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ʀʟʜʘʥʠʝ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʜʦʣʦʞʝʥʥʳʝ ʥʘ XI ʂʦʥʛʨʝʩʩʝ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ 

ʪʝʤʘʪʠʢʘʤ: ʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ; ʬʠʟʠʢʘ; ʭʠʤʠʯʝʩʢʘʷ ʠʥʞʝʥʝʨʠʷ ʠ ʟʝʣʝʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ; ʭʠʤʠʷ ʠ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ; ʵʢʦʣʦʛʠʷ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ; ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ʠ 

ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ. 

 

ʈɽɼɸʂʎʀʆʅʅɸʗ ʂʆʃʃɽɻʀʗ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʨʝʜʢʦʣʣʝʛʠʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ï ɹʫʭʘʥʦʚʩʢʠʡ 

ɸʣʝʢʩʘʥʜʨ ɺʘʣʝʨʴʝʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. 

ʏʣʝʥʳ ʨʝʜʢʦʣʣʝʛʠʠ: 

ɸʨʩʝʥʴʝʚʘ ɸʥʥʘ ɿʘʢʠʨʦʚʥʘ; 

ɹʘʩʦʚ ʆʣʝʛ ʆʣʝʛʦʚʠʯ, ʜʦʮʝʥʪ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ; 

ɼʫʭʘʥʦʚ ɸʣʝʢʩʝʡ ɺʘʣʝʥʪʠʥʦʚʠʯ, ʜʦʮʝʥʪ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ; 

ʄʠʪʷʛʠʥ ʉʝʨʛʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ; 

ʋʣʴʷʥʮʝʚ ɺʣʘʜʠʤʠʨ ʀʛʦʨʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʨʝʜʢʦʣʣʝʛʠʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʬʠʟʠʢʘ, ʭʠʤʠʯʝʩʢʘʷ ʠʥʞʝʥʝʨʠʷ, ʟʝʣʸʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ ï ʋʩʧʝʥʩʢʘʷ ʄʘʡʷ ɺʘʣʝʨʴʝʚʥʘ, ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʠʨʝʢʪʦʨ ʎʝʥʪʨʘ ʍʀ. 

ʏʣʝʥʳ ʨʝʜʢʦʣʣʝʛʠʠ: 

ʌʦʢʠʥʘ ʄʘʨʠʷ ʀʚʘʥʦʚʥʘ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʎʝʥʪʨʘ ʍʀ; 

ʉʠʪʥʠʢʦʚʘ ɺʝʨʘ ɽʚʛʝʥʴʝʚʥʘ, ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʎʝʥʪʨʘ ʍʀ; 

ʇʦʥʦʤʘʨʝʚʘ ɸʣʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʎʝʥʪʨʘ ʍʀ; 

ʇʦʜʰʠʚʘʣʦʚ ɸʣʝʢʩʘʥʜʨ ɺʘʣʝʨʴʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʎʝʥʪʨʘ ʍʀ. 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʨʝʜʢʦʣʣʝʛʠʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʵʢʦʣʦʛʠʷ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ï ʊʘʤʙʫʣʘʪʦʚʘ ɽʢʘʪʝʨʠʥʘ 

ɺʠʢʪʦʨʦʚʥʘ, ʢ.ʪ.ʥ., ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʵʢʦʪʝʭʥʦʣʦʛʠʡ. 

ʏʣʝʥʳ ʨʝʜʢʦʣʣʝʛʠʠ: 

ʉʝʨʛʠʝʥʢʦ ʆʣʴʛʘ ʀʚʘʥʦʚʥʘ, ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ; 

ʂʫʩʪʠʢʦʚʘ ʄʘʨʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ; 

ʆʨʠʧʦʚʘ ɸʟʠʟʘ ɸʣʠʰʝʨʦʚʥʘ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ; 

ɹʘʥʘʨʴ ʉʚʝʪʣʘʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ. 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʨʝʜʢʦʣʣʝʛʠʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ï 

ɹʘʨʘʥʦʚ ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ, ʜ.ʪ.ʥ. ʧʨʦʬʝʩʩʦʨ.  

ʏʣʝʥʳ ʨʝʜʢʦʣʣʝʛʠʠ: 

ɿʘʡʮʝʚ ɸʥʜʨʝʡ ɺʠʢʪʦʨʦʚʠʯ, ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ; 

ʃʘʟʘʨʝʚ ɺʠʢʪʦʨ ʃʘʟʘʨʝʚʠʯ, ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ; 

ʅʠʢʠʪʠʥ ɸʥʜʨʝʡ ɸʣʝʢʩʝʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ; 

ʉʦʢʦʣʦʚʘ ɽʢʘʪʝʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. 
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ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ï ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʚʝʜʫʱʠʡ ʚʫʟ ʈʦʩʩʠʠ ʚ 

ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ, ʬʦʪʦʥʥʳʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɸʣʴʤʘ-ʤʘʪʝʨ ʧʦʙʝʜʠʪʝʣʝʡ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʩʦʨʝʚʥʦʚʘʥʠʡ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ: ICPC (ʝʜʠʥʩʪʚʝʥʥʳʡ ʚ ʤʠʨʝ ʩʝʤʠʢʨʘʪʥʳʡ ʯʝʤʧʠʦʥ), Google Code Jam, Facebook 

Hacker Cup, ʗʥʜʝʢʩ.ɸʣʛʦʨʠʪʤ, Russian Code Cup, Topcoder Open ʠ ʜʨ. ʇʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ: IT ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ, ʬʦʪʦʥʠʢʘ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʢʚʘʥʪʦʚʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʪʨʘʥʩʣʷʮʠʦʥʥʘʷ ʤʝʜʠʮʠʥʘ, Life Sciences, Art&Science, 

Science Communication.  

ɺʭʦʜʠʪ ʚ ʊʆʇ-100 ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝè ʐʘʥʭʘʡʩʢʦʛʦ ʧʨʝʜʤʝʪʥʦʛʦ ʨʝʡʪʠʥʛʘ (ARWU) ʠ 

ʟʘʥʠʤʘʝʪ 74 ʤʝʩʪʦ ʚ ʤʠʨʝ ʚ ʙʨʠʪʘʥʩʢʦʤ ʧʨʝʜʤʝʪʥʦʤ ʨʝʡʪʠʥʛʝ QS ʧʦ ʢʦʤʧʴʶʪʝʨʥʳʤ ʥʘʫʢʘʤ (Computer Science and 

Information Systems). ʇʨʝʜʩʪʘʚʣʝʥ ʚ ʤʠʨʦʚʦʤ ʊʆʇ-200 ʧʦ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ (Telecommunication 

engineering), ʘ ʪʘʢʞʝ ʚ ʊʆʇ-300 ʧʦ ʥʘʥʦʥʘʫʢʘʤ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ (Nanoscience & Nanotechnology) ARWU. ɺʭʦʜʠʪ ʚ 

ʊʆʇ-200 ʧʦ ʠʥʞʝʥʝʨʥʳʤ ʥʘʫʢʘʤ (Engineering and Technology), ʚ ʊʆʇ-300 ʧʦ ʬʠʟʠʢʝ ʠ ʘʩʪʨʦʥʦʤʠʠ (Physics & 

Astronomy), ʥʘʫʢʘʤ ʦ ʤʘʪʝʨʠʘʣʘʭ (Materials Sciences), ʘ ʪʘʢʞʝ ʧʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʶ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʠʥʞʝʥʝʨʠʠ (Mechanical, Aeronautical & Manufacturing Engineering) ʨʝʡʪʠʥʛʘ QS. ʃʠʜʝʨ ʧʨʦʝʢʪʘ çʇʨʠʦʨʠʪʝʪ ï 2030è. 
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ɺɺɽɼɽʅʀɽ 

 
ʀʟʜʘʥʠʝ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʜʦʣʦʞʝʥʥʳʝ ʥʘ 

XI ʂʦʥʛʨʝʩʩʝ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʋʥʠʚʝʨʩʠʪʝʪʘ ʀʊʄʆ, ʧʨʦʭʦʜʠʚʰʝʛʦ ʩ 4 ʧʦ 8 ʘʧʨʝʣʷ 

2022 ʛʦʜʘ, ʧʦ ʪʝʤʘʪʠʢʘʤ: ʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ; 

ʬʠʟʠʢʘ; ʭʠʤʠʯʝʩʢʘʷ ʠʥʞʝʥʝʨʠʷ ʠ ʟʝʣʝʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; ʭʠʤʠʷ ʠ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ; 

ʵʢʦʣʦʛʠʷ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ; ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ʠ ʫʩʪʦʡʯʠʚʦʝ 

ʨʘʟʚʠʪʠʝ. 

ʂʦʥʛʨʝʩʩ ʧʨʦʚʦʜʠʪʩʷ ʝʞʝʛʦʜʥʦ ʩ 2004 ʛ, ʚ ʮʝʣʷʭ ʦʟʥʘʢʦʤʣʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠʦʙʨʝʪʝʥʠʷ ʠʤʠ ʦʧʳʪʘ ʧʫʙʣʠʯʥʳʭ ʚʳʩʪʫʧʣʝʥʠʡ, 

ʧʦʚʳʰʝʥʠʷ ʥʘʫʯʥʦʛʦ ʫʨʦʚʥʷ ʠ ʘʧʨʦʙʘʮʠʠ ʚʳʧʫʩʢʥʳʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ 

ʤʘʛʠʩʪʨʘʥʪʦʚ, ʙʘʢʘʣʘʚʨʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʟʘ 2021/2022 ʫʯʝʙʥʳʡ ʛʦʜ. 

XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʋʥʠʚʝʨʩʠʪʝʪʘ ʀʊʄʆ ʩʦʩʪʦʷʣʩʷ ʚ ʧʦʜʜʝʨʞʢʫ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʛʦʜʘ ʩʪʝʢʣʘ (IYOG 2022 ï ʫʪʚʝʨʞʜʝʥ ʥʘ ʩʝʩʩʠʠ ɻʝʥʝʨʘʣʴʥʦʡ ɸʩʩʘʤʙʣʝʠ 

ʆʆʅ 17ï18 ʤʘʷ 2021 ʛʦʜʘ). 

ɺ ʨʘʤʢʘʭ ʂʦʥʛʨʝʩʩʘ ʧʨʦʭʦʜʷʪ ʟʘʩʝʜʘʥʠʷ ʩʝʢʮʠʡ, ʩʝʩʩʠʡ ʥʘʫʯʥʳʭ ʰʢʦʣ, ʢʨʫʛʣʳʭ 

ʩʪʦʣʦʚ ʩ ʫʯʘʩʪʠʝʤ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. 
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ʋɼʂ 81'322.6 

 
ɸʅɸʃʀɿ ʉʆɺʈɽʄɽʅʅʓʍ 

ʅɽʁʈʆʉɽʊɽɺʓʍ ʄʆɼɽʃɽʁ ʉʀʅʊɽɿɸ ʈɽʏʀ 
 

ʂ.ʀ. ɸʙʨʦʩʠʤʦʚ  
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ʉ.ɺ. ʈʳʙʠʥ  

ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ 
e-mail: abrosimov.kirill .1999@mail.ru, svrybin@itmo.ru 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ 

ʨʝʯʠ. ʇʨʠʤʝʥʷʶʪʩʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʢʘʢ ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʪʘʢ ʠ 

ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʥʠʤʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʜʝʞʥʦʩʪʴʶ, 

ʩʢʦʨʦʩʪʴʶ ʠ ʪʘʢ ʜʘʣʝʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʝ ʫʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʥʝʡʨʦʩʝʪʝʚʳʤ 

ʤʝʭʘʥʠʟʤʘʤ ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʠʥʪʝʟʝ ʨʝʯʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʉʠʥʪʝʟ ʨʝʯʠ, TTS, ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ, ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ TTS, 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʤʫʟʳʢʦʚʝʜʝʥʠʝ, ʩʠʥʪʝʟ ʧʝʥʠʷ. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʤʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʞʠʟʥʠ 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʨʝʯʠ (TTS) ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʦʯʝʥʴ ʚʘʞʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʙʠʟʥʝʩʝ, ʥʘʧʨʠʤʝʨ, ʮʝʥʪʨʳ ʟʚʦʥʢʦʚ, ʚʠʨʪʫʘʣʴʥʳʝ 

ʢʦʥʩʫʣʴʪʘʥʪʳ ʠ ʦʟʚʫʯʠʚʘʥʠʝ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʤʝʩʪʘʭ. ʅʘʧʨʘʚʣʝʥʠʝ 

ʩʠʥʪʝʟʘ ʨʝʯʠ ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʪʩʷ ʠ ʫʣʫʯʰʘʝʪʩʷ ʩ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ [1]. ʅʦ ʫʞʝ ʩʝʛʦʜʥʷ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʢʦʥʢʘʪʝʥʘʪʠʚʥʳʡ ʩʠʥʪʝʟ ʨʝʯʠ, ʘ ʩʦʚʨʝʤʝʥʥʳʝ 

ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʩʪʦʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʩʠʥʪʝʟʘ ʨʝʯʠ [2]. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʨʝʯʠ ï ʝʩʪʝʩʪʚʝʥʥʦʩʪʴ ʠ ʨʘʟʙʦʨʯʠʚʦʩʪʴ. ʀ ʥʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʫʞʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳ ʜʣʷ ʙʠʟʥʝʩʘ, ʥʦ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʜʠʘʣʦʛʘ ʵʪʦʛʦ ʤʘʣʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʥʪʝʟʘ ʨʝʯʠ: ʚʳʨʘʟʠʪʝʣʴʥʳʡ TTS, ʥʘʜʝʞʥʳʡ TTS, ʫʩʢʦʨʝʥʠʝ 

TTS, ʘʜʘʧʪʠʚʥʳʡ TTS, ʤʘʣʦʨʝʩʫʨʩʥʳʡ TTS ʠ ʩʠʥʪʝʟ ʧʦʶʱʝʛʦ ʛʦʣʦʩʘ. 

ʂʘʞʜʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʠ 

ʥʝʡʨʦʩʝʪʝʚʳʤʠ ʤʝʪʦʜʘʤʠ. ʎʝʣʴ ʩʪʘʪʴʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʟʦʨʝ ʠ ʘʥʘʣʠʟʝ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʚ ʨʝʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

 

ʅʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʩʠʥʪʝʟʘ ʨʝʯʠ 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʤʦʜʝʣʝʡ ʩʠʥʪʝʟʘ ʨʝʯʠ ʷʚʣʷʝʪʩʷ Tacotron ʦʪ ʢʦʤʧʘʥʠʠ Google, 

ʚʳʧʫʱʝʥʥʘʷ ʚ 2017 ʛʦʜʫ. Tacotron ï ʵʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ encoder-decoder ʩʭʝʤʘ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ, ʥʘ ʚʭʦʜ ʢʦʪʦʨʦʡ ʧʦʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ, ʘ ʥʘ ʚʳʭʦʜʝ ʛʝʥʝʨʠʨʫʝʪ 

ʩʠʛʥʘʣ. ʆʜʥʠʤʠ ʠʟ ʛʣʘʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʡ encoder, 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʣʦʝʚ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʦʛʦ 

ʚʦʢʦʜʝʨʘ Griffin -Lim. 

ʋʞʝ ʥʘ ʩʣʝʜʫʶʱʠʡ ʛʦʜ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ Tacotron 2 [3], ʢʦʪʦʨʘʷ ʨʝʰʠʣʘ 

ʯʘʩʪʴ ʧʨʦʙʣʝʤ ʧʝʨʚʦʡ ʤʦʜʝʣʠ ï ʫʧʨʦʱʝʥ encoder, ʫʤʝʥʴʰʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʨʝʢʫʨʨʝʥʪʥʳʭ 

ʩʣʦʝʚ ʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʦʚʨʝʤʝʥʥʳʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʚʦʢʦʜʝʨ ï WaveNet. ʅʘ ʨʠʩ. 2 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ Tacotron 2. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʟʚʠʪʠʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʩʠʥʪʝʟʘ ʨʝʯʠ 

 

 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʤʦʜʝʣʠ ʩʠʥʪʝʟʘ ʨʝʯʠ Tacotron 2 

 

ɺʳʨʘʟʠʪʝʣʴʥʳʡ ʩʠʥʪʝʟ ʨʝʯʠ 

ɽʩʪʝʩʪʚʝʥʥʦʩʪʴ ï ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʨʝʯʠ, ʠʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʴʟʫʝʪʩʷ ʦʩʦʙʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʚ ʙʠʟʥʝʩʝ, ʧʦʪʦʤʫ ʯʪʦ 

ʦʩʥʦʚʥʘʷ ʮʝʣʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʛʦʣʦʩʦʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ï çʯʝʣʦʚʝʯʥʦʩʪʴè ʛʦʣʦʩʘ ʚ 

ʦʙʱʝʥʠʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʦ, ʯʪʦʙʳ ʨʝʯʴ ʙʳʣʘ ʦʢʨʘʰʝʥʘ ʵʤʦʮʠʦʥʘʣʴʥʦ, ʩ 

ʭʨʠʧʦʪʮʦʡ ʠ ʪʘʢ ʜʘʣʝʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʤʝʭʘʥʠʟʤʦʚ ʜʦʙʘʚʣʝʥʠʷ 
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ʦʢʨʘʩʘ ʚ ʛʦʣʦʩ ï Global Style Tokens. ʅʘ ʦʩʥʦʚʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʨʘʟʥʳʭ 

ʜʠʢʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʘ ʩʘʤʦʚʥʠʤʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʠʩʢ ʰʘʙʣʦʥʘ ʚ 

ʧʨʦʩʦʜʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʠʛʥʘʣʘ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ ʦʧʨʝʜʝʣʝʥʥʳʭ çʩʪʠʣʝʚʳʭ 

ʪʦʢʝʥʦʚè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʞʜʳʡ ʩʪʠʣʝʚʦʡ ʪʦʢʝʥ ʭʨʘʥʠʪ ʚ ʩʝʙʝ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʩʪʠʣʠʩʪʠʯʝʩʢʠʡ ʰʘʙʣʦʥ ʛʦʣʦʩʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʠʥʪʝʟʝ. ʅʘ ʨʠʩ. 3 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʙʦʪʳ Global Style Tokens. 

 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʨʘʙʦʪʳ Global Style Tokens 

 

ʅʘʜʝʞʥʳʡ ʩʠʥʪʝʟ ʨʝʯʠ 

ʇʦʩʣʝ ʧʝʨʚʳʭ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʦʰʠʙʢʠ ʚ ʩʠʥʪʝʟʝ, ʪʘʢʠʝ 

ʢʘʢ ʧʨʦʧʫʩʢ ʩʣʦʚ, ʧʦʚʪʦʨʝʥʠʷ ʮʝʣʳʭ ʬʨʘʟ ʠʣʠ ʙʝʩʩʤʳʩʣʝʥʥʳʡ ʥʘʙʦʨ ʟʚʫʢʦʚ. ɼʘʥʥʳʝ 

ʦʰʠʙʢʠ ʩʚʷʟʘʥʳ ʩ ʢʦʣʣʘʧʩʦʤ ʚʥʠʤʘʥʠʷ ʤʝʞʜʫ encoder ʠ decoder, ʘ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʩʣʝ ʥʝʧʨʘʚʠʣʴʥʦ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʬʨʝʡʤʘ ʣʠʰʴ ʫʩʫʛʫʙʣʷʝʪ 

ʧʦʩʣʝʜʫʶʱʠʝ ʬʨʝʡʤʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʥʠʤʘʥʠʷ (stepwise monotonic attention, GMM attention, dynamic 

convolutional attention), ʦʪʢʘʟ ʦʪ ʚʥʠʤʘʥʠʷ ʚ ʧʦʣʴʟʫ ʧʨʝʜʩʢʘʟʘʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʦʥʝʤ, ʘ 

ʪʘʢʞʝ ʧʝʨʝʭʦʜ ʦʪ ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʢ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ 

ʩʠʛʥʘʣʘ. ʆʜʥʠʤ ʠʟ ʷʨʯʘʡʰʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʥʘʜʝʞʥʦʛʦ ʩʠʥʪʝʟʘ ʨʝʯʠ ʷʚʣʷʝʪʩʷ Non-

attentive Tacotron(NAT), ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 4, ʘʨʭʠʪʝʢʪʫʨʘ ʦʯʝʥʴ ʩʭʦʞʘ ʩ ʚʪʦʨʦʡ 

ʤʦʜʝʣʴʶ Tacotron, ʦʜʥʘʢʦ ʚ ʥʝʤ ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʭʘʥʠʟʤ ʚʥʠʤʘʥʠʷ ʤʝʞʜʫ encoder ʠ 

decoder, ʟʘʤʝʥʝʥ ʥʘ ʧʨʝʜʩʢʘʟʘʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʦʥʝʤ, ʦʜʥʘʢʦ ʵʪʘ ʤʦʜʝʣʴ ʚʩʝ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʦʡ.  

 

 
 

ʈʠʩ. 4. ʉʭʝʤʘ NAT 
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ʋʩʢʦʨʝʥʠʝ ʩʠʥʪʝʟʘ ʨʝʯʠ 

ʀʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʣʦʝʚ ʠ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʤʥʦʛʠʝ ʧʝʨʚʳʝ ʤʦʜʝʣʠ ʨʘʙʦʪʘʣʠ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʦʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ 

ʦʯʝʥʴ ʯʘʩʪʦ ʥʫʞʝʥ ʩʠʥʪʝʟ ʨʝʯʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ, ʥʘʧʨʠʤʝʨ, ʦʙʨʘʱʘʪʴʩʷ ʧʦ 

ʠʤʝʥʠ ʢ ʧʨʝʜʩʪʘʚʠʚʰʝʤʫʩʷ ʢʣʠʝʥʪʫ ʚʠʨʪʫʘʣʴʥʦʛʦ ʘʩʩʠʩʪʝʥʪʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʚʳʜʝʣʠʣʠ ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʘ: ʧʘʨʘʣʣʝʣʴʥʘʷ ʛʝʥʝʨʘʮʠʷ, ʫʧʨʦʱʝʥʠʝ 

ʤʦʜʝʣʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʥʘʥʠʡ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʛʝʥʝʨʘʮʠʠ ï 

ʫʭʦʜ ʦʪ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʠʟʙʝʛʘʥʠʝ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʣʦʝʚ. ʉʝʤʝʡʩʪʚʦ 

ʤʦʜʝʣʝʡ FastSpeech ʦʪ ʢʦʤʧʘʥʠʠ Microsoft ʷʚʣʷʶʪʩʷ ʙʳʩʪʨʳʤʠ ʠ ʥʘʜʝʞʥʳʤʠ, ʙʣʘʛʦʜʘʨʷ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʛʝʥʝʨʘʮʠʠ. ɺ ʧʝʨʚʦʡ ʤʦʜʝʣʠ FastSpeech [4] ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʭʘʥʠʟʤʳ 

ʩʘʤʦʚʥʠʤʘʥʠʷ ʠ ʤʝʭʘʥʠʟʤʳ ʧʨʝʜʩʢʘʟʘʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʦʥʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʦʪʩʫʪʩʪʚʫʶʪ ʨʝʢʫʨʨʝʥʪʥʳʝ ʩʣʦʠ ʠ ʤʝʭʘʥʠʟʤ ʚʥʠʤʘʥʠʷ ʤʝʞʜʫ encoder ʠ decoder, 

ʩʭʝʤʘʪʠʯʥʦ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5. ʋʧʨʦʱʝʥʠʝ ʤʦʜʝʣʠ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʦʣʝʝ ʣʝʛʢʦʚʝʩʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʠʭ ʚ ʤʘʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, ʪʘʢʠʝ ʢʘʢ ʪʝʣʝʬʦʥʳ, ʧʣʘʥʰʝʪʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʥʘʥʠʡ ʦ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʣʦʚ ʠ 

ʧʨʝʜʣʦʞʝʥʠʡ. 

 

 
 

ʈʠʩ. 5. ʉʭʝʤʘ FastSpeech 

 

ɸʜʘʧʪʠʚʥʳʡ ʩʠʥʪʝʟ ʨʝʯʠ 

ɸʜʘʧʪʠʚʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʘʩʪʨʦʡʢʘʭ ʤʦʜʝʣʠ ʩʠʥʪʝʟʘ ʨʝʯʠ ʥʘ ʮʝʣʝʚʦʡ ʛʦʣʦʩ. ʋ 

ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ ï ʩʠʥʪʝʟ ʨʝʯʠ ʫʰʝʜʰʝʛʦ ʠʟ ʞʠʟʥʠ 

ʘʢʪʝʨʘ ʠʣʠ ʧʝʨʚʠʯʥʘʷ ʘʧʨʦʙʘʮʠʷ ʩʮʝʥʘʨʠʷ ʬʠʣʴʤʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʘʢʪʝʨʘʭ ʠ ʪʘʢ ʜʘʣʝʝ. 

ʆʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʨʝʰʝʥʠʡ ï ʚʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʦʣʦʩʦʚ ʜʠʢʪʦʨʦʚ, ʪʦ ʝʩʪʴ 

ʧʨʠʤʝʥʝʥʠʝ encoder ʜʣʷ ʜʠʢʪʦʨʦʚ. ʆʜʥʘʢʦ ʜʣʷ ʫʜʦʙʦʚʘʨʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʧʝʨʝʥʦʩʝ 

ʛʦʣʦʩʘ ï ʥʫʞʥʳ ʜʘʥʥʳʝ ʠʩʭʦʜʥʦʛʦ ʛʦʣʦʩʘ, ʠ ʯʝʤ ʠʭ ʙʦʣʴʰʝ ï ʪʝʤ ʣʫʯʰʝ. 

 

ʄʘʣʦʨʝʩʫʨʩʥʳʡ ʩʠʥʪʝʟ ʨʝʯʠ 

ʂʘʯʝʩʪʚʦ ʨʝʯʠ ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʝʤʘ 

ʜʘʥʥʳʭ. ɺ ʤʠʨʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʧʦʨʷʜʢʘ 7000 ʷʟʳʢʦʚ, ʠ ʥʝ ʜʣʷ ʢʘʞʜʦʛʦ ʷʟʳʢʘ ʝʩʪʴ 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ. ʀ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʤʘʣʦʨʝʩʫʨʩʥʳʭ ʷʟʳʢʦʚ ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʦʙʦʛʘʱʝʥʠʷ ʜʘʥʥʳʭ ï Self-Supervized Training, 

ʤʝʞʷʟʳʢʦʚʦʡ ʧʝʨʝʚʦʜ, ʜʦʙʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʘʜʘʧʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʨʝʯʠ ʩ 

ʜʨʫʛʠʭ ʷʟʳʢʦʚ, çʛʦʣʦʩʦʚʳʝ ʮʝʧʦʯʢʠè ʠ çʜʦʙʳʯʘ ʜʘʥʥʳʭ ʠʟ ʜʠʢʦʡ ʧʨʠʨʦʜʳè. Self-

Supervized Training ï ʵʪʦ ʦʪʜʝʣʴʥʦʝ ʧʨʝʜʦʙʫʯʝʥʠʝ encoder ʥʘ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ, decoder ʧʨʝʜʦʙʫʯʝʥʠʝ ʥʘ ʘʫʜʠʦʟʘʧʠʩʷʭ, ʠ ʠʪʦʛʦʚʳʡ 

ʪʶʥʠʥʛ ʥʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʝʩʪʴ ʜʣʷ TTS. ʄʝʞʲʷʟʳʢʦʚʦʡ ʧʝʨʝʚʦʜ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʝʜʦʙʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʜʨʫʛʠʭ ʷʟʳʢʘʭ, ʥʦ ʥʝ ʥʘ ʫʨʦʚʥʝ ʩʠʤʚʦʣʦʚ, ʘ ʥʘ ʫʨʦʚʥʝ ʬʦʥʝʤ, 
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ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʬʦʥʝʤ ʥʘ ʚʩʝ ʷʟʳʢʠ ʩʪʨʦʛʦ ʦʛʨʘʥʠʯʝʥʦ. çɻʦʣʦʩʦʚʳʝ ʮʝʧʦʯʢʠè - 

ʧʨʠʤʝʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ASR ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʘʨʳ ʪʝʢʩʪ-ʨʝʯʴ. çɼʦʙʳʯʘ ʜʘʥʥʳʭ ʠʟ 

ʜʠʢʦʡ ʧʨʠʨʦʜʳè - ʪʝʭʥʦʣʦʛʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʜʘʥʥʳʝ, ʜʘʞʝ ʩʘʤʳʝ 

ʥʝʢʘʯʝʩʪʚʝʥʥʳʝ, ʥʦ ʜʝʣʘʝʪʩʷ ʦʛʨʦʤʥʳʡ ʫʧʦʨ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʪʘʢʠʭ 

ʜʘʥʥʳʭ. 

 

ʉʠʥʪʝʟ ʧʦʶʱʝʛʦ ʛʦʣʦʩʘ 

ɺʳʯʠʩʣʠʪʝʣʴʥʦʝ ʤʫʟʳʢʦʚʝʜʝʥʠʝ ï ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʥʘʫʢʘ ʥʘ ʩʪʳʢʝ 

ʤʫʟʳʢʘʣʴʥʦʡ ʪʝʦʨʠʠ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ. ʆʜʥʘ ʠʟ ʠʥʪʝʨʝʩʥʝʡʰʠʭ ʪʝʤ ʥʘ ʩʪʳʢʝ 

ʩʠʥʪʝʟʘ ʨʝʯʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʫʟʳʢʦʚʝʜʝʥʠʷ ï ʵʪʦ ʩʠʥʪʝʟ ʧʝʥʠʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʚʘʝʪʩʷ ʦʯʝʥʴ ʩʣʘʙʦ, ʠ ʘʢʪʠʚʥʦ ʝʛʦ ʨʘʟʚʠʚʘʝʪ ʣʠʰʴ ʛʨʫʧʧʘ ʫʯʝʥʳʭ 

çMusic Technology Groupè ʠʟ ʀʩʧʘʥʠʠ. ɺʪʦʨʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ 

ʜʘʥʥʳʭ. ɼʘʪʘʩʝʪʦʚ ʧʦʯʪʠ ʥʝʪ, ʠ ʦʩʥʦʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʢʘʟʘʥʠʝ 

ʯʘʩʪʦʪʳ ʦʩʥʦʚʥʦʛʦ ʪʦʥʘ ʧʦ ʥʦʪʘʤ, ʛʝʥʝʨʘʮʠʷ ʪʝʤʙʨʘ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʝʡʩʷ ʘʫʜʠʦʟʘʧʠʩʠ 

ʠ ʥʦʪ ʠ ʪʘʢ ʜʘʣʝʝ. ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ Sequence-to-sequence feed-forward 

Transformer ʜʣʷ ʩʠʥʪʝʟʘ ʧʝʥʠʷ ʠ ʪʝʤʙʨʘ ʥʘ ʦʩʥʦʚʝ ʘʫʜʠʦʟʘʧʠʩʠ ʠ ʥʦʪ [5]. 

 

 
 

ʈʠʩ. 6. Sequence-to-sequence singing synthesis using the feed-forward transformer 

 
ʄʝʪʨʠʢʠ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤ ʩʠʥʪʝʟʘ ʨʝʯʠ 

ʆʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʩʠʩʪʝʤ ʩʠʥʪʝʟʘ ʨʝʯʠ ï ʥʝ ʤʝʥʝʝ ʧʨʦʩʪʦʷ ʟʘʜʘʯʘ, ʯʝʤ ʩʘʤ ʩʠʥʪʝʟ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʘʤʦʡ ʧʦʧʫʣʷʨʥʦʡ ʤʝʪʨʠʢʦʡ ʢʘʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ Mean Opinion Score 

(MOS-ʦʮʝʥʢʘ), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʫʙʲʝʢʪʠʚʥʦʡ ʠ ʧʦʣʫʯʘʝʪʩʷ ʫʩʨʝʜʥʝʥʠʝʤ ʦʮʝʥʦʢ 

ʵʢʩʧʝʨʪʦʚ, ʦʮʝʥʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʧʦ ʩʪʨʦʛʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ. ʆʜʥʘʢʦ, 

ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʦʡ ʦʮʝʥʢʠ ʩʪʦʠʪ ʜʦʨʦʛʦ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʫʯʘʩʪʠʷ ʥʝʩʢʦʣʴʢʠʭ ʵʢʩʧʝʨʪʦʚ. 

ʇʦʵʪʦʤʫ ʩʝʡʯʘʩ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʦʙʣʘʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʥʘ ʦʩʥʦʚʝ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

 
ɿʘʢʣʶʯʝʥʠʝ 

ʉʠʥʪʝʟ ʨʝʯʠ ï ʧʝʨʝʜʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʫʪʠʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʥʪʝʟʘ ʨʝʰʘʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙʣʝʤ ʠ ʥʫʞʜ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʥʘʫʢʝ 

ʠ ʙʠʟʥʝʩʝ. ʅʘʧʨʠʤʝʨ, ʫʩʢʦʨʝʥʠʝ TTS ʧʦʟʚʦʣʠʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʝʯʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʛʦʣʦʩʦʚʳʭ ʘʩʩʠʩʪʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʠ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩʳ ʙʝʟ ʟʘʜʝʨʞʝʢ. ʅʘʜʝʞʥʦʩʪʴ ʠ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʥʘʠʙʦʣʝʝ çʯʝʣʦʚʝʯʝʩʢʠʝ ʛʦʣʦʩʘè, ʢʦʪʦʨʳʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʟʘʜʘʚʘʝʤʳʡ ʪʝʢʩʪ ʙʝʟ 
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ʦʰʠʙʦʢ ʠ ʧʦʣʦʤʦʢ. ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʩʠʥʪʝʟ ʧʝʥʠʷ, ʢʦʪʦʨʦʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʭʦʪʷ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʦʛʨʦʤʥʦ ï ʦʪ çʧʨʠʤʝʨʢʠè ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ʘʨʪʠʩʪʘ ʜʦ ʩʠʥʪʝʟʘ 

ʧʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʅʝʡʨʦʩʝʪʝʚʳʝ ʤʝʭʘʥʠʟʤʳ ʫʞʝ ʩʝʡʯʘʩ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ 

ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ, ʥʦ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʳʭʦʜʷʪ ʥʦʚʳʝ ʩʪʘʪʴʠ ʩ ʥʦʚʳʤʠ ʨʝʰʝʥʠʷʤʠ, 

ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʩʝʙʷ ʝʱʝ ʣʫʯʰʝ. 
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ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦʡ ʤʘʪʝʤʘʪʠʢʠ 

ʢ ʧʦʠʩʢʫ ʢʦʥʪʝʢʩʪʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʧʦʠʩʢʫ ʠ ʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠʟʚʣʝʯʝʥʠ ̫ ʢʦʥʪʝʢʩʪʘ ʠ ʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉ ʫʯʝʪʦʤ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʜʦʩʪʦʠʥʩʪʚ ʘʚʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʦʡ ʟʘʧʫʪʘʥʥʦʩʪʠ ʠ ʩʫʧʝʨʧʦʟʠʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

NLP, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʠʩʢ, ʢʚʘʥʪʦʚʦ-ʧʦʜʦʙʥʘʷ ʤʦʜʝʣʴ, 

ʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʷ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʈʘʟʚʠʪʠʝ 

ʩʨʝʜʩʪʚ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʢʦʣʠʯʝʩʪʚʘ ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʪʝʢʩʪʦʚʦʡ. ʊʝʨʤʠʥʦʣʦʛʠʷ Big Data (ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ), ʢʦʪʦʨʘʷ ʩʝʡʯʘʩ ʷʚʣʷʝʪʩʷ 

ʦʙʦʟʥʘʯʝʥʠʝʤ ʜʣʷ ʦʛʨʦʤʥʳʭ ʤʘʩʩʠʚʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʷʚʠʣʘʩʴ ʜʚʘʜʮʘʪʴ ʣʝʪ ʥʘʟʘʜ, ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʦʙʨʘʞʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ. ʏʘʱʝ ʚʩʝʛʦ ʵʪʠ 

ʜʘʥʥʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ, ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʡ ʪʝʤʘʪʠʢʝ. ɺʩʝ ʵʪʠ 

ʬʘʢʪʦʨʳ ʟʘʪʨʫʜʥʷʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʠʩʢ ʨʝʣʝʚʘʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʨʘʤʢʘʭ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʦʧʳʪʢʘ ʧʦ-ʠʥʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʟʘʜʘʯʠ ʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʘ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʠ.  

ɺʝʢʪʦʨʠʟʘʮʠʷ ʪʝʢʩʪʘ ʠʣʠ ʚʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʣʦʚ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʣʫʯʰʝʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʙʣʠʟʦʩʪʠ, ʯʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʫʣʫʯʰʘʝʪ ʘʥʘʣʠʟ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ [1]. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ NLP ʷʚʣʷʝʪʩʷ 

ʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ 

ʘʥʘʣʠʟʫ ʪʝʢʩʪʘ, ʥʦ ʠ ʢ ʧʦʠʩʢʫ ʠʥʬʦʨʤʘʮʠʠ, ʚʠʜʝʦ ʠ ʘʫʜʠʦ [2, 3]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʮʝʣʷʤʠ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʶʪʩʷ ʘʥʘʣʠʟ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʪʝʢʩʪʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ, ʘʥʥʦʪʠʨʦʚʘʥʠʝ ʜʦʢʫʤʝʥʪʦʚ ʠ ʪ.ʜ. ɺʦ ʚʩʝʭ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯʘʭ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʪʝʤʘʤʠ, 

ʜʦʢʫʤʝʥʪʘʤʠ ʠ ʩʣʦʚʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʜʦʢʫʤʝʥʪ. ʊʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʙʦʨʘʤʠ 

ʪʝʨʤʦʚ, ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʩʣʦʚʘ ʠʣʠ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ. ʃʶʜʠ ʯʘʱʝ ʚʩʝʛʦ ʚ ʨʝʯʠ ʠ 

ʥʘʧʠʩʘʥʠʠ ʪʝʢʩʪʘ ʤʘʥʠʧʫʣʠʨʫʶʪ ʷʟʳʢʦʤ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠʣʠ ʢʦʥʪʝʢʩʪʝ, ʯʪʦ 

ʩʣʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ʇʦʵʪʦʤʫ ʧʦʣʫʯʘʶʪ ʨʘʟʚʠʪʠʝ 

ʤʝʪʦʜʳ ʢʚʘʥʪʦʚʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʦʧʠʩʳʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʥʦʞʝʩʪʚʘ ʯʘʩʪʠʮ, ʠ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʤʘʣʝʡʰʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʜʥʦʡ ʠʟ 

ʯʘʩʪʝʡ ʥʘ ʩʦʩʪʦʷʥʠʝ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʟʘʢʦʥʳ ʢʚʘʥʪʦʚʦʡ ʤʘʪʝʤʘʪʠʢʠ ʧʨʠ ʘʥʘʣʠʟʝ ʠʥʬʦʨʤʘʮʠʠ [4]. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ ʬʦʨʤʫʣʠʨʦʚʦʢ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʢ ʟʘʜʘʯʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ [5]. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, 

ʢʦʪʦʨʳʝ ʚʝʢʪʦʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʠʣʴʙʝʨʪʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʘ ʪʘʢʞʝ 

ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɺ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʢʚʘʥʪʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʣʘʪʝʥʪʥʦʛʦ ʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʠʣʠ ʥʘʣʠʯʠʝʤ ʩʢʨʳʪʳʭ ʪʝʤ, ʢʨʦʤʝ ʪʦʛʦ, ʪʝʤ ʥʘ 
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ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ, ʯʝʤ ʪʝʨʤʦʚ, ʧʦʵʪʦʤʫ ʧʨʦʝʢʮʠʷ ʜʦʢʫʤʝʥʪʘ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʩʢʨʳʪʳʭ ʪʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ. ʊʦʛʜʘ ʩʢʨʳʪʦʝ 

ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦʤ ʛʠʣʴʙʝʨʪʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʚ ʚʠʜʝ ʧʨʦʝʢʪʦʨʘ ʀʜʝʠ ʢʚʘʥʪʦʚʦʛʦ ʬʦʨʤʘʣʠʟʤʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʦʙʲʝʢʪʳ ʚ ʚʠʜʝ 
ʩʫʧʝʨʧʦʟʠʮʠʠ ʚʝʢʪʦʨʦʚ ʠ ʫʩʣʦʚʠʡ ʥʦʨʤʘʣʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʯʘʩʪʝʡ 

ʩʠʩʪʝʤʳ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʦʪʦʙʨʘʟʠʪʴ ʵʪʦ ʚʣʠʷʥʠʝ ʯʝʨʝʟ ʤʘʪʨʠʮʫ ʧʨʦʝʢʮʠʠ. ʇʦʵʪʦʤʫ 

ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʢʩʪʦʚʳʭ ʦʙʲʝʢʪʦʚ ʚ ʛʠʣʴʙʝʨʪʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʩʚʷʟʝʡ, ʢʦʥʪʝʢʩʪʘ ʯʝʨʝʟ ʙʘʟʠʩʥʳʝ ʚʝʢʪʦʨʘ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʟʘ ʦʩʥʦʚʫ ʙʳʣ ʚʟʷʪ pLSA ï ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʣʘʪʝʥʪʥʦ-

ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʜʦʢʫʤʝʥʪʦʚ D  ʠ ʚʩʝʭ 

ʪʝʨʤʦʚ W. ʇʨʠʯʝʤ ʪʝʨʤʳ ʨʘʥʝʝ ʧʦʣʫʯʝʥʳ ʧʨʝʜʦʙʨʘʙʦʪʢʦʡ ʩ ʧʦʤʦʱʴʶ çʤʝʰʢʘ ʩʣʦʚè 

ʠʤʝʶʪ ʢʚʘʥʪʦʚʫʶ ʟʘʧʫʪʘʥʥʦʩʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʚʘ w WÍ  ʚ ʜʦʢʫʤʝʥʪʝ 

d DÍ  ʨʘʚʥʦ 
dwn . ɿʥʘʯʝʥʠʝ 

dwn  ʚ ʘʣʛʦʨʠʪʤʝ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ DTM 

ʤʘʪʨʠʮʳ, ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʧʦʪʝʟʘ ʫʩʣʦʚʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ  

 
ὴύȿὨȟὸ ὴύȿὸ,                                                        (1) 

 

ʧʦ ʢʦʪʦʨʦʡ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʣʦʚʘ w  ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʦʢʫʤʝʥʪʘ d, ʘ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʳ, 

t . 

ʉʢʨʳʪʳʝ ʪʝʤʳ 
1 2, ,..., KT T T , ʦʙʨʘʟʫʶʱʠʝ ʤʥʦʞʝʩʪʚʦ T, ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʘ ʨʘʟʤʝʨʥʦʩʪʠ K. ɼʣʷ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʯʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 
ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ ʚʳʙʠʨʘʶʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ɼʘʣʝʝ ʜʣʷ ʩʦʙʣʶʜʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ 

ʬʦʨʤʘʣʠʟʤʘ ʧʦ ʤʝʪʦʜʫ ɻʨʘʤʘ-ʐʤʠʜʪʘ ʩʪʨʦʠʤ ʜʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʙʘʟʠʩʘ 

ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʡ ʙʘʟʠʩ.  

ʀʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʘ ʢʚʘʥʪʦʚʦʛʦ ʬʦʨʤʘʣʠʟʤʘ, ʩʫʧʝʨʧʦʟʠʮʠʷ ʢʘʞʜʦʛʦ ʚʝʢʪʦʨʘ 

ʪʝʨʤʘ w  ʠʟ ʤʥʦʞʝʩʪʚʘ W  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

 

    ȿύἃ

ύ
ύ
ể
ύ

ύὝ ύὝ ȢȢȢύὝ                                          (2) 

 

ʧʨʠ ʫʩʣʦʚʠʠ ʥʦʨʤʠʨʦʚʢʠ  

 

В ȿύȿ ρ.                                                           (3) 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʜʦʢʫʤʝʥʪʘ ʠʟ ʤʥʦʞʝʩʪʚʘ D  ʧʨʠʚʦʜʷʪ ʢ 

ʩʦʦʪʥʦʰʝʥʠʶ  

 

         ȿὨἃ

Ὠ
Ὠ
ể
Ὠ

ὨὝ ὨὝ ȢȢȢὨὝ,                                      (4) 

ʛʜʝ 

    В ȿὨȿ ρ.                                                        (5) 

 

ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʦʚ ʚ ʜʦʢʫʤʝʥʪʝ ʠʤʝʝʪ ʚʠʜ 

 

     ὴύȿὨ В ὴύȿὸὴὸȿὨ.                                             (6) 
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ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʪʝʨʤʘ w  ʥʘ ʙʘʟʠʩ 
1 2, ,..., KT T T  ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 

ʤʘʪʨʠʮʳ ʧʨʦʝʢʮʠʡ 
tP  ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʪʝʤʳ t TÍ  ʜʣʷ ʪʝʨʤʘ w  ʨʘʚʥʘ 

 

ὴὸȿύ ἂύȿὖȿύἃ.                                                  (7) 

 

ʊʦʛʜʘ ʧʝʨʚʳʝ ʤʥʦʞʠʪʝʣʠ ʚ ʩʫʤʤʝ ʧʨʦʠʟʚʝʜʝʥʠʡ (6) ʙʫʜʝʤ ʚʳʯʠʩʣʷʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 

ὴύȿὸ
ȿ ύὖȿύ

.                                      (8) 

 

ɿʜʝʩʴ ()p t  ï ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʢʦʥʢʨʝʪʥʦʡ ʪʝʤʳ t  ʠʟ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʪʝʤ T ;                  

()p w  ï ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʪʝʨʤʘ w  ʠʟ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʪʝʨʤʦʚ W . 

ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʜʦʢʫʤʝʥʪʘ d  ʥʘ ʙʘʟʠʩ 
1 2, ,..., KT T T  ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 

ʤʘʪʨʠʮʳ ʧʨʦʝʢʮʠʡ tP, ʪʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʪʝʤʳ t  ʜʣʷ ʜʦʢʫʤʝʥʪʘ d  ʨʘʚʥʘ 

 

             ὴὸȿὨ ὨὖȿὨ.                                                       (9) 

 

ɺʚʝʜʝʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 

 

• ὴύȿὸ
ύὖȿύ

,   ( ) |td tp t d d P dq = = ,               (10) 

 

ʠ ʟʘʜʘʯʘ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʠʤʝʝʪ ʚʠʜ 

 

       ὒ В В ὲὨȟύ ὰέὫВ
ύὖȿύ

ὨὖȿὨ ᴼάὥὼ          (11) 

 

ʧʨʠ ʫʩʣʦʚʠʷʭ 

 

        В • ρȟ• πȟВ — ρȟ— π;                              (12) 

 

N  ï ʨʘʟʤʝʨʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ ʜʦʢʫʤʝʥʪʦʚ D ; M  ï ʨʘʟʤʝʨʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ ʪʝʨʤʦʚ W .  

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ (11), (12) ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ EM-

ʘʣʛʦʨʠʪʤʘ. ʅʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʟʘʜʘʥʥʳʝ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʧʘʨʘʤʝʪʨʳ 

,wt tdj q, ʘ ʪʘʢʞʝ ʙʘʟʠʩ 1 2, ,..., KT T T  ʧʦʩʣʝ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʠʷ. ɼʘʣʝʝ:  

- ʥʘ E-ʰʘʛʝ ʧʦ ʥʘʡʜʝʥʥʳʤ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ ʧʘʨʘʤʝʪʨʘʤ ,wt tdj q 

ʦʧʨʝʜʝʣʷʝʪʩʷ dwtn  ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʚ w, ʧʦʨʦʞʜʝʥʥʳʭ ʪʝʤʦʡ t  ʚ ʜʦʢʫʤʝʥʪʝ d ;  

- ʥʘ M-ʰʘʛʝ ʧʦ ʟʥʘʯʝʥʠʷʤ dwtn  ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʥʦʚʦʤʫ ʙʘʟʠʩʫ 

1 2, ,..., KT T T  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʘ ʠ ʧʝʨʝʩʯʝʪ ʦʮʝʥʦʢ ,wt tdj q ʧʦ 

ʬʦʨʤʫʣʝ (10).  

ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʨʝʰʝʥʘ ʟʘʜʘʯʘ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʪʦ ʝʩʪʴ ʧʦʢʘ ʥʝ ʥʘʡʜʝʥ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʠʦʥʘʣʘ L  ʧʦ 

ʬʦʨʤʫʣʘʤ (11) ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ (12). 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʩʪʘʚʣʝʥ ʧʩʝʚʜʦʢʦʜʦʤ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʢʚʘʥʪʦʚʦʛʦ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʩʢʨʳʪʦʛʦ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʥʘʣʠʯʠʝ ʜʘʪʘʩʝʪʘ ʩ ʪʝʢʩʪʘʤʠ ʨʘʟʣʠʯʥʦʡ ʪʝʤʘʪʠʢʠ. ʇʦʪʦʤʫ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ 1210 

ʠʩʪʦʯʥʠʢʦʚ: ʢʥʠʛ, ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʠ ʞʫʨʥʘʣʦʚ. ʊʝʤʳ ʚʳʙʨʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ: 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʘ, ʙʠʦʣʦʛʠʷ, ʛʝʦʛʨʘʬʠʷ ʠ 

ʛʝʦʣʦʛʠʷ. 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʘʥʝʝ ʘʣʛʦʨʠʪʤʘ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ 

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʢʚʘʥʪʦʚʦʡ ʤʘʪʝʤʘʪʠʢʠ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʣʦʚ ʚ ʩʢʨʳʪʳʭ ʪʝʤʘʭ, ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʦʢʫʤʝʥʪʘ ʩʢʨʳʪʳʤ ʪʝʤʘʤ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʦʚ ʩʣʦʚ ʠ 

ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʙʘʟʠʩʥʳʝ ʚʝʢʪʦʨʘ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʶʪʩʷ ʩʢʨʳʪʳʝ ʪʝʤʳ, ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ 

ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʢʨʳʪʳʭ ʪʝʤ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 2 ʠ ʜʦʢʘʟʳʚʘʶʪ ʨʝʣʝʚʘʥʪʥʦʩʪʴ ʚʳʙʨʘʥʥʳʭ ʪʝʤ. ɺʳʷʚʣʝʥʠʝ ʩʢʨʳʪʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝʤʳ ʜʦʢʫʤʝʥʪʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʵʬʬʝʢʪʠʚʥʦ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ mAP ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʪʝʤ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʝʥʠʷ ʠ ʦʮʝʥʢʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʛʨʘʤʤʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ pLSA, ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ 5, 10, 15, 20 ʪʝʤ, ʧʦʩʢʦʣʴʢʫ ʥʘ 

ʪʘʢʦʤ ʦʙʲʝʤʝ ʤʦʞʥʦ ʷʚʥʦ ʫʚʠʜʝʪʴ ʨʝʣʝʚʘʥʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʳʙʦʨʢʠ ʜʦʢʫʤʝʥʪʦʚ, ʠʟ ʛʨʘʬʠʢʦʚ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʡ 

ʤʝʪʦʜ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪ ʣʫʯʰʝ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʘ pLSA. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʣʫʯʰʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩʦ ʩʢʨʳʪʳʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ 

ʦʮʝʥʠʚʘʝʤʳʭ ʢʦʣʣʝʢʮʠʡ.  

 
ʈʠc. 2. ʉʨʘʚʥʝʥʠʝ ʪʦʯʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ pLSA ʠ pLSA ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦʡ 

ʤʘʪʝʤʘʪʠʢʠ: ʘ) ʛʝʦʛʨʘʬʠʷ; ʙ) ʧʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷ; ʚ) ʙʠʦʣʦʛʠʷ 

ʚ) ʙ) ʘ) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʚʝʜʝʥʥʳʡ ʜʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʨʧʫʩʘ, ʧʦʢʘʟʘʣ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʪʝʤ ʠ ʢʦʥʪʝʢʩʪʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʩʢʨʳʪʦʛʦ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʧʧʘʨʘʪʘ 

ʢʚʘʥʪʦʚʦʡ ʤʘʪʝʤʘʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ pLSA. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʣʘʥʠʨʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʫʣʫʯʰʝʥʠʝ 

ʘʣʛʦʨʠʪʤʘ. ɸʜʘʧʪʠʚʥʳʡ ʚʳʙʦʨ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʙʘʟʠʩʘ ʧʦʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʠʪʝʨʘʮʠʡ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʭʦʜʠʤʦʩʪʠ ʘʣʛʦʨʠʪʤʘ. ʊʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʟʘʤʝʥʘ ʚʳʙʦʨʘ 

ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʤʘʪʨʠʮ ʠ ʜʦʙʘʚʣʝʥʠʝ ʨʝʛʫʣʷʨʠʟʘʪʦʨʦʚ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʬʦʥʦʚʳʭ ʪʝʤ ʠ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʤʦʜʝʣʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʨʦʙʘʩʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʢʘʯʝʩʪʚʦ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʜʦʢʫʤʝʥʪʦʚ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʩ ʧʦʟʠʮʠʠ ʮʝʥʥʦʩʪʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʆʥʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ, ʦʪʦʙʨʘʞʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʢʘʯʝʩʪʚʦ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʫʶ ʤʝʪʦʜʠʢʫ 

ʧʣʘʥʠʨʫʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ, ʧʦʪʨʝʙʠʪʝʣʴʩʢʘʷ ʮʝʥʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, 

ʜʘʥʥʳʝ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʵʣʝʢʪʨʦʥʥʦʝ ʫʯʘʩʪʠʝ. 

 

ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʫʨʙʘʥʠʟʘʮʠʠ ʥʘʩʝʣʝʥʠʷ ʢʘʯʝʩʪʚʦ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʛʦʨʦʜʩʢʠʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʘʯʝʩʪʚʘ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʠ ʞʠʟʥʠ ʚ ʮʝʣʦʤ, ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ 

ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʟʘʥʠʤʘʶʪ ʦʙʱʝʩʪʚʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʜʚʦʨʳ, ʫʣʠʮʳ, ʧʘʨʢʠ, 

ʥʘʙʝʨʝʞʥʳʝ ʠ ʜʨʫʛʠʝ. ɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʧʦʜʦʙʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʟʘʪʨʘʪ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤʦ ʚ ʫʩʣʦʚʠʷʭ ʤʝʥʷʶʱʝʛʦʩʷ ʟʘʧʨʦʩʘ ʥʘ ʠʭ ʢʘʯʝʩʪʚʦ 

ʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʙʶʜʞʝʪʘ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ. ɼʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʦʜʜʝʨʞʘʥʠʷ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ 

ʥʘ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʠʭ 

ʩʦʩʪʘʚʝ ʵʣʝʤʝʥʪʦʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ʂʘʢ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʱʝʩʪʚʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʠʤʝʝʪ ʢʘʢ ʧʦʜʢʦʥʪʨʦʣʴʥʳʝ ʦʨʛʘʥʘʤ ʚʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʬʠʟʠʯʝʩʢʠʡ ʠʟʥʦʩ ʦʙʲʝʢʪʦʚ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʠ ʧʝʰʝʭʦʜʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ, ʥʘʙʦʨ ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʘʢʪʠʚʥʦʩʪʝʡ, ʵʩʪʝʪʠʯʝʩʢʦʝ ʠ ʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʘʢ ʠ ʥʝʧʦʜʢʦʥʪʨʦʣʴʥʳʝ ï 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʦʙʱʝʩʪʚʝʥʥʦʝ ʚʦʩʧʨʠʷʪʠʝ 

ʠ ʦʮʝʥʢʘ ʦʧʳʪʘ ʧʨʝʙʳʚʘʥʠʷ ʠ ʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʯʝʩʪʴ 

ʩʣʦʞʥʳʡ ʩʠʩʪʝʤʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʜʦʙʥʦʛʦ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʘʥʘʣʠʟ ʩʦʮʠʘʣʴʥʦʛʦ, ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʠ ʧʨʠʨʦʜʥʦʛʦ ʘʩʧʝʢʪʘ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. 

ʀʟʫʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʩ 

ʧʦʟʠʮʠʠ ʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘʯʘʣʦ ʧʨʦʚʦʜʠʪʴʩʷ ʩ 80-ʭ ʛʦʜʦʚ XX ʚʝʢʘ. ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʫ ʗʥʘ ɻʝʡʣʘ [1], ʚ ʢʦʪʦʨʦʡ ʦʥ ʚʳʜʝʣʠʣ 12 ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʙʲʝʜʠʥʠʚ ʠʭ ʚ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: ʟʘʱʠʱʝʥʥʦʩʪʴ, ʢʦʤʬʦʨʪ ʠ 

ʫʜʦʚʦʣʴʩʪʚʠʝ. ʇʦʟʜʥʝʝ çProject for Public Spacesè [2] ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʣ 4 ʦʩʥʦʚʥʳʭ 

ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ: ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʩʚʷʟʘʥʥʦʩʪʴ, ʢʦʤʬʦʨʪ ʠ ʦʙʣʠʢ ʤʝʩʪʘ, 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʦʱʫʱʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʨʫʞʝʣʶʙʥʦʩʪʠ. ʕʪʠ ʧʨʠʥʮʠʧʳ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʣʠ ʦʩʥʦʚʥʳʤʠ ʜʣʷ ʤʥʦʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʤʝʪʦʜʠʢ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʅʦʚʦʩʠʙʠʨʩʢʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ [3] ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ɺ ʥʝʡ 12 ʢʨʠʪʝʨʠʝʚ 

ʙʳʣʠ ʨʘʟʙʠʪʳ ʥʘ 3 ʛʨʫʧʧʳ, ʧʝʨʚʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʢʘʯʝʩʪʚʫ 
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ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʢʘʢ ʢ ʩʦʩʪʦʷʥʠʶ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʛʦʨʦʜʩʢʠʭ ʫʩʣʫʛ. ʇʨʠ ʵʪʦʤ ʦʮʝʥʢʠ ʧʦ ʵʪʦʡ ʛʨʫʧʧʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ. ɺʪʦʨʘʷ ʦʪʦʙʨʘʞʘʝʪ ʟʥʘʯʠʤʦʩʪʴ, ʠʜʝʥʪʠʯʥʦʩʪʴ ʠ 

ʦʮʝʥʢʫ ʧʨʦʩʪʨʘʥʩʪʚ ʛʦʨʦʞʘʥʘʤʠ. ʊʨʝʪʴʷ ʦʙʲʝʜʠʥʷʝʪ ʢʨʠʪʝʨʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɺ ʂʠʪʘʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʘʯʝʩʪʚʘ ʫʣʠʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

[4]. ʆʥʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 5 ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʬʠʟʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ (ʢʘʯʝʩʪʚʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ, ʨʘʩʩʪʦʷʥʠʝ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ, ʧʣʦʪʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʠ ʟʜʘʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʝʨʚʠʩʦʚ) ʠ 3 ʩʦʮʠʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

(ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʫʣʠʮ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ). ʄʦʜʝʣʴ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʫʣʠʮ ʛʦʨʦʜʘ ʋʭʘʥʴ 

ɺ ʀʥʜʠʠ ʛʨʫʧʧʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [5] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠʥʜʝʢʩ ʢʘʯʝʩʪʚʘ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʦʮʝʥʢʫ ʧʦ ʨʷʜʫ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʩʚʷʟʥʦʩʪʴ, ʦʙʩʣʫʞʠʚʘʥʠʝ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ, ʢʦʤʬʦʨʪ, 

ʠʥʢʣʶʟʠʚʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʘʢʪʠʚʥʦʩʪʝʡ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. ɿʥʘʯʝʥʠʷ 

ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʯʠʩʣʷʶʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʩʦʮʠʘʣʴʥʦʛʦ 

ʦʧʨʦʩʘ ʚʝʩʦʚ, ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʠʜ ʦʪ 0 ʜʦ 100 ʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʠʪʦʛʦʚʫʶ 

ʦʮʝʥʢʫ. ʕʪʘ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʢʘʭ ʚ ʨʘʟʥʳʭ ʛʦʨʦʜʘʭ ʀʥʜʠʠ. 

 ʇʦʜʦʙʥʳʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪʚʝʯʘʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʫʯʝʪʘ ʬʘʢʪʦʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʥʦ ʟʘʯʘʩʪʫʶ ʦʧʠʩʳʚʘʶʪ 

ʢʘʯʝʩʪʚʦ ʙʝʟ ʘʥʘʣʠʟʘ ʝʛʦ ʜʠʥʘʤʠʢʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʪʦʜʘʤʠ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦʙ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʠ ʠʭ ʧʦʣʴʟʦʚʘʪʝʣʷʭ. ɺ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʠʟʫʯʝʥʥʳʭ ʨʘʙʦʪ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʧʠʨʘʶʪʩʷ ʥʘ ʵʢʩʧʝʨʪʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʨʨʠʪʦʨʠʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʘʢ ʚʨʝʤʝʥʥʦʡ, ʪʘʢ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʩʧʝʢʪʳ ʘʥʘʣʠʪʠʢʠ. ʇʨʠ ʵʪʦʤ ʘʢʪʫʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʨʘʟʣʠʯʥʳʭ ʩʝʨʚʠʩʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʯʘʩʪʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʠʝ 

ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʦ ʛʦʨʦʜʝ, ʩʦʟʜʘʚʘʝʤʳʭ ʠʭ ʞʠʪʝʣʷʤʠ. ʆʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʘʣʝʝ, ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʧʦʜʦʙʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ ʩ ʧʦʟʠʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʆʙʱʝʩʪʚʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, 

ʧʦʜʣʝʞʘʱʠʝ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʫ. ʅʘʧʨʠʤʝʨ, ʢ ʥʠʤ ʧʦ ʇʨʘʚʠʣʘʤ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ 

ʪʝʨʨʠʪʦʨʠʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ [6] ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʙʲʝʢʪʳ ʠ ʵʣʝʤʝʥʪʳ: 

 ʫʩʪʨʦʡʩʪʚʘ ʜʝʢʦʨʘʪʠʚʥʳʝ, ʪʝʭʥʠʯʝʩʢʠʝ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ; 

 ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; 

 ʵʣʝʤʝʥʪʳ ʦʟʝʣʝʥʝʥʠʷ; 

 ʦʙʦʨʫʜʦʚʘʥʠʝ; 

 ʥʘʨʫʞʥʘʷ ʨʝʢʣʘʤʘ ʠ ʠʥʬʦʨʤʘʮʠʷ; 

 ʥʝʢʘʧʠʪʘʣʴʥʳʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʩʪʨʦʝʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ; 

 ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʪʦʨʛʦʚʳʝ ʦʙʲʝʢʪʳ; 

 ʵʣʝʤʝʥʪʳ ʦʬʦʨʤʣʝʥʠʷ; 

 ʤʘʣʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ. 

ʇʨʠ ʵʪʦʤ ʦʥʠ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʙʱʝʩʪʚʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʮʝʣʦʤ ʠʤʝʶʪ 

ʨ̫ ʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʢʘʯʝʩʪʚʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʟʥʘʯʠʤʦʩʪʴ, ʜʦʩʪʫʧʥʦʩʪʴ, ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ, 

ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʢʦʥʪʝʢʩʪ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚʩʝ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʜʨʫʛ ʢ ʜʨʫʛʫ. 

ʀʥʜʝʢʩ ʮʝʥʥʦʩʪʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪʦʙʨʘʞʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʜʣʷ ʨʘʟʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʛʨʫʧʧ. ʕʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʙʦʟʥʘʯʘʶʱʘʷ ʪʦ, ʥʘʩʢʦʣʴʢʦ 

ʚʝʨʦʷʪʥʦ ʛʦʨʦʞʘʥʠʥ ʚʳʙʝʨʝʪ ʧʦʩʝʱʝʥʠʝ ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʩʨʝʜʠ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʳʭ 



XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊʦʤ 2. 
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ʚʘʨʠʘʥʪʦʚ ʚʨʝʤʷʧʨʝʧʨʦʚʦʞʜʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʥʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʟʥʘʯʠʤʦʩʪʠ 

ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʠ ʩʘʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʯʝʪʳʨʝ 

ʢʨʠʪʝʨʠʷ ʟʥʘʯʠʤʦʩʪʠ: ʙʝʟʦʧʘʩʥʦʩʪʴ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ, ʢʦʤʬʦʨʪ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ñɹʝʟʦʧʘʩʥʦʩʪʴò ʦʪʦʙʨʘʞʘʝʪ, ʥʘʩʢʦʣʴʢʦ, ʧʦ ʩʫʙʲʝʢʪʠʚʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ 

ʛʦʨʦʞʘʥ, ʦʥʠ ʟʘʱʠʱʝʥʳ ʦʪ ʫʛʨʦʟ ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ 

(ʧʨʠʤʝʨ ʧʦʜʦʙʥʦʡ ʫʛʨʦʟʳ ï ʘʚʘʨʠʡʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʝʨʝʚʘ). ñʂʦʤʬʦʨʪò ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʟʘʪʨʫʜʥʝʥʠʡ, ʘ ñʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴò, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʦʙʨʘʞʘʝʪ, ʥʘʩʢʦʣʴʢʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪʚʝʯʘʝʪ ʵʩʪʝʪʠʯʝʩʢʠʤ ʮʝʥʥʦʩʪʷʤ ʛʦʨʦʞʘʥ ʠ ʬʦʨʤʠʨʫʝʪ ʧʦʟʠʪʠʚʥʳʡ ʦʙʨʘʟ 

ʚ ʦʙʱʝʩʪʚʝʥʥʦʤ ʚʦʩʧʨʠʷʪʠʠ (ʦʙʲʷʚʣʝʥʠʷ ʥʘ ʩʪʝʥʘʭ ʜʦʤʦʚ, ʥʘʧʨʠʤʝʨ, ʩʥʠʞʘʶʪ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʜʚʦʨʘ). ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʢʨʠʪʝʨʠʡ çʇʦʪʨʝʙʠʪʝʣʴʩʢʠʝ 

ʩʚʦʡʩʪʚʘè - ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠʟ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. 

ʊʘʢʞʝ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴʩʷ ʜʦʩʪʫʧʥʦʩʪʴ: ʙʘʣʘʥʩ ʟʘʪʨʘʪ ʨʝʩʫʨʩʦʚ, ʪʨʝʙʫʝʤʳʭ ʥʘ 

ʜʦʩʪʫʧ ʢ ʧʨʦʩʪʨʘʥʩʪʚʫ ʩ ʚʳʛʦʜʦʡ, ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʥʝʛʦ. ʊʘʢ, ʧʘʨʢ ʩʦ ʤʥʦʞʝʩʪʚʦʤ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʚʨʝʤʷʧʨʝʧʨʦʚʦʞʜʝʥʠʷ ʠ ʜʦʩʪʫʧʦʤ ʢ ʚʦʜʝ ʤʦʞʝʪ ʦʧʨʘʚʜʳʚʘʪʴ 

ʜʣʷ ʛʨʘʞʜʘʥ ʚʨʝʤʷ ʠ ʩʪʦʠʤʦʩʪʴ ʧʦʝʟʜʢʠ. ɼʦʩʪʫʧʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ, ʥʘʩʢʦʣʴʢʦ ʮʝʥʥʦʩʪʥʘʷ 

ʥʘʛʨʫʟʢʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʩʦʮʠʘʣʴʥʦʡ. 

ɺʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ð ʵʪʦ ʬʠʟʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʩʫʱʝʩʪʚʫʶʱʫʶ ʧʦʩʝʱʘʝʤʦʩʪʴ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʠʥʜʝʢʩʫ ʩʦʮʠʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʦʤʫ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚʤʝʩʪʠʤʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʩ 

ʦʙʱʝʩʪʚʝʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʘʥʘʣʠʟʘ ʤʦʜʝʣʝʡ ʧʝʰʝʭʦʜʥʦʡ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʦʙʠʣʴʥʦʩʪʠ ʛʦʨʦʞʘʥ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. 

ʉʦʩʪʦʷʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪʦʙʨʘʞʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʦʙʲʝʢʪʘʤʠ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʩʚʦʠʭ ʬʫʥʢʮʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʜʠʥʷʝʪ 

ʚ ʩʝʙʝ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʠ ʩʦʮʠʘʣʴʥʳʡ ʘʩʧʝʢʪ, ʧʦʩʢʦʣʴʢʫ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʙʣʝʤʳ ʧʦ-ʨʘʟʥʦʤʫ ʦʮʝʥʠʚʘʶʪʩʷ ʨʘʟʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘʩʝʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʩʦʮʠʘʣʴʥʦʝ 

ʦʞʠʜʘʥʠʝ ʩʦʩʪʦʷʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʤʝʜʠʘ ʠʣʠ 

ʧʨʝʜʳʜʫʱʝʛʦ ʦʧʳʪʘ ʧʦʣʴʟʦʚʘʥʠʷ. ɾʘʣʦʙʳ ʛʦʨʦʞʘʥ ʷʚʣʷʶʪʩʷ ʚʠʜʦʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʦʨʛʘʥʘʤʠ ʚʣʘʩʪʠ ʠ ʥʘʩʝʣʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚ. ʆʥʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʬʣʠʢʪʘ ʤʝʞʜʫ 

ʩʦʩʪʦʷʥʠʝʤ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʝʛʦ ʦʞʠʜʘʥʠʝʤ. 

ʂʦʥʪʝʢʩʪ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʧʠʩʳʚʘʝʪ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʧʦʤʷʥʫʪʳʝ 

ʨʘʥʝʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʢʨʫʞʘʶʱʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʙʲʝʢʪʳ ʠ ʜʨʫʛʠʝ ʫʩʣʦʚʠʷ. ʅʘʧʨʠʤʝʨ, ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʣʝʪʦʤ 

ʫʚʝʣʠʯʠʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚ ʩ ʜʦʩʪʫʧʦʤ ʢ ʚʦʜʝ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʦʢʨʫʞʘʶʱʝʡ ʦʙʱʝʩʪʚʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʩʪʨʦʡʢʠ. 

ɺʩʝ ʦʧʠʩʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʚʣʠʷʪʴ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʩʦʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʦʙʲʝʢʪʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ 

ʩʦʮʠʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ. ʆʥʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʫʭʫʜʰʘʝʪ ʩʦʩʪʦʷʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʝʛʦ 

ʩʘʤʦʛʦ, ʧʨʠʚʦʜʷ ʢ ʩʥʠʞʝʥʠʶ ʟʥʘʯʠʤʦʩʪʠ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʩʪʝʧʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʦʪʝʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʘ ʦʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʳ ʧʦ ʦʙʥʦʚʣʝʥʠʶ ʦʙʲʝʢʪʦʚ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʆʥʠ ʫʯʠʪʳʚʘʶʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʨʠ 

ʧʦʤʦʱʠ ʠʥʜʠʢʘʪʦʨʦʚ, ʦʪʦʙʨʘʞʘʶʱʠʭ ʩʚʦʡʩʪʚʘ ʨʘʟʥʳʭ ʚʠʜʦʚ: ʩʦʮʠʘʣʴʥʳʭ, ʧʨʠʨʦʜʥʳʭ, 
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ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ 

ʤʝʪʦʜʠʢ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʥʳʡ ʩʨʝʟ ʢʘʯʝʩʪʚʘ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʤʘʪʝʨʠʘʣʘʭ ʵʢʩʧʝʨʪʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ 

ʪʝʨʨʠʪʦʨʠʡ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʚ ʧʦʜʭʦʜʝ ʤʝʪʦʜʠʢʘ ʷʚʣʷʝʪʩʷ ʯʝʣʦʚʝʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʠ 

ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʦʮʝʥʢʫ ʚ ʜʠʥʘʤʠʢʝ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʠʟ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʠ 

ʜʨʫʛʠʭ ʛʦʨʦʜʩʢʠʭ ʩʝʨʚʠʩʦʚ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʝʝ 

ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʧʨʠʤʝʨʝ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ʇʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʮʠʘʣʴʥʳʭ ʛʦʨʦʜʩʢʠʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ 

ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʤʢʘʭ ʜʦʢʣʘʜʘ ʨʘʩʢʨʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʫʨʙʘʥʠʩʪʠʯʝʩʢʠʡ ʥʘʨʨʘʪʠʚè, 

ʢʘʢʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʘʣʘ ʥʘ ʝʛʦ ʨʘʟʚʠʪʠʝ ʧʘʥʜʝʤʠʷ COVID-19, ʠ ʧʦʜʥʠʤʘʝʪʩʷ ʚʦʧʨʦʩ 

ʩʧʝʮʠʬʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʤʳʩʣʦʚʳʭ ʨʝʘʣʴʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʛʦʨʦʜʩʢʠʭ ʘʢʪʦʨʦʚ ʚ 

ʬʦʢʫʩʝ ʥʘʨʨʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ. ɺ ʨʘʤʢʘʭ ʦʙʟʦʨʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʥʘʯʠʤʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʥʘʣʠʟʝ ʩʦʮʠʦʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ 

ʨʠʩʢʦʚ ʚ ʛʦʨʦʜʩʢʠʭ ʧʨʘʢʪʠʢʘʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʄʦʜʝʣʠ ʥʘʨʨʘʮʠʠ, ʥʘʨʨʘʪʠʚʳ, ʥʘʨʨʘʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʧʘʥʜʝʤʠʷ COVID-19, 

ʫʨʙʘʥʠʩʪʠʯʝʩʢʠʡ ʥʘʨʨʘʪʠʚ. 
 

ɺʚʝʜʝʥʠʝ 

ɺ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʥʘʨʨʘʪʠʚʘʤʠ ʷʚʣʷʶʪʩʷ ʩʶʞʝʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʦʪʦʙʨʘʞʝʥʦ ʥʝʢʦʝ ʩʦʙʳʪʠʝ; ʚ ʥʘʨʨʘʪʠʚʥʦʤ ʘʥʘʣʠʟʝ ʠʩʩʣʝʜʫʶʪʩʷ ʵʣʝʤʝʥʪʳ 

ʧʦʚʝʩʪʚʦʚʘʥʠʷ ï ʩʚʷʟʴ ʠ ʭʘʨʘʢʪʝʨ ʩʦʙʳʪʠʡ, ʘʪʨʠʙʫʪʳ ʛʝʨʦʝʚ, ʦʮʝʥʢʠ ʨʘʩʩʢʘʟʯʠʢʘ. 

ʄʦʜʝʣʠ ʥʘʨʨʘʮʠʠ ʝʩʪʴ ʢʦʤʧʣʝʢʩʳ ʷʟʳʢʦʚʳʭ ʧʨʠʝʤʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʦʩʪʠ ʠ 

ʩʧʦʩʦʙʳ ʧʝʨʝʜʘʯʠ ʟʥʘʥʠʡ ʦ ʤʠʨʝ, ʧʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʥʘʨʨʘʪʠʚʦʚ ʚ ʫʨʙʘʥʠʩʪʠʯʝʩʢʦʤ 

ʢʦʥʪʝʢʩʪʝ ʥʝʦʙʭʦʜʠʤʦ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʷʩʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ; 

ʥʘʨʨʘʪʠʚʳ ʚʣʠʷʶʪ ʥʘ ʨʝʰʝʥʠʷ, ʧʨʠʥʠʤʘʝʤʳʝ ʛʦʨʦʞʘʥʘʤʠ ʢʘʢ ʩʦʮʠʘʣʴʥʳʤʠ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʩʫʙʲʝʢʪʘʤʠ, ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ: çʣʶʜʠ ʩʢʣʦʥʥʳ ʢ ʘʙʩʦʣʶʪʥʦ 

ʥʝʨʘʮʠʦʥʘʣʴʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʠ <...> ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ï ʥʝ ʧʘʪʦʣʦʛʠʷ, ʘ ʥʦʨʤʘè [1]. 

ʉʝʛʦʜʥʷ ʥʘʨʨʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʥʘʫʯʥʦʛʦ 

ʟʥʘʥʠʷ ʢʘʢ ʩʧʦʩʦʙ ʨʘʙʦʪʳ ʩʦ ʩʤʳʩʣʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʣʶʙʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʦʧʨʦʩʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʜʝʥʪʠʯʥʦʩʪʠ, ʦʜʥʘʢʦ ʚ ʫʨʙʘʥʠʩʪʠʢʝ 

ʦʱʫʱʘʝʪʩʷ ʢʘʢ ʥʝʭʚʘʪʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʤʳʩʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʥʜʝʥʮʠʡ, ʪʘʢ ʠ 

ʥʝʭʚʘʪʢʘ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʫʯʥʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʠʟʫʯʝʥʠʷ ʩʤʳʩʣʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʦʨʦʜʘ ʚ ʨʘʤʢʘʭ ʥʘʨʨʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ; ʤʘʣʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʬʦʨʤ 

ʧʦʚʝʩʪʚʦʚʘʥʠʷ ʠ ʧʦʚʝʩʪʚʦʚʘʪʝʣʴʥʦʡ ʠʥʩʪʘʥʮʠʠ ʩʤʳʩʣʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʦʨʦʜʘ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠ ʥʘʨʨʘʮʠʠ ʢʘʢ ʢʦʤʧʣʝʢʩʳ ʷʟʳʢʦʚʳʭ ʧʨʠʝʤʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʦʩʪʠ ʠ ʩʧʦʩʦʙʳ ʧʝʨʝʜʘʯʠ ʟʥʘʥʠʡ ʦ ʤʠʨʝ; ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʩʪʫʧʘʶʪ ʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʩʪʠʣʠʩʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʨʨʘʪʠʚʥʳʭ ʪʝʢʩʪʦʚ ʥʘ 

ʛʦʨʦʜʩʢʫʶ ʪʝʤʘʪʠʢʫ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʣʠʷʥʠʝʤ ʧʘʥʜʝʤʠʠ COVID-19. ʎʝʣʠ ʨʘʙʦʪʳ: 

ʨʘʩʢʨʳʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʪʝʢʩʪʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʣʠʷʥʠʝʤ 

ʧʘʥʜʝʤʠʠ COVID-19, ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜʦʣʦʛʠʶ ʝʛʦ ʠʟʫʯʝʥʠʷ ʚ ʨʘʤʢʘʭ ʫʨʙʘʥʠʩʪʠʯʝʩʢʦʡ 

ʥʘʨʨʘʪʠʚʥʦʡ ʧʘʨʘʜʠʛʤʳ, ʦʙʦʟʥʘʯʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʧʨʘʢʪʠʢʘʭ. 
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ʋʨʙʘʥʠʩʪʠʯʝʩʢʠʝ ʥʘʨʨʘʪʠʚʳ ʠ ʧʘʥʜʝʤʠʷ COVID-19 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʫʨʙʘʥʠʩʪʠʯʝʩʢʦʛʦ ʥʘʨʨʘʪʠʚʘ ð ʦʩʦʙʦʡ ʬʦʨʤʳ ʧʦʚʝʩʪʚʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʠ ʩʦʮʠʘʣʴʥʳʡ ʧʦʣʶʩʳ ʞʠʟʥʠ ʛʦʨʦʞʘʥʠʥʘ, ʦʪʨʘʞʘʝʪ ʢʦʥʬʣʠʢʪ ʤʝʞʜʫ 

ʥʠʤʠ, ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʢʦʥʢʨʝʪʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʧʨʠʚʷʟʢʫ, ʠ ʦʙʣʘʜʘʝʪ ʤʝʥʝʝ 

ʩʪʨʦʛʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʝʤ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʡ ʥʘʨʨʘʪʠʚ. ɿʘʪʝʤ ʥʘ 

ʦʩʥʦʚʝ ʨʷʜʘ ʩʪʘʪʝʡ ʢʘʢ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʧʫʙʣʠʮʠʩʪʠʯʝʩʢʦʛʦ ʪʦʣʢʘ, ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʥʜʝʤʠʯʝʩʢʦʛʦ ʠ ʧʦʩʪʧʘʥʜʝʤʠʯʝʩʢʦʛʦ ʛʦʨʦʜʦʚ. ʇʦ ʠʪʦʛʘʤ 

ʧʝʨʚʠʯʥʦʛʦ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʥʘʨʨʘʪʠʚʦʚ: 

ǒ ʥʘʨʨʘʪʠʚ ʜʝʟʫʨʙʘʥʠʟʘʮʠʠ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʘʧʦʢʘʣʠʧʪʠʯʝʩʢʦʛʦ ʥʘʨʨʘʪʠʚʘ 

(ʪʝʤʘ çʩʤʝʨʪʠ ʛʦʨʦʜʘè); 

ǒ ʥʘʨʨʘʪʠʚ çʟʜʦʨʦʚʦʛʦ ʛʦʨʦʜʘè ʢʘʢ ʦʜʥʘ ʠʟ ʬʦʨʤ ʩʦʚʨʝʤʝʥʥʦʡ ʫʪʦʧʠʠ; 

ǒ ʥʘʨʨʘʪʠʚ çʫʤʥʦʛʦ ʛʦʨʦʜʘè ʚ ʫʩʣʦʚʠʷʭ ʧʘʥʜʝʤʠʠ. 

ɹʳʣʠ ʚʳʜʝʣʝʥʳ ʜʚʘ ʛʣʦʙʘʣʴʥʳʭ ʛʦʨʦʜʩʢʠʭ ʥʘʨʨʘʪʠʚʘ, ʧʦʣʥʦʮʝʥʥʦ ʦʬʦʨʤʠʚʰʠʭʩʷ 

ʟʘ ʧʝʨʠʦʜ ʧʘʥʜʝʤʠʠ: 

ǒ ʥʘʨʨʘʪʠʚ çʟʜʦʨʦʚʦʛʦ ʛʦʨʦʜʘè, ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʪʝʢʩʪʘʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʣʘʩʪʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʤʝʪʘʥʘʨʨʘʪʠʚ ʫʪʦʧʠʠ; 

ǒ ʥʘʨʨʘʪʠʚ ʛʦʨʦʜʘ ï çʪʶʨʝʤʥʦʛʦ ʘʨʭʠʧʝʣʘʛʘè, ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʢʘʢ ʚ 

ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʢʘʢ ʚ ʣʠʯʥʳʭ ʠʩʪʦʨʠʷʭ, ʪʘʢ ʠ ʚ ʉʄʀ. 

ʇʦ ʠʪʦʛʘʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʥʘʨʨʘʪʠʚʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʥʠʭ ʯʝʨʪʳ: 

ǒ ʛʝʨʦʷʤʠ ʛʦʨʦʜʩʢʠʭ ʥʘʨʨʘʪʠʚʦʚ ʚʳʩʪʫʧʘʶʪ ʛʦʨʦʞʘʥʝ, ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ, 

ʛʦʨʦʜʩʢʠʝ ʚʣʘʩʪʠ, ʛʦʩʫʜʘʨʩʪʚʦ, ʢʦʤʬʦʨʪʥʘʷ/ʥʝʢʦʤʬʦʨʪʥʘʷ ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘ, ʧʘʥʜʝʤʠʷ; 

ǒ ʪʠʧʘʤʠ ʢʦʥʬʣʠʢʪʦʚ ʷʚʣʷʶʪʩʷ ʛʝʨʦʡ ʧʨʦʪʠʚ ʦʙʩʪʦʷʪʝʣʴʩʪʚ (ʛʦʨʦʞʘʥʠʥ (ʛʦʨʦʜ) 

ʧʨʦʪʠʚ ʧʘʥʜʝʤʠʠ), ʛʝʨʦʡ ʧʨʦʪʠʚ ʦʙʱʝʩʪʚʘ (ʢʦʥʬʣʠʢʪ ʠʜʝʦʣʦʛʠʡ ï ʤʘʩʦʯʥʠʢ ʧʨʦʪʠʚ 

ʘʥʪʠʤʘʩʦʯʥʠʢʦʚ), ʘ ʪʘʢʞʝ ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʬʣʠʢʪ (ʪʝʤʘ ʣʠʯʥʦʛʦ ʧʝʨʝʞʠʚʘʥʠʷ 

ʧʘʥʜʝʤʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʧʘʥʜʝʤʠʠ);  

ǒ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʬʦʥʘ, ʪʘʢ ʠ ʘʢʪʠʚʥʦʛʦ 
ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʝʨʩʦʥʘʞʘ. 

ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʡ ʫʨʙʘʥʠʩʪʠʯʝʩʢʠʡ ʥʘʨʨʘʪʠʚ ʦʪʨʘʞʘʝʪ ʪʦʪ ʬʘʢʪ, 

ʯʪʦ ʞʠʟʥʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʩʪʨʝʩʩʘ ʧʨʠʚʝʣʘ ʢ ʨʦʩʪʫ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʠ ʫʯʘʱʝʥʠʶ 

ʩʣʫʯʘʝʚ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ ʩʨʝʜʠ ʛʦʨʦʞʘʥ, ʪʘʢʞʝ ʩʪʘʣʘ ʧʦʣʫʯʘʪʴ ʦʪʨʘʞʝʥʠʝ 

ʪʝʤʘʪʠʢʘ ʢʦʣʣʝʢʪʠʚʥʦʡ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʚʤʳ [2]. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʚʦʡʩʪʚʝʥʥʘʷ 

ʧʦʣʠʪʠʢʘ ʛʦʩʫʜʘʨʩʪʚ ʯʝʨʝʟ ʚʚʝʜʝʥʠʝ ʦʙʷʟʘʪʝʣʴʥʳʭ ʢ ʩʦʙʣʶʜʝʥʠʶ ʧʘʥʜʝʤʠʯʝʩʢʠʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʤʝʩʪʘʭ ʠ ʚʘʢʮʠʥʘʮʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʠʟʳʚʘʤʠ ʢ 

ʚʦʟʚʨʘʱʝʥʠʶ ʜʦʧʘʥʜʝʤʠʡʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʚʳʥʫʞʜʘʝʪ ʣʶʜʝʡ ʠʜʪʠ ʥʘ ʫʩʪʫʧʢʠ ʠ 

ʞʝʨʪʚʳ ʚ ʨʘʤʢʘʭ ʠʜʝʦʣʦʛʠʠ ʥʝʦʣʠʙʝʨʘʣʠʟʤʘ; ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʝʢʫʱʘʷ ʨʝʘʢʮʠʷ 

ʛʦʨʦʞʘʥ ʥʘ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʘʥʜʝʤʠʯʝʩʢʠʝ ʨʠʪʫʘʣʳ ʧʦʚʝʜʝʥʠʷ 

(ʦʙʷʟʘʪʝʣʴʥʦʝ ʥʦʰʝʥʠʝ ʤʘʩʦʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʘʥʠʪʘʡʟʝʨʦʚ, ʩʦʢʨʘʱʝʥʠʝ ʣʠʯʥʳʭ 

ʢʦʥʪʘʢʪʦʚ ʠ ʪ.ʜ.) ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʘʶʪ ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʫʶ ʧʦʟʠʮʠʶ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʦʯʝʚʠʜʥʳʡ ʨʠʩʢ ʜʣʷ ʟʜʦʨʦʚʴʷ ʚ ʩʣʫʯʘʝ ʠʭ ʥʝʩʦʙʣʶʜʝʥʠʷ. ʊʘʢʞʝ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʩ 

2020 ʧʦ 2021 ʥʝʨʝʜʢʦ ʟʚʫʯʘʣʠ ʚʳʩʢʘʟʳʚʘʥʠʷ ʦ çʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʦʨʦʜʘè, ʯʪʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʩʘʤʳʤʠ ʧʦʧʫʣʷʨʥʳʤʠ ʟʘʧʨʦʩʘʤʠ ʚ Google ʧʦ ʠʪʦʛʘʤ 2021 

ʛʦʜʘ ʩʪʘʣʠ çʥʦʚʘʷ ʥʦʨʤʘè (çnew normè) ʠ çʠʩʮʝʣʝʥʠʝè (çhealingè) [3]. ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ 

ʟʘʩʣʫʞʠʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʥʘʨʨʘʪʠʚʘ ʬʦʨʤʠʨʫʝʪʩʷ ʫʙʝʞʜʝʥʠʝ çʣʫʯʰʘʷ 

ʩʪʨʘʪʝʛʠʷ ʢʦʥʪʨʦʣʷ ʥʘʜ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʙʦʣʝʟʥʝʡ ï ɻ ʪʦ ʢʦʥʪʨʦʣʴ ʥʘʜ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʦʡ 

ʠ ʧʦʚʝʜʝʥʠʝʤ ʣʶʜʝʡ ʚ ʥʝʡè, ʛʜʝ ʟʜʦʨʦʚʴʝ ʥʘʯʠʥʘʝʪ ʧʨʦʜʘʚʘʪʴʩʷ ʢʘʢ çʪʦʚʘʨè, 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ, ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʠ ʜʦʩʪʫʧʥʳʡ ʣʠʰʴ ʥʝʤʥʦʛʠʤ. ʉʦʚʨʝʤʝʥʥʘʷ 

ʢʦʥʮʝʧʮʠʷ ʟʜʦʨʦʚʴʷ ʠ ʙʣʘʛʦʧʦʣʫʯʠʷ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʢʦʨʧʦʨʘʪʠʚʥʦʡ, ʨʘʩʩʤʘʪʨʠʚʘʷ 

ʪʝʣʦ ʛʦʨʦʞʘʥʠʥʘ ʠ ʝʛʦ ʬʠʟʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʚ ʩʚʝʪʝ ʥʝʦʣʠʙʝʨʘʣʴʥʳʭ ʠʜʝʘʣʦʚ, ʧʦʵʪʦʤʫ 

ʥʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʧʦʩʪʧʘʥʜʝʤʠʯʝʩʢʠʝ ʛʦʨʦʜʘ, ʧʨʠʤʝʥʷʷ ʩʪʨʘʪʝʛʠʠ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ 
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çʟʜʦʨʦʚʦʛʦ ʛʦʨʦʜʘè ʥʘ ʧʨʘʢʪʠʢʝ, ʪʝʤ ʩʘʤʳʤ ʥʝ ʩʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʰʝʥʠʶ 

ʧʨʦʙʣʝʤʳ ʩʦʮʠʘʣʴʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ, ʘ ʣʠʰʴ ʫʩʫʛʫʙʷʪ ʝʝ [4]. 

 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʤʝʪʦʜ 

ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʥʘʯʘʪʦ ʘʧʨʦʙʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦ 

ʚʳʷʚʣʝʥʠʶ ʪʝʢʫʱʠʭ ʫʨʙʘʥʠʩʪʠʯʝʩʢʠʭ ʥʘʨʨʘʪʠʚʥʳʭ ʪʝʥʜʝʥʮʠʡ. ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʩʙʦʨʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ 

ʧʨʠʦʨʠʪʝʪʝ ʥʘʭʦʜʷʪʩʷ ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ɿʘʪʝʤ ʠʜʝʪ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʠ ʘʥʘʣʠʟʘ ʩʦʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʛʜʝ ʧʨʦʚʦʜʷʪʩʷ:  

ǒ ʩʪʨʫʢʪʫʨʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʥʘʨʨʘʪʠʚʘ;  

ǒ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʝʢʩʪʘ;  

ǒ ʥʘʨʨʘʪʠʚʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ. 

ʇʨʦʤʝʞʫʪʦʯʥʳʤʠ ʟʘʜʘʯʘʤʠ ʷʚʣʷʶʪʩʷ:  

ǒ ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʢʩʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʝʤʳʭ 
ʩʣʦʚ;  

ǒ ʚʳʷʚʣʝʥʠʝ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʪʦʥʘʣʴʥʦʩʪʠ ʦʪʥʦʰʝʥʠʷ (ʧʦʟʠʪʠʚʥʦʝ/ʥʝʛʘʪʠʚʥʦʝ/ 
ʥʝʡʪʨʘʣʴʥʦʝ);  

ǒ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʠʟʫʯʝʥʠʝ ʩʠʪʫʘʮʠʠ 

ʥʘ ʨʳʥʢʝ ʞʠʣʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʚ ʧʝʨʠʦʜ ʧʘʥʜʝʤʠʠ. ʆʩʥʦʚʥʳʝ 

ʫʨʙʘʥʠʩʪʠʯʝʩʢʠʝ ʥʘʨʨʘʪʠʚʳ ʧʦ ʦʮʝʥʢʝ ʧʦʩʣʝ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʨʷʜʦʤ ʧʫʙʣʠʢʘʮʠʡ ʵʪʦ:  

ǒ ʥʘʨʨʘʪʠʚ çʟʜʦʨʦʚʦʛʦ ʛʦʨʦʜʘè; 

ǒ ʥʘʨʨʘʪʠʚ ʜʝʟʫʨʙʘʥʠʟʘʮʠʠ. 

ʆʩʥʦʚʥʳʝ ʛʝʨʦʠ: ʟʘʩʪʨʦʡʱʠʢʠ, ʛʦʨʦʞʘʥʝ, ʧʘʥʜʝʤʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʛʦʩʫʜʘʨʩʪʚʦ, ʵʢʩʧʝʨʪʳ. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʢʦʥʬʣʠʢʪʦʚ:  

ǒ ʛʝʨʦʡ ʧʨʦʪʠʚ ʦʙʩʪʦʷʪʝʣʴʩʪʚ (ʟʘʩʪʨʦʡʱʠʢ ʧʨʦʪʠʚ ʦʛʨʘʥʠʯʝʥʠʡ);  

ǒ ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʬʣʠʢʪ (ʛʦʨʦʞʘʥʝ ʠ ʠʧʦʪʝʢʘ). 

ɿʘʪʝʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ǒ ʢʦʥʪʝʥʪ-ʘʥʘʣʠʟ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ ʪʝʢʩʪʦʚ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʥʘʨʨʘʪʠʚʥʦʛʦ 

ʪʨʝʥʜʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʦʪʢʨʳʪʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ; 

ǒ ʚʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʨʝʥʜʦʚ ʥʘ ʨʳʥʢʝ ʞʠʣʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ; 

ǒ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʥʘʨʨʘʪʠʚʝ ʠ ʜʠʥʘʤʠʢʦʡ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʨʳʥʢʝ 

ʞʠʣʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ, ʥʦ ʫʞʝ ʩʝʡʯʘʩ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʚʦʜʳ. ʊʘʢ, ʚʝʨʦʷʪʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʨʠʩʢʦʚ ʥʘʨʨʘʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʜʝʡ ʥʝʦʣʠʙʝʨʘʣʠʟʤʘ 

ʠ ʧʘʥʜʝʤʠʠ, ʩʧʦʩʦʙʥʳ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ: 

ǒ ʫʩʠʣʝʥʠʝ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʠʜʝʠ 

ʟʜʦʨʦʚʦʡ ʩʨʝʜʳ; ʢʦʛʜʘ ʟʜʦʨʦʚʴʝ ʥʘʯʠʥʘʝʪ ʧʨʦʜʘʚʘʪʴʩʷ ʢʘʢ çʪʦʚʘʨè, ʜʦʩʪʫʧʥʳʡ ʣʠʰʴ 

ʥʝʤʥʦʛʠʤ; 

ǒ ʧʨʠʤʠʨʝʥʠʝ ʩ ʠʜʝʝʡ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʞʠʚʘʥʠʷ, 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʛʦʨʦʞʘʥʠʥʘ ʚʳʫʯʝʥʥʦʡ ʙʝʩʧʦʤʦʱʥʦʩʪʠ ʠ ʫʩʫʛʫʙʣʝʥʠʝ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. 

ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʤʠ ʦʙʝʩʧʝʯʠʣ ʥʘʩ ʦʧʳʪ ʧʨʦʞʠʚʘʥʠʷ 

ʩʣʦʞʠʚʰʠʭʩʷ ʧʘʥʜʝʤʠʯʝʩʢʠʭ ʥʘʨʨʘʪʠʚʦʚ ï ʵʪʦ: 

ǒ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʛʦʨʦʞʘʥ ʦ ʥʝʢʠʭ ʥʦʚʦʚʚʝʜʝʥʠʷʭ; 

ǒ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʝʪʦʜʘʭ ʙʦʨʴʙʳ ʩ ʧʘʥʠʯʝʩʢʠʤʠ ʥʘʩʪʨʦʝʥʠʷʤʠ; 

ǒ ʦʧʳʪ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʧʨʦʜʘʞ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʨʝʥʜʘ, ʭʦʨʦʰʦ 

ʧʨʦʜʘʚʘʝʤʦʡ ʠʩʪʦʨʠʠ ʦ ʣʫʯʰʝʡ ʞʠʟʥʠ. 
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ɺʳʚʦʜʳ 

ʀʟʫʯʝʥʠʝ ʫʨʙʘʥʠʩʪʠʯʝʩʢʠʭ ʥʘʨʨʘʪʠʚʦʚ ʷʚʣʷʝʪʩʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ ʤʝʪʦʜʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʩʦʮʠʦʵʢʦʥʦʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʛʦʨʦʜʦʚ ʚʦ 

ʚʩʝʡ ʧʦʣʥʦʪʝ, ʪʘʢ ʢʘʢ ʚʥʠʤʘʥʠʝ ʢ ʥʘʨʨʘʪʠʚʘʤ ʜʘʝʪ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʵʤʧʠʨʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʀʟʫʯʝʥʠʝ ʫʨʙʘʥʠʩʪʠʯʝʩʢʠʭ ʥʘʨʨʘʪʠʚʦʚ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʳʝ ʪʝʦʨʠʠ ʦ ʜʝʡʩʪʚʠʷʭ ʛʦʨʦʜʩʢʠʭ ʘʢʪʦʨʦʚ; ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʮʝʧʮʠʠ 

ʫʨʙʘʥʠʩʪʠʯʝʩʢʦʛʦ ʥʘʨʨʘʪʠʚʘ ʥʘ ʧʨʘʢʪʠʢʝ ʪʘʢʞʝ ʚʝʩʴʤʘ ʰʠʨʦʢ ï ʦʪ ʙʨʝʥʜʠʥʛʘ ʪʝʨʨʠʪʦʨʠʡ 

ʜʦ ʨʘʙʦʪʳ ʩ ʩʦʦʙʱʝʩʪʚʘʤʠ. ʇʘʥʜʝʤʠʷ COVID-19 ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ 

ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ, ʧʦʚʪʦʨʝʥʠʝ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ, ʧʦʵʪʦʤʫ 

ʥʘʤ ʪʨʝʙʫʝʪʩʷ ʫʯʝʩʪʴ ʚʝʩʴ ʧʦʣʫʯʝʥʥʳʡ ʟʘ ʵʪʦ ʚʨʝʤʷ ʦʧʳʪ, ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʘʨʨʘʪʠʚʥʦʛʦ 

ʤʝʪʦʜʘ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʘʙʩʪʨʘʢʮʠʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨ, 

ʟʘʚʠʩʠʤʦʩʪʝʡ, ʪʨʝʥʜʦʚ ʙʝʟ ʫʪʨʘʪʳ ʩʘʤʦʛʦ ʛʣʘʚʥʦʛʦ: ʣʠʯʥʦʛʦ ʚʟʛʣʷʜʘ ʨʘʩʩʢʘʟʯʠʢʘ.  
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ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʮʚʝʪʦʚʳʭ ʨʝʰʝʥʠʡ ʚ ʛʦʨʦʜʩʢʦʡ 

ʩʨʝʜʝ ʥʘ ʞʠʪʝʣʝʡ ʛʦʨʦʜʦʚ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʸʥʳʭ ʠ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʟʘʨʫʙʝʞʥʦʛʦ ʦʧʳʪʘ. ɺʳʷʚʣʝʥ ʤʦʨʬʦʪʠʧ 

ʧʨʠʨʦʜʳ ɸʨʢʪʠʢʠ ʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʣʦʨʠʩʪʠʯʝʩʢʦʡ ʩʨʝʜʦʡ ʩʝʚʝʨʥʳʭ ʛʦʨʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʉʝʚʝʨʥʳʝ ʛʦʨʦʜʘ, ʂʨʘʡʥʠʡ ʩʝʚʝʨ, ʢʦʣʦʨʠʩʪʠʯʝʩʢʘʷ ʛʘʤʤʘ, ʜʠʟʘʡʥ-ʢʦʜ, ʤʫʨʘʣ.  
 

ɺʚʝʜʝʥʠʝ 

ɺ ʈʦʩʩʠʠ ʦʢʦʣʦ 7% ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ ʧʨʦʞʠʚʘʶʪ ʚ ʟʦʥʝ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ. ʆʥʠ 

ʧʨʦʞʠʚʘʶʪ ʢʘʢ ʚ ʧʦʩʸʣʢʘʭ ʠ ʤʘʣʝʥʴʢʠʭ ʛʦʨʦʜʢʘʭ, ʪʘʢ ʠ ʚ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʟʘ 

ʉʝʚʝʨʥʳʤ ʇʦʣʷʨʥʳʤ ʢʨʫʛʦʤ ï ʚ ʄʫʨʤʘʥʩʢʝ, ʚ ʅʦʨʠʣʴʩʢʝ, ʚ ɺʦʨʢʫʪʝ ʠ ʜʨʫʛʠʭ. ɺ ʵʪʦʤ 

ʨʝʛʠʦʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʪʷʞʸʣʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ï ʜʣʠʥʥʳʝ (ʜʦ 9 ʤʝʩʷʮʝʚ) ʟʠʤʳ, 

ʩʠʣʴʥʳʝ ʚʝʪʨʘ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʘ ʪʘʢ ʞʝ ʧʦʣʷʨʥʘʷ ʥʦʯʴ ï ʚʨʝʤʷ, ʢʦʛʜʘ 

ʩʦʣʥʮʝ ʥʝ ʧʦʜʥʠʤʘʝʪʩʷ ʠʟ-ʟʘ ʛʦʨʠʟʦʥʪʘ. ɺ ʵʪʦ ʚʨʝʤʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʞʠʪʝʣʝʡ 

ʭʘʨʘʢʪʝʨʥʳ ʥʝʛʘʪʠʚʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʜʝʧʨʝʩʩʠʷ, ʘʧʘʪʠʷ ʠ ʫʩʪʘʣʦʩʪʴ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʧʨʦʞʠʚʘʥʠʷ ʚ ʛʦʨʦʜʘʭ 

ʂʨʘʡʥʝʛʦ ʩʝʚʝʨʘ, ʤʥʦʛʠʝ ʤʝʩʪʥʳʝ ʞʠʪʝʣʠ ʠʩʧʳʪʳʚʘʶʪ ʜʠʩʢʦʤʬʦʨʪ ʦʪ ʥʝʭʚʘʪʢʠ ʷʨʢʠʭ 

ʢʨʘʩʦʢ ʚʦʢʨʫʛ ʚʦ ʚʨʝʤʷ ʧʦʣʷʨʥʦʡ ʥʦʯʠ ʠ ʜʣʠʪʝʣʴʥʳʭ ʟʠʤ. ɺ ʈʦʩʩʠʠ ʧʨʠʥʷʪʦ ʚ ʛʦʨʦʜʘʭ 

ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʦʢʨʘʰʠʚʘʪʴ ʜʦʤʘ, ʵʣʝʤʝʥʪʳ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʚ ʷʨʢʠʝ ʮʚʝʪʘ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʮʚʝʪʥʳʝ ʩʚʝʪʷʱʠʝʩʷ ʫʢʨʘʰʝʥʠʷ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ʎʚʝʪʦʚʳʝ 

ʨʝʰʝʥʠʷ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ ʚʣʠʷʶʪ ʥʘ ʝʸ ʚʦʩʧʨʠʷʪʠʝ ʠ ʦʢʘʟʳʚʘʶʪ ʩʝʨʴʸʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ. ʅʦ ʜʣʷ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ, ʠʟ-ʟʘ ʩʢʫʜʥʦʩʪʠ ʢʨʘʩʦʢ 

ʧʨʠʨʦʜʳ ʠ ʢʦʨʦʪʢʦʛʦ ʩʚʝʪʦʚʦʛʦ ʜʥʷ, ʮʚʝʪʦʚʳʝ ʨʝʰʝʥʠʷ ʠʤʝʶʪ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʟʘʜʘʯ ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ: 

ī ʘʥʘʣʠʟ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʠ ʨʦʩʩʠʡʩʢʦʛʦ ʦʧʳʪʘ ʢʦʣʦʨʠʩʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ 
ʛʦʨʦʜʦʚ ʉʝʚʝʨʘ; 

ī ʚʳʷʚʣʝʥʠʝ ʤʦʨʬʦʪʠʧʘ ʧʨʠʨʦʜʳ ɸʨʢʪʠʢʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʢʦʣʦʨʠʩʪʠʯʝʩʢʦʡ 
ʩʨʝʜʦʡ ʛʦʨʦʜʦʚ ʉʝʚʝʨʘ; 

ī ʘʥʘʣʠʟ ʧʨʠʤʝʨʦʚ çʩʪʨʠʪ-ʘʨʪʘè ʚ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

 

ʆʙʟʦʨ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɸʥʘʣʠʟ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʙʣʝʤʳ ʮʚʝʪʦʚʦʛʦ 

ʜʠʟʘʡʥʘ ʠʟʫʯʘʶʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʥʦʨʚʝʞʩʢʠʭ  ʩʝʚʝʨʥʳʭ ʛʦʨʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ  ʛ. ʆʩʣʦ ʠ                         

ʛ. ʊʨʦʤʩʸ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʣʦʨʠʩʪʠʯʝʩʢʠʡ ʤʘʩʪʝʨ-ʧʣʘʥ ʜʣʷ 

ʤʘʣʝʥʴʢʦʛʦ ʛʦʨʦʜʘ ʃʦʥʛʡʠʨ ʥʘ ʦʩʪʨʦʚʝ ʐʧʠʮʙʝʨʛʝʥ.  ɺ ʵʪʦʤ ʤʘʩʪʝʨ-ʧʣʘʥʝ [1] ʚ 2016 ʛ. 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ  ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ, ʢʦʪʦʨʘʷ, ʧʦ ʟʘʤʳʩʣʫ ʛʨʘʜʦʩʪʨʦʠʪʝʣʝʡ, 

ʜʦʣʞʥʘ ʙʳʣʘ ʚʳʜʝʣʠʪʴ ʮʝʥʪʨ ʛʦʨʦʜʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʟʜʘʪʴ ʮʝʣʦʩʪʥʳʡ ʩʪʠʣʴ, ʯʪʦʙʳ ʚʩʝ 

ʵʣʝʤʝʥʪʳ ʛʦʨʦʜʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʤʝʣʠ ʦʙʱʫʶ ʢʦʥʮʝʧʮʠʶ. ʕʪʦʪ ʤʘʩʪʝʨ-ʧʣʘʥ ʫʯʠʪʳʚʘʣ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʟʜʘʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʦ ʩʣʦʞʥʦ ʧʦʢʨʘʩʠʪʴ ʠʣʠ ʧʝʨʝʩʪʨʦʠʪʴ. ʉʘʤʘ ʤʝʪʦʜʠʢʘ 



XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊʦʤ 2. 
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ʦʩʥʦʚʘʥʘ ʥʘ  ʅʦʨʚʝʞʩʢʦʤ ʩʪʘʥʜʘʨʪʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʮʚʝʪʘ NCS (Natural Colour System) [2], 

ʘ ʪʘʢʞʝ ʥʘ ʩʪʨʫʢʪʫʨʝ ʩʠʤʚʦʣʦʚ ʠ ʢʦʜʠʨʦʚʘʥʠʠ (ʨʠʩ. 1).  

 

 

ʈʠʩ. 1. ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢʠ ʠʟ ʤʘʩʪʝʨ-ʧʣʘʥʘ ʛ. ʃʦʥʛʡʠʨʘ (ʅʦʨʚʝʛʠʷ) [1] 

 

ʆʙʟʦʨ ʨʦʩʩʠʡʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʫʯʸʥʳʝ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʢʦʥʮʝʧʮʠʠ ʜʠʟʘʡʥ-ʢʦʜʘ, ʢʦʪʦʨʳʝ 

ʫʯʠʪʳʚʘʣʠ ʙʳ ʩʧʝʮʠʬʠʢʫ ʨʝʛʠʦʥʘ ʂʨʘʡʥʝʛʦ ʩʝʚʝʨʘ. ʇʨʠʤʝʨʦʤ ʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ 

ʫʪʚʝʨʞʜʸʥʥʳʡ ʘʜʤʠʥʠʩʪʨʘʮʠʝʡ ʛʦʨʦʜʘ ʚ 2017 ʛ. ʢʦʣʦʨʠʩʪʠʯʝʩʢʠʡ ʧʘʩʧʦʨʪ ʛ. ʅʦʨʠʣʴʩʢʘ 

[3], ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʝʜʝʥʘ ʨʘʙʦʪʘ ʩ ʚʠʟʫʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ɸʣʴʙʦʤ 

ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʣʦʨʠʩʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʬʘʩʘʜʦʚ 

ʟʜʘʥʠʡ, ʩʪʨʦʝʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʢʦʣʦʨʠʩʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ 

[4] ʥʘ ʪʦ, ʯʪʦ ʮʚʝʪʦʚʘʷ ʧʘʣʠʪʨʘ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʩʣʠʰʢʦʤ ʷʨʢʦʡ ʠʣʠ ʩʣʠʰʢʦʤ 

ʤʦʥʦʪʦʥʥʦʡ. ɺ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʣʷ ʛʦʨʦʜʦʚ ʉʝʚʝʨʥʦʛʦ ʨʝʛʠʦʥʘ 

ʥʝ ʧʦʜʭʦʜʠʪ ʢʦʣʦʨʠʩʪʠʯʝʩʢʘʷ ʛʘʤʤʘ ʛʦʨʦʜʦʚ ʩʨʝʜʥʝʡ ʧʦʣʦʩʳ ʠ ʶʛʘ. ɺ ʥʠʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʮʚʝʪʦʚʘʷ ʛʘʤʤʘ, ʧʨʠʙʣʠʞʝʥʥʘʷ ʢ ʧʨʠʨʦʜʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʣʶʜʷʤ 

ʠʩʧʳʪʳʚʘʪʴ ʢʦʤʬʦʨʪ, ʦʱʫʱʝʥʠʝ çʩʚʦʝʛʦ ʤʝʩʪʘè. ɼʣʷ ʨʝʛʠʦʥʦʚ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʪʘʢʠʝ 

ʮʚʝʪʘ ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʦʙʨʘʪʥʦ ï ʩʦʟʜʘʜʫʪ ʪʸʤʥʫʶ ʩʨʝʜʫ. ʇʦʵʪʦʤʫ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʷʨʢʠʝ ʠ ʩʚʝʪʣʳʝ ʦʪʪʝʥʢʠ, ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠʢʫ ʨʝʛʠʦʥʘ ʠ ʧʦʪʨʝʙʥʦʩʪʠ 

ʤʝʩʪʥʳʭ ʞʠʪʝʣʝʡ. ʊʘʢʞʝ, ʮʚʝʪʦʚʘʷ ʛʘʤʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʛʘʨʤʦʥʠʟʠʨʦʚʘʥʘ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ 

ʦʱʫʱʝʥʠʝ ʝʜʠʥʦʛʦ ʛʦʨʦʜʘ. 

ɺ ʨʘʤʢʘʭ  ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2021 

ʛʦʜʫ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ   çɼʠʟʘʡʥ-ʢʦʜ ɸʨʢʪʠʯʝʩʢʠʭ ʧʦʩʝʣʝʥʠʡè [5]. ɺ ʜʘʥʥʦʤ ʜʦʢʫʤʝʥʪʝ ʥʘ 

ʧʨʠʤʝʨʝ ʪʨʸʭ ʛʦʨʦʜʦʚ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʫʣʫʯʰʝʥʠʶ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʛʦʨʦʜʦʚ. ʉʘʤ ʜʦʢʫʤʝʥʪ ʥʦʩʠʪ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʦʜʥʘʢʦ, ʚ ʥʸʤ ʘʚʪʦʨʳ ʟʘʪʨʦʥʫʣʠ ʚʘʞʥʦʩʪʴ ʢʦʣʦʨʠʩʪʠʯʝʩʢʦʡ ʛʘʤʤʳ. ʎʚʝʪʦʚʘʷ ʛʘʤʤʘ 

ʟʘʩʪʨʦʡʢʠ ʤʦʞʝʪ ʥʠʚʝʣʠʨʦʚʘʪʴ ʧʨʦʙʣʝʤʳ ʥʝʭʚʘʪʢʠ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ, ʥʝʜʦʩʪʘʪʢʘ ʷʨʢʠʭ 

ʢʨʘʩʦʢ, ʘʩʢʝʪʠʯʥʦʩʪʠ ʚʠʟʫʘʣʴʥʳʭ ʧʘʥʦʨʘʤ. 

ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʩʢʫʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʮʚʝʪʦʚʘʷ ʛʘʤʤʘ ʣʘʥʜʰʘʬʪʘ ʘʨʢʪʠʯʝʩʢʠʭ 

ʧʦʩʝʣʝʥʠʡ ʤʝʥʷʝʪʩʷ ʦʪ ʤʦʥʦʪʦʥʥʦʛʦ ʙʝʣʦʛʦ ʟʠʤʦʡ ʜʦ ʨʘʟʣʠʯʥʳʭ ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦ ʠ 

ʯʸʨʥʦʛʦ ï ʣʝʪʦʤ. ɺ ʜʦʢʫʤʝʥʪʝ çɼʠʟʘʡʥ-ʢʦʜ ɸʨʢʪʠʯʝʩʢʠʭ ʛʦʨʦʜʦʚè ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜʠʢʘ ɸ.ɺ. ɽʬʠʤʦʚʘ, ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦ ʨʘʟʨʘʙʦʪʢʘʤ 

ʢʦʣʦʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʛʦʨʦʜʦʚ [6]. ʕʪʘ ʤʝʪʦʜʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠʧʝ çʦʪ ʦʙʱʝʛʦ 

ʢ ʯʘʩʪʥʦʤʫè, ʪʦ ʝʩʪʴ ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʱʘʷ ʮʚʝʪʦʚʘʷ ʢʦʥʮʝʧʮʠʷ ʧʦʩʝʣʝʥʠʷ, ʟʘʪʝʤ, 

ʦʪ ʦʧʨʝʜʝʣʝʥʠʷ ʮʚʝʪʦʚʳʭ ʨʝʰʝʥʠʡ ʤʠʢʨʦʨʘʡʦʥʦʚ ʠ ʫʣʠʮ, ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʮʚʝʪʦʚʦʤʫ 

ʨʝʰʝʥʠʶ ʢʦʥʢʨʝʪʥʳʭ ʟʜʘʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʚʝʪʦʚʦʝ ʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʜʘʥʠʡ 

ʙʫʜʝʪ ʦʩʥʦʚʘʥʦ ʥʘ ʦʙʱʝʡ ʢʦʣʦʨʠʩʪʠʢʠ ʥʘʩʝʣʸʥʥʦʛʦ ʧʫʥʢʪʘ ʠ ʥʘ ʧʘʣʠʪʨʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʇʨʠʨʦʜʥʳʡ ʤʦʨʬʦʪʠʧ ɸʨʢʪʠʢʠ ʥʘ ʧʨʠʤʝʨʝ ʧʨʠʨʦʜʳ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʘʣʠʪʨʘ ʧʨʠʨʦʜʥʦʛʦ ʤʦʨʬʦʪʠʧʘ 

ɸʨʢʪʠʢʠ ʥʘ ʧʨʠʤʝʨʝ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ.  ʉʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʦʡ ʧʘʣʠʪʨʳ ʧʦʟʚʦʣʷʝʪ 

ʧʦʥʷʪʴ, ʢʘʢʠʝ ʪʦʥʘ ʧʨʝʦʙʣʘʜʘʶʪ. ʅʘ ʜʘʥʥʦʡ ʧʘʣʠʪʨʝ ʟʘʤʝʪʥʦ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʪ ʭʦʣʦʜʥʳʝ 

ʦʪʪʝʥʢʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʣʦʛʠʯʥʳʤ ʚ ʩʦʩʪʘʚʣʝʥʠʠ ʢʦʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʧʣʘʥʘ ʩʝʚʝʨʥʦʛʦ 

ʛʦʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʪʝʥʢʠ ʪʸʧʣʦʛʦ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʭʦʣʦʜʥʫʶ ʛʘʤʤʫ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʳ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʷʨʢʠʝ ʪʦʥʘ. ʆʜʥʘʢʦ, 

ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʠʰʢʦʤ ʷʨʢʠʭ ʮʚʝʪʦʚ ʪʦʞʝ 

ʥʝ ʚʳʭʦʜ ï ʧʨʠʨʦʜʥʳʡ ʤʦʨʬʦʪʠʧ ɸʨʢʪʠʢʠ ʜʦʩʪʘʪʦʯʥʦ ʩʧʦʢʦʝʥ, ʠ çʙʘʥʦʯʥʳʝè ʮʚʝʪʘ 

ʤʦʛʫʪ ʨʝʟʢʦ ʚʳʜʝʣʷʪʴʩʷ ʚ çʩʣʦʞʠʚʰʝʡʩʷ ʚʠʟʫʘʣʴʥʦʡ ʵʢʦʩʠʩʪʝʤʝè [5].  

 

ʆʙʟʦʨ ʥʝʢʦʪʦʨʳʭ ʧʨʦʙʣʝʤ ʢʦʣʦʨʠʩʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩʝʚʝʨʥʦʛʦ ʛʦʨʦʜʘ 

ʇʝʨʝʡʜʸʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʮʚʝʪʦʚʦʡ 

ʛʘʤʤʳ ʚ ʛʦʨʦʜʘʭ ʩʝʚʝʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ çʙʘʥʦʯʥʳʭè ʮʚʝʪʦʚ (ʷʨʢʠʭ, ʥʝ ʧʨʠʨʦʜʥʳʭ), ʥʝ 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʘʨʢʪʠʯʝʩʢʠʭ ʧʦʩʝʣʝʥʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʣʘʶʪ ʛʦʨʦʜʘ ʠ ʧʦʩʝʣʝʥʠʷ 

ʫʥʠʚʝʨʩʘʣʴʥʦ ʧʦʭʦʞʠʤʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʥʘʨʫʰʘʷ ʠʭ ʠʜʝʥʪʠʯʥʦʩʪʴ. ʊʘʢʞʝ, ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ çɼʠʟʘʡʥ ʢʦʜʘè, ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʚʝʪʦʚ ʥʘ ʬʘʩʘʜʝ ʩʦʟʜʘʸʪ 

ʮʚʝʪʦʚʫʶ ʥʘʛʨʫʟʢʫ ʠ ʮʚʝʪʦʚʦʡ ʰʫʤ, ʢʦʪʦʨʳʡ ʥʠʚʝʣʠʨʫʝʪ ʜʦʩʪʦʠʥʩʪʚʦ ʮʚʝʪʥʳʭ ʬʘʩʘʜʦʚ. 

ɺʘʞʥʦ ʧʦʜʙʠʨʘʪʴ ʦʪʪʝʥʢʠ, ʢʦʪʦʨʳʝ ʩʦʯʝʪʘʶʪʩʷ. ʈʘʟʥʳʝ ʮʚʝʪʘ ʥʘ ʬʘʩʘʜʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ, ʝʩʣʠ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ ʧʦʟʚʦʣʷʝʪ ʪʘʢ ʩʜʝʣʘʪʴ. ʅʝ ʩʪʦʠʪ ʦʢʨʘʰʠʚʘʪʴ 

ʬʘʩʘʜʳ ʜʦʤʦʚ 50-ʭ ʛʦʜʦʚ ʚ ʨʘʟʥʦʮʚʝʪʥʳʝ ʮʚʝʪʘ ï ʵʪʦ ʨʘʟʨʫʰʘʝʪ ʚʠʜ ʠʩʪʦʨʠʯʝʩʢʦʛʦ 

ʦʙʣʠʢʘ ʟʜʘʥʠʷ, ʩʦʟʜʘʸʪ ʚʠʟʫʘʣʴʥʳʡ ʰʫʤ. ʆʜʥʘʢʦ, ʝʩʣʠ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʢʦʣʦʨʠʩʪʠʯʝʩʢʫʶ ʛʘʤʤʫ ʛʦʨʦʜʦʚ ʂʨʘʡʥʝʛʦ ʩʝʚʝʨʘ (ʥʘʧʨʠʤʝʨ, ʛ. ʃʦʥʛʠʡʨ, ʅʦʨʚʝʛʠʷ), ʪʦ 

ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʤʝʥʥʦ ʷʨʢʠʝ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʦʪʚʣʝʢʘʶʪ ʞʠʪʝʣʝʡ ʦʪ 

ʩʢʫʜʥʳʭ ʢʨʘʩʦʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʝʱʸ ʦʜʥʫ ʧʨʦʙʣʝʤʫ ʮʚʝʪʦʚʳʭ ʨʝʰʝʥʠʡ ʚ ʛʦʨʦʜʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ. 

ʅʘ ʂʨʘʡʥʝʤ ʉʝʚʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʨʘʟʤʝʱʝʥʠʝ ʙʘʥʥʝʨʦʚ ʠ ʤʫʨʘʣʦʚ. ʄʫʨʘʣ (ʩʫʧʝʨ-

ʛʨʘʬʬʠʪʠ) ï ʵʪʦ ʚʠʜ ʤʦʥʫʤʝʥʪʘʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʘ, ʞʠʚʦʧʠʩʴ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʩʦʦʨʫʞʝʥʠʷʭ ʠ ʜʨʫʛʠʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʩʥʦʚʘʥʠʷʭ ʥʘ ʪʦʨʮʘʭ ʟʜʘʥʠʡ. ʕʪʦ ʥʝ ʷʚʣʷʝʪʩʷ 

çʩʪʨʠʪ-ʘʨʪʦʤè, ʪʘʢ ʢʘʢ ʩʦʟʜʘʶʪʩʷ ʧʦ ʟʘʢʘʟʫ ʛʦʨʦʜʘ ʠʣʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʛʦʨʦʜʩʢʦʡ ʚʣʘʩʪʴʶ. 

ʈʘʟʤʝʱʝʥʠʝ ʙʘʥʥʝʨʘ ʩʯʠʪʘʝʪʩʷ ʥʝ ʚʩʝʛʜʘ ʫʜʘʯʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʬʘʩʘʜʘ (ʯʘʩʪʦ, 

ʙʘʥʥʝʨʘʤʠ ʧʨʠʢʨʳʚʘʶʪ ʩʪʝʥʫ, ʥʘ ʢʦʪʦʨʦʡ ʝʩʪʴ ʧʨʦʙʣʝʤʳ). ʄʫʨʘʣʳ ʞʝ ʥʘʧʨʦʪʠʚ, 

ʥʘʥʦʩʷʪʩʷ ʥʘ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʩʪʝʥʫ, ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʢʦʩʤʝʪʠʯʝʩʢʠʡ 

ʨʝʤʦʥʪ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʫʨʘʣʳ ʥʘ ʪʠʧʦʚʳʭ ʟʜʘʥʠʷʭ ʩʣʫʞʘʪ ʮʝʣʠ ʨʘʟʙʘʚʠʪʴ ʤʦʥʦʪʦʥʥʫʶ 

ʩʨʝʜʫ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʧʝʨ-ʛʨʘʬʬʠʪʠ ï ʵʪʦ ʩʧʦʩʦʙ ʧʦʜʯʝʨʢʥʫʪʴ ʠʜʝʥʪʠʯʥʦʩʪʴ ʧʦʩʝʣʝʥʠʷ, 

ʠʟʦʙʨʘʟʠʪʴ ʝʛʦ ʩʠʤʚʦʣʳ, ʦʪʦʙʨʘʟʠʪʴ ʫʥʠʢʘʣʴʥʦʩʪʴ ʦʙʲʝʢʪʘ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʛʨʘʬʬʠʪʠ 
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ʜʦʩʪʘʪʦʯʥʦ ʣʘʢʦʥʠʯʥʦ ʠ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʥʝʩʢʦʣʴʢʦ ʮʚʝʪʦʚ, ʪʦ ʚ ʨʘʤʢʘʭ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ 

ʦʥʦ ʥʘʯʠʥʘʝʪ ʚʳʛʣʷʜʝʪʴ ʢʘʢ ʘʨʪ-ʦʙʲʝʢʪ. ɼʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʝʩʪʥʳʝ 

ʛʦʨʦʜʩʢʠʝ ʚʣʘʩʪʠ ʠ ʛʨʘʜʦʦʙʨʘʟʫʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʪʘʣʠ ʧʨʠʚʣʝʢʘʪʴ ʤʝʩʪʥʳʭ 

ʭʫʜʦʞʥʠʢʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʩʪʝʥʘʭ ʜʦʤʦʚ çʤʫʨʘʣʦʚè. ʅʘʧʨʠʤʝʨ, ʚ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ 

ʠ ʚ ʛ. ʅʦʨʠʣʴʩʢ, ɻʄʂ çʅʦʨʠʣʴʩʢʠʡ ʅʠʢʝʣʴè ʩ 2017 ʛ. ʬʠʥʘʥʩʠʨʦʚʘʣ [7] ʫʯʘʩʪʥʠʢʦʚ 

ʢʦʥʢʫʨʩʘ çʤʫʨʘʣʦʚè ï çɼʦʙʘʚʴ ʛʦʨʦʜʫ ʢʨʘʩʦʢè. ʊʘʢʠʝ ʨʘʙʦʪʳ ʫʯʠʪʳʚʘʣʠ ʩʧʝʮʠʬʠʢʫ 

ʨʝʛʠʦʥʘ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʪʦʚʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʢʦʣʦʨʠʩʪʠʢʠ ʛʦʨʦʜʘ 

ʈʘʩʩʤʦʪʨʠʤ ʝʱʸ ʦʜʥʦ ʨʝʰʝʥʠʝ ʢʦʣʦʨʠʩʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʛʦʨʦʜʦʚ ʂʨʘʡʥʝʛʦ 

ʩʝʚʝʨʘ. ʅʝʢʦʪʦʨʳʝ ʛʦʨʦʜʘ ʥʘ ʂʨʘʡʥʝʤ ʩʝʚʝʨʝ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʚʝʪʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʛʦʨʦʜʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʝʢʮʠʠ ʚ ʪʸʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʥʘ 

çʛʣʫʭʠʝè ʩʪʝʥʳ ʜʦʤʦʚ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ çʤʫʨʘʣʘʤè. ʉʚʝʪ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʜʠʟʘʡʥʝ 

ʟʜʘʥʠʡ ï ʥʘʧʨʠʤʝʨ, ʧʨʦʝʢʪ ɸʨʢʪʠʯʝʩʢʠʡ ʤʫʟʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʩʢʫʩʩʪʚʘ (AMMA) ʚ                             

ʛ. ʅʦʨʠʣʴʩʢ [8] ʧʨʝʜʧʦʣʘʛʘʝʪ  ʩʦʟʜʘʥʠʝ ʯʘʩʪʠ ʬʘʩʘʜʘ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʚʦʡ ʠʥʩʪʘʣʣʷʮʠʠ. 

ɸʨʭʠʪʝʢʪʦʨʳ ʫʯʣʠ ʩʧʝʮʠʬʠʢʫ ʨʝʛʠʦʥʘ ʠ ʧʨʝʜʣʦʞʠʣʠ ʚʘʨʠʘʥʪ, ʢʦʪʦʨʳʡ çʩʦʟʜʘʸʪ 

ʘʪʤʦʩʬʝʨʫ ʪʝʧʣʘ, ʨʘʜʫʝʪ ʩʚʦʠʤ ʦʙʣʠʢʦʤè [8]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʩʝʚʝʨʥʳʭ ʛʦʨʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʚʦʶ ʢʦʣʦʨʠʩʪʠʯʝʩʢʫʶ ʛʘʤʤʫ, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴ ʮʚʝʪʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʳ ʨʝʛʠʦʥʘ. ʊʘʢʞʝ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʨʦʣʠ ʭʫʜʦʞʥʠʢʦʚ çʩʫʧʝʨ-ʛʨʘʬʬʠʪʠè. ɼʣʷ ʥʝʙʦʣʴʰʠʭ ʛʦʨʦʜʦʚ, 

ʚʦʟʤʦʞʥʦ, ʙʫʜʝʪ ʜʦʩʪʫʧʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʫʨʘʣʳ ʥʘ ʬʘʩʘʜʘʭ. ʊʘʢʠʝ ʨʘʙʦʪʳ, ʦʩʦʙʝʥʥʦ ʪʝ, 

ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʥʘʮʠʦʥʘʣʴʥʳʝ ʤʦʪʠʚʳ, ʦʪʩʳʣʘʶʪ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʟʘʥʷʪʠʷʤ ʠ ʠʤʝʶʪ 

ʧʦʜʭʦʜʷʱʫʶ ʢʦʣʦʨʠʩʪʠʯʝʩʢʫʶ ʛʘʤʤʫ, ʧʦʤʦʛʘʶʪ ʛʦʨʦʞʘʥʘʤ ʯʫʚʩʪʚʦʚʘʪʴ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʵʪʦʤʫ ʤʝʩʪʫ. ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʟʘʜʘʯʠ 

ʙʫʜʫʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʩʬʦʨʤʫʣʠʨʦʚʘʚ ʚʦʧʨʦʩʳ: 

1) ʂʘʢ ʩʘʤʠ ʞʠʪʝʣʠ ʦʪʥʦʩʷʪʩʷ ʢ ʷʨʢʠʤ ʬʘʩʘʜʘʤ ʜʦʤʦʚ? ɽʩʪʴ ʣʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʢʦʣʦʨʠʩʪʠʯʝʩʢʠʭ ʧʣʘʥʘʭ ʜʣʷ ʧʦʩʝʣʝʥʠʡ ʩ ʫʯʸʪʦʤ ʤʦʨʬʦʪʠʧʘ ʧʨʠʨʦʜʳ ɸʨʢʪʠʢʠ, ʠʣʠ ʫ 

ʞʠʪʝʣʝʡ ʝʩʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʠʤʝʥʥʦ ʚ ʮʚʝʪʘʭ ʜʣʷ ʬʘʩʘʜʦʚ, ʥʝʪʠʧʠʯʥʳʭ ʜʣʷ ʧʨʠʨʦʜʳ? 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʙʝʛʘʪʴ ʷʨʢʠʭ ʮʚʝʪʦʚ, ʪʘʢ 

ʢʘʢ ʤʝʩʪʥʳʝ ʞʠʪʝʣʠ ʨʝʘʛʠʨʫʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠʤʝʥʥʦ ʥʘ ʷʨʢʠʝ ʬʘʩʘʜʳ.  

2) ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʦʧʳʪʘ ʜʨʫʛʠʭ ʩʝʚʝʨʥʳʭ ʩʪʨʘʥ ï ʅʦʨʚʝʛʠʠ, 

ʂʘʥʘʜʳ, ʀʩʣʘʥʜʠʠ, ʌʠʥʣʷʥʜʠʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʚʦʠʭ ʢʦʣʦʨʠʩʪʠʯʝʩʢʠʭ ʧʣʘʥʘʭ 

ʠʤʝʥʥʦ ʷʨʢʠʝ ʮʚʝʪʘ. 

3) ʇʨʠʩʫʪʩʪʚʫʝʪ ʣʠ ʫ ʞʠʪʝʣʝʡ ʉʝʚʝʨʥʦʛʦ ʨʝʛʠʦʥʘ ʪ.ʥ. çʮʚʝʪʦʚʦʝ ʛʦʣʦʜʘʥʠʝè? 
ɽʩʣʠ ʜʘ, ʢʘʢʠʝ ʤʝʪʦʜʠʢʠ ʝʩʪʴ ʜʣʷ ʝʛʦ ʚʳʷʚʣʝʥʠʷ? 

ʌʘʩʘʜʳ ʚ ʛʦʨʦʜʘʭ ʂʨʘʡʥʝʛʦ ʩʝʚʝʨʘ ʦʢʨʘʰʠʚʘʣʠʩʴ, çʜʣʷ ʙʦʨʴʙʳ ʩ ʮʚʝʪʦʚʳʤ 

ʛʦʣʦʜʘʥʠʝʤè. ʅʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ, ʢʘʢʠʝ ʤʝʪʦʜʠʢʠ ʩʫʱʝʩʪʚʫʶʪ ʜʣʷ ʝʛʦ ʚʳʷʚʣʝʥʠʷ, ʠ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʭ. 

4) ʕʤʧʠʨʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚʳʷʩʥʠʪʴ, ʢʘʢ ʧʨʦʷʚʣʷʝʪʩʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʠ 
çʧʨʠʥʘʜʣʝʞʥʦʩʪʴè ʢ ʩʚʦʝʤʫ ʛʦʨʦʜʫ? ɺʣʠʷʶʪ ʣʠ ʢʦʣʦʨʠʩʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʛʦʨʦʜʩʢʦʡ 

ʩʨʝʜʝ ʥʘ çʠʜʝʥʪʠʯʥʦʩʪʴè ʠ çʦʱʫʱʝʥʠʝ ʩʚʦʝʛʦ ʤʝʩʪʘè? 

ʊʝʨʤʠʥʳ çʠʜʝʥʪʠʯʥʦʩʪʴè ʠ çʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʩʚʦʝʤʫ ʛʦʨʦʜʫè ʜʦʩʪʘʪʦʯʥʦ 

ʤʥʦʛʦʟʥʘʯʥʳ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ ʜʘʥʥʳʝ ʧʦʥʷʪʠʷ, ʠ 

ʨʘʩʩʤʦʪʨʝʥʦ, ʢʘʢʦʝ ʦʪʨʘʞʝʥʠʝ ʦʥʠ ʥʘʭʦʜʷʪ ʚ ʦʪʥʦʰʝʥʠʠ ʞʠʪʝʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʟʚʦʣʷʝʪ ʥʘʤʝʪʠʪʴ ʟʘʜʘʯʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʚʦʧʨʦʩʦʤ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ - 

ʢʘʢ ʜʦʣʞʥʳ ʚʳʛʣʷʜʝʪʴ ʛʦʨʦʜʘ ʂʨʘʡʥʝʤ ʩʝʚʝʨʝ, ʯʪʦʙʳ ʤʝʩʪʥʳʤ ʞʠʪʝʣʷʤ ʙʳʣʦ ʢʦʤʬʦʨʪʥʦ 

ʚ ʥʠʭ ʧʨʦʞʠʚʘʪʴ. 
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ɹʀɿʅɽʉ-ʊɽɿʀʉ çCTMAPè: ʆʉʅʆɺɸʅʀʗ ʀɿɹʈɸʅʀʗ 

ʆʇʊʀʄɸʃʔʅʆʁ ɸʈʍʀʊɽʂʊʋʈʓ ʇʈʀʃʆɾɽʅʀʗ ɼʃʗ ʉɽʈɺʀʉɸ 

ʈɽʐɽʅʀʗ ɿɸɼɸʏ ʄɸʈʂɽʊʀʅɻɸ 

 

ɽ.ɽ. ɹʫʯʝʥʢʦʚ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʚ.ʥ., ʜʦʮʝʥʪ ʂ.ɿ. ɹʠʣʷʪʜʠʥʦʚ  

ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʡ, ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ ʠʭ ʚʳʙʦʨʘ, ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ, ʥʘ ʢʦʪʦʨʳʝ ʩʪʦʠʪ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ, ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʝʢʪ ʩ ʝʛʦ ʙʠʟʥʝʩ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʦʧʠʩʘʥʠʝʤ, ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʨʝ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʝʥʘ ʨʘʙʦʪʘ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʦʜʨʦʙʥʦ ʨʘʩʧʠʩʘʥʘ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʡ 

ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʡ, ʤʠʢʨʦʩʝʨʚʠʩʳ, ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʟʘʜʘʯʠ. 

 

ʂʘʞʜʳʡ ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʥʫʞʜʘʝʪʩʷ ʚ ʥʝʢʦʡ ʩʪʨʫʢʪʫʨʝ. ʉʦʟʜʘʥʠʝ 

ʧʨʠʣʦʞʝʥʠʡ, ʢʘʢ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚ ʮʝʣʦʤ, ʥʫʞʜʘʝʪʩʷ ʚ ʵʪʦʤ ʥʝ ʤʝʥʴʰʝ ʦʩʪʘʣʴʥʳʭ. 

ʆʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʧʨʦʙʣʝʤʳ ʩ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʠ ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʡ ʢʦʤʘʥʜʳ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ-ʣʠʙʦ ʠʟʥʘʯʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʧʨʦʭʦʜʠʣʦ ʚʦ ʚʨʝʤʝʥʘ, ʚ ʢʦʪʦʨʳʝ ʧʨʦʩʪʦ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʭʦʨʦʰʠʭ ʨʝʰʝʥʠʡ, ʣʠʙʦ, ʯʪʦ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʥʦʚʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʥʝʧʨʘʚʠʣʴʥʦ ʠ ʥʝʦʩʦʟʥʘʥʥʦ.  

ɼʘʥʥʳʡ ʚʦʧʨʦʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʙʠʟʥʝʩ-ʪʝʟʠʩʘ 

CTMap (Client Thinking Map, ʩ ʘʥʛʣ. ʂʘʨʪʘ ʈʘʟʤʳʰʣʝʥʠʡ ʂʣʠʝʥʪʘ), ʢʦʪʦʨʳʡ ʨʝʰʘʝʪ 

ʟʘʜʘʯʠ ʤʘʨʢʝʪʠʥʛʘ ʠ ʷʚʣʷʝʪʩʷ ʚʝʙ ʧʨʠʣʦʞʝʥʠʝʤ. ɼʣʷ ʦʙʱʝʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʠʚʦʜʠʪʩʷ 

ʩʣʝʜʫʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣ: ʩʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʢʘʨʪ (mind maps) ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʭʨʘʥʝʥʠʷ 

ʜʘʥʥʦʡ ʢʘʨʪʳ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ. ʉʘʤʘ ʢʘʨʪʘ ʠʤʝʝʪ ʚʥʫʪʨʠ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ 

ʚʠʟʫʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. ʂʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ï ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʢʘʨʪʳ ʚ ʪʘʙʣʠʯʥʳʡ ʬʦʨʤʘʪ ʜʣʷ ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʘʥʘʣʠʪʠʢʠ 

ʜʘʥʥʳʭ. ɼʦʩʪʫʧ ʢ ʬʫʥʢʮʠʦʥʘʣʫ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʧʦ ʧʨʠʥʮʠʧʫ ʧʣʘʪʥʳʭ ʧʦʜʧʠʩʦʢ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʫʨʦʚʥʷ, ʢʦʪʦʨʳʡ ʝʛʦ ʨʘʩʰʠʨʷʝʪ. ʇʦʜʦʙʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʨʝʜʣʘʛʘʶʱʝʛʦ 

ʪʘʢʦʡ ʬʫʥʢʮʠʦʥʘʣ, ʥʘ ʨʳʥʢʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʉʫʤʤʠʨʫʷ, ʠʤʝʝʤ ʦʙʰʠʨʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, 

ʫʯʠʪʳʚʘʷ, ʯʪʦ ʜʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚ ʙʫʜʫʱʝʤ ʜʦʣʞʥʦ ʦʙʨʘʩʪʘʪʴ ʧʨʦʯʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ 

ʚ ʚʠʜʝ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʚʩʪʘʸʪ ʚʦʧʨʦʩ, ʢʘʢʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʠʣʦʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʧʨʠ ʫʩʣʦʚʠʠ ʜʘʣʴʥʝʡʰʝʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ, ʥʝ ʪʝʨʷʷ 

ʧʨʠ ʵʪʦʤ ʚ ʦʧʪʠʤʠʟʘʮʠʠ? ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ 

ʚ ʦʙʣʘʢʝ [1], ʪʘʢ ʢʘʢ ʵʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʦʜʠʪʴ ʙʳʩʪʨʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠ ʜʦʩʪʫʧʥʦʩʪʴ 

ʧʨʠʣʦʞʝʥʠʷ ʚ ʮʝʣʦʤ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʘʨʭʠʪʝʢʪʫʨ [2]: 

1. ʄʥʦʛʦʩʣʦʡʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ: ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʥʮʠʧ ʨʘʟʜʝʣʝʥʠʷ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʣʦʞʝʥʠʝ ʜʝʣʠʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʣʦʸʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʚʳʧʦʣʥʷʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʜʘʯʫ, ʥʘʧʨʠʤʝʨ, ʜʦʩʪʫʧ ʢ ʙʘʟʝ ʜʘʥʥʳʭ, ʙʠʟʥʝʩ ʬʫʥʢʮʠʦʥʘʣ ʠ 

ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ. ʕʪʫ ʘʨʭʠʪʝʢʪʫʨʫ ʦʯʝʥʴ ʧʨʦʩʪʦ ʨʝʘʣʠʟʦʚʘʪʴ, ʦʜʥʘʢʦ ʦʥʘ ʥʝ ʧʦʟʚʦʣʠʪ 

ʜʦʩʪʠʯʴ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. 
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2. ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ: ʜʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʥʮʠʧ 

çʢʣʠʝʥʪ-ʩʝʨʚʝʨè, ʚ ʢʦʪʦʨʦʤ ʤʳ ʨʘʟʙʠʚʘʝʤ ʥʘʰʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʫʨʦʚʥʠ, ʢʦʪʦʨʳʝ 

ʦʙʱʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦ ʰʘʙʣʦʥʫ çʟʘʧʨʦʩ-ʦʪʚʝʪè. ʕʪʦ ʦʯʝʥʴ ʧʦʭʦʞʝ ʥʘ ʤʥʦʛʦʩʣʦʡʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ, ʦʜʥʘʢʦ ʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʙʦʣʝʝ ʩʣʘʙʘʷ, ʯʝʤ ʤʝʞʜʫ ʩʣʦʷʤʠ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʘʨʘʤʝʪʨ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʧʨʠʯʝʤ ʢʘʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

(ʫʨʦʚʥʠ, ʨʘʙʦʪʘʶʱʠʝ ʩʦ ʩʭʦʞʠʤ ʧʦ ʧʨʠʥʮʠʧʫ ʬʫʥʢʮʠʦʥʘʣʦʤ), ʪʘʢ ʠ ʚʝʨʪʠʢʘʣʴʥʦ 

(ʦʙʱʝʥʠʝ ʫʨʦʚʥʝʡ ʩ ʨʘʟʥʦʡ ʟʦʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ). ʕʪʦ ʚ ʮʝʣʦʤ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ 

ʚʘʨʠʘʥʪʦʤ, ʦʜʥʘʢʦ ʪʘʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʝ ʫʜʦʙʥʦ ʜʝʨʞʘʪʴ ʚ ʦʙʣʘʢʝ, ʪʘʢʞʝ ʢ ʢʘʞʜʦʤʫ 

ʫʨʦʚʥʶ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʥʘʛʨʫʞʘʝʪ ʢʦʜ. 

3. ʉʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ (SOA): ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʩʨʘʟʫ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʱʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʝʨʚʠʩʦʚ ʠ ʦʙʱʝʡ ʰʠʥʳ ʩʦʦʙʱʝʥʠʡ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʠʣʦʞʝʥʠʷ ʧʝʨʝʜʘʶʪ 

ʜʘʥʥʳʝ. ʂʦʤʧʦʥʝʥʪʳ ʤʝʥʴʰʝ ʟʘʚʠʩʷʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʦʜʥʘʢʦ ʟʘʚʠʩʠʤʦʩʪʴ ʚʩʸ ʪʘʢ ʞʝ 

ʠʤʝʝʪʩʷ, ʪʘʢ ʢʘʢ ʝʩʣʠ ʦʜʠʥ ʠʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʝʨʚʠʩʦʚ ʧʝʨʝʩʪʘʥʝʪ ʦʪʚʝʯʘʪʴ ʥʘ ʟʘʧʨʦʩʳ, 

ʪʦ ʚʩʸ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴ. 

4. ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ [3]: ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʩʣʦʞʥʳʤ 
ʚ ʨʝʘʣʠʟʘʮʠʠ, ʦʜʥʘʢʦ ʣʫʯʰʠʤ ʚ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʚʘʨʠʘʥʪʦʤ. 

ʉʝʨʚʠʩʳ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʧʨʠʣʦʞʝʥʠʝ ʠ ʢʦʪʦʨʳʝ ʨʝʰʘʶʪ ʨʘʟʣʠʯʥʳʝ ʙʠʟʥʝʩ-ʟʘʜʘʯʠ, 

ʩʫʱʝʩʪʚʫʶʪ ʧʦʣʥʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʥʠ ʪʘʢʞʝ ʦʙʱʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʰʠʥʳ ʠʣʠ ʫʜʘʣʸʥʥʦʛʦ ʚʳʟʦʚʘ ʧʨʦʮʝʜʫʨ, ʧʨʠ ʵʪʦʤ ʷʜʨʦ ʧʨʠʣʦʞʝʥʠʷ ʩʦʜʝʨʞʠʪ ʚʩʸ 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʠʭ ʨʘʙʦʪʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʝʩʣʠ ʦʜʠʥ ʩʝʨʚʠʩ ʦʪʢʘʞʝʪ, ʚʩʸ ʦʩʪʘʣʴʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ ʙʫʜʝʪ ʩʪʘʙʠʣʴʥʦ ʨʘʙʦʪʘʪʴ. ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʱʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʠʤʝʷ ʛʨʘʤʦʪʥʦ ʧʨʦʧʠʩʘʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʚʩʸ ʯʪʦ ʥʫʞʥʦ ï ʵʪʦ 

ʧʦʜʢʣʶʯʠʪʴ ʝʱʸ ʦʜʠʥ ʩʝʨʚʠʩ. ɺ ʦʙʣʘʢʝ ʩʝʨʚʠʩʳ ʪʘʢʞʝ ʨʘʙʦʪʘʶʪ ʥʝʟʘʚʠʩʠʤʦ ʠ ʠʭ ʦʯʝʥʴ 

ʧʨʦʩʪʦ ʨʘʟʚʦʨʘʯʠʚʘʪʴ ʚ ʪʦʤ ʞʝ ʦʙʣʘʢʝ. 

ɺʳʙʦʨ ʥʝʦʙʭʦʜʠʤʦ ʜʝʣʘʪʴ ʦʙʦʩʥʦʚʘʥʦ, ʜʣʷ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʶʪ ʧʦʜʭʦʜʳ çʢʫʙ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷè [4] ʠ CAP-ʪʝʦʨʝʤʘ [5]. ʇʦ ʧʝʨʚʦʤʫ ʧʦʜʭʦʜʫ ʤʳ ʠʤʝʝʤ ʥʝʢʠʡ ʢʫʙ ʩ 

ʪʨʝʤʷ ʠʟʤʝʨʝʥʠʷʤʠ: 

ï Sharding ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ, ʥʦ 

ʨʘʙʦʪʘʶʪ ʚ ʦʜʥʦʡ ʟʦʥʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ; 

ï Mirroring ï ʜʫʙʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʚ ʧʦʣʴʟʫ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ; 

ï Microservices ï ʨʘʟʙʠʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʷ ʙʠʟʥʝʩ-ʟʘʜʘʯʘʤ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʤ, ʘ ʪʘʢʞʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʝ ʧʨʠʣʦʞʝʥʠʷ, ʚʳʙʦʨ ʜʝʣʘʝʪʩʷ ʚ 

ʧʦʣʴʟʫ ʚʳʧʦʣʥʝʥʠʷ ʙʠʟʥʝʩ-ʟʘʜʘʯ, ʪ. ʝ. Microservices. ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨ Sharding ʥʝ 

ʜʦʣʞʝʥ ʩʪʨʘʜʘʪʴ, ʘ ʧʘʨʘʤʝʪʨ Mirroring ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʤʠʥʠʤʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʜʦʣʞʥʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ 

ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩ ʤʥʦʛʦʩʣʦʡʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʩʘʤʠʭ ʩʝʨʚʠʩʦʚ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ ʚʳʧʦʣʥʷʪʴ ʙʠʟʥʝʩ-ʟʘʜʘʯʠ ʩ ʜʦʣʞʥʦʡ ʦʧʪʠʤʠʟʘʮʠʝʡ. 

CAP-ʪʝʦʨʝʤʘ ʧʨʝʜʣʘʛʘʝʪ ʚʳʙʦʨ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʪʨʸʭ: 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ, ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʟʜʝʣʝʥʠʶ. ʀʩʭʦʜʷ ʠʟ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʨʠʣʦʞʝʥʠʷ, ʪʨʝʙʫʝʪʩʷ ʢʘʢ ʨʘʟ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʟʜʝʣʝʥʠʶ ʠ ʜʦʩʪʫʧʥʦʩʪʴ, ʯʝʤʫ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʞʝ ʜʘʥʥʳʭ ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʩʚʦʝʤ ʤʠʥʠʤʘʣʴʥʦʤ ʚʠʜʝ, ʪʘʢ ʢʘʢ ʚ ʮʝʣʦʤ ʩʝʨʚʠʩʳ 

ʠʩʧʦʣʴʟʫʶʪ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʙʘʟʳ ʜʘʥʥʳʭ, ʘ ʯʪʦ-ʪʦ ʦʙʱʝʝ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʧʦ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʰʠʥʝ. 

ʆʧʨʝʜʝʣʠʚʰʠʩʴ ʩ ʚʳʙʦʨʦʤ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ ʠ ʧʦʜʢʨʝʧʠʚ ʜʘʥʥʳʡ ʚʳʙʦʨ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ ʦ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ ʜʘʣʴʥʝʡʰʝʝ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʝʨʚʠʩʘ, ʘ ʪʘʢʞʝ ʦ ʧʦʚʳʰʝʥʠʠ ʦʙʱʝʡ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʆʜʥʘʢʦ, ʩʪʦʠʪ ʫʯʝʩʪʴ, ʯʪʦ ʠʟʙʨʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʧʨʠʥʷʪʠʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʝʢʪʘ. ʕʪʦ ʧʦʣʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʩ ʧʨʠʥʮʠʧʘʤʠ ʠ ʧʨʘʚʠʣʘʤʠ 

ʨʘʟʨʘʙʦʪʢʠ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʦʙʱʝʤ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʢʦʜʘ ʧʨʠʣʦʞʝʥʠʷ. ɺ 

ʩʣʫʯʘʝ ʥʘʨʫʰʝʥʠʷ ʜʘʥʥʳʭ ʧʨʘʚʠʣ ʨʘʙʦʪʘ ʧʦ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩʚʦʜʠʪʩʷ 
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ʢ ʥʫʣʶ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʠ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ 

ʜʘʣʴʥʝʡʰʝʤ. 
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ʋɼʂ 004.02 

 

ʄɽʊʆɼ ʀʉʇʆʃʔɿʆɺɸʅʀʗ SPARQL ɿɸʇʈʆʉʆɺ 

ɼʃʗ ʆɹʒɽɼʀʅɽʅʀʗ ɼɸʅʅʓʍ ʀɿ ʋɼɸʃɽʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 

ʆʊʂʈʓʊʓʍ ɼɸʅʅʓʍ 

 

ɸ.ɸ. ɺʦʣʢʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʧʨʘʢʪʠʢʠ ʅ.ʅ. ʊʝʩʣʷ 

ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ 
 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦʙʲʝʜʠʥʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʩ 

ʯʘʩʪʠʯʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʜʦʩʪʫʧ ʢ ʧʦʣʥʦʤʫ ʥʘʙʦʨʫ ʜʘʥʥʳʭ. ɼʣʷ ʦʙʲʝʜʠʥʝʥʠʷ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʦʙʱʠʡ ʛʨʘʬ ʟʥʘʥʠʡ ʨʝʢʦʤʝʥʜʦʚʘʥ ʧʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʥʪʦʣʦʛʠʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʝʤʘʥʪʠʢʠ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʥʪʦʣʦʛʠʠ ʠ ʟʘʧʨʦʩʦʚ 

SPARQL ʪʨʝʙʫʝʪ ʧʦʣʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʥʘʙʦʨʫ ʜʘʥʥʳʭ. ʅʘ ʧʨʠʤʝʨʝ ʨʘʩʰʠʨʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ ʢʘʨʪʦʯʝʢ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʦ ʧʦʛʦʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ SPARQL ʟʘʧʨʦʩʳ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʩ ʯʘʩʪʠʯʥʳʤ ʜʦʩʪʫʧʦʤ 

ʢ ʥʘʙʦʨʫ ʜʘʥʥʳʭ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʠʪ ʩʦʩʪʘʚʣʷʪʴ SPARQL ʟʘʧʨʦʩʳ ʢ ʚʥʝʰʥʠʤ ʚʝʙ 

ʩʝʨʚʠʩʘʤ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʦʩʦʚ ʚ ʩʫʪʢʠ ʠ ʬʦʨʤʘʪ 

ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʆʪʢʨʳʪʳʝ ʜʘʥʥʳʝ, ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʛʝʪʝʨʦʛʝʥʥʳʝ ʜʘʥʥʳʝ, ʫʤʥʳʡ ʛʦʨʦʜ, 

ʦʥʪʦʣʦʛʠʷ. 

 

ɺʚʝʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʢʘʯʝʩʪʚʦʤ ʠʭ ʠʩʪʦʯʥʠʢʦʚ. ɺ 

ʜʘʥʥʳʭ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʧʨʦʧʫʩʢʠ ʠʣʠ ʥʝʢʦʨʨʝʢʪʥʳʝ ʟʥʘʯʝʥʠʷ. ʇʨʠ ʘʛʨʝʛʘʮʠʠ ʜʘʥʥʳʭ 

ʯʘʱʝ ʚʩʝʛʦ ʩʪʘʚʠʪʩʷ ʦʜʥʘ ʟʘʜʘʯʘ, ʚ ʢʦʥʪʝʢʩʪʝ ʢʦʪʦʨʦʡ ʵʪʠ ʜʘʥʥʳʝ ʠ ʙʫʜʫʪ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʳ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʭʨʘʥʝʥʠʷ ʠ ʜʦʩʪʫʧʘ ʢ 

ʠʥʬʦʨʤʘʮʠʠ, ʩ ʮʝʣʴʶ ʧʦʚʳʩʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʫʤʝʥʴʰʠʪʴ ʩʪʦʠʤʦʩʪʴ ʨʝʰʝʥʠʷ. ʊʘʢʘʷ 

ʬʦʢʫʩʠʨʦʚʢʘ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʨʝʰʝʥʠʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ, ʢʦʤʧʣʝʢʩʥʳʭ, 

ʟʘʜʘʯ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʪʨʝʙʫʶʪʩʷ ʦʙʲʝʜʠʥʷʪʴ ʥʝʩʢʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʥʳʭ ʬʦʨʤʘʪʘʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʦʙʲʝʜʠʥʝʥʠʶ ʜʘʥʥʳʭ: Data Lake, Data Warehouse, Data 

Fabric. ʕʪʠ ʨʝʰʝʥʠʷ ʧʦʜʭʦʜʷʪ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ 

ʣʦʢʘʣʴʥʳʝ ʠ ʚ ʠʭ ʩʭʝʤʫ ʤʦʛʫʪ ʚʥʦʩʠʪʴʩʷ ʠʟʤʝʥʝʥʠʷ. ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ, ʢʦʛʜʘ 

ʯʘʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ ʣʦʢʘʣʴʥʳʤʠ, ʘ ʯʘʩʪʴ ï ʫʜʘʣʝʥʥʳʤʠ, ʪʘʢʠʝ ʩʧʦʩʦʙʳ 

ʦʙʲʝʜʠʥʝʥʠʷ ʥʝ ʧʨʠʤʝʥʠʤʳ. 

 

ɹʝʩʰʦʚʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ SPARSQL ʟʘʧʨʦʩʦʚ 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʩʘʪʴ ʠʭ 

ʩʝʤʘʥʪʠʢʫ, ʧʦʥʷʪʴ ʢʘʢʠʝ ʢʦʥʮʝʧʪʳ ʦʧʠʩʳʚʘʶʪ ʦʜʠʥʘʢʦʚʫʶ ʩʫʱʥʦʩʪʴ, ʢʘʢʠʝ ʜʘʥʥʳʝ 

ʠʤʝʶʪ ʨʘʟʥʳʡ ʪʠʧ, ʥʦ ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʦʜʥʦʟʥʘʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ 

ʟʥʘʯʝʥʠʷʤʠ. ɼʣʷ ʵʪʦʛʦ ʩʝʤʘʥʪʠʢʫ ʜʘʥʥʳʭ ʦʧʠʩʳʚʘʶʪ, ʠʩʧʦʣʴʟʫʷ ʦʥʪʦʣʦʛʠʶ. ʊʦʛʜʘ ʜʣʷ 

ʦʙʨʘʱʝʥʠʷ ʢ ʪʘʢʠʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʷʟʳʢ ʟʘʧʨʦʩʦʚ SPARQL (SPARQL 

Protocol and RDF Query Language), ʢʦʪʦʨʳʡ ʚ ʚʠʜʝ ʨʝʟʫʣʴʪʘʪʘ ʚʝʨʥʝʪ ʪʘʙʣʠʮʫ ʨʝʰʝʥʠʡ 

(solution table). ʀʩʧʦʣʴʟʫʷ ʦʥʪʦʣʦʛʠʶ ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʠ çʝʜʠʥʦʝ ʦʢʥʦè 

ʟʘʧʨʦʩʘ SPARQL ʚʦʟʤʦʞʥʦ ʙʝʩʰʦʚʥʦ ʚ ʜʝʢʣʘʨʘʪʠʚʥʦʤ ʚʠʜʝ ʦʧʠʩʳʚʘʪʴ ʪʨʝʙʫʝʤʳʡ ʥʘʙʦʨ 

ʜʘʥʥʳʭ, ʥʝ ʦʧʠʩʳʚʘʷ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʩʘʤ ʠʩʪʦʯʥʠʢ. 
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ʈʘʩʩʤʦʪʨʠʤ ʘʢʪʫʘʣʴʥʦʩʪʴ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʥʘ ʧʨʠʤʝʨʝ 

ʟʘʜʘʯʠ ʨʘʩʰʠʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʢʘʨʪʦʯʢʘʭ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʡ (ʜʘʣʝʝ ï ɼʊʇ), ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʧʦʛʦʜʝ. ɺ ʢʘʨʪʦʯʢʘʭ ɼʊʇ 

ʥʝʪ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʦʣʴʢʦ ʢʨʘʪʢʦʝ ʩʣʦʚʝʩʥʦʝ ʦʧʠʩʘʥʠʝ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʦʩʘʜʢʦʚ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʬʦʨʤʦʡ ʙʫʤʘʞʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ɼʊʇ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʧʦʛʦʜʝ ʷʚʣʷʝʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʦʡ, ʥʘʧʨʠʤʝʨ, ʫʢʘʟʘʥʠʷ ʩʠʣʴʥʦʛʦ ʪʫʤʘʥʘ ʠ ʧʦʣʥʦʡ 

ʚʠʜʠʤʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʦʨʦʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʦ 

ʧʦʛʦʜʝ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʦʩʦʚ ʚ ʩʫʪʢʠ, ʵʪʦ ʧʦʟʚʦʣʠʪ 

ʦʧʨʝʜʝʣʠʪʴ ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʧʦʩʦʙʳ ʝʛʦ ʧʦʚʳʰʝʥʠʷ. 

ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʶʙʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʦʩʪʦʚʝʨʥʘ. ɺ ʩʣʫʯʘʝ ʥʠʟʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʦʙʲʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʩʪʠ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʶ 

ʜʘʥʥʳʭ. ʈʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʥʘ ʧʨʠʤʝʨʝ ʢʘʨʪʦʯʝʢ ɼʊʇ                                                  

ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ, ʛʜʝ ʨʝʟʫʣʴʪʘʪ ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʟʥʘʯʝʥʠʶ ʧʦʣʷ çʅʘʟʚʘʥʠʝ ʧʦʩʝʣʝʥʠʷè, 

ʩʦʜʝʨʞʠʪ ʛʝʦʪʦʯʢʠ ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʟʘ ʦʙʣʘʩʪʴʶ. 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʪʝʤ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʢʘʨʪʦʯʢʘʭ ʢʦʦʨʜʠʥʘʪʳ ʧʝʨʝʧʫʪʘʥʳ 

ʤʝʩʪʘʤʠ, ʪʘʢ ʠ ʚ ʦʰʠʙʦʯʥʦʤ ʧʦʨʷʜʢʝ ʮʠʬʨ. ʊʘʢʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʚʳʷʚʠʪʴ, ʝʩʣʠ 

ʨʘʟʤʝʩʪʠʪʴ ʚʩʝ ʢʘʨʪʦʯʢʠ ɼʊʇ ʥʘ ʢʘʨʪʝ ʧʦ ʠʭ ʢʦʦʨʜʠʥʘʪʘʤ. ɼʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʝʦʪʦʯʝʢ ʢʘʨʪʦʯʝʢ ɼʊʇ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʢ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɺ ʥʝʢʦʪʦʨʳʭ ʢʘʨʪʦʯʢʘʭ ʜʦʣʛʦʪʘ ʠ ʰʠʨʦʪʘ ʢʦʦʨʜʠʥʘʪ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʫʛʣʳʝ 

ʯʠʩʣʘ. ʀʟ-ʟʘ ʵʪʦʛʦ ʵʪʠ ʛʝʦʪʦʯʢʠ ʥʝ ʧʨʠʚʷʟʘʥʳ ʢ ʢʘʢʠʤ-ʣʠʙʦ ʜʦʨʦʛʘʤ, ʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ. ɺʩʝ ʵʪʦ ʫʤʝʥʴʰʘʝʪ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʘʥʘʣʠʟʘ, ʧʨʠ ʵʪʦʤ ʚ 

ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʚʩʝ ʨʘʚʥʦ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʥʝʪʦʯʥʦʩʪʠ, ʚʣʠʷʶʱʠʝ 

ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ. ɺ ʩʣʫʯʘʝ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʦ 

ʘʜʨʝʩʘʤ ɼʊʇ ʧʦʣʫʯʝʥʥʳʝ ʢʣʘʩʪʝʨʳ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ [3]. ʇʨʠʤʝʨ 

ʧʦʩʪʨʦʝʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʢʘʨʪʦʯʝʢ ɼʊʇ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʢʘʨʪʦʯʝʢ ɼʊʇ 

 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ SPARQL ʟʘʧʨʦʩʦʚ. ɺ 

ʟʘʧʨʦʩʝ ʫʢʘʟʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʥʘ ʪʨʝʙʫʝʤʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ. ʂʘʞʜʦʝ ʫʩʣʦʚʠʝ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʘ ʥʦʚʦʡ ʩʪʨʦʢʝ ʚ ʬʦʨʤʘʪʝ çʩʫʙʴʝʢʪ-ʧʨʝʜʠʢʘʪ-ʦʙʲʝʢʪè. ʇʦ ʧʨʝʜʠʢʘʪʫ ʯʘʱʝ 

ʚʩʝʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʢʘʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʟʘʧʨʘʰʠʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ.  

ʇʨʠʤʝʨ SPARQL ʟʘʧʨʦʩʘ ʢ ʢʘʨʪʦʯʢʘʤ ɼʊʇ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. 

 

 
 

ʈʠʩ. 3. SPARQL ʟʘʧʨʦʩ ʢ ʢʘʨʪʦʯʢʘʤ ɼʊʇ 

 

ɺ ʟʘʧʨʦʩʝ ʥʘ ʨʠʩ. 3 ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢ ʜʘʥʥʳʭ ʢʘʨʪʦʯʝʢ ɼʊʇ. ʕʪʦ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʥʘʯʘʣʫ ʥʘʟʚʘʥʠʷ ʧʨʝʜʠʢʘʪʘ çstat_gibddè ʚ ʢʘʞʜʦʡ ʩʪʨʦʯʢʝ ʟʘʧʨʦʩʘ. 

ʇʨʦʜʫʤʘʥʥʦʝ ʠʤʝʥʦʚʘʥʠʝ ʧʨʝʜʠʢʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʥʘʧʠʩʘʥʠʷ ʠ ʯʪʝʥʠʷ 

ʟʘʧʨʦʩʦʚ SPARQL.  

 

ʌʝʜʝʨʘʪʠʚʥʳʡ ʟʘʧʨʦʩ SPARSQL 

ʀʥʪʝʛʨʘʮʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʦʥʪʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʩʪʦʯʥʠʢʠ ʙʝʟ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ [1]. ɼʣʷ ʦʪʧʨʘʚʢʠ 

SPARQL ʟʘʧʨʦʩʦʚ ʢ ʥʝʩʢʦʣʴʢʠʤ ʠʩʪʦʯʥʠʢʘʤ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪ ʬʝʜʝʨʘʪʠʚʥʳʭ 

SPARQL ʟʘʧʨʦʩʦʚ [2]. ʉʭʝʤʘ ʨʘʙʦʪʳ ʬʝʜʝʨʘʪʠʚʥʦʛʦ SPARQL ʟʘʧʨʦʩʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩ. 4. 
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ʈʠʩ. 4. ʉʭʝʤʘ ʨʘʙʦʪʳ ʬʝʜʝʨʘʪʠʚʥʦʛʦ SPARQL ʟʘʧʨʦʩʘ 

 

ʌʝʜʝʨʘʪʠʚʥʳʡ SPARQL ʟʘʧʨʦʩ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʟʘʧʨʦʩ ʙʫʜʝʪ 

ʦʪʧʨʘʚʣʝʥ ʥʝʟʘʚʠʩʠʤʦ ʚ ʢʘʞʜʳʡ ʠʩʪʦʯʥʠʢ. ɼʣʷ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʧʦʛʦʜʳ ʵʪʦ 

ʤʘʣʦʧʨʠʤʝʥʠʤʦ, ʪʘʢ ʢʘʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʧʦʛʦʜʝ ʪʨʝʙʫʝʪʩʷ ʚ 

ʟʘʧʨʦʩʝ ʫʢʘʟʘʪʴ ʛʝʦʪʦʯʢʫ ʠ ʜʘʪʫ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʙʲʝʜʠʥʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ 

ʪʨʝʙʫʝʪ ʩʥʘʯʘʣʘ ʧʦʣʫʯʝʥʠʷ ʪʘʙʣʠʮʳ ʨʝʰʝʥʠʡ ʩ ʧʝʨʚʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʇʦʛʦʜʥʳʝ ʚʝʙ 

ʩʝʨʚʠʩʳ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʚʨʘʱʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʬʦʨʤʘʪ ʟʘʧʨʦʩʘ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʪʧʨʘʚʣʷʪʴ SPARQL ʟʘʧʨʦʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʥʘʯʘʣʘ ʢ ʠʩʪʦʯʥʠʢʫ, ʢʦʪʦʨʳʡ ʥʝ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʡ, ʜʘʣʝʝ ʫʞʝ ʢ ʠʩʪʦʯʥʠʢʫ ʜʘʥʥʳʭ ʩ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʤʝʪʦʜʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5. ʂʘʞʜʳʡ ʠʟ 

ʧʫʥʢʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʰʘʛʫ ʘʣʛʦʨʠʪʤʘ. 

 

 
 

ʈʠʩ. 5. ʉʭʝʤʘ ʤʝʪʦʜʘ ʜʦʩʪʫʧʘ ʢ ʫʜʘʣʝʥʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʜʘʥʥʳʭ 

 

1. ʇʦʣʴʟʦʚʘʪʝʣʴ ʧʣʘʪʬʦʨʤʳ ʬʦʨʤʠʨʫʝʪ SPARQL ʟʘʧʨʦʩ, ʚ ʢʦʪʦʨʦʤ ʜʝʢʣʘʨʘʪʠʚʥʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ. 

2. ʗʜʨʦ ʦʪʧʨʘʚʣʷʝʪ ʟʘʧʨʦʩ ʚ ʩʝʨʚʠʩ ʢʘʨʪʦʯʝʢ ɼʊʇ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
SPARQL endpoint. 
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3. ʉʝʨʚʠʩ ʢʘʨʪʦʯʝʢ ʬʦʨʤʠʨʫʝʪ SQL ʟʘʧʨʦʩ ʚ ʨʝʣʷʮʠʦʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʢʘʨʪʦʯʝʢ 

ʠʩʧʦʣʴʟʫʷ R2RML ʤʘʧʧʠʥʛ. 

4. ɹʘʟʘ ʜʘʥʥʳʭ ʚʦʟʚʨʘʱʘʝʪ ʪʘʙʣʠʯʥʳʡ ʧʦʪʦʢ ʜʘʥʥʳʭ (Tabular Data Stream) ʚ 

ʩʝʨʚʠʩ. 

5. ʉʝʨʚʠʩ ʢʘʨʪʦʯʝʢ ɼʊʇ ʦʪʧʨʘʚʣʷʝʪ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪʝ 
RDF ʚ ʷʜʨʦ. 

6. ʗʜʨʦ ʦʪʧʨʘʚʣʷʝʪ ʠʩʭʦʜʥʳʡ ʟʘʧʨʦʩ SPARQL ʠ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʦʰʣʦʤ 

ʰʘʛʝ ʚ ʩʝʨʚʠʩ ʧʦʛʦʜʳ. 

7. ʉʝʨʚʠʩ ʧʦʛʦʜʳ ʧʨʦʙʫʝʪ ʨʘʩʰʠʨʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʩʳʣʘʷ ʟʘʧʨʦʩ ʚ 

ʢʝʰʠʨʫʶʱʫʶ ʛʨʘʬʦʚʫʶ ʙʘʟʫ ʜʘʥʥʳʭ. 

8. ɻʨʘʬʦʚʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʚʦʟʚʨʘʱʘʝʪ ʠʤʝʶʱʠʡʩʷ ʥʘʙʦʨ ʜʘʥʥʳʭ. 

9. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ ʥʝʧʦʣʥʦʤ ʥʘʙʦʨʝ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʩʝʨʚʠʩ ʧʦʛʦʜʳ 
ʟʘʧʨʘʰʠʚʘʝʪ ʜʘʥʥʳʝ ʚ ʚʝʙ ʩʝʨʚʠʩʝ ʚ ʬʦʨʤʘʪʝ HTTP ʟʘʧʨʦʩʘ. 

10. ɺʝʙ ʩʝʨʚʠʩ ʦʪʧʨʘʚʣʷʝʪ ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʧʦʛʦʜʝ ʩʝʨʚʠʩʫ ʧʦʛʦʜʳ ʚ JSON 

ʬʦʨʤʘʪʝ.  

11. ʉʝʨʚʠʩ ʧʦʛʦʜʳ ʬʦʨʤʠʨʫʝʪ ʠ ʦʪʧʨʘʚʣʷʝʪ ʨʘʩʰʠʨʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʬʦʨʤʘʪʝ RDF 

ʚ ʷʜʨʦ. 

12. ʗʜʨʦ ʚʦʟʚʨʘʱʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʘʥʥʳʝ ʚ RDF. 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʡ ʦʥʪʦʣʦʛʠʠ ʠʤʝʝʪ ʩʤʳʩʣ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʚʥʝʜʨʝʥʠʷ ʚ ʫʞʝ 

ʨʘʙʦʪʘʶʱʫʶ ʩʠʩʪʝʤʫ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʦʧʠʩʳʚʘʪʴ ʜʘʥʥʳʝ ʧʦ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʦʥʪʦʣʦʛʠʠ. ʅʘʧʨʠʤʝʨ, ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʘ ʦʥʪʦʣʦʛʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ɼʊʇ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʦʙʲʝʜʠʥʝʥʠʷ ʜʘʥʥʳʭ [4]. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʞʝ 

ʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʳʝ ʫʯʘʩʪʢʠ ʜʣʷ ʠʟʤʝʥʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ. 

ɼʣʷ ʜʘʥʥʳʭ ʦ ʧʦʛʦʜʝ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʩʢʦʣʴʢʦ ʩʪʘʥʜʘʨʪʦʚ ʦʥʪʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ 

ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʶʪ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ [5]. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʘʥʥʳʝ ʠʟ 

ʫʜʘʣʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʬʦʨʤʘʪʠʨʦʚʘʪʴ ʚ RDF, ʠʩʧʦʣʴʟʫʷ ʬʘʡʣ ʤʘʧʧʠʥʛʘ. ʇʨʠʤʝʨ 

SPARQL ʟʘʧʨʦʩʘ ʢ ʥʝʩʢʦʣʴʢʠʤ ʠʩʪʦʯʥʠʢʘʤ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 6. 

 

  
 

ʈʠʩ. 6. SPARQL ʟʘʧʨʦʩ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʫʜʘʣʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ 

 

ɺ ʠʩʭʦʜʥʳʡ ʟʘʧʨʦʩ ʢ ʢʘʨʪʦʯʢʘʤ ɼʊʇ ʜʦʙʘʚʣʷʶʪʩʷ ʜʚʝ ʥʦʚʳʝ ʩʪʨʦʯʢʠ ʚ ʢʦʥʮʝ 

ʟʘʧʨʦʩʘ, ʚ ʦʩʪʘʣʴʥʦʤ ʟʘʧʨʦʩ ʠʜʝʥʪʠʯʝʥ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩ. 3. ɼʘʥʥʳʝ ʢʘʨʪʦʯʝʢ 

ɼʊʇ ʠ ʧʦʛʦʜʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ, ʥʦ ʤʦʞʥʦ ʫʢʘʟʳʚʘʪʴ ʠ ʜʨʫʛʦʝ 

ʦʙʲʝʜʠʥʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʧʦ ʜʘʪʝ.  
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ʉʨʘʚʥʝʥʠʝ ʚʠʜʦʚ ʬʝʜʝʨʘʪʠʚʥʦʛʦ ʟʘʧʨʦʩʘ SPARSQL 

ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʬʝʜʝʨʘʪʠʚʥʳʭ SPARQL ʟʘʧʨʦʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʪʘʙʣʠʮʝ. 

 
ʊʘʙʣʠʮʘ 

 

ʉʨʘʚʥʝʥʠʝ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʛʨʘʬʦʚ ʟʥʘʥʠʡ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʇʘʨʘʣʣʝʣʴʥʳʡ ʬʝʜʝʨʘʪʠʚʥʳʡ 

SPARQL 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʬʝʜʝʨʘʪʠʚʥʳʡ SPARQL 

ʈʘʙʦʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ 

ʜʘʥʥʳʤʠ 

ɼʦʩʪʫʧ ʢ ʜʘʥʥʳʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʪʦʯʢʫ 

ʜʦʩʪʫʧʘ SPARQL 

ɼʦʩʪʫʧ ʢ ʜʘʥʥʳʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʪʦʯʢʫ 

ʜʦʩʪʫʧʘ SPARQL 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʠʩʪʦʯʥʠʢʘʤ 

ʜʘʥʥʳʭ 

ɼʦʩʪʫʧ ʢʦ ʚʩʝʤʫ ʥʘʙʦʨʫ 

ʜʘʥʥʳʭ 

ɼʦʩʪʫʧ ʪʦʣʴʢʦ ʢ ʷʚʥʦ 

ʫʢʘʟʘʥʥʦʤʫ ʦʛʨʘʥʠʯʝʥʥʦʤʫ 

ʥʘʙʦʨʫ ʜʘʥʥʳʭ 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʟʘʧʨʦʩʘ 

ɿʘʧʨʦʩʳ ʚʦ ʚʩʝ ʠʩʪʦʯʥʠʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ 

ʧʘʨʘʣʣʝʣʴʥʦ 

ʉʥʘʯʘʣʘ ʟʘʧʨʦʩ ʢ ʧʦʣʥʦʤʫ 

ʥʘʙʦʨʫ ʜʘʥʥʳʭ, ʟʘʪʝʤ ʢ 

ʫʜʘʣʝʥʥʦʤʫ ʠʩʪʦʯʥʠʢʫ 

ʇʨʠʥʮʠʧ ʘʛʨʝʛʘʮʠʠ ʜʘʥʥʳʭ ʆʙʲʝʜʠʥʝʥʠʝ ʜʘʥʥʳʭ ʈʘʩʰʠʨʝʥʠʝ ʜʘʥʥʳʭ 

 

ɿʘʢʣʶʯʝʥʠʝ ʠ ʧʣʘʥʳ ʥʘ ʙʫʜʫʱʝʝ 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʢʣʶʯʝʥʠʷ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʙʲʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʳʡ 

ʧʝʨʝʯʝʥʴ ʟʘʜʘʯ ʘʥʘʣʠʟʘ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʵʪʦ ʦʙʲʝʜʠʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʤʝʪʥʦ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʵʪʦ ʧʦʚʳʰʘʝʪ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʚʳʙʨʘʥ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʬʝʜʝʨʘʪʠʚʥʦʛʦ SPARQL, 

ʪʘʢ ʢʘʢ ʫ ʥʝʛʦ ʥʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤʫ ʥʘʙʦʨʫ ʜʘʥʥʳʭ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʳʝ ʧʦʛʦʜʳ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʢʘʢ ʦʪʧʨʘʚʠʪʴ ʟʘʧʨʦʩ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʧʦʣʫʯʠʪʴ 

ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʦ ʧʦʛʦʜʝ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʛʨʘʥʪ                                        

ˉ ʅʐ-17.2022.1.6). 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚʦʚʣʝʯʝʥʥʦʩʪʠ 

ʩʦʙʝʩʝʜʥʠʢʦʚ ʧʦ ʨʝʯʠ ʜʠʢʪʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʘʫʜʠʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʣ-

ʩʧʝʢʪʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʧʦʪʦʤ ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ɼʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʚʣʝʢʘʣʠʩʴ ʢʘʢ ʫʟʢʦʧʦʣʦʩʥʳʝ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤʳ, 

ʪʘʢ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ, ʦʪʣʠʯʘʶʱʠʝ ʰʠʨʠʥʦʡ ʧʦʣʦʩ (ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ). 

ʆʙʫʯʝʥʠʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʨʦʭʦʜʠʣʦ ʥʘ ʜʘʥʥʳʭ ʢʦʨʧʫʩʘ RECOLA, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʙʝʩʝʜʥʠʢʘʤʠ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝ 

ʫʟʢʦʧʦʣʦʩʥʳʭ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʩ ʦʢʦʥʥʦʡ ʬʫʥʢʮʠʝʡ 

ʍʘʥʥʘ, ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʯʥʦʩʪʴ F-ʤʝʨʘ = 82,21% ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʨʝʭ 

ʫʨʦʚʥʝʡ ʚʦʚʣʝʯʝʥʥʦʩʪʠ: ʥʠʟʢʠʡ, ʩʨʝʜʥʠʡ ʠ ʚʳʩʦʢʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɺʦʚʣʝʯʝʥʥʦʩʪʴ, ʘʥʘʣʠʟ ʨʝʯʠ, ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤʘ, ʫʟʢʦʧʦʣʦʩʥʘʷ ʤʝʣ-

ʩʧʝʢʪʨʦʛʨʘʤʤʘ, ʤʝʣ-ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʦʢʦʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ʩʚʝʨʪʦʯʥʘʷ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ.   

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʣʶʜʠ ʢʦʤʤʫʥʠʮʠʨʫʪʁ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ. ɿʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʟʘʯʘʩʪʫʶ ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʠʜʠʤʦʩʪʴ ʩʦʙʝʩʝʜʥʠʢʘ, ʘ ʪʘʢʞʝ ʧʝʨʝʜʘʯʘ 

ʘʫʜʠʦʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʠʜʪʠ ʩ ʟʘʜʝʨʞʢʦʡ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠʥʪʝʨʥʝʪ-

ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʥʠʤʘʥʠʝ ʥʝʚʝʨʙʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʩʦʙʝʩʝʜʥʠʢʘ 

ʩʪʘʥʦʚʠʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʅʝʚʝʨʙʘʣʴʥʳʝ ʩʠʛʥʘʣʳ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʮʠʘʣʴʥʦʤ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʥʘʩʪʨʦʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʇʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʥʘʩʪʨʦʝʥʠʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʨʦʷʚʣʝʥʠʠ ʵʤʦʮʠʡ, ʩʝʥʪʠʤʝʥʪʘ, ʩʦʮʠʘʣʴʥʦʝ 

ï ʚ ʦʪʢʨʳʪʦʩʪʠ, ʜʨʫʞʝʣʶʙʠʠ ʢ ʩʦʙʝʩʝʜʥʠʢʫ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ, ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʚ 

ʨʘʟʛʦʚʦʨ. ʈʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʧʦʥʠʤʘʥʠʷ ʥʝʚʝʨʙʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʩʦʙʝʩʝʜʥʠʢʘ ʤʦʞʝʪ 

ʧʦʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ 

ʥʘʩʪʨʦʝʥʠʷ. ʊʘʢʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ, ʪʨʫʜʦʟʘʪʨʘʪʥʦʡ ʠ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʝ ʢʦʨʧʫʩʦʚ 

ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʚʩʝ ʘʩʧʝʢʪʳ ʧʨʦʷʚʣʝʥʠʡ ʥʝʚʝʨʙʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʯʝʣʦʚʝʢʘ. ʇʦʵʪʦʤʫ 

ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚʦʚʣʝʯʝʥʥʦʩʪʠ.  

ʉʦʙʝʩʝʜʥʠʢʠ ʧʨʠ ʚʠʨʪʫʘʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʘʥʘʣʠʟʠʨʫʶʪ ʘʫʜʠʦʚʠʟʫʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʩʚʦʝʛʦ ʦʧʧʦʥʝʥʪʘ. ʆʜʥʘʢʦ ʙʳʚʘʶʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʝʨʝʜʘʯʘ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ 

ʥʝʚʦʟʤʦʞʥʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʨʝʣʝʚʘʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

ʧʨʦʷʚʣʝʥʠʷ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩʦʙʝʩʝʜʥʠʢʘ. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʚʦʚʣʝʯʝʥʥʦʩʪʠ 



XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊʦʤ 2. 
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ʧʦ ʘʢʫʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʦʡ ʦʙʣʘʩʪʴʶ, ʠ ʧʦʵʪʦʤʫ ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʮʠʬʨʦʚʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʠʭ ʚʠʟʫʘʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ. ɺʠʟʫʘʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʘʫʜʠʦʩʠʛʥʘʣʘ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʧʝʢʪʨʦʛʨʘʤʤʳ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩʦʙʝʩʝʜʥʠʢʘ ʧʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʟʘ ʨʝʯʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤ ʠ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

 

ʇʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʟʥʘʢʦʚ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʚ 

ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯʘʭ ʘʥʘʣʠʟʘ ʘʫʜʠʦʠʥʬʦʨʤʘʮʠʠ [1-4].  ʆʜʥʘʢʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʨʘʟʣʠʯʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʧʝʢʪʨʦʛʨʘʤʤ (ʫʟʢʦʧʦʣʦʩʥʘʷ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ) 

ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʫʜʠʦʟʘʧʠʩʝʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [1] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʧʝʢʪʨʦʛʨʘʤʤ ʜʣʷ ʜʝʪʝʢʮʠʠ ʟʚʫʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ. ʅʘʧʨʦʪʠʚ, ʜʣʷ ʨʝʰʝʥʠʷ ʘʥʘʣʦʛʠʯʥʦʡ ʟʘʜʘʯʠ ʘʚʪʦʨʳ 

ʨʘʙʦʪʳ [2] ʠʩʧʦʣʴʟʫʶʪ ʘʥʘʣʠʟ ʫʟʢʦʧʦʣʦʩʥʳʭ ʩʧʝʢʪʨʦʛʨʘʤʤ. ɸʥʘʣʦʛʠʯʥʦ, ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʙʦʪʝ [3] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʟʢʦʧʦʣʦʩʥʳʭ ʩʧʝʢʪʨʦʛʨʘʤʤ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʛʦʣʦʩʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ. ɺ ʨʘʙʦʪʝ [4] ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʢʠʪʘʡʩʢʦʡ ʨʝʯʠ ʘʚʪʦʨʳ ʦʙʲʝʜʠʥʷʶʪ ʧʨʠʟʥʘʢʠ ʫʟʢʦʧʦʣʦʩʥʳʭ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ 

ʩʧʝʢʪʨʦʛʨʘʤʤ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʦʙʟʦʨʘ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ ʜʣʷ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ ʟʘʜʘʯ ʠ ʜʣʷ 

ʨʘʟʥʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʦʜʙʠʨʘʪʴ ʪʠʧ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʫʜʠʦʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ 

ʩʪʘʪʴʠ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʪʠʧʘ ʩʧʝʢʪʨʦʛʨʘʤʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʥʦʝ ʚ ʵʪʦʡ ʩʪʘʪʴʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʧʦ ʘʫʜʠʦʠʥʬʦʨʤʘʮʠʠ.  

 

ʂʦʨʧʫʩ ʜʘʥʥʳʭ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʥʦʛʦʤʦʜʘʣʴʥʳʡ ʢʦʨʧʫʩ 

RECOLA [5]. ʆʥ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʘʫʜʠʦʚʠʟʫʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʩʠʛʥʘʣʳ ʩʦʙʝʩʝʜʥʠʢʦʚ. ʋʯʘʩʪʥʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʱʘʣʠʩʴ ʚ ʧʘʨʘʭ ʥʘ ʬʨʘʥʮʫʟʩʢʦʤ 

ʷʟʳʢʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Skype ʠ ʦʙʩʫʞʜʘʣʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘ 

ʚʳʞʠʚʘʥʠʝ. ʇʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʘʚʪʦʨʳ ʢʦʨʧʫʩʘ ʟʘʨʘʥʝʝ ʥʘʩʪʨʘʠʚʘʣʠ ʢʘʞʜʦʛʦ 

ʫʯʘʩʪʥʠʢʘ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʝ, ʥʝʡʪʨʘʣʴʥʦʝ ʠʣʠ ʥʝʛʘʪʠʚʥʦʝ ʥʘʩʪʨʦʝʥʠʝ. ʋʯʘʩʪʥʠʢʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʥʘʯʘʣʘ ʚʳʧʦʣʥʷʣʠ ʵʪʫ ʟʘʜʘʯʫ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ, ʘ ʟʘʪʝʤ 

ʦʙʩʫʞʜʘʣʠ ʝʝ ʨʝʰʝʥʠʝ ʩʦ ʩʚʦʠʤ ʪʦʚʘʨʠʱʝʤ ʧʦ ʢʦʤʘʥʜʝ, ʧʦʢʘ ʥʝ ʧʨʠʰʣʠ ʢ ʢʦʥʩʝʥʩʫʩʫ; 

ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 15 ʤʠʥʫʪ. ɸʚʪʦʨʳ ʢʦʨʧʫʩʘ ʨʘʟʤʝʯʘʣʠ 

ʪʦʣʴʢʦ ʧʝʨʚʳʝ 5 ʤʠʥʫʪ ʢʘʞʜʦʛʦ ʜʠʘʣʦʛʘ.  ʈʘʟʤʝʪʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʝʧʨʝʨʳʚʥʦ ʧʦ 

ʚʘʣʝʥʪʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʦʮʠʡ, ʘ ʪʘʢʞʝ ʪʘʢʠʝ ʢʣʘʩʩʳ, ʢʘʢ ʚʦʚʣʝʯʝʥʥʦʩʪʴ, 

ʩʦʛʣʘʩʠʝ, ʜʦʤʠʥʠʨʦʚʘʥʠʝ, ʘʢʪʠʚʥʦʩʪʴ ʠ ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʝ ʙʳʣʠ ʨʘʟʤʝʯʝʥʳ ʧʦ 7 ʙʘʣʴʥʦʡ 

ʰʢʘʣʝ. ʂʘʞʜʫʶ ʚʠʜʝʦʟʘʧʠʩʴ ʨʘʟʤʝʯʘʣʠ ʧʦ 6 ʘʥʥʦʪʘʪʦʨʦʚ. ɺʩʝʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠʥʷʣʠ 

ʫʯʘʩʪʠʝ 46 ʩʪʫʜʝʥʪʦʚ-ʧʩʠʭʦʣʦʛʦʚ, ʠʟ ʥʠʭ 27 ʞʝʥʱʠʥ ʠ 19 ʤʫʞʯʠʥ, ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ 22 

ʛʦʜʘ. ʅʝ ʚʩʝ ʫʯʘʩʪʥʠʢʠ ʜʘʣʠ ʩʦʛʣʘʩʠʝ ʥʘ ʦʙʨʘʙʦʪʢʫ ʩʚʦʠʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʵʪʦʤʫ 

ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʤʦʞʥʦ ʥʘʡʪʠ ʪʦʣʴʢʦ ʚʠʜʝʦʟʘʧʠʩʠ 23 ʫʯʘʩʪʥʠʢʦʚ.  

 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ 

ɺ ʢʦʨʧʫʩʝ RECOLA ʩʦʙʝʩʝʜʥʠʢʠ ʦʙʱʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʧʘʨʘʭ, ʧʦʵʪʦʤʫ ʚ 

ʘʫʜʠʦʟʘʧʠʩʷʭ ʤʦʞʝʪ ʥʘ ʟʘʜʥʝʤ ʧʣʘʥʝ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʨʝʯʴ ʚʪʦʨʦʛʦ ʜʠʢʪʦʨʘ. ʊʘʢʞʝ ʩʪʦʠʪ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʘʥʥʦʪʘʪʦʨʳ ʩʦʧʦʩʪʘʚʣʷʣʠ ʪʦʣʴʢʦ ʦʜʥʫ ʤʝʪʢʫ 
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ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʥʘ ʚʩʶ ʘʫʜʠʦʟʘʧʠʩʴ. ɺʦ ʚʨʝʤʷ ʨʘʟʛʦʚʦʨʘ ʜʠʢʪʦʨ ʥʝ ʚʩʝʛʜʘ ʛʦʚʦʨʠʣ, ʦʥ 

ʪʘʢʞʝ ʜʝʣʘʣ ʧʘʫʟʳ ʤʝʞʜʫ ʬʨʘʟʘʤʠ, ʩʣʫʰʘʣ ʜʨʫʛʦʛʦ ʜʠʢʪʦʨʘ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʠʢʪʦʨ 

ʥʝ ʧʨʦʷʚʣʷʝʪ ʨʝʯʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʟʥʘʯʠʪ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʚ ʨʘʟʛʦʚʦʨ ʩʪʘʥʦʚʠʪʩʷ ʥʠʟʢʦʡ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʚʩʝ ʘʫʜʠʦʟʘʧʠʩʠ ʧʨʦʭʦʜʠʣʠ ʵʪʘʧ ʨʫʯʥʦʡ ʧʨʝʜʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʣʩʷ ʚ ʚʳʜʝʣʝʥʠʝ ʨʝʯʝʚʳʭ ʩʝʛʤʝʥʪʦʚ ʦʩʥʦʚʥʦʛʦ ʜʠʢʪʦʨʘ ʚ ʢʘʞʜʦʡ ʘʫʜʠʦʟʘʧʠʩʠ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʜʝʣʝʥʠʶ ʚʩʝʭ ʜʘʥʥʳʭ ʥʘ ʥʝʙʦʣʴʰʠʝ ʦʪʨʝʟʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʘʥʥʦʪʘʪʦʨʳ ʧʨʠʩʚʘʠʚʘʣʠ ʦʜʥʫ ʤʝʪʢʫ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʚʩʝʤʫ ʘʫʜʠʦ, ʫʯʘʩʪʢʠ ʘʫʜʠʦʟʘʧʠʩʠ, 

ʢʦʪʦʨʳʝ ʥʝ ʩʦʜʝʨʞʘʣʠ ʨʝʯʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʨʘʟʤʝʯʘʣʠʩʴ ʢʘʢ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʚʦʚʣʝʯʝʥʥʦʩʪʠ. ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʨʘʟʜʝʣʝ ʚʳʰʝ, ʘʥʥʦʪʘʪʦʨʳ ʨʘʟʤʝʯʘʣʠ ʚʦʚʣʝʯʝʥʥʦʩʪʴ 

ʧʦ 7 ʙʘʣʴʥʦʡ ʰʢʘʣʝ. ʆʜʥʘʢʦ, ʚ ʢʦʨʧʫʩʝ ʥʝʪ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʙʳ ʠʤʝʣʠ ʨʘʟʤʝʪʢʫ 0ï2 

ʫʨʦʚʥʷ ʚʦʚʣʝʯʝʥʥʦʩʪʠ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʧʦʟʥʘʚʘʪʴ 3 ʫʨʦʚʥʷ 

ʚʦʚʣʝʯʝʥʥʦʩʪʠ: ʥʠʟʢʠʡ, ʩʨʝʜʥʠʡ ʠ ʚʳʩʦʢʠʡ. ɼʣʷ ʵʪʦʛʦ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʟʤʝʪʢʫ 

3ï5 ʫʨʦʚʥʷ ʚʦʚʣʝʯʝʥʥʦʩʪʠ, ʩʛʨʫʧʧʠʨʦʚʳʚʘʣʠʩʴ ʚ ʩʨʝʜʥʠʡ ʢʣʘʩʩ, 6 ʫʨʦʚʝʥʴ ï ʚ ʚʳʩʦʢʠʡ 

ʠ ʥʝʨʝʯʝʚʳʝ ʫʯʘʩʪʢʠ ʘʫʜʠʦ ʦʪʥʦʩʠʣʠʩʴ ʢ ʥʠʟʢʦʤʫ ʢʣʘʩʩʫ ʚʦʚʣʝʯʝʥʥʦʩʪʠ. ʅʘ ʨʠʩ. 1 

ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʫʜʠʦʬʨʘʛʤʝʥʪʦʚ ʚ ʢʘʞʜʦʤ ʢʣʘʩʩʝ.  

 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʫʜʠʦʬʨʘʛʤʝʥʪʦʚ ʚ ʢʘʞʜʦʤ ʢʣʘʩʩʝ ʚʦʚʣʝʯʝʥʥʦʩʪʠ 

 

ɿʘʪʝʤ, ʢʘʞʜʳʡ ʘʫʜʠʦʬʨʘʛʤʝʥʪ ʨʘʟʜʝʣʷʣʩʷ ʥʘ ʫʯʘʩʪʢʠ ʜʣʠʥʦʡ 1 ʩʝʢ ʠ ʠʟ ʢʘʞʜʦʛʦ 

ʫʯʘʩʪʢʘ ʠʟʚʣʝʢʘʣʘʩʴ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤʘ. ɿʘʪʝʤ ʚʩʝ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʧʦʜʘʚʘʣʠʩʴ ʥʘ 

ʚʭʦʜ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʘʥʛʣ. Convolution Neural Network, CNN), ʘʨʭʠʪʝʢʪʫʨʘ 

ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2. 

 
 

ʈʠʩ. 2. ɸʨʭʠʪʝʢʪʫʨʘ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ʇʨʠ ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʨʘʟʤʝʨ 

ʧʘʢʝʪʘ (batch) ï 16, ʢʦʣʠʯʝʩʪʚʦ ʵʧʦʭ ï 10, ʦʧʪʠʤʠʟʘʪʦʨ ï adam, ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ ï 

ʢʘʪʝʛʦʨʠʘʣʴʥʘʷ ʢʨʦʩʩ-ʵʥʪʨʦʧʠʷ.  
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʚʠʜʘ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤ 

(ʫʟʢʦʧʦʣʦʩʥʦʡ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ) ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʧʦ ʨʝʯʠ ʜʠʢʪʦʨʘ. ʐʠʨʦʢʦʧʦʣʦʩʥʘʷ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʭʦʨʦʰʦ ʦʪʨʘʞʘʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʦʞʝʥʠʝ ʨʝʯʝʚʳʭ ʬʦʨʤʘʥʪ, ʥʦ ʧʣʦʭʦ ʦʪʦʙʨʘʞʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʨʝʯʠ. ʋʟʢʦʧʦʣʦʩʥʘʷ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤʘ, ʥʘʦʙʦʨʦʪ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʟʚʫʢʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʟʢʦʧʦʣʦʩʥʦʡ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʰʠʨʠʥʘ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʳ 10 ɻʮ, ʠ ʜʣʠʥʘ ʢʘʜʨʘ ʠʩʭʦʜʥʦʛʦ ʘʫʜʠʦ 2 ʤʩ, ʘ ʜʣʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ 

ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤʳ ï ʰʠʨʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʳ 100 ɻʮ, ʠ ʜʣʠʥʘ ʢʘʜʨʘ ʠʩʭʦʜʥʦʛʦ 

ʘʫʜʠʦ 20 ʤʩ. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʫʟʢʦʧʦʣʦʩʥʦʡ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʤʝʣ-

ʩʧʝʢʪʨʦʛʨʘʤʤʳ. 

 

 
 

ʈʠʩ. 3. ʇʨʠʤʝʨʳ ʫʟʢʦʧʦʣʦʩʥʦʡ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʞʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʦʢʦʥ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʘ ʠʤʝʥʥʦ ʦʢʦʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʍʘʥʥʘ ʠ ʍʵʤʤʠʥʛʘ, 

ʬʦʨʤʫʣʳ (1) ʠ (2), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ύὲ πȟυz ρ ÃÏÓ ,                                            (1) 

 

ύὲ πȟυσψσφπȟτφρφτÃzÏÓ ,                                   (2) 

 

ʛʜʝ w(n) ï ʦʢʦʥʥʘʷ ʬʫʥʢʮʠʷ, N ï ʰʠʨʠʥʘ ʦʢʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 3 

ʢʣʘʩʩʦʚ ʚʦʚʣʝʯʝʥʥʦʩʪʠ: ʥʠʟʢʠʡ, ʩʨʝʜʥʠʡ, ʚʳʩʦʢʠʡ, ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ. 

 
ʊʘʙʣʠʮʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 
ʆʢʦʥʥʘʷ 

ʬʫʥʢʮʠʷ / 

ʰʠʨʠʥʘ ʧʦʣʦʩʳ 

ʋʟʢʦʧʦʣʦʩʥʘʷ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʐʠʨʦʢʦʧʦʣʦʩʥʘʷ ʤʝʣ-

ʩʧʝʢʪʨʦʛʨʘʤʤʘ 

Precision, % Recall, 

% 

F-ʤʝʨʘ, 

% 

Precision, % Recall, % F-ʤʝʨʘ, % 

ʆʢʥʦ ʍʘʥʥʘ 91,69 78,47 82,21 89,46 68,75 75,20 

ʆʢʥʦ ʍʵʤʤʠʥʛʘ 91,13 73,61 78,44 90,44 65,97 72,27 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʘʥʘʣʠʟ ʫʟʢʦʧʦʣʦʩʥʳʭ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʚ ʟʘʜʘʯʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩʦʙʝʩʝʜʥʠʢʘ ʧʦ ʝʛʦ 
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ʘʢʫʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʩ 

ʦʢʦʥʥʦʡ ʬʫʥʢʮʠʝʡ ʍʘʥʥʘ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠ ʘʥʘʣʠʟʝ 

ʨʝʯʝʚʳʭ ʩʠʛʥʘʣʦʚ. ʅʘʠʙʦʣʴʰʠʡ ʨʝʟʫʣʴʪʘʪ ʪʦʯʥʦʩʪʠ, ʚʳʨʘʞʝʥʥʦʡ ʤʝʪʨʠʢʦʡ                                      

F-ʤʝʨʘ = 82,21% ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʠʟ ʘʫʜʠʦʩʠʛʥʘʣʦʚ ʫʟʢʦʧʦʣʦʩʥʳʭ ʤʝʣ-

ʩʧʝʢʪʨʦʛʨʘʤʤ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʩ ʦʢʦʥʥʦʡ ʬʫʥʢʮʠʝʡ ʍʘʥʥʘ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʪʝʧʝʥʠ 

ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩʦʙʝʩʝʜʥʠʢʘ ʧʨʠ ʧʦʤʦʱʠ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤ ʠ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʦʪ ʚʠʜʘ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤ (ʫʟʢʦʧʦʣʦʩʥʦʡ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ), 

ʠʟʚʣʝʢʘʝʤʳʭ ʠʟ ʨʝʯʠ ʩʦʙʝʩʝʜʥʠʢʘ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝ ʫʟʢʦʧʦʣʦʩʥʳʭ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤ ʧʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʩ ʦʢʦʥʥʦʡ ʬʫʥʢʮʠʝʡ ʍʘʥʥʘ, ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʜʦʩʪʠʛʘʝʪʩʷ 

ʪʦʯʥʦʩʪʴ F-ʤʝʨʘ = 82,21% ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 3 ʫʨʦʚʥʝʡ ʚʦʚʣʝʯʝʥʥʦʩʪʠ: ʥʠʟʢʠʡ, ʩʨʝʜʥʠʡ 

ʠ ʚʳʩʦʢʠʡ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ 

ʜʦʢʫʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʧʫʩʢʦʤ ʩʝʨʪʠʬʠʢʘʪʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ, ʜʣʷ ʩʠʩʪʝʤʳ 

ʫʯʸʪʘ ʧʦʩʳʣʦʢ ʠ ʜʦʢʫʤʝʥʪʦʚ. ʄʦʜʫʣʴ ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʩʙʦʨ ʜʘʥʥʳʭ ʦ ʜʦʢʫʤʝʥʪʘʭ ʠ ʠʭ ʧʨʦʚʝʨʢʫ, ʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʦʯʝʨʝʜʠ ʩʦʦʙʱʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʜʦʢʫʤʝʥʪʦʚ, ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʦʯʝʨʝʜʴ ʩʦʦʙʱʝʥʠʡ, 

ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ. 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʚʳʧʫʩʢʝ ʩʝʨʪʠʬʠʢʘʪʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ (ʕʇ) ʥʝʦʙʭʦʜʠʤʦ ʦʬʦʨʤʣʝʥʠʝ ʠ 

ʩʙʦʨ ʨʘʟʣʠʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ: ʟʘʷʚʣʝʥʠʡ, ʨʘʩʧʠʩʦʢ, ʜʦʚʝʨʝʥʥʦʩʪʝʡ, ʣʠʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ 

ʢʣʠʝʥʪʘ ʠ ʜʨʫʛʠʭ. ʀʭ ʧʦʜʛʦʪʦʚʢʦʡ ʟʘʥʠʤʘʶʪʩʷ ʩʦʪʨʫʜʥʠʢʠ ʩʝʨʚʠʩʥʳʭ ʮʝʥʪʨʦʚ (ʉʎ), 

ʢʫʜʘ ʢʣʠʝʥʪ ʧʨʠʭʦʜʠʪ ʜʣʷ ʧʦʜʘʯʠ ʟʘʷʚʣʝʥʠʷ ʠ ʫʜʦʩʪʦʚʝʨʝʥʠʷ ʣʠʯʥʦʩʪʠ. ɼʘʣʝʝ ʚ ʉʎ 

ʬʦʨʤʠʨʫʶʪ ʧʦʩʳʣʢʠ ʩ ʜʦʢʫʤʝʥʪʘʤʠ ʠ ʦʪʧʨʘʚʣʷʶʪ ʠʭ ʚ ʫʜʦʩʪʦʚʝʨʷʶʱʠʡ ʮʝʥʪʨ (ʋʎ), ʛʜʝ 

ʧʦʩʳʣʢʠ ʧʨʠʥʠʤʘʶʪ, ʨʘʟʙʠʨʘʶʪ ʠ ʧʝʨʝʜʘʶʪ ʚ ʦʪʜʝʣ ʦʙʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʦʚ (ʆʆɼ). ɺ 

ʆʆɼ ʦʧʝʨʘʪʦʨʘʤʠ ʧʨʦʚʝʨʷʶʪʩʷ ʠ ʩʚʝʨʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʦʨʠʛʠʥʘʣʳ ʜʦʢʫʤʝʥʪʦʚ ʠʟ 

ʧʦʩʳʣʦʢ ʠ ʠʭ ʩʢʘʥʳ, ʟʘʛʨʫʞʝʥʥʳʝ ʨʘʥʝʝ ʚʦ ʚʥʝʰʥʶʶ ʩʠʩʪʝʤʫ. ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ 

ʦʰʠʙʦʢ ʩʦʪʨʫʜʥʠʢʠ ʆʆɼ ʠʥʬʦʨʤʠʨʫʶʪ ʦʙ ʵʪʦʤ ʦʪʧʨʘʚʠʚʰʠʡ ʜʦʢʫʤʝʥʪʳ ʉʎ, ʢʦʪʦʨʳʡ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʢʣʠʝʥʪʦʤ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʠ ʧʦʚʪʦʨʥʦʡ ʦʪʧʨʘʚʢʠ ʜʦʢʫʤʝʥʪʦʚ. ɽʩʣʠ ʩ 

ʜʦʢʫʤʝʥʪʘʤʠ ʥʘ ʵʪʘʧʝ ʧʨʦʚʝʨʢʠ ʚʩʸ ʚ ʧʦʨʷʜʢʝ, ʪʦ ʦʥʠ ʧʦʧʘʜʘʶʪ ʚ ʘʨʭʠʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ 

ʚʦʟʤʦʞʥʦʛʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʦʨʛʘʥʘʤ, ʘ ʢʣʠʝʥʪʫ ʚʳʧʫʩʢʘʝʪʩʷ 

ʩʝʨʪʠʬʠʢʘʪ ʕʇ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʝʩʴ ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʝʪ ʟʘ ʩʚʦʡ ʵʪʘʧ 

ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʦʪʩʣʝʞʠʚʘʥʠʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʜʦʢʫʤʝʥʪʦʚ ʦʯʝʥʴ ʪʨʫʜʦʸʤʢʠʤ ʠ 

ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʳʤ, ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʥʝʦʙʭʦʜʠʤʘ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʦʚ ʫʯʘʩʪʚʫʶʪ ʨʘʟʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʠʭ ʦʪʜʝʣʳ, ʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 

ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʦʰʠʙʢʠ ʠ ʟʘʜʝʨʞʢʠ. ʂ ʪʦʤʫ ʞʝ ʵʪʘʧ ʧʨʦʚʝʨʢʠ ʜʦʢʫʤʝʥʪʦʚ ʚ ʆʆɼ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ, ʯʪʦ ʟʘʤʝʜʣʷʝʪ ʦʙʨʘʙʦʪʢʫ ʜʦʢʫʤʝʥʪʦʚ ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚʳʧʫʩʢ ʩʝʨʪʠʬʠʢʘʪʘ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʦʧʝʨʘʪʦʨʦʚ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʜʦʢʫʤʝʥʪʦʚ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʦʪʜʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʠʟʚʘʥʥʘʷ ʦʙʲʝʜʠʥʠʪʴ ʚ ʩʝʙʝ ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ 

ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʢʨʳʪʴ ʚʝʩʴ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ 

ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʚʳʧʫʩʢʫ ʩʝʨʪʠʬʠʢʘʪʘ ʕʇ ʦʪ ʠʭ ʩʙʦʨʘ ʚ ʉʎ ʜʦ ʭʨʘʥʝʥʠʷ ʚ ʘʨʭʠʚʝ. ʊʝʤ 

ʩʘʤʳʤ ʨʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʩʠʩʪʝʤ. 



XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊʦʤ 2. 

44 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʨʢʠ ʜʦʢʫʤʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʜʦʢʫʤʝʥʪʦʚ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʦʜʫʣʴ ʦʧʠʩʳʚʘʝʤʳʡ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ɽʛʦ ʦʩʥʦʚʥʳʤ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ 

ʜʦʢʫʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʜʧʨʦʮʝʩʩʦʚ: 

1. ʉʦʟʜʘʥʠʝ ʜʦʢʫʤʝʥʪʘ ʧʦ ʩʦʙʳʪʠʶ ʠʟ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʳ ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ ʝʛʦ ʚ 

ʉʎ ʠ ʧʦʣʫʯʝʥʠʝ ʝʛʦ ʩʢʘʥʘ (ʨʠʩ. 1). 

2. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʜʦʢʫʤʝʥʪʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʝʛʦ ʚ ʆʆɼ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʨʘʥʝʝ 
ʧʦʣʫʯʝʥʥʳʤ ʩʢʘʥʦʤ (ʨʠʩ. 2). 

 
 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʘʢʪʠʚʥʦʩʪʝʡ ʩʦʟʜʘʥʠʷ ʠ ʥʘʧʦʣʥʝʥʠʷ ʜʘʥʥʳʤʠ ʜʦʢʫʤʝʥʪʘ ʜʣʷ ʧʨʦʚʝʨʢʠ 

 
 

ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʘʢʪʠʚʥʦʩʪʝʡ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʧʨʦʚʝʨʢʠ ʜʦʢʫʤʝʥʪʘ 



XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊʦʤ 2. 

45 

ʇʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʢʘʥʘ ʠ ʦʨʠʛʠʥʘʣʘ ʜʦʢʫʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʦʜʫʣʷ. ʀʭ ʨʘʙʦʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʩʧʦʟʥʘʚʘʥʠʠ QR-ʢʦʜʦʚ ʥʘ ʩʢʘʥʝ, ʟʘʛʨʫʞʝʥʥʦʤ ʚʦ ʚʥʝʰʥʶʶ ʩʠʩʪʝʤʫ, ʠ ʦʨʠʛʠʥʘʣʝ ʵʪʦʛʦ 

ʜʦʢʫʤʝʥʪʘ, ʧʨʠʰʝʜʰʠʤ ʚ ʆʆɼ, ʠʟʚʣʝʯʝʥʠʠ ʠʟ ʥʠʭ ʩʦʟʜʘʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʜʦʢʫʤʝʥʪʘ 

ʭʝʰʝʡ, ʠ ʠʭ ʩʨʘʚʥʝʥʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɽʩʣʠ ʭʝʰʠ ʩʢʘʥʘ ʠ ʦʨʠʛʠʥʘʣʘ ʩʦʚʧʘʜʘʶʪ, ʪʦ 

ʜʦʢʫʤʝʥʪ ʩʯʠʪʘʝʪʩʷ ʢʦʨʨʝʢʪʥʳʤ ʠ ʧʨʠʥʠʤʘʝʪʩʷ, ʚ ʠʥʦʤ ʩʣʫʯʘʝ ʜʦʢʫʤʝʥʪ ʦʪʢʣʦʥʷʝʪʩʷ. 

ɻʝʥʝʨʘʮʠʷ ʭʝʰʝʡ, ʢʘʢ ʠ ʩʦʟʜʘʥʠʝ ʜʦʢʫʤʝʥʪʦʚ, ʚʳʧʦʣʥʷʝʪʩʷ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʦʡ. 

ʉʢʘʥʠʨʦʚʘʥʠʝ ʦʨʠʛʠʥʘʣʦʚ ʜʦʢʫʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʆʆɼ ʩ ʧʦʤʦʱʴʶ ʧʦʪʦʯʥʦʛʦ 

ʩʢʘʥʝʨʘ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʤʝʱʘʝʪ ʩʢʘʥʳ ʚ ʦʙʱʫʶ ʜʠʨʝʢʪʦʨʠʶ, ʦʪʢʫʜʘ ʦʥʠ 

ʠʟʚʣʝʢʘʶʪʩʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʧʨʦʚʝʨʢʠ. 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ 

ʇʦ ʜʠʘʛʨʘʤʤʘʤ ʚʳʰʝ ʚʠʜʥʦ, ʯʪʦ ʤʦʜʫʣʴ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʟʘʜʘʯ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʚʥʝʰʥʠʝ ʩʠʩʪʝʤʳ ʠ ʙʠʙʣʠʦʪʝʢʠ, ʘ 

ʪʘʢʞʝ ʨʘʟʥʳʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʧʨʠʯʸʤ ʥʘʛʨʫʟʢʘ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʩ ʜʨʫʛʠʤ 

ʪʠʧʦʤ ʟʘʜʘʯ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʋʯʠʪʳʚʘʷ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʘʨʭʠʪʝʢʪʫʨʳ 

ʤʦʜʫʣʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʢʦʪʦʨʫʶ ʚʩʸ ʯʘʱʝ ʚʳʙʠʨʘʶʪ ʚ 

ʠʥʜʫʩʪʨʠʠ ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ [1], ʦʩʦʙʝʥʥʦ ʟʘ ʩʯʸʪ ʝʸ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, 

ʛʠʙʢʦʩʪʠ ʠ ʨʘʩʰʠʨʷʝʤʦʩʪʠ [2]. 

ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʨʧʦʨʘʪʠʚʥʘʷ 

ʦʯʝʨʝʜʴ ʩʦʦʙʱʝʥʠʡ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʛʦʪʦʚʦʛʦ ʩʝʨʚʠʩʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʝʸ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʧʦʜʜʝʨʞʢʠ, ʯʪʦ ʩʪʘʣʦ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʚʳʙʦʨʘ ʪʘʢʦʛʦ 

ʩʧʦʩʦʙʘ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʦʯʝʨʝʜʝʡ 

ʩʦʦʙʱʝʥʠʡ: ʛʘʨʘʥʪʠʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʩʚʦʝʡ ʟʘʛʨʫʟʢʠ, ʘʩʠʥʭʨʦʥʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [3]. 

ʊʠʧʳ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʩʧʦʩʦʙʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʯʝʨʝʜʴʶ ʩʦʦʙʱʝʥʠʡ 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʜʝʣʝʥʠʷ ʟʘʜʘʯ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʤ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ 4 ʪʠʧʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʩʧʦʩʦʙʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʯʝʨʝʜʴʶ ʩʦʦʙʱʝʥʠʡ. ɺ 

ʩʧʠʩʢʝ ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʪʠʧʳ ʥʘ ʧʨʠʤʝʨʝ ʢʦʥʢʨʝʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

1. ʅʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʯʝʨʝʜʴʶ ʩʦʦʙʱʝʥʠʡ (ʨʠʩ. 3). 

 

 
 

ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʘ ʯʪʝʥʠʷ ʣʝʥʪʳ ʩʦʙʳʪʠʷ 
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2. ʊʦʣʴʢʦ ʦʪʧʨʘʚʣʷʝʪ ʟʘʜʘʥʠʷ ʚ ʦʯʝʨʝʜʴ ʩʦʦʙʱʝʥʠʡ (ʨʠʩ. 4). 

 

 
 

ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʘ ʦʙʨʘʙʦʪʢʠ ʩʦʙʳʪʠʡ 

 

3. ʊʦʣʴʢʦ ʧʦʣʫʯʘʝʪ ʟʘʜʘʥʠʷ ʠʟ ʦʯʝʨʝʜʠ ʩʦʦʙʱʝʥʠʡ (ʨʠʩ. 5). 

 

 
 

ʈʠʩ. 5. ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʬʦʨʤʳ 

 

4. ʇʦʣʫʯʘʝʪ ʟʘʜʘʥʠʷ ʠʟ ʦʯʝʨʝʜʠ ʩʦʦʙʱʝʥʠʡ ʠ ʦʪʧʨʘʚʣʷʝʪ ʠʭ ʚ ʥʝʸ (ʨʠʩ. 6). 
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ʈʠʩ. 6. ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʘ ʩʦʟʜʘʥʠʷ ʜʦʢʫʤʝʥʪʦʚ 

 

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʫʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʚ ʜʨʫʛʠʭ ʯʘʩʪʷʭ ʩʠʩʪʝʤʳ: ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#, ʬʨʝʡʤʚʦʨʢ .NET Core, ʪʝʭʥʦʣʦʛʠʷ 

ASP.NET Core, ʙʘʟʘ ʜʘʥʥʳʭ MongoDB [4]. 

ɺʩʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʷʚʣʷʶʪʩʷ ʬʦʥʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʦʵʪʦʤʫ 

ʥʘʟʳʚʘʶʪʩʷ çʚʦʨʢʝʨʘʤʠè. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʨʘʙʦʪ rʚ ʬʦʥʝ ʦʥʠ ʥʘʩʣʝʜʫʶʪʩʷ ʦʪ ʜʚʫʭ 

ʢʣʘʩʩʦʚ: ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʬʨʝʡʤʚʦʨʢ ʢʣʘʩʩʘ BackgroundService, ʝʩʣʠ ʥʝ ʧʦʣʫʯʘʶʪ ʟʘʜʘʥʠʷ 

ʠʟ ʦʯʝʨʝʜʠ ʠ ʦʪ ʢʣʘʩʩʘ MessageQueueWorker, ʝʩʣʠ ʧʦʣʫʯʘʶʪ. ʆʪʧʨʘʚʢʘ ʟʘʜʘʥʠʡ ʚ ʦʯʝʨʝʜʴ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʣʘʩʩʘ MessageQueueClientWrapper, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʥʘʩʣʝʜʥʠʢʦʤ ʢʣʘʩʩʘ MessageQueueClient. ʀʩʭʦʜʥʳʝ ʢʣʘʩʩʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʦʯʝʨʝʜʴʶ 

ʩʦʦʙʱʝʥʠʡ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʢʦʤʘʥʜʦʡ ʨʘʟʨʘʙʦʪʢʠ ʵʪʦʡ ʦʯʝʨʝʜʠ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʡ 

ʙʠʙʣʠʦʪʝʢʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʯʝʨʝʟ ʦʙʦʙʱʸʥʥʳʡ ʠʥʪʝʨʬʝʡʩ 

IMongoRepository, ʚ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ MongoDB C# Driver. 

ʆʙʨʘʱʝʥʠʷ ʢ ʙʘʟʝ ʜʘʥʥʳʭ, ʟʘʧʨʦʩʳ ʢ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤ ʠ ʦʪʧʨʘʚʢʘ ʟʘʜʘʥʠʡ ʚ ʦʯʝʨʝʜʴ 

ʩʦʦʙʱʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʤʝʪʦʜʘʤʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʜʫʣʷ ʟʘ ʩʯʸʪ ʫʣʫʯʰʝʥʠʷ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ [5]. 

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ, ʥʘ ʢʦʪʦʨʦʡ ʠʟʦʙʨʘʞʝʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʚʩʝʭ ʪʠʧʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʫʣʷ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ ʚʳʰʝ, ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʞʜʦʛʦ 

ʠʟ ʥʠʭ: ʜʣʷ ʨʘʙʦʪʳ ʩ ʦʯʝʨʝʜʴʶ, ʙʘʟʦʡ ʜʘʥʥʳʭ ʠ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʦʡ. ʅʝ ʧʦʧʘʚʰʠʝ ʥʘ 

ʜʠʘʛʨʘʤʤʫ ʢʦʤʧʦʥʝʥʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʵʪʠʭ ʪʠʧʦʚ ʠ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʥʦ ʜʨʫʛʠʝ ʨʝʘʣʠʟʘʮʠʠ. 
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ʈʠʩ. 7. ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʥʝʢʦʪʦʨʳʭ ʚʦʨʢʝʨʦʚ ʠ ʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʙʳʣʠ ʥʘʧʠʩʘʥʳ ʤʦʜʫʣʴʥʳʝ ʠ 

ʠʥʪʝʛʨʘʮʠʦʥʥʳʝ ʪʝʩʪʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʩʷ ʨʫʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʪʝʩʪʦʚʦʤ 

ʦʢʨʫʞʝʥʠʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ, ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʠʥʜʫʩʪʨʠʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʠʤʠ ʧʨʘʢʪʠʢ, ʜʣʷ 

ʩʠʩʪʝʤʳ ʫʯʸʪʘ ʧʦʩʳʣʦʢ ʠ ʜʦʢʫʤʝʥʪʦʚ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʨʘʟʨʘʙʦʪʘʥ ʤʦʜʫʣʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʜʦʢʫʤʝʥʪʦʚ, ʧʨʦʠʟʚʝʜʝʥʘ ʝʛʦ ʠʥʪʝʛʨʘʮʠʷ ʩ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʦʯʝʨʝʜʴʶ ʩʦʦʙʱʝʥʠʡ, ʢʦʪʦʨʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʜʨʫʛʠʭ 

ʤʦʜʫʣʝʡ ʩʠʩʪʝʤʳ, ʠʟʤʝʥʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ ʥʘʧʠʩʘʥʳ ʥʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʦʜʫʣʴ ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʦʝʚʦʤ ʦʢʨʫʞʝʥʠʠ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʥʘʩʪʦʷʱʠʭ ʜʦʢʫʤʝʥʪʦʚ. ɽʛʦ ʚʥʝʜʨʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʪʨʫʜʥʠʢʦʚ ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʨʦʚʝʨʢʦʡ ʜʦʢʫʤʝʥʪʦʚ ʩ 18 ʜʦ 7 ʯʝʣʦʚʝʢ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ.  

ɿʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʦʩʴ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʚ ʉʎ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ ʆʆɼ ʦ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʨʢʠ ʜʦʢʫʤʝʥʪʦʚ ʟʘ ʩʯʸʪ ʫʩʢʦʨʝʥʠʷ ʧʨʦʚʝʨʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʩʘʤʦʡ ʩʠʩʪʝʤʳ 

ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʜʦʩʪʫʧʘ ʢ ʥʝʡ ʩʦʪʨʫʜʥʠʢʘʤ ʉʎ ʠ ʆʆɼ. ʊʘʢ ʢʘʢ ʜʦ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʜʦʢʫʤʝʥʪʦʚ ʜʦʥʦʩʠʣʠʩʴ ʜʦ ʩʦʪʨʫʜʥʠʢʦʚ ʉʎ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ 

ʧʦʨʷʜʢʝ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚʤʝʩʪʝ ʩ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʦʯʝʨʝʜʴʶ 

ʩʦʦʙʱʝʥʠʡ ʧʦʟʚʦʣʠʣʦ ʥʝʟʘʚʠʩʠʤʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʢʘʞʜʳʡ ʠʟ 

ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʫʣʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʚʳʜʝʨʞʠʚʘʥʠʷ ʙʦʣʴʰʝʡ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ ʨʘʟʜʝʣʠʪʴ ʨʘʟʥʳʝ 

ʵʪʘʧʳ ʧʨʦʚʝʨʢʠ ʜʦʢʫʤʝʥʪʦʚ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘʩʪʨʦʝʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʨʝʧʣʠʢʘʮʠʷ 

ʢʦʤʧʦʥʝʥʪʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ QR-ʢʦʜʦʚ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʦʛʦ ʢ ʘʧʧʘʨʘʪʥʳʤ 

ʨʝʩʫʨʩʘʤ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʧʣʠʢ. 
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ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʥʘʜ ʤʦʜʫʣʝʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʥʘʧʨʠʤʝʨ ʜʣʷ ʧʝʨʝʯʠʪʳʚʘʥʠʷ ʣʝʥʪʳ ʟʘ ʧʝʨʠʦʜ ʜʦ ʚʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ, 

ʨʝʘʣʠʟʘʮʠʶ ʧʦʜʜʝʨʞʢʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʉʎ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʜʦʢʫʤʝʥʪʦʚ. 
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ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʘʥʥʳʭ ʚ 

ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʩʨʝʜʝ // ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠ. 2021. T. 21. ˉ 4. C. 473ï481. 
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ɸʥʥʦʪʘʮʠʷ 

ʉʚʷʟʴ ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ ʩ ʩʦʩʪʘʚʦʤ ʤʠʢʨʦʙʠʦʪʳ ʝʛʦ ʢʠʰʝʯʥʠʢʘ ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʪʩʷ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʤʝʪʦʜʳ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʤʝʪʘʛʝʥʦʤʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʠʟ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʢʠʰʝʯʥʠʢʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʬʠʣʴʪʨʘʮʠʠ ʚʳʜʝʣʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʢʘʟʳʚʘʶʪ ʫʣʫʯʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʪʘʛʝʥʦʤʦʚ ʥʘ ʢʘʪʝʛʦʨʠʠ ʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʚʨʘʯʝʙʥʳʭ ʨʝʰʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʀʟʚʣʝʯʝʥʠʝ ʧʨʠʟʥʘʢʦʚ, ʤʝʪʘʛʝʥʦʤʠʢʘ, ʤʝʪʘʪʨʘʥʩʢʨʠʧʪʦʤʠʢʘ, k-ʤʝʨʳ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʥʠʡ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʨʘʟʣʠʯʥʳʭ ʵʢʦʩʠʩʪʝʤ. ɹʘʢʪʝʨʠʠ ʥʘʩʝʣʷʶʪ ʧʦʯʚʫ ʠ ʚʦʜʦʝʤʳ, ʢʠʩʣʦʤʦʣʦʯʥʳʝ ʠ 

ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ, ʘ ʪʘʢʞʝ ʢʠʰʝʯʥʠʢ ʠ ʢʦʞʥʳʝ ʧʦʢʨʦʚʳ ʞʠʚʦʪʥʳʭ. 

ʄʝʪʘʛʝʥʦʤʠʢʘ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʤʠʢʨʦʙʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʫʟʥʘʚʘʪʴ ʢʘʢʠʝ ʙʘʢʪʝʨʠʠ ʥʘʩʝʣʷʶʪ ʦʙʨʘʟʝʮ, ʢʘʢʫʶ ʨʦʣʴ ʠ 

ʬʫʥʢʮʠʠ ʦʥʠ ʠʛʨʘʶʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʙʠʦʪʘ 

ʢʠʰʝʯʥʠʢʘ ʯʝʣʦʚʝʢʘ. ʆʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʤʦʤʝʥʪʘ ʨʦʞʜʝʥʠʷ ʠ ʧʦʜʚʝʨʞʝʥʘ ʜʝʡʩʪʚʠʶ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʠʪʘʥʠʝ, ʦʙʨʘʟ ʞʠʟʥʠ, ʧʨʠʝʤ ʤʝʜʠʢʘʤʝʥʪʦʚ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʦʥʘ ʠʛʨʘʝʪ ʫʥʠʢʘʣʴʥʫʶ ʨʦʣʴ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ: ʫʯʘʩʪʚʫʝʪ ʚ ʫʩʚʦʝʥʠʠ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʩʠʥʪʝʟʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʨʝʛʫʣʠʨʫʝʪ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ 

ʦʨʛʘʥʠʟʤʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʘʪʦʛʝʥʳ. ʉʦʩʪʘʚ ʤʠʢʨʦʙʠʦʪʳ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʷʭ ʠ 

ʧʨʠʤʝʥʝʥʠʠ ʘʥʪʠʙʠʦʪʠʢʦʚ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʤʠʢʨʦʙʠʦʤʦʤ ʢʠʰʝʯʥʠʢʘ ʠ ʨʘʟʣʠʯʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʙʦʣʝʟʥʝʡ ʷʚʣʷʶʪʩʷ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʠʰʝʯʥʠʢʘ (ɺɿʂ). 

ʕʪʦ ʛʨʫʧʧʘ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ 

ʯʝʣʦʚʝʢʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪ ʙʦʣʝʟʥʴ ʂʨʦʥʘ (ɹʂ) ʠ ʷʟʚʝʥʥʳʡ ʢʦʣʠʪ (ʗʂ). 

ɼʠʘʛʥʦʩʪʠʢʘ ʜʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʟʘʪʨʫʜʥʝʥʘ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʚ ʩʚʷʟʠ ʩʦ ʩʭʦʞʝʩʪʴʶ 

ʚʥʝʰʥʠʭ ʩʠʤʧʪʦʤʦʚ ʠ ʪʨʝʙʫʝʪ ʠʥʚʘʟʠʚʥʳʭ ʧʨʦʮʝʜʫʨ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʤʠʢʨʦʙʠʦʪʳ 

ʢʠʰʝʯʥʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʜʣʷ ʘʢʢʫʨʘʪʥʦʛʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʘʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʢʘʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʬʝʨʝʥʩʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʟ ʙʘʟ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʙʝʟ ʥʠʭ. ɺ 

ʧʦʩʣʝʜʥʝʡ ʨʘʙʦʪʝ ʥʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʙʝʟʨʝʬʝʨʝʥʩʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʟʚʣʝʯʝʥʠʠ k-ʤʝʨʦʚ, ʫʥʠʢʘʣʴʥʳʭ ʜʣʷ ʛʨʫʧʧʳ ʦʙʨʘʟʮʦʚ ʦʜʥʦʡ ʢʘʪʝʛʦʨʠʠ, ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ MetaFast [1]. ʇʦʣʫʯʝʥʥʳʝ k-ʤʝʨʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʧʨʠʟʥʘʢʠ, ʢʦʪʦʨʳʝ 
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ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʦʜʥʘʢʦ ʦʥʘ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʥʘ ʧʨʘʢʪʠʢʝ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʫʣʫʯʰʝʥʠʷ ʤʝʪʦʜʦʚ ʧʦ ʠʟʚʣʝʯʝʥʠʶ 

ʧʨʠʟʥʘʢʦʚ ʠ ʧʦʩʪʨʦʝʥʠʶ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ɺɿʂ. 

ʆʪʙʦʨ ʧʨʠʟʥʘʢʦʚ ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʧʦʣʝʟʥʦʩʪʠ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʨʘʥʝʝ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʫʥʠʢʘʣʴʥʳʝ k-ʤʝʨʳ ʜʣʷ ʛʨʫʧʧ 

ʤʝʪʘʛʝʥʦʤʥʳʭ ʦʙʨʘʟʮʦʚ. ʆʥʠ ʩʣʫʞʘʪ ʦʧʦʨʥʳʤʠ ʚʝʨʰʠʥʘʤʠ ʚ ʛʨʘʬʝ ʜʝ ɹʨʝʡʥʘ ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʠʟʥʘʢʠ ʜʣʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʆʜʥʘʢʦ ʯʠʩʣʦ ʧʦʣʫʯʘʝʤʳʭ ʧʨʠʟʥʘʢʦʚ ʚʝʣʠʢʦ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʤʝʪʘʛʝʥʦʤʦʚ ʤʘʣʘ ʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʦʩʪʦʠʪ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʦʙʨʘʟʮʦʚ ʧʦ ʚʩʝʤ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ɺɿʂ. ʊʘʢʦʡ 

ʜʠʩʙʘʣʘʥʩ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʨʘʙʦʪʳ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ ʤʦʜʝʣʝʡ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʦʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʦʪʙʦʨ ʧʨʠʟʥʘʢʦʚ ʥʘ 

ʦʩʥʦʚʝ ʠʭ ʚʢʣʘʜʘ ʚ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʫʶ ʤʦʜʝʣʴ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʘ 

ʧʨʠʤʝʥʝʥʘ ʧʨʦʛʨʘʤʤʘ SHAP [2], ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ 

ʜʣʷ ʨʘʟʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 

ʧʨʠʟʥʘʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 220 ʦʙʨʘʟʮʦʚ (88 ɹʂ, 76 ʗʂ, 56 ʢʦʥʪʨʦʣʴ), ʦʧʠʩʘʥʥʳʭ ʚ 

ʩʪʘʪʴʝ [3]. ɹʳʣʠ ʦʙʫʯʝʥʳ ʪʨʠ ʪʠʧʘ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ (ʜʝʨʝʚʦ ʨʝʰʝʥʠʡ, ʩʣʫʯʘʡʥʳʡ ʣʝʩ ʠ 

ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ) ʠ ʧʨʦʚʝʜʝʥʘ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʷ ʩ ʧʷʪʴʶ ʨʘʟʙʠʝʥʠʷʤʠ. ɼʣʷ 

ʧʝʨʚʳʭ ʜʚʫʭ ʤʦʜʝʣʝʡ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʨʠʟʥʘʢʠ ʙʳʣʠ ʧʣʦʭʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ, 

ʦʜʥʘʢʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʘʣʠʯʠʝ ʛʝʥʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʤʝʪʦʜʘ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ʠʟ ʧʷʪʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʯʝʪʳʨʝ ʙʳʣʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʢ ʚʠʜʫ 

Faecalibacterium prausnitzii, ʢʦʪʦʨʳʡ ʠʟʚʝʩʪʝʥ ʩʚʦʠʤʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʧʦʜʢʨʝʧʣʝʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʚʳʰʘʷ ʫʨʦʚʝʥʴ ʜʦʚʝʨʠʷ ʢ ʘʣʛʦʨʠʪʤʫ ʩʨʝʜʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. ʊʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʠʟʥʘʢʘʭ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʛʠʧʦʪʝʟ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʘʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚʳʰʝ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʨʠʟʥʘʢʠ 

ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ, ʦʜʥʘʢʦ ʥʝ ʨʝʰʘʝʪ ʠʩʭʦʜʥʫʶ ʧʨʦʙʣʝʤʫ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʧʨʠʟʥʘʢʦʚ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʘʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʜʘʥʥʳʝ 

ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʧʨʠʟʥʘʢʦʚ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʙʳʣʠ 

ʘʢʪʠʚʥʳ, ʠ ʢʘʢʠʝ ʛʝʥʳ ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʣʠʩʴ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʦʙʨʘʟʮʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʙʫʜʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʪʝʭ 

ʧʨʠʟʥʘʢʘʭ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʘʢʪʠʚʥʫʶ ʨʦʣʴ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʦʙʱʝʩʪʚʘ ʚ ʤʦʤʝʥʪ ʚʟʷʪʠʷ 

ʦʙʨʘʟʮʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʙʦʨ ʜʘʥʥʳʭ ʠʭ 109 ʦʙʨʘʟʮʦʚ (52 ɹʂ, 30 ʗʂ, 

27 ʢʦʥʪʨʦʣʴ) ʧʘʨ ʤʝʪʘʛʝʥʦʤʥʳʭ ʠ ʤʝʪʘʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ, ʩʦʙʨʘʥʥʳʭ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʀʥʪʝʛʨʘʪʠʚʥʦʛʦ ʇʨʦʝʢʪʘ çʄʠʢʨʦʙʠʦʤ ʏʝʣʦʚʝʢʘè [4]. ɼʘʥʥʳʝ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 1): 

1. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʠʟʚʣʝʯʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ k-ʤʝʨʦʚ ʠ 

ʩʙʦʨʢʠ ʢʦʥʪʠʛʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SPAdes [5] ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʨʠʟʥʘʢʠ ʪʦʣʴʢʦ ʠʟ 

ʤʝʪʘʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 14537 ʧʨʠʟʥʘʢʦʚ ʜʣʷ ɹʂ, 4169 ʜʣʷ 

ʗʂ ʠ 4974 ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. 

2. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʘʛʝʥʦʤʥʳʝ ʧʨʦʯʪʝʥʠʷ. ʆʥʠ ʙʳʣʠ ʚʳʨʦʚʥʝʥʳ 
ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʢʦʥʪʠʛʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Hisat2 [6]. ʇʨʦʠʟʚʦʜʠʣʘʩʴ 
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ʩʝʨʠʷ ʧʦʧʘʨʥʳʭ ʚʳʨʘʚʥʠʚʘʥʠʡ, ʪʦ ʝʩʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʪʨʝʭ ʢʣʘʩʩʦʚ 

ʤʝʪʘʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʧʨʦʯʪʝʥʠʷ ʠʟ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʚʳʨʘʚʥʠʚʘʣʠʩʴ ʥʘ ʢʦʥʪʠʛʠ ʢʘʞʜʦʛʦ ʠʟ ʪʨʝʭ ʢʣʘʩʩʦʚ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʪʦʣʴʢʦ ʪʝ ʢʦʥʪʠʛʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʢʨʳʪʳ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʩʦ ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʦʡ 

ʧʦʢʨʳʪʠʷ ʥʝ ʤʝʥʴʰʝ ʜʚʫʭ. 

3. ɿʘʪʝʤ ʜʣʷ ʢʦʥʪʠʛʦʚ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ ɺʝʥʥʘ, ʯʪʦʙʳ 

ʦʪʦʙʨʘʪʴ ʪʦʣʴʢʦ ʪʝ ʢʦʥʪʠʛʠ, ʢʦʪʦʨʳʝ ʧʦʢʨʳʪʳ ʪʨʘʥʩʢʨʠʧʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʣʘʩʩʘ 

ʠ ʥʝ ʧʦʢʨʳʪʳ ʪʨʘʥʩʢʨʠʧʪʘʤʠ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʩʪʘʣʦʩʴ 

577 ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʢʣʘʩʩʘ ɹʂ, 32 ʧʨʠʟʥʘʢʘ ʜʣʷ ʢʣʘʩʩʘ ʗʂ ʠ 56 ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʳ. 

4. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʦʧʮʠʦʥʘʣʴʥʦ, ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʠʣʴʪʨ, ʢʦʪʦʨʳʡ 
ʦʪʬʠʣʴʪʨʦʚʳʚʘʣ ʢʦʥʪʠʛʠ ʩʦ ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʦʡ ʛʝʥʦʤʥʦʛʦ ʧʦʢʨʳʪʠʷ ʤʝʥʴʰʝ 10 ʠ ʜʣʠʥʦʡ 

ʤʝʥʴʰʝ 100 ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ (500 ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ ʜʣʷ ɹʂ). ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʝʱʝ ʙʦʣʴʰʝ 

ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʧʨʠʟʥʘʢʦʚ, ʧʦʣʫʯʠʚ 52 ʧʨʠʟʥʘʢʘ ʜʣʷ ʢʣʘʩʩʘ ɹʂ, ʠ ʧʦ 22 ʧʨʠʟʥʘʢʘ ʜʣʷ ʗʂ 

ʠ ʢʦʥʪʨʦʣʷ. 

 

 

 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʳ ɺʝʥʥʘ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʤʝʪʘʛʝʥʦʤʥʳʭ ʧʨʠʟʥʘʢʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʘʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʧʨʦʯʪʝʥʠʡ ʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʪʠʛʘʭ 

 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʰʘʛʦʚ ʧʨʠʟʥʘʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʤʝʪʦʜʦʤ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ ʠ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʄʦʜʝʣʠ ʜʣʷ ʪʨʝʭʢʣʘʩʩʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʳʣʠ ʦʙʫʯʝʥʳ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʠʟ ʩʪʘʪʴʠ [4] 

ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʠʟ ʩʪʘʪʴʠ [3]. 

 

 
 

ʈʠʩ. 2. ɻʨʘʬʠʢ ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʪʘʛʝʥʦʤʥʳʭ ʦʙʨʘʟʮʦʚ 

ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 
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ɺʩʝʛʦ ʙʳʣʦ ʦʙʫʯʝʥʦ ʰʝʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ (ʨʠʩ. 2): 

ʘ. ʉʣʫʯʘʡʥʳʡ ʣʝʩ ʥʘ ʜʘʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ (Pathways). 

ʙ. ʉʣʫʯʘʡʥʳʡ ʣʝʩ ʥʘ ʜʘʥʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (Taxonomy). 

ʚ. ʉʣʫʯʘʡʥʳʡ ʣʝʩ ʥʘ ʧʨʠʟʥʘʢʘʭ ʧʝʨʚʦʛʦ ʰʘʛʘ (RF SPAdes). 

ʛ. ʉʣʫʯʘʡʥʳʡ ʣʝʩ ʥʘ ʧʨʠʟʥʘʢʘʭ ʪʨʝʪʴʝʛʦ ʰʘʛʘ (MTX RF SPAdes). 

ʜ. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʥʘ ʧʨʠʟʥʘʢʘʭ ʪʨʝʪʴʝʛʦ ʰʘʛʘ (MTX NN SPAdes). 

ʝ. ʉʣʫʯʘʡʥʳʡ ʣʝʩ ʥʘ ʧʨʠʟʥʘʢʘʭ ʯʝʪʚʝʨʪʦʛʦ ʰʘʛʘ (MTX+filter RF SPAdes). 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʤʦʜʝʣʴ (ʚ) ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠ (ʘ) ʠ (ʙ), 

ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʛʝʥʦʤʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ. ɺʘʨʠʘʥʪ (ʛ) ʧʨʝʚʟʦʰʝʣ ʧʦ ʢʘʯʝʩʪʚʫ ʚʩʝ ʧʨʝʜʣʦʞʝʥʥʳʝ 

ʚʘʨʠʘʥʪʳ, ʪʝʤ ʩʘʤʳʤ ʧʦʜʪʚʝʨʜʠʚ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʝʪʘʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ 

ʦʪʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʝʟʥʳʝ ʤʝʪʘʛʝʥʦʤʥʳʝ ʧʨʠʟʥʘʢʠ. ʄʦʜʝʣʴ (ʜ) ʧʦʢʘʟʘʣʘ ʥʝʚʳʩʦʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩ ʙʦʣʴʰʠʤ ʨʘʟʙʨʦʩʦʤ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʧʝʨʝʦʙʫʯʝʥʠʝʤ ʩʣʦʞʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʄʝʪʦʜ (ʝ) ʙʳʣ ʭʫʞʝ ʤʝʪʦʜʘ (ʛ), ʦʜʥʘʢʦ ʧʦʢʘʟʘʣ ʦʜʠʥʘʢʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩ ʤʝʪʦʜʦʤ (ʚ). ʇʨʠ ʵʪʦʤ ʯʠʩʣʦ ʧʨʠʟʥʘʢʦʚ ʩʦʢʨʘʪʠʣʦʩʴ ʩ 23680 ʜʦ 96, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ. ʊʘʢʞʝ ʤʘʣʦʝ ʯʠʩʣʦ ʧʨʠʟʥʘʢʦʚ ʧʦʟʚʦʣʷʝʪ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʠʭ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʠʭ ʮʝʥʥʦʩʪʴ ʚ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʮʝʣʷʭ. 

ʊʘʢʩʦʥʦʤʠʯʝʩʢʘʷ ʘʥʥʦʪʘʮʠʷ ʧʨʠʟʥʘʢʦʚ 

ʇʦʩʢʦʣʴʢʫ ʤʦʜʝʣʴ, ʦʙʫʯʝʥʥʘʷ ʥʘ 96 ʧʨʠʟʥʘʢʘʭ, ʧʦʢʘʟʘʣʘ ʦʜʠʥ ʠʟ ʣʫʯʰʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʠʩʩʣʝʜʦʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʧʨʠʨʦʜʫ ʦʪʦʙʨʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. ɼʣʷ ʵʪʦʛʦ ʢʘʞʜʳʡ ʧʨʠʟʥʘʢ ʙʳʣ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠ 

ʧʨʦʘʥʥʦʪʠʨʦʚʘʥ ʚ ʚʝʙ-ʩʝʨʚʠʩʝ BLAST [7]. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʜʝʨʝʚʘ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʘʥʥʦʪʘʮʠʠ ʥʘ ʨʠʩ. 3. ʅʘ ʥʝʡ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʦʪʜʝʣʴʥʳʝ 

ʥʝʙʦʣʴʰʠʝ ʢʣʘʩʪʝʨʳ, ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʨʘʟʥʳʭ ʛʨʫʧʧ, ʦʜʥʘʢʦ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʝʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʠʟʫʯʠʪʴ 

ʦʪʦʙʨʘʥʥʳʝ ʧʨʠʟʥʘʢʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʫʯʘʩʪʠʷ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʫʪʷʭ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʦʦʙʱʝʩʪʚʘ. 

 

 
 

ʈʠʩ. 3. ɼʝʨʝʚʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʘʥʥʦʪʘʮʠʠ ʦʪʦʙʨʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʟʘʜʘʯʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʢʠʰʝʯʥʠʢʘ 
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ɺʳʚʦʜʳ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦ ʦʪʙʦʨʫ ʤʝʪʘʛʝʥʦʤʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʧʨʠʟʥʘʢʦʚ, ʩʜʝʣʘʚ ʤʦʜʝʣʴ ʙʦʣʝʝ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʡ. ʊʘʢʞʝ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʢʣʘʜʘ ʧʨʠʟʥʘʢʦʚ ʚ 

ʠʪʦʛʦʚʳʡ ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʟʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʠʟ ʥʠʭ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʶʪʩʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʥʘʙʦʨʘʭ ʤʝʪʘʛʝʥʦʤʥʳʭ ʠ ʤʝʪʘʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ ʩ 

ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʥʦʩʪʠʨʫʶʱʝʡ ʤʦʜʝʣʠ ʠ ʚʳʷʚʣʝʥʠʷ ʙʠʦʤʘʨʢʝʨʦʚ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʢʠʰʝʯʥʠʢʘ. 

 

ʀʚʘʥʦʚ ɸ.ɹ. ʠ ʋʣʴʷʥʮʝʚ ɺ.ʀ. ʙʳʣʠ ʬʠʥʘʥʩʦʚʦ ʧʦʜʜʝʨʞʘʥʳ ʛʨʘʥʪʦʤ ʈʅʌ ˉ 21-71-00051. 
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ɸʥʥʦʪʘʮʠʷ 

ɺʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ 

ʘʢʫʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʪʨʘʩʣʴʶ ʨʘʟʚʠʪʠʷ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʜʘʯʘ ʩʪʘʚʠʪʩʷ ʠ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʥʢʫʨʩʘ DCASE 

(Detection and Classification of Acoustic Scenes and Events). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʫʯʝʥʠʝ 

ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʜʘʪʘʩʝʪʝ DCASE 2022. ʆʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʩʦʜʝʨʞʠʪ ʟʚʫʢʦʚʳʝ 

ʩʦʙʳʪʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʥʦʨʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘʥʦʤʘʣʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ ʚ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʠ 

ʘʥʦʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʧʨʝʜʣʦʞʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ, ʜʦʧʦʣʥʝʥʥʘʷ ʤʝʪʦʜʘʤʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʙʨʦʩʘʤʠ ʠ ʦʙʨʘʙʦʪʢʠ ʚʥʝʚʳʙʦʨʦʯʥʳʭ ʜʘʥʥʳʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɿʚʫʢʦʚʳʝ ʘʥʦʤʘʣʠʠ, ʘʢʫʩʪʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ, ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʙʨʦʩʘʤʠ, ʚʥʝʚʳʙʦʨʦʯʥʳʝ 

ʜʘʥʥʳʝ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʘʥʦʤʘʣʠʡ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
 

ɸʢʪʫʘʣʴʥʦʩʪʴ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɽʸ ʧʨʠʢʣʘʜʥʦʝ ʨʝʰʝʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʦʧʝʨʘʪʦʨʘ ʚ ʩʣʫʯʘʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʩʪʦʨʦʥʦʡ ʚʦʧʨʦʩʘ, ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʨʘʙʦʪʳ ʩ ʚʥʝʚʳʙʦʨʦʯʥʳʤʠ ʜʘʥʥʳʤʠ (ʘʥʛʣ. out-of-distribution) ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʙʘʟʦʚʦʡ 

ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʠʤʝʶʱʝʡ ʧʦʪʝʥʮʠʘʣ ʜʦʩʪʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ (ʙʦʣʝʝ 80 % ʥʘ ʩʣʦʞʥʳʭ ʜʘʥʥʳʭ). 

ʈʳʥʦʢ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘʤʠ ʟʚʫʢʦʚʦʡ 

ʘʥʘʣʠʪʠʢʠ, ʥʦ ʦʪʨʘʞʘʝʪ ʛʣʦʙʘʣʴʥʦʩʪʴ ʟʘʧʨʦʩʘ ʥʘ ʧʦʜʦʙʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ 

ʛʦʜʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʣʝʜʥʝʝ ï ʚ 2021 ʛʦʜʫ. 

ʕʢʩʧʝʨʪʳ ʦʮʝʥʠʣʠ ʨʳʥʦʢ ʚ 3 ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢ 2026 ʛʦʜʫ ʦʥ 

ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ʫʞʝ 5,2 ʤʠʣʣʠʘʨʜʘ [1].  

ɹʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʩʧʨʦʩʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦ ʩʪʦʨʦʥʳ 

ʙʠʟʥʝʩʘ ʩʦʟʜʘʣʦ ʵʪʦʪ ʩʧʨʦʩ ʠ ʚ ʥʘʫʯʥʦʡ ʩʨʝʜʝ ï ʚ çState of the Art Reviewè 2021 ʛʦʜʘ 

ʵʢʩʧʝʨʪʳ ʥʘʟʚʘʣʠ ʢʨʫʧʥʝʡʰʠʝ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ï ʦʥʠ ʦʪʢʨʳʣʠʩʴ ʫʞʝ 

ʚ ʩʦʨʦʢʘ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʉʐɸ, ʂʘʥʘʜʳ, ʂʠʪʘʷ, ʀʥʜʠʠ ʠ ʧʦ ʚʩʝʡ ɽʚʨʦʧʝ [2].  

ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʜʘʯʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʢʫʨʩʝ DCASE 

(Detection and Classification of Acoustic Scenes and Events) ʚ ʪʨʝʢʝ çʜʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʘʥʦʤʘʣʴʥʳʭ ʟʚʫʢʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʝʟ ʦʙʫʯʝʥʠʷ ʥʘ 

ʘʥʦʤʘʣʠʷʭè [3]. ɺ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʪʨʝʢʘ ʚ ʢʦʥʢʫʨʩʝ ʚʳʩʪʫʧʘʶʪ ʢʨʫʧʥʳʝ 

ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ (Hitachi, Google, NTT) ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ 2020 ʛʦʜʘ, ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʫʩʣʦʞʥʝʥʠʝʤ ʜʘʪʘʩʝʪʘ. ɹʘʟʦʚʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʦʨʛʘʥʠʟʘʪʦʨʘʤʠ 
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ʪʨʝʢʘ, ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʦʩʪʦʤ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʝ (ʘʥʛʣ. autoencoder, ʘʚʪʦʵʥʢʦʜʝʨ) ʠ 

ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪ ʙʣʠʟʢʠʡ ʢ ʩʣʫʯʘʡʥʦʤʫ (ʦʢʦʣʦ 50%). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʰʝʥʠʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʪʝʩʪʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʟʘʜʘʥʠʠ 2022 ʛʦʜʘ ʜʘʪʘʩʝʪʦʚ 

DCASE. 

 

ɼʘʪʘʩʝʪ DCASE 2022 

ɸʚʪʦʨʳ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʶʪ ʜʘʪʘʩʝʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ 10-ʩʝʢʫʥʜʥʳʭ ʟʘʧʠʩʝʡ ʨʘʙʦʪʳ 7 

ʪʠʧʦʚ ʫʩʪʨʦʡʩʪʚ: ʦʙʜʫʚ/ʚʝʥʪʠʣʷʪʦʨ (fan), ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ (gearbox), ʧʦʜʰʠʧʥʠʢ 

(bearing), ʨʝʣʴʩ (slide rail), ʠʛʨʫʰʝʯʥʘʷ ʤʘʰʠʥʢʘ (ToyCar), ʠʛʨʫʰʝʯʥʳʡ ʧʦʝʟʜ (ToyTrain), 

ʢʣʘʧʘʥ (valve). ʋʯʘʩʪʥʠʢʘʤ ʧʨʝʜʣʘʛʘʶʪ ʦʙʫʯʠʪʴ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 

ʟʚʫʢʦʚʳʭ ʬʨʘʛʤʝʥʪʘʭ çʥʦʨʤʘʣʴʥʦʛʦè ʢʣʘʩʩʘ, ʪ. ʝ. ʟʘʧʠʩʷʭ ʠʩʧʨʘʚʥʦʡ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. çɸʥʦʤʘʣʠʠè ʧʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ, ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ 

ʧʫʪʸʤ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʦʤʦʢ ʥʝ 

ʧʨʠʚʦʜʷʪʩʷ, ʥʝʪ ʥʠʢʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʢʨʦʤʝ ʢʣʘʩʩʘ wav-ʘʫʜʠʦʬʘʡʣʘ 

(ʥʦʨʤʘʣʴʥʳʡ/ʘʥʦʤʘʣʠʷ). 

ʉʣʦʞʥʦʩʪʴ ʜʘʪʘʩʝʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʜʚʠʛʝ ʜʦʤʝʥʘ, ʪ. ʝ. ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʟʘʧʠʩʠ 

ʜʘʥʥʳʭ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʘʫʜʠʦ ʨʘʙʦʪʳ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʧʠʩʳʚʘʣʠʩʴ ʧʨʠ 

ʨʘʟʥʦʡ ʟʘʛʨʫʟʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʢʨʫʞʝʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ, ʬʦʥʦʚʳʡ 

ʰʫʤ), ʩ ʨʘʟʥʳʭ ʟʘʧʠʩʳʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʪ.ʜ. ʊʝʩʪʦʚʘʷ ʚʳʙʦʨʢʘ ʩʦʜʝʨʞʠʪ ʟʘʧʠʩʠ ʚ 

ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʘʥʥʳʭ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʙʦӢʣʴʰʘʷ 

ʯʘʩʪʴ ʜʘʥʥʳʭ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʣʫʭʘ ʥʝʦʯʝʚʠʜʥʘ. ɹʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʩʣʦʞʥʦ, ʘ ʠʥʦʛʜʘ ʠ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʮʝʣʝʚʳʤ ʟʚʫʢʦʤ ʠ ʬʦʥʦʚʳʤ 

ʰʫʤʦʤ, ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʦʡ ʟʘʧʠʩʴʶ ʠ ʘʥʦʤʘʣʠʝʡ. ɼʘʣʝʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʨʘʩʩʤʦʪʨʠʤ ʘʥʘʣʠʟ ʦʜʥʦʛʦ ʠʟ ʢʣʘʩʩʦʚ ï ʦʙʜʫʚʘ. 

ʉʦʙʳʪʠʝ ʢʣʘʩʩʘ ʦʙʜʫʚ/ʚʝʥʪʠʣʷʪʦʨ ʤʦʥʦʪʦʥʥʦ, ʜʣʠʪʩʷ ʚʩʝ ʜʝʩʷʪʴ ʩʝʢʫʥʜ ʟʘʧʠʩʠ. 

ɸʥʦʤʘʣʠʠ ʥʝ ʚʩʝʛʜʘ ʨʘʟʣʠʯʠʤʳ; ʩʣʳʰʠʤʳʝ ʚʳʨʘʞʝʥʳ ʠʟʤʝʥʝʥʠʝʤ ʛʨʦʤʢʦʩʪʠ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʢʨʠʧʦʤ ʠʣʠ ʩʣʘʙʳʤʠ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʟʚʫʢʘʤʠ ʫʜʘʨʦʚ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʬʦʥʦʚʳʡ ʰʫʤ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʝʪ ʮʝʣʝʚʦʡ ʟʚʫʢ ʠ ʩʠʣʴʥʦ ʚʠʜʦʠʟʤʝʥʷʝʪ 

ʦʩʮʠʣʣʦʛʨʘʤʤʫ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʘʫʜʠʦʟʘʧʠʩʝʡ ʢʣʘʩʩʘ ʦʙʜʫʚ: 

ʥʦʨʤʘʣʴʥʘʷ (ʘ), ʘʥʦʤʘʣʠʷ (ʙ), ʟʘʰʫʤʣʸʥʥʘʷ (ʚ) 
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ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦ ʚʩʝʤ 

ʢʣʘʩʩʘʤ, ʥʦ ʜʘʣʠ ʤʘʣʦ ʠʥʬʦʨʤʘʮʠʠ ï ʦʪʣʠʯʠʷ ʘʥʦʤʘʣʴʥʳʭ ʟʘʧʠʩʝʡ ʦʪ ʥʦʨʤʘʣʴʥʳʭ 

ʦʙʫʯʘʶʱʠʭ ʚʠʜʥʳ, ʦʜʥʘʢʦ ʦʙʫʯʘʶʱʠʝ ʥʦʨʤʘʣʴʥʳʝ ʠ ʪʝʩʪʦʚʳʝ ʥʦʨʤʘʣʴʥʳʝ ʚ ʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʠ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʤʝʥʴʰʝ (ʨʠʩ. 2).  

 

 
 

ʈʠʩ. 2. ʏʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʟʘʧʠʩʝʡ ʢʣʘʩʩʘ ʦʙʜʫʚ (ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ  

ʥʘ ʟʘʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʯʘʩʪʦʪ, 128 ʜʠʘʧʘʟʦʥʦʚ): ʦʙʫʯʘʶʱʘʷ ʥʦʨʤʘʣʴʥʘʷ (ʘ), 

ʪʝʩʪʦʚʘʷ ʥʦʨʤʘʣʴʥʘʷ (ʙ), ʘʥʦʤʘʣʴʥʘʷ (ʚ) 

 

ɺʳʜʚʠʛʘʣʘʩʴ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʝʢʮʠʠ ʠʭ ʥʘ 

ʧʣʦʩʢʦʩʪʴ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʦʟʚʦʣʠʪ ʦʪʣʠʯʠʪʴ 

ʥʦʨʤʘʣʴʥʳʝ ʠ ʘʥʦʤʘʣʴʥʳʝ ʟʘʧʠʩʠ, ʠʣʠ ʞʝ ʧʦʤʦʞʝʪ ʨʘʟʜʝʣʠʪʴ ʜʘʥʥʳʝ ʥʘ ʢʘʪʝʛʦʨʠʠ ʧʦ 

ʚʠʜʘʤ/ʪʠʧʘʤ ʘʥʦʤʘʣʠʡ ʠʣʠ ʩʜʚʠʛʦʚ ʜʦʤʝʥʘ. ʆʥʘ ʥʝ ʧʦʜʪʚʝʨʜʠʣʘʩʴ ï ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ k-

ʩʨʝʜʥʠʭ ʜʣʷ 6 ʢʣʘʩʪʝʨʦʚ (ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʪʠʧʦʚ ʩʜʚʠʛʘ ʜʦʤʝʥʘ) ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ 

ʨʘʟʥʳʭ ʘʣʛʦʨʠʪʤʳ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ (PCA, TSNE, MDS, SVD) ʯʝʪʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʥʝ ʧʨʝʜʣʘʛʘʝʪ (ʨʠʩ. 3). ʇʦʩʣʝʜʫʶʱʠʡ ʨʫʯʥʦʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʢʣʘʩʪʝʨʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʢʦʨʝʝ ʩʭʦʞʠʤ ʬʦʥʦʚʳʤ ʰʫʤʘʤ, ʯʝʤ ʥʝ ʮʝʣʝʚʦʤʫ ʢʣʘʩʩʫ. 

 

 
 

ʈʠʩ. 3. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʜʘʪʘʩʝʪʘ ʢʣʘʩʩʘ ʦʙʜʫʚ 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʦʯʝʚʠʜʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ 

ʟʘʜʘʯʠ ʧʦʜʦʙʨʘʪʴ ʥʝ ʫʜʘʣʦʩʴ. ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʦʪ ʘʨʭʠʪʝʢʪʫʨʳ, 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʦʨʛʘʥʠʟʘʪʦʨʘʤʠ. 

 

ɹʘʟʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ɸʚʪʦʢʦʜʠʨʦʚʱʠʢ ï ʦʜʥʦ ʠʟ ʨʝʰʝʥʠʡ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʦʨʛʘʥʠʟʘʪʦʨʘʤʠ ʪʨʝʢʘ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʩ ʧʨʷʤʦʡ ʩʚʷʟʴʶ; ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʠ 

ʚʳʭʦʜʥʳʤ ʩʣʦʝʤ ʥʘʭʦʜʷʪʩʷ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʢʨʳʪʳʭ ʩʣʦʝʚ ʤʝʥʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ʉʪʨʫʢʪʫʨʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ï ʢʦʜʠʨʦʚʱʠʢʘ ʠ 

ʜʝʢʦʜʠʨʦʚʱʠʢʘ. ʂʦʜʠʨʦʚʱʠʢ Ὢ ʢʦʜʠʨʫʝʪ ʚʳʙʦʨʢʫ ὢ ʚ ʩʚʦʝ ʚʥʫʪʨʝʥʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ Ὄ 

(ʠʥʘʯʝ ï ʩʢʨʳʪʦʝ ʩʦʩʪʦʷʥʠʝ), ʘ ʜʝʢʦʜʠʨʦʚʱʠʢ Ὣ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʠʩʭʦʜʥʫʶ ʚʳʙʦʨʢʫ. 

ɸʚʪʦʢʦʜʠʨʦʚʱʠʢ ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʜʝʣʷʤ ʦʙʫʯʝʥʠʷ ʙʝʟ ʫʯʠʪʝʣʷ, ʪʦ ʝʩʪʴ ʥʝ ʪʨʝʙʫʝʪ 

ʨʘʟʤʝʯʝʥʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ.  

ɸʚʪʦʢʦʜʠʨʦʚʱʠʢ ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʣʝʛʢʦʚʝʩʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ ʚʦ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɽʩʣʠ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʩʝʪʴ 

ʥʝ ʩʤʦʛʣʘ ʪʦʯʥʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʚʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʥʘ ʚʭʦʜ ʧʦʧʘʣʠ ʘʥʦʤʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʪʨʝʯʘʣʠʩʴ ʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ. ʅʘ 

ʧʨʦʩʪʦʤ ʜʘʪʘʩʝʪʝ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʦʪʨʘʙʘʪʳʚʘʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʦʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ 

ʥʘʩʪʦʣʴʢʦ ʩʣʦʞʥʦʡ ʚʳʙʦʨʢʠ ʧʦʢʘʟʳʚʘʝʪ AUC = 49.19% [3], ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʣʫʯʘʡʥʦʤʫ ʫʛʘʜʳʚʘʥʠʶ ʦʪʚʝʪʘ. ʂʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʤʝʨʥʦʩʪʠ ʩʣʦʝʚ ʧʦʜʙʠʨʘʣʠʩʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʣʘ ʤʦʜʝʣʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ 9 ʩʣʦʝʚ ï ʚ 

ʯʝʪʳʨʝ ʧʝʨʚʳʭ ʧʦ 128 ʥʝʡʨʦʥʦʚ, ʩʢʨʳʪʦʝ ʩʦʩʪʦʷʥʠʝ ï 8, ʜʘʣʝʝ ʩʥʦʚʘ ʯʝʪʳʨʝ ʩʣʦʷ ʧʦ 128. 

 

ɺʦʟʜʝʡʩʪʚʠʝ ʚʳʙʨʦʩʘʤʠ 

ɺ 2021 ʛʦʜʫ ʘʚʩʪʨʠʡʩʢʘʷ ʢʦʤʘʥʜʘ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʀʦʛʘʥʥʘ ʂʝʧʣʝʨʘ 

ʧʨʝʜʣʦʞʠʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʭʦʜ outlier exposure (ʜʘʣʝʝ ï ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʙʨʦʩʘʤʠ) [4]. 

ʆʥ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʜʦʧʦʣʥʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʜʘʪʘʩʝʪʘ ʚʥʝʚʳʙʦʨʦʯʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ [5].  

ɸʚʪʦʨʳ ʧʦʜʭʦʜʘ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʙʣʠʟʦʩʪʴ ʜʦʙʘʚʣʷʝʤʳʭ ʜʘʥʥʳʭ (ʘʥʛʣ. close-to-

distribution) ʢ ʠʩʭʦʜʥʦʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʤʦʜʝʣʠ 

ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʧʦʭʦʞʠʭ ʜʘʥʥʳʭ. ʊʘʢ, ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ʦʨʠʛʠʥʘʣʴʥʦʡ ʩʪʘʪʴʝ [5] ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʧʨʝʜʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, 

ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʥʘʭʦʞʜʝʥʠʝ ʩʝʪʴʶ ʧʨʦʩʪʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʜʘʥʥʳʝ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʚʳʙʨʦʩʳ ʠ ʮʝʣʝʚʳʝ ʢʣʘʩʩʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʚʳʙʨʦʩʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʫʯʘʶʱʠʝ ʚʳʙʦʨʢʠ ʜʨʫʛʠʭ 

ʢʣʘʩʩʦʚ. 

ʉʣʦʞʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʘʥʘʣʠʟ ʜʘʪʘʩʝʪʘ ʥʝ ʧʦʢʘʟʘʣ ʥʠʢʘʢʠʭ ʷʨʢʠʭ ʩʭʦʜʩʪʚ 

ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ ʥʠ ʚʦ ʚʨʝʤʝʥʥʦʡ, ʥʠ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚʩʝ ʰʝʩʪʴ ʩʦʯʝʪʘʥʠʡ: ʦʙʜʫʚ + ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ, 

ʦʙʜʫʚ + ʧʦʜʰʠʧʥʠʢ, ʦʙʜʫʚ + ʨʝʣʴʩ, ʦʙʜʫʚ + ʠʛʨʫʰʝʯʥʘʷ ʤʘʰʠʥʢʘ, ʦʙʜʫʚ + ʠʛʨʫʰʝʯʥʳʡ 

ʧʦʝʟʜ, ʦʙʜʫʚ + ʢʣʘʧʘʥ.  

 

ʄʝʪʨʠʢʠ 

ɼʣʷ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʙʨʦʩʘʤʠ (ɺɺ) ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʝʪʨʠʢʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʦʨʛʘʥʠʟʘʪʦʨʘʤʠ. ʅʘ ʢʦʥʢʫʨʩʝ ʤʦʜʝʣʠ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦʢʣʘʩʩʦʚʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʚʫʭ ʤʝʪʨʠʢ ï AUC ʠ pAUC [3]. pAUC ï ʤʝʪʨʠʢʘ, ʚʚʝʜʸʥʥʘʷ ʦʨʛʘʥʠʟʘʪʦʨʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ AUC, ʚʳʯʠʩʣʝʥʥʫʶ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʬʨʘʛʤʝʥʪʫ ʢʨʠʚʦʡ ʦʰʠʙʦʢ. ɺ 

2022 ʛʦʜʫ ʦʛʨʘʥʠʯʝʥʠʝ ʩʪʦʠʪ ʥʘ ʥʠʟʢʠʡ false positive rate, ʦʪ 0 ʜʦ 0.1. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ï ʚ ʧʨʠʦʨʠʪʝʪʝ ʥʠʟʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ.  
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ʕʢʩʧʝʨʠʤʝʥʪʳ 

ɺʠʨʪʫʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʥʘ ʷʟʳʢʝ Python ʚʝʨʩʠʠ 

3.9. ʇʨʦʝʢʪ ʨʝʘʣʠʟʦʚʘʥ ʥʘ PyTorch 1.10.0+cu111, ʪʝʩʪʠʨʦʚʘʣʩʷ ʚ Google Colaboratory. ɼʣʷ 

ʯʠʩʪʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝ ʤʝʥʷʣʘʩʴ, ʝʜʠʥʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ 

ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʩʦʜʝʨʞʘʥʠʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʝ. 

 
ʊʘʙʣʠʮʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

 AUC  

ʩʝʢʮʠʷ 0, % 

AUC  

ʩʝʢʮʠʷ 1, % 

AUC  

ʩʝʢʮʠʷ 2, % 

AUC 

ʦʙʱʝʝ, % 

pAUC, 

% 

ɸʚʪʦʢʦʜʠʨʦʚʱʠʢ 

(ʦʙʜʫʚ) 

39.35 44.74 63.49 49.19 50.29 

ɺɺ (ʢʦʨʦʙʢʘ 

ʧʝʨʝʜʘʯ) 

64.39 53.09 61.62 59.70 51.75 

ɺɺ (ʧʦʜʰʠʧʥʠʢ) 62.11 53.22 61.63 58.98 51.49 

ɺɺ (ʨʝʣʴʩ) 65.45 51.49 60.29 59.07 52.71 

ɺɺ (ʤʘʰʠʥʢʘ) 58.37 51.52 61.18 57.02 51.17 

ɺɺ (ʧʦʝʟʜ) 61.36 52.86 61.31 58.51 51.82 

ɺɺ (ʢʣʘʧʘʥ) 58.61 52.47 61.24 57.45 51.36 

  

ʉʪʨʦʢʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʳ. ʇʝʨʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʩʪʨʦʢʘ 

çʘʚʪʦʢʦʜʠʨʦʚʱʠʢè ï ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ çʯʠʩʪʦʡè ʘʨʭʠʪʝʢʪʫʨʳ ʠʟ ʙʘʟʦʚʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ 

ʘʚʪʦʨʦʚ ʥʘ ʢʣʘʩʩʝ ʦʙʜʫʚ/ʚʝʥʪʠʣʷʪʦʨ (ʚ ʪʘʙʣ. çʦʙʜʫʚè). ɼʘʣʝʝ ʦʧʠʩʘʥʳ ʰʝʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʪʦʤ ʞʝ ʢʣʘʩʩʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʙʨʦʩʘʤʠ; ʢʣʘʩʩ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʦʙʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʫʢʘʟʘʥ ʚ ʩʢʦʙʢʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʧʠʩʴ çɺɺ 

(ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ)è ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʜʘʥʥʳʭ ʢʣʘʩʩʘ çʦʙʜʫʚ/ʚʝʥʪʠʣʷʪʦʨè ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʢʣʘʩʩʘ çʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯè ʢʘʢ çʚʳʙʨʦʩʦʚè ʧʦ ʤʝʪʦʜʫ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʙʨʦʩʘʤʠ. ɾʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʦʩʪʠʛʥʫʪʳʝ 

ʟʥʘʯʝʥʠʷ ʧʦ ʚʩʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ. 

ʂʦʣʦʥʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦ ʤʝʪʨʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ. ʇʝʨʚʳʝ ʪʨʠ 

ʢʦʣʦʥʢʠ ï ʚʳʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ AUC ʧʦ ʩʝʢʮʠʷʤ, ʪ. ʝ. ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʥʳʤ ʪʠʧʘʤ 

ʩʜʚʠʛʘ ʜʦʤʝʥʘ. ʇʦʩʣʝʜʥʠʝ ʜʚʝ ï ʦʙʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʩʝʤʫ ʪʝʩʪʦʚʦʤʫ ʜʘʪʘʩʝʪʫ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʙʨʦʩʘʤʠ ʜʦʙʘʚʠʣʦ ʚ ʩʨʝʜʥʝʤ 7-10% ʢ 

ʧʦʢʘʟʘʪʝʣʶ AUC. ʇʦ pAUC ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʣʷʝʪ 1-2%. 

 

ɺʳʚʦʜʳ 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʠ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʦʜʝʣʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ pAUC ʧʦʟʚʦʣʠʪ ʧʨʝʚʳʩʠʪʴ ʨʝʟʫʣʴʪʘʪ 

ʙʘʟʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʘʚʪʦʨʦʚ ʟʘʜʘʯʠ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʧʨʦʙʦʚʘʪʴ ʧʨʠʤʝʥʠʪʴ 

ʘʫʛʤʝʥʪʘʮʠʶ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʠ ʨʝʙʘʣʘʥʩʠʨʦʚʢʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʜʨʫʛʠʝ ʚʠʜʳ ʜʦʙʘʚʣʷʝʤʳʭ çʚʳʙʨʦʩʦʚè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʞʠʜʘʝʪʩʷ 

ʧʦʣʫʯʠʪʴ ʤʦʜʝʣʴ ʩ ʪʦʯʥʦʩʪʴʶ ʥʝ ʥʠʞʝ 80% ʠ AUC ʙʦʣʝʝ 65%.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʬʦʢʫʩ ʥʘ ʦʙʨʘʙʦʪʢʫ ʟʚʫʢʦʚ ʥʘʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʟʚʦʣʷʪ ʧʨʠʤʝʥʷʪʴ ʜʘʥʥʫʶ ʤʦʜʝʣʴ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ.  
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ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʪʝʤʝ ʨʘʟʨʘʙʦʪʢʠ ʩʝʨʚʠʩʦʚ ʜʣʷ ʧʘʮʠʝʥʪʘ ʤʝʜʠʮʠʥʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʨʝʘʣʠʟʫʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʯʘʪ-ʙʦʪʘ, ʚ ʯʘʩʪʠ ʚʳʙʦʨʘ ʩʝʨʚʠʩʦʚ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ 

ʧʘʮʠʝʥʪʦʚ ʌɻɹʋ ʉɿʆʅʂʎ ʠʤ. ʃ.ɻ. ʉʦʢʦʣʦʚʘ ʌʄɹɸ ʈʦʩʩʠʠ. ʇʨʠʚʝʜʝʥʘ ʣʦʛʠʢʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʯʘʪ-ʙʦʪʦʤ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʠʝ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʩʪʦʚʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʏʘʪ-ʙʦʪ, ʤʝʜʠʮʠʥʩʢʠʡ ʯʘʪ-ʙʦʪ, ʜʠʘʣʦʛʦʚʳʡ ʘʛʝʥʪ, ʵʣʝʢʪʨʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, 

ʮʠʬʨʦʚʦʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʩʝʨʚʠʩʳ ʜʣʷ ʧʘʮʠʝʥʪʘ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʷʭ ʚʩʝʦʙʱʝʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʠʩʢʣʶʯʝʥʠʝʤ. ʆʙʱʘʷ ʮʝʣʴ ʧʨʦʮʝʩʩʘ ʮʠʬʨʦʚʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ï ʫʧʨʦʱʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʮʠʝʥʪʘ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʝ ʘʢʪʫʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʠʪʝʣʝʡ ʩʪʨʘʥʳ 

ʤʝʜʠʮʠʥʩʢʠʤʠ ʫʩʣʫʛʘʤʠ, ʜʦʩʪʫʧʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʚ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʨʘʟʦʙʱʝʥʥʦʩʪʠ ʠ ʤʘʩʰʪʘʙʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ [1]. ʇʨʠʙʣʠʞʝʥʠʝ ʢ ʵʪʦʡ ʮʝʣʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʧʨʦʩʪʳʭ ʠ ʧʦʣʝʟʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʩʝʨʚʠʩʦʚ, ʜʦʩʪʫʧʥʳʭ ʚ 

ʧʨʠʚʳʯʥʦʤ ʜʣʷ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʦʙʱʝʥʠʷ ʠ ʨʘʙʦʪʳ ʤʝʩʩʝʥʜʞʝʨʝ.  

ʏʘʪ-ʙʦʪʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʧʨʠʚʳʯʥʳʭ ʜʣʷ 

ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʦʙʱʝʥʠʷ ʠ ʨʘʙʦʪʳ ʧʣʘʪʬʦʨʤʘʭ, ʪʘʢʠʭ ʢʘʢ Telegram, ɺʂʦʥʪʘʢʪʝ, ʘ ʪʘʢʞʝ 

ʚʝʙ-ʩʘʡʪʘʭ. ʄʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ, ʚʥʝʜʨʷʶʪ ʚ 

ʩʚʦʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʜʠʘʣʦʛʦʚʳʭ ʘʛʝʥʪʦʚ ʢʘʢ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ, ʪʘʢ ʠ ʜʣʷ ʚʥʝʰʥʝʛʦ (ʩ 

ʢʣʠʝʥʪʘʤʠ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʠ ʭʦʨʦʰʦ ʨʝʘʛʠʨʫʶʪ 

ʥʘ ʢʦʤʤʫʥʠʢʘʮʠʶ ʩ ʧʦʤʦʱʴʶ ʯʘʪ-ʙʦʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʤʦʛʘʶʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʙʱʝʥʠʝ ʠ ʩʙʦʨ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ [2, 3]. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʚʦʧʨʦʩ ʧʨʠʤʝʥʝʥʠʷ ʯʘʪ-ʙʦʪʦʚ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʚʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʦʤʫ ʯʝʣʦʚʝʢʫ, ʨʝʰʘʶʱʝʤʫ ʚʦʧʨʦʩʳ ʚ ʬʦʨʤʘʪʝ çʟʜʝʩʴ ʠ ʩʝʡʯʘʩè, 

ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʳ ʩʝʨʚʠʩʳ, ʧʦʤʦʛʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ 

ʧʦʩʝʱʝʥʠʝ ʤʝʜʠʮʠʥʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʧʘʮʠʝʥʪʦʚ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʧʦʣʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʛʨʘʞʜʘʥ [4].  

ʆʙʦʩʥʦʚʳʚʘʷ ʚʳʙʦʨ ʤʝʩʩʝʥʜʞʝʨ Telegram ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʨʘʟʤʝʱʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʯʘʪ-ʙʦʪʘ, ʥʫʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ Telegram 

ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʟʘʱʠʱʝʥʥʳʭ ʤʝʩʩʝʥʜʞʝʨʦʚ ʚ ʤʠʨʝ. ʇʝʨʝʧʠʩʢʠ ʭʨʘʥʷʪʩʷ ʚ 

ʟʘʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ. ʐʠʬʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ MTProto. ʇʝʨʝʧʠʩʢʠ ʠ ʢʣʶʯʠ ʰʠʬʨʦʚʘʥʠʷ ʭʨʘʥʷʪʩʷ ʥʘ ʨʘʟʥʳʭ ʩʝʨʚʝʨʘʭ ï ʝʩʣʠ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʩʤʦʞʝʪ ʫʢʨʘʩʪʴ ʜʘʥʥʳʝ ʩ ʧʝʨʝʧʠʩʢʘʤʠ ʩ ʩʝʨʚʝʨʘ, ʫ ʥʝʛʦ ʥʝ ʧʦʣʫʯʠʪʩʷ 

ʠʭ ʨʘʩʰʠʬʨʦʚʘʪʴ, ʪʘʢ ʢʘʢ ʢʣʶʯʠ ʰʠʬʨʦʚʘʥʠʷ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʝʨʚʝʨʘʭ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʜʨʫʛʦʡ ʪʦʯʢʝ ʤʠʨʝ. ɺʩʸ ʵʪʦ ʢʘʩʘʝʪʩʷ ʠ ʧʝʨʝʧʠʩʢʠ ʩ ʯʘʪ-ʙʦʪʦʤ [5]. 
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ʆʙʤʝʥ ʩʦʦʙʱʝʥʠʷʤʠ ʩ ʙʦʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ GET/POST ʟʘʧʨʦʩʳ ʧʦ ʧʨʦʪʦʢʦʣʫ 

HTTPS, ʜʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʚʩʝʭ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʡʪʘʭ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʠ ʠʭ ʧʝʨʝʜʘʯʝ ʤʝʞʜʫ ʩʘʡʪʦʤ/ʩʝʨʚʝʨʦʤ ʠ 

ʫʩʪʨʦʡʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʨʠʥʮʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʠʝʥʪʘ ʠ ʯʘʪ-ʙʦʪʘ ʠʟʦʙʨʘʞʝʥ ʥʘ 

ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʠʝʥʪʘ ʠ ʯʘʪ-ʙʦʪʘ 

 

ɺ ʌɻɹʋ çʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ ʦʢʨʫʞʥʦʡ ʥʘʫʯʥʦ-ʢʣʠʥʠʯʝʩʢʠʡ ʮʝʥʪʨ ʠʤʝʥʠ                             

ʃ.ɻ. ʉʦʢʦʣʦʚʘè ʌʝʜʝʨʘʣʴʥʦʛʦ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʚ ʘʚʛʫʩʪʝ 2021 ʛʦʜʘ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʦʧʨʦʩ, ʫʯʘʩʪʠʝ ʚ ʢʦʪʦʨʦʤ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʙʦʣʝʝ 700 ʧʘʮʠʝʥʪʦʚ ʮʝʥʪʨʘ. 

ʈʝʩʧʦʥʜʝʥʪʘʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʦʪʚʝʪʠʪʴ ʥʘ 6 ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʧʫʣʷʨʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʩʩʝʥʜʞʝʨʘ Telegram, ʧʨʠʤʝʥʝʥʠʝʤ ʯʘʪ-ʙʦʪʦʚ, ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʥʫʞʥʳʝ ʠ ʚʘʞʥʳʝ ʩʝʨʚʠʩʳ ʜʣʷ ʧʘʮʠʝʥʪʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʘʮʠʝʥʪʳ ʠʤʝʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʮʠʬʨʦʚʳʭ 

ʩʧʦʩʦʙʘʭ ʩʚʷʟʠ ʩ ʤʝʜʠʮʠʥʩʢʠʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ï ʙʦʣʝʝ 60% ʨʝʩʧʦʥʜʝʥʪʦʚ ʧʦʣʴʟʫʶʪʩʷ 

Telegram ʠ ʟʥʘʶʪ, ʯʪʦ ʪʘʢʦʝ ʯʘʪ-ʙʦʪʳ. ʆʜʥʘʢʦ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʩʪʘʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʚʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʘʢʠʝ ʢʘʢ ʟʚʦʥʦʢ ʚ ʢʦʣʣ-ʮʝʥʪʨ ʠʣʠ ʣʠʯʥʦʝ 

ʧʦʩʝʱʝʥʠʝ ʨʝʛʠʩʪʨʘʪʫʨʳ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʝʩʪʴ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʚ 

ʚʳʙʦʨʝ ʪʝʣʝʛʨʘʤ-ʙʦʪʘ (16,7% ʛʦʣʦʩʦʚ ʟʘ ʪʝʣʝʛʨʘʤ-ʙʦʪ) ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʩʝʨʚʠʩʦʚ ʜʣʷ ʧʘʮʠʝʥʪʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʩʠʭʦʣʦʛʠʠ ʛʨʘʞʜʘʥʘʤ 

ʧʨʠʚʳʯʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʣʫʛ, ʵʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚ 22,5% ʛʦʣʦʩʦʚ. Telegram ï ʵʪʦ ʠ ʝʩʪʴ ʧʨʠʣʦʞʝʥʠʝ, 

ʧʨʠʯʸʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʝʤ 

ʥʝʠʟʚʝʩʪʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʤʝʜʠʮʠʥʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʩʩʝʥʜʞʝʨʘ ʪʘʢʞʝ 

ʵʢʦʥʦʤʠʪ ʤʝʩʪʦ ʥʘ ʤʦʙʠʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʯʪʦ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʚʳʙʦʨʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʘʥʘʣʘ ʩʚʷʟʠ. ʋʯʠʪʳʚʘʷ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʳ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʫʯʝʩʪʴ ʛʦʣʦʩʘ ʟʘ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚ ʧʦʣʴʟʫ Telegram. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ ʚ ʧʦʯʪʠ 40% ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʩʝʨʚʠʩʦʚ 

ʜʣʷ ʧʘʮʠʝʥʪʘ ʩ ʧʦʤʦʱʴʶ  ʯʘʪ-ʙʦʪʘ ʙʫʜʝʪ ʚʦʩʪʨʝʙʦʚʘʥʘ ʩʨʝʜʠ ʧʘʮʠʝʥʪʦʚ ʢʣʠʥʠʢʠ [6]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʝʨʚʠʩʳ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ (ʀʉ): 

1. ʉʝʨʚʠʩ çɿʘʧʠʩʴ ʥʘ ʧʨʠʸʤè. 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʩʝʨʚʠʩʘ ʧʘʮʠʝʥʪ ʩʤʦʞʝʪ ʧʦʩʤʦʪʨʝʪʴ ʨʘʩʧʠʩʘʥʠʝ ʧʨʠʝʤʘ 

ʚʨʘʯʝʡ ʢʣʠʥʠʢʠ, ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʝʛʦ ʚʨʘʯʘ ʠ ʟʘʧʠʩʘʪʴʩʷ ʥʘ ʧʨʠʝʤ ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʜʘʪʫ 

ʠ ʚʨʝʤʷ. ɼʘʥʥʳʡ ʩʝʨʚʠʩ ʙʫʜʝʪ ʠʥʪʝʛʨʠʨʦʚʘʥ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʢʣʠʥʠʢʠ. 

2. ʉʝʨʚʠʩ çɿʘʢʣʶʯʝʥʠʝ ʚʨʘʯʘè. 

ʌʫʥʢʮʠʦʥʘʣ ʵʪʦʛʦ ʩʝʨʚʠʩʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʣʝʜʫʶʱʝʝ: ʧʘʮʠʝʥʪʫ ʯʝʨʝʟ ʟʘʜʘʥʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʧʨʠʝʤʘ ʧʨʠʩʳʣʘʝʪʩʷ ʟʘʢʣʶʯʝʥʠʝ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʚʨʘʯʘ ʧʦ 

ʜʘʣʴʥʝʡʰʝʤʫ ʣʝʯʝʥʠʶ ï ʩʧʠʩʦʢ ʣʝʢʘʨʩʪʚ ʠ ʪ.ʜ. 

3. ʉʝʨʚʠʩ çʅʘʧʦʤʠʥʘʥʠʝ ʦ ʧʨʠʸʤʝè. 

ʉʝʨʚʠʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʚʝʜʦʤʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʪʦʤ, ʯʪʦ ʦʥ ʟʘʧʠʩʘʥ ʥʘ 

ʧʨʠʸʤ. ɿʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʜʦ ʧʨʠʝʤʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʠʪ ʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʨʠʝʤʝ: ʚʨʝʤʷ, ʢʘʙʠʥʝʪ, ʠʤʷ ʚʨʘʯʘ. ʊʘʢʞʝ ʙʫʜʝʪ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʝʩʪʠ 

ʠʣʠ ʦʪʤʝʥʠʪʴ ʚʠʟʠʪ ʢ ʚʨʘʯʫ. 



XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊʦʤ 2. 

63 

4. ʉʝʨʚʠʩ çʆʧʣʘʪʘ ʫʩʣʫʛè. 

ɼʘʥʥʳʡ ʩʝʨʚʠʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʧʣʘʪʳ ʫʩʣʫʛ, ʦʢʘʟʳʚʘʝʤʳʭ ʥʘ ʧʣʘʪʥʦʡ ʦʩʥʦʚʝ.  

5. ʉʝʨʚʠʩ çʐʪʨʠʭ-ʢʦʜ ʥʘ ʚʭʦʜè. 

ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʩʝʨʚʠʩʘ ʧʘʮʠʝʥʪ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʰʪʨʠʭ-ʢʦʜ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʚʭʦʜʘ ʚ ʤʝʜʠʮʠʥʩʢʠʡ ʮʝʥʪʨ. ɼʘʥʥʳʡ ʩʝʨʚʠʩ ʙʫʜʝʪ ʩʚʷʟʘʥ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʢʣʠʥʠʢʠ, ʫʧʨʦʩʪʠʪ ʠ ʫʩʢʦʨʠʪ ʚʭʦʜʥʫʶ ʧʨʦʮʝʜʫʨʫ. 

6. ʉʝʨʚʠʩ çʂʦʥʩʫʣʴʪʘʮʠʷè. 

ɼʘʥʥʳʡ ʩʝʨʚʠʩ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ 

ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʘʮʠʝʥʪʘ ʧʦ ʩʠʤʧʪʦʤʘʤ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ɺʘʞʥʦ: ʜʠʘʛʥʦʟ 

ʤʦʞʝʪ ʧʦʩʪʘʚʠʪʴ ʪʦʣʴʢʦ ʚʨʘʯ, ʘ ʜʘʥʥʳʡ ʩʝʨʚʠʩ ʧʦʤʦʞʝʪ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʧʨʠʝʤʘ, ʘ 

ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʠʝʤʥʳʭ ʯʘʩʦʚ ï ʧʨʠʥʠʤʘʪʴ ʧʘʮʠʝʥʪʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʦʩʪʦʷʥʠʷ; ʜʘʥʥʳʡ ʩʝʨʚʠʩ ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʥʦ 

ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ ʙʫʜʝʪ ʚʦʩʪʨʝʙʦʚʘʥ ʩʨʝʜʠ ʧʘʮʠʝʥʪʦʚ. 

ʅʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʀʉ) ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʙʦʪʦʤ (ʪ.ʥ. Userflow, 

https://disk.yandex.ru/i/9my_z5AWREOvig) (ʨʠʩ. 2). ɼʘʣʝʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʜʘʥʥʦʡ 

ʩʭʝʤʳ. 

 

 
 

ʈʠʩ. 2. ʂʨʘʪʢʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʙʦʪʦʤ 

 

ʈʘʙʦʪʘ/ʦʙʱʝʥʠʝ ʩ ʙʦʪʦʤ ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʦʧʨʦʩʘ: çɽʩʪʴ ʣʠ ʫ ɺʘʩ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ?è. 

ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ (ʜʘʣʝʝ ï ʃʂ) ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʘʡʪʝ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, ʩʦʟʜʘʝʪʩʷ ʧʦ 

ʞʝʣʘʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʦʪʨʫʜʥʠʢʘʤʠ ʮʝʥʪʨʘ ʚʨʫʯʥʫʶ. ɽʩʣʠ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝʪ ʃʂ, ʪʦ 
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ʦʥ ʥʝ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʬʫʥʢʮʠʷʤ ʠ ʩʝʨʚʠʩʘʤ, ʪʦʣʴʢʦ ʢ ʦʛʨʘʥʠʯʝʥʥʦʤʫ 

ʬʫʥʢʮʠʦʥʘʣʫ. ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʩʣʫʯʘʷ: (1) ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝʪ ʃʂ ʠ (2) ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʝʩʪʴ ʃʂ:  

1. ʋ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝʪ ʃʂ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʙʘʟʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʜʠʮʠʥʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʩʩʳʣʢʫ ʥʘ ʬʦʨʤʫ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʃʂ. ɼʘʣʝʝ ʚ ʪʝʯʝʥʠʝ 1-2 ʨʘʙʦʯʠʭ 

ʜʥʝʡ ʦʧʝʨʘʪʦʨ Call-ʮʝʥʪʨʘ ʤʝʜʠʮʠʥʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʞʝʪʩʷ ʩ ʧʘʮʠʝʥʪʦʤ ʜʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʟʜʘʥʠʷ ʃʂ ʠ ʚʳʰʣʝʪ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʯʪʫ. 

ʇʦʣʴʟʦʚʘʪʝʣʶ ʥʫʞʥʦ ʙʫʜʝʪ ʧʝʨʚʠʯʥʦ ʘʚʪʦʨʠʟʦʚʘʪʴʩʷ ʚ ʃʂ ʠ ʜʘʪʴ ʩʦʛʣʘʩʠʷ ʥʘ ʦʙʨʘʙʦʪʢʫ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʜʘʣʝʝ ʧʘʮʠʝʥʪ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʚʭʦʜ ʚ ʯʘʪ-ʙʦʪ ʠ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʫʧ ʢ ʩʝʨʚʠʩʘʤ.  

2. ʋ ʧʦʣʴʟʦʚʘʪʝʣʷ ʝʩʪʴ ʃʂ. 

ɼʣʷ ʜʦʩʪʫʧʘ ʢ ʩʝʨʚʠʩʘʤ ʙʦʪʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʚʚʝʩʪʠ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ ʦʪ ʃʂ, 

ʙʦʪ ʧʨʦʚʝʨʠʪ ʜʘʥʥʳʝ, ʠ, ʝʩʣʠ ʚʩʝ ʚʝʨʥʦ, ʧʦʧʨʠʚʝʪʩʪʚʫʶʪ ʧʘʮʠʝʥʪʘ ʧʦ ʠʤʝʥʠ ʠ ʦʪʯʝʩʪʚʫ 

ʠ ʚʳʜʘʩʪ ʩʧʠʩʦʢ ʜʦʩʪʫʧʥʳʭ ʩʝʨʚʠʩʦʚ, ʝʩʣʠ ʜʘʥʥʳʝ ʥʝ ʚʝʨʥʳ, ʙʦʪ ʧʦʧʨʦʩʠʪ ʚʳʧʦʣʥʠʪʴ 

ʧʨʦʮʝʜʫʨʫ ʘʚʪʦʨʠʟʘʮʠʠ ʟʘʥʦʚʦ. ɸʚʪʦʨʠʟʘʮʠʷ ʚ ʙʦʪʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʨʠ ʧʝʨʚʦʤ 

ʚʭʦʜʝ, ʜʘʣʝʝ ʘʚʪʦʨʠʟʦʚʘʪʴʩʷ ʥʝ ʥʫʞʥʦ. ʇʘʮʠʝʥʪʫ ʜʦʩʪʫʧʥʳ ʩʣʝʜʫʶʱʠʝ ʩʝʨʚʠʩʳ ʚ ʯʘʪ-

ʙʦʪʝ (ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʤʝʥʶ, ʚ ʢʦʪʦʨʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʩʝʨʚʠʩ, ʥʘʞʘʚ 

ʥʘ ʢʥʦʧʢʫ ʩ ʥʘʟʚʘʥʠʝʤ ʩʝʨʚʠʩʘ): çɿʘʧʠʩʴ ʥʘ ʧʨʠʸʤè, çʄʦʠ ʟʘʧʠʩʠè, çʐʪʨʠʭ-ʢʦʜ ʥʘ 

ʚʭʦʜè, çɿʘʢʣʶʯʝʥʠʝ ʚʨʘʯʘè. 

ʈʘʩʩʤʦʪʨʠʤ ʛʣʘʚʥʳʡ ʩʝʨʚʠʩ, ʥʘ ʢʦʪʦʨʦʤ ʦʩʥʦʚʳʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ï çɿʘʧʠʩʴ ʥʘ ʧʨʠʸʤè. ʇʨʠ ʚʳʙʦʨʝ ʜʘʥʥʦʛʦ ʩʝʨʚʠʩʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʵʪʘʧʥʦ (ʩ ʧʦʤʦʱʴʶ 

ʧʦʷʚʣʷʶʱʠʭʩʷ ʤʝʥʶ) ʚʳʙʠʨʘʝʪ: 

- ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʚʨʘʯʘ;  

- ʩʘʤʦʛʦ ʚʨʘʯʘ ʧʦ ʌʀʆ; 

- ʫʜʦʙʥʳʡ ʜʝʥʴ ʠ ʚʨʝʤʷ ʧʨʠʸʤʘ (ʠʟ ʜʦʩʪʫʧʥʳʭ). 

ɼʘʣʝʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʪʤʝʥʠʪʴ ʟʘʧʠʩʴ, ʥʘʞʘʚ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʥʦʧʢʫ. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ çʆʪʤʝʥʘè ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʦʟʚʨʘʱʘʝʪʩʷ 

ʚ ɻʣʘʚʥʦʝ ʤʝʥʶ ʩ ʜʦʩʪʫʧʥʳʤʠ ʩʝʨʚʠʩʘʤʠ. ɽʩʣʠ ʧʘʮʠʝʥʪ ʚʳʙʠʨʘʝʪ ʚʘʨʠʘʥʪ çɿʘʧʠʩʘʪʴʩʷè, 

ʪʦ ʦʥ ʧʝʨʝʭʦʜʠʪ ʢ ʩʝʨʚʠʩʫ çʆʧʣʘʪʘ ʫʩʣʫʛè. ʋ ʧʦʣʴʟʦʚʘʪʝʣʷ ʝʩʪʴ 15 ʤʠʥʫʪ ʜʣʷ ʦʧʣʘʪʳ. ʉ 

ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʥʘʯʠʥʘʝʪʩʷ ʦʪʩʯʝʪ ʚʨʝʤʝʥʠ ʠ ʚ ʯʘʪʝ ʧʦʷʚʣʷʶʪʩʷ ʩʧʦʩʦʙʳ ʦʧʣʘʪʳ, ʦʜʠʥ ʠʟ 

ʢʦʪʦʨʳʭ ʜʦʣʞʝʥ ʚʳʙʨʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ. ɿʘ 5 ʤʠʥʫʪ ʜʦ ʠʩʪʝʯʝʥʠʷ ʩʨʦʢʘ ʦʧʣʘʪʳ, ʝʩʣʠ 

ʦʧʝʨʘʮʠʷ ʥʝ ʙʳʣʘ ʩʦʚʝʨʰʝʥʘ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʠʪ ʥʘʧʦʤʠʥʘʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʧʣʘʪʳ ʫʩʣʫʛʠ.  

ɽʩʣʠ ʦʧʣʘʪʘ ʥʝ ʧʦʩʪʫʧʠʪ ʚ ʫʢʘʟʘʥʥʳʡ ʩʨʦʢ, ʟʘʧʠʩʴ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʤʝʥʝʥʘ, 

ʚ ʯʘʪʝ ʧʦʷʚʠʪʩʷ ʩʦʦʙʱʝʥʠʝ: çʆʧʣʘʪʘ ʥʝ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʨʝʤʷ. ɿʘʧʠʩʴ 

ʙʳʣʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʤʝʥʝʥʘ. ɿʘʧʠʰʠʪʝʩʴ ʥʘ ʧʨʠʝʤ ʟʘʥʦʚʦè. 

ʇʨʦʚʝʨʠʪʴ ʩʚʦʠ ʟʘʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩ ʧʦʤʦʱʴʶ ʩʝʨʚʠʩʘ çʄʦʠ ʟʘʧʠʩʠè, 

ʜʦʩʪʫʧʥʦʛʦ ʚ ɻʣʘʚʥʦʤ ʤʝʥʶ. ʇʨʠ ʚʳʙʦʨʝ ʜʘʥʥʦʛʦ ʩʝʨʚʠʩʘ ʦʪʦʙʨʘʟʠʪʩʷ ʩʧʠʩʦʢ ʟʘʧʠʩʝʡ ʩ 

ʠʥʬʦʨʤʘʮʠʝʡ. ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʭʦʯʝʪ ʦʪʤʝʥʠʪʴ ʟʘʧʠʩʴ, ʦʥ ʤʦʞʝʪ ʵʪʦ ʩʜʝʣʘʪʴ, ʥʘʞʘʚ ʥʘ 

ʢʥʦʧʢʫ çʆʪʤʝʥʠʪʴ ʟʘʧʠʩʴè. ɼʣʷ ʦʪʤʝʥʳ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʥʫʞʥʫʶ ʟʘʧʠʩʴ ʠʟ ʤʝʥʶ ʩʦ 

ʩʧʠʩʢʦʤ ʟʘʧʠʩʝʡ, ʢʦʪʦʨʦʝ ʧʦʷʚʠʪʩʷ ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʥʘ ʢʥʦʧʢʫ, ʧʨʠ ʵʪʦʤ ʦʪʤʝʥʠʪʴ ʟʘʧʠʩʴ 

ʤʦʞʥʦ ʥʝ ʧʦʟʜʥʝʝ 2 ʩʫʪʦʢ ʜʦ ʚʨʝʤʝʥʠ ʧʨʠʝʤʘ. ɼʘʣʝʝ ʙʦʪ ʧʦʧʨʦʩʠʪ ʧʦʜʪʚʝʨʜʠʪʴ ʦʪʤʝʥʫ 

ʠʣʠ ʧʨʝʜʣʦʞʠʪ ʚʝʨʥʫʪʴʩʷ ʢ ʩʧʠʩʢʫ ʟʘʧʠʩʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʤʝʥʠʪʴ. 

ɿʘ ʩʫʪʢʠ ʜʦ ʜʘʪʳ ʧʨʠʸʤʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʠʪ ʥʘʧʦʤʠʥʘʥʠʝ ʦʙ ʵʪʦʤ, ʘ ʪʘʢʞʝ ʙʦʪ 

ʧʨʠʰʣʸʪ ʰʪʨʠʭ-ʢʦʜ ʜʣʷ ʚʭʦʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ. ʐʪʨʠʭ-ʢʦʜ ʪʘʢʞʝ 

ʧʦʷʚʠʪʩʷ ʚ ʩʝʨʚʠʩʝ çʐʪʨʠʭ-ʢʦʜè ʚ ɻʣʘʚʥʦʤ ʤʝʥʶ. ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʦʩʣʝ 

ʧʦʩʝʱʝʥʠʷ ʚʨʘʯʘ ʚ ʩʝʨʚʠʩʝ çɿʘʢʣʶʯʝʥʠʝ ʚʨʘʯʘè ʧʦʷʚʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ 

ʚʨʘʯʘ ʧʦ ʠʪʦʛʘʤ ʧʨʠʸʤʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʦʛʠʢʦʡ ʙʦʪʘ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʙʦʪʘ 

(ʨʠʩ. 3), ʘ ʠʤʝʥʥʦ: 



XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊʦʤ 2. 

65 

- ʧʨʠʚʝʪʩʪʚʠʝ ʥʝʘʚʪʦʨʠʟʦʚʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦ ʠʤʝʥʠ, ʫʢʘʟʘʥʥʦʤʫ ʚ ʧʨʦʬʠʣʝ 
ʚ ʤʝʩʩʝʥʜʞʝʨʝ Telegram, ʧʨʠ ʩʪʘʨʪʝ ʙʦʪʘ; 

- ʤʝʥʶ çɽʩʪʴ ʣʠ ʫ ɺʘʩ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪè ʩ ʢʥʦʧʢʘʤʠ çʜʘè ʠ çʥʝʪè ʠ ʧʦʩʣʝʜʫʶʱʘʷ 
ʦʙʨʘʙʦʪʢʦʡ ʦʪʚʝʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

- ʬʫʥʢʮʠʦʥʘʣ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ (ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʨʝʛʠʩʪʨʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʜʠʮʠʥʩʢʦʤ ʮʝʥʪʨʝ, ʨʝʛʠʩʪʨʘʮʠʷ ʃʂ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ);  

- ʘʚʪʦʨʠʟʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʧʦʤʦʱʴʶ ʣʦʛʠʥʘ ʠ ʧʘʨʦʣʷ ʦʪ ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ; 

- ʚʦʟʚʨʘʪ ʢ ʤʝʥʶ çɽʩʪʴ ʣʠ ʫ ɺʘʩ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪè ʚ ʩʣʫʯʘʝ ʚʚʦʜʘ ʥʝʚʝʨʥʦʛʦ 

ʣʦʛʠʥʘ/ʧʘʨʦʣʷ; 

- ʧʨʠʚʝʪʩʪʚʠʝ ʧʘʮʠʝʥʪʘ ʧʦ ʠʤʝʥʠ ʠ ʦʪʯʝʩʪʚʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ, 
ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ, ʧʨʠ ʫʩʧʝʰʥʦʡ ʘʚʪʦʨʠʟʘʮʠʠ; 

- ʤʝʥʶ ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ ʧʘʮʠʝʥʪʘ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʣʠʥʠʢʝ, ʜʘʥʥʳʤʠ ʧʘʮʠʝʥʪʘ 
ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʩʪʘʚʠʪʴ ʦʪʟʳʚ ʦ ʙʦʪʝ; 

- ʠʥʪʝʨʬʝʡʩ ʛʣʘʚʥʦʛʦ ʤʝʥʶ ʩ ʜʦʩʪʫʧʥʳʤʠ ʩʝʨʚʠʩʘʤʠ; 

- ʩʝʨʚʠʩ çʄʦʠ ɿʘʧʠʩʠè ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʪʤʝʥʠʪʴ ʟʘʧʠʩʴ ʢ ʩʧʝʮʠʘʣʠʩʪʫ. 

 

 

 
 

ʈʠʩ. 3. ʀʥʪʝʨʬʝʡʩ ʯʘʪ-ʙʦʪʘ 

 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʚʘʞʥʦʩʪʴ 

ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠ ̫ʮʠʬʨʦʚʳʭ ʩʝʨʚʠʩʦʚ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʠʥʠʢʠ 

ʠ ʧʘʮʠʝʥʪʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʠ ʨʝʘʣʠʟʦʚʘʪʴ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ ʢʘʞʜʳʡ ʩʝʨʚʠʩ ʙʫʜʝʪ ʦʨʛʘʥʠʟʦʚʘʥ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ 

ʤʦʜʫʣʝʡ ʩ ʮʝʣʴʶ ʩʦʭʨʘʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʀʉ ʠ ʠʥʪʝʨʬʝʡʩʘ                          

ʯʘʪ-ʙʦʪʘ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʜʨʫʛʠʝ ʤʝʜʠʮʠʥʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʊʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʙʝʪʘ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʧʘʮʠʝʥʪʘʭ 

ʠ ʩʦʪʨʫʜʥʠʢʘʭ ʌɻɹʋ ʉɿʆʅʂʎ ʠʤ. ʃ.ɻ. ʉʦʢʦʣʦʚʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʦʨʘʙʦʪʢʦʡ. 
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ʄɸʐʀʅʅʆɽ ʆɹʋʏɽʅʀɽ ɺ ɼɽʊɽʂʎʀʀ 

ɸʅʆʄɸʃʀʁ ɺ ɿɺʋʂʆɺʓʍ ɼɸʅʅʓʍ 

 

ʀ.ʃ. ʂʦʜʫʘ  
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ. ʄ.ɹ. ʉʪʦʣʙʦʚ  

ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ 
 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʦʙʟʦʨ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʟʘʜʘʯʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ ʟʚʫʢʦʚ, ʠʟʜʘʚʘʝʤʳʭ ʤʝʭʘʥʠʟʤʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʜʘʥʥʳʭ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʪʘʩʝʪ ʩ ʩʦʨʝʚʥʦʚʘʥʠʷ DCASE 2020 ʩ ʟʘʜʘʥʠʷ 2, 

ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʦ 6 ʢʣʘʩʩʦʚ ʟʚʫʢʦʚʳʭ ʜʘʥʥʳʭ. ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʬʦʥʦʛʨʘʤʤʘʭ ʥʦʨʤʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʩʨʝʜʠ 

ʪʝʩʪʦʚʳʭ ʬʦʥʦʛʨʘʤʤ ʬʦʥʦʛʨʘʤʤʳ ʰʪʘʪʥʦ ʨʘʙʦʪʘʶʱʠʭ ʠʣʠ ʥʝʠʩʧʨʘʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

(ʘʥʦʤʘʣʠʠ ʟʚʫʢʦʚʳʭ ʜʘʥʥʳʭ). ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʠ ʘʚʪʦʵʥʢʦʜʝʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʘʥʦʤʘʣʠʡ, ʜʝʪʝʢʮʠʷ ʘʥʦʤʘʣʠʡ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʘʚʪʦʵʥʢʦʜʝʨ, 

MobileNet. 

 
ɺʚʝʜʝʥʠʝ 

ɿʘʜʘʯʘ ʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʘʥʦʤʘʣʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʝʩʪʴ ʥʘʙʦʨ ʬʦʥʦʛʨʘʤʤ 

ʙʝʟ ʘʥʦʤʘʣʠʡ, ʘ ʪʘʢʞʝ ʪʝʩʪʦʚʳʡ ʥʘʙʦʨ ʬʦʥʦʛʨʘʤʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʝʩʪʴ ʬʦʥʦʛʨʘʤʤʳ ʩ 

ʘʥʦʤʘʣʠʷʤʠ. ʆʙʫʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʜʘʥʥʳʤ ʙʝʟ ʘʥʦʤʘʣʠʡ. ʕʪʦ ʜʝʣʘʝʪʩʷ ʠʟ-ʟʘ ʪʦʛʦ, 

ʯʪʦ ʪʷʞʝʣʦ ʧʨʝʜʩʢʘʟʘʪʴ ʚʳʙʦʨʢʫ ʚʩʝʚʦʟʤʦʞʥʳʭ ʘʥʦʤʘʣʠʡ. ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʘʥʦʤʘʣʠʡ 

ʧʨʠʤʝʥʠʤʦ ʢ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʦʙʣʘʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʦʥʠʪʦʨʠʥʛ ʟʜʦʨʦʚʴʷ, ʦʙʥʘʨʫʞʝʥʠʝ ʥʘʨʫʰʝʥʠʡ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʬʝʨʝ ʠ 

ʪʘʢ ʜʘʣʝʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʫʜʠʦʜʘʥʥʳʤ. 

 

ɼʘʪʘʩʝʪ 

ʇʦ ʟʘʜʘʯʘʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʧʨʦʚʦʜʠʪʩʷ ʢʦʥʢʫʨʩ DCASE, ʠ 

ʚʦʪ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʚ ʥʝʛʦ ʚʢʣʶʯʝʥʘ ʟʘʜʘʯʘ ʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʘʥʦʤʘʣʠʠ. ɺ 2021 ʠ 2022 

ʛʦʜʘʭ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʣʘʩʴ ʙʦʣʝʝ ʫʩʣʦʞʥʝʥʥʦʡ, ʥʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʚʳʙʨʘʥ 2020 

ʛʦʜ, ʪ.ʢ. ʚ ʥʝʤ ʥʝʪ ʩʜʚʠʛʘ ʜʦʤʝʥʘ ʦʙʫʯʘʶʱʠʭ ʩʦʙʳʪʠʡ. ʇʦʜ ʩʜʚʠʛʦʤ ʜʦʤʝʥʘ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʦʜʝʣʴ ʦʙʫʯʘʝʪʩʷ ʥʘ ʦʜʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʜʘʥʥʳʭ, ʘ ʚʳʧʦʣʥʷʝʪ ʧʨʝʜʩʢʘʟʘʥʠʷ ʜʣʷ ʜʨʫʛʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚʳʙʦʨʢʘ ʟʚʫʢʘ 

ʥʘʩʦʩʘ ʠ ʟʚʫʢ ʥʘʩʦʩʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢʦʡ-ʣʠʙʦ ʠʟ ʜʝʪʘʣʝʡ. ʕʪʦ ʫʩʣʦʞʥʷʝʪ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ɼʘʪʘʩʝʪ 2020 ʛʦʜʘ ʙʳʣ ʚʳʙʨʘʥ  ʧʦʪʦʤʫ, ʯʪʦ ʚ ʥʝʤ ʥʝʪ 

ʩʜʚʠʛʘ ʜʦʤʝʥʘ. ɼʘʥʥʳʝ ʜʝʣʷʪʩʷ ʥʘ 6 ʢʣʘʩʩʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʨʘʟʥʳʤ ʤʝʭʘʥʠʟʤʘʤ: 

ʢʣʘʧʘʥ, ʠʛʨʫʰʝʯʥʳʡ ʢʦʥʚʝʡʝʨ, ʠʛʨʫʰʝʯʥʘʷ ʤʘʰʠʥʘ, ʧʦʣʟʫʥʦʢ, ʥʘʩʦʩ ʠ ʚʝʥʪʠʣʷʪʦʨ (ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʪʩʷ ʩʚʦʷ ʪʨʝʥʠʨʦʚʢʘ ʤʦʜʝʣʠ ʠ ʨʝʰʘʝʪʩʷ ʩʚʦʷ ʟʘʜʘʯʘ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ). ʊʨʝʥʠʨʦʚʦʯʥʳʝ ʠ ʪʝʩʪʦʚʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ wav-ʬʘʡʣʘʤʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 10 ʩʝʢʫʥʜ ʠ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 16 ʢɻʮ [1]. 

 

ʄʝʪʨʠʢʘ ʢʘʯʝʩʪʚʘ 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʨʠʢʠ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ AUC (Area Under the ROC Curve) ʠ 

pAUC. ɼʘʥʥʘʷ ʤʝʪʨʠʢʘ ʧʦʢʘʟʳʚʘʝʪ ʥʘ ʩʢʦʣʴʢʦ ʜʘʥʥʳʝ ʠʟ ʦʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʨʘʟʜʝʣʠʤʳ 
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ʩ ʜʘʥʥʳʤʠ ʠʟ ʜʨʫʛʦʛʦ ʤʥʦʞʝʩʪʚʘ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʘʥʥʦʡ ʤʝʪʨʠʢʝ 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʩʪʘʪʴʝ [2]. 

 

ɿʚʫʢʦʚʳʝ ʧʨʠʟʥʘʢʠ 

ɺ ʢʘʯʝʩʪʚʝ ʟʚʫʢʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʠ ʤʝʣ-

ʩʧʝʢʪʨʦʛʨʘʤʤʳ. ʉʧʝʢʪʨʦʛʨʘʤʤʘ ï ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ. ʄʝʣ-

ʩʧʝʢʪʨʦʛʨʘʤʤʘ ï ʵʪʦ ʩʧʝʢʪʨʦʛʨʘʤʤʘ, ʧʝʨʝʚʝʜʝʥʥʘʷ ʠʟ ʛʝʨʮ ʰʢʘʣʳ ʚ ʤʝʣ ʰʢʘʣʫ ʜʣʷ 

ʧʦʜʯʝʨʢʠʚʘʥʠʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. ʊʝ ʢʦʤʘʥʜʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʠ ʟʚʫʢʦʚʳʝ 

ʧʨʠʟʥʘʢʠ ʚ ʢʦʥʢʫʨʩʝ DCASE 2020 ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʨʝʟʫʣʴʪʘʪ ʚ ʟʘʜʘʯʝ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ. ʊʘʢʞʝ ʚ ʩʪʘʪʴʝ ʄʫʭʘʤʤʘʜʘ ʍʫʟʘʡʬʘ ʥʘ ʜʘʪʘʩʝʪʘʭ ESC-50 ʠ 

UrbanSound8K, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʟʚʫʢʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʚʫʢʦʚ ʥʘ ʵʪʠʭ ʜʘʪʘʩʝʪʘʭ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ 

ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤʘ, ʘ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʤʝʣ ʢʝʧʩʪʨʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ 

ʦʙʳʯʥʘʷ ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʜʘʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʪʦʯʥʦʩʪʴ [3]. ɺ ʙʝʡʟʣʘʡʥʝ ʟʘʜʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʚ 128 ʤʝʣ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʤʝʣ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʩʠʛʥʘʣʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 10 

ʩʝʢʫʥʜ, ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 16 ʢɻʮ, ʩ ʦʢʥʦʤ ʍʘʥʥʘ ʜʣʠʥʥʦʡ 1024, ʰʘʛʦʤ ʦʢʥʘ 512 

ʦʪʯʝʪʦʚ. 

 
ʈʠʩ. 1. ʇʨʠʤʝʨ ʤʝʣ-ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʚ ʜʝʮʠʙʝʣʘʭ  

 

ɸʚʪʦʵʥʢʦʜʝʨ 

ʆʜʠʥ ʠʟ ʧʦʜ ʧʦʜʭʦʜʦʚ ʢ ʚʳʯʠʩʣʝʥʠʶ ʫʨʦʚʥʷ ʘʥʦʤʘʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʵʥʢʦʜʝʨʘ. ɸʚʪʦʵʥʢʦʜʝʨ ï ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʢʦʜʝʨʘ ʠ 

ʜʝʢʦʜʝʨʘ. ʂʦʜʝʨ - ʩʞʠʤʘʝʪ ʜʘʥʥʳʝ ʚ ʣʘʪʝʥʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʜʝʢʦʜʝʨ ʧʨʝʦʙʨʘʟʫʝʪ ʠʭ. 

ɼʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʝʢʦʜʝʨ, ʢʦʪʦʨʳʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʜʘʥʥʳʝ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʨʘʙʦʪʘʝʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ, ʦʙʫʯʘʷʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʥʦʨʤʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʘʚʪʦʵʥʢʦʜʝʨ ʥʝ ʩʤʦʞʝʪ ʢʦʨʨʝʢʪʥʳʤ ʦʙʨʘʟʦʤ ʩʞʘʪʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʜʘʥʥʳʝ ʠ ʪʦʛʜʘ ʤʦʞʥʦ 

ʙʫʜʝʪ ʦʪʩʣʝʜʠʪʴ ʘʥʦʤʘʣʠʶ, ʧʦʜʩʯʠʪʘʚ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʫʶ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʠ 

ʚʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʆʙʟʦʨ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʩʪʘʪʴʝ 

[4]. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʘʚʪʦʵʥʢʦʜʝʨʘ. ɼʘʥʥʳʡ ʙʝʡʟʣʘʡʥ ʘʚʪʦʵʥʢʦʜʝʨ ʨʘʙʦʪʘʝʪ 

ʩ ʪʦʯʥʦʩʪʴʶ 66 - 84 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʧʦ ʤʝʪʨʠʢʝ AUC. 
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ʈʠʩ. 2. ʆʙʱʘʷ ʩʭʝʤʘ ʘʚʪʦʵʥʢʦʜʝʨʘ [5] 

 

ɺ ʢʦʥʢʫʨʩʝ DCASE 2020 ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʚʪʦʝʥʢʦʜʝʨ MADE (Masked 

Autoencoder for Distribution Estimation). ɼʘʥʥʳʡ ʘʚʪʦʵʥʢʦʜʝʨ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʈʠʪʚʠʢʦʤ ɻʠʨʠ - ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʠʟ ʢʦʤʧʘʥʠʠ Amazon [6]. ɼʘʥʥʳʡ ʘʚʪʦʵʥʢʦʜʝʨ ʧʳʪʘʝʪʩʷ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʜʘʥʥʳʝ ʧʦ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʤʝʞʜʫ ʚʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʫʶ ʤʳ 

ʟʘʜʘʝʤ, ʵʪʦ ʜʝʣʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʩʦʢ ʤʝʞʜʫ ʚʝʩʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ, ʧʦʜʨʦʙʥʝʝ ʦʙ ʵʪʦʤ ʤʦʞʥʦ ʧʨʦʯʠʪʘʪʴ ʚ ʦʨʠʛʠʥʘʣʴʥʦʡ ʩʪʘʪʴʝ [7]. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʜʘʥʥʦʛʦ ʘʚʪʦʵʥʢʦʜʝʨʘ. 

 

 
 

ʈʠʩ. 3. MADE ʘʚʪʦʵʥʢʦʜʝʨ (ʩʭʝʤʘ) [8] 

 

ʋ ʵʪʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʘʚʪʦʵʥʢʦʜʝʨʘ ʝʩʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʣʶʩ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʫʩʣʦʚʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʦʣʫʯʘʪʴ ʘʥʩʘʤʙʣʴ ʤʦʜʝʣʝʡ. ɸʥʩʘʤʙʣʴ ʠʟ MADE ʘʚʪʦʵʥʢʦʜʝʨʦʚ ʨʘʙʦʪʘʶʪ ʩ ʪʦʯʥʦʩʪʴʶ 

70 - 94 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʧʦ ʤʝʪʨʠʢʝ AUC [9]. 

 

ʕʤʙʝʜʜʠʥʛ ʩ ʧʨʝʜʧʦʩʣʝʜʥʝʛʦ ʩʣʦʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ 

ʕʤʙʝʜʜʠʥʛ ï ʚʳʩʦʢʦʫʨʦʚʥʝʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʦʙʲʝʢʪʝ. ʅʘʧʨʠʤʝʨ: ʩʧʝʢʪʨʦʛʨʘʤʤʘ 

ʟʚʫʢʘ ʤʫʟʳʢʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ - ʥʠʟʢʦʫʨʦʚʥʝʚʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, 

ʢʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪ ʟʚʫʯʠʪ ʥʘ ʜʘʥʥʦʡ ʩʧʝʢʪʨʦʛʨʘʤʤʝ - ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʧʨʠʟʥʘʢ. ɺ 

ʢʦʥʪʝʢʩʪʝ ʜʘʥʥʦʡ ʩʪʘʪʴʠ, ʵʤʙʝʜʜʠʥʛ - ʚʳʭʦʜ ʩ ʧʨʝʜʧʦʩʣʝʜʥʝʛʦ ʩʣʦʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 
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ʈʠʩ. 4. ʀʣʣʶʩʪʨʘʮʠʷ ʧʦʜʭʦʜʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ 

ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ [10] 
  

ʇʦʜʭʦʜ ʥʘ ʨʠʩ. 4 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʙʫʯʘʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʥʘ ʥʘʙʦʨʝ 

ʜʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʣʘʩʩʘʤʠ ʠʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʞʝ ʧʨʝʜʦʙʫʯʝʥʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʦʛʨʘʤʤʘʭ. ɼʘʣʝʝ ʥʘ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʘʶʪ ʵʤʙʝʜʜʠʥʛʠ, ʧʦʩʣʝ ʯʝʛʦ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʝʛʦ ʜʦ ʮʝʥʪʨʘ ʢʣʘʩʪʝʨʘ ʥʦʨʤʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʦʙʫʯʝʥʠʠ, ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʣʘʩʩʘ. ʅʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ 

ʫʢʘʟʘʥʦ ʢʦʩʠʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʭʦʪʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʨʫʛʠʝ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʜʘʝʪ 

ʪʦʯʥʦʩʪʴ ʚ 64-99 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʧʦ ʤʝʪʨʠʢʝ AUC (ʪʘʙʣʠʮʘ). 

 
ʊʘʙʣʠʮʘ 

 

ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʘʥʩʘʤʙʣʷ ʘʚʪʦʵʥʢʦʜʝʨʦʚ ʠ ʵʤʙʝʜʜʠʥʛʦʚ ʩ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʧʦ 

ʤʝʪʨʠʢʘʤ AUC ʠ pAUC 

 

ʊʠʧ ʤʝʭʘʥʠʟʤʘ ɸʥʩʘʤʙʣʴ ʠʟ MADE ʘʚʪʦʵʥʢʦʜʝʨʦʚ ʕʤʙʝʜʜʠʥʛ ʩ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ 

AUC, % pAUC, % AUC, % pAUC, % 

ʄʘʰʠʥʢʘ 80,20 69,70 93,99 89,23 

ʂʦʥʚʝʝʨ 75,10 61,30 64,83 57,23 

ɺʝʥʪʠʣʷʪʦʨ 70,30 53,20 88,12 83,12 

ʅʘʩʦʩ 74,96 65,92 91,59 81,52 

ʇʦʣʟʫʥʦʢ 94,00 83,00 99,99 99,95 

ʂʣʘʧʘʥ 93,36 76,15 92,98 84,56 

 

ɺʳʚʦʜʳ 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʘʥʦʤʘʣʠʡ. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʦʙʟʦʨʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ.  ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʙʫʜʫʪ ʘʢʪʫʘʣʴʥʳ ʠ 

ʧʦʣʝʟʥʳ ʜʣʷ ʩʬʝʨʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʟʚʫʢʦʚʳʭ ʜʘʥʥʳʭ. ʇʦ ʠʪʦʛʦʚʦʡ ʪʘʙʣʠʮʝ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʤʙʝʜʜʠʥʛʦʚ ʩ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʪʦʯʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ ʧʦ ʤʝʪʨʠʢʘʤ AUC ʠ pAUC, ʯʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʩʘʤʙʣʷ ʠʟ MADE ʘʚʪʦʵʥʢʦʜʝʨʦʚ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʜʣʷ ʢʣʘʩʩʘ ʢʦʥʚʝʝʨ 

ʘʥʩʘʤʙʣʴ MADE ʘʚʪʦʵʥʢʦʜʝʨʦʚ ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʪʦʯʥʳʡ ʨʝʟʫʣʴʪʘʪ.   
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʨʝʣʷʮʠʦʥʥʳʝ (SQL) ʠ ʥʝʨʝʣʷʮʠʦʥʥʳʝ (NoSQL) ʉʋɹɼ. 

ʇʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʘʥʥʳʭ, ʭʨʘʥʠʤʳʭ ʚ ɹɼ, ʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ ʉʋɹɼ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʚʳʙʦʨ ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʨʘʙʦʪʢʝ ʇʆ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʈʝʣʷʮʠʦʥʥʳʝ ʉʋɹɼ, ʥʝʨʝʣʷʮʠʦʥʥʳʝ ʉʋɹɼ, ʨʘʟʨʘʙʦʪʢʘ ʇʆ, ʙʘʟʘ ʜʘʥʥʳʭ. 
 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʲʝʤ ʨʳʥʢʘ ʨʦʩʩʠʡʩʢʦʛʦ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʪʝʪ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦ ʠʪʦʛʘʤ 2020 ʛʦʜʘ ʦʥ ʚʳʨʦʩ ʥʘ 6,7% ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ 2019 ʛʦʜʦʤ. ʇʨʠ ʵʪʦʤ ʚ 2022 ʛʦʜʫ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʌ ʤʝʨʳ 

ʧʦʜʜʝʨʞʢʠ ʀʊ-ʩʬʝʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʇʆ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʫʢʣʦʥʥʦʤʫ ʨʦʩʪʫ ʨʘʟʨʘʙʦʪʦʢ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʛʜʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʣʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʳ ɹɼ ʠ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʡ ʜʘʥʥʳʭ (ʉʋɹɼ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ 

ʚʳʙʦʨʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʉʋɹɼ, ʪʘʢ ʢʘʢ ʦʪ ʜʘʥʥʦʛʦ ʚʳʙʦʨʘ ʟʘʚʠʩʷʪ ʘʣʛʦʨʠʪʤʳ 

ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ ʠ ʢʘʯʝʩʪʚʦ ʠʭ ʨʝʰʝʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ.  

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʠʩʫʱʠʝ ʨʝʣʷʮʠʦʥʥʳʤ ʠ 

ʥʝʨʝʣʷʮʠʦʥʥʳʤ ʧʦʜʭʦʜʘʤ. 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʝʣʷʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʷʟʳʢ ʟʘʧʨʦʩʦʚ SQL, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʩʪʦʪʫ ʧʝʨʝʭʦʜʘ ʩ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʜʨʫʛʫʶ [1]. ʇʨʠ ʵʪʦʤ ʷʟʳʢ SQL ʧʦʟʚʦʣʷʝʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʪʦ ʝʩʪʴ ʢʨʦʤʝ ʠʟʚʣʝʯʝʥʠʷ, ʯʪʝʥʠʷ, ʩʦʟʜʘʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ 

ʤʦʞʥʦ ʠʭ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ. ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʚ ʨʝʣʷʮʠʦʥʥʳʭ ʉʋɹɼ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ ʧʦʜʜʝʨʞʢʠ ACID-ʪʨʝʙʦʚʘʥʠʡ [2]. 

 

ʆʛʨʘʥʠʯʝʥʠʷ ʨʝʣʷʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ɺʦʟʥʠʢʘʝʪ ʩʣʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ [3]. ʈʝʣʷʮʠʦʥʥʘʷ 

ʉʋɹɼ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʳʭ ʪʘʙʣʠʮ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʷʜʘ 

ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʪʘʙʣʠʮ, ʪʦ 

ʝʩʪʴ ʣʦʛʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʤʥʦʞʝʩʪʚʫ ʪʘʙʣʠʮ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ 

ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʣʷʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʥʝʦʙʭʦʜʠʤʘ 

ʪʱʘʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ, ʪʦ ʝʩʪʴ ʩʦʟʜʘʥʠʝ ʩʭʝʤʳ ɹɼ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʦʚ ʜʘʥʥʳʭ ʜʦʣʞʥʳ 

ʚʳʧʦʣʥʷʪʴʩʷ ʟʘʨʘʥʝʝ [4]. ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ɹɼ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ, ʟʘʪʝʤ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʣʦʛʠʯʝʩʢʫʶ 

ʠ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʨʫʜʥʦ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ ʠʟ-

ʟʘ ʞʝʩʪʢʦʡ ʩʭʝʤʳ ɹɼ.  
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ʇʨʝʠʤʫʱʝʩʪʚʘ ʥʝʨʝʣʷʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ NoSQL ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʝʝ 

ʛʠʙʢʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ. ʇʨʠ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʭʘʨʘʢʪʝʨʥʳ ʛʠʙʢʠʝ 

ʩʭʝʤʳ ɹɼ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʦʵʪʘʧʥʦ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʚʚʠʜʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʭʝʤ ʜʘʥʥʳʭ ʤʦʞʥʦ ʠʤʝʪʴ ʚ ɹɼ ʜʚʘ ʜʦʢʫʤʝʥʪʘ 

ʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʊʘʢʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʜʦʙʘʚʣʷʪʴ ʠ ʫʜʘʣʷʪʴ ʧʦʣʷ. 

ʅʝʨʝʣʷʮʠʦʥʥʳʝ ʉʋɹɼ ʧʦʜʭʦʜʷʪ ʜʣʷ ʭʨʘʥʝʥʠʷ ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ ʤʦʞʥʦ ʭʨʘʥʠʪʴ ʚ ʚʠʜʝ ʜʦʢʫʤʝʥʪʦʚ, ʧʘʨʳ çʢʣʶʯ-

ʟʥʘʯʝʥʠʝè, ʛʨʘʬʦʚ ʠʣʠ ʰʠʨʦʢʠʭ ʩʪʦʣʙʮʦʚ [5]. ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʪʘʢʠʝ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʜʠʥʷʪʴ ʦʙʲʝʢʪʳ ʠ ʭʨʘʥʠʪʴ ʠʭ ʚʤʝʩʪʝ, ʯʪʦ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠ 

ʟʘʧʨʦʩʝ ʧʦʣʫʯʘʪʴ ʚʝʩʴ ʦʙʲʝʢʪ, ʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʙʠʨʘʪʴ ʠ ʦʙʲʝʜʠʥʷʪʴ ʠʥʬʦʨʤʘʮʠʶ. 

ʅʝʨʝʣʷʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʮʝʜʫʨʫ ʨʝʧʣʠʢʘʮʠʠ ʠ ʧʦʤʦʛʘʶʪ 

ʜʦʙʠʪʴʩʷ ʙʦʣʴʰʝʡ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʩʠʩʪʝʤʳ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʫʶʪ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ API-ʤʝʪʦʜʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ [6], ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʩʪʘʥʦʚʠʪʩʷ ʥʘʤʥʦʛʦ ʧʨʦʱʝ, ʯʝʤ ʷʟʳʢ ʟʘʧʨʦʩʦʚ SQL. 

 

ʆʛʨʘʥʠʯʝʥʠʷ ʥʝʨʝʣʷʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʇʨʠʣʦʞʝʥʠʝ ʩʠʣʴʥʦ çʧʨʠʚʷʟʳʚʘʝʪʩʷè ʢ ʢʦʥʢʨʝʪʥʦʡ ʉʋɹɼ, ʪʘʢ ʢʘʢ ʪʘʢʘʷ ʩʠʩʪʝʤʘ 

ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʠ API ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ. ʆʪʩʫʪʩʪʚʫʶʪ ʬʫʥʢʮʠʠ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ ʠ 

ʘʥʘʣʠʪʠʢʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʥʮʠʧ çʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝè, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʚʨʝʤʝʥʥʳʝ, ʫʩʪʘʨʝʚʰʠʝ ʠʣʠ ʯʘʩʪʠʯʥʦ ʦʙʥʦʚʣʝʥʥʳʝ 

ʜʘʥʥʳʝ. ʉʭʝʤʫ ɹɼ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʟʘʨʘʥʝʝ, ʯʪʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʝʜʚʠʜʝʥʥʳʤ ʪʨʫʜʥʦʩʪʷʤ ʠ ʦʪʢʘʟʫ ʦʪ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʤʝʪʨʦʚ SQL ʠ NoSQL 

ʉʋɹɼ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʇʆ. 

 
ʊʘʙʣʠʮʘ 

 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʘʨʘʤʝʪʨʦʚ SQL ʠ NoSQL ʉʋɹɼ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ SQL NoSQL 

ʉʭʝʤʘ ɹɼ ɾʝʩʪʢʘʷ ɼʠʥʘʤʠʯʝʩʢʘʷ 

ʄʦʜʝʣʴ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʊʘʙʣʠʮʳ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ 

ʩʪʨʦʢʘʤʠ ʠ ʩʪʦʣʙʮʘʤ 

JSON-ʜʦʢʫʤʝʥʪʳ, ʧʘʨʳ ʢʣʶʯ-

ʟʥʘʯʝʥʠʷ, ʪʘʙʣʠʮʳ ʩʦ ʩʪʨʦʢʘʤʠ 

ʠ ʜʠʥʘʤʠʯʥʳʤʠ ʩʪʦʣʙʮʘʤʠ, 

ʛʨʘʬʳ ʩ ʫʟʣʘʤʠ ʠ ʨʸʙʨʘʤʠ 

ɼʘʥʥʳʝ ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʅʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ, 

ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ, 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ɼʦʩʪʫʧ ʢ ʜʘʥʥʳʤ SQL ʉʦʙʩʪʚʝʥʥʳʝ API 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ɺʝʨʪʠʢʘʣʴʥʘʷ ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʇʦʜʜʝʨʞʢʘ ACID-

ʪʨʝʙʦʚʘʥʠʡ 

ɽʩʪʴ ʅʝʪ 

ʇʦʜʜʝʨʞʢʘ ʧʨʠʥʮʠʧʦʚ 

BASE 

ʅʝʪ ɽʩʪʴ 

ʌʫʥʢʮʠʠ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ 

ʠ ʘʥʘʣʠʪʠʢʠ 

ɽʩʪʴ ʅʝʪ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʦʙʲʝʜʠʥʝʥʠʠ ʪʘʙʣʠʮ 

ʊʨʝʙʫʝʪʩʷ ʅʝ ʪʨʝʙʫʝʪʩʷ 

ɿʘʧʨʦʩʳ ʥʘ 

ʩʦʟʜʘʥʠʝ/ʠʟʤʝʥʝʥʠʝ ʪʘʙʣʠʮ/ 

ʜʦʢʫʤʝʥʪʦʚ, ʯʪʝʥʠʝ, ʚʩʪʘʚʢʫ 

ʜʘʥʥʳʭ 

ɽʩʪʴ ɽʩʪʴ 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʊʘʙʣʠʮʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʣʷʮʠʦʥʥʦʡ ʠ 

ʥʝʨʝʣʷʮʠʦʥʥʦʡ ʉʋɹɼ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ. 

ʈʝʣʷʮʠʦʥʥʫʶ ʉʋɹɼ ʣʫʯʰʝ ʚʳʙʠʨʘʪʴ ʚ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʷʭ: 

¶ ʠʤʝʶʪʩʷ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʘʥʥʳʤ; 

¶ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ; 

¶ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪ, ʢʦʪʦʨʳʡ ʭʦʨʦʰʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ 

(ʥʘʧʨʠʤʝʨ, MySQL); 

¶ ʠʤʝʝʪʩʷ ʢʦʤʘʥʜʘ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʦʧʳʪʦʤ ʨʘʙʦʪʳ ʠ ʭʦʨʦʰʘʷ ʪʝʭʥʠʯʝʩʢʘʷ 

ʧʦʜʜʝʨʞʢʘ; 

¶ ʚʦʟʤʦʞʝʥ ʙʳʩʪʨʳʡ ʧʝʨʝʭʦʜ ʩ ʦʜʥʦʡ ʉʋɹɼ ʥʘ ʜʨʫʛʫʶ. 

ʅʝʨʝʣʷʮʠʦʥʥʫʶ ʉʋɹɼ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʚ ʩʣʫʯʘʷʭ: 

¶ ʢ ʜʘʥʥʳʤ ʥʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ; 

¶ ʩʠʩʪʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʙʳʩʪʨʦ, ʥʦ ʧʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʤʦʛʫʪ ʩʦ 

ʚʨʝʤʝʥʝʤ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴʩʷ; 

¶ ʥʝʦʙʭʦʜʠʤʘ ʦʛʨʦʤʥʘʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʭʦʨʦʰʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. 

ʇʝʨʝʡʜʸʤ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʉʋɹɼ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

¶ ʪʠʧ ʤʦʜʝʣʠ ʜʘʥʥʳʭ; 

¶ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʙʳʪʴ ʘʜʝʢʚʘʪʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ; 

¶ ʟʘʧʘʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʳʙʨʘʥʥʦʡ ʉʋɹɼ; 

¶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʧʦʜʜʝʨʞʢʘ ʉʋɹɼ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʭʦʨʦʰʝʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

ɽʩʣʠ ʥʝʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʪʴ ʪʠʧ ʉʋɹɼ, ʪʦ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ 

ʫʚʝʣʠʯʠʪʩʷ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ, ʣʠʙʦ ʬʫʥʢʮʠʦʥʘʣ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ ʥʝ 

ʚʝʩʴ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʙʦʨ ʉʋɹɼ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ. ʅʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʠ ʧʨʦ ʜʘʣʴʥʝʡʰʫʶ ʨʘʟʨʘʙʦʪʢʫ ʟʘʧʨʦʩʦʚ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ, 

ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʜʦʙʘʚʣʝʥʠʷ ʜʘʥʥʳʭ. ʊʘʢʞʝ ʚʳʙʦʨ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʪʱʘʪʝʣʴʥʦʩʪʴ 

ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʠʣʠ ʞʝ, ʥʘʦʙʦʨʦʪ, ʩʠʩʪʝʤʫ 

ʤʦʞʥʦ ʙʫʜʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʷʤʦ ʩʝʡʯʘʩ ʠ ʧʦʵʪʘʧʥʦ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʣʷʮʠʦʥʥʳʝ ʉʋɹɼ ʥʝ ʚʩʝʛʜʘ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʧʦʪʨʝʙʥʦʩʪʷʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤʠ ʜʘʥʥʳʤʠ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʧʫʣʷʨʥʦʩʪʠ ʥʝʨʝʣʷʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. ʊʘʢʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʣʷʮʠʦʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʧʝʨʝʜ ʪʝʤ, ʢʘʢ ʧʨʠʩʪʫʧʠʪʴ ʢ 

ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ, ʧʦʪʦʤʫ ʯʪʦ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʨʘʥʝʝ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ NoSQL-ʧʦʜʭʦʜʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʪʱʘʪʝʣʴʥʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɹɼ ʦʪʧʘʜʘʝʪ, ʪʘʢ ʢʘʢ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʠʙʢʠʝ ʩʭʝʤʳ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʠʩʪʝʤʫ ʧʦʵʪʘʧʥʦ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ɸʥʥʦʪʘʮʠʷ 

ʇʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʣʠʮʘ. ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʣʝʞʠʪ 

ʧʨʝʜʩʢʘʟʘʥʠʝ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ (PDM). ɺ ʦʪʣʠʯʠʠ ʦʪ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʝʨʪʦʯʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ. ʇʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʫʯʠʪʳʚʘʪʴ ʩʚʷʟʠ ʤʝʞʜʫ ʢʣʶʯʝʚʳʤʠ ʪʦʯʢʘʤʠ ʣʠʮʘ ʠ ʠʟʙʝʛʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʭ 

ʦʪʢʣʦʥʝʥʠʡ/ʚʳʙʨʦʩʦʚ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʂʣʶʯʝʚʳʝ ʪʦʯʢʠ, ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʤʦʜʝʣʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ, ʙʠʦʤʝʪʨʠʷ ʣʠʮʘ. 

 

ʇʨʦʙʣʝʤʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ï ʵʪʦ ʦʜʥʘ ʠʟ ʧʝʨʝʜʦʚʳʭ ʦʙʣʘʩʪʝʡ ʨʘʟʚʠʪʠʷ 

ʣʠʮʝʚʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ 

ʨʝʰʝʥʠʷ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʷʤʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʬʦʪʦʛʨʘʬʠʡ. ʆʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʫʪʝʤ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʙʦʣʴʰʠʥʩʪʚʦ ʧʠʢʩʝʣʝʡ ʢʘʨʪʠʥʢʠ 

ʢ ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʯʝʥʠʷʤ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʠʥʚʘʨʠʘʥʪʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʩʰʪʘʙʘ, 

ʩʚʝʪʘ ʠ ʪʦʯʢʠ, ʦʪʢʫʜʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩʲʝʤʢʘ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʠʩʢʝ ʢʣʶʯʝʚʳʭ 

ʪʦʯʝʢ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʚʳʯʠʩʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʙʲʝʢʪ ʟʥʘʯʝʥʠʷ. 

ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʦʦʨʜʠʥʘʪʳ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʠʤʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʦʙʲʝʢʪʦʚ: 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ ʛʣʘʟ, ʬʦʨʤʳ ʨʪʘ, ʩʫʩʪʘʚʦʚ ʩʢʝʣʝʪʘ. ʇʨʠʤʝʥʝʥʠʝ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ 

ʟʘʚʠʩʠʪ ʦʪ ʟʘʜʘʯʠ: ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʘʥʘʣʠʟʘ (Lip 

reading [1], Eye tracking ʠ ʪ.ʜ.) ʠʣʠ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʠʟʥʘʢʦʚ (SURF, 

SIRF [2]). 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʜʝʪʝʢʪʦʨʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʠʩʢʘʞʝʥʠʶ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʚʨʘʱʝʥʠʝ, ʩʤʝʱʝʥʠʝ, ʧʦʣʦʞʝʥʠʝ ʢʘʤʝʨʳ, ʨʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʷʨʢʦʩʪʴ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʢʣʶʯʝʚʳʝ ʪʦʯʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʢʦʨʨʝʢʪʥʦ, ʪʦ ʧʦʣʫʯʝʥʥʦʝ ʧʦʩʣʝ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦ ʥʠʤ ʠʟʦʙʨʘʞʝʥʠʝ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʦʰʠʙʢʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ, ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʢʣʶʯʝʚʳʤʠ ʪʦʯʢʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʚʳʙʨʦʩʘʤ ʠ ʢ ʥʝʚʦʟʤʦʞʥʳʤ 

ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʧʦʣʦʞʝʥʠʷʤ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ.  

ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʤʝʪʦʜʘ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʨʝʰʝʥʠʷ ʪʘʢ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ. ʕʪʦ ʩʪʘʚʠʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʝʨʝʜ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʠʩʢʘ ʘʢʪʫʘʣʴʥʦʛʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʨʝʰʝʥʠʷ ʦʩʦʙʝʥʥʦ 

ʚ ʨʘʤʢʘʭ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʙʣʝʤʫ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʠʪʴ, ʧʨʠ 

ʧʦʤʦʱʠ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ (Point Distribution Model) [3]. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʦʧʠʩʘʪʴ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʥʝʢʦʪʦʨʦʛʦ ʚʭʦʜʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʭ ʝʡ ʧʦʜʘʶʪ ʧʨʠ ʪʨʝʥʠʨʦʚʢʝ.  
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ʀʤʝʷ ʦʙʫʯʘʶʱʠʡ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʤʳ ʤʦʞʝʤ ʧʨʝʜʩʪʘʚʠʪʴ ʣʶʙʫʶ ʯʘʩʪʴ ʜʘʥʥʳʭ (ʪ.ʝ. 

ʩʝʤʧʣ) ʠʟ ʥʘʙʦʨʘ ʧʨʠ ʧʦʤʦʱʠ ʩʨʝʜʥʝʛʦ ʩʝʤʧʣʘ ʠ ʜʦʙʘʚʢʠ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʩ ʟʘʜʘʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 

 

ὢ  ὢ ὖὦ.                                                                    (1) 

ʇʨʠʚʝʜʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ (1) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʬʦʨʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʢʘʢ ʩʫʤʤʘ 

ʙʘʟʦʚʦʡ ʬʦʨʤʳ ʠ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʤʘʪʨʠʮʝ. 

ʀʟʤʝʥʷʷ ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ b, ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʘʪʴ ʨʘʟʥʦʛʦ ʨʦʜʘ ʜʝʬʦʨʤʘʮʠʠ ʬʦʨʤʳ ʜʣʷ 

ʧʦʜʛʦʥʢʠ ʝʝ ʧʦʜ ʨʝʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ʇʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʝʪʩʷ 

ʚʟʘʠʤʦʩʚʷʟʴ ʪʦʯʝʢ ʠʟ ʚʭʦʜʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʪʦ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʳʙʨʦʩʘʤ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ.  

ʆʜʥʘʢʦ ʜʣʷ ʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʚʩʝʭ ʬʦʨʤ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʨʘʟʣʠʯʠʷ ʚ ʤʘʩʰʪʘʙʝ, ʥʘʢʣʦʥʝ ʠ ʩʤʝʱʝʥʠʠ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʦʙʦʙʱʝʥʥʳʡ ʇʨʦʢʨʫʩʪʦʚ ʘʥʘʣʠʟ. 

ʇʦʩʪʨʦʝʥʠʝ PDM ʤʦʜʝʣʠ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʩʪʘʪʴʝ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʣʠʥʝʡʥʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ. ɽʛʦ ʛʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʦʙʨʘʞʝʥʠʠ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʚ ʥʝʢʦʪʦʨʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʦ ʤʝʥʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ʉʪʨʦʷʱʘʷʩʷ ʧʝʨʚʘʷ ʦʩʴ ʥʘ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ 

ʜʠʩʧʝʨʩʠʶ. ʇʦʩʣʝʜʫʶʱʘʷ ʦʩʴ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʩʪʨʦʛʦ ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʨʝʜʳʜʫʱʝʡ 

ʤʘʢʩʠʤʠʟʠʨʫʷ ʜʠʩʧʝʨʩʠʶ ʠʭ ʦʩʪʘʚʰʠʭʩʷ ʚʦʟʤʦʞʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʭʦʜʥʦʛʦ ʥʘʙʦʨʘ ʥʝʢʦʪʦʨʳʭ ʜʘʥʥʳʭ ʦʪʨʘʞʘʝʪʩʷ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʝ, ʘ ʜʘʣʝʝ ʧʦ ʫʙʳʚʘʥʠʶ ʚ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʘʭ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ PDM. ɼʝʤʦʥʩʪʨʠʨʫʝʪʩʷ 

ʧʦʩʪʨʦʝʥʠʝ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʧʦ ʫʩʨʝʜʥʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʷʪʠ ʧʝʨʚʳʭ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ.  

 

 
 

ʈʠʩ. 1. PDM ʤʦʜʝʣʴ. ɿʘʚʠʩʠʤʦʩʪʴ ʠʩʢʘʞʝʥʠʷ ʤʦʜʝʣʠ ʦʪ ʧʷʪʠ ʧʝʨʚʳʭ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 
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ʆʪʦʙʨʘʞʘʝʪʩʷ ʚʣʠʷʥʠʝ ʧʷʪʠ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʥʘ ʠʩʢʘʞʝʥʠʝ ʠ ʥʘʢʣʦʥ ʣʠʮʘ. 

ʇʝʨʚʘʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʚʦʨʦʪ ʛʦʣʦʚʳ, ʚʪʦʨʘʷ ʟʘ ʥʘʢʣʦʥ, ʪʨʝʪʴʷ ʟʘ ʰʠʨʠʥʫ, 

ʯʝʪʚʝʨʪʘʷ ʟʘ ʵʤʦʮʠʶ, ʧʷʪʘʷ ʟʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʣʠʮʘ. 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʸʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʯʝʟʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʤʝʥʷʪʴ ʘʣʛʦʨʠʪʤʳ ʚʳʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮ ʠ ʠʪʝʨʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ. ɺʚʠʜʫ ʜʦʩʪʫʧʥʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʦʙʠʣʴʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʤʝʪʦʜʦʚ. 

ʈʠʩ. 2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʨʭʠʪʝʢʪʫʨʫ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʚʳʙʨʘʥʥʦʡ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ɹʳʣʘ ʚʟʷʪʘ ResNet-50.  

 

 
ʈʠʩ. 2. ɸʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ResNet-50 

 

ʆʥʘ ʠʤʝʝʪ ʙʦʣʝʝ 23 ʤʠʣʣʠʦʥʦʚ ʦʙʫʯʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ MSE (Mean squared error). ʆʙʫʯʝʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʜʘʪʘʩʝʪʝ HELEN, 

ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ 194 ʣʝʥʜʤʘʨʢʠ ʠ 2300 ʬʦʪʦʛʨʘʬʠʡ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ 2000 

ʬʦʪʦʛʨʘʬʠʡ, ʥʘ 300 ʧʨʦʠʩʭʦʜʠʪ ʚʘʣʠʜʘʮʠʷ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦ ʩʘʤʦʛʦ ʦʙʫʯʝʥʠʷ ʜʘʪʘʩʝʪ 

ʧʨʠʚʦʜʠʪʩʷ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʚʠʜʫ ʧʦʚʦʨʦʪʦʤ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ. 

ʅʦʨʤʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʧʨʠʚʦʜʠʣʦʩʴ ʢ ʝʜʠʥʠʮʝ. ʈʠʩ. 3 ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ.  

 

 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʫʯʝʥʠʷ ʠ ʚʘʣʠʜʘʮʠʠ ʤʦʜʝʣʠ 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʥʘ 1300 ʧʨʠʤʝʨʥʦ ʠʪʝʨʘʮʠʠ ʚʘʣʠʜʘʮʠʠ ʥʘʯʘʣʦʩʴ 

ʧʝʨʝʦʙʫʯʝʥʠʝ. ʇʦʵʪʦʤʫ ʦʙʫʯʝʥʠʝ ʦʩʪʘʥʦʚʠʣʦʩʴ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ. 

ʇʨʦʚʦʜʠʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. 

ʆʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ 30, 60, 120 ʠ 180 ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʵʤʧʠʨʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ʀʟ ʨʠʩ. 4 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʝʥʴʰʝ, ʯʝʤ 120 ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʤʦʜʝʣʴ ʧʣʦʭʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʚʳʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʯʠʩʣʦ 

120 ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʣʶʯʝʚʳʤʠ 

ʪʦʯʢʘʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʨʦʙʘʩʪʥʦʩʪʴ ʪʦʯʝʢ ʢ ʚʳʙʨʦʩʘʤ ʠ ʥʝʢʦʨʨʝʢʪʥʳʤ 

ʩʤʝʱʝʥʠʷʤ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩ ʤʦʙʠʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʩʚʝʨʪʦʯʥʦʡ ʩʝʪʠ ʧʦʟʚʦʣʷʝʪ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʭʦʨʦʰʠʡ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʙʫʯʘʶʱʠʭ ʩʝʤʧʣʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ PDM ʤʦʜʝʣʠ. ɼʘʥʥʘʷ 

ʤʦʜʝʣʴ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʣʠʮʘ ʜʣʷ ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʣʠʮ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʢʘʩʘʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʥʘʣʠʪʠʢʝ ʜʘʥʥʳʭ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʝ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʘʜʠʠ ʦʙʱʝʛʦ ʩʣʫʯʘʷ ʀɸɼ, ʦʙʦʟʥʘʯʝʥʘ 

ʨʦʣʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʮʠʬʨʦʚʳʭ ʤʝʜʠʘ, ʧʨʠʚʝʜʝʥʳ ʤʝʪʦʜʳ ʝʝ ʨʝʘʣʠʟʘʮʠʠ. ʇʨʦʠʟʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ BI-ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʎʠʬʨʦʚʳʝ ʤʝʜʠʘ, ʚʠʟʫʘʣʠʟʘʮʠʷ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ (ʀɸɼ), 

ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʀʂʊ), ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʙʠʟʥʝʩ-

ʘʥʘʣʠʪʠʢʘ (BI). 

 

ɺʚʝʜʝʥʠʝ 

ɺʥʝʜʨʝʥʠʝ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʮʠʬʨʦʚʳʝ ʤʝʜʠʘ ʨʘʩʰʠʨʠʣʦ 

ʩʧʦʩʦʙʳ ʨʝʘʣʠʟʘʮʠʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʙʱʝʩʪʚʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʨʝʜʩʪʚ ʤʝʞʣʠʯʥʦʩʪʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ. ɺʘʞʥʫʶ 

ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʥʷʪʠʷ çʮʠʬʨʦʚʳʝ ʤʝʜʠʘè ʠʛʨʘʝʪ ʢʫʣʴʪʫʨʥʦʝ ʠ ʩʦʮʠʘʣʴʥʦʝ 

ʨʘʟʚʠʪʠʝ, ʢʦʪʦʨʦʝ ʚʦʧʣʦʱʘʝʪʩʷ ʚ ʧʦʥʷʪʠʠ çʛʨʘʤʦʪʥʦʩʪʴè. 

çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʛʨʘʤʦʪʥʦʩʪʴè ʚʦʟʥʠʢʣʘ ʚ 1970-ʭ ʛʦʜʘʭ ʙʣʘʛʦʜʘʨʷ ʙʠʙʣʠʦʪʝʢʘʤ ʠ 

ʧʝʨʚʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʢʣʘʩʩʘʭ, ʘ çʮʠʬʨʦʚʘʷ ʛʨʘʤʦʪʥʦʩʪʴè ʧʦʷʚʠʣʘʩʴ ʚ 

1990-ʭ ʛʦʜʘʭ, ʢʦʛʜʘ ʀʥʪʝʨʥʝʪ ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʩʨʝʜʩʪʚʦ ʢʦʤʤʫʥʠʢʘʮʠʠ [1]. ʉ ʵʪʦʛʦ ʚʨʝʤʝʥʠ 

ʮʠʬʨʦʚʠʟʘʮʠʷ ʚʩʝ ʙʦʣʴʰʝ ʬʦʨʤʠʨʫʝʪ ʢʦʣʣʝʢʪʠʚʥʦʝ ʤʳʰʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʱʝʩʪʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, çʮʠʬʨʦʚʘʷ ʛʨʘʤʦʪʥʦʩʪʴè ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʥʝ ʪʦʣʴʢʦ ʦʚʣʘʜʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ, ʥʦ ʠ ʠʥʢʫʣʴʪʫʨʘʮʠʶ.  

ʎʠʬʨʦʚʦʡ ʥʦʩʠʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʥʦʩʠʪʝʣʝʤ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʤʘʰʠʥʦʯʠʪʘʝʤʦʡ ʬʦʨʤʝ ʠʣʠ ʯʴʠ ʤʝʪʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʢʣʶʯʘʶʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ. ʌʦʨʤʠʨʫʝʪʩʷ ʛʣʘʚʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ, ʯʪʦ 

ʮʠʬʨʦʚʳʝ ʤʝʜʠʘ ï ʵʪʦ ʩʦʯʝʪʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʢʦʥʪʝʥʪʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʧʨʠ ʧʦʤʦʱʠ 

ʮʠʬʨʦʚʳʭ ʩʨʝʜʩʪʚ.  

ɻʣʘʚʥʳʤ ʧʨʠʤʝʨʦʤ ʚ XXI  ʚʝʢʝ ʷʚʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʥʠʝ ʀʥʪʝʨʥʝʪʦʤ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʝʪʴ ʠʣʠ ʚʩʝʤʠʨʥʘʷ ʩʠʩʪʝʤʘ ʦʙʲʝʜʠʥʸʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʯʪʠ 60% ʣʶʜʝʡ ʚʦ ʚʩʝʤ ʤʠʨʝ ʠʩʧʦʣʴʟʫʝʪ ʀʥʪʝʨʥʝʪ, 

ʘ ʟʘ ʛʦʜ ʩ 2020ï2021 ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 7,3% [2]. ʂʘʩʘʝʤʦ ʈʦʩʩʠʠ 

ʫʨʦʚʝʥʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʀʥʪʝʨʥʝʪʘ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ ʥʘ ʷʥʚʘʨʴ 2021 ʛʦʜʘ ʩʦʩʪʘʚʠʣ 

85%, ʘ ʩʦʮʠʘʣʴʥʳʤʠ ʩʝʪʷʤʠ ʧʦʣʴʟʫʶʪʩʷ 67,8%, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 99 ʤʠʣʣʠʦʥʦʚ 

ʯʝʣʦʚʝʢ [2]. ʉ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʳ ʥʝ ʪʦʣʴʢʦ ʚ ʤʦʤʝʥʪ ʤʦʞʝʤ ʫʟʥʘʪʴ 

ʣʶʙʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʣʠ ʦʪʧʨʘʚʠʪʴ ʩʦʦʙʱʝʥʠʝ, ʥʦ ʠ ʩʜʝʣʘʪʴ ʜʝʥʝʞʥʳʡ ʧʝʨʝʚʦʜ ʠʣʠ 

ʩʦʙʨʘʪʴ ʘʥʘʣʠʪʠʢʫ ʜʣʷ ʠʥʪʝʨʥʝʪ-ʙʠʟʥʝʩʘ [4]. 

 

 

 



XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊʦʤ 2. 

81 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʇʦʧʫʣʷʨʠʟʘʮʠʷ ʮʠʬʨʦʚʳʭ ʤʝʜʠʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʣʝʢʪʨʦʥʥʳʭ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʭ 

ʚ ʥʦʚʦʤ ʚʠʜʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ. ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʣʶʙʦʡ ʢʦʤʤʝʨʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʧʨʠʙʳʣʠ, ʜʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʚʝʩʪʠ ʦʪʯʝʪʥʦʩʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʜʘʥʥʳʝ, ʯʪʦʙʳ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʠʟʥʝʩʘ ʠ ʝʛʦ ʫʩʧʝʰʥʦʤ ʨʘʟʚʠʪʠʠ. 

ʀʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ, ʩʦʙʠʨʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʧʦʤʝʱʘʝʪʩʷ ʚ ʭʨʘʥʠʣʠʱʝ, ʘ ʜʘʣʝʝ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ɹʦʣʝʝ ʥʘʛʣʷʜʥʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ  

 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ (ʀɸɼ), Data mining (ʚ ʧʝʨʝʚʦʜʝ ʥʘ ʨʫʩʩʢʠʡ 

çʜʦʙʳʯʘ ʜʘʥʥʳʭè, çʛʣʫʙʠʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭè) ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ, 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʠʩʢ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʜʘʣʴʥʝʡʰʝʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ 

ʚʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʠʡ ʚ ʙʦʣʴʰʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ [3]. ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ ʀɸɼ 

ʨʘʙʦʪʘʶʪ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʪʘʙʣʠʮʘʤʠ, ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʭʨʘʥʠʪʴʩʷ ʚ ʚʠʜʝ ʙʘʟ 

ʜʘʥʥʳʭ ʠʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʭʨʘʥʠʣʠʱ. ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʝ ʥʫʞʥʦ 

ʧʦʜʛʦʪʦʚʠʪʴ: ʫʙʨʘʪʴ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʟʥʘʯʝʥʠʷ, ʦʙʦʟʥʘʯʠʪʴ ʪʠʧʳ ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ.  

C ʢʘʞʜʳʤ ʛʦʜʦʤ ʀɸɼ ʚʥʝʜʨʷʝʪʩʷ ʚ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʬʝʨ, ʚ ʦʩʥʦʚʥʦʤ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ. ʅʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʨʘʙʦʪʘʶʪ 

ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʚ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘʭ ʩʦʚʝʨʰʘʝʪʩʷ ʘʚʪʦʩʙʦʨʢʘ 

ʢʦʨʟʠʥ ʟʘʢʘʟʦʚ ʠʣʠ ʧʨʝʜʣʦʞʝʥʠʝ ʪʦʚʘʨʦʚ ʧʦ ʧʨʝʜʧʦʯʪʝʥʠʷʤ, ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʣʘʪʬʦʨʤʘʭ ʩʪʨʦʠʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʦʙʫʯʝʥʠʷ. 

 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ 

ɺ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʮʠʬʨʦʚʳʭ ʤʝʜʠʘ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʘʢʮʝʥʪʦʚ 

ʩʪʘʚʠʪʩʷ ʥʘ ʚʠʟʫʘʣʠʟʘʮʠʶ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʠʭ ʩʣʝʜʫʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʢʦʤʬʦʨʪʥʦʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʠʜʝ. ɺʠʟʫʘʣʴʥʳʝ 

ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ, ʧʦʟʚʦʣʷʶʪ ʫʚʠʜʝʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ 

ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʇʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʥʘ ʙʘʟʝ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʙʦʨʘ, ʘʛʨʝʛʠʨʦʚʘʥʠʷ, 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʜʘʞʝ ʧʨʝʜʩʢʘʟʳʚʘʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ï ʵʪʦ ʤʝʪʦʜ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʘʙʩʪʨʘʢʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʬʦʨʤʝ, 

ʫʜʦʙʥʦʡ ʜʣʷ ʟʨʠʪʝʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ, ʘʥʘʣʠʟʘ ʷʚʣʝʥʠʷ ʠʣʠ ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʠʷ [5].  

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪ-

ʢʘʨʪ (MindMap) ʜʦ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʜʘʰʙʦʨʜʦʚ. ʀʤʝʥʥʦ ʚ ʧʦʩʣʝʜʥʝʤ ʠʥʩʪʨʫʤʝʥʪʝ ʤʦʞʥʦ 

ʚʦʧʣʦʪʠʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ, ʠ ʯʘʱʝ ʚʩʝʛʦ ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʘʥʘʣʠʪʠʢʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʝ.  

ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʛʜʝ ʠʟʥʘʯʘʣʴʥʦ ʦʪʚʝʪ 

ʥʝʠʟʚʝʩʪʝʥ, ʝʛʦ ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʩʢʘʟʘʪʴ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʪʠʢʠ ʜʘʥʥʳʭ ʠ Data 
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Science ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Machine Learning (ML) ʥʘ ʙʘʟʝ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ R, 

Python ʠ ʜʨʫʛʠʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʦʜʥʘ ʠʟ ʟʘʜʘʯ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʙʝʜʠʪʴ ʣʶʜʝʡ ʚ ʚʳʚʦʜʘʭ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʠʭ ʚ ʚʠʟʫʘʣʴʥʦʡ 

ʬʦʨʤʝ. ʉʣʝʜʫʝʪ ʟʘʜʘʪʴ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʢʘʟʘʪʴ ʠ ʧʦʢʘʟʘʪʴ ʜʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

BI-ʘʥʘʣʠʪʠʢ ʧʦʤʦʛʘʝʪ ʙʠʟʥʝʩʫ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʚʳʷʚʣʷʷ 

ʪʝʥʜʝʥʮʠʠ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢ ʢʦʤʧʘʥʠʠ ʫʚʝʣʠʯʠʪʴ ʧʨʠʙʳʣʴ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʤʝʪʨʠʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʰʘʝʪʩʷ ʜʨʫʛʘʷ ʟʘʜʘʯʘ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ï ʧʦʢʘʟʘʪʴ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʤʦʯʴ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ. 

ɿʘʜʘʯʝʡ BI (Business intelligence) ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʜʘʥʥʳʭ, ʜʝʣʘʷ ʘʢʮʝʥʪ ʥʘ ʬʘʢʪʦʨʘʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʦʟʚʦʣʷʷ ʫʚʠʜʝʪʴ ʨʝʟʫʣʴʪʘʪ 

ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʜʝʡʩʪʚʠʡ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. BI-ʘʥʘʣʠʪʠʢ 

ʩʦʙʠʨʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʦʜʥʦʤ ʤʝʩʪʝ, ʘʥʘʣʠʟʠʨʫʝʪ ʝʸ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʚʦʜʳ ʚ ʚʠʜʝ ʦʪʯʝʪʦʚ. ʉʫʱʝʩʪʚʫʝʪ 3 

ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʦʪʯʝʪʦʚ: ʦʧʝʨʘʪʠʚʥʳʝ (ʪʘʙʣʠʮʳ, ʥʘʧʨʠʤʝʨ, ʚ MS Excel), ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

(ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʜʘʰʙʦʨʜʳ, BI-ʠʥʩʪʨʫʤʝʥʪʳ) ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ (ʢʘʨʪʦʛʨʘʬʠʷ, 

ʧʨʝʟʝʥʪʘʮʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʛʨʘʬʠʢʠ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʚʘʨʴʠʨʫʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʠ ʤʝʪʦʜʳ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ɻʣʘʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ BI ʷʚʣʷʝʪʩʷ ʜʘʰʙʦʨʜ (dashboard) ï ʵʪʦ ʠʥʪʝʨʘʢʪʠʚʥʘʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʘʥʝʣʴ, ʢʦʪʦʨʘʷ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ, ʚʠʟʫʘʣʠʟʠʨʫʝʪ, ʦʙʲʷʩʥʷʝʪ ʠ 

ʘʥʘʣʠʟʠʨʫʝʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʜʘʥʥʳʝ, ʠʤʧʦʨʪʠʨʫʝʤʳʝ ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʠʟ ʭʨʘʥʠʣʠʱ. ɺ 

ʜʘʰʙʦʨʜ ʚʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʪʘʢʠʝ ʢʘʢ: ʜʠʘʛʨʘʤʤʳ ʠ 

ʛʨʘʬʠʢʠ, ʦʙʣʘʢʘ ʩʣʦʚ, ʢʘʨʪʳ ʠ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʜʝʨʝʚʴʷ, ʩ ʪʝʢʩʪʦʚʳʤ ʠ ʮʚʝʪʦʚʳʤ 

ʩʦʧʨʦʚʦʞʜʝʥʠʝʤ. 

ʈʳʥʢʠ BI, ʥʘʫʢʠ ʦ ʜʘʥʥʳʭ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (DSML), ʦʙʣʘʯʥʳʭ ʜʘʥʥʳʭ ʠ 

ʘʥʘʣʠʪʠʢʠ ʧʨʦʜʦʣʞʘʶʪ ʩʙʣʠʞʘʪʴʩʷ, ʯʘʩʪʦ ʚ ʬʦʨʤʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʢʦʤʧʦʥʫʝʤʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʢʣʠʝʥʪʦʚ. ʇʦʩʪʘʚʱʠʢʠ ʚʳʥʫʞʜʝʥʳ ʫʣʫʯʰʘʪʴ ʩʚʦʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʤʦʛʘʷ ʩʚʦʠʤ ʢʣʠʝʥʪʘʤ ʧʦʜʜʝʨʞʠʚʘʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʢʦʥʪʨʦʣʝʤ ʠ ʛʠʙʢʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʧʣʘʪʬʦʨʤʳ ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʨʘʩʰʠʨʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʜʘʥʥʳʭ ʠ 

ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ʘʥʘʣʠʪʠʢʠ ʠ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʦʟʜʘʚʘʪʴ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʠ ʧʨʠʣʦʞʝʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʠʣʠ ʥʫʣʝʚʳʤ 

ʢʦʜʦʤ. ʆʙʣʘʯʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʮʠʬʨʦʚʦʛʦ ʨʘʙʦʯʝʛʦ 

ʤʝʩʪʘ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚʳʙʦʨʘ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʤʦʛʘʝʪ ʣʠʜʝʨʘʤ ʚ 

ʦʙʣʘʩʪʠ ʜʘʥʥʳʭ ʠ ʘʥʘʣʠʪʠʢʠ ʧʣʘʥʠʨʦʚʘʪʴ ʠ ʚʳʙʠʨʘʪʴ ʵʪʠ ʧʣʘʪʬʦʨʤʳ. 

ʂʘʞʜʳʡ ʛʦʜ ʢʦʤʧʘʥʠʷ Gartner ʧʨʦʚʦʜʠʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʘʢʪʫʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʨʳʥʢʝ ʠ ʚʳʙʨʘʪʴ 

ʜʣʷ ʢʦʤʧʘʥʠʠ ʠ ʩʚʦʝʛʦ ʙʠʟʥʝʩʘ ʧʦʜʭʦʜʷʱʠʡ ʚʘʨʠʘʥʪ. 22 ʤʘʨʪʘ 2022 ʛʦʜʘ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʦʚʳʡ ʤʘʛʠʯʝʩʢʠʡ ʢʚʘʜʨʘʥʪ ʜʣʷ ʧʣʘʪʬʦʨʤ ʘʥʘʣʠʪʠʢʠ ʠ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ (ʨʠʩ. 2) [6]. 

ʂʚʘʜʨʘʥʪ ʜʝʣʠʪʩʷ ʥʘ 4 ʯʘʩʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʡ ʘʢʮʝʥʪ ʚ ʠʥʜʫʩʪʨʠʠ ʩʪʘʚʠʪʩʷ ʥʘ 

ʃʠʜʝʨʦʚ (Leaders). ʆʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʢʣʶʯʝʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʨʦʜʫʢʪʘ ʠ ʫʩʧʝʭ ʢʣʠʝʥʪʦʚ, ʯʪʦ ʠ ʪʨʝʙʫʝʪʩʷ ʧʦʢʫʧʘʪʝʣʷʤ ʥʘ ʵʪʦʤ ʨʳʥʢʝ. çʃʠʜʝʨʘʤʠè 

ʦʢʘʟʘʣʠʩʴ: 

- Microsoft; 

- Salesforce (Tableau); 

- Qlik. 

ʇʨʝʪʝʥʜʝʥʪʳ (Challengers) - ʠʤʝʶʪ ʭʦʨʦʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʧʝʭʘ 

ʥʘ ʨʳʥʢʝ, ʙʣʠʟʢʠ ʢ ʃʠʜʝʨʘʤ. ʆʥʠ ʦʛʨʘʥʠʯʝʥʳ ʢʦʥʢʨʝʪʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʘʤʠ ʠʣʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʦʪʩʪʘʚʘʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʨʢʝʪʠʥʛʘ, ʢʘʥʘʣʦʚ ʧʨʦʜʘʞ, ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʨʠʩʫʪʩʪʚʠʷ, ʦʪʨʘʩʣʝʚʦʛʦ ʢʦʥʪʝʥʪʘ ʠ ʠʥʥʦʚʘʮʠʡ. ɻʣʘʚʥʳʝ çʇʨʝʪʝʥʜʝʥʪʳè: 
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- Google; 

- Domo. 

 

 
 

ʈʠʩ. 2. ʄʘʛʠʯʝʩʢʠʡ ʢʚʘʜʨʘʥʪ ʜʣʷ ʧʣʘʪʬʦʨʤ ʘʥʘʣʠʪʠʢʠ ʠ BI 

ɺʩʝ ʇʆ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʤʘʛʠʯʝʩʢʦʤ ʢʚʘʜʨʘʥʪʝ, ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʤʦʝ ʤʝʩʪʦ ʥʘ 

ʨʳʥʢʝ, ʥʦ ʅʠʰʝʚʳʝ ʠʛʨʦʢʠ (Niche Players) ʠ ʇʨʦʚʠʜʮʳ (Visionaries) ʚʳʙʠʨʘʶʪʩʷ ʠʩʭʦʜʷ 

ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʬʫʥʢʮʠʡ ʠ ʩʧʝʮʠʬʠʢʠ ʩʬʝʨʳ, ʷʚʣʷʷʩʴ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʳʤʠ ʚ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ. 

ɺ ʩʚʷʟʠ ʩ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ ʚ ʥʘʯʘʣʝ 2022 ʛʦʜʘ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʣʠʜʝʨʦʚ ʥʘ ʨʳʥʢʝ ʦʪʢʘʟʘʣʠʩʴ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʣʠʮʝʥʟʠʠ ʩʚʦʠʭ ʧʨʦʜʫʢʪʦʚ 

ʜʣʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ʇʦʷʚʠʣʘʩʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚʦ ʚʥʝʜʨʝʥʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ BI-ʘʥʘʣʠʪʠʢʠ. ɺ ʪʘʙʣʠʮʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ 

ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʟ 

ʢʚʘʜʨʘʥʪʘ çʃʠʜʝʨʳè ʧʦ ʠʟʤʝʨʷʝʤʳʤ ʢʨʠʪʝʨʠʷʤ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʢʨʠʪʝʨʠʠ Gartner [6]. 
 

ʊʘʙʣʠʮʘ 

 

ʉʨʘʚʥʝʥʠʝ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ (BI) 

 

ʂʨʠʪʝʨʠʡ 

BI-ʠʥʩʪʨʫʤʝʥʪ 

Microsoft Power BI, 

ʉʐɸ 

Salesforce 

(Tableau 

Desktop), ʉʐɸ 

Visiology, 

ʈʦʩʩʠʷ 

Yandex 

DataLens, 

ʈʦʩʩʠʷ 

ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ 

ʷʟʳʢʠ 

13 (ʨʫʩʩʢʠʡ, 

ʘʥʛʣʠʡʩʢʠʡ, 

ʠʩʧʘʥʩʢʠʡ, 

ʠʪʘʣʴʷʥʩʢʠʡ, 

ʬʨʘʥʮʫʟʩʢʠʡ, 

ʥʝʤʝʮʢʠʡ, 

ʥʠʜʝʨʣʘʥʜʩʢʠʡ, 

ʧʦʨʪʫʛʘʣʴʩʢʠʡ, 

ʜʘʪʩʢʠʡ, ʰʚʝʜʩʢʠʡ, 

ʘʨʘʙʩʢʠʡ, ʢʠʪʘʡʩʢʠʡ, 

ʷʧʦʥʩʢʠʡ) 

5 (ʘʥʛʣʠʡʩʢʠʡ, 

ʠʩʧʘʥʩʢʠʡ, 

ʥʝʤʝʮʢʠʡ, 

ʧʦʨʪʫʛʘʣʴʩʢʠʡ, 

ʬʨʘʥʮʫʟʩʢʠʡ) 

2 (ʨʫʩʩʢʠʡ ʠ 

ʘʥʛʣʠʡʩʢʠʡ) 

2 (ʨʫʩʩʢʠʡ ʠ 

ʘʥʛʣʠʡʩʢʠʡ) 
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ʧʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 

ʂʨʠʪʝʨʠʡ 

BI-ʠʥʩʪʨʫʤʝʥʪ 

Microsoft Power BI, 

ʉʐɸ 

Salesforce 

(Tableau 

Desktop), ʉʐɸ 

Visiology, 

ʈʦʩʩʠʷ 

Yandex 

DataLens, 

ʈʦʩʩʠʷ 

ɺʠʜ ʧʨʦʜʫʢʪʘ ʇʨʦʛʨʘʤʤʘ ʉʠʩʪʝʤʘ, 

ʠʥʪʝʨʥʝʪ-ʩʝʨʚʠʩ 

ʇʨʦʛʨʘʤʤʘ, 

ʩʠʩʪʝʤʘ 

ʀʥʪʝʨʥʝʪ-

ʩʝʨʚʠʩ 

ʈʘʟʚʸʨʪʳʚʘʥʠʝ ʥʘ 

ʨʘʟʣʠʯʥʳʭ 

ʘʧʧʘʨʘʪʥʳʭ 

ʧʣʘʪʬʦʨʤʘʭ 

ʇʝʨʩʦʥʘʣʴʥʳʡ 

ʢʦʤʧʴʶʪʝʨ 

ʄʦʙʠʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, 

ʩʝʨʚʝʨ 

ʧʨʝʜʧʨʠʷʪʠʷ, 

ʧʝʨʩʦʥʘʣʴʥʳʡ 

ʢʦʤʧʴʶʪʝʨ, 

ʦʙʣʘʢʦ (SaaS) 

ʇʝʨʩʦʥʘʣʴ-

ʥʳʡ 

ʢʦʤʧʴʶʪʝʨ, 

ʩʝʨʚʝʨ 

ʧʨʝʜʧʨʠʷʪʠʷ 

ʆʙʣʘʢʦ 

(SaaS) 

ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ 

ʆʉ ʠ ʠʥʪʝʨʬʝʡʩʳ 

ɺʝʙ-ʙʨʘʫʟʝʨ, 

Windows, iOS, 

Android 

ɺʝʙ-ʙʨʘʫʟʝʨ, 

macOS, iOS, 

Windows, Linux, 

Android 

Windows, 

Linux, 

macOS/iOS, 

ɺʝʙ-ʙʨʘʫʟʝʨ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʤʝʨʘ 

ʦʨʛʘʥʠʟʘʮʠʠ  

ʄʘʣʳʡ ʠ ʉʨʝʜʥʠʡ 

ʙʠʟʥʝʩ, ʅʂʆ, 

ʂʦʨʧʦʨʘʮʠʷ 

ʀʇ, ʄʘʣʳʡ ʠ 

ʉʨʝʜʥʠʡ ʙʠʟʥʝʩ, 

ʅʂʆ, 

ʂʦʨʧʦʨʘʮʠʷ 

ʄʘʣʳʡ ʠ 

ʉʨʝʜʥʠʡ 

ʙʠʟʥʝʩ, ʀʇ, 

ʂʦʨʧʦʨʘʮʠʷ 

ʄʘʣʳʡ ʠ 

ʉʨʝʜʥʠʡ 

ʙʠʟʥʝʩ, ʀʇ, 

ʅʂʆ 

ʊʘʨʠʬʠʢʘʮʠʷ ɹʝʩʧʣʘʪʥʦ, 

ɽʞʝʤʝʩʷʯʥʘʷ ʦʧʣʘʪʘ 

ɹʝʩʧʣʘʪʥʦ, 

ɽʞʝʤʝʩʷʯʥʘʷ 

ʦʧʣʘʪʘ 

ʇʦ ʟʘʧʨʦʩʫ 

ɽʞʝʛʦʜʥʘʷ 

ʦʧʣʘʪʘ 

ɹʝʩʧʣʘʪʥʦ, 

ɽʞʝʤʝʩʷʯ-

ʥʘʷ ʦʧʣʘʪʘ 

ɼʝʤʦ ʚʝʨʩʠʷ ʥʝʪ ʥʝʪ ʝʩʪʴ ʝʩʪʴ 

ʇʨʦʙʥʘʷ ʚʝʨʩʠʷ ʥʝʪ ʝʩʪʴ ʥʝʪ ʝʩʪʴ 

ʈʘʩʰʠʨʝʥʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ 

ʘʥʘʣʠʪʠʢʠ (ML) 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʷʟʳʢ  

R, ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ  

ʠ ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ 

ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʷʟʳʢ 

R ʠ Python, 

ʠʥʩʪʨʫʤʝʥʪʳ 

ʜʣʷ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ  

ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

Python, C#, 

JS, ʝʩʪʴ 

ʚʦʟʤʦʞ-

ʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʷ 

ʅʝʪ 

ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʷ 

 

ɺʦʟʤʦʞʥʦʩʪʠ 

ʦʙʣʘʢʘ, 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

ʩʦʚʤʝʩʪʠʤ ʩ 

Microsoft Azure, 

ʪʨʝʙʫʝʪ ʫʯʝʪʥʫʶ 

ʟʘʧʠʩʴ 

ʩʦʚʤʝʩʪʠʤ ʩ 

ʥʘʜʝʞʥʳʤʠ 

ʦʙʣʘʯʥʳʤʠ 

ʧʣʘʪʬʦʨʤʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ 

Microsoft Azure, 

Amazon Web 

Services ʠ ʪ. ʜ. 

ʥʝ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʠʟ 

ʧʫʙʣʠʯʥʦʛʦ 

ʦʙʣʘʢʘ 

(SaaS) 

Yandex 

Cloud 

Marketplace 

ʇʨʝʜʝʣʳ 

ʭʨʘʥʝʥʠʷ ʧʦ 

ʧʦʜʧʠʩʢʝ 

ʜʦ 10 ɻɹ, ʤʦʞʥʦ 

ʫʚʝʣʠʯʠʪʴ ʟʘ ʜʦʧ. 

ʧʣʘʪʫ 

ʜʦ 100 ɻɹ 

ʭʨʘʥʠʣʠʱʘ 

ʜʘʥʥʳʭ ʚ ʦʙʣʘʢʝ 

ɼʦ 10 ɻɹ, ʥʦ 

ʥʝ ʙʦʣʝʝ 

10ʤʣʥ ʩʪʨʦʢ 

ʚ ʜʘʪʘʩʝʪʝ, ʚ 

ʩʝʨʚʝʨʥʦʡ 

ʚʝʨʩʠʠ ʜʦ 1 

ʊɹ 

DataLens 

ʥʝʪ 

ʦʛʨʘʥʠʯʝ-

ʥʠʷ ʥʘ 

ʦʙʲʝʤ 

ʜʘʥʥʳʭ ʚ 

ʠʩʪʦʯʥʠʢʝ, 

ʜʦ 75000 

ʩʪʨʦʢ ʚ 1 

ʜʘʪʘʩʝʪʝ, 

ʄʘʢʩʠʤʘʣʴ-

ʥʳʡ ʨʘʟʤʝʨ 

CSV-ʬʘʡʣʘ - 

200 ʄɹ 
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ɺʳʚʦʜ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʨʦʩʩʠʡʩʢʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ. ɼʣʷ ʧʦʩʪʦʷʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʦʣʴʰʠʤʠ ʢʦʨʧʦʨʘʮʠʷʤʠ ʪʨʝʙʫʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ 

ʦʙʲʝʤ ʭʨʘʥʠʣʠʱ ʠ ʨʘʟʤʝʨ ʜʦʧʫʩʪʠʤʳʭ ʩʪʨʦʢ ʚ ʬʘʡʣʘʭ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʠʤʝʨʦʚ 

ʪʘʨʠʬʥʳʝ ʧʣʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʫʶʪʩʷ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʧʨʦʩʳ ʨʳʥʢʘ, ʥʦ ʥʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳ. ɺ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʘʭ ʪʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʝʪ, ʧʦʵʪʦʤʫ ʩʪʨʦʢʦʚʳʝ 

ʧʨʝʜʝʣʳ ʥʝ ʚʥʦʩʠʣʠʩʴ ʚ ʪʘʙʣʠʮʫ. ʅʦ ʜʣʷ ʟʘʜʘʯ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ʦʪʝʯʝʩʪʚʝʥʥʳʝ 

ʧʨʦʜʫʢʪʳ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʠʤʝʶʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʘʨʠʬʦʚ ʜʣʷ ʦʙʣʘʯʥʦʛʦ ʠ 

ʩʝʨʚʠʩʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, Visiology ʠʤʝʝʪ 4 ʩʝʨʚʝʨʥʳʭ ʪʘʨʠʬʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʦʙʲʝʤʦʤ 1 ʊɹ. ɼʘʥʥʳʡ ʦʙʟʦʨ ʧʦʣʝʟʝʥ ʜʣʷ ʚʳʙʦʨʘ 

ʧʦʜʭʦʜʷʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚʝʜʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʦʪʯʝʪʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 

BI. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʮʠʬʨʦʚʳʭ ʤʝʜʠʘ ʤʦʜʝʨʥʠʟʠʨʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ, 

ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʷ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʧʨʦʛʨʝʩʩ ʚ ʩʬʝʨʘʭ ʞʠʟʥʠ, ʥʘʧʨʠʤʝʨ, ʦʪ ʩʦʩʪʘʚʣʝʥʠʷ 

ʫʯʝʙʥʳʭ ʦʧʨʦʩʦʚ ʠʣʠ ʠʥʪʝʣʣʝʢʪ-ʢʘʨʪ (MindMap) ʜʦ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʜʘʰʙʦʨʜʦʚ.  

ʇʨʠʤʝʥʝʥʠʝ ʀʂʊ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʀɸɼ ʧʦʟʚʦʣʷʝʪ:  

- ʫʩʢʦʨʠʪʴ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ;  

- ʫʚʠʜʝʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʘʪʪʝʨʥʳ; 

- ʧʨʦʚʝʨʠʪʴ ʩʠʩʪʝʤʫ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ; 

- ʩʦʟʜʘʪʴ ʚʠʟʫʘʣʠʟʘʮʠʶ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠʣʠ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʚ ʙʫʜʫʱʝʤ, ʯʪʦ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʙʫʯʝʥʠʠ ʤʦʜʝʣʝʡ ʠ ʚ ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ Data Science; 

- ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʦʪʯʝʪʥʦʩʪʴ ʚ ʧʨʦʩʪʦʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʦʨʤʝ, ʩ ʧʦʤʦʱʴʶ BI-

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʯʪʦʙʳ ʙʳʩʪʨʝʝ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʡ ʦʙ ʫʧʨʘʚʣʝʥʠʠ ʙʠʟʥʝʩʦʤ, ʯʪʦ 

ʩʪʠʤʫʣʠʨʫʝʪ ʝʛʦ ʨʘʟʚʠʪʠʝ. 

ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʫʜʦʙʥʦʤ ʠ 

ʢʦʤʬʦʨʪʥʦʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʠʜʝ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʝ ʚʦʩʧʨʠʷʪʠʷ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ʅʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʵʪʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʪʦ 

ʝʩʪʴ ʥʝʜʦʩʪʘʪʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ. ʊʘʢʞʝ ʧʦʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ ʦ ʢʦʛʥʠʪʠʚʥʦʤ 

ʚʦʩʧʨʠʷʪʠʠ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʚ ʥʝʪʦʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʣʠ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ [7]. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʠʪʴ ʠ ʦʙʨʘʙʦʪʘʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʠʩʢʘʞʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʦʜʥʠʤ 

ʢʨʠʪʝʨʠʷʤ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʦʪʩʪʘʚʘʥʠʝ ʨʦʩʩʠʡʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ. ɺ ʦʩʥʦʚʥʦʤ ʧʨʦʙʣʝʤʘ ʩ 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʭʨʘʥʠʣʠʱʘ ʜʣʷ ʙʦʣʴʰʠʭ ʜʦʢʫʤʝʥʪʦʚ (ʙʦʣʝʝ 10ʤʣʥ. ʩʪʨʦʢ) ʠ ʥʝʪ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʦʙʣʘʯʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʘʥʘʣʠʪʠʢʫ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʨʘʙʦʪʝ ʥʘ 

ʢʦʥʢʨʝʪʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʢʫ ʢʦʥʢʨʝʪʥʦʛʦ ʇʆ. ʈʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ 

ʜʦʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʢʦʥʢʨʝʪʥʳʝ ʩʬʝʨʳ.       
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʅʀʈ ˉ621301 çʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʱʝʨʙʘ ʦʪ 

ʵʧʠʜʝʤʠʠ COVID-19è. 
 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʩʫʨʨʦʛʘʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ COVID-19 ʩ ʫʯʝʪʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʩʭʦʜʥʘʷ ʧʦʧʫʣʷʮʠʦʥʥʘʷ SEIRD ʤʦʜʝʣʴ ʙʳʣʘ ʟʘʤʝʥʝʥʘ ʥʘ ʨʝʛʨʝʩʩʠʶ ʛʘʫʩʩʦʚʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʚʳʩʪʫʧʘʶʱʫʶ ʚ ʢʘʯʝʩʪʚʝ ʩʫʨʨʦʛʘʪʘ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʯʠʩʣʘ ʘʢʪʠʚʥʳʭ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʚ 

ʤʦʤʝʥʪ ʚʩʧʳʰʢʠ, ʜʥʷ ʥʘʠʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʣʥʦʡ ʜʠʥʘʤʠʢʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʉʫʨʨʦʛʘʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʦʧʫʣʷʮʠʦʥʥʳʡ ʧʦʜʭʦʜ, ʤʫʣʴʪʠʘʛʝʥʪʥʳʡ ʧʦʜʭʦʜ, ʨʝʛʨʝʩʩʠʷ 

ʛʘʫʩʩʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, COVID-19, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. ʕʧʠʜʝʤʠʦʣʦʛʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʤʦʜʝʣʝʡ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʙʦʣʝʟʥʝʡ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ COVID-19.  

ʆʜʥʠʤ ʠʟ ʩʘʤʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʮʠʦʥʥʳʡ ʧʦʜʭʦʜ. 

ʄʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʠʤʝʶʪ ʫʧʨʦʱʝʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʡ ʥʘʩʪʨʦʡʢʠ ʥʘ ʨʝʘʣʴʥʳʝ ʜʘʥʥʳʝ. ʅʦ ʚ ʩʣʫʯʘʝ 

ʫʯʝʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʠʣʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ, ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʣʦʞʥʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ [1]. 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʜʘʯʠ ʚʠʨʫʩʘ ʚ ʧʦʧʫʣʷʮʠʠ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʝʪʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʛʝʥʪʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʫʣʴʪʠʘʛʝʥʪʥʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʠʨʫʩʦʚ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ COVID-19. ʄʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʠʥʜʠʚʠʜʦʚ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʤʦʜʝʣʠ, 

ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʩʠʣʫ ʥʘʣʠʯʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ [2] ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʤʥʦʛʦʢʨʘʪʥʳʝ ʟʘʧʫʩʢʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʚʳʯʠʩʣʝʥʠʡ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʩʢʦʨʝʥʠʶ ʨʘʙʦʪʳ ʤʦʜʝʣʠ. ʏʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʪʨʫʜʦʝʤʢʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜʳ ʩʫʨʨʦʛʘʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [3]. ɸʣʛʦʨʠʪʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʨʨʦʛʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʠʩʭʦʜʥʘʷ ʤʦʜʝʣʴ (ʠʣʠ ʝʝ ʯʘʩʪʴ) 

ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʩʫʨʨʦʛʘʪ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ çʯʸʨʥʦʛʦ ʷʱʠʢʘè, ʚ ʢʦʪʦʨʦʤ ʛʣʘʚʥʦʡ 
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ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʬʫʥʢʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʪ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʦʜʘʶʱʠʭʩʷ ʥʘ ʚʭʦʜ ʤʦʜʝʣʠ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʩʫʨʨʦʛʘʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʨʝʛʨʝʩʩʠʠ 

ʛʘʫʩʩʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ [4] ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ SEIRD-ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ COVID-19 ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʘʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʧʫʪʝʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʟʘʧʫʩʢʘ ʠʩʭʦʜʥʦʡ SEIRD-ʤʦʜʝʣʠ 

ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʥʘʙʦʨ ʜʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʜʠʘʧʘʟʦʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. ɼʣʷ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ 

ʩʫʨʨʦʛʘʪʘ ʧʦʣʥʘʷ ʚʳʙʦʨʢʘ (280 ʥʘʙʦʨʦʚ) ʙʳʣʘ ʧʦʜʝʣʝʥʘ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ ʪʝʩʪʦʚʫʶ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 3:1.  
ʊʘʙʣʠʮʘ 1 

 

ɼʠʘʧʘʟʦʥʳ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 

 

ʇʘʨʘʤʝʪʨ ʆʧʠʩʘʥʠʝ ɼʠʘʧʘʟʦʥ 

Ὑ ɹʘʟʦʚʦʝ ʨʝʧʨʦʜʫʢʪʠʚʥʦʝ ʯʠʩʣʦ [4,35; 5,0] 

 ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ‏

ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʘʢʪʠʚʥʫʶ ʬʘʟʫ 

[0,5592; 1,0] 

 

ʄʦʜʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

ï ʦʮʝʥʢʘ ʧʠʢʦʚʦʛʦ (ʤʘʢʩʠʤʘʣʴʥʦʛʦ) ʯʠʩʣʘ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ; 

ï ʦʮʝʥʢʘ ʜʥʷ ʧʠʢʦʚʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ; 

ï ʦʮʝʥʢʘ ʜʠʥʘʤʠʢʠ ʧʨʦʪʝʢʘʥʠʷ COVID-19. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʝʨʚʦʡ ʤʦʜʝʣʠ, ʘ ʠʤʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʰʠʙʦʢ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʚʝʣʠʯʠʥ.  

 

 
 

ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ 

 

ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʦʣʴʰʝ 

ʪʝʩʪʦʚʳʭ ʠ ʥʘʦʙʦʨʦʪ. ɺʠʜʥʦ, ʯʪʦ ʥʘ ʙʦʣʴʰʝʤ ʯʠʩʣʝ ʥʘʙʦʨʦʚ ʤʦʜʝʣʴ ʚʳʜʘʝʪ ʪʦʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ: 

-  ʩʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ: MAE = 46,88; 

-  ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ: RMSE = 1014,12; 

-  ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ: R2 = 0,999. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚʪʦʨʦʡ ʤʦʜʝʣʠ ʧʦ ʧʨʝʜʩʢʘʟʘʥʠʶ ʜʥʷ 

ʚʩʧʳʰʢʠ, ʜʘʥʥʳʡ ʩʫʨʨʦʛʘʪ ʪʘʢʞʝ ʚʳʜʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʪʝʩʪʦʚʦʤ 

ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: 
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-  MAE = 0,83; 

-  RMSE = 1,83. 

 

 
 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʜʥʷ ʚʩʧʳʰʢʠ 

 

ʉʫʨʨʦʛʘʪʥʘʷ ʤʦʜʝʣʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʨʦʪʝʢʘʥʠʷ 

COVID-19 ʧʦ ʥʘʙʦʨʫ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʪʘʢʦʛʦ 

ʥʘʙʦʨʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ: ʜʠʥʘʤʠʢʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ, ʧʨʠ ʵʪʦʤ ʯʠʩʣʦ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʚ ʤʦʤʝʥʪ ʚʩʧʳʰʢʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʟʘʚʳʰʝʥʦ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʥʝʪʦʯʥʦʩʪʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʨʝʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʨʘʞʝʥʥʳʭ, ʣʠʙʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʮʝʥʠʚʘʝʪʩʷ ʯʠʩʣʦ ʘʢʪʠʚʥʳʭ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʧʦʣʥʘʷ ʜʠʥʘʤʠʢʘ ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ ʩ ʦʰʠʙʢʘʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ 

ʚʳʙʠʨʘʝʪʩʷ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʠ, ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʥʘ ʨʠʩ. 3 ʜʣʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʚʘʨʠʘʥʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʧʦʣʥʦʡ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ COVID-19 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ: (ʘ) 0,087 = ‏, Ὑ = 0,203 ʠ (ʙ) 0,08 = ‏, Ὑ = 0,189 

 

ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʘʙʦʨʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ  

 Ὑ = 0,203 ʢʨʠʚʘʷ (ʘ) ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ, ʯʪʦ ʪʘʢʞʝ ,0,087 = ‏

ʜʦʢʘʟʳʚʘʝʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʪʘʙʣ. 2. 



XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊʦʤ 2. 

90 

ʊʘʙʣʠʮʘ 2 

 

ɿʥʘʯʝʥʠʷ ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ COVID -19 

 

ʇʘʨʘʤʝʪʨʳ RMSE R2 MAE 

 Ὑ = 0,203 910,26 0,95 669,64 ,0,087 = ‏

 Ὑ = 0,189 1299,31 0,90 928,33 ,0,08 = ‏

 

ʇʝʨʚʘʷ ʤʦʜʝʣʴ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʪʝʨʤʠʥʘʮʠʠ, ʨʘʚʥʳʤ 

0,95, ʘ ʪʘʢʞʝ ʚʳʜʘʝʪ ʨʝʟʫʣʴʪʘʪ ʩ ʤʝʥʴʰʝʡ ʦʰʠʙʢʦʡ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʢʘʟʘʪʝʣʠ 

RMSE ʠ MAE. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ 

ʩʫʨʨʦʛʘʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ COVID-19. 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʛʘʫʩʩʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʢʘʯʝʩʪʚʝ ʩʫʨʨʦʛʘʪʘ ʧʦʟʚʦʣʠʣʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʥʘʙʦʨʘʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʨʨʦʛʘʪʦʚ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʩʪʨʳʭ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ. ʉʣʝʜʫʶʱʠʤ 

ʵʪʘʧʦʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ. 

  
ʃʠʪʝʨʘʪʫʨʘ 

 

1. ʃʝʦʥʝʥʢʦ ɺ. ʅ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʵʧʠʜʝʤʠʦʣʦʛʠʷ //ʉʇʙ: ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ. 2018.          

ʊ. 38. ʉ. 23ï24. 

2. Smith R. C. Uncertainty quantification: theory, implementation, and applications. Siam, 

2013. ʊ. 12. ʉ. 15. 

3. Sobester A., Forrester A., Keane A. Engineering design via surrogate modelling: a practical 

guide. John Wiley & Sons. 2008. ʉ. 18. 

4. Rasmussen C.E. Gaussian processes in machine learning //Summer school on machine 

learning. Springer, Berlin, Heidelberg. 2003. ʉ. 63ï71. 

  



XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊʦʤ 2. 

91 

ʋɼʂ 004.912 

 

ʇʈʀʄɽʅɽʅʀɽ ʌʆʅɽʊʀʏɽʉʂʀʍ ʇʈʀɿʅɸʂʆɺ ʉʃʆɺ 

ɺ ʈɸʄʂɸʍ ʀʉʇʈɸɺʃɽʅʀʗ ʆʇɽʏɸʊʆʂ ɺ ʈʋʉʉʂʆʗɿʓʏʅʓʍ 

ʀʅʌʆʈʄɸʎʀʆʅʅʆ-ʇʆʀʉʂʆɺʓʍ ɿɸʇʈʆʉɸʍ 

 

ʂ.ɼ. ʄʦʩʫʥʦʚ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɽ.ɺ. ʐʫʨʘʥʦʚ  

ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ 
e-mail: kmosunoff@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ 

ɿʘʜʘʯʘ ʠʩʧʨʘʚʣʝʥʠʷ ʦʧʝʯʘʪʦʢ ʚ ʧʦʠʩʢʦʚʳʭ ʟʘʧʨʦʩʘʭ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʦʠʩʢʝ ʚʚʠʜʫ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʢʘʯʝʩʪʚʘ ʠ ʫʣʫʯʰʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ. ʅʝʢʦʪʦʨʳʝ ʩʧʦʩʦʙʳ ʝʸ ʨʝʰʝʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʥʝʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʩʣʦʚ. ɺ ʨʘʙʦʪʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʟʦʨ ʠ ʩʨʘʚʥʝʥʠʝ 

ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʠʟʥʦʰʝʥʠʝ ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʣʦʚ, ʘ ʪʘʢʞʝ 

ʦʧʠʩʘʥʦ ʚʦʟʤʦʞʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʦʥʪʝʢʩʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʠʩʧʨʘʚʣʝʥʠʷ ʦʧʝʯʘʪʦʢ ʚ ʧʦʠʩʢʦʚʳʭ ʟʘʧʨʦʩʘʭ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʀʩʧʨʘʚʣʝʥʠʝ ʦʧʝʯʘʪʦʢ, ʬʦʥʝʪʠʢʘ, G2P, grapheme-to-phoneme, ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʠʩʢ, 

ʧʦʠʩʢʦʚʳʝ ʟʘʧʨʦʩʳ. 

 

ɺʚʝʜʝʥʠʝ 

ɿʘʜʘʯʘ ʠʩʧʨʘʚʣʝʥʠʷ ʦʧʝʯʘʪʦʢ ʚ ʧʦʠʩʢʦʚʳʭ ʟʘʧʨʦʩʘʭ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʦʠʩʢʝ ʚʚʠʜʫ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʢʘʯʝʩʪʚʘ ʠ ʫʣʫʯʰʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʦʧʳʪʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʵʪʘ ʟʘʜʘʯʘ ʢʦʤʧʣʝʢʩʥʘ ʠ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʧʦʩʦʙʳ 

ʨʝʰʝʥʠʷ: ʦʪ ʤʥʦʛʦʵʪʘʧʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʦʥʢʨʝʪʥʳʭ ʧʦʜʟʘʜʘʯ (ʦʙʥʘʨʫʞʝʥʠʝ 

ʦʰʠʙʦʢ, ʛʝʥʝʨʘʮʠʷ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ, ʨʘʥʞʠʨʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʢʘʥʜʠʜʘʪʦʚ) ʜʦ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʢʣʘʩʩʘ çsequence-to-sequenceè [5]. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʬʦʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 

ʛʝʥʝʨʘʮʠʠ ʢʘʥʜʠʜʘʪʦʚ ʢʘʢ ʦʜʥʦʡ ʠʟ ʧʦʜʟʘʜʘʯ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʨʘʚʣʝʥʠʷ ʦʧʝʯʘʪʦʢ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʙʦʨ ʠʟ ʦʢʦʣʦ 21 ʤʠʣʣʠʦʥʘ ʫʥʠʢʘʣʴʥʳʭ ʟʘʧʨʦʩʦʚ 

ʚ ʧʦʠʩʢʦʚʳʡ ʩʝʨʚʠʩ ʗʥʜʝʢʩ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʩʦʨʝʚʥʦʚʘʥʠʠ Personalized Web Search 

Challenge ʥʘ ʧʣʘʪʬʦʨʤʝ Kaggle [1]. 

ɻʝʥʝʨʘʮʠʷ ʢʘʥʜʠʜʘʪʦʚ (ʚʦʟʤʦʞʥʳʭ ʢʦʨʨʝʢʪʥʳʭ ʩʣʦʚ) ʜʣʷ ʥʝʢʦʨʨʝʢʪʥʦʛʦ ʩʣʦʚʘ 

ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦ ʨʘʟʥʦʡ ʣʦʛʠʢʝ. ʅʘʧʨʠʤʝʨ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ɼʘʤʝʨʘʫ-

ʃʝʚʝʥʰʪʝʡʥʘ: ʩʫʱʝʩʪʚʫʶʪ ʘʣʛʦʨʠʪʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦ ʟʘʜʘʥʥʦʡ ʩʪʨʦʢʝ ʵʬʬʝʢʪʠʚʥʦ 

ʧʦʣʫʯʘʪʴ ʩʧʠʩʦʢ ʩʪʨʦʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʟʘʜʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ. ʆʜʥʘʢʦ, ʥʘ ʧʨʘʢʪʠʢʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʝ ʙʦʣʴʰʠʤ ʜʦʧʫʩʪʠʤʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ (ʥʝ ʙʦʣʝʝ 2) ʩ ʮʝʣʴʶ ʦʛʨʘʥʠʯʝʥʠʷ ʠʟʙʳʪʦʯʥʦʡ ʛʝʥʝʨʘʮʠʠ ʰʫʤʘ. ʇʨʠ 

ʵʪʦʤ, ʠʤʝʶʪ ʤʝʩʪʦ ʙʳʪʴ ʦʧʝʯʘʪʢʠ ʩ ʙʦʣʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ (ʦʢʦʣʦ 10% ʦʰʠʙʦʢ), ʠ ʵʪʠ 

ʩʣʫʯʘʠ ʩʣʝʜʫʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ʇʦʠʩʢʦʚʳʝ ʟʘʧʨʦʩʳ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʩʣʦʚʘ, ʩʠʣʴʥʦ ʠʩʢʘʞʸʥʥʳʝ ʚ ʥʘʧʠʩʘʥʠʠ, 

ʦʜʥʘʢʦ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʝ ʧʦ ʟʚʫʯʘʥʠʶ, ʥʘʧʨʠʤʝʨ, ʚʚʠʜʫ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʦʨʬʦʛʨʘʬʠʯʝʩʢʠʭ ʦʰʠʙʦʢ (çʧʘʪʧʠʱʝʢʦʤʠè / çʧʦʜʧʠʩʯʠʢʘʤʠè). ɼʦʣʷ ʦʧʝʯʘʪʦʢ, 

ʩʦʭʨʘʥʷʶʱʠʭ ʩʭʦʞʝʝ ʩ ʠʩʭʦʜʥʳʤ ʩʣʦʚʦʤ ʧʨʦʠʟʥʦʰʝʥʠʝ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20%. ɼʣʷ 

ʦʙʨʘʙʦʪʢʠ ʪʘʢʠʭ ʦʰʠʙʦʢ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʘʣʛʦʨʠʪʤʳ ʛʝʥʝʨʘʮʠʠ ʬʦʥʝʪʠʯʝʩʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʥʠʷ). 
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ʌʦʥʝʪʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ʢʘʥʜʠʜʘʪʦʚ 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʜ ʬʦʥʝʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʝʡ ʢʘʥʜʠʜʘʪʦʚ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʛʝʥʝʨʘʮʠʶ 

ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʬʦʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ï ʘʣʛʦʨʠʪʤʦʚ ʩʦʩʪʘʚʣʝʥʠʷ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʟʘʜʘʥʥʳʭ ʩʣʦʚ ʧʦ ʠʭ ʥʘʧʠʩʘʥʠʶ. ʆʙʱʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʬʦʥʝʪʠʯʝʩʢʦʡ 

ʛʝʥʝʨʘʮʠʠ ʢʘʥʜʠʜʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ. 

 
 

ʈʠʩʫʥʦʢ. ʉʭʝʤʘ ʬʦʥʝʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʢʘʥʜʠʜʘʪʦʚ 
 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʛʝʥʝʨʘʮʠʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 2 ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: 

1. ʌʦʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʟʘʜʘʥʥʦʡ ʩʪʨʦʢʝ ʩʦʧʦʩʪʘʚʠʪʴ 

ʥʝʢʦʪʦʨʦʝ ʬʦʥʝʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (ʪʨʘʥʩʢʨʠʧʮʠʶ). ʊʘʢʦʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʭʵʰ-ʬʫʥʢʮʠʶ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʢʦʣʣʠʟʠʠ: ʜʣʷ ʩʣʦʚ ʩʦ ʩʭʦʞʠʤ 

ʧʨʦʠʟʥʦʰʝʥʠʝʤ ʬʦʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʜʠʥʘʢʦʚʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ, ʜʣʷ 

ʩʣʦʚ ʩ ʨʘʟʥʳʤ ʧʨʦʠʟʥʦʰʝʥʠʝʤ ï ʨʘʟʥʫʶ. ʊʘʢ, ʩʪʨʦʢʘʤ çʧʘʪʧʠʱʝʢʦʤʠè ʠ 

çʧʦʜʧʠʩʯʠʢʘʤʠè ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦʝ ʬʦʥʝʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. 

2. ʌʦʥʝʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ï ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ, ʚʳʩʪʨʘʠʚʘʝʤʘʷ ʥʘ ʦʩʥʦʚʝ 

ʬʦʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʭʨʘʥʠʣʠʱʝ ʤʥʦʞʝʩʪʚʘ ʩʣʦʚ, ʜʦʧʫʩʪʠʤʳʭ 

ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʜʠʜʘʪʦʚ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦ ʟʘʜʘʥʥʦʡ ʩʪʨʦʢʝ ʵʬʬʝʢʪʠʚʥʦ 

ʧʦʣʫʯʘʪʴ ʤʥʦʞʝʩʪʚʦ ʩʪʨʦʢ ʩʦ ʩʭʦʞʠʤ ʧʨʦʠʟʥʦʰʝʥʠʝʤ. ʌʦʥʝʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʭʵʰ-ʪʘʙʣʠʮʘ, ʭʵʰ-ʬʫʥʢʮʠʷ ʚ ʢʦʪʦʨʦʡ ï ɻ ʪʦ ʬʦʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, 

ʢʣʶʯʠ ï ʪʨʘʥʩʢʨʠʧʮʠʠ ʩʣʦʚ, ʘ ʟʥʘʯʝʥʠʷ ï ʤʥʦʞʝʩʪʚʘ ʩʣʦʚ ʩ ʪʨʘʥʩʢʨʠʧʮʠʝʡ, ʨʘʚʥʦʡ 

ʢʣʶʯʫ. ʌʦʥʝʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʪʨʝʙʫʝʪ ʥʘʯʘʣʴʥʦʡ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚ ʚʠʜʝ ʟʘʛʨʫʟʢʠ ʩʣʦʚʘʨʷ 

ʛʝʥʝʨʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʵʰ-ʪʘʙʣʠʮʳ. 

ʊʘʢ, ʧʦʣʫʯʝʥʠʝ ʢʘʥʜʠʜʘʪʦʚ ʩʦʩʪʦʠʪ ʠʟ 2 ʰʘʛʦʚ: ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʥʠʝ ʟʘʜʘʥʥʦʛʦ ʩʣʦʚʘ 

ʠ ʚʟʷʪʠʝ ʟʥʘʯʝʥʠʷ (ʤʥʦʞʝʩʪʚʘ ʩʣʦʚ) ʚ ʬʦʥʝʪʠʯʝʩʢʦʤ ʠʥʜʝʢʩʝ ʧʦ ʧʦʣʫʯʝʥʥʦʤʫ ʢʣʶʯʫ. 

 

ʌʦʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ 

ɸʣʛʦʨʠʪʤʳ ʩʦʩʪʘʚʣʝʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʡ ʩʣʦʚ ʧʦ ʠʭ ʥʘʧʠʩʘʥʠʶ ʧʨʠʟʚʘʥʳ ʨʝʰʘʪʴ ʪʘʢ 

ʥʘʟʳʚʘʝʤʫʶ ʟʘʜʘʯʫ G2P (ʘʥʛʣ. grapheme-to-phoneme) ʠ ʙʝʨʫʪ ʩʚʦʸ ʥʘʯʘʣʦ ʚ 1910-ʭ ʛʦʜʘʭ, 

ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʧʦʜʦʙʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʪʘʣ Soundex, ʠʟʦʙʨʝʪʸʥʥʳʡ ʜʣʷ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ 

ʘʥʛʣʦʷʟʳʯʥʳʭ ʠʤʸʥ ʠ ʬʘʤʠʣʠʡ. Soundex ʧʦʣʫʯʠʣ ʦʩʦʙʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʚ 1960-ʝ ʛʛ. ʧʦʩʣʝ 

ʝʛʦ ʫʧʦʤʠʥʘʥʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʘʪʴʷʭ ʠ ʢʥʠʛʘʭ, ʘ ʪʘʢʞʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʦʨʘʙʘʪʳʚʘʣʩʷ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ ʚʝʨʩʠʡ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʥʘʧʨʠʤʝʨ, Metaphone, ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʫʯʠʪʳʚʘʶʱʝʛʦ ʦʙʱʠʝ ʧʨʘʚʠʣʘ ʧʨʦʠʟʥʦʰʝʥʠʷ ʚ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. ɸʥʘʣʦʛʠʯʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʩʦʟʜʘʚʘʣʠʩʴ ʠ ʜʣʷ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʬʦʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ 

ï ʧʨʠʩʚʦʝʥʠʝ ʨʘʚʥʦʛʦ ʢʦʜʘ ʦʤʦʬʦʥʘʤ, ʪ.ʝ. ʩʣʦʚʘʤ ʩ ʦʜʠʥʘʢʦʚʳʤ ʧʨʦʠʟʥʦʰʝʥʠʝʤ. 

ʋʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʘʣʛʦʨʠʪʤʳ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳ ʚ ʩʚʦʝʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ 

ʥʘʙʦʨʘʭ ʧʨʘʚʠʣ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʤʝʥʘ ʪʝʭ ʠʣʠ ʠʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩʠʤʚʦʣʦʚ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʝʪʩʷ ʬʦʥʝʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. 

ʅʘʙʦʨʳ ʧʨʘʚʠʣ ʚ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʘʭ ʩʦʩʪʘʚʣʷʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʧʨʘʚʠʣ ʧʨʦʠʟʥʦʰʝʥʠʷ 

ʚ ʢʦʥʢʨʝʪʥʦʤ ʷʟʳʢʝ. ʇʦʜʦʙʥʳʝ ʧʨʘʚʠʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʜʣʷ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʤʦʛʫʪ 

ʩʦʩʪʘʚʣʷʪʴ 2 ʛʨʫʧʧʳ: ʧʨʘʚʠʣʘ ʜʣʷ ʟʘʤʝʥʳ ʛʣʘʩʥʳʭ ʠ ʧʨʘʚʠʣʘ ʜʣʷ ʟʘʤʝʥʳ ʩʦʯʝʪʘʥʠʡ 

ʩʦʛʣʘʩʥʳʭ. ʅʘʧʨʠʤʝʨ [2]: 

1. ʇʨʘʚʠʣʘ ʜʣʷ ʛʣʘʩʥʳʭ: 

a. a, ʦ, ʸ Ÿ ʘ; 
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b. ʶ, ʫ Ÿ ʫ; 

c. ʷ, ʳ, ʠ, ʝ, ʵ Ÿ ʠ; 

2. ʇʨʘʚʠʣʘ ʜʣʷ ʩʦʯʝʪʘʥʠʡ ʩʦʛʣʘʩʥʳʭ: 

a. ʩʯ, ʟʯ, ʞʯ, ʩʰ, ʩʱ, ʪʯ Ÿ ʰ (ʩʯʘʩʪʴʝ, ʤʫʞʯʠʥʘ); 

b. ʩʪʛ Ÿ ʩʛ (ʙʶʩʪʛʘʣʪʝʨ); 

c. ʭʛ Ÿ ʛ (ʙʫʭʛʘʣʪʝʨ); 

d. ʪʩ, ʜʮ Ÿ ʮ (ʜʝʪʩʪʚʦ, ʜʚʘʜʮʘʪʴ); 

e. ʠ ʪ.ʜ. 

ʇʨʠ ʵʪʦʤ ʜʦʧʫʩʪʠʤʘ ʚʘʨʠʘʪʠʚʥʦʩʪʴ. ʊʘʢ, ʧʨʘʚʠʣʘ ʜʣʷ ʛʣʘʩʥʳʭ ʤʦʛʫʪ ʙʳʪʴ 

ʜʦʨʘʙʦʪʘʥʳ ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʫʩʣʦʞʥʝʥʠʷ ʩ ʫʯʸʪʦʤ ʫʜʘʨʝʥʠʷ ʚ ʩʣʦʚʝ (ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʥʦ 

ʚ ʩʣʫʯʘʝ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ), ʪʘʢ ʠ ʚ ʩʪʦʨʦʥʫ ʫʧʨʦʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠʩʚʦʝʥʠʷ ʨʘʚʥʦʛʦ 

ʢʦʜʘ ʚʩʝʤ ʛʣʘʩʥʳʤ ʚ ʩʣʦʚʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʪ ʙʳʪʴ ʥʘʩʪʨʦʝʥʘ ʥʝʦʙʭʦʜʠʤʘʷ ʪʦʯʥʦʩʪʴ 

ʘʣʛʦʨʠʪʤʘ, ʦʪʨʘʞʘʶʱʘʷ, ʢʘʢ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʩʣʦʚ ʩʯʠʪʘʶʪʩʷ ʦʤʦʬʦʥʘʤʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʣʛʦʨʠʪʤʘ. 

ʂʦʥʝʯʥʦ, ʘʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʘʙʦʨʘʭ ʧʨʘʚʠʣ, ʥʝ ʚʩʝʛʜʘ ʧʦʢʘʟʳʚʘʶʪ 

ʥʝʦʙʭʦʜʠʤʦʝ ʢʘʯʝʩʪʚʦ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ G2P. ʅʝʢʦʪʦʨʳʝ ʷʟʳʢʠ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ 

ʥʝʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʨʬʦʛʨʘʬʠʝʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʬʦʥʝʤ ʧʝʨʝʜʘʸʪʩʷ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʛʨʘʬʝʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʦʠʟʥʦʰʝʥʠʝ ʩʣʦʚ ʧʦ ʠʭ ʥʘʧʠʩʘʥʠʶ ʤʦʞʝʪ 

ʩʪʘʥʦʚʠʪʴʩʷ ʪʨʫʜʥʦʡ ʟʘʜʘʯʝʡ ʜʘʞʝ ʜʣʷ ʥʦʩʠʪʝʣʝʡ ʷʟʳʢʘ. ɿʜʝʩʴ ʧʦʣʝʟʥʦ ʚʩʧʦʤʥʠʪʴ 

ʢʦʥʢʫʨʩ çSpelling beeè, ʚ ʢʦʪʦʨʦʤ ʫʯʘʩʪʥʠʢʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʠʟʥʝʩʪʠ ʩʣʦʚʦ ʠʟ 

ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʧʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʤʫ ʥʘʧʠʩʘʥʠʶ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʘʣʛʦʨʠʪʤʳ ʥʘ 

ʧʨʘʚʠʣʘʭ ʥʝ ʚʩʝʛʜʘ ʧʨʠʤʝʥʠʤʳ, ʦʩʦʙʝʥʥʦ ʚ ʟʘʜʘʯʘʭ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, 

ʪʘʢʠʭ ʢʘʢ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʩʠʥʪʝʟ ʨʝʯʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʧʦʜʭʦʜʦʚ ʢ 

ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ G2P, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʆʜʥʘʢʦ, ʚ ʢʦʥʪʝʢʩʪʝ 

ʟʘʜʘʯʠ ʠʩʧʨʘʚʣʝʥʠʷ ʦʧʝʯʘʪʦʢ ʚ ʧʦʠʩʢʦʚʳʭ ʟʘʧʨʦʩʘʭ ʪʦʯʥʦʩʪʴ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʦʜʭʦʜʦʚ 

ʠʟʙʳʪʦʯʥʘ, ʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʥʝʦʧʨʘʚʜʘʥʥʦ ʚʳʩʦʢʘ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʦʛʠʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʥʝʡʨʦʩʝʪʝʚʳʝ ʨʝʰʝʥʠʷ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

 

ʉʨʘʚʥʝʥʠʝ ʨʝʘʣʠʟʘʮʠʡ ʬʦʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ 

ʊʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʬʦʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘ 

ʧʨʘʚʠʣʘʭ, ʥʝʦʙʭʦʜʠʤ ʧʦʜʭʦʜ ʢ ʠʭ ʩʨʘʚʥʝʥʠʶ ʠ ʚʳʙʦʨʫ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ ʠʩʧʨʘʚʣʝʥʠʷ ʦʧʝʯʘʪʦʢ ʚ ʮʝʣʦʤ ʠ ʛʝʥʝʨʘʮʠʠ ʢʘʥʜʠʜʘʪʦʚ ʚ 

ʯʘʩʪʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʘʣʠʟʘʮʠʡ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ 3 ʤʝʪʨʠʢʠ: 

1. ʂʦʣʣʠʟʠʷ ʠʥʜʝʢʩʘ ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʩʣʦʚ ʚ ʩʣʦʚʘʨʝ ʛʝʥʝʨʘʮʠʠ, ʠʤʝʶʱʠʭ ʨʘʚʥʦʝ 

ʬʦʥʝʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. ʄʝʪʨʠʢʘ ʥʘʟʚʘʥʘ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʧʦʥʷʪʠʝʤ ʢʦʣʣʠʟʠʠ ʭʵʰ-

ʬʫʥʢʮʠʡ. 

2. ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʩʣʦʚʦ, ʚʳʩʯʠʪʳʚʘʝʤʦʝ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 
ʛʝʥʝʨʘʮʠʠ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʥʝʢʦʨʨʝʢʪʥʳʭ ʩʣʦʚ ʠʟ ʥʘʙʦʨʘ ʧʦʠʩʢʦʚʳʭ ʟʘʧʨʦʩʦʚ, 

ʨʘʟʤʝʯʝʥʥʳʭ ʠʭ ʢʦʨʨʝʢʪʥʳʤ ʥʘʧʠʩʘʥʠʝʤ. 

3. ʇʦʢʨʳʪʠʝ ï ʜʦʣʷ ʩʣʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣ ʩʛʝʥʝʨʠʨʦʚʘʥ ʥʝʦʙʭʦʜʠʤʳʡ ʢʘʥʜʠʜʘʪ 

ʩ ʧʦʤʦʱʴʶ ʬʦʥʝʪʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ, ʩʨʝʜʠ ʚʩʝʭ ʩʣʦʚ ʩ ʦʧʝʯʘʪʢʘʤʠ, ʪʘʢʠʭ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ 

ɼʘʤʝʨʘʫ-ʃʝʚʝʥʰʪʝʡʥʘ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤ ʠ ʢʦʨʨʝʢʪʥʳʤ ʥʘʧʠʩʘʥʠʝʤ ʩʦʩʪʘʚʣʷʝʪ 3 ʠ ʙʦʣʝʝ 

ʦʧʝʨʘʮʠʡ (ʪʘʢ ʢʘʢ ʤʝʥʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʣʝʛʢʦ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʛʝʥʝʨʘʪʦʨʘʤʠ, 

ʫʧʦʤʷʥʫʪʳʤʠ ʚʦ ʚʚʝʜʝʥʠʠ). 

ɺ ʢʘʯʝʩʪʚʝ ʩʣʦʚʘʨʷ ʛʝʥʝʨʘʮʠʠ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʣʦʚʘʨʴ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʢʦʨʧʫʩʘ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ, ʩʦʜʝʨʞʘʱʠʡ ʦʢʦʣʦ 888 ʪʳʩʷʯ ʩʣʦʚʦʬʦʨʤ [3]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 3 ʙʠʙʣʠʦʪʝʢ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ 

ʢʦʜʦʤ ʥʘ ʷʟʳʢʝ Python: Epitran, Russian G2P, Fonetika. ɿʥʘʯʝʥʠʷ ʤʝʪʨʠʢ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʘ 1 

 

ɿʥʘʯʝʥʠʷ ʤʝʪʨʠʢ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʦʪʢʨʳʪʳʭ ʨʝʘʣʠʟʘʮʠʡ ʬʦʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ 

 

ɹʠʙʣʠʦʪʝʢʘ ʂʦʣʣʠʟʠʷ 

ʠʥʜʝʢʩʘ 

ʉʨʝʜʥʝʝ ʯʠʩʣʦ 

ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʩʣʦʚʦ 

ʇʦʢʨʳʪʠʝ 

Epitran 1,01 0,45 0,21 % 

Russian G2P 1,17 1,65 8,86 % 

Fonetika 2,44 20,98 18,02 % 

 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʨʠʢʠ ʷʚʥʦ ʦʪʨʘʞʘʶʪ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʨʝʘʣʠʟʘʮʠʡ. ʊʘʢ, ʙʠʙʣʠʦʪʝʢʘ Epitran, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʡ ʩʣʦʚ ʧʦ 

ʩʠʩʪʝʤʝ IPA (ʘʥʛʣ. International Phonetic Alphabet), ʧʦʢʘʟʳʚʘʝʪ ʢʨʘʡʥʝ ʥʠʟʢʦʝ ʧʦʢʨʳʪʠʝ 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʠʙʣʠʦʪʝʢ Russian G2P ʠ Fonetika, ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʣʣʠʟʠʝʡ 

ʠʥʜʝʢʩʘ ʠ ʛʝʥʝʨʠʨʫʶʱʠʭ ʚ ʩʨʝʜʥʝʤ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʢʘʥʜʠʜʘʪʦʚ. ɺ ʦʩʥʦʚʝ ʨʝʘʣʠʟʘʮʠʠ 

Russian G2P ʣʝʞʠʪ ʧʨʦʨʘʙʦʪʘʥʥʳʡ ʥʘʙʦʨ ʧʨʘʚʠʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʩʦʩʝʜʥʠʝ ʛʨʘʬʝʤʳ ʠ ʫʜʘʨʝʥʠʝ ʚ ʩʣʦʚʝ, ʯʪʦ ʜʝʣʘʝʪ ʙʠʙʣʠʦʪʝʢʫ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʡ ʠ 

ʦʙʲʷʩʥʷʝʪ ʝʸ ʥʠʟʢʫʶ ʢʦʣʣʠʟʠʶ ʠʥʜʝʢʩʘ. ʆʜʥʘʢʦ, ʚʚʠʜʫ ʝʸ ʪʦʯʥʦʩʪʠ, ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʫʩʪʦʯʠʚʘ, ʥʘʧʨʠʤʝʨ, ʢ ʩʣʝʜʫʶʱʠʤ ʩʣʫʯʘʷʤ: 

1. ɿʘʤʝʥʘ çʡè ʥʘ çʠè ʠ ʥʘʦʙʦʨʦʪ (ʩʚʷʟʥʦʠ, ʤʫʱʠʥʦʠ,  ʙʝʜʢʦʡʥ). 

2. ɿʘʤʝʥʘ ʪʚʸʨʜʳʭ ʩʦʛʣʘʩʥʳʭ ʥʘ ʤʷʛʢʠʝ ʠ ʥʘʦʙʦʨʦʪ, ʘ ʪʘʢʞʝ ʜʦʙʘʚʣʝʥʠʝ ʠʣʠ 

ʫʜʘʣʝʥʠʝ ʤʷʛʢʦʛʦ ʟʥʘʢʘ (ʢʣʫʯʝʢ Í ʢʣʶʯʠʢ, ʩʢʦʣʢʘ Í ʩʢʦʣʴʢʦ). 

3. ʇʨʦʜʫʙʣʠʨʦʚʘʥʥʳʝ ʩʠʤʚʦʣʳ (ʫʩʪʘʥʥʦʦʚʘʠʪʴ Í ʫʩʪʘʥʦʚʠʪʴ). 

ɹʠʙʣʠʦʪʝʢʘ Fonetika ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʘ ʢ ʧʦʜʦʙʥʳʤ ʩʣʦʞʥʳʤ ʩʣʫʯʘʷʤ ʠ ʧʦʢʘʟʳʚʘʝʪ 

ʥʘʠʣʫʯʰʝʝ ʧʦʢʨʳʪʠʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʧʦʚʳʰʝʥʥʦʝ ʩʨʝʜʥʝʝ 

ʯʠʩʣʦ ʛʝʥʝʨʠʨʫʝʤʳʭ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʩʣʦʚʦ ʥʝʞʝʣʘʪʝʣʴʥʦ. ɹʦʣʝʝ ʛʨʫʙʘʷ ʬʦʥʝʪʠʯʝʩʢʘʷ 

ʛʝʥʝʨʘʮʠʷ ʢʘʥʜʠʜʘʪʦʚ ʧʨʠʚʥʦʩʠʪ ʙʦʣʴʰʝ ʰʫʤʘ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʥʘ 

ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʠʩʧʨʘʚʣʝʥʠʷ ʦʧʝʯʘʪʦʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʩʪʘʜʠʠ ʨʘʥʞʠʨʦʚʘʥʠʷ 

ʢʘʥʜʠʜʘʪʦʚ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʥʘʠʤʝʥʝʝ ʚʝʨʦʷʪʥʳʝ ʢʘʥʜʠʜʘʪʳ ʦʪʩʝʠʚʘʶʪʩʷ ʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʫʤʝʩʪʥʦʛʦ ʢʘʥʜʠʜʘʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʝ 

ʤʝʪʨʠʢʠ ʧʦʟʚʦʣʷʶʪ ʦʪʨʘʟʠʪʴ ʙʘʣʘʥʩ çʪʦʯʥʦʩʪʠè ʠ çʰʫʤʥʦʩʪʠè ʘʣʛʦʨʠʪʤʦʚ, ʩ ʫʯʸʪʦʤ 

ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʭʦʜʠʪʴ ʢʦʤʧʨʦʤʠʩʩʥʳʡ ʚʘʨʠʘʥʪ, ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ɿʘʜʘʯʘ ʛʝʥʝʨʘʮʠʠ ʢʘʥʜʠʜʘʪʦʚ ʥʝ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʬʦʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ʅʘʧʨʦʪʠʚ, ʤʝʥʴʰʘʷ ʪʦʯʥʦʩʪʴ ʧʦʣʝʟʥʘ ʜʣʷ ʙʦʣʴʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ ʢ ʩʣʦʞʥʳʤ ʦʧʝʯʘʪʢʘʤ, ʭʦʪʷ ʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʚʩʝʡ ʩʠʩʪʝʤʳ ʠʩʧʨʘʚʣʝʥʠʷ ʦʧʝʯʘʪʦʢ ʢ ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʛʝʥʝʨʠʨʫʝʤʳʭ ʢʘʥʜʠʜʘʪʦʚ.  

 

ʀʥʳʝ ʨʝʘʣʠʟʘʮʠʠ 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʠʥʳʝ ʨʝʘʣʠʟʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʠʩʧʨʘʚʣʝʥʠʠ ʦʧʝʯʘʪʦʢ. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ çʀʩʧʨʘʚʣʝʥʠʝ ʧʦʠʩʢʦʚʳʭ ʟʘʧʨʦʩʦʚ ʚ ʗʥʜʝʢʩʝè (ɹʘʡʪʠʥ ɸ.ɺ.) [4] 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʨʝʘʣʠʟʘʮʠʷ ʬʦʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ: 

1. ʋʜʘʣʝʥʠʝ ʚʩʝʭ ʛʣʘʩʥʳʭ (ʚʦʜʘ Ÿ ʚʜ). 

2. ʆʛʣʫʰʝʥʠʝ ʩʦʛʣʘʩʥʳʭ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʧʦʟʠʮʠʠ ʚ ʩʣʦʚʝ (ʚʜ Ÿ ʬʪ). 

3. ʋʜʘʣʝʥʠʷ ʠ ʧʝʨʝʩʪʘʥʦʚʢʠ (ʬʪ Ÿ ʪ, ʬ, ʪʬ). 

ɺ ʨʘʙʦʪʝ çɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʩʧʨʘʚʣʝʥʠʝ ʦʧʝʯʘʪʦʢ ʠ ʦʨʬʦʛʨʘʬʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʜʣʷ 

ʨʫʩʩʢʦʷʟʳʯʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʤʝʜʠʘè (ʉʦʨʦʢʠʥ ɸ.ɸ., ʐʘʚʨʠʥʘ ʊ.ʆ.) ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʙʣʠʮʘ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʙʫʢʚ ʠ ʧʨʠʩʚʘʠʚʘʝʤ ʭr ʠʤ ʢʦʜʦʚ (ʪʘʙʣ. 2). 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʫʧʦʤʷʥʫʪʳʝ ʨʝʘʣʠʟʘʮʠʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʫʜʘʨʝʥʠʠ ʚ ʩʣʦʚʝ, ʦ ʩʦʩʝʜʥʠʭ ʛʨʘʬʝʤʘʭ, ʘ ʪʘʢʞʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʦʪʜʝʣʴʥʦ ʩʦʯʝʪʘʥʠʷ 

ʩʦʛʣʘʩʥʳʭ. ʅʘʧʨʠʤʝʨ, ʩʪʨʦʢʠ çʧʦʜʧʠʩʯʠʢʘʤʠè ʠ çʧʦʜʧʠʱʠʢʘʤʠè ʙʫʜʫʪ ʠʤʝʪʴ ʨʘʟʥʦʝ 

ʬʦʥʝʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. 
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ʊʘʙʣʠʮʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

 

ʂʦʜ ɹʫʢʚʘ 

1 ʘ, ʦ, ʳ, ʫ, ʷ 

3 ʠ, ʝ, ʸ, ʶ, ʷ, ʵ 

5 ʙ, ʧ 

6 ʚ, ʬ 

7 ʜ, ʪ 

8 ʛ, ʢ, ʭ 

9 ʣ 

10 ʨ 

11 ʤ 

12 ʥ 

13 ʟ, ʩ 

14 ʡ 

15 ʱ, ʯ 

16 ʞ, ʰ 

17 ʮ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ 

ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʛʝʥʝʨʘʮʠʠ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʥʝʢʦʨʨʝʢʪʥʳʭ ʩʣʦʚ ʢʘʢ ʦʜʥʦʡ ʠʟ ʧʦʜʟʘʜʘʯ 

ʠʩʧʨʘʚʣʝʥʠʷ ʦʧʝʯʘʪʦʢ, ʦʧʠʩʘʥʳ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʠ ʧʨʠʤʝʨʳ ʨʘʙʦʪʳ ʙʘʟʦʚʳʭ 

ʬʦʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʩʢʦʣʴʢʦ ʦʪʢʨʳʪʳʭ ʨʝʘʣʠʟʘʮʠʡ ʬʦʥʝʪʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʠʭ ʩʨʘʚʥʝʥʠʶ ʠ ʚʳʙʦʨʫ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ, 

ʦʪʨʘʞʘʶʱʠʡ ʙʘʣʘʥʩ çʪʦʯʥʦʩʪʠè ʠ çʰʫʤʥʦʩʪʠè ʘʣʛʦʨʠʪʤʦʚ, ʘ ʪʘʢʞʝ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ 

ʥʘ ʠʥʳʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʘʣʠʟʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʦʥʪʝʢʩʪʝ ʠʩʧʨʘʚʣʝʥʠʷ ʦʧʝʯʘʪʦʢ. 

ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʬʦʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʵʪʘʧʝ ʨʘʥʞʠʨʦʚʘʥʠʷ ʢʘʥʜʠʜʘʪʦʚ ʠ ʚʳʙʦʨʘ ʣʫʯʰʝʛʦ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩʪʘʪʠʩʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʚ 2021ï2022 ʛʦʜʘʭ 

ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ ʩʦʦʙʱʝʥʠʷʤʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʚʳʷʚʣʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʦʦʙʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʩʘʡʪʘ ʥʘ ʥʘʣʠʯʠʝ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ ʙʣʦʢʠʨʦʚʢʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɼʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʩʦʦʙʱʝʥʠʷ, ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, 

ʤʦʰʝʥʥʠʯʝʩʪʚʦ. 
 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʀʥʪʝʨʥʝʪ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ 

ʢʘʞʜʦʛʦ. ʇʦ ʩʪʘʪʠʩʪʠʢʝ ʥʘ ʥʘʯʘʣʦ 2021 ʛʦʜʘ ʚ ʈʦʩʩʠʠ ʥʘʩʯʠʪʳʚʘʣʦʩʴ 124 ʤʠʣʣʠʦʥʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʙʦʣʝʝ ʪʦʛʦ, ʚ ʧʝʨʠʦʜ ʩ 2020 ʧʦ 2021 ʛʦʜʳ ʧʨʠʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʩʪʘʚʠʣ ʰʝʩʪʴ ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʦʚʝʥʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʥʪʝʨʥʝʪʘ ʩʦʩʪʘʚʠʣ 85% [1]. ʂ ʩʦʞʘʣʝʥʠʶ, ʚʚʠʜʫ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʨʘʟʣʠʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʥʬʦʨʤʘʮʠʷ ʚ ʩʝʪʷʭ ʪʨʝʙʫʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʚʳʷʚʣʝʥʠʷ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʩʦʦʙʱʝʥʠʡ ʚ ʥʠʭ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʈʘʩʩʤʦʪʨʠʤ, ʯʪʦ ʞʝ ʠʟ ʩʝʙʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʩʦʦʙʱʝʥʠʷ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ: ʩʦʦʙʱʝʥʠʷ, ʧʨʠʟʳʚʘʶʱʠʝ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʢ ʜʝʡʩʪʚʠʷʤ ʩʫʠʮʠʜʘʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ; ʩʧʘʤ ʨʘʟʣʠʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ; çʢʠʙʝʨʙʫʣʣʠʥʛè; ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʘʷ 

ʪʦʨʛʦʚʣʷ ʠ ʜʨ. 

ʊʘʢ ʩʦʦʙʱʝʥʠʷ, ʧʨʠʟʳʚʘʶʱʠʝ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʢ ʜʝʡʩʪʚʠʷʤ ʩʫʠʮʠʜʘʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʥʝ ʦʪʩʣʝʞʠʚʘʶʪʩʷ ʤʦʜʝʨʘʪʦʨʘʤʠ, ʠ ʪʘʢʠʝ ʩʦʚʝʨʰʝʥʥʦ ʥʝʘʜʝʢʚʘʪʥʳʝ ʜʘʥʥʳʝ 

ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʝʡʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʚʩʶ ʘʫʜʠʪʦʨʠʶ. ʉʣʝʜʫʶʱʠʡ ʚʠʜ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʩʦʦʙʱʝʥʠʡ ï ʩʧʘʤ, ʨʘʩʩʳʣʘʶʱʠʡʩʷ ʩʣʫʯʘʡʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʪʘʢʞʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [3]. ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʯʝʥʴ ʨʘʟʚʠʪ ʪʝʨʤʠʥ çʢʠʙʝʨʙʫʣʣʠʥʛè ʠʣʠ ʪʨʘʚʣʷ ʚ ʀʥʪʝʨʥʝʪʝ. ʊʘʢʠʝ 

ʵʧʠʟʦʜʳ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʧʦʯʪʠ ʚ ʢʘʞʜʦʡ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ: ʢʦʤʤʝʥʪʘʨʠʠ ʢ 

ʬʦʪʦʛʨʘʬʠʷʤ, ʩʣʫʯʘʡʥʳʝ ʟʚʦʥʢʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʦʙʱʠʝ ʦʙʩʫʞʜʝʥʠʷ ʠ ʜʠʩʢʫʩʩʠʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʚʠʜ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ï ʵʪʦ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʥʝʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʦʚ ʠ ʥʝʟʘʢʦʥʥʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ. ɿʘʯʘʩʪʫʶ ʦʥʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. 

ɼʘʥʥʳʝ ʦ ʪʘʢʠʭ ʧʨʦʜʘʚʮʘʭ ʥʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʙʘʟʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʪʝʤ ʩʘʤʳʤ 

ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʨʥʫʪʴ ʫʢʨʘʜʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʵʪʫ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʪ 

ʦʙʤʘʥʫʪʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [2]. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʜʦʟʨʠʪʝʣʴʥʦʡ 

(suspicios) ʠ ʥʝʧʦʜʦʟʨʠʪʝʣʴʥʦʡ (non suspicious) ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʘʡʪʘʭ (W), ʚ 
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ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ Facebook (FP), ʚ ʢʦʤʤʝʥʪʘʨʠʷʭ Facebook (FC), ʦʥʣʘʡʥ-ʙʣʦʛʘʭ (OB), 

ʛʘʟʝʪʘʭ (N) ʠ ʜʨʫʛʠʭ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʘʭ (M) [2].  

 

 
 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʜʦʟʨʠʪʝʣʴʥʦʡ ʠ ʥʝʧʦʜʦʟʨʠʪʝʣʴʥʦʡ 

ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʘʭ [2] 

 

ʆʮʝʥʠʚʘʷ ʜʘʥʥʳʡ ʛʨʘʬʠʢ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʤʝʥʴʰʝ ʚʩʝʛʦ ʦʧʘʩʥʦʛʦ 

ʢʦʥʪʝʥʪʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʛʘʟʝʪʥʳʭ ʠʟʜʘʥʠʷʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʭʨʘʥʠʪʩʷ ʠ ʧʝʨʝʜʘʝʪʩʷ ʠʤʝʥʥʦ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʘʡʪʘʭ, ʘ 

ʪʘʢʞʝ ʚ ʢʦʤʤʝʥʪʘʨʠʷʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. ʅʠʞʝ ʨʘʩʩʤʦʪʨʠʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ 

ʚʳʷʚʣʝʥʠʷ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʥʘ ʧʨʠʤʝʨʝ ʨʷʜʘ 

ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʩʝʨʚʠʩʦʚ [4, 5]. 

 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʙʦʨʴʙʳ ʩ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ ʩʦʦʙʱʝʥʠʷʤʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʨʷʜ ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʙʦʨʴʙʳ ʩ ʥʝʛʘʪʠʚʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. 

ɺ ʤʘʨʪʝ 2022 ʛʦʜʘ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨ ʥʘʯʘʣ ʙʣʦʢʠʨʦʚʘʪʴ ʩʘʡʪʳ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, 

ʯʪʦ ʦʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʢʩʪʨʝʤʠʩʪʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: 

ʥʘʧʨʠʤʝʨ, ʟʘʙʣʦʢʠʨʦʚʘʥʳ ʩʝʨʚʠʩʳ Meta: Instagram ʠ Facebook. ʊʘʢʞʝ ʙʳʣʠ 

ʟʘʙʣʦʢʠʨʦʚʘʥʳ ʩʘʡʪʳ ʨʘʟʣʠʯʥʳʭ ʥʝʟʘʚʠʩʠʤʳʭ ʉʄʀ, ʪʘʢʠʭ ʢʘʢ: çʄʝʜʫʟʘè, çɼʦʞʜʴè, 

çʅʦʚʘʷ ʛʘʟʝʪʘè. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʠʷ ʙʳʣʠ ʥʘʣʦʞʝʥʳ ʩʦʛʣʘʩʥʦ ʨʝʛʣʘʤʝʥʪʫ 
ʙʣʦʢʠʨʦʚʢʠ ʩʘʡʪʦʚ, ʧʨʠʟʳʚʘʶʱʠʭ ʢ ʤʘʩʩʦʚʳʤ ʙʝʩʧʦʨʷʜʢʘʤ, ʵʢʩʪʨʝʤʠʟʤʫ ʠ ʫʯʘʩʪʠʶ ʚ 

ʥʝʟʘʢʦʥʥʳʭ ʘʢʮʠʷʭ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʙʦʨʴʙʳ ʩ ʜʝʩʪʨʫʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʀʥʪʝʨʥʝʪʝ 

ʦʧʨʝʜʝʣʝʥʥʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʝʡʩʪʚʝʥʥʳʤ, ʥʦ ʦʥ ʪʨʝʙʫʝʪ ʧʨʷʤʦʛʦ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ, ʧʨʠ 

ʵʪʦʤ ʙʣʦʢʠʨʦʚʢʘ ʥʠʢʘʢ ʥʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ. 

ʉʝʨʚʠʩ ʉʙʝʨʘ çɸʫʨʘè, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [4]. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʜʝʣʘʪʴ ʙʝʟʦʧʘʩʥʳʤ ʩʚʦʝ ʦʙʱʝʥʠʝ ʧʦ ʪʝʣʝʬʦʥʫ 

ʠ ʚ ʩʝʪʠ. ʉʝʨʚʠʩ ʘʥʘʣʠʟʠʨʫʝʪ ʟʚʦʥʢʠ ʠ ʪʝʢʩʪʦʚʳʝ ʩʦʦʙʱʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʥʘʣʠʯʠʝ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʥʠʭ. ɿʘʪʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴ, 

ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʧʦʜʧʠʩʢʫ ʥʘ ʜʘʥʥʫʶ ʫʩʣʫʛʫ, ʧʦʣʫʯʘʝʪ ʫʚʝʜʦʤʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ 

ʘʙʦʥʝʥʪ ʚʦʟʤʦʞʥʦ ʷʚʣʷʝʪʩʷ ʤʦʰʝʥʥʠʢʦʤ. ɺ ʩʠʩʪʝʤʝ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʪʩʣʝʞʠʚʘʪʴ ʜʘʥʥʳʝ, ʩʦʙʠʨʘʪʴ ʩʪʘʪʠʩʪʠʢʫ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚʩʝ 

ʧʦʩʣʝʜʫʶʱʠʝ ʟʚʦʥʢʠ ʠ ʩʦʦʙʱʝʥʠʷ. ʆʙʫʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʭʦʜʠʣʦ ʥʘ ʦʩʥʦʚʝ ʙʘʟʳ 
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ʜʘʥʥʳʭ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʉʙʝʨʘ, ʝʝ ʦʙʫʯʝʥʠʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʥʘ ʥʦʚʦʤ ʤʘʪʝʨʠʘʣʝ ʠ 

ʫʣʫʯʰʘʝʪʩʷ ʩ ʢʘʞʜʳʤ ʥʦʚʳʤ ʟʚʦʥʢʦʤ.  

ɺ ʨʘʤʢʘʭ ʧʠʣʦʪʥʦʛʦ ʧʨʦʝʢʪʘ çɸʫʨʘè ʧʦʢʘʟʘʣʘ 80-ʧʨʦʮʝʥʪʥʫʶ ʪʦʯʥʦʩʪʴ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʠ ʤʝʥʝʝ 1% ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ ʤʦʜʝʣʠ. 

ʂ ʦʩʝʥʠ 2022 ʛʦʜʘ ʧʣʘʥʠʨʫʝʪʩʷ ʟʘʧʫʩʢ ʩʠʩʪʝʤʳ çʆʢʫʣʫʩè [5], ʨʘʙʦʪʘ ʢʦʪʦʨʦʡ 

ʦʩʥʦʚʘʥʘ ʪʘʢʞʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʘ. ɼʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʠʩʢʘʪʴ ʟʘʧʨʝʱʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʠʟʦʙʨʘʞʝʥʠʷʭ ʠ ʚʠʜʝʦʬʘʡʣʘʭ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ çʆʢʫʣʫʩè ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠʥʬʦʨʤʘʮʠʶ ʠʟ Facebook, ʢʦʪʦʨʘʷ ʩ ʤʘʨʪʘ 2022 ʛʦʜʘ ʟʘʧʨʝʱʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. 

ɼʦ ʵʪʦʛʦ ʥʘʨʫʰʝʥʠʷ ʚ ʠʟʦʙʨʘʞʝʥʠʷʭ ʠ ʚʠʜʝʦʟʘʧʠʩʷʭ ʠʩʢʘʣʠ ʚʨʫʯʥʫʶ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ 

ʜʦʢʫʤʝʥʪʘʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʥʘ ʩʘʡʪʝ ʛʦʩʟʘʢʫʧʦʢ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ 

ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ [6].  

ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʙʣʦʢʠʨʦʚʢʠ 

ʟʘʧʨʝʱʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʥʪʝʨʥʝʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

(ʀʀ) ʥʝ ʨʘʟʨʘʙʦʪʘʥʦ, ʜʚʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʘ ʚʳʰʝ ʧʦ-ʧʨʝʞʥʝʤʫ ʪʨʝʙʫʶʪ ʨʫʯʥʦʛʦ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʨʘʙʦʪʢʠ. ɼʘʣʝʝ 

ʨʘʩʩʤʦʪʨʝʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ 

ʥʘ ʩʘʡʪʘʭ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ ʠʭ ʙʣʦʢʠʨʦʚʢʠ. 

 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʙʦʨʴʙʳ ʩ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ 

ʩʦʦʙʱʝʥʠʷʤʠ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʩʘʡʪʘ, ʩʦʭʨʘʥʷʝʪʩʷ ʩʦʙʨʘʥʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʚ ɹɼ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʙʣʦʢʠʨʦʚʢʠ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʢʫʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʤʦʞʝʪ ʟʘʥʝʩʪʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʘʡʪʝ, ʢʦʪʦʨʳʡ ʦʥ ʩʯʠʪʘʝʪ ʧʦʜʦʟʨʠʪʝʣʴʥʳʤ. ɼʘʣʝʝ ʩʠʩʪʝʤʘ 

ʚʚʦʜʠʪ ʜʘʥʥʳʝ ʚ ɹɼ, ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩʘʡʪ ʥʘ ʥʘʣʠʯʠʝ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʦʩʣʝ ʯʝʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʘʧʠʩʠ ʦ ʩʘʡʪʝ ʠ ʝʛʦ ʙʣʦʢʠʨʦʚʢʝ ʠ ʨʝʰʘʝʪʩʷ ʚʦʧʨʦʩ, ʥʘʜʦ ʣʠ 

ʦʩʪʘʚʣʷʪʴ ʝʛʦ ʚ ɹɼ ʠʣʠ ʥʝʪ, ʝʩʣʠ ʥʝʪ, ʪʦ ʟʘʧʠʩʴ ʦʙ ʵʪʦʤ ʩʘʡʪʝ ʫʜʘʣʷʝʪʩʷ; ʝʩʣʠ ʜʘ, ʪʦ ʩʘʡʪ 

ʙʣʦʢʠʨʫʝʪʩʷ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ. 

 

 
 

ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

 

ʈʝʘʣʠʟʦʚʘʪʴ ʧʦʠʩʢ ʜʝʩʪʘʙʠʟʠʨʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʠʩʢʦʚʦʛʦ ʨʦʙʦʪʘ ʠʣʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʵʪʠʭ ʜʚʫʭ ʘʣʛʦʨʠʪʤʦʚ. 

 

ʇʦʠʩʢʦʚʳʡ ʨʦʙʦʪ 

ʈʦʙʦʪ ʩʢʘʥʠʨʫʝʪ ʠ ʠʥʜʝʢʩʠʨʫʝʪ ʩʪʨʘʥʠʮʳ ʚʝʙ-ʨʝʩʫʨʩʦʚ, ʟʘʪʝʤ ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʥʘ 

ʭʨʘʥʝʥʠʝ ʚ ɹɼ. ʈʘʙʦʪʫ ʨʦʙʦʪʦʚ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʪʘʢ: ʦʥʠ ʧʝʨʝʭʦʜʷʪ ʥʘ ʨʝʩʫʨʩ, ʟʘʪʝʤ 

ʦʪʧʨʘʚʣʷʶʪ ʝʛʦ ʩʦʜʝʨʞʠʤʦʝ ʚ ʠʥʜʝʢʩ ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʩʳʣʢʠ, ʢʦʪʦʨʳʝ ʦʪʢʨʳʚʘʶʪ ʝʤʫ 

ʦʩʪʘʣʴʥʳʝ ʩʪʨʘʥʠʮʳ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʩʘʡʪʘ [7]. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʧʦʠʩʢʦʚʦʛʦ 

ʨʦʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. ʂʘʞʜʫʶ ʧʦʠʩʢʦʚʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʧʦ-ʩʚʦʝʤʫ: 
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ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʟʘʥʝʩʝʥʳ ʚ ɹɼ, ʫʢʘʟʘʪʴ, ʩ ʢʘʢʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 

ʨʦʙʦʪ ʙʫʜʝʪ ʩʢʘʥʠʨʦʚʘʪʴ ʩʪʨʘʥʠʮʳ, ʘ ʪʘʢʞʝ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʧʨʠʦʨʠʪʝʪ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʩʪʨʘʥʠʮ. ʇʨʝʜʣʘʛʘʝʪʩʷ, ʯʪʦʙʳ ʨʦʙʦʪ çʩʢʣʘʜʳʚʘʣè ʚ ʙʘʟʫ ʥʘʡʜʝʥʥʳʝ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ 

ʩʣʦʚʘ ʠ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ. ɼʘʣʝʝ ʜʨʫʛʦʡ ʤʦʜʫʣʴ ʩʠʩʪʝʤʳ ʦʮʝʥʠʚʘʝʪ ʩʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʠ 

ʙʣʦʢʠʨʫʝʪ ʩʘʡʪ, ʝʩʣʠ ʦʥ ʩʦʜʝʨʞʠʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʩʣʦʚ. 

 

 
 

ʈʠʩ. 3. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʦʠʩʢʦʚʦʛʦ ʨʦʙʦʪʘ 

 

ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ ʩʘʡʪʘ ʠ ʧʦʩʣʝʜʫʶʱʠʭ 

ʜʝʡʩʪʚʠʡ ʩ ʥʠʤ ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʠʤʝʝʪʩʷ 

ʯʝʪʳʨʝ ʵʪʘʧʘ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʠʟʚʣʝʯʝʥʠʝ, ʦʙʫʯʝʥʠʝ ʠ ʧʨʝʜʩʢʘʟʘʥʠʝ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʯʪʦʙʳ ʧʨʠʚʝʩʪʠ ʜʘʥʥʳʝ ʩʘʡʪʘ ʢ ʯʠʪʘʝʤʦʤʫ 

ʚʠʜʫ, ʫʙʨʘʪʴ ʥʝʥʫʞʥʳʝ ʩʠʤʚʦʣʳ, ʦʰʠʙʢʠ. ʇʨʝʦʙʨʘʟʦʚʘʥʥʳʡ ʪʝʢʩʪ ʭʨʘʥʠʪʩʷ ʚ ʩʣʦʚʘʨʝ ʚ 

ʚʠʜʝ ʤʘʩʩʠʚʘ. ʌʘʟʘ ʠʟʚʣʝʯʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʮʠʬʨʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ. ʅʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʟʫʯʘʶʪʩʷ ʤʝʪʦʜʳ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʥʘʙʦʨʘ ʩʣʦʚ (bag of words - BoW) 

ʠ ʯʘʩʪʦʪʘ ʠʭ ʧʦʷʚʣʝʥʠʷ (term frequency-inverse document frequency -   tf-idf). ʊʝʭʥʠʢʘ 

BoW   ʠʩʧʦʣʴʟʫʝʪ ʯʘʩʪʦʪʫ ʧʦʷʚʣʝʥʠʷ ʩʣʦʚ ʚ ʪʝʢʩʪʝ, ʧʨʠ ʵʪʦʤ çʥʝʥʫʞʥʳʝè ʩʣʦʚʘ ʤʦʛʫʪ 

ʜʘʪʴ ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʡ ʚʝʩ. ʕʪʘʧ ʦʙʫʯʝʥʠʷ ʩʚʷʟʘʥ ʩ ʦʙʫʯʝʥʠʝʤ ʤʦʜʝʣʠ ʠ ʦʩʥʦʚʘʥ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʧʦʧʫʣʷʨʥʳʭ ʘʣʛʦʨʠʪʤʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʣʦʛʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ, ʜʝʨʝʚʦ 

ʚʘʨʠʘʥʪʦʚ, ʩʣʫʯʘʡʥʳʡ ʣʝʩ, ʥʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ. ʇʦʩʣʝʜʥʠʡ ʰʘʛ ï ʵʪʦ ʧʨʝʜʩʢʘʟʘʥʠʝ. ʅʘ 

ʦʩʥʦʚʝ ʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʘʥʘʣʠʟʠʨʦʚʘʣʘ ʪʝʢʩʪ ʠ ʥʘʭʦʜʠʣʘ ʦʧʘʩʥʳʝ ʩʦʦʙʱʝʥʠʷ, 

ʙʫʜʝʪ ʩʜʝʣʘʥʦ ʧʨʝʜʩʢʘʟʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ 

ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʩʘʡʪʝ [2]. 

ɺʳʙʠʨʘʷ ʤʝʞʜʫ ʧʦʠʩʢʦʚʳʤ ʨʦʙʦʪʦʤ ʠ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʦ ʦʙʫʯʘʶʪʩʷ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʜʘʪʘʩʝʪʘʭ; ʤʦʜʫʣʴ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ, ʪʨʝʙʫʝʪ 

ʤʝʥʴʰʝʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ ʠ ʨʘʙʦʪʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠ ʙʳʩʪʨʦ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚʳʰʝ, ʯʝʤ ʚ ʨʘʙʦʪʝ ʧʦʠʩʢʦʚʦʛʦ 

ʨʦʙʦʪʘ, ʝʝ ʟʥʘʯʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʦʛʦ 

ʦʙʲʝʤʘ ʜʘʥʥʳʭ.  
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ɺ ʟʘʢʣʶʯʝʥʠʝ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʦʠʩʢʘ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʩʦʦʙʱʝʥʠʡ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʠ ʙʦʨʴʙʳ ʩ ʥʠʤʠ ʚʩʝ ʝʱʝ ʪʨʝʙʫʶʪ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ, ʘ ʟʥʘʯʠʪ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʧʦ ʠʭ ʫʣʫʯʰʝʥʠʶ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ, 

ʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʪʨʝʙʫʶʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ 

ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ, ʚʦ-ʧʝʨʚʳʭ, ʙʦʨʦʪʴʩʷ ʩ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʚʦ-

ʚʪʦʨʳʭ, ʦʙʫʯʘʪʴʩʷ ʧʦʩʪʦʷʥʥʦ ʥʘ ʥʦʚʳʭ ʤʦʜʝʣʷʭ ʠ ʜʘʪʘʩʝʪʘʭ, ʘ ʟʥʘʯʠʪ ʠʥʬʦʨʤʘʮʠʷ, 

ʧʦʣʫʯʝʥʥʘʷ ʜʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʜʘʪʘʩʝʪʳ ʧʦʩʪʦʷʥʥʦ 

ʦʙʥʦʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʜʘʥʥʳʤʠ, ʙʦʣʝʝ ʪʦʛʦ ʦʰʠʙʢʘ ʥʘ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʜʘʥʥʳʭ ʙʫʜʝʪ 

ʥʝʩʫʱʝʩʪʚʝʥʥʘ.  
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ʅʀʈ ˉ621314 çʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʦʠʩʢʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʝʩʢʨʠʧʪʦʨʦʚè. 

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʝʛʠʦʥʘ Ŭ-ʩʧʠʨʘʣʝʡ H6-H12 ʨʝʮʝʧʪʦʨʘ ʚʠʪʘʤʠʥʘ D, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʝʛʦ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʩʘʡʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʧʘʢʝʪʘ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʩʢʨʠʧʪʦʨʦʚ ʠ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʨʘʩʯʝʪʫ ʜʝʩʢʨʠʧʪʦʨʦʚ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʦʧʠʩʳʚʘʶʱʠʤʠ ʥʝ ʪʦʣʴʢʦ ʨʝʮʝʧʪʦʨ, ʥʦ ʠ ʣʠʛʘʥʜ, ʘ ʪʘʢʞʝ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ 

ʤʦʜʝʣʠ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʜʝʨʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʣʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʠ ʢʦʘʢʪʠʚʘʪʦʨʘʤʠ/ʢʦʨʝʧʨʝʩʩʦʨʘʤʠ ʙʝʣʢʦʚʦʡ ʧʨʠʨʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʉʪʨʫʢʪʫʨʥʳʝ ʜʝʩʢʨʠʧʪʦʨʳ, ʷʜʝʨʥʳʝ ʨʝʮʝʧʪʦʨʳ, ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ. 

 

ʉʪʨʫʢʪʫʨʥʳʝ ʜʝʩʢʨʠʧʪʦʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢʘʭ [1-2]. ʉʪʨʫʢʪʫʨʥʳʝ ʜʝʩʢʨʠʧʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʩʚʦʡʩʪʚ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ, ʥʘʧʨʠʤʝʨ, ʮʝʥʪʨ 

ʤʘʩʩ ʠʟʫʯʘʝʤʦʡ ʤʦʣʝʢʫʣʳ, ʫʛʦʣ ʤʝʞʜʫ ʩʧʠʨʘʣʷʤʠ ʙʝʣʢʘ, ʧʦʚʝʨʭʥʦʩʪʴ, ʜʦʩʪʫʧʥʘʷ 

ʨʘʩʪʚʦʨʠʪʝʣʶ ʠ ʜʨ. ʅʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʜʣʷ ʨʘʩʯʝʪʘ ʪʘʢʠʭ 

ʜʝʩʢʨʠʧʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚʳʭ 

ʤʦʣʝʢʫʣ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʛʝʦʤʝʪʨʠʶ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʘʢʝʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʝʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʝʮʝʧʪʦʨʘ 

ʚʠʪʘʤʠʥʘ D (VDR). ʇʦʤʠʤʦ ʬʫʥʢʮʠʠ ʧʦʜʜʝʨʞʘʥʠʷ ʫʨʦʚʥʷ ʢʘʣʴʮʠʷ ʠ ʬʦʩʬʦʨʘ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʟʚʠʪʠʷ ʢʦʩʪʝʡ VDR ʤʦʞʝʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥ ʚ ʧʨʦʮʝʩʩʳ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ, 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʫʪʦʠʤʤʫʥʥʳʭ ʨʝʘʢʮʠʡ, ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʘ ʪʘʢʞʝ ʚ ʤʝʭʘʥʠʟʤʳ 

ʨʘʟʚʠʪʠʷ ʨʘʢʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʘʢʪʫʘʣʴʥʦʡ ʤʠʰʝʥʴʶ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʩʝʣʝʢʪʠʚʥʳʭ 

ʤʦʜʫʣʷʪʦʨʦʚ. ɼʘʥʥʳʝ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ VDR ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʚʠʪʘʤʠʥ D 

(1,25D3) ʠ ʝʛʦ ʘʥʘʣʦʛʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ. ʆʜʥʘʢʦ ʘʜʘʧʪʘʮʠʷ ʩʘʡʪʘ 

ʩʚʷʟʳʚʘʥʠʷ ʢ ʧʨʠʩʦʝʜʠʥʷʝʤʦʤʫ ʣʠʛʘʥʜʫ ï ʜʦʩʪʘʪʦʯʥʦ ʩʝʣʝʢʪʠʚʥʳʡ ʠ ʜʠʥʘʤʠʯʥʳʡ 

ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʥʝʙʦʣʴʰʠʭ ʩʤʝʱʝʥʠʡ ʙʦʣʝʝ ʯʝʤ 30 ʨʘʟʣʠʯʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝʩʢʦʣʴʢʠʭ, ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʭ, 
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ʘʤʠʥʦʢʠʩʣʦʪ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʝʢʦʩʪʝʨʦʠʜʥʳʭ ʤʦʣʝʢʫʣ 

ʘʤʠʥʦʢʠʩʣʦʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʩʚʷʟʳʚʘʥʠʷ, ʪʘʢʞʝ ʨʘʟʣʠʯʘʶʪʩʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʛʨʫʧʧʳ 1,25D3-ʘʥʘʣʦʛʦʚ, ʥʘʟʳʚʘʝʤʦʡ Geminoids, ʚʘʞʥʝʡʰʠʤ ʫʯʘʩʪʢʦʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʠʭ ʩʚʷʟʳʚʘʥʠʝ, ʷʚʣʷʶʪʩʷ Ŭ-ʩʧʠʨʘʣʠ 6 ʠ 7 (H6-H7), ʘ ʪʘʢʞʝ ʧʝʪʣʷ, 

ʩʦʝʜʠʥʷʶʱʘʷ ʠʭ [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʠʤʝʥʠʪʴ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʘʢʝʪ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʩʢʨʠʧʪʦʨʦʚ ʢ ʧʨʦʙʣʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʩʘʡʪʘ ʨʝʮʝʧʪʦʨʘ ʚʠʪʘʤʠʥʘ D ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʧʘʢʝʪ ʥʘ ʧʨʝʜʤʝʪ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ ʠ ʥʝʜʦʯʝʪʦʚ. 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʘʢʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʝʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʝʮʝʧʪʦʨʘ 

ʚʠʪʘʤʠʥʘ D, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʙʘʟʳ PDB (rcsb.org), ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʪʦ ʝʩʪʴ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʙʘʟʝ PDB ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʪʨʫʢʪʫʨʳ VDR ʜʣʷ ʪʨʸʭ ʪʠʧʦʚ ʦʨʛʘʥʠʟʤʦʚ: Homo sapiens, 

Rattus norvegicus ʠ Danio rerio. ʇʨʠ ʨʘʩʯʝʪʝ ʜʝʩʢʨʠʧʪʦʨʦʚ ʫʯʠʪʳʚʘʣʠʩʴ ʨʘʟʣʠʯʠʷ ʚ 

ʥʫʤʝʨʘʮʠʠ ʙʝʣʢʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʉʪʨʫʢʪʫʨʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʩʦʜʝʨʞʘʪ 18 ʢʦʤʧʣʝʢʩʦʚ VDR ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʠ ʢʦʘʢʪʠʚʘʪʦʨʘʤʠ. ʇʦʜʛʦʪʦʚʢʘ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʠʟ ʙʘʟʳ PDB 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʇʆ Schr dinger 2021-4. ʀʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ 

ʫʜʘʣʝʥʳ ʤʦʣʝʢʫʣʳ ʚʦʜʳ.  ʇʨʠ ʧʦʤʦʱʠ ʤʦʜʫʣʷ Prime [4] ʙʳʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʙʦʢʦʚʳʝ 

ʮʝʧʠ ʠ ʧʨʦʧʫʱʝʥʥʳʝ ʫʯʘʩʪʢʠ ʩʧʠʨʘʣʝʡ (ʨʠʩ. 1). ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʤʠʥʠʤʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʜʫʨ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʣʘʪʬʦʨʤʘ KNIME.  ʄʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ 

ʜʣʷ 18 ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ Desmond [5]. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʨʝʮʝʧʪʦʨʘ ʚʠʪʘʤʠʥʘ D (PDB ID: 1DB1) ʜʦ (ʩʣʝʚʘ) 

ʠ ʧʦʩʣʝ (ʩʧʨʘʚʘ) ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʧʫʱʝʥʥʳʭ ʩʧʠʨʘʣʝʡ 

 

ɼʘʣʝʝ ʜʣʷ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʜʝʩʢʨʠʧʪʦʨʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʦʪʤʘʩʰʪʘʙʠʨʦʚʘʥʳ, ʘ ʪʘʢʞʝ ʫʜʘʣʝʥʳ ʜʝʩʢʨʠʧʪʦʨʳ, ʟʥʘʯʝʥʠʷ 

ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʜʝʥʪʠʯʥʳ ʜʣʷ ʚʩʝʭ ʩʪʨʫʢʪʫʨ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʩʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʥʘʥʝʩʝʥʳ 

ʥʘ ʛʨʘʬʠʢ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʈʘʩʧʦʣʦʞʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʨʝʮʝʧʪʦʨʘ VDR ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʟʥʘʯʝʥʠʡ ʜʝʩʢʨʠʧʪʦʨʦʚ (ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ) 

 

ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʜʚʝ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: ʩʪʨʫʢʪʫʨʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ 

PDB (ʢʨʘʩʥʳʡ ʮʚʝʪ ʥʘ ʛʨʘʬʠʢʝ) ʟʘʥʠʤʘʶʪ ʦʙʦʩʦʙʣʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʛʨʘʬʠʢʝ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʦʤʦʱʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʩʢʨʠʧʪʦʨʦʚ ʚʦʟʤʦʞʥʦ ʨʘʟʜʝʣʷʪʴ 

ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʦʪ ʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʪʦʨʘʷ ʦʩʦʙʝʥʥʦʩʪʴ, ʚʘʞʥʘʷ ʜʣʷ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʙʳʣʠ 

ʧʨʦʤʘʨʢʠʨʦʚʘʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʠʛʘʥʜʦʚ ï ʵʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʘʪʴ ʣʠʛʘʥʜ-

ʩʧʝʮʠʬʠʯʥʳʝ ʢʣʘʩʪʝʨʳ ʥʘ ʛʨʘʬʠʢʝ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʩʪʨʫʢʪʫʨʘʭ ʠʟ ʙʘʟʳ PDB ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʠ ʜʝʩʢʨʠʧʪʦʨʦʚ ï ʜʣʷ ʩʧʠʨʘʣʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʩ ʣʠʛʘʥʜʦʤ (H6, H10, H11, H12) ʫʜʘʣʦʩʴ 

ʚʳʷʚʠʪʴ ʚʳʙʨʦʩ, ʩʪʨʫʢʪʫʨʫ ʩ PDB ID 3AZ3. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ 

ʜʝʩʢʨʠʧʪʦʨʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʜʣʠʥʳ ʜʘʥʥʳʭ ʩʧʠʨʘʣʝʡ, ʦʜʥʘʢʦ ʧʦʜʦʙʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʜʣʷ ʜʨʫʛʠʭ ʜʝʩʢʨʠʧʪʦʨʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʪʝʤ ʞʝ ʩʧʠʨʘʣʷʤ. ʉʪʨʫʢʪʫʨʘ 

3AZ3 ʠʥʪʝʨʝʩʥʘ ʪʝʤ, ʯʪʦ ʧʨʠ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚ ʥʝʡ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʫʯʘʩʪʦʢ ʠʟ 

ʜʝʩʷʪʠ ʘʤʠʥʦʢʠʩʣʦʪ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʨʝʮʝʧʪʦʨʘ VDR ʯʝʣʦʚʝʢʘ. 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʜʣʠʥ ʩʧʠʨʘʣʝʡ H6, H10, H11, H12 ʦʪ ʜʣʠʥ ʜʨʫʛʠʭ ʩʧʠʨʘʣʝʡ 
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ʄʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʪʘʢʞʝ ʠ ʩʪʨʫʢʪʫʨʫ ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʠʟ ʙʘʟʳ PDB. ʕʪʦ ʙʳʣʠ ʣʠʛʘʥʜʳ ʜʚʫʭ ʪʠʧʦʚ ï 

ʩʝʢʦʩʪʝʨʦʠʜʥʳʝ ʠ ʥʝʩʪʝʨʦʠʜʥʳʝ (ʨʠʩ. 4). 

 
 

ʈʠʩ. 4. ʊʠʧʳ ʣʠʛʘʥʜʦʚ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʩʪʨʫʢʪʫʨʘʭ ʨʝʮʝʧʪʦʨʘ VDR 

 

ʄʳ ʨʘʟʤʝʪʠʣʠ ʜʘʥʥʳʝ ʧʦ ʵʪʠʤ ʪʠʧʘʤ ʣʠʛʘʥʜʦʚ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʘʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʜʣʠʥʘʤʠ ʩʧʠʨʘʣʝʡ H6, H7, H10, H11, H12, ʦʜʥʘʢʦ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʷʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ (ʨʠʩ. 5). 
 

 
 

ʈʠʩ. 5. ʈʘʟʤʝʪʢʘ ʩʪʨʫʢʪʫʨ ʨʝʮʝʧʪʦʨʘ VDR ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʣʠʛʘʥʜʘ ʥʘ ʧʨʠʤʝʨʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʜʣʠʥʘʤʠ ʩʧʠʨʘʣʝʡ H6, H7, H10, H11, H12 
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ʊʘʢʞʝ ʤʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʜʝʩʢʨʠʧʪʦʨʘʤʠ ʠ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚʥʫʪʨʠ ʦʜʠʥʘʢʦʚʳʭ ʛʨʫʧʧ ʜʝʩʢʨʠʧʪʦʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʩʠʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ (ʨʠʩ. 6). 

 

 
 

ʈʠʩ. 6. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʜʝʩʢʨʠʧʪʦʨʘʤʠ ʠʟ ʨʘʟʥʳʭ ʛʨʫʧʧ (ʩʣʝʚʘ) 

ʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʛʨʫʧʧʳ (ʩʧʨʘʚʘ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʫʯʘʩʪʢʠ Ŭ-ʩʧʠʨʘʣʝʡ H6-H12 

ʨʝʮʝʧʪʦʨʘ ʚʠʪʘʤʠʥʘ D, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʝʛʦ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʩʘʡʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʧʘʢʝʪʘ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʩʢʨʠʧʪʦʨʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʅʘʤ 

ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ-ʚʳʙʨʦʩʘ 3AZ3, ʩʨʘʚʥʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʧʦʤʦʱʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʢʦʨʨʝʣʷʮʠʠ ʜʝʩʢʨʠʧʪʦʨʦʚ ʚʥʫʪʨʠ ʦʜʥʦʡ 

ʛʨʫʧʧʳ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʨʷʜ ʥʝʜʦʯʝʪʦʚ ʚ ʨʘʙʦʪʝ 

ʧʘʢʝʪʘ, ʩʚʷʟʘʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʨʘʙʦʪʦʡ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʠʟ ʙʘʟʳ PDB. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʘʢʝʪ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʪʨʫʢʪʫʨʳ, ʥʝ 

ʧʨʦʰʝʜʰʠʝ ʵʪʘʧ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʨʫʢʪʫʨʘʭ 

ʥʝʢʦʨʨʝʢʪʥʦ ʥʘʟʚʘʥʳ ʮʝʧʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ ʜʣʷ biopython, ʣʝʞʘʱʝʛʦ ʚ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʦ ʨʘʩʯʝʪʫ ʜʝʩʢʨʠʧʪʦʨʦʚ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʥʝ ʪʦʣʴʢʦ ʨʝʮʝʧʪʦʨ, ʥʦ ʠ ʣʠʛʘʥʜ, 

ʘ ʪʘʢʞʝ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʜʝʨʥʳʭ 

ʨʝʮʝʧʪʦʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʣʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʠ ʢʦʘʢʪʠʚʘʪʦʨʘʤʠ/ʢʦʨʝʧʨʝʩʩʦʨʘʤʠ 

ʙʝʣʢʦʚʦʡ ʧʨʠʨʦʜʳ. 

  

ʃʠʪʝʨʘʪʫʨʘ 

 

1. Lindstrom A., Pettersson F., Linusson A. Quantitative protein descriptors for secondary 

structure characterization and protein classification // Chemometrics and Intelligent 

Laboratory Systems. 200. V. 95.P. 74ï85. 

2. Jain P., Hirst J. D. Automatic structure classification of small proteins using random forest 

// BMC Bioinformatics. 2010. V. 11 (364). P. 1ï14. 

3. Moln§r F. et al. Vitamin D receptor agonists specifically modulate the volume of the ligand-

binding pocket // J. Biol. Chemï 2006ï V. 281 (15). P. 10516- 10522. 

4. Jacobson M.P. at el. A Hierarchical Approach to All-Atom Protein Loop Prediction // 

Proteins: Structure, Function and Bioinformatics. 2004. ˉ 55. P. 351-367. 

5. Bowers K.J. et al. Scalable Algorithms for Molecular Dynamics Simulations on 

Commodity Clusters // Proceedings of the ACM/IEEE Conference on Supercomputing 

(SC06), Tampa, Florida, November 11ï17, 2006. 2006. P. 43. 

  



XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊʦʤ 2. 

106 

ʋɼʂ 004.891.2 

 

ʉʊɸʊʀʉʊʀʏɽʉʂʀʁ ʆʊɹʆʈ ʇʈʀɿʅɸʂʆɺ 

ɼʃʗ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ɻʈʋʇʇ ʄɽʊɸɻɽʅʆʄʅʓʍ 

ʆɹʈɸɿʎʆɺ ɺ ʇʈʆɻʈɸʄʄɽ METAFAST 

 

ɺ.ɺ. ʇʦʧʦʚ1, ɸ.ɹ. ʀʚʘʥʦʚ2 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ. ɺ.ʀ. ʋʣʴʷʥʮʝʚ2 

1 ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

2 ï ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ 

e-mail: popov99vlad@gmail.com 

 

ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʘʛʝʥʦʤʦʚ ʥʘ 
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ʩʧʝʮʠʬʠʯʥʳʭ k-ʤʝʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʇʦʣʫʯʝʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʴʥʳʭ ʤʝʪʘʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ, ʧʦʢʘʟʘʥʘ ʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʄʝʪʘʛʝʥʦʤʠʢʘ, ʫʥʠʢʘʣʴʥʳʝ k-ʤʝʨʳ, ʩʧʝʮʠʬʠʯʥʳʝ k-ʤʝʨʳ, ʛʨʘʬ ʜʝ ɹʨʝʡʥʘ, 

ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʠʰʝʯʥʠʢʘ, ʠʟʚʣʝʯʝʥʠʝ ʧʨʠʟʥʘʢʦʚ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. 
 

ɺʚʝʜʝʥʠʝ 

ʅʘʩʣʝʜʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʢʘʞʜʦʛʦ ʦʨʛʘʥʠʟʤʘ ʟʘʰʠʬʨʦʚʘʥʘ ʚ ʛʝʥʦʤʘʭ. ɻʝʥʦʤʠʢʘ 

ï ʨʘʟʜʝʣ ʛʝʥʝʪʠʢʠ, ʧʦʩʚʷʱʝʥʥʳʡ ʠʟʫʯʝʥʠʶ ʛʝʥʦʤʦʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɻʝʥʦʤʳ 

ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʘʨ ʦʩʥʦʚʘʥʠʡ ɼʅʂ. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ 

çHuman Genome Projectè, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ 3 ʤʠʣʣʠʘʨʜʘ ʧʘʨ 

ʦʩʥʦʚʘʥʠʡ. ʅʦ ʦʩʪʘʶʪʩʷ ʝʱʝ ʪʳʩʷʯʠ ʦʨʛʘʥʠʟʤʦʚ ʚʩʝʭ ʪʨʝʭ ʜʦʤʝʥʦʚ, ʛʝʥʦʤʳ ʢʦʪʦʨʳʭ ʥʝ 

ʙʳʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ. ʄʝʪʘʛʝʥʦʤʠʢʘ ʞʝ ʟʘʥʠʤʘʝʪʩʷ ʠʟʫʯʝʥʠʝʤ ʛʝʥʦʤʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʨʘʟʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʦʙʠʪʘʶʱʠʭ ʚ ʦʙʱʝʡ ʩʨʝʜʝ. ʉ ʝʝ ʧʦʤʦʱʴʶ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʦ ʩʪʨʫʢʪʫʨʝ ʩʦʦʙʱʝʩʪʚʘ, ʥʦ ʠ ʦ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʷʭ. ʇʨʠʤʝʨʘʤʠ ʠʥʪʝʨʝʩʫʶʱʠʭ ʩʨʝʜ ʚʳʩʪʫʧʘʶʪ ʧʦʯʚʘ, ʤʦʨʩʢʘʷ ʚʦʜʘ, ʘ ʪʘʢʞʝ 

ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʝ ʪʨʘʢʪʳ ʧʦʟʚʦʥʦʯʥʳʭ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʢʠʰʝʯʥʠʢʘ ʯʝʣʦʚʝʢʘ. 

ʄʠʢʨʦʙʠʦʪʘ ʢʠʰʝʯʥʠʢʘ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, ʠʤʤʫʥʥʦʤ ʦʪʚʝʪʝ 

ʦʨʛʘʥʠʟʤʘ ʠ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʨʘʟʚʠʪʠʠ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʚʣʠʷʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʠʢʨʦʙʠʦʪʳ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʦʩʪʘʝʪʩʷ ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʤ. 

ɺʦʩʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʠʰʝʯʥʠʢʘ (ɺɿʂ) ï ɻ ʪʦ ʭʨʦʥʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʧʦʨʘʞʘʝʪʩʷ ʩʣʠʟʠʩʪʘʷ ʦʙʦʣʦʯʢʘ ʯʘʩʪʠ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ (ɾʂʊ). 

ɺɿʂ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʦʣʝʟʥʴʶ ʂʨʦʥʘ (ɹʂ) ʠ ʷʟʚʝʥʥʳʤ ʢʦʣʠʪʦʤ (ʗʂ). ɹʦʣʝʟʥʴ 

ʂʨʦʥʘ ʤʦʞʝʪ ʧʦʨʘʞʘʪʴ ʚʩʝ ʦʪʜʝʣʳ ɾʂʊ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʷʟʚ ʠ ʨʫʙʮʦʚ ʥʘ 

ʩʪʝʥʢʘʭ ʢʠʰʢʠ. ʗʟʚʝʥʥʳʡ ʢʦʣʠʪ ʚ ʦʩʥʦʚʥʦʤ ʧʦʨʘʞʘʝʪ ʩʣʠʟʠʩʪʫʶ ʦʙʦʣʦʯʢʫ ʪʦʣʩʪʦʡ 

ʢʠʰʢʠ. ɺɿʂ ï ʵʪʦ ʢʦʤʧʣʝʢʩʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʩʠʤʧʪʦʤʘʤʠ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʨʘʥʥʶʶ ʜʠʘʛʥʦʩʪʠʢʫ, ʢʦʪʦʨʘʷ ʢʨʘʡʥʝ ʚʘʞʥʘ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʣʝʯʝʥʠʷ. 

ɺʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʤʝʪʦʜʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʦʥʠʤʘʥʠʷ ʧʨʠʯʠʥ ʨʘʟʚʠʪʠʷ ʪʘʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ [2-5]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʤʝʪʘʛʝʥʦʤʥʳʭ 

ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ɺɿʂ. ɿʘʜʘʯʠ ʩʦʩʪʦʷʪ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʟ ʤʝʪʘʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʶ ɺɿʂ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ 

ʠʟʚʣʝʯʝʥʥʳʭ ʧʨʠʟʥʘʢʘʭ. 

 

MetaFast ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʛʝʥʦʤʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʟ ʤʝʪʘʛʝʥʦʤʥʳʭ 

ʦʙʨʘʟʮʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʣʛʦʨʠʪʤ MetaFast [1]. ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʘ 

ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʟ ʪʨʝʭ ʛʨʫʧʧ ï ʙʦʣʴʥʳʭ ʷʟʚʝʥʥʳʤ ʢʦʣʠʪʦʤ, 

ʙʦʣʝʟʥʴʶ ʂʨʦʥʘ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ.  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʩʣʝʜʫʶʱʠʡ: 

1. ʉʥʘʯʘʣʘ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʯʠʩʣʦ ʚʭʦʞʜʝʥʠʡ ʢʘʞʜʦʛʦ k-ʤʝʨʘ. 

2. ɿʘʪʝʤ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʚʳʧʦʣʥʷʝʪʩʷ: 

a. ʀʟʚʣʝʢʘʶʪʩʷ k-ʤʝʨʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʭʦʪʷ ʙʳ ʚ ʥʝʢʦʪʦʨʦʤ ʟʘʜʘʥʥʦʤ ʯʠʩʣʝ 

ʦʙʨʘʟʮʦʚ ʠʟ ʦʜʥʦʡ ʛʨʫʧʧʳ ʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚ ʜʨʫʛʠʭ (ʫʥʠʢʘʣʴʥʳʝ). 

b. ʉʪʨʦʠʪʩʷ ʛʨʘʬ ʜʝ ɹʨʝʡʥʘ ʚʦʢʨʫʛ ʚʳʜʝʣʝʥʥʳʭ k-ʤʝʨʦʚ. ɿʘʪʝʤ ʠʟ ʥʝʛʦ 

ʚʳʜʝʣʷʶʪʩʷ ʢʦʥʪʠʛʠ ï ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʧʨʠʟʥʘʢʠ. 

3. ɼʘʣʝʝ ʜʣʷ ʚʩʝʭ ʠʥʜʠʚʠʜʦʚ ʩʯʠʪʘʝʪʩʷ ʧʦʢʨʳʪʠʝ ʢʘʞʜʦʡ ʧʦʣʫʯʝʥʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ k-ʤʝʨʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʚʳʯʠʩʣʷʝʪʩʷ ʜʦʣʷ ʩʠʤʚʦʣʦʚ ʠʟ ʧʦʜʩʪʨʦʢ ʚ ʢʦʤʧʦʥʝʥʪʝ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ k-ʤʝʨ ʠʟ ʠʥʜʠʚʠʜʘ, ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʦʜʩʪʨʦʢʦʡ ʚ ʢʦʤʧʦʥʝʥʪʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʢʘʞʜʦʛʦ ʠʥʜʠʚʠʜʘ ʧʦʣʫʯʘʝʪʩʷ ʥʘʙʦʨ 

ʚʝʢʪʦʨʦʚ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʨʘʚʥʦ ʯʠʩʣʫ ʢʦʤʧʦʥʝʥʪ. ɺʝʢʪʦʨʳ ʧʦʢʨʳʪʠʷ ʦʙʨʘʟʮʦʚ ʩ 

ʠʟʚʝʩʪʥʦʡ ʢʘʪʝʛʦʨʠʝʡ ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʪʨʝʭʢʣʘʩʩʦʚʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

 

ʄʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ MetaFast: ʩʧʝʮʠʬʠʯʥʳʝ k-ʤʝʨʳ 

ɺ ʪʝʢʫʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʠʟʚʣʝʯʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ k-ʤʝʨʦʚ ʚʚʝʜʝʥ ʧʦʣʥʳʡ 

ʟʘʧʨʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ k-ʤʝʨʦʚ ʚ ʦʙʨʘʟʮʘʭ ʜʨʫʛʠʭ ʢʘʪʝʛʦʨʠʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ. 

ɺ ʦʙʨʘʟʮʘʭ ʤʦʛʫʪ ʙʳʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʧʦʧʘʚʰʠʝ ʪʫʜʘ ʧʦ ʦʰʠʙʢʝ, ʢʦʪʦʨʳʝ 

ʥʝ ʚʣʠʷʶʪ ʥʘ ʦʙʱʠʝ ʬʫʥʢʮʠʠ ʠ ʧʨʠʟʥʘʢʠ ʩʦʦʙʱʝʩʪʚʘ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʠʜʝʷ 

ʠʟʚʣʝʯʝʥʠʷ ʩʧʝʮʠʬʠʯʥʳʭ k-ʤʝʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʜʦʧʫʩʢʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʚ 

ʥʝʙʦʣʴʰʠʭ ʧʨʦʧʦʨʮʠʷʭ ʚ ʜʨʫʛʠʝ ʢʣʘʩʩʳ. 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʠʟʚʣʝʯʝʥʠʷ ʩʧʝʮʠʬʠʯʥʳʭ k-ʤʝʨʦʚ 
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ɹʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʩʭʝʤʘ ʠʟʚʣʝʯʝʥʠʷ ʩʧʝʮʠʬʠʯʥʳʭ k-ʤʝʨʦʚ (ʨʠʩ. 1): 

1. ʅʘ ʚʭʦʜ ʧʦʩʪʫʧʘʶʪ ʧʦʜʩʯʠʪʘʥʥʳʝ k-ʤʝʨʳ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ï ʫʜʘʣʷʶʪʩʷ ʪʝ, ʯʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʦʙʨʘʟʮʝ ʨʝʞʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʨʦʛʘ, ʘ ʪʘʢʞʝ ʪʝ, ʯʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʣʠʰʢʦʤ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʠʥʜʠʚʠʜʦʚ. 

2. ʉʪʨʦʠʪʩʷ ʤʘʪʨʠʮʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʘʞʜʦʛʦ k-ʤʝʨʘ ʚ ʢʘʞʜʦʤ ʠʟ ʦʙʨʘʟʮʦʚ. 

3. ɼʣʷ ʢʘʞʜʦʛʦ k-ʤʝʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʙʣʠʮʘ 2Ĭ3, ʚ ʢʦʪʦʨʦʡ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ 

ʟʘʧʠʩʘʥʦ ʯʠʩʣʦ ʦʙʨʘʟʮʦʚ, ʚ ʢʦʪʦʨʳʭ ʜʘʥʥʳʡ k-ʤʝʨ ʚʭʦʜʠʪ ʭʦʪʷ ʙʳ ʦʜʠʥ ʨʘʟ, ʠ ʯʠʩʣʦ 

ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (ʚ ʢʦʪʦʨʳʭ k-ʤʝʨ ʦʪʩʫʪʩʪʚʫʝʪ). ɿʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ  

ʭʠ-ʢʚʘʜʨʘʪ ʜʣʷ ʪʘʙʣʠʮ ʩʦʧʨʷʞʝʥʥʦʩʪʠ ʧʨʦʚʝʨʷʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʩʪʨʝʯʘʝʤʦʩʪʠ k-ʤʝʨʦʚ ʚ ʛʨʫʧʧʘʭ. ʆʩʪʘʶʪʩʷ ʣʠʰʴ ʪʝ k-ʤʝʨʳ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʛʠʧʦʪʝʟʘ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʥʝ ʦʪʚʝʨʛʘʝʪʩʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ. 

4. ɼʣʷ ʢʘʞʜʦʛʦ k-ʤʝʨʘ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʛʨʫʧʧ ʧʨʦʚʝʨʷʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʨʘʚʝʥʩʪʚʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-ʋʠʪʥʠ. ʋʜʘʣʷʶʪʩʷ ʚʩʝ ʪʘʢʠʝ k-ʤʝʨʳ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʚʩʝ ʪʨʠ ʛʠʧʦʪʝʟʳ ʥʝ ʦʪʚʝʨʛʣʠʩʴ. 

5. ɿʘʪʝʤ ʜʣʷ ʦʩʪʘʚʰʠʭʩʷ k-ʤʝʨʦʚ ʩʯʠʪʘʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʷ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚ 

ʛʨʫʧʧʝ ʠ k-ʤʝʨ ʧʨʠʟʥʘʝʪʩʷ ʩʧʝʮʠʬʠʯʥʳʤ ʜʣʷ ʪʦʡ ʛʨʫʧʧʳ, ʚ ʢʦʪʦʨʦʡ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʥʘʠʙʦʣʴʰʠʡ.  

 

ʉʨʘʚʥʝʥʠʝ ʫʥʠʢʘʣʴʥʳʭ ʠ ʩʧʝʮʠʬʠʯʥʳʭ k-ʤʝʨʦʚ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʚʟʷʪʳ ʯʝʪʳʨʝ ʥʘʙʦʨʘ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʤʝʪʘʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ. ʆʙʨʘʟʮʳ ʚ ʥʘʙʦʨʘʭ ʙʳʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ ʥʘ 

ʧʣʘʪʬʦʨʤʝ Illumina HiSeq, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʘʨʥʦʢʦʥʮʝʚʳʝ ʧʨʦʯʪʝʥʠʷ ʜʣʠʥʦʡ 100 

ʥʫʢʣʝʦʪʠʜʦʚ. ɺ ʢʘʞʜʦʡ ʚʳʙʦʨʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ ʛʨʫʧʧʳ ï ʧʘʮʠʝʥʪʳ ʩ ʷʟʚʝʥʥʳʤ 

ʢʦʣʠʪʦʤ (ʗʂ), ʙʦʣʝʟʥʴʶ ʂʨʦʥʘ (ɹʂ) ʠ ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘʙʦʨʳ ʜʘʥʥʳʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʠʩʣʘ ʥʘʙʣʶʜʝʥʠʡ ʚ ʛʨʫʧʧʘʭ. 

 
ʊʘʙʣʠʮʘ 

 

ʏʠʩʣʦ ʥʘʙʣʶʜʝʥʠʡ ʚ ʛʨʫʧʧʘʭ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘʙʦʨʘʭ ʤʝʪʘʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ 

 

 ɹʦʣʝʟʥʴ ʂʨʦʥʘ ʗʟʚʝʥʥʳʡ ʢʦʣʠʪ ʂʦʥʪʨʦʣʴ ɺʩʝʛʦ 

Schirmer [2] 23 17 14 54 

He [3] 63 0 53 116 

Franzosa [4] 88 76 56 220 

HMP2 [5] 65 38 27 130 

ɺʩʝʛʦ 239 131 150 520 

 

ɼʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʢʘʞʜʦʛʦ ʠʟ ʯʝʪʳʨʸʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʜʩʯʠʪʘʥʳ 

ʫʥʠʢʘʣʴʥʳʝ k-ʤʝʨʳ ʠʩʭʦʜʥʳʤ ʤʝʪʦʜʦʤ MetaFast. ʇʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ ɺʝʥʥʘ ʜʣʷ 

ʧʦʠʩʢʦʚ ʧʝʨʝʩʝʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʘʩʩʦʚ (ʨʠʩ. 2). ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʝʨʝʩʝʯʝʥʠʡ 

ʧʫʩʪʘʷ, ʪ.ʝ. ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʫʥʠʢʘʣʴʥʳʝ k-ʤʝʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʯʝʪʳʨʝʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ 

ʨʘʟʥʳʝ. 

ɿʘʪʝʤ ʜʣʷ ʚʩʝʭ ʯʝʪʳʨʝʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʙʳʣʠ ʥʘʡʜʝʥʳ ʩʧʝʮʠʬʠʯʥʳʝ k-ʤʝʨʳ 

ʧʨʝʜʣʦʞʝʥʥʳʤ ʨʘʥʝʝ ʩʧʦʩʦʙʦʤ, ʧʦʩʪʨʦʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ ɺʝʥʥʘ (ʨʠʩ. 3). ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʫʥʠʢʘʣʴʥʳʭ k-ʤʝʨʦʚ, ʦʙʱʠʝ ʩʧʝʮʠʬʠʯʥʳʝ k-ʤʝʨʳ ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ ʙʳʣʠ 

ʥʘʡʜʝʥʳ: ʥʘʠʙʦʣʴʰʦʝ ʯʠʩʣʦ ʦʙʱʠʭ k-ʤʝʨʦʚ ʦʙʥʘʨʫʞʝʥʦ ʜʣʷ ʟʜʦʨʦʚʳʭ ʧʘʮʠʝʥʪʦʚ, ʘ ʜʣʷ 

ʙʦʣʴʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʝʮʠʬʠʯʥʳʝ k-ʤʝʨʳ ʧʦʢʘʟʘʣʠ ʣʫʯʰʫʶ 
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ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʦʠʩʢʫ ʦʙʱʠʭ k-ʤʝʨʦʚ ʜʣʷ ʦʜʠʥʘʢʦʚʳʭ ʛʨʫʧʧ, ʯʝʤ ʫʥʠʢʘʣʴʥʳʝ. ɺ 

ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʠʟʥʘʢʠ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʱʠʭ k-ʤʝʨʘʭ ʤʦʛʫʪ ʜʘʪʴ ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʜʣʷ ʥʦʚʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. 

 

 
 

 

ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʳ ɺʝʥʥʘ ʤʥʦʞʝʩʪʚ ʫʥʠʢʘʣʴʥʳʭ k-ʤʝʨʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʫʧʧ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ 

 

 

 
 
 

ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʳ ɺʝʥʥʘ ʤʥʦʞʝʩʪʚ ʫʥʠʢʘʣʴʥʳʭ k-ʤʝʨʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʫʧʧ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ  

 

ɼʘʣʝʝ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦ ʧʨʠʟʥʘʢʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʦ 

ʫʥʠʢʘʣʴʥʳʤ, ʩʧʝʮʠʬʠʯʥʳʤ k-ʤʝʨʘʤ, ʘ ʪʘʢʞʝ ʧʦ ʦʙʲʝʜʠʥʝʥʠʶ ʧʨʠʟʥʘʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʫʯʘʶʱʝʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ Schirmer, ʥʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʘ ʪʨʸʭ ʜʨʫʛʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ ʤʝʪʦʜʘʤʠ ʩʣʫʯʘʡʥʳʡ ʣʝʩ ʜʝʨʝʚʴʝʚ 

ʨʝʰʝʥʠʡ (Random Forest) ʠ ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ (XGboost). ʈʝʟʫʣʴʪʘʪʳ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4. ɼʣʷ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ He ʠ HMP2 ʩʘʤʘʷ ʙʦʣʴʰʘʷ 

ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ XGboost ʥʘ ʩʧʝʮʠʬʠʯʥʳʭ k-ʤʝʨʘʭ, ʘ ʩʣʫʯʘʡʥʳʡ 

ʣʝʩ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʥʘ ʦʙʲʝʜʠʥʝʥʠʠ ʧʨʠʟʥʘʢʦʚ. ɼʣʷ Franzosa 

ʪʦʯʥʦʩʪʴ ʚʩʝʭ ʤʝʪʦʜʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ. 
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ʈʠʩ. 4. ɻʨʘʬʠʢ ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʣʘʩʩʦʚ ʤʝʪʘʛʝʥʦʤʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

 

ɺʳʚʦʜʳ 

ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ MetaFast ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʛʝʥʦʤʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʧʝʮʠʬʠʯʥʳʭ k-ʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪʩʷ ʠʟ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʅʘ ʜʘʥʥʳʭ ʤʝʪʘʛʝʥʦʤʥʳʭ ʦʙʨʘʟʮʦʚ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʤʠʢʨʦʙʠʦʪʳ ʢʠʰʝʯʥʠʢʘ ʧʘʮʠʝʥʪʦʚ ʩ ʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

ʢʠʰʝʯʥʠʢʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʧʝʮʠʬʠʯʥʳʝ k-ʤʝʨʳ. ʅʘ ʠʭ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ 

ʧʨʠʟʥʘʢʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʚ ʤʦʜʝʣʷʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʤʠʢʨʦʙʠʦʪʳ. ʊʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʥʦʚʳʤ ʧʨʠʟʥʘʢʘʤ ʥʘ 

ʩʧʝʮʠʬʠʯʥʳʭ k-ʤʝʨʘʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʪʦʯʥʦʩʪʠ ʧʦ ʧʨʠʟʥʘʢʘʤ ʥʘ ʫʥʠʢʘʣʴʥʳʭ, ʥʦ 

ʦʩʪʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ. ʅʘʣʠʯʠʝ ʦʙʱʠʭ ʩʧʝʮʠʬʠʯʥʳʭ k-ʤʝʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ 

ʜʘʥʥʳʭ ʫʢʘʟʳʚʘʝʪ ʙʦʣʴʰʠʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʯʝʤ ʧʦ 

ʫʥʠʢʘʣʴʥʳʤ k-ʤʝʨʘʤ, ʧʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʩʪʦʠʪ ʚʳʧʦʣʥʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʧʦʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʠʩʢ ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʫʚʝʣʠʯʠʪʴ 

ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʩʪʘʝʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʦʙʟʦʨ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ 

ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʠʨʝ ʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʝʘʣʠʟʘʮʠʠ ʩʝʨʚʠʩʘ ʦʮʝʥʢʠ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʛʦʨʦʜʩʢʠʭ 

ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʝʨʚʠʩʘ ʠ ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɻʦʨʦʜʩʢʘʷ ʩʨʝʜʘ, ʦʮʝʥʢʘ, ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʴ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʠʥʜʝʢʩ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ, 

ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ. 

 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʩʦʮʠʘʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʈʦʜʞʝʨʘ ɹʘʨʢʝʨʘ, ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ [1]. ʆʥʘ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʤʥʦʞʝʩʪʚʦ 

ʞʠʟʥʝʥʥʳʭ ʘʩʧʝʢʪʦʚ, ʥʘʯʠʥʘʷ ʦʪ ʧʦʢʨʳʪʠʷ ʙʘʟʦʚʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ 

ʟʘʱʠʱʝʥʥʦʩʪʠ, ʨʘʟʚʠʪʠʠ ʠ ʫʢʨʝʧʣʝʥʠʠ ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ, ʠ ʟʘʢʘʥʯʠʚʘʷ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ, ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʥʘʩʪʨʦʝʥʠʝ, ʨʠʪʤ ʠ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ, 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʝʶ.  

ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʩʨʘʚʥʝʥʠʝ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ, ʨʘʥʞʠʨʦʚʘʥʠʝ ʠ ʨʝʡʪʠʥʛʦʚʘʥʠʝ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʨʝʡʪʠʥʛʦʚʘʥʠʷ. ɺ ʥʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʯʝʪ ʠʥʜʝʢʩʦʚ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ 

ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ, ʪʦ ʝʩʪʴ ʧʦʜʜʘʶʱʠʭʩʷ ʠʟʤʝʨʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʟʥʳʝ ʘʩʧʝʢʪʳ ʧʨʦʞʠʚʘʥʠʷ ʥʘ ʢʘʢʦʡ-ʣʠʙʦ ʪʝʨʨʠʪʦʨʠʠ. ʅʘʧʨʠʤʝʨ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦʨʦʞʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʟʘ ʚʳʙʨʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʠʣʠ ʩʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ 

ʘʨʝʥʜʳ ʞʠʣʴʷ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʜʝʥʝʞʥʳʭ ʝʜʠʥʠʮʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʝʢʪʳ, ʢʘʢ ʟʘʨʫʙʝʞʥʳʝ (OECD Better 

Life, The Global Liveability Ranking (EIU)), ʪʘʢ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ (ʀʥʜʝʢʩ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ 

ʚ ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ (ɺʕɹ.ʈʌ), ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʢʦʤʬʦʨʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʚ 

ʄʦʩʢʚʝ ʠ ʚʝʜʫʱʠʭ ʛʦʨʦʜʘʭ ʤʠʨʘ (BCG)), ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝʤ ʨʝʡʪʠʥʛʦʚ 

ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ ʩʪʨʘʥ, ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʤʠʨʘ ʠʣʠ ʞʝ ʛʦʨʦʜʦʚ 

ʢʦʥʢʨʝʪʥʦʡ ʩʪʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʷʝʤʳʭ ʠʥʜʝʢʩʦʚ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. 

ɺʘʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʥʜʝʢʩ, 

ʚʦ ʤʥʦʛʠʭ ʨʝʰʝʥʠʷʭ ʩʭʦʞʠ ï ʵʪʦ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʟʜʦʨʦʚʴʝ, ʵʢʦʣʦʛʠʷ, ʨʘʟʚʠʪʦʩʪʴ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʨʘʙʦʪʘ ʠ ʦʪʜʳʭ, ʜʦʭʦʜ ʥʘʩʝʣʝʥʠʷ, ʥʦ ʥʠ ʦʜʠʥ ʠʟ ʠʟʫʯʝʥʥʳʭ ʘʥʘʣʦʛʦʚ 

ʥʝ ʫʯʠʪʳʚʘʝʪ ʨʘʟʚʠʪʦʩʪʴ ʠʥʢʣʶʟʠʚʥʦʡ ʩʨʝʜʳ, ʯʪʦ ʚʘʞʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʮʠʘʣʴʥʦʛʦ 

ʨʘʚʝʥʩʪʚʘ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʛʦʨʦʜʦʚ ʠʣʠ 

ʩʪʨʘʥ ʧʦ ʠʥʜʝʢʩʫ ʠʣʠ ʢʨʠʪʝʨʠʷʤ ʦʮʝʥʢʠ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠʰʴ ʚ ʧʦʣʦʚʠʥʝ 

ʠʟ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʝʨʚʠʩʦʚ. ɺ ʟʘʚʝʨʰʝʥʠʝ, ʚʩʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʮʝʥʢʫ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʛʦʨʦʜʦʚ ʠʣʠ ʩʪʨʘʥ ʚ ʮʝʣʦʤ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ ʚ ʙʦʣʴʰʦʤ ʛʦʨʦʜʝ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʙʳʩʪʨʦʛʦ ʚʳʙʦʨʘ 
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ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʡʦʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʞʠʚʘʥʠʷ, ʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʘʭ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʨʘʟʨʦʟʥʝʥʘ ʧʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʘʤ.  

ʇʦʷʚʣʝʥʠʝ ʩʝʨʚʠʩʘ ʦʮʝʥʢʠ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʠʤʝʥʥʦ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʦʚ ʧʦʤʦʞʝʪ 

ʨʝʰʝʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. ʉʝʨʚʠʩ ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ 

ʦʮʝʥʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʡʦʥʘʭ ʚʳʙʨʘʥʥʦʛʦ ʛʦʨʦʜʘ ʩ ʧʦʤʦʱʴʶ ʠʥʜʝʢʩʦʚ, ʯʠʩʣʝʥʥʦ 

ʦʪʨʘʞʘʶʱʠʡ ʫʨʦʚʝʥʴ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʢʘʞʜʦʛʦ, ʦʧʨʝʜʝʣʷʪʴ ʠʭ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ, 

ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʟʦʥʳ ʨʦʩʪʘ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʩʝʨʚʠʩʘ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʠʟʫʯʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʦʧʨʝʜʝʣʠʪʴ ʩʧʠʩʦʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʝʨʚʠʩʘ), 

- ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ 
ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ,  

- ʧʦʣʫʯʠʪʴ ʤʝʪʦʜʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʝʢʩʘ,  

- ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʪʠʧ ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ, 

- ʩʦʩʪʘʚʠʪʴ ʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʘʥʥʳʭ. 

ʇʝʨʚʘʷ ʚʝʨʩʠʷ ʩʝʨʚʠʩʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʮʝʥʢʫ ʪʦʣʴʢʦ ʨʘʡʦʥʦʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʘʢʠʝ ʛʨʫʧʧʳ, ʢʘʢ: 

ʩʲʝʤʱʠʢʠ, ʧʦʢʫʧʘʪʝʣʠ, ʘʨʝʥʜʦʜʘʪʝʣʠ, ʧʨʦʜʘʚʮʳ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʪʫʨʠʩʪʳ, ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ. 

 
ʊʘʙʣʠʮʘ 

 

ʂʣʘʩʩʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

 

ʂʣʘʩʩ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʆʩʥʦʚʥʘʷ ʮʝʥʥʦʩʪʴ ʀʥʪʝʨʝʩʳ ʆʛʨʘʥʠʯʝʥʠʷ 

1 2 3 4 

ʉʲʝʤʱʠʢ ʠʣʠ 

ʧʦʢʫʧʘʪʝʣʴ 

ʥʝʜʚʠʞʠʤʦʩʪʠ 

ɹʦʣʝʝ ʙʳʩʪʨʳʡ ʠ 

ʵʬʬʝʢʪʠʚʥʳʡ ʚʳʙʦʨ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʨʘʡʦʥʘ ʧʨʦʞʠʚʘʥʠʷ ʩ 

ʫʯʝʪʦʤ ʩʫʙʲʝʢʪʠʚʥʳʭ 

ʧʨʝʜʧʦʯʪʝʥʠʡ 

ɹʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʨʘʡʦʥʝ ʛʦʨʦʜʘ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʨʘʚʥʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʨʘʡʦʥʘ ʩ 

ʜʨʫʛʠʤʠ ʧʦ ʩʫʙʲʝʢʪʠʚʥʳʤ 

ʢʨʠʪʝʨʠʷʤ, ʧʨʦʩʪʦʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʚʠʩʘ 

ʅʝʦʙʭʦʜʠʤ 

ʜʦʩʪʫʧ ʢ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ 

ʊʫʨʠʩʪ ɹʦʣʝʝ ʙʳʩʪʨʳʡ ʠ 

ʵʬʬʝʢʪʠʚʥʳʡ ʚʳʙʦʨ 

ʨʘʡʦʥʘ ʧʨʦʞʠʚʘʥʠʷ ʩ 

ʫʯʝʪʦʤ ʩʫʙʲʝʢʪʠʚʥʳʭ 

ʧʨʝʜʧʦʯʪʝʥʠʡ 

ɹʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʨʘʡʦʥʝ ʛʦʨʦʜʘ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʨʘʚʥʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʨʘʡʦʥ ʩ 

ʜʨʫʛʠʤʠ ʧʦ ʩʫʙʲʝʢʪʠʚʥʳʤ 

ʢʨʠʪʝʨʠʷʤ, ʧʦʥʠʤʘʥʠʝ ʙʣʠʟʦʩʪʠ 

ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʭ ʤʝʩʪ ʠ 

ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʥʠʨʫʝʤʦʛʦ 

ʤʝʩʪʘ ʧʨʦʞʠʚʘʥʠʷ, ʧʨʦʩʪʦʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʚʠʩʘ 

ʅʝʦʙʭʦʜʠʤʦ 

ʚʣʘʜʝʪʴ 

ʨʫʩʩʢʠʤ 

ʷʟʳʢʦʤ ʠ 

ʠʤʝʪʴ ʜʦʩʪʫʧ 

ʢ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ 

ɸʨʝʥʜʦʜʘʪʝʣʴ 

ʠʣʠ ʧʨʦʜʘʚʝʮ 

ʥʝʜʚʠʞʠʤʦʩʪʠ 

ɹʦʣʝʝ ʦʙʲʝʢʪʠʚʥʘʷ 

ʦʮʝʥʢʘ ʩʪʦʠʤʦʩʪʠ 

ʩʜʘʚʘʝʤʦʛʦ ʚ ʘʨʝʥʜʫ 

ʞʠʣʴʷ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʡʦʥʘ  

ʇʦʥʠʤʘʥʠʝ ʜʦʩʪʦʠʥʩʪʚ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʡʦʥʘ, ʚ ʢʦʪʦʨʦʤ 

ʧʣʘʥʠʨʫʝʪʩʷ ʩʜʘʯʘ 

ʥʝʜʚʠʞʠʤʦʩʪʠ, ʧʨʦʩʪʦʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʚʠʩʘ 

ʅʝʦʙʭʦʜʠʤ 

ʜʦʩʪʫʧ ʢ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ 

 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʝʢʪʠʨʫʝʤʳʡ ʩʝʨʚʠʩ ʜʦʣʞʝʥ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʢʨʘʪʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʡʦʥʘʭ, ʬʦʨʤʠʨʦʚʘʪʴ ʠʥʜʝʢʩ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʨʘʡʦʥʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʨʠʪʝʨʠʝʚ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣ ʩʨʘʚʥʝʥʠʷ ʨʘʡʦʥʦʚ ʧʦ ʠʥʜʝʢʩʫ ʠʣʠ 
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ʢʨʠʪʝʨʠʷʤ, ʦʩʚʝʱʘʪʴ ʤʝʪʦʜʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʝʢʩʘ, ʘ ʪʘʢʞʝ ʭʨʘʥʠʪʴ ʘʨʭʠʚ ʩ ʜʘʥʥʳʤʠ 

ʟʘ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʝʨʚʠʩʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʨʚʠʩʘ. 

 

 
 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʚʠʩʘ 
 

ʄʝʪʦʜʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʝʢʩʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʮʝʥʢʝ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ:  

- ʙʝʟʦʧʘʩʥʦʩʪʴ (ʩʦʩʪʦʷʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ 
ʧʨʝʩʪʫʧʣʝʥʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʟʘ ʛʦʜ), 

- ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ (ʢʦʣʠʯʝʩʪʚʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ 

ʫʯʨʝʞʜʝʥʠʡ),  

- ʞʠʣʠʱʥʳʝ ʫʩʣʦʚʠʷ (ʩʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʘʨʝʥʜʳ ʞʠʣʴʷ, ʜʦʣʷ ʞʠʣʦʛʦ ʬʦʥʜʘ, 
ʦʙʝʩʧʝʯʝʥʥʦʛʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤʠ ʫʩʣʫʛʘʤʠ ʪʝʧʣʦ-, ʚʦʜʦ- ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ), 

- ʩʦʮʠʘʣʴʥʦ-ʙʳʪʦʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ (ʢʦʣʠʯʝʩʪʚʦ ʜʝʪʩʢʠʭ ʩʘʜʦʚ, ʢʦʣʠʯʝʩʪʚʦ 

ʰʢʦʣ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʤʘʛʘʟʠʥʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʪʦʨʛʦʚʦ-ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ 

ʮʝʥʪʨʦʚ),  

- ʪʨʘʥʩʧʦʨʪʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ (ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʦʙʱʝʩʪʚʝʥʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, 

ʟʘʛʨʫʞʝʥʥʦʩʪʴ),  

- ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ (ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʢʦʚʳʭ ʟʦʥ, ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʦʚʝʜʥʳʭ 
ʟʦʥ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠʣʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥ, ʧʣʦʪʥʦʩʪʴ 

ʟʘʩʪʨʦʡʢʠ), 

- ʠʥʢʣʶʟʠʚʥʘʷ ʩʨʝʜʘ (ʢʦʣʠʯʝʩʪʚʦ ʠʥʢʣʶʟʠʚʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʜʦʰʢʦʣʴʥʦʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʠʥʢʣʶʟʠʚʥʳʭ ʰʢʦʣ, ʜʦʩʪʫʧʥʦʩʪʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʦʙʲʝʢʪʦʚ 

ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ). 

ɼʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʨʝʰʝʥʠʷ ʜʘʥʥʳʡ ʥʘʙʦʨ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʝʥ, ʧʦʩʢʦʣʴʢʫ ʦʥ 

ʫʯʠʪʳʚʘʝʪ ʠʤʝʥʥʦ ʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʚʘʞʥʳ ʜʣʷ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ.  

ɿʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʢʨʠʪʝʨʠʝʚ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʛʦʨʦʜʩʢʦʛʦ ʨʘʡʦʥʘ ï ʵʪʦ 

ʯʠʩʣʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʘʩʧʝʢʪʘ ʞʠʟʥʠ. ʆʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʢʨʠʪʝʨʠʡ, ʠ 

ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʛʜʝ kC ï ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʛʦʨʦʜʩʢʦʛʦ ʨʘʡʦʥʘ,                           

kI  ï ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʢʨʠʪʝʨʠʷ. 

ʄʠʥʠʤʘʢʩʥʘʷ ʥʦʨʤʘʣʠʟʘʮʠʷ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʨʠʪʝʨʠʡ 

ʦʮʝʥʢʠ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʛʦʨʦʜʩʢʦʛʦ ʨʘʡʦʥʘ, ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʚ 

ʨʘʟʥʳʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ ʠ ʜʠʘʧʘʟʦʥʘʭ ʟʥʘʯʝʥʠʡ ʢ ʝʜʠʥʦʤʫ ʚʠʜʫ, ʧʦʟʚʦʣʷʶʱʝʤʫ 

ʩʨʘʚʥʠʚʘʪʴ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ.  

ʀʥʜʝʢʩ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʛʦʨʦʜʩʢʦʛʦ ʨʘʡʦʥʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ 

ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʢʨʠʪʝʨʠʝʚ ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ Nï ʠʥʜʝʢʩ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʛʦʨʦʜʩʢʦʛʦ ʨʘʡʦʥʘ, kC ï ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 

ʦʮʝʥʢʠ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʛʦʨʦʜʩʢʦʛʦ ʨʘʡʦʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʨʚʠʩʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʨʝʭʟʚʝʥʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʥʠʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʣʠʝʥʪʦʚ, 

ʦʙʝʩʧʝʯʠʪʴ ʮʝʥʪʨʘʣʠʟʘʮʠʶ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʥʘ ʩʝʨʚʝʨʝ ʧʨʠʣʦʞʝʥʠʡ, ʧʦʚʳʩʠʪʴ 

ʤʦʜʫʣʴʥʦʩʪʴ ʠ ʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ [2].  

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʡ 

ʟʘ ʦʪʦʙʨʘʞʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʝʨʚʠʩʦʤ. ʅʘ ʜʘʥʥʦʤ 

ʩʣʦʝ ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʳ ʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

- PL (Presentation Logic) ï ʫʧʨʘʚʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ 

ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʦʙʨʘʙʦʪʢʫ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʘʧʨʠʤʝʨ, ʚʳʙʦʨ 

ʨʘʡʦʥʘ ʜʣʷ ʦʮʝʥʢʠ ʝʛʦ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʧʫʪʝʤ ʥʘʞʘʪʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʣʝʤʝʥʪ 

ʠʥʪʝʨʬʝʡʩʘ; 

- PS (Presentation Services) ï ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʦʙʩʣʫʞʠʚʘʪʴ ʢʣʠʝʥʪʩʢʠʝ ʜʝʡʩʪʚʠʷ ʥʘ ʚʝʙ-ʩʝʨʚʠʩʝ, ʥʘʧʨʠʤʝʨ, ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʡʦʥʘʭ ʛʦʨʦʜʘ, ʢʨʠʪʝʨʠʷʭ ʦʮʝʥʢʠ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʦʪʦʙʨʘʞʘʪʴ ʪʦ, ʯʪʦ ʩʦʦʙʱʘʝʪ ʝʤʫ ʢʦʤʧʦʥʝʥʪ PL. 

ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʦʡ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ, ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʝʪ 

ʨʝʘʣʠʟʦʚʘʥ ʢʦʤʧʦʥʝʥʪ BL (Business Logic), ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʘʣʛʦʨʠʪʤʳ ʨʝʘʢʮʠʠ ʩʝʨʚʠʩʘ 

ʥʘ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩʙʦʨ ʜʘʥʥʳʭ ʦ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘʭ, ʧʨʘʚʠʣʘ ʠʭ ʦʙʨʘʙʦʪʢʠ ʠ 

ʟʘʛʨʫʟʢʠ ʚ ʙʘʟʫ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʩʣʦʡ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʭʨʘʥʝʥʠʝ, 

ʚʳʙʦʨʢʫ, ʤʦʜʠʬʠʢʘʮʠʶ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʜʘʥʥʦʤ ʩʣʦʝ ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʳ ʪʘʢʠʝ 

ʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʘʢ: 

- DL (Data Logic) ï ʥʘʙʦʨ ʦʧʝʨʘʮʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʢʣʘʜʥʦʡ ʣʦʛʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ; 

- DS (Data Services) ï ʥʘʙʦʨ ʜʝʡʩʪʚʠʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪ DL. 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʩʪʝʢʝ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʡ 

HTML, CSS, Razor, ʩʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʡ ï ʩʨʝʜʩʪʚʘʤʠ ʧʣʘʪʬʦʨʤʳ .NET 6.0 ASP.NET 

Core, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʫʜʦʙʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ɼʣʷ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʝʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʡ ʜʘʥʥʳʭ MySQL, 

ʦʪʣʠʯʘʶʱʘʷʩʷ ʧʨʦʩʪʦʪʦʡ, ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʜʘʥʥʳʭ, ʥʘʜʝʞʥʦʩʪʴʶ. 

ʆʧʠʩʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʚ ʩʭʝʤʘʪʠʯʥʦʤ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʪʨʝʭʟʚʝʥʥʦʡ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʨʚʠʩʘ 
 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʫʱʥʦʩʪʠ: 

- ʛʦʨʦʜ (City) ï ʢʨʫʧʥʳʡ ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ, ʠʤʝʶʱʠʡ ʥʘʟʚʘʥʠʝ, ʦʪʣʠʯʘʶʱʠʡʩʷ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ; 

- ʨʘʡʦʥ (District) ï ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʘʷ ʝʜʠʥʠʮʘ ʛʦʨʦʜʘ, ʠʤʝʶʱʘʷ 

ʩʦʙʩʪʚʝʥʥʦʝ ʥʘʟʚʘʥʠʝ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʠʥʜʝʢʩʦʤ 

ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ; 

- ʢʨʠʪʝʨʠʡ (Criterion) ï ʯʠʩʣʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʘʩʧʝʢʪʘ ʞʠʟʥʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪʩʷ ʠʥʜʝʢʩ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʛʦʨʦʜʩʢʦʛʦ ʨʘʡʦʥʘ; 

- ʩʧʠʩʦʢ ʢʨʠʪʝʨʠʝʚ (CriterionList) ï ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʥʘʠʤʝʥʦʚʘʥʠʠ 

ʢʨʠʪʝʨʠʝʚ, ʠʭ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ; 

- ʘʨʭʠʚ ʢʨʠʪʝʨʠʝʚ (CriterionArchive) ï ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʢʨʠʪʝʨʠʷʭ 

ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ; 

- ʧʦʢʘʟʘʪʝʣʴ (Indicator) ï ʯʠʩʣʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ 

ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʨʘʡʦʥʘ, ʚʟʷʪʦʝ ʠʟ ʧʫʙʣʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ; 

- ʩʧʠʩʦʢ ʧʦʢʘʟʘʪʝʣʝʡ (IndicatorList) ï ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʥʘʠʤʝʥʦʚʘʥʠʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʞʜʦʛʦ ʠʟ ʢʨʠʪʝʨʠʝʚ, ʠʭ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ; 

- ʘʨʭʠʚ ʧʦʢʘʟʘʪʝʣʝʡ (IndicatorArchive) ï ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʧʦʢʘʟʘʪʝʣʷʭ 

ʢʨʠʪʝʨʠʝʚ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʥʳʭ ʩʫʱʥʦʩʪʝʡ ʧʨʝʜʣʦʞʝʥʘ ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʘʟʳ ʜʘʥʥʳʭ 

ʩʝʨʚʠʩʘ ʚ ʥʦʪʘʮʠʠ ʄʘʨʪʠʥʘ [3], ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩ. 3.  

 

 
ʈʠʩ. 3. ʃʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʩʝʨʚʠʩʘ ʚ ʥʦʪʘʮʠʠ ʄʘʨʪʠʥʘ 
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ʇʨʠʤʝʥʝʥʠʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʦʣʞʥʦ ʫʩʢʦʨʠʪʴ ʠ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ 

ʚʳʙʦʨʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʤʝʩʪʘ ʧʨʦʞʠʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ, 

ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʠ 

ʟʦʥʘʭ ʨʦʩʪʘ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʦʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʧʦʩʢʦʣʴʢʫ ʚʩʷ ʚʘʞʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʠʭ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʙʫʜʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʝʨʚʠʩʘ ʚ ʦʜʥʦʤ 

ʤʝʩʪʝ, ʘ ʪʘʢʞʝ ʙʫʜʝʪ ʩʦʙʨʘʥʘ ʟʘʨʘʥʝʝ, ʯʪʦ ʠʩʢʣʶʯʠʪ ʩʠʪʫʘʮʠʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʩʪʫʧʘ ʢ 

ʢʘʢʦʤʫ-ʣʠʙʦ ʩʝʨʚʠʩʫ ʚ ʪʨʝʙʫʝʤʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʘʢʪʠʚʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʩʝʨʚʠʩʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʭʚʘʪʘ ʚʩʝʭ ʛʦʨʦʜʦʚ-

ʤʠʣʣʠʦʥʝʨʦʚ ʈʦʩʩʠʠ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʩʦʟʜʘʥʠʝ ʦʪʯʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʙʣʘʛʦʧʦʣʫʯʥʦʩʪʠ ʨʘʡʦʥʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʠʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʠʩʪʝʤʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʚʥʫʪʨʠ ʛʦʨʦʜʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʟʚʫʯʘʥʠʝʤ ʤʫʟʳʢʘʣʴʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ: ʩ ʧʦʤʦʱʴʶ ʵʤʦʮʠʡ. ʊʝʭʥʦʣʦʛʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʩʚʸʨʪʦʯʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʜʣʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʤʦʮʠʡ ʤʫʟʳʢʘʥʪʘ ʧʦ ʣʠʮʝʚʦʡ ʵʢʩʧʨʝʩʩʠʠ. ɹʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʨʘʙʦʪʘ ʧʦ 

ʧʦʜʙʦʨʫ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʫʧʨʦʱʘʝʪ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʧʨʘʢʪʠʢʠ ʤʫʟʳʢʘʥʪʦʚ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʤ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʉʚʸʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, FER, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʵʤʦʮʠʡ, DAW, MIDI . 

 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʤʫʟʳʢʘʥʪʳ ʧʨʠʜʘʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʙʨʫ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʚʣʠʷʝʪ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʥʘʩʪʨʦʝʥʠʷ ʠʩʧʦʣʥʷʝʤʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. ʏʪʦʙʳ ʚʦ 

ʚʨʝʤʷ ʠʩʧʦʣʥʝʥʠʷ ʤʝʥʷʪʴ ʟʚʫʯʘʥʠʝ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʤʥʦʞʝʩʪʚʦ ʧʝʜʘʣʝʡ ʠ ʧʦʣʟʫʥʢʦʚ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʠ ʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʟʚʫʯʘʥʠʝʤ 

ʠʥʩʪʨʫʤʝʥʪʘ: ʩ ʧʦʤʦʱʴʶ ʩʦʙʩʪʚʝʥʥʳʭ ʵʤʦʮʠʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʥʘʟʚʘʥʥʦʛʦ Face Music Control. 

Face Music Control ʠʤʝʝʪ ʜʚʘ ʨʝʞʠʤʘ: ʨʝʞʠʤ ʥʘʩʪʨʦʡʢʠ ʠ ʨʝʞʠʤ ʠʛʨʳ ʥʘ 

ʤʫʟʳʢʘʣʴʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ (ʨʠʩ. 1). ʈʝʞʠʤ ʠʛʨʳ ʨʝʘʣʠʟʫʝʪ ʦʩʥʦʚʥʦʡ ʮʠʢʣ ʧʨʦʛʨʘʤʤʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 2. 

 

 
 

ʈʠʩ. 1. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʚ ʨʝʞʠʤʝ ʥʘʩʪʨʦʡʢʠ (ʩʣʝʚʘ) ʠ ʨʝʞʠʤʝ ʠʛʨʳ (ʩʧʨʘʚʘ) 
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ʈʠʩ. 2. ʆʩʥʦʚʥʦʡ ʮʠʢʣ ʧʨʦʛʨʘʤʤʳ 

 

ɺ ʨʝʞʠʤʝ ʠʛʨʳ ʵʤʦʮʠʠ ʨʘʩʧʦʟʥʘʶʪʩʷ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤʳʤ ʩ ʢʘʤʝʨʳ 

ʠʟʦʙʨʘʞʝʥʠʷʤ ʣʠʮʘ ʠʩʧʦʣʥʠʪʝʣʷ. ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʸʨʪʦʯʥʘʷ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ KMUnet, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪ ʥʘ ʚʭʦʜ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʦʪʪʝʥʢʘʭ ʩʝʨʦʛʦ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʦʤ 48x48 ʠ ʚʦʟʚʨʘʱʘʝʪ ʤʘʩʩʠʚ ʩ ʚʝʨʦʷʪʥʦʩʪʷʤʠ 

ʩʝʤʠ ʙʘʟʦʚʳʭ ʵʤʦʮʠʡ: ʨʘʜʦʩʪʴ, ʧʝʯʘʣʴ, ʫʜʠʚʣʝʥʠʝ, ʟʣʦʩʪʴ, ʩʪʨʘʭ, ʦʪʚʨʘʱʝʥʠʝ, 

ʥʝʡʪʨʘʣʴʥʘʷ ʵʤʦʮʠʷ. ɺʝʨʦʷʪʥʦʩʪʠ ʵʤʦʮʠʡ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ Control Change MIDI 

ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʩʨʘʙʘʪʳʚʘʶʪ ʥʘ ʦʪʢʨʳʪʦʤ ʠʣʠ ʩʦʟʜʘʥʥʦʤ ʧʨʦʛʨʘʤʤʦʡ ʚʠʨʪʫʘʣʴʥʦʤ 

MIDI ʧʦʨʪʝ. ʆʪ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʦʨʪʘ MIDI ʩʦʙʳʪʠʷ ʧʨʠʥʠʤʘʝʪ DAW (digital audio 

workstation ï ʦʙʱʝʧʨʠʥʷʪʳʡ ʪʠʧ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʟʚʫʢʦʟʘʧʠʩʠ 

ʠʣʠ ʞʠʚʳʭ ʚʳʩʪʫʧʣʝʥʠʡ). 

ʏʪʦʙʳ ʩʚʷʟʘʪʴ ʵʤʦʮʠʠ ʠ ʧʘʨʘʤʝʪʨʳ ʟʚʫʯʘʥʠʷ, ʢʦʪʦʨʳʤʠ ʦʥʠ ʜʦʣʞʥʳ ʫʧʨʘʚʣʷʪʴ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʨʳʪʴ ʨʝʞʠʤ ʥʘʩʪʨʦʡʢʠ ʚ Face Music Control ʠ ʨʝʞʠʤ MIDI mapping ʚ 

DAW ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʞʠʤʘʪʴ ʥʘ ʢʥʦʧʢʠ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʵʤʦʮʠʡ ʚ 

Face Music Control ʠ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʚ DAW. ʇʦ ʚʦʟʚʨʘʱʝʥʠʠ ʚ ʦʙʦʠʭ ʧʨʦʛʨʘʤʤʘʭ 

ʚ ʦʩʥʦʚʥʦʡ ʨʝʞʠʤ, ʧʘʨʘʤʝʪʨʳ ʟʚʫʯʘʥʠʷ ʤʫʟʳʢʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʙʫʜʫʪ ʜʠʥʘʤʠʯʝʩʢʠ 

ʤʝʥʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʤʦʮʠʷʤʠ ʤʫʟʳʢʘʥʪʘ. 

ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʤʦʮʠʡ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʘʩʝʪʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ FER2013, ʪʘʢ ʢʘʢ ʵʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʠ ʧʦʧʫʣʷʨʥʳʭ ʜʘʪʘʩʝʪʦʚ, 

ʩʦʙʨʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʆʥ ʩʦʜʝʨʞʠʪ 35887 ʩʥʠʤʢʦʚ ʠ ʨʠʩʫʥʢʦʚ ʣʠʮ 

ʣʶʜʝʡ ʚ ʦʪʪʝʥʢʘʭ ʩʝʨʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʘʪʨʠʮʘʤʠ 48x48. ʂʘʞʜʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ 

ʩʦʧʦʩʪʘʚʣʝʥʘ ʤʝʪʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʜʥʦʡ ʠʟ ʩʝʤʠ ʙʘʟʦʚʳʭ ʵʤʦʮʠʡ. ʇʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʙʳʣ ʧʦʣʫʯʝʥ ʜʘʪʘʩʝʪ ʧʨʠʚʦʜʠʪʩʷ ʩʦʟʜʘʪʝʣʷʤʠ FER2013 Ian J. 

Goodfellow ʠ Mehdi Mirza ʚ ʩʪʘʪʴʝ [1]. ɺʦ ʚʩʝʭ ʤʝʪʦʜʘʭ, ʫʧʦʤʠʥʘʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, 

ʤʦʜʝʣʠ ʦʙʫʯʘʣʠʩʴ ʥʘ FER2013. 

ʀʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʧʦʜʭʦʜʦʚ ʢ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʵʤʦʮʠʡ ʧʦ ʣʠʮʝʚʦʡ 

ʵʢʩʧʨʝʩʩʠʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʥʘʩʢʦʣʴʢʦ ʤʥʝ ʠʟʚʝʩʪʥʦ, ʥʘʠʚʳʩʰʠʤ ʟʥʘʯʝʥʠʝʤ ʤʝʪʨʠʢʠ 

accuracy ʥʘ ʪʝʩʪʦʚʦʤ ʜʘʪʘʩʝʪʝ ʦʙʣʘʜʘʝʪ ʤʦʜʝʣʴ, ʦʧʠʩʘʥʥʘʷ ʚ ʩʪʘʪʴʝ [2]. ɺ ʫʢʘʟʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʝʪʩʷ ʘʥʩʘʤʙʣʴ ʠʟ ʚʦʩʴʤʠ ʤʦʜʠʬʠʢʘʮʠʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ VGG (10 ʩʣʦʸʚ), 

Inception (16 ʩʣʦʸʚ) ʠ ResNet (33 ʩʣʦʷ). ʊʘʢʦʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʵʬʬʝʢʪʠʚʥʳʤ: 

ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʟʥʘʯʝʥʠʷ ʤʝʪʨʠʢʠ accuracy 75,2%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ [1] ʯʝʣʦʚʝʢ ʚ ʩʨʝʜʥʝʤ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ FER2013 ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ 

ʵʤʦʮʠʠ ʩ accuracy 65%. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʥʝ ʤʦʛʣʦ ʧʦʜʦʡʪʠ, ʪʘʢ ʢʘʢ 

ʧʨʠʤʝʥʷʪʴ ʘʥʩʘʤʙʣʴ ʠʟ ʙʦʣʴʰʦʛʦ ʤʥʦʞʝʩʪʚʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʜʝʩʷʪʢʘʤʠ ʩʣʦʸʚ ʜʣʷ 

ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʝʚʦʟʤʦʞʥʦ. 
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ɺ ʢʘʯʝʩʪʚʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣʘ ʧʦʜʦʙʨʘʥʘ 

ʘʨʭʠʪʝʢʪʫʨʘ, ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʠʤʝʥʫʝʤʘʷ KMUnet. ʆʥʘ ʦʧʠʩʘʥʘ ʥʘ ʨʠʩ. 3. ɼʘʥʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʜʘʣʘ accuracy 61,4% ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ. 

 

 
 

ʈʠʩ. 3. ɸʨʭʠʪʝʢʪʫʨʘ KMUnet 

 

ʇʦʩʣʝ ʢʘʞʜʦʡ ʠʟ ʦʧʝʨʘʮʠʡ max-pooling ʧʨʦʠʟʚʦʜʠʪʩʷ dropout ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʟʘʥʫʣʝʥʠʷ ʥʝʡʨʦʥʘ p = 0,55. ʇʦʩʣʝ ʧʦʣʥʦʩʚʷʟʥʦʛʦ ʩʣʦʷ, ʩʦʜʝʨʞʘʱʝʛʦ 3072 ʥʝʡʨʦʥʘ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ dropout ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʟʘʥʫʣʝʥʠʷ ʥʝʡʨʦʥʘ p = 0,5. ɺ ʢʘʯʝʩʪʚʝ 

ʦʧʪʠʤʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ adam ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʙʫʯʝʥʠʷ 0,001. ʌʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ 

ʢʘʞʜʦʛʦ ʠʟ ʩʚʸʨʪʦʯʥʳʭ ʩʣʦʸʚ ʠ ʧʦʣʥʦʩʚʷʟʥʦʛʦ ʩʣʦʷ ï ReLU. ʈʦʣʴ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʥʘ 

ʧʦʩʣʝʜʥʝʤ ʩʣʦʝ ʚʳʧʦʣʥʷʝʪ softmax, ʪʘʢ ʢʘʢ ʚ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝ ʥʝʦʙʭʦʜʠʤʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʚʳʭʦʜʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʠ. ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ ï ʢʨʦʩʩ-

ʵʥʪʨʦʧʠʷ. 

ʉ ʤʘʪʨʠʮʝʡ ʦʰʠʙʦʢ ʢʦʥʝʯʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ KMUnet ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʥʘ ʨʠʩ. 

4. ɼʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʤʥʦʞʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʪʘʙʣʠʮʝ ʥʠʞʝ 

ʚ ʛʨʘʬʝ çʄʦʜʠʬʠʢʘʮʠʷ KMUnetè ʧʝʨʝʯʠʩʣʝʥʳ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʚʳʰʝʦʧʠʩʘʥʥʦʡ 

ʢʦʥʝʯʥʦʡ ʚʝʨʩʠʝʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʥʝʢʦʪʦʨʳʤʠ ʩʨʘʚʥʠʚʘʝʤʳʤʠ. ɼʣʷ ʢʘʞʜʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʤʝʪʨʠʢʠ accuracy ʠ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʦʤ 

ʜʘʪʘʩʝʪʝ. 

 
ʊʘʙʣʠʮʘ 

 

ʄʦʜʠʬʠʢʘʮʠʠ KMUnet  ʠ ʠʭ accuracy ʠ loss ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʦʤ ʜʘʪʘʩʝʪʝ 

 

ʄʦʜʠʬʠʢʘʮʠʷ KMUnet accuracy loss 

ʂʘʩʢʘʜʳ ʩʚʸʨʪʦʢ ʩ ʷʜʨʘʤʠ 3x3 ʟʘʤʝʥʝʥʳ ʥʘ ʩʚʸʨʪʢʠ ʩ ʷʜʨʘʤʠ 

5x5, ʥʝʪ dropout, ʧʦʩʣʝ ʪʨʝʪʴʝʛʦ ʩʚʸʨʪʦʯʥʦʛʦ ʩʣʦʷ ʦʪʩʫʪʩʪʚʫʝʪ 

pooling, ʧʦʩʣʝʜʥʠʡ ʩʚʸʨʪʦʯʥʳʡ ʩʣʦʡ ʠʤʝʝʪ ʷʜʨʦ 4x4 

0,5453 1,3721 

ʅʝʪ dropout, ʧʦʩʣʝ ʪʨʝʪʴʝʛʦ ʩʚʸʨʪʦʯʥʦʛʦ ʩʣʦʷ ʦʪʩʫʪʩʪʚʫʝʪ 

pooling, ʧʦʩʣʝʜʥʠʡ ʩʚʸʨʪʦʯʥʳʡ ʩʣʦʡ ʠʤʝʝʪ ʷʜʨʦ 4x4 

0,5603 1,1787 

ʇʦʩʣʝʜʥʠʡ ʩʚʸʨʪʦʯʥʳʡ ʩʣʦʡ ʠʤʝʝʪ ʷʜʨʦ 4x4, ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ 

ʩʚʸʨʪʦʯʥʦʛʦ ʩʣʦʷ, ʧʦʩʣʝ ʧʦʣʥʦʩʚʷʟʥʦʛʦ ʩʣʦʷ ʩ 3072 ʥʝʡʨʦʥʘʤʠ 

ʦʪʩʫʪʩʪʚʫʝʪ dropout, ʫ ʦʩʪʘʣʴʥʳʭ dropout ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʥʫʣʝʥʠʷ 

ʥʝʡʨʦʥʘ = 0,5 

0,5809 1,1618 

Average pooling ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ ʩʚʸʨʪʦʯʥʦʛʦ ʩʣʦʷ ʠʤʝʝʪ ʷʜʨʦ 

2x2, ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ ʩʚʸʨʪʦʯʥʦʛʦ ʩʣʦʷ ʠ ʧʦʩʣʝ ʧʦʣʥʦʩʚʷʟʥʦʛʦ 

ʩʣʦʷ ʩ 3072 ʥʝʡʨʦʥʘʤʠ ʦʪʩʫʪʩʪʚʫʝʪ dropout, ʫ ʦʩʪʘʣʴʥʳʭ dropout 

ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʥʫʣʝʥʠʷ ʥʝʡʨʦʥʘ = 0,5 

0,5954 1,2009 

ʂʦʥʝʯʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ KMUnet (ʦʧʠʩʘʥʘ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ) 0,6141 1,1371 
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ʈʠʩ. 4. ʄʘʪʨʠʮʘ ʦʰʠʙʦʢ KMUnet 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ. 

ʇʦʜʦʙʨʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʡ: ʦʙʣʘʜʘʷ accuracy 

61,4% ʥʘ ʪʝʩʪʦʚʦʤ ʜʘʪʘʩʝʪʝ, ʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʘʥʩʘʤʙʣʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ [2], 

accuracy ʢʦʪʦʨʦʛʦ ʥʘ ʪʝʩʪʦʚʦʤ ʜʘʪʘʩʝʪʝ ʨʘʚʥʘ 75,2%. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʨʘʤʢʘʭ ʨʝʰʘʝʤʦʡ 

ʟʘʜʘʯʠ KMUnet ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʳʯʠʩʣʝʥʠʷ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʜʦʣʞʥʘ 

ʨʘʙʦʪʘʪʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʢʦʤʧʴʶʪʝʨʘʭ, ʚʦ-ʚʪʦʨʳʭ, ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʧʘʨʘʣʣʝʣʴʥʦ ʩ Face Music Control ʚʩʝʛʜʘ 

ʙʫʜʫʪ ʟʘʧʫʱʝʥʳ ʜʨʫʛʠʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʝ ʢ ʨʝʩʫʨʩʘʤ ʧʨʦʮʝʩʩʳ ʜʣʷ ʵʤʫʣʷʮʠʠ 

ʤʫʟʳʢʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʚʠʨʪʫʘʣʴʥʳʭ ʫʩʠʣʠʪʝʣʝʡ, ʵʬʬʝʢʪʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʟʚʫʢʦʦʧʝʨʘʪʦʨʦʚ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʥʝʜʦʩʪʘʪʢʠ ʪʘʢʠʝ ʢʘʢ ʨʘʟʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʠ ʨʘʟʥʦʤ ʦʩʚʝʱʝʥʠʠ ʠ 

ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʵʤʦʮʠʡ ʫ ʨʘʟʥʳʭ ʣʶʜʝʡ. ɺ ʜʘʣʴʥʝʡʰʠʭ ʧʣʘʥʘʭ ʧʦ ʨʘʟʚʠʪʠʶ ʧʨʦʝʢʪʘ 

ï ʫʩʪʨʘʥʝʥʠʝ ʦʪʤʝʯʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. 

ɺ ʭʦʜʝ ʘʧʨʦʙʘʮʠʠ Face Music Control ʙʳʣʠ ʥʘʡʜʝʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʩʧʦʩʦʙʳ 

ʧʨʠʤʝʥʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʛʨʝ ʥʘ ʩʠʥʪʝʟʘʪʦʨʝ ʠʣʠ MIDI -ʢʣʘʚʠʘʪʫʨʝ, ʤʫʟʳʢʘʥʪ ʤʦʞʝʪ 

ʫʨʦʚʥʝʤ ʩʯʘʩʪʴʷ ʚʣʠʷʪʴ ʥʘ ʬʦʨʤʫ ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʚʦʣʥʳ: ʯʝʤ ʚʳʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʩʯʘʩʪʴʷ, 

ʪʝʤ ʙʦʣʝʝ ʢʚʘʜʨʘʪʥʘʷ ʚʦʣʥʘ, ʯʝʤ ʥʠʞʝ ï ʪʝʤ ʙʣʠʞʝ ʢ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʳʤ 

ʩʮʝʥʘʨʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Face Music Control ʫ ʵʣʝʢʪʨʦʛʠʪʘʨʠʪʦʚ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʩ 

ʧʦʤʦʱʴʶ ʫʨʦʚʥʷ ʟʣʦʩʪʠ ʨʫʯʢʦʡ çlevelè ʥʘ ʚʠʨʪʫʘʣʴʥʦʡ ʧʝʜʘʣʠ çoverdriveè ʠʣʠ 

çdistortionè. ʂʦʥʝʯʥʦ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʥʝ ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤʠ, ʠ Face Music Control ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ ʩ ʦʜʥʦʡ ʠʟ ʩʝʤʠ 

ʵʤʦʮʠʡ ʣʶʙʦʡ ʜʦʩʪʫʧʥʳʡ ʧʘʨʘʤʝʪʨ ʟʚʫʯʘʥʠʷ ʚ DAW. 

Face Music Control ʧʨʠʤʝʥʠʤ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʫʟʳʢʘʣʴʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʣʠ ʧʨʠ ʩʥʷʪʠʠ ʩʠʛʥʘʣʘ ʩ ʤʠʢʨʦʬʦʥʘ ʜʣʷ ʣʶʙʳʭ ʤʫʟʳʢʘʣʴʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. ɼʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʫʜʝʪ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʤʫʟʳʢʘʥʪʘʤ 

ʚʦ ʚʨʝʤʷ ʠʤʧʨʦʚʠʟʘʮʠʠ. ʊʘʢ ʢʘʢ MIDI ʩʦʙʳʪʠʷʤʠ ʧʨʠʥʷʪʦ ʫʧʨʘʚʣʷʪʴ ʠ ʩʚʝʪʦʚʦʡ 

ʘʧʧʘʨʘʪʫʨʦʡ, ʨʘʟʨʘʙʦʪʢʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʞʠʚʳʭ ʚʳʩʪʫʧʣʝʥʠʷʭ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʮʝʣʝʡ, ʥʦ ʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʠʟʫʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʥʮʝʨʪʘ. 
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Face Music Control ʜʘʝʪ ʤʫʟʳʢʘʥʪʘʤ ʥʦʚʳʡ ʦʧʳʪ ʠ ʤʦʞʝʪ ʧʦʤʦʯʴ ʠʤ ʩ ʙʦʣʴʰʝʡ 

ʣʝʛʢʦʩʪʴʶ ʤʫʟʳʢʘʣʴʥʦ ʩʘʤʦʚʳʨʘʞʘʪʴʩʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ɼʘʣʴʥʝʡʰʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʠʣʦʞʝʥʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʪʨʝʙʫʝʪ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʤʦʜʝʣʝʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʵʪʦʡ ʩʚʷʟʠ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʛʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ, ʩʦʯʝʪʘʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʠ ʩʠʤʚʦʣʴʥʳʭ ʤʝʪʦʜʦʚ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʜʧʦʩʳʣʢʠ ʧʨʠʤʝʥʝʥʠʷ 

ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʚ ʦʙʣʘʩʪʠ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʳʭ ʩʠʩʪʝʤ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʛʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ ʠ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʳʝ ʨʝʘʣʠʟʘʮʠʠ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʠ ʧʨʦʙʣʝʤʳ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ, ʦʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʛʠʙʨʠʜʥʳʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ, ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʘʷ ʤʦʜʝʣʴ, ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʘʷ ʩʠʩʪʝʤʘ, ʛʨʘʬ ʟʥʘʥʠʡ, 

ʣʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ.   
  

ɸʢʪʫʘʣʴʥʦʩʪʴ 

ɺʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʳʝ ʩʠʩʪʝʤʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ. ʀʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʠ ʵʪʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠ ʢʘʢ ʩʧʦʩʦʙ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʨʷʜʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʛʦʣʦʩʦʚʳʝ 

ʘʩʩʠʩʪʝʥʪʳ, ʧʦʠʩʢʦʚʳʝ ʠ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʝʰʝʥʠʡ ʠʟ ʦʙʣʘʩʪʠ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʳʭ ʩʠʩʪʝʤ ʥʘ ʪʝʢʫʱʠʡ 

ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʷʟʘʥʘ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʝʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʧʠʨʘʪʴʩʷ ʥʘ ʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʦʜʥʘʢʦ ʪʘʢʞʝ ʟʘʜʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʂ ʧʨʠʤʝʨʫ, ʩʦʟʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʦʙʲʝʤʦʚ 

ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠ ʦʙʫʯʝʥʠʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʤʦʜʝʣʠ 

ʧʦʜ ʥʦʚʳʝ ʬʘʢʪʳ ʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʵʢʩʪʝʥʩʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʝʸ ʫʣʫʯʰʝʥʠʷ.  ʂʨʦʤʝ ʪʦʛʦ, 

ʚʳʚʦʜ ʦʪʚʝʪʦʚ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʚ ʢʦʥʪʝʢʩʪʝ ʨʷʜʘ 

ʧʨʠʣʦʞʝʥʠʡ.   

ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʛʠʙʨʠʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʠʩʭʦʜʠʪ ʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʤʝʱʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʜʨʫʛʠʤʠ ʢʦʥʮʝʧʮʠʷʤʠ 

ʠʟ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʦʚʳʭ ʩʚʦʡʩʪʚ. ʆʜʥʠʤ ʠʟ ʧʦʜʤʥʦʞʝʩʪʚ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʳʝ 

ʤʦʜʝʣʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʝ ʠʥʪʝʛʨʘʮʠʶ ʩʠʤʚʦʣʴʥʦʛʦ ʚʳʚʦʜʘ ʠ ʘʨʭʠʪʝʢʪʫʨ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʙʳʣʦ ʧʨʠʚʣʝʯʝʥʦ ʚ ʩʚʷʟʠ ʩ 

ʧʦʙʝʜʦʡ ʚ 2011 ʛʦʜʫ ʛʠʙʨʠʜʥʦʡ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʦʡ ʩʠʩʪʝʤʳ IBM Watson ʚ 

ʪʝʣʝʚʠʢʪʦʨʠʥʝ çJeopardy!è. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʚʦʢʨʫʛ IBM Watson ʙʳʣʘ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʩʚʦʝʛʦ ʨʦʜʘ ʙʠʟʥʝʩ-ʵʢʦʩʠʩʪʝʤʘ, ʦʙʩʣʫʞʠʚʘʶʱʘʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʢʣʠʝʥʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʦʛʦ ʧʦʜʭʦʜʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1] ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

1. ʆʙʦʙʱʘʝʤʦʩʪʴ ʥʘ ʥʦʚʳʝ ʜʘʥʥʳʝ (Out-of-distribution Generalization). 

2. ʀʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ (Interpretability). 

3. ʋʤʝʥʴʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʙʲʝʤʫ ʚʳʙʦʨʢʠ (Reduced size of training data). 

4. ɸʜʘʧʪʠʨʫʝʤʦʩʪʴ ʢ ʥʦʚʦʤʫ ʢʦʥʪʝʢʩʪʫ (Transferability). 

5. ʃʦʛʠʯʝʩʢʘʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ (Reasoning). 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʩʚʦʡʩʪʚʘ ʥʝ ʪʦʣʴʢʦ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʧʝʨʝʢʨʳʚʘʶʪ ʯʘʩʪʴ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʦ ʠ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʣʴʥʦʛʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

 

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʳʭ ʤʦʜʝʣʝʡ 

ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʘʨʭʠʪʝʢʪʫʨʘʭ ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʳʭ ʤʦʜʝʣʝʡ ʚ 

ʮʝʣʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʙʣʦʢʦʚ ʩʧʝʮʠʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʍʦʪʷ ʧʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝ ʚʩʝʛʜʘ ʚ ʷʚʥʦ ʚʳʨʘʞʝʥʥʦʤ ʚʠʜʝ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ.    

ʇʝʨʚʳʡ ʙʣʦʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ ʧʨʝʜʦʙʨʘʙʦʪʢʦʡ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɺ 

ʦʩʥʦʚʥʦʤ ʵʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʝʰʝʥʠʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʠʟ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʪʘʢʠʭ ʢʘʢ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠʤʝʥʦʚʘʥʥʳʭ ʩʫʱʥʦʩʪʝʡ (Named entity 

recognition, NER), ʯʘʩʪʝʨʝʯʥʘʷ ʨʘʟʤʝʪʢʘ (part-of-speech tagging, POS tagging) ʠ ʜʨʫʛʠʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʢʪʦʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʦʙʫʯʝʥʥʳʝ ʤʦʜʝʣʠ, ʥʘʧʨʠʤʝʨ BERT. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʙʦʣʝʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠʟʚʣʝʯʝʥʠʷ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʠʟ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ɺʪʦʨʦʡ ʙʣʦʢ ʦʪʚʝʯʘʝʪ ʟʘ ʚʦʚʣʝʯʝʥʠʝ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʙʘʟ ʟʥʘʥʠʡ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʢʦʥʪʝʢʩʪʝ ʧʦʩʪʨʦʝʥʠʷ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʳʭ ʩʠʩʪʝʤ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʛʨʘʬʳ ʟʥʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʦʛʨʦʤʥʳʝ ʤʘʩʩʠʚʳ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʦʙʱʝʛʦ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʛʨʘʬʦʚ ʟʥʘʥʠʡ ʤʦʞʥʦ ʥʘʟʚʘʪʴ DBpedia, Wikidata ʠ ConceptNet. ʊʘʢʞʝ ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʳ ʟʥʘʥʠʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʬʦʨʤʘʣʠʟʘʮʠʷ ʢʦʥʪʝʢʩʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʟʘʜʘʯʠ, ʥʘʧʨʠʤʝʨ, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʙʦʨ ʢʦʥʮʝʧʮʠʡ ʠ ʧʨʘʚʠʣ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ.  

ʅʘʢʦʥʝʮ, ʪʨʝʪʠʡ ʙʣʦʢ ʨʝʘʣʠʟʫʝʪ ʣʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʳʭ ʩʠʩʪʝʤ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ ʤʦʜʝʣʝʡ. ʇʝʨʚʳʡ ʢʣʘʩʩ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʘʜʘʧʪʘʮʠʶ ʷʟʳʢʦʚ ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ Prolog [2] 

ʠʣʠ DeepProbLog [3]. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʞʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʦʥʮʝʧʮʠʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʣʦʛʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ. ʀʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʪʘʢʦʛʦ ʨʦʜʘ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʥʝʡʨʦʥʥʳʝ 

ʣʦʛʠʯʝʩʢʠʝ ʤʘʰʠʥʳ (Neural Logic Machines, NLM) [4], ʘ ʪʘʢʞʝ ʣʦʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ (Logical Neural Networks, LNN) [5]. 

 

ʅʝʡʨʦ-ʩʠʤʚʦʣʴʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʳʭ ʩʠʩʪʝʤ 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʳʭ ʩʠʩʪʝʤ, 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʳʝ ʤʦʜʝʣʠ: ʚʦʧʨʦʩʥʦ-

ʦʪʚʝʪʥʳʝ ʩʠʩʪʝʤʳ ʧʦ ʚʠʟʫʘʣʴʥʳʤ ʜʘʥʥʳʤ (Visual Question Answering, VQA) ʠ ʚʦʧʨʦʩʥʦ-

ʦʪʚʝʪʥʳʝ ʩʠʩʪʝʤʳ ʧʦ ʙʘʟʘʤ ʟʥʘʥʠʡ (Knowledge Base Question Answering, KBQA).  

ɺ ʦʙʣʘʩʪʠ VQA ʨʘʟʨʘʙʦʪʢʘ ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʳʭ ʤʦʜʝʣʝʡ ʚʦ ʤʥʦʛʦʤ ʦʪʪʘʣʢʠʚʘʝʪʩʷ 

ʦʪ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. ʇʨʠʤʝʨʦʤ ʜʣʷ ʵʪʦʛʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ CLEVR [6], 



XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊʦʤ 2. 
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ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʘʨʪʠʥʦʢ ʩ ʨʘʟʥʦʮʚʝʪʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʬʠʛʫʨʘʤʠ ʠ ʚʦʧʨʦʩʦʚ ʦʙʱʝʛʦ ʨʦʜʘ, ʢʘʩʘʶʱʠʭʩʷ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʣʠ ʩʚʦʡʩʪʚ. ʊʘʢʘʷ 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʧʨʦʷʚʣʝʥʠʷ ʩʚʦʝʛʦ ʨʦʜʘ ʨʘʩʩʫʜʢʘ ʫ ʤʦʜʝʣʠ, ʪʘʢ ʢʘʢ 

ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦ ʙʫʜʝʪ ʧʨʦʩʪʦ ʥʘʡʪʠ ʥʝʦʙʭʦʜʠʤʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚ ʥʝʢʦʪʦʨʦʡ 

ʠʤʝʶʱʝʡʩʷ ʙʘʟʝ ʜʘʥʥʳʭ ʠʣʠ ʧʨʦʰʣʦʤ ʦʧʳʪʝ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʧʝʨʠʨʦʚʘʥʠʝ ʧʦʥʷʪʠʷʤʠ 

ʚ ʧʨʠʙʣʠʞʝʥʥʦʤ ʢ ʯʝʣʦʚʝʢʫ ʚʠʜʝ. ɺʘʞʥʦʩʪʴ CLEVR ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʷʚʠʪʴ ʧʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʳʭ ʨʝʰʝʥʠʡ ʠ ʧʦʢʘʟʘʪʴ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘʜ ʤʦʜʝʣʷʤʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ.  

The Neuro-Symbolic Concept Learner (NS-CL) [7] ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ 

ʤʦʜʝʣʝʡ, ʩʦʟʜʘʥʥʳʭ ʧʦʜ ʦʧʠʩʘʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ (ʨʠʩ. 1). ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯʠ ʦʧʝʨʘʮʠʡ (ʥʘʧʨʠʤʝʨ, 

ʬʠʣʴʪʨʘʮʠʷ ʠʣʠ ʧʦʜʩʯʸʪ), ʠʟ ʢʦʪʦʨʳʭ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʦʜʘ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʣʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ. ʊʘʢʞʝ ʚ 

ʤʦʜʝʣʠ ʠʟ ʪʝʢʩʪʘ ʚʦʧʨʦʩʘ ʚʳʜʝʣʷʶʪʩʷ ʚʝʢʪʦʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʚ 

ʚʳʙʦʨʢʝ ʟʥʘʯʝʥʠʡ ʘʪʨʠʙʫʪʦʚ (ʮʚʝʪʦʚ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ʠ ʜʨ.), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʙʲʝʢʪʳ ʯʝʨʝʟ ʩʭʦʞʝʩʪʴ ʩ ʠʭ ʚʝʢʪʦʨʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʠ 

ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʚʦʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʝʸ ʣʦʛʠʯʝʩʢʘʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʦ ʩʫʪʠ 

ʟʘʜʘʥʘ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʫʨʦʚʥʝ.  

 

 
 

ʈʠʩ. 1. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʤʦʜʝʣʠ NS-CL ʠʟ [7] 

 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʘʥʥʳʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝ 

ʠ ʜʨʫʛʠʭ ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʥʝʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʝʩʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʦʙʲʝʤʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʜʦ 10% ʦʪ ʧʦʣʥʦʡ ʪʦʯʥʦʩʪʴ 

ʤʦʜʝʣʠ (accuracy) ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ CLEVR ʩʥʠʞʘʝʪʩʷ ʩ 99.6% ʜʦ 98,9%, ʪʦʛʜʘ ʢʘʢ 

ʪʦʯʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. ɹʦʣʝʝ 

ʪʦʛʦ, ʘʚʪʦʨʳ ʬʠʢʩʠʨʫʶʪ ʘʥʘʣʦʛʠʯʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʥʘʯʝʥʠʷ ʤʝʪʨʠʢ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʮʝʥ, ʥʦʚʳʭ ʘʪʨʠʙʫʪʦʚ ʠ ʩʦʯʝʪʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪ ʧʨʠʤʝʨʳ 

ʫʩʧʝʰʥʦʛʦ ʧʝʨʝʥʦʩʘ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʜʨʫʛʠʝ ʩʭʦʞʠʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʫʞʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʠʤʝʶʪʩʷ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʡ ʚ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʝʣʷʤ ʧʦʩʪʨʦʝʥʠʷ ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʳʭ ʤʦʜʝʣʝʡ.  

ɼʨʫʛʠʤ ʪʘʢʠʤ ʧʨʠʤʝʨʦʤ ʫʞʝ ʠʟ ʢʦʥʪʝʢʩʪʘ KBQA ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʘʢʪʫʘʣʴʥʘʷ 

ʨʘʟʨʘʙʦʪʢʘ ʦʪ ʢʦʤʧʘʥʠʠ IBM ï ʤʦʜʝʣʴ Neuro-Symbolic Question Answering (NSQA) [8]. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʳʤ ʤʦʜʝʣʷʤ ʩʪʨʫʢʪʫʨʫ, ʪʘʢ ʢʘʢ 

ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ 

ʩʦʙʩʪʚʝʥʥʫʶ ʟʘʜʘʯʫ (ʨʠʩ. 2).  

 ʇʝʨʚʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʙʘʟʳ ʟʥʘʥʠʡ ʚ ʚʠʜʝ ʢʦʨʧʫʩʘ PropBank ʠ DBpedia 

ʚʳʷʚʣʷʝʪ ʩʫʱʥʦʩʪʠ ʠʟ ʚʦʧʨʦʩʘ ʠ ʦʪʨʘʞʘʝʪ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʚ ʬʦʨʤʝ ʛʨʘʬʘ. ɺʪʦʨʦʡ 

ʵʣʝʤʝʥʪ NSQA ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʬʦʨʤʠʨʫʝʪ ʧʦʜʛʨʘʬ DBpedia, ʠʩʢʣʶʯʘʷ ʠʟʙʳʪʦʯʥʳʝ ʩʚʷʟʠ 

ʠ ʥʘʭʦʜʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʜʣʷ ʩʫʱʥʦʩʪʝʡ ʠ ʦʪʥʦʰʝʥʠʡ. 

ʆʪʜʝʣʴʥʦʛʦ ʨʘʟʙʦʨʘ ʟʘʩʣʫʞʠʚʘʝʪ ʤʦʜʝʣʴ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʚ ʩʠʩʪʝʤʝ - LNN. ʉ ʝʝ 

ʧʦʤʦʱʴʶ ʠʩʭʦʜʥʳʡ ʚʦʧʨʦʩ ʠʟ ʧʦʜʛʨʘʬʘ DBpedia ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʣʦʛʠʯʝʩʢʦʝ 
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ʚʳʨʘʞʝʥʠʝ, ʘ ʟʘʪʝʤ ʠ ʚ SPARQL ʟʘʧʨʦʩ ʢ ʧʦʣʥʦʤʫ ʛʨʘʬʫ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʠʩʢʦʤʦʤʫ 

ʦʪʚʝʪʫ. ʂ ʢʣʶʯʝʚʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʵʪʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʚ 

ʷʚʥʦʤ ʚʠʜʝ ʦʙʫʯʘʪʴ ʧʦ ʚʳʙʦʨʢʝ ʵʣʝʤʝʥʪʳ ʣʦʛʠʯʝʩʢʦʡ ʬʦʨʤʫʣʳ ʚ ʨʘʤʢʘʭ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 

ʨʝʰʘʷ ʧʨʦʙʣʝʤʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʫʯʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʘʚʠʣ ʚʳʚʦʜʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʤʦʜʝʣʠ, ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʩʝʪʠ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʚʳʚʦʜ ʦʧʨʝʜʝʣʷʝʪ ʝʸ ʣʦʛʠʯʝʩʢʫʶ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʨʘʤʢʘʭ LNN ʠʩʪʠʥʥʦʩʪʴ ʪʝʨʤʦʚ ʬʦʨʤʫʣʳ ʟʘʜʘʝʪʩʷ ʠʥʪʝʨʚʘʣʴʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʨʘʟʠʪʴ 

ʩʪʝʧʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʚʳʚʦʜʝ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝʧʦʣʥʦʪʫ ʠʤʝʶʱʠʭʩʷ 

ʟʥʘʥʠʡ. 

ʉʠʩʪʝʤʘ NSQA ʪʝʩʪʠʨʦʚʘʣʘʩʴ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʳʭ ʩʠʩʪʝʤ ʩ 

ʧʦʤʦʱʴʶ DBpedia, ʘ ʠʤʝʥʥʦ QALD-9 ʠ LC-QuAD 1.0, ʜʦʩʪʠʛʥʫʚ ʥʘ ʥʠʭ state-of-the-art 

ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʟʥʘʯʝʥʠʶ F1 ʤʝʪʨʠʢʠ. ʇʨʠ ʵʪʦʤ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʤʦʜʝʣʠ 

ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʚʣʝʢʘʪʴ ʜʨʫʛʠʝ ʙʘʟʳ ʟʥʘʥʠʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʥʪʝʢʩʪʘ ʚʦʧʨʦʩʘ. 

 

 
 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʤʦʜʝʣʠ NSQA ʠʟ [8] 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʧʨʠʤʝʨʦʚ ʠʟ ʦʙʣʘʩʪʠ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʳʭ ʩʠʩʪʝʤ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʚʘʞʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʛʦʚʦʨʠʪʴ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʤʦʜʝʣʝʡ ʠ ʜʦʣʞʥʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʦʩʪʫ ʯʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʛʨʝʩʩʘ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ, ʩʧʦʩʦʙʥʳʭ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠʤʝʥʷʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʯʪʦ 

ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʚ ʤʦʜʝʣʠ ʣʦʛʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ NS-CL ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʪʨʝʥʠʨʦʚʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʠʟ ʦʙʣʘʩʪʠ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ REINFORCE. 

ʊʘʢʞʝ ʩʦʚʤʝʱʝʥʠʝ ʩʠʤʚʦʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʢʘ ʝʱʝ ʥʝ ʧʦʟʚʦʣʠʣʦ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʨʝʦʜʦʣʝʪʴ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ 

ʝʛʦ ʦʛʨʘʥʠʯʝʥʠʡ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʨʘʙʦʪʢʠ ʧʨʘʚʠʣ ʜʣʷ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. ʕʪʦ 
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ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʭ ʧʨʘʚʠʣ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʣʠʟʘʮʠʡ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʪʨʫʜʥʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʘʧʪʠʨʦʚʘʪʴ ʤʦʜʝʣʠ ʧʦʜ ʜʨʫʛʠʝ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʥʝʣʴʟʷ ʥʝ ʧʦʜʯʝʨʢʥʫʪʴ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʨʘʟʨʘʙʦʪʢʦʡ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ, 

ʪʘʢʠʭ ʢʘʢ LNN.  

ɸʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʧʨʦʜʚʠʞʝʥʠʷ  

ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʳʭ ʤʦʜʝʣʝʡ ʪʘʢʞʝ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʘ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʘʢʮʝʥʪʠʨʦʚʘʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʝʡʨʦ-ʩʠʤʚʦʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨ ʠ ʨʝʰʝʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ 

ʣʠʯʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʦ ʚʠʟʫʘʣʴʥʳʤ ʜʘʥʥʳʤ. ɺ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʣʝʞʘʪ 

ʥʝʡʨʦʩʝʪʝʚʳʝ ʧʨʠʟʥʘʢʠ ʠ ʤʫʣʴʪʠʟʘʜʘʯʥʘʷ ʨʝʢʫʨʨʝʥʪʥʘʷ ʥʝʡʨʦʩʝʪʴ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʧʷʪʠ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ ʣʠʯʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤ ʢʦʨʧʫʩʝ First Impression V2. ʅʘ ʚʘʣʠʜʘʮʠʦʥʥʦʡ ʠ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʘʭ 

ʢʦʨʧʫʩʘ First Impression V2 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʪʦʯʥʦʩʪʴ 0,9148 ʠ 0,9137, ʯʪʦ ʧʨʝʚʦʩʭʦʜʠʪ 

ʠʟʚʝʩʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʇʝʨʩʦʥʘʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʣʠʯʥʦʩʪʠ, ʵʤʦʮʠʠ, ʚʠʟʫʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʨʝʢʫʨʨʝʥʪʥʘʷ ʥʝʡʨʦʩʝʪʴ, 

ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʩʝʪʴ, ʥʝʡʨʦʩʝʪʝʚʳʝ ʧʨʠʟʥʘʢʠ 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʧʦʚʝʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʫʜʝʣʷʝʪʩʷ 

ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʨʝʤʣʝʥʠʝʤ ʯʝʣʦʚʝʢʘ ʥʘʫʯʠʪʴ 

ʤʘʰʠʥʳ ʧʦʥʠʤʘʪʴ ʥʘʤʝʨʝʥʠʷ ʜʨʫʛʦʛʦ ʯʝʣʦʚʝʢʘ, ʝʛʦ ʧʨʝʜʧʦʯʪʝʥʠʷ, ʠʥʪʝʨʝʩʳ ʠ ʪ.ʜ. 

ɸʬʬʝʢʪʠʚʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ï ʵʪʦ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʝʝʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʀʤʝʥʥʦ ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ 

ʩʠʩʪʝʤʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ, 

ʚʢʣʶʯʘʷ ʦʮʝʥʢʫ ʝʛʦ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ ʣʠʯʥʦʩʪʠ (ʇʂʃʏ). ʊʘʢ, ʇʂʃʏ ʦʪʨʘʞʘʶʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʤʳʩʣʷʭ, ʯʫʚʩʪʚʘʭ ʠ ʧʦʚʝʜʝʥʠʠ ʣʶʜʝʡ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ 

ʩʠʩʪʝʤʳ ʜʣʷ ʦʮʝʥʠʚʘʷ ʇʂʃʏ ʫʞʝ ʩʝʡʯʘʩ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʢʘʢ: 

ʤʘʨʢʝʪʠʥʛ, ʨʝʢʨʫʪʠʥʛ, ʢʨʠʤʠʥʘʣʠʩʪʠʢʘ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʠ ʤʝʜʠʮʠʥʘ, ʦʙʨʘʟʦʚʘʥʠʝ [1].  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ ʦʮʝʥʠʚʘʥʠʶ ʇʂʃʏ, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʷʪʠʬʘʢʪʦʨʥʘʷ ʤʦʜʝʣʴ OCEAN, ʢʦʪʦʨʘʷ ʚʳʜʝʣʷʝʪ 

ʧʷʪʴ ʢʘʯʝʩʪʚ: 

1. ʆʪʢʨʳʪʦʩʪʴ ʦʧʳʪʫ (ʆʆ) ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʯʝʣʦʚʝʢʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ 

ʣʶʙʦʧʳʪʥʦʩʪʠ, ʠʥʪʝʣʣʝʢʪʘ. 

2. ɼʦʙʨʦʞʝʣʘʪʝʣʴʥʦʩʪʴ (ɼɾ) ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʯʝʣʦʚʝʢʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʠ. 

3. ʕʢʩʪʨʘʚʝʨʩʠʷ (ʕɺ) ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʯʝʣʦʚʝʢʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ 

ʦʙʱʠʪʝʣʴʥʦʩʪʠ, ʵʥʝʨʛʠʯʥʦʩʪʠ. 

4. ɼʦʙʨʦʩʦʚʝʩʪʥʦʩʪʴ (ɼʉ) ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʯʝʣʦʚʝʢʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʡʪʠ ʢ ʩʦʛʣʘʩʠʶ, ʥʘʜʝʞʥʦʩʪʠ. 

5. ʅʝʛʘʪʠʚʥʘʷ ʵʤʦʮʠʦʥʘʣʴʥʦʩʪʴ (ʅʕ) ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʯʝʣʦʚʝʢʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ 

ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. 
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ʆʮʝʥʢʘ ʢʘʞʜʦʛʦ ʠʟ ʧʷʪʠ ʢʘʯʝʩʪʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ [0, 1]. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʢʘʞʜʦʝ ʢʘʯʝʩʪʚʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʩʦʢʦʛʦ (ʚʳʰʝ 0,5) ʠ ʥʠʟʢʦʛʦ 

(ʥʠʞʝ 0,5) ʧʦʢʘʟʘʪʝʣʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʙʣʘʜʘʪʝʣʠ ʚʳʩʦʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʢʘʯʝʩʪʚʘ ʆʆ 

ʩʯʠʪʘʶʪʩʷ ʪʚʦʨʯʝʩʢʠʤʠ ʣʶʜʴʤʠ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʧʝʨʝʥʦʩʷʪ ʩʶʨʧʨʠʟʳ ʩʫʜʴʙʳ. ʅʠʟʢʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʵʪʦʛʦ ʢʘʯʝʩʪʚʘ ʛʦʚʦʨʠʪ ʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʥʝ ʩʢʣʦʥʥʦʛʦ ʢ ʨʠʩʢʫ, 

ʧʨʝʜʧʦʯʠʪʘʶʱʝʛʦ ʧʨʠʚʳʯʥʳʡ ʫʢʣʘʜ ʞʠʟʥʠ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʦ ʚʩʝʤʠ ʢʘʯʝʩʪʚʘʤʠ ʤʦʞʥʦ 

ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ [2]. 

ʉʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʮʝʥʠʚʘʥʠʷ ʇʂʃʏ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʢʦʨʧʫʩʦʚ. ʇʦʵʪʦʤʫ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʳ ʙʦʣʝʝ 10 ʢʦʨʧʫʩʦʚ 

ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʦʨʧʫʩʘ ʚ ʦʩʥʦʚʥʦʤ 

ʦʪʣʠʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

¶ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʚʣʝʯʝʥʥʳʭ ʠʥʬʦʨʤʘʥʪʦʚ, 

¶ ʚʦʟʨʘʩʪʥʳʤ ʜʠʘʧʘʟʦʥ ʠʥʬʦʨʤʘʥʪʦʚ, 

¶ ʦʭʚʘʪʦʤ ʤʦʜʘʣʴʥʦʩʪʝʡ (ʘʫʜʠʦ, ʚʠʜʝʦ, ʪʝʢʩʪ, ʙʠʤʦʜʘʣʴʥʳʝ, ʤʥʦʛʦʤʦʜʘʣʴʥʳʝ), 

¶ ʫʩʣʦʚʠʷʤʠ ʟʘʧʠʩʠ (ʣʘʙʦʨʘʪʦʨʥʳʝ, ʥʘʪʫʨʥʳʝ), 

¶ ʩʧʦʩʦʙ ʦʮʝʥʠʚʘʥʠʷ (ʩʘʤʦʦʮʝʥʢʘ ʠʣʠ ʦʮʝʥʢʘ ʢʦʣʣʝʛ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʭʦʞʜʝʥʠʷ 

ʦʧʨʦʩʥʠʢʦʚ, ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʜʚʫʭ ʠʥʬʦʨʤʘʥʪʦʚ ʥʘ ʧʨʝʜʤʝʪ ʥʘʣʠʯʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʫ ʦʜʥʦʛʦ ʠʟ ʥʠʭ). 

ʀʤʝʥʥʦ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʚʝʯʘʶʪ ʟʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴ ʢʦʨʧʫʩʘ. ɺ ʵʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʚʳʙʨʘʥ ʢʦʨʧʫʩ First Impression V2 [3], ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʤ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʙʦʣʝʝ ʯʝʤ 3000 ʠʥʬʦʨʤʘʥʪʦʚ ʚ ʚʦʟʨʘʩʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 11 ʜʦ 60 ʣʝʪ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʢʦʨʧʫʩʘ.  

 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʜʘʥʥʳʝ 

ʂʦʨʧʫʩ First Impression V2 ʩʦʙʠʨʘʣʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʜʝʦʭʦʩʪʠʥʛʘ YouTube. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʜʦʩʪʫʧʥʦ ʪʨʠ ʤʦʜʘʣʴʥʦʩʪʠ: ʘʫʜʠʦ, ʚʠʜʝʦ ʠ ʪʝʢʩʪ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʫʜʠʦʚʠʟʫʘʣʴʥʳʭ ʟʘʧʠʩʝʡ ʩʦʩʪʘʚʠʣʦ 10000. ʉʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʩʝʭ ʟʘʧʠʩʝʡ ʚ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʢʦʨʧʫʩʝ ï 15 ʩʝʢʫʥʜ. ʄʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ                  

(FPS) ï 7, ʤʘʢʩʠʤʘʣʴʥʘʷ ï 30. ɿʘʧʠʩʠ ʧʦʜʝʣʝʥʳ ʥʘ ʚʳʙʦʨʢʠ: ʦʙʫʯʘʶʱʘʷ ʩʦʜʝʨʞʠʪ 6000 

ʟʘʧʠʩʝʡ, ʚʘʣʠʜʘʮʠʦʥʥʘʷ ʠ ʪʝʩʪʦʚʘʷ ï ʧʦ 2000 ʟʘʧʠʩʝʡ. ɼʣʷ ʘʥʥʦʪʘʮʠʠ ʢʦʨʧʫʩʘ 

ʧʨʠʚʣʝʢʘʣʦʩʴ 2500 ʵʢʩʧʝʨʪʦʚ. ʂʘʞʜʳʡ ʵʢʩʧʝʨʪ ʘʥʥʦʪʠʨʦʚʘʣ ʧʘʨʫ ʠʟ ʜʚʫʭ ʠʥʬʦʨʤʘʥʪʦʚ 

ʥʘ ʧʨʝʜʤʝʪ ʥʘʣʠʯʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʫ ʦʜʥʦʛʦ ʠʟ ʥʠʭ. 10000 ʟʘʧʠʩʝʡ ʜʝʣʠʣʠʩʴ ʥʘ 

ʙʦʣʝʝ ʯʝʤ 300000 ʥʝʧʦʚʪʦʨʷʶʱʠʭʩʷ ʧʘʨ. ɿʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ Bradley-Terry-Luce 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʦʮʝʥʢʠ ʚ ʜʠʘʧʘʟʦʥʝ [1]. 

 

ʉʨʘʚʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʂʦʨʧʫʩ First Impression V2 ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʇʂʃʏ. ʇʨʠ ʵʪʦʤ ʠʟ ʚʩʝʭ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ [4, 5], ʢʦʪʦʨʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʪʦʯʥʦʩʪʴ. ɺ ʨʘʙʦʪʘʭ ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʝʪʦʜʳ ʜʣʷ 

ʘʥʘʣʠʟʘ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʘʣʴʥʦʩʪʝʡ (ʘʫʜʠʦ, ʚʠʜʝʦ ʠ ʪʝʢʩʪ). ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʤʝʪʦʜʳ ʜʣʷ ʘʥʘʣʠʟʘ ʚʠʜʝʦʜʘʥʥʳʭ ʧʦ ʣʠʮʫ. 

ɺ ʨʘʙʦʪʝ [4] ʘʚʪʦʨʳ ʢʦʤʙʠʥʠʨʫʶʪ ʥʝʡʨʦʩʝʪʝʚʳʝ ʠ ʵʢʩʧʝʨʪʥʳʝ ʧʨʠʟʥʘʢʠ. ɼʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʨʠʟʥʘʢʦʚ, ʘʚʪʦʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʘʶʪ ʥʝʡʨʦʩʝʪʴ VGG-

Face ʟʘʜʘʯʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ. ʕʢʩʧʝʨʪʥʳʝ ʧʨʠʟʥʘʢʠ 

ʠʟʚʣʝʢʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʣʦʢʘʣʴʥʳʭ ʙʠʥʘʨʥʳʭ ʰʘʙʣʦʥʦʚ ɻʘʙʦʨʘ ʠʟ ʪʨʝʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʧʣʦʩʢʦʩʪʝʡ (Local Gabor Binary Patterns from Three Orthogonal Planes). ʇʨʠʟʥʘʢʠ 

ʠʟʚʣʝʢʘʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʜʨʘ ʚ ʚʠʜʝʦ. ɿʘʪʝʤ ʜʣʷ ʚʩʝʛʦ ʚʠʜʝʦ ʠʟ n-ʚʝʢʪʦʨʦʚ ʧʨʠʟʥʘʢʦʚ 

ʚʳʯʠʩʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, 

ʩʤʝʱʝʥʠʝ, ʥʘʢʣʦʥ ʠ ʢʨʠʚʠʟʥʘ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʨʝʤʝʥʥʦʡ ʢʦʥʪʝʢʩʪ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʥʝʡʨʦʩʝʪʝʚʳʭ ʠ ʨʫʯʥʳʭ ʧʨʠʟʥʘʢʦʚ, 

ʦʙʲʝʜʠʥʷʝʪʩʷ ʚ ʦʜʠʥ ʚʝʢʪʦʨ ʠ ʧʦʜʘʝʪʩʷ ʥʘ ʤʘʰʠʥʫ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ 
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ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʤ ʷʜʨʦʤ (Multi-Modal Kernel Extreme Learning Machine) ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʦʮʝʥʠʚʘʥʠʷ ʧʷʪʠ ʇʂʃʏ, ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʯʥʦʩʪʴ 0,9143 ʥʘ 

ʚʘʣʠʜʘʮʠʦʥʥʦʡ ʚʳʙʦʨʢʝ ʢʦʨʧʫʩʘ First Impression V2. ʈʝʰʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʜʚʫʭ 

ʥʘʙʦʨʦʚ ʧʨʠʟʥʘʢʦʚ ʷʚʣʷʝʪʩʷ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʦʯʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʧʦʚʳʰʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʘʚʪʦʨʳ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʫʯʠʪʳʚʘʶʪ ʵʤʦʮʠʦʥʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʣʠʮʝ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʇʂʃʏ, ʧʦʩʢʦʣʴʢʫ 

ʠʤʝʥʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʠ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʘ ʩʪʠʤʫʣʳ 

ʦʪʚʝʯʘʝʪ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʯʝʩʪʚ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ [5] ʠʩʧʦʣʴʟʫʶʪ ʩʚʝʨʪʦʯʥʫʶ (ResNet v2 101) ʠ ʨʝʢʫʨʨʝʥʪʥʫʶ (Long 

Short-Term Memory, LSTM) ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʨʠʟʥʘʢʦʚ. ɺ 

ʤʝʪʦʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʘʶʪʩʷ 5 ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʜʝʣʝʡ (ʦʜʥʘ ʤʦʜʝʣʴ ʥʘ ʦʜʥʦ 

ʢʘʯʝʩʪʚʦ) ʟʘʜʘʯʝ ʦʮʝʥʠʚʘʥʠʷ ʇʂʃʏ. ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʦʙʫʯʝʥʠʷ, ʘʚʪʦʨʳ ʚʳʧʦʣʥʷʶʪ 

ʧʦʵʪʘʧʥʦʝ ʩʣʠʷʥʠʝ 5 ʤʦʜʝʣʝʡ: 1) ʟʘʤʦʨʘʞʠʚʘʶʪ ʩʚʝʨʪʦʯʥʳʝ ʩʣʦʠ ʚ ʢʘʞʜʦʡ ʠʟ ʤʦʜʝʣʝʡ; 

2) ʫʜʘʣʷʶʪ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʩʣʦʠ ʚ ʢʘʞʜʦʡ ʠʟ ʤʦʜʝʣʝʡ; 3) ʦʙʲʝʜʠʥʷʶʪ ʥʝʡʨʦʩʝʪʝʚʳʝ 

ʧʨʠʟʥʘʢʠ ʧʝʨʝʜ ʨʝʛʨʝʩʩʠʦʥʥʳʤ ʩʣʦʝʤ ʚ ʦʜʠʥ ʚʝʢʪʦʨ; 4) ʧʦʜʘʶʪ ʦʙʲʝʜʠʥʝʥʥʳʡ ʚʝʢʪʦʨ 

ʧʨʠʟʥʘʢʦʚ ʧʦ ʚʩʝʤ ʢʘʯʝʩʪʚʘʤ ʥʘ ʧʦʣʥʦʩʚʷʟʥʫʶ ʥʝʡʨʦʩʝʪʴ ʩ ʤʦʜʫʣʝʤ ʚʥʠʤʘʥʠʷ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʜʦʦʙʫʯʝʥʠʷ 5 LSTM ʠ 1 ʧʦʣʥʦʩʚʷʟʥʦʡ ʥʝʡʨʦʩʝʪʝʡ. ʆʮʝʥʠʚʘʥʠʝ ʇʂʃʏ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʧʝʨʚʳʤ 8 ʩʝʢʫʥʜʘʤ ʚʠʜʝʦ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʜʦʩʪʠʛʘʝʪʩʷ 

ʪʦʯʥʦʩʪʴ 0,9130 ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ ʢʦʨʧʫʩʘ First Impression V2. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʤʝʪʦʜʝ ʩʣʦʞʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ. ʇʨʠ 

ʵʪʦʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʤʝʪʦʜʘ ʚʨʝʤʝʥʥʦʡ ʢʦʥʪʝʢʩʪ ʠʟʫʯʘʝʪʩʷ ʥʝ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʩʪʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʩ ʧʦʤʦʱʴʶ ʨʝʢʫʨʨʝʥʪʥʦʡ 

ʥʝʡʨʦʩʝʪʠ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʠ ʥʝʜʦʩʪʘʪʢʘʭ ʤʝʪʦʜʦʚ [4, 5] ʚ ʪʝʢʫʱʝʡ ʩʪʘʪʴʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ ʦʮʝʥʠʚʘʷ ʇʂʃʏ. 

 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʦʮʝʥʠʚʘʥʠʷ ʇʂʃʏ 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ 

ʦʮʝʥʠʚʘʥʠʷ ʇʂʃʏ. 

ʀʟ ʨʠʩʫʥʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʚʭʦʜ ʤʝʪʦʜʘ ʧʦʜʘʝʪʩʷ ʚʠʜʝʦ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʪ ʜʝʣʝʥʠʝ ʚʠʜʝʦ ʥʘ ʩʝʛʤʝʥʪʳ M. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʘʜʨʦʚ N, ʢʦʣʠʯʝʩʪʚʦ ʩʝʛʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʝ. ʊʘʢ, ʝʩʣʠ ʚʠʜʝʦ ʠʤʝʝʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 15 ʩʝʢʫʥʜ ʧʨʠ FPS = 30, ʜʣʠʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ 2 ʩʝʢʫʥʜʳ ʩ 

ʫʯʝʪʦʤ ʧʝʨʝʩʝʯʝʥʠʷ ʚ 1 ʩʝʢʫʥʜʫ ʧʦʣʫʯʠʪʩʷ 16 ʩʝʛʤʝʥʪʦʚ ʧʦ 10 ʢʘʜʨʦʚ ʚ ʢʘʞʜʦʤ. ɽʩʣʠ ʚ 

ʩʝʛʤʝʥʪʘʭ ʢʦʣʠʯʝʩʪʚʦ ʢʘʜʨʦʚ ʤʝʥʴʰʝ 10, ʪʦ ʧʦʩʣʝʜʥʠʡ ʢʘʜʨ ʜʫʙʣʠʨʫʝʪʩʷ ʜʦ ʥʫʞʥʦʡ 

ʜʣʠʥʳ. ɸʥʘʣʦʛʠʯʥʦ, ʧʨʠ ʜʣʠʥʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 4 ʩʝʢʫʥʜʳ, ʢʦʣʠʯʝʩʪʚʦ ʩʝʛʤʝʥʪʦʚ = 

8 (20 ʢʘʜʨʦʚ ʚ ʢʘʞʜʦʤ). ɼʣʷ 6 ʩʝʢʫʥʜ ï 4 ʩʝʛʤʝʥʪʘ (30 ʢʘʜʨʦʚ ʚ ʢʘʞʜʦʤ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ ʨʝʢʫʨʨʝʥʪʥʦʡ ʥʝʡʨʦʩʝʪʠ ʧʦ ʚʩʝʤ ʚʠʜʝʦ FPS ʩʥʠʞʘʝʪʩʷ 

ʜʦ 5. ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʵʪʘʧ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʜʨʘ ʚ ʩʝʛʤʝʥʪʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʣʦʢʘʣʠʟʫʝʪʩʷ ʦʙʣʘʩʪʴ ʣʠʮʘ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʝʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʜʦ ʨʘʟʨʝʰʝʥʠʷ 

224Ĭ224 ʧʠʢʩʝʣʝʡ. ʀʟʚʣʝʯʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʨʠʟʥʘʢʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

AffWild2 -EE, ʧʨʝʜʣʦʞʝʥʥʦʤ ʚ ʨʘʙʦʪʝ [6]. ɼʣʷ ʦʮʝʥʠʚʘʥʠʷ ʇʂʃʏ ʠʩʧʦʣʴʟʫʝʪʩʷ LSTM ʠ 

ʧʦʣʥʦʩʚʷʟʥʘʷ ʥʝʡʨʦʩʝʪʠ ʥʘ ʫʨʦʚʥʝ ʩʝʛʤʝʥʪʦʚ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʇʂʃʏ 

ʫʩʨʝʜʥʷʶʪʩʷ ʜʣʷ ʚʩʝʭ ʩʝʛʤʝʥʪʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʠʚʘʥʠʝ ʇʂʃʏ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʡ ʤʫʣʴʪʠʟʘʜʘʯʥʦʡ LSTM ʤʦʜʝʣʠ ʜʣʷ ʧʷʪʠ ʢʘʯʝʩʪʚ, ʧʨʠ 

ʵʪʦʤ ʠʟʚʣʝʯʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʡ ʤʦʜʝʣʠ AffWild2-EE, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

AffWild2 -EE ʙʳʣʘ ʦʙʫʯʝʥʘ ʠʟʚʣʝʯʝʥʠʶ ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʦ ʣʠʮʫ, ʯʪʦ 

ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʘʯʝʩʪʚ. 
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ʈʠʩʫʥʦʢ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʠʚʘʥʠʷ ʇʂʃʏ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʇʦʩʢʦʣʴʢʫ ʦʮʝʥʢʠ ʇʂʃʏ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ [1], ʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʪʦʜʦʚ ʠʭ ʦʮʝʥʠʚʘʥʠʷ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʨʝʛʨʝʩʩʠʠ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʪʦʯʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʜʣʷ ʢʦʨʧʫʩʘ First Impression V2. 

ʊʦʯʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

 

 ὓὃὉ В ȿὸ ὴȿ,                                             (1) 

 

 ὃὧὧόὶὥὧώρ ὓὃὉ,                                            (2) 

 

ʛʜʝ ὔ ï ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʜʥʦʤʫ ʠʟ ʧʷʪʠ ʢʘʯʝʩʪʚ; ὸ ï ʮʝʣʝʚʘʷ 

ʦʮʝʥʢʘ (ʚʳʯʠʩʣʝʥʥʘʷ ʵʢʩʧʝʨʪʘʤʠ ʜʣʷ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʢʦʨʧʫʩʘ, ʮʝʣʝʚʳʝ 

ʦʮʝʥʢʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʵʪʘʣʦʥʦʤ) ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ Ὥ, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʦʜʥʦʤʫ ʠʟ ʧʷʪʠ 
ʢʘʯʝʩʪʚ; ὴ ï ʧʨʦʛʥʦʟʥʘʷ ʦʮʝʥʢʘ (ʚʳʯʠʩʣʝʥʥʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʘʣʛʦʨʠʪʤʦʤ) ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ Ὥ, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʦʜʥʦʤʫ ʠʟ ʧʷʪʠ ʢʘʯʝʩʪʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʥʦʡ ʜʣʠʥʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 2, 3 ʠ 4 

ʩʝʢʫʥʜʳ. ʊʘʢʞʝ ʧʨʠʤʝʥʷʣʠʩʴ ʜʚʝ ʪʝʭʥʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʘ ʠʤʝʥʥʦ: ʬʠʢʩʠʨʦʚʘʥʥʘʷ 

ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ; ʢʦʩʠʥʫʩʥʳʡ ʦʪʞʠʛ (Cosine Annealing) ʩ ʭʦʣʦʜʥʳʤ ʧʝʨʝʟʘʧʫʩʢʦʤ [7]. 
 

ʊʘʙʣʠʮʘ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

 
ɼʣʠʥʘ 

ʧʦʩʣʝʜ. 
ʊʝʭʥʠʢʘ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʊʦʯʥʦʩʪʴ ʉʨʝʜʥʷʷ 

ʪʦʯʥʦʩʪʴ ʆʆ ɼʉ ʕɺ ɼɾ ʅʕ 

ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʚʘʣʠʜʘʮʠʦʥʥʦʡ ʚʳʙʦʨʢʠ ʢʦʨʧʫʩʘ First Impression V2 

2 ʩʝʢʫʥʜʳ  

ʌʠʢʩʠʨʦʚʘʥʥʘʷ ʩʢʦʨʦʩʪʴ 

ʦʙʫʯʝʥʠʷ 0,9131 0,9120 0,9152 0,9158 0,9100 0,9132 

ʂʦʩʠʥʫʩʥʳʡ ʦʪʞʠʛ 

0,9136 0,9148 0,9166 0,9172 0,9119 0,9148 

4 ʩʝʢʫʥʜʳ 0,9118 0,9148 0,9147 0,915 0,9099 0,9132 

6 ʩʝʢʫʥʜ 0,9092 0,9123 0,9111 0,9128 0,9068 0,9105 

ʄʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [4] 0,9134 0,9125 0,9185 0,9144 0,9124 0,9143 
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ʧʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 

ɼʣʠʥʘ 

ʧʦʩʣʝʜ. 

ʊʝʭʥʠʢʘ ʩʥʠʞʝʥʠʷ 

ʩʢʦʨʦʩʪʠ 

ʊʦʯʥʦʩʪʴ ʉʨʝʜʥʷʷ 

ʪʦʯʥʦʩʪʴ ʆʆ ɼʉ ʕɺ ɼɾ ʅʕ 

ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ ʢʦʨʧʫʩʘ First Impression V2 

2 ʩʝʢʫʥʜʳ  

ʌʠʢʩʠʨʦʚʘʥʥʘʷ 

ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ 
0,9107 0,9161 0,9158 0,9111 0,9097 

0,9127 

ʂʦʩʠʥʫʩʥʳʡ ʦʪʞʠʛ 

0,9117 0,9167 0,9170 0,9124 0,9108 0,9137 

4 ʩʝʢʫʥʜʳ 0,9108 0,9170 0,9151 0,9106 0,9098 0,9127 

6 ʩʝʢʫʥʜ 0,9091 0,9125 0,9136 0,9101 0,9081 0,9107 

ʄʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [5] 0,9124 0,9135 0,9146 0,9144 0,9101 0,9130 

 

ʀʟ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʠʚʘʥʠʷ ʇʂʃʏ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ 

ʩʨʝʜʥʝʡ ʪʦʯʥʦʩʪʠ ʩʨʘʚʥʠʚʘʝʤʳʝ ʤʝʪʦʜʳ [4, 5]. ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʩʠʥʫʩʥʦʛʦ ʦʪʞʠʛʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʚʳʰʘʝʪ ʧʨʠʨʦʩʪ ʢʘʢ ʩʨʝʜʥʝʡ ʪʦʯʥʦʩʪʠ ʧʦ 

ʚʩʝʤ 5 ʢʘʯʝʩʪʚʘʤ, ʪʘʢ ʠ ʪʦʯʥʦʩʪʠ ʧʦ ʢʘʞʜʦʤʫ ʢʘʯʝʩʪʚʫ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʪʦʯʥʦʩʪʴ 

ʦʮʝʥʠʚʘʷ ʇʂʃʏ. ʊʘʢʦʡ ʵʬʬʝʢʪ, ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʥʝʡʨʦʩʝʪʠ çʞʘʜʥʳè ʥʘ ʜʘʥʥʳʝ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʝʦ 

ʩʝʛʤʝʥʪʦʚ, ʘ ʟʥʘʯʠʪ ʠ ʦʙʲʝʤ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʮʝʥʠʚʘʥʠʷ ʇʂʃʏ ʧʦ ʚʠʟʫʘʣʴʥʳʤ ʜʘʥʥʳʤ. ɺ ʦʩʥʦʚʝ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʣʝʞʘʪ ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʩʝʪʴ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʵʤʦʮʠʦʥʘʣʴʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʠ ʤʥʦʛʦʟʘʜʘʯʥʘʷ ʨʝʢʫʨʨʝʥʪʥʘʷ ʥʝʡʨʦʩʝʪʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʢʦʥʪʝʢʩʪʘ 

ʥʘ ʫʨʦʚʥʝ ʚʠʜʝʦ ʩʝʛʤʝʥʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʯʝʩʪʚ. ʉ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʜʦʩʪʠʛʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ ʪʦʯʥʦʩʪʠ ʜʣʷ ʚʘʣʠʜʘʮʠʦʥʥʦʡ ʠ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʦʢ ʢʦʨʧʫʩʘ First 

Impression V2. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʦʮʝʥʠʚʘʷ ʇʂʃʏ 

ʧʦ ʘʢʫʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ʆʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ 

ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ ʦʮʝʥʠʚʘʥʠʷ ʇʂʃʏ. 
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ɸʥʥʦʪʘʮʠʷ 

ʉʝʤʘʥʪʠʯʝʩʢʦʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʦʙʨʘʟʘ ʢʨʝʘʪʠʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʢ ʦʜʠʥ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʟʜʘʥʠʷ ʦʙʨʘʟʘ ʤʝʩʪʘ ʦʧʨʝʜʝʣʷʝʪ ʢʦʤʤʫʥʠʢʘʪʠʚʥʫʶ ʤʦʜʝʣʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʩʝʪʠʪʝʣʷʤʠ, ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʦʩʧʨʠʷʪʠʝ ʠʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʩʫʙʲʝʢʪʠʚʥʦʡ 

ʩʝʤʘʥʪʠʢʠ ʜʣʷ ʘʥʘʣʠʟʘ ʚʦʩʧʨʠʷʪʠʷ ʚʠʟʫʘʣʴʥʦ-ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʙʨʘʟʘ 

ʢʨʝʘʪʠʚʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʧʦʩʝʪʠʪʝʣʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɻʦʨʦʜʩʢʦʝ ʢʨʝʘʪʠʚʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʦʙʨʘʟ ʢʨʝʘʪʠʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʩʫʙʲʝʢʪʠʚʥʘʷ ʩʝʤʘʥʪʠʢʘ, ʧʩʠʭʦʣʠʥʛʚʠʩʪʠʢʘ, ʛʦʨʦʜʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ʇʦʩʪʨʦʝʥʠʝ ʦʙʨʘʟʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʩʦʮʠʘʣʴʥʳʤ 

ʢʦʥʩʪʨʫʢʪʠʚʠʟʤʦʤ, ʟʘʢʣʶʯʘʶʱʠʤʩʷ ʚ ʩʦʟʜʘʥʠʠ ʩʦʮʠʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠ ʩʦʮʠʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʂʦʥʮʝʧʮʠʶ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʤʠʢʨʦʩʦʮʠʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʪ.ʢ. ʧʦʤʠʤʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʪʠʣʝʦʙʨʘʟʫʶʱʝʡ ʬʫʥʢʮʠʠ 

(ʩʦʟʜʘʥʠʝ ʦʙʨʘʟʘ, ʧʦʨʪʨʝʪʘ ʤʝʩʪʘ) ʢʦʥʮʝʧʮʠʷ ʩʚʷʟʘʥʘ ʝʱʝ ʠ ʩ ʫʩʪʘʥʦʚʢʦʡ ʥʝʢʦʛʦ 

ʞʝʣʘʝʤʦʛʦ ʧʘʪʪʝʨʥʘ ʧʦʚʝʜʝʥʠʷ (ʢʦʥʪʨʦʣʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ). ʇʦʵʪʦʤʫ ʩʝʤʘʥʪʠʯʝʩʢʦʝ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʦʙʨʘʟʘ ʛʦʨʦʜʩʢʦʛʦ ʢʨʝʘʪʠʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʣʠʷʝʪ ʥʘ ʪʦʥ ʦʙʱʝʥʠʷ ʩ 

ʧʦʩʝʪʠʪʝʣʷʤʠ, ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʢʨʝʘʪʠʚʥʦʛʦ ʮʝʥʪʨʘ, ʘ ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʇʦʵʪʦʤʫ ʧʦʩʪʨʦʝʥʠʝ ʚʠʟʫʘʣʴʥʦ-ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ 

ʤʝʩʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʢʨʝʘʪʠʚʥʦʛʦ 

ʢʣʘʩʪʝʨʘ. ʊʘʢʞʝ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʢʨʝʘʪʠʚʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ɻ ʪʦ ʙʠʟʥʝʩ, ʘ ʟʥʘʯʠʪ ʦʥ 

ʜʦʣʞʝʥ ʦʢʫʧʘʪʴʩʷ. ʀ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʪʴ ʧʫʣ 

ʘʨʝʥʜʘʪʦʨʦʚ, ʥʦ ʠ ʧʦʥʠʤʘʪʴ, ʘ ʩʯʠʪʳʚʘʶʪʩʷ ʣʠ ʚʦʦʙʱʝ ʩʤʳʩʣʳ, ʟʘʣʦʞʝʥʥʳʝ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʦʩʝʪʠʪʝʣʷʤʠ. ɸ ʝʩʣʠ ʥʝʪ ʪʦ, ʛʜʝ ʧʨʦʠʟʦʰʝʣ ʩʙʦʡ ʚ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʢʘʢ 

ʝʛʦ ʠʩʧʨʘʚʠʪʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʙʨʘʟʘ ʚʳʙʨʘʥʥʳʭ ʢʨʝʘʪʠʚʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ ʛʦʨʦʜʘ ʧʦʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʦ ʢʨʝʘʪʠʚʥʳʭ ʮʝʥʪʨʘʭ, 

ʥʦ ʠ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʫʩʪʦʨʦʥʥʝʡ ʢʦʤʤʫʥʠʢʘʮʠʠ çʧʨʦʩʪʨʘʥʩʪʚʦ-

ʧʦʩʝʪʠʪʝʣʴè ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʠʟʫʘʣʴʥʦ-ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʦʙʨʘʟʘ ʤʝʩʪʘ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʧʦʜʭʦʜʝ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ 

ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʡ ʦʧʨʦʩ, ʢʦʥʪʝʥʪ-ʘʥʘʣʠʟ), 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʩʫʙʲʝʢʪʠʚʥʘʷ ʩʝʤʘʥʪʠʢʘ, ʮʚʝʪʦʚʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ), 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʩʝʤʘʥʪʠʢʦ-ʩʪʠʣʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ) ʠ ʦʙʱʝʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ, ʩʠʥʪʝʟʘ, ʩʨʘʚʥʝʥʠʷ. 

ʆʩʥʦʚʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʩʫʙʲʝʢʪʠʚʥʦʡ ʩʝʤʘʥʪʠʢʠ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʩʧʳʪʫʝʤʳʡ ʦʮʝʥʠʣ ʩʪʠʤʫʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ 

ʰʢʘʣ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʩʫʙʲʝʢʪʠʚʥʦʡ ʩʝʤʘʥʪʠʢʠ ʷʚʣʷʶʪʩʷ ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʢʦʜʳ ï 

çʵʤʦʮʠʦʥʘʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʩʣʝʜʳ, ʦʪʨʘʞʘʶʱʠʝ ʥʝ ʩʘʤ ʦʙʲʝʢʪ, ʘ ʪʦ ʚʦʟʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ 
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ʦʥ ʦʢʘʟʘʣ ʥʘ ʧʩʠʭʠʢʫ ʩʫʙʲʝʢʪʘè [1]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʪʠʤʫʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚʳʩʪʫʧʘʝʪ 

ʬʦʪʦʛʨʘʬʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʬʦʨʤʫʣʠʨʫʶʱʝʛʦ ʦʙʨʘʟ ʤʝʩʪʘ, ʘ ʰʢʘʣʘ ʜʣʷ 

ʦʪʚʝʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʜʘʮʠʶ ʚʦʟʤʦʞʥʳʭ ʵʤʦʮʠʡ, ʢʦʪʦʨʳʝ ʨʝʩʧʦʥʜʝʥʪ ʤʦʞʝʪ 

ʠʩʧʳʪʘʪʴ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʪʠʤʫʣʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʫʙʲʝʢʪʠʚʥʦʡ ʩʝʤʘʥʪʠʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ 

ʦʮʝʥʢʠ ʚʦʩʧʨʠʷʪʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʫʜʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʝ ʪʦʣʴʢʦ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʙʨʘʟʳ ʟʜʘʥʠʡ, ʥʦ ʠ ʜʨʫʛʠʝ 

ʩʤʳʩʣʦʦʙʨʘʟʫʶʱʠʝ ʚʠʟʫʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʢʨʝʘʪʠʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʄʳ ʚʳʜʝʣʠʣʠ 3 

ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʢʦʪʦʨʳʝ ʨʝʧʨʝʟʝʥʪʠʨʫʶʪ ʚʠʟʫʘʣʴʥʳʡ ʦʙʨʘʟ ʢʨʝʘʪʠʚʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʪʝʤ ʠʣʠ ʠʥʳʤ ʩʝʤʘʥʪʠʯʝʩʢʠʤ ʧʨʦʬʠʣʝʤ: 

 ʘʨʭʠʪʝʢʪʫʨʘ; 

 ʣʘʥʜʰʘʬʪ; 

 ʬʠʨʤʝʥʥʳʡ ʩʪʠʣʴ. 

ʂʨʦʤʝ ʤʝʪʦʜʠʢʠ ʩʫʙʲʝʢʪʠʚʥʦʡ ʩʝʤʘʥʪʠʢʠ, ʚ ʦʧʨʦʩʝ ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʦʮʝʥʢʘ 

ʮʚʝʪʦʚʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʎʚʝʪʦʚʘʷ ʩʦʦʪʥʝʩʝʥʥʦʩʪʴ ʦʙʨʘʟʘ ʢʨʝʘʪʠʚʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʦʧʦʣʥʷʝʪ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʮʝʣʴʥʳʡ ʦʙʨʘʟ 

ʚʦʩʧʨʠʷʪʠʷ ʤʝʩʪʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʤʘʥʪʠʢʦ-ʮʚʝʪʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ ʚ ʦʧʨʦʩʝ ʙʳʣʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʧʦ ʘʥʘʣʦʛʠʠ ʤʝʪʦʜʠʢʘ ʄ. ʃʶʰʝʨʘ. ʈʝʩʧʦʥʜʝʥʪʫ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʥʘʧʠʩʘʪʴ, ʩ ʢʘʢʠʤ ʮʚʝʪʦʤ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʪʦ ʠʣʠ ʠʥʦʝ ʢʨʝʘʪʠʚʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɼʘʣʝʝ 

çʬʫʥʢʮʠʷè ʮʚʝʪʘ (ʩʫʙʲʝʢʪʠʚʥʦʝ ʚʦʩʧʨʠʷʪʠʝ) ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʦʪʚʝʪʘʤʠ, ʜʘʥʥʳʤʠ ʚ ʙʣʦʢʝ 

ʩʦ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡ ʘʪʨʠʙʫʮʠʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʜʘʪʴ ʦʮʝʥʢʫ ʚʳʙʨʘʥʥʦʤʫ ʮʚʝʪʫ, ʠʩʭʦʜʷ ʠʟ ʝʛʦ 

ʦʙʱʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʥʦ ʠ ʩʦʦʪʥʝʩʪʠ ʮʚʝʪ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʣʠʯʥʦʩʪʥʳʤ ʚʦʩʧʨʠʷʪʠʝʤ 

ʦʙʨʘʟʘ ʢʨʝʘʪʠʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʠʜʝ ʦʥʣʘʡʥ-ʦʧʨʦʩʘ. ʉʘʤʫ ʘʥʢʝʪʫ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʩʤʳʩʣʦʚʳʭ 

ʙʣʦʢʘ: ʚʦʧʨʦʩʳ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʨʪʨʝʪʘ ʨʝʩʧʦʥʜʝʥʪʦʚ (ʧʦʣ, ʚʦʟʨʘʩʪ, 

ʦʙʨʘʟʦʚʘʥʠʝ), ʚʦʧʨʦʩʳ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʩʪʠʤʫʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ (ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʘʷ ʘʪʨʠʙʫʮʠʷ + ʘʩʩʦʮʠʘʪʠʚʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ), ʚʦʧʨʦʩ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʮʚʝʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɹʣʦʢ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʘʩʘʶʱʠʡʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʘ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʦʧʨʦʩʦʚ. ɺ ʢʘʞʜʦʤ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʮʝʥʠʪʴ ʪʫ ʠʣʠ ʠʥʫʶ ʯʘʩʪʴ ʚʠʟʫʘʣʴʥʦ-ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʨʝʧʨʝʟʝʥʪʘʮʠʠ 

ʦʙʨʘʟʘ: ʘʨʭʠʪʝʢʪʫʨʳ, ʣʘʥʜʰʘʬʪʘ, ʵʣʝʤʝʥʪʦʚ ʬʠʨʤʝʥʥʦʛʦ ʩʪʠʣʷ. 

ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʩʝʤʘʥʪʠʯʝʩʢʦʝ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʪʨʝʭ ʢʨʝʘʪʠʚʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ: ʦʩʪʨʦʚʘ ʅʦʚʘʷ 

ɻʦʣʣʘʥʜʠʷ, ʪʝʭʥʦʧʘʨʢʘ çʃʝʥʧʦʣʠʛʨʘʬʤʘʰè ʠ ʢʨʝʘʪʠʚʥʦʛʦ ʢʣʘʩʪʝʨʘ çɼʦʤ ʢʫʣʴʪʫʨʳè. 

ʅʘ ʧʨʠʤʝʨʝ ʪʝʭʥʦʧʘʨʢʘ çʃʝʥʧʦʣʠʛʨʘʬʤʘʰè ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʨʝʟʫʣʴʪʘʪʳ 

ʦʥʣʘʡʥ-ʦʧʨʦʩʘ. ɺʩʝʛʦ ʙʳʣʦ ʦʙʨʘʙʦʪʘʥʦ 57 ʘʥʢʝʪ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʡ 

ʧʦʨʪʨʝʪ ʨʝʩʧʦʥʜʝʥʪʦʚ (ʨʠʩ. 1, 2, 3). 

ʆʮʝʥʢʘ ʨʝʩʧʦʥʜʝʥʪʦʚ ʧʘʨʘʤʝʪʨʘ çɸʨʭʠʪʝʢʪʫʨʘè ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʪʚʝʪʦʚ 

ʥʝʡʪʨʘʣʴʥʘʷ (31 ʦʪʚʝʪ), ʜʘʣʝʝ ʩʣʝʜʫʶʪ ʪʘʢʠʝ ʦʮʝʥʢʠ ʢʨʝʘʪʠʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʢ 

çʧʨʠʚʣʝʢʘʪʝʣʴʥʦʝè (19 ʦʪʚʝʪʦʚ), çʨʘʩʧʦʣʘʛʘʶʱʝʝè (16 ʦʪʚʝʪʦʚ). ɿʜʝʩʴ ʠʥʪʝʨʝʩʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʩʝʪʠʪʝʣʝʡ ʥʝʡʪʨʘʣʴʥʦ ʦʪʥʦʩʷʪʩʷ ʢ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʘʩʪʨʦʡʢʝ, ʭʦʪʴ ʠ ʦʪʨʝʩʪʘʚʨʠʨʦʚʘʥʥʦʡ ʠ ʦʙʥʦʚʣʝʥʥʦʡ (ʨʠʩ. 4). 

ɼʘʣʴʥʝʡʰʘʷ ʦʮʝʥʢʘ ʨʝʩʧʦʥʜʝʥʪʘʤʠ ʣʘʥʜʰʘʬʪʘ ʢʨʝʘʪʠʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʜʘʞʝ ʙʳʚʰʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʤʬʦʨʪʥʦʡ 

ʜʣʷ ʧʦʩʝʪʠʪʝʣʷ (ʨʠʩ. 5). ʂ ʵʣʝʤʝʥʪʘʤ ʢʦʤʬʦʨʪʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʫʶ 

ʜʦʨʦʛʫ ʙʝʟ ʷʤ, ʪʦʯʝʯʥʦʝ ʦʟʝʣʝʥʝʥʠʝ ʠ ʧʨʠʜʘʥʠʝ ʣʘʥʜʰʘʬʪʫ ʪʝʨʨʠʪʦʨʠʠ ʩʚʦʝʦʙʨʘʟʠʷ ʩ 

ʧʦʤʦʱʴʶ ʤʘʣʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. ʉʝʡʯʘʩ ʞʝ ʙʦʣʴʰʠʥʩʪʚʦ ʦʪʤʝʪʠʣʦ ʪʝʨʨʠʪʦʨʠʶ 

ʪʝʭʥʦʧʘʨʢʘ ʢʘʢ ʥʝʫʜʦʙʥʫʶ (26 ʦʪʚʝʪʦʚ), ʝʱʝ 19 ʨʝʩʧʦʥʜʝʥʪʦʚ ʥʝʡʪʨʘʣʴʥʦ ʦʮʝʥʠʣʠ 

ʣʘʥʜʰʘʬʪ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɿʜʝʩʴ ʚʘʞʥʦ ʪʦ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʦʪʚʝʪʦʚ 

ʩʢʣʦʥʷʝʪʩʷ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʪʝʭʥʦʧʘʨʢʘ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʯʪʦ ʤʦʞʝʪ ʚ 

ʙʫʜʫʱʝʤ ʧʨʠʚʝʩʪʠ ʢ ʥʝʛʘʪʠʚʥʦʡ ʫʟʥʘʚʘʝʤʦʩʪʠ ʢʨʝʘʪʠʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
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ʈʠʩ. 4. ʇʘʨʘʤʝʪʨ çɸʨʭʠʪʝʢʪʫʨʘè 

 

 
 

ʈʠʩ. 5. ʇʘʨʘʤʝʪʨ çʃʘʥʜʰʘʬʪè 
 

ɺ ʪʝʭʥʦʧʘʨʢʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʘʙʣʠʯʢʠ, ʧʦʵʪʦʤʫ ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʦʮʝʥʢʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʥʘʚʠʛʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

(ʚʳʚʝʩʢʠ, ʙʘʥʥʝʨʳ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʣʘʢʘʪʳ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʥʝ ʪʘʢ ʤʥʦʛʦ. ʈʝʩʧʦʥʜʝʥʪʳ ʪʨʘʥʩʣʠʨʫʝʤʦʝ ʦʪʥʦʰʝʥʠʝ ʯʝʨʝʟ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ 

ʥʘʚʠʛʘʮʠʠ ʦʮʝʥʠʣʠ ʢʘʢ çʥʝʡʪʨʘʣʴʥʦʝè (22 ʦʪʚʝʪʘ), çʙʝʟʨʘʟʣʠʯʥʦʝè (17 ʦʪʚʝʪʦʚ), ʘ ʪʘʢʞʝ 

çʫʚʘʞʠʪʝʣʴʥʦʝè (12 ʦʪʚʝʪʦʚ). ɺ ʜʘʥʥʦʤ ʧʘʨʘʤʝʪʨʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʧʦʣʷʨʥʳʝ ʦʮʝʥʢʠ, 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʊʘʢʘʷ ʦʮʝʥʢʘ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʧʦʩʝʪʠʪʝʣʠ ʧʦ-ʨʘʟʥʦʤʫ ʪʨʘʢʪʫʶʪ ʚʘʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʂʪʦ-ʪʦ, ʢʦʤʫ ʭʦʪʴ ʨʘʟ ʧʨʠʭʦʜʠʣʦʩʴ ʪʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʧʦʠʩʢʠ ʥʫʞʥʦʛʦ 

ʟʜʘʥʠʷ ʠʣʠ ʦʬʠʩʘ ʚ ʥʝʟʥʘʢʦʤʦʤ ʤʝʩʪʝ, ʦʮʝʥʠʚʘʝʪ ʢʘʨʪʫ ʤʝʩʪʘ, ʫʢʘʟʘʪʝʣʠ ʠ ʚʳʚʝʩʢʠ ʢʘʢ 

ʚʘʞʥʫʶ ʯʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʢʘʢʦʡ-ʪʦ ʫʩʣʦʚʥʳʡ ʤʠʥʠʤʫʤ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ ʚ ʪʝʭʥʦʧʘʨʢʝ 

ʝʩʪʴ. ʆʜʥʘʢʦ, ʚʦʟʤʦʞʥʦ, ʩʦʟʜʘʪʝʣʷʤ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʣʝʜʫʝʪ ʟʘʜʫʤʘʪʴʩʷ ʥʘʜ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʦʡ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ ʚ ʝʜʠʥʦʤ ʩʪʠʣʝ, ʢʦʪʦʨʘʷ ʥʝ ʪʦʣʴʢʦ 
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ʦʙʣʝʛʯʠʣʘ ʙʳ ʧʦʠʩʢ ʥʫʞʥʦʡ ʣʦʢʘʮʠʠ, ʥʦ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʧʦʩʝʪʠʪʝʣʶ ʚʩʝ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʚʦʟʤʦʞʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʨʠʩ. 6). 

 

 
 

ʈʠʩ. 6. ʇʘʨʘʤʝʪʨ çʕʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠè 
 

ʉʪʦʣʴ ʞʝ ʤʥʦʛʦʦʙʨʘʟʥʦʡ ʦʢʘʟʘʣʘʩʴ ʘʩʩʦʮʠʘʪʠʚʥʘʷ ʦʮʝʥʢʘ ʮʚʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʏʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʶʪʩʷ ʦʪʚʝʪʳ çʩʝʨʳʡè (12 ʦʪʚʝʪʦʚ), çʟʝʣʝʥʳʡè (11 ʦʪʚʝʪʦʚ), çʩʠʥʠʡè 

(10 ʦʪʚʝʪʦʚ). ɼʘʥʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʣʘʥʜʰʘʬʪʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʟʘʥʠʤʘʝʪ ʩʝʨʳʡ ʘʩʬʘʣʴʪ. ʂʨʦʤʝ ʪʦʛʦ, ʦʜʥʠʤ 

ʠʟ ʢʣʶʯʝʚʳʭ ʦʙʲʝʢʪʦʚ ʚ ʪʝʭʥʦʧʘʨʢʝ ʷʚʣʷʝʪʩʷ ʙʳʚʰʝʝ ʬʘʙʨʠʯʥʦʝ ʟʜʘʥʠʝ ʚ ʙʠʨʶʟʦʚʦʤ 

ʮʚʝʪʝ (ʩʠʥʠʡ + ʟʝʣʝʥʳʡ). 

ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʚ 

ʮʚʝʪʦʣʠʥʛʚʠʩʪʠʢʝ (ʨʠʩ. 7). ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʝʨʳʡ ʤʦʞʝʪ ʦʙʦʟʥʘʯʘʪʴ ʦʜʠʥʦʯʝʩʪʚʦ, 

ʫʩʪʘʣʦʩʪʴ ʠ ʧʝʯʘʣʴ, ʦʜʥʘʢʦ ʵʪʦʤʫ ʮʚʝʪʫ ʧʨʠʩʫʱʠ ʠ ʜʨʫʛʠʝ, ʚʘʞʥʳʝ ʜʣʷ ʪʝʭʥʦʧʘʨʢʘ, 

ʦʙʦʟʥʘʯʝʥʠʷ: ʨʝʘʣʠʟʤ, ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ, ʛʘʨʤʦʥʠʷ, ʩʪʘʙʠʣʴʥʦʩʪʴ [2]. ʊʘʢʞʝ 

ʦʙʨʘʪʠʤʩʷ ʢ ʟʥʘʯʝʥʠʶ ʩʠʥʝʛʦ ʮʚʝʪʘ. ʉʠʥʠʡ ï ʩʘʤʳʡ ʧʦʧʫʣʷʨʥʳʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ 

ʜʠʟʘʡʥʝ ʠ ʠʩʢʫʩʩʪʚʝ ʮʚʝʪ, ʦʥ ʯʘʱʝ ʚʩʝʛʦ ʚʳʙʠʨʘʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ 

ʧʨʦʛʨʝʩʩʠʚʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʥʠʡ ʝʱʝ ʠ ʮʚʝʪ, ʘʩʩʦʮʠʠʨʫʶʱʠʡʩʷ ʩʦ 

ʩʧʦʢʦʡʩʪʚʠʝʤ ʠ ʛʘʨʤʦʥʠʝʡ, ʫʧʦʨʩʪʚʦʤ ʠ ʜʦʩʪʘʪʢʦʤ, ʧʦʩʪʦʷʥʩʪʚʦʤ ʠ ʤʫʜʨʦʩʪʴʶ [3]. 

 

 
 

ʈʠʩ. 7. ʇʘʨʘʤʝʪʨ çʎʚʝʪè 



XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊʦʤ 2. 
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ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʦʩʘ ʪʘʢʞʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʬʦʪʦʛʨʘʬʠʡ 

ʧʦʩʝʪʠʪʝʣʝʡ ʧʦ ʛʝʦʧʨʠʚʷʟʢʝ ʚ Instagram (ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ ʟʘʧʨʝʱʝʥʘ ʚ ʈʦʩʩʠʠ). ɹʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 120 ʧʫʙʣʠʢʘʮʠʡ ʟʘ ʧʦʩʣʝʜʥʠʡ ʛʦʜ. ʆʩʥʦʚʥʳʝ ʪʦʯʢʠ ʧʨʠʪʷʞʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʧʫʙʣʠʢʘʮʠʷʤ ʧʦʩʝʪʠʪʝʣʝʡ ʠʣʣʶʩʪʨʠʨʫʶʪ ʬʦʢʫʩ 

ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ ʯʘʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʬʦʪʦ ʟʘʥʠʤʘʶʪ ʩʥʠʤʢʠ ʚ ʫʣʠʯʥʦʡ 

ʯʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʦʩʥʦʚʥʦʤ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʬʦʪʦ ʩ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʨʦʭʦʜʷʱʠʭ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʮʝʥʪʨʝ çʊʦʯʢʘ ʢʠʧʝʥʠʷè, ʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʪʚʦʨʯʝʩʢʠʭ ʩʪʫʜʠʡ 

ʪʝʭʥʦʧʘʨʢʘ. ʆʜʥʘʢʦ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ ʧʦʩʝʪʠʪʝʣʠ ʯʘʱʝ ʯʝʤ ʟʠʤʦʡ ʜʝʣʘʶʪ ʩʥʠʤʢʠ ʥʘ 

ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ, ʚ ʢʘʜʨ ʙʦʣʴʰʝ ʚʩʝʛʦ ʧʦʧʘʜʘʶʪ ʟʥʘʢʦʚʳʝ ʜʣʷ ʪʝʭʥʦʧʘʨʢʘ ʟʜʘʥʠʷ ʚ 

ʠʟʫʤʨʫʜʥʦʤ ʠ ʞʝʣʪʦʤ ʮʚʝʪʝ, ʘ ʪʘʢʞʝ ʙʘʰʥʷ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʨʫʙʳ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʬʦʪʦʛʨʘʬʠʠ ʧʦʩʝʪʠʪʝʣʝʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʩʥʦʚʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʢʨʝʘʪʠʚʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʬʦʢʫʩ. ɹʦʣʴʰʠʥʩʪʚʦ ʬʦʪʦ ʩʜʝʣʘʥʦ ʠʤʝʥʥʦ ʥʘ 

ʚʥʫʪʨʝʥʥʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʪʝʭʥʦʧʘʨʢʘ ï ʬʦʨʫʤʘʭ, ʣʝʢʮʠʷʭ, ʜʠʩʢʫʩʩʠʦʥʥʳʭ ʧʣʦʱʘʜʢʘʭ.  

ʇʦʜʚʦʜʷ ʠʪʦʛ ʘʥʘʣʠʟʫ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʪʝʭʥʦʧʘʨʢʘ çʃʝʥʧʦʣʠʛʨʘʬʤʘʰè, 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʩʩʦʮʠʘʪʠʚʥʘʷ ʦʮʝʥʢʘ ʦʙʨʘʟʘ ʨʝʩʧʦʥʜʝʥʪʘʤʠ ʜʦʩʪʘʪʦʯʥʦ 

ʥʝʦʜʥʦʟʥʘʯʥʘ. ɺ ʦʜʥʦʤ ʚʦʧʨʦʩʝ ʦʪʚʝʪʳ ʤʦʛʫʪ ʧʨʠʤʝʨʥʦ ʚ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʨʘʩʧʨʝʜʝʣʠʪʴʩʷ ʢʘʢ ʚ ʧʦʣʦʞʠʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʷʭ, ʯʪʦ ʛʦʚʦʨʠʪ 

ʦ ʥʝʫʩʪʦʡʯʠʚʦʤ ʩʝʤʘʥʪʠʯʝʩʢʦʤ ʦʙʨʘʟʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʥʘʣʠʟ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʝʪʠʪʝʣʝʡ ʧʦ ʛʝʦʤʝʪʢʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʬʠʢʠ 

ʪʝʭʥʦʧʘʨʢʘ ʨʝʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʝʪʠʪʝʣʝʡ, ʚʩʝ ʞʝ ʢʨʝʘʪʠʚʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʥʝ 

ʭʚʘʪʘʝʪ ʧʨʦʜʫʤʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ, ʢʦʪʦʨʘʷ ʩʯʠʪʳʚʘʣʘʩʴ ʙʳ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʢʚʘʨʪʘʣʘ. 

ɽʩʣʠ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʙʨʘʟʘ ʪʨʝʭ ʧʨʦʩʪʨʘʥʩʪʚ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʥʣʘʡʥ-ʦʧʨʦʩʦʚ, ʪʦ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʤʘʥʥʳʤ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʦʩʧʨʠʥʠʤʘʝʤʳʤ ʦʙʨʘʟʦʤ ʦʙʣʘʜʘʝʪ ʦʩʪʨʦʚ ʅʦʚʘʷ ɻʦʣʣʘʥʜʠʷ. ʋ ʵʪʦʛʦ 

ʧʨʦʝʢʪʘ, ʢʨʦʤʝ ʧʦʜʯʝʨʢʠʚʘʥʠʷ ʩʚʦʠʭ ʚʳʛʦʜʥʳʭ ʩʪʦʨʦʥ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʨʘʤʦʪʥʘʷ ʨʘʙʦʪʘ 

ʩ ʚʦʟʤʦʞʥʳʤʠ ʪʨʠʛʛʝʨʘʤʠ ʜʣʷ ʧʦʩʝʪʠʪʝʣʝʡ (ʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ), ʢʦʪʦʨʳʝ 

ʥʠʚʝʣʠʨʫʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʷʤ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʢʦʥʮʝʧʮʠʠ. ɽʩʣʠ 

ʩʫʤʤʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʠʟʫʘʣʴʥʦ-ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʦʙʨʘʟʘ ʅʦʚʦʡ 

ɻʦʣʣʘʥʜʠʠ, ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʨʘʥʩʣʠʨʫʝʤʳʡ ʩʦʟʜʘʪʝʣʷʤʠ ʢʨʝʘʪʠʚʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʙʨʘʟ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ ʧʦʩʝʪʠʪʝʣʝʡ ʧʦʣʦʞʠʪʝʣʴʥʦ. 

ʇʦʧʘʜʘʥʠʝ ʚ ʮʝʣʝʚʫʶ ʘʫʜʠʪʦʨʠʶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ 

ʩʦʟʜʘʥʠʶ ʠʤʠʜʞʘ ʜʨʫʞʝʣʶʙʥʦʛʦ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʟʘ 

ʚʥʝʰʥʝ ʣʝʛʢʦʡ ʧʦʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʨʝʜʢʦ ʩʢʨʳʚʘʝʪʩʷ ʚʧʦʣʥʝ ʧʦʥʷʪʥʳʡ ʤʦʪʠʚ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʧʦʩʝʪʠʪʝʣʝʡ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʨʷʜʢʘ ʥʘ ʦʩʪʨʦʚʝ. ʇʦʤʠʤʦ 

ʪʦʛʦ, ʯʪʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʦʙʨʘʟʘ ʨʘʙʦʪʘʝʪ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʠʤʠʜʞʘ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʠʟʫʘʣʴʥʦ-ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʪʘʢʞʝ ʢʦʥʩʪʨʫʠʨʫʝʪ ʠ ʞʝʣʘʝʤʳʡ 

ʧʦʨʪʨʝʪ ʧʦʩʝʪʠʪʝʣʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʘʪʪʝʨʥ ʧʦʚʝʜʝʥʠʷ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʚʦʩʧʨʠʷʪʠʝ ʦʙʨʘʟʘ ʦʪʣʠʯʘʝʪ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚʳʰʝ 

ʧʨʠʤʝʨ ʪʝʭʥʦʧʘʨʢʘ çʃʝʥʧʦʣʠʛʨʘʬʤʘʰè, ʫ ʢʦʪʦʨʦʛʦ ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʦʙʨʘʟʘ ʩʣʘʙʦ 

ʧʨʦʷʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʪʚʝʪʳ ʨʝʩʧʦʥʜʝʥʪʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʚʦʧʨʦʩʦʚ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʢ ʥʝʡʪʨʘʣʴʥʦʝ ʩ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʨʝʜʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʦʮʝʥʦʢ. ʆʜʥʘʢʦ 

ʘʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʧʦʣʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʛʦ ʢʦʥʮʝʧʮʠʠ ʢʘʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʩ ʬʫʥʢʮʠʝʡ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢʞʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʩʥʠʤʢʦʚ ʧʦʩʝʪʠʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ 

ʪʝʤ, ʯʪʦ ʜʨʫʛʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʪʝʭʥʦʧʘʨʢʘ (ʦʙʱʝʧʠʪ, ʢʦʤʤʝʨʮʠʷ) ʦʙʣʘʜʘʶʪ 

ʩʚʦʝʡ ʚʥʫʪʨʝʥʥʝʡ ʛʝʦʤʝʪʢʦʡ, ʧʦ ʢʦʪʦʨʦʡ ʧʫʙʣʠʢʫʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʦʪʦʛʨʘʬʠʡ 

ʚ ʢʨʝʘʪʠʚʥʦʤ ʢʚʘʨʪʘʣʝ. 

ʂʨʝʘʪʠʚʥʳʡ ʢʣʘʩʪʝʨ çɼʦʤ ʢʫʣʴʪʫʨʳè ʪʘʢʞʝ ʙʳʣ ʦʮʝʥʝʥ ʨʝʩʧʦʥʜʝʥʪʘʤʠ ʥʝ 

ʨʘʚʥʦʤʝʨʥʦ ʚ ʯʘʩʪʠ ʘʩʩʦʮʠʘʮʠʡ. ʆʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʙʨʘʟʘ 

ʚʦʩʧʨʠʥʠʤʘʣʠʩʴ ʦʪʨʠʮʘʪʝʣʴʥʦ (ʣʘʥʜʰʘʬʪ, ʯʘʩʪʠʯʥʦ ʘʨʭʠʪʝʢʪʫʨʘ), ʢʘʢʠʝ-ʪʦ 
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ʧʦʣʦʞʠʪʝʣʴʥʦ (ʚʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ). ʆʪʤʝʯʝʥʥʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʩʝʤʘʥʪʠʯʝʩʢʠʭ 

ʦʮʝʥʢʘʭ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʧʨʦʝʢʪ ʧʦʢʘ ʪʦʣʴʢʦ ʥʘʙʠʨʘʝʪ ʦʙʦʨʦʪʳ ʠ ʝʱʝ ʥʝ 

ʫʩʧʝʣ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʚʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʦʙʨʘʟ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʩʦʟʜʘʪʝʣʷʤ ʧʨʦʝʢʪʘ ʫʞʝ ʥʘ ʩʪʘʨʪʝ ʚʳʷʚʠʪʴ ʪʝ ʘʩʧʝʢʪʳ, ʢʦʪʦʨʳʤ ʩʪʦʠʪ ʫʜʝʣʠʪʴ 

ʦʩʦʙʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʧʨʦʨʘʙʦʪʢʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʪʨʝʭ ʢʨʝʘʪʠʚʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ 

ʤʝʪʦʜʘ ʩʫʙʲʝʢʪʠʚʥʦʡ ʩʝʤʘʥʪʠʢʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʤ ʦʧʨʦʩʦʤ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʚʷʟʴ ʤʝʞʜʫ ʫʩʧʝʰʥʦʩʪʴʶ ʢʨʝʘʪʠʚʥʦʛʦ ʧʨʦʝʢʪʘ ʩ ʩʝʤʘʥʪʠʯʝʩʢʠʤ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ ʦʙʨʘʟʘ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɸ, ʟʥʘʯʠʪ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʜʨʫʛʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʦʝʢʪʘ, ʪ.ʝ. ʚ ʤʝʪʦʜ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʜʨʫʛʠʝ 

ʵʣʝʤʝʥʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʠ ʬʦʨʤʘʪ ʧʨʦʚʝʜʝʥʠʷ 

ʦʧʨʦʩʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʳ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʨʷʜʦʤ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʙʨʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʪʘʙʣʠʯʢʘ ʩ qr-ʢʦʜʦʤ, 

ʢʦʪʦʨʳʡ ʧʝʨʝʥʘʧʨʘʚʣʷʝʪ ʥʘ ʩʪʨʘʥʠʮʫ ʩ ʦʧʨʦʩʦʤ ʠʤʝʥʥʦ ʦʙ ʵʪʦʤ ʵʣʝʤʝʥʪʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ ʤʦʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʦʮʝʥʦʢ ʢʦʥʩʪʨʫʠʨʫʶʱʠʭ 

ʦʙʨʘʟ ʵʣʝʤʝʥʪʦʚ ʚ ʩʣʫʯʘʝ ʠʭ ʠʟʤʝʥʝʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢ ʧʨʦʮʝʩʩʫ ʩʦʟʜʘʥʠʷ ʢʨʝʘʪʠʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʢ ʧʨʘʚʠʣʦ 

ʧʨʠʩʪʫʧʘʶʪ ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʢʦʤʘʥʜʳ ʦʧʳʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʘʥʘʣʠʟ ʜʘʞʝ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʤʝʨʦʚ ʜʝʡʩʪʚʫʶʱʠʭ ʢʨʝʘʪʠʚʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʘʞʥʳʝ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʘ ʥʘʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦ çʧʨʦʩʝʜʘʶʪè. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʧʨʦʩʪʦ ʥʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʧʦʣʥʫʶ ʩʠʣʫ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʩʴ ʩʚʦʡ ʢʨʝʘʪʠʚʥʳʡ 

ʧʦʪʝʥʮʠʘʣ, ʪ.ʢ. ʢʦʥʮʝʧʮʠʷ ʤʝʩʪʘ ʧʨʦʜʫʤʘʥʘ ʥʝ ʜʦ ʢʦʥʮʘ ʠʣʠ ʝʝ ʨʝʘʣʠʟʘʮʠʷ ʨʘʩʭʦʜʠʪʩʷ ʩ 

ʟʘʷʚʣʝʥʥʦʡ ʢʦʥʮʝʧʮʠʝʡ. ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʠʣʠ ʨʝʘʣʴʥʳʝ ʧʦʩʝʪʠʪʝʣʠ ʦʯʝʥʴ ʪʦʥʢʦ 

ʯʫʚʩʪʚʫʶʪ ʨʘʩʭʦʞʜʝʥʠʷ ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ çʜʳʨʳè, ʘ ʧʦʪʦʤʫ ʩʝʤʘʥʪʠʯʝʩʢʦʝ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʦʙʨʘʟʘ ʩʦ ʩʪʦʨʦʥʳ ʧʦʪʨʝʙʠʪʝʣʝʡ ʤʝʩʪʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʚ ʧʦʣʴʟʫ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɿʘʜʘʯʫ ʧʦʠʩʢʘ ʧʦʜʦʙʥʳʭ ʫʷʟʚʠʤʳʭ ʤʝʩʪ ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʦʙʨʘʟʘ ʢʨʝʘʪʠʚʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʨʠʟʚʘʥʘ ʨʝʰʠʪʴ ʤʝʪʦʜʦʣʦʛʠʷ. ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ 

ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʩʘʤ ʧʦ ʩʝʙʝ ʧʨʦʙʣʝʤʫ ʨʝʰʠʪʴ ʥʝ ʤʦʞʝʪ, ʦʥ ʷʚʣʷʝʪʩʷ 

ʠʥʜʠʢʘʪʦʨʦʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʘʢ ʫʜʘʯʥʳʭ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ 

ʦʙʨʘʟʘ, ʪʘʢ ʠ ʧʨʦʙʣʝʤʥʳʭ ʟʦʥ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʜʦʣʞʥʳ ʩʪʘʪʴ ʨʝʘʣʴʥʳʝ ʰʘʛʠ ʧʦ 

ʚʥʝʩʝʥʠʶ ʢʦʨʨʝʢʪʠʨʦʚʦʢ ʚ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʘ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʥʜʝʥʮʠʠ ʩʤʝʱʝʥʠʷ ʫʛʨʦʟ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʬʝʨʫ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʨʛʘʥʦʚ ʚʦʝʥʥʦʛʦ ʠ 

ʛʨʘʞʜʘʥʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʠ ʧʦʧʳʪʦʢ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʤʦʥʠʪʦʨʠʥʛ ʉʄʀ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʫʛʨʦʟʳ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʦʙʩʪʘʥʦʚʢʘ. 

 

ɺ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʤʠʨʦʧʦʨʷʜʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ 

ʤʠʨʦʚʳʭ ʮʝʥʪʨʦʚ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ. ʂʦʥʝʮ ʜʚʫʭʧʦʣʶʩʥʦʡ 

ʙʣʦʢʦʚʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʝʣ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʨʠʥʮʠʧʦʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʤʠʨʝ. ɻʣʦʙʘʣʴʥʘʷ ʠ ʨʝʛʠʦʥʘʣʴʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʤʝʱʘʶʪʩʷ ʦʪ ʙʦʣʝʝ 

ʷʩʥʳʭ ʚʦʧʨʦʩʦʚ ʚʦʡʥʳ ʠ ʤʠʨʘ ʢ ʤʝʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʤ: ʧʦʣʠʪʠʯʝʩʢʠʤ, 

ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ, ʵʪʥʠʯʝʩʢʠʤ, ʥʘʮʠʦʥʘʣʴʥʳʤ, ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʤ ʠ ʜʨʫʛʠʤ 

ʧʨʦʙʣʝʤʘʤ. ʅʘʨʘʩʪʘʝʪ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ 

ʤʝʞʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʡ.  

ʉʪʨʝʤʣʝʥʠʝ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ ʩʦʭʨʘʥʠʪʴ ʩʚʦʶ ʛʝʛʝʤʦʥʠʶ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʦʨʫʞʝʥʥʳʭ 

ʢʦʥʬʣʠʢʪʦʚ ʣʦʢʘʣʴʥʦʛʦ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʝʡ. ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʠʡ ʘʣʴʷʥʩ 

ʥʘʨʘʱʠʚʘʝʪ ʩʚʦʡ ʚʦʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʟʘ ʩʯʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ ʚʦʦʨʫʞʝʥʠʡ ʠ 

ʟʘʢʫʧʢʠ ʥʦʚʳʭ, ʚʦʚʣʝʯʝʥʠʷ ʚ ʙʣʦʢ ʥʦʚʳʭ ʯʣʝʥʦʚ, ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʯʝʥʠʡ ʠ 

ʨʘʩʰʠʨʝʥʠʷ ʚʦʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.  

ɸʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʩʷ ʧʦʣʠʪʠʢʘ ʧʦ ʩʥʠʞʝʥʠʶ ʨʦʣʠ ʈʦʩʩʠʠ ʥʘ ʤʠʨʦʚʦʡ ʧʦʣʠʪʠʯʝʩʢʦʡ 

ʘʨʝʥʝ ʠ ʩʦʟʜʘʥʠʶ ʫʩʣʦʚʠʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʠ, ʜʣʷ ʯʝʛʦ ʧʨʦʚʦʜʷʪʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʘʤʧʘʥʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʨʘʞʜʝʙʥʦʛʦ ʦʙʨʘʟʘ 

ʄʦʩʢʚʳ ʧʝʨʝʜ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʟʘʧʨʝʱʘʝʪʩʷ 

ʚʝʱʘʥʠʝ ʨʦʩʩʠʡʩʢʠʭ ʩʨʝʜʩʪʚ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʪʨʘʥʘʭ ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʛʦ 

ʩʦʶʟʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʚ ʩʪʨʘʥʘʭ ʧʦʩʪʩʦʚʝʪʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ [1].  

ʉʦʛʣʘʩʥʦ ɼʦʢʪʨʠʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʌ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʩʣʫʞʙʘʤʠ ʦʪʜʝʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚ ʜʣʷ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʚʥʫʪʨʠʧʦʣʠʪʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ 

ʤʠʨʘ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʦʜʨʳʚʫ ʩʫʚʝʨʝʥʠʪʝʪʘ ʠ ʥʘʨʫʰʝʥʠʶ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ 

ʜʨʫʛʠʭ ʛʦʩʫʜʘʨʩʪʚ. ɺ ʵʪʫ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʦʚʣʝʢʘʶʪʩʷ ʨʝʣʠʛʠʦʟʥʳʝ, ʵʪʥʠʯʝʩʢʠʝ, 

ʧʨʘʚʦʟʘʱʠʪʥʳʝ ʠ ʠʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ ʛʨʘʞʜʘʥ, ʧʨʠ ʵʪʦʤ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʀʟʚʝʩʪʥʳ ʧʦʧʳʪʢʠ 
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ʘʥʛʘʞʠʨʦʚʘʥʥʳʭ ʠʥʦʩʪʨʘʥʥʳʭ ʉʄʀ ʩʥʠʟʠʪʴ ʨʦʣʴ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʦʣʠʪʠʢʝ ʧʫʪʝʤ ʝʝ ʥʝʦʙʦʩʥʦʚʘʥʥʦʡ ʜʠʩʢʨʝʜʠʪʘʮʠʠ. 

ʆʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʧʦʧʳʪʢʠ ɿʘʧʘʜʘ ʜʝʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʚʥʫʪʨʠʧʦʣʠʪʠʯʝʩʢʫʶ 

ʦʙʩʪʘʥʦʚʢʫ ʚ ʛʦʩʫʜʘʨʩʪʚʝ ʧʫʪʝʤ ʧʨʦʚʦʢʘʮʠʡ ʠ ʫʩʠʣʝʥʠʷ ʧʨʦʪʝʩʪʥʳʭ ʥʘʩʪʨʦʝʥʠʡ 

ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʨʫʢʦʚʦʜʩʪʚʘ ʩʪʨʘʥʳ. ʇʦʢʘʟʘʪʝʣʴʥʦʡ ʚ ʵʪʦʡ ʩʠʪʫʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ ʠ ʉʐɸ ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʭ ʤʠʪʠʥʛʦʚ ʅʘʚʘʣʴʥʦʛʦ 

ʠ ʝʛʦ ʩʪʦʨʦʥʥʠʢʦʚ, ʫʯʘʩʪʠʝ ʠʥʦʩʪʨʘʥʥʳʭ ʜʠʧʣʦʤʘʪʦʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʛʝʥʪʩʪʚ ʚ 

ʩʧʝʢʫʣʷʮʠʠ ʜʘʥʥʦʡ ʪʝʤʦʡ ʩ ʧʦʟʠʮʠʠ ʥʝʩʦʙʣʶʜʝʥʠʷ ʈʦʩʩʠʝʡ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʧʨʘʚ 

ʩʚʦʙʦʜʳ ʩʣʦʚʘ ʠ ʧʨʠʥʮʠʧʦʚ ʜʝʤʦʢʨʘʪʠʠ [2]. ʇʦʭʦʞʘʷ ʩʠʪʫʘʮʠʷ ʪʘʢʞʝ ʨʘʟʚʠʚʘʣʘʩʴ ʚ ʭʦʜʝ 

ʘʥʪʠʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʭ ʘʢʮʠʡ ʥʘ ɹʦʣʦʪʥʦʡ ʧʣʦʱʘʜʠ ʚ ʛʦʨʦʜʝ ʄʦʩʢʚʝ ʚ 2011-2012 ʛʦʜʘʭ 

ʧʦʩʣʝ ʇʨʝʟʠʜʝʥʪʩʢʠʭ ʚʳʙʦʨʦʚ ʠ ʚʳʙʦʨʦʚ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʜʫʤʫ. 

ɺ ʭʦʜʝ ʦʜʥʠʭ ʠʟ ʧʦʩʣʝʜʥʠʭ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʤʠʪʠʥʛʦʚ ʅʘʚʘʣʴʥʦʛʦ ʠ ʝʛʦ 

ʩʪʦʨʦʥʥʠʢʦʚ, ʧʨʦʰʝʜʰʠʭ 23 ʷʥʚʘʨʷ 2021 ʛʦʜʘ ʚ ʙʦʣʝʝ ʯʝʤ 100 ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ, ʙʳʣʦ 

ʟʘʜʝʨʞʘʥʦ ʙʦʣʝʝ 3 ʪʳʩ. ʯʝʣʦʚʝʢ, ʠʟ ʥʠʭ ʦʢʦʣʦ 300 ʜʝʪʝʡ. ʇʦ ʠʥʬʦʨʤʘʮʠʠ ʌʝʜʝʨʘʣʴʥʦʡ 

ʩʣʫʞʙʳ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʩʚʷʟʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʩʩʦʚʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷ Facebook, Instagram, Twitter, 

TikTok, çɺʂʦʥʪʘʢʪʝè, çʆʜʥʦʢʣʘʩʩʥʠʢʠè, ʘ ʪʘʢʞʝ ʚʠʜʝʦʭʦʩʪʠʥʛʝ YouTube, ʘʢʪʠʚʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʧʨʠʟʳʚʳ ʧʦʜʜʝʨʞʘʪʴ ʧʨʦʪʝʩʪʥʳʝ ʘʢʮʠʠ, ʧʨʠ ʵʪʦʤ ʨʦʩʩʠʡʩʢʠʝ 

ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʝ ʩʝʪʠ ʧʦ ʪʨʝʙʦʚʘʥʠʶ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʨʛʘʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʚ 

ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʫʜʘʣʠʣʠ ʙʦʣʝʝ 90% ʪʘʢʠʭ ʩʦʦʙʱʝʥʠʡ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʝ ʚʳʧʦʣʥʠʣʠ 

ʠʥʦʩʪʨʘʥʥʳʝ ʨʝʩʫʨʩʳ [3]. 

ʊʘʢʞʝ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʬʘʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʩʪʨʝʤʠʩʪʩʢʠʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʜʣʷ ʚʝʨʙʦʚʢʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ ʤʦʣʦʜʦʝ ʧʦʢʦʣʝʥʠʝ, 

ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʦʝ ʥʝʛʘʪʠʚʥʦʤʫ ʚʣʠʷʥʠʶ ʧʨʝʩʪʫʧʥʦʡ ʧʨʦʧʘʛʘʥʜʳ, ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʥʘ ʧʦʜʤʝʥʫ ʪʨʘʜʠʮʠʦʥʥʳʭ ʮʝʥʥʦʩʪʝʡ ʵʢʩʪʨʝʤʠʩʪʢʦʡ ʠʜʝʦʣʦʛʠʝʡ.  

ʇʦ ʜʘʥʥʳʤ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʮʝʥʪʨʘ ʠʟʫʯʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʤʥʝʥʠʷ, ʚ ʠʶʥʝ 2020 

ʛʦʜʘ 72% ʦʧʨʦʰʝʥʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʛʨʘʞʜʘʥ ʩʦʦʙʱʠʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʫʶʪ ʀʥʪʝʨʥʝʪ 

ʝʞʝʜʥʝʚʥʦ, ʠʟ ʥʠʭ ʜʦʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʚʦʟʨʘʩʪʝ ʩ 18 ʣʝʪ ʜʦʩʪʠʛʘʝʪ 83%, ʩʪʦʣʴʢʦ ʞʝ 

ʧʨʦʮʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʩʝʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʥʦʚʦʩʪʝʡ ʤʝʩʪʥʦʛʦ, 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ. ʇʨʠ ʵʪʦʤ ʘʫʜʠʪʦʨʠʷ ʠʥʪʝʨʥʝʪ-ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʝʞʝʛʦʜʥʦ ʨʘʩʪʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʤʘʥʠʧʫʣʷʮʠʠ ʦʙʱʝʩʪʚʝʥʥʳʤ ʤʥʝʥʠʝʤ. 

ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʩʦʛʣʘʩʥʦ ɺʦʝʥʥʦʡ ʜʦʢʪʨʠʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʙʳʣʠ 

ʦʙʦʟʥʘʯʝʥʳ ʪʝʥʜʝʥʮʠʠ ʩʤʝʱʝʥʠʷ ʚʦʝʥʥʳʭ ʦʧʘʩʥʦʩʪʝʡ ʠ ʚʦʝʥʥʳʭ ʫʛʨʦʟ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [4]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʳʷʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʛʨʦʟ ʠ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʦʚʦʜʠʤʦʛʦ ʧʦ ʩʨʝʜʩʪʚʘʤ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʣʝʞʠʪ ʚ 

ʢʦʤʧʝʪʝʥʮʠʠ ʵʢʩʧʝʨʪʦʚ-ʘʥʘʣʠʪʠʢʦʚ. ʆʜʥʘʢʦ, ʩ ʝʞʝʛʦʜʥʳʤ ʨʦʩʪʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʨʝʩʫʨʩʦʚ ʦʙʨʘʙʦʪʢʘ ʤʘʩʩʠʚʘ ʩʦʦʙʱʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, 

ʪʨʝʙʫʶʱʝʡ ʧʝʨʝʭʦʜʘ ʦʪ ʢʘʯʝʩʪʚʝʥʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʘʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʩʫʙʲʝʢʪʠʚʠʟʤ ʵʢʩʧʝʨʪʦʚ ʚ ʦʮʝʥʠʚʘʥʠʠ 

ʩʠʪʫʘʮʠʠ. 

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʦ ʩʜʝʨʞʠʚʘʥʠʶ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʦʙʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʶ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʟʘʱʠʪʳ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ ʷʚʣʷʝʪʩʷ ʦʮʝʥʠʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʨʘʟʚʠʪʠʷ ʚʦʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʠ 

ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʷ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʚʦʝʥʥʦ-

ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʬʝʨʝ [4]. 



XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊʦʤ 2. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʨʛʘʥʦʚ ʚʦʝʥʥʦʛʦ ʠ 

ʛʨʘʞʜʘʥʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠ 

ʧʦʣʠʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʧʦʧʳʪʦʢ ʥʝʛʘʪʠʚʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʝʨʩʦʥʘʣ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʦʙʲʝʢʪʦʚ ʚʦʝʥʥʦʡ ʠ ʛʨʘʞʜʘʥʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʥʘ 

ʘʫʜʠʪʦʨʠʶ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʥʝʪ-ʩʦʦʙʱʝʩʪʚ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʩʝʪʝʚʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʦʨʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʚʝʜʦʤʩʪʚʘ, ʚʝʜʝʪ 

ʘʢʪʠʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʠ ʦʙʥʘʨʫʞʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʩʝʪʠ, ʦ ʯʝʤ ʛʦʚʦʨʠʪ ʨʘʟʤʝʱʝʥʥʳʡ ʚʝʜʦʤʩʪʚʦʤ ʚ 2016 ʛʦʜʫ ʪʝʥʜʝʨ ʦ 

ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʉʄʀ ʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. ʆʜʥʘʢʦ, ʧʦ ʨʝʰʝʥʠʶ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 27.11.2017 ʛ. ˉ 1428 ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʘʢʫʧʢʘʭ 

ʚʝʜʦʤʩʪʚʘ ʥʝ ʧʦʜʣʝʞʠʪ ʧʫʙʣʠʯʥʦʡ ʧʫʙʣʠʢʘʮʠʠ, ʯʪʦ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʥʘ çʙʦʣʝ ʙʦʷè. 

ʇʦ ʠʪʦʛʘʤ ʘʥʘʣʠʟʘ ʪʝʥʜʝʥʮʠʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ 

ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚʦ ʚʥʫʪʨʝʥʥʠʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʟʘʜʘʯ, ʚʦʟʣʘʛʘʝʤʳʭ ʥʘ ʧʨʦʬʠʣʴʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ [5], ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʥʘʮʠʦʥʘʣʴʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʥʘ 

ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ:  

1. ʅʘ ʫʨʦʚʥʝ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ: 

ǒ ʧʦʠʩʢ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʫʙʣʠʢʘʮʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʉʄʀ, 

ʪʝʤʘʪʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚʘʭ, ʙʣʦʛʘʭ, ʬʦʨʫʤʘʭ, ʩʝʨʚʠʩʘʭ ʦʙʤʝʥʘ ʬʦʪʦ ʠ ʚʠʜʝʦ ʢʦʥʪʝʥʪʦʤ, 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʠ ʪʝʤʘʪʠʯʝʩʢʠʭ ʧʣʦʱʘʜʢʘʭ ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ, ʩʦʛʣʘʩʥʦ ʩʣʦʚʘʨʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʛʨʦʟ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʧʨʝʜʤʝʪ ʥʝʛʘʪʠʚʥʦʡ 

ʪʦʥʘʣʴʥʦʩʪʠ; 

ǒ ʬʠʢʩʘʮʠʷ ʘʥʦʤʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʠʟʤʝʥʝʥʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ 
ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʧʫʙʣʠʢʘʮʠʡ; 

ǒ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʥʘʟʚʘʥʠʝ ʨʝʩʫʨʩʦʚ, 
ʥʘʟʚʘʥʠʝ ʧʫʙʣʠʢʘʮʠʡ ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝ, ʚʨʝʤʷ ʧʫʙʣʠʢʘʮʠʠ, ʘʚʪʦʨʳ, ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʟʠʪʠʚʥʦʡ ʠ ʥʝʛʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ ʘʫʜʠʪʦʨʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʤʦʪʨʦʚ, ʦʭʚʘʪ ʘʫʜʠʪʦʨʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʜʨʫʛʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ; 

ǒ ʩʙʦʨ ʜʘʥʥʳʭ ʦ ʜʠʥʘʤʠʢʝ ʠʟʤʝʥʝʥʠʷ ʧʦʧʫʣʷʨʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ 
ʧʫʙʣʠʢʘʮʠʡ ʩʨʝʜʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ. 

2. ʅʘ ʫʨʦʚʥʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ: 

ǒ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʛʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʝ ʥʦʩʠʪʝʣʝʡ ʧʦ ʫʨʦʚʥʶ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʦʙʩʪʘʥʦʚʢʫ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʜʦʧʦʣʥʝʥʠʝ ʙʘʟʳ ʟʥʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ; 

ǒ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʝʨʚʦʠʩʪʦʯʥʠʢʦʚ ʠ ʮʝʥʪʨʦʚ ʚʣʠʷʥʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʥʝʥʠʷ 

ʫ ʘʫʜʠʪʦʨʠʠ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʩʚʷʟʝʡ ʩ ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʩʝʪʝʚʳʭ ʩʦʦʙʱʝʩʪʚ, 

ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʦʧʘʩʥʦʛʦ ʢʦʥʪʝʥʪʘ ʚ ʦʪʢʨʳʪʳʭ 

ʠʩʪʦʯʥʠʢʘʭ ʠʥʬʦʨʤʘʮʠʠ, ʩʧʦʩʦʙʥʦʛʦ ʜʝʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʦʙʩʪʘʥʦʚʢʫ ʚʥʫʪʨʠ ʩʪʨʘʥʳ; 

ǒ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʮʝʥʘʨʠʝʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʛʨʦʟ ʚ 

ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʳʭ ʦʥʪʦʣʦʛʠʡ ʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘʤʠ, ʠʭ ʩʝʪʴʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʮʝʥʪʨʘʤʠ ʩʝʪʝʚʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʤʥʝʥʠʷ ʘʫʜʠʪʦʨʠʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʛʦʪʦʚʥʦʩʪʠ ʫʯʘʩʪʥʠʢʦʚ ʩʝʪʝʚʳʭ ʩʦʦʙʱʝʩʪʚ ʧʦʜʜʝʨʞʘʪʴ ʥʝʛʘʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʩʪʘʪʴ 

ʝʝ ʨʝʪʨʘʥʩʣʷʪʦʨʦʤ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺʠʜʠʪʩʷ, ʯʪʦ ʩʠʩʪʝʤʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʥʘʮʠʦʥʘʣʴʥʳʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʩʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ: 

ǒ ʧʦʚʳʩʠʪʴ ʧʦʣʥʦʪʫ ʠ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʠʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ, 
ʧʦʣʠʪʠʯʝʩʢʦʡ, ʚʦʝʥʥʦʡ, ʩʦʮʠʘʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʜʨʫʛʠʭ ʩʬʝʨ ʞʠʟʥʠ ʛʦʩʫʜʘʨʩʪʚʘ ʠ 

ʦʙʱʝʩʪʚʘ; 

ǒ ʦʙʥʘʨʫʞʠʚʘʪʴ ʧʨʠʟʥʘʢʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʚʝʜʝʥʠʷ; 

ǒ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʨʝʜʦʥʦʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʨʝʘʣʴʥʳʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʚʣʠʷʥʠʷ ʥʘ ʤʥʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʮʠʘʣʴʥʦ-

ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ; 

ǒ ʚʳʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 
ʚʦʝʥʥʳʭ ʠ ʛʨʘʞʜʘʥʩʢʠʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠʣʠ ʩʥʠʞʝʥʠʶ 

ʧʦʩʣʝʜʩʪʚʠʡ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʛʦ ʢʦʥʪʝʥʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʝʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ: ʠʩʩʣʝʜʦʚʘʥʳ ʩʣʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, 

ʚʳʷʚʣʝʥʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʘʷ ʠʟ ʥʠʭ ʠ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʘʣʛʦʨʠʪʤʘ ʩʥʠʞʝʥʠʷ ʝʝ ʚʣʠʷʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɺʝʡʚʣʝʪ-ʘʥʘʣʠʟ, ʦʧʪʠʤʠʟʘʮʠʷ, ʤʝʭʘʥʠʟʤ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ, ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ, ʚʝʡʚʣʝʪ-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʪʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʠ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ. 

ɼʘʥʥʳʡ ʬʘʢʪ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʨʦʩʪʦʤ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʟʫʯʝʥʠʷ ʫʚʝʣʠʯʠʚʘʶʱʠʭʩʷ 

ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ, ʧʦʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʢʦʥʪʨʦʣʶ 

ʠ ʬʠʢʩʠʨʦʚʘʥʠʶ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʝʡ ʷʚʣʝʥʠʡ. ɼʘʥʥʳʝ, 

ʧʦʣʫʯʘʝʤʳʝ ʦʧʠʩʘʥʥʳʤ ʧʫʪʝʤ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʤʦʛʫʪ 

ʙʳʪʴ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʊʘʢ ʢʘʢ ʤʥʦʛʠʝ ʷʚʣʝʥʠʷ 

ʬʠʟʠʯʝʩʢʦʡ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʪ.ʧ. 

ʧʨʠʨʦʜʳ ʷʚʣʷʶʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʌʫʨʴʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʯʴ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʠʭ, ʠ ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʘ ʵʬʬʝʢʪʠʚʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʩʩʣʝʜʦʚʘʪʴ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʛʥʘʣʘ [1]. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ 

çGoogle Scholarè ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʥʘ ʨʠʩ. 1, ʧʦʧʫʣʷʨʥʦʩʪʴ ʠʟʫʯʝʥʠʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʜʦʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʚ ʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘ ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʩʪʘʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʩʣʦʚʘ çnon-stationary time-series analysisè ʠ 

çwavelet non-stationary time-series analysisè ʠ ʦʪʥʦʩʷʱʠʭʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʦʙʱʝʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʢ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩ ʧʦʤʦʱʴʶ 

ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ, ʦʪ ʛʦʜʘ ʧʫʙʣʠʢʘʮʠʠ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʧʨʦʩʳ ʜʣʷ ʩʪʘʪʝʡ ʟʘ ʚʝʩʴ ʚʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʢ ʠ ʟʘ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ, ʥʘʯʠʥʘʷ ʩ 2021 ʛʦʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2 ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. 

ɼʘʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚʝʡʚʣʝʪ-

ʘʥʘʣʠʟʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʜʘʥʥʳʭ ʚ 1,84 ʨʘʟʘ ʚʳʰʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʦʜʥʘʢʦ ʜʘʞʝ ʧʨʠ 

ʧʦʩʪʝʧʝʥʥʦʤ ʨʦʩʪʝ ʜʦʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 50%, ʪʦ ʝʩʪʴ 

ʦʩʪʘʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʘ, ʧʨʠʯʠʥʦʡ ʯʝʤʫ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. 
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ʈʠʩ. 1. ɻʨʘʬʠʢ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʧʨʦʩʘ ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ ʚ ʩʠʩʪʝʤʝ 

çGoogle Scholarè ʩ ʬʠʣʴʪʨʘʮʠʝʡ ʧʦ ʚʨʝʤʝʥʠ 

 

 
 

ʈʠʩ. 2. ɻʠʩʪʦʛʨʘʤʤʘ, ʦʪʨʘʞʘʶʱʘʷ ʜʦʣʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

 

ʇʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ 

ʆʩʥʦʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦ 

ʵʪʘʧʘʤ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ. 

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʘ 

ʠʤʝʥʥʦ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʡ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʩʢʦʤʳʭ ʜʘʥʥʳʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʜʘʥʥʦʛʦ ʵʪʘʧʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʤʘʪʝʨʠʥʩʢʦʛʦ ʚʝʡʚʣʝʪʘ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ 

ʩʭʦʞʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ. ʕʪʦʪ ʚʦʧʨʦʩ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ 

ʠʟʫʯʝʥʠʷ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʜʝʨʞʘʱʝʡ ʦʧʠʩʘʥʠʝ ʠʟʚʝʩʪʥʳʭ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʠ ʠ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʚʝʡʚʣʝʪʘʤ, ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ 

ʤʘʪʝʨʠʥʩʢʦʛʦ ʚʝʡʚʣʝʪʘ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʝʛʦʩʷ ʦʧʳʪʘ ʚ ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 
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ʅʘ ʦʩʥʦʚʥʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʜʣʷ 

ʠʩʢʦʤʳʭ ʜʘʥʥʳʭ ʠ ʚʩʝʭ ʜʦʯʝʨʥʠʭ ʚʝʡʚʣʝʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʫʪʝʤ ʩʜʚʠʛʘ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʥʩʢʦʛʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʦʣʥʝʥʠʝ ʤʘʪʨʠʮʳ 

ʚʝʡʚʣʝʪ-ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʤʝʨʘ [A x B], ʛʜʝ A ï ʯʠʩʣʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʡ ʤʘʪʝʨʠʥʩʢʦʛʦ 

ʚʝʡʚʣʝʪʘ, B ï ʢʦʣʠʯʝʩʪʚʦ ʝʛʦ ʩʜʚʠʛʦʚ. ʊʘʢ ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʜʘʥʥʳʭ, ʪʦ ʨʘʟʤʝʨ ʤʘʪʨʠʮʳ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥ ʙʝʟ ʧʝʨʚʠʯʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʨʠʩʢʘ ʧʦʪʝʨʴ ʨʝʣʝʚʘʥʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚʝʡʚʣʝʪ-ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʠʟʙʳʪʦʯʥʳʤ ʨʘʩʯʝʪʘʤ, ʥʘʛʨʫʞʘʶʱʠʤ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʠ ʜʝʣʘʶʱʠʤ ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠ ʪʨʫʜʦʟʘʪʨʘʪʥʳʤ. ʆʧʪʠʤʠʟʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʰʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ. ʅʘʧʨʠʤʝʨ, ʵʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʦʛʨʘʥʠʯʝʥ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʉʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʜʦ Nlog(N) ʧʦʤʦʛʘʝʪ 

ʩʥʠʟʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠʣʠ ʤʝʪʦʜʘ, ʦʧʠʩʘʥʥʦʛʦ ʚ [2], 

ʢʦʪʦʨʳʡ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʙʦʣʴʰʠʭ ʚʳʙʦʨʦʢ. 

ʂ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤʫ ʵʪʘʧʫ ʦʪʥʦʩʠʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ 

ʩʧʝʢʪʨʦʛʨʘʤʤʳ, ʚʠʜ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʥʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʤ ʵʪʘʧʝ 

ʚʝʡʚʣʝʪʘ. ʇʨʦʙʣʝʤʦʡ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʬʨʦʚʢʘ ʧʦʚʝʜʝʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ 

ʛʨʘʬʠʢʘ ʠ ʧʦʣʫʯʝʥʠʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʷʚʣʝʥʠʠ, ʯʪʦ 

ʨʝʰʘʝʪʩʷ ʠʟʫʯʝʥʠʝʤ ʩʚʦʡʩʪʚ ʚʳʙʨʘʥʥʦʛʦ ʚʝʡʚʣʝʪʘ. 

ɺʦʧʨʦʩʳ ʧʝʨʚʦʛʦ ʠ ʧʦʩʣʝʜʥʝʛʦ ʵʪʘʧʘ ʨʝʰʘʶʪʩʷ ʧʨʝʜʤʝʪʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʧʫʪʝʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʙʣʝʤʘ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʝʡʚʣʝʪ-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚʣʝʯʝʪ ʯʨʝʟʤʝʨʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠʟ-ʟʘ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʩʯʝʪʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʦʡ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʝʝ ʨʝʰʝʥʠʝ, ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʱʝʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ. 

 

ɿʘʜʘʯʘ ʩʥʠʞʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ 

ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ, ʩʥʠʞʘʶʱʘʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʩʠʩʪʝʤʫ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʝʥʠʡ. ʕʪʦ 

ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ, ʢʘʢ ʙʦʣʴʰʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ 

ʚʝʡʚʣʝʪ-ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʥʘʣʠʯʠʝ ʢʨʘʝʚʦʛʦ ʵʬʬʝʢʪʘ. ʆʙʘ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʥʷʪʴ 

ʧʘʨʘʤʝʪʨʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʷ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʤʘʩʰʪʘʙʦʚ. ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨ ʩʜʚʠʛʘ ʚʚʠʜʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʨʝʰʝʥʦ 

ʦʩʪʘʚʠʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʩʰʪʘʙʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ 

 

max mina a
A

a

-
=

D , 

 

ʛʜʝ amax ï ʥʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, amin ï ʥʘʠʤʝʥʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ȹa ï ʰʘʛ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

ʇʘʨʘʤʝʪʨʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ, ʟʘʜʘʶʪ ʯʘʩʪʦʪʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʩʧʝʢʪʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ amax ʠ 

ʫʚʝʣʠʯʝʥʠʷ amin ʠ ȹa. 

ʋʚʝʣʠʯʝʥʠʝ ʰʘʛʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʚʚʠʜʫ ʩʭʦʞʝʩʪʠ ʠʣʠ ʠʜʝʥʪʠʯʥʦʩʪʠ 

ʩʦʩʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʨʠ ʤʘʣʝʥʴʢʦʤ ʟʥʘʯʝʥʠʠ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ 

ʧʣʘʚʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʮʚʝʪʦʚ ʚ ʫʨʦʚʥʝʚʦʡ ʜʠʘʛʨʘʤʤʝ ʠʣʠ ʚ ʧʦʩʪʝʧʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʚʳʩʦʪ 

ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʧʝʢʪʨʦʛʨʘʤʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʨʝʞʠʚʘʥʠʝ ʚʝʡʚʣʝʪ-

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʜʫʙʣʠʨʦʚʘʥʥʳʭ ʠʣʠ ʙʣʠʟʢʠʭ 

ʟʥʘʯʝʥʠʡ. 



XI ʂʦʥʛʨʝʩʩ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊʦʤ 2. 
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ɽʩʣʠ ʚ ʩʠʛʥʘʣʝ ʥʝʪ ʚʳʨʘʞʝʥʥʳʭ ʯʘʩʪʦʪ ʚ ʢʨʘʡʥʠʭ ʯʘʩʪʷʭ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, ʪʦ ʚʦʟʤʦʞʥʦ ʫʤʝʥʴʰʝʥʠʝ amax ʠ ʫʚʝʣʠʯʝʥʠʝ amin, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʚʝʡʚʣʝʪ-ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʦʪʩʝʯʝʥʠʝ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʦʛʨʘʤʤʳ. ʋʚʝʣʠʯʝʥʠʝ ʢʨʘʝʚʦʛʦ ʵʬʬʝʢʪʘ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʢʦʥʝʯʥʦʩʪʴʶ ʜʘʥʥʳʭ, ʜʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʦʙʣʘʩʪʝʡ ʩʧʝʢʪʨʦʛʨʘʤʤʳ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦ ʦʪʩʝʯʝʥʠʷ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʦʚ, 

ʢʦʪʦʨʳʝ ʨʘʩʪʷʛʠʚʘʶʪ ʤʘʪʝʨʠʥʩʢʠʡ ʚʝʡʚʣʝʪ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʬʫʥʢʮʠʷ ʥʘʯʠʥʘʝʪ 

ʧʝʨʝʢʨʳʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ ʧʨʦʨʝʞʠʚʘʥʠʝ ʚʝʡʚʣʝʪ-ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘ ʩʯʝʪ 

ʠʩʢʣʶʯʝʥʠʷ ʜʫʙʣʠʨʦʚʘʥʥʳʭ ʠʣʠ ʙʣʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʠ ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʩʝʯʝʥʠʷ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʦʛʨʘʤʤʳ. ʆʜʥʘʢʦ ʧʨʠ ʯʨʝʟʤʝʨʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ʰʘʛʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʫʭʫʜʰʘʝʪʩʷ ʨʘʟʨʝʰʝʥʠʝ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʚʦʟʤʦʞʥʦ 

ʧʦʷʚʣʝʥʠʝ ʫʛʣʦʚʘʪʦʩʪʠ ʩʧʝʢʪʨʦʛʨʘʤʤʳ. ʇʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʛʨʘʥʠʮ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʘ ʧʦʪʝʨʷ ʨʝʣʝʚʘʥʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚʝʡʚʣʝʪ-ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʜʘʥʥʳʭ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʨʝʜʝʣʷʝʤʳʭ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʠ ʤʠʥʠʤʘʣʴʥʫʶ ʟʥʘʯʠʤʳʝ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʦʧʨʝʜʝʣʠʪʴ 

ʛʨʘʥʠʮʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚʝʡʚʣʝʪʦʚ, ʠ ʤʠʥʠʤʘʣʴʥʫʶ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʟʥʘʯʠʤʳʤʠ 

ʯʘʩʪʦʪʘʤʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʟʘʜʘʪʴ ʰʘʛ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

ʊʘʢ ʢʘʢ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʠ ʦʙʣʘʜʘʶʪ ʨʘʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʠʭ ʛʣʘʚʥʳʝ ʥʝʩʫʱʠʝ 

ʯʘʩʪʦʪʳ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʧʨʠʤʝʥʷʝʤʳʤʠ ʤʘʩʰʪʘʙʠʨʫʶʱʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʪʦ ʝʜʠʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʚʩʝʭ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʡ ʥʝ ʚʳʷʚʠʪʴ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʩʚʷʟʠ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʢʦʤʳʭ ʜʘʥʥʳʭ ʠ ʤʘʩʰʪʘʙʠʨʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʫʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʜʣʷ 

ʦʙʨʘʪʥʦʛʦ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʙʦʪʘʭ ʢʘʩʘʪʝʣʴʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʨʜʠʦʛʨʘʤʤ, 

ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʠʛʥʘʣʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʞʘʪʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ [3], ʠ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʛʜʝ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʚʝʡʚʣʝʪ-ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʠ [4]. ʇʦ ʘʥʘʣʦʛʠʠ ʜʘʥʥʘʷ ʧʨʘʢʪʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʤʘʩʰʪʘʙʘ ʚʝʡʚʣʝʪʘ ʩ ʯʘʩʪʦʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʛʥʘʣʘ, ʜʘʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʧʦʤʦʱʴʶ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ 

ʚʠʜʘ çʝʩʣʠ ʤʠʥʠʤʘʣʴʥʘʷ ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ ʙʦʣʴʰʘʷ, ʪʦ ʤʠʥʠʤʘʣʴʥʳʡ ʤʘʩʰʪʘʙ ʚʝʡʚʣʝʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥ, ʪʦ ʝʩʪʴ ʧʨʠʥʠʤʘʪʴ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝè. ʊʘʢʘʷ ʩʚʷʟʴ ʭʦʨʦʰʦ 

ʣʦʞʠʪʴʩʷ ʚ ʤʝʭʘʥʠʟʤ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʛʜʝ ʩʣʝʜʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʥʝʝ 

ʫʪʚʝʨʞʜʝʥʠʡ ʙʫʜʫʪ ʩʣʫʞʠʪʴ ʧʨʘʚʠʣʘʤʠ ʜʣʷ ʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʘʧʦʚ ʧʨʦʚʝʜʝʥʠʷ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʧʨʦʙʣʝʤʘ, 

ʚʣʠʷʶʱʘʷ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘ ʪʨʫʜʦʝʤʢʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠ 

ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʠʟʙʳʪʦʯʥʦʤʫ ʯʠʩʣʫ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ɺʚʠʜʫ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʧʝʨʚʠʯʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʯʘʩʪʦʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʜʦʧʦʣʥʠʪʴ ʘʣʛʦʨʠʪʤ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʚʢʣʶʯʝʥʠʝʤ ʚ ʥʝʛʦ ʤʝʭʘʥʠʟʤʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚʝʡʚʣʝʪʘ ʥʘ ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʥʳʭ ʩʚʦʡʩʪʚ ʠʩʢʦʤʳʭ ʜʘʥʥʳʭ. ʆʧʠʨʘʷʩʴ 

ʥʘ ʠʤʝʶʱʠʝʩʷ ʟʥʘʥʠʷ ʦ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʝ, ʦʧʪʠʤʘʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʩʚʷʟʠ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ 

ʤʝʭʘʥʠʟʤ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʦʧʝʨʠʨʫʶʱʠʡ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
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ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʵʪʘʧʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ, ʠ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʘʥʘʣʠʟʝ ʠʩʢʦʤʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʜʙʦʨʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʠ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʫʩʧʝʚʘʝʤʦʩʪʠ 

ʩʪʫʜʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʣʛʦʨʠʪʤʘ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦʙ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. 

ɼʘʪʘʩʝʪ ʙʳʣ ʦʯʠʱʝʥ ʦʪ ʚʳʙʨʦʩʦʚ ʠ ʧʨʦʧʫʩʢʦʚ. ʊʘʢʞʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ. ɺʩʝ ʛʨʘʬʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɸʥʘʣʠʪʠʢʘ ʜʘʥʥʳʭ, ʢʣʘʩʪʝʨʠʟʘʮʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʷ, ʘʥʘʣʠʟ ʫʩʧʝʚʘʝʤʦʩʪʠ, ʦʯʠʩʪʢʘ ʜʘʥʥʳʭ. 
  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩʝʢʪʦʨ ʦʙʨʘʟʦʚʘʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ñʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭò ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ 

ʫʯʘʩʪʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ [1]. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ï ʵʪʦ 

ʤʝʪʦʜ ʠʟʚʣʝʯʝʥʠʷ ʩʘʤʦʡ ʛʣʘʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʙʦʣʴʰʠʭ ʙʘʟ ʜʘʥʥʳʭ. ʕʪʦ ʥʦʚʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʩ ʭʦʨʦʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʦʢʘʟʘʥʠʷ ʧʦʤʦʱʠ ʫʥʠʚʝʨʩʠʪʝʪʘʤ ʠʣʠ 

ʠʥʩʪʠʪʫʪʘʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʜʘʥʥʳʭ. ʊʘʢ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʝʭ ʜʘʥʥʳʭ ʦ ʩʪʫʜʝʥʪʘʭ, ʵʪʦ, ʥʘʧʨʠʤʝʨ, ʤʦʛʫʪ ʙʳʪʴ ʜʘʪʳ ʧʝʨʝʩʜʘʯ, 

ʘʥʘʣʠʟ ʫʩʧʝʚʘʝʤʦʩʪʠ, ʛʨʝʡʜ ʧʦ ʩʪʠʧʝʥʜʠʠ ʠʣʠ ʨʘʩʧʠʩʘʥʠʝ. ɺ ʮʝʣʦʤ, ʚʩʝ ʯʪʦ ʙʳʣʦ 

ʦʧʠʩʘʥʦ ʚʳʰʝ, ʤʦʞʥʦ ʥʘʟʚʘʪʴ Educational Data Mining (EDM), ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʟʘʥʠʤʘʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʨʘʟʣʠʯʥʳʭ ʜʘʥʥʳʭ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ. 

EDM ï ʵʪʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʜʠʩʮʠʧʣʠʥʘ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʦʚ 

ʠʟʫʯʝʥʠʷ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʦʡ ʩ Big Data, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. 

ʉ ʧʦʤʦʱʴʶ EDM ʤʥʦʛʠʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʣʫʯʰʠʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʢʘʢ ʜʣʷ ʫʯʘʱʠʭʩʷ, ʪʘʢ ʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ [2]. 

ʈʘʟʙʝʨʝʤ ʧʦʯʝʤʫ ʞʝ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʚʝʨʰʝʥʠʠ ʤʘʥʠʧʫʣʷʮʠʡ ʥʘʜ 

ʜʘʥʥʳʤʠ. ʊʘʢ ʢʘʢ ʠʟʥʘʯʘʣʴʥʦ ʜʘʥʥʳʝ ʩʛʨʫʞʘʶʪʩʷ ʚ ʥʝʧʦʥʷʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʪʨʝʙʫʝʪʩʷ ʥʝʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʢʘʢ-ʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʣʠ ʦʪʦʙʨʘʟʠʪʴ ʤʦʜʝʣʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ ʠʣʠ 

ʛʨʘʬʠʢʦʚ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʨʘʪʴ ʚ ʨʘʙʦʪʫ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʜʘʪʘʩʝʪʘ, ʝʩʪʴ ʪʘʢʠʝ ʚʝʱʠ 

ʢʘʢ ʚʳʙʨʦʩʳ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʚʠʟʫʘʣʠʟʘʮʠʡ. 

ʆʧʠʰʝʤ ʧʨʦʮʝʩʩ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ. 1). 

ʉʙʦʨ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ, ʥʘʯʠʥʘʷ ʩ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ 

ʫʩʧʝʚʘʝʤʦʩʪʴ ʩʪʫʜʝʥʪʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʵʢʟʘʤʝʥʦʚ, ʧʝʨʝʯʝʥʴ ʩʘʤʠʭ ʩʪʫʜʝʥʪʦʚ, ʢʘʢʘʷ-ʪʦ 

ʣʠʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʦʤʝʨ ʛʨʫʧʧʳ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʠ ʜʠʩʮʠʧʣʠʥʳ, ʢʦʣʠʯʝʩʪʚʦ ʟʘʯʝʪʥʳʭ 

ʝʜʠʥʠʮ ʠ ʪʘʢ ʜʘʣʝʝ. ʉʙʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ, ʜʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʦʯʠʩʪʢʘ ʦʪ 

ʚʳʙʨʦʩʦʚ, ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʜʘʪʘʩʝʪʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢ ʥʫʞʥʦʤʫ ʚʠʜʫ, 

ʜʘʣʝʝ ʫʞʝ ʜʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʜʝʤʦʥʩʪʨʘʮʠʠ [3]. 
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ʈʠʩ. 1. ʇʨʦʮʝʩʩ ʩʙʦʨʘ ʜʘʥʥʳʭ 

 
ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʫʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ. K-Means, ʚʝʨʦʷʪʥʦ, ʩʘʤʳʡ ʠʟʚʝʩʪʥʳʡ ʘʣʛʦʨʠʪʤ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʀʤʝʥʥʦ ʩ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʘʯʠʥʘʶʪʩʷ ʟʘʥʷʪʠʷ ʧʦ ʤʘʰʠʥʥʦʤʫ ʦʙʫʯʝʥʠʶ, 

ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʤʝʪʦʜ ʜʦʩʪʘʪʦʯʥʦ ʥʝʩʣʦʞʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʚ ʧʨʠʤʝʥʝʥʠʠ [4]. ʀ ʠʩʭʦʜʷ 

ʠʟ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣ ʚʳʙʨʘʥ ʘʣʛʦʨʠʪʤ K-Means, ʪʘʢ ʢʘʢ ʦʥ ʧʨʦʩʪ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʠ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʇʦʩʣʝ ʚʳʙʦʨʘ 

ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʪʨʝʙʦʚʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ, ʵʪʦ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ Elbow Method, ʠʣʠ ʢʘʢ ʝʛʦ ʥʘʟʳʚʘʝʪ ʚ ʧʝʨʝʚʦʜʝ ʥʘ ʨʫʩʩʢʠʡ 

ʷʟʳʢ ï ʵʪʦ ʤʝʪʦʜ ʣʦʢʪʷ [5]. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʙʳʣ ʚʳʙʨʘʥ ʷʟʳʢ 

Python, ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ PCharm ʠ Anaconda. 

ʊʘʢ ʢʘʢ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʘʣ ʥʝ ʵʬʬʝʢʪʠʚʥʦ, ʪʨʝʙʦʚʘʣʦʩʴ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ 

ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʯʠʩʣʘ ʢʣʘʩʪʝʨʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʘ. ɹʳʣ 

ʚʳʙʨʘʥ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ 

ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʜʘʥʥʳʭ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʙʝʟ ʙʦʣʴʰʠʭ ʧʦʪʝʨʴ ʚ 

ʚʝʩʦʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʠʩʴ 3 ʩʣʝʜʫʶʱʠʭ ʢʣʘʩʪʝʨʘ, ʢʦʪʦʨʳʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ (ʨʠʩ. 2). 

 

  
 

ʈʠʩ. 2. ʇʦʣʫʯʝʥʥʳʝ ʢʣʘʩʪʝʨʳ 
 

ʇʦʣʝ çcountè ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ, ʘ ʦʩʴ çTenScaleMarkè ï ʵʪʦ ʦʮʝʥʢʘ ʧʦ 

ʜʝʩʷʪʠʙʘʣʣʴʥʦʡ ʩʠʩʪʝʤʝ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ ʦʙʫʯʘʶʱʠʝʩʷ ʨʘʟʙʠʣʠʩʴ ʥʘ ʪʨʠ 

ʢʣʘʩʪʝʨʘ, cluster 0 ï ɻ ʪʦ ʩʪʫʜʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʣʠ ʦʮʝʥʢʠ 7-8, cluster 1 ï ɻ ʪʦ ʩʪʫʜʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʣʠ ʦʮʝʥʢʠ 4-6, ʪʘʢʞʝ ʟʘʤʝʪʠʤ, ʯʪʦ ʝʩʪʴ ʥʝʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 0 ʜʦ 3, 

ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʵʢʟʘʤʝʥʳ ʥʝ ʚʩʝʛʜʘ ʩʜʘʚʘʣʠʩʴ ʦʙʫʯʘʶʱʠʤʠʩʷ, cluster 2 ï ʵʪʦ 

ʢʣʘʩʪʝʨ ʩʦ ʩʪʫʜʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʫʯʘʪʩʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʵʪʦ ʦʮʝʥʢʠ 

9 ʠ 10. 
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ɼʘʣʝʝ, ʧʦ ʫʞʝ ʧʦʣʫʯʝʥʥʳʤ ʢʣʘʩʪʝʨʘʤ ʧʦʩʪʨʦʠʤ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʧʝʚʘʝʤʦʩʪʠ 

ʦʪ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʙʣʶʜʘʪʴ ʯʪʦ ʧʨʠ ʫʣʫʯʰʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʪʫʜʝʥʪʦʚ, ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ, ʪʦ ʝʩʪʴ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʙʶʜʞʝʪ 

ʢʦʤʤʝʨʮʠʷ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʫʣʫʯʰʝʥʠʠ ʫʩʧʝʚʘʝʤʦʩʪʠ (ʨʠʩ. 3). 

 

 
 

ʈʠʩ. 3. ʇʦʣʫʯʝʥʥʳʝ ʢʣʘʩʪʝʨʳ ʩ ʬʦʨʤʦʡ ʦʙʫʯʝʥʠʷ  
 

ʈʠʩ. 3 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʠʩ. 2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʣʠ 

ʩʪʫʜʝʥʪʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʟʘ ʩʯʝʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʘ (çʙʶʜʞʝʪʥʠʢʠè) ʦʪ ʠʭ 

ʫʩʧʝʚʘʝʤʦʩʪʠ ʠʣʠ ʥʘʦʙʦʨʦʪ. ʇʨʠ ʵʪʦʤ ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʜʦʣʷ ʙʶʜʞʝʪʥʠʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʦʮʝʥʢʘʤ (9 ʠ 10 ʙʘʣʣʦʚ), ʘ ʥʠʞʝ ʚʩʝʛʦ ʜʘʥʥʘʷ ʜʦʣʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʮʝʥʢʘʤ ʦʪ 4 ʜʦ 6 ʙʘʣʣʦʚ.  

ʊʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʨʦʠʪʴ ʠʥʪʝʨʘʢʪʠʚʥʫʶ 

ʚʠʟʫʘʣʠʟʘʮʠʶ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʬʘʢʫʣʴʪʝʪʘʤʠ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ, ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʦʮʝʥʦʢ. ɼʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʨʦʜʘ ʟʘʜʘʯʠ ʦʯʝʥʴ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʩʨʝʜʘ ʠʥʪʝʨʘʢʪʠʚʥʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ Tableau. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʦʪʣʠʯʥʦ ʦʪʦʙʨʘʞʘʝʪ ʨʝʟʫʣʴʪʘʪ ʠ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦʝ 

ʚ ʧʦʥʠʤʘʥʠʠ (ʨʠʩ. 4).  

 
 

ʈʠʩ. 4. ɺʠʟʫʘʣʠʟʘʮʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ 

 


