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ɸʙʜʫʩʘʣʷʤʦʚʘ ʄ.ɺ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʉʄɸʈʊʌʆʅʓ ʀ ʎʀʌʈʆɺɸʗ ɻʈɸʄʆʊʅʆʉʊʔ: ɸʅɸʃʀɿ ʉʋʑɽʉʊɺʋʖʑʀʍ 

ʈɽʉʋʈʉʆɺ ʀ ʈɸɿʈɸɹʆʊʂɸ ʅʆɺʆɻʆ ʆɹʋʏɸʖʑɽɻʆ ʇʈʀʃʆɾɽʅʀʗ 

ʉʝʛʦʜʥʷ ʩʤʘʨʪʬʦʥʳ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʘʰʝʡ ʞʠʟʥʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ 

ʣʶʜʷʤ ʦʙʱʘʪʴʩʷ ʩ ʢʝʤ-ʪʦ ʥʘ ʜʨʫʛʦʤ ʢʦʥʮʝ ʩʪʨʘʥʳ ʠʣʠ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʦʛʨʦʤʥʦʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʝʩʫʨʩʦʚ. ɻʦʜ ʟʘ ʛʦʜʦʤ ʢʦʣʠʯʝʩʪʚʦ ʩʤʘʨʪʬʦʥʦʚ ʪʦʣʴʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʫ ʢʘʞʜʦʛʦ ʝʩʪʴ ʜʦʩʪʫʧ ʢ ʥʠʤ. ʆʜʥʘʢʦ, ʥʝ ʢʘʞʜʳʡ ʫʤʝʝʪ ʭʦʨʦʰʦ 

ʠʤʠ ʧʦʣʴʟʦʚʘʪʴʩʷ. ʄʥʦʛʠʝ ʣʶʜʠ, ʦʩʦʙʝʥʥʦ ʩʪʘʨʰʝʝ ʧʦʢʦʣʝʥʠʝ, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʝʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʚʝʨʰʘʪʴ ʥʝʧʦʧʨʘʚʠʤʳʝ ʦʰʠʙʢʠ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʦʝʛʦ ʛʘʜʞʝʪʘ, ʥʘʧʨʠʤʝʨ, ʧʨʦʩʪʦ çʣʦʤʘʶʪè ʪʝʣʝʬʦʥ ʜʦ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʣʠ ʞʝ ʧʦʧʘʜʘʶʪʩʷ ʥʘ ʣʦʚʫʰʢʠ ʤʦʰʝʥʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʪʦʣʴʢʦ ʠ 

ʧʦʣʴʟʫʶʪʩʷ ʠʭ ʫʷʟʚʠʤʦʩʪʴʶ.   

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʚʦʜʷʪ ʧʦʥʷʪʠʝ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ï ʵʪʦ ʫʤʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʷʝʪ ʙʝʟʦʧʘʩʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʩʫʨʩʳ ʠʥʪʝʨʥʝʪʘ. 

ʎʠʬʨʦʚʘʷ ʛʨʘʤʦʪʥʦʩʪʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʘʟʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʚʳʢʠ, ʪʘʢʠʝ ʢʘʢ ʟʥʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʩʤʘʨʪʬʦʥʘ ʠʣʠ ʫʤʝʥʠʝ ʨʘʙʦʪʘʪʴ ʚ ʠʥʪʝʨʥʝʪʝ ʯʝʨʝʟ ʙʨʘʫʟʝʨ, ʪʘʢʞʝ ʚ ʥʝʝ 

ʤʦʞʥʦ ʚʢʣʶʯʠʪʴ ʫʤʝʥʠʝ ʦʮʝʥʠʚʘʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʵʪʠʯʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʩʚʦʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʠʥʪʝʨʥʝʪʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ ʦʜʥʘ ʠʟ ʚʘʞʥʳʭ ʚʝʱʝʡ, ʢʦʪʦʨʦʡ 

ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʥʘʫʯʠʪʴʩʷ, ʯʪʦʙʳ ʫʩʧʝʰʥʦ ʚʳʞʠʚʘʪʴ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʦʙʱʝʩʪʚʝ [4]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʥʝ ʪʦʣʴʢʦ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʣʶʜʝʡ ʧʦʣʴʟʦʚʘʥʠʶ ʩʤʘʨʪʬʦʥʘʤʠ, ʥʦ ʠ ʧʨʝʜʩʪʘʚʠʤ ʨʘʟʨʘʙʦʪʢʫ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ʜʣʷ ʦʙʫʯʝʥʠʷ ʮʠʬʨʦʚʦʡ 

ʛʨʘʤʦʪʥʦʩʪʠ: 

ï ʆʥʣʘʡʥ-ʢʫʨʩʳ. ʕʪʦ ʩʧʝʮʠʘʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ ʠ ʩʘʡʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʴʶ. ʇʨʦʛʨʘʤʤʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʨʘʟʣʠʯʥʳʝ ʪʝʤʳ, ʥʘʯʠʥʘʷ ʩ ʨʘʙʦʪʳ ʢʥʦʧʦʢ ʥʘ ʩʤʘʨʪʬʦʥʝ ʠ ʟʘʢʘʥʯʠʚʘʷ ʦʩʥʦʚʘʤʠ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʘʤʠ ʢʫʨʩʳ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʙʝʩʧʣʘʪʥʳʤʠ, ʪʘʢ ʠ ʧʣʘʪʥʳʤʠ, ʠ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʚʨʫʯʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʩʝʨʪʠʬʠʢʘʪ ʦ ʟʘʚʝʨʰʝʥʠʠ ʦʙʫʯʝʥʠʷ. ʅʦ 

ʥʝʢʦʪʦʨʳʭ ʤʦʞʝʪ ʦʪʪʦʣʢʥʫʪʴ ʧʣʘʪʥʳʡ ʢʦʥʪʝʥʪ, ʧʦʪʦʤʫ ʯʪʦ ʣʶʜʠ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʮʠʬʨʦʚʦʡ 

ʛʨʘʤʦʪʥʦʩʪʴʶ ʦʪʥʝʩʫʪʩʷ ʢ ʜʘʥʥʦʤʫ ʜʝʡʩʪʚʠʶ ʩ ʥʝʜʦʚʝʨʠʝʤ, ʠʣʠ ʤʦʛʫʪ ʥʘʪʢʥʫʪʴʩʷ ʥʘ 

ʧʦʜʜʝʣʴʥʳʡ ʩʘʡʪ ʤʦʰʝʥʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʦʙʤʘʥʳʚʘʶʪ ʠʤʝʥʥʦ ʪʘʢʠʭ ʣʶʜʝʡ. ɽʱʝ ʦʜʥʠʤ 

ʠʟ ʤʠʥʫʩʦʚ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʘʪʴ ʙʝʟ 

ʀʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʷ. ɽʩʣʠ ʯʝʣʦʚʝʢ, ʢʦʪʦʨʳʡ ʧʣʦʭʦ ʨʘʟʙʠʨʘʝʪʩʷ ʚ ʩʤʘʨʪʬʦʥʘʭ, ʩʣʫʯʘʡʥʦ 

ʦʪʢʣʶʯʠʪ ʤʦʙʠʣʴʥʳʡ ʠʥʪʝʨʥʝʪ, ʪʦ ʦʥ ʥʝ ʪʦʣʴʢʦ ʥʝ ʩʤʦʞʝʪ ʟʘʡʪʠ ʥʘ ʜʘʥʥʳʝ ʢʫʨʩʳ, ʥʦ ʠ ʥʝ 

ʩʤʦʞʝʪ ʚʢʣʶʯʠʪʴ ʦʙʨʘʪʥʦ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʙʝʟ ʧʦʩʪʦʨʦʥʥʝʡ ʧʦʤʦʱʠ.  
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ï ɺʠʜʝʦʫʨʦʢʠ. ʅʘ ʚʠʜʝʦʭʦʩʪʠʥʛʘʭ ʤʦʞʥʦ ʥʘʡʪʠ ʤʥʦʞʝʩʪʚʦ ʫʨʦʢʦʚ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʩʤʘʨʪʬʦʥʦʚ, ʛʜʝ ʧʦʜʨʦʙʥʦ ʦʙʲʷʩʥʷʶʪʩʷ ʬʫʥʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʩʪʨʦʡʩʪʚ. ʉʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪ 

ʤʘʪʝʨʠʘʣʳ ʧʦ ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʘʤ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ: ʦʪ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʘʤʠ ʜʦ ʦʩʥʦʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʠʥʪʝʨʥʝʪʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʠʤʝʝʪ ʪʘʢʦʡ ʞʝ 

ʥʝʜʦʩʪʘʪʦʢ, ʯʪʦ ʠ ʧʨʝʜʳʜʫʱʠʡ ʧʫʥʢʪ ï ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʫʧʘ ʙʝʟ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ.  

ï ʂʥʠʛʠ ʠ ʧʦʩʦʙʠʷ. ʅʘ ʧʦʣʢʘʭ ʙʠʙʣʠʦʪʝʢ ʠ ʢʥʠʞʥʳʭ ʤʘʛʘʟʠʥʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʫʯʝʙʥʠʢʠ 

ʠ ʨʫʢʦʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʨʝʩʫʨʩʘʭ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʙʦʪʘ ʩ ʢʦʤʧʴʶʪʝʨʘʤʠ ʠʣʠ ʩʦ ʩʤʘʨʪʬʦʥʘʤʠ, ʚ ʜʨʫʛʠʭ ʤʦʞʝʪ 

ʦʧʠʩʳʚʘʪʴʩʷ ʦʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʦ ʮʠʬʨʦʚʫʶ ʛʨʘʤʦʪʥʦʩʪʴ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ 

ʨʝʰʝʥʠʡ, ʢʥʠʛʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ɽʩʣʠ ʚʦʟʥʠʢʣʘ 

ʧʨʦʙʣʝʤʘ, ʪʦ ʯʝʣʦʚʝʢ ʩʤʦʞʝʪ ʥʘʡʪʠ ʠʥʬʦʨʤʘʮʠʶ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ʅʝʢʦʪʦʨʳʝ ʢʥʠʛʠ ʠʤʝʶʪ 

ʜʘʞʝ ʢʨʫʧʥʳʡ ʰʨʠʬʪ ʜʣʷ ʣʶʜʝʡ ʩ ʧʣʦʭʠʤ ʟʨʝʥʠʝʤ, ʥʦ ʠʟ-ʟʘ ʵʪʦʛʦ ʞʝ ʜʘʥʥʳʝ ʧʦʩʦʙʠʷ ʦʙʨʝʪʘʶʪ 

ʙʦʣʴʰʦʡ ʦʙʲʝʤ, ʧʦʵʪʦʤʫ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʥʦʩʠʪʴ ʢʥʠʛʫ ʩ ʩʦʙʦʡ. ɽʱʝ ʦʜʥʠʤ ʤʠʥʫʩʦʤ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʥʝʤʘʣʝʥʴʢʫʶ ʩʪʦʠʤʦʩʪʴ ʩʘʤʠʭ ʢʥʠʛ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʘʨʠʘʥʪ ʚʟʷʪʴ ʧʦʩʦʙʠʷ ʚ 

ʙʠʙʣʠʦʪʝʢʝ, ʪʦ ʣʶʜʷʤ ʥʫʞʥʦ ʙʫʜʝʪ ʚʳʫʯʠʪʴ ʤʘʪʝʨʠʘʣ ʟʘ ʪʦʪ ʩʨʦʢ, ʥʘ ʢʦʪʦʨʳʡ ʚʳʜʘʝʪʩʷ ʢʥʠʛʘ. 

ɺ ʩʠʣʫ ʚʦʟʨʘʩʪʘ ʣʶʜʠ ʩʪʘʨʰʝʛʦ ʧʦʢʦʣʝʥʠʷ ʧʣʦʭʦ ʟʘʧʦʤʠʥʘʶʪ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʵʪʦʤʫ ʠʥʦʛʜʘ 

ʧʨʠʭʦʜʠʪʩʷ ʧʦʚʪʦʨʷʪʴ ʦʜʥʦ ʠ ʪʦ ʞʝ ʥʝʩʢʦʣʴʢʦ ʨʘʟ [2]. ɽʱʝ ʦʜʥʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʚ ʢʥʠʛʝ ʥʝ ʚʩʝʛʜʘ ʙʫʜʝʪ ʘʢʪʫʘʣʴʥʦʡ, ʠʟ-ʟʘ ʯʝʛʦ ʧʦʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʝʥʠʷ ʥʦʚʳʭ ʧʦʩʦʙʠʡ.  

ï ʆʬʣʘʡʥ-ʢʫʨʩʳ ʠ ʤʘʩʪʝʨ-ʢʣʘʩʩʳ. ʄʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ 

ʦʨʛʘʥʠʟʫʶʪ ʦʯʥʳʝ ʚʩʪʨʝʯʠ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʛʜʝ ʦʧʳʪʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʜʝʣʷʪʩʷ ʟʥʘʥʠʷʤʠ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʫʯʘʩʪʥʠʢʘʤʠ. ʊʝʤʳ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʦʩʥʦʚ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʘʤʠ 

ʜʦ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʘʩʧʝʢʪʦʚ ʮʠʬʨʦʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ 

ʨʝʰʝʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʤʝʪʦʜʦʚ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʦʤʦʱʴ ʩʦ ʩʪʦʨʦʥʳ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. ʃʶʜʠ ʩʪʘʨʰʝʛʦ ʧʦʢʦʣʝʥʠʷ ʧʨʦʭʦʜʷʪ ʩʣʦʞʥʳʡ ʧʫʪʴ ʘʜʘʧʪʘʮʠʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ, ʚʦʟʤʦʞʥʦ, ʠʤ ʧʦʪʨʝʙʫʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʩʦ ʩʪʦʨʦʥʳ, ʯʪʦʙʳ ʧʦʤʦʯʴ ʠʤ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ [5].  ʀʟ ʤʠʥʫʩʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦ, ʯʪʦ ʥʝ ʫ ʚʩʝʭ 

ʞʝʣʘʶʱʠʭ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʝʪʠʪʴ ʜʘʥʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ ï ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ 

ʪʘʢʦʚʳʭ ʚ ʛʦʨʦʜʘʭ ʤʘʣʦʛʦ ʥʘʩʝʣʝʥʠʷ ʠʣʠ ʞʝ ʧʨʦʙʣʝʤ ʩʦ ʟʜʦʨʦʚʴʝʤ. ʂʘʢ ʠ ʚ ʧʨʠʤʝʨʝ ʩ ʢʥʠʛʘʤʠ 

ʣʶʜʷʤ ʤʦʞʝʪ ʥʝ ʭʚʘʪʘʪʴ ʚʨʝʤʝʥʠ ʠ ʧʨʘʢʪʠʢʠ ʥʘ ʦʙʫʯʝʥʠʝ, ʠʟ-ʟʘ ʯʝʛʦ ʪʘʢʦʡ ʤʝʪʦʜ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤ. 

ï ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. ʄʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʝʜʣʘʛʘʶʱʠʝ ʠʟʫʯʝʥʠʝ 

ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ. ɿʘʯʘʩʪʫʶ ʚ ʜʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʙʝʟ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʀʥʪʝʨʥʝʪʫ, ʠʟ-ʟʘ ʯʝʛʦ ʜʦʩʪʫʧ ʢ ʥʠʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ. ʊʘʢʞʝ ʤʘʪʝʨʠʘʣʳ 

ʩʪʘʥʦʚʷʪʩʷ ʤʦʙʠʣʴʥʳʤʠ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʧʦʤʝʱʘʶʪʩʷ ʚ ʩʤʘʨʪʬʦʥ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ 

ʢʘʨʤʘʥʝ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ. ʋ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ ï ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʙʫʤʘʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʥʠ ʪʨʫʜʥʦ ʯʠʪʘʶʪʩʷ. ɼʣʷ ʣʶʜʝʡ ʧʨʝʢʣʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʦʛʨʘʥʠʯʝʥ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʚʣʘʜʝʥʠʷ ʩʤʘʨʪʬʦʥʦʤ. ʀ ʚʝʜʴ ʦʧʷʪʴ ʞʝ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʣʶʜʝʡ, ʪʦ ʦʥ ʙʫʜʝʪ ʠʤʝʪʴ ʥʘʠʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ, ʚʝʜʴ ʨʘʟʚʠʪʠʝ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʶʜʝʡ, ʥʝ ʫʤʝʶʱʠʭ ʨʘʙʦʪʘʪʴ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʛʘʜʞʝʪʘʤʠ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʫʣʫʯʰʝʥʠʶ ʧʦʥʠʤʘʥʠʷ ʨʘʙʦʪʳ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʪʠʧʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʝʜʸʪ ʠ ʢ 

ʧʦʚʳʰʝʥʠʶ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʠ ʚ ʩʣʝʜʩʪʚʠʝ ʙʫʜʝʪ ʩʪʦʷʪʴ ʚʦʧʨʦʩ ʦ ʛʨʘʤʦʪʥʦʤ 

ʚʦʚʣʝʯʝʥʠʠ ʣʶʜʝʡ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚ ʜʨʫʛʠʭ ʩʪʘʪʴʷʭ. 

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʘʞʜʦʝ ʠʟ 

ʥʠʭ ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʥʝʤʘʣʦʚʘʞʥʳʭ ʢʨʠʪʝʨʠʝʚ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦ ʮʠʬʨʦʚʫʶ ʛʨʘʤʦʪʥʦʩʪʴ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ 

ʢʦʤʧʴʶʪʝʨʝ ʠʣʠ ʥʦʫʪʙʫʢʝ. ʅʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʤʘʨʪʬʦʥʳ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʠʯʢʦʡ ʥʘʰʝʡ ʞʠʟʥʠ ï ʧʦʯʪʠ ʫ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʫʞʝ ʝʩʪʴ ʩʚʦʡ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʚ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʤʘʣʦ ʩʢʘʟʘʥʦ ʧʨʦ ʫʧʨʘʚʣʝʥʠʝ 

ʩʤʘʨʪʬʦʥʘʤʠ.  

ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʦʙʫʯʘʶʱʝʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʧʦ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʨʘʙʦʪʫ ʩʦ ʩʤʘʨʪʬʦʥʦʤ. ʋʯʠʪʳʚʘʷ 

ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ 

ʘʩʧʝʢʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ.  

ʆʜʥʦ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚ ʧʨʠʣʦʞʝʥʠʠ ï ɻ ʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

(UI), ʪʦ ʩ ʯʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʯʝʣʦʚʝʢ ʥʘ ʩʚʦʝʤ ʵʢʨʘʥʝ. UI ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʸ, ʯʪʦ ʚʠʜʠʪ 

ʧʦʣʴʟʦʚʘʪʝʣʴ, ʢʦʛʜʘ ʚʢʣʶʯʘʝʪ ʵʢʨʘʥ: ʢʥʦʧʢʠ, ʤʝʥʶ, ʠʟʦʙʨʘʞʝʥʠʷ, ʪʝʢʩʪ. ʅʫʞʥʦ ʜʝʣʘʪʴ 

ʠʥʪʝʨʬʝʡʩ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ, ʢʨʘʩʦʯʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ [1]. 

 

 
 

ʈʠʩ. 1. ɻʣʘʚʥʦʝ ʤʝʥʶ 

 

ʇʝʨʚʦʝ, ʯʪʦ ʚʩʪʨʝʯʘʝʪ ʥʘʰʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ï ʵʪʦ ʫʜʦʙʥʦʝ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʝ 

ʛʣʘʚʥʦʝ ʤʝʥʶ. ʆʥʦ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʨʘʟʜʝʣʦʚ (ʨʠʩ. 1): 

1. ʉʣʦʚʘʨʴ.  ʈʘʟʜʝʣ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʪʝʨʤʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʘʙʦʪʦʡ ʩʤʘʨʪʬʦʥʘ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʩʤʦʛʫʪ ʥʘʡʪʠ ʦʙʲʷʩʥʝʥʠʷ ʪʝʨʤʠʥʘʤ, ʩ ʢʦʪʦʨʳʤʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʝʞʝʜʥʝʚʥʦʡ ʦʩʥʦʚʝ, ʪʘʢʠʝ ʢʘʢ çʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘè, çʠʥʪʝʨʬʝʡʩè, 

çʧʨʠʣʦʞʝʥʠʝè, çʜʘʥʥʳʝè ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ (ʨʠʩ. 2). 

2. ʉʧʨʘʚʦʯʥʠʢ. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʪʘʪʴʠ ʠ ʨʫʢʦʚʦʜʩʪʚʘ, 

ʦʙʫʯʘʶʱʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʝʦʙʭʦʜʠʤʳʤ ʥʘʚʳʢʘʤ ʨʘʙʦʪʳ ʩʦ ʩʤʘʨʪʬʦʥʦʤ. ʊʝʤʳ ʤʦʛʫʪ 
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ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʥʘʩʪʨʦʡʢʠ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʜʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʧʦʚʩʝʜʥʝʚʥʳʭ ʟʘʜʘʯ (ʨʠʩ. 3). 

3. ʉʦʚʝʪʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ. ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʫʞʝ 

ʟʥʘʢʦʤʳʭ ʩ ʦʩʥʦʚʘʤʠ. ɺ ʥʝʤ ʙʫʜʫʪ ʩʦʜʝʨʞʘʪʴʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʪʘʪʴʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ, 

ʥʘʧʨʠʤʝʨ, ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʩʚʦʝʛʦ ʪʝʣʝʬʦʥʘ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʝʛʦ ʨʘʙʦʪʫ. ɿʜʝʩʴ ʪʘʢʞʝ 

ʤʦʞʥʦ ʙʫʜʝʪ ʥʘʡʪʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ. 4). 
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ʈʠʩ. 4. ʉʦʚʝʪʳ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ 

 

ʅʘʚʝʨʭʫ ʛʣʘʚʥʦʛʦ ʤʝʥʶ ʥʘʭʦʜʠʪʩʷ ʧʦʠʩʢʦʚʘʷ ʩʪʨʦʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʥʫʞʥʳʝ ʩʪʘʪʴʠ ʚ ʣʶʙʦʤ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʟʜʝʣʦʚ. ʇʦʠʩʢ ʠʥʪʫʠʪʠʚʥʦ 

ʧʦʥʷʪʥʳʡ ʜʣʷ ʥʦʚʠʯʢʦʚ: ʧʦʣʴʟʦʚʘʪʝʣʠ ʚʚʦʜʷʪ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʠ ʤʛʥʦʚʝʥʥʦ ʧʦʣʫʯʘʶʪ 

ʨʝʟʫʣʴʪʘʪʳ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ. 

ʀʟ ʧʝʨʚʳʭ ʪʨʝʭ ʨʘʟʜʝʣʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʝʨʝʭʦʜʠʪ ʚ ʩʪʘʪʴʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʬʘʡʣ, 

ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʝʙʝ ʪʝʢʩʪ ʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ.   

ʅʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʦʩʪʘʷ ʥʘʚʠʛʘʮʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, 

ʯʪʦ ʠʥʪʝʨʬʝʡʩ ʩ ʤʥʦʞʝʩʪʚʦʤ ʢʥʦʧʦʢ ʠ ʥʝʧʦʥʷʪʥʦʡ ʥʘʚʠʛʘʮʠʝʡ ʤʦʞʝʪ ʟʘʩʪʘʚʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʧʦʪʝʨʷʪʴ ʠʥʪʝʨʝʩ ʢ ʧʨʠʣʦʞʝʥʠʶ. ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʜʝʨʞʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʫʞʥʦ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʚʝʪʦʚʫʶ ʧʘʣʠʪʨʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʮʝʧʣʷʪʴ ʚʥʠʤʘʥʠʝ ʯʝʣʦʚʝʢʘ ʠ ʟʘʩʪʘʚʣʷʪʴ ʝʛʦ 

ʠʟʫʯʘʪʴ ʧʨʦʜʫʢʪ ʦʪ ʥʘʯʘʣʘ ʜʦ ʢʦʥʮʘ [1]. ɼʣʷ ʥʘʰʝʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʘʣʠʪʨʘ ʚ 

ʩʠʥʠʭ ʦʪʪʝʥʢʘʭ. ʉʘʤ ʩʠʥʠʡ ʮʚʝʪ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʩʝʨʴʝʟʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʘ ʛʦʣʫʙʦʡ ʬʦʥ 

ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʴʥʦ ʧʨʠʷʪʥʳʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʦʪʦʤʫ ʯʪʦ ʤʦʞʝʪ ʥʘʧʦʤʠʥʘʪʴ ʦ ʥʝʙʝ ʠ 

ʪʝʧʣʦʤ ʤʦʨʝ. ɼʘʥʥʳʝ ʮʚʝʪʘ ʚ ʦʬʦʨʤʣʝʥʠʠ ʧʦʚʳʰʘʶʪ ʣʦʷʣʴʥʦʩʪʴ ʢ ʧʨʠʣʦʞʝʥʠʶ [3]. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʚʘʞʥʦʩʪʴ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʚ ʥʘʩʪʦʷʱʝʤ ʤʠʨʝ, 

ʛʜʝ ʩʤʘʨʪʬʦʥʳ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ 

ʨʝʰʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʜʦʩʪʫʧʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʧʣʘʪʬʦʨʤ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʥʘʮʝʣʝʥʳ ʥʘ ʦʙʫʯʝʥʠʝ ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʠʣʠ 

ʥʦʫʪʙʫʢʦʤ, ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ ʦʛʨʦʤʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 
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ʧʣʘʪʬʦʨʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʘʨʪʬʦʥʦʚ. ɺʘʞʥʦ, ʯʪʦʙʳ ʪʘʢʠʝ ʧʣʘʪʬʦʨʤʳ 

ʫʯʠʪʳʚʘʣʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʥʘʚʳʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʧʝʰʥʦʡ ʥʘʚʠʛʘʮʠʠ ʚ ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʤʦʞʝʤ 

ʥʘʜʝʷʪʴʩʷ ʥʘ ʙʫʜʫʱʝʝ, ʢʦʛʜʘ ʢʘʞʜʳʡ ʩʤʦʞʝʪ ʣʝʛʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʩʚʦʠʭ ʮʝʣʝʡ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ.  
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ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ɼʃʗ ɿɸʇʀʉʀ ʕʂʈɸʅɸ 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʦʙʱʝʩʪʚʝ, ʛʜʝ ʚʠʟʫʘʣʴʥʳʝ ʠ 

ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʤʘʪʝʨʠʘʣʳ ʟʘʥʠʤʘʶʪ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʦʝ ʤʝʩʪʦ, ʩʦʟʜʘʥʠʝ ʠ ʦʙʤʝʥ ʚʠʜʝʦ 

ʢʦʥʪʝʥʪʦʤ ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʆʪ ʦʙʫʯʝʥʠʷ ʠ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʜʦ ʩʦʟʜʘʥʠʷ ʦʙʫʯʘʶʱʠʭ ʚʠʜʝʦʫʨʦʢʦʚ ʠ ʠʛʨʦʚʦʛʦ ʩʪʨʠʤʠʥʛʘ, 

ʟʘʧʠʩʴ ʵʢʨʘʥʘ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʟʘʜʘʯʝʡ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʥʘ ʧʣʘʪʬʦʨʤʝ Visual Studio 2022 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʨʝʡʤʚʦʨʢʘ C# WPF, ʢʦʪʦʨʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʵʪʦʡ ʧʦʪʨʝʙʥʦʩʪʠ [1; 2, c. 5]. 

ɼʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʦ ʤʦʛʣʦ ʙʳʪʴ 

ʜʦʩʪʫʧʥʦ ʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʰʠʨʦʢʠʤ ʢʨʫʛʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʢʘʢ ʦʧʳʪʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʪʘʢ ʠ ʪʝʭ, ʢʪʦ ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪ ʩʚʦʡ ʧʫʪʴ ʚ ʤʠʨʝ ʟʘʧʠʩʠ ʵʢʨʘʥʘ. ʇʨʠ ʵʪʦʤ 

ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʣʝʛʢʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʚʩʝʭ. 

ɺʘʨʠʘʥʪ ʨʝʰʝʥʠʷ. ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʠʣʦʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʦʩʪʦʡ ʠ 

ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ ʦʨʠʝʥʪʠʨʦʚʘʥ ʢʘʢ ʥʘ ʥʦʚʠʯʢʦʚ, ʪʘʢ ʠ ʥʘ ʦʧʳʪʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɺ ʠʥʪʝʨʬʝʡʩʝ ʚʳʜʝʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʨʘʟʜʝʣʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ 

ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʟʘʧʠʩʠ ʵʢʨʘʥʘ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʨʘʟʜʝʣʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

1. ʂʥʦʧʢʠ ʜʣʷ ʥʘʯʘʣʘ ʟʘʧʠʩʠ/ʦʩʪʘʥʦʚʢʠ; 

2. ʅʘʩʪʨʦʡʢʠ ʤʝʜʠʘ (ʢʘʯʝʩʪʚʦ ʚʠʜʝʦ, ʨʘʩʰʠʨʝʥʠʝ ʜʣʷ ʟʚʫʢʘ, ʨʘʩʰʠʨʝʥʠʝ ʜʣʷ ʚʠʜʝʦ, 

ʚʳʙʦʨ ʜʠʩʧʣʝʷ); 

3. ɺʳʙʦʨ ʧʫʪʠ ʩʦʭʨʘʥʝʥʠʷ; 

4. ɺʳʙʦʨ ʚʦʜʷʥʦʛʦ ʟʥʘʢʘ; 

5. ʀʥʬʦʨʤʘʮʠʷ (ʆ ʧʨʠʣʦʞʝʥʠʠ, ʦ ʨʘʟʨʘʙʦʪʯʠʢʝ, ʠʥʩʪʨʫʢʮʠʷ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʛʦʨʷʯʠʝ 

ʢʣʘʚʠʰʠ). 

ɺʩʝ ʵʪʠ ʙʣʦʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʚʩʧʣʳʚʘʶʱʠʭ ʦʢʦʥ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʠʟʙʝʞʘʪʴ 

ʧʝʨʝʛʨʫʟʢʠ ʠʥʪʝʨʬʝʡʩʘ, ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʷ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʠʤʝʨʥʳʡ ʚʠʜ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 
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ʆʙʷʟʘʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ, ʢʦʪʦʨʦʝ ʜʦʣʞʝʥ ʚʳʧʦʣʥʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʧʫʪʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠʪʦʛʦʚʦʛʦ ʬʘʡʣʘ. ʕʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2. ʇʫʪʴ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

 

ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ çɺʳʙʨʘʪʴè ʦʪʢʨʳʚʘʝʪʩʷ ʦʢʥʦ ʢʘʪʘʣʦʛʘ, ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 3, 

ʚ ʢʦʪʦʨʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʫʢʘʟʘʪʴ ʤʝʩʪʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʬʘʡʣʘ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʘʢʞʝ 

ʜʦʩʪʫʧʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ ʥʦʚʫʶ ʧʘʧʢʫ. 

 

 
 

ʈʠʩ. 3. ʂʘʪʘʣʦʛ 

 

ʅʝʦʙʷʟʘʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ: 

1. ʂʥʦʧʢʘ çʆ ʧʨʠʣʦʞʝʥʠʠè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʩʧʣʳʚʘʶʱʝʝ ʦʢʥʦ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, 

ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩ. 4. ʆ ʧʨʠʣʦʞʝʥʠʠ 

 

2. ʂʥʦʧʢʘ çʆ ʨʘʟʨʘʙʦʪʯʠʢʝè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʩʧʣʳʚʘʶʱʝʝ ʦʢʥʦ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ 

ʨʘʟʨʘʙʦʪʯʠʢʝ, ʧʦʯʪʦʡ ʜʣʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʥʦʧʢʦʡ ʜʣʷ ʜʦʙʨʦʚʦʣʴʥʦʛʦ 

ʧʦʞʝʨʪʚʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 5: 

 

 
 

ʈʠʩ. 5. ʆ ʨʘʟʨʘʙʦʪʯʠʢʝ 

 

3. ʂʥʦʧʢʘ çʀʥʩʪʨʫʢʮʠʷè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʩʧʣʳʚʘʶʱʝʝ ʦʢʥʦ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩ. 6. ʀʥʩʪʨʫʢʮʠʷ 

 

4. ʂʥʦʧʢʘ çɻʦʨʷʯʠʝ ʢʣʘʚʠʰʠè ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʚʩʧʣʳʚʘʶʱʝʝ ʦʢʥʦ, ʛʜʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʤʦʞʝʪ ʥʘʩʪʨʦʠʪʴ ʛʦʨʷʯʠʝ ʢʣʘʚʠʰʠ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ, ʧʘʫʟʳ ʠ ʦʩʪʘʥʦʚʢʠ 

ʟʘʧʠʩʠ. 

5. ɹʣʦʢ çʅʘʩʪʨʦʡʢʠè ʩʣʫʞʠʪ ʜʣʷ ʚʳʙʦʨʘ ʧʨʝʜʧʦʯʠʪʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʟʘʧʠʩʠ ʚʠʜʝʦ 

ʠ ʟʚʫʢʘ, ʝʛʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

 
 

ʈʠʩ. 7. ʅʘʩʪʨʦʡʢʠ 

 

6. ɹʣʦʢ çɺʦʜʷʥʦʡ ʟʥʘʢè ʩʣʫʞʠʪ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʚʦʜʷʥʦʛʦ ʟʥʘʢʘ ʚ ʟʘʧʠʩʘʥʥʳʭ ʚʠʜʝʦ, ʝʛʦ 

ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 8: 

 

 
 

ʈʠʩ. 8. ɺʦʜʷʥʦʡ ʟʥʘʢ 
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ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʟʘʧʠʩʠ ʵʢʨʘʥʘ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, 

ʦʧʠʩʘʥʥʦʛʦ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʤʳʡ ʰʘʛ ʚ ʦʪʚʝʪ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʙʤʝʥʝ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʦʙʫʯʝʥʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ Visual Studio 2022 ʠ 

ʬʨʝʡʤʚʦʨʢʘ C# WPF ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʠ ʫʜʦʙʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʜʝʣʘʷ ʜʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʦʩʪʫʧʥʳʤ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʠ. ʉ ʫʯʝʪʦʤ ʨʘʩʪʫʱʝʡ ʟʥʘʯʠʤʦʩʪʠ 

ʚʠʟʫʘʣʴʥʳʭ ʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, ʠʥʩʪʨʫʤʝʥʪʳ, 

ʩʧʦʩʦʙʥʳʝ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʟʘʧʠʩʠ ʵʢʨʘʥʘ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʥʘʰʝʛʦ ʮʠʬʨʦʚʦʛʦ ʤʠʨʘ. ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʝʛʢʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʜʣʷ ʦʧʳʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʥʝʦʧʳʪʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʜʝʣʘʝʪ 

ʝʛʦ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʨʫʢʘʭ ʣʶʙʦʛʦ, ʢʪʦ ʩʪʨʝʤʠʪʩʷ ʩʦʟʜʘʚʘʪʴ ʠ ʦʙʤʝʥʠʚʘʪʴʩʷ 

ʚʠʜʝʦʢʦʥʪʝʥʪʦʤ [3, 4, c. 5]. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɻʦʥʯʘʨʦʚ, ʉ. ɺ. C# ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ: ʇʠʪʝʨ, 2020. 384 ʩ. 

2. ʅʘʯʘʣʦ ʨʘʙʦʪʳ ʩ Visual Studio IDE. URL: https://clck.ru/3LUxPG 

3. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ WPF. URL: https://clck.ru/3LUxQE 

4. ʗʟʳʢ C# ʠ ʧʣʘʪʬʦʨʤʘ .NET. URL: https://metanit.com/sharp 

 

É ɸʙʟʘʣʠʤʦʚ ɸ.ɸ., ɽʣʦʚʦʡ ʉ.ɻ., 2025  



 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

18 

ɹʫʨʢʦʚʘ ɸ.ɽ., ʇʝʪʨʦʚʘ ʉ.ɸ. 

ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʩ.ʧ. ʄʦʣʦʜʝʞʥʦʝ, ʤ.ʨ-ʥ ʀʨʢʫʪʩʢʠʡ, ʀʨʢʫʪʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ʀɻʈʓ ʆ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʆʄ ʇʈʆʀɿɺʆɼʉʊɺɽ 

ɺ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʜʠʘ ʢʦʥʪʝʥʪʘ, ʚʠʜʝʦʠʛʨʳ 

ʩʪʘʥʦʚʷʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʠ. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʠ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠʛʨʳ, 

ʧʦʩʚʷʱʸʥʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 1) ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ 

ʠ ʝʸ ʧʦʪʨʝʙʥʦʩʪʝʡ; 2) ʦʧʠʩʘʥʠʝ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠʛʨʳ, ʚʢʣʶʯʘʷ ʵʪʘʧʳ ʩʦʟʜʘʥʠʷ 

ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ; 3) ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʠʛʨʳ; 4) ʘʥʘʣʠʟ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʠʜʝʦʠʛʨ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʚʠʪʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ; 5) ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʘʪʝʛʠʡ ʦʙʥʦʚʣʝʥʠʷ ʢʦʥʪʝʥʪʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ; 

ʀʛʨʘ, ʧʦʩʚʷʱʸʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ, ʧʦʤʦʞʝʪ ʣʶʜʷʤ ʣʫʯʰʝ ʧʦʥʷʪʴ 

ʵʪʫ ʪʝʤʫ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʘʷ ʠʛʨʘ ʤʦʞʝʪ 

ʩʪʘʪʴ ʭʦʨʦʰʠʤ ʩʧʦʩʦʙʦʤ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʤʦʣʦʜʸʞʴ ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ ʠ ʜʘʪʴ ʠʤ ʧʦʣʝʟʥʳʝ 

ʟʥʘʥʠʷ ʦʙ ʵʪʦʤ ʚʘʞʥʦʤ ʩʝʢʪʦʨʝ.  

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʠʛʨʳ ï ʧʨʝʜʦʩʪʘʚʠʪʴ ʠʛʨʦʢʘʤ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʦʩʥʦʚʘʤʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʯʝʨʝʟ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʠʛʨʦʚʦʡ ʧʨʦʮʝʩʩ. ʀʛʨʘ 

ʧʨʠʟʚʘʥʘ ʥʝ ʪʦʣʴʢʦ ʨʘʟʚʣʝʯʴ, ʥʦ ʠ ʦʙʫʯʠʪʴ, ʧʦʛʨʫʞʘʷ ʫʯʘʩʪʥʠʢʦʚ ʚ ʤʠʨ ʩʝʣʴʩʢʦʡ ʞʠʟʥʠ, ʛʜʝ 

ʦʥʠ ʩʤʦʛʫʪ ʫʟʥʘʪʴ ʦ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʘʭ ʚʝʜʝʥʠʷ ʭʦʟʷʡʩʪʚʘ: ʦʪ ʧʦʩʘʜʢʠ ʨʘʩʪʝʥʠʡ ʜʦ 

ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʮʝʧʦʯʢʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʛʨʘ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʥʪʝʨʝʩʘ ʢ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʫʯʘʷ ʧʦʣʝʟʥʳʤ ʥʘʚʳʢʘʤ ʠ ʧʨʠʥʮʠʧʘʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʝʜʝʥʠʷ 

ʜʝʣ ʚ ʵʪʦʡ ʩʬʝʨʝ. 

ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ ï ʵʪʦ ʢʣʶʯʝʚʦʡ ʦʨʠʝʥʪʠʨ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʚʠʜʝʦʠʛʨʳ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʜʣʷ ʥʝʸ ʩʦʟʜʘʸʪʩʷ ʦʙʱʘʷ ʢʦʥʮʝʧʮʠʷ ʠ ʩʦʜʝʨʞʘʥʠʝ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ ʧʦʟʚʦʣʷʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʠʥʪʝʨʝʩʘʭ, ʤʝʭʘʥʠʟʤʘʭ 

ʚʦʩʧʨʠʷʪʠʷ ʠ ʧʦʪʨʝʙʥʦʩʪʷʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʫʩʧʝʰʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠʛʨʳ ʷʚʣʷʶʪʩʷ ʰʢʦʣʴʥʠʢʠ, ʩʪʫʜʝʥʪʳ ʘʛʨʘʨʥʳʭ ʠ ʠʥʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʫʟʦʚ ʠ ʩʩʫʟʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʠʛʨʦʢʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʠ ʠʥʳʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ 

ʜʘʥʥʦʡ ʩʬʝʨʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʚʦʟʨʘʩʪʘ ʠ ʧʨʦʬʝʩʩʠʠ.  

ʇʨʠʥʷʪʦ ʟʘ ʠʩʪʠʥʫ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʠ ʠʛʨʳ ʥʫʞʜʘʶʪʩʷ ʚ ʜʦʩʪʫʧʥʦʡ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢʘʭ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʟʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʥʘʚʳʢʦʚ ʯʝʨʝʟ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʟʘʜʘʥʠʷ ʠ ʩʠʤʫʣʷʮʠʠ. ʀʛʨʦʚʘʷ ʩʨʝʜʘ ʤʦʞʝʪ ʧʨʝʜʣʘʛʘʪʴ 

ʩʮʝʥʘʨʠʠ, ʠʤʠʪʠʨʫʶʱʠʝ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʥʘ ʬʝʨʤʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʛʨʦʢʘʤ ʨʘʟʚʠʚʘʪʴ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ ʠ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ. ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 
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ʨʘʙʦʪʥʠʢʠ ʠʱʫʪ ʨʝʘʣʴʥʳʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʦʚʝʪʳ ʧʦ ʫʣʫʯʰʝʥʠʶ 

ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʙʦʨʴʙʝ ʩ ʚʨʝʜʠʪʝʣʷʤʠ ʠ ʙʦʣʝʟʥʷʤʠ ʨʘʩʪʝʥʠʡ.  

ʊʘʢʞʝ ʝʩʪʴ ʢʘʪʝʛʦʨʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ï ʰʠʨʦʢʘʷ ʧʫʙʣʠʢʘ, ʢʦʪʦʨʘʷ ʠʥʪʝʨʝʩʫʝʪʩʷ ʩʝʣʴʩʢʠʤ 

ʭʦʟʷʡʩʪʚʦʤ ʠ ʵʢʦʩʠʩʪʝʤʘʤʠ, ʭʦʯʝʪ ʫʟʥʘʪʴ ʦ ʧʨʠʥʮʠʧʘʭ ʨʘʙʦʪʳ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʦʣʫʯʠʪʴ 

ʟʥʘʥʠʷ ʧʦ ʩʘʜʦʚʦʜʩʪʚʫ ʠ ʧʨʦʩʪʦ ʠʥʪʝʨʝʩʥʦ ʧʨʦʚʝʩʪʠ ʚʨʝʤʷ, ʦʙʫʯʘʷʩʴ ʯʝʨʝʟ ʠʛʨʫ. 

ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʘʛʨʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠʱʫʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʠʛʨ 

ʚ ʫʯʝʙʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʦʣʝʟʥʳ ʥʘ ʟʘʥʷʪʠʷʭ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠʛʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʱʥʳʡ ʠ ʛʠʙʢʠʡ ʜʚʠʞʦʢ Unreal Engine, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʫʶ ʛʨʘʬʠʢʫ ʠ ʩʣʦʞʥʳʝ ʠʛʨʦʚʳʝ ʤʝʭʘʥʠʢʠ. Unreal 

Engine (ʨʘʟʨʘʙʦʪʘʥʥ ʢʦʤʧʘʥʠʝʡ Epic Games, ʚʳʧʫʱʝʥ ʚ 1998 ʛʦʜʫ). ɼʚʠʞʦʢ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʨʝʘʣʠʩʪʠʯʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʠ ʘʥʠʤʘʮʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʛʨʦʚʦʡ ʧʨʦʮʝʩʩ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʛʨʫʞʘʶʱʠʤ ʠ 

ʟʘʭʚʘʪʳʚʘʶʱʠʤ [2]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʜʚʠʞʢʘ ʪʘʢʞʝ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʧʝʨʝʜʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʮʝʜʫʨʥʘʷ ʛʝʥʝʨʘʮʠʷ ʢʦʥʪʝʥʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʝʩʢʦʥʝʯʥʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʛʨʦʚʳʭ ʩʮʝʥʘʨʠʝʚ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠʥʪʝʨʝʩ ʠʛʨʦʢʦʚ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. 

ʈʘʟʨʘʙʦʪʢʘ ʚʠʜʝʦʠʛʨʳ ï ʵʪʦ ʩʣʦʞʥʳʡ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ. ɺʩʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʦʥʮʝʧʮʠʠ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, 

ʥʘ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʠʛʨʳ, ʝʸ ʞʘʥʨ ʠ ʮʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʠʜʝʠ, ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʨʳʥʢʘ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ɻʝʡʤʜʠʟʘʡʥ-ʜʦʢʫʤʝʥʪ (GDD), ʚ ʢʦʪʦʨʦʤ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʢʠ, 

ʩʶʞʝʪʥʳʝ ʣʠʥʠʠ ʠ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʠ ʦʩʥʦʚʘ ʚʘʞʝʥ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʦʜʚʠʞʝʥʠʷ ʧʨʦʝʢʪʘ [5]. 

ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʵʪʘʧ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʵʪʘʧʘ 

ʩʦʟʜʘʶʪʩʷ ʧʨʦʪʦʪʠʧʳ ʠʛʨʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʧʨʦʚʝʨʠʪʴ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʢʠ ʠ ʠʜʝʠ. 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʩʪʘʷ ʚʝʨʩʠʷ ʠʛʨʳ ʚ 2D-ʬʦʨʤʘʪʝ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʙʳʩʪʨʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʢʦʥʮʝʧʮʠʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʪʘʢʞʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚʠʟʫʘʣʴʥʳʡ ʩʪʠʣʴ ʠʛʨʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ 

ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ ʦʬʦʨʤʣʝʥʠʝ, ʮʚʝʪʦʚʘʷ ʧʘʣʠʪʨʘ ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ 

ʫʥʠʢʘʣʴʥʫʶ ʘʪʤʦʩʬʝʨʫ. 

ʅʘ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʯʠʥʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦ ʨʘʟʨʘʙʦʪʢʘ ʠʛʨʳ. ʕʪʦʪ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʩʦʟʜʘʥʠʝ ʠʛʨʦʚʳʭ ʘʢʪʠʚʦʚ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠʛʨʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠ ʠʥʪʝʛʨʘʮʠʶ ʚʩʝʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʛʦʪʦʚʫʶ ʠʛʨʫ. ʂʦʤʘʥʜʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʨʘʙʦʪʘʝʪ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʠʛʨʦʚʦʛʦ 

ʦʢʨʫʞʝʥʠʷ, ʧʝʨʩʦʥʘʞʝʡ, ʘʥʠʤʘʮʠʠ, ʟʚʫʢʦʚʳʭ ʵʬʬʝʢʪʦʚ ʠ ʤʫʟʳʢʠ [7]. 

ʕʪʘʧ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʝʪ ʟʘʥʷʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʣʦʞʥʦʩʪʠ ʠʛʨʳ. ʂʦʤʘʥʜʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠʛʨʳ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʚ ʪʝʩʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʠʛʨʳ ʠ ʩʣʘʞʝʥʥʫʶ ʨʘʙʦʪʫ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ [7]. 

ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʚʝʨʷʶʪʩʷ ʚʩʝ ʘʩʧʝʢʪʳ ʠʛʨʳ. 

ɹʘʛ-ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʠʛʨʦʚʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʪ ʚʳʷʚʠʪʴ ʠ ʫʩʪʨʘʥʠʪʴ ʦʰʠʙʢʠ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʠʪʴ ʚʦʩʧʨʠʷʪʠʝ ʠʛʨʦʢʘʤʠ ʠʛʨʦʚʳʭ ʤʝʭʘʥʠʢ ʠ ʠʥʪʝʨʬʝʡʩʘ. ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ, ʧʦʣʫʯʝʥʥʘʷ ʚ 
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ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦʤʦʛʘʝʪ ʚʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʚʣʠʷʝʪ ʥʘ ʦʙʱʠʡ ʫʩʧʝʭ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʂʦʛʜʘ ʠʛʨʘ ʛʦʪʦʚʘ, ʥʘʯʠʥʘʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʢ ʝʸ ʚʳʧʫʩʢʫ. ʕʪʦʪ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʤʘʨʢʝʪʠʥʛ, ʛʜʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʘʨʢʝʪʠʥʛʦʚʘʷ ʩʪʨʘʪʝʛʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʠʥʪʝʨʝʩʘ ʢ ʠʛʨʝ ʚ ʤʦʤʝʥʪ ʝʸ ʚʳʭʦʜʘ ʫ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ. ʇʫʙʣʠʢʘʮʠʷ ʠʛʨʳ ʥʘ ʧʣʘʪʬʦʨʤʘʭ, 

ʪʘʢʠʭ ʢʘʢ Steam ʠʣʠ PlayStation Store, ʷʚʣʷʝʪʩʷ ʬʠʥʘʣʴʥʦʡ ʪʦʯʢʦʡ ʵʪʦʛʦ ʵʪʘʧʘ [4]. 

ʆʜʥʘʢʦ ʨʘʙʦʪʘ ʥʘ ʵʪʦʤ ʥʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ï ʠʛʨʳ ʪʨʝʙʫʶʪ ʧʦʩʪʨʝʣʠʟʥʦʡ ʧʦʜʜʝʨʞʢʠ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ ʚʳʧʫʩʢ ʧʘʪʯʝʡ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʠ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʢʦʥʪʝʥʪʘ, ʯʪʦʙʳ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʠʥʪʝʨʝʩ ʫ ʠʛʨʦʢʦʚ. ʕʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʦʦʙʱʝʩʪʚʦʤ ʠ ʦʪʚʝʪ ʥʘ 

ʦʪʟʳʚʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʪʘʥʦʚʷʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʫʩʧʝʭʘ ʧʨʦʝʢʪʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʵʪʦʪ ʵʪʘʧ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʦʙʠʨʘʪʴ ʧʦʣʝʟʥʫʶ ʘʥʘʣʠʪʠʢʫ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʧʦʤʦʞʝʪ 

ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʠʛʨ [4]. 

ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʠʛʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʤʫʣʷʪʦʨ ʬʝʨʤʳ, ʛʜʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʤʦʛʫʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʝ ʘʩʧʝʢʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʭ ʞʜʫʪ ʟʘʥʷʪʠʷ ʧʦʩʘʜʢʦʡ 

ʠ ʩʙʦʨʦʤ ʫʨʦʞʘʷ, ʫʭʦʜ ʟʘ ʞʠʚʦʪʥʳʤʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʟʜʘʥʠʡ, ʘ ʪʘʢʞʝ ʪʦʨʛʦʚʣʷ 

ʧʨʦʠʟʚʝʜʸʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʛʨʦʚʦʡ ʧʨʦʮʝʩʩ ʙʫʜʝʪ ʦʨʛʘʥʠʟʦʚʘʥ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʩʪʝʧʝʥʥʦ ʫʩʣʦʞʥʷʪʴ ʟʘʜʘʯʠ, ʥʘʯʠʥʘʷ ʩ ʙʘʟʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʧʦʩʘʜʢʘ 

ʨʘʩʪʝʥʠʡ, ʠ ʟʘʢʘʥʯʠʚʘʷ ʫʧʨʘʚʣʝʥʠʝʤ ʢʨʫʧʥʳʤ ʭʦʟʷʡʩʪʚʦʤ ʩ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʢʫʣʴʪʫʨ ʠ 

ʞʠʚʦʪʥʳʭ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʧʦʜʜʝʨʞʘʥʠʝ ʠʥʪʝʨʝʩʘ ʥʘ ʚʩʸʤ ʧʨʦʪʷʞʝʥʠʠ ʠʛʨʳ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʘʢʮʝʥʪʦʚ ʠʛʨʳ ʩʪʘʥʝʪ ʝʸ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ʂʘʞʜʳʡ 

ʵʣʝʤʝʥʪ ʠʛʨʳ ʙʫʜʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʧʦʜʨʦʙʥʳʤʠ ʩʧʨʘʚʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʫʪ ʠʛʨʦʢʘʤ ʣʫʯʰʝ ʧʦʥʷʪʴ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʀʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʟʘʤʝʪʦʢ, ʚʩʧʣʳʚʘʶʱʠʭ ʦʢʦʥ ʠ ʤʠʥʠ-ʠʛʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʟʘʢʨʝʧʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʩʘʜʢʝ ʨʘʩʪʝʥʠʡ ʠʛʨʦʢ ʧʦʣʫʯʠʪ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʠ ʚʥʦʩʠʤʳʭ ʚʝʱʝʩʪʚʘʭ, ʩʨʦʢʘʭ ʧʦʩʝʚʘ, ʧʝʨʠʦʜʝ ʚʝʛʝʪʘʮʠʠ ʠ 

ʩʨʦʢʘʭ ʫʙʦʨʢʠ ʜʣʷ ʢʘʞʜʦʡ ʢʫʣʴʪʫʨʳ, ʫʪʦʯʥʸʥʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʨʪʘ. ɸʥʘʣʦʛʠʯʥʳʡ 

ʧʦʜʭʦʜ ʙʫʜʝʪ ʧʨʠʤʝʥʸʥ ʠ ʢ ʫʭʦʜʫ ʟʘ ʞʠʚʦʪʥʳʤʠ, ʛʜʝ ʙʫʜʫʪ ʜʘʥʳ ʩʦʚʝʪʳ ʧʦ ʨʘʮʠʦʥʫ ʧʠʪʘʥʠʷ, 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʦʜʝʨʞʘʥʠʷ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʘʞʜʦʛʦ ʚʠʜʘ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʠʜʝʦʠʛʨ ʷʚʣʷʝʪʩʷ ʪʝʤʦʡ, ʢʦʪʦʨʘʷ ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʝʪʩʷ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ɺʠʜʝʦʠʛʨʳ, ʝʩʣʠ ʠʭ ʧʨʘʚʠʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʤʦʛʫʪ ʙʳʪʴ ʤʦʱʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʚʳʢʦʚ ʫ ʠʛʨʦʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʥʘʥʠʡ ʠ 

ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʯʘʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʫʶ 

ʠʛʨʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʢʦʪʦʨʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʦʤ, ʪ.ʢ. ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʥʘ ʩʧʦʩʦʙʥʘ 

ʩʣʫʞʠʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʚʳʢʦʚ, ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʚ ʯʘʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɺʠʜʝʦʠʛʨʳ ʧʦʛʨʫʞʘʶʪ ʠʛʨʦʢʦʚ ʚ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʩʨʝʜʫ, ʛʜʝ ʦʥʠ ʚʳʧʦʣʥʷʶʪ ʟʘʜʘʯʠ, 

ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʷ ʠ ʤʦʛʫʪ ʚʠʜʝʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʠʭ ʜʝʡʩʪʚʠʡ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʥʦʤʫ 

ʦʙʫʯʝʥʠʶ, ʛʜʝ ʦʙʫʯʘʶʱʠʝʩʷ ʩʪʘʥʦʚʷʪʩʷ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʘ ʥʝ ʧʨʦʩʪʦ ʟʨʠʪʝʣʷʤʠ. ɹʣʘʛʦʜʘʨʷ ʯʝʤʫ ʠʛʨʦʢʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʧʨʦʙ ʠ ʦʰʠʙʦʢ, ʢʦʪʦʨʳʡ 
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ʧʦʟʚʦʣʷʝʪ ʠʤ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʠ ʫʯʠʪʴʩʷ ʥʘ ʩʚʦʠʭ ʦʰʠʙʢʘʭ ʚ ʙʝʟʦʧʘʩʥʦʡ ʩʨʝʜʝ. ʕʪʦ 

ʫʣʫʯʰʘʝʪ ʧʦʥʠʤʘʥʠʝ ʢʦʥʮʝʧʮʠʡ ʠ ʪʝʦʨʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʤʝʜʣʝʥʥʫʶ ʦʙʨʘʪʥʫʶ 

ʩʚʷʟʴ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʤʦʛʘʝʪ ʠʤ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ ʩʚʦʠ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ. 

ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʠʛʨ ʚʢʣʶʯʘʶʪ ʩʠʤʫʣʷʪʦʨʳ, ʢʦʪʦʨʳʝ ʦʙʫʯʘʶʪ ʥʘʚʳʢʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʨʝʘʣʴʥʦʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ, ʠʛʨʳ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʭʠʨʫʨʛʦʚ ʠʣʠ ʤʝʭʘʥʠʢʦʚ. 

ʕʪʠ ʦʙʫʯʘʶʱʠʝ ʩʠʤʫʣʷʪʦʨʳ ʥʝ ʪʦʣʴʢʦ ʨʘʟʚʠʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ, ʥʦ ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪ 

ʠʛʨʦʢʦʚ ʢ ʨʝʘʣʠʷʤ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠʛʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʷʟʳʢʦʚ, ʠʩʪʦʨʠʠ, ʤʘʪʝʤʘʪʠʢʠ ʠ 

ʜʨʫʛʠʭ ʧʨʝʜʤʝʪʦʚ [3]. 

ɺʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʚʠʜʝʦʠʛʨʳ ʥʝ ʜʦʣʞʥʳ ʟʘʤʝʥʷʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ, ʘ 

ʩʢʦʨʝʝ ʜʦʧʦʣʥʷʪʴ ʠʭ. ʅʝʧʨʘʚʠʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʠʜʝʦʠʛʨ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʫʩʚʦʝʥʠʶ ʟʥʘʥʠʡ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʢ ʪʦʤʫ, ʯʪʦ ʩʪʫʜʝʥʪʳ ʙʫʜʫʪ 

ʩʣʠʰʢʦʤ ʫʚʣʝʯʝʥʳ ʠʛʨʦʡ, ʪʝʨʷʷ ʬʦʢʫʩ ʥʘ ʫʯʸʙʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʥʫʞʥʦ ʨʘʟʫʤʥʦ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠʛʨʳ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʯʪʦʙʳ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʧʦʣʴʟʫ ʜʣʷ 

ʫʯʘʱʠʭʩʷ. 

ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʠʛʨʦʢʘʤ ʙʫʜʝʪ ʜʦʩʪʫʧʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʦʩʪʨʦʝʢ 

ʥʘ ʩʚʦʝʡ ʪʝʨʨʠʪʦʨʠʠ (ʘʤʙʘʨʳ, ʢʦʨʦʚʥʠʢʠ, ʧʪʠʯʥʠʢʠ ʠ ʪʝʧʣʠʮʳ ï ʚʩʸ ʵʪʦ ʙʫʜʝʪ ʜʦʩʪʫʧʥʦ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʫʣʫʯʰʝʥʠʷ). ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʪʘʢʞʝ ʥʘʡʜʫʪ ʩʚʦʸ ʦʪʨʘʞʝʥʠʝ ʚ ʠʛʨʝ, 

ʧʦʟʚʦʣʷʷ ʠʛʨʦʢʘʤ ʧʦʚʳʰʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʋʚʣʝʢʘʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʦʡ ʠʛʨʳ ʙʫʜʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʤʝʥʳ ʚʨʝʤʸʥ ʛʦʜʘ ʠ ʚʣʠʷʥʠʷ 

ʧʦʛʦʜʳ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. ɺʝʩʥʦʡ ʠʛʨʦʢʠ ʟʘʡʤʫʪʩʷ ʧʦʜʛʦʪʦʚʢʦʡ ʧʦʯʚʳ ʠ 

ʧʦʩʘʜʢʦʡ ʨʘʩʪʝʥʠʡ, ʣʝʪʦʤ ï ʫʭʦʜʦʤ ʟʘ ʧʦʩʝʚʘʤʠ ʠ ʙʦʨʴʙʦʡ ʩ ʚʨʝʜʠʪʝʣʷʤʠ, ʦʩʝʥʴʶ ï ʩʙʦʨʦʤ 

ʫʨʦʞʘʷ, ʘ ʟʠʤʦʡ ï ʩʦʭʨʘʥʝʥʠʝʤ ʟʘʧʘʩʦʚ ʠ ʧʦʜʛʦʪʦʚʢʦʡ ʢ ʥʦʚʦʤʫ ʩʝʟʦʥʫ. ʇʦʩʢʦʣʴʢʫ ʦʪʨʘʩʣʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʦʜʳ, ʘ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ 

ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʦʡ ʮʠʢʣʠʯʥʦʩʪʴʶ [1], ʪʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʦʣʞʥʦ ʙʳʪʴ ʫʜʝʣʝʥʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ. 

ʅʘʧʨʠʤʝʨ, ʜʦʞʜʴ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʦʩʪʫ ʨʘʩʪʝʥʠʡ, ʥʦ ʯʨʝʟʤʝʨʥʳʝ ʦʩʘʜʢʠ ʧʨʠʚʝʜʫʪ ʢ 

ʟʘʪʦʧʣʝʥʠʶ ʧʦʣʝʡ, ʘ ʟʘʩʫʰʣʠʚʘʷ ʧʦʛʦʜʘ ʧʦʪʨʝʙʫʝʪ ʦʪ ʠʛʨʦʢʘ ʧʦʟʘʙʦʪʠʪʴʩʷ ʦʙ ʠʩʢʫʩʩʪʚʝʥʥʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʦʣʠʚʝ ʨʘʩʪʝʥʠʡ. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʛʨʳ ʩʪʘʥʝʪ ʜʠʥʘʤʠʯʥʳʡ ʠ ʥʘʩʳʱʝʥʥʳʡ ʠʛʨʦʚʦʡ 

ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʧʦʜ ʨʘʟʥʳʝ ʫʨʦʚʥʠ ʧʦʜʛʦʪʦʚʢʠ ʠʛʨʦʢʦʚ. ʅʦʚʠʯʢʠ 

ʥʘʯʥʫʪ ʩ ʧʨʦʩʪʝʡʰʠʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ ʧʦʩʘʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʠ ʫʭʦʜ ʟʘ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʞʠʚʦʪʥʳʭ. ʇʦ ʤʝʨʝ ʧʨʦʛʨʝʩʩʘ ʠʛʨʦʢʠ ʦʪʢʨʦʶʪ ʜʦʩʪʫʧ ʢ ʥʦʚʳʤ 

ʢʫʣʴʪʫʨʘʤ, ʞʠʚʦʪʥʳʤ ʠ ʪʝʭʥʦʣʦʛʠʷʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʤ ʨʘʟʚʠʚʘʪʴ ʩʚʦʠ ʥʘʚʳʢʠ ʠ ʨʘʩʰʠʨʷʪʴ 

ʤʘʩʰʪʘʙʳ ʩʚʦʝʛʦ ʭʦʟʷʡʩʪʚʘ. ʊʘʢʞʝ, ʚʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʫʧʨʘʚʣʝʥʠʝ ʬʝʨʤʦʡ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʨʠʜʘʩʪ ʠʛʨʝ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʠ 

ʚʦʚʣʝʯʝʥʥʦʩʪʴ. ʀʛʨʦʢʠ ʜʦʣʞʥʳ ʙʫʜʫʪ ʫʯʠʪʳʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, ʙʫʜʴ ʪʦ ʩʙʦʨ ʫʨʦʞʘʷ ʠʣʠ ʧʨʦʜʘʞʘ ʧʨʦʜʫʢʮʠʠ. ʅʝʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ 
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ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʷʤ, ʧʦʵʪʦʤʫ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʩʪʘʥʝʪ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʫʩʧʝʭʘ. 

ʏʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠʥʪʝʨʝʩ ʠʛʨʦʢʦʚ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʧʣʘʥʠʨʫʝʪʩʷ ʨʝʛʫʣʷʨʥʦʝ 

ʦʙʥʦʚʣʝʥʠʝ ʢʦʥʪʝʥʪʘ. ʅʦʚʳʝ ʢʫʣʴʪʫʨʳ, ʞʠʚʦʪʥʳʝ, ʟʜʘʥʠʷ ʠ ʤʝʭʘʥʠʟʤʳ ʙʫʜʫʪ ʜʦʙʘʚʣʷʪʴʩʷ ʧʦ 

ʤʝʨʝ ʚʳʭʦʜʘ ʦʙʥʦʚʣʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʚʚʝʜʝʥʠʝ ʩʝʟʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʜʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʘʟʜʥʠʢʘʤʠ ʠ ʩʦʙʳʪʠʷʤʠ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. ʈʘʩʰʠʨʝʥʠʷ 

ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʥʦʚʳʝ ʨʝʛʠʦʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʨʝʞʠʤ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʦʙʤʝʥʠʚʘʪʴʩʷ ʦʧʳʪʦʤ, ʜʝʣʠʪʴʩʷ ʩʦʚʝʪʘʤʠ ʠ ʩʦʚʤʝʩʪʥʦ ʫʧʨʘʚʣʷʪʴ 

ʩʚʦʠʤʠ ʬʝʨʤʘʤʠ, ʩʦʟʜʘʚʘʷ ʩʦʦʙʱʝʩʪʚʦ ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪ 

ʩʦʮʠʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʥʫʪʨʠ ʠʛʨʳ, ʥʦ ʠ ʧʨʠʚʣʝʯʝʪ ʥʦʚʳʭ ʠʛʨʦʢʦʚ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʚ 

ʢʦʦʧʝʨʘʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʬʝʨʤʘʤʠ. 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʧʨʦʝʢʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʦʟʜʘʥʠʷ ʧʦʣʷ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʘʷ 

ʩʪʨʘʪʝʛʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʦʝ ʧʦʣʝ, ʟʘʩʝʷʥʥʦʝ ʟʝʨʥʦʚʳʤʠ 

ʢʫʣʴʪʫʨʘʤʠ (ʨʠʩ. 1). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʚ ʵʪʦʤ ʵʢʟʝʤʧʣʷʨʝ ʥʝ ʨʝʘʣʠʟʦʚʘʥʘ 

ʧʦʩʘʜʢʘ ʠ ʧʨʦʮʝʩʩ ʚʟʨʘʱʠʚʘʥʠʷ ʵʪʠʭ ʢʫʣʴʪʫʨ. ʄʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʠʰʴ ʘʜʘʧʪʘʮʠʶ ʧʦʩʝʚʦʚ 

ʧʦʜ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ, ʯʪʦ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʰʘʛʦʚ ʚ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʘʛʨʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

 

 
 

ʈʠʩ. 1. ʇʦʣʝ ʟʘʩʝʷʥʥʦʝ ʟʝʨʥʦʚʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʩʦʟʜʘʥʥʦʝ ʚ ʠʛʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

ʈʝʩʫʨʩʳ ʜʣʷ ʠʛʨ, ʪʘʢʠʝ ʢʘʢ 3D-ʤʦʜʝʣʠ ʠ ʮʝʣʳʝ ʠʛʨʦʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʦʩʪʫʧʥʳ ʚ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ ʢʘʢ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʟʝʨʥʦʚʘʷ ʢʫʣʴʪʫʨʘ ʟʘʠʤʩʪʚʦʚʘʥʘ 

ʩ ʪʦʨʛʦʚʦʡ ʧʣʦʱʘʜʢʠ FAB ʦʪ ʢʦʤʧʘʥʠʠ Epic Games.  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʚʠʟʫʘʣʴʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, Blueprint. ʉʭʝʤʘ 

Blueprints ʩʦʩʪʦʠʪ ʠʟ ʚʠʟʫʘʣʴʥʳʭ ʥʦʜ (ʫʟʣʦʚ, ʙʣʦʢʦʚ) (ʨʠʩ. 2) [6]. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʦʣʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʥʦʜʳ ʦʧʠʩʘʥʳ ʥʠʞʝ.  

1. ʇʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʩʧʣʘʡʥʘ. ɺ ʵʪʦʤ ʥʦʜʝ ʥʘʩʪʨʘʠʚʘʣʩʷ ʦʨʠʝʥʪʠʨ ʥʘ ʩʧʣʘʡʥ, ʜʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʪʝʨʨʠʪʦʨʠʶ, ʢʦʪʦʨʫʶ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴ ʧʦʣʝ(ʷ) ʟʘʩʝʷʥʥʦʝ(ʳʝ) ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ 

ʢʫʣʴʪʫʨʘʤʠ. 
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2. ʇʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʣʘʥʜʰʘʬʪʘ. ʉʯʠʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʣʴʝʬʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʦ ʝʝ ʚʳʩʦʪʥʳʭ ʠ ʥʠʟʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. 

3. ʇʨʦʝʢʮʠʷ. ʂʘʢ ʨʘʟ ʠʤʝʥʥʦ ʧʨʦʝʢʮʠʷ ʥʘʢʣʘʜʳʚʘʝʪ ʧʦʣʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʢʦʡ-ʣʠʙʦ 

ʤʦʜʝʣʠ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʨʝʣʴʝʬ, ʩ ʫʯʝʪʦʤ ʝʛʦ ʬʦʨʤʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ. 

4. ʉʝʤʧʣʝʨ ʩʧʣʘʡʥʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʫʟʝʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʚʩʝʛʦ ʩʧʣʘʡʥʘ 

ʮʝʣʠʢʦʤ, ʪʦ ʝʩʪʴ ʝʛʦ ʛʨʘʥʠʮ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ. 

5. ɻʝʥʝʨʘʪʦʨ ʩʪʘʪʠʯʥʦʡ ʩʝʪʢʠ ʟʘʧʦʣʥʷʝʪ ʧʦʣʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʦʡ. 

 

 
 

ʈʠʩ. 2. Blueprints-ʩʭʝʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʘʜʘʧʪʘʮʠʶ ʧʦʩʝʚʦʚ ʧʦʜ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ 

 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʠʜʝʦʠʛʨ ʥʝʦʩʧʦʨʠʤ, ʝʩʣʠ ʠʭ ʧʨʠʤʝʥʷʪʴ ʩ ʫʯʸʪʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʝʣʝʡ ʠ ʟʘʜʘʯ. ʀʭ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʣʘʛʘʪʴ ʘʢʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ, ʨʘʟʚʠʚʘʪʴ 

ʢʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʨʘʙʦʪʢʫ ʠ ʟʘʢʨʝʧʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʜʝʣʘʝʪ 

ʠʛʨʦʚʳʝ ʬʦʨʤʘʪʳ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ. ʋʯʠʪʳʚʘʷ ʚʩʝ ʵʪʠ ʘʩʧʝʢʪʳ, 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʚʠʜʝʦʠʛʨʳ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʟʚʣʝʯʝʥʠʷ, ʥʦ ʠ 

ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ [2]. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʠʛʨʘ ʧʨʠʟʚʘʥʘ ʩʪʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʥʪʝʨʝʩʥʳʤ, ʥʦ ʠ ʧʦʣʝʟʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʟʥʘʢʦʤʩʪʚʘ ʩ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʧʨʠʚʣʝʯʝʥʠʶ ʤʦʣʦʜʸʞʠ ʢ ʵʪʦʡ ʚʘʞʥʦʡ ʩʬʝʨʝ ʠ ʧʦʚʳʰʘʷ ʝʸ ʦʙʱʫʶ ʦʩʚʝʜʦʤʣʸʥʥʦʩʪʴ ʦ 

ʧʨʠʥʮʠʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ.  
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ɻʘʙʫʣʷʥ ɸ.ʅ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɹʀɿʅɽʉ-ʇʈʆʎɽʉʉɸ ʉ ʇʆʄʆʑʔʖ CAMUNDA MODELER  

ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ 

ʩʪʘʥʦʚʠʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʢʦʤʧʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʦʚ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʠ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʛʠʙʢʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʢ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʤʩʷ ʪʨʝʙʦʚʘʥʠʷʤ ʨʳʥʢʘ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘʤʠ ʷʚʣʷʝʪʩʷ Camunda Modeler. ʆʥ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʘ BPMN (Business Process Model and Notation), 

ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʷʟʳʢ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʦʥʷʪʥʳʡ ʢʘʢ 

ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʘʤ, ʪʘʢ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʩʧʝʮʠʘʣʠʩʪʘʤ [6]. 

ʂʨʦʤʝ BPMN, ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʝ ʢʘʢ 

UML ʠ EPC, ʦʜʥʘʢʦ BPMN ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʦʨʢʝʩʪʨʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʩʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (AI) ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

(RPA) ʧʦʩʪʝʧʝʥʥʦ ʠʟʤʝʥʷʶʪ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʘʤʠ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ BPMN ʠ Camunda Modeler [5]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ Camunda Modeler, ʝʛʦ ʫʩʪʘʥʦʚʢʘ ʠ 

ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ, ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ BPMN ʠ ʝʛʦ ʠʥʪʝʛʨʘʮʠʠ ʩ ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʕʚʦʣʶʮʠʷ ʧʦʜʭʦʜʦʚ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʈʘʥʝʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʦʩʥʦʚʳʚʘʣʦʩʴ ʥʘ ʪʝʢʩʪʦʚʳʭ ʠʥʩʪʨʫʢʮʠʷʭ ʠ ʙʣʦʢ-

ʩʭʝʤʘʭ, ʯʪʦ ʟʘʪʨʫʜʥʷʣʦ ʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʠ ʘʥʘʣʠʟ. ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʠʩʴ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʥʦʪʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ BPMN, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʣʠ ʝʜʠʥʳʡ ʷʟʳʢ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ. Camunda Modeler, ʦʧʠʨʘʷʩʴ ʥʘ BPMN, ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʥʝ ʪʦʣʴʢʦ 

ʤʦʜʝʣʠʨʦʚʘʪʴ, ʥʦ ʠ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʠʥʪʝʛʨʠʨʫʷ ʠʭ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ [3]. 

ʉʨʘʚʥʝʥʠʝ BPMN ʩ ʜʨʫʛʠʤʠ ʥʦʪʘʮʠʷʤʠ 

BPMN (Business Process Model and Notation) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʥʦʪʘʮʠʠ, ʪʘʢʠʝ 

ʢʘʢ UML (Unified Modeling Language) ʠ EPC (Event-driven Process Chain). UML, ʠʟʥʘʯʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʠʘʛʨʘʤʤʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʥʝ ʦʙʣʘʜʘʶʪ ʪʘʢʦʡ 

ʯʝʪʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʠʩʧʦʣʥʝʥʠʝ, ʢʘʢ BPMN. EPC, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʘʷ ʚ SAP-ʩʠʩʪʝʤʘʭ, 

ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʠ ʩʦʙʳʪʠʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ BPMN ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, 

ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ Camunda Modeler [7]. 
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ʇʨʠʤʝʥʝʥʠʝ BPMN ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ BPMN ʠ Camunda Modeler 

ʚʦʩʪʨʝʙʦʚʘʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. ɺ ʙʘʥʢʦʚʩʢʦʡ ʩʬʝʨʝ BPMN ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ ʥʘ ʢʨʝʜʠʪʳ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʣʘʪʝʞʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʫʶʪ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʧʘʮʠʝʥʪʦʚ, ʘ ʚ ʣʦʛʠʩʪʠʢʝ ï 

ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʪʘʚʢʘʤʠ ʠ ʩʢʣʘʜʩʢʠʤ ʫʯʝʪʦʤ. BPMN ʧʦʟʚʦʣʷʝʪ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʪʴ 

ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʶ ʢʦʥʪʨʦʣʷ ʠ 

ʩʥʠʞʝʥʠʶ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʠʩʢʦʚ. Camunda Modeler, ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʫʧʨʦʱʘʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʛʠʙʢʦʩʪʴ ʠʭ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ 

ʪʨʝʙʦʚʘʥʠʷʤ ʙʠʟʥʝʩʘ. 

ʋʩʪʘʥʦʚʢʘ Camunda Modeler 

1. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ Camunda Modeler. ʆʥ ʜʦʩʪʫʧʝʥ ʜʣʷ 

Windows, macOS ʠ Linux [4]. 

2. ʇʝʨʝʡʜʠʪʝ ʥʘ ʦʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ Camunda. 

3. ʉʢʘʯʘʡʪʝ ʧʦʩʣʝʜʥʶʶ ʚʝʨʩʠʶ Camunda Modeler. 

4. ʋʩʪʘʥʦʚʠʪʝ ʠ ʟʘʧʫʩʪʠʪʝ ʧʨʠʣʦʞʝʥʠʝ. 

ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ BPMN ʚ Camunda Modeler 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʚ Camunda Modeler ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʵʣʝʤʝʥʪʳ BPMN [2]: 

¶ ʉʪʘʨʪʦʚʦʝ ʩʦʙʳʪʠʝ (Start Event) ï ʥʘʯʘʣʦ ʧʨʦʮʝʩʩʘ. ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʙʳʯʥʦʝ ʩʪʘʨʪʦʚʦʝ ʩʦʙʳʪʠʝ, ʠʥʠʮʠʠʨʫʶʱʝʝ ʧʨʦʮʝʩʩ ʧʦʜʘʯʠ ʟʘʷʚʢʠ ʥʘ ʦʪʧʫʩʢ. 

¶ ɿʘʜʘʯʠ (Tasks) ï ʚʳʧʦʣʥʷʝʤʳʝ ʜʝʡʩʪʚʠʷ. 

o ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʟʘʜʘʯʠ (User Task) ï ʪʨʝʙʫʶʪ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. 

o ʉʝʨʚʠʩʥʳʝ ʟʘʜʘʯʠ (Service Task) ï ʚʳʧʦʣʥʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

¶ ʐʣʶʟʳ (Gateways) ï ʦʧʨʝʜʝʣʷʶʪ ʣʦʛʠʢʫ ʨʘʟʚʝʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ: 

o ʀʩʢʣʶʯʘʶʱʠʡ ʰʣʶʟ (Exclusive Gateway, XOR) ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʙʦʨʘ ʦʜʥʦʛʦ 

ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʫʪʝʡ. 

¶ ʂʦʥʝʯʥʦʝ ʩʦʙʳʪʠʝ (End Event) ï ʟʘʚʝʨʰʝʥʠʝ ʧʨʦʮʝʩʩʘ. ɺ ʩʭʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦ 

ʢʦʥʝʯʥʦʝ ʩʦʙʳʪʠʝ, ʢʦʪʦʨʦʝ ʟʘʚʝʨʰʘʝʪ ʧʨʦʮʝʩʩ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʝʪʦʢ. 

¶ ʇʦʪʦʢʠ (Flows) ï ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʧʨʦʮʝʩʩʘ. ɺ ʤʦʜʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ: 

o ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʦʪʦʢʠ (Sequence Flow) ï ʩʦʝʜʠʥʷʶʪ ʟʘʜʘʯʠ, ʰʣʶʟʳ ʠ 

ʩʦʙʳʪʠʷ. 

o ʋʩʣʦʚʥʳʝ ʧʦʪʦʢʠ (Conditional Flow) ï ʚ ʰʣʶʟʘʭ ʫʧʨʘʚʣʷʶʪ ʚʳʙʦʨʦʤ ʧʫʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʢʦʛʦ-ʣʠʙʦ ʨʝʰʝʥʠʷ [3]. 

ʆʧʠʩʘʥʠʝ ʩʭʝʤʳ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ çʉʦʛʣʘʩʦʚʘʥʠʝ ʦʪʧʫʩʢʘè 

ʅʘ ʜʠʘʛʨʘʤʤʝ BPMN (ʨʠʩ. 1) ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʦʙʨʘʙʦʪʢʫ ʟʘʷʚʢʠ ʥʘ ʦʪʧʫʩʢ ʩʦʪʨʫʜʥʠʢʘ. ʇʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʜʘʯʠ ʟʘʷʚʢʠ ʠ ʟʘʚʝʨʰʘʝʪʩʷ 

ʦʪʧʨʘʚʢʦʡ ʫʚʝʜʦʤʣʝʥʠʷ ʩʦʪʨʫʜʥʠʢʫ ʦ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʩʤʦʪʨʝʥʠʷ [1]. 

https://camunda.com/
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1. ʉʪʘʨʪ ʧʨʦʮʝʩʩʘ 

ʇʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʪʘʨʪʦʚʦʛʦ ʩʦʙʳʪʠʷ, ʦʙʦʟʥʘʯʘʶʱʝʛʦ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʦʙʨʘʙʦʪʢʠ 

ʟʘʷʚʢʠ. 

2. ɿʘʧʦʣʥʝʥʠʝ ʟʘʷʚʢʠ ʥʘ ʦʪʧʫʩʢ 

ʇʝʨʚʘʷ ʟʘʜʘʯʘ çɿʘʧʦʣʥʠʪʴ ʟʘʷʚʢʫ ʥʘ ʦʪʧʫʩʢè ʷʚʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʟʘʜʘʯʝʡ (User 

Task) ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʪʨʫʜʥʠʢʦʤ. ɿʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ ʚʚʦʜ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ 

ʜʘʪʳ ʦʪʧʫʩʢʘ, ʧʨʠʯʠʥʘ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ. 

3. ʇʨʦʚʝʨʢʘ ʟʘʷʚʢʠ 

ʇʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʟʘʷʚʢʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʝʥʝʜʞʝʨʫ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ 

ʟʘʜʘʯʫ çʇʨʦʚʝʨʠʪʴ ʟʘʷʚʢʫè. ʄʝʥʝʜʞʝʨ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ï ʦʜʦʙʨʠʪʴ ʠʣʠ ʦʪʢʣʦʥʠʪʴ ʟʘʷʚʢʫ. 

4. ʈʘʟʚʝʪʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ (ʀʩʢʣʶʯʘʶʱʠʡ ʰʣʶʟ) 

ʈʝʰʝʥʠʝ ʤʝʥʝʜʞʝʨʘ ʧʝʨʝʜʘʸʪʩʷ ʚ ʠʩʢʣʶʯʘʶʱʠʡ ʰʣʶʟ (Exclusive Gateway, XOR), 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ: 

ɽʩʣʠ ʟʘʷʚʢʘ ʦʜʦʙʨʝʥʘ, ʦʥʘ ʧʝʨʝʜʘʸʪʩʷ ʚ HR-ʦʪʜʝʣ. 

ɽʩʣʠ ʟʘʷʚʢʘ ʦʪʢʣʦʥʝʥʘ, ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʠʪ ʢ ʫʚʝʜʦʤʣʝʥʠʶ ʩʦʪʨʫʜʥʠʢʘ ʦʙ ʦʪʢʘʟʝ. 

5. ʆʬʦʨʤʣʝʥʠʝ ʦʪʧʫʩʢʘ ʚ HR-ʦʪʜʝʣʝ 

ɽʩʣʠ ʟʘʷʚʢʘ ʙʳʣʘ ʦʜʦʙʨʝʥʘ, ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʸʪ ʝʸ ʚ ʩʝʨʚʠʩʥʫʶ ʟʘʜʘʯʫ (Service Task) 

çʆʬʦʨʤʠʪʴ ʦʪʧʫʩʢ ʚ HRè. ʅʘ ʵʪʦʤ ʵʪʘʧʝ HR-ʦʪʜʝʣ ʨʝʛʠʩʪʨʠʨʫʝʪ ʦʪʧʫʩʢ ʚ ʩʠʩʪʝʤʝ. 

6. ʆʪʧʨʘʚʢʘ ʫʚʝʜʦʤʣʝʥʠʡ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʘʪʘ ʨʘʩʩʤʦʪʨʝʥʠʷ ʟʘʷʚʢʠ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʧʨʘʚʣʷʝʪ 

email-ʩʦʦʙʱʝʥʠʝ ʩʦʪʨʫʜʥʠʢʫ: 

ɽʩʣʠ ʟʘʷʚʢʘ ʦʜʦʙʨʝʥʘ, ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʜʘʯʘ çʆʪʧʨʘʚʠʪʴ ʦʜʦʙʨʝʥʥʦʝ ʫʚʝʜʦʤʣʝʥʠʝ ʥʘ 

ʧʦʯʪʫè. 

ɽʩʣʠ ʟʘʷʚʢʘ ʦʪʢʣʦʥʝʥʘ, ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʜʘʯʘ çʆʪʧʨʘʚʠʪʴ ʦʪʢʣʦʥʸʥʥʦʝ ʫʚʝʜʦʤʣʝʥʠʝ ʥʘ 

ʧʦʯʪʫè. 

ʆʙʝ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʩʝʨʚʠʩʥʳʤʠ (Service Task) ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʯʝʨʝʟ 

ʠʥʪʝʛʨʘʮʠʶ ʩ ʧʦʯʪʦʚʳʤ ʩʝʨʚʠʩʦʤ. 

7. ɿʘʚʝʨʰʝʥʠʝ ʧʨʦʮʝʩʩʘ (ʌʠʥʘʣʴʥʳʡ ʰʣʶʟ ʠ ʢʦʥʝʯʥʦʝ ʩʦʙʳʪʠʝ) 

ʇʦʩʣʝ ʦʪʧʨʘʚʢʠ ʫʚʝʜʦʤʣʝʥʠʷ ʦʙʘ ʧʦʪʦʢʘ ʦʙʲʝʜʠʥʷʶʪʩʷ ʯʝʨʝʟ ʠʩʢʣʶʯʘʶʱʠʡ ʰʣʶʟ ʠ 

ʧʨʦʮʝʩʩ ʟʘʚʝʨʰʘʝʪʩʷ ʢʦʥʝʯʥʳʤ ʩʦʙʳʪʠʝʤ (End Event). 

ʈʘʟʚʸʨʪʳʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚ Camunda Modeler 

ɼʣʷ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚ Camunda Modeler ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʰʘʛʠ [5]: 

1. ʆʪʢʨʳʪʠʝ ʜʠʘʛʨʘʤʤʳ 

o ʆʪʢʨʦʡʪʝ ʤʦʜʝʣʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʚ Camunda Modeler. 

o ʋʙʝʜʠʪʝʩʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʢʦʨʨʝʢʪʥʦ ʩʤʦʜʝʣʠʨʦʚʘʥ ʠ ʫʩʪʘʥʦʚʣʝʥ ʬʣʘʛ Executable (ʨʠʩ. 

1). 

2. ʇʦʜʛʦʪʦʚʢʘ ʢ ʨʘʟʚʸʨʪʳʚʘʥʠʶ 

o ʅʘʞʤʠʪʝ ʥʘ ʢʥʦʧʢʫ Deploy. 

o ɺ ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ ʚʚʝʜʠʪʝ Deployment name ï ʥʘʟʚʘʥʠʝ ʨʘʟʚʸʨʪʳʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 
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o ɺʳʙʝʨʠʪʝ Target: 

Á Camunda 8 SaaS ï ʜʣʷ ʦʙʣʘʯʥʦʛʦ ʨʘʟʚʸʨʪʳʚʘʥʠʷ. 

Á Camunda 8 Self-Managed ï ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʨʘʟʚʸʨʪʳʚʘʥʠʷ. 

o ʋʢʘʞʠʪʝ Cluster endpoint (ʥʘʧʨʠʤʝʨ, http://localhost:26500 ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʟʘʧʫʩʢʘ). 

o ɺʳʙʝʨʠʪʝ ʤʝʪʦʜ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ (ʦʙʳʯʥʦ None ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ). 

o ʅʘʞʤʠʪʝ Deploy (ʨʠʩ. 2). 

 
 

ʈʠʩ. 1. ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩ çʉʦʛʣʘʩʦʚʘʥʠʝ ʦʪʧʫʩʢʘè 

 

 
 

ʈʠʩ. 2. ɺʩʧʣʳʚʘʶʱʝʝ ʦʢʥʦ ʜʣʷ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ 
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3. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʸʨʪʳʚʘʥʠʷ 

o ɽʩʣʠ ʧʨʦʮʝʩʩ ʫʩʧʝʰʥʦ ʟʘʛʨʫʞʝʥ, ʚʥʠʟʫ ʵʢʨʘʥʘ ʧʦʷʚʠʪʩʷ ʫʚʝʜʦʤʣʝʥʠʝ Process 

definition deployed (ʨʠʩ. 3). 

o ʊʝʧʝʨʴ ʧʨʦʮʝʩʩ ʜʦʩʪʫʧʝʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʯʝʨʝʟ API ʠʣʠ Tasklist. 

 

 
 

ʈʠʩ. 3. ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʫʩʧʝʰʥʦ ʨʘʟʚʸʨʥʫʪ 

 

ɹʫʜʫʱʝʝ BPMN ʠ Camunda 

BPMN ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʩ AI ʠ RPA (Robotic Process Automation), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʠ ʩʦʢʨʘʱʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʫʯʥʦʤ 

ʚʤʝʰʘʪʝʣʴʩʪʚʝ. ʈʘʟʚʠʪʠʝ ʦʙʣʘʯʥʳʭ ʨʝʰʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ Camunda Cloud, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ʣʦʢʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʣʫʯʰʝʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʦʧʳʪʘ (UX), ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʠʥʪʫʠʪʠʚʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ [8]. 

ɿʘʢʣʶʯʝʥʠʝ 

Camunda Modeler ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʜʦʙʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘʥʘʣʠʟʘ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʧʦʤʦʛʘʷ ʢʦʤʧʘʥʠʷʤ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʨʘʙʦʯʠʭ ʧʦʪʦʢʦʚ. ɹʣʘʛʦʜʘʨʷ ʧʦʜʜʝʨʞʢʝ BPMN ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʤʫ 

ʠʥʪʝʨʬʝʡʩʫ ʵʪʦʪ ʠʥʩʪʨʫʤʝʥʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʠ ʦʨʢʝʩʪʨʘʮʠʠ ʙʠʟʥʝʩ-

ʣʦʛʠʢʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʈʘʟʚʠʪʠʝ BPMN ʧʨʦʜʦʣʞʘʝʪʩʷ, ʠ ʝʛʦ ʠʥʪʝʛʨʘʮʠʷ ʩ AI ʠ RPA ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʥʠʞʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʠ ʧʦʚʳʰʘʷ 

ʪʦʯʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ. ʆʙʣʘʯʥʳʝ ʨʝʰʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ Camunda Cloud, ʦʙʝʩʧʝʯʠʚʘʶʪ 
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ʛʠʙʢʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʷʷ ʢʦʤʧʘʥʠʷʤ ʫʩʢʦʨʷʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʠ 

ʘʜʘʧʪʘʮʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʙʝʟ ʩʣʦʞʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ. 

Camunda Modeler ʧʨʦʜʦʣʞʠʪ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ, ʧʨʝʜʣʘʛʘʷ ʤʦʱʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʠʭ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. ʂʦʤʧʘʥʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ BPMN ʠ 

Camunda, ʧʦʣʫʯʘʶʪ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʥʦ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ 

ʘʜʘʧʪʠʚʥʦʩʪʴ ʙʠʟʥʝʩʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʳʭ ʠʟʤʝʥʝʥʠʡ [6]. 
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ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ ɼʃʗ ʄʆʅʀʊʆʈʀʅɻɸ ʉʆʉʊʆʗʅʀʗ ʇʂ 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ (ʇʂ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, 

ʙʫʜʴ ʪʦ ʚ ʨʘʙʦʪʝ, ʫʯʝʙʝ ʠʣʠ ʨʘʟʚʣʝʯʝʥʠʷʭ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʠ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ 

ʧʨʦʮʝʩʩʦʨ, ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ, ʚʠʜʝʦʢʘʨʪʘ ʠ ʥʘʢʦʧʠʪʝʣʠ, ʨʘʙʦʪʘʶʪ ʚ ʪʝʩʥʦʡ ʛʘʨʤʦʥʠʠ, ʯʪʦʙʳ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʪʦʢ 

ʛʝʥʝʨʠʨʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʧʨʝʨʳʚʥʦ ʧʦʚʳʰʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ [1, ʩ. 995]. 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 

ʨʝʩʫʨʩʘʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩʣʘ. 

ʕʪʠ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʇʂ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

ʚʳʷʚʣʷʷ ʣʶʙʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʣʠ ʜʘʞʝ ʦʪʢʘʟʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ, 

ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʣʠʯʥʳʤ ʧʨʦʙʣʝʤʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʥʠʞʝʥʠʶ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʜʘʞʝ ʧʦʣʦʤʢʝ [3, c.24]. ʅʘʧʨʠʤʝʨ, ʤʦʥʠʪʦʨʠʥʛ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʦʨʘ ʠ ʚʠʜʝʦʢʘʨʪʳ ʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʝʨʝʛʨʝʚ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʩʙʦʝʚ ʚ ʨʘʙʦʪʝ ʢʦʤʧʴʶʪʝʨʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʠ ʧʦʜʜʝʨʞʢʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ 

ʟʘʜʘʯʘʤʠ. ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʩʦʩʪʦʷʥʠʝ ʩʚʦʝʛʦ ʢʦʤʧʴʶʪʝʨʘ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [4, ʩ. 194]. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʦʩʪʦʷʥʠʷ ʇʂ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʘʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʇʂ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʷʤʳʝ ʢʦʥʢʫʨʝʥʪʳ: MSI Afterburner, AIDA 

64 ʠ HW Monitor. ɺʳʙʨʘʥʥʳʝ ʘʥʘʣʦʛʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: 

¶ ʤʦʥʠʪʦʨʠʥʛ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʤʧʦʥʝʥʪʦʚ; 

¶ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʨʝʤʝʥʠ; 

¶ ʚʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʠʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ; 

¶ ʫʚʝʜʦʤʣʝʥʠʷ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʨʦʛʦʚ; 

¶ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʞʝʩʪʢʠʭ ʜʠʩʢʦʚ/SSD; 

¶ ʢʦʥʪʨʦʣʴ ʟʘ ʨʘʟʤʝʨʦʤ ʚʨʝʤʝʥʥʳʭ ʬʘʡʣʦʚ; 

¶ ʥʘʛʨʫʟʦʯʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʢʦʤʧʦʥʝʥʪʦʚ; 
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¶ ʘʥʘʣʠʟ ʙʠʪʳʭ ʩʝʢʪʦʨʦʚ ʠ ʮʠʢʣʦʚ ʧʝʨʝʟʘʧʠʩʠ; 

¶ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ; 

¶ ʚʘʨʠʘʥʪʳ ʧʦʚʪʦʨʥʳʭ ʧʨʦʚʝʨʦʢ ʠ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʢʦʥʢʫʨʝʥʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʟʘʥʝʩʝʥʳ ʚ ʊʘʙʣʠʮʫ 1. ɼʘʥʥʘʷ ʪʘʙʣʠʮʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʘʟʦʚʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʥʦ ʠ ʚʢʣʶʯʘʝʪ ʫʥʠʢʘʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʘʥʘʣʠʟ ʙʠʪʳʭ ʩʝʢʪʦʨʦʚ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ʊʘʙʣʠʮʘ 1  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʀʉ 

 

ɺʦʟʤʦʞʥʦʩʪʴ/ʌʫʥʢʮʠʷ 
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ʇʨʦʝʢʪ 

(PC Monitor) 

ʄʦʥʠʪʦʨʠʥʛ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʤʧʦʥʝʥʪʦʚ ʝʩʪʴ ʝʩʪʴ ʝʩʪʴ ʝʩʪʴ 

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ 

ʚʨʝʤʝʥʠ 
ʥʝʪ ʝʩʪʴ ʅʝʪ ʝʩʪʴ 

ɺʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʠʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ 
ʝʩʪʴ ʥʝʪ ʝʩʪʴ ʝʩʪʴ 

ʋʚʝʜʦʤʣʝʥʠʷ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʨʦʛʦʚ 
ʝʩʪʴ ʝʩʪʴ ʝʩʪʴ ʝʩʪʴ 

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʞʝʩʪʢʠʭ ʜʠʩʢʦʚ/SSD ʯʘʩʪʠʯʥʦ ʝʩʪʴ ʥʝʪ ʝʩʪʴ 

ʂʦʥʪʨʦʣʴ ʟʘ ʨʘʟʤʝʨʦʤ ʚʨʝʤʝʥʥʳʭ 

ʬʘʡʣʦʚ 
ʥʝʪ ʝʩʪʴ ʥʝʪ ʝʩʪʴ 

ʅʘʛʨʫʟʦʯʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʪ ʝʩʪʴ ʝʩʪʴ ʝʩʪʴ 

ɸʥʘʣʠʟ ʙʠʪʳʭ ʩʝʢʪʦʨʦʚ ʠ ʮʠʢʣʦʚ 

ʧʝʨʝʟʘʧʠʩʠ 
ʥʝʪ ʝʩʪʴ ʥʝʪ ʝʩʪʴ 

ʀʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʝʩʪʴ ʯʘʩʪʠʯʥʦ ʝʩʪʴ ʝʩʪʴ 

ɺʘʨʠʘʥʪʳ ʧʦʚʪʦʨʥʳʭ ʧʨʦʚʝʨʦʢ ʠ 

ʜʠʘʛʥʦʩʪʠʢʠ 
ʥʝʪ ʥʝʪ ʯʘʩʪʠʯʥʦ ʝʩʪʴ 

 

ɺʳʚʦʜ: ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʘʥʘʣʦʛʦʚ, ʧʨʦʝʢʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ 

ʬʫʥʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ 

ʤʦʥʠʪʦʨʠʥʛʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʚ ʯʘʩʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʠ ʘʚʪʦʥʦʤʥʦʩʪʠ [5, ʩ. 61]; 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʝʢʪ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʢʘʢ ʙʘʟʦʚʳʝ ʬʫʥʢʮʠʠ, ʪʘʢ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʞʝʩʪʢʠʭ ʜʠʩʢʦʚ, ʢʦʥʪʨʦʣʴ ʚʨʝʤʝʥʥʳʭ ʬʘʡʣʦʚ ʠ 

ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ. ʕʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʪʨʝʤʷʱʠʭʩʷ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʠ ʤʦʥʠʪʦʨʠʥʛʫ ʩʚʦʠʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʀʉ ʙʳʣʘ ʩʦʟʜʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ (ʨʠʩ.).  

ɹʣʦʢ-ʩʭʝʤʘ ʧʦʢʘʟʳʚʘʝʪ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ çPC Monitorè ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ, ʢʘʞʜʳʡ 

ʠʟ ʢʦʪʦʨʳʭ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɿʘʧʫʩʢ ʧʨʠʣʦʞʝʥʠʷ: 

ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʠʣʦʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʠʜʠʪ ʧʨʠʚʝʪʩʪʚʝʥʥʦʝ ʦʢʥʦ ʠ ʠʥʪʝʨʬʝʡʩ, ʚ 

ʢʦʪʦʨʦʤ ʦʪʦʙʨʘʞʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤʳ. 
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ʈʠʩ. ɹʣʦʢ-ʩʭʝʤʘ ʀʉ 

 

ʉʙʦʨ ʜʘʥʥʳʭ: 

ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʟʘʧʨʘʰʠʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʇʂ, ʠʩʧʦʣʴʟʫʷ BD 

H2 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʟʘʛʨʫʟʢʝ ʠ ʩʦʩʪʦʷʥʠʠ ʥʘʢʦʧʠʪʝʣʝʡ. 

ʆʪʦʙʨʘʞʝʥʠʝ ʜʘʥʥʳʭ: 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʦʪʦʙʨʘʞʘʝʪ ʠʭ ʚ ʫʜʦʙʥʦʤ ʬʦʨʤʘʪʝ 

ʥʘ ʵʢʨʘʥʝ. ɻʨʘʬʠʢʠ ʠ ʜʠʘʛʨʘʤʤʳ ʦʙʥʦʚʣʷʶʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʠʜʝʪʴ ʠʟʤʝʥʝʥʠʷ ʩʨʘʟʫ. 
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ʅʘʩʪʨʦʡʢʘ ʫʚʝʜʦʤʣʝʥʠʡ: 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʥʘʩʪʨʦʠʪʴ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʟʘʛʨʫʟʢʠ 

ʨʝʩʫʨʩʦʚ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʩʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʦʪʧʨʘʚʣʷʝʪ ʫʚʝʜʦʤʣʝʥʠʝ ʥʘ 

ʢʣʠʝʥʪʩʢʫʶ ʯʘʩʪʴ. 

ʉʦʭʨʘʥʝʥʠʝ ʠʩʪʦʨʠʠ ʜʘʥʥʳʭ: 

ʇʨʠʣʦʞʝʥʠʝ ʩʦʭʨʘʥʷʝʪ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠʩʪʦʨʠʶ ʠ ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ. 

ɿʘʢʨʳʪʠʝ ʧʨʠʣʦʞʝʥʠʷ: 

ʇʨʠ ʟʘʢʨʳʪʠʠ ʧʨʠʣʦʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʪʢʣʶʯʝʥʠʝ ʦʪ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ, ʠ ʚʩʝ ʘʢʪʠʚʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʟʘʚʝʨʰʘʶʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʠ ʜʘʥʥʳʭ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʡ 

ʬʫʥʢʮʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python, C#. 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʘʥʘʣʦʛʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚʳʙʨʘʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʢʦʥʢʫʨʝʥʪʳ, ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʦʩʪʘʚʣʝʥʘ ʙʣʦʢ-

ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʀʉ ʠ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʇʂ. 
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ɽʧʠʬʘʥʦʚ ɼ.ɽ., ʂʦʩʪʠʥ ʂ.ʉ., ɻʫʨʙʘʥʦʚ ʀ.ɺ.  

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ   

ɻɽʅɽʈɸʎʀʗ QR-ʂʆɼʆɺ ʉʈɽɼʉʊɺɸʄʀ PYTHON 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ QR-ʢʦʜʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʫʜʦʙʥʦʡ ʠ ʢʦʤʧʘʢʪʥʦʡ ʬʦʨʤʝ. QR-ʢʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʘʨʢʝʪʠʥʛʝ, ʣʦʛʠʩʪʠʢʝ, ʦʙʨʘʟʦʚʘʥʠʠ, 

ʘ ʪʘʢʞʝ ʚ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤʘʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʭʨʘʥʠʪʴ ʪʝʢʩʪʦʚʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʩʩʳʣʢʠ, ʢʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ ʠ ʜʨʫʛʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʛʝʥʝʨʘʮʠʠ QR-ʢʦʜʦʚ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. QR-ʢʦʜʳ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʚ ʮʠʬʨʦʚʫʶ 

ʵʢʦʥʦʤʠʢʫ, ʧʦʟʚʦʣʷʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ [1, ʩ. 47]. 

ʇʨʠʤʝʨ QR-ʢʦʜʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 1. 

QR-ʢʦʜ (Quick Response Code) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʤʝʨʥʳʡ ʰʪʨʠʭʢʦʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʯʸʨʥʳʭ ʢʚʘʜʨʘʪʦʚ ʥʘ ʙʝʣʦʤ ʬʦʥʝ. ʅʘ ʨʠʩʫʥʢʝ 2 ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʝʛʦ ʩʪʨʫʢʪʫʨʫ. ɺ ʥʝʸ ʚʭʦʜʷʪ 

ʵʣʝʤʝʥʪʳ: ʟʦʥʠʨʫʶʱʠʝ ʤʘʨʢʝʨʳ, ʬʦʨʤʘʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʦʙʣʘʩʪʴ ʜʘʥʥʳʭ, ʠʩʧʨʘʚʣʝʥʠʝ 

ʦʰʠʙʦʢ, ʧʦʠʩʢʦʚʳʝ ʧʘʪʪʝʨʥʳ, ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ, ʤʘʩʢʠʨʫʶʱʠʡ ʰʘʙʣʦʥ ʠ 

ʨʝʟʝʨʚʥʘʷ ʦʙʣʘʩʪʴ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ QR-ʢʦʜʦʚ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ ʠ ʮʠʬʨʦʚʳʭ ʧʦʜʧʠʩʝʡ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ QR-ʢʦʜʦʚ ʦʪ 

ʧʦʜʜʝʣʢʠ [2, ʩ. 38]. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ QR-ʢʦʜʦʚ: 

ï ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʩʯʠʪʳʚʘʥʠʷ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ; 

ï ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ; 

ï ʧʦʜʜʝʨʞʢʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠʥʬʦʨʤʘʮʠʠ (ʪʝʢʩʪ, ʩʩʳʣʢʠ, ʢʦʥʪʘʢʪʳ, Wi-Fi ʠ ʜʨ.). 

ï ʢʦʤʧʘʢʪʥʳʡ ʨʘʟʤʝʨ ʠ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʨʘʠʚʘʥʠʷ ʣʦʛʦʪʠʧʦʚ; 

ï ʧʦʜʜʝʨʞʢʘ ʮʚʝʪʥʳʭ QR-ʢʦʜʦʚ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ ʘʥʘʣʠʪʠʢʠ ʩʢʘʥʠʨʦʚʘʥʠʡ. 

 

 
 

ʈʠʩ. 1. ʇʨʠʤʝʨ QR-ʢʦʜʘ 
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ QR-ʢʦʜʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ QR-ʢʦʜʦʚ ʙʳʣ ʚʳʙʨʘʥ ʷʟʳʢ Python 

ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʧʨʦʩʪʦʪʝ ʠ ʰʠʨʦʢʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʠʙʣʠʦʪʝʢʠ 

`qrcode` (ʛʝʥʝʨʘʮʠʷ QR-ʢʦʜʦʚ) [3] ʠ `PyQt5` (ʩʦʟʜʘʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ) [6]. 

ɹʠʙʣʠʦʪʝʢʘ qrcode ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʜʣʷ ʛʝʥʝʨʘʮʠʠ QR-ʢʦʜʦʚ ʚ 

Python. ʆʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʜʦʙʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ QR-ʢʦʜʦʚ ʨʘʟʣʠʯʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʠ ʩ ʨʘʟʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ. 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʙʠʙʣʠʦʪʝʢʠ çqrcodeè [3]: 

1. QRCode() ï ʩʦʟʜʘʸʪ ʦʙʲʝʢʪ QR-ʢʦʜʘ, ʧʦʟʚʦʣʷʷ ʟʘʜʘʚʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʚʝʨʩʠʷ, 

ʨʘʟʤʝʨ ʠ ʫʨʦʚʝʥʴ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ. 

2. add_data(data) ï ʜʦʙʘʚʣʷʝʪ ʜʘʥʥʳʝ ʚ QR-ʢʦʜ.  

¶ data ï ʩʪʨʦʢʦʚʳʡ ʪʠʧ ʜʘʥʥʳʭ 

3. make(fit=True)  ï ʛʝʥʝʨʠʨʫʝʪ ʤʘʪʨʠʮʫ QR-ʢʦʜʘ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʩʪʨʘʠʚʘʷʩʴ ʧʦʜ 

ʨʘʟʤʝʨ ʜʘʥʥʳʭ. 

¶ fit  ï ʦʧʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʜʩʪʨʦʠʪ ʨʘʟʤʝʨ QR-ʢʦʜʘ ʧʦʜ ʨʘʟʤʝʨ ʜʘʥʥʳʭ. 

4. make_image(fill_color='black', back_color='white') ï ʩʦʟʜʘʸʪ ʠʟʦʙʨʘʞʝʥʠʝ QR-ʢʦʜʘ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʜʘʥʠʷ ʮʚʝʪʦʚ ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʬʦʥʘ. 

¶ fill_color ï ʮʚʝʪ QR-ʢʦʜʘ. 

¶ back_color ï ʮʚʝʪ ʬʦʥʘ. 
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5. save(filename) ï ʩʦʭʨʘʥʷʝʪ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ QR-ʢʦʜ ʚ ʬʘʡʣ. 

¶ filename ï ʥʘʟʚʘʥʠʝ ʚʳʭʦʜʥʦʛʦ ʬʘʡʣʘ. 

ʅʘʩʪʨʦʡʢʠ ʙʠʙʣʠʦʪʝʢʠ çqrcodeè [3]: 

¶ version ï ʟʘʜʘʸʪ ʨʘʟʤʝʨ QR-ʢʦʜʘ (ʦʪ 1 ʜʦ 40, ʛʜʝ 1 ï ʥʘʠʤʝʥʴʰʠʡ, 40 ï ʥʘʠʙʦʣʴʰʠʡ). 

¶ error_correction  ï ʫʨʦʚʝʥʴ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ (LOW, MEDIUM, QUARTILE, HIGH), 

ʦʧʨʝʜʝʣʷʶʱʠʡ, ʥʘʩʢʦʣʴʢʦ QR-ʢʦʜ ʙʫʜʝʪ ʫʩʪʦʡʯʠʚ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ. 

o ʇʘʨʘʤʝʪʨ error_correction ʫʧʨʘʚʣʷʝʪ ʢʦʨʨʝʢʮʠʝʡ ʦʰʠʙʦʢ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ QR-ʢʦʜʘ. 

ʉʣʝʜʫʶʱʠʝ ʯʝʪʳʨʝ ʢʦʥʩʪʘʥʪʳ ʜʦʩʪʫʧʥʳ ʚ ʧʘʢʝʪʝ qrcode: 

1. ERROR_CORRECT_L  ï ʄʦʞʥʦ ʠʩʧʨʘʚʠʪʴ ʦʢʦʣʦ 7% ʠʣʠ ʤʝʥʝʝ ʦʰʠʙʦʢ. 

2. ERROR_CORRECT_M  (ʧʦ ʫʤʦʣʯʘʥʠʶ) ï ʄʦʞʥʦ ʠʩʧʨʘʚʠʪʴ ʦʢʦʣʦ 15% ʠʣʠ ʤʝʥʝʝ 

ʦʰʠʙʦʢ. 

3. ERROR_CORRECT_Q ï ʄʦʞʥʦ ʠʩʧʨʘʚʠʪʴ ʦʢʦʣʦ 25% ʠʣʠ ʤʝʥʝʝ ʦʰʠʙʦʢ. 

4. ERROR_CORRECT_H. ï ʄʦʞʥʦ ʠʩʧʨʘʚʠʪʴ ʦʢʦʣʦ 30% ʠʣʠ ʤʝʥʝʝ ʦʰʠʙʦʢ. 

¶ box_size ï ʨʘʟʤʝʨ ʦʜʥʦʛʦ ʤʦʜʫʣʷ QR-ʢʦʜʘ ʚ ʧʠʢʩʝʣʷʭ. 

o ʇʘʨʘʤʝʪʨ box_size ʦʧʨʝʜʝʣʷʝʪ, ʩʢʦʣʴʢʦ ʧʠʢʩʝʣʝʡ ʟʘʥʠʤʘʝʪ ʢʘʞʜʳʡ çʷʱʠʢè QR-ʢʦʜʘ. 

¶ border ï ʢʦʣʠʯʝʩʪʚʦ ʧʫʩʪʳʭ ʷʯʝʝʢ ʧʦ ʢʨʘʷʤ QR-ʢʦʜʘ. 

o ʇʘʨʘʤʝʪʨ border ʦʧʨʝʜʝʣʷʝʪ ʪʦʣʱʠʥʫ ʨʘʤʢʠ (ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ï 4, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʩʦʛʣʘʩʥʦ ʩʧʝʮʠʬʠʢʘʮʠʷʤ). 

ʈʘʟʨʘʙʦʪʢʘ ʥʘʯʘʣʘʩʴ ʩ ʠʟʫʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʠʣʦʞʝʥʠʶ ʠ ʩʦʟʜʘʥʠʷ ʙʘʟʦʚʦʡ ʚʝʨʩʠʠ 

ʛʝʥʝʨʘʪʦʨʘ QR-ʢʦʜʦʚ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʥʘʩʪʨʦʡʢʠ ʙʠʙʣʠʦʪʝʢʠ 

çqrcodeè, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ QR-ʢʦʜʦʚ. ɿʘʪʝʤ 

ʙʳʣ ʜʦʙʘʚʣʝʥ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ [6], ʧʦʟʚʦʣʷʶʱʠʡ ʚʚʦʜʠʪʴ ʜʘʥʥʳʝ, ʚʳʙʠʨʘʪʴ ʪʠʧ 

QR-ʢʦʜʘ ʠ ʩʦʭʨʘʥʷʪʴ ʝʛʦ ʚ ʬʘʡʣ. ɺ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʠ ʫʩʪʨʘʥʝʥʳ ʦʰʠʙʢʠ, ʘ ʪʘʢʞʝ 

ʫʣʫʯʰʝʥʘ ʨʘʙʦʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʪʘʤʠ ʜʘʥʥʳʭ. ʈʘʟʨʘʙʦʪʢʘ ʥʘʯʘʣʘʩʴ ʩ ʠʟʫʯʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʠʣʦʞʝʥʠʶ ʠ ʩʦʟʜʘʥʠʷ ʙʘʟʦʚʦʡ ʚʝʨʩʠʠ ʛʝʥʝʨʘʪʦʨʘ QR-ʢʦʜʦʚ.  

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʥʘʩʪʨʦʡʢʠ ʠ ʬʦʨʤʘʪʳ ʢʦʜʠʨʦʚʘʥʠʷ. 

ɿʘʪʝʤ ʙʳʣ ʜʦʙʘʚʣʝʥ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʚʦʜʠʪʴ ʜʘʥʥʳʝ, ʚʳʙʠʨʘʪʴ 

ʪʠʧ QR-ʢʦʜʘ ʠ ʩʦʭʨʘʥʷʪʴ ʝʛʦ ʚ ʬʘʡʣ. ɺ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʠ ʫʩʪʨʘʥʝʥʳ ʦʰʠʙʢʠ, ʘ ʪʘʢʞʝ 

ʫʣʫʯʰʝʥʘ ʨʘʙʦʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʪʘʤʠ ʜʘʥʥʳʭ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʛʝʥʝʨʠʨʦʚʘʪʴ QR-ʢʦʜʳ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ: 

¶ ʪʝʢʩʪʦʚʳʝ QR-ʢʦʜʳ; 

¶ ʩʩʳʣʢʠ; 

¶ ʢʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ; 

¶ ʜʘʥʥʳʝ Wi-Fi; 

¶ ʥʦʤʝʨʘ ʪʝʣʝʬʦʥʦʚ ʠ SMS; 

¶ email-ʩʦʦʙʱʝʥʠʷ; 

¶ ʛʝʦʣʦʢʘʮʠʦʥʥʳʝ ʤʝʪʢʠ; 

¶ ʩʩʳʣʢʠ ʥʘ ʧʨʦʬʠʣʠ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ; 

¶ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ (ʥʘʧʨʠʤʝʨ, ʚʠʟʠʪʥʳʝ ʢʘʨʪʦʯʢʠ vCard ʠ MeCard); 
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¶ ʩʦʙʳʪʠʷ ʢʘʣʝʥʜʘʨʷ; 

¶ ʧʦʜʢʣʶʯʝʥʠʝ ʢ Zoom ʠ Skype; 

 

 
 

ʈʠʩ. 3. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ 

 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʤʦʞʥʘ ʜʦʨʘʙʦʪʢʘ ʬʫʥʢʮʠʦʥʘʣʘ, ʚʢʣʶʯʘʷ ʧʦʜʜʝʨʞʢʫ ʜʠʥʘʤʠʯʝʩʢʠʭ 

QR-ʢʦʜʦʚ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʶ ʩ ʚʝʙ-ʩʝʨʚʠʩʘʤʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʠ ʫʜʘʣʸʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ QR-ʢʦʜʘʤʠ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʢʦʜ ï ɻ ʪʦ ʥʝ ʪʦʣʴʢʦ ʨʘʙʦʪʘʶʱʠʡ ʢʦʜ, ʥʦ ʠ ʢʦʜ, ʢʦʪʦʨʳʡ 

ʣʝʛʢʦ ʯʠʪʘʪʴ, ʧʦʥʠʤʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ [5, 2022, ʩ. 43]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ QR-ʢʦʜʦʚ 

ʩʨʝʜʩʪʚʘʤʠ Python. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʷʟʳʢʘ Python ʠ ʝʛʦ ʙʠʙʣʠʦʪʝʢ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʫʜʦʙʥʳʡ 

ʘʚʪʦʥʦʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ. ʆʧʳʪ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ QR-ʢʦʜʳ ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʮʠʬʨʦʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʘ ʠʭ 

ʛʝʥʝʨʘʮʠʷ ʩ ʧʦʤʦʱʴʶ Python ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ. 
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ɿʫʙʘʣʴ ɸ.ʄ. 
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ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʅɸʉʊʈʆʁʂɸ ɹɸɿʆɺʆɻʆ ɻʈɸʌʀʏɽʉʂʆɻʆ ɺʓɺʆɼɸ  

ʇʈʀ ʇʆʄʆʑʀ VULKAN API  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʙʘʟʦʚʘʷ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʧʨʠ ʧʦʤʦʱʠ Vulkan API . 

ʇʦʩʢʦʣʴʢʫ ʚʳʚʦʜ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ ï ʩʣʦʞʥʳʡ ʠ ʢʦʤʧʣʝʢʩʥʳʡ ʧʨʦʮʝʩʩ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʪʜʝʣʴʥʳʡ ʵʣʝʤʝʥʪ (ʚʠʜʝʦʘʜʘʧʪʝʨ), 

ʢʦʪʦʨʳʡ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʪʦ ʦʩʪʨʦʡ ʧʨʦʙʣʝʤʦʡ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ API, ʢʦʪʦʨʳʡ ʩʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʢʘʢ ʧʨʦʩʪʦʪʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʪʘʢ ʠ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ɺ 1992 ʛʦʜʫ ʙʳʣ 

ʧʨʝʜʩʪʘʚʣʝʥ OpenGL, ʚ 1995 DirectX, ʘ ʚ 2015 Vulkan. ʂʘʞʜʳʡ ʠʟ API ʠʤʝʝʪ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʧʦʵʪʦʤʫ ʧʨʠ ʚʳʙʦʨʝ API ʜʣʷ ʨʘʙʦʪʳ ʩʣʝʜʫʝʪ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʪʴ 

ʮʝʣʠ ʧʨʦʝʢʪʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʥ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ [4]. 

Vulkan  ï ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʡ API ʜʣʷ ʨʘʙʦʪʳ ʩ 2D ʠ 3D ʛʨʘʬʠʢʦʡ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʛʨʘʬʠʯʝʩʢʠʤ ʨʝʩʫʨʩʘʤ [2]. ɼʘʥʥʳʡ API 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ 

ʧʨʦʮʝʩʩʦʨ, ʙʦʣʝʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ, 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ, ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ OpenGL ʠ DirectX [3]. ʅʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʘʙʩʪʨʘʢʮʠʠ API ʥʘʢʣʘʜʳʚʘʝʪ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʜʘʞʝ ʙʘʟʦʚʳʡ 

ʛʨʘʬʠʯʝʩʢʠʡ ʚʳʚʦʜ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʥʘ ʙʦʣʴʰʝ ʪʳʩʷʯʠ ʩʪʨʦʢ [1]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʠ ʥʘʩʪʨʦʡʢʘ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʣʠʰʴ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ, ʘ 

ʧʦʣʥʦʮʝʥʥʳʝ ʧʨʠʤʝʨʳ ʨʘʙʦʯʝʛʦ ʢʦʜʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʦʬʠʮʠʘʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠʣʠ ʚ 

ʨʫʢʦʚʦʜʩʪʚe, ʩʩʳʣʢʘ ʥʘ ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʟʜʝʣʝ ʣʠʪʝʨʘʪʫʨʳ [5]. 

ɼʣʷ ʨʘʙʦʪʳ ʩ API ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʟʘʛʨʫʟʠʪʴ VulkanSDK  (Software 

development kit), ʩʜʝʣʘʪʴ ʵʪʦ ʤʦʞʥʦ ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ ʨʘʟʨʘʙʦʪʯʠʢʦʚ: 

https://vulkan.lunarg.com. ʊʘʢ ʢʘʢ Vulkan  ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʢʦʥ, ʜʣʷ 

ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ 

GLFW, ʝʸ ʪʦʞʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʛʨʫʟʠʪʴ ʩ ʩʘʡʪʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ: 

https://www.glfw.org/download.html. 

ʇʦʩʢʦʣʴʢʫ Vulkan  ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʥʦʚʳʤ API, ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʞʝʣʘʪʝʣʴʥʦ 

ʧʨʦʚʝʨʠʪʴ, ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʣʠ ʦʥ ʚʠʜʝʦʢʘʨʪʦʡ ʠ ʜʨʘʡʚʝʨʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʚ ʢʦʨʥʝʚʦʡ ʧʘʧʢʝ 

VulkanSDK ʥʘʭʦʜʠʤ ʧʘʧʢʫ Bin, ʘ ʚ ʥʝʡ ʥʘʭʦʜʠʤ vkcube.exe. ɽʩʣʠ ʧʨʠ ʟʘʧʫʩʢʝ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʢʨʫʪʷʱʠʡʩʷ ʢʫʙ ʩ ʣʦʛʦʪʠʧʦʤ LunarG, ʟʥʘʯʠʪ ʚʩʸ ʭʦʨʦʰʦ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʦʚʝʨʴʪʝ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʚʠʜʝʦʢʘʨʪʳ ʠ ʜʨʘʡʚʝʨʦʚ. 

ʇʦʩʣʝ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ï ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʘʪʘʣʦʛʠ ʚʢʣʶʯʘʝʤʳʭ ʬʘʡʣʦʚ 

ʜʦʙʘʚʣʷʶʪʩʷ ʧʘʧʢʠ Include, ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʘʪʘʣʦʛʠ ʙʠʙʣʠʦʪʝʢ ʜʦʙʘʚʣʷʶʪʩʷ ʧʘʧʢʠ Lib, ʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʝʢʪʘ ʜʦʙʘʚʣʷʶʪʩʷ çvulkan-1.libè ʠ çglfw3.libè. 

https://vulkan.lunarg.com/
https://www.glfw.org/download.html
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ʀ, ʥʘʢʦʥʝʮ, ʤʦʞʥʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʥʘʧʠʩʘʥʠʶ ʢʦʜʘ. ɼʣʷ ʚʳʚʦʜʘ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʤ 

ʧʦʪʨʝʙʫʝʪʩʷ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʪʴ ʠ ʥʘʩʪʨʦʠʪʴ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ. ʀʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ ʥʘ ʨʠʩ. 1. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʟʦʙʴʸʤ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʠʮʠʘʣʠʟʘʮʠʶ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʣʘʩʩʘʤ: 

¶ MyWindow  ï ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʢʥʝ ʥʘʰʝʛʦ ʧʨʠʣʦʞʝʥʠʷ; 

¶ MyDevice ï ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ VkInstance, VkPhysicalDevice, VkDevice, 

VkSurfaceKHR , VkCommandPool, VkDebugUtilsMessengerEXT ʠ ʥʝʩʢʦʣʴʢʠʭ VkQueue. 

ɼʘʥʥʳʝ ʢʣʘʩʩʳ ʨʝʛʫʣʠʨʫʶʪ ʨʘʙʦʪʫ Vulkan ʩ ʥʘʰʠʤ ʛʨʘʬʠʯʝʩʢʠʤ ʘʜʘʧʪʝʨʦʤ;  

¶ MySwapChain ï ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ VkSwapchainKHR, VkFormat , VkExtent2D, 

VkRenderPass, ʠ ʚʝʢʪʦʨʘ VkImage, VkDeviceMemory, VkImageView, VkSemaphore ʠ 

VkFence. ɿʘ ʩʯʸʪ ʵʪʠʭ ʢʣʘʩʩʦʚ ʙʫʜʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʦʯʝʨʝʜʴ ʩʦʟʜʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

¶ MyPipeline ï ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ VkPipeline, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ 

ʚʭʦʜʷʱʠʭ ʰʝʡʜʝʨʦʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʭ ʚ ʠʟʦʙʨʘʞʝʥʠʝ; 

¶ MyApp  ï ʙʫʜʝʪ ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʩʝʭ ʩʦʟʜʘʥʥʳʭ ʥʘʤʠ ʢʣʘʩʩʘʭ ʠ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʠʭ ʨʘʙʦʪʫ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʈʘʟʙʝʨʸʤ ʚʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ ʦʙʦʟʥʘʯʝʥʥʳʭ ʢʣʘʩʩʦʚ ʠ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʥʠ ʜʦʣʞʥʳ 

ʩʦʜʝʨʞʘʪʴ.  

MyWindow: ʧʨʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʦ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ width , height, ʠ windowName 

ʩʦʟʜʘʸʪʩʷ ʦʢʥʦ ʠ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʝʛʦ ʩʚʦʡʩʪʚʘ. ɼʦʣʞʥʳ ʙʳʪʴ ʧʨʦʧʠʩʘʥʳ ʬʫʥʢʮʠʠ ʩʚʷʟʠ ʦʢʥʘ ʩ 

VkInstance, ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʦʤ ʭʨʘʥʠʪʩʷ ʚ MyDevice ʠ ʜʝʩʪʨʫʢʪʦʨ. 

 

 
 

ʈʠʩ. 1. ʊʘʙʣʠʮʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʚ Vulkan API 

 

MyDevice: ʧʨʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʨʠʥʠʤʘʝʪ ʩʩʳʣʢʫ ʥʘ ʦʙʲʝʢʪ MyWindow. ʉʦʟʜʘʸʪʩʷ 

VkInstance, ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʳʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʘʰʝʤ ʧʨʠʣʦʞʝʥʠʠ (ʠʤʷ, ʚʝʨʩʠʷ, ʚʝʨʩʠʷ 
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ʚʠʟʫʘʣʠʟʘʪʦʨʘ, ʚʝʨʩʠʷ API) ʠ ʦʙ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʰʠʨʝʥʠʷʭ ʠ ʩʣʦʷʭ ʚʘʣʠʜʘʮʠʠ (validation 

layers). ʉʣʦʠ ʚʘʣʠʜʘʮʠʠ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʚʳʟʳʚʘʝʤʳʤ ʬʫʥʢʮʠʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʚʦʟʥʠʢʘʶʱʠʭ ʦʰʠʙʦʢ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʜʝʙʘʛʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʦʸʚ ʚʘʣʠʜʘʮʠʠ 

ʥʘʩʪʨʘʠʚʘʝʪʩʷ VkDebugUtilsMessengerEXT, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʚʦʟʥʠʢʘʶʱʠʭ ʦʰʠʙʢʘʭ ʚ ʫʜʦʙʥʦʤ ʜʣʷ ʯʝʣʦʚʝʢʘ ʬʦʨʤʘʪʝ. ʇʦʩʣʝ ʩʦʟʜʘʥʥʘʷ ʩʫʱʥʦʩʪʴ 

ʧʨʠʣʦʞʝʥʠʷ (VkInstance) ʧʝʨʝʜʘʸʪʩʷ ʜʣʷ ʩʚʷʟʠ ʩ ʦʢʥʦʤ ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ VkSurface. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʠʩʧʦʣʴʟʫʝʤʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʘʜʘʧʪʝʨ ʠ ʩʦʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʥʸʤ ʚ VkPhysicalDevice. ʅʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʦʛʦ ʚʠʜʝʦʘʜʘʧʪʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʝʛʦ ʩʝʤʝʡʩʪʚʘ 

ʦʯʝʨʝʜʝʡ, ʩʦʟʜʘʸʪʩʷ ʣʦʛʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ VkDevice, ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʷʝʪ ʨʘʙʦʪʫ ʩ 

ʛʨʘʬʠʯʝʩʢʠʤ ʘʜʘʧʪʝʨʦʤ, ʘ ʚ ʦʙʲʝʢʪʳ VkQueue ʩʦʭʨʘʥʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʯʝʨʝʜʷʭ, ʢʦʪʦʨʳʝ 

ʦʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ. ɺʘʞʥʦ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʦʸʚ ʚʘʣʠʜʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢ ʞʝ 

ʧʦʜʢʣʶʯʠʪʴ ʠʭ ʧʨʠ ʩʦʟʜʘʥʠʠ VkDevice. ɺ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ ʩʦʟʜʘʸʪʩʷ ʧʫʣ ʢʦʤʘʥʜ 

VkCommandPool, ʠʟ ʢʦʪʦʨʦʛʦ ʥʘʰʝ ʧʨʠʣʦʞʝʥʠʝ ʙʫʜʝʪ ʙʨʘʪʴ ʢʦʤʘʥʜʳ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ. ɺ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ ʩʣʝʜʫʝʪ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʛʝʪʪʝʨʳ ʜʣʷ ʩʦʟʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʜʝʩʪʨʫʢʪʦʨ. 

MySwapChain: ʧʨʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʨʠʥʠʤʘʝʪ ʩʩʳʣʢʫ ʥʘ ʢʣʘʩʩ MyDevice ʠ ʦʙʲʝʢʪ 

VkExtent2D. ʅʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ VkDevice ʚʳʙʠʨʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʠ 

ʩʦʟʜʘʸʪʩʷ VkSwapChain, ʘ ʪʘʢʞʝ VkFormat , VkExtent2D ʠ ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʪʠʧʘ VkImage, 

ʢʦʪʦʨʳʝ ʭʨʘʥʷʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʦʨʤʘʪʝ, ʨʘʩʰʠʨʝʥʠʠ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʚ ʧʘʤʷʪʠ ʚʳʚʦʜʠʤʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ VkImage ʩʦʟʜʘʸʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʝʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ VkImageView, ʠ ʚʩʷ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʚʝʢʪʦʨ. ɼʘʣʝʝ ʩʦʟʜʘʸʪʩʷ 

VkRenderPass, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʧʨʦʭʦʜ ʨʝʥʜʝʨʘ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʦʟʜʘʸʪʩʷ VkFramebuffer, ʢʦʪʦʨʳʡ ʭʨʘʥʠʪ ʛʦʪʦʚʫʶ ʢ ʚʳʚʦʜʫ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʦʙʨʘʞʝʥʠʠ. 

ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʙʫʬʬʝʨʘʭ ʪʘʢʞʝ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʚʝʢʪʦʨ. ʉʦʟʜʘʶʪʩʷ ʵʣʝʤʝʥʪʳ VkSemaphore 

ʠ VkFence, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. ʅʫ ʠ ʢʦʥʝʯʥʦ ʥʝ ʟʘʙʳʚʘʝʤ ʧʨʦ 

ʛʝʪʪʝʨʳ ʠ ʜʝʩʪʨʫʢʪʦʨ. 

MyPipeline: ʧʨʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʨʠʥʠʤʘʝʤ ʩʩʳʣʢʫ ʥʘ MyDevice, VkRenderPass, 

VkPipelineLayout ʠ ʧʫʪʠ ʢ ʬʘʡʣʘʤ ʢʘʞʜʦʛʦ ʠʟ ʟʘʨʘʥʝʝ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʳʭ ʰʝʡʜʝʨʦʚ. ɺ ʢʣʘʩʩʝ 

ʨʝʘʣʠʟʫʝʤ ʩʦʟʜʘʥʠʝ VkShaderModule ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʠʩʧʦʣʴʟʫʝʤʳʭ ʰʝʡʜʝʨʦʚ, ʪʘʢ ʢʘʢ 

VkPipeline ʟʘʚʠʩʠʪ ʦʪ ʥʠʭ ʥʘʧʨʷʤʫʶ. ɿʘʧʦʣʥʷʝʤ ʩʪʨʫʢʪʫʨʫ VkGraphicsPipelineCreateInfo ʠ 

ʩʦʟʜʘʸʤ VkPipeline, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʚʝʩʴ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ ʰʝʡʜʝʨʦʚ ʥʘ ʚʭʦʜʝ ʚ ʠʪʦʛʦʚʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ. ʅʝ ʟʘʙʳʚʘʝʤ ʧʨʦ ʛʝʪʪʝʨʳ ʠ ʜʝʩʪʨʫʢʪʦʨ. 

MyApp: ʩʦʟʜʘʸʪ ʵʢʟʝʤʧʣʷʨʳ ʢʘʞʜʦʛʦ ʠʟ ʥʘʰʠʭ ʢʣʘʩʩʦʚ, ʜʣʷ VkPipeline ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʩʦʟʜʘʸʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʡ VkPipelineLayout, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʚ ʩʣʫʯʘʝ ʯʝʛʦ ʜʠʥʘʤʠʯʝʩʢʠ 

ʠʟʤʝʥʷʪʴ ʧʦʚʝʜʝʥʠʝ ʰʝʡʜʝʨʦʚ, ʥʝ ʢʦʤʧʠʣʠʨʫʷ ʠʭ ʟʘʥʦʚʦ. ɼʣʷ MySwapchain ʩʦʟʜʘʸʪʩʷ ʚʝʢʪʦʨ 

ʟʥʘʯʝʥʠʡ ʪʠʧʘ VkCommandBuffer, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʚʳʚʦʜʠʪʴ ʭʨʘʥʷʱʠʝʩʷ ʚ ʮʝʧʦʯʢʝ ʧʦʢʘʟʘ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʵʢʨʘʥ. ʀ ʚ ʬʫʥʢʮʠʠ main ʨʝʘʣʠʟʫʝʤ ʚʳʚʦʜ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʦʢʥʦ ʥʘʰʝʛʦ 

ʧʨʠʣʦʞʝʥʠʷ. 

ʇʨʠ ʚʝʨʰʠʥʥʦʤ ʰʝʡʜʝʨʝ ʩ ʢʦʜʦʤ ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 2, ʠ ʬʨʘʛʤʝʥʪʥʦʤ ʰʝʡʜʝʨʝ ʩ ʢʦʜʦʤ ʢʘʢ 

ʥʘ ʨʠʩʫʥʢʝ 3, ʧʦʣʫʯʠʤ ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʝʫʛʦʣʴʥʠʢʘ ʄʘʢʩʚʝʣʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩ. 2. ʂʦʜ ʚʝʨʰʠʥʥʦʛʦ ʰʝʡʜʝʨʘ 

 

 

 
 

ʈʠʩ. 3. ʂʦʜ ʬʨʘʛʤʝʥʪʥʦʛʦ ʰʝʡʜʝʨʘ 
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ʅʝ ʩʤʦʪʨʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʨʘʙʦʪʳ ʩ Vukan, ʧʦʩʣʝ ʙʘʟʦʚʦʡ ʥʘʩʪʨʦʡʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ 

ʩʣʦʞʥʦ ʧʝʨʝʥʘʩʪʨʦʠʪʴ ʫʞʝ ʛʦʪʦʚʫʶ ʧʨʦʛʨʘʤʤʫ ʥʘ ʚʳʚʦʜ ʣʶʙʳʭ ʥʫʞʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʪʦʚʫʶ ʟʘʛʦʪʦʚʢʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ, 

ʪʨʝʙʫʶʱʠʭ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ. 
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ɿʳʙʠʥ ɺ.ɸ., ʇʦʣʫʭʠʥ ʀ.ɼ. 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʈɸɿʈɸɹʆʊʂɸ ʐɸɻɸʖʑɽɻʆ ʈʆɹʆʊɸ:  

ʌʀɿʀʏɽʉʂɸʗ ʉʀʄʋʃʗʎʀʗ ʉʀʉʊɽʄ ʂʆʄʇʔʖʊɽʈʅʆɻʆ ɿʈɽʅʀʗ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʰʘʛʘʶʱʝʛʦ ʨʦʙʦʪʘ ʚ Gazebo, 

ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ. 

Gazebo ï ʵʪʦ ʤʦʱʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʩʠʤʫʣʷʮʠʠ ʨʦʙʦʪʦʚ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [2]. ʆʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʬʠʟʠʯʝʩʢʠʭ ʜʚʠʞʢʦʚ, ʪʘʢʠʭ ʢʘʢ 

ODE, Bullet ʠ DART, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠ ʢʠʥʝʤʘʪʠʢʫ ʨʦʙʦʪʘ. 

ʂʨʦʤʝ ʪʦʛʦ, Gazebo ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩ ROS (Robot Operating System), ʯʪʦ ʫʧʨʦʱʘʝʪ ʨʘʟʨʘʙʦʪʢʫ 

ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʦʙʦʪʘ [4]. 

ʇʨʦʮʝʩʩ ʉʦʟʜʘʥʠʷ ʄʦʜʝʣʠ 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʚ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʠ ʢʠʥʝʤʘʪʠʢʠ 

ʰʘʛʘʶʱʝʛʦ ʨʦʙʦʪʘ. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ CAD-ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʠ ʨʦʙʦʪʘ, 

ʚʢʣʶʯʘʷ ʚʩʝ ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ: ʢʦʨʧʫʩ, ʥʦʛʠ, ʜʘʪʯʠʢʠ ʠ ʘʢʪʫʘʪʦʨʳ. ʕʪʘ ʤʦʜʝʣʴ ʙʳʣʘ 

ʵʢʩʧʦʨʪʠʨʦʚʘʥʘ ʚ ʬʦʨʤʘʪ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ Gazebo, ʪʘʢʦʡ ʢʘʢ SDF (Simulation Description 

Format). ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʨʦʙʦʪʘ. 

 

 
 

ʈʠʩ. 1. Gazebo ʤʦʜʝʣʴ ʨʦʙʦʪʘ 

 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʩʪʘʣʘ ʥʘʩʪʨʦʡʢʘ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ɺ Gazebo ʤʳ 

ʦʧʨʝʜʝʣʠʣʠ ʤʘʩʩʫ, ʠʥʝʨʮʠʶ, ʪʨʝʥʠʝ ʠ ʜʨʫʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʨʦʙʦʪʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʪʦʯʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʨʦʙʦʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢʠʭ ʢʘʢ 

ʜʚʠʞʝʥʠʝ ʧʦ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ [2]. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʝʛʦ ʜʘʪʯʠʢʦʚ ʤʳ ʠʥʪʝʛʨʠʨʦʚʘʣʠ ʤʦʜʝʣʴ 

ʩ ROS. ʕʪʦ ʚʢʣʶʯʘʣʦ ʩʦʟʜʘʥʠʝ ʫʟʣʦʚ ʠ ʪʝʤ ROS ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷʤʠ, ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʦʩʪʦʷʥʠʷ ʨʦʙʦʪʘ. ʀʥʪʝʛʨʘʮʠʷ ʩ ROS ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʘ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʪʦʚʳʝ ʙʠʙʣʠʦʪʝʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʥʘʚʠʛʘʮʠʠ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʠ 

ʜʨʫʛʠʭ ʟʘʜʘʯ [4]. 
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ʀʥʪʝʛʨʘʮʠʷ ʉʠʩʪʝʤ ʂʦʤʧʴʶʪʝʨʥʦʛʦ ɿʨʝʥʠ ̫

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʰʘʛʘʶʱʝʛʦ ʨʦʙʦʪʘ ʙʳʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʘ 

ʩʠʩʪʝʤʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. ʕʪʦ ʚʢʣʶʯʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʤʝʨ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ. 

ɺ Gazebo ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʚʠʨʪʫʘʣʴʥʳʝ ʢʘʤʝʨʳ, ʢʦʪʦʨʳʝ ʤʦʜʝʣʠʨʦʚʘʣʠ ʨʝʘʣʴʥʳʝ 

ʢʘʤʝʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʨʦʙʦʪʝ. ʕʪʠ ʢʘʤʝʨʳ ʙʳʣʠ ʥʘʩʪʨʦʝʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ 

ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʪʦʯʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ [2]. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʢʘʤʝʨ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ, ʪʘʢʠʝ ʢʘʢ ʜʝʪʝʢʮʠʷ 

ʢʨʘʝʚ, ʩʝʛʤʝʥʪʘʮʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ. ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʧʦʟʚʦʣʠʣʠ ʨʦʙʦʪʫ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʙʝʟʦʧʘʩʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 2 

ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʠʥ ʠʟ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʢʘʤʝʨʳ. 

 

 
 

ʈʠʩ. 2. ʆʧʨʝʜʝʣʝʥʠʝ ʛʣʫʙʠʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

ɼʘʥʥʳʝ ʩ ʢʘʤʝʨ ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʩ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʨʦʙʦʪʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʨʦʙʦʪʫ ʜʠʥʘʤʠʯʝʩʢʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʚʦʠ 

ʪʨʘʝʢʪʦʨʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʠʟʤʝʥʝʥʠʡ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

[4]. 

ʉʦʟʜʘʥʠʝ Gazebo ʤʦʜʝʣʠ ʰʘʛʘʶʱʝʛʦ ʨʦʙʦʪʘ ʠ ʠʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʝʛʦ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʘʜʘʧʪʠʚʥʦʩʪʴ. Gazebo 
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ʧʨʝʜʦʩʪʘʚʠʣ ʤʦʱʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʦʙʦʪʘ ʠ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ROS, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʨʝʘʣʠʩʪʠʯʥʫʶ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʤʦʜʝʣʴ [2]. ɺ 

ʙʫʜʫʱʝʤ ʤʳ ʧʣʘʥʠʨʫʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʤʦʜʝʣʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʚʠʛʘʮʠʠ ʜʣʷ ʰʘʛʘʶʱʠʭ ʨʦʙʦʪʦʚ. 

ʉʝʨʚʦʧʨʠʚʦʜ MG996R 

ʉʝʨʚʦʧʨʠʚʦʜ MG996R ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ 

ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʨʝʜʫʢʪʦʨʘ, ʧʦʪʝʥʮʠʦʤʝʪʨʘ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʨʝʦʙʨʘʟʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ, 

ʩʦʟʜʘʚʘʷ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ʈʝʜʫʢʪʦʨ ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, ʫʚʝʣʠʯʠʚʘʷ 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ. ʇʦʪʝʥʮʠʦʤʝʪʨ ʠʟʤʝʨʷʝʪ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ ʠ ʧʨʝʦʙʨʘʟʫʝʪ ʝʛʦ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ. ʕʣʝʢʪʨʦʥʥʳʡ 

ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʨʘʚʥʠʚʘʝʪ ʠʟʤʝʨʝʥʥʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʩ ʟʘʜʘʥʥʳʤ ʠ ʨʝʛʫʣʠʨʫʝʪ ʩʢʦʨʦʩʪʴ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ [3]. 

 
 

ʈʠʩ. 3. ʉʝʨʚʦʧʨʠʚʦʜ MG996R ʩʦ ʩʥʷʪʦʡ ʢʨʳʰʢʦʡ 

 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ PCA9685 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ PCA9685 ï ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʤʠʢʨʦʩʭʝʤʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʚʝʪʦʜʠʦʜʘʤʠ ʠ ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʐʀʄ-ʩʠʛʥʘʣʦʚ. PCA9685 ʫʧʨʘʚʣʷʝʪ ʜʦ 

16 ʢʘʥʘʣʦʚ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ 

I2C [6]. 
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ʈʠʩ. 4. ʄʫʣʴʪʠʧʣʝʢʩʦʨ PCA9685 

 

ʇʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ Python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ adafruit_servokit. 

ʆʥʘ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪ ʩʝʨʚʦʧʨʠʚʦʜʳ, ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʜʠʘʧʘʟʦʥ ʠʤʧʫʣʴʩʦʚ ʰʠʨʦʪʳ ʠʤʧʫʣʴʩʘ ʠ 

ʚʳʧʦʣʥʷʝʪ ʪʝʩʪʦʚʳʡ ʩʮʝʥʘʨʠʡ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʩʝʨʚʦʧʨʠʚʦʜ ʧʦʦʯʝʨʝʜʥʦ ʚʳʧʦʣʥʷʝʪ 

ʜʚʠʞʝʥʠʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʛʣʘ [6]. 

ɼʣʷ ʧʠʪʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʣʦʢ ʧʠʪʘʥʠʷ Eleganz 300 12 ʠ ʧʦʥʠʞʘʶʱʠʡ DC-DC 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 20ɸ 300 ɺʪ ʩ ʨʝʛʫʣʠʨʦʚʢʦʡ ʪʦʢʘ [5]. 
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ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ  

çʄʆʅʀʊʆʈʀʅɻ ʄɽɼʀʎʀʅʉʂʀʍ ʆʉʄʆʊʈʆɺ ʉʆʊʈʋɼʅʀʂʆɺè 

ɸʅɸʃʀɿ ʇʈɽɼʄɽʊʅʆʁ ʆɹʃɸʉʊʀ 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ ʩʪʨʘʭʦʚʳʝ ʢʦʤʧʘʥʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʥʠʪʦʨʠʥʛʦʤ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʦʚ ʩʦʪʨʫʜʥʠʢʦʚ. 

ɺʘʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʫʩʣʦʚʣʝʥʘ ʢʘʢ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʪʘʢ ʠ 

ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʩʥʠʞʝʥʠʠ ʨʠʩʢʦʚ ʠ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʜʨʦʚʦʛʦ ʫʯʝʪʘ. 

ɸʆ çʄɸʂʉ-ʄè ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʠʜʝʨʦʚ ʥʘ ʨʳʥʢʝ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʩʪʨʘʭʦʚʘʥʠʷ ʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʦʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʩʪʨʘʭʦʚʦʡ ʢʦʤʧʘʥʠʠ ʚʢʣʶʯʘʶʪ ʧʨʠʚʣʝʯʝʥʠʝ ʢʣʠʝʥʪʦʚ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʝʜʠʮʠʥʩʢʠʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ, ʟʘʢʣʶʯʝʥʠʝ ʩʪʨʘʭʦʚʳʭ ʜʦʛʦʚʦʨʦʚ ʠ ʢʦʥʪʨʦʣʴ 

ʟʘ ʠʭ ʠʩʧʦʣʥʝʥʠʝʤ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʦʚ ʩʦʪʨʫʜʥʠʢʦʚ 

ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʦʚ ʠ ʘʥʘʣʠʟʘ ʪʝʢʫʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʦʚ. 

ʆʙʱʠʝ ʫʩʣʦʚʠʷ ʩʪʨʘʭʦʚʘʥʠʷ ʜʦʣʞʥʳ ʫʢʘʟʳʚʘʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ: 

1) ʚʠʜ ʩʪʨʘʭʦʚʘʥʠʷ ʠ ʝʛʦ ʧʨʝʜʤʝʪ; 

2) ʫʩʣʦʚʠʷ ʠʟʤʝʥʝʥʠʷ ʩʪʨʘʭʦʚʦʡ ʩʫʤʤʳ ʠʣʠ ʛʘʨʘʥʪʠʡʥʦʡ ʩʫʤʤʳ, ʝʩʣʠ ʦʙʱʠʝ ʫʩʣʦʚʠʷ 

ʩʪʨʘʭʦʚʘʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʪʘʢʦʝ ʠʟʤʝʥʝʥʠʝ; 

3) ʧʨʘʚʘ ʠ ʦʙʷʟʘʥʥʦʩʪʠ ʢʘʞʜʦʡ ʠʟ ʩʪʦʨʦʥ ʜʦʛʦʚʦʨʘ ʩʪʨʘʭʦʚʘʥʠʷ; 

4) ʦʙʲʝʤ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʩʪʨʘʭʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ; 

5) ʚ ʠʤʫʱʝʩʪʚʝʥʥʦʤ ʩʪʨʘʭʦʚʘʥʠʠ ï ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʫʱʝʨʙʘ; 

6) ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʢʦʤʧʝʥʩʘʮʠʠ ʠʣʠ ʠʥʦʛʦ ʧʦʩʦʙʠʷ, ʝʩʣʠ ʦʙʱʠʝ ʫʩʣʦʚʠʷ 

ʩʪʨʘʭʦʚʘʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʦʪʩʪʫʧʣʝʥʠʷ ʦʪ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ; 

7) ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʫʧʣʘʪʳ ʩʪʨʘʭʦʚʦʡ ʧʨʝʤʠʠ; 

8) ʩʧʦʩʦʙ ʠ ʩʧʦʩʦʙ ʠʥʜʝʢʩʘʮʠʠ ʧʨʝʤʠʡ, ʝʩʣʠ ʦʙʱʠʝ ʫʩʣʦʚʠʷ ʩʪʨʘʭʦʚʘʥʠʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʠʥʜʝʢʩʘʮʠʶ; 

9) ʧʦʨʷʜʦʢ ʠ ʫʩʣʦʚʠʷ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʜʦʛʦʚʦʨ ʩʪʨʘʭʦʚʘʥʠʷ, ʟʘʢʣʶʯʝʥʥʳʡ ʥʘ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ ʩʨʦʢ; 

10) ʫʩʣʦʚʠʷ ʠ ʩʨʦʢʠ ʨʘʩʪʦʨʞʝʥʠʷ ʜʦʛʦʚʦʨʘ ʢʘʞʜʦʡ ʠʟ ʩʪʦʨʦʥ, ʘ ʪʘʢʞʝ ʧʦʨʷʜʦʢ ʠ ʩʨʦʢʠ 

ʨʘʩʪʦʨʞʝʥʠʷ, ʝʩʣʠ ʦʙʱʠʝ ʫʩʣʦʚʠʷ ʩʪʨʘʭʦʚʘʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʪʘʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ. 

ʇʨʝʜʩʪʘʚʠʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʪʨʘʭʦʚʦʡ ʢʦʤʧʘʥʠʠ ɸʆ çʄɸʂʉ-ʄè (ʩʤ. 

ʨʠʩ. 1). 

ɺʦ ʛʣʘʚʝ ʩʪʨʘʭʦʚʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʢʦʤʧʘʥʠʠ ʥʘʭʦʜʠʪʩʷ ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʚ ʝʛʦ 

ʧʦʜʯʠʥʝʥʠʠ ʥʘʭʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ: 

ï ʬʠʥʘʥʩʦʚʘʷ ʩʣʫʞʙʘ (ʙʫʭʛʘʣʪʝʨʠʷ); 

ï ʦʪʜʝʣ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ; 
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ï ʦʪʜʝʣ ʘʥʜʝʨʨʘʡʪʠʥʛʘ; 

ï ʦʪʜʝʣ ʧʦ ʨʘʙʦʪʝ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʣʠʮʘʤʠ; 

ï ʜʠʩʧʝʪʯʝʨʩʢʘʷ ʩʣʫʞʙʘ; 

ï ʬʠʣʠʘʣʳ; 

ï ʦʪʜʝʣ ʢʘʜʨʦʚ. 

 

 
 

ʈʠʩ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʘʥʠʠ 

 

ʇʈʆʎɽʉʉ ʆʌʆʈʄʃɽʅʀʗ ʄɽɼʀʎʀʅʉʂʆɻʆ ʉʊʈɸʍʆɺɸʅʀʗ 

ʇʨʦʮʝʩʩ ʦʬʦʨʤʣʝʥʠʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ 

ʵʪʘʧʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʢʣʠʝʥʪʦʤ ʠ ʩʪʨʘʭʦʚʦʡ ʢʦʤʧʘʥʠʝʡ. ʂʣʠʝʥʪ ʠʥʠʮʠʠʨʫʝʪ ʧʨʦʮʝʩʩ, ʦʙʨʘʱʘʷʩʴ ʚ ʜʠʩʧʝʪʯʝʨʩʢʫʶ 

ʩʣʫʞʙʫ ʢʦʤʧʘʥʠʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʦ ʢʘʢ ʯʝʨʝʟ ʪʝʣʝʬʦʥʥʳʡ ʟʚʦʥʦʢ, ʪʘʢ ʠ ʯʝʨʝʟ ʦʥʣʘʡʥ-

ʧʣʘʪʬʦʨʤʫ. ɼʠʩʧʝʪʯʝʨ ʩʦʙʠʨʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʣʠʝʥʪʝ, ʝʛʦ ʧʦʪʨʝʙʥʦʩʪʷʭ ʠ 

ʧʦʞʝʣʘʥʠʷʭ. 

ʉʧʝʮʠʘʣʠʩʪ ʢʦʤʧʘʥʠʠ ʘʥʘʣʠʟʠʨʫʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʢʣʠʝʥʪʘ ʠ ʧʨʝʜʣʘʛʘʝʪ ʧʦʜʭʦʜʷʱʠʡ ʚʠʜ 

ʩʪʨʘʭʦʚʘʥʠʷ. ɺʘʞʥʦ ʧʨʦʚʝʩʪʠ ʯʝʪʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʦʙʷʟʘʪʝʣʴʥʳʤ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʪʨʘʭʦʚʘʥʠʝʤ, ʯʪʦʙʳ ʢʣʠʝʥʪ ʤʦʛ ʧʨʠʥʷʪʴ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ. ʅʘ 

ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʘʭʦʚʦʡ ʧʦʣʠʩ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʩʨʦʢ 

ʜʝʡʩʪʚʠʷ ʜʦʛʦʚʦʨʘ, ʨʘʟʤʝʨ ʩʪʨʘʭʦʚʦʡ ʩʫʤʤʳ, ʫʩʣʦʚʠʷ ʩʪʨʘʭʦʚʘʥʠʷ ʠ ʧʦʨʷʜʦʢ ʚʳʧʣʘʪ. ʂʣʠʝʥʪʫ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʧʦʣʠʩʦʤ ʠ ʟʘʜʘʪʴ ʚʦʧʨʦʩʳ ʜʦ ʝʛʦ ʧʦʜʧʠʩʘʥʠʷ. 
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ʇʦʩʣʝ ʧʦʜʧʠʩʘʥʠʷ ʧʦʣʠʩʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʣʠʝʥʪʝ ʠ ʫʩʣʦʚʠʷʭ ʩʪʨʘʭʦʚʘʥʠʷ ʚʥʦʩʠʪʩʷ ʚ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʚʩʝ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʚ ʦʜʥʦʤ ʤʝʩʪʝ, ʯʪʦ 

ʫʧʨʦʱʘʝʪ ʜʘʣʴʥʝʡʰʫʶ ʨʘʙʦʪʫ ʩ ʢʣʠʝʥʪʦʤ ʠ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ʉʪʨʘʭʦʚʘʷ ʢʦʤʧʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʥʪʨʦʣʴ ʟʘ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴʶ ʩʪʨʘʭʦʚʳʭ ʚʳʧʣʘʪ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʪʧʨʘʚʣʷʪʴ 

ʥʘʧʦʤʠʥʘʥʠʷ ʢʘʢ ʢʣʠʝʥʪʘʤ, ʪʘʢ ʠ ʤʝʜʠʮʠʥʩʢʠʤ ʫʯʨʝʞʜʝʥʠʷʤ ʦ ʧʨʝʜʩʪʦʷʱʠʭ ʦʙʷʟʘʪʝʣʴʩʪʚʘʭ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ ʠ ʧʦʟʚʦʣʷʝʪ 

ʩʪʨʘʭʦʚʦʡ ʢʦʤʧʘʥʠʠ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʩʚʦʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʤʠʥʠʤʠʟʠʨʫʷ ʨʠʩʢʠ ʠ ʦʰʠʙʢʠ. 

ʆʈɻɸʅʀɿɸʎʀʆʅʅʆ-ʕʂʆʅʆʄʀʏɽʉʂɸʗ ʉʋʑʅʆʉʊʔ ʂʆʄʇʃɽʂʉɸ 

ʈɽʐɸɽʄʓʍ ɿɸɼɸʏ 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ çʄʦʥʠʪʦʨʠʥʛ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʦʚ 

ʩʦʪʨʫʜʥʠʢʦʚè ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʤʠ ʦʩʤʦʪʨʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʢʣʶʯʝʚʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʘ ʨʝʰʘʪʴ ʩʠʩʪʝʤʘ, ʚʢʣʶʯʘʶʪ: 

1. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʚʝʜʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʦʚ: 

ʉʦʟʜʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʭʨʘʥʠʪʴʩʷ ʚʩʝ 

ʩʚʝʜʝʥʠʷ ʦ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʘʭ ʩʦʪʨʫʜʥʠʢʦʚ, ʚʢʣʶʯʘʷ ʜʘʪʳ ʦʩʤʦʪʨʦʚ, ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʚʨʘʯʝʡ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʧʨʠ ʚʚʝʜʝʥʠʠ ʜʘʥʥʳʭ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ ʦ ʧʨʦʭʦʞʜʝʥʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʩʦʪʨʫʜʥʠʢʘʤʠ: 

ɺʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʪʯʝʪʳ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʪʘʢʠʤ ʢʘʢ ʧʨʦʮʝʥʪ 

ʧʨʦʭʦʞʜʝʥʠʷ ʦʩʤʦʪʨʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʩʦʪʨʫʜʥʠʢʦʚ ʩ ʦʪʢʣʦʥʝʥʠʷʤʠ ʚ ʟʜʦʨʦʚʴʝ ʠ ʩʨʦʢʠ 

ʩʣʝʜʫʶʱʝʛʦ ʦʩʤʦʪʨʘ. ʕʪʠ ʦʪʯʝʪʳ ʙʫʜʫʪ ʧʦʣʝʟʥʳ ʜʣʷ ʨʫʢʦʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ ʠ ʧʦʤʦʛʫʪ ʚ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʩʦʪʨʫʜʥʠʢʦʚ. 

3. ʂʦʥʪʨʦʣʴ ʩʨʦʢʦʚ ʧʨʦʚʝʜʝʥʠʷ ʤʝʜʦʩʤʦʪʨʦʚ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʫʚʝʜʦʤʣʝʥʠʷ: 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʭʘʥʠʟʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʨʦʢʦʚ ʧʨʦʚʝʜʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ 

ʦʩʤʦʪʨʦʚ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʪʧʨʘʚʣʷʪʴ ʥʘʧʦʤʠʥʘʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʩʦʪʨʫʜʥʠʢʘʤ ʠ ʨʘʙʦʪʥʠʢʘʤ 

ʦ ʧʨʝʜʩʪʦʷʱʠʭ ʦʩʤʦʪʨʘʭ. ʕʪʦ ʩʥʠʟʠʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʧʫʩʢʘ ʦʙʷʟʘʪʝʣʴʥʳʭ ʤʝʜʦʩʤʦʪʨʦʚ ʠ 

ʦʙʝʩʧʝʯʠʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

4. ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʪʨʘʭʦʚʦʡ ʢʦʤʧʘʥʠʠ ʚ ʯʘʩʪʠ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ: 

ɺʥʝʜʨʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʤʝʜʦʩʤʦʪʨʦʚ ʠ ʚʳʷʚʣʝʥʠʷ ʪʝʥʜʝʥʮʠʡ ʚ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ ʩʦʪʨʫʜʥʠʢʦʚ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ 

ʧʦʤʦʞʝʪ ʚ ʧʨʠʥʷʪʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʘʭʦʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

5. ʋʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʟʜʦʨʦʚʴʷ ʩʦʪʨʫʜʥʠʢʦʚ: 

ʈʝʘʣʠʟʘʮʠʷ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʩʪʦʷʥʠʝʤ ʟʜʦʨʦʚʴʷ 

ʩʦʪʨʫʜʥʠʢʦʚ, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʘʭ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʢʦʤʧʘʥʠʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʧʨʦʛʨʘʤʤʳ ʧʦ ʫʣʫʯʰʝʥʠʶ ʟʜʦʨʦʚʴʷ ʩʦʪʨʫʜʥʠʢʦʚ. 
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6. ʀʥʪʝʛʨʘʮʠʷ ʩ ʚʥʝʰʥʠʤʠ ʤʝʜʠʮʠʥʩʢʠʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ: 

ʆʙʝʩʧʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʠʤʠ ʤʝʜʠʮʠʥʩʢʠʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʜʣʷ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʦ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

7. ʇʦʜʜʝʨʞʢʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʙʫʯʝʥʠʝ: 

ʈʘʟʨʘʙʦʪʢʘ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʫʨʩʦʚ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʠʩʪʝʤʫ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʣʘʜʝʥʠʷ ʩʠʩʪʝʤʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

8. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ: 

ɺʥʝʜʨʝʥʠʝ ʧʨʦʪʦʢʦʣʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʟʘʱʠʪʳ ʣʠʯʥʳʭ ʜʘʥʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʘʭ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʤʝʭʘʥʠʟʤʳ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ. 

ʊɽʍʅʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʈɸɿʈɸɹʆʊʂʀ ʉʀʉʊɽʄʓ 

ʈʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ çʄʦʥʠʪʦʨʠʥʛ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʦʚ 

ʩʦʪʨʫʜʥʠʢʦʚè ʧʦʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʉʠʩʪʝʤʘ ʙʫʜʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʥʘ 

ʧʣʘʪʬʦʨʤʝ 1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ 8.3, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʪʦʚʳʝ ʤʦʜʫʣʠ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʫʯʝʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʛʠʙʢʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. 

ʉʠʩʪʝʤʘ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥʘ ʥʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʘʟʜʝʣʠʪʴ 

ʣʦʛʠʢʫ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʫʧʨʦʩʪʠʪ ʧʨʦʮʝʩʩ ʦʙʥʦʚʣʝʥʠʷ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ɺʩʝ ʜʘʥʥʳʝ ʦ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʘʭ ʩʦʪʨʫʜʥʠʢʦʚ ʙʫʜʫʪ ʭʨʘʥʠʪʴʩʷ ʚ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʫʜʦʙʥʳʡ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʠ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ 

ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʠ ʫʧʨʘʚʣʷʪʴ ʜʘʥʥʳʤʠ. 

ʉʠʩʪʝʤʘ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʤʝʭʘʥʠʟʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʚʝʜʦʤʣʝʥʠʷ ʦ ʧʨʝʜʩʪʦʷʱʠʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʘʭ, ʩʨʦʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʦʙʩʣʝʜʦʚʘʥʠʡ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʝʡʩʪʚʠʷʭ. ʕʪʦ 

ʧʦʤʦʞʝʪ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʧʫʩʢʦʚ ʠ ʦʙʝʩʧʝʯʠʪ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ 

ʦʙʷʟʘʪʝʣʴʩʪʚ. ʀʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥ ʩ ʫʯʝʪʦʤ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʩ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʜʦʩʪʫʧʘ ʜʣʷ ʨʘʟʥʳʭ 

ʢʘʪʝʛʦʨʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʙʫʜʫʪ ʚʥʝʜʨʝʥʳ ʤʝʭʘʥʠʟʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, 

ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʰʠʬʨʦʚʘʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʟʘʱʠʪʠʪʴ ʣʠʯʥʳʝ ʜʘʥʥʳʝ ʩʦʪʨʫʜʥʠʢʦʚ ʠ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʘʭ. ʉʠʩʪʝʤʘ ʪʘʢʞʝ ʙʫʜʝʪ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʙʦʪʫ ʩ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʜʘʥʥʳʤ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʠʣʠʘʣʘʭ ʠʣʠ 

ʨʘʙʦʪʘʶʱʠʭ ʫʜʘʣʝʥʥʦ. 
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ɺʥʝʜʨʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛ ʠ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʠ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. 

ɸʃɻʆʈʀʊʄ ʈɸɹʆʊʓ ʉʀʉʊɽʄʓ 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ çʄʦʥʠʪʦʨʠʥʛ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʦʚ 

ʩʦʪʨʫʜʥʠʢʦʚè ʚʢʣʶʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʰʘʛʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ 

ʧʨʦʮʝʩʩʘ ʢʦʥʪʨʦʣʷ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʩʦʪʨʫʜʥʠʢʘʤʠ, ʤʝʜʠʮʠʥʩʢʠʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʠ ʩʪʨʘʭʦʚʦʡ ʢʦʤʧʘʥʠʝʡ. 

ʉʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʠʩʪʨʘʮʠʷ ʩʦʪʨʫʜʥʠʢʘ ʚ ʩʠʩʪʝʤʝ. ʕʪʦʪ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʩʙʦʨ ʠ 

ʚʚʦʜ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʌʀʆ, ʜʘʪʘ ʨʦʞʜʝʥʠʷ, ʢʦʥʪʘʢʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠ 

ʜʦʣʞʥʦʩʪʴ. ʉʠʩʪʝʤʘ ʧʨʦʚʝʨʷʝʪ ʫʥʠʢʘʣʴʥʦʩʪʴ ʚʚʝʜʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʦʟʜʘʝʪ ʫʯʝʪʥʫʶ 

ʟʘʧʠʩʴ ʜʣʷ ʥʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʜʘʥʥʳʭ ʥʘ ʵʪʦʤ ʵʪʘʧʝ, ʯʪʦʙʳ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʦʢʦʚ ʦʙʷʟʘʪʝʣʴʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʦʚ. ʅʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʜʦʣʞʥʦʩʪʠ, ʚʦʟʨʘʩʪʝ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʘʭ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪ, ʢʦʛʜʘ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʩʣʝʜʫʶʱʠʡ ʤʝʜʦʩʤʦʪʨ. ʕʪʠ ʜʘʥʥʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤʠ ʥʦʨʤʘʤʠ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʤʝʜʠʮʠʥʩʢʠʭ 

ʦʨʛʘʥʠʟʘʮʠʡ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩʠʩʪʝʤʘ ʛʝʥʝʨʠʨʫʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʥʘʧʦʤʠʥʘʥʠʝ ʦ ʧʨʠʙʣʠʞʘʶʱʝʡʩʷ 

ʜʘʪʝ ʦʩʤʦʪʨʘ. ʋʚʝʜʦʤʣʝʥʠʷ ʦʪʧʨʘʚʣʷʶʪʩʷ ʢʘʢ ʩʦʪʨʫʜʥʠʢʫ, ʪʘʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 

ʤʝʥʝʜʞʝʨʫ ʧʦ ʢʘʜʨʘʤ, ʯʪʦʙʳ ʚʩʝ ʫʯʘʩʪʥʠʢʠ ʧʨʦʮʝʩʩʘ ʙʳʣʠ ʦʩʚʝʜʦʤʣʝʥʳ ʦ ʧʨʝʜʩʪʦʷʱʠʭ 

ʦʙʷʟʘʪʝʣʴʩʪʚʘʭ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʘʥʘʣʳ ʜʣʷ ʦʪʧʨʘʚʢʠ ʫʚʝʜʦʤʣʝʥʠʡ, 

ʪʘʢʠʝ ʢʘʢ ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ, SMS ʠʣʠ push-ʫʚʝʜʦʤʣʝʥʠʷ ʯʝʨʝʟ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. 

ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʚʥʝʩʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʩʣʝʜʦʚʘʥʠʡ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. ʇʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʤʝʜʦʩʤʦʪʨʘ ʤʝʜʠʮʠʥʩʢʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʚʦʜʠʪ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ 

ʩʦʪʨʫʜʥʠʢʘ ʚ ʩʠʩʪʝʤʫ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʚʨʘʯʝʡ ʠ 

ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʩʚʝʜʝʥʠʷ. ʉʠʩʪʝʤʘ ʧʨʦʚʝʨʷʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʚʚʝʜʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʬʦʨʤʠʨʫʝʪ ʦʪʯʝʪ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʦʙʩʣʝʜʦʚʘʥʠʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʥʦʩʪʠ ʧʦ 

ʤʝʜʠʮʠʥʩʢʠʤ ʦʩʤʦʪʨʘʤ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʪ ʦʪʯʝʪʳ ʦ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ 

ʩʦʪʨʫʜʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʝʪ ʜʘʥʥʳʝ ʧʦ ʚʩʝʤ ʤʝʜʦʩʤʦʪʨʘʤ ʚ ʢʦʤʧʘʥʠʠ. ʆʪʯʝʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʚʳʷʚʣʝʥʠʷ ʧʨʦʙʣʝʤ 

ʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʉʠʩʪʝʤʘ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʵʪʘʧ ʘʥʘʣʠʟʘ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ. 

ʀʩʧʦʣʴʟʫʷ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʩʠʩʪʝʤʘ ʤʦʞʝʪ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʪʝʥʜʝʥʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʟʘʙʦʣʝʚʘʥʠʡ ʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʩʦʪʨʫʜʥʠʢʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʘʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʠʩʢʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʛʥʦʟ ʧʦ ʩʦʩʪʦʷʥʠʶ ʟʜʦʨʦʚʴʷ 

ʩʦʪʨʫʜʥʠʢʦʚ. ʉʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 
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ʤʝʨʦʧʨʠʷʪʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ. 

ʅʘʢʦʥʝʮ, ʩʠʩʪʝʤʘ ʛʝʥʝʨʠʨʫʝʪ ʧʨʝʜʧʠʩʘʥʠʷ ʜʣʷ ʧʦʚʪʦʨʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʦʚ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ. ɺ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʚ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ, 

ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʚʝʜʦʤʣʷʝʪ ʩʦʪʨʫʜʥʠʢʦʚ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʠʣʠ ʥʘʧʨʘʚʣʷʝʪ ʠʭ ʢ ʩʧʝʮʠʘʣʠʩʪʘʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʫ ʟʜʦʨʦʚʴʷ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩʦʟʜʘʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʩʦʪʨʫʜʥʠʢʦʚ ʠ 

ʩʥʠʞʝʥʠʶ ʨʠʩʢʦʚ ʜʣʷ ʢʦʤʧʘʥʠʠ. 

ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʉʀʉʊɽʄʓ 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʠʥʪʝʛʨʘʮʠʠ 

ʩ ʚʥʝʰʥʠʤʠ ʤʝʜʠʮʠʥʩʢʠʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ 

ʢʘʜʨʦʚʳʤʠ ʨʠʩʢʘʤʠ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʝʨʩʦʥʘʣʘ. 

ʊʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠ ʚʳʷʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ. ɺ 

ʙʫʜʫʱʝʤ ʚʦʟʤʦʞʥʘ ʠʥʪʝʛʨʘʮʠʷ ʩ ʤʦʙʠʣʴʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʩʦʪʨʫʜʥʠʢʘʤ 

ʧʦʣʫʯʘʪʴ ʫʚʝʜʦʤʣʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʠʩʪʝʤʘ ʩʤʦʞʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʘʪʠʩʪʠʢʫ ʧʦʩʝʱʘʝʤʦʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ 

ʫʯʨʝʞʜʝʥʠʡ, ʯʪʦ ʧʦʤʦʞʝʪ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʛʨʘʬʠʢʘ ʦʩʤʦʪʨʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʢʦʤʧʘʥʠʠ 

ʥʘ ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. ɺʥʝʜʨʝʥʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʠʪ ʜʦʩʪʫʧʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʠʟ ʣʶʙʦʛʦ ʤʝʩʪʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʩ ʨʘʟʚʝʪʚʣʝʥʥʦʡ 

ʩʝʪʴʶ ʬʠʣʠʘʣʦʚ. 
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ʉʆɿɼɸʅʀɽ MINI -APPS ʅɸ ʇʃɸʊʌʆʈʄɽ TELEGRAM   

ʉ ʎɽʃʔʖ ʂʆʄʄɽʈʎʀɸʃʀɿɸʎʀʀ ʇʈʆɼʋʂʊɸ 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʦʙʱʝʥʠʝ ʚ ʠʥʪʝʨʥʝʪʝ ʩʪʘʣʦ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʞʠʟʥʠ. ʂʦʤʧʘʥʠʠ 

ʧʦʩʪʦʷʥʥʦ ʩʪʨʝʤʷʪʩʷ ʟʘʥʷʪʴ ʩʚʦʶ ʥʠʰʫ ʥʘ ʨʳʥʢʝ, ʠ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʮʠʠ ʚʳʠʛʨʳʚʘʝʪ ʪʦʪ, 

ʯʴʸ ʧʨʝʜʣʦʞʝʥʠʝ ʣʫʯʰʝ. ʊʘʢ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʝʩʩʝʥʜʞʝʨ ʇʘʚʣʘ ɼʫʨʦʚʘ ï Telegram ï ʩʪʘʣ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʥʘʙʠʨʘʪʴ ʧʦʧʫʣʷʨʥʦʩʪʴ. ʈʘʥʴʰʝ ʵʪʦ ʙʳʣ ʧʨʦʩʪʦ ʤʝʩʩʝʥʜʞʝʨ, ʛʜʝ ʤʦʞʥʦ ʙʳʣʦ 

ʦʙʱʘʪʴʩʷ ʩ ʜʨʫʟʴʷʤʠ, ʩʦʟʜʘʚʘʪʴ ʯʘʪʳ, ʯʠʪʘʪʴ ʥʦʚʦʩʪʠ ʚ ʛʨʫʧʧʘʭ, ʥʦ ʧʦʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʣʠ 

ʘʢʪʠʚʥʦ ʨʘʩʰʠʨʷʪʴʩʷ. ʇʦʣʴʟʦʚʘʪʝʣʷʤ ʫʜʦʙʥʦ, ʢʦʛʜʘ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʩʦʙʨʘʥʘ ʚ ʝʜʠʥʦʤ ʤʝʩʪʝ, 

ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʧʨʠʣʦʞʝʥʠʷʤʠ. ɺ Telegram ʚʥʝʜʨʠʣʠ ʙʨʘʫʟʝʨ, ʤʠʥʠ-

ʧʨʠʣʦʞʝʥʠʷ, ʢʨʠʧʪʦʚʘʣʶʪʥʳʡ ʢʦʰʝʣʸʢ. ʀ ʪʝʧʝʨʴ ʥʘ ʦʜʥʦʡ ʧʣʘʪʬʦʨʤʝ ʤʳ ʤʦʞʝʤ ʦʙʱʘʪʴʩʷ ʩ 

ʜʨʫʟʴʷʤʠ, ʠʛʨʘʪʴ, ʩʤʦʪʨʝʪʴ ʩʚʦʠ ʜʦʭʦʜʳ, ʩʦʚʝʨʰʘʪʴ ʧʦʢʫʧʢʠ ʚ ʦʥʣʘʡʥ-ʤʘʛʘʟʠʥʝ. 

ɺ 2018 ʛʦʜʫ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʙʣʦʢʯʝʡʥ-ʧʨʦʝʢʪ TON [5]. ʕʪʦʪ ʧʨʦʝʢʪ ʙʳʣ ʧʨʠʟʚʘʥ 

ʦʙʝʟʦʧʘʩʠʪʴ ʧʣʘʪʬʦʨʤʫ Telegram, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʧʨʦʝʢʪ ʥʝ ʩʳʩʢʘʣ ʫʩʧʝʭʘ ʚʥʘʯʘʣʝ. ɺ ʷʥʚʘʨʝ 

2024 ʛʦʜʘ ʚʳʰʣʦ ʧʨʠʣʦʞʝʥʠʝ Notcoin, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʟ ʩʝʙʷ ʧʨʦʩʪʫʶ ʠʛʨʫ, ʛʜʝ ʥʫʞʥʦ 

ʙʳʣʦ ʥʘʞʠʤʘʪʴ ʥʘ ʵʢʨʘʥ, ʘ ʚ ʙʫʜʫʱʝʤ ʟʘ ʚʩʝ ʩʪʘʨʘʥʠʷ ʨʘʟʨʘʙʦʪʯʠʢʠ ʦʙʝʱʘʣʠ ʧʨʦʚʝʩʪʠ ʣʠʩʪʠʥʛ 

ʚʘʣʶʪʳ, ʠ ʚʩʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʤʦʛʣʠ ʙʳ ʟʘʨʘʙʦʪʘʪʴ ʜʝʥʴʛʠ. ʇʦʩʣʝ ʵʪʠʭ ʩʦʙʳʪʠʡ ʢʫʨʩ TON ʥʘʯʘʣ 

ʫʚʝʨʝʥʥʦ ʨʘʩʪʠ [1]. ʀ ʤʥʦʛʠʝ ʨʝʰʠʣʠ ʧʦʚʪʦʨʠʪʴ ʫʩʧʝʭ ʧʨʠʣʦʞʝʥʠʷ. 26 ʤʘʨʪʘ 2024 ʛʦʜʘ ʙʳʣ 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʝʢʪ Hamster Kombat [3], ʢʦʪʦʨʳʡ ʚ ʧʠʢʦʚʳʝ ʤʦʤʝʥʪʳ ʧʨʠʚʣʝʢʘʣ ʜʦ 155 

ʤʠʣʣʠʦʥʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʅʘʰ ʧʨʦʝʢʪ ʪʦʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʧʨʠʣʦʞʝʥʠʝ ʚ Telegram. ʕʪʦ ʬʝʨʤʘ, ʚ ʢʦʪʦʨʦʡ ʚʳ 

ʩʣʝʜʠʪʝ ʟʘ ʩʚʦʝʡ ʧʣʘʥʪʘʮʠʝʡ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʚʳ ʧʨʦʜʘʸʪʝ ʩʚʦʠ ʧʘʢʝʪʳ ʯʘʷ ʠ ʟʘʨʘʙʘʪʳʚʘʝʪʝ 

ʤʦʥʝʪʳ. ʄʦʥʝʪʳ ʤʦʞʥʦ ʧʫʩʪʠʪʴ ʥʘ ʫʣʫʯʰʝʥʠʝ ʟʜʘʥʠʡ ʠ ʧʦʢʫʧʢʫ ʜʝʢʦʨʘʮʠʡ. ʇʨʦʮʝʩʩ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

ï ʇʦʢʫʧʢʘ ʩʝʤʷʥ. 

ï ʇʦʩʘʜʢʘ ʩʝʤʷʥ ʚ ʧʦʯʚʫ. 

ï ʅʘʙʠʨʘʝʤ ʠʟ ʢʦʣʦʜʮʘ ʚʦʜʫ ʚ ʣʝʡʢʫ. 

ï ʇʦʣʠʚʘʝʤ ʩʝʤʝʥʘ. ʆʞʠʜʘʝʤ ʧʦʢʘ ʢʫʩʪʳ ʩʦʟʨʝʶʪ. 

ï ʉʨʝʟʘʝʤ ʩʚʝʞʠʝ ʢʫʩʪʳ. 

ï ʉʫʰʠʤ ʢʫʩʪʳ. 

ï ʇʘʢʫʝʤ ʧʨʦʜʫʢʮʠʶ ʧʦ ʢʦʨʦʙʢʘʤ. 

ï ʇʨʦʜʘʸʤ ʛʦʪʦʚʳʡ ʪʦʚʘʨ ʠ ʟʘʨʘʙʘʪʳʚʘʝʤ ʤʦʥʝʪʳ. 

ʇʨʦʝʢʪ ʫʜʝʨʞʠʚʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʢʘʞʜʳʡ ʵʪʘʧ ʪʨʝʙʫʝʪ ʚʨʝʤʝʥʠ. 

ʅʘʧʨʠʤʝʨ, ʥʘ ʥʘʯʘʣʴʥʳʭ ʫʨʦʚʥʷʭ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʙʨʘʪʴ ʚʦʜʫ ʠʟ ʢʦʣʦʜʮʘ, ʪʨʝʙʫʝʪʩʷ 30 

ʩʝʢʫʥʜ. ʆʜʥʘʢʦ ʩ ʢʘʞʜʳʤ ʥʦʚʳʤ ʫʨʦʚʥʝʤ ʚʨʝʤʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʜʝʡʩʪʚʠʷ ʩʦʢʨʘʱʘʝʪʩʷ 

ʥʘ ʦʜʥʫ ʩʝʢʫʥʜʫ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʝʩʣʠ ʥʝʪ ʞʝʣʘʥʠʷ ʞʜʘʪʴ, ʤʦʞʥʦ ʟʘ ʤʦʥʝʪʳ ʧʨʦʧʫʩʪʠʪʴ ʵʪʘʧ ʠ 

ʤʛʥʦʚʝʥʥʦ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪ (ʨʠʩ. 1). ʅʦ ʝʩʣʠ ʜʝʣʘʪʴ ʪʘʢ ʯʘʩʪʦ, ʪʦ ʧʨʠʙʳʣʠ ʟʘ ʨʝʘʣʠʟʘʮʠʶ 

ʧʨʦʜʫʢʪʘ ʥʝ ʙʫʜʝʪ. ʊʘʢʞʝ ʚ ʠʛʨʝ ʝʩʪʴ ʨʝʬʝʨʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ. ʄʦʞʥʦ ʧʦʜʝʣʠʪʴʩʷ ʩʩʳʣʢʦʡ ʠ 
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ʝʩʣʠ ʠʛʨʦʢ ʧʝʨʝʡʜʸʪ ʧʦ ʥʝʡ, ʪʦ ʚʳ ʧʦʣʫʯʠʪʝ ʙʦʥʫʩ. ʊʘʢʞʝ ʝʩʪʴ ʝʞʝʜʥʝʚʥʳʡ ʙʦʥʫʩ ʟʘ ʧʦʩʝʱʝʥʠʝ 

ʠʛʨʳ. ʏʝʤ ʙʦʣʴʰʝ ʜʥʝʡ ʚʳ ʟʘʭʦʜʠʪʝ, ʪʝʤ ʙʦʣʴʰʝ ʥʘʛʨʘʜʘ. ʅʦ ʝʩʣʠ ʧʨʦʧʫʩʪʠʪʴ ʦʜʠʥ ʜʝʥʴ, ʪʦ 

ʦʧʷʪʴ ʙʫʜʝʪʝ ʥʘʯʠʥʘʪʴ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʥʘʛʨʘʜʦʡ. ʊʘʢʞʝ ʢ ʩʪʠʤʫʣʫ ʜʣʷ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʚʝʨʢʠ 

ʩʚʦʝʡ ʧʣʘʥʪʘʮʠʠ ʝʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʯʘʷ ʠʛʨʘ ʙʫʜʝʪ ʧʘʩʩʠʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘʢʘʧʣʠʚʘʪʴ ʤʦʥʝʪʳ, ʘ ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʟʘʭʦʜʝ ʤʳ ʤʦʞʝʤ 

ʠʭ ʟʘʙʨʘʪʴ. ʇʦʢʘ ʚʨʝʤʷ ʦʬʬʣʘʡʥ ʜʦʭʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 3 ʯʘʩʘ, ʥʦ ʝʛʦ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ, ʢʫʧʠʚ 

ʧʦʜʧʠʩʢʫ. ʕʪʘ ʧʦʜʧʠʩʢʫ ʥʫʞʥʦ ʧʨʦʜʣʝʚʘʪʴ ʢʘʞʜʳʡ ʤʝʩʷʮ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʚʝʣʠʯʝʥʥʦʝ 

ʚʨʝʤʷ ʟʘʨʘʙʦʪʢʘ ʜʝʥʝʛ, ʧʦʢʘ ʤʳ ʥʝ ʠʛʨʘʝʤ. 

 

 
 

ʈʠʩ. 1. ʅʘʙʦʨ ʚʦʜʳ ʠʟ ʢʦʣʦʜʮʘ 

 

ʀʛʨʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʧʨʦʭʦʜʮʝʤ ʚ ʞʘʥʨʝ. ʉʘʤʳʡ ʠʟʚʝʩʪʥʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʩʭʦʞʝʛʦ 

ʧʨʦʜʫʢʪʘ ï ɻʪʦ Hay Day. ʀʛʨʘ ʧʨʦ ʬʝʨʤʫ ʦʪ ʬʠʥʩʢʠʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠʟ Supercell. ʅʦ ʤʳ ʠʤʝʝʤ 

ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʚʠʜʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʟʘʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ ʥʘ ʠʛʨʫ ʚ ʨʝʘʣʴʥʳʝ 

ʩʨʝʜʩʪʚʘ ʚ ʚʠʜʝ ʢʨʠʧʪʦʚʘʣʶʪʳ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʙʫʜʝʪ ʧʨʦʜʘʪʴ ʠ ʧʦʣʫʯʠʪʴ ʥʘʩʪʦʷʱʠʝ ʜʝʥʴʛʠ. 

ʀʛʨʘ ʠʤʝʝʪ ʧʨʝʜʝʣ ʚ ʨʘʟʚʠʪʠʠ ʩʚʦʝʡ ʬʝʨʤʳ. ʏʝʨʝʟ ʚʨʝʤʷ ʘʢʢʘʫʥʪ ʠʛʨʦʢʘ ʩʪʘʥʝʪ ʥʘʩʪʦʣʴʢʦ 

ʧʨʦʢʘʯʝʥ, ʯʪʦ ʚʩʝ ʵʪʘʧʳ ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʳʩʪʨʦ. ʏʪʦʙʳ ʥʝ ʥʘʩʢʫʯʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʝʩʪʴ 

ʤʘʛʘʟʠʥ, ʛʜʝ ʤʦʞʥʦ ʪʨʘʪʠʪʴ ʤʦʥʝʪʳ ʥʘ ʦʙʣʠʢʠ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʝʢʦʨʘʮʠʠ, ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ 
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ʫʢʨʘʩʠʪʴ ʬʝʨʤʫ (ʨʠʩ. 2). ɺʩʝ ʧʨʝʜʤʝʪʳ ʫʥʠʢʘʣʴʥʳ. ʆʥʠ ʠʤʝʶʪ ʩʚʦʶ ʨʝʜʢʦʩʪʴ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ 

ʠʭ ʩʪʦʠʤʦʩʪʴ. ʉʘʤʳʝ ʢʨʘʩʠʚʳʝ ʚʝʱʠ ʦʯʝʥʴ ʜʦʨʦʛʠʝ ʠ ʥʫʞʥʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʪʨʘʪʠʪʴ, ʯʪʦʙʳ 

ʟʘʨʘʙʦʪʘʪʴ ʥʘ ʜʘʥʥʳʡ ʧʨʦʜʫʢʪ. ʊʘʢʞʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʥʘʜʝʣʠʪʴ ʧʨʝʜʤʝʪʳ 

ʙʦʥʫʩʘʤʠ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʧʨʠ ʠʭ ʧʦʢʫʧʢʝ ʥʘ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʦʣʫʯʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ ʬʝʨʤʳ. ʇʦʤʠʤʦ ʫʣʫʯʰʝʥʠʡ ʧʦʩʪʨʦʝʢ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʘʩʰʠʨʝʥʠʝ 

ʩʚʦʝʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʥʘʯʘʣʝ ʠʛʨʳ ʜʦʩʪʫʧʝʥ ʫʯʘʩʪʦʢ ʨʘʟʤʝʨʦʤ 3 ʥʘ 3 ʢʣʝʪʢʠ, ʥʘ ʢʦʪʦʨʦʤ ʤʦʞʥʦ 

ʧʦʩʘʜʠʪʴ 9 ʢʫʩʪʦʚ ʯʘʷ. ʂʘʞʜʦʝ ʥʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ ʩʪʦʠʪ 1000 ʤʦʥʝʪ, ʠ ʫʯʘʩʪʢʠ ʧʨʦʜʘʶʪʩʷ 

ʙʣʦʢʘʤʠ ʧʦ 9 ʢʣʝʪʦʢ. ʆʜʥʘʢʦ ʪʝʨʨʠʪʦʨʠʷ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʩʰʠʨʝʥʠʝ. ʀ ʢʦʛʜʘ 

ʩʚʦʙʦʜʥʳʝ ʟʝʤʣʠ ʟʘʢʘʥʯʠʚʘʶʪʩʷ, ʪʦ ʝʩʪʴ ʩʤʳʩʣ ʧʝʨʝʡʪʠ ʥʘ ʥʦʚʫʶ ʛʦʨʫ. ʉʣʝʜʫʶʱʠʡ ʫʯʘʩʪʦʢ 

ʩʪʦʠʪ 300 ʪʳʩʷʯ ʤʦʥʝʪ ʠ ʥʘ ʥʸʤ ʨʘʩʪʸʪ ʜʨʫʛʦʡ ʚʠʜ ʯʘʷ. ɽʛʦ ʩʝʤʝʥʘ ʜʦʨʦʞʝ, ʥʦ ʠ ʧʨʠ ʧʨʦʜʘʞʝ 

ʦʥ ʧʨʠʥʦʩʠʪ ʙʦʣʴʰʝ ʧʨʠʙʳʣʠ. 

 

 
 

ʈʠʩ. 2. ʋʣʫʯʰʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʬʝʨʤʝ 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʮʠʠ ʝʩʪʴ ʨʝʡʪʠʥʛ. ʄʦʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʩʢʦʣʴʢʦ ʤʦʥʝʪ ʥʘ ʩʯʝʪʫ 

ʫ ʣʫʯʰʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɽʩʣʠ ʚʳ ʧʨʦʡʜʸʪʝ ʚ ʪʦʧ ʣʫʯʰʠʭ ʠʛʨʦʢʦʚ, ʪʦ ʚʩʝ ʙʫʜʫʪ ʚʠʜʝʪʴ ʚʘʰ 

ʥʠʢʥʝʡʤ. ʏʪʦʙʳ ʵʬʬʝʢʪʠʚʥʝʝ ʩʦʙʠʨʘʪʴ ʨʝʩʫʨʩʳ ʝʩʪʴ ʢʣʘʥʳ. ʄʦʞʥʦ ʚ ʥʝʛʦ ʚʩʪʫʧʠʪʴ ʠ ʪʦʛʜʘ 

ʩʙʦʨ ʫʨʦʞʘʷ ʙʫʜʝʪ ʧʨʠʥʦʩʠʪʴ ʙʦʣʴʰʝ ʜʦʭʦʜʘ ʠʟ-ʟʘ ʘʢʪʠʚʥʦʛʦ ʙʦʥʫʩʘ. ʊʘʢʞʝ ʤʦʞʥʦ ʚʩʪʫʧʠʪʴ ʚ 

ʢʣʘʥ ʠ ʣʫʯʰʠʝ ʠʟ ʥʠʭ ʦʪʦʙʨʘʞʝʥʳ ʚ ʦʙʱʝʤ ʩʧʠʩʢʝ. 
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ʇʦʩʢʦʣʴʢʫ ʠʛʨʘ ʜʦʩʪʫʧʥʘ ʚ Telegram [2], ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʤʦʛʫʪ ʧʦʧʳʪʘʪʴʩʷ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʣʷ ʵʪʦʛʦ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʪʘʢʠʝ ʢʘʢ 

Cheat Engine, ʢʦʪʦʨʳʝ ʦʪʩʣʝʞʠʚʘʶʪ ʠ ʠʟʤʝʥʷʶʪ ʟʥʘʯʝʥʠʷ ʚ ʯʠʩʣʦʚʳʭ ʧʦʣʷʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʥʝʣʝʛʠʪʠʤʥʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʤʦʥʝʪ. ʃʠʯʥʦ ʷ ʪʝʩʪʠʨʦʚʘʣ Cheat Engine, ʠ ʚʩʢʦʨʝ 

ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʚʟʣʦʤʘʪʴ ʩʠʩʪʝʤʫ ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ, ʤʳ 

ʧʨʠʤʝʥʠʣʠ ʟʘʱʠʪʫ ʜʣʷ ʢʣʶʯʝʚʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʧʦʜʤʝʥʳ. ʆʜʥʘʢʦ ʨʘʙʦʪʘ ʩ ʪʘʢʠʤʠ ʟʘʱʠʱʸʥʥʳʤʠ ʜʘʥʥʳʤʠ ʚʳʟʳʚʘʝʪ ʩʣʦʞʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʩʝʨʚʝʨ 

ʥʝ ʤʦʞʝʪ ʢʦʨʨʝʢʪʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʥʝʪʠʧʠʯʥʳʝ ʬʦʨʤʘʪʳ. ʇʦʵʪʦʤʫ ʤʳ ʟʘʱʠʱʘʝʤ ʜʘʥʥʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʠ ʥʝ ʨʘʙʦʪʘʝʤ ʩ ʥʠʤʠ ʚ ʦʪʢʨʳʪʦʤ ʚʠʜʝ. ʂʦʛʜʘ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʧʦʣʴʟʦʚʘʪʝʣʝ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʩʝʨʚʝʨ, ʤʳ ʧʨʝʦʙʨʘʟʫʝʤ ʧʝʨʝʤʝʥʥʳʝ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʪʠʧʘʤ, 

ʯʪʦʙʳ ʢʦʨʨʝʢʪʥʦ ʩʦʭʨʘʥʠʪʴ ʝʸ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 

ʇʨʦʝʢʪ ʛʝʥʝʨʠʨʫʝʪ ʜʦʭʦʜ ʟʘ ʩʯʝʪ ʧʨʦʩʤʦʪʨʘ ʨʝʢʣʘʤʳ ʠ ʚʥʫʪʨʠʠʛʨʦʚʳʭ ʧʦʢʫʧʦʢ (ʨʠʩ. 3). 

6 ʠʶʥʷ 2024 ʛʦʜʘ ʚʥʫʪʨʠ Telegram ʚʳʰʣʘ ʚʘʣʶʪʘ ʚ ʚʠʜʝ ʟʚʸʟʜ. ɽʸ ʤʦʞʥʦ ʢʫʧʠʪʴ ʟʘ ʨʝʘʣʴʥʳʝ 

ʜʝʥʴʛʠ, ʠ ʦʥʘ ʙʫʜʝʪ ʥʘ ʚʘʰʝʤ ʙʘʣʘʥʩʝ. ɿʚʸʟʜʘʤʠ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʚʥʫʪʨʠ ʵʢʦʩʠʩʪʝʤʳ 

Telegram ï ʜʘʨʠʪʴ ʧʦʜʘʨʢʠ, ʞʝʨʪʚʦʚʘʪʴ ʢʘʥʘʣʘʤ, ʩʦʚʝʨʰʘʪʴ ʧʦʢʫʧʢʠ. 

 

 
 

ʈʠʩ. 3. ɺʥʫʪʨʠʠʛʨʦʚʳʝ ʧʦʢʫʧʢʠ ʚ ʤʘʛʘʟʠʥʝ 
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ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʠʛʨʦʢʘ ʧʣʘʥʠʨʫʝʪʩʷ ʩʜʝʣʘʪʴ ʣʠʩʪʠʥʛ 

ʩʦʙʩʪʚʝʥʥʦʡ ʢʨʠʧʪʦʚʘʣʶʪʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ TON, ʚʥʫʪʨʠ Telegram. ʇʦʩʢʦʣʴʢʫ ʠʛʨʘ ʧʦʚʝʩʪʚʫʝʪ 

ʦ ʯʘʝ, ʯʪʦ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʦ ʚ ʘʟʠʘʪʩʢʦʡ ʢʫʣʴʪʫʨʝ, ʪʦ ʚ ʧʣʘʥʘʭ ʚʳʡʪʠ ʚ Line. ʕʪʦ ʤʝʩʩʝʥʜʞʝʨ, 

ʢʦʪʦʨʳʡ ʦʯʝʥʴ ʧʦʧʫʣʷʨʝʥ ʚ ʖʞʥʦʡ ʂʦʨʝʝ. ʆʩʝʥʴʶ ʦʥʠ ʚʳʧʫʩʪʠʣʠ ʩʚʦʡ ʘʥʘʣʦʛ ʤʠʥʠ-

ʧʨʠʣʦʞʝʥʠʡ, ʯʪʦʙʳ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ Telegram [4]. ʇʦʢʘ ʥʠʰʘ ʚʥʫʪʨʠʠʛʨʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʩʚʦʙʦʜʥʘ ʠ ʝʸ ʤʦʞʥʦ ʟʘʥʷʪʴ. ʊʘʢʞʝ ʝʩʪʴ ʩʤʳʩʣ ʚʳʡʪʠ ʟʘ ʧʨʝʜʝʣʳ ʤʝʩʩʝʥʜʞʝʨʦʚ ʠ ʩʜʝʣʘʪʴ 

ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʡʜʝʪ ʚ App Store. ʋʜʦʙʩʪʚʦ ʠʛʨʦʚʦʛʦ ʜʚʠʞʢʘ Unity 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ. ʅʝ ʥʫʞʥʦ ʜʝʣʘʪʴ ʤʥʦʛʦ ʠʟʤʝʥʝʥʠʡ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʨʝʣʠʟ 

ʥʘ ʜʨʫʛʦʡ ʧʣʘʪʬʦʨʤʝ. ʅʘ ʢʦʥʝʮ ʬʝʚʨʘʣʷ 2025 ʛʦʜʘ ʧʨʦʝʢʪ ʠʤʝʝʪ ʧʦʯʪʠ 4 ʪʳʩʷʯʠ ʘʢʪʠʚʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠ ʘʫʜʠʪʦʨʠʷ ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ. ʋ ʧʨʦʝʢʪʘ ʙʦʣʴʰʠʝ ʧʣʘʥʳ ʥʘ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ. ʍʦʯʝʪʩʷ ʩʜʝʣʘʪʴ ʧʨʦʜʫʢʪ, ʚ ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʥʪʝʨʝʩʥʦ ʟʘʡʪʠ ʠ ʧʦʪʨʘʪʠʪʴ ʩʚʦʸ ʚʨʝʤʷ. 
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ʂʦʤʝʥʜʘʥʪ ʗ.ɸ., ɽʣʦʚʦʡ ʉ.ɻ. 

ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ʂʈʆʉʉʇʃɸʊʌʆʈʄɽʅʅʆɻʆ ɻʈɸʌʀʏɽʉʂʆɻʆ ʈɽɼɸʂʊʆʈɸ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʦʟʜʘʥʠʶ 

ʠʥʪʫʠʪʠʚʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʨʘʙʦʪʝ ʩʦ ʩʣʦʷʤʠ, ʨʝʘʣʠʟʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʠʩʦʚʘʥʠʷ ʠ ʵʢʩʧʦʨʪʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʧʦʧʫʣʷʨʥʳʝ ʬʦʨʤʘʪʳ. 

ʂʣʁʯʝʚʳʝ ʩʣʦʚʘ: ɻʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ, ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ, ʦʙʨʘʙʦʪʢʘ ʩʣʦʝʚ, 

ʠʥʩʪʨʫʤʝʥʪʳ ʨʠʩʦʚʘʥʠʷ, ʵʢʩʧʦʨʪ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. 

ɻʨʘʬʠʯʝʩʢʠʝ ʨʝʜʘʢʪʦʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʜʠʟʘʡʥʝ, ʚʝʙ-ʨʘʟʨʘʙʦʪʢʝ ʠ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʷʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʩʣʦʞʥʦʩʪʴ ʦʩʚʦʝʥʠʷ, ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʫʟʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ʈʘʟʨʘʙʦʪʢʘ 

ʜʦʩʪʫʧʥʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʜʘʢʪʦʨʘ, ʩʦʯʝʪʘʶʱʝʛʦ ʙʘʟʦʚʳʝ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ 

ʬʫʥʢʮʠʠ, ʘʢʪʫʘʣʴʥʘ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʩʧʨʦʩʘ ʥʘ ʙʝʩʧʣʘʪʥʳʝ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ 

[1, ʩ. 100-105]. 

ʎʝʣʴ ʨʘʟʨʘʙʦʪʢʠ ï ʩʦʟʜʘʥʠʝ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʦʩʪʘʚʠʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʨʘʬʠʢʦʡ, ʚʢʣʶʯʘʷ ʫʧʨʘʚʣʝʥʠʝ ʩʣʦʷʤʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʠʩʦʚʘʥʠʷ ʠ ʵʢʩʧʦʨʪ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʧʦʧʫʣʷʨʥʳʝ ʬʦʨʤʘʪʳ [3]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʘʥʘʣʦʛʠʯʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʭ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʩʪʦʨʦʥ. 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʨʝʜʘʢʪʦʨʘ ʩ ʫʯʸʪʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʦʧʳʪʘ. 

3. ʈʝʘʣʠʟʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ:  

- ʨʘʙʦʪʫ ʩʦ ʩʣʦʷʤʠ; 

- ʠʥʩʪʨʫʤʝʥʪʳ ʨʠʩʦʚʘʥʠʷ (ʢʠʩʪʴ, ʣʘʩʪʠʢ, ʪʝʢʩʪ); 

- ʵʢʩʧʦʨʪ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʬʦʨʤʘʪʳ JPEG, PNG ʠ SVG. 

4. ʆʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ʩ 

ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʤʦʱʥʦʩʪʠ. 

ʅʘ ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʦʧʫʣʷʨʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʨʝʜʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ Adobe 

Photoshop, GIMP, Krita ʠ Graphite. 

ʇʨʦʚʝʜʸʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʷʚʣʷʝʪʩʷ 

ʩʦʯʝʪʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʨʝʜʘʢʪʦʨʦʚ ʩ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ. 

ʅʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ, ʪʘʢʠʝ ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʜʝʨʞʢʠ CMYK ʚ GIMP ʠʣʠ 

ʩʣʦʞʥʦʩʪʴ ʦʩʚʦʝʥʠʷ Photoshop, ʧʦʜʯʸʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʨʝʜʘʢʪʦʨʘ ʩ 

ʨʘʩʰʠʨʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʫʜʦʙʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ [5, ʩ. 4-5].  
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ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʦʛʦʚ 

 

ˉ 
ʂʨʠʪʝʨʠʠ 

ʦʮʝʥʠʚʘʥʠʷ 
Adobe Photoshop  Krita  GIMP  Graphite 

1 
ʉʪʦʠʤʦʩʪʴ ʠ 

ʜʦʩʪʫʧʥʦʩʪʴ 

ʇʣʘʪʥʘʷ ʧʦʜʧʠʩʢʘ, 

ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ. 
ɹʝʩʧʣʘʪʥʦ 

ɹʝʩʧʣʘʪʥʳʡ, ʩ 

ʦʪʢʨʳʪʳʤ 

ʠʩʭʦʜʥʳʤ 

ʢʦʜʦʤ. 

ɹʝʩʧʣʘʪʥʦ 

2 ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʇʦʣʥʘʷ ʆʛʨʘʥʠʯʝʥʥʘʷ ʆʛʨʘʥʠʯʝʥʥʘʷ ʇʦʣʥʘʷ 

3 

ʇʦʜʜʝʨʞʢʘ 

ʬʦʨʤʘʪʦʚ ʠ 

ʮʚʝʪʦʚʳʭ ʤʦʜʝʣʝʡ 

ʇʦʜʜʝʨʞʢʘ ʚʩʝʭ 

ʧʦʧʫʣʷʨʥʳʭ 

ʬʦʨʤʘʪʦʚ. 

ʆʛʨʘʥʠʯʝʥʥʘʷ 

ʧʦʜʜʝʨʞʢʘ 

ʥʝʢʦʪʦʨʳʭ 

ʬʦʨʤʘʪʦʚ. 

ʅʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪ 

CMYK. 

ʇʦʜʜʝʨʞʢʘ 

ʚʩʝʭ 

ʧʦʧʫʣʷʨʥʳʭ 

ʬʦʨʤʘʪʦʚ. 

4 ʀʥʪʝʨʬʝʡʩ 

ʉʣʦʞʥʳʡ, ʥʦ 

ʛʠʙʢʠʡ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ. 

ʀʥʪʫʠʪʠʚʥʦ 

ʧʦʥʷʪʥʳʡ. 

ʉʣʦʞʥʳʡ ʜʣʷ 

ʦʩʚʦʝʥʠʷ. 

ʀʥʪʫʠʪʠʚʥʦ 

ʧʦʥʷʪʥʳʡ. 

5 ʈʘʩʰʠʨʷʝʤʦʩʪʴ ʆʪʩʫʪʩʚʫʝʪ ʆʪʩʫʪʩʚʫʝʪ 

ʐʠʨʦʢʘʷ 

ʧʦʜʜʝʨʞʢʘ 

ʧʣʘʛʠʥʦʚ ʠ 

ʩʢʨʠʧʪʦʚ. 

ʐʠʨʦʢʘʷ 

ʧʦʜʜʝʨʞʢʘ 

ʧʣʘʛʠʥʦʚ ʠ 

ʩʢʨʠʧʪʦʚ. 

6 

ʆʨʠʝʥʪʘʮʠʷ ʥʘ 

ʮʝʣʝʚʫʶ 

ʘʫʜʠʪʦʨʠʶ 

ʋʥʠʚʝʨʩʘʣʝʥ: 

ʜʠʟʘʡʥ, 

ʬʦʪʦʛʨʘʬʠʷ, 

ʞʠʚʦʧʠʩʴ. 

ʆʨʠʝʥʪʠʨʦʚʘʥ 

ʥʘ ʮʠʬʨʦʚʫʶ 

ʞʠʚʦʧʠʩʴ. 

ʇʦʜʭʦʜʠʪ ʜʣʷ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ. 

ʋʥʠʚʝʨʩʘʣʝʥ: 

ʜʠʟʘʡʥ, 

ʬʦʪʦʛʨʘʬʠʷ, 

ʞʠʚʦʧʠʩʴ. 

7 
ʊʝʭʥʠʯʝʩʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ 

ɺʳʩʦʢʠʝ 

ʩʠʩʪʝʤʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ. 

ʇʨʦʙʣʝʤʳ ʩ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ 

ʫʩʪʨʦʡʩʪʚ. 

ʇʨʦʙʣʝʤʘ ʩ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

ʧʣʘʛʠʥʦʚ 

ʉʦʚʤʝʩʪʠ-

ʤʦʩʪʴ ʩ 

ʨʘʟʣʠʯʥʳʤʠ 

ʆʉ 

8 
ʇʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ 

ʆʧʪʠʤʘʣʴʥʘʷ, ʥʦ 

ʪʨʝʙʫʝʪ ʤʦʱʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʣʫʯʘʶʪʩʷ 

ʦʰʠʙʢʠ 

ɿʘʚʠʩʠʪ ʦʪ 

ʢʘʯʝʩʪʚʘ 

ʧʣʘʛʠʥʦʚ ʠ 

ʥʘʩʪʨʦʡʢʠ 

ʆʧʪʠʤʘʣʴʥʘʷ  

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ: 

- ʀʥʪʝʨʬʝʡʩ ʠ ʣʦʛʠʢʘ: Avalonia UI (C#) ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʩ ʛʠʙʢʠʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ [2]. 

- ʆʙʨʘʙʦʪʢʘ ʛʨʘʬʠʢʠ: GDI+ ʜʣʷ ʨʘʙʦʪʳ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʚʢʣʶʯʘʷ ʨʠʩʦʚʘʥʠʝ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ [4]. 

- ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ: JSON ʠ XML ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʦʝʢʪʦʚ ʠ ʩʦʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ [2]. 

- ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ: Visual Studio ʜʣʷ ʥʘʧʠʩʘʥʠʷ, ʦʪʣʘʜʢʠ ʠ ʩʙʦʨʢʠ ʢʦʜʘ. 

- ʆʧʪʠʤʠʟʘʮʠʷ: ʘʧʧʘʨʘʪʥʦʝ ʫʩʢʦʨʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ OpenGL ʠ DirectX [3]. 

ʆʩʥʦʚʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʥʪʝʨʬʝʡʩʘ 

1. ʈʘʙʦʯʘʷ ʦʙʣʘʩʪʴ: 

- ʀʥʪʝʨʘʢʪʠʚʥʳʡ ʭʦʣʩʪ ʜʣʷ ʨʘʙʦʪʳ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. 

- ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʦʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ (ʢʠʩʪʴ, ʣʘʩʪʠʢ, ʪʝʢʩʪ). 

- ʋʧʨʘʚʣʝʥʠʝ ʩʣʦʷʤʠ: ʜʦʙʘʚʣʝʥʠʝ, ʫʜʘʣʝʥʠʝ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ. 

2. ʕʢʩʧʦʨʪ ʠʟʦʙʨʘʞʝʥʠʡ: 

- ɺʳʙʦʨ ʬʦʨʤʘʪʘ ʬʘʡʣʘ. 

- ʇʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʠ ʨʘʟʤʝʨʘ ʠʟʦʙʨʘʞʝʥʠʷ. 
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3. ʅʘʚʠʛʘʮʠʷ [5, ʩ. 7-8]: 

- ʇʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ (ʩʦʟʜʘʥʠʝ, ʩʦʭʨʘʥʝʥʠʝ, ʦʪʢʨʳʪʠʝ). 

- ʅʘʩʪʨʦʡʢʠ ʠʥʪʝʨʬʝʡʩʘ (ʮʚʝʪʦʚʘʷ ʩʭʝʤʘ, ʨʘʟʤʝʨʳ ʭʦʣʩʪʘ). 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ, ʦʪʨʘʞʘʶʱʘʷ ʘʨʭʠʪʝʢʪʫʨʫ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ:  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʨʬʝʡʩʘ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʤʠʥʠʤʘʣʠʟʤʝ ʠ ʧʨʦʩʪʦʪʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʳʩʪʨʦʝ ʦʩʚʦʝʥʠʝ ʧʨʦʛʨʘʤʤʳ. ɼʠʟʘʡʥ ʫʯʠʪʳʚʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ 

ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʠ ʫʜʦʙʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ [1, ʩ. 268-274]. 

ʀʥʩʪʨʫʤʝʥʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʩ ʫʯʝʪʦʤ ʯʘʩʪʦʪʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʣʠʰʥʠʭ 

ʜʝʡʩʪʚʠʡ, ʘ ʧʘʥʝʣʴ ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: ʚʳʙʦʨ ʮʚʝʪʘ, ʨʠʩʦʚʘʥʠʝ ʣʠʥʠʡ, ʦʯʠʩʪʢʘ 

ʭʦʣʩʪʘ ʠ ʩʦʭʨʘʥʝʥʠʝ [1, ʩ. 44-48]. 

ʀʥʪʝʨʬʝʡʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʜʣʷ ʦʪʟʳʚʯʠʚʦʩʪʠ ʠ ʪʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʜʝʡʩʪʚʠʡ, ʠʩʢʣʶʯʘʷ ʟʘʜʝʨʞʢʠ. 

ʕʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ: 

- ʇʨʠʣʦʞʝʥʠʝ: ʫʧʨʘʚʣʷʝʪ ʥʘʩʪʨʦʡʢʘʤʠ ʠ ʜʦʢʫʤʝʥʪʘʤʠ. 

- ɼʦʢʫʤʝʥʪ: ʩʦʜʝʨʞʠʪ ʭʦʣʩʪ, ʩʣʦʠ ʠ ʠʩʪʦʨʠʶ ʠʟʤʝʥʝʥʠʡ. 

- ʉʣʦʠ: ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʟʘʚʠʩʠʤʫʶ ʨʘʙʦʪʫ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

- ʀʥʩʪʨʫʤʝʥʪʳ: ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʬʫʥʢʮʠʦʥʘʣ ʨʠʩʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʛʨʘʬʠʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʝʨʚʘʷ ʚʝʨʩʠʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʨʝʜʘʢʪʦʨʘ, ʚʢʣʶʯʘʶʱʘʷ: 

- ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦ ʩʣʦʷʤʠ; 

- ɹʘʟʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʠʩʦʚʘʥʠʷ; 

- ʕʢʩʧʦʨʪ ʠʟʦʙʨʘʞʝʥʠʡ; 

- ɸʜʘʧʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. 

ʈʘʟʨʘʙʦʪʢʘ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ 

ʩʦʟʜʘʥʠʠ ʜʦʩʪʫʧʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʨʘʬʠʢʦʡ. ɺ ʜʘʣʴʥʝʡʰʠʭ ʧʣʘʥʘʭ ï ʜʦʙʘʚʣʝʥʠʝ 

ʬʫʥʢʮʠʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʝʢʪʦʨʥʦʡ ʛʨʘʬʠʢʦʡ, ʫʣʫʯʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʨʝʘʣʠʟʘʮʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʤʝʩʪʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. 
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ʈʠʩ. 2. ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʋʥʛʝʨ ʈʘʩʩ, ʏʝʥʜʣʝʨ ʂʵʨʦʣʘʡʥ. UX-ʜʠʟʘʡʥ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʦʧʳʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 2017. ʉ. 327.  

2. ʍʦʨʴʢʦʚ ɸ.ʆ. ʊʠʧʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʵʪʘʧʳ ʠʭ ʨʘʟʨʘʙʦʪʢʠ. 2023. ʉ. 10. 

3. Avalonia Documentation. https://avaloniaui.net/docs  

4. Microsoft Learn: GDI+ Documentation. https://clck.ru/3LUyaB 

5. Open Source Graphics: Comparative Analysis. https://opensource.graphics  
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ʂʫʣʠʢʦʚʘ ɸ.ʂ., ʎʳʛʘʥʦʚʘ ʀ.ɸ. 

ʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʛ. ʆʨʝʥʙʫʨʛ, ʈʦʩʩʠʷ 

ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʇʆɼɼɽʈɾʂɸ ɺʓɹʆʈɸ ʅɸʀʃʋʏʐɽɻʆ ɺɸʈʀɸʅʊɸ 

ʈɽʐɽʅʀʗ ʀɿ ʄʅʆɾɽʉʊɺɸ ɸʃʔʊɽʈʅɸʊʀɺ ʅɸ ʇʈʀʄɽʈɽ ɺʓɹʆʈɸ 

ɸɺʊʆʄʆɹʀʃʗ ɼʃʗ ʅʋɾɼ ʂʃʀɽʅʊɸ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʦʩʩʠʡʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʨʳʥʦʢ ʧʝʨʝʞʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʨʝʥʜʦʚ ʩʪʘʣʦ ʤʘʩʩʦʚʦʝ ʧʦʷʚʣʝʥʠʝ ʢʠʪʘʡʩʢʠʭ ʘʚʪʦʤʦʙʠʣʝʡ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʫʭʦʜ ʩ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʨʷʜʘ 

ʝʚʨʦʧʝʡʩʢʠʭ, ʷʧʦʥʩʢʠʭ ʠ ʘʤʝʨʠʢʘʥʩʢʠʭ ʙʨʝʥʜʦʚ ʠʟ-ʟʘ ʩʘʥʢʮʠʡ ʦʪʢʨʳʣ ʥʦʚʳʝ ʥʠʰʠ [1, c. 24]. 

ɺʦ-ʚʪʦʨʳʭ, ʢʠʪʘʡʩʢʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʠʪʫʘʮʠʝʡ, ʧʨʝʜʣʦʞʠʚ ʘʚʪʦʤʦʙʠʣʠ ʩ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʮʝʥʘʤʠ. ɺ-ʪʨʝʪʴʠʭ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʢʠʪʘʡʩʢʠʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʈʦʩʩʠʶ ʩʪʘʣʘ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʙʣʘʛʦʜʘʨʷ ʣʦʛʠʩʪʠʯʝʩʢʠʤ ʠ ʪʦʨʛʦʚʳʤ 

ʩʦʛʣʘʰʝʥʠʷʤ [2, c. 225]. 

ʆʜʥʘʢʦ ʚʤʝʩʪʝ ʩ ʨʦʩʪʦʤ ʜʦʩʪʫʧʥʦʩʪʠ ʚʦʟʥʠʢʣʘ ʥʦʚʘʷ ʧʨʦʙʣʝʤʘ: ʧʦʪʨʝʙʠʪʝʣʠ 

ʠʩʧʳʪʳʚʘʶʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʚʳʙʦʨʝ ʧʦʜʭʦʜʷʱʝʡ ʤʦʜʝʣʠ, ʪʘʢ ʢʘʢ ʨʳʥʦʢ ʥʘʩʳʱʝʥ ʨʘʟʣʠʯʥʳʤʠ 

ʢʠʪʘʡʩʢʠʤʠ ʙʨʝʥʜʘʤʠ ʠ ʤʦʜʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʳʣʠ ʤʘʣʦʠʟʚʝʩʪʥʳ ʨʦʩʩʠʡʩʢʠʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ [3, c. 22]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ 

ʨʝʰʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʤʝʪʦʜʝ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʄɸʀ). ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ: 

1. ʉʨʘʚʥʠʪʴ ʘʣʴʪʝʨʥʘʪʠʚʳ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʟʘʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ. 

2. ʋʯʝʩʪʴ ʧʨʠʦʨʠʪʝʪʳ ʢʣʠʝʥʪʘ, ʟʘʜʘʚʘʷ ʚʝʩʘ ʢʘʞʜʦʤʫ ʢʨʠʪʝʨʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʥʘʯʠʤʦʩʪʠ. 

3. ʆʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʩʯʝʪʘʭ, ʘ ʥʝ ʩʫʙʲʝʢʪʠʚʥʳʭ 

ʧʨʝʜʧʦʯʪʝʥʠʷʭ. 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʙʦʪʳ ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʳ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ ʤʦʜʝʣʠ 

ʢʠʪʘʡʩʢʠʭ ʘʚʪʦʤʦʙʠʣʝʡ: 

1. Haval Jolion. 

2. Geely Coolray. 

3. Chery Tiggo 7 Pro. 

4. Exeed LX. 

5. Changan CS55 Pro. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʚʳʙʦʨʝ ʘʚʪʦʤʦʙʠʣʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʢʨʠʪʝʨʠʠ: 

1. ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ (ʣ.ʩ.). 

2. ʉʪʦʠʤʦʩʪʴ (ʤʣʥ ʨʫʙ.). 

3. ʆʙʲʝʤ ʙʘʛʘʞʥʠʢʘ (ʣ). 

4. ʂʣʠʨʝʥʩ (ʤʤ). 

5. ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ (ʣ/100 ʢʤ). 
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6. ɻʘʨʘʥʪʠʷ (ʣʝʪ). 

ʇʨʠʢʣʘʜʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʜʦʙʥʳʡ ʩʝʨʚʠʩ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʢʘʞʜʦʤʫ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ ʘʚʪʦʤʦʙʠʣʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ ʧʨʝʜʧʦʯʪʝʥʠʷʤʠ ʠ 

ʧʦʪʨʝʙʥʦʩʪʷʤʠ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʧʦ ʚʩʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ 

ʘʣʴʪʝʨʥʘʪʠʚʘʤ ï ʘʚʪʦʤʦʙʠʣʷʤ. 

ʊʘʙʣʠʮʘ 1  

ɼʘʥʥʳʝ ʧʦ ʢʨʠʪʝʨʠʷʤ 

 

ʄʦʜʝʣʴ 

ʄʦʱʥʦʩʪʴ 

ʜʚʠʛʘʪʝʣʷ 

(ʣ.ʩ.) 

ʉʪʦʠʤʦʩʪʴ 

(ʤʣʥ ʨʫʙ.) 

ʆʙʲʝʤ 

ʙʘʛʘʞʥʠʢʘ 

(ʣ) 

ʂʣʠʨʝʥʩ 

(ʤʤ) 

ʈʘʩʭʦʜ 

ʪʦʧʣʠʚʘ 

(ʣ/100 ʢʤ) 

ɻʘʨʘʥʪʠʷ 

(ʣʝʪ) 

Haval Jolion 150 2,3 430 190 7,5 5 

Geely 

Coolray 
177 2,5 330 190 6,9 5 

Chery Tiggo 

7 Pro 
147 2,4 475 190 7,1 5 

Exeed LX 186 3,0 461 185 7,7 7 

Changan 

CS55 Pro 
181 2,7 475 171 8,0 5 

 

ɺʥʦʩʠʤ ʚ ʧʨʦʛʨʘʤʤʫ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʚʚʦʜʠʤ ʇʉʉ ʠ ʚʳʩʯʠʪʳʚʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʘʙʣʠʮʫ (ʤʘʪʨʠʮʫ ʧʦʧʘʨʥʳʭ 

ʩʨʘʚʥʝʥʠʡ) ʨʘʟʤʝʨʘ (n x n) [4, c. 170]. 

ʕʣʝʤʝʥʪʦʤ ʤʘʪʨʠʮʳ ʧʦʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ a(i,j) ʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʘ ʠʝʨʘʨʭʠʠ i ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʤʝʥʪʘ ʠʝʨʘʨʭʠʠ j, ʦʮʝʥʠʚʘʝʤʘʷ ʧʦ ʰʢʘʣʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʪ 1 ʜʦ 9, ʛʜʝ ʦʮʝʥʢʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʩʤʳʩʣ: 

ï ʨʘʚʥʘʷ ʚʘʞʥʦʩʪʴ ï 1; 

ï ʫʤʝʨʝʥʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ï 3; 

ï ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ï 5; 

ï ʩʠʣʴʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ï 7; 

ï ʦʯʝʥʴ ʩʠʣʴʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ï 9; 

ï ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʣʫʯʘʷʭ ʩʪʘʚʷʪʩʷ ʯʝʪʥʳʝ ʦʮʝʥʢʠ: 2, 4, 6, 8 (ʥʘʧʨʠʤʝʨ, 4 ï ʤʝʞʜʫ 

ʫʤʝʨʝʥʥʳʤ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʚʦʩʭʦʜʩʪʚʦʤ). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʪʘʤʠ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ 

ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʢʨʠʪʝʨʠʝʚ 
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ʇʉʉ ï ʧʦʢʘʟʘʪʝʣʴ ʩʣʫʯʘʡʥʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʣʷ ʩʣʫʯʘʷ, 

ʢʦʛʜʘ ʦʮʝʥʢʠ ʚ ʤʘʪʨʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʠ ʟʘʚʠʩʷʱʠʡ ʪʦʣʴʢʦ ʦʪ ʨʘʟʤʝʨʘ 

ʤʘʪʨʠʮʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʇʉʉ = 1, 24 [5, c. 12].  

ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʚʳʚʦʜʘ ʜʘʥʥʳʭ, ʦʢʥʦ 1 

 

ɺʳʩʯʠʪʘʥʥʳʝ ʧʨʦʛʨʘʤʤʦʡ ʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2  

ʄʘʪʨʠʮʘ ʩʨʘʚʥʝʥʠʷ ʢʨʠʪʝʨʠʝʚ 

 

ʂʨʠʪʝʨʠʡ ʄʦʱʥʦʩʪʴ ʉʪʦʠʤʦʩʪʴ 
ʆʙʲʝʤ 

ʙʘʛʘʞʥʠʢʘ 
ʂʣʠʨʝʥʩ 

ʈʘʩʭʦʜ 

ʪʦʧʣʠʚʘ 
ɻʘʨʘʥʪʠʷ ʉʨ. ʘʨ. ʟʥ. 

ʄʦʱʥʦʩʪʴ 0,153 0,15 0,194 0,418 0,049 0,292 0,209 

ʉʪʦʠʤʦʩʪʴ 0,306 0,455 0,194 0,418 0,441 0,292 0,351 

ʆʙʲʝʤ 

ʙʘʛʘʞʥʠʢʘ 
0,021 0,064 0,028 0,012 0,021 0,008 0,026 

ʂʣʠʨʝʥʩ 0,031 0,091 0,194 0,084 0,294 0,175 0,145 

ʈʘʩʭʦʜ 

ʪʦʧʣʠʚʘ 
0,459 0,15 0,194 0,042 0,147 0,175 0,194 

ɻʘʨʘʥʪʠʷ 0,031 0,091 0,194 0,028 0,049 0,058 0,075 

ʉʫʤʤʘ 6,54 2,2 36 11,97 6,8 17,14  

 

ɺʚʦʜʠʤ ʢʦʣʠʯʝʩʪʚʦ ʘʣʴʪʝʨʥʘʪʠʚ ʠ ʇʉʉ, ʩʦʟʜʘʝʤ ʤʘʪʨʠʮʳ ʢʨʠʪʝʨʠʝʚ, ʚʨʫʯʥʫʶ ʚʚʦʜʠʤ ʚ 

ʤʘʪʨʠʮʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚ ʠ ʚʳʩʯʠʪʳʚʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ. 

ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩ. 3. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʚʳʚʦʜʘ ʜʘʥʥʳʭ, ʦʢʥʦ 2 

 

ɺʳʩʯʠʪʘʥʥʳʝ ʧʨʦʛʨʘʤʤʦʡ ʟʥʘʯʝʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3  

ʄʘʪʨʠʮʘ ʩʨʘʚʥʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚ ʧʦ ʢʨʠʪʝʨʠʶ 1 

 

ʄʦʱʥʦʩʪʴ ɸ1 ɸ2 ɸ3 ɸ4 ɸ5 ʉʨʝʜʥʝʝ ʘʨ. 

ɸ1 0,047 0,018 0,077 0,067 0,04 0,05 

ɸ2 0,233 0,088 0,231 0,103 0,058 0,143 

ɸ3 0,023 0,015 0,038 0,057 0,037 0,034 

ɸ4 0,372 0,44 0,346 0,515 0,576 0,45 

ɸ5 0,326 0,44 0,308 0,258 0,288 0,324 

ʉʫʤʤʘ 21,5 11,37 26 1,94 3,47  

 

ʅʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚ ʧʦ ʢʨʠʪʝʨʠʶ ʚʳʩʯʠʪʳʚʘʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ 1 = 11,74% 

ɸʥʘʣʦʛʠʯʥʦ ʚʳʩʯʠʪʳʚʘʝʤ ʤʘʪʨʠʮʳ ʩʨʘʚʥʝʥʠʡ ʘʣʴʪʝʨʥʘʪʠʚ ʧʦ ʦʩʪʘʣʴʥʳʤ ʢʨʠʪʝʨʠʷʤ ʠ 

ʥʘʭʦʜʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ: ʢʦʵʬʬʠʮʠʝʥʪ 2 = 4,39%, ʢʦʵʬʬʠʮʠʝʥʪ  

3 = 3,08%, ʢʦʵʬʬʠʮʠʝʥʪ 4 = 3,06%, ʢʦʵʬʬʠʮʠʝʥʪ 5 = 6,63%. 

ɺʳʩʯʠʪʳʚʘʝʤ ʤʘʪʨʠʮʫ ʢʨʠʪʝʨʠʝʚ ʠ ʘʣʴʪʝʨʥʘʪʠʚ, ʚʝʢʪʦʨ ʚʝʩʦʚ ʠ ʥʘʭʦʜʠʤ ʣʫʯʰʫʶ 

ʘʣʴʪʝʨʥʘʪʠʚʫ. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩ. 4. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʚʳʚʦʜʘ ʜʘʥʥʳʭ, ʦʢʥʦ 3 

 

ʄʘʪʨʠʮʘ ʢʨʠʪʝʨʠʝʚ ʠ ʘʣʴʪʝʨʥʘʪʠʚ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4  

ʄʘʪʨʠʮʘ ʢʨʠʪʝʨʠʝʚ ʠ ʘʣʴʪʝʨʥʘʪʠʚ 

 

ʄʦʱʥʦʩʪʴ ʉʪʦʠʤʦʩʪʴ ʆʙʲʝʤ ʂʣʠʨʝʥʩ ʈʘʩʭʦʜ ɻʘʨʘʥʪʠʷ 

0,05 0,408 0,137 0,28 0,11 0,143 

0,143 0,186 0,041 0,28 0,482 0,143 

0,034 0,266 0,323 0,28 0,308 0,143 

0,045 0,045 0,199 0,118 0,066 0,429 

0,324 0,095 0,299 0,042 0,034 0,143 

 

ʉʦʛʣʘʩʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʟʘʧʨʦʩʘʤ, ʫʢʘʟʘʥʥʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʠʢʣʘʜʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʣʦʞʠʣʘ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʘʚʪʦʤʦʙʠʣʷ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ˉ 2 

ï Geely Coolray. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʨʳʥʦʢ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʈʦʩʩʠʠ ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʝʡ ʤʦʜʝʣʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ. ʄʥʦʛʦʦʙʨʘʟʠʝ 

ʢʠʪʘʡʩʢʠʭ ʙʨʝʥʜʦʚ, ʨʘʥʝʝ ʤʘʣʦʠʟʚʝʩʪʥʳʭ, ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʢʫʧʘʪʝʣʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʧʨʦʙʣʝʤʦʡ ʥʝʜʦʩʪʘʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʥʠʤʘʥʠʷ, ʢʘʢʘʷ ʤʦʜʝʣʴ ʣʫʯʰʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʭ 

ʪʨʝʙʦʚʘʥʠʷʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʤʝʪʦʜʝ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ, ʩʜʝʣʘʪʴ 

ʝʛʦ ʧʨʦʟʨʘʯʥʳʤ ʠ ʣʦʛʠʯʥʳʤ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʧʨʦʛʨʘʤʤʘʤ ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʩʨʘʚʥʠʪʴ 

ʘʚʪʦʤʦʙʠʣʠ ʧʦ ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʷʤ, ʥʦ ʠ ʧʨʠʥʷʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʫʯʠʪʳʚʘʶʱʝʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʢʣʠʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʦʜʭʦʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʦʙʦʩʥʦʚʘʥʥʳʡ ʠ ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʳʙʦʨ ʘʚʪʦʤʦʙʠʣʷ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʨʳʥʢʘ. 
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ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʦʜʙʦʨʘ ʘʚʪʦʤʦʙʠʣʷ, ʥʦ 

ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ. ʂ ʪʘʢʠʤ ʟʘʜʘʯʘʤ ʦʪʥʦʩʷʪʩʷ ʚʳʙʦʨ 

ʧʦʩʪʘʚʱʠʢʦʚ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʤʘʨʰʨʫʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʪʦʠʤʦʩʪʠ, ʚʨʝʤʝʥʠ ʜʦʩʪʘʚʢʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ, ʧʦʜʙʦʨ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʩ ʫʯʝʪʦʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʩʪʦʠʤʦʩʪʠ 

ʘʨʝʥʜʳ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʣʦʱʘʜʠ, ʚʳʙʦʨ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʢʨʠʪʝʨʠʷʤ 

ʩʪʦʠʤʦʩʪʠ ʦʙʫʯʝʥʠʷ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʫʨʩʘ, ʘʢʢʨʝʜʠʪʘʮʠʠ ʠ ʨʝʧʫʪʘʮʠʠ ʫʯʝʙʥʦʛʦ 

ʟʘʚʝʜʝʥʠʷ. ʊʘʢʞʝ ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʮʝʥʢʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʩ 

ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʙʶʜʞʝʪʘ, ʢʣʠʤʘʪʘ, ʢʫʣʴʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʨʪʬʝʣʷ ʠʥʚʝʩʪʠʮʠʡ ʩ ʘʥʘʣʠʟʦʤ ʜʦʭʦʜʥʦʩʪʠ, ʨʠʩʢʘ 

ʠ ʣʠʢʚʠʜʥʦʩʪʠ ʘʢʪʠʚʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʦʟʤʦʞʝʥ ʧʦʜʙʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ ʠ ʫʯʨʝʞʜʝʥʠʡ 

ʥʘ ʦʩʥʦʚʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʪʦʠʤʦʩʪʠ ʣʝʯʝʥʠʷ ʠ ʨʝʡʪʠʥʛʦʚ ʢʣʠʥʠʢ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʘʩʩʦʨʪʠʤʝʥʪʘ ʪʦʚʘʨʦʚ ʜʣʷ ʨʦʟʥʠʯʥʳʭ ʩʝʪʝʡ ʩ ʫʯʝʪʦʤ ʩʧʨʦʩʘ, ʤʘʨʞʠʥʘʣʴʥʦʩʪʠ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ 

ʠʟʜʝʨʞʝʢ, ʘ ʪʘʢʞʝ ʚʳʙʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʮʝʥʠʚʘʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʩʪʦʠʤʦʩʪʴ ʣʠʮʝʥʟʠʡ, ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʧʦʜʜʝʨʞʢʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʙʢʦʩʪʴ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ 

ʧʨʠʤʝʥʷʪʴ ʝʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʵʢʦʥʦʤʠʢʠ ʠ ʙʠʟʥʝʩʘ, ʜʝʣʘʷ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʤ, ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʘʪʠʝʚʩʢʘʷ ɺ.ɹ., ʂʝʣʝʭʩʘʝʚʘ ʄ.ɺ., ʉʠʪʦʭʦʚʘ ʊ.ɽ. [ʠ ʜʨ.]. ʇʨʘʚʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʨʘʟʚʠʪʠʝ: ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʏʝʙʦʢʩʘʨʳ, 2023. 196 ʩ. 

2. ɾʫʢʦʚ ɸ.ɺ. ʉʦʮʠʘʣʴʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʝʛʠʦʥʘ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʛʦ ʧʨʠʛʨʘʥʠʯʴʷ. 

ʏʠʪʘ, 2021. 334 ʩ. 

3. ʂʠʩʝʣʝʚ ɸ.ɸ., ʂʫʛʘʡ ɸ.ʀ., ɸʚʭʦʜʠʝʚ ɻ.ʀ. [ʠ ʜʨ.]. ʉʦʚʨʝʤʝʥʥʳʝ ʚʦʧʨʦʩʳ ʧʝʜʘʛʦʛʠʢʠ ʠ 

ʧʩʠʭʦʣʦʛʠʠ: ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʏʝʙʦʢʩʘʨʳ, 2024. 172 ʩ. 

4. ʄʝʣʘʤʝʜ ʅ.ɺ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠ: ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ: ʩʙʦʨʥʠʢ 

ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ɺʳʧʫʩʢ 14. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2022. 252 ʩ.  

5. ʉʫʜʘʢʦʚ ɺ.ɸ. ʄʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʄʦʩʢʚʘ, 2024. 150 ʩ. 

 

É ʂʫʣʠʢʦʚʘ ɸ.ʂ., ʎʳʛʘʥʦʚʘ ʀ.ɸ., 2025  



 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

69 

ʃʘʨʠʥ ɼ.ɽ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʂʃɸʉʉʓ ʈɸɹʆʊʓ ʉ ɻʈɸʌʀʂʆʁ ɺ .NET FRAMEWORK  

ʂʣʘʩʩʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʨʘʬʠʢʦʡ ʚ .NET Framework ʦʙʲʝʜʠʥʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʸʥ 

System.Drawing. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʨʘʩʪʨʦʚʳʤʠ (ʥʘʙʦʨ ʪʦʯʝʢ) ʠ ʚʝʢʪʦʨʥʳʤʠ (ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʠʛʫʨʳ). ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʘʩʩʳ ʨʘʙʦʪʳ ʩ ʛʨʘʬʠʢʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʝʥ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ 

ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʫʛʣʫʙʣʝʥʠʝ ʟʥʘʥʠʡ ʦ ʛʨʘʬʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ .NET Framework, ʥʦ ʠ 

ʚʳʷʚʣʝʥʠʝ ʣʫʯʰʠʭ ʧʨʘʢʪʠʢ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʩʪʨʝʤʷʱʠʭʩʷ ʩʦʟʜʘʚʘʪʴ ʚʠʟʫʘʣʴʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ [1, c. 24].  

ɹʦʣʴʰʠʥʩʪʚʦ ʛʨʘʬʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʝʥ 

System.Drawing. ɺ ʥʝʤ ʝʩʪʴ ʢʣʘʩʩʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʢʠʩʪʠ, ʧʝʨʴʷ, ʰʨʠʬʪʳ ʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʇʨʦʩʪʨʘʥʩʪʚʦ ʠʤʝʥ System.Drawing ʦʧʨʝʜʝʣʷʝʪ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ ʩʣʫʞʝʙʥʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʢʣʘʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ Color, Point, Size ʠ Rectangle. ɺ ʪʘʙʣʠʮʝ ʧʝʨʝʯʠʩʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʩʥʦʚʥʳʝ 

ʪʠʧʳ [2, ʩ. 320]. 

ʊʘʙʣʠʮʘ 

ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ System.Drawing 

 

ʂʣʘʩʩ ʅʘʟʥʘʯʝʥʠʝ 

Bitmap ʇʨʝʜʩʪʘʚʣʷʝʪ ʧʦʣʦʪʥʦ ʜʣʷ ʨʠʩʦʚʘʥʠʷ ʚ ʧʘʤʷʪʠ. ʀʥʢʘʧʩʫʣʠʨʫʝʪ ʠʟʦʙʨʘʞʝʥʠʷ (*.bmp 

ʠ ʪ.ʧ.) 

Brush ʆʙʲʝʢʪʳ ʢʠʩʪʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʦʙʣʘʩʪʝʡ ʛʨʘʬʠʯʝʩʢʠʭ 

ʬʠʛʫʨ, ʪʘʢʠʭ ʢʘʢ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ, ʵʣʣʠʧʩʳ ʠ ʤʥʦʛʦʫʛʦʣʴʥʠʢʠ. ʋ ʢʣʘʩʩʘ SolidBrush 

ʝʩʪʴ ʩʚʦʡʩʪʚʦ Color 

Graphics ʇʨʝʜʩʪʘʚʣʷʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʨʠʩʦʚʘʥʠʷ ʠ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʢʩʪʘ, 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʰʘʙʣʦʥʦʚ 

Image Image ï ʘʙʩʪʨʘʢʪʥʳʡ ʙʘʟʦʚʳʡ ʢʣʘʩʩ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʜʣʷ 

ʢʣʘʩʩʦʚ Bitmap, Icon ʠ Cursor. ʂʣʘʩʩ ImageAnimator ʘʥʠʤʠʨʫʝʪ ʠʟʦʙʨʘʞʝʥʠʝ 

Pen ʇʝʨʴʷ ï ɻ ʪʦ ʦʙʲʝʢʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʠʩʦʚʘʥʠʷ ʣʠʥʠʡ. ʂʣʘʩʩ ʈʝn ʦʧʨʝʜʝʣʷʝʪ ʥʘʙʦʨ 

ʩʪʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʦʟʚʨʘʱʘʶʱʠʭ ʈʝn ʟʘʜʘʥʥʦʛʦ ʮʚʝʪʘ 

 

ʂʣʘʩʩ Graphics 

ʂʣʘʩʩ Graphics ʚ .NET Framework ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ System.Drawing ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʪʦʜʳ ʜʣʷ ʨʠʩʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ, ʪʘʢʠʭ ʢʘʢ ʬʦʨʤʳ, ʠʟʦʙʨʘʞʝʥʠʷ 

ʠ ʜʨʫʛʠʝ ʛʨʘʬʠʯʝʩʢʠʝ ʢʦʥʪʝʢʩʪʳ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ ʨʠʩʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʨʠʩʦʚʘʥʠʝ ʣʠʥʠʡ, ʬʠʛʫʨ, ʪʝʢʩʪʘ ʠ ʟʘʧʦʣʥʝʥʠʝ ʦʙʣʘʩʪʝʡ ʮʚʝʪʦʤ [3, ʩ. 161]. 

ʆʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʣʘʩʩʘ Graphics: 

1. ʈʠʩʦʚʘʥʠʝ ʬʠʛʫʨ: ʄʦʞʥʦ ʨʠʩʦʚʘʪʴ ʣʠʥʠʠ, ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ, ʵʣʣʠʧʩʳ ʠ ʜʨʫʛʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʠʛʫʨʳ. 

2. ɿʘʧʦʣʥʝʥʠʝ ʬʠʛʫʨ: ʂʣʘʩʩ ʧʦʟʚʦʣʷʝʪ ʟʘʧʦʣʥʷʪʴ ʬʠʛʫʨʳ ʮʚʝʪʦʤ ʠʣʠ ʛʨʘʜʠʝʥʪʦʤ. 

3. ʈʠʩʦʚʘʥʠʝ ʪʝʢʩʪʘ: ʄʦʞʥʦ ʚʳʚʦʜʠʪʴ ʪʝʢʩʪ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʰʨʠʬʪʦʚ ʠ ʩʪʠʣʝʡ. 
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4. ʈʘʙʦʪʘ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ: ʇʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ ʠ ʦʪʦʙʨʘʞʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ ʩ ʧʠʢʩʝʣʷʤʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʘ Graphics: 

1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ: 

g = Graphics.FromImage(bm); 

g.Clear(Color.White); // ʆʯʠʩʪʢʘ ʬʦʥʘ ʙʝʣʳʤ ʮʚʝʪʦʤ 

2. ʈʠʩʦʚʘʥʠʝ ʣʠʥʠʡ: ʚ ʦʙʨʘʙʦʪʯʠʢʝ ʩʦʙʳʪʠʷ MouseMove: 

g.DrawLine(new Pen(penColor, penWidth), px, py); // ʈʠʩʫʝʤ ʣʠʥʠʶ ʩ ʪʝʢʫʱʠʤ ʮʚʝʪʦʤ ʧʝʨʘ 

3. ʈʠʩʦʚʘʥʠʝ ʬʠʛʫʨ: ʚ ʦʙʨʘʙʦʪʯʠʢʝ ʩʦʙʳʪʠʷ MouseUp: 

g.FillRectangle(currentBrush, cX, cY, sX, sY); // ɿʘʣʠʚʘʝʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢ 

g.DrawRectangle(currentPen, cX, cY, sX, sY); // ʈʠʩʫʝʤ ʢʦʥʪʫʨ 

4. ʇʝʨʝʨʠʩʦʚʢʘ PictureBox: ʚ ʦʙʨʘʙʦʪʯʠʢʝ ʩʦʙʳʪʠʷ pic_Paint: 

Graphics g = e.Graphics; // ʇʦʣʫʯʘʝʤ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʢʪ 

g.FillRectangle(currentBrush, cX, cY, sX, sY); // ɿʘʣʠʚʘʝʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢ 

g.DrawRectangle(currentPen, cX, cY, sX, sY); // ʈʠʩʫʝʤ ʢʦʥʪʫʨ 

5. ɿʘʣʠʚʢʘ ʦʙʣʘʩʪʠ ʮʚʝʪʦʤ: ʚ ʤʝʪʦʜʝ Fill: 

bm.SetPixel(x, y, new_clr); // ʋʩʪʘʥʘʚʣʠʚʘʝʤ ʥʦʚʳʡ ʮʚʝʪ 

ʂʣʘʩʩ Pen 

ʂʣʘʩʩ Pen ʚ .NET Framework ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʠʩʦʚʘʥʠʷ ʣʠʥʠʡ ʠ ʬʠʛʫʨ ʥʘ ʛʨʘʬʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʘʭ, ʪʘʢʠʭ ʢʘʢ Graphics. ʆʥ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʮʚʝʪ, ʰʠʨʠʥʫ ʠ ʩʪʠʣʴ ʣʠʥʠʡ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʥʘʨʠʩʦʚʘʥʳ. ʂʣʘʩʩ Pen ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ System.Drawing. 

¶ ʂʦʥʩʪʨʫʢʪʦʨʳ: 

¶ Pen(Color color): ʩʦʟʜʘʝʪ ʧʝʨʦ ʩ ʟʘʜʘʥʥʳʤ ʮʚʝʪʦʤ ʠ ʰʠʨʠʥʦʡ ʧʦ ʫʤʦʣʯʘʥʠʶ (1). 

¶ Pen(Color color, float width): ʩʦʟʜʘʝʪ ʧʝʨʦ ʩ ʟʘʜʘʥʥʳʤ ʮʚʝʪʦʤ ʠ ʰʠʨʠʥʦʡ. 

¶ ʉʚʦʡʩʪʚʘ: 

¶ Color Color: ʧʦʣʫʯʘʝʪ ʠʣʠ ʟʘʜʘʝʪ ʮʚʝʪ ʧʝʨʘ. 

¶ float Width: ʧʦʣʫʯʘʝʪ ʠʣʠ ʟʘʜʘʝʪ ʰʠʨʠʥʫ ʧʝʨʘ. 

¶ DashStyle DashStyle: ʧʦʣʫʯʘʝʪ ʠʣʠ ʟʘʜʘʝʪ ʩʪʠʣʴ ʣʠʥʠʠ (ʥʘʧʨʠʤʝʨ, ʩʧʣʦʰʥʘʷ, 

ʧʫʥʢʪʠʨʥʘʷ ʠ ʪ. ʜ.). 

¶ ʄʝʪʦʜʳ: 

¶ Dispose(): ʦʩʚʦʙʦʞʜʘʝʪ ʨʝʩʫʨʩʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʝʨʦʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʘ Pen: 

1. ʉʦʟʜʘʥʠʝ ʧʝʨʘ: 

Pen p = new Pen(Color.Black, 1); // ʉʦʟʜʘʥʠʝ ʧʝʨʘ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʩ ʰʠʨʠʥʦʡ 1 

Pen erase = new Pen(Color.White, 10); // ʉʦʟʜʘʥʠʝ ʧʝʨʘ ʙʝʣʦʛʦ ʮʚʝʪʘ ʜʣʷ ʩʪʠʨʘʥʠʷ 

2. ʈʠʩʦʚʘʥʠʝ ʣʠʥʠʡ: ʚ ʦʙʨʘʙʦʪʯʠʢʝ ʩʦʙʳʪʠʷ MouseMove: 

g.DrawLine(new Pen(penColor, penWidth), px, py); // ʈʠʩʫʝʤ ʣʠʥʠʶ ʩ ʪʝʢʫʱʠʤ ʮʚʝʪʦʤ ʧʝʨʘ 

3. ʈʠʩʦʚʘʥʠʝ ʬʠʛʫʨ: ʚ ʦʙʨʘʙʦʪʯʠʢʝ ʩʦʙʳʪʠʷ MouseUp: 

g.DrawRectangle(currentPen, cX, cY, sX, sY); // ʈʠʩʫʝʤ ʢʦʥʪʫʨ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ 

g.DrawEllipse(currentPen, cX, cY, sX, sY); // ʈʠʩʫʝʤ ʢʦʥʪʫʨ ʵʣʣʠʧʩʘ 
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g.DrawLine(currentPen, cX, cY, x, y); // ʈʠʩʫʝʤ ʣʠʥʠʶ 

4. ʆʩʚʦʙʦʞʜʝʥʠʝ ʨʝʩʫʨʩʦʚ: ʇʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʘ, ʚʘʞʥʦ ʦʩʚʦʙʦʞʜʘʪʴ ʨʝʩʫʨʩʳ: 

currentPen.Dispose(); // ʆʩʚʦʙʦʞʜʘʝʤ ʨʝʩʫʨʩʳ ʧʝʨʘ 

ʂʣʘʩʩ Brush 

ʂʣʘʩʩ Brush ʚ .NET Framework ʷʚʣʷʝʪʩʷ ʘʙʩʪʨʘʢʪʥʳʤ ʢʣʘʩʩʦʤ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʦʙʣʘʩʪʝʡ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʝ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʦʩʦʙʘ ʟʘʣʠʚʢʠ ʬʠʛʫʨ, ʪʘʢʠʭ ʢʘʢ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ, ʵʣʣʠʧʩʳ ʠ ʜʨʫʛʠʝ ʬʦʨʤʳ. ɺ .NET Framework ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʧʨʦʠʟʚʦʜʥʳʭ ʢʣʘʩʩʦʚ ʦʪ Brush, ʚʢʣʶʯʘʷ SolidBrush, TextureBrush, LinearGradientBrush ʠ 

ʜʨʫʛʠʝ [4, c. 5]. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʩʩʘ Brush: 

1. ɸʙʩʪʨʘʢʪʥʳʡ ʢʣʘʩʩ: Brush ʷʚʣʷʝʪʩʷ ʘʙʩʪʨʘʢʪʥʳʤ ʢʣʘʩʩʦʤ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʳ ʥʝ 

ʤʦʞʝʪʝ ʩʦʟʜʘʪʴ ʵʢʟʝʤʧʣʷʨ Brush ʥʘʧʨʷʤʫʶ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʚʳ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʠʟ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʭ ʢʣʘʩʩʦʚ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʛʨʘʬʠʢʝ: Brush ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʝʪʦʜʘʭ ʨʠʩʦʚʘʥʠʷ ʛʨʘʬʠʢʠ, ʪʘʢʠʭ ʢʘʢ 

FillRectangle, FillEllipse, ʠ ʜʨʫʛʠʭ, ʯʪʦʙʳ ʟʘʧʦʣʥʠʪʴ ʬʠʛʫʨʳ ʦʧʨʝʜʝʣʝʥʥʳʤ ʮʚʝʪʦʤ ʠʣʠ 

ʪʝʢʩʪʫʨʦʡ. 

3. ʋʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ: ʆʙʲʝʢʪʳ Brush ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʥʳʝ ʨʝʩʫʨʩʳ, 

ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʦʩʚʦʙʦʞʜʘʪʴ ʠʭ, ʢʦʛʜʘ ʦʥʠ ʙʦʣʴʰʝ ʥʝ ʥʫʞʥʳ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʫʪʝʯʝʢ ʧʘʤʷʪʠ. 

ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ Dispose(). 

ʇʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʘ Brush: 

1. ʉʦʟʜʘʥʠʝ ʢʠʩʪʠ: 

Brush currentBrush = new SolidBrush(brushColor); 

ɿʜʝʩʴ ʩʦʟʜʘʝʪʩʷ ʦʙʲʝʢʪ SolidBrush, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʟʘʣʠʚʢʠ ʬʠʛʫʨ 

ʮʚʝʪʦʤ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʚ ʧʝʨʝʤʝʥʥʦʡ brushColor. 

2. ɿʘʣʠʚʢʘ ʬʠʛʫʨ: 

g.FillRectangle(currentBrush, cX, cY, sX, sY); // ɿʘʣʠʚʘʝʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢ 

g.FillEllipse(currentBrush, cX, cY, sX, sY); // ɿʘʣʠʚʘʝʤ ʵʣʣʠʧʩ 

ɺ ʵʪʠʭ ʩʪʨʦʢʘʭ ʢʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ FillRectangle ʠ FillEllipse, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ 

ʦʙʲʝʢʪ Brush ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʠʛʫʨ. 

3. ʆʩʚʦʙʦʞʜʝʥʠʝ ʨʝʩʫʨʩʦʚ: 

currentBrush.Dispose(); 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʠʩʦʚʘʥʠʷ ʚʘʞʥʦ ʦʩʚʦʙʦʜʠʪʴ ʨʝʩʫʨʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʲʝʢʪʦʤ Brush, 

ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʫʪʝʯʝʢ ʧʘʤʷʪʠ. 

ʂʣʘʩʩ Bitmap 

ʂʣʘʩʩ Bitmap ʚ .NET Framework ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʨʘʬʠʢʦʡ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ, ʩʦʭʨʘʥʷʪʴ ʠ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʘʭ, ʪʘʢʠʭ ʢʘʢ BMP, JPEG, PNG ʠ ʜʨʫʛʠʭ. 

Bitmap ̫ ʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ System.Drawing, ʢʦʪʦʨʦʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʣʘʩʩʳ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʛʨʘʬʠʢʦʡ ʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. 
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ʆʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʣʘʩʩʘ Bitmap: 

1. ʉʦʟʜʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ: ʄʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʟʘʜʘʚʘʷ ʠʭ ʨʘʟʤʝʨʳ ʠ 

ʮʚʝʪʦʚʫʶ ʧʘʣʠʪʨʫ. 

2. ɿʘʛʨʫʟʢʘ ʠʟʦʙʨʘʞʝʥʠʡ: Bitmap ʧʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ ʬʘʡʣʦʚ, ʧʦʪʦʢʦʚ 

ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ. 

3. ʀʟʤʝʥʝʥʠʝ ʧʠʢʩʝʣʝʡ: ʄʦʞʥʦ ʧʦʣʫʯʘʪʴ ʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʮʚʝʪ ʦʪʜʝʣʴʥʳʭ ʧʠʢʩʝʣʝʡ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ GetPixel ʠ SetPixel. 

4. ʈʠʩʦʚʘʥʠʝ: ʉ ʧʦʤʦʱʴʶ ʦʙʲʝʢʪʘ Graphics, ʩʚʷʟʘʥʥʦʛʦ ʩ Bitmap, ʤʦʞʥʦ ʨʠʩʦʚʘʪʴ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ Pen ʠ Brush. 

5. ʉʦʭʨʘʥʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ: Bitmap ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʬʦʨʤʘʪʘʭ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ Save. 

ʇʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʘ Bitmap: 

1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ: 

bm = new Bitmap(pic.Width, pic.Height); 

g = Graphics.FromImage(bm); 

g.Clear(Color.White); // ʆʯʠʩʪʢʘ ʬʦʥʘ ʙʝʣʳʤ ʮʚʝʪʦʤ 

pic.Image = bm; // ʋʩʪʘʥʦʚʢʘ ʙʠʪʤʘʧʘ ʚ PictureBox 

ɿʜʝʩʴ ʩʦʟʜʘʝʪʩʷ ʥʦʚʳʡ ʦʙʲʝʢʪ Bitmap ʩ ʨʘʟʤʝʨʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ PictureBox, ʠ 

ʩʦʟʜʘʝʪʩʷ ʦʙʲʝʢʪ Graphics, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʠʩʦʚʘʪʴ ʥʘ ʵʪʦʤ ʙʠʪʤʘʧʝ. 

2. ʈʠʩʦʚʘʥʠʝ: ʚ ʤʝʪʦʜʘʭ, ʪʘʢʠʭ ʢʘʢ pictureBoxPicture_MouseMove ʠ 

pictureBoxPicture_MouseUp, ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʲʝʢʪ Graphics ʜʣʷ ʨʠʩʦʚʘʥʠʷ ʣʠʥʠʡ, 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʠ ʜʨʫʛʠʭ ʬʠʛʫʨ ʥʘ ʙʠʪʤʘʧʝ: 

g.DrawLine(new Pen(penColor, penWidth), px, py); // ʈʠʩʫʝʤ ʣʠʥʠʶ 

g.FillRectangle(currentBrush, cX, cY, sX, sY); // ɿʘʣʠʚʘʝʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢ 

3. ʉʦʭʨʘʥʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ: ʚ ʤʝʪʦʜʝ ʩʦʭʨʘʥʠʪʴToolStripMenuItem_Click ʠʟʦʙʨʘʞʝʥʠʝ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʬʦʨʤʘʪʝ BMP: 

pic.Image.Save(saveFileDialog.FileName, System.Drawing.Imaging.ImageFormat.Bmp); 

4. ɿʘʛʨʫʟʢʘ ʠʟʦʙʨʘʞʝʥʠʷ: ʚ ʤʝʪʦʜʝ ʦʪʢʨʳʪʴToolStripMenuItem_Click ʟʘʛʨʫʞʘʝʪʩʷ 

ʠʟʦʙʨʘʞʝʥʠʝ ʠʟ ʬʘʡʣʘ: 

Image image = Image.FromFile(filePath); 

pic.Image = image; 

5. ɿʘʣʠʚʢʘ ʦʙʣʘʩʪʠ: ʄʝʪʦʜ Fill  ʠʩʧʦʣʴʟʫʝʪ Bitmap ʜʣʷ ʟʘʣʠʚʢʠ ʦʙʣʘʩʪʠ ʮʚʝʪʦʤ, ʠʟʤʝʥʷʷ 

ʮʚʝʪ ʧʠʢʩʝʣʝʡ: 

bm.SetPixel(x, y, new_clr); // ʋʩʪʘʥʘʚʣʠʚʘʝʤ ʥʦʚʳʡ ʮʚʝʪ 

ʂʣʘʩʩ Image 

ʂʣʘʩʩ Image ʚ .NET Framework ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʙʩʪʨʘʢʮʠʶ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ. ʆʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʝʥ System.Drawing ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʟʘʛʨʫʟʢʠ, ʦʙʨʘʙʦʪʢʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʘʭ, ʪʘʢʠʭ ʢʘʢ BMP, 

JPEG, PNG ʠ ʜʨʫʛʠʭ [5, ʩ. 144]. 
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ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʩʩʘ Image: 

1. ɿʘʛʨʫʟʢʘ ʠʟʦʙʨʘʞʝʥʠʡ: ʄʦʞʥʦ ʟʘʛʨʫʞʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ ʬʘʡʣʦʚ, ʧʦʪʦʢʦʚ ʠʣʠ ʜʨʫʛʠʭ 

ʠʩʪʦʯʥʠʢʦʚ. 

2. ʌʦʨʤʘʪʳ ʠʟʦʙʨʘʞʝʥʠʡ: ʂʣʘʩʩ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʪʳ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʚʢʣʶʯʘʷ BMP, JPEG, GIF, PNG ʠ TIFF. 

3. ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ: ʄʦʞʥʦ ʠʟʤʝʥʷʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, ʠʟʤʝʥʷʪʴ ʠʭ ʨʘʟʤʝʨ, ʦʙʨʝʟʘʪʴ, 

ʧʦʚʦʨʘʯʠʚʘʪʴ ʠ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʠʣʴʪʨʳ. 

4. ɻʨʘʬʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ: ʂʣʘʩʩ Image ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʤʝʩʪʝ ʩ ʢʣʘʩʩʦʤ Graphics, 

ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʪʦʜʳ ʜʣʷ ʨʠʩʦʚʘʥʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʘ Image: 

1. ɿʘʛʨʫʟʢʘ ʠʟʦʙʨʘʞʝʥʠʷ: 

Image image = Image.FromFile(filePath); 

pic.Image = image; // ʋʩʪʘʥʘʚʣʠʚʘʝʤ ʟʘʛʨʫʞʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ PictureBox 

ɺ ʵʪʦʤ ʬʨʘʛʤʝʥʪʝ ʢʦʜʘ ʠʟʦʙʨʘʞʝʥʠʝ ʟʘʛʨʫʞʘʝʪʩʷ ʠʟ ʬʘʡʣʘ, ʚʳʙʨʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʯʝʨʝʟ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ, ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʵʣʝʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ PictureBox. 

2. ʉʦʭʨʘʥʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ: 

pic.Image.Save(saveFileDialog.FileName, System.Drawing.Imaging.ImageFormat.Bmp); 

ɿʜʝʩʴ ʠʟʦʙʨʘʞʝʥʠʝ, ʦʪʦʙʨʘʞʘʝʤʦʝ ʚ PictureBox, ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʬʘʡʣ ʚ ʬʦʨʤʘʪʝ BMP. 

3. ʈʘʙʦʪʘ ʩ ʧʠʢʩʝʣʷʤʠ: ɺ ʤʝʪʦʜʝ Fill  ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ GetPixel ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʚʝʪʘ 

ʧʠʢʩʝʣʷ ʠ SetPixel ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʧʠʢʩʝʣʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʟʘʣʠʚʢʠ ʦʙʣʘʩʪʠ ʮʚʝʪʦʤ: 

Color old_color = bm.GetPixel(x, y); // ʇʦʣʫʯʘʝʤ ʮʚʝʪ ʧʠʢʩʝʣʷ 

bm.SetPixel(x, y, new_clr); // ʋʩʪʘʥʘʚʣʠʚʘʝʤ ʥʦʚʳʡ ʮʚʝʪ 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʠʣʦʞʝʥʠʝ çPaintXè ʥʘ Visual Studio 2022 (ʩʤ. ʨʠʩ.): 

 

 
 

ʈʠʩ. ʇʨʠʣʦʞʝʥʠʝ çPaintXè 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʢʣʶʯʝʚʳʝ ʢʣʘʩʩʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʨʘʬʠʢʦʡ ʚ .NET 

Framework, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʝʥ System.Drawing. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ 

ʢʣʘʩʩʳ, ʪʘʢʠʝ ʢʘʢ Graphics, Pen, Brush, Bitmap ʠ Image, ʘ ʪʘʢʞʝ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʚʠʟʫʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʷ 

ʨʘʟʨʘʙʦʪʘʣ ʧʨʠʣʦʞʝʥʠʝ çPaintXè ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʘʩʩʦʚ ʨʘʙʦʪʳ ʩ ʛʨʘʬʠʢʦʡ ʚ .Net Framework. 
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ʃʳʩʝʥʢʦ ʆ.ɽ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɻʈɸʌʀʏɽʉʂʆɻʆ ʈɽɼɸʂʊʆʈɸ BLENDER  

ɼʃʗ ɺʀɿʋɸʃʔʅʆʁ ʀɼɽʅʊʀʏʅʆʉʊʀ ʌɸʂʋʃʔʊɽʊɸ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʣʦʛʦʪʠʧʘ ʬʘʢʫʣʴʪʝʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Blender. ʈʘʙʦʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʠʟʘʡʥʦʚ, ʵʪʘʧʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʷ ʠ ʨʝʥʜʝʨʠʥʛʘ, ʘ 

ʪʘʢʞʝ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʠʟʫʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ 

ʬʘʢʫʣʴʪʝʪʘ. ɺ ʩʪʘʪʴʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʦʛʦ ʠ ʣʝʛʢʦ ʫʟʥʘʚʘʝʤʦʛʦ 

ʣʦʛʦʪʠʧʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʬʘʢʫʣʴʪʝʪʘ ʚ 

ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʩʨʝʜʝ [2]. ʉʦʟʜʘʥʠʝ ʣʦʛʦʪʠʧʘ ï ʵʪʦ ʢʣʶʯʝʚʘʷ ʟʘʜʘʯʘ ʜʣʷ ʣʶʙʦʛʦ ʫʯʝʙʥʦʛʦ 

ʟʘʚʝʜʝʥʠʷ, ʩʪʨʝʤʷʱʝʛʦʩʷ ʫʩʪʘʥʦʚʠʪʴ ʩʚʦʶ ʚʠʟʫʘʣʴʥʫʶ ʠʜʝʥʪʠʯʥʦʩʪʴ. ʃʦʛʦʪʠʧ ʬʘʢʫʣʴʪʝʪʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʣʞʝʥ ʥʝ ʪʦʣʴʢʦ ʦʪʨʘʞʘʪʴ ʝʛʦ ʩʧʝʮʠʬʠʢʫ, ʥʦ ʠ ʙʳʪʴ 

ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʢ 

ʩʦʟʜʘʥʠʶ ʣʦʛʦʪʠʧʘ ʚ ʧʨʦʛʨʘʤʤʝ Blender. 

ʎʝʣʴ: ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʥʠʢʘʣʴʥʦʛʦ ʣʦʛʦʪʠʧʘ ʬʘʢʫʣʴʪʝʪʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʡ ʙʳ ʵʬʬʝʢʪʠʚʥʦ ʦʪʨʘʞʘʣ ʝʛʦ ʩʧʝʮʠʬʠʢʫ ʠ 

ʩʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʙʫʯʝʥʠʶ. ʃʦʛʦʪʠʧ ʜʦʣʞʝʥ ʩʠʤʚʦʣʠʟʠʨʦʚʘʪʴ ʩʚʷʟʴ ʬʘʢʫʣʴʪʝʪʘ ʩ 

ʠʥʥʦʚʘʮʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʜʯʝʨʢʠʚʘʷ ʝʛʦ ʚʘʞʥʦʩʪʴ ʢʘʢ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʝ ʅɺɻʋ [2].  

ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ: ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʣʦʛʦʪʠʧʘ ʚʳʩʪʫʧʠʣʘ ʧʨʦʛʨʘʤʤʘ Blender [5], ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʷ ʠ ʨʝʥʜʝʨʠʥʛʘ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʞʝ 

ʛʨʘʬʠʯʝʩʢʠʝ ʨʝʜʘʢʪʦʨʳ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʪʝʢʩʪʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʬʦʥʦʚ, ʩʦʟʜʘʥʠʷ ʦʙʲʸʤʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʬʠʛʫʨ ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʬʘʢʪʫʨʦʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʤʚʦʣʠʢʠ ʣʦʛʦʪʠʧʘ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʣʝʤʝʥʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʪʘʢʠʝ ʢʘʢ 

ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ (CPU). ʎʚʝʪʦʚʘʷ ʧʘʣʠʪʨʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʬʠʮʠʘʣʴʥʳʤʠ ʮʚʝʪʘʤʠ ʅɺɻʋ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʝʜʠʥʦʦʙʨʘʟʠʝ ʚʠʟʫʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ 

ʫʥʠʚʝʨʩʠʪʝʪʘ [2]. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ ʠ ʩʦʦʙʱʝʩʪʚʘ, ʧʦʩʚʷʱʝʥʥʳʝ 3D-

ʜʠʟʘʡʥʫ, ʜʣʷ ʧʦʠʩʢʘ ʚʜʦʭʥʦʚʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʧʨʠʤʝʨʦʚ ʫʩʧʝʰʥʳʭ ʣʦʛʦʪʠʧʦʚ ʚ ʦʙʣʘʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ [5]. ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʚʠʟʫʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʜʠʟʘʡʥʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʣʦʛʦʪʠʧʘ ʬʘʢʫʣʴʪʝʪʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪ ʠ 

ʧʨʠʥʮʠʧʦʚ ʚʠʟʫʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ. ʕʪʦʪ ʵʪʘʧ ʙʳʣ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʫʯʠʪʴ 

ʣʫʯʰʠʝ ʧʨʘʢʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʠ ʙʨʝʥʜʠʥʛʘ, ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʥʜʳ ʚ ʜʠʟʘʡʥʝ 

ʣʦʛʦʪʠʧʦʚ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʠʟʙʝʞʘʪʴ ʜʫʙʣʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʪʴ ʫʥʠʢʘʣʴʥʳʡ ʜʠʟʘʡʥ, ʢʦʪʦʨʳʡ ʙʳ ʚʳʜʝʣʷʣʩʷ ʥʘ ʬʦʥʝ 

ʢʦʥʢʫʨʝʥʪʦʚ. ɺʠʟʫʘʣʴʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ï ʵʪʦ ʩʠʩʪʝʤʘ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ 
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ʬʦʨʤʠʨʫʶʪ ʫʟʥʘʚʘʝʤʳʡ ʦʙʨʘʟ ʙʨʝʥʜʘ. ɼʣʷ ʣʦʛʦʪʠʧʘ ʬʘʢʫʣʴʪʝʪʘ ʚʘʞʥʦ ʙʳʣʦ ʫʯʠʪʳʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʧʨʠʥʮʠʧʳ: 

ʇʨʦʩʪʦʪʘ: ʃʦʛʦʪʠʧ ʜʦʣʞʝʥ ʙʳʪʴ ʣʝʛʢʦ ʫʟʥʘʚʘʝʤʳʤ ʠ ʟʘʧʦʤʠʥʘʶʱʠʤʩʷ.  

ʋʥʠʢʘʣʴʥʦʩʪʴ: ɼʠʟʘʡʥ ʜʦʣʞʝʥ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʣʦʛʦʪʠʧʦʚ ʜʨʫʛʠʭ ʬʘʢʫʣʴʪʝʪʦʚ ʠ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ.  

ɸʜʘʧʪʠʚʥʦʩʪʴ: ʃʦʛʦʪʠʧ ʜʦʣʞʝʥ ʭʦʨʦʰʦ ʚʳʛʣʷʜʝʪʴ ʚ ʨʘʟʥʳʭ ʨʘʟʤʝʨʘʭ ʠ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʥʦʩʠʪʝʣʷʭ (ʩʘʡʪ, ʧʝʯʘʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʫʚʝʥʠʨʥʘʷ ʧʨʦʜʫʢʮʠʷ). 

ʉʠʤʚʦʣʠʟʤ: ʃʦʛʦʪʠʧ ʜʦʣʞʝʥ ʦʪʨʘʞʘʪʴ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʬʘʢʫʣʴʪʝʪʘ ʠ ʝʛʦ ʮʝʥʥʦʩʪʠ. 

ɹʳʣʠ ʠʟʫʯʝʥʳ ʨʷʜ ʣʦʛʦʪʠʧʦʚ ʬʘʢʫʣʴʪʝʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʨʫʛʠʭ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ: ʆʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʨʠʩ. 1) [3], 

ɻʦʤʝʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʇ.ʆ.ʉʫʭʦʛʦ (ʨʠʩ. 2) [1] ʠ 

ʇʝʥʟʝʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʨʠʩ. 3) [4]. 

 

 
 

ʈʠʩ. 1. ʃʦʛʦʪʠʧ ʬʘʢʫʣʴʪʝʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  

ʆʤʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʩʘʡʪ) 

 

ʆʩʦʙʝʥʥʦʩʪʠ: ʃʦʛʦʪʠʧ ʠʩʧʦʣʴʟʫʝʪ ʘʙʩʪʨʘʢʪʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ 

ʩʠʤʚʦʣʠʟʠʨʫʶʪ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʥʦʚʘʮʠʠ. ʎʚʝʪʦʚʘʷ ʧʘʣʠʪʨʘ: ʇʨʝʦʙʣʘʜʘʶʪ ʩʠʥʠʝ ʠ ʩʝʨʳʝ ʪʦʥʘ, 

ʯʪʦ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʦʤ. ɺʳʚʦʜ: ʃʦʛʦʪʠʧ ʫʩʧʝʰʥʦ ʧʝʨʝʜʘʝʪ 

ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʬʘʢʫʣʴʪʝʪʘ, ʥʦ ʝʛʦ ʜʠʟʘʡʥ ʤʦʞʝʪ ʙʳʪʴ ʩʣʠʰʢʦʤ ʩʣʦʞʥʳʤ ʜʣʷ ʤʝʣʢʠʭ 

ʬʦʨʤʘʪʦʚ. 

  
 

ʈʠʩ. 2.  ʃʦʛʦʪʠʧ ʬʘʢʫʣʴʪʝʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  

ɻʦʤʝʣʴʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʇ.ʆ. ʉʫʭʦʛʦ (ʩʘʡʪ) 

 

ʆʩʦʙʝʥʥʦʩʪʠ: ʃʦʛʦʪʠʧ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʵʣʝʤʝʥʪʳ ʰʝʩʪʝʨʝʥʢʠ ʠ ʘʙʩʪʨʘʢʪʥʳʝ ʣʠʥʠʠ, 

ʩʠʤʚʦʣʠʟʠʨʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʜʚʠʞʝʥʠʝ. ʎʚʝʪʦʚʘʷ ʧʘʣʠʪʨʘ: ʇʨʝʦʙʣʘʜʘʶʪ ʩʠʥʠʡ ʠ ʙʝʣʳʝ 

ʮʚʝʪʘ, ʯʪʦ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʠʥʥʦʚʘʮʠʷʤʠ ʠ ʨʦʩʪʦʤ. ɺʳʚʦʜ: ʃʦʛʦʪʠʧ ʚʳʛʣʷʜʠʪ ʜʠʥʘʤʠʯʥʦ, ʥʦ 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʥʠʢʘʣʴʥʳʤ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʠʤʚʦʣʦʚ. 

https://omgtu.ru/general_information/faculties/faculty_of_information_technology_and_computer_systems/50-years-fitex/
https://fais.gstu.by/it
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ʈʠʩ. 3. ʃʦʛʦʪʠʧ ʬʘʢʫʣʴʪʝʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  

ʇʝʥʟʝʥʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʩʘʡʪ) 

 

ʆʩʦʙʝʥʥʦʩʪʠ: ʃʦʛʦʪʠʧ ʚʢʣʶʯʘʝʪ ʩʪʠʣʠʟʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʠʢʨʦʩʭʝʤʳ ʠʣʠ 

ʧʨʦʮʝʩʩʦʨʘ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʩʚʷʟʴ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʎʚʝʪʦʚʘʷ ʧʘʣʠʪʨʘ: 

ʠʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʥʠʡ, ʙʝʣʳʡ ʠ ʘʢʮʝʥʪʥʦ-ʦʨʘʥʞʝʚʳʝ ʮʚʝʪʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʱʫʱʝʥʠʝ ʯʠʩʪʦʪʳ ʠ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ, ʘ ʢʦʥʪʨʘʩʪʥʳʡ ʮʚʝʪ ʧʨʠʜʘʝʪ ʩʚʝʞʝʩʪʠ. ɺʳʚʦʜ: ʃʦʛʦʪʠʧ ʚʳʛʣʷʜʠʪ 

ʩʦʚʨʝʤʝʥʥʦ, ʥʦ ʝʛʦ ʘʙʩʪʨʘʢʪʥʦʩʪʴ ʤʦʞʝʪ ʟʘʪʨʫʜʥʷʪʴ ʤʛʥʦʚʝʥʥʦʝ ʚʦʩʧʨʠʷʪʠʝ. 

ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʣʦʛʦʪʠʧʘ ʥʘʯʘʣʩʷ ʩ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʤʠʩʩʠʠ, ʮʝʥʥʦʩʪʝʡ ʠ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʬʘʢʫʣʴʪʝʪʘ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʨʘʟʨʘʙʦʪʘʪʴ ʚʠʟʫʘʣʴʥʳʡ 

ʩʠʤʚʦʣ, ʢʦʪʦʨʳʡ ʙʳ ʦʪʨʘʞʘʣ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʘʢʫʣʴʪʝʪʘ: ʦʙʫʯʝʥʠʝ, ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʥʥʦʚʘʮʠʠ ʠ ʨʦʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. ʀʜʝʷ 

ʣʦʛʦʪʠʧʘ ʚʦʟʥʠʢʣʘ ʠʟ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʯʪʦ ʬʘʢʫʣʴʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʛʨʘʝʪ 

ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʠ ʥʘʫʯʥʦʤ ʧʨʦʮʝʩʩʝ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɹʳʣʦ ʨʝʰʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʤʚʦʣ, ʢʦʪʦʨʳʡ ʙʳ ʘʩʩʦʮʠʠʨʦʚʘʣʩʷ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʠʥʪʝʣʣʝʢʪʦʤ ʠ 

ʠʥʥʦʚʘʮʠʷʤʠ. ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʳʙʦʨ ʧʘʣ ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ 

(CPU). ʇʦʯʝʤʫ CPU? ʉʠʤʚʦʣ ʠʥʪʝʣʣʝʢʪʘ: CPU ï ʵʪʦ çʤʦʟʛè ʢʦʤʧʴʶʪʝʨʘ, ʢʦʪʦʨʳʡ 

ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʠ ʫʧʨʘʚʣʷʝʪ ʚʩʝʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʕʪʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʬʘʢʫʣʴʪʝʪʘ. ʊʝʭʥʦʣʦʛʠʯʥʦʩʪʴ: CPU ʦʣʠʮʝʪʚʦʨʷʝʪ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʬʘʢʫʣʴʪʝʪʘ. ʂʦʥʮʝʧʮʠʷ ʣʦʛʦʪʠʧʘ 

ʩʪʨʦʠʪʩʷ ʥʘ ʪʦʤ, ʯʪʦʙʳ ʚʠʟʫʘʣʴʥʦ ʧʝʨʝʜʘʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʬʘʢʫʣʴʪʝʪʦʤ ʠ ʝʛʦ ʨʦʣʴʶ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʠ ʥʘʫʯʥʦʤ ʧʨʦʮʝʩʩʝ. CPU ʩʪʘʥʦʚʠʪʩʷ ʤʝʪʘʬʦʨʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʮʝʥʪʨʘ, 

ʛʜʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʟʥʘʥʠʷ, ʩʦʟʜʘʶʪʩʷ ʠʥʥʦʚʘʮʠʠ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʙʫʜʫʱʠʝ ʩʧʝʮʠʘʣʠʩʪʳ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʣʦʛʦʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ (ʨʠʩ. 4). 
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ʈʠʩ. 4. ʅʦʚʳʡ ʜʠʟʘʡʥ ʣʦʛʦʪʠʧʘ ʬʘʢʫʣʴʪʝʪʘ ʌʀʊʀʄ ʅɺɻʋ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ 

 

ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ CPU: ʉʪʠʣʠʟʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, 

ʢʦʪʦʨʦʝ ʣʝʛʢʦ ʫʟʥʘʚʘʝʤʦ ʠ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʅʘʟʚʘʥʠʝ ʬʘʢʫʣʴʪʝʪʘ: ʃʦʛʦʪʠʧ ʚʢʣʶʯʘʝʪ ʥʘʟʚʘʥʠʝ ʬʘʢʫʣʴʪʝʪʘ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ, ʯʪʦʙʳ 

ʧʦʜʯʝʨʢʥʫʪʴ ʝʛʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʅɺɻʋ ʠ ʩʜʝʣʘʪʴ ʝʛʦ ʫʟʥʘʚʘʝʤʳʤ ʜʣʷ ʨʫʩʩʢʦʷʟʳʯʥʦʡ 

ʘʫʜʠʪʦʨʠʠ. ʎʚʝʪʦʚʘʷ ʧʘʣʠʪʨʘ: ʀʩʧʦʣʴʟʦʚʘʥʳ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʦʩʥʦʚʥʦʡ ʩʪʠʣʠʩʪʠʢʝ ʅɺɻʋ, ʩʠʥʠʡ (ʩʠʤʚʦʣʠʟʠʨʫʝʪ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʜʝʞʥʦʩʪʴ) 

ʠ ʙʝʣʳʡ (ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, ʤʠʥʠʤʘʣʠʟʤ) [2]. 

ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʚ Blender [5]. ʇʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʯʘʣʩʷ ʩ ʨʘʟʨʘʙʦʪʢʠ ʬʦʨʤʳ 

CPU, ʙʳʣʠ ʚʘʨʠʘʥʪʳ ʢʘʢ ʠ ʩʦ ʩʛʣʘʞʝʥʥʳʤʠ ʫʛʣʘʤʠ, ʪʘʢ ʠ ʙʦʣʝʝ ʩʪʨʦʛʠʝ, ʦʩʪʨʳʝ ʵʣʝʤʝʥʪʳ ʚ 

ʜʠʟʘʡʥʝ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʫʥʢʮʠʠ: 

ɺʳʜʘʚʣʠʚʘʥʠʝ (Extrude). ɺʳʜʘʚʣʠʚʘʥʠʝ ï ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ Blender, 

ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʟʜʘʚʘʪʴ ʥʦʚʫʶ ʛʝʦʤʝʪʨʠʶ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʥ ʨʘʙʦʪʘʝʪ ʟʘ ʩʯʸʪ 

ʜʫʙʣʠʨʦʚʘʥʠʷ ʚʝʨʰʠʥ, ʨʸʙʝʨ ʠʣʠ ʛʨʘʥʝʡ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʤʝʱʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ 

Blender ʜʦʩʪʫʧʥʦ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʚʳʜʘʚʣʠʚʘʥʠʷ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʶ 

ʦʩʦʙʝʥʥʦʩʪʴ.  

Extrude Region (ɺʳʜʘʚʣʠʚʘʥʠʝ ʦʙʣʘʩʪʠ) ï ɻ ʪʦʪ ʠʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʦʜʥʫ ʠʣʠ 

ʥʝʩʢʦʣʴʢʦ ʛʨʘʥʝʡ, ʨʸʙʝʨ ʠʣʠ ʚʝʨʰʠʥ ʠ ʩʦʟʜʘʪʴ ʠʭ ʜʫʙʣʠʢʘʪ, ʢʦʪʦʨʳʡ ʦʩʪʘʸʪʩʷ ʩʚʷʟʘʥʥʳʤ ʩ 

ʦʨʠʛʠʥʘʣʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ: ʚʳʜʝʣʝʥʥʳʝ ʚʝʨʰʠʥʳ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʨʸʙʨʘ, ʚʳʜʝʣʝʥʥʳʝ ʨʸʙʨʘ 

ʦʙʨʘʟʫʶʪ ʥʦʚʳʝ ʛʨʘʥʠ, ʚʳʜʝʣʝʥʥʳʝ ʛʨʘʥʠ ʩʦʟʜʘʶʪ ʦʙʲʸʤʥʳʝ ʬʦʨʤʳ (ʥʘʧʨʠʤʝʨ, 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʳ ʠʟ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʠʣʠ ʮʠʣʠʥʜʨʳ ʠʟ ʦʢʨʫʞʥʦʩʪʝʡ). 

Extrude Manifold (ɺʳʜʘʚʣʠʚʘʥʠʝ ʩ ʫʜʘʣʝʥʠʝʤ ʛʨʘʥʝʡ). ʕʪʦʪ ʠʥʩʪʨʫʤʝʥʪ ʨʘʙʦʪʘʝʪ 

ʘʥʘʣʦʛʠʯʥʦ Extrude Faces (ɺʳʜʘʚʣʠʚʘʥʠʝ ʛʨʘʥʝʡ), ʥʦ ʚʢʣʶʯʘʝʪ ʬʫʥʢʮʠʶ Dissolve Orthogonal 

Edges. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʜʘʣʷʪʴ ʩʤʝʞʥʳʝ ʛʨʘʥʠ ʧʨʠ ʚʳʜʘʚʣʠʚʘʥʠʠ ʚʥʫʪʨʴ, ʯʪʦ 

ʠʟʙʘʚʣʷʝʪ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʨʫʯʥʫʶ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʛʝʦʤʝʪʨʠʶ. ʂʘʢ ʵʪʦ ʨʘʙʦʪʘʝʪ: ʝʩʣʠ 

ʦʙʳʯʥʦʝ ʚʳʜʘʚʣʠʚʘʥʠʝ ʩʦʟʜʘʸʪ ʥʦʚʳʝ ʚʥʫʪʨʝʥʥʠʝ ʛʨʘʥʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʥʫʞʥʳʤ 

ʧʝʨʝʩʝʯʝʥʠʷʤ, ʪʦ Extrude Manifold ʫʙʠʨʘʝʪ ʵʪʠ ʣʠʰʥʠʝ ʛʨʘʥʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʦʩʪʘʚʣʷʷ ʪʦʣʴʢʦ 

ʢʦʨʨʝʢʪʥʫʶ ʛʝʦʤʝʪʨʠʶ. 
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Extrude to Cursor (ɺʳʜʘʚʣʠʚʘʥʠʝ ʢ ʢʫʨʩʦʨʫ). ʕʪʦʪ ʠʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʨʘʟʤʝʱʘʪʴ 

ʥʦʚʳʝ ʚʝʨʰʠʥʳ ʚ ʪʦʯʢʝ ʢʫʨʩʦʨʘ ʤʳʰʠ, ʠʩʧʦʣʴʟʫʷ Ctrl + RMB (ʧʨʘʚʘʷ ʢʥʦʧʢʘ ʤʳʰʠ). 

ʆʩʦʙʝʥʥʦʩʪʠ: ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʩ ʚʝʨʰʠʥʘʤʠ (ʥʝʣʴʟʷ ʚʳʜʘʚʣʠʚʘʪʴ ʛʨʘʥʠ ʠʣʠ ʨʸʙʨʘ), 

ʨʘʟʤʝʱʝʥʠʝ ʚʝʨʰʠʥʳ ʟʘʚʠʩʠʪ ʦʪ ʧʦʟʠʮʠʠ 3D-ʢʫʨʩʦʨʘ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʚʝʨʰʠʥ ʦʥʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʧʨʝʜʳʜʫʱʝʡ ʚʳʜʝʣʝʥʥʦʡ ʚʝʨʰʠʥʦʡ. 

ʉʘʤʳʡ ʙʘʟʦʚʳʡ ʵʣʝʤʝʥʪ ʚ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʠ ï ʚʝʨʰʠʥʘ. ɺ Blender ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ 

ʥʦʚʳʝ ʚʝʨʰʠʥʳ, ʩʦʝʜʠʥʷʪʴ ʠʭ ʨʸʙʨʘʤʠ ʠ ʩʦʟʜʘʚʘʪʴ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʣʠʛʦʥʳ. ʉʦʟʜʘʥʠʝ 

ʩʦʝʜʠʥʸʥʥʳʭ ʚʝʨʰʠʥ: ʝʩʣʠ ʚʳʜʝʣʝʥʘ ʦʜʥʘ ʚʝʨʰʠʥʘ, Ctrl + RMB ʩʦʟʜʘʩʪ ʥʦʚʫʶ ʚʝʨʰʠʥʫ ʠ 

ʩʦʝʜʠʥʠʪ ʝʸ ʩ ʧʨʝʜʳʜʫʱʝʡ ʨʝʙʨʦʤ. ɽʩʣʠ ʚʳʜʝʣʝʥʳ ʜʚʝ ʚʝʨʰʠʥʳ, ʩʦʝʜʠʥʸʥʥʳʝ ʨʝʙʨʦʤ, Ctrl + 

RMB ʩʦʟʜʘʩʪ ʧʣʦʩʢʫʶ ʛʨʘʥʴ (ʢʚʘʜ). Blender ʠʩʧʦʣʴʟʫʝʪ ʪʝʢʫʱʠʡ ʚʠʜ ʢʘʤʝʨʳ, ʯʪʦʙʳ 

ʦʧʨʝʜʝʣʠʪʴ ʦʨʠʝʥʪʘʮʠʶ ʥʦʚʳʭ ʛʨʘʥʝʡ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʣʝʟʝʥ ʜʣʷ ʧʦʰʘʛʦʚʦʛʦ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʥʘʧʨʠʤʝʨ, ʢʘʨʢʘʩʥʳʭ ʤʦʜʝʣʝʡ. 

ʀʥʩʪʨʫʤʝʥʪ ʅʦʞ (Knife). ʀʥʩʪʨʫʤʝʥʪ Knife ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʠ, 

ʧʨʦʨʝʟʘʷ ʥʦʚʳʝ ʨʸʙʨʘ ʠ ʚʝʨʰʠʥʳ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʨʘʢʪʠʚʥʦ ʨʠʩʦʚʘʪʴ ʨʘʟʨʝʟʳ. ʂʘʢ ʨʘʙʦʪʘʝʪ 

ʠʥʩʪʨʫʤʝʥʪ ʅʦʞ: ʚʳʙʝʨʠʪʝ ʦʙʲʝʢʪ ʠ ʚʦʡʜʠʪʝ ʚ ʨʝʞʠʤ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ (Tab), ʥʘʞʤʠʪʝ K (Knife 

Tool), ʱʸʣʢʥʠʪʝ ʃʂʄ (LMB) ʚ ʤʝʩʪʝ ʧʝʨʚʦʛʦ ʨʘʟʨʝʟʘ, ʧʝʨʝʤʝʩʪʠʪʝ ʤʳʰʴ ʢ ʜʨʫʛʦʡ ʪʦʯʢʝ ʠ 

ʩʥʦʚʘ ʥʘʞʤʠʪʝ ʃʂʄ, ʥʘʞʤʠʪʝ Enter, ʯʪʦʙʳ ʟʘʚʝʨʰʠʪʴ ʨʘʟʨʝʟ. ɿʝʣʸʥʳʝ ʢʚʘʜʨʘʪʳ ï ʦʪʤʝʯʘʶʪ 

ʪʦʯʢʠ ʨʘʟʨʝʟʘ. ʂʨʘʩʥʳʝ ʢʚʘʜʨʘʪʳ ï ʧʦʢʘʟʳʚʘʶʪ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʝʨʰʠʥʳ. ɽʩʣʠ ʧʝʨʝʜ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʝʤ ʚʳʙʨʘʥʦ ʥʝʩʢʦʣʴʢʦ ʦʙʲʝʢʪʦʚ, ʨʘʟʨʝʟ ʙʫʜʝʪ ʧʨʠʤʝʥʸʥ ʢʦ ʚʩʝʤ. ʕʪʦʪ 

ʠʥʩʪʨʫʤʝʥʪ ʚʘʞʝʥ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʜʝʪʘʣʝʡ, ʦʪʚʝʨʩʪʠʡ ʠʣʠ ʠʟʤʝʥʝʥʠʠ ʬʦʨʤʳ ʦʙʲʝʢʪʦʚ. 

ʀʥʩʪʨʫʤʝʥʪ Spin (ʆʙʦʨʦʪ). Spin ʚʳʧʦʣʥʷʝʪ ʚʨʘʱʘʪʝʣʴʥʦʝ ʚʳʜʘʚʣʠʚʘʥʠʝ ʛʝʦʤʝʪʨʠʠ 

ʚʦʢʨʫʛ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʦʯʢʠ. ʂʘʢ ʨʘʙʦʪʘʝʪ Spin: ʚʳʙʝʨʠʪʝ ʛʨʘʥʴ, ʨʝʙʨʦ ʠʣʠ ʚʝʨʰʠʥʫ, 

ʫʩʪʘʥʦʚʠʪʝ 3D-ʢʫʨʩʦʨ ʚ ʪʦʯʢʝ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ, ʧʝʨʝʢʣʶʯʠʪʝʩʴ ʚ ʚʠʜ ʩʚʝʨʭʫ (Num7), ʥʘʞʤʠʪʝ 

Spin ʠ ʚʳʙʝʨʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʠ ʫʛʦʣ ʚʨʘʱʝʥʠʷ. ʕʪʦʪ ʠʥʩʪʨʫʤʝʥʪ ʧʦʣʝʟʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʘʟʳ, ʢʦʣʸʩʘ ʠʣʠ ʜʝʪʘʣʠ ʤʝʭʘʥʠʟʤʦʚ. 

ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠʩʴ ʪʝʢʩʪʫʨʳ, ʚ ʫʛʦʜʫ ʤʠʥʠʤʘʣʠʟʤʘ ʠ ʣʫʯʰʝʡ ʫʟʥʘʚʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣ ʙʳʣ 

ʚʳʙʨʘʥ ʩ ʛʣʘʜʢʦʡ, ʤʘʪʦʚʦʡ ʪʝʢʩʪʫʨʦʡ. ʆʩʚʝʱʝʥʠʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʵʬʬʝʢʪʘ ʚ 

ʦʪʪʝʥʢʘʭ, ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʢ ʩʠʥʝʤʫ, ʩ ʢʦʥʪʨʘʩʪʦʤ ʫʭʦʜʷʱʠʤ ʚ ʪʝʧʣʳʡ ʨʦʟʦʚʳʡ ʦʪʪʝʥʦʢ. 

ʅʘʜʧʠʩʴ çʌʀʊʀʄè ʙʳʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʜʠʟʘʡʥ, ʯʪʦ ʫʩʠʣʠʣʦ ʠʜʝʥʪʠʯʥʦʩʪʴ ʣʦʛʦʪʠʧʘ. ɹʳʣʦ 

ʨʝʘʣʠʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚʝʨʩʠʡ ʣʦʛʦʪʠʧʘ (ʨʠʩ. 5). 

 

 
 

ʈʠʩ. 5. ʇʨʦʪʦʪʠʧʳ 3D ʤʦʜʝʣʝʡ ʣʦʛʦʪʠʧʘ ʌʀʊʀʄ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ 
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ʈʝʥʜʝʨʠʥʛ ʠ ʟʘʢʣʶʯʝʥʠʝ. ʌʠʥʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʝʥʜʝʨʠʥʛʝ ʣʦʛʦʪʠʧʘ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʦʜʭʦʜʷʱʝʝ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʦʬʠʮʠʘʣʴʥʳʭ ʨʝʩʫʨʩʘʭ ʬʘʢʫʣʴʪʝʪʘ [2]. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ 

(ʨʠʩ. 6). 

 
 

ʈʠʩ. 6. 3D ʤʦʜʝʣʴ ʣʦʛʦʪʠʧʘ ʌʀʊʀʄ ʅɺɻʋ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ 

 

ʅʘʩʪʨʦʡʢʠ ʦʩʚʝʱʝʥʠʷ (Light Settings). Blender ʠʩʧʦʣʴʟʫʝʪ ʪʨʠ ʪʠʧʘ ʦʩʚʝʱʝʥʠʷ: ʬʦʥʦʚʦʝ 

ʦʩʚʝʱʝʥʠʝ (HDRI, Sky Texture) ï ʩʦʟʜʘʸʪ ʛʣʦʙʘʣʴʥʳʡ ʩʚʝʪ, ʦʙʲʝʢʪʳ ʩ ʵʤʠʩʩʠʦʥʥʳʤ ʰʝʡʜʝʨʦʤ 

ï ʤʦʛʫʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ, ʦʩʚʝʪʠʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ (Point, Sun, Spot, Area) ï 

ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʆʩʦʙʝʥʥʦʩʪʴ Blender: ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʥʝ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘʧʨʷʤʫʶ ʚ ʨʝʥʜʝʨʝ, ʥʦ ʚʣʠʷʶʪ ʥʘ ʩʮʝʥʫ, ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, 

ʮʚʝʪ ʠ ʪʝʥʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʘʚʠʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʜʝʣʘʝʪ ʤʦʜʝʣʠ ʨʝʘʣʠʩʪʠʯʥʳʤʠ ʠ ʫʣʫʯʰʘʝʪ 

ʚʠʟʫʘʣʠʟʘʮʠʶ. 

ʇʦʜʨʦʙʥʝʝ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʠ ʩʪʘʜʠʷʤʠ ʧʨʦʝʢʪʘ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʥʘ ʩʪʨʘʥʠʮʝ ʘʚʪʦʨʘ 

GitHab (https://clck.ru/3LUyyc) ʠʣʠ GitVerse (https://clck.ru/3LUyzt). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʩʦʟʜʘʥ ʫʥʠʢʘʣʴʥʳʡ ʣʦʛʦʪʠʧ ʬʘʢʫʣʴʪʝʪʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʪʠʣʠʟʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ (CPU) ʠ ʥʘʜʧʠʩʴ çʌʀʊʀʄè. ʃʦʛʦʪʠʧ ʙʳʣ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥ ʚ 

Blender ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʚ ʚʳʩʦʢʦʤ ʢʘʯʝʩʪʚʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʨʘʟʣʠʯʥʳʭ 

ʬʦʨʤʘʪʘʭ: ʥʘ ʩʘʡʪʝ ʬʘʢʫʣʴʪʝʪʘ, ʚ ʧʝʯʘʪʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʥʘ ʨʝʢʣʘʤʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʅʘʫʯʥʘʷ 

ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʛʨʘʬʠʯʝʩʢʦʤʫ ʜʠʟʘʡʥʫ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʘʢʫʣʴʪʝʪʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʢʘ ʣʦʛʦʪʠʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Blender 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʯʪʦ ʥʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʚʠʟʫʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʜʠʟʘʡʥʝ.  
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ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ʉʈɸɺʅɽʅʀɽ ɺʆɿʄʆɾʅʆʉʊɽʁ çRè ʀ çPYTHONè  

ɼʃʗ ʇʈʆɺɽɼɽʅʀʗ ʉʊɸʊʀʉʊʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ ɼɸʅʅʓʍ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʘʙʦʪʳ ʤʦʞʝʪ ʩʪʘʪʴ 

ʥʘʩʪʦʷʱʝʡ ʜʠʣʝʤʤʦʡ. ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʜʦʩʪʫʧʥʳʭ ʨʝʰʝʥʠʡ ʜʚʘ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ R ʠ Python. ʆʙʘ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʣʠ ʧʨʠʟʥʘʥʠʝ ʩʨʝʜʠ 

ʘʥʘʣʠʪʠʢʦʚ, ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʦʜʥʘʢʦ ʠʭ ʤʝʪʦʜʦʣʦʛʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠ ʩʬʝʨʳ 

ʧʨʠʤʝʥʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

R ʠ Python, ʠʭ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, ʘ ʪʘʢʞʝ ʧʦʩʪʘʨʘʝʤʩʷ ʧʦʤʦʯʴ ʚʘʤ ʦʧʨʝʜʝʣʠʪʴʩʷ, 

ʢʘʢʦʡ ʠʟ ʥʠʭ ʣʫʯʰʝ ʧʦʜʦʡʜʝʪ ʜʣʷ ʚʘʰʠʭ ʟʘʜʘʯ. 

ʆʙʟʦʨ R ʠ Python 

R: ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʪʘʪʠʩʪʠʢʠ 

R ʙʳʣ ʩʦʟʜʘʥ ʚ 1990-ʭ ʛʦʜʘʭ ʢʘʢ ʷʟʳʢ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ɽʛʦ ʨʘʟʨʘʙʘʪʳʚʘʣʠ ʫʯʝʥʳʝ ʜʣʷ ʫʯʝʥʳʭ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʙʠʦʠʥʬʦʨʤʘʪʠʢʘ, ʵʢʦʥʦʤʠʢʘ, ʧʩʠʭʦʣʦʛʠʷ 

ʠ ʩʦʮʠʦʣʦʛʠʷ [4]. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ R ʷʚʣʷʝʪʩʷ ʝʛʦ ʙʦʛʘʪʘʷ ʵʢʦʩʠʩʪʝʤʘ 

ʧʘʢʝʪʦʚ, ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʅʘʧʨʠʤʝʨ, ʧʘʢʝʪʳ ʜʣʷ ʙʘʡʝʩʦʚʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠʣʠ ʤʥʦʛʦʤʝʨʥʦʡ ʩʪʘʪʠʩʪʠʢʠ 

ʜʝʣʘʶʪ R ʥʝʟʘʤʝʥʠʤʳʤ ʚ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʩʨʝʜʝ. 

Python: ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʷʟʳʢ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

Python ʚʳʜʝʣʷʝʪʩʷ ʢʘʢ ʚʩʝʦʙʲʝʤʣʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʷʟʳʢʘ R. ɿʘʜʫʤʘʥʥʳʡ ʢʘʢ ʛʠʙʢʠʡ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʨʘʟʨʘʙʦʪʢʠ, ʦʥ ʧʨʠʚʣʝʢ ʰʠʨʦʢʦʝ ʧʨʠʟʥʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ ʠ 

ʧʦʥʷʪʥʦʩʪʠ, ʩʪʘʚ ʥʝʟʘʤʝʥʠʤʳʤ ʚ ʩʬʝʨʘʭ ʦʪ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ ʜʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [5]. 

ɺ ʢʦʥʪʝʢʩʪʝ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʘʥʘʣʠʟʘ, Python ʦʩʦʙʝʥʥʦ ʧʨʝʫʩʧʝʚʘʝʪ ʚ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ, 

ʦʙʨʘʙʦʪʢʝ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨ. ɹʣʘʛʦʜʘʨʷ ʤʦʱʥʦʤʫ ʥʘʙʦʨʫ 

ʙʠʙʣʠʦʪʝʢ, ʪʘʢʠʭ ʢʘʢ pandas, scikit-learn ʠ TensorFlow, Python ʟʘʚʦʝʚʘʣ ʩʪʘʪʫʩ ʟʦʣʦʪʦʛʦ 

ʩʪʘʥʜʘʨʪʘ ʚ ʠʥʜʫʩʪʨʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ʉʨʘʚʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ 

ɹʠʙʣʠʦʪʝʢʠ ʠ ʧʘʢʝʪʳ 

ʆʙʘ ʷʟʳʢʘ ʧʨʝʜʣʘʛʘʶʪ ʙʦʛʘʪʳʝ ʵʢʦʩʠʩʪʝʤʳ ʙʠʙʣʠʦʪʝʢ, ʥʦ ʠʭ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʨʘʟʣʠʯʘʝʪʩʷ. ɺ Python ʙʠʙʣʠʦʪʝʢʘ çpandasè ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʜʦʙʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʙʦʪʳ 

ʩ ʪʘʙʣʠʮʘʤʠ, ʘ NumPy ʠ SciPy ï ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ [3]. ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ statsmodels, ʘ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ï scikit-learn. 

ɺ R ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʪʘʪʠʩʪʠʢʝ. ʇʘʢʝʪʳ dplyr ʠ tidyr ʫʧʨʦʱʘʶʪ ʦʙʨʘʙʦʪʢʫ 

ʜʘʥʥʳʭ, ʘ ggplot2 ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ [2]. ɼʣʷ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ R ʝʩʪʴ ʧʘʢʝʪ caret, ʥʦ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʛʫʪ ʫʩʪʫʧʘʪʴ Python-

ʙʠʙʣʠʦʪʝʢʘʤ. 



 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ 

ɺʠʟʫʘʣʠʟʘʮʠʷ ï ʚʘʞʥʘʷ ʯʘʩʪʴ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʠ ʟʜʝʩʴ R ʠ Python ʧʨʝʜʣʘʛʘʶʪ ʨʘʟʥʳʝ 

ʧʦʜʭʦʜʳ. ɺ Python ʙʘʟʦʚʳʝ ʛʨʘʬʠʢʠ ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʩ ʧʦʤʦʱʴʶ matplotlib ʠ seaborn, ʘ ʜʣʷ 

ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ plotly. ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ, 

ʯʪʦ ggplot2 ʚ R ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʝ ʛʠʙʢʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʠ 

ʢʨʘʩʠʚʳʭ ʛʨʘʬʠʢʦʚ [2]. ɽʩʣʠ ʚʘʰʘ ʨʘʙʦʪʘ ʪʨʝʙʫʝʪ ʯʘʩʪʦʛʦ ʩʦʟʜʘʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʡ, R ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʙʦʣʝʝ ʫʜʦʙʥʳʤ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

R ʠʟʥʘʯʘʣʴʥʦ ʩʦʟʜʘʚʘʣʩʷ ʜʣʷ ʩʪʘʪʠʩʪʠʢʠ, ʧʦʵʪʦʤʫ ʝʛʦ ʧʘʢʝʪʳ ʯʘʩʪʦ ʧʨʝʜʣʘʛʘʶʪ ʙʦʣʝʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠʣʠ ʧʦʩʪʨʦʝʥʠʷ 

ʙʘʡʝʩʦʚʩʢʠʭ ʤʦʜʝʣʝʡ R ʤʦʞʝʪ ʧʨʝʜʣʦʞʠʪʴ ʙʦʣʝʝ ʫʜʦʙʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ. ɺ Python 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʯʘʩʪʦ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʙʠʙʣʠʦʪʝʢʘʭ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ. 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ 

ʇʨʠ ʚʳʙʦʨʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʢʣʶʯʝʚʳʤʠ ʘʩʧʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʫʜʦʙʩʪʚʦ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. Python ʩʪʘʥʦʚʠʪʩʷ ʙʝʩʩʧʦʨʥʳʤ ʣʠʜʝʨʦʤ ʚ 

ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ ʙʣʘʛʦʜʘʨʷ ʤʦʱʥʳʤ ʙʠʙʣʠʦʪʝʢʘʤ, ʪʘʢʠʤ ʢʘʢ scikit-learn, TensorFlow ʠ 

PyTorch, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ [1]. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ R 

ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪ ʠʥʩʪʨʫʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ caret ʠ randomForest, ʦʥʠ ʤʦʛʫʪ ʫʩʪʫʧʘʪʴ ʧʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʫ. 

ʋʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʀʥʪʝʨʬʝʡʩ ʠ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ 

ɼʣʷ Python ʦʧʪʠʤʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʩʨʝʜʳ, ʪʘʢʠʝ ʢʘʢ Jupyter Notebook, 

ʠʜʝʘʣʴʥʳʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʚʠʟʫʘʣʠʟʘʮʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʜʚʠʥʫʪʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʨʝʜʳ 

ʨʘʟʨʘʙʦʪʢʠ (IDE) ʚʨʦʜʝ VS Code ʠ PyCharm ʜʣʷ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ. ɺ R ʜʦʤʠʥʠʨʫʝʪ RStudio, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ, ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʠ ʩʦʟʜʘʥʠʷ 

ʢʦʤʧʣʝʢʩʥʳʭ ʦʪʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ RMarkdown. 

ʉʠʥʪʘʢʩʠʩ ʠ ʧʨʦʩʪʦʪʘ ʦʙʫʯʝʥʠ ̫

Python ʚʳʜʝʣʷʝʪʩʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʦʡ ʠ ʠʥʪʫʠʪʠʚʥʦʩʪʴʶ ʩʠʥʪʘʢʩʠʩʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʥʦʚʠʯʢʦʚ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ R ʠʤʝʝʪ ʙʦʣʝʝ 

ʩʣʦʞʥʳʡ ʩʠʥʪʘʢʩʠʩ, ʯʪʦ ʤʦʞʝʪ ʟʘʪʨʫʜʥʠʪʴ ʠʟʫʯʝʥʠʝ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ. 

ʈʘʙʦʪʘ ʩ ʜʘʥʥʳʤʠ 

Python ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʜʘʥʥʳʤʠ ʙʣʘʛʦʜʘʨʷ ʙʠʙʣʠʦʪʝʢʘʤ, 

ʪʘʢʠʤ ʢʘʢ Dask, ʠ ʠʥʪʝʛʨʘʮʠʠ ʩ ʦʙʣʘʯʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ. ɺ R ʪʘʢʞʝ ʝʩʪʴ ʤʦʱʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʪʘʢʠʝ ʢʘʢ dplyr ʠ data.table, ʥʦ ʦʥʠ ʤʦʛʫʪ ʫʩʪʫʧʘʪʴ ʧʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʯʝʥʴ ʙʦʣʴʰʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 

Python, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʠʥʪʝʛʨʘʮʠʠ ʩ C/C++, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʚ ʟʘʜʘʯʘʭ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ. R, ʭʦʪʷ 
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ʠ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ, ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʥʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. 

ʉʦʦʙʱʝʩʪʚʦ ʠ ʧʦʜʜʝʨʞʢʘ 

ʆʙʘ ʷʟʳʢʘ ʠʤʝʶʪ ʘʢʪʠʚʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʥʦ ʦʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ʉʦʦʙʱʝʩʪʚʦ Python ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʦ ʠ ʚʢʣʶʯʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠʟ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ, ʯʪʦ 

ʜʝʣʘʝʪ ʝʛʦ ʦʪʣʠʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʥʘʥʠʡ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ. ʉʦʦʙʱʝʩʪʚʦ R, ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʙʦʣʝʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʦ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʩʪʘʪʠʩʪʠʢʦʚ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʉʨʘʚʥʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʷʟʳʢʦʚ R ʠ Python ʥʘ ʧʨʠʤʝʨʝ ʦʪʯʝʪʦʚ ʩ ʚʳʚʦʜʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ 

ʤʦʜʝʣʠ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ.   

ʃʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʚ Python: 

import pandas as pd 

import statsmodels.api as sm 

# ɿʘʛʨʫʟʢʘ ʜʘʥʥʳʭ 

data = pd.read_csv('data.csv') 

X = data[['X1', 'X2']] 

y = data['y'] 

# ɼʦʙʘʚʣʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʠ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ 

X = sm.add_constant(X) 

model = sm.OLS(y, X).fit() 

print(model.summary()) 

 

                            OLS Regression Results                             

======================================================================= 

Dep. Variable:                      y   R-squared:                       0.978 

Model:                            OLS   Adj. R-squared:                  0.976 

Method:                 Least Squares   F-statistic:                     450.2 

Date:                Mon, 01 Jan 2024   Prob (F-statistic):           2.15e-15 

Time:                        12:00:00   Log-Likelihood:                -50.123 

No. Observations:                  30   AIC:                             106.2 

Df Residuals:                      27   BIC:                             110.5 

Df Model:                           2                                          

Covariance Type:            nonrobust                                          

======================================================================= 

                 coef    std err          t      P>|t|      [0.025      0.975] 

------------------------------------------------------------------------------ 

const          2.4567      0.123     19.987      0.000       2.203       2.710 

X1             1.2345      0.045     27.432      0.000       1.142       1.327 

X2             0.5678      0.067      8.476      0.000       0.430       0.706 

======================================================================= 
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Omnibus:                        1.234   Durbin-Watson:                   2.012 

Prob(Omnibus):                  0.540   Jarque-Bera (JB):                0.987 

Skew:                          -0.123   Prob(JB):                        0.610 

Kurtosis:                       2.567   Cond. No.                         12.3 

======================================================================= 

Notes: 

[1] Standard Errors assume that the covariance matrix of the errors is correctly specified. 

 

ʃʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʚ R: 

# ɿʘʛʨʫʟʢʘ ʜʘʥʥʳʭ 

data <- read.csv('data.csv') 

# ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ 

model <- lm(y ~ X1 + X2, data=data) 

summary(model) 

======================================================================= 

Call: 

lm(formula = y ~ X1 + X2, data = data) 

 

Residuals: 

    Min      1Q  Median      3Q     Max  

-1.1234 -0.4567  0.0123  0.3456  1.2345  

 

Coefficients: 

            Estimate Std. Error t value Pr(>|t|)     

(Intercept)  2.45670    0.12345  19.987  < 2e-16 ***  

X1           1.23450    0.04500  27.432  < 2e-16 ***  

X2           0.56780    0.06700   8.476 1.23e-09 ***  

--- 

Signif. codes:  0 ó***ô 0.001 ó**ô 0.01 ó*ô 0.05 ó.ô 0.1 ó ô 1 

 

Residual standard error: 0.5678 on 27 degrees of freedom 

Multiple R-squared:  0.978,     Adjusted R-squared:  0.976  

F-statistic: 450.2 on 2 and 27 DF,  p-value: < 2.2e-16 

======================================================================= 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ R ʠ Python ʚ ʢʦʥʪʝʢʩʪʝ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ 

ʧʦʩʪʨʦʠʤ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʪʘʙʣʠʮʫ (ʪʘʙʣ.). 
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ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ 

 

ʂʨʠʪʝʨʠʡ Python (statsmodels) R (base) 

ʌʦʨʤʘʪ ʚʳʚʦʜʘ 
ʇʦʜʨʦʙʥʳʡ ʦʪʯʸʪ (R-squared, ʪʝʩʪʳ, 

ʠʥʪʝʨʚʘʣʳ) 

ʃʘʢʦʥʠʯʥʳʡ ʦʪʯʸʪ (ʟʥʘʯʠʤʦʩʪʴ 

ʯʝʨʝʟ ***, **)  

ɼʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ɼʘ ([0.025, 0.975]) ʅʝʪ 

ʊʝʩʪʳ ʥʘ ʦʩʪʘʪʢʠ 
ʅʦʨʤʘʣʴʥʦʩʪʴ (Jarque-Bera), 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʷ (DW) 
ʅʝʪ 

ʊʝʩʪ ʥʘ 

ʤʫʣʴʪʠʢʦʣʣʠʥʝʘʨʥʦʩʪʴ 
ʋʢʘʟʘʥ Cond. No. ʅʝʪ 

ʋʢʘʟʘʥʠʝ ʫʨʦʚʥʷ 

ʟʥʘʯʠʤʦʩʪʠ 
p-ʟʥʘʯʝʥʠʷ, ʥʦ ʙʝʟ ʤʘʨʢʠʨʦʚʢʠ (***) ʄʘʨʢʠʨʦʚʢʘ (***, **,  *)  

ʋʜʦʙʩʪʚʦ ʘʥʘʣʠʟʘ ɼʣʷ ʫʛʣʫʙʣʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ɼʣʷ ʙʳʩʪʨʦʡ ʦʮʝʥʢʠ ʤʦʜʝʣʠ 

 

ʂʘʢ ʠʪʦʛ, ʤʳ ʤʦʞʝʤ ʩʨʘʚʥʠʪʴ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ R ʠ Python. 

ʇʣʶʩʳ ʠ ʤʠʥʫʩʳ ʢʘʞʜʦʛʦ ʷʟʳʢʘ 

Python: 

ʇʣʶʩʳ: 

ï ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʦʙʫʯʝʥʠʷ, ʠʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʄʠʥʫʩʳ: 

ï ʄʝʥʝʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ ʜʣʷ ʩʪʘʪʠʩʪʠʢʠ, ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʤʥʦʞʝʩʪʚʘ ʙʠʙʣʠʦʪʝʢ. 

R: 

ʇʣʶʩʳ: 

ï ʄʦʱʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʢʝʪʳ, ʦʪʣʠʯʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ, ʘʢʪʠʚʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʚ 

ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʩʨʝʜʝ. 

ʄʠʥʫʩʳ: 

ï ʉʣʦʞʥʳʡ ʩʠʥʪʘʢʩʠʩ, ʤʝʥʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʙʱʝʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʦʩʦʟʥʘʥʥʳʡ ʚʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʥʢʨʝʪʥʳʤ 

ʧʦʪʨʝʙʥʦʩʪʷʤ, ʧʨʝʜʩʪʘʚʠʤ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʧʦʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ 

ɽʩʣʠ ʚʳ ʨʘʙʦʪʘʝʪʝ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʣʠ ʚʘʤ ʥʫʞʝʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, Python ʙʫʜʝʪ ʦʪʣʠʯʥʳʤ ʚʳʙʦʨʦʤ. ɽʩʣʠ ʞʝ ʚʘʰʘ ʨʘʙʦʪʘ 

ʩʚʷʟʘʥʘ ʩ ʘʢʘʜʝʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠʣʠ ʩʣʦʞʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ, R ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

Python ʠ R ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʘ ʤʦʱʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ 

ʫʥʠʢʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. Python ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʧʦʜʭʦʜʷʱʫʶ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ, ʚʢʣʶʯʘʷ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʚʝʙ-ʨʘʟʨʘʙʦʪʢʫ ʠ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. R ʦʩʪʘʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ɺʳʙʦʨ ʤʝʞʜʫ ʥʠʤʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʆʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʤʦʞʝʪ ʩʪʘʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʠʭ ʷʟʳʢʦʚ, 
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ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʙʠʙʣʠʦʪʝʢʫ rpy2 ʚ Python, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʣʫʯʰʝʝ ʠʟ ʢʘʞʜʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ. 
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ʛ. ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ʄʀʂʈʆʇʈʆʎɽʉʉʆʈʅʆʁ ʉʀʉʊɽʄʓ  

ɼʃʗ ʄʆʅʀʊʆʈʀʅɻɸ ʇʆʂɸɿɸʅʀʁ ɼɸʊʏʀʂʆɺ ɺ ʉɽʈɺɽʈʅʆʁ 

ʉ ʨʘʟʚʠʪʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʜʥʦʢʨʠʩʪʘʣʴʥʳʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʠ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʦʪʢʨʳʚʘʶʪʩʷ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ ʩʘʤʳʝ ʨʘʟʥʳʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ [3]. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʨʚʝʨʥʦʡ ʢʦʤʥʘʪʳ ʥʘ ʙʘʟʝ ʦʜʥʦʢʨʠʩʪʘʣʴʥʦʛʦ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32 ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ 2G-ʩʝʪʠ (GPRS), 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩ ʩʝʨʚʝʨʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʥʘʙʦʨʘ ʜʘʪʯʠʢʦʚ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ ʧʦʢʘʟʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʦʪʢʣʶʯʝʥʠʝ ʩʝʨʚʝʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ ʧʫʪʝʤ ʧʦʜʘʯʠ ʩʠʛʥʘʣʘ ʩ ʛʦʣʦʚʥʦʛʦ ʫʟʣʘ. ʈʘʙʦʪʘ ʷʚʣʷʝʪʩʷ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʙʦʪʳ [4]. ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʜʦʧʦʣʥʝʥʠʷʭ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷʭ 

ʧʨʦʝʢʪʘ. 

ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ STM32F446 ʠ 

GSM/GPRS-ʤʦʜʫʣʝ SIM800. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʥʘʧʠʩʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ HAL ʚ 

ʩʨʝʜʝ STM32CubeIDE. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʝʩʪʴ ʨʷʜ ʧʨʦʝʢʪʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ 

ʘʥʘʣʦʛʠʯʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ STM32 ʠ 

GPRS-ʤʦʜʝʤʦʤ (https://clck.ru/3Gg4fv). ʍʦʪʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʛʦʨʦʜʘʭ, ʧʦʢʨʳʪʠʝ ʩʝʪʠ 4G LTE ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʦʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 2G-ʤʦʜʝʤʦʚ 

ʦʧʨʘʚʜʘʥʦ ʥʠʟʢʦʡ ʮʝʥʦʡ, ʜʦʩʪʫʧʥʦʩʪʴʶ ʚ ʧʨʦʜʘʞʝ, ʥʘʣʠʯʠʝʤ ʧʦʜʦʙʥʳʭ ʤʦʜʫʣʝʡ ʚ ʢʦʨʧʫʩʘʭ, 

ʜʦʧʫʩʢʘʶʱʠʭ ʨʫʯʥʦʡ ʤʦʥʪʘʞ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʟʨʘʙʦʪʢʝ, ʛʜʝ ʦʙʲʝʤ ʪʨʘʬʠʢʘ ʦʛʨʘʥʠʯʝʥ 

ʧʝʨʝʜʘʯʝʡ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʦʚ, ʚʦʟʤʦʞʥʦʩʪʝʡ 2G-ʤʦʜʝʤʘ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ.  

ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ FreeRTOS. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʘʜʘʯʠ FreeRTOS ʠ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʠʩʭʦʜʥʦʤ ʧʨʦʝʢʪʝ (https://clck.ru/3Gg4f6) [4]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ 

ʨʝʬʘʢʪʦʨʠʥʛ ʢʦʜʘ [6]. ʇʘʨʘʤʝʪʨʳ (ʪʘʡʤʘʫʪʳ, ʨʘʟʤʝʨʳ ʙʫʬʝʨʦʚ) ʙʳʣʠ ʚʳʥʝʩʝʥʳ ʚ ʦʪʜʝʣʴʥʳʡ 

ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ; ʜʣʷ ʛʨʫʧʧʠʨʦʚʢʠ ʧʝʨʝʤʝʥʥʳʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʢʘʟʘʥʠʝʤ ʜʘʪʯʠʢʦʚ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ), ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʭʨʘʥʠʣʠʩʴ ʨʘʟʨʦʟʥʝʥʥʦ, ʚʳʜʝʣʝʥʘ ʦʪʜʝʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ SensorData; ʫʜʘʣʝʥʘ ʯʘʩʪʴ ʬʫʥʢʮʠʡ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʜʫʙʣʠʨʦʚʘʣʘʩʴ (ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʦʙʝʩʧʝʯʝʥʠʷ DRY (Donôt Repeat Yourself)). ʃʦʛʠʢʘ ʨʘʙʦʪʳ ʩ 

ʤʦʜʫʣʝʤ SIM800 ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʚ ʦʪʜʝʣʴʥʳʡ ʬʘʡʣ SIM800.c, ʯʪʦ ʫʣʫʯʰʠʣʦ ʩʪʨʫʢʪʫʨʫ 

ʧʨʦʝʢʪʘ. AT-ʢʦʤʘʥʜʳ ʙʳʣʠ ʠʥʢʘʧʫʩʣʠʨʦʚʘʥʳ ʚ ʦʪʜʝʣʴʥʳʡ ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ AT_strings.h. 

ʆʙʥʦʚʣʝʥʥʳʡ ʢʦʜ ʙʫʜʝʪ ʦʧʫʙʣʠʢʦʚʘʥ ʚ ʦʪʜʝʣʴʥʦʡ ʚʝʪʢʝ ʠʩʭʦʜʥʦʛʦ ʨʝʧʦʟʠʪʦʨʠʷ 

(https://clck.ru/3Gg4f6). 

ɼʣʷ ʚʳʚʦʜʘ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʩʭʦʜʥʦʤ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʪʝʨʬʝʡʩ UART. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʪʣʘʜʦʯʥʳʭ 

ʩʦʦʙʱʝʥʠʡ ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʫʶ ʩʠʩʪʝʤʫ ʙʳʣ ʠʥʪʝʛʨʠʨʦʚʘʥ ʛʨʘʬʠʯʝʩʢʠʡ OLED-ʜʠʩʧʣʝʡ ʥʘ 
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ʢʦʥʪʨʦʣʣʝʨʝ SH1106 ʩ ʨʘʟʨʝʰʝʥʠʝʤ 128Ĭ64, ʧʝʨʝʜʘʶʱʠʡ ʜʘʥʥʳʝ ʧʦ ʰʠʥʝ I2C. ɼʣʷ ʨʘʙʦʪʳ ʩ 

ʜʠʩʧʣʝʝʤ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ stm32-ssd1306 (https://clck.ru/3Gg4jn). 

 

 
 

ʈʠʩ. 1. ɿʘʜʘʯʠ FreeRTOS ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

 

ʀʩʭʦʜʥʘʷ ʚʝʨʩʠʷ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʘ ʣʠʥʝʡʥʳʡ ʩʪʘʙʠʣʠʟʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʩ 

ʧʠʪʘʥʠʝʤ ʦʪ ʩʝʪʠ 12 ɺ, ʥʦ ʩʥʘʯʘʣʘ ʥʘʧʨʷʞʝʥʠʝ ʧʦʥʠʞʘʣʦʩʴ ʠʤʧʫʣʴʩʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ 

ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʣʠʥʝʡʥʳʡ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʩʝʪʠ ʫʩʪʨʦʡʩʪʚʦ ʧʦʣʥʦʩʪʴʶ ʪʝʨʷʣʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʨʘʟʨʘʙʦʪʘʥʘ ʛʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʦʪ ʩʝʪʠ ʩ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ ʦʪ ʙʘʪʘʨʝʠ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʟʘʨʷʜʦʤ (ʨʠʩ. 2). 

ɿʜʝʩʴ P-IN ï ʚʭʦʜ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 15-18 ɺ, P-OUT ïʚʳʭʦʜ ʥʘ ʧʠʪʘʥʠʝ ʩʭʝʤʳ (12 ɺʦʣʴʪ), 

BAT ï ʨʘʟʲʝʤ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʘʢʢʫʤʫʣʷʪʦʨʘ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʦʙʩʣʫʞʠʚʘʝʤʳʡ ʩʚʠʥʮʦʚʦ-

ʢʠʩʣʦʪʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ). ʉ ʧʦʤʦʱʴʶ ʧʝʨʝʤʝʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ PR1 ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

https://clck.ru/3Gg4jn
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ʥʘʧʨʷʞʝʥʠʝ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʘ. ɺ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ ʫʩʪʨʦʡʩʪʚʦ ʧʠʪʘʝʪʩʷ ʦʪ ʩʝʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʩʪʦʷʥʥʫʶ ʨʘʙʦʪʫ ʠ ʧʦʜʟʘʨʷʜʢʫ ʨʝʟʝʨʚʥʦʡ ʙʘʪʘʨʝʠ. ʇʨʠ ʧʨʦʧʘʜʘʥʠʠ ʩʝʪʝʚʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʫʩʪʨʦʡʩʪʚʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʥʘ ʙʘʪʘʨʝʡʥʦʝ ʧʠʪʘʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

 

 
 

ʈʠʩ. 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʦʜʫʣʷ ʨʝʟʝʨʚʥʦʛʦ ʧʠʪʘʥʠʷ 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤʳ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʬʫʥʢʮʠʷ ʘʚʘʨʠʡʥʦʛʦ 

ʦʪʢʣʶʯʝʥʠʷ ʩʝʨʚʝʨʘ, ʘʢʪʠʚʠʨʫʝʤʘʷ ʫʩʪʨʦʡʩʪʚʦʤ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʢʨʠʪʠʯʝʩʢʠʭ 

ʩʠʪʫʘʮʠʡ (ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʟʘʜʳʤʣʝʥʠʝ). ʆʪʢʣʶʯʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʧʦ COM-ʧʦʨʪʫ ʥʘ ʛʣʘʚʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʫʟʝʣ, ʛʜʝ ʟʘʧʫʱʝʥ ʜʝʤʦʥ, 

ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʵʪʦʪ ʩʠʛʥʘʣ. ɼʣʷ ʩʚʷʟʠ ʠʩʧʦʣʴʟʦʚʘʥ ʠʥʪʝʨʬʝʡʩ RS-485 ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ.  

ɸʣʛʦʨʠʪʤ ʘʚʘʨʠʡʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʘʚʘʨʠʡʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʩʝʨʚʝʨʘ 

 

ɺʥʝʜʨʝʥʠʝ ʤʦʜʝʣʠ ʧʨʝʜʩʢʘʟʘʥʠʷ (ʙʫʜʝʪ ʦʧʠʩʘʥʦ ʥʠʞʝ) ʧʦʪʨʝʙʦʚʘʣʦ ʤʦʜʠʬʠʢʘʮʠʠ 

ʠʩʭʦʜʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ. ʊʝʧʝʨʴ ʦʥʘ ʚʢʣʶʯʘʝʪ ʚʠʨʪʫʘʣʴʥʳʡ ʚʳʜʝʣʝʥʥʳʡ ʩʝʨʚʝʨ 

(VDS), ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʫʶ ʩʠʩʪʝʤʫ ʠ ʛʣʘʚʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʫʟʝʣ ʢʣʘʩʪʝʨʘ (ʨʠʩ. 4). ʅʘ 

ʚʠʨʪʫʘʣʴʥʦʤ ʩʝʨʚʝʨʝ ʨʘʟʚʝʨʥʫʪʳ MQTT ʙʨʦʢʝʨ (nanomq), ʚʝʙ-ʢʣʠʝʥʪ-ʩʝʨʚʝʨ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ 

ʥʘ ʷʟʳʢʝ Python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ Flask, ʘ ʪʘʢʞʝ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ [3, c. 

284]. ɺʝʙ-ʢʣʠʝʥʪ-ʩʝʨʚʝʨ ʩʣʫʞʠʪ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʟʚʝʥʦʤ ʤʝʞʜʫ MQTT-ʙʨʦʢʝʨʦʤ ʠ ʚʝʙ-

ʢʣʠʝʥʪʘʤʠ. ʄʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʠ ʩʦ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʛʨʘʜʠʝʥʪʥʳʤ ʩʧʫʩʢʦʤ (SGDRegressor). ʆʥʘ ʯʠʪʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʩ ʪʦʧʠʢʘ 

ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʠ ʦʙʫʯʘʝʪʩʷ ʥʘ ʥʝʡ, ʜʘʣʝʝ ʧʫʙʣʠʢʫʝʪ ʨʝʟʫʣʴʪʘʪʳ ʚ ʪʦʧʠʢ ʧʨʝʜʩʢʘʟʘʥʠʡ, 

ʩʪʨʦʠʪ ʛʨʘʬʠʢʠ ʠ ʩʦʭʨʘʥʷʝʪ ʠʭ ʚ ʧʘʧʢʫ. ʄʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʷʟʳʢʝ Python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʘʢʝʪʦʚ os, csv, pandas, scikit-learn, matplotlib, seaborn. 
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ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʘ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

 

ʇʨʝʜʩʢʘʟʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʧʨʝʚʝʥʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʨʦʛʘ, ʩʠʩʪʝʤʘ ʤʦʞʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʢʣʶʯʠʪʴ ʩʝʨʚʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʷʪʴ ʤʝʨʳ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʙʦʝʚ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʫʱʝʨʙʘ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ Python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ scikit-learn ʠ 

ʧʦʩʪʨʦʝʥʦ ʥʘ ʦʩʥʦʚʝ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʛʨʘʜʠʝʥʪʥʳʤ ʩʧʫʩʢʦʤ 

(SGDRegressor) [5; 7]. ɺ ʙrʦʨ ʵʪʦʡ ʤʦʜʝʣʠ ʦʙʫʩʣʦʚʣʝʥ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʣʷ ʦʥʣʘʡʥ-

ʦʙʫʯʝʥʠʷ ʠ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ. ʆʥʘ ʦʙʫʯʘʝʪʩʷ ʥʘ ʜʘʥʥʳʭ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʚʣʘʞʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ MQTT ʪʦʧʠʢʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʘʛʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʢʦʣʴʟʷʱʠʝ ʩʨʝʜʥʠʝ. ʉʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʚ 

ʨʝʞʠʤʝ ʦʥʣʘʡʥ, ʨʘʟ ʚ ʤʠʥʫʪʫ ʦʙʥʦʚʣʷʷ ʧʨʦʛʥʦʟ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʜʘʥʥʳʭ. 

ɺʝʙ-ʢʣʠʝʥʪ-ʩʝʨʚʝʨ, ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʪʨʘʥʠʮ: 

1) ɻʣʘʚʥʘʷ (/). ʆʪʦʙʨʘʞʘʝʪ ʪʝʢʫʱʠʝ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʣʘʞʥʦʩʪʴ, ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʟʘ 

ʧʦʩʣʝʜʥʠʡ ʯʘʩ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʪʨʝʥʜʘ (ʧʦʚʳʰʘʝʪʩʷ, ʧʦʥʠʞʘʝʪʩʷ, ʧʨʠʤʝʨʥʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ), 

ʧʦʩʣʝʜʥʠʡ ʧʨʦʛʥʦʟ ʠ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʩʝʟʦʥʥʦʩʪʠ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ ʦʙʥʦʚʣʷʶʪʩʷ 

ʘʩʠʥʭʨʦʥʥʦ ʩ ʧʦʤʦʱʴʶ JavaScript ʢʘʞʜʳʝ 60 ʩʝʢʫʥʜ [1]. ʊʨʝʥʜʳ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʚʠʟʫʘʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʩʪʨʝʣʦʢ (ʚʚʝʨʭ, ʚʥʠʟ, ʥʝʡʪʨʘʣʴʥʦ). ɻʨʘʬʠʢʠ 

ʧʦʜʛʨʫʞʘʶʪʩʷ ʢʘʢ ʠʟʦʙʨʘʞʝʥʠʷ, ʠ ʠʭ ʚʝʨʩʠʷ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ. 

2) ʉʪʨʘʥʠʮʘ ʜʘʥʥʳʭ (/data). ʇʨʝʜʩʪʘʚʣʷʝʪ ʪʘʙʣʠʮʳ ʩ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʤʦʜʝʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʜʣʷ ʫʜʦʙʥʦʛʦ ʩʨʘʚʥʝʥʠʷ. 
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3) ʉʪʨʘʥʠʮʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʦʜʝʣʠ (/model-info). ʆʪʦʙʨʘʞʘʝʪ ʛʨʘʬʠʢ ʩʨʘʚʥʝʥʠʷ 

ʧʨʝʜʩʢʘʟʘʥʠʡ ʩ ʨʝʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʤʝʪʨʠʢʠ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ (MSE, MAE, RĮ) ʟʘ 

ʧʦʩʣʝʜʥʠʝ 24 ʯʘʩʘ ʠ ʪʘʙʣʠʮʫ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘ ʧʦʩʣʝʜʥʠʡ ʯʘʩ. ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ 

ʪʘʢʞʝ ʦʙʥʦʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ. 

ɺ ʠʩʭʦʜʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʙʥʦʚʣʝʥʠʷ ʧʨʦʰʠʚʢʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ 

ʠʟ-ʟʘ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʠʭ ʨʝʣʝ, ʩʣʦʞʥʘʷ ʣʦʛʠʢʘ ʠ 

ʩʥʠʞʝʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠʟ-ʟʘ ʧʝʨʝʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʰʠʥʦʡ SPI ʯʝʨʝʟ UART, ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʥʦʞʝʢ ʦʩʥʦʚʥʦʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ [4]. ɺ ʩʚʷʟʠ ʵʪʠʤ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ 

ʚʝʨʩʠʷ (ʨʠʩ. 5) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ʟʘʛʨʫʟʯʠʢʘ. 

 

 
 

ʈʠʩ. 5. ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʥʦʚʣʝʥʠʷ ʧʨʦʰʠʚʢʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

 

ɺ ʥʝʡ ʠʩʢʣʶʯʝʥʳ ʚʪʦʨʦʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʠʥʪʝʨʬʝʡʩ SPI ʠ ʨʝʣʝ. ʆʙʱʘʷ ʢʦʥʮʝʧʮʠʷ 

ʦʙʥʦʚʣʝʥʠʷ ʧʨʦʰʠʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʢʥʠʛʝ ʃʘʢʘʤʝʨʘ [2, ʩ. 103]. 
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ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ʀʅʊɽʈɸʂʊʀɺʅʆʁ ʅɸɺʀɻɸʎʀʀ ɼʃʗ ʋʏɽɹʅʓʍ ɿɸɺɽɼɽʅʀʁ   

ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʥʘʚʠʛʘʮʠʷ ï ʵʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʨʠʝʥʪʠʨʦʚʘʥʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ 

ʩʠʩʪʝʤʦʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʪʘʪʠʯʥʳʭ ʢʘʨʪ ʠ ʫʢʘʟʘʪʝʣʝʡ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ, ʥʦ ʠ ʘʢʪʠʚʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʘʥʥʳʤʠ: ʧʨʦʢʣʘʜʳʚʘʪʴ ʤʘʨʰʨʫʪʳ, ʠʩʢʘʪʴ ʦʙʲʝʢʪʳ, ʧʦʣʫʯʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʜʘʞʝ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʥʪʝʨʬʝʡʩ ʧʦʜ ʩʚʦʠ ʧʦʪʨʝʙʥʦʩʪʠ. ʊʘʢʠʝ 

ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʩʬʝʨʘʭ ï ʦʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʠ 

ʪʦʨʛʦʚʳʭ ʮʝʥʪʨʦʚ ʜʦ ʘʵʨʦʧʦʨʪʦʚ, ʙʦʣʴʥʠʮ, ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. 

ʀʩʪʦʨʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʥʘʚʠʛʘʮʠʠ ʫʭʦʜʠʪ ʢʦʨʥʷʤʠ ʚ ʨʘʟʚʠʪʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ (GIS) ʚ ʢʦʥʮʝ XX ʚʝʢʘ, ʢʦʛʜʘ ʧʝʨʚʳʝ ʮʠʬʨʦʚʳʝ ʢʘʨʪʳ ʥʘʯʘʣʠ ʟʘʤʝʥʷʪʴ ʙʫʤʘʞʥʳʝ 

ʘʥʘʣʦʛʠ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʩʝʥʩʦʨʥʳʭ ʵʢʨʘʥʦʚ, ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʥʘʯʘʣʝ XXI ʚʝʢʘ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʥʘʚʠʛʘʮʠʷ ʩʪʘʣʘ ʜʦʩʪʫʧʥʦʡ ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʠ. ʉʝʛʦʜʥʷ 

ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ, ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ ʠ 

ʜʨʫʛʠʤʠ ʠʥʥʦʚʘʮʠʷʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʝʱʸ ʙʦʣʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠ ʫʜʦʙʥʳʤʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʨʦʩʪ ʤʦʙʠʣʴʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ï ʣʶʜʠ ʚʩʸ ʯʘʱʝ 

ʧʦʩʝʱʘʶʪ ʥʝʟʥʘʢʦʤʳʝ ʤʝʩʪʘ, ʙʫʜʴ ʪʦ ʥʦʚʳʝ ʛʦʨʦʜʘ, ʢʨʫʧʥʳʝ ʢʘʤʧʫʩʳ ʠʣʠ ʤʥʦʛʦʵʪʘʞʥʳʝ 

ʟʜʘʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʠ ʨʘʟʚʠʪʠʝ "ʫʤʥʳʭ" ʪʝʭʥʦʣʦʛʠʡ ʜʝʣʘʶʪ ʪʘʢʠʝ ʩʠʩʪʝʤʳ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. ʅʘʢʦʥʝʮ, ʠʥʪʝʨʘʢʪʠʚʥʘʷ 

ʥʘʚʠʛʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʘʤ ʠʥʢʣʶʟʠʚʥʦʛʦ ʜʠʟʘʡʥʘ ʠ ʪʨʝʙʦʚʘʥʠʷʤ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʪʘʢʠʭ ʢʘʢ WCAG (Web Content Accessibility Guidelines). 

ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʥʘʚʠʛʘʮʠʠ ʦʭʚʘʪʳʚʘʶʪ ʤʥʦʞʝʩʪʚʦ ʩʬʝʨ. ɺ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʤʦʛʘʶʪ ʩʪʫʜʝʥʪʘʤ ʠ ʛʦʩʪʷʤ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ 

ʚ ʢʘʤʧʫʩʘʭ, ʥʘʭʦʜʠʪʴ ʘʫʜʠʪʦʨʠʠ ʠ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʠʩʘʥʠʠ. ɺ ʤʝʜʠʮʠʥʩʢʠʭ 

ʫʯʨʝʞʜʝʥʠʷʭ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʪʝʨʤʠʥʘʣʳ ʫʧʨʦʱʘʶʪ ʧʦʠʩʢ ʢʘʙʠʥʝʪʦʚ ʚʨʘʯʝʡ ʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʘ. ɺ ʪʦʨʛʦʚʳʭ ʮʝʥʪʨʘʭ ʠ 

ʘʵʨʦʧʦʨʪʘʭ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʥʘʚʠʛʘʮʠʷ ʧʦʚʳʰʘʝʪ ʫʜʦʙʩʪʚʦ ʜʣʷ ʧʦʩʝʪʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʩʣʫʞʠʪ 

ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʨʝʢʣʘʤʳ. ʊʫʨʠʩʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʧʫʪʝʚʦʜʠʪʝʣʝʡ, ʘ ʪʨʘʥʩʧʦʨʪʥʳʝ ʫʟʣʳ ï ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ 

ʧʘʩʩʘʞʠʨʦʚ. 

ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʥʘʚʠʛʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʨʤʠʥʘʣʦʚ ï ʵʪʦ 

ʮʠʬʨʦʚʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ, ʟʜʘʥʠʡ, ʥʘ 
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ʦʪʢʨʳʪʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʠ ʚʥʫʪʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʩʝʥʩʦʨʥʳʭ 

ʠʥʬʦʢʠʦʩʢʘʭ ʠ ʩʪʦʣʘʭ ʩ ʩʝʥʩʦʨʥʳʤ ʵʢʨʘʥʦʤ. ʕʪʠ ʩʠʩʪʝʤʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʠʟʫʘʣʴʥʳʝ 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʢʘʨʪʳ ʠ ʧʨʦʢʣʘʜʳʚʘʶʪ ʤʘʨʰʨʫʪʳ ʜʦ ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʜʘʚʘʷ ʧʦʣʥʦʝ 

ʦʧʠʩʘʥʠʝ ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ. ʊʘʢʞʝ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʨʝʢʣʘʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʪʘʣʦʛʦʚ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. 

ʆʙʟʦʨ ʘʥʘʣʦʛʦʚ ʠ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʙʳʣ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ, 

ʦʙʱʝʩʪʚʝʥʥʳʭ, ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ [5]. ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ 

ʧʨʠʤʝʨʦʚ: 

1. ʉʠʩʪʝʤʘ Wayfinding (ʫʥʠʚʝʨʩʠʪʝʪ ʉʪʵʥʬʦʨʜʘ, ʉʐɸ) 

- ʆʩʦʙʝʥʥʦʩʪʠ: ʄʥʦʛʦʫʨʦʚʥʝʚʳʝ ʢʘʨʪʳ ʟʜʘʥʠʡ, ʠʥʪʝʛʨʘʮʠʷ ʩ ʤʦʙʠʣʴʥʳʤʠ 

ʧʨʠʣʦʞʝʥʠʷʤʠ, ʧʦʜʜʝʨʞʢʘ ʧʦʠʩʢʘ ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ.  

- ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʉʝʥʩʦʨʥʳʝ ʪʝʨʤʠʥʘʣʳ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʵʢʨʘʥʘ 

(Full HD), ʧʦʜʜʝʨʞʢʘ 3D-ʚʠʟʫʘʣʠʟʘʮʠʠ, ʦʙʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʯʝʨʝʟ 

ʦʙʣʘʯʥʳʝ ʩʝʨʚʝʨʳ.  

- ʇʨʝʠʤʫʱʝʩʪʚʘ: ɺʳʩʦʢʘʷ ʜʝʪʘʣʠʟʘʮʠʷ, ʘʜʘʧʪʠʚʥʦʩʪʴ ʧʦʜ ʨʘʟʥʳʝ ʫʩʪʨʦʡʩʪʚʘ.  

- ʅʝʜʦʩʪʘʪʢʠ: ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

2. Touchscreen Kiosks (ʊʦʨʛʦʚʳʡ ʮʝʥʪʨ Dubai Mall, ʆɸʕ) 

- ʆʩʦʙʝʥʥʦʩʪʠ: ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʢʘʨʪʳ ʩ ʤʘʨʰʨʫʪʠʟʘʮʠʝʡ, ʬʫʥʢʮʠʷ ʚʳʙʦʨʘ 

ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ, ʧʦʜʜʝʨʞʢʘ ʥʝʩʢʦʣʴʢʠʭ ʷʟʳʢʦʚ.  

- ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʉʝʥʩʦʨʥʳʝ ʵʢʨʘʥʳ ʩ ʜʠʘʛʦʥʘʣʴʶ 32ï55 ʜʶʡʤʦʚ, 

ʠʥʪʝʛʨʘʮʠʷ ʩ GPS, ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʨʝʢʣʘʤʥʳʭ ʙʣʦʢʦʚ.  

- ʇʨʝʠʤʫʱʝʩʪʚʘ: ʋʜʦʙʩʪʚʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʛʠʙʢʦʩʪʴ ʢʦʥʪʝʥʪʘ, ʫʤʝʨʝʥʥʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ.  

- ʅʝʜʦʩʪʘʪʢʠ: ʆʛʨʘʥʠʯʝʥʥʘʷ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʷʭ ʙʝʟ ʜʦʨʘʙʦʪʢʠ. 

3. EduNavi (ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʢʘʤʧʫʩ ʚ ʗʧʦʥʠʠ) 

- ʆʩʦʙʝʥʥʦʩʪʠ: ʇʦʜʨʦʙʥʳʝ ʩʭʝʤʳ ʢʦʨʧʫʩʦʚ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷʭ ʠ 

ʨʘʩʧʠʩʘʥʠʠ, ʧʦʜʜʝʨʞʢʘ ʛʦʣʦʩʦʚʦʛʦ ʚʚʦʜʘ.  

- ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʊʝʨʤʠʥʘʣʳ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 4K, ʤʥʦʛʦʩʣʦʡʥʳʝ ʢʘʨʪʳ, 

ʠʥʪʝʛʨʘʮʠʷ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʘ.  

- ʇʨʝʠʤʫʱʝʩʪʚʘ: ɺʳʩʦʢʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ, ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ.  

- ʅʝʜʦʩʪʘʪʢʠ: ʉʣʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ, ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʧʧʘʨʘʪʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ. 

4. Hospital Navigator (ʂʣʠʥʠʢʘ ʄʘʡʦ, ʉʐɸ) 

- ʆʩʦʙʝʥʥʦʩʪʠ: ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʢʘʨʪʳ ʙʦʣʴʥʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʫʢʘʟʘʥʠʝʤ ʢʘʙʠʥʝʪʦʚ, 

ʦʪʜʝʣʝʥʠʡ, ʟʦʥ ʦʞʠʜʘʥʠʷ ʠ ʧʘʨʢʦʚʦʢ. ʇʦʜʜʝʨʞʢʘ ʠʥʪʝʛʨʘʮʠʠ ʩ ʤʦʙʠʣʴʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ 

ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʘʨʰʨʫʪʦʚ. ʌʫʥʢʮʠʷ ʫʚʝʜʦʤʣʝʥʠʡ ʦ ʚʨʝʤʝʥʠ ʧʨʠʸʤʘ ʫ 

ʚʨʘʯʘ.  
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- ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʉʝʥʩʦʨʥʳʝ ʪʝʨʤʠʥʘʣʳ ʩ ʜʠʘʛʦʥʘʣʴʶ ʵʢʨʘʥʘ 43 ʜʶʡʤʘ, 

ʧʦʜʜʝʨʞʢʘ ʨʘʟʨʝʰʝʥʠʷ 4K, ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʦʯʝʨʝʜʷʤʠ (QMS). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ.  

- ʇʨʝʠʤʫʱʝʩʪʚʘ: ʋʧʨʦʱʝʥʠʝ ʥʘʚʠʛʘʮʠʠ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʠ ʧʦʩʝʪʠʪʝʣʝʡ, ʩʥʠʞʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʥʘ ʧʝʨʩʦʥʘʣ.  

- ʅʝʜʦʩʪʘʪʢʠ: ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ 

ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʦ ʨʘʩʧʠʩʘʥʠʠ ʚʨʘʯʝʡ. 

5. Airport Wayfinding (ɸʵʨʦʧʦʨʪ ʍʠʪʨʦʫ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) 

- ʆʩʦʙʝʥʥʦʩʪʠ: ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʢʘʨʪʳ ʪʝʨʤʠʥʘʣʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʚʳʭʦʜʦʚ ʥʘ ʧʦʩʘʜʢʫ, 

ʟʦʥ ʜʦʩʤʦʪʨʘ, ʨʝʩʪʦʨʘʥʦʚ ʠ ʤʘʛʘʟʠʥʦʚ. ʇʦʜʜʝʨʞʢʘ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (AR) ʯʝʨʝʟ 

ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ çʩʢʘʥʠʨʦʚʘʪʴè ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʧʦʠʩʢʘ ʥʫʞʥʦʛʦ 

ʦʙʲʝʢʪʘ.  

- ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʉʝʥʩʦʨʥʳʝ ʢʠʦʩʢʠ ʩ ʜʠʘʛʦʥʘʣʴʶ ʵʢʨʘʥʘ 55 ʜʶʡʤʦʚ, 

ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʸʪʘʤʠ (FIDS), ʧʦʜʜʝʨʞʢʘ 3D-ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʪʝʨʤʠʥʘʣʦʚ.  

- ʇʨʝʠʤʫʱʝʩʪʚʘ: ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʧʦʜʜʝʨʞʢʘ ʥʝʩʢʦʣʴʢʠʭ ʷʟʳʢʦʚ, 

ʠʥʪʝʛʨʘʮʠʷ ʩ ʤʦʙʠʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ.  

- ʅʝʜʦʩʪʘʪʢʠ: ɺʳʩʦʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʘʯʝʩʪʚʘ ʠʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʷ, ʩʣʦʞʥʦʩʪʴ 

ʥʘʩʪʨʦʡʢʠ AR-ʬʫʥʢʮʠʡ. 

ʇʨʦʛʨʘʤʤʥʳʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʥʘʚʠʛʘʮʠʠ 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʣʘʪʬʦʨʤʳ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʠʙʢʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʠʥʪʝʛʨʘʮʠʠ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʭ ʨʝʰʝʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

- ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (GIS): ʊʘʢʠʝ ʧʣʘʪʬʦʨʤʳ, ʢʘʢ ArcGIS ʠʣʠ QGIS, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʘʨʪ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʆʥʠ ʦʩʦʙʝʥʥʦ 

ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʥʘ ʦʪʢʨʳʪʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʤʧʫʩʘʭ ʠʣʠ ʧʘʨʢʘʭ.  

- ʀʛʨʦʚʳʝ ʜʚʠʞʢʠ (Unity, Unreal Engine): ʕʪʠ ʧʣʘʪʬʦʨʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

3D-ʚʠʟʫʘʣʠʟʘʮʠʡ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʠʩʪʝʤʘʭ ʩ ʧʦʜʜʝʨʞʢʦʡ AR/VR.  

- ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ CMS (Content Management Systems): ʇʣʘʪʬʦʨʤʳ, ʪʘʢʠʝ ʢʘʢ 

SignageOS ʠʣʠ Tizen, ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʢʦʥʪʝʥʪʦʤ ʥʘ ʩʝʥʩʦʨʥʳʭ ʢʠʦʩʢʘʭ, ʦʙʥʦʚʣʷʪʴ 

ʢʘʨʪʳ ʠ ʜʦʙʘʚʣʷʪʴ ʨʝʢʣʘʤʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ɺʳʙʦʨ ʧʣʘʪʬʦʨʤʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʩʠʩʪʝʤʳ, ʙʶʜʞʝʪʘ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʘʥʘʣʦʛʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʥʘʚʠʛʘʮʠʠ [2]: 

- ʄʥʦʛʦʫʨʦʚʥʝʚʦʩʪʴ ʢʘʨʪ: ɺʦʟʤʦʞʥʦʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ ʨʘʟʥʳʭ ʵʪʘʞʝʡ ʠ ʫʨʦʚʥʝʡ ʩ 

ʧʝʨʝʭʦʜʘʤʠ (ʣʠʬʪʳ, ʣʝʩʪʥʠʮʳ).  

- ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ: ʇʦʜʜʝʨʞʢʘ ʧʦʠʩʢʘ, ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ.  
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- ʀʥʬʦʨʤʘʪʠʚʥʦʩʪʴ: ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʦ ʧʦʤʝʱʝʥʠʷʭ, ʩʦʪʨʫʜʥʠʢʘʭ ʠ ʩʦʙʳʪʠʷʭ.  

- ɼʦʩʪʫʧʥʦʩʪʴ: ʇʦʜʜʝʨʞʢʘ ʩʝʥʩʦʨʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʤʥʦʛʦʷʟʳʯʥʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʠ ʜʣʷ 

ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ.  

- ɻʠʙʢʦʩʪʴ: ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʢʦʥʪʝʥʪʘ ʠ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʡ.  

- ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʤʦʙʠʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ: ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʯʝʨʝʟ ʩʤʘʨʪʬʦʥʳ ʠ ʧʣʘʥʰʝʪʳ.  

- ʇʦʜʜʝʨʞʢʘ AR: ʀʥʪʝʛʨʘʮʠʷ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʫʜʦʙʩʪʚʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
Wayfinding 

(ʉʪʵʥʬʦʨʜ) 

Touchscreen 

Kiosks (Dubai 

Mall)  

EduNavi 

(ʗʧʦʥʠʷ) 

Hospital 

Navigator 

(ʄʘʡʦ) 

Airport 

Wayfinding 

(ʍʠʪʨʦʫ) 

ʇʨʝʜʣʘʛʘʝʤʘʷ 

ʩʠʩʪʝʤʘ 

(ʅɺɻʋ) 

ʄʥʦʛʦʫʨʦʚʥʝʚʳʝ 

ʢʘʨʪʳ 
ɼʘ ʆʛʨʘʥʠʯʝʥʥʦ ɼʘ ɼʘ ɼʘ ɼʘ 

ʇʦʠʩʢ ʠ 

ʤʘʨʰʨʫʪʠʟʘʮʠʷ 
ɼʘ ɼʘ ɼʘ ɼʘ ɼʘ ɼʘ 

ʀʥʪʝʛʨʘʮʠʷ 

ʜʘʥʥʳʭ 
ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

ʉʝʥʩʦʨʥʳʡ 

ʠʥʪʝʨʬʝʡʩ 
ɼʘ ɼʘ ɼʘ ɼʘ ɼʘ ɼʘ 

ʄʥʦʛʦʷʟʳʯʥʦʩʪʴ ɼʘ ɼʘ ʅʝʪ ɼʘ ɼʘ ʇʣʘʥʠʨʫʝʪʩʷ 

ʆʙʥʦʚʣʝʥʠʝ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 
ɼʘ ʅʝʪ ɼʘ ɼʘ ɼʘ ʇʣʘʥʠʨʫʝʪʩʷ 

ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩ 

ʤʦʙʠʣʴʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ 

ɼʘ ɼʘ ʅʝʪ ɼʘ ɼʘ ʇʣʘʥʠʨʫʝʪʩʷ 

ʇʦʜʜʝʨʞʢʘ AR ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ɼʘ ʇʣʘʥʠʨʫʝʪʩʷ 

ʉʪʦʠʤʦʩʪʴ 

ʚʥʝʜʨʝʥʠʷ 
ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ 

 

ʕʪʦʪ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʅɺɻʋ ʩʪʨʝʤʠʪʩʷ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʙʘʣʘʥʩʫ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʠ ʩʪʦʠʤʦʩʪʴʶ, ʚʢʣʶʯʘʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʬʫʥʢʮʠʠ, ʪʘʢʠʝ 

ʢʘʢ AR ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʤʦʙʠʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʎʝʣʴ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʦʙʲʝʜʠʥʠʪ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ, ʫʣʫʯʰʠʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ ʠ 

ʩʪʘʥʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʘʢʮʝʥʪʦʤ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʫʥʠʚʝʨʩʠʪʝʪʘ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʨʤʠʥʘʣʦʚ ʩ 

ʩʝʥʩʦʨʥʳʤʠ ʵʢʨʘʥʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʢʣʶʯʝʚʳʭ ʪʦʯʢʘʭ ʢʘʤʧʫʩʘ ʅɺɻʋ. ʆʩʥʦʚʥʳʝ 

ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ: 

1. ʂʘʨʪʘ ʛʦʨʦʜʘ ʩ ʢʦʨʧʫʩʘʤʠ ʅɺɻʋ. ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʢʘʨʪʘ ʅʠʞʥʝʚʘʨʪʦʚʩʢʘ ʩ 

ʦʪʤʝʯʝʥʥʳʤʠ ʢʦʨʧʫʩʘʤʠ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʤʘʨʰʨʫʪʘʤʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ 
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ʧʝʰʝʭʦʜʥʳʤʠ ʧʫʪʷʤʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʠ ʚ ʧʫʪʠ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʫʜʦʙʥʦʡ ʜʣʷ 

ʧʝʨʚʦʢʫʨʩʥʠʢʦʚ ʠ ʛʦʩʪʝʡ. 

2. ʉʭʝʤʘ ʧʨʦʬʝʩʩʠʡ ʅɺɻʋ. ʈʘʟʜʝʣ ʩ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʩʭʝʤʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚʫʟʘ, 

ʚʢʣʶʯʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʬʝʜʨʘʭ, ʢʦʨʧʫʩʘʭ, ʩʨʦʢʘʭ ʦʙʫʯʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʘʭ 

ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʘ. 

3. ʉʭʝʤʘ ʢʦʨʧʫʩʦʚ. ɼʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʧʣʘʥʳ ʟʜʘʥʠʡ (ʥʘʧʨʠʤʝʨ, 

ʯʝʪʚʸʨʪʦʛʦ ʢʦʨʧʫʩʘ) ʩ ʤʘʨʰʨʫʪʘʤʠ ʢ ʘʫʜʠʪʦʨʠʷʤ, ʨʘʟʜʝʣʝʥʠʝʤ ʧʦ ʢʘʬʝʜʨʘʤ ʠ ʚʳʜʝʣʝʥʠʝʤ 

ʢʣʶʯʝʚʳʭ ʧʦʤʝʱʝʥʠʡ. 

4. ʉʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʅɺɻʋ. ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʜʘʥʥʳʤʠ ʦ 

ʩʦʪʨʫʜʥʠʢʘʭ (ʌʀʆ, ʬʦʪʦ, ʜʦʣʞʥʦʩʪʴ, ʢʦʥʪʘʢʪʳ), ʧʦʚʳʰʘʶʱʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʫʧʨʦʱʘʶʱʘʷ 

ʢʦʤʤʫʥʠʢʘʮʠʶ. 

5. ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʘʬʝʜʨʘʭ. ɼʘʥʥʳʝ ʦ ʟʘʚʝʜʫʶʱʠʭ, ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʘʙʠʥʝʪʦʚ ʠ 

ʩʧʝʮʠʬʠʢʝ ʨʘʙʦʪʳ ʢʘʬʝʜʨ ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʪʫʜʝʥʪʦʚ. 

6. ɻʠʙʢʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʣʦʢ. ʕʢʨʘʥ ʜʣʷ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ: ʨʘʩʧʠʩʘʥʠʷ, 

ʘʥʦʥʩʦʚ ʤʝʨʦʧʨʠʷʪʠʡ ʠʣʠ ʵʢʩʪʨʝʥʥʳʭ ʫʚʝʜʦʤʣʝʥʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʝʨʤʠʥʘʣʘ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʩ 

ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ ʢʘʨʪʘʤʠ. ʌʫʥʢʮʠʦʥʘʣ ʧʦʟʚʦʣʠʪ ʜʦʙʘʚʣʷʪʴ ʚ ʧʨʠʣʦʞʝʥʠʝ ʩʪʦʣʴʢʦ ʨʘʟʜʝʣʦʚ ʩ 

ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ ʢʘʨʪʘʤʠ, ʩʢʦʣʴʢʦ ʥʫʞʥʦ ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʧʣʘʥʳ ʨʘʟʥʳʭ ʟʜʘʥʠʡ ʠ ʪʝʨʨʠʪʦʨʠʡ. ʂʘʞʜʘʷ ʢʘʨʪʘ/ʧʣʘʥ ʟʜʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ/ʤʥʦʛʦʵʪʘʞʥʦʡ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʣʠ ʣʝʛʢʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʙʦʣʴʰʠʭ 

ʟʜʘʥʠʷʭ ʠʣʠ ʪʝʨʨʠʪʦʨʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʤʦʞʥʦ ʟʘʛʨʫʟʠʪʴ ʧʣʘʥ ʟʜʘʥʠʷ ʠʣʠ ʧʦʤʝʱʝʥʠʷ ʚ 

ʬʦʨʤʘʪʝ JPG ʠʣʠ PNG. ʅʘ ʵʪʦʡ ʢʘʨʪʝ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʩʣʦʡ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʧʦʚʝʨʭ ʢʘʨʪʳ ʠ ʢ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʧʨʦʢʣʘʜʳʚʘʪʴʩʷ ʤʘʨʰʨʫʪ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʦʞʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ ʢʨʘʪʯʘʡʰʠʡ ʠʣʠ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʡ 

ʤʘʨʰʨʫʪ ʦʪ ʢʠʦʩʢʘ ʜʦ ʪʦʯʢʠ ʥʘʟʥʘʯʝʥʠʷ. ɼʣʷ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʵʪʘʞʘʤʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʣʝʩʪʥʠʮʳ ʠ ʣʠʬʪʳ. ʕʪʦ ʧʦʤʦʞʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʙʳʩʪʨʦ ʠ ʢʦʤʬʦʨʪʥʦ ʜʦʙʨʘʪʴʩʷ ʜʦ ʠʭ ʮʝʣʠ. 

ʉʮʝʥʘʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʏʪʦʙʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʮʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʨʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʩʮʝʥʘʨʠʝʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 

ʉʮʝʥʘʨʠʡ 1: ʇʝʨʚʦʢʫʨʩʥʠʢ ʠʱʝʪ ʘʫʜʠʪʦʨʠʶ ʉʪʫʜʝʥʪ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʧʨʠʝʟʞʘʝʪ ʚ ʢʘʤʧʫʩ 

ʅɺɻʋ ʠ ʜʦʣʞʝʥ ʥʘʡʪʠ ʘʫʜʠʪʦʨʠʶ 305 ʚ ʯʝʪʚʸʨʪʦʤ ʢʦʨʧʫʩʝ. ʇʦʜʦʡʜʷ ʢ ʙʣʠʞʘʡʰʝʤʫ 

ʩʝʥʩʦʨʥʦʤʫ ʪʝʨʤʠʥʘʣʫ, ʦʥ ʚʚʦʜʠʪ ʥʦʤʝʨ ʘʫʜʠʪʦʨʠʠ ʚ ʩʪʨʦʢʫ ʧʦʠʩʢʘ. ʉʠʩʪʝʤʘ ʦʪʦʙʨʘʞʘʝʪ 

ʢʘʨʪʫ ʢʦʨʧʫʩʘ, ʧʦʜʩʚʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʦʪ ʪʝʢʫʱʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʜʦ 

ʘʫʜʠʪʦʨʠʠ, ʫʢʘʟʳʚʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʥʷʪʴʩʷ ʥʘ ʣʠʬʪʝ ʥʘ ʪʨʝʪʠʡ ʵʪʘʞ. ʅʘ ʵʢʨʘʥʝ ʪʘʢʞʝ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʘʬʝʜʨʝ, ʢʦʪʦʨʘʷ ʙʘʟʠʨʫʝʪʩʷ ʚ ʵʪʦʡ ʯʘʩʪʠ ʟʜʘʥʠʷ, ʠ ʨʘʩʧʠʩʘʥʠʝ 

ʟʘʥʷʪʠʡ ʚ ʜʘʥʥʦʡ ʘʫʜʠʪʦʨʠʠ. 

ʉʮʝʥʘʨʠʡ 2: ɻʦʩʪʴ ʠʱʝʪ ʢʦʥʬʝʨʝʥʮ-ʟʘʣ ɻʦʩʪʴ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʨʠʝʭʘʚʰʠʡ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʶ, ʠʩʧʦʣʴʟʫʝʪ ʪʝʨʤʠʥʘʣ ʚ ʛʣʘʚʥʦʤ ʭʦʣʣʝ. ʆʥ ʚʳʙʠʨʘʝʪ ʨʘʟʜʝʣ "ʄʝʨʦʧʨʠʷʪʠʷ" ʠ 

ʥʘʭʦʜʠʪ ʘʥʦʥʩ ʢʦʥʬʝʨʝʥʮʠʠ, ʛʜʝ ʫʢʘʟʘʥ ʢʦʥʬʝʨʝʥʮ-ʟʘʣ ʚ ʢʦʨʧʫʩʝ 2. ʉʠʩʪʝʤʘ ʩʪʨʦʠʪ ʤʘʨʰʨʫʪ, 
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ʚʢʣʶʯʘʷ ʧʝʨʝʭʦʜ ʯʝʨʝʟ ʦʪʢʨʳʪʫʶ ʪʝʨʨʠʪʦʨʠʶ ʢʘʤʧʫʩʘ, ʠ ʨʘʩʩʯʠʪʳʚʘʝʪ ʚʨʝʤʷ ʚ ʧʫʪʠ (15 

ʤʠʥʫʪ). 

ʉʮʝʥʘʨʠʡ 3: ʉʪʫʜʝʥʪ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʉʪʫʜʝʥʪ ʥʘ ʠʥʚʘʣʠʜʥʦʡ ʢʦʣʷʩʢʝ 

ʠʩʧʦʣʴʟʫʝʪ ʪʝʨʤʠʥʘʣ, ʯʪʦʙʳ ʥʘʡʪʠ ʜʦʩʪʫʧʥʳʡ ʤʘʨʰʨʫʪ ʜʦ ʙʠʙʣʠʦʪʝʢʠ. ʉʠʩʪʝʤʘ ʧʨʝʜʣʘʛʘʝʪ 

ʤʘʨʰʨʫʪ, ʠʩʢʣʶʯʘʶʱʠʡ ʣʝʩʪʥʠʮʳ, ʠ ʫʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʧʘʥʜʫʩʦʚ ʠ ʣʠʬʪʦʚ. ʀʥʪʝʨʬʝʡʩ 

ʪʝʨʤʠʥʘʣʘ ʘʜʘʧʪʠʨʦʚʘʥ ʜʣʷ ʣʶʜʝʡ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʟʨʝʥʠʷ: ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʛʦʣʦʩʦʚʳʝ 

ʢʦʤʘʥʜʳ ʠ ʫʚʝʣʠʯʝʥʥʳʡ ʪʝʢʩʪ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʘʨʭʠʪʝʢʪʫʨʫ 

ɸʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ:  

- ʉʝʥʩʦʨʥʳʝ ʪʝʨʤʠʥʘʣʳ ʩ ʜʠʘʛʦʥʘʣʴʶ ʵʢʨʘʥʘ 43 ʜʶʡʤʘ, ʨʘʟʨʝʰʝʥʠʝʤ 4K ʠ 

ʘʥʪʠʚʘʥʜʘʣʴʥʳʤ ʧʦʢʨʳʪʠʝʤ.  

- ʉʝʨʚʝʨ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʠ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ, ʨʘʟʤʝʱʸʥʥʳʡ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ 

ʫʥʠʚʝʨʩʠʪʝʪʘ.  

- ʉʝʪʝʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (Wi-Fi 6, Ethernet). 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ:  

- GIS-ʧʣʘʪʬʦʨʤʘ (ʥʘʧʨʠʤʝʨ, ArcGIS) ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʨʪʘʤʠ.  

- CMS ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ (ʥʘʧʨʠʤʝʨ, SignageOS), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʦʙʥʦʚʣʷʪʴ 

ʨʘʩʧʠʩʘʥʠʷ, ʘʥʦʥʩʳ ʠ ʜʘʥʥʳʝ ʦ ʩʦʪʨʫʜʥʠʢʘʭ.  

- ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʙʘʟʝ Android ʠ iOS, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʨʝʡʤʚʦʨʢʦʚ Flutter ʠʣʠ React Native ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ [1]. 

ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ:  

- ʀʥʪʝʛʨʘʮʠʷ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʧʠʩʘʥʠʠ, 

ʩʦʪʨʫʜʥʠʢʘʭ ʠ ʤʝʨʦʧʨʠʷʪʠʷʭ.  

- ʇʦʜʢʣʶʯʝʥʠʝ ʢ API ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʨʘʩʯʸʪʘ ʤʘʨʰʨʫʪʦʚ ʜʦ ʢʘʤʧʫʩʘ. 

ʄʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ ï ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʩʠʩʪʝʤʳ. ɼʣʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʨʳ [4]:  

- ʐʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ: ɺʩʝ ʜʘʥʥʳʝ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʤʝʞʜʫ ʪʝʨʤʠʥʘʣʦʤ, ʩʝʨʚʝʨʦʤ ʠ 

ʤʦʙʠʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ, ʰʠʬʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʘ TLS 1.3. ʃʦʢʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʥʘ ʪʝʨʤʠʥʘʣʘʭ ʟʘʱʠʱʝʥʳ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ AES-256.  

- ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ: ɼʦʩʪʫʧ ʢ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʧʘʥʝʣʠ CMS ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʜʚʫʭʬʘʢʪʦʨʥʫʶ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ (2FA) [3].  

- ʈʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ: ɼʘʥʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʨʭʠʚʠʨʫʶʪʩʷ ʥʘ ʦʙʣʘʯʥʳʡ ʩʝʨʚʝʨ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʚ 

ʩʣʫʯʘʝ ʩʙʦʝʚ.  

- ʄʦʥʠʪʦʨʠʥʛ: ʉʠʩʪʝʤʘ ʦʩʥʘʱʝʥʘ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ (ʥʘʧʨʠʤʝʨ, Zabbix), 

ʢʦʪʦʨʳʝ ʦʪʩʣʝʞʠʚʘʶʪ ʩʦʩʪʦʷʥʠʝ ʪʝʨʤʠʥʘʣʦʚ ʠ ʩʝʨʚʝʨʦʚ, ʫʚʝʜʦʤʣʷʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʦ ʩʙʦʷʭ. 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ (UI/UX) 
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ɼʠʟʘʡʥ ʠʥʪʝʨʬʝʡʩʘ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʫʯʸʪʦʤ ʧʨʠʥʮʠʧʦʚ ʠʥʢʣʶʟʠʚʥʦʩʪʠ ʠ 

ʫʜʦʙʩʪʚʘ. ʆʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ:  

- ʀʥʪʫʠʪʠʚʥʦʩʪʴ: ɻʣʘʚʥʳʡ ʵʢʨʘʥ ʩʦʜʝʨʞʠʪ ʢʨʫʧʥʳʝ ʠʢʦʥʢʠ ʜʣʷ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ 

(ʢʘʨʪʘ, ʧʦʠʩʢ, ʤʝʨʦʧʨʠʷʪʠʷ).  

- ɼʦʩʪʫʧʥʦʩʪʴ: ʇʦʜʜʝʨʞʢʘ ʩʪʘʥʜʘʨʪʦʚ WCAG 2.1, ʚʢʣʶʯʘʷ ʛʦʣʦʩʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ, 

ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʳʡ ʨʝʞʠʤ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʪʝʢʩʪʘ.  

- ɺʠʟʫʘʣʴʥʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʨʤʝʥʥʦʛʦ ʩʪʠʣʷ ʅɺɻʋ (ʮʚʝʪʦʚʘʷ 

ʧʘʣʠʪʨʘ, ʣʦʛʦʪʠʧʳ) ʜʣʷ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʨʘʟʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʥʘʚʠʛʘʮʠʠ ʜʣʷ ʨʘʟʥʳʭ ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

- ʉʪʫʜʝʥʪʳ: ʋʧʨʦʱʝʥʠʝ ʧʦʠʩʢʘ ʘʫʜʠʪʦʨʠʡ, ʙʠʙʣʠʦʪʝʢ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʢʘʤʧʫʩʘ, 

ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʝʨʚʦʢʫʨʩʥʠʢʦʚ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʘʢʪʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʠʩʘʥʠʠ 

ʠ ʤʝʨʦʧʨʠʷʪʠʷʭ.  

- ʇʨʝʧʦʜʘʚʘʪʝʣʠ: ɹʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʣʣʝʛʘʭ, ʢʘʬʝʜʨʘʭ ʠ ʩʪʨʫʢʪʫʨʝ 

ʫʧʨʘʚʣʝʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʘʪʴ ʘʥʦʥʩʳ ʣʝʢʮʠʡ ʠ ʩʝʤʠʥʘʨʦʚ.  

- ɻʦʩʪʠ: ʋʜʦʙʥʘʷ ʥʘʚʠʛʘʮʠʷ ʧʦ ʢʘʤʧʫʩʫ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʡ, 

ʘʙʠʪʫʨʠʝʥʪʦʚ ʠ ʠʭ ʨʦʜʠʪʝʣʝʡ.  

- ʃʶʜʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ: ɸʜʘʧʪʠʨʦʚʘʥʥʳʝ ʤʘʨʰʨʫʪʳ, ʛʦʣʦʩʦʚʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʠ ʜʨʫʛʠʝ ʬʫʥʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʥʢʣʶʟʠʚʥʦʩʪʴ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʥʘʚʠʛʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ 

ʫʣʫʯʰʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʫʯʨʝʞʜʝʥʠʡ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʠʥʢʣʶʟʠʚʥʦʩʪʴ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʚ ʅɺɻʋ ʥʝ ʪʦʣʴʢʦ ʨʝʰʠʪ ʪʝʢʫʱʠʝ ʧʨʦʙʣʝʤʳ ʩ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʝʤ, ʥʦ ʠ ʩʪʘʥʝʪ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɸʥʘʣʠʟ ʘʥʘʣʦʛʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʣʫʯʰʠʝ ʧʨʘʢʪʠʢʠ 

ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ, ʧʨʠ ʵʪʦʤ ʦʩʪʘʚʘʷʩʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ:  

- ʇʨʦʚʝʩʪʠ ʧʠʣʦʪʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʦʜʥʦʤ ʢʦʨʧʫʩʝ, ʯʪʦʙʳ ʩʦʙʨʘʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʦʪ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  

- ʈʘʟʨʘʙʦʪʘʪʴ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʢʘʢ ʜʦʧʦʣʥʝʥʠʝ ʢ ʪʝʨʤʠʥʘʣʘʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʦʩʪʫʧʥʦʩʪʴ.  

- ʈʝʛʫʣʷʨʥʦ ʦʙʥʦʚʣʷʪʴ ʜʘʥʥʳʝ ʠ ʨʘʩʰʠʨʷʪʴ ʬʫʥʢʮʠʦʥʘʣ, ʯʪʦʙʳ ʩʠʩʪʝʤʘ ʦʩʪʘʚʘʣʘʩʴ 

ʘʢʪʫʘʣʴʥʦʡ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʡ. 

- ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʥʘʚʠʛʘʮʠʷ ʤʦʞʝʪ ʩʪʘʪʴ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʚʩʝʭ ʢʨʫʧʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʜʦʙʩʪʚʦ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
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ʆʩʠʧʦʚ ɺ.ʉ., ɿʘʤʫʣʠʥ ʀ.ʉ., ʇʝʯʝʥʢʠʥʘ ɸ.ɺ., ʇʨʦʢʦʧʴʝʚʘ ɽ.ʃ. 

ʍʘʢʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʌ. ʂʘʪʘʥʦʚʘ 

ʛ. ɸʙʘʢʘʥ, ʈʦʩʩʠʷ  

ʀʉʇʆʃʔɿʆɺɸʅʀɽ VR ʊɽʍʅʆʃʆɻʀʁ ɺ ʆɹʋʏɽʅʀʀ ɻʆʈʅʓʍ ʀʅɾɽʅɽʈʆɺ: 

ʉʆɿɼɸʅʀɽ ɺʀʈʊʋɸʃʔʅʆʁ ʄʆɼɽʃʀ ʂɸʈʔɽʈɸ 

ɻʦʨʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʜʨʘʡʚʝʨʦʚ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʵʢʦʥʦʤʠʢʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʥʦ ʤʝʥʷʶʱʝʛʦʩʷ ʤʠʨʘ. 

ʉʝʛʦʜʥʷ ʚ ʩʠʩʪʝʤʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ 

ʢʘʜʨʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʠ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (VR/AR). 

ʇʨʠʤʝʥʝʥʠʝ VR/AR ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʜʛʦʪʦʚʢʝ ʨʘʙʦʪʥʠʢʦʚ ʛʦʨʥʦʡ ʦʪʨʘʩʣʠ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʫʣʫʯʰʝʥʠʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʢ ʙʫʜʫʱʝʡ ʨʘʙʦʪʝ ʚ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ. ʉʦʟʜʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʯʘʶʱʠʝ ʩʨʝʜʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʩʪʫʜʝʥʪʘʤ ʧʨʠʦʙʨʝʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ ʠ ʦʧʳʪ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʥʘ ʫʯʘʩʪʢʘʭ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʕʪʦ ʚʝʜʝʪ ʢ 

ʩʥʠʞʝʥʠʶ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʨʠʩʢʠ ʧʦʣʫʯʝʥʠʷ 

ʩʪʫʜʝʥʪʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʨʘʚʤ. 

ʎʝʣʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʘʚʪʦʨʘʤʠ ʧʨʦʝʢʪʘ çɺʠʨʪʫʘʣʴʥʳʡ ʤʠʨ ʧʨʦʬʝʩʩʠʡ: ʠʥʞʝʥʝʨ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè [1]: ʩʦʟʜʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʢʘʨʴʝʨʘ ʧʦ ʜʦʙʳʯʝ 

ʨʫʜʳ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʙʫʯʝʥʠʷ ʛʦʨʥʳʭ ʠʥʞʝʥʝʨʦʚ ʚ ʨʘʤʢʘʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ɺʆ ʠ ʉʇʆ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ).  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠʢʣʘʜʥʳʭ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ VR/AR ʪʝʭʥʦʣʦʛʠʷʭ ʦʪʤʝʯʝʥʘ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʤʠ 

ʘʚʪʦʨʘʤ ʚ ʦʙʣʘʩʪʠ ʛʦʨʥʦʛʦ ʜʝʣʘ. ʉʨʝʜʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚʪʦʨʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʇʝʪʨʦʚʘ ɺ.ʃ. 

[7], ɺʘʚʝʥʢʦʚʘ ʄ.ɺ [9], ʢʦʪʦʨʳʝ ʦʪʤʝʯʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʠʤʫʣʷʮʠʠ 

ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʩʪʫʜʝʥʪʦʚ. ʉʨʝʜʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʘʢʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʘʢ Abdelrazeq A. [2] ʠ Lindblom A[5] c ʩʦʘʚʪʦʨʘʤʠ. 

ʉʦʛʣʘʩʥʦ ʨʘʟʣʠʯʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʚʦʝʥʠʝ ʩʪʫʜʝʥʪʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʨʪʫʘʣʴʥʦʡ 

ʩʨʝʜʝ ʧʨʦʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʨʠ ʢʣʘʩʩʠʯʝʩʢʦʤ ʦʙʫʯʝʥʠʠ (Likens S., ʠ Mower A 

[4]) ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ ʩ ʢʦʥʪʝʥʪʦʤ, ʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʡ ʬʦʢʫʩʠʨʦʚʢʠ 

ʚʥʠʤʘʥʠʷ ʥʘ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʘʯʘʣʴʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʢʘʨʴʝʨʘ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɻɻʀʉ çʄʘʢʨʦʤʘʡʥè. ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ 

ʧʨʦʝʢʪʘ ʢʘʨʴʝʨʘ ʫʯʠʪʳʚʘʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʈʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʷʚʣʷʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ 

ʤʦʜʝʣʴ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʢʦʪʦʨʘʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʘ 

ʵʢʩʧʦʨʪʠʨʦʚʘʥʘ ʚ ʬʦʨʤʘʪʝ wrl-ʬʘʡʣʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʚ ʧʨʦʛʨʘʤʤʝ Blender. 

ɺ Blender ʧʨʦʚʦʜʠʣʠʩʴ ʤʘʥʠʧʫʣʷʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʢʦʨʨʝʢʮʠʶ ʠ ʦʧʪʠʤʠʟʘʮʠʶ 

ʤʦʜʝʣʠ ʢʘʨʴʝʨʘ ʩ ʮʝʣʴʶ ʠʥʪʝʛʨʘʮʠʠ ʚ ʠʛʨʦʚʦʡ ʜʚʠʞʦʢ. ʕʪʠ ʤʘʥʠʧʫʣʷʮʠʠ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ: 
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1. ʂʦʨʨʝʢʮʠʶ ʛʝʦʤʝʪʨʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ ʤʦʜʝʣʠ ʚ ʢʦʥʪʝʢʩʪʝ ʠʛʨʦʚʦʛʦ 

ʜʚʠʞʢʘ ʧʫʪʝʤ ʠʩʧʨʘʚʣʝʥʠʷ "ʢʨʫʪʳʭ" ʦʪʢʦʩʦʚ. 

2. ʆʙʲʝʜʠʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʜʠʥʦʛʦ ʮʝʣʦʛʦ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʣʫʯʰʝʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʚ ʠʛʨʦʚʦʤ ʜʚʠʞʢʝ ʠ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʚʝʪʘ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʙʣʝʤ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ. 

3. ʆʧʪʠʤʠʟʘʮʠʶ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʠʛʦʥʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʠʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ ʤʦʞʝʪ ʟʘʤʝʜʣʠʪʴ 

ʦʪʦʙʨʘʞʝʥʠʝ ʤʦʜʝʣʠ. 

4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʦʣʝʝ 30 ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʪʢʦʩʳ, ʫʩʪʴʷ ʙʫʨʦʚʳʭ 

ʩʢʚʘʞʠʥ, ʙʝʨʤʳ, ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʚʘʣ, ʜʦʨʦʛʠ, ʦʪʚʘʣʳ, ʨʘʟʨʳʭʣʝʥʥʳʡ ʫʛʦʣʴ ʠ ʧʨʦʯʝʝ. 

5. ʉʦʟʜʘʥʠʝ UV-ʨʘʟʚʝʨʪʢʠ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʣʦʞʝʥʠʷ ʪʝʢʩʪʫʨʳ ʥʘ ʤʦʜʝʣʴ, ʚʢʣʶʯʘʷ 

ʨʘʟʚʝʨʪʢʫ, ʨʘʩʢʨʘʩʢʫ ʠ ʟʘʧʝʢʘʥʠʝ ʪʝʢʩʪʫʨ. 

6. ʉʦʟʜʘʥʠʝ ʫʨʦʚʥʝʡ ʜʝʪʘʣʠʟʘʮʠʠ (LODs) ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʦʙʲʝʢʪʦʚ. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʢʩʪʫʨʳ ʢʘʨʴʝʨʘ ʩʦʟʜʘʥʦ 5 ʤʘʪʝʨʠʘʣʦʚ: ʟʝʤʣʷ, ʚʝʨʭʥʷʷ, ʩʨʝʜʥʷʷ ʠ 

ʛʣʫʙʦʢʘʷ ʧʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣ ʜʦʨʦʛʠ. ʇʦʣʫʯʝʥʥʳʡ ʤʵʰ ʙʳʣ ʵʢʩʧʦʨʪʠʨʦʚʘʥ ʚ ʬʦʨʤʘʪʝ 

fbx ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʚ ʠʛʨʦʚʦʡ ʜʚʠʞʦʢ Unity, ʛʜʝ ʟʘʪʝʤ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʨʘʙʦʪʘ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʢʦʣʣʠʟʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ. 

ʇʦʩʣʝ ʵʪʘʧʘ ʠʥʪʝʛʨʘʮʠʠ ʚ Unity ʧʦʣʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʷʤʠ 

ʤʦʜʝʣʠ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʤʝʱʝʥʠʝ ʦʙʲʝʢʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʩʮʝʥʘʨʠʝʤ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʠʙʢʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʠ ʢʘʞʜʳʡ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʦʙʲʝʢʪ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʚ ʚʠʨʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ ʢʘʨʴʝʨʘ, ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʬʦʨʤʘʪʝ .fbx ʚ ʢʘʯʝʩʪʚʝ 

ʛʨʫʧʧʳ ʦʙʲʝʢʪʦʚ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʢʘʞʜʳʤ ʵʣʝʤʝʥʪʦʤ, ʚʢʣʶʯʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʝʥʠʷ/ʦʪʢʣʶʯʝʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʤʘʩʰʪʘʙʘ ʠ ʧʝʨʝʤʝʱʝʥʠʷ. 

ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʢʘʨʴʝʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ 

ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʚʠʟʫʘʣʴʥʦʡ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʤʦʜʝʣʠ. ʆʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʦʚ ï ʵʪʦ ʥʘʩʪʨʦʡʢʘ ʦʩʚʝʱʝʥʠʷ ʠ 

ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʝ. ʆʧʪʠʤʠʟʘʮʠʷ ʦʩʚʝʱʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʯʝʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ 

ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʠʧʳ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʩʪʨʦʡʢʫ 

ʪʝʢʩʪʫʨ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʘʣʠʩʪʠʯʥʦʛʦ ʚʥʝʰʥʝʛʦ ʚʠʜʘ, ʦʪʦʙʨʘʞʘʶʱʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʯʚʳ, ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʨʴʝʨʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʫʜʫʪ ʚʥʝʜʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʟʫʘʣʴʥʳʝ ʵʬʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʪʝʥʠ, 

ʦʪʨʘʞʝʥʠʷ, ʘʥʠʤʘʮʠʠ ʠ ʜʨʫʛʠʝ ʚʠʟʫʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʦʙʱʝʛʦ ʚʧʝʯʘʪʣʝʥʠʷ 

ʦʪ ʤʦʜʝʣʠ ʠ ʝʸ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʢʘʨʴʝʨʘ ï ʵʪʦ ʤʥʦʛʦʵʪʘʧʥʳʡ ʧʨʦʮʝʩʩ, 

ʪʨʝʙʫʶʱʠʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʪʱʘʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʨʝʘʣʠʟʤʘ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʀʩʧʦʣʴʟʫʷ ʩʨʝʜʩʪʚʘ ʠʛʨʦʚʦʛʦ ʜʚʠʞʢʘ Unity, ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʩʮʝʥʘʨʠʝʚ, ʘʥʠʤʘʮʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʴʶ ʢʘʨʴʝʨʘ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʢʘʨʴʝʨ ʠ ʝʛʦ ʦʢʨʫʞʝʥʠʝ, ʥʦ ʠ ʩʦʟʜʘʚʘʪʴ ʦʙʫʯʘʶʱʠʡ 
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ʢʦʥʪʝʥʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠʣʠ ʘʜʘʧʪʘʮʠʠ ʤʦʣʦʜʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ. 

ʊʘʢʘʷ ʤʦʜʝʣʴ ʢʘʨʴʝʨʘ ʥʝ ʪʦʣʴʢʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʥʦ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʜʦʙʳʯʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʛʦʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʉ ʝʝ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʚʠʨʪʫʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʚʝʜʝʥʠʷ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʙʫʯʝʥʠʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʘʙʦʨ ʩʮʝʥʘʨʠʝʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʝ ʩʦʜʝʨʞʘʥʠʝ. 

ʉʮʝʥʘʨʠʡ çɿʥʘʢʦʤʩʪʚʦ ʩ ʛʦʨʥʳʤ ʜʝʣʦʤè, ʚʭʦʜʝ ʢʦʪʦʨʦʛʦ ʩʪʫʜʝʥʪʫ ʧʨʦʚʦʜʠʪʩʷ 

ʠʥʪʝʨʘʢʪʠʚʥʘʷ 3D-ʵʢʩʢʫʨʩʠʷ, ʚ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʛʠʜʘ. ɺ ʨʘʤʢʘʭ ʵʢʩʢʫʨʩʠʠ 

ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʰʘʭʪʳ ʠʣʠ 

ʢʘʨʴʝʨʘ, ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʩʥʦʚʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʉʮʝʥʘʨʠʡ çɹʝʟʦʧʘʩʥʦʩʪʴ ʚ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭè, ʚ ʢʦʪʦʨʦʤ ʤʦʜʝʣʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʘ ʪʨʝʥʠʨʦʚʢʘ ʩʪʫʜʝʥʪʘ ʚ ʩʦʙʣʶʜʝʥʠʠ 

ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʉʮʝʥʘʨʠʡ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè, ʧʦʟʚʦʣʷʶʱʝʡ ʩʪʫʜʝʥʪʫ 

ʧʨʠʥʠʤʘʪʴ ʠʥʞʝʥʝʨʥʳʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʢʘ ʧʘʩʧʦʨʪʘ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʠʣʠ 

ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦ ʛʝʦʤʝʪʨʠʠ ʦʪʢʦʩʘ ʙʦʨʪʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠʩʧʦʣʥʝʥʠʷ 

ʵʪʠʭ ʨʝʰʝʥʠʡ ʩ ʦʮʝʥʢʦʡ ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʨʘʟʥʦʩʪʦʨʦʥʥʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʚʠʨʪʫʘʣʴʥʳʤ ʤʦʜʝʣʷʤ (VR), ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤ ʩ ʧʨʦʮʝʩʩʘʤʠ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʚʳʨʘʞʘʝʪ ʥʝ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʦʯʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ ʩʪʨʝʤʣʝʥʠʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

1. ɺʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʪʦʯʥʦ ʨʘʩʢʨʳʚʘʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠ 

ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʙʳʯʝʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ 3D-ʤʦʜʝʣʝʡ, ʩ ʫʨʦʚʥʝʤ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ 

ʣʫʯʰʝʤʫ ʫʩʚʦʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ [3]. ʊʘʢʘʷ ʩʚʷʟʴ 

ʤʝʞʜʫ ʩʠʤʚʦʣʠʯʝʩʢʠʤ ʠ ʵʤʧʠʨʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʜʝʣʠ ʫʣʫʯʰʘʝʪ ʦʙʫʯʘʶʱʠʡ ʧʨʦʮʝʩʩ ʠ 

ʧʦʥʠʤʘʥʠʝ ʢʣʶʯʝʚʳʭ ʧʨʠʥʮʠʧʦʚ. 

2. ɺʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʩʦʟʜʘʚʘʪʴ ʠʤʤʝʨʩʠʚʥʫʶ ʩʨʝʜʫ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʫʜʝʥʪʘʤ 

ʩʚʦʙʦʜʫ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʠʤ ʤʠʨʦʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʦʛʨʫʞʝʥʠʶ ʠ ʧʦʥʠʤʘʥʠʶ ʧʨʝʜʤʝʪʘ. 

3. ʕʣʝʤʝʥʪʳ ʛʝʡʤʠʬʠʢʘʮʠʠ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʚʳʩʪʫʧʘʶʪ ʩʨʝʜʩʪʚʦʤ ʘʢʪʠʚʠʟʘʮʠʠ ʠ 

ʤʦʪʠʚʘʮʠʠ ʩʪʫʜʝʥʪʦʚ ʚ ʨʘʤʢʘʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʫʩʚʦʝʥʠʝ ʤʘʪʝʨʠʘʣʘ [6]. 
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4. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʝʥʠʷ ʩʮʝʥʘʨʠʝʚ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ 

ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʯʘʩʪʦʪʦʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʩʚʦʝʥʠʶ ʤʘʪʝʨʠʘʣʘ ʠ 

ʦʙʫʯʝʥʠʶ [8]. 

5. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʫʩʪʘʥʦʚʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʦʧʠʨʘʪʴʩʷ ʥʘ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʘʧʧʘʨʘʪʥʳʝ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʊʘʢʞʝ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ, ʪʘʢʦʡ ʢʘʢ Unity, 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʣʝʛʢʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʨʘʙʦʪʢʦʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʠʥʠʤʘʣʴʥʦ 

ʞʠʟʥʝʩʧʦʩʦʙʥʳʡ ʧʨʦʜʫʢʪ (MVP) ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (VR) ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʨʴʝʨʘ ʧʦ 

ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʇʦʣʫʯʝʥʥʘʷ VR-ʤʦʜʝʣʴ ʢʘʨʴʝʨʘ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʨʠʩʫʥʢʘʭ 

1 ʠ 2, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʤʥʦʛʦʩʪʦʨʦʥʥʝʡ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʦʙʫʯʝʥʠʶ ʠ ʚʦʩʧʨʠʷʪʠʶ 

ʧʨʦʮʝʩʩʦʚ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

 

 
 

ʈʠʩ. 1. ʄʦʜʝʣʴ ʫʩʪʫʧʘ ʢʘʨʴʝʨʘ 

 

 
 

ʈʠʩ. 2. ʄʦʜʝʣʴ ʢʘʨʴʝʨʘ 
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ʉʦʟʜʘʚʘʝʤʦʝ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʤʧʣʝʢʩ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʤʦʜʫʣʝʡ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪ ʬʫʥʢʮʠʶ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪʴ ʥʘʙʦʨ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʟʘʜʘʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʣʘʥʠʨʫʝʤʳʡ 

ʩʨʦʢ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʝʢʪʘ ʜʝʢʘʙʨʴ 2024 ʛʦʜʘ. 

ʇʨʠʤʝʥʝʥʠʝ VR/AR ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʫʯʝʥʠʠ ʛʦʨʥʳʭ ʠʥʞʝʥʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʫʯʝʙʥʳʝ ʩʨʝʜʳ, ʧʦʤʦʛʘʶʱʠʝ ʧʨʠʦʙʨʝʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ ʠ ʦʧʳʪ, ʥʝ ʚʳʭʦʜʷ 

ʠʟ ʘʫʜʠʪʦʨʠʠ.  

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ ʚʥʝʜʨʝʥʠʝ VR/AR ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʨʥʳʭ ʠʥʞʝʥʝʨʦʚ 

ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʫʯʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢ 

ʨʘʙʦʪʝ ʥʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 
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ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ʎʀʌʈʆɺʀɿɸʎʀʗ ï ʇʈʆɹʃɽʄʓ ʀ ɺʆɿʄʆɾʅʆʉʊʀ.  

ʇʈʆɹʃɽʄʓ ʎʀʌʈʆɺʆɻʆ ʉʋɺɽʈɽʅʀʊɽʊɸ ʀ ʎʀʌʈʆɺʆɻʆ ʅɽʈɸɺɽʅʉʊɺɸ 

ʎʠʬʨʦʚʠʟʘʮʠʷ-ʵʪʦ ʛʣʦʙʘʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʩʪʨʝʤʠʪʝʣʴʥʦ ʤʝʥʷʝʪ ʤʠʨ, ʟʘʪʨʘʛʠʚʘʷ 

ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʮʠʬʨʦʚʠʟʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʳʤ 

ʘʩʧʝʢʪʦʤ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ. ʆʥʘ ʤʝʥʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʰʫ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ, ʥʦ ʠ 

ʵʢʦʥʦʤʠʢʫ, ʧʦʣʠʪʠʢʫ ʠ ʩʦʮʠʫʤ ʚ ʮʝʣʦʤ. ʆʜʥʘʢʦ ʩ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʥʠʢʘʶʪ 

ʠ ʥʦʚʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʮʠʬʨʦʚʳʤ ʩʫʚʝʨʝʥʠʪʝʪʦʤ ʠ ʮʠʬʨʦʚʳʤ ʥʝʨʘʚʝʥʩʪʚʦʤ. ʆʪ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʜʦ ʩʦʮʠʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʦʙʱʝʩʪʚʦ, ʩʦʟʜʘʚʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʨʦʞʜʘʷ ʨʷʜ ʚʳʟʦʚʦʚ. ʗ ʨʘʩʩʤʦʪʨʶ ʢʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʮʠʬʨʦʚʠʟʘʮʠʠ, ʩʬʦʢʫʩʠʨʦʚʘʚʰʠʩʴ ʥʘ ʧʨʦʙʣʝʤʝ ʮʠʬʨʦʚʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʠ ʮʠʬʨʦʚʦʛʦ 

ʥʝʨʘʚʝʥʩʪʚʘ 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʟʘʪʨʘʛʠʚʘʷ ʚʩʝ ʘʩʧʝʢʪʳ 

ʥʘʰʝʡ ʞʠʟʥʠ. ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʢʦʥʢʨʝʪʥʳʝ ʘʩʧʝʢʪʳ: 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʥʝʩʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʢʦʥʦʤʠʢʝ, ʦʙʨʘʟʦʚʘʥʠʠ, 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ ʠ ʜʨʫʛʠʭ ʩʬʝʨʘʭ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʫʪʠʥʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʫʣʫʯʰʘʝʪ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʙʠʟʥʝʩʘ, ʪʝʤ ʩʘʤʳʤ 

ʫʚʝʣʠʯʠʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʪʠʤʫʣʠʨʫʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠ ʤʝʜʠʮʠʥʩʢʠʝ ʫʩʣʫʛʠ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʶʪ 

ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʠ 

ʘʜʘʧʪʘʮʠʶ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʚʳʟʦʚʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ ʧʨʦʛʨʝʩʩʘ, ʦʪʢʨʳʚʘʶʱʠʤ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʙʫʜʫʱʝʛʦ 

ʊʘʙʣʠʮʘ 1  

ɿʥʘʯʝʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ 

 

ɿʥʘʯʝʥʠʝ 

ʮʠʬʨʦʚʠʟʘʮʠʠ 
ʆʧʠʩʘʥʠʝ ʇʨʠʤʝʨʳ 

ʋʚʝʣʠʯʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʨʫʪʠʥʥʳʝ ʟʘʜʘʯʠ, ʦʩʚʦʙʦʞʜʘʷ ʨʘʙʦʯʫʶ 

ʩʠʣʫ ʜʣʷ ʙʦʣʝʝ ʪʚʦʨʯʝʩʢʠʭ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʟʘʜʘʯ ʠ 

ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʥʘ ʦʙʨʘʙʦʪʢʫ 

ʜʘʥʥʳʭ. 

ɺʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, 

ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʯ ʠ 

ʦʪʩʣʝʞʠʚʘʥʠʝ ʩʨʦʢʦʚ 

ɼʦʩʪʫʧ ʢ 

ʠʥʬʦʨʤʘʮʠʠ 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʛʥʦʚʝʥʥʳʡ 

ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʤʠʨʘ. ʕʪʦ 

ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ 

ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʷʤ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ 

ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʆʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ, ʦʥʠ 

ʧʦʟʚʦʣʷʶʪ ʩʦʪʨʫʜʥʠʢʘʤ 

ʨʘʙʦʪʘʪʴ ʩ ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ 

ʜʦʢʫʤʝʥʪʘʤʠ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. 

ʅʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʙʠʟʥʝʩʘ 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʢʘʥʘʣʳ 

ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʠʝʥʪʘʤʠ, ʚʢʣʶʯʘʷ 

ʦʥʣʘʡʥ- ʤʘʛʘʟʠʥʳ ʠ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ. ʕʪʦ 

ɿʘʧʫʩʢ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ 

ʜʣʷ ʧʨʦʜʘʞʠ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʥʣʘʡʥ- 
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ʨʘʩʰʠʨʷʝʪ ʨʳʥʦʢ ʠ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ 

ʥʦʚʦʡ ʘʫʜʠʪʦʨʠʠ 

ʤʘʨʢʝʪʠʥʛʘ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ 

ʢʣʠʝʥʪʦʚ. 

ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʞʠʟʥʠ 

ɺ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ ʮʠʬʨʦʚʠʟʘʮʠʷ 

ʫʣʫʯʰʘʝʪ ʜʦʩʪʫʧ ʢ ʤʝʜʠʮʠʥʩʢʠʤ ʫʩʣʫʛʘʤ 

ʯʝʨʝʟ ʪʝʣʝʤʝʜʠʮʠʥʫ ʠ ʵʣʝʢʪʨʦʥʥʳʝ 

ʨʝʮʝʧʪʳ, ʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ -ʯʝʨʝʟ ʦʥʣʘʡʥ- 

ʢʫʨʩʳ ʠ ʧʣʘʪʬʦʨʤʳ 

ɺʠʨʪʫʘʣʴʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ ʩ 

ʚʨʘʯʘʤʠ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʨʝʩʫʨʩʳ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ 

ʀʥʥʦʚʘʮʠʠ ʠ 

ʨʘʟʚʠʪʠʝ 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ 

ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʕʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʪʠʤʫʣʠʨʫʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ 

ʠ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʩʝʢʪʦʨʦʚ 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʩʪʘʨʪʘʧʳ ʚ 

ʦʙʣʘʩʪʠ ʬʠʥʪʝʭʘ ʠ 

ʵʢʦʪʝʭʥʦʣʦʛʠʡ 

 

ʇʨʦʙʣʝʤʳ ʎʠʬʨʦʚʦʛʦ ʉʫʚʝʨʝʥʠʪʝʪʘ 

1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ 

ʈʘʟʚʠʚʘʶʱʠʝʩʷ ʩʪʨʘʥʳ ʯʘʩʪʦ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʨʠʩʢʘʤ: 

ʋʷʟʚʠʤʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʫʛʨʦʟʘʤ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʦʩʪʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʝʣʘʝʪ ʵʪʠ 

ʩʪʨʘʥʳ ʫʷʟʚʠʤʳʤʠ ʜʣʷ ʢʠʙʝʨʘʪʘʢ ʠ ʫʪʝʯʝʢ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʤʥʦʛʠʝ ʘʬʨʠʢʘʥʩʢʠʝ ʩʪʨʘʥʳ 

ʠʩʧʦʣʴʟʫʶʪ ʟʘʧʘʜʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʯʪʦ ʩʦʟʜʘʝʪ ʨʠʩʢʠ ʜʦʩʪʫʧʘ ʢ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʘʥʥʳʤ. 

ʆʪʩʫʪʩʪʚʠʝ ʢʦʥʪʨʦʣʷ: ʢʦʛʜʘ ʩʪʨʘʥʳ ʟʘʚʠʩʷʪ ʦʪ ʠʥʦʩʪʨʘʥʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ, ʦʥʠ ʪʝʨʷʶʪ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʚʦʠʤʠ ʜʘʥʥʳʤʠ. ʂ ʧʨʠʤʝʨʫ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʪʦʤʫ, ʯʪʦ ʜʘʥʥʳʝ ʛʨʘʞʜʘʥ ʭʨʘʥʷʪʩʷ ʥʘ ʩʝʨʚʝʨʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ, 

ʧʦʜʯʠʥʷʷʩʴ ʠʭ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ: ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʘʢʞʝ ʚʝʜʝʪ ʢ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ. ʅʘʧʨʠʤʝʨ, ʩʪʨʘʥʳ, ʥʝ ʦʙʣʘʜʘʶʱʠʝ ʩʦʙʩʪʚʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʚʳʥʫʞʜʝʥʳ 

ʪʨʘʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʣʠʮʝʥʟʠʠ ʠ ʧʦʜʜʝʨʞʢʫ. 

ʇʨʠʤʝʨʳ: 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʚʷʟʠ ʚ ɸʬʨʠʢʝ: 

ʄʥʦʛʠʝ ʩʪʨʘʥʳ ʢʦʥʪʠʥʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʢʨʫʧʥʳʤʠ ʟʘʧʘʜʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ Cisco ʠ Microsoft. ʕʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʩʠʪʫʘʮʠʷʤ, ʢʦʛʜʘ ʚ ʩʣʫʯʘʝ ʧʦʣʠʪʠʯʝʩʢʠʭ ʨʘʟʥʦʛʣʘʩʠʡ ʜʦʩʪʫʧ ʢ ʵʪʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʤʦʞʝʪ ʙʳʪʴ 

ʦʛʨʘʥʠʯʝʥ. 

ʉʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʦʚʘʥʠʷ: 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ, ʪʘʢʠʭ ʢʘʢ ɹʨʘʟʠʣʠʷ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ 

ʉʐɸ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʦʧʘʩʝʥʠʷ ʧʦ ʧʦʚʦʜʫ ʤʘʥʠʧʫʣʷʮʠʡ ʩ ʜʘʥʥʳʤʠ ʠ ʚʥʝʰʥʝʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʚʳʙʦʨʳ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʫʢʘ:  

ɺ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʩʪʨʘʥʳ ʟʘʚʠʩʷʪ ʦʪ ʧʣʘʪʬʦʨʤ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʟʘ ʨʫʙʝʞʦʤ. ʕʪʦ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʪʴ ʜʦʩʪʫʧ ʢ ʢʘʯʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ 

ʨʝʩʫʨʩʘʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 
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ʈʝʰʝʥʠʷ 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʘʥʳ ʤʦʛʫʪ ʨʘʩʩʤʦʪʨʝʪʴ ʩʣʝʜʫʶʱʠʝ 

ʤʝʨʳ: 

ʈʘʟʚʠʪʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʀʥʚʝʩʪʠʮʠʠ ʚ ʤʝʩʪʥʳʝ ʩʪʘʨʪʘʧʳ ʠ ʩʦʟʜʘʥʠʝ 

ʩʦʙʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʤʦʛʫʪ ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʥʦʩʪʨʘʥʥʳʭ 

ʧʦʩʪʘʚʱʠʢʦʚ. 

ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʘʣʴʷʥʩʳ: ʉʦʟʜʘʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʣʴʷʥʩʦʚ ʜʣʷ ʩʦʚʤʝʩʪʥʦʡ 

ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʪʨʘʥʘʤ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʥʝʟʘʚʠʩʠʤʦʩʪʠ. 

ɿʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʠʥʠʮʠʘʪʠʚʳ: ɺʚʝʜʝʥʠʝ ʟʘʢʦʥʦʚ, ʟʘʱʠʱʘʶʱʠʭ ʜʘʥʥʳʝ ʛʨʘʞʜʘʥ ʠ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʦʩʪʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʬʝʨʘʭ, 

ʪʘʢʞʝ ʤʦʞʝʪ ʩʪʘʪʴ ʰʘʛʦʤ ʚ ʧʨʘʚʠʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

2. ʂʠʙʝʨʫʛʨʦʟʳ 

ʂʠʙʝʨʘʪʘʢʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ ʩʣʦʞʥʳʤʠ. ʀʭ ʧʦʩʣʝʜʩʪʚʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, 

ʪʘʢʦʡ ʢʘʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʝʪʠ, ʩʠʩʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ. 

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʘʪʘʢ: ʩʦʛʣʘʩʥʦ ʦʪʯʝʪʘʤ, ʢʦʣʠʯʝʩʪʚʦ ʢʠʙʝʨʘʪʘʢ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʚʳʨʦʩʣʦ ʥʘ ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ. ʅʘʧʨʠʤʝʨ, ʚ 2022 ʛʦʜʫ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʙʦʣʝʝ 1,5 

ʤʠʣʣʠʘʨʜʘ ʢʠʙʝʨʘʪʘʢ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʯʪʦ ʥʘ 40% ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʛʦʜʫ. ɺ ʠʶʥʝ 2022 

ʛʦʜʘ ʭʘʢʝʨʳ ʟʘʷʚʠʣʠ, ʯʪʦ ʫʢʨʘʣʠ ʙʦʣʝʝ 20 ɻɹ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʜʘʥʥʳʝ 

ʢʨʝʜʠʪʥʳʭ ʢʘʨʪ ʛʦʩʪʝʡ [2]. 

ʉʣʦʞʥʦʩʪʴ ʘʪʘʢ: ʉʦʚʨʝʤʝʥʥʳʝ ʢʠʙʝʨʘʪʘʢʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠʟʦʱʨʝʥʥʳʤʠ. 

ɸʪʘʢʫʶʱʠʝ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʫʣʫʯʰʝʥʠʷ ʩʚʦʠʭ ʤʝʪʦʜʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʪʨʫʜʥʳʤʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ. ʂʦʤʘʥʜʘ Check Point 

Research, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʣʘ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʀʀ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʡ 

ʘʪʘʢʫʶʱʝʡ ʢʘʤʧʘʥʠʠ, ʥʘʯʠʥʘʷ ʩ ʬʠʰʠʥʛʦʚʦʛʦ ʧʠʩʴʤʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ OpenAI ChatGPT, 

ʢʦʪʦʨʦʝ ʧʨʠʟʳʚʘʝʪ ʞʝʨʪʚʫ ʦʪʢʨʳʪʴ ʜʦʢʫʤʝʥʪ Excel. ɿʘʪʝʤ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʦʤʦʱʥʠʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Codex AI ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʢʨʦʩʘ Excel, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʢʦʜ, 

ʟʘʛʨʫʞʝʥʥʳʡ ʩ URL-ʘʜʨʝʩʘ, ʠ ʩʢʨʠʧʪʘ Python ʜʣʷ ʟʘʨʘʞʝʥʠʷ ʮʝʣʝʚʦʡ ʩʠʩʪʝʤʳ [7]. 

ʎʝʣʝʚʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ: ʂʠʙʝʨʘʪʘʢʠ ʯʘʩʪʦ ʥʘʮʝʣʝʥʳ ʥʘ ʢʨʠʪʠʯʝʩʢʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

ʇʦ ʜʘʥʥʳʤ ɽʚʨʦʧʦʣʘ, ʚ 2020 ʛ. ʞʝʨʪʚʘʤʠ ʚʳʤʦʛʘʪʝʣʝʡ ʩʪʘʣʠ ʦʢʦʣʦ 1800 ʢʦʤʧʘʥʠʡ ʚ 71 ʩʪʨʘʥʝ. 

ʏʣʝʥʳ ʧʨʝʩʪʫʧʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʧʦʣʫʯʘʣʠ ʜʦʩʪʫʧ ʢ Iʊ-ʩʠʩʪʝʤʘʤ ʬʠʨʤ ʩ ʧʦʤʦʱʴʶ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ ʬʠʰʠʥʛʦʚʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʠʩʝʤ ʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɿʘʪʝʤ ʦʥʠ ʧʨʠ ʧʦʤʦʱʠ 

ʚʠʨʫʩʦʚ-ʚʳʤʦʛʘʪʝʣʝʡ (ransomware) 

ʙʣʦʢʠʨʦʚʘʣʠ ʬʠʨʤʘʤ ʜʦʩʪʫʧ ʢ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʰʠʬʨʫʷ ʝʛʦ, ʠ ʪʨʝʙʦʚʘʣʠ ʚʳʢʫʧ ʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʣʶʯʘ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ. [12, ʩ. 18]. 

ʇʨʠʤʝʨʳ ʢʠʙʝʨʘʪʘʢ 

1) ɸʪʘʢʘ ʥʘ ʩʠʩʪʝʤʫ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚ ʌʣʦʨʠʜʝ: 

ɺ 2021 ʛʦʜʫ ʭʘʢʝʨʳ ʧʳʪʘʣʠʩʴ ʠʟʤʝʥʠʪʴ ʫʨʦʚʝʥʴ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʩʠʩʪʝʤʝ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʛʦʨʦʜʘ ʆʣʜʩʤʘʨʘ. ɽʩʣʠ ʙʳ ʘʪʘʢʘ ʫʜʘʣʘʩʴ, ʵʪʦ ʤʦʛʣʦ ʙʳ ʧʨʠʚʝʩʪʠ ʢ ʫʛʨʦʟʝ 

ʟʜʦʨʦʚʴʷ ʜʣʷ ʪʳʩʷʯ ʣʶʜʝʡ [1]. 



 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

112 

2) ɸʪʘʢʘ ʥʘ Colonial Pipeline 

ɺ 2021 ʛʦʜʫ ʭʘʢʝʨʳ ʘʪʘʢʦʚʘʣʠ ʦʧʝʨʘʪʦʨʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ Colonial, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʦʪʢʣʶʯʝʥʠʶ ʧʦʩʪʘʚʦʢ ʪʦʧʣʠʚʘ ʥʘ ʚʦʩʪʦʯʥʦʤ ʧʦʙʝʨʝʞʴʝ ʉʐɸ. ʕʪʦ ʚʳʟʚʘʣʦ ʤʘʩʩʦʚʳʝ ʧʝʨʝʙʦʠ 

ʠ ʧʘʥʠʢʫ ʩʨʝʜʠ ʧʦʪʨʝʙʠʪʝʣʝʡ [6]:  

3) ɺʠʨʫʩ WannaCry: 

ɺ 2017 ʛʦʜʫ ʚʠʨʫʩ WannaCry ʘʪʘʢʦʚʘʣ ʙʦʣʝʝ 200 000 ʢʦʤʧʴʶʪʝʨʦʚ ʚ 150 ʩʪʨʘʥʘʭ, ʚʢʣʶʯʘʷ 

ʙʦʣʴʥʠʮʳ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ. ʕʪʦ ʧʦʜʦʨʚʘʣʦ ʜʦʚʝʨʠʝ ʢ ʩʠʩʪʝʤʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʧʨʠʚʝʣʦ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ [10] 

3. ʂʦʥʪʨʦʣʴ ʥʘʜ ʜʘʥʥʳʤʠ 

ʇʨʦʙʣʝʤʘ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ 

ʈʠʩʢʠ: 

1) ʋʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʢʦʛʜʘ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʥʘ ʩʝʨʚʝʨʘʭ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʪʨʘʥʳ, ʦʥʠ 

ʤʦʛʫʪ ʙʳʪʴ ʫʷʟʚʠʤʳ ʜʣʷ ʢʠʙʝʨʘʪʘʢ. ʅʘʧʨʠʤʝʨ, ʚ 2020 ʛʦʜʫ ʘʪʘʢʘ ʥʘ ʦʙʣʘʯʥʳʡ ʩʝʨʚʠʩ Microsoft 

Azure ʧʨʠʚʝʣʘ ʢ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʜʘʥʥʳʭ ʤʥʦʞʝʩʪʚʘ ʢʣʠʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʫʯʨʝʞʜʝʥʠʷ. 

2) ʇʨʘʚʦʚʳʝ ʘʩʧʝʢʪʳ: ɼʘʥʥʳʝ, ʭʨʘʥʷʱʠʝʩʷ ʟʘ ʛʨʘʥʠʮʝʡ, ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ 

ʪʦʡ ʩʪʨʘʥʳ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʩʝʨʚʝʨʳ. ʕʪʦ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʝ ʦʨʛʘʥʳ 

ʜʨʫʛʦʡ ʩʪʨʘʥʳ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʙʝʟ ʚʝʜʦʤʘ ʚʣʘʜʝʣʴʮʝʚ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʟʘʢʦʥ ʉʐɸ ʦ Patriot Act, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʘʚʠʪʝʣʴʩʪʚʫ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ 

ʜʘʥʥʳʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ ʩʝʨʚʝʨʘʭ ʘʤʝʨʠʢʘʥʩʢʠʭ ʢʦʤʧʘʥʠʡ [11]. 

3) ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʨʠʩʢʠ: ʉʪʨʘʥʳ, ʟʘʚʠʩʠʤʳʝ ʦʪ ʠʥʦʩʪʨʘʥʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ, ʪʝʨʷʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʩʭʦʜʳ ʥʘ ʦʙʣʘʯʥʳʝ ʫʩʣʫʛʠ. ʅʘʧʨʠʤʝʨ, ʚ 2021 ʛʦʜʫ ʨʷʜ 

ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʚ ʩʪʨʘʥʘʭ ɽʉ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʮʝʥ ʥʘ 

ʦʙʣʘʯʥʳʝ ʫʩʣʫʛʠ ʦʪ ʘʤʝʨʠʢʘʥʩʢʠʭ ʢʦʤʧʘʥʠʡ [9, c. 2]. 

ʇʨʠʤʝʨʳ ʟʘʚʠʩʠʤʦʩʪʠ 

1) ɽʚʨʦʧʝʡʩʢʠʡ ʉʦʶʟ: ʄʥʦʛʠʝ ʩʪʨʘʥʳ ɽʉ ʠʩʧʦʣʴʟʫʶʪ ʦʙʣʘʯʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʪʘʢʠʝ ʢʘʢ 

Google Cloud ʠ Amazon Web Services. ʕʪʦ ʩʦʟʜʘʝʪ ʩʣʦʞʥʦʩʪʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ 

ʦ ʟʘʱʠʪʝ ʜʘʥʥʳʭ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʆʙʱʠʡ ʨʝʛʣʘʤʝʥʪ ʧʦ ʟʘʱʠʪʝ ʜʘʥʥʳʭ (GDPR) [4, c. 6]. 

2) ʌʠʥʘʥʩʦʚʳʡ ʩʝʢʪʦʨ: ɺ ʬʠʥʘʥʩʦʚʦʤ ʩʝʢʪʦʨʝ ʤʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʦʙʣʘʯʥʳʝ 

ʨʝʰʝʥʠʷ ʦʪ ʠʥʦʩʪʨʘʥʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ. ʕʪʦ ʤʦʞʝʪ ʩʪʘʚʠʪʴ ʧʦʜ ʫʛʨʦʟʫ ʬʠʥʘʥʩʦʚʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ ʢʣʠʝʥʪʦʚ. ɺ ʛʦʜ ʛʣʦʙʘʣʴʥʦʡ ʠʥʬʣʷʮʠʠ ʠ ʨʝʟʢʦʛʦ ʨʦʩʪʘ 

ʮʝʥ ʥʘ ʵʥʝʨʛʠʶ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʫʪʝʯʢʠ ʜʘʥʥʳʭ ʪʘʢʞʝ ʜʦʩʪʠʛʣʘ ʨʝʢʦʨʜʥʦ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ɺ ʦʪʯʝʪʝ IBM ʦ ʩʪʦʠʤʦʩʪʠ ʫʪʝʯʝʢ ʜʘʥʥʳʭ ʟʘ 2022 ʛʦʜ ʫʢʘʟʳʚʘʝʪʩʷ ʩʨʝʜʥʷʷ 

ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʚ ʨʘʟʤʝʨʝ 4,5 ʤʣʥ ʜʦʣʣʘʨʦʚ [3]. 

3) ʆʙʨʘʟʦʚʘʥʠʝ: ʋʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʉʐɸ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʪʝʯʢʘʤ ʜʘʥʥʳʭ 

ʩʪʫʜʝʥʪʦʚ ʠ ʥʘʨʫʰʝʥʠʶ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. 

4. ʎʠʬʨʦʚʦʝ ʅʝʨʘʚʝʥʩʪʚʦ ʠ ʉʦʮʠʘʣʴʥʳʝ ʇʦʩʣʝʜʩʪʚʠʷ 

ʈʘʟʨʳʚ ʚ ɼʦʩʪʫʧʝ. ʄʥʦʛʠʝ ʞʠʪʝʣʠ ʩʝʣʴʩʢʠʭ ʠ ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʦʚ ʣʠʰʝʥʳ ʜʦʩʪʫʧʘ ʢ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤʫ ʠʥʪʝʨʥʝʪʫ ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. ʅʘʧʨʠʤʝʨ, ʚ ʉʐɸ ʦʢʦʣʦ 19 
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ʤʠʣʣʠʦʥʦʚ ʣʶʜʝʡ ʥʝ ʠʤʝʶʪ ʜʦʩʪʫʧʘ ʢ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠʥʪʝʨʥʝʪʫ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʨʘʙʦʪʝ. 

ʅʘʚʳʢʠ ʠ ʆʙʨʘʟʦʚʘʥʠʝ. ʎʠʬʨʦʚʘʷ ʛʨʘʤʦʪʥʦʩʪʴ ʦʩʪʘʝʪʩʷ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʦʩʦʙʝʥʥʦ 

ʩʨʝʜʠ ʧʦʞʠʣʳʭ ʣʶʜʝʡ ʠ ʣʶʜʝʡ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ 2021 ʛʦʜʫ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ 35% ʚʟʨʦʩʣʳʭ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 50 ʣʝʪ ʥʝ ʫʚʝʨʝʥʳ ʚ ʩʚʦʠʭ ʮʠʬʨʦʚʳʭ ʥʘʚʳʢʘʭ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʜʦʩʪʫʧ ʢ ʦʥʣʘʡʥ-ʫʩʣʫʛʘʤ ʠ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʫ [8]. 

ʉʦʮʠʘʣʴʥʳʝ ʇʦʩʣʝʜʩʪʚʠʷ. ʎʠʬʨʦʚʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʚʝʜʝʪ ʢ ʩʦʮʠʘʣʴʥʦʡ ʠʟʦʣʷʮʠʠ ʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʩʣʫʛʘʤ. ʅʘʧʨʠʤʝʨ, ʚʦ ʚʨʝʤʷ ʧʘʥʜʝʤʠʠ COVID-19 

ʤʥʦʛʠʝ ʣʶʜʠ, ʥʝ ʠʤʝʶʱʠʝ ʜʦʩʪʫʧʘ ʢ ʠʥʪʝʨʥʝʪʫ, ʥʝ ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ ʤʝʜʠʮʠʥʩʢʠʝ 

ʢʦʥʩʫʣʴʪʘʮʠʠ ʠʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʛʨʘʤʤʘʤʠ ʩʦʮʠʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ, ʯʪʦ ʫʚʝʣʠʯʠʣʦ 

ʨʘʟʨʳʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘʩʝʣʝʥʠʷ [5, ʩ. 44]. 

ʇʫʪʠ ʈʝʰʝʥʠʷ ʇʨʦʙʣʝʤʳ ʎʠʬʨʦʚʦʛʦ ʅʝʨʘʚʝʥʩʪʚʘ 

ʈʘʟʚʠʪʠʝ ʮʠʬʨʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʪʝʨʥʝʪʘ ʜʣʷ ʚʩʝʭ 

ʩʣʦʝʚ ʥʘʩʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʰʘʛʦʤ ʜʣʷ ʩʥʠʞʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ. ʇʦʜʜʝʨʞʢʘ 

ʧʨʦʛʨʘʤʤ ʦʙʫʯʝʥʠʷ ʠ ʛʨʘʤʦʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʫʤʝʥʴʰʝʥʠʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʠ ʠʥʚʝʩʪʠʮʠʠ ʚ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʦʡ ʩʬʝʨʳ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʮʠʬʨʦʚʳʤ ʨʝʩʫʨʩʘʤ. ɺʘʞʥʦ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʚʩʝ ʛʨʘʞʜʘʥʝ ʤʦʛʫʪ ʩʚʦʙʦʜʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʧʦʣʫʯʘʪʴ 

ʚʳʛʦʜʫ ʦʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʄʝʞʩʝʢʪʦʨʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʮʠʬʨʦʚʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ. ʊʦʣʴʢʦ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʫʩʠʣʠʡ ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ 

ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʨʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʨʳʚʘ ʤʝʞʜʫ 

ʦʩʥʘʱʝʥʥʳʤʠ ʠ ʥʝʦʩʥʘʱʸʥʥʳʤʠ ʩʣʦʷʤʠ ʥʘʩʝʣʝʥʠʷ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʮʠʬʨʦʚʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʦʙʨʘʟʦʚʘʥʠʝ, ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ 

ʤʝʞʩʝʢʪʦʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʆʜʥʘʢʦ ʧʨʠ ʩʦʚʤʝʩʪʥʳʭ ʫʩʠʣʠʷʭ ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ 

ʩʪʦʨʦʥ ʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʠʬʨʦʚʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ 

ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʠ ʵʢʦʥʦʤʠʢʠ, ʥʦ ʠ ʚʳʟʳʚʘʝʪ ʨʷʜ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʚʳʟʦʚʦʚ, ʪʨʝʙʫʶʱʠʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʭ ʨʝʰʝʥʠʶ. ʇʨʦʙʣʝʤʳ ʮʠʬʨʦʚʦʛʦ 

ʩʫʚʝʨʝʥʠʪʝʪʘ, ʪʘʢʠʝ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʠʙʝʨʫʛʨʦʟʳ ʠ ʢʦʥʪʨʦʣʴ ʥʘʜ ʜʘʥʥʳʤʠ, 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʟʘʚʠʩʠʤʦʡ ʠ ʟʘʱʠʱʝʥʥʦʡ ʮʠʬʨʦʚʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʘʟʚʠʪʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʥʦ ʠ ʚʳʩʪʨʘʠʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʟʘʱʠʪʫ ʠʥʪʝʨʝʩʦʚ ʛʨʘʞʜʘʥ ʠ ʦʨʛʘʥʠʟʘʮʠʡ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʮʠʬʨʦʚʠʟʘʮʠʝʡ, ʪʨʝʙʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʙʠʟʥʝʩʦʤ ʠ ʛʨʘʞʜʘʥʩʢʠʤ ʦʙʱʝʩʪʚʦʤ. ɺʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʧʨʝʦʜʦʣʝʚʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʳʟʦʚʳ, ʥʦ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʪʢʨʳʚʘʝʤʳʝ ʮʠʬʨʦʚʳʤʠ 
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ʪʝʭʥʦʣʦʛʠʷʤʠ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ 

ʥʘʩʝʣʝʥʠʷ. 
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ʉʢʨʳʣʝʚ ʄ.ɸ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ  

ʠʤ. ʧʨʦʬ. ʄ.ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʘ  

ʛ. ʉʘʥʢʪ-ʧʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ʉɽʈɺʀʉɸ ɼʃʗ ʇʆʉʊʈʆɽʅʀʗ ʀʅɼʀɺʀɼʋɸʃʔʅʆʁ ʊʈɸɽʂʊʆʈʀʀ 

ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆɻʆ ʈɸɿɺʀʊʀʗ 

ɺʚʝʜʝʥʠʝ 

ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʨʳʥʢʘ ʪʨʫʜʘ ʜʣʷ ʤʥʦʛʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʩʪʨʦ ʚʩʪʘʸʪ 

ʚʦʧʨʦʩ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ. ʈʘʟʚʠʪʠʝ ʢʦʤʧʝʪʝʥʮʠʡ, ʧʝʨʝʢʚʘʣʠʬʠʢʘʮʠʷ ʠ 

ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ ʥʘʚʳʢʦʚ ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʫʪʠ [1, ʩ. 45]. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʙʫʯʝʥʠʶ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʩʪʘʥʜʘʨʪʥʳʝ ʫʯʝʙʥʳʝ ʧʣʘʥʳ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ, ʪʝʨʷʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʩʠʣʫ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʫʯʘʶʱʠʭʩʷ, ʘ ʪʘʢʞʝ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʭʩʷ ʪʨʝʙʦʚʘʥʠʡ ʨʘʙʦʪʦʜʘʪʝʣʝʡ [2]. ɺ 

ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʚʩʸ ʙʦʣʴʰʫʶ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʧʨʦʛʨʘʤʤʥʳʝ ʩʝʨʚʠʩʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

(ʀʊʈ), ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ ʦʙʫʯʝʥʠʷ, ʦʨʠʝʥʪʠʨʫʷʩʴ 

ʥʘ ʝʛʦ ʠʥʪʝʨʝʩʳ, ʪʝʢʫʱʠʡ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʳʥʢʘ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ï ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʠʥʮʠʧʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʦʛʦ ʩʝʨʚʠʩʘ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʚʥʝʜʨʝʥʠʷ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʠ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʧʨʘʢʪʠʢʫ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʘʥʘʣʠʟʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʮʝʧʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʝʪʝʥʮʠʷʤʠ, ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʠʤʝʨʦʚ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʫʯʝʙʥʳʝ 

ʧʨʦʮʝʩʩʳ [3, ʩ. 11]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʝʘʣʠʟʘʮʠʠ ʩʝʨʚʠʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʬʦʨʤʘʪʝ 

ʦʪʜʝʣʴʥʦʛʦ WPF-ʧʨʠʣʦʞʝʥʠʷ (Windows Presentation Foundation), ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʚ ʩʨʝʜʝ 

Microsoft Visual Studio. 

ʆʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʨʘʟʨʘʙʦʪʢʠ, ʨʝʘʣʠʟʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʷ ʩʝʨʚʠʩʘ ʀʊʈ 

ʉʝʛʦʜʥʷ ʠʜʝʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ 

ʘʢʪʠʚʥʦ ʧʨʦʜʚʠʛʘʝʪʩʷ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ, ʢʦʣʣʝʜʞʘʭ, ʩʠʩʪʝʤʘʭ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʜʘʞʝ 

ʚ ʩʪʨʫʢʪʫʨʘʭ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ (ʢʫʨʩʳ, ʪʨʝʥʠʥʛʠ ʠ ʪ. ʧ.) [4, ʩ. 

76]. ʂʣʶʯʝʚʦʡ ʪʝʟʠʩ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʩʧʝʮʠʘʣʠʩʪ ʥʝ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ 

ʝʜʠʥʦʨʘʟʦʚʦ ʧʦʣʫʯʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚʣʝʢʫʪ ʟʘ 

ʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʷʨʥʦ ʦʙʥʦʚʣʷʪʴ ʠ ʨʘʩʰʠʨʷʪʴ ʩʚʦʠ ʟʥʘʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʳʝ 

ʧʨʦʛʨʘʤʤʳ ʦʙʫʯʝʥʠʷ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʠʥʝʨʪʥʳʤʠ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʛʠʙʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʟʘʧʨʦʩʘʤ ʩʪʫʜʝʥʪʘ ʠʣʠ ʩʦʪʨʫʜʥʠʢʘ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ï ʵʪʦ ʩʠʩʪʝʤʥʘʷ ʤʦʜʝʣʴ, ʚ 

ʢʦʪʦʨʦʡ ʯʸʪʢʦ ʧʨʦʧʠʩʘʥʳ: 

ï ʜʦʣʛʦʩʨʦʯʥʳʝ ʮʝʣʠ ʩʧʝʮʠʘʣʠʩʪʘ (ʥʘʧʨʠʤʝʨ, ʦʚʣʘʜʝʥʠʝ ʥʘʚʳʢʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʥʘ ʥʦʚʦʤ ʷʟʳʢʝ, ʧʦʣʫʯʝʥʠʝ ʩʝʨʪʠʬʠʢʘʮʠʠ ʠʣʠ ʦʩʚʦʝʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʢʝʪʘ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ); 
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ï ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʵʪʘʧʳ (ʫʯʝʙʥʳʝ ʤʦʜʫʣʠ, ʧʨʦʝʢʪʳ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ, ʪʨʝʥʠʥʛʠ); 

ï ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʧʨʦʛʨʝʩʩʘ (ʪʝʩʪʳ, ʵʢʟʘʤʝʥʳ, ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʡ, ʦʪʟʳʚʳ 

ʵʢʩʧʝʨʪʦʚ) [3, ʩ. 12]. 

ʉʝʨʚʠʩ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʬʦʨʤʠʨʦʚʘʥʠʝ ʀʊʈ, ʜʘʸʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʩʦʟʥʘʥʥʦ ʚʳʙʠʨʘʪʴ ʧʫʪʴ ʨʘʟʚʠʪʠʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʘʢʪʫʘʣʴʥʳʝ ʨʳʥʦʯʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ, 

ʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʨʝʩʳ ʠ ʠʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʨʫʢʦʚʦʜʠʪʝʣʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠʣʠ HR-ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʢʦʤʧʘʥʠʷʭ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʦ ʪʦʤ, 

ʛʜʝ ʫ ʩʦʪʨʫʜʥʠʢʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʙʝʣʳ, ʢʘʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳ ʠ 

ʢʘʢʦʚʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʡʜʝʥʥʳʭ ʤʦʜʫʣʝʡ [1, ʩ. 46]. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʝʨʚʠʩʫ ʀʊʈ: 

1. ʇʝʨʩʦʥʘʣʠʟʘʮʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʣʘʪʬʦʨʤ, ʧʨʝʜʣʘʛʘʶʱʠʭ ʦʜʠʥʘʢʦʚʳʡ 

ʥʘʙʦʨ ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ, ʩʝʨʚʠʩ ʀʊʈ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʫʥʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʕʪʦ 

ʟʥʘʯʠʪ, ʯʪʦ ʧʨʠ ʧʝʨʚʦʤ ʚʭʦʜʝ ʚ ʩʠʩʪʝʤʫ ʠʣʠ ʚ ʧʨʦʮʝʩʩʝ ʘʢʪʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʟʘʧʦʣʥʷʝʪ ʘʥʢʝʪʫ, ʪʝʩʪʳ ʠʣʠ ʟʘʛʨʫʞʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʝʜʳʜʫʱʝʤ ʦʧʳʪʝ (ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʟʘʤʝʥʦʚ, ʩʝʨʪʠʬʠʢʘʪʳ, ʨʝʟʶʤʝ). ʉʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʩʪʨʦʠʪ ʥʘʯʘʣʴʥʫʶ 

ʪʨʘʝʢʪʦʨʠʶ ʠʣʠ ʜʘʸʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʥʘʧʨʘʚʣʝʥʠʡ [2, ʩ. 110]. 

2. ɻʠʙʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʜʫʣʝʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ ʜʝʣʘʶʪ ʩʪʘʚʢʫ ʥʘ 

ʢʦʨʦʪʢʠʝ ʘʜʘʧʪʠʚʥʳʝ ʫʯʝʙʥʳʝ ʙʣʦʢʠ (ʤʠʢʨʦʤʦʜʫʣʠ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʩʪʨʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ 

ʠʣʠ ʟʘʤʝʥʷʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʨʳʥʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʝʨʚʠʩʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʜʦʣʞʥʘ ʙʳʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʢʫʨʩʳ, ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ, ʫʜʘʣʷʪʴ 

ʫʩʪʘʨʝʚʰʠʝ ʤʦʜʫʣʠ. 

3. ʆʪʩʣʝʞʠʚʘʥʠʝ ʧʨʦʛʨʝʩʩʘ ʠ ʤʦʪʠʚʘʮʠʷ. ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʪʨʘʝʢʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʥʘʛʣʷʜʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʦʩʪʠʛʥʫʪʳʭ ʨʝʟʫʣʴʪʘʪʘʭ. ɻʝʡʤʠʬʠʢʘʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ (ʜʠʘʛʨʘʤʤʳ 

ʨʘʟʚʠʪʠʷ, ʫʨʦʚʥʠ, ʥʘʢʦʧʣʝʥʠʝ ʙʘʣʣʦʚ, ʨʝʡʪʠʥʛʠ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʠʩʪʝʤʦʡ ʫʚʝʜʦʤʣʝʥʠʡ 

ʩʪʠʤʫʣʠʨʫʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʙʫʯʝʥʠʶ ʠ ʧʨʦʭʦʞʜʝʥʠʶ ʪʝʩʪʦʚ. ʆʧʳʪ ʨʷʜʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʞʝ ʧʨʦʩʪʘʷ ʩʠʩʪʝʤʘ ʙʝʡʜʞʝʡ ʠʣʠ 

ʟʚʘʥʠʡ ʧʦʚʳʰʘʝʪ ʚʦʚʣʝʯʸʥʥʦʩʪʴ [5]. 

4. ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ. ʇʨʠ ʨʘʙʦʪʝ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ (ʫʯʸʪʥʘʷ 

ʟʘʧʠʩʴ, ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚ, ʚʦʟʤʦʞʥʳʝ ʢʦʤʤʝʥʪʘʨʠʠ ʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʷʭ) 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʝʨʚʠʩ ʜʦʣʞʝʥ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʱʠʱʸʥʥʫʶ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʘʚ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, 

ʰʠʬʨʦʚʘʥʠʝ ʠ ʨʝʛʫʣʷʨʥʦʝ ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ. 

5. ʀʥʪʝʛʨʘʮʠʷ ʩ ʚʥʝʰʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ɼʣʷ ʰʠʨʦʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʥʘʣʠʟʘ ʨʳʥʢʘ 

ʪʨʫʜʘ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʦʤʧʝʪʝʥʮʠʷʤ ʩʝʨʚʠʩ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʘʛʨʝʛʘʪʦʨʘʤʠ ʚʘʢʘʥʩʠʡ, 

ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʘʤʠ ʦʙʫʯʝʥʠʷ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ. ɺ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʝ 

ʚʘʞʥʘ ʠʥʪʝʛʨʘʮʠʷ ʩ HR-ʩʠʩʪʝʤʘʤʠ, ʯʪʦʙʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʫʯʸʪ, ʦʮʝʥʢʫ ʠ ʨʘʟʚʠʪʠʝ ʧʝʨʩʦʥʘʣʘ 

[1, ʩ. 46]. 

ʊʨʘʜʠʮʠʦʥʥʦ ʤʥʦʛʠʝ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ 

ʥʘʩʪʦʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ (desktop) ʚ ʩʠʣʫ ʠʭ ʫʜʦʙʩʪʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ.  

ʈʘʟʨʘʙʦʪʢʘ ʩʝʨʚʠʩʘ ʀʊʈ ʚ ʬʦʨʤʘʪʝ WPF-ʧʨʠʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ: 
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ï ʈʝʘʣʠʟʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʠ ʥʘʛʣʷʜʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʚʢʣʶʯʘʶʱʠʡ ʚʠʟʫʘʣʠʟʘʮʠʶ 

ʦʙʫʯʘʶʱʠʭ ʤʦʜʫʣʝʡ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʦʪʯʸʪʳ ʦ ʧʨʦʛʨʝʩʩʝ. 

ï ʉʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʠʥʪʝʨʥʝʪ-ʧʦʜʢʣʶʯʝʥʠʷ, ʝʩʣʠ 

ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʟʘʢʨʳʪʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʷʭ. 

ï ʋʧʨʦʩʪʠʪʴ ʚʥʝʜʨʝʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʚ ʩʨʝʜʝ Windows, ʢʦʪʦʨʘʷ ʦʩʪʘʸʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʚʦ 

ʤʥʦʛʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ. 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: 

ï ʉʣʦʡ ʜʘʥʥʳʭ (DAL). ʀʩʧʦʣʴʟʫʝʪʩʷ ʨʝʣʷʮʠʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, PostgreSQL 

ʠʣʠ MS SQL Server), ʛʜʝ ʭʨʘʥʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʧʦʣʴʟʦʚʘʪʝʣʷʭ, ʠʭ ʧʨʦʬʠʣʷʭ, ʢʦʤʧʝʪʝʥʮʠʷʭ, 

ʨʝʟʫʣʴʪʘʪʘʭ ʪʝʩʪʠʨʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʦ ʩʪʨʫʢʪʫʨʝ ʫʯʝʙʥʳʭ ʤʦʜʫʣʝʡ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ORM (ʥʘʧʨʠʤʝʨ, Entity Framework). 

ï ʉʣʦʡ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ (BLL). ʆʪʚʝʯʘʝʪ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʦʙʨʘʙʦʪʢʫ 

ʜʘʥʥʳʭ ʦ ʢʦʤʧʝʪʝʥʮʠʷʭ ʠ ʥʘʚʳʢʘʭ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʶ ʩ ʚʥʝʰʥʠʤʠ ʩʝʨʚʠʩʘʤʠ. ɺ ʜʘʥʥʦʤ ʩʣʦʝ 

ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʘʣʛʦʨʠʪʤʳ ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʡ ʠʣʠ ʢʦʥʪʝʥʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʤʝʭʘʥʠʟʤʳ 

ʛʝʡʤʠʬʠʢʘʮʠʠ, ʬʫʥʢʮʠʠ ʟʘʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʢʠ ʜʘʥʥʳʭ. 

- ʉʣʦʡ ʧʨʝʟʝʥʪʘʮʠʠ (UI). ʈʝʘʣʠʟʫʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ WPF, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʬʦʨʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʠʤʘʮʠʠ, ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʠʣʝʡ ʠ ʰʘʙʣʦʥʦʚ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʫʜʦʙʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ɿʜʝʩʴ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʩʚʦʶ 

ʪʨʘʝʢʪʦʨʠʶ, ʜʦʙʘʚʣʷʪʴ ʠʣʠ ʫʜʘʣʷʪʴ ʵʪʘʧʳ, ʘ ʪʘʢʞʝ ʚʠʜʝʪʴ ʜʠʥʘʤʠʢʫ ʨʝʟʫʣʴʪʘʪʦʚ [4, ʩ. 77]. 

- ʄʦʜʫʣʴ ʘʥʘʣʠʪʠʢʠ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʳʭ ʦʙʲʸʤʘʭ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ (ʧʨʦʬʠʣʠ, 

ʧʨʦʡʜʝʥʥʳʝ ʢʫʨʩʳ, ʩʪʘʪʠʩʪʠʢʘ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʢʘʨʴʝʨʥʦʛʦ ʨʦʩʪʘ) ʚʦʟʤʦʞʥʦ 

ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʤʦʛʘʶʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ, ʢʘʢʠʝ 

ʥʘʚʳʢʠ ʙʫʜʫʪ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʘʜʘʧʪʠʚʥʳʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʫʨʩʘʤ [2, ʩ. 112]. 

ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ: 

ï ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʟʘʧʦʣʥʝʥʠʝ ʧʨʦʬʠʣʷ. ʇʨʠ ʧʝʨʚʦʤ ʟʘʧʫʩʢʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʢʘʟʳʚʘʝʪ 

ʠʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ (ʩʧʝʮʠʘʣʴʥʦʩʪʴ, ʦʧʳʪ, ʠʥʪʝʨʝʩʳ), ʘ ʪʘʢʞʝ ʮʝʣʠ (ʧʦʚʳʰʝʥʠʝ 

ʢʚʘʣʠʬʠʢʘʮʠʠ, ʩʤʝʥʘ ʩʬʝʨʳ, ʠʟʫʯʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ). 

ï ɼʠʘʛʥʦʩʪʠʢʘ. ʉʝʨʚʠʩ ʧʨʝʜʣʘʛʘʝʪ ʧʨʦʡʪʠ ʙʳʩʪʨʳʡ ʪʝʩʪ ʠʣʠ ʘʥʢʝʪʠʨʦʚʘʥʠʝ ʜʣʷ ʙʦʣʝʝ 

ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʴʥʳʭ ʩʪʦʨʦʥ ʠ ʧʨʦʙʝʣʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 

ï ɻʝʥʝʨʘʮʠʷ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʤʦʜʫʣʝʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʬʠʣʷ, ʚʳʙʨʘʥʥʳʭ ʮʝʣʝʡ ʠ 

ʦʙʱʝʡ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʧʦʭʦʞʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʝʨʚʠʩ ʬʦʨʤʠʨʫʝʪ ʩʧʠʩʦʢ ʢʫʨʩʦʚ, ʢʥʠʛ, 

ʪʨʝʥʠʥʛʦʚ ʠʣʠ ʧʨʦʝʢʪʦʚ, ʢʦʪʦʨʳʝ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʩʪʝʤʳ, ʧʦʤʦʛʫʪ ʜʦʩʪʠʯʴ ʞʝʣʘʝʤʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ. 

ï ʆʪʩʣʝʞʠʚʘʥʠʝ ʧʨʦʛʨʝʩʩʘ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʠʜʠʪ çʜʦʨʦʞʥʫʶ ʢʘʨʪʫè ʩ ʧʨʦʡʜʝʥʥʳʤʠ 

ʵʪʘʧʘʤʠ, ʦʮʝʥʢʘʤʠ, ʩʨʦʢʘʤʠ ʦʢʦʥʯʘʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ. ʇʦʜʦʙʥʳʡ ʬʦʨʤʘʪ ʧʦʭʦʞ ʥʘ 

ʜʦʨʦʞʥʳʝ ʢʘʨʪʳ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʮʝʣʠ 

[5]. 

ï ʂʦʨʧʦʨʘʪʠʚʥʘʷ ʠʥʪʝʛʨʘʮʠʷ. ɽʩʣʠ ʧʨʠʣʦʞʝʥʠʝ ʚʥʝʜʨʷʝʪʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʶ, HR-ʦʪʜʝʣ 

ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʩʪʘʪʠʩʪʠʢʝ: ʢʘʢʠʝ ʢʫʨʩʳ ʩʦʪʨʫʜʥʠʢʠ ʧʨʦʭʦʜʷʪ, ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʵʪʦ 
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ʟʘʥʠʤʘʝʪ, ʢʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʥʫʪʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʣʘʥʠʨʦʚʘʪʴ ʢʘʜʨʦʚʫʶ ʧʦʣʠʪʠʢʫ, 

ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʠ ʥʘʧʨʘʚʣʷʪʴ ʨʝʩʫʨʩʳ ʚ ʥʘʠʙʦʣʝʝ çʫʟʢʠʝè ʤʝʩʪʘ 

ʢʦʤʧʝʪʝʥʮʠʡ. 

ɼʣʷ ʚʫʟʦʚ ʠ ʢʦʣʣʝʜʞʝʡ ʩʝʨʚʠʩ ʀʊʈ ʤʦʞʝʪ ʩʪʘʪʴ ʯʘʩʪʴʶ ʮʠʬʨʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʜʦʧʦʣʥʷʷ ʵʣʝʢʪʨʦʥʥʳʝ ʜʥʝʚʥʠʢʠ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ (LMS), ʘ ʪʘʢʞʝ 

ʦʥʣʘʡʥ-ʙʠʙʣʠʦʪʝʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ: 

ï ʉʪʫʜʝʥʪʳ ʧʦʣʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʦʟʥʘʥʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʩʚʦʶ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ ʟʘ ʩʯʸʪ ʚʳʙʦʨʘ ʵʣʝʢʪʠʚʦʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʫʨʩʦʚ, 

ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ; 

ï ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʠ ʘʜʤʠʥʠʩʪʨʘʮʠʷ ʤʦʛʫʪ ʦʪʩʣʝʞʠʚʘʪʴ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʢʦʤʧʝʪʝʥʮʠʡ 

ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ, ʚʠʜʝʪʴ ʜʠʥʘʤʠʢʫ ʧʨʦʛʨʝʩʩʘ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʫʯʝʙʥʳʝ 

ʧʣʘʥʳ; 

ï ʉʦʟʜʘʸʪʩʷ ʩʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʩʪʫʜʝʥʪʳ ʤʦʪʠʚʠʨʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ, ʥʦ ʠ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʦʩʚʦʝʥʠʝ ʩʤʝʞʥʳʭ ʟʥʘʥʠʡ ʠ 

ʥʘʚʳʢʦʚ, 

ʯʪʦ ʚʘʞʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ [3, ʩ. 12]. 

 ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʝʨʚʠʩ ʀʊʈ ʧʦʤʦʛʘʝʪ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʆʧʪʠʤʠʟʘʮʠʷ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ. 

ʏʘʩʪʦ ʢʦʤʧʘʥʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʩʦʪʨʫʜʥʠʢʘʤ ʥʝʦʙʭʦʜʠʤʦ ʙʳʩʪʨʦ ʦʩʚʘʠʚʘʪʴ 

ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʣʠ ʤʝʪʦʜʠʢʠ. ʉ ʧʦʤʦʱʴʶ ʩʝʨʚʠʩʘ ʤʦʞʥʦ ʦʧʝʨʘʪʠʚʥʦ ʚʢʣʶʯʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʜʫʣʠ ʚ ʪʨʘʝʢʪʦʨʠʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʘʜʨʝʩʥʦʝ ʦʙʫʯʝʥʠʝ. 

ï ɸʪʪʝʩʪʘʮʠʷ ʠ ʩʝʨʪʠʬʠʢʘʮʠʷ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʢʦʤʧʝʪʝʥʮʠʡ ʩʦʪʨʫʜʥʠʢʦʚ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʩʪʨʦʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʣʠ ʠʥʪʝʛʨʘʮʠʷ ʩ ʚʥʝʰʥʠʤʠ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʤʠ ʮʝʥʪʨʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʧʨʦʬʠʣʝ. 

ï ʇʣʘʥʠʨʦʚʘʥʠʝ ʢʘʜʨʦʚʦʛʦ ʨʝʟʝʨʚʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʦʣʫʯʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʢʘʢʠʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ʛʦʪʦʚʳ ʢ ʧʝʨʝʭʦʜʫ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʛʨʘʤʦʪʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʘʢʘʥʩʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʘʜʨʦʚʦʛʦ ʨʝʟʝʨʚʘ [1, ʩ. 46]. 

ï ʇʦʚʳʰʝʥʠʝ ʤʦʪʠʚʘʮʠʠ ʠ ʫʜʝʨʞʘʥʠʝ ʧʝʨʩʦʥʘʣʘ. ʂʦʛʜʘ ʩʦʪʨʫʜʥʠʢʠ ʚʠʜʷʪ, ʯʪʦ 

ʢʦʤʧʘʥʠʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʘ ʚ ʠʭ ʨʘʟʚʠʪʠʠ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʜʦʙʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʦʩʪʘ, 

ʣʦʷʣʴʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ ʚʦʟʨʘʩʪʘʝʪ. ɻʝʡʤʠʬʠʢʘʮʠʷ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʢʘʨʴʝʨʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʫʜʝʨʞʘʥʠʷ. 

ʂʘʢ ʠ ʚ ʣʶʙʦʤ ʧʨʦʝʢʪʝ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ 

ʩʝʨʚʠʩʘ ʀʊʈ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩʦ ʩʚʦʠʤʠ ʚʳʟʦʚʘʤʠ: 

ï ʆʙʥʦʚʣʝʥʠʝ ʢʦʥʪʝʥʪʘ. ʉʠʩʪʝʤʘ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʘ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʘʢʪʫʘʣʴʥʳʭ 

ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʫʨʩʦʚ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʦʙʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ ʩʝʨʚʠʩ 

ʤʦʞʝʪ ʙʳʩʪʨʦ çʫʩʪʘʨʝʪʴè. 

ï ʕʪʠʯʝʩʢʠʝ ʠ ʧʨʘʚʦʚʳʝ ʘʩʧʝʢʪʳ. ʍʨʘʥʝʥʠʝ ʜʝʪʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʩʦʪʨʫʜʥʠʢʦʚ ʠʣʠ 

ʩʪʫʜʝʥʪʦʚ ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʯʘʩʪʠ 
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ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʌɿ çʆ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭè ʠ ʨʝʛʣʘʤʝʥʪʘ GDPR ʚ ʩʣʫʯʘʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʨʘʞʜʘʥʘʤʠ ɽʉ). 

ï ʂʫʣʴʪʫʨʘ ʦʙʫʯʝʥʠʷ. ɽʩʣʠ ʦʨʛʘʥʠʟʘʮʠʷ (ʠʣʠ ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ) ʥʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʘ ʚ 

ʧʦʩʪʦʷʥʥʦʤ ʨʘʟʚʠʪʠʠ, ʩʝʨʚʠʩ ʤʦʞʝʪ ʦʩʪʘʪʴʩʷ ʬʦʨʤʘʣʴʥʦʡ çʚʠʪʨʠʥʦʡè, ʢʦʪʦʨʫʶ ʥʠʢʪʦ ʥʝ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ. ɺʘʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʢʫʣʴʪʫʨʫ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʷ. 

ï ɸʜʘʧʪʘʮʠʷ ʧʦʜ ʨʘʟʥʳʝ ʩʬʝʨʳ. ɼʣʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʩʝʨʚʠʩ ʜʦʣʞʝʥ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʛʠʙʢʫʶ ʤʦʜʝʣʴ ʦʧʠʩʘʥʠʷ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʤʦʜʫʣʝʡ, ʪʘʢ ʢʘʢ ʩʧʝʮʠʬʠʢʘ IT-ʩʬʝʨʳ ʦʪʣʠʯʘʝʪʩʷ ʦʪ, ʥʘʧʨʠʤʝʨ, ʛʫʤʘʥʠʪʘʨʥʦʡ ʠʣʠ 

ʠʥʞʝʥʝʨʥʦʡ [2, ʩ. 115]. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʪʘʢʠʝ ʩʝʨʚʠʩʳ ʤʦʛʫʪ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ ʤʝʭʘʥʠʟʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ (ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ) ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʢʨʳʪʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʚ ʢʘʨʴʝʨʘʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ (ʢʘʢʠʝ ʢʦʤʧʝʪʝʥʮʠʠ ʩʪʘʥʫʪ ʢʣʶʯʝʚʳʤʠ ʚ 

ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ) ʠ ʙʦʣʝʝ ʪʦʥʢʦʡ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ [4, ʩ. 80]. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʘʩʰʠʨʝʥʠʝ ʯʠʩʣʘ ʠʥʪʝʛʨʘʮʠʡ (ʦʥʣʘʡʥ-ʦʙʫʯʘʶʱʠʝ ʧʣʘʪʬʦʨʤʳ, HR-ʧʦʨʪʘʣʳ, 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ) ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʮʝʣʴʥʳʝ 

ʵʢʦʩʠʩʪʝʤʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʝʨʚʠʩ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ, 

ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʜʠʥʘʤʠʯʥʦʛʦ ʨʳʥʢʘ ʪʨʫʜʘ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʦʛʦ ʩʝʨʚʠʩʘ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʜʝʩʢʪʦʧʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʙʘʟʝ WPF ʚ Microsoft Visual Studio ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ 

ʚʳʩʦʢʦʠʥʪʝʨʘʢʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʧʦʜʢʣʶʯʘʪʴ ʤʦʜʫʣʠ ʘʥʘʣʠʪʠʢʠ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʩ 

ʚʥʝʰʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʷʪ ʚ 

ʛʠʙʢʦʤ ʫʧʨʘʚʣʝʥʠʠ ʫʯʝʙʥʳʤʠ ʤʦʜʫʣʷʤʠ, ʚʠʟʫʘʣʴʥʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʧʨʦʛʨʝʩʩʘ ʠ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ ʭʨʘʥʝʥʠʠ ʜʘʥʥʳʭ ʦ ʢʦʤʧʝʪʝʥʮʠʷʭ ʠ ʨʝʟʫʣʴʪʘʪʘʭ ʦʙʫʯʝʥʠʷ [3, ʩ. 12]. 

ʅʘ ʧʨʘʢʪʠʢʝ ʩʝʨʚʠʩ ʀʊʈ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ï ʜʣʷ 

ʘʜʘʧʪʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʢ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʮʝʣʷʤ ʢʦʤʧʘʥʠʠ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʢʦʥʪʝʥʪʘ, ʶʨʠʜʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ (ʟʘʱʠʪʫ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ) ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʦʟʥʘʥʥʦʡ ʤʦʪʠʚʘʮʠʠ ʫʯʘʩʪʥʠʢʦʚ. ɹʣʘʛʦʜʘʨʷ ʥʦʚʝʡʰʠʤ ʤʝʪʦʜʘʤ ʘʥʘʣʠʟʘ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʪʘʢʦʡ ʩʝʨʚʠʩ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʧʝʭ 

ʧʝʨʝʭʦʜʘ ʢ ʥʦʚʦʡ ʤʦʜʝʣʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʩʧʝʮʠʘʣʠʩʪ ʙʝʨʸʪ ʥʘ 

ʩʝʙʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʚʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʧʫʪʴ, ʘ ʦʨʛʘʥʠʟʘʮʠʷ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʦʟʜʘʶʱʝʛʦ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʩʨʝʜʫ ʜʣʷ ʨʘʟʚʠʪʠʷ. 
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ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʨʝʘʣʠʟʘʮʠʠ. ɾʫʨʥʘʣ ʠʥʥʦʚʘʮʠʡ ʠ ʮʠʬʨʦʚʠʟʘʮʠʠ. 2023. ˉ 2(6). ʉ. 25-31. 
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ʊʝʨʝʥʪʴʝʚ ɼ.ɽ. 

ʂʘʣʫʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ. ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ 

ʛ. ʂʘʣʫʛʘ, ʈʦʩʩʠʷ 

ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʀ ʀʍ ʈʆʃʔ ɺ ʉʆɺʈɽʄɽʅʅʆʄ 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʆʄ ʇʈʆʎɽʉʉɽ  

ʉʨʝʜʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʀʊ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ, ʪʘʢ ʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ 

ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʝʰʝʥʠʡ, ʦʪ ʧʨʦʩʪʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʦ ʩʣʦʞʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʣʘʪʬʦʨʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʝʸ ʩʦʭʨʘʥʥʦʩʪʴ, ʦʙʨʘʙʦʪʢʫ ʠ ʧʝʨʝʜʘʯʫ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʀʊ ʩʪʘʣʠ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʝ ʪʦʣʴʢʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, 

ʚʢʣʶʯʘʷ ʩʬʝʨʫ ʦʙʨʘʟʦʚʘʥʠʷ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʙʠʟʥʝʩʘ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ [2, ʩ. 25]. 

ʈʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʝʤʠʪʝʣʴʥʳʤʠ ʪʝʤʧʘʤʠ, ʯʪʦ 

ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʦʧʪʠʤʠʟʘʮʠʶ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, 

ʦʥʣʘʡʥ-ʨʘʙʦʪʘ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ, ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʠ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʉ 

ʢʘʞʜʳʤ ʛʦʜʦʤ ʀʊ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ [8, ʩ. 310]. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ 

ʢʘʪʝʛʦʨʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʛʨʘʝʪ ʩʚʦʶ ʫʥʠʢʘʣʴʥʫʶ ʨʦʣʴ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ: 

¶ ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʠʩʪʝʤʳ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʕʪʦ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ, ʪʘʢʠʝ ʢʘʢ 

ERP-ʩʠʩʪʝʤʳ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʪʘʢʞʝ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʢʘʜʨʦʚʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʫʧʨʘʚʣʝʥʠʝ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ [1, ʩ. 63]. 

ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʭʚʘʪʳʚʘʶʪ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʙʤʝʥ 

ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʣʶʜʴʤʠ: ʵʪʦ ʪʝʣʝʬʦʥʳ, ʧʣʘʥʰʝʪʳ, ʢʦʤʧʴʶʪʝʨʳ, ʘ 

ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤʳ. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʣʶʜʠ ʤʦʛʫʪ 

ʵʬʬʝʢʪʠʚʥʦ ʦʙʤʝʥʠʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ, ʥʘʭʦʜʷʩʴ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʤʠʨʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʫʜʘʣʝʥʥʦʡ ʨʘʙʦʪʳ.  

¶ ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʪʚʝʯʘʶʪ ʟʘ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʪʘʢʠʭ 

ʦʙʣʘʩʪʷʭ, ʢʘʢ ʥʘʫʢʘ, ʠʥʞʝʥʝʨʠʷ, ʬʠʥʘʥʩʳ ʠ ʜʨʫʛʠʝ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ (Big Data), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʠ ʧʨʠʥʠʤʘʪʴ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʞʠʟʥʠ [5, ʩ. 102]. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʠʭ ʨʦʣʴ ʚ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʩʠʣʠʚʘʝʪʩʷ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʦʜʭʦʜʘʭ ʢ ʦʙʫʯʝʥʠʶ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʤʝʪʦʜʠʢʘʤ. 

ɺʥʝʜʨʝʥʠʝ ʀʊ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʫʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʯʘʱʠʭʩʷ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ʇʨʠʤʝʥʝʥʠʝ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʥʣʘʡʥ-ʨʝʩʫʨʩʳ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʩʪʫʜʝʥʪʘʤ ʜʦʩʪʫʧ ʢ ʦʙʫʯʝʥʠʶ, ʥʝ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʨʘʤʢʘʤʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ [7, ʩ. 58]. 

ʇʨʝʜʳʩʪʦʨʠʷ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʦʥʮʘ 

XX ʚʝʢʘ, ʢʦʛʜʘ ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʪʴʩʷ ʧʝʨʚʳʝ ʢʦʤʧʴʶʪʝʨʳ ʠ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʙʳʣ ʧʝʨʚʳʡ ʰʘʛ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʠʣ ʫʯʠʪʝʣʷʤ ʠ ʩʪʫʜʝʥʪʘʤ ʙʳʩʪʨʦ ʦʙʤʝʥʠʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʬʨʦʚʳʝ 

ʨʝʩʫʨʩʳ ʜʣʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʧʝʨʚʳʝ ʵʣʝʢʪʨʦʥʥʳʝ 

ʫʯʝʙʥʠʢʠ ʠ ʦʥʣʘʡʥ-ʢʫʨʩʳ, ʯʪʦ ʦʪʢʨʳʣʦ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʥʘ ʪʦʪ 

ʤʦʤʝʥʪ ʮʠʬʨʦʚʠʟʘʮʠʷ ʙʳʣʘ ʦʛʨʘʥʠʯʝʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʵʣʠʪʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ, ʠ ʜʣʷ 

ʤʘʩʩʦʚʦʛʦ ʚʥʝʜʨʝʥʠʷ ʪʨʝʙʦʚʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘʷ 

ʧʦʢʫʧʢʫ ʢʦʤʧʴʶʪʝʨʦʚ, ʦʨʛʘʥʠʟʘʮʠʶ ʠʥʪʝʨʥʝʪʘ ʠ ʩʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ [4, ʩ. 73]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʛʣʦʙʘʣʴʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʩʬʝʨʝ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʋʞʝ ʥʘ ʧʝʨʚʳʭ 

ʵʪʘʧʘʭ ʩʚʦʝʛʦ ʚʥʝʜʨʝʥʠʷ ʀʊ ʧʦʟʚʦʣʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʜʦʩʪʫʧʥʦʩʪʴ ʟʥʘʥʠʡ ʠ ʫʣʫʯʰʠʪʴ 

ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʠʢʠ, ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʧʨʝʟʝʥʪʘʮʠʠ, 

ʦʥʣʘʡʥ-ʨʝʩʫʨʩʳ ʠ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʜʝʣʘʣʠ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʙʦʣʝʝ 

ʛʠʙʢʠʤ ʠ ʜʠʥʘʤʠʯʥʳʤ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʨʘʟʚʠʚʘʪʴ ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʫʯʝʪʦʤ ʘʢʪʫʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ 

ʦʙʫʯʝʥʠʷ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʯʪʦ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʩʪʫʜʝʥʪʘʤ ʩʦʟʜʘʚʘʪʴ ʩʚʦʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʫʯʝʥʠʶ. ʉʪʫʜʝʥʪʳ ʪʝʧʝʨʴ ʤʦʛʫʪ ʚʳʙʠʨʘʪʴ ʪʝʤʧ ʠ 

ʬʦʨʤʫ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʠʭ ʤʦʪʠʚʘʮʠʠ ʠ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩ. ʕʪʦ 

ʪʘʢʞʝ ʩʦʜʝʡʩʪʚʫʝʪ ʥʝʧʨʝʨʳʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʫʯʘʱʠʤʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʙʦʪʘʪʴ ʩ ʫʯʝʙʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʠ ʚ ʣʶʙʦʤ ʤʝʩʪʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʦʙʫʯʝʥʠʷ [3, ʩ. 88]. 

ʉ ʨʘʟʚʠʪʠʝʤ ʠʥʪʝʨʥʝʪʘ ʠ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʤʝʩʪʫ. ʇʣʘʪʬʦʨʤʳ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʪʫʜʝʥʪʘʤ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʥʘʭʦʜʠʪʴ ʦʙʱʠʡ ʷʟʳʢ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʙʱʝʥʠʷ ʠ 

ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ: ʯʘʪʳ, ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ, ʬʦʨʫʤʳ ʠ ʜʨʫʛʠʝ ʬʦʨʤʳ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʕʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʦ ʭʘʨʘʢʪʝʨ ʫʯʝʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʩʜʝʣʘʚ ʠʭ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʠ 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʤʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʨʘʤʢʘʤʠ. ʕʣʝʢʪʨʦʥʥʳʝ ʢʫʨʩʳ ʠ ʦʥʣʘʡʥ-ʦʙʫʯʝʥʠʝ 

ʨʘʩʰʠʨʷʶʪ ʜʦʩʪʫʧ ʢ ʟʥʘʥʠʷʤ, ʜʝʣʘʷ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʣʠ ʪʝʭ, ʢʪʦ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʧʨʠʯʠʥʘʤ ʥʝ ʤʦʞʝʪ ʧʦʩʝʱʘʪʴ ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ 
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ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ. ʕʪʦ ʪʘʢʞʝ ʩʦʟʜʘʝʪ ʨʘʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʯʘʱʠʭʩʷ, ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʠʭ ʤʝʩʪʘ ʞʠʪʝʣʴʩʪʚʘ, ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠʣʠ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ [6, ʩ. 101]. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʥʪʝʛʨʘʮʠʷ ʀʊ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʤʦʪʠʚʘʮʠʶ ʫʯʘʱʠʭʩʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʫʯʘʱʠʤʩʷ 

ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʦʙʫʯʘʶʱʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʛʣʫʙʣʝʥʥʦʤʫ ʠʟʫʯʝʥʠʶ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʥʪʝʨʝʩʫʶʱʠʭ ʠʭ ʪʝʤ. ʕʣʝʢʪʨʦʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ, ʙʘʟʳ ʜʘʥʥʳʭ, 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʩʠʤʫʣʷʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʩʪʫʜʝʥʪʘʤ ʨʘʙʦʪʘʪʴ ʩ ʘʢʪʫʘʣʴʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʘʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ, ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʥʘʚʳʢʦʚ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʝʰʘʪʴ ʟʘʜʘʯʠ 

ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʳʭ ʠʟʤʝʥʝʥʠʡ [9, ʩ. 45]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʚʥʝʜʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʨʝʰʝʥʠʷ. ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʘʢʪʫʘʣʴʥʳʭ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʦʝ ʥʝʨʘʚʝʥʩʪʚʦ. ɺ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ ʩʫʱʝʩʪʚʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʜʦʩʪʫʧʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʘʱʠʭʩʷ 

ʠʟ ʙʝʜʥʳʭ ʠʣʠ ʫʜʘʣʝʥʥʳʭ ʨʘʡʦʥʦʚ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʘʭ 

ʈʦʩʩʠʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʮʠʬʨʦʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʨʘʟʚʠʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʫʯʘʱʠʤʩʷ ʧʦʣʫʯʘʪʴ ʧʦʣʥʦʮʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. ɺ ʫʩʣʦʚʠʷʭ ʧʘʥʜʝʤʠʠ, ʢʦʛʜʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʫʯʨʝʞʜʝʥʠʷ ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ ʧʝʨʝʡʪʠ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʧʨʦʙʣʝʤʘ ʮʠʬʨʦʚʦʛʦ 

ʥʝʨʘʚʝʥʩʪʚʘ ʩʪʘʣʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ. ʉʪʫʜʝʥʪʳ ʠʟ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʭ ʩʝʤʝʡ ʠʣʠ ʨʝʛʠʦʥʦʚ ʩ 

ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʢʘʟʘʣʠʩʴ ʚ ʥʝʚʳʛʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʪʘʢ ʢʘʢ ʥʝ ʤʦʛʣʠ 

ʦʙʝʩʧʝʯʠʪʴ ʩʝʙʝ ʥʝʦʙʭʦʜʠʤʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʫʯʘʩʪʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ [10, 

ʩ. 110]. 

ɼʨʫʛʦʡ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʴ ʧʝʜʘʛʦʛʦʚ ʩ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʨʦʚʥʝʤ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʦʙʫʯʝʥʠʝ ʫʯʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʩʪʘʣʦ ʦʙʷʟʘʪʝʣʴʥʳʤ, ʤʥʦʛʠʝ ʧʝʜʘʛʦʛʠ ʧʦ-

ʧʨʝʞʥʝʤʫ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʤʝʪʦʜʠʢʘʤʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʯʠʪʝʣʷ ʤʦʛʣʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʀʊ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ, ʠʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʭʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʝ ʢʫʨʩʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʦʩʚʘʠʚʘʪʴ ʥʦʚʳʝ 

ʧʦʜʭʦʜʳ ʢ ʦʙʫʯʝʥʠʶ. ʆʜʥʘʢʦ ʵʪʦ ʯʘʩʪʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʠ ʚʨʝʤʝʥʠ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʧʨʘʢʪʠʢʫ [8, ʩ. 73]. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ï ʝʱʝ ʦʜʥʘ ʟʥʘʯʠʤʘʷ ʧʨʦʙʣʝʤʘ. ɺ ʫʩʣʦʚʠʷʭ 

ʨʘʩʪʫʱʝʛʦ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʠ ʘʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʥʣʘʡʥ-ʨʝʩʫʨʩʦʚ ʚʦʟʨʘʩʪʘʝʪ ʨʠʩʢ ʫʪʝʯʝʢ 

ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʠʙʝʨʘʪʘʢ. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʜʦʣʞʥʳ ʚʥʝʜʨʷʪʴ 

ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʠ ʦʙʫʯʘʪʴ ʢʘʢ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʪʘʢ ʠ ʩʪʫʜʝʥʪʦʚ ʦʩʥʦʚʘʤ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʮʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʦʣʴʟʦʡ, ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʇʨʦʙʣʝʤʳ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʪʘʢʠʝ ʢʘʢ ʚʟʣʦʤʳ 

ʧʣʘʪʬʦʨʤ ʜʣʷ ʦʥʣʘʡʥ-ʦʙʫʯʝʥʠʷ ʠʣʠ ʫʪʝʯʢʘ ʣʠʯʥʳʭ ʜʘʥʥʳʭ, ʤʦʛʫʪ ʧʦʚʨʝʜʠʪʴ ʨʝʧʫʪʘʮʠʠ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ ʧʨʠʚʝʩʪʠ ʢ ʶʨʠʜʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ [10, ʩ. 80]. 
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ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʠ ʧʫʪʠ ʫʣʫʯʰʝʥʠʷ ʩʠʪʫʘʮʠʠ 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʮʠʬʨʦʚʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʚ ʫʜʘʣʝʥʥʳʭ ʠ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʘʭ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʫʧ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʜʣʷ ʚʩʝʭ 

ʫʯʘʱʠʭʩʷ. ɺʘʞʥʦ ʩʦʟʜʘʚʘʪʴ ʰʢʦʣʴʥʳʝ ʭʘʙʳ ʩ ʙʝʩʧʣʘʪʥʳʤ ʠʥʪʝʨʥʝʪʦʤ ʠ ʥʝʦʙʭʦʜʠʤʦʡ 

ʪʝʭʥʠʢʦʡ. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʪʘʢʞʝ ʜʦʣʞʥʳ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʛʠʙʢʠʝ ʠ ʜʦʩʪʫʧʥʳʝ 

ʧʨʦʛʨʘʤʤʳ, ʯʪʦʙʳ ʧʨʝʦʜʦʣʝʪʴ ʙʘʨʴʝʨʳ ʚ ʜʦʩʪʫʧʝ ʢ ʟʥʘʥʠʷʤ [5, ʩ. 58]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʜʘʛʦʛʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʳʝ 

ʢʫʨʩʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʪʨʝʥʠʥʛʠ ʠ ʚʝʙʠʥʘʨʳ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʫʯʠʪʝʣʷʤ ʙʳʩʪʨʝʝ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʮʠʬʨʦʚʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʙʫʯʝʥʠʠ. ʊʘʢʞʝ ʚʘʞʥʦ ʩʦʟʜʘʪʴ ʜʦʩʪʫʧʥʳʝ 

ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʪʴ ʀʊ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʦʙʱʝʡ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʩʨʝʜʠ ʧʝʜʘʛʦʛʦʚ [7, ʩ. 64]. 

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʟʘʱʠʪʫ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʫʯʨʝʞʜʝʥʠʷ ʜʦʣʞʥʳ ʚʥʝʜʨʷʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠ ʦʙʫʯʘʪʴ ʩʪʫʜʝʥʪʦʚ ʧʨʘʚʠʣʘʤ 

ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʠʥʪʝʨʥʝʪʝ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ, ʪʘʢ ʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʫʯʘʱʠʭʩʷ ʦ 

ʚʘʞʥʦʩʪʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʟʘʱʠʪʝ ʜʘʥʥʳʭ [4, ʩ. 115]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʥʝʦʮʝʥʠʤʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ 

ʧʨʦʮʝʩʩʝ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʙʫʯʝʥʠʷ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʥʦʦʙʨʘʟʠʪʴ ʬʦʨʤʳ ʠ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʜʦʩʪʫʧʥʦʩʪʴ ʟʥʘʥʠʡ ʜʣʷ 

ʫʯʘʱʠʭʩʷ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʟʜʘʥʠʶ ʛʠʙʢʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ. ɺʥʝʜʨʝʥʠʝ ʀʊ ʜʝʣʘʝʪ ʦʙʫʯʝʥʠʝ ʙʦʣʝʝ ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʠ 

ʜʦʩʪʫʧʥʳʤ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʥʣʘʡʥ-ʨʝʩʫʨʩʦʚ ʧʦʤʦʛʘʝʪ ʩʦʢʨʘʪʠʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʨʘʟʨʳʚ. 

ʆʜʥʘʢʦ ʚʥʝʜʨʝʥʠʝ ʀʊ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʚʳʟʦʚʦʚ, ʪʘʢʠʭ ʢʘʢ ʮʠʬʨʦʚʦʝ 

ʥʝʨʘʚʝʥʩʪʚʦ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʫʛʨʦʟʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʜʦʣʞʘʣʠ ʵʬʬʝʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʚʥʳʡ 

ʜʦʩʪʫʧ ʢ ʮʠʬʨʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʘʤ, ʧʦʚʳʰʘʷ ʢʚʘʣʠʬʠʢʘʮʠʶ ʧʝʜʘʛʦʛʦʚ ʠ ʫʢʨʝʧʣʷʷ ʩʠʩʪʝʤʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ. ʊʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʠ ʨʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʩʜʝʣʘʶʪ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʜʦʩʪʫʧʥʳʤ, ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ. 

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʠʟʠʨʫʶʪ ʫʯʝʙʥʳʡ 

ʧʨʦʮʝʩʩ, ʥʦ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʙʫʜʫʱʝʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʟʜʘʚʘʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʫʯʘʱʠʭʩʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʬʠʟʠʯʝʩʢʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠʣʠ 

ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʩʧʝʰʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʀʊ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ 

ʦʙʥʦʚʣʝʥʠʷ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʥʝ ʪʦʣʴʢʦ ʫ ʩʪʫʜʝʥʪʦʚ, ʥʦ ʠ ʫ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ɺʘʞʥʦ, ʯʪʦʙʳ 

ʢʘʞʜʳʡ ʫʯʠʪʝʣʴ ʙʳʣ ʚ ʩʦʩʪʦʷʥʠʠ ʥʝ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʭ ʢ ʪʝʢʫʱʠʤ ʠʟʤʝʥʝʥʠʷʤ, ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʧʨʦʩʘʤ ʚʨʝʤʝʥʠ. ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʦʣʞʥʦ ʙʳʪʴ 
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ʦʩʦʟʥʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʝʥ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʥʝ ʥʘ 

ʟʘʤʝʥʫ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ. 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʢʨʘʡʥʝ ʚʘʞʥʦ ʧʨʦʜʦʣʞʘʪʴ ʨʘʙʦʪʘʪʴ ʥʘʜ ʫʣʫʯʰʝʥʠʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʭ ʩʦʚʨʝʤʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʚʥʝʜʨʷʪʴ ʥʦʚʳʝ ʩʪʘʥʜʘʨʪʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʫʯʘʱʠʝʩʷ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʤʦʛʣʠ ʯʫʚʩʪʚʦʚʘʪʴ ʩʝʙʷ ʫʚʝʨʝʥʥʦ ʠ 

ʙʝʟʦʧʘʩʥʦ ʚ ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʦʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʙʫʜʝʪ ʪʦʣʴʢʦ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʊʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ 

ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, ʚ ʙʫʜʫʱʝʤ ʦʪʢʨʦʶʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʧʨʝʧʦʜʘʚʘʥʠʷ, 

ʧʦʟʚʦʣʷʷ ʝʱʝ ʛʣʫʙʞʝ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʪʴ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʏʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ ʨʘʙʦʪʘʪʴ ʥʘʜ 

ʨʝʰʝʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ ʠ ʦʙʝʩʧʝʯʝʥʠʝʤ ʨʘʚʥʦʛʦ ʜʦʩʪʫʧʘ ʜʣʷ ʚʩʝʭ ʫʯʘʱʠʭʩʷ, 

ʫʣʫʯʰʘʷ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʫ ʧʝʜʘʛʦʛʦʚ. 
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ɼʦʥʙʘʩʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ 

ʛ. ʄʘʢʝʝʚʢʘ, ɼʅʈ, ʈʦʩʩʠʷ 

ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʂɸʂ ʀʅʉʊʈʋʄɽʅʊ ʉʆʎʀɸʃʔʅʓʍ 

ʀɿʄɽʅɽʅʀʁ: ɺʆɿʄʆɾʅʆʉʊʀ ʀ ʈʀʉʂʀ 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʀʊ) ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ 

ʮʠʚʠʣʠʟʘʮʠʠ, ʧʨʦʥʠʟʳʚʘʷ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ, ʦʪ ʵʢʦʥʦʤʠʢʠ ʠ ʙʠʟʥʝʩʘ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʫʢʠ ʠ 

ʢʫʣʴʪʫʨʳ. ʀʭ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʢʘʟʳʚʘʶʪ 

ʢʦʣʦʩʩʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʝʩʪʚʦ, ʪʨʘʥʩʬʦʨʤʠʨʫʷ ʝʛʦ ʩʪʨʫʢʪʫʨʫ, ʮʝʥʥʦʩʪʠ ʠ ʤʦʜʝʣʠ 

ʧʦʚʝʜʝʥʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʠʩʩʣʝʜʫʝʪ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʚʣʠʷʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʥʘ ʦʙʱʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ, ʘʥʘʣʠʟʠʨʫʷ ʠʭ ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʚʳʟʦʚʳ. 

ʎʠʬʨʦʚʦʝ ʥʝʨʘʚʝʥʩʪʚʦ, ʢʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʩʝʨʴʝʟʥʳʭ 

ʚʳʟʦʚʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʜʥʘʢʦ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ 

ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʫʧʘ ʢ ʢʦʤʧʴʶʪʝʨʘʤ ʠʣʠ ʠʥʪʝʨʥʝʪʫ. ʎʠʬʨʦʚʦʝ ʥʝʨʘʚʝʥʩʪʚʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʠʟʤʝʨʝʥʠʷʭ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʜʦʩʪʫʧʘ, ʢʦʪʦʨʦʝ 

ʦʭʚʘʪʳʚʘʝʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ (ʨʘʟʨʳʚ ʤʝʞʜʫ ʛʦʨʦʜʩʢʠʤʠ ʠ ʩʝʣʴʩʢʠʤʠ ʨʘʡʦʥʘʤʠ, ʤʝʞʜʫ 

ʨʘʟʚʠʪʳʤʠ ʠ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʩʪʨʘʥʘʤʠ), ʵʢʦʥʦʤʠʯʝʩʢʠʝ (ʥʝʜʦʩʪʫʧʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʫʩʣʫʛ ʜʣʷ ʤʘʣʦʦʙʝʩʧʝʯʝʥʥʳʭ ʩʣʦʝʚ ʥʘʩʝʣʝʥʠʷ) ʠ ʬʠʟʠʯʝʩʢʠʝ (ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʣʶʜʝʡ ʩ 

ʠʥʚʘʣʠʜʥʦʩʪʴʶ) ʘʩʧʝʢʪʳ. ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʚ ʥʘʚʳʢʘʭ, ʢʦʛʜʘ ʣʶʜʠ ʥʝ ʦʙʣʘʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦʡ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʴʶ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʙʘʟʦʚʳʝ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʠ ʠʥʪʝʨʥʝʪʦʤ, ʪʘʢ ʠ ʙʦʣʝʝ 

ʧʨʦʜʚʠʥʫʪʳʝ ʥʘʚʳʢʠ ʧʦʠʩʢʘ, ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʥʘʚʳʢʠ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ-ʪʨʝʪʴʠʭ, ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʚ ʚʦʟʤʦʞʥʦʩʪʷʭ, ʢʦʛʜʘ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ 

ʜʦʩʪʫʧʘ ʠ ʥʘʚʳʢʦʚ ʣʶʜʠ ʥʝ ʤʦʛʫʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʮʠʬʨʦʚʦʛʦ 

ʤʠʨʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʦʜʜʝʨʞʢʠ ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʥʪʝʥʪʘ. 

ʇʨʝʦʜʦʣʝʥʠʝ ʮʠʬʨʦʚʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ 

ʠʥʚʝʩʪʠʮʠʠ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʧʨʦʛʨʘʤʤʳ ʦʙʫʯʝʥʠʷ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʢʫ 

ʜʦʩʪʫʧʥʳʭ ʠ ʧʦʣʝʟʥʳʭ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʦʚ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʨʝʜʳ ʜʣʷ 

ʠʥʥʦʚʘʮʠʡ. 

ɺ ʵʢʦʥʦʤʠʢʝ ʠ ʙʠʟʥʝʩʝ ʀʊ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʵʢʦʥʦʤʠʢʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʣʦʛʠʩʪʠʢʫ, ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛ, ʘ ʪʘʢʞʝ 

ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʨʳʥʢʠ ʠ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ. ʇʨʦʚʝʜʝʥʦ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚʥʝʜʨʝʥʠʷ ʀʊ. ʀʩʩʣʝʜʦʚʘʥʠʷ Capgemini, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʤʦʞʝʪ ʜʘʪʴ ʧʨʠʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 10%, ʘ IHS Markit 

ʧʨʦʛʥʦʟʠʨʫʝʪ, ʯʪʦ ʜʦ 2035 ʛʦʜʘ ʚʥʝʜʨʝʥʠʝ 5G ʩʝʪʝʡ ʧʨʠʚʝʜʝʪ ʢ ʩʦʟʜʘʥʠʶ 22 ʤʠʣʣʠʦʥʦʚ 

ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʫʚʝʣʠʯʝʥʠʶ ʤʠʨʦʚʦʛʦ ɺɺʇ ʥʘ $12.3 ʪʨʠʣʣʠʦʥʘè [2]. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʊ ʚ ʵʢʦʥʦʤʠʢʝ ʠ 

ʙʠʟʥʝʩʝ  
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ï ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʨʦʙʦʪʠʟʘʮʠʷ. ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʨʦʙʦʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʠʟʜʝʨʞʢʠ, ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʪʨʫʜʘ; 

ï ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ. ʆʥʣʘʡʥ-ʪʦʨʛʦʚʣʷ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ ʛʣʦʙʘʣʴʥʳʤ ʨʳʥʢʘʤ, 

ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʧʦʢʫʧʢʠ ʠ ʧʨʦʜʘʞʠ, ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʪʨʝʙʠʪʝʣʷʤ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʪʦʚʘʨʦʚ 

ʠ ʫʩʣʫʛ; 

ï Big Data ʠ ʘʥʘʣʠʪʠʢʘ. ɸʥʘʣʠʟ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʪʨʝʥʜʳ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʧʨʦʩ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʢʘʤʧʘʥʠʠ ʠ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ; 

ï ʮʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ. ʉʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ, ʪʘʢʠʭ ʢʘʢ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʳ, 

ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʠ ʤʘʨʢʝʪʧʣʝʡʩʳ, ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʤ 

ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʝʨʚʠʩʘʤ, ʠ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ [4]. 

ʇʨʠʤʝʨʳ ʚʣʠʷʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʨʘʟʣʠʯʥʳʝ ʦʪʨʘʩʣʠ ʵʢʦʥʦʤʠʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ɺʣʠʷʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʨʘʟʣʠʯʥʳʝ ʦʪʨʘʩʣʠ ʵʢʦʥʦʤʠʢʠ 

 

ʆʪʨʘʩʣʴ 
ɺʣʠʷʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ 
ʇʨʠʤʝʨʳ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ɸʚʪʦʤʘʪʠʟʘʮʠʷ, ʨʦʙʦʪʠʟʘʮʠʷ, 

ʦʧʪʠʤʠʟʘʮʠʷ ʣʦʛʠʩʪʠʢʠ, ʢʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʧʨʦʩʘ 

ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

(MES), ʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ (ERP), ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʢʣʘʜʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʊʦʨʛʦʚʣʷ ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ, ʦʥʣʘʡʥ-

ʤʘʨʢʝʪʠʥʛ, ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ 

ʧʨʝʜʣʦʞʝʥʠʡ, ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ ʦ ʧʦʪʨʝʙʠʪʝʣʷʭ 

ʀʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʳ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ (CRM), 

ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʧʨʦʜʘʞʘʭ 

ʌʠʥʘʥʩʳ ʆʥʣʘʡʥ-ʙʘʥʢʠʥʛ, ʵʣʝʢʪʨʦʥʥʳʝ 

ʧʣʘʪʝʞʠ, ʢʨʠʧʪʦʚʘʣʶʪʳ, 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʪʦʨʛʦʚʣʷ, ʘʥʘʣʠʟ 

ʨʠʩʢʦʚ 

ʇʣʘʪʝʞʥʳʝ ʩʠʩʪʝʤʳ (Visa, Mastercard), 

ʧʣʘʪʬʦʨʤʳ ʦʥʣʘʡʥ-ʙʘʥʢʠʥʛʘ, ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ 

ʆʙʨʘʟʦʚʘʥʠʝ ʆʥʣʘʡʥ-ʦʙʫʯʝʥʠʝ, ʵʣʝʢʪʨʦʥʥʳʝ 

ʫʯʝʙʥʠʢʠ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ, 

ʚʠʨʪʫʘʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ 

Moodle, Coursera, Khan Academy, 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʩʠʤʫʣʷʪʦʨʳ 

ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʊʝʣʝʤʝʜʠʮʠʥʘ, ʵʣʝʢʪʨʦʥʥʳʝ 

ʤʝʜʠʮʠʥʩʢʠʝ ʢʘʨʪʳ, 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 

ʚʨʘʯʝʙʥʳʭ ʨʝʰʝʥʠʡ 

ʉʠʩʪʝʤʳ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ, ʵʣʝʢʪʨʦʥʥʳʝ ʙʘʟʳ 

ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʤʝʜʠʮʠʥʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ 

 

ʀʊ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʮʠʘʣʴʥʫʶ ʩʬʝʨʫ, ʩʧʦʩʦʙʩʪʚʫʷ ʨʘʩʰʠʨʝʥʠʶ 

ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʨʘʟʦʚʘʥʠʶ, ʢʫʣʴʪʫʨʝ ʠ ʨʘʟʚʣʝʯʝʥʠʷʤ. ʆʥʠ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʣʶʜʷʤ 

ʦʙʱʘʪʴʩʷ, ʜʝʣʠʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ, ʚʳʨʘʞʘʪʴ ʩʚʦʝ ʤʥʝʥʠʝ ʠ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʙʱʝʩʪʚʝʥʥʦʡ 

ʞʠʟʥʠ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʀʊ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ: 

ï ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʠ ʤʝʩʩʝʥʜʞʝʨʳ. ʆʙʝʩʧʝʯʠʚʘʶʪ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʦʙʱʝʥʠʷ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʣʶʜʴʤʠ, ʧʦʟʚʦʣʷʷ ʠʤ ʜʝʣʠʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ, ʦʙʩʫʞʜʘʪʴ ʥʦʚʦʩʪʠ ʠ 

ʩʦʙʳʪʠʷ, ʠ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʩʦʮʠʘʣʴʥʳʝ ʜʚʠʞʝʥʠʷ [3]; 
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ï ʦʥʣʘʡʥ-ʦʙʨʘʟʦʚʘʥʠʝ: ʇʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʣʷ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʥʝ 

ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʝʱʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ, ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ [1]; 

ï ʵʣʝʢʪʨʦʥʥʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦ. ʋʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʩʣʫʛ, 

ʧʦʚʳʰʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʧʦʜʦʪʯʝʪʥʦʩʪʴ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ, ʠ ʧʦʟʚʦʣʷʝʪ ʛʨʘʞʜʘʥʘʤ ʫʯʘʩʪʚʦʚʘʪʴ 

ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ; 

ï ʢʫʣʴʪʫʨʘ ʠ ʨʘʟʚʣʝʯʝʥʠʷ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʝʥʪʘ (ʤʫʟʳʢʠ, ʬʠʣʴʤʦʚ, 

ʢʥʠʛ) ʨʘʩʰʠʨʷʝʪ ʜʦʩʪʫʧ ʢ ʢʫʣʴʪʫʨʝ ʠ ʨʘʟʚʣʝʯʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʪʚʦʨʯʝʩʪʚʘ ʠ ʩʘʤʦʚʳʨʘʞʝʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʨʘʟʚʠʪʠʝ ʀʊ ʪʘʢʞʝ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ 

ʚʳʟʦʚʦʚ ʠ ʫʛʨʦʟ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ ʧʨʝʦʜʦʣʝʚʘʪʴ: 

ï ʮʠʬʨʦʚʦʝ ʥʝʨʘʚʝʥʩʪʚʦ. ʅʝʨʘʚʥʦʤʝʨʥʳʡ ʜʦʩʪʫʧ ʢ ʀʊ ʠ ʮʠʬʨʦʚʳʤ ʥʘʚʳʢʘʤ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʫʛʣʫʙʣʝʥʠʶ ʩʦʮʠʘʣʴʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʠ ʠʩʢʣʶʯʝʥʠʶ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ 

ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ; 

ï ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʋʛʨʦʟʳ ʢʠʙʝʨʧʨʝʩʪʫʧʥʦʩʪʠ, ʫʪʝʯʢʠ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʜʝʟʠʥʬʦʨʤʘʮʠʷ ʠ ʧʨʦʧʘʛʘʥʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʱʝʩʪʚʘ; 

ï ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʭʥʦʣʦʛʠʡ. ʏʨʝʟʤʝʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʊ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʫʭʫʜʰʝʥʠʶ ʟʜʦʨʦʚʴʷ, ʩʦʮʠʘʣʴʥʦʡ ʠʟʦʣʷʮʠʠ ʠ ʩʥʠʞʝʥʠʶ ʢʦʛʥʠʪʠʚʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ; 

ï ʵʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ. ɺʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ, ʙʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʝʡ, ʪʨʝʙʫʶʪ ʪʱʘʪʝʣʴʥʦʛʦ 

ʵʪʠʯʝʩʢʦʛʦ ʦʩʤʳʩʣʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʝʟʠʥʬʦʨʤʘʮʠʠ. ʌʝʡʢʦʚʳʝ ʥʦʚʦʩʪʠ ʠ ʜʝʟʠʥʬʦʨʤʘʮʠʷ ʚ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʷʭ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʝʩʪʚʝʥʥʦʝ ʤʥʝʥʠʝ ʠ ʧʦʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ʅʦʚʳʝ ʫʛʨʦʟʳ ʠ ʨʠʩʢʠ ʚ ʞʠʟʥʠ ʣʶʜʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 1 [5]. 

ɺ ʙʫʜʫʱʝʤ ʨʘʟʚʠʪʠʝ ʀʊ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ ʫʩʢʦʨʷʪʴʩʷ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʝʱʝ ʙʦʣʝʝ 

ʛʣʫʙʦʢʠʤ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ ʚ ʦʙʱʝʩʪʚʝ. ʂʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʀʊ ʷʚʣʷʶʪʩʷ 

(ʪʘʙʣ. 2): 

ï ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ). ʀʀ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ, ʦʪ 

ʤʝʜʠʮʠʥʳ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʘʚʪʦʤʘʪʠʟʠʨʫʷ ʧʨʦʮʝʩʩʳ ʠ ʩʦʟʜʘʚʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ; 

ï ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT). ʇʦʜʢʣʶʯʝʥʠʝ ʤʠʣʣʠʘʨʜʦʚ ʫʩʪʨʦʡʩʪʚ ʢ ʠʥʪʝʨʥʝʪʫ ʧʦʟʚʦʣʠʪ 

ʩʦʙʠʨʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ, 

ʧʦʚʳʰʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʦʤʬʦʨʪ ʞʠʟʥʠ; 

ï ʙʣʦʢʯʝʡʥ. ʊʝʭʥʦʣʦʛʠʷ ʙʣʦʢʯʝʡʥ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʟʨʘʯʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʪʨʘʥʟʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʘʱʠʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʮʠʬʨʦʚʳʤʠ 

ʘʢʪʠʚʘʤʠ; 
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ï ʚʠʨʪʫʘʣʴʥʘʷ ʠ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ (VR/AR). VR/AR ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ, ʨʘʟʚʣʝʯʝʥʠʷʭ, ʤʝʜʠʮʠʥʝ ʠ ʜʨʫʛʠʭ ʩʬʝʨʘʭ, ʩʦʟʜʘʚʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʦʙʫʯʝʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʦʧʳʪʘ; 

ï ʢʚʘʥʪʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ. ʂʚʘʥʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ 

ʨʘʟʚʠʪʠʷ, ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʩʤʦʛʫʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ, ʥʝʜʦʩʪʫʧʥʳʝ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʤʧʴʶʪʝʨʦʚ, 

ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʥʘʫʢʝ, ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʵʢʦʥʦʤʠʢʝ. 

 

 
 

ʈʠʩ. 1. ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʨʠʩʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʊ 

 

ʊʘʙʣʠʮʘ 2 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʝʩʪʚʦ 

 

ʊʝʭʥʦʣʦʛʠʷ ʇʦʪʝʥʮʠʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʝʩʪʚʦ 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ɸʚʪʦʤʘʪʠʟʘʮʠʷ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ ʫʩʣʫʛ, 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʤʝʜʠʮʠʥʝ, ʦʙʨʘʟʦʚʘʥʠʠ, ʪʨʘʥʩʧʦʨʪʝ, 

ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʋʣʫʯʰʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ, ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʦʧʪʠʤʠʟʘʮʠʷ ʣʦʛʠʩʪʠʢʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ, ʩʦʟʜʘʥʠʝ çʫʤʥʳʭ 

ʛʦʨʦʜʦʚè ʠ çʫʤʥʳʭ ʜʦʤʦʚè 

ɹʣʦʢʯʝʡʥ ʇʨʦʟʨʘʯʥʦʩʪʴ ʪʨʘʥʟʘʢʮʠʡ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ, ʟʘʱʠʪʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ, 

ʥʦʚʳʝ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ 

VR/AR ʅʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʨʘʟʚʣʝʯʝʥʠʷʭ, ʤʝʜʠʮʠʥʝ, 

ʦʙʫʯʝʥʠʠ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʚʠʨʪʫʘʣʴʥʳʝ ʧʫʪʝʰʝʩʪʚʠʷ, 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʠʛʨʳ 

ʂʚʘʥʪʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ ʈʝʰʝʥʠʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʚ ʥʘʫʢʝ, ʪʝʭʥʦʣʦʛʠʷʭ, ʵʢʦʥʦʤʠʢʝ, ʩʦʟʜʘʥʠʝ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʣʝʢʘʨʩʪʚ, ʦʧʪʠʤʠʟʘʮʠʷ ʣʦʛʠʩʪʠʢʠ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʨʠʩʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʊ 

ɺʓɿʆɺʓ 

ʈʀʉʂʀ 

ʆɻʈɸʅʀʏɽʅʀʗ 

ʊʨʫʜʦʫʩʪʨʦʡʩʪʚʘ  

ʇʦʷʚʣʝʥʠʝ ʥʘʜʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʥʘʚʳʢʦʚ  

ʈʘʟʤʳʚʘʥʠʝ ʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠ 

ʦʪʨʘʩʣʝʚʳʭ ʛʨʘʥʠʮ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʤʳʰʣʝʥʠʷ 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ  
ʈʦʩʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ 

ʘʪʤʦʩʬʝʨʫ 

çʎʠʬʨʦʚʦʡ 

ʨʘʟʨʳʚè 

ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʯʠʭ 

ʤʝʩʪ, ʨʦʩʪ ʙʝʟʨʘʙʦʪʠʮʳ, ʫʩʪʘʨʝʚʘʥʠʝ 

ʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʧʨʦʬʝʩʩʠʡ 

ʇʝʨʝʭʦʜ ʦʪ ʨʘʙʦʪʳ ʬʫʥʢʮʠʠ ʢ 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ  
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʧʪʦʚʘʣʶʪ ʚʝʜʝʪ ʢ 

ʦʛʨʘʥʠʯʝʥʠʷʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ 

ʚʘʣʶʪʥʦʤ ʠ ʜʝʥʝʞʥʦʤ ʨʳʥʢʘʭ 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʋʩʠʣʝʥʠʝ ʩʦʮʠʘʣʴʥʦʛʦ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ 

ʥʘʩʝʣʝʥʠʷ ʠʟ-ʟʘ ʥʝʨʘʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤ ʬʘʢʪʦʨʦʤ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʦʢʘʟʳʚʘʶʱʠʤ ʛʣʫʙʦʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʢʫ, ʩʦʮʠʘʣʴʥʫʶ ʩʬʝʨʫ, 

ʢʫʣʴʪʫʨʫ ʠ ʧʦʣʠʪʠʢʫ. ʆʥʠ ʩʦʟʜʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ, ʥʦ ʪʘʢʞʝ ʩʦʧʨʷʞʝʥʳ ʩ 

ʨʷʜʦʤ ʚʳʟʦʚʦʚ ʠ ʫʛʨʦʟ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʀʊ ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ 

ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʚʥʳʡ ʜʦʩʪʫʧ ʢ ʀʊ, ʟʘʱʠʪʫ 

ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʥʘʚʳʢʦʚ ʠ ʵʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʋʩʧʝʰʥʦʝ ʦʩʚʦʝʥʠʝ ʀʊ ʩʪʘʥʝʪ ʟʘʣʦʛʦʤ ʧʨʦʮʚʝʪʘʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʚ XXI 

ʚʝʢʝ. 
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ʊʢʘʯʝʥʢʦ ɼ.ʉ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ JAVA ɼʃʗ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʆʂʈʋɾʅʆʉʊɽʁ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʯʥʦ ʚʦʰʣʠ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ 

ʞʠʟʥʴ ʣʶʜʝʡ, ʩʪʘʥʦʚʷʩʴ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʘʰʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʷʚʣʝʥʠʡ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʪʝʢʩʪʘ. 

ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʯʝʥʴ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʞʠʟʥʠ ʣʶʜʝʡ. ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ 

ʨʘʩʧʦʟʥʘʪʴ ʪʝʢʩʪʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩ ʬʦʪʦʛʨʘʬʠʡ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʥʝʦʙʭʦʜʠʤʳʡ ʬʦʨʤʘʪ, 

ʙʫʜʴ ʪʦ ʪʝʢʩʪ ʚ ʢʦʥʩʦʣʠ ʠʣʠ ʞʝ ʦʪʜʝʣʴʥʳʡ ʬʘʡʣ ʩ ʚʳʙʨʘʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ [2, ʩ. 124]. 

ʉʫʱʝʩʪʚʫʶʪ ʝʱʸ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʷ ʢʘʢ ʢʘʧʯʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʯʝʣʦʚʝʢʦʤ ʠʣʠ ʨʦʙʦʪʦʤ, ʘ ʪʘʢʞʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʡ ʠ ʫʜʦʙʥʦʡ ʦʧʣʘʪʳ ʚ ʤʘʛʘʟʠʥʘʭ. ʕʪʠ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʜʝʣʘʷ 

ʧʦʚʩʝʜʥʝʚʥʳʝ ʟʘʜʘʯʠ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʠ ʩʨʝʜʠ ʥʠʭ ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ ʧʨʠʤʝʨʳ ʠʟ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʛʜʝ ʩʠʩʪʝʤʳ ʧʦʤʦʛʘʶʪ ʘʚʪʦʤʦʙʠʣʷʤ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʠʟʙʝʛʘʪʴ ʧʨʝʧʷʪʩʪʚʠʡ. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ ʥʘʭʦʜʠʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʦʣʦʥʢʘʭ, ʩʤʘʨʪʬʦʥʘʭ ʠ ʨʦʙʦʪʘʭ, ʧʦʟʚʦʣʷʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩ ʧʦʤʦʱʴʶ ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜ. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʩʬʝʨʝ ʦʧʣʘʪʳ ʚ ʤʘʛʘʟʠʥʘʭ, ʥʦ ʠ ʚ 

ʧʦʚʳʰʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʟʘʤʝʥʷʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʘʨʦʣʠ ʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʠ ʥʘʜʝʞʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ (Facial Recognition) ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʠʩʢ 

ʩʦʚʧʘʜʝʥʠʷ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʧʦ ʙʦʣʴʰʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʝʛʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʘʭ (ʜʣʷ ʧʦʠʩʢʘ ʬʦʪʦʛʨʘʬʠʡ ʧʨʝʩʪʫʧʥʠʢʦʚ), ʚ ʩʠʩʪʝʤʘʭ 

ʙʝʟʦʧʘʩʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ), ʚ ʙʘʥʢʦʚʩʢʦʡ ʩʬʝʨʝ (ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ), ʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʤ ʩʝʢʪʦʨʝ (ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʣʘʪʝʞʝʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ) [1, ʩ. 44-45]. 

ʅʘʭʦʞʜʝʥʠʷ ʢʦʥʪʫʨʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʘʪʴ ʦʙʲʝʤ ʭʨʘʥʠʤʦʡ 

ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʫ ʭʦʪʴ ʠ ʚʦʟʨʦʩʰʠʭ, ʥʦ ʦʛʨʘʥʠʯʝʥʥʳʭ ʘʧʧʘʨʘʪʥʳʭ 

ʨʝʩʫʨʩʦʚ ʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʟʚʦʣʷʶʱʠʭ ʫʚʝʣʠʯʠʪʴ ʢʘʯʝʩʪʚʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʙʲʝʢʪʘ (ʩʠʤʚʦʣʘ, ʣʦʛʦʪʠʧʘ, ʣʠʮ ʠ ʪ.ʜ.) [5, ʩ. 19]. 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʩʝʥʩʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ, ʠʥʬʨʘʢʨʘʩʥʳʝ ʠ ʣʘʟʝʨʥʳʝ, 

ʧʦʟʚʦʣʷʶʪ ʨʦʙʦʪʘʤ ʵʬʬʝʢʪʠʚʥʦ ʚʦʩʧʨʠʥʠʤʘʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʪʘʢʞʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʭʨʘʥʳ ʜʦʤʦʚ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʠ ʢʦʥʪʨʦʣʷ. 

ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʗʨʢʠʤ 

ʧʨʠʤʝʨʦʤ ʷʚʣʷʶʪʩʷ QR-ʢʦʜʳ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ï ʦʪ 
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ʫʯʝʪʘ ʪʦʚʘʨʦʚ ʜʦ ʩʩʳʣʦʢ ʥʘ ʧʨʦʬʠʣʠ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. ʕʪʠ ʢʦʜʳ ʫʧʨʦʱʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, ʜʝʣʘʷ ʧʦʚʩʝʜʥʝʚʥʳʝ ʟʘʜʘʯʠ ʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʦ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʧʨʦʛʨʘʤʤʠʩʪʳ ʥʝʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪ OpenCV ï 

ʙʠʙʣʠʦʪʝʢʫ, ʩʦʟʜʘʥʥʫʶ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʟʨʝʥʠʝʤ, ʤʘʰʠʥʥʳʤ ʦʙʫʯʝʥʠʝʤ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ. OpenCV ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ: 

ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʤʝʜʠʮʠʥʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʦʙʠʣʴʥʦʡ ʬʦʪʦʛʨʘʬʠʠ ʠ 

ʪʨʘʥʩʧʦʨʪʝ.  

ʕʪʘ ʙʠʙʣʠʦʪʝʢʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʪʘʢʠʭ ʢʘʢ C++, Python, Java, Ruby, JavaScript ʠ ʜʨʫʛʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ Windows, Linux, macOS, 

iOS ʠ Android. 

ʍʦʪʷ OpenCV ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʨʝʩʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʨʫʛʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʙʝʟ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʄʳ ʥʘʧʠʰʝʤ 

ʘʣʛʦʨʠʪʤ ʥʘ ʷʟʳʢʝ Java ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʚʣʦʞʝʥʥʳʭ ʜʨʫʛ ʚ ʜʨʫʛʘ ʢʨʫʛʦʚ. ɼʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʩʧʦʟʥʘʥʥʳʭ ʢʨʫʛʦʚ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʠʥʪʝʨʬʝʡʩʝ (GUI) ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ Swing. ʊʘʢʞʝ ʙʫʜʝʪ ʧʨʠʤʝʥʝʥʘ ʙʠʙʣʠʦʪʝʢʘ webcam ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʚʝʙ-ʢʘʤʝʨʦʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʟʘʭʚʘʪʳʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʧʝʨʝʜʘʚʘʪʴ ʝʛʦ ʚ GUI, ʯʪʦʙʳ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʛ ʫʚʠʜʝʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ.  

 ɸʣʛʦʨʠʪʤ ʥʘʭʦʞʜʝʥʠʷ ʦʢʨʫʞʥʦʩʪʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java, 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʭ ʢʦʦʨʜʠʥʘʪ: ʦʜʥʦʡ ʧʦ ʦʩʠ X ʠ ʜʚʫʭ ʧʦ ʦʩʠ Y (ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ ʪʦʯʢʘʭ ʦʢʨʫʞʥʦʩʪʠ). 

 

 
 

ʈʠʩ. 1. ʃʦʛʦʪʠʧ OpenCV. ʉʩʳʣʢʘ ʥʘ ʠʩʪʦʯʥʠʢ: https://clck.ru/3LVJRJ  

 

ʇʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɿʘʪʝʤ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʧʝʨʚʦʡ ʤʠʰʝʥʠ ʨʠʩʫʥʢʘ 2, ʚ ʪʨʝʭ ʮʠʢʣʘʭ (ʩʚʝʨʭʫ, ʩʥʠʟʫ ʠ ʩʣʝʚʘ) ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʨʦʚʝʨʢʘ ʧʠʢʩʝʣʝʡ ʥʘ ʥʘʣʠʯʠʝ ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʥʘʯʠʥʘʷ ʩ ʛʨʘʥʠʮ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ getRGB(x, y), ʢʦʪʦʨʳʡ ʚʦʟʚʨʘʱʘʝʪ ʮʚʝʪ ʧʠʢʩʝʣʷ ʧʦ 

ʟʘʜʘʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʟʚʣʝʢʘʶʪʩʷ ʮʚʝʪʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ 

(ʢʨʘʩʥʳʡ, ʟʝʣʝʥʳʡ ʠ ʩʠʥʠʡ) ʩ ʧʦʤʦʱʴʶ ʧʦʙʠʪʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʮʚʝʪ ʥʘʭʦʜʠʪʩʷ 

ʚ ʩʚʦʝʤ ʜʠʘʧʘʟʦʥʝ. ɽʩʣʠ ʯʝʨʥʳʡ ʮʚʝʪ ʦʙʥʘʨʫʞʝʥ, ʮʠʢʣ ʟʘʚʝʨʰʘʝʪʩʷ; ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʥ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʛʨʘʥʠʮʳ. 
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ʇʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʚʩʝʭ ʪʨʝʭ ʯʝʨʥʳʭ ʪʦʯʝʢ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʷʝʪ ʚʥʝʰʥʠʡ ʢʨʫʛ. ʅʘ 

ʚʪʦʨʦʡ ʤʠʰʝʥʠ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʚʥʝʰʥʝʛʦ ʢʨʫʛʘ ʚʳʯʠʩʣʷʝʪʩʷ ʝʛʦ 

ʮʝʥʪʨ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʠʩʢʘ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʚʥʫʪʨʝʥʥʠʭ ʢʨʫʛʦʚ. 

 

 
 

ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ ʥʘʭʦʞʜʝʥʠʷ ʢʨʫʛʦʚ 

 

ɼʘʣʝʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʠʰʝʥʷʭ 3ï4 ʨʠʩʫʥʢʘ 2, ʧʦʠʩʢ ʚʩʝʭ ʦʢʨʫʞʥʦʩʪʝʡ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʮʝʥʪʨʘ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʵʪʘʧʫ, ʥʦ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʉʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʚʳʡ ʢʨʫʛ (ʝʩʣʠ ʩʯʠʪʘʪʴ ʦʪ ʮʝʥʪʨʘ), ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʦʛʦ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʤʘʩʩʠʚ ʢʨʫʛʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʥʘʭʦʞʜʝʥʠʷ ʩʘʤʦʛʦ 

ʚʥʝʰʥʝʛʦ ʢʨʫʛʘ. 

ʄʦʞʥʦ ʟʘʜʘʪʴʩʷ ʚʦʧʨʦʩʦʤ, ʧʦʯʝʤʫ ʥʝ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʠʩʢ ʢʨʫʛʦʚ ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʀʟʥʘʯʘʣʴʥʦ ʘʣʛʦʨʠʪʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠʤʝʥʥʦ ʪʘʢ, ʦʜʥʘʢʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʚʝʙ-ʢʘʤʝʨʳ ʦʥ ʠʥʦʛʜʘ ʥʝ ʥʘʭʦʜʠʣ ʧʦʩʣʝʜʥʠʡ ʚʥʫʪʨʝʥʥʠʡ ʢʨʫʛ ʠ ʟʘʮʠʢʣʠʚʘʣʩʷ. 

ʕʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʡ ʢʨʫʛ ʥʝ ʚʩʝʛʜʘ ʨʘʩʧʦʣʘʛʘʣʩʷ ʪʦʯʥʦ ʚ ʮʝʥʪʨʝ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʠ ʜʚʠʞʝʥʠʝ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʦʙʭʦʜʠʣʦ ʧʦʩʣʝʜʥʠʡ ʢʨʫʛ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʘʣʛʦʨʠʪʤ ʩʥʘʯʘʣʘ ʥʘʭʦʜʠʪ ʩʘʤʳʡ ʚʥʝʰʥʠʡ ʢʨʫʛ, ʘ ʟʘʪʝʤ ʦʧʨʝʜʝʣʷʝʪ ʮʝʥʪʨ ʚʩʝʭ 

ʦʢʨʫʞʥʦʩʪʝʡ. 

ʏʪʦʙʳ ʚʠʟʫʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʨʘʩʧʦʟʥʘʣʘ ʚʩʝ ʢʨʫʛʠ ʤʠʰʝʥʠ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷ (GUI) ï ʵʪʦ ʩʧʦʩʦʙ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʧʨʦʛʨʘʤʤʦʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʠʟʫʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʥʦʧʢʠ, ʦʢʥʘ, ʤʝʥʶ ʠ ʪ.ʜ. GUI ʜʝʣʘʶʪ ʧʨʦʛʨʘʤʤʳ ʙʦʣʝʝ 

ʫʜʦʙʥʳʤʠ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [3, ʩ. 32]. 
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ʉʦʟʜʘʚʘʪʴ GUI ʙʫʜʝʤ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ Swing. ʕʪʘ ʙʠʙʣʠʦʪʝʢʘ ʦʩʥʦʚʘʥʘ ʙʦʣʝʝ 

ʩʪʘʨʦʡ ʙʠʙʣʠʦʪʝʢʠ  AWT, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ 

ʠʥʪʝʨʬʝʡʩʦʚ ʥʘ Java. ʍʦʪʷ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʘʥʘʣʦʛʦʤ 

Swing ï ʙʠʙʣʠʦʪʝʢʦʡ JavaFX, ʜʣʷ ʥʝʙʦʣʴʰʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʵʪʦ ʙʳʣʦ ʙʳ ʠʟʣʠʰʥʠʤ. 

ʅʘ ʬʨʝʡʤʝ ʩʦʟʜʘʝʪʩʷ label, ʥʘ ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ (ʬʘʡʣ). ʇʦʩʣʝ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʤ ʥʘ ʢʘʨʪʠʥʢʝ ʢʨʫʛʠ ʦʙʚʦʜʷʪʩʷ ʟʝʣʝʥʳʤʠ ʧʫʥʢʪʠʨʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʚʠʟʫʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʫʩʧʝʰʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ. 

  

 
 

ʈʠʩ. 3. GUI ʘʣʛʦʨʠʪʤʘ 

 

ʏʪʦʙʳ ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʩʪʘʪʠʯʝʩʢʠʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʘʤʝʨʫ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚ ʙʫʜʫʱʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʪʘʭ.  

ɼʣʷ ʨʘʙʦʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʚʝʙ-ʢʘʤʝʨʦʡ ʧʦʥʘʜʦʙʠʣʘʩʴ ʙʠʙʣʠʦʪʝʢʘ Webcam. Webcam 

ï ʵʪʦ ʙʠʙʣʠʦʪʝʢʘ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʩʪʨʦʝʥʥʦʡ ʠʣʠ ʚʥʝʰʥʝʡ ʚʝʙ-ʢʘʤʝʨʳ. ɼʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʫʜʦʙʥʘ ʪʝʤ, ʯʪʦ ʦʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʢʦʤʧʦʥʝʥʪ ʙʠʙʣʠʦʪʝʢʠ Swing, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʢʫ ʤʥʦʞʝʩʪʚʘ ʧʣʘʪʬʦʨʤ ʠ 

ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨ.  

ʇʨʦʛʨʘʤʤʥʦ ʥʘʩʪʨʦʠʪʴ ʢʘʤʝʨʫ ʥʝʩʣʦʞʥʦ: ʥʫʞʥʦ ʣʠʰʴ ʩʦʟʜʘʪʴ ʜʣʷ ʥʝʝ ʦʙʲʝʢʪʥʫʶ 

ʧʝʨʝʤʝʥʥʫʶ, ʫʩʪʘʥʦʚʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʩʦʟʜʘʪʴ ʧʘʥʝʣʴ ʢʘʤʝʨʳ, ʢʦʪʦʨʘʷ ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʥʘʰ 

ʬʨʝʡʤ. ɼʘʣʝʝ ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʦʛʨʘʤʤʘ, ʠ ʩʦʟʜʘʝʪʩʷ ʢʘʨʪʠʥʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʦʪ ʢʘʤʝʨʳ, ʧʦʩʣʝ ʯʝʛʦ 

ʥʘʯʠʥʘʝʪʩʷ ʨʘʙʦʪʘ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ ʫʩʣʦʚʠʝ ʥʘ 

ʥʘʣʠʯʠʝ ʜʚʫʭ ʢʘʤʝʨ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʢ ʦʙʲʝʢʪʫ Webcam ʧʦʜʢʣʶʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʢʘʤʝʨ, ʪʦ 

Webcam ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʩ ʚʥʝʰʥʝʡ, ʠʥʘʯʝ ï ʩʦ ʚʩʪʨʦʝʥʥʦʡ. 
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ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 3, ʟʝʣʝʥʳʝ ʧʫʥʢʪʠʨʳ ʥʝʤʥʦʛʦ ʥʝʪʦʯʥʦ ʦʙʚʦʜʷʪ ʥʘʰʠ ʢʨʫʛʠ. ʏʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʜʘʥʥʦʛʦ ʠʩʢʘʞʝʥʠʷ, ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʨʠ ʚʝʱʠ. ɺʦ-ʧʝʨʚʳʭ, ʢʨʫʛʠ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ 

ʣʠʩʪʝ, ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʢʨʫʛʣʳʤʠ. ɽʩʣʠ ʵʪʦ ʥʝ ʪʘʢ, ʘʣʛʦʨʠʪʤ, ʥʘʡʜʷ ʪʨʠ ʪʦʯʢʠ, ʙʫʜʝʪ 

ʠʜʝʘʣʴʥʦ ʧʨʦʨʠʩʦʚʳʚʘʪʴ ʢʨʫʛʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ çʥʘʩʪʦʷʱʠʭè. ʇʦʪʦʤʫ ʯʪʦ ʦʥʠ ʧʨʦʨʠʩʦʚʳʚʘʶʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ.  

ɺʦ-ʚʪʦʨʳʭ, ʢʘʤʝʨʘ ʥʝ ʜʦʣʞʥʘ ʬʠʢʩʠʨʦʚʘʪʴ ʯʝʨʥʳʡ ʬʦʥ ʩʚʝʨʭʫ, ʩʥʠʟʫ ʠ ʩʣʝʚʘ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʪʦʤʫ ʯʪʦ ʘʣʛʦʨʠʪʤ ʥʘʡʜʝʪ ʪʘʤ ʯʝʨʥʳʡ ʮʚʝʪ ʠ ʥʝʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪ ʢʨʫʛ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʫ ʠʟʦʙʨʘʞʝʥʠʷ ʙʫʜʝʪ ʯʝʨʥʳʡ ʬʦʥ ʩʣʝʚʘ, ʪʦ ʘʣʛʦʨʠʪʤ ʩʨʘʟʫ ʨʘʩʧʦʟʥʘʝʪ ʯʝʨʥʳʡ 

ʮʚʝʪ ʠ ʢʨʫʛ ʙʫʜʝʪ ʥʘʨʠʩʦʚʘʥ ʩ ʫʯʝʪʦʤ ʵʪʦʛʦ.  

ɺ-ʪʨʝʪʴʠʭ, ʥʘ ʢʘʨʪʠʥʢʫ ʜʦʣʞʥʦ ʧʦʩʪʫʧʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʚʝʪʘ, ʠʥʘʯʝ ʘʣʛʦʨʠʪʤ ʪʘʢʞʝ ʥʝ 

ʪʦʯʥʦ ʚʳʧʦʣʥʠʪ ʩʚʦʶ ʨʘʙʦʪʫ. ʊʦ ʞʝ ʩʘʤʦʝ ʢʘʩʘʝʪʩʷ ʣʶʙʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʣʠʮ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʦʩʚʝʱʝʥʠʷ ʥʘ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʫʯʘʩʪʢʝ ʣʠʮʘ ʚʦ ʚʨʝʤʷ ʠʟʤʝʥʝʥʠʷ ʥʘʢʣʦʥʘ 

ʛʦʣʦʚʳ ʩʠʩʪʝʤʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘʯʠʥʘʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʪʦʪ ʫʯʘʩʪʦʢ ʟʘʥʦʚʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʚʦʟʥʠʢʘʝʪ ʧʘʫʟʘ ʜʦ ʚʳʜʘʯʠ ʥʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ [4, ʩ. 7819]. 

  

 
 

ʈʠʩ. 3. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʢʘʨʪʠʥʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʢʘʤʝʨʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʨʫʛʦʚ, ʥʦ ʠ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ ʨʘʩʧʦʟʥʘʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʣʠ ʣʠʮ ʚ ʨʘʤʢʘʭ ʧʦʠʩʢʘ ʧʨʦʧʘʚʰʠʭ 

ʣʶʜʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ ʠʥʪʝʛʨʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ 

ʚ ʥʘʰʫ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ ʩʧʦʩʦʙʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʤʥʦʞʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ. 
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ʀʅʌʆʈʄɸʎʀʀ ɼʃʗ ʀʅʌʆʈʄɸʊʀɿʀʈʆɺɸʅʅʓʍ ʆɹʒɽʂʊʆɺ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʘ ʦʙʫʯʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ 

ʩʬʝʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʤʩʷ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ 

[1, ʩ. 55]. ʊʝʭʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʦʟʚʦʣʷʶʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ [2, ʩ. 159]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ï ʚʠʨʪʫʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ɺʠʨʪʫʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʢʦʤʥʘʪʘʤʠ 

 

ɺʠʨʪʫʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʤʦʜʫʣʠ ʧʦ:  

1. ʉʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʦʪʨʘʙʦʪʢʘ ʥʘʚʳʢʦʚ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʙʨʘʥʜʤʘʫʵʨʦʚ, VPN, 

ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʪʦʨʞʝʥʠʡ (IDS/IPS). 

2. ɿʘʱʠʪʝ ʦʪ ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ: ʘʥʘʣʠʟ ʚʠʨʫʩʦʚ, ʪʨʦʷʥʦʚ, ʯʝʨʚʝʡ ʠ ʜʨʫʛʠʭ ʚʨʝʜʦʥʦʩʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʘʥʪʠʚʠʨʫʩʥʳʭ ʩʨʝʜʩʪʚ. 

3. ɿʘʱʠʪʝ ʜʘʥʥʳʭ: ʨʘʙʦʪʘ ʩ ʰʠʬʨʦʚʘʥʠʝʤ, ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ, ʙʝʟʦʧʘʩʥʦʩʪʴʶ 

ʙʘʟ ʜʘʥʥʳʭ. 

4. ʉʦʮʠʘʣʴʥʦʡ ʠʥʞʝʥʝʨʠʠ: ʪʨʝʥʠʨʦʚʢʘ ʥʘʚʳʢʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʬʠʰʠʥʛʦʚʳʭ ʩʩʳʣʦʢ ʠ 

ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʩʦʮʠʘʣʴʥʦʡ ʠʥʞʝʥʝʨʠʠ. 

5. ʈʝʘʛʠʨʦʚʘʥʠʶ ʥʘ ʠʥʮʠʜʝʥʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʦʪʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʜʝʡʩʪʚʠʡ ʧʨʠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʢʠʙʝʨʘʪʘʢ, ʘʥʘʣʠʟ ʞʫʨʥʘʣʦʚ ʩʦʙʳʪʠʡ.  
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ɺʠʨʪʫʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ɻ ʪʦ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʠ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ 

ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ, ʥʝʦʙʭʦʜʠʤʳʡ 

ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʳ ʚ ʜʠʥʘʤʠʯʥʦʡ ʩʨʝʜʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʠʙʝʨʫʛʨʦʟ. ɺʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʪ ʚʳʚʝʩʪʠ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. 

ɼʘʥʥʘʷ ʚʠʨʪʫʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ, ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. ɺ ʚʠʨʪʫʘʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʩʦʙʨʘʥʳ 

ʚʩʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠ ʦʪʨʘʙʦʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʧʦ ʟʘʱʠʪʝ 

ʦʪ ʘʪʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʇʆ ʨʝʘʣʠʟʦʚʘʥʳ ʨʘʟʥʳʝ ʤʝʪʦʜʳ 

ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʘʟʜʝʣʝʥʳ ʧʦ ʚʠʨʪʫʘʣʴʥʳʤ ʢʦʤʥʘʪʘʤ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣ. ɺʠʨʪʫʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʩʦʜʝʨʞʠʪ ʰʝʩʪʴ VR-ʧʨʦʩʪʨʘʥʩʪʚ. 

1. VR-ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʢʦʤʥʘʪʘ ʨʝʛʠʩʪʨʘʮʠʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ ʜʘʥʥʳʝ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʘ ʚʠʨʪʫʘʣʴʥʦʡ ʩʪʦʡʢʝ. ɼʘʣʝʝ ʩʠʩʪʝʤʘ ʩʦʭʨʘʥʷʝʪ ʜʘʥʥʳʝ 

ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʦʧʳʪʢʘʭ ʚʭʦʜʘ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʚʝʨʰʠʪʴ ʨʘʙʦʪʫ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ, ʠ 

ʩʠʩʪʝʤʘ ʩʦʭʨʘʥʷʝʪ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʨʘʙʦʪʳ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʩʝʘʥʩʘ. 

2. VR-ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʢʦʤʥʘʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ (ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ 

ʜʦʢʫʤʝʥʪʦʚ) ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦ ʦʙʨʘʙʦʪʢʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ [3, ʩ. 530]. 

3. VR-ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʢʦʤʥʘʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ. VR-ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʜʝʨʞʠʪ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʠʩʢʘ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʩʲʝʤʘ 

ʠʥʬʦʨʤʘʮʠʠ. ʇʦʣʴʟʦʚʘʪʝʣʷʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʝʡʩʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ [4, ʩ.41]. 

 

 
 

ʈʠʩ. 2. ʈʘʟʤʝʱʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

4. VR-ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʢʦʤʥʘʪʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʝʜʣʦʞʝʥʳ ʵʪʘʧʳ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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5. VR-ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʢʦʤʥʘʪʘ çɿʘʱʠʪʘ ʦʙʲʝʢʪʦʚ ʦʪ ʫʪʝʯʝʢ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤè, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ (ʜʘʣʝʝ ʉʂʋɼ) ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʠ ʟʘʱʠʪʳ ʧʦʤʝʱʝʥʠʷ. 

ʇʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʝʡʩʦʚ ʜʣʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʢʦʤʧʝʪʝʥʮʠʡ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ. ʇʨʠ ʚʝʨʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʩʠʩʪʝʤʘ ʚʳʚʦʜʠʪ ʥʘ ʵʢʨʘʥ ʫʚʝʜʦʤʣʝʥʠʝ çʇʈɸɺʀʃʔʅʆè, ʧʨʠ ʥʝʚʝʨʥʦʤ 

ʨʘʟʤʝʱʝʥʠʠ ï ʫʚʝʜʦʤʣʝʥʠʝ ʩ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝʤ ʠʩʧʨʘʚʠʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʫʯʘʶʱʠʝʩʷ 

ʙʫʜʫʪ ʚʣʘʜʝʪʴ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʥʘʚʳʢʦʤ ʧʦ ʵʬʬʝʢʪʠʚʥʦʡ ʟʘʱʠʪʝ ʦʙʲʝʢʪʦʚ ʦʪ ʫʪʝʯʝʢ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ. 

6. VR-ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʢʦʤʥʘʪʘ ʦʮʝʥʢʠ ʟʥʘʥʠʡ. ʇʦʤʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʚʦʠʭ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʧʦʩʨʝʜʩʪʚʘʤ ʧʨʦʭʦʞʜʝʥʠʷ VR-ʧʨʦʩʪʨʘʥʩʪʚ, ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ 

ʧʨʦʚʝʨʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ɼʘʥʥʳʡ 

ʨʝʩʫʨʩ ʧʨʝʜʣʘʛʘʝʪ ʪʝʩʪʳ ʠ ʫʧʨʘʞʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʫʩʚʦʠʪʴ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʠ ʟʘʱʠʪʘ ʦʪ ʫʛʨʦʟ. 

ɺ ʦʩʥʦʚʝ ʚʠʨʪʫʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʣʝʞʠʪ ʧʣʘʪʬʦʨʤʘ Unity3D ï ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʘʷ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʘʤʝʨʠʢʘʥʩʢʦʡ 

ʢʦʤʧʘʥʠʝʡ Unity Technologies, ʚ Unity ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʜʚʠʞʦʢ PhysX ʦʪ NVIDIA.  

ɺ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ ʟʘʣʦʞʝʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʝʤʳʭ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʜʝʣʝʛʠʨʦʚʘʪʴ ʟʘʜʘʯʠ ʘʛʝʥʪʘʤ ʥʘʫʯʥʦʛʦ ʢʨʫʞʢʘ, 

ʫʯʠʪʳʚʘʷ ʠʭ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʠ ʢʦʤʧʝʪʝʥʮʠʠ [5, ʩ. 178]. 

ʊʨʝʙʦʚʘʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʪʦʤ, ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʜʦʣʞʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʘ ʠʣʠ ʢʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʜʣʷ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʧʨʠʝʤʣʝʤʦ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʮʠʬʨʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ: ʨʝʛʠʩʪʨʘʮʠʷ ʠ ʫʯʝʪ ʦʙʫʯʘʶʱʠʭʩʷ, ʤʦʥʠʪʦʨʠʥʛ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʯ 

ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ [6, ʩ. 

208]. 

ʅʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʇʆ ï ʵʪʦ ʪʨʝʙʦʚʘʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʘʪʨʠʙʫʪʳ ʠ 

ʩʚʦʡʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʘ ʥʝ ʥʘ ʝʸ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʘʩʧʝʢʪʳ. ʅʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ 

ʮʠʬʨʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: 

ʚʳʩʦʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʨʘʟʚʠʪʠʷ ʩʪʫʜʝʥʯʝʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʢʨʫʞʢʘ, ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʠ ʠʭ ʥʘʩʪʘʚʥʠʢʦʚ [7, ʩ. 169]. 

ʄʠʥʠʤʘʣʴʥʳʝ ʩʠʩʪʝʤʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʣʘʪʬʦʨʤʳ: 

1. ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ: ʦʪ Windows 7 ʠ ʚʳʰʝ 

2. ʇʨʦʮʝʩʩʦʨ: Intel Core 2-ʷʜʝʨʥʳʡ, ʘʥʘʣʦʛʠʯʥʳʡ AMD ʠ ʚʳʰʝ  
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3. ʆʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ: ʦʪ 4 ɻʙ ʠ ʚʳʰʝ  

4. ʉʚʦʙʦʜʥʦʝ ʤʝʩʪʦ ʥʘ ʜʠʩʢʝ: ʦʪ 2 ɻʙ ʠ ʚʳʰʝ 

ʇʨʠʤʝʥʝʥʠʝ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʠ ʧʦʜʙʠʨʘʪʴ ʙʦʣʝʝ ʛʠʙʢʠʝ ʤʝʪʦʜʳ 

ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ [8]. 

ɺʠʨʪʫʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʨʘʙʦʪʝ ʩ ʢʦʤʧʣʝʢʩʥʦʡ 

ʩʠʩʪʝʤʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʙʲʝʢʪʘ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ, ʩʧʦʩʦʙʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʫʨʦʚʝʥʴ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ, ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʠ ʤʦʪʠʚʘʮʠʠ ʩʪʫʜʝʥʪʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ VR-ʪʨʝʥʘʞʝʨ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 
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ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ: 01.11.2024. 

 

É ʍʘʝʨʦʚʘ ʕ.ʀ., ɻʘʪʘʫʣʣʠʥ ɹ.ʀ., ʊʫʤʙʠʥʩʢʘʷ ʄ.ɺ., 2025  
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ʐʠʰʢʠʥ ɻ.ɸ., ɾʫʢʦʚʩʢʠʡ ɼ.ɸ.  

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ  

ʈɸɿʈɸɹʆʊʂɸ ʄʀʂʈʆʇʈʆʎɽʉʉʆʈʅʆʁ ʉʀʉʊɽʄʓ  

ɼʃʗ ʄʆʅʀʊʆʈʀʅɻɸ ɼɺʀɻɸʊɽʃʔʅʆʁ ɸʂʊʀɺʅʆʉʊʀ ʏɽʃʆɺɽʂɸ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʨʘʟʦʤ ʞʠʟʥʠ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʥʝʜʦʩʪʘʪʦʢ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. ʊʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʘʤʦʦʪʯʝʪʘʭ ʠ ʦʧʨʦʩʘʭ, ʯʘʩʪʦ 

ʩʪʨʘʜʘʶʪ ʦʪ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʩʠʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʩʧʦʩʦʙʥʦʛʦ ʥʝʧʨʝʨʳʚʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʩʠʩʪʝʤʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ 

ʩʠʩʪʝʤ, ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ. 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ. 

ɺ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ (ʨʠʩ. 1) ʣʝʞʠʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ STM32F401CCU6 [5], ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩʳ IĮC ʠ UART. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʜʘʪʯʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʫʣʴ MPU9250, ʦʩʥʘʱʸʥʥʳʡ 3-ʦʩʝʚʳʤ 

ʘʢʩʝʣʝʨʦʤʝʪʨʦʤ [3], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʝʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʜʚʠʞʝʥʠʷʭ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠʤʝʥʷʝʪʩʷ Bluetooth-ʤʦʜʫʣʴ HC-06, ʘ 

ʩʠʩʪʝʤʘ ʧʠʪʘʥʠʷ ʧʦʩʪʨʦʝʥʘ ʥʘ ʙʘʟʝ Li-Ion ʘʢʢʫʤʫʣʷʪʦʨʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ. 

ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʯʝʣʦʚʝʢʘ (ʈʠʩ. 2) ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ 

ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ. ʇʝʨʚʦʡ ʯʘʩʪʴʶ ʷʚʣʷʝʪʩʷ ʥʦʩʠʤʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ 

ʜʘʪʯʠʢ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʠ Bluetooth ʤʦʜʫʣʴ ʜʣʷ ʦʪʧʨʘʚʢʠ ʜʘʥʥʳʭ ʩ ʘʢʩʝʣʝʨʦʤʝʪʨʘ. ɺʪʦʨʦʡ 

ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ ï ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʝʪ ʜʘʥʥʳʝ ʠ ʧʦ ʢʦʤʘʥʜʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘʧʠʩʳʚʘʝʪ ʜʘʥʥʳʝ ʚ ʬʘʡʣ. ɽʱʸ ʦʜʥʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʟ ʬʘʡʣʘ. ʉʯʠʪʳʚʘʥʠʝ ʠʟ ʬʘʡʣʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 
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ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʥʘ 

ʪʠʧ ʘʢʪʠʚʥʦʩʪʠ. 

ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʠʮʠʘʣʠʟʘʮʠʶ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʧʨʦʪʦʢʦʣʦʚ I2C ʠ UART, ʪʘʡʤʝʨʘ, ʘʢʩʝʣʝʨʦʤʝʪʨʘ), ʩʯʠʪʳʚʘʥʠʝ ʜʘʥʥʳʭ ʩ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ MPU9250 [4] ʠ ʠʭ ʧʝʨʝʜʘʯʫ ʧʦ UART ʥʘ Bluetooth ʤʦʜʫʣʴ ʅʉ-06 ʚ 

ʧʦʩʣʝʜʫʶʱʝʤ ʥʘ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʥʘʧʠʩʘʥʘ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ HAL ʚ ʩʨʝʜʝ 

ʨʘʟʨʘʙʦʪʢʠ STM32CubeIDE. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʦʯʥʦ ʟʥʘʪʴ ʚʨʝʤʷ ʦʪʧʨʘʚʢʠ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʘ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʡʤʝʨ. 

 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʯʝʣʦʚʝʢʘ 

 

ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘʧʠʩʘʥʦ ʥʘ ʷʟʳʢʝ C#, ʠʩʧʦʣʴʟʫʷ Xamarin Forms ʚ ʧʨʦʛʨʘʤʤʝ 

Visual Studio [6]. ɸ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʛʠʥ Plugin.BluetoothClassic ʜʣʷ ʫʧʨʦʱʝʥʠʷ 

ʨʘʟʨʘʙʦʪʢʠ. ʇʨʠʣʦʞʝʥʠʝ ʧʨʠʥʠʤʘʝʪ ʜʘʥʥʳʝ ʧʦ ʢʘʥʘʣʫ Bluetooth ʠ ʩʦʭʨʘʥʷʝʪ ʧʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʚ ʬʘʡʣ ʚ ʢʦʨʥʝʚʦʡ ʧʘʧʢʝ ʧʨʦʛʨʘʤʤʳ. ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ ʩ 

ʥʦʩʠʤʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʝʨʝʭʦʜʠʪ ʥʘ ʩʪʨʘʥʠʮʫ çʇʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭè (ʨʠʩ. 3) 

ʧʨʦʛʨʘʤʤʳ, ʚ ʢʦʪʦʨʦʤ ʠʤʝʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘ. ʇʝʨʚʳʡ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʦʪʦʙʨʘʞʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʫʩʪʨʦʡʩʪʚʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʂʦ 

ʚʪʦʨʦʤʫ ʵʣʝʤʝʥʪʫ ʦʪʥʦʩʷʪʩʷ ʢʥʦʧʢʠ ʟʘʧʫʩʢʘ ʘʣʛʦʨʠʪʤʦʚ, ʧʦ ʥʘʞʘʪʠʶ ʧʦ ʢʦʪʦʨʳʤ, 

ʟʘʧʫʩʢʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ, ʦʩʪʘʥʦʚʢʘ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ, ʦʯʠʩʪʢʘ ʦʙʣʘʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʠ ʩʦʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʬʘʡʣʘ ʩ ʜʘʥʥʳʤʠ ʘʢʩʝʣʝʨʦʤʝʪʨʘ 

ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. 

https://studwork.ru/away?href=https://www.st.com/en/development-tools/stm32cubeide.html
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ʈʠʩ. 3. ʉʪʨʘʥʠʮʘ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ  

 

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʚʠʜ 

ʥʝʧʨʝʨʳʚʥʳʭ ʩʣʫʯʘʡʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʦʢʨʫʛ ʥʝʢʦʪʦʨʦʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ʊʘʢ ʞʝ ʭʘʨʘʢʪʝʨ 

ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ ʥʝ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʜʘʥʥʳʝ ʩ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʦʪʥʦʩʷʪʩʷ ʢ ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʣʫʯʘʡʥʳʤ ʧʨʦʮʝʩʩʘʤ [1]. 

 

 
 

ʈʠʩ. 4. ɻʨʘʬʠʢ ʩ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʣʫʯʝʥʥʳʡ ʚʦ ʚʨʝʤʷ ʟʘʥʷʪʠʡ ʥʘ ʚʝʣʦʪʨʝʥʘʞʝʨʝ 

 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʙʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʥʘ ʧʝʨʠʦʜʳ 

(ʨʝʘʣʠʟʘʮʠʠ). ɺ ʵʪʠʭ ʧʝʨʠʦʜʘʭ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʣʠʙʦ ʦʜʠʥ ʰʘʛ ʧʨʠ ʭʦʜʴʙʝ, ʣʠʙʦ ʦʜʠʥ ʧʦʣʥʳʡ 
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ʦʙʦʨʦʪ ʧʝʜʘʣʝʡ ʚʝʣʦʪʨʝʥʘʞʝʨʘ, ʣʠʙʦ ʦʜʠʥ ʪʦʣʯʦʢ ʚʦ ʚʨʝʤʷ ʙʝʛʘ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩʫʥʢʝ 4 ʚʠʜʥʘ 

ʷʚʥʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʠʦʜʦʚ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʧʘʨʘʤʝʪʨʦʚ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚʳʷʚʣʷʪʴ ʧʝʨʠʦʜʳ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʚʠʜʳ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. 

  

 
 

ʈʠʩ. 5. ɼʘʥʥʳʝ ʧʦʜʝʣʝʥʥʳʝ ʥʘ ʨʘʚʥʳʝ ʧʝʨʠʦʜʳ 

 

ʇʝʨʚʳʤ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʠʦʜʦʚ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʩ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʧʦʤʦʱʠ Excel. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʠʟʫʘʣʴʥʦʤ 

ʘʥʘʣʠʟʝ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʠ ʚʳʜʝʣʝʥʠʠ ʭʘʨʘʢʪʝʨʥʳʭ ʮʠʢʣʦʚ ʚ ʜʚʠʞʝʥʠʠ. ʉʳʨʳʝ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʧʝʨʝʥʦʩʷʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʫʶ ʪʘʙʣʠʮʫ, ʛʜʝ ʩʪʨʦʷʪʩʷ ʛʨʘʬʠʢʠ ʧʦ 

ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʫʩʢʦʨʝʥʠʷ. ʇʦ ʬʦʨʤʝ ʛʨʘʬʠʢʘ ʠ ʝʛʦ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʧʠʢʘʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʬʘʟʳ ʘʢʪʠʚʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʦʙʦʨʦʪ ʧʝʜʘʣʝʡ ʥʘ ʚʝʣʦʪʨʝʥʘʞʸʨʝ). ɺʨʝʤʝʥʥʳʝ ʤʝʪʢʠ, 

ʩʦʭʨʘʥʸʥʥʳʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ, ʧʦʤʦʛʘʶʪ ʦʮʝʥʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʜʚʠʞʝʥʠʷ. 

ɺʪʦʨʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʠʦʜʦʚ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ (ɸʂʌ), 

ʧʦʟʚʦʣʷʶʱʫʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʭʦʜʠʪʴ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʫʯʘʩʪʢʠ ʚʦ ʚʨʝʤʝʥʥʦʤ ʩʠʛʥʘʣʝ. ɸʂʌ 

ʚʳʯʠʩʣʷʝʪ ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ ʩʠʛʥʘʣʘ ʩ ʝʛʦ ʞʝ ʢʦʧʠʝʡ, ʩʜʚʠʥʫʪʦʡ ʥʘ ʨʘʟʣʠʯʥʳʝ ʠʥʪʝʨʚʘʣʳ ʧʦ 

ʚʨʝʤʝʥʠ. ʇʠʢʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʝʛʫʣʷʨʥʦʩʪʴ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʜʚʠʞʝʥʠʡ, ʯʪʦ 

ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʠʥʪʝʨʚʘʣʳ ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʭ ʜʣʠʪʝʣʴʥʦʩʪʴ (ʨʠʩ. 6). 
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ʈʠʩ. 6. ɻʨʘʬʠʢ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʩ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ 

 

ʊʨʝʪʴʠʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʠʦʜʦʚ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʬʠʣʴʪʨʘʮʠʷ 

ʜʘʥʥʳʭ ʠ ʧʦʠʩʢ ʤʘʢʩʠʤʫʤʦʚ. ʉʥʘʯʘʣʘ ʥʘ ʩʠʛʥʘʣ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʬʠʣʴʪʨ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ, 

ʢʦʪʦʨʳʡ ʩʛʣʘʞʠʚʘʝʪ ʰʫʤʳ ʠ ʚʳʙʨʦʩʳ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʦʙʱʫʶ ʬʦʨʤʫ ʢʨʠʚʦʡ. ɿʘʪʝʤ ʚ 

ʧʦʣʫʯʝʥʥʦʤ ʩʛʣʘʞʝʥʥʦʤ ʩʠʛʥʘʣʝ ʠʱʫʪʩʷ ʣʦʢʘʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʠʢʦʚʳʤ 

ʟʥʘʯʝʥʠʷʤ ʫʩʢʦʨʝʥʠʷ. ʀʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʵʪʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʦʪʨʘʞʘʶʪ ʚʨʝʤʝʥʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʭʘʨʘʢʪʝʨʥʳʭ ʜʚʠʞʝʥʠʡ (ʨʠʩ. 7). ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʳʜʝʣʷʪʴ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʮʠʢʣʳ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʰʫʤʦʚ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʇʦʩʣʝ ʨʘʟʙʠʝʥʠʷ ʜʘʥʥʳʭ ʩ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʥʘ ʧʝʨʠʦʜʳ (ʨʝʘʣʠʟʘʮʠʠ) ʧʨʦʛʨʘʤʤʘ (ʨʠʩ. 8) 

ʨʘʩʩʯʠʪʳʚʘʝʪ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʠʣʦʞʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ 

ʵʪʘʣʦʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʢʘʣʳ ʏʝʜʜʦʢʘ 

ʧʨʦʛʨʘʤʤʘ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʪʠʧ ʘʢʪʠʚʥʦʩʪʠ (ʭʦʜʴʙʘ, ʙʝʛ, ʝʟʜʘ ʥʘ ʚʝʣʦʪʨʝʥʘʞʝʨʝ). 

ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʧʨʦʚʝʨʷʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʜʸʞʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʘʢʪʠʚʥʦʩʪʠ (ʭʦʜʴʙʘ, ʙʝʛ, ʝʟʜʘ ʥʘ ʚʝʣʦʪʨʝʥʘʞʝʨʝ). ʅʦʩʠʤʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʩ ʜʘʪʯʠʢʦʤ ʠʥʝʨʮʠʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʠ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʥʘʨʫʞʥʦʡ ʯʘʩʪʠ ʛʦʣʝʥʠ ʣʝʚʦʡ ʥʦʛʠ (ʨʠʩ. 9). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʦʚ ʩ ʧʦʤʦʱʴʶ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʝ ʥʘʭʦʞʜʝʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʬʫʥʢʮʠʡ ʚʩʝ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʠ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ. 
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ʈʠʩ. 7. ɻʨʘʬʠʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʘ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ 

 

 
 

ʈʠʩ. 8. ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʯʝʣʦʚʝʢʘ 
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ʈʠʩ. 9. ʉʭʝʤʘ ʢʨʝʧʣʝʥʠʷ ʥʦʩʠʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʥʦʛʝ 

 

ɺ ʪʝʢʫʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʠʧʘ ʜʚʠʞʝʥʠʷ ʚʩʝ ʝʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʦ 

çʨʫʯʥʦʡè ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʜʭʦʜ TinyML, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʤʫ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʙʫʯʘʝʪʩʷ ʥʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ, 

ʧʦʜʢʣʶʯʘʝʤʳʭ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ, ʧʨʠʯʝʤ ʦʙʫʯʝʥʠʝ ʚʝʜʝʪʩʷ ʥʘ çʙʦʣʴʰʠʭè ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ (ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʣʘʩʪʝʨʘʭ, ʠʤʝʶʱʠʭ ʚ ʩʦʩʪʘʚʝ ʛʨʘʬʠʯʝʩʢʠʝ ʫʩʢʦʨʠʪʝʣʠ). ɿʘʪʝʤ 

ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʚʤʝʩʪʝ ʩ ʧʦʜʦʙʨʘʥʥʳʤʠ ʚ 

ʭʦʜʝ ʦʙʫʯʝʥʠʷ ʚʝʩʘʤʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʥʘ ʷʟʳʢʝ ʉ++, ʢʦʪʦʨʳʡ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʝʢʪ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʠ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʪʠʧʘ ʘʢʪʠʚʥʦʩʪʠ) ʤʦʞʥʦ ʧʝʨʝʣʦʞʠʪʴ ʩ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʇʂ ʥʘ ʩʘʤ ʫʧʨʘʚʣʷʶʱʠʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʯʪʦ ʧʦʚʳʩʠʪ ʫʜʦʙʩʪʚʦ 

ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʟʜʝʩʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʣʠʟʦʚʘʥ ʧʨʠʤʝʨ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʧʦʢʘʟʘʥʠʷʭ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ Raspberry Pi Pico ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʨʦʚ ʠʟ 

[2]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʝʨʝʥʝʩʪʠ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ, ʦʙʫʯʝʥʥʫʶ ʨʘʟʣʠʯʘʪʴ ʪʠʧʳ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʥʘ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

STM32. 
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ʐʠʰʢʠʥ ɼ.ʀ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʉʈɸɺʅɽʅʀɽ ʈɽʂʋʈʉʀʀ ʀ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʢʫʨʩʠʠ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʘʢ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʭ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ, ʚʨʝʤʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ, ʧʦʪʨʝʙʣʝʥʠʝ ʧʘʤʷʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ. ɸʥʘʣʠʟ ʦʩʥʦʚʘʥ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʯʠʩʣʝʥʠʝ n-ʦʛʦ ʯʠʩʣʘ ʌʠʙʦʥʘʯʯʠ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʨʶʢʟʘʢʝ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. ɺʢʣʶʯʝʥʳ ʠʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ, 

ʪʝʨʤʠʥʦʣʦʛʠʷ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʧʨʠʤʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʦ ʚʳʙʦʨʫ ʤʝʪʦʜʘ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʚʳʚʦʜʳ ʦ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʧʦʜʭʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʢʫʨʩʠʷ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʚʨʝʤʝʥʥʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ 

ʘʣʛʦʨʠʪʤʦʚ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʚʳʙʦʨ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʜʘ. ʈʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʨʝʰʝʥʠʶ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʧʦ ʧʦʪʨʝʙʣʝʥʠʶ ʨʝʩʫʨʩʦʚ, 

ʯʠʪʘʝʤʦʩʪʠ ʢʦʜʘ ʠ ʘʜʘʧʪʠʨʫʝʤʦʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ. ʉʨʝʜʠ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʦʩʦʙʦʝ ʤʝʩʪʦ 

ʟʘʥʠʤʘʶʪ ʨʝʢʫʨʩʠʷ ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 

ʈʝʢʫʨʩʠʷ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʨʘʟʙʠʨʘʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʥʘ 

ʠʜʝʥʪʠʯʥʳʝ ʧʦʜʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʪʝʤ ʞʝ ʤʝʪʦʜʦʤ. ʆʜʥʘʢʦ ʛʣʫʙʦʢʘʷ ʨʝʢʫʨʩʠʷ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ ʧʘʤʷʪʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ. 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʥʘʧʨʦʪʠʚ, ʠʩʧʦʣʴʟʫʝʪ ʩʦʭʨʘʥʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʚʪʦʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʝʥʥʫʶ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʊʝʨʤʠʥ çʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʙʳʣ ʚʚʝʜʝʥ ʘʤʝʨʠʢʘʥʩʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʈʠʯʘʨʜʦʤ ɹʝʣʣʤʘʥʦʤ ʚ 1950-ʭ ʛʦʜʘʭ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʟʘʜʘʯʘʤʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ[1]. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʣ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʤʥʦʛʦʟʚʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʤʠʥʠʤʠʟʠʨʫʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ. ʉʦ ʚʨʝʤʝʥʝʤ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʨʠʦʙʨʝʣʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʩʪʘʣʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʙʠʦʠʥʬʦʨʤʘʪʠʢʘ, ʵʢʦʥʦʤʠʢʘ, ʦʙʨʘʙʦʪʢʘ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘ. 

ʈʝʢʫʨʩʠʚʥʳʝ ʤʝʪʦʜʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʤʝʶʪ ʜʨʝʚʥʶʶ ʠʩʪʦʨʠʶ[5]. ɽʱʝ ʚ ʘʥʪʠʯʥʳʝ 

ʚʨʝʤʝʥʘ ʤʘʪʝʤʘʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʥʮʠʧʳ, ʩʭʦʞʠʝ ʩ ʨʝʢʫʨʩʠʝʡ, ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʯʠʩʝʣ, 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤ. ɺ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʨʝʢʫʨʩʠʷ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʘʩʴ ʩ ʨʘʟʚʠʪʠʝʤ ʷʟʳʢʦʚ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʪʘʢʠʭ ʢʘʢ Lisp ʠ Algol, ʚ ʢʦʪʦʨʳʭ 



 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

150 

ʙʳʣʠ ʚʩʪʨʦʝʥʳ ʤʝʭʘʥʠʟʤʳ ʨʝʢʫʨʩʠʚʥʳʭ ʚʳʟʦʚʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʦʢʘʟʘʣʩʷ ʫʜʦʙʥʳʤ ʜʣʷ 

ʣʘʢʦʥʠʯʥʦʡ ʟʘʧʠʩʠ ʩʣʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʟʘʜʘʯʘʭ, ʠʤʝʶʱʠʭ ʝʩʪʝʩʪʚʝʥʥʫʶ 

ʨʝʢʫʨʩʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʘʢʠʭ ʢʘʢ ʦʙʨʘʙʦʪʢʘ ʜʝʨʝʚʴʝʚ, ʧʦʠʩʢ ʚ ʛʣʫʙʠʥʫ ʠ ʨʘʟʙʠʝʥʠʝ ʟʘʜʘʯ ʥʘ 

ʙʦʣʝʝ ʤʝʣʢʠʝ ʧʦʜʟʘʜʘʯʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝ ʢʦʥʮʝʧʮʠʠ ï ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ 

ʨʝʢʫʨʩʠʷ ï ʧʨʦʰʣʠ ʜʦʣʛʠʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʱʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʚ 

ʘʨʩʝʥʘʣʝ ʧʨʦʛʨʘʤʤʠʩʪʘ. 

 ʈʝʢʫʨʩʠʷ ï ʵʪʦ ʤʝʪʦʜ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʬʫʥʢʮʠʷ ʚʳʟʳʚʘʝʪ ʩʘʤʫ ʩʝʙʷ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʙʘʟʦʚʦʛʦ ʩʣʫʯʘʷ. ʕʪʦʪ ʧʦʜʭʦʜ ʵʬʬʝʢʪʠʚʝʥ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʠʤʝʶʱʠʭ 

ʝʩʪʝʩʪʚʝʥʥʫʶ ʨʝʢʫʨʩʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʘʧʨʠʤʝʨ, ʦʙʭʦʜʘ ʜʝʨʝʚʴʝʚ ʠʣʠ ʧʦʠʩʢʘ ʧʫʪʝʡ ʚ ʛʨʘʬʘʭ. 

ʆʜʥʘʢʦ ʝʛʦ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʛʣʫʙʠʥʳ ʩʪʝʢʘ ʚʳʟʦʚʦʚ ʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ï ʵʪʦ ʤʝʪʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʨʘʟʙʠʚʘʝʪʩʷ 

ʥʘ ʧʦʜʟʘʜʘʯʠ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʧʝʨʝʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ 

ʚʳʯʠʩʣʝʥʠʷʭ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʟʙʳʪʦʯʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳʤ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ. ʆʩʥʦʚʥʦʡ 

ʥʝʜʦʩʪʘʪʦʢ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʘʤʷʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʌʦʨʤʫʣʠʨʦʚʢʠ ʘʣʛʦʨʠʪʤʦʚ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ, ʨʘʩʩʤʦʪʨʠʤ ʜʚʝ 

ʬʦʨʤʫʣʠʨʦʚʢʠ ʘʣʛʦʨʠʪʤʦʚ: ʚʳʯʠʩʣʝʥʠʝ n-ʦʛʦ ʯʠʩʣʘ ʌʠʙʦʥʘʯʯʠ ʠ ʟʘʜʘʯʫ ʦ ʨʶʢʟʘʢʝ. 

¶ ɼʘʥʦ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ ὲ. ʊʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʠʪʴ n-ʦʝ ʯʠʩʣʦ ʌʠʙʦʥʘʯʯʠ, ʛʜʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʌʠʙʦʥʘʯʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʢʫʨʨʝʥʪʥʦʡ ʬʦʨʤʫʣʦʡ: Ὂπ πȟὊρ

ρȟὊὲ Ὂὲ ρ Ὂὲ ςȟ̅ ̠̌ ὲ ς. ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʝ Ὂὲ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ὲ. 

¶ ɼʘʥʦ ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʤʝʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʚʝʩ ύ ʠ ʩʪʦʠʤʦʩʪʴ ὧ, ʛʜʝ Ὥ

ρȟςȟȣȟὲ. ʊʘʢʞʝ ʜʘʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʝʩ ʨʶʢʟʘʢʘ ὡ. ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ, 

ʢʘʢʦʡ ʥʘʙʦʨ ʧʨʝʜʤʝʪʦʚ ʩʣʝʜʫʝʪ ʧʦʣʦʞʠʪʴ ʚ ʨʶʢʟʘʢ, ʯʪʦʙʳ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʩʫʤʤʘʨʥʫʶ 

ʩʪʦʠʤʦʩʪʴ, ʥʝ ʧʨʝʚʳʰʘʷ ʧʨʠ ʵʪʦʤ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʚʝʩʫ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʟʘʜʘʯʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ 

ʢʘʢ: άὥὼВ ὧὼ̐̑ ̉̔̒̌̏̃̉̉ В ύὼ ὡ ̉ ὼᶰπȟρȟ̅ ̌ ̠̖̃̒̆ Ὥ. 

ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ. ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ, 

ʨʘʩʩʤʦʪʨʠʤ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʦʚ ʚʳʯʠʩʣʝʥʠʷ n-ʦʛʦ ʯʠʩʣʘ ʌʠʙʦʥʘʯʯʠ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ 

ʨʶʢʟʘʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʢʫʨʩʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

[2]. ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʟʚʦʣʠʪ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʨʘʙʦʪʝ, 

ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ ʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʧʘʤʷʪʠ. 
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ʊʘʙʣʠʮʘ 1 

ɸʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ n-ʦʛʦ ʯʠʩʣʘ ʌʠʙʦʥʘʯʯʠ 

 

ʈʝʢʫʨʩʠʚʥʳʡ ʤʝʪʦʜ ʄʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

def fib_recursive(n): 

    if n <= 1: 

        return n 

    return fib_recursive(n-1) + fib_recursive(n-2) 

def fib_dp(n): 

    dp = [0, 1] + [0] * (n-1) 

    for i in range(2, n+1): 

        dp[i] = dp[i-1] + dp[i-2] 

    return dp[n] 

 

ʊʘʙʣʠʮʘ 2 

ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʨʶʢʟʘʢʝ 

 

ʈʝʢʫʨʩʠʚʥʳʡ ʤʝʪʦʜ ʄʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

def knapsack_recursive(W, w, c, n): 

    if n == 0 or W == 0: 

        return 0 

    if w[n-1] > W: 

        return knapsack_recursive(W, w, c, n-1) 

    else: 

        return max(c[n-1] + knapsack_recursive(W-

w[n-1], w, c, n-1), 

                   knapsack_recursive(W, w, c, n-1)) 

def knapsack_dp(W, w, c, n): 

    dp = [[0 for _ in range(W + 1)] for _ in range(n + 

1)] 

    for i in range(1, n + 1): 

        for w in range(1, W + 1): 

            if w[i -1] <= w: 

                dp[i][w] = max(c[i-1] + dp[i-1][w ï w[i -

1]], dp[i-1][w])  

            else: 

                dp[i][w] = dp[i -1][w]  

    return dp[n][W] 

 

ɸʥʘʣʠʟʠʨʫʷ ʜʚʘ ʘʣʛʦʨʠʪʤʘ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʤʝʪʦʜʘʤʠ ʨʝʢʫʨʩʠʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʢʫʨʩʠʚʥʳʡ ʤʝʪʦʜ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʙʦʪʘʝʪ 

ʤʝʜʣʝʥʥʝʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʳʟʦʚʦʚ ʬʫʥʢʮʠʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʘʧʨʦʪʠʚ, ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʘʙʣʠʯʥʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʯʠʩʣʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪʩʷ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʝʢʫʨʩʠʚʥʳʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ. ʆʥ ʧʨʦʱʝ ʚ ʨʝʘʣʠʟʘʮʠʠ 

ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʝʥ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʨʝʚʦʚʠʜʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʜʘʥʥʳʭ, ʛʨʘʬʘʤʠ ʠ ʢʦʤʙʠʥʘʪʦʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʘʤʷʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʨʠʪʠʯʥʳʤ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ[3]. 

ʊʘʙʣʠʮʘ 3 

ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ 

 

ɸʣʛʦʨʠʪʤ ʈʝʢʫʨʩʠʚʥʳʡ ʤʝʪʦʜ 
ʄʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ɸʣʛʦʨʠʪʤ 

ʚʳʯʠʩʣʝʥʠʷ ʯʠʩʣʘ 

ʌʠʙʦʥʘʯʯʠ 

ɺʨʝʤʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ: O(2n), 

ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʚʳʟʦʚ ʜʝʣʘʝʪ 

ʜʚʘ ʥʦʚʳʭ. 

ɺʨʝʤʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ: O(n), ʪʘʢ ʢʘʢ 

ʤʳ ʧʨʦʭʦʜʠʤ ʤʘʩʩʠʚ ʦʜʠʥ ʨʘʟ 

ʇʦʪʨʝʙʣʝʥʠʝ ʧʘʤʷʪʠ: O(n) ï 

ʛʣʫʙʠʥʘ ʨʝʢʫʨʩʠʠ 

ʇʦʪʨʝʙʣʝʥʠʝ ʧʘʤʷʪʠ: O(n) ï 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʩʩʠʚ 

ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʦ ʨʶʢʟʘʢʝ 

ɺʨʝʤʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ: O(2n) ɺʨʝʤʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ: O(n*W) 

ʇʦʪʨʝʙʣʝʥʠʝ ʧʘʤʷʪʠ: O(n) ʇʦʪʨʝʙʣʝʥʠʝ ʧʘʤʷʪʠ: O(n*W) 

 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ɼʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ, ʦʙʨʘʙʦʪʢʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʙʠʦʠʥʬʦʨʤʘʪʠʢʝ, ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ ʠ 



 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

152 

ʵʢʦʥʦʤʠʢʝ. ʅʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʳ ʚʳʨʘʚʥʠʚʘʥʠʷ ɼʅʂ ʚ ʙʠʦʠʥʬʦʨʤʘʪʠʢʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʘ. ʊʘʢʞʝ ʵʪʦʪ ʤʝʪʦʜ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʟʘʜʘʯʘʭ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʪʘʢʠʭ ʢʘʢ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʭʦʞʜʝʥʠʝ ʢʨʘʪʯʘʡʰʠʭ ʧʫʪʝʡ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ[6]. 

ʈʝʢʫʨʩʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʜʝʨʝʚʴʷʤʠ, ʛʨʘʬʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʘʥʘʣʠʟʝ ʠ ʦʙʨʘʙʦʪʢʝ ʩʣʦʞʥʳʭ ʚʣʦʞʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ ʢʘʢ 

XML ʠ HTML. ʅʘʧʨʠʤʝʨ, ʨʝʢʫʨʩʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʦʙʭʦʜʝ ʛʨʘʬʦʚ, ʨʝʘʣʠʟʘʮʠʠ 

ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʚ ʛʣʫʙʠʥʫ (DFS) ʠ ʚʳʯʠʩʣʝʥʠʠ ʬʘʢʪʦʨʠʘʣʦʚ. ɺ ʦʙʣʘʩʪʠ ʢʦʤʧʠʣʷʪʦʨʦʚ ʠ 

ʠʥʪʝʨʧʨʝʪʘʪʦʨʦʚ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʝʢʫʨʩʠʚʥʳʝ ʩʧʫʩʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʳʨʘʞʝʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʷ ʘʙʩʪʨʘʢʪʥʳʭ ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʜʝʨʝʚʴʝʚ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʚʫʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʟʘʜʘʯ: ʨʝʢʫʨʩʠʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʆʙʘ ʧʦʜʭʦʜʘ ʦʙʣʘʜʘʶʪ 

ʩʚʦʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. ʈʝʢʫʨʩʠʷ ʧʦʟʚʦʣʷʝʪ ʣʘʢʦʥʠʯʥʦ ʦʧʠʩʳʚʘʪʴ 

ʘʣʛʦʨʠʪʤʳ, ʥʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʥʳʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʟʘʪʨʘʪʘʤ. 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʳ ʠʟʙʳʪʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʥʦ 

ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʘʤʷʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺʳʙʦʨ ʤʝʪʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʢʠ ʟʘʜʘʯʠ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʘʞʥʘ ʩʢʦʨʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʘʤʷʪʴ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. ɽʩʣʠ ʞʝ ʪʨʝʙʫʝʪʩʷ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠ ʣʘʢʦʥʠʯʥʳʡ 

ʢʦʜ, ʘ ʠʟʙʳʪʦʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʥʝ ʢʨʠʪʠʯʥʳ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʢʫʨʩʠʶ. ʇʦʥʠʤʘʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚʳʙʠʨʘʪʴ ʧʦʜʭʦʜʷʱʠʝ ʘʣʛʦʨʠʪʤʳ, 

ʧʦʚʳʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʦʧʪʠʤʠʟʠʨʫʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʥʥʘʙʘʝʚʘ ʅ.ʈ. ɼʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ // ʉʠʤʚʦʣ ʥʘʫʢʠ. 2023. ˉ 10-2. ʉ. 

12-13. URL: https://clck.ru/3LVKHF (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 17.02.2025). 

2. ɺʦʣʢʦʚ ʄ.ʉ.ɸ. ʂʦʤʙʠʥʘʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʟʘʜʘʯʠ ʦʙ ʦʛʨʘʥʠʯʝʥʥʦʤ ʨʶʢʟʘʢʝ // 

ʇʨʠʢʣʘʜʥʘʷ ʜʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ. 2024. ˉ 63. ʉ. 117-130. URL: https://clck.ru/3LVKJJ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 17.02.2025). 

3. ɹʘʟʝʝʚʘ ʅ.ɸ., ʆʚʪʠʥ ʈ.ɸ. ʅʦʪʘʮʠʷ Big O ʠ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ // E-Scio. 2023. ˉ 5. 

ʉ. 6. URL: https://clck.ru/3LVKKB (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 17.02.2025). 

4. ɻʠʷʩʠ ɸ.X., ʄʠʭʘʡʣʦʚ ʀ.ʇ., ʏʫʙʘʨʠʢʦʚ ɺ.ʅ. ʆ ʨʘʟʣʦʞʝʥʠʠ ʯʠʩʝʣ ʧʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʠʩʝʣ ʌʠʙʦʥʘʯʯʠ // ʏʝʙʳʰʝʚʩʢʠʡ ʩʙʦʨʥʠʢ. 2023. ʊʦʤ 24. ˉ 2. ʉ. 250-251. 

URL: https://clck.ru/3LVKL5 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 17.02.2025). 

5. ʈʘʛʠʤʦʚʘ ɻ.ɸ. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʪʝʨʤʠʥʦʣʦʛʠʷ ʨʝʢʫʨʩʠʠ // Endless light in science. 

2023. ˉ ʤʘʨʪ. ʉ. 5. URL: https://clck.ru/3LVKLw (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 17.02.2025). 

6. ʈʫʩʪʘʤʦʚ ɹ.ʄ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ // 

ʉʠʤʚʦʣ ʥʘʫʢʠ. 2023. ˉ 9-1. ʉ. 8-9. URL: https://clck.ru/3LVKMT (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 17.02.2025). 

 

É ʐʠʰʢʠʥ ɼ.ʀ., 2025  



 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

153 

ʗʢʫʙʯʠʢ ʃ.ɽ., ɽʣʦʚʦʡ ʉ.ɻ. 

ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ʄʆɹʀʃʔʅʆɻʆ ʇʈʀʃʆɾɽʅʀʗ ʄɽʅɽɼɾʄɽʅʊɸ ʋʏɽɹʅʆɻʆ 

ʇʈʆʎɽʉʉɸ ɼʃʗ ʇʇʉ ʀ ʉʊʋɼɽʅʊʆɺ ʂɸʌɽɼʈʓ ʀɺʊ 

ɿʥʘʯʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʨʦʩʪʦʤ ʧʦʪʨʝʙʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʠʣʦʞʝʥʠʝ ʚʳʜʝʣʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʝʥʷʪʴ ʨʘʩʧʠʩʘʥʠʝ ʠʣʠ ʧʝʨʝʥʦʩʠʪʴ ʟʘʥʷʪʠʷ ʧʨʷʤʦ ʧʝʨʝʜ 

ʧʨʝʜʩʪʦʷʱʠʤʠ ʟʘʥʷʪʠʷʤʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʩʪ ʨʝʘʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ [2, ʩ. 61]. 

ʂʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʠʪ ʟʘʧʫʩʢʘʪʴ ʝʛʦ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʕʪʦ ʨʘʟʥʦʦʙʨʘʟʠʪ ʜʦʩʪʫʧʥʦʩʪʴ ʨʝʩʫʨʩʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪ ʚʦʚʣʝʯʝʥʥʦʩʪʴ 

ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. 

ʊʘʢʞʝ, ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʙʱʝʥʠʷ ʤʝʞʜʫ 

ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʫʯʝʙʥʳʭ ʛʨʫʧʧ, ʦʪʢʨʳʪʠʝ ʥʦʚʳʭ ʢʘʥʘʣʦʚ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʤʝʥʘ ʚʘʞʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʦʙʩʫʞʜʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʪʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʜʘʥʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ [3], ʥʦ ʠ ʷʚʣʷʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʫʢʨʝʧʣʝʥʠʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʩʨʝʜʳ ʚ ʩʪʝʥʘʭ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʤʦʞʝʪ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠ ʫʯʘʱʠʤʩʷ ʧʦʣʫʯʘʪʴ ʚʩʝ ʘʢʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʚʨʝʤʝʥʠ ʠ ʣʶʙʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʚ ʨʘʩʧʠʩʘʥʠʠ, ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʨʦʧʨʠʷʪʠʷʭ ʠ ʚʩʝ ʢʣʶʯʝʚʳʝ ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʥʦʚʦʩʪʠ. 

ʇʨʠʣʦʞʝʥʠʝ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥʦ ʩ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʜʠʟʘʡʥʦʤ [1], ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʩʠʩʪʝʤʦʡ ʫʚʝʜʦʤʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʬʦʨʫʤʘʤʠ ʜʣʷ ʇʇʉ ʠ ʩʪʫʜʝʥʪʦʚ. 

ɿʘʜʘʯʠ: 

Å ɸʥʘʣʦʛʦʚʳʡ ʘʥʘʣʠʟ: 

ʀʟʫʯʠʪʴ ʠʤʝʶʱʠʝʩʷ ʥʘ ʨʳʥʢʝ ʨʝʰʝʥʠʷ ʠ ʦʧʠʩʘʪʴ ʠʭ ʬʫʥʢʮʠʠ ï ʧʦʣʫʯʠʪʴ ʢʦʥʢʫʨʝʥʪʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ. 

Å ɼʠʟʘʡʥ ʠʥʪʝʨʬʝʡʩʘ: 

ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ï ʫʜʦʙʥʳʡ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʩʪʦʡ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

Å ʈʘʟʨʘʙʦʪʘʪʴ ʙʘʟʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ 

ʨʘʩʧʠʩʘʥʠʷ ʟʘʥʷʪʠʡ. 

ʉʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʫʚʝʜʦʤʣʝʥʠʡ ʦ ʟʘʥʷʪʠʷʭ ʠ ʠʟʤʝʥʝʥʠʷʭ ʚ ʨʘʩʧʠʩʘʥʠʠ. ɼʦʙʘʚʠʪʴ ʨʘʟʜʝʣ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʙʘʚʣʝʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ [4, 

ʩ. 11]. 

Å ʈʘʟʨʘʙʦʪʘʪʴ ʜʦʩʢʫ ʦʙʩʫʞʜʝʥʠʡ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ ʇʇʉ. 

ʅʘʧʠʩʘʪʴ ʩʠʩʪʝʤʫ ʧʫʙʣʠʢʘʮʠʠ ʩʦʦʙʱʝʥʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʢ ʜʦʩʢʝ ʦʙʩʫʞʜʝʥʠʡ. 

Å ʂʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ: 
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ʀʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʝʜʣʘʛʘʶʱʠʝ 

ʧʦʜʜʝʨʞʢʫ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤ, ʯʪʦ ʧʦʤʦʞʝʪ ʩʦʟʜʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʢʘʢ ʜʣʷ iOS, ʪʘʢ ʠ ʜʣʷ 

Android. 

Å ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ: 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʦʢ ʠ ʠʭ 

ʠʩʧʨʘʚʣʝʥʠʷ. 

Å ɿʘʧʫʩʢ ʠ ʧʦʜʜʝʨʞʢʘ ʧʨʠʣʦʞʝʥʠʷ: 

ʇʦʜʛʦʪʦʚʠʪʴ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʟʘʧʫʩʢʘ ʧʨʠʣʦʞʝʥʠʷ. 

 

ʆʙʟʦʨ ʘʥʘʣʦʛʦʚ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʨʳʥʢʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ 

ʤʦʙʠʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʫʧʨʦʱʘʶʱʠʭ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʧʠʩʘʥʠʠ ʟʘʥʷʪʠʡ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʫʯʝʥʠʢʘʤʠ ʠ ʫʯʠʪʝʣʷʤʠ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʭ ʘʥʘʣʦʛʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʦʨʠʝʥʪʠʨʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʦʛʦʚ 

 

ʂʨʠʪʝʨʠʡ ClassUp Edmodo Microsoft Teams TSU.InTime ʂʘʤʧʫʩ 

ʀʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ + + - + - 

ʋʚʝʜʦʤʣʝʥʠʷ ʦʙ ʠʟʤʝʥʝʥʠʷʭ + + + + + 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʪʫʜʝʥʪʘʤʠ - + + - + 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ + - + - + 

ʇʝʨʝʛʨʫʞʝʥʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ - - + - - 

ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ + + + - + 

 

ɸʥʘʣʠʟ ʘʥʘʣʦʛʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚʳʷʚʠʣ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʜʭʦʜʦʚ 

ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʝʤ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʘʩʪʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʂʘʞʜʘʷ ʠʟ ʧʣʘʪʬʦʨʤ ʠʤʝʝʪ ʩʚʦʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, 

ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 1. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ 

 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʩʪʝʢ OpenSource ï ʪʝʭʥʦʣʦʛʠʡ:  

1. Backend: TypeScript, NestJS, TypeORM. 

2. Frontend: TypeScript, React Native [5], Expo. 

3. ɺʝʨʩʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ: GitHub.  

4. ʉʙʦʨʢʘ: NestCLI, Webpack. 

5. ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʥʘ ʪʝʩʪʦʚʦʡ ʠ ʧʨʦʜʫʢʪʠʚʥʦʡ ʩʨʝʜʝ: GitHub Actions.  

6. ʂʦʥʪʝʡʥʝʨʠʟʘʮʠʷ: Docker.  

7. ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ: PostgreSQL.  

ʉʪʨʫʢʪʫʨʘ ʠʥʪʝʨʬʝʡʩʘ:  

ɻʣʘʚʥʳʡ ʵʢʨʘʥ (ʨʠʩ. 2) ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʨʝʜʩʪʦʷʱʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ. ʉʧʠʩʦʢ ʟʘʥʷʪʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ ʩ ʫʢʘʟʘʥʠʝʤ ʚʨʝʤʝʥʠ, ʜʠʩʮʠʧʣʠʥʳ, ʬʦʨʤʘʪʘ (ʧʨʘʢʪʠʢʘ ʠʣʠ ʣʝʢʮʠʷ), 

ʘʫʜʠʪʦʨʠʠ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʎʚʝʪʦʚʦʝ ʚʳʜʝʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʣʝʛʯʝ ʨʘʩʧʦʟʥʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʪʝʢʫʱʝʤ ʩʦʙʳʪʠʠ. 
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ʈʠʩ. 2. ʕʢʨʘʥ ʨʘʩʧʠʩʘʥʠʷ ʟʘʥʷʪʠʡ 
 

ɺʪʦʨʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʵʢʨʘʥ ʧʦʢʘʟʳʚʘʝʪ ʛʨʘʬʠʢʠ ʢʦʥʩʫʣʴʪʘʮʠʡ ʩʦ ʩʧʠʩʢʦʤ ʜʘʥʥʳʭ ʧʦ 

ʢʘʞʜʦʤʫ ʧʨʝʧʦʜʘʚʘʪʝʣʶ.  

ʊʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʬʫʥʢʮʠʷ ʧʦʠʩʢʘ ʧʦ ʩʧʠʩʢʫ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʠʣʴʪʨʦʚ, ʯʪʦ ʫʧʨʦʩʪʠʪ ʥʘʭʦʞʜʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. 

 

 
 

ʈʠʩ. 3. ʕʢʨʘʥ ʨʘʩʧʠʩʘʥʠʷ ʢʦʥʩʫʣʴʪʘʮʠʡ 
 

ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʥʘ ʢʘʨʪʦʯʢʫ ʵʪʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʦʷʚʣʷʝʪʩʷ ʚʩʧʣʳʚʘʶʱʝʝ ʦʢʥʦ (ʨʠʩ. 4) 

ʩ ʚʨʝʤʝʥʝʤ ʠ ʥʦʤʝʨʦʤ ʢʘʙʠʥʝʪʘ ʢʦʥʩʫʣʴʪʘʮʠʠ.  
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ʈʠʩ. 4. ɺʩʧʣʳʚʘʶʱʝʝ ʦʢʥʦ ʢʦʥʩʫʣʴʪʘʮʠʡ 

 

ʅʘʚʠʛʘʮʠʷ:  

ʇʨʠʣʦʞʝʥʠʝ ʠʤʝʝʪ ʥʠʞʥʶʶ ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʧʘʥʝʣʴ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʵʢʨʘʥʦʚ.  

ɺʢʣʘʜʢʠ ʩʣʝʜʫʶʱʠʝ:  

¶ ʈʘʩʧʠʩʘʥʠʝ;  

¶ ʇʨʝʧʦʜʘʚʘʪʝʣʠ;  

¶ ʌʦʨʫʤ;  

¶ ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʜʠʟʘʡʥʝ ʩʦʙʣʶʜʝʥʳ ʧʨʠʥʮʠʧʳ ʶʟʘʙʠʣʠʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ. ʆʞʠʜʘʝʪʩʷ, 

ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ ʩʪʘʥʝʪ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʫʣʫʯʰʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʪʫʜʝʥʪʘʤʠ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ.   

ɼʘʣʴʥʝʡʰʠʝ ʰʘʛʠ ʚʢʣʶʯʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ʤʦʙʠʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʝʝ ʙʝʪʘ-ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʩʙʦʨ ʦʪʟʳʚʦʚ ʦʪ ʢʦʥʝʯʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʄɽʊʆɼʓ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

ɸʣʝʢʩʝʝʥʢʦ ɸ.ɸ., ʄʘʢʩʠʤʦʚʘ ʅ.ʅ. 

ɸʤʫʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ, ʈʦʩʩʠʷ 

ʇʈɽɼʉʂɸɿɸʅʀɽ ʈʀʉʂɸ ʉɽʈɼɽʏʅʓʍ ʇɸʊʆʃʆɻʀʁ:  

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʅɸ ʆʉʅʆɺɽ ɸʅɸʃʀɿɸ ɹʆʃʔʐʀʍ ɼɸʅʅʓʍ 

ʉʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʟʘʙʦʣʝʚʘʥʠʷ (ʉʉɿ) ʦʩʪʘʶʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʩʤʝʨʪʥʦʩʪʠ 

ʚʦ ʚʩʝʤ ʤʠʨʝ, ʝʞʝʛʦʜʥʦ ʫʥʦʩʷ ʙʦʣʝʝ 17 ʤʠʣʣʠʦʥʦʚ ʞʠʟʥʝʡ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30% ʚʩʝʭ 

ʩʣʫʯʘʝʚ ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ ʛʣʦʙʘʣʴʥʦ (https://clck.ru/3GdbnK). ɺ ʈʦʩʩʠʠ ʩʤʝʨʪʥʦʩʪʴ ʦʪ 

ʟʘʙʦʣʝʚʘʥʠʡ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦ ʟʘʥʠʤʘʶʪ ʧʝʨʚʦʝ ʤʝʩʪʦ [2] 

(https://clck.ru/3Gdbvk). ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʨʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ ʨʠʩʢʦʚ ʩʝʨʜʝʯʥʳʭ ʧʘʪʦʣʦʛʠʡ 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʥʠʞʝʥʠʠ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ. 

ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʯʘʩʪʫʶ ʦʛʨʘʥʠʯʝʥʳ ʚʨʝʤʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, 

ʩʪʦʠʤʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʘʩʪʠʷ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʩʧʦʩʦʙʥʳ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ, ʚʳʷʚʣʷʷ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʟʘʤʝʪʥʳ ʧʨʠ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʳʝ ʤʦʜʝʣʠ, ʩʧʦʩʦʙʥʳʝ ʦʮʝʥʠʚʘʪʴ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʩʝʨʜʝʯʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ: ʦʪ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʙʨʘʟʘ 

ʞʠʟʥʠ ʜʦ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [3]. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ. ʅʘʧʨʠʤʝʨ, ʨʘʙʦʪʘ [4] ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʨʠʩʢʘ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ ʥʘ ʦʩʥʦʚʝ 

ʢʣʠʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ; ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʧʨʠʤʝʥʝʥʳ ʥʝʩʢʦʣʴʢʦ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʢʘʢ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʘʮʠʝʥʪʦʚ, 

ʪʘʢ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤ ʬʘʢʪʦʨʘʤ ʨʠʩʢʘ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʧʫʣʷʨʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʩʝʨʜʝʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ [5], ʘ ʪʘʢʞʝ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʣʠʥʠʯʝʩʢʠʭ, ʣʘʙʦʨʘʪʦʨʥʳʭ, 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ (ʕʂɻ-ʠʟʦʙʨʘʞʝʥʠʝ) ʧʨʠʟʥʘʢʦʚ ʩ ʮʝʣʶ ʧʦʣʫʯʝʥʠʷ ʤʫʣʴʪʠʬʘʢʪʦʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʢʦʨʦʥʘʨʥʳʭ ʘʨʪʝʨʠʡ [1]. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʯʝʨʢʠʚʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʩ ʙʦʣʴʰʠʤʠ ʤʘʩʩʠʚʘʤʠ ʜʘʥʥʳʭ, ʚʳʷʚʣʷʷ ʩʣʦʞʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʢʘʨʜʠʦʣʦʛʠʠ, ʛʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ 

https://clck.ru/3GdbnK
https://clck.ru/3Gdbvk
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ʬʘʢʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʚʦʟʨʘʩʪ, ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ, ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʛʝʥʝʪʠʯʝʩʢʘʷ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ) ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʥʘ ʥʘʙʦʨʝ çIndicators of 

Heart Diseaseè (https://clck.ru/3Gdh6x) ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʘʥʘʣʠʟ ʧʦʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʦʮʝʥʠʚ ʠʭ 

ʢʘʯʝʩʪʚʦ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʨʠʢʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʳʤ ʙʫʜʝʪ ʚʳʷʚʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ 

ʥʘ ʨʝʟʫʣʴʪʘʪ ʧʨʦʛʥʦʟʘ 

ʅʘʙʦʨ ʜʘʥʥʳʭ çIndicators of Heart Diseaseè 2020 ʛ. ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʣʶʯʝʚʳʭ 

ʧʦʢʘʟʘʪʝʣʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʠ ʚʢʣʶʯʘʝʪ ʨʘʟʣʠʯʥʳʝ 

ʤʝʜʠʮʠʥʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʚʦʟʨʘʩʪ, ʧʦʣ, ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ, ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

ʠ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ ʟʜʦʨʦʚʴʷ. ʈʘʟʤʝʨ ʠʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 319795 ʩʪʨʦʢ ʜʘʥʥʳʭ. 

ʆʧʠʩʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʝʨʝʤʝʥʥʳʝ ʷʚʣʷʶʪʩʷ 

ʟʥʘʯʠʤʳʤʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʟʘʙʦʣʝʚʘʥʠʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʥʝʪ ʧʨʦʧʫʩʢʦʚ; ʥʦ 18078 

ʩʪʨʦʢ ʦʢʘʟʘʣʠʩʴ ʜʫʙʣʠʨʫʶʱʠʤʠʩʷ, ʦʥʠ ʙʳʣʠ ʫʜʘʣʝʥʳ. ʊʝʤ ʩʘʤʳʤ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ 

ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 301717 ʩʪʨʦʢ ʩ 17 ʧʨʠʟʥʘʢʦʚʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʠ 1 ʙʠʥʘʨʥʦʡ ʮʝʣʝʚʦʡ 

ʧʝʨʝʤʝʥʥʦʡ çHeartDiseaseè.  

ʊʘʙʣʠʮʘ 

ʆʧʠʩʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʥʘʙʦʨʘ ʜʘʥʥʳʭ çIndicators of Heart Diseaseè 

 

ʇʝʨʝʤʝʥʥʘʷ ʊʠʧ ʜʘʥʥʳʭ ʆʧʠʩʘʥʠʝ 

HeartDisease 

(ʪʘʨʛʝʪʥʘʷ 

ʧʝʨʝʤʝʥʥʘʷ) 

object ï ʪʝʢʩʪʦʚʘʷ 

ʧʝʨʝʤʝʥʥʘʷ 

ʅʘʣʠʯʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʩʝʨʜʮʘ: 

çYesè ï 9,0% 

çNoè ï 91,0% 

BMI 
float64 ï ʯʠʩʣʦ ʩ ʧʣʘʚʘʶʱʝʡ 

ʪʦʯʢʦʡ 

ʀʥʜʝʢʩ ʤʘʩʩʳ ʜʝʣʘ:  

ʦʪ 12.02 ʜʦ 94.85  

ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 28.44197 

Smoking object ï ʪʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ 

ʉʪʘʪʫʩ ʢʫʨʠʣʴʱʠʢʘ:  

çYesè ï 42,2% 

çNoè ï 57,8% 

AlcoholDrinking object ï ʪʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ 

ʋʧʦʪʨʝʙʣʝʥʠʝ ʘʣʢʦʛʦʣʷ: 

çYesè ï 7,2% 

çNoè ï 92,8% 

Stroke object ï ʪʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ 

ʇʝʨʝʥʝʩʝʥʥʳʡ ʠʥʩʫʣʴʪ: 

çYesè ï 4,0% 

çNoè ï 96,0% 

PhysicalHealth 
float64 ï ʯʠʩʣʦ ʩ ʧʣʘʚʘʶʱʝʡ 

ʪʦʯʢʦʡ 

ʂʦʣʠʯʝʩʪʚʦ ʬʠʟʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʥʝʡ:  

ʦʪ 0 ʜʦ 30 ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 3.572298  

MentalHealth 
float64 ï ʯʠʩʣʦ ʩ ʧʣʘʚʘʶʱʝʡ 

ʪʦʯʢʦʡ 

ʂʦʣʠʯʝʩʪʚʦ ʤʝʥʪʘʣʴʥʦ ʟʜʦʨʦʚʳʭ ʜʥʝʡ:  

ʦʪ 0 ʜʦ 30 ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 4.121475  

DiffWalking object ï ʪʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ 

ʅʘʣʠʯʠʝ ʪʨʫʜʥʦʩʪʝʡ ʩ ʭʦʜʴʙʦʡ ʠʣʠ 

ʜʚʠʞʝʥʠʝʤ ʫ ʧʘʮʠʝʥʪʘ: 

çYesè ï 14,7% 

çNoè ï 85,3% 

Sex object ï ʪʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ 

ʇʦʣ: 

çMaleè ï 47,1% 

çFemaleè ï 52,9% 

AgeCategory object ï ʪʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ 

ɺʦʟʨʘʩʪ: 

'18-24' ï 6,6% 

'25-29' ï 5,4% 

'30-34' ï 6,0% 

'35-39' ï 6,5% 

https://clck.ru/3Gdh6x


 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

161 

'40-44' ï 6,6% 

'45-49' ï 6,8% 

'50-54' ï 7,9% 

'55-59' ï 9,2% 

'60-64' ï 10,3% 

'65-69' ï 10,5% 

'70-74' ï 9,7% 

'75-79' ï 6,9% 

'80 or older' ï 7,7% 

Race object ï ʪʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ 

ʈʘʩʘ: 

'White' ï 75,5% 

'Black' ï 7,6% 

'Asian' ï 2,6% 

'American Indian/Alaskan Native' ï 1,7% 

'Other' ï 3,6% 

'Hispanic' ï 9,0% 

Diabetic object ï ʪʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ 

ʅʘʣʠʯʠʝ ʜʠʘʙʝʪʘ: 

'No' ï 83,5% 

'Yes' ï 13,5% 

'No, borderline diabetes' ï 2,2% 

'Yes (during pregnancy)' ï 0,8% 

PhysicalActivity object ï ʪʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ 

ʈʝʛʫʣʷʨʥʳʝ ʟʘʥʷʪʠʷ ʬʠʟʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ: 

çYesè ï 76,4% 

çNoè ï 23,6% 

GenHealth object ï ʪʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ 

ʆʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʘ: 

'Excellent' ï 19,8% 

'Very good' ï 34,7% 

'Good' ï 30,2% 

'Fair' ï 11,5% 

'Poor' ï 3,7% 

SleepTime 
float64 ï ʯʠʩʣʦ ʩ ʧʣʘʚʘʶʱʝʡ 

ʪʦʯʢʦʡ 

ʂʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ ʩʥʘ: ʦʪ 1 ʜʦ 24 ʩʦ ʩʨʝʜʥʠʤ 

ʟʥʘʯʝʥʠʝʤ 7.084559 

Asthma object ï ʪʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ 

ʅʘʣʠʯʠʝ ʙʨʦʥʭʠʘʣʴʥʦʡ ʘʩʪʤʳ: 

çYesè ï 14,1% 

çNoè ï 85,9% 

KidneyDisease object ï ʪʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ 

ʅʘʣʠʯʠʝ ʭʨʦʥʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʧʦʯʝʢ: 

çYesè ï 3,9% 

çNoè ï 96,1% 

SkinCancer object ï ʪʝʢʩʪʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ 

ʅʘʣʠʯʠʝ ʨʘʢʘ ʢʦʞʠ: 

çYesè ï 9,7% 

çNoè ï 90,3% 

 

ʇʝʨʝʜ ʧʦʩʪʨʦʝʥʠʝʤ ʤʦʜʝʣʠ ʥʘ ʪʝʢʫʱʠʭ ʜʘʥʥʳʭ ʚʩʝ ʢʘʪʝʛʦʨʠʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʙʫʜʝʤ 

ʧʝʨʝʚʦʜʠʪʴ ʚ ʯʠʩʣʦʚʳʝ. ɼʣʷ ʧʝʨʝʤʝʥʥʳʭ 'HeartDisease', 'Smoking', 'AlcoholDrinking', 'Stroke', 

'DiffWalking', 'Asthma', 'KidneyDisease', 'SkinCancer' ʧʝʨʝʢʦʜʠʨʦʚʢʫ ʦʩʫʱʝʩʪʚʠʤ ʧʦ ʬʦʨʤʫʣʘʤ 

çYesè = 1, çNoè = 0; ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ 'PhysicalActivity' ï ʧʦ ʬʦʨʤʫʣʘʤ çYesè = 0, çNoè = 1 

(ʧʦʩʢʦʣʴʢʫ, ʦʯʝʚʠʜʥʦ, ʦʪʩʫʪʩʪʚʠʝ ʨʝʛʫʣʷʨʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʝʪʩʷ 

ʥʘ ʦʙʱʝʤ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʷʤ ʨʘʙʦʪʳ ʩʝʨʜʮʘ). ɼʘʣʝʝ, 

ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ 'Diabetic' ï çYesè = 1, çNoè = 0, 'No, borderline diabetes' = 0.5 ʠ 'Yes (during 

pregnancy)' = 0.5; ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ 'Sex' ï çMaleè = 1, çFemaleè = 0. ʇʦʩʢʦʣʴʢʫ ʧʝʨʝʤʝʥʥʘʷ 

'AgeCategory' ʠʤʝʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʦʨʷʜʦʢ, ʪʦ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʢʦʜʠʨʦʚʢʫ ʚ ʯʠʩʣʦʚʦʡ 

ʬʦʨʤʘʪ ʠʣʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ; ʚʳʙʝʨʝʤ ʧʝʨʝʚʦʜ ʚ ʯʠʩʣʦʚʦʡ ʬʦʨʤʘʪ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʠʥʮʠʧʫ: 
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'18-24' = 1, '25-29' = 2, '30-34' = 3, '35-39' = 4, '40-44' = 5, '45-49' = 6, '50-54' = 7, '55-59' = 8, '60-

64' = 9, '65-69' = 10, '70-74' = 11, '75-79' = 12, '80 or older' = 13. ɼʘʣʝʝ, ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ 

ʧʝʨʝʢʦʜʠʨʫʝʤ ʧʝʨʝʤʝʥʥʫʶ 'Race' ('White' = 5, 'Black' = 4, 'Asian' = 3, 'American Indian/Alaskan 

Native' = 2, 'Other' = 0, 'Hispanic' = 1) ʠ ʧʝʨʝʤʝʥʥʫʶ 'GenHealth' ('Excellent' = 0, 'Very good' = 1, 

'Good' = 2, 'Fair' = 3, 'Poor' = 4). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʢʦʜʠʨʦʚʢʠ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ ʜʘʥʥʦʛʦ 

ʥʘʙʦʨʘ ʙʫʜʫʪ ʯʠʩʣʦʚʳʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʚʩʝʤʠ ʧʨʠʟʥʘʢʘʤʠ (ʨʠʩ.). ʂʘʢ ʚʠʜʥʦ, ʧʨʠʟʥʘʢʠ ʥʝ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʩʝ ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʘ 

ʪʘʢ ʞʝ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʢʘʟʘʥʠʷ. 

 

 
 

ʈʠʩ. 1. ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʘʪʨʠʮʳ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠʟʥʘʢʦʚ ʠʟ ʥʘʙʦʨʘ çIndicators of Heart Diseaseè 

 

ʇʦʩʢʦʣʴʢʫ ʟʘʜʘʯʘ ʚ ʪʘʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʙʠʥʘʨʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʪʦ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

(ʤʝʪʦʜ k ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ, ʩʝʤʝʡʩʪʚʦ ʙʘʡʝʩʦʚʩʢʠʭ ʤʝʪʦʜʦʚ, ʤʝʪʦʜ 

ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ, ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ), ʪʘʢ ʠ ʘʥʩʘʤʙʣʠ ʤʝʪʦʜʦʚ (Random Forest, Gradient 

Boosting) ʠ ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʤʝʪʦʜʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʤʘʩʰʪʘʙʫ (ʥʘʧʨʠʤʝʨ, 

ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ, SVM, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʝʜ ʧʦʩʪʨʦʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʯʠʩʣʦʚʳʭ ʧʨʠʟʥʘʢʦʚ 

(ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʘʤʠ StandardScaler, MinMaxScaler, Normalizer).  

ɼʘʥʥʳʡ ʥʘʙʦʨ ʷʚʣʷʝʪʩʷ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ, ʧʦʵʪʦʤʫ ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ 

ʥʝʣʴʟʷ ʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʨʠʢʦʡ Accuracy; ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʙʫʜʝʪ 
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ʚʳʩʪʫʧʘʪʴ ʤʝʪʨʠʢʘ Recall, ʧʦʩʢʦʣʴʢʫ ʤʦʜʝʣʠ ʙʫʜʫʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʥʘʣʠʯʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʪʨʠʢʠ, ʪʘʢʠʝ ʢʘʢ F1-ʤʝʨʘ ʠ ROC-AUC. 

ɺʩʝ ʧʨʦʮʝʜʫʨʳ ʟʘʛʨʫʟʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʠʷ, ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʠ 

ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʷʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʙʠʙʣʠʦʪʝʢ ʷʟʳʢʘ Python ʚ ʩʨʝʜʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ Google Colaboratory (https://colab.google). 
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ɹʝʨʝʟʠʥ ɼ.ʆ. 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ʉʇɽʎʀʌʀʏɽʉʂʀɽ ʇʈʆɹʃɽʄʓ ʆɹʋʏɽʅʀʗ ɻɽʅɽʈɸʊʀɺʅʓʍ ʅɽʁʈʆʅʅʓʍ 

ʉɽʊɽʁ ɼʃʗ ʉʆɿɼɸʅʀʗ 3D ʄʆɼɽʃɽʁ 

ʉʬʝʨʘ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʠʥʜʫʩʪʨʠʠ ʨʘʟʚʣʝʯʝʥʠʡ, 

ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʜʠʟʘʡʥʘ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ, ʘ ʪʘʢʞʝ ʤʝʜʠʮʠʥʳ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʘʥʥʘʷ 

ʩʬʝʨʘ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʪʨʫʜʦʝʤʢʦʡ ʠ ʪʨʝʙʫʝʪ ʦʪ ʟʘʥʷʪʳʭ ʚ ʥʝʡ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʩʦʢʠʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʩʣʦʞʥʳʭ 

ʧʨʦʝʢʪʘʭ. 

ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ [2] ʧʦʷʚʠʣʘʩʴ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʢʦʨʠʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʦʜʝʣʝʡ, ʦʜʥʘʢʦ ʧʨʦʛʨʝʩʩ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʚʳʜʘʶʱʠʡʩʷ, 

ʥʝʞʝʣʠ ʚ ʛʝʥʝʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʠʜʝʦ, ʛʦʣʦʩʘ, ʪʝʢʩʪʦʚ ʠ ʠʥʳʭ ʧʦʧʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʟʚʘʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʳʥʢʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 3D ʤʦʜʝʣʝʡ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ 3D ʢʦʥʪʝʥʪ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʨʘʡʥʝ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʥʘʙʦʨʝ ʩʮʝʥʘʨʠʝʚ, ʧʦʩʢʦʣʴʢʫ ʚʳʭʦʜʥʦʡ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ (ʜʘʣʝʝ ï ʀʀ) ʦʯʝʥʴ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ. 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʦʩʥʦʚʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ, ʩʪʦʷʱʠʝ ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʟʘʥʷʪʳʤʠ ʚ ʩʬʝʨʝ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʀʀ. 

ɸʚʪʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʦʙʫʯʝʥʠʠ ʠ ʧʨʠʤʝʥʝʥʠʠ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʦʙʣʘʩʪʠ 3D ʛʨʘʬʠʢʠ. 

1. ʈʘʙʦʪʘ ʩ ʜʘʥʥʳʤʠ 

1.1. ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʜʦʩʪʫʧʥʳʭ ʜʘʥʥʳʭ 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʚ ʩʬʝʨʝ 3D 

ʪʘʢʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʥʝʜʦʩʪʫʧʝʥ. ʅʘʧʨʠʤʝʨ, ʩʫʱʝʩʪʚʫʶʪ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʢʦʤʧʣʝʢʪʳ ʜʘʥʥʳʭ, 

ʪʘʢʠʝ ʢʘʢ ShapeNet [6] ï 55 ʢʘʪʝʛʦʨʠʡ ʦʙʲʝʢʪʦʚ ʩ 51000 ʫʥʠʢʘʣʴʥʳʤʠ 3D-ʤʦʜʝʣʷʤʠ. ʀʣʠ 

ModelNet40 [5] ï ʥʘʙʦʨ ʜʘʥʥʳʭ ʩʦʜʝʨʞʠʪ 12000 ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠʟ 40 ʢʘʪʝʛʦʨʠʡ, 

ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʝʥʳ ʥʘ 80% ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ 20% ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʪʘʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʜʘʥʥʳʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ. 

ʂʨʦʤʝ ʫʞʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʜʫʢʮʠʷ ʩ 3D ʩʪʦʢʦʚ ï 

ʤʘʨʢʝʪʧʣʝʡʩʦʚ ʩ 3D ʤʦʜʝʣʷʤʠ, ʦʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʦʙʲʝʢʪ ʥʫʞʥʦ 

ʧʨʠʚʝʩʪʠ ʚ ʥʝʦʙʭʦʜʠʤʳʡ ʬʦʨʤʘʪ, ʧʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ 

ʥʠʟʢʠʤ, ʣʠʙʦ ʧʨʦʜʫʢʪ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʨʝʚʰʠʤ (ʤʦʜʝʣʠ 2024 ʛʦʜʘ ʠ, ʥʘʧʨʠʤʝʨ, 2016 ʛʦʜʘ 

ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʢʘʢ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʠʩʧʦʣʥʝʥʠʶ, ʪʘʢ ʠ ʚʠʟʫʘʣʴʥʦ ʚ ʩʠʣʫ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʦʩʰʝʡ ʤʦʱʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʦʚ ʟʘ ʧʝʨʠʦʜ). ʊʘʢʦʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪ ʢʦʤʧʘʥʠʷ 

Shutterstock [7], ʢʦʪʦʨʘʷ ʚʣʘʜʝʝʪ 3D ʤʘʨʢʝʪʧʣʝʡʩʦʤ TurboSquid ʠ ʩʦʪʨʫʜʥʠʯʘʝʪ ʩ ʢʦʤʧʘʥʠʝʡ 

Nvidia ï ʢʨʫʧʥʝʡʰʠʤ ʧʦʩʪʘʚʱʠʢʦʤ GPU ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ. ʂʦʤʧʘʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪ 3D ʤʦʜʝʣʠ ʩ ʧʣʦʱʘʜʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʘʪʘʩʝʪʦʚ ʠ ʦʙʫʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ 

ʛʝʥʝʨʘʪʠʚʥʦʡ ʥʝʡʨʦʩʝʪʠ. ʅʘ ʤʦʤʝʥʪ 2024 ʛʦʜʘ ʥʘ ʧʣʦʱʘʜʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʝʝ 5 ʤʣʥ. 3D 

ʤʦʜʝʣʝʡ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʥʝʧʨʠʛʦʜʥʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʜʘʪʘʩʝʪʘʭ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʴʰʦʡ ʜʘʪʘʩʝʪ, ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʤʦʥʦʧʦʣʠʩʪʦʤ 

ʨʳʥʢʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʜʣʷ ʀʀ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʟʫʣʴʪʘʪ ʛʝʥʝʨʘʮʠʠ 3D 

ʤʦʜʝʣʝʡ ʚ shutterstock.AI ʦʙʣʘʜʘʝʪ ʪʘʢʠʤ ʞʝ ʥʠʟʢʠʤ ʢʘʯʝʩʪʚʦʤ, ʢʘʢ ʠ ʫ ʜʨʫʛʠʭ ʢʦʤʧʘʥʠʡ.  

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʢʦʣʣʝʢʪʠʚʥʳʡ ʩʙʦʨ 

ʜʘʥʥʳʭ ï ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʟʨʘʙʦʪʯʠʢʠ ʠ ʢʦʤʧʘʥʠʠ ʜʝʣʷʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘʨʘʙʦʪʢʘʤʠ ʠ 

ʩʦʟʜʘʥʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʠ ʟʘʥʠʤʘʶʪʩʷ ʦʙʫʯʝʥʠʝʤ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʥʘ ʦʙʱʝʤ ʥʘʙʦʨʝ 

ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʚʳʛʣʷʜʠʪ ʥʝʨʝʘʣʠʩʪʠʯʥʦ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ 

ʢʦʤʧʘʥʠʷʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʪʨʝʤʷʪʩʷ ʧʦʣʫʯʠʪʴ ʝʜʠʥʦʣʠʯʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʩʦʟʜʘʚʘʷ 

ʩʦʙʩʪʚʝʥʥʳʝ ʩʝʪʠ ʠ ʜʘʪʘʩʝʪʳ, ʩʪʨʝʤʷʩʴ ʦʙʦʛʥʘʪʴ ʢʦʥʢʫʨʝʥʪʦʚ. 

1.2 ɺʳʩʦʢʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʜʘʥʥʳʭ 

ʊʨʝʭʤʝʨʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʩʦʢʦʨʘʟʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ [1], ʪʘʢʠʝ ʢʘʢ 

ʪʨʝʭʤʝʨʥʳʝ ʩʝʪʢʠ, ʚʦʢʩʝʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʣʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʕʪʠ ʬʦʨʤʘʪʳ ʪʨʝʙʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʦʙʫʯʝʥʠʝ 

ʤʦʜʝʣʝʡ. 

ɺʪʦʨʘʷ ʧʨʠʯʠʥʘ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʜʘʥʥʳʭ ï ʪʝʢʩʪʫʨʳ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʝʱʝ ʙʦʣʴʰʝ 

ʨʝʩʫʨʩʦʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʨʳʥʢʝ ʧʦʷʚʣʷʶʪʩʷ ʩʨʝʜʩʪʚʘ, 

ʩʧʦʩʦʙʥʳʝ ʤʥʦʛʦʢʨʘʪʥʦ ʩʞʠʤʘʪʴ ʪʝʢʩʪʫʨʥʳʝ ʢʘʨʪʳ, ʥʝ ʪʝʨʷʷ ʠʪʦʛʦʚʦʝ ʢʘʯʝʩʪʚʦ. ʆʜʥʠʤ ʠʟ 

ʧʦʜʦʙʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʩʞʘʪʠʷ ʪʝʢʩʪʫʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ NVIDIA  ï Neural 

Texture Compression (NTC) [8, ʩ. 3], ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʥʝʡʨʦʩʝʪʴ, 

ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʩʧʝʮʠʘʣʴʥʳʝ ʙʣʦʯʥʳʝ ʬʦʨʤʘʪʳ ʩʞʘʪʠʷ (BCn) ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʘʤʷʪʠ ʜʦ 20 ʨʘʟ. ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʠʩʧʦʣʴʟʦʚʘʥʠʝ NTC ʜʣʷ ʩʞʘʪʠʷ ʠ ʨʘʩʧʘʢʦʚʢʠ ʪʝʢʩʪʫʨ [8, ʩ. 1] 

 

1.3 ʉʣʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ [4]. ʆʜʥʘʢʦ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʪʘʢʞʝ ʤʦʛʫʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʘʣʴʥʳʤ ʟʘʜʘʯʘʤ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʦʙʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ 

ʥʝ ʜʣʷ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ 3D ʤʦʜʝʣʝʡ ʚ ʩʠʣʫ ʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 
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ʤʦʞʥʦ ʩʠʥʪʝʪʠʯʝʩʢʠ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʜʝʨʝʚʴʷ ʠʣʠ ʢʫʩʪʘʨʥʠʢʠ ʧʨʠ ʧʦʤʦʱʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʥʦʜʦʚ ʚ 3D ʧʘʢʝʪʘʭ, ʥʦ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʜʝʣʴ ʧʝʨʩʦʥʘʞʘ ʥʝʚʦʟʤʦʞʥʦ, ʠʙʦ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʵʪʦʛʦ ʦʪʩʫʪʩʪʚʫʝʪ. 

2. ɸʨʭʠʪʝʢʪʫʨʘ ʠ ʘʣʛʦʨʠʪʤʳ 

2.1 ɺʳʙʦʨ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ 

ɻʝʥʝʨʘʪʠʚʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 3D 

ʜʘʥʥʳʭ: 

1. ʊʨʝʭʤʝʨʥʳʝ ʩʝʪʢʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʦ ʩʣʦʞʥʳ ʜʣʷ ʧʨʷʤʦʛʦ ʦʙʫʯʝʥʠʷ. 

2. ʆʙʣʘʢʘ ʪʦʯʝʢ ʧʨʦʱʝ ʚ ʦʙʨʘʙʦʪʢʝ, ʥʦ ʦʥʠ ʥʝ ʠʥʪʫʠʪʠʚʥʳ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

3. ɺʦʢʩʝʣʠ ʧʨʦʩʪʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʥʦ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʠʟ-ʟʘ ʦʛʨʦʤʥʦʛʦ ʚʝʩʘ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ï ʚ ʩʦʪʥʠ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʪʨʝʭʤʝʨʥʳʝ ʩʝʪʢʠ. 

ʌʦʨʤʘʪʳ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʝʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʠ 

ʵʪʦʤ ʦʥʠ ʥʝ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳ ʧʨʠ ʦʙʫʯʝʥʠʠ ʩʝʪʠ. 

ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʠʨʘʣʴʥʳʭ ʩʚʝʨʪʦʯʥʳʭ ʩʝʪʝʡ, 

ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 3D ʩʝʪʢʘʭ ʠ ʫʯʠʪʳʚʘʶʪ ʠʭ ʪʦʧʦʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ [3]. 

2.2 ʋʩʪʦʡʯʠʚʦʩʪʴ ʦʙʫʯʝʥʠʷ 

ʊʘʢʠʝ ʥʝʡʨʦʩʝʪʠ ʯʘʩʪʦ ʩʪʨʘʜʘʶʪ ʦʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʜʠʩʢʨʠʤʠʥʘʪʦʨʦʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʩʮʝʥʘʨʠʶ, ʛʜʝ ʛʝʥʝʨʘʪʦʨ ʩʦʟʜʘʝʪ ʦʜʥʦʦʙʨʘʟʥʳʝ ʤʦʜʝʣʠ, ʥʝ ʫʯʠʪʳʚʘʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʘʥʥʳʭ, ʚ 

ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʦʙʫʯʘʝʤʘʷ ʤʦʜʝʣʴ ʪʝʨʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʮʝʥʘʨʠʷʤʠ 

ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʪʘʥʦʚʷʪʩʷ ʦʜʥʦʪʠʧʥʳʤʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ï ʥʝʢʘʯʝʩʪʚʝʥʥʳʤʠ.  

2.3 ʆʛʨʘʥʠʯʝʥʥʘʷ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ 

ɹʦʣʴʰʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴʶ ï ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʚʳʜʝʣʷʪʴ ʠ ʩʦʟʜʘʚʘʪʴ ʤʝʣʢʠʝ ʜʝʪʘʣʠ, ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ ʠ ʪʝʢʩʪʫʨ, ʥʦ ʪʨʝʙʫʶʪ ʦʛʨʦʤʥʳʭ 

ʦʙʲʝʤʦʚ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʤʦʱʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ɸ ʤʘʣʝʥʴʢʠʝ ʩʝʪʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʣʦʞʥʳʭ ʧʘʪʪʝʨʥʦʚ. ɼʘʥʥʘʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʪʝʨʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʜʝʪʘʣʝʡ ʚ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ 3D ʤʦʜʝʣʠ. ʇʨʠʤʝʨ ʧʦʪʝʨʠ ʜʝʪʘʣʝʡ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʉʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʪʝʨʷʣʘ ʚʩʝ ʤʝʣʢʠʝ ʜʝʪʘʣʠ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʩʨʝʜʥʠʭ, ʯʪʦ 

ʥʝʜʦʧʫʩʪʠʤʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʙʲʝʢʪʦʚ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʝʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ ʪʝʢʩʪʫʨ 

ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ, ʧʦʩʢʦʣʴʢʫ ʩʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ 

ʭʘʦʪʠʯʥʫʶ UV ʨʘʟʚʝʨʪʢʫ ʠ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʜʝʪʘʣʠʟʘʮʠʶ ʪʝʢʩʪʫʨʥʳʭ ʢʘʨʪ. 
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ʈʠʩ. 2. ʩʨʘʚʥʝʥʠʝ ʢʦʥʮʝʧʪ ʘʨʪʘ ʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʧʦ ʥʝʤʫ ʤʦʜʝʣʠ ʧʨʠ ʧʦʤʦʱʠ ʥʝʡʨʦʩʝʪʠ 

 

3. ʇʨʦʙʣʝʤʳ ʛʝʥʝʨʘʮʠʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ 

3.1 ʈʝʘʣʠʩʪʠʯʥʦʩʪʴ ʠ ʜʝʪʘʣʠʟʘʮʠʷ 

ɻʝʥʝʨʘʪʠʚʥʳʝ ʥʝʡʨʦʩʝʪʠ ʝʱʝ ʥʝ ʩʧʦʩʦʙʥʳ ʩʦʟʜʘʪʴ ʚʳʩʦʢʦʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ 3D ʦʙʲʝʢʪʳ 

ï ʩʦʟʜʘʥʠʝ ʪʝʢʩʪʫʨ ʠ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʡ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʘʢʠʭ 

ʤʦʜʝʣʷʭ ʪʝʭʥʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʜʝʣʘʥʘ ʥʘ ʤʠʥʠʤʘʣʴʥʦ ʧʨʠʝʤʣʝʤʦʤ ʫʨʦʚʥʝ ï ʦʢʦʣʦ 

ʧʦʣʦʚʠʥʳ ʜʝʪʘʣʠʟʘʮʠʠ ʪʝʢʩʪʫʨ ʪʝʨʷʝʪʩʷ ʠʟ-ʟʘ ʥʝʢʘʯʝʩʪʚʝʥʥʦʡ UV ʨʘʟʚʝʨʪʢʠ, ʘ ʠʟ-ʟʘ ʧʣʦʭʦʡ 

ʪʦʧʦʣʦʛʠʠ ʩʥʠʞʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ, ʚ ʢʦʪʦʨʦʤ ʦʥʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, 

ʪʝʨʷʶʪʩʷ ʜʝʪʘʣʠ, ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʩʣʦʞʥʦʩʪʠ ʩ ʘʥʠʤʠʨʦʚʘʥʠʝʤ ʤʦʜʝʣʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʜʝʣʠ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʚʠʟʫʘʣʴʥʦ ʚʳʛʣʷʜʷʪ 

ʧʨʘʚʜʦʧʦʜʦʙʥʦ, ʥʦ ʥʘʨʫʰʘʶʪ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʠʣʠ ʠʤʝʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ, 

ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʂʘʯʝʩʪʚʦ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʦʟʨʘʩʪʠ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ 

ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʪʦʧʦʣʦʛʠʠ ï ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʥʜʫʩʪʨʠʠ, ʧʦʩʢʦʣʴʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʚʪʦʨʝʪʦʧʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ. 

ɸʣʛʦʨʠʪʤʳ ʜʣʷ ʘʚʪʦʨʝʪʦʧʦʣʦʛʠʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ 3D-ʧʘʢʝʪʦʚ, ʥʘʧʨʠʤʝʨ, 

Blender, Maya, Zbrush, ʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʚ ʥʦʚʳʝ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤ, ʦʜʥʘʢʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʫʣʫʯʰʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. 

ɺʦʟʤʦʞʥʳʤ ʚʘʨʠʘʥʪʦʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩ ʪʦʧʦʣʦʛʠʝʡ ʠ UV ʨʘʟʚʝʨʪʢʘʤʠ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ï ʦʜʥʫ ʠ ʪʫ ʞʝ ʚʳʩʦʢʦʜʝʪʘʣʠʟʠʨʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʤʦʞʥʦ 
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ʨʝʪʦʧʦʣʦʛʠʟʠʨʦʚʘʪʴ ʠ ʩʦʟʜʘʚʘʪʴ ʜʣʷ ʥʝʝ UV ʨʘʟʚʝʨʪʢʫ ʤʥʦʞʝʩʪʚʦʤ ʩʧʦʩʦʙʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤ ʠ ʙʳʩʪʨʳʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʢʦʧʠʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʤʦʜʝʣʝʡ 

(ʩ ʧʨʘʚʠʣʴʥʦʡ ʪʦʧʦʣʦʛʠʝʡ ʠ ʨʘʟʚʝʨʪʢʦʡ) ï ʧʝʨʝʩʪʨʘʠʚʘʷ ʪʦʧʦʣʦʛʠʶ ʠ ʨʘʟʚʝʨʪʢʫ ʫʞʝ ʩʦʟʜʘʥʥʳʭ 

ʦʙʲʝʢʪʦʚ. 

ɺ ʩʣʝʜʩʪʚʠʠ ʛʝʥʝʨʘʮʠʠ ʪʘʢʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʩʦʟʜʘʥʠʷ ʠʟ ʥʠʭ ʜʘʪʘʩʝʪʦʚ 

ʥʝʡʨʦʩʝʪʠ ʩʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠ ʢʘʯʝʩʪʚʝʥʥʳʝ 3D ʤʦʜʝʣʠ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʧʨʠʛʦʜʥʳ ʜʣʷ ʘʥʠʤʘʮʠʠ, ʙʣʠʞʘʡʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʣʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʜʝʬʦʨʤʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʞʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʵʪʦʤ ʩʮʝʥʘʨʠʠ 

ʥʝʨʘʮʠʦʥʘʣʴʥʦ ʠʟ-ʟʘ ʢʨʘʡʥʝ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʨʝʘʟʫʣʴʪʘʪʘ. 

3.2 ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʢʦʨʨʝʢʪʥʦʩʪʴ 

ɻʝʥʝʨʘʪʠʚʥʳʝ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʠʟʫʘʣʴʥʳʝ, ʥʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʘʩʧʝʢʪʳ 3D ʦʙʲʝʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʩʪʫʣ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʩʠʜʝʥʠʷ, ʘ ʤʘʰʠʥʘ ʜʣʷ 

ʜʚʠʞʝʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʦʣʴʰʠʥʩʪʚʦ ʢʨʫʧʥʳʭ ʥʝʡʨʦʩʝʪʝʡ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʤʦʜʝʣʠ 

ʢʦʨʨʝʢʪʥʦ ʚ ʦʙʱʝʤ ʚʠʜʝ, ʥʦ ʩ ʠʟʲʷʥʘʤʠ ʚ ʜʝʪʘʣʷʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʣʦʝʚ 

ʘʥʘʣʠʟʘ ʩʝʤʘʥʪʠʢʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʥʝʡʨʦʩʝʪʠ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʜʝʣʝʡ ʨʝʘʣʴʥʦʤʫ 

ʬʫʥʢʮʠʦʥʘʣʫ ʦʙʲʝʢʪʦʚ. ɼʨʫʛʠʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʩʝʪʝʡ. 

4. ʇʫʪʠ ʨʝʰʝʥʠʷ 

4. ʉʦʟʜʘʥʠʝ ʢʨʫʧʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʪʘʩʝʪʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʜʦʙʘʚʣʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʚʩʝʭ ʢʘʪʝʛʦʨʠʷ ʤʦʜʝʣʝʡ ʤʦʛʫʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʥʝʜʦʩʪʘʪʢʘ ʜʘʥʥʳʭ.  

5. ʀʥʪʝʛʨʘʮʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʩʪʦʙʨʘʙʦʪʢʠ, ʪʘʢʠʭ ʢʘʢ ʠʩʧʨʘʚʣʝʥʠʝ ʛʝʦʤʝʪʨʠʠ, UV 

ʨʘʟʚʝʨʪʢʠ, ʪʦʧʦʣʦʛʠʠ, ʪʝʢʩʪʫʨ ʠʣʠ ʜʦʙʘʚʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠʪʦʛʦʚʳʭ ʤʦʜʝʣʝʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʛʝʥʝʨʘʪʠʚʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ 3D ʛʨʘʬʠʢʠ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ 

ʩʦʢʨʘʱʝʥʠʷ ʪʨʫʜʦʚʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʦʜʝʣʝʡ. ʆʜʥʘʢʦ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʠʭ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ ʧʨʝʦʜʦʣʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʩʣʦʞʥʦʩʪʝʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʫʞʝ ʩʝʡʯʘʩ ʚʦʟʤʦʞʥʦ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʧʨʦʩʪʳʝ 3D ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʥʝʙʦʣʴʰʦʡ 

ʜʦʨʘʙʦʪʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʮʝʥʘʨʠʷʭ. ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ, ʠ ʦʙʥʦʚʣʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʢʘʞʜʳʝ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ, 

ʧʦʚʳʰʘʷ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʝʡ. ʉ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ 

ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʛʝʥʝʨʘʮʠʷ ʧʨʦʩʪʳʭ ʤʦʜʝʣʝʡ ʩʪʘʥʝʪ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʧʨʠʤʝʥʠʤʦʡ ʚ ʮʠʢʣʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʫ ʢʦʤʧʘʥʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ 3D ʛʨʘʬʠʢʦʡ, ʘ ʩʦʟʜʘʥʠʝ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ 

ʫʩʢʦʨʠʪʩʷ ʟʘ ʩʯʝʪ ʛʝʥʝʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ. ʆʜʥʘʢʦ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʦʞʠʜʘʪʴ ʙʦʣʴʰʝʛʦ 

ʥʝ ʩʪʦʠʪ, ʠʟ-ʟʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʚʦʟʨʘʩʪʘʶʱʝʡ ʥʝʦʙʭʦʜʠʤʦʡ 

ʤʦʱʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ɺʘʡʩ ʌ.ɺ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ  

ɺ ʂʆʅʌʀɻʋʈɸʎʀʀ 1ʉ:ʇʈɽɼʇʈʀʗʊʀɽ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 

ʵʢʦʥʦʤʠʢʠ ʠ ʙʠʟʥʝʩʘ. ʆʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʝʛʦ ʧʨʠʤʝʥʝʥʠʡ ï ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ, ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ 

ʪ. ʜ. [5].  

ʉʠʩʪʝʤʘ 1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʨʝʰʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʟʘʜʘʯ ï ʦʪ ʫʣʫʯʰʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʜʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʠ ʨʠʩʢʦʚ [3]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ï ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ʤʘʰʠʥʥʦʝ ʟʨʝʥʠʝ ʠ ʪ.ʧ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʡ ʷʟʳʢʦʚʦʡ ʤʦʜʝʣʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ï 

ʛʝʥʝʨʘʮʠʠ ʢʘʨʪʦʯʢʠ ʦʧʠʩʘʥʠʷ ʪʦʚʘʨʘ.  

ɹʦʣʴʰʘʷ ʷʟʳʢʦʚʘʷ ʤʦʜʝʣʴ (Large Language Model) ï ɻ ʪʦ ʪʠʧ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʢʘʢ: 

¶ ʛʝʥʝʨʘʮʠʷ ʪʝʢʩʪʘ; 

¶ ʧʝʨʝʚʦʜ; 

¶ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ. 

I. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʢʣʶʯʠʪʴ ʙʦʣʴʰʫʶ ʷʟʳʢʦʚʫʶ ʤʦʜʝʣʴ ʩ ʧʦʤʦʱʴʶ 

ʠʥʪʝʨʬʝʡʩʘ REST API, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʧʦ HTTP-ʧʨʦʪʦʢʦʣʫ.  

ʇʦʜʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

1) ʇʝʨʚʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʙʣʘʯʥʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ 

ʜʘʥʥʳʤ ʠ ʧʨʠʣʦʞʝʥʠʷʤ ʠʟ ʣʶʙʦʛʦ ʤʝʩʪʘ ʠ ʩ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʛʘʨʘʥʪʠʨʫʷ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ [1].  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʣʘʯʥʦʛʦ ʩʝʨʚʠʩʘ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʩʣʝʜʫʶʱʠʝ: 

¶ OpenRouter,  

¶ GigaChat,  

¶ OpenAI ChatGPT.  

ʇʨʝʜʩʪʘʚʠʤ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʘʥʥʳʭ ʩʝʨʚʠʩʦʚ. 

OpenRouter 

ʉʝʨʚʠʩ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʚ ʧʨʠʣʦʞʝʥʠʷ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʠʭ ʣʦʢʘʣʴʥʦ.  

ʉʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ API ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʝʨʚʠʩʘ, ʦʥ ʫʧʨʦʱʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʠ 

ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʤʦʜʝʣʷʤʠ ʠ ʧʨʦʚʘʡʜʝʨʘʤʠ.  
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GigaChat 

GigaChat ï ʵʪʦ ʧʨʦʜʫʢʪ ʦʪ ʉʙʝʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʷʟʳʢʦʚʳʤʠ 

ʤʦʜʝʣʷʤʠ. 

ʇʣʘʪʬʦʨʤʘ ʧʨʝʜʣʘʛʘʝʪ ʤʦʜʝʣʠ ʜʣʷ ʨʝʰʝʥʠʷ ʙʠʟʥʝʩ-ʟʘʜʘʯ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʠʜʝʘʣʴʥʳʤ 

ʚʳʙʦʨʦʤ ʜʣʷ ʢʦʤʧʘʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʈʦʩʩʠʠ. 

OpenAI ChatGPT 

OpenAI ChatGPT ï ɻ ʪʦ ʚʝʜʫʱʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʷʟʳʢʦʚʳʤʠ ʤʦʜʝʣʷʤ.  

ɺ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʠʪʴ ʦʯʝʥʴ ʤʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ 

ʙʳʩʪʨʝʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ChatGPT, ʧʦʪʦʤʫ ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʠʩʢ ʦʰʠʙʦʢ 

ʚ ʨʘʩʯʝʪʘʭ ʠ ʦʧʝʯʘʪʦʢ [4]. 

ʇʣʘʪʬʦʨʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʚʝʨʩʠʡ ʤʦʜʝʣʝʡ ʦʪ ʢʦʤʧʘʢʪʥʳʝ ʜʦ ʤʦʱʥʳʝ 

ʚʘʨʠʘʥʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ 

ʟʘʜʘʯ. 

2) ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʣʦʢʘʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ Ollama, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴ ʙʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ 

(ɹʗʄ) ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʥʝ ʧʦʜʢʣʶʯʘʷʩʴ ʢ ʦʙʣʘʯʥʳʤ ʩʝʨʚʠʩʘʤ.  

ʆʜʥʠʤ ʠʟ ʥʝʩʦʤʥʝʥʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ 

ʤʦʜʝʣʴ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʤʦʱʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʤʧʴʶʪʝʨʘ.  

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʚʠʩʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʗʄ. 

 

ʊʘʙʣʠʮʘ  

ʉʨʘʚʥʝʥʠʝ ɹʗʄ 

 

ʉʝʨʚʠʩʳ 

ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ 

ʠʟ-ʟʘ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʂʘʩʪʦʤʠʟʘʮʠʷ 
API 

ʠʥʪʝʛʨʘʮʠʷ 
ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ɺʠʜ 

ʫʩʪʘʥʦʚʢʠ 

OpenRouter ʥʝʪ ʜʘ ʜʘ ʚʳʩʦʢʘʷ ʦʙʣʘʯʥʦ 

GigaChat ʜʘ ʜʘ ʜʘ ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʦʙʣʘʯʥʦ 

OpenAI 

ChatGPT 
ʜʘ ʦʛʨʘʥʠʯʝʥʥʘʷ ʜʘ ʚʳʩʦʢʘʷ ʦʙʣʘʯʥʦ 

Ollama ʥʝʪ ʜʘ ʜʘ ʚʳʩʦʢʘʷ ʣʦʢʘʣʴʥʦ 

 

II.  ʇʦʩʣʝ ʚʳʙʦʨʘ ʩʝʨʚʠʩʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʠ ʧʦʣʫʯʠʪʴ ʢʣʶʯ ʜʦʩʪʫʧʘ. 

III.  ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʤʦʜʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʤʝʨʘ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. (ʨʠʩ. 1).  

 



 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

172 

 
 

ʈʠʩ. 1. ʄʦʜʝʣʠ OpenRouter 

 

IV.  ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʝʨʝʭʦʜʠʤ ʢ ʨʘʙʦʪʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

1. ɺ ʩʧʨʘʚʦʯʥʠʢ ʎʚʝʪʳ ʜʦʙʘʚʣʷʝʤ ʨʝʢʚʠʟʠʪ ʄʘʨʢʝʪʠʥʛʦʚʦʝ ʦʧʠʩʘʥʠʝ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʩʦʜʝʨʞʘʪʴ ʦʧʠʩʘʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʪʦʚʘʨʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʝ ɹʗʄ. (ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ʈʝʢʚʠʟʠʪʳ ʩʧʨʘʚʦʯʥʠʢʘ ʎʚʝʪʳ 

 

2. ʅʘ ʌʦʨʤʫ ʉʧʠʩʢʘ ʩʧʨʘʚʦʯʥʠʢʘ ʜʦʙʘʚʣʷʝʤ ʢʦʤʘʥʜʫ ʉʦʟʜʘʪʴ ʦʧʠʩʘʥʠʝ, ʧʦ ʢʦʪʦʨʦʡ 

ʙʫʜʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʦʧʠʩʘʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʪʦʚʘʨʘ (ʨʠʩ. 3).  

 

 

ʈʠʩ. 3. ʌʦʨʤʘ ʩʧʠʩʢʘ ʩʧʨʘʚʦʯʥʠʢʘ ʎʚʝʪʳ 

 

3. ɺ ʦʙʨʘʙʦʪʯʠʢʝ ʢʦʤʘʥʜʳ ʧʠʰʝʤ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ (ʨʠʩ. 4). 
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ʈʠʩ. 3. ʆʙʨʘʙʦʪʯʠʢ ʢʦʤʘʥʜʳ 

 

ʇʝʨʚʳʝ ʪʨʠ ʦʧʝʨʘʪʦʨʘ ʩʯʠʪʳʚʘʶʪ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ, ʚ ʢʦʪʦʨʳʭ ʟʘʧʠʩʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʜʘʥʥʳʝ: ʧʨʦʚʘʡʜʝʨ, ʢʣʶʯ ʜʦʩʪʫʧʘ ʠ ʤʦʜʝʣʴ ɹʗʄ. 

ɽʩʣʠ ʚʩʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʧʦʣʫʯʝʥʳ, ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʇʦʣʫʯʠʪʴ ʕʣʝʤʝʥʪʳ 

ʉʧʨʘʚʦʯʥʠʢʘ ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ ʩʯʠʪʳʚʘʶʪʩʷ ʵʣʝʤʝʥʪʳ ʩʧʨʘʚʦʯʥʠʢʘ ʎʚʝʪʳ (ʨʠʩ. 4). 

 

 
 

ʈʠʩ. 4. ʌʫʥʢʮʠʷ ʇʦʣʫʯʠʪʴʕʣʝʤʝʥʪʳʉʧʨʘʚʦʯʥʠʢʘ 

 

ɼʘʣʝʝ ʠʜʝʪ ʧʨʦʤʧʪ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʟʘʧʨʦʩ ʢ ɹʗʄ. ʇʦʜ ʧʨʦʤʧʪʦʤ (ʦʪ ʘʥʛʣ. çprompt) 

ʧʦʥʠʤʘʝʪʩʷ ʪʝʢʩʪʦʚʳʡ ʟʘʧʨʦʩ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʘʙʦʨʘ ʩʣʦʚ ʠʣʠ ʬʨʘʟ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʟʘʧʫʩʢʘʝʪ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʥʪʝʥʪʘ [2]. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʤʧʪ ʙʫʜʫʪ ʧʦʜʩʪʘʚʣʷʪʴʩʷ ʨʝʢʚʠʟʠʪʳ ʩʧʨʘʚʦʯʥʠʢʘ 

ʎʚʝʪʳ. 
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ɿʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨ ʦʙʱʝʛʦ ʤʦʜʫʣʷ ʧʨʦʠʩʭʦʜʠʪ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ɹʗʄ ʩ 

ʧʦʣʫʯʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʚʘʡʜʝʨʘ, ʢʣʶʯʘ ʠ ʤʦʜʝʣʠ, ʚʳʧʦʣʥʝʥʠʝ ʟʘʧʨʦʩʘ ʢ ɹʗʄ ʠ 

ʧʦʣʫʯʝʥʠʝ ʦʪʚʝʪʘ ʚ ʬʦʨʤʘʪʝ json. 

ʇʦʩʣʝʜʥʠʤ ʜʝʡʩʪʚʠʝʤ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʪʚʝʪʘ ʚ ʪʝʢʩʪʦʚʳʡ 

ʬʦʨʤʘʪ ʠ ʦʙʥʦʚʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʧʨʘʚʦʯʥʠʢʘ ʥʘ ʬʦʨʤʝ ʩʧʠʩʢʘ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʬʫʥʢʮʠʠ (ʨʠʩ. 5). 

 

 
 

ʈʠʩ. 5. ʌʫʥʢʮʠʷ ʦʙʥʦʚʣʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʳ ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʨʝʞʠʤʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʨʳʪʴ ʬʦʨʤʫ 

ʩʧʨʘʚʦʯʥʠʢʘ ʎʚʝʪʳ ʠ ʚʳʧʦʣʥʠʪʴ ʢʦʤʘʥʜʫ ʉʦʟʜʘʪʴ ʦʧʠʩʘʥʠʝ (ʨʠʩ. 6). 

 

 
 

ʈʠʩ. 6. ɿʘʧʦʣʥʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ɹʗʄ ʨʝʢʚʠʟʠʪʳ ʦʧʠʩʘʥʠʷ ʪʦʚʘʨʦʚ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ɹʦʣʴʰʦʡ ʗʟʳʢʦʚʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʙʠʟʥʝʩ 

ʧʨʦʮʝʩʩ ʟʘʧʦʣʥʝʥʠʷ ʢʘʨʪʦʯʝʢ ʣʶʙʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʚʘʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ 

ʫʩʠʣʠʷ ʩʦʪʨʫʜʥʠʢʦʚ. 
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ɻʘʚʨʠʣʦʚ ɸ.ʉ. 

ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɺɸʈʀɸʎʀʆʅʅʓʍ ɸɺʊʆʕʅʂʆɼɽʈʆɺ  

ʂɸʂ ʉʇʆʉʆɹ ʆɹʅɸʈʋɾɽʅʀʗ ʇʆʃʀʊʀʏɽʉʂʆʁ ʇʈʆʇɸɻɸʅɼʓ  

ɺ ʉʆʆɹʑɽʅʀʗʍ TELEGRAM-ʂɸʅɸʃʆɺ 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʚʢʣʶʯʘʷ Telegram, ʩʪʘʣʠ ʦʩʥʦʚʥʳʤʠ ʢʘʥʘʣʘʤʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʀʭ ʧʦʧʫʣʷʨʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʤʝʥʘ 

ʥʦʚʦʩʪʥʳʤʠ ʩʚʝʜʝʥʠʷʤʠ, ʤʥʝʥʠʷʤʠ, ʠ ʠʜʝʷʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ ʰʠʨʦʢʘʷ 

ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʦʪʩʫʪʩʪʚʠʝ ʩʪʨʦʛʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʧʫʙʣʠʢʫʝʤʳʤ ʢʦʥʪʝʥʪʦʤ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʦʣʠʪʠʯʝʩʢʦʡ ʧʨʦʧʘʛʘʥʜʳ ʠ ʤʘʥʠʧʫʣʷʪʠʚʥʳʭ ʩʦʦʙʱʝʥʠʡ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʚʳʷʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʨʠʚʳʯʥʦʛʦ ʘʚʪʦʨʩʢʦʛʦ ʩʪʠʣʷ ʚ ʪʝʢʩʪʘʭ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʨʝʜʦʥʦʩʥʳʡ ʢʦʥʪʝʥʪ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʪʝʢʩʪʦʚ ʥʘ ʧʨʝʜʤʝʪ 

ʘʥʦʤʘʣʠʡ. ʅʘʨʫʰʝʥʠʷ ʘʚʪʦʨʩʢʦʛʦ ʩʪʠʣʷ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʪʨʝʪʴʠʭ ʣʠʮ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʪʝʢʩʪʘ ʠʣʠ ʥʘʤʝʨʝʥʥʦʝ ʠʩʢʘʞʝʥʠʝ ʬʘʢʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ, ʢʘʢ ʦʙʱʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʥʦʚʦʩʪʥʳʭ ʧʦʩʪʦʚ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʪʘʢ ʠ ʫʥʠʢʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʪʝʤʘʪʠʢʦʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʚʪʦʨʘ ʢʘʥʘʣʘ. 

ʄʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ 

ʆʙʱʠʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʪʝʢʩʪʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʚʠʜʘ [1]: 

1) ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ï ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʩʚʦʡʩʪʚ ʪʝʢʩʪʘ (ʘʥʘʣʠʟ 

ʟʥʘʢʦʚ ʧʨʝʧʠʥʘʥʠʷ, ʯʘʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʝʡ ʨʝʯʠ, ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ); 

2) ɸʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ï ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤ ʥʘʙʦʨʦʤ 

ʜʘʥʥʳʭ; 

3) ɻʠʙʨʠʜʥʳʝ ï ʤʝʪʦʜʳ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʧʦʜʢʨʝʧʣʝʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʪʝʢʩʪʘ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʯʠʪʘʝʪʩʷ ʛʠʙʨʠʜʥʳʡ ʤʝʪʦʜ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʙʲʝʜʠʥʷʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʚʫʭ ʜʨʫʛʠʭ ʧʦʜʭʦʜʦʚ: ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʳʜʝʣʝʥʠʠ 

ʫʥʠʢʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʢʨʝʪʥʦʛʦ ʪʝʢʩʪʘ, ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ 

ʜʘʥʥʳʭ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʪʝʢʩʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʠʟʥʘʢʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ [3]: 

1. ʉʪʨʫʢʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ: ʜʣʠʥʘ ʪʝʢʩʪʘ, ʥʘʣʠʯʠʝ ʟʘʛʦʣʦʚʢʦʚ, ʘʙʟʘʮʝʚ, 

ʬʦʨʤʘʪʠʨʦʚʘʥʠʝ (ʞʠʨʥʳʡ ʰʨʠʬʪ, ʢʫʨʩʠʚ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʠʩʢʦʚ ʠ ʪʘʙʣʠʮ. ʕʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʘʞʘʶʪ ʦʙʱʠʡ ʬʦʨʤʘʪ ʪʝʢʩʪʘ. 

2. ʉʠʥʪʘʢʩʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ: ʯʘʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʝʡ ʨʝʯʠ, ʩʨʝʜʥʷʷ ʜʣʠʥʘ 

ʧʨʝʜʣʦʞʝʥʠʡ, ʥʘʣʠʯʠʝ ʚʦʧʨʦʩʦʚ ʠ ʚʦʩʢʣʠʮʘʥʠʡ, ʯʘʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʩʪʦʠʤʝʥʠʡ. ʆʥʠ 

ʦʧʠʩʳʚʘʶʪ ʛʨʘʤʤʘʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʪʝʢʩʪʘ. 
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3. ʃʝʢʩʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ: ʯʘʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʶʯʝʚʳʭ ʩʣʦʚ, ʙʠʛʨʘʤʤ ʠ ʪʨʠʛʨʘʤʤ, 

ʥʘʣʠʯʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʠʤʚʦʣʦʚ (@, #, $, ʠ ʪ. ʜ.), ʜʦʣʷ ʫʥʠʢʘʣʴʥʳʭ ʩʣʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʜʣʠʥʥʳʭ 

ʩʣʦʚ. 

4. ʉʝʤʘʥʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ: ʪʝʤʳ ʠʣʠ ʢʘʪʝʛʦʨʠʠ ʪʝʢʩʪʘ, ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ, ʯʘʩʪʦʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʠʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʤʘʪʠʢʦʡ. 

5. ʇʨʠʟʥʘʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʥʘʣʠʯʠʝ ʫʧʦʤʠʥʘʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʩʳʣʦʢ, 

ʤʝʜʠʘʢʦʥʪʝʥʪʘ (ʠʟʦʙʨʘʞʝʥʠʷ, ʚʠʜʝʦ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʤʦʜʟʠ. ɼʘʥʥʳʝ ʧʨʠʟʥʘʢʠ ʷʚʣʷʶʪʩʷ 

ʫʥʠʢʘʣʴʥʳʤʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʨʠʩʫʱʠ ʪʦʣʴʢʦ ʜʣʷ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʟʘʜʘʯʫ ʚʳʜʝʣʝʥʠʷ ʘʚʪʦʨʩʢʦʡ ʘʪʨʠʙʫʪʠʢʠ ʚ ʪʝʢʩʪʝ 

ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʥʝ ʪʦʣʴʢʦ ʘʚʪʦʵʥʢʦʜʝʨʳ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʶʪʩʷ ʩʚʝʨʪʦʯʥʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN) [2]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʘʞʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚ ʪʝʢʩʪʝ. ʆʜʥʘʢʦ, ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ ʥʝ ʜʦʩʪʫʧʝʥ ʨʘʟʤʝʯʝʥʥʳʡ ʥʘʙʦʨ 

ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʡ ʧʨʠʤʝʨʳ ʥʦʨʤʘʣʴʥʳʭ ʠ ʘʥʦʤʘʣʴʥʳʭ ʩʦʦʙʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʝʩʣʠ ʥʘʨʫʰʝʥʠʷ 

ʣʦʢʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠʣʠ ʨʝʜʢʠʝ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝ ʠʤʝʶʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʩʚʝʨʪʦʯʥʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʥʝ ʩʤʦʛʫʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ.  

ɼʨʫʛʦʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʪʘʪʴ ʭʦʨʦʰʝʡ ʦʧʦʨʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ ʥʘ ʧʨʝʜʤʝʪ 

ʘʪʨʠʙʫʪʠʢʠ ʘʚʪʦʨʘ ï ʪɻʦ LSTM (ʩʝʪʠ ʩ ʜʦʣʛʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ) [2; 4]. ʕʪʘ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʨʝʢʫʨʨʝʥʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʭʦʨʦʰʘ ʪʝʤ, ʯʪʦ ʟʘ ʩʯʝʪ ʟʘʧʦʤʠʥʘʶʱʝʡ ʷʯʝʡʢʠ 

ʦʥʘ ʤʦʞʝʪ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʘʥʘʣʠʟʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʪʝʢʩʪ. ʆʜʥʘʢʦ 

ʪʘʢʠʝ ʥʝʜʦʩʪʘʪʢʠ ʢʘʢ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʰʫʤʘʤ (ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ, 

ʩʦʢʨʘʱʝʥʠʷ, ʵʤʦʜʟʠ) ʠ ʧʦʪʝʨʷ ʟʥʘʯʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʪʝʢʩʪʦʚ, ʜʝʣʘʶʪ 

ʵʪʫ ʤʦʜʝʣʴ ʥʝʧʨʠʛʦʜʥʦʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʦʮʠʘʣʴʥʳʤʠ ʩʝʪʷʤʠ.  

ʉʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʪʝʢʩʪʘ ʚ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʵʥʢʦʜʝʨʦʚ. ɸʚʪʦʵʥʢʦʜʝʨ [5] ï ʵʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ 

ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʟʥʘʯʠʤʳʭ ʧʨʠʟʥʘʢʦʚ ʪʝʢʩʪʘ. ɿʘ ʩʯʝʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʠ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ, ʦʧʠʨʘʷʩʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʣʦʢʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ, ʥʦ ʠ ʫʯʠʪʳʚʘʷ ʚʩʝ ʢʣʶʯʝʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʢʩʪʘ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʘʚʪʦʵʥʢʦʜʝʨʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʣʠʥʳ ʩʦʦʙʱʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ 

ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚʳʭ ʘʥʦʤʘʣʠʡ. 

ʇʦʜʛʦʪʦʚʢʘ ʤʦʜʝʣʠ ʢ ʦʙʫʯʝʥʠʶ 

ʇʝʨʝʜ ʦʙʫʯʝʥʠʝʤ ʤʦʜʝʣʠ ʪʨʝʙʦʚʘʣʦʩʴ ʚʳʧʦʣʥʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʦʚʦʩʪʥʳʭ 

ʢʘʥʘʣʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʩʪʦʠʪ ʨʘʙʦʪʘʪʴ. 

ʊʘʢ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ 20 ʦʪʦʙʨʘʥʥʳʭ ʢʘʥʘʣʘʭ ʥʘ ʪʝʤʫ ʧʦʣʠʪʠʢʠ, ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ ʠ ʣʝʢʩʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ Telegram-ʢʘʥʘʣʦʚ. ʕʪʠ ʛʨʫʧʧʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʢʩʪʘ, ʚʳʷʚʣʷʷ ʥʝ ʪʦʣʴʢʦ ʦʪʢʣʦʥʝʥʠʷ ʚ ʤʘʥʝʨʝ ʠʟʣʦʞʝʥʠʷ, 

ʥʦ ʠ ʚʦʟʤʦʞʥʦʝ ʥʘʣʠʯʠʝ ʤʘʥʠʧʫʣʷʪʠʚʥʦʛʦ ʢʦʥʪʝʥʪʘ. 
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ʆʪʦʙʨʘʥʥʳʝ ʧʨʠʟʥʘʢʠ ʚʢʣʶʯʘʣʠ: 

¶ ʉʠʥʪʘʢʩʠʯʝʩʢʠʝ: ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʣʦʞʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʩʢʣʠʮʘʪʝʣʴʥʳʭ ʠ 

ʚʦʧʨʦʩʠʪʝʣʴʥʳʭ ʟʥʘʢʦʚ; 

¶ ʃʝʢʩʠʯʝʩʢʠʝ: ʯʘʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʠ ʙʠʛʨʘʤʤ, ʥʘʣʠʯʠʝ ʜʣʠʥʥʳʭ 

ʩʣʦʚ; 

¶ ʇʨʠʟʥʘʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʢʦʣʠʯʝʩʪʚʦ ʩʩʳʣʦʢ, ʭʵʰʪʝʛʦʚ, ʵʤʦʜʟʠ, ʥʘʣʠʯʠʝ 

ʤʝʜʠʘʬʘʡʣʦʚ. 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʨʝʘʣʠʟʘʮʠʠ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʘ: TF-IDF 

ʠ ʚʘʨʠʘʮʠʦʥʥʳʝ ʘʚʪʦʵʥʢʦʜʝʨʳ (VAE). 

1. TF-IDF (Term Frequency-Inverse Document Frequency) [2] ï ʵʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʤʝʪʦʜ, ʦʮʝʥʠʚʘʶʱʠʡ ʚʘʞʥʦʩʪʴ ʪʝʨʤʠʥʘ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʛʦ ʢʦʨʧʫʩʘ ʪʝʢʩʪʦʚ. 

ʌʦʨʤʫʣʘ ʨʘʩʯʸʪʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

4& )$&ÔȟÄ ὝὊὸȟὨ ὍzὈὊὸ                                       (3) 

ʛʜʝ TF(t, d) ï ʯʘʩʪʦʪʘ ʪʝʨʤʠʥʘ (TF) ʜʣʷ ʩʣʦʚʘ ñtò ʚ ʜʦʢʫʤʝʥʪʝ ñdò, IDF(t) ï ʦʙʨʘʪʥʘʷ ʯʘʩʪʦʪʘ 

ʜʦʢʫʤʝʥʪʘ (IDF) ʜʣʷ ʩʣʦʚʘ ñtò. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

Telegram-ʢʘʥʘʣʘ, ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʢʘʢ ʧʨʠʟʥʘʢʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠʢʫ ʢʦʥʪʝʥʪʘ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʘʥʘʣʠʟʘ. 

2. ɺʘʨʠʘʮʠʦʥʥʳʝ ʘʚʪʦʵʥʢʦʜʝʨʳ (VAE) [5] ï ʵʪʦ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʘʚʪʦʵʥʢʦʜʝʨʘ, ʢʦʪʦʨʘʷ 

ʢʦʜʠʨʫʝʪ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘ ʟʘʪʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʠʭ (ʨʠʩ. 1).  

 
 

ʈʠc. 1. ʉʭʝʤʘ ʨʘʙʦʪʳ VAE 

ʈʝʟʫʣʴʪʘʪʳ 

ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʴ ʙʳʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʥʘ ʩʦʦʙʱʝʥʠʷʭ ʢʘʥʘʣʘ, ʛʜʝ ʟʘʨʘʥʝʝ ʙʳʣʠ ʨʘʟʤʝʯʝʥʳ 

ʩʦʦʙʱʝʥʠʷ ʥʘ ʘʥʦʤʘʣʴʥʳʝ ʠ ʥʦʨʤʘʣʴʥʳʝ (ʨʠʩ. 2ï3). 
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ʈʠʩ. 2. ʇʦʠʩʢ ʘʥʦʤʘʣʠʡ VAE ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ 

 

 
 

ʈʠʩ. 3. ʇʦʠʩʢ ʘʥʦʤʘʣʠʡ VAE ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ 

 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ, ʯʪʦ VAE ʩ ʚʳʙʨʘʥʥʳʤ ʥʘʙʦʨʦʤ 

ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʫʩʧʝʰʥʦ ʩʧʨʘʚʠʣʩʷ ʩ ʟʘʜʘʯʝʡ, ʢʦʨʨʝʢʪʥʦ ʚʳʷʚʠʚ ʚʩʝ 

ʘʥʦʤʘʣʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʘʚʪʦʵʥʢʦʜʝʨʘ ʙʝʟ ʫʯʝʪʘ 

ʧʨʠʟʥʘʢʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ TF-IDF, ʭʦʪʷ ʠ ʧʦʟʚʦʣʠʣʦ ʦʙʥʘʨʫʞʠʪʴ ʯʘʩʪʴ ʘʥʦʤʘʣʠʡ, ʥʝ 

ʜʦʩʪʠʛʣʦ ʩʦʧʦʩʪʘʚʠʤʦʛʦ ʫʨʦʚʥʷ ʪʦʯʥʦʩʪʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʧʦʜʭʦʜ ʢ ʚʳʷʚʣʝʥʠʶ ʥʘʨʫʰʝʥʠʡ 

ʘʚʪʦʨʩʢʦʛʦ ʩʪʠʣʷ ʚ ʪʝʢʩʪʘʭ Telegram-ʢʘʥʘʣʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ TF-IDF ʠ ʚʘʨʠʘʮʠʦʥʥʳʭ 
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ʘʚʪʦʵʥʢʦʜʝʨʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʳʤ ʥʘʙʦʨʦʤ ʧʨʠʟʥʘʢʦʚ ʧʦʟʚʦʣʠʣʦ 

ʵʬʬʝʢʪʠʚʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʘʥʦʤʘʣʠʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʧʨʦʧʘʛʘʥʜʳ ʠ ʤʘʥʠʧʫʣʷʪʠʚʥʦʛʦ ʢʦʥʪʝʥʪʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ɻʦʣʳʰʝʚʩʢʠʡ ɸ.ɸ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ  

ʈɸʉʇʆɿʅɸɺɸʅʀɽ ɼʆʈʆɾʅʓʍ ɿʅɸʂʆɺ ʅɸ ɺʀɼɽʆ  

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ YOLOV5 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʈʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ YOLOv5 ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʪʝʢʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʥʘʢʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʢʘʢ ʜʣʷ ʩʠʩʪʝʤ 

ʧʦʤʦʱʠ ʚʦʜʠʪʝʣʶ (ADAS), ʪʘʢ ʠ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʝʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʬʝʨʝ [2, c. 2]. 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʜʦʨʦʞʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ ʚʦʜʠʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ ʘʚʪʦʰʢʦʣ, ʪʘʢ ʢʘʢ ʠʥʪʝʨʘʢʪʠʚʥʳʡ 

ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʟʥʘʢʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʟʘʧʦʤʠʥʘʥʠʶ ʧʨʘʚʠʣ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ 

(ʇɼɼ) [3, c. 4]. ɺʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʟʥʘʢ, 

ʥʦ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʝʛʦ ʟʥʘʯʝʥʠʠ, ʘ ʪʘʢʞʝ ʦ ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜʩʪʚʠʷʭ 

ʥʝʩʦʙʣʶʜʝʥʠʷ ʧʨʝʜʧʠʩʘʥʠʡ. ʊʘʢʦʡ ʬʦʨʤʘʪ ʦʙʫʯʝʥʠʷ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʫʩʚʦʝʥʠʷ ʟʥʘʥʠʡ ʙʦʣʝʝ 

ʥʘʛʣʷʜʥʳʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ [4, c. 3]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʜʝʪʝʢʮʠʠ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ YOLOv5. 

YOLOv5 ï ɻ ʪʦ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʠ ʫʜʦʙʥʳʭ ʚʝʨʩʠʡ ʩʝʤʝʡʩʪʚʘ YOLO (You Only 

Look Once), ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʜʝʪʝʢʮʠʠ ʦʙʲʝʢʪʦʚ. YOLOv5 ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʘʥʠʝʡ 

Ultralytics ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʜʣʷ ʙʳʩʪʨʦʛʦ ʠ ʫʜʦʙʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, 

ʚʢʣʶʯʘʷ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. YOLOv5 ʥʘʧʠʩʘʥ ʥʘ PyTorch, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʙʦʣʝʝ ʫʜʦʙʥʳʤ 

ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ ʧʨʠʣʦʞʝʥʠʷ. YOLOv5 ʦʪʣʠʯʘʝʪʩʷ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ ʠʥʪʝʛʨʘʮʠʠ ʚ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ 

ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʟʘʜʘʯ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [5, c. 69537]. 

ɺʳʙʨʘʥʥʳʡ ʜʘʪʘʩʝʪ ʩʦʩʪʦʠʪ ʠʟ 9065 ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ 3022 ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʠ 

ʪʝʩʪʦʚ [1]. ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʣʷ ʦʙʫʯʝʥʠʷ ʦʙʣʘʜʘʶʪ ʟʥʘʢʠ: 

ï ɻʣʘʚʥʘʷ ʜʦʨʦʛʘ ï 1563 ʠʟʦʙʨʘʞʝʥʠʷ (2_1) 

ï ʇʝʰʝʭʦʜʥʳʡ ʧʝʨʝʭʦʜ ï 2493 ʠʟʦʙʨʘʞʝʥʠʷ (5_19_1) 

ï ʄʝʩʪʦ ʦʩʪʘʥʦʚʢʠ ʘʚʪʦʙʫʩʘ ï 876 ʠʟʦʙʨʘʞʝʥʠʡ (5_16) 

ʂʦʣʠʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʦʙʫʯʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʟʥʘʢʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʥʘ ʢʘʞʜʳʡ ʢʣʘʩʩ. 

ʇʝʨʝʜ ʦʙʫʯʝʥʠʝʤ ʥʝʡʨʦʩʝʪʠ YOLOv5 ʧʨʦʚʝʜʝʥʘ ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʘʷ: 

ï ʅʦʨʤʘʣʠʟʘʮʠʶ ʠʟʦʙʨʘʞʝʥʠʡ (ʨʘʟʤʝʨ 416Ĭ416 ʧʠʢʩʝʣʝʡ); 
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ï ɸʫʛʤʝʥʪʘʮʠʶ ʜʘʥʥʳʭ (ʠʟʤʝʥʝʥʠʝ ʷʨʢʦʩʪʠ, ʧʦʚʦʨʦʪʳ, ʦʪʨʘʞʝʥʠʷ); 

ï ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ ʪʝʩʪʦʚʫʶ ʚʳʙʦʨʢʠ (80% / 20%). 

 

 
 

ʈʠʩ. 1. ɸʨʭʠʪʝʢʪʫʨʘ YOLOv5 

 

 

 
 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʜʦʨʦʞʥʦʛʦ ʟʥʘʢʘ ʠʟ ʜʘʪʘʩʝʪʘ 

 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ YOLOv5 ʠʩʧʦʣʴʟʦʚʘʣʩʷ Google Colab ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ PyTorch 

ʠ OpenCV. ʅʘʩʪʨʦʡʢʘ ʦʙʫʯʝʥʠʷ ʚʢʣʶʯʘʣʘ: 

ï ʈʘʟʤʝʨ ʚʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ: 416Ĭ416; 

ï ʏʠʩʣʦ ʵʧʦʭ: 10; 

ï ʈʘʟʤʝʨ ʙʘʪʯʘ: 16; 

ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ yolov5n.pt; 

ï ʆʧʪʠʤʠʟʘʪʦʨ: SGD ʩ momentum 0.9; 

ï ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ: CIoU Loss. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʩʦʭʨʘʥʷʣʠʩʴ ʚ ʬʦʨʤʘʪʝ PyTorch ʠ ʢʦʥʚʝʨʪʠʨʦʚʘʣʠʩʴ ʚ 

TensorFlow Lite (TFLite) ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʛʨʘʮʠʠ ʚ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ: 
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ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ: ʧʦʪʝʨʠ, ʪʦʯʥʦʩʪʴ, ʧʦʣʥʦʪʘ 

 

ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʘʥʘʣʠʟʦʤ ʢʣʶʯʝʚʳʭ ʤʝʪʨʠʢ: 

ï ʊʦʯʥʦʩʪʴ (precision): ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ; 

ï ʇʦʣʥʦʪʘ (recall): ʫʣʫʯʰʝʥʠʝ ʧʦ ʤʝʨʝ ʦʙʫʯʝʥʠʷ, ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʧʝʨʝʦʙʫʯʝʥʠʷ; 

ï ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʠʥʬʝʨʝʥʩʘ: 38 ʤʩ ʥʘ ʢʘʜʨ. 

ʇʨʠʣʦʞʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Android Studio ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʚʝ 

ʩʠʩʪʝʤʳ ʨʘʙʦʪʳ ʩ ʢʘʤʝʨʦʡ: 

ï Camera2 API ï ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

ï Camera1 (Legacy API) ï ʜʣʷ ʩʪʘʨʳʭ ʩʤʘʨʪʬʦʥʦʚ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ: 

1. ɿʘʭʚʘʪ ʚʠʜʝʦʧʦʪʦʢʘ ʩ ʢʘʤʝʨʳ; 

2. ʇʨʝʜʦʙʨʘʙʦʪʢʘ ʢʘʜʨʦʚ (ʥʦʨʤʘʣʠʟʘʮʠʷ, ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ); 

3. ʇʨʦʛʦʥ ʤʦʜʝʣʠ YOLOv5 ʠ ʜʝʪʝʢʮʠʷ ʦʙʲʝʢʪʦʚ; 

4. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ï ʦʪʨʠʩʦʚʢʘ ʨʘʤʦʢ ʚʦʢʨʫʛ ʟʥʘʢʦʚ ʠ ʚʳʚʦʜ ʠʭ ʥʘʟʚʘʥʠʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʧʦʩʪʨʦʝʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ ʚ ʚʠʜʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ɹʳʣʘ ʩʦʟʜʘʥʘ ʠ ʦʙʫʯʝʥʘ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ ʥʘ ʦʩʥʦʚʝ YOLOv5. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ: 

ï ʈʘʩʰʠʨʝʥʠʝ ʜʘʪʘʩʝʪʘ ʟʘ ʩʯʸʪ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʢʣʘʩʩʦʚ ʟʥʘʢʦʚ; 

ï ʋʣʫʯʰʝʥʠʝ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ; 

ï ʀʥʪʝʛʨʘʮʠʶ ʩ ʩʠʩʪʝʤʘʤʠ ʥʘʚʠʛʘʮʠʠ ʠ ʛʦʣʦʩʦʚʳʤʠ ʧʦʤʦʱʥʠʢʘʤʠ. 
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ɻʨʠʛʦʨʴʝʚʘ ɸ.ɸ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʐɸɹʃʆʅʅʓɽ ʄɽʊʆɼʓ ʀ ʂʃɸʉʉʓ  

ɺ ɿɸɼɸʏɸʍ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʬʝʨʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʩʣʦʞʥʦʩʪʠ 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʦʜʝʣʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʯʝʥʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ [1, c. 70]. ʐʘʙʣʦʥʥʳʝ ʤʝʪʦʜʳ ʠ ʢʣʘʩʩʳ, ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʙʦʙʱʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʤʦʛʘʶʪ ʨʝʰʘʪʴ ʧʦʚʪʦʨʷʶʱʠʝʩʷ 

ʟʘʜʘʯʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʜʘ, ʩʥʠʞʘʶʪ ʠʟʙʳʪʦʯʥʦʩʪʴ ʠ ʫʣʫʯʰʘʶʪ 

ʧʦʜʜʝʨʞʢʫ. ʕʪʘ ʩʪʘʪʴʷ ʨʘʩʩʢʘʞʝʪ ʦ ʪʦʤ, ʢʘʢ ʧʨʠʤʝʥʷʶʪʩʷ ʰʘʙʣʦʥʥʳʝ ʤʝʪʦʜʳ ʠ ʢʣʘʩʩʳ ʚ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʯʘʭ ʀʀ, ʘ ʪʘʢʞʝ ʦʙ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʠ ʥʝʜʦʩʪʘʪʢʘʭ. 

ʐʘʙʣʦʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʤʝʪʦʜʳ ʠ ʢʣʘʩʩʳ 

ʐʘʙʣʦʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ï ʵʪʦ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʟʜʘʚʘʪʴ ʦʙʦʙʱʝʥʥʳʝ 

ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʟʘʜʘʯ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʤʝʩʪʦ ʥʘʧʠʩʘʥʠʷ 

ʥʦʚʦʛʦ ʢʦʜʘ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʩʦʟʜʘʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʰʘʙʣʦʥʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʦʜ ʨʘʟʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʫʣʫʯʰʠʪʴ 

ʢʘʯʝʩʪʚʦ ʢʦʜʘ (https://clck.ru/3GYKUf). 

ʐʘʙʣʦʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʚʝʜʝʥʯʝʩʢʠʡ ʰʘʙʣʦʥ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʪʨʫʢʪʫʨʫ ʘʣʛʦʨʠʪʤʘ, ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʜʢʣʘʩʩʘʤ ʠʟʤʝʥʷʪʴ ʢʦʥʢʨʝʪʥʳʝ ʰʘʛʠ 

ʘʣʛʦʨʠʪʤʘ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʚʩʶ ʝʛʦ ʩʪʨʫʢʪʫʨʫ. ʐʘʙʣʦʥʥʳʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ 

ʨʘʟʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʪʘʢʠʤ ʢʘʢ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ, ʫʨʦʚʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʪ.ʜ. ʆʩʥʦʚʥʳʤʠ ʢʘʪʝʛʦʨʠʷʤʠ ʷʚʣʷʶʪʩʷ: 

- ʉʪʘʪʠʯʝʩʢʠʝ ʰʘʙʣʦʥʳ, ʢʦʪʦʨʳʝ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. 

- ɼʠʥʘʤʠʯʝʩʢʠʝ ʰʘʙʣʦʥʳ, ʩʧʦʩʦʙʥʳʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʜʘʥʥʳʭ. 

ʐʘʙʣʦʥʥʳʝ ʢʣʘʩʩʳ ʧʦʤʦʛʘʶʪ ʩʦʟʜʘʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʢʣʘʩʩʳ ʠ ʬʫʥʢʮʠʠ, ʩʧʦʩʦʙʥʳʝ 

ʨʘʙʦʪʘʪʴ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʜʘʥʥʳʭ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʧʠʩʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʜʣʷ 

ʢʘʞʜʦʛʦ ʪʠʧʘ. ʕʪʠ ʧʦʜʭʦʜʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʦʙʦʙʱʸʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʤʦʛʘʷ 

ʩʜʝʣʘʪʴ ʢʦʜ ʤʘʢʩʠʤʘʣʴʥʦ ʛʠʙʢʠʤ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤ. ʊʘʢʞʝ ʢʣʘʩʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʫ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʆʆʇ), ʢʦʪʦʨʦʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʀʀ. ʆʥʠ ʧʦʤʦʛʘʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʢʦʜ ʚ ʣʦʛʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʫʧʨʦʱʘʝʪ 

ʝʛʦ ʧʦʥʠʤʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʫ (https://clck.ru/3GYKcd). 

ʂʣʘʩʩʳ ʰʘʙʣʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ ʰʘʙʣʦʥʥʳʭ ʤʝʪʦʜʦʚ: 

1. ʐʘʙʣʦʥʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: ʕʪʦ ʦʙʦʙʱʝʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʦʙʣʝʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʉʶʜʘ ʚʭʦʜʷʪ ʪʘʢʠʝ ʰʘʙʣʦʥʳ ʢʘʢ Singleton, 

Factory, Observer ʠ ʜʨʫʛʠʝ [2, c. 2-3]. 
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2. ʐʘʙʣʦʥʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ: ʕʪʠ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ 

ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʰʘʙʣʦʥʳ ʜʣʷ ʦʯʠʩʪʢʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

3. ʐʘʙʣʦʥʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ: ɺʢʣʶʯʘʶʪ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʜʣʷ ʨʘʟʥʳʭ ʟʘʜʘʯ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʨʝʛʨʝʩʩʠʷ ʠ 

ʢʣʘʩʪʝʨʠʟʘʮʠʷ. ʅʘʧʨʠʤʝʨ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʝʢʩʪʦʚʳʭ ʰʘʙʣʦʥʦʚ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [10, c. 16-17]. 

ʇʨʠʤʝʥʝʥʠʝ ʰʘʙʣʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʢʣʘʩʩʦʚ ʚ ʟʘʜʘʯʘʭ ʀʀ 

ʐʘʙʣʦʥʥʳʝ ʤʝʪʦʜʳ ʠ ʢʣʘʩʩʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʀʀ: 

1.  ɸʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ. ʄʥʦʛʠʝ ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ, ʪʘʢʠʝ ʢʘʢ ʧʦʠʩʢ ɸ, ʧʦʠʩʢ ʚ ʰʠʨʠʥʫ ʠ 

ʚ ʛʣʫʙʠʥʫ, ʠʤʝʶʪ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʩʧʦʩʦʙʦʤ ʚʳʙʦʨʘ ʩʣʝʜʫʶʱʝʛʦ ʫʟʣʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʐʘʙʣʦʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʠʩʢʘ, ʘ 

ʧʦʜʢʣʘʩʩʳ ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ ʚʳʙʦʨʘ ʫʟʣʦʚ [8, c. 293]. 

2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʛʜʝ ʰʘʙʣʦʥʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ. 

ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʘʙʣʦʥʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʙʳʩʪʨʦ ʥʘʩʪʨʘʠʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʜʘʥʥʳʝ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʞʠʟʥʠ 

ʯʝʣʦʚʝʢʘ: ʦʪ ʤʝʜʠʮʠʥʳ (ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʘʜʠʡ ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʨʝʪʠʥʦʧʘʪʠʠ) [6, c. 12], ʜʦ 

ʩʦʟʜʘʥʠʷ ʩʝʨʚʠʩʥʳʭ ʨʦʙʦʪʦʚ [7, c. 176].   

3.  ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʩʣʦʝʚ (ʥʘʧʨʠʤʝʨ, ʧʦʣʥʦʩʚʷʟʥʳʝ, ʩʚʝʨʪʦʯʥʳʝ, ʨʝʢʫʨʨʝʥʪʥʳʝ) [9, c. 21]. ʐʘʙʣʦʥʥʳʝ ʢʣʘʩʩʳ 

ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʦʙʦʙʱʝʥʥʳʡ ʩʣʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʜʘʥʥʳʭ ʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

4. ʂʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ. ɺ ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʨʝʥʠʠ ʰʘʙʣʦʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ. ʐʘʙʣʦʥʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ 

ʤʦʜʝʣʝʡ [5, c. 1191]. 

5.  ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. ɺ ʟʘʜʘʯʘʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʯʘʩʪʦ ʪʨʝʙʫʝʪʩʷ 

ʚʳʧʦʣʥʷʪʴ ʦʜʥʠ ʠ ʪʝ ʞʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʜʘʥʥʳʭ. ʐʘʙʣʦʥʥʳʝ ʢʣʘʩʩʳ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʦʙʦʙʱʝʥʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ 

ʦʧʝʨʘʮʠʡ, ʧʨʠʤʝʥʠʤʳʭ ʢ ʨʘʟʥʳʤ ʪʠʧʘʤ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʷʟʳʢʘ. ɺ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (NLP) ʰʘʙʣʦʥʥʳʝ ʤʝʪʦʜʳ ʪʘʢʞʝ ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʰʘʙʣʦʥʦʚ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʩʤʳʩʣʦʚʳʭ ʩʪʨʫʢʪʫʨ [4, c. 35]. 

6. ʀʛʨʦʚʦʡ ʀʀ: ɺ ʠʛʨʦʚʳʭ ʩʠʩʪʝʤʘʭ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʨʘʪʝʛʠʠ ʥʘ ʦʩʥʦʚʝ ʟʘʨʘʥʝʝ 

ʟʘʜʘʥʥʳʭ ʧʘʪʪʝʨʥʦʚ ʧʦʚʝʜʝʥʠʷ [3, c. 49].  
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ʇʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʘʙʣʦʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ 

ʧʦʠʩʢʘ ʥʘ ʷʟʳʢʝ Java. 

 

 
 

ʈʠʩ. 1. ʆʪʨʳʚʦʢ ʠʟ ʩʢʨʠʧʪʘ ʥʘ ʷʟʳʢʝ Java (1) 
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ʈʠʩ. 3. ʆʪʨʳʚʦʢ ʠʟ ʩʢʨʠʧʪʘ ʥʘ ʷʟʳʢʝ Java (3) 

 

 
 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪ ʢʦʜʠʨʦʚʘʥʠʷ 

 

ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ Search ʷʚʣʷʝʪʩʷ ʘʙʩʪʨʘʢʪʥʳʤ ʢʣʘʩʩʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʦʙʱʫʶ 

ʩʪʨʫʢʪʫʨʫ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ. ʇʦʜʢʣʘʩʩ BSearch, ʨʝʘʣʠʟʫʝʪ ʙʠʥʘʨʥʳʡ ʧʦʠʩʢ, ʘ ʧʦʜʢʣʘʩʩ 

LSearch ï ʣʠʥʝʡʥʳʡ ʧʦʠʩʢ, ʚ ʛʣʘʚʥʦʤ ʢʣʘʩʩʝ Main ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʰʘʙʣʦʥʥʦʛʦ ʤʝʪʦʜʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʰʘʙʣʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʢʣʘʩʩʦʚ 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʘʙʣʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʢʣʘʩʩʦʚ ʚ ʟʘʜʘʯʘʭ ʀʀ ʤʦʞʥʦ 

ʧʝʨʝʯʠʩʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʄʥʦʛʦʢʨʘʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʜʘ: ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʘʣʛʦʨʠʪʤʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʘ ʦʜʠʥ ʨʘʟ ʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʥʦʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʪʝʢʩʪʘʭ. 

2. ʋʧʨʦʱʝʥʠʝ ʪʝʩʪʠʨʦʚʘʥʠʷ: ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʧʨʦʱʝ ʪʝʩʪʠʨʦʚʘʪʴ, ʪ. ʢ. ʦʥʠ ʫʞʝ 

ʧʨʦʰʣʠ ʤʥʦʞʝʩʪʚʦ ʧʨʦʚʝʨʦʢ ʥʘ ʨʘʟʥʳʭ ʩʣʫʯʘʷʭ. 

3. ʀʥʪʝʛʨʘʮʠʷ ʩ ʛʣʫʙʦʢʠʤ ʦʙʫʯʝʥʠʝʤ: ʩʮʝʧʣʝʥʠʝ ʰʘʙʣʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩ ʛʣʫʙʦʢʠʤ 

ʦʙʫʯʝʥʠʝʤ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʩʦʯʝʪʘʶʪʩʷ ʣʫʯʰʠʝ 

ʯʝʨʪʳ ʦʙʦʠʭ. ʕʪʦ ʩʠʣʴʥʦ ʫʣʫʯʰʠʪ ʢʘʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʩʣʦʞʥʳʭ 

ʟʘʜʘʯʘʭ. 

4. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʢʠ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʀʀ ʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʘʙʣʦʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʨʝʘʣʠʟʘʮʠʶ 

ʧʨʦʝʢʪʦʚ ʠ ʧʦʚʳʩʠʪʴ ʠʭ ʢʘʯʝʩʪʚʦ. ʈʘʟʨʘʙʦʪʢʘ ʩʝʨʚʠʩʦʚ ʧʦ ʫʤʥʦʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ 

ʛʝʥʝʨʠʨʦʚʘʥʠʶ ʢʦʜʘ ʥʘ ʦʩʥʦʚʝ ʰʘʙʣʦʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʢʦʣʦʩʩʘʣʴʥʳʤ ʰʘʛʦʤ ʚʧʝʨʝʜ. 
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ʆʜʥʘʢʦ ʩʪʦʠʪ ʧʦʤʥʠʪʴ ʠ ʦ ʥʝʜʦʩʪʘʪʢʘʭ: 

1. ʉʣʦʞʥʦʩʪʴ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʘʙʣʦʥʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʩʣʦʞʥʝʥʠʶ ʢʦʜʘ. ʅʝʦʧʳʪʥʳʝ 

ʧʨʦʛʨʘʤʤʠʩʪʳ ʤʦʛʫʪ ʥʝ ʧʦʥʷʪʴ, ʢʘʢ ʦʥʠ ʨʘʙʦʪʘʶʪ, ʠ ʩʜʝʣʘʪʴ ʦʰʠʙʢʫ. 

2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʥʪʝʢʩʪʘ: ʥʝʢʦʪʦʨʳʝ ʰʘʙʣʦʥʳ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʣʠʰʴ 

ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʨʝʜʝ, ʣʠʙʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʟʘʜʘʯ. ɺʥʝ ʵʪʠʭ ʫʩʣʦʚʠʡ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ. (https://clck.ru/3GYKtb). 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʰʘʙʣʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʢʣʘʩʩʦʚ ʚ ʀʀ 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʜʘʥʥʳʭ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ 

ʠʥʪʝʛʨʘʮʠʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʰʘʙʣʦʥʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʙʦʣʝʝ ʘʜʘʧʪʠʚʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʫʯʠʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʜʘʥʥʳʭ, ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʥʦʛʦ ʧʝʨʝʩʤʦʪʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʘʚʠʣ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʘʜʘʧʪʠʚʥʳʭ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʪʦʜʘʭ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. ʐʘʙʣʦʥʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ 

ʜʦʧʦʣʥʝʥʳ ʥʦʚʳʤʠ ʧʦʜʭʦʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʜʝʣʝʡ (https://clck.ru/3GYKyP). 

ʊʘʢʞʝ ʚ ʦʙʣʘʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʀʀ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ çʉʪʨʘʪʝʛʠʶ ʨʘʟʚʠʪʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘè, ʫʪʚʝʨʞʜʝʥʥʫʶ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 10 ʦʢʪʷʙʨʷ 2019 ʛ.  ̄490. 

ɿʘʢʣʶʯʝʥʠʝ 

ʐʘʙʣʦʥʥʳʝ ʤʝʪʦʜʳ ʠ ʢʣʘʩʩʳ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʘʨʩʝʥʘʣʝ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʀʀ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʛʠʙʢʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʟʘʥʦʚʦ ʠ ʫʜʦʙʥʳʡ 

ʚ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʢʦʜ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʰʘʙʣʦʥʦʚ ʠ ʧʦʜʭʦʜʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʩʧʝʮʠʬʠʢʫ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʀʀ. 
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ɻʫʨʙʘʥʦʚʘ ʉ.ɸ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʈɽʐɽʅʀʗ  

ɼʃʗ ɸʅɸʃʀɿɸ ɹʆʃʔʐʀʍ ɼɸʅʅʓʍ ɺ ɿɼʈɸɺʆʆʍʈɸʅɽʅʀʀ 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʩʦʚʨʝʤʝʥʥʦʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʦʛʨʦʤʥʳʤʠ 

ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʜʠʘʛʥʦʩʪʠʢʠ, ʣʝʯʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʮʠʝʥʪʦʚ. ʊʘʢʠʝ ʜʘʥʥʳʝ, ʢʘʢ ʵʣʝʢʪʨʦʥʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ 

ʟʘʧʠʩʠ, ʣʘʙʦʨʘʪʦʨʥʳʝ ʘʥʘʣʠʟʳ, ʤʝʜʠʮʠʥʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʜʘʥʥʳʝ wearable -ʫʩʪʨʦʡʩʪʚ, 

ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ. ʆʜʥʘʢʦ ʠʭ ʘʥʘʣʠʟ 

ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʧʦʜʭʦʜʳ, ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʟʚʣʝʢʘʪʴ ʧʦʣʝʟʥʳʝ ʟʥʘʥʠʷ ʠʟ ʥʝʝ [6]. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ï 

ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʜʝʣʘʪʴ 

ʪʦʯʥʳʝ ʧʨʦʛʥʦʟʳ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʤʝʜʠʮʠʥʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʠ ʤʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝ ʠʛʨʘʝʪ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʢʣʶʯʝʚʫʶ ʨʦʣʴ. ʆʥʦ ʩʪʘʣʦ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʙʦʪʳ 

ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʘʪʴ ʜʠʘʛʥʦʩʪʠʢʫ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʙʦʣʝʟʥʝʡ ʠ ʚʥʝʜʨʷʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʚ ʣʝʯʝʥʠʠ [4, c. 28-34]. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʢʘʨʪ, ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʩʥʠʤʢʦʚ. ɺ ʵʪʦʡ 

ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʟʘʙʦʣʝʚʘʥʠʡ: ʪʝ, ʯʪʦ ʨʘʙʦʪʘʶʪ ʩ ʪʘʙʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ, ʠ ʪʝ, ʯʪʦ ʘʥʘʣʠʟʠʨʫʶʪ ʤʝʜʠʮʠʥʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʙʫʜʝʪ ʩʜʝʣʘʥ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ ʤʦʜʝʣʝʡ ʠ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʩʦʩʨʝʜʦʪʦʯʠʤʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 

ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʪʘʢʠʝ ʘʩʧʝʢʪʳ, ʢʘʢ ʩʣʦʞʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʠʣʠ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʘʭ, ʪʘʢ ʢʘʢ ʥʘʰʘ ʟʘʜʘʯʘ ï ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ 

ʫʣʫʯʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ [2]. ʊʘʢʞʝ ʙʫʜʫʪ ʚʳʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʤʦʜʝʣʠ ʚ ʢʘʞʜʦʤ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʙʳʣʠ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʘ ʧʨʠʤʝʨʝ ʢʦʥʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ. ʆʙʫʯʝʥʠʝ ʠ ʧʨʦʚʝʨʢʘ ʤʦʜʝʣʝʡ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʝ ʜʘʥʥʳʭ MIMIC-III ï ʦʪʢʨʳʪʦʤ ʨʝʩʫʨʩʝ, ʩʦʜʝʨʞʘʱʝʤ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʘʮʠʝʥʪʘʭ ʦʪʜʝʣʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʡ ʪʝʨʘʧʠʠ, ʚʢʣʶʯʘʷ ʜʠʘʛʥʦʟʳ, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʠ 

ʧʨʦʚʝʜʝʥʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ ʧʨʦʮʝʜʫʨʳ [5]. ʆʙʟʦʨ ʤʦʜʝʣʝʡ ʜʣʷ ʘʥʘʣʠʟʘ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ: 

1. Random Forest ï ʵʪʦ ʘʥʩʘʤʙʣʝʚʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʤʥʦʞʝʩʪʚʘ 

ʨʝʰʘʶʱʠʭ ʜʝʨʝʚʴʝʚ. ʂʘʞʜʦʝ ʜʝʨʝʚʦ ʦʙʫʯʘʝʪʩʷ ʥʘ ʩʣʫʯʘʡʥʦʡ ʧʦʜʚʳʙʦʨʢʝ ʜʘʥʥʳʭ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʠʩʢ ʧʝʨʝʦʙʫʯʝʥʠʷ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʇʨʠʤʝʨ ʨʘʙʦʪʳ Random Forest 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ï ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʥʘ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ;  

ï ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʫ ʠ ʚʳʙʨʦʩʘʤ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʘʞʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ; 

ʅʝʜʦʩʪʘʪʢʠ: 

ï ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʝʥ ʥʘ ʜʘʥʥʳʭ ʩ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ; 

ï ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʙʦʣʴʰʠʭ ʜʘʪʘʩʝʪʦʚ. 

2. XGBoost ï ʵʪʦ ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ, ʢʦʪʦʨʳʡ ʩʪʨʦʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʝʡ, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʢʦʨʨʝʢʪʠʨʫʝʪ ʦʰʠʙʢʠ ʧʨʝʜʳʜʫʱʝʡ (ʨʠʩ. 2). 

 

 
  

ʈʠʩ. 2. ʇʨʠʤʝʨ ʨʘʙʦʪʳ XGBoost 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ï ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ; 

ï ʧʦʜʜʝʨʞʢʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʧʨʦʧʫʱʝʥʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ï ʩʢʣʦʥʥʦʩʪʴ ʢ ʧʝʨʝʦʙʫʯʝʥʠʶ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʥʘʩʪʨʦʡʢʝ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ; 

ï ʩʣʦʞʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʦʜʝʣʠ. 
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3. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʪʘʢʠʝ ʢʘʢ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʝʨʮʝʧʪʨʦʥʳ (MLP), ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʘʥʘʣʠʟʘ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ (ʨʠʩ. 3). 

 

  
 

ʈʠʩ. 3. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʝʨʮʝʧʪʨʦʥʦʚ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ; 

ï ʛʠʙʢʦʩʪʴ ʚ ʥʘʩʪʨʦʡʢʝ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ï ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ; 

ï ʩʣʦʞʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʙʟʦʨ ʤʦʜʝʣʝʡ ʜʣʷ ʘʥʘʣʠʟʘ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 

1. ʉʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN) ï ʵʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪ ʩʚʝʨʪʦʯʥʳʝ ʩʣʦʠ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ï ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʥʘ ʟʘʜʘʯʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ï ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ; 

ï ʚʳʩʦʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ. 

2. U-Net ï ʵʪʦ ʘʨʭʠʪʝʢʪʫʨʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʟʘʜʘʯ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʥʘ 

ʩʦʩʪʦʠʪ ʠʟ ʢʦʜʠʨʦʚʱʠʢʘ ʠ ʜʝʢʦʜʠʨʦʚʱʠʢʘ, ʩʦʝʜʠʥʝʥʥʳʭ "U"-ʦʙʨʘʟʥʦʡ ʩʚʷʟʴʶ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ï ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʥʘ ʟʘʜʘʯʘʭ ʩʝʛʤʝʥʪʘʮʠʠ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ï ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ; 

ï ʩʣʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ. 

3. ʊʨʘʥʩʬʦʨʤʝʨʳ ï ʵʪʦ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʭʘʥʠʟʤʝ ʚʥʠʤʘʥʠʷ. ʆʥʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. 



 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

194 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʘʚʣʠʚʘʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ;  

ï ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʥʘ ʟʘʜʘʯʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʩʝʛʤʝʥʪʘʮʠʠ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ï ʚʳʩʦʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ; 

ï ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ. 

ʇʨʦʚʝʜʝʤ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ 

ʤʝʪʨʠʢʠ: 

ï accuracy (ʪʦʯʥʦʩʪʴ): ʜʦʣʷ ʧʨʘʚʠʣʴʥʳʭ ʧʨʦʛʥʦʟʦʚ; 

ï precision (ʪʦʯʥʦʩʪʴ): ʜʦʣʷ ʧʨʘʚʠʣʴʥʦ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʣʫʯʘʝʚ; 

ï recall (ʧʦʣʥʦʪʘ): ʜʦʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʣʫʯʘʝʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʘʚʠʣʴʥʦ ʧʨʝʜʩʢʘʟʘʥʳ; 

ï f1-score: ʩʨʝʜʥʝʝ ʛʘʨʤʦʥʠʯʝʩʢʦʝ precision ʠ recall. 

ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ:  

ʄʦʜʝʣʴ Accuracy Precision Recall 

Random Forest 0.92 0.91 0.90 

XGBoost 0.94 0.93 0.92 

MLP 0.89 0.88 0.87 

 

ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʄʦʜʝʣʴ Accuracy Precision Recall 

CNN 0.95 0.94 0.93 

U-Net 0.96 0.95 0.94 

ʊʨʘʥʩʬʦʨʤʝʨʳ 0.97 0.96 0.95 

 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʥʝ ʪʦʣʴʢʦ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʟʘʙʦʣʝʚʘʥʠʡ, ʥʦ ʠ ʚʳʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʜʝʣʘʶʪ ʪʝ ʠʣʠ ʠʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ 

ʪʠʧʦʚ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʤʦʜʝʣʠ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʪʘʙʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ, ʪʘʢʠʝ ʢʘʢ XGBoost, 

Random Forest ʠ Gradient Boosting, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʪʘʢʫʶ ʢʘʢ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʜʘʥʥʳʝ ʦ ʧʘʮʠʝʥʪʘʭ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ. ʕʪʠ 

ʘʣʛʦʨʠʪʤʳ ʦʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʟʘʜʘʯʘʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʨʝʛʨʝʩʩʠʠ, ʯʪʦ ʜʝʣʘʝʪ 

ʠʭ ʥʝʟʘʤʝʥʠʤʳʤʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʥʘʣʠʟ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʥʠʤʢʠ, ʄʈʊ ʠʣʠ 

ʂʊ, ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʦʜʭʦʜʦʚ. ɿʜʝʩʴ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʘʨʭʠʪʝʢʪʫʨʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ, ʢʦʪʦʨʳʝ ʫʞʝ ʜʘʚʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʠʟʫʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ 

ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʨʘʥʩʬʦʨʤʝʨʘʤ ï ʘʨʭʠʪʝʢʪʫʨʘʤ, ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʥʦ ʫʩʧʝʰʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. 

ʊʨʘʥʩʬʦʨʤʝʨʳ, ʪʘʢʠʝ ʢʘʢ Vision Transformer, ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʫʯʠʪʳʚʘʪʴ ʛʣʦʙʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʩʥʠʤʢʦʚ [3]. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 
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ʧʨʝʠʤʫʱʝʩʪʚ ʪʨʘʥʩʬʦʨʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ: ʦʥʠ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ 

ʦʙʫʯʘʪʴʩʷ ʥʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʜʘʥʥʳʭ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʦʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʟʘʜʘʯ, 

ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʜʠʘʛʥʦʩʪʠʢʘ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠʣʠ 

ʚʳʷʚʣʝʥʠʝ ʧʘʪʦʣʦʛʠʡ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ. ʆʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʝʜʠʮʠʥʩʢʠʭ 

ʫʯʨʝʞʜʝʥʠʡ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʙʦʨ ʤʦʜʝʣʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʪʠʧʘ ʜʘʥʥʳʭ, ʥʦ ʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ 

ʟʘʜʘʯʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ ʤʦʜʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʣʦʛʠʩʪʠʯʝʩʢʘʷ 

ʨʝʛʨʝʩʩʠʷ ʠʣʠ ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʬʘʢʪʦʨʳ 

ʚʣʠʷʶʪ ʥʘ ʧʨʦʛʥʦʟ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʛʜʝ ʚʘʞʥʘ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ 

ʫʯʝʪ ʩʣʦʞʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ, ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʪʘʢʠʝ ʢʘʢ ʪʨʘʥʩʬʦʨʤʝʨʳ, 

ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʪʘʙʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ, ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠ ʧʦʣʥʦʪʳ ʜʘʥʥʳʭ. ʇʨʦʧʫʱʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʢʣʘʩʩʳ ʠʣʠ ʦʰʠʙʢʠ ʚ ʜʘʥʥʳʭ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʪʦʯʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ɺ ʩʣʫʯʘʝ ʩ ʤʝʜʠʮʠʥʩʢʠʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʢʣʶʯʝʚʳʤ ʚʳʟʦʚʦʤ ʦʩʪʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʴʰʠʭ ʨʘʟʤʝʯʝʥʥʳʭ ʜʘʪʘʩʝʪʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ, ʯʪʦ ʯʘʩʪʦ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʚʢʣʶʯʘʷ 

XGBoost ʜʣʷ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ ʠ ʪʨʘʥʩʬʦʨʤʝʨʳ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʪʢʨʳʚʘʶʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʜʥʘʢʦ ʠʭ 

ʫʩʧʝʰʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʤʝʜʠʮʠʥʩʢʫʶ ʧʨʘʢʪʠʢʫ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʥʦ 

ʠ ʫʯʝʪʘ ʩʧʝʮʠʬʠʢʠ ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʘʥʘʣʠʟʝ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʚ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ. ʆʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚʨʘʯʘʤʠ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ. ɺ ʙʫʜʫʱʝʤ 

ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ʦʙʨʘʙʦʪʢʫ ʤʝʜʠʮʠʥʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʠʥʪʝʛʨʘʮʠʶ ʩ IoT-ʫʩʪʨʦʡʩʪʚʘʤʠ. 
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ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

ʇʈɽɼʆʉʊɸɺʃɽʅʀɽ ʇʉʀʍʆʃʆɻʀʏɽʉʂʆʁ ʇʆɼɼɽʈɾʂʀ ʅɸ ʆʉʅʆɺɽ ʀʀ  

ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, ʚʢʣʶʯʘʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʧʦʤʦʱʴ. ɺʠʨʪʫʘʣʴʥʳʝ 

ʧʩʠʭʦʣʦʛʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʙʝʟʦʧʘʩʥʦ ʦʙʩʫʞʜʘʪʴ ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ 

ʪʨʫʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʭ ʩʦʩʪʦʷʥʠʷ [1 c. 61-62; 2 c. 189-190]. 

 HARMONIUS ʩʦʟʜʘʥ ʢʘʢ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʢʘʟʘʥʠʷ ʧʦʤʦʱʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚ ʩʠʪʫʘʮʠʷʭ ʪʨʝʙʫʶʱʠʭ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ. ɽʛʦ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʩʠʭʦʣʦʛʠʠ, ʚʥʝʜʨʝʥʥʳʭ ʚ ʩʠʩʪʝʤʫ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʨʦʣʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʦʤʦʱʥʠʢʘ. 

ʀʥʪʝʛʨʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ ʥʝ ʪʦʣʴʢʦ 

ʨʘʩʰʠʨʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʩʠʭʦʣʦʛʦʚ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʚ ʦʢʘʟʘʥʠʠ ʧʦʤʦʱʠ [3; 4]. 

ʇʨʦʝʢʪ, ʦʧʠʩʘʥʥʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʜʝʨʞʢʠ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʜʠʘʣʦʛʦʚʳʝ ʠʥʪʝʨʬʝʡʩʳ 

ʠ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ 

ʦʪʚʝʪʦʚ ʥʘ ʟʘʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ HARMONIUS ʨʘʟʨʘʙʦʪʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ 

tkinter ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ ʩʠʩʪʝʤʦʡ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʜʠʘʣʦʛʦʚʦʡ ʤʦʜʝʣʴʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ http.client, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʩ API 

ʠ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʚʭʦʜʷʱʠʝ ʩʦʦʙʱʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʦʪ ʩʥʘʙʞʝʥ ʠʥʩʪʨʫʢʪʘʞʝʤ, ʢʦʪʦʨʳʡ 

ʨʝʛʫʣʠʨʫʝʪ ʝʛʦ ʧʦʚʝʜʝʥʠʝ, ʥʘʚʳʢʠ ʠ ʩʦʙʣʶʜʝʥʠʝ ʵʪʠʯʝʩʢʠʭ ʥʦʨʤ ʚ ʧʩʠʭʦʪʝʨʘʧʠʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʩʪʘʥʜʘʨʪʘʤ [2 c. 193-194]. ɼʠʘʣʦʛʦʚʘʷ ʤʦʜʝʣʴ 

ʯʘʪ-ʙʦʪʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ HARMONIUS ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʟʘʧʨʦʩʘʤ 

ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʦʩʤʳʩʣʝʥʥʳʝ ʠ ʢʦʨʨʝʢʪʥʳʝ ʦʪʚʝʪʳ [3].  
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ʈʠʩ. 1. ʇʦʷʩʥʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ 

 

ʏʘʪ-ʙʦʪ ʘʥʘʣʠʟʠʨʫʝʪ ʩʦʜʝʨʞʘʥʠʝ ʩʦʦʙʱʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʫʯʠʪʳʚʘʝʪ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʢʦʥʪʝʢʩʪ ʙʝʩʝʜʳ ʠ ʧʦʜʙʠʨʘʝʪ ʧʦʜʭʦʜʷʱʠʝ ʧʦ ʪʦʥʫ ʠ ʩʤʳʩʣʫ ʦʪʚʝʪʳ, 

ʜʝʤʦʥʩʪʨʠʨʫʷ ʵʤʧʘʪʠʶ ʠ ʩʦʯʫʚʩʪʚʠʝ (ʨʠʩ. 1). ʆʥ ʩʧʦʩʦʙʝʥ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʠʭ ʩʦʦʙʱʝʥʠʡ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʦʪʚʝʪʳ, ʚʢʣʶʯʘʷ ʙʘʟʦʚʳʝ 

ʤʝʪʦʜʠʢʠ ʢʦʛʥʠʪʠʚʥʦ-ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʪʝʨʘʧʠʠ, ʧʩʠʭʦʘʥʘʣʠʟʘ ʠ ʜʨʫʛʠʭ ʧʦʜʭʦʜʦʚ, ʯʪʦʙʳ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʧʦʜʜʝʨʞʢʫ, ʨʝʣʝʚʘʥʪʥʫʶ ʠʭ ʩʦʩʪʦʷʥʠʶ [4]. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʟʨʘʙʦʪʢʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ 

ʩʮʝʥʘʨʠʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʨʠʩ. 2), ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʚʳʷʚʠʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʜʝʡʩʪʚʠʷ, 

ʚʳʧʦʣʥʷʝʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʩʠʩʪʝʤʦʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʧʦʤʦʱʠ ʜʠʘʛʨʘʤʤʳ ʧʨʝʮʝʜʝʥʪʦʚ 

ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʩʤʦʪʨ ʠʩʪʦʨʠʠ ʯʘʪʦʚ, 

ʩʦʭʨʘʥʝʥʠʝ ʠʩʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʩʦʦʙʱʝʥʠʡ ʚ ʢʦʥʪʝʢʩʪʝ ʚʩʝʡ ʠʩʪʦʨʠʠ ʯʘʪʦʚ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʪʦʯʥʦʡ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʨʘʙʦʪʝ ʀʀ-ʩʠʩʪʝʤʳ. 

ɸʥʘʣʠʟ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʪʦʨʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʩʠʩʪʝʤʦʡ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ, ʧʦʟʚʦʣʷʷ ʩʠʩʪʝʤʝ ʫʯʠʪʳʚʘʪʴ ʢʦʥʪʝʢʩʪ ʠ ʠʩʪʦʨʠʶ 

ʦʙʱʝʥʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʚʝʪʘ [1]. 
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ʈʠʩ. 2. Use-case ʜʠʘʛʨʘʤʤʘ 

 

ʄʦʜʝʣʴ ʩʮʝʥʘʨʠʝʚ (ʨʠʩ. 2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʘʛʨʘʤʤʫ ʧʨʝʮʝʜʝʥʪʦʚ ʜʣʷ ʩʠʩʪʝʤʳ 

ʯʘʪʦʚ. ʅʘ ʥʝʡ ʦʪʦʙʨʘʞʝʥʳ ʚʩʝʚʦʟʤʦʞʥʳʝ ʩʮʝʥʘʨʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ, 

ʘ ʪʘʢʞʝ ʢʣʶʯʝʚʳʝ ʦʧʝʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʱʝʥʠʷ. 

1. ʅʘʯʘʪʴ ʯʘʪ ï ʦʩʥʦʚʥʦʡ ʧʨʝʮʝʜʝʥʪ, ʠʥʠʮʠʠʨʫʶʱʠʡ ʩʝʩʩʠʶ ʯʘʪʘ. 

2. ʇʨʦʚʝʩʪʠ ʩʝʘʥʩ ï ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʚʝʜʝʥʠʝ ʩʝʘʥʩʘ ʯʘʪʘ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɺ ʵʪʦʤ 

ʧʨʦʮʝʩʩʝ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴ ʠʩʪʦʨʠʶ ʯʘʪʦʚ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʦʙʱʝʥʠʷ. 

3. ɺʳʙʨʘʪʴ ʯʘʪ ʠʟ ʠʩʪʦʨʠʠ ï ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʧʨʝʜʳʜʫʱʠʝ ʯʘʪʳ ʠ 

ʚʳʙʠʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ. 

4. ʆʪʧʨʘʚʠʪʴ ʩʦʦʙʱʝʥʠʝ ï ʦʧʝʨʘʮʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʪʧʨʘʚʣʷʪʴ 

ʩʦʦʙʱʝʥʠʷ ʩʠʩʪʝʤʝ. 

5. ʇʦʣʫʯʠʪʴ ʦʪʚʝʪ ï ʧʨʝʮʝʜʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʦʪʚʝʪ ʥʘ 

ʦʪʧʨʘʚʣʝʥʥʦʝ ʩʦʦʙʱʝʥʠʝ. 

6. ɸʥʘʣʠʟ ʩʦʦʙʱʝʥʠʷ ʠ ʛʝʥʝʨʘʮʠʷ ʦʪʚʝʪʘ ï ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʩʦʦʙʱʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʪʚʝʪʘ. 

7. ɸʥʘʣʠʟ ʩʦʦʙʱʝʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʚʩʝʡ ʠʩʪʦʨʠʠ ʯʘʪʦʚ ï ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʩʦʦʙʱʝʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝ ʚʩʝʡ ʠʩʪʦʨʠʠ ʯʘʪʦʚ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʪʦʯʥʳʡ ʦʪʚʝʪ. 



 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

200 

8. ɸʥʘʣʠʟ ʩʦʦʙʱʝʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʠʩʪʦʨʠʠ ʯʘʪʦʚ ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʦʙʱʝʥʠʷ 

ʩ ʫʯʝʪʦʤ ʪʦʣʴʢʦ ʪʝʢʫʱʝʡ ʩʝʩʩʠʠ ʯʘʪʘ. 

ʉʚʷʟʠ ʤʝʞʜʫ ʧʨʝʮʝʜʝʥʪʘʤʠ ʦʪʦʙʨʘʞʘʶʪ ʚʢʣʶʯʝʥʠʝ (includes) ʠʣʠ ʨʘʩʰʠʨʝʥʠʝ (extends) 

ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ 

ɺ ʮʝʣʷʭ ʪʝʩʪʠʨʦʚʘʥʠʷ HARMONIUS ʧʨʦʰʝʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʘʧʨʦʙʘʮʠʶ ʩ ʫʯʘʩʪʠʝʤ 

ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ 

ʙʦʪʦʤ ʧʦʜʜʝʨʞʢʠ, ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʜʠʘʣʦʛʦʚʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʠ ʢ ʘʜʘʧʪʘʮʠʠ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʵʤʦʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

HARMONIUS ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʪʦʪʠʧ ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʧʩʠʭʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʮʝʣʷʭ. ɺ ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʪʚʝʪʦʚ ʠ ʨʘʩʰʠʨʝʥʠʝ ʙʘʟʳ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʘʢʪʫʘʣʴʥʦʩʪʴʶ. ʏʘʪ-ʙʦʪ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʜʣʷ ʥʘʯʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʘʥʘʣʠʟʘ 

ʩʦʩʪʦʷʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩ ʜʘʣʴʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʢ ʩʧʝʮʠʘʣʠʩʪʘʤ [5]. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʦʙʣʘʩʪʠ ʧʩʠʭʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʧʦʜʭʦʜʦʚ ʢ ʦʢʘʟʘʥʠʶ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʧʦʤʦʱʠ [1]. ʀʀ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ 

ʧʦʪʝʥʮʠʘʣ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʢʦʨʨʝʢʮʠʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʧʘʮʠʝʥʪʘʤ 

ʜʦʩʪʫʧ ʢ ʙʦʣʝʝ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤ ʠ ʦʧʝʨʘʪʠʚʥʳʤ ʨʝʰʝʥʠʷʤ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

ʩʧʦʩʦʙʝʥ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʷ ʠ ʪʝʨʘʧʠʠ, ʩʦʟʜʘʚʘʷ ʫʩʣʦʚʠʷ ʜʣʷ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʩʠʭʦʣʦʛʠʶ [2]. 

ʅʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʠ ʵʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʥʝʜʨʝʥʠʝʤ ʀʀ ʚ ʧʩʠʭʠʘʪʨʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ. ɺʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʘʣʛʦʨʠʪʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʦʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ, ʥʦ ʠ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʠʭ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ [3].  

ʇʨʦʝʢʪ ʧʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʧʦʤʦʱʠ ʥʘ ʦʩʥʦʚʝ ʀʀ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʦʩʪʫʧʥʳʭ, ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ. ɺʘʞʥʦ, ʯʪʦʙʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʫʯʠʪʳʚʘʣʠʩʴ ʢʘʢ 

ʪʝʭʥʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʛʫʤʘʥʠʪʘʨʥʳʝ ʘʩʧʝʢʪʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʛʘʨʤʦʥʠʯʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ ʠ ʤʘʰʠʥʦʡ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʧʦʤʦʱʴ ʥʝ 

ʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʡ ʧʩʠʭʦʣʦʛʠʠ, ʥʦ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʣʶʜʝʡ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʜʝʨʞʢʝ. 

ʃʠʪʝʨʘʪʫʨʘ  
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ʂʨʘʰʝʥʠʥʠʥʘ ɸ.ʄ., ʃʦʩʝʚʘ ʄ.ɺ., ɼʝʥʴʱʠʢ ɼ.ɼ., ʄʘʣʢʠʥ ɺ.ɸ. 

ʋʨʘʣʴʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ  

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʠ 

ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ 

ɼʆʈʆɾʅʓʄ ɼɺʀɾɽʅʀɽʄ 

ʈʦʩʪ ʛʦʨʦʜʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, ʨʦʩʪʫ ʚʨʝʤʝʥʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʟʜʝʨʞʝʢ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ, ʪʘʢʠʝ ʢʘʢ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʮʠʢʣʳ ʩʚʝʪʦʬʦʨʦʚ ʠ ʘʜʘʧʪʠʚʥʳʝ ʩʠʩʪʝʤʳ 

ʪʠʧʘ SCATS, ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʜʠʥʘʤʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʨʘʬʠʢʘ [1, ʩ. 

45]. 

ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʜʠʥʘʤʠʯʝʩʢʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʧʦʪʦʢʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʫʯʠʪʳʚʘʷ ʘʢʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʜʦʨʦʛ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ (DQN) ʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʫʣʫʯʰʘʶʪ 

ʫʧʨʘʚʣʝʥʠʝ ʩʚʝʪʦʬʦʨʘʤʠ, ʩʦʢʨʘʱʘʷ ʟʘʜʝʨʞʢʠ ʠ ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʠʩʪʝʤʳ [4, ʩ. 5]. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɺʚʝʜʝʥʠʝ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʟʚʦʣʷʝʪ: 

¶ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʧʝʨʝʢʨʸʩʪʢʘʭ; 

¶ ʫʤʝʥʴʰʠʪʴ ʜʣʠʥʫ ʦʯʝʨʝʜʝʡ; 

¶ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʥʦʚʦʢ; 

¶ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʩʪʦʝʚ ʠ ʨʝʟʢʠʭ 

ʫʩʢʦʨʝʥʠʡ [2, ʩ. 102]. 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʚ ʚʠʜʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʦʪʦʢʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ [1, ʩ. 89]; 

¶ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LSTM ʜʣʷ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʜʦʨʦʛ [5, ʩ. 190]; 

¶ ʦʧʪʠʤʠʟʘʮʠʷ ʬʘʟ ʩʚʝʪʦʬʦʨʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʩ 

ʧʦʜʢʨʝʧʣʝʥʠʝʤ (DQN) [4, ʩ. 8]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʩʠʤʫʣʷʮʠʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʜʘʥʥʳʭ 

ʨʝʘʣʴʥʦʛʦ ʛʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʦʨʦʞʥʦʡ ʩʝʪʠ. 

ɼʦʨʦʞʥʘʷ ʩʝʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ G= (V, E), ʛʜʝ: 

V ï ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʢʨʝʩʪʢʘʤ, E ï ʤʥʦʞʝʩʪʚʦ ʨʸʙʝʨ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʜʦʨʦʛʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʧʝʨʝʢʨʸʩʪʢʠ. 

ʂʘʞʜʦʝ ʨʝʙʨʦ Ὡ‭Ὁ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 
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¶ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ὅ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ; 

¶ ʜʣʠʥʘ ʜʦʨʦʛʠ ὒ ï ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʷ ʧʨʦʝʟʜʘ; 

¶ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ὺ ὸ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʟʘʛʨʫʞʝʥʥʦʩʪʠ; 

¶ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ὴ ὸ ï ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʫʯʘʩʪʢʝ ʢ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʚʤʝʩʪʠʤʦʩʪʠ. 

ʉʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʦʧʠʩʳʚʘʝʪʩʷ ʚʝʢʪʦʨʦʤ: 

Ὓὸ ὴ ὸȟὺ ὸȟὅ ȟᶅὩ‭Ὁ 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LSTM. 

ɼʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʜʦʨʦʛ ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʝʣʴ ʜʦʣʛʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ 

ʧʘʤʷʪʠ (LSTM), ʩʧʦʩʦʙʥʘʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʜʘʥʥʳʭ [5, ʩ. 193]. 

ʆʙʫʯʝʥʥʘʷ LSTM-ʤʦʜʝʣʴ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ὴ ὸ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ:  

ὴ ὸ ρ Ὢ ὴ ὸȟὴ ὸ ρȟȣȟὴ ὸ ὲ  

ʛʜʝ Ὢ ï ʬʫʥʢʮʠʷ, ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʘʷ ʚʝʩʘʤʠ ʥʝʡʨʦʩʝʪʠ, ʘ ὲ ï ʜʣʠʥʘ ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ. 

ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ: 

ὒ—
ρ

ὔ
 ὴ ὸ ρ ὴ ὸ ρ  

ʆʧʪʠʤʠʟʘʮʠʷ ʩʚʝʪʦʬʦʨʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʦʙʫʯʝʥʠʝʤ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ (DQN). 

ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʬʦʨʘʤʠ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʦʙʫʯʝʥʠʷ ʩ 

ʧʦʜʢʨʝʧʣʝʥʠʝʤ (RL), ʛʜʝ: 

¶ ʘʛʝʥʪ ï ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʬʦʨʘʤʠ; 

¶ ʩʨʝʜʘ ï ʜʦʨʦʞʥʘʷ ʩʝʪʴ ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʦʢʠ; 

¶ ʩʦʩʪʦʷʥʠʝ ί ï ʪʝʢʫʱʘʷ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʧʝʨʝʢʨʸʩʪʢʘ; 

¶ ʜʝʡʩʪʚʠʝ ὥ ï ʚʳʙʦʨ ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʘʟ ʩʚʝʪʦʬʦʨʘ; 

¶ ʥʘʛʨʘʜʘ ὶ ï ʚʝʣʠʯʠʥʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʫʤʝʥʴʰʝʥʠʷ ʟʘʜʝʨʞʝʢ ʜʚʠʞʝʥʠʷ. 

ʎʝʣʴ ʘʛʝʥʪʘ ï ʤʠʥʠʤʠʟʘʮʠʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ W ʥʘ ʧʝʨʝʢʨʸʩʪʢʘʭ: 

ὡ
ρ

ὓ
‫  

ʛʜʝ ‫  ï ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ i-ʛʦ ʘʚʪʦʤʦʙʠʣʷ ʥʘ j-ʤ ʧʝʨʝʢʨʸʩʪʢʝ. ɸʛʝʥʪ ʦʙʫʯʘʝʪʩʷ, ʦʙʥʦʚʣʷʷ 

ʬʫʥʢʮʠʶ ʮʝʥʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ὗίȟὥ  ʧʦ ʘʣʛʦʨʠʪʤʫ Q-ʦʙʫʯʝʥʠʷ: 

ὗίȟὥ ὗίȟὥ ‌ὶ ‎άὥὼ ὗί ȟὥ ὗίȟὥ  

ʛʜʝ ‌ ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʫʯʝʥʠʷ, ‎ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ ʙʫʜʫʱʠʭ ʥʘʛʨʘʜ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʣʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʨʠʢʠ: 

¶ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ W; 

¶ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʦʯʝʨʝʜʝʡ Q; 

¶ ʦʙʱʝʝ ʯʠʩʣʦ ʦʩʪʘʥʦʚʦʢ ʥʘ ʧʝʨʝʢʨʝʩʪʢʘʭ S; 
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¶ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ CO  E [3, ʩ. 2230]. 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʤʝʞʜʫ: 

¶ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʬʘʟʘʤʠ ʩʚʝʪʦʬʦʨʦʚ; 

¶ ʘʜʘʧʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʪʠʧʘ SCATS; 

¶ ʦʙʫʯʝʥʥʦʡ DQN-ʤʦʜʝʣʴʶ ʚ ʩʨʝʜʝ Gym. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʨʠʩ. 2) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ DQN ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʠ ʫʣʫʯʰʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ 

ʩʫʪʦʢ, ʛʜʝ ʦʩʴ ʘʙʩʮʠʩʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʘʤ ʩʫʪʦʢ, ʘ ʦʩʴ ʦʨʜʠʥʘʪ ï ʥʦʤʝʨʘʤ ʜʦʨʦʛ. ʎʚʝʪʦʚʘʷ 

ʰʢʘʣʘ ʦʪʦʙʨʘʞʘʝʪ ʫʨʦʚʝʥʴ ʟʘʛʨʫʞʝʥʥʦʩʪʠ: ʩʠʥʠʡ ʮʚʝʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠʟʢʦʤʫ ʫʨʦʚʥʶ 

ʪʨʘʬʠʢʘ, ʘ ʢʨʘʩʥʳʡ ï ʚʳʩʦʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ. 

 

 
 

ʈʠʩ. 1. ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʜʦʨʦʛ ɽʢʘʪʝʨʠʥʙʫʨʛʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ,  

ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ DQN ʠ ʩʨʝʜʳ Gym  

 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ DQN, ʦʙʫʯʝʥʥʘʷ ʚ ʩʨʝʜʝ 

Gym. ɸʛʝʥʪ DQN ʦʧʪʠʤʠʟʠʨʦʚʘʣ ʬʘʟʳ ʩʚʝʪʦʬʦʨʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʤʠʥʠʤʠʟʠʨʫʷ ʩʨʝʜʥʝʝ 

ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ. ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʤʦʜʝʣʠ ʩʣʫʞʠʣʠ ʪʝʢʫʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ʪʨʘʬʠʢʘ, ʘ ʚʳʭʦʜʥʳʤʠ ï Q-ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʦʟʤʦʞʥʳʭ ʜʝʡʩʪʚʠʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʛʝʥʝʨʘʮʠʠ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʤʦʜʝʣʠʨʫʶʱʠʝ 

ʧʠʢʦʚʳʝ ʥʘʛʨʫʟʢʠ ʠ ʩʣʫʯʘʡʥʳʝ ʬʣʫʢʪʫʘʮʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ DQN ʚ ʘʜʘʧʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ 

ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʨʪʘ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʙʳʣʘ ʩʦʟʜʘʥʘ ʥʘ 
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ʦʩʥʦʚʝ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʦʙʲʝʢʪʠʚʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʠʥʘʤʠʢʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ. 

 

 
 

ʈʠʩ. 2. ɻʨʘʬʠʢ ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʬʦʨʘʤʠ ʩ DQN 

 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ 

ʧʝʨʝʢʨʸʩʪʢʘʭ ʜʦ ʠ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʛʣʫʙʦʢʦʡ Q-ʩʝʪʠ (DQN) ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʬʦʨʘʤʠ, ʛʜʝ ʢʨʘʩʥʘʷ ʣʠʥʠʷ ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʜʦ ʚʥʝʜʨʝʥʠʷ DQN, 

ʟʝʣʸʥʘʷ ʣʠʥʠʷ ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ DQN. 

ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ DQN ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ 

ʟʘʜʝʨʞʝʢ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʧʝʨʝʢʨʝʩʪʢʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʚ 

ʘʜʘʧʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʬʘʟʘʤʠ ʩʚʝʪʦʬʦʨʦʚ, ʩʥʠʞʘʷ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʪʨʘʥʩʧʦʨʪʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʜʦʨʦʛ ʥʘ 

ʦʩʥʦʚʝ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (LSTM) ʠ ʘʜʘʧʪʠʚʥʦʝ ʩʚʝʪʦʬʦʨʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ (DQN). ʈʝʟʫʣʴʪʘʪʳ ʩʠʤʫʣʷʮʠʠ ʚ ʩʨʝʜʝ Gym 

ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʤʝʪʦʜʘʭ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʧʨʝʚʦʩʭʦʜʠʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʮʠʢʣʳ ʩʚʝʪʦʬʦʨʦʚ ʠ 

ʘʜʘʧʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʪʠʧʘ SCATS. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʣʛʦʨʠʪʤ DQN ʧʦʟʚʦʣʠʣ ʜʠʥʘʤʠʯʝʩʢʠ 

ʠʟʤʝʥʷʪʴ ʬʘʟʳ ʩʚʝʪʦʬʦʨʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʤʠʥʠʤʠʟʘʮʠʶ ʟʘʜʝʨʞʝʢ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʜʚʠʞʝʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʝ ʫʩʧʝʭʠ, ʦʩʪʘʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ: 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʠ ʢʘʤʝʨ ʥʘʙʣʶʜʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ; 
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¶ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʦʨʦʞʥʳʭ ʩʠʪʫʘʮʠʡ, ʚʢʣʶʯʘʷ ʘʚʘʨʠʠ ʠ ʠʟʤʝʥʝʥʠʝ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʤʦʜʝʣʠ ʢ ʥʝʩʪʘʥʜʘʨʪʥʳʤ ʫʩʣʦʚʠʷʤ. 
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ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʉɽɻʄɽʅʊɸʎʀʗ ʇɸʊʆʃʆɻʀʏɽʉʂʀʍ ʀɿʄɽʅɽʅʀʁ ʉɽʊʏɸʊʂʀ  

ʄɽʊʆɼʆʄ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ 

ɼʠʘʙʝʪ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʩʠʩʪʝʤ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚʦ ʚʩʝʤ ʤʠʨʝ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʜʠʘʙʝʪʘ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ, ʦʩʦʙʝʥʥʦ ʫ ʚʟʨʦʩʣʳʭ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ 

ʚʦʟʨʘʩʪʘ. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʫ ʧʦʣʦʚʠʥʳ ʣʶʜʝʡ ʩ ʜʠʘʙʝʪʦʤ ʩʦ ʚʨʝʤʝʥʝʤ ʨʘʟʚʠʚʘʝʪʩʷ 

ʨʝʪʠʥʦʧʘʪʠʷ, ʧʨʠ ʵʪʦʤ ʜʠʘʙʝʪʠʯʝʩʢʠʡ ʤʘʢʫʣʷʨʥʳʡ ʦʪʝʢ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ 

ʧʨʠʯʠʥʦʡ ʧʦʪʝʨʠ ʟʨʝʥʠʷ [2]. ʉʦʦʙʱʘʝʤʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʨʝʪʠʥʦʧʘʪʠʠ 

(ɼʈ) ʫ ʣʠʮ ʩ ʜʠʘʙʝʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʜʘʞʝ ʩʨʝʜʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʪʨʘʥʝ, ʥʦ, ʚʝʨʦʷʪʥʦ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40% [3-5]. 

ʕʪʦ ʟʘʙʦʣʝʚʘʥʠʝ ʯʘʱʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʠ ʜʠʘʙʝʪʝ 1 ʪʠʧʘ, ʯʝʤ ʧʨʠ ʜʠʘʙʝʪʝ 2 ʪʠʧʘ, ʘ ʫʛʨʦʞʘʶʱʝʝ 

ʟʨʝʥʠʶ ʟʘʙʦʣʝʚʘʥʠʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 10%. ʇʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʜʠʘʙʝʪʠʯʝʩʢʘʷ 

ʨʝʪʠʥʦʧʘʪʠʷ (ʇɼʈ) ʧʦʨʘʞʘʝʪ 5ï10% ʥʘʩʝʣʝʥʠʷ ʩ ʜʠʘʙʝʪʦʤ. ʆʩʦʙʦʤʫ ʨʠʩʢʫ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʜʠʘʙʝʪʠʢʠ 1 ʪʠʧʘ: ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 90% ʧʦʩʣʝ 30 ʣʝʪ. ɼʠʘʙʝʪʠʯʝʩʢʘʷ ʨʝʪʠʥʦʧʘʪʠʷ 

(ɼʈ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʪʷʞʸʣʳʭ ʦʩʣʦʞʥʝʥʠʡ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ. ɼʠʘʛʥʦʩʪʠʢʘ 

ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʨʝʪʠʥʦʧʘʪʠʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʛʣʘʟʥʦʛʦ ʜʥʘ ʩ 

ʧʦʤʦʱʴʶ ʦʬʪʘʣʴʤʦʩʢʦʧʠʠ ʠ ʮʠʬʨʦʚʳʭ ʬʫʥʜʫʩ-ʢʘʤʝʨ. ʀʟ-ʟʘ ʨʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ ʛʣʘʟʥʦʛʦ ʜʥʘ ʩʝʪʯʘʪʢʠ ʚʳʷʚʣʝʥʠʝ ʪʘʢʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʢʘʢ 

ʤʠʢʨʦʘʥʝʚʨʠʟʤʳ, ʵʢʩʩʫʜʘʪʳ, ʢʨʦʚʦʠʟʣʠʷʥʠʷ, ʤʝʞʨʝʪʠʥʘʣʴʥʳʝ ʤʠʢʨʦʩʦʩʫʜʠʩʪʳʝ ʘʥʦʤʘʣʠʠ, 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤ ʠ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʬʪʘʣʴʤʦʩʢʦʧʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʘʟʥʦʛʦ ʜʥʘ ʷʚʣʷʶʪʩʷ ʪʨʫʜʦʝʤʢʠʤʠ 

ʧʨʦʮʝʜʫʨʘʤʠ, ʚʳʧʦʣʥʷʝʤʳʤʠ ʚʨʫʯʥʫʶ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʩʫʙʲʝʢʪʠʚʥʳ ʠ ʟʘʚʠʩʷʪ ʦʪ ʦʧʳʪʘ ʚʨʘʯʘ, 

ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʥʝʢʦʪʦʨʫʶ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʧʨʝʜʚʟʷʪʦʩʪʴ. ʉʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ɼʈ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʘʥʘʣʠʟʘ ʬʫʥʜʫʩ-ʠʟʦʙʨʘʞʝʥʠʡ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ ʜʠʘʛʥʦʩʪʠʢʠ, ʥʦ ʠ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʦʤʦʛʘʷ ʦʬʪʘʣʴʤʦʣʦʛʘʤ ʧʨʠʥʠʤʘʪʴ ʢʣʠʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ ʚ ʘʥʘʣʠʟʝ ʧʘʪʦʣʦʛʠʡ ʩʝʪʯʘʪʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʪʦʯʥʳʭ ʤʦʜʝʣʝʡ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʨʠʩʢʘ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʣʝʯʝʥʠʶ ʧʘʮʠʝʥʪʦʚ ʩ ʜʠʘʙʝʪʠʯʝʩʢʦʡ 

ʨʝʪʠʥʦʧʘʪʠʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʜʣʷ ʜʝʪʝʢʮʠʠ ɼʈ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʥʝʨʝʰʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʘʜʘʧʪʘʮʠʝʡ ʵʪʠʭ ʤʦʜʝʣʝʡ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʘʥʘʣʠʟʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʘʮʠʝʥʪʦʚ. ʆʜʥʠʤ 

ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʘʪʦʣʦʛʠʡ ʩʝʪʯʘʪʢʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʜʝʪʝʢʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʨʝʪʠʥʦʧʘʪʠʠ. 
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ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʘʥʘʣʠʟʝ 

ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʨʝʪʠʥʦʧʘʪʠʠ, ʩʪʘʚʷʪ ʟʘʜʘʯʫ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [1]. ʆʜʥʘʢʦ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʘʛʥʦʟʘ ʫ ʧʘʮʠʝʥʪʘ, ʥʦ ʠ ʝʛʦ ʩʪʘʜʠʷ, ʜʠʥʘʤʠʢʘ 

ʨʘʟʚʠʪʠʷ ʧʘʪʦʣʦʛʠʡ. ʊʘʢʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʙʣʘʛʦʜʘʨʷ ʜʝʪʝʢʮʠʠ ʠ ʩʝʛʤʝʥʪʘʮʠʠ 

ʧʦʨʘʞʝʥʠʡ ʠ ʤʥʦʛʦʢʣʘʩʩʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ. ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ çDiabetic 

retinopathy detection using red lesion localization and convolutional neural networksè ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ VGG16 ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʠʟʥʘʢʠ 

ʨʝʪʠʥʦʧʘʪʠʠ, ʥʦ ʠ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʧʘʪʦʣʦʛʠʡ [12]. ʅʘʠʣʫʯʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ AUC = 

0.912, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ MESSIDOR. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʢʦʤʙʠʥʘʮʠʷ ʜʚʫʭ ʘʨʭʠʪʝʢʪʫʨ ï VGG-19 ʠ Inception-v3, ʦʙʫʯʝʥʥʳʝ ʥʘ ImageNet. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʲʝʜʠʥʠʣʠ 

ʧʨʠʟʥʘʢʠ, ʠʟʚʣʝʯʝʥʥʳʝ ʠʟ ʜʚʫʭ ʤʦʜʝʣʝʡ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʝʪʯʘʪʢʠ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʧʘʪʯʠ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʣʢʠʭ ʦʙʲʝʢʪʦʚ. ɿʘʪʝʤ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʜʘʚʘʣʠʩʴ ʥʘ ʚʭʦʜ ʜʚʫʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʝʥʥʳʤ ʤʦʜʝʣʷʤ, ʛʜʝ ʧʨʦʭʦʜʠʣʦ 

ʠʟʚʣʝʯʝʥʠʝ ʧʨʠʟʥʘʢʦʚ. ɼʘʣʝʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʦʙʲʝʜʠʥʷʣʠʩʴ, ʠ ʠʪʦʛʦʚʳʡ ʚʝʢʪʦʨ 

ʦʪʧʨʘʚʣʷʣʩʷ ʚ ʢʣʘʩʩʠʬʠʢʘʪʦʨ. ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʠʥʘʨʥʘʷ ʢʨʦʩʩ-

ʵʥʪʨʦʧʠʷ, ʘ ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ. ɺ 

ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʥʝ ʙʦʣʝʝ 250 ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʙʦʣʝʝ 15000 ʧʘʪʯʝʡ ʩ ʘʥʝʚʨʠʟʤʘʤʠ ʠ 45000 ʧʘʪʯʝʡ ʙʝʟ 

ʘʥʝʚʨʠʟʤʦʚ. ɹʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ 87%, ʪʦʯʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 96%, ʘ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ 95% [6]. MobileNet V3-Small ʙʳʣʘ ʦʙʫʯʝʥʘ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʪʘʜʠʡ 

ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʨʝʪʠʥʦʧʘʪʠʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʬʫʥʜʫʩ-ʢʘʤʝʨ [11]. ɼʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʙʳʣʘ 

ʩʧʝʮʠʘʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ 

ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚ ʩʨʝʜʥʝʤ 

ʠʤʝʝʪ ʧʦʢʘʟʘʪʝʣʠ ʙʦʣʝʝ 92% ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ, ʘ ʪʦʯʥʦʩʪʴ ʙʦʣʝʝ 95%. ʄʦʜʝʣʴ, ʧʨʝʜʣʦʞʝʥʥʘʷ 

ʚ 2021 ʛʦʜʫ, ʩʦʩʪʦʠʪ ʠʟ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ CNN512 ʠ ʘʨʭʠʪʝʢʪʫʨʳ You Only Look 

Once (YOLO-v3) [1]. ʂʦʤʙʠʥʘʮʠʷ ʜʚʫʭ ʘʨʭʠʪʝʢʪʫʨ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʩʪʘʜʠʷʤ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʦ ʠ ʚʳʷʚʣʷʪʴ ʫʯʘʩʪʢʠ ʧʦʨʘʞʝʥʠʷ. ʇʨʝʜʩʢʘʟʘʥʠʷ 

CNN512 ʠ YOLOv3 ʫʩʨʝʜʥʷʶʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʧʦʩʪʘʚʠʪʴ ʜʠʘʛʥʦʟ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʩʪʘʜʠʶ. ʏʪʦʙʳ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ 

ʫ ʧʘʮʠʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩʝʛʤʝʥʪʘʮʠʶ ʢʨʦʚʦʠʟʣʠʷʥʠʡ, ʤʠʢʨʦʘʥʝʚʨʠʟʤʦʚ, 

ʵʢʩʩʫʜʘʪʦʚ. ʉʝʛʤʝʥʪʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʨʘʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ YOLO 

ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦʨʘʞʝʥʠʡ, ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ [8]. ɸʚʪʦʨʳ ʜʘʥʥʦʡ 

ʩʪʘʪʴʠ ʩʨʘʚʥʠʣʠ ʜʚʝ ʘʨʭʠʪʝʢʪʫʨʳ YOLOv8 ʠ YOLOv9, ʢʦʪʦʨʳʝ ʥʝ ʪʨʝʙʫʶʪ ʩʣʦʞʥʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ ʠʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ 

ʦʢʘʟʘʣʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʤʦʜʝʣʠ ʥʝ 

ʥʫʞʜʘʶʪʩʷ ʚ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʘʭ ʠ ʫʛʣʫʙʣʝʥʥʦʡ ʧʦʜʛʦʪʦʚʢʝ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʧʨʦʚʝʜʝʥʥʦʤ ʚ 2023 ʛʦʜʫ, ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʤʥʦʛʦʟʘʜʘʯʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ (MTL), ʢʦʪʦʨʘʷ 

ʧʦʩʪʨʦʝʥʘ ʥʘ ʧʦʣʫ-ʧʨʦʚʦʜʠʤʦʤ ʦʙʫʯʝʥʠʠ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ 
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ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʚʝʨʪʦʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ U-net, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ. ʅʘ ʵʪʘʧʝ ʥʝʧʦʜʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʥʝʨʘʟʤʝʯʝʥʥʳʝ 

ʜʘʥʥʳʝ, ʯʪʦ ʩʥʠʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʦʪ ʨʘʟʤʝʪʢʠ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ [10]. ʇʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʥʘʙʦʨʝ ʦʙʫʯʘʶʱʠʭ 

ʜʘʥʥʳʭ ʪʨʘʥʩʬʝʨʥʦʝ ʦʙʫʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ. ʊʘʢ ʢʘʢ 

ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʬʫʥʜʫʩ-ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʳʤ, ʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʞʝ ʦʙʫʯʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʥʘʧʨʘʚʣʝʥʥʦʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʩʘʤʙʣʷ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʠ ʥʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʫʯʝʥʳ ʥʘ ImageNet: Inception-v3, ResNet101 ʠ DenseNet121 [9]. 

ʆʙʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ Kaggle, ʘ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʣʦʢʘʣʴʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ 

ʧʘʮʠʝʥʪʦʚ ʠʟ ʊʘʡʚʘʥʷ. ʅʘʠʚʳʩʰʫʶ ʪʦʯʥʦʩʪʴ ʧʦʢʘʟʘʣʘ ʤʦʜʝʣʴ Inception-v3 ʨʘʚʥʫʶ 85.23%, ʯʪʦ 

ʜʝʣʘʝʪ ʜʘʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʳ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʜʥʘʢʦ 

ʘʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʢ ʥʦʚʳʤ ʜʘʥʥʳʤ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʪʣʠʯʥʳʤʠ ʦʪ ʦʪʜʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʨʘʟʙʨʦʩʫ ʨʝʟʫʣʴʪʘʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠ ʟʘʚʠʩʠʪ ʥʘʧʨʷʤʫʶ ʦʪ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ, 

ʦʪ ʠʭ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ. ɽʱʝ ʦʜʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦ ʚʘʞʥʦʩʪʠ ʪʦʯʥʦʩʪʠ ʜʘʥʥʳʭ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ 2022 ʛʦʜʫ. ɸʚʪʦʨʳ ʦʮʝʥʠʣʠ ʪʦʯʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʨʝʪʠʥʦʧʘʪʠʠ ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʛʣʘʟʥʦʛʦ ʜʥʘ. ʕʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʠʥʠʤʘʣʴʥʦ ʦʙʫʯʝʥʥʳʤʠ ʨʘʙʦʪʥʠʢʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʤʠʜʨʠʘʪʠʯʝʩʢʠʭ 

ʨʫʯʥʳʭ ʢʘʤʝʨ, ʯʪʦʙʳ ʦʪʨʘʟʠʪʴ ʨʝʘʣʴʥʳʝ ʩʮʝʥʘʨʠʠ ʩʢʨʠʥʠʥʛʘ ʨʝʪʠʥʦʧʘʪʠʠ ʚ ʀʥʜʠʠ. 

ʇʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʠʜʨʠʘʪʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ, ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʥʝʤʠʜʨʠʘʪʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ 

ʪʦʯʥʦʩʪʴ ʟʘʤʝʪʥʦ ʩʥʠʟʠʣʘʩʴ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʣʛʦʨʠʪʤʳ ʚʧʦʣʥʝ ʫʩʧʝʰʥʦ ʤʦʛʫʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ, ʫʩʧʝʰʥʦʝ ʚʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ [7]. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʘʥʘʣʠʟʝ ʠʟʦʙʨʘʞʝʥʠʡ ʬʫʥʜʫʩ-ʢʘʤʝʨ, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʟʘʜʘʯ: ʙʠʥʘʨʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʤʥʦʛʦʢʣʘʩʩʦʚʫʶ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʜʝʪʝʢʮʠʶ ʠ ʩʝʛʤʝʥʪʘʮʠʶ ʧʦʨʘʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ. ɹʠʥʘʨʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʘʥʘʣʠʟʠʨʫʝʪ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʚʳʜʘʝʪ ʦʜʥʦʟʥʘʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ: ʠʤʝʝʪʩʷ ʣʠ ʫ ʧʘʮʠʝʥʪʘ ʜʠʘʙʝʪʠʯʝʩʢʘʷ ʨʝʪʠʥʦʧʘʪʠʷ ʠʣʠ ʦʥ ʟʜʦʨʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʥʦʛʦʢʣʘʩʩʦʚʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʫʯʠʪʳʚʘʝʪ ʨʘʟʥʳʝ ʩʪʘʜʠʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʧʘʪʦʣʦʛʠʶ, ʥʦ ʠ ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʩʪʝʧʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ. ʇʨʦʮʝʩʩʳ 

ʜʝʪʝʢʮʠʠ ʠ ʩʝʛʤʝʥʪʘʮʠʠ ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ ʣʦʢʘʣʠʟʦʚʘʪʴ 

ʧʦʨʘʞʝʥʥʳʝ ʫʯʘʩʪʢʠ, ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʫʯʠʪʳʚʘʪʴ ʝʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʫ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʝʜʦʙʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʥʘʪʨʝʥʠʨʦʚʘʥʥʳʭ ʥʘ ʢʨʫʧʥʳʭ ʦʪʢʨʳʪʳʭ ʜʘʪʘʩʝʪʘʭ, ʘ ʪʘʢʞʝ ʠʭ 

ʢʦʤʙʠʥʘʮʠʷ, ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʜʠʘʛʥʦʩʪʠʢʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʦʬʪʘʣʴʤʦʣʦʛʦʚ. ʆʜʥʘʢʦ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʶʙʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʦʩʪʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ. ʂʘʯʝʩʪʚʝʥʥʘʷ 

ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʙʝʩʧʝʯʝʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʚʳʙʦʨʢʠ, ʫʯʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 
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ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʝʜʠʮʠʥʩʢʠʤ ʜʘʥʥʳʤ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʘʣʴʥʳʤ ʢʣʠʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ 

ï ʚʩʝ ʵʪʦ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʥʘʜʝʞʥʦʡ ʠ ʪʦʯʥʦʡ ʤʦʜʝʣʠ, ʩʧʦʩʦʙʥʦʡ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʡ ʦʬʪʘʣʴʤʦʣʦʛʠʠ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ 

ʩʥʠʤʢʦʚ ʛʣʘʟʥʦʛʦ ʜʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʘʜʠʷʤʠ ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʨʝʪʠʥʦʧʘʪʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʘʥʥʳʝ ʦʪʢʨʳʪʳʭ ʜʘʪʘʩʝʪʦʚ DIAREDB1, 2-e-Ophtha. ʇʨʦʮʝʩʩ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʦʭʦʜʠʣ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʠʩʭʦʜʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʨʘʟʤʝʯʝʥʥʳʝ ʚʨʫʯʥʫʶ, ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ ʚ 

ʧʨʦʛʨʘʤʤʫ, ʛʜʝ ʢʘʞʜʦʤʫ ʩʥʠʤʢʫ ʧʨʠʩʚʘʠʚʘʣʘʩʴ ʤʝʪʢʘ, ʫʢʘʟʳʚʘʶʱʘʷ ʥʘ ʝʛʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ 

ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʢʘʪʝʛʦʨʠʡ ï ʥʦʨʤʘ ʠʣʠ ʧʘʪʦʣʦʛʠʷ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʜʘʪʘʩʝʪʝ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʣʴʢʦ ʟʝʣʝʥʳʡ ʢʘʥʘʣ ʠʟʦʙʨʘʞʝʥʠʡ, ʪʘʢ ʢʘʢ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʴʰʫʶ 

ʢʦʥʪʨʘʩʪʥʦʩʪʴ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʩʪʨʫʢʪʫʨ ʛʣʘʟʥʦʛʦ ʜʥʘ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ, ʧʦʩʢʦʣʴʢʫ ʟʝʣʝʥʳʡ ʢʘʥʘʣ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʚʳʜʝʣʷʝʪ 

ʩʦʩʫʜʠʩʪʫʶ ʩʝʪʴ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʤʠʢʨʦʘʥʝʚʨʠʟʤʳ, ʢʨʦʚʦʠʟʣʠʷʥʠʷ ʠ 

ʵʢʩʩʫʜʘʪʳ. ʋʜʘʣʝʥʠʝ ʩʦʩʫʜʦʚ ʩ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʬʦʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʯʪʦ ʧʦʚʳʩʠʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʘʪʦʣʦʛʠʡ. ɿʘʪʝʤ ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʤʘʩʩʠʚʳ ʧʠʢʩʝʣʝʡ, ʧʦʩʣʝ ʯʝʛʦ ʵʪʠ ʤʘʩʩʠʚʳ ʢʦʥʚʝʨʪʠʨʦʚʘʣʠʩʴ ʚ ʪʝʥʟʦʨʳ, 

ʢʦʪʦʨʳʝ ʧʦʜʘʚʘʣʠʩʴ ʥʘ ʚʭʦʜ ʦʙʫʯʘʶʱʝʡ ʤʦʜʝʣʠ. ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 5 

ʵʧʦʭ, ʦʜʥʘʢʦ ʫʞʝ ʧʦʩʣʝ ʚʪʦʨʦʡ ʵʧʦʭʠ ʥʘʙʣʶʜʘʣʦʩʴ ʷʚʣʝʥʠʝ ʧʝʨʝʦʙʫʯʝʥʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʫʯʘʶʱʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʟ-ʟʘ ʯʝʛʦ ʤʦʜʝʣʴ ʥʘʯʠʥʘʣʘ ʟʘʧʦʤʠʥʘʪʴ 

ʜʘʥʥʳʝ ʚʤʝʩʪʦ ʦʙʦʙʱʝʥʠʷ. ʄʠʥʠʤʘʣʴʥʘʷ ʜʦʩʪʠʛʥʫʪʘʷ ʦʰʠʙʢʘ ʩʦʩʪʘʚʠʣʘ 2859,1054, ʘ ʝʝ 

ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ binary_crossentropy ʠʟ ʙʠʙʣʠʦʪʝʢʠ 

sklearn ʚ Python. ʅʘʠʙʦʣʴʰʘʷ ʪʦʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ, ʩʦʩʪʘʚʠʣʘ 0,9. ʄʝʪʨʠʢʘ 

ʚʳʯʠʩʣʷʣʘʩʴ ʢʘʢ çaccuracyè ʠʟ ʙʠʙʣʠʦʪʝʢʠ sklearn python. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʘ ʦʙʫʯʝʥʥʘʷ 

ʥʝʡʨʦʩʝʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʝʛʤʝʥʪʠʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʛʣʘʟʥʦʛʦ ʜʥʘ ʩ ʥʝʢʦʪʦʨʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʝʪʯʘʪʢʠ ʩ 

ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʨʝʪʠʥʦʧʘʪʠʝʡ. ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤʳ 

ʩʝʛʤʝʥʪʘʮʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ï ʚʩʣʝʜʩʪʚʠʝ ʜʠʘʙʝʪʘ ï ʠʟʤʝʥʝʥʠʡ ʩʝʪʯʘʪʢʠ ʤʝʪʦʜʦʤ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ɼʣʷ ʩʝʛʤʝʥʪʘʮʠʠ ʩʥʠʤʢʦʚ ʛʣʘʟʥʦʛʦ ʜʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʘʜʠʷʤʠ ʜʠʘʙʝʪʠʯʝʩʢʦʡ 

ʨʝʪʠʥʦʧʘʪʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʦʪʢʨʳʪʳʭ ʜʘʪʘʩʝʪʦʚ DIAREDB1, 2-e-Ophtha. ʂʘʞʜʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩʝʛʤʝʥʪʠʨʦʚʘʥʦ ʥʘ ʬʨʘʛʤʝʥʪʳ, ʘʥʥʦʪʠʨʦʚʘʥʥʳʝ ʚʨʫʯʥʫʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʙʨʘʙʦʪʢʘ ʢʘʞʜʦʛʦ ʩʥʠʤʢʘ ʛʣʘʟʥʦʛʦ ʜʥʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ɹʨʘʣʠʩʴ ʠʟʦʙʨʘʞʝʥʠʷ ʥʦʨʤʳ ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʘʪʦʣʦʛʠʝʡ ʛʣʘʟʥʦʛʦ ʜʥʘ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʢʘʞʜʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʟʜʝʣʷʣʦʩʴ ʥʘ ʮʚʝʪʦʚʳʝ ʢʘʥʘʣʳ. ɼʣʷ ʜʘʪʘʩʝʪʘ ʙʳʣ ʦʩʪʘʚʣʝʥ ʪʦʣʴʢʦ 

ʟʝʣʝʥʳʡ ʢʘʥʘʣ, ʪʘʢ ʢʘʢ ʦʥ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʢʦʥʪʨʘʩʪʥʦʩʪʴʶ. ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʩʦʩʫʜʦʚ ʩ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ.  ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʤʝʷ ʫʞʝ ʨʘʟʤʝʯʝʥʥʳʝ ʚʨʫʯʥʫʶ ʠʟʦʙʨʘʞʝʥʠʷ, ʚ ʧʨʦʛʨʘʤʤʝ 

ʢʘʞʜʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʧʨʠʩʚʘʠʚʘʣʘʩʴ ʤʝʪʢʘ, ʢ ʢʘʢʦʡ ʢʘʪʝʛʦʨʠʠ ʦʥʦ ʧʨʠʥʘʜʣʝʞʠʪ: ʢ ʥʦʨʤʝ ʠʣʠ 

ʢ ʩʥʠʤʢʫ ʩ ʧʘʪʦʣʦʛʠʝʡ. ʂʘʞʜʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʙʳʣʦ ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʚ ʤʘʩʩʠʚ ʧʠʢʩʝʣʝʡ. ʄʘʩʩʠʚʳ 

ʙʳʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʪʝʥʟʦʨʳ, ʢʦʪʦʨʳʝ ʧʦʜʘʚʘʣʠʩʴ ʥʘ ʚʭʦʜ ʦʙʫʯʘʶʱʝʡʩʷ ʤʦʜʝʣʠ. ʄʦʜʝʣʴ 

ʦʙʫʯʘʣʘʩʴ 5 ʵʧʦʭ, ʧʦʩʣʝ ʚʪʦʨʦʡ ʵʧʦʭʠ ʦʥʘ ʩʪʘʣʘ ʧʝʨʝʦʙʫʯʘʪʴʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʦʙʫʯʝʥʠʷ. ʅʘʠʤʝʥʴʰʘʷ ʦʰʠʙʢʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ: 
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2859,1054. ʆʰʠʙʢʘ ʚʳʯʠʩʣʷʣʘʩʴ ʢʘʢ çbinary_crossentropyè ʙʠʙʣʠʦʪʝʢʠ sklearn python. 

ʅʘʠʙʦʣʴʰʘʷ ʪʦʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ: 0,9. ʄʝʪʨʠʢʘ ʚʳʯʠʩʣʷʣʘʩʴ ʢʘʢ çaccuracyè 

ʙʠʙʣʠʦʪʝʢʠ sklearn python. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʘ ʦʙʫʯʝʥʥʘʷ ʥʝʡʨʦʩʝʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʩʝʛʤʝʥʪʠʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʛʣʘʟʥʦʛʦ ʜʥʘ ʩ ʥʝʢʦʪʦʨʦʡ ʪʦʯʥʦʩʪʴʶ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʝʪʯʘʪʢʠ ʩ ʜʠʘʙʝʪʠʯʝʩʢʦʡ 

ʨʝʪʠʥʦʧʘʪʠʝʡ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 25-25-00113, 

https://rscf.ru/project/25-25-00113. 
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ʅʝʯʠʧʦʨʝʥʢʦ ɺ.ɺ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ʅɽʁʈʆʉɽʊʀɺʆʁ ʄʆɼɽʃʀ ɼʃʗ ʆɹʅɸʈʋɾɽʅʀʗ ʃʀʎ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʉʆɺʈɽʄɽʅʅʓʍ ʄɽʊʆɼʆɺ (MTCNN , CNN) 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ 

ʧʨʠʦʙʨʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʨʦʩʪʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ, 

ʪʘʢ ʠ ʧʨʦʛʨʝʩʩʦʤ ʚ ʦʙʣʘʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʟʘʜʘʯ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʣʠʮ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷʭ. ʕʪʘ ʟʘʜʘʯʘ ʥʝ ʪʦʣʴʢʦ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʥʦ ʠ ʥʘʭʦʜʠʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, ʚʢʣʶʯʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʤʘʨʢʝʪʠʥʛ 

ʠ ʤʝʜʠʮʠʥʫ.  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʨʘʩʧʦʟʥʘʥʠʷ ʣʠʮ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʩʦʟʜʘʥʠʠ ʚʳʩʦʢʦʪʦʯʥʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʨʝʙʫʶʱʠʭ ʘʥʘʣʠʟʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʣʠʮ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʩʪʠ ʦʙʟʦʨ ʘʨʭʠʪʝʢʪʫʨ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʣʠʮ. 

2. ʆʩʫʱʝʩʪʚʠʪʴ ʧʦʜʛʦʪʦʚʢʫ ʜʘʥʥʳʭ ʠ ʘʫʛʤʝʥʪʘʮʠʶ ʥʝʡʨʦʩʝʪʠ. 

3. ɺʳʧʦʣʥʠʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠ ʚʘʣʠʜʘʮʠʠ.  

4. ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʣʠʮ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ Multi-task Cascaded Convolutional 

Networks (MTCNN). ʕʪʦʪ ʤʝʪʦʜ ʨʝʘʣʠʟʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ TensorFlow. ʉʫʪʴ 

MTCNN ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʭ ʢʘʩʢʘʜʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ï P-Net, R-Net ʠ O-

Net, ʢʦʪʦʨʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʣʫʯʰʘʷ ʧʨʝʜʩʢʘʟʘʥʠʷ, ʜʦʩʪʠʛʘʶʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʚ 

ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʣʠʮP-Net (Proposal Network): ʚʳʧʦʣʥʷʝʪ ʛʨʫʙʫʶ ʜʝʪʝʢʮʠʶ ʣʠʮ ʠ ʧʨʝʜʣʘʛʘʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʙʣʘʩʪʠ, ʩʦʜʝʨʞʘʱʠʝ ʣʠʮʘ. 

- R-Net (Refine Network): ʫʪʦʯʥʷʝʪ ʨʝʟʫʣʴʪʘʪʳ P-Net, ʦʪʙʨʘʩʳʚʘʷ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ 

ʠ ʫʣʫʯʰʘʷ ʣʦʢʘʣʠʟʘʮʠʶ ʣʠʮ. 

- O-Net (Output Network): ʚʳʧʦʣʥʷʝʪ ʪʦʯʥʫʶ ʜʝʪʝʢʮʠʶ ʣʠʮ ʠ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʢʣʶʯʝʚʳʝ 

ʪʦʯʢʠ ʣʠʮʘ (ʛʣʘʟʘ, ʥʦʩ, ʨʦʪ) [3, ʩ. 336-338]. 

ʊʘʙʣʠʮʘ 1 

ɸʨʭʠʪʝʢʪʫʨʘ MTCNN ʤʦʜʝʣʠ 

 

ʇʠʣʦʪʥʘʷ ʩʝʪʴ (P-

Net)  

- ɺʭʦʜʥʦʡ ʩʣʦʡ: ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʟʤʝʨʦʤ 12x12x3. 

- ʉʚʸʨʪʦʯʥʳʡ ʩʣʦʡ 1: 10 ʬʠʣʴʪʨʦʚ ʨʘʟʤʝʨʦʤ 3x3, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ 
PReLU. 

- ʉʣʦʡ ʦʙʲʝʜʠʥʝʥʠʷ 1: ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ (Max Pooling) ʩ 
ʨʘʟʤʝʨʦʤ ʦʢʥʘ 2x2. 

- ʉʚʸʨʪʦʯʥʳʡ ʩʣʦʡ 2: 16 ʬʠʣʴʪʨʦʚ ʨʘʟʤʝʨʦʤ 3x3, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ 

PReLU. 

- ʉʚʸʨʪʦʯʥʳʡ ʩʣʦʡ 3: 32 ʬʠʣʴʪʨʘ ʨʘʟʤʝʨʦʤ 3x3, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ 
PReLU. 
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- ʉʚʸʨʪʦʯʥʳʡ ʩʣʦʡ 4: 2 ʥʝʡʨʦʥʘ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ 
Softmax. 

- ʉʚʸʨʪʦʯʥʳʡ ʩʣʦʡ 5: 4 ʥʝʡʨʦʥʘ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʦʦʨʜʠʥʘʪ 
ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʦʙʣʘʩʪʝʡ. 

ʇʨʝʦʙʨʘʟʫʶʱʘʷ 

ʩʝʪʴ  

(R-Net) 

- ɺʭʦʜʥʦʡ ʩʣʦʡ: ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʟʤʝʨʦʤ 24x24x3. 

- ʉʚʸʨʪʦʯʥʳʡ ʩʣʦʡ 1: 28 ʬʠʣʴʪʨʦʚ ʨʘʟʤʝʨʦʤ 3x3, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ 
PReLU. 

- ʉʣʦʡ ʦʙʲʝʜʠʥʝʥʠʷ 1: ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʩ ʨʘʟʤʝʨʦʤ ʦʢʥʘ 3x3. 

- ʉʚʸʨʪʦʯʥʳʡ ʩʣʦʡ 2: 48 ʬʠʣʴʪʨʦʚ ʨʘʟʤʝʨʦʤ 3x3, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ 

PReLU. 

- ʉʣʦʡ ʦʙʲʝʜʠʥʝʥʠʷ 2: ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʩ ʨʘʟʤʝʨʦʤ ʦʢʥʘ 3x3. 

- ʉʚʸʨʪʦʯʥʳʡ ʩʣʦʡ 3: 64 ʬʠʣʴʪʨʘ ʨʘʟʤʝʨʦʤ 2x2, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ 
PReLU. 

- ʇʦʣʥʦʩʪʴʶ ʩʚʷʟʘʥʥʳʡ ʩʣʦʡ: 128 ʥʝʡʨʦʥʦʚ, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ PReLU. 

- ɺʳʭʦʜʥʦʡ ʩʣʦʡ 1: 2 ʥʝʡʨʦʥʘ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ 

Softmax. 

- ɺʳʭʦʜʥʦʡ ʩʣʦʡ 2: 4 ʥʝʡʨʦʥʘ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʦʦʨʜʠʥʘʪ 
ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʦʙʣʘʩʪʝʡ. 

 

ʆʙʲʝʜʠʥʷʶʱʘʷ ʩʝʪʴ  

(O-Net) 

- ɺʭʦʜʥʦʡ ʩʣʦʡ: ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʟʤʝʨʦʤ 48x48x3. 

- ʉʚʸʨʪʦʯʥʳʡ ʩʣʦʡ 1: 32 ʬʠʣʴʪʨʘ ʨʘʟʤʝʨʦʤ 3x3, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ 
PReLU. 

- ʉʣʦʡ ʦʙʲʝʜʠʥʝʥʠʷ 1: ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʩ ʨʘʟʤʝʨʦʤ ʦʢʥʘ 3x3. 

- ʉʚʸʨʪʦʯʥʳʡ ʩʣʦʡ 2: 64 ʬʠʣʴʪʨʘ ʨʘʟʤʝʨʦʤ 3x3, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ 
PReLU. 

- ʉʣʦʡ ʦʙʲʝʜʠʥʝʥʠʷ 2: ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʩ ʨʘʟʤʝʨʦʤ ʦʢʥʘ 3x3. 

- ʉʚʸʨʪʦʯʥʳʡ ʩʣʦʡ 3: 64 ʬʠʣʴʪʨʘ ʨʘʟʤʝʨʦʤ 3x3, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ 

PReLU. 

- ʇʦʣʥʦʩʪʴʶ ʩʚʷʟʘʥʥʳʡ ʩʣʦʡ: 256 ʥʝʡʨʦʥʦʚ, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ PReLU. 

- ɺʳʭʦʜʥʦʡ ʩʣʦʡ 1: 2 ʥʝʡʨʦʥʘ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ 
Softmax. 

- ɺʳʭʦʜʥʦʡ ʩʣʦʡ 2: 4 ʥʝʡʨʦʥʘ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʦʦʨʜʠʥʘʪ 
ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʦʙʣʘʩʪʝʡ. 

 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ MTCNN. 

ʇʦʩʣʝ ʦʙʥʘʨʫʞʝʥʠʷ ʣʠʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MTCNN, ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʨʝʜʦʙʫʯʝʥʥʘʷ ʤʦʜʝʣʴ, ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ PyTorch. ʆʩʥʦʚʫ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʩʦʩʪʘʚʣʷʝʪ cʚʸʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (CNN), 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʝʡ ʩʚʸʨʪʢʠ, ʦʙʲʝʜʠʥʝʥʠʷ ʠ ʧʦʣʥʦʩʪʴʶ ʩʚʷʟʘʥʥʳʭ 

ʩʣʦʝʚ [1, ʩ. 113]. 
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ʈʠʩ. 1. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ MTCNN [5, ʩ. 900-901] 

 

ʊʘʙʣʠʮʘ 2 

ʉʣʦʠ ʦʩʥʦʚʳ ʘʨʭʠʪʝʢʪʫʨʳ CNN ʤʦʜʝʣʠ [4, ʩ. 1355-1357] 

 

ʉʚʸʨʪʦʯʥʳʝ ʩʣʦʠ 

(Convolutional Layers) 

ʉʣʦʠ ʚ ʥʝʡʨʦʩʝʪʷʭ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ 

ʧʨʠʟʥʘʢʦʚ ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʥʠ ʧʨʠʤʝʥʷʶʪ ʬʠʣʴʪʨʳ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʷʜʨʘ) ʢ ʚʭʦʜʥʳʤ ʜʘʥʥʳʤ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ ʢʦʥʪʫʨʳ, 

ʪʝʢʩʪʫʨʳ ʠ ʬʦʨʤʳ. 

ʉʣʦʠ ʦʙʲʝʜʠʥʝʥʠʷ 

(Pooling Layers) 

ʩʣʦʠ ʫʤʝʥʴʰʘʶʪ ʨʘʟʤʝʨ ʢʘʨʪʳ ʧʨʠʟʥʘʢʦʚ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʚʘʞʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ. ʆʥʠ ʧʦʤʦʛʘʶʪ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʫʣʫʯʰʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʤʝʱʝʥʠʶ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ. 

ʇʦʣʥʦʩʪʴʶ ʩʚʷʟʘʥʥʳʝ 

ʩʣʦʠ (Fully Connected 

Layers) 

ʩʣʦʠ ʚʳʧʦʣʥʷʶʪ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʥʘ ʦʩʥʦʚʝ ʧʨʠʟʥʘʢʦʚ, ʠʟʚʣʝʯʸʥʥʳʭ 

ʩʚʸʨʪʦʯʥʳʤʠ ʩʣʦʷʤʠ. ʆʥʠ ʦʙʲʝʜʠʥʷʶʪ ʚʩʝ ʧʨʠʟʥʘʢʠ ʠ ʧʨʝʜʩʢʘʟʳʚʘʶʪ 

ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ (ʣʠʮʦ ʠʣʠ ʥʝ-ʣʠʮʦ). 

ɺʳʭʦʜʥʦʡ ʩʣʦʡ (Output 

Layer) 

ʚʳʭʦʜʥʦʡ ʩʣʦʡ ʠʩʧʦʣʴʟʫʝʪ ʬʫʥʢʮʠʶ ʘʢʪʠʚʘʮʠʠ (ʥʘʧʨʠʤʝʨ, Softmax) ʜʣʷ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʢʣʘʩʩʦʚ. 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ CNN. 

 

 
 

 

ʈʠʩ. 2. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ CNN [6, ʩ. 6] 
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ʉʙʦʨ ʜʘʥʥʳʭ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʘʰʝʡ ʤʦʜʝʣʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʡ 

ʠʟʦʙʨʘʞʝʥʠʷ ʣʠʮ ʠ ʥʝ-ʣʠʮ. ʅʘʙʦʨ ʜʘʥʥʳʭ ʙʳʣ ʩʦʙʨʘʥ ʠʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʨʘʟʜʝʣʸʥ ʥʘ 

ʪʨʝʥʠʨʦʚʦʯʥʳʡ ʠ ʚʘʣʠʜʘʮʠʦʥʥʳʡ ʥʘʙʦʨʳ. 

- ʊʨʝʥʠʨʦʚʦʯʥʳʡ ʥʘʙʦʨ: ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 850 ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮ ʠ 150 ʠʟʦʙʨʘʞʝʥʠʡ ʥʝ-

ʣʠʮ. 

- ɺʘʣʠʜʘʮʠʦʥʥʳʡ ʥʘʙʦʨ: ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 850 ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮ ʠ 150 ʠʟʦʙʨʘʞʝʥʠʡ ʥʝ-

ʣʠʮ. 

ʇʨʝʜʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. ʇʝʨʝʜ ʦʙʫʯʝʥʠʝʤ ʤʦʜʝʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ 

ʧʨʝʜʦʙʨʘʙʦʪʢʝ, ʚʢʣʶʯʘʷ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ, ʥʦʨʤʘʣʠʟʘʮʠʶ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʪʝʥʟʦʨʳ. 

- ʀʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ: ʚʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʠʟʤʝʥʝʥʳ ʜʦ ʨʘʟʤʝʨʘ 224x224 ʧʠʢʩʝʣʝʡ. 

- ʅʦʨʤʘʣʠʟʘʮʠʷ: ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ (R, G, B). 

- ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʪʝʥʟʦʨʳ: ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʪʝʥʟʦʨʳ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ PyTorch. 

ɸʫʛʤʝʥʪʘʮʠʷ ʜʘʥʥʳʭ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ ʠ ʫʣʫʯʰʝʥʠʷ 

ʦʙʦʙʱʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʤʦʜʝʣʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʫʛʤʝʥʪʘʮʠʶ ʜʘʥʥʳʭ. ɸʫʛʤʝʥʪʘʮʠʷ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʫʯʘʡʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʪʘʢʠʝ ʢʘʢ ʧʦʚʦʨʦʪʳ, ʩʜʚʠʛʠ, 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʷʨʢʦʩʪʠ. 

ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʵʪʘʧʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʧʨʦʚʝʨʢʫ ʤʦʜʝʣʠ. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʤʳ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʵʪʘʧʦʚ. 

ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʳʤ ʵʪʘʧʦʤ ʦʙʫʯʝʥʠʷ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʩʦʟʜʘʝʪʩʷ 

ʵʢʟʝʤʧʣʷʨ ʤʦʜʝʣʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ ʠ ʚʳʙʠʨʘʝʪʩʷ ʦʧʪʠʤʠʟʘʪʦʨ. ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ 

ʦʮʝʥʠʚʘʝʪ ʦʰʠʙʢʠ ʤʦʜʝʣʠ, ʘ ʦʧʪʠʤʠʟʘʪʦʨ ʦʙʥʦʚʣʷʝʪ ʝʸ ʚʝʩʘ. 

ɼʣʷ ʥʘʰʝʡ ʤʦʜʝʣʠ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʢʨʦʩʩ-ʵʥʪʨʦʧʠʡʥʫʶ ʬʫʥʢʮʠʶ ʧʦʪʝʨʴ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʆʥʘ ʠʟʤʝʨʷʝʪ ʨʘʟʥʠʮʫ ʤʝʞʜʫ 

ʧʨʝʜʩʢʘʟʘʥʥʳʤʠ ʠ ʠʩʪʠʥʥʳʤʠ ʤʝʪʢʘʤʠ ʢʣʘʩʩʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʠʟʘʪʦʨʘ ʤʳ ʚʳʙʨʘʣʠ Adam, 

ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ AdaGrad ʠ RMSProp ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʳʩʪʨʦʝ ʠ ʩʪʘʙʠʣʴʥʦʝ ʦʙʫʯʝʥʠʝ. 

ʊʨʝʥʠʨʦʚʦʯʥʳʡ ʮʠʢʣ. ʊʨʝʥʠʨʦʚʦʯʥʳʡ ʮʠʢʣ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʵʧʦʭ ʦʙʫʯʝʥʠʷ, ʚ 

ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʜʝʣʴ ʦʙʫʯʘʝʪʩʷ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ. ʂʘʞʜʘʷ ʵʧʦʭʘ ʩʦʩʪʦʠʪ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʰʘʛʦʚ: 

1. ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʜʘʥʥʳʭ: ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʜʘʥʥʳʝ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʝʣʠ ʦʪ ʧʦʨʷʜʢʘ ʧʦʜʘʯʠ ʜʘʥʥʳʭ ʠ ʫʣʫʯʰʠʪʴ ʝʸ ʦʙʦʙʱʘʶʱʠʝ 

ʩʧʦʩʦʙʥʦʩʪʠ. 

2. ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʤʠʥʠ-ʙʘʪʯʠ: ʜʘʥʥʳʝ ʜʝʣʷʪʩʷ ʥʘ ʤʠʥʠ-ʙʘʪʯʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʦʙʫʯʝʥʠʷ. ʄʠʥʠ-ʙʘʪʯʠ ʧʦʟʚʦʣʷʶʪ ʦʙʥʦʚʣʷʪʴ ʚʝʩʘ ʤʦʜʝʣʠ ʯʘʱʝ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ 

ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʛʨʘʜʠʝʥʪʳ. 

3. ʇʨʷʤʦʝ ʧʨʦʭʦʞʜʝʥʠʝ (Forward Pass): ʚ ʢʘʞʜʦʤ ʰʘʛʝ ʤʦʜʝʣʴ ʧʨʠʥʠʤʘʝʪ ʚʭʦʜʥʳʝ 

ʜʘʥʥʳʝ (ʠʟʦʙʨʘʞʝʥʠʷ) ʠ ʚʳʯʠʩʣʷʝʪ ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʣʘʩʩʦʚ. ʇʨʷʤʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʚʢʣʶʯʘʝʪ 
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ʚʳʯʠʩʣʝʥʠʝ ʘʢʪʠʚʘʮʠʡ ʥʘ ʚʩʝʭ ʩʣʦʷʭ ʤʦʜʝʣʠ, ʥʘʯʠʥʘʷ ʩ ʚʭʦʜʥʦʛʦ ʩʣʦʷ ʠ ʟʘʢʘʥʯʠʚʘʷ ʚʳʭʦʜʥʳʤ 

ʩʣʦʝʤ. 

4. ɺʳʯʠʩʣʝʥʠʝ ʧʦʪʝʨʴ: ʧʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʜʩʢʘʟʘʥʠʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ, 

ʢʦʪʦʨʘʷ ʠʟʤʝʨʷʝʪ ʦʰʠʙʢʫ ʤʝʞʜʫ ʧʨʝʜʩʢʘʟʘʥʥʳʤʠ ʠ ʠʩʪʠʥʥʳʤʠ ʤʝʪʢʘʤʠ ʢʣʘʩʩʦʚ. 

ɺʘʣʠʜʘʮʠʷ. ʇʦʩʣʝ ʢʘʞʜʦʡ ʵʧʦʭʠ ʤʦʜʝʣʴ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. 

ɺʘʣʠʜʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʤʦʥʠʪʦʨʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠ ʥʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ, ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʝʨʝʦʙʫʯʝʥʠʝ. 

ɺʘʣʠʜʘʮʠʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʚʘʣʠʜʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ: ʚʘʣʠʜʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ, 

ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʨʷʜʢʘ ʧʦʜʘʯʠ ʜʘʥʥʳʭ. 

2. ʇʨʷʤʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ: ʄʦʜʝʣʴ ʧʨʠʥʠʤʘʝʪ ʚʘʣʠʜʘʮʠʦʥʥʳʝ 

ʜʘʥʥʳʝ ʠ ʚʳʯʠʩʣʷʝʪ ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʣʘʩʩʦʚ. 

3. ɺʳʯʠʩʣʝʥʠʝ ʚʘʣʠʜʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ: ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʠ ʠʩʪʠʥʥʳʭ ʤʝʪʦʢ ʢʣʘʩʩʦʚ ʚʘʣʠʜʘʮʠʦʥʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. 

4. ʆʮʝʥʢʘ ʤʝʪʨʠʢ: ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʤʝʪʨʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʪʦʯʥʦʩʪʴ, ʧʦʣʥʦʪʘ, ʪʦʯʥʦʩʪʴ ʠ F1-

ʤʝʨʘ. ʕʪʠ ʤʝʪʨʠʢʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠ ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

ʠ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ. 

ɺʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʚʘʞʥʦ ʧʦʩʪʦʷʥʥʦ ʩʣʝʜʠʪʴ ʟʘ ʝʸ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʛʠʧʝʨʧʘʨʘʤʝʪʨʳ. ʊʘʢʠʝ ʛʠʧʝʨʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʩʢʦʨʦʩʪʴ 

ʦʙʫʯʝʥʠʷ, ʨʘʟʤʝʨ ʤʠʥʠ-ʧʘʢʝʪʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʵʧʦʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʝʣʠ [2, ʩ. 335]. 

1. Epoch (ʕʧʦʭʘ): ʵʪʦ ʦʜʥʘ ʧʦʣʥʘʷ ʠʪʝʨʘʮʠʷ ʯʝʨʝʟ ʚʝʩʴ ʥʘʙʦʨ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ. ɺ 

ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ç1/25 epochè ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʜʝʪ ʧʝʨʚʘʷ ʵʧʦʭʘ ʠʟ 25 ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ. ʂʘʞʜʘʷ 

ʵʧʦʭʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʭʦʞʜʝʥʠʝ ʚʩʝʭ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ ʦʜʠʥ ʨʘʟ. 

2. Train Loss (ʊʨʝʥʠʨʦʚʦʯʥʘʷ ʧʦʪʝʨʷ): ʵʪʦ ʤʝʪʨʠʢʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ 

ʤʦʜʝʣʴ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ. ʇʦʪʝʨʷ ʚʳʯʠʩʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ (ʥʘʧʨʠʤʝʨ, ʢʨʦʩʩ-ʵʥʪʨʦʧʠʠ ʠʣʠ MSE), ʢʦʪʦʨʘʷ ʠʟʤʝʨʷʝʪ 

ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʧʨʝʜʩʢʘʟʘʥʥʳʤʠ ʠ ʠʩʪʠʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

3. Train Accuracy (ʊʨʝʥʠʨʦʚʦʯʥʘʷ ʪʦʯʥʦʩʪʴ): ʵʪʦ ʧʨʦʮʝʥʪ ʧʨʘʚʠʣʴʥʳʭ ʧʨʝʜʩʢʘʟʘʥʠʡ 

ʤʦʜʝʣʠ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ. ʊʦʯʥʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʘʷ ʜʦʣʷ ʧʨʠʤʝʨʦʚ ʙʳʣʘ ʧʨʘʚʠʣʴʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʘ ʥʝʡʨʦʩʝʪʴʶ. 

4. Val Loss (ʇʦʪʝʨʷ ʥʘ ʚʘʣʠʜʘʮʠʠ): ʵʪʦ ʤʝʪʨʠʢʘ, ʘʥʘʣʦʛʠʯʥʘʷ ʪʨʝʥʠʨʦʚʦʯʥʦʡ ʧʦʪʝʨʝ, ʥʦ 

ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. ɺʘʣʠʜaʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʤʦʜʝʣʠ 

ʧʦʩʣʝ ʢʘʞʜʦʡ ʵʧʦʭʠ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʤʦʜʝʣʴ ʥʝ ʧʝʨʝʦʙʫʯʘʝʪʩʷ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʳʝ ʜʘʥʥʳʝ. 

5. Val Accuracy (ʊʦʯʥʦʩʪʴ ʥʘ ʚʘʣʠʜʘʮʠʠ): ʵʪʦ ʧʨʦʮʝʥʪ ʧʨʘʚʠʣʴʥʳʭ ʧʨʝʜʩʢʘʟʘʥʠʡ ʤʦʜʝʣʠ 

ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. ʊʦʯʥʦʩʪʴ ʥʘ ʚʘʣʠʜʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ, ʢʘʢ ʤʦʜʝʣʴ ʙʫʜʝʪ 

ʨʘʙʦʪʘʪʴ ʥʘ ʥʦʚʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʭ ʦʥʘ ʥʝ ʚʠʜʝʣʘ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ. 

ɺʦ ʚʨʝʤʷ ʢʘʞʜʦʡ ʵʧʦʭʠ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʝʝ: 

- ʄʦʜʝʣʴ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʩʝ ʪʨʝʥʠʨʦʚʦʯʥʳʝ ʜʘʥʥʳʝ ʠ ʦʙʥʦʚʣʷʝʪ ʩʚʦʠ ʚʝʩʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ (backpropagation). 
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- ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚʩʝʭ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ, ʤʦʜʝʣʴ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ 

ʚʘʣʠʜʘʮʠʦʥʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. 

- ɿʥʘʯʝʥʠʷ ʧʦʪʝʨʴ ʠ ʪʦʯʥʦʩʪʠ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʠ ʚʘʣʠʜʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʚʳʚʦʜʷʪʩʷ ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʚʳʚʦʜʠʪʩʷ ç*/25 epoch, train loss, train acc, val loss, val 

accè, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʙʳʣʘ ʟʘʚʝʨʰʝʥʘ ʦʜʥʘ ʵʧʦʭʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʥʘ ʪʝʢʫʱʝʤ 

ʵʪʘʧʝ ʙʳʣʠ ʩʦʭʨʘʥʝʥʳ ʠ ʚʳʚʝʜʝʥʳ ʜʣʷ ʘʥʘʣʠʟʘ. 

ʈʝʛʫʣʷʨʠʟʘʮʠʷ ʧʦʤʦʛʘʝʪ ʤʦʜʝʣʠ ʠʟʙʝʞʘʪʴ ʧʝʨʝʦʙʫʯʝʥʠʷ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ ʠ 

ʫʣʫʯʰʘʝʪ ʝʸ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʠʟʦʙʨʘʞʝʥ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ CNN. 

 

 
 

ʈʠʩ. 3. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ CNN 

 

ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʧʨʦʮʝʩʩʫ ʦʙʫʯʝʥʠʷ ʠ ʚʘʣʠʜʘʮʠʠ. ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠ ʚʘʣʠʜʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʣʠʮ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʠʥʠʮʠʘʣʠʟʘʮʠʶ ʤʦʜʝʣʠ, ʪʨʝʥʠʨʦʚʦʯʥʳʡ ʮʠʢʣ, ʚʘʣʠʜʘʮʠʶ, ʤʦʥʠʪʦʨʠʥʛ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʠ 

ʨʝʛʫʣʷʨʠʟʘʮʠʶ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʥʘʩʪʨʦʝʥʳ ʩʣʝʜʫʶʱʠʝ ʛʠʧʝʨʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ: 

- ʏʠʩʣʦ ʵʧʦʭ (num_epochs): ʢʦʣʠʯʝʩʪʚʦ ʵʧʦʭ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʜʝʣʴ ʦʙʫʯʘʝʪʩʷ. ɺ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 25 ʵʧʦʭ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʤʦʜʝʣʠ. 

- ʈʘʟʤʝʨ ʙʘʪʯʘ (batch_size): ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʨʦʚ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʦʜʝʣʴʶ ʟʘ ʦʜʥʫ 

ʠʪʝʨʘʮʠʶ. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʤʝʨ ʙʘʪʯʘ 32, ʯʪʦʙʳ ʙʘʣʘʥʩʠʨʦʚʘʪʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʦʙʫʯʝʥʠʷ 

ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ. 

- ʉʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ (learning_rate): ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ, ʥʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʤʦʜʝʣʴ 

ʦʙʥʦʚʣʷʝʪ ʩʚʦʠ ʚʝʩʘ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ. ʄʳ ʚʳʙʨʘʣʠ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ 0.001, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʤʝʜʣʝʥʥʦʝ, ʥʦ ʫʚʝʨʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʤʦʜʝʣʠ. 
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- ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ (loss_function): ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʫʥʢʮʠʶ ʧʦʪʝʨʴ ʢʨʦʩʩ-ɻ ʥʪʨʦʧʠʠ 

(Cross Entropy Loss), ʢʦʪʦʨʘʷ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

- ʆʧʪʠʤʠʟʘʪʦʨ (optimizer): ʤʳ ʚʳʙʨʘʣʠ ʦʧʪʠʤʠʟʘʪʦʨ Adam, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ 

ʣʫʯʰʠʝ ʢʘʯʝʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ AdaGrad ʠ RMSProp, ʦʙʝʩʧʝʯʠʚʘʷ ʙʳʩʪʨʫʶ ʠ ʩʪʘʙʠʣʴʥʫʶ 

ʩʭʦʜʠʤʦʩʪʴ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʥʘʣʠʟʘ ʪʦʯʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʝʪʨʠʢʠ ʜʣʷ ʢʘʯʝʩʪʚʘ ʦʮʝʥʠʚʘʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʝʡʨʦ-ʤʦʜʝʣʠ. 

ʄʳ ʪʘʢʞʝ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ Precision, Recall ʠ F1-score, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʥʘʰʘ ʤʦʜʝʣʴ 

ʥʝ ʪʦʣʴʢʦ ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʦ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʠ ʧʨʦʧʫʱʝʥʥʳʭ ʣʠʮ. ʕʪʠ ʤʝʪʨʠʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʜʝʣʴ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʪʦʯʥʦʩʪʠ 

ʅʘ ʨʠʩʫʥʢʝ 6 ʠʟʦʙʨʘʞʝʥʘ ʵʚʦʣʶʮʠʷ ʦʙʫʯʝʥʠʷ CNN. 

 

 
 

ʈʠʩ. 6. ʕʚʦʣʶʮʠʷ ʦʙʫʯʝʥʠʷ CNN 

 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʙʘʣʘʥʩʫ ʤʝʞʜʫ ʧʦʣʥʦʪʦʡ ʠ ʪʦʯʥʦʩʪʴʶ. ɺʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʦʙʝʠʭ ʤʝʪʨʠʢ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʜʝʣʴ ʩʧʦʩʦʙʥʘ ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʦʙʨʘʟʮʳ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʟʘʜʘʯ ʦʙʥʘʨʫʞʝʥʠʷ ʣʠʮ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʰʘ ʤʦʜʝʣʴ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʉʨʝʜʥʷʷ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠ ʥʘ 

ʪʨʝʥʠʨʦʚʦʯʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʩʦʩʪʘʚʠʣʘ 98%, ʘ ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ï 96%. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʦʨʦʰʝʡ ʦʙʦʙʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ ʠ ʝʸ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʘʚʠʣʴʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʨʘʥʝʝ ʥʝʚʠʜʠʤʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. 
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ʇʘʨʘʤʦʥʦʚ ɸ.ɸ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʈɸʉʇʆɿʅɸɺɸʅʀɽ ʀ ʇʈɽʆɹʈɸɿʆɺɸʅʀɽ ʊɽʂʉʊʆɺ  

ɺ ɻʆʃʆʉʆɺʋʖ ʈɽʏʔ ʉʈɽɼʉʊɺɸʄʀ PYTHON 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʢʩʪʘ ʚ ʨʝʯʴ (TTS) ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ 

ʠʟ ʪʝʢʩʪʘ ʚ ʛʦʣʦʩ. ʇʝʨʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʘ ʚ ʛʦʣʦʩ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʝʱʸ ʚ 1968 ʛʦʜʫ, ʜʦ ʵʪʦʛʦ ʛʦʜʘ ʦʥʘ ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʆʥʘ ʙʳʣʘ 

ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʪʝʭ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʣʠ ʪʨʫʜʥʦʩʪʠ ʩ ʯʪʝʥʠʝʤ ʪʝʢʩʪʦʚ, ʟʘʪʝʤ 

ʙʳʣʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʜʨʫʛʠʭ ʮʝʣʝʡ. ʉʠʩʪʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʘ ʚ ʨʝʯʴ (TTS) 

ʧʨʝʦʙʨʘʟʫʝʪ ʪʝʢʩʪ ʚ ʨʝʯʴ, ʘʥʘʣʠʟʠʨʫʷ ʠ ʦʙʨʘʙʘʪʳʚʘʷ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʙʦʪʢʠ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (Natural Language Processing (NLP)), ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʦʣʦʛʠʶ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ (Digital Signal Processing (DSP)) ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʛʦ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʪʝʢʩʪʘ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʝ ʨʝʯʝʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ [5]. ɻʦʣʦʩʦʚʦʡ ʘʩʩʠʩʪʝʥʪ ï 

ʧʨʦʛʨʘʤʤʘ, ʨʘʩʧʦʟʥʘʶʱʘʷ ʯʝʣʦʚʝʯʝʩʢʫʶ ʨʝʯʴ ʠ ʩʧʦʩʦʙʥʘʷ ʚʳʧʦʣʥʷʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʜʝʡʩʪʚʠʷ 

ʚ ʦʪʚʝʪ ʥʘ ʢʦʤʘʥʜʫ [1]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ TTS ʦʪʥʦʩʷʪʩʷ ʢʘʢ: 

ï ɺʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʣʶʜʝʡ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʟʨʝʥʠʷ ʠʣʠ ʪʨʫʜʥʦʩʪʷʤʠ ʯʪʝʥʠʷ; 

ï ɻʦʣʦʩʦʚʦʡ ʧʦʤʦʱʥʠʢ ʜʣʷ ʩʣʘʙʦʚʠʜʷʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

ï ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʜʝʪʝʡ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢ ʦʙʫʯʝʥʠʶ ʯʪʝʥʠʶ ʠʣʠ ʠʟʫʯʝʥʠʷ 

ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʘ ʚ ʨʝʯʴ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʛʨʫʧʧʳ ʣʶʜʝʡ: 

ï ʉʪʫʜʝʥʪʳ; 

ï ʉʣʫʰʘʪʝʣʠ ʘʫʜʠʦʢʥʠʛ; 

ï ʃʶʜʠ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʨʝʯʠ. 

ʉʪʫʜʝʥʪʳ. ʉʪʫʜʝʥʪʳ ʟʘʧʦʤʠʥʘʶʪ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʛʜʘ ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʘʫʜʠʦ- 

ʠ ʚʠʟʫʘʣʴʥʦʤ ʬʦʨʤʘʪʘʭ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʤʫ, ʯʪʦ ʤʦʟʛ ʣʫʯʰʝ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ, 

ʢʦʛʜʘ ʚʦʩʧʨʠʥʠʤʘʝʪ ʝʝ ʧʦ-ʜʨʫʛʦʤʫ (https://speaktor.com/ru/ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ-ʪʝʢʩʪʘ-ʚ-ʨʝʯʴ/). 

ʊʝʭʥʦʣʦʛʠʷ TTS ʧʦʟʚʦʣʷʝʪ ʧʦʤʦʯʴ ʩʪʫʜʝʥʪʘʤ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʥʦʚʦʛʦ ʠʣʠ ʩʪʘʨʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʣʝʧʳʝ ʠʣʠ ʩʣʘʙʦʚʠʜʷʱʠʝ ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ TTS 

ʜʣʷ ʧʠʩʴʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝ ʤʦʛʫʪ ʧʨʦʯʠʪʘʪʴ ʧʦ ɹʨʘʡʣʶ ʠʣʠ ʢʨʫʧʥʳʤ 

ʰʨʠʬʪʦʤ. ʉʪʫʜʝʥʪʳ, ʢʦʪʦʨʳʝ ʠʟʫʯʘʶʪ ʘʥʛʣʠʡʩʢʠʡ, ʥʝ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʛʦʚʦʨʠʪʴ ʠʣʠ ʯʠʪʘʪʴ. 

ʉ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʘ ʚ ʨʝʯʴ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʨʘʙʘʪʳʚʘʪʴ ʧʨʦʠʟʥʦʰʝʥʠʝ ʠ 

ʫʯʠʪʴʩʷ ʯʠʪʘʪʴ. ʀʩʧʦʣʴʟʫʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʡ TTS, ʦʥʠ ʤʦʛʫʪ 

ʥʘʫʯʠʪʴʩʷ ʙʦʣʝʝ ʪʦʯʥʦʤʫ ʧʨʦʠʟʥʦʰʝʥʠʝ ʩʣʦʚ. 

ʉʣʫʰʘʪʝʣʠ ʘʫʜʠʦʢʥʠʛ. ɼʣʷ ʪʘʢʠʭ ʛʨʫʧʧʳ ʣʶʜʝʡ, ʤʦʛʫʪ ʩʣʫʰʘʪʴ, ʥʘʭʦʜʷʩʴ ʥʘ ʨʘʙʦʪʝ ʠʣʠ 

ʟʘʥʠʤʘʷʩʴ ʜʦʤʘ. ʅʝʢʦʪʦʨʳʝ ʣʶʜʠ ʪʘʢʞʝ ʤʦʛʫʪ ʩʣʫʰʘʪʴ, ʘ ʥʝ ʯʠʪʘʪʴ, ʪʘʢ ʢʘʢ ʵʪʦ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʧʘʩʩʠʚʥʳʤ ʟʘʥʷʪʠʝʤ ʠ ʥʝ ʦʪʥʠʤʘʝʪ ʩʪʦʣʴʢʦ ʫʤʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʝʡ. ʉʘʤʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʥʦʩʪʴʶ ʚʦʚʣʝʢʘʪʴ ʠʭ ʚ ʧʨʦʮʝʩʩ ʧʨʦʩʣʫʰʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʟʘʥʷʪʳʭ 

ʣʶʜʝʡ. 
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TTS ʧʨʠʥʠʤʘʝʪ ʣʶʙʦʡ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʠ ʚʦʟʚʨʘʱʘʪʴ ʨʝʯʝʚʦʡ ʬʘʡʣ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ. 

ʆʙʳʯʥʦ ʪʝʢʩʪ ʚ ʛʦʣʦʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʘ, ʜʣʷ ʧʨʦʯʪʝʥʠʷ ʚʝʙ-ʩʪʨʘʥʠʮʳ ʠ 

ʜʦʢʫʤʝʥʪʳ ʜʣʷ ʣʶʜʝʡ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʟʨʝʥʠʷ ʠʣʠ ʪʨʫʜʥʦʩʪʷʤʠ ʯʪʝʥʠʷ. ʆʥʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʙʦʪʝ ʩ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʚʠʜʝʦʠʛʨʘʭ, ʘ ʪʘʢʞʝ ʚ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʘʭ ʠ ʜʨʫʛʠʭ 

ʫʩʪʨʦʡʩʪʚʘʭ, ʪʘʢʠʝ ʢʘʢ ʧʣʘʥʰʝʪ ʠʣʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʯʪʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʢʥʠʛ. ʆʥ ʤʦʞʝʪ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʠʟ ʪʝʢʩʪʘ ʚ ʘʫʜʠʦ ʜʣʷ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʣʠ ʪʝ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʪʨʫʜʥʦʩʪʠ ʚ ʦʙʫʯʝʥʠʠ, ʪʘʢʞʝ ʤʦʛʣʠ ʯʠʪʘʪʴ ʠ ʩʣʳʰʘʪʴ ʩʦʜʝʨʞʠʤʦʝ. ʊʝʢʩʪ ʚ 

ʛʦʣʦʩʝ ʧʨʠʤʝʥʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʫʯʝʥʠʠ ʠ 

ʧʨʦʝʢʪʘʭ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʚʘʨʠʘʥʪʳ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʘ ʚ ʨʝʯʴ. ʆʥʠ ʜʦʩʪʫʧʥʳ ʚ 

ʪʘʢʠʭ ʬʦʨʤʘʪʘʭ, ʢʘʢ ʚʩʪʨʦʝʥʥʫʶ ʬʫʥʢʮʠʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʘ ʚ ʨʝʯʴ ʚ ʚʘʰʝʤ ʪʝʣʝʬʦʥʝ ʠ 

ʚʝʙ-ʠʥʩʪʨʫʤʝʥʪʳ, ʥʘʧʨʠʤʝʨ, Google Docs, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʯʠʪʘʪʴ ʚʩʣʫʭ ʚʩʝ, ʯʪʦ ʚʳ ʥʘʙʠʨʘʝʪʝ. 

ʊʘʢʞʝ ʤʦʞʝʪʝ ʟʘʛʨʫʟʠʪʴ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʚʘʰʝʛʦ ʪʝʣʝʬʦʥʘ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʯʠʪʘʪʴ ʚʩʣʫʭ ʣʶʙʫʶ 

ʚʳʙʨʘʥʥʫʶ ʚʘʤʠ ʩʪʘʪʴʶ ʠʣʠ ʪʝʢʩʪ.  

ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʧʦʩʦʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʢʩʪʘ ʚ ʨʝʯʴ: 

ï ɺʠʨʪʫʘʣʴʥʳʝ ʘʩʩʠʩʪʝʥʪʳ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʘ ʚ ʨʝʯʴ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ Siri, 

Cortana. ʆʙʨʘʱʝʥʠʝ ʛʦʣʦʩʦʚʦʛʦ ʘʩʩʠʩʪʝʥʪʘ ʢ ʣʦʢʘʣʴʥʦʤʫ ʩʝʨʚʝʨʫ ʪʨʝʙʫʝʪ ʭʨʘʥʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʠʟ-ʟʘ ʵʪʦʛʦ ʛʦʣʦʩʦʚʦʤʫ ʘʩʩʠʩʪʝʥʪʫ ʥʝʦʙʭʦʜʠʤ ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʧʘʤʷʪʠ 

ʜʣʷ ʧʦʣʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ [3]. 

ï ʋʩʪʨʦʡʩʪʚʘ ʜʣʷ ʯʪʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʢʥʠʛ. ɼʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʢʥʠʛ ʠʤʝʶʪʩʷ ʬʫʥʢʮʠʠ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʘ ʚ ʨʝʯʴ. ʆʥʘ ʨʘʙʦʪʘʝʪ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʦʩʣʘʙʣʝʥʥʳʤ 

ʟʨʝʥʠʝʤ, ʥʦ ʠ ʤʦʞʝʪ ʩʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʪʨʝʥʠʨʦʚʢʠ ʩʣʦʚʘʨʥʦʛʦ ʟʘʧʘʩʘ ʯʠʪʘʪʝʣʝʡ ʠ 

ʦʙʱʝʥʠʷ ʩ ʪʝʤʠ, ʢʪʦ ʭʦʯʝʪ ʠʣʠ ʥʫʞʜʘʝʪʩʷ ʚ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ. ʉʘʤʘʷ ʧʦʧʫʣʷʨʥʘʷ ʜʣʷ ʯʪʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʥʠʛ ʷʚʣʷʝʪʩʷ Kindle. 

ï ʊʝʢʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʪʝʢʩʪ ʚ ʨʝʯʴ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʝʢʩʪʦʚʳʡ ʧʨʦʮʝʩʩʦʨ. ʉʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʠʟ ʪʝʢʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ï Microsoft Word, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʢʦʥʪʝʥʪ. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ ʚ ʪʝʢʩʪ (SST) ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʧʝʨʝʚʦʜʠʪ ʯʝʣʦʚʝʯʝʩʢʫʶ 

ʨʝʯʴ ʚ ʪʝʢʩʪ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʝʯʠ ʚ ʪʝʢʩʪ ʯʘʩʪʦ ʧʫʪʘʶʪ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʛʦʣʦʩʘ, ʢʦʪʦʨʦʝ 

ʧʦʣʥʦʩʪʴʶ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʪʦʛʦ ʤʝʪʦʜʘ. ʇʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʛʦʣʦʩʘ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʦʣʦʩʦʚʳʭ ʤʦʜʝʣʝʡ ʣʶʜʝʡ, ʪʦʛʜʘ ʢʘʢ ʚ ʵʪʦʤ ʤʝʪʦʜʝ ʩʠʩʪʝʤʘ 

ʧʳʪʘʝʪʩʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʠʟʥʦʩʠʤʳʝ ʩʣʦʚʘ (https://ru.shaip.com/blog/automatic-speech-

recognitiona-asr/). 

ʊʝʭʥʦʣʦʛʠʷ SST ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ï ʉʥʘʯʘʣʘ ʫʩʪʨʦʡʩʪʚʦ ʟʘʧʠʩʳʚʘʝʪ ʛʦʣʦʩʦʚʦʡ ʟʘʧʨʦʩ, ʘ ʥʝʡʨʦʩʝʪʴ ʘʥʘʣʠʟʠʨʫʝʪ ʧʦʪʦʢ ʨʝʯʠ; 

ï ɿʘʪʝʤ ʥʝʡʨʦʩʝʪʴ ʦʙʨʘʱʘʝʪʩʷ ʢ ʩʚʦʠʤ ʰʘʙʣʦʥʘʤ ʠ ʩʦʧʦʩʪʘʚʣʷʝʪ ʬʦʥʝʤʳ ʩ ʙʫʢʚʦʡ, 

ʩʣʦʛʦʤ ʠʣʠ ʩʣʦʚʦʤ. ɼʘʣʝʝ ʦʙʨʘʟʫʝʪʩʷ ʧʦʨʷʜʦʢ ʠʟ ʠʟʚʝʩʪʥʳʭ ʧʨʦʛʨʘʤʤʝ ʩʣʦʚ, ʘ ʥʝʠʟʚʝʩʪʥʳʝ 

ʩʣʦʚʘ ʦʥʘ ʚʩʪʘʚʣʷʝʪ ʧʦ ʢʦʥʪʝʢʩʪʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʲʝʜʠʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʵʪʠʭ ʜʚʫʭ ʵʪʘʧʦʚ 
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ʧʦʣʫʯʘʝʪʩʷ ʧʝʨʝʚʦʜ ʨʝʯʠ ʚ ʪʝʢʩʪ (https://www.mango-office.ru/newsletter/kak-rabotaet-

raspoznavanie-rechi/). 

SST ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʝʣʝʬʦʥʠʠ, ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʘ ʪʘʢʞʝ ʚ 

ʤʝʜʠʮʠʥʝ (ʩ ʧʦʤʦʱʴʶ ʛʦʣʦʩʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ Voice2Med). 

ɻʦʣʦʩʦʚʦʡ ʧʦʤʦʱʥʠʢ Voice2Med ʪʝʢʩʪʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʚʚʦʜʘ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʵʣʝʢʪʨʦʥʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ ʢʘʨʪʳ ʠ ʠʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʪʴ ʘʫʜʠʦ ʠ ʚʠʜʝʦʟʘʧʠʩʠ, ʵʢʦʥʦʤʷ ʚʨʝʤʷ ʠ ʫʩʠʣʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʝʜʠʮʠʥʩʢʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʦʩʚʦʙʦʞʜʘʷ ʠʭ ʦʪ ʨʫʪʠʥʥʦʛʦ ʪʨʫʜʘ [4]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʪʝʢʩʪ ʚ ʨʝʯʴ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʙʠʙʣʠʦʪʝʢʫ 

pyttsx3. 

import pyttsx3 

ɹʠʙʣʠʦʪʝʢʘ pyttsx3 ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʪʝʢʩʪ ʚ ʛʦʣʦʩʦʚʫʶ ʨʝʯʴ. ɼʣʷ 

ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʜʚʠʞʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʨʦʢʘ. 

engine = pyttsx3.init() 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʥʳʭ ʛʦʣʦʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ getProperty. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʟʥʘʯʝʥʠʷ ʘʪʨʠʙʫʪʘ. 

voices = engine.getProperty('voices') 

ʉ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʘ voices ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʛʦʣʦʩʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʧʠʩʢʘ ʜʦʩʪʫʧʥʳʭ ʛʦʣʦʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʨʦʢʠ: 

for index, voice in enumerate(voices): 

    print(f"Voice {index}: {voice.name} ï {voice.languages}") 

ʄʝʪʦʜ setProperty ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʟʥʘʯʝʥʠʝ ʩʚʦʡʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʜʣʷ ʛʦʣʦʩʘ ʣʠʙʦ ʞʝʥʩʢʠʡ, ʣʠʙʦ ʤʫʞʩʢʦʡ. ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʪʝʢʩʪ ʥʘ ʨʫʩʩʢʦʤ ʠ 

ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. 

engine.setProperty('voice', voices[1].id) 

text = "Hi! This is an example of text-to-voice conversion with speaker selection on Python." 

text1 = "ʇʨʠʚʝʪ! ʕʪʦ ʧʨʠʤʝʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʘ ʚ ʛʦʣʦʩ ʩ ʚʳʙʦʨʦʤ ʩʧʠʢʝʨʘ ʥʘ 

ʇʠʪʦʥʝ" 

ʉʥʘʯʘʣʘ ʧʝʨʚʳʡ ʜʠʢʪʦʨ ʛʦʚʦʨʠʪ ʥʘ ʘʥʛʣʠʡʩʢʦʤ, ʘ ʚʪʦʨʦʡ ʜʠʢʪʦʨ ʥʘ ʨʫʩʩʢʦʤ. 

engine.setProperty('voice', voices[1].id) 

engine.say(text) 

engine.setProperty('voice', voices[0].id) 

engine.say(text1) 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʪʝʢʩʪ ʚ ʛʦʣʦʩʦʚʫʶ ʨʝʯʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ say, ʘ 

runAndWait ʚʳʧʦʣʥʷʝʪ ʵʪʦʪ ʤʝʪʦʜ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʤʦʜʫʣʴ ʥʝ ʟʘʢʦʥʯʠʪ ʧʨʦʛʦʚʘʨʠʚʘʪʴ 

ʧʨʝʜʣʦʞʝʥʠʝ ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʧʝʨʝʭʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝ. 

engine.runAndWait() 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʜ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʘ ʚ ʛʦʣʦʩʦʚʫʶ ʨʝʯʴ ʠ 

ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ (ʨʠʩ. 2). 
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ʈʠʩ. 1. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʘ ʚ ʛʦʣʦʩʦʚʫʶ ʨʝʯ ɹ

 

 
 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʘ ʚ ʛʦʣʦʩʦʚʫʶ ʨʝʯʴ 

 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʛʦʣʦʩʦʚʦʡ ʨʝʯʠ ʚ ʪʝʢʩʪ. ʀʤʧʦʨʪʠʨʫʝʤ ʥʫʞʥʳʝ ʙʠʙʣʠʦʪʝʢʠ. 

import speech_recognition as speech_r 

import pyaudio 

import wave 

ʇʘʨʘʤʝʪʨʳ ʟʘʧʠʩʠ ʟʚʫʢʘ ʩʦʩʪʦʷʪ ʠʟ: 

ï chunk ï ʦʧʨʝʜʝʣʷʝʪ ʬʦʨʤʫ ʘʫʜʠʦ ʩʠʛʥʘʣʘ; 

ï frt ï ʟʘʜʘʝʪ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ; 

ï channel ï ʢʘʥʘʣ ʟʘʧʠʩʠ ʟʚʫʢʘ; 

ï rate ï ʯʘʩʪʦʪʘ ʜʠʩʢʨʠʪʠʟʘʮʠʠ; 

ï rec_sec ï ʜʣʠʥʘ ʟʘʧʠʩʠ; 

ï output ï ʥʘʟʚʘʥʠʝ ʬʘʡʣʘ. 

ʆʧʨʝʜʝʣʷʝʤ ʧʘʨʘʤʝʪʨʳ ʟʘʧʠʩʠ ʟʚʫʢʘ. 

CHUNK = 1024 

FRT = pyaudio.paInt16 

CHAN = 1 

RT = 44100 
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REC_SEC = 5 

OUTPUT = "output.wav" 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʙʦʪʘʪʴ ʩ ʟʘʧʠʩʴʶ, ʥʘʜʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʪʦʢ PyAudio. ɺ ʮʠʢʣʝ ʙʫʜʝʤ 

ʟʘʧʠʩʳʚʘʪʴ ʜʘʥʥʳʝ ʚ ʤʘʩʩʠʚ ʠ ʢʦʛʜʘ ʟʘʧʠʩʴ ʟʘʢʦʥʯʠʪʩʷ, ʚʩʝ ʵʪʠ ʜʘʥʥʳʝ ʟʘʧʠʰʝʪʩʷ ʚ ʬʘʡʣ, 

ʠʩʧʦʣʴʟʫʷ ʙʠʙʣʠʦʪʝʢʫ wave (ʨʠʩ. 3). 

 

 
 

ʈʠʩ. 3. ʈʘʙʦʪʘ ʩ ʧʦʪʦʢʦʤ PyAudio ʠ ʟʘʧʠʩʴ ʜʘʥʥʳʭ ʚ ʬʘʡʣ 

 

ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʦʣʦʩʘ ʚ ʪʝʢʩʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʢʟʝʤʧʣʷʨ Recognizer. ʕʪʦʪ ʵʢʟʝʤʧʣʷʨ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʠ ʠ ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʠʟ ʘʫʜʠʦ-ʠʩʪʦʯʥʠʢʘ. ʉ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ AudioFile, ʟʘʧʠʰʝʤ ʜʘʥʥʳʝ ʚ ʬʘʡʣ. 

r = speech_r.Recognizer() 

source = speech_r.AudioFile('output.wav') 

ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʘʪʴ ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʤʠʢʨʦʬʦʥʘ ʠ ʟʘʧʠʩʳʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʧʝʨʝʤʝʥʥʫʶ. ʉ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʘ adjust_for_ambient_noise ʧʦʟʚʦʣʷʝʪ 

ʫʣʘʣʷʪʴ ʧʦʩʪʦʨʦʥʥʠʝ ʟʚʫʢʠ ʠʟ ʘʫʜʠʦʜʦʨʦʞʢʠ [2]. ʉʦʭʨʘʥʷʝʤ ʜʘʥʥʳʝ ʚ wav ʬʘʡʣ. 

with source as tt: 

    r.adjust_for_ambient_noise(tt) 

    content = r.record(tt) 



 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

226 

ʅʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʥʘ ʢʘʢʦʤ ʷʟʳʢʝ ʛʦʚʦʨʠʪ ʧʦʣʴʟʦʚʘʪʝʣʴ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʘʪʨʠʙʫʪ language. ɽʩʣʠ ʨʝʯʴ ʥʝ ʨʘʩʧʦʟʥʘʝʪʩʷ, ʣʠʙʦ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ ʧʦʜʢʣʶʯʝʥ ʤʠʢʨʦʬʦʥ. ɺ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʥʬʦʨʤʘʮʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ (ʨʠʩ. 4). 

 

 
 

ʈʠʩ. 4. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʘʧʠʩʘʥʥʦʛʦ ʟʚʫʢʘ ʚ ʪʝʢʩʪ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʦʣʦʩʘ ʚ ʪʝʢʩʪ. 

 

 
 

ʈʠʩ. 5. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʛʦʣʦʩʦʚʦʡ ʨʝʯʠ ʚ ʪʝʢʩʪ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʦʣʦʩʦʚʦʡ ʨʝʯʠ ʚ ʪʝʢʩʪ ʠ ʪʝʢʩʪʘ 

ʚ ʛʦʣʦʩʦʚʫʶ ʨʝʯʴ ʩ ʧʦʤʦʱʴʶ Python. ʉ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ SpeechRecognition ʠ pyttsx3, 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʘʪʴ ʵʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʚʦʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʨʝʰʘʪʴ ʩʘʤʳʝ 

ʧʦʚʩʝʜʥʝʚʥʳʝ ʟʘʜʘʯʠ ʠ ʧʦʤʦʛʘʝʪ ʨʘʟʚʠʚʘʪʴ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʳ. 
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ʇʝʨʰʠʥʘ ɸ.ɸ. 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) ʠʤ. ʀ.ʄ.ɻʫʙʢʠʥʘ 

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʌʋʅʂʎʀʆʅɸʃʔʅʆɽ ʊɽʉʊʀʈʆɺɸʅʀɽ ʀʅʉʊʈʋʄɽʅʊʆɺ ʈɸɹʆʊʓ  

ʉ ɸʃɻʆʈʀʊʄɸʄʀ DATA MINING  

ʋʭʦʜ ʚʝʥʜʦʨʘ Oracle ʩ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʚʳʟʚʘʣ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʦʠʩʢʝ ʘʣʴʪʝʨʥʘʪʠʚʳ 

ʧʨʦʛʨʘʤʤʥʦʤʫ ʠʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦʜ ʥʘʟʚʘʥʠʝʤ Oracle Data Mining 

(ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ) ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠ ʚʳʙʦʨʝ ʠʥʩʪʨʫʤʝʥʪʘ ʨʘʙʦʪʳ ʩ ʘʣʛʦʨʠʪʤʘʤʠ Data Mining ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ. 

ʇʨʦʮʝʩʩ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: 

ï ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, 

ï ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. 

ʂʘʞʜʳʡ ʚʠʜ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʙʣʘʜʘʝʪ ʦʩʦʙʦʡ ʮʝʥʥʦʩʪʴʶ ʧʨʠ ʚʳʙʦʨʝ ʧʨʦʜʫʢʪʘ, ʦʜʥʘʢʦ ʚ 

ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʨʠʦʨʠʪʝʪ ʦʪʜʘʸʪʩʷ 

ʧʨʦʚʝʨʢʝ ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʬʫʥʢʮʠʡ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʦʞʠʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʝʘʣʴʥʦ ʧʦʣʫʯʘʝʤʳʤ. ʉ ʵʪʦʡ ʟʘʜʘʯʝʡ ʩʧʨʘʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. 

ʊʘʢ, ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʛʣʦʩʩʘʨʠʶ ʪʝʨʤʠʥʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʝʩʪʠʨʦʚʘʥʠʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (https://glossary.istqb.org/ru_RU), ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʘ ʠʣʠ ʩʠʩʪʝʤʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʧʠʩʳʚʘʶʪ ʧʨʦʮʝʩʩ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʥʝʛʦ 

ʚʳʚʦʜʳ. ʀʭ ʩʪʘʪʴʠ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʮʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʤʝʪʦʜʘʤ ʠ ʧʦʜʭʦʜʘʤ ʢ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʪʝʩʪʠʨʦʚʘʥʠʶ, ʘ ʪʘʢʞʝ ʧʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʜʥʦʡ ʠʟ ʧʦʜʦʙʥʳʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʍʘʜʝʝʚʦʡ ɿ.ʀ. ʥʘ ʪʝʤʫ çʋʛʣʫʙʣʝʥʥʳʡ 

ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷè [5]. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʵʪʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ 

ʵʪʘʧʳ. ʊʘʢ, ʍʘʜʝʝʚʘ ɿ.ʀ. ʚʳʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ: 

1) ʧʣʘʥʠʨʦʚʘʥʠʝ; 

2) ʘʥʘʣʠʟ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

3) ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʪʝʩʪʠʨʦʚʘʥʠʷ; 

4) ʦʪʯʝʪʥʦʩʪʴ. 

 ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʦʩʪʘʚʣʷʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʧʨʦʜʫʢʪʫ, 

ʧʣʘʥ ʘʥʘʣʠʟʘ ʠ ʚʳʙʠʨʘʶʪʩʷ ʤʝʪʦʜʠʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚʭʦʜʥʳʝ 

ʜʘʥʥʳʝ, ʢʘʩʘʶʱʠʝʩʷ ʧʨʠʣʦʞʝʥʠʷ, ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʩʪ-ʢʝʡʩʳ. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ 

ʧʨʦʚʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʚʳʧʦʣʥʷʶʪʩʷ ʪʝʩʪ-ʩʮʝʥʘʨʠʠ, 

ʚʳʷʚʣʷʶʪʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʦʰʠʙʢʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʨʦʙʥʳʡ ʦʪʯʝʪ ʦ ʥʘʡʜʝʥʥʳʭ ʧʨʦʙʣʝʤʘʭ ʠ ʦʰʠʙʢʘʭ 

ʚ ʨʘʙʦʪʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. 
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ʉʪʘʪʴʝʡ, ʚʢʣʶʯʘʶʱʝʡ ʧʨʠʤʝʨ ʩʮʝʥʘʨʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ, ʷʚʣʷʝʪʩʷ 

ʨʘʙʦʪʘ ʉʠʥʝʡ ʄ.ɺ. ʠ ʋʣʴʷʥʦʚʦʡ ʅ.ɼ. ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ: ʧʦʥʷʪʠʝ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʧʨʘʢʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷè [4].  

ɸʚʪʦʨʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʩʪʠʨʫʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ çʋʯʝʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʥʦʨʤʘʪʠʚʦʚè ʧʨʦʜʫʢʪʘ ç1ʉ: ʊʆʀʈ ʋʧʨʘʚʣʝʥʠʝ ʨʝʤʦʥʪʘʤʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ 2 

ʂʆʈʇè. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʨʦʛʨʘʤʤʝ Microsoft Excel ʩʦʟʜʘʝʪʩʷ ʩʮʝʥʘʨʠʡ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. ʉʪʨʫʢʪʫʨʘ ʩʮʝʥʘʨʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʪʝʩʪ-ʢʝʡʩʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʪʝʩʪ-ʢʦʤʧʣʝʢʪʳ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʪʝʩʪ-ʢʝʡʩ ʩʦʩʪʦʠʪ ʠʟ ʦʧʠʩʘʥʠʷ ʜʝʡʩʪʚʠʷ, 

ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ, ʠ ʨʝʟʫʣʴʪʘʪʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʧʦʣʫʯʠʪʴʩʷ. ʉʠʥʷʷ ʄ.ɺ. ʠ 

ʋʣʴʷʥʦʚʘ ʅ.ɼ. ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʝʩʦʚʧʘʜʝʥʠʷ ʦʞʠʜʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʩ ʨʝʘʣʴʥʳʤ 

ʜʦʣʞʥʘ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʦʰʠʙʢʘ. 

ɼʨʫʛʠʤ ʧʨʠʢʣʘʜʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʪʘʪʴʷ ʇʨʦʢʦʬʴʝʚʘ ɽ.ɺ. çʆʙʟʦʨ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʝʙ-ʩʘʡʪʦʚè [3]. 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʩʪ-

ʢʝʡʩʦʚ. ʅʘʧʨʠʤʝʨ, ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʣʶʩʦʚ ʥʘʣʠʯʠʷ ʪʝʩʪ-ʢʝʡʩʦʚ ʘʚʪʦʨ ʩʪʘʪʴʠ ʥʘʟʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʧʦʜʭʦʜʘ ʢ ʪʝʩʪʠʨʦʚʘʥʠʶ.  

ʊʘʢʞʝ ʚ ʩʪʘʪʴʝ ʇʨʦʢʦʬʴʝʚʘ ɽ.ɺ. ʫʪʦʯʥʷʝʪʩʷ, ʯʪʦ ʪʝʩʪ-ʢʝʡʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʝʡʩʪʚʠʡ ʠ ʦʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ, ʥʦ ʠ 

ʥʘʟʚʘʥʠʝ ʪʝʩʪ-ʢʝʡʩʘ ʠ ʩʪʘʪʫʩ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪ-ʢʝʡʩʘ. ɸʚʪʦʨ ʨʘʙʦʪʳ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʘʪʫʩʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʰʢʘʣʳ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʩʪʘʪʝʡ ʚ ʦʙʣʘʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʘʞʥʳʤ 

ʘʩʧʝʢʪʦʤ ʧʨʠ ʚʳʙʦʨʝ ʠʥʩʪʨʫʤʝʥʪʘ ʨʘʙʦʪʳ ʩ ʘʣʛʦʨʠʪʤʘʤʠ Data Mining ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʯʝʨʝʟ ʪʱʘʪʝʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. ɸʥʘʣʠʟ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʨʘʙʦʪ, ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʜʦʣʞʥʳ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʬʫʥʢʮʠʠ ʠ ʧʨʘʚʠʣʘ ʦʮʝʥʠʚʘʥʠʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠʭ 

ʚʳʧʦʣʥʝʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʧʨʦʚʝʜʝʥʠʶ ʩʘʤʠʭ ʪʝʩʪʦʚ, 

ʥʦ ʠ ʦʙʲʷʩʥʝʥʠʶ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʥʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʫʜʝʥʪʘʤʠ ʥʘ ʢʫʨʩʝ çʉʧʝʮʠʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭè 

ʧʨʠ ʧʦʤʦʱʠ Oracle Data Mining. ʆʥʠ ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤʠ ʜʣʷ ʧʨʦʚʝʨʢʠ. ʊʘʢʞʝ, ʧʦʤʠʤʦ 

ʥʠʭ, ʩʣʝʜʫʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʥʝʝ ʚʘʞʥʳʝ, ʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦ ʥʫʞʥʳʝ ʬʫʥʢʮʠʠ.  

ʊʘʢ, ʩʝʡʯʘʩ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʩʪʫʜʝʥʪʳ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʩʦ ʩʣʝʜʫʶʱʠʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ: 

ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ; 

ï ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ; 

ï ʠʥʪʝʛʨʘʮʠʷ ʩ ʉʋɹɼ. 

ʉʘʤʦʡ ʚʘʞʥʦʡ ʬʫʥʢʮʠʝʡ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʣʶʙʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʙʝʟʫʩʣʦʚʥʦ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ Data Mining ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, ʚ ʯʠʩʣʦ ʢʦʪʦʨʳʭ 

ʚʭʦʜʠʪ: 



 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ï ʢʣʘʩʩʠʬʠʢʘʮʠʷ; 

ï ʢʣʘʩʪʝʨʠʟʘʮʠʷ; 

ï ʧʦʠʩʢ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʧʨʘʚʠʣ; 

ï ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ; 

ï ʘʥʘʣʠʟ ʦʪʢʣʦʥʝʥʠʡ. 

ʈʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʪʦʞʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʘ, ʢʦʪʦʨʘʷ ʧʦʤʦʛʘʝʪ 

ʩʪʫʜʝʥʪʘʤ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ʇʦʜʜʝʨʞʢʘ ʠʥʪʝʛʨʘʮʠʠ ʩ ʉʋɹɼ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʠ ʧʦʚʳʰʘʝʪ ʝʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʜʦʣʞʥʦ ʟʘʪʨʦʥʫʪʴ ʠ ʪʝ 

ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʥʝ ʪʘʢ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʩ Oracle Data 

Mining, ʦʜʥʘʢʦ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʦʥʠ ʪʘʢʞʝ ʚʘʞʥʳ. ʂ ʪʘʢʠʤ ʬʫʥʢʮʠʷʤ ʦʪʥʦʩʷʪʩʷ: 

ï ʠʤʧʦʨʪ ʜʘʥʥʳʭ; 

ï ʙʘʟʦʚʘʷ ʦʯʠʩʪʢʘ ʜʘʥʥʳʭ; 

ï ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ; 

ï ʵʢʩʧʦʨʪ ʨʝʟʫʣʴʪʘʪʦʚ; 

ï ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʮʝʥʘʨʠʝʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʀʤʧʦʨʪ ʠ ʵʢʩʧʦʨʪ ʜʘʥʥʳʭ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʬʘʡʣʦʚ. 

ʇʦʜʜʝʨʞʢʘ ʙʘʟʦʚʦʡ ʦʯʠʩʪʢʠ ʜʘʥʥʳʭ ʤʦʞʝʪ ʜʘʪʴ ʩʪʫʜʝʥʪʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ 

ʧʨʠʢʣʘʜʥʳʝ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʤʦʜʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʌʫʥʢʮʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʚʩʝʤ ʩʪʫʜʝʥʪʘʤ ʙʳʩʪʨʝʝ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʜʘʥʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʝʝ ʚʳʷʚʣʷʪʴ ʪʝʥʜʝʥʮʠʠ ʚ ʥʠʭ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʮʝʥʘʨʠʝʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʧʦʣʫʯʠʪʴ ʥʘʚʳʢʠ ʚ 

ʦʙʣʘʩʪʠ ʨʘʙʦʪʳ ʩ ʨʘʩʧʠʩʘʥʠʝʤ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ʪʨʠʛʛʝʨʘʤʠ. 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʩʝʭ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʬʫʥʢʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʩʪ-ʢʝʡʩʳ. 

ʇʨʠʤʝʨ ʪʝʩʪ-ʢʝʡʩʦʚ ʜʣʷ ʬʫʥʢʮʠʡ çʀʥʪʝʛʨʘʮʠʷ ʩ ʉʋɹɼè ʠ çʂʣʘʩʩʠʬʠʢʘʮʠʷè ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣʠʮʝ 1. 

ʇʦʤʠʤʦ ʧʨʦʚʝʨʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ 

ʦʮʝʥʢʘ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʜʦʙʩʪʚʦ ʠ ʧʨʦʩʪʦʪʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʊʘʢ, ʚ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʙʫʜʫʪ ʧʨʦʚʝʨʷʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ï ʫʚʝʨʝʥʥʦʩʪʴ (ʣʝʛʢʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʠʥʩʪʨʫʢʮʠʡ); 

ï ʦʪʟʳʚʯʠʚʦʩʪʴ (ʥʘʣʠʯʠʝ ʩʦʦʙʱʝʥʠʡ ʦʙ ʦʰʠʙʢʘʭ ʠʣʠ ʫʩʧʝʰʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʬʫʥʢʮʠʡ); 

ï ʜʦʩʪʫʧʥʦʩʪʴ (ʫʨʦʚʝʥʴ ʠʥʪʝʛʨʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦ ʩʧʨʘʚʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ); 

ï ʩʪʘʙʠʣʴʥʦʩʪʴ (ʩʧʦʩʦʙʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʙʝʟ ʩʙʦʝʚ ʠ ʦʰʠʙʦʢ); 

ï ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ (ʚʠʟʫʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʥʩʪʨʫʤʝʥʪʘ). 

ʊʘʙʣʠʮʘ 1 

ʊʝʩʪ-ʢʝʡʩʳ ʜʣʷ ʬʫʥʢʮʠʡ çʀʥʪʝʛʨʘʮʠʷ ʩ ʉʋɹɼè ʠ çʂʣʘʩʩʠʬʠʢʘʮʠʷè 
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ʅʘʟʚʘʥʠʝ 

ʪʝʩʪʠʨʫʝʤʦʡ 

ʬʫʥʢʮʠʠ 

ʆʧʠʩʘʥʠʝ ʪʝʩʪʘ ʐʘʛʠ ʚʳʧʦʣʥʝʥʠʷ ʆʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ 

ʀʥʪʝʛʨʘʮʠʷ ʩ 

ʉʋɹɼ 

ʇʨʦʚʝʨʢʘ 

ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ 

ʉʋɹɼ 

1. ʋʢʘʟʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʦʜʢʣʶʯʝʥʠʷ; 

2. ʋʩʪʘʥʦʚʠʪʴ ʧʦʜʢʣʶʯʝʥʠʝ; 

3. ɿʘʛʨʫʟʠʪʴ ʪʘʙʣʠʮʫ ʠʟ ʙʘʟʳ 

ʜʘʥʥʳʭ 

ʋʩʧʝʰʥʦʝ 

ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʉʋɹɼ, 

ʜʘʥʥʳʝ ʠʟ ʙʘʟʳ 

ʢʦʨʨʝʢʪʥʦ ʟʘʛʨʫʞʝʥʳ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʇʨʦʚʝʨʢʘ 

ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʦʙʲʝʢʪʦʚ 

1. ʀʤʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ; 

2. ɺʳʙʨʘʪʴ ʘʣʛʦʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ; 

3. ʅʘʩʪʨʦʠʪʴ ʤʦʜʝʣʴ; 

4. ʆʙʫʯʠʪʴ ʤʦʜʝʣʴ; 

5. ʇʨʦʩʤʦʪʨʝʪʴ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ 

ʤʦʜʝʣʠ 

ʄʦʜʝʣʴ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʦʩʪʨʦʝʥʘ, ʤʦʞʥʦ 

ʧʨʦʩʤʦʪʨʝʪʴ 

ʚʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ 

ʵʪʦʡ ʤʦʜʝʣʠ 

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʠʣʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʵʪʠʤ ʢʨʠʪʝʨʠʷʤ ʙʫʜʝʪ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʠ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʪʴ ʥʘ ʠʪʦʛʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʰʢʘʣʳ ʦʮʝʥʠʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʨʷʝʤʳʭ ʬʫʥʢʮʠʡ ʠ 

ʠʥʪʝʨʬʝʡʩʘ. 

ʊʝʩʪ-ʢʝʡʩʳ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʩʪʨʫʤʝʥʪʦʚ ʙʫʜʫʪ ʦʮʝʥʠʚʘʪʴʩʷ ʧʦ 

ʪʨʸʭʙʘʣʣʴʥʦʡ ʰʢʘʣʝ: 

ï ʧʨʦʡʜʝʥ (ʬʫʥʢʮʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʷʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʢʦʨʨʝʢʪʥʦ); 

ï ʦʛʨʘʥʠʯʝʥʦ ʧʨʦʡʜʝʥ (ʬʫʥʢʮʠʷ ʨʘʙʦʪʘʝʪ, ʥʦ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʢʠ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʪʨʫʜʥʠʪʴ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ); 

ï ʥʝ ʧʨʦʡʜʝʥ (ʬʫʥʢʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ ʠʣʠ ʥʝ ʚʳʧʦʣʥʷʝʪ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ). 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʚʫʭʙʘʣʣʴʥʘʷ ʰʢʘʣʘ: 

ï ʚʳʧʦʣʥʝʥʦ (ʩʚʦʡʩʪʚʦ ʠʥʪʝʨʬʝʡʩʘ ʨʝʘʣʠʟʦʚʘʥʦ ʠ ʥʝ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʢʦʚ); 

ï ʥʝ ʚʳʧʦʣʥʝʥʦ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʪʝʨʬʝʡʩʘ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʩʚʦʡʩʪʚʘ çʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠè. ʉʥʘʯʘʣʘ 

ʵʢʩʧʝʨʪʳ ʙʫʜʫʪ ʦʮʝʥʠʚʘʪʴ ʚʠʟʫʘʣ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦ ʜʝʩʷʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʝ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʘʩʧʝʢʪʘ: ʥʝʚʦʟʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʧʦʥʨʘʚʠʪʩʷ ʚʩʝʤ. ɼʘʣʝʝ, ʝʩʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʚ ʩʨʝʜʥʝʤ ʥʘʙʝʨʸʪ ʙʦʣʝʝ 

ʚʦʩʴʤʠ ʙʘʣʣʦʚ ʧʦ ʵʪʦʤʫ ʢʨʠʪʝʨʠʶ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ 

ʚʳʧʦʣʥʝʥʥʳʤ. 

ʊʨʸʭʙʘʣʣʴʥʘʷ ʰʢʘʣʘ ʜʣʷ ʬʫʥʢʮʠʡ ʧʦʟʚʦʣʠʪ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʦʮʝʥʢʫ: ʪʘʢ ʙʫʜʝʪ 

ʦʪʦʙʨʘʞʝʥʦ ʥʝ ʪʦʣʴʢʦ ʫʩʧʝʰʥʦʝ ʚʳʧʦʣʥʝʥʠʝ, ʥʦ ʠ ʥʘʣʠʯʠʝ ʯʘʩʪʠʯʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʕʪʦ 

ʧʦʤʦʞʝʪ ʚʳʷʚʠʪʴ ʥʶʘʥʩʳ, ʢʦʪʦʨʳʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ ʠʥʩʪʨʫʤʝʥʪʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʜʚʫʭʙʘʣʣʴʥʘʷ ʰʢʘʣʘ ʜʣʷ ʠʥʪʝʨʬʝʡʩʘ ʦʙʝʩʧʝʯʠʪ ʯʸʪʢʫʶ ʙʠʥʘʨʥʫʶ ʦʮʝʥʢʫ: ʫʜʦʙʝʥ ʠʥʩʪʨʫʤʝʥʪ 

ʠʣʠ ʥʝʪ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʣʝʛʯʝʥʠʶ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ [1; 2] ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʙʦʪʳ ʩ 

ʘʣʛʦʨʠʪʤʘʤʠ Data Mining: 

ï Orange; 

ï RapidMiner; 

ï KNIME;  
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ï Loginom; 

ï PolyAnalyst. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʜʫʢʪ RapidMiner ʥʝ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʨʘʩʩʤʦʪʨʝʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʙʳʣ ʢʫʧʣʝʥ ʢʦʤʧʘʥʠʝʡ Altair Engineering, ʢʦʪʦʨʘʷ ʫʩʪʘʥʦʚʠʣʘ 

ʣʠʮʝʥʟʠʦʥʥʳʡ ʬʦʨʤʘʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʘʙʦʪʘ ʩ ʢʘʞʜʳʤ ʠʟ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦ ʝʸ ʠʪʦʛʘʤ ʙʳʣʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʪʝʩʪ-ʢʝʡʩʳ ʠ 

ʩʦʟʜʘʥʘ ʪʘʙʣʠʮʘ ʩ ʦʮʝʥʢʦʡ ʬʫʥʢʮʠʦʥʘʣʘ ʢʘʞʜʦʛʦ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʪʘʙʣ. 2).  

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ 

 

ʅʘʟʚʘʥʠʝ ʪʝʩʪʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ Orange KNIME Loginom PolyAnalyst 

ʀʤʧʦʨʪ ʬʘʡʣʦʚ ʩ ʨʘʩʰʠʨʝʥʠʝʤ çcsvè ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ 

ʀʤʧʦʨʪ ʬʘʡʣʦʚ ʩ ʨʘʩʰʠʨʝʥʠʝʤ 

çxlsxè 
ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʉʋɹɼ 
ʆʛʨʘʥʠʯʝʥʦ 

ʧʨʦʡʜʝʥ 
ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ 

ɹʘʟʦʚʘʷ ʦʯʠʩʪʢʘ ʜʘʥʥʳʭ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ 
ʆʛʨʘʥʠʯʝʥʦ 

ʧʨʦʡʜʝʥ 
ʇʨʦʡʜʝʥ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʅʝ ʧʨʦʡʜʝʥ ʇʨʦʡʜʝʥ 

ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ 

ʇʦʠʩʢ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʧʨʘʚʠʣ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ 

ɸʥʘʣʠʟ ʦʪʢʣʦʥʝʥʠʡ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʅʝ ʧʨʦʡʜʝʥ ʇʨʦʡʜʝʥ 

ʕʢʩʧʦʨʪ ʬʘʡʣʦʚ ʩ ʨʘʩʰʠʨʝʥʠʝʤ 

çcsvè 
ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ 

ʕʢʩʧʦʨʪ ʬʘʡʣʦʚ ʩ ʨʘʩʰʠʨʝʥʠʝʤ 

çxlsxè 
ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ 

ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ ʇʨʦʡʜʝʥ 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʮʝʥʘʨʠʝʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʅʝ ʧʨʦʡʜʝʥ ʅʝ ʧʨʦʡʜʝʥ ʅʝ ʧʨʦʡʜʝʥ ʇʨʦʡʜʝʥ 

 

ɺ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʙʳʣ ʧʨʦʚʝʜʸʥ ʦʧʨʦʩ IT-ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ ʥʘ ʪʝʤʫ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʇʦ ʝʛʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʳʣʘ ʩʦʟʜʘʥʘ ʪʘʙʣʠʮʘ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʜʘʥʥʦʛʦ 

ʩʚʦʡʩʪʚʘ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3  

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʚʦʡʩʪʚʘ çʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠè ʠʥʩʪʨʫʤʝʥʪʦʚ 

 

ʆʧʨʦʰʝʥʥʳʡ Orange KNIME Loginom PolyAnalyst 

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ˉ1 8 6 9 10 

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ˉ2 7 7 8 10 

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ˉ3 8 3 5 7 

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ˉ4 7 5 6 9 

IT-ʩʧʝʮʠʘʣʠʩʪ ˉ1 9 6 8 10 

IT-ʩʧʝʮʠʘʣʠʩʪ ˉ2 8 5 9 10 

IT-ʩʧʝʮʠʘʣʠʩʪ ˉ3 3 8 8 6 

ʉʪʫʜʝʥʪ ˉ1 8 9 10 9 

ʉʪʫʜʝʥʪ ˉ2 7 6 9 8 

ʉʪʫʜʝʥʪ ˉ3 6 5 8 9 
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ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 7.1 6 8 8.8 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʙʦʣʝʝ ʚʦʩʴʤʠ ʙʘʣʣʦʚ ʥʘʙʨʘʣʠ ʪʦʣʴʢʦ Loginom ʠ PolyAnalyst, 

ʠʤʝʥʥʦ ʦʥʠ ʧʨʦʰʣʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ çʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴè. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʜʚʠʥʫʪʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʥʪʝʨʬʝʡʩʫ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʙʳʣʘ 

ʩʦʟʜʘʥʘ ʪʘʙʣʠʮʘ ʩ ʦʮʝʥʢʦʡ ʠʥʪʝʨʬʝʡʩʘ ʢʘʞʜʦʛʦ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʪʘʙʣ. 4).  

ʊʘʙʣʠʮʘ 4 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʠʥʩʪʨʫʤʝʥʪʦʚ 

 

ʊʝʩʪʠʨʫʝʤʳʡ ʬʘʢʪʦʨ Orange KNIME Loginom PolyAnalyst 

ʋʚʝʨʝʥʥʦʩʪʴ ɼʘ ɼʘ ɼʘ ɼʘ 

ʆʪʟʳʚʯʠʚʦʩʪʴ ɼʘ ɼʘ ɼʘ ɼʘ 

ɼʦʩʪʫʧʥʦʩʪʴ ɼʘ ɼʘ ʅʝʪ ʅʝʪ 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʅʝʪ ɼʘ ɼʘ ɼʘ 

ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʅʝʪ ʅʝʪ ɼʘ ɼʘ 

 

ʊʘʢʞʝ ʧʦ ʠʪʦʛʘʤ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʝ ʚʳʚʦʜʳ ʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠ ʫʜʦʙʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʇʝʨʚʳʤ ʪʝʩʪʠʨʫʝʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʙʳʣ Orange, ʢʦʪʦʨʳʡ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ 

ʘʥʘʣʠʪʠʢʦʡ ʠ ʚʠʟʫʘʣʠʟʘʮʠʝʡ. ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦ. ʆʜʥʘʢʦ, ʫ 

ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʝʩʪʴ ʥʝʜʦʩʪʘʪʢʠ: ʜʚʫʭʵʪʘʧʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩ ʉʋɹɼ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʮʝʥʘʨʠʝʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ Orange ʧʣʦʭʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʙʦʣʴʰʠʤʠ 

ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ: ʦʥ ʟʘʚʠʩʘʝʪ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʬʘʡʣʘ ʥʘ 1 ʤʠʣʣʠʦʥ ʩʪʨʦʢ. 

ɺʪʦʨʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʨʦʭʦʜʠʚʰʠʤ ʵʪʘʧ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʩʪʘʣ KNIME. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʦʥ ʩʠʣʴʥʦ ʧʦʭʦʞ ʥʘ Orange, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʨʷʜʘ ʥʝʜʦʩʪʘʪʢʦʚ 

ʧʝʨʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʝʣʘʶʪ ʝʛʦ ʛʦʨʘʟʜʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʆʜʥʘʢʦ, KNIME ʠʤʝʝʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ: ʦʥ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʮʝʥʘʨʠʝʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʝʨʚʝʨʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʢʫʧʘʪʴ.  

ʆʙʘ ʠʥʩʪʨʫʤʝʥʪʘ, Orange ʠ KNIME, ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, 

ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʅʦ ʜʣʷ ʪʝʭ, ʢʪʦ ʥʝ ʚʣʘʜʝʝʪ 

ʘʥʛʣʠʡʩʢʠʤ ʷʟʳʢʦʤ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʫʨʦʚʥʝ, ʪʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʪʨʫʜʥʳʤʠ ʜʣʷ 

ʦʩʚʦʝʥʠʷ ʠ ʨʘʙʦʪʳ. 

Loginom ï ʨʦʩʩʠʡʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ɼʦʩʪʦʠʥʩʪʚʘ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʫ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʧʝʨʝʢʨʳʚʘʶʪ ʝʛʦ 

ʥʝʜʦʩʪʘʪʢʠ. ʊʘʢ, ʝʛʦ ʬʫʥʢʮʠʦʥʘʣ ʦʛʨʘʥʠʯʝʥ ʫʟʢʠʤ ʩʧʝʢʪʨʦʤ ʘʣʛʦʨʠʪʤʦʚ: ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ 

ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ʠ ʘʣʛʦʨʠʪʤ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʦʜʫʢʪ ʚʢʣʶʯʘʝʪ 

ʤʘʣʝʥʴʢʠʡ ʥʘʙʦʨ ʚʠʟʫʘʣʠʟʘʮʠʡ ʜʘʥʥʳʭ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʚʘʞʥʦ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʦʜʥʦʡ ʟʘʜʘʯʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ Loginom ʝʱʸ ʥʝ ʛʦʪʦʚ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʮʝʣʷʭ. 

ʇʦʩʣʝʜʥʠʤ ʪʝʩʪʠʨʫʝʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʙʳʣ PolyAnalyst. ʕʪʦ ʨʝʰʝʥʠʝ ʫʩʧʝʰʥʦ 

ʩʧʨʘʚʠʣʦʩʴ ʩʦ ʚʩʝʤʠ ʪʝʩʪ-ʢʝʡʩʘʤʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 
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ʩʮʝʥʘʨʠʝʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʩʪʫʧʝʥ ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ PolyAnalyst 

Server. 

ʀʥʪʝʨʬʝʡʩ PolyAnalyst ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ ʚ ʦʩʚʦʝʥʠʠ ʠ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʙʦʪʳ ʢʘʢ 

ʥʦʚʠʯʢʦʚ, ʪʘʢ ʠ ʙʦʣʝʝ ʦʧʳʪʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʥʘʛʣʷʜʥʦʩʪʠ. ʆʜʥʘʢʦ, ʝʩʪʴ 

ʦʜʠʥ ʥʝʜʦʩʪʘʪʦʢ: ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʥʝ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʭ ʧʦʜʩʢʘʟʦʢ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʚʝʜʝʥʠʡ ʦʙ ʫʟʣʘʭ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʚ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ PolyAnalyst, ʢʦʪʦʨʦʝ 

ʜʦʩʪʫʧʥʦ ʥʘʧʨʷʤʫʶ ʠʟ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠʣʦʞʝʥʠʷ. 

ɼʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʦʮʝʥʢʠ 

ʠʭ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʫʯʝʥʥʳʝ ʚʳʚʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʳ (ʪʘʙʣ. 5). 

 

ʊʘʙʣʠʮʘ 5 

ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʠʥʩʪʨʫʤʝʥʪʦʚ 

 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ Orange KNIME Loginom PolyAnalyst 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʇʨʦʡʜʝʥ 12 13 10 14 

ʆʛʨʘʥʠʯʝʥʦ ʧʨʦʡʜʝʥ 1 0 1 0 

ʅʝ ʧʨʦʡʜʝʥ 1 1 3 0 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʠʥʪʝʨʬʝʡʩʘ 
ɺʳʧʦʣʥʝʥʦ 4 5 5 5 

ʅʝ ʚʳʧʦʣʥʝʥʦ 2 1 1 1 

 

ʆʯʝʚʠʜʥʳʤ ʣʠʜʝʨʦʤ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪ PolyAnalyst. ɼʨʫʛʠʝ ʧʨʦʜʫʢʪʳ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʚʩʝ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ, ʥʝ ʧʨʦʰʣʠ ʧʦ ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʷʤ: 

ï ʫ Orange ʠ KNIME ʥʝʚʦʟʤʦʞʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʮʝʥʘʨʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʭ 

ʠʥʪʝʨʬʝʡʩ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ; 

ï ʫ Loginom ʥʝʪ ʥʝʢʦʪʦʨʳʭ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ Data Mining. 
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ʇʦʮʝʣʫʝʚ ʇ.ʆ. 

ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇ. ɻ. ɼʝʤʠʜʦʚʘ 

ʛ. ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉɺɪʈʊʆʏʅʆʁ ʄʆɼɽʃʀ U-NET  

ɼʃʗ ʈɽʐɽʅʀʗ ɿɸɼɸʏʀ ʇʆɼɸɺʃɽʅʀʗ ʐʋʄɸ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʷ ʩʚʸʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʝ U-net [1], ʜʣʷ ʟʘʜʘʯʠ ʫʜʘʣʝʥʠʷ ʰʫʤʘ ʩ ʘʫʜʠʦ ʩʠʛʥʘʣʦʚ. ʇʨʦʙʣʝʤʘ ʧʦʜʘʚʣʝʥʠʷ 

ʰʫʤʘ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʟʚʫʢʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʦʪ ʤʥʦʛʠʭ IT-ʢʦʤʧʘʥʠʡ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʩʪʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ, ʯʘʩʪʦ ʥʝ ʷʚʣʷʶʱʠʭʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ ʩʧʦʩʦʙʥʳ ʠʟʚʣʝʢʘʪʴ ʩʢʨʳʪʳʝ ʧʨʠʟʥʘʢʠ ʩʠʛʥʘʣʘ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ [2; 3].  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ U-Net, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʣʷ 

ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʝʸ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʧʝʢʪʨʘʤʠ ʘʫʜʠʦ 

ʩʠʛʥʘʣʦʚ [4; 5]. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʘʫʜʠʦ ʚ ʩʧʝʢʪʨʦʛʨʘʤʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (STFT), ʧʦʩʣʝ ʧʨʠʤʝʥʷʝʪʩʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (log1p) ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɼʘʣʝʝ ʩʧʝʢʪʨʦʛʨʘʤʤʘ 

ʩʪʘʥʜʘʨʪʠʟʠʨʫʝʪʩʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʩʭʦʜʠʤʦʩʪʴ ʤʦʜʝʣʠ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʧʨʠʚʦʜʷʪʩʷ ʢ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʧʦʜʭʦʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʬʠʣʴʪʨʳ Wiener ʠʣʠ Kalman, 

ʢʦʪʦʨʳʝ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʰʫʤʘ, U-Net ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ ʪʦʯʥʦʛʦ ʟʥʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʫʤʘ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʧʝʨʝʤʝʥʥʳʤ ʠʣʠ ʥʝʠʟʚʝʩʪʥʳʤ ʰʫʤʦʤ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, U-Net ʦʙʫʯʘʝʪʩʷ ʥʘ ʙʦʣʴʰʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʷʚʣʷʷ 

ʧʘʪʪʝʨʥʳ ʰʫʤʘ ʠ ʩʠʛʥʘʣʘ. ʕʪʦ ʜʝʣʘʝʪ ʝʸ ʙʦʣʝʝ ʛʠʙʢʦʡ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ 

skip-ʩʦʝʜʠʥʝʥʠʷʤ, ʤʦʜʝʣʴ ʩʦʭʨʘʥʷʝʪ ʚʘʞʥʳʝ ʜʝʪʘʣʠ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ 

ʟʘʜʘʯ, ʛʜʝ ʢʘʯʝʩʪʚʦ ʟʚʫʢʘ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʚ ʦʙʨʘʙʦʪʢʝ ʨʝʯʠ ʠʣʠ 

ʘʫʜʠʦʘʥʘʣʠʟʝ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʩʝʪʠ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʦʙʨʘʙʦʪʢʠ, ʥʘʯʠʥʘʷ ʩ ʵʥʢʦʜʝʨʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʚʸʨʪʦʯʥʳʭ ʙʣʦʢʦʚ. ʕʥʢʦʜʝʨʥʳʝ ʙʣʦʢʠ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ 

ʩʚʸʨʪʦʯʥʳʭ ʩʣʦʸʚ ʩ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʤʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʬʠʣʴʪʨʦʚ: 32 ʚ ʧʝʨʚʦʤ ʙʣʦʢʝ, 

64 ʚʦ ʚʪʦʨʦʤ, 128 ʚ ʪʨʝʪʴʝʤ ʠ 256 ʚ ʯʝʪʚʸʨʪʦʤ. ʈʘʟʤʝʨ ʷʜʝʨ ʚ ʩʚʸʨʪʢʘʭ ʩʦʩʪʘʚʣʷʝʪ 3x3, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʜʝʪʘʣʠʟʘʮʠʝʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʂʘʞʜʳʡ ʠʭ ʥʠʭ 

ʠʤʝʝʪ ʜʚʘ ʩʚʸʨʪʦʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʠ ʘʢʪʠʚʘʮʠʝʡ 

ReLU, ʘ ʟʘʪʝʤ ʧʨʠʤʝʥʷʪʩʷ ʦʧʝʨʘʮʠʷ max-pooling ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʟʤʝʨʦʚ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʙʣʦʢʦʚ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠ ʧʦʩʪʝʧʝʥʥʦ 

ʠʟʚʣʝʢʘʪʴ ʨʝʣʝʚʘʥʪʥʳʝ ʧʨʠʟʥʘʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʦʪʜʝʣʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʰʫʤʦʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʵʥʢʦʜʝʨ, ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʚ çʙʫʪʳʣʦʯʥʦʝ 

ʛʦʨʣʳʰʢʦè (bottle neck), ʛʜʝ ʯʠʩʣʦ ʬʠʣʴʪʨʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʣʫʙʦʢʦʝ 
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ʈʠʩ. 1. ʇʨʠʤʝʨ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʠ U-Net 

 

ɼʝʢʦʜʝʨ, ʷʚʣʷʶʱʠʡʩʷ ʚʪʦʨʦʡ ʯʘʩʪʴʶ ʤʦʜʝʣʠ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠʩʭʦʜʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʠ ʧʦʩʪʨʦʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʳʭ 

ʩʚʸʨʪʦʢ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʶʪʩʷ skip-ʩʦʝʜʠʥʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʧʨʷʤʫʶ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʦʸʚ ʵʥʢʦʜʝʨʘ ʚ ʜʝʢʦʜʝʨ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʪʝʨʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʩʣʝ ʵʪʘʧʘ ʜʝʢʦʜʠʨʦʚʘʥʠʷ 

ʚʳʭʦʜʥʦʡ ʪʝʥʟʦʨ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʬʠʥʘʣʴʥʳʤ ʩʚʸʨʪʦʯʥʳʤ ʷʜʨʦʤ, ʘ ʟʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʠʥʪʝʨʧʦʣʷʮʠʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʨʘʟʤʝʨʦʚ ʩʧʝʢʪʨʦʛʨʘʤʤʳ.  

ɼʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʙʳʣ ʚʳʙʨʘʥ ʦʧʪʠʤʠʟʘʪʦʨ Adam ʩ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʦʙʫʯʝʥʠʷ 

0.001. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʚ ʟʘʜʘʯʘʭ ʩ ʙʦʣʴʰʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ 

ʙʣʘʛʦʜʘʨʷ ʘʜʘʧʪʠʚʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʯʪʦ ʫʩʢʦʨʷʝʪ 

ʩʭʦʜʠʤʦʩʪʴ.  

ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʠ 

(MSE) ʠ L1-ʧʦʪʝʨʠ ʩ ʚʝʩʘʤʠ 0.7 ʠ 0.3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. MSE ʧʦʤʦʛʘʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʙʱʫʶ 

ʦʰʠʙʢʫ ʤʝʞʜʫ ʧʨʝʜʩʢʘʟʘʥʥʦʡ ʠ ʮʝʣʝʚʦʡ ʩʧʝʢʪʨʦʛʨʘʤʤʘʤʠ, ʪʦʛʜʘ ʢʘʢ L1-ʨʝʛʫʣʷʨʠʟʘʮʠʷ 

ʩʛʣʘʞʠʚʘʝʪ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʘ. ɿʘ 10 ʵʧʦʭ 

ʦʙʫʯʝʥʠʷ train loss ʩʥʠʟʠʣʩʷ ʩ 0.060 ʜʦ 0.035, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʧʝʰʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʤʦʜʝʣʠ 

ʠ ʝʸ ʩʧʦʩʦʙʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ ʦʙʫʯʘʪʴʩʷ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ 

ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʙʫʯʘʶʱʠʡʩʷ ʠ ʚʘʣʠʜʘʮʠʦʥʥʳʡ ʥʘʙʦʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʘʫʜʠʦʬʘʡʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʯʠʩʪʳʤʠ ʠ ʟʘʰʫʤʣʸʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ. ɺ ʨʘʤʢʘʭ ʟʘʜʘʯʠ ʥʘ 

ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʴ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤ ʪʨʝʥʠʨʦʚʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʯʠʩʣʷʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʜʣʷ ʪʝʢʫʱʝʛʦ ʙʘʪʯʘ.  
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ʈʠʩ. 2 ɻʨʘʬʠʢʠ ʦʙʫʯʘʶʱʝʛʦ ʠ ʚʘʣʠʜʘʮʠʦʥʥʦʛʦ ʥʘʙʦʨʦʚ 

 

ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʜʣʷ ʦʙʫʯʘʶʱʝʛʦ ʥʘʙʦʨʘ ʠ ʚʘʣʠʜʘʮʠʦʥʥʦʛʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʩʥʠʞʝʥʠʝ ʦʰʠʙʢʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʨʨʝʢʪʥʦʤ ʦʙʫʯʝʥʠʠ ʩʝʪʠ ʠ ʝʸ ʩʧʦʩʦʙʥʦʩʪʠ 

ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʪʴ ʰʫʤʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ.  

 

 
 

ʈʠʩ. 3. ʉʧʝʢʪʨʦʛʨʘʤʤʳ ʟʘʰʫʤʣʸʥʥʦʛʦ ʬʘʡʣʘ ʠ ʦʯʠʱʝʥʥʦʛʦ 

 

ɺʠʟʫʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʛʨʘʤʤ ʟʘʰʫʤʣʸʥʥʦʛʦ ʬʘʡʣʘ ʠ ʦʯʠʱʝʥʥʦʛʦ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʥʘʩʢʦʣʴʢʦ ʫʩʧʝʰʥʦ ʤʦʜʝʣʴ ʩʧʨʘʚʠʣʘʩʴ ʩ ʟʘʜʘʯʝʡ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʘ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʪʴ, 

ʚʦʟʤʦʞʥʳʝ ʘʨʪʝʬʘʢʪʳ, ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ. ɺʠʜʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʠʣʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʰʫʤʦʚʳʭ ʦʙʣʘʩʪʝʡ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ U-Net ʩʧʦʩʦʙʥʘ 

ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʪʴ ʰʫʤ ʠʟ ʘʫʜʠʦ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʠʟʫʘʣʴʥʳʤ ʩʨʘʚʥʝʥʠʝʤ 

ʩʧʝʢʪʨʦʛʨʘʤʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʸʤʝ ʜʘʥʥʳʭ, ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 
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ʦʙʫʯʘʶʱʠʭ ʧʨʠʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʠ ʘʫʛʤʝʥʪʘʮʠʠ, ʩʧʦʩʦʙʥʳ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʫʜʘʣʝʥʠʷ ʰʫʤʘ.  

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʘ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝʩʢʦʣʴʢʦ 

ʥʘʧʨʘʚʣʝʥʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʫʛʤʝʥʪʘʮʠʠ ʜʘʥʥʳʭ: ʜʦʙʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʰʫʤʘ (ʙʝʣʳʡ ʰʫʤ, ʬʦʥʦʚʳʝ ʟʚʫʢʠ, ʵʭʦ) ʚ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ ʧʦʟʚʦʣʠʪ ʤʦʜʝʣʠ ʣʫʯʰʝ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʩʮʝʥʘʨʠʷʤ. ɺʦ-ʚʪʦʨʳʭ, ʤʦʞʥʦ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤʠ ʘʨʭʠʪʝʢʪʫʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ResU-net, ʛʜʝ residual connections ʫʣʫʯʰʘʶʪ 

ʛʨʘʜʠʝʥʪʥʳʡ ʧʦʪʦʢ ʠ ʧʦʚʳʰʘʶʪ ʪʦʯʥʦʩʪʴ. ʅʘʢʦʥʝʮ, ʧʨʠʤʝʥʝʥʠʝ transfer learning ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʦʙʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʙʦʣʴʰʠʭ ʘʫʜʠʦ-ʜʘʪʘʩʝʪʘʭ ʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʦʙʫʯʝʥʠʷ ʠ ʫʣʫʯʰʠʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʦʙʲʸʤ ʚʘʰʠʭ ʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʥʘʷ ʨʘʙʦʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ U-Net 

ʜʣʷ ʫʜʘʣʝʥʠʷ ʰʫʤʘ ʩ ʘʫʜʠʦ ʬʘʡʣʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ʈʝʘʣʠʟʘʮʠʷ 

ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʪʴ ʰʫʤʦʚʳʝ ʠʩʢʘʞʝʥʠʷ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʚʘʞʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʘʫʜʠʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ, ʢʘʢ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ʘʫʜʠʦʘʥʘʣʠʪʠʢʘ ʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʟʚʫʢʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʜʢʨʝʧʣʸʥʥʳʝ ʚʠʟʫʘʣʴʥʳʤʠ ʩʨʘʚʥʝʥʠʷʤʠ ʩʧʝʢʪʨʦʛʨʘʤʤ ʠ 

ʘʥʘʣʠʟʦʤ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʝʥ 

ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʘʫʜʠʦ. 

ʈʝʘʣʠʟʘʮʠʷ ʜʦʩʪʫʧʥʘ ʧʦ ʩʩʳʣʢʝ: https://github.com/Magnifico169/Speech-denoising. 
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ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ɸʅɸʃʀɿ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ ɼʃʗ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʗɿʓʂɸ ɾɽʉʊʆɺ 

ʗʟʳʢ ʞʝʩʪʦʚ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʧʦʩʦʙʦʚ ʢʦʤʤʫʥʠʢʘʮʠʠ ʛʣʫʭʠʭ ʠ ʩʣʘʙʦʩʣʳʰʘʱʠʭ 

ʣʶʜʝʡ. ʇʦ ʜʘʥʥʳʤ ʄʠʥʟʜʨʘʚʘ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 150 ʪʳʩʷʯ ʠʥʚʘʣʠʜʦʚ ʧʦ ʩʣʫʭʫ, ʘ ʧʦ ʦʮʝʥʢʝ 

ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʛʣʫʭʠʭ ʧʨʦʙʣʝʤʳ ʩʦ ʩʣʫʭʦʤ ʟʘʤʝʯʘʶʪʩʷ ʫ 13 ʤʠʣʣʠʦʥʦʚ ʛʨʘʞʜʘʥ 

[2]. ʃʶʜʠ ʩʦ ʩʣʫʭʦʚʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠʩʧʳʪʳʚʘʶʪ ʪʨʫʜʥʦʩʪʠ ʚ ʦʙʱʝʥʠʠ, ʩʦʮʠʘʣʠʟʘʮʠʠ, 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʦʙʱʝʩʪʚʦ, ʛʣʫʭʠʝ ʣʶʜʠ ʠʩʧʳʪʳʚʘʶʪ ʪʨʫʜʥʦʩʪʠ ʚ ʧʦʣʫʯʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

(ʞʝʩʪʦʚʳʡ ʷʟʳʢ ʥʝ ʧʨʝʧʦʜʘʝʪʩʷ ʚ ʰʢʦʣʘʭ) ʠ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ 

ʩʪʦʷʪ ʥʘ ʤʝʩʪʝ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʦʧʠʩʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʙʫʜʫʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʣʫʯʰʝʡ ʜʣʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʷʟʳʢʘ ʞʝʩʪʦʚ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ. ʕʪʦ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʫʩʪʨʘʥʝʥʠʠ ʨʷʜʘ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʠʥʪʝʛʨʠʨʫʷʩʴ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʩʠʩʪʝʤʳ ʜʣʷ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʡ ʠʣʠ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʙʦʪʳ 

ʬʦʥʜʦʚ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʄʌʎ, ʙʘʥʢʠ, ʚʦʢʟʘʣʳ ʠ ʘʵʨʦʧʦʨʪʳ. 

ʇʦʣʥʦʩʚʷʟʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩ ʧʨʷʤʦʡ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ. ʀʭ ʠʩʧʦʣʴʟʫʶʪ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʤʦʜʝʣʴ, ʥʦ ʠ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʆʩʦʙʝʥʥʦʩʪʴ ʪʘʢʠʭ ʩʝʪʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ï ʦʪ ʚʭʦʜʥʦʛʦ ʩʣʦʷ ʢ ʚʳʭʦʜʥʦʤʫ. ʂʘʞʜʳʡ ʥʝʡʨʦʥ ʦʜʥʦʛʦ 

ʩʣʦʷ ʩʚʷʟʘʥ ʩʦ ʚʩʝʤʠ ʥʝʡʨʦʥʘʤʠ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ, ʯʪʦ ʩʦʟʜʘʸʪ ʫʥʠʢʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʝʪʠ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʨʝʰʘʪʴ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, ʚʢʣʶʯʘʷ ʟʘʜʘʯʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ. ʆʜʥʘʢʦ ʥʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʠ ʦ ʤʠʥʫʩʘʭ ʧʦʣʥʦʩʚʷʟʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʪʫʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʣʘʩʩ ʧʦ 

ʟʘʛʨʫʞʝʥʥʦʤʫ ʚ ʥʝʸ ʠʟʦʙʨʘʞʝʥʠʶ ʨʘʟʤʝʨʦʤ 28 ʥʘ 28 ʧʠʢʩʝʣʝʡ. ʅʘ ʚʭʦʜʥʦʡ ʩʣʦʡ ʙʫʜʝʪ 

ʧʦʜʘʚʘʪʴʩʷ 784 ʧʠʢʩʝʣʷ. ʇʨʠ ʵʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ï ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʠ 

ʥʝʣʠʥʝʡʥʘʷ ʟʘʜʘʯʘ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʢʨʳʪʳʭ 

ʩʣʦʸʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʦʥʦʚ 

ʩʚʷʟʝʡ. ʇʨʠ ʦʙʫʯʝʥʠʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʧʦʪʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʦʰʠʙʢʠ, ʯʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʨʘʟʠʪʩʷ ʥʘ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʷʤʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʝ ʧʝʨʝʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʢʦʛʜʘ 

ʤʦʜʝʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʥʘ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ, ʥʦ ʥʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʟʘʜʘʯʘʤʠ ʥʘ ʥʦʚʳʭ, ʥʝʠʟʚʝʩʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ [5]. 

ʈʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʣʥʦʩʚʷʟʥʳʭ ʥʘʣʠʯʠʝʤ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʟʘʧʦʤʠʥʘʪʴ ʠʥʬʦʨʤʘʮʠʶ. ʈʝʢʫʨʨʝʥʪʥʫʶ ʩʝʪʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

ʥʝʩʢʦʣʴʢʦ ʧʦʣʥʦʩʚʷʟʥʳʭ ʩʝʪʝʡ ʧʝʨʝʜʘʶʱʠʭ ʚʳʭʦʜ ʩ ʧʦʩʣʝʜʥʝʛʦ ʩʣʦʷ ʥʘ ʚʭʦʜ ʩʣʝʜʫʶʱʝʡ ʩʝʪʠ 

(ʨʠʩ. 1). 



 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

241 

 
 

ʈʠʩ. 1. ʈʝʢʫʨʨʝʥʪʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʚ ʨʘʟʚʝʨʪʢʝ 

 

ʉʝʡʯʘʩ ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʟʘʜʘʯ, ʪʘʢʠʭ 

ʢʘʢ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ʛʝʥʝʨʘʮʠʷ ʪʝʢʩʪʦʚ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ[4], ʧʝʨʝʚʦʜ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ [3]. ʆʜʥʘʢʦ ʪʘʢʦʡ ʪʠʧ ʘʨʭʠʪʝʢʪʫʨʳ ʠʤʝʝʪ ʧʨʦʙʣʝʤʳ ʩ 

ʠʟʫʯʝʥʠʝʤ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ɼʦʣʛʦʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʝʪʠ ʜʝʣʘʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʦʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʦʚ ʦʙʨʘʙʦʪʢʠ, ʫʯʠʪʳʚʘʷ 

ʢʦʥʪʝʢʩʪ ʠ ʠʩʪʦʨʠʶ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ 1997 ʛʦʜʫ ɿʝʧʦʤ ʍʦʭʨʘʡʪʝʨʦʤ ʠ 

ʖʨʛʝʥʦʤ ʐʤʠʜʭʫʙʝʨʦʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ LSTM ʩʝʪʠ. 

LSTM (long short-term memory) ʠʣʠ ʜʦʣʛʘʷ ʢʨʘʪʢʦʩʨʦʯʥʘʷ ʧʘʤʷʪʴ ʵʪʦ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦʟʚʦʣʷʶʱʘʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ [7]. 

ɻʣʘʚʥʘʷ ʠʜʝʷ LSTM ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʷʯʝʡʢʠ, ʣʠʥʠʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʚʩʶ ʩʝʪʴ. ʆʥʘ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʥʝ ʧʦʜʚʝʨʛʘʷ ʝʸ ʠʟʤʝʥʝʥʠʷʤ, ʧʨʠ ʵʪʦʤ LSTM ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʠʨʘʪʝʣʴʥʦ ʧʨʦʧʫʩʢʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʙʣʘʛʦʜʘʨʷ ʩʠʩʪʝʤʝ ʚʝʥʪʠʣʝʡ (ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ʉʦʩʪʦʷʥʠʝ ʷʯʝʡʢʠ ʩ ʜʚʫʤʷ ʚʝʥʪʠʣʷʤʠ 

 

ɺʝʥʪʠʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʭʘʥʠʟʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʙʠʨʘʪʝʣʴʥʦ ʬʠʣʴʪʨʦʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʩʣʦʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʩʠʛʤʦʠʜʥʦʡ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ ʠ 

ʦʧʝʨʘʮʠʠ ʧʦʵʣʝʤʝʥʪʥʦʛʦ ʫʤʥʦʞʝʥʠʷ (pointwise multiplication). ʉʠʛʤʦʠʜʥʳʡ ʩʣʦʡ ʛʝʥʝʨʠʨʫʝʪ 

ʟʥʘʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1, ʦʧʨʝʜʝʣʷʷ ʩʪʝʧʝʥʴ, ʩ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʠʥʬʦʨʤʘʮʠʠ 

ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʧʫʱʝʥ ʯʝʨʝʟ ʚʝʥʪʠʣʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʥʪʠʣʠ ʨʝʛʫʣʠʨʫʶʪ ʧʦʪʦʢ ʜʘʥʥʳʭ, 

ʦʩʪʘʚʣʷʷ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʫʶ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ. LSTM ʠʤʝʝʪ 3 ʚʝʥʪʠʣʷ: ɺʝʥʪʠʣʴ ʟʘʙʚʝʥʠʷ, 

ɺʭʦʜʥʦʡ ʚʝʥʪʠʣʴ, ɺʳʭʦʜʥʦʡ ʚʝʥʪʠʣʴ. ɺʝʥʪʠʣʴ ʟʘʙʚʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʥʫʞʥʦ ʟʘʙʳʪʴ, ʚʭʦʜʥʦʡ ʚʝʥʪʠʣʴ ʦʧʨʝʜʝʣʷʝʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʠʪʴ, ʘ ʚʳʭʦʜʥʦʡ ʚʝʥʪʠʣʴ 
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ʚʳʜʘʝʪ ʦʪʬʠʣʴʪʨʦʚʘʥʥʫʶ ʚʝʨʩʠʶ ʩʦʩʪʦʷʥʠʷ ʷʯʝʡʢʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ ʩʠʩʪʝʤʝ ʨʝʰʘʝʪʩʷ 

ʧʨʦʙʣʝʤʘ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ʉʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN) ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʟʘʜʘʯʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʩʬʝʨʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. ʀʭ ʩʪʨʫʢʪʫʨʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʟʦʙʨʘʞʝʥʠʡ, ʩʦʢʨʘʱʘʷ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʫʩʢʦʨʷʷ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ CNN ʧʨʠʤʝʥʷʶʪ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʧʦʚʳʰʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʦʙʣʝʛʯʘʶʪ ʦʙʫʯʝʥʠʝ ʛʣʫʙʦʢʠʭ ʘʨʭʠʪʝʢʪʫʨ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ CNN ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʯʝʨʝʜʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʣʦʝʚ, 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʛʣʫʙʦʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʅʘ ʚʭʦʜ ʦʜʥʦʛʦ ʥʝʡʨʦʥʘ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʧʦʜʘʝʪʩʷ ʣʠʰʴ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʷʤʠ. ʇʝʨʚʳʤ ʩʣʦʝʤ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʩʚʝʨʪʦʯʥʳʡ. ʅʘ ʚʭʦʜ ʝʤʫ ʧʦʜʘʝʪʩʷ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ. ʂʘʞʜʳʡ ʠʟ ʥʝʡʨʦʥʦʚ 

ʧʨʠʤʝʪ ʥʘ ʚʭʦʜ ʥʝʙʦʣʴʰʦʡ ʫʯʘʩʪʦʢ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʘ, ʢʦʪʦʨʳʡ 

ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʷʜʨʦʤ ʩʚʝʨʪʢʠ. ʕʪʦʪ ʬʠʣʴʪʨ ʧʦʵʣʝʤʝʥʪʥʦ ʫʤʥʦʞʘʝʪ ʟʥʘʯʝʥʠʷ ʬʠʣʴʪʨʘ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʠʢʩʝʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ. ʌʠʣʴʪʨ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʚʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʘʷ 

ʤʘʪʨʠʮʘ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʫʯʘʩʪʢʦʚ ʙʳʣ ʦʙʨʘʙʦʪʘʥ ʦʜʥʠʤ ʠ 

ʪʝʤ ʞʝ ʥʘʙʦʨʦʚ ʚʝʩʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʝʡ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ 

ʷʚʣʷʝʪʩʷ ʩʣʦʡ ʧʦʜʚʳʙʦʨʢʠ, ʢʦʪʦʨʳʡ ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ. ɿʘʚʝʨʰʘʶʱʠʤ 

ʩʣʦʝʤ CNN ʚʳʩʪʫʧʘʝʪ ʧʦʣʥʦʩʚʷʟʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪ ʥʘ ʚʭʦʜ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʩʣʦʝʚ (ʨʠʩ.3). 

 

 
 

ʈʠʩ. 3. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʣʦʝʚ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʞʜʳʡ ʩʣʦʡ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʝʦʙʨʘʟʫʝʪ ʠʟʦʙʨʘʞʝʥʠʝ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʥʦʩʚʷʟʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʪʘʢʦʡ ʩʝʪʠ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ʠ ʧʨʦʱʝ. [1]. 

ʊʨʘʜʠʮʠʦʥʥʦ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʩʠʛʤʦʠʜʘ ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ 

ʢʘʯʝʩʪʚʝ ʪʠʧʠʯʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ.  

ʆʜʥʘʢʦ, ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʛʣʫʙʦʢʠʭ ʘʨʭʠʪʝʢʪʫʨ ʟʘʤʝʥʠʣʠ ʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ 

ʨʝʰʝʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ReLU, Leaky ReLU, PReLU, ELU. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ɺʳʧʨʷʤʣʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʙʣʦʢʦʚ (RELU), ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʫʶ ʬʫʥʢʮʠʶ ʘʢʪʠʚʘʮʠʠ, ʬʦʨʤʫʣʘ 2: 

ÆØ  ÍÁØπȟØȟς 
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RELU ʚʦʟʚʨʘʱʘʝʪ ʟʥʘʯʝʥʠʝ x, ʝʩʣʠ ʦʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʠ 0 ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʪʘʢʘʷ 

ʬʫʥʢʮʠʷ ʤʝʥʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʘ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ, ʯʝʤ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ ʠʣʠ 

ʩʠʛʤʦʠʜʘ, ʪʘʢ ʢʘʢ ʧʨʦʠʟʚʦʜʠʪ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ. 

ɻʣʫʙʦʢʠʝ ʥʝʡʨʦʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʠʤʝʶʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʧʝʨʝʦʙʫʯʝʥʠʶ. 

ɼʘʞʝ ʚ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ, ʛʜʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʩʘ, ʢʦʣʠʯʝʩʪʚʦ ʦʮʝʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘ ʧʦʨʷʜʦʢ 

ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʙʫʯʘʶʱʠʭ ʩʣʫʯʘʝʚ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʣʦʭʦʤʫ ʦʙʦʙʱʝʥʠʶ ʚʥʝ 

ʚʳʙʦʨʢʠ. 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʪʘʣ ʘʣʛʦʨʠʪʤ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ Dropout. 

ʕʪʦʪ ʤʝʪʦʜ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʧʨʦʩʪʦʪʫ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɽʛʦ 

ʦʩʥʦʚʥʘʷ ʮʝʣʴ ï ʫʤʝʥʴʰʠʪʴ ʠʟʣʠʰʥʶʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʦʪʜʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ, ʟʘʩʪʘʚʣʷʷ ʠʭ 

ʙʨʘʪʴ ʥʘ ʩʝʙʷ ʬʫʥʢʮʠʠ ʜʨʫʛʠʭ ʥʝʡʨʦʥʦʚ [6]. ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʥʝʡʨʦʥʳ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʦʪʢʣʶʯʘʶʪʩʷ ʩ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ (ʦʙʳʯʥʦ 50%), ʠ ʦʙʫʯʝʥʠʝ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʊʘʢʠʝ ʩʣʫʯʘʡʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʩʧʝʰʥʦ ʧʨʝʜʦʪʚʨʘʱʘʶʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʪʴʶ ʦʰʠʙʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʫʣʫʯʰʘʷ ʝʸ ʦʙʦʙʱʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ (ʨʠʩ. 

4). 

 
 

ʈʠʩ. 4. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ Dropout 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʷʟʳʢʘ 

ʞʝʩʪʦʚ ʦʧʪʠʤʘʣʴʥʳʤʠ ʘʨʭʠʪʝʢʪʫʨʘʤʠ ʷʚʣʷʶʪʩʷ ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN) ʠ ʩʝʪʠ ʩ 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʴʶ (LSTM). ʉʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʫʤʝʥʴʰʘʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʧʘʨʘʤʝʪʨʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʟʘʜʘʯʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʞʝʩʪʦʚ. 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʣʥʦʩʚʷʟʥʦʡ ʤʦʜʝʣʴʶ, CNN ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ 

ʫʧʨʦʱʘʝʪ ʠ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʨʠʩʢ ʧʝʨʝʦʙʫʯʝʥʠʷ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, LSTM, ʢʘʢ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʘ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʞʝʩʪʘʭ. ɽʸ 

ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʧʦʤʠʥʘʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʣʘʝʪ ʝʸ ʠʜʝʘʣʴʥʦʡ ʜʣʷ ʟʘʜʘʯ, ʛʜʝ 

ʢʦʥʪʝʢʩʪ ʠ ʠʩʪʦʨʠʷ ʞʝʩʪʦʚ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʙʠʥʘʮʠʷ CNN ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ LSTM ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 
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ʞʝʩʪʦʚ. 
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ʊʘʨʘʙʘʥʦʚʘ ʊ.ɺ.1, ʂʫʪʳʛʠʥʘ ʖ.ʉ.1, ʍʨʘʤʦʚ ʀ.ʉ.1, ʂʦʥʯʝʥʢʦʚ ɺ.ʀ.1,2 
1ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ 
2ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʦʮʠʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ 

ʈɸɿɺɽʈʊʓɺɸʅʀɽ ʇɸʂɽʊɸ LAMMPS ɼʃʗ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʀ ʄɽʊʆɼʆʄ ʂʃɸʉʉʀʏɽʉʂʆʁ ʄʆʃɽʂʋʃʗʈʅʆʁ 

ɼʀʅɸʄʀʂʀ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʇʆʊɽʅʎʀɸʃɸ ʄɽɾɸʊʆʄʅʆɻʆ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ, ɺʓʏʀʉʃʗɽʄʆɻʆ ʉɽʊʔʖ PAINN 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʷʜʘ ʷʚʣʝʥʠʡ 

(ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʤʠʢʨʦʪʨʝʥʠʝ, ʥʘʢʦʧʣʝʥʠʝ ʟʘʨʷʜʘ ʚ ʘʢʢʫʤʫʣʷʪʦʨʘʭ ʠ ʪ. ʜ.). ʆʩʥʦʚʥʦʡ 

ʩʣʦʞʥʦʩʪʴʶ, ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʱʝʡ ʥʘ ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʤʦʜʝʣʠ ʩʠʣʦʚʦʛʦ ʧʦʣʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʘʪʦʤʳ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ. 

ʅʘʨʷʜʫ ʩ ʭʦʨʦʰʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʤʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʧʦʪʝʥʮʠʘʣʘ 

ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚ ʧʦʩʣʝʜʥʠʝ 7ï8 ʣʝʪ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʜʭʦʜ, ʢʦʛʜʘ ʩʠʣʦʚʦʝ ʧʦʣʝ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ [6]. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʜʣʷ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʣʠʙʦ ʨʝʟʫʣʴʪʘʪʳ 

ʢʚʘʥʪʦʚʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʦʣʦʞʝʥʠʠ ʘʪʦʤʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʘ ʢʘʞʜʳʡ ʠʟ ʘʪʦʤʦʚ ʩʠʣʘʭ ʠ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ï ʧʦʣʫʯʝʥʠʝ ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʩ ʪʦʯʥʦʩʪʴʶ, ʜʦʩʪʫʧʥʦʡ ʤʝʪʦʜʘʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, 

ʥʦ ʧʨʠʤʝʥʠʤʦʛʦ ʜʣʷ ʩʠʩʪʝʤ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʣʴʢʦ ʤʝʪʦʜʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʩʠʣʫ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʵʪʠʭ ʩʠʩʪʝʤ. ʅʘ ʧʫʪʠ ʢ ʜʦʩʪʠʞʝʥʠʶ ʵʪʦʡ 

ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʨʷʜ ʚʦʧʨʦʩʦʚ:  

ï ʚʳʙʦʨ ʜʝʩʢʨʠʧʪʦʨʘ, ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʱʝʛʦ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʘʪʦʤʦʚ ʠ ʠʤʝʶʱʠʝʩʷ ʚ ʩʠʩʪʝʤʝ ʩʠʤʤʝʪʨʠʠ; 

ï ʚʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʠ ʠ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ; 

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʭʚʘʪʠʪʴ 

ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʪʦʤʦʚ, ʠ, ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʦʩʪʨʦʠʪʴ ʛʣʘʜʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʦʡ ʵʥʝʨʛʠʠ (ʵʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʪʝʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʠʣʦʚʦʛʦ ʧʦʣʷ); 

ï ʥʘʩʪʨʦʡʢʘ ʠʥʪʝʛʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ, ʚ ʩʠʩʪʝʤʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 

ʇʝʨʚʳʝ ʪʨʠ ʟʘʜʘʯʠ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʣʘʩʪʠ ʢʦʤʧʝʪʝʥʮʠʡ ʬʠʟʠʢʦʚ ʠ ʭʠʤʠʢʦʚ. 

ɿʘʜʘʯʘ ʠʥʪʝʛʨʘʮʠʠ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʩʠʩʪʝʤʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʝʰʘʝʪʩʷ ʩʠʣʘʤʠ ʧʨʦʛʨʘʤʤʠʩʪʦʚ (ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʢʝʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʙʫʯʘʪʴ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ) ʠ ʩʠʩʪʝʤʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ: 

ï ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʧʘʢʝʪʦʚ, ʦʙʫʯʘʶʱʠʭ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ; 

ï ʩʙʦʨʢʫ ʠ ʥʘʩʪʨʦʡʢʫ ʧʘʢʝʪʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʠʤʝʶʱʠʭʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ; 
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ï ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʨʘʩʯʝʪʦʚ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʤʝʶʱʝʛʦʩʷ ʢʣʘʩʪʝʨʘ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʛʨʘʬʦʚʦʡ ʩʝʪʠ PaiNN ʚ 

ʩʚʷʟʢʝ ʩ ʧʘʢʝʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ LAMMPS ʥʘ 

ʢʣʘʩʪʝʨʝ ɺʦʣʛʦʛʨʘʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʰʠʨʦʢʦʛʦ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʨʘʩʯʝʪʦʚ. 

ʉʝʪʴ PaiNN [2] ʚʭʦʜʠʪ ʚ ʧʘʢʝʪ SchNetPack [3] ʠ ʷʚʣʷʝʪʩʷ ʧʨʝʝʤʥʠʮʝʡ ʩʝʪʠ SchNet [4]. ʆʙʝ 

ʵʪʠ ʩʝʪʠ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʘʬʦʚʳʤ, ʪʦ ʝʩʪʴ ʚ ʚʠʜʝ ʛʨʘʬʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠ 

ʤʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʄʦʪʠʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʩʝʪʝʡ (ʚʤʝʩʪʦ ʭʦʨʦʰʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʧʦʣʥʦʩʚʷʟʥʳʭ ʩʝʪʝʡ, ʥʘʧʨʠʤʝʨ, DeePMD [5]), ʷʚʣʷʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, 

ʥʘʧʨʠʤʝʨ, ʧʦʣʠʤʝʨʦʚ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʢʦʣʦʩʩʘʣʴʥʦʝ ʯʠʩʣʦ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ, ʯʪʦʙʳ 

ʧʦʣʥʦʩʚʷʟʥʘʷ ʩʝʪʴ ʤʦʛʣʘ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚʝʨʥʫʶ ʤʦʜʝʣʴ ʩʠʣʦʚʦʛʦ ʧʦʣʷ. ʉʚʝʨʪʦʯʥʳʝ ʠ ʛʨʘʬʦʚʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ʇʘʢʝʪ SchNetPack ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩ ʧʘʢʝʪʦʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ LAMMPS, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʨʷʜʘ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʠ ʫʩʪʘʥʦʚʢʝ. ɺ 

ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ [1] ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʙʦʨʢʘ ʧʘʢʝʪʘ LAMMPS ʩ ʧʦʜʜʝʨʞʢʦʡ ʩʪʠʣʝʚʳʭ 

ʬʘʡʣʦʚ SchNetPack, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʧʦʣʥʷʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʣʦʚʦʛʦ ʧʦʣʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʝʪʴʶ SchNet, ʥʘ 

ʛʨʘʬʠʯʝʩʢʦʤ ʫʩʢʦʨʠʪʝʣʝ. ʍʦʪʷ ʜʣʷ ʤʦʜʝʣʠ, ʩʦʜʝʨʞʘʱʝʡ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ, 

ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʬʠʟʠʯʝʩʢʠ ʚʝʨʥʳʡ ʨʝʟʫʣʴʪʘʪ (ʤʦʜʝʣʠʨʫʝʤʳʡ ʦʙʨʘʟʝʮ ʯʝʨʥʦʛʦ ʬʦʩʬʦʨʝʥʘ 

ʩʦʭʨʘʥʷʣ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʠʟʚʝʩʪʥʳʤʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ), ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʥʘ 

ʦʙʨʘʟʮʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʚʳʰʝ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʘʪʦʤʦʚ ʦʢʘʟʘʣʦʩʴ ʥʝʚʦʟʤʦʞʥʳʤ ʚ ʩʚʷʟʠ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʦʙʲʝʤʘ ʧʘʤʷʪʠ ʚʠʜʝʦʢʘʨʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʜʝʨʞʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʷʟʢʠ LAMMPS + SchNetPack ʦʪ ʧʘʢʝʪʘ CUDA 11.7 ʧʨʠʭʦʜʠʣʦʩʴ ʧʦʜʙʠʨʘʪʴ 

ʢʣʶʯʠ ʩʙʦʨʢʠ LAMMPS ʙʫʢʚʘʣʴʥʦ ʤʝʪʦʜʦʤ ʧʝʨʝʙʦʨʘ, ʠ ʩ ʚʳʭʦʜʦʤ ʥʦʚʦʡ ʚʝʨʩʠʠ SchNetPack 

ʫʩʪʘʥʦʚʦʯʥʳʝ ʩʢʨʠʧʪʳ ʧʝʨʝʩʪʘʣʠ ʙʳʪʴ ʘʢʪʫʘʣʴʥʳʤʠ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʩʙʦʨʢʠ ʧʘʢʝʪʘ LAMMPS ʩ ʧʦʜʜʝʨʞʢʦʡ ʩʪʠʣʝʚʳʭ ʬʘʡʣʦʚ Schnetpack ʚ 

ʢʦʥʪʝʡʥʝʨʝ Docker ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʚʝʨʪʳʚʘʥʠʝʤ ʵʪʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ 

ʢʣʘʩʪʝʨʝ ɺʦʣʛɻʊʋ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʙʨʘʟʘ lammps_17 ʙʳʣ ʩʦʟʜʘʥ ʩʣʝʜʫʶʱʠʡ Dockerfile. 

ɿʘ ʦʩʥʦʚʫ ʙʳʣ ʚʟʷʪʴ ʦʙʨʘʟ nvidia/cuda:11.7.1-devel-ubuntu22.04, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʦʜʥʘ ʠʟ 

ʦʩʥʦʚʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʦʧʠʩʘʥʥʳʭ ʚ ʦʬʠʮʠʘʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ SchNetPack. 

FROM nvidia/cuda:11.7.1-devel-ubuntu22.04 AS cuda 

ʋʜʘʣʷʝʤ ʨʝʧʦʟʠʪʦʨʠʡ CUDA, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʦʙʥʦʚʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʢʝʪʘʭ ʚ 

ʨʝʧʦʟʠʪʦʨʠʷ, ʚʳʜʘʸʪ ʦʰʠʙʢʫ 403(ɼʦʩʪʫʧ ʟʘʧʨʝʱʸʥ). 

RUN rm -f  /etc/apt/sources.list.d/cuda-ubuntu2204-x86_64.list  

ʆʙʥʦʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʢʝʪʘʭ ʚ ʨʝʧʦʟʠʪʦʨʠʷʭ. ʋʩʪʘʥʦʚʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʢʝʪʦʚ. 
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RUN apt update && apt install vim wget git cmake ïy 

ʋʩʪʘʥʦʚʢʘ Python. ʋʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʢʝʪʦʚ. 

RUN apt install build-essential zlib1g-dev libncurses5-dev libgdbm-dev libnss3-dev libssl-dev 

libreadline-dev libffi-dev libsqlite3-dev wget libbz2-dev ïy 

ʉʢʘʯʠʚʘʥʠʝ ʘʨʭʠʚʘ Python3.7 ʩ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ ʠ ʝʛʦ ʨʘʩʧʘʢʦʚʢʘ. 

RUN wget https://www.python.org/ftp/python/3.9.7/Python-3.9.7.tgz && tar -xvf Python-

3.9.7.tgz 

ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ, ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʠʣʷʮʠʠ ʠ ʚʢʣʶʯʝʥʠʝ 

ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʠʩʧʦʣʥʷʝʤʦʛʦ ʬʘʡʣʘ. 

RUN cd Python-3.9.7/ &&  ./configure --enable-optimizations 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʚ ʠʩʧʦʣʥʷʝʤʳʝ ʬʘʡʣʳ, 

ʙʠʙʣʠʦʪʝʢʠ ʠ ʜʨʫʛʠʝ ʥʝʦʙʭʦʜʠʤʳʝ ʘʨʪʝʬʘʢʪʳ. 

RUN cd Python-3.9.7/ && make  

ʋʩʪʘʥʦʚʢʘ Python. 

RUN cd Python-3.9.7/ &&  make altinstall 

ʋʩʪʘʥʦʚʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʘʢʝʪʘ. 

RUN apt-get install python3-pip ïy 

ʋʩʪʘʥʦʚʢʘ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

RUN pip3 install torch==2.0.1+cu117 torchvision torchaudio --index-url 

https://download.pytorch.org/whl/cu117 numpy 

ʋʩʪʘʥʦʚʢʘ SchNetPack. 

RUN pip3 install --upgrade schnetpack 

ʂʣʦʥʠʨʦʚʘʥʠʝ ʨʝʧʦʟʠʪʦʨʠʷ LAMMPS. 

RUN  git clone --depth 1 https://github.com/lammps/lammps.git 

ʉʢʘʯʠʚʘʥʠʝ ʬʘʡʣʦʚ-ʧʘʪʯʝʡ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʘʢʝʪʦʤ LAMMPS ʩʪʠʣʝʚʳʭ ʬʘʡʣʦʚ 

SchNetPack. 

RUN wget https://clck.ru/3LVUHF 

RUN wget https://clck.ru/3LVUJL 

ʂʦʧʠʨʦʚʘʥʠʝ ʩʢʨʠʧʪʘ, ʚʥʦʩʷʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʘʪʯʝʡ.  

COPY patch_lammps.sh patch_lammps.sh 

ʕʪʦʪ ʩʢʨʠʧʪ ʥʫʞʥʦ ʩʢʘʯʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦ ʩʩʳʣʢʝ https://clck.ru/3LVUKt 

ɼʘʣʝʝ, ʚ ʵʪʦʤ ʩʢʨʠʧʪʝ, ʢʘʢ ʫʢʘʟʘʥʦ ʚ [6], ʥʫʞʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʩʧʨʘʚʠʪʴ ʚʝʨʩʠʶ 

ʩʪʘʥʜʘʨʪʘ C++ ʩ 14 ʥʘ 17. 

ʉʜʝʣʘʪʴ ʩʢʨʠʧʪ ʠʩʧʦʣʥʷʝʤʳʤ. 

RUN chmod u+x patch_lammps.sh 

ɿʘʧʫʩʪʠʪʴ ʩʢʨʠʧʪ ʩ ʧʘʨʘʤʝʪʨʦʤ ï ʫʢʘʟʘʥʠʝʤ ʜʠʨʝʢʪʦʨʠʠ lammps. 

RUN ./patch_lammps.sh lammps/ 

ʉʦʟʜʘʥʠʝ ʜʠʨʝʢʪʦʨʠʠ build. 

RUN mkdir lammps/build 

ʉʙʦʨʢʘ LAMMPS. 
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RUN cd lammps/build && cmake ../cmake  

-DCMAKE_PREFIX_PATH=`python3 -c  

'import torch;print(torch.utils.cmake_prefix_path)'` 

 -DMKL_INCLUDE_DIR=/usr/include 

ʂʦʤʧʠʣʷʮʠʷ LAMMPS. 

RUN cd lammps/build && make -j$(nproc) 

ɿʘʧʫʩʢ ʢʦʤʘʥʜʳ ʦʙʦʣʦʯʢʠ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʢʦʥʪʝʡʥʝʨ ʥʝ ʧʨʝʢʨʘʱʘʣ ʨʘʙʦʪʫ ʧʦ 

ʟʘʚʝʨʰʝʥʠʠ ʢʦʤʘʥʜʳ ʢʦʤʧʠʣʷʮʠʠ 

CMD ["bash"]  

ɺ ʜʠʨʝʢʪʦʨʠʶ ʩ Dockerfile ʙʳʣ ʧʦʤʝʱʸʥ ʩʢʨʠʧʪ, ʚʥʦʩʷʱʠʡ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʤʧʠʣʷʮʠʶ 

ʩʙʦʨʢʠ.  

ɸʣʛʦʨʠʪʤ ʩʙʦʨʢʠ ʦʙʨʘʟʘ LAMMPS ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʩʙʦʨʢʠ ʧʘʢʝʪʘ LAMMPS c ʧʦʜʜʝʨʞʢʦʡ ʩʪʠʣʝʚʳʭ ʬʘʡʣʦʚ SchNetPack 

 

ʆʙʨʘʟ ʩʦʙʠʨʘʣʩʷ ʠʟ ʜʠʨʝʢʪʦʨʠʠ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ Dockerfile ʢʦʤʘʥʜʦʡ 

docker build . ït lammps_17 

ɺ ʢʦʤʘʥʜʝ ʪʦʯʢʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ Dockerfile ʨʘʩʧʦʣʦʞʝʥ ʚ ʪʝʢʫʱʝʡ ʜʠʨʝʢʪʦʨʠʠ. ʇʘʨʘʤʝʪʨ ï

t lammps_17 ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʤʷ ʩʦʙʠʨʘʝʤʦʛʦ ʦʙʨʘʟʘ. 

ʇʦʩʣʝ ʩʙʦʨʢʠ ʦʙʨʘʟʘ, ʢʦʥʪʝʡʥʝʨ ʟʘʧʫʩʢʘʣʩʷ ʢʦʤʘʥʜʦʡ  

docker run -td  --name=lammps_17 --network=host  --add-

host="host.docker.internal:172.17.0.1"  lammps_17 

ʂʦʤʘʥʜʘ docker run ʟʘʧʫʩʢʘʝʪ Docker ʢʦʥʪʝʡʥʝʨ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʟʘ. ʇʘʨʘʤʝʪʨ ïtd ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʢʦʥʪʝʡʥʝʨ ʙʫʜʝʪ ʟʘʧʫʱʝʥ ʚ ʬʦʥʦʚʦʤ ʨʝʞʠʤʝ, ʠ ʚʳʜʝʣʷʝʪ ʧʩʝʚʜʦʪʝʨʤʠʥʘʣ. ʇʘʨʘʤʝʪʨ ï

name=lammps_17 ʟʘʜʘʸʪ ʠʤʷ ʢʦʥʪʝʡʥʝʨʘ. ʇʘʨʘʤʝʪʨ ïnetwork=host ʩʝʪʝʚʦʡ ʨʝʞʠʤ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʝʡʥʝʨʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʪʝʚʦʡ ʩʪʝʢ ʭʦʩʪ-ʤʘʰʠʥʳ (ʪʦ ʝʩʪʴ ʪʦʡ ʤʘʰʠʥʳ, ʥʘ 

ʢʦʪʦʨʦʡ ʟʘʧʫʱʝʥ Docker). ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʢʦʥʪʝʡʥʝʨ ʙʫʜʝʪ ʠʤʝʪʴ ʪʦʪ ʞʝ IP-ʘʜʨʝʩ, ʯʪʦ ʠ ʭʦʩʪ-

ʤʘʰʠʥʘ. 
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ʇʘʨʘʤʝʪʨ --add-host="host.docker.internal:172.17.0.1" ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʝʡʥʝʨʫ ʦʙʨʘʱʘʪʴʩʷ ʢ 

ʨʝʩʫʨʩʘʤ, ʟʘʧʫʱʝʥʥʳʤ ʥʘ ʭʦʩʪ-ʤʘʰʠʥʝ, ʧʦ ʠʤʝʥʠ host.docker.internal. ʆʥʘ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʘ ʚ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʢʦʥʪʝʡʥʝʨʫ ʥʫʞʥʦ ʩʚʷʟʘʪʴʩʷ ʩ ʢʘʢʠʤ-ʣʠʙʦ ʩʝʨʚʠʩʦʤ, ʟʘʧʫʱʝʥʥʳʤ ʥʘ ʭʦʩʪʝ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ. 

ɺ ʢʦʥʮʝ ʢʦʤʘʥʜʳ ʫʢʘʟʳʚʘʝʪʩʷ ʠʤʷ ʦʙʨʘʟʘ, ʩ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʟʘʧʫʱʝʥ docker. ɽʩʣʠ ʦʙʨʘʟ 

ʥʝ ʥʘʭʦʜʠʪʩʷ ʣʦʢʘʣʴʥʦ, ʪʦ ʦʥ ʠʱʝʪʩʷ ʥʘ Docker Hub. 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʢʦʥʪʝʡʥʝʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʝʛʦ ʩʦʩʪʦʷʥʠʝ, ʢʦʤʘʥʜʦʡ docker ps ïa 

(ʨʠʩ. 2) ï ʢʦʤʘʥʜʘ ʚʳʚʦʜʠʪ ʩʧʠʩʦʢ ʚʩʝʭ ʟʘʧʫʱʝʥʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʥʘ ʭʦʩʪʝ. 

 

 
 

ʈʠʩ. 2. ʉʧʠʩʦʢ ʚʩʝʭ docker-ʦʙʨʘʟʦʚ ʚ ʩʠʩʪʝʤʝ 

 

ɿʘʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʚʦʡʪʠ ʚ ʪʝʨʤʠʥʘʣ ʢʦʥʪʝʡʥʝʨʘ, ʚʳʧʦʣʥʠʚ ʢʦʤʘʥʜʫ 

docker exec -it ef /bin/bash.  

ʂʦʤʘʥʜʘ docker exec ïit ef ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʫʞʝ ʨʘʙʦʪʘʶʱʝʤʫ ʢʦʥʪʝʡʥʝʨʫ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ 

ʠʣʠ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʩ ef, ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ. 

ʇʘʨʘʤʝʪʨ ʢʦʤʘʥʜʳ /bin/bash ʟʘʧʫʩʢʘʝʪ ʦʙʦʣʦʯʢʫ bash ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ. 

ɺ ʩʘʤʦʤ ʢʦʥʪʝʡʥʝʨʝ ʙʳʣʘ ʩʦʟʜʘʥʘ ʜʠʨʝʢʪʦʨʠʷ aspirin-example ʢʦʤʘʥʜʦʡ mkdir aspirin-

example ʠ ʧʝʨʝʭʦʜ ʚ ʩʦʟʜʘʥʥʫʶ ʜʠʨʝʢʪʦʨʠʶ cd aspirin-example. 

ɼʘʣʝʝ, ʢʦʤʘʥʜʘʤʠ  

wget https://raw.githubusercontent.com/atomistic-machine-learning/ 

schnetpack/master/interfaces/lammps/examples/aspirin/aspirin_md.in,  

wget https://raw.githubusercontent.com/atomistic-machine-learning/ 

schnetpack/master/interfaces/lammps/examples/aspirin/aspirin.data ʠ  

wget https://raw.githubusercontent.com/atomistic-machine-learning/ 

schnetpack/master/interfaces/lammps/examples/aspirin/best_model  

ʙʳʣʠ ʩʢʘʯʘʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʟʚʸʨʪʳʚʘʥʠʷ çʙʠʙʣʠʦʪʝʯʥʦʡè ʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ 

ʬʘʡʣʳ. 

ɼʘʣʝʝ, ʟʘʧʫʩʢʘʝʤ ʩʢʨʠʧʪ deploy ʢʦʤʘʥʜʦʡ  

spkdeploy ./best_model ./deployed_model  

ɿʘʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʫʩʪʠʪʴ ʧʝʨʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʚ LAMMPS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʬʝʡʩʘ, ʢʦʤʘʥʜʦʡ  

/lammps/build/lmp -in ./aspirin_md.in 

ɼʣʷ ʚʳʭʦʜʘ ʠʟ ʢʦʥʪʝʡʥʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ exit (ʨʠʩ. 3). ʇʦʩʣʝ ʚʳʭʦʜʘ ʠʟ 

ʢʦʥʪʝʡʥʝʨʘ ʦʥ ʧʨʦʜʦʣʞʘʝʪ ʨʘʙʦʪʘʪʴ, ʥʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʨʤʠʥʘʣʝ ʩʚʦʝʛʦ 

ʣʦʢʘʣʴʥʦʛʦ ʭʦʩʪʘ. 

 
 

ʈʠʩ. 3. ɺʳʭʦʜ ʠʟ ʢʦʥʪʝʡʥʝʨʘ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ docker-ʢʦʥʪʝʡʥʝʨʘ LAMMPS ʧʦʟʚʦʣʠʣʦ ʟʘʧʫʩʢʘʪʴ LAMMPS 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʣʶʯʝʡ ʩʙʦʨʢʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʥʝʝ, ʩ 

ʫʢʘʟʘʥʠʝʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʢʣʶʯʝʡ ʠ ʧʫʪʠ ʜʦ CUDA [1]. 
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ʛ. ʂʦʨʦʣʸʚ, ʈʦʩʩʠʷ 

ɻɽʅɽʈɸʎʀʗ ɸʃʔʊɽʈʅɸʊʀɺʅʓʍ ʊɽʂʉʊʆɺʓʍ ʆʇʀʉɸʅʀʁ  

ɼʃʗ ʕʃɽʄɽʅʊʆɺ ʀʅʊɽʈʌɽʁʉɸ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ NLP  

ɼʃʗ ʋʃʋʏʐɽʅʀʗ ʇʆʅʀʄɸʅʀʗ ʇʆʃʔɿʆɺɸʊɽʃʗʄʀ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʛʝʥʝʨʘʮʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʝʢʩʪʦʚʳʭ ʦʧʠʩʘʥʠʡ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʘʭ ʦʙʨʘʙʦʪʢʠ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (NLP). ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʧʠʩʘʥʠʷ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ʢʦʥʢʨʝʪʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʫʯʠʪʳʚʘʷ 

ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʥʪʝʢʩʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʘʪʨʠʙʫʪʳ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ. 

ɼʦʩʪʫʧʥʦʩʪʴ ʠ ʧʦʥʷʪʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ (UI) ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʫʩʧʝʰʥʦʩʪʠ ʚʝʙ-ʩʘʡʪʦʚ ʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʨʘʟʥʦʦʙʨʘʟʠʷ ʫʩʪʨʦʡʩʪʚ ʠ ʧʣʘʪʬʦʨʤ, ʥʘ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʩʪʫʧ ʢ 

ʠʥʪʝʨʥʝʪ-ʢʦʥʪʝʥʪʫ, ʟʘʜʘʯʠ ʧʦ ʩʦʟʜʘʥʠʶ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ 

ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʠʣʠ 

ʥʝʧʦʥʷʪʥʳʝ ʪʝʢʩʪʦʚʳʝ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʛʨʫʧʧ, ʪʘʢʠʭ ʢʘʢ ʣʶʜʠ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʥʦʚʠʯʢʠ ʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʛʦʚʦʨʷʱʠʝ ʥʘ ʜʨʫʛʠʭ ʷʟʳʢʘʭ. 

ɼʦʩʪʫʧʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ 

ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʩʝʤʠ ʣʶʜʴʤʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʥʦʛʠʝ ʚʝʙ-ʩʘʡʪʳ ʠ ʧʨʠʣʦʞʝʥʠʷ 

ʚʩʝ ʝʱʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʘʤ ʜʦʩʪʫʧʥʦʩʪʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʠʥʚʘʣʠʜʥʦʩʪʴʶ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʘʢʪʠʢ ʧʦ ʩʦʟʜʘʥʠʶ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʝʢʩʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʤʥʦʛʠʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʥʝ ʫʜʝʣʷʶʪ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ ʩʦʟʜʘʥʠʶ ʢʘʯʝʩʪʚʝʥʥʦʛʦ alt-ʪʝʢʩʪʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʝʙ-ʩʘʡʪʦʤ ʠʣʠ ʤʦʙʠʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʥʪʝʨʬʝʡʩʘ, ʪʘʢʠʤʠ ʢʘʢ ʢʥʦʧʢʠ, ʠʟʦʙʨʘʞʝʥʠʷ, 

ʠʢʦʥʢʠ, ʧʦʣʷ ʜʣʷ ʚʚʦʜʘ ʪʝʢʩʪʘ ʠ ʛʠʧʝʨʩʩʳʣʢʠ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʬʦʨʤʠʨʫʶʪ user interface (UI), 

ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʧʨʠʣʦʞʝʥʠʷ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʠʥʪʫʠʪʠʚʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʬʫʥʢʮʠʡ ʢʘʞʜʦʛʦ ʚʠʟʫʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʢʩʪʦʚʳʝ ʧʦʜʩʢʘʟʢʠ ʠʣʠ ʤʝʪʢʠ, ʨʘʟʲʷʩʥʷʶʱʠʝ ʠʭ ʥʘʟʥʘʯʝʥʠʝ. 

ʕʪʘ ʪʝʢʩʪʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ 

ʠʥʪʝʨʬʝʡʩʦʤ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠ ʢʦʤʬʦʨʪʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʣʦʞʝʥʠʷ ʠʣʠ ʚʝʙ-ʨʝʩʫʨʩʘ. 
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ʆʜʥʘʢʦ ʚʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʫʩʧʝʰʥʳʡ ʠʥʪʝʨʬʝʡʩ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥ ʩ ʦʙʱʠʤ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʦʧʳʪʦʤ. UX ʦʭʚʘʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʚʠʟʫʘʣʴʥʳʝ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʥʦ ʠ ʚʧʝʯʘʪʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʦʜʫʢʪʦʤ [1]. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ UI ʠ UX ʦʧʨʝʜʝʣʷʝʪ, ʥʘʩʢʦʣʴʢʦ ʫʜʦʙʥʦ ʠ ʧʨʠʷʪʥʦ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʠʣʦʞʝʥʠʝ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʠ ʣʦʷʣʴʥʦʩʪʴ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʵʣʝʤʝʥʪʳ UI, ʪʘʢʠʝ ʢʘʢ ʪʝʢʩʪʦʚʳʝ ʧʦʷʩʥʝʥʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʫʣʫʯʰʝʥʠʶ ʦʙʱʝʛʦ UX, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʠ ʢʦʤʬʦʨʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʥʪʝʨʬʝʡʩʘ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʪʝʢʩʪ (ʠʣʠ alt-ʪʝʢʩʪ) ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʜʦʩʪʫʧʥʦʩʪʠ 

ʜʣʷ ʩʣʘʙʦʚʠʜʷʱʠʭ ʠʣʠ ʥʝʟʨʷʯʠʭ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʛʨʘʤʤʳ ʯʪʝʥʠʷ ʩ ʵʢʨʘʥʘ 

(ʩʢʨʠʥʨʠʜʝʨʳ). ʆʥ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦʥʷʪʴ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʢʘʨʪʠʥʢʝ, ʥʦ 

ʠ ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʦʣʫʯʠʪʴ ʢʦʥʪʝʢʩʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʵʣʝʤʝʥʪʝ ʠʥʪʝʨʬʝʡʩʘ. 

ʇʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʝʢʩʪʘ ʫʣʫʯʰʘʝʪ ʚʦʩʧʨʠʷʪʠʝ ʠʥʪʝʨʬʝʡʩʦʚ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʢʣʶʟʠʚʥʦʩʪʠ [6]. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ alt-ʪʝʢʩʪʘ ʚʘʞʥʦ, ʯʪʦʙʳ ʦʥ 

ʙʳʣ ʢʨʘʪʢʠʤ (ʢʦʨʦʪʢʠʝ ʬʦʨʤʫʣʠʨʦʚʢʠ ʤʦʞʥʦ ʙʳʩʪʨʦ ʧʨʦʯʠʪʘʪʴ ʠ ʥʘʤʥʦʛʦ ʣʝʛʯʝ ʧʦʥʷʪʴ), ʥʦ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʠ ʦʜʥʦʟʥʘʯʥʳʤ, ʦʧʠʩʳʚʘʷ ʩʦʜʝʨʞʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʝʛʦ ʬʫʥʢʮʠʶ ʚ 

ʢʦʥʪʝʢʩʪʝ [5]. ɽʩʣʠ ʨʘʟʨʘʙʦʪʯʠʢ ʧʨʘʚʠʣʴʥʦ ʦʧʠʩʘʣ ʪʠʧʳ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʜʝ, ʪʦ 

ʩʢʨʠʥʨʠʜʝʨ ʧʦʥʷʪʥʦ ʦʟʚʫʯʠʪ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʢʘʨʪʠʥʢʝ ʠʣʠ ʯʪʦ ʦʟʥʘʯʘʝʪ 

ʦʧʨʝʜʝʣʸʥʥʘʷ ʢʥʦʧʢʘ. ʅʘʧʨʠʤʝʨ, ʥʘ ʚʝʙ-ʩʘʡʪʝ ʝʩʪʴ ʢʥʦʧʢʘ ʦʪʧʨʘʚʢʠ ʩʦʦʙʱʝʥʠʷ, ʥʘ ʢʦʪʦʨʦʡ 

ʠʟʦʙʨʘʞʝʥ ʢʦʥʚʝʨʪ. ɺʤʝʩʪʦ ʧʨʦʩʪʦʛʦ "ʠʟʦʙʨʘʞʝʥʠʝ" ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʙʫʜʝʪ "ʢʥʦʧʢʘ 

'ʆʪʧʨʘʚʠʪʴ' ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʢʦʥʚʝʨʪʘ", ʯʪʦ ʜʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʠʟʦʙʨʘʞʝʥʦ ʠ ʢʘʢ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʠʥʪʝʨʬʝʡʩʦʤ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʪʝʢʩʪʦʚʳʭ ʦʧʠʩʘʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ ʨʫʯʥʳʤ 

ʪʨʫʜʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝ ʪʦʣʴʢʦ ʪʨʫʜʦʸʤʢʠʤʠ ʠ ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʦʰʠʙʢʘʤ, ʥʦ ʠ ʩʣʘʙʦ 

ʘʜʘʧʪʠʨʫʝʤʳʤʠ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʢʦʥʪʝʢʩʪʘʤ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.ʏʪʦʙʳ 

ʩʢʨʠʥʨʠʜʝʨ ʧʦʣʫʯʘʣ ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʨʘʟʨʘʙʦʪʯʠʢʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʪʨʘʪʠʪʴ ʤʥʦʛʦ 

ʚʨʝʤʝʥʠ ʠ ʩʠʣ: 

ï ʜʦʙʘʚʠʪʴ ʧʦʜʧʠʩʠ ʠ ʦʧʠʩʘʥʠʝ ʢ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʠʥʪʝʨʬʝʡʩʘ; 

ï ʥʘʩʪʨʦʠʪʴ ʧʨʘʚʠʣʴʥʳʡ ʧʦʨʷʜʦʢ ʧʝʨʝʢʣʶʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ; 

ï ʩʢʨʳʪʴ ʜʣʷ ʩʢʨʠʥʨʠʜʝʨʘ ʪʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʦʟʚʫʯʠʚʘʪʴ ʥʝ ʥʫʞʥʦ; 

ï ʧʨʦʚʝʨʠʪʴ ʚʩʸ ʵʪʦ ʚ ʜʝʣʝ ʠ ʠʩʧʨʘʚʠʪʴ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʘʥʥʳʝ ʵʪʘʧʳʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʦʢʥʘ ʚ ʧʨʠʣʦʞʝʥʠʠ, ʘ ʟʘʪʝʤ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ ʢʘʞʜʦʡ ʩʣʝʜʫʶʱʝʡ ʚʝʨʩʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʛʨʘʤʤ ʥʝʪ ʧʦʣʥʦʮʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʨʘʙʦʪʳ ʜʣʷ ʩʣʘʙʦʚʠʜʷʱʠʭ 

ʣʶʜʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʛʝʥʝʨʘʮʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʝʢʩʪʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʫʧʨʦʱʘʪʴ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʠ 

ʧʦʚʳʰʘʪʴ ʜʦʩʪʫʧʥʦʩʪʴ ʨʝʩʫʨʩʦʚ ʜʣʷ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʕʪʦ ʧʦʜʥʠʤʘʝʪ 

ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (NLP), ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʤʧʴʶʪʝʨʘʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ, 
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ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʷʟʳʢ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ NLP ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʦʜʚʠʥʫʣʦʩʴ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʯʪʦ ʦʪʢʨʳʣʦ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʦʟʜʘʥʠʷ ʪʝʢʩʪʦʚ. 

ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʥʪʝʨʝʩʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʠʭ ʜʝʡʩʪʚʠʡ ʥʘ 

ʩʘʡʪʝ ʠ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ (ʦʪʟʳʚʳ, ʢʦʤʤʝʥʪʘʨʠʠ), ʯʪʦʙʳ ʧʨʝʜʣʘʛʘʪʴ ʠʤ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʢʦʥʪʝʥʪ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʛʝʥʝʨʘʮʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʝʢʩʪʦʚ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ, NLP ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʟʜʘʥʠʷ ʦʧʠʩʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʠʟʫʘʣʴʥʦʛʦ 

ʢʦʥʪʝʥʪʘ ʠ ʢʦʥʪʝʢʩʪʘ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [3]. ʅʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʠʟʚʣʝʢʘʪʴ ʢʣʶʯʝʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʦʙʨʘʞʝʥʠʷ (ʮʚʝʪʘ, ʬʦʨʤʳ, ʦʙʲʝʢʪʳ) ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʪʝʢʩʪ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʜʣʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʢʦʥʪʝʥʪʘ, ʥʘʧʨʠʤʝʨ, ʩʘʡʪʦʚ ʩ ʧʦʩʪʦʷʥʥʦ 

ʧʦʧʦʣʥʷʶʱʠʤʠʩʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʛʜʝ ʨʫʯʥʦʝ ʩʦʟʜʘʥʠʝ ʦʧʠʩʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʪʨʫʜʦʝʤʢʠʤ ʠʣʠ 

ʜʘʞʝ ʥʝʚʦʟʤʦʞʥʳʤ. 

ʉʫʱʝʩʪʚʫʶʪ ʫʩʧʝʰʥʳʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ NLP ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʪʝʨʬʝʡʩʦʚ. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʦʙʣʘʩʪʠ ʩʦʮʠʘʣʴʥʳʭ ʤʝʜʠʘ, 

ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ NLP ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʦʧʠʩʘʥʠʡ ʢ 

ʠʟʦʙʨʘʞʝʥʠʷʤ, ʟʘʛʨʫʞʘʝʤʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʢʦʥʪʝʥʪ ʙʦʣʝʝ 

ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʫʣʫʯʰʘʝʪ ʦʙʱʠʡ ʦʧʳʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʣʘʪʬʦʨʤʦʡ. 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ NLP ʚ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʛʦʣʦʩʦʚʳʭ ʧʦʜʩʢʘʟʦʢ ʠ ʦʧʠʩʘʥʠʡ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʟʨʝʥʠʷ. ʊʘʢʠʝ ʧʨʠʣʦʞʝʥʠʷ 

ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʙʣʠʞʘʡʰʠʭ ʦʙʲʝʢʪʘʭ ʠ ʵʣʝʤʝʥʪʘʭ ʠʥʪʝʨʬʝʡʩʘ ʚ ʨʝʘʣʴʥʦʤ  

ʉʫʱʝʩʪʚʫʶʪ ʩʪʘʪʠʯʝʩʢʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ, ʥʝʡʨʦʥʥʳʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ ʠ 

ʪʨʘʥʩʬʦʨʤʝʨʳ[2]. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝʡʨʦʥʥʳʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ, ʩʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪ: 

1) ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (RNN); 

2) LSTM (Long Short-Term Memory) ʠ GRU (Gated Recurrent Unit); 

2) ʨʝʢʫʨʩʠʚʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ; 

3) ʩʚʸʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. 

ʈʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (RNN) 

ʈʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (RNN) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 

ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, ʪʝʢʩʪ). ʆʥʠ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ çʟʘʧʦʤʠʥʘʪʴè ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʨʝʜʳʜʫʱʠʭ ʵʣʝʤʝʥʪʘʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʩʣʝʜʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ. 

ʋʯʠʪʳʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʚ, ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʢʘʞʜʦʛʦ ʩʣʦʚʘ (ʚ 

ʩʣʦʚʘʨʝ). ʗʟʳʢʦʚʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ. ʇʦʙʦʯʥʳʤ ʵʬʬʝʢʪʦʤ 

ʪʘʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʦʚʳʝ ʪʝʢʩʪʳ ʧʫʪʝʤ ʚʳʙʦʨʘ ʠʟ 

ʚʳʭʦʜʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ. ʄʳ ʤʦʞʝʤ ʛʝʥʝʨʠʨʦʚʘʪʴ ʠ ʜʨʫʛʠʝ ʚʝʱʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʯʪʦ 

ʠʟ ʩʝʙʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʰʠ ʜʘʥʥʳʝ. ɺ ʷʟʳʢʦʚʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘʰ ʚʭʦʜ ʦʙʳʯʥʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʚ (ʥʘʧʨʠʤʝʨ, ʟʘʢʦʜʠʨʦʚʘʥʥʳʭ ʢʘʢ ʚʝʢʪʦʨ ʩ ʦʜʥʠʤ 
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ʛʦʨʷʯʠʤ ʩʦʩʪʦʷʥʠʝʤ (one-hot)), ʘ ʚʳʭʦʜ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʩʣʦʚ. ʇʨʠ 

ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʤʳ ʧʦʜʘʝʤ ʥʘ ʚʭʦʜ ʩʣʝʜʫʶʱʝʤʫ ʩʣʦʶ ʧʨʝʜʳʜʫʱʠʡ ʚʳʭʦʜ, 

ʧʦʩʢʦʣʴʢʫ ʭʦʪʠʤ, ʯʪʦʙʳ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʩʣʝʜʫʶʱʠʤ ʩʣʦʚʦʤ. 

ʈʝʢʫʨʨʝʥʪʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʪʩʣʝʞʠʚʘʝʪ ʢʦʥʪʝʢʩʪ, ʩʦʭʨʘʥʷʷ ʩʢʨʳʪʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘ 

ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ. ʎʠʢʣ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩʦʟʜʘʸʪʩʷ ʧʫʪʸʤ ʧʝʨʝʜʘʯʠ ʩʢʨʳʪʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩ ʦʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʥʘ ʜʨʫʛʦʡ. ʉʢʨʳʪʦʝ ʩʦʩʪʦʷʥʠʝ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʧʘʤʷʪʴ, ʚ ʢʦʪʦʨʦʡ 

ʭʨʘʥʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʝʜʳʜʫʱʠʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʅʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ 

ʨʝʢʫʨʨʝʥʪʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʙʨʘʙʘʪʳʚʘʝʪ ʪʝʢʫʱʠʡ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ (ʥʘʧʨʠʤʝʨ, ʩʣʦʚʦ ʚ 

ʧʨʝʜʣʦʞʝʥʠʠ) ʚʤʝʩʪʝ ʩʦ ʩʢʨʳʪʳʤ ʩʦʩʪʦʷʥʠʝʤ ʩ ʧʨʝʜʳʜʫʱʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

RNN çʟʘʧʦʤʠʥʘʪʴè ʧʨʝʜʳʜʫʱʠʝ ʪʦʯʢʠ ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʚʣʠʷʥʠʷ 

ʥʘ ʪʝʢʫʱʠʡ ʨʝʟʫʣʴʪʘʪ. 

ɺʤʝʩʪʝ ʩʦ ʩʚʝʨʪʦʯʥʳʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ RNN ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʯʘʩʪʴ ʤʦʜʝʣʠ 

ʛʝʥʝʨʘʮʠʠ ʦʧʠʩʘʥʠʡ ʥʝʨʘʟʤʝʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʩʦʚʤʝʱʘʝʪ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʩʣʦʚʘ ʩ ʧʨʠʟʥʘʢʘʤʠ, ʥʘʡʜʝʥʥʳʤʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ RNN 

ʋʯʝʪ ʢʦʥʪʝʢʩʪʘ: RNN ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴ ʧʨʝʜʳʜʫʱʠʝ ʵʣʝʤʝʥʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʯʪʦ 

ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʟʘʜʘʯ, ʛʜʝ ʚʘʞʝʥ ʢʦʥʪʝʢʩʪ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʘʥʘʣʠʟʝ ʪʝʢʩʪʘ RNN 

ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴ ʧʨʝʜʳʜʫʱʠʝ ʩʣʦʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ ʩʤʳʩʣ ʪʝʢʫʱʝʛʦ ʩʣʦʚʘ. 

ɻʠʙʢʦʩʪʴ: RNN ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ, ʯʪʦ ʜʝʣʘʝʪ 

ʠʭ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, RNN ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʠʥʘʥʩʦʚʳʝ ʜʘʥʥʳʝ ʠʣʠ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʛʜʝ ʜʣʠʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ. 

ɿʘʪʫʭʘʥʠʝ ʛʨʘʜʠʝʥʪʦʚ. ʇʨʠ ʦʙʫʯʝʥʠʠ RNN ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʦʙʣʝʤʳ ʩ ʟʘʪʫʭʘʥʠʝʤ 

ʛʨʘʜʠʝʥʪʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʙʫʯʝʥʠʝ ʥʘ ʜʣʠʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ[4]. ʕʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʤʦʜʝʣʴ ʥʝ ʩʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʜʘʥʥʳʭ. 

ɺʳʩʦʢʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ. ʆʙʫʯʝʥʠʝ RNN ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʜʣʠʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ 

ʜʘʥʥʳʭ. ʕʪʦ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ RNN ʤʝʜʣʝʥʥʳʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ. 

LSTM  (LongShort-TermMemory) 

Long short-termmemory (LSTM) ï ʦʩʦʙʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʨʝʢʫʨʨʝʥʪʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʩʧʦʩʦʙʥʘʷ ʢ ʦʙʫʯʝʥʠʶ ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ 

LSTM ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʣʫʯʰʝʥʠʠ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʠ ʢ ʟʘʧʦʤʠʥʘʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʜʣʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʫ ʠʩʯʝʟʘʶʱʝʛʦ ʛʨʘʜʠʝʥʪʘ, 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʫʶʩʷ ʚ ʦʙʳʯʥʳʭ RNN. ʆʥʘ ʦʪʣʠʯʥʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʚʳʷʚʣʝʥʠʝʤ ʜʦʣʛʦʩʨʦʯʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʠʜʝʘʣʴʥʦʡ ʜʣʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ʆʩʥʦʚʥʘʷ ʩʪʨʫʢʪʫʨʘ LSTM ʩʦʩʪʦʠʪ ʠʟ ʷʯʝʡʢʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, LSTM ʠʤʝʝʪ 

ʪʨʠ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ çʚʦʨʦʪʘè. 
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ɺʦʨʦʪʘ: 

1. ɺʭʦʜʥʳʝ ʚʦʨʦʪʘ (InputGates). ʆʧʨʝʜʝʣʷʶʪ, ʢʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʪʝʢʫʱʝʛʦ ʚʭʦʜʘ ʠ 

ʧʨʝʜʳʜʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʩʣʝʜʫʝʪ ʟʘʧʦʤʥʠʪʴ. 

2. ʉʦʩʪʦʷʥʠʝ ʷʯʝʡʢʠ (Cell State). ʕʪʘ ʢʦʤʧʦʥʝʥʪʘ ʩʦʭʨʘʥʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʜʣʠʪʝʣʴʥʳʡ 

ʩʨʦʢ. ɺʭʦʜʥʳʝ ʚʦʨʦʪʘ ʦʧʨʝʜʝʣʷʶʪ, ʥʘʩʢʦʣʴʢʦ ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʜʦʙʘʚʣʝʥʘ ʢ ʩʦʩʪʦʷʥʠʶ 

ʷʯʝʡʢʠ. 

3. ɺʦʨʦʪʘ ʟʘʙʳʚʘʥʠʷ (ForgetGates). ʆʧʨʝʜʝʣʷʶʪ, ʢʘʢʫʶ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʠʟ 

ʧʨʝʜʳʜʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʷʯʝʡʢʠ ʩʣʝʜʫʝʪ ʟʘʙʳʪʴ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʫʧʨʘʚʣʷʪʴ ʪʝʤ, ʯʪʦ ʦʩʪʘʥʝʪʩʷ ʚ 

ʧʘʤʷʪʠ. 

4. ɺʳʭʦʜʥʳʝ ʚʦʨʦʪʘ (OutputGates). ʆʧʨʝʜʝʣʷʶʪ, ʢʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩʣʝʜʫʝʪ ʚʳʚʦʜʠʪʴ 

ʠʟ ʩʦʩʪʦʷʥʠʷ ʷʯʝʡʢʠ ʚ ʩʣʝʜʫʶʱʠʡ ʰʘʛ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠ ʫʯʠʪʴʩʷ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚʦʨʦʪʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʦʙʥʦʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ 

ʷʯʝʡʢʠ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢ ʪʝʢʫʱʝʤʫ ʩʦʩʪʦʷʥʠʶ ʠ 

ʫʜʘʣʝʥʠʷ ʫʩʪʘʨʝʚʰʝʡ. 

LSTM ʦʙʫʯʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʦʢ, 

ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʢʘʢ ʪʝʢʫʱʠʝ, ʪʘʢ ʠ ʧʨʝʜʳʜʫʱʠʝ ʩʦʩʪʦʷʥʠʝ ʠ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ LSTM ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʜʘʥʥʳʭ. 

ʈʝʢʫʨʩʠʚʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʃʠʥʛʚʠʩʪʠʯʝʩʢʠ ʚʜʦʭʥʦʚʣʝʥʥʘʷ ʠʜʝʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʢʘʢ ʜʝʨʝʚʴʷ, ʘ ʥʝ ʢʘʢ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʧʦʨʦʞʜʘʝʪ ʨʝʢʫʨʩʠʚʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ɽʩʣʠ ʚ ʩʣʫʯʘʝ ʨʝʢʫʨʨʝʥʪʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʷʟʳʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʚ, ʢʦʪʦʨʘʷ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ 

ʩʧʨʘʚʘ ʥʘʣʝʚʦ ʠʣʠ ʩʣʝʚʘ ʥʘʧʨʘʚʦ, ʪʦ ʚ ʨʝʢʫʨʩʠʚʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ʬʨʘʟʳ ʠ ʧʨʝʜʣʦʞʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʪʨʦʠʪʩʷ ʩʥʠʟʫ ʚʚʝʨʭ. 

ɼʝʨʝʚʴʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʫʟʝʣ ʠʤʝʝʪ 0 

ʠʣʠ 2 ʧʦʪʦʤʢʘ (ʚ ʩʣʫʯʘʝ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ), ʣʶʙʦʡ ʞʝ ʚʥʫʪʨʝʥʥʠʡ ʫʟʝʣ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʨʘʟʫ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʣʦʚ-ʧʦʪʦʤʢʦʚ, ʘ çʣʠʩʪʴʷʤʠè ʜʝʨʝʚʘ ʷʚʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʩʣʦʚʘ. 

ʉʚʸʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʉʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN) ʪʨʘʜʠʮʠʦʥʥʦ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʟʘʜʘʯʘʤʠ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʦʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʞʝ ʦʢʘʟʘʣʦʩʴ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʟʘʜʘʯ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʘ.  

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠʚʤʝʩʪʝ ʩʦ ʩʚʝʨʪʦʯʥʳʤʠ 

ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʯʘʩʪʴ ʤʦʜʝʣʠ ʛʝʥʝʨʘʮʠʠ ʦʧʠʩʘʥʠʡ ʢ 

ʥʝʨʘʟʤʝʯʝʥʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ.ʉʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʭʦʨʦʰʠ ʪʘʤ, ʛʜʝ ʥʫʞʥʦ ʫʚʠʜʝʪʴ 

ʢʫʩʦʯʝʢ ʠʣʠ ʚʩʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʮʝʣʠʢʦʤ ʠ ʩʜʝʣʘʪʴ ʢʘʢʦʡ-ʪʦ ʚʳʚʦʜ ʠʟ ʵʪʦʛʦ. 

ɼʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ ʧʦʜʭʦʜʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ, ʩʧʦʩʦʙʥʦʡ ʢ ʢʦʥʪʝʢʩʪʫʘʣʴʥʦʡ 

ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠʢʫ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʥʘʟʥʘʯʝʥʠʝ ʚ ʠʥʪʝʨʬʝʡʩʝ.  
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʭʦʨʦʰʝʡ ʥʝʡʨʦʩʝʪʠ ʚʘʞʥʦ ʩʦʟʜʘʪʴ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʦʧʠʩʘʥʠʷ. ɼʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʦʙʨʘʥʳ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ: 

ï ʦʪʢʨʳʪʳʝ ʙʘʟʳ ʜʘʥʥʳʭ: ʩʫʱʝʩʪʚʫʶʪ ʥʘʙʦʨʳ ʜʘʥʥʳʭ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʠʥʪʝʨʬʝʡʩʦʚ, 

ʢʦʪʦʨʳʝ ʫʞʝ ʠʤʝʶʪ ʘʥʥʦʪʠʨʦʚʘʥʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʪʝʢʩʪʳ; 

ï ʢʨʘʫʜʩʦʨʩʠʥʛ: ʧʨʠʚʣʝʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʠʩʘʥʠʡ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ 

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ; 

ï ʩʦʙʩʪʚʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ: ʩʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʘʥʥʦʪʠʨʦʚʘʥʠʝ ʠʭ ʩ 

ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʪʦʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʇʦʩʣʝ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʚʢʣʶʯʘʷ 

ʦʯʠʩʪʢʫ, ʥʦʨʤʘʣʠʟʘʮʠʶ ʠ ʘʥʥʦʪʠʨʦʚʘʥʠʝ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʜʘʣʝʥʠʝ ʜʫʙʣʠʢʘʪʦʚ, 

ʠʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ ʠ ʧʨʠʚʝʜʝʥʠʝ ʚʩʝʭ ʦʧʠʩʘʥʠʡ ʢ ʝʜʠʥʦʤʫ ʬʦʨʤʘʪʫ. ʊʘʢʞʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʢʦʥʪʝʢʩʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ, ʯʪʦʙʳ ʦʧʠʩʘʥʠʝ ʙʳʣʦ ʥʝ ʪʦʣʴʢʦ ʪʦʯʥʳʤ, ʥʦ ʠ 

ʧʦʣʝʟʥʳʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʇʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʦʧʠʩʘʥʠʡ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʠʩʪʝʤʘ ʧʦʣʫʯʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʠ ʝʛʦ ʤʝʪʘʜʘʥʥʳʝ (ʥʘʧʨʠʤʝʨ, 

ʢʦʥʪʝʢʩʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ). ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, 

ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN), ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʢʣʶʯʝʚʳʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘ ʦʩʥʦʚʝ ʠʟʚʣʝʯʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʢʦʥʪʝʢʩʪʘ ʤʦʜʝʣʴ 

NLP ʛʝʥʝʨʠʨʫʝʪ ʪʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ. ɺʘʞʥʦ, ʯʪʦʙʳ ʦʧʠʩʘʥʠʝ ʙʳʣʦ ʢʨʘʪʢʠʤ, ʠʥʬʦʨʤʘʪʠʚʥʳʤ 

ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʩʪʘʥʜʘʨʪʘʤ ʜʦʩʪʫʧʥʦʩʪʠ. ʉʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʪʝʢʩʪ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʯʠʪʘʝʤʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʷʟʳʢʦʚʳʤ ʥʦʨʤʘʤ. 

ɻʦʪʦʚʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʪʝʢʩʪʳ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʠʥʪʝʨʬʝʡʩ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʫʧʥʦʩʪʴ 

ʢʦʥʪʝʥʪʘ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʦʧʠʩʘʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʧʦʣʝʟʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʜʦʩʪʫʧʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ: 

1. ʂʘʯʝʩʪʚʝʥʥʳʝ ʤʝʪʨʠʢʠ: ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʪʝʢʩʪʦʚ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ 

ʵʢʩʧʝʨʪʥʦʛʦ ʤʥʝʥʠʷ, ʛʜʝ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ ʜʦʩʪʫʧʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʶʪ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ 

ʦʧʠʩʘʥʠʷ ʥʘ ʧʨʝʜʤʝʪ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ. 

2. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʨʠʢʠ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʤʝʪʨʠʢ, ʪʘʢʠʭ ʢʘʢ BLEU, 

ROUGE ʠʣʠ METEOR, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʭʦʞʝʩʪʴ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʦʧʠʩʘʥʠʡ ʩ ʵʪʘʣʦʥʥʳʤʠ 

ʪʝʢʩʪʘʤʠ. 

3. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʇʨʦʚʝʜʝʥʠʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʢʦʥʝʯʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʥʘʧʨʠʤʝʨ, ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʟʨʝʥʠʶ) ʧʦʤʦʞʝʪ ʚʳʷʚʠʪʴ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʧʦʣʝʟʥʦʩʪʴ ʠ ʚʦʩʧʨʠʷʪʠʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʦʧʠʩʘʥʠʡ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

4. ɸ/ɹ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʉʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʝʨʩʠʡ ʦʧʠʩʘʥʠʡ ʠʣʠ ʤʦʜʝʣʝʡ ʤʦʞʝʪ ʧʦʤʦʯʴ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʛʝʥʝʨʘʮʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʝʢʩʪʘ. 
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ʕʪʠ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʧʦʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʛʝʥʝʨʠʨʫʝʤʳʭ ʦʧʠʩʘʥʠʡ, ʥʦ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ ʜʦʩʪʫʧʥʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʢʩʪʦʚʳʝ ʧʦʷʩʥʝʥʠʷ ʠ ʵʣʝʤʝʥʪʳ UI ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʫʣʫʯʰʝʥʠʶ ʦʙʱʝʛʦ UX, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʠ ʢʦʤʬʦʨʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʥʪʝʨʬʝʡʩʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʷʟʳʢʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʛʝʥʝʨʘʮʠʠ ʦʧʠʩʘʥʠʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʠʥʢʣʶʟʠʚʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʧʦʚʳʰʝʥʠʶ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ. 
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ʊʦʤʰʠʥ ʅ.ɸ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʇʈʀʄɽʅɽʅʀɽ ʂʆʅʎɽʇʊʋɸʃʔʅʆɻʆ ɻʈɸʌɸ  

ɺ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʁ ʉʀʉʊɽʄɽ 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ï 

ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʩʠʣʴʥʦʤʫ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ 

ʠʥʪʝʣʣʝʢʪʫ, ʢʣʶʯʝʚʳʤʠ ʚʦʧʨʦʩʘʤʠ ʩʪʘʣʠ ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʨʘʙʦʪʢʠ ʨʘʟʥʦʨʦʜʥʦʡ ʚʭʦʜʷʱʝʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʩʝʪʝʡ (ʀʅʉ), ʩʦʙʠʨʘʪʝʣʴʥʦ ʥʘʟʳʚʘʝʤʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʤ 

ʠʥʪʝʣʣʝʢʪʦʤ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʢʘ ʥʝ 

ʦʙʣʘʜʘʶʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ [3]. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ (ʠ 

ʦʩʦʙʝʥʥʦʩʪʴʶ) çʛʝʥʝʨʘʪʠʚʥʳʭ ʀʀè ʷʚʣʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʛʘʣʣʶʮʠʥʘʮʠʠè [5] ï ʩʣʫʯʘʠ 

ʦʯʝʚʠʜʥʦʛʦ ʠʣʠ, ʯʪʦ ʭʫʞʝ, ʥʝʦʯʝʚʠʜʥʦʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʦʪʚʝʪʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʣʠ 

ʟʘʧʨʦʩʫ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʪʨʘʥʩʬʦʨʤʝʨʘ 

ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʫʩʪʨʘʥʝʥʦ. ʍʦʪʷ ʩʦʚʨʝʤʝʥʥʳʝ ʀʅʉ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʶʪʩʷ ʩ 

ʦʪʚʝʪʘʤʠ ʥʘ ʧʨʦʩʪʳʝ ʟʘʧʨʦʩʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʢʦʥʢʨʝʪʥʦʩʪʠ ʟʘʧʨʦʩʦʚ ʥʘ ʪʝʤʳ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʦʙʫʯʘʶʱʝʡ 

ʚʳʙʦʨʢʝ, ʦʪʚʝʪʳ ʙʫʜʫʪ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ. ʏʪʦʙʳ ʩʜʝʣʘʪʴ ʦʪʚʝʪʳ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʙʦʣʝʝ 

ʣʦʛʠʯʥʳʤʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʟʘʧʨʦʩʦʚ 

ʥʘʟʳʚʘʝʤʳʝ chain of thoughts (CoT) [2], ʩʫʪʴ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʤʠʪʘʮʠʠ ʮʝʧʦʯʝʢ 

ʨʘʩʩʫʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛ ʙʳ ʚʝʩʪʠ ʯʝʣʦʚʝʢ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ. ʅʦ ʜʘʞʝ ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ 

CoT ʩ ʜʦʦʙʫʯʝʥʠʝʤ ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ ʤʦʜʝʣʠ ço3è, ʝʡ ʫʜʘʸʪʩʷ ʜʦʙʠʪʴʩʷ ʣʠʰʴ 75% ʫʩʧʝʭʘ [4] 

ʧʨʦʭʦʜʷ ʠʩʧʳʪʘʥʠʷ [1], ʢʦʪʦʨʳʝ ʦʜʠʥ ʯʝʣʦʚʝʢ, ʨʘʟʦʙʨʘʚʰʠʩʴ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʦʙʣʘʜʘʷ 

ʫʩʠʜʯʠʚʦʩʪʴʶ, ʩʤʦʛ ʙʳ ʥʝ ʤʝʥʝʝ ʫʩʧʝʰʥʦ ʧʨʦʡʪʠ ʟʘ ʤʝʥʴʰʝʝ ʚʨʝʤʷ. 

ɽʱʸ ʜʦ ʧʦʷʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ, ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʠʩʴ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ. ʕʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ ï ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘʷ 

ʧʦʣʫʯʘʪʴ, ʥʘʢʘʧʣʠʚʘʪʴ, ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʟʥʘʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʵʢʩʧʝʨʪʘʤʠ, ʠʟ ʥʝʢʦʪʦʨʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʚʳʚʦʜʠʪʴ ʥʦʚʳʝ ʟʥʘʥʠʷ, ʨʝʰʘʪʴ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ 

ʟʥʘʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʠ ʦʙʲʷʩʥʷʪʴ ʭʦʜ ʠʭ ʨʝʰʝʥʠʷ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ 

 

ɺ ʦʪʣʠʯʠʠ ʦʪ ʩʠʩʪʝʤ, ʧʦʣʘʛʘʶʱʠʭʩʷ ʥʘ ʀʅʉ, ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʩʦʜʝʨʞʘʪ ʷʚʥʦ 

ʚʳʨʘʞʝʥʥʳʝ ʟʥʘʥʠʷ ʚ ʙʘʟʝ ʟʥʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʷʚʥʦ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 



 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

259 

ʧʦʣʫʯʝʥʠʷ ʦʪʚʝʪʘ ʥʘ ʟʘʧʨʦʩ ʩʩʳʣʘʷʩʴ ʥʘ ʵʪʠ ʟʥʘʥʠʷ: ʬʘʢʪʳ, ʧʨʘʚʠʣʘ, ʜʦʧʫʱʝʥʠʷ. ɻʣʘʚʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʢʣʘʩʩʠʯʝʩʢʠʭ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʩʪʴ ʜʦʙʳʯʠ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʝ ʫʩʧʝʰʥʳʝ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʩʦʟʜʘʚʘʣʠʩʴ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ ʠ ʥʝ ʧʨʝʪʝʥʜʦʚʘʣʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ.  

 ɺ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

ʦʙʣʘʜʘʶʱʝʡ ʧʨʠʟʥʘʢʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ 

ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʥʦ 

ʟʘʠʤʩʪʚʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʟʥʘʥʠʡ ʠʟ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ. ɿʥʘʥʠʷ ʚ ʵʢʩʧʝʨʪʥʳʭ 

ʩʠʩʪʝʤʘʭ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʥʳʤʠ ʬʦʨʤʘʪʘʤʠ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʛʨʘʬ. ʂʦʥʮʝʧʪʫʘʣʴʥʳʡ ʛʨʘʬ ï ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʨʘʬʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʥʷʪʠʷ ʠ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʛʨʘʬ ʷʚʣʷʝʪʩʷ ʜʚʫʜʦʣʴʥʳʤ, ʪʦ ʝʩʪʴ ʝʛʦ ʚʝʨʰʠʥʳ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʜʚʘ ʤʥʦʞʝʩʪʚʘ, ʫ ʚʝʨʰʠʥ ʢʦʪʦʨʳʭ ʥʝʪ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʙʦʡ. ʕʪʠʤʠ ʤʥʦʞʝʩʪʚʘʤʠ ʚʝʨʰʠʥ 

ʷʚʣʷʶʪʩʷ ʧʦʥʷʪʠʷ ʠ ʦʪʥʦʰʝʥʠʷ. ʇʦʥʷʪʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʢʠʝ ʠʜʝʠ, ʢʣʘʩʩʳ, ʵʢʟʝʤʧʣʷʨʳ, ʘ 

ʦʪʥʦʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʪʠʧʳ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʧʦʥʷʪʠʷʤʠ. ʎʝʣʠʢʦʤ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʛʨʘʬ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʧʦʥʷʪʠʡ, ʦʪʥʦʰʝʥʠʡ ʠ ʜʫʛ ʠʣʠ ʨʸʙʝʨ ʤʝʞʜʫ 

ʥʠʤʠ. 

 

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʛʨʘʬʘ 

 

ʇʨʷʤʦʫʛʦʣʴʥʢʠʠ ï ʧʦʥʷʪʠʷ, ʵʣʣʠʧʩʳ ï ʦʪʥʦʰʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʛʨʘʬʘ (ʂɻ) ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʩʪʦʷʥʥʦʝ 

ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ ʠ ʜʦʧʦʣʥʷʝʤʦʝ ʤʥʦʞʝʩʪʚʦ ʧʦʥʷʪʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʧʦʣʥʷʝʤʦʝ 

ʵʢʟʝʤʧʣʷʨʘʤʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʣʘʩʩʦʚ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʘʟʳ ʟʥʘʥʠʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʠʜʳ ʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʜʣʷ ʥʝʸ ʚʘʞʥʳ ʠ 

ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʣʛʦʨʠʪʤʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʟʘʪʝʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʯʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʦʥʷʪʠʡ ʠ ʪʦ ʢʘʢ ʦʥʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ 

ʦʪʥʦʰʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʂɻ ʨʝʘʣʴʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ, ʢʨʦʤʝ ʪʠʧʦʚ ʦʪʥʦʰʝʥʠʡ 

ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʠʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʚʩʝʛʜʘ ʚʢʣʶʯʘʶʪʩʷ ʣʦʛʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʠ 

ʦʪʥʦʰʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʂʨʦʤʝ ʦʙʳʯʥʳʭ ʧʦʥʷʪʠʡ ʚ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʛʨʘʬʘʭ ʩʫʱʝʩʪʚʫʶʪ 

ʧʦʥʷʪʠʷ-ʫʪʚʝʨʞʜʝʥʠʷ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʂʦʥʮʝʧʪʫʘʣʴʥʳʡ ʛʨʘʬ ʩ ʫʪʚʝʨʞʜʝʥʠʝʤ 

ʈʝʥʝ ɼʝʢʘʨʪ: ñʗ ʤʳʩʣʶ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʷ ʩʫʱʝʩʪʚʫʶò. 

 

ʋʪʚʝʨʞʜʝʥʠʷ ʩʦʜʝʨʞʘʪ ʚʣʦʞʝʥʥʳʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʛʨʘʬʳ. ʂʦʥʮʝʧʪʫʘʣʴʥʳʝ ʛʨʘʬʳ ʩ 

ʫʪʚʝʨʞʜʝʥʠʷʤʠ ʩʦʜʝʨʞʘʪ ʤʝʪʘʟʥʘʥʠʷ ï ʟʥʘʥʠʷ ʦ ʟʥʘʥʠʷʭ. ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʥʘʥʠʝ ʦ 

ʪʦʤ, ʯʪʦ ʈʝʥʝ ɼʝʢʘʨʪ ʜʫʤʘʝʪ, ʯʪʦ, ʝʩʣʠ ʦʥ ʤʳʩʣʠʪ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥ ʩʫʱʝʩʪʚʫʝʪ. 

çʋʪʚʝʨʞʜʝʥʠʝ ʤʳʩʣʴ ɼʝʢʘʨʪʘè (1) ʠ çʋʪʚʝʨʞʜʝʥʠʝè 1, 2 ï ʚʝʨʰʠʥʳ-ʫʪʚʝʨʞʜʝʥʠʷ. 

ʋʪʚʝʨʞʜʝʥʠʷ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʣʶʙʳʭ ʦʪʥʦʰʝʥʠʷʭ, ʢʘʢ ʠ ʦʙʳʯʥʳʝ ʚʝʨʰʠʥʳ, ʥʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʦʥʠ ʩʩʳʣʘʶʪʩʷ ʥʘ ʦʙʦʩʦʙʣʝʥʥʳʡ ʦʪ ʦʩʥʦʚʥʦʛʦ ʛʨʘʬʘ ʢʦʥʪʝʢʩʪ ï 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʰʝʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʠʩʪʠʥʥʳʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʤʥʦʞʝʩʪʚʘ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʧʦʥʷʪʠʷʤʠ ʠʟ ʦʩʥʦʚʥʦʛʦ ʛʨʘʬʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʞʜʘʷ 

ʚʝʨʰʠʥʘ çɼʝʢʘʨʪè ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʜʥʦ ʠ ʪʦ ʞʝ ʧʦʥʷʪʠʝ ʦʙ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ɼʝʢʘʨʪʝ. ɼʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚʩʝ ʦʜʠʥʘʢʦʚʳʝ ʚʝʨʰʠʥʳ (ʨʠʩ. 4). 

 

 
 

ʈʠʩ. 4. ʆʪʥʦʰʝʥʠʷ ʧʦʥʷʪʠʷ çɼʝʢʘʨʪè 

 

ʈʘʩʩʤʘʪʨʠʚʘʷ ɼʝʢʘʨʪʘ ʢʘʢ ʝʜʠʥʦʝ ʧʦʥʷʪʠʝ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʦʥʦ ʦʙʣʘʜʘʝʪ ʪʨʝʤʷ 

ʦʪʥʦʰʝʥʠʷʤʠ ʚ ʨʘʟʥʳʭ ʢʦʥʪʝʢʩʪʘʭ: ʫʪʚʝʨʞʜʝʥʠʷʭ 1, 2 ʠ ʛʣʦʙʘʣʴʥʦʤ. ʆʜʠʥʘʢʦʚʳʝ ʚʝʨʰʠʥʳ-

ʵʣʣʠʧʩʳ ʪʦʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʝʜʠʥʳʝ ʪʠʧʳ ʦʪʥʦʰʝʥʠʡ, ʥʦ ʚʩʝʛʜʘ ʦʪʜʝʣʴʥʳʝ ʵʢʟʝʤʧʣʷʨʳ ʵʪʠʭ 

ʦʪʥʦʰʝʥʠʡ, ʧʦʵʪʦʤʫ ʢʘʞʜʘʷ ʦʪʜʝʣʴʥʘʷ ʚʝʨʰʠʥʘ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʦʙʨʘʟʫʝʪ ʩʚʷʟʠ ʩ ʧʦʥʷʪʠʷʤʠ ʚ 

ʦʪʜʝʣʴʥʦʤ ʢʦʥʪʝʢʩʪʝ. 

ʕʪʦ ʙʳʣʦ ʦʧʠʩʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʂɻ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʂɻ 

ʢʘʢ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʝʧʷʪʩʪʚʠʷ: 
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1. ʆʛʨʘʥʠʯʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʦʪʥʦʰʝʥʠʡ. ʊʘʢ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʩʧʦʩʦʙʥʘ ʥʘʢʘʧʣʠʚʘʪʴ ʟʥʘʥʠʷ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʢʘʞʜʦʝ ʩʦ 

ʩʚʦʠʤʠ ʫʥʠʢʘʣʴʥʳʤʠ ʪʠʧʘʤʠ ʦʪʥʦʰʝʥʠʡ, ʜʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʜʥʦʤʫ ʠʟ 

ʪʨʸʭ ʨʝʟʫʣʴʪʘʪʦʚ: ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʢʦʜʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ ʠʣʠ 

ʥʝʞʝʣʘʪʝʣʴʥʦʤʫ ʩʤʝʰʠʚʘʥʠʶ ʟʥʘʥʠʡ ʨʘʟʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ.  

2. ʉʝʛʨʝʛʘʮʠʷ ʧʦʥʷʪʠʡ ʠ ʦʪʥʦʰʝʥʠʡ. ʊʘʢ ʢʘʢ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʦʙʨʝʩʪʠ 

ʧʨʠʢʣʘʜʥʳʝ ʟʥʘʥʠʷʤʠ ʦ ʩʘʤʦʡ ʩʝʙʝ (ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʪʴ ʨʝʬʣʝʢʩʠʝʡ), ʩʘʤʠ ʦʪʥʦʰʝʥʠʷ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʥʦʚʠʪʴʩʷ ʦʙʲʝʢʪʘʤʠ ʦʧʠʩʘʥʠʷ (ʧʦʥʷʪʠʷʤʠ ʚ ʛʨʘʬʝ), ʯʪʦ ʚ ʠʩʭʦʜʥʦʤ 

ʬʦʨʤʘʪʝ ʥʝʚʦʟʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʷʚʥʳʤ ʦʙʨʘʟʦʤ. 

ʀ ʜʣʷ ʠʭ ʧʨʝʦʜʦʣʝʥʠʷ ʚ ʬʦʨʤʘʪ ʂɻ ʙʳʣʠ ʚʥʝʩʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʘʚʢʠ: 

1. ʂʘʞʜʳʡ ʪʠʧ ʦʪʥʦʰʝʥʠʡ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʙʩʪʚʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚʦ ʤʥʦʞʝʩʪʚʝ 

çʧʦʥʷʪʠʷè. 

2. ʄʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ ʩʦʜʝʨʞʠʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʵʣʝʤʝʥʪ ï ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʪʝʨʥʘʨʥʦʝ 

(ʪʨʦʡʥʦʝ) ʦʪʥʦʰʝʥʠʝ {a, b, c}, ʛʜʝ a ï ʠʩʭʦʜʥʦʝ ʧʦʥʷʪʠʝ, b ï ʚʭʦʜʥʦʝ ʧʦʥʷʪʠʝ, c ï ʧʦʥʷʪʠʝ 

ʦʪʥʦʰʝʥʠʷ. ʆʥʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʙʠʥʘʨʥʦʤʫ ʦʪʥʦʰʝʥʠʶ ʫʢʘʟʘʥʥʦʛʦ ʪʠʧʘ. 

3. ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʡ ʘʨʥʦʩʪʠ ʙʦʣʝʝ ʜʚʫʭ, ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʦʜʠʥ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʩʧʦʩʦʙʦʚ ï ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʙʠʥʘʨʥʳʝ ʩʚʷʟʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʦʪʥʦʰʝʥʠʷ 

ʩ ʫʟʣʦʤ ï ʧʦʥʷʪʠʝʤ ʦʪʥʦʰʝʥʠʷ. 

ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʥʦʚʦʚʚʝʜʝʥʠʷ ʛʨʘʬ ʩ ʨʠʩʫʥʢʘ 2 ʧʨʝʦʙʨʘʟʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 5). 

ʊʝʧʝʨʴ ʤʥʦʞʝʩʪʚʦ çʧʦʥʷʪʠʷè ʜʦʧʦʣʥʷʝʪʩʷ ʚʩʝʤʠ ʪʠʧʘʤʠ ʦʪʥʦʰʝʥʠʡ, ʘ ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ 

ʩʦʩʪʦʠʪ ʠʟ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʱʝ ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʘʢ 

ʙʠʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ ʪʠʧʘ X ʠʣʠ ʜʫʛʫ, ʤʘʨʢʠʨʦʚʘʥʥʫʶ X, ʛʜʝ X ï ʵʣʝʤʝʥʪ ʤʥʦʞʝʩʪʚʘ ʧʦʥʷʪʠʡ. 

ʇʦ ʩʤʳʩʣʫ ʧʦʥʷʪʠʷ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʢʣʘʩʩʳ, ʵʢʟʝʤʧʣʷʨʳ, ʦʪʥʦʰʝʥʠʷ, ʥʦ ʚʥʫʪʨʠ 

ʩʘʤʦʡ ʤʦʜʝʣʠ ʚʩʝ ʦʥʠ ʨʘʚʥʦʧʨʘʚʥʳ. 

 
 

ʈʠʩ. 5. ʂʦʥʮʝʧʪʫʘʣʴʥʳʡ ʛʨʘʬ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ 

ɹʠʥʘʨʥʳʝ ʦʪʥʦʰʝʥʠʷ ʚʠʟʫʘʣʴʥʦ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʟʘʧʠʩʠ. ʊʦʣʴʢʦ ʟʘʧʠʩʴ 

ʪʝʨʥʘʨʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ɓ ʪʝʧʝʨʴ ʠʩʧʦʣʴʟʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʝʨʰʠʥʳ. ʊʠʧʳ ʵʪʠʭ ʦʪʥʦʰʝʥʠʡ: 

e0, e1, e2 ï ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʥʝ ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ ʫʯʘʩʪʥʠʢʦʚ, ʘ ʩʤʳʩʣ 
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ʠʭ ʨʦʣʝʡ ʚ ʦʪʥʦʰʝʥʠʠ ɓ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʦʟʜʘʪʝʣʴ ʛʨʘʬʘ ʤʦʞʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ 

ʧʦʥʷʪʠʷ ʢʘʢ çʩʫʱʥʦʩʪʠè ʠ çʪʠʧʳ ʩʚʷʟʝʡè, ʬʦʨʤʘʣʴʥʦ ʚʩʝ ʧʦʥʷʪʠʷ ʤʦʛʫʪ ʩʪʘʥʦʚʠʪʴʩʷ ʪʠʧʘʤʠ 

ʦʪʥʦʰʝʥʠʡ. ʍʦʪʷ ʵʪʦ ʢʘʞʝʪʩʷ ʙʝʩʩʤʳʩʣʝʥʥʦʡ ʟʘʧʠʩʴʶ, ʦʥʘ ʢʦʨʨʝʢʪʥʘ ʚ ʜʘʥʥʦʤ ʬʦʨʤʘʪʝ, ʠ 

ʚʦʟʤʦʞʥʦ ʥʘʡʜʸʪ ʧʦʣʝʟʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʫʜʫʱʝʤ, ʥʘʧʨʠʤʝʨ ʢʘʢ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ 

ʘʩʩʦʮʠʘʮʠʠ ʦʜʥʠʭ ʧʦʥʷʪʠʡ ʧʨʠ ʫʧʦʤʠʥʘʥʠʠ ʜʨʫʛʠʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙʳ ʧʨʠʤʝʥʝʥʠʷ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʂɻ. ɽʩʣʠ 

ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʀʅʉ ʠʩʧʦʣʴʟʫʶʪ ʠʝʨʘʨʭʠʶ ʘʛʝʥʪʦʚ, ʦʙʤʝʥʠʚʘʶʱʠʭʩʷ 

ʩʦʦʙʱʝʥʠʷʤʠ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, ʪʦ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʟʥʘʥʠʡ ʚ ʬʦʨʤʘʪʝ ʂɻ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʛʝʥʪʦʚ, ʦʙʤʝʥʠʚʘʶʱʠʭʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʳʤʠ ʛʨʘʬʘʤʠ. ʆʙʨʘʙʦʪʢʘ ʂɻ 

ʷʚʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʣʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʦʙʨʘʙʦʪʢʦʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʩ 

ʧʦʤʦʱʴʶ ʀʅʉ ʙʣʘʛʦʜʘʨʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ï ʢʘʞʜʳʡ ʰʘʛ ʤʦʞʝʪ ʙʳʪʴ ʦʪʣʘʞʝʥ. ʉʪʨʫʢʪʫʨʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 6). 

 

 
 

ʈʠʩ. 6. ʉʪʨʫʢʪʫʨʘ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ɹɿ ï ʙʘʟʘ ʟʥʘʥʠʡ 

 

ɺ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʦʩʪʘʣʠʩʴ ʢʦʤʧʦʥʝʥʪʳ ʢʣʘʩʩʠʯʝʩʢʠʭ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ: ʙʘʟʘ ʟʥʘʥʠʡ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʤʘʰʠʥʘ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʠ ʨʘʩʰʠʨʷʝʤʳʡ ʠʥʪʝʨʬʝʡʩ. ʄʘʰʠʥʘ 

ʦʩʤʳʩʣʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ (ʄʆʇ) ï ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʠʩʧʦʣʥʷʶʱʠʡ ʨʦʣʴ ʤʘʰʠʥʳ 

ʚʳʚʦʜʘ. ʏʘʩʪʴ ʧʨʦʛʨʘʤʤ, ʤʦʞʝʪ ʙʳʪʴ, çʤʝʭʘʥʠʯʝʩʢʠʤʠè ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʚʳʧʦʣʥʷʶʱʠʤʠ 

ʧʨʦʩʪʳʝ ʢʦʥʢʨʝʪʥʳʝ ʬʫʥʢʮʠʠ, ʜʨʫʛʘʷ ʯʘʩʪʴ ʟʘʥʠʤʘʝʪʩʷ ʦʙʨʘʙʦʪʢʦʡ ʂɻ ʠ ʧʨʠʥʷʪʠʝʤ ʨʝʰʝʥʠʡ 

ʥʘ ʦʩʥʦʚʝ ʟʥʘʥʠʡ. ʄʆʇ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʣʠ ʚ ʩʨʝʜʝ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ. ʊʘʢ ʢʘʢ ʚ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʘʤʦʤʦʜʠʬʠʢʘʮʠʠ ʠ ʩʘʤʦʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʚ ʄʆʇ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʜʦʩʪʫʧ ʧʨʦʮʝʩʩʦʚ ʢ ʨʝʩʫʨʩʘʤ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤ ʩʠʩʪʝʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʘʚʘʤʠ. 

ɼʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʟʥʘʥʠʡ, ʦʥʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʥʘʙʦʨʦʤ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ (ʘʣʛʦʨʠʪʤʦʚ) ʠ ʟʥʘʥʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʠʭ ʨʘʙʦʪʳ (ʨʠʩ. 7). 
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ʈʠʩ. 7. ʉʦʜʝʨʞʘʥʠʝ ʙʘʟʳ ʟʥʘʥʠʡ 

 

ʇʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ, ʚʳʨʘʞʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʂɻ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʧʦʥʷʪʠʡ, 

ʚʝʨʰʠʥ ʠ ʜʫʛ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʣʴʥʦʡ ʙʘʟʳ ʟʥʘʥʠʡ (ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʠʨʝ) ʤʥʦʞʝʩʪʚʦ 

ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʜʦʣʞʥʦ ʦʙʲʝʜʠʥʠʪʴʩʷ ʚ ʩʚʷʟʥʳʡ ʛʨʘʬ. ɽʩʣʠ ʚ ʙʘʟʫ ʟʥʘʥʠʡ 

ʠʤʧʦʨʪʠʨʫʝʪʩʷ ʚʥʝʰʥʠʡ ʂɻ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʦʙʲʝʜʠʥʠʪʴ ʤʥʦʞʝʩʪʚʘ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʥʷʪʠʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʠʢʘʢʠʝ ʜʚʘ ʨʘʟʥʳʭ ʧʦʥʷʪʠʷ ʥʝ ʩʪʘʣʠ ʦʜʥʠʤ, ʠ 

ʯʪʦʙʳ ʥʠ ʦʜʥʦ ʧʦʥʷʪʠʝ ʥʝ ʪʨʘʢʪʦʚʘʣʦʩʴ ʢʘʢ ʜʚʘ ʨʘʟʣʠʯʥʳʭ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʝʨʰʠʥʳ ʠ ʜʫʛʠ 

ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʝʜʠʥʳʡ ʛʨʘʬ. ʉʣʝʜʫʶʱʠʤ ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ ʰʘʛʦʤ ʜʦʣʞʥʦ ʙʳʪʴ 

ʘʜʝʢʚʘʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʪʥʦʰʝʥʠʡ ʢʘʞʜʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʧʦʥʷʪʠʷ ʜʨʫʛʠʭ ʪʘʤ, 

ʛʜʝ ʵʪʦ ʠʤʝʝʪ ʩʤʳʩʣ. ʕʪʦ ï ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʪʨʫʜʦʸʤʢʘʷ ʟʘʜʘʯʘ. ɺʝʨʦʷʪʥʦ, ʤʥʦʛʠʝ ʦʪʥʦʰʝʥʠʷ ʥʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʜʨʫʛʠʝ ʧʨʝʜʤʝʪʥʳʝ ʦʙʣʘʩʪʠ ʠ, ʦʪʩʝʷʚ ʠʭ, ʟʘʜʘʯʫ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ.  

ɼʣʷ ʩʚʷʟʠ ʧʦʥʷʪʠʡ ʩ ʚʥʝʰʥʠʤ ʤʠʨʦʤ ʚʚʦʜʠʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʪʠʧ ʧʦʥʷʪʠʡ ï ʚʥʝʰʥʠʝ 

ʩʩʳʣʢʠ; ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʝ ʩʩʳʣʢʠ ʥʘ ʨʝʩʫʨʩʳ ʜʦʩʪʫʧʥʳʝ ʩʠʩʪʝʤʝ: 

ʠʥʪʝʨʬʝʡʩʳ, ʬʘʡʣʳ, ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʂɻ ʚ ʙʘʟʝ ʟʥʘʥʠʡ ʩʧʦʩʦʙʝʥ ʷʚʥʦ 

ʦʧʠʩʳʚʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʜʦʩʪʫʧʥʳʝ ʨʝʩʫʨʩʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʣʛʦʨʠʪʤʘʤ ʥʘʢʘʧʣʠʚʘʪʴ ʟʥʘʥʠʷ ʦ 

ʩʠʩʪʝʤʝ ʠ ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ.  

ʂʘʞʜʳʡ ʘʣʛʦʨʠʪʤ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʫʟʢʫʶ ʟʘʜʘʯʫ ʨʘʙʦʪʘʷ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ 

ʤʥʦʞʝʩʪʚʦʤ ʪʠʧʦʚ ʦʪʥʦʰʝʥʠʡ ʠ ʧʦʥʷʪʠʡ (ʬʠʣʴʪʨʫʶʪʩʷ ʧʦ ʧʨʠʟʥʘʢʫ ʥʘʣʠʯʠʷ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʦʪʥʦʰʝʥʠʡ), ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʧʦʣʴʟʫʷ ʥʝʯʸʪʢʫʶ ʣʦʛʠʢʫ ʠ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʧʫʪʝʡ 

ʥʘ ʛʨʘʬʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩ ʧʦʤʦʱʴʶ ʂɻ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ 

ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ: 

1. ɺʝʩʪʠ ʦʧʠʩʘʥʠʝ ʣʶʙʳʭ ʷʚʣʝʥʠʡ. 

2. ɺʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ ʧʦ ʠʟʚʝʩʪʥʳʤ ʘʣʛʦʨʠʪʤʘʤ. 

3. ʉʦʟʜʘʚʘʪʴ ʠ ʧʨʦʚʝʨʷʪʴ ʛʠʧʦʪʝʟʳ. 
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4. ʀʩʢʘʪʴ ʥʝʠʟʚʝʩʪʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʂɻ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʦʡʜʸʪ ʛʨʘʬʦʚʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ 

ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʨʘʬʘʤʠ. ʇʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʜʚʘ ʢʘʥʜʠʜʘʪʘ: ArangoDB ʠ Neo4j (ʪʘʙʣ.0). 

ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʝʥʠʝ ʉʋɹɼ 

 

ʉʋɹɼ Neo4j ArangoDB 

ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ɻʨʘʬ ɻʨʘʬ, ʢʣʶʯ-ʟʥʘʯʝʥʠʝ, JSON 

ʗʟʳʢ ʟʘʧʨʦʩʦʚ Cypher AQL 

ʇʣʘʪʬʦʨʤʘ ʨʘʟʨʘʙʦʪʢʠ Java C++ 

ɹʝʩʧʣʘʪʥʘʷ ʚʝʨʩʠʷ ʉʫʱʝʩʪʚʫʝʪ ɼʦ 100ɻɹ ʜʘʥʥʳʭ 

 

ʅʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ ʩʪʘʪʴʠ ʠʜʸʪ ʨʘʟʨʘʙʦʪʢʘ ʨʘʥʥʝʛʦ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ, ʨʘʙʦʪʘʶʱʝʡ 

ʧʦ ʦʧʠʩʘʥʥʳʤ ʧʨʠʥʮʠʧʘʤ. ɼʣʷ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʦ ʙʳ ʜʦʩʪʘʪʦʯʥʦ ʣʶʙʦʡ ʠʟ ʵʪʠʭ ʜʚʫʭ ʉʋɹɼ, 

ʥʦ ʚʳʙʦʨ ʦʩʪʘʥʦʚʠʣʩʷ ʥʘ Neo4j ʧʦ ʧʨʠʯʠʥʝ ʧʨʦʩʪʦʪʳ ʚʭʦʞʜʝʥʠʷ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʦʪʩʫʪʩʪʚʠʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʦʙʲʸʤʫ ʜʘʥʥʳʭ.  
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ʌʝʜʦʨʦʚ ʀ.ʃ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʊɽʍʅʆʃʆɻʀʀ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ɺʈɽʄɽʅʅʓʍ ʈʗɼʆɺ 

ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʠʥʘʤʠʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʊʦʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʪʠʭ ʨʷʜʦʚ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ, ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ ʧʦʜʭʦʜʳ 

ʧʨʝʜʣʘʛʘʶʪ ʨʘʟʣʠʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ [4]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʭ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ: ʧʦʣʠʥʦʤʠʘʣʴʥʫʶ ʨʝʛʨʝʩʩʠʶ ʢʘʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʠ 

ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʮʝʧʪʨʦʥ (MLP) ʢʘʢ ʤʝʪʦʜ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʦʜʭʦʜʦʚ 

ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʉʦʙʨʘʪʴ ʠ ʧʦʜʛʦʪʦʚʠʪʴ ʜʘʥʥʳʝ: ʉʦʙʨʘʪʴ ʜʘʥʥʳʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʧʦʜʛʦʪʦʚʠʪʴ ʠʭ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

2. ʈʝʘʣʠʟʦʚʘʪʴ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ: ʈʝʘʣʠʟʦʚʘʪʴ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʮʝʧʪʨʦʥʘ (MLP). 

3. ʆʙʫʯʠʪʴ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʤʦʜʝʣʠ: ʆʙʫʯʠʪʴ ʩʦʟʜʘʥʥʳʝ ʤʦʜʝʣʠ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʠ ʧʨʦʚʝʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠʭ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

4. ʉʨʘʚʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ: ʉʨʘʚʥʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʮʝʧʪʨʦʥʘ, ʠʩʧʦʣʴʟʫʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʨʠʢʠ (RĮ, MSE). 

5. ʆʮʝʥʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ: ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʫʯʝʥʠʝ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ. 

6. ʇʨʦʚʝʩʪʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ: ɺʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, 

ʚʢʣʶʯʘʷ ʛʨʘʬʠʢʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʧʨʦʛʥʦʟʳ ʜʣʷ ʦʙʦʠʭ ʤʝʪʦʜʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠ ʥʝʡʨʦʥʥʦʛʦ ʤʝʪʦʜʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʦʩʥʦʚʫ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ï ʵʪʦ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʝʜʩʢʘʟʘʥʠʷ ʙʫʜʫʱʠʭ 

ʟʥʘʯʝʥʠʡ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʕʪʠ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ ʤʥʦʞʝʩʪʚʝ ʦʙʣʘʩʪʝʡ, ʚʢʣʶʯʘʷ 

ʵʢʦʥʦʤʠʢʫ, ʬʠʥʘʥʩʳ, ʤʝʪʝʦʨʦʣʦʛʠʶ ʠ ʠʥʞʝʥʝʨʠʶ [1]. ʎʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʪʦʯʥʳʭ ʠ ʥʘʜʝʞʥʳʭ ʧʨʝʜʩʢʘʟʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʨʝʰʝʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʙʫʜʫʱʠʝ ʜʝʡʩʪʚʠʷ [4]. 
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ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʢʘʢ 

ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʪʦʯʥʳʭ. 

ʇʦʣʠʥʦʤʠʘʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ ï ʵʪʦ ʚʠʜ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʚʨʝʤʝʥʝʤ) ʠ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ 

(ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ) ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʠʥʦʤʘ n-ʡ ʩʪʝʧʝʥʠ. ʕʪʦʪ 

ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʥʥʳʭ, ʢʦʛʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʣʠʯʠʝ ʥʝʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ. ʆʥ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʠʚʦʣʠʥʝʡʥʳʭ 

ʪʨʘʝʢʪʦʨʠʡ ʜʘʥʥʳʭ [2]. 

ɺ ʢʘʯʝʩʪʚʝ ʥʝʡʨʦʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣ ʚʳʙʨʘʥ ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʮʝʧʪʨʦʥ (MLP). 

ʄʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʮʝʧʪʨʦʥ (MLP) ï ʵʪʦ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ ʥʝʡʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʨʝʛʨʝʩʩʠʠ ʠʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. MLP ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʪʴ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʚ 

ʢʦʪʦʨʦʡ ʜʘʥʥʳʝ ʜʚʠʞʫʪʩʷ ʦʪ ʚʭʦʜʥʦʛʦ ʩʣʦʷ ʢ ʚʳʭʦʜʥʦʤʫ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʩʢʨʳʪʳʭ ʩʣʦʝʚ [5]. 

ɼʘʣʝʝ ʧʝʨʝʡʜʝʤ ʢ ʨʝʘʣʠʟʘʮʠʠ ʠ ʩʨʘʚʥʝʥʠʶ ʚʳʙʨʘʥʥʳʭ ʤʝʪʦʜʦʚ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʚʨʝʤʝʥʥʳʝ 

ʨʷʜʳ. ʕʪʠ ʜʘʥʥʳʝ ʚʢʣʶʯʘʶʪ ʠʩʪʦʨʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ, ʮʝʥʳ ʘʢʪʠʚʦʚ ʢʦʤʧʘʥʠʡ ʉʙʝʨʙʘʥʢ ʠ ʄʊʉ 

ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 

ɺʩʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ excel ʬʘʡʣʦʚ, ʛʜʝ ʢʣʶʯʠ Date ʠ Price ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʪʨʘʞʘʶʪ ʜʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ. 

ʌʦʨʤʘʪ ʜʘʥʥʳʭ: ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʧʠʩʢʦʚ ʩʪʨʦʢ ʜʣʷ ʜʘʪ ʠ 

ʯʠʩʝʣ ʜʣʷ ʟʥʘʯʝʥʠʡ. 

ɼʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʪʨʦʢʦʚʦʤ ʬʦʨʤʘʪʝ ó%d.%m.%Yô, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢ 

ʪʠʧʫ datetime ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʠʤʠ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

ɿʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʪʠʧʘ float, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʠʥʘʥʩʦʚʳʤ ʜʘʥʥʳʤ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʝʜʫʶʱʠʭ 

ʙʠʙʣʠʦʪʝʢ: numpy, datetime, time, matplotlib.pyplot, matplotlib.dates, sklearn.preprocessing, 

sklearn.pipeline, sklearn.neural_network, warnings, matplotlib.ticker, sklearn.metrics, pandas. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʯʘʩʪʠ ʢʦʜʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʦʪʚʝʯʘʝʪ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʵʪʘʧ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. 

ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, 

ʆʙʫʯʝʥʠʝ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʌʦʨʤʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʛʥʦʟʘ, ʈʘʩʯʝʪ 

ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʧʨʦʛʥʦʟʦʚ, ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɸʥʘʣʦʛʠʯʥʦ, ʜʣʷ ʥʝʡʨʦʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʆʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ, ʆʧʨʝʜʝʣʝʥʠʝ ʠ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʈʘʩʯʝʪ ʧʨʦʛʥʦʟʦʚ ʥʝʡʨʦʩʝʪʠ, 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʡʨʦʩʝʪʠ. 

ɺʳʚʦʜʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʩʦʩʪʦʷʪ ʠʟ ʪʘʙʣʠʮ ʠ ʛʨʘʬʠʢʦʚ. ʇʨʦʛʨʘʤʤʘ ʚʳʚʦʜʠʪ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʪʘʙʣʠʮʳ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ pandas.  

ʇʝʨʚʘʷ ʠʟ ʢʦʪʦʨʳʭ ï ʵʪʦ ʧʦʣʥʘʷ ʪʘʙʣʠʮʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ.  
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ʈʠʩ. 1. ʇʨʠʤʝʨʥʳʡ ʚʠʜ ʪʘʙʣʠʮʳ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

 

ʕʪʘ ʪʘʙʣʠʮʘ ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʜʝʪʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʧʨʦʛʥʦʟʦʚ ʧʦ ʜʘʪʘʤ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʴ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʧʨʦʛʥʦʟʳ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʆʥʘ ʩʦʜʝʨʞʠʪ ʧʦʜʨʦʙʥʳʝ ʜʘʥʥʳʝ 

ʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʜʣʷ ʢʘʞʜʦʡ ʢʦʤʧʘʥʠʠ (ʉʙʝʨʙʘʥʢ ʠ ʄʊʉ). 

ɺʪʦʨʘʷ ʪʘʙʣʠʮʘ ï ʵʪʦ ʪʘʙʣʠʮʘ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ. 

 

 
 

ʈʠʩ. 2. ʇʨʠʤʝʨʥʳʡ ʚʠʜ ʪʘʙʣʠʮʳ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ 

 

ʕʪʘ ʪʘʙʣʠʮʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʠ ʚʳʙʨʘʪʴ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʨʝʤʝʥʠ. ʆʥʘ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ 

ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ (ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ ʠ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ) ʜʣʷ 

ʢʘʞʜʦʡ ʢʦʤʧʘʥʠʠ. 

ʊʨʝʪʴʷ ʪʘʙʣʠʮʘ ï ʵʪʦ ʪʘʙʣʠʮʘ ʤʝʪʨʠʢ ʦʙʫʯʝʥʠʷ. 

 

 
 

ʈʠʩ. 3. ʇʨʠʤʝʨʥʳʡ ʚʠʜ ʪʘʙʣʠʮʳ ʤʝʪʨʠʢ ʦʙʫʯʝʥʠʷ 

 

ʕʪʘ ʪʘʙʣʠʮʘ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʠ ʩʨʘʚʥʠʪʴ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʥʘ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʪʨʠʢʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʘʯʝʩʪʚʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ. 
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ʊʘʢ ʞʝ ʧʨʦʛʨʘʤʤʘ ʩʪʨʦʠʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʛʨʘʬʠʢʘ, ʧʣʶʩ ʜʚʘ ʛʨʘʬʠʢʘ ʥʘʣʦʞʝʥʠʷ 

ʤʝʪʦʜʦʚ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʩʨʘʚʥʝʥʠʷ. 

ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʩʪʨʦʷʪʩʷ ʛʨʘʬʠʢʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ 

ʧʨʦʛʥʦʟʘ (ʉʙʝʨʙʘʥʢ/ʄʊʉ): 

1. ʆʪʦʙʨʘʞʘʝʪ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʪʦʯʝʢ. 

2. ʇʦʢʘʟʳʚʘʝʪ ʣʠʥʠʶ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʥʘ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ. 

3. ʆʪʦʙʨʘʞʘʝʪ ʣʠʥʠʶ ʧʨʦʛʥʦʟʘ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʥʘ ʙʫʜʫʱʠʭ ʜʘʥʥʳʭ. 

4. ʉʦʜʝʨʞʠʪ ʧʦʷʩʥʝʥʠʷ, ʤʝʪʨʠʢʠ, ʠ ʣʝʛʝʥʜʫ. 

 

 
 

ʈʠʩ. 4. ɻʨʘʬʠʢ ʧʨʦʛʥʦʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ ʉʙʝʨʙʘʥʢ 

 

 
 

ʈʠʩ. 5. ɻʨʘʬʠʢ ʧʨʦʛʥʦʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ ʄʊʉ 

ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʩʪʨʦʷʪʩʷ ʛʨʘʬʠʢʠ ʥʝʡʨʦʩʝʪʝʚʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʧʨʦʛʥʦʟʘ 

(ʉʙʝʨʙʘʥʢ/ʄʊʉ): 

1. ʆʪʦʙʨʘʞʘʝʪ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʪʦʯʝʢ. 
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2. ʇʦʢʘʟʳʚʘʝʪ ʣʠʥʠʶ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʮʝʧʪʨʦʥʘ ʥʘ ʦʙʫʯʘʶʱʠʭ 

ʜʘʥʥʳʭ. 

3. ʆʪʦʙʨʘʞʘʝʪ ʣʠʥʠʶ ʧʨʦʛʥʦʟʘ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʮʝʧʪʨʦʥʘ ʥʘ ʙʫʜʫʱʠʭ ʜʘʥʥʳʭ. 

4. ʉʦʜʝʨʞʠʪ ʧʦʷʩʥʝʥʠʷ, ʤʝʪʨʠʢʠ, ʠ ʣʝʛʝʥʜʫ. 

5. ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʜʚʫʭ ʤʦʜʝʣʝʡ. 

 

 
 

ʈʠʩ. 6. ɻʨʘʬʠʢ ʧʨʦʛʥʦʟʘ ʥʝʡʨʦʥʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ ʉʙʝʨʙʘʥʢ 

 

 
 

ʈʠʩ. 7. ɻʨʘʬʠʢ ʧʨʦʛʥʦʟʘ ʥʝʡʨʦʥʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ ʄʊʉ 

 

ʅʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʧʘʨʘʤʝʪʨʘʤ. ʕʪʘ ʪʘʙʣʠʮʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʝʡ ʚʣʠʷʶʪ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ɺ ʥʝʡ ʧʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʤʝʪʨʠʢ (RĮ ʠ MSE) ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʥʘʧʨʠʤʝʨ, ʩʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ ʚ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠ 

ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʩʝʪʠ) [3]. 
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ʊʘʙʣʠʮʘ 

ʊʘʙʣʠʮʘ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʧʘʨʘʤʝʪʨʘʤ 

 

ʄʦʜʝʣʴ ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ RĮ MSE 

ʇʦʣʠʥʦʤʠʘʣʴʥʘʷ (ʉʙʝʨʙʘʥʢ) ʉʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ 2 0.92 180.55 

ʇʦʣʠʥʦʤʠʘʣʴʥʘʷ (ʉʙʝʨʙʘʥʢ) ʉʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ 3 0.95 135.22 

ʇʦʣʠʥʦʤʠʘʣʴʥʘʷ (ʉʙʝʨʙʘʥʢ) ʉʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ 4 0.94 138.91 

ʅʝʡʨʦʩʝʪʝʚʘʷ (ʉʙʝʨʙʘʥʢ) ʈʘʟʤʝʨ ʩʢʨʳʪʦʛʦ ʩʣʦʷ 1 25 0.96 112.15 

ʅʝʡʨʦʩʝʪʝʚʘʷ (ʉʙʝʨʙʘʥʢ) ʈʘʟʤʝʨ ʩʢʨʳʪʦʛʦ ʩʣʦʷ 1 50 0.97 94.32 

ʅʝʡʨʦʩʝʪʝʚʘʷ (ʉʙʝʨʙʘʥʢ) ʈʘʟʤʝʨ ʩʢʨʳʪʦʛʦ ʩʣʦʷ 1 75 0.97 96.87 

ʅʝʡʨʦʩʝʪʝʚʘʷ (ʄʊʉ) ʈʘʟʤʝʨ ʩʢʨʳʪʦʛʦ ʩʣʦʷ 1 25 0.95 2.01 

ʅʝʡʨʦʩʝʪʝʚʘʷ (ʄʊʉ) ʈʘʟʤʝʨ ʩʢʨʳʪʦʛʦ ʩʣʦʷ 1 50 0.96 1.87 

ʅʝʡʨʦʩʝʪʝʚʘʷ (ʄʊʉ) ʈʘʟʤʝʨ ʩʢʨʳʪʦʛʦ ʩʣʦʷ 1 75 0.96 1.90 

ʇʦʣʠʥʦʤʠʘʣʴʥʘʷ (ʄʊʉ) ʉʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ 2 0.86 9.22 

ʇʦʣʠʥʦʤʠʘʣʴʥʘʷ (ʄʊʉ) ʉʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ 3 0.88 7.99 

ʇʦʣʠʥʦʤʠʘʣʴʥʘʷ (ʄʊʉ) ʉʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ 4 0.85 9.56 

 

ɺʳʚʦʜʳ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʝʥʠʡ. ʅʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ (MLP) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʝʡ ʥʘ ʧʨʠʤʝʨʝ ʢʘʢ ʉʙʝʨʙʘʥʢ, ʪʘʢ ʠ ʄʊʉ. ʆʜʥʘʢʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ï ʵʪʦ ʙʳʩʪʨʳʡ ʠ ʧʨʦʩʪʦʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʚʧʦʣʥʝ 

ʘʜʝʢʚʘʪʥʳʤ ʜʣʷ ʧʨʦʩʪʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ: ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2022. 320 ʩ. 

3. ʂʫʟʥʝʮʦʚ ɸ.ɺ., ʉʠʜʦʨʦʚʘ ɽ.ʅ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MSE ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ. ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ, 

2023. 180 ʩ. 

4. ʃʝʙʝʜʝʚ ɼ.ɺ., ʊʠʭʦʥʦʚ ʀ.ʃ. ɻʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʥʘ 

ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʦʜʭʦʜʦʚ. ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋʨʌʋ, 2020. 200 ʩ. 

5. ʉʤʠʨʥʦʚ ʇ.ʖ., ɺʦʣʢʦʚʘ ʆ.ʀ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ: ʘʥʘʣʠʟ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʂʘʟʘʥʴ: ʂʌʋ, 2024. 150 ʩ. 

 

É ʌʝʜʦʨʦʚ ʀ.ʃ., 2025  
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ʐʠʰʢʠʥ ʄ.ɸ., ɻʦʨʣʦʚ ʉ.ʀ.  

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ  

ʈɸɿʈɸɹʆʊʂɸ ʉɸʄʆʆʈɻɸʅʀɿʋʖʑɽʁʉʗ ʂɸʈʊʓ ʂʆʍʆʅɽʅɸ  

ʉʈɽɼʉʊɺɸʄʀ PYTHON 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʢʘʨʪʳ ʂʦʭʦʥʝʥʘ (SOM) ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʦʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʨʛʘʥʠʟʫʝʪ ʤʥʦʛʦʤʝʨʥʳʝ ʜʘʥʥʳʝ ʚ ʥʠʟʢʦʨʘʟʤʝʨʥʦʝ, ʯʘʱʝ ʚʩʝʛʦ 

ʜʚʫʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʦʭʨʘʥʷʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʚʝʩʦʚ ʥʝʡʨʦʥʦʚ ʥʘ ʦʩʥʦʚʝ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ SOM ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  

1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʩʝʪʠ: SOM ʩʦʩʪʦʠʪ ʠʟ ʥʝʡʨʦʥʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʫʟʣʘʭ ʜʚʫʤʝʨʥʦʡ 

ʩʝʪʢʠ (ʢʘʨʪʳ). ʂʘʞʜʳʡ ʥʝʡʨʦʥ ʠʤʝʝʪ ʚʝʢʪʦʨ ʚʝʩʦʚ, ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʟʤʝʨʥʦʩʪʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɺʝʩʘ ʠʥʠʮʠʘʣʠʟʠʨʫʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

2. ʂʦʥʢʫʨʝʥʪʥʦʝ ʦʙʫʯʝʥʠʝ: ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʦʙʫʯʝʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʩʣʫʯʘʡʥʳʡ ʚʭʦʜʥʦʡ 

ʚʝʢʪʦʨ (ʦʙʨʘʟʝʮ ʜʘʥʥʳʭ). ɼʣʷ ʵʪʦʛʦ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʥʘʭʦʜʠʪʩʷ ʥʝʡʨʦʥ-ʧʦʙʝʜʠʪʝʣʴ (Best 

Matching Unit, BMU) ï ʥʝʡʨʦʥ, ʚʝʩʘ ʢʦʪʦʨʦʛʦ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ ʚʭʦʜʥʦʤʫ ʚʝʢʪʦʨʫ. ɹʣʠʟʦʩʪʴ 

ʠʟʤʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʨʠʢʠ ʨʘʩʩʪʦʷʥʠʷ (ʝʚʢʣʠʜʦʚʘ ʨʘʩʩʪʦʷʥʠʷ). 

3. ɸʜʘʧʪʘʮʠʷ ʚʝʩʦʚ: ɺʝʩʘ ʥʝʡʨʦʥʘ-ʧʦʙʝʜʠʪʝʣʷ ʠ ʝʛʦ ʩʦʩʝʜʝʡ ʦʙʥʦʚʣʷʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ 

ʦʥʠ ʩʪʘʣʠ ʝʱʝ ʙʣʠʞʝ ʢ ʚʭʦʜʥʦʤʫ ʚʝʢʪʦʨʫ. ʆʙʥʦʚʣʝʥʠʝ ʚʝʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʬʦʨʤʫʣʝ: 

 ‫ ὸ ρ ‫ ὸ ὲὸ Ὤzὸᶻὼ ‫ ὸ  ʛʜʝ ‫ ὸ  ï ʚʝʩ ʥʝʡʨʦʥʘ ʥʘ ʰʘʛʝ ὸ, ὲὸ 

ï ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʥʘ ʰʘʛʝ ὸ, Ὤὸ ï ʬʫʥʢʮʠʷ ʩʦʩʝʜʩʪʚʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ, ʥʘʩʢʦʣʴʢʦ 

ʩʠʣʴʥʦ ʦʙʥʦʚʣʷʶʪʩʷ ʚʝʩʘ ʩʦʩʝʜʥʠʭ ʥʝʡʨʦʥʦʚ, ὼ ï ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ. 

4. ʌʫʥʢʮʠʷ ʩʦʩʝʜʩʪʚʘ: ʌʫʥʢʮʠʷ ʩʦʩʝʜʩʪʚʘ Ὤὸ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢ ʩʠʣʴʥʦ ʦʙʥʦʚʣʷʶʪʩʷ 

ʚʝʩʘ ʥʝʡʨʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʨʷʜʦʤ ʩ ʥʝʡʨʦʥʦʤ-ʧʦʙʝʜʠʪʝʣʝʤ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʫʩʩʦʚʦ 

ʷʜʨʦ: Ὤὸ ÅØÐ  ʛʜʝ: Ὠ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʝʡʨʦʥʦʤ-ʧʦʙʝʜʠʪʝʣʝʤ ʠ ʪʝʢʫʱʠʤ 

ʥʝʡʨʦʥʦʤ, „ὸ ï ʨʘʜʠʫʩ ʚʣʠʷʥʠʷ, ʢʦʪʦʨʳʡ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. 

5. ʋʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ ʠ ʨʘʜʠʫʩʘ ʚʣʠʷʥʠʷ: ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʩʢʦʨʦʩʪʴ 

ʦʙʫʯʝʥʠʷ ὲὸ ʠ ʨʘʜʠʫʩ ʚʣʠʷʥʠʷ „ὸ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʝʪʠ ʩʥʘʯʘʣʘ 

ʛʨʫʙʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʜʘʥʥʳʤ, ʘ ʟʘʪʝʤ ʫʪʦʯʥʷʪʴ ʚʝʩʘ. 

6. ʉʘʤʦʦʨʛʘʥʠʟʘʮʠʷ: ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ 

ʥʘ ʢʘʨʪʝ, ʥʘʯʠʥʘʶʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʭʦʞʠʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ SOM ʩʦʭʨʘʥʷʪʴ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʜʘʥʥʳʤʠ [1]. 
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ʈʠʩ. 1. ʉʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʢʘʨʪʘ 

 

ʉʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʢʘʨʪʘ ʂʦʭʦʥʝʥʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʬʠʥʩʢʠʤ ʫʯʝʥʳʤ ʊʝʫʚʦ 

ʂʦʭʦʥʝʥʦʤ ʚ 1982 ʛʦʜʫ. ʀʜʝʷ SOM ʚʦʟʥʠʢʣʘ, ʢʘʢ ʧʦʧʳʪʢʘ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ. ʂʦʭʦʥʝʥ ʩʪʨʝʤʠʣʩʷ 

ʩʦʟʜʘʪʴ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʭʦʜʠʪʴ ʩʪʨʫʢʪʫʨʫ ʚ ʜʘʥʥʳʭ ʙʝʟ ʷʚʥʦʛʦ 

ʫʢʘʟʘʥʠʷ ʮʝʣʝʚʳʭ ʟʥʘʯʝʥʠʡ. SOM ʙʳʩʪʨʦ ʩʪʘʣʘ ʧʦʧʫʣʷʨʥʦʡ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʤʥʦʛʦʤʝʨʥʳʝ ʜʘʥʥʳʝ ʚ ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ 

ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ. 

ʇʣʶʩʳ ʠ ʤʠʥʫʩʳ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʢʘʨʪ ʂʦʭʦʥʝʥʘ. 

ʉʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʢʘʨʪʳ ʂʦʭʦʥʝʥʘ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

1. ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ: SOM ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʤʥʦʛʦʤʝʨʥʳʝ ʜʘʥʥʳʝ ʚ 

ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʠʭ ʘʥʘʣʠʟ. 

2. ʂʣʘʩʪʝʨʠʟʘʮʠʷ: ɸʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʨʫʧʧʠʨʫʝʪ ʧʦʭʦʞʠʝ ʜʘʥʥʳʝ, ʯʪʦ ʧʦʣʝʟʥʦ 

ʜʣʷ ʟʘʜʘʯ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [2]. 

3. ʅʝ ʪʨʝʙʫʝʪ ʨʘʟʤʝʯʝʥʥʳʭ ʜʘʥʥʳʭ: SOM ʨʘʙʦʪʘʝʪ ʙʝʟ ʫʯʠʪʝʣʷ, ʪʦ ʝʩʪʴ ʥʝ ʪʨʝʙʫʝʪ 

ʟʘʨʘʥʝʝ ʨʘʟʤʝʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ. 

4. ʀʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ: ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ SOM ʣʝʛʢʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ, ʪʘʢ ʢʘʢ 

ʢʘʨʪʘ ʚʠʟʫʘʣʴʥʦ ʦʪʦʙʨʘʞʘʝʪ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ. 

5. ɻʠʙʢʦʩʪʴ: SOM ʤʦʞʝʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʜʘʥʥʳʭ, 

ʚʢʣʶʯʘʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʝʢʩʪʳ ʠ ʯʠʩʣʦʚʳʝ ʜʘʥʥʳʝ. 

ʆʜʥʘʢʦ ʦʥʠ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 

1. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ: ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ SOM ʤʦʛʫʪ ʟʘʚʠʩʝʪʴ 

ʦʪ ʥʘʯʘʣʴʥʦʡ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʝʩʦʚ. 

2. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ: ɼʣʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʠ ʚʳʩʦʢʠʭ ʨʘʟʤʝʨʥʦʩʪʝʡ 

ʦʙʫʯʝʥʠʝ SOM ʤʦʞʝʪ ʙʳʪʴ ʨʝʩʫʨʩʦʝʤʢʠʤ. 

3. ʉʣʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ: ʊʨʝʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʳʡ ʧʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʤʝʨ 

ʢʘʨʪʳ, ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʠ ʨʘʜʠʫʩ ʚʣʠʷʥʠʷ. 
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4. ʆʛʨʘʥʠʯʝʥʥʘʷ ʪʦʯʥʦʩʪʴ: SOM ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʕʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ SOM ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: ʧʦʜʛʦʪʦʚʢʫ ʜʘʥʥʳʭ, ʠʥʠʮʠʘʣʠʟʘʮʠʶ ʩʝʪʠ, 

ʦʙʫʯʝʥʠʝ, ʚʠʟʫʘʣʠʟʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ. ɼʘʥʥʳʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʳ: ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʠʣʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ. ɼʣʷ ʨʘʙʦʪʳ ʩ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʯʠʩʣʦʚʳʝ ʚʝʢʪʦʨʳ (ʥʘʧʨʠʤʝʨ, ʚ ʛʨʘʜʘʮʠʷʭ 

ʩʝʨʦʛʦ). ʅʘ ʵʪʘʧʝ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨ ʢʘʨʪʳ (ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ) ʠ ʨʘʟʤʝʨ 

ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ [2]. ɺʝʩʘ ʩʝʪʠ ʠʥʠʮʠʘʣʠʟʠʨʫʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʦʙʫʯʝʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʩʣʫʯʘʡʥʳʡ ʦʙʨʘʟʝʮ ʜʘʥʥʳʭ. ʅʘʭʦʜʠʪʩʷ ʥʝʡʨʦʥ-ʧʦʙʝʜʠʪʝʣʴ (ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʠʡ ʢ ʚʭʦʜʥʦʤʫ ʚʝʢʪʦʨʫ). ɺʝʩʘ ʥʝʡʨʦʥʦʚ ʦʙʥʦʚʣʷʶʪʩʷ ʩ ʫʯʝʪʦʤ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʝʡʨʦʥʘ-

ʧʦʙʝʜʠʪʝʣʷ ʠ ʪʝʢʫʱʝʡ ʵʧʦʭʠ ʦʙʫʯʝʥʠʷ. ɺʝʩʘ ʩʝʪʠ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʦʡ ʢʘʨʪʳ. 

ɼʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʥʝʩʝʥʳ ʥʘ ʢʘʨʪʫ ʜʣʷ ʘʥʘʣʠʟʘ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʢʘʨʪʳ ʂʦʭʦʥʝʥʘ ʩʨʝʜʩʪʚʘʤʠ Python. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʨʘʟʨʘʙʦʪʘʪʴ ʢʘʨʪʫ ʂʦʭʦʥʝʥʘ ʩʨʝʜʩʪʚʘʤʠ Python, ʧʦʥʘʜʦʙʷʪʩʷ ʙʠʙʣʠʦʪʝʢʠ numpy ï ʙʠʙʣʠʦʪʝʢʘ 

ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʘʩʩʠʚʘʤʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʧʝʨʘʮʠʷʤʠ, PIL.Image ï ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ (ʦʪʢʨʳʪʠʝ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʩʦʭʨʘʥʝʥʠʝ), matplotlib.pyplot ï ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʜʘʥʥʳʭ (ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ). ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʠʟʦʙʨʘʞʝʥʠʷ 

ʜʣʷ ʦʙʫʯʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʴʶ 45 ʥʘ 45 ʧʠʢʩʝʣʝʡ [3]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʙʫʜʝʪ ʥʘʙʦʨ ʮʠʬʨ ʦʪ 0 

ʜʦ 9. ɼʣʷ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʢʣʘʩʩ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʬʫʥʢʮʠʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ 

ʚʝʩʦʚ, ʦʙʫʯʝʥʠʷ, ʦʙʥʦʚʣʝʥʠʷ ʚʝʩʦʚ, ʧʨʝʜʩʢʘʟʘʥʠʷ ʠ ʥʘʭʦʞʜʝʥʠʷ ʥʝʡʨʦʥʘ-ʧʦʙʝʜʠʪʝʣʷ [5]. ɺ 

ʢʦʜʝ ʵʪʦ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
 

ʈʠʩ. 2. ʂʣʘʩʩ KohonenNetwork 
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ʈʠʩ. 3. ʂʣʘʩʩ KohonenNetwork 

 

ʌʫʥʢʮʠʠ ʦʙʣʘʜʘʶʪ ʥʘʩʪʨʘʠʚʘʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʵʧʦʭʘ (epochs), ʩʢʦʨʦʩʪʴ 

ʦʙʫʯʝʥʠʷ (learning rate), ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʜʠʫʩ ʚʣʠʷʥʠʷ ʧʨʠ ʦʙʥʦʚʣʝʥʠʠ ʚʝʩʦʚ 

(sigma), ʨʘʟʤʝʨ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ (input_size) ʠ ʨʘʟʤʝʨ ʢʘʨʪʳ ʂʦʭʦʥʝʥʘ (output_size). ʀʭ ʤʦʞʥʦ 

ʥʘʩʪʨʦʠʪʴ ʧʦʜ ʩʚʦʠ ʥʫʞʜʳ, ʣʠʙʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ. ʇʦʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʧʝʨʝʜʘʪʴ ʢʘʨʪʠʥʢʠ ʩ ʮʠʬʨʘʤʠ ʚ ʧʨʦʛʨʘʤʤʫ, ʯʪʦʙʳ ʩʝʪʴ ʩʤʦʛʣʘ ʦʙʫʯʠʪʴʩʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʚʝʨʢʠ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʫ ʠʟ ʢʘʨʪʠʥʦʢ, ʧʦ ʢʦʪʦʨʳʤ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʙʫʯʘʣʘʩʴ, ʣʠʙʦ ʟʘʛʨʫʟʠʪʴ 

ʥʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʯʪʦʙʳ ʧʦʩʤʦʪʨʝʪʴ ʥʘʩʢʦʣʴʢʦ ʪʦʯʥʦ ʧʨʦʛʨʘʤʤʘ ʦʧʨʝʜʝʣʠʪ ʥʝʡʨʦʥ-

ʧʦʙʝʜʠʪʝʣʴ [5]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʥʘʨʠʩʫʝʪʩʷ ʛʨʘʬʠʢ ʥʝʡʨʦʥʘ-ʧʦʙʝʜʠʪʝʣʷ, ʘ 

ʪʘʢʞʝ ʛʨʘʬʠʢ ʚʩʝʭ ʚʝʩʦʚ ʥʝʡʨʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʠʩʢ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʘ 

ʢʦʪʦʨʦʤ ʥʘʨʠʩʦʚʘʥʘ ʮʠʬʨʘ 4. 

 

 
 

ʈʠʩ. 4. ʇʦʠʩʢ ʠʟʦʙʨʘʞʝʥʠʷ 

 

ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʦʙʨʘʟʝʮ ʣʠʰʴ ʥʝʤʥʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʥʘʯʘʣʴʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʟʘʛʨʫʞʝʥʦ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʙʫʯʘʣʘʩʴ 

ʚʩʝʛʦ ʣʠʰʴ ʧʦ ʜʝʩʷʪʠ ʢʘʨʪʠʥʢʘʤ. ʉʪʦʠʪ ʥʝʤʥʦʛʦ ʚʠʜʦʠʟʤʝʥʠʪʴ ʯʠʩʣʦ ʠ ʨʝʟʫʣʴʪʘʪ ʚ ʢʦʨʥʝ 

ʠʟʤʝʥʠʪʩʷ. ʊʘʢʞʝ ʢ ʨʝʟʫʣʴʪʘʪʫ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʧʨʠʣʘʛʘʝʪʩʷ ʢʘʨʪʘ ʚʩʝʭ ʚʝʩʦʚ 

ʥʝʡʨʦʥʦʚ.  
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ʈʠʩ. 5. ʂʘʨʪʘ ʚʩʝʭ ʚʝʩʦʚ ʥʝʡʨʦʥʦʚ 

 

ɺ ʢʘʯʝʩʪʚʝ ʝʱʝ ʦʜʥʦʛʦ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʚʠʜʦʠʟʤʝʥʠʪʴ ʮʠʬʨʫ 4 ʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ: 

 

 
 

ʈʠʩ. 6. ɺʠʜʦʠʟʤʝʥʝʥʥʳʡ ʧʨʠʤʝʨ 

 

ʅʘ ʫʜʠʚʣʝʥʠʝ, ʧʨʠʤʝʨ ʚʳʰʝʣ ʫʜʘʯʥʳʤ, ʠ ʥʝʡʨʦʥ-ʧʦʙʝʜʠʪʝʣʴ ʦʢʘʟʘʣʩʷ ʪʦʯʥʳʤ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ ʦʯʝʨʪʘʥʠʷ ʮʠʬʨʳ 1. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʧʨʠʯʠʥʘʤ. SOM ʩʦʭʨʘʥʷʝʪ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʜʘʥʥʳʤʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ 

ʜʚʘ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʘ (ʥʘʧʨʠʤʝʨ, ʜʚʘ ʠʟʦʙʨʘʞʝʥʠʷ) ʧʦʭʦʞʠ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦ 

ʥʝʡʨʦʥʳ, ʢʦʪʦʨʳʝ ʠʭ ʧʨʝʜʩʪʘʚʣʷʶʪ, ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ ʥʘ ʢʘʨʪʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʝʩʘ ʩʦʩʝʜʥʠʭ ʥʝʡʨʦʥʦʚ ʩʪʘʥʦʚʷʪʩʷ ʧʦʭʦʞʠʤʠ, ʠ ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʷ ʤʦʞʝʪ ʯʘʩʪʠʯʥʦ 

ʧʝʨʝʢʨʳʚʘʪʴʩʷ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ SOM ʥʝ ʪʦʣʴʢʦ ʦʙʥʦʚʣʷʝʪ ʚʝʩʘ ʥʝʡʨʦʥʘ-ʧʦʙʝʜʠʪʝʣʷ, ʥʦ 

ʠ ʝʛʦ ʩʦʩʝʜʝʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʝʩʘ ʩʦʩʝʜʥʠʭ ʥʝʡʨʦʥʦʚ ʩʪʘʥʦʚʷʪʩʷ ʧʦʭʦʞʠʤʠ [4]. 

ʊʘʢʞʝ ʥʘ ʥʘʣʦʞʝʥʠʝ ʚʣʠʷʶʪ ʨʘʟʤʝʨ ʢʘʨʪʳ, ʧʣʘʚʥʳʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ, ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʦʥʠ ʧʦʭʦʞʠ ʢʘʢ ʮʠʬʨʳ 1 ʠ 7. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʠʩʢʘ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ 

ʜʣʷ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʘʚʠʣʴʥʦ ʥʘʩʪʨʦʠʪʴ ʧʘʨʘʤʝʪʨʳ ʚ ʢʣʘʩʩʝ ʧʨʦʛʨʘʤʤʳ.  

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʢʘʨʪʘ ʂʦʭʦʥʝʥʘ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʥʦʛʦʤʝʨʥʳʭ ʜʘʥʥʳʭ. 
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ʊʘʢʞʝ ʙʳʣʘ ʦʧʠʩʘʥʘ ʠʩʪʦʨʠʷ ʧʦʷʚʣʝʥʠʷ SOM, ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʩʨʝʜʩʪʚʘʤʠ Python, ʨʝʘʣʠʟʫʶʱʘʷ ʜʘʥʥʳʡ ʤʝʪʦʜ. 

ʉʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʢʘʨʪʘ ʂʦʭʦʥʝʥʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʟʘʜʘʯʘʭ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, 

ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʜʘʥʥʳʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, SOM 

ʦʩʪʘʝʪʩʷ ʧʦʧʫʣʷʨʥʦʡ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ Python 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ SOM ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʜʦʩʪʫʧʥʳʤ ʠ ʫʜʦʙʥʳʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ 

ʚʥʝʜʨʷʪʴ ʵʪʦʪ ʤʝʪʦʜ ʚ ʨʘʟʣʠʯʥʳʝ ʧʨʦʝʢʪʳ.  
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ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ʉɸʁʊɸ çTUTORTRACK è ɼʃʗ ʇʆʄʆʑʀ ʊʔʖʊʆʈɸʄ  

ʀ ʉʊʋɼɽʅʊɸʄ ɺ ʋʇʈɸɺʃɽʅʀʀ ʋʏɽɹʅʓʄ ʇʈʆʎɽʉʉʆʄ 

ʊʴʶʪʦʨʩʪʚʦ ï ʵʪʦ ʬʦʨʤʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʫʯʘʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. ʊʴʶʪʦʨ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʷʚʣʷʝʪʩʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʩʧʝʮʠʘʣʠʩʪʦʤ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʫʯʝʥʠʢʘʤ ʦʩʚʘʠʚʘʪʴ ʫʯʝʙʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʨʘʟʚʠʚʘʪʴ ʥʘʚʳʢʠ ʩʘʤʦʦʙʫʯʝʥʠʷ ʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʦʩʪʠʛʘʪʴ 

ʣʠʯʥʳʭ ʠ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʮʝʣʝʡ [1, ʩ. 51]. 

ʈʦʣʴ ʪʴʶʪʦʨʩʪʚʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ: 

1. ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ. 

2. ʇʦʜʜʝʨʞʢʘ ʚ ʦʙʫʯʝʥʠʠ. 

3. ʈʘʟʚʠʪʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ. 

4. ʄʦʪʠʚʘʮʠʷ ʠ ʧʦʜʜʝʨʞʢʘ. 

5. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʟʥʘʥʠʡ (https://clck.ru/3GahYC). 

ʇʨʠʢʘʟ ʦʪ 10.01.2017 ʛʦʜʘ ʟʘ ʥʦʤʝʨʦʤ 10ʥ: ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʩʪʘʥʜʘʨʪʘ çʉʧʝʮʠʘʣʠʩʪ ʚ ʦʙʣʘʩʪʠ ʚʦʩʧʠʪʘʥʠʷè, ʚ ʢʦʪʦʨʦʤ ʢ ʥʘʠʤʝʥʦʚʘʥʠʶ ʜʦʣʞʥʦʩʪʠ 

çʪʴʶʪʦʨè ʦʧʨʝʜʝʣʝʥ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ ʪʘʢʠʭ ʢʘʢ: ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ, ʦʙʫʯʝʥʠʶ, 

ʫʩʣʦʚʠʷʤ ʜʦʧʫʩʢʘ ʢ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʧʠʩʢʫ ʪʨʝʙʫʝʤʳʭ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʪʨʫʜʦʚʳʭ ʬʫʥʢʮʠʡ [2, ʩ. 14]. ʉʦʚʨʝʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʲʷʚʣʷʶʪ ʢ ʪʴʶʪʦʨʘʤ 

ʚʩʸ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʟʤʝʥʝʥʠʝʤ 

ʧʦʜʭʦʜʦʚ ʢ ʦʙʫʯʝʥʠʶ, ʚʢʣʶʯʘʷ ʨʘʙʦʪʫ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʫʜʝʥʪʦʚ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ 

ʦʙʫʯʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʊʴʶʪʦʨʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ 

ʧʨʦʙʣʝʤ, ʪʘʢʠʤʠ ʢʘʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ ʩʪʫʜʝʥʪʘ ʚ ʦʥʣʘʡʥ-ʩʨʝʜʝ, ʩʚʦʝʚʨʝʤʝʥʥʦʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʢʦʤʤʫʥʠʢʘʮʠʷ ʚ ʠʥʪʝʨʥʝʪʝ, 

ʨʝʛʠʩʪʨʠʨʦʚʘʥʠʝ ʩʪʫʜʝʥʪʦʚ ʥʘ ʤʝʨʦʧʨʠʷʪʠʝ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʝʙ-ʩʝʨʚʠʩ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʫʜʦʙʥʫʶ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ. 

ɺʝʙ-ʩʘʡʪ ʧʨʝʜʣʘʛʘʝʪ ʬʫʥʢʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʫ ʩʪʫʜʝʥʪʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʭ ʦʙʫʯʝʥʠʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʫʜʦʙʥʘʷ ʩʠʩʪʝʤʘ ʦʙʤʝʥʘ 

ʩʦʦʙʱʝʥʠʷʤʠ ʤʝʞʜʫ ʩʪʫʜʝʥʪʘʤʠ ʠ ʪʴʶʪʦʨʘʤʠ, ʧʫʙʣʠʢʘʮʠʷ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʤʝʨʦʧʨʠʷʪʠʷʭ ʠ ʚʘʞʥʳʭ ʚʩʪʨʝʯʘʭ, ʭʨʘʥʠʣʠʱʝ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʩʪʨʫʢʪʫʨʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʥʘʣʠʯʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʤʝʪʦʢ. 

ʈʘʟʛʨʘʥʠʯʝʥʠʝ ʨʦʣʝʡ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʣʘʪʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʘʩʧʝʢʪ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʢʣʶʯʝʚʳʝ ʢʘʪʝʛʦʨʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ: ʩʪʫʜʝʥʪʳ ʠ ʪʴʶʪʦʨʳ. 

https://clck.ru/3GahYC
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ʉʪʫʜʝʥʪʳ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʥʠ 

ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʠʮʠʠʨʦʚʘʪʴ ʢʦʤʤʫʥʠʢʘʮʠʶ ʩ ʪʴʶʪʦʨʘʤʠ ʯʝʨʝʟ ʚʩʪʨʦʝʥʥʳʝ ʩʨʝʜʩʪʚʘ 

ʧʝʨʝʧʠʩʢʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʥʩʫʣʴʪʘʮʠʡ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʯʪʦ 

ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʚʦʚʣʝʯʝʥʥʦʩʪʴ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʥʘʚʳʢʦʚ. 

ʊʴʶʪʦʨʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ ʥʘʩʪʘʚʥʠʢʦʚ ʠ ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʫʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʀʭ ʧʦʣʥʦʤʦʯʠʷ ʚʢʣʶʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʷʤʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʤ ʵʬʬʝʢʪʠʚʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʫʯʝʙʥʳʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ ʨʝʘʣʠʟʘʮʠʶ. 

ʊʴʶʪʦʨʳ ʪʘʢʞʝ ʤʦʛʫʪ ʧʫʙʣʠʢʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʙʣʦʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʘʢʪʫʘʣʴʥʳʝ ʩʚʝʜʝʥʠʷ 

ʦ ʭʦʜʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʫʜʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʭ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ ʦ ʚʘʞʥʳʭ ʩʦʙʳʪʠʷʭ. 

ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʨʦʙʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʦʡ ʬʫʥʢʮʠʦʥʘʣ ʠ ʢʝʤ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘ ʩʘʡʪʝ, ʘ ʪʘʢʞʝ ʧʦʤʦʛʘʶʪ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʜʘʯʠ ʠ 

ʜʝʡʩʪʚʠʷ [5, ʩ. 522]. ɼʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 

 

 
 

ʈʠʩ. 1. Useʉase ʜʠʘʛʨʘʤʤʘ ʚʝʙ-ʩʘʡʪʘ 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʥʘʣʦʛʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʣʘʪʬʦʨʤ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʩʝʨʚʠʩʘ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʣʫʯʰʝ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʠ ʪʴʶʪʦʨʦʚ. 

ʉʘʡʪʳ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʥʘʧʨʠʤʝʨ, ʩʘʡʪ ʉʫʨɻʋ (https://www.surgu.ru). ʅʘ ʩʘʡʪʝ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʦʥʘʜʦʙʠʪʴʩʷ ʜʣʷ ʩʪʫʜʝʥʪʘ. ʅʘ 

ʩʘʡʪʝ ʥʝʪ ʘʢʢʘʫʥʪʦʚ, ʠʟ-ʟʘ ʯʝʛʦ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʧʠʩʳʚʘʪʴʩʷ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʥʫʞʥʦ 

ʩʘʤʦʤʫ ʠʩʢʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʩʘʡʪʝ. ɽʩʪʴ ʩʪʨʦʢʘ ʧʦʠʩʢʘ ʧʦ ʩʣʦʚʘʤ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʣʝʛʯʝ ʙʳʣʦ 

https://www.surgu.ru/
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ʥʘʡʪʠ ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʦ ʩʘʡʪ ʚʳʜʘʝʪ ʪʘʢʞʝ ʥʦʚʦʩʪʥʳʝ ʩʪʘʪʴʠ, ʚ ʢʦʪʦʨʳʭ ʝʩʪʴ ʢʣʶʯʝʚʳʝ 

ʩʣʦʚʘ ʠʟ-ʟʘ ʯʝʛʦ ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩʣʦʞʥʦ ʥʘʡʪʠ. 

ʂʦʩʚʝʥʥʳʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ, ʥʘʧʨʠʤʝʨ, çtelegramè 

(https://web.telegram.org), ʚ ʢʦʪʦʨʦʤ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʛʨʫʧʧʳ, ʛʜʝ ʤʦʞʥʦ ʜʝʣʠʪʩʷ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʫʯʝʙʝ, ʩʦʟʜʘʚʘʪʴ ʦʧʨʦʩʳ ʚʥʫʪʨʠ ʛʨʫʧʧʳ, ʜʝʣʠʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷʤʠ. ʉʝʨʚʠʩ ʥʝ 

ʫʜʦʙʝʥ ʪʝʤ, ʯʪʦ ʤʥʦʛʠʝ ʣʶʜʠ ʩʪʘʚʷʪ ʧʨʠʜʫʤʘʥʥʳʡ ʥʠʢʥʝʡʤ, ʚʤʝʩʪʦ ʩʚʦʝʛʦ ʠʤʝʥʠ. ʀʟ-ʟʘ ʯʝʛʦ 

ʪʨʫʜʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʯʝʣʦʚʝʢʘ ʚ ʩʠʩʪʝʤʝ. 

ʊʘʢʞʝ ʢ ʢʦʩʚʝʥʥʳʤ ʢʦʥʢʫʨʝʥʪʘʤ ʦʪʥʦʩʷʪʩʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ, 

çMoodleè (https://moodle.org). ɺ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʝʤ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ 

ʢʫʨʩʳ, ʥʘ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʠʣʠ ʫʜʘʣʷʪʴ ʩʪʫʜʝʥʪʦʚ. ɺ ʢʫʨʩʘʭ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ 

ʦʙʩʫʞʜʝʥʠʷ, ʬʦʨʤʳ, ʪʝʩʪʳ, ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ. ʊʘʢʞʝ ʝʩʪʴ ʯʘʪʳ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʦʙʱʘʣʠʩʴ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʷʪ ʵʪʠ ʢʫʨʩʳ. ʉʘʡʪʳ ʚ ʦʩʥʦʚʥʦʤ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. ʅʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʤʝʪʦʢ 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʢʦʥʢʫʨʝʥʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʚʝʙ-ʩʝʨʚʠʩʘ ʜʣʷ 

ʧʦʤʦʱʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʫʜʝʥʪʦʚ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ. 

ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

 

ɺʦʟʤʦʞʥʦʩʪʴ/ʬʫʥʢʮʠʠ ʉʘʡʪ ʉʫʨɻʋ Moodle telegram TutorTrack 

ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʤʝʥʘ 

ʠʥʬʦʨʤʘʮʠʝʡ 
ʅʝʪ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʛʨʫʧʧʦʚʳʭ ʯʘʪʦʚ 
ʅʝʪ ʅʝʪ ɽʩʪʴ ɽʩʪʴ 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʫʯʝʙʥʳʭ ʠ ʚʥʝ ʫʯʝʙʥʳʭ 

ʟʘʧʠʩʝʡ 
ɽʩʪʴ 

ʏʘʩʪʠʯʥʦ, 

ʝʩʪʴ ʪʦʣʴʢʦ 

ʫʯʝʙʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ 

ɽʩʪʴ, ʥʦ ʥʫʞʥʦ 

ʩʦʟʜʘʪʴ ʢʘʥʘʣ, ʚ 

ʢʦʪʦʨʦʤ ʥʫʞʥʦ 

ʧʨʦʜʫʤʘʪʴ ʥʘʚʠʛʘʮʠʶ 

ɽʩʪʴ 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʟʘʤʝʪʢʠ 
ʅʝʪ 

ɽʩʪʴ, ʚ 

ʬʦʨʤʘʪʝ 

ʣʠʯʥʦʛʦ 

ʩʦʦʙʱʝʥʠʷ 

ɽʩʪʴ, ʚ ʬʦʨʤʘʪʝ 

ʣʠʯʥʦʛʦ ʩʦʦʙʱʝʥʠʷ 
ɽʩʪʴ 

ʉʙʦʨ ʩʪʘʪʠʩʪʠʢʠ 

ʧʦʩʝʱʝʥʠʡ ʤʝʨʦʧʨʠʷʪʠʡ 

ʫ ʩʪʫʜʝʥʪʘ 
ʅʝʪ 

ɽʩʪʴ, ʤʦʞʥʦ 

ʧʦʩʤʦʪʨʝʪʴ 

ʥʘ ʢʘʢʠʝ 

ʢʫʨʩʳ 

ʧʦʜʧʠʩʘʥ 

ʩʪʫʜʝʥʪ 

ʅʝʪ ɽʩʪʴ 

 

ɺ ʚʳʙʨʘʥʥʳʭ ʘʥʘʣʦʛʘʭ ʨʝʘʣʠʟʦʚʘʥ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʝʥ ʜʠʟʘʡʥ. 

ʉʠʩʪʝʤʳ ʥʝ ʦʪʚʝʯʘʶʪ ʧʦʣʥʦʩʪʴʶ ʞʝʣʘʝʤʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʚʝʙ-ʩʝʨʚʠʩʘ. ɺ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʚʝʙ-ʩʝʨʚʠʩʝ ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʳ ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ. 

ʇʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʠʩʘʥʠʝ ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ 

ʥʫʞʥʦ ʩʦʚʝʨʰʠʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ [4, ʩ. 205]. ʅʦʪʘʮʠʷ BPMN ʧʦʟʚʦʣʷʝʪ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʠʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʠ ʣʦʛʠʢʫ ʠʭ ʠʩʧʦʣʥʝʥʠʷ [3, ʩ. 103]. BPMN 

ʜʠʘʛʨʘʤʤʘ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʳʚʘʝʪ ʧʨʦʮʝʩʩ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʷ ʦʪ ʥʘʯʘʣʘ 

ʜʦ ʢʦʥʮʘ 
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ʈʠʩ. 2. BPMN ʜʠʘʛʨʘʤʤʘ ʤʝʨʦʧʨʠʷʪʠʷ 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ-ʩʘʡʪ, ʯʪʦ ʧʦʟʚʦʣʠʪʴ 

ʭʨʘʥʠʪʴ ʠ ʠʩʢʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʫʯʝʙʥʦʡ ʠ ʚʥʝ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩ ʪʴʶʪʦʨʘʤʠ ʠ ʩʪʫʜʝʥʪʘʤʠ.  

ʈʘʙʦʪʘ ʠʤʝʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʫʯʝʙʦʡ, ʠʟʫʯʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʚʝʙ-ʩʝʨʚʠʩʘ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ.  
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ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʊʘʛʘʥʨʦʛ, ʈʦʩʩʠʷ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʄɸʉʐʊɸɹʀʈʋɽʄʆʁ ɸʈʍʀʊɽʂʊʋʈʓ ʉɽʈɺɽʈʅʆʁ ʏɸʉʊʀ 

ʉʇɽʎʀɸʃʀɿʀʈʆɺɸʅʅʆɻʆ ʂʆʄʄɽʈʏɽʉʂʆɻʆ ʇʆʈʊɸʃɸ 

ʉʝʛʦʜʥʷ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʢʘʥʘʣʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʙʠʟʥʝʩʘʭ ʠ ʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʧʣʘʪʬʦʨʤʳ ʥʝ ʚʩʝʛʜʘ ʵʬʬʝʢʪʠʚʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʧʦʪʨʝʙʥʦʩʪʠ ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʘʢ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʦʣʴʟʦʚʘʪʝʣʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʝʨʝʛʨʫʟʢʦʡ, ʢʦʛʜʘ ʢʦʥʪʝʥʪ ʦʪ ʜʨʫʟʝʡ, ʙʣʦʛʝʨʦʚ ʠ ʨʝʢʣʘʤʥʳʝ 

ʦʙʲʷʚʣʝʥʠʷ ʩʤʝʰʠʚʘʶʪʩʷ ʚ ʦʜʥʦʡ ʣʝʥʪʝ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʠʩʢ ʚʘʞʥʳʭ ʘʥʦʥʩʦʚ. ɹʠʟʥʝʩʳ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʥʫʞʜʝʥʳ ʘʜʘʧʪʠʨʦʚʘʪʴ ʢʦʥʪʝʥʪ ʧʦʜ ʬʦʨʤʘʪ ʩʦʮʩʝʪʝʡ, ʯʪʦ ʩʥʠʞʘʝʪ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʠ ʘʫʜʠʪʦʨʠʷ ʤʦʞʝʪ ʧʨʦʧʫʩʪʠʪʴ ʚʳʛʦʜʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʩʦʙʳʪʠʷ. 

ʈʝʰʝʥʠʝʤ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʦʨʪʘʣʘ, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʠʪ ʙʠʟʥʝʩʳ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʦʜʥʦʡ ʧʣʘʪʬʦʨʤʝ ʠ 

ʦʙʝʩʧʝʯʠʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: 

- ʇʦʜʧʠʩʢʠ ʥʘ ʙʠʟʥʝʩ-ʘʢʢʘʫʥʪʳ: ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʧʦʜʧʠʩʳʚʘʪʴʩʷ ʥʘ ʠʥʪʝʨʝʩʫʶʱʠʝ 

ʠʭ ʢʦʤʧʘʥʠʠ. 

- ʉʦʟʜʘʥʠʝ ʠ ʧʫʙʣʠʢʘʮʠʷ ʢʦʥʪʝʥʪʘ: ʙʠʟʥʝʩʳ ʤʦʛʫʪ ʨʘʟʤʝʱʘʪʴ ʘʥʦʥʩʳ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʘʢʮʠʠ, ʩʢʠʜʢʠ ʠ ʥʦʚʦʩʪʠ, ʩʧʝʮʠʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʜʣʷ ʫʜʦʙʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ. 

- ʆʪʧʨʘʚʢʘ ʫʚʝʜʦʤʣʝʥʠʡ: ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʦʣʫʯʘʶʪ ʩʚʦʝʚʨʝʤʝʥʥʳʝ ʫʚʝʜʦʤʣʝʥʠʷ ʦʙ 

ʘʥʦʥʩʘʭ ʙʠʟʥʝʩʦʚ. 

ɺ ʙʫʜʫʱʝʤ ʚʦʟʤʦʞʥʦ ʜʦʙʘʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʢʦʥʪʝʥʪʘ ʠ ʘʥʘʣʠʪʠʢʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʩʝʨʚʠʩ ʙʦʣʝʝ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤ ʠ ʮʝʥʥʳʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʜʘʥʥʦʛʦ ʧʦʨʪʘʣʘ ʦʙʷʟʘʪʝʣʴʥʦ ʩʪʦʣʢʥʝʪʩʷ ʩʦ 

ʩʣʦʞʥʦʩʪʷʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʧʦʩʪʦʷʥʥʦʡ ʵʚʦʣʶʮʠʝʡ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʧʦʜʭʦʜʦʚ ʙʠʟʥʝʩʦʚ ʚ 

ʨʘʙʦʪʝ ʩ ʢʣʠʝʥʪʘʤʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʧʦʨʪʘʣʝ ʚʩʝʛʜʘ ʙʫʜʝʪ ʧʦʪʨʝʙʥʦʩʪʴ 

ʚʦ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʩʫʱʝʩʪʚʠʪʴ ʵʪʦ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ 

ʜʦʣʛʦʩʨʦʯʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʨʳʥʢʘ ʠ 

ʪʨʝʙʦʚʘʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʛʠʙʢʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʦʨʪʘʣʘ, 

ʢʨʘʡʥʝ ʚʘʞʥʦ ʟʘʣʦʞʠʪʴ ʚ ʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʘʚʠʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ. 

ʈʝʰʝʥʠʝ ʦ ʚʳʙʦʨʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʦʜʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʧʨʠʣʦʞʝʥʠʷ, ʥʦ ʠ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʘʩʪʫʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʙʠʟʥʝʩʘ. ʆʜʥʠʤ 

ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʣʦʛʦʚ ʫʩʧʝʭʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʪʪʝʨʥʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʢʦʜ, ʥʦ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʚʷʟʥʦʩʪʴ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʩʠʩʪʝʤʳ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʩʪʦʠʪ ʥʘʯʘʪʴ ʩʦ ʩʣʦʠʩʪʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʪʘʢ ʢʘʢ ʝʝ 

ʦʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʧʨʦʩʪʦʪʘ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ. ʕʪʦ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ 
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ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʙʘʟʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠʣʦʞʝʥʠʷ, ʨʘʟʜʝʣʷʷ ʝʛʦ ʥʘ ʣʦʛʠʯʝʩʢʠʝ ʩʣʦʠ. ʅʘ 

ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʦʨʪʘʣʘ ʚʘʞʥʦ ʙʳʩʪʨʦ ʠ ʧʨʦʩʪʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ 

ʢʦʜ: ʢʦʥʪʨʦʣʣʝʨʳ ʜʣʷ ʧʨʝʟʝʥʪʘʮʠʠ, ʩʝʨʚʠʩʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʠ ʨʝʧʦʟʠʪʦʨʠʠ ʜʣʷ 

ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʢʘʞʜʳʡ ʩʣʦʡ ʦʪʚʝʯʘʝʪ ʟʘ ʩʚʦʶ ʯʘʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʨʫʛʠʤʠ ʩʣʦʷʤʠ ʯʝʨʝʟ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ.  

ʊʘʢʞʝ ʚʘʞʥʦ ʧʦʜʫʤʘʪʴ ʦ ʨʘʟʜʝʣʝʥʠʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʙʦʣʝʝ ʥʝʟʘʚʠʩʠʤʳʝ ʠ ʩʣʘʙʦ 

ʩʚʷʟʘʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʵʪʫ ʟʘʜʘʯʫ ʩʧʦʩʦʙʥʘ ʨʝʰʠʪʴ ʤʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʦʜʫʣʠ ʫʧʨʘʚʣʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʷʤʠ, ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʘʥʘʣʠʪʠʢʦʡ, ʛʜʝ 

ʢʘʞʜʳʡ ʙʫʜʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʩʚʦʝʡ ʦʙʣʘʩʪʠ. ʕʪʦ ʧʦʤʦʞʝʪ ʨʘʟʙʠʪʴ ʢʦʜ ʠ ʩʜʝʣʘʪʴ ʝʛʦ ʤʝʥʝʝ 

ʩʚʷʟʥʳʤ ʠ ʙʦʣʝʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʫʧʨʦʩʪʠʪ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʬʫʥʢʮʠʡ, ʘ 

ʪʘʢʞʝ ʠʟʙʘʚʠʪ ʦʪ ʧʦʪʨʝʙʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʣʦʛʠʢʠ ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ 

ʪʘʢʦʡ ʤʦʜʫʣʴ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʥʘʙʦʨ ʩʝʨʚʠʩʦʚ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʢʣʘʩʩʦʚ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩ ʧʦʤʦʱʴʶ ʘʙʩʪʨʘʢʮʠʡ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʝʢʪʘ ʩ ʫʯʝʪʦʤ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʧʨʘʢʪʠʢ 

 

ɼʘʥʥʳʝ ʧʨʘʢʪʠʢʠ ʧʦʟʚʦʣʷʪ ʥʘʤ ʚʥʝʜʨʷʪʴ ʥʦʚʳʝ ʬʫʥʢʮʠʠ ʠ ʤʦʜʫʣʠ ʙʝʟ ʨʠʩʢʘ ʩʣʦʤʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. 
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ʀʥʲʝʢʮʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ (DI) ï ʵʪʦ ʢʣʶʯʝʚʦʡ ʧʘʪʪʝʨʥ, ʢʦʪʦʨʳʡ ʩʪʦʠʪ ʚʥʝʜʨʷʪʴ ʩ ʩʘʤʦʛʦ 

ʥʘʯʘʣʘ ʨʘʟʨʘʙʦʪʢʠ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʧʨʠʥʮʠʧʘ IoC (Inversion of 

Control), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʩʦʟʜʘʥʠʝ ʦʙʲʝʢʪʦʚ ʠ ʫʧʨʘʚʣʝʥʠʝ ʠʭ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ 

ʧʝʨʝʜʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʤʫ ʚʥʝʰʥʝʤʫ ʤʝʭʘʥʠʟʤʫ. ɹʝʟ DI ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʷʪʩʷ 

ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʤʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʤʝʥʝ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʲʝʢʮʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ ʣʦʛʠʢʫ ʨʘʙʦʪʳ, ʧʨʝʜʦʩʪʘʚʣʷʷ 

ʠʥʪʝʨʬʝʡʩʳ ʠʣʠ ʘʙʩʪʨʘʢʮʠʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʘʥʥʳʤʠ, ʘ ʢʦʥʢʨʝʪʥʳʝ ʨʝʘʣʠʟʘʮʠʠ 

ʧʦʜʢʣʶʯʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʕʪʦ ʫʤʝʥʴʰʘʝʪ ʩʪʝʧʝʥʴ ʩʚʷʟʘʥʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʫʧʨʦʱʘʝʪ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʷ ʙʝʟ ʪʨʫʜʘ ʟʘʤʝʥʷʪʴ ʨʝʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʤʦʢ ʠʣʠ 

ʬʘʣʴʰ-ʦʙʲʝʢʪʳ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʶʥʠʪ-ʪʝʩʪʦʚ. 

ɺ ʢʦʤʤʝʨʯʝʩʢʦʤ ʧʦʨʪʘʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ DI ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʩʝʨʚʠʩʘʤʠ, ʥʘʧʨʠʤʝʨ, ʠʥʪʝʛʨʘʮʠʠ ʩ ʧʣʘʪʝʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠʣʠ ʦʪʧʨʘʚʢʘ 

ʫʚʝʜʦʤʣʝʥʠʡ. ʊʘʢ, ʩʝʨʚʠʩ ʦʪʧʨʘʚʢʠ ʫʚʝʜʦʤʣʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʨʝʘʣʠʟʘʮʠʡ ï ʜʣʷ ʦʪʧʨʘʚʢʠ ʧʦʯʪʦʚʳʭ ʫʚʝʜʦʤʣʝʥʠʡ, SMS ʠʣʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ DI ʤʦʞʥʦ ʧʦʜʤʝʥʠʪʴ ʦʜʥʫ ʨʝʘʣʠʟʘʮʠʶ ʥʘ ʜʨʫʛʫʶ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʙʠʟʥʝʩ-ʣʦʛʠʢʠ, ʯʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʧʨʠʤʝʨʘ ʠʥʲʝʢʮʠʡ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʚʳʙʦʨʘ ʨʝʘʣʠʟʘʮʠʡ 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʞʝ ʥʘ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ 

ʩʣʝʜʦʚʘʥʠʝ ʧʨʠʥʮʠʧʘʤ REST [1]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ HTTP-ʤʝʪʦʜʦʚ 

ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʚʥʝʰʥʠʤʠ ʩʝʨʚʠʩʘʤʠ, ʘ ʧʨʠʥʮʠʧʳ ʢʝʰʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ 

ʠ ʦʪʩʫʪʩʪʚʠʷ ʭʨʘʥʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʧʦʚʳʰʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ REST API 

ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʚʥʝʰʥʠʤʠ ʩʝʨʚʠʩʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʦʥʣʘʡʥ-ʦʧʣʘʪʘ ʠʣʠ ʚʥʝʰʥʠʝ ʩʠʩʪʝʤʳ 

ʘʥʘʣʠʪʠʢʠ, ʙʫʜʝʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʙʦʪʝ ʧʦʨʪʘʣʘ. RESTful ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ 

ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʷʤʠ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʩ ʜʨʫʛʠʤʠ ʩʝʨʚʠʩʘʤʠ, ʩ 

ʩʦʙʣʶʜʝʥʠʝʤ ʝʜʠʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. 
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ʉʣʝʜʫʷ ʜʘʥʥʳʤ ʧʨʠʥʮʠʧʘʤ, ʤʳ ʧʦʩʪʨʦʠʤ ʭʦʨʦʰʫʶ ʨʘʩʰʠʨʷʝʤʫʶ ʤʦʥʦʣʠʪʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ, ʥʦ ʥʘʛʨʫʟʢʘ ʥʘ ʥʘʰ ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʦʨʪʘʣ ʤʦʞʝʪ ʚʦʟʨʘʩʪʠ, ʘ ʬʫʥʢʮʠʦʥʘʣ ʤʦʜʫʣʝʡ 

ʫʩʣʦʞʥʠʪʴʩʷ. ʇʦʢʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʭʚʘʪʘʪʴ, ʩʪʦʠʪ ʟʘʜʫʤʘʪʴʩʷ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ, ʘ ʪʘʢʞʝ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʙʠʝʥʠʠ ʤʦʜʫʣʝʡ ʥʘ ʤʠʢʨʦʩʝʨʚʠʩʳ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʨʦʝʢʪ ʥʘʯʘʣ ʨʘʟʚʠʚʘʪʴʩʷ, ʜʨʫʛʠʤ ʚʘʞʥʳʤ ʧʦʜʭʦʜʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʝʟʝʥ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ, ʷʚʣʷʝʪʩʷ ʯʠʩʪʘʷ ʘʨʭʠʪʝʢʪʫʨʘ (Clean 

Architecture). ʕʪʦʪ ʧʦʜʭʦʜ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʣʦʛʠʢʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʩʣʦʝʚ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʦʪ ʚʥʝʰʥʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʙʘʟʘ 

ʜʘʥʥʳʭ ʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʯʪʦʙʳ ʠʟʤʝʥʝʥʠʷ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʥʝ ʦʢʘʟʳʚʘʣʠ 

ʚʣʠʷʥʠʷ ʥʘ ʩʘʤʫ ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʠ ʩʦʙʳʪʠʷʤʠ [2]. 

ʉʪʦʠʪ ʫʯʝʩʪʴ, ʯʪʦ ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʦʨʪʘʣ ʤʦʞʝʪ ʠʤʝʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʣʦʞʥʫʶ ʙʠʟʥʝʩ-

ʣʦʛʠʢʫ, ʦʩʦʙʝʥʥʦ ʧʦ ʤʝʨʝ ʨʦʩʪʘ. ʉʦʙʳʪʠʡʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ (Event-Driven 

Architecture) ʤʦʞʝʪ ʙʳʪʴ ʠʟʙʳʪʦʯʥʦʡ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ, ʝʩʣʠ ʧʨʦʝʢʪ ʠʤʝʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʫʶ ʣʦʛʠʢʫ ʠ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʝʩʣʠ ʧʨʦʝʢʪ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʨʘʙʦʪʫ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʙʳʪʠʡ ʠ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʪʘʢʠʝ ʧʦʜʭʦʜʳ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ [5]. 

Event-Driven Architecture ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʦʙʤʝʥʠʚʘʶʪʩʷ 

ʜʘʥʥʳʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʙʳʪʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʢʦʤʧʦʟʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʥʘ ʥʝʟʘʚʠʩʠʤʳʝ 

ʯʘʩʪʠ [4]. ʂʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚʘʞʥʦʝ ʩʦʙʳʪʠʝ, ʥʘʧʨʠʤʝʨ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʠʣʠ 

ʠʟʤʝʥʝʥʠʝ ʩʪʘʪʫʩʘ ʘʢʮʠʠ, ʵʪʦ ʩʦʙʳʪʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʦ ʚ ʦʪʜʝʣʴʥʦʤ ʩʝʨʚʠʩʝ ʠʣʠ 

ʢʦʤʧʦʥʝʥʪʝ ʘʩʠʥʭʨʦʥʥʦ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʩʠʩʪʝʤʳ. ɺ 

EDD ʩʦʙʳʪʠʷ ʯʘʩʪʦ ʧʨʠʚʷʟʘʥʳ ʢ ʠʟʤʝʥʝʥʠʷʤ ʩʦʩʪʦʷʥʠʷ ʙʠʟʥʝʩ-ʦʙʲʝʢʪʦʚ (ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʝ 

ʥʦʚʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʦʧʦʚʝʱʝʥʠʝ ʧʦʜʧʠʩʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3), ʠ 

ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʜʝʣʠʨʫʶʪʩʷ ʚ ʪʝʨʤʠʥʘʭ Domain-Driven Design (DDD). DDD ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ 

ʛʣʫʙʦʢʦʤ ʧʦʥʠʤʘʥʠʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ, ʦʪʨʘʞʘʶʱʝʡ ʝʸ ʣʦʛʠʢʫ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʯʝʨʝʟ ʘʛʨʝʛʘʪʳ ʠ ʢʦʨʥʠ ʘʛʨʝʛʘʮʠʡ, ʯʪʦʙʳ ʨʘʟʜʝʣʠʪʴ ʩʠʩʪʝʤʫ ʥʘ 

ʯʝʪʢʦ ʦʯʝʨʯʝʥʥʳʝ ʦʙʣʘʩʪʠ [3].  

 
 

ʈʠʩ. 3. ʇʨʠʤʝʥʝʥʠʝ ʧʨʘʢʪʠʢʠ EDD, ʨʝʘʢʮʠʷ ʩʠʩʪʝʤʳ ʥʘ ʩʦʟʜʘʥʠʝ ʧʦʩʪʘ 
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ʇʨʦʝʢʪʠʨʫʷ ʘʨʭʠʪʝʢʪʫʨʫ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʦʨʪʘʣʘ, ʤʳ ʨʝʰʘʝʤ ʚʘʞʥʳʝ ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ ʩʠʩʪʝʤʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʦʨʪʘʣ 

ʢ ʨʦʩʪʫ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʙʠʟʥʝʩ-ʘʢʢʘʫʥʪʦʚ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʥʦʚʳʝ ʬʫʥʢʮʠʠ ʙʝʟ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʦʩʥʦʚʥʫʶ ʣʦʛʠʢʫ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʘʨʭʠʪʝʢʪʫʨʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʤʦʜʫʣʴʥʦʩʪʠ ʠ ʠʥʲʝʢʮʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʫʧʨʦʱʘʝʪ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʩʝʨʚʠʩʦʚ, ʥʘʧʨʠʤʝʨ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʫʚʝʜʦʤʣʝʥʠʡ ʠʣʠ ʠʥʪʝʛʨʘʮʠʡ ʩ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʠ ʦʙʣʝʛʯʘʝʪ 

ʪʝʩʪʠʨʦʚʘʥʠʝ. ʉʪʨʦʛʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʙʳʪʠʡʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʠ ʦʙʥʦʚʣʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʨʠʩʢʘʤʠ ʜʣʷ ʨʘʙʦʪʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʡ. ɺʩʸ ʵʪʦ ʩʦʟʜʘʸʪ ʦʩʥʦʚʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴʩʷ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʧʦʪʨʝʙʥʦʩʪʝʡ ʙʠʟʥʝʩʘ. 
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ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

ɺɽɹ-ʈɽʉʋʈʉ ʇɽʈʉʆʅɸʃʀɿʀʈʆɺɸʅʅʆɻʆ ʇʆɼɹʆʈɸ  

ʂʆʉʄɽʊʀʏɽʉʂʆɻʆ ʋʍʆɼɸ 

ʇʨʝʜcʪʘʚʣʝʥ ʧʨʦʝʢʪ ʚʝʙ-ʩʘʡʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʭʦʜʫ ʟʘ ʢʦʞʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʪʠʧʘ 

ʢʦʞʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʧʦʤʦʱʴʶ ʦʧʨʦʩʘ. ʇʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʥʝʜʦʩʪʘʪʢʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʨʘʩʦʪʝ ʠ ʫʭʦʜʝ ʟʘ ʢʦʞʝʡ.   

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʩʤʝʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚʘʭ, ʧʨʦʮʝʜʫʨʘʭ ʠ ʪʠʧʘʭ ʢʦʞʠ, ʯʪʦ ʜʝʣʘʝʪ ʩʣʦʞʥʳʤ ʧʦʠʩʢ ʠ ʚʳʙʦʨ ʧʨʘʚʠʣʴʥʦʛʦ ʫʭʦʜʘ. 

ʏʘʩʪʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʢʘʟʳʚʘʶʪʩʷ ʦʙʱʠʤʠ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʦʞʠ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ.  

ʀʥʪʝʨʥʝʪ ʧʝʨʝʧʦʣʥʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʨʘʩʦʪʝ ʠ ʫʭʦʜʝ ʟʘ ʢʦʞʝʡ, ʥʦ ʯʘʩʪʦ ʦʥʘ ʙʳʚʘʝʪ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ. ʈʝʩʫʨʩ ʧʦʤʦʞʝʪ 

ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʤʥʦʛʦʦʙʨʘʟʠʠ ʩʨʝʜʩʪʚ, ʫʟʥʘʪʴ ʙʦʣʴʰʝ ʦ ʩʚʦʝʡ ʢʦʞʝ ʠ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʘʚʠʣʴʥʦʤ ʫʭʦʜʝ. ʇʨʦʝʢʪ ʘʢʪʫʘʣʝʥ, ʪʘʢ ʢʘʢ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʫʭʦʜʫ ʟʘ ʢʦʞʝʡ, ʩʦʟʜʘʚʘʷ ʥʘʙʦʨʳ ʢʦʥʢʨʝʪʥʳʭ ʢʦʩʤʝʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ, ʫʯʠʪʳʚʘʶʱʠʝ ʪʠʧ ʢʦʞʠ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʟʦʨ ʘʢʪʫʘʣʴʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʫʜʦʙʥʦʛʦ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ 

ʚʝʙ-ʩʘʡʪʘ, ʢʦʪʦʨʳʡ ʧʦʤʦʞʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦʣʫʯʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʫʭʦʜʫ ʟʘ ʢʦʞʝʡ ʣʠʮʘ, ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ ʩʜʝʣʘʪʴ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʩʨʝʜʩʪʚ ʠ ʫʣʫʯʰʠʪʴ 

ʩʦʩʪʦʷʥʠʝ ʩʚʦʝʡ ʢʦʞʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʆʧʨʝʜʝʣʠʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ; 

2) ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

3) ʀʟʫʯʝʥʠʝ ʘʥʘʣʦʛʦʚ ï ʜʨʫʛʠʝ ʚʝʙ-ʩʘʡʪʳ ʜʣʷ ʧʦʜʙʦʨʘ ʢʦʩʤʝʪʠʢʠ ʠ ʩʨʝʜʩʪʚ ʧʦ ʫʭʦʜʫ ʟʘ 

ʢʦʞʝʡ, ʠ ʚʳʷʚʠʪʴ ʠʭ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ; 

4) ʆʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ; 

5) ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʪʦʪʠʧʘ ʠʥʪʝʨʬʝʡʩʘ ʚʝʙ-ʩʘʡʪʘ; 

6) ʅʘʯʘʪʴ ʨʘʟʨʘʙʦʪʢʫ ʢʣʠʝʥʪʩʢʦʡ ʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʚʝʙ-ʩʘʡʪʘ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʪʦʪʠʧ ʠʥʪʝʨʬʝʡʩʘ, ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʠ ʩʦʟʜʘʝʪʩʷ 

ʚʝʙ-ʩʘʡʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʭʦʜʫ 

ʟʘ ʢʦʞʝʡ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çClearSkinè. ʇʦʣʴʟʦʚʘʪʝʣʴ ʩʤʦʞʝʪ ʧʨʦʡʪʠ ʦʧʨʦʩ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ 

ʢʦʞʠ ʠ, ʫʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʠʪʴ ʥʝʩʢʦʣʴʢʦ ʥʘʙʦʨʦʚ ʧʦʵʪʘʧʥʦʛʦ ʫʭʦʜʘ ʩ ʢʦʥʢʨʝʪʥʳʤʠ 

ʫʭʦʜʦʚʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʩʠʩʪʝʤʳ: 

ï ʉʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʥʣʘʡʥ-ʦʧʨʦʩ ʩ ʚʦʧʨʦʩʘʤʠ, ʢʘʩʘʶʱʠʤʠʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʛʦ ʢʦʞʠ 
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ï ɺʦʧʨʦʩʳ ʦʧʨʦʩʘ ʚ̫ʣʷʶʪʩʷ ʯʝʪʢʠʤʠ, ʧʦʥʷʪʥʳʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʘʫʯʥʳʤ ʜʘʥʥʳʤ ʦ 

ʪʠʧʘʭ ʢʦʞʠ. 

ï ʉʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʘ ʥʘ ʢʘʞʜʳʡ ʚʦʧʨʦʩ, ʯʪʦʙʳ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʛ ʚʳʙʨʘʪʴ ʩʘʤʳʡ ʧʦʜʭʦʜʷʱʠʡ. 

ï ʆʧʨʦʩ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ï ʉʠʩʪʝʤʘ ʩʦʭʨʘʥʷʝʪ ʦʪʚʝʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. 

ï ʉʠʩʪʝʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʦʪʚʝʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʦʧʨʦʩ ʠ ʦʧʨʝʜʝʣʷʪʴ ʝʛʦ ʪʠʧ ʢʦʞʠ.  

ï ʉʠʩʪʝʤʘ ʛʝʥʝʨʠʨʫʝʪ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʣʘʥ ʫʭʦʜʘ ʟʘ ʢʦʞʝʡ ʣʠʮʘ ʥʘ ʦʩʥʦʚʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʢʦʞʠ.  

ï ʇʣʘʥ ʫʭʦʜʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʵʪʘʧʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. 

ɺʳʙʨʘʥʦ 4 ʢʨʠʪʝʨʠʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʘʥʘʣʦʛʦʚ ʚʝʙ-ʩʘʡʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʠʧʘ ʢʦʞʠ: 

1) ʈʘʟʥʦʦʙʨʘʟʠʝ ʙʨʝʥʜʦʚ ï ʕʪʦʪ ʢʨʠʪʝʨʠʡ ʦʮʝʥʠʚʘʝʪ, ʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʢʦʩʤʝʪʠʯʝʩʢʠʭ 

ʙʨʝʥʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʧʦʜʦʙʨʘʥʥʦʤ ʥʘʙʦʨʝ ʫʭʦʜʦʚʳʭ ʩʨʝʜʩʪʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʳʙʠʨʘʪʴ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʘʨʠʘʥʪʦʚ, ʯʪʦ ʧʦʤʦʞʝʪ ʠʤ ʥʘʡʪʠ ʠʜʝʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ 

ʜʣʷ ʫʭʦʜʘ ʟʘ ʢʦʞʝʡ ʣʠʮʘ. 

2) ʆʧʠʩʘʥʠʝ ʵʪʘʧʦʚ ʧʦʜʦʙʨʘʥʥʦʛʦ ʫʭʦʜʘ ï ʅʘʩʢʦʣʴʢʦ ʧʦʜʨʦʙʥʦ ʠ ʧʦʥʷʪʥʦ ʩʘʡʪ ʦʙʲʷʩʥʷʝʪ 

ʵʪʘʧʳ ʫʭʦʜʘ ʟʘ ʢʦʞʝʡ, ʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʢʦʞʠ. ʏʝʤ ʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʦ ʠ ʜʦʩʪʫʧʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʪʝʤ ʣʝʛʯʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʣʝʜʦʚʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ. 

3) ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʠʧʘʭ ʢʦʞʠ ï ʕʪʦʪ ʢʨʠʪʝʨʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʣʠʯʠʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ ʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʢʦʞʠ. 

4) ʋʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ï ʕʪʦʪ ʢʨʠʪʝʨʠʡ ʦʮʝʥʠʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʝʥ ʠ 

ʫʜʦʙʝʥ ʠʥʪʝʨʬʝʡʩ ʩʘʡʪʘ. ɺʘʞʥʦ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʣʠ ʣʝʛʢʦ ʥʘʭʦʜʠʪʴ ʥʫʞʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʙʳʩʪʨʦ ʧʨʦʭʦʜʠʪʴ ʦʧʨʦʩ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʢʦʞʠ ʠ ʧʦʣʫʯʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʫʭʦʜʫ. 

ʉʨʘʚʥʠʤ 3 ʘʥʘʣʦʛʘ ʚʝʙ-ʩʘʡʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʠʧʘ ʢʦʞʠ ʧʦ ʚʳʙʨʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʚ 

ʪʘʙʣʠʮʝ 1: 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 
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ɺʳʚʦʜ: ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʘʥʘʣʦʛʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʦʣʥʦʩʪʴʶ ʦʭʚʘʪʠʪʴ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʙ-

ʩʘʡʪʘ ʧʦʟʚʦʣʠʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʪʚʝʯʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʦʪʦʙʨʘʞʝʥʘ ʜʠʘʛʨʘʤʤʘ IDEF0, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʤʦʜʝʣʠ, ʦʪʦʙʨʘʞʘʶʱʝʡ ʩʪʨʫʢʪʫʨʫ ʠ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʦʪʦʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʵʪʠ ʬʫʥʢʮʠʠ [6]: 

 

 
 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ IDEF0 ʚʝʙ-ʩʘʡʪʘ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʙʦʨʘ ʧʦʵʪʘʧʥʦʛʦ ʫʭʦʜʘ ʟʘ 

ʢʦʞʝʡ ʣʠʮʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʚʝʙ-ʩʘʡʪʘ [2]: 
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ʈʠʩ. 2. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʚʝʙ-ʩʘʡʪʘ 

 

ʉ ʧʦʤʦʱʴʶ ʧʣʘʪʬʦʨʤʳ Figma ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠʥʪʝʨʬʝʡʩ ʚʝʙ-ʩʘʡʪʘ ʜʣʷ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʙʦʨʘ ʧʦʵʪʘʧʥʦʛʦ ʫʭʦʜʘ ʟʘ ʢʦʞʝʡ ʣʠʮʘ çClearSkinè, ʨʝʟʫʣʴʪʘʪ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 3ï4 [5]. 
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ʈʠʩ. 3. ʇʨʠʤʝʨ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʳ ʚʝʙ-ʩʘʡʪʘ 

 

 
 

ʈʠʩ. 4. ʇʨʠʤʝʨ ʩʪʨʘʥʠʮʳ ʦʧʨʦʩʘ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʥʮʝʧʮʠʷ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘʯʘʣʴʥʘʷ ʚʝʨʩʠʷ ʚʝʙ-ʩʘʡʪʘ ʜʣʷ ʧʦʜʙʦʨʘ ʫʭʦʜʘ ʟʘ ʣʠʮʦʤ ñClearSkinò. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʦʟʜʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 



 XXVII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʤʥʦʛʦʦʙʨʘʟʠʠ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʫʟʥʘʪʴ ʙʦʣʴʰʝ ʦ ʩʚʦʝʡ ʢʦʞʝ ʠ ʧʦʣʫʯʠʪʴ 

ʧʝʨʩʦʥʘʣʴʥʫʶ ʧʦʰʘʛʦʚʫʶ ʩʠʩʪʝʤʫ ʫʭʦʜʘ ʜʣʷ ʢʦʞʠ ʣʠʮʘ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ: 

1. ʆʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ; 

2. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ; 

3. ɺʳʧʦʣʥʝʥ ʦʙʟʦʨ ʠ ʩʨʘʚʥʝʥʠʝ ʘʥʘʣʦʛʦʚ; 

4. ʆʧʨʝʜʝʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ; 

5. ʉʧʨʦʝʢʪʠʨʦʚʘʥ ʠʥʪʝʨʬʝʡʩ ʩʘʡʪʘ; 

6. ʅʘʯʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʢʣʠʝʥʪʩʢʦʡ ʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʚʝʙ-ʩʘʡʪʘ. 

ɺ ʨʘʤʢʘʭ ʜʘʣʴʥʝʡʰʠʭ ʰʘʛʦʚ ʧʦ ʜʘʥʥʦʤʫ ʧʨʦʝʢʪʫ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʢʦʞʠ, ʘʣʛʦʨʠʪʤʘ ʧʦʜʙʦʨʘ ʧʦʵʪʘʧʥʦʛʦ ʫʭʦʜʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʦʣʥʦʮʝʥʥʦʛʦ ʚʝʙ-

ʩʘʡʪʘ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʥʢʝʪʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʢʦʞʠ ʠ ʧʦʜʙʦʨ ʫʭʦʜʦʚʦʡ ʢʦʩʤʝʪʠʢʠ ʦʪ Mesopharm. URL: 

https://clck.ru/3LZC2i (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 01.10.2024). 

2. ɹʣʦʢ ʉʭʝʤʘ ï ʯʪʦ ʪʘʢʦʝ. URL: https://clck.ru/3LZBzo (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.11.2024). 

3. ʂʦʩʤʝʪʠʢʘ ʜʣʷ ʚʘʰʝʛʦ ʪʠʧʘ ʢʦʞʠ. URL: https://geltek.ru/quiz (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

05.12.2024). 

4. ʇʦʣʫʯʠʪʝ ʩʚʦʡ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʙʦʨ ʩʨʝʜʩʪʚ ʧʦ ʫʭʦʜʫ ʟʘ ʢʦʞʝʡ ʣʠʮʘ. URL: 

https://clck.ru/3LZC63 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.12.2024). 

5. Figma. URL: https://clck.ru/3LZC74 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 01.10.2024). 

6. IDEF0. ɿʥʘʢʦʤʩʪʚʦ ʩ ʥʦʪʘʮʠʝʡ ʠ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. URL: https://clck.ru/3LZCA9 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.11.2024). 
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ɻʘʩʘʥʙʝʢʦʚ ʈ.ɸ., ʐʘʡʪʦʨʦʚʘ ʀ.ɸ. 

ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ɺɽɹ-ʇʈʀʃʆɾɽʅʀʗ ɼʃʗ ʇʈʆʂɸʊɸ ɸɺʊʆʄʆɹʀʃɽʁ  

ʉ ʀʅʊɽɻʈɸʎʀɽʁ ɺ ʄʀʅʀ-ʇʈʀʃʆɾɽʅʀʗ TELEGRAM  

ʀʥʪʝʨʝʩ ʢ ʫʩʣʫʛʘʤ ʘʨʝʥʜʳ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʬʦʥʝ 

ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʮʝʥ ʥʘ ʥʦʚʳʝ ʘʚʪʦ. ʇʦ ʜʘʥʥʳʤ ʂʦʤʝʨʩʘʥʪʲ 

(https://clck.ru/3LZCCh), ʫʞʝ ʯʝʪʚʝʨʪʴ ʚʦʜʠʪʝʣʝʡ ʧʨʝʜʧʦʯʠʪʘʶʪ ʘʨʝʥʜʫ, ʘ ʥʝ ʧʦʢʫʧʢʫ ʣʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʉʪʘʪʠʩʪʠʢʘ ʟʘ 2023 ʛʦʜ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢʠʭ ʚʦʜʠʪʝʣʝʡ ʙʳʣʦ ʣʠʰʴ 

18%. ʉʝʛʦʜʥʷ ʨʳʥʦʢ ʧʨʦʢʘʪʘ ʘʚʪʦ, ʢʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʩʬʝʨʳ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʠʝʥʪʘʤʠ [3]. ʅʦ ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʠʤʝʶʪ ʩʚʦʠ ʤʠʥʫʩʳ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: ʈʘʟʨʘʙʦʪʘʪʴ 

ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʫʩʪʨʘʥʠʪ ʥʝʜʦʩʪʘʪʢʠ ʢʦʥʢʫʨʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ ʧʨʦʙʣʝʤʫ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʤʦʞʝʪ ʚʳʜʝʣʠʪʴʩʷ ʩʨʝʜʠ ʘʥʘʣʦʛʦʚ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. ʀʟʫʯʝʥʠʝ ʨʳʥʢʘ ʧʦʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ 

ʬʫʥʢʮʠʠ ʠ ʚʳʷʚʠʪʴ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʨʚʠʩʦʚ. 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

 

ʂʨʠʪʝʨʠʡ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ 

ʅʘʟʚʘʥʠʝ ʘʥʘʣʦʛʦʚ 

RentCars CARS&GO ʂʨʘʩ-ʧʨʦʢʘʪ 
ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ 

ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ 

ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ + + - + 

ɹʦʥʫʩʥʘʷ ʩʠʩʪʝʤʘ - + - + 

ʆʥʣʘʡʥ 

ʙʨʦʥʠʨʦʚʘʥʠʝ 

ɿʘʷʚʢʘ ʥʘ 

ʙʨʦʥʠʨʦʚʘʥʠʝ 

ɿʘʷʚʢʘ ʥʘ 

ʙʨʦʥʠʨʦʚʘʥʠʝ 

ɿʘʷʚʢʘ ʥʘ 

ʙʨʦʥʠʨʦʚʘʥʠʝ 
+ 

ʆʥʣʘʡʥ 

ʚʝʨʠʬʠʢʘʮʠʷ 
- + + + 

ʋʚʝʜʦʤʣʝʥʠʷ + + - + 

ʖʨʠʜʠʯʝʩʢʦʝ ʣʠʮʦ 

ʚ ʨʦʣʝʚʦʡ ʤʦʜʝʣʠ 
- - - + 

ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ 

ʫʩʣʦʚʠʡ ʜʦʛʦʚʦʨʘ 

ʜʣʷ ʶʨʠʜʠʯʝʩʢʠʭ 

ʣʠʮ 

- - - + 

ɼʦʩʪʫʧʥʦʩʪʴ 

ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ, 

ʤʦʙʠʣʴʥʦʝ 

ʧʨʠʣʦʞʝʥʠʡ 

ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ ɺʝʙ-ʩʘʡʪ 

ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ, 

ʤʠʥʠ-ʧʨʠʣʦʞʝʥʠʝ 

Telegram 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʘʥʘʣʦʛʦʚ ʩʜʝʣʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʩʘʡʪʦʚ. ʊʘʢʠʝ ʧʣʘʪʬʦʨʤʳ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʥʘʣʠʯʠʝ ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ, 

ʫʩʣʦʞʥʷʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʝʨʚʠʩʦʤ. ʆʩʪʘʣʴʥʳʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʥʝ ʠʤʝʶʪ 

ʶʨʠʜʠʯʝʩʢʦʛʦ ʣʠʮʘ ʚ ʩʚʦʝʡ ʨʦʣʝʚʦʡ ʤʦʜʝʣʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʦʩʪʫʧʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʢʣʠʝʥʪʦʚ.  

ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʩʪʘʪʴʠ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʪʦʣʴʢʦ ʧʨʦʙʣʝʤʘ ʜʦʩʪʫʧʥʦʩʪʠ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʢʦʤʧʘʥʠʡ ʧʨʦʢʘʪʘ ʘʚʪʦʤʦʙʠʣʝʡ ʠʤʝʶʪ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʠʣʠ ʚʝʙ-ʩʘʡʪ ʠ ʣʠʰʴ ʫ ʥʝʙʦʣʴʰʦʛʦ 
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ʯʠʩʣʘ ʢʦʤʧʘʥʠʡ ʝʩʪʴ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ ʨʝʰʝʥʠʡ ʠʤʝʝʪ ʩʚʦʠ ʤʠʥʫʩʳ. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘʡʪʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʝʛʦ ʚ ʙʨʘʫʟʝʨʝ ʠ ʘʚʪʦʨʠʟʦʚʘʪʴʩʷ ʚ ʘʢʢʘʫʥʪʝ. 

ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʠ ʟʘʥʠʤʘʝʪ ʤʝʩʪʦ ʥʘ ʫʩʪʨʦʡʩʪʚʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʧʫʣʷʨʥʳʡ ʤʝʩʩʝʥʜʞʝʨ Telegram, ʘ 

ʠʤʝʥʥʦ ʤʠʥʠ-ʧʨʠʣʦʞʝʥʠʷ Telegram (ʜʘʣʝʝ TMA). TMA ï ʵʪʦ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʪʢʨʳʚʘʶʪʩʷ ʚʥʫʪʨʠ ʩʘʤʦʛʦ Telegram ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʯʘʪ-ʙʦʪʦʚ. ʏʘʪ-ʙʦʪʳ ʷʚʣʷʶʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʤʘʨʢʝʪʠʥʛʘ [5, c. 575]. 

ɺʳʙʦʨ Telegram ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ 

ʠ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʩʨʝʜʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʦ ʜʘʥʥʳʤ Mediascope (https://clck.ru/3LZCE6), 

ʢʘʞʜʳʡ ʚʪʦʨʦʡ ʈʦʩʩʠʷʥʠʥ ʩʪʘʨʰʝ 12 ʣʝʪ ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʫʶ ʧʣʦʱʘʜʢʫ. Telegram ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʩʩʝʥʜʞʝʨ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ 

ʧʨʦʝʢʪʘ [1, c. 61].  

ɺʝʩʥʦʡ 2022 ʛʦʜʘ ʧʦʷʚʠʣʦʩʴ ʧʝʨʚʦʝ ʤʠʥʠ-ʧʨʠʣʦʞʝʥʠʝ, ʩʦʟʜʘʥʥʦʝ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ 

Telegram. ʆʜʥʘʢʦ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʪʘʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʦʙʨʝʣʠ ʪʦʣʴʢʦ ʚ 2024 ʛʦʜʫ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ FindMini.app (https://clck.ru/3LZCFG), ʟʘ ʧʦʩʣʝʜʥʠʡ ʛʦʜ ʢʦʣʠʯʝʩʪʚʦ TMA ʚ 

Telegram ʫʚʝʣʠʯʠʣʦʩʴ ʩ 340 ʜʦ 3150 (ʨʠʩ. 1). ʕʪʦʪ ʨʦʩʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʥʘʩʢʦʣʴʢʦ ʙʳʩʪʨʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʵʢʦʩʠʩʪʝʤʘ ʧʣʘʪʬʦʨʤʳ, ʧʨʝʜʣʘʛʘʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʫʜʦʙʥʳʡ ʜʦʩʪʫʧ ʢ ʫʩʣʫʛʘʤ 

ʧʨʷʤʦ ʚ ʤʝʩʩʝʥʜʞʝʨʝ.  

 
 

ʈʠʩ. 1. ʂʦʣʠʯʝʩʪʚʦ TMA ʟʘ 2024 ʛ. ʧʦ ʜʘʥʥʳʤ FindMini.app 

 

ɹʣʘʛʦʜʘʨʷ ʠʥʪʝʛʨʘʮʠʠ ʚ TMA, ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʤʦʞʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠʣʦʞʝʥʠʝʤ ʜʣʷ 

ʧʨʦʢʘʪʘ ʘʚʪʦʤʦʙʠʣʝʡ ʯʝʨʝʟ ʣʶʙʠʤʳʡ ʤʝʩʩʝʥʜʞʝʨ, ʛʜʝ ʚʭʦʜ ʚ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʙʝʟ ʚʚʦʜʘ ʣʦʛʠʥʘ ʠ ʧʘʨʦʣʷ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʫʧʨʦʱʘʝʪ 

ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝʤ ʜʣʷ ʢʣʠʝʥʪʦʚ, ʥʦ ʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʢʦʤʧʘʥʠʠ. ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ, ʢʦʪʦʨʘʷ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʣʶʯʝʚʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʦʙʝʠʭ ʩʪʦʨʦʥ. 
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ʇʨʝʠʤʫʱʝʩʪʚʘ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ɼʣʷ ʢʣʠʝʥʪʦʚ ɼʣʷ ʢʦʤʧʘʥʠʠ 

ʋʜʦʙʩʪʚʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ɼʦʩʪʫʧ ʢ ʩʝʨʚʠʩʫ ʯʝʨʝʟ ʤʝʩʩʝʥʜʞʝʨ, ʘʚʪʦʨʠʟʘʮʠʷ ʙʝʟ ʚʚʦʜʘ ʣʦʛʠʥʘ ʠ ʧʘʨʦʣʷ. 

ʕʢʦʥʦʤʠʷ 

ʨʝʩʫʨʩʦʚ 
ʅʝ ʪʨʝʙʫʝʪʩʷ ʩʢʘʯʠʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ 

ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ 

ʧʦʜʜʝʨʞʢʫ ʦʪʜʝʣʴʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ. 

ʀʥʪʝʛʨʘʮʠʷ ʩ 

ʧʨʠʚʳʯʥʳʤʠ 

ʩʝʨʚʠʩʘʤʠ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʚʠʩʘ ʯʝʨʝʟ 

ʤʝʩʩʝʥʜʞʝʨ, ʢʦʪʦʨʳʤ ʢʣʠʝʥʪʳ ʫʞʝ 

ʧʦʣʴʟʫʶʪʩʷ. 

ʇʨʠʚʣʝʯʝʥʠʝ ʥʦʚʦʡ ʘʫʜʠʪʦʨʠʠ ʯʝʨʝʟ 

ʧʦʧʫʣʷʨʥʫʶ ʧʣʘʪʬʦʨʤʫ. ɹʣʘʛʦʜʘʨʷ 

Telegram Ads ʤʦʞʥʦ ʨʘʟʤʝʱʘʪʴ 

ʨʝʢʣʘʤʫ ʚ ʢʘʥʘʣʘʭ [2, c. 220]. 

ʋʣʫʯʰʝʥʠʝ 

ʜʦʩʪʫʧʥʦʩʪʠ 

ɺʦʟʤʦʞʥʦʩʪʴ ʙʨʦʥʠʨʦʚʘʪʴ 

ʘʚʪʦʤʦʙʠʣʠ ʠ ʫʧʨʘʚʣʷʪʴ ʟʘʢʘʟʘʤʠ ʚ 

ʣʶʙʦʝ ʚʨʝʤʷ, ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʠ ʥʘ 

ʣʶʙʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥ 

Telegram. 

ʋʧʨʦʱʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʩʝʨʚʠʩʫ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦʚʳʰʘʝʪ ʯʘʩʪʦʪʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʨʠʚʣʝʢʘʝʪ ʥʦʚʳʭ 

ʢʣʠʝʥʪʦʚ. 

ʂʦʥʢʫʨʝʥʪʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʋʥʠʢʘʣʴʥʳʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʝʨʚʠʩʘ ʯʝʨʝʟ ʤʝʩʩʝʥʜʞʝʨ. 

ɺʳʜʝʣʝʥʠʝ ʥʘ ʬʦʥʝ ʢʦʥʢʫʨʝʥʪʦʚ ʟʘ 

ʩʯʸʪ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

 

ɼʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʤʦʜʫʣʷ 

ʘʚʪʦʨʠʟʘʮʠʠ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʚ ʤʠʥʠ-ʧʨʠʣʦʞʝʥʠʝ Telegram, ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʟʨʘʙʦʪʢʠ (ʨʠʩ. 2). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʧʨʦʬʠʣʶ ʯʝʨʝʟ TMA, ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʚʳʙʨʘʪʴ ʦʜʠʥ ʠʟ ʜʚʫʭ 

ʚʘʨʠʘʥʪʦʚ. ɽʩʣʠ ʧʨʦʬʠʣʴ ʫʞʝ ʩʦʟʜʘʥ ʯʝʨʝʟ ʙʨʘʫʟʝʨ, ʜʦʩʪʘʪʦʯʥʦ ʫʢʘʟʘʪʴ Telegram ID ʚ 

ʥʘʩʪʨʦʡʢʘʭ ʠ ʧʦʜʪʚʝʨʜʠʪʴ ʜʝʡʩʪʚʠʝ ʩ ʧʦʤʦʱʴʶ ʢʦʜʘ, ʦʪʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʯʪʫ. 

ɽʩʣʠ ʨʝʛʠʩʪʨʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʤʝʩʩʝʥʜʞʝʨ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʨʠʚʷʟʳʚʘʝʪʩʷ ʢ ʧʨʦʬʠʣʶ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʘʚʪʦʨʠʟʘʮʠʠ ʙʳʩʪʨʳʤ ʠ ʫʜʦʙʥʳʤ. 

ʅʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʥʦʡ ʙʣʦʢ-ʩʭʝʤʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʦʜʫʣʴ ʘʚʪʦʨʠʟʘʮʠʠ. ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Node.js. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠ çʦʙʣʝʛʯʝʥʠʷè ʞʠʟʥʠ 

ʧʨʦʛʨʘʤʤʠʩʪʘʤ ʜʣʷ Node.js ʩʦʟʜʘʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʙʣʠʦʪʝʢ ʠ ʬʨʝʡʤʚʦʨʢʦʚ [4, c.497]. 

ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʤʦʜʫʣʷ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ Nest.js, ʯʪʦ 

ʦʙʝʩʧʝʯʠʣʦ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. ɼʣʷ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʙʳʣ 

ʚʳʙʨʘʥ ʬʨʝʡʤʚʦʨʢ Next.js, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʩʦʟʜʘʪʴ ʙʳʩʪʨʳʡ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ 

ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʨʠʩ. 3). 
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ʈʠʩ. 2. ɹʣʦʢ ʩʭʝʤʘ ʤʦʜʫʣʷ ʘʚʪʦʨʠʟʘʮʠʠ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʚ TMA 

 

 
 

ʈʠʩ. 3. ʈʝʘʣʠʟʘʮʠʷ ʤʠʥʠ-ʧʨʠʣʦʞʝʥʠʷ Telegram 




























































































































































































