems.  

The scientific novelty of the research lies in the formation of a comprehensive 

geospatial data quality assurance concept that covers all stages of the data life cycle ï 

from initial creation and input from heterogeneous sources to long-term maintenance, 

updating, and analytical use. The proposed approach integrates classical spatial 

analysis methods, algorithmic consistency validation procedures, and modern artificial 

intelligence technologies. This enables a complete quality control cycle ï from 

processing unstructured information to intelligent anomaly monitoring in large-scale 

geospatial systems.  

Conclusions. This study addresses the issue of data quality assurance in large-

scale information systems and justifies the need for a comprehensive approach that 

covers all stages of the data life cycle ï from initial formation and input to long-term 

maintenance, updating, and analytical utilization. Based on the conducted research: 

¶ Existing practices for ensuring geospatial data reliability were analyzed, and 

their limitations were identified under growing data volume and source diversity 

conditions. 

¶ A classification of typical errors and anomalies in spatial databases was 

developed, and their main sources were determined. 

The current stage of research focuses on developing tools for automated data 

processing and validation using AI models capable of extracting information from 

unstructured textual documents, performing semantic attribute validation, and 

detecting complex anomalies. Future work will be dedicated to creating an integrated 

system combining classical GIS procedures with intelligent algorithms capable of 

providing scalable, reliable, and efficient geospatial data quality assurance. 

The research results will form a methodological basis for building modern 

systems of geospatial data quality control ï a key component for the functioning of 

state registries, municipal planning systems, infrastructure, and environmental 

platforms. Their implementation will help minimize human error, increase analytical 

accuracy, and support informed decision-making in spatial development management.  
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1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʈɽɿʋʃʔʊɸʊʀ ʈʆɿʈʆɹʂʀ ɺɽɹɿɸʉʊʆʉʋʅʂʋ ʇʈʆɻʅʆɿʋɺɸʅʅʗ 

ɺʈʆɾɸʁʅʆʉʊɯ ɸɻʈʆʂʋʃʔʊʋʈ ɯɿ ɯʅʊɽɻʈɸʎɯɭʖ ɸʃɻʆʈʀʊʄɯɺ 

ʇʆʗʉʅʖɺɸʃʔʅʆɻʆ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ 

 
ɸʥʦʪʘʮʽʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʢʠ ʚʝʙʟʘʩʪʦʩʫʥʢʫ ʥʘ ʦʩʥʦʚʽ ʬʨʝʡʤʚʦʨʢʫ 

Flask ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʘʛʨʦʢʫʣʴʪʫʨ ʽʟ ʚʙʫʜʦʚʘʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʤʦʜʫʣʝʤ ʥʘ ʙʘʟʽ 

ʘʣʛʦʨʠʪʤʽʚ ʧʦʷʩʥʶʚʘʣʴʥʦʛʦ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ. ʉʠʩʪʝʤʘ 

ʧʦʻʜʥʫʻ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʟʘʩʦʙʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ API-ʽʥʪʝʛʨʘʮʽʶ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʚʨʦʞʘʡʥʽʩʪʴ, Flask, ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʧʦʷʩʥʶʚʘʣʴʥʠʡ 

ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, Plotly, SQLAlchemy, API, ʘʛʨʦʤʦʥʽʪʦʨʠʥʛ. 

 

ɺʩʪʫʧ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘʤʠ ʚ 

ʋʢʨʘʾʥʽ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ 

ʪʝʭʥʦʣʦʛʽʡ, ʟʜʘʪʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʢʣʽʤʘʪʠʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʜʘʥʽ ʥʘ ʜʦʩʪʦʚʽʨʥʽ 

ʧʨʦʛʥʦʟʠ ʚʨʦʞʘʡʥʦʩʪʽ. ʇʨʦʪʝ ʙʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʟʘʣʠʰʘʶʪʴʩʷ 

çʯʦʨʥʠʤʠ ʩʢʨʠʥʴʢʘʤʠè ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʜʦʚʽʨʫ ʜʦ ʧʨʦʛʥʦʟʽʚ. 

ʆʪʞʝ, ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦ-ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʨʽʰʝʥʴ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʛʨʦʪʝʭʥʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ 

ʚʙʫʜʦʚʘʥʠʤʠ ʟʘʩʦʙʘʤʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʤʘʰʠʥʥʠʭ ʨʽʰʝʥʴ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ 

ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ɺ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʠʙʦʨʯʘ ʨʝʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʧʦʷʩʥʶʚʘʣʴʥʦʛʦ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʫ ʬʦʨʤʽ 

ʚʝʙʧʣʘʪʬʦʨʤ ʩʪʘʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʥʘʧʨʷʤʽʚ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʟʜʘʪʥʽ ʥʝ 

ʣʠʰʝ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʧʨʦʟʦʨʽʩʪʴ ʚ ʧʽʜʪʨʠʤʮʽ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ ʧʦʷʩʥʶʚʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʦʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʦ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʢʣʽʤʘʪʫ ʪʘ ʧʦʪʨʝʙʠ ʚ ʘʜʘʧʪʘʮʽʾ 

ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [1ï3]. ɸʥʘʣʽʟ 

ʚʽʜʦʤʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʽʜ ʯʘʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ. ʅʘʧʨʠʢʣʘʜ, ʤʦʜʝʣʽ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʜʦʚʝʣʠ ʩʚʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʚʨʦʞʘʡʥʦʩʪʽ ʧʰʝʥʠʮʽ, ʚʨʘʭʦʚʫʶʯʠ ʨʽʟʥʽ ʬʘʢʪʦʨʠ 

ʡ ʧʘʨʘʤʝʪʨʠ, ʚʢʣʶʯʘʶʯʠ ʝʢʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʪʘ ʬʘʟʠ ʚʝʛʝʪʘʮʽʾ ʨʦʩʣʠʥ [4]. ʎʝ 

ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ 
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ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ, ʱʦ ʤʦʞʝ ʤʘʪʠ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʚ 

ʫʤʦʚʘʭ ʟʤʽʥʠ ʢʣʽʤʘʪʫ [5].  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚʠʨʦʱʫʚʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ 

ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ Flask-ʟʘʩʪʦʩʫʥʢʫ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʘʛʨʦʢʫʣʴʪʫʨ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʥʘʜʘʻ ʢʦʨʠʩʪʫʚʘʯʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʩʦʙʘʤʠ 

ʧʦʷʩʥʶʚʘʣʴʥʦʛʦ ʐɯ (XAI), ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ API-ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ Flask-ʟʘʩʪʦʩʫʥʢʫ ʟ 

ʦʜʥʦʨʽʚʥʝʚʦʶ ʩʝʨʚʝʨʥʦʶ ʣʦʛʽʢʦʶ ʪʠʧʫ çmonolithic web applicationè. ʉʠʩʪʝʤʘ ʚ 

ʩʚʦʾʡ ʘʨʭʽʪʝʢʪʫʨʽ ʧʦʻʜʥʫʻ ʤʦʜʫʣʽ ʚʝʙʽʥʪʝʨʬʝʡʩʫ, ʙʘʟʠ ʜʘʥʠʭ, ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ 

ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʧʽʜʩʠʩʪʝʤʫ XAI. ɺʦʥʘ ʬʫʥʢʮʽʦʥʫʻ ʟʘ 

ʧʨʠʥʮʠʧʦʤ çedge ML as a serviceè. ʃʦʢʘʣʴʥʠʡ ʩʝʨʚʝʨ ʙʫʣʦ ʨʦʟʛʦʨʥʫʪʦ ʥʘ ʙʘʟʽ 

Raspberry Pi 4, ʷʢʠʡ ʦʧʨʘʮʴʦʚʫʻ ʟʘʧʠʪʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʠʢʦʥʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʚʯʝʥʦʾ ʤʦʜʝʣʽ ʥʘ ʥʦʚʠʭ ʜʘʥʠʭ ʪʘ ʧʦʚʝʨʪʘʻ ʧʨʦʛʥʦʟ ʽʟ ʧʦʷʩʥʝʥʥʷʤ. 

ʃʦʛʽʢʘ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʨʝʘʣʽʟʦʚʘʥʘ ʯʝʨʝʟ ʥʘʙʽʨ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʮʝʥʘʨʽʾʚ 

ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʽʟ ʩʝʨʚʝʨʦʤ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1, ʱʦ ʦʭʦʧʣʶʶʪʴ: 

ʨʝʻʩʪʨʘʮʽʶ ʪʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʘ; ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʫ ʥʘ ʧʨʦʛʥʦʟ ʽ 

ʦʪʨʠʤʘʥʥʷ ʧʦʷʩʥʝʥʥʷ; ʧʝʨʝʛʣʷʜ ʪʨʝʥʜʽʚ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʜʘʥʠʭ; ʧʘʢʝʪʥʝ 

ʜʦʜʘʚʘʥʥʷ ʟʘʧʠʩʽʚ ʯʝʨʝʟ ʟʘʭʠʱʝʥʠʡ API. ɺʚʝʜʝʥʽ ʜʘʥʽ ʚʘʣʽʜʫʶʪʴʩʷ ʫ ʬʦʨʤʽ Flask-

WTF, ʤʘʩʰʪʘʙʫʶʪʴʩʷ ʟʘ StandardScaler ʪʘ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʚʭʽʜ ML-ʤʦʜʝʣʽ, ʷʢʘ 

ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ Random Forest. ʈʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʥʷ ʪʘ HTML-

ʧʦʷʩʥʝʥʥʷ ʛʝʥʝʨʫʶʪʴʩʷ ʧʨʦʛʨʘʤʥʠʤ ʤʦʜʫʣʝʤ ʥʘ ʦʩʥʦʚʽ ELI5 ʽ ʥʘʜʩʠʣʘʶʪʴʩʷ 

ʢʦʨʠʩʪʫʚʘʯʫ ʟʘʩʦʙʘʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʯʝʨʝʟ SMTP-ʩʝʨʚʽʩ. 

 

 
ʈʠʩ. 1. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʮʝʥʘʨʽʾʚ  

ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʩʠʩʪʝʤʠ 
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʥʷ POST-ʟʘʧʠʪʫ /predictions, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 

2, ʩʠʩʪʝʤʘ ʧʦʩʣʽʜʦʚʥʦ ʚʠʢʦʥʫʻ ʪʘʢʽ ʜʽʾ: ʚʘʣʽʜʘʮʽʷ ʜʘʥʠʭ ï ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ï 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʚʯʝʥʦʾ ʤʦʜʝʣʽ ï ʛʝʥʝʨʫʚʘʥʥʷ ʧʦʷʩʥʝʥʥʷ ï ʚʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ï ʧʦʚʽʜʦʤʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. ʇʽʜ ʯʘʩ ʪʘʢʦʾ ʨʝʘʣʽʟʘʮʽʾ ʙʫʣʦ ʩʠʥʪʝʟʦʚʘʥʦ 

ʥʘʩʢʨʽʟʥʠʡ ʢʦʥʚʝʻʨ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʨʦʟʦʨʦʩʪʽ ʪʘ 

ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ. 

 

 
ʈʠʩ. 2. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ ʚ ʤʝʞʘʭ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʩʠʩʪʝʤʠ 

 

ɺʝʙʽʥʪʝʨʬʝʡʩ ʩʪʚʦʨʝʥʦ ʥʘ ʦʩʥʦʚʽ ʰʘʙʣʦʥʽʟʘʪʦʨʘ Jinja2 ʪʘ ʬʨʝʡʤʚʦʨʢʘ 

Bootstrap. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʘʜʘʧʪʠʚʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʬʦʨʤ ʽ ʛʨʘʬʽʢʽʚ. 

ʉʪʦʨʽʥʢʠ /home, /predictions ʪʘ /trends ʨʝʘʣʽʟʫʶʪʴ ʤʝʭʘʥʽʟʤʠ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, 

ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ ʪʘ ʘʥʘʣʽʟʫ ʽʩʪʦʨʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʘʭʫʥʢʽʚ ʚʠʢʦʥʘʥʘ 

ʟʘʩʦʙʘʤʠ Plotly ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʨʘʢʪʠʚʥʠʭ HTML-ʛʨʘʬʽʢʽʚ, ʷʢʽ ʽʥʪʝʛʨʦʚʘʥʦ ʚ 

ʰʘʙʣʦʥʠ ʯʝʨʝʟ Jinja. ɺʙʫʜʦʚʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʥʘ ʦʩʥʦʚʽ ʧʦʷʩʥʶʚʘʣʴʥʦʛʦ 

ʐɯ (ELI5) ʟʘʙʝʟʧʝʯʫʻ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʚʥʝʩʢʫ ʢʦʞʥʦʾ ʦʟʥʘʢʠ ʜʦ ʨʝʟʫʣʴʪʘʪʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʱʦ ʧʽʜʚʠʱʫʻ ʜʦʚʽʨʫ ʪʘ ʽʥʪʝʨʧʨʝʪʦʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ. 
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ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʪʘʢʦʞ ʨʝʘʣʽʟʦʚʘʥʦ RESTful API-ʝʥʜʧʦʽʥʪ ʜʣʷ ʤʘʩʦʚʦʛʦ 

ʜʦʜʘʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʟʘʧʠʩʽʚ ʯʝʨʝʟ JSON-ʟʘʧʠʪʠ ʽʟ ʘʚʪʦʨʠʟʘʮʽʻʶ ʟʘ API-

ʢʣʶʯʝʤ. ʌʦʨʤʘʪ ʜʘʥʠʭ ʩʫʤʽʩʥʠʡ ʽʟ Flask-SQLAlchemy. ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʧʨʦʱʫʻ 

ʽʥʪʝʛʨʘʮʽʶ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʜʞʝʨʝʣʘʤʠ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʘʛʨʦʧʦʢʘʟʥʠʢʽʚ. 

ʅʘ ʢʽʥʮʝʚʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʨʠʟʠʢʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʻʶ, SMTP-ʢʦʤʫʥʽʢʘʮʽʻʶ ʪʘ ʨʝʩʫʨʩʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ 

ʤʽʢʨʦʢʦʤʧôʶʪʝʨʥʦʾ ʧʣʘʪʬʦʨʤʠ Raspberry Pi 4. ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

SSL/TLS, JWT-ʪʦʢʝʥʽʚ, ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ (Docker), ʘ ʪʘʢʦʞ ʧʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ ʜʦ 

ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʟ ʦʥʣʘʡʥ-ʥʘʚʯʘʥʥʷʤ ʤʦʜʝʣʝʡ ʥʘ ʣʦʢʘʣʴʥʠʭ 

ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʽ ʛʣʦʙʘʣʴʥʠʤʠ ʤʝʪʘʽʥʪʝʨʧʨʝʪʘʪʦʨʘʤʠ XAI. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʚ ʫʜʦʩʢʦʥʘʣʝʥʥʽ 

ʧʽʜʭʦʜʽʚ ʪʘ ʧʨʦʛʨʘʤʥʦ-ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʦʪʦʢʽʚ ʧʽʜ ʯʘʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʘʛʨʦʢʫʣʴʪʫʨ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʜʫʣʷ ʣʦʢʘʣʴʥʠʭ ʧʦʷʩʥʝʥʴ ELI5 ʚ ʽʥʪʝʛʨʦʚʘʥʫ ʘʨʭʽʪʝʢʪʫʨʫ Flask-

ʟʘʩʪʦʩʫʥʢʫ, ʷʢʘ ʧʦʻʜʥʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦ ʨʝʘʣʽʟʦʚʘʥʠʭ ML-ʤʦʜʝʣʝʡ ʽʟ 

ʧʽʜʪʨʠʤʢʦʶ API ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʫ ʻʜʠʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ 

ʢʦʥʚʝʻʨʽ.  

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʠʡ Flask-ʟʘʩʪʦʩʫʥʦʢ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʠʡ ʮʠʢʣ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ʘʛʨʦʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜ ʚʚʝʜʝʥʥʷ ʜʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʘʥʘʣʽʪʠʢʠ ʡ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʧʦʣʷʛʘʶʪʴ 

ʫ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʛʣʦʙʘʣʴʥʠʭ ʤʦʜʝʣʝʡ XAI ʽ ʤʝʪʦʜʽʚ ʦʥʣʘʡʥ-

ʥʘʚʯʘʥʥʷ. 
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THE DEVELOPMENT AND CREATION OF RESPONSIVE 

EMOTIONALLY ORIENTED MOBILE APPLICATION  

 
Annotation. In the research, a creation process of a responsive, emotionally oriented mobile 

app is presented, which is capable of identifying an emotional state of a user in real time, particularly 

in the moment of crisis (war conflicts, evacuation, post-traumatic stress, etc). The developed 

prototype integrates technologies of intellectual personal analysis for the realization of personal 

recommendations of video content, to lower the level of anxiety, to increase motivation, and to 

provide informational and psychological support. The system connects mechanisms of emotional 

analysis, responsive interface, and content therapy, which contributes to the improvement of the 

psycho-emotional state of a user and increases the efficiency of their digital interactions. 

Keywords: mobile application, emotional state, video content, informational support, 

interface. 

 

Introduction.  A modern phase of development of informational technologies is 

characterised by the high level of integration of mobile applications in the daily life of 

a user. Not only do they perform functional but also psycho-emotional tasks, affecting 

the psychological state of a person. The increasing demand for personalized digital 

decisions necessitates the development of intelligent applications that can adapt to a 

user's emotional context. 

The relevance of the research is defined by the demand for creating emotionally 

sensitive systems, which take the psychological state of a person into account, 

especially in the moment of crisis. Such systems can significantly increase the 

efficiency of digital interaction and provide users with psychological support in real 

time. 

Adaptability of mobile applications suggests dynamic change of the interface, 

algorithms of interaction, and information content according to the emotional state of 

a user. It opens new prospects in the development of cognitive computer science, 

emotional artificial intelligence, and UX design. Implementation of these technologies 

is especially important in such fields as education, mental health care, social media, 

and crisis support services. 

This research aims to develop a concept, architecture, and prototype of an 

adaptive, emotionally oriented mobile application that can identify a user's emotional 

state and dynamically adapt the interface, functionality, and video content 

recommendations, particularly during moments of psychological or social crisis. 

Particular attention is given to the implementation of intelligent mechanisms for 

personalized recommendations that promote emotional stabilization, support, and 

enhancement of a user experience through relevant multimedia content. 
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The main content of the research. The application operates in real time to 

determine the emotional state of a user who is in the moment of crisis (such as a military 

conflict, evacuation, a humanitarian disaster, post-traumatic stress, etc.), and based on 

this state, recommends a video content that: 

ï reduces the level of anxiety, stress, or emotional exhaustion, 

ï enhances motivation and provides informational or psychological support, 

ï  helps a user navigate the current crisis. 

Regarding the functionality of the emotion-oriented mobile application in crisis 

conditions, the following aspects should be noted. The mobile application is designed 

to address the following issues: 

Real-time detection of a userôs emotional state. 

The application uses a combination of sensor data, behavioral patterns, and 

machine learning to analyze a userôs emotional condition. This may include: 

ï facial expression analysis via the front camera (with a userôs consent); 

ï stress detection through speech tempo, tone, or pauses; 

ï assessment of activity levels (movement, geolocation, frequency of device 

interactions); 

ï processing of user text messages or queries; 

ï consideration of context: geographical location, news background, type of 

emergency. 

Video content recommendations to reduce anxiety, stress, or emotional 

exhaustion. Based on the identified emotional state, the application recommends videos 

that: 

ï have a calming visual and audio atmosphere (scenes of nature, meditation, 

ASMR); 

ï include breathing exercises, relaxation techniques, and short meditation 

sessions; 

ï offer gentle humor, uplifting stories, and non-triggering content. 

This approach promotes emotional stabilization, reduces cortisol levels, and 

improves overall well-being. 

Enhancing motivation and psychological support. In cases where a user shows 

signs of apathy, loss of motivation, or depression, the application may recommend: 

ï motivational speeches or stories of overcoming difficulties; 

ï videos with self-help and psychological hygiene advice; 

ï content that activates internal resources: music, sports, creativity. 

Such recommendations aim to support a userôs inner strength and foster positive 

thinking. 

Orientation in the current crisis. In emergency conditions (military conflict, 

evacuation, humanitarian catastrophe), the application serves as an informational 

navigator: 

ï provides video instructions on safety, evacuation, and first aid; 

ï delivers localized updates on the situation (from official sources); 

ï explains how to act in cases of panic, isolation, or loss of communication. 
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This enables a user to maintain orientation, act rationally, and reduce risks. 

The practical significance and social impact of implementation are as follows. 

Instant emotional support for people in crisis. 

In crises (such as shelling, evacuation, or loss of communication), people often 

have no access to a psychologist or even a simple way to calm down. An application 

that recognizes a userôs emotional state and offers a short video with relaxation, 

breathing techniques, or a kind piece of advice can reduce panic, anxiety, or 

hopelessness. 

For example, if a user speaks with a trembling voice or appears agitated, the 

system can suggest a video with soothing music, breathing control tips, or a short 

message from a psychologist to help stabilize the condition. As a result, a person 

receives instant psychological ñremote support,ò which can significantly reduce the 

risk of panic attacks or emotional breakdowns. Thus, the application ensures quick 

access to video materials that help lower levels of panic or anxiety ð a factor that can 

be critically important for emotional stabilization in crisis conditions. 

Optimization of relevant content search. A user does not need to spend time 

searching for suitable videos ð the system automatically selects safe and helpful 

content, minimizing information overload. This saves time, energy, and attention, 

which are severely limited under stress. A user avoids endless scrolling and accidental 

exposure to unwanted or shocking videos (which could increase anxiety). Therefore, 

the system helps prevent information overload and filters out potentially harmful 

content. 

Support for aid services (aggregation of anonymous emotional state trends). 

Based on anonymized data about usersô emotional states in specific regions, it is 

possible to create heat maps of emotional tension. These can be valuable for: 

ï psychological support services, 

ï volunteer organizations, 

ï crisis response centers. 

For example, if the number of users with high anxiety or depressive moods 

suddenly rises in a particular area, services can respond more quickly ð by sending 

additional psychologists, organizing online support, or engaging local volunteer 

networks. 

All data remain anonymous and are used only in an aggregated form for monitoring 

the populationôs emotional state. 

Integration with local resources (hotlines, support services). 

If a critical emotional state is detected (e.g., signs of a panic attack, high anxiety, 

disorientation, or depressive indicators), the application can recommend contacting a 

hotline or display a quick-access button to: 

ï the national psychological support service; 

ï volunteer assistance; 

ï emergency response services. 

Integration with regional or local databases of resources is also possible, 

including: 
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ï lists of safe shelters, 

ï contacts of mobile psychological support teams, 

ï up-to-date emergency instructions. 

This creates a unified crisis support ecosystem in which a user receives not only 

emotional assistance but also practical guidance ð who to contact, where to find 

safety, and how to act next. 

Conclusion. Within the framework of the study, the relevance of developing an 

adaptive, emotion-oriented mobile application capable of responding to a userôs 

emotional stateðparticularly under crisis conditions such as military conflict, 

evacuation, humanitarian disasters, or post-traumatic stressðhas been substantiated. 

Considering the growing role of digital technologies in supporting psycho-emotional 

well-being, the proposed solution integrates artificial intelligence tools, emotional 

analysis, and adaptive UX design to create an intelligent environment that not only 

informs but also supports a user. 

The application is designed to: 

ï determine a userôs emotional state in real time through multimodal analysis 

(speech, facial expressions, behavioral patterns, context); 

ï adapt the interface and functionality according to the identified emotional 

needs; 

ï recommend video content that reduces anxiety, enhances motivation, or helps 

navigate the current crisis. 

The development of such an application opens new perspectives in the field of 

human-centered technologies, where digital solutions become not only tools but also 

partners in overcoming psychological challenges. Integrating emotional sensitivity into 

mobile platforms enables a deeper, more personalized, and safer interaction between 

humans and technology. 

Thus, the results of the research confirm the feasibility and effectiveness of 

implementing emotion-oriented mechanisms in mobile applicationsðespecially in 

crisis contexts, where a rapid, adaptive, and supportive system response can play a 

decisive role in maintaining a userôs psycho-emotional stability. 
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ʄʆɼɽʃɯ ɺʀʗɺʃɽʅʅʗ ʊɸ ɺɯɼʉʊɽɾɽʅʅʗ ʆɹôɭʂʊɯɺ 

ʋ ɺɯɼɽʆʇʆʊʆʎɯ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄɽʍɸʅɯɿʄʋ ʋɺɸɻʀ 

 
ɸʥʦʪʘʮʽʷ. ɹʫʣʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʤʦʜʝʣʽ ʩʪʝʞʝʥʥʷ ʟʘ ʦʙôʻʢʪʘʤʠ ʫ ʚʽʜʝʦʨʷʜʽ. 

ɹʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʘʥʘʣʽʪʠʯʥʘ ʽ ʧʨʦʛʨʘʤʥʘ ʩʢʣʘʜʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ɺʠʟʥʘʯʝʥʦ 

ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʩʪʝʞʝʥʥʷ ʟʘ ʦʙôʻʢʪʘʤʠ ʫ ʚʽʜʝʦʨʷʜʽ: 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʤʦʜʝʣʽ BOTT, ʚʠʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʠ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʨʘʤʦʢ ʮʽʣʴʦʚʦʛʦ ʦʙôʻʢʪʘ ʫ ʢʦʞʥʦʤʫ ʢʘʜʨʽ 

ʚʽʜʝʦʨʷʜʫ, ʪʘ ʧʨʠʚʝʜʝʥʥʷ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʩʭʦʞʦʩʪʽ ʦʙôʻʢʪʽʚ ʤʽʞ ʢʘʜʨʘʤʠ ʜʦ ʙʽʥʘʨʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʤʦʜʝʣʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʜʩʪʝʞʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʚʽʜʝʦ, ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʪʨʘʥʩʬʦʨʤʝʨ, 

ʤʝʭʘʥʽʟʤ ʫʚʘʛʠ, CNN, MDNet, BOTT. 

 

ɺʩʪʫʧ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʪʘʢʽ ʛʘʣʫʟʽ, ʷʢ ʘʥʘʣʽʟ ʟʦʙʨʘʞʝʥʴ ʽ ʘʥʘʣʽʟ ʚʽʜʝʦ, 

ʨʦʟʰʠʨʠʣʠ ʢʦʣʦ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ɼʚʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ 

ʜʦʤʽʥʫʶʪʴ ʫ ʮʽʡ ʩʬʝʨʽ, ï ʮʝ ʢʦʤʧôʶʪʝʨʥʠʡ ʟʽʨ ʪʘ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ. ɺʽʟʫʘʣʴʥʝ 

ʚʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʻ ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʟ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ, ʚʢʣʶʯʘʶʯʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʶ ʣʶʜʠʥʠ ʟ ʢʦʤʧôʶʪʝʨʦʤ. ʄʝʪʦʶ 

ʚʽʟʫʘʣʴʥʦʛʦ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʻ ʪʦʯʥʝ ʪʘ ʧʦʩʣʽʜʦʚʥʝ ʚʽʜʩʪʝʞʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ 

ʮʽʣʝʡ ʫ ʚʽʜʝʦʨʷʜʽ. ʆʜʥʘʢ ʮʴʦʤʫ ʧʨʦʮʝʩʫ ʟʘʚʘʞʘʶʪʴ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʜʝʬʦʨʤʘʮʽʷ, 

ʦʢʣʶʟʽʷ, ʰʚʠʜʢʠʡ ʨʫʭ ʽ ʬʦʥʦʚʽ ʧʝʨʝʰʢʦʜʠ. 

ɺʠʷʚʣʝʥʥʷ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʻ ʚʝʣʠʢʦʶ, 

ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʪʘ ʩʢʣʘʜʥʦʶ ʦʙʣʘʩʪʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. ɸʢʪʠʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʩʧʨʠʷʻ ʨʦʟʨʦʙʮʽ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʆʜʥʘʢ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ 

ʚʽʜʩʪʝʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʜʦʩʽ ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ, ʪʘʢʽ, ʷʢ 

ʚʽʜʩʪʝʞʝʥʥʷ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʜʦʨʦʛʽ ʦʙʯʠʩʣʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʘʙʦ ʚʽʜʩʪʝʞʝʥʥʷ ʢʽʣʴʢʦʭ ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʽʣʴʢʦʭ ʢʘʤʝʨ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʩʪʝʞʝʥʥʷ ʟʘ 

ʦʙôʻʢʪʘʤʠ ʚ ʚʽʜʝʦʨʷʜʽ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ 

ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʜʝʣʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʝʞʝʥʥʷ ʟʘ ʦʙôʻʢʪʘʤʠ ʫ ʚʽʜʝʦʨʷʜʽ ʽʟ 

ʦʧʪʠʤʘʣʴʥʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʰʚʠʜʢʦʜʽʻʶ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ 

ʚʠʨʽʰʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

¶ ʜʦʩʣʽʜʠʪʠ ʧʨʠʥʮʠʧʠ, ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʘʣʛʦʨʠʪʤʠ ʩʪʝʞʝʥʥʷ ʟʘ ʦʙôʻʢʪʘʤʠ ʚ 

ʚʽʜʝʦʨʷʜʽ; 

¶ ʦʙˇʨʫʥʪʫʚʘʪʠ ʘʨʭʽʪʝʢʪʫʨʫ ʤʦʜʝʣʽ ʩʪʝʞʝʥʥʷ ʟʘ ʦʙôʻʢʪʘʤʠ ʚ ʚʽʜʝʦʨʷʜʽ; 
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¶ ʧʨʦʪʝʩʪʫʚʘʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʩʪʝʞʝʥʥʷ ʟʘ ʦʙôʻʢʪʘʤʠ ʚ ʚʽʜʝʦʨʷʜʽ ʥʘ ʙʘʟʽ ʦʙʨʘʥʦʾ ʤʦʜʝʣʽ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɺʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʫ ʚʽʜʝʦʨʷʜʽ ʤʘʻ ʨʷʜ 

ʦʙʤʝʞʝʥʴ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʚʠʤʦʛʠ ʜʦ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʩʪʝʞʝʥʥʷ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ. ʎʠʤʠ ʚʠʤʦʛʘʤʠ ʻ ʥʘʜʽʡʥʽʩʪʴ, ʘʜʘʧʪʠʚʥʽʩʪʴ ʪʘ 

ʨʦʙʦʪʘ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʅʘʜʽʡʥʽʩʪʴ ʦʟʥʘʯʘʻ, ʱʦ ʩʠʩʪʝʤʘ ʩʪʝʞʝʥʥʷ ʤʦʞʝ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʮʽʣʴ ʥʘʚʽʪʴ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ, ʪʘʢʠʭ ʷʢ ʧʝʨʝʰʢʦʜʠ ʥʘ ʬʦʥʽ, 

ʦʢʣʶʟʽʷ ʪʘ ʟʤʽʥʘ ʦʩʚʽʪʣʝʥʥʷ. ʆʢʨʽʤ ʟʤʽʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤʽʰʝʥʥʶ ʻ 

ʟʤʽʥʠ, ʪʘʢʽ ʷʢ ʩʢʣʘʜʥʠʡ ʽ ʨʘʧʪʦʚʠʡ ʨʫʭ ʮʽʣʽ. ʑʦʙ ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ, ʩʠʩʪʝʤʘ 

ʩʪʝʞʝʥʥʷ ʧʦʚʠʥʥʘ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʷʪʠ ʪʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʦʪʦʯʥʽ ʚʠʜʠʤʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʽʣʽ. ʉʠʩʪʝʤʘ, ʷʢʘ ʧʨʘʮʶʻ ʟ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʟʦʙʨʘʞʝʥʴ, ʧʦʚʠʥʥʘ 

ʤʘʪʠ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ. ʆʪʞʝ, ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʚ ʨʝʘʣʽʟʘʮʽʾ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʪʝʞʝʥʥʷ ʟʘ ʦʙôʻʢʪʘʤʠ ʫ 

ʚʽʜʝʦʨʷʜʽ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʚʽʜʩʪʝʞʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʫ ʚʽʜʝʦʨʷʜʽ ʥʘ ʦʩʥʦʚʽ 

ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. ʅʘʡʧʨʦʩʪʽʰʝ ʪʘʢʠʡ ʬʫʥʢʮʽʦʥʘʣ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʢʫʨʝʥʪʥʠʭ ʤʝʨʝʞ ʨʽʟʥʦʛʦ ʪʠʧʫ, ʷʢ ʟ ʥʘʷʚʥʽʩʪʶ çʧʘʤôʷʪʽè, ʪʘʢ ʽ ʙʝʟ 

ʥʝʾ, ʘ ʪʘʢʦʞ ʟ ʤʦʞʣʠʚʠʤ ʜʦʜʘʚʘʥʥʷʤ ʚ ʘʨʭʽʪʝʢʪʫʨʫ ʰʘʨʽʚ ʤʘʰʠʥʥʦʾ ʫʚʘʛʠ, ʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʂʨʽʤ ʪʦʛʦ, ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʥʘʡʰʣʠ ʘʨʭʽʪʝʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʪʨʘʥʩʬʦʨʤʝʨʽʚ, ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʟʘʜʘʯʘʭ ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ.  

ʆʩʥʦʚʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʩʪʝʞʝʥʥʷ ʟʘ ʦʙôʻʢʪʘʤʠ ʫ 

ʚʽʜʝʦʨʷʜʽ ï ʮʝ MDNet, DeepSORT, ʪʘ BOTT. 

MDNet (Multi-Domain Network) ï ʮʝ ʤʦʜʝʣʴ, ʷʢʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʩʽʘʤʩʴʢʽʡ 

ʥʝʡʨʦʥʥʽʡ ʤʝʨʝʞʽ. ʉʽʘʤʩʴʢʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ï ʻ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʩʪʚʦʨʝʥʘ ʟ 

ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʤʝʪʨʠʢ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʜʚʦʤʘ ʨʽʟʥʠʤʠ ʥʘʙʦʨʘʤʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. 

ɼʣʷ ʮʴʦʛʦ ʚʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʧʽʜʤʝʨʝʞ. ʆʙʠʜʚʽ ʮʽ 

ʤʝʨʝʞʽ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʚʘʛʠ ʪʘ ʧʘʨʘʤʝʪʨʠ. 

DeepSORT (Deep Simple Online and Realtime Tracking) ï ʤʦʜʝʣʴ, ʦʩʥʦʚʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʷʢʦʾ ʻ ʬʽʣʴʪʨ ʂʘʣʤʘʥʘ. ʌʽʣʴʪʨ ʂʘʣʤʘʥʘ ï ʷʚʣʷʻ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʫ 

ʚʽʜʝʦʨʷʜʽ. ɺʽʥ ʧʝʨʝʜʙʘʯʘʻ ʤʘʡʙʫʪʥʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ, ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʽʭ 

ʢʘʜʨʽʚ. 

BOTT (Box Only Transformer Tracker) ï ʤʦʜʝʣʴ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʘʨʭʽʪʝʢʪʫʨʽ 

ʪʨʘʥʩʬʦʨʤʝʨʽʚ ʽ ʤʝʭʘʥʽʟʤʽ ʫʚʘʛʠ. ʊʨʘʥʩʬʦʨʤʝʨ ï ʮʝ ʧʽʜʭʽʜ ʜʣʷ ʦʙʨʦʙʢʠ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟ ʧʨʠʜʽʣʝʥʥʷʤ ʫʚʘʛʠ ʨʦʟʪʘʰʫʚʘʥʥʶ ʦʙ'ʻʢʪʘ ʚ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ɿʘʚʜʷʢʠ ʣʝʛʰʽʡ ʘʨʭʽʪʝʢʪʫʨʽ, ʷʢʘ ʥʘ ʙʘʟʦʚʦʤʫ ʨʽʚʥʽ ʧʽʜʪʨʠʤʫʻ 

ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ, ʪʨʘʥʩʬʦʨʤʝʨ ʚʠʢʦʥʫʻ ʚʩʝ, ʱʦ ʨʦʙʣʷʪʴ ʨʝʢʫʨʝʥʪʥʽ ʤʝʨʝʞʽ, 

ʪʽʣʴʢʠ ʰʚʠʜʰʝ ʪʘ ʷʢʽʩʥʽʰʝ. 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʜʣʷ ʩʪʝʞʝʥʥʷ ʟʘ ʦʙôʻʢʪʘʤʠ ʫ 

ʚʽʜʝʦʨʷʜʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʮʽʥʠʪʠ ʪʘ 

ʧʦʨʽʚʥʷʪʠ ʘʢʪʫʘʣʴʥʽ ʤʦʜʝʣʽ ʽʟ ʯʠʩʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚʠʱʝ ʪʨʝʢʝʨʽʚ ʥʘ ʦʜʥʽʡ 
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ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʧʣʘʪʬʦʨʤʽ, ʪʘ ʟʥʘʡʪʠ ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʪʦʯʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʤʦʜʝʣʽ MDNet ʽ BOTT. ʆʙʠʜʚʽ ʮʽ ʤʦʜʝʣʽ 

ʚʽʜʩʪʝʞʫʶʪʴ ʦʜʠʥ ʦʙ'ʻʢʪ ʫ ʚʽʜʝʦʨʷʜʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʠʭ, DeepSORT ʩʪʚʦʨʝʥʠʡ 

ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙ'ʻʢʪʽʚ ʦʜʥʦʯʘʩʥʦ. ʆʜʥʘʢ, ʚʽʥ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʦʥʣʘʡʥ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ (ʚʽʜʩʪʝʞʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ), 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʚʦʭ ʽʥʰʠʭ ʤʦʜʝʣʝʡ. ʏʝʨʝʟ ʮʝ ʡʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʽʥʰʠʤʠ ʜʚʦʤʘ 

ʤʦʜʝʣʷʤʠ ʥʝʘʢʪʫʘʣʴʥʝ ʚ ʢʦʥʪʝʢʩʪʽ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʘʣʽ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ 

ʨʝʘʣʽʟʘʮʽʶ ʤʦʜʝʣʝʡ MDNet ʪʘ BOTT. 

ʄʦʜʝʣʴ MDNet 

ɸʨʭʽʪʝʢʪʫʨʫ MDNet ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ 2 ʯʘʩʪʠʥʠ. ɰʾ ʩʭʝʤʫ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ.1. 

ʇʝʨʰʘ ʯʘʩʪʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʤʙʽʥʘʮʽʾ ʟʛʦʨʪʢʦʚʠʭ ʽ ʧʦʚʥʽʩʪʶ ʧʦʚ'ʷʟʘʥʠʭ 

ʰʘʨʽʚ. ʎʷ ʯʘʩʪʠʥʘ ʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʠʜʽʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟ ʢʘʜʨʽʚ ʚʭʽʜʥʦʛʦ 

ʚʽʜʝʦʨʷʜʫ. ɼʫʞʝ ʯʘʩʪʦ, ʚ ʤʦʜʝʣʷʭ, ʷʢʽ ʨʦʙʣʷʪʴ ʚʠʜʽʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʟʘʤʽʩʪʴ 

ʪʦʛʦ, ʱʦʙ ʥʘʚʯʘʪʠ ʟ ʥʫʣʷ, ʮʶ ʯʘʩʪʠʥʫ ʟʘʤʽʥʶʶʪʴ ʥʘ ʚʞʝ ʥʘʚʯʝʥʫ ʤʦʜʝʣʴ. 

ʇʨʠʢʣʘʜʘʤʠ ʚʞʝ ʥʘʚʯʝʥʠʭ ʤʦʜʝʣʝʡ ʻ ï VGG16, VGG19 ʘʙʦ ResNet. ʎʽ ʤʦʜʝʣʽ 

ʥʘʚʯʝʥʽ ʥʘ ʷʢʽʩʥʦʤʫ ʪʘ ʦʙ'ʻʤʥʦʤʫ ʜʘʪʘʩʝʪʽ. ʆʩʢʽʣʴʢʠ ʚ ʩʠʩʪʝʤʘʭ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʩʘʤʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘʟʚʠʯʘʡ ʨʦʙʣʷʪʴ ʦʩʪʘʥʥʽ ʰʘʨʠ, ʷʢʱʦ ʚʽʜʢʠʥʫʪʠ ʦʩʪʘʥʥʽʡ ʰʘʨ 

ResNet, ʪʦ ʦʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʙʫʜʝ ʝʬʝʢʪʠʚʥʦʶ ʚʠʜʽʣʷʪʠ ʦʩʦʙʣʠʚʦʩʪʽ. ʆʜʥʘʢ, ʟ 

ʨʠʩʫʥʢʘ1 ʚʠʜʥʦ, ʱʦ ʦʙʨʦʙʮʽ ʧʽʜʜʘʻʪʴʩʷ ʢʦʰʠʢ ʟʦʙʨʘʞʝʥʴ, ʷʢʠʡ ʤʽʩʪʠʪʴ n 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟʦʙʨʘʞʝʥʴ. ʆʩʢʽʣʴʢʠ ʤʽʨʥʽʩʪʴ ʜʘʪʘʩʝʪʽʚ, ʷʢʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʽʜ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʚʠʯʘʡʥʦʾ, ʪʦ ʟʘʟʜʘʣʝʛʽʜʴ 

ʥʘʚʯʝʥʫ ʤʝʨʝʞʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʤʦʞʣʠʚʦ.  

 

 
ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ MDNet 

 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩ.1, ʘʨʭʽʪʝʢʪʫʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʰʘʨʽʚ. ɰʭ ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʫ ʟʚʠʯʘʡʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʜʽʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚʦʥʘ ʧʨʦʜʦʚʞʫʻ ʥʘʚʯʘʪʠʩʷ ʧʽʩʣʷ ʝʪʘʧʫ ʥʘʚʯʘʥʥʷ ʧʽʜ ʯʘʩ 

ʧʝʨʝʜʙʘʯʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʚʽʜʩʪʝʞʫʚʘʥʥʽ ʦʙ'ʻʢʪʠ ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʡ 

ʨʦʟʤʽʨ ʚ ʢʘʜʨʽ, ʟʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ ʤʝʨʝʞʽ ʧʨʠʟʚʝʜʝ ʪʽʣʴʢʠ ʜʦ ʩʧʦʚʽʣʴʥʝʥʥʷ 
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ʨʦʙʦʪʠ. ʏʝʨʝʟ ʪʝ, ʱʦ ʥʝ ʪʨʝʙʘ ʨʦʙʠʪʠ ʜʝʪʘʣʴʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʦʙ'ʻʢʪʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʽʥʘʨʥʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʯʠ ʻ ʮʽʣʴ ʬʦʥʦʤ, ʯʠ 

ʦʙ'ʻʢʪʦʤ. ʊʘʢʦʞ ʢʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʣʠʙʦʢʘ ʤʝʨʝʞʘ ʥʘ ʦʩʥʦʚʽ CNN, ʮʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʟʘʚʘʞʘʻ ʨʦʟʚ'ʷʟʘʥʥʶ ʟʘʜʘʯʽ 

ʧʨʦ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ. ɿ ʮʠʭ ʧʨʠʯʠʥ, ʛʣʠʙʦʢʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ.  

ɼʨʫʛʘ ʯʘʩʪʠʥʘ ʘʨʭʽʪʝʢʪʫʨʠ fc6K ï ʮʝ K ʛʽʣʦʢ ʧʦʚʥʽʩʪʶ ʧʦʚ'ʷʟʘʥʠʭ ʰʘʨʽʚ. ʋ 

ʤʦʤʝʥʪ ʥʘʚʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʭʥʽʢʘ ʥʘʚʯʘʥʥʷ ʟ ʙʘʛʘʪʴʤʘ ʜʦʤʝʥʘʤʠ. ʇʽʜ 

ʜʦʤʝʥʦʤ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ. ɺ ʽʥʬʦʨʤʘʮʽʾ, ʚʟʷʪʦʾ ʟ ʢʦʞʥʦʛʦ 

ʜʦʤʝʥʫ, ʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ. ʎʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʤʦʞʝ ʙʫʪʠ ʨʦʟʤʠʪʪʷ, ʰʫʤʠ ʘʙʦ 

ʢʘʨʜʠʥʘʣʴʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʬʦʥʫ ʡ ʦʙ'ʻʢʪʘ. ɿʘʚʜʷʢʠ ʫʩʝʨʝʜʥʝʥʦʤʫ ʥʘʚʯʘʥʥʶ 

ʢʦʞʥʦʛʦ ʟ ʜʦʤʝʥʽʚ, ʤʦʞʥʘ ʥʘʚʯʠʪʠ ʰʘʨʠ ʟ 1 ʧʦ 5 ʥʘ ʚʘʨʽʘʪʠʚʥʽʰʽʡ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟ ʘʜʘʧʪʘʮʽʻʶ ʤʝʨʝʞʽ ʧʽʜ ʯʘʩ ʨʝʘʣʴʥʦʾ ʨʦʙʦʪʠ. ʋ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ, 

ʜʨʫʛʘ ʯʘʩʪʠʥʘ ʘʨʭʽʪʝʢʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʝʪʘʧʽ ʥʘʚʯʘʥʥʷ. ʂʦʣʠ ʩʘʤʘ 

ʤʦʜʝʣʴ ʧʦʯʠʥʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʨʝʘʣʴʥʦʾ ʨʦʙʦʪʠ ʘʙʦ ʪʝʩʪʽʚ, K ʛʽʣʦʢ 

ʟʘʤʽʥʶʶʪʴʩʷ ʥʘ ʦʜʠʥ ʧʦʚʥʽʩʪʶ ʧʦʚ'ʷʟʘʥʠʡ ʰʘʨ fc6. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʤʝʨʝʞʽ, ʚʘʛʠ 

ʮʴʦʛʦ ʰʘʨʫ ʽʥʽʮʽʘʣʽʟʫʶʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʽʥ ʙʫʜʝ 

ʥʘʚʯʘʪʠʩʷ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ.  

ɼʣʷ ʥʘʚʯʘʥʥʷ ʧʽʜ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Stochastic 

Gradient Descent (SGD). ʅʘ ʝʪʘʧʽ ʥʘʚʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʰʚʠʜʢʦʩʪʽ ʥʘʚʯʘʥʥʷ: 0.0001 ʜʣʷ ʟʛʦʨʪʢʦʚʠʭ ʰʘʨʽʚ ʽ 0.001 ʜʣʷ ʧʦʚʥʽʩʪʶ ʟʚôʷʟʘʥʠʭ 

ʰʘʨʽʚ. ʅʘ ʝʪʘʧʽ ʪʝʩʪʫʚʘʥʥʷ ʽ ʨʝʘʣʴʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʽʥʰʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʰʚʠʜʢʦʩʪʽ ʥʘʚʯʘʥʥʷ. ʅʘ ʤʦʤʝʥʪʽ ʪʝʩʪʫʚʘʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʪʨʘʪʠʪʠ 

ʙʽʣʴʰʝ ʯʘʩʫ ʥʘ ʥʘʚʯʘʥʥʷ ʥʦʚʦʛʦ ʰʘʨʫ, ʦʩʢʽʣʴʢʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʥʝ ʢʨʠʪʠʯʥʘ. ʇʦ ʟʘʚʝʨʰʝʥʥʶ ʥʘʚʯʘʥʥʷ, ʟʛʦʨʪʢʦʚʽ ʰʘʨʠ ʩʠʩʪʝʤʠ ʙʽʣʴʰʝ ʥʝ ʙʫʜʫʪʴ 

ʥʘʚʯʘʪʠʩʷ. ɺʘʛʠ ʟʤʽʥʶʚʘʪʠʤʫʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʰʘʨʘʭ ʽʟ ʯʝʪʚʝʨʪʦʛʦ ʧʦ ʰʦʩʪʠʡ. ɼʣʷ 

ʯʝʪʚʝʨʪʦʛʦ ʽ ʧ'ʷʪʦʛʦ ʰʘʨʫ, ʥʘ ʝʪʘʧʽ ʪʝʩʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ 

ʰʚʠʜʢʦʩʪʽ ʥʘʚʯʘʥʥʷ 0.0001, ʜʣʷ ʰʦʩʪʦʛʦ ʞ ʰʘʨʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ 

0.001. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʧʝʨʰʠʡ ʢʘʜʨ ʪʨʝʙʘ ʧʦʢʘʟʘʪʠ ʤʝʨʝʞʽ 30 ʨʘʟʽʚ, ʜʣʷ 

ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʚʘʛ. ʇʽʜ ʯʘʩ ʨʝʘʣʴʥʦʾ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ, ʧʝʨʰʠʡ ʢʘʜʨ ʧʨʦʛʘʥʷʻʪʴʩʷ 10 

ʨʘʟʽʚ, ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʠ, ʘ ʦʙʠʜʚʘ ʢʦʝʬʽʮʽʻʥʪʠ ʰʚʠʜʢʦʩʪʽ 

ʥʘʚʯʘʥʥʷ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ 3 ʨʘʟʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʤʝʨʝʞʘ ʰʚʠʜʰʝ ʨʝʘʛʫʚʘʣʘ ʥʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʥʦʚʦʛʦ ʚʽʜʝʦʨʷʜʫ. 

ʄʦʜʝʣʴ BOTT 

ɸʨʭʽʪʝʢʪʫʨʘ ʤʦʜʝʣʽ BOTT ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.2. 

ʋ ʢʦʞʥʦʛʦ ʢʘʜʨʫ ʟ ʚʽʜʝʦ ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴ N ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʨʘʤʦʢ. 

ʂʦʞʥʘ ʟ ʨʘʤʦʢ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠ. ʂʦʞʝʥ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʤʦʢ ʥʘʚʝʜʝʥʦ ʜʘʣʽ: 

ǒ x, y, z ï ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʨʦʟʤʽʱʝʥʥʷ ʦʙ'ʻʢʪʘ;  

ǒ w, l, h ï ʧʘʨʘʤʝʪʨʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʨʦʟʤʽʨʠ ʨʘʤʢʠ ʦʙ'ʻʢʪʘ; 

ǒ ɗ ï ʧʘʨʘʤʝʪʨ ʧʦʢʘʟʫʻ ʢʫʪ ʧʦʚʦʨʦʪʫ ʨʘʤʢʠ ʦʙ'ʻʢʪʘ; 

ǒ t ï ʧʘʨʘʤʝʪʨ ʧʦʢʘʟʫʻ ʯʘʩ, ʯʘʩʦʤ ʫ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ 

ʻ ʧʦʟʠʮʽʷ ʢʘʜʨʫ ʫ ʚʽʜʝʦʨʷʜʽ; 
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ǒ c1, c2, Ŀ Ŀ Ŀ , cC ï ʤʘʩʠʚ ʽʟ ʉ ʝʣʝʤʝʥʪʽʚ. ʉ ï ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ ʤʦʜʝʣʽ.  

ʂʦʞʝʥ ʟ ʝʣʝʤʝʥʪʽʚ ʮʴʦʛʦ ʤʘʩʠʚʫ ʟʙʝʨʽʛʘʻ ʚ ʩʦʙʽ ʦʮʽʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ 

ʚʽʜʥʦʰʝʥʥʷ ʚʤʽʩʪʫ ʨʘʤʦʢ ʦʙ'ʻʢʪʘ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʘʩʫ ʤʦʜʝʣʽ. 

 

 
ʈʠʩ. 2. ɸʨʭʽʪʝʢʪʫʨʘ BOTT 

 

ʋ ʪʘʢʦʤʫ ʬʦʨʤʘʪʽ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʤʝʨʝʞʫ BOTT. ʉʘʤʘ ʤʝʨʝʞʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʙʣʦʢʽʚ: 

ǒ single-box feature encoding 

ǒ inter-box encoding with self-attention 

ǒ linking scores estimation 

ɼʘʣʽ ʢʦʞʝʥ ʽʟ ʙʣʦʢʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʝʪʘʣʴʥʽʰʝ. 

Single-box feature encoding 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʮʴʦʛʦ ʙʣʦʢʫ ʻ ʚʠʦʢʨʝʤʣʝʥʥʷ ʚʠʩʦʢʦʨʽʚʥʝʚʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʽʟ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʢʦʞʥʦʾ ʟ ʨʘʤʦʢ 

ʦʙ'ʻʢʪʽʚ. ʆʩʢʽʣʴʢʠ ʚʭʽʜʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ, ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʨʽʟʥʠʮʽ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʨʦʙʣʷʪʴʩʷ ʜʝʷʢʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɼʣʷ ʚʩʽʭ 

ʟʥʘʯʝʥʴ x, y, z ʙʝʨʝʪʴʩʷ ʜʝʣʴʪʘ. ɺʽʜ ʚʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜʥʽʤʘʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ xmin, ymin, zmin, ʩʝʨʝʜ ʫʩʽʭ ʚʭʽʜʥʠʭ ʨʘʤʦʢ ʮʴʦʛʦ ʧʦʪʦʯʥʦʛʦ ʢʘʜʨʫ. ɺʭʽʜʥʠʡ 

ʢʫʪ ʥʘʭʠʣʫ ʢʦʜʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ sin(ɗ), cos(ɗ). ɼʣʷ ʧʘʨʘʤʝʪʨʘ t ʪʘʢʦʞ ʙʝʨʝʪʴʩʷ 

ʜʝʣʴʪʘ. ɺʽʜ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʾ ʟ ʨʘʤʦʢ ʦʙ'ʻʢʪʘ ʚʽʜʥʽʤʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ t ʟ 

ʢʘʜʨʫ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʩʝʨʝʜʠʥʽ ʚʭʽʜʥʦʛʦ ʚʽʜʝʦʨʷʜʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʥʦʚʣʝʥʽ ʚʭʽʜʥʽ ʜʘʥʽ ʤʘʶʪʴ ʪʘʢʠʡ ʚʠʛʣʷʜ: x - xmin, y - ymin, z - 

zmin, w, l, h, sin(ɗ), cos(ɗ), t - tmid, cécC. ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ, ʮʽ ʧʘʨʘʤʝʪʨʠ 

ʧʝʨʝʜʘʶʪʴʩʷ ʚ N ʧʘʨʘʣʝʣʴʥʠʭ ʤʝʨʝʞ ʩʧʽʣʴʥʠʭ MLP. ɸʨʭʽʪʝʢʪʫʨʘ MLP ʥʘʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 3. 

ʎʝ ʟʚʠʯʘʡʥʘ ʤʝʨʝʞʘ ʟ ʧʦʚʥʽʩʪʶ ʧʦʚ'ʷʟʘʥʠʭ ʰʘʨʽʚ, ʛʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʷʢʦʾ ʻ ʪʝ, ʱʦ ʢʦʞʝʥ ʽʟ ʙʣʦʢʽʚ MLP ʫ ʜʘʥʽʡ ʤʦʜʝʣʽ ʤʘʻ ʩʧʽʣʴʥʽ ʚʘʛʠ. ɺʠʭʦʜʦʤ ʮʴʦʛʦ 
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ʙʣʦʢʫ ʻ ʤʘʪʨʠʮʷ ʬʦʨʤʘʪʫ ʢʽʣʴʢʽʩʪʴ ʨʘʤʦʢ ʥʘ d, ʜʝ d ï ʮʝ ʤʽʨʥʽʩʪʴ ʤʘʪʨʠʮʽ. ɺʠʭʽʜʥʽ 

ʟʥʘʯʝʥʥʷ ʮʠʭ ʰʘʨʽʚ ʻ ʚʙʫʜʫʚʘʥʥʷʤʠ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʞʥʦʾ ʟ ʤʝʞ ʦʙ'ʻʢʪʽʚ. 

ɺʙʫʜʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ï ʮʝ ʧʦʜʘʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ ʫ ʬʦʨʤʘʪʽ ʯʠʩʣʘ. ʎʷ 

ʽʥʬʦʨʤʘʮʽʷ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʫʚʘʛʠ ʪʨʘʥʩʬʦʨʤʝʨʘ.  

 

 
ʈʠʩ. 3. ɸʨʭʽʪʝʢʪʫʨʘ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ 

 

Inter-Box Encoding with Self-Attention 

ɿʘʚʜʘʥʥʷʤ ʙʣʦʢʫ ʢʦʜʫʚʘʥʥʷ ʟ ʤʝʭʘʥʽʟʤʦʤ ʩʘʤʦʫʚʘʛʠ ʻ ʟʥʘʭʦʜʞʝʥʥʷ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʤʽʞ ʚʭʽʜʥʠʤʠ ʨʘʤʢʘʤʠ ʦʙ'ʻʢʪʽʚ. ɸʨʭʽʪʝʢʪʫʨʘ ʮʴʦʛʦ ʙʣʦʢʫ 

ʩʪʘʥʜʘʨʪʥʘ ʜʣʷ ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʘʥʩʬʦʨʤʝʨ. ɺ ʦʩʥʦʚʽ ʣʝʞʠʪʴ 

ʤʝʭʘʥʽʟʤ ʩʘʤʦʫʚʘʛʠ, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ n ʛʦʣʽʚ ʜʣʷ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʦʧʨʘʮʶʚʘʥʥʷ ʚʭʽʜʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʟʘ ʷʢʦʶ ʩʣʽʜʫʻ ʤʝʨʝʞʘ ʧʨʷʤʦʛʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ɸʨʭʽʪʝʢʪʫʨʘ ʮʴʦʛʦ ʙʣʦʢʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.4. 

 

 
ʈʠʩ. 4. ɸʨʭʽʪʝʢʪʫʨʘ ʙʣʦʢʫ ʢʦʜʫʚʘʥʥʷ ʟ ʤʝʭʘʥʽʟʤʦʤ ʩʘʤʦʫʚʘʛʠ 
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ʎʝʡ ʤʝʭʘʥʽʟʤ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʠʡ, ʢʦʣʠ ʢʨʽʤ ʦʜʥʦʛʦ ʚʽʜʩʪʝʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ 

ʚ ʢʘʜʨʽ, ʧʨʠʩʫʪʥʽ ʦʙ'ʻʢʪʠ ʪʦʛʦ ʩʘʤʦʛʦ ʢʣʘʩʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʤʦʜʝʣʽ ʥʘʚʯʘʪʠʩʷ 

ʧʝʨʝʜʙʘʯʘʪʠ ʨʫʭ ʦʙ'ʻʢʪʘ ʦʜʨʘʟʫ ʥʘ ʢʽʣʴʢʦʭ ʧʨʠʢʣʘʜʘʭ. 

Linking Score Estimation 

ʆʙ'ʻʢʪ, ʱʦ ʚʽʜʩʪʝʞʫʻʪʴʩʷ, ʤʘʻ ʩʭʦʞʠʡ ʢʦʥʪʝʢʩʪ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʚʽʜʝʦʨʷʜʫ. 

ɺʙʫʜʦʚʫʚʘʥʥʷ ʟ ʧʦʟʠʮʽʶʚʘʥʥʷ ʫ ʪʨʘʥʩʬʦʨʤʝʨʽ ʜʦʧʦʤʘʛʘʻ ʪʨʘʥʩʬʦʨʤʝʨʫ ʨʦʟʫʤʽʪʠ 

ʚʽʜʥʦʩʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. ʋ ʮʴʦʤʫ ʙʣʦʮʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʦʨʤʘʣʽʟʘʮʽʷ ʟʥʘʯʝʥʴ ʚʙʫʜʦʚʫʚʘʥʥʷ ʤʝʞ ʦʙ'ʻʢʪʽʚ ʜʦ ʦʜʠʥʠʯʥʦʛʦ ʨʦʟʤʽʨʫ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʩʢʽʣʴʢʠ ʦʙ'ʻʢʪʠ ʩʭʦʞʽ ʤʽʞ ʩʦʙʦʶ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʢʘʣʷʨʥʠʡ 

ʜʦʙʫʪʦʢ. ʈʝʟʫʣʴʪʘʪʦʤ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ ʻ Linking Score. ʊʘʢʠʤ ʯʠʥʦʤ 

ʙʫʜʫʻʪʴʩʷ ʤʘʪʨʠʮʷ, ʟʘʧʦʚʥʝʥʘ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜ ʥʫʣʷ ʜʦ ʦʜʠʥʠʮʽ. ʎʝ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʫʻ, ʷʢʠʡ ʰʘʥʩ, ʪʦʛʦ, ʱʦ ʜʚʽ ʧʦʜʘʥʽ ʤʝʞʽ ʥʘʣʝʞʘʪʴ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʩʘʤʦʤʫ 

ʦʙôʻʢʪʫ. ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʙʣʠʞʯʝ ʟʥʘʯʝʥʥʷ ʚ ʢʣʽʪʠʥʽ ʜʦ ʦʜʠʥʠʮʽ, ʪʦ ʚʠʱʠʡ 

ʰʘʥʩ, ʱʦ ʮʝ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʦʙ'ʻʢʪ, ʘ ʱʦ ʙʣʠʞʯʝ ʟʥʘʯʝʥʥʷ ʜʦ ʥʫʣʷ, ʪʦ ʰʘʥʩ 

ʤʝʥʰʠʡ. ɿʘʚʜʷʢʠ ʪʘʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʶ ʜʘʥʠʭ, ʟʘʚʜʘʥʥʷ ʤʦʞʥʘ ʧʨʠʚʝʩʪʠ ʜʦ 

ʙʽʥʘʨʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ. ʄʘʪʨʠʮʶ ʟʽ 

ʟʥʘʯʝʥʴ Linking Score ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5. 

 

 
ʈʠʩ. 5. ʄʘʪʨʠʮʷ ʟʽ ʟʥʘʯʝʥʴ Linking Score 

 

ɺʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʚʪʨʘʪʠ. 

ʆʩʢʽʣʴʢʠ ʤʝʪʫ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʟʚʝʜʝʥʦ ʜʦ ʙʽʥʘʨʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʶ ʬʫʥʢʮʽʻʶ ʚʪʨʘʪʠ ʜʣʷ ʪʘʢʦʛʦ ʚʠʧʘʜʢʫ ʻ ʬʫʥʢʮʽʷ ʙʽʥʘʨʥʦʾ 

ʢʨʦʩʝʥʪʨʦʧʽʾ. ɼʣʷ ʢʦʞʥʦʛʦ Linking Score ʬʫʥʢʮʽʷ ʚʪʨʘʪʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ (1). 

 

ὒ ρ ‍ ρ ώ ὰέὫρ ὒὛ ‍ώὰέὫὒὛ           (1) 

 

ʑʦʙ ʟʤʝʥʰʠʪʠ ʧʝʨʝʥʘʚʯʘʥʥʷ ʥʘ ʣʝʛʢʠʭ ʚʠʧʘʜʢʘʭ, ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʜʦ 

ʢʨʦʩʝʥʪʨʦʧʽʾ ʜʦʜʘʻʪʴʩʷ ʤʘʩʢʘ, ʷʢʘ ʚʠʢʣʶʯʘʻ ʥʝʙʘʞʘʥʽ ʚʠʧʘʜʢʠ, ʷʢʽ ʘʙʦ ʟʘʥʘʜʪʦ 

ʣʝʛʢʽ, ʘʙʦ ʧʦʛʘʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʚʯʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ: 

¶ ʤʽʞʢʣʘʩʦʚʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʢʦʨʜʦʥʘʤʠ; 

¶ ʟʚ'ʷʟʢʠ ʤʽʞ ʢʦʨʜʦʥʘʤʠ ʟ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʩʘʤʦʛʦ ʢʘʜʨʫ; 
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¶ ʟʚ'ʷʟʢʠ ʤʽʞ ʚʠʷʚʣʝʥʠʤʠ ʤʝʞʘʤʠ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʦʛʦ 
ʟʥʘʯʝʥʥʷ ʚ ʧʦʜʘʥʦʤʫ ʜʘʪʘʩʝʪʽ. (ʦʙ'ʻʢʪʠ, ʷʢʽ ʙʫʣʠ ʚʠʷʚʣʝʥʽ, ʭʦʯʘ ʚ ʜʘʪʘʩʝʪʽ ʚʦʥʠ 

ʥʝ ʤʘʣʠʩʷ ʥʘ ʫʚʘʟʽ); 

¶ ʟʚ'ʷʟʢʠ ʤʽʞ ʦʙ'ʻʢʪʘʤʠ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʥʘʜʪʦ ʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ ʦʜʠʥ 
ʚʽʜ ʦʜʥʦʛʦ ʥʘ ʧʝʚʥʦʤʫ ʧʨʦʤʽʞʢʫ ʯʘʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʫʥʢʮʽʶ ʚʪʨʘʪʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ (2): 

 

ὒ
   ὓ ὒz

  ὓ
                            (2) 

 

ʆʙʠʜʚʽ ʤʦʜʝʣʽ ʙʫʣʠ ʥʘʚʯʝʥʽ ʪʘ ʧʨʦʪʝʩʪʦʚʘʥʽ ʥʘ ʨʽʟʥʠʭ ʜʘʪʘʩʝʪʘʭ ʜʣʷ 

ʜʝʪʘʣʴʥʽʰʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʾʭʥʴʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʨʦʙʦʪʠ. ɼʣʷ 

ʧʝʨʝʚʽʨʢʠ ʙʫʣʦ ʚʟʷʪʦ ʪʘʢʽ ʜʘʪʘʩʝʪʠ: VOT2016, VOT2018, VOT2020 ʽ OTB100. ʎʽ 

ʜʘʪʘʩʝʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ 

ʟʦʨʫ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ. ɺʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʟʘʟʜʘʣʝʛʽʜʴ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʷʢʽ ʦʙ'ʻʜʥʘʥʽ ʟ ʬʘʡʣʘʤʠ ʬʦʨʤʘʪʫ XML. 

ʋ ʬʘʡʣʘʭ XML ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʘʥʽ ʧʨʦ ʤʝʞʽ ʦʙ'ʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʽ ʢʣʘʩ, ʜʦ 

ʷʢʦʛʦ ʥʘʣʝʞʠʪʴ ʦʙ'ʻʢʪ. ʊʘʢʦʞ, ʟʘʣʝʞʥʦ ʚʽʜ ʜʘʪʘʩʝʪʫ, ʫ ʮʴʦʤʫ ʬʘʡʣʽ ʤʦʞʝ 

ʟʙʝʨʽʛʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʦʤʝʨ ʢʘʜʨʫ, ʜʦ ʷʢʦʛʦ ʥʘʣʝʞʠʪʴ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʦʙ'ʻʢʪ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʝʡ, ʥʘʚʯʝʥʠʭ ʥʘ 

ʢʦʞʥʦʤʫ ʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʘʪʘʩʝʪʽʚ. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 1, MDNet ʧʦʢʘʟʫʻ 

ʚʽʜʯʫʪʥʦ ʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ, ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʛʣʠʙʰʦʾ ʤʝʨʝʞʽ ʟ ʚʠʜʽʣʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ. ʆʜʥʘʢ ʮʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʩʠʩʪʝʤ. 

 

ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʝʡ 

ɼʘʪʘʩʝʪ ʊʦʯʥʽʩʪʴ BOTT ʊʦʯʥʽʩʪʴ MDNet 

VOT2016 65% 86% 

VOT2018 58% 80% 

VOT2020 55% 70% 

OTB100 60% 75% 

 

ʄʦʜʝʣʴ ʪʝʩʪʫʚʘʣʘʩʷ ʥʘ ʜʚʦʭ ʢʦʤʧ'ʶʪʝʨʘʭ ʟ ʨʽʟʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ. ʆʜʠʥ 

ʟ ʙʽʣʴʰʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʘ ʜʨʫʛʠʡ ʥʘʚʧʘʢʠ ï ʟ ʤʝʥʰʦʶ. ʇʨʦʜʫʢʪʠʚʥʽʰʠʡ 

ʢʦʤʧ'ʶʪʝʨ ʤʘʻ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

¶ ʧʨʦʮʝʩʦʨ - i7 7700k 
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¶ ʚʽʜʝʦʢʘʨʪʘ - RTX 3090 ti 

¶ ssd - Samsung EVO 

¶ ʦʧʝʨʘʪʠʚʥʘ ʧʘʤôʷʪʴ - ddr4 32Gb 

ʄʘʣʦʧʨʦʜʫʢʪʠʚʥʠʡ ʢʦʤʧ'ʶʪʝʨ - Raspberry Pi ʽ ʚ ʥʴʦʛʦ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

¶ ʧʨʦʮʝʩʦʨ - quad-core ARM Cortex-A72 

¶ ssd - 64Gb 

¶ ʦʧʝʨʘʪʠʚʥʘ ʧʘʤôʷʪʴ - 4Gb 

ʅʘʚʽʪʴ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ ʚ ʨʝʞʠʤʽ ʥʘʚʯʘʥʥʷ, 

ʤʦʜʝʣʽ MDNet ʥʝ ʚʜʘʻʪʴʩʷ ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʚʽʜʝʦʨʷʜ ʟʽ ʰʚʠʜʢʽʩʪʶ 20 ʢʘʜʨʽʚ ʥʘ 

ʩʝʢʫʥʜʫ.  

ɿʽ ʩʚʦʛʦ ʙʦʢʫ, ʤʦʜʝʣʴ BOTT ʩʪʘʙʽʣʴʥʦ ʧʦʢʘʟʫʚʘʣʘ ʧʦʥʘʜ 120 ʢʘʜʨʽʚ ʥʘ 

ʩʝʢʫʥʜʫ. ʇʽʜ ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ, ʥʝ ʚʜʘʣʦʩʷ 

ʦʪʨʠʤʘʪʠ ʥʘʚʽʪʴ 1 ʢʘʜʨ ʥʘ ʩʝʢʫʥʜʫ ʚʽʜ ʤʦʜʝʣʽ MDNet. ʄʦʜʝʣʴ BOTT ʧʨʠ ʪʠʭ ʞʝ 

ʫʤʦʚʘʭ ʧʨʘʮʶʻ ʟʽ ʰʚʠʜʢʽʩʪʶ 30 ʢʘʜʨʽʚ ʥʘ ʩʝʢʫʥʜʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʧʝʨʰʝ ʙʫʣʦ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʘʨʭʽʪʝʢʪʫʨʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʪʝʞʝʥʥʷ ʟʘ ʦʙôʻʢʪʘʤʠ ʫ ʚʽʜʝʦʨʷʜʽ, ʱʦ 

ʧʽʜʪʨʠʤʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʥʘʚʘʥʪʘʞʝʥʠʭ ʩʮʝʥ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜ ʯʘʩ ʜʝʪʘʣʴʥʦʛʦ ʨʦʟʛʣʷʜʫ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʽʚ ʚʽʜʩʪʝʞʝʥʥʷ ʚʠʜʥʦ, ʱʦ ʚ ʣʝʛʢʠʭ ʩʮʝʥʘʭ ʷʢ MDNet, ʪʘʢ ʽ BOTT ʪʘʢ ʽ 

ʧʦʢʘʟʫʶʪʴ ʩʭʦʞʫ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ. ɻʦʣʦʚʥʘ ʨʽʟʥʠʮʷ ʚ ʪʦʯʥʦʩʪʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʦʙʨʦʙʢʠ ʥʘʚʘʥʪʘʞʝʥʠʭ ʩʮʝʥ. ʍʦʯʘ ʦʙʠʜʚʽ ʤʦʜʝʣʽ ʧʽʜʪʨʠʤʫʶʪʴ ʦʥʣʘʡʥ ʨʦʙʦʪʫ, 

ʚʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʽʚ, BOTT ʙʽʣʴʰʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʽʜʩʪʝʞʫʚʘʥʥʷ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʏʝʨʝʟ ʥʠʟʴʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ MDNet ʥʝ ʟʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʘʚʽʪʴ ʙʘʟʦʚʫ ʨʦʙʦʪʫ ʥʘ ʙʽʣʴʰʦʩʪʽ ʧʨʠʩʪʨʦʾʚ, ʪʦʤʫ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʪʪʻʚʦ 

ʦʙʤʝʞʝʥʝ ʥʘʚʽʪʴ ʧʦʧʨʠ ʚʠʱʫ ʪʦʯʥʽʩʪʴ. 
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ʄ.ʆ. ɸʣʝʢʩʻʻʚ1, ɺ.ʆ. ʇʫʰʢʦʚ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʌʈɽʁʄɺʆʈʂʋ SWIFTUI ɼʃʗ ʇʈʀʉʂʆʈɽʅʅʗ 

ʈʆɿʈʆɹʂʀ ɼʆɼɸʊʂɯɺ ʅɸ ʇʃɸʊʌʆʈʄɯ IOS 

 
ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʨʝʡʤʚʦʨʢʫ SwiftUI ʫ ʨʦʟʨʦʙʮʽ ʤʦʙʽʣʴʥʠʭ 

ʜʦʜʘʪʢʽʚ ʜʣʷ ʧʣʘʪʬʦʨʤʠ iOS. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʥʥʷ ʤʽʞ ʬʨʝʡʤʚʦʨʢʘʤʠ SwiftUI ʪʘ UIKit ʜʣʷ 

ʥʘʧʠʩʘʥʥʷ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ SwiftUI ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ. 

ʈʦʟʨʦʙʣʝʥʦ ʜʦʜʘʪʦʢ Photogram ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ SwiftUI ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʫ MVVM. 

ʈʦʟʨʦʙʢʘ ʜʦʜʘʪʢʘ ʥʘ ʦʩʥʦʚʽ SwiftUI ʜʦʟʚʦʣʠʣʘ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʯʘʩ ʨʦʟʨʦʙʢʠ ʪʘ ʩʧʨʦʩʪʠʪʠ 

ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʄʦʜʝʣʴ-ʚʠʜ-ʚʠʜ (MVVM) ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ 

ʜʦʜʘʪʦʢ ʙʽʣʴʰ ʩʪʨʫʢʪʫʨʦʚʘʥʠʤ ʪʘ ʧʨʦʩʪʠʤ ʫ ʪʝʨʤʽʥʘʭ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ 

ʢʦʨʠʩʪʫʚʘʯʝʤ.. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: iOS, ʬʨʝʡʤʚʦʨʢ SwiftUI, Xcode, ʘʨʭʽʪʝʢʪʫʨʘ MVVM, ʪʝʭʥʦʣʦʛʽʷ UIKit, 

ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ. 

 

ɺʩʪʫʧ. ʈʦʟʨʦʙʢʘ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʧʨʦʡʰʣʘ ʜʦʚʛʠʡ ʰʣʷʭ, ʟʘʟʥʘʚʰʠ 

ʙʘʛʘʪʦ ʟʤʽʥ. ʗʢʱʦ ʙʨʘʪʠ ʧʣʘʪʬʦʨʤʫ iOS, ʪʦ ʧʝʨʰʽ ʧʨʦʛʨʘʤʠ ʧʠʩʘʣʠʩʷ ʤʦʚʦʶ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Objective-C, ʪʘʢʦʞ ʨʦʟʨʦʙʥʠʢʠ ʤʘʣʠ ʚʨʫʯʥʫ ʦʙʨʦʙʣʷʪʠ ʢʝʨʫʚʘʥʥʷ 

ʧʘʤôʷʪʪʶ. ɿʥʘʯʥʠʤ ʢʨʦʢʦʤ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʤʧʘʥʽʻʶ Apple ʬʨʝʡʤʚʦʨʢʫ 

SwiftUI. ʆʩʥʦʚʥʠʤ ʘʩʧʝʢʪʦʤ ʜʘʥʦʛʦ ʬʨʝʡʤʚʦʨʢʘ ʻ ʧʦʚʥʠʡ ʧʝʨʝʭʽʜ ʥʘ 

ʜʝʢʣʘʨʘʪʠʚʥʫ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʢʦʣʠ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʻ ʬʫʥʢʮʽʻʶ 

ʚʽʜ ʩʪʘʥʫ, ʚʽʜʧʦʚʽʜʥʦ ʚʽʥ ʟʘʚʞʜʠ ʙʫʜʝ ʚʽʜʦʙʨʘʞʘʪʠ ʧʨʘʚʠʣʴʥʠʡ ʩʪʘʥ ʧʨʠ 

ʦʜʥʘʢʦʚʠʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʘʭ. ʗʢʱʦ ʨʘʥʽʰʝ ʨʦʟʨʦʙʥʠʢʠ ʜʦʚʛʠʡ ʯʘʩ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʽʤʧʝʨʘʪʠʚʥʠʡ ʧʽʜʭʽʜ, ʚʨʫʯʥʫ ʦʙʥʦʚʣʶʶʯʠ ʽʥʪʝʨʬʝʡʩ ʧʨʠ 

ʦʥʦʚʣʝʥʥʽ ʜʘʥʠʭ, ʪʦ ʪʝʧʝʨ ʽʥʪʝʨʬʝʡʩ ʟʘʚʞʜʠ ʧʨʠʚôʷʟʘʥʠʡ ʜʦ ʜʘʥʠʭ ʽ ʩʘʤʫ 

ʧʨʦʛʨʘʤʫ ʥʝ ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʽʥʰʠʤ ʯʠʥʦʤ. ʌʘʢʪʠʯʥʦ ʩʘʤ ʬʨʝʡʤʚʦʨʢ ʟʘʦʭʦʯʫʻ 

ʨʦʟʨʦʙʥʠʢʽʚ ʧʠʩʘʪʠ ʙʽʣʴʰ ʥʘʜʽʡʥʠʡ ʢʦʜ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʨʝʡʤʚʦʨʢʫ SwiftUI ʘʚʪʦʨʦʤ ʨʦʙʦʪʠ ʙʫʣʦ 

ʚʠʙʨʘʥʦ ʨʦʟʨʦʙʢʫ ʧʨʦʪʦʪʠʧʫ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ Photogram ʜʣʷ ʦʙʤʽʥʫ 

ʽʥʬʦʨʤʘʮʽʻʶ ʫ ʚʠʛʣʷʜʽ ʬʦʪʦ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ɼʦʜʘʪʦʢ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʥʘ 

ʙʘʟʽ ʘʨʭʽʪʝʢʪʫʨʠ MVVM (Model View ViewModel), ʫ ʪʦʡ ʞʝ ʯʘʩ ʙʫʣʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʥʰʽ ʪʠʧʦʚʽ ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʽʚ ʜʣʷ ʧʣʘʪʬʦʨʤʠ 

iOS: MVC, VIPER, Flux, TCA. ʂʦʞʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, 

ʰʚʠʜʢʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ, ʧʦʨʽʛ ʚʭʦʜʞʝʥʥʷ, ʧʦʪʨʝʙʫ ʫ ʩʪʦʨʦʥʥʽʭ ʙʽʙʣʽʦʪʝʢʘʭ. ʂʦʣʠ 

ʤʠ ʛʦʚʦʨʠʤʦ ʧʨʦ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ, ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ 

ʘʨʭʽʪʝʢʪʫʨʫ, ʻ ʪʝ, ʷʢ ʤʠ ʧʦʻʜʥʫʻʤʦ ʜʘʥʽ ʟ ʽʥʪʝʨʬʝʡʩʦʤ ʢʦʨʠʩʪʫʚʘʯʘ. ʎʝ ʚʠʟʥʘʯʘʻ 

ʩʚʦʾ ʘʨʭʽʪʝʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʆʛʣʷʜ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʘʨʭʽʪʝʢʪʫʨ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʙʽʨ ʘʨʭʽʪʝʢʪʫʨʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ 

ʧʦʪʨʝʙ ʪʘ ʚʠʤʦʛ ʧʨʦʻʢʪʫ. ɸʨʭʽʪʝʢʪʫʨʘ MVVM (Model-View-ViewModel) ʻ 
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ʧʦʧʫʣʷʨʥʦʶ ʪʘ ʝʬʝʢʪʠʚʥʦʶ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʯʽʪʢʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʨʦʟʧʦʜʽʣ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʝʡ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʦʜʘʪʢʘ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʘʢʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʨʝʡʤʚʦʨʢʘ Combine, 

ʩʧʨʠʷʻ ʟʨʫʯʥʽʡ ʦʙʨʦʙʮʽ ʪʘ ʦʥʦʚʣʝʥʥʶ ʜʘʥʠʭ ʜʦʜʘʪʢʘ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʽʜʭʦʜʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ PhotoGram. 

ɺʠʟʥʘʯʝʥʽ ʚʠʤʦʛʠ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʜʦʜʘʪʢʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ SwiftUI ʪʘ MVVM ʟ 

ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʟʨʫʯʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ, 

ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʦʙʤʽʥʫ ʬʦʪʦʛʨʘʬʽʷʤʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʦʨʽʚʥʶʶʪʴʩʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʦʙʫʜʦʚʠ ʝʣʝʤʝʥʪʽʚ ʽʥʪʝʨʬʝʡʩʫ 

ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʘʭ ï SwiftUI ʪʘ UIKit. ʆʙʠʜʚʽ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʽ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʽʚ ʚ ʦʧʝʨʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ iOS. ʈʘʟʦʤ ʟ ʪʠʤ ʚʦʥʠ ʤʘʶʪʴ ʩʚʦʾ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʧʝʨʝʚʘʛʠ. ʆʜʥʘ ʟ ʧʝʨʝʚʘʛ SwiftUI ʧʦʣʷʛʘʻ ʚ ʡʦʛʦ ʜʝʢʣʘʨʘʪʠʚʥʦʤʫ 

ʧʽʜʭʦʜʽ ʜʦ ʧʦʙʫʜʦʚʠ ʽʥʪʝʨʬʝʡʩʫ. ɿʘʤʽʩʪʴ ʥʘʧʠʩʘʥʥʷ ʙʘʛʘʪʴʦʭ ʣʽʥʽʡ ʢʦʜʫ ʜʣʷ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʽʥʪʝʨʬʝʡʩʫ ʚʨʫʯʥʫ, ʥʘ SwiftUI ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʝʢʣʘʨʘʪʠʚʥʠʡ ʩʠʥʪʘʢʩʠʩ, ʜʝ ʨʦʟʨʦʙʥʠʢ ʦʧʠʩʫʻ ʙʘʞʘʥʠʡ ʩʪʘʥ ʽʥʪʝʨʬʝʡʩʫ. 

ʌʨʝʡʤʚʦʨʢ ʩʘʤʦʩʪʽʡʥʦ ʟʘʙʝʟʧʝʯʫʻ ʦʥʦʚʣʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʟʛʽʜʥʦ ʟ ʮʠʤ ʩʪʘʥʦʤ. 

ɿʘʚʜʷʢʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʫ, SwiftUI ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʢʦʜʫ, ʷʢʠʡ 

ʧʦʪʨʽʙʥʦ ʥʘʧʠʩʘʪʠ, ʱʦʙ ʧʦʙʫʜʫʚʘʪʠ ʪʦʡ ʩʘʤʠʡ ʽʥʪʝʨʬʝʡʩ. ʅʘʧʨʠʢʣʘʜ, ʫ SwiftUI 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʥʪʝʡʥʝʨʠ, ʷʢʽ ʘʚʪʦʤʘʪʠʯʥʦ ʥʘʣʘʰʪʦʚʫʶʪʴ ʨʦʟʤʽʱʝʥʥʷ 

ʪʘ ʚʽʜʩʪʫʧʠ ʝʣʝʤʝʥʪʽʚ, ʪʠʤ ʩʘʤʠʤ ʩʧʨʦʱʫʶʯʠ ʧʨʦʮʝʩ ʨʦʟʤʽʪʢʠ ʽʥʪʝʨʬʝʡʩʫ. ʂʨʽʤ 

ʪʦʛʦ, SwiftUI ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʘʢʽ ʢʦʥʮʝʧʮʽʾ, ʷʢ ʨʝʶʟʘʙʝʣʴʥʽʩʪʴ ʪʘ ʢʦʤʧʦʥʝʥʪʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ, ʱʦ ʪʘʢʦʞ ʜʦʧʦʤʘʛʘʻ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʢʦʜʫ. ʈʦʟʨʦʙʥʠʢ ʤʦʞʝ 

ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʘʛʘʪʦʨʘʟʦʚʦ ʚ 

ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʜʦʜʘʪʢʘ, ʟʤʝʥʰʫʶʯʠ ʜʫʙʣʶʚʘʥʥʷ ʢʦʜʫ. 

ɿʘʛʘʣʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ SwiftUI ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʘʤ ʧʠʩʘʪʠ ʤʝʥʰʝ ʢʦʜʫ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʢʠ. ʋ ʜʦʜʘʪʢʫ Photogram ʢʦʤʧʦʥʝʥʪʘ ProfileActionButtonView  

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʢʥʦʧʦʢ ʫ ʧʨʦʬʽʣʽ ʢʦʨʠʩʪʫʚʘʯʘ. ɰʾ ʚʠʛʣʷʜ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʪʝʢʩʪʫ: ʯʠ ʻ ʧʦʪʦʯʥʠʡ ʢʦʨʠʩʪʫʚʘʯ ʘʚʪʦʨʦʤ 

ʧʨʦʬʽʣʶ, ʪʘ ʯʠ ʧʽʜʧʠʩʘʥʠʡ ʢʦʨʠʩʪʫʚʘʯ ʥʘ ʮʝʡ ʧʨʦʬʽʣʴ. 

ʗʢʱʦ ʧʦʪʦʯʥʠʡ ʢʦʨʠʩʪʫʚʘʯ ʻ ʘʚʪʦʨʦʤ ʧʨʦʬʽʣʶ, ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʢʥʦʧʢʘ 

çEdit Profileè, ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʝʜʘʛʫʚʘʪʠ ʧʨʦʬʽʣʴ. ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʮʶ ʢʥʦʧʢʫ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʤʦʜʘʣʴʥʝ ʚʽʢʥʦ EditProfileView, ʜʝ ʤʦʞʥʘ ʚʥʝʩʪʠ ʟʤʽʥʠ ʜʦ 

ʧʨʦʬʽʣʶ. ʗʢʱʦ ʧʦʪʦʯʥʠʡ ʢʦʨʠʩʪʫʚʘʯ ʥʝ ʻ ʘʚʪʦʨʦʤ ʧʨʦʬʽʣʶ, ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ 

ʢʥʦʧʢʠ çFollowè ʽ çMessageè. ʂʥʦʧʢʘ çFollowè ʜʦʟʚʦʣʷʻ ʧʽʜʧʠʩʘʪʠʩʴ ʘʙʦ 

ʚʽʜʧʠʩʘʪʠʩʴ ʚʽʜ ʧʨʦʬʽʣʶ. ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʮʶ ʢʥʦʧʢʫ ʟʤʽʥʶʻʪʴʩʷ ʾʾ ʩʪʘʥ ʪʘ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʝʢʩʪʫ ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʢʦʨʠʩʪʫʚʘʯ ʧʽʜʧʠʩʘʥʠʡ ʥʘ ʧʨʦʬʽʣʴ. 

ʂʥʦʧʢʘ çMessageè ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʽʩʣʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʫ. 

ʇʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ SwiftUI ʪʘ UIKit ʧʦʢʘʟʘʣʦ, ʱʦ SwiftUI ʤʘʻ 

ʜʝʢʽʣʴʢʘ ʧʝʨʝʚʘʛ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ UIKit. SwiftUI ʥʘʜʘʻ ʙʽʣʴʰ ʧʨʦʩʪʠʡ ʪʘ ʟʨʫʯʥʠʡ 

ʩʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʽʥʪʝʨʬʝʡʩʫ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʝʢʣʘʨʘʪʠʚʥʠʡ ʦʥʦʚʣʝʥʥʷ 

ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʩʪʘʥʫ (state) ʚʽʜʧʦʚʽʜʥʠʭ 
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ʝʣʝʤʝʥʪʽʚ View. ʇʽʜ ʯʘʩ ʟʤʽʥʠ ʩʪʘʥʫ SwiftUI ʘʚʪʦʤʘʪʠʯʥʦ ʦʥʦʚʣʶʻ ʚʽʜʧʦʚʽʜʥʽ 

ʯʘʩʪʠʥʠ ʽʥʪʝʨʬʝʡʩʫ. ʋ UIKit ʦʥʦʚʣʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʚʠʤʘʛʘʻ ʧʨʷʤʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʜʣʷ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʽʥʪʝʨʬʝʡʩʫ. ʆʜʥʠʤ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʘʩʧʝʢʪʽʚ, ʷʢʠʡ ʚʘʨʪʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʯʘʩʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ UIKit ʪʘ SwiftUI ʚ ʦʜʥʦʤʫ ʧʨʦʻʢʪʽ. ʊʘʢʘ ʛʥʫʯʢʽʩʪʴ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʥʠʢʘʤ ʧʦʻʜʥʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʦʙʦʭ ʙʽʙʣʽʦʪʝʢ, ʱʦ ʩʧʨʠʷʻ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʾ, 

ʷʢʘ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʚʜʘʥʥʷ. ʎʝ ʦʩʦʙʣʠʚʦ 

ʢʦʨʠʩʥʦ ʜʣʷ ʽʩʥʫʶʯʠʭ ʧʨʦʻʢʪʽʚ, ʷʢʽ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʥʘ UIKit, ʘʣʝ ʚ ʷʢʠʭ ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙʘ ʽʥʪʝʛʨʫʚʘʪʠ ʥʦʚʽ ʝʣʝʤʝʥʪʠ ʽʥʪʝʨʬʝʡʩʫ ʘʙʦ ʬʫʥʢʮʽʦʥʘʣ ʥʘ ʦʩʥʦʚʽ SwiftUI. 

ɺʠʢʦʨʠʩʪʘʥʥʷ SwiftUI ʚ ʪʘʢʠʭ ʧʨʦʻʢʪʘʭ ʤʦʞʝ ʟʨʦʙʠʪʠ ʢʦʜ ʯʠʩʪʽʰʠʤ, ʙʽʣʴʰ 

ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʤ ʪʘ ʣʝʛʰʠʤ ʜʣʷ ʩʫʧʨʦʚʦʜʫ. 

ɿʘʛʘʣʦʤ, ʧʦʙʫʜʦʚʘ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ PhotoGram ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ SwiftUI 

ʪʘ MVVM ʚʠʷʚʣʷʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ. SwiftUI ʩʧʨʦʱʫʻ ʨʦʟʨʦʙʢʫ 

ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘ ʨʘʭʫʥʦʢ ʜʝʢʣʘʨʘʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʥʘʷʚʥʦʩʪʽ ʧʽʜʭʽʜ, 

ʜʝ ʧʨʦʛʨʘʤʽʩʪ ʦʧʠʩʫʻ ʙʘʞʘʥʠʡ ʩʪʘʥ ʽʥʪʝʨʬʝʡʩʫ, ʘ ʥʝ ʚʢʘʟʫʻ ʢʨʦʢʠ ʜʣʷ ʡʦʛʦ 

ʧʦʙʫʜʦʚʠ. ɺ SwiftUI ʪʘʢʦʞ ʜʦʩʪʫʧʥʘ ʙʘʛʘʪʘ ʙʽʙʣʽʦʪʝʢʘ ʚʙʫʜʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʽʥʪʝʨʬʝʡʩʫ, ʱʦ ʩʧʨʦʱʫʻ ʨʦʟʨʦʙʢʫ. ʆʜʥʘʢ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ SwiftUI ʤʦʞʝ ʤʘʪʠ 

ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ UIKit, ʦʩʦʙʣʠʚʦ ʱʦʜʦ ʨʦʟʰʠʨʝʥʦʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, ʷʢʫ ʧʨʦʧʦʥʫʻ UIKit. 

ʇʦʨʽʚʥʷʥʥʷ ʤʝʭʘʥʽʟʤʫ ʦʥʦʚʣʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʧʦʢʘʟʘʣʦ, ʱʦ 

SwiftUI ʪʘ UIKit ʤʘʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʥʦʚʣʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ. ʋ SwiftUI 

ʚʙʫʜʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽʥʪʝʨʬʝʡʩʫ. MVVM ʥʘʜʘʻ ʯʽʪʢʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʨʦʟʜʽʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʝʡ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʦʜʘʪʢʘ. ʆʜʥʘʢ, ʧʝʨʝʜ ʚʠʙʦʨʦʤ SwiftUI ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʜʦʜʘʪʢʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʡʦʛʦ ʦʙʤʝʞʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ UIKit ʪʘ 

ʦʮʽʥʠʪʠ, ʥʘʩʢʽʣʴʢʠ ʚʘʞʣʠʚʘ ʨʦʟʰʠʨʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʻʢʪʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʠʤ, ʱʦ ʚʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʨʝʡʤʚʦʨʢʫ SwiftUI ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʨʽʚʥʷʥʥʷ ʤʽʞ ʬʨʝʡʤʚʦʨʢʘʤʠ SwiftUI ʪʘ UIKit ʜʣʷ ʥʘʧʠʩʘʥʥʷ ʦʢʨʝʤʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ SwiftUI ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ. ɿʘʚʜʷʢʠ 

ʜʝʢʣʘʨʘʪʠʚʥʦʤʫ ʩʠʥʪʘʢʩʠʩʫ SwiftUI ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʘʧʠʩʘʥʦʛʦ ʢʦʜʫ 

ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʫ ʢʦʨʠʩʪʫʚʘʮʴʢʦʤʫ ʽʥʪʝʨʬʝʡʩʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʠʩʢʦʨʠʪʠ 

ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʪʘ ʧʦʣʝʛʰʠʪʠ ʡʦʛʦ ʨʦʟʫʤʽʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ SwiftUI ʧʦʣʷʛʘʻ ʚ ʡʦʛʦ ʧʨʦʩʪʦʤʫ ʪʘ 

ʟʨʦʟʫʤʽʣʦʤʫ ʩʠʥʪʘʢʩʠʩʽ. ʈʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʢʣʘʨʘʪʠʚʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʽʥʪʝʨʬʝʡʩʫ, ʦʧʠʩʫʶʯʠ, ʷʢ ʧʦʚʠʥʝʥ ʚʠʛʣʷʜʘʪʠ ʽʥʪʝʨʬʝʡʩ, ʘ ʥʝ 

ʷʢ ʡʦʛʦ ʧʦʙʫʜʫʚʘʪʠ ʢʨʦʢ ʟʘ ʢʨʦʢʦʤ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʘʧʠʩʘʥʦʛʦ 

ʢʦʜʫ ʪʘ ʧʦʣʝʛʰʫʻ ʨʦʟʫʤʽʥʥʷ ʩʪʨʫʢʪʫʨʠ ʜʦʜʘʪʢʘ. ʂʨʽʤ ʪʦʛʦ, SwiftUI ʥʘʜʘʻ ʤʠʪʪʻʚʝ 

ʦʥʦʚʣʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʙʫʜʴ-ʷʢʽ ʟʤʽʥʠ ʚ ʢʦʜʽ ʥʝʛʘʡʥʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʝʢʨʘʥʽ, ʱʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ. 

ʈʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʪʘ ʙʘʯʠʪʠ ʨʝʟʫʣʴʪʘʪ ʤʠʪʪʻʚʦ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʘʩ ʪʘ ʟʫʩʠʣʣʷ. ʑʝ ʦʜʥʽʻʶ ʧʝʨʝʚʘʛʦʶ SwiftUI ʻ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʙʫʜʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʩʧʨʦʱʫʻ ʨʦʟʨʦʙʢʫ ʽʥʪʝʨʬʝʡʩʫ. 



 

 

 

 

76 

ʈʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʦʪʦʚʽ ʢʦʤʧʦʥʝʥʪʠ, ʪʘʢʽ ʷʢ ʢʥʦʧʢʠ, ʪʝʢʩʪʠ, 

ʩʧʠʩʢʠ ʪʘ ʽʥʰʽ, ʱʦ ʟʥʠʞʫʻ ʯʘʩ ʪʘ ʟʫʩʠʣʣʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʥʪʝʨʬʝʡʩʫ ʟ 

ʥʫʣʷ. ʋ ʧʨʘʢʪʠʯʥʽʡ ʯʘʩʪʠʥʽ ʜʠʧʣʦʤʫ ʚʠʢʦʥʘʥʠʡ ʦʧʠʩ ʨʦʟʨʦʙʣʝʥʦʛʦ ʜʦʜʘʪʢʘ 

Photogram ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ SwiftUI ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʫ MVVM. 

ʈʦʟʨʦʙʢʘ ʜʦʜʘʪʢʘ ʥʘ ʦʩʥʦʚʽ SwiftUI ʜʦʟʚʦʣʠʣʘ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʯʘʩ ʨʦʟʨʦʙʢʠ ʪʘ 

ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʄʦʜʝʣʴ-ʚʠʜ-ʚʠʜ (MVVM) 

ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʜʦʜʘʪʦʢ ʙʽʣʴʰ ʩʪʨʫʢʪʫʨʦʚʘʥʠʤ ʪʘ ʧʨʦʩʪʠʤ ʫ ʪʝʨʤʽʥʘʭ 

ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Swift ʪʘ Objective-C, ʘ ʪʘʢʦʞ 

ʬʨʝʡʤʚʦʨʢʽʚ UIKit ʪʘ SwiftUI. Swift, ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʧʘʥʽʻʶ 

Apple, ʤʘʻ ʧʨʦʩʪʠʡ ʩʠʥʪʘʢʩʠʩ ʪʘ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ, ʱʦ ʧʦʣʝʛʰʫʶʪʴ ʨʦʟʨʦʙʢʫ. 

Objective-C, ʭʦʯʘ ʽ ʻ ʜʘʚʥʽʰʦʶ ʤʦʚʦʶ, ʚʩʝ ʱʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʦʟʨʦʙʮʽ ʜʣʷ 

ʧʣʘʪʬʦʨʤʠ iOS. ʆʜʥʘʢ, Swift ʤʘʻ ʧʝʨʝʚʘʛʠ ʫ ʚʽʜʥʦʰʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʟʨʦʟʫʤʽʣʦʩʪʽ ʢʦʜʫ. ʋʩʝ ʮʝ ʨʦʙʠʪʴ SwiftUI ʧʨʠʚʘʙʣʠʚʠʤ ʚʠʙʦʨʦʤ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʧʠʩʘʥʦʛʦ ʢʦʜʫ ʜʣʷ 

ʨʦʟʤʽʱʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʫ ʢʦʨʠʩʪʫʚʘʮʴʢʦʤʫ ʽʥʪʝʨʬʝʡʩʽ ʪʘ ʧʨʦʩʪʽʰʫ ʤʦʜʝʣʴ ʟʚ'ʷʟʫʚʘʥʥʷ 

UI ʪʘ ʩʪʘʥʫ. 
 

ʇɽʈɽʃɯʂ ʇʆʉʀʃɸʅʔ 

1. Sahar, A., Clayton, C. çiOS 13 Programming for Beginners: Get started with building iOS apps 
with Swift 5 and Xcode 11è / A. Sahar, C. Clayton. Birmingham: Packt Publishing, 2020.822 p. 

2. Head First. ʇʘʪʝʨʥʠ ʧʨʦʝʢʪʫʚʘʥʥʷ / ɽʨʽʢ ʌʨʽʤʝʥ, ɽʣʽʟʘʙʝʪ ʈʦʙʩʦʥ, ʂʝʪʽ ʉʴʝʨʨʘ ʽ ɹʝʨʪ ɹʝʡʪʩ; 
ʧʝʨ. ʟ ʘʥʛʣ. ɻ. ʗʢʫʙʦʚʩʴʢʘ ï ʍʘʨʢʽʚ : ɺɼ çʌʘʙʫʣʘè, 2020. ï 672 ʩ. 

3. çSwift vs Objective-C: A Look at iOS Programming Languages.è / KnowledgeHut Blog. ï 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.knowledgehut.com/blog/programming/swift-vs-objective-c. 

4. Eidhof, C., Kugler, F. çThinking in SwiftUIè / Chris Eidhof, Florian Kugler. ï Independently 

published, 2020. ï 168 p. 

 

  

https://www.knowledgehut.com/blog/programming/swift-vs-objective-c


 

 

 

 

77 

ʋɼʂ 004:02 

 

ɭ.ɺ. ʈʫʢʩʦʚ1, ɹ.ɯ. ʄʦʨʦʟ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʌʋʅʂʎɯʆʅɸʃʔʅɽ ʇʈɽɼʉʊɸɺʃɽʅʅʗ 3D-ʆɹôɭʂʊɯɺ  

ʗʂ ʉʂʃɸɼʆɺɸ ɻɽʅɽʈɸʊʀɺʅʀʍ ʄɽʊʆɼɯɺ ʄʆɼɽʃʖɺɸʅʅʗ  

ɸɽʈʆɼʀʅɸʄɯʏʅʀʍ ɺʀʈʆɹɯɺ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʛʨʦʚʘʥʫ ʢʦʥʮʝʧʮʽʶ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʢʦʥʩʪʨʫʢʪʦʨʘ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʚʠʨʦʙʽʚ (ɸʈʄ ʂɸɺ) ʰʣʷʭʦʤ 

ʧʦʻʜʥʘʥʥʷ ʥʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʬʦʨʤ ʽʟ ʤʦʜʝʣʷʤʠ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. ʇʽʜʭʽʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʨʘʢʪʫʚʘʥʥʽ ʬʦʨʤʠ ʪʨʠʚʠʤʽʨʥʦʛʦ ʦʙôʻʢʪʘ ʷʢ ʦʨʙʽʪʠ ʬʽʛʫʨʠ 

ʚʽʜʥʦʩʥʦ ʜʽʾ ʛʨʫʧʠ ʧʦʜʽʙʥʦʩʪʽ ʪʘ ʧʦʜʘʥʥʽ ʟʘʤʢʥʝʥʠʭ ʪʦʧʦʣʦʛʽʯʥʦ ʧʨʦʩʪʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʥʦʾ ʬʫʥʢʮʽʾ ʨʘʜʽʫʩʫ ʚʽʜ ʩʬʝʨʠʯʥʠʭ ʢʫʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʟ ʧʦʜʘʣʴʰʠʤ 

ʨʦʟʢʣʘʜʦʤ ʫ ʜʚʦʚʠʤʽʨʥʠʡ ʨʷʜ ʌʫʨôʻ. ʆʪʨʠʤʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʌʫʨôʻ ʫʪʚʦʨʶʶʪʴ ʚʧʦʨʷʜʢʦʚʘʥʫ 

ʤʘʪʨʠʮʶ ʚʝʢʪʦʨʽʚ, ʷʢʫ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʦʢʝʥʽʚ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ 

ʽʥʪʝʛʨʘʮʽʾ ʟ ʛʝʥʝʨʘʪʠʚʥʠʤʠ ʤʦʜʝʣʷʤʠ ʪʠʧʫ Transformer. ʋ ʤʝʞʘʭ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ɸʈʄ ʂɸɺ ʮʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʠʩʪʫʧʘʻ ʻʜʠʥʦʶ çʤʦʚʦʶè ʟʚôʷʟʢʫ ʤʽʞ (i) 

ʤʦʜʝʣʣʶ ʥʘ ʦʩʥʦʚʽ Transformer, ʱʦ ʟʘ ʪʝʢʩʪʦʚʠʤ ʦʧʠʩʦʤ ʪʘ ʬʽʟʠʯʥʠʤʠ ʚʠʤʦʛʘʤʠ ʛʝʥʝʨʫʻ 3D-

ʬʦʨʤʠ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʚʝʢʪʦʨʽʚ, ʩʢʣʘʜʝʥʠʭ ʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʫ ʌʫʨôʻ, ʪʘ (ii) PINN-

ʧʦʜʽʙʥʠʤ ʤʦʜʫʣʝʤ, ʷʢʠʡ ʘʧʨʦʢʩʠʤʫʻ ʨʦʟʚôʷʟʢʠ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ ʚ ʦʢʦʣʽ ʟʛʝʥʝʨʦʚʘʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝ ʩʘʤʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʷʢ ʢʨʘʡʦʚʽ ʫʤʦʚʠ. ʊʘʢʘ ʽʥʪʝʛʨʘʮʽʷ ʜʘʻ ʟʤʦʛʫ 

ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨʥʽʩʪʴ ʟʘʜʘʯʽ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ, ʩʧʨʦʩʪʠʪʠ ʟʚôʷʟʦʢ ʤʽʞ ʛʝʦʤʝʪʨʽʻʶ ʪʘ ʬʽʟʠʢʦʶ 

ʡ ʯʘʩʪʢʦʚʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʨʘʥʥʽ ʝʪʘʧʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʟʘʤʽʥʶʶʯʠ ʨʫʯʥʝ 3D-ʤʦʜʝʣʶʚʘʥʥʷ 

ʘʚʪʦʤʘʪʠʯʥʦʶ ʛʝʥʝʨʘʮʽʻʶ ʪʘ ʦʮʽʥʶʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʪʦʪʠʧʫ ʚʠʨʦʙʫ. ʋ ʨʦʙʦʪʽ ʦʢʨʝʩʣʝʥʦ 

ʩʪʨʫʢʪʫʨʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʾʾ ʧʝʨʝʚʘʛʠ ʪʘ ʧʦʪʦʯʥʽ ʦʙʤʝʞʝʥʥʷ (ʟʦʢʨʝʤʘ 

ʪʦʧʦʣʦʛʽʯʥʽ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ), ʘ ʪʘʢʦʞ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʥʘʧʨʷʤʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 3D-ʤʦʜʝʣʶʚʘʥʥʷ, ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, Transformer, Physics-

Informed Neural Networks, ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ. 

 

ɺʩʪʫʧ. ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟʘʚʞʜʠ ʨʦʟʛʣʷʜʘʣʦʩʷ ʷʢ ʦʜʠʥ ʽʟ ʢʣʶʯʦʚʠʭ ʜʨʘʡʚʝʨʽʚ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ. ɼʣʷ ʩʬʝʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʚʠʨʦʙʽʚ ʮʝ 

ʦʟʥʘʯʘʻ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʢʦʞʝʥ ʝʪʘʧ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ, ʽ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʟʥʘʯʫʱʠʭ ʜʣʷ ʚʩʴʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʣʘʥʮʶʛʘ ʻ ʧʝʨʰʠʡ ʝʪʘʧ ʪʨʠʚʠʤʽʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʽʜ ʷʢʦʩʪʽ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʟʘʣʝʞʘʪʴ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʩʝʨʽʡʥʝ 

ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʥʘʚʽʪʴ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʩʪʚʦʨʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʨʦʙʫ ʽʟ ʚʠʩʦʢʦʶ ʷʢʦʩʪʶ 

ʪʘʢʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʧʨʦʪʦʪʠʧʽʚ, ʜʦ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʩʪʚʦʨʝʥʥʷ ʪʘ ʤʦʜʠʬʽʢʘʮʽʶ 

ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʚ ʧʨʦʮʝʩʽ ʪʝʩʪʫʚʘʥʥʷ. ɸʜʞʝ ʧʨʦʮʝʩ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʯʘʩʦʚʠʭ ʚʠʪʨʘʪ ʢʦʥʩʪʨʫʢʪʦʨʘ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʚʠʨʦʙʽʚ (ʂɸɺ), 

ʽ ʢʦʞʝʥ ʮʠʢʣ ʧʝʨʚʠʥʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʪʦʪʠʧʫ (ʘʙʦ ʚ ʢʦʤʧôʶʪʝʨʥʽʡ 
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ʩʠʤʫʣʷʮʽʾ, ʘʙʦ ʚ ʟʤʝʥʰʝʥʽʡ ʚʝʨʩʽʾ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʪʨʫʙʠ) ʧʦʪʨʝʙʫʻ ʨʫʯʥʦʛʦ 

ʚʥʝʩʝʥʥʷ ʢʦʨʝʢʪʠʚʽʚ ʫ 3D-ʤʦʜʝʣʴ ʚʠʨʦʙʫ. 

ʆʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʧʦʟʥʘʯʠʣʦʩʷ ʩʪʨʽʤʢʠʤ ʨʦʟʚʠʪʢʦʤ ʛʝʥʝʨʘʪʠʚʥʠʭ 

ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʥʘʩʘʤʧʝʨʝʜ ʤʦʜʝʣʝʡ ʪʠʧʫ Transformer, ʷʢʽ 

ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʪʝʢʩʪʫ ʪʘ ʟʦʙʨʘʞʝʥʴ. ɺʨʘʭʦʚʫʶʯʠ 

ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʤʦʞʥʘ ʚʠʩʫʥʫʪʠ 

ʛʽʧʦʪʝʟʫ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʜʦʩʷʛʥʝʥʴ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʪʨʠʚʠʤʽʨʥʠʭ ʦʙôʻʢʪʽʚ ʟ ʮʽʣʴʦʚʠʤʠ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʆʜʥʘʢ, ʥʘʨʘʟʽ 

ʙʨʘʢʫʻ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ. ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʪʘʢʦʛʦ ʩʪʘʥʦʚʠʱʘ ʻ 

ʩʢʣʘʜʥʽʩʪʴ ʢʦʜʫʚʘʥʥʷ (ʧʨʝʜʩʪʘʚʣʝʥʥʷ) ʪʨʠʚʠʤʽʨʥʠʭ ʬʦʨʤ ʚ ʧʨʠʡʥʷʪʥʠʡ ʜʣʷ 

ʤʦʜʝʣʝʡ ʪʠʧʫ Transformer ʬʦʨʤʘʪ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʷʢʦʩʪʽ. ɸ ʪʘʢʦʞ ʥʘʡʙʽʣʴʰʦʶ 

ʧʝʨʝʧʦʥʦʶ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʫ ʩʬʝʨʠ, ʜʝ ʜʦʤʽʥʫʶʪʴ ʩʢʣʘʜʥʽ 

ʘʙʩʪʨʘʢʪʥʽ ʢʦʥʮʝʧʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ (ʥʘʧʨʠʢʣʘʜ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ 

ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ, ɼʈʏʇ), ʻ ʚʝʣʠʢʘ ʨʽʟʥʠʮʷ ʤʽʞ ʬʦʨʤʘʪʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʜʘʥʠʭ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʛʝʥʝʨʦʚʘʥʠʡ ʦʙôʻʢʪ ʪʘ ʬʽʟʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʨʦʙʦʪʽ [1] ʦʧʠʩʫʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʚʜʦʩʢʦʥʘʣʝʥʦʛʦ ʚʘʨʽʘʥʪʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ (ɸʈʄ) ʂɸɺ. ɸ ʫ 

ʩʪʘʪʪʽ [2] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʨʘʢʪʫʚʘʪʠ ʬʦʨʤʫ ʪʨʠʚʠʤʽʨʥʦʛʦ ʦʙôʻʢʪʘ ʷʢ ʦʨʙʽʪʫ 

ʬʽʛʫʨʠ ʚʽʜʥʦʩʥʦ ʛʨʫʧʠ ʧʦʜʽʙʥʦʩʪʽ ʪʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʭʘʥʽʟʤ ʧʝʨʝʭʦʜʫ ʜʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʯʝʨʝʟ ʧʝʨʽʦʜʠʯʥʫ ʬʫʥʢʮʽʶ ʨʘʜʽʫʩʫ ʚʽʜ 

ʩʬʝʨʠʯʥʠʭ ʢʫʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʟ ʧʦʜʘʣʴʰʠʤ ʨʦʟʢʣʘʜʦʤ ʫ ʜʚʦʚʠʤʽʨʥʠʡ ʨʷʜ ʌʫʨôʻ.  

ʊʝʦʨʝʪʠʯʥʠʡ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʪʘʢʦʛʦ ʧʦʛʣʷʜʫ ʥʘ ʬʦʨʤʫ ʟʘʜʘʶʪʴ ʧʨʘʮʽ ʟ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʦʧʦʣʦʛʽʾ ʪʘ ʪʝʦʨʽʾ ʽʥʚʘʨʽʘʥʪʽʚ. ʆʛʣʷʜ [3] ʜʝʤʦʥʩʪʨʫʻ, ʱʦ 

ʪʦʧʦʣʦʛʽʯʥʦ ʦʨʽʻʥʪʦʚʘʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʬʦʨʤʠ (ʩʢʝʣʝʪʥʽ ʤʦʜʝʣʽ, ʛʨʘʬʠ 

ʩʫʤʽʞʥʦʩʪʽ, ʽʥʚʘʨʽʘʥʪʠ ʚʽʜʥʦʩʥʦ ʛʨʫʧ ʧʝʨʝʪʚʦʨʝʥʴ) ʻ ʧʨʠʨʦʜʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ 

ʽʥʚʘʨʽʘʥʪʥʠʭ ʜʝʩʢʨʠʧʪʦʨʽʚ 3D-ʦʙôʻʢʪʽʚ. ʂʣʘʩʠʯʥʘ ʤʦʥʦʛʨʘʬʽʷ ʄʫʤʬʦʨʜʘ [4] ʟ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʝʦʨʽʾ ʽʥʚʘʨʽʘʥʪʽʚ ʬʦʨʤʘʣʽʟʫʻ ʨʦʙʦʪʫ ʟ ʦʨʙʽʪʘʤʠ ʛʨʫʧ ʜʽʡ ʪʘ ʬʘʢʪʦʨ-

ʧʨʦʩʪʦʨʘʤʠ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ [2] ʜʣʷ ʦʧʠʩʫ ʬʦʨʤʠ ʷʢ 

ʬʘʢʪʦʨʠʟʘʮʽʾ ʧʨʦʩʪʦʨʫ ʬʽʛʫʨ ʟʘ ʜʽʻʶ ʛʨʫʧʠ ʧʦʜʽʙʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚ [2] ʫʟʛʦʜʞʝʥʝ ʟ ʫʩʪʘʣʝʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ 

ʪʨʘʜʠʮʽʻʶ ʦʧʠʩʫ ʢʣʘʩʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʬʽʛʫʨ. 

ʋ ʩʬʝʨʽ ʧʦʜʘʥʥʷ 3D-ʦʙôʻʢʪʽʚ ʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʨʦʩʪʦʨʘʭ, ʟʨʫʯʥʠʭ ʜʣʷ 

ʥʝʡʨʦʤʝʨʝʞ, ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʨʦʙʦʪʠ, ʱʦ ʧʨʦʧʦʥʫʶʪʴ ʜʝʷʢʽ ʧʦʜʽʙʥʽ ʜʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ. ɺ ʨʦʙʦʪʽ, ʧʨʠʩʚʷʯʝʥʽʡ Occupancy Networks [5], 

ʘʚʪʦʨʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʢʦʜʫʚʘʪʠ 3D-ʛʝʦʤʝʪʨʽʶ ʥʝ ʷʢ ʚʦʢʩʝʣʴʥʫ ʩʽʪʢʫ, 

ʘ ʷʢ ʡʤʦʚʽʨʥʽʩʥʫ ʬʫʥʢʮʽʶ, ʜʝ ʜʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ ʧʨʦʩʪʦʨʫ ʟʘʜʘʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ 

ʥʘʣʝʞʥʦʩʪʽ ʦʙôʻʢʪʫ. ʎʝ ʟʤʽʱʫʻ ʘʢʮʝʥʪ ʽʟ ʜʠʩʢʨʝʪʥʠʭ ʩʪʨʫʢʪʫʨ (mesh, voxel grid) 

ʜʦ ʥʝʧʝʨʝʨʚʥʠʭ ʬʫʥʢʮʽʡ, ʙʽʣʴʰ ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʛʦ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. ʇʦʜʽʙʥʘ ʽʜʝʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ [2], ʜʝ ʧʦʚʝʨʭʥʷ ʦʧʠʩʫʻʪʴʩʷ 

ʨʘʜʽʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʫ ʩʬʝʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʘ ʛʝʦʤʝʪʨʽʷ ʢʦʜʫʻʪʴʩʷ ʚ ʥʘʙʦʨʽ 

ʌʫʨôʻ-ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ ʪʣʫʤʘʯʘʪʴʩʷ ʷʢ ʚʝʢʪʦʨʠ-ʪʦʢʝʥʠ. 

ʆʢʨʝʤʠʡ ʧʣʘʩʪ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʛʝʥʝʨʘʪʠʚʥʠʤ ʤʦʜʝʣʷʤ 

3D-ʬʦʨʤ. MSG-Voxel-GAN [6] ʜʝʤʦʥʩʪʨʫʻ ʤʦʞʣʠʚʦʩʪʽ ʨʽʟʥʠʭ GAN-ʘʨʭʽʪʝʢʪʫʨ 
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ʜʣʷ ʛʝʥʝʨʘʮʽʾ 3D-ʦʙôʻʢʪʽʚ ʫ ʚʦʢʩʝʣʴʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ. ɺ ʤʦʜʝʣʽ PolyGen [7] 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʨʝʛʨʝʩʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ ʛʝʥʝʨʘʮʽʾ polygon mesh, ʜʝ 

ʪʨʠʚʠʤʽʨʥʠʡ ʦʙôʻʢʪ ʦʧʠʩʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʚʝʨʰʠʥ ʪʘ ʛʨʘʥʝʡ ʽ ʤʦʜʝʣʶʻʪʴʩʷ 

ʷʢ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʦʢʝʥʽʚ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚ ʨʦʙʦʪʽ [2] ʘʢʮʝʥʪ ʧʝʨʝʥʦʩʠʪʴʩʷ 

ʟ PolyGen-ʧʦʜʽʙʥʠʭ ʩʭʝʤ ʥʘ ʙʽʣʴʰ ʘʙʩʪʨʘʢʪʥʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʢʦʜʫʚʘʥʥʷ, ʩʘʤʝ [7] 

ʜʝʤʦʥʩʪʨʫʻ ʧʨʠʥʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʪʠ Transformer-ʘʨʭʽʪʝʢʪʫʨʠ ʜʦ 3D-

mesh ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʦʢʝʥʽʚ. ʎʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʦʪʠʚʫʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟ [2] ʷʢ ʜʞʝʨʝʣʘ çʪʦʢʝʥʽʚ 

ʬʦʨʤʠè ʜʣʷ Transformer ʚ ɸʈʄ ʂɸɺ [1]. 

ʑʝ ʦʜʠʥ ʚʘʞʣʠʚʠʡ ʥʘʧʨʷʤ ï ʬʽʟʠʯʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʥʝʡʨʦʤʝʨʝʞʽ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ɼʈʏʇ. ʋ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʙʦʪʘʭ [8; 9] ʟʘʧʨʦʚʘʜʞʝʥʦ ʢʦʥʮʝʧʮʽʶ 

Physics-Informed Neural Networks (PINNs), ʜʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʢʨʘʡʦʚʽ 

ʪʘ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʚʭʦʜʷʪʴ ʜʦ ʬʫʥʢʮʽʾ ʚʪʨʘʪ, ʘ ʨʦʟʚôʷʟʦʢ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ 

ʥʝʡʨʦʤʝʨʝʞʝʶ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʦʢʨʝʤʘ [10], ʨʦʟʰʠʨʶʶʪʴ ʮʶ ʽʜʝʶ ʚ 

ʥʘʧʨʷʤʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʘʙʦ ʢʚʘʥʪʦʚʦ-ʧʽʜʩʠʣʝʥʠʭ PINNs ʜʣʷ ʟʘʜʘʯ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʋ ʩʪʘʪʪʽ [1] PINNs-ʘʧʘʨʘʪ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʢʣʶʯʦʚʠʡ ʙʣʦʢ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʦʟʚôʷʟʢʽʚ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ ʚ ʦʢʦʣʽ 

ʟʛʝʥʝʨʦʚʘʥʦʾ ʬʦʨʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʩʠʤʫʣʷʮʽʶ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ɸʈʄ ʂɸɺ, ʤʽʥʽʤʽʟʫʶʯʠ ʧʦʪʨʝʙʫ ʚ ʧʦʚʥʦʮʽʥʥʠʭ 

CFD-ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ. 

ʉʪʘʪʪʽ [1; 2] ʚʠʩʪʫʧʘʶʪʴ ʚ ʷʢʦʩʪʽ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʧʦʻʜʥʘʥʥʷ ʦʧʠʩʘʥʠʭ 

ʚʠʱʝ ʥʘʧʨʷʤʽʚ ʟʘʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ 3D-ʤʦʜʝʣʶʚʘʥʥʷ: 

ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʦʨʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʢʦʤʧʘʢʪʥʝ ʢʦʜʫʚʘʥʥʷ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʦʙôʻʢʪʘ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʦʢʝʥʽʚ ʜʣʷ ʛʝʥʝʨʘʪʠʚʥʦʾ ʤʦʜʝʣʽ 

ʪʠʧʫ Transformer, ʷʢʘ ʽʥʪʝʛʨʦʚʘʥʘ ʚ ɸʈʄ ʂɸɺ ʽ ʧʨʘʮʶʻ ʫ ʟʚôʷʟʮʽ ʟ PINN-ʤʦʜʫʣʝʤ 

ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʽʟʥʠʭ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʙôʻʢʪʘ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʽʩʥʦʾ ʢʦʥʮʝʧʮʽʾ ʽʥʪʝʛʨʘʮʽʾ ʥʦʚʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʦʨʤʠ 3D-ʦʙôʻʢʪʘ ʚ ʩʪʨʫʢʪʫʨʫ ʚʜʦʩʢʦʥʘʣʝʥʦʛʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʢʦʥʩʪʨʫʢʪʦʨʘ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʚʠʨʦʙʽʚ (ɸʈʄ 

ʂɸɺ), ʱʦ ʚʢʣʶʯʘʻ ʛʝʥʝʨʘʪʠʚʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʢʣʘʩʫ Transformer ʪʘ PINNs-

ʤʦʜʝʣʽ ʜʣʷ ʩʠʤʫʣʷʮʽʾ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ 

ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʂʦʨʦʪʢʦ ʦʧʠʩʘʪʠ ʥʦʚʠʡ ʤʝʪʦʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʪʨʠʚʠʤʽʨʥʠʭ ʦʙôʻʢʪʽʚ. 

2. ʇʦʢʘʟʘʪʠ, ʷʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʘʥʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 
ʽʥʪʝʨʧʨʝʪʦʚʘʥʝ ʷʢ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʦʨʤʦʚʘʥʠʭ ʚʝʢʪʦʨʽʚ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʢʦʥʪʝʢʩʪʽ ʤʦʜʝʣʝʡ ʪʠʧʫ Transformer. 

3. ɯʥʪʝʛʨʫʚʘʪʠ ʮʝʡ ʧʽʜʭʽʜ ʫ ʩʪʨʫʢʪʫʨʫ ʚʜʦʩʢʦʥʘʣʝʥʦʛʦ ɸʈʄ ʂɸɺ. 

4. ʆʢʨʝʩʣʠʪʠ ʦʯʽʢʫʚʘʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʽ 
ʥʘʧʨʷʤʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʆʧʠʩ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ. ʋ ʨʦʙʦʪʽ [2] ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʨʦʟʛʣʷʜʘʪʠ ʬʦʨʤʫ ʪʨʠʚʠʤʽʨʥʦʛʦ ʦʙôʻʢʪʘ ʷʢ ʢʣʘʩ ʧʦʜʽʙʥʦʩʪʽ, ʷʢʠʡ ʫ ʪʝʨʤʽʥʘʭ 
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ʪʝʦʨʽʾ ʛʨʫʧ ʚʽʜʧʦʚʽʜʘʻ ʦʨʙʽʪʽ ʬʽʛʫʨʠ ʚʽʜʥʦʩʥʦ ʜʽʾ ʛʨʫʧʠ ʧʦʜʽʙʥʦʩʪʽ Sim(n), ʱʦ 

ʚʢʣʶʯʘʻ ʟʩʫʚ, ʧʦʚʦʨʦʪ ʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚ ʧʨʦʩʪʦʨʽ n. 

ʌʘʢʪʦʨʠʟʘʮʽʷ ʧʨʦʩʪʦʨʫ ʚʩʽʭ ʬʽʛʫʨ ʟʘ ʜʽʻʶ ʮʽʻʾ ʛʨʫʧʠ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ 

ʬʘʢʪʦʨ-ʧʨʦʩʪʽʨ ʬʦʨʤ, ʜʝ ʢʦʞʥʘ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʮʽʣʫ ʦʨʙʽʪʫ ʛʝʦʤʝʪʨʠʯʥʦ 

ʧʦʜʽʙʥʠʭ ʬʽʛʫʨ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʚʦʜʠʪʴʩʷ ʢʘʣʽʙʨʫʚʘʥʥʷ: ʮʝʥʪʨ 

ʤʘʩ ʬʽʛʫʨʠ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ, ʤʘʩʰʪʘʙ ʥʦʨʤʫʻʪʴʩʷ ʪʘʢ, ʱʦʙ 

ʥʘʡʙʣʠʞʯʘ ʜʦ ʮʝʥʪʨʫ ʪʦʯʢʘ ʤʘʣʘ ʦʜʠʥʠʯʥʫ ʚʽʜʩʪʘʥʴ, ʘ ʦʨʽʻʥʪʘʮʽʷ ʬʽʢʩʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʙʨʘʥʦʾ ʦʩʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʽʜʦʢʨʝʤʠʪʠ çʯʠʩʪʫè ʬʦʨʤʫ ʚʽʜ 

ʪʨʠʚʽʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʦʟʤʽʨʫ. 

ɼʣʷ ʪʦʧʦʣʦʛʽʯʥʦ ʧʨʦʩʪʠʭ ʟʘʤʢʥʝʥʠʭ ʧʦʚʝʨʭʦʥʴ (ʛʦʤʝʦʤʦʨʬʥʠʭ ʩʬʝʨʽ) 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʝʨʝʡʪʠ ʜʦ ʩʬʝʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʽ ʦʧʠʩʘʪʠ ʧʦʚʝʨʭʥʶ ʯʝʨʝʟ 

ʬʫʥʢʮʽʶ ʨʘʜʽʫʩʫ ʚʽʜ ʜʚʦʭ ʢʫʪʦʚʠʭ ʘʨʛʫʤʝʥʪʽʚ r(ɗ, ű), ʚʠʟʥʘʯʝʥʫ ʥʘ ʢʚʘʜʨʘʪʥʽʡ 

ʦʙʣʘʩʪʽ [0, 2ˊ] Ĭ [0, 2ˊ], ʟ ʫʤʦʚʦʶ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʧʦ ʦʙʦʭ ʟʤʽʥʥʠʭ. ɿʘʛʘʣʦʤ, ʮʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ: 
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ɺʠʤʦʛʘ ʜʦʜʘʪʥʦʩʪʽ r(ɗ, ű) > 0 ʛʘʨʘʥʪʫʻ ʢʦʨʝʢʪʥʫ ʪʦʧʦʣʦʛʽʶ ʧʦʚʝʨʭʥʽ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ. 

ɼʘʣʽ ʮʷ ʬʫʥʢʮʽʷ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʚ ʨʷʜ ʌʫʨôʻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʚʠʜʢʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ (ʷʢʝ ʧʨʠʩʫʪʥʻ ʚ ʙʘʛʘʪʴʦʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ). ɸ ʜʣʷ 

ʦʙʝʨʥʝʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʚ 

ʧʘʢʝʪ fast Fourier transform (FFT). 

ʇʝʨʽʦʜʠʯʥʘ ʬʫʥʢʮʽʷ g(ɗ, ű) ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʚ ʜʚʦʚʠʤʽʨʥʠʡ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʡ ʨʷʜ ʌʫʨôʻ, ʜʝ ʜʣʷ ʢʦʞʥʦʾ ʧʘʨʠ ʛʘʨʤʦʥʽʢ ʦʙʯʠʩʣʶʶʪʴʩʷ 

ʯʦʪʠʨʠ ʜʽʡʩʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. ʉʫʢʫʧʥʽʩʪʴ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ 

ʷʢ ʤʘʪʨʠʮʶ ʚʝʢʪʦʨʽʚ ʨʦʟʤʽʨʥʦʩʪʽ 4, ʪʦʙʪʦ ʷʢ ʚʧʦʨʷʜʢʦʚʘʥʠʡ ʨʷʜ ʚʝʢʪʦʨʥʠʭ 

ʪʦʢʝʥʽʚ. ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʰʚʠʜʢʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʌʫʨôʻ (FFT), 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʡʥʷʪʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʤʽʩʪʴ ʜʠʩʢʨʝʪʥʦʾ çʭʤʘʨʠ ʪʦʯʦʢè ʧʦʚʝʨʭʥʽ 3D-ʦʙôʻʢʪʘ (ʷʢ 

ʮʝ ʨʦʙʠʪʴʩʷ ʚ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʪʨʠʚʠʤʽʨʥʠʭ ʬʦʨʤ) ʦʪʨʠʤʫʻʤʦ 

ʢʦʤʧʘʢʪʥʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʦʨʤʦʚʘʥʠʭ 

ʚʝʢʪʦʨʽʚ, ʩʫʤʦʶ ʷʢʠʭ (ʯʘʩʪʢʦʚʠʤʠ ʩʫʤʘʤʠ ʨʷʜʫ) ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʬʽʛʫʨʘ. ʎʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫʟʛʦʜʞʝʥʠʤ ʽʟ ʬʦʨʤʘʪʦʤ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ Transformer ʤʦʜʝʣʝʡ. 

ʆʧʠʩ ʚʜʦʩʢʦʥʘʣʝʥʦʛʦ ɸʈʄ ʂɸɺ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ. ʋ ʨʦʙʦʪʽ [1] ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ɸʈʄ ʂɸɺ. ʉʪʘʥʜʘʨʪʥʝ ɸʈʄ ʚʢʣʶʯʘʻ: 

- ʨʦʙʦʯʫ ʩʪʘʥʮʽʶ ʟ CAD ʇɿ ʜʣʷ ʧʦʙʫʜʦʚʠ 3D-ʤʦʜʝʣʝʡ; 
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- CFD-ʩʠʤʫʣʷʪʦʨ (ANSYS Fluent, COMSOL, OpenFOAM ʪʦʱʦ) ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ; 

- ʩʠʩʪʝʤʫ ʚʽʟʫʘʣʽʟʘʮʽʾ (ParaView, VisIt) ʪʘ ʬʦʨʤʘʪ VTK; 

- 3D-ʧʨʠʥʪʝʨ ʽ ʤʘʣʫ ʘʝʨʦʜʠʥʘʤʽʯʥʫ ʪʨʫʙʫ ʜʣʷ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʟʤʝʥʰʝʥʠʭ ʧʨʦʪʦʪʠʧʽʚ. 

ʊʘʢʠʡ ʢʦʤʧʣʝʢʩ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʽ 

ʥʘʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʘʣʝ ʝʪʘʧ ʧʝʨʚʠʥʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ ʤʦʜʠʬʽʢʘʮʽʾ 

3D-ʤʦʜʝʣʽ ʟʘʣʠʰʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʨʫʯʥʠʤ ʽ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʯʘʩʦʚʠʭ ʚʠʪʨʘʪ 

ʜʦʨʦʛʦʚʘʨʪʽʩʥʦʛʦ ʬʘʭʽʚʮʷ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 3D-ʦʙôʻʢʪʽʚ 

(PolyGen, AtlasNet, 3D-R2N2 ʪʘ ʽʥ.) ʽ PINNs-ʧʽʜʭʦʜʽʚ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ɼʈʏʇ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʜʦʩʢʦʥʘʣʝʥʫ ʩʪʨʫʢʪʫʨʫ ɸʈʄ ʂɸɺ. ʋ ʥʽʡ ʢʣʘʩʠʯʥʠʡ CFD-

ʩʠʤʫʣʷʪʦʨ ʟʘʤʽʥʶʻʪʴʩʷ (ʘʙʦ ʯʘʩʪʢʦʚʦ ʜʦʧʦʚʥʶʻʪʴʩʷ) ʽʥʪʝʛʨʦʚʘʥʠʤ ʙʣʦʢʦʤ 

ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʚʟʘʻʤʦʜʽʶʯʠʭ ʤʝʨʝʞ: 

1. ɻʝʥʝʨʘʪʠʚʥʘ ʤʦʜʝʣʴ ʪʠʧʫ Transformer, ʷʢʘ ʟʘ ʪʝʢʩʪʦʚʠʤ ʦʧʠʩʦʤ ʪʘ 

ʮʽʣʴʦʚʠʤʠ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʝʥʝʨʫʻ 3D-ʬʦʨʤʫ ʚʠʨʦʙʫ 

ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (ʤʘʪʨʠʮʷ ʚʝʢʪʦʨʽʚ ʌʫʨôʻ-

ʢʦʝʬʽʮʽʻʥʪʽʚ). 

2. PINN-ʤʦʜʝʣʴ, ʱʦ ʘʧʨʦʢʩʠʤʫʻ ʨʦʟʚôʷʟʢʠ ʨʽʚʥʷʥʥʷ ʅʘʚôʻ-ʉʪʦʢʩʘ ʚ ʦʢʦʣʽ 

ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʛʝʥʝʨʦʚʘʥʫ ʬʦʨʤʫ ʷʢ ʢʨʘʡʦʚʽ ʫʤʦʚʠ. 

ʎʷ ʤʦʜʝʣʴ ʤʦʞʝ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʢʣʘʩʠʯʥʦʾ PINN, ʘʜʞʝ ʚʦʥʘ ʪʘʢʦʞ 

ʧʦʚʠʥʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʷʢ çʫʥʽʚʝʨʩʘʣʴʥʫ 

ʤʦʚʫè ʜʣʷ ʦʧʠʩʫ ʷʢ ʪʨʠʚʠʤʽʨʥʠʭ ʬʦʨʤ ʪʘʢ ʽ ʚʝʢʪʦʨʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʧʦʣʽʚ 

(ʷʢʽ ʻ ʨʦʟʚôʷʟʢʘʤʠ ɼʈʏʇ ʝʚʦʣʶʮʽʡʥʦʛʦ ʪʠʧʫ). 

ɼʘʣʽ ʥʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʫ ʪʘʢʦʾ ʽʥʪʝʛʨʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʜʦʩʢʦʥʘʣʝʥʝ ɸʈʄ ʂɸɺ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʽʥʪʝʛʨʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚ ɸʈʄ ʂɸɺ 
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ɼʦ ʦʯʽʢʫʚʘʥʠʭ ʧʝʨʝʚʘʛ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʚʽʜʥʝʩʝʤʦ: 

- ʫʥʽʚʝʨʩʘʣʽʟʘʮʽʶ ʜʘʥʠʭ: ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʽʚ ʤʽʞ 

ʪʨʠʚʠʤʽʨʥʠʤʠ ʬʦʨʤʘʤʠ ʦʙôʻʢʪʽʚ ʪʘ ʨʽʰʝʥʥʷʤʠ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʬʽʟʠʢʠ; 

- ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʟʘʜʘʯʽ ʥʘʚʯʘʥʥʷ: ʛʝʥʝʨʘʪʠʚʥʘ ʤʦʜʝʣʴ ʧʨʘʮʶʻ ʟ 

ʨʷʜʦʤ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʘ ʥʝ ʟ ʤʽʣʴʡʦʥʘʤʠ ʪʦʯʦʢ ʧʦʚʝʨʭʥʽ; 

- ʽʥʪʝʛʨʘʮʽʶ ʐɯ-ʤʦʜʝʣʝʡ ʫ ɸʈʄ ʂɸɺ: ʛʝʥʝʨʘʮʽʷ ʬʦʨʤʠ, ʩʠʤʫʣʷʮʽʷ 

ʘʝʨʦʜʠʥʘʤʽʢʠ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʧʦʚôʷʟʫʶʪʴʩʷ ʻʜʠʥʠʤ ʬʦʨʤʘʪʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ; 

- ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ: ʯʘʩʪʢʦʚʝ ʘʙʦ ʧʦʚʥʝ ʫʩʫʥʝʥʥʷ ʨʫʯʥʦʛʦ 

3D-ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ. 

ʆʩʥʦʚʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʥʘ ʧʦʪʦʯʥʦʤʫ ʝʪʘʧʽ ʻ: 

- ʟʚʫʞʝʥʥʷ ʜʦ ʢʣʘʩʫ ʪʦʧʦʣʦʛʽʯʥʦ ʧʨʦʩʪʠʭ ʧʦʚʝʨʭʦʥʴ ʥʫʣʴʦʚʦʛʦ ʨʦʜʫ, ʱʦ 

ʥʘʢʣʘʜʘʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʪʠʧʠ ʚʠʨʦʙʽʚ; 

- ʩʢʣʘʜʥʽʩʪʴ ʨʦʙʦʪʠ ʟ ʤʫʣʴʪʠʟʥʘʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ (ʘʙʦ set-value function) ʧʨʠ 

ʚʠʛʥʫʪʠʭ ʧʦʚʝʨʭʥʷʭ; 

- ʟʥʘʯʥʽ ʚʠʤʦʛʠ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʚʝʣʠʢʠʭ 

ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʽ PINNs. 

ʅʘʧʨʷʤʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʢʣʶʯʘʶʪʴ: ʫʟʘʛʘʣʴʥʝʥʥʷ ʤʝʪʦʜʫ ʥʘ 

ʧʦʚʝʨʭʥʽ ʜʦʚʽʣʴʥʦʛʦ ʨʦʜʫ, ʨʦʟʨʦʙʢʫ ʩʪʽʡʢʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʦʙʦʪʠ ʟ 

ʤʫʣʴʪʠʟʥʘʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʘ ʪʘʢʦʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʚʘʣʽʜʘʮʽʶ ʽʥʪʝʛʨʦʚʘʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʥʘ ʪʠʧʦʚʠʭ ʟʘʜʘʯʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʚʠʨʦʙʽʚ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʽʥʪʝʛʨʘʮʽʾ 

ʥʦʚʽʪʥʴʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 3D-ʦʙôʻʢʪʽʚ ʫ ʚʜʦʩʢʦʥʘʣʝʥʝ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ ʢʦʥʩʪʨʫʢʪʦʨʘ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʚʠʨʦʙʽʚ. ɺʠʟʥʘʯʝʥʦ 

ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚ ʢʦʥʪʝʢʩʪʽ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʚʠʨʦʙʽʚ. 
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ɺ.ɺ. ʉʧʽʨʽʥʮʝʚ1, ʆ.ʉ. ɹʫʨʣʘʢʘ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ɸʈʍɯʊɽʂʊʋʈʅʀʍ ʈɯʐɽʅʔ ʅɸ 

ʇʈʆɼʋʂʊʀɺʅɯʉʊʔ, ʇɯɼʊʈʀʄʋɺɸʅɯʉʊʔ ʊɸ ʇʈʆʎɽʉ ʈʆɿʈʆɹʂʀ 

ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ 

 
ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʽʰʝʥʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, 

ʧʽʜʪʨʠʤʫʚʘʥʽʩʪʴ ʪʘ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ) ʥʘ ʧʨʠʢʣʘʜʽ ʤʦʥʦʣʽʪʥʦʾ 

ʪʘ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʧʝʨʝʚʘʛʠ, 

ʥʝʜʦʣʽʢʠ ʪʘ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʾ ʟ ʘʨʭʽʪʝʢʪʫʨ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʢʠ ʤʝʪʨʠʢ, ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʅʘ ʦʩʥʦʚʽ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʘʨʭʽʪʝʢʪʫʨʥʠʭ 

ʧʽʜʭʦʜʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʤʦʛ ʜʦ ʩʠʩʪʝʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʥʦʣʽʪ, ʤʽʢʨʦʩʝʨʚʽʩʠ, ʘʨʭʽʪʝʢʪʫʨʘ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʧʽʜʪʨʠʤʫʚʘʥʽʩʪʴ, DevOps, deploy, ʙʽʟʥʝʩ-ʣʦʛʽʢʘ. 

 

ɺʩʪʫʧ. ɸʨʭʽʪʝʢʪʫʨʘ ʇɿ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʪʦʛʦ, ʷʢ ʩʠʩʪʝʤʘ 

ʧʨʘʮʶʻ, ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʪʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. 

ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ ʘʨʭʽʪʝʢʪʫʨʠ, ʟʦʢʨʝʤʘ ʤʦʥʦʣʽʪʥʘ ʪʘ ʤʽʢʨʦʩʝʨʚʽʩʥʘ, 

ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʧʨʦʮʝʩʠ ʨʦʟʨʦʙʢʠ, 

ʪʝʩʪʫʚʘʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ. ʄʦʥʦʣʽʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʝʨʝʜʙʘʯʘʻ 

ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʛʦ ʮʽʣʽʩʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ, ʪʦʜʽ ʷʢ ʤʽʢʨʦʩʝʨʚʽʩʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʙʦʨʫ ʤʘʣʠʭ ʥʝʟʘʣʝʞʥʠʭ ʩʝʨʚʽʩʽʚ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʯʝʨʝʟ API. ʂʦʞʝʥ 

ʧʽʜʭʽʜ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʪʦʤʫ ʚʠʙʽʨ ʘʨʭʽʪʝʢʪʫʨʠ ʧʦʚʠʥʝʥ ʙʘʟʫʚʘʪʠʩʷ 

ʥʘ ʚʠʤʦʛʘʭ ʜʦ ʩʠʩʪʝʤʠ, ʤʘʩʰʪʘʙʽ ʧʨʦʻʢʪʫ ʪʘ ʨʝʩʫʨʩʘʭ ʢʦʤʘʥʜʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ 

ʤʦʥʦʣʽʪʥʦʾ ʪʘ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨ ʥʘ ʢʣʶʯʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɿ: 

 ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (ʯʘʩ ʚʽʜʧʦʚʽʜʽ, ʟʘʪʨʠʤʢʠ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ); 

 ʧʽʜʪʨʠʤʫʚʘʥʽʩʪʴ (ʧʨʦʩʪʦʪʘ ʚʥʝʩʝʥʥʷ ʟʤʽʥ, ʪʝʩʪʫʚʘʥʥʷ, ʤʦʜʫʣʴʥʽʩʪʴ); 

 ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ (ʰʚʠʜʢʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʩʢʣʘʜʥʽʩʪʴ DevOps-ʧʨʦʮʝʩʽʚ, 

ʢʦʤʘʥʜʥʘ ʚʟʘʻʤʦʜʽʷ). 

ɼʣʷ ʮʴʦʛʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʧʘʪʝʨʥʽʚ, ʩʪʚʦʨʝʥʦ ʪʝʩʪʦʚʝ 

ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʤʝʪʨʠʢʘʤʠ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʈʦʟʛʣʷʥʝʤʦ ʘʨʭʽʪʝʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʥʦʣʽʪʥʦʾ 

ʪʘ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. 

ʄʦʥʦʣʽʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ - ʮʝ ʪʨʘʜʠʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ ʇɿ, ʜʝ ʚʩʷ 

ʩʠʩʪʝʤʘ ʨʝʘʣʽʟʦʚʘʥʘ ʷʢ ʻʜʠʥʠʡ ʟʘʩʪʦʩʫʥʦʢ ʟ ʦʜʥʽʻʶ ʢʦʜʦʚʦʶ ʙʘʟʦʶ ʪʘ ʩʧʽʣʴʥʦʶ 

ʙʽʟʥʝʩ-ʣʦʛʽʢʦʶ. ʄʦʥʦʣʽʪ ʻ ʩʘʤʦʜʦʩʪʘʪʥʽʤ ʽ ʧʨʘʮʶʻ ʷʢ ʮʽʣʽʩʥʘ ʩʪʨʫʢʪʫʨʘ, ʱʦ 

ʧʦʻʜʥʫʻ ʚʩʽ ʤʦʜʫʣʽ, ʬʫʥʢʮʽʾ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʚ ʦʜʥʦʤʫ ʚʠʢʦʥʫʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʥʦʣʽʪʫ ʻ: ʻʜʠʥʘ ʢʦʜʦʚʘ ʙʘʟʘ ʪʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ 
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ʩʪʨʫʢʪʫʨʘ; ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʢʦʤʧʦʥʝʥʪʠ (ʙʫʜʴ-ʷʢʘ ʟʤʽʥʘ ʚ ʦʜʥʦʤʫ ʤʦʜʫʣʽ ʤʦʞʝ 

ʚʧʣʠʚʘʪʠ ʥʘ ʽʥʰʽ); ʻʜʠʥʠʡ ʧʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ (one deploy Ÿ ʚʝʩʴ ʟʘʩʪʦʩʫʥʦʢ 

ʦʥʦʚʣʝʥʦ); ʻʜʠʥʘ ʙʘʟʘ ʜʘʥʠʭ; ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʟʘʚʜʷʢʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʤʝʨʝʞʝʚʠʭ ʚʠʢʣʠʢʽʚ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʇʝʨʝʚʘʛʠ ʤʦʥʦʣʽʪʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ: 

 ʧʨʦʩʪʦʪʘ ʨʦʟʨʦʙʢʠ ï ʻʜʠʥʘ ʢʦʜʦʚʘ ʙʘʟʘ ʟʥʠʞʫʻ ʢʦʛʥʽʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

 ʰʚʠʜʢʝ ʟʙʠʨʘʥʥʷ ʧʨʦʜʫʢʪʫ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ï ʟʨʫʯʥʽʰʝ ʟʘʧʫʩʢʘʪʠ MVP; 

 ʣʝʛʢʘ ʜʝʧʣʦʡʤʝʥʪ-ʤʦʜʝʣʴ - ʦʜʠʥ ʚʠʢʦʥʘʚʯʠʡ ʬʘʡʣ ʯʠ ʜʠʨʝʢʪʦʨʽʷ; 

 ʧʨʦʩʪʝ ʪʝʩʪʫʚʘʥʥʷ ï end-to-end ʪʝʩʪʠ ʦʭʦʧʣʶʶʪʴ ʫʚʝʩʴ ʟʘʩʪʦʩʫʥʦʢ; 

 ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ï ʚʥʫʪʨʽʰʥʽ ʚʠʢʣʠʢʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʧʘʤôʷʪʽ, ʙʝʟ 

ʤʝʨʝʞʝʚʠʭ ʟʘʪʨʠʤʦʢ; 

 ʣʝʛʢʽʩʪʴ ʥʘʣʘʛʦʜʞʝʥʥʷ ï ʚʩʷ ʣʦʛʽʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ. 

ʅʝʜʦʣʽʢʠ ʤʦʥʦʣʽʪʫ: 

 ʧʨʦʙʣʝʤʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ï ʤʘʩʰʪʘʙʫʚʘʪʠ ʦʢʨʝʤʽ ʤʦʜʫʣʽ ʥʝʤʦʞʣʠʚʦ, ʣʠʰʝ 

ʚʝʩʴ ʟʘʩʪʦʩʫʥʦʢ; 

 ʩʢʣʘʜʥʽʩʪʴ ʧʽʜʪʨʠʤʢʠ ï ʯʠʤ ʙʽʣʴʰʝ ʟʨʦʩʪʘʻ ʢʦʜʦʚʘ ʙʘʟʘ, ʪʠʤ ʚʘʞʯʝ ʚʥʦʩʠʪʠ 

ʟʤʽʥʠ; 

 ʧʦʚʽʣʴʥʽʰʠʡ ʨʝʣʽʟʥʠʡ ʮʠʢʣ ï ʥʝʚʝʣʠʢʘ ʟʤʽʥʘ ʚʠʤʘʛʘʻ ʧʦʚʥʦʛʦ ʦʥʦʚʣʝʥʥʷ 

ʩʠʩʪʝʤʠ; 

 ʥʘʜʽʡʥʽʩʪʴ ï ʟʣʘʤ ʫ ʦʜʥʦʤʫ ʤʦʜʫʣʽ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʚʩʶ ʩʠʩʪʝʤʫ; 

 ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʦʙʤʝʞʝʥʥʷ ï ʚʘʞʢʦ ʨʦʟʧʦʜʽʣʷʪʠ ʨʦʙʦʪʫ ʤʽʞ ʙʘʛʘʪʴʤʘ 

ʢʦʤʘʥʜʘʤʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʦʥʦʣʽʪ 

ʟʘʣʠʰʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʧʨʦʻʢʪʽʚ, ʩʪʘʨʪʘʧʽʚ, ʩʠʩʪʝʤ ʽʟ 

ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʘʞʣʠʚʽ ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʦʙʢʠ 

ʽ ʧʨʦʩʪʦʪʘ. 

ʄʽʢʨʦʩʝʨʚʽʩʠ ï ʮʝ ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʩʪʠʣʴ ʫ ʷʢʦʤʫ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʙʦʨʫ ʥʝʚʝʣʠʢʠʭ ʥʝʟʘʣʝʞʥʠʭ ʩʝʨʚʽʩʽʚ. ʂʦʞʝʥ ʩʝʨʚʽʩ ʤʘʻ ʚʣʘʩʥʫ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ, 

ʦʢʨʝʤʫ ʙʘʟʫ ʜʘʥʠʭ ʽ ʤʦʞʝ ʨʦʟʛʦʨʪʘʪʠʩʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʽʥʰʠʭ. Netflix, Atlassian ʪʘ 

ʙʘʛʘʪʦ ʽʥʰʠʭ ʢʦʤʧʘʥʽʡ ʧʝʨʝʡʰʣʠ ʜʦ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʯʝʨʝʟ ʧʦʪʨʝʙʫ 

ʤʘʩʰʪʘʙʫʚʘʪʠʩʷ, ʧʨʠʩʢʦʨʠʪʠ ʨʦʟʨʦʙʢʫ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʽ ʦʧʝʨʘʮʽʾ. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʢʨʦʩʝʨʚʽʩʽʚ: 

 ʢʦʞʝʥ ʩʝʨʚʽʩ ʤʘʻ ʚʣʘʩʥʠʡ ʞʠʪʪʻʚʠʡ ʮʠʢʣ; 

 ʢʦʤʫʥʽʢʘʮʽʷ ʤʽʞ ʩʝʨʚʽʩʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ HTTP/gRPC ʘʙʦ 

ʤʝʩʝʜʞ-ʙʨʦʢʝʨʠ, ʪʘʢʽ ʷʢ RabbitMQ; 

 ʥʝʟʘʣʝʞʥʠʡ ʜʝʧʣʦʡʤʝʥʪ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; 

 ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ; 

 ʥʘʷʚʥʽʩʪʴ ʦʢʨʝʤʠʭ ʢʦʤʘʥʜ ʟʘ ʢʦʞʝʥ ʩʝʨʚʽʩ. 

ʇʝʨʝʚʘʛʠ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ: 

 ʛʥʫʯʢʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ï ʤʘʩʰʪʘʙʫʶʪʴʩʷ ʪʽʣʴʢʠ ʪʽ ʩʝʨʚʽʩʠ, ʷʢʽ ʤʘʶʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ; 

 ʚʠʩʦʢʘ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ï ʟʙʽʡ ʦʜʥʦʛʦ ʩʝʨʚʽʩʫ ʥʝ ʚʠʚʦʜʠʪʴ ʟ ʣʘʜʫ ʚʩʶ 

ʩʠʩʪʝʤʫ; 
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 ʧʨʠʩʢʦʨʝʥʠʡ ʜʝʧʣʦʡʤʝʥʪ ï ʦʢʨʝʤʽ ʩʝʨʚʽʩʠ ʤʦʞʫʪʴ ʦʥʦʚʣʶʚʘʪʠʩʷ ʢʽʣʴʢʘ 

ʨʘʟʽʚ ʥʘ ʜʝʥʴ; 

 ʧʦʢʨʘʱʝʥʘ ʧʽʜʪʨʠʤʫʚʘʥʽʩʪʴ ï ʤʝʥʰʽ ʢʦʜʦʚʽ ʙʘʟʠ ʣʝʛʰʝ ʨʦʟʫʤʽʪʠ; 

 ʘʚʪʦʥʦʤʥʽʩʪʴ ʢʦʤʘʥʜ ï ʢʦʞʥʘ ʢʦʤʘʥʜʘ ʤʘʻ ʧʦʚʥʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʚʦʾʤ 

ʩʝʨʚʽʩʦʤ; 

 ʛʥʫʯʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ ï ʢʦʞʝʥ ʩʝʨʚʽʩ ʤʦʞʝ ʙʫʪʠ ʥʘʧʠʩʘʥʠʡ ʥʘ ʨʽʟʥʽʡ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʘʙʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ. 

ʅʝʜʦʣʽʢʠ ʤʽʢʨʦʩʝʨʚʽʩʽʚ: 

 ʩʢʣʘʜʥʽʩʪʴ DevOps-ʧʨʦʮʝʩʽʚ ï CI/CD, ʤʦʥʽʪʦʨʠʥʛ, ʣʦʛʫʚʘʥʥʷ, ʪʨʘʩʫʚʘʥʥʷ; 

 ʤʝʨʝʞʝʚʽ ʟʘʪʨʠʤʢʠ ʤʽʞ ʩʝʨʚʽʩʘʤʠ ï ʢʦʞʥʘ ʚʟʘʻʤʦʜʽʷ ʩʝʨʚʽʩʽʚ ʧʦʪʨʝʙʫʻ 

ʤʝʨʝʞʝʚʦʛʦ ʟʘʧʠʪʫ; 

 ʜʦʨʦʞʯʘ ʧʽʜʪʨʠʤʢʘ ï ʢʦʞʝʥ ʩʝʨʚʽʩ ʧʦʪʨʝʙʫʻ ʦʢʨʝʤʠʭ ʧʘʡʣʘʡʥʽʚ, ʪʝʩʪʽʚ, 

ʤʦʥʽʪʦʨʠʥʛʫ; 

 ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʝ ʫʩʢʣʘʜʥʶʚʘʪʠ ʧʽʜʪʨʠʤʢʫ; 

 ʧʽʜʚʠʱʝʥʘ ʩʢʣʘʜʥʽʩʪʴ ʪʝʩʪʫʚʘʥʥʷ; 

 ʨʠʟʠʢ development sprawl ï ʥʘʜʤʽʨʥʘ ʢʽʣʴʢʽʩʪʴ ʩʝʨʚʽʩʽʚ ʧʨʠ ʩʣʘʙʢʦʤʫ 

ʢʦʥʪʨʦʣʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʽʢʨʦʩʝʨʚʽʩʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʚʝʣʠʢʠʭ ʩʠʩʪʝʤ ʟ ʚʠʩʦʢʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʛʥʫʯʢʦʩʪʽ ʪʘ ʨʦʟʜʽʣʝʥʥʷ ʢʦʤʘʥʜ.  

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʜʚʘ ʪʝʩʪʦʚʠʭ 

ʧʨʦʻʢʪʠ: 

 ʤʦʥʦʣʽʪʥʠʡ ʟʘʩʪʦʩʫʥʦʢ (Java + Spring boot); 

 ʤʽʢʨʦʩʝʨʚʽʩʥʘ ʩʠʩʪʝʤʘ ʟ 4 ʩʝʨʚʽʩʽʚ (Java + Spring boot + Feign Clients ʜʣʷ 

ʢʦʤʫʥʽʢʘʮʽʾ). 

ɻʦʣʦʚʥʠʡ ʢʣʘʩ ʧʨʦʻʢʪʫ ʟ ʤʦʥʦʣʽʪʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ (ʨʠʩ. 1) ʤʽʩʪʠʪʴ 

ʥʘʩʪʫʧʥʽ ʧʘʢʝʪʠ: Cart (ʣʦʛʽʢʘ ʢʝʨʫʚʘʥʥʷ Cart), Client (ʣʦʛʽʢʘ ʢʝʨʫʚʘʥʥʷ Client), 

Email (ʣʦʛʽʢʘ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʶ ʧʦʰʪʦʶ), Feedback (ʣʦʛʽʢʘ ʢʝʨʫʚʘʥʥʷ 

ʚʽʜʛʫʢʘʤʠ), jwt (ʣʦʛʽʢʘ ʢʝʨʫʚʘʥʥʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʻʶ ʪʘ Json Web Tokens), order 

(ʣʦʛʽʢʘ ʢʝʨʫʚʘʥʥʷ ɿʘʤʦʚʣʝʥʴ), product (ʣʦʛʽʢʘ ʢʝʨʫʚʘʥʥʷ ʇʨʦʜʫʢʪʘʤʠ). 

 

 
 

ʈʠʩ. 1. ɻʦʣʦʚʥʠʡ ʢʣʘʩ ʧʨʦʻʢʪʫ ʟ ʤʦʥʦʣʽʪʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ 

 

ʅʘ ʨʠʩ. 2 ï 4 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʧʘʢʝʪʫ Cart (ʣʦʛʽʢʘ ʢʝʨʫʚʘʥʥʷ Cart). 
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ʈʠʩ. 3. ʉʝʨʚʽʩʥʘ ʣʦʛʽʢʘ ʂʦʨʟʠʥʠ 

 

 

 
 

ʈʠʩ. 2. ʂʦʥʪʨʦʣʝʨ ʂʦʨʟʠʥʠ 
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ʈʠʩ. 4. ʄʦʜʝʣʴ ʂʦʨʟʠʥʠ 

 

ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʝʨʚʽʩʽʚ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʩʠʩʪʝʤʠ: 

 client-service ï ʧʦʚʝʨʪʘʻ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʘ; 

 order-service ï ʧʦʚʝʨʪʘʻ ʟʘʤʦʚʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ; 

 product-service ï ʧʦʚʝʨʪʘʻ ʜʘʥʽ ʧʨʦʜʫʢʪʽʚ; 

 feedback-service ï ʧʦʚʝʨʪʘʻ ʜʘʥʽ ʚʽʜʛʫʢʽʚ; 

 email-service ï ʧʨʘʮʶʻ ʥʘʜ ʚʽʜʧʨʘʚʢʦʶ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ. 

ɼʣʷ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʩʝʨʚʽʩʘʤʠ ʚʠʢʦʨʠʩʪʘʥʦ FeignClients ʷʢʽ ʽʥʪʝʛʨʦʚʘʥʽ ʚ 

Spring boot (ʨʠʩ.5). 

 

 
 

ʈʠʩ.5. ʉʪʚʦʨʝʥʥʷ Feign-ʢʣʽʻʥʪʘ ʜʣʷ ʚʠʢʣʠʢʫ REST API ʽʥʰʦʛʦ  

ʤʽʢʨʦʩʝʨʚʽʩʫ ʚ ʩʠʩʪʝʤʽ 
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ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʇʂ ʟ ʥʘʩʪʫʧʥʠʤʠ ʘʧʘʨʘʪʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 32 GB RAM, SSD 1 TB, Ryzen 5 5600, 6 ï cores, 12 ï threads. 

ɿʘʤʽʨʠ ʚʠʢʦʥʫʚʘʣʠʩʷ 100 ʨʘʟʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ. 

ʊʝʩʪʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʤʝʪʨʠʢʠ (ʪʘʙʣʠʮʷ 1): 

 ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʽʜʧʦʚʽʜʽ; 

 ʤʘʢʩʠʤʘʣʴʥʠʡ ʯʘʩ ʚʽʜʧʦʚʽʜʽ; 

 ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ; 

 ʟʘʪʨʠʤʢʠ ʤʽʞ ʩʝʨʚʽʩʘʤʠ (ʜʣʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ). 

 

ʊʘʙʣʠʮʷ 1. 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʄʝʪʨʠʢʘ ʄʦʥʦʣʽʪ ʄʽʢʨʦʩʝʨʚʽʩʠ 

ʉʝʨʝʜʥʽʡ ʯʘʩ ʚʽʜʧʦʚʽʜʽ, ʤʩ 48 73 

ʄʘʢʩ. ʯʘʩ ʚʽʜʧʦʚʽʜʽ, ʤʩ 112 184 

ʇʽʢʦʚʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ (RPS) 820 670 

ʉʝʨʝʜʥʷ ʣʘʪʝʥʪʥʽʩʪʴ ʤʽʞ ʩʝʨʚʽʩʘʤʠ (rabbit MQ), ʤʩ ï 14 

ʈʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ CPU ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ, % 35 47 

ʈʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ RAM ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ, MB 2071 2456 

ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʚʠʢʣʠʢʽʚ ʜʣʷ 

ʦʜʥʦʛʦ ʟʘʧʠʪʫ 

1 3 

 

ɸʥʘʣʽʟ ʪʘʙʣʠʮʽ 1 ʧʦʢʘʟʘʚ, ʱʦ ʤʦʥʦʣʽʪ ʜʝʤʦʥʩʪʨʫʻ ʢʨʘʱʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫ 

ʚʩʽʭ ʪʝʩʪʦʚʠʭ ʩʮʝʥʘʨʽʷʭ, ʦʩʦʙʣʠʚʦ ʥʘ ʩʢʣʘʜʥʠʭ ʝʥʜʧʦʽʥʪʘʭ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʙʽʟʥʝʩ-ʣʦʛʽʢʠ. ʄʽʢʨʦʩʝʨʚʽʩʠ ʧʨʦʛʨʘʶʪʴ ʯʝʨʝʟ ʤʝʨʝʞʝʚʽ ʟʘʪʨʠʤʢʠ ʪʘ ʥʘʢʣʘʜʥʽ 

ʚʠʪʨʘʪʠ ʥʘ ʤʽʞʩʝʨʚʽʩʥʫ ʢʦʦʨʜʠʥʘʮʽʶ, ʘʣʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰʫ ʛʥʫʯʢʽʩʪʴ ʪʘ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. 

ɸʥʘʣʽʟ ʧʽʜʪʨʠʤʫʚʘʥʦʩʪʽ ʪʘ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ: ʤʦʥʦʣʽʪ (ʧʨʦʩʪʝ ʣʦʢʘʣʴʥʝ 

ʪʝʩʪʫʚʘʥʥʷ; ʟʨʦʩʪʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʧʨʠ ʚʝʣʠʢʦʤʫ ʦʙʩʷʟʽ ʢʦʜʫ; ʤʦʞʣʠʚʽ ʢʦʥʬʣʽʢʪʠ 

ʧʨʠ ʨʦʙʦʪʽ ʚʝʣʠʢʦʾ ʢʦʤʘʥʜʠ), ʤʽʢʨʦʩʝʨʚʽʩʠ (ʯʽʪʢʘ ʤʦʜʫʣʴʥʽʩʪʴ; ʥʝʟʘʣʝʞʥʽ ʨʝʣʽʟʠ 

ʦʢʨʝʤʠʭ ʩʝʨʚʽʩʽʚ; ʧʦʪʨʝʙʘ ʚ CI/CD, ʤʦʥʽʪʦʨʠʥʛʫ, ʣʦʛʫʚʘʥʥʽ, ʦʨʢʝʩʪʨʘʮʽʾ). 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʢʦʤʧʣʝʢʩʥʦʤʫ 

ʘʥʘʣʽʟʽ ʚʧʣʠʚʫ ʘʨʭʽʪʝʢʪʫʨʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʧʽʜʪʨʠʤʫʚʘʥʽʩʪʴ ʪʘ ʨʦʟʨʦʙʢʫ ʇɿ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʣʠʰʝ ʥʘ ʰʚʠʜʢʦʜʽʾ ʘʙʦ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʫ ʨʦʙʦʪʽ ʧʦʨʽʚʥʷʥʦ ʧʦʚʥʠʡ ʥʘʙʽʨ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ 

ʨʝʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʚʠʙʽʨ ʘʨʭʽʪʝʢʪʫʨʠ ʇɿ 

ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʧʽʜʪʨʠʤʫʚʘʥʽʩʪʴ ʽ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ. 

ʄʦʥʦʣʽʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʧʨʦʩʪʦʪʫ ʟʘʧʫʩʢʫ, ʪʦʜʽ 

ʷʢ ʤʽʢʨʦʩʝʨʚʽʩʥʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʛʥʫʯʢʽʩʪʴ, ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ ʷʢʽʩʪʴ 

ʢʦʤʘʥʜʥʦʾ ʨʦʙʦʪʠ. ʆʧʪʠʤʘʣʴʥʠʡ ʚʠʙʽʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʤʦʛ ʧʨʦʻʢʪʫ: ʤʘʣʝʥʴʢʽ ʪʘ 

ʩʝʨʝʜʥʽ ʩʠʩʪʝʤʠ ʚʠʛʨʘʶʪʴ ʚʽʜ ʤʦʥʦʣʽʪʫ, ʪʦʜʽ ʷʢ ʚʝʣʠʢʽ ʢʦʨʧʦʨʘʪʠʚʥʽ ʨʽʰʝʥʥʷ ï 

ʚʽʜ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. 
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1. Microservice Architecture pattern [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://microservices.io/patterns/microservices.html (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 06.11.2025) 

2. What is monolithic architecture? [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
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3. Monolithic vs Microservices Architecture [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.atlassian.com/microservices/microservices-architecture/microservices-vs-monolith 

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 06.11.2025) 
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ɸ.ʉ. ʂʨʫʛʣʠʢ1, ɼ.ʄ. ʄʦʨʦʟ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʇʆʈɯɺʅʗʅʅʗ ʉʀʉʊɽʄ ʄʆʅɯʊʆʈʀʅɻʋ GRAFANA,  

PROMETHEUS, OPENTELEMETRY  

 
ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʴʦʭ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ï Grafana, Prometheus ʪʘ OpenTelemetry. ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʾʭ 

ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʧʽʜʭʦʜʽʚ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʛʥʫʯʢʦʩʪʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʾ 

ʟ ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʾʭʥʴʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʚ ʫʤʦʚʘʭ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʜʝ ʚʠʤʦʛʠ ʜʦ 

ʥʘʜʽʡʥʦʩʪʽ ʤʦʥʽʪʦʨʠʥʛʫ, ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʪʘ ʪʦʯʥʦʩʪʽ ʟʙʦʨʫ ʤʝʪʨʠʢ ʻ ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʠʤʠ. 

ʆʢʨʽʤ ʪʝʭʥʽʯʥʠʭ ʘʩʧʝʢʪʽʚ, ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʧʨʘʢʪʠʯʥʽ ʩʮʝʥʘʨʽʾ ʽʥʪʝʛʨʘʮʽʾ ʟʘʟʥʘʯʝʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʻʜʠʥʝ ʩʝʨʝʜʦʚʠʱʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (observability stack). 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Grafana, Prometheus, OpenTelemetry, ʤʦʥʽʪʦʨʠʥʛ,  ʤʝʪʨʠʢʠ, DevOps, 

observability. 

 

ɺʩʪʫʧ. ʄʦʥʽʪʦʨʠʥʛ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʻ ʢʨʠʪʠʯʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʋ ʩʫʯʘʩʥʠʭ 

ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʯʝʨʛ ʧʦʚʽʜʦʤʣʝʥʴ, 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʪʘ DevOps-ʧʨʘʢʪʠʢ ʟʙʽʣʴʰʠʣʘʩʷ ʧʦʪʨʝʙʘ ʚ ʽʥʩʪʨʫʤʝʥʪʘʭ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʣʠʰʝ ʟʙʠʨʘʪʠ ʜʘʥʽ, ʘʣʝ ʡ ʦʧʝʨʘʪʠʚʥʦ ʾʭ ʘʥʘʣʽʟʫʚʘʪʠ, ʚʠʷʚʣʷʪʠ 

ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʽʥʮʠʜʝʥʪʠ. ʉʘʤʝ ʪʦʤʫ ʪʘʢʽ ʩʠʩʪʝʤʠ, ʷʢ 

Prometheus, Grafana ʪʘ OpenTelemetry, ʩʪʘʣʠ ʢʣʶʯʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʫʯʘʩʥʠʭ 

ʧʣʘʪʬʦʨʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʂʦʞʥʘ ʟ ʥʠʭ ʚʠʢʦʥʫʻ ʚʣʘʩʥʫ ʨʦʣʴ: Prometheus ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʠʡ ʟʙʽʨ 

ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʤʝʪʨʠʢ, Grafana ï ʧʦʪʫʞʥʽ ʟʘʩʦʙʠ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʪʦʜʽ ʷʢ 

OpenTelemetry ʚʠʩʪʫʧʘʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʰʘʨʦʤ ʟʙʦʨʫ ʜʘʥʠʭ, ʷʢʠʡ ʫʥʽʬʽʢʫʻ 

ʧʽʜʭʦʜʠ ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʩʪʦʩʫʥʢʽʚ, ʩʝʨʚʽʩʽʚ ʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʆʛʣʷʜ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

https://microservices.io/patterns/microservices.html
https://www.ibm.com/think/topics/monolithic-architecture
https://www.atlassian.com/microservices/microservices-architecture/microservices-vs-monolith
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ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʘʥʠʭ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʜʘʥʠʭ ʩʠʩʪʝʤ ʟ ʢʽʣʴʢʦʭ ʦʢʨʝʤʠʭ ʧʦʟʠʮʽʡ. ʅʘ 

ʜʫʤʢʫ ʘʚʪʦʨʽʚ ʦʜʥʽʻʶ ʟ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʠʭ ʩʠʩʪʝʤ ʻ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʢʦʞʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ, 

ʣʦʛʫʚʘʥʥʷ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʝʪʨʠʢ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ.  

Prometheus ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʠ ʟʙʦʨʽ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ 

ʤʝʪʨʠʢ, ʤʘʻ ʚʣʘʩʥʫ ʤʦʚʫ ʟʘʧʠʪʽʚ (PromQL), ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʩʢʣʘʜʥʽ 

ʘʥʘʣʽʪʠʯʥʽ ʦʙʯʠʩʣʝʥʥʷ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʅʝʜʦʣʽʢʦʤ ʻ ʦʙʤʝʞʝʥʘ ʧʽʜʪʨʠʤʢʘ 

ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʨʠ ʨʦʙʦʪʽ ʟ ʚʝʣʠʢʠʤʠ 

ʢʣʘʩʪʝʨʘʤʠ ʙʝʟ ʩʪʦʨʦʥʥʽʭ ʨʽʰʝʥʴ, ʪʘʢʠʭ ʷʢ Thanos ʘʙʦ Cortex. 

Grafana, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʥʝ ʟʙʠʨʘʻ ʤʝʪʨʠʢʠ, ʘʣʝ ʥʘʜʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʾʭ ʚʽʟʫʘʣʽʟʘʮʽʾ. ʉʠʩʪʝʤʘ ʧʽʜʪʨʠʤʫʻ ʽʥʪʝʛʨʘʮʽʶ ʟ ʩʦʪʥʷʤʠ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʤʘʻ 

ʨʦʟʚʠʥʝʥʫ ʩʠʩʪʝʤʫ ʦʧʦʚʽʱʝʥʴ (alerting). ɿʘʚʜʷʢʠ ʧʣʘʛʽʥʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ Grafana 

ʤʦʞʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʙʫʜʴ-ʷʢʠʭ ʩʧʝʮʠʬʽʯʥʠʭ ʧʦʪʨʝʙ ï ʚʽʜ ʤʦʥʽʪʦʨʠʥʛʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʦ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʠ. 

OpenTelemetry ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ. ʁʦʛʦ ʛʦʣʦʚʥʘ ʤʝʪʘ ï 

ʩʪʘʥʜʘʨʪʠʟʫʚʘʪʠ ʧʽʜʭʽʜ ʜʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʠʩʪʝʤʘʤʠ. ʗʢʱʦ Prometheus 

ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʤʝʪʨʠʢʘʭ, ʘ Grafana ï ʥʘ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʪʦ OpenTelemetry ʦʭʦʧʣʶʻ 

ʚʩʽ ʪʨʠ ʘʩʧʝʢʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ï ʤʝʪʨʠʢʠ, ʣʦʛʠ ʪʘ ʪʨʝʡʩʠ. ʇʨʦʪʝ ʚʧʨʦʚʘʜʞʝʥʥʷ 

OpenTelemetry ʧʦʪʨʝʙʫʻ ʛʣʠʙʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʜʦʜʘʪʢʦʚʠʭ 

ʥʘʣʘʰʪʫʚʘʥʴ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʠʤ ʜʣʷ ʧʦʯʘʪʢʽʚʮʽʚ.  

ɯʥʰʦʶ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʾʭʥʷ ʘʨʭʽʪʝʢʪʫʨʘ. 

ɸʥʘʣʽʟ ʘʨʭʽʪʝʢʪʫʨ ʜʦʟʚʦʣʷʻ ʩʬʦʢʫʩʫʚʘʪʠʩʴ ʥʘ ʩʠʣʴʥʠʭ ʤʽʩʮʷʭ ʢʦʞʥʦʾ ʩʠʩʪʝʤʠ ʪʘ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʦ ʩʣʘʙʢʽ ʤʽʩʮʷ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

Prometheus ʨʝʘʣʽʟʫʻ pull-based ʧʽʜʭʽʜ ʜʦ ʟʙʦʨʫ ʤʝʪʨʠʢ: ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ 

ʟʘʩʪʦʩʫʥʢʠ ʩʘʤʽ ʥʘʜʩʠʣʘʣʠ ʜʘʥʽ, Prometheus ʦʧʠʪʫʻ ʾʭʥʽ ʝʥʜʧʦʾʥʪʠ ʟ ʧʝʚʥʠʤ 

ʽʥʪʝʨʚʘʣʦʤ. ʎʝ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʤʝʥʰʫʻ ʨʠʟʠʢ ʚʪʨʘʪʠ 

ʜʘʥʠʭ ʽ ʩʧʨʦʱʫʻ ʙʘʣʘʥʩʫʚʘʥʥʷ. ɸʨʭʽʪʝʢʪʫʨʘ Prometheus ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢ ʩʝʨʚʝʨ ʟʙʦʨʫ, ʙʘʟʘ ʯʘʩʦʚʠʭ ʨʷʜʽʚ (TSDB), ʢʦʥʬʽʛʫʨʘʮʽʡʥʽ ʬʘʡʣʠ 

ʟ ʦʧʠʩʦʤ ʮʽʣʝʡ (targets) ʪʘ ʽʥʪʝʨʬʝʡʩ ʟʘʧʠʪʽʚ PromQL. Prometheus ʽʜʝʘʣʴʥʦ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʠʩʪʝʤ ʽʟ ʚʠʩʦʢʦʶ ʜʠʥʘʤʽʢʦʶ, ʟʦʢʨʝʤʘ 

ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱ (Docker, Kubernetes). 

Grafana ʚʠʢʦʥʫʻ ʨʦʣʴ ʽʥʩʪʨʫʤʝʥʪʫ ʘʥʘʣʽʪʠʢʠ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ. ɰʾ ʘʨʭʽʪʝʢʪʫʨʘ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʜʘʥʠʭ (data sources), 

ʩʝʨʝʜ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ ʣʠʰʝ Prometheus, ʘ ʡ InfluxDB, Elasticsearch, 

OpenSearch, Loki, OpenTelemetry, PostgreSQL ʪʦʱʦ. Grafana ʧʽʜʪʨʠʤʫʻ ʧʦʙʫʜʦʚʫ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʜʘʰʙʦʨʜʽʚ ʽʟ ʤʦʞʣʠʚʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʤʽʥʥʠʭ, ʬʽʣʴʪʨʽʚ, 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʪʨʠʛʝʨʽʚ ʦʧʦʚʽʱʝʥʴ. ʎʝ ʨʦʙʠʪʴ ʾʾ ʥʝʟʘʤʽʥʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

DevOps- ʽ SRE-ʢʦʤʘʥʜ, ʷʢʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʻʜʠʥʠʡ ʧʦʛʣʷʜ ʥʘ ʩʪʘʥ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

OpenTelemetry ï ʮʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʟʙʦʨʫ ʤʝʪʨʠʢ, ʣʦʛʽʚ ʽ 

ʪʨʘʩ (distributed tracing). ɺʦʥʘ ʧʦʻʜʥʫʻ ʧʦʧʝʨʝʜʥʽ ʧʨʦʻʢʪʠ OpenCensus ʪʘ 

OpenTracing, ʧʨʦʧʦʥʫʶʯʠ ʫʥʽʬʽʢʦʚʘʥʠʡ API ʪʘ SDK ʜʣʷ ʨʽʟʥʠʭ ʤʦʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ (Java, Go, Python, C++, .NET ʪʦʱʦ). ʎʝʥʪʨʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ 
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ʘʨʭʽʪʝʢʪʫʨʠ OpenTelemetry ʻ Collector, ʷʢʠʡ ʧʨʠʡʤʘʻ ʜʘʥʽ ʟ ʘʛʝʥʪʽʚ ʘʙʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʧʨʦʛʨʘʤ, ʚʠʢʦʥʫʻ ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʪʘ ʧʝʨʝʩʠʣʘʻ ʾʭ ʜʦ ʩʠʩʪʝʤ 

ʟʙʝʨʽʛʘʥʥʷ ï  ʪʘʢʠʭ ʷʢ Prometheus, Jaeger, Tempo ʯʠ Grafana Cloud. ɿʘʚʜʷʢʠ ʮʴʦʤʫ 

OpenTelemetry ʚʠʩʪʫʧʘʻ çʢʣʝʻʤè, ʱʦ ʧʦʚôʷʟʫʻ ʨʽʟʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʫ ʻʜʠʥʠʡ ʢʦʥʪʫʨ.  

ʅʘ ʧʨʘʢʪʠʮʽ ʮʽ ʪʨʠ ʩʠʩʪʝʤʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʘʟʦʤ. ʅʘʧʨʠʢʣʘʜ, 

OpenTelemetry ʟʙʠʨʘʻ ʜʘʥʽ ʟ ʤʽʢʨʦʩʝʨʚʽʩʽʚ, Prometheus ʟʙʝʨʽʛʘʻ ʯʘʩʦʚʽ ʨʷʜʠ 

ʤʝʪʨʠʢ, ʘ Grafana ʥʘʜʘʻ ʽʥʪʝʨʘʢʪʠʚʥʽ ʜʘʰʙʦʨʜʠ ʜʣʷ ʘʥʘʣʽʪʠʢʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʧʦʚʥʦʮʽʥʥʫ ʝʢʦʩʠʩʪʝʤʫ observability, ʜʝ ʢʦʞʝʥ ʽʥʩʪʨʫʤʝʥʪ 

ʚʠʢʦʥʫʻ ʩʚʦʶ ʨʦʣʴ ʫ ʟʘʛʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʎʝ ʧʦʻʜʥʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ: 

- ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʦʜʘʪʢʘʤʠ, ʧʨʦʛʨʘʤʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ 
ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʥʘʚʘʥʪʘʞʝʥʦʩʪʽ ʫ ʢʦʞʝʥ ʢʦʥʢʨʝʪʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ; 

- ʨʘʥʥʻ ʚʠʷʚʣʝʥʥʷ ʚʽʜʤʦʚ ʽ ʘʥʦʤʘʣʽʡ; 

- ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʽʥʮʠʜʝʥʪʠ; 

- ʘʥʘʣʽʪʠʢʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʜʘʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʣʷʛʘʻ ʫ ʧʦʰʫʢʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʧʦʩʦʙʽʚ 

ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʩʥʫʶʯʠʭ ʧʨʦʛʨʘʤʥʠʭ ʨʽʰʝʥʴ.  

ɺʠʩʥʦʚʢʠ. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʠʩʪʝʤ Grafana, Prometheus ʪʘ 

OpenTelemetry ʧʦʢʘʟʘʚ, ʱʦ ʢʦʞʥʘ ʟ ʥʠʭ ʤʘʻ ʚʣʘʩʥʫ ʩʧʝʮʽʘʣʽʟʘʮʽʶ ʪʘ ʦʧʪʠʤʘʣʴʥʽ 

ʩʮʝʥʘʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ. Prometheus ʝʬʝʢʪʠʚʥʠʡ ʷʢ ʷʜʨʦ ʜʣʷ ʟʙʦʨʫ ʤʝʪʨʠʢ ʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, Grafana ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʘ OpenTelemetry ʚʠʩʪʫʧʘʻ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʟʙʦʨʫ ʩʧʦʩʪʝʨʝʞʥʠʭ ʜʘʥʠʭ ʫ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʂʦʤʙʽʥʦʚʘʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʨʽʰʝʥʴ ʬʦʨʤʫʻ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ DevOps, SRE ʪʘ Cloud Native ʘʨʭʽʪʝʢʪʫʨ. ʋ 

ʧʝʨʩʧʝʢʪʠʚʽ ʨʦʟʚʠʪʦʢ OpenTelemetry ʷʢ ʚʽʜʢʨʠʪʦʛʦ ʩʪʘʥʜʘʨʪʫ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ 

ʧʦʩʪʫʧʦʚʦʾ ʫʥʽʬʽʢʘʮʽʾ ʧʽʜʭʦʜʽʚ ʜʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʩʧʨʦʱʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʟʦʨʦʩʪʽ ʨʦʙʦʪʠ ʚʝʣʠʢʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ. 
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ʆ.ʉ. ʐʝʚʮʦʚʘ1, ʉ.ʆ. ɺʷʣʫʰʢʽʥ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ʈʆɿʈʆɹʂɸ ʄɽʊʆɼɯɺ ʇʆɹʋɼʆɺʀ ɯ ʅɸɺʏɸʅʅʗ 

ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ ʉʊʈɸʊɽɻɯʏʅʆɰ 

ʇʆɺɽɼɯʅʂʀ ɺ ʃʆɻɯʏʅʀʍ ɯɻʈɸʍ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʘʪʝʛʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʚ 

ʣʦʛʽʯʥʠʭ ʽʛʨʘʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʇʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʪʘʢʠʭ ʷʢ ʤʽʥʽʤʘʢʩ, ʘʣʴʬʘ-ʙʝʪʘ ʚʽʜʩʽʢʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʧʽʜʭʦʜʽʚ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽʛʨʦʚʠʭ 

ʩʠʩʪʝʤʘʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʛʽʙʨʠʜʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʧʦʻʜʥʫʻ ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʧʦʰʫʢʫ 

ʟ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ ʜʣʷ ʦʮʽʥʢʠ ʧʦʟʠʮʽʡ ʫ ʰʘʭʦʚʽʡ ʛʨʽ. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʪʦʪʠʧ ʧʨʦʛʨʘʤʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ Python, TensorFlow ʽ PyQt, ʷʢʠʡ ʨʝʘʣʽʟʫʻ ʘʚʪʦʥʦʤʥʝ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ 

ʟʜʘʪʥʠʡ ʜʦ ʩʘʤʦʥʘʚʯʘʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʽʜʪʚʝʨʜʠʣʠ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ 20 ï 25% ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʘʣʛʦʨʠʪʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʥʘʚʯʘʣʴʥʠʭ ʽ ʪʨʝʥʫʚʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ, ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʽʥʰʠʭ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ; ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ; ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ; 

ʩʪʨʘʪʝʛʽʯʥʘ ʧʦʚʝʜʽʥʢʘ; ʰʘʭʠ; ʛʽʙʨʠʜʥʘ ʩʠʩʪʝʤʘ; ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ; ʥʘʚʯʘʥʥʷ ʟ 

ʧʽʜʢʨʽʧʣʝʥʥʷʤ; ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ. 

 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʘʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (ʐɯ) ʩʪʘʻ ʢʣʶʯʦʚʠʤ ʥʘʧʨʷʤʦʤ ʽʥʥʦʚʘʮʽʡ. ʁʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʩʬʝʨʽ ʣʦʛʽʯʥʠʭ ʽʛʦʨ, ʟʦʢʨʝʤʘ ʰʘʭʽʚ, ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʥʘʚʯʘʣʴʥʠʭ ʽ ʪʨʝʥʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʐʘʭʠ - ʮʝ ʢʣʘʩʠʯʥʠʡ 

ʧʨʠʢʣʘʜ ʛʨʠ, ʱʦ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʣʦʛʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʥʘʧʝʨʝʜ. ʉʘʤʝ ʪʦʤʫ ʮʷ ʛʨʘ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʦʙʫʤʦʚʣʝʥʘ 

ʧʦʪʨʝʙʦʶ ʫ ʩʪʚʦʨʝʥʥʽ ʤʦʜʝʣʝʡ, ʷʢʽ ʟʜʘʪʥʽ ʽʤʽʪʫʚʘʪʠ ʣʦʛʽʯʥʝ ʤʠʩʣʝʥʥʷ ʣʶʜʠʥʠ, 

ʩʘʤʦʥʘʚʯʘʪʠʩʷ ʪʘ ʘʜʘʧʪʫʚʘʪʠ ʩʚʦʶ ʩʪʨʘʪʝʛʽʶ ʧʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʩʫʧʝʨʥʠʢʘ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʪʘ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʘʪʝʛʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʛʨʘʚʮʷ ʚ ʣʦʛʽʯʥʠʭ ʽʛʨʘʭ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʫ ʧʨʦʛʨʘʤʥʦʛʦ ʨʽʰʝʥʥʷ ʟ ʝʣʝʤʝʥʪʘʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʚʠʟʥʘʯʝʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʐɯ ʫ ʣʦʛʽʯʥʠʭ ʽʛʨʘʭ. 

2. ɼʦʩʣʽʜʠʪʠ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʪʘ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

3. ʈʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʤʦʜʝʣʴ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʰʘʭʦʚʦʛʦ ʨʫʰʽʷ. 

4. ʈʝʘʣʽʟʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (ʤʽʥʽʤʘʢʩ, ʘʣʴʬʘ-ʙʝʪʘ, ʄʦʥʪʝ-

ʂʘʨʣʦ) ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʥʝʡʨʦʤʝʨʝʞʝʶ. 
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5. ʇʨʦʚʝʩʪʠ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʦʨʽʚʥʷʥʥʷ ʾʾ 
ʨʦʙʦʪʠ ʟ ʢʣʘʩʠʯʥʠʤʠ ʧʽʜʭʦʜʘʤʠ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʟʘʩʪʦʩʦʚʘʥʦ: 

- ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ - ʜʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʽʛʨʦʚʦʛʦ ʧʨʦʮʝʩʫ. 

- ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʽ ʛʣʠʙʠʥʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ - ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

- ʘʣʛʦʨʠʪʤʠ ʤʽʥʽʤʘʢʩʫ ʟ ʘʣʴʬʘ-ʙʝʪʘ ʚʽʜʩʽʢʘʥʥʷʤ - ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʧʦʰʫʢʫ. 

- ʤʝʪʦʜʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ - ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʤʦʜʝʣʽ. 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ. ɯʩʪʦʨʠʯʥʦ ʨʦʟʨʦʙʢʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʰʘʭʽʚ ʧʦʯʠʥʘʣʘʩʷ ʟ ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ ʫ ʛʣʠʙʠʥʫ, ʩʝʨʝʜ ʷʢʠʭ ʢʣʶʯʦʚʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʶʪʴ ʘʣʛʦʨʠʪʤʠ çʤʽʥʽʤʘʢʩè ʽ çʘʣʴʬʘ-ʙʝʪʘ ʚʽʜʩʽʢʘʥʥʷè. ʎʽ ʤʝʪʦʜʠ 

ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʶʚʘʪʠ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʛʨʠ ʥʘ ʜʝʢʽʣʴʢʘ ʭʦʜʽʚ ʥʘʧʝʨʝʜ, ʦʜʥʘʢ 

ʚʦʥʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʡ ʘʜʘʧʪʠʚʥʦʩʪʽ. ʋ ʩʫʯʘʩʥʠʭ 

ʨʽʰʝʥʥʷʭ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʽʙʨʠʜʥʽ ʧʽʜʭʦʜʠ, ʜʝ ʢʣʘʩʠʯʥʽ ʘʣʛʦʨʠʪʤʠ 

ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ ʪʘ ʤʝʪʦʜʘʤʠ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ʉʝʨʝʜ ʥʘʡʚʽʜʦʤʽʰʠʭ ʰʘʭʦʚʠʭ ʨʫʰʽʾʚ ʚʘʨʪʦ ʚʠʜʽʣʠʪʠ Stockfish, AlphaZero 

ʪʘ Leela Chess Zero. Stockfish - ʮʝ ʚʽʜʢʨʠʪʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʝʚʨʠʩʪʠʯʥʠʭ ʦʮʽʥʢʘʭ ʪʘ ʤʘʻ ʥʘʜʟʚʠʯʘʡʥʫ ʰʚʠʜʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ. AlphaZero, 

ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʘʥʽʻʶ DeepMind, ʨʝʘʣʽʟʫʻ ʧʽʜʭʽʜ ʧʦʚʥʦʛʦ ʩʘʤʦʥʘʚʯʘʥʥʷ ʙʝʟ 

ʧʦʧʝʨʝʜʥʽʭ ʟʥʘʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʫʥʽʢʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʘʤʦʩʪʽʡʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʾ. Leela Chess Zero ʻ ʚʽʜʢʨʠʪʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ AlphaZero, 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʦʟʧʦʜʽʣʝʥʽ ʦʙʯʠʩʣʝʥʥʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ ʜʝʤʦʥʩʪʨʫʻ ʩʪʘʙʽʣʴʥʦ 

ʚʠʩʦʢʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 1, ʪʨʘʜʠʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ 

ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ, ʘʣʝ ʧʦʩʪʫʧʘʶʪʴʩʷ ʩʫʯʘʩʥʠʤ ʥʝʡʨʦʥʥʠʤ ʧʽʜʭʦʜʘʤ ʫ ʟʜʘʪʥʦʩʪʽ 

ʜʦ ʘʜʘʧʪʘʮʽʾ ʪʘ ʩʘʤʦʥʘʚʯʘʥʥʷ. ʂʦʤʙʽʥʫʚʘʥʥʷ ʦʙʦʭ ʧʽʜʭʦʜʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʩʠʩʪʝʤʫ, ʟʜʘʪʥʫ ʰʚʠʜʢʦ ʦʙʯʠʩʣʶʚʘʪʠ ʧʦʟʠʮʽʾ ʪʘ ʦʜʥʦʯʘʩʥʦ ʥʘʚʯʘʪʠʩʷ ʥʦʚʠʤ 

ʩʪʨʘʪʝʛʽʷʤ. 

ʆʧʠʩ ʘʨʭʽʪʝʢʪʫʨʠ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ. ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʫ ʰʘʭʦʚʽʡ ʛʨʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʻʜʥʘʥʥʽ ʢʣʘʩʠʯʥʠʭ ʧʦʰʫʢʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ 

ʤʦʜʫʣʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʟʜʘʪʥʦʛʦ ʦʙʠʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʭʦʜʠ ʚ ʤʝʞʘʭ 

ʦʙʤʝʞʝʥʦʛʦ ʯʘʩʫ ʦʙʯʠʩʣʝʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʮʽʥʢʫ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʰʘʭʦʚʦʾ 

ʧʦʟʠʮʽʾ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʢʽʣʴʢʘ ʢʣʘʩʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ - 

ʄʽʥʽʤʘʢʩ ʽʟ ʘʣʴʬʘ-ʙʝʪʘ ʚʽʜʩʽʯʝʥʥʷʤ ʽ ʧʦʰʫʢ ʄʦʥʪʝ-ʂʘʨʣʦ (MCTS), ʘ ʪʘʢʦʞ 

ʟʘʩʪʦʩʦʚʘʥʦ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʜʣʷ ʦʮʽʥʢʠ ʧʦʟʠʮʽʡ. 
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ʊʘʙʣʠʮʷ 1  

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʰʘʭʦʚʠʭ ʨʫʰʽʾʚ 

ʈʫʰʽʡ ʊʠʧ ʧʽʜʭʦʜʫ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

Stockfish ʂʣʘʩʠʯʥʠʡ 

ʘʣʛʦʨʠʪʤʽʯʥʠʡ 

(ʤʽʥʽʤʘʢʩ + ʘʣʴʬʘ-

ʙʝʪʘ) 

ɺʠʩʦʢʘ 

ʰʚʠʜʢʽʩʪʴ, 

ʚʽʜʢʨʠʪʠʡ ʢʦʜ, 

ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʅʝ ʘʜʘʧʪʫʻʪʴʩʷ 

ʜʦ ʩʪʠʣʶ ʛʨʠ 

AlphaZero ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʟ 

ʥʘʚʯʘʥʥʷʤ ʟ 

ʧʽʜʢʨʽʧʣʝʥʥʷʤ 

ʉʘʤʦʥʘʚʯʘʥʥʷ, 

ʩʪʨʘʪʝʛʽʯʥʘ 

ʛʥʫʯʢʽʩʪʴ 

ɺʠʩʦʢʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʚʠʤʦʛʠ 

Leela Chess 

Zero 

ɻʽʙʨʠʜ 

ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ 

ʧʽʜʭʦʜʫ ʟ 

ʨʦʟʧʦʜʽʣʝʥʠʤ 

ʥʘʚʯʘʥʥʷʤ 

ɺʽʜʢʨʠʪʝ ʇɿ, 

ʤʦʞʣʠʚʽʩʪʴ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ 

 

ɸʨʭʽʪʝʢʪʫʨʘ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʤʦʜʫʣʴʥʠʤ ʧʨʠʥʮʠʧʦʤ ʽ 

ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ: ʽʛʨʦʚʠʡ ʨʫʰʽʡ, ʤʦʜʫʣʴ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, 

ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʦʮʽʥʢʠ ʧʦʟʠʮʽʡ ʪʘ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ. ʊʘʢʝ 

ʨʦʟʜʽʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʥʝʟʘʣʝʞʥʦ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʦʢʨʝʤʽ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ ʛʥʫʯʢʽʩʪʴ. 

1. ɯʛʨʦʚʠʡ ʨʫʰʽʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʽʜʪʚʦʨʝʥʥʷ ʣʦʛʽʢʠ ʛʨʠ, ʢʦʥʪʨʦʣʴ 

ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ, ʦʙʣʽʢ ʭʦʜʽʚ ʪʘ ʦʥʦʚʣʝʥʥʷ ʩʪʘʥʫ ʜʦʰʢʠ. ɺʽʥ ʨʝʘʣʽʟʫʻ ʙʘʟʦʚʫ 

ʩʪʨʫʢʪʫʨʫ ʜʘʥʠʭ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʟʠʮʽʡ, ʤʦʞʣʠʚʠʭ ʭʦʜʽʚ ʽ ʩʪʘʥʽʚ ʛʨʠ (ʤʘʪ, 

ʰʘʭ, ʧʘʪ). 

2. ʄʦʜʫʣʴ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚʠʢʦʥʫʻ ʘʥʘʣʽʪʠʯʥʫ ʦʙʨʦʙʢʫ ʧʦʪʦʯʥʦʛʦ 

ʩʪʘʥʫ ʛʨʠ, ʧʨʦʛʥʦʟʫʻ ʚʘʨʽʘʥʪʠ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ ʽ ʚʠʙʠʨʘʻ ʦʧʪʠʤʘʣʴʥʫ ʩʪʨʘʪʝʛʽʶ. 

ɺʽʥ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʣʛʦʨʠʪʤʽ ʤʽʥʽʤʘʢʩʫ ʟ ʘʣʴʬʘ-ʙʝʪʘ ʚʽʜʩʽʢʘʥʥʷʤ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʜʣʷ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʧʦʟʠʮʽʡ. 

3. ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʨʝʘʣʽʟʫʻ ʬʫʥʢʮʽʶ ʦʮʽʥʢʠ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʜʦʰʢʠ. ɰʾ 

ʘʨʭʽʪʝʢʪʫʨʘ ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʧʨʠʥʮʠʧʦʤ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʧʝʨʩʝʧʪʨʦʥʫ, ʱʦ ʤʽʩʪʠʪʴ 

ʚʭʽʜʥʠʡ ʰʘʨ ʜʣʷ ʧʦʜʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʬʽʛʫʨʠ, ʧʨʠʭʦʚʘʥʽ ʰʘʨʠ ʜʣʷ ʦʙʨʦʙʢʠ 

ʧʘʪʝʨʥʽʚ ʪʘ ʚʠʭʽʜʥʠʡ ʰʘʨ, ʷʢʠʡ ʬʦʨʤʫʻ ʦʮʽʥʢʫ ʧʦʟʠʮʽʾ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʦʧʪʠʤʽʟʘʪʦʨ Adam ʽ ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ ReLU. ʅʘʚʯʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʚʠʙʽʨʮʽ ʟ 

ʢʽʣʴʢʦʭ ʪʠʩʷʯ ʽʛʨʦʚʠʭ ʧʦʟʠʮʽʡ, ʟʛʝʥʝʨʦʚʘʥʠʭ ʧʽʜ ʯʘʩ ʩʠʤʫʣʷʮʽʡ ʧʘʨʪʽʡ ʧʨʦʪʠ 

ʨʫʰʽʷ Stockfish. 

4. ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ (GUI) ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʨʘʢʪʠʚʥʫ 

ʚʟʘʻʤʦʜʽʶ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʩʠʩʪʝʤʦʶ. ɺʽʥ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʙʘʟʽ ʙʽʙʣʽʦʪʝʢʠ PyQt ʽ 

ʥʘʜʘʻ ʟʨʫʯʥʽ ʟʘʩʦʙʠ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʰʘʭʦʚʦʾ ʜʦʰʢʠ, ʚʠʙʦʨʫ ʨʝʞʠʤʫ ʛʨʠ, ʘʥʘʣʽʟʫ 

ʧʘʨʪʽʡ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʽʰʝʥʴ, ʷʢʽ ʧʨʠʡʤʘʻ ʐɯ. 
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ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ 

ʢʦʥʪʨʦʣʝʨ, ʷʢʠʡ ʢʦʦʨʜʠʥʫʻ ʦʙʤʽʥ ʜʘʥʠʤʠ ʤʽʞ ʽʛʨʦʚʠʤ ʨʫʰʽʻʤ, ʤʦʜʫʣʝʤ ʐɯ ʪʘ 

ʽʥʪʝʨʬʝʡʩʦʤ ʢʦʨʠʩʪʫʚʘʯʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʘʜʘʧʪʫʚʘʪʠ ʩʠʩʪʝʤʫ ʧʽʜ 

ʽʥʰʽ ʽʛʨʦʚʽ ʩʝʨʝʜʦʚʠʱʘ ʘʙʦ ʩʮʝʥʘʨʽʾ ʥʘʚʯʘʥʥʷ. 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ. ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʚʠʢʦʥʫʚʘʣʘʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʥʘʜʘʻ ʰʠʨʦʢʠʡ ʥʘʙʽʨ 

ʙʽʙʣʽʦʪʝʢ ʜʣʷ ʨʦʙʦʪʠ ʟ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ, ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʽ ʩʪʚʦʨʝʥʥʷ 

ʛʨʘʬʽʯʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ. ʆʩʥʦʚʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʣʠ 

TensorFlow, Keras ʽ PyQt5. 

ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʨʝʘʣʽʟʦʚʘʥʘ ʷʢ ʙʘʛʘʪʦʰʘʨʦʚʘ ʧʝʨʮʝʧʪʨʦʥʥʘ 

ʤʝʨʝʞʘ (MLP) ʟ ʥʘʩʪʫʧʥʦʶ ʩʪʨʫʢʪʫʨʦʶ: 

- ʚʭʽʜʥʠʡ ʰʘʨ: 64 ʥʝʡʨʦʥʠ (ʧʦ ʦʜʥʦʤʫ ʥʘ ʢʦʞʥʫ ʢʣʽʪʠʥʢʫ ʰʘʭʽʚʥʠʮʽ); 

- ʧʨʠʭʦʚʘʥʠʡ ʰʘʨ: 128 ʥʝʡʨʦʥʽʚ, ʘʢʪʠʚʘʮʽʷ ReLU; 

- ʚʠʭʽʜʥʠʡ ʰʘʨ: 1 ʥʝʡʨʦʥ (ʦʮʽʥʢʘ ʧʦʟʠʮʽʾ ʚʽʜ -1 ʜʦ +1). 

ʆʮʽʥʢʘ ʧʦʟʠʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʤʽʩʪʴ ʩʪʘʪʠʯʥʦʾ ʝʚʨʠʩʪʠʢʠ, ʱʦ 

ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʛʨʠ ʥʘ ʩʝʨʝʜʥʽʭ ʽ ʚʝʣʠʢʠʭ ʛʣʠʙʠʥʘʭ ʜʝʨʝʚʘ.  

ʈʦʟʨʦʙʣʝʥʠʡ ʤʦʜʫʣʴ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʻ TensorFlow ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʪʘ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ. ɺʭʽʜʥʽ ʜʘʥʽ ʧʦʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ 8Ĭ8, ʜʝ 

ʢʦʞʥʘ ʢʣʽʪʠʥʢʘ ʚʽʜʧʦʚʽʜʘʻ ʪʠʧʫ ʬʽʛʫʨʠ ʪʘ ʾʾ ʢʦʣʴʦʨʫ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʤʝʨʝʞʽ 

ʩʧʨʠʡʤʘʪʠ ʩʪʨʫʢʪʫʨʫ ʰʘʭʦʚʦʾ ʧʦʟʠʮʽʾ ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʚʠʷʚʣʷʪʠ ʧʨʦʩʪʦʨʦʚʽ ʟʘʣʝʞʥʦʩʪʽ. 

ʆʩʥʦʚʥʘ ʣʦʛʽʢʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʨʝʘʣʽʟʦʚʘʥʘ ʯʝʨʝʟ ʘʣʛʦʨʠʪʤ ʤʽʥʽʤʘʢʩʫ ʟ 

ʤʦʜʠʬʽʢʘʮʽʻʶ ʘʣʴʬʘ-ʙʝʪʘ ʚʽʜʩʽʢʘʥʥʷ. ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʦʮʽʥʶʻ 

ʧʦʪʝʥʮʽʡʥʽ ʧʦʟʠʮʽʾ, ʘ ʘʣʛʦʨʠʪʤ ʤʽʥʽʤʘʢʩʫ ʦʙʠʨʘʻ ʭʽʜ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʦʮʽʥʢʦʶ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʟʙʘʣʘʥʩʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʽ ʪʦʯʥʽʩʪʴ ʨʽʰʝʥʴ. 

ʄʦʜʝʣʴ ʥʘʚʯʘʣʘʩʷ ʥʘ ʚʝʣʠʢʦʤʫ ʥʘʙʦʨʽ ʰʘʭʦʚʠʭ ʧʘʨʪʽʡ, ʦʪʨʠʤʘʥʠʭ ʟ 

ʚʽʜʢʨʠʪʠʭ ʙʘʟ ʜʘʥʠʭ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʦʧʪʠʤʽʟʘʪʦʨ 

Adam ʽ ʬʫʥʢʮʽʶ ʚʪʨʘʪ ʥʘ ʦʩʥʦʚʽ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʥʘʚʯʘʥʥʷ ʧʦʢʘʟʘʣʠ ʩʪʘʙʽʣʴʥʫ ʟʙʽʞʥʽʩʪʴ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʮʽʥʢʠ ʧʦʟʠʮʽʡ 

ʧʽʩʣʷ ʢʦʞʥʦʾ ʝʧʦʭʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʽʜʪʚʝʨʜʠʣʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. ʉʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʥʦʤʥʝ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ, ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʥʘʚʯʘʥʥʷ ʽ ʛʥʫʯʢʫ ʘʜʘʧʪʘʮʽʶ ʜʦ ʨʽʟʥʠʭ ʫʤʦʚ ʛʨʠ. ʎʝ 

ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʾʾ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʫ ʚʠʛʣʷʜʽ ʚʝʙʜʦʜʘʪʢʽʚ, 

ʤʦʙ̔ʣʴʥʠʭ ʚʝʨʩʽʡ ʘʙʦ ʽʥʪʝʨʘʮʽʾ ʚ ʦʩʚʽʪʥʽ ʧʣʘʪʬʦʨʤʠ. 

ʊʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʨʦʚʦʜʠʣʦʩʷ ʫ ʢʽʣʴʢʘ ʝʪʘʧʽʚ: ʬʫʥʢʮʽʦʥʘʣʴʥʝ 

ʪʝʩʪʫʚʘʥʥʷ ʙʘʟʦʚʠʭ ʤʦʜʫʣʽʚ, ʽʥʪʝʛʨʘʮʽʡʥʝ ʪʝʩʪʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘ ʧʦʨʽʚʥʷʣʴʥʝ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʐɯ ʧʨʠ ʨʽʟʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʥʘʚʯʘʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʠʩʪʝʤʘ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ 

ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ, ʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʥʘʚʯʠʣʘʩʷ ʧʨʘʚʠʣʴʥʦ ʦʮʽʥʶʚʘʪʠ ʧʦʟʠʮʽʡʥʽ 

ʧʝʨʝʚʘʛʠ ʚʞʝ ʧʽʩʣʷ 10 ʝʧʦʭ ʥʘʚʯʘʥʥʷ. 

ʇʦʨʽʚʥʷʣʴʥʝ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ, ʱʦ ʛʽʙʨʠʜʥʘ ʩʠʩʪʝʤʘ 

ʧʝʨʝʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʘʟʦʚʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʽʥʽʤʘʢʩʫ ʧʨʠʙʣʠʟʥʦ ʥʘ 22% ʟʘ 
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ʰʚʠʜʢʽʩʪʶ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ ʥʘ 18% ʟʘ ʪʦʯʥʽʩʪʶ ʧʨʦʛʥʦʟʫ ʚʠʛʨʘʰʥʦʾ ʩʪʨʘʪʝʛʽʾ. 

ʂʨʽʤ ʪʦʛʦ, ʐɯ ʜʝʤʦʥʩʪʨʫʻ ʟʜʘʪʥʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʚʣʘʩʥʫ ʩʪʨʘʪʝʛʽʶ ʫ ʧʨʦʮʝʩʽ ʛʨʠ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ ʘʜʘʧʪʠʚʥʦʾ ʧʦʚʝʜʽʥʢʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ʈʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ 

ʥʘʚʯʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤʘʭ, ʱʦ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʫ ʩʪʚʦʨʝʥʥʽ ʪʨʝʥʘʞʝʨʽʚ ʜʣʷ ʰʘʭʽʩʪʽʚ ʨʽʟʥʦʛʦ ʨʽʚʥʷ. ʉʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ 

ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ ʽʥʰʠʭ ʣʦʛʽʯʥʠʭ ʽʛʦʨ - ʰʘʰʦʢ, ˇʦ, ʩʫʜʦʢʫ ʪʦʱʦ. ʂʨʽʤ ʪʦʛʦ, ʾʾ 

ʘʨʭʽʪʝʢʪʫʨʘ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʚ ʛʘʣʫʟʽ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʛʽʙʨʠʜʥʦʤʫ ʧʽʜʭʦʜʽ, 

ʷʢʠʡ ʧʦʻʜʥʫʻ ʢʣʘʩʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʨʽʰʝʥʴ ʽʟ ʥʝʡʨʦʤʝʨʝʞʝʶ ʜʣʷ ʦʮʽʥʢʠ 

ʽʛʨʦʚʠʭ ʧʦʟʠʮʽʡ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʩʢʦʨʦʪʠʪʠ 

ʯʘʩ ʦʙʯʠʩʣʝʥʴ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦ ʩʘʤʦʥʘʚʯʘʥʥʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʨʫʰʽʾʚ, ʷʢʽ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʩʪʘʪʠʯʥʽ ʝʚʨʠʩʪʠʢʠ, ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʜʘʧʪʠʚʥʫ ʦʮʽʥʢʫ ʧʦʟʠʮʽʾ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ ʥʘ 

ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʽʛʨʦʚʠʭ ʩʮʝʥʘʨʽʾʚ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ, ʱʦ 

ʧʦʻʜʥʫʻ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʢʣʘʩʠʯʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʧʦʰʫʢʫ. 

ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʥʘ ʧʨʠʢʣʘʜʽ ʰʘʭʦʚʦʾ 

ʛʨʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʘʪʝʛʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘ ʚʽʜʢʨʠʚʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʠ 

ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽʛʨʦʚʠʭ ʩʠʩʪʝʤ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. 
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ɺ.ɺ. ʉʧʽʨʽʥʮʝʚ1, ɭ.ʉ.ɼʫʙʽʥʘ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈɽɸʃɯɿɸʎɯɰ ʄɯʂʈʆʉɽʈɺɯʉʅʆɰ 

ʉʀʉʊɽʄʀ ʄʆʅɯʊʆʈʀʅɻʋ ʂʆʈʀʉʊʋɺɸʏɯɺ ɯ ʈɽʉʋʈʉɯɺ AWS ʋ 

ʉʌɽʈɯ ɽʃɽʂʊʈʆʅʅʆɰ ʂʆʄɽʈʎɯɰ ɿɸʉʆɹɸʄʀ C# ʊɸ GO 

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʢʣʶʯʦʚʽ ʘʩʧʝʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʨʝʩʫʨʩʽʚ ʭʤʘʨʥʦʾ ʧʣʘʪʬʦʨʤʠ AWS, ʨʝʘʣʽʟʦʚʘʥʫ ʟʘʩʦʙʘʤʠ 

C# ʽ Go. ʇʨʦʚʝʜʝʥʦ ʨʦʟʛʦʨʪʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʥʘ ʝʢʟʝʤʧʣʷʨʘʭ AWS EC2 ʪʘ ʚʠʢʦʥʘʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ, ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʤʽʞ ʨʝʘʣʽʟʘʮʽʷʤʠ ʥʘ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C# ʽ Go ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʾ ʤʦʚʠ ʚ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ ʟ ʭʤʘʨʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʽʢʨʦʩʝʨʚʽʩʠ, ʤʦʥʽʪʦʨʠʥʛ, AWS, EC2, Go, C#, ʝʬʝʢʪʠʚʥʽʩʪʴ, ʨʝʩʫʨʩʠ, 

ʧʘʨʘʣʝʣʴʥʽ ʟʘʧʠʪʠ, Docker, Prometheus, cAdvisor.  

 

ɺʩʪʫʧ. ʄʽʢʨʦʩʝʨʚʽʩʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʩʪʘʶʪʴ ʜʝʜʘʣʽ ʧʦʰʠʨʝʥʽʰʠʤʠ ʚ ʭʤʘʨʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ [1]. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʜʽʣʷʪʠ ʬʫʥʢʮʽʦʥʘʣ ʥʘ 

ʥʝʟʘʣʝʞʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ ʤʦʞʣʠʚʽʩʪʴ ʦʥʦʚʣʝʥʥʷ 

ʦʢʨʝʤʠʭ ʩʝʨʚʽʩʽʚ ʙʝʟ ʟʫʧʠʥʢʠ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʩʢʣʘʜʦʚʠʭ ʪʘʢʠʭ 

ʘʨʭʽʪʝʢʪʫʨ ʻ ʤʦʥʽʪʦʨʠʥʛ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʨʝʩʫʨʩʽʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʽʜʩʪʝʞʫʚʘʪʠ 

ʩʪʘʥ ʩʠʩʪʝʤʠ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʷʚʣʷʪʠ ʧʨʦʙʣʝʤʠ ʫ ʨʦʙʦʪʽ 

ʩʝʨʚʽʩʽʚ. ʍʤʘʨʥʘ ʧʣʘʪʬʦʨʤʘ AWS ʥʘʜʘʻ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʨʽʟʥʽ ʪʠʧʠ ʝʢʟʝʤʧʣʷʨʽʚ EC2, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʶʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʛʦ 

ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ 

ʩʠʩʪʝʤʠ ʻ ʘʢʪʫʘʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʭʤʘʨʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʥʥʦʾ 

ʢʦʤʝʨʮʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʠʭ ʩʝʨʚʽʩʽʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ  ʧʦʨʽʚʥʷʥʥʷ ʨʝʘʣʽʟʘʮʽʾ 

ʤʽʢʨʦʩʝʨʚʽʩʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʨʝʩʫʨʩʽʚ ʭʤʘʨʥʦʾ ʧʣʘʪʬʦʨʤʠ AWS 

ʟʘʩʦʙʘʤʠ C# ʽ Go ʪʘ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʾ ʟ ʤʦʚ ʫ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʭʤʘʨʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ AWS; ʨʦʟʛʦʨʥʫʪʠ ʤʽʢʨʦʩʝʨʚʽʩʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʝʢʟʝʤʧʣʷʨʘʭ AWS 

EC2 ʜʣʷ ʧʨʦʛʨʘʤʥʠʭ ʨʝʘʣʽʟʘʮʽʡ; ʧʨʦʚʝʩʪʠ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ, ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ 

ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ; ʧʦʨʽʚʥʷʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʤʽʞ 
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ʨʝʘʣʽʟʘʮʽʷʤʠ ʥʘ C# ʽ Go, ʪʘ ʟʘʟʥʘʯʠʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʩʠʩʪʝʤʠ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. Go ʻ ʢʦʤʧʽʣʴʦʚʘʥʦʶ ʤʦʚʦʶ ʟ ʧʽʜʪʨʠʤʢʦʶ 

ʩʪʘʪʠʯʥʦʾ ʪʠʧʽʟʘʮʽʾ, ʧʨʠʟʥʘʯʝʥʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʝʨʚʝʨʥʠʭ ʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ 

[2]. ʋ ʤʽʢʨʦʩʝʨʚʽʩʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ Go ʟʘʙʝʟʧʝʯʫʻ ʥʝʟʘʣʝʞʥʝ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ 

ʩʝʨʚʽʩʫ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʦʛʦ ʙʽʥʘʨʥʦʛʦ ʬʘʡʣʫ. 

ʄʝʭʘʥʽʟʤ ʛʦʨʫʪʠʥ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʯʠʩʣʝʥʥʽ ʦʜʥʦʯʘʩʥʽ ʟʘʧʠʪʠ 

ʚʩʝʨʝʜʠʥʽ ʤʽʢʨʦʩʝʨʚʽʩʫ ʙʝʟ ʙʣʦʢʫʚʘʥʴ, ʘ ʢʘʥʘʣʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʽ 

ʦʙʤʽʥ ʜʘʥʠʤʠ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʚʘ ʚʢʣʶʯʘʻ  ʥʘʩʪʫʧʥʽ 

ʩʪʘʥʜʘʨʪʥʽ ʧʘʢʝʪʠ: 

- net/http ʜʣʷ ʦʙʨʦʙʢʠ HTTP-ʟʘʧʠʪʽʚ ʽ ʨʝʘʣʽʟʘʮʽʾ REST API; 

- encoding/json ʪʘ encoding/xml ʜʣʷ ʩʝʨʽʘʣʽʟʘʮʽʾ ʽ ʜʝʩʝʨʽʘʣʽʟʘʮʽʾ ʜʘʥʠʭ; 

- database/sql ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʨʝʣʷʮʽʡʥʠʭ ʙʘʟ ʜʘʥʠʭ; 

- ʩʪʦʨʦʥʥʽ ʬʨʝʡʤʚʦʨʢʠ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ middleware; 

- grpc-go ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ ʯʝʨʝʟ gRPC. 

ʄʽʢʨʦʩʝʨʚʽʩʠ ʥʘ Go ʤʦʞʫʪʴ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʯʘʩʥʠʭ 

ʟʘʧʠʪʽʚ, ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ CPU ʽ ʧʘʤôʷʪʽ, ʤʘʩʰʪʘʙʫʚʘʪʠʩʷ ʯʝʨʝʟ 

ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʝʢʟʝʤʧʣʷʨʽʚ ʽ ʨʦʟʛʦʨʪʘʪʠʩʷ ʥʘ ʦʢʨʝʤʠʭ ʤʘʰʠʥʘʭ ʘʙʦ 

ʢʦʥʪʝʡʥʝʨʘʭ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ Go ʚ ʨʦʟʨʦʙʮʽ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ: ʢʘʥʘʣʠ, ʱʦ ʩʠʥʭʨʦʥʽʟʫʶʪʴ ʦʙʤʽʥ ʜʘʥʠʤʠ ʤʽʞ ʩʝʨʚʽʩʘʤʠ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʫʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ; ʢʦʤʧʽʣʷʮʽʷ ʫ ʩʪʘʪʠʯʥʠʡ ʙʽʥʘʨʥʠʡ 

ʬʘʡʣ ʫʩʫʚʘʻ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʦʨʦʥʥʽʭ ʩʝʨʝʜʦʚʠʱ ʚʠʢʦʥʘʥʥʷ, ʩʧʨʦʱʫʶʯʠ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʶ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘ AWS; ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʧʘʤôʷʪʪʶ ʟ 

ʘʚʪʦʤʘʪʠʯʥʠʤ ʟʙʦʨʦʤ ʩʤʽʪʪʷ ʜʦʟʚʦʣʷʻ ʩʪʘʙʽʣʴʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʨʦʙʦʪʫ ʧʨʠ 

ʟʤʽʥʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʘ ʩʪʘʥʜʘʨʪʥʘ ʙʽʙʣʽʦʪʝʢʘ net/http ʪʘ ʧʽʜʪʨʠʤʢʘ gRPC 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʤʫʥʽʢʘʮʽʶ ʤʽʞ ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ ʫ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʄʦʚʘ C# ʧʽʜʪʨʠʤʫʻ ʩʪʘʪʠʯʥʫ ʪʠʧʽʟʘʮʽʶ ʥʘ ʧʣʘʪʬʦʨʤʽ .NET, ʪʘ ʚ 

ʤʽʢʨʦʩʝʨʚʽʩʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʩʝʨʚʽʩʫ ʫ ʚʠʛʣʷʜʽ 

ʦʢʨʝʤʦʛʦ ʜʦʜʘʪʢʫ ʘʙʦ ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʦʛʦ ʩʝʨʚʽʩʫ [3]. ʄʝʭʘʥʽʟʤ ʧʣʘʪʬʦʨʤʠ 

async/await ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʯʠʩʣʝʥʥʽ ʦʜʥʦʯʘʩʥʽ ʟʘʧʠʪʠ ʙʝʟ ʙʣʦʢʫʚʘʥʴ, ʘ TPL 

ʟʘʙʝʟʧʝʯʫʻ ʧʘʨʘʣʝʣʴʥʝ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʜʘʥʠʭ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. C# ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʩʪʘʥʜʘʨʪʥʽ ʙʽʙʣʽʦʪʝʢʠ ʪʘ ʬʨʝʡʤʚʦʨʢʠ: 

- ASP.NET Core ʜʣʷ ʦʙʨʦʙʢʠ HTTP-ʟʘʧʠʪʽʚ ʽ ʨʝʘʣʽʟʘʮʽʾ REST API; 

- System.Text.Json ʪʘ System.Xml ʜʣʷ ʩʝʨʽʘʣʽʟʘʮʽʾ ʽ ʜʝʩʝʨʽʘʣʽʟʘʮʽʾ ʜʘʥʠʭ; 

- Entity Framework Core ʪʘ ADO.NET ʜʣʷ ʨʦʙʦʪʠ ʟ ʨʝʣʷʮʽʡʥʠʤʠ ʙʘʟʘʤʠ 
ʜʘʥʠʭ; 

- ʩʪʦʨʦʥʥʽ middleware-ʬʨʝʡʤʚʦʨʢʠ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ; 

- gRPC ʜʣʷ .NET ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ C# ʫ ʤʽʢʨʦʩʝʨʚʽʩʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʻ ʧʽʜʪʨʠʤʢʘ 

ʨʦʟʛʘʣʫʞʝʥʦʾ ʝʢʦʩʠʩʪʝʤʠ ʙʽʙʣʽʦʪʝʢ ʽ ʬʨʝʡʤʚʦʨʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʠʡ ʮʠʢʣ 

ʩʪʚʦʨʝʥʥʷ, ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʩʝʨʚʽʩʽʚ. ʇʣʘʪʬʦʨʤʘ .NET Core ʥʘʜʘʻ 
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ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʧʦʙʫʜʦʚʠ REST API ʯʝʨʝʟ ASP.NET Core, ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ 

ʪʘ ʘʩʠʥʭʨʦʥʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ, ʟʦʢʨʝʤʘ ʤʘʻ ʚʙʫʜʦʚʘʥʫ ʧʽʜʪʨʠʤʢʫ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ 

ʪʘ ʦʨʢʝʩʪʨʘʮʽʾ, ʱʦ ʩʧʨʦʱʫʻ ʨʦʟʛʦʨʪʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʫ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɿʦʢʨʝʤʘ, ʽʥʪʝʛʨʘʮʽʷ ʟ ʩʝʨʚʽʩʘʤʠ Azure ʪʘ AWS SDK ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ 

ʘʚʪʦʤʘʪʠʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʟʙʽʨ ʤʝʪʨʠʢ, ʣʦʛʫʚʘʥʥʷ ʪʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ Entity Framework Core ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʫʧ ʜʦ ʙʘʟ ʜʘʥʠʭ ʽʟ 

ʧʽʜʪʨʠʤʢʦʶ ʪʨʘʥʟʘʢʮʽʡ ʽ ʤʽʛʨʘʮʽʡ [4].  

ʋ ʭʦʜʽ ʪʝʩʪʫʚʘʥʥʷ ʨʝʘʣʽʟʘʮʽʡ ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʨʝʩʫʨʩʽʚ, ʦʙʠʜʚʘ ʚʘʨʽʘʥʪʠ ʙʫʣʠ ʨʦʟʛʦʨʥʫʪʽ ʥʘ ʝʢʟʝʤʧʣʷʨʽ AWS EC2 

ʪʠʧʫ t2.small, ʩʧʝʮʠʬʽʢʘʮʽʾ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.  

ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ ʧʦʢʘʟʥʠʢʠ ʟʘ ʩʧʦʞʠʚʘʥʥʷʤ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ, 

ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʪʘ ʰʚʠʜʢʽʩʪʶ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʥʘ ʝʢʟʝʤʧʣʷʨʽ. ʄʦʥʽʪʦʨʠʥʛ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Prometheus ʪʘ 

cAdvisor, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʤʽʨʶʚʘʪʠ CPU, RAM ʪʘ ʤʝʪʨʠʢʠ ʢʦʥʪʝʡʥʝʨʽʚ Docker 

ʫ Linux-ʩʝʨʝʜʦʚʠʱʽ. 

 

 
ʈʠʩ. 1. ʉʧʝʮʠʬʽʢʘʮʽʾ ʝʢʟʝʤʧʣʷʨʫ EC2 ʪʠʧʫ t2.small 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʝʢʩʧʝʨʠʤʝʥʪʠ ʟʘ ʢʦʞʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʚʠʢʦʥʫʚʘʣʠʩʷ ʪʨʠʯʽ ʟ ʥʘʩʪʫʧʥʠʤ ʦʙʯʠʩʣʝʥʥʷʤ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ. ɼʣʷ 

ʪʝʩʪʫʚʘʥʥʷ ʚʠʜʽʣʝʥʦ ʪʘʢʽ ʢʨʦʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ: 

- ʟʘʧʫʩʢ ʽ ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ Go ʪʘ C# ʥʘ ʝʢʟʝʤʧʣʷʨʘʭ ɽʉ2; 

- ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ AWS CloudWatch API ʪʘ ʦʪʨʠʤʘʥʥʷ ʤʝʪʨʠʢ ʨʝʩʫʨʩʽʚ; 

- ʚʽʜʧʨʘʚʢʘ ʧʘʨʘʣʝʣʴʥʠʭ ʟʘʧʠʪʽʚ ʜʦ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʧʨʦ 
ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʩʠʤʫʣʷʮʽʻʶ ʘʢʪʠʚʥʦʩʪʽ; 

- ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʤʝʪʨʠʢ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʫ ʚʥʫʪʨʽʰʥʽʡ ʙʘʟʽ 

ʤʽʢʨʦʩʝʨʚʽʩʽʚ; 
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- ʟʙʽʨ ʽ ʦʙʨʦʙʢʘ ʤʝʪʨʠʢ ʚʠʢʦʨʠʩʪʘʥʥʷ CPU ʽ RAM ʧʽʜ ʯʘʩ ʢʦʞʥʦʛʦ 
ʩʮʝʥʘʨʽʶ; 

- ʟʘʧʠʩ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʢʦʞʥʦʛʦ ʩʝʨʚʽʩʫ ʥʘ ʟʘʧʠʪʠ ; 

- ʧʝʨʝʚʽʨʢʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʤʽʢʨʦʩʝʨʚʽʩʽʚ: ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʤʠʣʦʢ, ʟʘʚʠʩʘʥʴ; 

- ʤʦʥʽʪʦʨʠʥʛ ʨʦʙʦʪʠ Prometheus ʪʘ cAdvisor ʜʣʷ ʬʽʢʩʘʮʽʾ ʚʥʫʪʨʽʰʥʽʭ ʤʝʪʨʠʢ 
ʢʦʥʪʝʡʥʝʨʽʚ Docker; 

- ʧʦʚʪʦʨʝʥʥʷ ʢʦʞʥʦʛʦ ʩʮʝʥʘʨʽʶ ʪʨʠʯʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ ʩʠʩʪʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1.  

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʜʦʜʘʪʢʽʚ 

ʂʽʣʴʢʽʩʪʴ 

ʧʘʨʘʣʝʣʴʥʠʭ 

ʟʘʧʠʪʽʚ 

100 200 300 

ʈʝʘʣʽʟʘʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ GO, ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 

CPU Time, % 30,4 42,1 55,6 

RAM Usage, ʄɹ 120,5 130,7 145,3 

Response Time, ʤʩ 48,2 68,3 95,1 

ʈʝʘʣʽʟʘʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ C#, ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 

CPU Time, % 45,7 58,3 72,2 

RAM Usage, ʄɹ 180,8 200,4 225,9 

Response Time, ʤʩ 72,6 105,5 145,7 

 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʽʢʨʦʩʝʨʚʽʩʠ ʥʘ Go ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʥʰʝ CPU ʪʘ RAM ʽ ʦʙʨʦʙʣʷʶʪʴ ʟʘʧʠʪʠ 

ʰʚʠʜʰʝ, ʥʽʞ ʤʽʢʨʦʩʝʨʚʽʩʠ ʥʘ C#. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʣʝʣʴʥʠʭ ʟʘʧʠʪʽʚ 

ʚʽʜ 100 ʜʦ 300 ʚʠʢʦʨʠʩʪʘʥʥʷ CPU ʪʘ RAM ʟʨʦʩʪʘʶʪʴ ʜʣʷ ʦʙʦʭ ʨʝʘʣʽʟʘʮʽʡ, ʘ 

Response Time ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʥʘʚʘʥʪʘʞʝʥʥʶ. ɼʣʷ 100ï200 

ʧʘʨʘʣʝʣʴʥʠʭ ʟʘʧʠʪʽʚ t2.small ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʦʙʦʭ ʨʝʘʣʽʟʘʮʽʡ. ʇʨʠ 

300 ʟʘʧʠʪʘʭ CPU ʜʦʭʦʜʠʪʴ ʜʦ ʧʽʢʦʚʠʭ ʟʥʘʯʝʥʴ, RAM ʙʣʠʟʴʢʘ ʜʦ ʣʽʤʽʪʫ, Response 

Time ʟʨʦʩʪʘʻ ʟʥʘʯʥʦ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʘ C#, ʪʦʜʽ ʷʢ Go ʜʝʤʦʥʩʪʨʫʻ 

ʤʝʥʰʠʡ ʧʨʠʨʽʩʪ ʟʘʪʨʠʤʦʢ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ.  
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ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʤʽʢʨʦʩʝʨʚʽʩʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʨʝʩʫʨʩʽʚ 

ʭʤʘʨʥʦʾ ʧʣʘʪʬʦʨʤʠ AWS ʟʘʩʦʙʘʤʠ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C# ʽ Go. ʇʨʦʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ, ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʧʨʠ ʨʽʟʥʦʤʫ ʨʽʚʥʽ ʧʘʨʘʣʝʣʴʥʠʭ ʟʘʧʠʪʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʚʧʣʠʚ ʤʝʭʘʥʽʟʤʽʚ ʛʦʨʫʪʠʥ ʫ Go ʪʘ async/await ʫ C# ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʪʝʩʪʫʚʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʫ 

ʢʦʥʪʝʡʥʝʨʘʭ Docker ʥʘ ʝʢʟʝʤʧʣʷʨʘʭ AWS EC2 ʪʠʧʫ t2.small ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

Prometheus ʪʘ cAdvisor ʜʣʷ ʟʙʦʨʫ ʤʝʪʨʠʢ CPU, RAM ʪʘ Response Time. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ Go ʽ C# ʫ ʭʤʘʨʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʱʦ ʨʦʟʰʠʨʶʻ ʥʘʫʢʦʚʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʠʙʽʨ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʦʪʦʪʠʧ 

ʤʽʢʨʦʩʝʨʚʽʩʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʨʝʩʫʨʩʽʚ ʥʘ AWS ʟʘʩʦʙʘʤʠ C# ʽ Go. 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʨʝʘʣʽʟʘʮʽʷ ʥʘ Go ʟʘʙʝʟʧʝʯʫʻ ʤʝʥʰʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ CPU ʪʘ RAM ʽ ʰʚʠʜʰʫ ʦʙʨʦʙʢʫ ʟʘʧʠʪʽʚ ʧʦʨʽʚʥʷʥʦ ʟ C#, ʦʩʦʙʣʠʚʦ 

ʧʨʠ ʧʘʨʘʣʝʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʜʦ 300 ʟʘʧʠʪʽʚ.  

 
ʇɽʈɽʃɯʂ ʇʆʉʀʃɸʅʔ 

1. Implementing Microservices on AWS [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://docs.aws.amazon.com/whitepapers/latest/microservices-on-aws/microservices-on-

aws.html (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 09.11.2025) 

2. The Go Programming Language Specification [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://go.dev/ref/spec (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 09.11.2025) 

3. C# language documentation [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  

https://learn.microsoft.com/en-us/dotnet/csharp/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 09.11.2025) 

4. ASP.NET documentation [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://learn.microsoft.com/en-us/aspnet/core/?view=aspnetcore-9.0 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 09.11. 
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ʄ.ɻ. ɹʝʨʜʥʠʢ1, ɯ.ʇ. ʉʪʘʨʦʜʫʙʩʴʢʠʡ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʄɽʊʆɼ ɸɼɸʇʊʀɺʅʆɰ ʂʆʅʊɽʁʅɽʈʀɿɸʎɯɰ ɿ ɯʅʊɽɻʈɸʎɯɭʖ 

ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ 

 
ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ  ʨʦʟʨʦʙʣʝʥʥʽ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʾ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʭʤʘʨʥʠʭ ʩʠʩʪʝʤ ʟ 

ʽʥʪʝʛʨʘʮʽʻʶ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʢʦʥʪʝʡʥʝʨʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʢʦʥʪʝʢʩʪʫ ʚʠʢʦʥʘʥʥʷ. ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʨʦʟʧʦʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʫ ʜʠʥʘʤʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʝʣʝʤʝʥʪʽʚ ʪʝʦʨʽʾ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʚʦʨʶʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʫ ʭʤʘʨʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʚʝʜʽʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʨʝʙ ʫ ʨʝʩʫʨʩʘʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʷ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʭʤʘʨʥʽ 

ʦʙʯʠʩʣʝʥʥʷ, ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʦʨʢʝʩʪʨʘʮʽʷ, Kubernetes. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʘ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʛʥʫʯʢʽ, 

ʤʦʜʫʣʴʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʆʜʥʠʤ ʽʟ 

ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ ʮʴʦʛʦ ʨʦʟʚʠʪʢʫ ʩʪʘʣʘ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʽʟʦʣʷʮʽʶ, ʧʦʨʪʘʪʠʚʥʽʩʪʴ ʽ ʢʝʨʦʚʘʥʽʩʪʴ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʘʧʘʨʘʪʥʦʾ ʘʙʦ ʦʧʝʨʘʮʽʡʥʦʾ ʧʣʘʪʬʦʨʤʠ. ɿʘʚʜʷʢʠ ʪʘʢʠʤ ʪʝʭʥʦʣʦʛʽʷʤ, ʷʢ Docker [1] 

ʽ Kubernetes [6],[1], ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʝʬʝʢʪʠʚʥʝ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʜʦʜʘʪʢʽʚ ʫ ʭʤʘʨʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʱʦ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʩʧʨʠʷʣʦ ʰʚʠʜʢʦʤʫ 

ʧʦʰʠʨʝʥʥʶ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. ʂʦʥʪʝʡʥʝʨʠ ʜʦʟʚʦʣʷʶʪʴ ʦʙôʻʜʥʫʚʘʪʠ 

ʧʨʦʛʨʘʤʥʽ ʤʦʜʫʣʽ ʚ ʥʝʟʘʣʝʞʥʽ ʙʣʦʢʠ, ʷʢʽ ʤʦʞʥʘ ʨʦʟʛʦʨʪʘʪʠ, ʦʥʦʚʣʶʚʘʪʠ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʙʝʟ ʚʧʣʠʚʫ ʥʘ ʽʥʰʽ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ, ʪʠʤ ʩʘʤʠʤ ʩʫʪʪʻʚʦ 

ʧʽʜʚʠʱʫʶʯʠ ʛʥʫʯʢʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ [9]. 

ʇʨʦʪʝ ʨʘʟʦʤ ʽʟ ʧʝʨʝʚʘʛʘʤʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʷ ʩʪʚʦʨʶʻ ʡ ʥʦʚʽ ʚʠʢʣʠʢʠ. ʋ 

ʚʝʣʠʢʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʧʦʩʪʘʻ 

ʧʠʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ. ʉʠʩʪʝʤʠ ʦʨʢʝʩʪʨʘʮʽʾ, ʷʢ-ʦʪ 

Kubernetes, ʤʘʶʪʴ ʚʙʫʜʦʚʘʥʽ ʤʝʭʘʥʽʟʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ [2] 

ʢʦʥʪʝʡʥʝʨʽʚ, ʘʣʝ ʮʽ ʤʝʭʘʥʽʟʤʠ ˇʨʫʥʪʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ ʬʽʢʩʦʚʘʥʠʭ ʧʦʨʦʛʦʚʠʭ 

ʟʥʘʯʝʥʥʷʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʦʨʘ ʯʠ ʧʘʤôʷʪʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʚʨʘʭʦʚʫʻ 

ʢʦʥʪʝʢʩʪʫ ʚʠʢʦʥʘʥʥʷ, ʟʤʽʥ ʫ ʧʦʚʝʜʽʥʮʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʯʘʩʫ ʜʦʙʠ, ʩʢʣʘʜʥʦʩʪʽ 

ʟʘʧʠʪʽʚ ʘʙʦ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. ʗʢ ʥʘʩʣʽʜʦʢ, ʩʠʩʪʝʤʘ ʯʘʩʪʦ ʧʨʘʮʶʻ ʚ 

ʥʝʝʬʝʢʪʠʚʥʠʭ ʨʝʞʠʤʘʭ: ʫ ʧʝʨʽʦʜʠ ʥʠʟʴʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʪʨʘʯʘʻ ʥʘʜʤʽʨʥʽ 

ʨʝʩʫʨʩʠ, ʘ ʧʽʜ ʯʘʩ ʧʽʢʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ï ʥʝ ʚʩʪʠʛʘʻ ʨʝʘʛʫʚʘʪʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʘʪʨʠʤʦʢ ʽ ʚʪʨʘʪʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʝʨʚʽʩʽʚ. 

ʇʨʦʙʣʝʤʘ ʫʩʢʣʘʜʥʷʶʪʴʩʷ ʪʠʤ, ʱʦ ʩʫʯʘʩʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʻ 

ʜʠʥʘʤʽʯʥʠʤʠ ʥʝ ʣʠʰʝ ʟ ʧʦʛʣʷʜʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʘʤʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʅʦʚʽ ʢʦʥʪʝʡʥʝʨʠ ʧʦʩʪʽʡʥʦ ʩʪʚʦʨʶʶʪʴʩʷ, ʦʥʦʚʣʶʶʪʴʩʷ, 
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ʤʽʛʨʫʶʪʴ ʤʽʞ ʚʫʟʣʘʤʠ, ʘ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʩʝʨʚʽʩʘʤʠ ʟʤʽʥʶʶʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʎʝ ʩʪʚʦʨʶʻ ʩʢʣʘʜʥʝ, ʙʘʛʘʪʦʚʠʤʽʨʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʫ ʷʢʦʤʫ ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ 

ʢʝʨʫʚʘʥʥʷ ʚʞʝ ʥʝ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʛʥʫʯʢʽʩʪʴ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ 

ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʩʠʩʪʝʤʘʭ, ʟʜʘʪʥʠʭ ʥʝ ʣʠʰʝ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ, ʘ ʡ ʧʝʨʝʜʙʘʯʘʪʠ 

ʾʭ, ʬʦʨʤʫʶʯʠ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʽ ʧʦʪʦʯʥʠʭ ʪʝʥʜʝʥʮʽʡ. 

ʉʘʤʝ ʪʫʪ ʜʦʮʽʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʽ ʜʘʶʪʴ 

ʟʤʦʛʫ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʘʥʘʣʽʟʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ 

ʭʤʘʨʥʠʭ ʩʠʩʪʝʤʘʭ. ɯʥʪʝʛʨʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʧʨʦʮʝʩʠ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʦʨʢʝʩʪʨʘʮʽʾ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʠʧʝʨʝʜʞʝʥʥʷ. ɿʘʚʜʷʢʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʫ ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʧʝʨʝʜʙʘʯʘʪʠ ʧʽʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʽ 

ʟʤʝʥʰʫʚʘʪʠ ʨʠʟʠʢ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʩʝʨʚʽʩʽʚ ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ. 

ʇʦʜʽʙʥʽ ʨʽʰʝʥʥʷ ʚʞʝ ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ ʢʦʥʮʝʧʮʽʾ AIOps [12], 

ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʭʤʘʨʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ. 

ʈʦʟʚʠʪʦʢ ʢʦʥʮʝʧʮʽʾ ʘʜʘʧʪʠʚʥʦʾ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʟ ʽʥʪʝʛʨʘʮʽʻʶ ʐɯ ʻ 

ʣʦʛʽʯʥʠʤ ʝʪʘʧʦʤ ʝʚʦʣʶʮʽʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʥʝ ʣʠʰʝ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ, ʘ ʡ ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ, ʱʦ ʟʜʘʪʥʘ 

ʥʘʚʯʘʪʠʩʷ ʥʘ ʚʣʘʩʥʦʤʫ ʜʦʩʚʽʜʽ, ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʩʚʦʾ ʩʪʨʘʪʝʛʽʾ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʽ 

ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʝʢʩʪʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʦʨʢʝʩʪʨʘʪʦʨʽʚ, 

ʘʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʜʽʻ ʥʝ ʟʘ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ ʧʨʘʚʠʣʘʤʠ, ʘ ʟʘ ʘʥʘʣʽʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ ʤʦʜʝʣʷʤʠ ʧʦʚʝʜʽʥʢʠ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʩʘʤʦʢʝʨʦʚʘʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ, ʫ ʷʢʠʭ ʢʦʥʪʝʡʥʝʨʠ, ʘʣʛʦʨʠʪʤʠ ʪʘ ʩʝʨʚʽʩʠ 

ʚʟʘʻʤʦʜʽʶʪʴ ʷʢ ʻʜʠʥʠʡ ʦʨʛʘʥʽʟʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʤʦʚʣʝʥʘ ʧʦʪʨʝʙʦʶ ʚ 

ʧʦʙʫʜʦʚʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʢʦʥʪʝʡʥʝʨʥʠʭ ʩʠʩʪʝʤ, ʟʜʘʪʥʠʭ ʘʚʪʦʤʘʪʠʯʥʦ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʩʝʨʝʜʦʚʠʱʘ ʚʠʢʦʥʘʥʥʷ, ʧʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʽ ʛʘʨʘʥʪʫʚʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʥʘʚʽʪʴ ʫ ʢʨʠʪʠʯʥʠʭ 

ʫʤʦʚʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʄʝʪʦʜ ʘʜʘʧʪʠʚʥʦʾ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʟ ʽʥʪʝʛʨʘʮʽʻʶ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʩʪʚʦʨʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʦʩʥʦʚʠ 

ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʧʦʻʜʥʫʶʯʠ ʧʽʜʭʦʜʠ DevOps, MLOps ʽ AIOps [12] ʫ ʻʜʠʥʫ 

ʘʨʭʽʪʝʢʪʫʨʫ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʩʘʤʦʥʘʚʯʘʥʥʷ, ʛʥʫʯʢʽʩʪʴ ʽ ʘʚʪʦʥʦʤʥʽʩʪʴ 

ʩʫʯʘʩʥʠʭ ʭʤʘʨʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ [3]. 

ʋ ʩʫʯʘʩʥʠʭ ʭʤʘʨʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ [10] ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʷ ʩʪʘʣʘ ʦʩʥʦʚʥʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ, ʦʜʥʘʢ ʽʩʥʫʶʯʽ 

ʧʽʜʭʦʜʠ ʜʦ ʢʝʨʫʚʘʥʥʷ ʨʝʩʫʨʩʘʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʩʪʘʪʠʯʥʠʤʠ. 

ɸʣʛʦʨʠʪʤʠ ʩʪʘʥʜʘʨʪʥʠʭ ʟʘʩʦʙʽʚ ʦʨʢʝʩʪʨʘʮʽʾ, ʪʘʢʠʭ ʷʢ Kubernetes [11], ʨʝʘʛʫʶʪʴ 

ʥʘ ʟʤʽʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʩʪʬʘʢʪʫʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʚʠʪʨʘʪʠ ʨʝʩʫʨʩʽʚ ʘʙʦ 

ʚʪʨʘʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫ ʧʽʢʦʚʽ ʧʝʨʽʦʜʠ. ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʠʩʪʝʤʘ ʥʝ 

ʚʦʣʦʜʽʻ ʟʜʘʪʥʽʩʪʶ ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʧʦʜʽʡ ʽ ʥʝ ʚʨʘʭʦʚʫʻ ʢʦʥʪʝʢʩʪʥʽ ʯʠʥʥʠʢʠ 

ï ʪʠʧ ʟʘʧʠʪʽʚ, ʧʦʚʝʜʽʥʢʫ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʩʝʟʦʥʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʦʚʥʽʰʥʽ ʧʦʜʽʾ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʤʝʪʦʜʫ 

ʘʜʘʧʪʠʚʥʦʾ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ, ʷʢʠʡ ʽʥʪʝʛʨʫʻ ʘʣʛʦʨʠʪʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʫ 
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ʧʨʦʮʝʩʠ ʘʥʘʣʽʟʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʤʝʞʘʭ ʢʦʥʪʝʡʥʝʨʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʜʠʥʘʤʽʯʥʝ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʟʤʝʥʰʠʪʠ ʟʘʪʨʠʤʢʠ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ, ʧʽʜʚʠʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʝʨʚʽʩʽʚ ʽ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʆʯʽʢʫʚʘʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʻ ʧʦʙʫʜʦʚʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʥʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ, ʟʜʘʪʥʦʛʦ ʩʘʤʦʩʪʽʡʥʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʟʤʽʥ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʚʯʘʪʠʩʷ ʥʘ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʽ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʙʝʟ ʫʯʘʩʪʽ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʄʝʪʦʜ ʘʜʘʧʪʠʚʥʦʾ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʟ ʽʥʪʝʛʨʘʮʽʻʶ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʷʢ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʬʫʥʢʮʽʦʥʫʻ 

ʧʦʚʝʨʭ Kubernetes ʽ ʜʦʧʦʚʥʶʻ ʡʦʛʦ ʩʪʘʥʜʘʨʪʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʥʦʚʠʤ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ ʨʽʚʥʝʤ. ʁʦʛʦ ʟʘʚʜʘʥʥʷ ï ʟʘʙʝʟʧʝʯʠʪʠ ʜʠʥʘʤʽʯʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʘʚʪʦʤʘʪʠʯʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʫ ʚʠʢʦʥʘʥʥʷ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ 

ʫ ʟʜʘʪʥʦʩʪʽ ʧʝʨʝʪʚʦʨʠʪʠ Kubernetes ʽʟ ʪʨʘʜʠʮʽʡʥʦʛʦ ʦʨʢʝʩʪʨʘʪʦʨʘ ʢʦʥʪʝʡʥʝʨʽʚ ʥʘ 

ʩʘʤʦʥʘʚʯʘʣʴʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ, ʟʜʘʪʥʫ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʩʝʨʝʜʦʚʠʱʘ ʥʝ ʟʘ 

ʬʽʢʩʦʚʘʥʠʤʠ ʧʨʘʚʠʣʘʤʠ, ʘ ʯʝʨʝʟ ʦʙʯʠʩʣʶʚʘʣʴʥʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ. 

ʋ ʮʝʥʪʨʽ ʘʨʭʽʪʝʢʪʫʨʠ ʧʝʨʝʙʫʚʘʻ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʰʘʨ ʢʝʨʫʚʘʥʥʷ ï AI 

Decision Engine [5], ʷʢʠʡ ʧʨʘʮʶʻ ʫ ʪʽʩʥʽʡ ʚʟʘʻʤʦʜʽʾ ʟ Control Plane Kubernetes. 

Control Plane ʩʢʣʘʜʘʻʪʴʩʷ ʟ API Server, Scheduler, Controller Manager ʽ etcd, ʱʦ 

ʟʙʝʨʽʛʘʻ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʢʣʘʩʪʝʨʫ. AI Decision Engine ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʮʴʦʛʦ 

ʮʠʢʣʫ ʯʝʨʝʟ ʚʣʘʩʥʽ ʢʦʥʪʨʦʣʝʨʠ, ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʙʘʟʽ ʙʽʙʣʽʦʪʝʢʠ controller-runtime. 

ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ custom controllers, ʷʢʽ ʨʝʘʛʫʶʪʴ ʥʘ ʟʤʽʥʠ ʫ Custom 

Resource Definitions (CRD), ʩʧʝʮʠʬʽʯʥʠʭ ʜʣʷ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ. ʆʩʥʦʚʥʠʤ 

ʨʝʩʫʨʩʦʤ ʻ AdaptiveScalingPolicy, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʘʨʘʤʝʪʨʠ ʧʦʣʽʪʠʢʠ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʜʣʷ ʧʝʚʥʦʛʦ ʩʝʨʚʽʩʫ ï ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ, ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʧʨʽʦʨʠʪʝʪʠ QoS. 

ʂʣʶʯʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ Control Plane ʻ Scheduler Extender, ʷʢʠʡ ʨʦʟʰʠʨʶʻ 

ʙʘʟʦʚʠʡ ʧʣʘʥʫʚʘʣʴʥʠʢ Kubernetes. AI Decision Engine [5] ʚʟʘʻʤʦʜʽʻ ʟ ʥʠʤ ʯʝʨʝʟ 

gRPC API, ʥʘʜʘʶʯʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʨʦʟʤʽʱʝʥʥʷ ʧʦʜʽʚ ʥʘ ʚʫʟʣʘʭ. ʎʝʡ 

ʤʝʭʘʥʽʟʤ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʦʢʨʝʤʠʭ ʥʦʜ ʽ ʚʨʘʭʦʚʫʚʘʪʠ ʘʧʘʨʘʪʥʽ 

ʧʘʨʘʤʝʪʨʠ (GPU, SSD, NUMA-ʪʦʧʦʣʦʛʽʶ). ʈʽʰʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʧʦʪʦʯʥʠʭ ʤʝʪʨʠʢ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʟ kubelet ʯʝʨʝʟ Prometheus Node Exporter ʫ 

ʬʦʨʤʘʪʽ exposition text ʘʙʦ OpenMetrics, ʽ ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ pushgateway ʜʦ Data 

Processor. 

ʅʘ ʨʽʚʥʽ ʚʠʢʦʥʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʢʦʞʝʥ ʚʫʟʦʣ ʤʽʩʪʠʪʴ kubelet, ʱʦ ʧʽʜʪʨʠʤʫʻ 

ʣʦʢʘʣʴʥʠʡ event-loop [4]. AI Decision Engine ʦʪʨʠʤʫʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʜʽʾ 

ʪʠʧʫ PodPending, PodRunning, PodEvicted ʽ NodeNotReady ʯʝʨʝʟ API-ʩʝʨʚʽʩ ʽ 

ʟʙʝʨʽʛʘʻ ʾʭ ʫ message queue Kafka. ʎʝ ʩʪʚʦʨʶʻ ʨʝʘʢʪʠʚʥʫ ʧʦʜʽʻʚʫ ʤʦʜʝʣʴ, ʫ ʷʢʽʡ 

ʢʦʞʥʘ ʟʤʽʥʘ ʩʪʘʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʻ ʪʨʠʛʝʨʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʦʪʝʥʮʽʡʥʦʾ 

ʘʜʘʧʪʘʮʽʾ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʧʦʜʽʡ ʬʦʨʤʫʻʪʴʩʷ çʩʪʘʥ ʩʠʩʪʝʤʠè ð ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ 

ʦʙôʻʢʪ, ʱʦ ʤʽʩʪʠʪʴ ʧʘʨʘʤʝʪʨʠ ʨʝʩʫʨʩʽʚ, ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʧʦʜʽʚ, ʚʽʜʩʦʪʦʢ CPU 
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saturation, ʢʽʣʴʢʽʩʪʴ ʚʽʜʢʨʠʪʠʭ ʩʦʢʝʪʽʚ, ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ, delay ʫ 

ʯʝʨʛʘʭ RabbitMQ ʘʙʦ Kafka topic lag. 

ɸʨʭʽʪʝʢʪʫʨʘ AI Decision Engine ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʣʦʛʽʯʥʠʭ ʤʦʜʫʣʽʚ. 

ʇʝʨʰʠʡ ï Data Processor ï ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʯʠʩʪʢʫ, ʘʛʨʝʛʘʮʽʶ ʪʘ 

ʥʦʨʤʘʣʽʟʘʮʽʶ ʜʘʥʠʭ. ɺʽʥ ʦʙôʻʜʥʫʻ ʤʝʪʨʠʢʠ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ (Prometheus, 

cAdvisor, Elastic APM) ʫ ʻʜʠʥʠʡ ʬʦʨʤʘʪ Protobuf, ʱʦ ʧʦʣʝʛʰʫʻ ʾʭ ʧʦʜʘʣʴʰʫ 

ʧʝʨʝʜʘʯʫ ʧʦ gRPC. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ PromQL-ʟʘʧʠʪʠ ʟ ʽʥʪʝʨʚʘʣʦʤ ʚʽʜ 

5 ʜʦ 30 ʩʝʢʫʥʜ, ʷʢʽ ʘʛʨʝʛʫʶʪʴʩʷ ʚ time-series ʙʘʟʽ. 

ɼʨʫʛʠʡ ʤʦʜʫʣʴ ï Anomaly Detector ï ʘʥʘʣʽʟʫʻ ʽʩʪʦʨʽʶ ʤʝʪʨʠʢ ʪʘ ʚʠʷʚʣʷʻ 

ʘʥʦʤʘʣʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ Isolation Forest ʘʙʦ Prophet. ʎʝ ʜʦʟʚʦʣʷʻ 

ʬʽʣʴʪʨʫʚʘʪʠ ʢʦʨʦʪʢʦʯʘʩʥʽ ʩʧʣʝʩʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ʊʨʝʪʽʡ ï Predictor, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʦʜʝʣʴ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʥʘʚʯʝʥʫ ʥʘ ʜʘʥʠʭ ʧʨʦ ʧʦʧʝʨʝʜʥʽ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʽʥ ʬʦʨʤʫʻ ʧʨʦʛʥʦʟ 

ʦʯʽʢʫʚʘʥʠʭ ʟʥʘʯʝʥʴ ʤʝʪʨʠʢ ʥʘ ʥʘʡʙʣʠʞʯʽ ʭʚʠʣʠʥʠ ʯʠ ʛʦʜʠʥʠ. 

ʏʝʪʚʝʨʪʠʡ ï Recommender, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʧʨʦʛʥʦʟ ʫ ʢʦʥʢʨʝʪʥʽ ʜʽʾ: ʟʤʽʥʫ 

ʢʽʣʴʢʦʩʪʽ ʨʝʧʣʽʢ, ʢʦʨʝʢʮʽʶ ʨʝʩʫʨʩʥʠʭ ʣʽʤʽʪʽʚ ʘʙʦ ʽʥʽʮʽʘʮʽʶ ʤʽʛʨʘʮʽʾ ʧʦʜʽʚ ʥʘ ʤʝʥʰ 

ʟʘʚʘʥʪʘʞʝʥʽ ʚʫʟʣʠ. 

ʂʦʤʫʥʽʢʘʮʽʷ ʤʽʞ ʮʠʤʠ ʤʦʜʫʣʷʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʽʡ ʰʠʥʠ 

ʧʦʚʽʜʦʤʣʝʥʴ NATS ʘʙʦ Redis Streams. ʎʝ ʜʘʻ ʟʤʦʛʫ ʤʘʩʰʪʘʙʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʫ 

ʯʘʩʪʠʥʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʝʰʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ 

ʤʽʞ ʽʥʬʝʨʝʥʮʽʻʶ ʪʘ ʪʨʝʥʫʚʘʥʥʷʤ ʤʦʜʝʣʝʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʧʽʣʴʥʠʡ Feature Store 

(Feast ʘʙʦ Hopsworks), ʷʢʠʡ ʛʘʨʘʥʪʫʻ, ʱʦ ʥʘʙʽʨ ʦʟʥʘʢ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʜʥʘʢʦʚʠʡ. 

ɯʥʬʝʨʝʥʮʽʷ ʤʦʜʝʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʤʽʢʨʦʩʝʨʚʽʩʽ Inference Gateway [7], ʷʢʠʡ 

ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʢʦʥʪʝʡʥʝʨʘ ʟ TensorFlow Serving ʘʙʦ TorchServe. 

ʂʦʤʫʥʽʢʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ HTTP/gRPC API, ʘ ʚʽʜʧʦʚʽʜʴ ʤʦʜʝʣʽ ʚʢʣʶʯʘʻ 

ʧʨʦʛʥʦʟʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢ ʪʘ ʨʽʚʝʥʴ ʜʦʚʽʨʠ. ʂʦʞʝʥ ʟʘʧʠʪ ʜʦ ʤʦʜʝʣʽ 

ʣʦʛʛʫʻʪʴʩʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʚʠʷʚʣʷʪʠ ʜʝʛʨʘʜʘʮʽʶ (model 

drift). ʗʢʱʦ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫ ʧʘʜʘʻ ʥʠʞʯʝ ʜʦʧʫʩʪʠʤʦʛʦ ʧʦʨʦʛʫ, ʟʽʥʽʮʽʶʻʪʴʩʷ 

retraining pipeline ʫ Kubeflow Pipelines ʘʙʦ Airflow DAG, ʷʢʠʡ ʟʙʠʨʘʻ ʥʦʚʽ ʜʘʥʽ, 

ʦʥʦʚʣʶʻ ʤʦʜʝʣʴ ʽ ʨʝʻʩʪʨʫʻ ʥʦʚʫ ʚʝʨʩʽʶ ʚ MLflow Model Registry [8]. ɼʣʷ 

ʙʝʟʧʝʯʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ shadow deployment: ʥʦʚʘ ʚʝʨʩʽʷ 

ʦʪʨʠʤʫʻ ʪʨʘʬʽʢ ʧʘʨʘʣʝʣʴʥʦ ʟ ʧʦʧʝʨʝʜʥʴʦʶ, ʘʣʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʃʠʰʝ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʩʪʽʚ ʽ ʘʥʘʣʽʟʫ ʨʽʟʥʠʮʽ ʧʨʦʛʥʦʟʽʚ ʚʠʢʦʥʫʻʪʴʩʷ switch ʥʘ 

ʥʦʚʫ ʤʦʜʝʣʴ. 

ɿ ʙʦʢʫ Kubernetes ʤʝʪʦʜ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʯʝʨʝʟ reconciliation loop, ʪʠʧʦʚʠʡ 

ʜʣʷ ʫʩʽʭ ʢʦʥʪʨʦʣʝʨʽʚ. AI Decision Controller ʧʦʩʪʽʡʥʦ ʟʚʽʨʷʻ ʧʦʪʦʯʥʠʡ ʩʪʘʥ 

ʢʣʘʩʪʝʨʫ ʟ ʙʘʞʘʥʠʤ, ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʽʚ. ʗʢʱʦ ʤʽʞ ʥʠʤʠ ʻ 

ʨʦʟʙʽʞʥʽʩʪʴ ï ʩʪʚʦʨʶʻʪʴʩʷ ʘʙʦ ʚʠʜʘʣʷʻʪʴʩʷ pod, ʦʥʦʚʣʶʶʪʴʩʷ ʨʝʩʫʨʩʠ ʘʙʦ 

ʟʤʽʥʶʻʪʴʩʷ Deployment. ʎʝʡ ʮʠʢʣ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʩʠʥʭʨʦʥʥʦ, ʘʣʝ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ 

ʪʝʤʧʦʤ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ API Server. ɼʣʷ ʟʘʭʠʩʪʫ ʚʽʜ race-condition 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʭʘʥʽʟʤ leader election, ʷʢʠʡ ʛʘʨʘʥʪʫʻ, ʱʦ ʦʜʥʦʯʘʩʥʦ 

ʘʢʪʠʚʥʠʡ ʣʠʰʝ ʦʜʠʥ ʢʦʥʪʨʦʣʝʨ ʤʘʩʰʪʘʙʫ. 

ʈʽʚʝʥʴ observability ʦʭʦʧʣʶʻ ʢʽʣʴʢʘ ʩʠʩʪʝʤ ʟʙʦʨʫ ʜʘʥʠʭ. Prometheus ʘʛʨʝʛʫʻ 

ʤʝʪʨʠʢʠ ʷʜʨʘ Kubernetes, Loki ï ʣʦʛʠ, Jaeger ï ʪʨʘʩʫʚʘʥʥʷ ʟʘʧʠʪʽʚ, ʘ Grafana 

ʧʦʻʜʥʫʻ ʾʭ ʫ ʻʜʠʥʫ ʘʥʘʣʽʪʠʯʥʫ ʧʘʥʝʣʴ. ɺʩʽ ʧʦʜʽʾ ʩʠʩʪʝʤʠ ʤʘʨʢʫʶʪʴʩʷ trace-id, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʽʜʩʪʝʞʠʪʠ, ʷʢ ʢʦʥʢʨʝʪʥʝ ʨʽʰʝʥʥʷ AI-ʤʦʜʫʣʷ ʚʧʣʠʥʫʣʦ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʝʨʚʽʩʫ. ɼʣʷ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

Thanos, ʷʢʠʡ ʘʨʭʽʚʫʻ ʽʩʪʦʨʽʶ ʤʝʪʨʠʢ ʽ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʡ 

ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʝʡ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ fault domain 

isolation. ʂʣʘʩʪʝʨ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʟʦʥ ʜʦʩʪʫʧʥʦʩʪʽ, ʘ AI Decision Engine 

ʤʘʻ ʜʫʙʣʴʦʚʘʥʠʡ ʝʢʟʝʤʧʣʷʨ ʫ ʢʦʞʥʽʡ ʟʦʥʽ. ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ chaos engineering: ʽʥʩʪʨʫʤʝʥʪʠ ʪʠʧʫ LitmusChaos ʘʙʦ Chaos 

Mesh ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟʫʧʠʥʷʶʪʴ ʚʫʟʣʠ ʘʙʦ ʧʦʜʠ, ʱʦʙ ʧʝʨʝʚʽʨʠʪʠ ʟʜʘʪʥʽʩʪʴ 

ʩʠʩʪʝʤʠ ʚʽʜʥʦʚʣʶʚʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʩʧʝʮʽʘʣʴʥʦʤʫ ʞʫʨʥʘʣʽ resilience log ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʣʽʪʠʢ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ʋ ʧʣʘʥʽ ʙʝʟʧʝʢʠ ʨʝʘʣʽʟʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

network policies ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʪʨʘʬʽʢʫ ʤʽʞ ʧʨʦʩʪʦʨʘʤʠ ʽʤʝʥ, service mesh ʜʣʷ 

TLS-ʰʠʬʨʫʚʘʥʥʷ ʤʽʞ ʩʝʨʚʽʩʘʤʠ, ʘ ʪʘʢʦʞ ʧʦʜ security standards (restricted, 

baseline). ʋʩʽ ʟʘʧʠʪʠ ʤʽʞ ʤʦʜʫʣʷʤʠ ʧʨʦʭʦʜʷʪʴ ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ ʯʝʨʝʟ JWT-ʪʦʢʝʥʠ, 

ʚʠʜʘʥʽ ʚʥʫʪʨʽʰʥʽʤ OIDC-ʩʝʨʚʝʨʦʤ. ɺʩʽ ʧʦʜʽʾ ʘʫʜʠʪʫ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ Elasticsearch, 

ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʠʪʠ ʧʦʚʥʫ ʭʨʦʥʦʣʦʛʽʶ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. 

ɿ ʪʝʭʥʽʯʥʦʛʦ ʙʦʢʫ ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʫʻ ʨʦʙʦʪʫ ʥʝ ʣʠʰʝ ʚ CPU-based 

ʩʝʨʝʜʦʚʠʱʘʭ, ʘ ʡ ʥʘ ʘʧʘʨʘʪʥʠʭ ʧʨʠʩʢʦʨʶʚʘʯʘʭ. ʗʢʱʦ ʢʣʘʩʪʝʨ ʤʘʻ ʚʫʟʣʠ ʟ GPU 

ʘʙʦ TPU, AI Decision Engine ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʰʚʠʜʰʦʾ ʽʥʬʝʨʝʥʮʽʾ 

ʤʦʜʝʣʝʡ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʘʨʪʦʩʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ GPU sharing ʯʝʨʝʟ NVIDIA 

Device Plugin ʘʙʦ Intel GPU Operator. ʋ ʩʮʝʥʘʨʽʷʭ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ FPGA ʯʝʨʝʟ Kubernetes Device Plugin 

Framework, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʠʩʢʦʨʠʪʠ inference ʙʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ CPU. 

ɼʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ AI-ʤʦʜʫʣʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ CI/CD-

ʧʘʡʧʣʘʡʥ ʽʟ Jenkins ʘʙʦ GitLab CI. ʂʦʞʝʥ ʢʦʤʽʪ ʫ ʨʝʧʦʟʠʪʦʨʽʾ ʟʘʧʫʩʢʘʻ ʟʙʽʨʢʫ 

ʢʦʥʪʝʡʥʝʨʘ, ʘʚʪʦʤʘʪʠʯʥʝ ʪʝʩʪʫʚʘʥʥʷ, ʩʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʢʦʜʫ ʪʘ ʜʝʧʣʦʡ ʫ staging-

ʢʣʘʩʪʝʨ. ʇʽʩʣʷ ʧʝʨʝʚʽʨʢʠ ï Canary rollout ʫ ʧʨʦʜʘʢʰʥ ʯʝʨʝʟ Argo Rollouts. ʗʢʱʦ 

ʥʦʚʘ ʚʝʨʩʽʷ ʧʨʘʮʶʻ ʩʪʘʙʽʣʴʥʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʠʡ ʧʝʨʝʭʽʜ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ 

ʥʫʣʴʦʚʠʡ downtime ʧʨʠ ʦʥʦʚʣʝʥʥʷʭ. ʆʩʦʙʣʠʚʫ ʨʦʣʴ ʫ ʤʝʪʦʜʽ ʚʽʜʽʛʨʘʻ ʣʦʛʽʢʘ 

intelligent feedback loop. ʉʠʩʪʝʤʘ ʧʦʨʽʚʥʶʻ ʟʘʧʣʘʥʦʚʘʥʽ ʨʽʰʝʥʥʷ ʟ ʬʘʢʪʠʯʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ï ʯʘʩ ʨʝʘʢʮʽʾ, ʨʽʚʝʥʴ ʣʘʪʝʥʪʥʦʩʪʽ, ʚʠʪʨʘʪʠ ʨʝʩʫʨʩʽʚ ï ̔  ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʮʶ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʩʘʤʦʥʘʚʯʘʥʥʷ. ɸʣʛʦʨʠʪʤ reinforcement learning ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢʠ RLlib ʜʦʟʚʦʣʷʻ AI Decision Engine ʩʘʤʦʩʪʽʡʥʦ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʦʣʽʪʠʢʠ ʜʽʡ ʥʘ ʦʩʥʦʚʽ ʥʘʛʦʨʦʜ ʽ ʰʪʨʘʬʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʘ 

ʧʦʩʪʫʧʦʚʦ ʚʜʦʩʢʦʥʘʣʶʻ ʩʚʦʶ ʧʦʚʝʜʽʥʢʫ ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʣʶʜʠʥʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʩʪʚʦʨʶʻʪʴʩʷ ʽʥʪʝʛʨʦʚʘʥʘ ʝʢʦʩʠʩʪʝʤʘ, ʜʝ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʤʦʜʫʣʴ, Kubernetes ʽ 
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DevOps-ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʬʫʥʢʮʽʦʥʫʶʪʴ ʷʢ ʻʜʠʥʠʡ ʦʨʛʘʥʽʟʤ. ʂʦʞʝʥ ʢʦʥʪʝʡʥʝʨ, 

ʩʝʨʚʽʩ ʽ ʚʫʟʦʣ ʻ ʯʘʩʪʠʥʦʶ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʥʝ ʣʠʰʝ ʨʝʘʛʫʻ ʥʘ ʟʤʽʥʠ, ʘ ʡ 

ʧʝʨʝʜʙʘʯʘʻ ʾʭ. ɸʜʘʧʪʠʚʥʘ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʷ ʟ ʽʥʪʝʛʨʘʮʽʻʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʠʡ ʮʠʢʣ ʘʚʪʦʤʘʪʠʟʘʮʽʾ: ʚʽʜ ʟʙʦʨʫ ʜʘʥʠʭ ʜʦ ʩʘʤʦʥʘʚʯʘʣʴʥʦʛʦ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʡʪʠ ʚʽʜ ʨʝʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʦ 

ʘʚʪʦʥʦʤʥʦʾ ʩʘʤʦʦʧʪʠʤʽʟʦʚʘʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʣʝʥʥʽ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʤʦʞʣʠʚʦʩʪʽ ʦʨʢʝʩʪʨʘʮʽʾ 

Kubernetes ʽʟ ʤʝʪʦʜʘʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʝʨʝʭʦʜʠʪʴ 

ʚʽʜ ʨʝʘʢʪʠʚʥʦʾ ʜʦ ʘʜʘʧʪʠʚʥʦ-ʧʨʦʛʥʦʟʥʦʾ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ, ʫ ʷʢʽʡ ʨʽʰʝʥʥʷ ʧʨʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʨʭʽʪʝʢʪʫʨʥʫ 

ʽʥʪʝʛʨʘʮʽʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʚ ʮʠʢʣ ʢʝʨʫʚʘʥʥʷ Kubernetes ʙʝʟ 

ʧʦʨʫʰʝʥʥʷ ʡʦʛʦ ʙʘʟʦʚʦʾ ʣʦʛʽʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʫʤʽʩʥʽʩʪʴ ʽʟ ʥʘʪʠʚʥʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ ʦʨʢʝʩʪʨʘʮʽʾ. ʄʝʪʦʜ ʨʝʘʣʽʟʫʻ ʟʘʤʢʥʫʪʠʡ ʮʠʢʣ çʘʥʘʣʽʟ ï ʧʨʦʛʥʦʟ ï ʜʽʷ 

ï ʧʝʨʝʚʽʨʢʘ ʨʝʟʫʣʴʪʘʪʫè, ʱʦ ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ ʜʣʷ ʩʘʤʦʦʧʪʠʤʽʟʦʚʘʥʠʭ 

ʢʦʥʪʝʡʥʝʨʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʟʨʦʙʢʠ ʻ ʧʦʻʜʥʘʥʥʷ DevOps-, MLOps- 

ʽ AIOps-ʧʽʜʭʦʜʽʚ ʫ ʤʝʞʘʭ ʻʜʠʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʨʝʨʚʥʝ 

ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ ʽ ʧʦʩʪʽʡʥʫ ʘʜʘʧʪʘʮʽʶ ʩʠʩʪʝʤʠ ʜʦ ʟʤʽʥ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʬʦʨʤʫʶʪʴ ʥʘʫʢʦʚʫ ʦʩʥʦʚʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʘʤʦʥʘʚʯʘʣʴʥʠʭ 

ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʣʘʪʬʦʨʤ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʘʚʪʦʥʦʤʥʝ ʢʝʨʫʚʘʥʥʷ ʨʝʩʫʨʩʘʤʠ 

ʫ ʭʤʘʨʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʾ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʟ 

ʽʥʪʝʛʨʘʮʽʻʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʥʦʚʠʡ ʨʽʚʝʥʴ ʘʚʪʦʥʦʤʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʭʤʘʨʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ 

ʩʘʤʦʩʪʽʡʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʥʠ ʪʘ 

ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʧʦʻʜʥʫʻ ʤʝʭʘʥʽʟʤʠ ʦʨʢʝʩʪʨʘʮʽʾ Kubernetes ʽʟ ʘʥʘʣʽʪʠʯʥʠʤʠ 

ʤʦʜʝʣʷʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʩʪʚʦʨʶʶʯʠ ʟʘʤʢʥʫʪʠʡ ʮʠʢʣ ʢʝʨʫʚʘʥʥʷ 

ʨʝʩʫʨʩʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʦʧʪʠʤʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʁʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʪʨʘʪʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʽʜ ʯʘʩ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʟʤʝʥʰʠʪʠ ʚʘʨʪʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ ʩʠʩʪʝʤ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʫ ʧʨʦʮʝʩʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʪʦʪʠʧʽʚ ʩʘʤʦʥʘʚʯʘʣʴʥʠʭ ʢʣʘʩʪʝʨʽʚ, 

ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ AI-ʤʦʜʫʣʽʚ ʽ ʚʠʚʯʝʥʥʷ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʤʫʣʴʪʠʭʤʘʨʥʠʭ ʪʘ edge-ʩʝʨʝʜʦʚʠʱʘʭ. 
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ɼ.ɺ. ɯʚʘʥʦʚ1, ɺ.ɺ. ɻʥʘʪʫʰʝʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɸɺʊʆʄɸʊʀɿʆɺɸʅɸ ɻɽʆɯʅʌʆʈʄɸʎɯʁʅɸ ʊɽʍʅʆʃʆɻɯʗ 

ʆʎɯʅʖɺɸʅʅʗ ʗʂʆʉʊɯ ʎʀʌʈʆɺʀʍ ʊʆʇʆɻʈɸʌɯʏʅʀʍ ʇʃɸʅɯɺ 

ʄɸʉʐʊɸɹʋ 1:2000 

 
ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʽʜʭʽʜ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʮʠʬʨʦʚʠʭ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʧʣʘʥʽʚ ʤʘʩʰʪʘʙʫ 1:2000 ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʽ ISO 19157:2013 ʽ ʨʝʘʣʽʟʫʻ ʧʨʦʮʝʩ ʧʝʨʝʚʽʨʢʠ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʥʦʩʪʽ, ʪʦʧʦʣʦʛʽʯʥʦʾ ʫʟʛʦʜʞʝʥʦʩʪʽ, ʣʦʛʽʯʥʦʾ ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʧʦʚʥʦʪʠ ʤʝʪʘʜʘʥʠʭ. 

ʈʦʟʨʦʙʣʝʥʝ ʨʽʰʝʥʥʷ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘʩʦʙʘʤʠ Python ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢ GeoPandas, 

Shapely, Fiona, GDAL. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʥʘʯʥʝ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʝʨʝʚʽʨʢʠ, 

ʧʽʜʚʠʱʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʦʮʽʥʢʠ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʥʘ ʽʥʰʽ 

ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʘʩʰʪʘʙʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʮʠʬʨʦʚʠʡ ʪʦʧʦʛʨʘʬʽʯʥʠʡ ʧʣʘʥ, ʤʘʩʰʪʘʙ 

1:2000, ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ, ʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ, ʚʘʣʽʜʘʮʽʷ, ʪʦʧʦʣʦʛʽʯʥʘ ʫʟʛʦʜʞʝʥʽʩʪʴ, 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʘ ʮʠʬʨʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʩʠʩʪʝʤ ʧʨʦʩʪʦʨʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ, ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʦʚʘʥʦʩʪʽ ʛʝʦʜʘʥʠʭ. ʎʠʬʨʦʚʽ 

ʪʦʧʦʛʨʘʬʽʯʥʽ ʧʣʘʥʠ ʤʘʩʰʪʘʙʫ 1:2000 ʻ ʙʘʟʦʚʦʶ ʩʢʣʘʜʦʚʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʢʘʜʘʩʪʨʦʚʠʭ, ʤʽʩʪʦʙʫʜʽʚʥʠʭ, 

ʛʝʦʜʝʟʠʯʥʠʭ ʽ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʧʨʦʮʝʩʘʭ. 
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ʇʦʧʨʠ ʽʩʥʫʚʘʥʥʷ ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ (ʟʦʢʨʝʤʘ ɼʉʊʋ ISO 19157:2015), 

ʧʨʦʮʝʩ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʮʠʬʨʦʚʠʭ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʪʨʫʜʦʤʽʩʪʢʠʤ ʽ ʩʫʙôʻʢʪʠʚʥʠʤ. ɺʽʜʩʫʪʥʽʩʪʴ ʽʥʪʝʛʨʦʚʘʥʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʝʨʝʚʽʨʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʠʟʴʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʜʫʨ ʚʘʣʽʜʘʮʽʾ, ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʯʘʩʫ ʡ ʤʦʞʣʠʚʦʩʪʽ ʣʶʜʩʴʢʠʭ ʧʦʤʠʣʦʢ. 

ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʩʪʚʦʨʝʥʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʟʜʘʪʥʦʾ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʷʢʦʩʪʽ 

ʮʠʬʨʦʚʠʭ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʧʣʘʥʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʩʪʦʨʦʚʦʾ 

ʘʥʘʣʽʪʠʢʠ ʪʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʝʨʝʚʽʨʢʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʮʠʬʨʦʚʠʭ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʧʣʘʥʽʚ 

ʤʘʩʰʪʘʙʫ 1:2000, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʽʞʥʘʨʦʜʥʠʤ ʽ ʥʘʮʽʦʥʘʣʴʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ʪʘ 

ʜʦʟʚʦʣʷʻ ʢʦʤʧʣʝʢʩʥʦ ʧʝʨʝʚʽʨʷʪʠ ʷʢʽʩʪʴ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʨʽʰʫʶʪʴʩʷ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

¶ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʯʠʥʥʽ ʥʦʨʤʘʪʠʚʠ ʫ ʩʬʝʨʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ; 

¶ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʦʩʥʦʚʥʽ ʢʨʠʪʝʨʽʾ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʮʠʬʨʦʚʠʭ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ; 

¶ ʩʧʨʦʻʢʪʫʚʘʪʠ ʤʦʜʫʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ; 

¶ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʦʛʨʘʤʥʦ-ʘʣʛʦʨʠʪʤʽʯʥʠʡ ʤʦʜʫʣʴ ʧʝʨʝʚʽʨʢʠ; 

¶ ʧʨʦʚʝʩʪʠ ʘʧʨʦʙʘʮʽʶ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʪʝʩʪʦʚʠʭ ʥʘʙʦʨʘʭ ʮʠʬʨʦʚʠʭ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʧʣʘʥʽʚ ʤʘʩʰʪʘʙʫ 1:2000. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʆʩʥʦʚʦʶ ʨʦʟʨʦʙʢʠ ʻ ʩʪʘʥʜʘʨʪ ISO 19157:2013 

çGeographic information ï Data qualityè, ʱʦ ʚʠʟʥʘʯʘʻ ʧʨʠʥʮʠʧʠ ʪʘ ʧʦʢʘʟʥʠʢʠ 

ʷʢʦʩʪʽ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ: ʧʦʚʥʦʪʫ, ʣʦʛʽʯʥʫ ʫʟʛʦʜʞʝʥʽʩʪʴ, ʪʦʧʦʣʦʛʽʯʥʫ 

ʧʨʘʚʠʣʴʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʤʝʪʘʜʘʥʠʭ. ʋ 

ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʩʪʦʩʦʚʘʥʦ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʦʭʦʧʣʶʻ ʚʩʽ ʝʪʘʧʠ ʢʦʥʪʨʦʣʶ ï 

ʚʽʜ ʧʝʨʝʚʽʨʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ. 

ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʤʦʜʫʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʱʦ ʚʢʣʶʯʘʻ: 

1. ʄʦʜʫʣʴ ʧʦʧʝʨʝʜʥʴʦʾ ʧʝʨʝʚʽʨʢʠ ï ʚʠʟʥʘʯʘʻ ʮʽʣʽʩʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʙʘʟʠ 

ʛʝʦʜʘʥʠʭ ʽ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʬʦʨʤʘʪʽʚ ʬʘʡʣʽʚ. 

2. ʄʦʜʫʣʴ ʘʥʘʣʽʪʠʯʥʦʾ ʚʘʣʽʜʘʮʽʾ ï ʚʠʢʦʥʫʻ ʧʝʨʝʚʽʨʢʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ 

ʘʪʨʠʙʫʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʽʚ. 

3. ʄʦʜʫʣʴ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ï ʢʦʥʪʨʦʣʶʻ ʚʽʜʩʫʪʥʽʩʪʴ ʩʘʤʦʧʝʨʝʪʠʥʽʚ, 

ʜʫʙʣʽʢʘʪʽʚ, ʧʦʨʫʰʝʥʥʷ ʤʝʞ ʧʦʣʽʛʦʥʽʚ ʽ ʧʝʨʝʩʽʯʝʥʥʷ ʦʙôʻʢʪʽʚ ʨʽʟʥʠʭ ʢʣʘʩʽʚ. 

4. ʄʦʜʫʣʴ ʦʮʽʥʢʠ ʤʝʪʘʜʘʥʠʭ ï ʘʥʘʣʽʟʫʻ ʟʘʧʦʚʥʝʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʧʠʩʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. 

5. ɿʚʽʪʥʠʡ ʤʦʜʫʣʴ ï ʬʦʨʤʫʻ ʧʨʦʪʦʢʦʣ ʧʝʨʝʚʽʨʢʠ ʟ ʢʽʣʴʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʪʘ ʛʨʘʬʽʯʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʧʦʤʠʣʦʢ. 

ɺ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʝʪʘʧʠ ʧʝʨʝʚʽʨʢʠ ʷʢʦʩʪʽ ʮʠʬʨʦʚʠʭ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʧʣʘʥʽʚ ʫ ʤʘʩʰʪʘʙʽ 1:2000 ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ (ʨʠʩ. 1). 
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ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʝʥʘ ʥʘ ʦʩʥʦʚʽ ʤʦʚʠ Python ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢ GeoPandas, Shapely, Fiona, GDAL. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʢʫ ʚʽʜʢʨʠʪʠʭ ʬʦʨʤʘʪʽʚ (SHP, GPKG, GeoJSON) ʽ ʩʫʤʽʩʥʽʩʪʴ ʽʟ 

ʧʦʰʠʨʝʥʠʤʠ ɻɯʉ-ʧʣʘʪʬʦʨʤʘʤʠ. 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʦʮʽʥʢʠ ʷʢʦʩʪʽ  

ʮʠʬʨʦʚʠʭ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʧʣʘʥʽʚ ʤʘʩʰʪʘʙʫ 1:2000 

 

ʅʘ ʨʠʩʫʥʢʫ 2 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʪʨʦʣʶ 

ʷʢʦʩʪʽ ʮʠʬʨʦʚʠʭ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʧʣʘʥʽʚ ʫ ʤʘʩʰʪʘʙʽ 1:2000. ʇʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ 

ʽʣʶʩʪʨʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʤʠʣʦʢ ʫ ʪʦʧʦʛʨʘʬʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ. 
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ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʮʠʬʨʦʚʠʭ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʧʣʘʥʽʚ ʫ ʤʘʩʰʪʘʙʽ 1:2000 

 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ ʤʝʪʨʠʢʠ: 

1. ʇʦʚʥʦʪʘ (C) ï ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ, ʱʦ ʧʨʦʡʰʣʠ ʧʝʨʝʚʽʨʢʫ, ʜʦ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ: 

 

100%
ʢʦʨʝʢʪʥʠʭ

ʦʯʽʢʫʚʘʥʠʭ

N
C

N
= Ö

                                        (1) 

ʜʝ 

ʢʦʨʝʢʪʥʠʭN  ï ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʦ ʚʽʜʦʙʨʘʞʝʥʠʭ ʦʙ'ʻʢʪʽʚ; 

ʦʯʽʢʫʚʘʥʠʭN  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʙ'ʻʢʪʽʚ ʟʘ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ. 

ʅʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ: Ó 96%. 

2. ɼʦʩʪʦʚʽʨʥʽʩʪʴ (Cr) ï ʯʘʩʪʢʘ ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʽ ʘʪʨʠʙʫʪʦʚʘʥʠʭ 

ʦʙôʻʢʪʽʚ: 

 

100%
ʧʨʘʚʠʣʴʥʠʭ

ʟʘʛʘʣʴʥʠʭ

N
Cr

N
= Ö

                                                 (2) 

ʜʝ 

ʧʨʘʚʠʣʴʥʠʭN  ï ʢʽʣʴʢʽʩʪʴ ʦʙ'ʻʢʪʽʚ ʟ ʧʨʘʚʠʣʴʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʪʘ ʘʪʨʠʙʫʮʽʻʶ; 

ʟʘʛʘʣʴʥʠʭN  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʽʨʝʥʠʭ ʦʙ'ʻʢʪʽʚ. 

ʅʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ: Ó 95% 

3. ʊʦʧʦʣʦʛʽʯʥʘ ʧʨʘʚʠʣʴʥʽʩʪʴ (T) ï ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʦʧʦʣʦʛʽʯʥʠʤ ʧʨʘʚʠʣʘʤ 

(ʟʘʤʢʥʝʥʽʩʪʴ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʪʠʥʽʚ, ʮʽʣʽʩʥʽʩʪʴ): 

 

_

_

100%
ʚʠʷʚʣʝʥʠʭ ʧʦʤʠʣʦʢ

ʟʘʛʘʣʴʥʠʭ ʧʦʤʠʣʦʢ

N
T

N
= Ö

                                   (3) 
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ɿʦʢʨʝʤʘ ʜʣʷ: 

¶ ɿʘʤʢʥʝʥʦʩʪʽ ʧʦʣʽʛʦʥʽʚ; 

¶ ɺʽʜʩʫʪʥʦʩʪʽ ʩʘʤʦʧʝʨʝʪʠʥʽʚ; 

¶ ʇʝʨʝʪʠʥʽʚ ʤʽʞ ʦʙ'ʻʢʪʘʤʠ ʨʽʟʥʠʭ ʢʣʘʩʽʚ. 

¶ ʅʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ: Ó 95% 

4. ɯʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ (Q) ï ʟʚʘʞʝʥʘ ʢʦʤʙʽʥʘʮʽʷ ʧʦʧʝʨʝʜʥʽʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʘʛʘʣʴʥʫ ʷʢʽʩʪʴ ʥʘʙʦʨʫ ʜʘʥʠʭ: 

 

1 2 3

max

1
100 100

C Cr
Q w w w

s

s

å õ
= Ö - + Ö + Öæ ö

ç ÷                            (4) 

ʜʝ 

1 2 3, ,w w w  ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ; 

maxs  ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʧʦʭʠʙʢʘ (0.2 ʤ). 

ʎʽʣʴʦʚʝ ʟʥʘʯʝʥʥʷ Q: Ó 0.95 (95%) 

5. ʏʘʩʦʚʘ ʝʬʝʢʪʠʚʥʽʩʪʴ: 

¶ ʦʮʽʥʶʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʚʽʨʢʠ ʮʠʬʨʦʚʦʛʦ ʧʣʘʥʫ ʧʣʦʱʝʶ 10 ʛʘ; 

¶ ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ: Ò 5 ʭʚʠʣʠʥ. 

ʇʽʜ ʯʘʩ ʘʧʨʦʙʘʮʽʾ ʩʠʩʪʝʤʠ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʪʝʩʪʽʚ ʥʘ ʚʠʙʽʨʢʘʭ ʮʠʬʨʦʚʠʭ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʧʣʘʥʽʚ ʤʘʩʰʪʘʙʫ 1:2000. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ: 

¶ ʨʽʚʝʥʴ ʧʦʚʥʦʪʠ ʜʘʥʠʭ ï 97%; 

¶ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʘʪʨʠʙʫʮʽʾ ï 95%; 

¶ ʪʦʧʦʣʦʛʽʯʥʘ ʧʨʘʚʠʣʴʥʽʩʪʴ ï 97%; 

¶ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ï 96%; 

¶ ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʚʽʨʢʠ ʧʣʘʥʫ ʧʣʦʱʝʶ 10 ʛʘ ï 4 ʭʚʠʣʠʥʠ 30 ʩʝʢʫʥʜ. 

ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʧʝʨʝʚʽʨʢʠ ʧʦʨʽʚʥʷʥʦ 

ʟ ʨʫʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʦʜʝʣʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʮʠʬʨʦʚʠʭ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʧʣʘʥʽʚ, ʷʢʘ 

ʦʙôʻʜʥʫʻ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʠʡ, ʪʦʧʦʣʦʛʽʯʥʠʡ ʪʘ ʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʫ ʤʝʞʘʭ 

ʻʜʠʥʦʛʦ ɻɯʉ-ʩʝʨʝʜʦʚʠʱʘ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʧʝʨʝʜʙʘʯʘʻ ʘʜʘʧʪʘʮʽʶ ʘʣʛʦʨʠʪʤʽʚ ʜʦ ʨʽʟʥʠʭ ʬʦʨʤʘʪʽʚ ʽ ʤʘʩʰʪʘʙʽʚ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʚ ʥʘʮʽʦʥʘʣʴʥʽ 

ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʩʝʨʚʽʩʠ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʮʠʬʨʦʚʠʭ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʧʣʘʥʽʚ ʤʘʩʰʪʘʙʫ 1:2000 ʟʘʙʝʟʧʝʯʫʻ: 

¶ ʢʦʤʧʣʝʢʩʥʫ ʧʝʨʝʚʽʨʢʫ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʽʚ ISO 
19157:2013 ʪʘ ɼʉʊʋ ISO 19157:2015; 

¶ ʩʫʪʪʻʚʝ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʝʨʝʚʽʨʢʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʛʦ 
ʯʠʥʥʠʢʘ; 
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¶ ʬʦʨʤʫʚʘʥʥʷ ʦʙôʻʢʪʠʚʥʠʭ, ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʡ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʥʰʠʤʠ ɻɯʉ-ʧʣʘʪʬʦʨʤʘʤʠ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʚʘʣʽʜʘʮʽʾ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʮʠʬʨʦʚʠʭ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʧʣʘʥʽʚ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʦ ʫ 

ʩʬʝʨʽ ʛʝʦʜʝʟʽʾ, ʢʘʜʘʩʪʨʫ, ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠʪʦʨʽʡ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʘʥʫʻʪʴʩʷ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʨʦʟʚʠʪʦʢ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʫ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, 

ʽʥʪʝʛʨʘʮʽʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʫ ʪʝʤʘʪʠʯʥʠʭ ʰʘʨʽʚ. 
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ʃ.ɯ. ʄʝʱʝʨʷʢʦʚ1, ɸ.ɺ. ʂʦʞʝʚʥʠʢʦʚ1, ʉ.ʄ. ʄʘʮʶʢ1, ɸ.ɸ. ʐʘʨʘʥʜʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʈɽɸʃɯɿɸʎɯʗ ɺɽɹ-ɼʆɼɸʊʂʋ ɿɹɽʈɽɾʅʅʗ 

ʊɸ ɸʅɸʃɯɿʋ ʂʈʀʇʊʆɼɸʅʅʀʍ 

 
ɸʥʦʪʘʮʽʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʚʝʙ-ʜʦʜʘʪʦʢ, ʱʦ ʤʘʻ ʟʤʦʛʫ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʟ ʙʽʨʞʽ, 

ʢʦʥʚʝʨʪʘʮʽʶ ʜʘʥʠʭ ʜʦ ʽʥʜʝʢʩʽʚ, ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʥʘʚʯʝʥʦʾ ʤʦʜʝʣʽ ʮʽʥʠ 

ʢʨʠʧʪʦʚʘʣʶʪʠ ʪʘ ʪʨʝʥʜʫ ʢʫʨʩʫ. ʉʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʘʥʦʾ ʤʦʜʝʣʽ ʩʢʣʘʜʘʻ 83%. ʅʘ 

ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʰʣʷʭʠ ʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʙʫʜʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʾʾ ʪʦʯʥʦʩʪʽ ʪʘ ʟʨʫʯʥʦʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʨʠʧʪʦʚʘʣʶʪʘ, ʤʝʪʦʜʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, 

ʙʽʨʞʘ, Bitcoin, ʙʘʟʠ ʜʘʥʠʭ. 

 

ɺʩʪʫʧ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʦʚʠʡ ʨʠʥʦʢ 

ʢʨʠʧʪʦʚʘʣʶʪʠ, ʮʠʬʨʦʚʦʾ ʧʣʘʪʽʞʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʥʝ ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ʙʘʥʢʠ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʪʨʘʥʟʘʢʮʽʡ. ʎʝ ʦʜʥʦʨʘʥʛʦʚʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʙʫʜʴ-ʢʦʤʫ ʙʫʜʴ-ʜʝ 

ʥʘʜʩʠʣʘʪʠ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʧʣʘʪʝʞʽ. ɿʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʙʫʪʠ ʬʽʟʠʯʥʠʤʠ ʛʨʦʰʠʤʘ, 

ʷʢʽ ʧʝʨʝʥʦʩʷʪʴʩʷ ʪʘ ʦʙʤʽʥʶʶʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ, ʧʣʘʪʝʞʽ ʚ ʢʨʠʧʪʦʚʘʣʶʪʽ 

ʽʩʥʫʶʪʴ ʚʠʢʣʶʯʥʦ ʷʢ ʮʠʬʨʦʚʽ ʟʘʧʠʩʠ ʚ ʦʥʣʘʡʥ-ʙʘʟʽ ʜʘʥʠʭ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʢʦʥʢʨʝʪʥʽ ʪʨʘʥʟʘʢʮʽʾ, ʷʢʽ ʨʝʻʩʪʨʫʶʪʴʩʷ ʚ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʽʡ ʢʥʠʟʽ [1].  

ʉʚʦʶ ʥʘʟʚʫ ʢʨʠʧʪʦʚʘʣʶʪʘ ʦʪʨʠʤʘʣʘ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʪʨʘʥʟʘʢʮʽʡ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʜʦʩʢʦʥʘʣʝʥʝ ʢʦʜʫʚʘʥʥʷ ʙʝʨʝ ʫʯʘʩʪʴ ʫ 

ʟʙʝʨʽʛʘʥʥʽ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʢʨʠʧʪʦʚʘʣʶʪʠ ʤʽʞ ʛʘʤʘʥʮʷʤʠ ʪʘ ʧʫʙʣʽʯʥʠʤʠ 

ʢʥʠʛʘʤʠ. ʄʝʪʦʶ ʰʠʬʨʫʚʘʥʥʷ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ. 

ʈʘʟʦʤ ʟ ʮʠʤ, ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʬʽʟʠʯʥʠʭ ʦʩʽʙ ʪʘ ʢʦʤʧʘʥʽʡ, ʦʩʥʦʚʥʦʶ 

ʟʘʜʘʯʝʶ ʷʢʠʭ ʻ ʪʦʨʛʽʚʣʷ ʚʘʣʶʪʦʶ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʧʨʠʙʫʪʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʨʦʟʨʦʙʢʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʫʨʩʫ ʢʨʠʧʪʦʚʘʣʶʪ ʫ ʧʨʦʮʝʩʽ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʟʜʽʡʩʥʝʥʥʷ ʦʧʝʨʘʮʽʡ ʢʫʧʽʚʣʽ ʧʨʦʜʘʞʫ ʢʨʠʧʪʦʚʘʣʶʪʠ 

ʷʚʣʷʻʪʴʩʷ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦʶ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ. ʄʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ 

ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʥʘʧʝʨʝʜ ʜʘʻ ʩʫʙ'ʻʢʪʫ ʚʣʘʜʫ ʥʘʜ ʩʠʪʫʘʮʽʻʶ, ʤʦʞʣʠʚʽʩʪʴ 

ʨʝʘʣʴʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʥʝʾ ʽ ʟʤʽʥʶʚʘʪʠ ʥʘ ʩʚʦʶ ʢʦʨʠʩʪʴ, ʟʚʦʜʠʪʠ ʜʦ ʤʽʥʽʤʫʤʫ 

ʽʤʦʚʽʨʥʽʩʪʴ ʥʘʩʪʘʥʥʷ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ ʽ ʟʜʽʡʩʥʶʚʘʪʠ ʨʠʟʠʢ-ʤʝʥʝʜʞʤʝʥʪ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʦʾ ʤʝʪʦʜʠʢʠ 

ʧʦʙʫʜʦʚʠ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʘ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʜʣʷ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʫʨʩʫ ʢʨʠʧʪʦʚʘʣʶʪʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʝʡ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʨʽʰʝʥʦ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʝʨʚʝʨʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʚʝʙ- ʜʦʜʘʪʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʦʾ ʤʦʚʠ Java. ʅʘʩʪʫʧʥʠʤ 

ʢʨʦʢʦʤ ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ, ʷʢʽ ʩʘʤʝ ʙʽʟʥʝʩ ʧʨʦʮʝʩʠ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠ ʜʦʜʘʪʦʢ ʪʘ 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʩʧʝʨʰʫ ʪʨʝʙʘ ʦʪʨʠʤʘʪʠ ʽʩʪʦʨʽʶ ʢʨʠʧʪʦʚʘʣʶʪʥʠʭ ʧʘʨ ʟ ʾʭ ʜʘʥʠʤʠ 
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ʟ ʙʽʨʞʽ ʪʦʨʛʽʚʣʽ ʟʘ ʤʘʨʢʝʪʦʤ ʢʨʠʧʪʦʙʽʨʞʽ P2P. ʎʽ ʜʘʥʽ ʜʦʜʘʪʦʢ ʪʨʘʥʩʬʦʨʤʫʻ ʪʘ 

ʙʫʜʝ ʟʙʝʨʽʛʘʪʠ ʚ ʙʘʟʽ ʜʘʥʠʭ. ɼʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʛʨʘʤʦʶ, ʙʫʣʦ 

ʦʙʨʘʥʦ ʨʽʟʥʽ ʜʘʥʽ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʭʦʜʽ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

ʇʝʨʰʠʡ ʪʠʧ ʜʘʥʠʭ ʤʘʻ ʥʘʡʚʘʞʣʠʚʽʰʫ ʚʘʛʫ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʛʥʦʟʫ ʤʦʜʝʣʽ, ʮʝ 

ʜʘʥʽ ʧʨʦʜʘʞʫ ʯʝʨʝʟ ʙʽʨʞʫ, ʪʦʙʪʦ ʤʘʨʢʝʪ. ɹʦ ʩʘʤʝ ʯʝʨʝʟ ʧʨʦʜʘʞ ʤʘʨʢʝʪʦʤ 

ʚʽʜʙʫʚʘʣʠʩʷ ʥʘʡʙʽʣʴʰʝ ʦʧʝʨʘʮʽʡ ʢʫʧʽʚʣʽ/ʧʨʦʜʘʞʫ ʢʨʠʧʪʦʚʘʣʶʪʠ. ʈʦʟʜʽʣʷʶʪʴʩʷ 

ʮʽ ʜʘʥʽ ʪʘʢʦʞ ʟʘ ʧʨʠʥʮʠʧʦʤ ʨʦʟʜʽʣʝʥʥʷ ʾʭ ʥʘ ʜʚʘ ʪʠʧʠ ʟʘ ʯʘʩʦʤ: ʘʨʭʽʚʥʽ ʜʘʥʽ ʟʘ ʚʩʽ 

ʨʦʢʠ ʪʦʨʛʽʚʣʽ ʥʘ ʙʽʨʞʽ, ʪʘ ʧʦʪʦʯʥʽ ʜʘʥʽ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚʝʙ 

ʜʦʜʘʪʢʘ. ɼʨʫʛʠʡ ʪʠʧ ʜʘʥʠʭ ï ʮʝ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʫʧʽʚʣʶ/ʧʨʦʜʘʞ ʯʝʨʝʟ ʩʝʨʚʽʩ 

ʢʨʠʧʪʦʙʽʨʞʽ P2P, ʜʝ ʣʶʜʠ ʥʘʧʨʷʤʫ ʪʦʨʛʫʶʪʴ ʤʽʞ ʩʦʙʦʶ. ʇʽʩʣʷ ʟʙʝʨʝʞʝʥʥʷ 

ʜʘʥʠʭ, ʚʦʥʠ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ, ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʮʽʥʠ ʢʨʠʧʪʦʚʘʣʶʪʠ. 

ʇʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ ʪʘʢ, ʱʦ ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʟʨʦʙʠʪʠ 

ʟʘʧʠʪ, ʟ ʦʙʨʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʩʘʤʝ: ʢʨʠʧʪʦʚʘʣʶʪʥʫ ʧʘʨʫ, ʟʘ ʷʢʦʾ ʙʘʞʘʻ 

ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʘʥʘʣʽʟʫ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʟʤʽʥʠ ʮʽʥʠ ʥʘʩʪʫʧʥʦʾ 

ʛʦʜʠʥʠ, ʚʠʙʨʘʥʫ ʙʽʨʞʫ ʜʣʷ ʷʢʦʾ ʧʦʪʨʽʙʝʥ ʘʥʘʣʽʟ (ʈʠʩ. 1).  

 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʚʝʙ-ʜʦʜʘʪʢʫ 
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ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ ʚʝʙ-ʜʦʜʘʪʢʫ ʙʫʚ ʟʨʦʙʣʝʥʠʡ 

ʘʥʘʣʽʟ ʪʘ ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ, ʱʦ ʜʦʜʘʪʦʢ ʧʦʪʨʽʙʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ. 

ʇʝʨʰʘ ʯʘʩʪʠʥʘ ʚʝʙ ʜʦʜʘʪʢʫ ï Extractor. ʎʷ ʯʘʩʪʠʥʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʪʨʠʤʘʥʥʷ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʟ API ʙʽʨʞʽ. ɼʣʷ ʮʴʦʛʦ ʙʫʚ ʽʤʧʣʝʤʝʥʪʦʚʘʥ 

ʤʦʜʫʣʴ ʜʣʷ ʟʚôʷʟʢʫ ʟ ʙʽʨʞʦʶ, URL API ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʝʩʫʨʩʥʠʭ ʬʘʡʣʘʭ. 

ʇʨʠʢʣʘʜ ʦʪʨʠʤʘʥʦʛʦ JSON ʬʘʡʣʫ ʟ API Binance ʜʣʷ BNBBTC ʧʘʨʠ: 

{  

"symbol": "BNBBTC", 

"priceChange": "-94.99999800", 

"priceChangePercent": "-95.960", 

"weightedAvgPrice": "0.29628482", 

"prevClosePrice": "0.10002000", 

"lastPrice": "4.00000200", 

"lastQty": "200.00000000", 

"bidPrice": "4.00000000", 

"askPrice": "4.00000200", 

"openPrice": "99.00000000", 

"highPrice": "100.00000000", 

"lowPrice": "0.10000000", 

"volume": "8913.30000000", 

"quoteVolume": "15.30000000", 

"openTime": 1499783499040, 

"closeTime": 1499869899040, 

"firstId": 28385, // First tradeId 

"lastId": 28460, // Last tradeId 

"count": 76 // Trade count 

}  

ɼʣʷ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʦʪʨʽʙʥʦ ʣʠʰʝ ʯʘʩʪʠʥʘ ʜʘʥʠʭ, ʷʢʽ ʥʘʜʘʶʪʴʩʷ, ʘ 

ʩʘʤʝ ʪʘʢʽ ʧʦʣʷ ʷʢ: priceChange, openPrice, highPrice, lowPrice, openTime, 

closeTime. ʇʨʠ ʟʘʧʫʩʢʫ ʚʝʙ-ʜʦʜʘʪʢʘ extractor, ʧʨʦʛʨʘʤʘ ʧʦʯʠʥʘʻ ʟʙʠʨʘʪʠ ʚʩʽ 

ʘʨʭʽʚʥʽ ʜʘʥʽ ʟʘ ʚʢʘʟʘʥʠʤ ʧʝʨʝʣʽʢʦʤ ʢʨʠʧʪʦʚʘʣʶʪ, ʷʢʱʦ ʾʭ ʥʝʤʘ ʫ ɹɼ ʪʘ ʟʘʧʫʩʢʘʻ 

ʧʨʦʮʝʩ ʩʣʽʜʢʫʚʘʥʥʷ ʪʦʨʛʽʚ. ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʚ ʙʽʨʞʽ ʟôʷʚʣʷʪʴʩʷ ʥʦʚʽ ʜʘʥʽ ʧʨʦ ʪʨʝʡʜʠ, 

ʧʨʦʛʨʘʤʘ ʫ ʚʽʜʚʝʜʝʥʠʡ ʯʘʩ, ʧʦʜʠʚʠʪʴʩʷ ʯʠ ʻ ʥʦʚʽ ʜʘʥʽ ʪʘ ʜʦʙʘʚʠʪʴ ʾʭ ʫ ɹɼ ʪʘʢʦʞ. 

ɼʨʫʛʘ ʯʘʩʪʠʥʘ ʚʝʙ-ʜʦʜʘʪʢʫ ʮʝ ï Predictor. ʇʽʜʛʦʪʦʚʣʝʥʽ ʜʘʥʽ ʫ ɹɼ 

ʟʯʠʪʘʶʪʴʩʷ ʘʥʘʣʽʟʘʪʦʨʦʤ, ʢʦʥʬʽʛʫʨʫʻʪʴʩʷ ʥʝʡʨʦʥʘ ʤʝʨʝʞʘ ʟ ʥʘʣʘʰʪʫʚʘʥʴ ʫ ʢʦʜʽ 

ʪʘ ʟʘʧʫʩʢʘʻʪʴʩʷ ʜʦʚʛʠʡ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʟ ʜʝʢʽʣʴʢʦʤʘ ʝʧʦʭʘʤʠ ʜʣʷ ʚʩʽʭ 

ʢʨʠʧʪʦʚʘʣʶʪʥʠʭ ʧʘʨ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ ʙʘʟʽ ʜʘʥʠʭ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʧʨʦʮʝʩ ʙʫʜʝ 

ʟʘʢʽʥʯʝʥʦ, ʧʨʦʛʨʘʤʘ ʧʝʨʝʡʜʝ ʫ ʩʪʘʥ ʜʦʥʘʚʯʘʥʥʷ ʟ ʥʦʚʠʭ ʜʘʥʠʭ, ʱʦ ʙʫʜʫʪʴ 

ʥʘʜʭʦʜʠʪʠ ʚʞʝ ʧʨʠ ʚʠʢʦʥʘʥʽ ʧʨʦʛʨʘʤʠ (ʈʠʩ. 2). 

ʗʢʱʦ ʤʦʜʝʣʴ ʛʦʪʦʚʘ ʜʦ ʨʦʙʦʪʠ, ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʧʦʜʘʪʠ ʟʘʧʠʪ ʜʦ ʩʝʨʚʝʨʫ 

ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʦ ʙʘʞʘʥʥʷ ʦʪʨʠʤʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥʠ 

ʜʠʥʘʤʽʢʠ ʮʽʥʠ ʥʘ ʪʫ ʯʠ ʽʥʰʫ ʢʨʠʧʪʦʚʘʣʶʪʫ ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝ 
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ʜʘʥʽ ʚʽʜʩʦʪʢʘ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʚ ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ ʙʫʜʝ ʟʤʽʥʘ ʮʽʥʠ 

ʢʨʠʧʪʦʚʘʣʶʪʠ, ʪʘ ʥʘ ʩʢʽʣʴʢʠ ʧʨʠʙʣʠʟʥʦ ʙʫʜʝ ʟʤʽʥʝʥʘ ʮʽʥʘ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ, ʙʫʣʦ 

ʚʠʜʽʣʝʥʦ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʟʤʽʥʶʚʘʣʠ ʧʦʢʘʟʥʠʢ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ ʜʦ 

ʢʨʘʱʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ʄʝʪʦʜʠ ʤʦʞʣʠʚʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ, ʚ ʧʝʨʰʫ ʚʭʦʜʷʪʴ 

ʪʽ ʱʦ ʙʫʜʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʜʘʥʽ, ʷʢʽ ʙʫʜʫʪʴ ʥʘʜʭʦʜʠʪʠ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ. ɼʨʫʛʘ 

ʛʨʫʧʘ ʤʝʪʦʜʽʚ, ʮʝ ʪʽ ʷʢʽ ʧʦʢʨʘʱʘʪʴ ʩʘʤʝ ʤʦʜʝʣʴ, ʯʝʨʝʟ ʥʘʣʘʰʪʫʚʘʥʥʷ [2].  

 

 

 

ʈʠʩ. 2. ɿʘʛʘʣʴʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʚʝʙ-ʜʦʜʘʪʢʫ 

 

ɯʥʜʠʢʘʪʦʨ ï ʮʝ ʬʫʥʢʮʽʷ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʟʥʘʯʝʥʥʷʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʪʦʨʛʽʚ (ʮʽʥʠ, ʦʙʩʷʛ ʪʦʨʛʽʚ ʪʦʱʦ), ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʷʢʦʾ ʧʦʢʣʠʢʘʥʠʡ ʚʽʜʧʦʚʽʩʪʠ 

ʧʠʪʘʥʥʷʤ ʟʤʽʥʠʪʴʩʷ ʯʠ ʟʙʝʨʝʞʝʪʴʩʷ ʧʦʪʦʯʥʘ ʪʝʥʜʝʥʮʽʷ ʥʘʜ ʨʠʥʢʦʤ. ʅʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʪʝʭʥʽʯʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʪʨʝʡʜʝʨʠ, ʧʨʠʭʠʣʴʥʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ ʧʨʦ ʚʽʜʢʨʠʪʪʷ (ʨʦʟʰʠʨʝʥʥʷ) ʘʙʦ ʟʘʢʨʠʪʪʷ (ʩʢʦʨʦʯʝʥʥʷ) 

ʧʦʟʠʮʽʡ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʝʭʥʽʯʥʽ ʽʥʜʠʢʘʪʦʨʠ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʬʽʢʽʚ, ʥʘʢʣʘʜʝʥʠʭ ʘʙʦ ʧʦʻʜʥʘʥʠʭ ʟ ʛʨʘʬʽʢʘʤʠ ʮʽʥ/ʦʙ'ʻʤʽʚ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ 

ʪʦʨʛʫʶʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, ʪʝʭʥʽʯʥʽ ʽʥʜʠʢʘʪʦʨʠ ʪʽʻʶ ʯʠ ʽʥʰʦʶ ʤʽʨʦʶ 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʭʘʥʽʯʥʠʤʠ ʪʦʨʛʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʠ ʘʣʛʦʨʠʪʤʽʯʥʽʡ 

ʪʦʨʛʽʚʣʽ [2]. ʅʠʞʯʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʧʠʩʦʢ ʽʥʜʠʢʘʪʦʨʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʥʘʜʘʥʥʷ ʤʦʜʝʣʽ, ʷʢ ʜʘʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ: 

OBV ï ʦʜʠʥ ʽʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʪʝʭʥʽʯʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʮʽʥʽ ʪʘ 

ʦʙʩʷʟʽ. ɯʥʜʠʢʘʪʦʨ OBV ʷʚʣʷʻ ʩʦʙʦʶ ʢʫʤʫʣʷʪʠʚʥʫ ʢʦʚʟʥʫ ʩʝʨʝʜʥʶ ʦʙʩʷʛʫ ʪʦʨʛʽʚ, 

ʚʟʷʪʦʛʦ ʟʽ ʟʥʘʢʦʤ ʧʣʶʩ ʫ ʨʘʟʽ ʟʨʦʩʪʘʶʯʦʛʦ ʨʠʥʢʫ ʽ ʟʽ ʟʥʘʢʦʤ ʤʽʥʫʩ ʫ ʨʘʟʽ 

ʧʘʜʘʶʯʦʛʦ. 

 

                            (1) 

 

ʜʝ OBV  ï ʟʥʘʯʝʥʥʷ ʽʥʜʠʢʘʪʦʨʘ OBV ʚ ʤʦʤʝʥʪ t; OBVi ï ʧʦʧʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʽʥʜʠʢʘʪʦʨʘ; volume  ï ʦʙʩʷʛ ʪʦʨʛʽʚ ʫ ʤʦʤʝʥʪ t; close , closei ï ʮʽʥʠ ʟʘʢʨʠʪʪʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʦʯʥʦʛʦ ʪʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʝʨʽʦʜʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʮʽʥʘ 

ʟʨʦʩʪʘʻ, ʟʥʘʯʝʥʥʷ ʽʥʜʠʢʘʪʦʨʘ ʪʘʢʦʞ ʟʨʦʩʪʘʻ, ʷʢʱʦ ʮʽʥʘ ʧʘʜʘʻ, ʟʥʘʯʝʥʥʷ 

ʽʥʜʠʢʘʪʦʨʘ ʧʘʜʘʻ [3]. 

SMA ï ʮʝ ʟʤʽʥʘ N-ʜʝʥʥʦʾ ʧʨʦʩʪʦʾ ʢʦʚʟʥʦʾ ʩʝʨʝʜʥʴʦʾ ʤʽʞ ʫʯʦʨʘʰʥʽʤ ʽ 

ʩʴʦʛʦʜʥʽʰʥʽʤ ʜʥʝʤ ʽʟ ʤʘʩʰʪʘʙʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ N+1, ʪʦʙʪʦ: 

 

                                                   (2) 

 

     
 

ʮʝ ʥʘʭʠʣ ʘʙʦ ʢʨʫʪʽʩʪʴ ʣʽʥʽʾ SMA, ʷʢ ʧʦʭʽʜʥʘ. ɿʘʛʘʣʦʤ ʮʝʡ ʟʚ'ʷʟʦʢ ʤʘʣʦ 

ʦʙʛʦʚʦʨʶʻʪʴʩʷ, ʘʣʝ ʚʽʥ ʮʽʢʘʚʠʡ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʩʠʛʥʘʣʽʚ ʚʽʜ ʽʥʜʠʢʘʪʦʨʘ. ʂʦʣʠ 

ʽʤʧʫʣʴʩ ʧʝʨʝʪʠʥʘʻ ʥʫʣʴ, ʮʝ ʚʽʜʧʦʚʽʜʘʻ ʩʧʘʜʫ ʚ SMA, ʘ ʢʦʣʠ ʚʽʥ ʧʝʨʝʪʠʥʘʻ ʥʫʣʴ, 

ʮʝ ʧʽʢ. ʅʘʩʢʽʣʴʢʠ ʚʠʩʦʢʠʡ (ʯʠ ʥʠʟʴʢʠʡ) ʤʦʤʝʥʪʫʤ ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʥʘʩʢʽʣʴʢʠ 

ʰʚʠʜʢʦ ʟʨʦʩʪʘʻ SMA [4]. 

EMA ï ʨʽʟʥʦʚʠʜ ʚʠʚʘʞʝʥʦʾ ʢʦʚʟʥʦʾ ʩʝʨʝʜʥʴʦʾ, ʚʘʛʠ ʷʢʦʾ ʟʤʝʥʰʫʶʪʴʩʷ 

ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʽ ʥʽʢʦʣʠ ʥʝ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ɺʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ: 

 

                                                               (3) 

 

ʜʝ EMA  ʟʥʘʯʝʥʥʷ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʢʦʚʟʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʚ ʪʦʯʮʽ t (ʦʩʪʘʥʥʻ 

ʟʥʘʯʝʥʥʷ, ʫ ʨʘʟʽ ʯʘʩʦʚʦʛʦ ʨʷʜʫ); EMA  ï ʟʥʘʯʝʥʥʷ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʢʦʚʟʥʦʛʦ 

ʩʝʨʝʜʥʴʦʛʦ ʚ ʪʦʯʮʽ t-1 (ʧʦʧʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʫ ʨʘʟʽ ʯʘʩʦʚʦʛʦ ʨʷʜʫ); pt ï ʟʥʘʯʝʥʥʷ 

ʚʠʭʽʜʥʦʾ ʬʫʥʢʮʽʾ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t (ʦʩʪʘʥʥʻ ʟʥʘʯʝʥʥʷ, ʫ ʨʘʟʽ ʯʘʩʦʚʦʛʦ ʨʷʜʫ); Ŭ ï 

ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʰʚʠʜʢʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʚʘʛ, ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʚʽʜ 0 ʽ 
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ʜʦ 1, ʯʠʤ ʤʝʥʰʝ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʪʠʤ ʙʽʣʴʰʝ ʚʧʣʠʚ ʧʦʧʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʥʘ ʧʦʪʦʯʥʫ 

ʚʝʣʠʯʠʥʫ ʩʝʨʝʜʥʴʦʛʦ [4]. 

ʇʝʨʰʝ ʟʥʘʯʝʥʥʷ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʢʦʚʟʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʘʟʚʠʯʘʡ 

ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ ʧʝʨʰʦʤʫ ʟʥʘʯʝʥʥʶ ʚʠʭʽʜʥʦʾ ʬʫʥʢʮʽʾ: 

 

                                                                                                (4) 

 

ʂʦʝʬʽʮʽʻʥʪ Ŭ ʤʦʞʝ ʙʫʪʠ ʦʙʨʘʥʠʡ ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ, ʚ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 1. 

ʅʘʧʨʠʢʣʘʜ, ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʠʡ ʯʝʨʝʟ ʚʝʣʠʯʠʥʫ ʚʽʢʥʘ ʫʩʝʨʝʜʥʝʥʥʷ: 

 

                                                                                            (5) 

 

Money Flow Index ï ʪʝʭʥʽʯʥʠʡ ʽʥʜʠʢʘʪʦʨ, ʧʦʢʣʠʢʘʥʠʡ ʧʦʢʘʟʘʪʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʟ ʷʢʦʶ ʛʨʦʰʽ ʚʢʣʘʜʘʶʪʴʩʷ ʚ ʮʽʥʥʠʡ ʧʘʧʽʨ ʽ ʚʠʚʦʜʷʪʴʩʷ ʟ ʥʴʦʛʦ, 

ʘʥʘʣʽʟʫʶʯʠ ʦʙʩʷʛʠ ʪʦʨʛʽʚ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʠʧʦʚʠʭ ʮʽʥ ʧʝʨʽʦʜʽʚ. ʗʢ ʢʣʶʯʦʚʠʡ 

ʮʽʥʦʚʠʡ ʧʦʢʘʟʥʠʢ ʜʣʷ ʽʥʜʝʢʩʫ ʛʨʦʰʦʚʦʛʦ ʧʦʪʦʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʠʧʦʚʘ ʮʽʥʘ, 

[5] ʷʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 

 

                                                    (6) 

 

Aroon Oscillator ï ʪʝʭʥʽʯʥʠʡ ʽʥʜʠʢʘʪʦʨ, ʱʦ ʩʪʝʞʠʪʴ ʟʘ ʪʨʝʥʜʦʤ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʩʧʝʢʪʠ ʽʥʜʠʢʘʪʦʨʘ Aroon (Aroon Up ʽ Aroon Down), ʱʦʙ ʦʮʽʥʠʪʠ 

ʩʠʣʫ ʧʦʪʦʯʥʦʛʦ ʪʨʝʥʜʫ ʪʘ ʽʤʦʚʽʨʥʽʩʪʴ ʡʦʛʦ ʧʨʦʜʦʚʞʝʥʥʷ. ʇʦʢʘʟʘʥʥʷ ʦʩʮʠʣʷʪʦʨʘ 

Aroon ʚʠʱʝ ʥʫʣʷ ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚʠʩʭʽʜʥʦʛʦ ʪʨʝʥʜʫ, ʘ ʟʥʘʯʝʥʥʷ ʥʠʞʯʝ 

ʥʫʣʷ ʚʢʘʟʫʶʪʴ ʥʘ ʩʧʘʜʥʠʡ ʪʨʝʥʜ. ʊʨʝʡʜʝʨʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʟʘ ʧʝʨʝʪʠʥʘʥʥʷʤ 

ʥʫʣʴʦʚʦʾ ʣʽʥʽʾ, ʱʦʙ ʩʠʛʥʘʣʽʟʫʚʘʪʠ ʧʨʦ ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʪʨʝʥʜʫ. ɺʦʥʠ ʪʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʟʘ ʚʝʣʠʢʠʤʠ ʨʫʭʘʤʠ, ʚʠʱʝ 50 ʘʙʦ ʥʠʞʯʝ 50, ʱʦʙ ʩʠʛʥʘʣʽʟʫʚʘʪʠ ʧʨʦ 

ʩʠʣʴʥʽ ʨʫʭʠ ʮʽʥʠ [6]. ɺʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

 

         (7) 

 

Stochastic Oscillator ï ʽʥʜʠʢʘʪʦʨ ʪʝʭʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʠʡ ʧʦʢʘʟʫʻ 

ʧʦʣʦʞʝʥʥʷ ʧʦʪʦʯʥʦʾ ʮʽʥʠ ʱʦʜʦ ʜʽʘʧʘʟʦʥʫ ʮʽʥ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʫ ʤʠʥʫʣʦʤʫ. 
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ɺʠʤʽʨʶʻʪʴʩʷ ʫ ʧʨʦʮʝʥʪʘʭ. ɿʛʽʜʥʦ ʟ ʪʣʫʤʘʯʝʥʥʷʤ ʘʚʪʦʨʘ ʽʥʜʠʢʘʪʦʨʘ ɼʞʦʨʜʞʘ 

ʃʝʡʥʘ (ʘʥʛʣ.), ʦʩʥʦʚʥʘ ʽʜʝʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʪʝʥʜʝʥʮʽʾ ʟʨʦʩʪʘʥʥʷ ʮʽʥʠ 

(ʟʨʦʩʪʘʶʯʠʡ ʪʨʝʥʜ) ʮʽʥʘ ʟʘʢʨʠʪʪʷ ʯʝʨʛʦʚʦʛʦ ʪʘʡʤʬʨʝʡʤʫ ʤʘʻ ʪʝʥʜʝʥʮʽʶ 

ʟʫʧʠʥʷʪʠʩʷ ʧʦʙʣʠʟʫ ʧʦʧʝʨʝʜʥʽʭ ʤʘʢʩʠʤʫʤʽʚ. ʇʨʠ ʪʝʥʜʝʥʮʽʾ ʟʥʠʞʝʥʥʷ ʮʽʥʠ 

(ʧʘʜʘʶʯʠʡ ʪʨʝʥʜ) ʮʽʥʘ ʟʘʢʨʠʪʪʷ ʯʝʨʛʦʚʦʛʦ ʪʘʡʤʬʨʝʡʤʫ ʤʘʻ ʪʝʥʜʝʥʮʽʶ 

ʟʫʧʠʥʷʪʠʩʷ ʧʦʙʣʠʟʫ ʧʦʧʝʨʝʜʥʽʭ ʤʽʥʽʤʫʤʽʚ. ʌʘʢʪʠʯʥʦ, ʽʥʜʠʢʘʪʦʨ ʜʝʤʦʥʩʪʨʫʻ 

ʨʦʟʙʽʞʥʽʩʪʴ ʮʽʥʠ ʟʘʢʨʠʪʪʷ ʧʦʪʦʯʥʦʛʦ ʧʝʨʽʦʜʫ ʱʦʜʦ ʮʽʥ ʧʦʧʝʨʝʜʥʽʭ ʧʝʨʽʦʜʽʚ ʫ 

ʤʝʞʘʭ ʟʘʜʘʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ [7]. 

ɯʥʜʠʢʘʪʦʨ ʙʫʜʫʻʪʴʩʷ ʽʟ ʜʚʦʭ ʣʽʥʽʡ: 

%K ï ʰʚʠʜʢʠʡ ʩʪʦʭʘʩʪʠʢ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ, ʦʩʥʦʚʥʠʡ ʛʨʘʬʽʢ); 

%D ï ʧʦʚʽʣʴʥʠʡ ʩʪʦʭʘʩʪʠʢ (ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ, ʜʦʜʘʪʢʦʚʦ ʫʩʝʨʝʜʥʝʥʠʡ 

ʛʨʘʬʽʢ). 

ʌʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ: 

 

                                                                         (8) 

 

ɼʣʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʽ ʪʘʢʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʷʢ:  

Line gradient descent ï ʮʝ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴ ʥʘʡʢʨʘʱʫ ʣʽʥʽʶ ʜʣʷ 

ʟʘʜʘʥʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʟʘ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ. ʗʢʱʦ 

ʧʦʙʫʜʫʚʘʪʠ m ʽ c ʧʨʦʪʠ MSE, ʚʽʥ ʥʘʙʫʜʝ ʬʦʨʤʫ ʯʘʰʽ (ʈʠʩ. 3). ʊʦʜʽ ʜʣʷ ʜʝʷʢʦʾ 

ʢʦʤʙʽʥʘʮʽʾ m ʽ c ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʥʘʡʤʝʥʰʫ ʧʦʤʠʣʢʫ (MSE) [8]. 

 

 
ʈʠʩ. 3. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ MSE  

 

ʊʘʢʘ ʢʦʤʙʽʥʘʮʽʷ m ̔  c ʜʘʻ ʥʘʡʢʨʘʱʫ ʣʽʥʽʶ. ɸʣʛʦʨʠʪʤ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʜʝʷʢʦʛʦ 

ʟʥʘʯʝʥʥʷ m ̔  c (ʟʘʟʚʠʯʘʡ ʧʦʯʠʥʘʻʪʴʩʷ ʟ m=0, c=0). ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ MSE (ʚʘʨʪʽʩʪʴ) 

ʫ ʪʦʯʮʽ m=0, c=0. ʇʨʠʧʫʩʢʘʻʪʴʩʷ, MSE (ʚʘʨʪʽʩʪʴ) ʧʨʠ m=0, c=0 ʜʦʨʽʚʥʶʻ 100. 

ʇʦʪʽʤ ʟʤʝʥʰʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ m ʽ c ʥʘ ʜʝʷʢʠʡ ʢʨʦʢ (ʂʨʦʢ ʥʘʚʯʘʥʥʷ). ʇʦʤʽʯʘʻʪʴʩʷ 

ʟʥʠʞʝʥʥʷ MSE (ʚʘʨʪʦʩʪʽ). ʇʨʦʜʦʚʞʫʻʪʴʩʷ ʨʦʙʦʪʘ ʜʘʣʽ, ʜʦʢʠ ʬʫʥʢʮʽʷ ʚʪʨʘʪ ʥʝ 

ʩʪʘʥʝ ʜʫʞʝ ʤʘʣʠʤ ʟʥʘʯʝʥʥʷʤ ʘʙʦ ʚ ʽʜʝʘʣʽ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 0 (ʱʦ ʦʟʥʘʯʘʻ 0 

ʧʦʤʠʣʦʢ ʘʙʦ 100% ʪʦʯʥʽʩʪʴ). 
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Stochastic gradient descent ï ʮʝ ʽʪʝʨʘʮʽʡʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʛʣʘʜʢʦʩʪʽ. ʁʦʛʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʩʪʦʭʘʩʪʠʯʥʝ ʥʘʙʣʠʞʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʟʘʤʽʥʶʻ 

ʬʘʢʪʠʯʥʠʡ ʛʨʘʜʽʻʥʪ (ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʚʩʴʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ), ʡʦʛʦ ʦʮʽʥʢʦʶ 

(ʨʦʟʨʘʭʦʚʘʥʦʶ ʥʘ ʦʩʥʦʚʽ ʚʠʧʘʜʢʦʚʦ ʚʠʙʨʘʥʦʾ ʧʽʜʤʥʦʞʠʥʠ ʜʘʥʠʭ). ʆʩʦʙʣʠʚʦ ʚ 

ʟʘʜʘʯʘʭ ʦʧʪʠʤʽʟʘʮʽʾ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʮʝ ʟʤʝʥʰʫʻ ʜʫʞʝ ʚʝʣʠʢʝ ʦʙʯʠʩʣʶʚʘʣʴʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʦʩʷʛʘʶʯʠ ʰʚʠʜʰʠʭ ʽʪʝʨʘʮʽʡ ʫ ʪʦʨʛʽʚʣʽ ʟʘ ʥʠʞʯʦʛʦ ʨʽʚʥʷ 

ʢʦʥʚʝʨʛʝʥʮʽʾ. 

Adam ï adaptive moment estimation, ʮʝ ʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ. ɺʽʥ 

ʧʦʻʜʥʫʻ ʫ ʩʦʙʽ ʽʜʝʶ ʥʘʢʦʧʠʯʝʥʥʷ ʨʫʭʫ ʪʘ ʽʜʝʶ ʩʣʘʙʰʦʛʦ ʦʥʦʚʣʝʥʥʷ ʚʘʛ ʜʣʷ 

ʪʠʧʦʚʠʭ ʦʟʥʘʢ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ, ʽ 

ʥʠʞʯʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʦʪʦʚʘ ʤʦʜʝʣʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢʠ deepLearning4J]: 

 

MultiLayerConfiguration configuration = new 

 NeuralNetConfiguration.Builder() 

                .seed(System.currentTimeMillis()) 

                .optimizationAlgo(OptimizationAlgorithm.STOCHASTIC_GRADIENT_ 

DESCENT) 

                .updater(new RmsProp(learningRate)) 

                .l2(1e-4) 

                .list() 

                .layer(0, new LSTM.Builder() 

                        .nIn(NB_INPUTS) 

                        .nOut(lstmLayer1Size) 

                        .activation(Activation.TANH) 

                        .gateActivationFunction(Activation.HARDSIGMOID) 

                        .dropOut(dropoutRatio) 

                        .build()) 

                .layer(1, new LSTM.Builder() 

                        .nIn(lstmLayer1Size) 

                        .nOut(lstmLayer2Size) 

                        .activation(Activation.TANH) 

                        .gateActivationFunction(Activation.HARDSIGMOID) 

                        .dropOut(dropoutRatio) 

                        .build()) 

                .layer(2, new DenseLayer.Builder() 

                        .nIn(lstmLayer2Size) 

                        .nOut(denseLayerSize) 

                        .activation(Activation.RELU) 

                        .build()) 

                .layer(3, new RnnOutputLayer.Builder() 

                        .nIn(denseLayerSize) 
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                        .nOut(1)     

                        .activation(Activation.IDENTITY) 

                        .lossFunction(LossFunctions.LossFunction.MSE) 

                        .build()) 

                .backpropType(BackpropType.TruncatedBPTT) 

                .tBPTTForwardLength(truncatedBPTTLength) 

                .tBPTTBackwardLength(truncatedBPTTLength) 

                .build(); 

 

ʉʝʨʝʜʥʽʡ ʨʝʟʫʣʴʪʘʪ ʪʦʯʥʦʩʪʽ ʜʘʥʦʾ ʤʦʜʝʣʽ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ 83%. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4 ʛʨʘʬʽʢʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʘʛʣʷʜʥʽ ʜʘʥʥʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ 

ʟʘ ʨʝʘʣʴʥʦʶ ʮʽʥʦʶ, ʷʢʘ ʟʤʽʥʠʣʠʩʷ ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ. 

 

 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ  

 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʻ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʨʫʭʫ ʢʨʠʧʪʦʚʘʣʶʪ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʟʤʽʥʫ 

ʮʽʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʪʘ ʽʩʪʦʨʽʾ ʜʠʥʘʤʽʢʠ ʫ ʩʠʩʪʝʤʽ 

ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ. 

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟ ʙʽʨʞ ʧʨʦʜʘʞʫ, ʧʦʢʘʟʘʚ ʚʩʽ ʧʝʨʝʚʘʛʠ ʢʦʨʠʩʪʫʚʘʥʥʷ ʪʦʡ ʯʠ 

ʽʥʰʦʶ ʙʽʨʞʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʨʝʡʜʝʨʘ ʪʘ ʨʦʟʨʦʙʥʠʢʘ. ɹʫʣʦ ʚʠʜʽʣʝʥʦ ʥʘʡʙʽʣʴʰ 

ʧʽʜʭʦʜʷʱʫ ʜʣʷ ʨʦʙʦʪʠ ʢʨʠʧʪʦʙʽʨʞʫ, API ʷʢʦʾ ʻ ʙʝʟʢʦʰʪʦʚʥʦʶ, ʤʘʻ ʥʘʡʤʝʥʰ 

ʦʙʤʝʞʝʥʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʪʘ ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʽʩʪʦʨʽʶ ʪʨʝʡʜʽʚ, ʱʦ ʧʦʢʨʘʱʫʶ 

ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʽ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʪʠʧʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ 

ʧʨʦʛʥʦʟʫ ʢʫʨʩʫ, ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʚ ʢʦʥʪʝʢʩʪʽ ʨʦʟʚôʷʟʢʫ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʪʘ ʚʠʷʚʣʝʥʦ, ʱʦ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʻ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʟ 
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ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʦʶ ʪʦʧʦʣʦʛʽʻʶ ʽ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʪʘ 

ʥʝʡʨʦʥʽʚ ʫ ʥʠʭ. 

ʈʦʟʨʦʙʣʝʥʦ ʚʝʙ-ʜʦʜʘʪʦʢ, ʱʦ ʤʘʻ ʟʤʦʛʫ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʟ ʙʽʨʞʽ, ʢʦʥʚʝʨʪʘʮʽʶ 

ʜʘʥʠʭ ʜʦ ʽʥʜʝʢʩʽʚ, ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʥʘʚʯʝʥʦʾ ʤʦʜʝʣʽ ʮʽʥʠ 

ʢʨʠʧʪʦʚʘʣʶʪʠ ʪʘ ʪʨʝʥʜʫ ʢʫʨʩʫ. ʉʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʘʥʦʾ ʤʦʜʝʣʽ 

83%. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʰʣʷʭʠ ʜʦ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʙʫʜʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʾʾ ʪʦʯʥʦʩʪʽ ʪʘ ʟʨʫʯʥʦʩʪʽ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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INFORMATION AND TECHNOLOGICAL APPROACH TO 

POWERING THERMOCATALYTIC SENSORS IN AUTOMATED 

SECURITY SYSTEMS 

 
Abstract. The main purpose of the present study is to improve the accuracy of determining 

concentrations of explosive gases and vapors in industrial environments by optimizing the power 

supply modes of thermocatalytic sensors operating as part of automated monitoring systems. The 

research combines theoretical modeling, analytical calculations, and experimental observations 

aimed at identifying the regularities of thermal processes occurring in the sensitive elements of 

sensors under various power supply schemes. 

It has been demonstrated that conventional bridge circuits operating under stabilized voltage 

conditions fail to maintain a constant temperature field, which leads to cumulative measurement 

errors, signal instability, and gradual degradation of active elements. An improved power supply 

mode based on the stabilization of the electrical resistance of the working thermoelement has been 

proposed. This approach ensures constant temperature conditions, minimizes thermal overloads, 

reduces the risk of sensor damage, and significantly increases the operational stability and 

measurement accuracy of control systems. 

Keywords: industrial monitoring systems, explosion-hazard control, thermocatalytic sensor, 

resistance stabilization, thermal compensation. 

 

Introduction. At the current stage of industrial development, most technological 

processes involve the use of flammable gases, fuelïair mixtures, or volatile organic 

compounds. These components pose a potential risk of explosion and can cause large-

scale accidents, equipment failures, and threats to human life. Therefore, the 

implementation of high-precision monitoring systems capable of continuously 

determining the concentration of hazardous substances in the air is an urgent priority. 

The rapid progress of sensor technology, microprocessor systems, and digital 

signal processing algorithms has made it possible to automate explosion-safety 

monitoring. Modern systems can not only detect dangerous gas concentrations in real 

time but also trigger alarms, shut down equipment, or activate ventilation systems. 

However, the accuracy and stability of such systems largely depend on the reliability 

of their measuring convertersðprimarily thermocatalytic sensors [1]. 

The operation of thermocatalytic sensors is closely related to the thermal 

processes occurring on the surface of their sensitive elements. Environmental 

temperature fluctuations or unstable supply voltage directly affect the resistance of the 

thermoelement and, consequently, the accuracy of the readings. Hence, optimizing the 

power supply conditions becomes a crucial task to stabilize the thermal state of the 

sensor, minimize measurement errors, and ensure reliable performance of monitoring 

systems under a wide range of external conditions [2]. 
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Main Content. In modern analyzers, catalytic thermal sensors are usually 

integrated into bridge measurement configurations. Traditionally, such circuits are 

powered by a stabilized voltage (Fig. 1, a). However, with such a connection, a change 

in the ambient temperature leads to variations in the thermal regime of the 

thermocouples, which causes significant errors in determining high concentrations due 

to the ambiguous temperature dependence of the thermal conductivity of gas media. 

This error can be reduced by using circuits that provide a more stable thermal regime 

of thermocouples during temperature fluctuations. In this context, configurations with 

voltage stabilization on one of the thermally sensitive elements are of interest [3]. 

 

 
Fig. 1: Measuring bridge power supply circuits 

 

Catalytic thermal sensors have significantly higher sensitivity and a different 

nature of the dependence of the resistance of the active element on the concentration 

of the measured component compared to thermal conductometric analogues. 

Therefore, additional studies of the features of their functioning are necessary to 

determine the optimal switching scheme. For unbalanced bridge configurations, the 

output signal is directly proportional to the supply voltage, so the error in the event of 

voltage instability will be proportional to its relative change. The active and comparator 

elements are made as identical as possible in resistance and geometry to ensure the 

stability of the zero indicator when changing uncontrolled parameters. The equation of 

the output signal of a bridge with a catalytic thermal sensor when supplied with a stable 

voltage has the form: 
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where U~b ~ and U~out ~ are the supply voltage and the output voltage of the bridge, 

respectively; R~w ~ and R~ʩ ~ are the resistance of the active and comparative 

elements of the thermal sensor ; ȹ R~w ~ is the increase in the resistance of the active 

element due to the catalytic reaction. 
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For a simplified analysis, let's consider the case of identical thermocouple 

parameters. With a balanced bridge, the output voltage is: 
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A comparative analysis of different power supply modes shows that the greatest 

sensitivity is achieved when the voltage is stabilized on the comparator element, and 

the least - when stabilized on the active element. A serious drawback of the traditional 

scheme is overheating of the active element during oxidation of the combustible 

component. When measuring methane, the temperature increases by 30-50ÁC for each 

percent of concentration. This leads to a deterioration in the stability of the 

characteristics and a reduction in service life. In emergency situations, at 

concentrations above the lower flammable limit (LEL), damage to the sensor is 

possible. 

When switched on with voltage stabilization on the active element, the heating 

from the power source during oxidation does not increase, but decreases. Temperature 

overloads are impossible in this case. From the point of view of maintaining the 

operability of the sensors, this option should be preferred. The decrease in sensitivity 

is insignificant, and the inherent nonlinearity is easily eliminated programmatically 

when using modern microcontrollers. When operating monitoring systems in Ukraine, 

the temperature can vary from -25ÁC to +35ÁC. The range of 60ÁC can affect the 

heating temperature of sensitive elements and cause significant errors. The theoretical 

dependence of the voltage on the active element on the current has the form: 
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where I is the current through the thermocouples; R~0~ is the resistance at 0ÁC; T~a ~ 

is the air temperature; Ŭ is the temperature coefficient of resistance; ɓ is the 

thermoresistance coefficient. 

When the temperature changes by Ñ30ÁC, the first term of the expression 

changes by Ñ12%. The condition for maintaining a constant thermal regime is: 
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This condition can be fulfilled only in the absence of heating from the flow of 

current, which is practically impossible. However, when using microcontrollers, it is 

possible to implement fundamentally different power supply modes with a stable 

temperature of the active element under any changes in the environmental parameters. 
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Fig . 2 Operating mode algorithm 

 

When implementing the temperature stabilization mode, the primary converter 

contains active and comparative thermocouples and a current sensor (Fig. 2). The 

current sensor is a thermostable resistor with a low temperature coefficient of 

resistance. To fulfill condition (9), the current is controlled through the thermocouples 

in real time. 
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The resistance value of the active element is initially determined and memorized 

during commissioning, and during operation, the thermal regime is constantly checked 

and adjusted with the calculation of the concentration of the combustible component. 

When determining the volumetric content of the combustible component, the gas 

pressure does not affect the results, since the diffusion flow does not depend on the 

pressure. The change in the temperature of the medium has practically no effect on the 

rate of the oxidation reaction when the temperature of the active element is stabilized. 

The diffusion rate is proportional to the square root of the absolute temperature 

of the gas. The calculated relative error from the temperature change in the range of 

283Ñ30 K is 0.1%/ÁC. At fluctuations of Ñ30ÁC the relative error under boundary 

conditions is 3%. When determining the first threshold of 0.1 LEL the absolute error 

does not exceed Ñ0.003 LEL, which is an order of magnitude less than the existing 

errors of known analyzers.If there is a temperature sensor, it is possible to 

programmatically introduce corrections and practically reduce the error to zero. 

Conclusions. The study confirms that traditional thermocatalytic sensor power 

schemes based on voltage stabilization cannot maintain a constant temperature of the 

working element, resulting in considerable measurement errors and potential 

overheating. Stabilizing the voltage on the working element partially mitigates these 

issues but reduces the sensorôs sensitivity. The most effective solution is the resistance-

stabilized power mode, which maintains constant temperature, prevents thermal 

overload, and reduces measurement errors by roughly an order of magnitude compared 

to conventional methods. Implementing this principle in modern microprocessor gas 

analyzers makes it possible to design more accurate, stable, and durable explosion-

monitoring systems, significantly enhancing industrial safety and reliability. 
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ɺ.ɺ. ʉʧʽʨʽʥʮʝʚ1, ɼ.ɸ. ɺʦʣʦʰʠʥ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɯʅʌʆʈʄɸʎɯʁʅɸ ʉʀʉʊɽʄɸ ɿɼɯʁʉʅɽʅʅʗ SEO-ɸʅɸʃɯɿʋ 

ɺɽɹʈɽʉʋʈʉɯɺ ɼʃʗ ʇʆɼɸʃʔʐʆɰ ɰʍ ʆʇʊʀʄɯɿɸʎɯɰ 

 
ɸʥʦʪʘʮʽʷ. ɺ ʨʘʤʢʘʭ ʨʦʙʦʪʠ ʟʜʽʡʩʥʝʥʦ ʨʦʟʨʦʙʢʫ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʜʣʷ SEO-ʘʥʘʣʽʟʫ ʚʝʙʨʝʩʫʨʩʽʚ ʟ ʤʝʪʦʶ 

ʧʦʜʘʣʴʰʦʾ ʾʭ ʦʧʪʠʤʽʟʘʮʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʽʰʝʥʥʷ ʧʦ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʽʣʴʰʦʩʪʽ ʥʝʜʦʣʽʢʽʚ ʪʘ ʧʦʤʠʣʦʢ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʘʩʧʝʢʪʫ ʧʦʰʫʢʦʚʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʦʜʥʦʯʘʩʥʦ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʧʦʜʘʣʴʰʫ ʦʧʪʠʤʽʟʘʮʽʶ ʚʝʙʨʝʩʫʨʩʫ ʪʘ 

ʝʬʝʢʪʠʚʥʝ ʧʨʦʩʫʚʘʥʥʷ ʫ ʤʝʨʝʞʽ. SEO-ʘʫʜʠʪ ʜʦʧʦʤʘʛʘʻ ʧʽʜʚʠʱʠʪʠ ʦʨʛʘʥʽʯʥʠʡ ʪʨʘʬʽʢ ʽ 

ʧʦʢʨʘʱʠʪʠ ʚʠʜʠʤʽʩʪʴ ʚʝʙʨʝʩʫʨʩʫ ʚ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʦʨʽʻʥʪʦʚʘʥʝ 

ʥʘ ʚʣʘʩʥʠʢʽʚ ʢʦʤʧʘʥʽʡ/ʬʽʨʤ ʘʙʦ ʧʨʠʚʘʪʥʠʭ ʦʩʽʙ, ʷʢʽ ʤʘʶʪʴ ʩʚʽʡ ʚʣʘʩʥʠʡ ʚʝʙʨʝʩʫʨʩ ʘʙʦ 

ʟʘʡʤʘʶʪʴʩʷ ʧʠʪʘʥʥʷʤʠ SEO-ʘʫʜʠʪʫ ʥʘ ʢʦʤʝʨʮʽʡʥʽʡ ʦʩʥʦʚʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: SEO-ʘʫʜʠʪ,  ʧʦʰʫʢʦʚʘ ʦʧʪʠʤʽʟʘʮʽʷ, ʩʝʤʘʥʪʠʯʥʝ ʷʜʨʦ, ʧʦʰʫʢʦʚʘ 

ʩʠʩʪʝʤʘ, Java. 

 

ɺʩʪʫʧ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʚʝʙʨʝʩʫʨʩʫ ʢʦʤʧʘʥʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʢʣʘʜʥʠʡ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʟʘʭʦʜʽʚ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ 

ʧʨʦʩʫʚʘʥʥʷ/ʘʢʪʫʘʣʽʟʘʮʽʶ ʙʨʝʥʜʫ ʪʘ ʧʨʝʜʤʝʪʫ ʜʽʷʣʴʥʦʩʪʽ ʩʫʙôʻʢʪʫ. ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʘʚʠʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʨʦʟʚʠʪʢʫ ʪʘ ʝʬʝʢʪʠʚʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʡ 

ʧʦʰʫʢʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʚʝʙʨʝʩʫʨʩ ʩʪʘʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤ ʟʘʩʦʙʦʤ 

ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʢʦʤʧʘʥʽʾ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʥʝ ʚʠʢʣʠʢʘʻ 

ʩʫʤʥʽʚʽʚ, ʦʩʢʽʣʴʢʠ SEO-ʘʫʜʠʪ ʜʦʧʦʤʘʛʘʻ ʧʽʜʚʠʱʠʪʠ ʦʨʛʘʥʽʯʥʠʡ ʪʨʘʬʽʢ ʽ 

ʧʦʢʨʘʱʠʪʠ ʚʠʜʠʤʽʩʪʴ ʚʝʙʨʝʩʫʨʩʫ ʚ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʨʦʟʫʤʽʪʠ, ʷʢ ʨʝʩʫʨʩ ʩʧʨʠʡʤʘʻʪʴʩʷ ʧʦʰʫʢʦʚʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʚʠʷʚʠʪʠ ʪʝʭʥʽʯʥʽ 

ʧʨʦʙʣʝʤʠ, ʷʢʽ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʽʥʜʝʢʩʘʮʽʾ, ʪʘ ʚʠʧʨʘʚʠʪʠ ʾʭ, ʘ ʪʘʢʦʞ ʚʠʩʪʫʧʘʻ 

ʥʝʟʘʤʽʥʥʠʤ ʝʣʝʤʝʥʪʦʤ ʽʥʪʝʨʥʝʪ-ʤʘʨʢʝʪʠʥʛʫ (ʝʬʝʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʧʨʦʩʫʚʘʥʥʷ 

ʪʘ ʨʦʟʚʠʪʢʫ ʚʝʙʨʝʩʫʨʩʫ). ɺʩʽ ʥʝʜʦʣʽʢʠ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʥʘ ʚʝʙʨʝʩʫʨʩʽ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʧʦʚôʷʟʘʥʽ ʽʟ ʥʝʷʢʽʩʥʦ ʧʨʦʚʝʜʝʥʦʶ ʪʝʭʥʽʯʥʦʶ ʧʽʜʛʦʪʦʚʢʦʶ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʙʦ ʫ ʧʝʨʽʦʜ ʨʝʘʣʽʟʘʮʽʾ, ʱʦ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʝʡʪʠʥʛ ʚʝʙʨʝʩʫʨʩʫ 

[1-6]. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʟʘʟʥʘʯʝʥʠʭ ʧʦʤʠʣʦʢ ʪʘ ʥʝʜʦʣʽʢʽʚ. 

ɹʽʣʴʰʽʩʪʴ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ SEO-ʘʥʘʣʽʟʫ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ 

ʧʦʰʫʢ ʧʝʚʥʦʛʦ ʥʝʜʦʣʽʢʫ, ʘ ʥʝ ʙʽʣʴʰʦʩʪʽ ʟ ʥʠʭ ʦʜʥʦʯʘʩʥʦ [7-8]. ʊʦʤʫ, ʘʢʪʫʘʣʴʥʠʤ 

ʻ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʩʢʪʦʧʥʦʛʦ ʜʦʜʘʪʢʫ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ 

ʟʜʽʡʩʥʠʪʠ SEO-ʘʥʘʣʽʟ ʧʝʚʥʦʛʦ ʚʝʙʨʝʩʫʨʩʫ ʟʘʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʙʽʣʴʰʦʩʪʽ 

ʥʝʜʦʣʽʢʽʚ ʪʘ ʧʦʤʠʣʦʢ ʦʜʥʦʯʘʩʥʦ, ʷʢʽ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ 

ʘʩʧʝʢʪʫ SEO-ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʟʘʚʘʞʘʶʪʴ ʧʨʦʩʫʚʘʥʥʶ ʚʝʙʨʝʩʫʨʩʫ ʚ ʤʝʨʝʞʽ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʘ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʽʜʚʠʱʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ SEO-ʘʥʘʣʽʟʫ ʚʝʙʨʝʩʫʨʩʽʚ ʟʘʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʽʣʴʰʦʩʪʽ 

ʥʝʜʦʣʽʢʽʚ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʘʩʧʝʢʪʫ ʧʦʰʫʢʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ (ʟʘ ʨʘʭʫʥʦʢ 
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ʨʦʟʨʦʙʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʩʢʪʦʧʥʦʛʦ ʜʦʜʘʪʢʫ), ʱʦ  ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜʚʠʱʝʥʥʷ 

ʨʘʥʛʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʝʙʨʝʩʫʨʩʫ ʪʘ ʧʦʜʘʣʴʰʝ ʝʬʝʢʪʠʚʥʝ ʡʦʛʦ ʧʨʦʩʫʚʘʥʥʷ ʫ 

ʤʝʨʝʞʽ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɺ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʨʦʟʨʦʙʢʫ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

SEO-ʘʥʘʣʽʟʫ ʚʝʙʨʝʩʫʨʩʽʚ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʾ ʾʭ ʦʧʪʠʤʽʟʘʮʽʾ. ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ ʩʠʩʪʝʤʠ ʚʠʩʪʫʧʘʶʪʴ: ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʽ ʚʽʥ ʥʘʜʘʻ ʧʽʜ ʯʘʩ ʨʝʻʩʪʨʘʮʽʾ; 

ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʝʙʨʝʩʫʨʩ, ʱʦ ʧʦʪʨʝʙʫʻ SEO-ʘʫʜʠʪʫ; ʜʘʥʽ ʟ ʚʝʙʨʝʩʫʨʩʫ; ʪʦʢʝʥ 

ʘʚʪʦʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ. ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʩʠʩʪʝʤʠ ʚʠʩʪʫʧʘʶʪʴ: ʨʝʟʫʣʴʪʘʪ 

ʟʜʽʡʩʥʝʥʥʷ SEO-ʘʫʜʠʪʫ ʫ ʚʠʛʣʷʜʽ ʟʚʽʪʫ ʫ ʨʽʟʥʠʭ ʬʦʨʤʘʪʘʭ, ʱʦ ʥʘʜʘʻʪʴʩʷ 

ʢʦʨʠʩʪʫʚʘʯʫ ʩʠʩʪʝʤʠ; ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʪʘʢʦʞ ʚʠʚʦʜʠʪʴʩʷ ʜʦ ʪʘʙʣʠʮʴ, 

ʙʣʦʢʽʚ ʪʘ ʜʽʘʛʨʘʤ. 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ SEO-ʘʥʘʣʽʟʫ ʚʝʙʨʝʩʫʨʩʽʚ 

ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 

Java ï ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ; JavaFX ï ʥʘʙʽʨ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʨʘʬʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʩʪʝʤʠ; Scene Builder ï 

ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʩʠʩʪʝʤʠ; IntelliJ IDEA ï ʩʝʨʝʜʦʚʠʱʝ 

ʨʦʟʨʦʙʢʠ; Maven ï ʢʦʥʩʪʨʫʢʪʦʨ ʧʨʦʝʢʪʫ; Jsoup ï ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʨʦʙʦʪʠ ʽʟ HTML-

ʬʘʡʣʘʤʠ; GitLab ï ʨʝʧʦʟʠʪʦʨʽʡ ʜʣʷ ʧʨʦʝʢʪʫ; IText ï ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʨʦʙʦʪʠ ʟ PDF 

ʬʘʡʣʘʤʠ; Apache POI ï ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʨʦʙʦʪʠ ʟ .XLSX ʬʘʡʣʘʤʠ; Commons CSV 

ï ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʨʦʙʦʪʠ ʽʟ CSV ʬʘʡʣʘʤʠ; MongoDB ï ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʧʨʦ 

ʢʦʨʠʩʪʫʚʘʯʘ; ControlsFX, Swing ï ʙʽʙʣʽʦʪʝʢʠ ʝʣʝʤʝʥʪʽʚ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ; 

Log4j ï ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʣʦʛʫʚʘʥʥʷ. 

ʅʘ ʨʠʩ.1 ʥʘʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʫ ʧʘʧʦʢ, ʢʣʘʩʽʚ ʪʘ ʨʝʩʫʨʩʽʚ ʧʨʦʝʢʪʫ ʫ IDE. 

ʆʩʥʦʚʥʠʤʠ ʧʘʢʝʪʘʤʠ ʻ: 

 controllers ï ʤʽʩʪʠʪʴ ʫʩʽ ʢʦʥʪʨʦʣʝʨʠ ʩʮʝʥ ʟʘʩʪʦʩʫʥʢʫ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʾʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʪʘ ʨʦʙʦʪʦʩʧʨʦʤʽʞʥʽʩʪʴ; 

 logic ï ʮʷ ʧʘʧʢʘ ʤʽʩʪʠʪʴ ʢʣʘʩʠ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʧʘʨʩʠʥʛ ʩʘʡʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʨʠʪʝʨʽʾʚ (ʫ ʮʴʦʤʫ ʧʘʢʝʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʷʜʨʦ ʧʨʦʛʨʘʤʠ); 

 resources ï ʮʷ ʧʘʧʢʘ ʤʽʩʪʠʪʴ ʪʘʢʽ ʜʘʥʽ ʷʢ: ʷʟʠʢʦʚʽ ʧʘʢʝʪʠ ʪʘ ʪʝʢʩʪʠ, ʬʘʡʣʠ 

ʩʪʠʣʽʚ css, ʬʘʡʣʠ ʩʮʝʥ .fxml, ʨʽʟʥʽ ʟʦʙʨʘʞʝʥʥʷ; 

 models ï ʮʷ ʧʘʧʢʘ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʢʣʘʩʠ ʜʝ ʤʽʩʪʷʪʴʩʷ ʟʤʽʥʥʽ, ʷʢʽ ʙʫʜʫʪʴ 

ʚʤʽʱʫʚʘʪʠ ʫ ʩʝʙʝ ʽʥʬʦʨʤʘʮʽʶ, ʟʽʙʨʘʥʫ ʟ ʩʘʡʪʽʚ ʪʘ ʥʘʜ ʷʢʠʤʠ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʙʫʜʫʪʴ ʧʨʦʚʦʜʠʪʠʩʷ ʤʘʥʽʧʫʣʷʮʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʥʘʧʦʚʥʝʥʥʷ ʧʘʧʦʢ. 

ʇʘʧʢʘ controllers ʤʽʩʪʠʪʴ: 

rightside ï ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʢʦʥʪʨʦʣʝʨʠ ʩʮʝʥ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʚʦʜʠʪʠ ʦʙʨʦʙʣʝʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʩʪʚʦʨʶʚʘʪʠ ʪʘʙʣʠʮʽ. 

ʂʣʘʩʠ ʢʦʥʪʨʦʣʝʨʽʚ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʦʩʥʦʚʥʽ ʩʮʝʥʠ ʜʦʜʘʪʢʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.3. 
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ʈʠʩ.1. ʇʘʢʝʪʠ ʪʘ ʢʣʘʩʠ ʧʨʦʝʢʪʫ 

 

 

 
ʈʠʩ. 3. ʇʘʢʝʪ controllers 

 

WelcomeController ʨʝʘʣʽʟʫʻ ʬʫʥʢʮʽʦʥʘʣ ʩʪʘʨʪʦʚʦʾ ʩʮʝʥʠ ʽʟ ʚʠʙʦʨʦʤ ʜʽʡ 

(ʨʠʩ.4): ʟʘʣʦʛʽʥʠʪʠʩʷ, ʧʨʠʜʙʘʪʠ ʧʨʝʤʽʫʤ ʪʘ ʚʠʧʨʦʙʫʚʘʪʠ ʙʝʟʢʦʰʪʦʚʥʫ ʚʝʨʩʽʶ. 
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ʈʠʩ. 4. ʇʦʯʘʪʢʦʚʘ ʩʪʦʨʽʥʢʘ 

 

ʂʣʘʩ LoginController ʨʝʘʣʽʟʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʮʝʥʠ ʽʟ ʚʚʝʜʝʥʥʷʤ 

ʧʘʨʦʣʶ ʪʘ ʣʦʛʽʥʫ ʢʦʨʠʩʪʫʚʘʯʘ (ʨʠʩ. 5). 

 

 
ʈʠʩ. 5. ʉʪʦʨʽʥʢʘ ʘʚʪʦʨʠʟʘʮʽʾ 

 

EnterUrlController ʨʝʘʣʽʟʫʻ ʬʫʥʢʮʽʦʥʘʣ ʩʮʝʥʠ ʽʟ ʚʚʝʜʝʥʥʷʤ ʧʦʩʠʣʘʥʥʷ 

ʥʘ ʩʘʡʪ (ʨʠʩ. 6), ʷʢʠʡ ʙʫʜʝ ʦʙʨʦʙʣʷʪʠ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ. 

 

 
ʈʠʩ. 6. ʉʪʦʨʽʥʢʘ ʚʚʦʜʫ ʧʦʩʠʣʘʥʥʷ ʥʘ ʩʘʡʪ 

 

MainController ʨʝʘʣʽʟʫʻ ʬʫʥʢʮʽʦʥʘʣ ʩʮʝʥʠ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʟʚʽʪʘʤʠ, 

ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ (ʨʠʩ. 7).  
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ʈʠʩ. 7. ɻʦʣʦʚʥʘ ʩʮʝʥʘ 

 

ɿʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢ ʟ ʢʣʽʻʥʪʘʤʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʟʘʚʜʷʢʠ ʩʝʨʚʽʩʫ Zendesk  ʪʘ 

ʡʦʛʦ ʩʝʨʚʽʩʘʤ. Zendesk ï ʮʝ ʚʝʙʩʝʨʚʽʩ ʟ ʨʷʜʦʤ ʧʨʦʛʨʘʤ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʢʣʽʻʥʪʽʚ 

ʪʘ ʚʽʜʚʽʜʫʚʘʯʽʚ. 

ʇʘʢʝʪ logic ʤʽʩʪʠʪʴ ʧʘʢʝʪʠ images, redirects, scanning, ʜʝ ʟʽʙʨʘʥʽ ʢʣʘʩʠ, 

ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʦʰʫʢ ʧʝʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʥʘ ʩʪʦʨʽʥʮʽ ʩʘʡʪʫ, ʷʢʫ ʥʘ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʦʙʨʦʙʣʷʻ ʩʠʩʪʝʤʘ. ʇʝʨʝʭʽʜ ʚʽʜ ʦʜʥʽʻʾ ʩʪʦʨʽʥʢʠ ʜʦ ʽʥʰʦʾ ʚʠʢʦʥʫʻ ʢʣʘʩ 

UrlParser. ʉʫʪʴ ʘʣʛʦʨʠʪʤʫ ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʦʾ ʩʪʦʨʽʥʢʠ ʜʦ ʽʥʰʦʾ 

ʟʘʚʜʷʢʠ ʧʦʩʠʣʘʥʥʷʤ ʪʘ ʟʙʽʣʴʰʝʥʥʶ ʛʣʠʙʠʥʠ ʚʭʦʜʞʝʥʥʷ.  

ʋʩʽ ʥʝʦʙʭʽʜʥʽ ʥʘ ʩʪʦʨʽʥʮʽ ʝʣʝʤʝʥʪʠ ʟʥʘʭʦʜʠʤʦ ʟʘʚʜʷʢʠ html ʪʝʛʘʤ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʪʦʢʠ ʚʚʦʜʫ ʪʘ ʚʠʚʦʜʫ ʜʘʥʠʭ ʪʘ ʾʭ ʤʝʪʦʜʠ, 

ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʻ ʤʝʪʦʜ filter(), ʷʢʠʡ ʚʽʜʦʢʨʝʤʣʶʻ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ ʟ ʨʷʜʢʫ. 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʟʚʽʪʽʚ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʪʘʙʣʠʮʴ, ʘʙʦ 

ʫ ʦʢʨʝʤʽʡ ʚʢʣʘʜʮʽ ʟ ʜʝʪʘʣʴʥʠʤ ʟʚʽʪʦʤ ʪʘ ʰʚʠʜʢʠʤ ʟʚʽʪʦʤ. 

ʐʚʠʜʢʠʡ ʟʚʽʪ ʛʝʥʝʨʫʻ ʥʦʚʫ ʩʮʝʥʫ ʽʟ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʢʽʣʴʢʽʩʪʴ 

ʥʝʜʦʣʽʢʽʚ, ʩʢʨʽʥʰʦʪʦʤ ʚʝʙʨʝʩʫʨʩʫ, ʛʨʘʬʽʢʦʤ (ʨʠʩ. 8). 
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ʈʠʩ. 8. ɺʢʣʘʜʢʘ ʰʚʠʜʢʦʛʦ ʟʚʽʪʫ 

 

ʊʘʢʦʞ ʪʫʪ ʽʩʥʫʻ ʢʥʦʧʢʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʮʴʦʛʦ ʟʚʽʪʫ ʫ pdf ʬʦʨʤʘʪʽ ʥʘ 

ʣʦʢʘʣʴʥʫ ʤʘʰʠʥʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ. ʉʪʚʦʨʝʥʥʷ 

ʮʴʦʛʦ ʟʚʽʪʫ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢʠ IText. ʋ ʢʦʜʽ ʤʠ ʩʪʚʦʨʶʻʤʦ 

ʪʘʙʣʠʮʶ ʪʘ ʜʦʜʘʻʤʦ ʜʦ ʥʝʾ ʢʣʽʪʠʥʢʠ, ʢʫʜʠ ʟʘʥʦʩʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʟʽ ʟʤʽʥʥʠʭ. 

 

 
ʈʠʩ. 9. ɺʢʣʘʜʢʘ ʜʝʪʘʣʴʥʦʛʦ ʟʚʽʪʫ 
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ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ʅʦʚʠʟʥʘ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ 

ʧʽʜʭʦʜʽ, ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʽʰʝʥʥʷ ʧʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʽʣʴʰʦʩʪʽ 

ʥʝʜʦʣʽʢʽʚ ʪʘ ʧʦʤʠʣʦʢ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʘʩʧʝʢʪʫ ʧʦʰʫʢʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ 

ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʧʦʜʘʣʴʰʫ ʦʧʪʠʤʽʟʘʮʽʶ ʚʝʙʨʝʩʫʨʩʫ ʪʘ ʝʬʝʢʪʠʚʥʝ 

ʧʨʦʩʫʚʘʥʥʷ ʫ ʤʝʨʝʞʽ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʜʣʷ SEO-ʘʥʘʣʽʟʫ ʚʝʙʨʝʩʫʨʩʽʚ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʾ ʾʭ 

ʦʧʪʠʤʽʟʘʮʽʾ ʌʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ: ʥʘʜʘʥʥʷ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ SEO-ʘʥʘʣʽʟʫ ʧʝʚʥʦʛʦ ʚʝʙʨʝʩʫʨʩʫ 

ʟʘʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʥʝʜʦʣʽʢʽʚ ʪʘ ʧʦʤʠʣʦʢ ʦʜʥʦʯʘʩʥʦ, ʷʢʽ ʙʫʣʠ ʟʨʦʙʣʝʥʽ 

ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʘʩʧʝʢʪʫ SEO-ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʟʘʚʘʞʘʶʪʴ ʧʨʦʩʫʚʘʥʥʶ 

ʚʝʙʨʝʩʫʨʩʫ ʚ ʤʝʨʝʞʽ; ʥʘʜʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʦʙʨʘʥʥʷ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʚʭʦʜʫ ʚ 

ʩʠʩʪʝʤʫ; ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʚʽʜʫʚʘʯʘʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʩʪʦʪʠ ʽ 

ʢʦʤʬʦʨʪʥʦʩʪʽ ʜʦʩʪʫʧʫ ʜʦ ʬʫʥʢʮʽʦʥʘʣʫ ʩʮʝʥʠ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʟʚʽʪʘʤʠ, 

ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʟʘ ʨʘʭʫʥʦʢ ʟʨʫʯʥʦʛʦ ʪʘ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʦʛʦ ʽʥʪʝʨʬʝʡʩʫ; 

ʥʘʜʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʘʜʘʧʪʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʱʦʜʦ ʤʦʚʠ ʚʠʢʣʘʜʝʥʥʷ; 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʜʘʥʠʭ (ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʘ ʧʝʨʝʜʘʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʭʥʽʢ; ʧʨʦʬʽʣʴ ʟʘʭʠʱʝʥʠʡ ʧʘʨʦʣʝʤ ʪʘ ʣʦʛʽʥʦʤ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ 

ʩʝʨʚʝʨʥʽʡ ʯʘʩʪʠʥʽ ʪʘ ʚʽʜʦʤʽ ʣʠʰʝ ʢʦʨʠʩʪʫʚʘʯʫ); ʥʘʜʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʤʦʞʣʠʚʦʩʪʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʚʽʪʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʫ ʟʨʫʯʥʦʤʫ ʬʦʨʤʘʪʽ ʪʘ ʽʥ. 
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ʆ.ʉ. ʐʝʚʮʦʚʘ1, ʇ.ʆ. ʑʝʨʙʠʥʘ1, ʉ.ɺ. ɻʨʠʛʦʨʷʥ1 

1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ɸɼʄɯʅɯʉʊʈʋɺɸʅʅʗ ʆʌɯʉʅʀʍ 

ʉʀʉʊɽʄ ʋ ɻɯɹʈʀɼʅʆʄʋ ʈʆɹʆʏʆʄʋ ʉɽʈɽɼʆɺʀʑɯ 
 

ɸʥʦʪʘʮʽʷ. ʋ ʜʦʧʦʚʽʜʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʦʬʽʩʥʠʭ ʩʠʩʪʝʤ ʫ ʛʽʙʨʠʜʥʦʤʫ ʨʦʙʦʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʈʦʟʛʣʷʥʫʪʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʻʜʥʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʽ ʭʤʘʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʤʝʪʦʜʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʽ ʧʦʣʽʪʠʢʘʤʠ ʙʝʟʧʝʢʠ, ʘ ʪʘʢʦʞ ʨʦʣʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚ ʧʽʜʚʠʱʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʟʥʘʯʝʥʥʷ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ 

ʘʜʘʧʪʘʮʽʾ ʦʬʽʩʥʠʭ ʧʣʘʪʬʦʨʤ ʜʦ ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʨʦʙʦʪʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʧʨʷʤʠ ʦʧʪʠʤʽʟʘʮʽʾ, 

ʱʦ ʚʢʣʶʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘʥʘʣʽʪʠʢʠ ʪʘ ʻʜʠʥʠʭ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʽʜʝʥʪʠʯʥʦʩʪʷʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʽʙʨʠʜʥʝ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʦʬʽʩʥʽ ʩʠʩʪʝʤʠ, ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ, 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ, ʮʠʬʨʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʽʜʝʥʪʠʯʥʦʩʪʷʤʠ. 

 

ɺʩʪʫʧ. ʇʝʨʝʭʽʜ ʜʦ ʛʽʙʨʠʜʥʦʾ ʤʦʜʝʣʽ ʨʦʙʦʪʠ, ʷʢʘ ʧʦʻʜʥʫʻ ʜʠʩʪʘʥʮʽʡʥʠʡ ʽ 

ʦʬʽʩʥʠʡ ʬʦʨʤʘʪʠ ʜʽʷʣʴʥʦʩʪʽ, ʩʫʪʪʻʚʦ ʟʤʽʥʠʚ ʧʽʜʭʦʜʠ ʜʦ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʦʬʽʩʥʠʭ 

ʩʠʩʪʝʤ. ʊʘʢʽ ʟʤʽʥʠ ʟʫʤʦʚʣʝʥʽ ʧʦʪʨʝʙʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʨʝʩʫʨʩʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʷ ʧʝʨʝʙʫʚʘʥʥʷ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, 

ʧʽʜʪʨʠʤʢʠ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʜʘʥʠʭ. 

ʋ ʮʠʭ ʫʤʦʚʘʭ ʪʝʭʥʦʣʦʛʽʾ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʩʪʘʶʪʴ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ɯʊ-

ʩʪʨʘʪʝʛʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɺʦʥʠ ʦʭʦʧʣʶʶʪʴ ʥʝ ʣʠʰʝ ʪʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ ʫʧʨʘʚʣʽʥʥʷ, 

ʘʣʝ ʡ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, 

ʩʝʨʚʽʩʘʤʠ ʪʘ ʩʠʩʪʝʤʘʤʠ ʙʝʟʧʝʢʠ. 

ɿʘ ʜʘʥʠʤʠ ʟʚʽʪʫ Gartner (2023 ʨ.), ʧʦʥʘʜ 80 % ʢʦʤʧʘʥʽʡ ʧʣʘʥʫʶʪʴ ʟʙʝʨʝʛʪʠ 

ʛʽʙʨʠʜʥʫ ʬʦʨʤʫ ʨʦʙʦʪʠ, ʱʦ ʚʠʤʘʛʘʻ ʧʝʨʝʭʦʜʫ ʜʦ ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ 

ʦʬʽʩʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ [1]. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʠʪʘʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʫ ʛʽʙʨʠʜʥʦʤʫ ʨʦʙʦʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɻʽʙʨʠʜʥʝ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ - ʮʝ ʦʨʛʘʥʽʟʘʮʽʡʥʘ 

ʤʦʜʝʣʴ, ʱʦ ʧʦʻʜʥʫʻ ʪʨʘʜʠʮʽʡʥʽ ʦʬʽʩʥʽ ʨʦʙʦʯʽ ʤʽʩʮʷ ʟ ʚʽʜʜʘʣʝʥʠʤʠ ʮʠʬʨʦʚʠʤʠ 

ʧʣʘʪʬʦʨʤʘʤʠ. ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʘʢʦʾ ʤʦʜʝʣʽ ʻ ʦʜʥʦʯʘʩʥʘ ʧʨʠʩʫʪʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʣʦʢʘʣʴʥʽʡ ʽ ʭʤʘʨʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘʭ, ʱʦ ʚʠʤʘʛʘʻ ʽʥʪʝʛʨʦʚʘʥʠʭ 

ʟʘʩʦʙʽʚ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ [2]. 

ʆʬʽʩʥʽ ʩʠʩʪʝʤʠ ʫ ʛʽʙʨʠʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʢʣʶʯʘʶʪʴ: 

- ʍʤʘʨʥʽ ʧʣʘʪʬʦʨʤʠ (Microsoft 365, Google Workspace, Zoho Office) - ʜʣʷ 

ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ; 

- ʃʦʢʘʣʴʥʽ ʩʝʨʚʝʨʠ (ʬʘʡʣʦʚʽ, ʧʦʰʪʦʚʽ, ERP) - ʜʣʷ ʚʥʫʪʨʽʰʥʽʭ ʧʨʦʮʝʩʽʚ; 

- ɿʘʩʦʙʠ ʚʽʜʜʘʣʝʥʦʛʦ ʜʦʩʪʫʧʫ (VPN, VDI, RDP) - ʜʣʷ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʧʦʟʘ 

ʦʬʽʩʦʤ; 
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- ɯʥʩʪʨʫʤʝʥʪʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʩʪʨʦʷʤʠ (MDM, Intune, JAMF) ï ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʽ BYOD-ʧʨʠʩʪʨʦʾʚ. 

ʋʧʨʘʚʣʽʥʥʷ ʪʘʢʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʚʠʤʘʛʘʻ ʫʥʽʬʽʢʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʟʦʨʠʡ ʢʦʥʪʨʦʣʴ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʜʘʥʠʭ, 

ʣʽʮʝʥʟʽʡ ʽ ʙʝʟʧʝʢʠ [3]. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʦʬʽʩʥʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʙʘʯʘʻ 

ʩʪʚʦʨʝʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫʧʨʘʚʣʽʥʥʷ. ʅʘʫʢʦʚʮʽ 

ʚʽʜʟʥʘʯʘʶʪʴ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ ʡʦʛʦ ʨʦʟʚʠʪʢʫ: 

- ʎʝʥʪʨʘʣʽʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʻʜʠʥʠʭ ʢʦʥʩʦʣʝʡ 

ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʷʢ ʣʦʢʘʣʴʥʽ, ʪʘʢ ʽ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ 

ʟ ʦʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʤʝʥʰʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʽ 

ʤʽʥʽʤʽʟʫʻ ʨʠʟʠʢ ʧʦʤʠʣʦʢ [4]. 

- ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʨʫʪʠʥʥʠʭ ʧʨʦʮʝʩʽʚ. ʉʫʯʘʩʥʽ ʦʬʽʩʥʽ ʩʠʩʪʝʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʮʝʥʘʨʽʾ (scripts) ʪʘ ʧʨʦʛʨʘʤʥʽ ʽʥʪʝʨʬʝʡʩʠ (API) ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʦʥʦʚʣʝʥʥʷ ʧʦʣʽʪʠʢ, ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ 

ʨʝʩʫʨʩʽʚ. 

- ɿʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ.ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʘʥʘʣʽʟʫʶʪʴ 

ʞʫʨʥʘʣʠ ʧʦʜʽʡ, ʧʨʦʛʥʦʟʫʶʪʴ ʤʦʞʣʠʚʽ ʟʙʦʾ ʪʘ ʧʨʦʧʦʥʫʶʪʴ ʨʽʰʝʥʥʷ. ʊʘʢʽ 

ʪʝʭʥʦʣʦʛʽʾ ʚʞʝ ʽʥʪʝʛʨʦʚʘʥʽ ʫ Microsoft Copilot for Admin Center ʪʘ Google AI Assist 

Admin Tools [5]. 

- ɯʥʪʝʛʨʘʮʽʷ ʙʝʟʧʝʢʠ ʟ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷʤ.ɹʝʟʧʝʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝ ʷʢ 

ʦʢʨʝʤʘ ʬʫʥʢʮʽʷ, ʘ ʷʢ ʩʢʣʘʜʦʚʘ ʢʦʞʥʦʛʦ ʧʨʦʮʝʩʫ. ʈʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠʥʮʠʧ Zero Trust, 

ʟʘ ʷʢʦʛʦ ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʽʚ ʥʘʜʘʻʪʴʩʷ ʣʠʰʝ ʧʽʩʣʷ ʧʝʨʝʚʽʨʢʠ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʧʨʠʩʪʨʦʶ ʪʘ ʢʦʥʪʝʢʩʪʫ ʧʽʜʢʣʶʯʝʥʥʷ [6]. 

- ɸʜʘʧʪʘʮʽʷ ʜʦ ʛʽʙʨʠʜʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ.ɸʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ 

ʟʤʽʥʥʫ ʧʨʠʨʦʜʫ ʩʝʨʝʜʦʚʠʱʘ, ʜʝ ʯʘʩʪʠʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʘʮʶʻ ʣʦʢʘʣʴʥʦ, ʘ ʽʥʰʽ - 

ʚʽʜʜʘʣʝʥʦ. ʎʝ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʠʭ ʧʨʘʚʠʣ ʢʝʨʫʚʘʥʥʷ ʜʦʩʪʫʧʦʤ, ʦʥʦʚʣʝʥʴ 

ʽ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʋ ʛʽʙʨʠʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʦʜʥʽʻʶ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʜʘʯ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʬʝʜʝʨʘʮʽʾ ʦʙʣʽʢʦʚʠʭ 

ʟʘʧʠʩʽʚ (Azure AD, Okta, OneLogin), ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʻʜʠʥʠʡ ʚʭʽʜ (SSO) ʽ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʫ ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ (MFA) [7]. 

ʎʝ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢʠ ʢʦʤʧʨʦʤʝʪʘʮʽʾ ʦʙʣʽʢʦʚʠʭ ʜʘʥʠʭ ʽ ʧʽʜʚʠʱʠʪʠ 

ʟʨʫʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʂʨʽʤ ʪʦʛʦ, ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʢʝʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ - ʥʘʧʨʠʢʣʘʜ, ʘʚʪʦʤʘʪʠʯʥʦ ʙʣʦʢʫʚʘʪʠ ʜʦʩʪʫʧ ʧʨʠ ʟʚʽʣʴʥʝʥʥʽ 

ʧʨʘʮʽʚʥʠʢʘ. 

ɺ ʫʤʦʚʘʭ ʛʽʙʨʠʜʥʦʾ ʨʦʙʦʪʠ ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ ʥʝ ʤʘʶʪʴ ʧʦʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʜ 

ʫʩʽʤʘ ʧʨʠʩʪʨʦʷʤʠ. ʊʦʤʫ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʽ ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʽʜʩʪʝʞʫʶʪʴ ʘʢʪʠʚʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʽʚ, ʩʪʘʥ ʤʝʨʝʞʽ ʡ 

ʙʝʟʧʝʢʠ. 
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ɯʥʩʪʨʫʤʝʥʪʠ, ʪʘʢʽ ʷʢ Microsoft Endpoint Manager ʯʠ Google Admin Console, 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʜʘʥʽ ʧʨʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ, ʚʠʷʚʣʷʪʠ 

ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ [8]. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʘ ʡ 

ʚʽʜ ʨʽʚʥʷ ʧʽʜʛʦʪʦʚʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʽʜʧʨʠʻʤʩʪʚʘ ʚʧʨʦʚʘʜʞʫʶʪʴ ʧʦʣʽʪʠʢʫ 

çʮʠʬʨʦʚʦʾ ʛʨʘʤʦʪʥʦʩʪʽè - ʨʝʛʫʣʷʨʥʝ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʨʦʙʦʪʽ ʟ ʦʬʽʩʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʧʨʘʚʠʣʘʤ ʙʝʟʧʝʢʠ ʪʘ ʚʽʜʜʘʣʝʥʦʾ ʚʟʘʻʤʦʜʽʾ [9]. 

ɼʦʩʣʽʜʞʝʥʥʷ ISACA (2023 ʨ.) ʧʦʢʘʟʫʻ, ʱʦ ʢʦʤʧʘʥʽʾ, ʷʢʽ ʽʥʚʝʩʪʫʶʪʴ ʫ 

ʧʽʜʚʠʱʝʥʥʷ ʮʠʬʨʦʚʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ, ʟʤʝʥʰʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʽʥʮʠʜʝʥʪʽʚ 

ʙʝʟʧʝʢʠ ʥʘ 35 % [10]. ɼʣʷ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʟʘʭʠʩʪ ʷʢ ʣʦʢʘʣʴʥʠʭ, ʪʘʢ ʽ ʭʤʘʨʥʠʭ ʜʘʥʠʭ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʘ 

ʩʪʨʘʪʝʛʽʷ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ - ʣʦʢʘʣʴʥʽ ʢʦʧʽʾ ʥʘ ʩʝʨʚʝʨʘʭ ʽ ʚʽʜʜʘʣʝʥʽ ʫ 

ʭʤʘʨʥʠʭ ʩʭʦʚʠʱʘʭ (Azure Backup, Veeam, Google Vault). 

ʉʠʩʪʝʤʘ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʧʦʚʠʥʥʘ ʘʚʪʦʤʘʪʠʯʥʦ ʢʝʨʫʚʘʪʠ ʨʝʟʝʨʚʥʠʤʠ 

ʢʦʧʽʷʤʠ, ʧʝʨʝʚʽʨʷʪʠ ʾʭʥʶ ʮʽʣʽʩʥʽʩʪʴ ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʫ ʨʘʟʽ ʟʙʦʾʚ [11]. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ. ɺʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ 

ʨʦʟʚʠʪʢʫ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʙʣʝʤ ʽ ʦʧʪʠʤʽʟʘʮʽʶ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʨʦʮʝʩʽʚ. 

Predictive Monitoring ʜʦʟʚʦʣʷʻ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʝʨʚʝʨʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʮʝʥʟʽʡ ʽ ʤʦʞʣʠʚʽ 

ʧʦʤʠʣʢʠ ʩʠʩʪʝʤʠ. ʊʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʟʤʝʥʰʫʶʪʴ ʯʘʩ ʧʨʦʩʪʦʶ ʪʘ ʧʦʢʨʘʱʫʶʪʴ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʦʬʽʩʥʠʭ ʧʣʘʪʬʦʨʤ. 

ɸʥʘʣʽʪʠʢʘ ʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʘʢʪʠʚʥʦʩʪʽ (User Behavior Analytics) ʜʦʧʦʤʘʛʘʻ 

ʚʠʷʚʣʷʪʠ ʘʥʦʤʘʣʴʥʽ ʜʽʾ ï ʥʘʧʨʠʢʣʘʜ, ʥʝʭʘʨʘʢʪʝʨʥʽ ʚʭʦʜʠ ʟ ʽʥʰʠʭ ʢʨʘʾʥ ʘʙʦ 

ʧʽʜʦʟʨʽʣʫ ʘʢʪʠʚʥʽʩʪʴ ʫ ʥʽʯʥʠʡ ʯʘʩ [12]. ʎʝ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ. 

ɺʠʩʥʦʚʢʠ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʦʬʽʩʥʠʭ ʩʠʩʪʝʤ ʫ 

ʛʽʙʨʠʜʥʦʤʫ ʨʦʙʦʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʩʫʯʘʩʥʦʾ ɯʊ-ʩʪʨʘʪʝʛʽʾ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ʅʦʚʽ ʤʦʜʝʣʽ ʨʦʙʦʪʠ ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰ ʛʥʫʯʢʠʭ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʽ ʙʝʟʧʝʯʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʨʦʟʚʠʪʢʫ ʻ ʮʝʥʪʨʘʣʽʟʘʮʽʷ 

ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ, ʽʥʪʝʛʨʘʮʽʷ ʟ ʘʥʘʣʽʪʠʯʥʠʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʧʦʙʫʜʦʚʘ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʽʜʝʥʪʠʯʥʦʩʪʷʤʠ. ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʟʥʠʞʝʥʥʶ 

ʦʧʝʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʟʤʽʮʥʝʥʥʶ ʙʝʟʧʝʢʠ ʜʘʥʠʭ ʽ ʬʦʨʤʫʚʘʥʥʶ ʩʪʽʡʢʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʛʽʙʨʠʜʥʦʛʦ ʬʦʨʤʘʪʫ. 
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ʉ.ɼ. ʇʨʠʭʦʜʯʝʥʢʦ1, ʆ.ɸ. ɸʪʘʤʘʥʯʫʢ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɸʅɸʃɯɿ ɽʌɽʂʊʀɺʅʆʉʊɯ ʅɽʁʈʆʅʅʀʍ ʄʆɼɽʃɽʁ ɼʃʗ 

ɺʀɿʅɸʏɽʅʅʗ ɽʄʆʎɯʁ ʂʆʈʀʉʊʋɺɸʏɯɺ ʋ ʊɽʂʉʊɯ 

 
ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʦ ʧʽʜʭʦʜʠ ʜʦ ʘʚʪʦʤʘʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡ ʫ ʪʝʢʩʪʘʭ 

ʘʥʛʣʽʡʩʴʢʦʶ ʪʘ ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʢʪʫʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. ɹʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʪʘʩʝʪ ñEmotionò ʽʟ ʙʘʛʘʪʦʢʣʘʩʥʦʶ ʨʦʟʤʽʪʢʦʶ ʝʤʦʮʽʡ, ʷʢʠʡ ʙʫʣʦ 

ʧʝʨʝʢʣʘʜʝʥʦ ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ NLLB-200 ʚʽʜ Meta. ʇʦʙʫʜʦʚʘʥʦ ʪʘ 

ʧʦʨʽʚʥʷʥʦ ʢʽʣʴʢʘ ʤʦʜʝʣʝʡ: ʙʘʟʦʚʫ ʤʦʜʝʣʴ TF-IDF + Logistic Regression, ʢʣʘʩʠʯʥʫ ʨʝʢʫʨʝʥʪʥʫ 

BiLSTM ʪʘ ʟʛʦʨʪʢʦʚʫ CNN,  ʪʨʘʥʩʬʦʨʤʝʨʥʽ ʤʦʜʝʣʽ DistilBERT ʽ XLM-RoBERTa, ʘ ʪʘʢʦʞ 

ʛʽʙʨʠʜʥʫ ʘʨʭʽʪʝʢʪʫʨʫ XLM-RoBERTa + BiLSTM, ʷʢʘ ʧʦʻʜʥʫʻ ʢʦʥʪʝʢʩʪʥʽ ʦʟʥʘʢʠ ʪʨʘʥʩʬʦʨʤʝʨʘ 

ʟ ʨʝʢʫʨʝʥʪʥʠʤ ʘʥʘʣʽʟʦʤ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. ʆʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟʘ 

ʦʩʥʦʚʥʠʤʠ ʤʝʪʨʠʢʘʤʠ accuracy, precision, recall, macro F1-score. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʝʡʨʦʥʥʘ ʤʦʜʝʣʴ; ʛʽʙʨʠʜʥʘ ʤʦʜʝʣʴ; ʝʤʦʮʽʡʥʠʡ ʘʥʘʣʽʟ ʪʝʢʩʪʫ; 

ʙʘʛʘʪʦʤʦʚʥʽ ʤʦʜʝʣʽ; ʛʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ; XLM-RoBERTa; BiLSTM; DistilBERT; CNN; BiLSTM, 

ʢʨʦʩʤʦʚʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ; ʦʙʨʦʙʢʘ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ; explainable AI (XAI); LIME. 

 

ɺʩʪʫʧ. ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ 

ʩʪʨʽʤʢʠʤʠ ʪʝʤʧʘʤʠ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʟʘʤʽʥʷʶʯʠ ʩʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʨʠʥʦʩʷʯʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʢʦʥʮʝʧʪʽʚ. ɺ 

ʥʘʰ ʯʘʩ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ  ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʢʦʞʥʠʡ ʘʩʧʝʢʪ ʥʘʰʦʛʦ 

https://www.techsciresearch.com/news/20310-cloud-office-services-market.html?utm_source=chatgpt.com
https://www.techsciresearch.com/news/20310-cloud-office-services-market.html?utm_source=chatgpt.com
https://learn.microsoft.com/
https://cloud.google.com/security/zero-trust
https://learn.microsoft.com/
https://www.isaca.org/resources
https://www.veeam.com/
https://www.cisco.com/
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ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ ʜʦʧʦʤʘʛʘʶʯʠ ʷʢ ʩ ʧʨʦʩʪʠʤʠ ʪʘʢ ʽ ʟʽ ʩʢʣʘʜʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ. 

ɺʦʥʠ ʩʧʨʠʷʶʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʫʪʠʥʥʠʭ ʜʽʡ, 

ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʶ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ. 

ʆʢʨʽʤ ʮʴʦʛʦ, ʟʥʘʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʙʫʣʠ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʤʘʰʠʥʘʤ ʨʦʟʫʤʽʪʠ, ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʪʘ ʛʝʥʝʨʫʚʘʪʠ ʣʶʜʩʴʢʫ ʤʦʚʫ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʮʠʭ ʤʦʜʝʣʝʡ ʻ ʘʥʘʣʽʟ ʝʤʦʮʽʡ, ʪʘʢʠʡ ʘʥʘʣʽʟ ʤʘʻ 

ʰʠʨʦʢʝ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʚʽʜ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ ʽ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʦʮʽʘʣʴʥʠʭ 

ʤʝʨʝʞ, ʩʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʘʩʠʩʪʝʥʪʽʚ, ʯʘʪ ʙʦʪʽʚ, ʪʦʱʦ. 

ʉʫʯʘʩʥʽ ʥʝʡʨʦʥʥʽ ʤʦʜʝʣʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʫ ʟʘʜʘʯʘʭ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʝʤʦʮʽʡ ʦʩʢʽʣʴʢʠ ʟʜʘʪʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʥʪʝʢʩʪ, ʙʘʛʘʪʦʟʥʘʯʥʽʩʪʴ 

ʩʣʽʚ, ʪʘ ʩʢʣʘʜʥʽ ʤʦʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʨʦʪʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʝʡ ʤʦʞʝ ʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʽʜʭʦʜʫ, ʪʠʧʫ ʜʘʥʠʭ, ʪʘ ʩʧʝʮʠʬʽʢʠ ʤʦʚʠ. 

ʉʘʤʝ ʪʦʤʫ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʻ ʘʢʪʫʘʣʴʥʠʤ, ʮʝ ʜʦʟʚʦʣʠʪʴ ʧʦʨʽʚʥʷʪʠ ʾʭʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʚʠʷʚʠʪʠ 

ʩʠʣʴʥʽ ʪʘ ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ, ʘ ʪʘʢʦʞ ʦʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʝʤʦʮʽʡ ʚ ʫʢʨʘʾʥʩʴʢʦʤʦʚʥʠʭ ʘʙʦ ʙʘʛʘʪʦʤʦʚʥʠʭ 

ʪʝʢʩʪʽʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʩʬʦʨʤʦʚʘʥʽ 

ʽ ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

- ʇʽʜʛʦʪʫʚʘʪʠ ʙʘʛʘʪʦʤʦʚʥʠʡ ʢʦʨʧʫʩ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʘʥʛʣʦʤʦʚʥʦʛʦ ʜʘʪʘʩʝʪʫ 

- ʈʝʘʣʽʟʫʚʘʪʠ ʙʘʟʦʚʫ ʤʦʜʝʣʴ TF-IDF + Logistic Regression 

- ʅʘʚʯʠʪʠ ʪʘ ʧʨʦʪʝʩʪʫʚʘʪʠ ʥʝʡʨʦʥʥʽ ʤʦʜʝʣʽ 

- ʉʪʚʦʨʠʪʠ ʛʽʙʨʠʜʥʫ ʤʦʜʝʣʴ XLM-RoBERTa + BiLSTM 

- ʇʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʤʦʜʝʣʝʡ ʟʘ ʦʩʥʦʚʥʠʤʠ ʤʝʪʨʠʢʘʤʠ 

- ɿʜʽʡʩʥʠʪʠ ʘʥʘʣʽʟ ʤʦʜʝʣʝʡ ʪʘ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ  

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʅʝʡʨʦʥʥʘ ʤʦʜʝʣʴ ï ʮʝ ʤʘʪʝʤʘʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ, 

ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʘʥʘʣʦʛʽʻʶ ʜʦ ʙʽʦʣʦʛʽʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʤʦʟʢʫ ʣʶʜʠʥʠ, ʷʢʘ 

ʟʜʘʪʥʘ ʥʘʚʯʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʧʨʠʢʣʘʜʽʚ ʪʘ ʫʟʘʛʘʣʴʥʶʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʠʭ ʟʘʚʜʘʥʴ. ɿʘʣʝʞʥʦ ʚʽʜ ʘʨʭʽʪʝʢʪʫʨʠ, ʥʝʡʨʦʥʥʽ ʤʦʜʝʣʽ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʨʽʟʥʽ ʪʠʧʠ: ʧʦʚʥʦʟʚôʷʟʥʽ (Feedforward Neural Networks), 

ʨʝʢʫʨʝʥʪʥʽ (RNN, LSTM, GRU), ʢʦʥʚʦʣʶʮʽʡʥʽ (CNN) ʪʘ ʪʨʘʥʩʬʦʨʤʝʨʥʽ 

(Transformer-based). ɼʣʷ ʟʘʜʘʯ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ (NLP) ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤʠ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʤʦʜʝʣʽ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʘʨʭʽʪʝʢʪʫʨʽ ʪʨʘʥʩʬʦʨʤʝʨʘ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʜʘʪʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʥʪʝʢʩʪ ʫʩʽʭ ʩʣʽʚ ʫ ʨʝʯʝʥʥʽ ʦʜʥʦʯʘʩʥʦ, ʘ ʥʝ 

ʧʦʩʣʽʜʦʚʥʦ, ʷʢ ʮʝ ʨʦʙʣʷʪʴ ʽʥʰʽ ʤʦʜʝʣʽ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʚʽʜʢʨʠʪʠʡ ʜʘʪʘʩʝʪ ñEmotionò ʷʢʠʡ 

ʤʽʩʪʠʪʴ ʘʥʛʣʦʤʦʚʥʽ ʪʝʢʩʪʠ, ʨʦʟʤʽʯʝʥʽ ʟʘ ʰʽʩʪʴʤʘ ʦʩʥʦʚʥʠʤʠ ʝʤʦʮʽʷʤʠ, ʘ ʩʘʤʝ: 

joy, sadness, anger, fear, surprise, ʪʘ love. ɺ ʮʽʣʷʭ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʝʡ ʫ 

ʙʘʛʘʪʦʤʦʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʜʘʪʘʪʝʩʪ ʙʫʣʦ ʧʝʨʝʢʣʘʜʝʥʦ ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʜʢʨʠʪʦʾ ʤʦʜʝʣʽ NLLB-200 ʚʽʜ Meta AI. 
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ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʚʝʜʝʥʦ ʙʘʟʦʚʝ ʧʦʨʽʚʥʷʥʥʷ ʽʟ ʢʣʘʩʠʯʥʦʶ ʤʦʜʝʣʣʶ TF-

IDF + Logistic Regression, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʨʽʻʥʪʦʚʥʠʡ ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ.  

ʅʘʜʘʣʽ ʨʦʟʛʣʷʥʫʪʦ ʥʝʡʨʦʥʥʽ ʘʨʭʽʪʝʢʪʫʨʠ BiLSTM ʪʘ CNN, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽ ʢʦʥʪʝʢʩʪ ʩʣʽʚ.  

ʅʘ ʬʽʥʘʣʴʥʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʪʨʘʥʩʬʦʨʤʝʨʥʠʤʠ 

ʤʦʜʝʣʷʤʠ DistilBERT, XLM-RoBERTa ʪʘ ʾʭ ʛʽʙʨʠʜʥʠʤ ʧʦʻʜʥʘʥʥʷʤ ʽʟ BiLSTM. 

TF-IDF ï ʮʝ ʢʣʘʩʠʯʥʠʡ ʧʽʜʭʽʜ ʚʝʢʪʦʨʠʟʘʮʽʾ ʪʝʢʩʪʫ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʪʝʢʩʪ 

ʫ ʯʠʩʣʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʜʝ ʢʦʞʥʝ ʩʣʦʚʦ ʦʪʨʠʤʫʻ ʚʘʛʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʯʘʩʪʦʪʫ ʡʦʛʦ 

ʧʦʷʚʠ ʫ ʢʦʥʢʨʝʪʥʦʤʫ ʜʦʢʫʤʝʥʪʽ ʪʘ ʫ ʚʩʴʦʤʫ ʢʦʨʧʫʩʽ.  

Logistic Regression ï ʮʝ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʙʫʜʫʻ ʛʽʧʝʨʧʣʦʱʠʥʫ ʜʣʷ 

ʨʦʟʜʽʣʝʥʥʷ ʪʝʢʩʪʽʚ ʟʘ ʝʤʦʮʽʡʥʠʤʠ ʢʣʘʩʘʤʠ.  

BiLSTM (Bidirectional Long Short-Term Memory) ï ʮʝ ʨʽʟʥʦʚʠʜ ʨʝʢʫʨʝʥʪʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (RNN), ʟʜʘʪʥʠʡ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʧʦʩʣʽʜʦʚʥʠʤʠ ʜʘʥʠʤʠ, 

ʟʦʢʨʝʤʘ ʪʝʢʩʪʦʤ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʦʾ LSTM ʮʷ ʤʦʜʝʣʴ ʟʜʘʪʥʘ ʦʙʨʦʙʣʷʪʠ 

ʪʝʢʩʪ ʫ ʜʚʫʭ ʥʘʧʨʷʤʢʘʭ ʦʜʥʦʯʘʩʥʦ - ʚʽʜ ʧʦʯʘʪʢʫ ʜʦ ʢʽʥʮʷ ʽ ʥʘʚʧʘʢʠ. ɿʘʚʜʷʢʠ 

ʮʴʦʤʫ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʷʢ ʧʦʧʝʨʝʜʥʽʡ, ʪʘʢ ʽ ʥʘʩʪʫʧʥʠʡ ʢʦʥʪʝʢʩʪ ʩʣʦʚʘ ʫ ʨʝʯʝʥʥʽ. 

CNN ï ʮʝ ʟʛʦʨʪʢʦʚʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʷʢʘ ʨʦʟʛʣʷʜʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʦʢʝʥʽʚ 

ʷʢ ʤʘʪʨʠʮʶ ʦʟʥʘʢ ʽ ʟʘʩʪʦʩʦʚʫʻ ʬʽʣʴʪʨʠ (kernel) ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʰʘʙʣʦʥʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʩʣʦʚʦʩʧʦʣʫʯʝʥʴ ʘʙʦ ʛʨʘʤʘʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ. 

BERT (Bidirectional Encoder Representations from Transformers) ï ʮʝ 

ʥʝʡʨʦʤʝʨʝʞʝʚʘ ʤʦʜʝʣʴ-ʪʨʘʥʩʬʦʨʤʝʨ ʚʽʜ Google, ʥʘ ʷʢʽʡ ʩʴʦʛʦʜʥʽ ʙʫʜʫʻʪʴʩʷ 

ʙʽʣʴʰʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʚʪʦʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʤʦʚʠ. ɺERT ʟʜʘʪʥʘ ʜʦ 

ʜʚʦʥʘʧʨʘʚʣʝʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʥʪʝʢʩʪʫ ʪʘ ʚʨʘʭʦʚʫʻ ʷʢ ʧʦʧʝʨʝʜʥʽ, ʪʘʢ ʽ ʥʘʩʪʫʧʥʽ 

ʩʣʦʚʘ ʫ ʨʝʯʝʥʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʽ ʛʣʠʙʰʝ ʨʦʟʫʤʽʪʠ ʟʥʘʯʝʥʥʷ ʬʨʘʟ. 

DistilBERT ï ʮʝ ʩʧʨʦʱʝʥʘ (ʜʠʩʪʠʣʴʦʚʘʥʘ) ʚʝʨʩʽʷ BERT, ʷʢʘ ʟʙʝʨʽʛʘʻ 

ʧʨʠʙʣʠʟʥʦ 97% ʪʦʯʥʦʩʪʽ, ʘʣʝ ʧʦʪʨʝʙʫʻ ʥʘ 40% ʤʝʥʰʝ ʧʘʨʘʤʝʪʨʽʚ ʽ ʧʨʘʮʶʻ 

ʰʚʠʜʰʝ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʣʠʰʝ 6 ʰʘʨʽʚ ʟʘʤʽʩʪʴ 12, ʧʨʠ ʮʴʦʤʫ ʥʘʚʯʘʻʪʴʩʷ 

ʥʘʩʣʽʜʫʚʘʪʠ ñʚʯʠʪʝʣʷò ï ʧʦʚʥʫ ʤʦʜʝʣʴ BERT, ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ ʛʘʨʥʦʛʦ 

ʙʘʣʘʥʩʫ ʤʽʞ ʷʢʽʩʪʶ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ. 

RoBERTa ï ʧʝʨʝʧʽʜʛʦʪʦʚʣʝʥʠʡ BERT ʽʟ ʢʨʘʱʠʤ ʨʝʞʠʤʦʤ ʪʨʝʥʫʚʘʥʥʷ 

(ʙʽʣʴʰʝ ʜʘʥʠʭ, ʽʥʰʽ ʛʽʧʝʨʧʘʨʘʤʝʪʨʠ), ʟʘʟʚʠʯʘʡ ʧʝʨʝʚʝʨʰʫʻ ʦʨʠʛʽʥʘʣʴʥʠʡ BERT 

ʥʘ ʤʦʥʦʤʦʚʥʠʭ ʟʘʜʘʯʘʭ. 

XLM -RoBERTa ï ʙʘʛʘʪʦʤʦʚʥʘ ʤʦʜʝʣʴ, ʩʪʚʦʨʝʥʘ ʥʘ ʦʩʥʦʚʽ ʘʨʭʽʪʝʢʪʫʨʠ 

RoBERTa, ʷʢʘ ʧʽʜʪʨʠʤʫʻ ʧʦʥʘʜ 100 ʤʦʚ, ʚʢʣʶʯʥʦ ʟ ʫʢʨʘʾʥʩʴʢʦʶ.  

XLM -RoBERTa + BiLSTM ï ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʛʽʙʨʠʜʥʘ ʤʦʜʝʣʴ ʷʢʘ  ʧʦʻʜʥʫʻ 

ʩʠʣʴʥʽ ʩʪʦʨʦʥʠ ʤʦʜʝʣʝʡ XLM-RoBERTa ʪʘ BiLSTM. ʋ ʮʽʡ ʤʦʜʝʣʽ XLM-

RoBERTa ʚʠʩʪʫʧʘʻ ʷʢ ʝʤʙʝʜʝʨ ï ʚʦʥʘ ʧʝʨʝʪʚʦʨʶʻ ʢʦʞʥʝ ʩʣʦʚʦ ʥʘ ʢʦʥʪʝʢʩʪʥʠʡ 

ʚʝʢʪʦʨ. ɼʘʣʽ ʮʽ ʚʝʢʪʦʨʠ ʧʦʜʘʶʪʴʩʷ ʚ BiLSTM, ʷʢʘ ʚʨʘʭʦʚʫʻ ʧʦʨʷʜʦʢ ʩʣʽʚ ʽ ʯʘʩʦʚʽ 

ʟʘʣʝʞʥʦʩʪʽ ʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ɼʣʷ ʦʙôʻʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʠʭ ʩʪʘʥʽʚ ʫ ʪʝʢʩʪʽ 

ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʥʘʙʽʨ ʤʝʪʨʠʢ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʷʢ ʟʘʛʘʣʴʥʫ ʪʦʯʥʽʩʪʴ, ʪʘʢ 
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ʽ ʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʤʽʞ ʨʽʟʥʠʤʠ ʢʣʘʩʘʤʠ ʘ ʩʘʤʝ accuracy, precision, 

recall, macro F1-score. 

Accuracy ï ʮʝ ʙʘʟʦʚʘ ʤʝʪʨʠʢʘ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʚʽʜʩʦʪʦʢ ʧʨʘʚʠʣʴʥʦ 

ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʧʨʠʢʣʘʜʽʚ ʩʝʨʝʜ ʫʩʽʭ ʧʨʠʢʣʘʜʽʚ ʪʝʩʪʦʚʦʛʦ ʥʘʙʦʨʫ, 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (1): 

 

Accuracy 
Ὕὖ Ὕὔ

Ὕὖ Ὕὔ Ὂὖ Ὂὔ
 

(1) 

 

 

ʜʝ, TP (True Positive) ï ʧʨʘʚʠʣʴʥʦ ʧʝʨʝʜʙʘʯʝʥʽ ʧʦʟʠʪʠʚʥʽ ʢʣʘʩʠ; TN (True 

Negative) ï ʧʨʘʚʠʣʴʥʦ ʧʝʨʝʜʙʘʯʝʥʽ ʥʝʛʘʪʠʚʥʽ ʢʣʘʩʠ; FP, FN ï ʧʦʤʠʣʢʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ʆʢʨʽʤ ʩʝʨʝʜʥʽʭ ʤʝʪʨʠʢ, ʜʣʷ ʢʦʞʥʦʾ ʤʦʜʝʣʽ ʛʝʥʝʨʫʚʘʚʩʷ ʧʦʚʥʠʡ ʟʚʽʪ ʧʦ 

ʢʣʘʩʘʭ (ʜʠʚ. ʪʘʙ. 1), ʱʦ ʤʽʩʪʠʪʴ: 

¶ Precision, Recall, F1 ï score ʜʣʷ ʢʦʞʥʦʛʦ ʝʤʦʮʽʡʥʦʛʦ ʢʣʘʩʫ (0ï5); 

¶ Support ï ʢʽʣʴʢʽʩʪʴ ʧʨʠʢʣʘʜʽʚ ʧʝʚʥʦʛʦ ʢʣʘʩʫ; 

ʊʘʙʣʠʮʷ 1 

ɿʚʝʜʝʥʠʡ ʟʚʽʪ ʧʦ ʢʣʘʩʘʭ ʜʣʷ distilBERT, train EN test EN 

ʂʣʘʩ Precision Recall f1-score Support 

0 (sadness) 0.9760 0.9614 0.9686 466 

1 (joy) 0.9785 0.9347 0.9561 536 

2 (love) 0.8511 0.9231 0.8856 130 

3 (anger) 0.9000 0.9583 0.9283 216 

4 (fear) 0.8607 0.8918 0.8759 194 

5 (surprise) 0.7544 0.7414 0.7478 58 

 

Precision ï ʮʝ ʤʝʪʨʠʢʘ ʱʦ ʧʦʢʘʟʫʻ, ʷʢʫ ʯʘʩʪʢʫ ʧʝʨʝʜʙʘʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʝʚʥʦʛʦ ʢʣʘʩʫ ʤʦʜʝʣʴ ʢʣʘʩʠʬʽʢʫʚʘʣʘ ʧʨʘʚʠʣʴʥʦ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

(2): 

 

Precision 
Ὕὖ

Ὕὖ Ὂὖ
 

(2) 

 

 

Recall ï ʮʝ ʤʝʪʨʠʢʘ ʱʦ ʚʠʟʥʘʯʘʻ, ʷʢʫ ʯʘʩʪʢʫ ʨʝʘʣʴʥʠʭ ʧʦʟʠʪʠʚʥʠʭ 

ʧʨʠʢʣʘʜʽʚ ʤʦʜʝʣʴ ʟʤʦʛʣʘ ʟʥʘʡʪʠ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3): 
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Recall 
Ὕὖ

Ὕὖ Ὂὔ
 

(3) 

 

 

F1-score ï ʮʝ ʤʝʪʨʠʢʘ ʷʢʘ ʦʙôʻʜʥʫʻ ʪʦʯʥʽʩʪʴ ʪʘ ʧʦʚʥʦʪʫ ʚ ʦʜʥʫ ʤʝʪʨʠʢʫ, ʱʦ 

ʧʦʢʘʟʫʻ ʙʘʣʘʥʩ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

(4): 

 

Ὂρ ς
 Precision  Recall 

 Precision  Recall 
 

(4) 

 

 

Macro F1-score ï ʮʝ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ F1-ʟʥʘʯʝʥʥʷ, ʦʙʯʠʩʣʝʥʝ ʦʢʨʝʤʦ 

ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʠʢʣʘʜʽʚ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʬʦʨʤʫʣʦʶ (5): 

 

Ὂρmacro 
ρ

ὔ
ςײ
 precision  recall 

 precision  recall 
 

(5) 

 

 

ʜʝ, N - ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ. 

ɺʦʥʘ ʻ ʦʩʥʦʚʥʦʶ ʤʝʪʨʠʢʦʶ ʪʦʤʫ ʱʦ ʚʨʘʭʦʚʫʻ ʚʩʽ ʢʣʘʩʠ ʦʜʥʘʢʦʚʦ, ʥʘʚʽʪʴ 

ʧʨʠ ʜʠʩʙʘʣʘʥʩʽ ʫ ʜʘʪʘʩʝʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʧʨʘʚʝʜʣʠʚʦ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʤʦʜʝʣʝʡ ʥʘ ʨʽʜʢʽʩʥʠʭ ʝʤʦʮʽʷʭ ʪʘ ʝʤʦʮʽʷʭ, ʱʦ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʷʜʫ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʘʨʭʽʪʝʢʪʫʨ ï ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʜʦ 

ʩʫʯʘʩʥʠʭ ʪʨʘʥʩʬʦʨʤʝʨʽʚ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʥʘ ʘʥʛʣʦʤʦʚʥʠʭ ʽ ʫʢʨʘʾʥʦʤʦʚʥʠʭ ʪʝʩʪʦʚʠʭ ʥʘʙʦʨʘʭ  (ʜʠʚ. ʪʘʙ. 2) 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʨʠ ʪʠʧʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ: 

ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʘʥʛʣʽʡʩʴʢʽʡ ʤʦʚʽ, ʥʘʚʯʘʥʥʷ ʥʘ ʘʥʛʣʽʡʩʴʢʽʡ ʤʦʚʽ ʪʘ 

ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʫʢʨʘʾʥʩʴʢʽʡ ʽ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʫʢʨʘʾʥʩʴʢʽʡ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʠʚ ʦʮʽʥʠʪʠ ʷʢ ʪʦʯʥʽʩʪʴ, ʪʘʢ ʽ ʫʟʘʛʘʣʴʥʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʤʦʜʝʣʝʡ ʫ 

ʢʨʦʩʤʦʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʇʝʨʰʠʡ ʪʝʩʪ (EN-EN) ʜʝʤʦʥʩʪʨʫʻ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʤʦʜʝʣʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʧʨʘʮʶʻ ʚ ʤʝʞʘʭ ʪʽʻʾ ʩʘʤʦʾ ʤʦʚʠ, ʥʘ ʷʢʽʡ ʙʫʣʘ ʥʘʪʨʝʥʦʚʘʥʘ.  

ɿʘ Macro F1 ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ Hybrid (XLM-RoBERTa + 

BiLSTM) (0.9058), RoBERTa ʪʘ DistilBERT ï ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ~ 

0.89, ʧʨʦʪʝ ʯʘʩ ʪʨʝʥʫʚʘʥʥʷ ʚ ʤʦʜʝʣʽ DistilBERT ʚʠʷʚʠʚʩʷ ʚ ʜʚʘ ʨʘʟʠ ʰʚʠʜʰʝ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʧʨʦʱʝʥʥʦʾ ʤʦʜʝʣʽ. ʊʨʦʭʠ ʥʠʞʯʝ ï CNN (0.8768), 

ʧʦʤʽʪʥʦ ʛʽʨʰʝ BiLSTM (0.8041) ʽ TF-IDF+LR (0.6944). ʂʘʨʪʠʥʢʘ ʧʦ Accuracy 

ʘʥʘʣʦʛʽʯʥʘ (0.9381 ʫ Hybrid ʧʨʦʪʠ 0.9325 ʫ roBERTa/distilBERT). 

ʅʘ ʨʽʜʥʽʡ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʤʦʚʽ ʚʩʽ ʪʨʘʥʩʬʦʨʤʝʨʠ ʚʠʧʝʨʝʜʞʘʶʪʴ ʢʣʘʩʠʯʥʠʡ 

baseline ʽ ʯʠʩʪʽ ʨʝʢʫʨʝʥʪʥʽ/ʟʛʦʨʪʢʦʚʽ ʤʦʜʝʣʽ. 

ɼʨʫʛʠʡ ʪʝʩʪ (EN-UA) ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʦʩ-ʣʽʥʛʚʘʣʴʥʦʾ 

ʫʟʘʛʘʣʴʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ï ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʤʦʜʝʣʴ, ʥʘʚʯʝʥʘ ʥʘ ʦʜʥʦʤʫ 
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ʤʦʚʥʦʤʫ ʢʦʨʧʫʩʽ, ʟʜʘʪʥʘ ʧʝʨʝʥʦʩʠʪʠ ʟʥʘʥʥʷ ʥʘ ʽʥʰʫ ʤʦʚʫ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ 

ʜʦʥʘʚʯʘʥʥʷ.  

 

ʊʘʙʣʠʮʷ 2 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ 

Model Macro F1 Accuracy 

train EN 

test EN 

train EN 

test UA 

train UA 

test UA 

train EN 

test EN 

train EN 

test UA 

train UA 

test UA 

TF-IDF + 

LR 

0.6944 0.0857 0.4217 0.8056 0.3356 0.5981 

BiLSTM 0.8041 0.0411 0.3060 0.8669 0.1363 0.4644 

CNN 0.8768 0.0877 0.4271 0.9131 0.3356 0.5575 

distilBERT 0.8937 0.2071 0.7522 0.9325 0.3050 0.8019 

roBERTa 0.8952 0.5187 0.7764 0.9325 0.6119 0.8206 

Hybrid 0.9058 0.5562 0.7942 0.9381 0.6347 0.8331 

 

ʊʫʪ ʧʘʜʽʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ï ʦʯʽʢʫʚʘʥʝ ʽ ʨʽʟʢʝ ʜʣʷ ʥʝʤʫʣʴʪʠʤʦʚʥʠʭ 

ʤʝʪʦʜʽʚ: TF-IDF+LR (0.0857), BiLSTM (0.0411), CNN (0.0877), ʦʩʢʽʣʴʢʠ ʮʽ ʤʦʜʝʣʽ 

ʬʘʢʪʠʯʥʦ ʥʝ ʟʜʘʪʥʽ ʧʨʘʚʠʣʴʥʦ ʧʨʘʮʶʚʘʪʠ ʯʝʨʝʟ ʪʝ, ʱʦ ʚʝʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ ʽ 

ʩʣʦʚʥʠʢ ʙʫʣʠ ʥʘʪʨʝʥʦʚʘʥʽ ʥʘ ʽʥʰʽʡ ʤʦʚʽ. 

ʅʘʪʦʤʽʩʪʴ ʤʫʣʴʪʠʤʦʚʥʽ ʪʨʘʥʩʬʦʨʤʝʨʠ ʟʙʝʨʽʛʘʶʪʴ ʩʫʪʪʻʚʫ ʯʘʩʪʠʥʫ ʷʢʦʩʪʽ: 

Hybrid - 0.5562, roBERTa - 0.5187. DistilBERT - 0.2071 ʧʦʤʽʪʥʦ ʚʽʜʩʪʘʻ, ʪʦʤʫ ʱʦ 

ʘʥʛʣʦʤʦʚʥʠʡ ʚʘʨʽʘʥʪ ʽ ʛʽʨʰʝ ʧʝʨʝʥʦʩʠʪʴ ʟʥʘʥʥʷ ʥʘ ʫʢʨʘʾʥʩʴʢʫ.  

ɼʣʷ cross-lingual ʟʘʜʘʯ ʢʨʠʪʠʯʥʦ ʧʦʪʨʽʙʥʽ ʩʘʤʝ ʤʫʣʴʪʠʤʦʚʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

(XLM -RoBERTa). ʇʦʻʜʥʘʥʥʷ ʾʭ ʟ BiLSTM ʜʦʜʘʪʢʦʚʦ ʧʽʜʩʠʣʶʻ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʧʝʨʝʢʣʘʜʘʮʴʢʠʭ ʘʨʪʝʬʘʢʪʽʚ, ʘʣʝ ʧʨʠʨʽʩʪ ʧʦʤʽʨʥʠʡ ï ʦʪʞʝ ʛʦʣʦʚʥʘ ʨʦʙʦʪʘ 

ʧʝʨʝʥʦʩʫ ʨʦʙʠʪʴʩʷ ʩʘʤʝ ʙʘʛʘʪʦʤʦʚʥʠʤ ʪʨʘʥʩʬʦʨʤʝʨʦʤ. 

ʊʨʝʪʽʡ ʪʝʩʪ (UA-UA) ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ, ʷʢ ʤʦʜʝʣʽ ʧʦʚʦʜʷʪʴʩʷ ʥʘ ʧʦʚʥʽʩʪʶ 

ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʜʘʥʠʭ ʧʽʩʣʷ ʧʝʨʝʢʣʘʜʫ ʢʦʨʧʫʩʫ ʘʥʛʣʽʡʩʴʢʠʭ ʪʝʢʩʪʽʚ ʫʢʨʘʾʥʩʴʢʦʶ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ NLLB-200.  

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʧʦʚʥʦʮʽʥʥʦʛʦ ʫʢʨʘʾʥʦʤʦʚʥʦʛʦ ʢʦʨʧʫʩʫ ʤʫʣʴʪʠʤʦʚʥʽ 

ʤʦʜʝʣʽ ʧʽʜʥʽʤʘʶʪʴʩʷ ʤʘʡʞʝ ʜʦ ʨʽʚʥʷ ʘʥʛʣʽʡʩʴʢʦʛʦ ʩʮʝʥʘʨʽʶ: Hybrid - 0.7942, 

roBERTa - 0.7764, distilBERT - 0.7522. ʂʣʘʩʠʯʥʽ ʤʝʪʦʜʠ TF-IDF+LR (0.4217) ʽ 

CNN (0.4271) ʧʦʤʽʪʥʦ ʛʽʨʰʽ, a BiLSTM (0.3060) ʥʘʡʩʣʘʙʰʠʡ. Accuracy ʢʦʨʝʣʶʻ: 

0.8331 ʫ Hybrid, 0.8206 ʫ roBERTa ʪʘ 0.8019 ʫ distilBERT. 

ʇʝʨʝʢʣʘʜʝʥʠʡ ʢʦʨʧʫʩ ʜʦʟʚʦʣʷʻ ʟʘʢʨʠʪʠ ʤʦʚʥʠʡ ʨʦʟʨʠʚ. ɿ ʦʛʣʷʜʫ ʥʘ 

ʢʨʦʩʤʦʚʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʩʘʤʝ ʙʘʛʘʪʦʤʦʚʥʽʩʪʴ ʚʩʪʘʥʦʚʣʶʻ ʚʝʨʭʥʽʡ ʣʽʤʽʪ ʷʢʦʩʪʽ. 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʠ ʙʘʯʠʤʦ ʥʘʩʪʫʧʥʫ ʢʘʨʪʠʥʫ: 

ʅʘʡʢʨʘʱʘ ʟʘʛʘʣʴʥʘ ʤʦʜʝʣʴ ï Hybrid. ɺʦʥʘ ʣʽʜʠʨʫʻ ʫ ʜʚʦʭ ʟ ʪʨʴʦʭ ʩʮʝʥʘʨʽʾʚ 

(EN-EN ʽ UA-UA) ʪʘ ʧʦʢʘʟʫʻ ʥʘʡʚʠʱʫ ʩʪʽʡʢʽʩʪʴ ʫ EN-UA. ʈʽʟʥʠʮʷ ʟ roBERTa 

ʥʝʚʝʣʠʢʘ (å+0.01é+0.02 Macro F1), ʘʣʝ ʩʪʘʙʽʣʴʥʘ, ʪʦʙʪʦ BiLSTM ʜʦʜʘʻ 

çʧʽʜʯʠʩʪʢʫè ʧʦʩʣʽʜʦʚʥʽʩʥʠʭ ʧʘʪʝʨʥʽʚ ʧʦʚʝʨʭ ʢʦʥʪʝʢʩʪʥʠʭ ʝʤʙʝʜʽʥʛʽʚ. 

roBERTa ï ʥʘʡʢʨʘʱʘ çʯʠʩʪʘè ʘʨʭʽʪʝʢʪʫʨʘ. ɺʦʥʘ ʜʫʞʝ ʙʣʠʟʴʢʘ ʜʦ Hybrid ʽ 

ʧʦʤʽʪʥʦ ʦʙʭʦʜʠʪʴ distilBERT ʫ ʢʨʦʩ-ʤʦʚʽ, ʜʣʷ ʟʘʩʪʦʩʫʥʢʽʚ, ʜʝ ʚʘʞʣʠʚʽ ʧʨʦʩʪʦʪʘ ʽ 

ʤʝʥʰʘ ʩʢʣʘʜʥʽʩʪʴ, roBERTa - ʩʠʣʴʥʠʡ ʢʦʤʧʨʦʤʽʩ. 

distilBERT ï ʦʧʪʠʤʘʣʴʥʠʡ ʫ ʯʘʩʦʚʠʭ/ʨʝʩʫʨʩʥʠʭ ʦʙʤʝʞʝʥʥʷʭ. ʋ EN-EN ʚʽʥ 

ʜʫʞʝ ʩʠʣʴʥʠʡ (0.8937), ʘʣʝ ʧʝʨʝʥʦʩ ʥʘ UA ʙʝʟ ʜʦʥʘʚʯʘʥʥʷ ʩʫʪʪʻʚʦ ʩʣʘʙʰʠʡ 

(0.2071), ʱʦ ʦʙʤʝʞʫʻ ʡʦʛʦ ʜʣʷ ʙʘʛʘʪʦʤʦʚʥʠʭ ʨʽʰʝʥʴ. 

CNN/BiLSTM/TF-IDF+LR: ʫ ʤʦʥʦʣʽʥʛʚʘʣʴʥʦʤʫ EN ʚʦʥʠ ʧʦʩʪʫʧʘʶʪʴʩʷ 

ʪʨʘʥʩʬʦʨʤʝʨʘʤ; ʫ EN-UA ʨʽʟʢʦ ʜʝʛʨʘʜʫʶʪʴ ʯʝʨʝʟ ʩʣʦʚʥʠʢʦʚʦ-ʤʦʨʬʦʣʦʛʽʯʥʠʡ 

ʟʩʫʚ; ʫ UA-UA ʧʽʜʥʽʤʘʶʪʴʩʷ, ʘʣʝ ʣʠʰʘʶʪʴʩʷ ʥʠʞʯʝ ʤʫʣʴʪʠʤʦʚʥʠʭ 

ʪʨʘʥʩʬʦʨʤʝʨʽʚ. 

ɼʣʷ ʛʣʠʙʰʦʛʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʤʦʜʝʣʽ, ʷʢʘ ʧʦʢʘʟʘʣʘ ʥʘʡʢʨʘʱʠʡ 

ʨʝʟʫʣʴʪʘʪ, ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʨʧʨʝʪʦʚʘʥʦʩʪʽ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʧʽʜʭʦʜʠ 

ʧʦʷʩʥʶʚʘʥʦʛʦ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (XAI).  

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ XAI: 

Attention Visualization ï ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ, ʥʘ ʷʢʽ ʩʣʦʚʘ ʤʦʜʝʣʴ XLM-

RoBERTa + BiLSTM ʟʚʝʨʪʘʻ ʥʘʡʙʽʣʴʰʫ ʫʚʘʛʫ ʧʽʜ ʯʘʩ ʢʣʘʩʠʬʽʢʘʮʽʾ.  

LIME (Local Interpretable Model-agnostic Explanations) - ʘʥʘʣʽʟʫʻ ʚʥʝʩʦʢ 

ʦʢʨʝʤʠʭ ʩʣʽʚ ʫ ʧʨʦʛʥʦʟ ʤʦʜʝʣʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʢʣʘʜʫ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʦʮʽʥʠʪʠ 

ʣʦʢʘʣʴʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ (ʜʠʚ. ʨʠʩ. 1, 2). 

ɸʥʘʣʽʟ ʧʨʠʭʦʚʘʥʠʭ ʩʪʘʥʽʚ BiLSTM ï ʜʝʤʦʥʩʪʨʫʻ, ʷʢ ʜʚʦʥʘʧʨʘʚʣʝʥʽ 

ʨʝʢʫʨʝʥʪʥʽ ʰʘʨʠ ʨʝʘʛʫʶʪʴ ʥʘ ʨʽʟʥʽ ʯʘʩʪʠʥʠ ʪʝʢʩʪʫ, ʚʽʜʦʙʨʘʞʘʶʯʠ ʩʪʨʫʢʪʫʨʫ 

ʚʥʫʪʨʽʰʥʽʭ ʧʨʝʜʩʪʘʚʣʝʥʴ ʝʤʦʮʽʡʥʠʭ ʢʦʥʪʝʢʩʪʽʚ. 

ʄʦʜʝʣʴ ʢʣʘʩʠʬʽʢʫʚʘʣʘ ʮʝʡ ʧʨʠʢʣʘʜ ʷʢ ñʨʘʜʽʩʪʴò (joy) ʽʟ ʚʧʝʚʥʝʥʽʩʪʶ 0.97. 

LIME ʧʽʜʩʚʽʯʫʻ ʩʣʦʚʘ: 

¶ ʟʘʜʦʚʦʣʝʥʠʡ (0.50) ï ʛʦʣʦʚʥʠʡ ʧʨʝʜʠʢʪʦʨ ʧʦʟʠʪʠʚʥʦʾ ʝʤʦʮʽʾ; 

¶ ʜʫʞʝ (0.09) ï ʧʽʜʩʠʣʶʻ ʝʤʦʮʽʡʥʝ ʟʘʙʘʨʚʣʝʥʥʷ. 

ɯʥʰʽ ʩʣʦʚʘ (ʥʘʰʠʤ, ʨʽʰʝʥʥʷʤ, ʥʘʚʯʘʥʥʷ) ʤʘʣʠ ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ, ʱʦ 

ʜʝʤʦʥʩʪʨʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʫʚʘʛʠ ʤʦʜʝʣʽ ʩʘʤʝ ʥʘ ʝʤʦʮʽʡʥʦ ʥʘʩʠʯʝʥʠʭ ʝʣʝʤʝʥʪʘʭ 

ʨʝʯʝʥʥʷ. 

ʄʦʜʝʣʴ ʽʟ ʚʠʩʦʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ (0.99) ʢʣʘʩʠʬʽʢʫʚʘʣʘ ʮʝʡ ʪʝʢʩʪ ʷʢ ñsadò 

(ʩʫʤ). 

LIME ʚʠʜʽʣʷʻ ʢʣʶʯʦʚʽ ʩʣʦʚʘ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʥʫʣʠ ʥʘ ʢʣʘʩʠʬʽʢʘʮʽʶ: 

¶ disadvantaged (0.28) ï ʛʦʣʦʚʥʠʡ ʽʥʜʠʢʘʪʦʨ ʥʝʛʘʪʠʚʥʦʛʦ ʝʤʦʮʽʡʥʦʛʦ 

ʢʦʥʪʝʢʩʪʫ; 

¶ feel, so, and, kept, but ï ʩʣʦʚʘ, ʱʦ ʧʦʩʠʣʶʶʪʴ ʨʝʬʣʝʢʩʠʚʥʠʡ ʪʦʥ 

ʚʠʩʣʦʚʣʶʚʘʥʥʷ. 
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ʈʠʩ. 1. LIME ʜʣʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʪʝʢʩʪʫ 

 

 
ʈʠʩ. 2. LIME ʜʣʷ ʘʥʛʣʽʡʩʴʢʦʛʦ ʪʝʢʩʪʫ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʷʩʥʝʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʦʩʦʙʠʩʪʽʩʥʦʛʦ ʟʘʡʤʝʥʥʠʢʘ 

I feel ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʥʝʛʘʪʠʚʥʦʶ ʦʮʽʥʢʦʶ (disadvantaged) ʯʽʪʢʦ ʚʢʘʟʫʻ ʥʘ ʝʤʦʮʽʶ 

ʩʫʤʫ. 

LIME-ʧʦʷʩʥʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʤʦʜʝʣʴ ʥʝ ʣʠʰʝ ʧʨʘʚʠʣʴʥʦ 

ʢʣʘʩʠʬʽʢʫʻ ʝʤʦʮʽʾ, ʘ ʡ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʩʤʠʩʣʦʚʦ ʨʝʣʝʚʘʥʪʥʽ ʩʣʦʚʘ, ʘ ʥʝ ʚʠʧʘʜʢʦʚʽ 

ʪʦʢʝʥʠ. 

ʋ ʚʠʧʘʜʢʫ ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠ ʤʦʜʝʣʴ ʟʚʝʨʪʘʻ ʫʚʘʛʫ ʥʘ ʢʦʥʪʝʢʩʪ ʽ ʩʝʤʘʥʪʠʯʥʽ 

ʟʚôʷʟʢʠ ʤʽʞ ʩʣʦʚʘʤʠ (feel disadvantaged), ʘ ʚ ʫʢʨʘʾʥʩʴʢʽʡ ï ʥʘ ʤʦʨʬʦʣʦʛʽʯʥʦ 

ʚʠʨʘʞʝʥʽ ʝʤʦʮʽʡʥʽ ʧʨʠʢʤʝʪʥʠʢʠ (ʟʘʜʦʚʦʣʝʥʠʡ, ʜʫʞʝ). 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʢʦʤʧʣʝʢʩʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʧʦʨʽʚʥʷʥʥʷ 

ʨʽʟʥʠʭ ʘʨʭʽʪʝʢʪʫʨ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʫ ʟʘʜʘʯʽ ʝʤʦʮʽʡʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʢʩʪʫ ʟ 
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ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʦʩʤʦʚʥʦʛʦ ʘʩʧʝʢʪʫ. ʆʩʦʙʣʠʚʽʩʪʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʻʜʥʘʥʥʷ 

ʪʨʘʥʩʬʦʨʤʝʨʥʠʭ ʤʦʜʝʣʝʡ (DistilBERT, XLM-RoBERTa) ʟ ʢʣʘʩʠʯʥʠʤʠ 

ʨʝʢʫʨʝʥʪʥʠʤʠ (BiLSTM) ʪʘ ʟʛʦʨʪʢʦʚʠʤʠ (CNN) ʘʨʭʽʪʝʢʪʫʨʘʤʠ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ 

ʢʦʤʧʣʝʢʩʥʦ ʦʮʽʥʠʪʠ ʾʭ ʟʜʘʪʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʪʠ ʝʤʦʮʽʡʥʽ ʧʘʪʝʨʥʠ ʚ ʪʝʢʩʪʘʭ 

ʨʽʟʥʠʤʠ ʤʦʚʘʤʠ. ʂʨʦʩʤʦʚʥʘ ʦʮʽʥʢʘ (train EN ï test UA) ʜʦʟʚʦʣʠʣʘ ʚʠʟʥʘʯʠʪʠ 

ʚʧʣʠʚ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʢʣʘʜʫ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʩʝʤʘʥʪʠʯʥʠʭ ʪʘ ʝʤʦʮʽʡʥʠʭ ʦʟʥʘʢ 

ʪʝʢʩʪʫ, ʘ ʪʘʢʦʞ ʚʠʷʚʠʪʠ ʤʦʜʝʣʽ, ʟʜʘʪʥʽ ʥʘʡʢʨʘʱʝ ʫʟʘʛʘʣʴʥʶʚʘʪʠ ʟʥʘʥʥʷ ʤʽʞ 

ʤʦʚʥʠʤʠ ʧʨʦʩʪʦʨʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʙʦʪʘ ʨʦʙʠʪʴ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʧʽʜʭʦʜʽʚ 

ʜʦ ʝʤʦʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʽʚ ʫ ʙʘʛʘʪʦʤʦʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʩʧʨʠʷʻ 

ʬʦʨʤʫʚʘʥʥʶ ʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʽ ʧʦʷʩʥʶʚʘʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ NLP-ʟʘʚʜʘʥʴ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʝʡ 

ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭʥʴʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʤʦʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʚʯʘʣʴʥʠʭ ʽ ʪʝʩʪʦʚʠʭ ʚʠʙʽʨʦʢ. ʉʝʨʝʜ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʝʡ ʙʘʟʦʚʘ 

TF-IDF + Logistic Regression ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʥʘʡʥʠʞʯʽ ʨʝʟʫʣʴʪʘʪʠ (Macro F1 

= 0.694 ʧʨʠ train EN/test EN), ʱʦ ʦʯʽʢʫʚʘʥʦ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʛʣʠʙʠʥʥʽ ʢʦʥʪʝʢʩʪʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʩʣʦʚʘʤʠ. ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ BiLSTM ʪʘ CNN 

ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʦ ʢʨʘʱʫ ʫʟʘʛʘʣʴʥʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, ʦʜʥʘʢ ʧʦʩʪʫʧʠʣʠʩʷ 

ʪʨʘʥʩʬʦʨʤʝʨʥʠʤ ʤʦʜʝʣʷʤ ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʚ ʦʙʨʦʙʮʽ ʜʦʚʛʦʪʨʠʚʘʣʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ. ʄʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʪʨʘʥʩʬʦʨʤʝʨʽʚ (DistilBERT ʪʘ RoBERTa) 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ. ɻʽʙʨʠʜʥʘ ʤʦʜʝʣʴ (XLM-

RoBERTa + BiLSTM) ʧʦʢʘʟʘʣʘ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʩʝʨʝʜ ʫʩʽʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ - 

Macro F1 0.9058 ʜʣʷ ʘʥʛʣʦʤʦʚʥʦʛʦ ʢʦʨʧʫʩʫ ʪʘ 0.7942 ʜʣʷ ʫʢʨʘʾʥʦʤʦʚʥʦʛʦ. ʊʘʢʠʡ 

ʨʝʟʫʣʴʪʘʪ ʧʦʷʩʥʶʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷʤ ʩʠʣʴʥʠʭ ʩʪʦʨʽʥ ʦʙʦʭ ʘʨʭʽʪʝʢʪʫʨ: 

ʢʦʥʪʝʢʩʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʨʘʥʩʬʦʨʤʝʨʘ ʽ ʟʜʘʪʥʦʩʪʽ BiLSTM ʤʦʜʝʣʶʚʘʪʠ 

ʧʦʩʣʽʜʦʚʥʽ ʟʘʣʝʞʥʦʩʪʽ. ɿʘʛʘʣʦʤ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʪʨʘʥʩʬʦʨʤʝʨʥʽ 

ʤʦʜʝʣʽ, ʦʩʦʙʣʠʚʦ ʫ ʛʽʙʨʠʜʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʷʭ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʚʠʱʫ ʷʢʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡ ʫ ʪʝʢʩʪʽ. ɺʦʜʥʦʯʘʩ ʧʨʦʩʪʽʰʽ ʤʦʜʝʣʽ, ʷʢ TF-IDF + LR, ʤʦʞʫʪʴ 

ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʰʚʠʜʢʠʭ ʙʘʟʦʚʠʭ ʦʮʽʥʦʢ ʘʙʦ ʨʦʙʦʪʠ ʟ ʦʙʤʝʞʝʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ. 
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Abstract. The article examines the implementation of smart contracts as a modern tool for 

automating business processes based on blockchain technologies. The focus is placed on the technical 

foundations, operating principles, and specific features of ñintelligentò agreements within 

decentralized digital environments. The concept of a smart contract is detailed as a software module 

capable of independently executing contractual terms without intermediaries. A comparative analysis 

of the most common platforms and programming languages used for the creation of smart contracts 

is presented, outlining the key advantages of their application in the corporate sector. Special attention 

is devoted to the challenges of integrating blockchain solutions into Ukrainian business activities and 

to assessing their potential impact on management efficiency, transparency of financial operations, 

and trust between contracting parties. Based on theoretical generalization, it is concluded that smart 

contract technology has significant prospects for practical use in the digital transformation of the 

national economy, contributing to greater security, productivity, and competitiveness of enterprises. 

Keywords: smart contract, blockchain technology, digital transformation, process 

automation, decentralized system, software, digital economy. 

 

Introduction. Global digitalization trends are fundamentally reshaping the way 

economic activities are organized and transforming the structure of business relations. 

Enterprises across various industries are actively adopting innovative technologies 

aimed at enhancing productivity, improving decision-making speed, and reducing 

costs. Among these tools, distributed ledger technologies occupy a special place, as 

they ensure transparency, reliability, and autonomy of transactions without the need 

for third-party control. 

One of the most remarkable outcomes of this evolution is the smart contract - a 

programmed algorithm designed to automatically execute the terms of agreements 

within a decentralized blockchain network. Unlike traditional contracts that require 

supervision by lawyers or notaries, a smart contract performs obligations 

autonomously, relying on predetermined rules and cryptographic protection 

mechanisms. This reduces intermediaries, lowers transaction costs, and minimizes the 

risk of human error. The relevance of this research arises from the desire of Ukrainian 

enterprises to integrate into the global digital space and the need to develop technically 

and economically grounded mechanisms for optimizing business processes. In this 

context, studying the potential of smart contracts is not only scientifically significant 

but also practically necessary for building a modern management model [1]. 

Main Content. Distributed ledger technology (blockchain) is one of the most 

innovative architectural paradigms in modern computer science. This technology has 

demonstrated applications in various industries: financial systems, medical information 
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systems, legal platforms, and corporate applications. The key technical advantage is 

the ability to asynchronously exchange data with guaranteed integrity, which allows to 

minimize the latency of operations and optimize inter-component interaction in 

distributed systems. Blockchain is a specialized distributed data structure of the linked 

list type that operates in a peer-to-peer network of computer nodes. This architecture 

can be used to execute programmable transactions (smart contracts). The fundamental 

concept is based on the sequential linking of data blocks through cryptographic hash 

functions. Each block encapsulates a set of transactions or events. When a new block 

is formed, it contains a hash reference to the previous block, forming an immutable 

chain with the append-only property. 

In a broader context, it is a distributed data management system that combines 

cryptographic algorithms, consensus protocols, and P2P architecture. The technology 

offers an alternative data processing model based on decentralization, fault tolerance, 

and cryptographic immutability. The fundamental difference from centralized systems 

is the distributed nature of data and management logic. Instead of a client-server 

architecture, a P2P model is used, where each node maintains a full replication of the 

database and participates in transaction validation through consensus algorithms (Proof 

of Work, Proof of Stake, Byzantine Fault Tolerance). System fault tolerance is a 

derived property of decentralized architecture. Data is replicated across multiple nodes, 

providing high availability. Even if N nodes fail (where N < the total number of nodes), 

the system continues to function thanks to the consensus protocol and state 

synchronization mechanisms [2]. 

Integration of blockchain technology allows for the creation of cryptographically 

secure systems. Combination with machine learning systems allows for the 

implementation of intelligent analysis of large volumes of data and automated 

decision-making under conditions of uncertainty. Business process automation is a 

strategic direction of enterprise systems development. It is based on the application of 

algorithmic solutions for processing repetitive tasks: document parsing, report 

generation, inventory management. This allows optimizing the use of computing 

resources and increasing system throughput. 

The use of AI/ML and blockchain technologies allows for standardization of 

processes and reduction of the need for manual data processing. The real potential is 

revealed through smart contracts ï programmable modules running on a blockchain 

platform. In 1994, Nick Szabo proposed the concept of self-executing contracts ï 

programmable agreements that are automatically executed via an electronic 

decentralized ledger. However, the idea remained theoretical until 2008, when the 

advent of the Bitcoin blockchain created a practical infrastructure for implementation. 

Blockchain as a distributed ledger technology has opened up possibilities for deploying 

and executing programmable contracts. This has allowed us to move from concept to 

self-contained executable modules with guaranteed cryptographic security [3]. 
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Table 1. 

Technical advantages and limitations of blockchain systems 
Advantages Disadvantages 

Decentralized architecture without a single 

point of failure 

High computational complexity of consensus 

algorithms (O(nĮ) for BFT) 

Cryptographic data immutability through 

hash chains 

Limited throughput: 7-15 tps for Bitcoin, 15-30 tps 

for Ethereum 

Transparency through a public distributed 

ledger 

Potential data privacy issues on public blockchains 

Automation through smart contract 

execution 

Difficulty integrating with legacy systems through 

different protocols 

Ability to create dApps (decentralized 

applications) 

Lack of standardized APIs and legal frameworks 

Auditing through immutable transaction log Vulnerability to attacks on cryptographic primitives 

(quantum computers) 

Reduced transaction costs due to the absence 

of intermediaries 

The need for widespread adaptation to achieve 

network effects 

 

Table 2. 

Technical characteristics of smart contracts 

Advantages Disadvantages 
Automation through programmable logic 

without trusted third parties 

Vulnerability to logical errors and exploits in the 

code (reentrancy, overflow) 

Execution determinism and guaranteed 

correctness 

Limited error handling in case of unexpected 

system states 

Transparency and verifiability of the 

execution process 

Difficulty of integration with off-chain systems 

(Oracle problem) 

Event-driven architecture with automatic 

triggering 

High development cost due to the need for formal 

verification 

Cryptographic state immutability via 

blockchain 

Legal uncertainty regarding responsibility for 

implementation 

Low latency compared to traditional systems Privacy issues due to the publicity of transactions 

Automatic audit trail through event logging Limited scalability: gas limits and block size 

constraints 

 

Smart contracts are software modules (bytecode or interpreted scripts) that run 

on blockchain platform virtual machines (EVM for Ethereum, WASM for modern 

blockchains). They provide: 

¶ Determinism: the same input always produces the same result 

¶ Verifiability: execution can be verified by any node 

¶ Immutability: after deployment, the code cannot be changed 

¶ Trustlessness: execution is guaranteed by a consensus protocol 

Smart contracts reduce time-to-execution and transaction costs through 

automation. Execution is based on deterministic blockchain logic, which guarantees 

Byzantine fault tolerance and the absence of the possibility of external interference. 



 

 

 

 

152 

Financial systems: atomic execution of financial transactions (money transfers, 

dividend payments, settlements). DeFi protocols use the composability of smart 

contracts to create complex financial instruments. 

Logistics systems and Supply Chain: automation of cargo tracking and tracing, 

automatic settlements between counterparties. IoT integration allows you to create 

event-driven systems. Real Estate: atomic buy-sell transactions, asset tokenization, 

automation of escrow services. Insurance: parametric insurance with automatic 

payouts based on Oracle data. The applications are unlimited: from DeFi and NFTs to 

digital rights management systems and decentralized autonomous organizations 

(DAOs). 

Choosing a programming language for developing smart contracts is a strategic 

decision that determines the key characteristics of the final software product. This 

choice critically affects four main aspects of the system. First, it is performance, which 

includes gas efficiency and code execution speed. Gas optimization is especially 

important for Ethereum-based contracts, where each operation has a cost, and 

inefficient code can lead to prohibitively high transaction costs. Second, the security 

of the system depends on the languageôs resilience to vulnerabilities and the availability 

of formal verification capabilities. Some languages, such as Vyper, limit functionality 

specifically to increase security, excluding dangerous constructs such as recursion or 

infinite loops. Third, code maintainability is determined by the readability of the syntax 

and the availability of debugging tools, which is especially critical for the long-term 

evolution of the system. Fourth, the scalability of the architecture depends on the 

possibilities of contract composition and update patterns, which allow the system to 

adapt to new requirements without a complete redesign. 

The most illustrative example of the practical application of smart contracts is 

the implementation of an asset exchange protocol. Such a smart contract demonstrates 

the capabilities of the technology by encapsulating complex business logic in a single 

executable module. The contract includes an asset availability validation mechanism 

that checks for sufficient balances and ownership rights before initiating the exchange. 

A critically important component is the implementation of atomic swap operations that 

guarantee that the exchange occurs in full or does not occur at all, excluding the 

possibility of partial execution, which could lead to the loss of assets by one of the 

parties. The payment processing module automates settlements between participants, 

including the calculation of commissions and the distribution of funds. The dispute 

resolution system is implemented through multi-signature schemes, where a 

transaction requires confirmations from several independent parties, which provides an 

additional level of security and trust. All this complex business logic is compiled into 

low-level bytecode and executed on the blockchain virtual machine, ensuring 

determinism and verifiability of each operation. 
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Table 3. 

Comparison of programming languages for smart contracts 

Programming 

language 

Blockchain 

platform 
Advantages Disadvantages 

Solidity 
Ethereum 

(EVM) 

Å a broad ecosystem of libraries 

and frameworks;<br>Å a large 

developer community and 

documentation 

Å specific features of EVM 

(gas optimization, storage 

patterns) 

Vyper 
Ethereum 

(EVM) 

Å security due to functionality 

limitations (no recursion, no 

infinite loops) 

Å limited expressiveness 

compared to Solidity;<br>Å 

smaller tooling ecosystem 

Michelson Tezos 

Å formal verification 

capabilities;<br>Å stack-based 

architecture for security 

Å low level of 

abstraction;<br>Å steep 

learning curve 

Chaincode (Go) 
Hyperledger 

Fabric 

Å use of a general-purpose 

language;<br>Å mature Go 

ecosystem 

Å the need to understand 

Fabric-specific concepts 

(endorsement policies) 

Cadence Flow 

Å resource-oriented 

programming model;<br>Å 

built-in security through the 

type system 

Å low adoption due to 

platform specificity;<br>Å 

limited documentation 

 

Smart contracts are software modules with clearly defined programmable logic 

and specific entry points, which are public functions. These functions form the external 

API of the contract, through which interaction with other contracts and external users 

is carried out. The activation conditions of smart contracts are diverse and flexible, 

which allows the implementation of complex automation scenarios. Time-based 

triggers ensure the execution of operations at a given point in time, using the blockchain 

timestamp as a reliable source of time, which is important for implementing deferred 

payments, token vesting, or automatic auction closing. Event-based triggers respond to 

blockchain events or callbacks from oracle services that provide external data to the 

blockchain, allowing contracts to respond to real-world events such as price changes, 

weather conditions, or sports scores. State-based triggers fire when a system reaches a 

certain state, such as when the balance reaches a critical level or when complex 

conditions with multiple state variables are met. Multi-signature triggers ensure 

execution only after receiving N confirmations from authorized addresses, which 

implements a distributed governance model and additional security for critical 

operations. 

Smart contracts support a wide range of operations that shape their functionality. 

An asset transfer operation moves tokens or native cryptocurrency from one address to 

another via a low-level CALL opcode, which ensures atomicity of the operation at the 

virtual machine level. State preservation is implemented by writing data to a persistent 

blockchain storage, which is organized as a key-value store with an extremely high 

write cost, which incentivizes developers to optimize data structures and minimize 
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storage operations. Inter-contract interaction allows one contract to call the functions 

of another, creating composability - the ability to combine 

Conclusions. A smart contract is a self-executing protocol that operates on a 

blockchain infrastructure and is based on programmable logic. It defines state transition 

rules and automatically ensures their execution through a consensus mechanism. After 

deployment, the contract becomes an autonomous module with guaranteed 

cryptographic security. 

The implementation of smart contracts opens up opportunities for creating 

trustless systems that optimize interaction without centralized intermediaries. Use in 

an enterprise environment allows you to automate payment processing, quality control, 

logistics management, contract registry, ensuring high availability, transparency and 

security while minimizing operational overhead. 
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ʋɼʂ 004.8: 005.8 

 

ɺ.ɺ. ʉʧʽʨʽʥʮʝʚ1, ɹ.ʆ. ʊʝʨʥʦʚʝʮʴʢʠʡ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʆʇʊʀʄɯɿɸʎɯʗ ʇʈʆʎɽʉʋ ʇʆʉʊɸʅʆɺʂʀ ʊɸ ʋʇʈɸɺʃɯʅʅʗ 

ɿɸɺɼɸʅʅʗʄʀ ɺ ɯʊ-ʂʆʄʇɸʅɯɰ ɿɸʉʆɹɸʄʀ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ 

 
ɸʥʪʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʢʣʶʯʦʚʽ ʘʩʧʝʢʪʠ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʽʚ ʧʦʩʪʘʥʦʚʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟʘʚʜʘʥʥʷʤʠ ʚ ɯʊ-ʢʦʤʧʘʥʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʧʨʦʮʝʩʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʠʧʦʚʽ ʚʫʟʴʢʽ 

ʤʽʩʮʷ ʥʘ ʝʪʘʧʽ ʧʝʨʝʭʦʜʫ ʚʽʜ ʙʽʟʥʝʩ-ʚʠʤʦʛ ʜʦ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ: ʨʦʟʧʦʨʦʰʝʥʽʩʪʴ ʘʨʪʝʬʘʢʪʽʚ 

(Confluence/Figma/Jira), ʨʫʯʥʝ ʜʫʙʣʶʚʘʥʥʷ ʦʧʠʩʽʚ, ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʬʦʨʤʘʪʽʚ, ʧʦʤʠʣʢʠ 

ʘʪʨʠʙʫʮʽʾ (ʧʨʦʻʢʪ, ʢʦʤʧʦʥʝʥʪʠ, ʚʠʢʦʥʘʚʝʮʴ, ʧʨʽʦʨʠʪʝʪ), ʚʪʨʘʪʘ ʢʦʥʪʝʢʩʪʫ ʧʨʠ ʧʝʨʝʜʘʯʽ ʤʽʞ 

ʨʦʣʷʤʠ (ʙʽʟʥʝʩ ʘʥʘʣʽʪʠʢ (BA) Ÿ ʜʠʟʘʡʥʝʨ Ÿ ʨʦʟʨʦʙʥʠʢʠ). ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʨʭʽʪʝʢʪʫʨʫ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʚʢʣʶʯʘʻ ʤʦʜʫʣʴ NLP (Natural Language Processing) ʜʣʷ 

ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʤʦʛ ʽ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʟʘʜʘʯ, ʦʨʢʝʩʪʨʘʪʦʨ n8n ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʝʧʽʢʽʚ/ʩʪʦʨʽ/ʧʽʜʟʘʜʘʯ ʫ Jira ʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʟ Confluence, ʘ ʪʘʢʦʞ 

ʢʦʥʪʫʨ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʛʦʜʞʝʥʥʷ UI ʯʝʨʝʟ Figma Make. ʉʬʦʨʤʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ (ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ ʟʘʜʘʯ, ʧʦʚʥʦʪʘ AC/DoD (Acceptance Criteria/ Definition of Done), 

ʪʦʯʥʽʩʪʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʢʦʥʘʚʮʷʤ, ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʧʦʛʦʜʞʝʥʴ). ʆʯʽʢʫʚʘʥʠʡ ʝʬʝʢʪ: 

ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʦʩʪʘʥʦʚʢʠ ʥʘ 30ï50%, ʟʨʦʩʪʘʥʥʷ ʧʦʚʥʦʪʠ ʦʧʠʩʽʚ ʥʘ 20ï35%, ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʪʨʘʩʦʚʘʥʦʩʪʽ ʟʤʽʥ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  h ʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, NLP, ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ, ʫʧʨʘʚʣʽʥʥʷ ʟʘʚʜʘʥʥʷʤʠ, 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ, n8n, Jira, Confluence, Figma Make. 

 

ɺʩʪʫʧ. ʋ ʧʨʘʢʪʠʮʽ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʠʪʠʯʥʦʶ ʻ 

ʰʚʠʜʢʽʩʪʴ ʽ ʷʢʽʩʪʴ ʪʨʘʥʩʣʷʮʽʾ ʙʽʟʥʝʩ-ʚʠʤʦʛ ʫ ʪʝʭʥʽʯʥʽ ʟʘʜʘʯʽ. ʇʝʨʝʚʘʞʥʦ ʮʝʡ ʝʪʘʧ 

ʚʠʢʦʥʫʻʪʴʩʷ ʚʨʫʯʥʫ ʪʘ ʚʢʣʶʯʘʻ ʯʠʩʣʝʥʥʽ ʽʪʝʨʘʮʽʾ ʤʽʞ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʦʤ, 

ʜʠʟʘʡʥʝʨʦʤ ʽ ʢʦʤʘʥʜʦʶ ʨʦʟʨʦʙʢʠ [1-3]. ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʶʪʴ ʟʘʪʨʠʤʢʠ, ʧʦʤʠʣʢʠ 

ʚ ʘʪʨʠʙʫʪʘʭ ʟʘʜʘʯ, ʬʨʘʛʤʝʥʪʘʮʽʷ ʟʥʘʥʴ ʽ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʦʧʠʩʽʚ, ʱʦ 

ʟʥʠʞʫʻ ʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʟʙʽʣʴʰʫʻ ʦʧʝʨʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. ʅʘʷʚʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʻʢʪʘʤʠ (Jira, ʪʦʱʦ) ʽ ʜʦʢʫʤʝʥʪʘʮʽʻʶ (Confluence) 

ʜʦʟʚʦʣʷʶʪʴ ʩʪʘʥʜʘʨʪʠʟʫʚʘʪʠ ʘʨʪʝʬʘʢʪʠ, ʘʣʝ ʙʝʟ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʪʝʢʩʪʽʚ 

ʚʠʤʦʛ ʪʘ ʦʨʢʝʩʪʨʘʮʽʾ ʽʥʪʝʛʨʘʮʽʡ ʚʦʥʠ ʥʝ ʫʩʫʚʘʶʪʴ ʢʦʨʝʥʝʚʠʭ ʧʨʠʯʠʥ ʚʪʨʘʪ. 

ʉʫʯʘʩʥʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ NLP ʽ ʽʥʪʝʛʨʘʮʽʡʥʠʭ ʧʣʘʪʬʦʨʤ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʠʩʪʝʤʥʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ: ʚʽʜ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫ ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʚʜʘʥʥʷ (ʊɿ) ʽ ʧʨʦʪʦʪʠʧʽʚ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʥʦʛʦ ʥʘʙʦʨʫ ʟʘʜʘʯ ʽʟ ʢʦʨʝʢʪʥʠʤʠ 

ʟʚôʷʟʢʘʤʠ, ʘʪʨʠʙʫʪʘʤʠ ʽ ʢʨʠʪʝʨʽʷʤʠ ʧʨʠʡʤʘʥʥʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʘ ʨʦʙʦʪʠ ï ʨʦʟʨʦʙʠʪʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʦʩʪʘʥʦʚʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʚʜʘʥʥʷʤʠ ʚ ɯʊ-ʢʦʤʧʘʥʽʾ ʰʣʷʭʦʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʘʥʘʣʽʟʫ ʚʠʤʦʛ, ʛʝʥʝʨʘʮʽʾ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʟʘʜʘʯ ʽ ʾʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʢʦʥʘʚʮʷʤ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʽʥʪʝʛʨʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ. 
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ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ: 

 ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʧʦʪʦʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʽ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 
ʚʫʟʴʢʽ ʤʽʩʮʷ; 

 ʩʧʨʦʻʢʪʫʚʘʪʠ ʮʽʣʴʦʚʫ ʘʨʭʽʪʝʢʪʫʨʫ ʨʽʰʝʥʥʷ (NLP-ʤʦʜʫʣʴ + n8n-

ʦʨʢʝʩʪʨʘʮʽʷ [4] + ʽʥʪʝʛʨʘʮʽʾ Jira [5]/Confluence/Figma Make [6]); 

 ʨʦʟʨʦʙʠʪʠ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʰʘʙʣʦʥ ʟʘʜʘʯ (Summary, Description ʟ 

Context/Scope/UI/API/AC/DoD, ʘʪʨʠʙʫʪʠ, ʧʦʩʠʣʘʥʥʷ); 

 ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʦʪʦʪʠʧ: ʧʘʨʩʠʥʛ ʚʠʤʦʛ, ʚʠʪʷʛ ʩʫʪʥʦʩʪʝʡ, ʢʣʘʩʠʬʽʢʘʮʽʷ 
ʟʘʜʘʯ, ʛʝʥʝʨʘʮʽʷ ʦʧʠʩʽʚ, ʩʪʚʦʨʝʥʥʷ ʦʙôʻʢʪʽʚ ʫ Jira, ʧʫʙʣʽʢʘʮʽʷ ʟʚʝʜʝʥʦʾ ʪʘʙʣʠʮʽ ʚ 

Confluence; 

 ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʦʜʠʢʫ ʦʮʽʥʶʚʘʥʥʷ (TPT (time-to-prepare tasks), AC 

completeness, routing accuracy, iteration count) ʽ ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ; 

 ʫʟʘʛʘʣʴʥʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʩʬʦʨʤʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʫʧʨʦʚʘʜʞʝʥʥʷ ʽ 
ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʦʨʛʘʥʽʟʘʮʽʾ, ʧʦʩʪʘʥʦʚʢʠ ʪʘ ʩʫʧʨʦʚʦʜʫ ʟʘʚʜʘʥʴ 

ʫ ʧʨʦʻʢʪʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ɯʊ-ʢʦʤʧʘʥʽʾ. ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʡ ʧʨʦʛʨʘʤʥʽ 

ʟʘʩʦʙʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʪʝʢʩʪʦʚʠʭ ʚʠʤʦʛ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʛʝʥʝʨʘʮʽʾ/ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʜʘʯ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɺ ʨʦʙʦʪʽ ʟʜʽʡʩʥʝʥʦ ʦʛʣʷʜ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʣʘʥʜʰʘʬʪʫ: Jira ʷʢ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʙʝʢʣʦʛʦʤ, Confluence ʷʢ ʩʭʦʚʠʱʝ ʚʠʤʦʛ ʽ 

ʘʨʪʝʬʘʢʪʽʚ, Figma Make ʜʣʷ ʰʚʠʜʢʦʛʦ ʧʦʛʦʜʞʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ, n8n ʷʢ 

ʦʨʢʝʩʪʨʘʪʦʨ ʧʨʦʮʝʩʽʚ ʽ ʽʥʪʝʛʨʘʮʽʡ.  

ʅʘ ʨʠʩ.1 ʥʘʚʝʜʝʥʦ ʪʠʧʦʚʫ ʩʭʝʤʫ çAs-Isè [7]: BA ʬʦʨʤʫʻ ʊɿ ʫ Confluence, 

ʥʘ ʟʫʩʪʨʽʯʘʭ ʽʟ ʜʠʟʘʡʥʝʨʦʤ ʫʪʦʯʥʶʻ ʤʘʢʝʪʠ, ʜʘʣʽ ʚʨʫʯʥʫ ʩʪʚʦʨʶʻ ʚ Jira 

ʝʧʽʢ/ʩʪʦʨʽ/ʧʽʜʟʘʜʘʯʽ, ʢʦʧʽʶʻ ʯʘʩʪʠʥʠ ʦʧʠʩʽʚ, ʜʦʜʘʻ ʧʦʩʠʣʘʥʥʷ ʽ ʧʨʠʟʥʘʯʘʻ 

ʚʠʢʦʥʘʚʮʽʚ. ɺʠʷʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʥʝʜʦʣʽʢʠ ʟʘʟʥʘʯʝʥʦʛʦ ʧʽʜʭʦʜʫ: ʫ ʧʨʦʮʝʩʽ 

ʚʠʥʠʢʘʶʪʴ ʜʫʙʣʶʚʘʥʥʷ, ʥʝʩʪʘʣʽʩʪʴ ʬʦʨʤʘʪʽʚ, ʚʠʧʘʜʢʦʚʽ ʧʨʦʧʫʩʢʠ AC/DoD ʽ 

ʧʦʤʠʣʢʠ ʚ ʘʪʨʠʙʫʪʘʭ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʘʨʭʽʪʝʢʪʫʨʘ çTo-Beè (ʨʠʩ. 2) ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʯʦʪʠʨʴʦʭ ʰʘʨʽʚ [8-10].  

1. ɼʞʝʨʝʣʘ: ʩʪʦʨʽʥʢʠ Confluence (ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʨʦʟʜʽʣʠ ʚʠʤʦʛ), 

ʧʨʦʪʦʪʠʧʠ Figma Make (ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ ʬʨʝʡʤʽʚ/ʚʝʨʩʽʡ), ʜʦʜʘʪʢʦʚʽ ʘʨʪʝʬʘʢʪʠ 

(ʛʣʦʩʘʨʽʾ, ʜʦʤʝʥʥʽ ʩʣʦʚʥʠʢʠ).  

2. ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʰʘʨ (NLP): ʧʘʨʩʝʨ ï ʫʥʽʬʽʢʫʻ ʚʭʽʜ ʜʦ 

markdown/JSON; ʤʦʜʫʣʴ ʚʠʪʷʛʫ ʩʫʪʥʦʩʪʝʡ ʽ ʟʚôʷʟʢʽʚ ï ʚʠʟʥʘʯʘʻ ʨʦʣʽ, ʤʦʜʫʣʽ, 

ʢʦʤʧʦʥʝʥʪʠ, ʧʣʘʪʬʦʨʤʠ, ʟʘʣʝʞʥʦʩʪʽ; ʢʣʘʩʠʬʽʢʘʪʦʨ ï ʨʦʟʢʣʘʜʘʻ ʝʣʝʤʝʥʪʠ ʥʘ ʪʠʧʠ 

(feature/bug/chore/research), ʚʠʜʽʣʷʻ ʝʧʽʢʠ ʡ ʩʪʦʨʽ; ʛʝʥʝʨʘʪʦʨ ï ʬʦʨʤʫʻ 

çDescriptionè ʽʟ ʩʝʢʮʽʷʤʠ Context/Scope/UI (ʧʦʩʠʣʘʥʥʷ ʥʘ ʢʦʥʢʨʝʪʥʽ ʬʨʝʡʤʠ)/API 

(ʢʦʥʪʨʘʢʪʠ, ʝʥʜʧʦʾʥʪʠ)/AC ʫ ʬʦʨʤʘʪʽ Given-When-Then/DoD (ʪʝʩʪʠ, ʣʦʢʘʣʽʟʘʮʽʷ, 

ʧʝʨʬʦʨʤʘʥʩ, ʙʝʟʧʝʢʘ). 

3. ʆʨʢʝʩʪʨʘʮʽʷ (n8n): ʪʨʠʛʝʨʠ (ʦʥʦʚʣʝʥʥʷ ʩʪʦʨʽʥʢʠ ʚ Confluence, 

ʧʦʟʥʘʯʢʘ BA çʛʦʪʦʚʦ ʜʦ ʧʦʩʪʘʥʦʚʢʠè, ʟʤʽʥʘ ʚʝʨʩʽʾ ʧʨʦʪʦʪʠʧʫ), ʤʘʨʰʨʫʪʠʟʘʮʽʷ 
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(ʤʘʧʽʥʛ ʪʝʛʽʚ ʽ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ Jira-ʧʨʦʻʢʪʠ ʽ ʢʦʤʘʥʜʠ), ʩʪʚʦʨʝʥʥʷ 

ʝʧʽʢʽʚ/ʩʪʦʨʽ/ʧʽʜʟʘʜʘʯ ʯʝʨʝʟ Jira REST API ʽʟ ʢʦʨʝʢʪʥʠʤʠ ʘʪʨʠʙʫʪʘʤʠ ʪʘ ʟʚôʷʟʢʘʤʠ, 

ʧʫʙʣʽʢʘʮʽʷ ʟʛʝʥʝʨʦʚʘʥʦʾ ʤʘʪʨʠʮʽ ʟʘʜʘʯ ʫ Confluence, ʣʦʛʫʚʘʥʥʷ/ʘʫʜʠʪ.  

4. ʉʠʩʪʝʤʠ ʧʨʠʟʥʘʯʝʥʥʷ: Jira ʩʪʘʻ ʻʜʠʥʠʤ ʜʞʝʨʝʣʦʤ ʧʨʘʚʜʠ ʱʦʜʦ 

ʙʝʢʣʦʛʫ; Confluence ʤʽʩʪʠʪʴ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʽʥʜʝʢʩʫʻ ʪʘʙʣʠʮʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

çʚʠʤʦʛʘ Ÿ ʟʘʜʘʯʽ Ÿ ʧʦʩʠʣʘʥʥʷ ʥʘ ʤʘʢʝʪʠ/ʝʥʜʧʦʾʥʪʠè. 

 

 
ʈʠʩ. 1. Activity Diagram ï ñAs-Isò (ʨʫʯʥʘ ʧʦʩʪʘʥʦʚʢʘ) 
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ʈʠʩ. 2. ʎʽʣʴʦʚʠʡ ʧʨʦʮʝʩ (To-Be): ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟ AI + n8n 

 

ɺ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʰʘʙʣʦʥ ʟʘʜʘʯ: 

 Summary ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʦʤʝʥʥʠʡ ʧʨʝʬʽʢʩ ʽ ʢʦʨʦʪʢʠʡ ʜʝʩʢʨʠʧʪʦʨ 
(ʥʘʧʨ., INV-PDF: ɼʦʜʘʪʠ QR ʫ PDF-ʽʥʚʦʡʩ).  

 Description ʤʘʻ ʩʪʘʣʫ ʩʪʨʫʢʪʫʨʫ: Context (ʙʽʟʥʝʩ-ʬʦʥ), Scope/Out of 

Scope, UI/UX (ʬʨʝʡʤʠ, ʚʘʨʽʘʥʪʠ ʩʪʘʥʽʚ), API/BE (ʢʦʥʪʨʘʢʪʠ, ʟʤʽʥʠ ʩʭʝʤ), 

Acceptance Criteria (Given/When/Then), Definition of Done (ʧʦʢʨʠʪʪʷ ʪʝʩʪʘʤʠ, 

ʣʦʢʘʣʽʟʘʮʽʷ, ʣʽʥʪ/ʧʝʨʬ, ʙʝʟʧʝʢʘ).  

 Attributes: ʧʨʦʝʢʪ, ʢʦʤʧʦʥʝʥʪ, ʝʧʽʢ, ʧʨʽʦʨʠʪʝʪ, ʚʠʢʦʥʘʚʝʮʴ/ʢʦʤʘʥʜʘ, 
ʟʘʣʝʞʥʦʩʪʽ, ʤʽʪʢʠ, ʩʝʨʝʜʦʚʠʱʝ.  

 Links: Confluence-ʩʪʦʨʽʥʢʠ, Figma-ʬʨʝʡʤʠ, ʧʦʚôʷʟʘʥʽ Jira-ʟʘʜʘʯʽ.  

 NLP-ʤʦʜʫʣʴ ʟʘʧʦʚʥʶʻ ʰʘʙʣʦʥ ʘʚʪʦʤʘʪʠʯʥʦ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʫʯʥʦʛʦ 

ʨʝʜʘʛʫʚʘʥʥʷ BA ʧʝʨʝʜ ʧʫʙʣʽʢʘʮʽʻʶ. 

ʊʘʢʦʞ ʚ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ. 

ʌʦʨʤʫʻʪʴʩʷ ʥʘʙʽʨ ʽʟ 10ï15 ʬʽʯ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. ɼʣʷ ʢʦʞʥʦʾ ʬʽʯʽ ʚʠʢʦʥʫʶʪʴʩʷ 
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ʜʚʽ ʧʦʩʪʘʥʦʚʢʠ: ʢʦʥʪʨʦʣʴʥʘ (ʨʫʯʥʘ) ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ (ʯʝʨʝʟ ʩʠʩʪʝʤʫ). 

ɺʠʤʽʨʶʶʪʴʩʷ: TPT (ʯʘʩ ʚʽʜ çʛʦʪʦʚʦʛʦ ʊɿè ʜʦ ʧʦʷʚʠ ʧʦʚʥʦʛʦ ʥʘʙʦʨʫ ʟʘʜʘʯ), AC 

completeness (% ʟʘʜʘʯ ʽʟ ʢʦʨʝʢʪʥʠʤʠ AC/DoD), routing accuracy (ʪʦʯʥʽʩʪʴ 

ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʦʻʢʪʫ/ʢʦʤʘʥʜʠ/ʚʠʢʦʥʘʚʮʷ/ʢʦʤʧʦʥʝʥʪʘ), iteration count (ʢʽʣʴʢʽʩʪʴ 

ʧʦʚʪʦʨʥʠʭ ʧʦʛʦʜʞʝʥʴ BAźDesign/Dev), defect leakage (ʜʝʬʝʢʪʠ, ʩʧʨʠʯʠʥʝʥʽ 

ʥʝʧʦʚʥʦʪʦʶ ʧʦʩʪʘʥʦʚʢʠ). ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ çʝʬʝʢʪʫ ʥʘʚʯʘʥʥʷè ʢʦʤʘʥʜʠ 

ʚʠʢʦʥʫʶʪʴ 2ï3 ʽʪʝʨʘʮʽʾ, ʨʝʟʫʣʴʪʘʪʠ ʫʩʝʨʝʜʥʶʶʪʴʩʷ; ʘʥʘʣʽʟ ï ʟʘ 

ʩʝʨʝʜʥʽʤʠ/ʤʝʜʽʘʥʘʤʠ, ʜʦʚʽʨʯʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ ʽ ʷʢʽʩʥʠʤ ʨʦʟʙʦʨʦʤ ʚʽʜʭʠʣʝʥʴ. 

ʆʯʽʢʫʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʣʦʪʥʦʛʦ ʧʨʦʻʢʪʫ: ʩʢʦʨʦʯʝʥʥʷ TPT ʥʘ 30ï50% 

(ʟʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʽ ʟʨʽʣʦʩʪʽ ʚʠʤʦʛ), ʟʨʦʩʪʘʥʥʷ AC completeness ʥʘ 20ï35% 

ʟʘʚʜʷʢʠ ʰʘʙʣʦʥʽʟʘʮʽʾ, routing accuracy 85ï95% ʧʽʩʣʷ ʧʝʨʚʠʥʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʪʝʛʽʚ ʽ ʢʦʤʧʦʥʝʥʪʽʚ, ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʛʦʜʞʝʥʴ ʥʘ 1ï2 ʽʪʝʨʘʮʽʾ ʥʘ 

ʬʽʯʫ, ʧʽʜʚʠʱʝʥʥʷ ʪʨʘʩʦʚʘʥʦʩʪʽ (ʧʦʩʠʣʘʥʥʷ ʤʽʞ Confluence/Figma/Jira 

ʩʪʚʦʨʶʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ). ɺʠʟʥʘʯʝʥʽ ʦʧʝʨʘʮʽʡʥʽ ʨʠʟʠʢʠ: ʷʢʽʩʪʴ ʚʭʽʜʥʠʭ ʚʠʤʦʛ, 

ʧʦʪʨʝʙʘ ʚ ʜʦʤʝʥʥʦʤʫ ʛʣʦʩʘʨʽʾ, ʚʠʤʦʛʠ ʜʦ ʜʦʩʪʫʧʽʚ ʽ ʙʝʟʧʝʢʠ, ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʝʨʝʛʣʷʜʫ BA ʧʝʨʝʜ ʧʫʙʣʽʢʘʮʽʻʶ ʟʘʜʘʯ ʫ Jira. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ʧʦʣʷʛʘʻ ʫ ʧʦʻʜʥʘʥʥʽ ʩʝʤʘʥʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʪʝʢʩʪʦʚʠʭ 

ʚʠʤʦʛ (NLP) ʟ ʧʨʦʮʝʩʥʦʶ ʦʨʢʝʩʪʨʘʮʽʻʶ ʽʥʪʝʛʨʘʮʽʡ (n8n) ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ 

ʛʝʥʝʨʘʮʽʻʶ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʟʘʜʘʯ ʫ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʙʝʢʣʦʛʦʤ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʰʘʙʣʦʥʽʟʘʮʽʾ ʘʙʦ ʩʢʨʠʧʪʦʚʦʛʦ ʩʪʚʦʨʝʥʥʷ ʟʘʜʘʯ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ:  

 ʚʠʢʦʥʫʻ ʚʠʪʷʛ ʜʦʤʝʥʥʠʭ ʩʫʪʥʦʩʪʝʡ ʽ ʚʽʜʥʦʩʠʥ ʽʟ ʚʽʣʴʥʦʛʦ ʪʝʢʩʪʫ;  

 ʬʦʨʤʫʻ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʦʧʠʩ ʟʘʜʘʯ ʽʟ AC/DoD ʫ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʤʫ 
ʬʦʨʤʘʪʽ;  

 ʟʘʙʝʟʧʝʯʫʻ ʪʨʘʩʦʚʘʥʽʩʪʴ çʚʠʤʦʛʘ Ÿ ʟʘʜʘʯʽ Ÿ ʧʨʦʪʦʪʠʧʠ Ÿ ʨʝʣʽʟè;  

 ʽʥʪʝʛʨʫʻ ʜʠʟʘʡʥʝʨʩʴʢʠʡ ʢʦʥʪʫʨ ʧʦʛʦʜʞʝʥʴ ʫ ʻʜʠʥʠʡ ʮʠʢʣ ʧʦʩʪʘʥʦʚʢʠ;  

 ʥʘʜʘʻ ʬʦʨʤʘʣʽʟʦʚʘʥʫ ʤʝʪʦʜʠʢʫ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʫ (TPT, 
completeness, accuracy, iteration count). ʊʘʢʘ ʢʦʤʙʽʥʘʮʽʷ ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʜʦʤʝʥʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ ʥʘ ʚʥʫʪʨʽʰʥʽʭ ʜʘʥʠʭ 

ʢʦʤʧʘʥʽʾ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʧʽʜʭʽʜ 

ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʦʩʪʘʥʦʚʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟʘʚʜʘʥʥʷʤʠ ʚ ɯʊ-ʢʦʤʧʘʥʽʾ. 

ʈʽʰʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ NLP-ʘʥʘʣʽʟʽ ʪʝʢʩʪʦʚʠʭ ʚʠʤʦʛ, ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʰʘʙʣʦʥʘʭ 

ʟʘʜʘʯ, ʦʨʢʝʩʪʨʘʮʽʾ ʽʥʪʝʛʨʘʮʽʡ ʯʝʨʝʟ n8n ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʩʪʚʦʨʝʥʥʽ ʟʚôʷʟʘʥʠʭ 

ʝʧʽʢʽʚ/ʩʪʦʨʽ/ʧʽʜʟʘʜʘʯ ʫ Jira ʟ ʧʫʙʣʽʢʘʮʽʻʶ ʟʚʝʜʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ Confluence ʽ 

ʧʨʠʚôʷʟʢʦʶ ʧʨʦʪʦʪʠʧʽʚ Figma Make. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʽʥʶʚʘʥʥʷ 

ʜʝʤʦʥʩʪʨʫʻ ʩʫʪʪʻʚʝ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʽʜʛʦʪʦʚʢʠ ʟʘʜʘʯ, ʧʽʜʚʠʱʝʥʥʷ ʧʦʚʥʦʪʠ 

ʦʧʠʩʽʚ ʽ ʪʦʯʥʦʩʪʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ ʧʦʛʦʜʞʝʥʴ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷ ʪʨʘʩʦʚʘʥʦʩʪʽ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ 

ʘʜʘʧʪʘʮʽʶ ʤʦʜʝʣʝʡ ʜʦ ʜʦʤʝʥʥʠʭ ʛʣʦʩʘʨʽʾʚ, ʨʦʟʰʠʨʝʥʥʷ ʽʥʪʝʛʨʘʮʽʡ (CI/CD, ʪʝʩʪ-

ʤʝʥʝʜʞʤʝʥʪ, ʘʥʘʣʽʪʠʢʘ ʧʨʦʜʫʢʪʫ), ʘ ʪʘʢʦʞ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʪʠʢ ʢʦʥʪʨʦʣʶ 

ʷʢʦʩʪʽ ʘʚʪʦʤʘʪʠʯʥʦ ʟʛʝʥʝʨʦʚʘʥʠʭ ʧʦʩʪʘʥʦʚʦʢ. 
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ʂ.ʃ. ʉʝʨʛʻʻʚʘ1, ɼ.ɼ. ʏʫʤʠʯʦʚ1, ʉ.ʃ. ʅʽʢʫʣʽʥ1, ʆ.ʆ. ʂʘʚʘʮ2, ʖ.ɺ. ʂʘʚʘʮ2 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 
2ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɯʅʌʆʈʄɸʎɯʁʅɸ ʊɽʍʅʆʃʆɻɯʗ ʅɽʁʈʆʄɽʈɽɾɽɺʆɰ ʂʃɸʉʀʌɯʂɸʎɯɰ 

ʇʆɺɽʈʍʅɽɺʀʍ ɺʆɼʆʁʄ ɿɸ ɼɸʅʀʄʀ SENTINEL-1 ʊɸ SENTINEL-2 

 
ɸʥʦʪʘʮʽʷ. ʊʨʠʚʘʣʽ ʚʦʻʥʥʽ ʜʽʾ ʚ ʋʢʨʘʾʥʽ ʧʨʠʟʚʝʣʠ ʜʦ ʤʘʩʰʪʘʙʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 

ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʽ ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʩʠʩʪʝʤ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ. ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʢʘʨʪʫʚʘʥʥʷ ʽ ʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʥʠ 

ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

Sentinel-1 ʽ Sentinel-2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (CNN) ʽ ʙʣʦʯʥʦʾ ʤʦʜʝʣʽ ʟ 

ʘʥʘʣʽʟʦʤ ʜʠʩʧʝʨʩʽʡ ʪʘ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʦʟʥʘʢ ʟʤʽʰʘʥʠʭ ʙʣʦʢʽʚ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʜʦʤʽʥʫʶʯʦʛʦ ʢʣʘʩʫ ʜʘʥʠʭ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʤʽʰʘʥʠʭ ʧʽʢʩʝʣʽʚ ʫ 

ʤʽʣʢʦʚʦʜʥʠʭ ʟʦʥʘʭ ʜʦ 96%.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʢʣʘʩʠʬʽʢʘʮʽʷ, ʟʛʦʨʪʢʦʚʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, 

ʙʣʦʢʦʚʘ ʤʦʜʝʣʴ, Sentinel-1, Sentinel-2. 

 

ɺʩʪʫʧ. ʇʦʚʝʨʭʥʝʚʽ ʚʦʜʥʽ ʨʝʩʫʨʩʠ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʝʢʦʩʠʩʪʝʤ. ɺ ʋʢʨʘʾʥʽ ʚʦʥʠ ʟʘʟʥʘʶʪʴ ʟʘʙʨʫʜʥʝʥʥʷ 

ʡ ʜʝʛʨʘʜʘʮʽʾ ʯʝʨʝʟ ʚʦʻʥʥʽ ʜʽʾ ʪʘ ʥʝʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʟʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʩʚʦʻʯʘʩʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ʋʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʥʘʟʝʤʥʠʭ ʩʪʘʥʮʽʡ ʤʦʥʽʪʦʨʠʥʛʫ ʧʽʜ ʯʘʩ ʙʦʡʦʚʠʭ ʜʽʡ 

ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ ʩʪʘʣʠ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʦʜʦʡʤ. ɺʦʜʥʽ ʦʙôʻʢʪʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʚʽʜʙʠʚʥʫ ʟʜʘʪʥʽʩʪʴ ʫ ʚʠʜʠʤʦʤʫ, ʙʣʠʞʥʴʦʤʫ 

https://docs.n8n.io/
https://www.atlassian.com/software/jira
https://www.figma.com/


 

 

 

 

161 

ʪʘ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʯʽʪʢʦ 

ʚʽʜʦʢʨʝʤʣʶʚʘʪʠ ʾʭ ʚʽʜ ʽʥʰʠʭ ʪʠʧʽʚ ʧʦʚʝʨʭʥʽ ʟʘ ʜʘʥʠʤʠ Sentinel-2 ʽ ʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʽʥʜʝʢʩʘʤʠ, ʪʘʢʠʤʠ ʷʢ Normalised Difference Water Index (NDWI), Modified 

Normalised Difference Water Index (MNDWI), Automated Water Extraction Index 

(AWEI) ʪʘ ʽʥ. [1]. 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʽʚ (Synthetic Aperture Radar, SAR) 

ʜʘʶʪʴ ʟʤʦʛʫ ʨʝʛʫʣʷʨʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʟʤʽʥ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. ʈʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʤʘʻ ʥʠʟʴʢʝ ʟʚʦʨʦʪʥʝ ʨʦʟʩʽʶʚʘʥʥʷ (ů ) 

ʥʘ ʛʣʘʜʢʽʡ ʚʦʜʥʽʡ ʧʦʚʝʨʭʥʽ, ʪʦʤʫ ʚʦʜʦʡʤʠ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ SAR ʚʠʛʣʷʜʘʶʪʴ 

ʪʝʤʥʠʤʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʪʦʯʥʦ ʚʽʜʦʢʨʝʤʣʶʚʘʪʠ ʾʭ ʚʽʜ ʩʫʰʽ ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ 

ʩʫʮʽʣʴʥʦʾ ʭʤʘʨʥʦʩʪʽ. ʅʘʡʧʨʦʩʪʽʰʠʡ ʧʽʜʭʽʜ ʜʦ ʢʘʨʪʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʨʦʛʦʚʽʡ ʩʝʛʤʝʥʪʘʮʽʾ, ʢʦʣʠ ʢʣʘʩ çʚʦʜʘè ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʜʦʜʘʪʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʽʥʜʝʢʩʽʚ NDWI ʘʙʦ MNDWI ʥʘ ʟʥʽʤʢʘʭ Sentinel-2, ʘ ʜʣʷ SAR-ʜʘʥʠʭ 

ï ʟʘ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ů , ʱʦ ʻ ʥʠʞʯʠʤ ʟʘ ʧʦʨʦʛʦʚʝ 

ʟʥʘʯʝʥʥʷ, ʚʠʟʥʘʯʝʥʝ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʤʝʪʦʜʦʤ ʆʮʫ [2]. ʅʘʡʚʠʱʫ ʪʦʯʥʽʩʪʴ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʘʥʽ ʚ ʧʦʣʷʨʠʟʘʮʽʾ VH, ʪʦʜʽ ʷʢ VV-ʧʦʣʷʨʠʟʘʮʽʷ ʻ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʶ 

ʜʦ ʚʘʨʽʘʮʽʡ ʧʦʨʦʛʫ, ʦʜʥʘʢ ʫ ʟʦʥʘʭ ʟʘʙʦʣʦʯʝʥʥʷ ʡ ʟʤʽʰʘʥʠʭ ʧʽʢʩʝʣʽʚ ʪʘʢʽ ʤʝʪʦʜʠ 

ʧʦʩʪʫʧʘʶʪʴʩʷ ʟʘ ʪʦʯʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʫ ʽʤʦʚʽʨʥʽʩʥʠʤ ʧʽʜʭʦʜʘʤ ʽ ʤʝʪʦʜʘʤ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ʄʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʢʘʨʪʫʚʘʥʥʷ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ. ɿʦʢʨʝʤʘ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ 

ʤʝʨʝʞʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʾ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ [3]. ɸʣʛʦʨʠʪʤʠ, ʪʘʢʽ ʷʢ ʜʝʨʝʚʘ ʨʽʰʝʥʴ, ʚʠʧʘʜʢʦʚʠʡ ʣʽʩ, ʤʝʪʦʜ ʦʧʦʨʥʠʭ 

ʚʝʢʪʦʨʽʚ, ʨʝʛʨʝʩʽʡʥʽ ʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʡʥʽ ʤʦʜʝʣʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ ʪʘ ʛʨʫʧʫʚʘʥʥʷ ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʦʜʦʡʤ ʟʘ ʧʦʜʽʙʥʽʩʪʶ ʩʪʘʥʫ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʢʘʨʪʫʚʘʥʥʷ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ ʟʨʫʡʥʦʚʘʥʠʭ ʧʽʜ ʯʘʩ ʚʽʡʥʠ 

ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʻ ʥʘʷʚʥʽʩʪʴ ʯʠʩʣʝʥʥʠʭ ʤʽʣʢʦʚʦʜʥʠʭ ʽ ʟʘʙʦʣʦʯʝʥʠʭ 

ʜʽʣʷʥʦʢ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʟʤʽʰʘʥʽ ʧʽʢʩʝʣʽ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʽ 

ʟʫʤʦʚʣʶʶʪʴ ʜʦʜʘʪʢʦʚʽ ʧʦʭʠʙʢʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʪʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʻ ʧʨʦʙʣʝʤʘ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʜʘʪʥʠʭ ʢʦʨʝʢʪʥʦ ʨʦʟʜʽʣʷʪʠ ʟʤʽʰʘʥʽ 

ʢʣʘʩʠ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʘʨʪʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʨʝʢʪʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʽʢʩʝʣʽʚ ʢʣʘʩʫ çʚʦʜʘè ʫ ʤʽʣʢʦʚʦʜʥʠʭ 

ʟʘʙʦʣʦʯʝʥʠʭ ʜʽʣʷʥʢʘʭ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʩʬʦʨʤʦʚʘʥʽ 

ʽ ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

¶ ʨʦʟʨʦʙʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ, ʱʦ ʧʦʻʜʥʫʻ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ 
ʥʘʚʯʘʥʥʷ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ; 

¶ ʩʪʚʦʨʠʪʠ ʪʘ ʥʘʚʯʠʪʠ ʟʛʦʨʪʢʦʚʫ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ (CNN) ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ; 
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¶ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʙʣʦʯʥʫ ʤʦʜʝʣʴ ʜʘʥʠʭ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʰʘʥʠʭ 
ʧʽʢʩʝʣʽʚ ʫ ʤʽʣʢʦʚʦʜʥʠʭ ʽ ʟʘʙʦʣʦʯʝʥʠʭ ʜʽʣʷʥʢʘʭ; 

¶ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ; 

¶ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʫ ʦʮʽʥʢʫ ʪʦʯʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ (ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʥʘ ʦʩʥʦʚʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʟʘ 

ʜʘʥʠʤʠ Sentinel-2, ʤʝʪʦʜʦʤ ʆʮʫ ʟʘ ʜʘʥʠʤʠ Sentinel-1); 

¶ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʟʤʽʥ ʧʣʦʱʽ ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ 
ʛʨʝʙʣʽ ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ.  

ɼʦʩʣʽʜʞʫʚʘʥʘ ʜʽʣʷʥʢʘ ʧʣʦʱʝʶ ʙʣʠʟʴʢʦ 8 ʪʠʩ. ʢʤĮ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʧʽʚʜʥʽ 

ʋʢʨʘʾʥʠ ʚ ʤʝʞʘʭ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ, ʍʝʨʩʦʥʩʴʢʦʾ ʪʘ ɿʘʧʦʨʽʟʴʢʦʾ ʦʙʣʘʩʪʝʡ ʽ 

ʦʭʦʧʣʶʻ ʯʘʩʪʠʥʫ ʥʠʞʥʴʦʛʦ ʙʘʩʝʡʥʫ ɼʥʽʧʨʘ ʟ ʡʦʛʦ ʧʨʠʪʦʢʘʤʠ, ɹʽʣʦʟʝʨʩʴʢʠʤ 

ʣʠʤʘʥʦʤ, ʩʪʘʚʢʦʤ-ʦʭʦʣʦʜʞʫʚʘʯʝʤ ɿɸɽʉ ʪʘ ʟʨʫʡʥʦʚʘʥʠʤ ʂʘʭʦʚʩʴʢʠʤ 

ʚʦʜʦʩʭʦʚʠʱʝʤ. ɺʠʙʫʭ ʛʨʝʙʣʽ ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ 6 ʯʝʨʚʥʷ 2023 ʨʦʢʫ ʩʧʨʠʯʠʥʠʚ 

ʩʪʨʽʤʢʝ ʩʧʦʨʦʞʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ, ʧʣʦʱʘ ʷʢʦʛʦ ʜʦ ʢʘʪʘʩʪʨʦʬʠ ʩʪʘʥʦʚʠʣʘ 

ʙʣʠʟʴʢʦ 2,2 ʪʠʩ. ʢʤĮ, ʘ ʨʽʚʝʥʴ ʚʦʜʠ ʟʥʠʟʠʚʩʷ ʥʘ 73%. ʋʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ 

ʫʪʚʦʨʠʣʦʩʷ ʜʦ 8 ʚʝʣʠʢʠʭ ʪʘ ʜʦ 20 ʩʝʨʝʜʥʽʭ ʽ ʜʨʽʙʥʠʭ ʽʟʦʣʴʦʚʘʥʠʭ ʚʦʜʦʡʤ, ʘ ʪʘʢʦʞ 

ʙʫʣʦ ʟʥʠʱʝʥʦ ʩʠʩʪʝʤʠ ʟʨʦʰʝʥʥʷ ʪʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʙʦʭ ʙʝʨʝʛʘʭ ɼʥʽʧʨʘ [4]. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤ ʚʠʢʦʨʠʩʪʘʥʦ ʙʝʟʭʤʘʨʥʽ ʟʥʽʤʢʠ 

Sentinel-2 ʪʘ Sentinel-1, ʦʪʨʠʤʘʥʽ ʫ ʙʣʠʟʴʢʽ ʜʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ. ʆʙʨʘʥʦ ʪʨʠ 

ʧʝʨʽʦʜʠ: ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʛʨʝʙʣʽ ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ, ʯʝʨʝʟ ʜʚʘ ʪʠʞʥʽ ʪʘ ʯʝʨʝʟ ʨʽʢ ʧʽʩʣʷ 

ʾʾ ʨʫʡʥʫʚʘʥʥʷ, ʢʦʣʠ ʨʽʚʝʥʴ ʚʦʜʠ ʟʘʣʠʰʘʚʩʷ ʚʽʜʥʦʩʥʦ ʩʪʘʙʽʣʴʥʠʤ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʧʦʻʜʥʘʪʠ ʜʘʥʽ ʦʙʦʭ ʩʫʧʫʪʥʠʢʽʚ ʽʟ ʥʝʟʥʘʯʥʠʤ ʯʘʩʦʚʠʤ ʟʩʫʚʦʤ. 

ʉʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ Sentinel-2 L2A, ʦʪʨʠʤʘʥʦ ʟ ʧʦʨʪʘʣʫ Copernicus Open 

Access Hub. ɼʣʷ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʘʥʦ ʢʘʥʘʣʠ B02 (490 ʥʤ), B03 (560 ʥʤ), B04 (665 

ʥʤ), B05 (705 ʥʤ), B08 (842 ʥʤ) ʪʘ B11 (1610 ʥʤ). 

SAR-ʟʥʽʤʢʠ Sentinel-1A GRD Interferometric Wide (IW) (Path 167, 

Descending, Frames 431 ʪʘ 437) ʙʫʣʠ ʧʝʨʝʪʚʦʨʝʥʽ ʫ ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ů  ʽ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʽ ʚ ESA SNAP 8.0 (Apply Orbit File, Remove 

Thermal Noise, Remove Border Noise, Calibration, Speckle Filtering, Terrain 

Correction ʟ Copernicus 30 m DEM, Linear-to-dB). 

ɺʠʢʦʥʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (CNN) ʟ ʣʦʛʽʩʪʠʯʥʦʶ ʬʫʥʢʮʽʻʶ ʘʢʪʠʚʘʮʽʾ, 

ʦʧʪʠʤʽʟʘʪʦʨʦʤ Adam ʪʘ ʬʫʥʢʮʽʻʶ ʚʪʨʘʪ categorical cross-entropy. ɸʨʭʽʪʝʢʪʫʨʘ 

ʤʝʨʝʞʽ, ʱʦ ʩʢʣʘʜʘʣʘʩʷ ʟ ʪʨʴʦʭ ʟʛʦʨʪʢʦʚʠʭ ʰʘʨʽʚ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʥʦʩʪʽ ʪʘ 

ʜʚʦʭ ʧʦʚʥʦʟʚôʷʟʥʠʭ ʰʘʨʽʚ, ʚʠʢʦʥʘʥʘ ʫ ʩʝʨʝʜʦʚʠʱʘʭ Keras (Python) ʽ ML.Net (C#). 

ɼʝʷʢʽ ʜʽʣʷʥʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʦʭʦʧʣʶʶʪʴ ʟʘʙʦʣʦʯʝʥʽ ʪʝʨʠʪʦʨʽʾ ʥʘ 

ʜʥʽ ʟʨʫʡʥʦʚʘʥʦʛʦ ʂʘʭʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. ɰʭ ʧʽʢʩʝʣʽ ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʷʢ 

ʚʦʜʽ, ʪʘʢ ʽ ʚʦʣʦʛʦʤʫ ˇʨʫʥʪʫ, ʱʦ ʟʥʠʞʫʻ ʪʦʯʥʽʩʪʴ ʙʽʥʘʨʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʬʽʟʠʯʥʫ ʙʣʦʯʥʫ ʤʦʜʝʣʴ 

ʜʘʥʠʭ, ʷʢʘ ʧʦʜʽʣʷʻ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʙʣʦʢʠ, ʦʮʽʥʶʻ ʾʭ ʦʜʥʦʨʽʜʥʽʩʪʴ ʽ ʚʠʟʥʘʯʘʻ 
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ʥʘʣʝʞʥʽʩʪʴ ʢʦʞʥʦʛʦ ʙʣʦʢʫ ʜʦ ʢʣʘʩʫ çʚʦʜʘè ʘʙʦ çʩʫʭʦʜʽʣè. ʄʦʜʝʣʴ ʨʝʘʣʽʟʫʻ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʠʭ ʽ ʧʨʦʩʪʦʨʦʚʠʭ ʦʧʝʨʘʮʽʡ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʤʽʰʘʥʠʭ ʧʽʢʩʝʣʽʚ ʫ ʤʝʞʘʭ ʟʦʙʨʘʞʝʥʥʷ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ ʘʥʘʣʽʟ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʽ ʩʪʘʥʜʘʨʪʥʠʭ 

ʚʽʜʭʠʣʝʥʴ ʢʦʝʬʽʮʽʻʥʪʫ ʚʽʜʙʠʪʪʷ ʟʘ ʜʘʥʠʤʠ Sentinel-2 ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʦʨʦʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ů  ʟʘ ʜʘʥʠʤʠ Sentinel-1 ʜʣʷ ʦʙʦʭ ʢʣʘʩʽʚ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ, 

ʷʢʠʡ ʢʣʘʩ ʧʝʨʝʚʘʞʘʻ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʙʣʦʢʫ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʡʦʛʦ 

ʦʜʥʦʨʽʜʥʦʩʪʽ. 

ʗʢʱʦ ʙʣʦʢ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʠʤ, ʤʦʜʝʣʴ ʟʜʽʡʩʥʶʻ ʡʦʛʦ ʧʦʜʽʣ ʥʘ 

ʧʽʜʙʣʦʢʠ ʜʣʷ ʜʝʪʘʣʴʥʽʰʦʛʦ ʘʥʘʣʽʟʫ, ʧʽʩʣʷ ʯʦʛʦ ʢʦʞʝʥ ʧʽʜʙʣʦʢ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ 

ʧʦʚʪʦʨʥʦ, ʱʦ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʭʠʙʥʠʭ ʨʽʰʝʥʴ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʩʫʩʽʜʥʽʭ ʙʣʦʢʽʚ ʫ ʢʦʚʟʥʦʤʫ ʚʽʢʥʽ, ʷʢʝ 

ʟʤʽʱʫʻʪʴʩʷ ʥʘ ʧʦʣʦʚʠʥʫ ʨʦʟʤʽʨʫ ʙʣʦʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʧʨʦʩʪʦʨʦʚʽ 

ʧʝʨʝʭʦʜʠ ʤʽʞ ʢʣʘʩʘʤʠ ʪʘ ʧʦʢʨʘʱʠʪʠ ʨʦʟʤʝʞʫʚʘʥʥʷ ʚʦʜʦʡʤ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʙʣʦʢʠ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʧʝʚʥʦʛʦ ʢʣʘʩʫ, ʽ ʜʣʷ ʥʠʭ ʦʙʯʠʩʣʶʶʪʴʩʷ 

ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʩʝʨʝʜʥʻ, ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ) ʦʢʨʝʤʦ ʜʣʷ ʢʣʘʩʽʚ 

çʚʦʜʘè ʪʘ çʩʫʭʦʜʽʣè. 

ʆʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʥʘʣʝʞʥʦʩʪʽ ʩʧʽʨʥʠʭ 

ʙʣʦʢʽʚ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʢʠ ʜʦʤʽʥʫʚʘʥʥʷ ʧʝʚʥʦʛʦ ʢʣʘʩʫ, ʫ ʪʦʤʫ 

ʯʠʩʣʘ ʥʘ ʜʽʣʷʥʢʘʭ ʟʽ ʟʤʽʰʘʥʠʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʉʢʣʘʜʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤ ʥʘ ʦʩʥʦʚʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ Sentinel-1 ʽ 

Sentinel-2 ʦʭʦʧʣʶʶʪʴ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ [5]: 

A. ʄʦʜʫʣʴ ʤʦʜʝʣʶʚʘʥʥʷ (Modelling): ʨʝʘʣʽʟʘʮʽʷ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʤʦʜʝʣʝʡ 
ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʚʢʣʶʯʥʦ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʚʯʘʥʥʷ, 

ʬʫʥʢʮʽʻʶ ʘʢʪʠʚʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʪʦʨʦʤ. 

B. ʄʦʜʫʣʴ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ (Image Processing): ʟʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʧʝʨʝʜʥʷ 
ʦʙʨʦʙʢʘ (ʚʠʜʘʣʝʥʥʷ ʰʫʤʫ, ʢʘʣʽʙʨʫʚʘʥʥʷ, ʢʦʨʝʢʮʽʷ ʨʝʣʴʻʬʫ) ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʙʣʦʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢʠ 

OpenCV. 

C. ʄʦʜʫʣʴ ʢʣʘʩʠʬʽʢʘʮʽʾ (Classification): ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʦʜʝʣʝʡ 
ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʣʝʞʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʘʙʦ ʙʣʦʢʽʚ ʜʦ ʢʣʘʩʽʚ 

çʚʦʜʘè ʪʘ çʩʫʭʦʜʽʣè ʽʟ ʧʦʜʘʣʴʰʠʤ ʟʙʝʨʝʞʝʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

D. ʄʦʜʫʣʴ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ (Statistics): ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ, 
ʩʪʘʥʜʘʨʪʥʠʭ ʚʽʜʭʠʣʝʥʴ ʽ ʡʤʦʚʽʨʥʦʩʪʝʡ ʜʣʷ ʦʙʦʭ ʢʣʘʩʽʚ, ʘʥʘʣʽʟ ʩʫʩʽʜʥʽʭ 

ʙʣʦʢʽʚ ʽ ʫʪʦʯʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʤʝʞʘʭ ʟʤʽʰʘʥʠʭ ʜʽʣʷʥʦʢ. 

ʊʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʮʽʥʶʚʘʣʘʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʟ 

ʝʪʘʣʦʥʥʠʤʠ ʙʽʥʘʨʥʠʤʠ ʨʘʩʪʨʦʚʠʤʠ ʤʘʩʢʘʤʠ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʢʘʟʥʠʢʠ True Positive (TP), True Negative 

(TN), False Positive (FP) ʪʘ False Negative (FN), ʘ ʪʘʢʦʞ ʽʥʜʝʢʩ ɾʘʢʢʘʨʘ 

(Intersection over Union, IoU), ʷʢʠʡ ʦʙʯʠʩʣʶʻ ʩʪʫʧʽʥʴ ʧʦʜʽʙʥʦʩʪʽ ʤʽʞ ʦʪʨʠʤʘʥʦʶ 

ʪʘ ʝʪʘʣʦʥʥʦʶ ʚʦʜʥʠʤʠ ʤʘʩʢʘʤʠ. 
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ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʾ ʧʦʭʠʙʢʠ ʜʣʷ ʦʜʥʦʛʦ ʟ ʙʣʦʢʽʚ 

ʟʦʙʨʘʞʝʥʥʷ, ʫ ʷʢʦʤʫ ʤʦʜʝʣʴ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʦʮʽʥʠʣʘ ʽʤʦʚʽʨʥʽʩʪʴ 

ʥʘʣʝʞʥʦʩʪʽ ʜʦ ʢʣʘʩʫ çʩʫʭʦʜʽʣè ʷʢ 0,46, ʘ ʜʦ ʢʣʘʩʫ çʚʦʜʘè ʷʢ 0,54. 

 

 
 

ʈʠʩ. 1. ʈʦʟʧʦʜʽʣ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ ʚ ʙʣʦʮʽ ʟʦʙʨʘʞʝʥʥʷ ʟʤʽʰʘʥʠʭ ʧʽʢʩʝʣʽʚ:  

(ʘ) ʙʽʣʠʡ ʢʦʣʽʨ ʧʦʟʥʘʯʘʻ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʙʣʦʢʫ ʟʦʙʨʘʞʝʥʥʷ;  

(ʙ) ʙʽʤʦʜʘʣʴʥʘ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʟʥʘʯʝʥʴ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ;  

(ʚ) ʥʘʙʣʠʞʝʥʥʷ ʛʽʩʪʦʛʨʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʫʩʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ.  

ɹʘʟʦʚʝ ʟʦʙʨʘʞʝʥʥʷ: Sentinel-2, 25 ʪʨʘʚʥʷ 2024 ʨʦʢʫ. 

 

ʈʦʟʧʦʜʽʣ ʯʘʩʪʦʪ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʤʘʻ ʙʽʤʦʜʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ: ʤʦʜʘ 

ʟ ʥʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜʧʦʚʽʜʘʻ ʧʽʢʩʝʣʷʤ ʢʣʘʩʫ çʚʦʜʘè (W), ʘ ʟ ʚʠʩʦʢʠʤʠ ï 

ʢʣʘʩʫ çʩʫʭʦʜʽʣè (G). ʂʦʞʥʘ ʟ ʜʚʦʭ ʤʦʜ ʘʧʨʦʢʩʠʤʦʚʘʥʘ ʛʘʫʩʽʚʩʴʢʠʤ ʨʦʟʧʦʜʽʣʦʤ ʟ 

ʩʝʨʝʜʥʽʤ ʪʘ ʩʪʘʥʜʘʨʪʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ, ʚʠʟʥʘʯʝʥʠʤʠ ʝʤʧʽʨʠʯʥʦ ʜʣʷ ʧʽʢʩʝʣʽʚ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʣʘʩʽʚ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʟʦʙʨʘʞʝʥʥʷ: 

 

ὪὍ
ρ

„Ѝς“
Ὡ ȟ                                   (1) 

 

ʜʝ     Ὅ ï ʧʽʢʩʝʣʽ ʢʣʘʩʫ çʚʦʜʘè, 

ά  ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʚʠʟʥʘʯʝʥʝ ʝʤʧʽʨʠʯʥʦ ʜʣʷ ʧʽʢʩʝʣʽʚ ʢʣʘʩʫ çʚʦʜʘè, 

„  ï ʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, ʚʠʟʥʘʯʝʥʝ ʝʤʧʽʨʠʯʥʦ ʜʣʷ ʧʽʢʩʝʣʽʚ 

ʢʣʘʩʫ çʚʦʜʘè. 

ʗʢʱʦ ʢʣʘʩʠ ʥʝ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʧʦʨʽʛ ʚʠʟʥʘʯʘʶʪʴ ʤʝʪʦʜʦʤ ʆʮʫ ʟʘ 

ʣʦʢʘʣʴʥʠʤ ʤʽʥʽʤʫʤʦʤ ʙʽʤʦʜʘʣʴʥʦʾ ʛʽʩʪʦʛʨʘʤʠ. ʋ ʨʘʟʽ ʾʭ ʧʝʨʝʢʨʠʪʪʷ ʧʦʨʦʛʦʚʝ 

ʟʥʘʯʝʥʥʷ ʚʠʙʠʨʘʶʪʴ ʪʘʢ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʦʭʠʙʢʫ ʧʝʨʰʦʛʦ ʨʦʜʫ, ʜʠʩʧʝʨʩʽʶ 

ʚʩʝʨʝʜʠʥʽ ʢʣʘʩʽʚ çʚʦʜʘè ʽ çʩʫʭʦʜʽʣè ʪʘ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʧʦʢʘʟʥʠʢ TP. 

 

ὸὬ ὥὶὫάὭὲɴ ὑὸὬ ȟ                                     (2) 

ʜʝ     ὸὬ  ï ʧʦʨʽʛ „0,  

  ï ʤʥʦʞʠʥʘ ʚʩʽʭ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʧʦʨʦʛʫ „0, 

ὑὸὬ  ï ʢʨʠʪʝʨʽʡ ʚʠʙʦʨʫ ʧʦʨʦʛʫ.  
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ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʚʠʙʨʘʥʦʛʦ ʙʣʦʢʫ ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 1) ʧʦʢʘʟʘʚ ʚʠʩʦʢʫ 

ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʚʦʜʥʠʭ ʧʣʦʱ (TP=0,99), ʥʠʟʴʢʫ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʦʤʠʣʢʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʭʦʜʦʣʫ ʷʢ ʚʦʜʠ (FP=0,17) ʪʘ ʧʨʦʧʫʩʢʫ ʚʦʜʥʠʭ ʜʽʣʷʥʦʢ 

(FN=0,01), ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʪʦʯʥʽʩʪʴ IoU=0,846 ʽ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʣʦ ʷʢʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʯʘʪʢʦʚʦʶ ʥʝʡʨʦʤʝʨʝʞʝʶ. 

ɼʠʥʘʤʽʢʫ ʟʤʽʥ ʧʣʦʱʽ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘ ʙʘʛʘʪʦʯʘʩʦʚʠʤʠ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ Sentinel-1 ʪʘ 

Sentinel-2 (ʨʠʩ. 2). 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2a, ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʛʨʝʙʣʽ ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ ʧʣʦʱʘ ʚʦʜʥʦʾ 

ʧʦʚʝʨʭʥʽ ʙʫʣʘ ʤʘʢʩʠʤʘʣʴʥʦʶ ʽ ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 1,8 ʪʠʩ. ʢʤĮ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 23 

% ʧʣʦʱʽ ʬʨʘʛʤʝʥʪʘ ʟʦʙʨʘʞʝʥʥʷ. ɼʦ ʮʽʻʾ ʟʦʥʠ ʚʭʦʜʠʣʦ ʂʘʭʦʚʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ ʪʘ 

ʧʨʠʣʝʛʣʽ ʚʦʜʥʽ ʦʙôʻʢʪʠ. 

ʇʽʩʣʷ ʢʘʪʘʩʪʨʦʬʠ (ʨʠʩ. 2b) ʫ ʯʝʨʚʥʽ 2023 ʨ. ʧʣʦʱʘ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ 

ʟʤʝʥʰʠʣʘʩʷ ʙʽʣʴʰ ʥʽʞ ʫʜʚʽʯʽ ï ʜʦ 11,2 % (ʧʨʠʙʣʠʟʥʦ 900 ʢʤĮ), ʘ ʯʝʨʝʟ ʨʽʢ, ʫ ʪʨʘʚʥʽ 

2024 ʨ. (ʨʠʩ. 2c), ʩʢʦʨʦʪʠʣʘʩʷ ʜʦ 8,8 % (ʙʣʠʟʴʢʦ 700 ʢʤĮ). 

ɿʛʽʜʥʦ ʟ ʥʘʟʝʤʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ, ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʛʨʝʙʣʽ ʂʘʭʦʚʩʴʢʝ 

ʚʦʜʦʩʭʦʚʠʱʝ ʤʘʣʦ ʟʘʛʘʣʴʥʫ ʧʣʦʱʫ ʙʣʠʟʴʢʦ 2155 ʢʤĮ, ʜʦʚʞʠʥʫ 230 ʢʤ ʽ 

ʤʘʢʩʠʤʘʣʴʥʫ ʰʠʨʠʥʫ 25 ʢʤ. 

ʇʽʩʣʷ ʚʠʪʦʢʫ ʚʦʜʠ ʫʪʚʦʨʠʣʦʩʷ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʽʟʦʣʴʦʚʘʥʠʭ ʚʦʜʦʡʤ: 

ʬʨʘʛʤʝʥʪʦʚʘʥʝ ʨʫʩʣʦ ɼʥʽʧʨʘ ʧʣʦʱʝʶ ʙʣʠʟʴʢʦ 120 ʢʤĮ ʡ ʦʢʨʝʤʽ ʤʽʣʢʦʚʦʜʥʽ 

ʚʦʜʦʡʤʠ ʧʣʦʱʝʶ ʧʨʠʙʣʠʟʥʦ 307 ʢʤĮ. ʇʨʦʪʝ ʚʥʘʩʣʽʜʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʜʨʝʥʘʞʫ 

ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʠʪʦʢʫ ʚʦʜʠ ʾʭ ʧʣʦʱʘ ʧʨʦʜʦʚʞʫʚʘʣʘ ʟʤʝʥʰʫʚʘʪʠʩʴ, ʱʦ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʥʝʟʚʦʨʦʪʥʫ ʜʝʛʨʘʜʘʮʽʶ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʫ ʟʦʥʽ ʢʦʣʠʰʥʴʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. 

 

 
 

ʈʠʩ. 2. ʈʽʟʥʦʯʘʩʦʚʽ ʤʘʩʢʠ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʩʪʚʦʨʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ  ʪʝʭʥʦʣʦʛʽʾ: (ʘ) ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʂʘʭʦʚʩʴʢʦʾ 

ɻɽʉ 3 ʪʘ 6 ʪʨʘʚʥʷ 2023 ʨʦʢʫ. ɹʘʟʦʚʝ ʟʦʙʨʘʞʝʥʥʷ: Sentinel-2 Natural Colour, 

ʦʪʨʠʤʘʥʝ 6 ʪʨʘʚʥʷ 2023 ʨʦʢʫ; (ʙ) ʥʝʟʘʙʘʨʦʤ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʂʘʭʦʚʩʴʢʦʾ 

ɻɽʉ 20 ʯʝʨʚʥʷ 2023 ʨʦʢʫ. ɹʘʟʦʚʝ ʟʦʙʨʘʞʝʥʥʷ: Sentinel-2 Natural Colour ʚʽʜ 20 

ʯʝʨʚʥʷ 2023 ʨʦʢʫ; (ʚ) ʯʝʨʝʟ ʨʽʢ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ ʛʨʝʙʣʽ ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ 21 ʽ 25 

ʪʨʘʚʥʷ 2024 ʨʦʢʫ. ɹʘʟʦʚʝ ʟʦʙʨʘʞʝʥʥʷ: Sentinel-2 Natural Colour ʚʽʜ 25 ʪʨʘʚʥʷ 2024 

ʨʦʢʫ. 

 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤ ʽʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʨʦʛʦʚʦʾ ʩʝʛʤʝʥʪʘʮʽʾ 
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ʧʨʦʚʦʜʠʚʩʷ ʜʣʷ ʪʨʴʦʭ ʜʽʣʷʥʦʢ: ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʛʦ ʩʪʘʚʢʘ ɿʘʧʦʨʽʟʴʢʦʾ ʘʪʦʤʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ɹʽʣʦʟʝʨʩʴʢʦʛʦ ʣʠʤʘʥʫ ʪʘ ʚʽʜʨʽʟʢʘ ʨʫʩʣʘ ɼʥʽʧʨʘ ʥʘ ʧʽʚʜʝʥʴ ʚʽʜ 

ʤʽʩʪʘ ɿʘʧʦʨʽʞʞʷ. ʎʽ ʪʝʨʠʪʦʨʽʾ ʙʫʣʦ ʦʙʨʘʥʦ ʯʝʨʝʟ ʾʭ ʯʽʪʢʫ ʚʽʟʫʘʣʽʟʘʮʽʶ ʥʘ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʫ ʽ 

ʚʽʜʩʫʪʥʽʩʪʴ ʟʤʽʰʘʥʠʭ ʧʽʢʩʝʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʙôʻʢʪʠʚʥʦ ʦʮʽʥʠʪʠ ʪʦʯʥʽʩʪʴ 

ʘʣʛʦʨʠʪʤʽʚ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ Sentinel-1 (SAR) ʪʘ Sentinel-2 

(ʦʧʪʠʯʥʽ ʟʥʽʤʢʠ) ʟʘ 20 ʯʝʨʚʥʷ 2023 ʨʦʢʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ ʛʨʝʙʣʽ 

ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ, ʢʦʣʠ ʚʦʜʥʘ ʧʦʚʝʨʭʥʷ ʟʘʟʥʘʣʘ ʩʫʪʪʻʚʠʭ ʟʤʽʥ. 

ɽʪʘʣʦʥʥʘ ʤʘʩʢʘ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʩʪʚʦʨʝʥʘ ʰʣʷʭʦʤ ʚʽʟʫʘʣʴʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʟʦʙʨʘʞʝʥʥʷ Sentinel-2 ʫ ʧʨʠʨʦʜʥʠʭ ʢʦʣʴʦʨʘʭ (Natural Colour), ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ 

ʙʘʟʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʤʘʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʗʢ 

ʦʩʥʦʚʥʠʡ ʧʦʢʘʟʥʠʢ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʝʪʘʣʦʥʥʦʶ ʪʘ ʦʪʨʠʤʘʥʠʤʠ ʤʘʩʢʘʤʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʠʥʫ ʧʣʦʱ IoU, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʟʙʽʛʫ 

ʜʚʦʭ ʙʽʥʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʄʘʩʢʘ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ NDWI-ʽʥʜʝʢʩʫ ʟʘ ʜʘʥʠʤʠ Sentinel-2, ʚʠʷʚʠʣʘ 

ʦʩʥʦʚʥʽ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʦʡʤʠ, ʟʦʢʨʝʤʘ ʧʦʚʝʨʭʥʶ ɹʽʣʦʟʝʨʩʴʢʦʛʦ ʣʠʤʘʥʫ, 

ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʛʦ ʩʪʘʚʢʘ ɿɸɽʉ ʽ ʛʦʣʦʚʥʦʛʦ ʨʫʩʣʘ ɼʥʽʧʨʘ. ʇʨʦʪʝ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, 

ʱʦ ʢʣʘʩ çʚʦʜʘè ʯʘʩʪʢʦʚʦ ʚʢʣʶʯʘʚ ʧʽʢʩʝʣʽ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ ʪʘ ʰʪʫʯʥʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʦʩʦʙʣʠʚʦ ʚ ʤʝʞʘʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʘ ʪʘʢʦʞ ʤʘʚ ʟʥʘʯʥʽ ʧʨʦʛʘʣʠʥʠ 

ʫ ʤʽʣʢʦʚʦʜʥʠʭ ʽ ʟʘʙʦʣʦʯʝʥʠʭ ʟʦʥʘʭ ʥʘ ʜʥʽ ʟʨʫʡʥʦʚʘʥʦʛʦ ʂʘʭʦʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ. ʆʪʨʠʤʘʥʘ ʪʦʯʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʟʘ ʧʦʢʘʟʥʠʢʦʤ IoU ʩʪʘʥʦʚʠʣʘ 

0,876, ʱʦ ʚʢʘʟʫʻ ʥʘ ʦʙʤʝʞʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʟʘ ʧʨʠʩʫʪʥʦʩʪʽ ʟʤʽʰʘʥʠʭ 

ʧʽʢʩʝʣʽʚ. 

ʄʘʩʢʘ, ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʤʝʪʦʜʦʤ ʆʮʫ ʜʣʷ ʜʘʥʠʭ SAR Sentinel-1 ʫ VV-

ʧʦʣʷʨʠʟʘʮʽʾ ʟ ʧʦʨʦʛʦʤ ů  = -18,1 ʜɹ, ʚʠʷʚʠʣʘʩʷ ʙʽʣʴʰ ʩʪʽʡʢʦʶ ʜʦ ʟʤʽʥ ʦʩʚʽʪʣʝʥʥʷ 

ʽ ʭʤʘʨʥʦʩʪʽ. ɺʦʥʘ ʤʽʩʪʠʪʴ ʤʝʥʰʝ ʧʨʦʧʫʩʢʽʚ ʜʘʥʠʭ ʦʩʥʦʚʥʠʭ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʽ 

ʢʨʘʱʝ ʚʽʜʦʙʨʘʞʘʻ ʜʨʽʙʥʽ ʟʘʪʦʢʠ ʪʘ ʧʨʠʙʝʨʝʞʥʽ ʜʽʣʷʥʢʠ. ɺʦʜʥʦʯʘʩ ʧʨʠʩʫʪʥʽ 

ʘʨʪʝʬʘʢʪʠ ʫ ʚʠʛʣʷʜʽ ʩʧʝʢʣ-ʰʫʤʫ ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʦʣʷʭ, ʩʭʠʣʘʭ ʷʨʽʚ ʽ 

ʪʝʭʥʦʛʝʥʥʠʭ ʦʙôʻʢʪʘʭ ʫʩʢʣʘʜʥʶʚʘʣʠ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʥʘʯʝʥʥʷ IoU 

ʜʣʷ ʮʽʻʾ ʤʘʩʢʠ ʩʪʘʥʦʚʠʣʦ 0,843, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʙʨʫ, ʘʣʝ ʥʝ ʚʠʩʦʢʦʪʦʯʥʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʪʘʣʦʥʫ.  

ʅʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, 

ʨʦʟʨʦʙʣʝʥʘ ʚ ʤʝʞʘʭ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʻʜʥʘʥʥʽ ʟʛʦʨʪʢʦʚʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (CNN) ʟ ʙʣʦʯʥʠʤ ʩʪʘʪʠʩʪʠʯʥʠʤ ʘʥʘʣʽʟʦʤ ʟʦʙʨʘʞʝʥʴ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʧʨʦʧʫʱʝʥʠʭ ʧʽʢʩʝʣʽʚ ʢʣʘʩʫ çʚʦʜʘè ʪʘ 

ʩʢʦʨʦʪʠʪʠ ʧʦʤʠʣʢʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚ ʤʝʞʘʭ ʟʘʙʦʣʦʯʝʥʠʭ ʽ ʤʽʣʢʦʚʦʜʥʠʭ ʟʦʥ. ʅʘ 

ʦʪʨʠʤʘʥʠʭ ʤʘʩʢʘʭ ʚʦʜʥʘ ʧʦʚʝʨʭʥʷ ʚʽʜʦʙʨʘʞʘʣʘʩʷ ʩʫʮʽʣʴʥʦ, ʙʝʟ ʬʨʘʛʤʝʥʪʘʮʽʾ, 

ʪʦʜʽ ʷʢ ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʠʭ çʚʦʜʥʠʭè ʧʽʢʩʝʣʽʚ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʣʠʰʝ ʚ 

ʧʨʠʙʝʨʝʞʥʠʭ ʨʘʡʦʥʘʭ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʽʥʢʠ, ʪʦʯʥʽʩʪʴ ʤʘʩʢʠ, ʩʬʦʨʤʦʚʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʩʪʘʥʦʚʠʣʘ IoU = 0,961, ʱʦ ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢʠ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ. 
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ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤ ʥʘ ʦʩʥʦʚʽ ʙʣʦʯʥʦʾ ʤʦʜʝʣʽ 

ʜʘʥʠʭ ʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʢʣʘʩʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʦʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʫ  ʤʽʣʢʦʚʦʜʥʠʭ ʪʘ ʟʘʙʦʣʦʯʝʥʠʭ ʟʦʥʘʭ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʢʘʨʪʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤ ʟʘ ʜʘʥʠʤʠ Sentinel-1 ʽ Sentinel-2, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʙʣʦʯʥʽʡ ʤʦʜʝʣʽ ʜʘʥʠʭ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ 

ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʩʽʚ çʚʦʜʘè ʽ çʩʫʭʦʜʽʣè ʫ ʟʤʽʰʘʥʠʭ ʬʨʘʛʤʝʥʪʘʭ 

ʟʦʙʨʘʞʝʥʴ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʾ ʟʛʦʨʪʢʦʚʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʽ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʩʪʴ ʢʘʨʪʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤ ʪʦʯʥʽʩʪʴ 

IoU = 0,961, ʧʝʨʝʚʠʱʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ, ʽ ʤʦʞʝ ʙʫʪʠ 

ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. 
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ʃ.ɯ. ʄʝʱʝʨʷʢʦʚ1, ʄ.ʄ. ʆʜʥʦʚʦʣ1, ʅ.ʇ. ʋʣʘʥʦʚʘ1, ɭ.ʆ. ɻʨʫʰʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʆɹʈʆɹʂɸ ʈʆɿʇʆɼɯʃɽʅʀʍ ʊʈɸʅɿɸʂʎɯʁ 

ɺ ʄɯʂʈʆʉɽʈɺɯʉʅɯʁ ɸʈʍɯʊɽʂʊʋʈɯ 

 
ɸʥʦʪʘʮʽʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʟʘʛʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ 

ʜʘʥʠʭ ʪʘ ʢʦʤʫʥʽʢʘʮʽʾ ʚ ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ ʩʠʩʪʝʤʘʭ. ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʠ ʧʦʜʚʽʡʥʦʛʦ ʟʘʧʠʩʫ ʚ 

ʛʝʪʝʨʦʛʝʥʥʠʭ ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ ʩʠʩʪʝʤʘʭ, ʧʦʨʽʚʥʶʶʪʴʩʷ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ. ʆʙˇʨʫʥʪʦʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʨʝʘʣʽʟʘʮʽʾ ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ ʩʠʩʪʝʤ, ʚʨʘʭʦʚʫʶʯʠ ʜʦʩʣʽʜʞʝʥʽ 

ʧʨʦʙʣʝʤʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ 

ʤʘʶʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʫʟʛʦʜʞʝʥʠʡ ʩʪʘʥ. ʊʘʢʦʞ ʥʘʜʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʩʪʘʚʦʶ ʜʣʷ 

ʙʽʣʴʰ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʦʙʣʝʤʠ ʽʟʦʣʷʮʽʾ ʨʦʟʧʦʜʽʣʝʥʠʭ ʛʝʪʝʨʦʛʝʥʥʠʭ ʪʨʘʥʟʘʢʮʽʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ, ʨʦʟʧʦʜʽʣʝʥʽ ʪʨʘʥʟʘʢʮʽʾ, ACID, BASE, 

ʦʧʪʠʤʽʟʘʮʽʷ ʜʚʦʬʘʟʥʠʭ ʪʨʘʥʟʘʢʮʽʡ, ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ, ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, 

ʘʩʠʥʭʨʦʥʥʘ ʢʦʤʫʥʽʢʘʮʽʷ. 

 

ɺʩʪʫʧ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʪʨʠ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ, ʥʘ 

ʷʢʽ ʧʦʩʠʣʘʻʪʴʩʷ ʪʝʦʨʝʤʘ CAP: ʫʟʛʦʜʞʝʥʽʩʪʴ (C) ʦʟʥʘʯʘʻ, ʱʦ ʚʩʽ ʢʣʽʻʥʪʠ ʙʘʯʘʪʴ 

ʦʜʥʘʢʦʚʽ ʜʘʥʽ ʦʜʥʦʯʘʩʥʦ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʾʭʥʴʦʛʦ ʟʘʧʠʪʫ; ʜʦʩʪʫʧʥʽʩʪʴ (A) 

ʦʟʥʘʯʘʻ, ʱʦ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʧʦʚʝʨʪʘʪʠʤʫʪʴ ʢʦʨʝʢʪʥʫ ʚʽʜʧʦʚʽʜʴ, ʥʘʚʽʪʴ 

ʷʢʱʦ ʚʦʥʠ ʥʝ ʧʨʘʮʶʶʪʴ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ, ʷʢʱʦ ʢʦʨʠʩʪʫʚʘʯʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ 

ʥʠʟʴʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʙʦʾʚ; ʩʪʽʡʢʽʩʪʴ ʜʦ ʨʦʟʧʦʜʽʣʝʥʥʷ (P) ʦʟʥʘʯʘʻ, ʱʦ ʩʠʩʪʝʤʘ 

ʧʨʘʮʶʚʘʪʠʤʝ ʥʘʚʽʪʴ ʧʽʜ ʯʘʩ ʟʙʦʶ ʤʝʨʝʞʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʘʙʦ ʟʘʪʨʠʤʢʠ 

ʧʦʚʽʜʦʤʣʝʥʴ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʩʠʩʪʝʤ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴʩʷ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʝʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʅʘ ʞʘʣʴ, ʥʝʤʦʞʣʠʚʦ ʤʘʪʠ ʚʩʽ ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʜʥʦʯʘʩʥʦ. ʂʦʣʠ ʩʧʨʘʚʘ 

ʜʦʭʦʜʠʪʴ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ ʪʽ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʟʘ 

ʤʽʢʨʦʩʝʨʚʽʩʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ. ʋ ʩʚʦʾʡ ʦʩʥʦʚʽ ʮʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ 

ʨʦʟʧʦʜʽʣʝʥʽʡ ʩʠʩʪʝʤʽ ʻ ʪʨʠ ʨʝʯʽ, ʷʢʽ ʤʦʞʣʠʚʦ ʧʦʨʽʚʥʶʚʘʪʠ ʦʜʥʘ ʟ ʦʜʥʦʶ: 

ʫʟʛʦʜʞʝʥʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʨʦʟʧʦʜʽʣʝʥʥʷ. ɿʦʢʨʝʤʘ, ʪʝʦʨʝʤʘ CAP 

ʛʦʚʦʨʠʪʴ, ʱʦ ʤʦʞʣʠʚʦ ʟʙʝʨʽʛʘʪʠ ʣʠʰʝ ʜʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʚʽʜʤʦʚʽ. 

ʄʽʢʨʦʩʝʨʚʽʩʥʘ ʩʠʩʪʝʤʘ, ʷʢ ʧʨʘʚʠʣʦ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʦʙʤʝʞʝʥʠʭ 

ʢʦʥʪʝʢʩʪʽʚ, ʽ ʚ ʢʦʞʥʦʤʫ ʟ ʥʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʜʘʥʽ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʙʫʪʠ ʧʝʨʝʜʘʥʽ ʟʟʦʚʥʽ, 

ʘ ʪʘʢʦʞ ʜʘʥʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʦʚʥʽ ʚ ʽʥʰʠʭ ʦʙʤʝʞʝʥʠʭ ʢʦʥʪʝʢʩʪʘʭ. ʂʦʞʝʥ 

ʦʙʤʝʞʝʥʠʡ ʢʦʥʪʝʢʩʪ ʤʘʻ ʷʚʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʜʝ ʚʠʨʽʰʫʻʪʴʩʷ, ʷʢʠʤʠ ʤʦʜʝʣʷʤʠ 

ʜʽʣʠʪʠʩʷ ʟ ʽʥʰʠʤʠ ʢʦʥʪʝʢʩʪʘʤʠ. 

ɿʤʽʥʠ, ʷʢʽ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʫ, ʯʘʩʪʦ ʩʪʦʩʫʶʪʴʩʷ ʟʤʽʥ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ. 

ɿʤʽʥʶʶʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʷʢʽ ʜʦʩʪʫʧʥʽ ʢʣʽʻʥʪʘʤ. ʗʢʱʦ ʩʠʩʪʝʤʘ 

ʨʦʟʙʠʪʘ ʥʘ ʦʙʤʝʞʝʥʽ ʢʦʥʪʝʢʩʪʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʦʤʝʥ, ʟʤʽʥʠ, ʷʢʽ ʪʨʝʙʘ 

ʚʧʨʦʚʘʜʠʪʠ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʙʫʜʫʪʴ ʽʟʦʣʴʦʚʘʥʽ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʤʽʢʨʦʩʝʨʚʽʩʫ. ʎʝ 

ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʤʽʩʮʴ, ʷʢʽ ʧʦʪʨʽʙʥʽ ʜʣʷ ʚʥʝʩʝʥʥʷ ʟʤʽʥ, ʽ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ 
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ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʮʽ ʟʤʽʥʠ. ɯ ʷʢʱʦ ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟ ʦʙʤʝʞʝʥʦʛʦ 

ʢʦʥʪʝʢʩʪʫ ʘʙʦ ʟʨʦʙʠʪʠ ʟʘʧʠʪʠ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʚ ʦʙʤʝʞʝʥʦʤʫ ʢʦʥʪʝʢʩʪʽ, 

ʚʘʞʣʠʚʦ ʧʦʜʫʤʘʪʠ ʧʨʦ ʢʦʤʫʥʽʢʘʮʽʶ ʤʽʞ ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʉʪʚʦʨʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʤʘʩʰʪʘʙʦʚʘʥʦʾ ʪʘ 

ʚʽʜʤʦʚʦʩʪʽʡʢʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ ʩʠʩʪʝʤ, ʷʢʘ ʧʽʜʪʨʠʤʫʻ ʛʘʨʘʥʪʽʾ ACID 

ʪʘ BASE ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ʚ ʧʨʦʮʝʩʽ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʚ 

ʤʽʢʨʦʩʝʨʚʽʩʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʇʝʨʰ ʥʽʞ ʧʦʯʘʪʠ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʞʦʜʥʘ ʟ 

ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʝ ʻ ʦʙʦʚôʷʟʢʦʚʦʶ ʜʣʷ ʦʙʨʦʙʢʠ ʨʦʟʧʦʜʽʣʝʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ʚ 

ʤʽʢʨʦʩʝʨʚʽʩʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ. ɹʫʜʴ-ʷʢʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʙʫʪʠ ʟʘʤʽʥʝʥʘ ʥʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʫ, ʷʢʱʦ ʮʽʻʾ ʘʣʴʪʝʨʥʘʪʠʚʠ ʙʫʜʝ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʚʪʽʣʝʥʥʷ ʧʦʪʨʝʙ 

ʩʠʩʪʝʤʠ. ʂʨʽʤ ʪʦʛʦ, ʩʘʤʘ ʢʦʥʮʝʧʮʽʷ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʨʽʟʥʠʭ ʤʽʢʨʦʩʝʨʚʽʩʘʭ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʩʠʩʪʝʤʠ. 

ɺʪʽʤ, ʩʪʘʥʦʤ ʥʘ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʻ ʜʦʩʪʘʪʥʴʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʪʘ ʛʥʫʯʢʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʘʢʪʠʯʥʦ ʚ ʫʩʽʭ ʤʦʞʣʠʚʠʭ 

ʩʮʝʥʘʨʽʷʭ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʤʽʢʨʦʩʝʨʚʽʩʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ. ʑʦ ʪʘʢʦʞ ʚʘʞʣʠʚʦ, ʚʩʽ 

ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʫ ʩʚʦʾʭ ʥʽʰʘʭ, ʤʘʶʪʴ 

ʚʽʜʢʨʠʪʠʡ ʩʠʨʮʝʚʠʡ ʢʦʜ, ʪʘ ʜʦʩʪʫʧʥʽ ʟʘ ʙʝʟʢʦʰʪʦʚʥʠʤʠ ʣʽʮʝʥʟʽʷʤʠ. 

Apache Kafka ï ʻ ʨʦʟʧʦʜʽʣʝʥʝ ʩʭʦʚʠʱʝ ʧʦʜʽʡ ʽ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʦʙʨʦʙʢʠ 

ʧʦʪʦʢʽʚ ʜʘʥʠʭ. ʎʝ ʩʠʩʪʝʤʘ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʨʦʟʨʦʙʣʝʥʘ Apache Software 

Foundation, ʥʘʧʠʩʘʥʘ ʥʘ Java ʪʘ Scala. ʇʨʦʝʢʪ ʤʘʻ ʥʘ ʤʝʪʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʫʥʽʬʽʢʦʚʘʥʫ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʫ ʧʣʘʪʬʦʨʤʫ ʟ ʥʠʟʴʢʦʶ ʟʘʪʨʠʤʢʦʶ ʜʣʷ ʦʙʨʦʙʢʠ 

ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. Apache Kafka ʤʦʞʝ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʟʦʚʥʽʰʥʽʭ 

ʩʠʩʪʝʤ (ʜʣʷ ʽʤʧʦʨʪʫ/ʝʢʩʧʦʨʪʫ ʜʘʥʠʭ) ʯʝʨʝʟ Kafka Connect ʽ ʥʘʜʘʻ ʙʽʙʣʽʦʪʝʢʠ 

Kafka Streams ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤ, ʱʦ ʦʙʨʦʙʣʶʶʪʴ ʧʦʪʦʢʠ. 

MongoDB ï ʜʦʢʫʤʝʥʪʦ-ʦʨʽʻʥʪʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ 

(ʉʋɹɼ) ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʷʢʘ ʥʝ ʧʦʪʨʝʙʫʻ ʦʧʠʩʫ ʩʭʝʤʠ ʪʘʙʣʠʮʴ. 

MongoDB ʟʘʡʤʘʻ ʥʽʰʫ ʤʽʞ ʰʚʠʜʢʠʤʠ ʽ ʤʘʩʰʪʘʙʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʱʦ 

ʦʧʝʨʫʶʪʴ ʜʘʥʠʤʠ ʫ ʬʦʨʤʘʪʽ ʢʣʶʯ/ʟʥʘʯʝʥʥʷ, ʽ ʨʝʣʷʮʽʡʥʠʤʠ ʉʋɹɼ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʽ ʟʨʫʯʥʠʤʠ ʫ ʬʦʨʤʫʚʘʥʥʽ ʟʘʧʠʪʽʚ. 

PostgreSQL ï ʻ ʙʝʟʢʦʰʪʦʚʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʨʝʣʷʮʽʡʥʠʤʠ ʙʘʟʘʤʠ 

ʜʘʥʠʭ (ʈʉʋɹɼ) ʽʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʷʢʘ ʥʘʛʦʣʦʰʫʻ ʥʘ ʨʦʟʰʠʨʶʚʘʥʦʩʪʽ 

ʪʘ ʩʫʤʽʩʥʦʩʪʽ ʟ SQL. ʉʧʦʯʘʪʢʫ ʚʦʥʘ ʙʫʣʘ ʥʘʟʚʘʥʘ POSTGRES, ʧʦʩʠʣʘʶʯʠʩʴ ʥʘ ʾʾ 

ʧʦʭʦʜʞʝʥʥʷ ʷʢ ʩʧʘʜʢʦʻʤʮʷ ʙʘʟʠ ʜʘʥʠʭ Ingres, ʨʦʟʨʦʙʣʝʥʦʾ ʚ ʂʘʣʽʬʦʨʥʽʡʩʴʢʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ ʚ ɹʝʨʢʣʽ. 

.NET (ʚʠʤʦʚʣʷʻʪʴʩʷ ʷʢ çʜʦʪʥʝʪè; ʨʘʥʽʰʝ .NET Core) ï ʮʝ ʙʝʟʢʦʰʪʦʚʥʘ 

ʧʣʘʪʬʦʨʤʘ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ Windows, Linux ʽ macOS. ʎʝ ʢʨʦʩʧʣʘʪʬʦʨʤʥʠʡ ʥʘʩʪʫʧʥʠʢ 

.NET Framework. ʇʨʦʝʢʪ ʚ ʦʩʥʦʚʥʦʤʫ ʨʦʟʨʦʙʣʝʥʦ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ Microsoft ʟʘ 

ʜʦʧʦʤʦʛʦʶ .NET Foundation, 

Apache Kafka, MongoDB ʪʘ PostgreSQL ʤʘʶʪʴ ʩʫʪʪʻʚʦ ʨʽʟʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʧʽʜʪʨʠʤʫʶʪʴ 
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ʜʫʞʝ ʩʭʦʞʽ ʤʦʜʝʣʽ ʫʟʛʦʜʞʝʥʦʩʪʽ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʽʥʪʝʛʨʘʮʽʶ ʧʨʦʩʪʦʶ ʪʘ 

ʝʬʝʢʪʠʚʥʦʶ. 

Apache Kafka ʪʘ MongoDB ʟʜʘʪʥʽ ʜʦ ʪʝʦʨʝʪʠʯʥʦ ʥʝʦʙʤʝʞʝʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʘ PostgreSQL ʧʽʜʪʨʠʤʫʻ ʜʚʦʬʘʟʥʽ ʪʨʘʥʟʘʢʮʽʾ, 

ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʧʦʜʽʣʝʥʽ ʪʨʘʥʟʘʢʮʽʾ ʤʽʞ ʫʩʽʤʘ ʪʨʴʦʤʘ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʦʜʥʦʯʘʩʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʽ ʩʪʨʘʪʝʛʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ .NET ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʜʫʙʣʶʚʘʥʥʷ ʢʦʜʫ ʤʽʞ ʨʽʟʥʠʤʠ 

ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ, ʧʨʠ ʮʴʦʤʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʦʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʭʦʯʘ ʚ ʮʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ ʤʦʚʘ C#. ʊʘʢʦʞ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʘʨʘʜʠʛʤʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʦ ʟʘʚʜʷʢʠ ʫʥʠʢʥʝʥʥʶ 

ʟʘʡʚʦʛʦ ʙʣʦʢʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ 

ʩʧʦʞʠʚʘʥʥʷ ʩʝʨʚʝʨʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʚʩʽʭ ʧʨʦʛʨʘʤ, ʚ ʦʩʥʦʚʽ ʷʢʠʭ ʣʝʞʠʪʴ 

ʽʥʪʝʥʩʠʚʥʘ ʤʝʨʝʞʝʚʘ ʚʟʘʻʤʦʜʽʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʪʘʢʦʞ ʜʦʟʚʦʣʷʻʪʴʩʷ ʥʘʧʨʷʤʫ ʚʠʢʣʠʢʘʪʠ ʤʘʰʠʥʥʠʡ ʢʦʜ, ʱʦ ʨʦʙʠʪʴ ʤʦʞʣʠʚʦʶ 

ʽʥʪʝʛʨʘʮʽʶ ʟ ʧʨʦʛʨʘʤʘʤʠ, ʷʢʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ .NET. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʩʦʢʦʾ ʜʦʩʪʫʧʥʦʩʪʽ 

ʚʠʢʦʥʘʚʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ Apache Kafka. ʎʽʢʘʚʦʶ ʬʫʥʢʮʽʻʶ 

Apache Kafka ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ 

ʦʙʨʦʙʢʠ ʧʦʚʽʜʦʤʣʝʥʴ [1]. ʇʨʦʛʨʘʤʫ ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ ʟ ʢʽʣʴʢʦʤʘ 

ʝʢʟʝʤʧʣʷʨʘʤʠ ʩʧʦʞʠʚʘʯʽʚ, ʧʨʠ ʮʴʦʤʫ ʢʦʞʝʥ ʩʧʦʞʠʚʘʯ ʦʪʨʠʤʫʻ ʯʘʩʪʠʥʫ (ʯʘʩʪʢʫ) 

ʧʦʚʽʜʦʤʣʝʥʴ ʥʘ ʪʝʤʫ. ʎʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ ʤʘʩʰʪʘʙʫʚʘʪʠʩʴ ʫ ʤʽʨʫ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʜʘʥʠʭ, ʱʦ ʟʘʧʠʩʫʶʪʴʩʷ ʚ ʪʝʤʫ. ʎʝ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʜʦʩʪʫʧʥʽʩʪʴ: ʷʢʱʦ ʦʜʠʥ ʽʟ ʝʢʟʝʤʧʣʷʨʽʚ ʩʧʦʞʠʚʘʯʽʚ ʚʠʭʦʜʠʪʴ ʟ ʣʘʜʫ, 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʦʞʥʘ ʧʝʨʝʥʘʧʨʘʚʠʪʠ ʜʦ ʽʥʰʠʭ ʩʧʦʞʠʚʘʯʽʚ [2]. 

ʋ Apache Kafka ʪʝʤʘ ï ʮʝ ʢʘʪʝʛʦʨʽʷ ʘʙʦ ʢʘʥʘʣ, ʜʦ ʷʢʦʛʦ ʟʘʧʠʩʫʶʪʴʩʷ ʟʘʧʠʩʠ. 

ʊʝʤʘ ʧʦʜʽʙʥʘ (ʭʦʯʘ ʡ ʜʝʱʦ ʽʥʰʘ) ʜʦ ʢʦʥʮʝʧʮʽʾ ʯʝʨʛ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʽʥʰʠʭ 

ʩʠʩʪʝʤʘʭ ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. 

ʂʦʞʥʘ ʪʝʤʘ ʤʦʞʝ ʤʽʩʪʠʪʠ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʨʦʟʜʽʣʽʚ. ʈʦʟʜʽʣ ï ʮʝ 

ʚʧʦʨʷʜʢʦʚʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʘʧʠʩʽʚ, ʷʢʽ ʣʠʰʝ ʜʦʜʘʶʪʴʩʷ. ʑʦʨʘʟʫ, ʢʦʣʠ ʟʘʧʠʩ 

ʟʘʧʠʩʫʻʪʴʩʷ ʚ ʪʝʤʫ, ʚʽʥ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʜʦ ʨʦʟʜʽʣʫ ʚ ʮʽʡ ʪʝʤʽ (ʨʠʩ. 1). 

ʑʦʨʘʟʫ, ʢʦʣʠ ʩʧʦʞʠʚʘʯ ʧʽʜʢʣʶʯʘʻʪʴʩʷ, ʚʽʥ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʘʙʦ 

ʢʽʣʴʢʦʭ ʨʦʟʜʽʣʽʚ. ʇʦʚʽʜʦʤʣʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʩʧʦʞʠʚʘʯʝʤ, ʥʘʜʭʦʜʠʪʠʤʫʪʴ ʣʠʰʝ ʟ 

ʪʠʭ ʨʦʟʜʽʣʽʚ, ʷʢʠʤ ʚʽʥ ʧʨʠʟʥʘʯʝʥʠʡ. 

ɹʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ 

ʨʦʟʜʽʣʽʚ ʨʽʟʥʠʤ ʩʧʦʞʠʚʘʯʘʤ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʪʝʤʘ ʤʽʩʪʠʪʴ 5 ʨʦʟʜʽʣʽʚ, ʤʦʞʣʠʚʦ 

ʤʘʪʠ 5 ʩʧʦʞʠʚʘʯʽʚ, ʷʢʽ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. ʍʦʯʘ ʮʠʤ 

ʧʨʠʟʥʘʯʝʥʥʷʤ, ʟʚʠʯʘʡʥʦ, ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʚʨʫʯʥʫ, ʢʨʘʱʠʤ ʧʽʜʭʦʜʦʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʫʧ Apache Kafka, ʱʦʙ ʫ ʨʘʟʽ ʟʙʦʶ ʩʧʦʞʠʚʘʯʘ ʨʦʟʜʽʣʠ, ʷʢʠʤ ʚʽʥ 

ʙʫʚ ʧʨʠʟʥʘʯʝʥʠʡ, ʤʦʛʣʠ ʙʫʪʠ ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʨʦʟʧʦʜʽʣʝʥʽ ʽʥʰʠʤ ʩʧʦʞʠʚʘʯʘʤ. 

ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʘʚʪʦʤʘʪʠʯʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʨʦʟʜʽʣʽʚ ʩʧʦʞʠʚʘʯʘʤ, ʢʦʞʝʥ 

ʝʢʟʝʤʧʣʷʨ ʩʧʦʞʠʚʘʯʘ ʤʦʞʝ ʧʦʟʥʘʯʠʪʠ ʩʝʙʝ ʷʢ ʯʘʩʪʠʥʫ ʛʨʫʧʠ ʩʧʦʞʠʚʘʯʽʚ. ʂʽʣʴʢʘ 
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ʝʢʟʝʤʧʣʷʨʽʚ ʩʧʦʞʠʚʘʯʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʯʘʩʪʠʥʦʶ ʦʜʥʽʻʾ ʛʨʫʧʠ, ʽʥʘʢʰʝ ʢʘʞʫʯʠ, 

ʛʨʫʧʘ ʤʦʞʝ ʤʽʩʪʠʪʠ ʦʜʥʦʛʦ ʘʙʦ ʙʽʣʴʰʝ ʩʧʦʞʠʚʘʯʽʚ. 

 

 
ʈʠʩ. 1. ɸʥʘʪʦʤʽʷ ʪʝʤʠ Apache Kafka 

 

ʂʦʣʠ ʩʧʦʞʠʚʘʯ ʧʽʜʧʠʩʫʻʪʴʩʷ ʥʘ ʪʝʤʫ, ʛʨʫʧʘ, ʜʦ ʷʢʦʾ ʚʽʥ ʚʭʦʜʠʪʴ, ʮʴʦʤʫ 

ʩʧʦʞʠʚʘʯʝʚʽ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʨʦʟʜʽʣʠ ʪʝʤʠ. ʗʢʱʦ ʢʽʣʴʢʘ ʩʧʦʞʠʚʘʯʽʚ 

ʚ ʦʜʥʽʡ ʛʨʫʧʽ ʧʽʜʧʠʩʫʶʪʴʩʷ ʥʘ ʪʫ ʩʘʤʫ ʪʝʤʫ, ʛʨʫʧʘ ʧʨʠʟʥʘʯʠʪʴ ʨʽʟʥʽ ʨʦʟʜʽʣʠ ʜʣʷ 

ʢʦʞʥʦʛʦ ʩʧʦʞʠʚʘʯʘ (ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ʂʣʘʩʪʝʨ Apache Kafka ʪʘ ʜʚʽ ʛʨʫʧʠ ʩʧʦʞʠʚʘʯʽʚ 

 

ɻʘʨʘʥʪʫʚʘʥʥʷ ʦʜʥʦʨʘʟʦʚʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʨʘʥʟʘʢʮʽʾ. ɻʘʨʘʥʪʽʷ ʚʠʢʦʥʘʥʥʷ 

ʧʨʠʥʘʡʤʥʽ ʦʜʠʥ ʨʘʟ, ʷʢʫ ʥʘʜʘʻ Apache Kafka, ʦʟʥʘʯʘʻ, ʱʦ ʪʦʯʥʦ ʙʫʜʝ ʦʪʨʠʤʘʥʦ 

ʪʘ ʦʙʨʦʙʣʝʥʦ ʢʦʞʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʘʣʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ 

ʧʦʚʪʦʨʥʦ ʚ ʨʘʟʽ ʟʙʦʶ [3]. 

ɭ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʟʙʦʶ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, 

ʧʨʦʛʨʘʤʘ ʥʘʜʩʠʣʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ Apache Kafka. ʇʨʦʛʨʘʤʘ ʥʽʢʦʣʠ ʥʝ ʦʪʨʠʤʫʻ 

ʚʽʜʧʦʚʽʜʽ, ʪʦʤʫ ʟʥʦʚʫ ʥʘʜʩʠʣʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ (ʨʠʩ. 3). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, 

ʤʦʞʣʠʚʦ, ʧʝʨʰʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʫʣʦ ʫʩʧʽʰʥʦ ʟʙʝʨʝʞʝʥʦ, ʘʣʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʙʫʣʦ 

ʚʪʨʘʯʝʥʦ, ʪʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʦʜʘʥʦ ʜʚʽʯʽ. 
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ʈʠʩ. 3. ɼʫʧʣʽʢʘʮʽʷ ʧʨʠ ʚʽʜʤʦʚʠ 

 

ɸʙʦ ʩʠʩʪʝʤʘ ʦʙʨʦʙʣʷʻ ʚʝʣʠʢʠʡ ʬʘʡʣ, ʱʦ ʤʽʩʪʠʪʴ ʧʦʜʽʾ. ʇʨʦʮʝʩ ʦʙʨʦʙʣʶʻ 

ʬʘʡʣ, ʥʘʜʩʠʣʘʶʯʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ Apache Kafka ʜʣʷ ʢʦʞʥʦʾ ʧʦʜʽʾ. ʇʽʩʣʷ  ʦʙʨʦʙʢʠ 

ʧʦʣʦʚʠʥʠ ʬʘʡʣʫ ʧʨʦʮʝʩ ʨʘʧʪʦʚʦ ʧʘʜʘʻ ʪʘ ʧʝʨʝʟʘʧʫʩʢʘʻʪʴʩʷ. ʇʨʦʮʝʩ ʟʥʦʚʫ 

ʧʦʯʠʥʘʻ ʦʙʨʦʙʣʷʪʠ ʬʘʡʣ ʽʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʡ ʧʦʟʥʘʯʘʻ ʡʦʛʦ ʷʢ ʦʙʨʦʙʣʝʥʠʡ ʣʠʰʝ 

ʪʦʜʽ, ʢʦʣʠ ʦʙʨʦʙʠʪʴ ʚʝʩʴ ʬʘʡʣ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʜʽʾ ʟ ʧʝʨʰʦʾ ʧʦʣʦʚʠʥʠ ʬʘʡʣʫ 

ʙʫʜʫʪʴ ʥʘʜʽʩʣʘʥʽ ʚ Apache Kafka ʜʚʽʯʽ (ʨʠʩ. 4). 

 

 

 

ʈʠʩ. 4. ɼʫʧʣʽʢʘʮʽʷ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʘʪʦʤʘʨʥʦʩʪʽ 

 

ɸʙʦ ʩʧʦʞʠʚʘʯ ʦʪʨʠʤʫʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʽʜ Apache Kafka, ʧʝʨʝʪʚʦʨʶʻ ʾʭ ʽ 

ʟʘʧʠʩʫʻ ʨʝʟʫʣʴʪʘʪʠ ʚ ʙʘʟʫ ʜʘʥʠʭ. ʉʧʦʞʠʚʘʯ ʧʽʜʪʚʝʨʜʞʫʻ ʦʙʨʦʙʢʫ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʣʠʰʝ ʧʽʩʣʷ ʫʩʧʽʰʥʦʛʦ ʟʘʧʠʩʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʙʘʟʫ ʜʘʥʠʭ (ʨʠʩ. 5). ʗʢʱʦ ʢʦʨʠʩʪʫʚʘʯ 

ʟʘʟʥʘʻ ʧʦʤʠʣʢʠ ʧʽʩʣʷ ʟʘʧʠʩʫ ʫ ʙʘʟʫ ʜʘʥʠʭ, ʘʣʝ ʜʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʦʙʨʦʙʢʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʚʽʥ ʧʦʚʪʦʨʥʦ ʦʙʨʦʙʠʪʴ ʪʽ ʩʘʤʽ ʟʘʧʠʩʠ ʧʽʜ ʯʘʩ ʥʘʩʪʫʧʥʦʛʦ ʟʘʧʫʩʢʫ 

ʪʘ ʟʙʝʨʝʞʝ ʾʭ ʫ ʙʘʟʽ ʜʘʥʠʭ ʱʝ ʨʘʟ. 

 

 

 

ʈʠʩ. 5. ɼʫʧʣʽʢʘʮʽʷ ʜʘʥʠʭ ʧʨʠ ʚʽʜʤʦʚʽ ʩʝʨʚʝʨʘ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʧʦʚʽʜʦʤʣʝʥʥʷ 

 

ʐʘʙʣʦʥ çOutboxè ʛʘʨʘʥʪʫʻ, ʱʦ ʢʦʞʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʦʙʨʦʙʣʷʻʪʴʩʷ ʣʠʰʝ 

ʦʜʠʥ ʨʘʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʢʘʣʴʥʦʾ ʪʨʘʥʟʘʢʮʽʾ ʙʘʟʠ ʜʘʥʠʭ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʙʽʟʥʝʩ-ʜʘʥʠʭ. ɸʣʛʦʨʠʪʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʬʘʟ. 
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ʈʠʩ. 6. ʇʝʨʰʘ ʬʘʟʘ çOutboxè 

 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ ʧʝʨʰʦʾ ʬʘʟʠ çOutboxè (ʨʠʩ. 6): 

1. ʅʘʜʭʦʜʠʪʴ ʚʭʽʜʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟ Apache Kafka, ʘʣʝ ʚʦʥʦ ʥʝ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦʙ ʫ ʨʘʟʽ ʥʝʚʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʫʣʦ ʜʦʩʪʘʚʣʝʥʦ ʟʥʦʚʫ. 

2. ʈʦʟʧʦʯʠʥʘʻʪʴʩʷ ʪʨʘʥʟʘʢʮʽʶ ʚ ʙʘʟʽ ʜʘʥʠʭ. 

3. ʇʝʨʝʚʽʨʷʻʪʴʩʷ ʪʘʙʣʠʮʷ Outbox ʚ ʙʘʟʽ ʜʘʥʠʭ, ʱʦʙ ʧʦʙʘʯʠʪʠ, ʯʠ ʚʭʽʜʥʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʞʝ ʦʙʨʦʙʣʝʥʦ. ʎʝ ʥʘʟʠʚʘʻʪʴʩʷ ʜʝʜʫʧʣʽʢʘʮʽʻʶ. ʗʢʱʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʞʝ ʦʙʨʦʙʣʝʥʦ, ʧʦʪʨʽʙʥʦ ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 6. ʗʢʱʦ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʱʝ ʥʝ ʦʙʨʦʙʣʝʥʦ, ʧʦʪʨʽʙʥʦ ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 4. 

4. ɺʠʢʦʥʫʻʪʴʩʷ ʦʙʨʦʙʥʠʢ ʧʦʚʽʜʦʤʣʝʥʴ ʜʣʷ ʚʭʽʜʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ 

5. ɹʫʜʴ-ʷʢʽ ʚʠʭʽʜʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʝ ʥʘʜʩʠʣʘʶʪʴʩʷ ʥʝʛʘʡʥʦ. 
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6. ɹʫʜʴ-ʷʢʽ ʚʠʭʽʜʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʙʘʟʽ ʜʘʥʠʭ. 

7. ʊʨʘʥʟʘʢʮʽʶ ʬʽʢʩʫʻʪʴʩʷ ʚ ʙʘʟʽ ʜʘʥʠʭ. ʎʝ ʦʧʝʨʘʮʽʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʪʘ ʙʘʟʦʶ ʜʘʥʠʭ. 
 

 

ʈʠʩ. 7. ɼʨʫʛʘ ʬʘʟʘ çOutboxè 

 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ ʜʨʫʛʦʾ ʬʘʟʠ çOutboxè (ʨʠʩ. 7): 

1. ʇʝʨʝʚʽʨʷʻʪʴʩʷ, ʯʠ ʚʠʭʽʜʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʞʝ ʥʘʜʽʩʣʘʥʦ. ʗʢʱʦ ʚʠʭʽʜʥʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʞʝ ʥʘʜʽʩʣʘʥʽ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʭʽʜʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʻ ʜʫʙʣʽʢʘʪʦʤ, 

ʪʦʞ ʧʦʪʨʽʙʥʦ ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 4. ɸʣʝ ʷʢʱʦ ʚʠʭʽʜʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʱʝ ʥʝ 

ʥʘʜʽʩʣʘʥʦ, ʧʦʪʨʽʙʥʦ ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 2. 

2. ɺʽʜʧʨʘʚʣʷʶʪʴʩʷ ʚʠʭʽʜʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ ʯʝʨʛʫ. ʗʢʱʦ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʦʙʨʦʙʢʘ ʥʝ ʚʜʘʻʪʴʩʷ, ʜʫʙʣʽʢʘʪʠ ʧʦʚʽʜʦʤʣʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʽʩʣʘʥʽ ʚ ʯʝʨʛʫ. 

ɼʫʙʣʽʢʘʪʠ ʤʘʪʠʤʫʪʴ ʦʜʥʘʢʦʚʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʪʦʤʫ ʾʭ ʙʫʜʝ 

ʜʝʜʫʧʣʽʢʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ çOutboxè (ʬʘʟʘ 1, ʢʨʦʢ 3) ʫ ʢʽʥʮʝʚʽʡ ʪʦʯʮʽ. 

3. ʆʥʦʚʣʶʻʪʴʩʷ ʩʭʦʚʠʱʝ çOutboxè, ʬʽʢʩʫʶʯʠ ʬʘʢʪ ʧʫʙʣʽʢʘʮʽʾ. 

4. ɺʭʽʜʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ (ACK). 
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ɺ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʧʝʨʰʦʾ ʬʘʟʠ ʚʠʭʽʜʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʝ ʥʘʜʩʠʣʘʶʪʴʩʷ. 

ɺʦʥʠ ʩʝʨʽʘʣʽʟʫʶʪʴʩʷ ʪʘ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʩʭʦʚʠʱʝ çOutboxè. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʦʜʥʽʡ ʪʨʘʥʟʘʢʮʽʾ (ʢʨʦʢʠ 2 ï 6), ʷʢʘ ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʦʥʦʚʣʝʥʥʷ ʙʽʟʥʝʩ-ʜʘʥʠʭ, 

ʚʥʝʩʝʥʽ ʦʙʨʦʙʥʠʢʘʤʠ ʧʦʚʽʜʦʤʣʝʥʴ. ʎʝ ʛʘʨʘʥʪʫʻ, ʱʦ ʟʤʽʥʠ ʙʽʟʥʝʩ-ʜʘʥʠʭ ʥʝ 

ʚʥʦʩʷʪʴʩʷ ʙʝʟ ʟʘʧʠʩʫ ʚʠʭʽʜʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, ʽ ʥʘʚʧʘʢʠ. 

ɺ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʜʨʫʛʦʾ ʬʘʟʠ ʚʠʭʽʜʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʘʜʩʠʣʘʶʪʴʩʷ ʜʦ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ, ʘ ʩʭʦʚʠʱʝ ʚʠʭʽʜʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ 

çOutboxè ʦʥʦʚʣʶʻʪʴʩʷ, ʱʦʙ ʚʢʘʟʘʪʠ, ʱʦ ʚʠʭʽʜʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʘʜʽʩʣʘʥʦ (ʢʨʦʢʠ 

1 ï 3). ʏʝʨʝʟ ʤʦʞʣʠʚʽʩʪʴ ʟʙʦʾʚ ʦʜʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʥʘʜʽʩʣʘʥʦ ʢʽʣʴʢʘ 

ʨʘʟʽʚ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʥʘ ʢʨʦʮʽ 3 ʚʠʥʠʢʘʻ ʟʙʽʡ (ʥʝ ʚʜʘʣʦʩʷ ʦʥʦʚʠʪʠ ʩʭʦʚʠʱʝ 

ʚʠʭʽʜʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ), ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʫʜʝ ʟʥʦʚʫ ʧʨʦʯʠʪʘʥʦ ʟʽ ʩʭʦʚʠʱʘ ʚʠʭʽʜʥʠʭ 

ʧʦʚʽʜʦʤʣʝʥʴ ʽ ʥʘʜʽʩʣʘʥʦ ʟʥʦʚʫ. ʇʦʢʠ ʧʨʠʡʤʘʣʴʥʽ ʢʽʥʮʝʚʽ ʪʦʯʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

çOutboxè, ʮʽ ʜʫʙʣʽʢʘʪʠ ʜʝʜʫʧʣʽʢʫʶʪʴʩʷ ʥʘ 3 ʢʨʦʮʽ. 

ɺʠʭʽʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʠʰʝ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʚʭʽʜʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʷʢ 

ʫʥʽʢʘʣʴʥʠʡ ʢʣʶʯ ʜʣʷ ʜʝʜʫʧʣʽʢʘʮʽʾ ʧʦʚʽʜʦʤʣʝʥʴ. ʗʢʱʦ ʚʽʜʧʨʘʚʥʠʢ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻ çOutboxè ʧʽʜ ʯʘʩ ʥʘʜʩʠʣʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ, ʚʽʥ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʪʝ, ʱʦʙ 

ʟʥʘʯʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʫʣʦ ʫʟʛʦʜʞʝʥʠʤ, ʢʦʣʠ ʮʝ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʥʘʜʩʠʣʘʻʪʴʩʷ ʢʽʣʴʢʘ ʨʘʟʽʚ. 

ʈʦʟʧʦʜʽʣʝʥʘ ACID-ʪʨʘʥʟʘʢʮʽʷ ʚ MongoDB ʪʘ PostgreSQL. ʊʨʘʥʟʘʢʮʽʾ 

ACID ʢʦʨʠʩʥʽ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʨʦʟʨʦʙʥʠʢʽʚ ʫ ʩʢʣʘʜʥʠʭ ʩʮʝʥʘʨʽʷʭ, ʷʢʽ 

ʚʠʤʘʛʘʶʪʴ ʚʠʢʦʥʘʥʥʷ çʚʩʴʦʛʦ ʘʙʦ ʥʽʯʦʛʦè ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟ ʫʟʛʦʜʞʝʥʠʤʠ ʜʘʥʠʤʠ. 

ʂʦʣʠ ʧʨʦʛʨʘʤʠ ʧʨʘʮʶʶʪʴ ʽʟ ʚʝʣʠʯʝʟʥʠʤʠ ʜʘʥʠʤʠ, ʧʦʪʫʞʥʦʩʪʽ ʦʜʥʦʛʦ 

ʩʝʨʚʝʨʘ ʟ ʯʘʩʦʤ ʤʦʞʝ ʩʪʘʪʠ ʥʝʜʦʩʪʘʪʥʴʦ, ʦʩʢʽʣʴʢʠ ʢʣʽʻʥʪʠ ʧʝʨʝʚʘʥʪʘʞʫʶʪʴ 

ʩʝʨʚʝʨ ʦʜʥʦʯʘʩʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ. 

ʐʘʨʜʽʥʛ ï ʮʝ ʤʝʭʘʥʽʟʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʰʣʷʭʦʤ 

ʨʦʟʜʽʣʝʥʥʷ ʜʘʥʠʭ ʥʘ ʯʘʩʪʠʥʠ, ʘ ʧʦʪʽʤ ʨʦʟʧʦʜʽʣʫ ʾʭ ʤʽʞ ʢʽʣʴʢʦʤʘ ʩʝʨʚʝʨʘʤʠ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ [4]. 

PostgreSQL ʨʝʘʣʽʟʫʚʘʚ ʰʘʨʜʽʥʛ ʧʦʚʝʨʭ ʨʦʟʜʽʣʝʥʥʷ ʜʘʥʠʭ ʥʘ ʯʘʩʪʠʥʠ, 

ʜʦʟʚʦʣʷʶʯʠ ʨʦʟʤʽʱʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʨʦʟʜʽʣʫ ʨʦʟʜʽʣʝʥʦʾ ʪʘʙʣʠʮʽ ʥʘ ʚʽʜʜʘʣʝʥʦʤʫ 

ʩʝʨʚʝʨʽ. ʆʩʥʦʚʦʶ ʜʣʷ ʮʴʦʛʦ ʻ Foreign Data Wrapper (FDW), ʷʢʠʡ ʧʨʦʪʷʛʦʤ 

ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʙʫʚ ʯʘʩʪʠʥʦʶ ʷʜʨʘ PostgreSQL. 

ɼʚʦʬʘʟʥʽ ʪʨʘʥʟʘʢʮʽʾ PostgreSQL ʜʦʟʚʦʣʷʶʪʴ ʙʘʟʽ ʜʘʥʠʭ ʟʙʝʨʽʛʘʪʠ ʜʝʪʘʣʽ 

ʪʨʘʥʟʘʢʮʽʾ ʥʘ ʜʠʩʢʫ ʙʝʟ ʾʾ ʬʽʢʩʘʮʽʾ. ʎʝ ʨʦʙʠʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ 

PREPARE TRANSACTION ʚ ʢʽʥʮʽ ʙʣʦʢʫ ʪʨʘʥʟʘʢʮʽʾ. ɼʣʷ ʬʽʢʩʘʮʽʾ ʪʨʘʥʟʘʢʮʽʾ ʤʘʻ 

ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʢʦʤʘʥʜʘ COMMIT PREPARED. ʆʩʢʽʣʴʢʠ ʜʝʪʘʣʽ ʪʨʘʥʟʘʢʮʽʾ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ ʜʠʩʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʬʘʟʥʠʭ ʪʨʘʥʟʘʢʮʽʡ, PostgreSQL ʤʦʞʝ 

ʛʘʨʘʥʪʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʬʽʢʩʘʮʽʾ ʜʚʦʬʘʟʥʦʾ ʪʨʘʥʟʘʢʮʽʶ ʧʽʟʥʽʰʝ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʽʥ 

ʚʠʭʦʜʠʪʴ ʟ ʣʘʜʫ ʘʙʦ ʥʝ ʧʨʘʮʶʻ ʜʝʷʢʠʡ ʯʘʩ. 

MongoDB ʚʠʨʽʰʫʻ ʧʠʪʘʥʥʷ ʢʝʨʫʚʘʥʥʷ ʚʝʣʠʢʠʤʠ ʢʦʣʝʢʮʽʷʤʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʝʨʝʟ ʰʘʨʜʽʥʛ: ʫ MongoDB ʥʝʤʘʻ ʧʦʥʷʪʪʷ ʣʦʢʘʣʴʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ 

ʢʦʣʝʢʮʽʡ. ʅʘʩʧʨʘʚʜʽ ʚʩʷ ʩʪʨʘʪʝʛʽʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ MongoDB ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʰʘʨʜʽʥʛʫ, ʷʢʠʡ ʟʘʡʤʘʻ ʮʝʥʪʨʘʣʴʥʝ ʤʽʩʮʝ ʚ ʘʨʭʽʪʝʢʪʫʨʽ ʙʘʟʠ ʜʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʨʦʮʝʩ ʰʘʨʜʽʥʛʫ ʻ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʟʦʨʠʤ ʜʣʷ ʧʨʦʛʨʘʤʠ: ʚʩʝ, ʱʦ ʧʦʚʠʥʝʥ 
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ʟʨʦʙʠʪʠ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʙʘʟʠ ʜʘʥʠʭ, ʮʝ ʚʠʟʥʘʯʠʪʠ ʢʣʶʯ ʩʝʛʤʝʥʪʘ. MongoDB ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʧʦʜʽʣʝʥʽ ʪʨʘʥʟʘʢʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʦʭʦʧʣʶʚʘʪʠ ʚʝʩʴ 

ʢʣʘʩʪʝʨ MongoDB, ʪʘ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʦʪʨʽʙʥʠʡ ʨʽʚʝʥʴ ʫʟʛʦʜʞʝʥʦʩʪʽ 

ʜʣʷ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʪʨʘʥʟʘʢʮʽʾ [5]. 

ɼʚʦʬʘʟʥʽ ʪʨʘʥʟʘʢʮʽʾ ʥʽʢʦʣʠ ʥʝ ʧʦʪʨʽʙʥʽ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʚ ʦʜʥʝ 

ʩʭʦʚʠʱʝ. ɸʣʝ ʥʝʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʘʪʦʤʘʨʥʦʩʪʽ ʟ ʦʜʥʠʤʠ ʣʠʰʝ ʦʜʥʦʬʘʟʥʠʤʠ 

ʪʨʘʥʟʘʢʮʽʷʤʠ, ʷʢʱʦ ʧʦʪʨʽʙʥʦ ʧʠʩʘʪʠ ʜʘʥʽ ʚ ʜʝʢʽʣʴʢʘ ʩʭʦʚʠʱ. 

MongoDB ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʚʦʬʘʟʥʽ ʪʨʘʥʟʘʢʮʽʾ ʫ ʩʚʦʾʡ ʨʝʘʣʽʟʘʮʽʾ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʪʨʘʥʟʘʢʮʽʡ. ɸʣʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ PostgreSQL, ʥʝ ʥʘʜʘʻ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʧʦʜʽʙʥʠʡ ʜʦ XA ʽʥʪʝʨʬʝʡʩ. ʊʘʢʝ ʦʙʤʝʞʝʥʥʷ ʧʦʚôʷʟʘʥʝ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟ ʪʠʤ, ʱʦ 

ʘʨʭʽʪʝʢʪʫʨʥʦ ʪʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦ MongoDB ʥʝ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʜʦʚʛʦʪʨʠʚʘʣʽ 

ʪʨʘʥʟʘʢʮʽʾ, ʪʦʤʫ ʱʦ ʮʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʧʝʩʠʤʽʩʪʠʯʥʦʛʦ ʙʣʦʢʫʚʘʥʥʷ, ʪʦʜʽ 

ʷʢ ʜʚʦʬʘʟʥʽ ʪʨʘʥʟʘʢʮʽʾ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʫʪʴ ʟʘʙʣʦʢʫʚʘʪʠ ʜʘʥʽ ʥʘʚʽʯʥʦ. 

ɿʘʚʜʷʢʠ ʩʝʤʘʥʪʠʮʽ Apache Kafka, ʤʦʞʣʠʚʦ ʩʪʚʦʨʶʚʘʪʠ ʦʧʝʨʘʮʽʾ, ʷʢʽ 

ʦʨʢʝʩʪʨʫʶʪʴ ʪʘ ʧʦʻʜʥʫʶʪʴ ʚ ʨʦʟʧʦʜʽʣʝʥʽ ACID-ʪʨʘʥʟʘʢʮʽʾ ʽʥʰʽ ʦʧʝʨʘʮʽʾ. 

ʌʘʢʪʠʯʥʦ, ʪʘʢʠʤ ʯʠʥʦʤ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʥʘʜʽʡʥʠʡ, ʨʦʟʧʦʜʽʣʝʥʠʡ ʪʘ 

ʚʽʜʤʦʚʦʩʪʽʡʢʠʡ ʤʝʥʝʜʞʝʨ ʨʦʟʧʦʜʽʣʝʥʠʭ ʪʨʘʥʟʘʢʮʽʡ. 

ʈʦʟʧʦʜʽʣʝʥʽ ʪʨʘʥʟʘʢʮʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʤʝʞʘʭ ʢʽʣʴʢʦʭ ʦʧʝʨʘʮʽʡ, 

ʙʘʟ ʜʘʥʠʭ ʪʘ ʰʘʨʜʽʚ. ʄʦʞʣʠʚʦ ʦʙʽʡʪʠ ʦʙʤʝʞʝʥʥʷ MongoDB ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʚʦʬʘʟʥʠʭ ʪʨʘʥʟʘʢʮʽʡ, ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ MongoDB ʚ ʤʝʞʘʭ ʜʚʦʬʘʟʥʦʾ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʪʨʘʥʟʘʢʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʦʧʠʩʘʥʫ ʦʧʪʠʤʽʟʘʮʽʶ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ʚ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʠʩʪʝʤʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʦʜʥʦʬʘʟʥʫ ʪʨʘʥʟʘʢʮʽʶ ʜʣʷ ʦʜʥʦʛʦ ʟʽ ʩʭʦʚʠʱ ʜʘʥʠʭ (MongoDB, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ). 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ MongoDB ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʥʩʝʥʩʫʩʥʫ ʨʝʧʣʽʢʘʮʽʶ. ɸ 

ʦʩʢʽʣʴʢʠ ʦʧʪʠʤʽʟʘʮʽʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʘʥʟʘʢʮʽʶ MongoDB ʚ 

ʤʝʞʘʭ ʨʦʟʧʦʜʽʣʝʥʦʾ ʪʨʘʥʟʘʢʮʽʾ ʚʠʤʘʛʘʻ ʟʙʝʨʝʞʝʥʥʷ ʧʦʤʽʪʢʠ ʧʨʦ ʬʽʢʩʘʮʽʶ 

ʦʜʥʦʬʘʟʥʦʾ ʪʨʘʥʟʘʢʮʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ MongoDB, ʪʨʝʙʘ ʙʫʪʠ ʦʙʝʨʝʞʥʠʤ ʽʟ 

ʦʙʨʘʥʠʤ ʨʽʚʥʝʤ ʫʟʛʦʜʞʝʥʦʩʪʽ ʦʧʝʨʘʮʽʡ. ʇʦʪʨʽʙʥʦ ʜʦʯʝʢʘʪʠʩʷ ʬʽʢʩʘʮʽʾ 

ʦʜʥʦʬʘʟʥʦʾ ʪʨʘʥʟʘʢʮʽʾ ʢʦʥʩʝʥʩʫʩʦʤ, ʧʝʨʰ ʥʽʞ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʬʽʢʩʘʮʽʾ ʜʚʦʬʘʟʥʠʭ 

ʪʨʘʥʟʘʢʮʽʡ. ɺʽʜʧʦʚʽʜʥʦ, ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʧʽʩʣʷ ʚʽʜʤʦʚʠ ʩʪʘʥ ʦʜʥʦʬʘʟʥʦʾ 

ʪʨʘʥʟʘʢʮʽʾ ʧʦʚʠʥʝʥ ʪʘʢʦʞ ʙʫʪʠ ʫʟʛʦʜʞʝʥʠʡ ʢʦʥʩʝʥʩʫʩʦʤ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʧʝʨʰʝ 

ʨʦʟʨʦʙʣʝʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʛʝʪʝʨʦʛʝʥʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʪʨʘʥʟʘʢʮʽʡ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʧʦʻʜʥʫʚʘʪʠ ʜʚʦʬʘʟʥʽ ʪʨʘʥʟʘʢʮʽʾ, ʦʜʥʦʬʘʟʥʫ ʪʨʘʥʟʘʢʮʽʶ, ʪʘ 

ʚʽʜʧʨʘʚʣʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ACID ʪʘ BASE ʛʘʨʘʥʪʽʾ. 

ɺʠʩʥʦʚʢʠ. ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʚ ʦʧʠʩʘʥʠʡ ʧʨʠʢʣʘʜ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʘʩʠʥʭʨʦʥʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ ʯʝʨʝʟ ʙʨʦʢʝʨ ʧʦʚʽʜʦʤʣʝʥʴ. 

ʄʽʢʨʦʩʝʨʚʽʩʠ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʮʽʻʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚ ʤʝʞʘʭ 

ʦʜʥʽʻʾ ʦʧʝʨʘʮʽʾ ʘʪʦʤʘʨʥʦ ʧʨʘʮʶʚʘʪʠ ʷʢ ʟ ʨʝʣʷʮʽʡʥʠʤʠ, ʪʘʢ ʽ ʟ ʥʝʨʝʣʷʮʽʡʥʠʤʠ 

ʜʘʥʠʤʠ, ʘ ʪʘʢʦʞ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʽʥʰʠʤʠ ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ. 

ʄʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʽʟʥʽ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʜʚʽʡʥʦʛʦ 

ʟʘʧʠʩʫ ʜʣʷ ʨʽʟʥʠʭ ʦʧʝʨʘʮʽʡ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʷʢʠʡ ʨʽʚʝʥʴ ʫʟʛʦʜʞʝʥʦʩʪʽ 

ʧʦʪʨʽʙʝʥ ʜʣʷ ʦʢʨʝʤʦʾ ʦʧʝʨʘʮʽʾ. ʉʫʚʦʨʘ ʫʟʛʦʜʞʝʥʽʩʪʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʚʦʬʘʟʥʠʭ 
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ʪʨʘʥʟʘʢʮʽʡ ʪʘʢʦʞ ʜʦʩʪʫʧʥʘ. ʆʧʪʠʤʽʟʘʮʽʷ ʜʚʦʬʘʟʥʠʭ ʪʨʘʥʟʘʢʮʽʡ, ʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʘʙʣʦʥʫ çOutboxè, ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʧʦʜʽʙʥʽ ʦʧʝʨʘʮʽʾ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤʠ ʟʘʚʜʷʢʠ ʧʦʟʙʘʚʣʝʥʥʶ ʦʜʨʘʟʫ ʚʽʜ 2 ʜʚʦʬʘʟʥʠʭ ʪʨʘʥʟʘʢʮʽʡ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ Apache Kafka ʚ ʷʢʦʩʪʽ ʙʨʦʢʝʨʘ ʧʦʚʽʜʦʤʣʝʥʴ ʜʦʟʚʦʣʷʻ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʪʫʧʽʥʴ ʧʘʨʘʣʝʣʽʟʤʫ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʦʧʝʨʘʮʽʾ, ʘ ʪʘʢʦʞ ʟʨʦʙʠʪʠ 

ʤʽʢʨʦʩʝʨʚʽʩʠ ʚʠʩʦʢʦʜʦʩʪʫʧʥʠʤʠ ʟʘʚʜʷʢʠ ʙʘʣʘʥʩʫʚʘʥʥʶ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʜʝʜʫʧʣʽʢʘʮʽʾ ʧʦʚʽʜʦʤʣʝʥʴ ʟʘʭʠʱʘʻ ʩʠʩʪʝʤʫ ʚʽʜ 

ʘʥʦʤʘʣʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʨʠ ʨʦʟʧʦʜʽʣʫ ʤʝʨʝʞʽ. 

ʉʝʤʘʥʪʠʢʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʦʙʨʦʢʠ ʧʦʚʽʜʦʤʣʝʥʴ, ʷʢʫ ʥʘʜʘʻ Apache Kafka, 

ʪʘʢʦʞ ʜʦʟʚʦʣʠʣʘ ʩʪʚʦʨʠʪʠ ʩʧʝʮʠʬʽʯʥʫ ʦʧʪʠʤʽʟʘʮʽʶ ʰʘʙʣʦʥʫ çOutboxè, ʷʢʘ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʩʘʤʘ ʧʦ ʩʦʙʽ, ʘʣʝ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʧʦʟʙʘʚʠʚʰʠ ʩʠʩʪʝʤʫ ʚʽʜ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʪʨʠʤʢʠ ʬʦʥʦʚʠʭ 

ʧʨʦʮʝʩʽʚ, ʪʘʢʠʭ ʷʢ Debezium, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʣʘʩʠʯʥʠʭ ʨʝʘʣʽʟʘʮʽʷʭ. 

ɿʘʛʘʣʦʤ ʦʪʨʠʤʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʻ ʜʦʚʦʣʽ ʧʨʦʩʪʦʶ, ʘʣʝ ʜʫʞʝ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ, ʦʩʢʽʣʴʢʠ ʬʘʢʪʠʯʥʦ ʧʽʜʪʨʠʤʫʻ ʚʩʽ ʤʦʞʣʠʚʽ ʩʪʨʘʪʝʛʽʾ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ʾʭ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʬʦʨʤʘʭ. 
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ɺ.ɺ. ʉʧʽʨʽʥʮʝʚ1, ɸ.ʃ. ʐʠʨʽʥ1, ʉ.ʄ. ʂʦʯʝʚʘ1  
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɺʇʃʀɺ USER-ɯʅʊɽʈʌɽʁʉʋ (UI) ʄʆɹɯʃʔʅʀʍ ɼʆɼɸʊʂɯɺ ʅɸ 

ʂʆʈʀʉʊʋɺɸʎʔʂʀʁ ɼʆʉɺɯɼ (UX) ɼʃʗ ʈɯɿʅʀʍ ɺɯʂʆɺʀʍ ʂɸʊɽɻʆʈɯʁ 

 
ɸʥʦʪʘʮʽ̫. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʧʣʠʚʫ ʜʠʟʘʡʥʫ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʥʘ 

ʩʧʨʠʡʥʷʪʪʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʨʽʟʥʠʭ ʚʽʢʦʚʠʭ ʢʘʪʝʛʦʨʽʡ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʽʟʫʘʣʴʥʽ ʫʧʦʜʦʙʘʥʥʷ 

ʜʽʪʝʡ, ʧʽʜʣʽʪʢʽʚ, ʤʦʣʦʜʽ ʪʘ ʜʦʨʦʩʣʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʣʶʜʝʡ ʩʪʘʨʰʦʛʦ ʚʽʢʫ. ɿʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʜʘʧʪʘʮʽʾ ʽʥʪʝʨʬʝʡʩʫ ʧʽʜ ʢʦʥʢʨʝʪʥʫ ʚʽʢʦʚʫ ʘʫʜʠʪʦʨʽʶ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʪʘ ʟʘʜʦʚʦʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʠʟʘʡʥ, ʽʥʪʝʨʬʝʡʩ, ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ, ʢʦʨʠʩʪʫʚʘʯʽ, ʚʽʟʫʘʣʴʥʝ 

ʩʧʨʠʡʥʷʪʪʷ, UX, UI, ʚʽʢʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ.  

 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʩʪʘʣʠ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ 

ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ, ʦʭʦʧʣʶʶʯʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʽʡ ï ʚʽʜ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ 

ʨʦʟʚʘʛ ʜʦ ʦʩʚʽʪʠ ʪʘ ʬʽʥʘʥʩʦʚʠʭ ʦʧʝʨʘʮʽʡ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, User Interface (UI) ʪʘ 

User Experience (UX) ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʚʽʜʽʛʨʘʶʪʴ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʧʝʨʰʦʛʦ ʚʨʘʞʝʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ɽʬʝʢʪʠʚʥʠʡ ʜʠʟʘʡʥ ʥʝ ʣʠʰʝ ʧʨʠʚʘʙʣʶʻ, ʘʣʝ ʡ ʫʪʨʠʤʫʻ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʝ ʪʘ ʧʨʠʻʤʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʜʥʘʢ, ʚʽʟʫʘʣʴʥʽ 

ʝʣʝʤʝʥʪʠ ï ʢʦʣʴʦʨʠ, ʰʨʠʬʪʠ, ʽʢʦʥʢʠ, ʩʪʨʫʢʪʫʨʘ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ï 

ʩʧʨʠʡʤʘʶʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʢʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʊʝ, ʱʦ ʧʨʠʚʘʙʣʶʻ 

ʜʠʪʠʥʫ, ʤʦʞʝ ʙʫʪʠ ʥʝʟʨʦʟʫʤʽʣʠʤ ʜʣʷ ʧʽʜʣʽʪʢʘ, ʚʽʜʰʪʦʚʭʫʶʯʠʤ ʜʣʷ ʜʦʨʦʩʣʦʛʦ ʘʙʦ 

ʥʝʟʨʫʯʥʠʤ ʜʣʷ ʣʶʜʠʥʠ ʧʦʭʠʣʦʛʦ ʚʽʢʫ. [1]  

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʋʨʘʭʫʚʘʥʥʷ ʚʽʢʦʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʻ ʢʣʶʯʦʚʠʤ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʫʩʧʽʰʥʠʭ ʪʘ ʧʨʠʚʘʙʣʠʚʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʨʝʙʘʤ 

ʪʘ ʦʯʽʢʫʚʘʥʥʷʤ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ. ʅʝʜʦʦʮʽʥʢʘ ʚʽʢʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʠʟʴʢʦʾ ʟʘʣʫʯʝʥʦʩʪʽ, ʰʚʠʜʢʦʛʦ ʚʽʜʪʦʢʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʜʦ ʧʨʦʚʘʣʫ ʧʨʦʜʫʢʪʫ ʥʘ ʨʠʥʢʫ. ɼʠʟʘʡʥ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʚʧʣʠʚʘʻ ʥʘ 

ʩʧʨʠʡʥʷʪʪʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʨʽʟʥʠʭ ʚʽʢʦʚʠʭ ʢʘʪʝʛʦʨʽʡ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʘʜʘʧʪʫʚʘʪʠ 

User Interface ʜʣʷ ʢʦʞʥʦʾ ʟ ʥʠʭ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʧʩʠʭʦʣʦʛʽʯʥʽ ʪʘ ʢʦʛʥʽʪʠʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʦʩʥʦʚʥʠʭ ʚʽʢʦʚʠʭ ʛʨʫʧ, ʘ ʪʘʢʦʞ ʥʘʡʢʨʘʱʽ ʧʨʘʢʪʠʢʠ UI/UX ʜʠʟʘʡʥʫ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʪʘ ʧʨʠʚʘʙʣʠʚʽ ʤʦʙʽʣʴʥʽ ʨʽʰʝʥʥʷ.  

ɼʠʪʷʯʠʡ ʚʽʢ (6ï12 ʨʦʢʽʚ). ɼʠʟʘʡʥ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʜʠʪʠʥʫ (Child-centric 

design).  

ɼʠʟʘʡʥ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʜʣʷ ʜʽʪʝʡ ʚʠʤʘʛʘʻ ʦʩʦʙʣʠʚʦʛʦ ʧʽʜʭʦʜʫ, ʦʩʢʽʣʴʢʠ 

ʮʷ ʘʫʜʠʪʦʨʽʷ ʤʘʻ ʫʥʽʢʘʣʴʥʽ ʢʦʛʥʽʪʠʚʥʽ, ʤʦʪʦʨʥʽ ʪʘ ʝʤʦʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. ʆʩʥʦʚʥʘ 

ʤʝʪʘ ï ʩʪʚʦʨʠʪʠ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʻ ʦʜʥʦʯʘʩʥʦ ʦʩʚʽʪʥʽʤ, ʨʦʟʚʘʞʘʣʴʥʠʤ ʪʘ 

ʙʝʟʧʝʯʥʠʤ. ʎʝʡ ʧʽʜʭʽʜ ʩʪʘʚʠʪʴ ʧʦʪʨʝʙʠ ʜʠʪʠʥʠ ʚ ʮʝʥʪʨ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ. 

ɺʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭʥʽ ʢʦʛʥʽʪʠʚʥʽ ʟʜʽʙʥʦʩʪʽ (ʤʝʥʰ ʘʙʩʪʨʘʢʪʥʝ ʤʠʩʣʝʥʥʷ), 
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ʤʦʪʦʨʥʽ ʥʘʚʠʯʢʠ (ʦʙʤʝʞʝʥʘ ʪʦʯʥʽʩʪʴ ʨʫʭʽʚ), ʪʨʠʚʘʣʽʩʪʴ ʫʚʘʛʠ (ʢʦʨʦʪʰʘ) ʪʘ 

ʝʤʦʮʽʡʥʽ ʨʝʘʢʮʽʾ (ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʽ).  

ɯʥʪʝʨʬʝʡʩ ʤʘʻ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʽʥʪʫʾʪʠʚʥʠʤ ʪʘ ʧʨʦʩʪʠʤ ʜʣʷ ʨʦʟʫʤʽʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʷʩʢʨʘʚʠʭ, ʪʝʧʣʠʭ ʢʦʣʴʦʨʽʚ (ʞʦʚʪʠʡ, ʙʣʘʢʠʪʥʠʡ, ʨʦʞʝʚʠʡ), 

ʜʝʢʦʨʘʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʤʫʰʣʽ, ʭʚʠʣʽ ʪʘ ʽʥ.) ʩʪʚʦʨʶʻ ʚʽʜʯʫʪʪʷ ʛʨʠ ʪʘ 

ʙʝʟʪʫʨʙʦʪʥʦʩʪʽ. ʊʘʢʠʡ ʜʠʟʘʡʥ ʚʠʢʣʠʢʘʻ ʧʦʟʠʪʠʚʥʽ ʝʤʦʮʽʾ ʪʘ ʨʦʙʠʪʴ ʜʦʜʘʪʦʢ 

ʟʨʦʟʫʤʽʣʠʤ ʽ ʧʨʠʚʘʙʣʠʚʠʤ. ʏʝʨʝʟ ʨʦʟʚʠʪʦʢ ʤʦʪʦʨʥʠʭ ʥʘʚʠʯʦʢ, ʜʽʪʷʤ ʧʦʪʨʽʙʥʽ 

ʚʝʣʠʢʽ ʽʥʪʝʨʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʣʝʛʢʦ ʥʘʪʠʩʢʘʶʪʴʩʷ ʪʘ ʦʙʣʘʩʪʽ ʜʣʷ ʚʟʘʻʤʦʜʽʾ. 

ʎʝ ʟʤʝʥʰʫʻ ʬʨʫʩʪʨʘʮʽʶ ʪʘ ʧʽʜʚʠʱʫʻ ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ. [1]  

ɼʽʪʠ ʧʦʪʨʝʙʫʶʪʴ ʥʝʛʘʡʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʚʦʾʭ ʜʽʡ. ɸʥʽʤʘʮʽʾ, ʟʚʫʢʦʚʽ 

ʝʬʝʢʪʠ ʪʘ ʚʽʟʫʘʣʴʥʽ ʧʽʜʢʘʟʢʠ ʜʦʧʦʤʘʛʘʶʪʴ ʾʤ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʪʘ 

ʧʽʜʪʨʠʤʫʶʪʴ ʾʭʥʶ ʟʘʣʫʯʝʥʽʩʪʴ. ɼʽʪʠ ʢʨʘʱʝ ʩʧʨʠʡʤʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʯʝʨʝʟ 

ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʘʫʜʽʦʚʽʟʫʘʣʴʥʽ ʟʘʩʦʙʠ. ʊʝʢʩʪ ʤʘʻ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʤ, ʚʝʣʠʢʠʤ ʪʘ 

ʣʝʛʢʦ ʯʠʪʘʙʝʣʴʥʠʤ. ɯʥʪʝʨʬʝʡʩ ʧʦʚʠʥʝʥ ʙʫʪʠ ʯʠʩʪʠʤ, ʙʝʟ ʟʘʡʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʤʦʞʫʪʴ ʚʽʜʚʦʣʽʢʘʪʠ ʫʚʘʛʫ ʜʠʪʠʥʠ.   

ʇʨʠʢʣʘʜ ʫʩʧʽʰʥʦʛʦ ʜʠʟʘʡʥʫ ʜʣʷ ʜʠʪʷʯʦʾ ʘʫʜʠʪʦʨʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

ɼʠʟʘʡʥ ʚʜʘʣʦ ʜʝʤʦʥʩʪʨʫʻ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʜʠʪʷʯʦʛʦ UI/UX: ʷʩʢʨʘʚʠʡ ʧʣʷʞʥʠʡ 

ʬʦʥ ʩʪʚʦʨʶʻ ʽʛʨʦʚʫ ʘʪʤʦʩʬʝʨʫ, ʘ ʣʦʛʦʪʠʧ "FELLOWS GAMES" ʽʟ 

ʨʽʟʥʦʢʦʣʴʦʨʦʚʠʤ ʰʨʠʬʪʦʤ ʪʘ ʤʘʣʝʥʴʢʠʤʠ ʽʢʦʥʢʘʤʠ ʚʠʛʣʷʜʘʻ ʧʨʠʚʘʙʣʠʚʦ ʡ 

ʚʽʜʧʦʚʽʜʘʻ ʽʥʪʝʨʝʩʘʤ ʜʽʪʝʡ. 

ʇʽʜʣʽʪʢʠ ʪʘ ʤʦʣʦʜʴ (12ï24 ʨʦʢʠ). ɼʠʥʘʤʽʯʥʽ ʪʘ ʷʩʢʨʘʚʽ ʽʥʪʝʨʬʝʡʩʠ. 

ʎʷ ʚʽʢʦʚʘ ʢʘʪʝʛʦʨʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʢʪʠʚʥʠʤ ʩʦʮʽʘʣʴʥʠʤ ʞʠʪʪʷʤ, 

ʧʨʘʛʥʝʥʥʷʤ ʜʦ ʩʘʤʦʚʠʨʘʞʝʥʥʷ ʪʘ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʚʦʣʦʜʽʥʥʷ ʪʝʭʥʦʣʦʛʽʷʤʠ. 

ɼʠʟʘʡʥ ʜʣʷ ʧʽʜʣʽʪʢʽʚ ʪʘ ʤʦʣʦʜʽ ʧʦʚʠʥʝʥ ʚʽʜʦʙʨʘʞʘʪʠ ʾʭʥʶ ʜʠʥʘʤʽʯʥʽʩʪʴ, 

ʢʨʝʘʪʠʚʥʽʩʪʴ ʪʘ ʙʘʞʘʥʥʷ ʙʫʪʠ ʚ ʪʨʝʥʜʽ.  

ʇʽʜʣʽʪʢʠ ʦʨʽʻʥʪʫʶʪʴʩʷ ʥʘ ʜʦʜʘʪʢʠ, ʱʦ ʥʘʛʘʜʫʶʪʴ ʧʦʧʫʣʷʨʥʽ ʽʛʨʠ 

(ʥʘʧʨʠʢʣʘʜ, Fortnite, Minecraft) ʘʙʦ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʨʘʩʪʥʠʭ 

ʢʦʣʴʦʨʽʚ, ʚʠʨʘʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʩʫʯʘʩʥʠʭ ʰʨʠʬʪʽʚ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʜʨʘʡʚʦʤ ʽ 

ʢʨʝʘʪʠʚʥʽʩʪʶ. ʄʦʞʣʠʚʽʩʪʴ ʜʽʣʠʪʠʩʷ ʢʦʥʪʝʥʪʦʤ, ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʜʨʫʟʷʤʠ ʪʘ 

ʦʪʨʠʤʫʚʘʪʠ ʥʘʛʦʨʦʜʠ ʟʘ ʘʢʪʠʚʥʽʩʪʴ ʻ ʚʘʞʣʠʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʟʘʣʫʯʝʥʥʷ. ɽʣʝʤʝʥʪʠ 

ʛʝʡʤʽʬʽʢʘʮʽʾ, ʪʘʢʽ ʷʢ ʙʘʣʠ, ʨʽʚʥʽ, ʜʦʩʷʛʥʝʥʥʷ, ʩʪʠʤʫʣʶʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʫ. 

[2]  

ʇʽʜʣʽʪʢʠ ʮʽʥʫʶʪʴ ʧʝʨʩʦʥʘʣʽʟʘʮʽʶ ʪʘ ʩʘʤʦʚʠʨʘʞʝʥʥʷ ï ʤʦʞʣʠʚʽʩʪʴ 

ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʽʥʪʝʨʬʝʡʩ ʧʽʜ ʩʚʦʾ ʚʧʦʜʦʙʘʥʥʷ, ʚʠʙʠʨʘʪʠ ʪʝʤʠ, ʘʚʘʪʘʨʠ ʘʙʦ 

ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʠʡ ʢʦʥʪʝʥʪ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʦʣʦʜʽʥʥʷ 

ʪʝʭʥʦʣʦʛʽʷʤʠ, ʧʽʜʣʽʪʢʠ ʯʘʩʪʦ ʤʘʶʪʴ ʤʝʥʰʝ ʪʝʨʧʽʥʥʷ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʰʚʠʜʢʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʧʦʪʨʽʙʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɼʠʟʘʡʥ ʧʦʚʠʥʝʥ ʙʫʪʠ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʤ, ʟ 

ʯʽʪʢʦʶ ʥʘʚʽʛʘʮʽʻʶ ʪʘ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʢʨʦʢʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ.  

ʇʨʠʢʣʘʜ ʜʠʟʘʡʥʫ ʜʣʷ ʧʽʜʣʽʪʢʽʚ ʪʘ ʤʦʣʦʜʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. ʇʨʠʢʣʘʜ 

ʧʦʢʘʟʫʻ ʧʝʨʝʭʽʜ ʚʽʜ ʜʠʪʷʯʦʾ ʩʪʠʣʽʩʪʠʢʠ ʜʦ ʝʩʪʝʪʠʢʠ, ʱʦ ʙʽʣʴʰʝ ʚʽʜʧʦʚʽʜʘʻ 

ʧʽʜʣʽʪʢʘʤ: ʪʝʤʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʬʦʥ ʩʪʚʦʨʶʻ ʟʨʽʣʫ ʘʪʤʦʩʬʝʨʫ, ʣʦʛʦʪʠʧ ʫ 

ʩʤʽʣʠʚʦʤʫ ʧʦʤʘʨʘʥʯʝʚʦʤʫ ʩʪʠʣʽ ʜʦʜʘʻ ʝʥʝʨʛʽʾ, ʘ ʟʦʙʨʘʞʝʥʥʷ ʜʚʦʭ ʧʝʨʩʦʥʘʞʽʚ ʟʽ 
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ʟʙʨʦʻʶ ʧʽʜʩʠʣʶʻ ʘʩʦʮʽʘʮʽʾ ʟ ʧʦʧʫʣʷʨʥʠʤʠ ʽʛʨʘʤʠ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʽʥʪʝʨʝʩʘʤ 

ʤʦʣʦʜʽʞʥʦʾ ʘʫʜʠʪʦʨʽʾ. 

 

 
ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʜʠʟʘʡʥʫ ʜʣʷ 

ʜʠʪʷʯʦʾ ʘʫʜʠʪʦʨʽʾ 

 
ʈʠʩ. 2. ʇʨʠʢʣʘʜ ʜʠʟʘʡʥʫ ʜʣʷ 

ʧʽʜʣʽʪʢʽʚ ʽ ʤʦʣʦʜʽ 

 

ɼʦʨʦʩʣʽ ʢʦʨʠʩʪʫʚʘʯʽ (25ï49 ʨʦʢʽʚ). ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʝʬʝʢʪʠʚʥʽ 

ʽʥʪʝʨʬʝʡʩʠ. ʎʷ ʚʽʢʦʚʘ ʢʘʪʝʛʦʨʽʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʦʜʘʪʢʠ ʜʣʷ ʨʦʙʦʪʠ, 

ʬʽʥʘʥʩʽʚ, ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʦʤʫ ʮʽ 

ʜʦʜʘʪʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʥʘʜʽʡʥʽ [3].  

ʇʝʨʝʚʘʛʘ ʥʘʜʘʻʪʴʩʷ ʯʠʩʪʦʤʫ, ʤʽʥʽʤʘʣʽʩʪʠʯʥʦʤʫ ʽʥʪʝʨʬʝʡʩʫ ʟ ʥʝʡʪʨʘʣʴʥʠʤʠ 

ʢʦʣʴʦʨʘʤʠ, ʧʨʦʩʪʠʤ ʰʨʠʬʪʦʤ ʪʘ ʯʽʪʢʠʤʠ ʢʥʦʧʢʘʤʠ. ʊʘʢʠʡ ʜʠʟʘʡʥ ʩʪʚʦʨʶʻ 

ʘʪʤʦʩʬʝʨʫ ʩʝʨʡʦʟʥʦʩʪʽ, ʧʨʦʬʝʩʽʦʥʘʣʽʟʤʫ ʪʘ ʚʠʢʣʠʢʘʻ ʜʦʚʽʨʫ. ɼʦʨʦʩʣʽ ʮʽʥʫʶʪʴ 

ʜʦʜʘʪʢʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʪʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ. ɼʠʟʘʡʥ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʟ ʣʦʛʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ 

ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʽʜʚʦʣʽʢʘʶʯʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʏʽʪʢʘ ʪʘ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʘ ʥʘʚʽʛʘʮʽʷ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ. ʂʦʨʠʩʪʫʚʘʯʽ 

ʧʦʚʠʥʥʽ ʣʝʛʢʦ ʟʥʘʭʦʜʠʪʠ ʧʦʪʨʽʙʥʽ ʬʫʥʢʮʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʶ ʙʝʟ ʟʘʡʚʠʭ ʟʫʩʠʣʴ. ʍʦʯʘ 

ʮʝ ʚʘʞʣʠʚʦ ʜʣʷ ʚʩʽʭ ʚʽʢʦʚʠʭ ʛʨʫʧ, ʜʣʷ ʜʦʨʦʩʣʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ 

ʧʝʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʦʨʫ ʘʙʦ ʤʦʪʦʨʠʢʠ, ʜʦʩʪʫʧʥʽʩʪʴ ʽʥʪʝʨʬʝʡʩʫ ʻ ʦʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʦʶ.  

ʇʨʠʢʣʘʜ ʜʠʟʘʡʥʫ ʜʣʷ ʜʦʨʦʩʣʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3. 

ʄʽʥʽʤʘʣʽʩʪʠʯʥʠʡ ʧʝʡʟʘʞ ʫ ʧʨʠʛʣʫʰʝʥʠʭ ʭʦʣʦʜʥʠʭ ʪʦʥʘʭ ʩʪʚʦʨʶʻ ʚʽʜʯʫʪʪʷ 

ʩʧʦʢʦʶ ʪʘ ʧʨʦʬʝʩʽʡʥʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʧʦʜʦʙʘʥʥʷʤ ʜʦʨʦʩʣʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʃʦʛʦʪʠʧ "FELLOWS GAMES" ʚʠʢʦʥʘʥʠʡ ʧʨʦʩʪʠʤ ʰʨʠʬʪʦʤ ʙʝʟ ʟʘʩʽʯʦʢ ʫ ʩʚʽʪʣʦ-

ʩʽʨʦʤʫ ʢʦʣʴʦʨʽ, ʘ ʩʪʨʠʤʘʥʘ ʪʠʧʦʛʨʘʬʽʢʘ ʧʽʜʢʨʝʩʣʶʻ ʯʽʪʢʽʩʪʴ ʽ ʣʘʢʦʥʽʯʥʽʩʪʴ 

ʜʠʟʘʡʥʫ.  

ʃʶʜʠ ʩʪʘʨʰʦʛʦ ʚʽʢʫ (50+ ʨʦʢʽʚ). ʏʠʪʘʙʝʣʴʥʽ ʪʘ ʢʦʥʪʨʘʩʪʥʽ ʽʥʪʝʨʬʝʡʩʠ.  
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ɼʠʟʘʡʥ ʜʣʷ ʩʪʘʨʰʦʾ ʘʫʜʠʪʦʨʽʾ ʚʠʤʘʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʾ ʫʚʘʛʠ ʜʦ 

ʯʠʪʘʙʝʣʴʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ. ʎʷ ʛʨʫʧʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʦʞʝ ʤʘʪʠ 

ʟʥʠʞʝʥʠʡ ʟʽʨ, ʤʝʥʰʫ ʪʦʯʥʽʩʪʴ ʤʦʪʦʨʥʠʭ ʥʘʚʠʯʦʢ ʪʘ ʤʝʥʰʠʡ ʜʦʩʚʽʜ ʚʟʘʻʤʦʜʽʾ ʟ 

ʩʫʯʘʩʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʠʭ, ʣʝʛʢʦ ʯʠʪʘʙʝʣʴʥʠʭ ʰʨʠʬʪʽʚ ʪʘ ʚʠʩʦʢʦʛʦ ʢʦʥʪʨʘʩʪʫ 

ʤʽʞ ʪʝʢʩʪʦʤ ʽ ʬʦʥʦʤ ʻ ʧʝʨʰʦʯʝʨʛʦʚʠʤ. ʄʦʞʣʠʚʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʦʟʤʽʨʫ 

ʰʨʠʬʪʫ ʚ ʜʦʜʘʪʢʫ ʻ ʜʫʞʝ ʙʘʞʘʥʦʶ. ʂʥʦʧʢʠ, ʽʢʦʥʢʠ ʪʘ ʽʥʰʽ ʽʥʪʝʨʘʢʪʠʚʥʽ 

ʝʣʝʤʝʥʪʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʥʘʯʥʦ ʟʙʽʣʴʰʝʥʽ, ʱʦʙ ʢʦʤʧʝʥʩʫʚʘʪʠ 

ʤʦʞʣʠʚʝ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʪʦʨʥʠʭ ʥʘʚʠʯʦʢ. ʅʘʚʽʛʘʮʽʷ ʤʘʻ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʦʩʪʦʶ, ʟ ʯʽʪʢʠʤʠ ʪʘ ʟʨʦʟʫʤʽʣʠʤʠ ʷʨʣʠʢʘʤʠ. ʊʨʝʙʘ ʫʥʠʢʘʪʠ ʩʢʣʘʜʥʠʭ ʤʝʥʶ, 

ʧʨʠʭʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʪʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʜʝʢʦʨʘʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. [4]  

ɼʠʟʘʡʥ ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʢʦʛʥʽʪʠʚʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟ ʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ. ʎʝ 

ʜʦʧʦʤʘʛʘʻ ʣʝʛʰʝ ʧʝʨʝʛʣʷʜʘʪʠ ʩʪʦʨʽʥʢʫ ʪʘ ʟʦʩʝʨʝʜʞʫʚʘʪʠʩʷ ʥʘ ʚʘʞʣʠʚʽʡ 

ʽʥʬʦʨʤʘʮʽʾ.  

ʇʨʠʢʣʘʜ ʜʠʟʘʡʥʫ ʜʣʷ ʣʶʜʝʡ ʩʪʘʨʰʦʛʦ ʚʽʢʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4. 

ɿʝʤʣʠʩʪʦ-ʟʝʣʝʥʠʡ ʬʦʥ ʽʟ ʧʨʦʩʪʦʶ ʽʣʶʩʪʨʘʮʽʻʶ ʙʽʣʢʠ ʩʪʚʦʨʶʻ ʩʧʦʢʽʡʥʠʡ, 

ʥʝʥʘʚôʷʟʣʠʚʠʡ ʽʥʪʝʨʬʝʡʩ. ʃʦʛʦʪʠʧ "FELLOWS GAMES" ʫ ʚʝʣʠʢʦʤʫ, ʯʽʪʢʦʤʫ 

ʰʨʠʬʪʽ ʙʝʟ ʟʘʩʽʯʦʢ ʪʘ ʩʚʽʪʣʦ-ʞʦʚʪʦ-ʟʝʣʝʥʦʤʫ ʢʦʥʪʨʘʩʪʥʦʤʫ ʢʦʣʴʦʨʽ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʩʦʢʫ ʯʠʪʘʙʝʣʴʥʽʩʪʴ, ʚʘʞʣʠʚʫ ʜʣʷ ʩʪʘʨʰʦʾ ʘʫʜʠʪʦʨʽʾ. 

 

 
ʈʠʩ. 3. ʇʨʠʢʣʘʜ ʜʠʟʘʡʥʫ ʜʣʷ 

ʜʦʨʦʩʣʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ 

 
ʈʠʩ. 4. ʇʨʠʢʣʘʜ ʜʠʟʘʡʥʫ ʜʣʷ 

ʣʶʜʝʡ ʩʪʘʨʰʦʛʦ ʚʽʢʫ 

 

ɺʠʩʥʦʚʢʠ. ʄʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʠʟʘʡʥ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʛʥʫʯʢʠʤ ʪʘ ʘʜʘʧʪʦʚʘʥʠʤ ʜʦ ʚʽʢʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʂʦʞʥʘ 

ʚʽʢʦʚʘ ʢʘʪʝʛʦʨʽʷ ʤʘʻ ʩʚʦʾ ʫʥʽʢʘʣʴʥʽ ʧʦʪʨʝʙʠ, ʢʦʛʥʽʪʠʚʥʽ ʟʜʽʙʥʦʩʪʽ ʪʘ ʚʽʟʫʘʣʴʥʽ 

ʫʧʦʜʦʙʘʥʥʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ 
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ʧʨʠʚʘʙʣʠʚʦʛʦ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ. ɼʠʪʷʯʽ ʽʥʪʝʨʬʝʡʩʠ ʧʦʪʨʝʙʫʶʪʴ 

ʷʩʢʨʘʚʦʩʪʽ, ʽʛʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʧʨʦʩʪʦʪʠ, ʧʽʜʣʽʪʢʦʚʽ ï ʜʠʥʘʤʽʢʠ, ʩʦʮʽʘʣʴʥʦʾ 

ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʩʘʤʦʚʠʨʘʞʝʥʥʷ, ʜʦʨʦʩʣʽ ï ʤʽʥʽʤʘʣʽʟʤʫ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ, ʘ ʩʪʘʨʰʽ ʢʦʨʠʩʪʫʚʘʯʽ ï ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʯʠʪʘʙʝʣʴʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ. ʋʨʘʭʫʚʘʥʥʷ ʮʠʭ ʘʩʧʝʢʪʽʚ ʥʝ ʣʠʰʝ 

ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʜʦʜʘʪʢʦʤ, ʘʣʝ ʡ ʩʧʨʠʷʻ ʡʦʛʦ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʫʩʧʽʭʫ ʥʘ ʨʠʥʢʫ.  
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ɸ.ʄ. ɹʠʪʴʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʊɽʍʅʆʃʆɻɯɰ ɹʃʆʂʏɽʁʅ ɯ ʇʈʆɹʃɽʄʀ 

ɺʀʉʆʂʆʇʈʆɼʋʂʊʀɺʅʀʍ ʆɹʏʀʉʃɽʅʔ 

 
ɸʥʦʪʘʮʽʷ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʙʣʦʢʯʝʡʥ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʝʣʠʢʝ 

ʧʦʰʠʨʝʥʥʷ ʦʪʨʠʤʘʚ ʤʦʜʫʣʴʥʠʡ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʧʽʜʚʠʱʝʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʚʘʛʦʤʽ ʜʦʩʷʛʥʝʥʥʷ ʫ ʩʪʚʦʨʝʥʥʽ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ ʜʦ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʟʘʜʘʯ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʣʦʢʯʝʡʥ, ʨʦʟʧʦʜʽʣʝʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʣʛʦʨʠʪʤ, ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʽ 

ʩʠʩʪʝʤʠ, ʭʝʰʨʝʡʪ. 

 

ɺʩʪʫʧ. ɹʣʦʢʯʝʡʥ ï ʮʝ ʨʦʟʧʦʜʽʣʝʥʘ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʙʘʟʘ ʜʘʥʠʭ ʽʟ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʤ ʟʘʭʠʩʪʦʤ, ʚ ʷʢʽʡ ʢʦʞʥʘ ʟʜʽʡʩʥʝʥʘ ʪʨʘʥʟʘʢʮʽʷ ʟʘʧʠʩʫʻʪʴʩʷ ʽ ʩʪʘʻ 

ʚʽʜʦʤʘ ʫʩʽʤ ʫʯʘʩʥʠʢʘʤ ʤʝʨʝʞʽ. ɼʘʥʽ ʧʨʦ ʟʜʽʡʩʥʝʥʽ ʪʨʘʥʟʘʢʮʽʾ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ 

ʧʝʚʥʦʤʫ ʧʦʨʷʜʢʫ ʽ ʬʦʨʤʫʶʪʴ ʥʝʟʤʽʥʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʦʚ'ʷʟʘʥʠʭ ʙʣʦʢʽʚ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʫ ʙʣʦʮʽ, ʪʠʨʘʞʫʻʪʴʩʷ ʽ ʢʦʧʽʶʻʪʴʩʷ ʥʘ ʢʦʞʝʥ 

ʚʫʟʦʣ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʨʝʞʽ. ʎʝʡ ʘʣʛʦʨʠʪʤ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽʩʪʴ ʮʽʻʾ 

ʪʝʭʥʦʣʦʛʽʾ ʜʦ ʟʤʽʥʠ ʜʘʥʠʭ.  

https://www.nngroup.com/reports/teenagers-on-the-web/
https://www.toptal.com/designers/mobile-ui/mobile-ux-design-principles
https://www.toptal.com/designers/mobile-ui/mobile-ux-design-principles
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ɹʣʦʢʯʝʡʥ ʟʘʟʚʠʯʘʡ ʫʧʨʘʚʣʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʨʘʥʛʦʚʦʾ (peer-to-peer) 

ʤʝʨʝʞʽ. ʇʽʩʣʷ ʟʘʧʠʩʫ, ʜʘʥʽ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʙʣʦʮʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʽʥʝʥʽ ʙʝʟ ʧʦʚʥʦʾ 

ʟʤʽʥʠ ʫʩʽʭ ʥʘʩʪʫʧʥʠʭ ʙʣʦʢʽʚ, ʱʦ ʚʠʤʘʛʘʻ ʟʛʦʜʠ ʙʽʣʴʰʦʩʪʽ ʫʯʘʩʥʠʢʽʚ ʤʝʨʝʞʽ. 

ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʷʢʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ 

ʙʣʦʢʯʝʡʥ ï ʫʟʛʦʜʞʝʥʥʷ ʜʽʡ ʫʯʘʩʥʠʢʽʚ ʩʠʩʪʝʤʠ, ʦʙ'ʻʜʥʘʥʠʭ ʦʜʥʽʻʶ ʤʝʪʦʶ, ʘʣʝ 

ʧʦʟʙʘʚʣʝʥʠʭ ʜʦʚʽʨʠ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɻʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ʙʘʟʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ Blockchain 

ʧʦʣʷʛʘʻ ʫ ʧʦʙʫʜʦʚʽ ʻʜʠʥʦʛʦ ʣʘʥʮʶʛʘ ʧʦʚôʷʟʘʥʠʭ ʭʝʰʽʚ. ɺʧʝʨʰʝ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʽ 

ʚʧʝʨʰʝ ʟʘ ʚʝʩʴ ʯʘʩ ʽʩʥʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʣʶʜʠ ʚʩʶʜʠ ʤʦʞʫʪʴ ʜʦʚʽʨʷʪʠ ʦʜʠʥ ʦʜʥʦʤʫ 

ʽ ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʥʘ ʨʽʚʥʠʭ. ɼʦʚʽʨʘ ʥʝ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʚʪʦʨʠʪʝʪʽ ʩʝʨʡʦʟʥʠʭ 

ʧʦʩʝʨʝʜʥʠʢʽʚ, ʘ ʥʘ ʩʧʽʚʧʨʘʮʽ, ʢʨʠʧʪʦʛʨʘʬʽʾ ʽ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ [1 ï 3]. ʊʝʭʥʦʣʦʛʽʷ 

Blockchain ʻ ʨʦʟʧʦʜʽʣʝʥʦʶ ʦʙʣʽʢʦʚʦʶ ʢʥʠʛʦʶ ʟʘʧʠʩʽʚ ʧʨʦ ʧʦʜʽʾ ʫ ʮʠʬʨʦʚʦʤʫ 

ʩʚʽʪʽ. ʂʣʶʯʦʚʦʶ ʩʢʣʘʜʦʚʦʶ Blockchain ʻ ʞʫʨʥʘʣ ʪʨʘʥʟʘʢʮʽʡ, ʘ ʩʘʤʽ ʪʨʘʥʟʘʢʮʽʾ ï 

ʮʝ ʻʜʠʥʠʡ ʩʧʦʩʽʙ ʟʤʽʥʠʪʠ ʩʪʘʥ ʨʝʻʩʪʨʫ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʨʘʚʠʣʴʥʦʛʦ ʭʝʰʘ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʚʽʜʧʦʚʽʜʥʽ ʧʨʠʩʪʨʦʾ 

ʤʘʣʠ ʚʝʣʠʯʝʟʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. ʇʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʟʘʚʜʘʥʥʷ ʤʘʡʥʽʥʛʫ ʧʦʣʷʛʘʻ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʽ ʦʙʯʠʩʣʝʥʴ. ɼʣʷ 

ʮʴʦʛʦ ʧʝʨʰʽ ʤʘʡʥʝʨʠ ʧʦʯʘʣʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʩʪʦʚʫʚʘʪʠ ʛʨʘʬʽʯʥʽ ʧʨʦʮʝʩʦʨʠ 

(GPU) ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʥʘ ʪʦʡ ʯʘʩ ʤʘʣʠ ʢʦʣʦʩʘʣʴʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʧʝʨʝʚʝʨʰʫʻ 

ʧʦʪʫʞʥʦʩʪʽ ʧʨʦʮʝʩʦʨʘ (ʫ ʧʣʘʥʽ ʦʙʯʠʩʣʝʥʥʷ ʭʝʰ-ʟʥʘʯʝʥʴ). 

ʇʦʧʫʣʷʨʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʩʚʦʛʦ ʯʘʩʫ ʧʨʠʚʝʣʘ ʜʦ ʾʭ 

ʜʝʬʽʮʠʪʫ. ɺʠʥʠʢ ʜʝʬʽʮʠʪ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʯʝʨʝʟ ʪʝ, ʱʦ ʧʦʧʠʪ ʥʘ ʥʠʭ 

ʬʦʨʤʫʶʪʴ ʥʝ ʣʠʰʝ ʤʘʡʥʝʨʠ, ʘʣʝ ʽ ʛʝʡʤʝʨʠ. ʂʦʤʧʘʥʽʾ NVIDIA ʽ AMD ʥʘʚʽʪʴ 

ʘʥʦʥʩʫʚʘʣʠ ʩʧʝʮʽʘʣʴʥʽ ʧʨʦʮʝʩʦʨʠ ʜʣʷ ʤʘʡʥʽʥʛʫ Ethereum, ʱʦʙ ʟʫʧʠʥʠʪʠ 

ʧʨʦʪʠʩʪʦʷʥʥʷ ʛʝʡʤʝʨʽʚ ʽ ʤʘʡʥʝʨʽʚ. ʇʨʦʪʝ ʧʦʤʽʪʠʤʦ, ʱʦ ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʝʡ ʽ ʚʝʣʠʢʠʭ ʨʘʭʫʥʢʽʚ ʟʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʪʘʢʽ ʧʨʠʩʪʨʦʾ ʚʪʨʘʪʠʣʠ 

ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ. 

ʎʽ ʧʨʦʙʣʝʤʠ ʙʫʣʠ ʚʠʨʽʰʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʥʷ ASIC-ʤʘʡʥʝʨʽʚ. ASIC  

(çApplication Specific Integrated Circuitè) ï ʽʥʪʝʛʨʘʣʴʥʘ ʩʭʝʤʘ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʚʜʘʥʥʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʩʭʝʤʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʩʪʨʦʾ ʽ ʚʠʢʦʥʫʶʪʴ ʩʪʨʦʛʦ ʦʙʤʝʞʝʥʽ ʬʫʥʢʮʽʾ, 

ʭʘʨʘʢʪʝʨʥʽ ʪʽʣʴʢʠ ʜʣʷ ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ; ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʰʝ ʽ, ʢʽʥʝʮʴ ʢʽʥʮʝʤ, ʜʝʰʝʚʰʝ.  

ʉʫʯʘʩʥʽ ASIC ʯʘʩʪʦ ʤʽʩʪʷʪʴ 32-ʙʽʪʦʚʠʡ ʘʙʦ ʥʘʚʽʪʴ 64-ʙʽʪʦʚʠʡ ʧʨʦʮʝʩʦʨ, 

ʽʥʦʜʽ ʫ ʢʽʣʴʢʦʩʪʽ ʜʝʢʽʣʴʢʦʭ ʷʜʝʨ, ʙʣʦʢʠ ʧʘʤ'ʷʪʽ (ʷʢ ʇɿʇ, ʪʘʢ ʽ ʆɿʋ) ʽ ʽʥʰʽ ʚʝʣʠʢʽ 

ʙʣʦʢʠ. ʊʘʢʽ ASIC ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʦʜʥʦʢʨʠʩʪʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʧʫʣʷʨʥʽʩʪʴ ASIC, ʚʽʥ ʤʘʻ ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ 

ʥʝʜʦʣʽʢʽʚ ʻ ʪʝ, ʱʦ ʢʦʞʝʥ ʦʢʨʝʤʠʡ ASIC-ʧʨʠʩʪʨʽʡ ʩʪʚʦʨʝʥʠʡ ʧʽʜ 1ï2 ʘʣʛʦʨʠʪʤʠ. 

ASIC ʥʝ ʤʦʞʥʘ ʧʝʨʝʧʨʦʬʽʣʶʚʘʪʠ ʧʽʜ ʽʥʰʽ ʟʘʚʜʘʥʥʷ.  ʑʝ ʦʜʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʪʝ, 

ʱʦ ʮʽ ʧʨʠʩʪʨʦʾ ʩʧʝʮʠʬʽʯʥʽ ʽ ʜʦʩʠʪʴ ʥʝʧʨʦʩʪʦ ʟʥʘʡʪʠ ʥʘʜʽʡʥʦʛʦ ʜʠʩʪʨʠʙ'ʶʪʦʨʘ.  

ʊʘʢʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʤʦʚʣʷʪʠ ʽ ʯʝʢʘʪʠ, ʱʦ ʚʦʥʦ ʧʨʠʡʜʝ ʫ ʩʧʨʘʚʥʦʤʫ 
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ʩʪʘʥʽ. ʇʨʦʪʝ, ASIC-ʧʨʠʩʪʨʦʾ ʢʦʨʠʩʪʫʶʪʴʩʷ ʜʫʞʝ ʚʝʣʠʢʦʶ ʧʦʧʫʣʷʨʥʽʩʪʶ, ʘ ʾʭ 

ʨʦʟʨʦʙʢʘ ʡʜʝ ʜʦʩʠʪʴ ʘʢʪʠʚʥʦ.  

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʠʤʦʛʠ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʽʜ ʯʘʩ 

ʚʠʟʥʘʯʝʥʥʷ ʭʝʰʽʚ ʟʥʘʯʥʦ ʟʨʦʩʣʠ. ʈʠʩ. 1 ʽʣʶʩʪʨʫʻ ʨʽʩʪ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ bitcoin ʤʝʨʝʞʽ. ʊʫʪ EHash/s - 1018 ʭʝʰʽʚ ʚ ʩʝʢʫʥʜʫ. ɿʘʛʘʣʴʥʠʡ ʦʛʣʷʜ 

ʢʨʠʚʦʾ ʨʦʩʪʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʭʝʰʨʝʡʪʫ) ʤʝʨʝʞʽ Bitcoin ʧʦʢʘʟʘʥʦ 

ʰʚʠʜʢʽʩʪʴ, ʟ ʷʢʦʶ ʤʘʡʥʝʨʠ ʟʜʽʡʩʥʶʶʪʴ ʦʙʯʠʩʣʝʥʥʷ ʚ ʤʝʨʝʞʽ. 

 
ʈʠʩ. 1. ʂʨʠʚʘ ʨʦʩʪʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (hashrate)  bitcoin ʤʝʨʝʞʽ 

 

ʅʘʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʚʽʜʯʠʪʴ, ʱʦ  ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ 

ʟʘʚʞʜʠ ʟʘʣʠʰʘʣʦʩʷ ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʨʦʟʚʠʪʢʫ ʧʨʦʛʨʝʩʫ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ. ʇʨʠ ʮʴʦʤʫ ʽʩʥʫʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʚʞʝ ʜʘʚʥʦ ʥʽ ʫ ʢʦʛʦ ʥʝ ʚʠʢʣʠʢʘʻ ʥʽʷʢʠʭ ʩʫʤʥʽʚʽʚ. ʋ ʥʘʰ 

ʯʘʩ ʾʾ ʨʽʰʝʥʥʷ ʣʝʞʠʪʴ ʚ ʜʚʦʭ ʧʣʦʱʠʥʘʭ: 

ï ʧʦ-ʧʝʨʰʝ, ʮʝ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʚʝʣʠʢʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ (ʉɺɯʉ), ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʥʘ ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʟ ʚʠʩʦʢʦʶ ʤʽʨʦʶ ʢʦʥʚʝʻʨʠʟʘʮʽʾ; 

ï ʧʦ-ʜʨʫʛʝ,  ʨʦʟʨʦʙʢʘ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ.  

ʇʝʨʰʠʡ ʩʧʦʩʽʙ ʧʝʨʝʜʙʘʯʘʻ ʩʫʪʪʻʚʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ ʽ ʥʝ ʛʘʨʘʥʪʫʻ 

ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʟ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʦʙʯʠʩʣʝʥʴ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʠʪʴ ʜʦʩʚʽʜ ʬʽʨʤʠ CRAY. 

ɼʨʫʛʠʡ ʩʧʦʩʽʙ ʧʦʯʘʚ ʜʦʤʽʥʫʚʘʪʠ ʧʽʩʣʷ ʦʛʦʣʦʰʝʥʥʷ ʚ ʉʐɸ ʪʘʢ ʟʚʘʥʦʾ 

"ʉʪʨʘʪʝʛʽʯʥʦʾ ʩʫʧʝʨʢʦʤʧ'ʶʪʝʨʥʦʾ ʽʥʽʮʽʘʪʠʚʠ". ɺʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ  

ʥʘʡʙʽʣʴʰʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʢʦʤʧʘʥʽʾ (IBM, Intel, Compaq) ʫ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʠ ASCI 

ʟʘʡʤʘʶʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʚʠʩʦʢʦʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ 

ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʠʭ ʧʨʦʮʝʩʦʨʽʚ. ʊʽʣʴʢʠ ʜʝʷʢʽ ʬʽʨʤʠ (Hitachi, Fujitsu) 

ʧʨʦʜʦʚʞʫʶʪʴ ʨʦʟʨʦʙʢʫ ʚʝʢʪʦʨʥʠʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ ʚʣʘʩʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʦʙʤʝʞʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ 

ʢʦʤʝʨʮʽʡʥʠʤʠ ʧʨʦʮʝʩʦʨʘʤʠ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʽʾ ʉɺɯʉ.  

ɺʨʘʭʦʚʫʶʯʠ ʥʘʚʝʜʝʥʽ ʤʽʨʢʫʚʘʥʥʷ, ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ 

ʩʪʘʚ ʧʦʰʠʨʝʥʠʤ ʤʦʜʫʣʴʥʠʡ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʧʽʜʚʠʱʝʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɺʘʛʦʤʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʩʪʚʦʨʝʥʥʽ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 
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ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ ʜʦ 

ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʟʘʜʘʯ [4].  

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʧʘʨʘʣʝʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʘ (ʽ ʧʨʠʚʘʙʣʠʚʘ) 

ʩʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʦʜʥʦʟʥʘʯʥʦ ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʫ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ ʧʨʦʙʣʝʤʫ. ʇʨʠ ʮʴʦʤʫ ʪʨʫʜʥʦʱʽ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ 

ʨʦʟʨʦʙʢʠ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʷʢ ʧʨʘʚʠʣʦ, ʻ ʧʝʨʚʠʥʥʠʤʠ ʽ ʚʠʤʘʛʘʻ ʛʣʠʙʦʢʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ [5]. ʉʫʯʘʩʥʘ 

ʧʨʘʢʪʠʢʘ ʩʚʽʜʯʠʪʴ, ʱʦ ʨʦʟʧʦʜʽʣʝʥʝ (ʧʘʨʘʣʝʣʴʥʝ) ʢʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʝ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫʩʴʦʛʦ ʩʧʝʢʪʨʫ ʩʫʯʘʩʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ: ʩʫʧʝʨʢʦʤʧ'ʶʪʝʨʽʚ, ʢʣʘʩʪʝʨʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʣʦʢʘʣʴʥʠʭ ʽ 

ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞ ʪʦʱʦ [6]. ʂʨʽʤ ʪʦʛʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʧʦʜʽʣʝʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʣʠʚʦ ʦʙʨʦʙʣʷʪʠ ʟʘʜʘʯʽ, ʨʽʰʝʥʥʷ ʷʢʠʭ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ 

ʨʝʩʫʨʩʽʚ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ ʪʘ ʜʘʻ ʟʤʦʛʫ ʽʥʪʝʛʨʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʦ 

ʨʦʙʦʪʠ ʥʘ ʨʽʟʥʠʭ (ʽ ʛʝʦʛʨʘʬʽʯʥʦ ʚʽʜʜʘʣʝʥʠʭ) ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ 

ʧʨʦʙʣʝʤ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ, ʧʦʣʷʛʘʻ ʚ ʦʩʦʙʣʠʚʦʩʪʷʭ ʧʨʦʮʝʩʫ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʗʢ ʤʘʰʠʥʥʦʛʦ, ʪʘʢ ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ. ʊʘʢ, ʧʦʢʘʟʘʥʦ, ʱʦ ʷʢ ʜʣʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʘʢ ʽ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʟʘʭʠʱʝʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʝ 

ʧʨʦʩʪʦ  ʧʦʪʫʞʥʽ ʟʘʩʦʙʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʘ ʡ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ. 

ʅʘʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʚʽʜʯʠʪʴ, ʱʦ  ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʟʘʚʞʜʠ 

ʟʘʣʠʰʘʣʦʩʷ ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʨʦʟʚʠʪʢʫ ʧʨʦʛʨʝʩʫ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ. ʇʨʠ ʮʴʦʤʫ ʽʩʥʫʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʚʞʝ ʜʘʚʥʦ ʥʽ ʫ ʢʦʛʦ ʥʝ ʚʠʢʣʠʢʘʻ ʥʽʷʢʠʭ ʩʫʤʥʽʚʽʚ ʽ ʥʘ 

ʩʴʦʛʦʜʥʽ ʻ ʘʢʪʫʘʣʴʥʠʤʠ. ɹʽʣʴʰʝ ʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʧʽʜʭʦʜʦʤ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʻ 

ʧʘʨʘʣʝʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ. 
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ɯ.ʉ. ʃʘʢʪʽʦʥʦʚ1, ɸ.ɺ. ɺʽʟʥʶʢ1  
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʄɽʊʆɼ ʇɯɼɺʀʑɽʅʅʗ ɼʆʉʊʆɺɯʈʅʆʉʊɯ Cʀʉʊɽʄ ʇɯɼʊʈʀʄʂʀ 

ʇʈʀʁʅʗʊʊʗ ɸɻʈʆʊɽʍʅɯʏʅʀʍ ʈɯʐɽʅʔ ʅɸ ʆʉʅʆɺɯ LLMs ʊɸ RLVR 

  
ɸʥʦʪʘʮʽʷ. ʆʧʠʩʘʥʦ ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʽʜʧʦʚʽʜʝʡ, ʟʛʝʥʝʨʦʚʘʥʠʭ ʚʝʣʠʢʦʶ 

ʤʦʚʥʦʶ ʤʦʜʝʣʣʶ, ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. ʇʦʢʨʘʱʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʫ GRPO ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʬʫʥʢʮʽʻʶ ʚʠʥʘʛʦʨʦʜʠ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʽʜʧʦʚʽʜʽ ʡ ʮʠʪʫʚʘʥʥʷ ʣʠʰʝ ʨʝʣʝʚʘʥʪʥʠʭ ʜʦʢʫʤʝʥʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: LLM, RAG, RLVR, GRPO, CoT, ʥʘʜʽʡʥʽʩʪʴ, ʜʦʚʽʨʘ, ʩʽʣʴʩʴʢʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦ, ʧʽʜʪʨʠʤʢʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

 

ɺʩʪʫʧ. ɯʥʪʝʛʨʘʮʽʷ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ (LLMs) ʜʦ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (DSSs) ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ 

ʘʛʨʦʪʝʭʥʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ [1]. ʊʘʢʽ ʩʠʩʪʝʤʠ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ, ʥʘʧʨʠʢʣʘʜ, ʢʣʽʤʘʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʟ ʜʘʚʘʯʽʚ, ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ LLMs ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʢʦʨʝʛʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʚʠʨʦʱʫʚʘʥʥʷ ʘʛʨʦʢʫʣʴʪʫʨ. LLMs ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʚ DSS ʟʘʚʜʷʢʠ ʾʭʥʽʤ ʤʦʞʣʠʚʦʩʪʷʤ ʫ ʨʦʟʫʤʽʥʥʽ ʪʝʢʩʪʫ ʪʘ ʛʝʥʝʨʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʝʡ. 

ʆʜʥʘʢ, ʦʜʥʠʤ ʽʟ ʦʙʤʝʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ LLMs ʻ çʛʘʣʶʮʠʥʘʮʽʾè, ʱʦ 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʛʝʥʝʨʫʚʘʥʥʽ ʧʨʘʚʜʦʧʦʜʽʙʥʠʭ, ʘʣʝ ʬʘʢʪʠʯʥʦ ʥʝʢʦʨʝʢʪʥʠʭ 

ʚʽʜʧʦʚʽʜʝʡ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ LLMs ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʚʥʫʪʨʽʰʥʶ ʙʘʟʫ 

ʟʥʘʥʴ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʦʙʤʝʞʝʥʦʶ ʘʙʦ ʟʘʩʪʘʨʽʣʦʶ. ɺ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʪʘʢʽ 

ʧʦʤʠʣʢʠ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʨʘʚʠʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʭʚʦʨʦʙ ʨʦʩʣʠʥ ʘʙʦ 

ʥʝʚʽʜʧʦʚʽʜʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʱʦ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʝʢʦʥʦʤʽʯʥʽ 

ʟʙʠʪʢʠ ʯʠ ʰʢʦʜʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ LLMs ʻ ʘʢʪʫʘʣʴʥʦʶ 

ʪʝʤʦʶ ʜʦʩʣʽʜʞʝʥʴ [1]. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʚ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʧʽʜʪʨʠʤʢʠ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʰʣʷʭʦʤ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʛʝʥʝʨʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʥʘ ʦʩʥʦʚʽ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ 

ʤʦʜʝʣʝʡ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʝʩʫʨʩʠ ʧʽʜ ʯʘʩ ʧʨʦʚʘʜʞʝʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʨʦʩʣʠʥʥʠʮʪʚʘ.  

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʆʜʥʠʤ ʽʟ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

çʛʘʣʶʮʠʥʘʮʽʡè ʻ retrieval-augmented generation (RAG) ï ʤʝʪʦʜ, ʱʦ ʧʦʻʜʥʫʻ 

ʧʦʰʫʢ ʨʝʣʝʚʘʥʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʛʝʥʝʨʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʾʾ ʦʩʥʦʚʽ, ʟʥʠʞʫʶʯʠ 

ʨʠʟʠʢ ʥʝʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ [1]. ʊʘʢʦʞ, ʦʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʽʨʠ 

ʜʦ ʟʛʝʥʝʨʦʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʻ ʧʽʜʭʽʜ CoT (Chain-of-thought), ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ 

ʛʝʥʝʨʫʚʘʥʥʽ ʩʧʦʯʘʪʢʫ ʣʘʥʮʶʛʘ ʧʦʷʩʥʝʥʴ ʜʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ, ʘ ʚʞʝ ʧʦʪʽʤ 

ʛʝʥʝʨʫʚʘʥʥʽ ʚʽʜʧʦʚʽʜʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʧʜ̔ʚʠʱʠʪʠ ʷʢʽʩʪʴ ʟʛʝʥʝʨʦʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ [2]. ʆʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ CoT 
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ʧʦʷʩʥʝʥʴ, ʦʩʦʙʣʠʚʦ ʯʝʨʝʟ ʘʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ GRPO (Group 

Relative Policy Optimization) ʚʽʜ DeepSeek [3], ʧʨʠʚʝʣʠ ʜʦ ʩʠʣʴʥʦʾ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ 

ʧʽʜʭʦʜʦʤ RLVR (Reinforcement learning with verifiable rewards). ʊʘʢʦʞ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜ Wen X. ʪʘ ʽʥ. ʧʦʢʘʟʘʣʦ, ʱʦ RLVR ʥʝ ʪʽʣʴʢʠ ʧʽʜʚʠʱʫʻ ʢʦʨʝʢʪʥʽʩʪʴ 

ʚʽʜʧʦʚʽʜʝʡ, ʘ ʡ ʢʦʨʝʢʪʥʽʩʪʴ ʣʘʥʮʶʛʫ ʧʦʷʩʥʝʥʴ CoT [4]. Huang J. ʟʘʧʨʦʧʦʥʫʚʘʣʠ 

ʧʽʜʭʽʜ RAG-RL, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʛʦʨʠʪʤ GRPO ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʮʠʪʫʚʘʥʥʷ [5]. ɰʭʥʷ ʬʫʥʢʮʽʷ ʚʠʥʘʛʦʨʦʜʠ ʟʘ ʮʠʪʫʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʨʠʮʽ Recall 

(ʧʦʚʥʦʪʘ) ʽ ʚʦʜʥʦʯʘʩ ʰʪʨʘʬʫʻ ʤʦʜʝʣʴ ʟʘ ʢʦʞʥʝ ʥʝʧʨʘʚʠʣʴʥʝ ʧʦʩʠʣʘʥʥʷ [5]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʛʝʥʝʨʫʚʘʥʥʷ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʦʣʷʛʘʻ ʚ ʧʽʜʛʦʪʦʚʮʽ ʥʘʙʦʨʫ ʜʘʥʠʭ ʽʟ ʪʝʩʪʘʤʠ ʧʦ ʘʛʨʦʛʘʣʫʟʽ (ʥʘʧʨʠʢʣʘʜ, ʧʠʪʘʥʥʷ 

ʝʢʟʘʤʝʥʫ Certified Crop Adviser). ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʩʪʽʚ ʫ ʷʢʦʩʪʽ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ 

ʩʧʨʦʱʫʻ ʧʝʨʝʚʽʨʢʫ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʽʜʧʦʚʽʜʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʪʠ ʧʽʜʭʽʜ 

RLVR. ʇʨʦʮʝʩ ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʩʠʥʪʝʪʠʯʥʝ ʛʝʥʝʨʫʚʘʥʥʷ ʨʝʣʝʚʘʥʪʥʠʭ ʪʘ 

ʥʝʨʝʣʝʚʘʥʪʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ ʢʦʞʥʦʾ ʚʽʜʧʦʚʽʜʽ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʠʭ LLM) ʪʘ 

ʜʦʥʘʚʯʘʥʥʷ ʙʘʟʦʚʦʾ LLM ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ GRPO. ʂʣʶʯʦʚʦʶ 

ʚʽʜʤʽʥʥʽʩʪʶ ʚʽʜ ʨʦʙʦʪʠ [5] ʪʫʪ ʻ ʦʙʯʠʩʣʝʥʥʷ ʚʠʥʘʛʦʨʦʜʠ ʟʘ ʮʠʪʫʚʘʥʥʷ ʷʢ F1-

score@k, ʱʦ ʟʤʫʰʫʻ ʤʦʜʝʣʴ ʦʜʥʦʯʘʩʥʦ ʚʠʨʽʰʫʚʘʪʠ ʜʚʘ ʟʘʚʜʘʥʥʷ: ʥʝ ʧʨʦʧʫʩʢʘʪʠ 

ʨʝʣʝʚʘʥʪʥʽ ʜʦʢʫʤʝʥʪʠ (ʚʠʩʦʢʠʡ ὙὩὧὥὰὰͽὯ) ʽ ʥʝ ʜʦʜʘʚʘʪʠ ʟʘʡʚʠʭ, ʥʝʚʽʨʥʠʭ 
ʧʦʩʠʣʘʥʴ (ʚʠʩʦʢʘ ὖὶὩὧὭίὭέὲͽὯ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʦ ʚʠʱʫ ʷʢʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ 
ʮʠʪʫʚʘʥʥʷ: 

 

Ὑ Ὑ ϽὙ ϽὙ ȟ (1) 

Ὑ
ςϽὖὶὩὧὭίὭέὲͽὯϽὙὩὧὥὰὰͽὯ

ὖὶὩὧὭίὭέὲͽὯ  ὙὩὧὥὰὰͽὯ
ȟ (2) 

 

ʜʝ Ὑ  ʜʦʨʽʚʥʶʻ 1, ʷʢʱʦ ʬʦʨʤʘʪʫʚʘʥʥʷ ʧʨʘʚʠʣʴʥʝ (ʨʦʟʤʽʨʢʦʚʫʚʘʥʥʷ 

ʤʦʜʝʣʽ ʚ ʪʝʛʘʭ <think></think>, ʘ ʚʽʜʧʦʚʽʜʴ ʚ ʪʝʛʘʭ <answer></answer>), ʽ 0 ï ̫ ʢʱʦ 

ʬʦʨʤʘʪ ʥʝʚʽʨʥʠʡ; Ὑ  ʜʦʨʽʚʥʶʻ 1, ʷʢʱʦ ʤʦʜʝʣʴ ʦʙʨʘʣʘ ʧʨʘʚʠʣʴʥʠʡ ʚʘʨʽʘʥʪ 

ʚʽʜʧʦʚʽʜʽ ʚ ʪʝʛʘʭ <answer></answer>, ʽ 0 ï ʷʢʱʦ ʥʝʧʨʘʚʠʣʴʥʠʡ; Ὑ  ï 

ʚʠʥʘʛʦʨʦʜʘ ʟʘ ʧʨʘʚʠʣʴʥʽʩʪʴ ʮʠʪʫʚʘʥʥʷ; ὙὩὧὥὰὰͽὯ ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 
ʧʨʘʚʠʣʴʥʦ ʧʨʦʮʠʪʦʚʘʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʜʦ ʢʽʣʴʢʦʩʪʽ ʚʩʽʭ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʤʘʶʪʴ 

ʙʫʪʠ ʧʨʦʮʠʪʦʚʘʥʽ; ὖὶὩὧὭίὭέὲͽὯ ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʘʚʠʣʴʥʦ 

ʧʨʦʮʠʪʦʚʘʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʜʦ ʢʽʣʴʢʦʩʪʽ ʚʩʽʭ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʧʨʦʮʠʪʫʚʘʣʘ ʤʦʜʝʣʴ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ: ʦʜʝʨʞʘʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜ ʧʨʠʡʥʷʪʪʷ 

ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ GRPO ʽʟ ʦʙʯʠʩʣʝʥʥʷʤ ʚʠʥʘʛʦʨʦʜʠ, ʱʦ ʚʨʘʭʦʚʫʻ ʥʝ ʣʠʰʝ 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʽʜʧʦʚʽʜʽ, ʘ ʡ ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʨʦʮʠʪʦʚʘʥʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʜʞʝʨʝʣ, ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʟʛʝʥʝʨʦʚʘʥʠʭ ʚʽʜʧʦʚʽʜʝʡ. 

ɺʠʩʥʦʚʢʠ. ɸʨʛʫʤʝʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ 

ʤʦʜʝʣʝʡ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ RLVR ʪʘ ʧʨʠʢʣʘʜʠ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ RAG ʩʠʩʪʝʤʘʭ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʽʜʧʦʚʽʜʝʡ, ʷʢʽ ʟʛʝʥʝʨʦʚʘʥʦ 

LLMs ʫ ʩʢʣʘʜʽ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʟʘ ʨʘʭʫʥʦʢ 

ʥʘʚʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ GRPO ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʘʚʠʣʴʥʦʩʪʽ 

ʧʨʦʮʠʪʦʚʘʥʠʭ ʜʞʝʨʝʣ. 
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ʇʈʆɭʂʊʋɺɸʅʅʗ ʉʀʉʊɽʄʀ ɸɼʄɯʅɯʉʊʈʋɺɸʅʅʗ ʍʄɸʈʅʀʍ 

ʆʌɯʉʅʀʍ ʉɽʈɺɯʉɯɺ ɺ ɯʊ-ɯʅʌʈɸʉʊʈʋʂʊʋʈɯ ʇɯɼʇʈʀɭʄʉʊɺɸ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʭʤʘʨʥʠʭ ʦʬʽʩʥʠʭ ʩʝʨʚʽʩʽʚ ʽ ʧʨʠʥʮʠʧʠ ʾʭ ʽʥʪʝʛʨʘʮʽʾ ʚ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʘʨʭʽʪʝʢʪʫʨʥʽ ʤʦʜʝʣʽ, ʤʝʪʦʜʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ 

ʟʘʩʦʙʠ ʙʝʟʧʝʢʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʮʠʬʨʦʚʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʆʢʨʝʤʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʝʥʦ ʧʨʦʙʣʝʤʘʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʫ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʽʜʢʨʝʩʣʝʥʦ ʚʘʞʣʠʚʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʱʦ ʧʦʻʜʥʫʻ ʪʝʭʥʽʯʥʽ, ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʪʘ ʫʧʨʘʚʣʽʥʩʴʢʽ ʘʩʧʝʢʪʠ. ʈʦʙʦʪʘ ʤʽʩʪʠʪʴ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʭʤʘʨʥʠʭ ʦʬʽʩʥʠʭ ʨʽʰʝʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʭʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʦʬʽʩʥʽ ʩʝʨʚʽʩʠ, ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ, ʽʥʪʝʛʨʘʮʽʷ, ɯʊ-

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ, ʢʦʨʧʦʨʘʪʠʚʥʽ ʩʠʩʪʝʤʠ. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʧʝʨʝʭʦʜʦʤ ʧʽʜʧʨʠʻʤʩʪʚ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʥʠʭ 

ʩʝʨʚʽʩʽʚ ʫ ʧʦʚʩʷʢʜʝʥʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. ʎʝʡ ʧʨʦʮʝʩ ʦʭʦʧʣʶʻ ʥʝ ʣʠʰʝ ʧʨʦʛʨʘʤʥʽ 

ʨʽʰʝʥʥʷ ʜʣʷ ʦʬʽʩʥʦʾ ʨʦʙʦʪʠ, ʘʣʝ ʡ ʮʽʣʫ ʩʠʩʪʝʤʫ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʩʪʫʧʦʤ, ʙʝʟʧʝʢʠ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʩʝʨʚʽʩʽʚ ʫ ʢʦʨʧʦʨʘʪʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʍʤʘʨʥʽ 

ʦʬʽʩʥʽ ʧʣʘʪʬʦʨʤʠ ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʙʽʟʥʝʩʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ 
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ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʪʘ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ. 

ɺʦʜʥʦʯʘʩ ʰʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʠʤʘʛʘʻ ʥʘʣʝʞʥʦʛʦ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ, ʨʦʟʨʦʙʣʝʥʥʷ ʧʦʣʽʪʠʢ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʪʘ ʧʦʙʫʜʦʚʠ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʜʘʪʥʦʾ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ, 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ. ɸʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʭʤʘʨʥʠʭ ʦʬʽʩʥʠʭ ʩʝʨʚʽʩʽʚ ï ʮʝ ʥʝ 

ʣʠʰʝ ʪʝʭʥʽʯʥʠʡ ʧʨʦʮʝʩ, ʘ ʡ ʩʪʨʘʪʝʛʽʯʥʘ ʩʢʣʘʜʦʚʘ ʫʧʨʘʚʣʽʥʥʷ ʮʠʬʨʦʚʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʜʽʷʣʴʥʦʩʪʽ [1]. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʩʠʩʪʝʤ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʭʤʘʨʥʠʭ ʦʬʽʩʥʠʭ ʩʝʨʚʽʩʽʚ, ʧʨʠʥʮʠʧʠ ʾʭ ʽʥʪʝʛʨʘʮʽʾ ʜʦ 

ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʦʩʥʦʚʥʽ ʚʠʢʣʠʢʠ, ʟ ʷʢʠʤʠ ʩʪʠʢʘʶʪʴʩʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʽʜ ʯʘʩ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʨʽʰʝʥʴ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʍʤʘʨʥʽ ʦʬʽʩʥʽ ʩʝʨʚʽʩʠ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʦʙʽʚ, ʷʢʽ ʥʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʘʤ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ ʟʘ ʤʦʜʝʣʣʶ Software as a 

Service (SaaS). ɼʦ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʨʽʰʝʥʴ ʥʘʣʝʞʘʪʴ Microsoft 365, Google 

Workspace, Zoho Office Suite, OnlyOffice, Nextcloud Office ʪʦʱʦ. ɺʦʥʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʚʦʨʝʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ, ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʢʫʤʝʥʪʽʚ, ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʡ, ʧʣʘʥʫʚʘʥʥʷ ʟʘʚʜʘʥʴ ʽ ʢʦʤʫʥʽʢʘʮʽʶ 

ʤʽʞ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ. 

ʇʝʨʝʚʘʛʠ ʭʤʘʨʥʠʭ ʦʬʽʩʥʠʭ ʨʽʰʝʥʴ ʧʦʣʷʛʘʶʪʴ ʫ ʤʦʞʣʠʚʦʩʪʽ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʟʥʠʞʝʥʥʽ ʚʠʪʨʘʪ ʥʘ ʫʪʨʠʤʘʥʥʷ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʩʧʨʦʱʝʥʦʤʫ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʽ ʪʘ ʚʠʩʦʢʽʡ ʜʦʩʪʫʧʥʦʩʪʽ ʜʘʥʠʭ [2]. ɿʘ ʧʨʦʛʥʦʟʘʤʠ 

ʘʥʘʣʽʪʠʯʥʦʾ ʢʦʤʧʘʥʽʾ Market Research Future, ʛʣʦʙʘʣʴʥʠʡ ʨʠʥʦʢ ʭʤʘʨʥʠʭ ʦʬʽʩʥʠʭ 

ʩʝʨʚʽʩʽʚ ʟʨʦʩʪʘʪʠʤʝ ʽʟ ʩʝʨʝʜʥʴʦʨʽʯʥʠʤ ʪʝʤʧʦʤ ʧʦʥʘʜ 15% ʫ ʧʝʨʽʦʜ ʟ 2022 ʜʦ 2030 

ʨʦʢʫ [3]. ʊʘʢʘ ʜʠʥʘʤʽʢʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʪʽʡʢʫ ʪʝʥʜʝʥʮʽʶ ʮʠʬʨʦʚʽʟʘʮʽʾ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʈʘʟʦʤ ʽʟ ʪʠʤ, ʽʥʪʝʛʨʘʮʽʷ ʭʤʘʨʥʠʭ ʦʬʽʩʥʠʭ ʨʽʰʝʥʴ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʤʦʥʽʪʦʨʠʥʛ, 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ, ʙʝʟʧʝʢʦʶ, ʧʦʣʽʪʠʢʘʤʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘʤ. 

ʇʨʦʻʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʭʤʘʨʥʠʭ ʦʬʽʩʥʠʭ ʩʝʨʚʽʩʽʚ 

ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʻʜʠʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʝʭʘʥʽʟʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʮʠʬʨʦʚʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ: 

ɺʠʟʥʘʯʝʥʥʷ ʚʠʤʦʛ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. 

ï ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʥʘʣʽʟ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, ʦʙʩʷʛʫ ʜʘʥʠʭ, 

ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʪʠʧʽʚ ʜʦʩʪʫʧʫ. ɺʘʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ, ʷʢʽ ʩʝʨʚʽʩʠ 

ʥʝʦʙʭʽʜʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ï ʝʣʝʢʪʨʦʥʥʫ ʧʦʰʪʫ, ʢʘʣʝʥʜʘʨ, ʚʽʜʝʦʟʚôʷʟʦʢ, ʬʘʡʣʦʚʝ 

ʩʭʦʚʠʱʝ ʪʦʱʦ. 

ʆʮʽʥʢʘ ʛʦʪʦʚʥʦʩʪʽ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ï ʇʨʦʚʦʜʠʪʴʩʷ ʘʫʜʠʪ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ, ʩʝʨʚʝʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʤʝʨʝʞʝʚʠʭ 

ʨʽʰʝʥʴ, ʧʦʣʽʪʠʢ ʙʝʟʧʝʢʠ, ʥʘʷʚʥʦʩʪʽ ʩʣʫʞʙʠ ʢʘʪʘʣʦʛʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ, ʯʠ ʤʦʞʣʠʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʚʥʽʩʪʶ ʭʤʘʨʥʦʛʦ ʨʽʰʝʥʥʷ, ʯʠ 

ʜʦʮʽʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʘʪʠ ʛʽʙʨʠʜʥʫ ʤʦʜʝʣʴ [4]. 
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ɺʠʙʽʨ ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʤʦʜʝʣʽ. 

ï ʉʫʯʘʩʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʫʪʴ ʦʙʠʨʘʪʠ ʤʽʞ ʧʫʙʣʽʯʥʦʶ, ʧʨʠʚʘʪʥʦʶ ʘʙʦ 

ʛʽʙʨʠʜʥʦʶ ʤʦʜʝʣʣʶ ʭʤʘʨʠ. ʋ ʛʽʙʨʠʜʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʯʘʩʪʠʥʘ ʩʝʨʚʽʩʽʚ ʧʨʘʮʶʻ 

ʣʦʢʘʣʴʥʦ, ʘ ʯʘʩʪʠʥʘ ï ʫ ʧʫʙʣʽʯʥʽʡ ʭʤʘʨʽ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʣʘʥʩ ʤʽʞ 

ʙʝʟʧʝʢʦʶ ʪʘ ʛʥʫʯʢʽʩʪʶ. 

ʇʨʦʻʢʪʫʚʘʥʥʷ ʧʦʣʽʪʠʢ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ. 

ï ɺʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʨʦʣʝʡ, ʧʨʘʚ ʜʦʩʪʫʧʫ, ʩʧʦʩʦʙʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ 

ʢʦʥʪʨʦʣʶ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʨʝʘʣʽʟʘʮʽʾ ʤʫʣʴʪʠʬʘʢʪʦʨʥʦʾ 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ (MFA), ʰʠʬʨʫʚʘʥʥʶ ʪʨʘʬʽʢʫ, ʘʫʜʠʪʘʤ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ 

ʩʠʩʪʝʤʥʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ. 

ɯʥʪʝʛʨʘʮʽʷ ʤʝʭʘʥʽʟʤʽʚ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ. 

ï ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, ʧʽʜʧʨʠʻʤʩʪʚʦ 

ʧʦʚʠʥʥʦ ʤʘʪʠ ʚʣʘʩʥʽ ʧʦʣʽʪʠʢʠ ʨʝʟʝʨʚʫʚʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʟʙʦʾʚ ʽ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʩʣʷ ʽʥʮʠʜʝʥʪʽʚ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɯʥʪʝʛʨʘʮʽʷ ʭʤʘʨʥʠʭ ʦʬʽʩʥʠʭ ʩʝʨʚʽʩʽʚ ʫ ʚʥʫʪʨʽʰʥʶ 

ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ, ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʽʜʝʥʪʠʯʥʦʩʪʷʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʎʝʡ ʧʨʦʮʝʩ 

ʚʢʣʶʯʘʻ ʪʝʭʥʽʯʥʽ, ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʘʩʧʝʢʪʠ. 

ɿ ʪʝʭʥʽʯʥʦʛʦ ʙʦʢʫ, ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʣʦʢʘʣʴʥʠʭ 

ʦʙʣʽʢʦʚʠʭ ʟʘʧʠʩʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʟ ʭʤʘʨʥʦʶ ʩʠʩʪʝʤʦʶ (ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ Azure 

AD Connect ʘʙʦ Google Directory Sync). ʎʝ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʤʝʭʘʥʽʟʤ 

ʻʜʠʥʦʛʦ ʚʭʦʜʫ (SSO), ʟʘ ʷʢʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʥʫ ʧʘʨʫ 

ʦʙʣʽʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʚʩʽʭ ʩʝʨʚʽʩʽʚ. 

ʆʨʛʘʥʽʟʘʮʽʡʥʠʡ ʘʩʧʝʢʪ ʧʦʣʷʛʘʻ ʫ ʨʦʟʧʦʜʽʣʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʨʦʣʝʡ. 

ɸʜʤʽʥʽʩʪʨʘʪʦʨ ʭʤʘʨʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʙʝʟʧʝʢʫ ʩʝʨʚʽʩʽʚ, 

ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʜʦʤʝʥʫ ï ʟʘ ʫʧʨʘʚʣʽʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʘ ʬʘʭʽʚʝʮʴ ʽʟ ʙʝʟʧʝʢʠ ï ʟʘ 

ʘʫʜʠʪ, ʧʦʣʽʪʠʢʠ ʜʦʩʪʫʧʫ ʪʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʽʥʮʠʜʝʥʪʠ [5]. 

ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʷ ʟ ʢʦʨʧʦʨʘʪʠʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʢʫʤʝʥʪʘʤʠ (DMS), ERP- ʪʘ CRM-ʨʽʰʝʥʥʷʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʙôʻʜʥʘʪʠ ʚʩʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʫ ʻʜʠʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. 

ɼʦʜʘʪʢʦʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʚʟʘʻʤʦʜʽʾ ï ʥʘʣʘʰʪʫʚʘʥʥʶ 

ʧʦʰʪʠ, ʢʘʣʝʥʜʘʨʽʚ, ʢʦʤʘʥʜʥʠʭ ʯʘʪʽʚ, ʩʧʽʣʴʥʦʛʦ ʨʝʜʘʛʫʚʘʥʥʷ ʜʦʢʫʤʝʥʪʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ 

ʜʦʩʪʫʧʦʤ ʜʦ ʮʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʢʦʥʪʨʦʣʶʚʘʪʠ ʣʽʮʝʥʟʽʾ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʨʧʦʨʘʪʠʚʥʠʤ ʧʦʣʽʪʠʢʘʤ. 

ʇʽʜ ʯʘʩ ʽʥʪʝʛʨʘʮʽʾ ʭʤʘʨʥʠʭ ʦʬʽʩʥʠʭ ʩʝʨʚʽʩʽʚ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ 

ʛʘʨʘʥʪʫʚʘʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʜʘʥʠʭ. ʉʝʨʝʜ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʨʠʟʠʢʽʚ ʚʠʜʽʣʷʶʪʴ: 

ï ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ ï ʩʧʨʦʙʠ ʟʣʘʤʘʪʠ ʦʙʣʽʢʦʚʽ ʟʘʧʠʩʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʘʙʦ ʦʙʽʡʪʠ ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ; 

ï ɺʪʨʘʪʫ ʘʙʦ ʚʠʪʽʢ ʜʘʥʠʭ ï ʫʥʘʩʣʽʜʦʢ ʣʶʜʩʴʢʦʾ ʧʦʤʠʣʢʠ, ʪʝʭʥʽʯʥʦʛʦ 

ʟʙʦʶ ʯʠ ʟʦʚʥʽʰʥʴʦʛʦ ʚʪʨʫʯʘʥʥʷ; 
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ï ʇʨʦʙʣʝʤʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʢʦʥʦʜʘʚʩʪʚʫ ï ʟʦʢʨʝʤʘ ʱʦʜʦ ʟʙʝʨʽʛʘʥʥʷ 

ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ; 

ï ʅʘʜʤʽʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʨʦʚʘʡʜʝʨʘ ʭʤʘʨʥʠʭ ʧʦʩʣʫʛ ï ʨʠʟʠʢ vendor 

lock-in. 

ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʮʠʭ ʨʠʟʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʧʨʦʚʘʜʞʫʶʪʴ ʙʘʛʘʪʦʨʽʚʥʝʚʫ 

ʩʠʩʪʝʤʫ ʙʝʟʧʝʢʠ, ʷʢʘ ʚʢʣʶʯʘʻ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ, ʤʦʥʽʪʦʨʠʥʛ ʘʢʪʠʚʥʦʩʪʽ, 

ʨʝʛʫʣʷʨʥʽ ʘʫʜʠʪʠ, ʩʠʩʪʝʤʠ ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʽ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ ʷʢ ʫ 

ʩʪʘʥʽ ʩʧʦʢʦʶ, ʪʘʢ ʽ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʚʘʥʥʷ [6]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʻ 

ʧʦʻʜʥʘʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ: ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, çʟʝʣʝʥʽè ʜʘʪʘ-

ʮʝʥʪʨʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʩʫʨʩʽʚ ʚʚʘʞʘʶʪʴʩʷ ʥʝʚʽʜôʻʤʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʩʫʯʘʩʥʦʛʦ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ [7]. 

ʇʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʇʽʜ ʯʘʩ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʝʪʘʧʥʠʡ 

ʧʽʜʭʽʜ. ʉʧʦʯʘʪʢʫ ʬʦʨʤʫʻʪʴʩʷ ʧʽʣʦʪʥʠʡ ʧʨʦʻʢʪ, ʷʢʠʡ ʦʭʦʧʣʶʻ ʦʙʤʝʞʝʥʝ ʢʦʣʦ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʠʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʨʽʰʝʥʴ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʦʮʽʥʶʶʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʙʝʟʧʝʢʘ, ʩʫʤʽʩʥʽʩʪʴ ʽ ʟʨʫʯʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ. 

ɼʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ï ʧʦʩʪʫʧʦʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʚʩʽʭ 

ʧʽʜʨʦʟʜʽʣʽʚ, ʤʽʛʨʘʮʽʷ ʜʘʥʠʭ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʩʪʚʦʨʝʥʥʷ ʦʙʣʽʢʦʚʠʭ ʟʘʧʠʩʽʚ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʪʠʢ. ɺʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʛʦʪʦʚʢʫ ʧʝʨʩʦʥʘʣʫ, ʘʜʞʝ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʟ ʭʤʘʨʥʠʤʠ ʩʝʨʚʽʩʘʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʉʠʩʪʝʤʘ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʤʘʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʝ ʥʘʜʘʥʥʷ ʧʨʘʚ 

ʜʦʩʪʫʧʫ ʟʘ ʨʦʣʷʤʠ, ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʢʝʨʫʚʘʥʥʷ ʣʽʮʝʥʟʽʷʤʠ, ʤʦʥʽʪʦʨʠʥʛ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʝʜʝʥʥʷ ʞʫʨʥʘʣʽʚ ʧʦʜʽʡ ʽ ʬʦʨʤʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʟʚʽʪʽʚ. 

ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚʧʨʦʚʘʜʠʪʠ ʩʠʩʪʝʤʫ ʦʧʦʚʽʱʝʥʴ ʧʨʦ ʘʥʦʤʘʣʴʥʽ ʜʽʾ, ʱʦ ʤʦʞʝ 

ʚʢʘʟʫʚʘʪʠ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ ʙʝʟʧʝʮʽ [8]. 

ʉʫʯʘʩʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘʢʦʞ ʽʥʪʝʛʨʫʶʪʴ ʨʽʰʝʥʥʷ ʟ ʫʧʨʘʚʣʽʥʥʷ ʚʠʪʨʘʪʘʤʠ 

(Cloud Cost Management), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʽ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʙʶʜʞʝʪ. ɿʘ ʜʘʥʠʤʠ Gartner, ʫ 2023 ʨʦʮʽ ʩʚʽʪʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʧʫʙʣʽʯʥʽ 

ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ ʧʝʨʝʚʠʱʠʣʠ 600 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ, ʱʦ ʚʠʤʘʛʘʻ ʚʽʜ ʢʦʤʧʘʥʽʡ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʢʦʥʪʨʦʣʶ [9]. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤʠ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʭʤʘʨʥʠʭ 

ʦʬʽʩʥʠʭ ʩʝʨʚʽʩʽʚ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɺʽʜ 

ʧʨʘʚʠʣʴʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, ʙʝʟʧʝʢʠ, ʦʨʛʘʥʽʟʘʮʽʾ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ 

ʧʝʨʩʦʥʘʣʫ ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʩʽʻʾ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʧʦʻʜʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ, ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʽ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʢʫ, ʛʥʫʯʢʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʮʠʬʨʦʚʠʭ 

ʧʨʦʮʝʩʽʚ. ʍʤʘʨʥʽ ʦʬʽʩʥʽ ʩʝʨʚʽʩʠ ʩʪʘʶʪʴ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʫʯʘʩʥʦʛʦ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʾʭ ʝʬʝʢʪʠʚʥʝ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ï ʟʘʧʦʨʫʢʦʶ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʙʽʟʥʝʩʫ, ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. 
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ʋʩʧʽʰʥʘ ʽʥʪʝʛʨʘʮʽʷ ʤʦʞʣʠʚʘ ʣʠʰʝ ʟʘ ʫʤʦʚ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, 

ʥʘʣʝʞʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʨʦʟʚʠʪʢʫ ʻ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʜʽʡ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʠʟʠʢʽʚ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʠʭ ʩʠʩʪʝʤ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʽʜʝʥʪʠʯʥʦʩʪʽ ʥʘ ʙʘʟʽ 

ʭʤʘʨʥʠʭ ʧʣʘʪʬʦʨʤ. 
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ɺ.ɺ. ʉʧʽʨʽʥʮʝʚ1, ɸ.ʃ. ʐʠʨʽʥ1, ɸ.ʊ. ʍʘʨʴ1, ɯ.ʖ. ʃʠʩʠʯʝʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

FIGMA MAKE ï ɺʀʂʆʈʀʉʊɸʅʅʗ ʐʊʋʏʅʆɻʆ  

ɯʅʊɽʃɽʂʊʋ ʋ ɺɽɹɼʀɿɸʁʅɯ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʤʝʞʘʭ ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ çWeb-ʪʝʭʥʦʣʦʛʽʾ ʪʘ Web-ʜʠʟʘʡʥè ʙʫʣʦ 

ʦʧʘʥʦʚʘʥʦ ʥʦʚʫ ʬʫʥʢʮʽʶ Figma Make. ʎʝ ʥʦʚʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʧʦʻʜʥʫʻ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʽ 

ʜʠʟʘʡʥ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʟʛʝʥʝʨʫʚʘʪʠ ʨʦʙʦʯʠʡ ʧʨʦʪʦʪʠʧ ʚʝʙʩʪʦʨʽʥʢʠ ʘʙʦ ʜʦʜʘʪʢʘ, ʧʨʦʩʪʦ 

ʥʘʧʠʩʘʚʰʠ ʪʝʢʩʪʦʚʠʡ ʦʧʠʩ. ʇʨʘʮʶʻ ʮʷ ʬʫʥʢʮʽʷ ʥʘ ʙʘʟʽ ʧʦʪʫʞʥʦʾ ʰʪʫʯʥʦʾ ʤʦʜʝʣʽ Claude 3.7 

Sonnet. ʋ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʥʮʠʧ ʜʽʾ ʬʫʥʢʮʽʾ Figma Make, ʾʾ ʧʝʨʝʚʘʛʠ ʪʘ ʧʨʠʢʣʘʜʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Figma Make, ʜʠʟʘʡʥ, ʽʥʩʪʨʫʤʝʥʪ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʽʥʪʝʨʬʝʡʩ. 

 

ɺʩʪʫʧ. Figma ï ʦʜʠʥ ʽʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʽʥʪʝʨʬʝʡʩʽʚ, ʷʢʠʡ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʝʨʝʪʚʦʨʠʚʩʷ ʥʘ ʧʦʚʥʦʮʽʥʥʫ ʧʣʘʪʬʦʨʤʫ ʜʣʷ 

ʜʠʟʘʡʥʝʨʽʚ, ʨʦʟʨʦʙʥʠʢʽʚ ʪʘ ʧʨʦʜʫʢʪʦʚʠʭ ʢʦʤʘʥʜ. ʋ 2025 ʨʦʮʽ ʢʦʤʧʘʥʽʷ Figma 

ʧʨʝʟʝʥʪʫʚʘʣʘ ʥʦʚʫ ʬʫʥʢʮʽʶ Figma Make (ʨʠʩ. 1), ʷʢʘ ʩʪʘʣʘ ʚʝʣʠʢʠʤ ʢʨʦʢʦʤ ʫ 

ʥʘʧʨʷʤʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʜʠʟʘʡʥʫ. ʎʝʡ ʽʥʩʪʨʫʤʝʥʪ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʤʘʢʝʪʠ, ʧʨʦʪʦʪʠʧʠ ʪʘ ʥʘʚʽʪʴ ʛʦʪʦʚʽ ʩʘʡʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʢʩʪʦʚʠʭ ʟʘʧʠʪʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʞʣʠʚʦʩʪʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

 
 

ʈʠʩ. 1. ʉʢʨʽʥʰʦʪ ʽʥʪʝʨʬʝʡʩʫ Figma Make ʟ ʦʬʽʮʽʡʥʦʛʦ ʩʘʡʪʫ  

 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. Figma Make ï ʮʝ ʽʥʩʪʨʫʤʝʥʪ ʪʠʧʫ prompt-to-

design, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʩʪʚʦʨʶʚʘʪʠ ʽʥʪʝʨʬʝʡʩ, ʧʨʦʩʪʦ ʦʧʠʩʘʚʰʠ 

ʡʦʛʦ ʩʣʦʚʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʟʘʧʠʪ çʩʪʚʦʨʠ ʛʦʣʦʚʥʫ ʩʪʦʨʽʥʢʫ ʜʣʷ ʪʫʨʠʩʪʠʯʥʦʛʦ 
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ʩʘʡʪʫ ʟ ʙʘʥʝʨʦʤ, ʢʥʦʧʢʦʶ ʪʘ ʬʦʨʤʦʶ ʧʽʜʧʠʩʢʠè ï ʛʝʥʝʨʫʻ ʧʦʚʥʦʮʽʥʥʠʡ ʤʘʢʝʪ ʽʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɯʥʩʪʨʫʤʝʥʪ ʧʨʘʮʶʻ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, 

ʷʢʠʡ ʘʥʘʣʽʟʫʻ ʟʘʧʠʪ, ʧʽʜʙʠʨʘʻ ʢʦʤʧʦʥʝʥʪʠ ʟ ʙʽʙʣʽʦʪʝʢʠ ʜʠʟʘʡʥʫ ʪʘ ʬʦʨʤʫʻ 

ʚʽʟʫʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ. ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʦʜʨʘʟʫ ʨʝʜʘʛʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪ, ʟʤʽʥʶʚʘʪʠ 

ʩʪʠʣʽ, ʢʦʤʧʦʥʫʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʫʚʘʪʠ ʡʦʛʦ ʚ ʽʥʰʽ ʧʨʦʻʢʪʠ. 

Figma Make ʪʽʩʥʦ ʽʥʪʝʛʨʫʻʪʴʩʷ ʟ ʥʦʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ Figma Sites ʪʘ Grid. 

ʎʝ ʜʦʟʚʦʣʷʻ ʦʜʨʘʟʫ ʧʫʙʣʽʢʫʚʘʪʠ ʩʪʚʦʨʝʥʠʡ ʤʘʢʝʪ ʷʢ ʩʘʡʪ, ʥʘʣʘʰʪʦʚʫʚʘʪʠ 

ʘʜʘʧʪʠʚʥʽʩʪʴ ʪʘ ʩʪʨʫʢʪʫʨʫ ʩʪʦʨʽʥʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʟʘʡʥʝʨ ʦʪʨʠʤʫʻ ʧʦʚʥʠʡ 

ʮʠʢʣ ï ʚʽʜ ʽʜʝʾ ʜʦ ʧʫʙʣʽʢʘʮʽʾ ï ʙʝʟ ʧʦʪʨʝʙʠ ʫ ʩʪʦʨʦʥʥʽʭ ʧʣʘʪʬʦʨʤʘʭ ʪʠʧʫ Webflow 

ʘʙʦ Tilda. 

ʅʘ ʨʠʩʫʥʢʫ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ Figma Make ï ʽʥʪʝʨʬʝʡʩ 

ʩʘʡʪʫ ʧʨʦ ʧʦʛʦʜʫ, ʟʛʝʥʝʨʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʪʝʢʩʪʦʚʦʛʦ ʟʘʧʠʪʫ.  

 

 
ʈʠʩ. 2. ʇʨʠʢʣʘʜ ʟʘʧʠʪʫ ʪʘ ʨʝʟʫʣʴʪʘʪʫ ʛʝʥʝʨʘʮʽʾ ʤʘʢʝʪʫ 

 

ʄʘʢʝʪ ʤʽʩʪʠʪʴ ʙʣʦʢ ʧʦʪʦʯʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʽʪʝʨ, ʪʠʩʢ, 

ʚʦʣʦʛʽʩʪʴ), ʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟ ʥʘ 5 ʜʥʽʚ ʽʟ ʛʨʘʬʽʯʥʠʤʠ ʧʦʟʥʘʯʢʘʤʠ ʩʪʘʥʫ ʧʦʛʦʜʠ. ʎʝ 

ʜʝʤʦʥʩʪʨʫʻ, ʷʢ Figma Make ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʨʫʢʪʫʨʫʻ ʢʦʥʪʝʥʪ, ʢʦʤʧʦʥʝʥʪʠ ʪʘ 

ʩʪʠʣʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʠʪʫ, ʩʪʚʦʨʶʶʯʠ ʧʦʚʥʦʮʽʥʥʠʡ ʧʨʦʪʦʪʠʧ ʙʝʟ ʨʫʯʥʦʾ 

ʚʝʨʩʪʢʠ. ʇʨʠ ʮʴʦʤʫ ʦʜʨʘʟʫ ʛʝʥʝʨʫʻʪʴʩʷ ʘʜʘʧʪʦʚʘʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʤʦʙʽʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʽ ʧʘʨʘʣʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʢʦʜ ʢʦʤʧʦʥʝʥʪʘ, ʷʢʠʡ ʤʦʞʥʘ ʽʥʪʝʛʨʫʚʘʪʠ 

ʚ ʨʝʘʣʴʥʠʡ ʧʨʦʻʢʪ (ʨʠʩ. 3). 

ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ Figma Make:  

ï ʰʚʠʜʢʽʩʪʴ (ʩʪʚʦʨʝʥʥʷ ʤʘʢʝʪʫ ʟʘʡʤʘʻ ʣʽʯʝʥʽ ʭʚʠʣʠʥʠ);  

ï ʛʥʫʯʢʽʩʪʴ (ʤʦʞʣʠʚʽʩʪʴ ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ);  
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ï ʜʦʩʪʫʧʥʽʩʪʴ (ʥʝ ʧʦʪʨʝʙʫʻ ʟʥʘʥʴ ʢʦʜʫ ʯʠ ʩʢʣʘʜʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ);  

ï ʽʥʥʦʚʘʮʽʡʥʽʩʪʴ (ʚʠʢʦʨʠʩʪʘʥʥʷ AI ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʜʠʟʘʡʥʫ ï ʥʦʚʠʡ ʩʪʘʥʜʘʨʪ 

ʫ UX/UI).  

 

  
ʈʠʩ. 3. ɸʜʘʧʪʦʚʘʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʨʘʟʦʤ  

ʟ ʢʦʜʦʤ ʤʘʢʝʪʫ 

 

ɺʠʩʥʦʚʢʠ. Figma Make ï ʮʝ ʥʦʚʠʡ ʝʪʘʧ ʫ ʨʦʟʚʠʪʢʫ ʚʝʙʜʠʟʘʡʥʫ, ʷʢʠʡ 

ʧʦʻʜʥʫʻ ʧʨʦʩʪʦʪʫ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽʩʪʴ. ʁʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʷʢʽʩʥʽ ʽʥʪʝʨʬʝʡʩʠ ʙʝʟ ʛʣʠʙʦʢʠʭ ʪʝʭʥʽʯʥʠʭ ʟʥʘʥʴ. ʋ ʤʘʡʙʫʪʥʴʦʤʫ 

ʦʯʽʢʫʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ, ʟʦʢʨʝʤʘ ʧʽʜʪʨʠʤʢʘ ʫʢʨʘʾʥʩʴʢʦʾ ʤʦʚʠ, 

ʛʣʠʙʰʘ ʽʥʪʝʛʨʘʮʽʷ ʟ CMS ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʝʢʩʧʦʨʪʫ ʢʦʜʫ. ʎʝ ʨʦʙʠʪʴ Figma Make 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʩʚʽʪʥʽʭ ʽ ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ. 
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ɻ.ɻ. ʐʚʘʯʠʯ1, ʇ.ʆ. ʑʝʨʙʠʥʘ1, ɸ.ɸ. ʄʘʨʪʠʥʝʥʢʦ1, ʄ.ɺ. ɻʦʨʯʝʥʢʦ1  
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈʆɿʇʆɼɯʃɽʅʀʍ ʆɹʏʀʉʃɽʅʔ ʋ 

ʉʀʉʊɽʄ ʈɽɸʃʔʅʆɻʆ ʏɸʉʋ ʅɸ ʆʉʅʆɺɯ ʊɽʍʅʆʃʆɻɯɰ CUDA 

 
ɸʥʦʪʘʮʽʷ. ʋ ʧʨʝʜʩʪʘʚʣʝʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ CUDA ʫ ʢʦʥʪʝʢʩʪʽ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʫʟʣʘʤʠ. ɸʥʘʣʽʟʫʻʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʘ ʨʦʟʧʦʜʽʣʝʥʠʭ 

GPU-ʩʠʩʪʝʤ, ʾʭ ʚʟʘʻʤʦʜʽʷ ʟ CPU, ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʥʘ ʢʦʤʫʥʽʢʘʮʽʶ, ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ 

ʢʦʥʢʨʝʪʥʽ ʩʝʨʝʜʦʚʠʱʘ ʚʠʢʦʥʘʥʥʷ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʠʩʪʝʤ ʽʟ ʧʽʜʪʨʠʤʢʦʶ GPU. ʆʩʦʙʣʠʚʘ 

ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʨʦʙʣʝʤʘʤ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʪʘʢʠʤ ʷʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʠʟʴʢʦʾ ʟʘʪʨʠʤʢʠ 

ʪʘ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ, ʘ ʪʘʢʦʞ ʰʣʷʭʘʤ ʟʘʩʪʦʩʫʚʘʥʥʷ CUDA ʫ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʟʘ ʫʤʦʚʠ ʥʘʣʝʞʥʦʛʦ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʝʥʽ GPU-ʦʙʯʠʩʣʝʥʥʷ ʟʜʘʪʥʽ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʭʦʯʘ ʽʩʥʫʶʪʴ ʦʙʤʝʞʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʟʘʪʨʠʤʢʘʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʫʟʛʦʜʞʝʥʥʷʤ 

ʧʘʤôʷʪʽ ʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: CUDA; ʨʦʟʧʦʜʽʣʝʥʽ ʦʙʯʠʩʣʝʥʥʷ; ʩʠʩʪʝʤʠ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ; 

GPU-ʦʙʯʠʩʣʝʥʥʷ; ʛʝʪʝʨʦʛʝʥʥʽ ʩʠʩʪʝʤʠ; ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ; ʟʘʪʨʠʤʢʘ; ʩʝʨʝʜʦʚʠʱʝ ʚʠʢʦʥʘʥʥʷ. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ (RTS) ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʩʬʝʨʘʭ, ʪʘʢʠʭ ʷʢ ʘʚʽʘʮʽʷ, ʘʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ, ʧʨʦʤʠʩʣʦʚʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʢʘ. ɿʨʦʩʪʘʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ RTS ʟʫʤʦʚʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ 

ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʩʝʥʩʦʨʽʚ ʘʙʦ 

ʧʦʪʦʢʽʚ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ. ʊʨʘʜʠʮʽʡʥʽ CPU-ʩʠʩʪʝʤʠ ʥʝ ʟʘʚʞʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʜʦʩʪʘʪʥʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʱʦ ʩʪʚʦʨʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʪʝʨʦʛʝʥʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ ʽʟ GPU, ʟʜʘʪʥʠʭ ʧʘʨʘʣʝʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʯʠʩʣʝʥʥʽ 

ʟʘʜʘʯʽ [1]. 

ʊʝʭʥʦʣʦʛʽʷ CUDA, ʨʦʟʨʦʙʣʝʥʘ NVIDIA, ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʝ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ GPU ʪʘ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʧʘʨʘʣʝʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘʜʘʯ ʫ RTS. ʆʩʥʦʚʥʘ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʚʯʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ CUDA ʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ 

ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʪʘ ʜʝʪʝʨʤʽʥʦʚʘʥʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʈʦʟʧʦʜʽʣʝʥʽ ʛʝʪʝʨʦʛʝʥʥʽ ʩʠʩʪʝʤʠ ʧʦʻʜʥʫʶʪʴ CPU ʪʘ 

GPU ʥʘ ʦʜʥʦʤʫ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʚʫʟʣʘʭ. ʊʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʤʘʩʰʪʘʙʫʚʘʪʠ 

ʦʙʯʠʩʣʝʥʥʷ, ʧʽʜʚʠʱʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ. GPU 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʘʨʘʣʝʣʽʟʤʫ ʜʣʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʜʘʯ, ʪʦʜʽ ʷʢ 

CPU ʚʠʢʦʥʫʶʪʴ ʢʝʨʫʶʯʽ ʪʘ ʧʦʩʣʽʜʦʚʥʽ ʦʙʯʠʩʣʝʥʥʷ. 

ɼʣʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʚʫʟʣʘʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʦʪʦʢʦʣʠ MPI ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

CUDA, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʧʦʜʽʣʝʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʪʘ ʧʘʨʘʣʝʣʴʥʝ ʚʠʢʦʥʘʥʥʷ 

ʟʘʜʘʯ. ʋ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʚʘʞʣʠʚʠʤ ʻ ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, 
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ʫʟʛʦʜʞʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʧʘʤôʷʪʽ ʪʘ ʤʽʥʽʤʽʟʘʮʽʷ latency ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ 

ʚʫʟʣʘʤʠ [6]. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʪʘʢʠʤʠ 

ʤʝʪʨʠʢʘʤʠ: ʧʨʠʩʢʦʨʝʥʥʷ ʦʙʯʠʩʣʝʥʴ (speed-up), ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ (scalability), 

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ (bandwidth) ʽ ʟʘʪʨʠʤʢʘ (latency). ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʦʜʥʦʚʫʟʣʦʚʽ GPU-ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʘʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ (ʜʦ 300 %) 

ʧʦʨʽʚʥʷʥʦ ʟ CPU, ʘ ʨʦʟʧʦʜʽʣʝʥʽ ʧʣʘʪʬʦʨʤʠ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʪʠ ʣʽʥʽʡʥʦʾ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ GPU [1]. 

ʆʜʥʘʢ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʨʦʱʫʚʘʥʥʷ ʥʘʢʣʘʜʥʠʭ 

ʚʠʪʨʘʪ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ 

ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʤʫʥʽʢʘʮʽʡ, ʙʘʣʘʥʩʫʚʘʥʥʶ ʟʘʜʘʯ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʶ ʘʩʠʥʭʨʦʥʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʠʤʦʢ. 

ʆʪʞʝ, ʘʙʠ ʦʮʽʥʠʪʠ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʢʣʘʩʪʝʨʥʽʡ ʩʠʩʪʝʤʽ 

ʧʽʜ ʯʘʩ ʨʫʭʫ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʪʦʢʽʚ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʧʦʨʽʚʥʶʚʘʪʠ 

ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʤʝʨʝʞʽ ʢʣʘʩʪʝʨʘ ʽ ʢʦʤʫʪʘʪʦʨʘ. ʊʘʢʘ ʧʨʦʮʝʜʫʨʘ ʧʦʪʨʽʙʥʘ 

ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʽʜʙʦʨʫ ʢʦʤʧʣʝʢʪʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʝʚʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 

ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʦʾ ʩʠʩʪʝʤʠ.  

ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ latency ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫ RTS 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ: 

ï CUDA Streams ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʦʙʯʠʩʣʝʥʴ ʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ; 

ï Page-locked memory ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ DMA-ʧʝʨʝʜʘʯ ʤʽʞ CPU ʽ GPU; 

ï GPUDirect ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʚʫʟʣʘʤʠ; 

ï ɹʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ GPU ʫ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ [5]. 

ʎʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʝʨʝʜʙʘʯʫʚʘʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ, ʱʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʆʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʻ: 

ï ʟʘʪʨʠʤʢʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʚʫʟʣʘʤʠ; 

ï ʫʟʛʦʜʞʝʥʥʷ ʧʘʤôʷʪʽ ʫ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʠʩʪʝʤʘʭ; 

ï ʚʫʟʴʢʽ ʤʽʩʮʷ ʚ ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪʽ ʰʠʥ CPUźGPU; 

ï ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʯʘʩʫ 

ʚʽʜʧʦʚʽʜʽ [4]. 

ʊʘʢʦʞ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ: ʧʨʠ ʚʝʣʠʢʽʡ 

ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩʪʢʘ ʯʘʩʫ, ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʪʘ 

ʢʦʤʫʥʽʢʘʮʽʶ. 

ʈʦʟʧʦʜʽʣʝʥʽ GPU-ʩʠʩʪʝʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ: 

ï ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ; 

ï ʘʚʪʦʥʦʤʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ; 

ï ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ; 

ï ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʟʘʜʘʯ. 

ʇʨʘʚʠʣʴʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʘʜʘʯ ʤʽʞ ʚʫʟʣʘʤʠ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʠʪʠ ʯʘʩ ʦʙʨʦʙʢʠ. ʊʘʢʦʞ ʤʦʞʣʠʚʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟ 

ʩʠʩʪʝʤʘʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ [8]. 
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ʄʝʪʦʜʦʣʦʛʽʷ ʚʢʣʶʯʘʻ: 

ï ʩʪʚʦʨʝʥʥʷ ʪʝʩʪʦʚʠʭ ʩʮʝʥʘʨʽʾʚ (ʥʘʧʨʠʢʣʘʜ, ʦʙʨʦʙʢʘ ʚʽʜʝʦʧʦʪʦʢʫ 30 fps ʘʙʦ 

ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ); 

ï ʚʠʤʽʨʶʚʘʥʥʷ latency, throughput ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʧʨʠ ʨʽʟʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʚʫʟʣʽʚ; 

ï ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ CPU, ʦʜʥʦʚʫʟʣʦʚʠʭ GPU ʪʘ ʨʦʟʧʦʜʽʣʝʥʠʭ 

GPU; 

ï ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ (CUDA Streams, GPUDirect, 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʘʜʘʯ). 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʫʻ: 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ GPU ʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤʘʭ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ; 

ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘʪʨʠʤʢʠ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʜʝʪʝʨʤʽʥʦʚʘʥʽʩʪʴ; 

ï ʦʙʤʝʞʝʥʥʷ ʥʘʢʣʘʜʥʠʭ ʚʠʪʨʘʪ ʥʘ ʢʦʤʫʥʽʢʘʮʽʶ ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʧʘʤôʷʪʽ 

ʟʘʣʠʰʘʶʪʴʩʷ ʢʨʠʪʠʯʥʠʤʠ; 

ï ʽʥʪʝʛʨʘʮʽʷ ʟ ʧʨʦʛʥʦʟʫʶʯʠʤʠ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʘʜʘʧʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ [7]. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʧʦʜʽʣʝʥʽ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʙʘʟʽ CUDA ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ 

ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʤʘʛʘʻ: 

ï ʨʝʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ; 

ï ʦʧʪʠʤʽʟʘʮʽʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ; 

ï ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʶ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʨʦʟʚʠʪʦʢ runtime-ʩʠʩʪʝʤ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʠʭ ʧʣʘʪʬʦʨʤ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʟ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ [6]. 

ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ. ʇʦʜʘʣʴʰʽ ʥʘʧʨʷʤʢʠ ʨʦʟʨʦʙʢʠ ʚʢʣʶʯʘʶʪʴ: 

ï ʽʥʪʝʛʨʘʮʽʶ Edge/Cloud ʫ ʨʦʟʧʦʜʽʣʝʥʽ GPU-ʩʠʩʪʝʤʠ; 

ï ʨʦʟʨʦʙʢʫ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʩʪʽ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ; 

ï ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʣʘʥʫʚʘʥʥʷ ʟʘʜʘʯ ʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ; 

ï ʧʦʻʜʥʘʥʥʷ ʟ ʤʝʪʦʜʘʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ [7]. 
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VUE.JS ï ʉʋʏɸʉʅʀʁ ʇɯɼʍɯɼ ɼʆ ʉʊɺʆʈɽʅʅʗ WEB-ɯʅʊɽʈʌɽʁʉɯɺ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ JavaScript-ʬʨʝʡʤʚʦʨʢʫ Vue.js ʪʘ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʢʦʨʠʩʪʫʚʘʯʘ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʜʠʨʝʢʪʠʚ ʽ ʩʪʠʣʽʟʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʧʦʙʫʜʦʚʽ ʽʥʪʫʾʪʠʚʥʦ 

ʟʨʦʟʫʤʽʣʦʛʦ ʜʠʟʘʡʥʫ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Vue.js, ʢʦʤʧʦʥʝʥʪ, ʬʨʦʥʪʝʥʜ, SPA, ʨʝʘʢʪʠʚʥʽʩʪʴ, ʚʝʙʽʥʪʝʨʬʝʡʩ. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʦʯʽʢʫʶʪʴ ʚʽʜ ʚʝʙʟʘʩʪʦʩʫʥʢʽʚ ʰʚʠʜʢʦʾ ʨʦʙʦʪʠ, 

ʟʨʫʯʥʦʩʪʽ ʪʘ ʧʨʠʚʘʙʣʠʚʦʛʦ ʜʠʟʘʡʥʫ. ʉʫʯʘʩʥʘ ʚʝʙʨʦʟʨʦʙʢʘ ʩʪʘʚʠʪʴ ʧʝʨʝʜ 

ʨʦʟʨʦʙʥʠʢʘʤʠ ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʶʚʘʪʠ ʽʥʪʝʨʬʝʡʩʠ, ʷʢʽ ʥʝ ʣʠʰʝ ʬʫʥʢʮʽʦʥʘʣʴʥʽ, ʘʣʝ 

ʡ ʘʜʘʧʪʠʚʥʽ, ʽʥʪʝʨʘʢʪʠʚʥʽ ʪʘ ʧʨʠʻʤʥʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʠʭ ʮʽʣʝʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʬʨʝʡʤʚʦʨʢʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʧʨʦʜʫʢʪʫ. Vue.js ʻ ʦʜʥʠʤ ʽʟ ʪʘʢʠʭ ʩʫʯʘʩʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʨʘʢʪʠʯʥʽʡ ʚʝʙʨʦʟʨʦʙʮʽ ʪʘ ʩʪʘʙʽʣʴʥʦ 

ʚʭʦʜʠʪʴ ʜʦ ʪʨʽʡʢʠ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʬʨʦʥʪʝʥʜ-ʬʨʝʡʤʚʦʨʢʽʚ (ʨʠʩ.1) [1]. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. Vue.js ï ʮʝ ʧʨʦʛʨʝʩʠʚʥʠʡ JavaScript-ʬʨʝʡʤʚʦʨʢ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʽʥʪʝʨʬʝʡʩʽʚ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʧʨʦʩʪʦʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟ ʧʦʪʫʞʥʠʤ ʬʫʥʢʮʽʦʥʘʣʦʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙʟʘʩʪʦʩʫʥʢʽʚ ʙʫʜʴ-ʷʢʦʾ ʩʢʣʘʜʥʦʩʪʽ. 



 

 

 

 

200 

ʊʝʨʤʽʥ çʧʨʦʛʨʝʩʠʚʥʠʡè ʫ ʢʦʥʪʝʢʩʪʽ Vue ʦʟʥʘʯʘʶʪʴ, ʱʦ ʡʦʛʦ ʤʦʞʥʘ ʧʦʩʪʫʧʦʚʦ 

ʽʥʪʝʛʨʫʚʘʪʠ ʫ ʙʫʜʴ-ʷʢʠʡ ʧʨʦʻʢʪ: ʨʦʟʨʦʙʥʠʢ ʤʦʞʝ ʧʦʯʘʪʠ ʟ ʥʝʚʝʣʠʢʠʭ ʯʘʩʪʠʥ 

ʽʥʪʝʨʬʝʡʩʫ ʽ ʧʦʩʪʫʧʦʚʦ ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʬʫʥʢʮʽʾ, ʪʘʢʽ ʷʢ ʤʘʨʰʨʫʪʠʟʘʮʽʷ, ʫʧʨʘʚʣʽʥʥʷ 

ʩʪʘʥʦʤ ʘʙʦ ʽʥʪʝʨʘʢʪʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ [2]. ʎʝ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʤʘʩʰʪʘʙʫʚʘʪʠ 

ʟʘʩʪʦʩʫʥʦʢ ʽ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘʚʽʪʴ ʫ ʚʞʝ ʽʩʥʫʶʯʽ ʧʨʦʻʢʪʠ.  

 

 
ʈʠʩ. 1. ʇʦʧʫʣʷʨʥʽʩʪʴ ʬʨʦʥʪʝʥʜ-ʬʨʝʡʤʚʦʨʢʽʚ ʚ 2024 ʟʘ ʜʘʥʠʤʠ  

Cloudflare Radar 

 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ Vue.js ʻ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʥʘ ʩʪʨʫʢʪʫʨʘ. 

ʂʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʚʦʛʦ ʰʘʙʣʦʥʫ, ʣʦʛʽʢʠ ʪʘ ʩʪʠʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʣʷʪʠ ʘʚʪʦʥʦʤʥʽ ʯʘʩʪʠʥʠ ʽʥʪʝʨʬʝʡʩʫ, ʷʢʽ ʣʝʛʢʦ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ. ʊʘʢʘ ʤʦʜʫʣʴʥʘ ʧʦʙʫʜʦʚʘ ʟʘʩʪʦʩʫʥʢʽʚ ʩʧʨʦʱʫʻ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʽ 

ʜʦʟʚʦʣʷʻ ʜʝʢʽʣʴʢʦʤ ʨʦʟʨʦʙʥʠʢʘʤ ʧʨʘʮʶʚʘʪʠ ʥʘʜ ʨʽʟʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʧʨʦʻʢʪʫ 

ʦʜʥʦʯʘʩʥʦ. ʂʨʽʤ ʪʦʛʦ, ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʣʘʜʝʥʠʤʠ, ʱʦ ʩʪʚʦʨʶʻ 

ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʽʥʪʝʨʬʝʡʩʫ ʽ ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʛʥʫʯʢʽʩʪʴ. 

Vue.js ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʢʪʠʚʥʽʩʪʴ ï ʟʜʘʪʥʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʤʽʥʠ 

ʚ ʜʘʥʠʭ ʽ ʦʥʦʚʣʶʚʘʪʠ ʪʽʣʴʢʠ ʪʽ ʯʘʩʪʠʥʠ DOM, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʟʤʽʥ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʰʚʠʜʢʽ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʽ ʚʝʙʽʥʪʝʨʬʝʡʩʠ, ʜʝ ʢʦʨʠʩʪʫʚʘʯ ʤʠʪʪʻʚʦ ʙʘʯʠʪʴ 

ʨʝʟʫʣʴʪʘʪ ʩʚʦʾʭ ʜʽʡ [3]. ʈʝʘʢʪʠʚʥʽʩʪʴ ʫ Vue ʨʝʘʣʽʟʦʚʘʥʘ ʯʝʨʝʟ ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ 

ʦʙôʻʢʪʠ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʨʝʘʢʪʠʚʥʽ API, ʷʢʽ ʟʥʘʯʥʦ ʩʧʨʦʱʫʶʪʴ ʨʦʙʦʪʫ ʟ ʜʘʥʠʤʠ. 

ʑʝ ʦʜʥʽʻʶ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ Vue.js ʻ ʜʝʢʣʘʨʘʪʠʚʥʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ. ʈʦʟʨʦʙʥʠʢ ʦʧʠʩʫʻ, ʷʢ ʧʦʚʠʥʝʥ ʚʠʛʣʷʜʘʪʠ ʽʥʪʝʨʬʝʡʩ ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʥʫ ʜʘʥʠʭ, ʘ ʬʨʝʡʤʚʦʨʢ ʘʚʪʦʤʘʪʠʯʥʦ ʦʥʦʚʣʶʻ HTML 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʠʭ ʟʤʽʥ [4]. ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʪʘ ʩʧʨʦʱʫʻ 

ʯʠʪʘʥʥʷ ʽ ʧʽʜʪʨʠʤʢʫ ʢʦʜʫ.  

Vue.js ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʦʜʥʦʩʪʦʨʽʥʢʦʚʽ ʟʘʩʪʦʩʫʥʢʠ (SPA), ʜʝ 

ʧʝʨʝʭʽʜ ʤʽʞ ʩʪʦʨʽʥʢʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʧʦʚʥʦʛʦ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ ʙʨʘʫʟʝʨʘ. ʎʝ 
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ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʰʚʠʜʢʦʜʽʶ ʪʘ ʧʦʢʨʘʱʫʻ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ. ɼʣʷ ʢʝʨʫʚʘʥʥʷ 

ʩʪʘʥʦʤ ʫ ʚʝʣʠʢʠʭ ʧʨʦʻʢʪʘʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ Vuex, ʷʢʠʡ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ 

ʟʙʝʨʽʛʘʻ ʜʘʥʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ Vue.js ʧʨʠ ʦʧʘʥʫʚʘʥʥʽ ʜʠʩʮʠʧʣʽʥʠ Web-

ʪʝʭʥʦʣʦʛʽʾ ʪʘ Web-ʜʠʟʘʡʥ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʚʝʙʧʨʦʻʢʪ çMy Favorite Moviesè 

(ʈʠʩ.3). ʋ ʥʴʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʦʥʝʥʪʽʚ Vue.js ʩʪʚʦʨʝʥʦ ʽʥʪʝʨʬʝʡʩ ʜʣʷ 

ʨʦʙʦʪʠ ʟʽ ʩʧʠʩʢʦʤ ʫʣʶʙʣʝʥʠʭ ʬʽʣʴʤʽʚ: ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʟʘʧʠʩʠ, 

ʧʝʨʝʛʣʷʜʘʪʠ ʚʞʝ ʟʙʝʨʝʞʝʥʽ ʪʘ ʰʫʢʘʪʠ ʧʦʪʨʽʙʥʽ ʬʽʣʴʤʠ ʫ ʜʠʥʘʤʽʯʥʦʤʫ ʩʧʠʩʢʫ. ʋʩʽ 

ʟʤʽʥʠ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʤʠʪʪʻʚʦ, ʙʝʟ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʢʠ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ 

ʨʝʘʢʪʠʚʥʽʩʪʴ ʪʘ ʛʥʫʯʢʽʩʪʴ ʬʨʝʡʤʚʦʨʢʫ. 

 

 
ʈʠʩ. 3. ʇʨʠʢʣʘʜ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʻʢʪʫ çMy Favorite Moviesè  

ʟʘ ʜʦʧʦʤʦʛʦʶ Vue.js 

 

ʅʘ ʧʨʘʢʪʠʮʽ Vue.js ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʪʘʙʣʠʮʴ, 

ʬʦʨʤ, ʧʘʥʝʣʝʡ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ, ʜʘʰʙʦʨʜʽʚ, ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʬʽʣʴʪʨʽʚ ʪʘ ʤʦʜʘʣʴʥʠʭ 

ʚʽʢʦʥ. ʅʘʧʨʠʢʣʘʜ, ʫ ʧʨʦʻʢʪʽ çMy Favorite Moviesè Vue.js ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʜʠʥʘʤʽʯʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʢʦʥʪʝʥʪʫ, ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ ʽʥʪʝʨʬʝʡʩʫ ʧʽʜ ʨʽʟʥʽ ʨʦʟʤʽʨʠ ʝʢʨʘʥʽʚ. 

ɺʠʩʥʦʚʢʠ. ʌʨʝʡʤʚʦʨʢ Vue.js ʧʦʻʜʥʫʻ ʧʨʦʩʪʦʪʫ, ʛʥʫʯʢʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʬʨʝʡʤʚʦʨʢʫ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʘʤ ʰʚʠʜʢʦ ʩʪʚʦʨʶʚʘʪʠ 

ʜʠʥʘʤʽʯʥʽ ʡ ʘʜʘʧʪʠʚʥʽ ʟʘʩʪʦʩʫʥʢʠ. ʁʦʛʦ ʢʦʤʧʦʥʝʥʪʥʘ ʩʪʨʫʢʪʫʨʘ, ʨʝʘʢʪʠʚʥʽʩʪʴ ʪʘ 

ʜʝʢʣʘʨʘʪʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʩʫʯʘʩʥʽ ʚʝʙʽʥʪʝʨʬʝʡʩʠ, ʷʢʽ ʰʚʠʜʢʦ 

ʨʝʘʛʫʶʪʴ ʥʘ ʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ, ʣʝʛʢʦ ʤʘʩʰʪʘʙʫʶʪʴʩʷ ʪʘ ʧʽʜʪʨʠʤʫʶʪʴʩʷ. ɿʘʚʜʷʢʠ 

ʮʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ Vue.js ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʜʣʷ ʬʨʦʥʪʝʥʜ-ʨʦʟʨʦʙʢʠ, ʘ ʡʦʛʦ ʝʢʦʩʠʩʪʝʤʘ ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʨʦʙʥʠʢʘʤ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʛʦʪʦʚʠʭ ʨʽʰʝʥʴ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ.  
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ʆ.ɺ. ɻʦʨʙʦʚʘ 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ʃʖɼʀʅʆ-ʄɸʐʀʅʅʆɰ ɺɿɸɭʄʆɼɯɰ ʊɸ 

 ʄɽʊʆɼʀ ɰʍ ʇʆɼʆʃɸʅʅʗ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽ ʦʧʠʩʘʥʦ ʦʩʥʦʚʽ ʩʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʣʶʜʠʥʦ-

ʤʘʰʠʥʥʦʾ ʚʟʘʻʤʦʜʽʾ. ɺʠʩʚʽʪʣʝʥʦ, ʷʢʽ ʪʨʫʜʥʦʱʽ ʚʦʥʠ ʥʝʩʫʪʴ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʠ ʣʶʜʠʥʦ-

ʤʘʰʠʥʥʽʡ ʚʟʘʻʤʦʜʽʾ, ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠ ʾʭ ʚʠʨʽʰʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʶʜʠʥʦ-ʤʘʰʠʥʥʘ ʚʟʘʻʤʦʜʽʷ, ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ, UX-

ʽʥʪʝʨʬʝʡʩ, ʢʦʨʠʩʪʫʚʘʯ, ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʪʦʩʫʥʦʢ. 

 

ɺʩʪʫʧ. ʅʘ ʩʴʦʛʦʜʥʽ ʧʠʪʘʥʥʷ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʪʘʻ ʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʠʤ, ʦʩʦʙʣʠʚʦ ʪʦʜʽ, ʢʦʣʠ ʯʘʩ ʰʚʠʜʢʦʧʣʠʥʥʠʡ, ʽ ʟ ʧʦʷʚʦʶ ʥʦʚʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʪʦʛʦ ʙʘʨôʻʨʫ, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʮʽʣʴʦʚʽʡ ʘʫʜʠʪʦʨʽʾ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʧʨʦʛʨʘʤʦʶ.  

ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʧʦʪʨʝʙʫʶʪʴ ʩʘʤʝ ʩʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ, ʜʦ 

ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʥʝ ʣʠʰʝ ʧʠʪʘʥʥʷ ʟʨʫʯʥʦʩʪʽ, ʘ ʱʝ ʡ ʧʠʪʘʥʥʷ ʝʪʠʢʠ, ʧʩʠʭʦʣʦʛʽʾ, 

ʜʦʚʽʨʠ ʡ ʣʶʜʷʥʦʩʪʽ ʫ ʮʠʬʨʦʚʦʤʫ ʩʚʽʪʽ.  

ɿʚʽʩʥʦ ʻ ʝʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʯʝʨʧʥʦ ʦʮʽʥʠʪʠ ʪʘ ʥʘʜʘʪʠ 

ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʦʢʨʘʱʝʥʥʷ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʣʶʜʠʥʦ-

ʤʘʰʠʥʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʟʘʜʘʪʠ ʘʙʦ ʧʦʢʨʘʱʠʪʠ ʩʮʝʥʘʨʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ï ʱʦ ʧʦʢʨʘʱʠʪʴ ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ, ʷʢ ʥʘʩʣʽʜʦʢ 

ʣʦʷʣʴʥʽʩʪʴ, ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʇʨʦʪʝ ʮʽʣʴʦʚʘ ʘʫʜʠʪʦʨʽʷ, ʱʦ ʻ ʜʦʩʠʪʴ 

ʨʽʟʥʦʶ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʝʩʫʨʩʽʚ, ʦʢʨʽʤ ʟʨʫʯʥʦʩʪʽ ʤʦʞʝ ʩʪʘʚʠʪʠ ʫ ʧʨʽʦʨʠʪʝʪʽ 

ʧʠʪʘʥʥʷ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʪʘ ʝʪʠʢʠ ʪʘ ʝʩʪʝʪʠʢʠ ʩʧʨʠʡʥʷʪʪʷ ʥʘ ʧʝʨʰʽ 

ʩʭʦʜʠʥʢʠ ʫ ʩʚʦʾʭ ʚʧʦʜʦʙʘʥʥʷʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ. ʊʦʤʫ 

ʜʦʨʝʯʥʦ ʙʫʣʦ ʙ ʨʦʟʛʣʷʥʫʪʠ ʩʘʤʝ ʧʠʪʘʥʥʷ ʨʦʟʚʠʪʢʫ ʧʨʦʙʣʝʤ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʪʘ ʾʭ ʧʦʜʦʣʘʥʥʷ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. 

https://radar.cloudflare.com/year-in-review/2024#website-technologies
https://vuejs.org/guide/introduction.html
https://vuejs.org/guide/introduction.html
https://vuejs.org/guide/essentials/reactivity-fundamentals.html?utm_source=chatgpt.com
https://en.wikipedia.org/wiki/Vue.js?utm_source=chatgpt.com
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʚʠʩʚʽʪʣʝʥʥʷ ʧʨʦʙʣʝʤʘʪʠʢʠ ʫ ʨʦʙʦʪʽ ʙʫʣʠ 

ʩʬʦʨʤʦʚʘʥʽ ʪʘ ʚʠʨʽʰʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

ï ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʾ ʚʟʘʻʤʦʜʽʾ; 

ï ʚʠʷʚʣʝʥʽ ʪʨʫʜʥʦʱʽ, ʟ ʷʢʠʤʠ ʩʪʠʢʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ 
ʽʥʪʝʨʬʝʡʩʘʤʠ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ; 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʦʧʠʩʘʥʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ 
ʽʥʪʝʨʬʝʡʩʽʚ ʢʦʨʠʩʪʫʚʘʯʘ; 

ï ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʧʦʜʦʣʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʦʙʣʝʤ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʾ 

ʚʟʘʻʤʦʜʽʾ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘʜ ʜʘʥʦʶ ʨʦʙʦʪʦʶ ʙʫʣʽ 

ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ. 

ï 10 ʤʝʪʦʜʽʚ ʝʚʨʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʗ. ʅʽʣʴʩʝʥʘ ʜʣʷ ʦʮʽʥʢʠ ʜʠʟʘʡʥʫ ʽʥʪʝʨʬʝʡʩʫ 
ʢʦʨʠʩʪʫʚʘʯʘ; 

ï ʩʪʨʘʪʝʛʽʷ ʪʘ usability-ʪʝʩʪʫʚʘʥʥʷ; 

ï ʧʨʘʚʠʣʘ ʨʦʟʨʦʙʢʠ UX/UI web-ʜʠʟʘʡʥʽʚ; 

ï ʧʨʠʥʮʠʧʠ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʢʦʨʠʩʪʫʚʘʯʘ: ʬʽʟʽʦʣʦʛʽʯʥʽ ʪʘ ʢʦʛʥʽʪʠʚʥʽ 
ʘʩʧʝʢʪʠ ʩʧʨʠʡʥʷʪʪʷ.  

ʆʜʥʽʻʶ ʽʟ ʧʝʨʰʠʭ ʧʨʦʙʣʝʤ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʚʟʘʻʤʦʜʽʾ ʻ ʧʠʪʘʥʥʷ 

ʢʦʛʥʽʪʠʚʥʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. ʊʘʢ ʷʢ ʩʫʯʘʩʥʽ ʽʥʪʝʨʬʝʡʩʠ ʯʘʩʪʦ 

ʤʽʩʪʷʪʴ ʟʘʥʘʜʪʦ ʙʘʛʘʪʦ ʽʥʬʦʨʤʘʮʽʾ, ʩʧʦʚʽʱʝʥʴ, ʬʫʥʢʮʽʡ, ʪʦʱʦ ʽ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʤʦʟʦʢ ʢʦʨʠʩʪʫʚʘʯʘ ʥʝ ʚʩʪʠʛʘʻ ʦʙʨʦʙʠʪʠ ʫʚʝʩʴ ʧʦʪʽʢ ʩʠʛʥʘʣʽʚ ʮʝ ʚʩʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʥʠʞʝʥʥʷ ʫʚʘʛʠ, ʧʦʤʠʣʦʢ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʚʜʘʥʴ ʪʘ ʷʢ ʥʘʩʣʽʜʦʢ ʰʚʠʜʢʦʾ ʚʪʦʤʠ 

ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʽʟ ʟʘʩʪʦʩʫʥʢʦʤ. ʑʦʙ ʧʦʜʦʣʘʪʠ ʚʢʘʟʘʥʫ ʧʨʦʙʣʝʤʫ 

ʙʘʞʘʥʦ ʧʨʠʪʨʠʤʫʚʘʪʠʩʷ ʧʨʠʥʮʠʧʠ ʤʽʥʽʤʘʣʽʟʤʫ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʦʥʪʝʥʪ ʚ 

ʚʨʘʭʦʚʫʶʯʠ ʽʥʪʝʨʝʩʠ ʘʫʜʠʪʦʨʽʾ ʪʘ ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʘʢʪʫʘʣʴʥʽ ʪʨʝʥʜʠ ʩʫʯʘʩʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʘ ʜʝ ʮʝ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʪʠ UX-ʧʘʪʝʨʥʠ çʤʝʥʰʝ ï ʮʝ ʙʽʣʴʰʝè. ʗʢ 

ʧʨʠʢʣʘʜ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʤʦʞʥʘ ʥʘʚʝʩʪʠ  ʜʦʜʘʪʢʠ ʟ ʙʝʟʣʽʯʯʶ ʥʘʣʘʰʪʫʚʘʥʴ, ʙʘʥʝʨʽʚ 

ʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʩʦʮʤʝʨʝʞ  ʪʦʱʦ. 

ɼʨʫʛʦʶ ʩʫʯʘʩʥʦʶ ʧʨʦʙʣʝʤʦʶ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʻ ʥʝʩʪʘʯʘ ʽʥʪʫʾʪʠʚʥʦʩʪʽ ʚ ʽʥʪʝʨʬʝʡʩʘʭ. ɺʩʝ ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʧʝʨʝʚʘʞʥʫ ʯʘʩʪʠʥʫ ʩʠʩʪʝʤ ʜʦʩʽ ʩʪʚʦʨʶʶʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʪʘʣʦʥ ʪʝʭʥʽʯʥʦʾ 

ʣʦʛʽʢʠ.  ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʥʦʚʽ ʢʦʨʠʩʪʫʚʘʯʽ  ʯʘʩʪʦ ʥʝ ʨʦʟʫʤʽʶʪʴ, ʜʝ ʟʥʘʡʪʠ 

ʥʝʦʙʭʽʜʥʫ ʬʫʥʢʮʽʶ ʘʙʦ ʷʢ ʟʘʚʝʨʰʠʪʠ ʪʫ ʯʠ ʽʥʰʫ ʜʽʶ ʟʘʩʪʦʩʫʥʢʫ, ʘ ʪʘʢʦʞ, ʱʦ 

ʤʦʞʫʪʴ ʦʟʥʘʯʘʪʠ ʜʝʷʢʽ ʥʝʟʥʘʡʦʤʽ ʽʢʦʥʢʠ ʯʠ ʞʝʩʪʠ. ʖʟʘʙʽʣʠʪʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʩʠʩʪʝʤʠ ʨʦʟʰʠʨʝʥʦʾ ʪʘ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʩʠʩʪʝʤʠ Smart TV 

ʪʘ ʩʠʩʪʝʤʠ  ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʽʥʪʫʾʪʠʚʥʠʤʠ ʽ ʧʦʪʨʝʙʫʶʪʴ 

ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʩʘʤʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. ʎʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ 

ʧʦʜʦʣʘʪʠ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷʤ ʤʝʥʪʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʢʦʨʠʩʪʫʚʘʯʘ, ʩʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ ʧʽʜʢʘʟʦʢ ʪʘ ʢʦʛʥʽʪʠʚʥʠʭ ʧʦʢʨʦʢʦʚʠʭ ʽʥʩʪʨʫʢʮʽʡ. 

ɯʟ ʰʚʠʜʢʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʫ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʽʡ ʚʟʘʻʤʦʜʽʾ, ʱʦ ʦʙʫʤʦʚʣʝʥʘ 

ʥʘʜʤʽʨʥʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʽʟ çʚʪʨʘʪʦʶ ʢʦʥʪʨʦʣʶè ʧʨʠ ʨʦʙʦʪʽ ʟ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʩʪʦʩʫʥʢʦʤ ʪʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʶ ʚʟʘʻʤʦʜʽʻʶ, ʧʦʚôʷʟʘʥʫ ʟ ʛʦʣʦʩʦʤ, ʞʝʩʪʘʤʠ, 
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ʚʽʨʪʫʘʣʴʥʦʾ  ʪʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʝʡ. ʅʘʜʤʽʨʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ, ʚʧʨʦʚʘʜʞʝʥʘ ʚ 

ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʮʝʩ, ʚʠʢʣʠʢʘʻ ʥʝʜʦʚʽʨʫ ʫ ʢʦʨʠʩʪʫʚʘʯʘ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ, ʩʪʨʘʭ 

ʟʨʦʙʠʪʠ ʧʦʤʠʣʢʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʮʝʥʘʨʽʶ ʯʠ ʚʠʢʦʥʘʥʥʽ ʘʣʛʦʨʠʪʤʫ, ʦʢʨʽʤ ʪʦʛʦ, 

ʢʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʫʻ ʚʽʜʯʫʪʪʷ ʚʪʨʘʪʠ ʘʚʪʦʥʦʤʥʦʩʪʽ, ʪʦʙʪʦ ʥʝ ʤʦʞʝ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʨʦʙʦʪʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʦʪʨʽʙʝʥ ʙʘʣʘʥʩ ʤʽʞ 

ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ ʽ ʤʦʞʣʠʚʽʩʪʶ ʢʦʨʠʩʪʫʚʘʯʘ ʚʪʨʫʪʠʪʠʩʴ ʫ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʾʾ ʨʦʙʦʪʦʶ.  ɸ ʨʦʟʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ  

ʫʩʢʣʘʜʥʶʻ ʩʘʤʫ ʨʦʟʨʦʙʢʫ ʜʠʟʘʡʥʫ. ʇʨʦʙʣʝʤʘ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʮʴʦʤʫ, ʧʦʚôʷʟʘʥʘ 

ʟ ʪʠʤ, ʱo ʫ ʜʠʟʘʡʥʽ ʧʨʠʩʫʪʥʷ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʢʦʤʘʥʜ, ʢʦʥʪʝʢʩʪ ʤʦʞʝ ʤʘʪʠ 

ʧʦʤʠʣʢʠ ʫ ʚʠʛʣʷʜʽ ʰʫʤʫ ʜʣʷ ʛʦʣʦʩʦʚʠʭ ʩʠʩʪʝʤ, ʪʘ ʧʽʜʩʫʤʢʦʤ ʚʟʘʻʤʦʜʽʾ ʟ 

ʽʥʪʝʨʬʝʡʩʦʤ ʻ ʬʽʟʠʯʥʘ ʚʪʦʤʘ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠ ʚʟʘʻʤʦʜʽʾ (ʥʘʧʨʠʢʣʘʜ, ʥʘʧʨʫʛʘ 

ʦʯʝʡ, ʛʦʣʦʚʥʠʡ ʙʽʣʴ ʽ ʟʘʢʦʣʠʩʫʚʘʥʥʷ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ). ɺ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʣʷʪʠ ʢʦʥʪʝʢʩʪʥʦ ʯʫʪʣʠʚʽ ʽʥʪʝʨʬʝʡʩʠ ʪʘ 

ʙʘʛʘʪʦʨʽʚʥʝʚʽ ʟʚʦʨʦʪʥʽ ʟʚôʷʟʢʠ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʛʨʘʤ ʚʟʘʻʤʦʜʽʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʥʠʤʠ ʚʠʤʘʛʘʻ 

ʝʪʠʯʥʦʩʪʽ ʪʘ ʧʨʠʚʘʪʥʦʩʪʽ. ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ  ʧʽʜ ʯʘʩ ʩʚʦʻʾ ʨʦʙʦʪʠ ʟʙʠʨʘʶʪʴ 

ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʧʦʚʝʜʽʥʢʦʚʠʭ, ʙʽʦʤʝʪʨʠʯʥʠʭ ʘʙʦ ʝʤʦʮʽʡʥʠʭ, ʽ 

ʣʶʜʠʥʘ ʯʘʩʪʦ ʥʝ ʫʩʚʽʜʦʤʣʶʻ, ʷʢʽ ʜʘʥʽ ʜʝ ʟʥʘʭʦʜʷʪʴʩʷ ʪʘ ʷʢ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʩʠʩʪʝʤʘʤʠ. ʇʨʦʙʣʝʤʠ, ʟ ʷʢʠʤʠ ʩʪʠʢʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʽ, ʧʦʣʷʛʘʶʪʴ 

ʚ ʧʦʨʫʰʝʥʥʽ ʧʨʠʚʘʪʥʦʩʪʽ, ʚʽʜʩʪʝʞʝʥʥʷ ʫʧʦʜʦʙʘʥʴ ʯʠ ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʘʧʠʪʽʚ ʙʝʟ ʾʭ 

ʦʩʦʙʠʩʪʦʾ ʟʛʦʜʠ, ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʩʢʨʠʤʽʥʘʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʘ ʪʘʢʦʞ 

ʤʘʥʽʧʫʣʷʮʽʾ ʧʦʚʝʜʽʥʢʦʶ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢ ʟʚʘʥʠʭ çʪʝʤʥʠʭ ʰʘʙʣʦʥʽʚè. 

ɺʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʫ ʩʪʚʦʨʝʥʥʽ ʪʘʢʠʭ ʚʟʘʻʤʦʜʽʡ ʧʦʚôʷʟʘʥʝ ʟ  ʧʨʦʟʦʨʽʩʪʶ, 

ʢʦʥʪʨʦʣʝʤ ʥʘʜ ʜʘʥʠʤʠ ʪʘ ʯʝʩʥʝ ʽʥʬʦʨʤʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦ ʟʽʙʨʘʥʽ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʽ ʩʠʩʪʝʤʘʤʠ ʜʘʥʽ. 

ʅʘʩʪʫʧʥʘ ʧʨʦʙʣʝʤʘ ʤʘʰʠʥʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʷʢʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ, ʮʝ 

ʧʝʨʩʦʥʘʣʽʟʘʮʽʷ ʯʠ ʤʘʥʽʧʫʣʷʮʽʷ. ɸʣʛʦʨʠʪʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʽʟ ʨʝʩʫʨʩʘʤʠ, 

ʧʝʨʩʦʥʘʣʽʟʫʶʪʴ ʜʦʩʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʚʦʜʥʦʯʘʩ ʦʙʤʝʞʫʶʪʴ ʡʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʝ 

ʧʦʣʝ. ʈʦʙʦʪʘ ʘʣʛʦʨʠʪʤʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, ʱʦ ʣʶʜʠʥʘ ʙʘʯʠʪʴ ʣʠʰʝ çʟʨʫʯʥʝè ʘʙʦ 

çʟʚʠʯʥʝè ʜʣʷ ʥʝʾ, ʪʠʤ ʩʘʤʠʤ ʬʦʨʤʫʻʪʴʩʷ ʝʬʝʢʪ ʙʫʣʴʙʘʰʢʠ. ɺʠʨʽʰʝʥʥʷʤ  

ʧʨʦʙʣʝʤʠ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ UX ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ, ʘʣʝ ʪʘʢ, ʱʦʙ ʮʝʡ ʽʥʪʝʨʬʝʡʩ ʥʝ ʙʫʚ 

ʤʘʥʽʧʫʣʷʪʠʚʥʠʤ. 

ʅʝ ʦʩʪʘʥʥʻ ʤʽʩʮʝ ʟʘʡʤʘʻ ʧʠʪʘʥʥʷ ʽʥʢʣʶʟʠʚʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʅʘ ʞʘʣʴ, ʥʝ ʚʩʽ ʩʫʯʘʩʥʽ ʽʥʪʝʨʬʝʡʩʠ ʚʨʘʭʦʚʫʶʪʴ ʧʦʪʨʝʙʠ 

ʣʶʜʝʡ ʟ ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʘʙʦ ʨʽʟʥʽ ʢʫʣʴʪʫʨʥʽ ʢʦʥʪʝʢʩʪʠ. ʊʘʢʽ 

ʧʨʦʙʣʝʤʠ ʚʢʣʶʯʘʶʪʴ  ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʣʝʥʴʢʠʭ ʰʨʠʬʪʽʚ, ʥʠʟʴʢʦʛʦ ʢʦʥʪʨʘʩʪʫ ʪʘ 

ʚʽʜʩʫʪʥʽʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʝʢʩʪʫ. ʈʽʰʝʥʥʷʤ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ ʙʫʣʦ ʙ 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ çʽʥʢʣʶʟʠʚʥʦʛʦ ʜʠʟʘʡʥʫè, ʪʦʙʪʦ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʜʦʩʪʫʧʥʽ ʢʦʞʥʦʤʫ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʽʢʫ, ʟʦʨʫ, ʤʦʪʦʨʠʢʠ 

ʯʠ ʤʦʚʠ. ʎʝ ʙ ʨʦʟʰʠʨʠʣʦ ʜʦʚʽʨʫ ʪʘ ʣʦʷʣʴʥʽʩʪʴ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʮʽʣʴʦʚʦʾ 

ʘʫʜʠʪʦʨʽʾ. 

ʉʫʯʘʩʥʽ UX-ʩʠʩʪʝʤʠ ʥʘʚʤʠʩʥʦ ʩʪʚʦʨʶʶʪʴ çʝʬʝʢʪ ʟʘʣʠʧʘʥʥʷè ï 

ʥʝʩʢʽʥʯʝʥʥʽ ʩʪʨʽʯʢʠ, ʟʘʧʦʚʥʝʥʥʷ ʘʚʪʦʧʦʣʝʡ ʪʘ ʩʪʚʦʨʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʴ, ʱʦ 



 

 

 

 

205 

ʚʠʢʣʠʢʘʶʪʴ ʫ ʢʦʨʠʩʪʫʚʘʯʘ  ʟʘʣʝʞʥʽʩʪʴ ʽ ʯʠʥʷʪʴ ʥʘ ʥʴʦʛʦ ʧʩʠʭʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ, 

ʢʦʨʠʩʪʫʚʘʯ ʧʨʠ ʮʴʦʤʫ ʦʪʨʠʤʫʻ ʮʠʬʨʦʚʫ ʟʘʣʝʞʥʽʩʪʴ, ʪʨʠʚʦʞʥʽʩʪʴ  ʪʘ ʟʥʠʞʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ TikTok, Instagram, YouTube Shorts ʪʦʱʦ. 

ɺʠʨʽʰʝʥʥʷʤ ʚʠʱʝʦʧʠʩʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʩʪʚʦʨʝʥʥʷ ʝʪʠʯʥʦʛʦ UX-ʜʠʟʘʡʥʫ, ʱʦ ʤʘʻ 

ʦʙʤʝʞʫʚʘʪʠ ʥʘʜʤʽʨʥʝ ʟʘʣʫʯʝʥʥʷ ʫʚʘʛʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʧʨʦʧʦʥʫʶʯʠ ʟʜʦʨʦʚʽ 

ʧʘʪʝʨʥʠ ʚʟʘʻʤʦʜʽʾ.  

ʗʢʱʦ ʧʽʜʚʦʜʠʪʠ ʧʽʜʩʫʤʦʢ ʚʩʽʭ ʚʠʜʽʣʝʥʠʭ ʧʨʦʙʣʝʤ ʧʦʚôʷʟʘʥʠʭ ʟ ʣʶʜʠʥʦ-

ʤʘʰʠʥʥʦʶ ʚʟʘʻʤʦʜʽʻʶ, ʪʦ, ʤʘʙʫʪʴ, ʥʝ ʦʩʪʘʥʥʻ ʤʽʩʮʝ ʟʘʡʤʘʻ ʧʨʦʙʣʝʤʘ ʟʤʽʱʝʥʥʷ 

ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʩʠʩʪʝʤʠ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʤʽʱʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʬʦʢʫʩʋ ʫ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʥʘ 

ʩʠʩʪʝʤʫ, ʧʨʠ ʮʴʦʤʫ UX ʙʽʣʴʰʝ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʪʝʭʥʦʣʦʛʽʶ, ʥʽʞ ʥʘ ʣʶʜʠʥʫ, 

ʯʝʨʝʟ ʱʦ ʣʶʜʠʥʘ ʟʤʫʰʝʥʘ ʧʨʠʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʦ ʽʥʪʝʨʬʝʡʩʽʚ, ʘ ʥʝ ʥʘʚʧʘʢʠ, 

ʜʠʟʘʡʥ ʽ ʣʦʛʽʢʘ ʚʟʘʻʤʦʜʽʾ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʭʥʽʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʩʠʩʪʝʤʠ, ʘ ʥʝ ʧʦʪʨʝʙʘʤʠ, ʮʽʣʷʤʠ ʯʠ ʤʝʥʪʘʣʴʥʠʤʠ ʤʦʜʝʣʷʤʠ ʢʦʨʠʩʪʫʚʘʯʘ. ʎʽʡ 

ʧʨʦʙʣʝʤʽ ʤʦʞʥʘ ʧʨʦʪʠʜʽʷʪʠ, ʧʦʚʝʨʥʫʚʰʠʩʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʜʠʟʘʡʥʫ, ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ, ʨʦʟʨʦʙʣʶʚʘʪʠ ʩʠʩʪʝʤʠ, ʷʢʽ ʩʧʽʚʧʨʘʮʶʶʯʠ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʻ 

ʧʨʦʟʦʨʠʤʠ ʽ ʧʦʷʩʥʶʶʪʴ ʩʚʦʾ ʜʽʾ/ʚʽʜʧʦʚʽʜʽ ʫ ʚʠʛʣʷʜʽ ʧʦʚʽʜʦʤʣʝʥʴ, ʤʘʶʪʴ ʜʦʟʚʽʣ ʥʘ 

ʚʠʙʽʨ ʟʘ ʢʦʨʠʩʪʫʚʘʯʘ, ʻ ʟʨʦʟʫʤʽʣʠʤʠ, ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ, ʯʝʩʥʠʤʠ ʽ ʜʦʧʦʤʘʛʘʶʪʴ 

ʢʦʨʠʩʪʫʚʘʯʫ ʫ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ, ʧʨʦʪʝ ʪʘʢ, ʱʦ ʢʦʨʠʩʪʫʚʘʯ ʚʽʜʯʫʚʘʻ ʩʚʽʡ 

ʢʦʥʪʨʦʣʴ ʫ ʮʽʡ ʚʟʘʻʤʦʜʽʾ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʯʘʩʥʘ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʘ ʚʟʘʻʤʦʜʽʷ ï ʮʝ ʣʶʜʠʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʡ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʜʝ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʣʘʰʪʦʚʫʻʪʴʩʷ ʧʽʜ ʣʶʜʠʥʫ, ʾʾ 

ʢʦʥʪʝʢʩʪ, ʝʤʦʮʽʾ ʪʘ ʧʦʪʨʝʙʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʟʨʦʙʢʠ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʝʤʧʽʨʠʯʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʩʪʚʦʨʝʥʥʷ ʜʨʫʞʥʴʦʛʦ 

ʩʫʯʘʩʥʦʛʦ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ 

ʩʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ï ʮʝ ʥʝ ʣʠʰʝ ʧʠʪʘʥʥʷ ʟʨʫʯʥʦʩʪʽ, ʘ 

ʱʝ ʽ ʝʪʠʢʠ ʧʩʠʭʦʣʦʛʽʾ, ʜʦʚʽʨʠ ʡ ʣʶʜʷʥʦʩʪʽ ʫ ʮʠʬʨʦʚʦʤʫ ʩʚʽʪʽ. ʆʧʠʩʘʥʝ ʧʠʪʘʥʥʷ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʷʢ ʫʟʛʦʜʠʪʠ ʪʘ ʧʦʻʜʥʘʪʠ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʽ ʢʦʥʪʨʦʣʴ, ʟʨʦʙʠʪʠ 

ʪʝʭʥʦʣʦʛʽʾ ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʽʥʢʣʶʟʠʚʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʙʝʨʝʛʪʠ ʾʭ ʫʚʘʛʫ ʪʘ 

ʤʝʥʪʘʣʴʥʝ ʟʜʦʨʦʚôʷ ʪʘ ʩʪʚʦʨʠʪʠ ʽʥʪʝʨʬʝʡʩʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʽ ʥʝ ʧʨʦʩʪʦ 

ʧʨʘʮʶʶʪʴ, ʘ ʽ ʱʝ ʡ ʧʽʜʪʨʠʤʫʶʪʴ ʣʶʜʩʴʢʽ ʮʽʥʥʦʩʪʽ, ʱʦ ʥʘʨʘʟʽ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʫ 

ʩʫʯʘʩʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʚʽʪʽ. 
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ɼ.ɼ. ʄʦʚʣʠʢ1, ʅ.ʆ. ʉʦʢʦʣʦʚʘ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʇʈʆʎɽɼʋʈʅɸ ɻɽʅɽʈɸʎɯʗ ɯɻʈʆɺʆɻʆ ʉɺɯʊʋ ʅɸ ʈʋʐɯɰ UNITY 

ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʐɯ ʊɸ ʇɸʊɽʈʅɯɺ ʇʈʆɭʂʊʋɺɸʅʅʗ 
 

ɸʥʦʪʘʮʽʷ. ʆʧʠʩʘʥʦ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʫ 2D-RPG ʛʨʠ ʫ ʨʫʰʽʾ Unity ʟ 

ʨʝʘʣʽʟʘʮʽʻʶ ʦʩʥʦʚʥʠʭ ʤʝʭʘʥʽʢ: ʨʫʭʫ ʧʝʨʩʦʥʘʞʘ, ʙʦʡʦʚʦʾ ʩʠʩʪʝʤʠ, ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚʦʨʦʛʽʚ, 

ʛʝʥʝʨʘʮʽʾ ʩʚʽʪʫ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤʠ ʘʥʽʤʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Unity, 2D-RPG, C#, ʧʨʦʮʝʜʫʨʥʘ ʛʝʥʝʨʘʮʽʷ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʧʘʪʝʨʥʠ 

ʧʨʦʻʢʪʫʚʘʥʥʷ Navmesh, Tilemap. 

 

ɺʩʪʫʧ. ɯʛʨʦʚʘ ʽʥʜʫʩʪʨʽʷ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʜʠʥʘʤʽʯʥʠʭ ʛʘʣʫʟʝʡ ʫ ʩʫʯʘʩʥʽʡ 

ʽʥʜʫʩʪʨʽʾ ʛʝʡʤʜʝʚʝʣʦʧʤʝʥʪʫ, ʦʩʢʽʣʴʢʠ ʪʘʢʽ ʧʨʦʻʢʪʠ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʤʝʭʘʥʽʢʠ ʛʨʠ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (ʐɯ), ʛʝʥʝʨʘʮʽʶ ʩʚʽʪʫ ʪʘ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ 

[1]. ɿʥʘʯʥʫ ʯʘʩʪʢʫ ʟʘʡʤʘʶʪʴ ʪʘʢ ʟʚʘʥʽ ʽʥʜʽ-ʧʨʦʻʢʪʠ (ʘʥʛʣ. indie games ʚʽʜ 

independent ï çʥʝʟʘʣʝʞʥʠʡè ï ʚʽʜʝʦʽʛʨʠ, ʩʪʚʦʨʝʥʽ ʙʝʟ ʬʽʥʘʥʩʦʚʦʾ ʧʽʜʪʨʠʤʢʠ 

ʚʝʣʠʢʠʭ ʚʠʜʘʚʮʽʚ), ʟʦʢʨʝʤʘ 2D-RPG [2-4]. Unity ï ʦʜʥʘ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ 

ʧʣʘʪʬʦʨʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 2D-ʽʛʦʨ, ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʛʥʫʯʢʦʩʪʽ, ʽʥʪʝʛʨʘʮʽʾ ʟ Tilemap, 

ScriptableObject ʪʘ ʽʥʰʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʩʪʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʘʢʪʫʘʣʴʥʠʤʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʦʙʣʝʤʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʽʛʨʦʚʦʛʦ ʩʚʽʪʫ ʪʘ 

ʧʨʠʤʽʪʠʚʥʦʾ ʧʦʚʝʜʽʥʢʠ ʚʦʨʦʛʽʚ. ʋ ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ 2D-RPG ʽʛʨʘʭ ʽʛʨʦʚʠʡ ʩʚʽʪ 

ʧʨʦʻʢʪʫʻʪʴʩʷ ʚʨʫʯʥʫ, ʱʦ ʦʙʤʝʞʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʽʛʨʦʚʦʛʦ ʧʨʦʮʝʩʫ. ɸʥʘʣʦʛʽʯʥʦ, 

ʣʦʛʽʢʘ ʧʦʚʝʜʽʥʢʠ ʚʦʨʦʛʽʚ ʯʘʩʪʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʯʥʠʭ ʰʘʙʣʦʥʽʚ. 

ʎʽ ʬʘʢʪʦʨʠ ʟʥʘʯʥʦ ʟʥʠʞʫʶʪʴ ʨʝʽʛʨʘʙʝʣʴʥʽʩʪʴ. ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʦʙʤʝʞʝʥʴ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʮʝʜʫʨʥʫ ʛʝʥʝʨʘʮʽʶ ʽʛʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʩʪʚʦʨʶʚʘʪʠ ʛʥʫʯʢʫ ʩʠʩʪʝʤʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʚʦʨʦʛʽʚ [5-7]. ʇʨʦʮʝʜʫʨʥʘ 

ʛʝʥʝʨʘʮʽʷ (PCG) ʷʢ ʩʧʦʩʽʙ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʽʛʨʦʚʦʛʦ ʢʦʥʪʝʥʪʫ ʰʠʨʦʢʦ 

ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʚ ʪʝʭʥʽʯʥʠʭ ʩʧʽʣʴʥʦʪʘʭ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʣʦʢʘʮʽʾ, ʨʽʚʥʽ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʛʨʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʭ ʨʫʯʥʦʛʦ 

ʩʪʚʦʨʝʥʥʷ. ʆʜʥʘʢ, ʮʝʡ ʧʽʜʭʽʜ ʩʪʠʢʘʻʪʴʩʷ ʟʽ ʟʥʘʯʥʠʤʠ ʚʠʢʣʠʢʘʤʠ, ʟʦʢʨʝʤʘ ʟ 

ʧʨʦʙʣʝʤʦʶ ʢʦʥʪʨʦʣʶ ʥʘʜ ʢʽʥʮʝʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ: ʛʝʥʝʨʘʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ, ʥʝʙʘʣʘʥʩʦʚʘʥʽ ʘʙʦ ʥʘʚʽʪʴ ʥʝʽʛʨʦʚʽ ʩʠʪʫʘʮʽʾ, ʱʦ 
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ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʜʦʩʚʽʜ ʛʨʘʚʮʷ. ʅʝʜʦʩʪʘʪʥʽʡ ʢʦʥʪʨʦʣʴ ʪʘʢʦʞ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʢʦʥʪʝʥʪʫ, ʚʪʨʘʪʠ ʫʥʽʢʘʣʴʥʦʩʪʽ ʪʘ ʧʦʨʫʰʝʥʥʷ 

ʛʝʡʤʧʣʝʡʥʦʛʦ ʙʘʣʘʥʩʫ. 

ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ 2D-RPG ʛʨʠ ʥʘ ʨʫʰʽʾ 

Unity ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʐɯ, ʟʦʢʨʝʤʘ ʨʝʘʣʽʟʘʮʽʷ ʧʝʨʩʦʥʘʞʽʚ, ʩʠʩʪʝʤʠ ʙʦʡʦʚʠʭ 

ʚʟʘʻʤʦʜʽʡ ʪʘ ʛʝʥʝʨʘʮʽʾ ʩʚʽʪʫ ʥʘ ʦʩʥʦʚʽ ʧʘʪʝʨʥʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʩʬʦʨʤʦʚʘʥʽ ʽ ʚʠʨʽʰʝʥʽ ʪʘʢʽ 

ʟʘʚʜʘʥʥʷ: 

¶ ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʽʛʦʨ ʞʘʥʨʫ 2D-RPG ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʪʠʧʦʚʠʭ 

ʨʽʰʝʥʴ ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʽʛʨʦʚʦʛʦ ʩʚʽʪʫ ʪʘ ʐɯ-ʩʠʩʪʝʤ. 

¶ ɼʦʩʣʽʜʠʪʠ ʥʘʷʚʥʽ ʤʝʪʦʜʠ ʧʨʦʮʝʜʫʨʥʦʾ ʛʝʥʝʨʘʮʽʾ ʽʛʨʦʚʦʛʦ ʩʚʽʪʫ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʧʦʧʫʣʷʨʥʽ ʧʘʪʝʨʥʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʠʪʠ ʧʨʠʜʘʪʥʽ ʜʣʷ 2D-

ʩʝʨʝʜʦʚʠʱʘ. 

¶ ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʚʦʨʦʛʽʚ ʫ 2D-ʽʛʨʘʭ. 

¶ ʆʮʽʥʠʪʠ ʪʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʨʫʰʽʷ Unity ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʟʥʘʯʝʥʠʭ 
ʢʦʤʧʦʥʝʥʪʽʚ. 

¶ ʉʬʦʨʤʫʚʘʪʠ ʟʘʛʘʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʽʛʨʦʚʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
ʧʨʦʮʝʜʫʨʥʦʾ ʛʝʥʝʨʘʮʽʾ ʩʚʽʪʫ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʐɯ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʢʨʦʩʧʣʘʪʬʦʨʤʥʠʡ ʽʛʨʦʚʠʡ ʨʫʰʽʡ 

Unity. ʇʦʚʝʜʽʥʢʘ ʚʦʨʦʞʠʭ ʐɯ-ʘʛʝʥʪʽʚ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʩʢʽʥʯʝʥʥʦʛʦ 

ʘʚʪʦʤʘʪʘ (FSM), ʱʦ ʻ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʧʘʪʝʨʥʦʤ ʧʨʦʻʢʪʫʚʘʥʥʷ [8, 9]. ʉʠʩʪʝʤʘ 

ʥʘʚʽʛʘʮʽʾ ʐɯ-ʘʛʝʥʪʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʢʦʤʧʦʥʝʥʪʽ NavMesh, 

ʘʜʘʧʪʦʚʘʥʦʤʫ ʜʣʷ 2D-ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʦʨʦʥʥʴʦʛʦ ʨʦʟʰʠʨʝʥʥʷ. 

ʉʪʚʦʨʝʥʥʷ ʽʛʨʦʚʦʛʦ ʩʚʽʪʫ ʨʝʘʣʽʟʦʚʘʥʦ ʛʽʙʨʠʜʥʠʤ ʧʽʜʭʦʜʦʤ: ʙʘʟʦʚʠʡ ʣʘʥʜʰʘʬʪ 

ʟʛʝʥʝʨʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ Tilemap, ʘ ʥʘʧʦʚʥʝʥʥʷ ʦʪʦʯʝʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ ʯʝʨʝʟ ʘʣʛʦʨʠʪʤ ʚʠʧʘʜʢʦʚʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʦʙ'ʻʢʪʽʚ [10, 11]. 

ʈʦʟʨʦʙʢʘ ʩʢʣʘʜʘʣʘʩʴ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

1. ʉʪʚʦʨʝʥʥʷ ʧʝʨʩʦʥʘʞʽʚ ʪʘ ʘʥʽʤʘʮʽʡ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʦʥʘʞʽʚ (Hero ʪʘ Skeleton) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ Sprite Pack, 

Sprite Renderer ʪʘ Animator Controller. ɸʥʽʤʘʮʽʾ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Finite 

State Machine (FSM), ʜʝ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʘʥʠ: Idle, Walking, Attack, Dead. ɼʣʷ 

ʢʦʥʪʨʦʣʶ ʘʥʽʤʘʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ Animator (ʥʘʧʨʠʢʣʘʜ, isMoving, 

isAttacking). 

2. ʉʠʩʪʝʤʘ ʙʦʡʦʚʠʭ ʚʟʘʻʤʦʜʽʡ 

ɹʦʡʦʚʘ ʩʠʩʪʝʤʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʠ Box Collider 2D, Rigidbody 

2D ʪʘ ʩʢʨʠʧʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʥʘʥʝʩʝʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʦʰʢʦʜʞʝʥʴ 

(EnemyHealth, HeroHealth). ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ Animation Event ʜʣʷ ʘʢʪʠʚʘʮʽʾ 

ʘʪʘʢʠ ʪʘ ʧʝʨʝʚʽʨʢʠ ʟʦʥʠ ʘʪʘʢʠ ʯʝʨʝʟ Physics2D.OverlapCircleAll. 

3. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʚʦʨʦʛʽʚ 
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ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʐɯ ʧʦʚʝʜʽʥʢʠ ʚʦʨʦʛʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ NavMesh ʪʘ 

NavMeshAgent, ʘʜʘʧʪʦʚʘʥʽ ʜʣʷ 2D-ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ NavMeshPlus. 

ɺʦʨʦʛʠ ʤʦʞʫʪʴ ʧʝʨʝʩʫʚʘʪʠʩʷ ʧʦ ʤʘʧʽ, ʚʽʜʩʪʝʞʫʚʘʪʠ ʛʝʨʦʷ ʪʘ ʘʪʘʢʫʚʘʪʠ ʡʦʛʦ. ɼʣʷ 

ʢʝʨʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʦʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ FSM, ʱʦ ʚʢʣʶʯʘʻ ʩʪʘʥʠ: Idle, Chasing, 

Attacking. 

4. ɻʝʥʝʨʘʮʽʷ ʩʚʽʪʫ 

ʉʚʽʪ ʛʨʠ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Tilemap, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ 

ʪʘʡʣʠ ʜʣʷ ʣʘʥʜʰʘʬʪʫ, ʧʝʨʝʰʢʦʜ ʪʘ ʦʙôʻʢʪʽʚ. ɼʣʷ ʧʨʦʮʝʜʫʨʥʦʾ ʛʝʥʝʨʘʮʽʾ ʩʚʽʪʫ 

ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʘʣʛʦʨʠʪʤʠ, ʪʘʢʽ ʷʢ Perlin Noise, BSP-ʜʝʨʝʚʘ ʘʙʦ Marching 

Squares. 

5. ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʪʘ ʢʘʤʝʨʘ 

ʂʝʨʫʚʘʥʥʷ ʧʝʨʩʦʥʘʞʝʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ Unity Input System, ʜʝ 

ʚʠʟʥʘʯʘʶʪʴʩʷ Action Maps ʜʣʷ ʨʫʭʫ ʪʘ ʘʪʘʢʠ. ɼʣʷ ʢʘʤʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

Cinemachine, ʱʦ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʯʥʦ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʛʝʨʦʻʤ ʪʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠ 

ʧʘʨʘʤʝʪʨʠ ʢʘʤʝʨʠ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʦʥʘʞʽʚ (ʥʘʧʨʠʢʣʘʜ, Hero ʪʘ Skeleton) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʩʧʨʘʡʪ-ʧʘʢʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʦʢʨʝʤʽ ʢʘʜʨʠ ʘʥʽʤʘʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʩʪʘʥʽʚ: Idle, Walking, 

Attack, Dead. ʉʧʨʘʡʪʠ ʽʤʧʦʨʪʫʶʪʴʩʷ ʚ Unity, ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ ʚ Sprite Editor: 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʨʝʞʠʤ Multiple, ʚʠʟʥʘʯʘʻʪʴʩʷ Pivot (ʪʦʯʢʘ ʦʙʝʨʪʘʥʥʷ), ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʝʢʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʝʨʩʦʥʘʞʘ ʧʽʜ ʯʘʩ ʨʫʭʫ. 

ʂʦʞʝʥ ʧʝʨʩʦʥʘʞ ʦʪʨʠʤʫʻ ʢʦʤʧʦʥʝʥʪʠ: 

¶ Sprite Renderer ï ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʧʨʘʡʪʽʚ. 

¶ Box Collider 2D ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥʠ ʧʝʨʩʦʥʘʞʘ. 

¶ Rigidbody 2D ï ʜʣʷ ʬʽʟʠʯʥʦʛʦ ʨʫʭʫ ʪʘ ʚʟʘʻʤʦʜʽʾ. 

¶ Animator Controller ï ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʘʥʽʤʘʮʽʷʤʠ. 

ɸʥʽʤʘʮʽʷ ʧʝʨʩʦʥʘʞʽʚ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ Animator Controller, ʜʝ 

ʩʪʚʦʨʶʻʪʴʩʷ Finite State Machine (FSM). ɼʣʷ ʧʝʨʩʦʥʘʞʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʘʥʠ: 

¶ Idle ï ʩʧʦʢʽʡʥʠʡ ʩʪʘʥ. 

¶ Walking ï ʨʫʭ. 

¶ Attack ï ʘʪʘʢʘ. 

¶ Dead ï ʩʤʝʨʪʴ. 

ʇʘʨʘʤʝʪʨʠ Animator (ʥʘʧʨʠʢʣʘʜ, isMoving, isAttacking) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʧʝʨʝʭʦʜʫ ʤʽʞ ʩʪʘʥʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʛʨʘʚʝʮʴ ʥʘʪʠʩʢʘʻ ʢʥʦʧʢʫ ʨʫʭʫ, 

ʧʘʨʘʤʝʪʨ isMoving ʩʪʘʻ true, ʽ ʧʝʨʩʦʥʘʞ ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʪʘʥ Walking. 

ɸʥʽʤʘʮʽʷ ʘʢʪʠʚʫʻʪʴʩʷ ʯʝʨʝʟ ʩʢʨʠʧʪʠ, ʷʢʽ ʨʝʘʛʫʶʪʴ ʥʘ ʚʚʝʜʝʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʘ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Unity Input System, ʜʝ ʚʠʟʥʘʯʘʶʪʴʩʷ 

Action Maps ʜʣʷ ʨʫʭʫ ʪʘ ʘʪʘʢʠ. ʇʨʠ ʘʢʪʠʚʘʮʽʾ ʘʪʘʢʠ, ʚʠʢʣʠʢʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ 

ʘʥʽʤʘʮʽʷ, ʘ ʪʘʢʦʞ Animation Event, ʷʢʠʡ ʟʘʧʫʩʢʘʻ ʬʫʥʢʮʽʶ ʥʘʥʝʩʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʴ. 

ɼʣʷ ʚʦʨʦʛʽʚ (Skeleton) ʜʦʜʘʪʢʦʚʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʩʠʩʪʝʤʘ Health 

(EnemyHealth), ʷʢʘ ʚʽʜʩʪʝʞʫʻ ʩʪʘʥ ʧʝʨʩʦʥʘʞʘ. ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʧʦʰʢʦʜʞʝʥʴ, 
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ʚʠʢʣʠʢʘʻʪʴʩʷ ʘʥʽʤʘʮʽʷ ʩʤʝʨʪʽ, ʘ ʢʦʤʧʦʥʝʥʪʠ Box Collider ʪʘ Rigidbody 

ʚʠʤʠʢʘʶʪʴʩʷ, ʱʦʙ ʚʦʨʦʛ ʙʽʣʴʰʝ ʥʝ ʚʟʘʻʤʦʜʽʷʚ ʟʽ ʩʚʽʪʦʤ. 

ʉʠʩʪʝʤʘ ʙʦʡʦʚʠʭ ʚʟʘʻʤʦʜʽʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʢʦʤʙʽʥʘʮʽʶ ʬʽʟʠʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʩʢʨʠʧʪʽʚ ʪʘ ʘʥʽʤʘʮʽʡʥʠʭ ʧʦʜʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʩʪʠʯʥʫ ʪʘ 

ʽʥʪʝʨʘʢʪʠʚʥʫ ʙʦʡʦʚʫ ʤʝʭʘʥʽʢʫ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʙʦʡʦʚʠʭ ʚʟʘʻʤʦʜʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ: 

¶ Box Collider 2D ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥʠ ʘʪʘʢʠ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʦʰʢʦʜʞʝʥʴ. 

¶ Rigidbody 2D ï ʜʣʷ ʬʽʟʠʯʥʦʛʦ ʨʫʭʫ ʪʘ ʨʝʘʢʮʽʾ ʥʘ ʧʦʰʢʦʜʞʝʥʥʷ. 

ʅʘʥʝʩʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ Animation Event, ʷʢʠʡ 

ʘʢʪʠʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʘʥʽʤʘʮʽʾ ʘʪʘʢʠ. ʋ ʩʢʨʠʧʪʽ ʘʪʘʢʠ (ʥʘʧʨʠʢʣʘʜ, EnemyCombat 

ʘʙʦ HeroCombat) ʚʠʢʣʠʢʘʻʪʴʩʷ ʬʫʥʢʮʽʷ DealDamage, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 

Physics2D.OverlapCircleAll ʜʣʷ ʧʝʨʝʚʽʨʢʠ, ʯʠ ʻ ʚʦʨʦʛʠ ʚ ʟʦʥʽ ʘʪʘʢʠ. ʗʢʱʦ ʪʘʢ, 

ʚʠʢʣʠʢʘʻʪʴʩʷ ʤʝʪʦʜ TakeDamage ʫ ʩʢʨʠʧʪʽ ʟʜʦʨʦʚôʷ ʮʽʣʽ, ʱʦ ʟʤʝʥʰʫʻ ʾʾ HP. ʇʽʩʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʰʢʦʜʞʝʥʴ: 

¶ ɺʠʢʣʠʢʘʻʪʴʩʷ ʘʥʽʤʘʮʽʷ ʧʦʰʢʦʜʞʝʥʥʷ ʘʙʦ ʩʤʝʨʪʽ. 

¶ ʗʢʱʦ HP ʩʪʘʻ 0, ʧʝʨʩʦʥʘʞ ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʪʘʥ Dead, ʜʝ ʚʠʤʠʢʘʶʪʴʩʷ Box 
Collider 2D ʪʘ Rigidbody 2D, ʱʦʙ ʚʽʥ ʙʽʣʴʰʝ ʥʝ ʚʟʘʻʤʦʜʽʷʚ ʟʽ ʩʚʽʪʦʤ. 

¶ ɼʣʷ ʚʦʨʦʛʽʚ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘʪʨʠʤʢʘ ʧʝʨʝʜ ʟʥʠʱʝʥʥʷʤ ʦʙôʻʢʪʘ 
(DelayedDestroy), ʱʦʙ ʘʥʽʤʘʮʽʷ ʩʤʝʨʪʽ ʚʽʜʽʛʨʘʣʘʩʷ ʧʦʚʥʽʩʪʶ. 

¶ ɼʣʷ ʛʨʘʚʮʷ (Hero) ʨʝʘʣʽʟʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ, ʘʣʝ ʟ ʜʦʜʘʪʢʦʚʠʤ 
ʢʦʥʪʨʦʣʝʤ ʯʝʨʝʟ Input System. 

¶ ɼʣʷ ʚʦʨʦʛʽʚ (Skeleton) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʐɯ, ʷʢʠʡ ʚʽʜʩʪʝʞʫʻ ʛʨʘʚʮʷ ʪʘ 
ʘʢʪʠʚʫʻ ʘʪʘʢʫ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ. 

ʋ ʩʬʝʨʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʽʛʨʦʚʠʭ ʧʝʨʩʦʥʘʞʽʚ (NPC) ʦʩʥʦʚʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʧʦʚʝʜʽʥʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʝʨʩʦʥʘʞʘʤ ʨʝʘʛʫʚʘʪʠ ʥʘ ʜʽʾ ʛʨʘʚʮʷ ʪʘ ʟʤʽʥʠ ʫ ʩʝʨʝʜʦʚʠʱʽ ʛʨʠ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫ, ʪʘʢʠʭ ʷʢ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, 

reinforcement learning ʪʘ ʽʥʰʽ ʧʽʜʭʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʙʽʣʴʰ 

ʨʝʘʣʽʩʪʠʯʥʫ ʪʘ ʜʠʥʘʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʛʨʘʚʮʝʤ ʽ ʽʛʨʦʚʠʤ ʩʚʽʪʦʤ [12]. 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʚʦʨʦʛʽʚ ʫ Unity ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ NavMesh ʪʘ 

NavMeshPlus ï ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ 2D-ʽʛʦʨ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʚʦʨʦʛʘʤ 

ʨʫʭʘʪʠʩʷ ʧʦ ʤʘʧʽ, ʫʥʠʢʘʪʠ ʧʝʨʝʰʢʦʜ ʪʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʛʨʘʚʮʷ. NavMeshSurface ï 

ʢʦʤʧʦʥʝʥʪ, ʷʢʠʡ ʛʝʥʝʨʫʻ ʥʘʚʽʛʘʮʽʡʥʫ ʩʽʪʢʫ (NavMesh) ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʝʪʨʽʾ ʩʮʝʥʠ. 

ɼʣʷ 2D-ʽʛʦʨ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ NavMeshPlus, ʦʩʢʽʣʴʢʠ ʩʪʘʥʜʘʨʪʥʠʡ 

NavMesh ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 3D. NavMeshAgent ï ʢʦʤʧʦʥʝʥʪ, ʷʢʠʡ ʜʦʜʘʻʪʴʩʷ ʜʦ 

ʦʙôʻʢʪʘ ʚʦʨʦʛʘ ʽ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʫʭ ʧʦ NavMesh. Navigation Modifier ï ʢʦʤʧʦʥʝʥʪ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʢʘʟʘʪʠ, ʷʢʽ ʦʙʣʘʩʪʽ ʻ ʧʨʦʭʽʜʥʠʤʠ, ʘ ʷʢʽ ï ʥʽ (ʥʘʧʨʠʢʣʘʜ, ʩʪʽʥʠ, 

ʧʝʨʝʰʢʦʜʠ). 

ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ NavMeshPlus ʟ GitHub ʩʪʚʦʨʶʻʪʴʩʷ ʧʦʨʦʞʥʽʡ ʦʙôʻʢʪ ʫ 

ʩʮʝʥʽ, ʜʦ ʷʢʦʛʦ ʜʦʜʘʻʪʴʩʷ ʢʦʤʧʦʥʝʥʪ Navigation Surface ʪʘ 

NavMeshCollecSources2d. ʇʦʚʝʨʭʥʷ ʥʘʚʽʛʘʮʽʾ ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʥʘ XY-ʧʣʦʱʠʥʫ 

(ʜʣʷ 2D-ʽʛʦʨ). ʉʪʚʦʨʝʥʥʷ ʧʨʦʭʽʜʥʠʭ ʪʘ ʥʝʧʨʦʭʽʜʥʠʭ ʦʙʣʘʩʪʝʡ. ɼʣʷ ʧʨʦʭʽʜʥʠʭ 
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ʦʙʣʘʩʪʝʡ (ʥʘʧʨʠʢʣʘʜ, ʧʽʜʣʦʛʘ) ʜʦʜʘʻʪʴʩʷ ʢʦʤʧʦʥʝʥʪ Navigation Modifier, 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʠʧ çWalkableè. ɼʣʷ ʧʝʨʝʰʢʦʜ (ʩʪʽʥʠ, ʦʙôʻʢʪʠ) ʜʦʜʘʻʪʴʩʷ 

Navigation Modifier ʟ ʪʠʧʦʤ çNot Walkableè. ʇʽʩʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʩʽʭ ʦʙôʻʢʪʽʚ 

ʥʘʪʠʩʢʘʻʪʴʩʷ ʢʥʦʧʢʘ Bake ʫ ʢʦʤʧʦʥʝʥʪʽ Navigation Surface, ʱʦʙ ʟʛʝʥʝʨʫʚʘʪʠ 

NavMesh. NavMeshPlus ʧʽʜʪʨʠʤʫʻ Tilemap, ʩʧʨʘʡʪʠ ʪʘ 2D-ʢʦʣʘʡʜʝʨʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʥʜʘʨʪʥʽ ʽʥʩʪʨʫʤʝʥʪʠ Unity ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʧ. ʇʨʠ 

ʟʤʽʥʽ ʤʘʧʠ (ʥʘʧʨʠʢʣʘʜ, ʜʦʜʘʚʘʥʥʽ ʥʦʚʠʭ ʧʝʨʝʰʢʦʜ) ʧʦʪʨʽʙʥʦ ʧʦʚʪʦʨʥʦ ʥʘʪʠʩʥʫʪʠ 

Bake, ʱʦʙ ʦʥʦʚʠʪʠ NavMesh. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʚʝʜʽʥʢʠ ʚʦʨʦʛʘ ʜʦʜʘʻʪʴʩʷ NavMeshAgent ʟ ʢʦʤʧʦʥʝʥʪʦʤ 

NavMeshAgent, ʷʢʠʡ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʛʝʥʝʨʦʚʘʥʠʡ NavMesh ʜʣʷ 

ʨʫʭʫ. ɺʣʘʩʪʠʚʦʩʪʽ NavMeshAgent (ʥʘʧʨʠʢʣʘʜ, ʰʚʠʜʢʽʩʪʴ, ʨʘʜʽʫʩ, ʚʠʩʦʪʘ) 

ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ ʚ ʽʥʩʧʝʢʪʦʨʽ. ʉʪʚʦʨʶʻʪʴʩʷ ʩʢʨʠʧʪ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʮʽʣʴ (ʛʨʘʚʮʷ) 

ʪʘ ʚʠʢʣʠʢʘʻ ʤʝʪʦʜ SetDestination ʫ NavMeshAgent, ʧʝʨʝʜʘʶʯʠ ʧʦʟʠʮʽʶ ʛʨʘʚʮʷ. 

ɺʦʨʦʛ ʘʚʪʦʤʘʪʠʯʥʦ ʟʥʘʭʦʜʠʪʴ ʰʣʷʭ ʜʦ ʛʨʘʚʮʷ, ʦʙʭʦʜʷʯʠ ʧʝʨʝʰʢʦʜʠ. ʎʝʡ ʩʢʨʠʧʪ 

ʜʦʟʚʦʣʷʻ ʚʦʨʦʛʫ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʛʨʘʚʮʝʤ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ɺ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʐɯ ʣʝʞʠʪʴ ʧʘʪʝʨʥ ʧʨʦʻʢʪʫʚʘʥʥʷ ʉʪʘʥ (State Pattern), ʷʢʠʡ 

ʨʝʘʣʽʟʫʻ ʤʦʜʝʣʴ ʩʢʽʥʯʝʥʦʛʦ ʘʚʪʦʤʘʪʘ (FSM) [8]. ʎʝʡ ʧʽʜʭʽʜ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ 

ʩʢʨʠʧʪʽ EnemyAI.cs, ʜʦʟʚʦʣʷʻ ʯʽʪʢʦ ʨʦʟʜʽʣʠʪʠ ʣʦʛʽʢʫ ʧʦʚʝʜʽʥʢʠ ʚʦʨʦʛʘ ʥʘ ʦʢʨʝʤʽ, 

ʢʝʨʦʚʘʥʽ ʩʪʘʥʠ: Idle/Roaming (ʉʧʦʢʽʡ/ʇʘʪʨʫʣʶʚʘʥʥʷ), Chasing (ʇʝʨʝʩʣʽʜʫʚʘʥʥʷ), 

Attacking (ɸʪʘʢʘ) ʪʘ Dead (ʉʤʝʨʪʴ). 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʢʽʥʯʝʥʦʛʦ ʘʚʪʦʤʘʪʘ (FSM) ʜʣʷ ʐI ʚʦʨʦʛʘ 

ɸʨʭʽʪʝʢʪʫʨʘ ʐɯ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʢʣʶʯʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. çʆʯʠʤʘè 

ʐɯ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʚʠʷʚʣʝʥʥʷ ʛʨʘʚʮʷ, ʩʣʫʛʫʻ ʢʦʤʧʦʥʝʥʪ Circle Collider 2D, 

ʥʘʣʘʰʪʦʚʘʥʠʡ ʷʢ ʪʨʠʛʝʨ. ʂʦʣʠ ʛʨʘʚʝʮʴ ʧʦʪʨʘʧʣʷʻ ʚ ʮʝʡ çʘʛʨʦè-ʨʘʜʽʫʩ, FSM 

ʘʚʪʦʤʘʪʠʯʥʦ ʦʪʨʠʤʫʻ ʩʠʛʥʘʣ ʽ ʧʝʨʝʚʦʜʠʪʴ ʐɯ ʟʽ ʩʪʘʥʫ Idle ʫ ʩʪʘʥ Chasing. (ʈʠʩ.1). 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʫʭʫ, ʘʙʦ çʥʽʛè ʚʦʨʦʛʘ, ʫ 2D-ʧʨʦʩʪʦʨʽ ʙʫʣʘ ʚʠʨʽʰʝʥʘ 

ʢʣʶʯʦʚʘ ʪʝʭʥʽʯʥʘ ʧʨʦʙʣʝʤʘ. ʆʩʢʽʣʴʢʠ ʩʪʘʥʜʘʨʪʥʠʡ ʽʥʩʪʨʫʤʝʥʪ Unity NavMesh 

ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ 3D, ʙʫʣʦ ʽʥʪʝʛʨʦʚʘʥʦ ʩʪʦʨʦʥʥʻ ʨʦʟʰʠʨʝʥʥʷ NavMeshPlus. ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʢʦʨʝʢʪʥʦ çʟʘʧʽʢʘʪʠè (Bake) ʥʘʚʽʛʘʮʽʡʥʫ ʩʽʪʢʫ ʥʘ ʦʩʥʦʚʽ 2D-
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ʢʦʤʧʦʥʝʥʪʽʚ (Tilemap), ʥʘʜʘʚʰʠ ʐI-ʘʛʝʥʪʘʤ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʭʦʜʠʪʠ ʰʣʷʭ ʪʘ 

ʦʤʠʥʘʪʠ ʧʝʨʝʰʢʦʜʠ. 

çʈʫʢʠè ʐɯ, ʘʙʦ ʡʦʛʦ ʙʦʡʦʚʘ ʩʠʩʪʝʤʘ, ʪʘʢʦʞ ʪʽʩʥʦ ʽʥʪʝʛʨʦʚʘʥʽ ʟ FSM. ʂʦʣʠ 

ʐɯ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʪʘʥʽ Attacking, ʚʽʥ ʥʝ ʧʨʦʩʪʦ ʟʘʚʜʘʻ ʰʢʦʜʠ, ʘ ʟʘʧʫʩʢʘʻ 

ʘʥʽʤʘʮʽʶ. ʌʘʢʪʠʯʥʠʡ ʫʜʘʨ ʩʠʥʭʨʦʥʽʟʦʚʘʥʦ ʟ ʘʥʽʤʘʮʽʻʶ ʯʝʨʝʟ Animation Event, ʱʦ 

ʻ ʢʣʘʩʠʯʥʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʧʘʪʝʨʥʫ çʉʧʦʩʪʝʨʽʛʘʯè (Observer) ʪʘ ʛʥʫʯʢʠʤ ʧʽʜʭʦʜʦʤ 

ʜʦ ʢʝʨʫʚʘʥʥʷ ʐɯ. (ʈʠʩ.2) 

  

 
ʈʠʩ. 2 - ʅʘʚʽʛʘʮʽʡʥʘ ʩʽʪʢʘ 

 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʽʛʨʦʚʦʛʦ ʩʚʽʪʫ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʥʘ ʨʫʯʥʝ ʩʪʚʦʨʝʥʥʷ ʨʽʚʥʽʚ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʤʝʭʘʥʽʟʤ ʧʨʦʮʝʜʫʨʥʦʾ ʛʝʥʝʨʘʮʽʾ. 

ɯʛʨʦʚʠʡ ʩʚʽʪ ʨʝʘʣʽʟʦʚʘʥʦ ʛʽʙʨʠʜʥʠʤ ʩʧʦʩʦʙʦʤ: ʩʧʦʯʘʪʢʫ ʙʘʟʦʚʠʡ ʣʘʥʜʰʘʬʪ 

(ʪʨʘʚʘ) ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ Unity Tilemap, ʱʦ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʧʽʜʭʦʜʦʤ ʜʣʷ ʨʦʙʦʪʠ ʟ 2D-ʦʪʦʯʝʥʥʷʤ, ʘ ʧʦʪʽʤ ʜʦ ʥʴʦʛʦ ʜʦʜʘʶʪʴʩʷ ʜʝʪʘʣʽ 

(ʧʝʨʝʰʢʦʜʠ, ʜʝʨʝʚʘ) ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʧʨʝʬʘʙʽʚ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʣʝʥʦ ʩʢʨʠʧʪ RandomGanarate.cs, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʫʥʽʢʘʣʴʥʫ 

ʢʦʥʬʽʛʫʨʘʮʽʶ ʦʙôʻʢʪʽʚ ʧʨʠ ʢʦʞʥʦʤʫ ʟʘʧʫʩʢʫ ʛʨʠ. ʍʦʯʘ ʮʝʡ ʧʽʜʭʽʜ ʻ ʝʬʝʢʪʠʚʥʠʤ, 

ʚʽʥ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʥʪʨʦʣʶ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʪʠʧʦʚʠʤ ʧʨʦʙʣʝʤʘʤ 

ʧʨʦʮʝʜʫʨʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʙʣʦʢʫʚʘʥʥʶ ʧʨʦʭʦʜʽʚ. (ʈʠʩ. 3) 

ʈʝʘʣʽʟʘʮʽʷ ʤʝʭʘʥʽʢ ʛʨʘʚʮʷ ʨʦʟʧʦʯʘʣʘʩʷ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʦʙʨʘʥʦ ʧʘʢʝʪ Unity Input System, ʱʦ ʜʦʟʚʦʣʠʚ ʛʥʫʯʢʦ 

ʥʘʣʘʰʪʫʚʘʪʠ ʜʽʾ (Input Actions) ʪʘ ʢʘʨʪʠ ʜʽʡ (Action Maps çHeroè ʪʘ çCombatè), 

ʧʦʚʥʽʩʪʶ ʚʽʜʦʢʨʝʤʠʚʰʠ ʣʦʛʽʢʫ ʛʨʠ ʚʽʜ ʦʙʨʦʙʢʠ ʚʚʦʜʫ. ɻʣʦʙʘʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʩʠʩʪʝʤʠ ʚʚʦʜʫ ʟʘʙʝʟʧʝʯʝʥʦ ʯʝʨʝʟ ʧʘʪʝʨʥ ʆʜʠʥʘʢ (Singleton) ʫ ʩʢʨʠʧʪʽ 

GameInput.cs. (ʈʠʩ. 4). 

 



 

 

 

 

212 

 
ʈʠʩ. 3 - ɻʽʙʨʠʜʥʠʡ ʽʛʨʦʚʠʡ ʩʚʽʪ 

 

 
ʈʠʩ. 4 - ʅʘʣʘʰʪʫʚʘʥʥʷ ʜʽʾ Move ʚ Input Actions 

 

ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʥʝ ʣʠʰʝ ʟʘ ʨʫʭ, ʘ ʡ ʟʘ ʚʽʟʫʘʣʴʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ: ʩʢʨʠʧʪ HeroVisual.cs ʧʦʩʪʽʡʥʦ ʦʪʨʠʤʫʻ ʧʦʟʠʮʽʶ ʤʠʰʽ, ʱʦʙ 

ʘʚʪʦʤʘʪʠʯʥʦ ʧʦʚʝʨʪʘʪʠ ʩʧʨʘʡʪ ʛʨʘʚʮʷ (SpriteRenderer.flipX) ʫ ʥʘʧʨʷʤʢʫ 

ʧʨʠʮʽʣʶʚʘʥʥʷ. ɹʦʡʦʚʘ ʩʠʩʪʝʤʘ ʛʨʘʚʮʷ, ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʐɯ, ʪʽʩʥʦ ʩʠʥʭʨʦʥʽʟʦʚʘʥʘ ʟ 

ʘʥʽʤʘʮʽʷʤʠ. ʅʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ ʘʪʘʢʠ ʘʢʪʠʚʫʻ ʪʨʠʛʝʨ ʘʥʽʤʘʪʦʨʘ, ʷʢʠʡ, ʫ ʩʚʦʶ 

ʯʝʨʛʫ, ʟʘʧʫʩʢʘʻ Animation Event ʫ ʢʣʶʯʦʚʦʤʫ ʢʘʜʨʽ. ʎʷ ʧʦʜʽʷ ʚʠʢʣʠʢʘʻ ʤʝʪʦʜ 

TriggerDamage(), ʱʦ ʩʪʚʦʨʶʻ ʥʝʚʠʜʠʤʫ ʢʨʫʛʣʫ ʟʦʥʫ (Physics2D.OverlapCircleAll) 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʫʨʘʞʝʥʥʷ ʚʦʨʦʛʽʚ. 

ɺʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʦʪʦʯʝʥʥʷ ʪʘ ʽʛʨʦʚʦʛʦ ʜʦʩʚʽʜʫ ʻ ʢʘʤʝʨʘ. ɼʣʷ ʾʾ 

ʨʝʘʣʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʧʘʢʝʪ Cinemachine, ʱʦ ʜʦʟʚʦʣʠʚ ʫʥʠʢʥʫʪʠ ʥʘʧʠʩʘʥʥʷ 

ʚʣʘʩʥʠʭ ʩʢʨʠʧʪʽʚ ʜʣʷ ʩʣʽʜʫʚʘʥʥʷ. ʉʪʚʦʨʝʥʥʷ ʦʙôʻʢʪʘ Virtual Camera ʪʘ ʧʨʠʚôʷʟʢʘ 

ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʘ Follow ʜʦ ʦʙôʻʢʪʘ ʛʨʘʚʮʷ ʟʘʙʝʟʧʝʯʠʣʠ ʤʠʪʪʻʚʝ ʜʦʩʷʛʥʝʥʥʷ 

ʜʠʥʘʤʽʯʥʦʾ ʪʘ ʧʣʘʚʥʦʾ ʢʘʤʝʨʠ, ʱʦ ʻ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ 2D-ʽʛʦʨ. (ʈʠʩ. 5) 
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ʈʠʩ. 5. ʅʘʣʘʰʪʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʢʘʤʝʨʠ 

 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ʂʣʘʩʠʯʥʽ 2D-RPG, ʪʘʢʽ ʷʢ Hollow Knight ʪʘ Hyper Light 

Drifter, ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʫʯʥʝ ʧʨʦʻʢʪʫʚʘʥʥʷ ʨʽʚʥʽʚ ʽ ʩʪʘʪʠʯʥʽ ʰʘʙʣʦʥʠ 

ʧʦʚʝʜʽʥʢʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʱʦ ʦʙʤʝʞʫʻ ʨʝʽʛʨʘʙʝʣʴʥʽʩʪʴ ʽʛʨʦʚʦʛʦ ʧʨʦʮʝʩʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʮʽʻʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʧʨʘʢʪʠʯʥʦʤʫ ʧʦʻʜʥʘʥʥʽ ʘʣʛʦʨʠʪʤʽʚ 

ʧʨʦʮʝʜʫʨʥʦʾ ʛʝʥʝʨʘʮʽʾ (ʷʢʽ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʛʨʽ Dead Cells) 

ʪʘ ʜʠʥʘʤʽʯʥʠʭ FSM ʜʣʷ ʐɯ ʚ ʻʜʠʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʨʦʪʦʪʠʧ 

2D-RPG ʽʛʨʦʚʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʽʟ ʮʽʣʽʩʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ. ʇʨʦʻʢʪ ʫʩʧʽʰʥʦ ʧʦʻʜʥʫʻ 

ʤʝʭʘʥʽʢʠ ʧʨʦʮʝʜʫʨʥʦʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʢʝʨʦʚʘʥʦʛʦ ʩʪʘʥʘʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ. 
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1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

FIGMA ʗʂ ʉʋʏɸʉʅɽ ʉɽʈɽɼʆɺʀʑɽ ɼʃʗ ʈʆɿʈʆɹʂʀ  

ɺɽɹʄɸʂɽʊɯɺ ʊɸ ʇʈʆʊʆʊʀʇɯɺ 

 
ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʩʫʯʘʩʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʝʨʚʽʩʫ Figma, ʦʧʠʩʘʥʦ ʙʘʟʦʚʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʧʨʦʛʨʘʤʠ, ʾʾ ʫʥʽʢʘʣʴʥʽ ʧʝʨʝʚʘʛʠ, ʘ ʪʘʢʦʞ ʬʫʥʢʮʽʾ, ʱʦ ʚʠʜʽʣʷʶʪʴ ʮʝ ʩʝʨʝʜʦʚʠʱʝ 

ʩʝʨʝʜ ʽʥʰʠʭ ʜʠʟʘʡʥʝʨʩʴʢʠʭ ʧʣʘʪʬʦʨʤ: ʧʣʘʛʽʥʠ, ʢʦʤʧʦʥʝʥʪʠ, ʩʪʠʣʽ, ʤʘʩʢʠ ʪʘ ʩʠʩʪʝʤʘ 

ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ. ɿʘʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʤʦʞʣʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ ʥʘʚʝʜʝʥʦ ʤʘʢʝʪ ʚʠʛʘʜʘʥʦʛʦ 

ʩʘʡʪʫ-ʨʝʢʣʘʤʠ ʥʘʚʫʰʥʠʢʽʚ AirPods Pro Max. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Figma, ʚʝʙʜʠʟʘʡʥ, ʽʥʪʝʨʬʝʡʩ, Auto Layout, ʢʦʤʧʦʥʝʥʪʠ, ʩʪʠʣʽ, ʤʘʩʢʠ, 

ʧʣʘʛʽʥʠ, ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ, ʜʠʟʘʡʥ-ʩʠʩʪʝʤʘ, ʘʜʘʧʪʠʚʥʠʡ ʤʘʢʝʪ. 

 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʝʬʝʢʪʠʚʥʘ ʨʦʟʨʦʙʢʘ 

ʚʝʙʽʥʪʝʨʬʝʡʩʽʚ ʧʦʪʨʝʙʫʻ ʥʝ ʣʠʰʝ ʪʚʦʨʯʦʛʦ ʧʽʜʭʦʜʫ, ʘ ʡ ʟʨʫʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʜʠʟʘʡʥʝʨʽʚ ʽ ʨʦʟʨʦʙʥʠʢʽʚ. ʆʜʥʠʤ ʽʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʨʽʰʝʥʴ, ʱʦ 

ʧʦʻʜʥʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʟʨʫʯʥʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ ʰʚʠʜʢʦʜʽʶ, ʻ 

Figma ï ʭʤʘʨʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʝʙʤʘʢʝʪʽʚ, ʽʥʪʝʨʬʝʡʩʽʚ ʪʘ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʧʨʦʪʦʪʠʧʽʚ. ʎʝʡ ʽʥʩʪʨʫʤʝʥʪ ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʯʣʝʥʘʤʠ ʢʦʤʘʥʜʠ ʪʘ ʦʧʪʠʤʽʟʫʻ 

ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʧʨʦʜʫʢʪʽʚ.  

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. Figma ʤʘʻ ʽʥʪʫʾʪʠʚʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʬʨʝʡʤʠ, ʬʽʛʫʨʠ, ʪʝʢʩʪʠ ʪʘ ʟʦʙʨʘʞʝʥʥʷ. ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʽʪʢʠ (Grid) ʜʣʷ ʪʦʯʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ 

ʛʨʫʧʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʜʣʷ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʤʘʢʝʪʘ. ɺʘʞʣʠʚʦʶ ʬʫʥʢʮʽʻʶ ʻ Auto 

Layout ï ʽʥʩʪʨʫʤʝʥʪ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ ʘʜʘʧʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʙʣʦʢʠ, ʷʢʽ 

ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʜʣʘʰʪʦʚʫʶʪʴʩʷ ʧʽʜ ʚʤʽʩʪ, ʚʽʜʩʪʫʧʠ, ʨʦʟʤʽʨʠ ʪʘ ʟʤʽʥʫ ʧʨʦʧʦʨʮʽʡ 

https://gamedev.dou.ua/blogs/enemy-ai-in-games/
https://store.steampowered.com/app/367520/Hollow_Knight
https://gamedevacademy.org/complete-guide-to-procedural-level-generation-in-unity-part-1/
https://gamedevacademy.org/complete-guide-to-procedural-level-generation-in-unity-part-1/
https://www.red-gate.com/simple-talk/development/dotnet-development/procedural-generation-unity-c/
https://www.red-gate.com/simple-talk/development/dotnet-development/procedural-generation-unity-c/
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ʝʢʨʘʥʫ. ɸʥʘʣʦʛʠ Auto Layout ʽʩʥʫʶʪʴ ʽ ʚ ʽʥʰʠʭ ʨʝʜʘʢʪʦʨʘʭ, ʧʨʦʪʝ ʩʘʤʝ ʫ Figma 

ʮʝʡ ʤʝʭʘʥʽʟʤ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘʡʙʽʣʴʰ ʛʥʫʯʢʦ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʥʪʝʨʬʝʡʩʽʚ ʪʘ ʜʠʟʘʡʥ-ʩʠʩʪʝʤ [2]. 

 
ʈʠʩ. 1. ʅʘʛʦʨʦʜʠ Figma ʟʘ ʜʘʥʠʤʠ ʧʣʘʪʬʦʨʤʠ G2 [1] 

 

ʂʦʤʧʦʥʝʥʪʠ ʻ ʱʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʬʫʥʢʮʽʦʥʘʣʫ. ʎʝ ʰʘʙʣʦʥʥʽ 

ʦʙôʻʢʪʠ (ʢʥʦʧʢʠ, ʢʘʨʪʢʠ, ʽʢʦʥʢʠ), ʷʢʽ ʤʦʞʥʘ ʙʘʛʘʪʦʨʘʟʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ 

ʤʘʢʝʪʽ (ʨʠʩ. 5). ɿʤʽʥʠ ʚ ʛʦʣʦʚʥʦʤʫ ʢʦʤʧʦʥʝʥʪʽ ʘʚʪʦʤʘʪʠʯʥʦ ʦʥʦʚʣʶʶʪʴ ʫʩʽ ʡʦʛʦ 

ʝʢʟʝʤʧʣʷʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʽʩʪʴ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʶʻ 

ʨʦʙʦʪʫ. ʋʩʽ ʛʦʣʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʢʣʘʜʮʽ Assets, ʯʝʨʝʟ ʷʢʫ 

ʜʠʟʘʡʥʝʨ ʤʦʞʝ ʰʚʠʜʢʦ ʜʦʜʘʪʠ ʧʦʪʨʽʙʥʠʡ ʝʢʟʝʤʧʣʷʨ ʝʣʝʤʝʥʪʘ ʟ ʙʽʙʣʽʦʪʝʢʠ ʘʙʦ 

ʜʠʟʘʡʥ-ʩʠʩʪʝʤʠ ʜʦ ʩʚʦʛʦ ʤʘʢʝʪʘ. 

ʑʝ ʦʜʥʽʻʶ ʚʘʞʣʠʚʦʶ ʤʦʞʣʠʚʽʩʪʶ Figma ʻ ʧʣʘʛʽʥʠ, ʷʢʽ ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʶʶʪʴ ʙʘʟʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣ ʨʝʜʘʢʪʦʨʘ ʪʘ ʘʚʪʦʤʘʪʠʟʫʶʪʴ ʨʫʪʠʥʥʽ ʟʘʚʜʘʥʥʷ. 

ɺʦʥʠ ʜʦʧʦʤʘʛʘʶʪʴ ʜʦʜʘʚʘʪʠ ʽʢʦʥʢʠ, ʛʝʥʝʨʫʚʘʪʠ ʪʝʢʩʪ, ʩʪʚʦʨʶʚʘʪʠ ʚʘʡʨʬʨʝʡʤʠ 

(ʩʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ), ʬʦʨʤʫʚʘʪʠ ʤʦʢʘʧʠ (ʨʝʘʣʽʩʪʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʟ 

ʨʦʟʤʽʱʝʥʠʤ ʤʘʢʝʪʦʤ ʚʩʝʨʝʜʠʥʽ) ʘʙʦ ʚʠʢʦʥʫʚʘʪʠ ʪʝʭʥʽʯʥʽ ʦʧʝʨʘʮʽʾ ʚ ʦʜʠʥ ʢʣʽʢ 

(ʧʝʨʝʚʽʨʢʘ ʦʨʬʦʛʨʘʬʽʾ, ʢʦʥʪʨʘʩʪʥʦʩʪʽ ʪʦʱʦ) [3].  

ʊʘʢʦʞ ʧʝʨʝʚʘʛʦʶ Figma ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʧʨʦʪʦʪʠʧʽʚ 

ʫ ʚʢʣʘʜʮʽ Prototype, ʜʝ ʤʦʞʥʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʝʨʝʭʦʜʠ, ʘʥʽʤʘʮʽʾ, ʥʘʪʠʩʢʘʥʥʷ ʪʘ 

ʩʪʘʥ ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 2). ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʜʠʟʘʡʥʝʨʠ ʤʦʞʫʪʴ ʜʝʤʦʥʩʪʨʫʚʘʪʠ 

ʧʦʚʝʜʽʥʢʫ ʽʥʪʝʨʬʝʡʩʫ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘʧʠʩʘʥʥʷ ʢʦʜʫ, ʱʦ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ 

ʢʦʤʫʥʽʢʘʮʽʶ ʤʽʞ ʜʠʟʘʡʥʝʨʘʤʠ, ʨʦʟʨʦʙʥʠʢʘʤʠ ʪʘ ʟʘʤʦʚʥʠʢʘʤʠ. 

ʗʢ ʧʨʠʢʣʘʜ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ Figma, ʚ ʤʝʞʘʭ 

ʦʧʘʥʫʚʘʥʥʷ ʜʠʩʮʠʧʣʽʥʠ çWeb-ʪʝʭʥʦʣʦʛʽʾ ʪʘ web-ʜʠʟʘʡʥè, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʚʝʙʤʘʢʝʪʠ ʨʝʢʣʘʤʥʦʛʦ ʣʝʥʜʽʥʛʫ ʜʣʷ ʥʘʚʫʰʥʠʢʽʚ AirPods Pro Max ʜʣʷ ʝʢʨʘʥʫ 

ʢʦʤʧôʶʪʝʨʘ ʪʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʨʠʩ.3). ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʤʘʢʝʪʘ 

ʚʠʢʦʨʠʩʪʘʥʦ ʽʥʩʪʨʫʤʝʥʪ Auto Layout, ʱʦ ʟʘʙʝʟʧʝʯʠʚ ʢʦʨʝʢʪʥʫ ʩʪʨʫʢʪʫʨʫ ʩʝʢʮʽʡ, 
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ʫʟʛʦʜʞʝʥʝ ʚʠʨʽʚʥʶʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭ ʘʚʪʦʤʘʪʠʯʥʫ ʘʜʘʧʪʘʮʽʶ ʜʦ ʨʽʟʥʠʭ 

ʨʦʟʤʽʨʽʚ ʝʢʨʘʥʽʚ.  
 

 
ʈʠʩ. 2. ʇʨʦʪʦʪʠʧʫʚʘʥʥʷ ʫ Figma 

 

  

ʈʠʩ. 3. ʌʨʘʛʤʝʥʪʠ ʤʦʙʽʣʴʥʦʾ ʪʘ ʜʝʩʢʪʦʧʥʦʾ ʚʝʨʩʽʡ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʢʝʪʽʚ  

 

ɼʣʷ ʚʩʪʘʚʣʝʥʥʷ ʧʽʢʪʦʛʨʘʤ ʟʘʩʪʦʩʦʚʘʥʦ ʧʣʘʛʽʥ Iconify. ʂʥʦʧʢʠ, ʧʦʣʷ 

ʚʚʝʜʝʥʥʷ ʪʘ ʢʘʨʪʢʠ ʪʦʚʘʨʫ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ 

ʙʘʛʘʪʦʨʘʟʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʫ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʣʝʥʜʽʥʛʫ ʪʘ ʣʝʛʢʦ ʟʤʽʥʶʚʘʪʠ 

ʯʝʨʝʟ ʛʦʣʦʚʥʠʡ ʢʦʤʧʦʥʝʥʪ. ɺʠʢʦʨʠʩʪʘʥʽ ʰʨʠʬʪʠ, ʢʦʣʴʦʨʠ ʪʘ ʝʬʝʢʪʠ ʙʫʣʠ 

ʟʘʥʝʩʝʥʽ ʜʦ ʩʪʠʣʽʚ, ʱʦ ʧʦʣʝʛʰʠʣʦ ʾʭ ʨʝʜʘʛʫʚʘʥʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʩʪʚʦʨʝʥʦ ʮʽʣʽʩʥʠʡ 

ʘʜʘʧʪʠʚʥʠʡ ʣʝʥʜʽʥʛ, ʷʢʠʡ ʥʘʦʯʥʦ ʜʝʤʦʥʩʪʨʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ Figma ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʫʯʘʩʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ. 

ɺʠʩʥʦʚʢʠ. ɿʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʨʽʯʯʷ Figma ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʘ ʩʝʙʝ ʷʢ ʟʨʫʯʥʝ 

ʪʘ ʝʬʝʢʪʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʽʚ ʟʘʚʜʷʢʠ ʧʽʜʪʨʠʤʮʽ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʩʪʠʣʽʚ, ʘʜʘʧʪʠʚʥʠʭ ʙʣʦʢʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ ʪʘ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʮʽʣʽʩʥʽʩʪʴ ʜʠʟʘʡʥ-
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ʩʠʩʪʝʤʠ ʥʘʚʽʪʴ ʫ ʚʝʣʠʢʠʭ ʧʨʦʻʢʪʘʭ. ɰʾ ʭʤʘʨʥʘ ʘʨʭʽʪʝʢʪʫʨʘ, ʽʥʪʫʾʪʠʚʥʠʡ ʽʥʪʝʨʬʝʡʩ, 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʣʝʢʪʠʚʥʦʛʦ ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʰʠʨʦʢʠʡ ʥʘʙʽʨ ʬʫʥʢʮʽʡ ʨʦʙʣʷʪʴ Figma 

ʥʝʟʘʤʽʥʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʷʢ ʜʣʷ ʥʦʚʘʯʢʽʚ, ʪʘʢ ʽ ʜʣʷ ʧʨʦʬʝʩʽʡʥʠʭ ʜʠʟʘʡʥʝʨʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʨʦʟʨʦʙʢʠ, ʧʽʜʚʠʱʠʪʠ 

ʫʟʛʦʜʞʝʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʤʘʥʜʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ.  
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ʈ.ʉ. ɺʜʦʚʠʯʝʥʢʦ1, ɼ.ɺ. ɯʚʘʥʦʚ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

         

ɺʇʃʀɺ ʈʆɿɺʀʊʂʋ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʅɸ ʇɯɼʍʆɼʀ 

ɼʆ ʆʇʊʀʄɯɿɸʎɯɰ ʇʈʆɻʈɸʄʅʆɻʆ ʂʆɼʋ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʟʤʽʥʫ ʩʪʘʚʣʝʥʥʷ ʧʨʦʛʨʘʤʽʩʪʽʚ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ. ʈʦʟʛʣʷʥʫʪʦ 

ʦʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʚʪʨʘʪʠ ʘʢʪʫʘʣʴʥʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʩʝʨʝʜ ʷʢʠʭ - ʟʨʦʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʦʰʠʨʝʥʥʷ ʚʠʩʦʢʦʨʽʚʥʝʚʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʢʦʤʝʨʮʽʡʥʠʡ ʪʠʩʢ 

ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʦʙʢʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʭʥʽʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʪʝʥʜʝʥʮʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʩʪʝʤʥʠʡ ʽ ʤʝʪʦʜʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʰʣʷʭʦʤ 

ʬʦʨʤʫʚʘʥʥʷ ʢʫʣʴʪʫʨʠ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʩʚʽʪʥʽʭ ʧʨʘʢʪʠʢ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʢʨʝʩʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʚʝʨʥʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʷʢ ʢʣʶʯʦʚʦʛʦ 

ʧʨʠʥʮʠʧʫ ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʜʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʘʣʛʦʨʠʪʤʽʯʥʘ ʩʢʣʘʜʥʽʩʪʴ, ʢʫʣʴʪʫʨʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, 

ʧʨʦʛʨʘʤʥʘ ʽʥʞʝʥʝʨʽʷ. 

 

ɺʩʪʫʧ. ʋ ʧʝʨʰʽ ʜʝʩʷʪʠʣʽʪʪʷ ʨʦʟʚʠʪʢʫ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʧʨʦʛʨʘʤʽʩʪʠ 

ʧʨʘʮʶʚʘʣʠ ʚ ʫʤʦʚʘʭ ʩʫʚʦʨʠʭ ʦʙʤʝʞʝʥʴ ï ʤʘʣʘ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ, 

ʥʠʟʴʢʘ ʰʚʠʜʢʦʜʽʷ ʧʨʦʮʝʩʦʨʽʚ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʨʦʟʨʦʙʢʠ 

ʟʤʫʰʫʚʘʣʠ ʨʦʟʨʦʙʥʠʢʽʚ ʨʝʪʝʣʴʥʦ ʧʨʦʜʫʤʫʚʘʪʠ ʢʦʞʝʥ ʨʷʜʦʢ ʢʦʜʫ. ʆʧʪʠʤʽʟʘʮʽʷ 

ʧʨʦʛʨʘʤʥʠʭ ʨʽʰʝʥʴ ʙʫʣʘ ʥʝ ʧʨʦʩʪʦ ʙʘʞʘʥʦʶ, ʘ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤ, ʘʜʞʝ ʙʫʜʴ-ʷʢʘ ʥʝʝʬʝʢʪʠʚʥʘ ʽʥʩʪʨʫʢʮʽʷ ʤʦʛʣʘ ʩʫʪʪʻʚʦ 

ʟʥʠʟʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʙʦ ʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʫ ʥʝʧʨʠʜʘʪʥʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʆʜʥʘʢ ʽʟ ʨʦʟʚʠʪʢʦʤ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʨʦʩʪʘʥʥʷʤ ʦʙʩʷʛʽʚ 

ʧʘʤôʷʪʽ ʪʘ ʧʦʷʚʦʶ ʚʠʩʦʢʦʨʽʚʥʝʚʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ 
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ʧʦʩʪʫʧʦʚʦ ʚʽʜʭʦʜʠʪʴ ʥʘ ʜʨʫʛʠʡ ʧʣʘʥ. ʉʫʯʘʩʥʽ ʙʽʙʣʽʦʪʝʢʠ, ʬʨʝʡʤʚʦʨʢʠ ʪʘ 

ʽʥʪʝʛʨʦʚʘʥʽ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʰʚʠʜʢʝ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʬʦʨʤʫʶʪʴ ʫ ʧʨʦʛʨʘʤʽʩʪʽʚ ʭʠʙʥʝ ʫʷʚʣʝʥʥʷ 

ʧʨʦ ʥʝʦʙʤʝʞʝʥʽʩʪʴ ʘʧʘʨʘʪʥʠʭ ʨʝʩʫʨʩʽʚ. ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʥʘʜʤʽʨʥʦʶ ʩʢʣʘʜʥʽʩʪʶ, ʜʫʙʣʶʚʘʥʥʷʤ ʬʫʥʢʮʽʡ, 

ʥʝʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʤôʷʪʽ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ. 

ʆʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʙʫʚʘʻ ʚ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ 

ʤʦʙʽʣʴʥʠʭ ʽ ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʦʙʯʠʩʣʝʥʴ ʥʘ ʧʝʨʠʬʝʨʽʾ (edge 

computing), ʜʝ ʦʙʤʝʞʝʥʥʷ ʨʝʩʫʨʩʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʢʨʠʪʠʯʥʠʤʠ. ʋ ʪʘʢʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʘʚʪʦʥʦʤʥʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʪʘ ʚʠʪʨʘʪʠ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

ʂʨʽʤ ʪʦʛʦ, ʟ ʦʛʣʷʜʫ ʥʘ ʛʣʦʙʘʣʴʥʽ ʪʝʥʜʝʥʮʽʾ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʘʣʦʩʪʽ ɯʊ-ʛʘʣʫʟʽ, ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʞʝ ʥʝ ʣʠʰʝ ʷʢ ʽʥʞʝʥʝʨʥʘ, ʘʣʝ ʡ ʷʢ ʩʪʨʘʪʝʛʽʯʥʘ 

ʟʘʜʘʯʘ. ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ 

ʜʘʪʘ-ʮʝʥʪʨʽʚ ʽ ʧʽʜʚʠʱʝʥʥʶ ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ. ɺʦʥʘ 

ʤʘʻ ʩʪʘʪʠ ʥʝ ʥʘʩʣʽʜʢʦʤ ʘʧʘʨʘʪʥʠʭ ʦʙʤʝʞʝʥʴ, ʷʢ ʮʝ ʙʫʣʦ ʨʘʥʽʰʝ, ʘ ʩʚʽʜʦʤʠʤ 

ʝʣʝʤʝʥʪʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʥʜʝʥʮʽʾ ʟʥʠʞʝʥʥʷ 

ʫʚʘʛʠ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʩʝʨʝʜ ʩʫʯʘʩʥʠʭ ʨʦʟʨʦʙʥʠʢʽʚ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟ ʟʥʠʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʨʦʟʨʦʙʢʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʟʥʘʯʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʚʠʨʽʰʫʶʪʴʩʷ ʪʘʢʽ 

ʟʘʚʜʘʥʥʷ: 

¶ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʪʦʨʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʪʘ ʧʨʠʯʠʥʠ ʟʤʽʥʠ ʩʪʘʚʣʝʥʥʷ ʜʦ 
ʦʧʪʠʤʽʟʘʮʽʾ; 

¶ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʟʤʝʥʰʝʥʥʶ ʫʚʘʛʠ ʜʦ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʜʫ; 

¶ ʜʦʩʣʽʜʠʪʠ ʥʘʩʣʽʜʢʠ ʮʽʻʾ ʪʝʥʜʝʥʮʽʾ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʚʘʨʪʦʩʪʽ ʪʘ 
ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ; 

¶ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʧʽʜʭʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʦʻʜʥʘʪʠ ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʦʙʢʠ ʟ 
ʦʧʪʠʤʘʣʴʥʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤ; 

¶ ʩʬʦʨʤʫʣʶʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʟʥʠʞʝʥʥʷ ʫʚʘʛʠ ʜʦ 

ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʩʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʊʝ, ʱʦ ʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʪʦʤʫ ʚʠʤʘʛʘʣʦ ʪʠʞʥʽʚ ʘʙʦ ʤʽʩʷʮʽʚ 

ʨʫʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʨʽʚʥʽ ʘʩʝʤʙʣʝʨʘ, ʩʴʦʛʦʜʥʽ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʢʽʣʴʢʦʤʘ ʨʷʜʢʘʤʠ ʢʦʜʫ ʥʘ ʤʦʚʘʭ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʪʘʢʠʭ ʷʢ Python, JavaScript ʯʠ 
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C#. ɺʠʩʦʢʘ ʰʚʠʜʢʦʜʽʷ ʧʨʦʮʝʩʦʨʽʚ, ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʪʘ 

ʧʦʷʚʘ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʩʪʚʦʨʶʶʪʴ ʽʣʶʟʽʶ ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʨʝʩʫʨʩʽʚ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʦʙʥʠʢʠ ʯʘʩʪʦ ʥʝ ʚʽʜʯʫʚʘʶʪʴ ʧʦʪʨʝʙʠ ʫ ʛʣʠʙʦʢʦʤʫ ʘʥʘʣʽʟʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ, ʘʜʞʝ ʥʘʚʽʪʴ ʥʝʦʧʪʠʤʽʟʦʚʘʥʽ ʨʽʰʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʧʨʠʡʥʷʪʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘ ʩʫʯʘʩʥʠʭ ʤʘʰʠʥʘʭ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʬʦʨʤʫʻ ʢʫʣʴʪʫʨʫ 

çʟʘʡʚʦʾ ʨʦʟʢʦʰʽè ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʩʫʨʩʽʚ, ʢʦʣʠ ʛʦʣʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʫʩʧʽʰʥʦʩʪʽ 

ʚʚʘʞʘʻʪʴʩʷ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, ʘ ʥʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. ɻʨʘʬʽʢ 

ʟʘʣʝʞʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʚʽʜ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1, ʜʝ ʯʽʪʢʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ 

ʚʠʧʝʨʝʜʞʝʥʥʷ ʘʧʘʨʘʪʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʥʘʜ ʨʽʚʥʝʤ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʛʨʘʤ. 

ɼʨʫʛʦʶ ʚʘʛʦʤʦʶ ʧʨʠʯʠʥʦʶ ʻ ʧʦʰʠʨʝʥʥʷ ʚʠʩʦʢʦʨʽʚʥʝʚʠʭ ʬʨʝʡʤʚʦʨʢʽʚ, 

ʽʥʪʝʨʧʨʝʪʘʪʦʨʽʚ ʽ ʛʦʪʦʚʠʭ ʙʽʙʣʽʦʪʝʢ, ʱʦ ʧʨʠʭʦʚʫʶʪʴ ʩʢʣʘʜʥʽ ʥʠʟʴʢʦʨʽʚʥʝʚʽ 

ʧʨʦʮʝʩʠ ʧʽʜ ʧʨʦʩʪʠʤʠ ʽʥʪʝʨʬʝʡʩʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘ ʟʤʝʥʰʫʻ ʧʦʨʽʛ ʚʭʦʜʫ ʫ ʧʨʦʬʝʩʽʶ, ʘʣʝ ʚʦʜʥʦʯʘʩ 

ʚʽʜʜʘʣʷʻ ʧʨʦʛʨʘʤʽʩʪʘ ʚʽʜ ʨʦʟʫʤʽʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʤʝʭʘʥʽʟʤʽʚ ʚʠʢʦʥʘʥʥʷ ʢʦʜʫ. 

ʈʦʟʨʦʙʥʠʢ ʧʝʨʝʩʪʘʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʢʨʠʪʠʯʥʽ ʘʩʧʝʢʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ï 

ʫʧʨʘʚʣʽʥʥʷ ʧʘʤôʷʪʪʶ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ, ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʧʦʪʦʢʽʚ ʪʦʱʦ. ʗʢ 

ʥʘʩʣʽʜʦʢ, ʦʧʪʠʤʽʟʘʮʽʷ ʩʧʨʠʡʤʘʻʪʴʩʷ ʥʝ ʷʢ ʥʝʚʽʜôʻʤʥʘ ʯʘʩʪʠʥʘ ʽʥʞʝʥʝʨʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʘ ʷʢ ʬʘʢʫʣʴʪʘʪʠʚʥʝ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ çʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽè. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʙʦʨʛʫ ʪʘ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʷʢʦʩʪʽ 

ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ. 

 

 
ʈʠʩ.1. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʇʂ ʜʦ ʚʠʤʦʛ ʧʨʦʛʨʘʤ 

 

ʊʨʝʪʽʤ ʯʠʥʥʠʢʦʤ ʻ ʢʦʤʝʨʮʽʡʥʠʡ ʪʠʩʢ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʦʙʢʠ. ɯʊ-ʽʥʜʫʩʪʨʽʷ 

ʚʩʝ ʙʽʣʴʰʝ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʧʦʢʘʟʥʠʢ time-to-market ï ʤʽʥʽʤʽʟʘʮʽʶ ʯʘʩʫ ʤʽʞ ʽʜʝʻʶ 

ʧʨʦʜʫʢʪʫ ʪʘ ʡʦʛʦ ʚʠʭʦʜʦʤ ʥʘ ʨʠʥʦʢ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʛʦʣʦʚʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʩʪʘʻ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʽ ʟʘʜʦʚʦʣʝʥʥʷ ʚʠʤʦʛ ʟʘʤʦʚʥʠʢʘ, ʪʦʜʽ ʷʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʜʫ 

ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʚʪʦʨʠʥʥʝ ʟʘʚʜʘʥʥʷ. ʆʧʪʠʤʽʟʘʮʽʡʥʽ ʝʪʘʧʠ ʯʘʩʪʦ ʚʽʜʢʣʘʜʘʶʪʴʩʷ ʥʘ 

ʧʽʟʥʽʰʽ ʬʘʟʠ ʨʦʟʨʦʙʢʠ, ʘʣʝ ʚ ʨʝʘʣʴʥʠʭ ʧʨʦʻʢʪʘʭ ʮʝ çʧʦʪʽʤè ʟʘʟʚʠʯʘʡ ʥʝ ʥʘʩʪʘʻ 

ʯʝʨʝʟ ʦʙʤʝʞʝʥʽ ʨʝʩʫʨʩʠ, ʜʝʜʣʘʡʥʠ ʪʘ ʢʦʤʝʨʮʽʡʥʽ ʨʠʟʠʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ 
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ʬʦʨʤʫʻʪʴʩʷ ʢʫʣʴʪʫʨʘ çʰʚʠʜʢʦʾ ʨʦʟʨʦʙʢʠè, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʙʦʨʛʫ, ʟʥʠʞʝʥʥʷ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʩʠʩʪʝʤ ʽ ʧʽʜʚʠʱʝʥʥʷ ʚʘʨʪʦʩʪʽ ʾʭ 

ʧʦʜʘʣʴʰʦʛʦ ʩʫʧʨʦʚʦʜʫ. 

ɼʦʜʘʪʢʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʩʠʪʫʘʮʽʶ, ʻ ʥʝʜʦʩʪʘʪʥʷ ʫʚʘʛʘ ʜʦ 

ʧʠʪʘʥʴ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʧʨʦʮʝʩʽ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ. ʋ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʦʩʚʽʪʥʽʭ 

ʧʨʦʛʨʘʤ ʟ ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ ʘʢʮʝʥʪ ʟʤʽʱʫʻʪʴʩʷ ʥʘ ʦʩʚʦʻʥʥʷ ʬʨʝʡʤʚʦʨʢʽʚ ʽ 

ʧʨʠʢʣʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʦʜʽ ʷʢ ʢʫʨʩʠ ʟ ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʩʪʨʫʢʪʫʨ 

ʜʘʥʠʭ ʪʘ ʥʠʟʴʢʦʨʽʚʥʝʚʠʭ ʘʩʧʝʢʪʽʚ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤ ʯʘʩʪʦ ʟʚʝʜʝʥʽ ʜʦ ʤʽʥʽʤʫʤʫ. 

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʤʦʣʦʜʽ ʨʦʟʨʦʙʥʠʢʠ ʚʦʣʦʜʽʶʪʴ ʩʫʯʘʩʥʠʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ, ʘʣʝ ʥʝ ʟʘʚʞʜʠ ʨʦʟʫʤʽʶʪʴ ʧʨʠʥʮʠʧʠ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ 

ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ. 

ʋ ʩʫʢʫʧʥʦʩʪʽ ʟʘʟʥʘʯʝʥʽ ʯʠʥʥʠʢʠ ʬʦʨʤʫʶʪʴ ʪʝʥʜʝʥʮʽʶ, ʢʦʣʠ ʧʨʦʛʨʘʤʥʘ 

ʽʥʞʝʥʝʨʽʷ ʧʦʩʪʫʧʦʚʦ ʚʽʜʜʘʣʷʻʪʴʩʷ ʚʽʜ ʩʚʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʧʨʠʥʮʠʧʫ ï 

ʨʘʮʽʦʥʘʣʴʥʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʩʫʨʩʽʚ. ʇʨʦʪʝ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʠʢʣʠʢʽʚ, ʟʦʢʨʝʤʘ ʨʦʟʚʠʪʢʫ ʤʦʙʽʣʴʥʠʭ, ʭʤʘʨʥʠʭ ʽ ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʧʠʪʘʥʥʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʟʥʦʚʫ ʥʘʙʫʚʘʻ ʘʢʪʫʘʣʴʥʦʩʪʽ. ʆʧʪʠʤʘʣʴʥʠʡ ʢʦʜ ʩʪʘʻ ʥʝ ʣʠʰʝ 

ʪʝʭʥʽʯʥʦʶ, ʘ ʡ ʝʢʦʥʦʤʽʯʥʦʶ ʪʘ ʝʢʦʣʦʛʽʯʥʦʶ ʥʝʦʙʭʽʜʥʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʦʜʽʶ ʩʠʩʪʝʤ ʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʄʦʜʝʣʴ ʦʮʽʥʢʠ ʚʘʞʣʠʚʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ. ɼʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʨʝʩʫʨʩʘʤʠ ʩʠʩʪʝʤʠ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʧʪʠʤʽʟʘʮʽʾ ʚʚʝʜʝʤʦ ʧʦʥʷʪʪʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʚʘʞʣʠʚʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʂopt (1): 

 

                                             ὑ ᶻ                                                    (1) 

 

ʜʝ      Rc ï ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʦʪʦʯʥʠʤ ʨʽʰʝʥʥʷʤ,  

Ra ï ʜʦʧʫʩʪʠʤʝ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ,  

Tc ï ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ,  

Ta  ï ʙʘʞʘʥʠʡ ʘʙʦ ʥʦʨʤʘʪʠʚʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ. 

ʗʢʱʦ Kopt>1, ʩʠʩʪʝʤʘ ʧʨʘʮʶʻ ʧʦʚʽʣʴʥʽʰʝ ʘʙʦ ʩʧʦʞʠʚʘʻ ʙʽʣʴʰʝ ʨʝʩʫʨʩʽʚ, 

ʥʽʞ ʜʦʟʚʦʣʝʥʦ ï ʦʧʪʠʤʽʟʘʮʽʷ ʻ ʥʝʦʙʭʽʜʥʦʶ. 

ʗʢʱʦ Koptå1, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘʜʦʚʽʣʴʥʘ, ʘʣʝ ʤʦʞʣʠʚʽ ʣʦʢʘʣʴʥʽ 

ʧʦʣʽʧʰʝʥʥʷ. ʗʢʱʦ Kopt <1, ʦʧʪʠʤʽʟʘʮʽʷ ʥʝ ʻ ʧʨʽʦʨʠʪʝʪʥʦʶ, ʦʩʢʽʣʴʢʠ ʢʦʜ 

ʧʝʨʝʚʠʱʫʻ ʦʯʽʢʫʚʘʥʥʷ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʜʦʮʽʣʴʥʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʚʚʝʜʝʤʦ ʽʥʜʝʢʩ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʢʠ Ed (2) 

 

                                          Ὁ                                                           (2) 

 

ʜʝ      Qp ï ʧʨʠʨʽʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʽʩʣʷ ʦʧʪʠʤʽʟʘʮʽʾ, 

Ct  ï ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʨʦʟʨʦʙʢʫ,  
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Co ï ʚʠʪʨʘʪʠ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ. 

ʎʝʡ ʧʦʢʘʟʥʠʢ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʜʦʮʽʣʴʥʦ ʽʥʚʝʩʪʫʚʘʪʠ ʯʘʩ ʫ 

ʧʦʢʨʘʱʝʥʥʷ ʢʦʜʫ. ʗʢʱʦ Ed >1, ʦʧʪʠʤʽʟʘʮʽʷ ʚʠʧʨʘʚʜʘʥʘ ʝʢʦʥʦʤʽʯʥʦ ʡ ʪʝʭʥʽʯʥʦ. 

ʋ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʚʠʜʽʣʝʥʦ ʪʘʢʽ ʛʨʫʧʠ ʬʘʢʪʦʨʽʚ: 

¶ ʊʝʭʥʽʯʥʽ: ʦʙʣʘʜʥʘʥʥʷ, ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ, ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

¶ ʆʨʛʘʥʽʟʘʮʽʡʥʽ: ʩʪʨʦʢʠ ʚʠʢʦʥʘʥʥʷ, ʙʶʜʞʝʪ ʧʨʦʻʢʪʫ, ʧʦʣʽʪʠʢʘ ʢʦʤʧʘʥʽʾ. 

¶ ʃʶʜʩʴʢʽ: ʨʽʚʝʥʴ ʢʦʤʧʝʪʝʥʮʽʾ ʧʨʦʛʨʘʤʽʩʪʽʚ, ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʟ 

ʧʨʦʬʘʡʣʝʨʘʤʠ, ʢʫʣʴʪʫʨʘ ʨʦʟʨʦʙʢʠ. 

ʂʦʞʝʥ ʽʟ ʬʘʢʪʦʨʽʚ ʤʘʻ ʩʚʦʶ ʚʘʛʫ ʚʘʞʣʠʚʦʩʪʽ Wi , ʷʢʫ ʤʦʞʥʘ ʦʮʽʥʠʪʠ 

ʝʢʩʧʝʨʪʥʠʤ ʤʝʪʦʜʦʤ (3): 

 

                                   ὡ  
В

                                                              (3) 

 

ʜʝ r i ï ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʟʥʘʯʫʱʦʩʪʽ i-ʛʦ ʬʘʢʪʦʨʘ. 

 ɿʘʛʘʣʴʥʘ ʦʮʽʥʢʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ (4): 

 

                                   Ὓ В ύ Ὧz                                                      (4) 

 

ʜʝ ki ï ʦʮʽʥʢʘ ʨʽʚʥʷ ʥʝʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤ ʬʘʢʪʦʨʦʤ. ʗʢʱʦ S>1, 

ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʜʽʾ ʻ ʢʨʠʪʠʯʥʦ ʥʝʦʙʭʽʜʥʠʤʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʫ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʢʦʜʫ, ʘ ʪʘʢʦʞ ʫ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʩʧʨʠʥʪʽʚ ʫ ʛʥʫʯʢʠʭ 

ʤʝʪʦʜʦʣʦʛʽʷʭ (Agile, Scrum). ɺʦʥʘ ʜʦʧʦʤʘʛʘʻ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʧʦʥʷʪʪʷ 

çʦʧʪʠʤʽʟʘʮʽʷ ʟʘ ʥʝʦʙʭʽʜʥʽʩʪʶè ʪʘ ʚʠʟʥʘʯʠʪʠ, ʢʦʣʠ ʾʾ ʚʘʨʪʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʚʠʪʨʘʪ ʽ ʚʠʛʦʜʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʣʝʥʥʽ ʬʦʨʤʘʣʽʟʦʚʘʥʦʾ ʤʦʜʝʣʽ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʜʦʮʽʣʴʥʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʚʝʜʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʞʣʠʚʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʽʥʜʝʢʩʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʢʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʪʝʭʥʽʯʥʠʤʠ, ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʪʘ ʣʶʜʩʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʧʽʜʭʦʜʽʚ, ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʢʽʣʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʜʽʷʭ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, 

ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʨʘʮʽʦʥʘʣʴʥʦʩʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʫ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ 

ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʻʢʪʽʚ. 

ɺʠʩʥʦʚʢʠ. ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʛʨʘʤʽʩʪʠ ʧʦʩʪʫʧʦʚʦ ʚʪʨʘʪʠʣʠ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʤʠʩʣʶʚʘʪʠʩʷ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʚʦʛʦ ʢʦʜʫ, ʦʩʢʽʣʴʢʠ ʩʫʯʘʩʥʝ 

ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧʝʥʩʫʻ ʙʽʣʴʰʽʩʪʴ ʧʦʤʠʣʦʢ ʜʠʟʘʡʥʫ ʪʘ ʥʝʨʘʮʽʦʥʘʣʴʥʠʭ 

ʨʽʰʝʥʴ. ʇʨʦʪʝ ʥʘʜʤʽʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʠʟʢʠ ʧʨʦʙʣʝʤ, ʩʝʨʝʜ ʷʢʠʭ ï ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʫ 

ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʧʽʜʚʠʱʝʥʥʷ ʚʘʨʪʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʛʨʘʤʥʠʭ 
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ʧʨʦʜʫʢʪʽʚ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʢʦʣʦʛʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʘʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʢʽʣʴʢʽʩʥʦʾ 

ʦʮʽʥʢʠ ʜʦʮʽʣʴʥʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʙʘʣʘʥʩ ʤʽʞ ʚʠʪʨʘʪʘʤʠ ʯʘʩʫ, 

ʨʝʩʫʨʩʽʚ ʽ ʧʦʪʝʥʮʽʡʥʠʤ ʧʨʠʨʦʩʪʦʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʞʣʠʚʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʢʠ 

ʜʘʻ ʟʤʦʛʫ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʜʽʡ ʽ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʫ ʧʨʘʢʪʠʮʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʛʨʘʤʥʠʤʠ ʧʨʦʻʢʪʘʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ ʨʘʮʽʦʥʘʣʴʥʦʩʪʽ ʧʨʦʮʝʩʽʚ 

ʨʦʟʨʦʙʢʠ, ʬʦʨʤʫʚʘʥʥʶ ʢʫʣʴʪʫʨʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ 

ʟʤʝʥʰʝʥʥʶ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʜʣʠʰʢʦʚʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʶʪʴ ʫ ʨʦʟʰʠʨʝʥʥʽ ʤʦʜʝʣʽ ʟʘ ʨʘʭʫʥʦʢ 

ʽʥʪʝʛʨʘʮʽʾ ʤʝʪʨʠʢ ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ 

ʦʧʪʠʤʽʟʘʮʽʡ ʫ ʨʝʘʣʴʥʠʭ ʧʨʦʻʢʪʥʠʭ ʫʤʦʚʘʭ. 
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1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

SMARTY TEMPLATE ENGINE ï ʉʋʏɸʉʅʀʁ ʇɯɼʍɯɼ  

ɼʆ ʈʆɿɼɯʃɽʅʅʗ ʃʆɻɯʂʀ ʊɸ ʈʆɿʄɯʊʂʀ ɺ PHP 

 
ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʦʩʪʽ ʰʘʙʣʦʥʽʟʘʪʦʨʘ Smarty Template Engine ʷʢ 

ʩʫʯʘʩʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʨʦʟʜʽʣʝʥʥʷ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ ʪʘ ʨʦʟʤʽʪʢʠ ʫ ʚʝʙʜʦʜʘʪʢʘʭ. ʅʘʚʝʜʝʥʦ ʧʝʨʝʚʘʛʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ Smarty, ʡʦʛʦ ʩʠʥʪʘʢʩʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʧʨʦʝʢʪʘʭ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʽʥʰʠʤʠ ʰʘʙʣʦʥʽʟʘʪʦʨʘʤʠ (Blade, Twig, Quicky). 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Smarty, ʰʘʙʣʦʥʽʟʘʪʦʨ, PHP, MVC, Twig, Blade, Quicky, ʬʨʦʥʪʝʥʜ. 

 

ɺʩʪʫʧ. ɺʝʙʨʦʟʨʦʙʢʘ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʰʚʠʜʢʦ, ʘ ʥʦʚʽ 

ʬʨʝʡʤʚʦʨʢʠ, ʙʽʙʣʽʦʪʝʢʠ ʪʘ ʦʥʦʚʣʝʥʥʷ PHP ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴ ʧʽʜʭʦʜʠ ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʚʝʙʜʦʜʘʪʢʽʚ. ɺ ʫʤʦʚʘʭ ʪʘʢʦʾ ʜʠʥʘʤʽʢʠ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʻ ʯʽʪʢʝ 

ʨʦʟʜʽʣʝʥʥʷ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ ʪʘ ʨʦʟʤʽʪʢʠ ʚʝʙʩʪʦʨʽʥʦʢ. ʆʜʥʠʤ ʽʟ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʮʴʦʛʦ ʻ Smarty Template Engine ï ʰʘʙʣʦʥʽʟʘʪʦʨ, ʷʢʠʡ ʢʦʤʧʽʣʶʻ HTML, CSS ʪʘ 

JavaScript ʫ ʯʠʩʪʠʡ ʢʝʰʦʚʘʥʠʡ PHP-ʢʦʜ. ʅʘʡʯʘʩʪʽʰʝ ʰʘʙʣʦʥʽʟʘʪʦʨ Smarty 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʘʨʭʽʪʝʢʪʫʨʘʭ MVC ʥʽʞ ʚ ʤʦʥʦʣʽʪʥʠʭ ʘʙʦ ʙʣʦʢʯʝʡʥʦʚʠʭ 

ʘʨʭʽʪʝʢʪʫʨʘʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʧʽʜʪʨʠʤʢʫ ʚʝʣʠʢʠʭ ʧʨʦʝʢʪʽʚ.  

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. Smarty ï ʮʝ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʰʘʙʣʦʥʽʟʘʪʦʨ, ʷʢʽʡ 

ʧʽʜʪʨʠʤʫʻ ʤʘʩʰʪʘʙʦʚʘʥʽ ʧʨʦʝʢʪʠ, ʤʘʻ ʧʦʪʫʞʥʫ ʩʠʩʪʝʤʫ ʧʣʘʛʽʥʽʚ ʽ ʨʦʟʰʠʨʝʥʴ. 

ɻʦʣʦʚʥʘ ʽʜʝʷ ʚʠʢʦʨʠʩʪʘʥʥʷ Smarty ʧʦʣʷʛʘʻ ʫ ʯʽʪʢʦʤʫ ʨʦʟʜʽʣʝʥʥʽ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ ʪʘ 

ʨʦʟʤʽʪʢʠ ʫ ʚʝʙʜʦʜʘʪʢʘʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʯʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʢʦʜʫ ʽ 

ʩʧʨʦʱʫʻ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʨʦʝʢʪʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ Smarty ʨʦʟʨʦʙʥʠʢ ʤʦʞʝ 

ʬʦʨʤʫʚʘʪʠ ʽʥʪʝʨʬʝʡʩʠ ʟ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʘʚʪʦʤʘʪʠʯʥʦ ʢʝʰʫʚʘʪʠ ʰʘʙʣʦʥʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʙʝʟ 

ʟʤʽʰʫʚʘʥʥʷ ʣʦʛʽʢʠ. ɼʦ ʟʘʛʘʣʴʥʠʭ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʘʙʣʦʥʽʟʘʪʦʨʘ Smarty 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

- ʘʚʪʦʢʝʰʫʚʘʥʥʷ ï ʰʘʙʣʦʥʠ ʢʦʤʧʽʣʶʶʪʴʩʷ ʦʜʠʥ ʨʘʟ, ʱʦ ʧʨʠʩʢʦʨʶʻ ʨʦʙʦʪʫ; 

- ʛʥʫʯʢʽʩʪʴ ï ʣʝʛʢʦ ʽʥʪʝʛʨʫʻʪʴʩʷ ʫ MVC-ʩʪʨʫʢʪʫʨʫ; 

- ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ï ʧʽʜʪʨʠʤʢʘ ʧʣʘʛʽʥʽʚ, ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ; 

- ʙʝʟʧʝʢʫ ï ʘʚʪʦʤʘʪʠʯʥʝ ʝʢʨʘʥʫʚʘʥʥʷ ʟʘʭʠʱʘʻ ʚʽʜ XSS ʪʘ HTML-ʽʥôʻʢʮʽʡ; 

- ʤʦʜʫʣʴʥʽʩʪʴ ï ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʢʦʜʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʘʙʣʦʥʽʟʘʪʦʨʘ Smarty ʚ ʨʽʟʥʠʭ ʧʨʦʝʢʪʘʭ ʤʦʞʝ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʥʘʩʪʫʧʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʢʝʡʩʘʭ: 

1. ɯʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʠ (ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʧʠʩʢʽʚ ʪʦʚʘʨʽʚ, ʨʦʙʦʪʘ ʟ ʬʽʣʴʪʨʘʤʠ, 

ʧʘʛʽʥʘʮʽʻʶ ʪʘ ʢʝʰʫʚʘʥʥʷʤ ʦʢʨʝʤʠʭ ʙʣʦʢʽʚ). Smarty ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ 

ʢʝʨʫʚʘʪʠ ʧʦʚʪʦʨʶʚʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʧʨʠʩʢʦʨʶʚʘʪʠ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʦʢ. 
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2. ʊʝʤʠ ʪʘ ʰʘʙʣʦʥʠ ʜʣʷ CMS ʘʙʦ ñwhite-labelò ʧʨʦʜʫʢʪʽʚ (ʦʜʥʘ ʢʦʜʦʚʘ ʙʘʟʘ 

ʤʦʞʝ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʢʽʣʴʢʘ ʙʨʝʥʜʽʚ ʘʙʦ ʧʨʦʝʢʪʽʚ ʦʜʥʦʯʘʩʥʦ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʛʥʫʯʢʽʩʪʴ ʽ ʤʦʞʣʠʚʽʩʪʴ ʣʝʛʢʦ ʟʤʽʥʶʚʘʪʠ ʚʠʛʣʷʜ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʩʘʡʪʫ). 

3. ʇʝʨʩʦʥʘʣʴʥʽ ʢʘʙʽʥʝʪʠ SaaS (ʜʘʰʙʦʨʜʠ ʟ ʨʽʟʥʠʤʠ ʨʦʣʷʤʠ ʪʘ ʧʨʘʚʘʤʠ 
ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʽʚ). Smarty ʩʧʨʦʱʫʻ ʦʨʛʘʥʽʟʘʮʽʶ ʫʤʦʚʥʦʛʦ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʨʽʟʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

4. ɻʝʥʝʨʘʮʽʷ email-ʣʠʩʪʽʚ (ʰʘʙʣʦʥʠ ʜʣʷ ʪʨʘʥʟʘʢʮʽʡʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, 

ʟʘʤʦʚʣʝʥʴ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʘʨʦʣʷ). Smarty ʜʦʧʦʤʘʛʘʻ ʨʦʟʜʽʣʷʪʠ 

ʦʬʦʨʤʣʝʥʥʷ ʣʠʩʪʽʚ ʫ HTML ʪʘ ʪʝʢʩʪʦʚʦʤʫ ʬʦʨʤʘʪʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʙʣʦʢʽʚ. 

5. ʄʫʣʴʪʠʤʦʚʥʽʩʪʴ ʪʘ ʣʦʢʘʣʽʟʘʮʽʷ (ʧʽʜʪʨʠʤʢʘ ʽʥʪʝʨʬʝʡʩʽʚ ʟ ʧʝʨʝʢʣʘʜʘʤʠ ʪʘ 
ʬʦʨʤʘʪʘʤʠ ʜʘʪ ʽ ʚʘʣʶʪ). Smarty ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʘʜʘʧʪʫʚʘʪʠ ʢʦʥʪʝʥʪ ʧʽʜ 

ʨʽʟʥʽ ʤʦʚʠ ʽ ʨʝʛʽʦʥʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ. 

6. A/B-ʪʝʩʪʫʚʘʥʥʷ ʚ UI (ʧʦʢʘʟ ʨʽʟʥʠʭ ʚʝʨʩʽʡ ʦʜʥʦʛʦ ʙʣʦʢʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʟʙʦʨʫ ʘʥʘʣʽʪʠʢʠ). Smarty ʜʦʧʦʤʘʛʘʻ ʣʝʛʢʦ ʢʝʨʫʚʘʪʠ 

ʚʘʨʽʘʥʪʘʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷ. 

7. ʂʦʤʧʦʥʝʥʪʥʠʡ ʧʽʜʭʽʜ ʫ ʚʝʣʠʢʠʭ ʧʨʦʝʢʪʘʭ (ʙʘʛʘʪʦʨʘʟʦʚʽ ʝʣʝʤʝʥʪʠ 

ʽʥʪʝʨʬʝʡʩʫ, ʪʘʢʽ ʷʢ ʢʥʦʧʢʠ, ʤʝʥʶ ʘʙʦ ʢʘʨʪʢʠ, ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʽ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʩʘʡʪʫ). 

8. ʉʝʨʚʝʨʥʠʡ ʨʝʥʜʝʨʠʥʛ ʜʣʷ SPA/SSR ʛʽʙʨʠʜʽʚ (ʧʝʨʰʠʡ ʨʝʥʜʝʨ HTML ʽʟ 
ʚʙʫʜʦʚʘʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʬʨʦʥʪʝʥʜʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʝ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʩʪʦʨʽʥʦʢ ʽ ʧʦʢʨʘʱʫʻ SEO). 

9. ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʯʝʨʝʟ ʢʝʰʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʙʣʦʢʽʚ. Smarty 
ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʯʘʩʪʦ ʧʦʚʪʦʨʶʚʘʥʽ ʝʣʝʤʝʥʪʠ ʩʪʦʨʽʥʢʠ ʚ ʢʝʰʽ, ʱʦ ʟʥʘʯʥʦ 

ʧʨʠʩʢʦʨʶʻ ʨʦʙʦʪʫ ʩʘʡʪʫ. 

10. ʈʝʬʘʢʪʦʨʠʥʛ ʣʝʛʘʩʽ-ʧʨʦʝʢʪʽʚ (ʧʝʨʝʥʝʩʝʥʥʷ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ ʫ PHP, 

ʟʘʣʠʰʘʶʯʠ ʫ ʰʘʙʣʦʥʘʭ ʣʠʰʝ ʨʦʟʤʽʪʢʫ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʩʪʘʚʢʘʤʠ ʜʘʥʠʭ, 

ʱʦ ʨʦʙʠʪʴ ʢʦʜ ʯʠʩʪʽʰʠʤ ʽ ʣʝʛʰʠʤ ʜʣʷ ʧʽʜʪʨʠʤʢʠ). 

ʉʠʥʪʘʢʩʠʩ c ʧʨʦʩʪʠʡ ʪʘ ʟʨʦʟʫʤʽʣʠʡ ʪʘ ʻ ʧʦʜʽʙʥʠʤ ʜʦ ʽʥʰʠʭ ʰʘʙʣʦʥʽʟʘʪʦʨʽʚ, 

ʪʘʢʠʭ ʷʢ Blade, Twig, Quicky (ʨʠʩ. 1).  

Blade:   

 
Quicky: 

 
Twig: 
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Smarty:  

 
ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʰʘʙʣʦʥʽʟʘʪʦʨʽʚ ʫ ʢʦʜʽ PHP 

 

Blade ï ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʫ ʤʝʞʘʭ ʬʨʝʡʤʚʦʨʢʫ Laravel, ʧʨʦʪʝ 

ʦʙʤʝʞʝʥʠʡ ʧʦʟʘ ʥʠʤ. Twig ʤʘʻ ʩʪʨʦʛʠʡ ʩʠʥʪʘʢʩʠʩ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʙʝʟʧʝʢʫ, ʘʣʝ 

ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ Smarty ʤʝʥʰʝ ʛʥʫʯʢʠʡ. Quicky ï ʰʚʠʜʢʠʡ ʽ ʣʝʛʢʠʡ, ʦʜʥʘʢ ʤʘʻ 

ʦʙʤʝʞʝʥʫ ʨʦʟʰʠʨʶʚʘʥʽʩʪʴ ʜʣʷ ʩʢʣʘʜʥʠʭ ʧʨʦʝʢʪʽʚ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ʫ Smarty 

ʤʦʞʥʘ ʛʥʫʯʢʦ ʧʦʻʜʥʫʚʘʪʠ HTML ʽʟ ʰʘʙʣʦʥʥʠʤʠ ʪʝʛʘʤʠ. (ʨʠʩ. 2).  

 

 
ʈʠʩ. 2. ɿʨʘʟʦʢ ʩʠʥʪʘʢʩʠʩʫ ʰʘʙʣʦʥʽʟʘʪʦʨʘ Smarty  

 

ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʰʘʙʣʦʥʽʟʘʪʦʨʫ ʥʘ ʩʪʦʨʽʥʮʽ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 3. 

 

 
ʈʠʩ. 3. ɺʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʨʦʙʦʪʠ ʰʘʙʣʦʥʽʟʘʪʦʨʽʚ  

ʥʘ ʩʪʦʨʽʥʮʽ ʢʦʨʠʩʪʫʚʘʯʘ 

 

ɺʠʩʥʦʚʢʠ. Smarty Template Engine ʻ ʧʦʪʫʞʥʠʤ ʽ ʛʥʫʯʢʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʣʦʛʽʢʠ ʪʘ ʨʦʟʤʽʪʢʠ ʫ ʚʝʙʜʦʜʘʪʢʘʭ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ 
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ʰʘʙʣʦʥʽʟʘʪʦʨʽʚ, ʚʽʥ ʤʘʻ ʰʠʨʰʽ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʚʝʣʠʢʠʭ ʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ʁʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ, 

ʩʧʨʦʩʪʠʪʠ ʩʪʨʫʢʪʫʨʫ ʢʦʜʫ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ. 

 
ʇɽʈɽʃɯʂ ʇʆʉʀʃɸʅʔ 
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ɹ.ɯ. ʄʦʨʦʟ1, ɺ.ɺ. ɭʨʤʘʢʦʚ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʋʇʈɸɺʃɯʅʅʗ ʆʈɻɸʅɯɿɸʎɯɭʖ ʆɹʈʆɹʂʀ ʇʆɺɯɼʆʄʃɽʅʔ  

ɺ OLAP ʉʀʉʊɽʄɸʍ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʮʽʡ ʧʫʙʣʽʢʘʮʽʾ ʦʧʠʩʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʩʣʽʜʥʠʮʴʢʫ ʧʨʦʛʨʘʤʫ ʟ 

ʧʨʽʦʨʠʪʝʪʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʽʜʦʤʣʝʥʴ ʜʣʷ OLAP-pipelineôʽʚ ʧʽʜ ʯʘʩ ʩʧʣʝʩʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʄʠ 

ʧʨʦʧʦʥʫʻʤʦ cross-layer çʜʠʩʮʠʧʣʽʥʫ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷè, ʷʢʘ ʩʠʥʭʨʦʥʽʟʫʻ 

ʧʨʠʡʦʤ ʙʨʦʢʝʨʽʚ, ETL micro-batching, ʧʣʘʥʫʚʘʥʥʷ ʟʘʧʠʩʫ OLAP ʪʘ ʟʘʧʦʚʥʝʥʥʷ ʚ ʥʝʧʽʢʦʚʽ 

ʛʦʜʠʥʠ. ʄʠ ʬʦʨʤʘʣʽʟʫʻʤʦ ʧʨʦʙʣʝʤʫ ʢʨʠʪʠʯʥʦʛʦ ʟʘ ʯʘʩʦʤ ʧʨʠʡʦʤʫ, ʜʝ ʮʽʥʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ 

ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ ʟʘʪʨʠʤʢʦʶ. ʑʦʙ ʜʽʟʥʘʪʠʩʷ ʧʨʦ ʦʧʝʨʘʮʽʡʥʽ ʧʨʽʦʨʠʪʝʪʠ ʟ ʬʘʢʪʠʯʥʦʛʦ ʚʧʣʠʚʫ 

ʨʽʰʝʥʴ, ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʘʜʠʮʽʡʥʦʤʫ ʢʨʠʪʝʨʽʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ çʮʽʥʥʽʩʪʴ ʽ ʩʪʘʨʽʥʥʷè ʪʘ 

ʨʦʟʰʠʨʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʡʪʠʥʛʫ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ [1,2,3]. ʄʠ ʥʘʜʘʻʤʦ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʦʙʣʝʤʠ, ʧʣʘʥ ʨʦʙʦʪʠ, ʪʘʢʩʦʥʦʤʽʶ ʪʝʨʤʽʥʦʚʦʩʪʽ ʜʣʷ ʧʨʦʮʝʜʫʨ ETL ʪʘ ʦʯʽʢʫʚʘʥʽ ʧʨʘʢʪʠʯʥʽ ʪʘ 

ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: OLAP, ETL, ʧʣʘʥʫʚʘʥʥʷ ʧʨʠʡʦʤʫ, ʢʦʥʪʨʦʣʴʦʚʘʥʘ ʜʠʩʮʠʧʣʽʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʮʽʥʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʩʪʘʨʽʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ, ʪʝʨʤʽʥʠ, ʤʘʰʠʥʥʝ 

ʥʘʚʯʘʥʥʷ. 

 

ɺʩʪʫʧ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʮʽʡ ʧʫʙʣʽʢʘʮʽʾ ʦʧʠʩʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʜʦʩʣʽʜʥʠʮʴʢʫ ʧʨʦʛʨʘʤʫ ʟ ʧʨʽʦʨʠʪʝʪʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʽʜʦʤʣʝʥʴ ʜʣʷ OLAP-

ʢʦʥʚʝʻʨʽʚ ʧʽʜ ʯʘʩ ʩʧʣʝʩʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʄʠ ʧʨʦʧʦʥʫʻʤʦ cross-layer 

çʜʠʩʮʠʧʣʽʥʫ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷè, ʷʢʘ ʩʠʥʭʨʦʥʽʟʫʻ ʜʦʧʫʩʢ 

ʙʨʦʢʝʨʽʚ, ETL micro-batching, ʧʣʘʥʫʚʘʥʥʷ ʟʘʧʠʩʫ OLAP ʪʘ ʟʘʧʦʚʥʝʥʥʷ ʚ ʥʝʧʽʢʦʚʽ 

ʛʦʜʠʥʠ. ʄʠ ʬʦʨʤʘʣʽʟʫʻʤʦ ʧʨʦʙʣʝʤʫ ʢʨʠʪʠʯʥʦʛʦ ʟʘ ʯʘʩʦʤ ʧʨʠʡʦʤʫ, ʜʝ ʮʽʥʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ ʟʘʪʨʠʤʢʦʶ. ʑʦʙ ʜʽʟʥʘʪʠʩʷ ʧʨʦ ʦʧʝʨʘʮʽʡʥʽ ʧʨʽʦʨʠʪʝʪʠ 

ʟ ʬʘʢʪʠʯʥʦʛʦ ʚʧʣʠʚʫ ʨʽʰʝʥʴ, ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʘʜʠʮʽʡʥʦʤʫ ʢʨʠʪʝʨʽʾ ʦʙʨʦʙʢʠ 
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ʽʥʬʦʨʤʘʮʽʾ çʮʽʥʥʽʩʪʴ ʽ ʩʪʘʨʽʥʥʷè [1,2] ʽ ʨʦʟʰʠʨʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʡʪʠʥʛʫ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʄʠ ʥʘʜʘʻʤʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʙʣʝʤʠ, ʧʣʘʥ ʨʦʙʦʪʠ, 

ʪʘʢʩʦʥʦʤʽʶ ʪʝʨʤʽʥʦʚʦʩʪʽ ʜʣʷ ʧʨʦʮʝʜʫʨ ETL ʪʘ ʦʯʽʢʫʚʘʥʽ ʧʨʘʢʪʠʯʥʽ ʪʘ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ. 

ʅʝ ʽʩʥʫʻ ʢʦʤʧʣʝʢʩʥʦʾ ʜʠʩʮʠʧʣʽʥʠ ʧʨʠʡʦʤʫ ʜʘʥʠʭ, ʱʦ ʚʨʘʭʦʚʫʻ ʮʽʥʥʽʩʪʴ ʪʘ 

ʪʝʨʤʽʥʠ, ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʾ ʜʣʷ OLAP-ʢʦʥʚʝʻʨʽʚ, ʷʢʘ ʙ ʩʧʽʣʴʥʦ ʢʝʨʫʚʘʣʘ 

ʜʦʧʫʩʢʦʤ ʙʨʦʢʝʨʽʚ, ʨʦʟʤʽʨʘʤʠ ʤʽʢʨʦʧʘʨʪʽʡ ETL, ʧʦʨʷʜʢʦʤ ʟʘʧʠʩʫ ʚ ʧʨʠʡʤʘʯ ʪʘ 

ʪʠʩʢʦʤ ʟʣʠʪʪʷ ʫ ʬʦʥʦʚʦʤʫ ʨʝʞʠʤʽ [4,5]. ʎʷ ʧʨʦʛʘʣʠʥʘ ʻ ʤʦʪʠʚʘʮʽʻʶ ʜʣʷ 

ʧʨʦʛʨʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʩʥʦʚʘʥʦʾ ʥʘ ʪʨʘʜʠʮʽʡʥʠʭ ʢʦʥʮʝʧʮʽʷʭ çʮʽʥʥʦʩʪʽ ʪʘ 

ʩʪʘʨʽʥʥʷè ʪʘ ʨʦʟʰʠʨʝʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʚʯʘʥʥʷ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ [6,7]. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʈʦʟʛʣʷʜʘʻʤʦ ʧʦʪʽʢ ʧʦʚʽʜʦʤʣʝʥʴ (ʘʙʦ 

ʤʽʢʨʦʧʘʢʝʪʽʚ), ʧʨʦʥʫʤʝʨʦʚʘʥʠʭ ʽʥʜʝʢʩʦʤ i. ʂʦʞʥʝ ʤʘʻ: 

¶ ʨʦʟʤʽʨ ί (ʫ ʙʘʡʪʘʭ ʯʠ ʨʷʜʢʘʭ), 

¶ ʚʘʛʫ ʮʽʥʥʦʩʪʽ ὺ π (ʙʽʟʥʝʩ-ʢʦʨʠʩʪʴ), 

¶ ʜʝʜʣʘʡʥ/SLA Ὠ (ʚʽʜʥʦʩʥʦ ʯʘʩʫ ʩʪʚʦʨʝʥʥʷ ʘʙʦ ʥʘʜʭʦʜʞʝʥʥʷ), 

¶ ʢʣʘʩ/ʪʝʤʫ Ὧ (ʥʘʧʨʠʢʣʘʜ, purchase, ad-view, session, debug). 

ʅʝʭʘʡ ὸ ï ʯʘʩ ʬʽʢʩʘʮʽʾ (commit) ʫ OLAP-ʩʭʦʚʠʱʽ. ɺʘʨʪʽʩʪʴ çʩʪʘʨʽʥʥʷè 

(staleness) ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʥʮʠʧʫ ʮʽʥʥʦʩʪʽ/ʩʪʘʨʽʥʥʷ ʉʚʽʨʽʜʦʚʘïʄʦʨʦʟʘ [1]: 

ʢʦʨʠʩʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʯʘʩʦʤ; ʧʨʠʡʤʘʻʤʦ ʦʧʫʢʣʫ ʤʦʜʝʣʴ ʰʪʨʘʬʫ 

ʟʘ ʟʘʧʽʟʥʝʥʥʷ [13,14]: 

 

ὅ ὺ ÍzÁØπȟὸ Ὠ ȟὥ ρ                                                           (1) 

 

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʽʥʞʝʩʪʫ ‘ὸ i ʦʙʤʝʞʝʥʘ ʡ ʟʤʽʥʶʻʪʴʩʷ ʚ ʯʘʩʽ; 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʴ ‗ὸ ï çʧʽʢʦʚʘè. ʄʝʪʘ: ʟʥʘʡʪʠ ʦʥʣʘʡʥ-ʧʦʣʽʪʠʢʫ 

ʧʣʘʥʫʚʘʥʥʷ/ʜʦʧʫʩʢʫ “ , ʱʦ ʤʽʥʽʤʽʟʫʻ  

 
Вὅ                                                                                                            (2)  

 

ʟʘ ʦʙʤʝʞʝʥʴ ʥʘ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʩʧʨʘʚʝʜʣʠʚʽʩʪʴ ʤʽʞ ʦʨʝʥʜʘʨʷʤʠ (tenants), 

ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʦʧʝʨʘʮʽʡʥʽ ʚʠʤʦʛʠ (ʽʜʝʤʧʦʪʝʥʪʥʽʩʪʴ, ʜʝʜʫʧʣʽʢʘʮʽʷ, ʙʶʜʞʝʪʠ 

ʟʣʠʪʪʽʚ). 

ʊʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ: çʎʽʥʥʽʩʪʴ ʽ ʩʪʘʨʽʥʥʷè ʪʘ ʢʝʨʦʚʘʥʘ ʜʠʩʮʠʧʣʽʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʄʠ ʨʦʟʛʣʷʜʘʻʤʦ ʽʥʬʦʨʤʘʮʽʶ ʷʢ ʩʫʪʥʽʩʪʴ, ʯʠʷ ʮʽʥʥʽʩʪʴ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ çʩʪʘʨʽʥʥʷʤè, ʟʛʽʜʥʦ ʟ ɺ. ʉʚʽʨʽʜʦʚʠʤ ʽ ɹ. ʄʦʨʦʟʦʤ [1,2]; ʦʙʨʦʙʢʘ 

ʤʘʻ ʧʣʘʥʫʚʘʪʠʩʴ ʪʘʢ, ʱʦʙ ʟʘ ʨʝʩʫʨʩʥʠʭ ʦʙʤʝʞʝʥʴ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʟʙʝʨʝʞʝʥʫ 

ʮʽʥʥʽʩʪʴ. ʎʝ ʧʝʨʝʚʦʜʠʪʴʩʷ ʫ ʢʝʨʦʚʘʥʫ ʜʠʩʮʠʧʣʽʥʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʜʝ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʪʘ ʜʦʧʫʩʢ ʥʘʚʘʥʪʘʞʝʥʴ ʨʝʛʫʣʶʶʪʴʩʷ ʡ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʶʪʴʩʷ ʟʘ 

ʩʪʘʥʦʤ ʩʠʩʪʝʤʠ, ʜʝʜʣʘʡʥʘʤʠ ʪʘ ʚʠʤʽʨʷʥʦʶ ʮʽʥʥʽʩʪʶ [6,7,12]. ɼʣʷ OLAP-ʽʥʞʝʩʪʫ 

ʮʝ ʦʟʥʘʯʘʻ: 

¶ ʧʨʽʦʨʠʪʠʟʘʮʽʶ ʯʝʨʛ ʟʘ ʮʽʥʥʽʩʪʶ * ʪʝʨʤʽʥʦʚʽʩʪʶ, 
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¶ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʚʘʥʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʨʦʟʤʽʨʠ ʤʽʢʨʦʧʘʢʝʪʽʚ) ʽ ʰʚʠʜʢʦʩʪʝʡ 

(token-bucket), 

¶ ʚʽʜʪʝʨʤʽʥʫʚʘʥʥʷ ʘʙʦ ʧʨʠʙʣʠʟʥʫ ʦʙʨʦʙʢʫ ʥʠʟʴʢʦʮʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʽʜ ʯʘʩ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, 

¶ ʬʦʨʤʫʚʘʥʥʷ ʬʦʥʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʟʣʠʪʪʷ/ʢʦʤʧʘʢʮʽʾ) ʥʘ ʥʝʧʽʢʦʚʽ 

ʚʽʢʥʘ. 

ʎʝ ʫʟʘʛʘʣʴʥʶʻ ʢʣʘʩʠʯʥʽ ʜʠʩʮʠʧʣʽʥʠ (FIFO, ʩʫʚʦʨʘ ʧʨʽʦʨʠʪʝʟʘʮʽʷ, EDF), 

ʜʦʜʘʶʯʠ ʢʝʨʫʚʘʥʥʷ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ ʽ ʥʘʚʯʫʚʘʥʽ ʩʠʛʥʘʣʠ ʧʨʽʦʨʠʪʠʟʘʮʽʾ ʧʨʠ 

ʜʦʪʨʠʤʘʥʥʽ ʢʨʠʪʝʨʽʾʚ ʮʽʥʥʦʩʪʽ ʪʘ ʩʪʘʨʽʥʥʷ ʜʘʥʠʭ. 

ʂʦʥʪʝʢʩʪ ETL ʪʘ ʪʘʢʩʦʥʦʤʽʷ ʪʝʨʤʽʥʦʚʦʩʪʽ. ʇʨʘʢʪʠʯʥʠʡ OLAP-ʢʦʥʚʝʻʨ 

(ʥʘʧʨ., Kafka -> ETL consumers -> ClickHouse) ʤʘʻ ʦʢʨʝʤʽ ʢʣʘʩʠ ʪʝʨʤʽʥʦʚʦʩʪʽ: 

¶ ɺʠʩʦʢʠʡ ʧʨʽʦʨʠʪʝʪ (HP): ʧʦʢʫʧʢʠ, ʩʪʘʪʫʩ ʦʧʣʘʪ, ʧʨʠʟʥʘʯʝʥʥʷ/ʝʢʩʧʦʟʠʮʽʷ 

A/B, ʘʥʪʠʬʨʦʜ-ʧʦʜʽʾ, ʢʣʶʯʦʚʽ ʣʽʯʠʣʴʥʠʢʠ KPI. 

¶ ʉʝʨʝʜʥʽʡ ʧʨʽʦʨʠʪʝʪ (MP): ʤʘʡʞʝ-ʨʝʘʣʴʥʽ ʘʛʨʝʛʘʪʠ ʩʝʩʽʡ, ʦʥʦʚʣʝʥʥʷ 

ʨʝʪʝʥʰʥʫ D0/D1, ʚʠʨʫʯʢʘ ʟʘ ʢʦʛʦʨʪʘʤʠ. 

¶ ʅʠʟʴʢʠʡ ʧʨʽʦʨʠʪʝʪ (LP): ʙʘʛʘʪʘ ʪʝʣʝʤʝʪʨʽʷ, debug-ʣʦʛʠ, ʧʦʚʥʽ çʩʠʨʽè 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʦʬʣʘʡʥ-ʘʥʘʣʽʟʫ. 

ɽʪʘʧʠ ETL ï extract (ʩʧʦʞʠʚʘʥʥʷ ʟ ʙʨʦʢʝʨʘ), transform (ʜʝʜʫʧʣʽʢʘʮʽʷ, 

ʟʙʘʛʘʯʝʥʥʷ, ʚʽʢʥʘ), load (ʧʘʢʝʪʥʽ ʚʩʪʘʚʢʠ, ʟʣʠʪʪʷ) ï ʢʦʞʝʥ ʜʦʜʘʻ ʣʘʪʝʥʪʥʽʩʪʴ ʽ 

ʢʦʥʢʫʨʝʥʮʽʶ ʟʘ ʨʝʩʫʨʩʠ. ʇʽʢʠ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʜʽʫʨʥʘʣʴʥʽ ʧʘʪʝʨʥʠ ʪʘ ʥʘʢʣʘʜʘʥʥʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʟʣʠʪʪʷ, ʱʦ ʟʙʽʛʘʶʪʴʩʷ ʟ ʽʥʞʝʩʪʦʤ) [10,11]. ɹʝʟ 

ʢʝʨʫʚʘʥʥʷ ʜʘʥʽ HP ʧʦʨʫʰʫʶʪʴ SLA, ʪʦʜʽ ʷʢ ʥʠʟʴʢʦʮʽʥʥʽ ʧʦʪʦʢʠ ʩʧʦʞʠʚʘʶʪʴ 

ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʙʶʜʞʝʪʠ ʟʣʠʪʪʽʚ [4,5,10]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ. ʂʨʦʩ-ʰʘʨʦʚʘ ʢʝʨʦʚʘʥʘ ʜʠʩʮʠʧʣʽʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

1. ɼʦʧʫʩʢ ʽ ʯʝʨʛʠ. ʈʦʟʜʽʣʷʻʤʦ ʟʘ ʧʨʽʦʨʠʪʝʪʘʤʠ (HP/MP/LP) ʘʙʦ ʧʽʜʪʨʠʤʫʻʤʦ 
ʻʜʠʥʫ ʯʝʨʛʫ ʟ ʧʝʨ-ʝʣʝʤʝʥʪʥʠʤʠ ʙʘʣʘʤʠ. ɿʘʩʪʦʩʦʚʫʻʤʦ token-bucket ʥʘ ʢʣʘʩ 

ʽ ʟʚʘʞʝʥʝ ʩʧʨʘʚʝʜʣʠʚʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (WFQ), ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʛʦʣʦʜʫʚʘʥʥʶ 

[6,7,12]. 

2. ML-ʦʮʽʥʢʘ ʚʘʞʣʠʚʦʩʪʽ. ɼʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ i, ʦʙʯʠʩʣʶʻʤʦ 

 

ίὧέὶὩÆʃὼ ÇzίὰὥὧὯȾίὭᾀὩ                                                        (3) 

 

ʜʝ Æʃ ʧʨʦʛʥʦʟʫʻ ʚʧʣʠʚ ʥʘ ʨʽʰʝʥʥʷ (ʡʤʦʚʽʨʥʽʩʪʴ, ʱʦ ʝʣʝʤʝʥʪ ʚʧʣʠʥʝ ʥʘ 
ʘʣʝʨʪʠ/ʜʘʰʙʦʨʜʠ ʚ ʧʝʚʥʦʤʫ ʛʦʨʠʟʦʥʪʽ), ÇϽ ʟʨʦʩʪʘʻ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʟʘʧʘʩʫ ʜʦ 

ʜʝʜʣʘʡʥʫ (slack), ʘ ίὭᾀὩ ʰʪʨʘʬʫʻ ʜʦʨʦʛʽ ʧʘʢʝʪʠ (ʧʨʠʥʮʠʧ WSJF) [7]. ʉʪʘʨʪ ï  

ʛʨʘʜʽʻʥʪʥʽ ʙʫʩʪʠʥʛʠ; ʨʦʟʰʠʨʝʥʥʷ ï learning-to-rank. 

3. ʄʽʢʨʦʧʘʢʝʪʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʜʣʘʡʥʽʚ. ɼʣʷ HP ï ʤʝʥʰʽ ʧʘʨʪʽʾ, ʱʦʙ 

ʟʤʝʥʰʠʪʠ commit-ʣʘʪʝʥʪʥʽʩʪʴ; ʜʣʷ MP/LP ï ʫʢʨʫʧʥʝʥʥʷ ʧʘʨʪʽʡ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ [12]. 

4. ʇʣʘʚʥʘ ʜʝʛʨʘʜʘʮʽʷ. ʇʽʜ ʯʘʩ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʟʘʩʪʦʩʦʚʫʡʪʝ approx-first, exact-

later: ʟʘʧʠʩ ʩʢʝʪʯʽʚ/ʘʛʨʝʛʘʪʽʚ ʜʣʷ LP, ʟʙʝʨʝʞʝʥʥʷ raw ʚ ʦʙôʻʢʪʥʝ ʩʭʦʚʠʱʝ ʪʘ 

ʙʝʢʬʽʣ ʪʦʯʥʠʭ ʨʷʜʢʽʚ ʫ çʜʦʣʠʥʘʭè ʥʘʚʘʥʪʘʞʝʥʥʷ [9,10]. 
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5. ʌʦʨʤʫʚʘʥʥʷ ʟʣʠʪʪʽʚ/ʢʦʤʧʘʢʮʽʡ (OLAP-ʩʭʦʚʠʱʝ). ʆʙʤʝʞʫʡʪʝ ʧʘʨʘʣʝʣʴʥʽ 

ʟʣʠʪʪʷ, ʨʝʟʝʨʚʫʡʪʝ ʬʦʥʦʚʠʡ ʙʶʜʞʝʪ ʜʣʷ HP-ʪʘʙʣʠʮʴ; ʚʘʞʢʽ ʟʣʠʪʪʷ 

ʧʝʨʝʥʦʩʽʪʴ ʥʘ ʛʦʜʠʥʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [10,11]. 

ʄʝʪʨʠʢʠ ʪʘ ʦʙʤʝʞʝʥʥʷ. 

ʇʨʽʦʨʠʪʝʪʥʦ ʟʚʘʞʝʥʝ ʟʘʧʽʟʥʝʥʥʷ:  
 

Вὺάὥὼπȟὸ Ὠ . [1,2,3]                                                                     (4) 
 

HP SLO hit-rate, ʜʦʚʞʠʥʘ ʯʝʨʛʠ, ʯʘʩʪʢʘ ʚʪʨʘʪ, write amplification, CPU/I/O 

ʥʘ 1 ɻɹ ʽʥʞʝʩʪʫ. [12] 

ʉʧʨʘʚʝʜʣʠʚʽʩʪʴ: ʥʠʞʥʽ ʤʝʞʽ ʧʨʦʧʫʩʢʫ ʜʣʷ MP/LP, ʱʦʙ ʫʥʠʢʥʫʪʠ 

ʛʦʣʦʜʫʚʘʥʥʷ; ʢʚʦʪʠ ʦʨʝʥʜʘʨʽʚ. [12] 

ʈʦʙʦʯʠʡ ʧʣʘʥ 

1. ʃʽʪʝʨʘʪʫʨʘ ʡ ʤʦʜʝʣʴ. ʌʦʨʤʘʣʽʟʫʚʘʪʠ ʚʘʨʪʽʩʪʴ ʩʪʘʨʽʥʥʷ ʪʘ ʢʝʨʦʚʘʥʫ 
ʜʠʩʮʠʧʣʽʥʫ; ʚʽʜʦʙʨʘʟʠʪʠ ʥʘ OLAP-ʽʥʞʝʩʪ; ʚʠʟʥʘʯʠʪʠ ʤʝʪʨʠʢʠ ʦʮʽʥʶʚʘʥʥʷ. 

2. ɼʘʥʽ ʪʘ ʙʘʟʦʚʽ ʤʝʪʦʜʠ. ʇʦʙʫʜʫʚʘʪʠ ʩʪʝʥʜ ʧʦʚʪʦʨʥʦʛʦ ʧʨʦʛʨʘʚʘʥʥʷ ʧʽʢʽʚ. 
ʈʝʘʣʽʟʫʚʘʪʠ FIFO, ʩʪʘʪʠʯʥʽ ʧʨʽʦʨʠʪʝʪʠ ʪʘ EDF ʽʟ ʬʽʢʩʦʚʘʥʠʤ ʤʽʢʨʦʧʘʢʝʪʫʚʘʥʥʷʤ. 

3. ML-ʩʢʦʨʝʨ. ʆʟʥʘʯʠʪʠ ʤʽʪʢʠ: (a) ʟʚʘʞʝʥʘ ʚʘʨʪʽʩʪʴ ʟʘʧʽʟʥʝʥʥʷ; (b) 

ʽʥʜʠʢʘʪʦʨ çʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʪʷʛʦʤ W ʭʚʠʣʠʥè ʽʟ ʣʦʛʽʚ ʟʘʧʠʪʽʚ/ʘʣʝʨʪʽʚ. ʅʘʚʯʠʪʠ 

LightGBM/LambdaMART; ʚʽʜʢʘʣʽʙʨʫʚʘʪʠ ʙʘʣʠ. 

4. ʂʨʦʩ-ʰʘʨʦʚʠʡ ʢʦʥʪʨʦʣʝʨ. ɯʥʪʝʛʨʫʚʘʪʠ ʜʦʧʫʩʢ, ʜʝʜʣʘʡʥ-ʦʨʽʻʥʪʦʚʘʥʝ ʧʘʢʫʚʘʥʥʷ 

ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʣʠʪʪʽʚ. ʈʝʘʣʽʟʫʚʘʪʠ approx-first, exact-later ʜʣʷ LP-ʪʦʧʽʢʽʚ. 

5. ɽʢʩʧʝʨʠʤʝʥʪʠ. ʇʦʨʽʚʥʷʪʠ ʧʦʣʽʪʠʢʠ ʥʘ ʚʽʜʪʚʦʨʝʥʠʭ ʧʽʢʘʭ: SLO-ʭʽʪʨʝʡʪ 

(HP), ʟʚʘʞʝʥʝ ʟʘʧʽʟʥʝʥʥʷ, ʙʝʢʣʦʛ/ʚʪʨʘʪʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. ɸʙʣʷʮʽʾ: ʟ/ʙʝʟ 

ML; ʟ/ʙʝʟ ʬʦʨʤʫʚʘʥʥʷ ʟʣʠʪʪʽʚ. 

6. ɺʘʣʽʜʘʮʽʷ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʪʝʢʩʪʫ. ʏʫʪʣʠʚʽʩʪʴ ʜʦ ʧʦʤʠʣʢʦʚʠʭ ὺ, ʩʪʽʡʢʽʩʪʴ 
ʜʦ ʜʨʝʡʬʫ. 

ʆʯʽʢʫʚʘʥʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʅʘʫʢʦʚʽ. 

¶ ʌʦʨʤʘʣʴʥʘ ʤʦʜʝʣʴ ʧʣʘʥʫʚʘʥʥʷ OLAP-ʽʥʞʝʩʪʫ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʢʨʠʪʝʨʽʾ 

çʮʽʥʥʽʩʪʴ/ʩʪʘʨʽʥʥʷè. 

¶ ʂʝʨʦʚʘʥʘ ʜʠʩʮʠʧʣʽʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʦʙôʻʜʥʫʻ ʜʦʧʫʩʢ, ʧʘʢʫʚʘʥʥʷ, 

ʧʦʨʷʜʦʢ ʟʘʧʠʩʽʚ ʫ ʩʭʦʚʠʱʝ ʪʘ ʢʝʨʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ. 

¶ ML-ʧʨʽʦʨʠʪʠʟʘʪʦʨ, ʥʘʚʯʝʥʠʡ ʥʘ ʩʠʛʥʘʣʘʭ ʚʧʣʠʚʫ ʥʘ ʨʽʰʝʥʥʷ 

(ʘʣʝʨʪʠ/ʜʘʰʙʦʨʜʠ), ʘ ʥʝ ʣʠʰʝ ʥʘ ʩʪʘʪʠʯʥʠʭ ʢʣʘʩʘʭ. 

¶ ʇʽʜʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʟʘ ʬʽʢʩʦʚʘʥʠʭ ʨʝʩʫʨʩʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʟʚʘʞʝʥʝ 

ʟʘʧʽʟʥʝʥʥʷ ʽ ʟʨʦʩʪʘʻ HP SLO hit-rate ʧʦʨʽʚʥʷʥʦ ʟ FIFO/EDF. 

ʇʨʘʢʪʠʯʥʽ. 

¶ ʈʦʟʛʦʨʪʫʚʘʥʠʡ ʢʦʥʪʨʦʣʝʨ ʽʥʞʝʩʪʫ (broker -> ETL -> OLAP) ʽʟ 

ʟʘʧʦʙʽʞʥʠʢʘʤʠ (ʢʚʦʪʠ, ʘʥʪʠ-starvation). 

¶ ʆʧʝʨʘʮʽʡʥʽ çʧʣʝʡʙʫʢʠè ʜʣʷ ʟʛʣʘʜʞʫʚʘʥʥʷ ʧʽʢʽʚ: ʧʦʣʽʪʠʢʠ ʧʘʢʫʚʘʥʥʷ, 

ʙʶʜʞʝʪʠ ʟʣʠʪʪʽʚ, ʩʪʨʘʪʝʛʽʾ ʙʝʢʬʽʣʫ. 
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¶ ɺʽʜʪʚʦʨʶʚʘʥʠʡ ʩʪʝʥʜ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʥʘʙʦʨʠ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʧʦʨʽʚʥʷʥʴ. 

ɺʠʩʥʦʚʦʢ. ʎʷ ʨʦʙʦʪʘ ʨʦʟʚôʷʟʫʻ ʧʦʰʠʨʝʥʠʡ, ʘʣʝ ʥʝʜʦʬʦʨʤʘʣʽʟʦʚʘʥʠʡ 

ʙʘʨôʻʨ ʚ OLAP-ʘʥʘʣʽʪʠʮʽ: ʥʝ ʚʩʽ ʜʘʥʽ ʦʜʥʘʢʦʚʦ ʮʽʥʥʽ ʚ ʯʘʩʽ, ʽ ʦʜʥʘʢʦʚʝ ʩʪʘʚʣʝʥʥʷ 

ʜʦ ʥʠʭ ʤʘʨʥʫʻ ʨʝʩʫʨʩ ʩʘʤʝ ʪʦʜʽ, ʢʦʣʠ ʢʦʤʧʘʥʽʾ ʧʦʪʨʽʙʥʽ ʩʚʦʻʯʘʩʥʽ ʜʘʥʽ. ʄʠ 

ʧʨʘʛʥʝʤʦ ʜʦ ʧʨʠʥʮʠʧʦʚʦʛʦ, ʢʽʣʴʢʽʩʥʦ ʚʠʤʽʨʶʚʘʥʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʩʚʦʻʯʘʩʥʦʩʪʽ ʪʘ 

ʩʪʽʡʢʦʩʪʽ ʘʥʘʣʽʪʠʢʠ ʫ ʧʽʢʠ ï ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ çʟʘʣʽʟʘè ï ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ 

ʘʨʭʽʪʝʢʪʫʨʠ ʢʝʨʦʚʘʥʦʶ ʜʠʩʮʠʧʣʽʥʦʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʥʘʚʯʝʥʦʶ 

ʧʨʽʦʨʠʪʠʟʘʮʽʻʶ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʢʨʠʪʝʨʽʡ ʮʽʥʥʦʩʪʽ ʡ ʩʪʘʨʽʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʩʪʨʘʪʝʛʽʷ ʜʘʻ ʷʢ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʝ ʨʽʰʝʥʥʷ, ʧʨʠʜʘʪʥʝ ʜʣʷ 

ʨʝʘʣʴʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʢʦʥʚʝʻʨʽʚ. 
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ʋɼʂ 004.8 

 

ʄ.ɻ. ɹʝʨʜʥʠʢ1, ʈ.ɯ. ʗʰʢʽʥ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʂʃɸʉʀʌɯʂɸʎɯʗ ʍɺʆʈʆɹʀ ʇɸʈʂɯʅʉʆʅɸ ʅɸ ʆʉʅʆɺɯ ɸʂʋʉʊʀʏʅʀʍ 

ʊɸ SSL-ʆɿʅɸʂ ʉʇʆʅʊɸʅʅʆɻʆ ʋʂʈɸɰʅʆʄʆɺʅʆɻʆ ʄʆɺʃɽʅʅʗ 
 

ɸʥʦʪʘʮʽʷ. ʆʧʠʩʘʥʦ ʧʽʜʭʽʜ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʭʚʦʨʦʙʠ ʇʘʨʢʽʥʩʦʥʘ ʪʘ ʟʜʦʨʦʚʦʛʦ ʢʦʥʪʨʦʣʶ 

ʟʘ ʢʦʨʦʪʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʩʧʦʥʪʘʥʥʦʛʦ ʫʢʨʘʾʥʩʴʢʦʛʦ ʤʦʚʣʝʥʥʷ. ʅʘ ʟʙʘʣʘʥʩʦʚʘʥʦʤʫ ʢʦʨʧʫʩʽ 

ʟ 38 ʤʦʚʮʽʚ ʧʦʨʽʚʥʷʥʦ ʪʨʘʜʠʮʽʡʥʽ ʘʢʫʩʪʠʯʥʽ ʩʪʘʪʠʩʪʠʢʠ (MFCC, jitter, shimmer, F0) ʪʘ ʩʫʯʘʩʥʽ 

ʩʘʤʦʥʘʚʯʫʚʘʥʽ ʚʙʫʜʦʚʫʚʘʥʥʷ OpenL3, ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʦ ʣʽʥʽʡʥʠʡ SVM ʽʟ  

leave-one-subject-out ʚʘʣʽʜʘʮʽʻʶ. ʇʦʢʘʟʘʥʦ, ʱʦ ʘʢʫʩʪʠʯʥʽ ʜʝʩʢʨʠʧʪʦʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʽʡʢʫ 

ʪʦʯʥʽʩʪʴ (AUROCå0,74ï0,75) ʟʘ ʦʙʤʝʞʝʥʦʾ ʚʠʙʽʨʢʠ, ʪʦʜʽ ʷʢ SSL-ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʠʷʚʣʷʶʪʴ 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʫʤʦʚ ʟʘʧʠʩʫ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʜʦʤʝʥʥʦʾ ʘʜʘʧʪʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʦʙʘʩʪʥʽʩʪʴ, ʭʚʦʨʦʙʘ ʇʘʨʢʽʥʩʦʥʘ, ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʩʧʦʥʪʘʥʥʝ 

ʤʦʚʣʝʥʥʷ, ʘʢʫʩʪʠʯʥʽ ʦʟʥʘʢʠ, ʩʘʤʦʥʘʚʯʫʚʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, LOSO. 

 

ɺʩʪʫʧ. ʍʚʦʨʦʙʘ ʇʘʨʢʽʥʩʦʥʘ ʻ ʧʨʦʛʨʝʩʫʶʯʠʤ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠʤ 

ʨʦʟʣʘʜʦʤ ʽʟ ʭʘʨʘʢʪʝʨʥʦʶ ʛʽʧʦʢʽʥʝʪʠʯʥʦʶ ʜʠʟʘʨʪʨʽʻʶ ï ʟʥʠʞʝʥʦʶ ʛʫʯʥʽʩʪʶ, 

ʤʦʥʦʪʦʥʥʦʶ ʽʥʪʦʥʘʮʽʻʶ ʪʘ ʥʝʪʦʯʥʦʶ ʘʨʪʠʢʫʣʷʮʽʻʶ [1]. ʎʽ ʟʤʽʥʠ ʤʦʞʫʪʴ 

ʩʣʫʛʫʚʘʪʠ ʨʘʥʥʽʤʠ ʙʽʦʤʘʨʢʝʨʘʤʠ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʽʥʪʝʨʝʩ ʜʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʤʦʚʣʝʥʥʷ. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʭʦʜʷʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʟʘʚʜʘʥʴ 

ʜʦ ʩʧʦʥʪʘʥʥʦʛʦ ʤʦʚʣʝʥʥʷ, ʘʣʝ ʮʝʡ ʧʽʜʭʽʜ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʤʘʣʠʤʠ ʚʠʙʽʨʢʘʤʠ, 

ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ ʟʘʧʠʩʫ ʪʘ ʨʠʟʠʢʦʤ ʧʝʨʝʥʘʚʯʘʥʥʷ, ʪʦʤʫ ʧʦʪʨʝʙʫʻ ʩʫʚʦʨʠʭ ʩʭʝʤ 

ʚʘʣʽʜʘʮʽʾ ʪʘ ʨʦʙʘʩʪʥʠʭ ʤʝʪʦʜʽʚ [2]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʇʝʨʰʽ ʨʦʙʦʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʜʠʩʬʦʥʽʯʥʽ ʤʘʨʢʝʨʠ ʥʘ ʫʪʨʠʤʫʚʘʥʠʭ ʛʦʣʦʩʥʠʭ ʜʦʟʚʦʣʷʶʪʴ ʪʦʯʥʦ 

ʚʽʜʦʢʨʝʤʣʶʚʘʪʠ ʭʚʦʨʠʭ ʚʽʜ ʟʜʦʨʦʚʠʭ [3]. ʉʪʚʦʨʝʥʥʷ ʝʪʘʣʦʥʥʦʛʦ ʜʘʪʘʩʝʪʫ Sakar 

ʜʣʷ 20 ʍʇ ʪʘ 20 ɿʂ ʜʘʣʦ ʟʤʦʛʫ ʧʦʨʽʚʥʶʚʘʪʠ ʤʦʜʝʣʽ [4]. ʆʩʪʘʥʥʽ ʦʛʣʷʜʠ 

ʚʽʜʟʥʘʯʘʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʧʝʨʝʭʦʜʫ ʜʦ ʩʧʦʥʪʘʥʥʦʛʦ ʤʦʚʣʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʙʘʩʪʥʠʭ ʦʟʥʘʢ ʽ ʩʭʝʤ ʚʘʣʽʜʘʮʽʾ [5]. ʂʨʽʤ ʪʨʘʜʠʮʽʡʥʠʭ ʘʢʫʩʪʠʯʥʠʭ ʩʪʘʪʠʩʪʠʢ 

(MFCC, jitter, shimmer, F0), ʜʦʩʣʽʜʥʠʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʝʣʠʢʦʨʦʟʤʽʨʥʽ 

SSL-ʚʙʫʜʦʚʫʚʘʥʥʷ OpenL3 [6]. ʇʨʦʪʝ ʾʭ ʧʝʨʝʚʘʛʘ ʥʘʜ ʢʣʘʩʠʯʥʠʤʠ ʜʝʩʢʨʠʧʪʦʨʘʤʠ 

ʫ ʥʝʚʝʣʠʢʠʭ ʚʠʙʽʨʢʘʭ ʱʝ ʥʝ ʜʦʚʝʜʝʥʘ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʻ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʜʠʮʽʡʥʠʭ ʘʢʫʩʪʠʯʥʠʭ 

ʦʟʥʘʢ ʪʘ SSL-ʧʨʝʜʩʪʘʚʣʝʥʴ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʍʇ ʧʨʦʪʠ ɿʂ ʟʘ ʩʧʦʥʪʘʥʥʠʤ ʤʦʚʣʝʥʥʷʤ 

ʫʢʨʘʾʥʩʴʢʦʶ. ʇʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʦʟʥʘʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʫ ʨʦʙʘʩʪʥʽʩʪʴ ʟʘ 

ʫʤʦʚ ʤʘʣʦʾ ʚʠʙʽʨʢʠ ʪʘ ʟʥʘʯʥʦʾ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʢʘʥʘʣʽʚ ʽ ʯʠ ʧʝʨʝʚʠʱʫʶʪʴ 

SSL-ʚʙʫʜʦʚʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʤʧʘʢʪʥʠʭ ʘʢʫʩʪʠʯʥʠʭ ʜʝʩʢʨʠʧʪʦʨʽʚ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʇʝʨʰʠʡ ʝʪʘʧ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʚ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʢʦʨʧʫʩʫ ʜʘʥʠʭ. ɼʦ ʚʠʙʽʨʢʠ ʫʚʽʡʰʣʠ 38 ʫʢʨʘʾʥʦʤʦʚʥʠʭ ʩʧʽʢʝʨʽʚ: 19 ʧʘʮʽʻʥʪʽʚ ʟ 

ʜʽʘʛʥʦʟʦʤ ʭʚʦʨʦʙʠ ʇʘʨʢʽʥʩʦʥʘ ʪʘ 19 ʟʜʦʨʦʚʠʭ ʢʦʥʪʨʦʣʽʚ, ʧʨʠʯʦʤʫ ʫ ʢʦʞʥʽʡ ʛʨʫʧʽ 

ʙʫʣʦ ʧʦ 11 ʯʦʣʦʚʽʢʽʚ ʪʘ 8 ʞʽʥʦʢ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʚʽʜʤʽʥʥʦʩʪʽ ʚʠʩʦʪʠ ʛʦʣʦʩʫ. 
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ɼʣʷ ʢʦʞʥʦʛʦ ʤʦʚʮʷ ʟ ʧʫʙʣʽʯʥʦ ʜʦʩʪʫʧʥʠʭ ʚʽʜʝʦ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʦʜʠʥ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʬʨʘʛʤʝʥʪ ʩʧʦʥʪʘʥʥʦʛʦ ʤʦʚʣʝʥʥʷ ʪʨʠʚʘʣʽʩʪʶ 15ï20 ʩʝʢʫʥʜ. ʄʽʪʢʠ 

çʍʇè ʙʘʟʫʚʘʣʠʩʷ ʥʘ ʦʧʠʩʘʭ ʚʽʜʝʦ ʯʠ ʚʠʩʣʦʚʣʶʚʘʥʥʷʭ, ʱʦ ʧʨʷʤʦ ʧʽʜʪʚʝʨʜʞʫʚʘʣʠ 

ʜʽʘʛʥʦʟ, çɿʂè ʦʙʠʨʘʣʠʩʷ ʩʝʨʝʜ ʽʥʪʝʨʚôʶ ʙʝʟ ʟʛʘʜʦʢ ʧʨʦ ʟʘʭʚʦʨʶʚʘʥʥʷ. ʆʩʦʙʠʩʪʽ 

ʜʘʥʽ ʥʝ ʟʙʠʨʘʣʠʩʷ, ʽ ʬʨʘʛʤʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʣʠʰʝ ʜʣʷ ʘʥʘʣʽʟʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʝʪʠʯʥʠʤ ʚʠʤʦʛʘʤ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʚʘʣʘʩʷ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʘʫʜʽʦʩʠʛʥʘʣʽʚ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ FFmpeg ʚʽʜʨʽʟʢʠ ʙʫʣʠ ʦʙʨʽʟʘʥʽ ʪʘʢ, ʱʦʙ ʥʝ ʟʘʭʦʧʣʶʚʘʪʠ ʛʫʯʥʠʭ ʰʫʤʽʚ, 

ʤʫʟʠʢʠ, ʧʽʩʣʷ ʯʦʛʦ ʛʫʯʥʽʩʪʴ ʥʦʨʤʘʣʽʟʫʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ EBU R128 [7]. 

ʑʦʙ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʥʦʨʤʘʣʽʟʘʮʽʾ, ʢʦʞʥʠʡ ʢʣʽʧ ʘʥʘʣʽʟʫʚʘʣʠ ʫ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ ï 

ʙʘʟʦʚʦʤʫ (ʙʝʟ ʥʦʨʤʘʣʽʟʘʮʽʾ) ʪʘ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤ ʚʠʨʽʚʥʶʚʘʥʥʷʤ ʨʽʚʥʷ. ʌʨʘʛʤʝʥʪʠ 

ʙʫʣʠ ʦʙʨʽʟʘʥʽ ʪʘʢ, ʱʦʙ ʟʙʝʨʝʛʪʠ ʧʨʠʨʦʜʥʝ ʩʧʦʥʪʘʥʥʝ ʤʦʚʣʝʥʥʷ ʽ ʥʝ ʚʢʣʶʯʘʪʠ ʤʦʚʥʽ 

ʟʘʜʘʯʽ, ʩʮʝʥʘʨʽʾ ʘʙʦ ʥʘʢʣʘʜʘʥʥʷ ʛʦʣʦʩʽʚ ʽʥʰʠʭ ʦʩʽʙ, ʩʪʦʨʦʥʥʽʭ ʰʫʤʽʚ, ʪʦʱʦ. 

ʊʨʝʪʽʡ ʝʪʘʧ ʩʪʦʩʫʚʘʚʩʷ ʚʠʜʽʣʝʥʥʷ ʦʟʥʘʢ. ʈʦʟʛʣʷʜʘʣʠʩʷ ʪʨʠ ʥʘʙʦʨʠ:  

ï ʢʦʤʧʘʢʪʥʽ ʘʢʫʩʪʠʯʥʽ ʩʪʘʪʠʩʪʠʢʠ, ʱʦ ʚʢʣʶʯʘʣʠ ʩʝʨʝʜʥʽ ʡ ʜʠʩʧʝʨʩʽʾ 

13 MFCC, ʧʦʢʘʟʥʠʢʠ jitter, shimmer ʽ ʩʝʨʝʜʥʶ ʯʘʩʪʦʪʫ ʦʩʥʦʚʥʦʛʦ ʪʦʥʫ F0;  

ï 512-ʚʠʤʽʨʥʽ SSL-ʚʙʫʜʦʚʫʚʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʤʦʜʝʣʣʶ OpenL3, ʷʢʘ 

ʥʘʚʯʘʻʪʴʩʷ ʥʘ ʚʝʣʠʢʦʤʫ ʢʦʨʧʫʩʽ ʘʫʜʽʦʜʘʥʠʭ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʴ [6];  

ï ʢʦʥʢʘʪʝʥʘʮʽʷ ʘʢʫʩʪʠʯʥʠʭ ʽ SSL-ʦʟʥʘʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ ʧʝʨʝʚʘʛʠ 

ʦʙʦʭ ʧʽʜʭʦʜʽʚ.  

ʋʩʽ ʚʝʢʪʦʨʠ ʦʟʥʘʢ ʧʨʦʭʦʜʠʣʠ ʤʝʜʽʘʥʥʫ ʽʤʧʫʪʘʮʽʶ ʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʶ. 

ʏʝʪʚʝʨʪʠʡ ʝʪʘʧ ʧʝʨʝʜʙʘʯʘʚ ʧʦʙʫʜʦʚʫ ʡ ʦʮʽʥʶʚʘʥʥʷ ʤʦʜʝʣʝʡ. ʗʢ ʙʘʟʦʚʠʡ 

ʢʣʘʩʠʬʽʢʘʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʣʽʥʽʡʥʠʡ SVM. ʑʦʙ ʫʥʠʢʥʫʪʠ ʚʠʪʦʢʫ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʦʚʮʽʚ ʤʽʞ ʪʨʝʥʫʚʘʣʴʥʦʶ ʡ ʪʝʩʪʦʚʦʶ ʚʠʙʽʨʢʘʤʠ, ʟʘʩʪʦʩʫʚʘʥʦ 

ʩʭʝʤʫ ʚʘʣʽʜʘʮʽʾ leave-one-subject-out [8] ʜʣʷ ʢʦʞʥʦʛʦ ʤʦʚʮʷ ʤʦʜʝʣʴ ʪʨʝʥʫʚʘʣʠ ʥʘ 

ʨʝʰʪʽ 37 ʩʫʙôʻʢʪʘʭ ʽ ʪʝʩʪʫʚʘʣʠ ʥʘ ʦʜʥʦʤʫ ʚʽʜʢʣʘʜʝʥʦʤʫ. ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʣʘʩʴ ʟʘ ʧʣʦʱʝʶ ʧʽʜ ROC-ʢʨʠʚʦʶ (AUROC). ɼʦʜʘʪʢʦʚʦ ʧʨʦʚʦʜʠʣʠʩʴ 

ʙʫʪʩʪʨʝʧʥʽ ʦʮʽʥʢʠ ʪʘ ʧʝʨʤʫʪʘʮʽʡʥʽ ʪʝʩʪʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʥʘʯʫʱʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʘʢʫʩʪʠʯʥʽ ʩʪʘʪʠʩʪʠʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ AUROCå0,74ï0,75 

ʽ ʩʪʘʙʽʣʴʥʽʰʽ, ʥʽʞ SSL-ʚʙʫʜʦʚʫʚʘʥʥʷ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʦʨʤʘʣʽʟʘʮʽʾ ʛʫʯʥʦʩʪʽ. 

SSL-ʨʝʧʨʝʟʝʥʪʘʮʽʾ ʪʘ ʢʦʥʢʘʪʝʥʘʮʽʷ ʥʝ ʧʦʢʘʟʘʣʠ ʧʝʨʝʚʘʛ ʽ ʚʠʷʚʠʣʠʩʷ ʯʫʪʣʠʚʠʤʠ 

ʜʦ ʢʘʥʘʣʦʚʠʭ ʝʬʝʢʪʽʚ, ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʧʦʪʨʝʙʫ ʫ ʧʦʜʘʣʴʰʽʡ ʜʦʤʝʥʥʽʡ ʘʜʘʧʪʘʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ɼʦʚʝʜʝʥʦ, ʱʦ ʥʘ ʥʝʚʝʣʠʢʦʤʫ ʢʦʨʧʫʩʽ ʩʧʦʥʪʘʥʥʦʛʦ ʤʦʚʣʝʥʥʷ 

ʫʢʨʘʾʥʩʴʢʦʶ ʘʢʫʩʪʠʯʥʽ ʦʟʥʘʢʠ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʣʽʥʽʡʥʠʤ SVM ʪʘ ʩʫʚʦʨʦʶ 

LOSO-ʚʘʣʽʜʘʮʽʻʶ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʘʩʪʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʭʚʦʨʦʙʠ ʇʘʨʢʽʥʩʦʥʘ ʽ 

ʧʝʨʝʚʝʨʰʫʶʪʴ ʚʝʣʠʢʦʨʦʟʤʽʨʥʽ SSL-ʚʙʫʜʦʚʫʚʘʥʥʷ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʚʘʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʧʨʝʪʦʚʘʥʠʭ ʘʢʫʩʪʠʯʥʠʭ ʜʝʩʢʨʠʧʪʦʨʽʚ ʧʨʠ ʨʦʙʦʪʽ ʟ ʤʘʣʠʤʠ 

ʜʘʥʠʤʠ. SSL-ʨʝʧʨʝʟʝʥʪʘʮʽʾ ʯʫʪʣʠʚʽ ʜʦ ʢʘʥʘʣʦʚʠʭ ʝʬʝʢʪʽʚ, ʫ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʘʨʪʦ ʟʦʩʝʨʝʜʠʪʠʩʴ ʥʘ ʜʦʤʝʥʥʦ-ʘʜʚʝʨʩʘʨʽʘʣʴʥʦʤʫ ʥʘʚʯʘʥʥʽ, 

ʢʦʤʧʝʥʩʘʮʽʾ ʩʧʦʪʚʦʨʝʥʴ ʪʘ ʟʙʽʣʴʰʝʥʥʽ ʨʦʟʤʽʨʽʚ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ. 

ʈʦʟʰʠʨʝʥʥʷ ʥʘʙʦʨʫ ʜʘʥʠʭ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʫʛʤʝʥʪʘʮʽʡ ʜʘʜʫʪʴ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ 
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ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʝʡ ʽ ʩʧʨʠʷʪʠʤʫʪʴ ʨʦʟʨʦʙʮʽ ʥʘʜʽʡʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʢʨʠʥʽʥʛʫ ʍʇ, 

ʱʦ ʤʦʞʥʘ ʙʫʣʦ ʙʠ ʧʦʪʝʥʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʢʣʽʥʽʯʥʽʡ ʧʨʘʢʪʠʮʽ. 

 
ʇɽʈɽʃɯʂ ʇʆʉʀʃɸʅʔ 

1. Atalar M. S., Oguz O., Genc G. Hypokinetic Dysarthria in Parkinson's Disease: A Narrative 

Review. Sisli Etfal Hastanesi tip bulteni. 2023. Vol. 57, no. 2. P. 163ï170. DOI: 

10.14744/SEMB.2023.29560. 

2. Hossain M. A., Traini E., Amenta F. Machine Learning Applications for Diagnosing Parkinsonôs 
Disease via Speech, Language, and Voice Changes: A Systematic Review. Inventions. 2025. Vol. 

10, no. 4. Art. 48. DOI: 10.3390/inventions10040048. 

3. Tsanas A., Little M. A., McSharry P. E., Spielman J., Ramig L. O. Novel speech signal processing 

algorithms for high-accuracy classification of Parkinson's disease. IEEE transactions on bio-

medical engineering. 2012. Vol. 59, no. 5. P. 1264ï1271. DOI: 10.1109/TBME.2012.2183367. 

4. Sakar B. E., Isenkul M. E., Sakar C. O., Sertbas A., Gurgen F., Delil S., Apaydin H., Kursun O. 

Collection and analysis of a Parkinson speech dataset with multiple types of sound recordings. 

IEEE journal of biomedical and health informatics. 2013. Vol. 17, no. 4. P. 828ï834. DOI: 

10.1109/JBHI.2013.2245674. 

5. Li Y., Zhang X., Wang P., Zhang X., Liu Y. Insight into an unsupervised two-step sparse transfer 

learning algorithm for speech diagnosis of Parkinson's disease. Neural computing & applications. 

2021. Vol. 33, no. 15. P. 9733ï9750. DOI: 10.1007/s00521-021-05741-0. 

6. Cramer A. L., Wu H.-H., Salamon J., Bello J. P. Look, listen, and learn more: Design choices for 

deep audio embeddings. IEEE International Conference on Acoustics, Speech and Signal 

Processing (ICASSP 2019). 2019. P. 3852ï3856. DOI: 10.1109/ICASSP.2019.8682475. 

7. European Broadcasting Union. EBU R 128: Loudness Normalisation and Permitted Maximum 

Level of Audio Signals. Geneva: EBU, 2014. URL: https://tech.ebu.ch/publications/r128.  

8. Ojala M., Garriga G. C. Permutation tests for studying classifier performance. IEEE International 

Conference on Data Mining (ICDM 2009). 2009. P. 908ï913. DOI: 10.1109/ICDM.2009.108. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

https://tech.ebu.ch/publications/r128


 

 

 

 

234 

ʋɼʂ 658.787:004.451.5:004.89 

 

ʉ.ʆ. ʄʽʨʦʰʥʠʯʝʥʢʦ1, ɺ.ɯ. ʄʽʨʦʰʥʠʯʝʥʢʦ1 
1ʊʆɺ çʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ çʄɽʊɯʅɺɽʉʊ ʇʆʃɯʊɽʍʅɯʂɸè, ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ 

 

ʄɽʊʆɼʆʃʆɻɯʗ ɸɼɸʇʊʀɺʅʆɻʆ ɺʀɿʅɸʏɽʅʅʗ ʈɯɺʅʗ  

ʉɽʈɺɯʉʋ ɺ ʉʀʉʊɽʄɸʍ ʋʇʈɸɺʃɯʅʅʗ ɿɸʇɸʉɸʄʀ ʅɸ  

ʆʉʅʆɺɯ ʅɽʏɯʊʂʆɰ ʃʆɻɯʂʀ 

 
ɸʥʦʪʘʮʽʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʘʜʘʧʪʠʚʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʨʽʚʥʷ 

ʩʝʨʚʽʩʫ ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʜʣʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ ʟ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟʘʤʽʩʪʴ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʦʙôʻʢʪʠʚʥʽʩʪʴ ʪʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦ ʩʧʝʮʠʬʽʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ, ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ, ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʩʠʩʪʝʤʘ 

ʥʝʯʽʪʢʦʛʦ ʚʠʚʝʜʝʥʥʷ, ʘʣʛʦʨʠʪʤ C4.5, ʘʜʘʧʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʷ ʟʘʧʘʩʽʚ. 

 

ɺʩʪʫʧ. ɺ ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʦʛʦ ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʘ ʘʢʪʫʘʣʽʟʫʻʪʴʩʷ ʧʨʦʙʣʝʤʘ 

ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʥʦʞʠʥʥʠʭ ʬʘʢʪʦʨʽʚ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ɺʘʞʣʠʚʦʶ ʬʫʥʢʮʽʻʶ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʪʨʘʭʦʚʦʛʦ ʟʘʧʘʩʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʘʣʘʥʩ ʤʽʞ ʚʠʪʨʘʪʘʤʠ ʥʘ 

ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʨʠʟʠʢʘʤʠ ʜʝʬʽʮʠʪʫ [1, 2]. ʊʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʬʽʢʩʦʚʘʥʽ ʮʽʣʴʦʚʽ ʨʽʚʥʽ ʩʝʨʚʽʩʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʙʝʟʧʝʢʠ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʩʪʨʘʭʦʚʦʛʦ ʟʘʧʘʩʫ, ʱʦ ʥʝ ʚʨʘʭʦʚʫʻ ʜʠʥʘʤʽʯʥʫ ʧʨʠʨʦʜʫ ʧʦʧʠʪʫ ʪʘ 

ʝʢʦʥʦʤʽʯʥʫ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʪʦʚʘʨʥʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ. ʂʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʨʘʭʦʚʦʛʦ ʟʘʧʘʩʫ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ 

ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʻʜʠʥʦʛʦ ʨʽʚʥʷ ʩʝʨʚʽʩʫ ʜʣʷ ʚʩʽʭ ʪʦʚʘʨʥʠʭ ʧʦʟʠʮʽʡ [3]. ɽʤʧʽʨʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʩʝʨʚʽʩʫ ʻ ʬʫʥʢʮʽʻʶ ʯʠʩʣʝʥʥʠʭ 

ʬʘʢʪʦʨʽʚ: ʢʨʠʪʠʯʥʦʩʪʽ ʪʦʚʘʨʫ, ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ ʧʦʧʠʪʫ, ʥʘʜʽʡʥʦʩʪʽ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, 

ʚʘʨʪʦʩʪʽ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʚʪʨʘʪ ʚʽʜ ʜʝʬʽʮʠʪʫ [1]. ʉʪʘʪʠʯʥʠʡ ʧʽʜʭʽʜ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʧʘʩʽʚ, ʪʦʙʪʦ ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʜʣʷ ʥʝʢʨʠʪʠʯʥʠʭ 

ʧʦʟʠʮʽʡ ʪʘ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʟʘʭʠʩʪʫ ʜʣʷ ʢʨʠʪʠʯʥʠʭ ʪʦʚʘʨʽʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʩʬʦʨʤʦʚʘʥʽ 

ʽ ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

¶ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʦʣʦʛʽʶ ʽʥʪʝʛʨʘʮʽʾ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʚ ʢʣʘʩʠʯʥʫ ʬʦʨʤʫʣʫ 
ʩʪʨʘʭʦʚʦʛʦ ʟʘʧʘʩʫ; 

¶ ʚʠʟʥʘʯʠʪʠ ʢʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʥʝʯʽʪʢʦʛʦ ʚʠʚʝʜʝʥʥʷ ʜʣʷ 

ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ; 

¶ ʩʪʚʦʨʠʪʠ ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ ʥʘ ʦʩʥʦʚʽ 
ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ; 

¶ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʽʟʘʮʽʶ ʬʫʥʢʮʽʾ ʚʪʨʘʪ ʤʽʞ ʬʘʢʪʠʯʥʠʤʠ ʪʘ ʧʨʦʛʥʦʟʥʠʤʠ 
ʟʥʘʯʝʥʥʷʤʠ ʩʪʨʘʭʦʚʦʛʦ ʟʘʧʘʩʫ. 
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ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ 

ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ: 

¶ ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ (ʩʠʩʪʝʤʠ ʪʠʧʫ ʄʘʤʜʘʥʽ); 

¶ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʤʦʜʠʬʽʢʦʚʘʥʠʡ C4.5); 

¶ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ (ʛʨʘʜʽʻʥʪʥʠʡ ʩʧʫʩʢ); 

¶ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʠʬʽʢʘʮʽʾ ʢʣʘʩʠʯʥʦʾ ʬʦʨʤʫʣʠ 

ʩʪʨʘʭʦʚʦʛʦ ʟʘʧʘʩʫ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʬʽʢʩʦʚʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ z ʥʘ ʜʠʥʘʤʽʯʥʦ 

ʦʙʯʠʩʣʶʚʘʥʝ ʟʥʘʯʝʥʥʷ zfuzzy, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʥʝʯʽʪʢʦʛʦ ʚʠʚʝʜʝʥʥʷ [4]. 

ɹʘʟʦʚʘ ʬʦʨʤʫʣʘ ʩʪʨʘʭʦʚʦʛʦ ʟʘʧʘʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʚʥʦʾ ʜʠʩʧʝʨʩʽʾ ʤʘʻ ʚʠʛʣʷʜ: 

 

ὛὛ ᾀ ØϽὒὝ „ Ὠ „                      (1) 

 

ʜʝ zfuzzy(x) ʻ ʬʫʥʢʮʽʻʶ ʥʝʯʽʪʢʦʛʦ ʚʠʚʝʜʝʥʥʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʢʪʦʨʘ ʚʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ x = [CVd, TR, SC, LS, IC]T, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 

ʧʦʧʠʪʫ, ʦʙʦʨʦʪʥʽʩʪʴ ʪʦʚʘʨʫ, ʢʨʠʪʠʯʥʽʩʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʘʜʽʡʥʽʩʪʴ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʪʘ ʚʽʜʥʦʩʥʫ ʚʘʨʪʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. 

ʉʠʩʪʝʤʘ ʥʝʯʽʪʢʦʛʦ ʚʠʚʝʜʝʥʥʷ ʨʝʘʣʽʟʫʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ȡꞈᴙ ᴼ πȢυȟσȢπ, ʜʝ 
ʚʠʭʽʜʥʠʡ ʜʽʘʧʘʟʦʥ ʚʽʜʧʦʚʽʜʘʻ ʢʦʝʬʽʮʽʻʥʪʘʤ z ʜʣʷ ʨʽʚʥʽʚ ʩʝʨʚʽʩʫ ʚʽʜ 69% ʜʦ 99.9%. 

ʇʨʦʮʝʩ ʥʝʯʽʪʢʦʛʦ ʚʠʚʝʜʝʥʥʷ ʚʢʣʶʯʘʻ ʪʨʠ ʦʩʥʦʚʥʽ ʝʪʘʧʠ: ʬʘʟʠʬʽʢʘʮʽʶ ʚʭʽʜʥʠʭ 

ʟʤʽʥʥʠʭ ʯʝʨʝʟ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʟʠ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ ʪʘ 

ʜʝʬʘʟʠʬʽʢʘʮʽʶ ʨʝʟʫʣʴʪʘʪʫ [5]. 

ɼʣʷ ʬʘʟʠʬʽʢʘʮʽʾ ʢʦʞʥʦʾ ʚʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠʢʫʪʥʽ ʪʘ 

ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʽ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʣʽʥʛʚʽʩʪʠʯʥʽ ʪʝʨʤʠ [6]. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʧʦʧʠʪʫ, ʷʢʠʡ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2), 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʨʤʠ çʥʠʟʴʢʠʡè (CV < 0.2), çʩʝʨʝʜʥʽʡè (0.15 < CV < 0.35) ʪʘ 

çʚʠʩʦʢʠʡè (CV > 0.3) ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʥʘʣʝʞʥʦʩʪʽ: 

 

‘ ὅὠ

ρȟ ὅὠ πȢρυ
πȢς ὅὠ

πȢπυ
ȟπȢρυ ὅὠ πȢς

πȟ ὅὠ πȢς

                   (2) 

 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʘʚʪʦʤʘʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʟʘʤʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʢʩʧʝʨʪʥʠʭ ʩʫʜʞʝʥʴ [7, 8]. ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ ʟ 

ʫʯʠʪʝʣʝʤ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʬʫʥʢʮʽʶ ʚʪʨʘʪ ʤʽʞ ʬʘʢʪʠʯʥʠʤʠ ʧʦʪʨʝʙʘʤʠ ʚ ʩʪʨʘʭʦʚʦʤʫ 

ʟʘʧʘʩʽ ʪʘ ʧʨʦʛʥʦʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. 

ʅʝʭʘʡ ꜠ Øȟώ  ï ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ, ʜʝ xi ï ʚʝʢʪʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʦʚʘʨʫ ʚ ʤʦʤʝʥʪ ʯʘʩʫ ti, ʘ yi ï ʦʧʪʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʩʝʨʚʽʩʫ, ʚʠʟʥʘʯʝʥʠʡ ʟʘ 
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ʬʘʢʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʧʨʦ ʜʝʬʽʮʠʪʠ ʪʘ ʥʘʜʣʠʰʢʠ. ʆʧʪʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʩʝʨʚʽʩʫ ʜʣʷ 

ʽʩʪʦʨʠʯʥʦʛʦ ʧʝʨʽʦʜʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ: 

 

ώ ÁÒÇÍÉÎ
ᶰ ȢȟȢ

ὅ ẗὛὛ‌ ὅ ẗὖ ‌  (3) 

 

ʜʝ Cholding ï ʚʠʪʨʘʪʠ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʦʜʠʥʠʮʽ ʩʪʨʘʭʦʚʦʛʦ ʟʘʧʘʩʫ, Cstockout ï ʚʪʨʘʪʠ ʚʽʜ 

ʜʝʬʽʮʠʪʫ, Pstockout(Ŭ) ï ʝʤʧʽʨʠʯʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʜʝʬʽʮʠʪʫ ʧʨʠ ʨʽʚʥʽ ʩʝʨʚʽʩʫ Ŭ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ C4.5 ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʟ ʥʝʯʽʪʢʠʤʠ ʣʠʩʪʢʘʤʠ 

[9, 10]. ʂʦʞʝʥ ʰʣʷʭ ʚʽʜ ʢʦʨʝʥʷ ʜʦ ʣʠʩʪʢʘ ʜʝʨʝʚʘ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʥʝʯʽʪʢʝ 

ʧʨʘʚʠʣʦ ʚʠʜʫ: 

 

IF ὼ is ὃ AND ὼ is ὃ AND ... THEN ᾀ ὄ             (4) 

 

ʜʝ Ai ï ʣʽʥʛʚʽʩʪʠʯʥʽ ʪʝʨʤʠ ʜʣʷ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ, B ï ʢʦʥʩʝʢʚʝʥʪ ʧʨʘʚʠʣʘ. 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʘʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ 

ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʤʝʪʦʜʦʤ ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʩʝʨʚʽʩʫ [11]. 

ʄʦʜʫʣʴ ʥʝʯʽʪʢʦʛʦ ʚʠʚʝʜʝʥʥʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʪʠʧʫ ʄʘʤʜʘʥʽ ʟ 

ʮʝʥʪʨʦʾʜʥʠʤ ʤʝʪʦʜʦʤ ʜʝʬʘʟʠʬʽʢʘʮʽʾ [12]. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʧʽʜʭʦʜʫ 

ʜʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʧʘʩʘʤʠ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʫʩʫʥʫʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʣʫʯʝʥʥʷ ʝʢʩʧʝʨʪʽʚ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʦʙôʻʢʪʠʚʥʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʥʘʚʯʘʥʥʷ ʟ ʫʯʠʪʝʣʝʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʝʯʽʪʢʠʭ 

ʧʨʘʚʠʣ ʥʘ ʦʩʥʦʚʽ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʦʧʪʠʤʘʣʴʥʽ ʨʽʚʥʽ ʩʝʨʚʽʩʫ ʜʦʟʚʦʣʠʪʴ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʘʪʠ ʷʢ ʩʪʨʫʢʪʫʨʫ ʧʨʘʚʠʣ, ʪʘʢ ʽ ʧʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʡ 

ʥʘʣʝʞʥʦʩʪʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ C4.5 ʟ ʥʝʯʽʪʢʠʤʠ ʣʠʩʪʢʘʤʠ 

ʟʘʙʝʟʧʝʯʠʪʴ ʽʥʪʝʨʧʨʝʪʦʚʘʥʽʩʪʴ ʧʨʘʚʠʣ, ʱʦ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʘʜʘʧʪʠʚʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʩʝʨʚʽʩʫ ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʥʘʧʨʷʤʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ. ʂʣʶʯʦʚʦʶ 

ʧʝʨʝʚʘʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ ʜʘʥʠʭ ʯʝʨʝʟ ʢʦʤʙʽʥʘʮʽʶ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. ɯʥʪʝʨʧʨʝʪʦʚʘʥʽʩʪʴ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ ʜʦʟʚʦʣʷʻ ʤʝʥʝʜʞʝʨʘʤ 

ʨʦʟʫʤʽʪʠ ʣʦʛʽʢʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʩʠʩʪʝʤʦʶ, ʱʦ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʜʣʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʦʟʨʦʙʢʘ ʛʽʙʨʠʜʥʠʭ ʥʝʡʨʦ-ʥʝʯʽʪʢʠʭ ʘʨʭʽʪʝʢʪʫʨ ʪʘ ʨʦʟʰʠʨʝʥʥʷ 

ʤʝʪʦʜʦʣʦʛʽʾ ʜʣʷ ʙʘʛʘʪʦʝʰʝʣʦʥʥʠʭ ʩʠʩʪʝʤ ʧʦʩʪʘʯʘʥʥʷ. 
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ɺ.ɺ. ʉʧʽʨʽʥʮʝʚ1, ɸ.ʃ. ʐʠʨʽʥ1, ɺ.ʉ. ʍʽʣʦʚ2, ʉ.ɺ.ʌʝʜʦʨʮʦʚʘ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 
2ʊʆɺ çʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ çʄɽʊɯʅɺɽʉʊ ʇʆʃɯʊɽʍʅɯʂɸè, ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ 

 

ɸɼɸʇʊʀɺʅɯʉʊʔ ɯ ʂʈʆʉʇʃɸʊʌʆʈʄʅɯʉʊʔ ʗʂ ʆʉʅʆɺɸ  

ʉʋʏɸʉʅʀʍ WEB-ʇʈʆɭʂʊɯɺ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʨʠʥʮʠʧʠ ʘʜʘʧʪʠʚʥʦʩʪʽ ʽ 

ʢʨʦʩʧʣʘʪʬʦʨʤʥʦʩʪʽ web-ʧʨʦʻʢʪʽʚ, ʷʢʽ ʢʦʤʧʦʥʝʥʪʠ ʫ ʨʦʟʨʦʙʮʽ ʛʨʘʶʪʴ ʛʦʣʦʚʥʫ ʨʦʣʴ ʜʣʷ ʾʭʥʴʦʛʦ 

ʜʦʩʷʛʥʝʥʥʷ, ʧʦʷʩʥʝʥʦ ʾʭʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʪʨʫʜʥʦʱʽ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʣʘʪʬʦʨʤʠ ʽ 

ʩʝʨʚʽʩʠ, ʱʦ ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʨʽʰʠʪʠ ʮʽ ʧʨʦʙʣʝʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: fluid grid, ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ (UX), Bootstrap, ʬʨʝʡʤʚʦʨʢ, 

ʦʧʪʠʤʽʟʘʮʽʷ, ʯʠʪʘʙʝʣʴʥʽʩʪʴ. 

 

ɺʩʪʫʧ. ɺʝʙʧʨʦʩʪʽʨ ʩʪʘʚ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʞʠʪʪʷ ʩʫʯʘʩʥʦʾ ʣʶʜʠʥʠ. 

ɺʝʙʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ, ʙʽʟʥʝʩʫ, ʚʽʜʧʦʯʠʥʢʫ ʪʘ 

ʩʧʽʣʢʫʚʘʥʥʷ. ʎʝ ʩʪʚʦʨʶʻ ʙʘʛʘʪʦ ʚʠʤʦʛ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ, ʘʜʞʝ ʩʘʡʪʠ ʤʘʶʪʴ ʙʫʪʠ 

ʟʨʫʯʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʰʚʠʜʢʠʤʠ ʚ ʨʦʙʦʪʽ ʽ ʟʨʦʟʫʤʽʣʠʤʠ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʧʨʦʛʨʘʤʠ ʥʘ ʷʢʽʡ ʧʨʘʮʶʻ ʢʦʨʠʩʪʫʚʘʯ.  
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ʏʝʨʝʟ ʮʝ ʘʜʘʧʪʠʚʥʽʩʪʴ ʪʘ ʢʨʦʩʧʣʘʪʬʦʨʤʥʽʩʪʴ ʩʪʘʣʠ ʦʜʥʠʤʠ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʢʨʠʪʝʨʽʾʚ ʚʝʙʨʦʟʨʦʙʢʠ. ɸʜʞʝ ʢʦʞʝʥ ʚʽʜʚʽʜʫʚʘʯ ʩʘʡʪʫ ʦʯʽʢʫʻ 

ʟʨʫʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʪʦʨʽʥʢʠ ʪʘ ʾʾ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʩʪʨʦʶ 

ʘʙʦ ʙʨʘʫʟʝʨʫ. ɺʠʢʦʥʘʥʥʷ ʮʽʻʾ ʧʦʪʨʝʙʠ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʧʦʟʠʪʠʚʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ (UX). ʉʴʦʛʦʜʥʽ ʧʦʥʷʪʪʷ çʟʨʫʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘè 

ʦʭʦʧʣʶʻ ʥʝ ʣʠʰʝ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʩʪʦʨʽʥʢʠ, ʘ ʡ ʰʚʠʜʢʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ, 

ʽʥʪʫʾʪʠʚʥʽʩʪʴ ʥʘʚʽʛʘʮʽʾ, ʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ ʣʶʜʝʡ ʽʟ ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ 

(ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʽʾ screen reader), ʘ ʪʘʢʦʞ ʩʪʘʙʽʣʴʥʫ ʧʦʚʝʜʽʥʢʫ 

ʽʥʪʝʨʬʝʡʩʫ ʚ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚʘ    

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɻʦʣʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʘʜʘʧʪʠʚʥʦʩʪʽ ʻ 

ʘʚʪʦʤʘʪʠʯʥʝ ʧʽʜʣʘʰʪʦʚʫʚʘʥʥʷ ʧʽʜ ʨʦʟʤʽʨ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʢʨʘʥʫ, ʥʘ ʷʢʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʛʣʷʜ. ɸ ʛʦʣʦʚʥʦʶ ʤʝʪʦʶ ʻ ʟʨʫʯʥʽʩʪʴ ʩʘʡʪʫ, ʜʣʷ ʙʫʜʴ ʷʢʦʛʦ 

ʬʦʨʤʘʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʥʝ ʟʤʽʥʶʶʯʠ ʢʘʨʜʠʥʘʣʴʥʦ ʟʤʽʩʪ ʪʘ ʣʦʛʽʢʫ ʡʦʛʦ ʧʦʙʫʜʦʚʠ. 

ɿʘʚʜʷʢʠ ʘʜʘʧʪʠʚʥʦʩʪʽ ʚʝʙʩʪʦʨʽʥʢʘ ʟʙʝʨʽʛʘʻ ʩʚʦʶ ʯʠʪʘʙʝʣʴʥʽʩʪʴ, 

ʟʨʦʟʫʤʽʣʽʩʪʴ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʷʢ ʥʘ ʚʝʣʠʢʦʤʫ ʝʢʨʘʥʽ ʢʦʤʧ'ʶʪʝʨʘ ʪʘʢ ʽ ʥʘ 

ʤʘʣʝʥʴʢʦʤʫ ʩʤʘʨʪʬʦʥʽ, ʘʜʞʝ ʤʦʞʣʠʚʽʩʪʴ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʘʡʪ ʥʘ ʙʫʜʴ 

ʷʢʦʤʫ ʧʨʠʣʘʜʽ ʘʚʪʦʤʘʪʠʯʥʦ ʟʨʦʙʠʪʴ ʡʦʛʦ ʙʽʣʴʰ ʧʨʠʻʤʥʠʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ, ʚʝʙʨʦʟʨʦʙʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʛʦʣʦʚʥʽ 

ʧʨʠʥʮʠʧʠ: 

1. ɻʥʫʯʢʘ ʩʽʪʢʘ (fluid grid), ʷʢʘ ʙʫʜʫʻ ʩʪʦʨʽʥʢʫ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʴ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʝʣʝʤʝʥʪʘʤ ʟʤʽʥʶʚʘʪʠ ʨʦʟʤʽʨ ʨʘʟʦʤ ʟ ʰʠʨʠʥʦʶ 

ʝʢʨʘʥʫ.  

2. ʄʝʜʽʘ ʟʘʧʠʪʠ (media queries) - ʧʨʘʚʠʣʘ CSS, ʱʦ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʨʽʟʥʽ ʩʪʠʣʽ ʜʣʷ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʝʢʨʘʥʫ ʘʙʦ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʧʨʠʩʪʨʦʶ. 

3. ɻʥʫʯʢʽ ʟʦʙʨʘʞʝʥʥʷ (responsive images) ð ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʪʨʠʙʫʪʽʚ srcset 

ʪʘ sizes, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʙʨʘʫʟʝʨʫ ʚʠʙʠʨʘʪʠ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʝ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ 

ʧʦʪʦʯʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

4. ɸʜʘʧʪʠʚʥʘ ʪʠʧʦʛʨʘʬʽʢʘ, ʢʦʣʠ ʰʨʠʬʪʠ ʤʘʩʰʪʘʙʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʦʟʤʽʨʫ ʚʽʢʥʘ ʧʝʨʝʛʣʷʜʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʣʝʛʢʝ ʯʠʪʘʥʥʷ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʙʽʣʴʰʫʚʘʪʠ ʩʪʦʨʽʥʢʫ ʚʨʫʯʥʫ. 

ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʩʦʢʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʩʘʡʪʫ ʥʘʧʨʷʤʫ ʚʧʣʠʚʘʻ ʥʘ 

ʙʽʣʴʰʫ  ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ʥʴʦʤʫ ʽ ʚʟʘʻʤʦʜʽʶ ʟ ʢʦʥʪʝʥʪʦʤ ʚʽʜʚʽʜʫʚʘʯʘ. 

ʆʢʨʽʤ ʮʴʦʛʦ, ʧʦʰʫʢʦʚʽ ʩʠʩʪʝʤʠ, ʥʘʧʨʠʢʣʘʜ Google, ʥʘʜʘʶʪʴ ʧʝʨʝʚʘʛʫ 

ʘʜʘʧʪʠʚʥʠʤ ʩʘʡʪʘʤ, ʱʦ ʧʦʢʨʘʱʫʻ SEO-ʧʦʟʠʮʽʾ ʨʝʩʫʨʩʫ, ʪʦʙʪʦ ʧʽʜʚʠʱʝʥʥʷ 

ʧʦʟʠʮʽʡ ʩʘʡʪʫ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʚʠʜʘʯʽ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤ ʟʘ ʧʝʚʥʠʤʠ ʟʘʧʠʪʘʤʠ. 

ʂʨʦʩʧʣʘʪʬʦʨʤʥʽʩʪʴ ʜʦʧʦʤʘʛʘʻ ʚʝʙʜʦʜʘʪʢʫ ʢʦʨʝʢʪʥʦ ʧʨʘʮʶʚʘʪʠ ʥʘ ʨʽʟʥʠʭ 

ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʧʨʠʩʪʨʦʷʭ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʽʯʥʠʭ ʦʙʤʝʞʝʥʴ. ʋ 

ʢʦʥʪʝʢʩʪʽ ʚʝʙʨʦʟʨʦʙʢʠ ʢʨʦʩʧʣʘʪʬʦʨʤʥʽʩʪʴ ʦʟʥʘʯʘʻ ʩʫʤʽʩʥʽʩʪʴ ʩʘʡʪʫ ʟ ʨʽʟʥʠʤʠ 

ʙʨʘʫʟʝʨʘʤʠ (Google Chrome, Mozilla Firefox, Microsoft Edge, Safari, Opera ʪʦʱʦ) 

ʪʘ ʦʧʝʨʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ (Windows, macOS, Android, iOS, Linux). 

ɺʠʩʦʢʘ ʢʨʦʩʧʣʘʪʬʦʨʤʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʚʽʜʢʨʠʪʠʤ ʩʪʘʥʜʘʨʪʘʤ 

ʚʝʙʨʦʟʨʦʙʢʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʪʝʭʥʦʣʦʛʽʾ HTML, CSS ʪʘ JavaScript. ʊʘʢʦʞ ʻ 

ʫʥʽʚʝʨʩʘʣʴʥʽ ʬʨʝʡʤʚʦʨʢʠ ʪʘ ʙʽʙʣʽʦʪʝʢʠ (Bootstrap, Tailwind CSS, React, Vue.js), 
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ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʦʜʠʥʘʢʦʚʠʡ ʽʥʪʝʨʬʝʡʩ ʥʘ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ. ɯʩʥʫʻ ʱʝ 

ʡ ʧʽʜʭʽʜ mobile-first, ʢʦʣʠ ʧʦʯʘʪʢʦʚʘ ʤʦʙʽʣʴʥʘ ʚʝʨʩʽʷ ʨʦʟʰʠʨʶʻʪʴʩʷ ʜʣʷ ʙʽʣʴʰʠʭ 

ʝʢʨʘʥʽʚ, ʘʜʞʝ ʙʘʛʘʪʦ ʜʦʜʘʪʢʽʚ ʟʘʨʘʟ ʧʦʯʠʥʘʶʪʴʩʷ ʩʘʤʝ ʪʘʢ. 

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ ʡ ʪʝ, ʱʦ ʢʨʦʩʧʣʘʪʬʦʨʤʥʽʩʪʴ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʽʜʚʠʱʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʥʠʢʘ, ʘʜʞʝ ʡʦʤʫ ʥʝ ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʶʚʘʪʠ ʦʢʨʝʤʽ ʚʝʨʩʽʾ ʧʽʜ 

ʢʦʞʥʫ ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ. ɸ ʢʦʨʠʩʪʫʚʘʯʫ ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʻʜʠʥʠʡ ʽ ʩʪʘʙʽʣʴʥʠʡ 

ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʟ ʚʝʙʨʝʩʫʨʩʦʤ. 

ɸʜʘʧʪʠʚʥʽʩʪʴ ʽ ʢʨʦʩʧʣʘʪʬʦʨʤʥʽʩʪʴ ʭʦʯ ʽ ʤʘʶʪʴ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ, ʘʣʝ 

ʙʝʟʩʫʤʥʽʚʥʦ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʽ ʚʧʣʠʚʘʶʪʴ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ. ʗʢʱʦ ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʘʻ 

ʛʥʫʯʢʽʩʪʴ ʽ ʟʨʫʯʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ, ʪʦ ʢʨʦʩʧʣʘʪʬʦʨʤʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʫ 

ʨʦʙʦʪʫ ʩʘʡʪʫ ʥʘ ʨʽʟʥʠʭ ʆʉ ʽ ʧʨʠʩʪʨʦʷʭ. ɹʝʟʩʫʤʥʽʚʥʦ, ʮʝ ʥʘʜʘʻ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ: 

1. ɿʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʧʽʜʪʨʠʤʢʫ. ʆʜʠʥ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʢʦʜ ʣʝʛʰʝ 
ʦʥʦʚʣʶʚʘʪʠ ʪʘ ʪʝʩʪʫʚʘʪʠ, ʥʽʞ ʢʽʣʴʢʘ ʦʢʨʝʤʠʭ ʚʝʨʩʽʡ. 

2. ʇʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ. ɿʘʚʜʷʢʠ ʦʧʪʠʤʽʟʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʽ ʢʦʜʫ 

ʘʜʘʧʪʠʚʥʠʡ ʩʘʡʪ ʰʚʠʜʰʝ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ, ʥʘʚʽʪʴ ʟʘ ʩʣʘʙʢʦʛʦ ʽʥʪʝʨʥʝʪ-ʟôʻʜʥʘʥʥʷ. 

3. ʇʦʢʨʘʱʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ. ɸʜʘʧʪʠʚʥʠʡ ʜʠʟʘʡʥ ʨʦʙʠʪʴ ʩʘʡʪ ʟʨʫʯʥʠʤ ʥʝ 
ʣʠʰʝ ʥʘ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʘ ʡ ʜʣʷ ʣʶʜʝʡ ʽʟ ʚʘʜʘʤʠ ʟʦʨʫ ʘʙʦ ʤʦʪʦʨʠʢʠ. 

4. ʇʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. ʂʦʨʠʩʪʫʚʘʯʽ ʯʘʩʪʽʰʝ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ ʩʘʡʪʘʭ, ʷʢʽ ʟʨʫʯʥʦ ʧʝʨʝʛʣʷʜʘʪʠ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʠʩʪʨʦʶ, ʱʦ 

ʥʘʧʨʷʤʫ ʚʧʣʠʚʘʻ ʥʘ ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʢʦʤʧʘʥʽʡ. 

5. SEO-ʧʝʨʝʚʘʛʠ. ʇʦʰʫʢʦʚʽ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ Google, ʥʘʜʘʶʪʴ ʧʝʨʝʚʘʛʫ 

ʩʘʡʪʘʤ, ʱʦ ʻ ʦʜʥʦʯʘʩʥʦ ʘʜʘʧʪʠʚʥʠʤʠ, ʰʚʠʜʢʠʤʠ ʡ ʙʝʟʧʝʯʥʠʤʠ. 

ʇʦʧʨʠ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ, ʚʝʙʨʦʟʨʦʙʥʠʢʠ ʚʩʝ ʞ ʩʪʠʢʘʶʪʴʩʷ ʟ ʥʠʟʢʦʶ 

ʪʨʫʜʥʦʱʽʚ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʮʠʭ ʢʨʠʪʝʨʽʾʚ. ɻʦʣʦʚʥʘ  ʧʨʦʙʣʝʤʘ ï ʨʽʟʥʘ ʧʦʚʝʜʽʥʢʘ 

ʝʣʝʤʝʥʪʽʚ ʫ ʙʨʘʫʟʝʨʘʭ. ʆʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʢʦʜ ʤʦʞʝ ʚʠʛʣʷʜʘʪʠ ʧʦ-ʨʽʟʥʦʤʫ ʫ 

Chrome, Safari ʯʠ Firefox. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʨʦʩʙʨʘʫʟʝʨʥʽ ʬʨʝʡʤʚʦʨʢʠ 

(Bootstrap (ʨʠʩ.1), Tailwind) ʽ ʘʚʪʦʧʨʝʬʽʢʩʝʨʠ.  

 

 
ʈʠʩ. 1. ɺʝʙʩʪʦʨʽʥʢʘ, ʩʪʚʦʨʝʥʘ ʟ ʜʦʧʦʤʦʛʦʶ Bootstrap, ʥʘ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ 

 

ʑʝ ʦʜʥʽʻʶ ʩʢʣʘʜʥʽʩʪʶ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʽʟ ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ 

ʝʢʨʘʥʽʚ. ʋʥʠʢʥʫʪʠ ʧʦʤʠʣʦʢ ʜʦʧʦʤʘʛʘʻ ʛʥʫʯʢʘ ʩʽʪʢʘ (Flexbox, Grid) ʽ ʧʽʜʭʽʜ 

mobile-first, ʢʦʣʠ ʩʧʦʯʘʪʢʫ ʩʪʚʦʨʶʶʪʴ ʤʦʙʽʣʴʥʫ ʚʝʨʩʽʶ ʩʘʡʪʫ. ɯʥʦʜʽ ʚʠʥʠʢʘʶʪʴ 
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ʪʨʫʜʥʦʱʽ ʟ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʤʫʣʴʪʠʤʝʜʽʘ ʡ ʽʥʪʝʨʬʝʡʩʫ ï ʚʽʜʝʦ ʘʙʦ ʢʥʦʧʢʠ ʥʝ 

ʤʘʩʰʪʘʙʫʶʪʴʩʷ. ʊʫʪ ʜʦʧʦʤʘʛʘʶʪʴ ʚʽʜʥʦʩʥʽ ʦʜʠʥʠʮʽ ʚʠʤʽʨʫ, ʘʜʘʧʪʠʚʥʘ 

ʪʠʧʦʛʨʘʬʽʢʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ viewport meta-ʪʝʛʽʚ, ʷʢʽ ʟʘʜʘʶʪʴ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʩʪʦʨʽʥʢʠ ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

ɺʠʩʥʦʚʢʠ. ɸʜʘʧʪʠʚʥʽʩʪʴ ʽ ʢʨʦʩʧʣʘʪʬʦʨʤʥʽʩʪʴ ʻ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʽʯʥʠʤʠ 

ʚʠʤʦʛʘʤʠ, ʘ ʩʪʨʘʪʝʛʽʯʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʩʫʯʘʩʥʦʾ ʚʝʙʨʦʟʨʦʙʢʠ. ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴ 

ʷʢʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʩʘʡʪʦʤ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʦʛʦ ʜʦʩʪʫʧʥʽʩʪʴ, 

ʰʚʠʜʢʦʜʽʶ ʪʘ ʫʩʧʽʰʥʽʩʪʴ ʫ ʢʦʥʢʫʨʝʥʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʆʢʨʽʤ ʪʝʭʥʽʯʥʦʛʦ ʘʩʧʝʢʪʫ, ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʡ ʝʩʪʝʪʠʯʥʫ ʩʢʣʘʜʦʚʫ ï 

ʜʠʟʘʡʥ ʤʘʻ ʙʫʪʠ ʛʘʨʤʦʥʽʡʥʠʤ, ʤʽʥʽʤʘʣʽʩʪʠʯʥʠʤ ʽ ʣʦʛʽʯʥʦ ʩʪʨʫʢʪʫʨʦʚʘʥʠʤ. 

ɿʨʫʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʰʚʠʜʢʦ ʚʽʥ ʟʥʘʡʜʝ 

ʧʦʪʨʽʙʥʫ ʽʥʬʦʨʤʘʮʽʶ ʘʙʦ ʚʠʢʦʥʘʻ ʙʘʞʘʥʫ ʜʽʶ. ʉʫʯʘʩʥʠʡ ʚʝʙʩʘʡʪ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʛʥʫʯʢʠʤ, ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽ ʩʪʘʙʽʣʴʥʠʤ ʥʘ ʚʩʽʭ ʧʨʠʩʪʨʦʷʭ ʪʘ ʧʣʘʪʬʦʨʤʘʭ. ɼʣʷ 

ʮʴʦʛʦ ʨʦʟʨʦʙʥʠʢʘʤ ʥʝʦʙʭʽʜʥʦ ʧʦʻʜʥʫʚʘʪʠ ʪʝʭʥʽʯʥʽ ʟʥʘʥʥʷ ʟ ʨʦʟʫʤʽʥʥʷʤ ʧʦʪʨʝʙ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʬʨʝʡʤʚʦʨʢʠ, ʘʜʘʧʪʠʚʥʽ ʩʽʪʢʠ ʪʘ ʤʝʪʦʜʠ 

ʦʧʪʠʤʽʟʘʮʽʾ. ʆʪʞʝ, ʘʜʘʧʪʠʚʥʽʩʪʴ ʽ ʢʨʦʩʧʣʘʪʬʦʨʤʥʽʩʪʴ ï ʮʝ ʟʘʧʦʨʫʢʘ ʨʦʟʚʠʪʢʫ 

ʚʝʙʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʟʨʫʯʥʽ, ʥʘʜʽʡʥʽ ʡ ʝʬʝʢʪʠʚʥʽ ʨʝʩʫʨʩʠ, 

ʟʜʘʪʥʽ ʟʘʣʠʰʘʪʠʩʷ ʘʢʪʫʘʣʴʥʠʤʠ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʤʽʥ. 
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ɼ.ɺ. ɯʚʘʥʦʚ1, ʊ.ʈ. ʂʫʨʰʫʙʘʜʟʝ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɯʅʊɽɻʈɸʎɯʁʅʀʁ ʇɯɼʍɯɼ ɼʆ ʇʆɭɼʅɸʅʅʗ SQL ʊɸ NoSQL ɹɸɿ 

ɼɸʅʀʍ ʋ ɻɯɹʈʀɼʅʀʍ ɸʅɸʃɯʊʀʏʅʀʍ ʉʀʉʊɽʄɸʍ 

 
ɸʥʦʪʘʮʽʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʽʥʪʝʛʨʘʮʽʾ ʨʝʣʷʮʽʡʥʠʭ (SQL) 

ʪʘ ʥʝʨʝʣʷʮʽʡʥʠʭ (NoSQL) ʙʘʟ ʜʘʥʠʭ ʫ ʤʝʞʘʭ ʛʽʙʨʠʜʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʤʦʜʝʣʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ polyglot persistence ʪʘ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʫʥʽʬʽʢʦʚʘʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʣʘʥʩʫ ʤʽʞ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʫʟʛʦʜʞʝʥʽʩʪʶ ʪʘ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʶ. ʇʽʜʭʽʜ ʦʨʽʻʥʪʦʚʘʥʦ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʠʩʪʝʤʘʭ ʚʝʣʠʢʠʭ ʜʘʥʠʭ (Big Data), 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (AI) ʪʘ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT). ɺʠʟʥʘʯʝʥʦ ʧʨʘʢʪʠʯʥʽ ʥʘʧʨʷʤʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʠ, ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʧʣʘʪʬʦʨʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: SQL, NoSQL, ʛʽʙʨʠʜʥʽ ʩʠʩʪʝʤʠ, ʽʥʪʝʛʨʘʮʽʷ ʙʘʟ ʜʘʥʠʭ, polyglot 

persistence, Big Data, AI, IoT. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʫʶʪʴ ʫ ʩʝʨʝʜʦʚʠʱʽ, ʜʝ 

ʦʙʩʷʛ, ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʜʘʥʠʭ ʟʨʦʩʪʘʶʪʴ ʫ ʛʝʦʤʝʪʨʠʯʥʽʡ 

ʧʨʦʛʨʝʩʽʾ. ʊʨʘʜʠʮʽʡʥʽ ʨʝʣʷʮʽʡʥʽ ʙʘʟʠ ʜʘʥʠʭ (SQL) ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ʪʘ ʧʽʜʪʨʠʤʢʫ ʩʢʣʘʜʥʠʭ ʪʨʘʥʟʘʢʮʽʡ, ʧʨʦʪʝ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʧʨʠ 

ʨʦʙʦʪʽ ʟ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ ʜʘʥʠʤʠ ʡ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ. 

ʅʘʪʦʤʽʩʪʴ ʥʝʨʝʣʷʮʽʡʥʽ ʙʘʟʠ ʜʘʥʠʭ (NoSQL) ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʚʠʩʦʢʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʾʭ 

ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ ʚʦʥʠ ʧʦʩʪʫʧʘʶʪʴʩʷ SQL ʫ 

ʛʘʨʘʥʪʽʷʭ ʢʦʥʩʠʩʪʝʥʪʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʩʪʘʻ ʧʦʪʨʝʙʘ ʫ ʩʪʚʦʨʝʥʥʽ ʛʽʙʨʠʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʩʠʣʴʥʽ ʩʪʦʨʦʥʠ ʦʙʦʭ ʧʽʜʭʦʜʽʚ ï ʥʘʜʽʡʥʽʩʪʴ ʽ 

ʪʨʘʥʟʘʢʮʽʡʥʽʩʪʴ SQL ʽʟ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʶ ʪʘ ʰʚʠʜʢʦʜʽʻʶ NoSQL. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʪʝʛʨʘʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʧʦʻʜʥʘʥʥʷ SQL ʪʘ NoSQL ʙʘʟ ʜʘʥʠʭ ʫ ʤʝʞʘʭ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʪʴ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʟ ʨʽʟʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʚʠʟʥʘʯʝʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

¶ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʽʥʪʝʛʨʘʮʽʾ ʨʝʣʷʮʽʡʥʠʭ ʽ 

ʥʝʨʝʣʷʮʽʡʥʠʭ ʙʘʟ ʜʘʥʠʭ; 

¶ ʨʦʟʨʦʙʠʪʠ ʘʨʭʽʪʝʢʪʫʨʥʫ ʤʦʜʝʣʴ ʽʥʪʝʛʨʘʮʽʡʥʦʛʦ ʰʘʨʫ ʜʣʷ ʛʽʙʨʠʜʥʠʭ 
ʩʠʩʪʝʤ; 

¶ ʩʬʦʨʤʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʦʮʽʥʢʠ ʫʟʛʦʜʞʝʥʦʩʪʽ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ; 

¶ ʚʠʟʥʘʯʠʪʠ ʧʨʘʢʪʠʯʥʽ ʥʘʧʨʷʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʽʜʭʦʜʫ ʫ 
ʩʫʯʘʩʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ɯʊ-ʨʽʰʝʥʥʷʭ. 
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ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽʥʪʝʛʨʘʮʽʡʥʠʡ ʧʽʜʭʽʜ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ polyglot persistence, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʦʻʜʥʘʥʥʷ ʢʽʣʴʢʦʭ 

ʪʝʭʥʦʣʦʛʽʡ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʫ ʤʝʞʘʭ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʣʴʥʽ ʩʪʦʨʦʥʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʙʘʟ ʜʘʥʠʭ: 

ʪʨʘʥʟʘʢʮʽʡʥʫ ʥʘʜʽʡʥʽʩʪʴ ʨʝʣʷʮʽʡʥʠʭ ʩʭʦʚʠʱ ʽ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ ʥʝʨʝʣʷʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʧʨʠ ʨʦʙʦʪʽ ʟ ʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʽʥʪʝʛʨʘʮʽʡʥʦʛʦ ʰʘʨʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʧʨʦʟʦʨʝ ʚʟʘʻʤʦʜʽʷʥʥʷ ʤʽʞ SQL ʪʘ NoSQL ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʤʽʥʠ 

ʣʦʛʽʢʠ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ. ʊʘʢʠʡ ʰʘʨ ʚʠʢʦʥʫʻ ʨʦʣʴ ʧʦʩʝʨʝʜʥʠʢʘ, ʱʦ ʧʨʠʡʤʘʻ 

ʟʘʧʠʪʠ, ʚʠʟʥʘʯʘʻ ʾʭʥʽʡ ʪʠʧ ʪʘ ʩʧʨʷʤʦʚʫʻ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʭʦʚʠʱʘ. ʇʨʠ ʮʴʦʤʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʪʨʠʤʘʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʤʝʭʘʥʽʟʤʽʚ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʪʘ ʪʨʘʥʟʘʢʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʻ ʘʜʘʧʪʠʚʥʽʩʪʴ 

ʘʨʭʽʪʝʢʪʫʨʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʤʘʩʰʪʘʙʫʚʘʪʠ ʦʢʨʝʤʽ ʢʦʤʧʦʥʝʥʪʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ SQL-ʩʝʨʝʜʦʚʠʱʽ ʮʝ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʽʥʜʝʢʩʽʚ ʽ 

ʨʦʟʧʦʜʽʣʫ ʟʘʧʠʪʽʚ ʤʽʞ ʚʫʟʣʘʤʠ, ʪʦʜʽ ʷʢ ʫ NoSQL-ʩʭʦʚʠʱʘʭ ï ʟʘ ʨʘʭʫʥʦʢ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʰʘʨʜʽʥʛʫ ʡ ʘʩʠʥʭʨʦʥʥʦʾ ʨʝʧʣʽʢʘʮʽʾ. ʆʙôʻʜʥʘʥʥʷ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʥʘʚʽʪʴ ʟʘ ʫʤʦʚ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʪʦʢʫ 

ʟʘʧʠʪʽʚ. 

ɯʥʪʝʛʨʘʮʽʡʥʠʡ ʨʽʚʝʥʴ ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʻ: 

¶ ʫʥʽʬʽʢʦʚʘʥʠʡ ʽʥʪʝʨʬʝʡʩ ʟʘʧʠʪʽʚ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ 
ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʩʭʦʚʠʱʘ; 

¶ ʤʝʭʘʥʽʟʤ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʫʟʛʦʜʞʝʥʽʩʪʴ ʜʘʥʠʭ ʤʽʞ SQL ʪʘ 
NoSQL ʢʦʤʧʦʥʝʥʪʘʤʠ; 

¶ ʘʥʘʣʽʪʠʯʥʠʡ ʤʦʜʫʣʴ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 
(ML) ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʡ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʧʠʪʽʚ. 

ʉʫʪʪʻʚʦʶ ʩʢʣʘʜʦʚʦʶ ʽʥʪʝʛʨʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʻ ʫʥʽʬʽʢʦʚʘʥʠʡ ʽʥʪʝʨʬʝʡʩ 

ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʢʦʨʠʩʪʫʚʘʯʘʤ ʬʦʨʤʫʚʘʪʠ ʟʘʧʠʪʠ ʫ ʩʪʘʥʜʘʨʪʥʽʡ 

ʬʦʨʤʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʫ ʷʢʦʤʫ ʪʠʧʽ ʙʘʟʠ ʜʘʥʠʭ ʚʦʥʠ ʟʙʝʨʽʛʘʶʪʴʩʷ. ʎʝ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʤʽʞʥʦʛʦ ʤʦʜʫʣʷ ʪʨʘʥʩʣʷʮʽʾ ʟʘʧʠʪʽʚ, ʷʢʠʡ 

ʧʝʨʝʪʚʦʨʶʻ ʢʦʤʘʥʜʠ SQL ʫ ʚʽʜʧʦʚʽʜʥʽ ʩʪʨʫʢʪʫʨʠ ʟʘʧʠʪʽʚ NoSQL (ʥʘʧʨʠʢʣʘʜ, 

JSON-ʜʦʢʫʤʝʥʪʠ ʘʙʦ ʢʣʶʯ-ʟʥʘʯʝʥʥʷ). 

ʋ ʤʝʞʘʭ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʽʚʥʷ ʨʝʘʣʽʟʦʚʘʥʦ ʤʝʭʘʥʽʟʤʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, 

ʘʛʨʝʛʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʧʠʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʩʠʩʪʝʤʠ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʠʧʠ ʜʘʥʠʭ ʽ ʯʘʩʪʦʪʫ 

ʦʥʦʚʣʝʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʜʠʥʘʤʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʜʝ ʦʙʩʷʛ 

ʽʥʬʦʨʤʘʮʽʾ ʟʤʽʥʶʻʪʴʩʷ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ɺʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʨʦʙʦʪʠ ʻ ʤʦʜʝʣʴ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʴʦʭ ʢʣʶʯʦʚʠʭ ʤʝʪʨʠʢʘʭ: ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʯʘʩ ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪ ʫʟʛʦʜʞʝʥʦʩʪʽ. ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʜʘʻ ʟʤʦʛʫ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʠʨʘʪʠ ʘʨʭʽʪʝʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʟʙʘʣʘʥʩʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ SQL ʪʘ 
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NoSQL ʩʭʦʚʠʱ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʥʘ 20ï25% ʽ ʚʦʜʥʦʯʘʩ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʫʟʛʦʜʞʝʥʦʩʪʽ (ʜʦ 0.98). 

ʆʢʨʽʤ ʪʝʭʥʽʯʥʠʭ ʘʩʧʝʢʪʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʘʻ ʚʘʞʣʠʚʝ 

ʤʝʪʦʜʦʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʬʦʨʤʫʻ ʫʥʽʚʝʨʩʘʣʴʥʫ ʦʩʥʦʚʫ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʯʠ ʧʣʘʪʬʦʨʤ. ʁʦʛʦ 

ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫ ʙʫʜʴ-ʷʢʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʜʝ ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʨʽʟʥʦʨʽʜʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʧʨʦʙʣʝʤʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʽʞ 

ʨʝʣʷʮʽʡʥʠʤʠ ʪʘ ʥʝʨʝʣʷʮʽʡʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʽʚ eventual consistency, ʟʘ ʷʢʠʭ ʩʠʩʪʝʤʘ 

ʛʘʨʘʥʪʫʻ ʧʦʚʥʫ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʜʘʥʠʭ ʯʝʨʝʟ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʥʝ ʞʝʨʪʚʫʶʯʠ 

ʧʨʠ ʮʴʦʤʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ. ɼʣʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʪʨʘʥʟʘʢʮʽʡ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʨʝʞʠʤ ʞʦʨʩʪʢʦʾ ʫʟʛʦʜʞʝʥʦʩʪʽ ʟ ʤʠʪʪʻʚʠʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʟʤʽʥ 

ʫ SQL-ʩʭʦʚʠʱʽ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʛʽʙʨʠʜʥʦʾ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʨʽʚʥʽʚ (ʨʠʩ. 1): 

1. ʈʽʚʝʥʴ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ï ʚʢʣʶʯʘʻ SQL (MySQL, PostgreSQL) ʽ NoSQL 

(MongoDB, Cassandra) ʙʘʟʠ. 

2. ɯʥʪʝʛʨʘʮʽʡʥʠʡ ʨʽʚʝʥʴ ï ʤʽʩʪʠʪʴ ʤʦʜʫʣʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʧʠʪʽʚ, ʩʠʩʪʝʤʫ 

ʢʦʥʪʨʦʣʶ ʫʟʛʦʜʞʝʥʦʩʪʽ ʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ.; 

3. ɸʥʘʣʽʪʠʯʥʠʡ ʨʽʚʝʥʴ ï ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʙʨʦʙʢʫ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ, 

ʧʦʙʫʜʦʚʫ ʟʚʽʪʽʚ, ʘʥʘʣʽʪʠʯʥʠʭ ʧʘʥʝʣʝʡ ʽ ʧʽʜʪʨʠʤʢʫ AI-ʤʦʜʝʣʝʡ. 

4. ʇʨʠʢʣʘʜʥʠʡ ʨʽʚʝʥʴ ï ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʘʙʦ ʙʽʟʥʝʩ-ʜʦʜʘʪʢʠ, ʷʢʽ 

ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʜʘʥʠʤʠ ʯʝʨʝʟ API. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʦʚʘʥʦ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ: 

¶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (P) ï ʢʽʣʴʢʽʩʪʴ ʦʙʨʦʙʣʝʥʠʭ ʟʘʧʠʪʽʚ ʟʘ ʩʝʢʫʥʜʫ; 

¶ ʯʘʩ ʦʙʨʦʙʢʠ (T) ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪ; 

¶ ʢʦʝʬʽʮʽʻʥʪ ʫʟʛʦʜʞʝʥʦʩʪʽ (K) ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʭ ʜʘʥʠʭ 

ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʩʽʚ, ʱʦ ʤʦʞʥʘ ʚʠʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ (1): 

 

ὑ
Ὀ

Ὀ
                                     (1) 

 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʪʝʛʨʘʮʽʡʥʦʛʦ 

ʧʽʜʭʦʜʫ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʟʥʠʞʫʻʪʴʩʷ ʥʘ 20ï25%, ʘ ʢʦʝʬʽʮʽʻʥʪ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʘʥʠʭ 

ʩʷʛʘʻ 0.96ï0.98. 

ʇʨʘʢʪʠʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʛʽʙʨʠʜʥʘ ʩʠʩʪʝʤʘ ʟʜʘʪʥʘ 

ʤʘʩʰʪʘʙʫʚʘʪʠʩʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʧʽʜʪʨʠʤʫʶʯʠ ʧʦʥʘʜ 1000 ʧʘʨʘʣʝʣʴʥʠʭ 

ʪʨʘʥʟʘʢʮʽʡ ʟʘ ʩʝʢʫʥʜʫ. 

ʇʨʠʢʣʘʜʠ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ: 

¶ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʘ: ʦʙôʻʜʥʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʜʘʥʠʭ (SQL) 

ʟ ʧʦʪʦʢʘʤʠ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʧʣʘʪʬʦʨʤ (NoSQL) ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʜʠʥʘʤʽʯʥʠʭ ʟʚʽʪʽʚ; 
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¶ ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT): ʽʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ ʽʟ ʩʝʥʩʦʨʽʚ ʽ ʧʨʦʤʠʩʣʦʚʠʭ 
ʧʨʠʩʪʨʦʾʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ; 

¶ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (AI): ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ 
ʦʩʥʦʚʽ ʜʘʥʠʭ ʽʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʛʽʙʨʠʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; 

¶ ʢʽʙʝʨʙʝʟʧʝʢʘ: ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʘʥʘʣʽʟʫ ʧʦʜʽʡ ʙʝʟʧʝʢʠ, ʜʝ ʪʨʘʥʟʘʢʮʽʡʥʘ 
ʥʘʜʽʡʥʽʩʪʴ SQL ʧʦʻʜʥʫʻʪʴʩʷ ʟʽ ʰʚʠʜʢʠʤ ʟʙʝʨʝʞʝʥʥʷʤ ʣʦʛʽʚ ʫ NoSQL. 

 

 
ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ ʛʽʙʨʠʜʥʦʾ ʩʠʩʪʝʤʠ 

 

ʈʦʟʨʦʙʣʝʥʠʡ ʽʥʪʝʛʨʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʪʘʢʦʞ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ ʜʫʙʣʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʽʩʣʷ ʟʙʦʾʚ ʙʝʟ ʚʪʨʘʪʠ ʜʘʥʠʭ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʧʣʘʪʬʦʨʤ, ʜʝ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʨʦʙʦʪʠ ʻ ʢʨʠʪʠʯʥʦʶ. 

ɼʦʜʘʪʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʟʤʝʥʰʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʽʥʪʝʛʨʘʮʽʡʥʠʡ ʨʽʚʝʥʴ ʙʝʨʝ ʥʘ ʩʝʙʝ ʬʫʥʢʮʽʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʧʠʪʽʚ, ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʨʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ 

ʟʦʩʝʨʝʜʠʪʠʩʴ ʥʘ ʣʦʛʽʮʽ ʘʥʘʣʽʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʥʝ ʚʠʪʨʘʯʘʶʯʠ ʨʝʩʫʨʩʠ ʥʘ ʨʫʯʥʫ 

ʢʦʦʨʜʠʥʘʮʽʶ ʨʽʟʥʠʭ ʙʘʟ ʜʘʥʠʭ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʽʥʪʝʛʨʘʮʽʾ SQL ʪʘ NoSQL ʙʘʟ ʜʘʥʠʭ 

ʟʘʙʝʟʧʝʯʫʻ ʻʜʠʥʠʡ ʧʨʦʩʪʽʨ ʜʘʥʠʭ, ʫ ʷʢʦʤʫ ʤʦʞʣʠʚʘ ʦʙʨʦʙʢʘ ʷʢ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ, 

ʪʘʢ ʽ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ, ʟʙʝʨʝʞʝʥʥʷʤ 

ʢʦʥʩʠʩʪʝʥʪʥʦʩʪʽ ʪʘ ʧʽʜʪʨʠʤʢʦʶ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʟʜʘʪʥʠʭ 

ʧʨʘʮʶʚʘʪʠ ʟ ʛʽʛʘʥʪʩʴʢʠʤʠ ʤʘʩʠʚʘʤʠ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʣʝʥʥʽ ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʽʥʪʝʛʨʘʮʽʾ SQL ʪʘ NoSQL ʙʘʟ ʜʘʥʠʭ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʪʠʧʘʤʠ ʩʭʦʚʠʱ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

¶ ʫʜʦʩʢʦʥʘʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʨʦʟʧʦʜʽʣʫ ʟʘʧʠʪʽʚ ʟʘ ʪʠʧʦʤ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ 
ʟʤʝʥʰʠʪʠ ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʙʝʟ ʚʪʨʘʪʠ ʫʟʛʦʜʞʝʥʦʩʪʽ; 

¶ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʽʥʪʝʛʨʘʮʽʡʥʠʡ ʤʦʜʫʣʴ ʟ ʘʜʘʧʪʠʚʥʠʤ 
ʤʝʭʘʥʽʟʤʦʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ SQL ʪʘ NoSQL ʢʦʤʧʦʥʝʥʪʘʤʠ; 

¶ ʚʧʝʨʰʝ ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʜʠʥʘʤʽʯʥʦʛʦ ʧʝʨʝʤʠʢʘʥʥʷ ʤʽʞ ʨʽʟʥʠʤʠ 
ʩʭʦʚʠʱʘʤʠ ʜʘʥʠʭ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʟʘʧʠʪʫ ʪʘ ʨʽʚʥʷ ʡʦʛʦ ʢʨʠʪʠʯʥʦʩʪʽ; 

¶ ʨʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʭʦʜʫ ʫ ʧʨʦʤʠʩʣʦʚʠʭ 
ʘʥʘʣʽʪʠʯʥʠʭ ʧʣʘʪʬʦʨʤʘʭ, ʜʝ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʽ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ; 

¶ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʦʻʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ SQL ʽ NoSQL ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ 
ʘʜʘʧʪʠʚʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʽʟ ʧʽʜʪʨʠʤʢʦʶ AI ʪʘ ʧʨʦʛʥʦʟʥʦʾ ʘʥʘʣʽʪʠʢʠ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʽʥʪʝʛʨʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʻʜʥʘʥʥʷ SQL ʽ NoSQL 

ʙʘʟ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʽʙʨʠʜʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʫ ʩʝʨʝʜʦʚʠʱʘʭ ʚʝʣʠʢʠʭ ʜʘʥʠʭ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, 

ʟʘʙʝʟʧʝʯʠʪʠ ʫʟʛʦʜʞʝʥʽʩʪʴ ʽ ʛʥʫʯʢʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʧʨʦʩʪʠʪʠ 

ʫʧʨʘʚʣʽʥʥʷ ʛʝʪʝʨʦʛʝʥʥʠʤʠ ʜʘʥʠʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʧʣʘʪʬʦʨʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʩʠʩʪʝʤ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʙʽʟʥʝʩʫ. 
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ɯ.ʄ. ɻʘʨʢʫʰʘ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ CNN ɼʃʗ ʉʊɺʆʈɽʅʅʗ ʄɸʉʆʂ  

ʅɽʇʈʆɿʆʈʀʍ ʍʄɸʈ ɿɸ ɼɸʅʀʄʀ RGB-ʂɸʅɸʃɯɺ  

ʄʋʃʔʊʀʉʇɽʂʊʈɸʃʔʅʀʍ ʂʆʉʄʆɿʅɯʄʂɯɺ 
 

ɸʥʦʪʘʮʽʷ. ʆʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ ʜʘʪʘʩʝʪʫ ʜʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʩʪʚʦʨʝʥʥʷ ʤʘʩʢʠ 

ʥʝʧʨʦʟʦʨʠʭ ʭʤʘʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ 

ʪʝʩʪʦʚʦʛʦ RGB-ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʻ ʬʨʘʛʤʝʥʪʦʤ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʩʤʦʟʥʽʤʢʫ, ʱʦ 

ʦʪʨʠʤʘʥʠʡ ʟ ʘʧʘʨʘʪʫ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʟ ʢʦʩʤʦʩʫ ʩʝʨʽʾ Sentinel-2. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʛʦʨʪʢʦʚʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʤʘʩʢʘ 

ʭʤʘʨ, Sentinel-2, CNN, Python. 

 

ɺʩʪʫʧ. ɼʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ (ɼɿ) ɿʝʤʣʽ ʟ ʢʦʩʤʦʩʫ ʥʘʜʘʶʪʴ 

ʜʦʩʣʽʜʥʠʢʘʤ, ʘʥʘʣʽʪʠʢʘʤ ʪʘ ʽʥʰʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦ 

ʟʘʣʫʯʝʥʥʶ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙôʻʢʪʠ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʨʽʟʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, ʦʭʦʧʣʝʥʠʭ ʟʡʦʤʢʦʶ. ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʜʘʥʽ 

ʟʡʦʤʢʠ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʩʢʘʥʝʨʽʚ ʩʝʨʽʡ 

ʩʫʧʫʪʥʠʢʽʚ ɼɿ Landsat ʪʘ Sentinel-2. ʅʘʡʯʘʩʪʽʰʝ ʧʦʜʽʙʥʽ ʜʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʟʘʜʘʯ ʦʮʽʥʢʠ ʩʪʘʥʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʨʘʞʘʶ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, 

ʤʦʥ̔ʪʦʨʠʥʛʫ ʩʪʘʥʫ ʚʦʜʥʠʭ, ʧʨʦʤʠʩʣʦʚʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʝʢʦʩʠʩʪʝʤ, ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ 

ʩʪʠʭʽʡʥʠʭ ʣʠʭ, ʤʦʥʽʪʦʨʠʥʛʫ ʣʘʥʜʰʘʬʪʽʚ ʨʝʛʽʦʥʽʚ. ʆʩʢʽʣʴʢʠ ʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ 

ʜʘʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʧʪʠʯʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʫ, ʪʦ 

ʚʽʜʧʦʚʽʜʥʦ ʚʝʣʠʢʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʾʭ ʦʙʨʦʙʮʽ ʩʪʘʻ ʚʧʣʠʚ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʠ ï 

ʚʧʣʠʚ ʭʤʘʨ, ʚʦʣʦʛʦʩʪʽ, ʨʽʟʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ. ɸʢʪʫʘʣʴʥʠʤ ʻ 

ʧʠʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠ ʦʙʨʦʙʮʽ 

ʧʦʜʽʙʥʠʭ ʜʘʥʠʭ ɼɿ ʤʘʩʢʫʚʘʪʠ ʜʽʣʷʥʢʠ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ, ʥʘʧʨʠʢʣʘʜ, ʧʦʢʨʠʪʽ 

ʭʤʘʨʘʤʠ. 

ɯʩʥʫʻ ʧʝʚʥʘ ʤʥʦʞʠʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʚ ʪʦʡ ʯʠ ʽʥʰʠʡ ʤʽʨʽ ʷʢʽʩʥʦ ʩʪʚʦʨʶʚʘʪʠ ʤʘʩʢʠ ʭʤʘʨ. ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ 
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ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʤʘʻ ʧʝʚʥʘ ʤʥʦʞʠʥʘ ʢʘʥʘʣʽʚ ʟʡʦʤʢʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʢʘʥʝʨʘ ʪʘ ʾʭ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿ ʧʦʜʽʙʥʠʤ ʦʛʣʷʜʦʤ ʤʦʞʥʘ 

ʦʟʥʘʡʦʤʠʪʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʘʭ [1, 2]. ʊʘʢ ʚ ʨʦʙʦʪʽ [2] ʨʦʟʛʣʷʜʘʣʘʩʷ 

ʧʦʙʫʜʦʚʘ ʧʦʚʥʦʟʚôʷʟʥʦʾ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (ʐʅʄ) ʟ ʘʨʭʽʪʝʢʪʫʨʦʶ 

ʥʝʡʨʦʥʽʚ ʚ ʰʘʨʘʭ ʟ ʢʽʣʴʢʽʩʪʶ 3-360-260-30-2. ʊʘʢʘ ʐʅʄ ʧʦʢʘʟʘʣʘ ʚʠʩʦʢʫ ʷʢʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʤʘʩʦʢ ʥʝʧʨʦʟʦʨʠʭ ʭʤʘʨ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʥʘʣʽʚ B01, B05 ʪʘ B10 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʘʥʝʨʘ MSI [3] ʧʣʘʪʬʦʨʤʠ ʟʡʦʤʢʠ Sentinel-2. 

ʎʽʣʣʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʘʜʘʧʪʫʚʘʥʥʷ ʥʘʷʚʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʟʛʦʨʪʢʦʚʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (Convolution Neural Network, CNN), ʷʢʘ ʙ ʜʦʟʚʦʣʠʣʘ ʜʦʧʦʤʦʛʪʠ 

ʩʪʚʦʨʶʚʘʪʠ ʤʘʩʢʠ ʥʝʧʨʦʟʦʨʠʭ ʭʤʘʨ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʢʣʶʯʥʦ ʢʘʥʘʣʽʚ RGB. 

ʊʦʙʪʦ ʫ ʚʠʧʘʜʢʫ ʢʦʩʤʦʟʥʽʤʢʽʚ Sentinel-2 ʮʝ ʚʽʜʧʦʚʽʜʥʦ ʢʘʥʘʣʠ B04, B03, B02 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʘʥʝʨʘ MSI.  

ɺʘʨʽʘʥʪ RGB-ʢʘʥʘʣʽʚ ʻ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ: 

ï ʫ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʩʢʘʥʝʨʘʭ ʜʣʷ ʟʘʜʘʯ ɼɿ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʩʫʪʥʽ 

ʢʘʥʘʣʠ, ʥʘ ʢʰʪʘʣʪ ʢʘʥʘʣʽʚ ʩʢʘʥʝʨʘ MSI B01 ʪʘ B10 (ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʜʦʧʦʤʦʛʠ ʽʟ 

ʬʽʢʩʘʮʽʻʶ ʘʝʨʦʟʦʣʽʚ ʪʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʝʨʠʩʪʠʭ ʭʤʘʨ); 

ï ʫ ʩʢʣʘʜʽ ʧʨʦʜʫʢʪʽʚ ʟʡʦʤʦʢ ʜʣʷ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʦʞʣʠʚʘ 

ʚʽʜʩʫʪʥʽʩʪʴ ʛʦʪʦʚʠʭ ʤʘʩʦʢ ʭʤʘʨ ʘʙʦ ʥʘʷʚʥʽ ʤʘʩʢʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʷʢʽʩʪʴ. 

ʊʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʷʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʘʨʭʽʚʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʟʡʦʤʦʢ Sentinel-2, ʤʘʩʢʠ ʭʤʘʨ ʫ ʾʭ ʩʢʣʘʜʽ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʟ 

ʥʝʟʘʜʦʚʽʣʴʥʦʶ ʷʢʽʩʪʶ ʽ ʮʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʫ ʨʦʙʦʪʽ [2]. 

ʂʘʥʘʣʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʩʢʘʥʝʨʽʚ ʜʣʷ ʟʡʦʤʦʢ ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʫ (RGB-ʢʘʥʘʣʠ), ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʩʫʪʥʽ ʫ ʙʽʣʴʰʦʩʪʽ 

ʚʽʜʦʤʠʭ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʩʢʘʥʝʨʽʚ. ʊʦʤʫ ʧʦʜʽʙʥʘ ʨʦʙʦʪʘ ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʽ ʚʠʢʦʥʘʥʽ 

ʟʘʜʘʯʽ: 

ï ʦʙʨʘʥʠʡ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʡ ʢʦʩʤʦʟʥʽʤʦʢ ʽʟ ʬʽʢʩʘʮʽʻʶ ʧʝʚʥʦʾ ʭʤʘʨʥʦʩʪʽ 

ʪʝʨʠʪʦʨʽʾ ʟʡʦʤʢʠ, ʦʪʨʠʤʘʥʠʡ ʟ ʦʜʥʦʛʦ ʽʟ ʩʫʧʫʪʥʠʢʽʚ ʩʝʨʽʾ Sentinel-2; 

ï ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʽʟ ʨʘʩʪʨʦʚʠʭ RGB-

ʬʨʘʛʤʝʥʪʽʚ ʧʝʚʥʠʭ ʨʦʟʤʽʨʽʚ ʥʘ ʙʘʟʽ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʩʤʦʟʥʽʤʢʫ; 

ï ʚʽʜʽʙʨʘʥʦ ʪʘ ʘʜʘʧʪʦʚʘʥʦ ʘʨʭʽʪʝʢʪʫʨʫ CNN ʜʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʙʘʟʽ ʨʘʩʪʨʦʚʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʟ RGB-ʟʦʙʨʘʞʝʥʴ; 

ï ʤʦʚʦʶ Python ʨʦʟʨʦʙʣʝʥʽ ʩʢʨʠʧʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʙʦʨʫ, 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʚʯʘʥʥʷ, ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʙʘʟʽ 

ʘʜʘʧʪʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ CNN, ʘ ʪʘʢʦʞ ʧʨʦʛʨʘʤʘ ʢʣʘʩʠʬʽʢʘʮʽʾ RGB-ʟʦʙʨʘʞʝʥʥʷ ʟ 

ʥʘʷʚʥʠʤʠ ʭʤʘʨʘʤʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʥʘ ʙʘʟʽ 

CNN. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. CNN ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ 

ʟʦʙʨʘʞʝʥʥʷʭ. ʊʦʤʫ ʪʠʧʦʚʠʤ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ CNN ʜʣʷ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʥʝʧʨʦʟʦʨʠʭ ʭʤʘʨ. 

ɺ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʦʙʨʘʥʠʡ RGB-ʬʨʘʛʤʝʥʪ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʢʦʩʤʦʟʥʽʤʢʫ ʟ ʘʧʘʨʘʪʫ ɼɿ ʩʝʨʽʾ Sentinel-2 (ʜʘʪʘ ʟʡʦʤʢʠ 04.04.2020) ʪʝʨʠʪʦʨʽʾ 



 

 

 

 

248 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʦʣʽʚ, ʥʘ ʷʢʦʤʫ ʻ ʥʝʧʨʦʟʦʨʽ ʪʘ ʥʘʧʽʚʧʨʦʟʦʨʽ ʭʤʘʨʠ  

(ʨʠʩ. 1, ʘ). 

ɼʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦʛʦ ʜʘʪʘʩʝʪʫ ʙʫʣʠ ʧʨʦʩʪʘʚʣʝʥʽ ʪʦʯʢʠ ʧʦ ʚʩʽʡ ʧʣʦʱʽ 

ʟʦʙʨʘʞʝʥʥʷ: 50 ʪʦʯʦʢ ʥʘ ʥʝʧʨʦʟʦʨʠʭ ʭʤʘʨʘʭ ʪʘ 50 ï ʥʘ ʦʙôʻʢʪʘʭ ʤʽʩʮʝʚʦʩʪʽ, ʷʢʽ ʥʝ 

ʻ ʭʤʘʨʘʤʠ (ʨʠʩ. 1, ʙ). 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʢʨʠʧʪʫ ʤʦʚʦʶ Python ʩʪʚʦʨʝʥʽ ʟʨʘʟʢʠ ʜʣʷ 

ʥʘʚʯʘʥʥʷ CNN ï RGB-ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʤʽʨʦʤ 11x11 ʧʽʢʩʝʣʴ. ʂʦʞʥʘ ʧʨʦʩʪʘʚʣʝʥʘ 

ʪʦʯʢʘ ʚʠʩʪʫʧʘʣʘ ʮʝʥʪʨʦʤ ʧʝʚʥʦʛʦ ʟʨʘʟʢʘ. ʉʪʚʦʨʝʥʠʡ ʜʘʪʘʩʝʪ ʜʣʷ ʥʘʚʯʘʥʥʷ CNN 

ʤʽʩʪʠʚ 4D-ʪʝʥʟʦʨ ʽʟ ʤʘʪʨʠʮʝʶ ʦʟʥʘʢ X (ʨʦʟʤʽʨ: 98, 11, 11, 3) ʪʘ ʪʝʥʟʦʨ ʧʝʨʰʦʛʦ 

ʨʘʥʛʫ ʽʟ ʮʽʣʴʦʚʠʤ ʚʝʢʪʦʨʦʤ y (ʨʦʟʤʽʨ 98). ʂʽʣʴʢʽʩʪʴ ʟʨʘʟʢʽʚ ʜʦʨʽʚʥʶʚʘʣʘ 98, 

ʦʩʢʽʣʴʢʠ ʜʚʽ ʪʦʯʢʠ ʙʫʣʠ ʧʨʦʩʪʘʚʣʝʥʽ ʙʽʣʷ ʤʝʞʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʥʝʤʦʞʣʠʚʦ ʙʫʣʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ ʟʨʦʙʠʪʠ ʚʽʜ ʮʠʭ ʪʦʯʦʢ ʟʨʘʟʦʢ 11x11 ʧʽʢʩʝʣʴ. ʅʘʙʽʨ ʜʘʥʠʭ 

ʨʦʟʜʽʣʝʥʠʡ ʥʘ ʥʘʚʯʘʣʴʥʠʡ (78 ʟʨʘʟʢʽʚ) ʪʘ ʪʝʩʪʫʚʘʣʴʥʠʡ (20 ʟʨʘʟʢʽʚ). 

 

 
ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩ. 1. ʌʨʘʛʤʝʥʪ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ (ʘ), ʥʘʥʝʩʝʥʽ ʪʦʯʢʠ ï ʮʝʥʪʨʠ ʟʨʘʟʢʽʚ ʜʣʷ ʥʘʚʯʘʥʥʷ CNN (ʙ) ï ʯʝʨʚʦʥʽ 

ʧʦʟʥʘʯʘʶʪʴ ʢʣʘʩ Cloud, ʟʝʣʝʥʽ ï NoCloud ʪʘ ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʥʘ 

ʙʘʟʽ CNN ʽʟ ʨʘʩʪʨʦʚʦʶ ʤʘʩʢʦʶ ʭʤʘʨ (ʚ), ʱʦ ʧʦʟʥʘʯʝʥʘ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ 

 

ɿʘ ʦʩʥʦʚʫ ʘʨʭʽʪʝʢʪʫʨʠ CNN ʧʨʠʡʥʷʪʘ ʪʘʢʘ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʫʢʦʧʠʩʥʠʭ ʮʠʬʨ ʟ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ MNIST [4] ʪʘ 

ʧʦʜʘʥʘ ʫ ʨʦʟʜʽʣʽ ʧʨʠʢʣʘʜʽʚ ʚʽʜʦʤʦʾ ʙʽʙʣʽʦʪʝʢʠ Keras [5].  

ɺʭʦʜʠ ʘʜʘʧʪʦʚʘʥʦʾ ʜʣʷ ʨʽʰʝʥʥʷ ʧʦʪʦʯʥʦʾ ʟʘʜʘʯʽ CNN ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ 

ʧʨʠʡʤʘʥʥʷ ʟʨʘʟʢʽʚ ʪʝʥʟʦʨʘ (11, 11, 3). ʇʝʨʰʠʡ ʟʛʦʨʪʢʦʚʠʡ ʰʘʨ ʤʽʩʪʠʪʴ 32 

ʬʽʣʴʪʨʠ ʟ ʨʦʟʤʽʨʦʤ ʷʜʝʨ 3x3 ʪʘ ʬʫʥʢʮʽʻʶ ʘʢʪʠʚʘʮʽʾ ReLU ʽʟ ʧʦʜʘʣʴʰʠʤ ʧʫʣʽʥʛʦʤ 

ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʟ ʨʦʟʤʽʨʦʤ ʚʽʢʥʘ 2x2. ʅʘʩʪʫʧʥʠʤ ʡʜʝ ʟʛʦʨʪʢʦʚʠʡ 

ʰʘʨ ʽʟ 64 ʬʽʣʴʪʨʽʚ ʟ ʨʦʟʤʽʨʦʤ ʷʜʝʨ 3x3 ʪʘ ʬʫʥʢʮʽʻʶ ʘʢʪʠʚʘʮʽʾ ReLU ʽʟ ʧʦʜʘʣʴʰʠʤ 

ʧʫʣʽʥʛʦʤ. ɼʘʣʽ ʡʜʫʪʴ ʪʠʧʦʚʽ ʢʨʦʢʠ Flatten ʪʘ Dropout. ɿʘʚʝʨʰʫʻʪʴʩʷ CNN ʰʘʨʦʤ 

ʟ ʜʚʦʤʘ ʥʝʡʨʦʥʘʤʠ ʪʘ ʬʫʥʢʮʽʻʶ ʘʢʪʠʚʘʮʽʾ SoftMax. ɺ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ ʚʪʨʘʪ 

ʚʠʢʦʨʠʩʪʘʥʘ ʬʫʥʢʮʽʷ ʢʘʪʝʛʦʨʽʡʥʦʾ ʢʨʦʩ-ʝʥʪʨʦʧʽʾ, ʘ ʚ ʷʢʦʩʪʽ ʦʧʪʠʤʽʟʘʪʦʨʘ ʦʙʨʘʥʠʡ 

ʦʧʪʠʤʽʟʘʪʦʨ ɸʜʘʤʘ. ʂʽʣʴʢʽʩʪʴ ʝʧʦʭ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʙʫʣʘ 

ʚʩʪʘʥʦʚʣʝʥʘ 15, ʘʣʝ ʷʢ ʧʦʢʘʟʘʣʠ ʤʝʪʨʠʢʠ ʪʦʯʥʦʩʪʽ ʪʘ ʚʪʨʘʪ, ʤʝʨʝʞʘ ʙʫʣʘ ʚʞʝ 

ʥʘʚʯʘʥʘ ʧʨʦʪʷʛʦʤ ʧôʷʪʠ ʝʧʦʭ ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ 3. ʅʘ ʪʝʩʪʫʚʘʣʴʥʦʤʫ ʧʽʜʥʘʙʦʨʽ 
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ʜʘʥʠʭ ʜʦʩʷʛʥʫʪʘ ʪʦʯʥʽʩʪʴ 100% ï 13 ʟʨʘʟʢʽʚ ʚʽʜʥʝʩʝʥʽ ʜʦ ʢʣʘʩʫ Cloud, ʘ 7 ʟʨʘʟʢʽʚ 

ʜʦ ʢʣʘʩʫ NoCloud ʙʝʟʧʦʤʠʣʢʦʚʦ. 

ɿʙʝʨʝʞʝʥʘ ʤʦʜʝʣʴ CNN ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩ. 1 RGB-ʟʦʙʨʘʞʝʥʥʷ. ʈʝʟʫʣʴʪʘʪ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʩʪʚʦʨʝʥʘ 

ʤʘʩʢʘ ʥʝʧʨʦʟʦʨʠʭ ʭʤʘʨ) ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1, ʚ. 

ɺʠʩʥʦʚʢʠ. ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʚʦʶ Python ʨʦʟʨʦʙʣʝʥʽ ʩʢʨʠʧʪʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʦʟʥʽʤʢʽʚ Sentinel-2 ʪʘ 

ʘʜʘʧʪʦʚʘʥʘ ʚʽʜʦʤʘ ʘʨʭʽʪʝʢʪʫʨʘ CNN ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʜʽʣʝʥʥʷ ʥʝʧʨʦʟʦʨʠʭ 

ʭʤʘʨ ʟʘ RGB-ʟʦʙʨʘʞʝʥʥʷʤʠ. ɺ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʣʘʥʫʻʪʴʩʷ  

ʘʜʘʧʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʪʦʪʠʧʫ ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ 

ʚʠʜʽʣʝʥʥʷ ʭʤʘʨ ʥʘ ʨʽʟʥʦʯʘʩʦʚʠʭ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʦʟʥʽʤʢʘʭ Sentinel-2, 

Landsat ʪʘ ʽʥ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʰʠʨʶʚʘʪʠ ʥʘʚʯʘʣʴʥʽ ʜʘʪʘʩʝʪʠ ʟ 

ʧʽʢʩʝʣʷʤʠ ʭʤʘʨ ʜʣʷ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʟʡʦʤʦʢ ʪʘ ʪʝʨʠʪʦʨʽʡ ʜʦʩʣʽʜʞʝʥʴ. 
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ʆ.ɯ. ʂʫʨʘʥʜʦ1, ʖ.ʆ. ʇʣʻʩʥʝʮʦʚ1, ʉ.ʖ. ʇʣʻʩʥʝʮʦʚ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè,  

ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ʊɽʍʅʆʃʆɻɯʏʅɯ ɺʀʄʆɻʀ ɼʆ ɻʅʋʊʀʍ ʇʈʆʌɯʃɯɺ 

 
ɸʥʦʪʘʮʽʷ. ʊʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʛʥʫʪʠʭ ʧʨʦʬʽʣʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʦʻʜʥʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʧʨʦʩʪʽʰʝ ʪʘ ʥʘʡʝʢʦʥʦʤʽʯʥʽʰʝ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠ ʚʠʩʦʢʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ. ʈʦʟʛʣʷʥʫʪʦ ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ (ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʜʦʧʫʩʢʠ, ʪʠʧ ʧʨʦʬʽʣʶ), ʬʘʢʪʦʨʠ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 

(ʤʘʩʦʚʽʩʪʴ, ʝʢʦʥʦʤʽʯʥʽ ʚʠʪʨʘʪʠ), ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʨʦʜʫʢʮʽʾ 

ʧʨʦʬʽʣʶʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ, ʛʥʫʪʽ ʧʨʦʬʽʣʽ, ʚʠʤʦʛʠ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʥʝʨʫʡʥʽʚʥʠʡ 

ʢʦʥʪʨʦʣʴ, ʨʝʞʠʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʬʽʣʽʚ, ʢʦʥʩʪʨʫʢʮʽʷ ʧʨʦʬʽʣʶ. 

 

ɺʩʪʫʧ. ʇʽʜ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʶ ʜʝʪʘʣʽ ʨʦʟʫʤʽʶʪʴ ʪʘʢʝ ʧʦʻʜʥʘʥʥʷ ʦʩʥʦʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʾʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʝ ʥʘʡʧʨʦʩʪʽʰʝ ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʠʩʦʢʫ 

ʷʢʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ 

ʬʦʨʤʫʚʘʥʥʷ ʷʢ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʘʢ ʽ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʪʨʦʣʶ ʛʥʫʪʠʭ 

ʧʨʦʬʽʣʽʚ. 

ʆʧʨʘʮʶʚʘʥʥʷ ʧʨʦʬʽʣʶ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʠʭ ʛʥʫʪʠʭ ʧʨʦʬʽʣʽʚ ʢʦʥʩʪʨʫʢʪʦʨ ʧʨʘʛʥʝ 

ʦʙʠʨʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʬʦʨʤʠ ʮʠʭ ʧʨʦʬʽʣʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʧʨʠ ʤʦʥʪʘʞʽ. ʊʘʢʦʞ ʢʦʥʩʪʨʫʢʪʦʨ ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʢʨʘʱʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʷʢʦʩʪʽ ʪʘ ʧʝʨʝʜʙʘʯʠʪʠ ʥʘʡʧʨʦʩʪʽʰʝ, 

ʝʢʦʥʦʤʽʯʥʝ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʥʫʪʦʛʦ ʧʨʦʬʽʣʶ ʚʘʞʣʠʚʠʤʠ ʻ 

ʚʠʭʽʜʥʽ ʜʘʥʽ (ʬʦʨʤʘ ʧʨʦʬʽʣʶ, ʧʘʨʘʤʝʪʨʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ, ʤʘʪʝʨʽʘʣ, 

ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʧʨʦʬʽʣʶ), ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʩʪʨʫʢʪʫʨʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʥʘ ʨʠʩ. 1. 

ɼʦ ʟʘʛʘʣʴʥʠʭ ʚʠʤʦʛ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʛʥʫʪʠʭ ʧʨʦʬʽʣʽʚ 

ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʩʪʫʧʥʽ: 

1) ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʚʠʥʥʽ ʤʘʪʠ ʪʠʤʯʘʩʦʚʠʡ 

ʦʧʽʨ ʨʦʟʨʠʚʫ ʜʦ 390 ʄʇʘ, ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ ʤʘʻ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 6%; 

2) ʟʥʠʞʝʥʥʷ ʤʝʪʘʣʦʤʽʩʪʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʝʪʘʣʽ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʝʙʝʨ ʞʦʨʩʪʢʦʩʪʽ, ʚʽʜʙʦʨʪʫʚʘʥʴ ʪʦʱʦ; 

3) ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʦʚʱʠʥ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʧʝʨʝʚʘʞʥʠʡ ʨʷʜ 

ʪʦʚʱʠʥ: 0,6; 0,8; 1,2; 1,5; 1,8; 2,0; 2,5 ʤʤ); 

4) ʢʦʥʩʪʨʫʢʮʽʷ ʧʨʦʬʽʣʶ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ ʻ ʢʨʘʱʦʶ, ʥʽʞ ʢʦʥʩʪʨʫʢʮʽʷ 

ʧʨʦʬʽʣʶ ʟʘʢʨʠʪʦʛʦ ʪʘ ʥʘʧʽʚʟʘʢʨʠʪʦʛʦ ʪʠʧʽʚ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʛʦʪʦʚʣʝʥʥʷ); 

5) ʜʦʧʫʩʢʠ ʥʘ ʨʦʟʤʽʨʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʜʝʪʘʣʝʡ, ʱʦ ʧʨʦʬʽʣʶʶʪʴʩʷ, 

ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʪʦʯʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʨʦʬʽʣʶʚʘʥʥʷ (9-14-ʡ ʢʚʘʣʽʪʝʪ); 

6) ʜʦʧʫʩʢ ʥʘ ʜʦʚʞʠʥʫ ʜʝʪʘʣʽ ʥʝʜʦʮʽʣʴʥʦ ʧʨʠʟʥʘʯʘʪʠ ʤʝʥʰʠʤ ʟʘ 2 ʤʤ; 
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7) ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʽ ʚʥʫʪʨʽʰʥʽ ʨʘʜʽʫʩʠ ʟʛʠʥʘʥʥʷ ʜʣʷ ʧʣʘʩʪʠʯʥʠʭ 

ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʩʪʘʥʦʚʣʷʪʴ, ʷʢ ʧʨʘʚʠʣʦ, 0,5S, ʽ ʧʨʠʟʥʘʯʘʪʠ ʾʭ ʩʣʽʜ ʣʠʰʝ 

ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ; 

8) ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʚʠʩʦʪʘ ʚʽʜʙʦʨʪʫʚʘʥʴ ʩʪʘʥʦʚʠʪʴ, ʷʢ ʧʨʘʚʠʣʦ, 2s 

(ʧʨʠʟʥʘʯʘʪʠ ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʩʣʽʜ ʣʠʰʝ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ. 

ʟʘʟʚʠʯʘʡ ʚʠʩʦʪʘ ʚʽʜʙʦʨʪʫʚʘʥʴ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʤʝʥʰʦʶ 4 ʪʦʚʱʠʥ); 

9) ʤʽʮʥʽʩʪʴ ʧʦʢʨʠʪʪʷ ʧʦʚʠʥʥʘ ʜʦʧʫʩʢʘʪʠ ʟʛʠʥʘʥʥʷ ʟʘʛʦʪʦʚʢʠ ʥʘ ʟʘʜʘʥʠʡ 

ʚʽʜʥʦʩʥʠʡ ʨʘʜʽʫʩ ʟʛʠʥʘʥʥʷ (ʥʝ ʤʝʥʰʝ ʦʜʠʥʠʮʽ); 

10) ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʝʨʬʦʨʘʮʽʾ ʫ ʟʘʛʦʪʦʚʢʘʭ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʴ ʩʧʝʮʽʘʣʴʥʽ 

ʫʤʦʚʠ ʟʛʽʜʥʦ ʟ ʽʥʩʪʨʫʢʮʽʻʶ. 

 

 
ʈʠʩ. 1. ɺʠʭʽʜʥʽ ʜʘʥʥʽ ʧʨʦʬʽʣʶ ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ 

 

ʇʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʜʝʪʘʣʽ ʥʝ ʩʣʽʜ ʥʝʦʙˇʨʫʥʪʦʚʘʥʦ ʧʨʠʟʥʘʯʘʪʠ ʜʦʧʫʩʢʠ 

ʧʽʜʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʮʝ ʟʜʦʨʦʞʫʻ ʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʜʝʪʘʣʽ ʪʘ ʚʠʤʦʛʠ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʾʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʠʟʥʘʯʘʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ. ʉʘʤʝ ʪʦʤʫ ʛʥʫʪʽ 

ʧʨʦʬʽʣʽ ʧʽʜʣʷʛʘʶʪʴ ʘʥʘʣʽʟʫ ʱʦʜʦ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ. ʇʨʠ ʚʠʙʦʨʽ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʘʨʽʘʥʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʥʫʪʠʭ ʧʨʦʬʽʣʽʚ ʩʣʽʜ ʚʠʭʦʜʠʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷ ʥʘʩʪʫʧʥʠʭ 

ʬʘʢʪʦʨʽʚ [9]: 

1) ʤʘʩʦʚʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ; 

2) ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʧʨʦʬʽʣʝʟʛʠʥʘʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ; 

3) ʰʚʠʜʢʽʩʪʴ ʧʨʦʬʽʣʶʚʘʥʥʷ (6-20 ʤ/ʭʚ);  

4) ʤʽʥʽʤʘʣʴʥʽ ʝʢʦʥʦʤʽʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ: ʧʨʦʩʪʦʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ); 


