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ʋɼʂ 004.023 

ɸʙʨʘʤʷʥ ɻ.ɺ.1,2 

ORCID: 0000-0002-5440-1411 

ʜ-ʨ ʧʝʜ. ʥʘʫʢ 
1ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸ.ʀ. ɻʝʨʮʝʥʘ; 

2ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ ʬʣʦʪʘ ʠʤʝʥʠ ʘʜʤʠʨʘʣʘ ʉ.ʆ. ʄʘʢʘʨʦʚʘ 

 ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʄɽʊʆɼʆʃʆɻʀʗ, ʀʅʉʊʈʋʄɽʅʊʓ ʀ ʉʈɽɼʓ ʌʆʈʄʀʈʆɺɸʅʀʗ  

ʀʊ-ʂʆʄʇɽʊɽʅʎʀʁ ɺ ʋʉʃʆɺʀʗʍ ɻʀɹʂʀʍ ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʍ ʊʈɸɽʂʊʆʈʀʁ 

ʈɸʅʅɽʁ ʇʈʆʌɽʉʉʀʆʅɸʃʀɿɸʎʀʀ ʀ ʀʅʊɽɻʈɸʎʀʀ ʉʀʉʊɽʄʓ ʆɹʈɸɿʆɺɸʅʀʗ 

ʉ ʈɽɸʃʔʅʓʄ ʉɽʂʊʆʈʆʄ ʕʂʆʅʆʄʀʂʀ ʈʌ ʅɸ ʆʉʅʆɺɽ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ 

ʀʅʊɽʃʃɽʂʊɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʨʝʜʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʀʊ-

ʢʦʤʧʝʪʝʥʮʠʡ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʦʙʫʯʘʝʤʳʭ (ʩʪʫʜʝʥʪʦʚ ʠ ʰʢʦʣʴʥʠʢʦʚ) ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʚ ʫʩʣʦʚʠʷʭ ʛʠʙʢʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʨʘʥʥʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʠ ʠ 

ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʨʝʘʣʴʥʳʤ ʩʝʢʪʦʨʦʤ ʵʢʦʥʦʤʠʢʠ ʈʌ ʥʘ ʦʩʥʦʚʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʝʨʠʦʜʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʦʙʫʯʝʥʠʷ ʠ ʚʦʩʧʠʪʘʥʠʷ ʚ ʈʌ ʧʨʠ ʚʚʝʜʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʥʦʨʤʘʪʠʚʳ ʠ ʩʪʘʥʜʘʨʪʳ ʦʙʫʯʝʥʠʷ, 

ʚʘʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʀʀ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʮʠʬʨʦʚʳʭ ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʘʥʢʣʘʚʦʚ ʚ 

ʢʦʥʪʝʢʩʪʝ ʛʠʙʢʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʨʘʥʥʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ 

ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʨʝʘʣʴʥʳʤ ʩʝʢʪʦʨʦʤ ʵʢʦʥʦʤʠʢʠ ʈʌ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʵʪʘʧʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʚʦʩʧʠʪʘʥʠʷ ʀʊ-ʢʦʤʧʝʪʝʥʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʙʦʪʳ ʦʙʫʯʘʝʤʳʭ ʚ ʩʨʝʜʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʙʫʯʠʪʴ ʩʪʫʜʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʝʨʚʠʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʂʣʦʜ ɸ.ʀ., ʕʨʥʠ, ErnieX, ChatGPT, 

QwQ, Deepseek, Hunyuan, LumaAI, Dream, Machine, ʂʚʝʥʠ ʜʨʫʛʠʭ. ʅʘ ʚʪʦʨʦʤ ʧʨʦʬʠʣʴʥʦʤ 

ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʟʚʠʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʫʩʣʫʛ ʢʦʜʠʨʦʚʘʥʠʷ: ɻʠʪʍʘʙ, 

ɿʝʜ, ʂʦʧʠʣʦʪ, ʨʫɻʇʊ, ʉɼ ʇʨʦʤʧʪʩ, ʊʘʙʥʠʥʝ ʠ ʜʨʫʛʠʭ. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʜʣʷ ʪʴʶʪʦʨʠʥʛʘ 

ʨʘʙʦʪʳ ʚʦʩʧʠʪʫʝʤʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʩʫʨʩʳ ʩʠʩʪʝʤʳ ɸʅʋʉ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʫʯʝʙʥʳʭ ʟʘʜʘʯ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʠ ʥʘ ʙʘʟʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʪʴʶʪʦʨʳ 

ʠ ʠʩʧʳʪʫʝʤʳʝ ʦʨʠʝʥʪʠʨʦʚʘʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʫʛ: ʏʘʪɼʞʠʇʠʊʠ ʜʣʷ ʍʨʦʤ 

ʠ ʈʫʪʶʙ, AIPRM, CmdJ, ChatGPTforGoogle, Monica, MerlinAI, TextCortex, WebChatGPT, 

Eightify, ScribeHow, SynthesysX, DeepL, MaxAi, HARPA, SciSpacePilot, Gemini, BetterAI ʠ 

ʜʨʫʛʠʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʥʥʷʷ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʷ, ʛʠʙʢʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʀʊ-ʢʦʤʧʝʪʝʥʮʠʡ, ʨʝʘʣʴʥʳʡ ʩʝʢʪʦʨ ʵʢʦʥʦʤʠʢʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, 

ɸʛʝʥʪʩʪʚʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠʥʠʮʠʘʪʠʚ. 

 

ɺ ʨʦʩʩʠʡʩʢʦʤ ʮʠʬʨʦʚʦʤ ʘʥʢʣʘʚʝ ʩʦʮʠʫʤʘ ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʠ 

ʤʝʪʦʜʦʣʦʛʠʠ ʧʝʨʝʭʦʜʘ ʢ ʥʦʚʦʡ ʤʦʜʝʣʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʚʝʜʝʥʘ ʩ 

2026/2027 ʫʯʝʙʥʦʛʦ ʛʦʜʘ. ʇʝʨʝʜ ɸʛʝʥʪʩʪʚʦʤ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠʥʠʮʠʘʪʠʚ ʧʦ ʧʨʦʜʚʠʞʝʥʠʶ 

ʥʦʚʳʭ ʧʨʦʝʢʪʦʚ ʧʨʠ ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʈʌ ʠ ʌɻɸʆʋ ɺʆ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè 

(ʅʀʋɺʐʕ) ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʤʝʪʦʜʦʣʦʛʠʡ ʠ ʧʨʠʥʮʠʧʦʚ ʥʦʚʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʩʨʝʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʀʊ-

ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʛʠʙʢʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʨʘʥʥʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʠ ʠ 

ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʨʝʘʣʴʥʳʤ ʩʝʢʪʦʨʦʤ ʵʢʦʥʦʤʠʢʠ ʈʌ ʥʘ ʦʩʥʦʚʝ 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

10 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʟʜʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʚʦʩʧʠʪʘʥʠʷ ʜʦ 2040 ʛ. ʇʨʠʥʮʠʧʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ 

ʭʨʘʥʝʥʠʷ, ʨʘʟʚʠʪʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʣʦʞʠʚʰʠʭʩʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚʦʩʧʠʪʘʥʠʷ ʩ 

ʫʯʝʪʦʤ: ʘ) ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ ʙʝʟʦʧʘʩʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʙ) ʫʯʝʪʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʫʙʲʝʢʪʦʚ ʚʦʩʧʠʪʘʥʠʷ, ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʟʘʱʠʪʳ, ʯʝʩʪʠ ʠ 

ʜʦʩʪʦʠʥʩʪʚʘ ʪʴʶʪʦʨʦʚ ʠ ʠʩʧʳʪʫʝʤʳʭ, ʚʦʩʧʠʪʘʥʠʝ ʧʘʪʨʠʦʪʠʟʤʘ ʚ ʫʩʣʦʚʠʷʭ ʚʥʝʜʨʝʥʠʷ ʛʠʙʢʠʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʨʘʥʥʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩ ʨʝʘʣʴʥʳʤ ʩʝʢʪʦʨʦʤ ʵʢʦʥʦʤʠʢʠ ʈʌ, 3) ʦʨʠʝʥʪʠʨʦʚ ʫʤʝʥʴʰʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʝʩ 

ʢʦʤʧʝʪʝʥʮʠʡ ʠʩʪʳʪʫʝʤʳʭ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ ʨʘʙʦʪʫ ʪʴʶʪʝʨʦʚ, ʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʘʪʨʠʦʪʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʰʢʦʣʝ ʠ 

ʚʫʟʝ, 4) ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʢʦʤʧʝʪʝʥʮʠʡ ʪʴʶʪʦʨʦʚ ʚ ʢʘʟʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, 5) ʧʝʨʩʧʝʢʪʠʚ 

ʨʘʟʚʠʪʠʷ ʪʴʶʪʦʨʦʚ ʠ ʚʦʩʧʠʪʫʝʤʳʭ, ʫʚʝʣʠʯʝʥʠʝ ʨʦʣʠ ʠ ʤʝʩʪʘ ʧʨʦʬʝʩʩʠʠ ʪʴʶʪʦʨʘ, 

6) ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʪʳ ʯʣʝʥʦʚ ʫʯʝʙʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ ʩ ʥʘʯʘʣʴʥʦʛʦ (ʜʝʪʩʢʠʭ ʷʩʣʝʡ) ʜʦ 

ʠʥʩʪʠʪʫʪʦʚ. ʇʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʟʘʷʚʣʝʥʦ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ-ʥʘʫʯʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜʛʦʪʦʚʢʘ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʥʞʝʥʝʨʦʚ ʠ ʫʯʝʥʳʭ, ʘ ʪʘʢʞʝ ʚʚʦʜ ʩʠʩʪʝʤʳ ʥʘʯʘʣʴʥʦʛʦ 

ʧʨʦʬʠʣʴʥʦʛʦ/ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʨʷʜʫ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʈʌ. 

ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʚ ʠʥʥʦʚʘʮʠʦʥʥʦʤ ʚʦʩʧʠʪʘʥʠʠ ʠʛʨʘʝʪ ʩʦʟʜʘʥʠʝ ʘʜʘʧʪʠʚʥʳʭ 

ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʥʘʯʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʧʨʦʬʝʩʩʠʶ ʠ ʦʙʲʝʜʠʥʝʥʠʷ ʚʦʩʧʠʪʘʥʠʷ 

ʩ ʙʠʟʥʝʩʦʤ, ʧʨʠ ʵʪʦʤ ʚʘʞʥʦ ʥʝ ʢʘʢ ʤʦʞʥʦ ʩʢʦʨʝʝ ʦʮʠʬʨʦʚʘʪʴ ʚʩʝ ʨʝʘʣʴʥʳʝ ʜʝʣʘ ʠ ʧʨʦʮʝʩʩʳ ʥʘ 

ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʡ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʘʜʘʧʪʠʚʥʳʭ ʪʨʘʥʩʬʦʨʤʝʨʦʚ ʠ ʘʩʩʠʩʪʝʥʪʦʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ [1] ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʯʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʚʦʩʧʠʪʘʥʠʷ ʚʦʟʤʦʞʥʦ ʦʥʠ 

ʥʝ ʧʦʟʚʦʣʷʪ ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩʚʷʟʠ ʪʴʶʪʦʨʦʚ ʠ ʠʩʧʳʪʫʝʤʳʭ ʚ ʭʦʜʝ ʚʦʩʧʠʪʘʥʠʷ, 

ʦʜʥʘʢʦ ʠʥʥʦʚʘʮʠʠ ʧʦʤʦʛʫʪ ʘʢʪʦʨʘʤ ʚʦʩʧʠʪʘʥʠʷ ʨʘʟʚʠʪʴ ʘʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʨʘʙʦʪʳ ʠ 

ʦʩʚʦʙʦʜʠʪʴ ʚʦʩʧʠʪʘʪʝʣʝʡ ʠ ʠʩʧʳʪʫʝʤʳʭ, ʨʫʢʦʚʦʜʩʪʚʦ ʢʦʤʧʘʥʠʠ ʠ ʧʦʧʝʯʠʪʝʣʝʡ ʦʪ ʩʣʦʞʥʦʡ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʧʝʨʝʨʘʙʦʪʢʠ ʟʥʘʥʠʡ [2]. 

ʇʨʠ ʢʚʘʟʠʫʩʪʦʡʯʠʚʦʤ ʩʦʩʪʦʷʥʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʢʦʥʦʤʠʢʦʡ 

ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ ɸʛʝʥʪʩʪʚʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠʥʠʮʠʘʪʠʚ ʧʨʠ ʇʨʘʚʠʪʝʣʴʩʪʚʝ 

ʈʌ ʠ ʚ ʅʀʋ ɺʐʕ. ɺʠʨʪʫʘʣʴʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʠʥʪʝʣʣʝʢʪ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ ʪʴʶʪʦʨʘ. ʋʞʝ ʩʝʡʯʘʩ ʚ ʀʊ-ʢʦʤʧʘʥʠʷʭ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʟʘʧʫʱʝʥʳ 

ʧʨʦʮʝʩʩʳ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ï ʠʩʧʳʪʫʝʤʳʝ ʧʨʦʝʢʪʠʨʫʶʪ 

ʠ ʪʝʩʪʠʨʫʶʪ ʢʦʜ ʚʠʨʪʫʘʣʴʥʦ [3; 4]. ʋʩʣʫʛʠ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʩʝʛʤʝʥʪʘ ʩʝʡʯʘʩ ʧʨʝʜʣʘʛʘʝʪ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʫʩʣʫʛ, ʢʦʤʧʣʝʢʩʥʦ ʫʧʨʘʚʣʷʶʱʠʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤʠ ʠ ʣʦʢʘʣʴʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʩʦʟʜʘʥʠʷ, 

ʠʟʤʝʥʝʥʠʷ, ʘʜʘʧʪʘʮʠʠ ʠ ʧʨʦʚʝʨʢʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʦʩʪʘʚʣʷʷ ʢʦʜʠʨʦʚʱʠʢʘʤ ʤʦʙʠʣʴʥʦ ʠ 

ʛʣʫʙʦʢʦ ʚʥʠʢʘʪʴ ʚ ʪʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʢʦʜʘ. ʋʩʣʫʛʠ ʨʳʥʢʘ 

ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʩʝʛʤʝʥʪʘ ʧʦʟʚʦʣʷʶʪ ʢʦʜʠʨʦʚʱʠʢʘʤ ʥʘʭʦʜʠʪʴ ʩʙʦʠ ʚ ʢʦʜʝ, ʫʩʢʦʨʷʪʴ ʠ ʫʧʨʦʱʘʪʴ 

ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʢʦʜʠʨʦʚʢʫ, ʫʚʝʣʠʯʠʚʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʨʝʰʘʷ ʚ 

ʠʪʦʛʝ ʢʦʤʧʣʝʢʩʥʳʝ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʤʝʥʴʰʘʷ ʨʝʘʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʦʩʠʪʝʣʝʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʠ ʢʦʜʠʨʦʚʘʥʠʠ. 
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ɺ ʫʩʣʦʚʠʷʭ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʛʠʙʢʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʨʘʥʥʝʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʨʝʘʣʴʥʳʤ ʩʝʢʪʦʨʦʤ ʵʢʦʥʦʤʠʢʠ ʈʌ 

ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʚʘʞʥʳʝ ʀʊ-ʥʘʚʳʢʠ ʠʩʧʳʪʫʝʤʳʭ ʧʨʠ ʦʩʚʦʝʥʠʠ ʠ ʚʥʝʜʨʝʥʠʠ ʠʥʥʦʚʘʮʠʡ 

ʩʦ ʩʪʦʨʦʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʚʦʩʧʠʪʘʥʠʝ, ʘ ʪʘʢʞʝ ʚ ʩʦʟʜʘʥʠʝ ʠ ʧʨʦʚʝʨʢʫ ʘʣʛʦʨʠʪʤʦʚ. ʆʜʥʘʢʦ ʚʘʞʥʦ ʠ ʥʫʞʥʦ ʚʦʩʧʠʪʳʚʘʪʴ 

ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʘʚʠʣʴʥʳʭ ʠ ʘʜʝʢʚʘʪʥʳʭ ʚʦʧʨʦʩʦʚ, ʥʘʧʨʠʤʝʨ, ʦ ʪʦʤ, ʢʘʢ ʥʘʣʘʜʠʪʴ 

ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʳ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʤʝʪʥʳʭ ʟʘʧʨʦʩʦʚ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʀʊ-ʢʦʤʧʝʪʝʥʮʠʡ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʦʙʫʯʘʝʤʳʭ ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ ʚ ʚ ʫʩʣʦʚʠʷʭ 

ʛʠʙʢʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʨʘʥʥʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʨʝʘʣʴʥʳʤ ʩʝʢʪʦʨʦʤ ʵʢʦʥʦʤʠʢʠ ʈʌ ʧʨʝʜʧʦʣʘʛʘʝʪ: 1) ʦʙʫʯʝʥʠʝ ʠʩʧʳʪʫʝʤʳʭ 

ʥʝʡʨʦʩʝʪʝʚʳʤ ʨʳʥʢʘʤ, ʠʭ ʟʘʜʘʯʘʤ ʠ ʧʝʨʩʧʝʢʪʠʚʘʤ, 2) ʦʙʫʯʝʥʠʝ ʠʩʧʳʪʫʝʤʳʭ ʵʣʝʤʝʥʪʘʤ 

ʚʥʝʜʨʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʢʦʥʮʝʧʪʫʘʣʴʥʳʭ 

ʚʳʩʦʢʦʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʩʠʥʪʘʢʩʠʩʦʚ ʢʦʜʠʨʦʚʘʥʠʷ ï ɼʞʘʚʘ, ɼʞʫʣʠʷ, ʃʠʩʧp, ʆʟʟ, ʇʠʪʦʥ, 

ʇʨʦʣʦʛ, ʈʫʩʪ, ʉʠ++, ʉʢʘʣʘa, ʕʨ ʠ ʜʨʫʛʠʭ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʘʨʘʜʠʛʤʳ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʘʨʘʜʠʛʤʳ ʥʝʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʤʫʣʴʪʠʢʦʜʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ 

ʆʟʟ, ʇʠʪʦʥ, 3) ʦʨʠʝʥʪʘʮʠʷ ʠʩʧʳʪʫʝʤʳʭ ʥʘ ʠʥʩʪʘʣʣʷʮʠʶ ʠ ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʦʩʥʦʚʘʤʠ ʚʥʝʜʨʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ, 4) ʦʨʠʝʥʪʘʮʠʷ ʠʩʧʳʪʫʝʤʳʭ ʥʘ ʠʥʩʪʘʣʣʷʮʠʶ ʠ ʚʥʝʜʨʝʥʠʝ 

ʢʚʘʟʠʣʦʢʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʢʦʜʘ (Git), 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʭʦʜʘ ʚ ɼʞʠʪ-ʚʝʨʩʠʠ, ʪʘʢ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ, 

ʥʘʧʨʠʤʝʨ ʫʩʣʫʛʘ ɹʠʪʙʘʢʝʪ, ɻʠʪʝʘ, ɼʞʠʪʣʘʙ, ɼʞʠʪʭʘʙ, ʂʦʜʙʝʘʡʩ, ʉʦʨʩʝʌʦʨʛ, ʉʦʨʩʝʍʘʪ ʠ ʜʨ., 

5) ʦʨʠʝʥʪʘʮʠʷ ʠʩʧʳʪʫʝʤʳʭ ʥʘ ʘʩʧʝʢʪʳ ʨʝʛʫʣʠʨʦʚʢʠ ʥʝʡʨʦʫʩʣʫʛ ʩ ʫʯʝʪʦʤ ʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, 6) 

ʦʨʠʝʥʪʘʮʠʷ ʠʩʧʳʪʫʝʤʳʭ ʥʘ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʢʠ ʥʝʡʨʦʟʘʧʨʦʩʦʚ ʥʘ ʙʘʟʝ ʧʨʝʜʤʝʪʥʳʭ 

ʦʙʣʘʩʪʝʡ, 7) ʦʨʠʝʥʪʘʮʠʷ ʠʩʧʳʪʫʝʤʳʭ ʥʘ ʟʘʜʘʯʠ ʦʪʙʦʨʘ ʟʘʧʨʦʩʦʚ ʠ ʥʘʭʦʞʜʝʥʠʷ ʧʦʜʦʙʠʡ 

ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʩʠʪʫʘʮʠʡ, 8) ʦʨʠʝʥʪʘʮʠʷ ʠʩʧʳʪʫʝʤʳʭ ʥʘ ʘʩʧʝʢʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʝʡʨʦʦʪʚʝʪʦʚ [5; 6]. ʋʛʣʫʙʣʝʥʠʝ ʥʘʚʳʢʦʚ ʨʘʟʚʠʪʠʷ ʚ ʩʬʝʨʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʨʘʟʚʠʪʠʷ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʠʩʧʳʪʫʝʤʳʭ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʥʦʤ ʧʝʨʠʦʜʝ 

ʨʘʟʨʘʙʦʪʢʠ ʘʜʘʧʪʠʚʥʳʭ ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʨʘʥʥʝʡ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʨʦʬʝʩʩʠʶ, ʘ ʪʘʢʞʝ 

ʩʣʠʷʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚʦʩʧʠʪʘʥʠʷ ʩ ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʙʠʟʥʝʩʦʤ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʚʳʢʠ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʧʨʠʦʙʨʝʩʪʠ ʦʧʳʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʢ 

ʚʦʩʧʠʪʘʪʝʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʩʣʫʛ: ɸ.ʀ. ɺʝʙʩʘʡʪ ɹʠʣʜʝʨ, ɸʚʪʦɼʨʦʫ, 

ɹʣʘʢʙʦʢʩ ɸ.ʀ., ɹʫʛʘʩʫʨʘ, ɺʦʣʚʝʨʠʥ, ɻʨʦʢ, ɼʠʧʩʠʢ, ɼʦʢʫʤʘʪʠʢ, ɼʦʢʫʤʠʥʜ ʄʠʥʪʣʘʬʠ, ɼʨʠʤ 

ʄʘʰʠʥʝ, ɽʢʩʧʣʘʡʥ ɼʵʚ, ɽʨʥʠ, ʀʢʩʜʦʢ, ʂʘʧʪʠʦʥʩ ʄʠʨʘʞ, ʂʚʠʥ, ʂʚʠʥʯʘʪ, ʂʣʘʫʜʝ ɸ.ʀ., 

ʂʦʥʥʝʢʪʝʜ ʇʝʡʧʝʨʩ, ʂʫɺʠʂʫ, ʃʘʨʘ ʊʨʘʥʩʣʝʪ, ʃʫʤʘ ɸ.ʀ., ʄʝʪʘʙʦʙ, ʄʠʥʠʤʘʢʩ, ʅʦʫʪʙʫʢʃʄ, 

ʆʧʝʥ ʇʝʨʧʣʝʢʩʠʪʠ, ʇɼʌ ɼʠʥʦ, ʇʠʢʩʥʦ, ʇʨʝʟʝʥʪʘʮʠʫʤ, ʈʝʟʶʤʝɸʧ, ʉʢʘʡʈʠʠʣʩ, ʉʣʘʡʣʩʛʦ, 

ʉʥʠʢʂʦʜ, ʉʧʠʯ ʪʦ ʅʦʫʪ, ʉʪʘʨʂʦʜʝʨ, ʊʝʢʩʪɻʦʫ ɸ.ʀ., ʊʝʥʟʦʨʬʣʦʫ ʊʨʘʥʩʢʨʠʧʪʦʨ, ʊʫʣʙʠʣʜʝʨ, 

ʌʠʛ, ʍʫʥʷʥɺʠʜʝʦ, ʏʘʪɼʞʠʇʠʊʠ, ʠ ʜʨ. 

ʇʦʩʣʝʜʫʶʱʠʡ ʫʨʦʚʝʥʴ ʚʥʝʜʨʝʥʠʷ ʛʠʙʢʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʨʘʥʥʝʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʨʝʘʣʴʥʳʤ ʩʝʢʪʦʨʦʤ ʵʢʦʥʦʤʠʢʠ ʈʌ 

ʩʚʷʟʘʥ ʩ ʧʨʦʬʠʣʠʟʘʮʠʝʡ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʠʩʧʳʪʫʝʤʳʭ ʧʦ ʧʨʝʜʤʝʪʥʳʤ ʩʝʢʪʦʨʘʤ 
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ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʀʩʧʳʪʫʝʤʳʤ ʥʫʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʚʳʢʠ ʚʥʝʜʨʝʥʠʷ ʫʯʝʙʥʳʭ 

ʩʝʨʚʠʩʦʚ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ: ɻʠʜʭʘʙ ʂʦʧʠʣʦʪ, ɿʠʜ, ʈʫɼʞʠʇʠʊʠ ʉɼ ʇʨʦʤʧʪ, ʊʘʙʥʘʡʥ, ʠ ʜʨ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʣʝʜʫʶʱʝʛʦ ʧʝʨʠʦʜʘ ʚʥʝʜʨʝʥʠʷ ʛʠʙʢʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ 

ʨʘʥʥʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʨʝʘʣʴʥʳʤ ʩʝʢʪʦʨʦʤ 

ʵʢʦʥʦʤʠʢʠ ʈʌ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʠʩʧʳʪʫʝʤʳʭ ʧʦ ʧʨʝʜʤʝʪʥʳʤ 

ʩʝʢʪʦʨʘʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘʯʠʥʘʪʴ ʩ ʚʥʝʜʨʝʥʠʷ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʝʨʚʠʩʘ ʫʧʨʘʚʣʝʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʘʛʝʥʪʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʤʝʪʥʳʤʠ ʚʦʩʧʠʪʘʪʝʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ Autonomous 

Networked Utility System (ɸʅʋʉ). ʀʩʧʳʪʫʝʤʳʝ ʤʦʛʫʪ ʦʩʚʦʠʪʴ ʠʥʩʪʨʫʤʝʥʪʳ ʩʝʨʚʠʩʘ ɸʅʋʉʘ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʤʝʪʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ 

ʟʘʜʘʯ: 1) ʦʨʛʘʥʠʟʘʮʠʠ ʙʨʘʫʟʝʨʥʳʭ ʩʝʨʚʠʩʦʚ ʢʘʢ ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 2) ʥʘʭʦʞʜʝʥʠʷ 

ʜʘʥʥʳʭ, ʠʥʬʦʨʤʘʮʠʠ ʠ ʟʥʘʥʠʡ, 3) ʛʝʥʝʨʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʦʜʘ, 4) ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʪʝʥʪʘ 

ʠ ʟʥʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʛʨʘʮʠʠ ʚʥʨʪʫʘʣʴʥʳʭ ʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ 

ʧʨʝʜʤʝʪʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʇʂ ʪʴʶʪʦʨʳ ʦʨʛʘʥʠʟʫʶʪ ʚʦʩʧʠʪʘʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʘ 

ʠʩʧʳʪʫʝʤʳʝ ʠʩʧʦʣʴʟʫʶʪ ʩʝʨʚʠʩʳ ʧʦʣʠʘʛʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʯʝʪʦʤ: 1) ʨʦʣʝʚʳʭ  ʠʛʨ ʚ 

ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʤʝʪʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ 

ʘʣʛʦʨʠʪʤʦʚ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʩʮʝʥʘʨʠʝʚ ʧʦʚʝʜʝʥʠʷ ʨʝʞʠʩʩʝʨʘʤʠ ʠ ʧʣʘʥʠʨʦʚʱʠʢʘʤʠ 

ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, 2) ʘʣʛʦʨʠʪʤʦʚ ʤʝʞʜʫʙʨʘʫʟʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʥʘʧʨʠʤʝʨ 

ʢʘʪʘʣʦʛʘ (API) ʧʨʦʩʤʦʪʨʱʠʢʦʚ Microsoft Playwright ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʍʨʦʤ, ɽʡʜʞ, ʆʧʝʨʘ, 

ʌʘʡʨ ʬʦʢʩ, ɺʝʙʢʠʪ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʪʝʤʧ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʧʨʝʜʤʝʪʥʳʭ ʟʘʧʨʦʩʦʚ, ʥʘʭʦʞʜʝʥʠʷ ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʧʨʝʜʤʝʪʥʳʭ ʟʘʜʘʯ, 3) ʛʝʥʝʨʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʙʠʣʴʥʳʭ ʛʘʜʞʝʪʦʚ ʪʴʶʪʝʨʦʚ ʠ ʠʩʧʳʪʫʝʤʳʭ, 

4) ʛʝʥʝʨʘʮʠʠ ʜʦʧʦʣʥʝʥʥʦʛʦ ʧʝʨʝʯʥʷ ʟʘʜʘʯ ʜʣʷ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʚ ʩʝʪʠ, 5) ʧʨʠʝʤʘ 

ʧʨʝʜʤʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʟʘʧʨʦʩʘʤ ʩʝʨʚʠʩʦʚ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʩʢʨʘʧʠʥʛʘ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʝʞʝʥʠʷ ʟʘ ʚʦʩʧʠʪʘʪʝʣʴʥʳʤʠ (ʧʦʚʝʜʝʥʠʝ, ʫʩʧʝʚʘʝʤʦʩʪʴ ʠ ʧʨ.) ʠ ʧʨʝʜʤʝʪʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ, ʥʘʧʨʠʤʝʨ ʧʦʣʫʯʝʥʠʝ ʧʨʝʜʤʝʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ï ʧʝʨʝʯʝʥʴ ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʫʩʣʫʛ, 

ʢʦʥʪʨʦʣʴ ʧʨʝʜʤʝʪʥʳʭ ʥʦʚʦʩʪʝʡ, ʫʯʝʪ ʧʨʦʡʜʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʨʦʩʤʦʪʨʝʥʥʳʭ ʯʘʪʦʚ ʠ 

ʦʙʲʷʚʣʝʥʠʡ, ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʣʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʫʯʝʪʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʘʥʘʣʠʪʠʢʠ, ʛʝʥʝʨʘʮʠʷ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʧʦʣʠʪʠʢʠ, ʧʦʣʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʥʪʝʥʪʘ, 6) ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʯʝʪʥʳʭ ʜʘʥʥʳʭ ʠ ʪʘʙʣʠʮ ʩ ʚʦʩʧʠʪʘʪʝʣʴʥʳʤʠ ʩʚʝʜʝʥʠʷʤʠ,  

7) ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʤʝʪʦʜʦʚ ʘʚʪʦʨʠʟʘʮʠʠ ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʙʳʪʠʡ 

ʠʩʧʳʪʫʝʤʦʛʦ, ʧʨʝʜʤʝʪʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʫʙʲʝʢʪʦʚ ʦʢʨʫʞʝʥʠʷ. ɺʥʝʜʨʝʥʠʝ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʥʦʛʦʤʦʜʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪ ʛʝʥʝʨʘʮʠʶ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʛʨʘʬʠʢʠ, ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʘʫʜʠʦʤʝʜʠʘ ʠ ʚʠʜʝʦʢʦʥʪʝʥʪʘ, 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʪʝʥʜʝʥʮʠʡ, ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʪʯʝʪʦʚ, ʦʧʠʤʠʟʘʮʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʩʧʠʪʘʪʝʣʴʥʳʤʠ ʧʘʢʝʪʘʤʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʢʦʜʦʚ. 

ʆʙʨʘʙʦʪʢʘ ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ 

ʢʦʥʪʝʥʪʘ ʦʬʠʩʥʳʭ ʧʘʢʝʪʦʚ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ (OCR), ʘ ʪʘʢʞʝ ʠʟʚʣʝʯʝʥʠʷ ʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ. 
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ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ANUS ʥʝʦʙʭʦʜʠʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʫʩʪʘʥʦʚʢʘ Python 3.13, ʧʘʢʝʪʥʦʛʦ ʤʝʥʝʜʞʝʨʘ pip 25.0.1 Python ʠ ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʚʝʨʩʠʷʤʠ GitHub 2.49. ɼʣʷ ʟʘʧʫʩʢʘ ʩʠʩʪʝʤʳ ʤʦʞʥʦ: 1) ʚʚʝʩʪʠ çpip install anus-aiè 

ʘ ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ çanus versionè ʧʨʦʚʝʨʠʪʴ ʨʝʟʫʣʴʪʘʪ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʳ, 2) ʩʦʟʜʘʪʴ 

ʢʣʦʥ ʨʝʧʦʟʠʪʦʨʠʷ, ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʫʩʪʘʥʦʚʢʫ ʚ ʨʝʞʠʤʝ 

ʀʊ-ʨʘʟʨʘʙʦʪʢʠ, 3) ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʣʘʪʬʦʨʤʦʡ Docker 28.0.2 ʠʣʠ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ 

ʧʘʢʝʪʘʤʠ/ʩʨʝʜʦʡ Conda 25.1.1 ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘʧʨʠʤʝʨ ʥʘ ʧʣʘʪʬʦʨʤʘʭ: 1) OS Windows ï ghb 

ʧʨʠ ʵʪʦʤ ʧʦʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʤʦʜʫʣʷ çwindows-cursesè, ʘ ʟʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʘʥʜʫ ï pip 

install windows-curses., 2) macOS ï Python 3.13 ï ʜʣʷ ʵʪʦʛʦ ʧʦʪʨʝʙʫʝʪʩʷ ʦʙʨʘʱʝʥʠʝ ʢ ʫʪʠʣʠʪʝ 

ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ Homebrew (macOS/Linux), ʘ ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜ ï /bin/bash -c "$(curl -

fsSL https://raw.githubusercontent.com/Homebrew/install/HEAD/install.sh)", brew update && brew 

upgrade, brew search python, brew install python@3.13, python 3.13 ïV, 3) ʥʘ OS Linux 

ʧʦʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʤʦʜʫʣʷ çapt-getè, ʘ ʫʞʝ ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜ ï sudo, python3.13-

version ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʠ ʧʨʦʚʝʨʠʪʴ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ; ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʘʢʝʪʘʤʠ/ʩʨʝʜʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ, ʜʦʩʪʘʚʢʠ ʠ ʟʘʧʫʩʢʘ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʧʦʟʚʦʣʷʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʩʠʩʪʝʤʳ, ʦʧʪʠʤʠʟʠʨʫʶʪ 

ʫʧʨʘʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʚʳʯʠʩʣʝʥʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʦʙʝʩʧʝʯʠʪʴ: 3.1) ʫʧʨʘʚʣʝʥʠʝ ʫʯʝʙʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ, 3.2) ʦʙʝʩʧʝʯʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʠ 

ʢʦʥʪʨʦʣʴ ʚʝʨʩʠʡ ʫʯʝʙʥʳʭ ʧʨʦʝʢʪʦʚ, 3.3) ʦʙʝʩʧʝʯʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʫʯʝʙʥʦʡ ʩʨʝʜʦʡ, 3.4) 

ʦʙʝʩʧʝʯʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʧʘʢʝʪʘʤʠ ʫʯʝʙʥʳʭ ʧʨʦʮʝʩʩʦʚ, 3.5) ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʫʶ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ, 4) ʢʦʤʘʥʜʦʡ anus init ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʬʘʡʣ ʢʦʥʬʠʛʫʨʘʮʠʠ .anus/config.yaml, 

ʩʬʦʨʤʠʨʦʚʘʪʴ API-ʢʣʶʯʠ ʠ ʠʩʧʦʣʴʟʫʝʤʫʶ ʤʦʜʝʣʴ ʧʦʜʢʣʶʯʘʝʤʳʭ/ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʀʀ-

ʧʨʦʚʘʡʜʝʨʦʚ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʦʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ/ʥʘʩʪʨʦʡʢʠ 

ʧʨʦʚʘʡʜʝʨʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ: 1) ʧʘʨʘʤʝʪʨʳ ʫʯʝʙʥʳʭ ʤʦʜʝʣʝʡ, 2) ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʝʥʝʨʘʮʠʠ ʫʯʝʙʥʳʭ ʤʦʜʝʣʝʡ ʀʀ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʢʨʝʘʪʠʚʥʦʩʪʠ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʪʚʝʪʦʚ, 3) ʪʠʧʦʚ ʜʦʣʛʦʩʨʦʯʥʦʡ, ʢʦʥʪʝʢʩʪʥʦʡ/ʦʧʝʨʘʪʠʚʥʦʡ/ʨʘʙʦʯʝʡ ʧʘʤʷʪʠ 

ʜʣʷ ʭʨʘʥʝʥʠʷ ʫʯʝʙʥʦʛʦ ʢʦʥʪʝʥʪʘ, 4) ʤʝʭʘʥʠʟʤʦʚ ʀʀ-ʚʥʠʤʘʥʠʷ ʩ ʫʯʝʪʦʤ 

ʧʨʠʦʨʠʪʝʪʦʚ/ʚʝʩʦʚ/ʪʠʧʦʚ ʫʯʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʟʘʜʘʯ LLM-ʤʦʜʝʣʝʡ, 5) 

ʧʫʪʝʡ ʭʨʘʥʝʥʠʷ ʫʯʝʙʥʳʭ ʜʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʘʭ: 5.1) ʣʦʢʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʭʨʘʥʠʣʠʱ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʘʥʘʣʠʟʘ ʠ ʦʙʫʯʝʥʠʷ 

ʫʯʝʙʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ, ʥʘʧʨʠʤʝʨ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ (ʟʘʪʨʘʪʘʤʠ ʚʨʝʤʝʥʠ, ʢʘʜʨʦʚʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʬʠʥʘʥʩʦʚ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʨʘʬʠʢʘ ʜʘʥʥʳʭ ʠ ʜʨ.), ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ ʩʦ ʩʪʦʨʦʥʳ ʟʘʢʘʟʯʠʢʦʚ, ʨʘʙʦʪʦʜʘʪʝʣʝʡ, ʨʦʜʠʪʝʣʝʡ, ʦʨʛʘʥʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʤʦʜʝʣʷʤ ʠ ʢʦʥʪʝʥʪʫ, 5.2) ʤʦʙʠʣʴʥʳʭ, ʜʝʰʝʚʳʭ ʥʦ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʳʩʦʢʦʟʘʪʨʘʪʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʩʫʨʩʦʚ, ʥʘʧʨʠʤʝʨ ʪʨʘʬʠʢʘ ʜʘʥʥʳʭ ʦʙʣʘʯʥʳʭ 

ʨʝʰʝʥʠʡ, 5.3) ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʩʠʩʪʝʤ ʩʙʦʨʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʙʫʯʝʥʠʷ, 

ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʠ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʫʪʠʣʠʟʘʮʠʠ 

ʫʯʝʙʥʳʭ/ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʀʀ-ʢʣʘʩʪʝʨʦʚ ʜʘʥʥʳʭ: ʚʝʢʪʦʨʥʳʡ ʠʥʜʝʢʩ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʀʀ-

ʜʘʥʥʳʭ ʠ ʧʨʦʮʝʩʩʦʚ, ʪʝʥʟʦʨʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʀʀ-ʜʘʥʥʳʝ ʠ ʧʨʦʮʝʩʩʳ ʠ RAG (Retrieval 

Augmented Generation) ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʢʦʥʪʝʥʪʦʤ 
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ʦʙʝʩʧʝʯʠʚʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʵʬʬʝʢʪʠʚʥʫʶ çʛʦʨʠʟʦʥʪʘʣʴʥʫʶè ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʦʮʝʩʩʦʚ ʠ ʚʳʩʦʢʫʶ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʛʠʙʨʠʜʥʳʭ 

ʥʘʛʨʫʟʢʘʭ ʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ LLM-ʤʦʜʝʣʠ ʩʦ ʩʪʦʨʦʥʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʦʙʫʯʘʝʤʳʭ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ, 5.4) ʦʙʲʝʢʪʥʳʭ 

ʭʨʘʥʠʣʠʱ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʣʴʰʫʶ ʸʤʢʦʩʪʴ, 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʫʶ ʟʘʱʠʪʫ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʦʮʝʩʩʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʭʨʘʥʝʥʠʷ ʫʯʝʙʥʳʭ ʜʘʥʥʳʭ ʚ ʬʘʡʣʦʚʳʭ ʩʠʩʪʝʤʘʭ ʟʘ 

ʩʯʝʪ ʦʧʝʨʘʪʠʚʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʫʯʝʙʥʦʛʦ ʢʦʥʪʝʥʪʘ ʜʘʥʥʳʭ ʠ ʧʨʦʮʝʩʩʦʚ, 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʫʯʝʙʥʳʭ ʩʠʩʪʝʤ ʩ ʚʥʝʰʥʠʤʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʤʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʯʝʙʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘʜʘʧʪʠʚʥʳʭ ʠ ʨʘʩʰʠʨʷʝʤʳʭ ʤʦʜʝʣʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʤʝʪʘʜʘʥʥʳʭ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʠʩʢʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ 

ʭʨʘʥʝʥʠʷ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʩʩʠʚʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ (ʠʟʦʙʨʘʞʝʥʠʡ, ʚʠʜʝʦ, 

ʨʝʯʠ, ʟʚʫʢʦʚ ʠ ʜʨ.), 5.5) ʧʘʨʘʤʝʪʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʢʦʜʘ ʀʀ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʱʠʪʳ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʠʤʝʨ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ 

ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ ʥʘ ʦʩʥʦʚʝ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ, ʤʘʩʢʠʨʦʚʘʥʠʷ ʠ ʨʘʟʛʨʘʥʠʯʝʥʠʷ 

ʜʦʩʪʫʧʘ ʢ ʫʯʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʱʠʪʳ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ, ʥʘʧʨʠʤʝʨ ʦʪ ʫʨʦʚʥʷ ʜʦʩʪʫʧʘ çʙʝʣʳʡè, çʯʸʨʥʳʡè ʠ 

çʩʝʨʳʡè, ʟʘʱʠʪʳ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʚʝʡʝʨʘ (ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʠ ʧʨʦʮʝʩʩʦʚ) ʦʙʫʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʳʭ ʚʥʝʰʥʠʭ ʀʀ-ʘʪʘʢ ʠʣʠ ʀʀ-ʩʙʦʝʚ, ʤʦʥʠʪʦʨʠʥʛ 

ʀʀ-ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʘʫʜʠʪ ʀʀ-ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʨʝʛʠʩʪʨʘʮʠʠ ʀʀ-ʘʢʪʠʚʥʦʩʪʝʡ ʩʠʩʪʝʤʳ, 

ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʠʤʦʛʦ ʞʫʨʥʘʣʦʚ ʧʨʠʣʦʞʝʥʠʡ, ʚʳʷʚʣʝʥʠʷ ʠ ʨʘʥʞʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʀʀ-

ʫʛʨʦʟ ʠ ʜʨ., ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʀʀ-ʩʨʝʜʳ (ʘʧʧʘʨʘʪʥʘʷ ʠ ʧʨʦʛʨʘʤʤʥʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʩʝʪʠ, ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨ.) ʀʀ-ʧʨʠʣʦʞʝʥʠʡ ʠ ʀʀ-ʩʝʨʚʠʩʦʚ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʩʝʪʝʚʳʭ ʙʨʘʥʜʤʘʫʵʨʦʚ, ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʪʦʨʞʝʥʠʡ, 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʙʥʦʚʣʝʥʠʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ çheadless:trueè 

ʚʢʣʶʯʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩ/ʥʘʩʪʨʦʡʢʠ ʨʘʙʦʪʳ ʙʨʘʫʟʝʨʘ ʩ ʬʫʥʢʮʠʷʤʠ ʀʀ 

[7]. ɼʣʷ ʘʢʪʠʚʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʬʫʥʢʮʠʡ, ʥʘʧʨʠʤʝʨ, ʚ Google Chrome, ʚ 

ʢʦʪʦʨʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ ʬʫʥʢʮʠʠ ʧʦ ʫʤʦʣʯʘʥʠʶ ʚʳʢʣʶʯʝʥʳ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ 

ʢʦʤʘʥʜʫ chrome://flags ʚ ʘʜʨʝʩʥʦʡ ʩʪʨʦʢʝ ʠ ʜʘʣʝʝ ʚ ʩʪʨʦʢʝ ʧʦʠʩʢʘ ʚʚʝʩʪʠ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ 

çartificial intelligenceè ʠʣʠ çaiè. ɼʘʥʥʳʝ ʥʘʩʪʨʦʡʢʠ ʧʦʟʚʦʣʷʪ ʫʧʨʘʚʣʷʪʴ ʧʘʨʘʤʝʪʨʘʤʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʫʯʝʙʥʳʭ ʚʢʣʘʜʦʢ ʧʦ ʨʘʟʜʝʣʘʤ ʜʣʷ ʫʜʦʙʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦ 

ʦʙʱʠʤ ʪʝʤʘʪʠʢʘʤ, ʧʝʨʩʦʥʘʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʦʬʦʨʤʣʝʥʠʷ (ʚʠʟʫʘʣʴʥʳʡ ʩʪʠʣʴ/çʥʘʩʪʨʦʝʥʠʝè) 

ʨʘʟʜʝʣʦʚ ʠ ʚʢʣʘʜʦʢ, ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ʫʯʝʙʥʦʛʦ ʢʦʥʪʝʥʪʘ ʧʦ ʪʝʤʘʤ, ʥʘʧʨʠʤʝʨ ʚ Google 

Chrome ʨʝʘʣʠʟʫʝʪʩʷ ʥʝʡʨʦʩʝʪʴʶ Gemini. ɸ ʚ ʙʨʘʫʟʝʨʝ çʗʥʜʝʢʩè ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ 

ʘʢʪʠʚʠʨʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪ çʅʝʡʨʦè ʚ ʨʘʟʜʝʣʝ çʋʤʥʘʷ ʩʪʨʦʢʘè.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩ ʀʀ-

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠ ʦʙʫʯʘʝʤʳʤ ʚ ʙʨʘʫʟʝʨʘʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʰʠʨʝʥʠʷ ʠ ʩʝʨʚʠʩʳ, ʥʘʧʨʠʤʝʨ: ChatGPT for Chrome & YouTube Summary 

ï ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʪ-ʙʦʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʠ ʩʦʭʨʘʥʸʥʥʳʤʠ ʜʠʘʣʦʛʘʤʠ ʚ 

ʢʦʤʧʘʢʪʥʦʤ (ʤʦʙʠʣʴʥʦʤ) ʦʢʥʝ, AIPRM ï ʙʠʙʣʠʦʪʝʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʤʧʪʦʚ, Cmd J ï 
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ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʨʝʜʘʢʪʦʨʘ, ChatGPT for Google ï ʚʩʪʨʦʝʥʥʦʛʦ ʯʘʪʘ ʩ ʥʝʡʨʦʩʝʪʴʶ ʥʘ 

ʩʪʨʘʥʠʮʝ Google, Monica ï ʧʦʤʦʱʥʠʢʘ ʥʘ ʦʩʥʦʚʝ ChatGPT, Merlin AI ï ʯʘʪ-ʧʦʤʦʱʥʠʢʘ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʫʯʝʙʥʳʭ ʜʠʘʣʦʛʦʚ, ʨʘʙʦʪʳ ʩ pdf, docx, pptx ʠ txt ʬʘʡʣʘʤʠ, ʩʦʟʜʘʥʠʷ ʦʪʯʝʪʦʚ/ʩʚʦʜʢʠ 

ʧʦ ʚʠʜʝʦʢʦʥʪʝʥʪʫ.  

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʢʦʥʪʝʥʪʦʤ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠ ʦʙʫʯʘʝʤʳʤ ʧʨʠ ʨʘʙʦʪʝ ʚ 

ʙʨʘʫʟʝʨʘʭ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʝʨʚʠʩʳ, ʥʘʧʨʠʤʝʨ:1) 

TextCortex ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʪʝʢʩʪʦʚʳʡ ʫʯʝʙʥʳʡ ʢʦʥʪʝʥʪ, 2) WebChat GPT 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʚʘʞʥʳʭ ʧʦʜʩʢʘʟʦʢ ʧʨʠ ʫʯʝʙʥʦʤ ʧʦʠʩʢʝ, 3) Eightify ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ-ʩʘʤʤʘʨʠ ʠʟ ʚʠʜʝʦ RuTube/YouTube, 4) ScribeHow ʢʦʪʦʨʳʡ 

ʧʦʵʪʘʧʥʦ ʟʘʧʠʩʳʚʘʝʪ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʛʝʥʝʨʠʨʫʝʪ ʠʥʩʪʨʫʢʮʠʠ/ʨʫʢʦʚʦʜʩʪʚʘ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʫʯʝʙʥʳʭ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʤʝʞʜʫ ʢʦʥʪʝʥʪʦʤ ʫʯʝʙʥʳʭ ʩʪʨʘʥʠʮ, 

5) Synthesys X ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʨʠʩʫʥʢʠ ʠ ʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʝʥʪ, 

6) DeepL ʜʣʷ Chrome ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʚʦʜ ʫʯʝʙʥʳʭ ʪʝʢʩʪʦʚ ʥʘ ʚʢʣʘʜʢʘʭ 

ʙʨʘʫʟʝʨʦʚ, 7) TinEye ʩʝʨʚʠʩ çʦʙʨʘʪʥʦʛʦè ʧʦʠʩʢʘ ʫʯʝʙʥʦʛʦ ʢʦʥʪʝʥʪʘ ʧʦ ʜʘʥʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ, 

8) MaxAi ʩʝʨʚʠʩ-ʠʥʪʝʛʨʘʪʦʨ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ/ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʥʝʡʨʦʩʝʪʝʡ ʥʘ WEB-ʩʪʨʘʥʠʮʳ, 9) HARPA ʩʠʩʪʝʤʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʀʀ-ʢʦʥʪʝʥʪʘ, 

ʤʦʥʠʪʦʨʠʥʛʘ ʀʀ-ʧʨʦʮʝʩʩʦʚ ʠ ʠʟʚʣʝʯʝʥʠʷ ʫʯʝʙʥʳʭ ʀʀ-ʜʘʥʥʳʭ, 10) SciSpace Pilot ʩʝʨʚʠʩ ʜʣʷ 

ʘʥʘʣʠʟʘ ʀʀ-ʢʦʥʪʝʥʪʘ ʥʘ ʩʪʨʘʥʠʮʘʭ ʙʨʘʫʟʝʨʘ, ʢʦʪʦʨʳʡ ʧʦʤʦʞʝʪ ʦʙʫʯʘʝʤʳʤ ʧʨʦʚʦʜʠʪʴ ʩʙʦʨ 

ʜʘʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, Gemini ʩʝʨʚʠʩ ʧʦʜʜʝʨʞʢʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʟʘʧʨʦʩʦʚ ʠ ʦʪʚʝʪʦʚ Google, 

11) BetterAI ʩʠʩʪʝʤʘ ʧʦʠʩʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʥʝʡʨʦʩʝʪʝʡ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʢʘʢ ʥʘʩʪʘʚʥʠʢʘʤ/ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʪʘʢ ʠ ʦʙʫʯʘʝʤʳʤ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʙʨʘʫʟʝʨʥʳʝ ʨʘʩʰʠʨʝʥʠʷ, ʥʘʧʨʠʤʝʨ: 1) Firefilesï 

ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʩʝʨʚʠʩ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʯʪʝʥʠʷ ʧʦʯʪʳ, 2) ʉʠʩʧʘʡʩ ʂʦʧʠʣʦʪ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʟʘʢʨʝʧʣʝʥʠʝ ʥʘʚʳʢʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʩʧʳʪʫʝʤʳʡ ʩʤʦʞʝʪ ʜʝʣʘʪʴ ʘʥʘʣʠʟ ʩʪʘʪʝʡ, 3) 

ɸʡʨʧʨʤ ʏʘʪʘ ɼʞʠʇʠʊʠ ʧʦʟʚʦʣʠʪ ʤʦʙʠʣʴʥʦ ʩʦʟʜʘʪʴ ʰʘʙʣʦʥʳ ʦʪʚʝʪʦʚ ʥʘ ʟʘʧʨʦʩʳ 

ʚʦʩʧʠʪʘʪʝʣʝʡ, ʧʦʧʝʯʠʪʝʣʝʡ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʠʩʧʳʪʫʝʤʳʭ, 4) ʏʘʪɼʞʠʇʠʊʠ ʉʘʡʜʙʘʨ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʤʦʱʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʪʝʥʪʘ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʨʝʟʶʤʝ ʠ ʧʝʨʝʚʦʜʦʚ, 5) GPT 

for Sheets and Docsï ChatGPT ʧʦʤʦʱʥʠʢ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ Google ʊʘʙʣʠʮ ʠ Google 

ɼʦʢʫʤʝʥʪʦʚ, 6) ʂʦʤʧʦʟ ɸ.ʀ. ʷʚʣʷʝʪʩʷ ʩʝʨʚʠʩʦʤ ʧʦʤʦʱʠ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʦʪʚʝʪʦʚ ʥʘ ʧʠʩʴʤʘ, 

7) ʊʠʤʩʤʘʨʪ ʷʚʣʷʝʪʩʷ ʧʦʤʦʱʥʠʢʦʤ ʩʦʟʜʘʥʠʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʢʦʜʘ, 8) ʂʫʨʩʦʨ ʉʝʠʯ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʧʨʝʜʤʝʪʥʦʤʫ ʢʦʥʪʝʥʪʫ, ʇʠʢʩʙʨʠʢʩ ʷʚʣʷʝʪʩʷ ʢʦʨʧʦʨʘʪʠʚʥʳʤ 

ʩʝʨʚʠʩʦʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ɸ.ʀ. ʌʦʨʤ ʌʠʣʣ ʷʚʣʷʝʪʩʷ 

ʜʦʧʦʣʥʝʥʠʝʤ ʘʚʪʦʚʚʦʜʘ ʚ ʦʥʣʘʡʥ-ʬʦʨʤʳ, ɼʫʘʥʛɸ.ʀ.ʊʘʙ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʚʠʩ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʠ ʩʦʭʨʘʥʝʥʠʷ ʯʘʩʪʥʦʛʦ ʢʦʥʪʝʥʪʘ ʠ ʜʨʫʛʠʝ. 
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ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʘʣʩʘ ɸ.ʈ. 

ʢʘʥʜ. ʛʝʦʛʨ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʝʢʨʘʩʦʚ ɺ.ʉ. 

ʩʪʫʜʝʥʪ 

ʃʴʚʦʚ ʉ.ʅ. 

ʩʪʫʜʝʥʪ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ ʬʣʦʪʘ ʠʤʝʥʠ ʘʜʤʠʨʘʣʘ ʉ.ʆ. ʄʘʢʘʨʦʚʘ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʀʄɽʅɽʅʀʗ ʅɽʁʈʆʉɽʊɽɺʓʍ ɸʃɻʆʈʀʊʄʆɺ ɼʃʗ 

ʆʇʊʀʄʀɿɸʎʀʀ ʕʅɽʈɻʆʇʆʊʈɽɹʃɽʅʀʗ ʉʋɼʆɺ ʉ ɻʀɹʈʀɼʅʓʄʀ ʉʀʃʆɺʓʄʀ 

ʋʉʊɸʅʆɺʂɸʄʀ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʩʫʜʦʚ ʩ ʛʠʙʨʠʜʥʳʤʠ ʩʠʣʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ (ɻʉʋ), ʩ 

ʬʦʢʫʩʦʤ ʥʘ ʠʥʪʝʛʨʘʮʠʶ ʩ ʤʦʜʝʣʷʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʠ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʝʡ. ʇʨʝʜʣʘʛʘʝʪʩʷ 

ʩʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʠʝʡ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʫʯʠʪʳʚʘʶʱʘʷ ʬʣʫʢʪʫʘʮʠʠ 

ʥʘʛʨʫʟʢʠ ʠ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʩʠʤʫʣʷʮʠʡ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, ʯʪʦ ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 

ʥʘ 0,5ï26% ʠ ʚʳʙʨʦʩʳ CO  ʥʘ 50ï56% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʂʣʶʯʝʚʳʝ 

ʘʩʧʝʢʪʳ ʚʢʣʶʯʘʶʪ ʧʨʝʜʩʢʘʟʘʥʠʝ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Elman-ʩʝʪʝʡ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʥʝʣʠʥʝʡʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ (NMPC). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʦʧʪʠʤʠʟʘʮʠʷ, 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʛʠʙʨʠʜʥʳʝ ʩʠʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ. 

 

ɻʠʙʨʠʜʥʳʝ ʩʠʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʫʜʘʭ, ʩʦʯʝʪʘʶʱʠʝ ʜʠʟʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ, 

ʵʣʝʢʪʨʦʤʦʪʦʨʳ ʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, ʩʪʘʥʦʚʷʪʩʷ ʢʣʶʯʝʚʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʚʳʙʨʦʩʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʨʩʢʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ (IMO) ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʥʫʣʝʚʳʭ ʚʳʙʨʦʩʦʚ ʢ 2050 ʛʦʜʫ [3]. ʊʨʘʜʠʮʠʦʥʥʳʝ 

ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʠʝʡ, ʪʘʢʠʝ ʢʘʢ ʧʨʘʚʠʣʦ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (DP), ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ: ʧʝʨʚʳʝ ʩʫʙʦʧʪʠʤʘʣʴʥʳ, ʚʪʦʨʳʝ 

ï ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʚʥʳ ʠ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʧʨʝʜʣʘʛʘʶʪ ʘʜʘʧʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʦʙʫʯʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ, ʫʯʠʪʳʚʘʷ ʧʝʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʪʘʢʠʝ ʢʘʢ ʚʦʣʥʳ, ʚʝʪʝʨ ʠ ʩʢʦʨʦʩʪʴ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʩ ʬʦʢʫʩʦʤ ʥʘ ʠʥʪʝʛʨʘʮʠʶ ʩ ʤʦʜʝʣʷʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʠ ʛʣʦʙʘʣʴʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʝʡ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɻʉʋ, ʤʠʥʠʤʠʟʠʨʫʷ ʪʦʧʣʠʚʥʳʡ ʨʘʩʭʦʜ 

ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʚʦʟʤʫʱʝʥʠʷʤ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʢ ʥʝʡʨʦʩʝʪʷʤ ʚ ʤʦʨʩʢʦʡ 

ʵʥʝʨʛʝʪʠʢʝ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʘ ʩʪʨʘʪʝʛʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 

ʩʫʜʦʚ ʩ ʛʠʙʨʠʜʥʳʤʠ ʩʠʣʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʛʠʙʨʠʜʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʦʧʫʣʴʩʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʩʝʪʠ ʦʙʫʯʘʶʪʩʷ ʥʘ 

ʛʣʦʙʘʣʴʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʯʝʨʝʟ DP ʠ ʮʝʧʝʡ ʄʘʨʢʦʚʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 
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ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʮʠʢʣʦʚ ʥʘʛʨʫʟʢʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʙʝʩʧʝʯʠʪ ʪʝʧʣʦʚʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʦʢʦʣʦ 37% ʠ ʩʥʠʞʝʥʠʝ ʪʦʧʣʠʚʘ ʥʘ 0,56%. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [1; 2] ʘʚʪʦʨʳ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʧʨʝʜʩʢʘʟʘʥʠʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Elman-ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

(GAïElman), ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʪʝʯʝʥʠʷ ʠ ʩʫʜʥʘ, ʠʥʪʝʛʨʠʨʫʷ ʩ NSGA-II ʜʣʷ 

ʙʠʦʙʲʝʢʪʠʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ (EEOI ʠ ʩʢʦʨʦʩʪʴ). ʕʪʦ ʫʣʫʯʰʠʣʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʫʯʠʪʳʚʘʷ ʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ. ɺ ʢʦʥʪʝʢʩʪʝ NMPC, ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩ óʭʘʦʪʠʯʝʩʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʩʝʨʳʭ ʚʦʣʢʦʚô (CGWO), ʥʝʡʨʦʩʝʪʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʜʣʷ ʙʫʜʫʱʠʭ ʧʨʝʜʩʢʘʟʘʥʠʡ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʜʦʧʦʣʥʷʷ ʪʝʢʫʱʠʝ ʤʝʪʦʜʳ, ʩʥʠʞʘʶʱʠʝ ʪʦʧʣʠʚʦ ʥʘ 26% ʠ ʚʳʙʨʦʩʳ ʥʘ 

56%. ɸʥʘʣʦʛʠʯʥʦ, ʨʘʙʦʪʳ ʧʦ ʧʨʝʜʩʢʘʟʘʥʠʶ ʤʦʱʥʦʩʪʠ ʩʫʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ANN 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʠʭ ʨʦʣʴ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣ ʥʘʤ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ ʛʠʙʨʠʜʥʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʩʫʜʦʚ ʩ ʛʠʙʨʠʜʥʳʤʠ 

ʩʠʣʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʤʦʜʫʣʝʡ: ʧʘʨʘʣʣʝʣʴʥʘʷ ɻʉʋ ʜʣʷ ʩʫʜʥʘ ʜʣʠʥʦʡ 

20 ʤ: ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ (1440 ʢɺʪ), ʵʣʝʢʪʨʦʤʦʪʦʨ (450 ʢɺʪ) ʠ ʣʠʪʠʡ-ʠʦʥʥʘʷ ʙʘʪʘʨʝʷ 

(450 ʢɺʪĿʯ). ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʜʠʥʘʤʠʢʫ ʧʨʦʧʫʣʴʩʠʠ, ICE (ʩ BSFC-ʢʘʨʪʦʡ), ʤʦʪʦʨ ʠ ʙʘʪʘʨʝʶ 

(SOC ʦʪ 20ï80%). ɺʦʟʤʫʱʝʥʠʷ ʦʪ ʚʦʣʥ ʤʦʜʝʣʠʨʫʶʪʩʷ ʢʘʢ ʩʫʧʝʨʧʦʟʠʮʠʷ ʨʝʛʫʣʷʨʥʳʭ ʚʦʣʥ, ʩ 

ʦʮʝʥʢʦʡ ʯʝʨʝʟ ʨʘʩʰʠʨʝʥʥʳʡ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ (EKF) [1]. 

 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʛʠʙʨʠʜʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʛʠʙʨʠʜʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʣʛʦʨʠʪʤʳ (GAïElman ʩʝʪʴ, CGWO, SQP). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ GA-Elman ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠ ̫ ʫʩʣʦʚʠʡ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ (ʚʭʦʜʳ: ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʚʝʪʨʘ/ʪʝʯʝʥʠʷ; ʚʳʭʦʜ: ʙʫʜʫʱʠʝ ʟʥʘʯʝʥʠʷ 

ʚʝʪʨʘ/ʪʝʯʝʥʠʷ). ɸʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʠʨʫʝʪ ʚʝʩʘ, ʤʠʥʠʤʠʟʠʨʫʷ ʣʦʢʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ. ɼʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʠʝʡ ɻʉʋ ʘʣʛʦʨʠʪʤʳ GA-Elman ʦʙʫʯʘʶʪʩʷ ʥʘ DP-ʨʝʰʝʥʠʷʭ ʠʟ Markov-

ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʮʠʢʣʦʚ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʩʪʦʠʤʦʩʪʠ J ʩ ʫʯʝʪʦʤ ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʷ, 

SOC ʠ ʠʟʤʝʥʝʥʠʡ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʩ NMPC [1]. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʩʫʜʦʚ ʩ ʛʠʙʨʠʜʥʳʤʠ ʩʠʣʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ CGWO + SQP ʜʣʷ ʨʝʰʝʥʠʷ NMPC, ʦʙʝʩʧʝʯʠʚʘʷ 

ʛʣʦʙʘʣʴʥʳʡ ʧʦʠʩʢ ʠ ʣʦʢʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ. 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʚʦʜʷʪʩʷ ʩʠʤʫʣʷʮʠʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

(ʚʝʪʝʨ/ʪʝʯʝʥʠʝ) ʚ MATLAB ʩ ʛʦʨʠʟʦʥʪʦʤ ʧʨʝʜʩʢʘʟʘʥʠʷ 5 ʰʘʛʦʚ (0,5 ʩ/ʰʘʛ). 

 

 
 

ʈʠʩ. 2. ʈʝʘʣʠʟʘʮʠʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʪʦʧʣʠʚʘ ʩʫʜʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʉʠʤʫʣʷʮʠʠ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʡʨʦʩʝʪʝʚʘʷ ʩʪʨʘʪʝʛʠʷ ʜʦʩʪʠʛʘʝʪ 

ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ 37%, ʩ ʨʘʩʭʦʜʦʤ ʪʦʧʣʠʚʘ ʥʘ 0,56% ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

(0,072 ʤʩ/ʰʘʛ). GAïElman ʩʥʠʞʘʝʪ ʦʰʠʙʢʠ ʧʨʝʜʩʢʘʟʘʥʠʷ, ʫʣʫʯʰʘʷ EEOI ʠ ʩʢʦʨʦʩʪʴ. NMPC ʩ 

CGWO ʫʤʝʥʴʰʘʝʪ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ 9,32 ʢʛ ʠ CO  ʥʘ 33,04 ʛ ʟʘ 1000 ʩ, ʩ RMSE ʩʢʦʨʦʩʪʠ 4,58. 

 

ʇʘʨʘʤʝʪʨ ʊʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʅʝʡʨʦʩʝʪʝʚʘʷ ʩʪʨʘʪʝʛʠʷ ʉʥʠʞʝʥʠʝ (%) 

ʊʦʧʣʠʚʦ (ʢʛ) 12,6 9,32 26 

CO  (ʛ) 75,0 33,0 56 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ (%) 30 37 +23 
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ɸʣʠʝʚ ʄ.ʋ. 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʘʩʧʠʨʘʥʪ 

ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

 

ʈʆʉʉʀʁʉʂʀʁ ʆʇʓʊ ɺʅɽɼʈɽʅʀʗ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ɺ ʂʆʅʊʋʈʓ 

ʂʀɹɽʈɹɽɿʆʇɸʉʅʆʉʊʀ 

 

ɸʥʥʦʪʘʮʠʷ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ 

ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʡ. ʈʘʩʩʤʦʪʨʝʥ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʣʠʜʝʨʦʚ (ʉʙʝʨʙʘʥʢ, ʈʦʩʪʝʣʝʢʦʤ), 

ʚʳʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʢʘʯʝʩʪʚʫ 

ʜʘʥʥʳʭ, ʧʨʘʢʪʠʢʝ MLOps ʠ ʟʘʱʠʪʝ ʦʪ ʩʦʩʪʷʟʘʪʝʣʴʥʳʭ ʘʪʘʢ. ʇʦʜʯʝʨʢʥʫʪʘ ʚʘʞʥʦʩʪʴ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ML-ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʟʘʱʠʪʫ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʉʙʝʨʙʘʥʢ, 

ʈʦʩʪʝʣʝʢʦʤ, MLOps. 

 

ʕʚʦʣʶʮʠʷ ʢʠʙʝʨʫʛʨʦʟ ʠ ʧʝʨʝʭʦʜ ʢ ʘʢʪʠʚʥʳʤ ʤʝʪʦʜʘʤ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʪʨʝʙʫʶʪ ʦʪ 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʧʦʩʦʙʥʳʭ ʢ 

ʘʜʘʧʪʘʮʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ. ɽʩʣʠ ʩʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ML) ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʨʝʣʦʡ ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʦ ʟʘʜʘʯʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʥʘʜʝʞʥʦʡ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʢʦʥʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʀɹ) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʫʶ ʧʨʦʙʣʝʤʫ ʥʘ ʩʪʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩʠʩʪʝʤʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ DevOps-

ʧʨʘʢʪʠʢ [1; 2]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʜʝʬʠʮʠʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʤʝʥʥʦ ʧʨʘʢʪʠʯʝʩʢʠʤ ʘʩʧʝʢʪʘʤ ʚʥʝʜʨʝʥʠʷ ML-ʨʝʰʝʥʠʡ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʨʦʩʩʠʡʩʢʦʛʦ IT-ʣʘʥʜʰʘʬʪʘ. ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ, ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʪʪʝʨʥʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʦʩʩʠʡʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʩʠʩʪʝʤʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɻʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʫʩʧʝʰʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ML-ʤʦʜʝʣʝʡ ʚ ʢʦʥʪʫʨʳ 

ʀɹ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʢʘʯʝʩʪʚʦʤ ʘʣʛʦʨʠʪʤʦʚ, ʩʢʦʣʴʢʦ çʟʨʝʣʦʩʪʴʶè ʧʨʦʮʝʩʩʦʚ MLOps 

(ʫʧʨʘʚʣʝʥʠʝ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ) ʠ ʢʦʨʨʝʢʪʥʦʩʪʴʶ ʚʳʙʦʨʘ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʧʣʘʪʬʦʨʤ. ɺ ʨʘʙʦʪʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥ ʦʧʳʪ ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ 

ʢʦʤʧʘʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʙʱʠʝ ʪʝʥʜʝʥʮʠʠ ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʦʙʣʝʤʳ. 

ʄʝʪʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʠʥʪʝʛʨʘʮʠʠ ml-ʩʠʩʪʝʤ 

ʀʥʪʝʛʨʘʮʠʷ ML-ʤʦʜʝʣʝʡ ʚ ʩʠʩʪʝʤʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʨʷʜʘ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʘʪʪʝʨʥʘ 

ʠʥʪʝʛʨʘʮʠʠ: 

1. ʇʦʪʦʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɼʣʷ ʟʘʜʘʯ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʠʣʠ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʘʥʟʘʢʮʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʬʨʝʡʤʚʦʨʢʠ 

ʧʦʪʦʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʘʢʠʝ ʢʘʢ Apache Kafka ʠʣʠ Apache Flink. ʕʪʠ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ML-

ʤʦʜʝʣʷʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ [3]. 
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2. ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʤʦʜʝʣʝʡ. ʂʦʥʪʝʡʥʝʨʠʟʘʮʠʷ (Docker) ʠ 

ʦʨʢʝʩʪʨʘʮʠʷ (Kubernetes) ʩʪʘʣʠ ʩʪʘʥʜʘʨʪʦʤ ʜʝ-ʬʘʢʪʦ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ML-ʤʦʜʝʣʝʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʦʣʠʨʦʚʘʪʴ ʤʦʜʝʣʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʦʙʥʦʚʣʝʥʠʷ [4]. 

3. ʀʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ SOAR (Security Orchestration, Automation and Response). ML-

ʤʦʜʝʣʠ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʧʣʘʪʬʦʨʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʠʙʝʨʠʥʮʠʜʝʥʪʦʚ ʯʝʨʝʟ REST API ʠʣʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʙʨʦʢʝʨʳ ʩʦʦʙʱʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʠ ʥʘ 

ʦʙʥʘʨʫʞʝʥʥʳʝ ʫʛʨʦʟʳ ï ʦʪ ʙʣʦʢʠʨʦʚʢʠ IP-ʘʜʨʝʩʦʚ ʜʦ ʠʟʦʣʷʮʠʠ ʟʘʨʘʞʝʥʥʳʭ ʫʟʣʦʚ [5]. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʪʝʢ typically ʚʢʣʶʯʘʝʪ: 

ï ʗʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Python (ʦʩʥʦʚʥʦʡ ʜʣʷ ML), Go, Java 

ï ʌʨʝʡʤʚʦʨʢʠ ML: Scikit-learn, TensorFlow, PyTorch 

ï ʇʣʘʪʬʦʨʤʳ ʜʘʥʥʳʭ: Apache Spark, Elasticsearch 

ï ʀʥʩʪʨʫʤʝʥʪʳ ʤʦʥʠʪʦʨʠʥʛʘ: Prometheus, Grafana 

ï ʉʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ: Git, DVC (Data Version Control) 

ʆʧʠʩʘʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʘʪʪʝʨʥʳ ʪʨʝʙʫʶʪ ʜʣʷ ʩʚʦʝʡ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʷʜʘ 

ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʨʘʢʪʠʢ. ɼʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʵʪʠʭ ʘʩʧʝʢʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ ʢ ʢʦʥʢʨʝʪʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʧʦʩʪʨʦʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ 

ML-ʩʠʩʪʝʤ ʚ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɼʝʪʘʣʠʟʘʮʠʷ ʢʣʶʯʝʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ 

ʋʩʧʝʰʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʩʠʩʪʝʤʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʝʙʫʝʪ 

ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʪʪʝʨʥʦʚ, ʥʦ ʠ ʢʦʥʢʨʝʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʫ ML-ʧʣʘʪʬʦʨʤʳ. 

2.1. ɽʜʠʥʦʝ ʭʨʘʥʠʣʠʱʝ ʧʨʠʟʥʘʢʦʚ (Feature Store) 

Feature Store ʩʪʘʥʦʚʠʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ML-ʧʣʘʪʬʦʨʤʳ. ʕʪʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ, ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠʟʥʘʢʦʚ (features) ï ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʷʤʠ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʈʝʰʘʝʤʳʝ ʧʨʦʙʣʝʤʳ: 

¶ ʈʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ (Training-Serving Skew): ʂʦʛʜʘ ʧʨʠʟʥʘʢʠ, ʚʳʯʠʩʣʝʥʥʳʝ 

ʧʨʠ ʦʙʫʯʝʥʠʠ ʤʦʜʝʣʠ, ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʠʟʥʘʢʦʚ, ʧʦʜʘʶʱʠʭʩʷ ʥʘ ʚʭʦʜ ʤʦʜʝʣʠ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. 

¶ ʅʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ: ʇʦʚʪʦʨʷʶʱʠʝʩʷ ʚʳʯʠʩʣʝʥʠʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʨʠʟʥʘʢʦʚ 

ʨʘʟʥʳʤʠ ʢʦʤʘʥʜʘʤʠ ʜʘʥʥʳʭ. 

¶ ʅʝʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ: ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʥʘʙʦʨ 

ʧʨʠʟʥʘʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʚʝʨʩʠʠ ʤʦʜʝʣʠ. 

ʂʣʶʯʝʚʳʝ ʬʫʥʢʮʠʠ: 

¶ ʋʧʨʘʚʣʝʥʠʝ ʧʨʠʟʥʘʢʘʤʠ: ʂʘʪʘʣʦʛʠʟʘʮʠʷ, ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ. 

¶ ʆʙʩʣʫʞʠʚʘʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ: ʆʙʝʩʧʝʯʝʥʠʝ ʤʠʣʣʠʩʝʢʫʥʜʥʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʘʢʪʫʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ ʜʣʷ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ. 
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ʇʨʠʤʝʨʦʤ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʣʘʪʬʦʨʤʘ ʉʙʝʨʙʘʥʢʘ, ʛʜʝ Feature Store 

ʧʦʟʚʦʣʠʣ ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʩʦʪʝʥ ʤʦʜʝʣʝʡ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʚ ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ. 

2.2. ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ML-ʤʦʜʝʣʝʡ (MLOps) 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

 

ʊʠʧʠʯʥʳʡ MLOps-ʧʘʡʧʣʘʡʥ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʉʙʦʨ ʠ ʚʘʣʠʜʘʮʠʷ ʜʘʥʥʳʭ: ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʙʦʨ ʜʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʦʚʝʨʢʘ ʠʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʭʝʤʘʤ ʠ ʦʞʠʜʘʝʤʳʤ ʩʪʘʪʠʩʪʠʢʘʤ. 

2. Feature Engineering: ɺʳʯʠʩʣʝʥʠʝ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʧʨʠʟʥʘʢʦʚ ʚ Feature Store. 

3. ʆʙʫʯʝʥʠʝ ʠ ʚʘʣʠʜʘʮʠʷ ʤʦʜʝʣʠ: ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʟʘʧʫʩʢ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʝ ʢʦʜʘ, ʜʘʥʥʳʭ ʠ ʩʘʤʦʡ ʤʦʜʝʣʠ. ʉʨʘʚʥʝʥʠʝ ʤʝʪʨʠʢ ʥʦʚʦʡ ʤʦʜʝʣʠ ʩ 

ʧʨʝʜʳʜʫʱʠʤʠ ʚʝʨʩʠʷʤʠ. 

4. ʈʘʟʚʝʨʪʳʚʘʥʠʝ (Deployment): ʇʘʢʝʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʚ ʢʦʥʪʝʡʥʝʨ (ʥʘʧʨʠʤʝʨ, Docker) 

ʠ ʜʝʧʣʦʡ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʩʨʝʜʫ (ʯʘʩʪʦ ʚ Kubernetes) ʧʦ ʩʪʨʘʪʝʛʠʷʤ "ʩʠʥʠʡ-ʟʝʣʝʥʳʡ" (blue-

green) ʠʣʠ "ʢʘʥʜʝʣʷʙʨ" (canary) ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ. 

5. ʄʦʥʠʪʦʨʠʥʛ: ʅʝʧʨʝʨʳʚʥʳʡ ʩʙʦʨ ʤʝʪʨʠʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʜʝʣʠ (ʟʘʜʝʨʞʢʘ, 

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ), ʘ ʪʘʢʞʝ ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠ ʜʨʝʡʬʘ ʢʦʥʮʝʧʮʠʡ (concept drift), 

ʢʦʛʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʣʠ ʮʝʣʝʚʘʷ ʧʝʨʝʤʝʥʥʘʷ ʩʦ ʚʨʝʤʝʥʝʤ ʤʝʥʷʶʪʩʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʤʦʜʝʣʠ. 

6. ʊʨʠʛʛʝʨʳ ʧʝʨʝʦʙʫʯʝʥʠʷ: ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʜʨʝʡʬʘ ʠʣʠ ʧʘʜʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʝʨʝʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʥʘ ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʀʥʩʪʨʫʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ MLflow ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʤʦʜʝʣʷʤʠ, ʠ Kubeflow ʜʣʷ ʦʨʢʝʩʪʨʘʮʠʠ ʧʘʡʧʣʘʡʥʦʚ ʚ Kubernetes, ʷʚʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʜʝ-

ʬʘʢʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

2.3. ɿʘʱʠʪʘ ʦʪ ʩʦʩʪʷʟʘʪʝʣʴʥʳʭ ʘʪʘʢ (Adversarial ML) 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʘʤʘ ʧʦ ʩʝʙʝ ʩʪʘʥʦʚʠʪʩʷ ʥʦʚʳʤ ʬʨʦʥʪʦʤ 

ʢʠʙʝʨʟʘʱʠʪʳ. ɺʩʸ ʯʘʱʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʧʨʠʤʝʥʷʶʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʭʦʜʘ 

ʘʣʛʦʨʠʪʤʦʚ, ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʩʦʩʪʷʟʘʪʝʣʴʥʳʝ ʘʪʘʢʠ. ʀʭ ʮʝʣʴ ï ʟʘʩʪʘʚʠʪʴ ʤʦʜʝʣʴ ʦʰʠʙʠʪʴʩʷ, 

ʤʘʥʠʧʫʣʠʨʫʷ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʟʤʝʥʝʥʠʷ ʦʩʪʘʚʘʣʠʩʴ ʥʝʟʘʤʝʪʥʳʤʠ 

ʜʣʷ ʯʝʣʦʚʝʢʘ, ʥʦ ʢʨʠʪʠʯʥʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ.  

ʅʘ ʧʨʘʢʪʠʢʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʪʘʢʠʭ ʘʪʘʢ. ʇʝʨʚʳʡ ï ɻ ʪʦ ʘʪʘʢʠ ʥʘ ʵʪʘʧʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʜʝʣʠ (Evasion Attacks). ʅʘʧʨʠʤʝʨ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʠʪʴ ʚʨʝʜʦʥʦʩʥʳʡ ʬʘʡʣ ʠʣʠ ʩʝʪʝʚʦʡ ʧʘʢʝʪ, ʯʪʦʙʳ ʩʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʣʘ ʝʛʦ ʢʘʢ 
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ʣʝʛʠʪʠʤʥʳʡ. ʊʘʢʠʝ ʘʪʘʢʠ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺʪʦʨʦʡ ʪʠʧ ï ʘʪʘʢʠ ʥʘ ʵʪʘʧʝ 

ʦʙʫʯʝʥʠʷ (Poisoning Attacks), ʢʦʛʜʘ ʧʨʦʪʠʚʥʠʢ ʥʘʤʝʨʝʥʥʦ "ʦʪʨʘʚʣʷʝʪ" ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ, 

ʯʪʦʙʳ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʝʱʸ ʜʦ ʝʸ ʟʘʧʫʩʢʘ. 

ɼʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʵʪʠʤ ʫʛʨʦʟʘʤ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ. ʆʜʠʥ 

ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ï ʩʦʩʪʷʟʘʪʝʣʴʥʦʝ ʦʙʫʯʝʥʠʝ (Adversarial Training), ʧʨʠ 

ʢʦʪʦʨʦʤ ʤʦʜʝʣʴ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʨʦʚʢʠ ʟʥʘʢʦʤʠʪʩʷ ʩ ʧʦʜʦʙʥʳʤʠ "ʚʨʘʞʜʝʙʥʳʤʠ" ʧʨʠʤʝʨʘʤʠ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʫʯʠʪʴ ʘʣʛʦʨʠʪʤ ʫʩʪʦʡʯʠʚʦ ʨʘʩʧʦʟʥʘʚʘʪʴ ʤʘʥʠʧʫʣʷʮʠʠ ʠ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʫʩʧʝʰʥʦʡ ʘʪʘʢʠ. ɺʪʦʨʦʝ ʵʪʦ ʦʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʴʥʳʭ ʚʭʦʜʦʚ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʘʥʥʳʭ ʦʙʫʯʝʥʠʷ ʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʘʪʘʢʦʡ. ʀ ʪʨʝʪʠʡ ï ʨʝʛʫʣʷʨʥʳʡ ʘʫʜʠʪ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʝ: ʇʨʦʚʝʜʝʥʠʝ "ʢʨʘʩʥʳʭ ʢʦʤʘʥʜ" (red teaming) ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʠʩʢʘ 

ʫʷʟʚʠʤʦʩʪʝʡ ʚ ML-ʤʦʜʝʣʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʦʚ, ʪʘʢʠʭ ʢʘʢ Adversarial Robustness 

Toolbox (ART). 

ʀʥʪʝʛʨʘʮʠʷ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ï Feature Store, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ MLOps-ʧʘʡʧʣʘʡʥʦʚ 

ʠ ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ ʦʪ Adversarial ML ï ʩʦʟʜʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʚʥʝʜʨʷʪʴ ML-ʨʝʰʝʥʠʷ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ ʜʦʣʛʦʩʨʦʯʥʫʶ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʡʩʷ ʢʠʙʝʨʫʛʨʦʟʳ. 

ʇʨʠʤʝʨʳ ʚʥʝʜʨʝʥʠʷ ML-ʨʝʰʝʥʠʡ ʚ ʨʦʩʩʠʡʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʢʨʫʧʥʳʝ ʨʦʩʩʠʡʩʢʠʝ ʢʦʤʧʘʥʠʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ML) ʜʣʷ 

ʫʢʨʝʧʣʝʥʠʷ ʩʚʦʝʡ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʦʧʳʪ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ. 

ʆʧʳʪ ʉʙʝʨʙʘʥʢʘ (https://clck.ru/3QTK4y). ɺ ʉʙʝʨʙʘʥʢʝ ʩʦʟʜʘʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ML-ʤʝʪʦʜʘʭ. ʆʩʥʦʚʦʡ ʧʣʘʪʬʦʨʤʳ 

ʩʣʫʞʠʪ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʚ ʮʝʥʪʨʘʣʴʥʳʝ ʠ ʦʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ 

ʙʘʥʢʘ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ Apache Kafka ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʪʦʢʦʚʘʷ 

ʦʙʨʘʙʦʪʢʘ ʪʨʘʥʟʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʘʷ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʦʟʤʦʞʥʳʝ ʫʛʨʦʟʳ. 

ɺʩʝ ML-ʤʦʜʝʣʠ ʨʘʟʚʝʨʥʫʪʳ ʚ ʢʣʘʩʪʝʨʘʭ Kubernetes, ʦʙʝʩʧʝʯʠʚʘʷ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ. ɺʘʞʥʝʡʰʝʡ ʯʘʩʪʴʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ Feature Store ï 

ʝʜʠʥʳʡ ʨʝʧʦʟʠʪʦʨʠʡ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʧʨʠʟʥʘʢʘʤʠ ʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʝʡ. 

ʕʪʠ ʤʝʨʳ ʧʦʟʚʦʣʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʫʛʨʦʟ ʜʦ 98%, ʩʥʠʟʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʳʭ ʪʨʝʚʦʛ ʥʘ 35%. ɹʦʣʝʝ 95% ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʤʠʥʠʤʠʟʠʨʫʷ ʨʠʩʢʠ ʤʦʰʝʥʥʠʯʝʩʪʚʘ ʠ ʚʟʣʦʤʦʚ. 

ʆʧʳʪ ʈʦʩʪʝʣʝʢʦʤʘ (https://clck.ru/3QUKSW). ʈʦʩʪʝʣʝʢʦʤ ʧʨʠʤʝʥʷʝʪ ML-ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʩʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ML-ʧʘʡʧʣʘʡʥʳ ʜʣʷ 

ʘʥʘʣʠʟʘ ʛʣʫʙʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ (DPI), ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʧʝʨʘʪʠʚʥʦ ʨʘʩʧʦʟʥʘʚʘʪʴ ʘʪʘʢʠ ʠ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʩʝʪʠ. ʄʦʜʝʣʴ ʥʘʜʝʞʥʦ 

ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ SIEM ʧʦʩʨʝʜʩʪʚʦʤ ʩʪʘʥʜʘʨʪʥʦʛʦ API-ʠʥʪʝʨʬʝʡʩʘ, 

ʯʪʦ ʫʣʫʯʰʘʝʪ ʦʙʱʫʶ ʢʘʨʪʠʥʫ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʠ ʧʦʤʦʛʘʝʪ ʙʳʩʪʨʝʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʠʥʮʠʜʝʥʪʥʳʝ ʩʠʪʫʘʮʠʠ. 
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ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʫʣʫʯʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʦ 96%, ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ 

ʣʦʞʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ 28%. ɹʦʣʝʝ 92% ʩʝʪʝʚʳʭ ʩʦʙʳʪʠʡ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

ʧʦʟʚʦʣʷʷ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ. 

ʆʧʳʪ ɻʘʟʠʥʬʦʨʤʩʝʨʚʠʩʘ. ʂʦʤʧʘʥʠʷ ɻʘʟʠʥʬʦʨʤʩʝʨʚʠʩ ʨʘʟʨʘʙʦʪʘʣʘ ʩʦʙʩʪʚʝʥʥʫʶ 

ʧʣʘʪʬʦʨʤʫ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ Ankey ASAP, ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ ML. 

ʉʠʩʪʝʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʪʦʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʫʷ ʝʜʠʥʦʝ 

ʭʨʘʥʠʣʠʱʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ ʜʝʪʝʢʮʠʠ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʠ ʪʦʯʥʫʶ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʦʤʧʘʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪ ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʣʠʛʦʥʦʤ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʤʦʜʝʣʝʡ ʠ 

ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʦʡ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʙʳʪʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʧʣʘʪʬʦʨʤʳ ʚʳʩʪʫʧʘʝʪ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʚʦʟʤʦʞʥʳʭ 

ʫʛʨʦʟ ʠ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʫ. 

ʆʧʳʪ ʊ1 ʀʥʪʝʛʨʘʮʠʠ. ʂʦʤʧʘʥʠʝʡ ʊ1 ʀʥʪʝʛʨʘʮʠʷ ʩʦʟʜʘʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ, 

ʦʭʚʘʪʳʚʘʶʱʝʝ ʚʝʩʴ ʩʧʝʢʪʨ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʩʦʩʪʘʚ 

ʚʭʦʜʷʪ ʩʠʩʪʝʤʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʪʝʯʢʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ (DLP), ʥʦʚʝʡʰʠʝ 

ʤʝʞʩʝʪʝʚʳʝ ʵʢʨʘʥʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (NGFW), ʟʘʱʠʱʘʶʱʠʝ ʪʨʘʬʠʢ ʦʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, ʘ ʪʘʢʞʝ ML-ʤʦʜʝʣʠ, ʧʦʚʳʰʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʘʥʪʠʚʠʨʫʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʥʮʠʜʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʘʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʘʪʘʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʠ 

ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ML ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʧʦʚʳʰʘʝʪʩʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ ʥʘ ʢʨʠʪʠʯʥʳʝ ʩʦʙʳʪʠʷ. 

ʊʘʙʣʠʮʘ 1 

ʊʘʙʣʠʮʘ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʰʝʥʠʡ 

 

ʇʦʢʘʟʘʪʝʣʴ ʉʙʝʨʙʘʥʢ ʈʦʩʪʝʣʝʢʦʤ ɻʘʟʠʥʬʦʨʤʩʝʨʚʠʩ ʊ1 ʀʥʪʝʛʨʘʮʠʷ 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ɸʥʘʣʠʟ 

ʪʨʘʥʟʘʢʮʠʡ 

ʉʝʪʝʚʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʆʙʥʘʨʫʞʝʥʠʝ 

ʘʥʦʤʘʣʠʡ 

ʂʦʤʧʣʝʢʩʥʘʷ 

ʟʘʱʠʪʘ 

ʊʦʯʥʦʩʪʴ 

ʦʙʥʘʨʫʞʝʥʠʷ 

98% 96% ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 95% ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ 

92% ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ 

ʈʝʘʣʴʥʦʝ ʚʨʝʤʷ ʈʝʘʣʴʥʦʝ ʚʨʝʤʷ 

ʊʝʭʥʦʣʦʛʠʷ Kafka, Kubernetes DPI, SIEM ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ NGFW, ML-

ʤʦʜʝʣʠ 

ʀʥʪʝʛʨʘʮʠʷ Core-ʩʠʩʪʝʤʳ SIEM-ʩʠʩʪʝʤʳ ʈʘʟʥʳʝ ʩʨʝʜʩʪʚʘ 

ʟʘʱʠʪʳ 

ʂʦʤʧʣʝʢʩʥʳʝ 

ʨʝʰʝʥʠʷ 

 

ʆʙʱʠʡ ʚʳʚʦʜ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʜʘʧʪʠʚʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ML-ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʩʝ ʨʝʰʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʦʯʥʦʩʪʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʛʨʦʟ, ʙʳʩʪʨʦʪʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʛʣʫʙʦʢʠʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʟʘʱʠʪʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʘʞʜʘʷ 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

25 

ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʟʚʠʚʘʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʫʥʠʢʘʣʴʥʳʝ ʧʦʜʭʦʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ 

ʧʨʦʮʝʩʩʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʩʦʙʳʪʠʷ. 

ʇʨʦʙʣʝʤʳ, ʚʳʟʦʚʳ ʠ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʨʝʰʝʥʠʷ 

ɸʥʘʣʠʟ ʧʨʘʢʪʠʢʠ ʚʥʝʜʨʝʥʠʷ ʚʳʷʚʠʣ ʨʷʜ ʪʠʧʠʯʥʳʭ ʧʨʦʙʣʝʤ ʠʥʪʝʛʨʘʮʠʠ, ʜʣʷ ʢʘʞʜʦʡ ʠʟ 

ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʶʪ ʢʦʥʢʨʝʪʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʝʦʜʦʣʝʥʠʷ. 

1. ʂʘʯʝʩʪʚʦ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʜʘʥʥʳʭ 

ʇʨʦʙʣʝʤʘ: ʈʘʟʨʦʟʥʝʥʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʠ ʠʭ ʨʘʟʣʠʯʥʦʝ ʢʘʯʝʩʪʚʦ ʦʩʪʘʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʚʝʜʫʱʝʡ ʢ "ʤʫʩʦʨʫ ʥʘ ʚʭʦʜʝ ï ʤʫʩʦʨʫ ʥʘ ʚʳʭʦʜʝ". 

ɺʦʟʤʦʞʥʳʝ ʨʝʰʝʥʠʷ: 

Å ʉʦʟʜʘʥʠʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ (Data Lakes) ʩ ʝʜʠʥʦʡ ʩʭʝʤʦʡ 

ʤʝʪʘʜʘʥʥʳʭ ʠ ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ (Data Quality). ʂʘʢ ʦʪʤʝʯʘʶʪ ɹʦʙʨʦʚʘ ʠ 

ʄʘʩʪʠʣʠʥ, "ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʧʨʝʜʠʢʪʦʨʦʤ ʢʘʯʝʩʪʚʘ ʚʩʝʡ ML-ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ" 

[1]. 

Å ɺʥʝʜʨʝʥʠʝ ʩʢʚʦʟʥʳʭ ʧʘʡʧʣʘʡʥʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʚʘʣʠʜʘʮʠʝʡ, 

ʦʯʠʩʪʢʦʡ ʠ ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʨʢʝʩʪʨʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ 

Apache Airflow ʠʣʠ Prefect, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʳʚʘʪʴ, ʧʣʘʥʠʨʦʚʘʪʴ ʠ ʤʦʥʠʪʦʨʠʪʴ 

ʩʣʦʞʥʳʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʦʜʛʦʪʦʚʢʠ 

ʜʘʥʥʳʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʥʦʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [3]. ɼʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ 

ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʦʨʢʝʩʪʨʘʮʠʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʨʘʤʤʥʦ 

ʦʧʠʩʳʚʘʪʴ, ʧʣʘʥʠʨʦʚʘʪʴ ʠ ʤʦʥʠʪʦʨʠʪʴ ʩʣʦʞʥʳʝ ʧʘʡʧʣʘʡʥʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʆʥʠ ʦʩʦʙʝʥʥʦ 

ʧʦʣʝʟʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ 

ʠ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

2. ʋʧʨʘʚʣʝʥʠʝ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʤʦʜʝʣʝʡ (MLOps) 

ʇʨʦʙʣʝʤʘ: ʆʪʩʫʪʩʪʚʠʝ ʟʨʝʣʳʭ ʧʨʘʢʪʠʢ MLOps ʧʨʠʚʦʜʠʪ ʢ çʜʨʝʡʬʫ ʤʦʜʝʣʝʡè (model 

drift) ʠ ʩʣʦʞʥʦʩʪʷʤ ʠʭ ʩʦʧʨʦʚʦʞʜʝʥʠʷ. 

ɺʦʟʤʦʞʥʳʝ ʨʝʰʝʥʠʷ: 

Å ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ (ʥʘʧʨʠʤʝʨ, 

Evidently AI) ʠ ʪʨʠʛʛʝʨʦʚ ʜʣʷ ʠʭ ʧʝʨʝʦʙʫʯʝʥʠʷ. ʇʘʨʘʩʠʯ ʠ ʩʦʘʚʪʦʨʳ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ 

"ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʝʨʝʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ML-ʩʠʩʪʝʤ ʚ 

ʫʩʣʦʚʠʷʭ ʵʚʦʣʶʮʠʠ ʫʛʨʦʟ" [4]. 

Å ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʪʬʦʨʤ ʫʧʨʘʚʣʝʥʠʷ ML-ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ (MLflow, Kubeflow), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ. ʕʪʦ ʩʦʟʜʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ML-ʤʦʜʝʣʝʡ [5]. 

3. ʀʥʪʝʛʨʘʮʠʷ ʩ ʫʥʘʩʣʝʜʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (Legacy-ʩʠʩʪʝʤʘʤʠ) 

ʇʨʦʙʣʝʤʘ: ʄʥʦʛʠʝ ʨʦʩʩʠʡʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʩʣʝʜʠʝ 

ʫʥʘʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʠʥʪʝʛʨʘʮʠʷ ʩ ʢʦʪʦʨʳʤʠ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʜʘʧʪʝʨʦʚ. 

ɺʦʟʤʦʞʥʳʝ ʨʝʰʝʥʠʷ: 

Å ʀʩʧʦʣʴʟʦʚʘʥʠʝ API-ʰʣʶʟʦʚ ʠ ʰʘʙʣʦʥʘ ʘʜʘʧʪʝʨʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʟʥʦʨʦʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʝʧʝʥʥʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʀʊ-

ʣʘʥʜʰʘʬʪ ʙʝʟ ʨʝʟʢʦʛʦ ʦʪʢʘʟʘ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ [2]. 
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Å ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (middleware-ʨʝʰʝʥʠʡ) ʩ 

ʧʦʜʜʝʨʞʢʦʡ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ML-

ʢʦʤʧʦʥʝʥʪʳ ʩ ʫʥʘʩʣʝʜʦʚʘʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʙʝʟ ʝʝ ʢʘʨʜʠʥʘʣʴʥʦʡ ʧʝʨʝʜʝʣʢʠ [3]. 

Middleware-ʨʝʰʝʥʠʷ ï ʵʪʦ ʩʣʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʧʨʠʢʣʘʜʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʢʦʥʪʝʢʩʪʝ ʠʥʪʝʛʨʘʮʠʠ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ 

ʙʨʦʢʝʨʳ ʩʦʦʙʱʝʥʠʡ (ʢʘʢ Kafka), ʩʝʨʚʠʩʳ ʝʜʠʥʦʛʦ ʚʭʦʜʘ (Single Sign-On) ʠʣʠ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ API. 

4. ɹʝʟʦʧʘʩʥʦʩʪʴ ʩʘʤʠʭ ML-ʤʦʜʝʣʝʡ 

ʇʨʦʙʣʝʤʘ: ʈʘʩʪʝʪ ʦʩʦʟʥʘʥʠʝ ʫʛʨʦʟ ʩʦʩʪʷʟʘʪʝʣʴʥʳʭ ʘʪʘʢ (Adversarial ML), ʢʦʛʜʘ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʙʠʨʘʶʪ ʜʘʥʥʳʝ ʜʣʷ "ʦʙʤʘʥʘ" ʤʦʜʝʣʝʡ. 

ɺʦʟʤʦʞʥʳʝ ʨʝʰʝʥʠʷ: 

Å ɺʥʝʜʨʝʥʠʝ ʤʝʪʦʜʦʚ ʩʦʩʪʷʟʘʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ (Adversarial Training) ʠ ʜʝʪʝʢʮʠʠ 

ʘʥʦʤʘʣʴʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʊʫʛʘʝʚ ʦʪʤʝʯʘʝʪ, ʯʪʦ "ʟʘʱʠʪʘ ʦʪ ʩʦʩʪʷʟʘʪʝʣʴʥʳʭ ʘʪʘʢ ʜʦʣʞʥʘ 

ʩʪʘʪʴ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ML-ʤʦʜʝʣʝʡ ʚ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ" [5]. 

Å ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʙʲʷʩʥʠʤʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (Explainable AI, 

XAI) ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʰʝʥʠʡ ʤʦʜʝʣʝʡ ʠ ʚʳʷʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʥʷʪʴ ʣʦʛʠʢʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʥʦ ʠ ʦʙʥʘʨʫʞʠʪʴ ʧʦʧʳʪʢʠ ʤʘʥʠʧʫʣʷʮʠʠ 

[1; 5]. 

5. ʂʘʜʨʦʚʳʡ ʜʝʬʠʮʠʪ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʙʘʨʴʝʨʳ 

ʇʨʦʙʣʝʤʘ: ʅʝʭʚʘʪʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʵʢʩʧʝʨʪʠʟʫ ʚ ML ʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ. 

ɺʦʟʤʦʞʥʳʝ ʨʝʰʝʥʠʷ: 

Å ʉʦʟʜʘʥʠʝ ʢʨʦʩʩ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʘʥʜ (Data Scientists, DevOps, Security Engineers) 

ʠ ʧʨʦʛʨʘʤʤ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʫʯʝʥʠʷ. ʗʢʠʤʦʚ ʚ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ 

"ʫʩʧʝʰʥʦʝ ʚʥʝʜʨʝʥʠʝ ML-ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ ʧʨʝʦʜʦʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʙʘʨʴʝʨʦʚ ʥʝ 

ʤʝʥʝʝ ʯʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ" [6]. 

Å ʈʘʟʚʠʪʠʝ ʧʘʨʪʥʝʨʩʪʚ ʩ ʚʫʟʘʤʠ ʠ ʩʦʟʜʘʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ [2]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ ML-

ʧʣʘʪʬʦʨʤ, ʩʦʯʝʪʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʚʩʪʨʦʝʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʲʷʩʥʠʤʦʩʪʠ (Explainable AI) 

ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ. ʀʥʪʝʛʨʘʮʠʷ ʵʪʠʭ ʨʝʰʝʥʠʡ ʚ ʝʜʠʥʳʝ ʢʠʙʝʨʙʝʟʦʧʘʩʥʳʝ ʢʦʥʪʫʨʳ 

ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʳ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʢʘʢ 

ʩʦʚʨʝʤʝʥʥʳʤ, ʪʘʢ ʠ ʙʫʜʫʱʠʤ ʫʛʨʦʟʘʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʨʦʩʩʠʡʩʢʠʝ IT-ʢʦʤʧʘʥʠʠ ʜʦʩʪʠʛʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʟʨʝʣʦʩʪʠ ʚ ʚʦʧʨʦʩʘʭ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʢʦʥʪʫʨʳ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʇʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʣʘʪʬʦʨʤ ʧʦʪʦʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʠʥʪʝʛʨʘʮʠʷ ʩ 

ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʠʙʝʨʠʥʮʠʜʝʥʪʦʚ (SOAR), ʨʘʟʚʠʪʠʝ ʧʨʘʢʪʠʢ MLOps ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʤʦʜʝʣʝʡ ʷʚʣʷʶʪʩʷ ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʫʩʧʝʭʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʳʟʦʚʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʘʯʝʩʪʚʦʤ ʜʘʥʥʳʭ ʠ ʠʥʪʝʛʨʘʮʠʝʡ ʩ 

legacy-ʩʠʩʪʝʤʘʤʠ, ʦʪʨʘʩʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʦʜʭʦʜʦʚ 

ʢ ʚʥʝʜʨʝʥʠʶ ML-ʨʝʰʝʥʠʡ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚʠʜʠʪʩʷ ʚ ʫʛʣʫʙʣʝʥʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ MLOps, ʩʦʟʜʘʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ML-ʤʦʜʝʣʝʡ ʠ ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʦʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ Adversarial AI-ʘʪʘʢʘʤ. 
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ʋɼʂ 004.62 

ɸʪʘʷʥ ɸ.ʄ. 

ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʙʨʘʤʷʥ ɻ.ɺ. 

ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʃʘʨʠʦʥʦʚ ɺ.ɺ. 

ʩʪʫʜʝʥʪ 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸ.ʀ. ɻʝʨʮʝʥʘ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʄɽʊʆɼʓ ʈɸɿʈɸɹʆʊʂʀ ʀ ʆʇʊʀʄʀɿɸʎʀʀ ɸʅɸʃʀʊʀʏɽʉʂʀʍ ɺʀʊʈʀʅ  

ʅɸ ʆʉʅʆɺɽ ʂʆʃʆʅʆʏʅʆʁ ʉʋɹɼ CLICKHOUSE  

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ ʘʛʨʝʛʘʪʦʚ ʠ ʚʠʪʨʠʥ ʥʘ 

ClickHouse, ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʧʨʦʩʦʚ ʩ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʧʘʤʷʪʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ 

ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʚʳʙʦʨʘ ʜʚʠʞʢʦʚ ʠ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʥʘʧʠʩʘʥʠʷ ʟʘʧʨʦʩʦʚ ʜʣʷ ʢʦʣʦʥʯʘʪʦʡ ʉʋɹɼ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʧʨʦʩʦʚ; ʨʘʟʨʘʙʦʪʢʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʠʪʨʠʥ; ʟʘʧʨʦʩʳ ʥʘ 

ClickHouse; ʜʚʠʞʢʠ ʪʘʙʣʠʮ ClickHouse; SQL 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʘʥʥʳʝ ʩʪʘʣʠ ʚʘʞʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʙʠʟʥʝʩʘ, ʘ ʠʥʞʠʥʠʨʠʥʛ ʠ 

ʘʥʘʣʠʪʠʢʘ ʜʘʥʥʳʭ ʩʪʘʣʠ ʦʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ [1]. ɺʤʝʩʪʝ 

ʩ ʪʝʤ, ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʫʪ ʠ ʚʳʥʫʞʜʘʶʪ ʙʠʟʥʝʩ ʟʘʜʫʤʘʪʴʩʷ ʦ ʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʵʢʦʥʦʤʠʷ, ʥʘʧʨʠʤʝʨ, 2 ʊɹ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ ʤʦʞʝʪ 

ʵʢʦʥʦʤʠʪʴ ʦʢʦʣʦ 1 ʤʣʥ ʨʫʙʣʝʡ ʨʘʩʭʦʜʦʚ ʥʘ ʘʨʝʥʜʫ [2].  

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʚʠʪʨʠʥʘ ï ʵʪʦ ʩʣʦʡ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ, ʩʫʱʝʩʪʚʫʶʱʠʡ ʜʣʷ ʥʫʞʜ 

ʘʥʘʣʠʪʠʢʠ ʠ ʦʪʨʘʞʘʶʱʠʡ ʮʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʜʣʷ ʙʠʟʥʝʩʘ. ɺʠʪʨʠʥʳ ï ʵʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʫʧʨʦʱʘʶʪ ʧʦʩʪʨʦʝʥʠʝ ʦʪʯʸʪʦʚ ʠ 

ʘʥʘʣʠʟ. ʆʙʨʘʙʦʪʢʘ ʘʛʨʝʛʘʪʦʚ ʚ ClickHouse ʚʢʣʶʯʘʝʪ ʧʘʨʘʣʣʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʘʛʨʝʛʘʪʥʳʭ 

ʬʫʥʢʮʠʡ ʠ ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʭʵʰ-ʪʘʙʣʠʮʘʭ. ɺʠʪʨʠʥʳ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ, ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʝ, ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʜʣʷ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʠʪʨʠʥʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

çʢʘʢ ʝʩʪʴè ï ʙʝʟ ʧʦʩʣʝʜʫʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ. ʆʙʳʯʥʦ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʣʶʯʝʚʳʭ ʤʝʪʨʠʢ, ʧʦʩʪʨʦʝʥʠʷ ʜʘʰʙʦʨʜʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʨʥʳʭ ʦʪʯʸʪʦʚ ʠ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ.  

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʠʪʨʠʥ, 

ʷʚʣʷʝʪʩʷ ClickHouse, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʦʥʦʯʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ 

ʜʘʥʥʳʭ (ʉʋɹɼ) ʜʣʷ ʦʥʣʘʡʥ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (OLAP). ʆʥʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʸʤʘʤʠ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʘʛʨʝʛʘʮʠʠ ʠ ʩʦʟʜʘʥʠʝ ʚʠʪʨʠʥ. ClickHouse, ʢʘʢ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʢʦʣʦʥʦʯʥʘʷ ʉʋɹɼ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʠʪʨʠʥ ʚ ʚʠʜʫ 

ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʘʛʨʝʛʘʮʠʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʠ ʧʦʜʜʝʨʞʢʝ ʨʘʙʦʪʳ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [5]. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʠʪʨʠʥ ClickHouse ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ 

ʘʛʨʝʛʘʪʥʳʝ ʬʫʥʢʮʠʠ (count, min, max, sum, avg ʠ ʜʨ.) ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʜʣʷ ʢʦʣʦʥʦʯʥʦʛʦ 
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ʭʨʘʥʠʣʠʱʘ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʟʨʘʙʦʪʢʠ ʚʠʪʨʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʯʸʪʢʦ ʦʧʨʝʜʝʣʠʪʴ ʝʸ ʥʘʟʥʘʯʝʥʠʝ, 

ʙʠʟʥʝʩ-ʤʝʪʨʠʢʠ ʠ ʩʫʱʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʪʨʘʞʝʥʳ ʚ ʥʝʡ. ʕʪʦ ʢʣʶʯʝʚʦʡ ʵʪʘʧ, ʦʪ ʢʦʪʦʨʦʛʦ 

ʟʘʚʠʩʠʪ ʫʩʧʝʭ ʚʩʝʡ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʣʠʟʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ, ʢʦʪʦʨʳʝ ʩʪʦʠʪ ʫʯʝʩʪʴ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʠʪʨʠʥʝ: 

1. ɹʠʟʥʝʩ-ʧʦʪʨʝʙʥʦʩʪʠ: 

1.1.ʂʘʢʠʝ ʙʠʟʥʝʩ-ʟʘʜʘʯʠ ʜʦʣʞʥʘ ʨʝʰʘʪʴ ʚʠʪʨʠʥʘ? 

1.2.ʂʘʢʠʝ ʤʝʪʨʠʢʠ ʠ KPI ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʯʝʨʝʟ ʚʠʪʨʠʥʫ? 

2. ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ: 

2.1.ʂʘʢʠʝ ʩʫʱʥʦʩʪʠ ʠ ʘʪʨʠʙʫʪʳ ʙʫʜʫʪ ʚʢʣʶʯʝʥʳ? 

2.2.ʂʘʢʠʝ ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ? 

2.3.ʂʘʢʠʝ ʧʦʣʷ ʠ ʪʘʙʣʠʮʳ ʙʫʜʫʪ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʪʨʝʙʫʝʤʳʭ ʤʝʪʨʠʢ? 

3. ʏʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ: 

3.1.ʅʫʞʥʘ ʣʠ ʚʠʪʨʠʥʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʨʘʟ ʚ ʯʘʩ, ʨʘʟ ʚ ʜʝʥʴ ʠʣʠ ʨʝʞʝ? 

3.2.ʂʘʢʠʝ ʧʨʦʮʝʩʩʳ ʙʫʜʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʛʨʫʟʢʫ ʠ ʦʙʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ? 

4. ʋʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ: 

4.1.ʅʫʞʥʘ ʣʠ ʜʝʪʘʣʠʟʘʮʠʷ ʧʦ ʢʘʞʜʦʤʫ ʩʦʙʳʪʠʶ ʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ? 

4.2.ʂʘʢʠʝ ʫʨʦʚʥʠ ʛʨʫʧʧʠʨʦʚʢʠ (ʧʦ ʜʘʪʝ, ʨʝʛʠʦʥʫ, ʧʨʦʜʫʢʪʫ, ʧʦʣʴʟʦʚʘʪʝʣʶ ʠ ʪ.ʜ.) 

ʙʫʜʫʪ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ? 

5. ʆʛʨʘʥʠʯʝʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: 

5.1.ʂʘʢʦʡ ʦʙʲʸʤ ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʭʨʘʥʠʪʴ? 

5.2.ʂʘʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʢʦʨʦʩʪʠ ʦʪʢʣʠʢʘ ʧʨʠ ʟʘʧʨʦʩʘʭ? 

5.3.ʂʘʢʠʝ ʨʝʩʫʨʩʳ (ʧʘʤʷʪʴ, ʧʨʦʮʝʩʩʦʨ, ʜʠʩʢʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ) ʙʫʜʫʪ ʜʦʩʪʫʧʥʳ? 

6. ʀʥʪʝʛʨʘʮʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ: 

6.1.ʂʘʢ ʚʠʪʨʠʥʘ ʙʫʜʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʩ BI-ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʜʘʰʙʦʨʜʘʤʠ, ʦʪʯʸʪʘʤʠ? 

6.2. ʂʘʢʠʝ ʪʠʧʳ ʟʘʧʨʦʩʦʚ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʯʘʱʝ ʚʩʝʛʦ (ʘʛʨʝʛʘʮʠʷ, ʬʠʣʴʪʨʘʮʠʷ, 

ʩʨʘʚʥʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʧʝʨʠʦʜʦʚ ʠ ʪ.ʜ.)? 

6.3. ʇʦ ʢʘʢʠʤ ʧʦʣʷʤ ʯʘʱʝ ʚʩʝʛʦ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʠʩʢ? 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ClickHouse ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ, 

ʥʝʧʨʘʚʠʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʠ ʥʝʦʧʪʠʤʘʣʴʥʦʝ ʥʘʧʠʩʘʥʠʝ ʟʘʧʨʦʩʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ 

ʚʠʪʨʠʥʳ, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʜʝʨʞʢʘʤ ʧʦ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʘʤ, ʩʥʠʞʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ClickHouse.  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʣʦʥʦʯʥʦʡ ʉʋɹɼ 

ClickHouse, ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʠʪʨʠʥ ʯʘʩʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʯʸʪʘ ʩʧʝʮʠʬʠʢʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʸʤʘʤʠ 

ʜʘʥʥʳʭ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ, ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ 

ʨʘʩʯʸʪʘ ʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʦʧʠʩʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʠʪʨʠʥ ʥʘ ʙʘʟʝ ClickHouse ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʢʦʣʦʥʦʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʥʘʣʠʪʠʢʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʠʤ 
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ʚʳʙʦʨʫ ʧʦʜʭʦʜʷʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʜʚʠʞʢʦʚ), ʢʦʨʨʝʢʪʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ 

ʧʦʣʝʡ ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ (ORDER BY), ʦʧʪʠʤʠʟʘʮʠʠ ʛʨʫʧʧʠʨʦʚʢʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʦʧʝʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ (JOIN-ʦʧʝʨʘʮʠʡ).  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʩʪʘʪʴʝ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 1) ʧʘʨʪʠʮʠʦʥʠʨʦʚʘʥʠʝ; 2) ʤʝʭʘʥʠʟʤʳ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʜʚʠʞʦʢ); 3) ʦʧʪʠʤʠʟʘʮʠʠ ʛʨʫʧʧʠʨʦʚʢʠ ʜʘʥʥʳʭ; 4) ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʤʠʥʠʤʠʟʘʮʠʠ JOIN-ʦʧʝʨʘʮʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʛʨʝʛʘʪʦʚ ʠ ʚʠʪʨʠʥ ʚ ClickHouse, ʚʳʜʝʣʠʪʴ 

ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. 

2. ʇʨʝʜʣʦʞʠʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʧʨʦʩʦʚ, ʚʳʙʦʨʫ ʜʚʠʞʢʦʚ, ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʣʶʯʝʡ ʧʘʨʪʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʦʨʪʠʨʦʚʢʠ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʥʘ JOIN-ʦʧʝʨʘʮʠʠ. 

ʄʝʪʦʜ ʧʘʨʪʠʮʠʦʥʠʨʦʚʘʥʠʷ ï ʵʪʦ ʤʝʪʦʜ ʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʙʠʝʥʠʷ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ ʥʘ 

ʩʝʛʤʝʥʪʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʭʨʘʥʠʪʩʷ ʦʪʜʝʣʴʥʦ ʥʘ ʜʠʩʢʝ. ɺ ClickHouse ʧʘʨʪʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ PARTITION BY, ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝ, 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʧʘʨʪʠʮʠʶ ʜʣʷ ʢʘʞʜʦʡ ʩʪʨʦʢʠ. ʏʘʱʝ ʚʩʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʘ 

ʧʘʨʪʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʳʙʠʨʘʶʪʩʷ ʧʦʣʷ, ʧʦ ʢʦʪʦʨʳʤ ʯʘʩʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʠʩʢ, ʬʠʣʴʪʨʘʮʠʷ 

ʠʣʠ ʘʛʨʝʛʘʮʠʷ, ʘ ʪʘʢʞʝ ʪʝ, ʢʦʪʦʨʳʝ ʣʦʛʠʯʥʦ ʛʨʫʧʧʠʨʫʶʪʩʷ ʧʦ ʙʠʟʥʝʩ-ʩʤʳʩʣʫ (ʥʘʧʨʠʤʝʨ, 

ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʨʝʛʠʦʥʳ, ʢʘʪʝʛʦʨʠʠ). 

ʂʣʶʯ ʧʘʨʪʠʮʠʦʥʠʨʦʚʘʥʠʷ (PARTITION BY) ï ʵʪʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ ʦʪ 

ʘʪʨʠʙʫʪʦʚ ʩʪʨʦʢʠ, ʢʦʪʦʨʘʷ ʩʝʛʤʝʥʪʠʨʫʝʪ ʪʘʙʣʠʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ 

ʧʦʜʤʥʦʞʝʩʪʚʘ (ʧʘʨʪʠʮʠʠ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠ ̫ʢʣʶʯʘ ʧʘʨʪʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʢʣʶʯʘ ʚ ClickHouse ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ 

ORDER BY. ORDER BYï ʵʪʦ ʜʝʢʣʘʨʘʪʠʚʥʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʨʷʜʢʘ ʭʨʘʥʝʥʠʷ 

ʩʪʨʦʢ, ʦʧʨʝʜʝʣʷʶʱʘʷ: ʧʝʨʚʠʯʥʳʡ ʠʥʜʝʢʩ ʪʘʙʣʠʮʳ, ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠʡ ʧʦʨʷʜʦʢ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʘʥʥʳʭ ʥʘ ʜʠʩʢʝ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ ʩʝʤʘʥʪʠʢʫ ʜʝʜʫʧʣʠʢʘʮʠʠ ʜʣʷ ʜʚʠʞʢʦʚ 

ʩʝʤʝʡʩʪʚʘ ReplacingMergeTree. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʦʠʩʢʘ ʠ ʬʠʣʴʪʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʘʮʠʠ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʜʠʩʢʝ ʜʣʷ ʪʘʙʣʠʮʳ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʢʣʶʯ ORDER BY ʠ PARTITION 

BY. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʚ ClickHouse [4] ʠ ʪʨʝʙʫʶʪ ʚʥʠʤʘʥʠʷ. 

ʈʘʟʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʥʘ ʧʘʨʪʠʮʠʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʟʘʧʨʦʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʠʣʴʪʨʘʮʠʶ ʧʦ ʧʘʨʪʠʮʠʦʥʥʦʤʫ ʧʦʣʶ, ʧʦʩʢʦʣʴʢʫ ClickHouse ʤʦʞʝʪ 

ʠʩʢʣʶʯʠʪʴ ʠʟ ʦʙʨʘʙʦʪʢʠ ʧʘʨʪʠʮʠʠ, ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ ʟʘʧʨʦʩʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʘʨʪʠʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʣʝʛʯʘʝʪ ʫʜʘʣʝʥʠʝ ʠʣʠ ʘʨʭʠʚʠʨʦʚʘʥʠʝ ʩʪʘʨʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʜʣʷ ʚʠʪʨʠʥ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʘʥʘʣʠʪʠʢʠ ʧʦ ʚʨʝʤʝʥʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʳʨʘʞʝʥʠʷ ʚʠʜʘ: 

PARTITION BY toYYYYMM (dt) 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʫʜʘʣʷʪʴ ʠʣʠ ʘʨʭʠʚʠʨʦʚʘʪʴ ʩʪʘʨʳʝ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ ʫʩʢʦʨʷʪʴ 

ʟʘʧʨʦʩʳ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʠʣʴʪʨʳ ʧʦ ʧʘʨʪʠʮʠʦʥʥʦʤʫ ʧʦʣʶ, ʧʦʩʢʦʣʴʢʫ ClickHouse ʥʝ 

ʙʫʜʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʥʝʘʢʪʫʘʣʴʥʳʝ ʧʘʨʪʠʮʠʠ. 

ʇʨʠʤʝʨ ʫʜʘʣʝʥʠʷ ʧʘʨʪʠʮʠʠ: 

ALTER TABLE t DROP PARTITION '202301' 
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ʇʦʣʷ, ʫʢʘʟʘʥʥʳʝ ʚ ʚʳʨʘʞʝʥʠʠ ORDER BY, ʦʧʨʝʜʝʣʷʶʪ ʧʦʨʷʜʦʢ ʭʨʘʥʝʥʠʷ ʩʪʨʦʢ ʥʘ ʜʠʩʢʝ 

ʠ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ, ʦʩʦʙʝʥʥʦ ʘʛʨʝʛʘʮʠʡ ʠ 

ʬʠʣʴʪʨʘʮʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʣʷʮʠʦʥʥʳʭ ʉʋɹɼ, ʛʜʝ ʠʥʜʝʢʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʚ ClickHouse ʩʦʨʪʠʨʦʚʢʘ ʜʘʥʥʳʭ ʧʦ ORDER BY ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʬʠʟʠʯʝʩʢʫʶ ʢʦʤʧʘʢʪʥʦʩʪʴ ʠ ʣʦʢʘʣʴʥʦʩʪʴ ʭʨʘʥʝʥʠʷ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ 

ʧʦʠʩʢʘ ʠ ʘʛʨʝʛʘʮʠʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʨʘʩʧʦʣʘʛʘʪʴ ʧʦʣʷ ʚ ORDER BY ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʠʭ ʢʘʨʜʠʥʘʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʫʥʠʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʣʷ, ï ʦʪ ʥʘʠʤʝʥʝʝ ʫʥʠʢʘʣʴʥʳʭ (ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʟʥʘʯʝʥʠʡ) ʢ ʥʘʠʙʦʣʝʝ ʫʥʠʢʘʣʴʥʳʤ (ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʚʪʦʨʦʚ). ʊʘʢʦʡ ʧʦʨʷʜʦʢ ʤʠʥʠʤʠʟʠʨʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʝʡ ʚ ʪʘʙʣʠʮʝ, ʫʩʢʦʨʷʝʪ 

ʩʣʠʷʥʠʷ ʠ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʞʘʪʠʷ ʜʘʥʥʳʭ. 

ɽʩʣʠ ʥʝ ʧʨʠʜʘʚʘʪʴ ʟʥʘʯʝʥʠʷ ʢʣʶʯʫ ʩʦʨʪʠʨʦʚʢʠ ʠ ʢʣʶʯʫ ʧʘʨʪʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʪʴ 

ʪʘʙʣʠʮʫ ʩʦ ʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ: 

CREATE TABLE products_mart( 

dt Date, 

product_id UInt32, 

user_id UInt64, 

  revenue Float64 

) ENGINE = MergeTree() 

ʤʳ ʩʪʦʣʢʥʝʤʩʷ ʩ ʩʠʪʫʘʮʠʝʡ, ʯʪʦ ʧʨʠ ʧʦʠʩʢʝ ʚ ʪʘʙʣʠʮʝ ʧʦ ʧʦʣʶ dt, product_id, user_id 

ClickHouse ʙʫʜʝʪ ʚʳʥʫʞʝʥ ʩʢʘʥʠʨʦʚʘʪʴ ʪʘʙʣʠʮʫ ʧʦʣʥʦʩʪʴʶ, ʘ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʳʛʨʫʞʘʪʴ 

ʪʘʙʣʠʮʫ ʚ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ ʧʦʣʥʦʩʪʴʶ. 

ɽʩʣʠ ʞʝ ʚʳʙʨʘʪʴ ʢʣʶʯ ʩʦʨʪʠʨʦʚʢʠ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʢʘʨʜʠʥʘʣʴʥʦʩʪʠ ʧʦʣʝʡ: dt ï 

ʩʘʤʦʝ ʥʝʫʥʠʢʘʣʴʥʦʝ ʧʦʣʝ, ʜʣʷ ʜʘʪʳ ʨʘʩʯʝʪʘ ʦʥʦ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʳʤ, product_id ï ʫʥʠʢʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʪʦʯʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʦ ʤʝʥʴʰʝ, ʚʦʟʤʦʞʥʳʭ ʜʘʪ. ʇʦʵʪʦʤʫ ʚʳʙʝʨʝʤ 

ʢʣʶʯ ʩʦʨʪʠʨʦʚʢʠ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: dt, product_id, user_id. ʂʣʶʯ ʧʘʨʪʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʚʳʙʝʨʝʤ dt ʜʣʷ ʧʨʦʩʪʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʪʠʮʠʝʡ. 

CREATE TABLE products_mart( 

dt Date, 

product_id UInt32,  

user_id UInt64, 

  revenue Float64 

) ENGINE = MergeTree() 

PARTITION BY toYYYYMM(dt)  

ORDER BY (dt, product_id, user_id) 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʘʢʪʥʦʝ ʭʨʘʥʝʥʠʝ ʠ ʙʳʩʪʨʫʶ ʦʙʨʘʙʦʪʢʫ ʟʘʧʨʦʩʦʚ, ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʬʠʣʴʪʨʘʮʠʶ ʠ ʘʛʨʝʛʘʮʠʶ ʧʦ ʜʘʪʝ ʠ ʧʨʦʜʫʢʪʫ. 

ʄʝʪʦʜ ʚʳʙʦʨʘ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʜʚʠʞʢʘ) ʭʨʘʥʠʣʠʱʘ ʉʋɹɼ ClickHouse. 

ClickHouse ʩʦʜʝʨʞʠʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʘʙʣʠʯʥʳʭ ʜʚʠʞʢʦʚ. ɼʚʠʞʦʢ ʪʘʙʣʠʮʳ ï ʵʪʦ ʦʜʥʘ ʠʟ 
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ʢʣʶʯʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʉʋɹɼ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʤʝʭʘʥʠʟʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ɼʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʩʥʦʚʥʳʤ ʷʚʣʷʝʪʩʷ ʩʝʤʝʡʩʪʚʦ ʜʚʠʞʢʦʚ MergeTree, ʨʘʟʨʘʙʦʪʘʥʥʦʝ 

ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʭ ʧʦ ʧʝʨʚʠʯʥʦʤʫ ʢʣʶʯʫ. ʕʪʠ ʜʚʠʞʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ, ʧʦʜʜʝʨʞʠʚʘʷ 

ʙʳʩʪʨʫʶ ʚʩʪʘʚʢʫ ʜʘʥʥʳʭ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʫʶ ʬʦʥʦʚʫʶ ʦʙʨʘʙʦʪʢʫ (ʩʣʠʷʥʠʝ ʢʫʩʢʦʚ ʜʘʥʥʳʭ).  

ɼʚʠʞʦʢ MergeTree ʨʝʘʣʠʟʫʶʪ ʢʦʥʮʝʧʮʠʶ LSM-ʜʝʨʝʚʘ (Log-StructuredMerge-Tree) [6]: 

ʪʘʙʣʠʮʳ ʜʝʣʷʪʩʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ, ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠ, ʢʦʪʦʨʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʬʦʥʦʚʳʤ ʧʨʦʮʝʩʩʦʤ. ʆʪʜʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ MergeTree ʦʪʣʠʯʘʶʪʩʷ ʩʧʦʩʦʙʦʤ 

ʩʣʠʷʥʠʷ ʩʪʨʦʢ ʚʦ ʚʨʝʤʷ ʦʙʲʝʜʠʥʝʥʠʷ ʯʘʩʪʝʡ. ʅʘʧʨʠʤʝʨ, ʩʪʨʦʢʠ ʤʦʛʫʪ ʙʳʪʴ ʘʛʨʝʛʠʨʦʚʘʥʳ ʚ 

ʘʛʨʝʛʘʪʳ (SummingMergeTree, AggregatingMergeTree) ʠʣʠ ʟʘʤʝʥʝʥʳ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʥʦʚʳʭ 

ʚʝʨʩʠʡ (ReplacingMergeTree),  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʣʦʞʥʳʭ ʘʛʨʝʛʘʪʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʪʘʙʣʠʮʳ ʩ 

ʧʨʝʜʨʘʩʩʯʠʪʘʥʥʳʤʠ ʠ/ʠʣʠ ʧʨʝʜʘʛʨʝʛʠʨʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ. ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʟʘʛʨʫʟʢʠ ʠʣʠ 

ʨʘʩʯʝʪʘ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʯʘʩʪʴ ʜʘʥʥʳʭ ʥʝ ʫʩʧʝʚʘʝʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʥʦʡ 

(ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʚ ʧʦʩʪʫʧʣʝʥʠʠ ʜʘʥʥʳʭ). ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʡ ʜʚʠʞʦʢ MergeTree, ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʟʘʤʝʥʳ ʠʣʠ ʫʜʘʣʝʥʠʷ ʩʪʘʨʳʭ ʩʪʨʦʢ. 

ɽʩʣʠ ʞʝ ʟʘʜʘʯʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʠʣʠ ʠʩʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʜʝʜʫʧʣʠʢʘʮʠʶ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʠʞʦʢ ReplacingMergeTree. ʕʪʦʪ ʚʘʨʠʘʥʪ 

MergeTree ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʩʮʝʥʘʨʠʝʚ, ʚ ʢʦʪʦʨʳʭ ʩʪʨʦʢʠ ʤʦʛʫʪ ʦʙʥʦʚʣʷʪʴʩʷ ʠʣʠ 

ʟʘʤʝʥʷʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʧʝʨʚʠʯʥʦʛʦ ʢʣʶʯʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ MergeTree, ʢʦʪʦʨʳʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʙʳʩʪʨʫʶ ʚʩʪʘʚʢʫ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʧʨʦʩʳ, 

ReplacingMergeTree ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʤʝʥʷʪʴ ʩʪʘʨʳʝ ʩʪʨʦʢʠ ʥʦʚʳʤʠ ʧʨʠ ʩʣʠʷʥʠʠ 

ʯʘʩʪʝʡ. ʕʪʦ ʧʦʭʦʞʝ ʥʘ ʦʧʝʨʘʮʠʶ UPSERT, ʧʨʠʚʳʯʥʫʶ ʚ ʨʝʣʷʮʠʦʥʥʳʭ ʉʋɹɼ, ʭʦʪʷ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʥʠʭ ʟʘʤʝʥʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʤʛʥʦʚʝʥʥʦ ï ʦʥʘ ʚʳʧʦʣʥʷʝʪʩʷ ʬʦʥʦʚʳʤ ʧʨʦʮʝʩʩʦʤ ʩʣʠʷʥʠʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ReplacingMergeTree: 1) ɼʝʜʫʧʣʠʢʘʮʠʷ: ʝʩʣʠ ʧʦʩʪʫʧʘʶʪ 

ʥʦʚʳʝ ʚʝʨʩʠʠ ʩʪʨʦʢ ʩ ʪʝʤ ʞʝ ʧʝʨʚʠʯʥʳʤ ʢʣʶʯʦʤ, ʩʪʘʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʤʝʥʷʶʪʩʷ; 

2) ɻʠʙʢʦʩʪʴ: ʧʦʟʚʦʣʷʝʪ ʦʙʥʦʚʣʷʪʴ ʠʣʠ ʠʩʧʨʘʚʣʷʪʴ ʜʘʥʥʳʝ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʫʯʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʚʝʨʩʠʷʤʠ; 3) ʇʨʦʩʪʦʪʘ: ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʳʭ ʟʘʧʨʦʩʦʚ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʣʠ 

ʦʙʥʦʚʣʝʥʠʷ ʩʪʨʦʢ, ʚʩʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʣʠʷʥʠʠ ʯʘʩʪʝʡ. 

ʄʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʛʨʫʧʧʠʨʦʚʢʠ ï ʵʪʦ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʘʛʨʝʛʘʮʠʠ 

ʜʘʥʥʳʭ ʚ ClickHouse. ʛʨʫʧʧʠʨʦʚʢʘ ʜʘʥʥʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ SQL-ʦʧʝʨʘʪʦʨʘ GROUP 

BY. ʇʨʠ ʵʪʦʤ ʫʢʘʟʳʚʘʝʪʩʷ ʢʣʶʯʝʚʦʝ ʚʳʨʘʞʝʥʠʝ (ʢʣʶʯ ʛʨʫʧʧʠʨʦʚʢʠ) ï ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʟʥʘʯʝʥʠʡ, ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʫʪ ʛʨʫʧʧʠʨʦʚʘʪʴʩʷ ʜʘʥʥʳʝ. ɻʨʫʧʧʠʨʦʚʢʠ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ, ʭʨʘʥʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʭʝʰ-ʪʘʙʣʠʮʝ ʧʦ ʢʣʶʯʫ ʛʨʫʧʧʠʨʦʚʢʠ, ʘ ʜʘʣʝʝ 

ʦʧʮʠʦʥʘʣʴʥʦ ʧʨʠʤʝʥʷʪʴ ʘʛʨʝʛʘʪʥʫʶ ʬʫʥʢʮʠʶ ʠʣʠ ʬʫʥʢʮʠʠ ʢ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʤ ʜʘʥʥʳʤ. 

ʆʜʥʘʢʦ ʥʝʧʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʙʳʪʦʯʥʦʤʫ ʨʘʩʭʦʜʫ ʧʘʤʷʪʠ, ʜʦʣʛʦʤʫ 

ʚʳʧʦʣʥʝʥʠʶ ʟʘʧʨʦʩʦʚ ʠ ʜʘʞʝ ʢ ʦʰʠʙʢʘʤ ʪʠʧʘ çMemory limit exceededè.  

ʀʩʭʦʜʷ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ClickHouse, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ GROUP BY 
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1. ʀʟʙʝʛʘʥʠʝ ʛʨʫʧʧʠʨʦʚʢʠ ʧʦ ʧʦʣʷʤ ʩ ʚʳʩʦʢʦʡ ʢʘʨʜʠʥʘʣʴʥʦʩʪʴʶ (ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʫʥʠʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ). ɻʨʫʧʧʠʨʦʚʢʘ ʧʦ ʧʦʣʷʤ ʩ ʚʳʩʦʢʦʡ ʢʘʨʜʠʥʘʣʴʥʦʩʪʴʶ 

(ʥʘʧʨʠʤʝʨ, ʫʥʠʢʘʣʴʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤ, ʙʦʣʴʰʠʤ ʪʝʢʩʪʦʚʳʤ ʧʦʣʷʤ) ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʨʫʧʧ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʧʘʤʷʪʴ ʠ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʜʝʛʨʘʜʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʛʨʫʧʧʠʨʦʚʘʪʴ ʧʦ ʧʦʣʷʤ 

ʩ ʥʠʟʢʦʡ ʠʣʠ ʩʨʝʜʥʝʡ ʢʘʨʜʠʥʘʣʴʥʦʩʪʴʶ, ʪʘʢʠʤ ʢʘʢ ʜʘʪʳ, ʨʝʛʠʦʥʳ, ʢʘʪʝʛʦʨʠʠ, ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ 

ʧʨʦʜʫʢʪʦʚ ʠ ʪ. ʧ. 

2. ʉʦʛʣʘʩʦʚʘʥʠʝ ʛʨʫʧʧʠʨʦʚʢʠ ʩ ʢʣʶʯʘʤʠ ʩʦʨʪʠʨʦʚʢʠ (ORDER BY). ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʭʝʤʳ ʭʨʘʥʝʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ ʧʦʣʷ ʛʨʫʧʧʠʨʦʚʢʠ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ 

ʩʦʚʧʘʜʘʣʠ ʩ ʧʝʨʚʳʤʠ ʧʦʣʷʤʠ ʢʣʶʯʘ ʩʦʨʪʠʨʦʚʢʠ (ORDER BY). ɺ ClickHouse ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠ ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʝ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʚʳʧʦʣʥʝʥʠʝ 

ʦʧʝʨʘʮʠʡ ʘʛʨʝʛʘʮʠʠ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʧʦʪʨʝʙʣʝʥʠʝ ʧʘʤʷʪʠ. 

3. ʀʟʙʝʛʘʥʠʝ ʛʨʫʧʧʠʨʦʚʢʠ ʧʦ ʧʦʣʷʤ, ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ. ɺʢʣʶʯʝʥʠʝ ʚ ʦʧʝʨʘʪʦʨ 

GROUP BY ʧʦʣʝʡ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ (ʥʘʧʨʠʤʝʨ, ʜʣʠʥʥʳʝ ʩʪʨʦʢʠ, ʤʘʩʩʠʚʳ, ʚʣʦʞʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ) ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ 

ʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʤʝʜʣʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʟʘʧʨʦʩʦʚ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʘʥʘʣʠʪʠʢʠ ʧʦʣʷ ʠ ʠʟʙʝʛʘʪʴ ʚʢʣʶʯʝʥʠʷ ʪʷʞʝʣʦʚʝʩʥʳʭ ʘʪʨʠʙʫʪʦʚ ʚ 

ʛʨʫʧʧʠʨʦʚʢʫ. 

4. ʌʠʣʴʪʨʘʮʠʷ ʜʘʥʥʳʭ ʜʦ ʵʪʘʧʘ ʛʨʫʧʧʠʨʦʚʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʬʠʣʴʪʨʘʮʠʠ (WHERE) ʜʦ 

ʦʧʝʨʘʪʦʨʘ GROUP BY ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʩʪʨʦʢ, ʪʝʤ ʩʘʤʳʤ 

ʫʤʝʥʴʰʘʷ ʨʘʟʤʝʨ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʘʥʥʳʭ ʠ ʫʩʢʦʨʷʷ ʚʳʧʦʣʥʝʥʠʝ ʘʛʨʝʛʘʪʥʳʭ ʟʘʧʨʦʩʦʚ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ, ʛʜʝ ʜʘʞʝ ʯʘʩʪʠʯʥʘʷ ʬʠʣʴʪʨʘʮʠʷ 

ʩʧʦʩʦʙʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʨʝʩʫʨʩʳ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ ʚ ʉʋɹɼ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʝʨʘʮʠʷ JOIN. JOIN ʵʪʦ 

ʦʧʝʨʘʮʠʷ ʩʚʷʟʳʚʘʥʠʷ ʜʘʥʥʳʭ ʠʟ ʜʚʫʭ ʪʘʙʣʠʮ ʧʦ ʦʙʱʝʤʫ ʧʦʣʶ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʩʪʨʦʢʠ ʧʦ ʟʘʜʘʥʥʦʤʫ ʧʨʝʜʠʢʘʪʫ ʩʦʝʜʠʥʝʥʠʷ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʜʣʷ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʢʦʣʦʥʦʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʯʝʨʝʟ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʩʪʨʫʢʪʫʨʳ 

ʜʘʥʥʳʭ. ɺ ʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʣʦʥʦʯʥʦʡ ʉʋɹɼ ClickHouse, ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʢʦʣʦʥʢʝ ʦʥʘ 

ʧʦʣʥʦʩʪʴʶ ʚʳʛʨʫʞʘʝʪʩʷ ʚ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ ʤʘʰʠʥʳ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʷʪ ʚʳʯʠʩʣʝʥʠʷ. 

ʀʟ-ʟʘ ʵʪʦʛʦ ʧʨʠ JOIN-ʝ ʙʦʣʴʰʠʭ ʪʘʙʣʠʮ ʤʳ ʤʦʞʝʤ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʥʝʭʚʘʪʢʦʡ ʧʘʤʷʪʠ. ɺ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʠʪʨʠʥʘʭ ʠ ʘʛʨʝʛʘʪʘʭ JOIN-ʳ ʯʘʩʪʦ ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʜʨʫʛʠʝ ʧʦʜʭʦʜʳ, ʪʘʢʠʝ ʢʘʢ 

pre-aggregation (ʧʨʝʜʘʛʨʝʛʘʮʠʷ) ʠ ʜʝʥʦʨʤʘʣʠʟʘʮʠʷ. ʇʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ JOIN-ʦʧʝʨʘʮʠʡ [3].  

ʄʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʤʠʥʠʤʠʟʘʮʠʷ JOIN-ʦʧʝʨʘʮʠʡ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. JOIN ʥʝʦʙʭʦʜʠʤ, ʝʩʣʠ: 1) ɼʘʥʥʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʪʨʝʙʫʶʪ ʦʙʲʝʜʠʥʝʥʠʷ çʥʘ 

ʣʝʪʫè (ʥʘʧʨʠʤʝʨ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʠʭ ʧʨʦʬʠʣʝʡ, ʢʦʛʜʘ ʧʨʦʬʠʣʴ ʨʝʜʢʦ 

ʤʝʥʷʝʪʩʷ); 2) ʇʨʝʜʘʛʨʝʛʘʮʠʷ ʥʝʚʦʟʤʦʞʥʘ ʠʣʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ ʠʟ-ʟʘ ʜʠʥʘʤʠʯʥʦʩʪʠ ʠʣʠ ʦʙʲʸʤʘ 

ʜʘʥʥʳʭ. 

JOIN ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʝʩʣʠ: 1) ɼʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʘʛʨʝʛʠʨʦʚʘʥʳ ʠ 

ʩʦʭʨʘʥʝʥʳ ʚʤʝʩʪʝ (pre-aggregation): ʚʤʝʩʪʦ JOIN-ʘ ʩʦʭʨʘʥʷʶʪʩʷ ʠʪʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ ʦʜʥʦʡ 
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ʪʘʙʣʠʮʝ; 2) ʄʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʝʥʦʨʤʘʣʠʟʘʮʠʶ: ʚʢʣʶʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʦʣʷ ʠʟ ʩʧʨʘʚʦʯʥʳʭ 

ʪʘʙʣʠʮ ʚ ʩʪʨʫʢʪʫʨʫ ʦʩʥʦʚʥʦʡ ʪʘʙʣʠʮʳ. ʕʪʦ ʫʩʢʦʨʷʝʪ ʟʘʧʨʦʩʳ, ʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʸʤ ʭʨʘʥʠʤʳʭ 

ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʚʤʝʩʪʦ JOIN'ʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʟʘʢʘʟʦʚ ʧʦ user_id ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʚʠʪʨʠʥʳ ʤʦʞʥʦ ʭʨʘʥʠʪʴ ʚ ʪʘʙʣʠʮʝ ʟʘʢʘʟʦʚ ʫʞʝ ʚʩʶ ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ (ʠʤʷ, 

ʛʦʨʦʜ ʠ ʪ. ʜ.), ʝʩʣʠ ʵʪʠ ʜʘʥʥʳʝ ʤʝʥʷʶʪʩʷ ʨʝʜʢʦ.  

JOIN-ʦʧʝʨʘʮʠʶ ʤʦʞʝʪ ʫʩʢʦʨʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʜʘʥʥʳʭ, ʪ. ʢ. ʙʫʜʝʪ 

ʩʦʢʨʘʱʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʠʩʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦʠʩʢ. ʊʘʢʞʝ ʤʦʞʥʦ 

ʫʯʝʩʪʴ ʚ ʧʝʨʚʠʯʥʦʤ ʢʣʶʯʝ ʧʦʣʷ, ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ JOIN, ʯʪʦ ʫʩʢʦʨʠʪ ʧʦʠʩʢ, ʥʦ 

ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʧʘʤʷʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʟʘʧʨʦʩʘ ʘʛʨʝʛʘʪ ʧʦ ʧʦʜʩʯʝʪʫ ʚʩʝʭ ʧʦʩʪʦʚ ʩʦʦʙʱʝʩʪʚ ʠ ʩʦʨʪʠʨʦʚʢʝ 

ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦʩʪʦʚ ʟʘ ʚʯʝʨʘ. ʇʝʨʝʜ JOIN-ʦʧʝʨʘʮʠʝʡ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʬʫʥʢʮʠʝʡ JOIN, 

ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʜʘʪʝ (ʬʫʥʢʮʠʠ SELECT community_id é WHERE dt=yesterday()), 

ʯʝʤ ʠʟʙʝʞʘʣʠ ʧʦʣʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʘʙʣʠʮʳ, ʘ ʚʟʷʣʠ ʣʠʰʴ ʜʘʥʥʳʝ ʟʘ ʚʯʝʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʫʩʢʦʨʷʝʪʩʷ ʧʦʠʩʢ ʚ ʉʋɹɼ. 

WITH comm AS ( 

    SELECT community_id, 

           community_name, 

           community_type 

    FROM communities 

    WHERE dt=yesterday() 

), 

posts_ AS ( 

    SELECT 

        author_id 

    FROM posts 

    WHERE dt=yesterday() 

) 

SELECT 

    c.community_id AS community_id, 

    c.community_name AS community_name, 

    c.community_type AS community_type, 

    count(1) AS cnt 

FROM posts_ AS p 

    JOIN comm AS c 

    ON p.author_id=community_id 

GROUP BY community_id, community_name, community_type 

ORDER BY cnt; 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʧʨʠʤʝʨʳ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʠʪʨʠʥ ʥʘ ʦʩʥʦʚʝ ʢʦʣʦʥʦʯʥʦʡ ʉʋɹɼ ClickHouse ʠ ʤʦʛʫʪ ʧʦʣʝʟʥʳ 
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ʠʥʞʝʥʝʨʘʤ ʜʘʥʥʳʭ ʠ ʘʥʘʣʠʪʠʢʘʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʤʠʥʠʤʠʟʠʨʫʷ ʟʘʪʨʘʪʳ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʚʨʝʤʷ ʨʘʩʯʝʪʦʚ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʪʘʷʥ ɸ.ʄ., ɺʘʩʠʣʴʝʚ ʄ.ʇ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʧʨʘʢʪʠʢʠ ʫʧʨʘʚʣʝʥʠʷ 

ʜʘʥʥʳʤʠ ʚ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ // ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʜʨʦʚ ʚ ʤʘʛʠʩʪʨʘʪʫʨʝ ʜʣʷ 
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ɹʝʩʩʦʥʦʚʘ ʆ.ɸ. 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʄʠʨʦʥʦʚʘ ʃ.ʀ. 

ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ 

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʉʊʈʆʀʊɽʃʔʅʆʁ ʇʆɼɻʆʊʆɺʂʀ  

ʉʊʋɼɽʅʊʆɺ ɺʋɿʆɺ ʅɸ ɹɸɿɽ ʀɻʈʆʌʀʎʀʈʆɺɸʅʅʓʍ ʕʃɽʂʊʈʆʅʅʓʍ  

ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʍ ʈɽʉʋʈʉʆɺ  
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʤʝʥʝʝ 

çʦʮʠʬʨʦʚʘʥʥʳʭè, ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʙʫʯʝʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ 

ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʥʠʭ ʮʠʬʨʦʚʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʢʦʤʧʝʪʝʥʮʠʠ (ʎʇʂ). ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʎʇʂ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ, ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʸʤʳ, ʤʝʪʦʜʳ, 

ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ (ʪʘʢʠʝ ʢʘʢ ʠʛʨʦʬʠʮʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ï 

ʀʕʆʈ) ʠ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ ʥʘ ʙʘʟʝ UML-ʧʦʜʦʙʥʦʡ ʜʠʘʛʨʘʤʤʳ. ʎʝʣʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʎʇʂ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʙʘʟʝ ʀʕʆʈ. ʆʙʲʝʢʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ ʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʇʨʝʜʤʝʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʘ ʙʘʟʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇʂ. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʙʱʝʥʘʫʯʥʳʝ; ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ, 

ʵʤʧʠʨʠʯʝʩʢʠʝ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʦʧʠʩʘʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʕʆʈ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇʂ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʩʪʦʠʪ ʚ ʧʨʠʤʝʥʝʥʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʀʥʩʪʠʪʫʪʝ ʉʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ɸʨʭʠʪʝʢʪʫʨʳ ʋʨʘʣʴʩʢʦʛʦ ʌʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʩʪʫʜʝʥʪʦʚ ʚ ʜʨʫʛʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʘʭ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ. ʅʘʫʯʥʘʷ 

ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʛʦʪʦʚʢʠ 

ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʎʇʂ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 

ʀʕʆʈ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʎʇʂ ʚʳʧʫʩʢʥʠʢʦʚ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʵʣʝʢʪʨʦʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ, 

ʮʠʬʨʦʚʘʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ, UML-ʧʦʜʦʙʥʘʷ ʜʠʘʛʨʘʤʤʘ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʈʌè 

[19] 2017 ʛʦʜʘ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʚ ʢʦʪʦʨʦʡ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʪʫʧʘʶʪ ʜʘʥʥʳʝ ʚ 

ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʪʦʛʦ, ʯʪʦ ʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʚʭʦʜʠʪ ʚ 

ʯʠʩʣʦ ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ, ʛʜʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, 

ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʥʠʢʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʠʪʫʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʪʘʢʠʤ ʫʨʦʚʥʝʤ ʮʠʬʨʦʚʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ 

ʠʤ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʠʥʞʝʥʝʨʥʳʝ ʟʘʜʘʯʠ ʧʨʠ ʧʦʤʦʱʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
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ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ (ʜʘʣʝʝ ʎʇʂ) ʩʪʫʜʝʥʪʦʚ 

ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʦʩʪʘʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʪʘʢʠʭ, ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʚʠʨʪʫʘʣʴʥʘʷ ʠ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʠ ʜʨ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʎʇʂ ʧʦʟʚʦʣʠʪ 

ʩʪʫʜʝʥʪʘʤ ʧʨʠʦʙʨʝʩʪʠ ʟʥʘʥʠʷ ʠ ʫʤʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʦʪʨʘʩʣʝʚʳʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ, ʧʦʥʠʤʘʪʴ ʨʝʘʣʴʥʳʝ ʠ ʚʠʨʪʫʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʫʚʝʨʝʥʥʦ ʚʣʘʜʝʪʴ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠ ʦʞʠʜʘʥʠʷʤʠ 

ʨʘʙʦʪʦʜʘʪʝʣʝʡ. ɼʣʷ ʵʪʦʛʦ ʩʪʫʜʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʚʨʝʤʝʥʥʳʤʠ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʎʇʂ.  

ʆʛʨʘʥʠʯʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʨʷʜʫ ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇʂ 

ʩʜʝʨʞʠʚʘʝʪ ʧʨʦʮʝʩʩ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʩʪʫʜʝʥʪʦʚ ʚ ʚʫʟʘʭ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ (ʀ.ɺ. ɹʦʛʦʤʘʟ [4], ʆ.ɸ. ʊʘʨʘʙʨʠʥ [28], 

ʈ.ɸ. ʏʝʨʥʳʡ [30], ʀ.ɺ. ʈʦʙʝʨʪ [21], ʆ.ɺ. ʅʘʩʩ [16] ʠ ʜʨ.), ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʨʦʙʣʝʤʦʡ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ (ʜʘʣʝʝ ʕʆʈ) ʟʘ 

ʩʯʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘʢʪʠʚʠʟʘʮʠʠ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʙʫʯʘʝʤʳʭ, ʧʦʚʳʰʝʥʠʷ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʤʦʪʠʚʘʮʠʠ. ɽʱʝ ʦʜʥʠʤ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʠʥʪʝʨʝʩʘ ʩʪʫʜʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʛʨʦʬʠʢʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʠʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʤʘʨʢʝʪʠʥʛʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ (ʉ.ɼ. ʉʫʚʦʨʦʚʘ [26], ɸ.ɺ. ʈʝʙʨʦʚ [20] ʠ ʜʨ.). 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ. ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʳ (ʆ.ɺ. ɿʠʤʠʥʘ [9], 

ɽ.ɸ. ʀʣʴʯʫʢ [11], ʀ.ɺ. ʈʦʙʝʨʪ [22], ɸ.ɸ. ʂʫʟʥʝʮʦʚ [13] ʠ ʜʨ.) ʦʪʤʝʯʘʶʪ, ʯʪʦ ʕʆʈ ʩʧʦʩʦʙʥʳ 

ʣʫʯʰʝ ʚʦʚʣʝʢʘʪʴ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʫʯʝʙʥʠʢʘʤʠ 

ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʚ ʥʠʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʦʨʘ ʤʝʩʪʘ ʠ ʚʨʝʤʝʥʠ 

ʟʘʥʷʪʠʷ. ʕʪʠ ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʟʨʘʙʦʪʢʠ ʕʆʈ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʫʝʤʳʝ 

ʚ ʥʠʭ ʧʨʠʥʮʠʧʳ (ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ, ʧʦʣʥʦʪʳ ʠ ʩʠʩʪʝʤʥʦʩʪʠ, ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ, 

ʥʘʛʣʷʜʥʦʩʪʠ, ʚʝʪʚʣʝʥʠʷ, ʦʪʢʨʳʪʦʩʪʠ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ), ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʨʘʟʚʠʪʠʶ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ, ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ.  ɺ ʨʷʜʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʕʆʈ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʣʘʪʬʦʨʤʘ LMS Moodle (ʘʥʛʣ. Learning Management System Modular Object Oriented Dynamic 

Learning Environment, ʨʫʩ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʝʤ ʄʦʜʫʣʴʥʘʷ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʨʝʜʘ ʦʙʫʯʝʥʠʷ). 

ʆʪʜʝʣʴʥʘʷ ʛʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʨʝʘʣʠʟʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʕʆʈ 

ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ (ʀ.ɼ. ɻʨʘʙ [7], ʃ.ɸ. ɻʦʣʜʦʙʠʥʘ [6] ʠ ʜʨ.). ɺ ʨʘʙʦʪʘʭ ʘʚʪʦʨʦʚ 

ʖ.ɺ. ʂʦʨʥʠʣʦʚʘ [12], ʆ.ɺ. ʇʝʣʠʭ [18], ʅ.ɸ. ɸʩʪʘʰʦʚʦʡ [2] ʚʳʷʚʣʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʠʛʨʦʬʠʢʘʮʠʠ, ʦʪʤʝʯʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʠʛʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʤʦʪʠʚʘʮʠʠ 

ʦʙʫʯʘʶʱʠʭʩʷ, ʨʘʟʨʘʙʦʪʘʥʳ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʠ ʫʩʣʦʚʠʷ ʥʘʛʨʘʞʜʝʥʠʷ ʣʠʙʦ ʧʦʦʱʨʝʥʠʷ ʟʘ 

ʨʘʟʥʳʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ.  
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ʆʜʥʘʢʦ ʠʟʫʯʝʥʠʝ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʥʝʜʨʝʥʠʝʤ ʕʆʈ ʚ ʧʨʦʮʝʩʩ 

ʠʥʞʝʥʝʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʩʚʷʱʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʤʝʥʝʥʠʷ ʠʛʨʦʬʠʮʠʨʦʚʘʥʥʳʭ ʕʆʈ (ʜʘʣʝʝ ʀʕʆʈ) ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʘ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʠʛʨʦʬʠʢʘʮʠʠ ʚ ʚʫʟʦʚʩʢʦʤ ʦʙʫʯʝʥʠʠ ʥʦʩʠʪ 

ʥʝʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʠ ʥʝʦʙʷʟʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɸʥʘʣʠʟ ʧʦʣʦʞʝʥʠʡ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʌɻʆʉ ɺʆ) ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʉʪʨʦʠʪʝʣʴʩʪʚʦè, ʘ ʪʘʢʞʝ ʥʦʨʤʘʪʠʚʥʦʡ 

ʙʘʟʳ ʩʪʨʦʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ Building Information 

Modelling (BIM-ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ) ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʧʨʦʪʠʚʦʨʝʯʠʝ, ʢʦʪʦʨʦʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʎʇʂ, 

ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʎʇʂ.  

ɺʳʷʚʣʝʥʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩʪʘʣʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʙʣʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʢʘʢ ʜʦʣʞʥʘ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʡ 

ʧʦʟʚʦʣʠʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʘ ʙʘʟʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʎʇʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʕʆʈ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʚʫʟʘ? 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʘʧʨʦʙʘʮʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ ʥʘ ʙʘʟʝ ʀʕʆʈ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. 

ʉʫʪʴ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ 

ʠ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ (ʀʕʆʈ, ʫʯʝʙʥʳʝ ʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʩʦʙʠʷ, ʪʝʭʥʦʣʦʛʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ BIM, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠʛʨʦʬʠʢʘʮʠʠ ʠ ʜʨ.), 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʬʦʨʤ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʠʝʤʦʚ ʦʙʫʯʝʥʠʷ (ʩʝʤʠʥʘʨʳ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ, 

ʦʙʤʝʥʥʳʝ ʠ ʧʦʠʩʢʦʚʳʝ ʠʛʨʦʚʳʝ ʟʘʜʘʥʠʷ), ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʘʥʘʣʠʟʘ, ʢʦʥʪʨʦʣʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ (ʪʝʩʪʳ, ʫʯʝʙʥʳʝ ʟʘʜʘʥʠʷ, UML-ʧʦʜʦʙʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʦʚ) ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇʂ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʚʫʟʦʚ.  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ ʢ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ ʥʘ ʙʘʟʝ ʧʨʠʤʝʥʝʥʠʷ ʠʛʨʦʬʠʮʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ.  

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʧʦʥʷʪʠʷ: 

ï ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ ï ʢʦʤʧʣʝʢʩ 

ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʧʨʦʮʝʩʩʝ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʪʝʭʥʦʣʦʛʠʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 
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ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʡ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʰʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʟʘʜʘʯʠ, ʫʧʨʘʚʣʷʪʴ ʠ ʩʦʧʨʦʚʦʞʜʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʨʘʙʦʪʘʪʴ ʚ ʢʦʤʘʥʜʝ, ʘ ʪʘʢʞʝ 

ʩʦʙʣʶʜʘʪʴ ʩʪʘʥʜʘʨʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʭʨʘʥʳ ʪʨʫʜʘ;  

ï ʮʠʬʨʦʚʘʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ (ʎʇʂ) ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʚʫʟʦʚ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʙʦʪʳ ʚ 

ʮʠʬʨʦʚʦʡ ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʡ ʩʨʝʜʝ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʫʤʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ 

ʨʝʰʝʥʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ (ʤʦʙʠʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʝʭʥʦʣʦʛʠʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʶ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʥʝʡʨʦʩʝʪʠ ʠ ʜʨ.) ʥʘ ʙʘʟʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʩʢʘʪʴ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʢʨʠʪʠʯʝʩʢʠ 

ʦʮʝʥʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʚ ʦʪʢʨʳʪʳʡ ʬʦʨʤʘʪ ʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ  ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ;  

ï ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʦʮʝʩʩ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ, ʚ 

ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠʸʤʦʚ, ʤʝʪʦʜʦʚ, ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʬʦʨʤ ʠ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ ʥʘ ʙʘʟʝ ʜʠʘʛʨʘʤʤʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʦʚ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠ ʠʛʨʦʚʳʭ 

ʧʨʠʥʮʠʧʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʵʪʘʧʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʎʇʂ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʝʸ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ. 

ɻʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʝʩʣʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʚʫʟʘ ʙʫʜʝʪ 

ʧʨʠʤʝʥʝʥʘ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ 

ʧʦʜʛʦʪʦʚʢʠ, ʨʝʘʣʠʟʫʶʱʘʷ ʤʝʪʦʜʠʯʝʩʢʦʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʚʠʜʝ ʀʕʆʈ, 

ʫʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ UML-ʧʦʜʦʙʥʦʡ 

ʜʠʘʛʨʘʤʤʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʘʥʛʣ. Unified Modeling Language, ʨʫʩ. ʋʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʷʟʳʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ) ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥ ʫʨʦʚʥʝʚʳʡ ʧʦʜʭʦʜ ʜʣʷ ʦʮʝʥʢʠ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʎʇʂ ʩʪʫʜʝʥʪʦʚ, ʪʦ ʵʪʦ ʦʙʝʩʧʝʯʠʪ ʜʦʩʪʠʞʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʦʤ ʩʪʫʜʝʥʪʦʚ 

ʙʘʟʦʚʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʝʡ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʎʇʂ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʪʨʫʜʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʚʫʟʘ ʩ 

ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʙʘʟʝ 

ʀʕʆʈ. 

2. ʂʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʎʇʂ ʚʳʧʫʩʢʥʠʢʦʚ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, ʬʦʨʤʠʨʫʝʤʫʶ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʕʆʈ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʧʝʜʘʛʦʛʠʯʝʩʢʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ, 

ʫʧʨʘʚʣʷʝʤʫʶ ʥʘ ʦʩʥʦʚʝ UML-ʧʦʜʦʙʥʦʡ ʜʠʘʛʨʘʤʤʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʘ, 

ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ʩʪʨʫʢʪʫʨʥʦ-ʩʦʜʝʨʞʘʪʝʣʴʥʘʷ ʤʦʜʝʣʴ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʎʇʂ ʥʘ ʙʘʟʝ ʧʨʠʤʝʥʝʥʠʷ ʀʕʆʈ.  
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4. ɺ ʨʘʤʢʘʭ ʦʧʳʪʥʦ-ʧʦʠʩʢʦʚʦʡ ʨʘʙʦʪʳ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʎʇʂ 

ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʀʕʆʈ ʠ ʜʦʢʘʟʘʪʴ ʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʴ ʛʠʧʦʪʝʟʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ. ʊʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʪʨʫʜʳ ʚ ʦʙʣʘʩʪʠ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʝʪʦʜʦʣʦʛʠʠ ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ: 

ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ (Burmich A., Mashkin O., Stepanova N [31], ɺ.ʅ. ʉʘʜʦʚʩʢʠʡ [23] ʠ ʜʨ.); 

ʪʝʦʨʠʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ (ʕ.ʌ. ɿʝʝʨ [8], ʀ.ɸ. ɿʠʤʥʷʷ [10] ʠ ʜʨ.); ʪʝʦʨʠʠ 

ʜʝʷʪʝʣʴʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ (ʃ.ʉ. ɺʳʛʦʪʩʢʠʡ, ɸ.ʅ. ʃʝʦʥʪʴʝʚ [14], ʅ.ʌ. ʊʘʣʳʟʠʥʘ [27] ʠ ʜʨ.); 

ʪʝʦʨʠʠ ʣʠʯʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ (ʄ.ʗ. ɺʠʣʝʥʩʢʠʡ, ɺ.ɸ. ʉʣʘʩʪʝʥʠʥ [5] ʠ ʜʨ.); ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʠʢʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ɸ.ʉ. ɹʝʣʢʠʥ [3] ʠ ʜʨ.); ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ (ʃ.ʀ. ʄʠʨʦʥʦʚʘ [15], ʀ.ɺ. ʈʦʙʝʨʪ [21; 22] ʠ ʜʨ.); ʪʝʦʨʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ (ʀ.ɺ. ɹʦʛʦʤʘʟ [4], ʆ.ɺ. ʅʘʩʩ [16] ʠ 

ʜʨ.); ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

(ɸ.ɸ. ɸʥʜʨʝʝʚ [1] ʠ ʜʨ); ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

(ɺ.ʀ. ʉʝʨʜʶʢʦʚ [25], ʖ.ɻ. ʊʘʪʫʨ [29] ʠ ʜʨ.); ʪʝʦʨʠʠ ʠʛʨʦʬʠʢʘʮʠʠ (ʀ. ʅʝʬʝʜʴʝʚ [17], 

A. Burmich [31] ʠ ʜʨ.). 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʠʤʝʥʝʥ ʢʦʤʧʣʝʢʩ 

ʤʝʪʦʜʦʚ:  

¶ ʦʙʱʝʥʘʫʯʥʳʝ ʤʝʪʦʜʳ: ʘʥʘʣʠʟ ʥʘʫʯʥʳʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; ʩʨʘʚʥʝʥʠʝ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 

çʉʪʨʦʠʪʝʣʴʩʪʚʦè; ʩʠʥʪʝʟ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ; ʤʝʪʦʜ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʢʨʠʪʝʨʠʝʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʚʳʧʫʩʢʥʠʢʦʚ;  

¶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ: ʢʦʥʩʪʘʪʠʨʫʶʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʷʚʠʪʴ 

ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʟʫʣʴʪʘʪʦʤ 

ʦʙʫʯʝʥʠʷ ʪʨʝʭ ʫʨʦʚʥʝʡ ʦʙʫʯʘʶʱʠʭʩʷ (ʙʘʢʘʣʘʚʨʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ, ʩʧʝʮʠʘʣʠʩʪʦʚ);  

¶ ʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: ʧʝʜʘʛʦʛʠʯʝʩʢʦʝ ʥʘʙʣʶʜʝʥʠʝ; ʦʧʨʦʩʥʳʝ ʤʝʪʦʜʠʢʠ 

(ʩʦʙʝʩʝʜʦʚʘʥʠʝ, ʘʥʢʝʪʠʨʦʚʘʥʠʝ); ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ; ʪʝʩʪʠʨʦʚʘʥʠʝ; 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ; ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʠ ʛʠʧʦʪʝʟʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʚʫʟʦʚʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʕʆʈ, 

ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʠʭ ʨʘʟʨʘʙʦʪʢʠ: ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ, ʧʦʣʥʦʪʘ ʠ ʩʠʩʪʝʤʥʦʩʪʴ, 

ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ, ʥʘʛʣʷʜʥʦʩʪʴ, ʚʝʪʚʣʝʥʠʝ, ʦʪʢʨʳʪʦʩʪʴ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʩʦʜʝʨʞʘʥʠʝ ʪʨʝʭ ʀʕʆʈ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʚʫʟʘ: çʆʨʛʘʥʠʟʘʮʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤè (ʆʋʇʉ), çʆʩʥʦʚʳ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 
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ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè (ʆʊʕ), çʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʝʨʪʠʟʘ ʠ ʪʝʭʥʦʣʦʛʠʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡè 

(ʈʝʢʦʥʩʪʨ). 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʙʳʣʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʨʝʙʫʝʤʳʭ ʌɻʆʉ ʢʦʤʧʝʪʝʥʮʠʷʭ 

ʠ ʧʣʘʥʠʨʫʝʤʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʦʙʫʯʝʥʠʷ ʚʳʧʫʩʢʥʠʢʦʚ, ʨʘʟʨʘʙʦʪʘʥʦ ʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʚʢʣʶʯʘʶʱʝʝ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʠ ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʥʘʟʚʘʥʥʳʭ ʜʠʩʮʠʧʣʠʥ.  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʀʕʆʈ, 

ʨʝʘʣʠʟʫʝʤʳʝ ʥʘ ʦʩʥʦʚʝ LMS Moodle, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: ʥʘʣʠʯʠʝ ʨʘʟʜʝʣʦʚ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʘʙʦʪʝ ʩ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʫʯʝʪʦʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʡ ʠʛʨʳ, 

ʫʢʘʟʘʥʠʷ ʩ ʘʥʥʦʪʘʮʠʷʤʠ ʢ ʢʘʞʜʦʤʫ ʫʯʝʙʥʦʤʫ ʟʘʜʘʥʠʶ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʫʢʘʟʘʥʠʷ ʧʦ 

ʧʨʦʚʝʜʝʥʠʶ ʩʝʤʠʥʘʨʘ, ʬʦʨʫʤʘ, ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʦʚʦʩʪʥʦʛʦ ʬʦʨʫʤʘ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʞʫʨʥʘʣʘ ʦʮʝʥʦʢ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʨʦʢʦʚ ʚʳʧʦʣʥʝʥʠʷ ʫʯʝʙʥʳʭ ʠ ʠʛʨʦʚʳʭ ʟʘʜʘʥʠʡ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʙʘʣʣʦʚ ʧʨʠ ʧʨʝʢʨʘʱʝʥʠʠ ʠʛʨʦʚʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʪ.ʜ. ɺ ʩʪʨʫʢʪʫʨʫ ʢʘʞʜʦʛʦ ʀʕʆʈ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʣʝʢʮʠʦʥʥʳʡ ʠ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ, ʛʣʦʩʩʘʨʠʡ, ʪʝʩʪʳ ʧʦ 

ʠʪʦʛʦʚʦʤʫ ʢʦʥʪʨʦʣʶ. ɺ ʢʘʞʜʦʤ ʀʕʆʈ ʨʘʟʤʝʱʝʥʘ ʚʝʜʦʤʦʩʪʴ ʫʯʝʙʥʦʡ ʫʩʧʝʚʘʝʤʦʩʪʠ ʧʦ 

ʘʢʘʜʝʤʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʛʨʝʩʩʘ ʩʘʤʠʤʠ ʩʪʫʜʝʥʪʘʤʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩʪʫʜʝʥʪʦʚ ʩ ʢʦʥʪʝʥʪʦʤ ʀʕʆʈ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʦʙʫʯʝʥʠʷ, ʪʘʢʠʭ, ʢʘʢ ʛʠʧʝʨʩʩʳʣʢʠ, ʚʠʜʝʦʨʦʣʠʢʠ, ʚʦʧʨʦʩʳ ʩʘʤʦʢʦʥʪʨʦʣʷ ʠ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ.  

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ ʧʦ ʨʝʟʫʣʴʪʘʪʫ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʨʦʩʩʠʡʩʢʠʭ 

ʫʯʝʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʨʦʮʝʩʩʫ ʦʙʫʯʝʥʠʷ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ, ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʕʆʈ ʘʢʪʠʚʠʨʫʝʪʩʷ 

ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʙʫʯʘʝʤʳʭ, ʧʦʚʳʰʘʝʪʩʷ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʠ ʤʦʪʠʚʘʮʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʤʝʩʪʘ ʠ ʚʨʝʤʝʥʠ ʟʘʥʷʪʠʷ ʧʦʟʚʦʣʷʝʪ ʧʣʘʥʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʦʙʫʯʝʥʠʷ ʦʙʫʯʘʝʤʳʤ ʚ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ (ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʤʳʰʣʝʥʠʷ, ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘʜʝʢʚʘʪʥʦʩʪʠ ʫʩʠʣʠʡ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʜʝʡʩʪʚʠʡ, ʩʘʤʦʢʦʥʪʨʦʣʷ, ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʜʝʡʩʪʚʠʡ, ʨʠʪʤʠʯʥʦʩʪʠ 

ʦʙʫʯʝʥʠʷ) ʧʨʠ ʠʟʫʯʝʥʠʠ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʩʪʨʫʢʪʫʨʝ 

ʀʕʆʈ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫ ʩʪʫʜʝʥʪʦʚ ʫʤʝʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʦʣʫʯʘʪʴ ʟʥʘʥʠʷ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʚʦʶ ʤʳʩʣʠʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʦʩʦʟʥʘʚʘʪʴ ʛʣʘʚʝʥʩʪʚʫʶʱʫʶ ʨʦʣʴ 

ʧʦʟʥʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ, ʧʨʠʢʣʘʜʳʚʘʪʴ ʘʜʝʢʚʘʪʥʳʝ 

ʫʩʠʣʠʷ ʠ ʩʦʚʝʨʰʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʳʝ ʜʝʡʩʪʚʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʮʝʣʠ, 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʘʤʦʢʦʥʪʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, ʧʣʘʥʠʨʦʚʘʪʴ ʠʛʨʦʚʫʶ ʩʪʨʘʪʝʛʠʶ, 

ʧʣʘʥʠʨʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʨʠʪʤ ʦʙʫʯʝʥʠʷ ʚ ʨʘʤʢʘʭ ʫʯʝʙʥʦʛʦ ʛʨʘʬʠʢʘ, ʥʦ ʩ ʫʯʝʪʦʤ ʣʠʯʥʳʭ 

ʧʩʠʭʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʉʣʝʜʦʚʘʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤ 

ʧʨʠʥʮʠʧʘʤ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇʂ ʩʪʫʜʝʥʪʦʚ. 

ʈʝʘʣʠʟʘʮʠʷ ʠʛʨʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʀʕʆʈ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʦʚʳʰʝʥʠʶ ʠʥʪʝʨʝʩʘ 

ʠ ʤʦʪʠʚʘʮʠʠ ʢ ʦʙʫʯʝʥʠʶ. ʀʛʨʦʚʳʝ ʵʣʝʤʝʥʪʳ ʚ ʀʕʆʈ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 
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ʚʠʜʝ ʠʟʚʝʩʪʥʳʭ ʠʛʨ (ʢʨʦʩʩʚʦʨʜ, ʢʨʠʧʪʝʢʩ, ʩʫʜʦʢʫ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʠʥʦʚ 

ʛʣʦʩʩʘʨʠʷ), ʘ ʪʘʢʞʝ ʧʦʠʩʢʦʚʳʭ, ʦʙʤʝʥʥʳʭ, ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʩʝʤʠʥʘʨʩʢʠʭ ʟʘʜʘʥʠʡ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʩʦʜʝʨʞʘʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʎʇʂ ʥʘ ʙʘʟʝ ʀʕʆʈ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ. 

ʊʘʙʣʠʮʘ 1 
ʉʪʨʫʢʪʫʨʥʦ-ʩʦʜʝʨʞʘʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇʂ ʩʪʫʜʝʥʪʦʚ ʚʫʟʘ ʥʘ ʙʘʟʝ ʀʕʆʈ 

 

I. ʎʝʣʝʚʦʡ ʙʣʦʢ 

ʎʝʣʴ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʎʇʂ ʩʪʫʜʝʥʪʦʚ ʚʫʟʘ ʥʘ ʙʘʟʝ ʧʨʠʤʝʥʝʥʠʷ ʀʕʆʈ 

II.  ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ 

ʇʦʜʭʦʜʳ:  ʈʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ: 

ʉʠʩʪʝʤʥʳʡ Ÿ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʪʨʦʠʪʝʣʝʡ ʚ ʝʜʠʥʩʪʚʝ 

ʮʝʣʠ, ʩʨʝʜʩʪʚ, ʤʝʪʦʜʦʚ, ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʮʝʣʠ  

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

Ÿ ʧʨʠʤʝʥʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ 

ʚʳʧʫʩʢʥʠʢʦʚ ʥʘʚʳʢʦʚ ʩʘʤʦʦʙʫʯʝʥʠʷ, ʫʤʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʢʦʤʤʫʥʠʢʘʮʠʶ ʚ ʫʩʣʦʚʠʷʭ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʚʫʟʘ 

ʂʦʤʧʝʪʝʥʪʥʦʩʪʥʳʡ Ÿ ʚʳʷʚʣʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʢʘʢ ʎʇʂ 

ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʚʫʟʘ 

ʋʨʦʚʥʝʚʳʡ Ÿ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʥʦ ʩʦʜʝʨʞʘʪʝʣʴʥʦʝ ʥʘʧʦʣʥʝʥʠʝ ʫʨʦʚʥʝʡ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʎʇʂ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʚʫʟʘ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʦʝ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʌɻʆʉ ɺʆ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʛʦʪʦʚʢʠ 

ʚʳʧʫʩʢʥʠʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʕʆʈ 

ʇʨʠʥʮʠʧʳ: 

ʇʝʜʘʛʦʛʠʯʝʩʢʠʝ Ÿ ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ, ʫ ʩʪʫʜʝʥʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʀʕʆʈ ʬʦʨʤʠʨʫʶʪʩʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ, ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʢʦʛʥʠʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʩʯʝʪ 

ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʤʝʥʠʝ ʧʨʠʣʘʛʘʪʴ 

ʘʜʝʢʚʘʪʥʳʝ ʫʩʠʣʠʷ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʳʝ ʜʝʡʩʪʚʠʷ, ʫʤʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʘʤʦʢʦʥʪʨʦʣʴ, ʚʳʩʪʨʘʠʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʩʚʦʠʭ ʜʝʡʩʪʚʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʠʪʤʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ 

ʀʛʨʦʚʳʝ Ÿ ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ, ʦʙʫʯʝʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʀʕʆʈ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ: 

ʦʜʥʦʟʥʘʯʥʦʡ ʪʨʘʢʪʦʚʢʦʡ ʫʩʣʦʚʠʡ ʠʛʨʳ, ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʫʩʣʦʚʠʡ ʠʛʨʳ, 

ʩʚʦʙʦʜʦʡ ʠ ʜʦʙʨʦʚʦʣʴʥʦʩʪʴʶ ʜʝʡʩʪʚʠʡ, ʧʦʣʫʯʝʥʠʝʤ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʦʪ 

ʠʛʨʳ, ʦʩʦʟʥʘʥʠʝʤ ʧʦʣʝʟʥʦʩʪʠ ʠʛʨʳ, ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʫʯʘʩʪʥʠʢʦʚ ʠʛʨʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʫʯʘʩʪʥʠʢʦʚ, ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴʶ, 

ʠʪʦʛʦʚʳʤ ʢʦʥʪʨʦʣʝʤ 

III.  ʉʦʜʝʨʞʘʪʝʣʴʥʳʡ ʙʣʦʢ 

ʈʘʟʜʝʣʳ: ʉʦʜʝʨʞʘʥʠʝ ʨʘʟʜʝʣʦʚ ʀʕʆʈ: 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʡ 

Ÿ ʉʧʨʘʚʦʯʥʳʝ ʠ ʩʩʳʣʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ; ʚʝʜʦʤʦʩʪʠ ʛʨʫʧʧ; ʢʦʥʩʫʣʴʪʘʮʠʠ, 

ʠʛʨʦʚʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ 

ʄʝʪʦʜʠʯʝʩʢʠʡ Ÿ ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʙʦʪʝ; ʨʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ; ʛʨʘʬʠʢ 

ʦʙʫʯʝʥʠʷ; ʨʝʡʪʠʥʛ-ʧʣʘʥ ʜʠʩʮʠʧʣʠʥʳ 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ Ÿ ʃʝʢʮʠʠ; ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ; ʠʛʨʦʚʳʝ ʦʙʤʝʥʥʳʝ ʠ ʧʦʠʩʢʦʚʳʝ ʟʘʜʘʥʠʷ 

ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʬʦʨʤʘʪʝ 

ʆʙʫʯʘʶʱʠʡ Ÿ ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ; ʨʘʩʯʝʪʥʦ-ʛʨʘʬʠʯʝʩʢʠʝ ʨʘʙʦʪʳ; ʢʫʨʩʦʚʦʡ 

ʧʨʦʝʢʪ; ʩʝʤʠʥʘʨʩʢʠʝ ʠʛʨʦʚʳʝ ʟʘʜʘʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʬʦʨʤʘʪʝ 

ʂʦʥʪʨʦʣʠʨʫʶʱʠʡ Ÿ ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʨʦʚʝʨʢʠ; ʪʝʩʪʳ ʧʦ ʪʝʢʫʱʝʡ, ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʘʪʪʝʩʪʘʮʠʠ, ʠʪʦʛʦʚʦʡ ʘʪʪʝʩʪʘʮʠʠ 

ɻʣʦʩʩʘʨʠʡ Ÿ ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʪʝʨʤʠʥʳ 
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IV.  ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ 

ʂʦʤʧʣʝʢʩ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʩʦʜʝʡʩʪʚʫʶʱʠʡ ʬʦʨʤʠʨʦʚʘʥʠʶ ʎʇʂ ʩʪʫʜʝʥʪʦʚ ʥʘ ʙʘʟʝ 

ʧʨʠʤʝʥʝʥʠʷ ʀʕʆʈ 

ï ʨʝʘʣʠʟʘʮʠʷ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠ ʠʛʨʦʚʳʭ 

ʧʨʠʥʮʠʧʦʚ ʩʦʟʜʘʥʠʷ ʀʕʆʈ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ 

ï ʚʥʝʜʨʝʥʠʝ ʚ 

ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ 

ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚ 

ʚʠʜʝ ʀʕʆʈ 

ï ʦʙʦʩʥʦʚʘʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʫʨʦʚʥʝʡ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ 

ʩʪʫʜʝʥʪʦʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʀʕʆʈ 

ï ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇʂ ʥʘ 

ʦʩʥʦʚʝ UML-ʧʦʜʦʙʥʦʡ 

ʜʠʘʛʨʘʤʤʳ ʜʝʡʩʪʚʠʡ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʘ 

ʊʝʭʥʦʣʦʛʠʠ, ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇʂ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ ʥʘ ʙʘʟʝ 

ʧʨʠʤʝʥʝʥʠʷ ʀʕʆʈ 

ʊʝʭʥʦʣʦʛʠʠ: ʧʨʦʝʢʪʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ 

ʄʝʪʦʜʳ: 1) ʪʝʦʨʝʪʠʯʝʩʢʠʝ (ʩʣʦʚʝʩʥʳʝ, ʙʝʩʝʜʘ, ʣʝʢʮʠʠ), ʥʘʛʣʷʜʥʳʝ (ʠʣʣʶʩʪʨʘʮʠʷ, ʜʝʤʦʥʩʪʨʘʮʠʷ);  

2) ʧʨʘʢʪʠʯʝʩʢʠʝ (ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ, ʩʝʤʠʥʘʨʳ, ʧʨʦʝʢʪʥʳʡ ʧʨʘʢʪʠʢʫʤ, ʢʦʥʩʫʣʴʪʘʮʠʠ);  

3) ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ (ʦʮʝʥʠʚʘʥʠʝ, ʧʦʦʱʨʝʥʠʝ, ʨʝʡʪʠʥʛ); 4) ʢʦʥʪʨʦʣʷ (ʪʝʢʫʱʘʷ ʠ ʠʪʦʛʦʚʘʷ ʘʪʪʝʩʪʘʮʠʠ, 

ʤʦʥʠʪʦʨʠʥʛ ʫʩʧʝʚʘʝʤʦʩʪʠ, ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ, ʦʧʨʦʩʳ, ʪʝʩʪʠʨʦʚʘʥʠʝ); 5) ʨʘʙʦʪʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ 

ʚʫʟʘ (ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ Moodle) 

ʉʨʝʜʩʪʚʘ: ʀʕʆʈ, ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʝ ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʪʝʩʪʳ, ʧʨʦʝʢʪʥʳʡ ʧʨʘʢʪʠʢʫʤ, ʫʯʝʙʥʳʝ ʠ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʩʦʙʠʷ, ʤʫʣʴʪʠʤʝʜʠʘ ʩʠʩʪʝʤʳ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʝʭʥʠʢʘ, ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠ ʜʨ. 

ʕʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇʂ ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ ʥʘ ʙʘʟʝ ʧʨʠʤʝʥʝʥʠʷ ʀʕʆʈ 

ʅʘʟʚʘʥʠʝ ʵʪʘʧʘ ʉʦʜʝʨʞʘʥʠʝ ʵʪʘʧʘ ɿʘʜʘʯʠ ʵʪʘʧʘ ʀʥʬʦʨʤʘʮʠʦʥʥʦ- 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʨʝʩʫʨʩ 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ 

ɸʥʘʣʠʟ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʠ 

ʧʨʦʛʨʘʤʤ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ 

ʆʋʇʉ, ʆʊʕ ʠ ʈʝʢʦʥʩʪʨ; 

ʨʘʟʨʘʙʦʪʢʘ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʚʭʦʜʥʦʡ ʪʝʩʪ, 

ʘʥʢʝʪʳ) 

ʇʦʜʛʦʪʦʚʢʘ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ 

ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ 

ʋʯʝʙʥʳʝ ʧʣʘʥʳ ʙʘʟʦʚʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʦʚ, 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ 

ʤʘʛʠʩʪʨʘʥʪʦʚ 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ  ɺʭʦʜʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʩʪʫʜʝʥʪʦʚ ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʫʨʦʚʥʷ ʠʭ 

ʧʦʜʛʦʪʦʚʢʠ ʧʦ ʙʘʟʦʚʳʤ 

ʠʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʤ 

ʜʠʩʮʠʧʣʠʥʘʤ 

ʆʧʨʝʜʝʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ 

ʩʪʫʜʝʥʪʦʚ (ʫʨʦʚʝʥʴ 

ʚʣʘʜʝʥʠʷ ʇʂ, 

ʤʦʙʠʣʴʥʳʤ 

ʧʨʠʣʦʞʝʥʠʝʤ)  

ʀʕʆʈ ʥʘ ʧʣʘʪʬʦʨʤʝ 

Moodle, ʠʥʪʝʨʘʢʪʠʚʥʳʡ 

ʪʝʩʪ, ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʦ ʠʥʞʝʥʝʨʥʦ-

ʩʪʨʦʠʪʝʣʴʥʳʤ 

ʜʠʩʮʠʧʣʠʥʘʤ, ʩʩʳʣʢʠ ʥʘ 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ, 

ʙʘʟʳ ʜʘʥʥʳʭ, ʠʥʪʝʨʥʝʪ-

ʩʘʡʪʳ 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-

ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʠʡ  

ʀʟʫʯʝʥʠʝ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʩʪʨʫʢʪʫʨʝ ʢʫʨʩʘ ʀʕʆʈ, 

ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʦ ʠʛʨʦʬʠʢʘʮʠʠ, 

ʧʨʘʚʠʣʘʤ ʠʛʨʦʚʳʭ 

ʟʘʜʘʥʠʡ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʥʘʥʠʡ 

ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ; 

ʦʪʨʘʙʦʪʢʘ ʥʘʚʳʢʦʚ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʧʨʠ 

ʧʦʤʦʱʠ ʩʨʝʜʩʪʚ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʪʫʜʝʥʪʦʚ ʚ ʛʨʫʧʧʝ ʠ ʩ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ; 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʩʪʦʚʳʭ 

ʚʦʧʨʦʩʦʚ ʜʣʷ 

ʩʘʤʦʧʨʦʚʝʨʢʠ 

ʄʝʪʦʜʠʯʝʩʢʠʝ, ʫʯʝʙʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʀʕʆʈ; ʜʝʤʦ-

ʪʝʩʪʳ, ʪʝʩʪʳ 

ʩʘʤʦʧʨʦʚʝʨʢʠ, ʠʛʨʦʚʳʝ 

ʵʣʝʤʝʥʪʳ ʠ ʟʥʘʯʢʠ, 

ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʫʯʝʙʥʳʭ ʪʝʤ ʠ ʟʘʜʘʥʠʡ 

ʉʦʜʝʨʞʘʪʝʣʴʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʆʩʚʦʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʦʨʛʘʥʠʟʘʮʠʠ 

ʨʘʙʦʪ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ, 

ʌʦʨʤʠʨʦʚʘʥʠʝ: 

ï ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ 

ʦʙʣʘʩʪʠ ʚʣʘʜʝʥʠʷ 

ʮʠʬʨʦʚʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ; 

ʋʯʝʙʥʳʝ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʫʢʘʟʘʥʠʷ, ʨʘʟʤʝʱʝʥʥʳʝ ʚ 

ʀʕʆʈ; ʨʝʩʫʨʩʳ ʠ 

ʧʣʘʪʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʚʫʟʘ 
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ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ: 

ï ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʀʕʆʈ;  

ï ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ 

ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʨʘʙʦʪ, ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʘ, 

ʧʨʦʝʢʪʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ, 

ʩʝʤʠʥʘʨʘ 

ï ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, 

ʦʙʱʝʥʠʷ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʢʦʤʘʥʜʝ; 

ï ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʘʥʜʦʡ 

(https://teamproject.urfu.ru, 

https://exam1.urfu.ru, 

https://exam2.urfu.ru, 

https://elearn.urfu.ru)  

ʂʦʥʪʨʦʣʠʨʫʶʱʠʡ  ʂʦʥʪʨʦʣʴ ʟʘ 

ʫʩʧʝʚʘʝʤʦʩʪʴʶ ʩʪʫʜʝʥʪʦʚ 

ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʦʙʫʯʝʥʠʷ: 

ʧʨʠ ʪʝʢʫʱʝʡ ʠ ʠʪʦʛʦʚʦʡ 

ʘʪʪʝʩʪʘʮʠʷʭ; ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʨʘʙʦʪ, ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʘ, 

ʪʝʩʪʘ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʢʦʥʪʨʦʣʷ (ʅʊʂ)  

ʈʘʟʚʠʪʠʝ ʫʤʝʥʠʡ 

ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʨʝʬʣʝʢʩʠʶ ʠ 

ʩʘʤʦʨʝʬʣʝʢʩʠʶ 

ʊʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʀʕʆʈ; 

ʵʢʟʘʤʝʥʘʮʠʦʥʥʳʡ ʪʝʩʪ ʥʘ 

ʩʘʡʪʝ ʎʝʥʪʨʘ ʥʝʟʘʚʠʩʠʤʦʡ 

ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʙʫʯʝʥʠʷ 

(https://exam2.urfu.ru); 

ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʞʫʨʥʘʣ 

ʦʮʝʥʦʢ ʛʨʫʧʧ  

ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʆʮʝʥʢʘ ʫʨʦʚʥʷ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ 

ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ 

ʚʣʘʜʝʥʠʷ ʮʠʬʨʦʚʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ, 

ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, 

ʨʘʙʦʪ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʪʦʛʦʚʳʭ 

ʢʦʥʪʨʦʣʴʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʰʢʘʣʳ 

ʫʩʧʝʚʘʝʤʦʩʪʠ, 

ʧʨʠʥʷʪʦʡ ʚ ʚʫʟʝ 

ʊʝʩʪʳ ʠ ʟʘʜʘʥʠʷ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʠʪʦʛʦʚʳʭ 

ʢʦʥʪʨʦʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ 

(https://elearn.urfu.ru), 

ʚʳʧʫʩʢʥʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

(https://exam2.urfu.ru); 

ʙʘʣʴʥʦ-ʨʝʡʪʠʥʛʦʚʘʷ 

ʩʠʩʪʝʤʘ (https://brs.urfu.ru) 

V. ʂʨʠʪʝʨʠʘʣʴʥʦ-ʦʮʝʥʦʯʥʳʡ ʙʣʦʢ 

ʋʨʦʚʥʠ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ 

ʎʇʂ 

ʉʪʫʜʝʥʪ ʟʥʘʝʪ ʋʤʝʝʪ ʀʤʝʝʪ ʦʧʳʪ 

ʅʘʯʘʣʴʥʳʡ  

(ʠʩʭʦʜʥʳʡ, ʜʦ 

ʦʙʫʯʝʥʠʷ) 

ï ʤʝʪʦʜʳ, ʩʧʦʩʦʙʳ ʠ 

ʩʨʝʜʩʪʚʘ ʧʦʣʫʯʝʥʠʷ, 

ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ;  

ï ʧʦʥʷʪʠʷ ʨʘʙʦʯʠʭ ʟʘʜʘʯ ʠ 

ʦʧʝʨʘʮʠʡ 

ï ʠʩʢʘʪʴ, ʧʦʣʫʯʘʪʴ, 

ʭʨʘʥʠʪʴ, 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ 

ʧʝʨʝʜʘʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ;  

ï ʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʧʦʥʷʪʠʷ ʨʘʙʦʯʠʭ 

ʟʘʜʘʯ ʠ ʦʧʝʨʘʮʠʡ 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ; 

-ʠʤʝʝʪ ʞʠʟʥʝʥʥʳʡ ʦʧʳʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʦ ʥʘʯʘʣʘ 

ʦʙʫʯʝʥʠʷ    

ʅʠʟʢʠʡ 

(ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ) 

ʜʦ 40 ʙʘʣʣʦʚ  

ï ʤʝʪʦʜʳ, ʩʧʦʩʦʙʳ ʠ 

ʩʨʝʜʩʪʚʘ ʧʦʣʫʯʝʥʠʷ, 

ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʨʘʟʤʝʱʝʥʥʦʡ ʚ ʀʆʉ; 

ï ʧʨʠʥʮʠʧʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ;  

ï ʧʨʘʚʠʣʘ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʯʠʭ ʦʧʝʨʘʮʠʡ 

ï ʨʘʙʦʪʘʪʴ ʩ 

ʢʦʤʧʴʶʪʝʨʦʤ, 

ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʪʘʥʜʘʨʪʥʳʤ ʇʆ, 

ʤʦʙʠʣʴʥʳʤʠ 

ʧʨʠʣʦʞʝʥʠʷʤʠ; 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʠʪʦʛ 

ʩʚʦʝʡ ʨʘʙʦʪʳ; 

ï ʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ 

ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ; 

ï ʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʧʨʘʚʠʣʘ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʯʠʭ ʦʧʝʨʘʮʠʡ 

ï ʨʘʙʦʪʳ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʇʆ,  

ï ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʙʠʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ; 

ï ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʯʠʭ 

ʦʧʝʨʘʮʠʡ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ 

https://exam1.urfu.ru/
https://exam2.urfu.ru/question/category.php?courseid=49&cat=5418%2C12726
https://elearn.urfu.ru/
https://exam2.urfu.ru/question/category.php?courseid=49&cat=5418%2C12726
https://exam2.urfu.ru/question/category.php?courseid=49&cat=5418%2C12726
https://brs.urfu.ru/


ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

45 

ʉʨʝʜʥʠʡ 

(ʘʜʘʧʪʠʚʥʳʡ) 

ʆʪ 41 ʜʦ 60 ʙʘʣʣʦʚ 

ï ʩʧʦʩʦʙʳ ʧʨʦʚʝʨʢʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʀʇʉ; 

ï ʧʨʘʚʠʣʘ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪ ʧʦ ʵʪʘʣʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ;  

ï ʦʩʥʦʚʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠ ʪʨʝʙʫʝʤʳʝ ʫʨʦʚʥʠ 

ʧʨʦʨʘʙʦʪʢʠ ʎʄ 

ï ʦʧʨʝʜʝʣʷʪʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʀʇʉ;  

ï ʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʧʨʘʚʠʣʘ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪ ʧʦ ʵʪʘʣʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ; 

ï ʦʧʨʝʜʝʣʷʪʴ 

ʪʨʝʙʫʝʤʳʝ ʫʨʦʚʥʠ 

ʧʨʦʨʘʙʦʪʢʠ ʎʄ 

ï ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʨʘʟʤʝʱʝʥʥʦʡ ʚ ʀʇʉ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ; 

ï ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʣʠ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ 

ʵʪʘʣʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ; 

ï ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ 

ʫʨʦʚʥʷ ʧʨʦʨʘʙʦʪʢʠ ʎʄ 

ɹʘʟʦʚʳʡ 

(ʵʚʨʠʩʪʠʯʝʩʢʠʡ) 

ʆʪ 61 ʜʦ 80 ʙʘʣʣʦʚ 

ï ʩʧʦʩʦʙʳ ʠ ʩʨʝʜʩʪʚʘ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʩ ʎʄ; 

ï ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ 

ʩ ʧʦʤʦʱʴʶ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʩ ʎʄ; 

ï ʧʨʘʚʠʣʘ ʦʮʝʥʢʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʠʩʧʦʣʥʠʪʝʣʝʡ ʠ ʢʘʯʝʩʪʚʘ 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʦʪʨʘʩʣʝʚʳʭ 

ʩʪʘʥʜʘʨʪʦʚ 

ï ʧʨʠʥʠʤʘʪʴ, 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ, 

ʟʘʧʦʤʠʥʘʪʴ ʠ 

ʧʝʨʝʜʘʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʩ ʎʄ;  

ï ʨʝʰʘʪʴ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ 

ʟʘʜʘʯʠ, ʩ ʧʦʤʦʱʴʶ 

ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʩ ʎʄ; 

ï ʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʧʨʘʚʠʣʘ ʦʮʝʥʢʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʠʩʧʦʣʥʠʪʝʣʝʡ ʠ 

ʢʘʯʝʩʪʚʘ 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ 

ʧʦ ʦʪʨʘʩʣʝʚʳʤ 

ʩʪʘʥʜʘʨʪʘʤ 

ï ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, 

ʧʦʣʫʯʝʥʥʦʡ ʩ ʎʄ; 

ï ʨʝʰʝʥʠʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʩ 

ʎʄ; 

ï ʠʩʧʦʣʥʝʥʠʷ ʦʙʷʟʘʥʥʦʩʪʝʡ 

ʨʫʢʦʚʦʜʠʪʝʣʷ ʛʨʫʧʧʳ ʠʣʠ 

ʥʘʩʪʘʚʥʠʢʘ ʚ ʛʨʫʧʧʝ, ʘ 

ʪʘʢʞʝ ʦʧʳʪ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʧʨʘʢʪʠʢʝ 

ɺʳʩʦʢʠʡ 

(ʪʚʦʨʯʝʩʢʠʡ) 

ʆʪ 81 ʜʦ 100 ʙʘʣʣʦʚ 

ï ʦʩʥʦʚʥʳʝ ʚʠʜʳ 

ʜʦʩʪʫʧʥʳʭ ʧʨʦʛʨʘʤʤ 

CAD, ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ, ʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ, ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ 

ï ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʨʦʛʨʘʤʤʘʤʠ CAD, 

ʩʦʩʪʘʚʣʷʪʴ ʧʝʨʝʯʝʥʴ 

ʜʘʥʥʳʭ ʮʠʬʨʦʚʦʡ 

ʤʦʜʝʣʠ ʜʣʷ ʠʭ 

ʧʝʨʝʜʘʯʠ, ʧʝʨʝʜʘʚʘʪʴ 

ʜʘʥʥʳʝ ʮʠʬʨʦʚʦʡ 

ʤʦʜʝʣʠ ʚ ʦʪʢʨʳʪʳʡ 

ʬʦʨʤʘʪ  

ï ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ 

CAD ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

(ʢʦʤʧʝʪʝʥʮʠʷ ʜʣʷ ɹ, ʉ, ʄ); 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʚʝʜʝʥʠʝ 

ʎʄ (ʪʦʣʴʢʦ ʜʣʷ ʉ, ʄ) 

 

ʇʨʠʥʷʪʳʝ ʚ ʪʘʙʣʠʮʝ 1 ʩʦʢʨʘʱʝʥʠʷ: ʀʕʆʈ ï ʠʛʨʦʬʠʮʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʨʝʩʫʨʩ; ʇʂ ï ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ; ʇʆ ï ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ; 

ʅʊʂ ï ʥʝʟʘʚʠʩʠʤʳʡ ʪʝʩʪʦʚʳʡ ʢʦʥʪʨʦʣʴ; ʀʆʉ ï ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʨʝʜʘ;  

ɹ ï ʙʘʢʘʣʘʚʨʳ, ʉ ï ʩʧʝʮʠʘʣʠʩʪʳ; ʄ ï ʤʘʛʠʩʪʨʘʥʪʳ; ʀʇʉ ï ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʝʢʪʠʨʦʚʦʯʥʘʷ 

ʩʨʝʜʘ; ʎʄ ï ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʟʜʘʥʠʷ; CAD ï ʧʨʦʛʨʘʤʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ɸ.ʉ. ɹʝʣʢʠʥʘ [3], ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʘʢ ʧʨʦʮʝʩʩ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʧʨʠʸʤʦʚ, ʤʝʪʦʜʦʚ, ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʬʦʨʤ ʠ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ 

ʧʨʦʮʝʩʩʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʜʦʩʪʠʯʴ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʦʛʦ 

ʧʦʥʷʪʠʷ ʚ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʨʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ çʩʨʝʜʩʪʚʘ ʠ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤè. 
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ʆʜʥʠʤ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʝʜʩʪʘʚʠʪʴ ʩʭʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇʂ ʚ ʭʦʜʝ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʚʫʟʝ, ʷʚʣʷʝʪʩʷ UML-

ʧʦʜʦʙʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʦʚ ʚ ʚʠʜʝ 3 ʧʦʜʜʠʘʛʨʘʤʤ, ʢʘʞʜʘʷ 

ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʯʘʩʪʥʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ  

(ʨʠʩ. ʘ), ʫʤʝʥʠʡ (ʨʠʩ. ʙ) ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ (ʨʠʩ. ʚ). 

 

 
ʘ) UML -ʧʦʜʦʙʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʦʚ 

 ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʎʇʂ 

 

 
ʙ) UML -ʧʦʜʦʙʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʦʚ 

 ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʤʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʎʇʂ 

 

 
ʚ) UML -ʧʦʜʦʙʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʦʚ  

ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʳʪʘ ʚ ʦʙʣʘʩʪʠ ʎʇʂ 

 
ʈʠʩ. UML -ʧʦʜʦʙʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ  

ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇʂ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ ʘ) ʟʥʘʥʠʡ; ʙ) ʫʤʝʥʠʡ; ʚ) ʦʧʳʪʘ 

 

ɼʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʫ ʩʪʫʜʝʥʪʦʚ ʩʧʝʮʠʘʣʠʪʝʪʘ, ʙʘʢʘʣʘʚʨʠʘʪʘ, 

ʤʘʛʠʩʪʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʳʣ ʧʨʠʤʝʥʝʥ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ. ɺʳʜʝʣʝʥʳ 

ʧʷʪʴ ʫʨʦʚʥʝʡ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʎʇʂ ʚʳʧʫʩʢʥʠʢʦʚ: ʥʘʯʘʣʴʥʳʡ, ʥʠʟʢʠʡ, ʩʨʝʜʥʠʡ, ʙʘʟʦʚʳʡ ʠ 
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ʚʳʩʦʢʠʡ. ʈʘʟʨʘʙʦʪʘʥʦ ʩʦʜʝʨʞʘʪʝʣʴʥʦʝ ʥʘʧʦʣʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʦʧʳʪʘ 

ʩʪʫʜʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʫʨʦʚʥʷʤ ʎʇʂ ʠ ʬʦʨʤʠʨʫʝʤʦʝ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʕʆʈ.  

ɺ ʨʘʤʢʘʭ ʦʧʳʪʥʦ-ʧʦʠʩʢʦʚʦʡ ʨʘʙʦʪʳ (ʆʇʈ) ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ 

519 ʩʪʫʜʝʥʪʦʚ ʢʘʬʝʜʨʳ ʇʨʦʤʳʰʣʝʥʥʦʛʦ, ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʝʨʪʠʟʳ 

ʥʝʜʚʠʞʠʤʦʩʪʠ ʀʉɸ, ʋʨʌʋ ʚ ʧʝʨʠʦʜ ʩ 2021/2022 ʧʦ 2023/2024 ʫʯʝʙʥʳʝ ʛʦʜʳ ʧʦ ʪʨʝʤ 

ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʜʠʩʮʠʧʣʠʥʘʤ. ɼʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ 

ʩʪʫʜʝʥʪʦʚ ʧʦʣʫʯʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʠʤʝʶʱʠʭʩʷ ʫ ʩʪʫʜʝʥʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ 

ʫʤʝʥʠʡ (ʆʟʫ) ʠ ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ (ʆʦʧʳʪ) ʥʘ ʧʨʘʢʪʠʢʝ. ɿʥʘʥʠʷ ʠ ʫʤʝʥʠʷ 

ʩʪʫʜʝʥʪʦʚ ʦʮʝʥʠʚʘʣʠʩʴ ʚ ʭʦʜʝ ʥʝʟʘʚʠʩʠʤʦʛʦ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʠʷ 

ʠʪʦʛʦʚʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʝʩʪʘ. ʅʘʣʠʯʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʟʘʱʠʪʳ ʩʪʫʜʝʥʪʘʤʠ ʧʨʦʝʢʪʦʚ ʠʣʠ ʚʳʧʦʣʥʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʪʦʛʦʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʫʨʦʚʥʷ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʯʘʩʪʠʷ ʚ ʆʇʈ ʟʥʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚʭʦʜʥʘʷ 

ʘʥʢʝʪʘ. ʂ ʫʯʘʩʪʠʶ ʚ ʆʇʈ ʙʳʣʠ ʜʦʧʫʱʝʥʳ ʩʪʫʜʝʥʪʳ, ʧʨʘʚʠʣʴʥʦ ʦʪʚʝʪʠʚʰʠʝ ʥʘ ʥʝ ʤʝʥʝʝ 80% 

ʚʦʧʨʦʩʦʚ ʚʭʦʜʥʦʛʦ ʪʝʩʪʘ. ʂʨʠʪʝʨʠʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʎʇʂ ʩʪʫʜʝʥʪʦʚ ʦʮʝʥʠʚʘʣʠʩʴ ʚ ʙʘʣʣʘʭ 

ʧʦ ʰʢʘʣʝ ʫʩʧʝʚʘʝʤʦʩʪʠ ʚʫʟʘ (ʋʨʌʋ): ʦʪ 0 ʜʦ 40 ï ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ; ʦʪ 41 ʜʦ 60 ï ʩʨʝʜʥʠʡ 

ʫʨʦʚʝʥʴ; ʦʪ 61 ʜʦ 80 ï ʙʘʟʦʚʳʡ ʫʨʦʚʝʥʴ; ʦʪ 81ʜʦ 100 ï ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ. 

ʆʇʈ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ 3 ʵʪʘʧʘ. ʅʘ ʢʦʥʩʪʘʪʠʨʫʶʱʝʤ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʯʝʙʥʳʝ ʛʨʫʧʧʳ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʭʦʜʥʦʛʦ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʧʦ 

ʢʘʞʜʦʡ ʜʠʩʮʠʧʣʠʥʝ. ʅʘ ʬʦʨʤʠʨʫʶʱʝʤ ɻ ʪʘʧʝ ʧʨʦʚʦʜʠʣʦʩʴ ʦʙʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʧʦ ʧʨʦʛʨʘʤʤʘʤ 

ʜʠʩʮʠʧʣʠʥ ʆʋʇʉ, ʆʊʕ ʠ ʈʝʢʦʥʩʪʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʕʆʈ. ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʦʙʫʯʝʥʠʷ 

ʩʪʫʜʝʥʪʳ ʚʳʧʦʣʥʷʣʠ ʠʪʦʛʦʚʳʡ ʢʦʥʪʨʦʣʴʥʳʡ ʪʝʩʪ ʠ ʟʘʱʠʱʘʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʦʝʢʪ ʠʣʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʘʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʆʇʈ ʧʦ ʢʘʞʜʦʡ ʠʟʫʯʝʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʕʆʈ.  

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʘʥʘʣʠʟ ʧʦʠʤʝʥʥʦʡ ʚʳʙʦʨʢʠ ʩʪʫʜʝʥʪʦʚ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ ʆʋʇʉ, 

ʆʊʕ ʠ ʈʝʢʦʥʩʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʧʠʩʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʥʘ ʢʦʪʦʨʫʶ ʧʦʣʫʯʝʥʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʕɺʄ [24]. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʆʇʈ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ ʩʪʫʜʝʥʪʦʚ ʚʩʝʭ ʫʨʦʚʥʝʡ ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʧʦʟʚʦʣʠʣʘ ʨʘʩʩʯʠʪʘʪʴ ʫʨʦʚʝʥʴ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʎʇʂ ʩʪʫʜʝʥʪʦʚ ï ʂʫʩʢ. ɺ ʪʘʙʣʠʮʝ 2 

ʧʨʝʜʩʪʘʚʣʝʥ ʠʪʦʛ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʆʇʈ.  

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʆʇʈ ʠʟ 519 (100%) ʩʪʫʜʝʥʪʦʚ 445 (86%) ʜʦʩʪʠʛʣʠ 

ʙʘʟʦʚʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʎʇʂ ʚ ʦʙʣʘʩʪʠ ʚʣʘʜʝʥʠʷ ʮʠʬʨʦʚʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʠʥʩʪʚʦ, ʧʨʠ ʵʪʦʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʠʟ ʥʠʭ 297 (57%) ï 

ʠʛʨʦʢʦʚ, ʪʦ ʝʩʪʴ ʪʝʭ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʙʨʦʚʦʣʴʥʦ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʠʛʨʦʚʳʭ ʟʘʜʘʥʠʷʭ ʠ 

ʜʦʙʠʣʠʩʴ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʧʝʚʘʝʤʦʩʪʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʥʘ ʙʘʟʝ ʀʕʆʈ. 

ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ 2 ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ 

ʪʝʭʥʦʣʦʛʠʷ, ʨʝʘʣʠʟʫʝʤʘʷ ʥʘ ʤʝʪʦʜʠʯʝʩʢʦʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘ ʙʘʟʝ ʀʕʆʈ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʠʞʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʦʤ ʩʪʫʜʝʥʪʦʚ ʙʘʟʦʚʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʝʡ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʎʇʂ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʴ ʛʠʧʦʪʝʟʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʊʘʙʣʠʮʘ 2 
ʈʝʟʫʣʴʪʘʪʳ ʆʇʈ ʧʦ ʦʮʝʥʢʝ ʫʨʦʚʥʝʡ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʎʇʂ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʀʕʆʈ  

 

ɼʠʩʮʠʧʣʠʥʘ ʀʕʆʈ ʆʋʇʉ ʆʊʕ ʈʝʢʦʥʩʪʨ. 

ʋʨʦʚʥʠ ʦʙʫʯʝʥʠʷ ɹ ʉ ʄ ɹ ɹ ʄ 

ʇʦʢʘʟʘʪʝʣʴ ʦʙʫʯʝʥʠʷ (ʧʝʨʚʘʷ ʮʠʬʨʘ ï ʯʝʣ / ʚʪʦʨʘʷ ʮʠʬʨʘ ï %) 

ʆʙʱʝʝ ʯʠʩʣʦ ʩʪʫʜʝʥʪʦʚ 110/100  62/ 00 11/100 268/100 57/100 11/100 

ʏʘʩʪʥʘʷ ʵʤʧʠʨʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ, ʆɿʋ 
102/93  56/90 11/100 263/98 49/86 11/100 

ʏʘʩʪʥʘʷ ʵʤʧʠʨʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʦʧʳʪʘ 

ʧʨʠʤʝʥʝʥʠʷ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ, ʆʦʧʳʪ 
98/89 49/79 11/100 237/88 42/84 11/100 

ʋʨʦʚʝʥʴ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ (min ʆɿʋ; ʆʦʧʳʪ), ʂʫʩʢ 
98/89 79/79 11/100 237/88 42/84 11/100 

ʏʠʩʣʦ ʩʪʫʜʝʥʪʦʚ ʩ ʂʫʩʢ 
ʨʝʟ  Ó 60% 93/85 46/74  11/ 00 236/88 48/84 11/100 

ʆʙʱʝʝ ʯʠʩʣʦ ʠʛʨʦʢʦʚ 66/61 47/76  6/55 165/62 32/56 6/55 

ʏʠʩʣʦ ʠʛʨʦʢʦʚ c ʂʫʩʢ ʨʝʟ Ó 60% 64/58 36/58 6/55 156/58 29/51 6/55 

ʇʨʠʤʝʯʘʥʠʝ: ʂʫʩʢ ï ʫʨʦʚʝʥʴ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʎʇʂ ʩʪʫʜʝʥʪʦʚ ʧʦ ʰʢʘʣʝ ʫʩʧʝʚʘʝʤʦʩʪʠ ʚʫʟʘ:  

0-39 ï ʥʠʟʢʠʡ; 40-59 ï ʩʨʝʜʥʠʡ; 60-79 ï ʙʘʟʦʚʳʡ; 80-100 ï ʚʳʩʦʢʠʡ; ɹ ï ʙʘʢʘʣʘʚʨʳ; ʉ ï ʩʧʝʮʠʘʣʠʩʪʳ; 

ʄ ï ʤʘʛʠʩʪʨʘʥʪʳ. 

 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʪʨʫʜʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʤʥʦʛʦʦʙʨʘʟʠʠ ʨʘʟʨʘʙʦʪʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʕʆʈ ʚ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʩʪʫʜʝʥʪʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʩʚʷʱʝʥʥʳʝ ʧʨʠʤʝʥʝʥʠʶ ʀʕʆʈ ʚ ʚʫʟʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʚʳʧʫʩʢʥʠʢʦʚ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ.  

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇʂ 

ʩʪʫʜʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʚʫʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʕʆʈ ʧʦ ʪʨʝʤ ʜʠʩʮʠʧʣʠʥʘʤ: ʆʋʇʉ, ʆʊʕ, 

ʈʝʢʦʥʩʪʨ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʪʝʭʥʦʣʦʛʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʀʕʆʈ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ: ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ, ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ, ʧʦʥʷʪʥʦʛʦ ʠ 

ʢʦʤʬʦʨʪʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʥʘʛʣʷʜʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʫʩʧʝʚʘʝʤʦʩʪʠ (ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʞʫʨʥʘʣ ʦʮʝʥʦʢ), ʦʨʛʘʥʠʟʘʮʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʫʯʝʙʥʦʛʦ 

ʢʦʥʪʝʥʪʘ, ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʪʝʢʩʪʦʚʦʛʦ, ʛʨʘʬʠʯʝʩʢʦʛʦ, 

ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ), ʥʘʣʠʯʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʟʘʜʘʥʠʡ (ʪʝʩʪʳ, ʧʨʘʢʪʠʢʘ, ʩʝʤʠʥʘʨ, ʬʦʨʫʤ ʠ ʪ.ʜ.) ʩ 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʩʨʦʢʦʚ ʚʳʧʦʣʥʝʥʠʷ, ʥʘʣʠʯʠʝ ʟʘʜʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ BIM-ʪʝʭʥʦʣʦʛʠʡ, 

ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʢʦʥʪʝʥʪʘ ʧʦ ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ, ʵʣʝʤʝʥʪʦʚ ʠʛʨʦʬʠʢʘʮʠʠ (ʟʥʘʯʢʠ, 

ʨʝʡʪʠʥʛ, ʩʪʘʪʫʩ), ʩʠʩʪʝʤʳ ʥʘʢʘʟʘʥʠʡ ʠ ʧʦʦʱʨʝʥʠʡ (ʩʥʠʞʝʥʠʝ/ʜʦʙʘʚʣʝʥʠʝ ʙʘʣʣʦʚ), 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʬʦʨʫʤʘ, ʩʝʤʠʥʘʨʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʫʜʝʥʪʦʚ, ʠʥʜʠʢʘʪʦʨʘ 

ʚʳʧʦʣʥʝʥʠʷ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʀʕʆʈ, ʢʘʣʝʥʜʘʨʷ ʩʜʘʯʠ ʨʘʙʦʪ, ʢʦʥʩʫʣʴʪʘʮʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ, 

ʥʦʚʦʩʪʥʦʛʦ ʬʦʨʫʤʘ, ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʦʩʚʦʝʥʠʶ ʜʠʩʮʠʧʣʠʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʀʕʆʈ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʪʝʩʪʦʚʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʛʨʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʪʝʭʥʦʣʦʛʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʀʕʆʈ: ʥʘʣʠʯʠʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʘʙʦʪʝ ʩ ʀʕʆʈ, ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʥʘʩʪʨʦʝʢ ʩʨʦʢʦʚ ʚʳʧʦʣʥʝʥʠʷ ʠʛʨʦʚʳʭ ʟʘʜʘʥʠʡ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʭʨʘʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʪʫʜʝʥʪʦʤ ʙʘʣʣʦʚ ʧʨʠ ʧʨʝʢʨʘʱʝʥʠʠ ʠʛʨʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʨʛʘʥʠʟʘʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʣʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʠʛʨʦʚʳʭ ʟʘʜʘʥʠʡ, 
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ʦʧʝʨʘʪʠʚʥʦʝ  ʚʥʝʩʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʞʫʨʥʘʣ ʦʮʝʥʦʢ, ʦʙʷʟʘʪʝʣʴʥʦʝ ʥʘʣʠʯʠʝ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʀʕʆʈ, ʪʘʢʠʭ, ʢʘʢ: ʩʝʤʠʥʘʨ, ʥʦʚʦʩʪʥʦʡ ʬʦʨʫʤ, ʘʥʥʦʪʘʮʠʷ, ʬʦʨʫʤ, 

ʩʝʤʠʥʘʨ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʫʱʥʦʩʪʴ ʎʇʂ ʪʨʝʭ ʢʘʪʝʛʦʨʠʡ ʩʪʫʜʝʥʪʦʚ, ʦʩʚʘʠʚʘʶʱʠʭ ʩʪʨʦʠʪʝʣʴʥʫʶ 

ʧʨʦʬʝʩʩʠʶ (ʩʧʝʮʠʘʣʠʩʪʦʚ, ʙʘʢʘʣʘʚʨʦʚ ʠ ʤʘʛʠʩʪʨʘʥʪʦʚ), ʬʦʨʤʠʨʫʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʕʆʈ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤ BIM-ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ 

ʩʪʨʫʢʪʫʨʥʦ-ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʚ ʪʘʙʣʠʮʝ 1.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇʂ ʩʪʫʜʝʥʪʦʚ ʚʢʣʶʯʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥ ʚ ʚʠʜʝ 

ʀʕʆʈ ʥʘ ʙʘʟʝ ʩʣʝʜʫʶʱʠʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʤʦʙʠʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘ ʧʣʘʪʬʦʨʤʝ 

Moodle, ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɺIʄ (Building Information Modelling), 

AR-ʪʝʭʥʦʣʦʛʠʷ (ʪʝʭʥʦʣʦʛʠʷ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʩ ʦʧʠʩʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʵʪʦʡ 

ʪʝʭʥʦʣʦʛʠʠ), ʘ ʪʘʢʞʝ ʥʝʡʨʦʩʝʪʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠʛʨʦʬʠʢʘʮʠʠ. ʋʯʝʙʥʳʝ ʟʘʜʘʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʀʕʆʈ, ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ ʚʳʧʫʩʢʥʠʢʦʚ ʎʇʂ, ʚʢʣʶʯʘʶʱʝʡ ʟʥʘʥʠʷ, ʫʤʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʚ 

ʦʙʣʘʩʪʠ ʚʣʘʜʝʥʠʷ ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʟʜʘʥʠʡ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ʚ 

ʭʦʜʝ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ 

ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ UML-ʧʦʜʦʙʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʦʚ 

ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇʂ ʩʪʫʜʝʥʪʦʚ.  
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ɹʦʛʘʯʝʥʢʦ ʅ.ʌ. 

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʌ.ʄ. ɼʦʩʪʦʝʚʩʢʦʛʦ 

ʛ. ʆʤʩʢ, ʈʦʩʩʠʷ 

ʃʘʚʨʦʚ ɼ.ʅ. 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʀʉʂʋʉʉʊɺɽʅʅʓʁ ʀʅʊɽʃʃɽʂʊ ɺ ʆɹʈɸɿʆɺɸʅʀʀ:  

ʆʊ ʋɻʈʆɿʓ ɼɽɻʈɸɼɸʎʀʀ ʂ ʅʆɺʆʁ ʇɽɼɸɻʆɻʀʏɽʉʂʆʁ ʇɸʈɸɼʀɻʄɽ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

(ʀʀ) ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʨʦʞʜʘʝʪ ʩʠʩʪʝʤʥʳʡ ʧʘʨʘʜʦʢʩ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʦʪʢʨʳʚʘʷ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʳ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ 

ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ, ʘ ʩ ʜʨʫʛʦʡ ï ʩʦʟʜʘʚʘʷ ʨʠʩʢʠ ʧʦʜʤʝʥʳ ʧʦʜʣʠʥʥʦʛʦ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʙʝʟʜʫʤʥʳʤ ʟʘʠʤʩʪʚʦʚʘʥʠʝʤ, ʯʪʦ ʚʝʜʝʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʤʳʰʣʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʢʦʨʝʥʴ 

ʧʨʦʙʣʝʤʳ ï ʢʦʥʬʣʠʢʪ ʤʝʞʜʫ ʜʦʩʪʫʧʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʛʦʪʦʚʳʝ ʨʝʰʝʥʠʷ, 

ʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʥʘʮʝʣʝʥʥʳʤʠ ʥʘ ʨʘʟʚʠʪʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʛʝʥʝʨʘʮʠʠ ʥʦʚʳʭ ʟʥʘʥʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʢʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ, ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ 

ʧʘʨʘʜʠʛʤʘ, ʦʮʝʥʠʚʘʥʠʝ ʟʥʘʥʠʡ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʫʛʨʦʟʳ. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʤʦʞʝʪ ʢʘʢ 

ʧʦʤʦʛʘʪʴ, ʪʘʢ ʠ ʩʦʟʜʘʚʘʪʴ ʧʨʦʙʣʝʤʳ ʚ ʩʠʩʪʝʤʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʀʀ 

ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥ ʪʘʢʞʝ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ 

ʩʝʨʴʝʟʥʳʝ ʨʠʩʢʠ ʜʣʷ ʵʪʦʡ ʩʠʩʪʝʤʳ. ʕʤʧʠʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ɾʜʘʥʦʚʦʡ ʊ.ɸ. [1] 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʮʠʬʨʦʚʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ 

ʩʪʫʜʝʥʪʦʚ ʠ ʨʘʟʚʠʪʠʝʤ ʫ ʥʠʭ ʥʘʚʳʢʦʚ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʧʨʝʜʣʘʛʘʷ ʤʦʜʝʣʴ ʠʥʪʝʛʨʘʮʠʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʮʠʬʨʦʚʳʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʋʢʦʣʦʚ ɺ.ʌ. ʠ 

ʊʨʦʬʠʤʝʥʢʦ ʆ.ɺ. [3] ʘʢʮʝʥʪʠʨʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʝʤ ʀʀ ʯʝʨʝʟ ʢʦʤʧʣʝʢʩ 

ʨʝʛʫʣʷʪʦʨʦʚ ï ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ, ï ʧʦʜʯʝʨʢʠʚʘʷ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʟʘ ʢʘʯʝʩʪʚʦ ʬʦʨʤʠʨʫʝʤʳʭ ʟʥʘʥʠʡ ʠ 

ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʞʝ ʧʨʦʙʣʝʤʥʦʛʦ 

ʧʦʣʷ ʈʫʜʝʥʢʦ ʄ.ɹ. ʠ ʩʦʘʚʪʦʨʳ [2] ʜʝʪʘʣʠʟʠʨʫʶʪ ʢʦʥʢʨʝʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʀʀ, ʪʘʢʠʝ ʢʘʢ 

ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ ʦʙʫʯʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʢʣʶʯʝʚʦʡ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ï ʛʝʥʝʨʘʮʠʶ ʩʪʫʜʝʥʪʘʤʠ ʨʝʰʝʥʠʡ ʠ ʦʪʚʝʪʦʚ ʥʘ ʫʯʝʙʥʳʝ ʟʘʜʘʥʠʷ 

ʙʝʟ ʠʭ ʦʩʤʳʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʫʩʚʦʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʩʦʦʙʱʝʩʪʚʝ 

ʟʘʢʨʝʧʣʷʝʪʩʷ ʤʥʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʪʦʪʘʣʴʥʦʝ ʚʥʝʜʨʝʥʠʝ ʀʀ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʧʝʨʝʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʨʘʟʚʠʪʠʝ 

ʥʦʚʳʭ ʩʪʨʘʪʝʛʠʡ ʦʙʫʯʝʥʠʷ ʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʦʙʫʯʘʶʱʠʭʩʷ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʘʨʘʜʦʢʩʘʣʴʥʦʡ ʩʠʪʫʘʮʠʝʡ: 

ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ), ʚ ʪʦʤ ʯʠʩʣʝ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ, ʯʘʪ-ʙʦʪʦʚ, ʛʝʥʝʨʘʪʦʨʦʚ ʪʝʢʩʪʦʚ ʠ ʢʦʜʘ, ʩʦʟʜʘʸʪ ʦʜʥʦʚʨʝʤʝʥʥʦ:   
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- ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʢʦʥʮʝʧʮʠʡ, 

ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ; 

- ʨʠʩʢʠ ʟʘʤʝʥʳ ʥʘʩʪʦʷʱʝʡ ʫʯʝʙʳ ʧʨʦʩʪʳʤ ʩʧʠʩʳʚʘʥʠʝʤ, ʫʤʝʥʴʰʝʥʠʷ ʫʤʩʪʚʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʫʭʫʜʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʥʘʚʳʢʦʚ (ʘʥʘʣʠʟʘ, ʩʠʥʪʝʟʘ, ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ). 

ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʥʬʣʠʢʪʝ ʤʝʞʜʫ ʜʦʩʪʫʧʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʣʝʛʯʘʶʱʠʭ 

ʧʦʣʫʯʝʥʠʝ ʛʦʪʦʚʦʛʦ ʟʥʘʥʠʷ (ʚʧʣʦʪʴ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʚʤʝʩʪʦ ʩʪʫʜʝʥʪʘ), ʠ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʮʝʣʷʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʨʘʟʚʠʪʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʝʜʤʝʪʘ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʫʤʝʥʠʷ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʦʚʳʝ ʟʥʘʥʠʷ. 

ʕʪʘ ʧʨʦʙʣʝʤʘ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʘʩʧʝʢʪʦʚ: 

1. ʀʀ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʝ ʧʨʦʩʪʦ ʦʪʚʝʪ, ʘ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʝ, ʩʚʷʟʥʦʝ ʠ ʯʘʩʪʦ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʪʠʧʦʚʳʭ ʟʘʜʘʯ ʣʶʙʦʡ ʜʠʩʮʠʧʣʠʥʳ: ʦʪ ʵʩʩʝ ʧʦ ʣʠʪʝʨʘʪʫʨʝ ʜʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

2. ʀʀ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʪʝʢʩʪ, ʢʦʪʦʨʳʡ ʚʥʝʰʥʝ ʚʳʛʣʷʜʠʪ ʢʘʢ ʨʘʙʦʪʘ 

ʜʦʙʨʦʩʦʚʝʩʪʥʦʛʦ ʩʪʫʜʝʥʪʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʚʝʨʢʫ ʥʘ ʧʣʘʛʠʘʪ ʠ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ ʦʮʝʥʢʠ 

ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. 

3. ɻʨʘʥʴ ʤʝʞʜʫ çʧʦʤʦʱʥʠʢʦʤè (ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʙʫʯʝʥʠʷ) ʠ çʢʦʩʪʳʣʝʤè 

(ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʟʙʝʛʘʥʠʷ ʦʙʫʯʝʥʠʷ) ʩʪʘʣʘ ʢʨʘʡʥʝ ʨʘʟʤʳʪʦʡ. 

ʀʀ ʥʝ ʚʳʟʳʚʘʝʪ ʜʝʛʨʘʜʘʮʠʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʥʦ ʦʙʥʘʞʘʝʪ ʧʨʦʙʣʝʤʳ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ, ʪʨʝʙʫʷ ʧʝʨʝʩʤʦʪʨʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ ʮʝʣʝʡ ʦʙʫʯʝʥʠʷ. ʀʀ 

ʩʪʠʤʫʣʠʨʫʝʪ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʤʩʷ ʤʠʨʝ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʩʪʫʜʝʥʪ ʠ ʰʢʦʣʴʥʠʢ ʩʪʘʨʰʠʭ ʢʣʘʩʩʦʚ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʩʪʘʣʢʠʚʘʣʩʷ ʩ 

ChatGPT, Gemini, DeepSeek ʠʣʠ ʜʨʫʛʠʤʠ ʙʦʣʴʰʠʤʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ. ʆʥʠ 

ʠʩʧʦʣʴʟʫʶʪ ʠʭ ʜʣʷ ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʤʳʩʣʝʡ, ʥʘʧʠʩʘʥʠʷ ʯʝʨʥʦʚʠʢʦʚ, 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʧʝʨʝʚʦʜʘ, ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ. 

ʇʦ ʦʩʤʳʩʣʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ: 

- çɹʝʟʜʫʤʥʳʝè ʧʦʪʨʝʙʠʪʝʣʠ ï ʵʪʦ ʪʝ, ʢʪʦ ʧʨʦʩʪʦ ʢʦʧʠʨʫʶʪ ʦʪʚʝʪ ʀʀ ʙʝʟ ʧʨʦʚʝʨʢʠ ʠ 

ʦʩʤʳʩʣʝʥʠʷ. ɼʣʷ ʥʠʭ ʀʀ ʧʦʜʦʙʝʥ ʧʨʦʜʚʠʥʫʪʦʤʫ ʢʘʣʴʢʫʣʷʪʦʨʫ, ʢʦʪʦʨʳʡ ʚʳʜʘʝʪ ʦʪʚʝʪʳ. 

- çʇʨʘʛʤʘʪʠʢʠè ʠʩʧʦʣʴʟʫʶʪ ʀʀ ʢʘʢ ʩʫʧʝʨ-ʧʦʤʦʱʥʠʢʘ: çʆʙʲʷʩʥʠ ʤʥʝ ʵʪʫ ʪʝʤʫè, çɼʘʡ 

ʧʣʘʥ ʜʣʷ ʩʦʯʠʥʝʥʠʷè, çʅʘʡʜʠ ʦʰʠʙʢʠ ʚ ʤʦʝʤ ʢʦʜʝè, çʇʨʝʜʣʦʞʠ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ 

ʨʝʰʝʥʠʷè. ʕʪʦ ʫʞʝ ʙʦʣʝʝ ʦʩʤʳʩʣʝʥʥʳʡ ʧʦʜʭʦʜ. 

- çʅʦʚʘʪʦʨʳè ʠʩʧʦʣʴʟʫʶʪ ʀʀ ʢʘʢ ʪʚʦʨʯʝʩʢʦʛʦ ʧʘʨʪʥʝʨʘ ʜʣʷ ʤʦʟʛʦʚʦʛʦ ʰʪʫʨʤʘ, 

ʛʝʥʝʨʘʮʠʠ ʠʜʝʡ ʜʣʷ ʧʨʦʝʢʪʦʚ, ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ɹʝʟʜʫʤʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʙʝʟʫʩʣʦʚʥʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʤʘʩʩʦʚʳʤ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʟʥʘʢʦʤʩʪʚʘ ʩ ʪʝʭʥʦʣʦʛʠʝʡ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʝʤ, ʢʘʢ ʧʝʨʚʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ 

ʠʥʪʝʨʥʝʪʘ ʢʦʧʠʨʦʚʘʣʠ ʨʝʬʝʨʘʪʳ ʩ ʩʘʡʪʦʚ. 

ɽʩʪʴ ʣʠ ʫʛʨʦʟʳ ʜʝʛʨʘʜʘʮʠʠ? ʋʛʨʦʟʳ ʝʩʪʴ, ʥʦ ʥʝ ʚ ʩʘʤʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʚ ʥʘʰʝʤ 

ʧʨʠʤʝʥʝʥʠʠ ʀʀ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: 
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- ɼʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʪʫʜʝʥʪʘ, ʢʦʪʦʨʳʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʟʘʤʝʥʷʝʪ ʤʳʰʣʝʥʠʝ ʀʀ, ʫʛʨʦʟʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʥʝ ʬʦʨʤʠʨʫʝʪ ʥʝʡʨʦʥʥʳʝ ʩʚʷʟʠ, ʥʝ ʪʨʝʥʠʨʫʝʪ ʥʘʚʳʢ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤ, ʥʝ ʫʯʠʪʩʷ ʧʨʝʦʜʦʣʝʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ. ɺ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ 

ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʥʝʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ. 

- ʋʛʨʦʟʘ ʜʣʷ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʝʩʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝ ʘʜʘʧʪʠʨʫʝʪʩʷ, 

ʦʥʦ ʦʙʝʩʮʝʥʠʪʩʷ, ʜʠʧʣʦʤʳ ʠ ʦʮʝʥʢʠ ʧʝʨʝʩʪʘʥʫʪ ʙʳʪʴ ʧʨʠʟʥʘʢʦʤ ʨʝʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ. 

ʆʜʥʘʢʦ, ʚʘʞʥʦ ʧʦʤʥʠʪʴ ʠʩʪʦʨʠʯʝʩʢʠʡ ʢʦʥʪʝʢʩʪ: ʢʘʣʴʢʫʣʷʪʦʨʳ ʥʝ ʫʙʠʣʠ ʤʘʪʝʤʘʪʠʢʫ, 

Google ʠ ɺʠʢʠʧʝʜʠʷ ʥʝ ʫʙʠʣʠ ʠʩʪʦʨʠʶ. ʆʥʠ ʩʤʝʩʪʠʣʠ ʬʦʢʫʩ ʩ ʟʘʧʦʤʠʥʘʥʠʷ ʬʘʢʪʦʚ ʥʘ ʫʤʝʥʠʝ 

ʨʘʙʦʪʘʪʴ ʩ ʠʥʬʦʨʤʘʮʠʝʡ. ʀʀ ï ʩʣʝʜʫʶʱʠʡ ʰʘʛ: ʦʥ ʩʤʝʱʘʝʪ ʬʦʢʫʩ ʩ ʛʝʥʝʨʘʮʠʠ ʢʦʥʪʝʥʪʘ  

çʩ ʥʫʣʷè ʥʘ ʫʧʨʘʚʣʝʥʠʝ, ʢʨʠʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʠ ʜʦʨʘʙʦʪʢʫ ʢʦʥʪʝʥʪʘ, ʩʦʟʜʘʥʥʦʛʦ ʤʘʰʠʥʦʡ. 

ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʀʀ ï ʵʪʦ ʧʦʠʩʢʦʚʘʷ ʩʠʩʪʝʤʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʥʝ ʪʦʣʴʢʦ ʠʱʝʪ 

ʠʥʬʦʨʤʘʮʠʶ, ʥʦ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʫʝʪ ʝʸ, ʩʪʨʦʠʪ ʩʚʷʟʠ ʠ ʨʝʟʶʤʠʨʫʝʪ. ʅʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ, 

ʯʪʦ ʀʀ ʤʦʞʝʪ çʛʘʣʣʶʮʠʥʠʨʦʚʘʪʴè, ʤʦʞʝʪ ʚʳʜʫʤʳʚʘʪʴ ʥʝʩʫʱʝʩʪʚʫʶʱʠʝ ʬʘʢʪʳ. ʂʣʶʯʝʚʦʝ 

ʦʪʣʠʯʠʝ ʀʀ ʦʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ï ʀʀ ʥʝ ʩʧʦʩʦʙʝʥ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʟʥʘʥʠʷ, ʜʘʚʘʪʴ 

ʵʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʧʨʠʥʠʤʘʝʤʳʤ ʨʝʰʝʥʠʷʤ.    

ʄʦʞʥʦ ʣʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʜʝʛʨʘʜʘʮʠʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʟʘʧʨʝʪʦʤ ʀʀ?  ʅʘʰʝ 

ʤʥʝʥʠʝ ï ʟʘʧʨʝʪʠʪʴ ʀʀ ʥʝʚʦʟʤʦʞʥʦ ʠ ʜʘʞʝ ʢʦʥʪʨʧʨʦʜʫʢʪʠʚʥʦ: 

- ʊʝʭʥʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʟʘʙʣʦʢʠʨʦʚʘʪʴ ʚʩʝ ʩʝʨʚʠʩʳ. ɼʘʞʝ ʝʩʣʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʛʨʘʥʠʯʠʪʴ ʜʦʩʪʫʧ ʢ ChatGPT, DeepSeek ʠ ʜʨ. ʩʪʫʜʝʥʪʳ ʙʫʜʫʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʠʤʠ 

ʩ ʪʝʣʝʬʦʥʘ ʠʣʠ ʯʝʨʝʟ ʧʨʦʢʩʠ. 

- ʊʦʪʘʣʴʥʳʡ ʟʘʧʨʝʪ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ï ʵʪʦ ʙʦʨʴʙʘ ʩ ʩʠʤʧʪʦʤʘʤʠ, 

ʘ ʥʝ ʩ ʧʨʠʯʠʥʦʡ. ʕʪʦ ʧʨʝʚʨʘʱʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚ çʧʦʣʠʮʝʡʩʢʫʶ ʠʛʨʫè, ʘ ʦʥʦ ʜʦʣʞʥʦ ʙʳʪʴ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦʤ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʘ. ʄʳ ʟʘʧʨʝʪʠʤ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʫʞʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ, ʣʠʰʠʚ ʩʪʫʜʝʥʪʦʚ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʫʯʠʪʴʩʷ ʠʤ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʵʪʠʯʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ, ʘ ʚʝʜʴ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʀʀ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ ʫʞʝ ʩʝʡʯʘʩ. 

ʅʦʚʘʷ ʧʘʨʘʜʠʛʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʚ ʟʘʧʨʝʪʝ, ʘ ʚ ʠʥʪʝʛʨʘʮʠʠ ʠ ʧʝʨʝʩʪʨʦʡʢʝ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʄʳ ʧʨʝʜʣʘʛʘʝʤ: 

1. ʉʤʝʩʪʠʪʴ ʘʢʮʝʥʪ ʩ çʦʪʚʝʪʘè ʥʘ çʧʨʦʮʝʩʩè:  

- ɿʘʜʘʥʠʷ ʜʦʣʞʥʳ ʪʨʝʙʦʚʘʪʴ ʣʠʯʥʦʛʦ ʦʧʳʪʘ, ʨʝʬʣʝʢʩʠʠ, ʘʥʘʣʠʟʘ ʢʦʥʢʨʝʪʥʳʭ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʫ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ ʩʚʦʠ. 

- ɺʥʝʜʨʝʥʠʝ çʩʜʘʯè ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʦʚ: ʧʣʘʥ, ʯʝʨʥʦʚʠʢ, ʩʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ, 

ʩʘʤʦʨʝʬʣʝʢʩʠʷ ʧʦ ʧʦʚʦʜʫ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ. 

2. ʉʜʝʣʘʪʴ ʀʀ ʣʝʛʠʪʠʤʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ: 

- ʆʪʢʨʳʪʦ ʛʦʚʦʨʠʪʴ ʦ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠ ʦʛʨʘʥʠʯʝʥʠʷʭ. 

- ɺʚʦʜʠʪʴ ʧʨʘʚʠʣʘ ʮʠʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ, ʢʘʢ ʮʠʪʠʨʫʶʪ ʢʥʠʛʠ ʠʣʠ ʩʪʘʪʴʠ. 

(çɼʣʷ ʛʝʥʝʨʘʮʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʠʜʝʡ ʠ ʧʨʦʚʝʨʢʠ ʛʨʘʤʤʘʪʠʢʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

DeepSeekè). 

- ɼʘʚʘʪʴ ʟʘʜʘʥʠʷ, ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʳʝ ʜʣʷ ʨʘʙʦʪʳ ʩ ʀʀ: çʅʘʡʜʠ 3 ʬʘʢʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ 

ʚ ʪʝʢʩʪʝ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʤ ʀʀè, çʋʣʫʯʰʠ ʵʪʦʪ ʢʦʜ, ʥʘʧʠʩʘʥʥʳʡ ʥʝʡʨʦʩʝʪʴʶè, 
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çʇʨʦʘʥʘʣʠʟʠʨʫʡ ʘʨʛʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʠʪ ʀʀ ʧʦ ʩʧʦʨʥʦʤʫ ʚʦʧʨʦʩʫ, ʠ ʥʘʡʜʠ 

ʢʦʥʪʨʘʨʛʫʤʝʥʪʳè. 

3. ʇʝʨʝʩʤʦʪʨʝʪʴ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʠʚʘʥʠʷ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ: 

- ʉʜʝʣʘʪʴ ʫʧʦʨ ʥʘ ʫʩʪʥʳʝ ʟʘʱʠʪʳ, ʧʨʦʝʢʪʳ, ʧʨʝʟʝʥʪʘʮʠʠ, ʛʜʝ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʪʝʤʳ. 

- ʆʮʝʥʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʪʦʛʦʚʳʡ ʪʝʢʩʪ, ʥʦ ʠ ʪʦ, ʢʘʢ ʩʪʫʜʝʥʪ ʨʘʙʦʪʘʣ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, ʢʘʢ 

ʦʥ ʝʝ ʧʨʦʚʝʨʷʣ ʠ ʩʠʥʪʝʟʠʨʦʚʘʣ. 

ʅʘʜʦ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʀʀ ʩʪʘʚʠʪ ʧʦʜ ʚʦʧʨʦʩ ʩʘʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʤʥʦʛʠʭ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʬʦʨʤʘʪʦʚ ʦʙʫʯʝʥʠʷ. ʋʙʝʞʘʪʴ ʦʪ ʵʪʦʛʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝʚʦʟʤʦʞʥʦ. ʉʘʤʘ ʧʦ ʩʝʙʝ ʪʝʭʥʦʣʦʛʠʷ 

ʥʝʡʪʨʘʣʴʥʘ. ɽʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʩ. ʋʛʨʦʟʘ ʜʝʛʨʘʜʘʮʠʠ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠ ʠʥʝʨʮʠʦʥʥʦʤ 

ʧʦʜʭʦʜʝ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʳʪʘʝʪʩʷ ʠʛʥʦʨʠʨʦʚʘʪʴ ʠʣʠ ʟʘʧʨʝʱʘʪʴ ʥʦʚʫʶ ʨʝʘʣʴʥʦʩʪʴ. 

ʅʦ ʵʪʘ ʞʝ ʪʝʭʥʦʣʦʛʠʷ ʦʪʢʨʳʚʘʝʪ ʢʦʣʦʩʩʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʳ (ʧʨʦʚʝʨʢʘ ʧʨʦʩʪʳʭ ʟʘʜʘʥʠʡ) ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʚʨʝʤʝʥʠ ʜʣʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʛʣʫʙʦʢʦʡ, ʪʚʦʨʯʝʩʢʦʡ ʠ ʥʘʩʪʘʚʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʩ ʦʙʫʯʘʶʱʠʤʩʷ. 

ɺʳʟʦʚ, ʢʦʪʦʨʳʡ ʙʨʦʩʘʝʪ ʀʀ ʦʙʨʘʟʦʚʘʥʠʶ, ï ʵʪʦ ʰʘʥʩ ʩʜʝʣʘʪʴ ʝʛʦ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ, 

ʛʠʙʢʠʤ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʨʘʟʚʠʪʠʝ ʪʝʭ ʫʥʠʢʘʣʴʥʳʭ ʯʝʣʦʚʝʯʝʩʢʠʭ ʢʘʯʝʩʪʚ, ʢʦʪʦʨʳʝ 

ʤʘʰʠʥʝ ʧʦʢʘ ʥʝ ʧʦʜʚʣʘʩʪʥʳ: ʢʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ, ʢʨʝʘʪʠʚʥʦʩʪʴ ʠ ʵʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ. 

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʨʛʫʤʝʥʪʳ çɿɸè ʠ çʇʈʆʊʀɺè ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ ʥʘʫʢʝ ʠ 

ʦʙʨʘʟʦʚʘʥʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʜʠʭʦʪʦʤʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʀʀ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʳʤ 

çʜʦʙʨʦʤè ʠʣʠ çʟʣʦʤè. ʕʪʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʵʬʬʝʢʪ ʦʪ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʪʝʢʩʪʦʤ 

ʠ ʧʨʘʚʠʣʘʤʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʂʣʶʯʝʚʦʡ ʚʳʟʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚ ʚʳʙʦʨʝ ʤʝʞʜʫ ʧʨʠʥʷʪʠʝʤ ʠʣʠ 

ʟʘʧʨʝʪʦʤ, ʘ ʚ ʧʝʨʝʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʯʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʀʀ ʢʘʢ ʘʩʩʠʩʪʝʥʪʘ (ʜʣʷ ʨʫʪʠʥʳ, ʚʠʟʫʘʣʠʟʘʮʠʠ, 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ) ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʝʛʦ ʨʦʣʴ ʢʘʢ ʩʫʨʨʦʛʘʪʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, 

ʪʚʦʨʯʝʩʪʚʘ ʠ ʵʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ. ɹʫʜʫʱʝʝ ʟʘ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʴʶ, ʛʜʝ ʢʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ, 

ʢʨʝʘʪʠʚʥʦʩʪʴ ʠ ʵʪʠʯʝʩʢʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʥʘʧʨʘʚʣʷʶʪ ʠ ʠʩʧʦʣʴʟʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʊʘʙʣʠʮʘ 

ɸʨʛʫʤʝʥʪʳ çʟʘè ʠ çʧʨʦʪʠʚè ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ ʥʘʫʢʝ ʠ ʦʙʨʘʟʦʚʘʥʠʠ 

 

 ɸʨʛʫʤʝʥʪʳ çɿɸè  

(ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ) 

ɸʨʛʫʤʝʥʪʳ çʇʈʆʊʀɺè  

(ʨʠʩʢʠ ʠ ʚʳʟʦʚʳ) 

1. ɼʦʩʪʫʧʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ï ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʳ: ʧʨʦʚʝʨʢʘ 

ʨʘʙʦʪ, ʛʝʥʝʨʘʮʠʷ ʪʝʩʪʦʚ, 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʦʩʚʦʙʦʞʜʘʶʪ 

ʚʨʝʤʷ ʜʣʷ ʪʚʦʨʯʝʩʢʠʭ ʟʘʜʘʯ.  

ï ʋʩʢʦʨʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ʙʳʩʪʨʳʡ ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, 

ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ, ʧʨʦʚʝʨʢʘ 

ʛʠʧʦʪʝʟ.  

ï ʇʝʨʩʦʥʘʣʠʟʘʮʠʷ: ʘʜʘʧʪʘʮʠʷ 

ʫʯʝʙʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʠ ʩʣʦʞʥʦʩʪʠ 

ʟʘʜʘʥʠʡ ʧʦʜ ʫʨʦʚʝʥʴ ʢʘʞʜʦʛʦ 

ʩʪʫʜʝʥʪʘ. 

ï ʈʠʩʢ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʣʝʥʠè: 

ʧʦʜʤʝʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʤʳʰʣʝʥʠʷ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʝʤ 

ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ.  

ï ʎʠʬʨʦʚʦʝ ʥʝʨʘʚʝʥʩʪʚʦ: ʫʩʠʣʝʥʠʝ 

ʨʘʟʨʳʚʘ ʤʝʞʜʫ ʪʝʤʠ, ʫ ʢʦʛʦ ʝʩʪʴ ʜʦʩʪʫʧ ʢ 

ʧʨʦʜʚʠʥʫʪʳʤ ʀʀ-ʠʥʩʪʨʫʤʝʥʪʘʤ, ʠ ʪʝʤʠ, 

ʫ ʢʦʛʦ ʝʛʦ ʥʝʪ. 
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2. ʂʘʯʝʩʪʚʦ ʠ 

ʛʣʫʙʠʥʘ 

ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʣʦʞʥʳʭ 

ʢʦʥʮʝʧʮʠʡ: ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ, 

ʩʠʤʫʣʷʮʠʡ ʠ ʠʥʬʦʛʨʘʬʠʢʠ ʜʣʷ 

ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ.  

ï ʇʨʝʦʜʦʣʝʥʠʝ ʢʦʛʥʠʪʠʚʥʳʭ 

ʠʩʢʘʞʝʥʠʡ: ʧʦʤʦʱʴ ʚ ʦʙʲʝʢʪʠʚʥʦʤ 

ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʝʥʠʠ 

ʧʘʪʪʝʨʥʦʚ, ʥʝʦʯʝʚʠʜʥʳʭ ʜʣʷ 

ʯʝʣʦʚʝʢʘ.  

ï ʂʨʫʛʣʦʩʫʪʦʯʥʳʡ ʜʦʩʪʫʧ ʢ 

çʧʦʤʦʱʥʠʢʫè: ʩʪʫʜʝʥʪ ʠʣʠ ʫʯʝʥʳʡ 

ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʨʘʟʲʷʩʥʝʥʠʝ ʠʣʠ 

ʠʜʝʶ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ. 

ï ʇʦʚʝʨʭʥʦʩʪʥʦʩʪʴ ʟʥʘʥʠʡ: ʠʣʣʶʟʠʷ 

ʧʦʥʠʤʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʀʀ ʪʝʢʩʪʦʚ ʠʣʠ ʢʦʜʘ 

ʙʝʟ ʛʣʫʙʦʢʦʛʦ ʦʩʤʳʩʣʝʥʠʷ.  

ï çɻʘʣʣʶʮʠʥʘʮʠʠè ʠ ʦʰʠʙʢʠ: ʛʝʥʝʨʘʮʠʷ 

ʧʨʘʚʜʦʧʦʜʦʙʥʦʡ, ʥʦ ʬʘʢʪʦʣʦʛʠʯʝʩʢʠ 

ʥʝʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʧʦʩʪʦʷʥʥʦʡ ʧʝʨʝʧʨʦʚʝʨʢʠ. 

3. ɸʢʘʜʝʤʠʯʝʩʢʘʷ 

ʯʝʩʪʥʦʩʪʴ ʠ ʦʮʝʥʢʘ 

ï ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʯʝʩʪʥʦʡ ʨʘʙʦʪʳ: 

ʧʦʤʦʱʴ ʚ ʬʦʨʤʫʣʠʨʦʚʢʝ ʤʳʩʣʝʡ, 

ʧʦʠʩʢʝ ʠʩʪʦʯʥʠʢʦʚ, ʦʪʣʘʜʢʝ ʢʦʜʘ 

ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʦʟʨʘʯʥʦʛʦ 

ʮʠʪʠʨʦʚʘʥʠʷ.  

ï ʅʦʚʳʝ ʬʦʨʤʳ ʦʮʝʥʢʠ: ʩʤʝɦʝʥʠʝ 

ʬʦʢʫʩʘ ʩ ʠʪʦʛʦʚʦʛʦ ʪʝʢʩʪʘ/ʢʦʜʘ ʥʘ 

ʧʨʦʮʝʩʩ, ʫʩʪʥʫʶ ʟʘʱʠʪʫ, ʧʨʦʝʢʪʳ ʠ 

ʘʥʘʣʠʟ ʦʰʠʙʦʢ ʀʀ. 

ï ʂʨʠʟʠʩ ʩʠʩʪʝʤʳ ʦʮʝʥʠʚʘʥʠʷ: 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʵʩʩʝ ʠ ʟʘʜʘʥʠʷ ʪʝʨʷʶʪ 

ʩʤʳʩʣ, ʪʘʢ ʢʘʢ ʠʭ ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʀʀ.  

ï ʅʝʧʨʦʟʨʘʯʥʦʩʪʴ ʚʢʣʘʜʘ: ʩʣʦʞʥʦʩʪʴ 

ʦʪʣʠʯʠʪʴ ʦʨʠʛʠʥʘʣʴʥʫʶ ʨʘʙʦʪʫ ʦʪ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ, ʯʪʦ ʧʦʜʨʳʚʘʝʪ ʜʦʚʝʨʠʝ 

ʠ ʧʦʨʦʞʜʘʝʪ ʥʦʚʳʝ ʬʦʨʤʳ ʧʣʘʛʠʘʪʘ. 

4. ʂʨʝʘʪʠʚʥʦʩʪʴ ʠ 

ʨʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ 

ï ɻʝʥʝʨʘʪʦʨ ʠʜʝʡ ʠ çʤʦʟʛʦʚʦʡ 

ʰʪʫʨʤʝʨè: ʧʦʤʦʱʴ ʚ ʧʨʝʦʜʦʣʝʥʠʠ 

ʪʚʦʨʯʝʩʢʦʛʦ ʪʫʧʠʢʘ, ʧʨʝʜʣʦʞʝʥʠʝ 

ʥʝʦʯʝʚʠʜʥʳʭ ʛʠʧʦʪʝʟ ʠʣʠ ʧʦʜʭʦʜʦʚ.  

ï ʈʘʟʚʠʪʠʝ çʤʷʛʢʠʭè ʥʘʚʳʢʦʚ: 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʝʪʝʥʮʠʡ 

ʙʫʜʫʱʝʛʦ: ʧʨʦʤʪ-ʠʥʞʠʥʠʨʠʥʛ, 

ʢʨʠʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʚʳʚʦʜʦʚ ʀʀ, 

ʫʧʨʘʚʣʝʥʠʝ AI-assisted ʧʨʦʝʢʪʘʤʠ. 

ï ʕʨʦʟʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʚʳʢʦʚ: 

ʦʩʣʘʙʣʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʧʠʩʴʤʫ, ʨʘʩʯʝʪʘʤ, 

ʘʥʘʣʠʟʫ ʧʝʨʚʦʠʩʪʦʯʥʠʢʦʚ ʠ ʥʘʧʠʩʘʥʠʶ 

ʢʦʜʘ çʩ ʥʫʣʷè.  

ï ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʤʳʰʣʝʥʠʷ: ʨʠʩʢ, ʯʪʦ 

ʀʀ, ʦʙʫʯʝʥʥʳʡ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʜʘʥʥʳʭ, ʙʫʜʝʪ ʪʠʨʘʞʠʨʦʚʘʪʴ ʰʘʙʣʦʥʥʳʝ 

ʨʝʰʝʥʠʷ ʠ ʧʦʜʘʚʣʷʪʴ ʨʘʜʠʢʘʣʴʥʦ ʥʦʚʦʝ, 

ʥʝʩʪʘʥʜʘʨʪʥʦʝ ʤʳʰʣʝʥʠʝ. 

5. ʕʪʠʯʝʩʢʠʡ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ 

ʘʩʧʝʢʪ 

ï ʇʦʚʳʰʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ: ʇʦʤʦʱʴ ʩʪʫʜʝʥʪʘʤ ʩ 

ʦʩʦʙʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ, ʧʦʜʜʝʨʞʢʘ 

ʚ ʨʝʛʠʦʥʘʭ ʩ ʜʝʬʠʮʠʪʦʤ ʧʝʜʘʛʦʛʦʚ-

ʵʢʩʧʝʨʪʦʚ.  

ï ʉʥʠʞʝʥʠʝ ʩʪʨʝʩʩʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ ʩʥʠʞʘʝʪ 

ʙʶʨʦʢʨʘʪʠʯʝʩʢʫʶ ʠ ʧʨʦʚʝʨʦʯʥʫʶ 

ʥʘʛʨʫʟʢʫ ʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. 

ï ɼʝʛʫʤʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ: ʫʪʨʘʪʘ 

ʞʠʚʦʛʦ ʜʠʘʣʦʛʘ, ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʠ 

ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʦʣʠ ʧʝʜʘʛʦʛʘ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʵʤʦʮʠʦʥʘʣʴʥʦʤ 

ʠʥʪʝʣʣʝʢʪʝ ʠ ʵʤʧʘʪʠʠ.  

ï ʇʩʠʭʦʣʦʛʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʨʠʩʢʠ: 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ çʙʳʩʪʨʳʭ 

ʦʪʚʝʪʦʚè, ʩʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʪʨʫʜʥʦʩʪʷʤ, 

ʤʘʥʠʧʫʣʷʮʠʷ ʯʝʨʝʟ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʪʝʥʪ. 

6. ʉʠʩʪʝʤʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʥʘʫʢʫ 

ï ʋʤʝʥʴʰʝʥʠʝ çʧʦʨʦʛʘ ʚʭʦʜʘè ʜʣʷ 

ʫʯʝʥʳʭ ʟʘ ʩʯʸʪ ʜʦʩʪʫʧʥʳʭ ʤʦʱʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʠʟʘ.  

ï ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʩʠʥʪʝʟ: ʀʀ 

ʧʦʤʦʛʘʝʪ ʥʘʭʦʜʠʪʴ ʩʚʷʟʠ ʤʝʞʜʫ 

ʜʠʩʮʠʧʣʠʥʘʤʠ, ʦʙʨʘʙʘʪʳʚʘʷ 

ʣʠʪʝʨʘʪʫʨʫ ʠʟ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ 

ʟʥʘʥʠʷ. 

ï ʆʙʝʩʮʝʥʠʚʘʥʠʝ ʘʚʪʦʨʩʪʚʘ ʠ ʵʢʩʧʝʨʪʠʟʳ: 

ʨʘʟʤʳʚʘʥʠʝ ʧʦʥʷʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʚʢʣʘʜʘ, ʩʣʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʠʩʪʠʥʥʦʡ ʨʦʣʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʚ ʨʘʙʦʪʝ, ʩʦʟʜʘʥʥʦʡ ʚ 

ʢʦʣʣʘʙʦʨʘʮʠʠ ʩ ʀʀ.  

ï ʋʩʠʣʝʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ: 

ʟʘʢʨʝʧʣʝʥʠʝ ʠ ʫʩʠʣʝʥʠʝ ʩʦʮʠʘʣʴʥʳʭ, 

ʢʫʣʴʪʫʨʥʳʭ ʠ ʥʘʫʯʥʳʭ ʩʪʝʨʝʦʪʠʧʦʚ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʀʀ. 
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ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠ 

ʥʝʡʨʦʩʝʪʝʚʳʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ, ʩʦʢʨʘʱʘʶʪ ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʠ ʧʦʟʚʦʣʷʶʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʘʢʪʠʚʥʫʶ ʩʪʨʘʪʝʛʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, 

ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʤʦʥʠʪʦʨʠʥʛ, ʪʝʭʥʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ, ʜʝʬʝʢʪʳ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

 

ʄʘʛʠʩʪʨʘʣʴʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʦʦʨʫʞʝʥʠʷʤ ʧʦʚʳʰʝʥʥʦʛʦ ʫʨʦʚʥʷ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʀʭ ʵʢʩʧʣʫʘʪʘʮʠʷ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ.  

ʉʦʩʪʦʷʥʠʝ ʛʘʟʦʧʨʦʚʦʜʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʩʥʦʚʥʳʤʠ 

ʧʨʠʯʠʥʘʤʠ ʧʦʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʢʦʨʨʦʟʠʷ, ʪʨʝʱʠʥʳ, ʜʝʬʦʨʤʘʮʠʷ ʪʨʫʙ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ. ʅʝʠʩʧʨʘʚʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʚ ʩʣʝʜʩʪʚʠʠ ʩʙʦʝʚ ʚ ʨʘʙʦʪʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʩʘʜʢʠ, ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʟʝʤʣʷʥʳʝ ʨʘʙʦʪʳ ʚʙʣʠʟʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʦʢʘʟʳʚʘʶʪ ʚʥʝʰʥʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʪʝʯʢʘʤ 

ʛʘʟʘ, ʘʚʘʨʠʷʤ ʠʣʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ [3]. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʚʢʣʶʯʘʶʪ ʚʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ, ʜʠʘʛʥʦʩʪʠʢʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʠ ʧʝʨʝʥʦʩʥʳʭ ʜʘʪʯʠʢʦʚ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʥʫʪʨʠʪʨʫʙʥʦʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ 

ʦʙʩʣʝʜʦʚʘʥʠʝ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʜʘʪʯʠʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʢʦʤʧʦʥʝʥʪ 

ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʆʥʠ 

ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʪʦʯʥʫʶ ʠ ʥʘʜʝʞʥʫʶ ʬʠʢʩʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ [2]. 
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ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʦʙʨʘʙʦʪʢʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʥʦʩʘ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʘʮʠʶ 

ʛʨʘʬʠʢʦʚ ʠʥʩʧʝʢʮʠʡ ʠ ʨʝʤʦʥʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʢʦʥʩʪʘʪʘʮʠʶ ʬʘʢʪʠʯʝʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʸʤʘ ʨʫʯʥʳʭ ʦʧʝʨʘʮʠʡ, ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʘʢʪʠʚʥʫʶ ʩʪʨʘʪʝʛʠʶ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘ ʩʯʸʪ ʘʥʘʣʠʟʘ 

ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ [4]. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʧʦʜʭʦʜʦʚ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʤʦʥʠʪʦʨʠʥʛʫ ʚ ʦʙʣʘʩʪʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ï ʵʪʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʘʥʘʣʠʟʘ, 

ʦʮʝʥʢʠ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʩʦʩʪʦʷʥʠʶ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ 

ʢʦʥʪʝʢʩʪʝ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʦʙʳʯʥʦ ʧʦʥʠʤʘʶʪ 

ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʣʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʦʪʨʘʞʘʶʱʠʭ ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʘ ʠ 

ʝʛʦ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʩʮʝʥʘʨʠʝʚ 

ʧʦʚʨʝʞʜʝʥʠʡ, ʥʘʛʨʫʟʦʢ ʠʣʠ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʘ. 

ɺʳʜʝʣʠʤ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʤʦʥʠʪʦʨʠʥʛʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ  

ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ 

 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʩʸ ʙʦʣʴʰʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʨʝʦʙʨʘʟʫʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʜʘʥʥʳʭ 

ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʘʥʘʣʠʟʠʨʫʶʪ ʬʦʪʦ-, ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ ʠ ʪʝʨʤʦʛʨʘʤʤʳ, 

ʫʚʝʨʝʥʥʦ ʨʘʩʧʦʟʥʘʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʢʦʨʨʦʟʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʣʛʦʨʠʪʤʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʶʪ ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ, ʚʠʙʨʘʮʠʡ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʨʘʩʭʦʜʘ, ʫʪʦʯʥʷʷ ʜʠʘʛʥʦʟ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʩʠʩʪʝʤʳ.  

1. ʂʦʤʧʴʶʪʝʨʥʦʝ 
ʟʨʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ 
ʬʦʪʦïʠ ʚʠʜʝʦʜʘʥʥʳʭ

2. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 
ʧʨʦʤʳʰʣʝʥʥʦʡ 
ʩʝʥʩʦʨʠʢʠ

3. ʅʝʡʨʦʩʝʪʝʚʳʝ 
ʤʦʜʝʣʠ ʦʮʝʥʢʠ 
ʥʘʧʨʷʞʸʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ
ʩʦʩʪʦʷʥʠʷ

4. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ 
ʜʠʘʛʥʦʩʪʠʢʘ

5. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ 
ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 
ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ 
ʢʦʥʪʨʦʣʷ

6. ʇʨʦʛʥʦʩʪʠʯʝʩʢʘʷ 
ʘʥʘʣʠʪʠʢʘ ʨʝʩʫʨʩʘ 
ʪʨʫʙʦʧʨʦʚʦʜʦʚ

7. ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ
8. ʂʦʤʧʣʝʢʩʥʳʝ 
ʧʣʘʪʬʦʨʤʳ 
ʤʦʥʠʪʦʨʠʥʛʘ
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ʅʘ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤ ʫʨʦʚʥʝ ʩʧʝʮʠʘʣʴʥʳʝ ʤʦʜʝʣʠ ʦʮʝʥʠʚʘʶʪ 

ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʨʫʙ ʠ ʧʨʦʛʥʦʟʠʨʫʶʪ ʜʝʛʨʘʜʘʮʠʶ ʤʘʪʝʨʠʘʣʘ [5], ʘ 

ʤʠʥʠʘʪʶʨʥʳʝ ʠʥʩʧʝʢʮʠʦʥʥʳʝ ʨʦʙʦʪʳ ʩ ʢʘʤʝʨʘʤʠ ʠ ʚʩʪʨʦʝʥʥʳʤʠ ʥʝʡʨʦʩʝʪʝʚʳʤʠ ʤʦʜʫʣʷʤʠ 

ʜʝʪʘʣʴʥʦ ʦʙʩʣʝʜʫʶʪ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʫʯʘʩʪʢʠ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ [6].  

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʣʦʡ ʢʦʥʪʨʦʣʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ, ʤʘʛʥʠʪʥʦʡ ʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ, ʢʦʪʦʨʳʝ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʠʩʪʦʨʠʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘʛʨʫʟʢʘʤʠ, ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʩʦʩʪʘʚʦʤ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʩʨʝʜʳ ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʷʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʜʠʥʘʤʠʢʫ ʠʟʥʦʩʘ ʠ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ.  

ɿʘʚʝʨʰʘʝʪ ʵʪʫ ʮʝʧʦʯʢʫ ʫʨʦʚʝʥʴ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ: ʠʥʪʝʛʨʘʮʠʷ 

ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʥʝʡʨʦʩʝʪʝʚʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʙʝʟʦʧʘʩʥʦ ʧʨʦʠʛʨʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʜʝʬʝʢʪʦʚ, ʘ 

ʢʦʤʧʣʝʢʩʥʳʝ ʧʣʘʪʬʦʨʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʙʠʨʘʶʪ ʚʦʝʜʠʥʦ ʜʘʥʥʳʝ ʩʝʥʩʦʨʦʚ, ʚʠʟʫʘʣʴʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʩʦʙʳʪʠʷ ʠ 

ʧʦʜʩʢʘʟʳʚʘʶʪ ʦʧʝʨʘʪʦʨʘʤ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ [1]. 

ɻʨʘʬʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
 

ʈʠʩ. 2. ʆʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʪʨʫʙʦʧʨʦʚʦʜʘ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

 

ɻʨʘʬʠʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʪʘʙʣʠʮʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʚʥʝʜʨʝʥʠʝ ʀʀ-ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʝʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʤʦʜʝʣʝʡ ʢ ʢʦʥʢʨʝʪʥʳʤ 

ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. 
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ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʝʥʠʝ ʧʦʜʭʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ 

 

ʂʨʠʪʝʨʠʡ ʊʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʅʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ 

ʊʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ 75ï85% 92ï96% 

ʆʙʲʸʤ ʨʫʯʥʦʡ ʨʘʙʦʪʳ ɺʳʩʦʢʠʡ ʄʠʥʠʤʘʣʴʥʳʡ 

ɺʨʝʤʷ ʘʥʘʣʠʟʘ ɼʥʠ ʄʠʥʫʪʳ/ʯʘʩʳ 

ɸʥʘʣʠʟ ʦʛʨʦʤʥʳʭ 

ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ 
ʆʛʨʘʥʠʯʝʥʘ ɼʘ 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʄʠʥʠʤʘʣʴʥʘ ʇʦʣʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ɺʳʷʚʣʝʥʠʝ ʩʢʨʳʪʳʭ ʜʝʬʝʢʪʦʚ ʆʛʨʘʥʠʯʝʥʥʦ ʕʬʬʝʢʪʠʚʥʦ 

ʇʨʦʛʥʦʟ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʈʝʜʢʦ ɼʘ, ʧʨʝʜʠʢʪʠʚʥʳʡ ʘʥʘʣʠʟ 

ʈʝʩʫʨʩʦʸʤʢʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʉʨʝʜʥʷʷ ʊʨʝʙʫʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜʘ 

ʢ ʧʨʦʘʢʪʠʚʥʦʡ, ʨʠʩʢ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ 

ʩʠʩʪʝʤ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ 

ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ 

ʥʘʜʸʞʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ 

ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʚ ʟʘʜʘʯʘʭ 

ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʜʦ 92ï96%, ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʘʥʥʝʛʦ 

ʚʳʷʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʩʪʘʶʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʵʪʘʧʘʭ ʧʝʨʚʠʯʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʝʜʠʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʩʦʯʝʪʘʶʱʠʝ 

ʥʘʜʸʞʥʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʩʧʝʮʠʬʠʢʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʥʘ ʩʦʟʜʘʥʠʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʜʠʘʛʥʦʩʪʠʢʠ. 
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ɹʫʰʤʝʣʝʚʘ ʂ.ʀ. 
ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʇʦʪʘʧʦʚ ɺ.ɸ. 
ʩʪʫʜʝʥʪ, ʘʩʧʠʨʘʥʪ 

ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

 

ʇʈʆɹʃɽʄʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʉʇʇʈ  

ɺ ʇʈʆɽʂʊʅʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ ʋʅʀɺɽʈʉʀʊɽʊɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʡ ʨʝʰʝʥʠʡ (ʉʇʇʈ). ʆʪʤʝʯʝʥʳ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʇʇʈ ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʨʦʟʥʝʥʥʳʭ ʜʘʥʥʳʭ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ 

ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ï ʩʦʟʜʘʥʠʝ ʝʜʠʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʭʨʘʥʠʣʠʱ 

ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʉʇʇʈ ʠ ʤʝʪʦʜʦʚ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ ʧʦʚʳʰʘʝʪ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʨʝʰʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʨʘʟʥʦʨʦʜʥʳʝ ʜʘʥʥʳʝ, 

ʩʪʨʫʢʪʫʨʥʘʷ ʨʘʟʨʦʟʥʝʥʥʦʩʪʴ, ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ, ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ, ʧʨʦʝʢʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʥʘʢʦʧʣʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʤʥʦʞʝʩʪʚʝ ʨʘʟʨʦʟʥʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʫʯʝʙʥʳʝ, ʥʘʫʯʥʳʝ, 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ). ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʨʘʟʨʦʟʥʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʚʝʜʝʥʠʷ 

ʭʨʘʥʷʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʦ, ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʘʭ ʠ ʩʪʨʫʢʪʫʨʘʭ, ʥʝ ʦʙʨʘʟʫʷ ʝʜʠʥʦʡ ʢʘʨʪʠʥʳ. 

ɻʝʪʝʨʦʛʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʟʥʦʦʙʨʘʟʠʠ ʬʦʨʤʘʪʦʚ (ʪʘʙʣʠʮʳ, ʪʝʢʩʪʦʚʳʝ ʦʪʯʝʪʳ, 

ʙʘʟʳ ʜʘʥʥʳʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʚ ʨʘʟʣʠʯʠʠ ʪʝʨʤʠʥʦʣʦʛʠʠ ʠ ʩʭʝʤ ʭʨʘʥʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʨʦʝʢʪʦʚ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʮʝʣʦʩʪʥʦʡ ʠ 

ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ.  

ʉʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ) ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʤʦʱʠ ʣʠʮʘʤ, 

ʧʨʠʥʠʤʘʶʱʠʤ ʨʝʰʝʥʠʷ, ʧʫʪʝʤ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʨʝʣʝʚʘʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʫʯʪʝʥʦ ʧʨʠ 

ʚʳʨʘʙʦʪʢʝ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʪʝʤ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʤ ʦʥʦ ʙʫʜʝʪ. ʆʜʥʘʢʦ 

ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʦʚʝʨʥʦʡ, ʧʦʣʥʦʡ ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʡ. ɺ ʫʩʣʦʚʠʷʭ 

ʨʘʟʨʦʟʥʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʝ ʯʘʩʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʪʠʤ ʢʨʠʪʝʨʠʷʤ: ʠʤʝʶʪʩʷ ʧʨʦʙʝʣʳ, 

ʜʫʙʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʪʠʚʦʨʝʯʠʷ. ɺʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʙʲʝʜʠʥʠʪʴ ʨʘʟʨʦʟʥʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʝʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʘʥʘʣʠʟʘ. ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʢʘʯʝʩʪʚʦ ʨʝʢʦʤʝʥʜʘʮʠʡ ʉʇʇʈ ʩʥʠʞʘʝʪʩʷ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʪʨʝʙʥʦʩʪʴʶ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʚ ʵʬʬʝʢʪʠʚʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [3, ʩ. 528]. ʇʨʠʤʝʥʝʥʠʝ ʉʇʇʈ ʧʨʠ 

ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʝʢʪʘʤʠ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠʥʠʮʠʘʪʠʚ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ. ʆʜʥʘʢʦ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʇʇʈ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʨʘʟʨʦʟʥʝʥʥʦʩʪʴ ʠ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʜʘʥʥʳʭ. 
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ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʉʇʇʈ  

ʉʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ) ï ʵʪʦ ʢʣʘʩʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʤʦʱʠ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤ ʚ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʠʪʫʘʮʠʡ ʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ. ʉʇʇʈ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʠʥʪʝʛʨʠʨʫʶʱʝʝ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ ʩʣʦʞʥʳʭ ʠ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʭ 

ʩʠʪʫʘʮʠʷʭ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʃʇʈ (ʣʠʮʦ, ʧʨʠʥʠʤʘʶʱʝʝ 

ʨʝʰʝʥʠʝ) ʠʥʬʦʨʤʘʮʠʝʡ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʦʙʦʩʥʦʚʘʥʥʦʡ ʦʮʝʥʢʠ ʧʨʦʙʣʝʤʥʦʡ 

ʩʠʪʫʘʮʠʠ, ʠ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʛʦ ʚʘʨʠʘʥʪʘ ʨʝʰʝʥʠʷ [7, ʩ. 114].  

ɺ ʩʦʩʪʘʚ ʉʇʇʈ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʵʪʦ ʙʘʟʘ ʜʘʥʥʳʭ 

ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ. ɺʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪ 

ʦʪʚʝʯʘʝʪ ʟʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ, 

ʘʣʛʦʨʠʪʤʳ ʘʥʘʣʠʟʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ. ʊʨʝʪʠʡ ʢʦʤʧʦʥʝʥʪ ï ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʃʇʈ ʫʜʦʙʥʳʝ ʩʨʝʜʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ: ʟʘʧʨʦʩʳ, 

ʦʪʯʝʪʳ, ʚʠʟʫʘʣʠʟʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʉʇʇʈ ʪʘʢʞʝ ʚʳʜʝʣʷʶʪ ʠ ʢʦʤʧʦʥʝʥʪ 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʨʘʚʠʣʘ ʠ ʦʧʳʪ ʵʢʩʧʝʨʪʦʚ (ʙʘʟʳ ʟʥʘʥʠʡ ʠʣʠ ʤʦʜʫʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʨʭʠʪʝʢʪʫʨʘ ʉʇʇʈ ʦʙʳʯʥʦ ʦʭʚʘʪʳʚʘʝʪ ʧʦʜʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʜʘʥʥʳʤʠ, ʧʦʜʩʠʩʪʝʤʫ ʤʦʜʝʣʝʡ ʠ ʧʦʜʩʠʩʪʝʤʫ ʜʠʘʣʦʛʘ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ [2, ʩ. 70].  

ʂʘʯʝʩʪʚʦ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʚʳʜʘʚʘʝʤʳʭ ʉʇʇʈ, ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʝʡ. ʂʘʢ ʦʪʤʝʯʘʣʠ ʆ.ʀ. ʃʘʨʠʯʝʚ ʠ ɸ.ɹ. ʇʝʪʨʦʚʩʢʠʡ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʉʇʇʈ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʦʙʲʝʜʠʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʜʘʥʥʳʝ ʠ ʟʥʘʥʠʷ ʜʣʷ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ ʩʠʪʫʘʮʠʠ [6, ʩ. 140].  

ʈʦʩʪ ʦʙʲʝʤʘ ʠ ʩʣʦʞʥʦʩʪʠ ʜʘʥʥʳʭ ʩʪʠʤʫʣʠʨʦʚʘʣ ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʩʪʳʭ ʉʇʇʈ, ʨʘʙʦʪʘʶʱʠʭ 

ʥʘ ʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʢ ʢʦʤʧʣʝʢʩʥʳʤ ʩʠʩʪʝʤʘʤ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʩ 

ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʭʨʘʥʠʣʠʱʘʤʠ ʜʘʥʥʳʭ ʠ BI-ʧʣʘʪʬʦʨʤʘʤʠ. ɺ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʉʇʇʈ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʷʜʨʘ, ʢʦʪʦʨʦʝ ʩʦʙʠʨʘʝʪ ʩʚʝʜʝʥʠʷ ʦ 

ʧʨʦʝʢʪʘʭ (ʥʘʫʯʥʳʭ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ) ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘʥʘʣʠʟʠʨʫʝʪ 

ʧʦʢʘʟʘʪʝʣʠ (ʙʶʜʞʝʪ, ʩʨʦʢʠ, ʨʝʟʫʣʴʪʘʪʳ) ʠ ʧʦʤʦʛʘʝʪ ʨʫʢʦʚʦʜʩʪʚʫ ʚ ʧʨʠʥʷʪʠʠ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʨʝʰʝʥʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʦʨʪʬʝʣʝʤ ʧʨʦʝʢʪʦʚ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʨʘʟʨʦʟʥʝʥʥʦʩʪʴ ʠ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʚ ʉʇʇʈ  

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʇʇʈ ʪʨʝʙʫʝʪʩʷ ʢʦʥʩʦʣʠʜʘʮʠʷ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ ʥʘ 

ʧʨʘʢʪʠʢʝ ʜʘʥʥʳʝ ʯʘʩʪʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʨʘʟʥʳʤ ʩʠʩʪʝʤʘʤ ʠ ʠʤʝʶʪ ʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ [4, ʩ. 64]. 

ʉʪʨʫʢʪʫʨʥʘʷ ʨʘʟʨʦʟʥʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʭʨʘʥʷʪʩʷ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠʣʠ ʬʘʡʣʘʭ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘʧʨʷʤʫʶ. 

ʉʚʝʜʝʥʠʷ ʦ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʘʭ, ʜʘʥʥʳʝ ʧʦ ʬʠʥʘʥʩʘʤ, ʢʘʜʨʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʟʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ ʠʣʠ ʬʦʨʤʘʪʘʭ. ʆʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʧʨʠʭʦʜʠʪʩʷ ʚʨʫʯʥʫʶ ʩʦʙʠʨʘʪʴ 

ʠ ʩʦʧʦʩʪʘʚʣʷʪʴ ʬʨʘʛʤʝʥʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ 

ʠ ʜʘʝʪ ʣʠʰʴ ʬʨʘʛʤʝʥʪʘʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʟʘʤʝʜʣʷʝʪ ʠʣʠ ʜʝʣʘʝʪ 

ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ ʠ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʦʰʠʙʦʢ [5, ʩ. 473].  
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ɻʝʪʝʨʦʛʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʘʩʧʝʢʪʘʭ. ɺʦ-ʧʝʨʚʳʭ, ʨʘʟʣʠʯʘʶʪʩʷ 

ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ: ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʪʘʙʣʠʮʳ ʨʝʣʷʮʠʦʥʥʳʭ ɹɼ, XML-ʬʘʡʣʳ, 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʪʝʢʩʪʳ ʦʪʯʝʪʦʚ, ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʜʘʥʥʳʝ ʠ ʜʨʫʛʠʝ. ɺʦ-ʚʪʦʨʳʭ, ʜʘʞʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʠ ʢʦʜʠʨʦʚʢʠ (ʦʪʣʠʯʠʷ ʚ 

ʩʧʨʘʚʦʯʥʠʢʘʭ, ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ, ʬʦʨʤʘʪʝ ʜʘʪ). ɺ-ʪʨʝʪʴʠʭ, ʨʘʟʣʠʯʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʠ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʜʘʥʥʳʭ. ɺʩʝ ʵʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʷʤʦʝ 

ʦʙʲʝʜʠʥʝʥʠʝ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʥʘʷ ʨʘʟʨʦʟʥʝʥʥʦʩʪʴ ʠ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ 

ʩʝʨʴʝʟʥʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʥʘ ʧʫʪʠ ʚʥʝʜʨʝʥʠʷ ʉʇʇʈ. ɺ ʪʘʢʦʡ ʩʨʝʜʝ ʉʇʇʈ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩʦ 

ʩʣʦʞʥʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦ ʤʥʦʞʝʩʪʚʫ ʠʩʪʦʯʥʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʢ ʝʜʠʥʦʤʫ ʚʠʜʫ, ʪʨʫʜʥʦʩʪʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʮʝʣʦʩʪʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ 

[1, ʩ. 9]. ʇʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʠʩʧʳʪʳʚʘʪʴ ʥʝʜʦʚʝʨʠʝ ʢ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʚʳʚʦʜʘʤ, ʝʩʣʠ ʜʘʥʥʳʝ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʨʫʛ ʜʨʫʛʫ. ʂʨʦʤʝ ʪʦʛʦ, ʚʝʣʠʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 

ʧʦʜʛʦʪʦʚʢʫ ʜʘʥʥʳʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʣʘ ʙʳ ʝʜʠʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʜʘʥʥʳʭ. 

ʄʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʉʇʇʈ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ  

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʉʇʇʈ ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʦʙʱʝʥʥʳʭ ʠ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ 

ʥʝʦʙʭʦʜʠʤʳ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʛʨʘʮʠʠ ʠ ʫʥʠʬʠʢʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ (ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ) ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ.  

1. ʉʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʨʛʘʥʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʃʇʈ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʧʦʨʪʘʣʘ ʠʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʦʙʲʝʜʠʥʷʶʱʝʡ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʧʦʟʚʦʣʷʝʪ ʩʦʙʨʘʪʴ ʨʘʟʥʦʨʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʠʭ ʢʘʢ ʝʜʠʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʣʷ 

ʘʥʘʣʠʟʘ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʉʇʇʈ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʝʜʠʥʘʷ ʪʦʯʢʘ ʚʭʦʜʘ ʢ ʜʘʥʥʳʤ ʨʘʟʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʶʶ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʚʝʙ-

ʧʣʘʪʬʦʨʤʫ, ʛʜʝ ʜʘʥʥʳʝ ʠʟ ʨʘʟʥʳʭ ʦʪʜʝʣʦʚ ʘʛʨʝʛʠʨʦʚʘʥʳ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʚ ʦʙʱʠʭ 

ʜʘʰʙʦʨʜʘʭ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʨʝʜʩʪʘʚʠʪʴ ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʘʮʠʠ, ʩʦʢʨʘʱʘʷ 

ʚʨʝʤʷ ʥʘ ʧʦʠʩʢ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ.  

2. ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʚ ʭʨʘʥʠʣʠʱʝ (Data Warehouse). ʍʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ ï ʵʪʦ 

ʦʪʜʝʣʴʥʘʷ ʙʘʟʘ, ʚ ʢʦʪʦʨʫʶ ʠʟ ʨʘʟʥʳʭ ʦʧʝʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʨʝʛʫʣʷʨʥʦ ʚʳʛʨʫʞʘʶʪʩʷ, 

ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʠ ʟʘʛʨʫʞʘʶʪʩʷ ʜʘʥʥʳʝ (ʧʨʦʮʝʩʩ ETL ï Extract, Transform, Load). ʎʝʣʴʶ 

ʧʦʩʪʨʦʝʥʠʷ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ, ʘʢʪʫʘʣʠʟʘʮʠʷ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʟ 

ʨʘʟʥʦʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʜʠʥʦʛʦ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ 

ʦʙʲʝʢʪʝ ʫʧʨʘʚʣʝʥʠʷ. ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʟʨʦʟʥʝʥʥʳʭ 

ʜʝʪʘʣʝʡ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʦʙʱʠʝ ʩʫʱʥʦʩʪʠ ʭʨʘʥʠʣʠʱʘ, ʠʭ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʦʯʠʩʪʢʠ 

(ʫʜʘʣʝʥʠʝ ʜʫʙʣʠʢʘʪʦʚ, ʧʨʠʚʝʜʝʥʠʝ ʢ ʝʜʠʥʳʤ ʩʧʨʘʚʦʯʥʠʢʘʤ). ɽʩʣʠ ʚ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʙʳʣʠ 

ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ, ʚ ʭʨʘʥʠʣʠʱʝ ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʦʚʝʨʝʥʥʦʝ ʝʜʠʥʦʝ ʟʥʘʯʝʥʠʝ, ʠʣʠ ʭʨʘʥʷʪʩʷ ʚʩʝ 

ʚʝʨʩʠʠ ʩ ʫʢʘʟʘʥʠʝʤ ʘʢʪʫʘʣʴʥʦʩʪʠ.  



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

66 

ʉʦʟʜʘʥʠʝ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʚ ʉʇʇʈ ʧʦʟʚʦʣʷʝʪ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʤʝʥʷʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʠʥʩʪʨʫʤʝʥʪʳ. ʅʘ ʙʘʟʝ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʚʦʟʤʦʞʥʦ ʨʘʟʚʝʨʥʫʪʴ OLAP-ʩʠʩʪʝʤʫ 

ʠʣʠ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʩʝʪʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʣʦʡ ʠ ʧʦʟʚʦʣʷʶʱʠʝ 

ʚʳʧʦʣʥʷʪʴ ʘʥʘʣʠʟ ʩ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʭʝʤʘ ʉʇʇʈ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʦʡ 

ʦʧʝʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ, ʩʣʦʡ ʭʨʘʥʠʣʠʱʘ ʠ ʩʣʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ [8, ʩ. 30].  

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ETL-ʧʨʦʮʝʩʩʦʚ ʠ ʩʨʝʜʩʪʚ ʦʯʠʩʪʢʠ ʜʘʥʥʳʭ. ɺʥʝʜʨʝʥʠʝ ʉʇʇʈ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠʟʚʣʝʯʝʥʠʷ, ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ 

ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ETL-ʠʥʩʪʨʫʤʝʥʪʳ ʠʣʠ ʩʢʨʠʧʪʳ 

ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʙʦʨ ʜʘʥʥʳʭ (ʧʦ ʨʘʩʧʠʩʘʥʠʶ ʘʛʨʝʛʠʨʦʚʘʪʴ ʩʚʝʜʝʥʠʷ ʠʟ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʝʜʠʥʳʝ ʩʚʦʜʥʳʝ ʪʘʙʣʠʮʳ). ɺ ʭʦʜʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʜʘʥʥʳʝ ʦʯʠʱʘʶʪʩʷ (ʬʠʣʴʪʨʘʮʠʷ ʦʰʠʙʦʢ ʠ ʧʨʦʧʫʩʢʦʚ), ʩʪʘʥʜʘʨʪʠʟʠʨʫʶʪʩʷ (ʧʨʠʚʝʜʝʥʠʝ 

ʬʦʨʤʘʪʦʚ ʜʘʪ, ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ, ʢʦʜʠʨʦʚʦʢ) ʠ ʦʙʦʛʘʱʘʶʪʩʷ (ʚʳʯʠʩʣʝʥʠʝ ʥʝʜʦʩʪʘʶʱʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʝʜʠʥʳʤ ʩʧʨʘʚʦʯʥʠʢʘʤ). ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʧʨʦʮʝʩʩʘʤ 

ʬʦʨʤʠʨʫʝʪʩʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʘʥʘʣʠʟʘ ʚ ʉʇʇʈ.  

4. ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʫʥʠʬʠʢʘʮʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʜʘʥʥʳʭ. ʊʝʭʥʠʯʝʩʢʘʷ ʠʥʪʝʛʨʘʮʠʷ 

ʜʦʣʞʥʘ ʜʦʧʦʣʥʷʪʴʩʷ ʣʦʛʠʯʝʩʢʦʡ ʫʥʠʬʠʢʘʮʠʝʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ ʚʳʨʘʙʦʪʢʫ ʝʜʠʥʳʭ ʧʦʥʷʪʠʡ ʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʚʩʝʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʉʣʝʜʫʝʪ ʚʚʝʩʪʠ ʦʙʱʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ, ʝʜʠʥʳʝ ʢʨʠʪʝʨʠʠ 

ʦʮʝʥʢʠ, ʬʦʨʤʳ ʦʪʯʝʪʥʦʩʪʠ ʠ ʪ.ʜ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʜʘʥʥʳʭ (ʦʧʠʩʘʥʠʡ 

ʜʘʥʥʳʭ), ʢʦʪʦʨʦʝ ʧʦʤʦʞʝʪ ʉʇʇʈ ʧʨʘʚʠʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʨʘʟʥʦʨʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ. 

ʉʇʇʈ, ʦʧʠʨʘʷʩʴ ʥʘ ʤʝʪʘʜʘʥʥʳʝ, ʩʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʧʦʩʪʘʚʣʷʪʴ ʩʫʱʥʦʩʪʠ ʠ ʫʩʪʨʘʥʷʪʴ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ. 

ɺʳʚʦʜʳ 

ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʫʢʪʫʨʥʦʡ ʨʘʟʨʦʟʥʝʥʥʦʩʪʠ ʠ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʜʘʥʥʳʭ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ, ʥʦ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝʡ. ʇʨʦʚʝʜʝʥʥʳʡ ʦʙʟʦʨ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʇʇʈ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ 

ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠ 

ʩʝʤʘʥʪʠʯʝʩʢʦʤ ʫʨʦʚʥʷʭ. ʆʩʥʦʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʷʚʣʷʶʪʩʷ ʭʨʘʥʠʣʠʱʘ 

ʜʘʥʥʳʭ ʠ ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʣʦʡ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʥʩʦʣʠʜʘʮʠʶ 

ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʙʳʩʪʨʦʝ ʧʦʣʫʯʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʨʦʣʴ ʠʛʨʘʶʪ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʧʦʨʪʘʣʳ ʠ ʠʥʪʝʛʨʘʮʠʦʥʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʙʨʘʪʴ 

ʜʘʥʥʳʝ ʠʟ ʨʘʟʥʳʭ ʩʠʩʪʝʤ ʚ ʝʜʠʥʦʤ ʠʥʪʝʨʬʝʡʩʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʘʢʞʝ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ 

ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ (ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʧʦʣʥʦʪʳ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ) 

ʟʘ ʩʯʝʪ ʦʯʠʩʪʢʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʨʠ ʠʭ ʦʙʲʝʜʠʥʝʥʠʠ.  

ʉʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʝʢʪʦʚ ʜʘʩʪ ʨʫʢʦʚʦʜʩʪʚʫ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ. ʕʪʦ ʧʦʚʳʩʠʪ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ 

ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʠ ʧʦʟʚʦʣʠʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫʩʧʝʭ ʧʨʦʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʷʪʴ çʫʟʢʠʝ 

ʤʝʩʪʘè, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ.  

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʇʇʈ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʩʦʯʝʪʘʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʫʩʠʣʠʡ ʠ ʧʨʦʜʚʠʥʫʪʳʭ ʀʊ-ʨʝʰʝʥʠʡ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʨʦʚʥʷ 

ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ ʉʇʇʈ ʩʧʦʩʦʙʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ 
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ʫʣʫʯʰʠʪʴ ʠʭ ʢʘʯʝʩʪʚʦ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʨʫʢʦʚʦʜʩʪʚʫ ʫʥʠʚʝʨʩʠʪʝʪʘ ʦʙʲʝʢʪʠʚʥʳʝ ʠ ʚʩʝʩʪʦʨʦʥʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ.  
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ɹʫʰʤʝʣʝʚʘ ʂ.ʀ. 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʗʨʝʤʝʥʢʦ ɼ.ɸ. 

ʘʩʧʠʨʘʥʪ 

ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

 

ʉʆɺʈɽʄɽʅʅʓɽ ʇʆɼʍʆɼʓ ʀ ʇʈʆɹʃɽʄʓ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʀ 

ʆʇʊʀʄʀɿɸʎʀʀ ʉʀʉʊɽʄ ʕɺɸʂʋɸʎʀʀ ɺ ɿɼɸʅʀʗʍ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ ʵʚʘʢʫʘʮʠʠ ʚ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʜʘʥʠʷʭ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʷ ʘʜʘʧʪʠʚʥʫʶ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʩʝʥʩʦʨʦʚ (ʚʠʜʝʦʘʥʘʣʠʪʠʢʘ, WI-FI sensing) ʠ ʠʥʪʝʛʨʘʮʠʶ ʛʨʘʬʦʚʳʭ ʠ ʘʛʝʥʪ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ. ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʚʝʜʝʥ ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʟʙʦʨ ʦʛʨʘʥʠʯʝʥʠʡ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʠʤʫʣʷʪʦʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʚʘʢʫʘʮʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʪʦʢʦʚ, ʘʜʘʧʪʠʚʥʘʷ ʤʘʨʰʨʫʪʠʟʘʮʠʷ, 

ʩʝʥʩʦʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʘʣʠʜʘʮʠʷ ʤʦʜʝʣʝʡ. 

 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʄʌʂ), ʦʙʲʝʜʠʥʷʶʱʠʭ ʪʦʨʛʦʚʳʝ, ʦʬʠʩʥʳʝ, 

ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʝ ʠ ʞʠʣʳʝ ʟʦʥʳ, ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʦʩʪ ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʪʠʪʝʣʝʡ ʠ ʫʩʣʦʞʥʝʥʠʝ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ 

ʧʦʚʳʰʘʶʪ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʪʦʨʦʚ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʚ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ [2]. ɺ ʦʪʚʝʪ ʥʘ ʵʪʠ ʚʳʟʦʚʳ ʨʘʟʚʠʚʘʶʪʩʷ ʜʚʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷ:  

1) ʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ; 

2) ʂʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʚʘʢʫʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

1. ʄʝʪʦʜʦʣʦʛʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʵʚʘʢʫʘʮʠʠ: ʦʪ ʛʨʘʬʠʯʝʩʢʠ ʤʦʜʝʣʝʡ ʢ ʘʜʘʧʪʠʚʥʦʡ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʘʜʘʧʪʠʚʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʀʭ 

ʘʨʭʠʪʝʢʪʫʨʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʨʝʭ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʘʭ: 

1. ʉʙʦʨ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ 

(ʚʠʜʝʦʘʥʘʣʠʪʠʢʘ, Wi-Fi/BLE sensing, RFID) ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʪʝʢʫʱʝʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʶʜʝʡ ʧʦ ʵʪʘʞʘʤ ʠ ʟʦʥʘʤ ʄʌʂ. ʂʦʤʙʠʥʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʠ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ 

ʪʦʯʥʦʩʪʴ. 

2. ɻʨʘʬʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ: ʇʣʘʥʠʨʦʚʢʘ ʟʜʘʥʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʛʨʘʬ, ʛʜʝ 

ʚʝʨʰʠʥʳ ï ʢʣʶʯʝʚʳʝ ʪʦʯʢʠ (ʢʦʤʥʘʪʳ, ʧʝʨʝʩʝʯʝʥʠʷ), ʘ ʨʝʙʨʘ ï ʧʫʪʠ ʩ ʜʠʥʘʤʠʯʝʩʢʠ 

ʦʙʥʦʚʣʷʝʤʳʤʠ ʚʝʩʘʤʠ, ʫʯʠʪʳʚʘʶʱʠʤʠ ʥʝ ʪʦʣʴʢʦ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʜʣʠʥʫ, ʥʦ ʠ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʪʝʢʫʱʫʶ ʟʘʛʨʫʟʢʫ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ 

ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʢ ʧʦʠʩʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦ ʚʨʝʤʝʥʠ. 
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3. ɸʣʛʦʨʠʪʤʳ ʧʝʨʝʩʯʝʪʘ ʤʘʨʰʨʫʪʦʚ: ʂʣʘʩʩʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʝʛʦ 

ʧʫʪʠ (ɼʝʡʢʩʪʨʘ, A*) ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ ʜʣʷ ʫʯʝʪʘ ʝʤʢʦʩʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʚ ʨʝʞʠʤʝ, 

ʙʣʠʟʢʦʤ ʢ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʥʘʚʠʛʘʪʦʨʘʤ, ʧʝʨʝʥʘʧʨʘʚʣʷʶʪ ʧʦʪʦʢʠ ʚ ʦʙʭʦʜ 

ʟʘʨʦʞʜʘʶʱʠʭʩʷ ʟʘʪʦʨʦʚ [4]. 

ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ. 

 
 

ʈʠʩ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʘʜʘʧʪʠʚʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʨʠ ʵʚʘʢʫʘʮʠʠ 

 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʦʙʱʝʝ 

ʚʨʝʤʷ ʵʚʘʢʫʘʮʠʠ ʥʘ 20-25% ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʧʠʢʦʚʳʝ ʧʣʦʪʥʦʩʪʠ ʚ çʫʟʢʠʭ ʤʝʩʪʘʭè 

(ʙʫʪʳʣʦʯʥʳʭ ʛʦʨʣʳʰʢʘʭ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤʠ ʩʭʝʤʘʤʠ. ɺʠʟʫʘʣʠʟʘʮʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʜʠʥʘʤʠʯʝʩʢʠʝ ʪʘʙʣʦ, ʩʚʝʪʦʚʫʶ ʠʥʜʠʢʘʮʠʶ ʠ 

ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʧʦʪʦʢʦʚ [1]. 
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2. ʂʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʚʳʷʚʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʦʱʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʠʤʫʣʷʪʦʨʦʚ (Pathfinder, MassMotion, 

Legion), ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʩʠʩʪʝʤʥʳʭ ʫʧʨʦʱʝʥʠʡ, ʠʩʢʘʞʘʶʱʠʭ ʨʝʘʣʴʥʫʶ 

ʢʘʨʪʠʥʫ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʠʤʫʣʷʪʦʨʦʚ ʵʚʘʢʫʘʮʠʠ 

 

ʂʨʠʪʝʨʠʡ Pathfinder MassMotion Legion 

ʆʩʥʦʚʥʘʷ ʧʘʨʘʜʠʛʤʘ ɸʛʝʥʪ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ 

ʤʦʜʝʣʴ, Steering-

ʘʣʛʦʨʠʪʤʳ 

ʄʠʢʨʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, 

ʙʣʠʟʢʘʷ ʢ "ʩʦʮʠʘʣʴʥʦʡ 

ʩʠʣʝ" 

ʆʧʪʠʤʠʟʘʮʠʷ ʧʦʪʦʢʦʚ 

ʜʣʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ 

ʦʙʲʝʢʪʦʚ 

ʋʯʝʪ ʬʠʟʠʯʝʩʢʠʭ 

ʛʘʙʘʨʠʪʦʚ ʘʛʝʥʪʦʚ 

ʋʧʨʦʱʝʥʥʳʡ, 

ʚʦʟʤʦʞʥʳ ʘʨʪʝʬʘʢʪʳ 

ʧʨʠ ʚʳʩʦʢʠʭ 

ʧʣʦʪʥʦʩʪʷʭ 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʡ, 

ʣʫʯʰʘʷ ʢʘʣʠʙʨʫʝʤʦʩʪʴ 

ʋʧʨʦʱʝʥʥʳʡ, 

ʦʨʠʝʥʪʠʨʦʚʘʥ 

ʥʘ ʤʘʢʨʦʧʦʪʦʢʠ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ 

ɹʘʟʦʚʳʝ ʰʘʙʣʦʥʳ 

(ʛʨʫʧʧʳ, 

ʩʣʝʜʦʚʘʥʠʝ ʟʘ 

ʣʠʜʝʨʦʤ) 

ɹʘʟʦʚʳʝ ʰʘʙʣʦʥʳ ʆʛʨʘʥʠʯʝʥʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣ 

ɺʝʨʠʬʠʢʘʮʠʷ ʠ 

ʚʘʣʠʜʘʮʠʷ (V&V) 

ʇʫʙʣʠʯʥʳʝ ʦʪʯʝʪʳ ʧʦ 

ʚʝʨʠʬʠʢʘʮʠʠ, 

ʪʨʝʙʫʝʪ ʜʦʧ. 

ʢʘʣʠʙʨʦʚʢʠ 

 

ʈʘʟʚʝʨʥʫʪʳʝ ʦʪʯʝʪʳ 

V&V,  

ʘʢʮʝʥʪ ʥʘ ʢʘʣʠʙʨʦʚʢʝ 

ɹʦʛʘʪʳʝ ʧʨʠʢʣʘʜʥʳʝ 

ʢʝʡʩʳ, 

ʜʝʪʘʣʠʟʘʮʠʷ V&V 

ʚʘʨʴʠʨʫʝʪʩʷ 

ʉʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʋʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ, 

ʙʳʩʪʨʦʝ ʩʦʟʜʘʥʠʝ 

ʩʮʝʥʘʨʠʝʚ, 

ʥʘʛʣʷʜʥʘʷ 

ʚʠʟʫʘʣʠʟʘʮʠʷ 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʤʠʢʨʦʜʠʥʘʤʠʢʠ, 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʢʘʣʠʙʨʦʚʢʠ 

ɸʥʘʣʠʪʠʢʘ ʙʦʣʴʰʠʭ 

ʧʦʪʦʢʦʚ, 

ʠʥʪʝʛʨʘʮʠʷ ʩ BIM, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ 

ʧʦʜʭʦʜ 

 

ʂ ʦʙʱʠʤ ʩʠʩʪʝʤʥʳʤ ʧʨʦʙʣʝʤʘʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʤʫʣʷʪʦʨʦʚ ʦʪʥʦʩʷʪʩʷ: 

¶ ʋʧʨʦʱʝʥʥʘʷ ʬʠʟʠʢʘ ʘʛʝʥʪʦʚ: ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʣʶʜʝʡ ʢʘʢ ʪʦʯʝʯʥʳʭ ʠʣʠ ʤʘʣʦʦʙʲʝʤʥʳʭ 

ʦʙʲʝʢʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʟʘʚʳʰʝʥʥʦʡ ʦʮʝʥʢʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʟʢʠʭ ʤʝʩʪ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʵʬʬʝʢʪʳ ʚʟʘʠʤʥʳʭ ʙʣʦʢʠʨʦʚʦʢ ʧʨʠ ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʷʭ. 

¶ ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʫʯʝʪ ʧʨʝʜʵʚʘʢʫʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ (pre-movement): ʀʛʥʦʨʠʨʦʚʘʥʠʝ 

ʟʘʜʝʨʞʝʢ ʥʘ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʧʘʩʥʦʩʪʠ, ʩʙʦʨ ʚʝʱʝʡ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʚʝʜʝʪ ʢ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʟʘʥʠʞʝʥʠʶ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʵʚʘʢʫʘʮʠʠ. ʕʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʵʪʦʪ ʵʪʘʧ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 2/3 ʦʪ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʵʚʘʢʫʘʮʠʠ. 

¶ ʐʘʙʣʦʥʥʦʩʪʴ ʩʦʮʠʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʛʨʫʧʧʦʚʦʛʦ 

ʧʦʚʝʜʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʩʣʝʜʦʚʘʥʠʝ ʟʘ ʣʠʜʝʨʦʤ) ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʯʥʳʤʠ ʠ ʥʝ ʦʪʨʘʞʘʶʪ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʘʜʘ ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ ʚ ʩʪʨʝʩʩʦʚʦʡ ʩʠʪʫʘʮʠʠ, ʯʪʦ ʚʣʠʷʝʪ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʦʚ ʠ ʚʨʝʤʷ ʵʚʘʢʫʘʮʠʠ. 

¶ ʇʨʦʙʣʝʤʳ ʚʘʣʠʜʘʮʠʠ ʠ ʢʘʣʠʙʨʦʚʢʠ: ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʩʣʦʞʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʜʫ ʨʘʟʥʳʤʠ 

ʪʠʧʘʤʠ ʟʜʘʥʠʡ ʠ ʢʫʣʴʪʫʨʥʳʤʠ ʢʦʥʪʝʢʩʪʘʤʠ ʩʥʠʞʘʶʪ ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ [6]. 
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ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʩʠʤʫʣʷʮʠʡ ʩʣʝʜʫʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩ 

ʦʩʪʦʨʦʞʥʦʩʪʴʶ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʠʭ ʢʘʢ ʦʨʠʝʥʪʠʨ, ʘ ʥʝ ʢʘʢ ʘʙʩʦʣʶʪʥʫʶ ʠʩʪʠʥʫ. 

3. ɺʣʠʷʥʠʝ ʥʝʫʯʪʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʢʣʶʯʝʚʳʭ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʷʭ ʧʨʠʚʦʜʠʪ ʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʧʦʛʨʝʰʥʦʩʪʷʤ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʶʪ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʕʪʠ ʨʘʩʭʦʞʜʝʥʠʷ ʥʦʩʷʪ ʥʝ 

ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ, ʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʠʩʢʘʞʘʷ ʩʘʤʫ ʩʪʨʫʢʪʫʨʫ ʵʚʘʢʫʘʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

ʅʘʧʨʠʤʝʨ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʥʝ ʫʯʠʪʳʚʘʶʱʝʝ ʩʦʮʠʘʣʴʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʣʶʜʴʤʠ, 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʩʢʘʞʘʝʪ ʢʘʨʪʠʥʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʣʶʜʝʡ ʵʚʘʢʫʠʨʫʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʩʦʮʠʘʣʴʥʳʭ ʛʨʫʧʧ ï ʩʝʤʝʡ, ʜʨʫʞʝʩʢʠʭ ʢʦʤʧʘʥʠʡ, ʢʦʣʣʝʛ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʦʙʱʝʤ ʧʦʪʦʢʝ ʫʩʪʦʡʯʠʚʳʭ ʢʣʘʩʪʝʨʦʚ, ʢʦʪʦʨʳʝ ʜʚʠʞʫʪʩʷ ʢʘʢ 

ʝʜʠʥʦʝ ʮʝʣʦʝ. ʊʘʢʠʝ ʢʣʘʩʪʝʨʳ ʟʘʥʠʤʘʶʪ ʚ ʧʨʦʭʦʜʘʭ ʙʦʣʴʰʝ ʤʝʩʪʘ, ʯʝʤ ʥʝʟʘʚʠʩʠʤʳʝ 

ʠʥʜʠʚʠʜʳ, ʠ ʠʭ ʫʯʘʩʪʥʠʢʠ ʧʦʩʪʦʷʥʥʦ ʢʦʨʨʝʢʪʠʨʫʶʪ ʩʚʦʶ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ, ʯʪʦʙʳ ʥʝ 

ʧʦʪʝʨʷʪʴ ʜʨʫʛ ʜʨʫʛʘ ʠʟ ʚʠʜʘ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʧʨʦʩʪʦ ʦʙʱʝʝ ʟʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ, 

ʘ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʘʨʪʠʥʳ ʟʘʪʦʨʦʚ: ʟʦʥʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʚʳʭʦʜʘʤʠ, ʥʦ ʠ ʩʤʝʱʘʶʪʩʷ ʚʛʣʫʙʴ ʧʦʤʝʱʝʥʠʡ ʠ ʢʦʨʠʜʦʨʦʚ, 

ʩʦʟʜʘʚʘʷ ʧʨʦʪʷʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʩʢʦʧʣʝʥʠʷ ʣʶʜʝʡ. ʄʦʜʝʣʠ ʞʝ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʟʘʚʠʩʠʤʳʭ 

ʘʛʝʥʪʘʭ, ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʝ ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʟʘʪʦʨʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʬʘʪʘʣʴʥʦʡ ʥʝʜʦʦʮʝʥʢʝ ʨʠʩʢʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʦʥʘʭ ʟʜʘʥʠʷ. 

ɸʥʘʣʦʛʠʯʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʨʝʜʥʝʥʥʳʭ, ʥʝ ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʣʦʪʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʛʨʫʙʳʤ ʫʧʨʦʱʝʥʠʝʤ, ʠʩʢʘʞʘʶʱʠʤ ʚʨʝʤʝʥʥʳʝ ʦʮʝʥʢʠ. ɺ ʨʝʘʣʴʥʦʩʪʠ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ ʠ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʚʠʞʝʥʠʷ, 

ʦʧʠʩʳʚʘʝʤʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʜʠʘʛʨʘʤʤʦʡ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʝʟʢʦ ʧʘʜʘʝʪ, ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʡ ʙʣʦʢʠʨʦʚʢʠ ʜʚʠʞʝʥʠʷ. ʄʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʭ 

ʘʛʝʥʪʳ ʩʦʭʨʘʥʷʶʪ ʧʦʩʪʦʷʥʥʫʶ ʠʣʠ ʧʣʘʚʥʦ ʩʥʠʞʘʶʱʫʶʩʷ ʩʢʦʨʦʩʪʴ, ʥʝ ʩʧʦʩʦʙʥʳ 

ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʵʪʦʪ ʢʨʠʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ çʟʘʢʣʠʥʠʚʘʥʠʷè ʚ ʫʟʢʠʭ ʤʝʩʪʘʭ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʟʘʥʠʞʝʥʠʶ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʵʚʘʢʫʘʮʠʠ ʚ ʩʮʝʥʘʨʠʷʭ ʩ ʚʳʩʦʢʦʡ ʥʘʯʘʣʴʥʦʡ 

ʟʘʧʦʣʥʝʥʥʦʩʪʴʶ ʧʦʤʝʱʝʥʠʡ, ʩʦʟʜʘʚʘʷ ʠʣʣʶʟʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʘʤ, ʛʜʝ ʥʘ ʩʘʤʦʤ ʜʝʣʝ 

ʩʫʱʝʩʪʚʫʝʪ ʚʳʩʦʢʠʡ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʘʚʢʠ [5]. 

4. ʉʠʥʪʝʟ ʥʘʧʨʘʚʣʝʥʠʡ: ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʣʝʡ ʠ ʩʠʩʪʝʤ 

ʉʠʥʪʝʟ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʣʴʥʝʡʰʠʡ ʧʨʦʛʨʝʩʩ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʵʚʘʢʫʘʮʠʠ ʣʝʞʠʪ ʥʘ ʧʫʪʠ ʠʥʪʝʛʨʘʮʠʠ ʩʠʣʴʥʳʭ ʩʪʦʨʦʥ ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ ʠ ʫʩʪʨʘʥʝʥʠʷ 

ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ: ʉʦʯʝʪʘʥʠʝ ʤʘʢʨʦʫʨʦʚʥʝʚʦʡ ʛʨʘʬʦʚʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ 

ʙʳʩʪʨʦʛʦ ʧʝʨʝʩʯʝʪʘ ʤʘʨʰʨʫʪʦʚ ʩ ʤʠʢʨʦʫʨʦʚʥʝʚʳʤʠ ʘʛʝʥʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʩʠʤʫʣʷʮʠʷʤʠ, 

ʫʯʠʪʳʚʘʶʱʠʤʠ ʬʠʟʠʯʝʩʢʠʝ ʛʘʙʘʨʠʪʳ ʘʛʝʥʪʦʚ ʠ ʩʣʦʞʥʳʝ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʩʮʝʥʘʨʠʠ. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʠʪʴ ʩʢʦʨʦʩʪʴ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʙʘʟʦʚʳʭ ʨʘʩʯʝʪʦʚ. 

ʆʙʦʛʘʱʝʥʠʝ ʤʦʜʝʣʝʡ ʧʦʚʝʜʝʥʠʷ: ʀʥʪʝʛʨʘʮʠʷ ʚ ʩʠʤʫʣʷʪʦʨʳ ʜʘʥʥʳʭ ʧʦʣʝʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʦʛʦ ʟʘʜʘʥʠʷ 
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ʧʨʝʜʵʚʘʢʫʘʮʠʦʥʥʳʭ ʟʘʜʝʨʞʝʢ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ ʠ ʨʝʘʢʮʠʡ ʥʘ ʠʟʤʝʥʷʶʱʫʶʩʷ 

ʦʙʩʪʘʥʦʚʢʫ (ʜʳʤ, ʟʘʢʨʳʪʠʝ ʧʨʦʭʦʜʦʚ) [3].  

ʇʨʠʦʨʠʪʝʪ ʢʘʣʠʙʨʦʚʢʠ ʠ ʚʘʣʠʜʘʮʠʠ: ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ 

ʤʦʜʝʣʝʡ ʧʦʜ ʢʦʥʢʨʝʪʥʳʡ ʦʙʲʝʢʪ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʜʫʨ 

ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʚʘʣʠʜʘʮʠʠ (V&V) ʥʘ ʦʩʥʦʚʝ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ ʠ ʪʝʩʪʦʚʳʭ ʢʝʡʩʦʚ. ʕʪʦ ʪʨʝʙʫʝʪ 

ʢʦʦʧʝʨʘʮʠʠ ʤʝʞʜʫ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ, ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʇʆ ʠ ʵʢʩʧʣʫʘʪʘʥʪʘʤʠ ʦʙʲʝʢʪʦʚ. 

ʉʦʟʜʘʥʠʝ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ ʩʠʩʪʝʤ: ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʘʜʘʧʪʠʚʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚʘʞʥʦ 

ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʨʝʞʠʤʳ çʙʝʟʦʧʘʩʥʦʛʦ ʧʦ ʫʤʦʣʯʘʥʠʶè ʥʘ ʩʣʫʯʘʡ ʧʦʪʝʨʠ ʜʘʥʥʳʭ ʩ ʩʝʥʩʦʨʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʠʩʪʝʤʳ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ (ʪʘʢʠʤ ʢʘʢ ʉʇ 1.13130.2020 ʚ 

ʈʌ) [1]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʵʚʘʢʫʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʤʦʱʥʳʡ, ʥʦ ʝʱʝ ʥʝ ʩʦʚʝʨʰʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʜʘʧʪʠʚʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʜʘʥʥʳʭ ʩʝʥʩʦʨʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʵʚʘʢʫʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʜʥʘʢʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ ʣʝʞʘʱʠʭ ʚ ʠʭ ʦʩʥʦʚʝ 

ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʩʝʛʦʜʥʷ ʩʪʨʘʜʘʶʪ ʦʪ ʨʷʜʘ ʫʧʨʦʱʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʜʚʠʞʝʥʠʷ 

ʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʦʙʣʘʩʪʠ ʪʨʝʙʫʝʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ 

ʫʩʠʣʠʷ ʤʘʪʝʤʘʪʠʢʦʚ, ʧʨʦʛʨʘʤʤʠʩʪʦʚ, ʠʥʞʝʥʝʨʦʚ, ʧʩʠʭʦʣʦʛʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʙʲʝʢʪʦʚ. ʂʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ: ʦʙʦʛʘʱʝʥʠʝ ʤʦʜʝʣʝʡ ʧʦʚʝʜʝʥʠʷ, ʨʘʩʰʠʨʝʥʠʝ 

ʵʤʧʠʨʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ, ʚʥʝʜʨʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʠ ʩʦʟʜʘʥʠʝ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʚʘʣʠʜʘʮʠʠ. ʊʦʣʴʢʦ ʪʘʢ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʝʰʝʥʠʡ, ʟʘʢʣʘʜʳʚʘʝʤʳʭ ʚ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʣʞʥʳ ʩʪʘʪʴ 

ʥʝ ʬʠʥʘʣʴʥʳʤ ʚʝʨʜʠʢʪʦʤ, ʘ ʯʘʩʪʴʶ ʠʪʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, 

ʜʦʧʦʣʥʝʥʥʦʛʦ ʵʢʩʧʝʨʪʥʳʤ ʩʫʞʜʝʥʠʝʤ ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʦʡ. 
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ɺʦʨʦʥʦʚ ʄ.ɺ. 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʆ ʈɸɿʈɸɹʆʊʂɽ ʄɽʊʆɼɸ ʆʎɽʅʂʀ ʈɽɸʃʀɿʋɽʄʆʉʊʀ ʇʃɸʅɸ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʢʘʢ ʩʣʦʞʥʘʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʩʣʘʙʦ 

ʬʦʨʤʘʣʠʟʫʝʤʘʷ ʩʠʩʪʝʤʘ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʦʙʣʝʤʳ ʠʭ ʫʧʨʘʚʣʝʥʠʷ ʚ ʮʝʣʦʤ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ 

ʯʘʩʪʥʦʩʪʠ. ɺʚʠʜʫ ʥʘʣʠʯʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʚ ʫʩʣʦʚʠʷʭ 

ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʪʘʢʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤʳ, ʚʳʷʚʣʝʥʘ ʧʦʪʨʝʙʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʦʮʝʥʦʢ 

ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʣʘʥʦʚ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʩʧʦʩʦʙʳ ʩʦʩʪʘʚʣʝʥʠʷ ʧʣʘʥʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ, ʯʪʦ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʝʨʝ ʧʦʟʚʦʣʷʝʪ ʩʥʷʪʴ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʦʮʝʥʢʦʡ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʧʣʘʥʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ, ʧʣʘʥʠʨʦʚʘʥʠʝ, ʧʣʘʥ, ʧʦʢʘʟʘʪʝʣʠ, ʦʮʝʥʢʘ. 

 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʘ ʠʭ 

ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ, ʠ ʦʥʠ ʯʘʩʪʦ ʨʝʘʣʠʟʫʶʪ ʩʚʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠ ʥʘʣʠʯʠʠ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʠʤʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ [6; 8]. ɺ ʮʠʢʣʝ 

ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ ʟʘʥʠʤʘʝʪ ɻ ʪʘʧ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʇʦʜ ʧʣʘʥʦʤ ʤʳ ʧʦʥʠʤʘʝʤ ʟʘʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʮʝʣʝʡ. ʇʣʘʥ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ 

ʘʣʴʪʝʨʥʘʪʠʚ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʙʠʨʘʝʪʩʷ ʦʜʥʘ, ʠ ʦʥʘ ʪʨʘʢʪʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʥʷʪʦʛʦ ʧʦʜʣʝʞʘʱʝʛʦ 

ʠʩʧʦʣʥʝʥʠʶ ʨʝʰʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʥʘ ʪʨʝʙʫʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʢʘʞʜʦʛʦ 

ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʫʪʠ ʢ ʮʝʣʠ ʵʪʘʧʘ, ʧʨʦʮʝʜʫʨʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʝʩʴʤʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦ ʝʤʢʘʷ ʠ ʦʪʚʝʪʩʪʚʝʥʥʘʷ ʧʨʦʮʝʜʫʨʘ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʮʝʣʳʝ ʪʝʦʨʠʠ, ʤʝʪʦʜʳ ʠ ʦʪʜʝʣʴʥʳʝ ʤʝʪʦʜʠʢʠ [2; 4]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʩʣʝʜʩʪʚʠʝ 

ʩʣʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʦʚ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʵʪʠ ʧʨʦʮʝʜʫʨʳ ʩʣʘʙʦ 

ʬʦʨʤʘʣʠʟʦʚʘʥʳ ʠ ʜʦ ʩʠʭ ʧʦʨ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʦʥʠ ʚʳʧʦʣʥʷʶʪʩʷ ʣʠʮʘʤʠ, ʧʨʠʥʠʤʘʶʱʠʤʠ 

ʨʝʰʝʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʦʩʥʦʚʝ ʠʥʪʫʠʮʠʠ ʠ ʦʧʳʪʘ [5]. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʦʟʜʘʥʥʳʡ 

ʥʘʫʯʥʳʡ ʟʘʜʝʣ ʠ ʘʨʩʝʥʘʣ ʠʤʝʶʱʠʭʩʷ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦ ʤʝʨʝ ʫʩʣʦʞʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʤʘʪʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʚʩʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʨʝʜʩʪʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʦʚ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʦʡ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʤ 

ʨʘʟʨʘʙʦʪʢʝ ʩʨʝʜʩʪʚ ʩʦʙʩʪʚʝʥʥʦ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʦʚ, ʚʦʧʨʦʩʘʤ ʠʭ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʧʦʩʚʷʱʝʥʦ 

ʢʨʘʡʥʝ ʤʘʣʦ ʨʘʙʦʪ. ʇʦʯʝʤʫ ʤʝʪʦʜʦʚ ʧʨʦʚʝʨʢʠ ʜʦʩʪʠʞʠʤʦʩʪʠ ʮʝʣʝʡ ʠ ʚʳʧʦʣʥʠʤʦʩʪʠ ʧʣʘʥʦʚ 

ʢʨʘʡʥʝ ʤʘʣʦ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʪʘʚʣʷʝʪ ʞʝʣʘʪʴ ʣʫʯʰʝʛʦ? 
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ʇʦʩʢʦʣʴʢʫ ʧʣʘʥ ʧʦʩʚʷʱʝʥ ʨʘʟʚʠʪʠʶ ʠʩʭʦʜʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʙʫʜʫʱʝʤ, ʪʦ ʨʝʘʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤʠ ʠ ʠʭ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʝʩʴʤʘ ʩʣʦʞʥʳʡ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, ʯʪʦ ʦʙʳʯʥʦ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʫʩʧʝʰʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ 

ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʘʢʪʠʢʘ ʞʝ ʪʨʝʙʫʝʪ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʦʮʝʥʢʠ ʢʘʞʜʦʛʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʣʘʥʘ ʠ ʞʝʣʘʪʝʣʴʥʦ ʚ ʚʠʜʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʮʝʣʦʛʦ ʩʧʝʢʪʨʘ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʙʳʯʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʣʘʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʜʦʢʫʤʝʥʪ, ʛʜʝ 

ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʩʣʝʜʫʝʤʳʝ ʮʝʣʠ, ʦʧʠʩʘʥʳ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʪʝ ʠʣʠ 

ʠʥʳʝ ʜʝʡʩʪʚʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʝʢʦʪʦʨʳʝ ʢʦʥʢʨʝʪʥʳʝ (ʟʘʨʘʥʝʝ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ) ʜʝʡʩʪʚʠʷ, 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʭ ʨʝʟʫʣʴʪʘʪʘʤ ʠ ʩʨʦʢʘʤ ʦʩʫʱʝʩʪʚʣʝʥʠʷ, ʘ ʯʘʩʪʦ ʠ ʩ ʫʢʘʟʘʥʠʝʤ ʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʠʩʧʦʣʥʠʪʝʣʝʡ. ʉ ʬʦʨʤʘʣʴʥʳʭ ʧʦʟʠʮʠʡ ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʜʝʡʩʪʚʠʡ (ʵʪʘʧʦʚ), ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʰʘʛʦʚʳʡ ʧʝʨʝʚʦʜ ʦʙʲʝʢʪʘ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʟ ʩʦʩʪʦʷʥʠʷ, 

ʧʨʠʟʥʘʥʥʦʛʦ ʠʩʭʦʜʥʳʤ, ʚ ʦʜʥʦ ʠʟ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʮʝʣʝʚʦʤʫ (ʢʦʥʝʯʥʦʤʫ) 

ʩʦʩʪʦʷʥʠʶ. 

ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʣʘʥ ʝʩʪʴ ʪʦʣʴʢʦ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʢʘʥʜʠʜʘʪ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ (ʪ.ʝ. ʚʳʙʦʨʘ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʝʩʢʦʣʴʢʠʭ ʦʜʥʦʛʦ), ʪʦ ʨʘʟʨʘʙʦʪʢʘ ʧʣʘʥʘ 

ʜʦʣʞʥʘ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉʧʝʢʪʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʣʘʥʦʚ ʚʝʩʴʤʘ ʰʠʨʦʢ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʩ ʠʥʪʝʨʝʩʫʶʪ ʧʦʢʘʟʘʪʝʣʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʳʧʦʣʥʠʤʦʩʪʴ ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʣʘʥʘ.  

ʇʦʥʷʪʠʝ ʚʳʧʦʣʥʠʤʦʩʪʠ ʧʣʘʥʘ, ʭʦʪʷ ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʧʦʥʷʪʥʦ, ʥʦ ʩ ʬʦʨʤʘʣʴʥʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʝʩʴʤʘ ʨʘʟʤʳʪʦ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʜʣʷ ʦʮʝʥʢʠ ʚʳʧʦʣʥʠʤʦʩʪʠ ʧʣʘʥʘ ʠʩʧʦʣʴʟʫʶʪ ʩʘʤʳʝ 

ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ. ʊʘʢ ʯʘʩʪʦ ʚʳʷʩʥʷʶʪ ʣʠʰʴ ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʥʘʣʠʯʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʨʝʩʫʨʩʦʚ. ʆʜʥʘʢʦ, ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ (ʜʦ ʩʦʩʪʘʚʣʝʥʠʷ ʧʣʘʥʘ) ʢʦʨʨʝʢʪʥʦ 

ʫʢʘʟʘʪʴ ʢʘʢʠʤʠ, ʚ ʢʘʢʠʭ ʦʙʲʝʤʘʭ, ʛʜʝ ʠ ʚ ʢʦʝ ʚʨʝʤʷ ʥʫʞʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʨʝʩʫʨʩʘʤʠ, ʯʪʦ ʩʜʝʣʘʪʴ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʦʟʤʦʞʥʦ.  

ɼʣʷ ʦʮʝʥʢʠ ʚʳʧʦʣʥʠʤʦʩʪʠ ʧʣʘʥʦʚ ʠʩʧʦʣʴʟʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʯʘʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

(ʠʥʜʠʢʘʪʦʨʳ, ʠʟʤʝʨʠʪʝʣʠ), ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʣʠʰʴ ʦʪʜʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʚʳʧʦʣʥʠʤʦʩʪʠ 

ʧʣʘʥʘ. ʕʪʦ, ʥʘʧʨʠʤʝʨ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠ ʩʠʥʭʨʦʥʥʦʩʪʴ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ, 

ʥʘʜʝʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʜʘʥʥʦʛʦ ʧʣʘʥ ʠ ʜʨ. [8]. ʄʥʦʛʠʝ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʥʦʩʷʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʠʭ ʬʦʨʤʫʣʠʨʦʚʦʢ ʠ ʪʨʘʢʪʦʚʦʢ, 

ʥʦ ʠ ʚʚʝʜʝʥʠʷ ʠʭ ʯʠʩʣʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʘ ʵʪʦ ʩʣʦʞʥʘʷ ʦʧʷʪʴ-ʪʘʢʠ ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ 

ʟʘʜʘʯʘ. ʕʪʠ ʠ ʨʷʜ ʠʥʳʭ ʬʘʢʪʦʚ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʥʷʪʠʷ ʚʳʧʦʣʥʠʤʦʩʪʠ 

ʧʣʘʥʘ ʯʘʩʪʦ ʪʨʝʙʫʝʪ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʚʥʠʤʘʥʠʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʘʢʞʝ ʥʝʧʨʦʩʪʘʷ ʟʘʜʘʯʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʝʱʝ ʦʜʠʥ ʬʘʢʪʦʨ: ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʚ 

ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ ʥʝ ʚʩʝʛʜʘ ʠʟʫʯʝʥʳ, ʘ ʠʭ ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʝʜʦʧʫʩʪʠʤʦ.  

ʇʦʩʪʘʚʠʤ ʟʘʜʘʯʫ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʘ ʢʦʥʢʨʝʪʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ.  
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ʊʨʘʜʠʮʠʦʥʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʦʙʱʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʪʘʢʦʚʘ: ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʢʘʞʜʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʣʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʨʘʟʳʛʨʳʚʘʝʪʩʷ ʚʨʝʤʷ ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ. ʀʤʝʷ ʮʝʧʦʯʢʫ ʵʪʠʭ ʚʨʝʤʝʥ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʮʝʥʠʚʘʝʤʦʛʦ ʧʣʘʥʘ. ʏʘʩʪʦ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʨʘʙʦʪʳ, ʛʜʝ ʵʪʘ ʟʘʜʘʯʫ 

ʧʳʪʘʶʪʩʷ ʨʝʰʠʪʴ, ʧʨʠʤʝʥʠʚ ʪʝʦʨʠʶ ʮʝʧʝʡ ʄʘʨʢʦʚʘ [1; 4; 5; 7; 9]. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ, ʝʩʣʠ 

ʠʤʝʝʪ ʤʝʩʪʦ ʨʝʩʫʨʩʥʘʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʘʞʜʳʡ ʬʨʘʛʤʝʥʪ ʧʣʘʥʘ 

ʥʝʧʨʝʤʝʥʥʦ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥ. ʇʨʠ ʵʪʦʤ ʷʚʥʦ ʠʣʠ ʥʝʷʚʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʦʙʲʝʢʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʦʛʣʘʩʥʦ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʩʭʝʤʘʤ ʠ ʧʨʘʚʠʣʘʤʠ, ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ, ʦʙʳʯʥʦ ʫʟʢʦʤ ʩʧʝʢʪʨʝ ʚʘʨʠʘʮʠʠ ʫʩʣʦʚʠʡ ʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚ. ʊʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʫʜʘʝʪʩʷ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʦʜʝʣʠ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʠʪ ʧʨʘʢʪʠʢʫ. ɹʣʠʟʢʠʝ ʢ ʪʘʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʠʩʪʝʤʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʝʥ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ.   

ʅʘ ʧʨʘʢʪʠʢʝ ʞʝ, ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʜʦʣʞʘʪʴ ʩʣʝʜʦʚʘʪʴ ʙʫʢʚʝ ʧʣʘʥʘ, 

ʨʘʟʨʝʰʝʥʠʝ ʚʦʟʥʠʢʰʠʭ ʧʨʦʙʣʝʤ ʯʘʩʪʦ ʩʧʫʩʢʘʝʪʩʷ ʥʘ ʥʠʞʝʩʪʦʷʱʠʡ ʫʨʦʚʝʥʴ ʩʪʨʫʢʪʫʨʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʠʤʝʷ ʚʚʠʜʫ ʨʝʘʣʠʟʘʮʠʶ ʧʨʠʥʮʠʧ: çʦʥʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴè ʠ/ʠʣʠ ʚʚʦʜʷʪ 

ʦʧʝʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʟʘʜʘʯʘ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʧʳʪʦʢ 

ʚʳʡʪʠ ʥʘ ʧʣʘʥʦʚʫʶ ʪʨʘʝʢʪʦʨʠʶ (ʥʘʧʨʠʤʝʨ, ʚʚʝʜʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ) ʠʣʠ ʧʨʠʥʷʪʴ 

ʨʝʰʝʥʠʝ ʥʘ ʧʝʨʝʨʘʩʯʸʪ ʧʣʘʥʘ, ʠʩʭʦʜʷ ʠʟ ʩʣʦʞʠʚʰʠʭʩʷ ʫʩʣʦʚʠʡ. ʆʜʥʘʢʦ ʥʘʜʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚ 

ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʙʫʜʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʨʝʘʣʠʟʘʮʠʷ ʠʥʦʛʦ ʧʣʘʥʘ.   

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʞʝʩʪʢʦ 

ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʩʭʝʤʳ ʥʘ ʧʨʠʥʷʪʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ (ʨʝʰʝʥʠʝ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʵʪʘʧʳ ʧʨʦʮʝʩʩʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʠʣʠ ʥʘ ʜʝʡʩʪʚʠʷ ʝʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʡ). ʂ ʪʘʢʦʚʳʤ, 

ʥʘʧʨʠʤʝʨ, ʦʪʥʦʩʷʪʩʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʚʦʝʥʥʳʝ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ 

ʦʨʛʘʥʠʟʘʮʠʠ. ʇʨʠ ʫʧʨʘʚʣʝʥʠʠ ʪʘʢʦʛʦ ʨʦʜʘ ʦʙʲʝʢʪʘʤʠ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʦʚ 

ʦʧʝʨʘʪʠʚʥʳʭ ʠ ʢʘʣʝʥʜʘʨʥʳʭ ʧʣʘʥʦʚ ʦʙʳʯʥʦ ʥʝ ʞʝʩʪʢʦ ʬʠʢʩʠʨʦʚʘʥʘ ʠ ʜʘʞʝ ʜʦʧʫʩʢʘʝʪʩʷ 

(ʠʥʦʛʜʘ ʠ ʧʦʦʱʨʷʝʪʩʷ) ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʩʠʪʫʘʮʠʝʡ 

ʦʪʣʠʯʥʳʭ ʦʪ ʫʢʘʟʘʥʥʳʭ ʚ ʧʣʘʥʝ. ʅʦ ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʧʣʘʥʦʚ ʧʨʠ 

ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ɽʱʝ ʨʘʟ ʧʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʣʘʜʳʚʘʶʱʠʭʩʷ ʫʩʣʦʚʠʡ ʚʳʧʦʣʥʝʥʠʝ ʤʥʦʛʠʭ 

ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʠʣʠ ʧʨʝʜʧʠʩʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʩʪʦʠʪ ʧʦʜ ʚʦʧʨʦʩʦʤ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ, ʘ ʠʥʦʛʜʘ ʠ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʨʝʘʣʠʟʘʮʠʠ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ. ʊʝʤ ʩʘʤʳʤ, ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʩʠʪʫʘʪʠʚʥʦ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʯʘʩʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ ʘʜʝʢʚʘʪʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʧʣʘʥʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʜʣʷ ʤʥʦʛʠʭ ʩʣʫʯʘʝʚ ʧʨʘʢʪʠʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʨʘʩʯʝʪʦʚ, ʘ ʧʦʣʫʯʝʥʠʝ ʯʠʩʣʦʚʳʭ ʦʮʝʥʦʢ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʵʪʠʭ ʧʣʘʥʦʚ ʚʦʦʙʱʝ ʧʦʜ ʙʦʣʴʰʠʤ 

ʚʦʧʨʦʩʦʤ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʜʝʩʴ ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ 

ʜʠʘʣʝʢʪʠʯʝʩʢʠʤ ʧʨʦʪʠʚʦʨʝʯʠʝʤ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʥʦ 
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ʨʘʩʢʨʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʘʥʘ ʥʝʚʦʟʤʦʞʥʦ, ʝʩʣʠ 

ʧʣʘʥʘ ʝʱʝ ʥʝʪ (ʠʙʦ ʥʝʯʝʛʦ ʦʮʝʥʠʚʘʪʴ), ʘ ʜʣʷ ʥʘʯʘʣʘ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʘ ʫʞʝ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ (ʦʙʳʯʥʦ ʠʭ ʟʘʜʘʶʪ ʘʧʨʠʦʨʥʦ). ɿʘʤʝʪʠʤ, ʥʘʣʠʯʠʝ ʟʘʨʘʥʝʝ ʫʢʘʟʘʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʘ).  

ʇʦ-ʚʠʜʠʤʦʤʫ, ʨʘʟʨʝʰʝʥʠʝ ʩʣʦʞʠʚʰʝʛʦʩʷ ʧʨʦʪʠʚʦʨʝʯʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʢʘʪʴ ʥʘ ʧʫʪʠ 

ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʛʦ ʧʦʜʭʦʜʘ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʧʨʦʙʣʝʤʥʦʩʪʠ ʫʢʘʟʘʥʥʦʛʦ 

ʧʨʦʪʠʚʦʨʝʯʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʦʙʲʝʜʠʥʷʶʱʝʡ ʧʨʦʮʝʜʫʨʳ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʧʣʘʥʠʨʫʝʤʳʭ 

ʜʝʡʩʪʚʠʡ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʪʘʢʦʚʳʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʠʤʠʪʘʮʠʦʥʥʳʡ ʤʝʪʦʜ 

ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʦʚ (ʂʀʄ-ʤʝʪʦʜ) [3]. 

ʉʫʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʩʣʝʜʫʶʱʝʤ. ʈʘʟʨʘʙʦʪʢʘ ʧʣʘʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ. ʅʘ ʢʘʞʜʦʤ 

ʰʘʛʝ, ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʦʛʦ ʘʢʪʫʘʣʴʥʦʛʦ ʥʘ ʜʘʥʥʦʝ ʚʨʝʤʷ ʩʦʩʪʦʷʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ 

(ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ) ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʘʣʴʪʝʨʥʘʪʠʚ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʦʯʝʨʝʜʥʦʛʦ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʫʨʦʚʥʷ ʜʝʪʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʰʘʛʘ. ɿʘʤʝʪʠʤ, 

ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʚʩʝ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʠ ʨʝʩʫʨʩʥʦ 

ʨʝʘʣʠʟʫʝʤʳʤʠ, ʠ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʚʟʚʝʰʠʚʘʝʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ 

ʧʨʝʩʣʝʜʫʝʤʦʡ ʮʝʣʠ (ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʝʝ ʚʝʩ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʚʩʝ ʫʯʠʪʳʚʘʝʤʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ). ɿʘʪʝʤ ʥʘ ʧʦʣʫʯʝʥʥʦʤ ʤʥʦʞʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚ ʠʤʠʪʠʨʫʝʪʩʷ 

ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʡ ʧʦ ʚʝʩʘʤ ʨʦʟʳʛʨʳʰ ʚʘʨʠʘʥʪʘ, ʢʦʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ ʩʦʩʪʘʚʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʣʘʥʘ ʠ ʧʝʨʝʭʦʜʷʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʰʘʛʫ, ʪ. ʝ. ʧʨʠʥʠʤʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʯʘʩʪʥʦʝ 

ʨʝʰʝʥʠʝ, ʠ ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʚ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ ʠʪʦʛʝ ʠʤʝʝʤ ʜʦʩʪʘʪʦʯʥʦ 

ʜʝʪʘʣʴʥʳʡ ʨʝʩʫʨʩʥʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʡ ʧʣʘʥ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʡ ʮʝʣʠ. 

ʊʘʢʘʷ ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʥʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʘʥʘʣʠʟʘ ʨʝʘʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʉʝʛʦʜʥʷ ʨʫʢʦʚʦʜʠʪʝʣʴ (ʠʣʠ ʦʨʛʘʥ 

ʫʧʨʘʚʣʝʥʠʷ), ʟʥʘʷ ʩʣʦʞʠʚʰʫʶʩʷ ʦʙʩʪʘʥʦʚʢʫ, ʤʦʞʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʫʚʝʨʝʥʥʦʩʪʴʶ 

ʩʧʣʘʥʠʨʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ çʜʝʥʴè ʟʘʚʪʨʘʰʥʠʡ. ʅʘ ʩʣʝʜʫʶʱʠʡ çʜʝʥʴè 

(ʩʠʪʫʘʮʠʷ ʩʤʝʥʠʣʘʩʴ, ʠʙʦ ʧʨʠʥʷʪʳʝ ʥʘʢʘʥʫʥʝ ʨʝʰʝʥʠʷ ʚʦʰʣʠ ʚ ʩʠʣʫ) ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʝʪʩʷ. 

ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚʝʩʴ ʘʨʩʝʥʘʣ ʩʭʝʤ ʚʳʨʘʙʦʪʢʠ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ (ʚ ʪʦʤ 

ʯʠʩʣʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯʠ, ʠ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʢʨʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʩʫʨʩʥʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʚʳʧʦʣʥʠʤʦʛʦ ʧʣʘʥʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʠʤʝʥʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʣʘʥ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʦʡ ʧʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ ʝʛʦ 

ʨʝʘʣʠʟʫʝʤʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ çʧʨʦʡʪʠè ʧʦ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʤ ʩ ʨʘʟʥʦʡ çʩʪʝʧʝʥʴʶ 

ʫʯʘʩʪʠʷè ʨʘʟʨʘʙʦʪʯʠʢʘ. ʕʪʘ ʩʪʝʧʝʥʴ ʫʯʘʩʪʠʷ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ: ʦʪ 

ʝʛʦ ʦʪʩʫʪʩʪʚʠʷ (ʧʨʦʠʟʚʦʜʠʪʩʷ ʣʠʰʴ ʧʨʷʤʘʷ ʠʤʠʪʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʨʝʘʣʠʟʘʮʠʠ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ 

ʯʘʩʪʥʳʭ ʜʝʡʩʪʚʠʡ) ʜʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʤʝʥʳ ʧʨʦʮʝʜʫʨ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ (ʯʘʩʪʥʳʭ) 

ʨʝʰʝʥʠʡ, ʢʘʢ ʟʘ ʩʯʝʪ çʪʦʯʝʯʥʦʛʦè (ʪʦʣʴʢʦ ʟʜʝʩʴ) ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

(ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʘ ʚ ʚʳʭʦʜʥʦʡ ʜʝʥʴ) ʜʦ ʧʝʨʝʨʘʩʯʝʪʘ ʧʣʘʥʘ ʩ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʠ ʜʦ ʢʦʥʮʘ. ʇʨʦʚʝʜʷ 
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ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʦʥʦʚ ʪʘʢʦʛʦ ʨʦʜʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ 

ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʧʣʘʥʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ.  

ʇʦ ʵʪʦʡ ʞʝ ʩʭʝʤʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢ ʩʭʝʤʘʤ ʧʨʠʥʷʪʠʷ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʠ ʠʥʳʤ ʚʘʨʠʘʮʠʷʤ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʩʨʝʜʳ. 
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ʩʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʪʫʨʳ 

ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

 

ɺʀɿʋɸʃʔʅʓɽ ʇʆɼʍʆɼʓ ʂ ɸʅɸʃʀɿʋ ɼʀʅɸʄʀʏɽʉʂʀʍ ɼɸʅʅʓʍ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʚʠʟʫʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ï ʦʪ ʧʨʠʚʳʯʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʬʦʨʤ, ʪʘʢʠʭ ʢʘʢ ʣʠʥʝʡʥʳʝ ʜʠʘʛʨʘʤʤʳ ʠ 

ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ, ʜʦ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ. 

ʇʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʚʠʟʫʘʣʠʟʘʮʠʷ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʭʩʷ ʜʘʥʥʳʭ ʦʩʪʘʸʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ 

ʟʘʜʘʯ, ʘ ʚʠʟʫʘʣʴʥʘʷ ʘʥʘʣʠʪʠʢʘ ʜʘʸʪ ʦʱʫʪʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʂʨʘʪʢʦ 

ʦʧʠʩʘʥʳ ʧʨʠʤʝʥʷʝʤʳʝ today ʤʝʪʦʜʳ ʠ ʦʙʦʟʥʘʯʝʥʳ ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʚʠʟʫʘʣʴʥʘʷ ʘʥʘʣʠʪʠʢʘ, 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʧʘʥʝʣʠ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʩʪʨʳʡ ʨʦʩʪ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ ʠ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʥʳʭ ʩʬʝʨʘʭ 

ʟʘʤʝʪʥʦ ʠʟʤʝʥʠʣʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʥʘʣʠʪʠʢʝ. ʂʦʛʜʘ ʜʘʥʥʳʝ ʤʝʥʷʶʪʩʷ ʧʦʩʪʦʷʥʥʦ, ʘ ʠʭ ʩʪʨʫʢʪʫʨʘ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʩʣʦʞʥʝʝ, ʧʨʠʚʳʯʥʳʝ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʞʝ ʥʝ ʜʘʶʪ 

ʥʫʞʥʦʛʦ ʵʬʬʝʢʪʘ: ʦʥʠ ʧʨʦʩʪʦ ʥʝ ʫʩʧʝʚʘʶʪ ʧʝʨʝʜʘʪʴ ʜʠʥʘʤʠʢʫ ʧʨʦʠʩʭʦʜʷʱʝʛʦ. ʀʩʩʣʝʜʦʚʘʪʝʣʶ 

ʧʨʠʭʦʜʠʪʩʷ ʨʘʙʦʪʘʪʴ ʩ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʦʙʥʦʚʣʷʶʪʩʷ ʧʦʯʪʠ ʥʝʧʨʝʨʳʚʥʦ, ʠ ʠʩʢʘʪʴ ʚ ʥʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʜʦʚʦʣʴʥʦ ʞʸʩʪʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʘʤʢʘʭ. ʅʘ ʵʪʦʤ ʬʦʥʝ ʚʠʟʫʘʣʴʥʘʷ ʘʥʘʣʠʪʠʢʘ 

ʧʝʨʝʩʪʘʸʪ ʙʳʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʨʝʘʣʴʥʳʡ ʩʧʦʩʦʙ 

çʨʘʟʦʙʨʘʪʴ ʧʦ ʯʘʩʪʷʤè ʜʠʥʘʤʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ. 

ʂʦʤʙʠʥʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʚʠʟʫʘʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ 

ʧʦʟʚʦʣʷʝʪ ʠʥʘʯʝ ʚʟʛʣʷʥʫʪʴ ʥʘ ʙʦʣʴʰʠʝ ʠ ʥʝʦʜʥʦʨʦʜʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ. ɻʨʘʬʠʢʠ, ʪʝʧʣʦʚʳʝ 

ʢʘʨʪʳ, ʬʘʟʦʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʜʨʫʛʠʝ ʬʦʨʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ ʪʦ, 

ʯʪʦ ʚ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ ʯʘʩʪʦ ʩʢʨʳʪʦ: ʨʠʪʤʳ, ʮʠʢʣʳ, ʪʦʯʢʠ ʧʝʨʝʣʦʤʘ, ʤʝʜʣʝʥʥʳʝ ʩʤʝʱʝʥʠʷ. 

ʏʝʣʦʚʝʢ ʚʦʩʧʨʠʥʠʤʘʝʪ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʙʳʩʪʨʝʝ, ʯʝʤ ʯʠʩʣʦʚʳʝ ʤʘʩʩʠʚʳ, ʧʦʵʪʦʤʫ ʚʠʟʫʘʣʴʥʘʷ 

ʬʦʨʤʘ ʚʳʩʪʫʧʘʝʪ ʩʚʦʝʛʦ ʨʦʜʘ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʷʟʳʢʦʤ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʠ ʧʦʥʠʤʘʥʠʝʤ. 

ʇʨʦʙʣʝʤʘ ʘʢʪʫʘʣʴʥʦʩʪʠ ʪʝʤʳ ʩʚʷʟʘʥʘ ʠ ʩ ʪʝʤ, ʯʪʦ ʩʪʘʪʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʦʩʪʝʧʝʥʥʦ 

ʧʝʨʝʩʪʘʶʪ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʟʘʜʘʯʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʪʨʝʙʫʶʪ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘʙʣʶʜʘʪʴ ʠʩʪʦʨʠʶ, ʥʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʜʘʥʥʳʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ï ʤʝʥʷʪʴ ʤʘʩʰʪʘʙ, ʚʳʜʝʣʷʪʴ ʠʥʪʝʨʝʩʫʶʱʠʝ ʫʯʘʩʪʢʠ, 

ʩʦʧʦʩʪʘʚʣʷʪʴ ʧʝʨʠʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʛʨʘʬʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʧʨʠ ʚʟʨʳʚʥʦʤ ʨʦʩʪʝ ʦʙʲʸʤʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʵʪʦʤʫ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʥʦʚʳʝ ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʤʝʪʦʜʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʵʣʝʤʝʥʪʳ ʦʙʲʷʩʥʠʤʦʛʦ ʀʀ [3]. 
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ʊʘʢʠʝ ʚʠʟʫʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʤʦʛʘʶʪ ʥʝ ʧʨʦʩʪʦ ʧʦʩʪʨʦʠʪʴ ʢʘʨʪʠʥʢʫ, ʘ ʚʳʩʪʨʦʠʪʴ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʪʘʢ, ʯʪʦʙʳ ʯʝʣʦʚʝʢ ʤʦʛ ʫʚʠʜʝʪʴ ʣʦʛʠʢʫ ʠʟʤʝʥʝʥʠʡ. ɺ ʫʩʣʦʚʠʷʭ 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ: ʥʝʦʙʭʦʜʠʤʳ ʩʨʝʜʩʪʚʘ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʥʝ ʪʦʣʴʢʦ çʧʦ ʜʘʥʥʳʤè, ʥʦ ʠ ʩ ʧʦʥʠʤʘʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʟʘ 

ʵʪʠʤʠ ʜʘʥʥʳʤʠ ʩʪʦʠʪ [2]. 

ʄʝʪʦʜʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʧʨʠʚʳʯʥʳʭ ʩʨʝʜʩʪʚ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ ʦʪʥʦʩʷʪʩʷ 

ʣʠʥʝʡʥʳʝ ʛʨʘʬʠʢʠ ʠ ʠʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ï ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤ ʜʦ 

ʢʦʤʧʘʢʪʥʳʭ çsparklineè-ʪʨʝʥʜʦʚ, ʢʦʪʦʨʳʝ ʚʧʠʩʳʚʘʶʪʩʷ ʧʨʷʤʦ ʚ ʪʝʢʩʪ ʠʣʠ ʪʘʙʣʠʮʫ. ʊʘʢʠʝ 

ʛʨʘʬʠʯʝʩʢʠʝ ʬʦʨʤʳ ʧʦʟʚʦʣʷʶʪ ʙʝʟ ʜʦʣʛʠʭ ʨʘʩʯʸʪʦʚ ʫʚʠʜʝʪʴ ʦʙʱʠʡ ʭʦʜ ʧʦʢʘʟʘʪʝʣʷ, ʦʪʤʝʪʠʪʴ 

ʨʝʟʢʠʝ ʧʝʨʝʧʘʜʳ, ʩʝʟʦʥʥʳʝ ʮʠʢʣʳ ʠʣʠ ʟʘʪʷʞʥʳʝ ʩʤʝʱʝʥʠʷ. ɿʘ ʩʯʸʪ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʣʠʥʠʠ ʠ 

ʧʨʦʩʪʦʪʳ ʚʦʩʧʨʠʷʪʠʷ ʧʦʜʦʙʥʳʝ ʛʨʘʬʠʢʠ ʦʩʪʘʶʪʩʷ ʙʘʟʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʥʘ ʢʦʪʦʨʳʡ 

ʘʥʘʣʠʪʠʢʠ ʦʧʠʨʘʶʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ [5]. ʊʘʢʦʡ ʬʦʨʤʘʪ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʟʫ 

ʫʣʦʚʠʪʴ ʦʙʱʠʡ ʭʦʜ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʠ ʦʩʥʦʚʥʳʝ ʢʦʣʝʙʘʥʠʷ ʨʷʜʘ, ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʣʣʶʩʪʨʘʮʠʠ (ʨʠʩ.). 

 
 

ʈʠʩ. ʃʠʥʝʡʥʳʡ ʛʨʘʬʠʢ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ) 

 

ɺʳʙʦʨ ʤʝʞʜʫ ʣʠʥʝʡʥʳʤ ʛʨʘʬʠʢʦʤ ʠ ʛʨʘʬʠʢʦʤ ʨʘʩʩʝʷʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ 

ʪʘʢʠʤ ʧʨʦʩʪʳʤ, ʢʘʢ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʚʥʘʯʘʣʝ: ʤʥʦʛʦʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ çʰʫʤʥʳʤè 

ʷʚʣʷʝʪʩʷ ʨʷʜ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠ ʚʳʨʘʞʝʥʥʳʝ ʚʳʙʨʦʩʳ ʠ ʢʘʢʦʚʘ ʝʛʦ ʚʠʟʫʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ Wang Y. ʠ ʢʦʣʣʝʛ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʟʘʤʝʪʥʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʜʘʥʥʳʭ ʠʣʠ ʧʨʠ 

ʥʘʣʠʯʠʠ ʨʝʟʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʦʙʱʝʡ ʪʨʘʝʢʪʦʨʠʠ ʠʤʝʥʥʦ scatter plot ʧʝʨʝʜʘʸʪ ʬʦʨʤʫ ʪʨʝʥʜʘ 

ʥʘʜʸʞʥʝʝ. ɽʩʣʠ ʞʝ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʛʣʘʞʝʥ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʨʝʟʢʠʭ ʢʦʣʝʙʘʥʠʡ, 

ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʡ ʣʠʥʝʡʥʳʡ ʛʨʘʬʠʢ [6]. 

ʅʘʨʷʜʫ ʩ ʥʠʤʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ. ʆʥʠ ʢʦʜʠʨʫʶʪ ʟʥʘʯʝʥʠʷ ʮʚʝʪʦʤ, 

ʯʪʦ ʜʘʸʪ ʠʥʦʡ ʩʧʦʩʦʙ ʚʟʛʣʷʥʫʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ: ʪʘʤ, ʛʜʝ ʥʘ ʣʠʥʝʡʥʦʤ ʛʨʘʬʠʢʝ ʠʟʤʝʥʝʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʤʳʪʳ, ʮʚʝʪʦʚʘʷ ʩʝʪʢʘ ʩʨʘʟʫ ʧʦʢʘʟʳʚʘʝʪ çʛʦʨʷʯʠʝè ʫʯʘʩʪʢʠ, ʥʝʦʙʳʯʥʳʝ 

ʩʢʦʧʣʝʥʠʷ ʠʣʠ ʧʝʨʠʦʜʳ ʨʝʟʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʊʘʢʦʡ ʬʦʨʤʘʪ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ, ʢʦʛʜʘ ʧʘʨʘʤʝʪʨʳ 

ʤʝʥʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʢʘʪʝʛʦʨʠʷʤ. 
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ʉ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʰʣʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʧʘʥʝʣʠ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʠʣʠ ʜʘʰʙʦʨʜʳ [1]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʪʠʯʥʳʭ ʜʠʘʛʨʘʤʤ, ʦʥʠ ʦʙʲʝʜʠʥʷʶʪ 

ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʨʘʟʫ ʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʨʘʙʦʪʘʪʴ ʩ ʥʠʤʠ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ: ʬʠʣʴʪʨʦʚʘʪʴ, ʫʚʝʣʠʯʠʚʘʪʴ ʤʘʩʰʪʘʙ, ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʜʝʪʘʣʷʭ. 

ʇʦʩʪʝʧʝʥʥʦ ʪʘʢʠʝ ʧʘʥʝʣʠ ʩʪʘʣʠ ʩʪʘʥʜʘʨʪʦʤ ʚ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʝ ʠ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʇʦʢʘʟʘʪʝʣʝʥ ʧʨʠʤʝʨ ʧʝʨʠʦʜʘ ʧʘʥʜʝʤʠʠ COVID-19, ʢʦʛʜʘ ʦʥʣʘʡʥ-ʜʘʰʙʦʨʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʩʦʙʠʨʘʷ ʜʘʥʥʳʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ʠʩʪʦʯʥʠʢʦʚ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʩʧʝʮʠʘʣʠʩʪʘʤ (ʠ ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʠ) ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʧʨʦʠʩʭʦʜʷʱʝʛʦ. 

ʇʦʤʠʤʦ ʣʠʥʝʡʥʳʭ ʛʨʘʬʠʢʦʚ ʠ ʪʝʧʣʦʚʳʭ ʩʭʝʤ, ʚ ʘʥʘʣʠʟʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʠʩʧʦʣʴʟʫʶʪ ʠ ʙʦʣʝʝ ʨʘʟʥʦʨʦʜʥʳʝ ʩʧʦʩʦʙʳ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʊʘʢ, ʜʣʷ ʜʘʥʥʳʭ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʠʚʷʟʢʦʡ ʧʦʜʭʦʜʷʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʩʣʝʜʠʪʴ, ʢʘʢ 

ʧʦʢʘʟʘʪʝʣʠ ʤʝʥʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʧʦ ʨʝʛʠʦʥʘʤ. ɺ ʜʨʫʛʠʭ ʟʘʜʘʯʘʭ ʧʦʣʝʟʥʳ 

ʩʝʪʝʚʳʝ ʛʨʘʬʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʢʘʢ ʩʦ ʚʨʝʤʝʥʝʤ ʧʝʨʝʩʪʨʘʠʚʘʶʪʩʷ ʩʚʷʟʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ, ʠʣʠ 

ʧʦʪʦʢʦʚʳʝ ʜʠʘʛʨʘʤʤʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʨʝʩʫʨʩʦʚ. ɺʩʪʨʝʯʘʶʪʩʷ ʠ 

ʘʥʠʤʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ, ʛʜʝ ʠʟʤʝʥʝʥʠʝ ʩʠʪʫʘʮʠʠ ʧʨʦʠʛʨʳʚʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦ, ʯʪʦ ʠʥʦʛʜʘ 

ʧʦʤʦʛʘʝʪ ʫʣʦʚʠʪʴ ʜʠʥʘʤʠʢʫ ʣʫʯʰʝ, ʯʝʤ ʩʪʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ɺ ʦʪʜʝʣʴʥʳʭ ʦʙʣʘʩʪʷʭ 

ʥʘʯʠʥʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʪʨʸʭʤʝʨʥʳʝ, ʠʤʤʝʨʩʠʚʥʳʝ ʬʦʨʤʘʪʳ ï ʧʦ ʜʘʥʥʳʤ ʨʷʜʘ ʨʘʙʦʪ, ʦʥʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʤʥʦʛʦʤʝʨʥʳʭ 

ʜʘʥʥʳʭ[4]. 

ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʶʙʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʦʥʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʤʝʰʠʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩ: ʤʝʥʷʪʴ ʤʘʩʰʪʘʙ, ʬʠʣʴʪʨʦʚʘʪʴ ʩʣʦʠ, ʫʙʠʨʘʪʴ 

ʣʠʰʥʝʝ. ɺ ʦʙʟʦʨʘʭ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʪʘʢʠʝ ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʠʥʪʝʨʬʝʡʩʳ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʶʪ 

ʛʣʫʙʠʥʫ ʘʥʘʣʠʟʘ. ʈʘʟʨʘʙʦʪʯʠʢʘʤ ʞʝ ʧʨʠʭʦʜʠʪʩʷ ʠʩʢʘʪʴ ʙʘʣʘʥʩ: ʩʣʠʰʢʦʤ ʥʘʩʳʱʝʥʥʳʝ ʛʨʘʬʠʢʠ 

ʧʝʨʝʛʨʫʞʘʶʪ ʚʦʩʧʨʠʷʪʠʝ, ʪʦʛʜʘ ʢʘʢ ʙʦʣʝʝ ʩʧʦʢʦʡʥʳʡ, ʧʨʦʜʫʤʘʥʥʳʡ ʜʠʟʘʡʥ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ 

ʜʘʞʝ ʩ ʥʝʧʨʦʩʪʳʤʠ ʜʘʥʥʳʤʠ. ʇʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʚʩʸ ʯʘʱʝ ʜʝʣʘʶʪ ʘʢʮʝʥʪ ʥʘ 

ʫʜʦʙʩʪʚʝ, ʘʜʘʧʪʠʚʥʦʩʪʠ ʠ ʧʦʩʪʝʧʝʥʥʦʤ ʦʙʫʯʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʨʘʙʦʪʝ ʩ ʚʠʟʫʘʣʴʥʦʡ ʩʨʝʜʦʡ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʘʥʘʣʠʪʠʢʘ ʜʘʥʥʳʭ 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʚʷʟʘʥ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʩʙʣʠʞʝʥʠʝʤ 

ʚʠʟʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ï ʪʦ, ʯʪʦ ʚʩʸ ʯʘʱʝ ʦʙʦʟʥʘʯʘʶʪ 

ʢʘʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʘʥʘʣʠʪʠʢʫ ʜʘʥʥʳʭ. ʀʩʪʦʨʠʯʝʩʢʠ ʚʠʟʫʘʣʴʥʘʷ ʘʥʘʣʠʪʠʢʘ ʚʦʟʥʠʢʣʘ 

ʠʤʝʥʥʦ ʢʘʢ ʧʦʧʳʪʢʘ ʩʦʚʤʝʩʪʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʠ ʯʝʣʦʚʝʯʝʩʢʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʯʠʪʳʚʘʪʴ ʩʤʳʩʣ ʠʟ ʦʙʨʘʟʦʚ. ʊʦ ʝʩʪʴ ʥʝ ʧʨʦʩʪʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ, ʘ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʯʝʣʦʚʝʢʫ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ ʚ ʥʸʤ ʥʝʦʯʝʚʠʜʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʘʰʠʥʘ ʫʤʝʝʪ 

ʙʳʩʪʨʦ ʚʳʜʝʣʷʪʴ, ʥʦ ʩʘʤʘ ʧʦ ʩʝʙʝ çʦʙʲʷʩʥʠʪʴè ʥʝ ʤʦʞʝʪ. ʕʪʦʪ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ ʦʢʘʟʘʣʩʷ 

ʧʨʦʜʫʢʪʠʚʥʳʤ: ʦʥ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʯʘʩʪʴ ʘʥʘʣʠʪʠʢʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʭʨʘʥʠʪʴ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʫʶ ʬʦʨʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʝʨʝʜʢʦ ʨʘʙʦʪʘʶʪ ʚ ʬʦʥʦʚʦʤ 

ʨʝʞʠʤʝ, ʧʦʜʩʢʘʟʳʚʘʷ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʥʘ ʢʘʢʠʝ ʬʨʘʛʤʝʥʪʳ ʜʘʥʥʳʭ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ. 

ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʧʦʜʧʠʩʠ ʥʘ ʛʨʘʬʠʢʘʭ, ʥʝʙʦʣʴʰʠʝ ʚʩʧʣʳʚʘʶʱʠʝ ʘʥʥʦʪʘʮʠʠ, 

ʧʦʜʩʚʝʪʢʘ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠʣʠ ʜʘʞʝ ʢʦʨʦʪʢʠʝ ʪʝʢʩʪʦʚʳʝ ʧʦʷʩʥʝʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʥʘ 
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ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ. ʊʘʢʠʝ ʬʫʥʢʮʠʠ ʟʘʤʝʪʥʦ ʫʧʨʦʱʘʶʪ ʨʘʙʦʪʫ: ʘʥʘʣʠʪʠʢ ʪʨʘʪʠʪ ʤʝʥʴʰʝ 

ʚʨʝʤʝʥʠ ʥʘ ʨʫʯʥʦʡ ʧʨʦʩʤʦʪʨ ʤʥʦʞʝʩʪʚʘ ʛʨʘʬʠʢʦʚ ʠ ʩʦʩʨʝʜʦʪʘʯʠʚʘʝʪʩʷ ʥʘ ʪʝʭ ʫʯʘʩʪʢʘʭ, ʛʜʝ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚʘʞʥʳʡ ʵʬʬʝʢʪ ʠʣʠ ʦʪʢʣʦʥʝʥʠʝ. 

ʀʥʪʝʛʨʘʮʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʝʥʷʝʪ ʠ ʩʘʤ ʭʘʨʘʢʪʝʨ ʚʠʟʫʘʣʠʟʘʮʠʠ: ʦʥʘ ʧʝʨʝʩʪʘʸʪ 

ʙʳʪʴ ʪʦʣʴʢʦ ʬʠʢʩʘʮʠʝʡ ʧʨʦʰʣʦʛʦ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʨʝʜʩʪʚʦ ʧʨʦʛʥʦʟʥʦʡ ʘʥʘʣʠʪʠʢʠ. ɺʩʸ 

ʙʦʣʴʰʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʪʦʙʨʘʞʘʶʪ ʥʘ ʛʨʘʬʠʢʘʭ ʥʝ ʪʦʣʴʢʦ ʫʞʝ ʥʘʙʣʶʜʘʚʰʠʝʩʷ ʟʥʘʯʝʥʠʷ, ʥʦ ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʪʨʘʝʢʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ï ʤʦʜʝʣʠ ʩʪʨʦʷʪ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ, 

ʧʦʢʘʟʳʚʘʷ ʜʠʘʧʘʟʦʥʳ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʚʝʨʦʷʪʥʳʝ ʚʘʨʠʘʥʪʳ ʜʘʣʴʥʝʡʰʝʛʦ ʭʦʜʘ ʧʨʦʮʝʩʩʘ. ɺ 

ʙʠʟʥʝʩ-ʩʨʝʜʝ ʪʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʣʠ ʧʦʯʪʠ ʩʪʘʥʜʘʨʪʦʤ: ʜʘʰʙʦʨʜʳ ʚʳʚʦʜʷʪ ʧʨʦʛʥʦʟʥʳʝ 

ʢʨʠʚʳʝ ʨʷʜʦʤ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʫʧʨʝʞʜʘʶʱʝ, ʘ ʥʝ 

ʧʦʩʪʬʘʢʪʫʤ. 

ʇʦʭʦʞʠʝ ʧʨʠʥʮʠʧʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʚ ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ, ʛʜʝ ʧʨʦʛʥʦʟʥʳʝ ʤʦʜʝʣʠ 

ʟʘʨʘʥʝʝ ʚʳʜʝʣʷʶʪ ʫʯʘʩʪʢʠ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʝʜʫʱʠʝ ʢ ʘʥʦʤʘʣʠʷʤ. ʅʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʧʝʨʘʪʦʨ 

ʚʠʜʠʪ ʥʝ ʪʦʣʴʢʦ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ, ʥʦ ʠ ʪʝ ʟʦʥʳ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʫ ʤʦʜʝʣʠ çʧʦʜʦʟʨʝʥʠʝè. 

ʕʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʩʙʦʠ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦʩʪʝʧʝʥʥʦ ʠ ʠʥʘʯʝ ʦʩʪʘʶʪʩʷ 

ʥʝʟʘʤʝʪʥʳʤʠ ʜʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʯʝʪʘʥʠʝ ʚʠʟʫʘʣʴʥʦʡ ʩʨʝʜʳ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʬʦʨʤʠʨʫʝʪ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʘʥʘʣʠʟʘ: ʜʘʥʥʳʝ ʥʝ ʧʨʦʩʪʦ 

ʧʦʢʘʟʳʚʘʶʪʩʷ, ʘ ʦʙʲʷʩʥʷʶʪʩʷ ʠ ʧʨʝʜʚʦʩʭʠʱʘʶʪʩʷ. 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ, ʢʦʪʦʨʦʝ ʩʝʡʯʘʩ ʨʘʟʚʠʚʘʝʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʠʚʥʦ, ʷʚʣʷʝʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʨʘʩʰʠʨʝʥʥʘʷ ʘʥʘʣʠʪʠʢʘ (augmented analytics). ɽʸ ʠʜʝʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʧʦʣʫʯʘʣ ʧʦʜʜʝʨʞʢʫ ʘʣʛʦʨʠʪʤʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ï ʦʪ 

ʧʝʨʚʠʯʥʦʛʦ ʟʘʧʨʦʩʘ ʜʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʘ. ʇʦʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ, ʛʜʝ ʬʦʨʤʫʣʠʨʦʚʢʘ ʥʘ 

ʦʙʳʯʥʦʤ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʟʘʧʨʦʩ ʢ ʙʘʟʝ, ʘ ʟʘʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ï ʚ 

ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʪʦʣʴʢʦ ʩʥʠʤʘʝʪ ʪʝʭʥʠʯʝʩʢʠʡ ʧʦʨʦʛ ʜʣʷ ʪʝʭ, 

ʢʪʦ ʥʝ ʚʣʘʜʝʝʪ ʷʟʳʢʘʤʠ ʟʘʧʨʦʩʦʚ, ʥʦ ʠ ʤʝʥʷʝʪ ʣʦʛʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʘʥʥʳʤʠ: ʚʤʝʩʪʦ ñʢʘʢ 

ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ?ò ʯʝʣʦʚʝʢ ʜʫʤʘʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʥ ʭʦʯʝʪ ʫʚʠʜʝʪʴ. 

ɺ ʵʪʫ ʞʝ ʣʠʥʠʶ ʣʦʞʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʜʙʦʨ ʪʠʧʘ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

ʀʥʦʛʜʘ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʙʣʠʮʘ ʥʝ ʨʘʩʢʨʳʚʘʝʪ ʩʪʨʫʢʪʫʨʳ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʥʦ ʩʠʩʪʝʤʘ ʩʘʤʘ 

ʧʨʝʜʣʘʛʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʫ ï ʥʘʧʨʠʤʝʨ, ʪʝʧʣʦʚʫʶ ʢʘʨʪʫ ʠʣʠ ʧʦʪʦʢʦʚʫʶ ʜʠʘʛʨʘʤʤʫ ï ʝʩʣʠ ʚʠʜʠʪ, 

ʯʪʦ ʪʘʢ ʠʥʬʦʨʤʘʮʠʷ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʷʩʥʝʝ. ʀʩʩʣʝʜʫʶʪʩʷ ʠ ʙʦʣʝʝ ʛʠʙʢʠʝ ʠʥʪʝʨʬʝʡʩʳ, ʢʦʪʦʨʳʝ 

ʧʦʜʩʪʨʘʠʚʘʶʪʩʷ ʧʦʜ ʧʦʣʴʟʦʚʘʪʝʣʷ: ʫʯʠʪʳʚʘʶʪ ʝʛʦ ʧʨʦʬʠʣʴ, ʟʘʜʘʯʠ, ʜʘʞʝ ʩʪʝʧʝʥʴ ʥʘʛʨʫʟʢʠ, 

ʯʪʦʙʳ ʥʝ ʧʝʨʝʛʨʫʞʘʪʴ ʵʢʨʘʥ ʣʠʰʥʠʤʠ ʜʝʪʘʣʷʤʠ. 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʞʝ ʟʘʤʝʪʝʥ. ɺ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʝ 

ʢʦʤʧʘʥʠʠ, ʚʥʝʜʨʷʶʱʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʚʠʟʫʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʩʦʢʨʘʱʘʶʪ ʚʨʝʤʷ 

ʘʥʘʣʠʟʘ ʠ ʧʦʣʫʯʘʶʪ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʨʝʰʝʥʠʷ, ʯʝʤ ʪʝ, ʢʪʦ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʩʦ ʩʪʘʪʠʯʥʳʤʠ 

ʦʪʯʸʪʘʤʠ. ʆʪʯʘʩʪʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʫʩʢʦʨʝʥʠʝʤ ʮʠʢʣʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʦʪʯʘʩʪʠ ï ʩ ʪʝʤ, ʯʪʦ 

ʚʠʟʫʘʣʴʥʳʝ ʧʦʜʩʢʘʟʢʠ ʫʤʝʥʴʰʘʶʪ ʨʠʩʢ ʥʝʚʝʨʥʦʛʦ ʯʪʝʥʠʷ ʜʘʥʥʳʭ. ʄʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ 

ʩʯʠʪʘʶʪ ʩʦʯʝʪʘʥʠʝ ʀʀ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʘʥʘʣʠʪʠʢʝ: ʧʦʩʪʝʧʝʥʥʦ ʦʥʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʠʥʩʘʡʪʳ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ 

ʧʦʯʪʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʙʝʟ ʜʦʣʛʠʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʦʚ. 
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ɺʳʚʦʜʳ 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʠʟʫʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʨʘʙʦʪʳ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ 

ʤʝʥʷʣʠʩʴ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ï ʠ, ʧʦʞʘʣʫʡ, ʜʘʞʝ ʙʳʩʪʨʝʝ, ʯʝʤ ʩʘʤʠ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʦʥʠ ʜʦʣʞʥʳ 

ʦʪʦʙʨʘʞʘʪʴ. ʈʘʥʴʰʝ ʚʩʸ ʩʚʦʜʠʣʦʩʴ ʢ ʣʠʥʝʡʥʳʤ ʛʨʘʬʠʢʘʤ: ʧʦʥʷʪʥʳʤ, ʧʨʠʚʳʯʥʳʤ, ʥʦ ʜʦʚʦʣʴʥʦ 

ʫʟʢʠʤ ʧʦ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ. ʉʝʡʯʘʩ ʞʝ ʧʦʩʪʝʧʝʥʥʦ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʦʡ ʧʣʘʩʪ 

ʠʥʩʪʨʫʤʝʥʪʦʚ: ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʧʘʥʝʣʠ, ʤʥʦʛʦʦʢʦʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ, ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʨʝʘʛʠʨʫʶʪ ʥʘ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʜʘʞʝ ʧʨʝʜʫʧʨʝʞʜʘʶʪ ʝʛʦ ʦ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚ 

ʜʘʥʥʳʭ ï ʧʨʠʯʸʤ ʠʥʦʛʜʘ ʨʘʥʴʰʝ, ʯʝʤ ʦʥ ʩʘʤ ʫʩʧʝʚʘʝʪ ʵʪʦ ʟʘʤʝʪʠʪʴ. ʕʪʦ ʚʦ ʤʥʦʛʦʤ ʩʣʝʜʩʪʚʠʝ 

ʪʦʛʦ, ʯʪʦ ʦʙʲʸʤʳ ʜʘʥʥʳʭ ʨʘʩʪʫʪ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʩʢʘʯʢʘʤʠ, ʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʧʦʧʨʦʩʪʫ 

ʧʝʨʝʩʪʘʶʪ ʫʩʧʝʚʘʪʴ ʦʪʨʘʞʘʪʴ ʵʪʫ ʠʟʤʝʥʯʠʚʦʩʪʴ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʙʘʟʦʚʳʝ ʤʝʪʦʜʳ ʜʦ ʢʦʥʮʘ ʥʝ ʠʩʯʝʟʣʠ. ʆʥʠ, ʩʢʦʨʝʝ, ʨʘʙʦʪʘʶʪ ʢʘʢ ʦʪʧʨʘʚʥʘʷ 

ʪʦʯʢʘ: ʩ ʥʠʭ ʥʘʯʠʥʘʶʪ, ʢ ʥʠʤ ʚʦʟʚʨʘʱʘʶʪʩʷ, ʥʘ ʠʭ ʬʦʥʝ ʣʝʛʯʝ ʫʚʠʜʝʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ. 

ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʚʚʦʜʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʨʦʚʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠ 

ʵʪʦ ʤʝʥʷʝʪ ʩʘʤ ʭʘʨʘʢʪʝʨ ʘʥʘʣʠʟʘ. ɺʤʝʩʪʦ ʧʨʦʩʪʦʛʦ ʧʨʦʩʤʦʪʨʘ ʛʨʘʬʠʢʦʚ ʘʥʘʣʠʪʠʢ ʬʘʢʪʠʯʝʩʢʠ 

ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ çʚʝʩʪʠ ʨʘʟʛʦʚʦʨè ʩ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʘʷ ʨʝʘʛʠʨʫʝʪ ʥʘ ʝʛʦ ʜʝʡʩʪʚʠʷ ʠ 

ʧʦʜʩʢʘʟʳʚʘʝʪ ʪʝ ʯʘʩʪʠ ʜʘʥʥʳʭ, ʯʪʦ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʟʥʘʯʠʤʳʤʠ. ʀʥʦʛʜʘ ʪʘʢʠʝ ʧʦʜʩʢʘʟʢʠ 

ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʫʯʘʩʪʦʢ, ʢʦʪʦʨʳʡ ʚʥʝʰʥʝ ʚʳʛʣʷʜʝʣ ʚʧʦʣʥʝ ʦʙʳʯʥʳʤ, ʘ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʩʢʨʳʪʘʷ ʜʠʥʘʤʠʢʘ ʠʣʠ ʟʘʯʘʪʦʢ ʙʫʜʫʱʝʡ ʘʥʦʤʘʣʠʠ. ʇʦʜʦʙʥʳʝ ʤʦʤʝʥʪʳ 

ʜʝʣʘʶʪ ʧʨʦʮʝʩʩ ʩʢʦʨʝʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ, ʯʝʤ ʬʦʨʤʘʣʴʥʳʤ. 

ʇʦ ʥʘʙʣʶʜʝʥʠʷʤ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʠʟʫʘʣʴʥʘʷ ʘʥʘʣʠʪʠʢʘ ʜʚʠʞʝʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʙʦʣʴʰʝʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ. ʇʦʷʚʣʷʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʝ ʞʜʫʪ ʢʦʤʘʥʜʳ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʩʘʤʠ ʧʨʝʜʣʘʛʘʶʪ ʠʥʦʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʠʪʴ ʜʘʥʥʳʝ: ʛʜʝ-ʪʦ ʟʘʤʝʥʷʶʪ ʪʘʙʣʠʮʫ 

ʪʝʧʣʦʚʦʡ ʢʘʨʪʦʡ, ʛʜʝ-ʪʦ ʬʦʨʤʠʨʫʶʪ ʢʦʨʦʪʢʦʝ ʪʝʢʩʪʦʚʦʝ ʧʦʷʩʥʝʥʠʝ ʠʣʠ ʜʘʞʝ ʥʝʙʦʣʴʰʦʡ 

çʩʶʞʝʪè ʦ ʪʦʤ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʳʙʦʨʢʝ. 

ʇʨʠ ʵʪʦʤ ʨʦʩʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʥʝ ʦʪʤʝʥʷʝʪ ʩʪʘʨʳʭ ʚʦʧʨʦʩʦʚ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ 

ʧʦʥʠʤʘʪʴ ʠʥʪʝʨʬʝʡʩ, ʫʤʝʪʴ ʨʘʙʦʪʘʪʴ ʩ ʚʠʟʫʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʨʘʟʣʠʯʘʪʴ, ʛʜʝ ʧʦʜʩʢʘʟʢʘ 

ʤʦʜʝʣʠ ʫʤʝʩʪʥʘ, ʘ ʛʜʝ ï ʚʚʦʜʠʪ ʚ ʟʘʙʣʫʞʜʝʥʠʝ. ɺʠʟʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʝʚʦʣʴʥʦ ʟʘʪʨʘʛʠʚʘʶʪ ʠ 

ʚʦʧʨʦʩʳ ʧʨʠʚʘʪʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʜʘʥʥʳʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ: ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʠʥʦʛʜʘ ʩʦʟʜʘʶʪ ʦʱʫʱʝʥʠʝ ʯʨʝʟʤʝʨʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. 

ʅʦ ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʩʣʦʞʥʦʩʪʠ, ʚʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ï ʦʩʦʙʝʥʥʦ ʚʨʝʤʝʥʥʳʭ, ʛʜʝ 

ʩʪʨʫʢʪʫʨʘ ʤʝʥʷʝʪʩʷ ʦʪ ʯʘʩʘ ʢ ʯʘʩʫ ʠʣʠ ʦʪ ʩʝʟʦʥʘ ʢ ʩʝʟʦʥʫ ï ʫʞʝ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ. ʀ ʜʚʠʞʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʘʥʘʣʠʪʠʢʠ 

ʦʪʢʨʳʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʨʘʥʴʰʝ ʢʘʟʘʣʠʩʴ ʯʨʝʟʤʝʨʥʦ ʪʨʫʜʦʸʤʢʠʤʠ: 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʨʘʥʥʝʝ ʦʙʥʘʨʫʞʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ, ʘʥʘʣʠʟ ʩʣʦʞʥʳʭ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ. ɺʩʸ ʵʪʦ ʧʦʩʪʝʧʝʥʥʦ ʜʝʣʘʝʪ ʨʘʙʦʪʫ ʩ ʜʘʥʥʳʤʠ ʙʦʣʝʝ 

ʦʩʤʳʩʣʝʥʥʦʡ, ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʪʦʤʫ, ʢʘʢ ʯʝʣʦʚʝʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʦʩʧʨʠʥʠʤʘʝʪ ʠʟʤʝʥʝʥʠʷ 

ʚʦʢʨʫʛ. 
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ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

 

CARDIOHARMONY : ʂʆʄʇʃɽʂʉʅʆɽ ʀʊ-ʈɽʐɽʅʀɽ  

ɼʃʗ ɸʅɸʃʀɿɸ ɺɸʈʀɸɹɽʃʔʅʆʉʊʀ ʉɽʈɼɽʏʅʆɻʆ ʈʀʊʄɸ,  

ʆʎɽʅʂʀ ʌʋʅʂʎʀʆʅɸʃʔʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ʀ ʀʀ-ʋʇʈɸɺʃʗɽʄʆʁ 

ɸɼɸʇʊʀɺʅʆʁ ʄʋɿʓʂɸʃʔʅʆʁ ʊɽʈɸʇʀʀ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʧʨʠʣʦʞʝʥʠʝ CardioHarmony ï 

ʢʦʤʧʘʢʪʥʦʝ, ʩʘʤʦʦʙʝʩʧʝʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʘ ʷʟʳʢʝ Python, ʠʥʪʝʛʨʠʨʫʶʱʝʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ 

ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʩʪʘʪʫʩʘ ʧʦ ʈ.ʄ. ɹʘʝʚʩʢʦʤʫ (ʤʝʪʦʜ ʕʃʆʂʉ-01ʄ) ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʘʥʘʣʠʟʫ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (HRV). ʉʠʩʪʝʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʤʧʦʨʪ ʜʘʥʥʳʭ 

ʧʫʣʴʩʦʢʩʠʤʝʪʨʠʠ ʠʟ CSV-ʬʘʡʣʦʚ (SpO , ʧʫʣʴʩ, ʚʨʝʤʝʥʥʳʝ ʤʝʪʢʠ), ʚʳʧʦʣʥʷʝʪ ʨʘʩʯʸʪ 

ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʀʅ, SDNN, RMSSD, AMo, HRV-ʠʥʜʝʢʩ, ʉʀʄ, ʇɸʈ), ʚʠʟʫʘʣʠʟʠʨʫʝʪ 

ʜʠʥʘʤʠʢʫ ʧʫʣʴʩʘ ʠ ʛʝʥʝʨʠʨʫʝʪ ʦʪʯʸʪ ʚ ʬʦʨʤʘʪʝ DOCX ʩ ʣʦʛʦʪʠʧʦʤ ʠ ʛʨʘʬʠʢʘʤʠ. ʋʥʠʢʘʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ ʘʜʘʧʪʠʚʥʦʡ ʤʫʟʳʢʘʣʴʥʦʡ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʡ 

ʪʝʤʧ ʘʫʜʠʦʢʦʥʪʝʥʪʘ ʩ ʪʝʢʫʱʠʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺ ʨʘʙʦʪʝ 

ʧʨʠʚʦʜʠʪʩʷ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʘʷ ʪʝʦʨʠʷ ʚʣʠʷʥʠʷ ʤʫʟʳʢʠ ʥʘ ʚʝʛʝʪʘʪʠʚʥʫʶ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ, 

ʧʦʜʢʨʝʧʣʸʥʥʘʷ ʩʪʘʪʠʩʪʠʢʦʡ ʤʝʪʘʘʥʘʣʠʟʦʚ. ʈʘʩʩʤʦʪʨʝʥʘ ʢʦʥʮʝʧʮʠʷ ʨʘʩʰʠʨʝʥʠʷ ʩʠʩʪʝʤʳ ʟʘ 

ʩʯʸʪ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʙʦʨʘ ʤʫʟʳʢʠ ʥʘ ʦʩʥʦʚʝ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʨʠʣʦʞʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʦ ʩ ʫʯʸʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʜʦʩʪʫʧʥʦʩʪʠ, ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ ʥʘʫʯʥʦʡ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʕʃʆʂʉ-01ʄ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʧʫʣʴʩʦʢʩʠʤʝʪʨʠʷ, ʘʜʘʧʪʠʚʥʘʷ ʤʫʟʳʢʘ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, 

ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, Python, DOCX-ʦʪʯʸʪ, ʀʊ-ʨʝʰʝʥʠʷ ʚ ʙʠʦʬʠʟʠʢʝ. 

 

ʆʮʝʥʢʘ ʨʝʛʫʣʷʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ 

ʟʘʜʘʯʝʡ ʚ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʝ, ʩʧʦʨʪʠʚʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠ ʨʝʘʙʠʣʠʪʦʣʦʛʠʠ. ʆʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʩʦʩʪʦʷʥʠʷ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ɺʅʉ) ʩʣʫʞʠʪ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (HRV) [6]. ʄʝʪʦʜʠʢʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʈ.ʄ. ɹʘʝʚʩʢʠʤ ʠ 

ʚʥʝʜʨʸʥʥʘʷ ʚ ʧʨʠʙʦʨ ʕʃʆʂʉ-01ʄ, ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ (ʋʌʉ) ʠ ʠʥʜʝʢʩ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ (ʀʅ) ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʤʝʞʠʤʧʫʣʴʩʥʳʭ (RR) ʠʥʪʝʨʚʘʣʦʚ [1]. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʨʘʩʪʸʪ ʠʥʪʝʨʝʩ ʢ ʥʝʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʤʦʜʫʣʷʮʠʠ ɺʅʉ. ʉʨʝʜʠ 

ʥʠʭ ï ʤʫʟʳʢʘʣʴʥʘʷ ʪʝʨʘʧʠʷ, ʯʴʸ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʦʣʦʛʠʶ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ, ʦʙʲʝʜʠʥʷʶʱʘʷ 

HRV-ʘʥʘʣʠʟ ʠ ʘʜʘʧʪʠʚʥʫʶ ʤʫʟʳʢʫ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʙʘʟʘ, ʧʦʜʢʨʝʧʣʸʥʥʘʷ 

ʩʪʘʪʠʩʪʠʢʦʡ. 

ʄʫʟʳʢʘ ʘʢʪʠʚʠʨʫʝʪ ʣʠʤʙʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʚʢʣʶʯʘʷ ʘʤʠʛʜʘʣʫ, ʛʠʧʧʦʢʘʤʧ ʠ ʦʩʪʨʦʚʢʦʚʫʶ 

ʢʦʨʫ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʛʠʧʦʪʘʣʘʤʦ-ʛʠʧʦʬʠʟʘʨʥʦ-ʥʘʜʧʦʯʝʯʥʠʢʦʚʫʶ ʦʩʴ (ɻɻʅ) ʠ 

ʚʝʛʝʪʘʪʠʚʥʳʡ ʪʦʥʫʩ [8]. ʄʝʜʣʝʥʥʘʷ ʤʫʟʳʢʘ (40ï60 BPM) ʩʧʦʩʦʙʩʪʚʫʝʪ: 

¶ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ; 
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¶ ʧʦʚʳʰʝʥʠʶ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʪʦʥʫʩʘ (ʫʚʝʣʠʯʝʥʠʝ RMSSD ʠ HF-ʢʦʤʧʦʥʝʥʪʘ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ HRV); 

¶ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʢʦʨʪʠʟʦʣʘ ʚ ʩʣʶʥʝ ʥʘ 25% (p < 0.01) [3]. 

¶ ʄʝʪʘʘʥʘʣʠʟ 2022 ʛ. (37 ʠʩʩʣʝʜʦʚʘʥʠʡ, n = 2 368) ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʩʣʫʰʠʚʘʥʠʝ 

ʨʘʩʩʣʘʙʣʷʶʱʝʡ ʤʫʟʳʢʠ ʩʥʠʞʘʝʪ ʩʠʩʪʦʣʠʯʝʩʢʦʝ ɸɼ ʚ ʩʨʝʜʥʝʤ ʥʘ 7.4 ʤʤ ʨʪ.ʩʪ. (95% ɼʀ: ï9.2; 

ï5.6), ʜʠʘʩʪʦʣʠʯʝʩʢʦʝ ï ʥʘ 4.1 ʤʤ ʨʪ.ʩʪ. (95% ɼʀ: ï5.3; ï2.9), ʘ ʧʫʣʴʩ ï ʥʘ 5.6 ʫʜ/ʤʠʥ (95% ɼʀ: 

ï7.0; ï4.2) [10]. 

¶ SDNN ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 18.3% ʧʨʠ ʧʨʦʩʣʫʰʠʚʘʥʠʠ ʤʫʟʳʢʠ ʩ ʪʝʤʧʦʤ, 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʤ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ HR [2]. 

¶ ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʴʶ ʩʝʨʜʮʘ ʤʫʟʳʢʘʣʴʥʘʷ ʠʥʪʝʨʚʝʥʮʠʷ ʩʥʠʞʘʝʪ ʨʠʩʢ 

ʢʘʨʜʠʦʚʘʩʢʫʣʷʨʥʳʭ ʩʦʙʳʪʠʡ ʥʘ 14% ʚ ʪʝʯʝʥʠʝ 6 ʤʝʩʷʮʝʚ ʥʘʙʣʶʜʝʥʠʷ [7]. 

ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʫʟʳʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʩʫʙʲʝʢʪʠʚʥʳʤ ʨʘʟʚʣʝʯʝʥʠʝʤ, ʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʣʠʜʥʳʡ ʙʠʦʬʠʟʠʯʝʩʢʠʡ ʩʪʠʤʫʣ, ʩʧʦʩʦʙʥʳʡ ʤʦʜʫʣʠʨʦʚʘʪʴ ɺʅʉ ʠ 

ʫʣʫʯʰʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʇʨʠʣʦʞʝʥʠʝ ʧʦʜʜʝʨʞʠʚʘʝʪ: 

¶ ʀʤʠʪʘʮʠʶ ʜʘʥʥʳʭ (MockWearableDevice); 

¶ ʀʤʧʦʨʪ ʠʟ CSV ʩ ʢʦʣʦʥʢʘʤʠ: Date, PR, SpO . 

ʈʝʘʣʠʟʦʚʘʥʳ ʨʘʩʯʸʪʳ: 

¶ ʀʅ, ʋʌʉ, SDNN, RMSSD, AMo (ʧʦ ʤʝʪʦʜʠʢʝ ɹʘʝʚʩʢʦʛʦ [1]); 

¶ HRV-ʠʥʜʝʢʩ, ʉʀʄ, ʇɸʈ (ʧʦ OXI-HRV [4]). 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʘʚʠʣʦ: ʎʝʣʝʚʦʡ BPM = ʪʝʢʫʱʠʡ ʧʫʣʴʩ ï 8, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʨʦʛʫ 

ʵʥʪʨʝʡʥʤʝʥʪʘ ï ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʥʝʰʥʝʛʦ ʨʠʪʤʘ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʙʠʦʨʠʪʤʘʤʠ [8]. 

ʇʣʘʥʠʨʫʝʪʩʷ ʟʘʤʝʥʘ ʵʚʨʠʩʪʠʢʠ ʥʘ ʤʦʜʝʣʴ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʨʠʥʠʤʘʶʱʫʶ ʥʘ ʚʭʦʜ: 

¶ HR, SDNN, RMSSD, SpO , d(ʀʅ)/dt. 

ʄʦʜʝʣʴ ʙʫʜʝʪ ʦʙʫʯʝʥʘ ʥʘ ʜʘʪʘʩʝʪʝ PMEmo [4], ʩʦʜʝʨʞʘʱʝʤ 1 000+ ʟʘʧʠʩʝʡ ʩ ʧʨʠʚʷʟʢʦʡ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʢ ʤʫʟʳʢʘʣʴʥʳʤ ʬʨʘʛʤʝʥʪʘʤ. 

ʇʨʠʣʦʞʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʦʜʥʦʤ ʬʘʡʣʝ (main.py) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ: 

¶ customtkinter ï ʘʜʘʧʪʠʚʥʳʡ GUI; 

¶ matplotlib ï ʚʠʟʫʘʣʠʟʘʮʠʷ; 

¶ python-docx ï ʦʪʯʸʪ ʚ Times New Roman; 

¶ pygame ï ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ; 

¶ numpy ï ʨʘʩʯʸʪʳ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ future-proof ʨʘʩʰʠʨʝʥʠʝ: ʬʫʥʢʮʠʷ recommend() ʣʝʛʢʦ 

ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʀʀ-ʠʥʬʝʨʝʥʩ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʮʠʢʣʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʢʫʱʘʷ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ. 
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ʈʠʩ. 1. ɸʨʭʠʪʝʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

 

ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʥʘ 10-ʤʠʥʫʪʥʳʭ ʟʘʧʠʩʷʭ: 

¶ ʢʦʨʨʝʢʪʥʦ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʕʃʆʂʉ ʠ HRV [9]; 

¶ ʛʨʘʬʠʢ ʧʫʣʴʩʘ ʦʙʥʦʚʣʷʝʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ; 

¶ DOCX-ʦʪʯʸʪ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ < 2 ʩʝʢ; 

¶ ʤʫʟʳʢʘʣʴʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʢʫʱʝʤʫ ʋʌʉ. 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʚ ʪʝʢʫʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʘʭ 2ï3. 

 

 
 

ʈʠʩ. 2. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ 
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ʈʠʩ. 3. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʧʨʦʜʦʣʞʝʥʠʝ 

 

CardioHarmony ï ʵʪʦ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʝ ʀʊ-ʨʝʰʝʥʠʝ, ʦʙʲʝʜʠʥʷʶʱʝʝ 

ʙʠʦʬʠʟʠʢʫ, ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʫʶ ʤʫʟʳʢʘʣʴʥʫʶ ʪʝʨʘʧʠʶ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʀʀ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʮʝʣʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

 
ʈʠʩ. 4. ʎʝʣʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠʣʦʞʝʥʠʷ 

 

ɼʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ Ÿ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ Ÿ ʘʥʘʣʠʟʠʨʫʶʪʩʷ Ÿ ʬʦʨʤʠʨʫʶʪʩʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ Ÿ ʀʀ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ Ÿ ʛʝʥʝʨʠʨʫʝʪʩʷ ʦʪʯʸʪ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʙʘʟʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʘʘʥʘʣʠʟʘʤʠ: ʤʫʟʳʢʘ ʜʦʩʪʦʚʝʨʥʦ ʚʣʠʷʝʪ ʥʘ HRV, 

ɸɼ ʠ ʢʦʨʪʠʟʦʣ [5]. ʇʨʦʛʨʘʤʤʘ ʧʨʠʤʝʥʠʤʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʜʦʤʘʰʥʝʤ ʤʦʥʠʪʦʨʠʥʛʝ ʠ 

ʨʝʘʙʠʣʠʪʘʮʠʠ. (ʨʠʩ. 1) [2].  
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1. ɹʘʝʚʩʢʠʡ ʈ.ʄ., ɹʝʨʩʝʥʝʚʘ ɸ.ʇ. ʆʮʝʥʢʘ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ ʠ 

ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʡ. ʄ.: ʄʝʜʠʮʠʥʘ, 1997. 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

89 

2. Bernardi L., Porta C., Casucci G., Balsamo R., Bernardi N.F., Fogari R., Sleight P. 

Dynamic interactions between musical, cardiovascular, and cerebral rhythms in humans // 

Circulation. 2009. ˉ 119(23). P. 2957ï2965. 

3. Koelsch S. The impact of music on psychological and cognitive processes // Nature 

Reviews Neuroscience. 2014. ̄  15(3). P. 170ï179. 

4. Kuruwita A.H., Smith J.R., Johnson M.L. A Hybrid Bidirectional Deep Learning Model 

Using HRV for Predictive Health Analytics // Artificial Intelligence in Medicine. 2025. ˉ 158. P. 

102894. 

5. Lee J. G. et al. Integrating Heart Rate Variability Improves Machine Learning-based 

Prediction of Panic Disorder Symptom Severity // Clin Psychopharmacol Neurosci. 2025. 

https://doi.org/10.9758/cpn.24.1261. 

6. Marek M. Heart rate variability: standards of measurement, physiological interpretation 

and clinical use // Circulation. 1996. ˉ 93(5). P. 1043ï1065. 

7. Messaoud I.B., Thamsuwan O. Heart Rate Variability-Based Stress Detection and Fall Risk 

Monitoring During Daily Activities: A Machine Learning Approach // Computers. 2024. ̄  14(2). P. 

45. 

8. Thoma M.V., La Marca R., Brºnnimann R., Finkel L., Ehlert U., Nater U.M. The effect of music 

on the human stress response // PloS one. 2013. ˉ 8(8). P. e70156. 

https://doi.org/10.1371/journal.pone.0070156 

9. Tsai Y.Y. Photoplethysmography-based HRV analysis and machine learning for stress 

assessment // Journal of Biomedical Engineering. 2025. 

10. Wang J. et al. Music therapy for hypertension: A systematic review and meta-analysis // 

Complementary Therapies in Medicine. 2022. ˉ 68. P. 102987. 

https://doi.org/10.1016/j.ctim.2022.102987 

 

É ɻʘʚʨʠʣʝʥʢʦ ʊ.ɺ., ʏʠʨʢʦ ʈ.ɸ., 2026 

 

  



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

90 

ʋɼʂ 004.942 

ɻʘʥʜʞʘ ʊ.ɺ. 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʤʠʪʨʠʝʚ ɺ.ʄ. 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʠʥʛʘʣʝʝʚ ɼ.ʀ. 

ʘʩʧʠʨʘʥʪ 

ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 

ʇʆʉʊʈʆɽʅʀɽ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʋʅʂʎʀʆʅɸʃʔʅʆ-ʉʊʈʋʂʊʋʈʅʆʁ ʉʍɽʄʓ 

ʊʈɽʅɸɾɪʈʅʆɻʆ ʂʆʄʇʃɽʂʉɸ  

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦ-ʪʨʝʥʘʞʸʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʇʊʂ), ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʧʦʜʩʠʩʪʝʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʉʄ ʄɸʈʉ) ʠ ʩʠʩʪʝʤʳ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (Unity, Unreal Engine ʠ VR 

Concept). ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ ʪʨʸʭʤʝʨʥʳʭ ʩʮʝʥ, VR-

ʧʣʘʪʬʦʨʤ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ 

ʪʨʸʭʤʝʨʥʦʡ ʩʮʝʥʳ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʢʦʤʧʦʥʝʥʪʥʦʡ ʮʝʧʠ ʦʙʲʝʢʪʘ ʠ ʦʨʛʘʥʠʟʘʮʠʷ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʉʄ ʄɸʈʉ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʦʡ ʯʝʨʝʟ ʧʨʦʪʦʢʦʣ 

TCP/IP. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʛʨʘʮʠʷ VR-ʪʝʭʥʦʣʦʛʠʡ ʩ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ 

ʤʦʜʝʣʷʤʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ-ʪʝʭʥʦʣʦʛʦʚ 

ʟʘ ʩʯʸʪ ʠʤʤʝʨʩʠʚʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʦʙʲʝʢʪʘ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʥʦ-ʪʨʝʥʘʞʸʨʥʳʡ ʢʦʤʧʣʝʢʩ (ʇʊʂ), ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ 

(VR), VR Concept, Unity, Unreal Engine, ʉʄ ʄɸʈʉ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʢʦʤʧʦʥʝʥʪʥʳʝ ʮʝʧʠ, ʚʠʨʪʫʘʣʴʥʘʷ ʩʮʝʥʘ, ʪʨʸʭʤʝʨʥʳʝ ʤʦʜʝʣʠ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʪʨʝʥʘʞʸʨ, 

TCP/IP ʦʙʤʝʥ. 

 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦ-

ʪʨʝʥʘʞʸʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʨʝʜʝ ʉʄ ʄɸʈʉ ʩ ʚʠʟʫʘʣʴʥʦʡ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʩʨʝʜʦʡ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

ɿʘʜʘʯʠ: 

1. ɺʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ 

ʪʨʝʥʘʞʸʨʦʚ: ʩʠʩʪʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, VR-ʜʚʠʞʢʦʚ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʣʘʪʬʦʨʤ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʠ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʩʮʝʥ 

ʚ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

3. ʆʧʠʩʘʪʴ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʚ ʉʄ ʄɸʈʉ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʢʦʤʧʦʥʝʥʪʥʦʡ ʮʝʧʠ. 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʩʚʷʟʳʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʠ 

ʚʠʟʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ VR-ʩʮʝʥʳ ʯʝʨʝʟ ʫʥʠʢʘʣʴʥʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ. 

5. ʆʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʟʤ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʉʄ 

ʄɸʈʉ ʠ ʉɺʈ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʦʩʪʦʷʥʠʷ ʪʨʝʥʘʞʸʨʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 
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ɺʚʝʜʝʥʠʝ 

ʇʨʦʛʨʘʤʤʥʦ-ʪʨʝʥʘʞʸʨʥʳʡ ʢʦʤʧʣʝʢʩ (ʇʊʂ) ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʟʜʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʦʧʝʨʘʪʦʨʘ/ʪʝʭʥʠʢʘ ʯʝʨʝʟ 

ʠʤʠʪʘʮʠʶ ʨʝʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʠʤʤʝʨʩʠʦʥʥʳʝ ʠ ʙʝʟʦʧʘʩʥʳʝ ʩʮʝʥʘʨʠʠ ʦʙʫʯʝʥʠʷ: ʥʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ VR ʠʛʨʳ ʜʘʶʪ çʠʤʤʝʨʩʠʦʥʥʳʝ ʠ ʨʝʘʣʠʩʪʠʯʥʳʝ ʩʮʝʥʘʨʠʠ, ʛʜʝ ʧʦʣʴʟʦʚʘʪʝʣʠ 

ʤʦʛʫʪ ʫʯʠʪʴʩʷ ʠ ʧʨʘʢʪʠʢʦʚʘʪʴ ʥʘʚʳʢʠ ʚ ʙʝʟʦʧʘʩʥʦʡ ʩʨʝʜʝè [1]. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ VR-

ʦʙʫʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ (ʩʦʛʣʘʩʥʦ ʦʜʥʦʤʫ ʠʩʪʦʯʥʠʢʫ, 

çʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʧʨʠ VR-ʤʝʪʦʜʘʭ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 76 %è [4]). ʏʸʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʷʜʨʘ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ) ʠ ʚʠʟʫʘʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʇʊʂ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʫʯʝʙʥʳʭ ʩʮʝʥʘʨʠʝʚ. ɺ ʜʘʥʥʦʤ 

ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʪʨʸʭʤʝʨʥʳʭ ʩʮʝʥ ʠ 

ʤʝʪʦʜʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʦʡ (ʉʄ ʄɸʈʉ) ʠ ʩʠʩʪʝʤʦʡ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (ʉɺʈ) ʥʘ ʧʨʠʤʝʨʝ VR Concept. 

ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʇʊʂ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ: 

¶ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʝ. ɺʠʟʫʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʪʨʸʭʤʝʨʥʳʝ 

ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ ʠ ʦʢʨʫʞʝʥʠʷ) ʩʦʟʜʘʶʪʩʷ ʚ ʪʨʝʭʤʝʨʥʳʭ ʨʝʜʘʢʪʦʨʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʛʨʘʤʤʝ 

Blender ï ʙʝʩʧʣʘʪʥʦʤ ʧʘʢʝʪʝ ʜʣʷ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʣʥʳʤ ʢʦʥʚʝʡʝʨʦʤ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʘʥʠʤʘʮʠʷ, ʩʠʤʫʣʷʮʠʷ, ʨʝʥʜʝʨʠʥʛ) [3]. ʄʘʪʝʨʠʘʣʳ ʠ ʪʝʢʩʪʫʨʳ ʩʦʟʜʘʶʪʩʷ ʚ Substance 3D Painter 

ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʭ ʨʝʜʘʢʪʦʨʘʭ, ʛʜʝ ʩʦʟʜʘʶʪʩʷ ʢʘʨʪʳ ʮʚʝʪʘ (Albedo), ʥʦʨʤʘʣʝʡ, ʰʝʨʦʭʦʚʘʪʦʩʪʠ, 

ʤʝʪʘʣʣʠʯʥʦʩʪʠ ʠ ʜʨ. 

¶ ʉʨʝʜʩʪʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʨʝʜʳ ʪʠʧʘ Simulink, VisSim, Modelica, Rand Model Designer ʠ ʜʨ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʉʄ ʄɸʈʉ ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʢʘʢ çʤʫʣʴʪʠ ʬʠʟʠʯʝʩʢʘʷ ʩʨʝʜʘ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷè 

ʩ ʦʙʰʠʨʥʦʡ ʙʠʙʣʠʦʪʝʢʦʡ ʢʦʤʧʦʥʝʥʪʦʚ [2]. ʉʄ ʄɸʈʉ ʨʝʘʣʠʟʫʝʪ ʤʝʪʦʜ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʥʳʭ ʮʝʧʝʡ (Mʄʂʎ), ʨʘʟʜʝʣʷʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʥʘ ʚʠʟʫʘʣʴʥʳʡ, ʣʦʛʠʯʝʩʢʠʡ ʠ 

ʦʙʲʝʢʪʥʳʡ ʫʨʦʚʥʠ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʩ ʠʥʪʝʨʬʝʡʩʦʤ. ʉʄ ʄɸʈʉ 

ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʜʦʧʫʩʢʘʝʪ ʨʘʩʰʠʨʝʥʠʝ 

ʙʠʙʣʠʦʪʝʢʠ ʤʦʜʝʣʝʡ [2]. 

¶ ɼʚʠʞʢʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (ʩʠʩʪʝʤʳ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʉɺʈ). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ Unity3D ʠ Unreal Engine ï ʤʦʱʥrʝ ʉɺʈ ʩ ʧʦʣʥʦʮʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʦʡ VR/AR. Unity ʠʟʚʝʩʪʝʥ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʨʦʩʪʦʪʦʡ ʦʩʚʦʝʥʠʷ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʙʳʩʪʨʳʭ ʧʨʦʪʦʪʠʧʦʚ. Unreal Engine, ʥʘʦʙʦʨʦʪ, ʦʙʣʘʜʘʝʪ 

ʧʨʦʜʚʠʥʫʪʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʜʚʠʞʢʦʤ ʠ ʛʦʪʦʚʳʤʠ ʰʘʙʣʦʥʘʤʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

çʠʟ ʢʦʨʦʙʢʠè ʧʦʣʫʯʘʪʴ ʟʨʝʣʠʱʥʫʶ ʛʨʘʬʠʢʫ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ VR-ʩʮʝʥʘʨʠʠ 

[https://clck.ru/3QRh2F]. ʆʙʝ ʧʣʘʪʬʦʨʤʳ ʠʤʝʶʪ ʰʠʨʦʢʫʶ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ 

VR-ʛʘʨʥʠʪʫʨ (Oculus, HTC Vive, Windows MR ʠ ʜʨ.), ʧʨʝʜʦʩʪʘʚʣʷʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʦʙʰʠʨʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ ʜʣʷ ʦʙʤʝʥʘ ʦʧʳʪʦʤ.  
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¶ ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ VR-ʧʣʘʪʬʦʨʤʳ. ʉʫʱʝʩʪʚʫʶʪ ʨʝʰʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʅʘʧʨʠʤʝʨ, VR Concept ï ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ CAD/BIM-ʤʦʜʝʣʠ. ʉʦʛʣʘʩʥʦ 

ʦʬʠʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, VR Concept ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʤʧʦʨʪ 3D/CAD/BIM ʬʦʨʤʘʪʦʚ (ʥʘ ʙʘʟʝ 

ʨʦʩʩʠʡʩʢʦʛʦ ʉɸʇʈ-ʷʜʨʘ C3D), ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʨʝʞʠʤ ʠ ʫʧʨʦʱʸʥʥʫʶ 

ʨʘʙʦʪʫ ʜʣʷ ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʦʚ (ʧʨʠʣʦʞʝʥʠʷ ʩʦʟʜʘʶʪʩʷ ʙʝʟ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ) 

[https://clck.ru/3QRh3A]. ʊʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʫʜʦʙʥʳ ʜʣʷ ʙʳʩʪʨʦʡ ʠʥʪʝʛʨʘʮʠʠ ʛʦʪʦʚʳʭ 

ʠʥʞʝʥʝʨʥʳʭ ʤʦʜʝʣʝʡ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʙʝʟ ʛʣʫʙʦʢʦʡ ʨʫʯʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʣʦʛʠʢʠ. 

¶ ɺʝʙ-ʪʝʭʥʦʣʦʛʠʠ. ɼʣʷ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʚ ʙʨʘʫʟʝʨʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʙʠʙʣʠʦʪʝʢʠ 

WebGL, ʥʘʧʨʠʤʝʨ Three.js. Three.js ï çʢʨʦʩʩ ʙʨʘʫʟʝʨʥʘʷ JavaScript-ʙʠʙʣʠʦʪʝʢʘè ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʘʥʠʤʠʨʦʚʘʥʥʦʡ 3D-ʛʨʘʬʠʢʠ ʚ ʙʨʘʫʟʝʨʝ (https://clck.ru/3QRh6W). ʆʥʘ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʧʨʦʩʪʳʭ 3D-ʪʨʝʥʘʞʸʨʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ VR (WebVR/WebXR), ʭʦʪʷ ʠ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʢʠʭ ʞʝ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʢʘʢ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʜʚʠʞʢʠ. 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʩʦʟʜʘʥʠʷ ʩʮʝʥ ʚ ʨʘʟʥʳʭ ʉɺʈ 

ʆʙʱʠʝ ʰʘʛʠ ʩʦʟʜʘʥʠʷ: 

1. ʇʦʜʛʦʪʦʚʢʘ 3D-ʤʦʜʝʣʠ ʚ Blender (ʤʦʜʝʣʴ ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ, ʩ 

ʥʫʣʝʚʳʤʠ ʚʨʘʱʝʥʠʷʤʠ ʠ ʝʜʠʥʠʯʥʳʤ ʤʘʩʰʪʘʙʦʤ, ʩʤ. ʪʨʝʙʦʚʘʥʠʷ ʢ pivot point ʠ ʪʦʧʦʣʦʛʠʠ). 

2. ʅʘʟʥʘʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʢʩʪʫʨ (ʩʦʭʨʘʥʝʥʠʝ ʢʘʨʪ: Albedo, Normal, Roughness, ʠ 

ʪ.ʜ.). 

3. ʕʢʩʧʦʨʪ ʤʦʜʝʣʠ ʚ ʬʘʡʣ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʨʝʭʤʝʨʥʦʤ ʦʙʲʝʢʪʝ ʬʦʨʤʘʪʘ 

FBX (ʠʣʠ OBJ+MTL ʜʣʷ ʩʪʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ). ʇʨʠ ʵʢʩʧʦʨʪʝ ʚʘʞʥʦ ʚʢʣʶʯʠʪʴ ʛʝʦʤʝʪʨʠʶ, 

ʤʘʪʝʨʠʘʣʳ ʠ UV-ʨʘʟʚʸʨʪʢʠ. 

4. ʀʤʧʦʨʪ ʚ ʚʳʙʨʘʥʥʳʡ ʉɺʈ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʮʝʥʳ. 

5. ʇʨʠʤʝʥʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʡ: ʩʦʟʜʘʥʠʝ LOD-ʚʝʨʩʠʡ ʦʙʲʝʢʪʦʚ, ʥʘʩʪʨʦʡʢʘ ʜʘʣʴʥʦʩʪʠ 

ʧʨʦʨʠʩʦʚʢʠ ʠ ʜʘʣʴʥʦʩʪʠ ʚʠʜʠʤʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʪʣʘʩʦʚ ʪʝʢʩʪʫʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ Unity ʠ Unreal ʨʘʟʨʘʙʦʪʯʠʢ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʪʨʘʪʠʪ ʥʘ ʥʘʧʠʩʘʥʠʝ ʢʦʜʘ 

(ʚʠʟʫʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ) ʠ ʥʘʩʪʨʦʡʢʫ, ʘ ʚ VR Concept ï ʥʘ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʯʝʨʝʟ ʛʦʪʦʚʳʝ ʤʦʜʫʣʠ. 

ʄʝʪʦʜʠʢʘ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʚ ʇʊʂ 

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʚ ʉʄ ʄɸʈʉ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʯʠʢ ʠʩʧʦʣʴʟʫʝʪ 

ʚʩʪʨʦʝʥʥʫʶ ʙʠʙʣʠʦʪʝʢʫ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʠʩʘʪʴ 

ʨʘʙʦʪʫ ʨʝʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʯʝʨʝʟ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ï 

ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʢʦʤʧʦʥʝʥʪʥʫʶ ʮʝʧʴ (ʄʂʎ). ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʄʂʎ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʤʧʦʥʝʥʪ, ʦʪʨʘʞʘʶʱʠʡ ʦʧʨʝʜʝʣʸʥʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʯʘʩʪʴ ʫʩʪʘʥʦʚʢʠ: ʘʧʧʘʨʘʪ, ʪʨʘʢʪ, 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ, ʜʘʪʯʠʢ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʠ ʪ. ʜ. ʂʦʤʧʦʥʝʥʪʳ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʝ ʧʦʜʩʠʩʪʝʤʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʛʣʷʜʥʦʩʪʴ ʠ 

ʤʦʜʫʣʴʥʦʩʪʴ ʩʦʟʜʘʚʘʝʤʦʡ ʤʦʜʝʣʠ. ʉ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ 

ʬʦʨʤʠʨʫʝʪʩʷ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʢʦʤʧʦʥʝʥʪʥʫʶ ʮʝʧʴ (ʄʂʎ) ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ.  

2. ʉʦʟʜʘʥʠʝ ʩʮʝʥʳ ʚ ʉɺʈ (ʵʪʘʧʳ): 
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¶ ɺʳʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ: ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʚʠʨʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ (ɺʊʄ) ʦʪʙʠʨʘʶʪʩʷ 3D-

ʢʦʤʧʦʥʝʥʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʘʤ ʦʙʲʝʢʪʘ. 

¶ ʇʦʩʪʨʦʝʥʠʝ ʦʢʨʫʞʝʥʠʷ: ʥʘ ʩʮʝʥʫ ʧʦʤʝʱʘʶʪʩʷ ʚʳʙʨʘʥʥʳʝ 3D-ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ 

ʩʦʟʜʘʸʪʩʷ ʦʢʨʫʞʝʥʠʝ (ʬʦʥʳ, ʜʝʢʦʨʘʮʠʠ ʠ ʧʨ.). 

¶ ʅʘʩʪʨʦʡʢʘ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ: ʟʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʘʥʠʤʘʮʠʠ, 

ʧʦʣʦʞʝʥʠʷ ʨʳʯʘʛʦʚ, ʬʠʟʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ) ʜʣʷ ʜʝʪʘʣʝʡ, ʩ ʢʦʪʦʨʳʤʠ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ 

ʦʙʫʯʘʝʤʳʡ (ʢʥʦʧʢʠ, ʨʫʢʦʷʪʢʠ, ʢʣʘʧʘʥʳ ʠ ʪ.ʜ.). 

3. ʉʚʷʟʳʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʉʄ ʄɸʈʉ ʠ ʉɺʈ. ɼʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚ ʥʘʟʚʘʥʠʠ 

ʬʘʡʣʘ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʸ ID: ʥʘʧʨʠʤʝʨ, 164_Voltmeter.fbx, ʛʜʝ ç164è ï ʵʪʦ 

ʫʥʠʢʘʣʴʥʳʡ ʥʦʤʝʨ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʩʭʝʤʝ ʚ ʉʄ ʄɸʈʉ. ʏʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ 

ʪʦʯʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʚʠʟʫʘʣʴʥʳʡ ʦʙʲʝʢʪ ʥʘ ʩʮʝʥʝ ʚ ʉɺʈ ʢʦʤʧʦʥʝʥʪʫ ʥʘ ʩʭʝʤʝ ʚ ʉʄ ʄɸʈʉ. 

4. ʆʙʤʝʥ ʜʘʥʥʳʤʠ. ʇʨʠʣʦʞʝʥʠʝ ʄɸʈʉ ʚʳʧʦʣʥʷʝʪ ʨʘʩʯʸʪʳ ʤʦʜʝʣʠ ʩ ʟʘʜʘʥʥʦʡ 

ʯʘʩʪʦʪʦʡ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʢʘʞʜʦʛʦ ʨʘʩʯʸʪʥʦʛʦ ʮʠʢʣʘ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

(ʥʘʧʨʠʤʝʨ, ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʦʚ, ʧʦʣʦʞʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʦʨʰʥʝʡ, ʪʦʢʠ) ʧʦʤʝʱʘʶʪʩʷ ʚ 

ʦʯʝʨʝʜʴ ʦʙʥʦʚʣʝʥʠʷ. ʕʪʠ ʜʘʥʥʳʝ ʧʦ ʩʝʪʠ (TCP/IP) ʧʝʨʝʜʘʶʪʩʷ ʚ ʉɺʈ ʠ ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʦʯʝʨʝʜʴ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

5. ʆʙʥʦʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʮʝʥʳ. ʇʦʣʫʯʝʥʥʳʝ ʦʪ ʄɸʈʉ ʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʩʮʝʥʝ: ʩʤʝʱʝʥʠʷ ʨʳʯʘʛʦʚ, ʧʦʚʦʨʦʪʳ ʩʪʨʝʣʦʢ ʧʨʠʙʦʨʦʚ, 

ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʪ. ʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʟʫʘʣʴʥʳʡ ʚʠʜ ʪʨʝʥʘʞʸʨʘ ʦʪʨʘʞʘʝʪ 

ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ. 

6. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʝʡʩʪʚʠʷ ʦʙʫʯʘʝʤʦʛʦ ʚ VR (ʥʘʞʘʪʠʝ ʢʥʦʧʦʢ, 

ʧʦʚʦʨʦʪʳ ʨʫʯʝʢ, ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʪ.ʜ.) ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʉɺʈ. ʕʪʠ ʜʝʡʩʪʚʠʷ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠʣʠ 

ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ) ʠ ʧʦ TCP/IP ʧʝʨʝʜʘʶʪʩʷ ʦʙʨʘʪʥʦ ʚ ʉʄ ʄɸʈʉ ʢʘʢ 

ʚʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ ʤʦʜʝʣʠ. 

7. ʇʦʚʪʦʨʥʳʡ ʮʠʢʣ ʨʘʩʯʸʪʦʚ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʉʄ 

ʄɸʈʉ ʟʘʧʫʩʢʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʨʘʩʯʸʪʥʳʡ ʮʠʢʣ. ɿʘʪʝʤ ʚʥʦʚʴ ʬʦʨʤʠʨʫʝʪʩʷ ʦʯʝʨʝʜʴ ʚʳʭʦʜʥʳʭ 

ʟʥʘʯʝʥʠʡ ʠ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʧʝʨʝʜʘʯʘ ʦʙʨʘʪʥʦ ʚ ʉɺʈ. ʎʠʢʣ çʉʄ ʄɸʈʉ Ÿ ʦʙʤʝʥ ʜʘʥʥʳʭ Ÿ 

ʉɺʈ Ÿ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ Ÿ ʦʙʤʝʥ ʜʘʥʥʳʭ Ÿ ʉʄ ʄɸʈʉè ʧʦʚʪʦʨʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʤʫʣʷʮʠʶ ʧʨʦʮʝʩʩʘ ʠ ʨʝʘʛʠʨʦʚʘʥʠʝ ʪʨʝʥʘʞʸʨʘ ʥʘ ʜʝʡʩʪʚʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʉʄ ʄɸʈʉ ʠ ʉɺʈ 

ʅʘ ʩʪʳʢʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʠ ʚʠʟʫʘʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤ ʚ ʇʊʂ ʥʘʣʘʞʠʚʘʝʪʩʷ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʢʘʥʘʣ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʧʦ ʩʝʪʠ. ʉʪʨʫʢʪʫʨʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʨʠʩʫʥʢʝ. 
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ʈʠʩ. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʉʄ ʄɸʈʉ ʠ ʉɺʈ 

 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʯʘʩʪʴ (ʉʄ ʄɸʈʉ) ʩʦʜʝʨʞʠʪ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʨʝʜʘʢʪʦʨ ʢʦʤʧʦʥʝʥʪʥʳʭ 

ʮʝʧʝʡ ʠ ʠʥʪʝʨʧʨʝʪʘʪʦʨ ʷʟʳʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʷʜʨʦ ʠ 

ʢʦʤʧʦʥʝʥʪʳ ʚʳʙʦʨʢʠ ʟʥʘʯʝʥʠʡ. ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ (ʷʟʳʢ VIP) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʠʟʫʘʣʴʥʳʝ 

ʧʘʥʝʣʠ ʧʨʠʙʦʨʦʚ, ʘ ʙʠʙʣʠʦʪʝʢʘ ʢʦʤʧʦʥʝʥʪʦʚ ʄɸʈʉ ʭʨʘʥʠʪ ʦʧʠʩʘʥʠʝ ʚʩʝʭ ʙʣʦʢʦʚ ʤʦʜʝʣʠ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʉɺʈ ʥʘʭʦʜʷʪʩʷ ʠʤʧʦʨʪʠʨʦʚʘʥʥʳʝ 3D-ʤʦʜʝʣʠ (ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʪʨʸʭʤʝʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ), ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʚ ʩʮʝʥʫ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʬʠʟʠʢʠ ʠ ʣʦʛʠʢʠ ʯʝʨʝʟ ʧʣʘʛʠʥʳ. 

ʀʥʪʝʨʬʝʡʩ ʦʙʤʝʥʘ (ʦʙʳʯʥʦ ʧʦ TCP/IP) ʩʚʷʟʳʚʘʝʪ ʠʜʝʥʪʠʯʥʳʝ ʧʦ ID ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠ ʚ MARS 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʦʙʲʝʢʪʳ ʥʘ ʩʮʝʥʝ 

ʇʨʠ ʟʘʧʫʩʢʝ ʩʮʝʥʘʨʠʷ ʉʄ ʄɸʈʉ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʠ 

ʧʦ ʩʝʪʠ ʧʝʨʝʜʘʸʪ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʥʘ ʉɺʈ, ʛʜʝ ʦʥʠ ʦʙʥʦʚʣʷʶʪ ʚʠʟʫʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʪʨʝʥʘʞʸʨʘ. ʆʧʝʨʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʙʨʘʪʥʦ ʧʦʩʪʫʧʘʶʪ ʚ ʉʄ ʄɸʈʉ ʢʘʢ ʥʦʚʳʝ ʚʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ. ʊʘʢʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʩʠʤʫʣʷʮʠʶ ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ ʘʨʭʠʪʝʢʪʫʨʫ ʚʭʦʜʷʪ: 

¶ ʈʝʜʘʢʪʦʨ ʢʦʤʧʦʥʝʥʪʥʳʭ ʮʝʧʝʡ ʄɸʈʉ (ʚʠʟʫʘʣʴʥʳʡ, ʣʦʛʠʯʝʩʢʠʡ ʠ ʦʙʲʝʢʪʥʳʡ ʩʣʦʠ 

ʤʦʜʝʣʠ), 

¶ ɺʳʯʠʩʣʠʪʝʣʴʥʦʝ ʷʜʨʦ ʉʄ ʄɸʈʉ ʩ ʙʠʙʣʠʦʪʝʢʦʡ ʢʦʤʧʦʥʝʥʪʦʚ (ʜʣʷ ʨʘʩʯʸʪʘ ʤʦʜʝʣʠ), 
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¶ ʈʝʜʘʢʪʦʨ ʚʠʟʫʘʣʴʥʳʭ ʧʘʥʝʣʝʡ VIP (ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʠʥʪʝʨʬʝʡʩʦʚ), 

¶ ɹʠʙʣʠʦʪʝʢʘ 3D-ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ (ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʉɺʈ), 

¶ ʇʣʘʛʠʥ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʦʙʝʩʧʝʯʠʚʘʝʪ TCP/IP-ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʉʄ ʄɸʈʉ ʠ 

ʉɺʈ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʇʊʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʧʨʝʜʝʣʸʥʥʫʶ ʩʠʩʪʝʤʫ, ʛʜʝ ʢʘʞʜʘʷ ʯʘʩʪʴ 

ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ ʨʦʣʴ: ʉʄ ʄɸʈʉ ʦʪʚʝʯʘʝʪ ʟʘ ʪʦʯʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʘ ʉɺʈ ï ʟʘ 

ʨʝʘʣʠʩʪʠʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺʳʚʦʜ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠ ʤʝʪʦʜʠʢʘ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦ-ʪʨʝʥʘʞʸʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʧʦʜʩʠʩʪʝʤʫ (ʉʄ ʄɸʈʉ) ʠ ʚʠʟʫʘʣʴʥʦ-

ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʩʨʝʜʫ (VR Concept, Unity ʠʣʠ Unreal). ɸʨʭʠʪʝʢʪʫʨʘ ʇʊʂ ʩ ʯʸʪʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ 

ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʚʠʟʫʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʫʯʝʙʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 

ʩʠʩʪʝʤʳ ʧʦʜ ʨʘʟʥʳʝ ʟʘʜʘʯʠ. ɺ ʯʘʩʪʥʦʩʪʠ, VR-ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ: ʦʪʤʝʯʝʥʦ, ʯʪʦ VR-ʪʨʝʥʘʞʸʨʳ ʫʚʝʣʠʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʚʦʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʥʘ 76 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʦʙʫʯʝʥʠʝʤ [4]. 

ɺʳʙʦʨ ʉɺʈ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʝʢʪʘ. Unity3D ʠ Unreal Engine ʷʚʣʷʶʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʜʚʠʞʢʘʤʠ: Unity ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʜʨʫʞʝʣʶʙʥʦʤʫ ʠʥʪʝʨʬʝʡʩʫ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʙʳʩʪʨʳʭ ʧʨʦʪʦʪʠʧʦʚ ʠ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʪʦʛʜʘ ʢʘʢ Unreal Engine ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʫʶ ʛʨʘʬʠʢʫ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʩʠʤʫʣʷʮʠʡ. 

ʇʣʘʪʬʦʨʤʘ VR Concept ʦʧʪʠʤʘʣʴʥʘ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʨʝʥʘʞʸʨʦʚ: ʦʥʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʠʤʧʦʨʪ CAD/BIM-ʤʦʜʝʣʝʡ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʦʟʚʦʣʷʝʪ 

ʥʘʩʪʨʘʠʚʘʪʴ ʣʦʛʠʢʫ ʩʮʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʝʨʝʟ GUI-ʧʣʘʛʠʥʳ ʙʝʟ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

(https://clck.ru/3QRh3A). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʇʊʂ ï ʩ ʨʘʟʜʝʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʠ ʩʨʝʜʳ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ï ʛʘʨʘʥʪʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʘʜʘʧʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʪʨʝʥʘʞʸʨʘ. ʏʸʪʢʠʝ ʧʨʦʪʦʢʦʣʳ ʦʙʤʝʥʘ (TCP/IP) ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʥʠʢʘʣʴʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩʚʷʟʳʚʘʶʪ ʦʙʝ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʘ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʞʠʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʠ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. 
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ʋɼʂ 004.94 

ɻʠʙʘʜʫʣʣʠʥ ɸ.ɸ. 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʀ ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ  

ʆʉʆɹɽʅʅʆʉʊɽʁ ʈɽʃʔɽʌɸ ʉʈɽɼʉʊɺɸʄʀ ʗɿʓʂɸ PYTHON 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʩʧʝʢʪʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʠ ʟʘʯʘʩʪʫʶ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʦʡ 

ʬʦʨʤ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʘʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʀʪʦʛʦʤ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʩʣʫʞʠʪ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ. ɸʚʪʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʟʳʢʘ Python ʠ ʝʛʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ, ɻʀʉ, ʎʄʈ, ʛʝʦʠʥʬʦʨʤʘʪʠʢʘ, 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʢʘʨʪʦʛʨʘʬʠʷ, ʛʝʦʤʦʜʫʣʠ Python. 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʷʚʣʝʥʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʘʢʪʫʘʣʴʥʳʤ ʟʘʜʘʯʘʤ ʥʘʫʢʠ 

ʠ ʪʝʭʥʠʢʠ. ʀʟʫʯʝʥʠʝ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʦʡ ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ 

ʦʥ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʪʦʯʥʳʝ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʤʦʜʝʣʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʟʚʘʥʘ ʧʨʦʙʣʝʤʦʡ ʦʧʠʩʘʥʠʷ ʨʝʣʴʝʬʘ, ʢʦʪʦʨʳʡ 

ʟʘʯʘʩʪʫʶ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ ʠ ʦʪʣʠʯʘʶʱʠʤʩʷ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʊʝʭʥʦʣʦʛʠʠ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʟʘʜʘʯ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ [1]. ʆʪʤʝʯʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚ ʤʦʙʠʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʷʭ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʥʘʙʞʘʝʪʩʷ ʤʦʜʫʣʷʤʠ ʛʝʦʣʦʢʘʮʠʠ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʠ ʵʪʦʤ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ 

ʠʥʪʝʨʧʦʣʷʮʠʠ [2]. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯʠ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ 

ʫʢʘʟʳʚʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ [3]. 

ʈʝʣʴʝʬ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʰʝʡ 

ʧʣʘʥʝʪʳ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʮʠʬʨʦʚʳʝ 

ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ (ʎʄʈ) ʦʧʨʝʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: "ʜʠʩʢʨʝʪʥʘʷ ʜʚʫʤʝʨʥʘʷ ʬʫʥʢʮʠʷ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʪʦʧʦʛʨʘʬʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʚʠʜʝ 

ʤʥʦʞʝʩʪʚʘ ʟʥʘʯʝʥʠʡ, ʠʟʤʝʨʝʥʥʳʭ ʠʣʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʚ ʫʟʣʘʭ ʥʝʢʦʪʦʨʦʡ ʩʝʪʢʠ" [4]. ɺ ʩʘʤʦʤ 

ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ, ʵʪʦ ʬʫʥʢʮʠʷ ʦʪ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʦʨʜʠʥʘʪʳ: ʰʠʨʦʪʫ 

ʠ ʜʦʣʛʦʪʫ ʦʙʲʝʢʪʘ ʥʘ ʢʘʨʪʝ. ɽʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʩʦʪʝ ʥʘ ʤʝʩʪʥʦʩʪʠ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʣʴʝʬʘ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ. ʆʥʦ ʥʝ 

ʧʨʦʩʪʦ ʦʧʠʩʳʚʘʝʪ ʝʛʦ, ʥʦ ʠ ʨʘʩʢʨʳʚʘʝʪ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ ʠ 

ʧʨʦʮʝʩʩʦʚ. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʣʦʞʥʦʩʪʴ ʤʦʜʝʣʠ, 

ʠʩʩʣʝʜʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʠ ʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʠʟ ʥʠʭ, ʫʚʝʣʠʯʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʠ 
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ʦʙʲʝʤʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ [5]. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʷʟʳʚʘʶʪ ʩ 

ʚʦʟʨʦʩʰʠʤ ʥʘʫʯʥʳʤ ʠʥʪʝʨʝʩʦʤ ʢ ʥʘʟʝʤʥʳʤ ʛʝʦʩʠʩʪʝʤʘʤ. ʎʄʈ ʩʣʫʞʘʪ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʨʨʠʪʦʨʠʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʠʪʦʛʝ 

ʤʦʜʝʣʠ ʣʘʥʜʰʘʬʪʘ ʦʪʨʘʞʘʶʪ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ [6]. ɺ ʙʦʣʴʰʠʭ 

ʤʘʩʰʪʘʙʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʩ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ. ʎʄʈ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʘʛʣʷʜʥʦʩʪʴ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʜʘʥʥʳʭ, ʧʦ ʥʠʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʨʘʩʯʝʪʦʚ [7]. 

ʈʝʣʴʝʬ ʦʢʘʟʳʚʘʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʢʘʭ ʧʨʦʪʝʢʘʥʠʷ 

ʥʘʟʝʤʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʘʨʪ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʦʭʚʘʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʩʧʝʢʪʦʚ [8]. ɺ ʩʣʫʯʘʝ ʎʄʈ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʨʠʮʝʡ ʚʳʩʦʪ ʟʝʤʥʦʡ ʠ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʦʙʲʝʢʪʦʚ ʨʝʣʴʝʬʘ ʦʪ ʧʨʦʯʠʭ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ [9]. ʈʘʙʦʪʘ ʩ 

ʎʄʈ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʧʨʦʛʨʘʤʤʘʭ ʧʦ 3d-

ʤʦʜʝʣʠʨʦʚʘʥʠʶ. ɺʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʳʙʦʨʝ ʧʦʜʭʦʜʷʱʠʭ ʠʟ ʥʠʭ ʠʣʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ, 

ʙʦʣʝʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ. ʅʘ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʠ ʭʦʜ ʝʝ ʧʦʩʪʨʦʝʥʠʷ [10]. ʅʘʨʘʚʥʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ 

ʜʦʙʘʚʣʷʝʪʩʷ ʪʨʝʪʴʷ ʢʦʦʨʜʠʥʘʪʘ ï ʚʳʩʦʪʘ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ɻʀʉ-ʤʦʜʝʣʴ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʦʢ. 

ʇʨʘʚʠʣʴʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʎʄʈ ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʝʝ ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʘ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʵʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʟʘʪʨʘʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ, ʦʥʠ ʩʣʝʜʫʶʱʠʝ. 

1. ʉʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

2. ɺʳʙʦʨ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

3. ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ. 

4. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʘʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʧʦʜʨʦʙʥʝʝ. 

1. ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʩʙʦʨ ʠ ʧʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦ ʨʝʣʴʝʬʝ. ʆʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ, ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ, ʧʦʩʨʝʜʩʪʚʦʤ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʝʩʪʥʦʩʪʠ ʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɺ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʨʝʣʴʝʬʘ, ʥʝ 

ʧʨʠʚʷʟʘʥʥʦʛʦ ʢ ʢʦʥʢʨʝʪʥʦʡ ʤʝʩʪʥʦʩʪʠ, ʜʦʧʫʩʪʠʤʘ ʠʭ ʛʝʥʝʨʘʮʠʷ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʘ ʠʭ 

ʧʨʝʜʦʙʨʘʙʦʪʢʘ, ʦʥʘ ʚʢʣʶʯʘʝʪ: ʫʜʘʣʝʥʠʝ ʰʫʤʦʚ ʠ ʘʨʪʝʬʘʢʪʦʚ, ʥʦʨʤʘʣʠʟʘʮʠʶ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ Python ʟʜʝʩʴ ʦʢʘʟʳʚʘʝʪʩʷ 

ʧʦʣʝʟʥʦʡ ʙʠʙʣʠʦʪʝʢʘ Pandas, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ 

ʠ ʧʨʦʚʦʜʠʪʴ ʠʭ ʘʥʘʣʠʟ. 

2. ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ï ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʣʝʟʥʳʤʠ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ: ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ 
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ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʩʧʣʘʡʥ-ʠʥʪʝʨʧʦʣʷʮʠʠ, ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʝ ʩʝʪʢʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʨʘʢʪʘʣʦʚ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʩʧʝʮʠʘʣʴʥʘʷ ʙʠʙʣʠʦʪʝʢʘ SciPy. 

3. ʅʘ ʵʪʘʧʝ ʨʝʘʣʠʟʘʮʠʠ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʜʭʦʜʠʪ ʙʠʙʣʠʦʪʝʢʘ NumPy, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʘʮʠʠ ʥʘʜ ʤʥʦʞʝʩʪʚʦʤ ʚʝʢʪʦʨʦʚ, ʤʘʩʩʠʚʦʚ ʠ ʤʘʪʨʠʮ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ 

ʚʳʯʠʩʣʷʪʴ ʚʳʩʦʪʳ ʪʦʯʝʢ, ʟʘʜʘʥʥʳʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʥʘ ʢʘʨʪʝ. 

4. ɺʘʞʥʝʡʰʠʤ ʠ ʥʘʛʣʷʜʥʳʤ ʘʩʧʝʢʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʧʦʵʪʦʤʫ ʧʦʜʭʦʜʷʱʝʡ 

ʦʢʘʟʳʚʘʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ Matplotlib. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʠ ʜʠʘʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ 

ʦʪʨʘʟʷʪ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʢ ʢʦʥʢʨʝʪʥʳʤ ʟʘʜʘʯʘʤ ʠ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʪʴ ʤʝʪʦʜʳ ʠʭ 

ʨʝʰʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʨʝʜʩʪʚʘʤʠ Python. 

1. ʀʟʦʙʨʘʞʝʥʠʝ ʨʝʣʴʝʬʘ ʩ ʨʝʟʢʠʤʠ ʧʝʨʝʧʘʜʘʤʠ ʚʳʩʦʪ, ʥʝʦʙʭʦʜʠʤʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʪʘʢʫʶ 

ʤʝʩʪʥʦʩʪʴ ʠ ʦʮʝʥʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʜʝʣʠ. 

ʇʨʠʤʝʨ ʚʳʧʦʣʥʝʥʠʷ (ʨʠʩ. 1) 

 

 
 

ʈʠʩ. 1 

 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʣʴʝʬʘ ʚʠʨʪʫʘʣʴʥʦʡ ʤʝʩʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ 

ʠ ʥʘʣʦʞʝʥʠʷ ʰʫʤʘ ʜʣʷ ʧʨʠʜʘʥʠʷ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ. 

ʇʨʠʤʝʨ ʚʳʧʦʣʥʝʥʠʷ (ʨʠʩ. 2). 
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ʈʠʩ. 2 

 

3. ɻʝʥʝʨʘʮʠʷ ʨʝʣʴʝʬʘ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ Diamond-Square (ʨʠʩ. 3). ʕʪʦʪ ʘʣʛʦʨʠʪʤ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʬʨʘʢʪʘʣʴʥʳʝ ʣʘʥʜʰʘʬʪʳ. 

 

 
 

ʈʠʩ. 3 

 

4. ʉʛʣʘʞʝʥʥʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʧʦʣʷʮʠʠ RegularGridInterpolator (ʨʠʩ. 4) 
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ʈʠʩ. 4 

 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢ Python 

ʟʘʤʝʪʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ. ʇʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʦʥʮʘʨʝʚʠʯ ʃ.ʅ., ʂʦʟʣʦʚʩʢʘʷ ʂ.ʄ., ʊʝʩʣʝʥʦʢ ʉ.ɸ. ʎʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʚ 
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ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ: ɽʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ. 2018. ʊ. 160. ̄  3. ʉ. 514-530. 

9. ʈʘʡʢʦʚ ʅ.ɸ. ɸʥʘʣʠʟ ʘʣʛʦʨʠʪʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ ʚ 

ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ // ʅʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ: 

ʤʘʪʝʨʠʘʣʳ XXV ʖʙʠʣʝʡʥʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ (ʛ. ʈʷʟʘʥʴ, 18ï20 ʥʦʷʙʨʷ 2020 ʛʦʜʘ). ʈʷʟʘʥʴ, 2020. ʉ. 257-259. 

10. ʉʣʘʚʷʥʦʚ ʅ.ʅ. ʊʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʠ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʣʘʥʜʰʘʬʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ // ʉʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ: 

ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ, ʜʦʩʪʠʞʝʥʠʷ ʠ ʠʥʥʦʚʘʮʠʠ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ XXXVII ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʛ. ʇʝʥʟʘ, 25 ʠʶʥʷ 2024 ʛʦʜʘ). ʇʝʥʟʘ, 2024. ʉ. 157-160. 

 

É ɻʠʙʘʜʫʣʣʠʥ ɸ.ɸ., 2026 
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ɻʦʨʣʦʚ ʉ.ʀ. 

ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʐʠʰʢʠʥ ʄ.ɸ. 

ʘʩʧʠʨʘʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʓʍ ʄʆɼʋʃɽʁ ʆɹʈɸɹʆʊʂʀ ʀ ʂʃɸʉʊɽʈʀɿɸʎʀʀ 

ʊɽʂʉʊʆɺʓʍ ɼɸʅʅʓʍ ʅɸ ʆʉʅʆɺɽ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ  

ʉʈɽɼʉʊɺɸʄʀ PYTHON 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʪʝʤʘʪʠʯʝʩʢʦʡ 

ʛʨʫʧʧʠʨʦʚʢʠ ʨʫʩʩʢʦʷʟʳʯʥʳʭ ʪʝʢʩʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʙʝʟ ʫʯʠʪʝʣʷ. 

ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ ʤʝʪʦʜʦʚ ʧʨʝʜʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʩ ʦʮʝʥʢʦʡ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʨʝʘʣʴʥʳʭ ʚʳʙʦʨʢʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʦʜʭʦʜʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʣʘʪʝʥʪʥʳʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʜʦʢʫʤʝʥʪʘʣʴʥʳʭ ʤʘʩʩʠʚʘʭ. ʉʪʘʪʴʷ ʙʫʜʝʪ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʘ ʪʝʤ, ʢʪʦ ʠʤʝʝʪ ʙʘʟʦʚʳʝ ʟʥʘʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʤʦʞʝʪ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʢʘʨʪ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʦʙʫʯʝʥʠʝ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʚʠʟʫʘʣʠʟʘʮʠʷ, 

ʢʣʘʩʪʝʨʠʟʘʮʠʷ. 

 

ʈʦʩʪ ʦʙʲʝʤʦʚ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʭ ʘʥʘʣʠʟʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʪʝʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʨʫʩʩʢʦʷʟʳʯʥʳʭ ʪʝʢʩʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʙʝʟ ʫʯʠʪʝʣʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʣʥʳʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ: ʦʪ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʨʝʜʦʙʨʘʙʦʪʢʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʦʩʦʙʝʥʥʦʩʪʠ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ, ʜʦ 

ʚʝʢʪʦʨʠʟʘʮʠʠ, ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ (K-means, DBSCAN). ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʨʘʚʥʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʨʠʢ ʩʠʣʫʵʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠ ʠʥʜʝʢʩʘ ʂʘʣʠʥʩʢʦʛʦ-ʍʘʨʘʙʘʟʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʜʦʢʫʤʝʥʪʘʣʴʥʳʭ ʤʘʩʩʠʚʘʭ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

1.  ʇʨʝʜʦʙʨʘʙʦʪʢʘ ʪʝʢʩʪʦʚ. ʀʩʭʦʜʥʳʝ ʨʫʩʩʢʦʷʟʳʯʥʳʝ ʪʝʢʩʪʳ ʧʨʦʭʦʜʷʪ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʪʦʢʝʥʠʟʘʮʠʶ, ʣʝʤʤʘʪʠʟʘʮʠʶ, ʫʜʘʣʝʥʠʝ ʩʪʦʧ-

ʩʣʦʚ ʠ ʟʥʘʢʦʚ ʧʨʝʧʠʥʘʥʠʷ. ʕʪʦʪ ʵʪʘʧ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪ ʪʝʢʩʪʦʚʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʘʥʘʣʠʟʘ ʠ ʬʦʨʤʠʨʫʝʪ ʩʣʦʚʘʨʴ ʪʝʨʤʠʥʦʚ [4, ʩ. 27]. 

2.  ɺʝʢʪʦʨʠʟʘʮʠʷ ʜʘʥʥʳʭ. ʆʯʠʱʝʥʥʳʝ ʪʝʢʩʪʳ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʯʠʩʣʦʚʳʝ ʚʝʢʪʦʨʳ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ TF-IDF (Term Frequency-Inverse Document Frequency). ɼʘʥʥʳʡ ʧʦʜʭʦʜ 

ʦʮʝʥʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʢʘʞʜʦʛʦ ʩʣʦʚʘ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʡ ʢʦʣʣʝʢʮʠʠ, ʩʦʟʜʘʚʘʷ 

ʨʘʟʨʝʞʝʥʥʦʝ ʚʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʝʢʩʪʦʚʦʛʦ ʢʦʨʧʫʩʘ. 

3.  ʉʥʠʞʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA). ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʢʨʘʪʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʠ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʨʠʟʥʘʢʠ, ʩʦʭʨʘʥʷʷ 

ʦʩʥʦʚʥʫʶ ʜʠʩʧʝʨʩʠʶ ʜʘʥʥʳʭ. 
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4.  ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʜʚʫʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ. ʄʝʪʦʜ k-ʤʝʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʥʘ 

ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ ʪʝʤʘʪʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ, ʦʧʪʠʤʠʟʠʨʫʷ ʠʭ ʢʦʤʧʘʢʪʥʦʩʪʴ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʘʣʛʦʨʠʪʤ DBSCAN, ʢʦʪʦʨʳʡ ʚʳʷʚʣʷʝʪ ʢʣʘʩʪʝʨʳ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝ ʧʣʦʪʥʦʩʪʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʪʝʢʩʪʳ, ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʥʠ ʢ ʦʜʥʦʡ 

ʠʟ ʪʝʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ. 

5.  ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʨʠʢ, ʥʝ 

ʪʨʝʙʫʶʱʠʭ ʵʪʘʣʦʥʥʦʡ ʨʘʟʤʝʪʢʠ: 

¶ ʉʠʣʫʵʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ: ʆʮʝʥʠʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʦʙʲʝʢʪ ʧʦʭʦʞ ʥʘ ʩʚʦʡ ʢʣʘʩʪʝʨ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʢʣʘʩʪʝʨʘʤʠ. 

¶ ʀʥʜʝʢʩ ʂʘʣʠʥʩʢʦʛʦ-ʍʘʨʘʙʘʟʘ: ʆʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʯʝʨʝʟ 

ʩʦʦʪʥʦʰʝʥʠʝ ʜʠʩʧʝʨʩʠʡ ʚʥʫʪʨʠ ʠ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ. 

6.  ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʫʶʪʩʷ 

ʪʝʤʘʪʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ. ʂʘʞʜʳʡ ʢʣʘʩʪʝʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʙʦʨʦʤ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʪʥʳʭ ʩʣʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʚʳʷʚʣʝʥʥʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ 

ʧʘʪʪʝʨʥʳ ʚ ʠʩʭʦʜʥʦʤ ʤʘʩʩʠʚʝ ʜʦʢʫʤʝʥʪʦʚ [3, c. 131]. 

 

 
ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 
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ʈʠʩ. 2. ʉʧʠʩʦʢ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

 

ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʞʘʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʙʨʘʙʦʪʢʝ 

ʪʝʢʩʪʦʚ. ʄʝʪʦʜ TF-IDF ʦʩʪʘʝʪʩʷ ʙʘʟʦʚʳʤ ʜʣʷ ʚʝʢʪʦʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʘ ʘʣʛʦʨʠʪʤʳ 

K-means ʠ DBSCAN ʷʚʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ï ʢʘʢ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʘʢʪʥʳʭ 

ʛʨʫʧʧ, ʪʘʢ ʠ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʣʦʞʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʜʘʥʥʳʭ [1, ʩ. 210]. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ 

ʨʘʙʦʪʝ ʫʜʝʣʝʥʦ ʘʜʘʧʪʘʮʠʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʢ ʨʫʩʩʢʦʷʟʳʯʥʳʤ ʪʝʢʩʪʘʤ, ʩ ʦʧʦʨʦʡ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, ʪʘʢʠʝ ʢʘʢ ʅʘʮʠʦʥʘʣʴʥʳʡ ʢʦʨʧʫʩ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ, ʠ ʠʥʩʪʨʫʤʝʥʪʳ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʩʠʩʪʝʤʘʪʠʟʠʨʫʝʪ ʠ 

ʨʘʟʚʠʚʘʝʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ, ʧʨʝʜʣʘʛʘʷ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ [5, ʩ. 500]. 

ʇʣʁ ʩʳ ʠ ʤʠʥʫʩʳ ʘʣʛʦʨʠʪʤʘ TF-IDF. 

1. ɸʣʛʦʨʠʪʤ TF-IDF ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

2. ʀʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʣʝʛʢʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ, ʪʘʢ ʢʘʢ ʟʥʘʯʠʤʦʩʪʴ 

ʢʘʞʜʦʛʦ ʩʣʦʚʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʧʨʦʟʨʘʯʥʦʡ ʬʦʨʤʫʣʝ. 

3. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɸʣʛʦʨʠʪʤ ʠʤʝʝʪ ʥʠʟʢʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʩʣʦʞʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʢʦʨʧʫʩʘʤʠ ʪʝʢʩʪʦʚ. 

4. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʩʣʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʣʷʪʴ ʩʣʦʚʘ, ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʥʘ ʬʦʥʝ ʚʩʝʡ ʢʦʣʣʝʢʮʠʠ. 

ʆʜʥʘʢʦ ʦʥ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 

1. ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʩʝʤʘʥʪʠʢʠ. ʄʝʪʦʜ ʥʝ ʫʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ ʩʣʦʚ, ʠʭ ʩʠʥʦʥʠʤʠʶ ʠʣʠ 

ʤʥʦʛʦʟʥʘʯʥʦʩʪʴ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʩʣʦʚʘ ʪʦʣʴʢʦ ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ ʣʝʢʩʝʤʳ. 

2. ʇʦʪʝʨʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʨʷʜʢʝ ʩʣʦʚ. ʊʝʢʩʪ ʚʳʛʣʷʜʠʪ ʢʘʢ çʤʝʰʦʢ ʩʣʦʚè, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʠʥʪʘʢʩʠʩʝ ʠ ʢʦʥʪʝʢʩʪʥʳʭ ʩʚʷʟʷʭ. 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

106 

3. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʨʧʫʩʘ. ɺʝʩ ʩʣʦʚʘ ʟʘʚʠʩʠʪ ʦʪ ʚʩʝʡ ʢʦʣʣʝʢʮʠʠ ʜʦʢʫʤʝʥʪʦʚ, ʧʦʵʪʦʤʫ 

ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʚʝʢʪʦʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʜʦʢʫʤʝʥʪʦʚ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʪʝʤʘʪʠʯʝʩʢʦʡ 

ʛʨʫʧʧʠʨʦʚʢʠ ʨʫʩʩʢʦʷʟʳʯʥʳʭ ʪʝʢʩʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʙʝʟ 

ʫʯʠʪʝʣʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʢʦʣʣʝʢʮʠʠ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ 

ʜʘʪʘʩʝʪ. ʇʨʝʜʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ: 

¶  ʥʦʨʤʘʣʠʟʘʮʠʶ ʪʝʢʩʪʦʚ (ʧʨʠʚʝʜʝʥʠʝ ʢ ʥʠʞʥʝʤʫ ʨʝʛʠʩʪʨʫ, ʫʜʘʣʝʥʠʝ ʧʫʥʢʪʫʘʮʠʠ); 

¶  ʪʦʢʝʥʠʟʘʮʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ NLTK; 

¶  ʣʝʤʤʘʪʠʟʘʮʠʶ ʩ ʧʦʤʦʱʴʶ pymorphy3 ʜʣʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʨʫʩʩʢʦʷʟʳʯʥʳʭ ʪʝʢʩʪʦʚ. 

ɺʝʢʪʦʨʠʟʘʮʠʷ ʪʝʢʩʪʦʚ ʚʳʧʦʣʥʷʣʘʩʴ ʤʝʪʦʜʦʤ TF-IDF, ʢʦʪʦʨʳʡ ʦʮʝʥʠʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ 

ʩʣʦʚ ʚ ʜʦʢʫʤʝʥʪʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʡ ʢʦʣʣʝʢʮʠʠ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʛʨʘʥʠʯʝʥʠʝ ʚ 5000 ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʩʷ ʪʨʝʤʷ ʤʝʪʦʜʘʤʠ: 

¶  K-means ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʣʘʩʪʝʨʦʚ; 

¶  DBSCAN ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ; 

¶  ʘʛʣʦʤʝʨʘʪʠʚʥʘʷ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʚʣʦʞʝʥʥʳʭ ʪʝʤʘʪʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʨʠʢ ʩʠʣʫʵʪʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠ ʠʥʜʝʢʩʘ ʂʘʣʠʥʩʢʦʛʦ-ʍʘʨʘʙʘʰʘ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʤʝʪʦʜʘʤʠ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ (PCA) ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʦʙʣʘʢʦʚ ʩʣʦʚ ʠ ʪʝʤʘʪʠʯʝʩʢʠʭ 

ʜʠʘʛʨʘʤʤ. ɺʳʙʦʨ ʪʘʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, ʢʘʢ Python, scikit-learn, pymorphy3 ʦʙʫʩʣʦʚʣʝʥ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʫʩʩʢʦʷʟʳʯʥʳʭ ʪʝʢʩʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ [2, ʩ. 28]. 

ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʪʝʢʩʪʘ ʚ ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʠʙʣʠʦʪʝʢʘ 

WordCloud, ʧʦʟʚʦʣʷʶʱʘʷ ʨʠʩʦʚʘʪʴ ʦʙʣʘʢʦ ʩʣʦʚ. ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3: 

 
 

ʈʠʩ. 3. ʆʙʣʘʢʦ ʩʣʦʚ ʜʣʷ ʧʝʨʚʦʛʦ ʢʣʘʩʪʝʨʘ 
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ɼʣʷ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʤʝʪʦʜʦʤ K-Means ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʦʯʝʯʥʘʷ ʜʠʘʛʨʘʤʤʘ. ʅʘ ʥʝʡ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʦʡ ʧʨʦʝʢʮʠʠ ʦʪʦʙʨʘʞʝʥʳ ʚʩʝ ʜʦʢʫʤʝʥʪʳ 

ʢʦʣʣʝʢʮʠʠ. ʎʚʝʪ ʪʦʯʢʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʥʝʩʝʥʠʝ ʜʦʢʫʤʝʥʪʘ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʢʣʘʩʪʝʨʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʘʢʪʥʳʝ, ʭʦʨʦʰʦ ʨʘʟʜʝʣʸʥʥʳʝ ʛʨʫʧʧʳ ʦʜʥʦʛʦ ʮʚʝʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʸʪʢʦ ʚʳʜʝʣʝʥʥʳʤ ʪʝʤʘʤ, ʘ ʦʙʣʘʩʪʠ ʩʤʝʰʝʥʠʷ ʮʚʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʛʜʝ 

ʪʝʤʘʪʠʢʠ ʜʦʢʫʤʝʥʪʦʚ ʧʝʨʝʩʝʢʘʶʪʩʷ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʢʣʘʩʪʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩ. 4. ɺʠʟʫʘʣʠʟʘʮʠʷ ʢʣʘʩʪʝʨʦʚ ʪʝʢʩʪʦʚ 

 

ʅʘ ʜʘʥʥʦʤ ʛʨʘʬʠʢʝ ʢʣʘʩʪʝʨ 0 ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʬʠʦʣʝʪʦʚʳʭ ʪʦʯʝʢ, ʢʣʘʩʪʝʨ 1 ʚ ʚʠʜʝ 

ʟʝʣʝʥʳʭ ʪʦʯʝʢ ʠ ʢʣʘʩʪʝʨ 2 ʚ ʚʠʜʝ ʞʝʣʪʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʢʣʘʩʪʝʨ 0 ʠ 2 ʙʦʣʝʝ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ. 

ʊʝʤʘʪʠʢʘ ʜʘʥʥʳʭ ʢʣʘʩʪʝʨʦʚ 0 ʠ 2 ʦʪʨʘʞʘʝʪ ʥʘʫʯʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʣʘʩʪʝʨ 

ʧʦʜ ʥʦʤʝʨʦʤ 1 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʝʤʘʪʠʢʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʘʚʠʘʪʨʘʥʩʧʦʨʪʦʤ, ʧʦʵʪʦʤʫ ʦʥ 

ʨʘʩʧʦʣʦʞʝʥ ʙʦʣʝʝ ʦʙʦʩʦʙʣʝʥʥʦ ʥʘ ʛʨʘʬʠʢʝ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ ʚʳʷʚʣʷʪʴ 

ʪʝʤʘʪʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʚ ʨʘʟʥʦʨʦʜʥʳʭ ʨʫʩʩʢʦʷʟʳʯʥʳʭ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ 

ʩʦʟʜʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʥʘ Python, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʛʠʙʢʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʠʪʦʛʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʠ 

ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʜʣʷ ʫʛʣʫʙʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ 

ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʘʧʠʩʘʥʥʳʝ ʩʨʝʜʩʪʚʘʤʠ Python. ɹʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʳ ʨʘʙʦʪʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ TF-IDF, ʘ 
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ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʦʙʣʘʢʘ ʩʣʦʚ ʠ ʢʣʘʩʪʝʨʦʚ ʪʝʢʩʪʦʚ ʥʘ ʛʨʘʬʠʢʘʭ. ʇʨʦʚʝʜʝʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʙʝʟ 

ʫʯʠʪʝʣʷ ʜʣʷ ʪʝʤʘʪʠʯʝʩʢʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʨʫʩʩʢʦʷʟʳʯʥʳʭ ʪʝʢʩʪʦʚ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣ ʘʣʛʦʨʠʪʤ K-means ʚ ʩʦʯʝʪʘʥʠʠ ʩ TF-IDF ʚʝʢʪʦʨʠʟʘʮʠʝʡ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ 

ʧʨʝʜʦʙʨʘʙʦʪʢʦʡ, ʫʯʠʪʳʚʘʶʱʝʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ 

ʪʝʢʩʪʦʚʳʭ ʤʘʩʩʠʚʦʚ, ʘ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʨʘʙʦʪʳ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʯʝʪ ʩʝʤʘʥʪʠʯʝʩʢʦʡ 

ʙʣʠʟʦʩʪʠ ʜʦʢʫʤʝʥʪʦʚ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʣʘʩʪʝʨʦʚ.  
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ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʚʘʩʦʚ ʄ.ɽ. 

ʩʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʪʫʨʳ 

ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ɺɽɹ-ʇʈʀʃʆɾɽʅʀʁ ɼʃʗ ʋɼɸʃɽʅʅʆɻʆ 

ʈɽʅɼɽʈʀʅɻɸ ʇʆʃʔɿʆɺɸʊɽʃʔʉʂʀʍ ʊʈɽʍʄɽʈʅʓʍ ʉʎɽʅ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʝʙ-ʩʝʨʚʠʩʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʜʘʣʝʥʥʦʛʦ ʨʝʥʜʝʨʠʥʛʘ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ çRenderFlowè. ɺʝʙ-

ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʟʘʛʨʫʞʘʪʴ ʪʨʸʭʤʝʨʥʳʝ ʩʮʝʥʳ, ʥʘʩʪʨʘʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʧʦʣʫʯʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʜʝʨʠʥʛʘ ʯʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ, ʠʩʧʦʣʴʟʫʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʫʜʘʣʝʥʥʦʛʦ ʩʝʨʚʝʨʘ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʪʨʸʭʤʝʨʥʳʭ ʩʮʝʥ ï Mathematical Investigation of Rendering Architecture 

(MIRA). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʫʜʘʣʝʥʥʳʡ ʨʝʥʜʝʨʠʥʛ, ʪʨʝʭʤʝʨʥʳʝ ʩʮʝʥʳ, 

ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, ʚʠʟʫʘʣʠʟʘʮʠʷ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ. 

 

ɺʚʝʜʝʥʠʝ 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʠ ʩʣʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ ʩʪʘʣʠ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ [2]. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʝʩʫʨʩʦʝʤʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʨʝʥʜʝʨʠʥʛ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ, ʪʨʝʙʫʶʱʠʡ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ [1; 3]. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʚ ʪʘʢʠʭ ʩʬʝʨʘʭ, ʢʘʢ ʢʠʥʦʧʨʦʠʟʚʦʜʩʪʚʦ, ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʠʛʨ, ʚʳʟʳʚʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʦʨʦʛʦʩʪʦʷʱʝʤ ʘʧʧʘʨʘʪʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ [3-5]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ ʩʪʘʣʠ ʚʘʞʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ [4]. ʉʫʱʝʩʪʚʫʝʪ ʥʝʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʰʝʥʠʡ 

ʜʣʷ ʦʙʣʘʯʥʦʛʦ ʨʝʥʜʝʨʠʥʛʘ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʩʣʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʜʝʨʞʢʠ ʩʧʝʮʠʬʠʯʥʦʛʦ 

ʜʣʷ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʆʙʟʦʨ ʘʥʘʣʦʛʦʚ 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʠ 

ʩʝʨʚʠʩʦʚ, ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʚʳʧʦʣʥʷʶʱʠʭ ʬʫʥʢʮʠʠ ʨʝʥʜʝʨʠʥʛʘ ʪʨʝʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ. 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʚʝʜʝʥʦ ʧʦ ʢʣʶʯʝʚʳʤ ʢʨʠʪʝʨʠʷʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [3; 4]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʳʣʦ ʥʘʡʜʝʥʦ 4 ʚʝʙ-ʩʝʨʚʠʩʘ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʪʴʩʷ ʥʘ ʫʜʘʣʝʥʥʦʤ ʨʝʥʜʝʨʠʥʛʝ ʪʨʝʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ: Anima 

Manager, Turbo Render, Fox Renderfarm ʠ immers.cloud. 

Anima Manager ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʦʙʣʘʯʥʦʛʦ 

ʨʝʥʜʝʨʠʥʛʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʝ ʨʘʙʦʪʫ ʩ ʦʩʥʦʚʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ 

ʛʨʘʬʠʢʠ, ʚʢʣʶʯʘʷ Blender, 3ds Max ʠ Maya. ʂʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʩʝʨʚʠʩʘ 

ʷʚʣʷʝʪʩʷ ʛʠʙʨʠʜʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʮʝʥʪʨʘʣʴʥʳʝ ʧʨʦʮʝʩʩʦʨʳ 
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(CPU), ʪʘʢ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʫʩʢʦʨʠʪʝʣʠ (GPU), ʯʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʨʝʩʫʨʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʟʘʜʘʯʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʟʠʪʠʚʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʪʜʝʣʴʥʦʛʦ ʢʣʠʝʥʪʩʢʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʧʨʝʜʣʦʞʠʪʴ ʙʦʣʝʝ ʫʜʦʙʥʳʡ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʨʘʫʟʝʨʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ. ʉʝʨʚʠʩ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʪʝʭʥʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʠ ʜʦʩʪʫʧ ʢ ʩʣʫʞʙʝ ʧʦʜʜʝʨʞʢʠ [6]. 

ʆʜʥʘʢʦ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʚʳʷʚʣʷʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʙʝʩʧʣʘʪʥʦʛʦ ʧʨʦʙʥʦʛʦ ʧʝʨʠʦʜʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʩ ʩʝʨʚʠʩʦʤ ʦʛʨʘʥʠʯʝʥʘ 15-30 ʤʠʥʫʪʘʤʠ, ʯʪʦ ʘʙʩʦʣʶʪʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʨʝʘʣʴʥʳʭ ʧʨʦʝʢʪʘʭ ʠ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ 

ʧʣʘʪʬʦʨʤʳ. ʇʦʩʣʝʜʫʶʱʠʡ ʧʝʨʝʭʦʜ ʥʘ ʧʣʘʪʥʫʶ ʦʩʥʦʚʫ ʩʦʟʜʘʝʪ ʥʝʧʨʝʦʜʦʣʠʤʳʡ ʬʠʥʘʥʩʦʚʳʡ 

ʙʘʨʴʝʨ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʩʪʫʜʝʥʪʦʚ, 

ʬʨʠʣʘʥʩʝʨʦʚ ʠ ʤʘʣʳʝ ʩʪʫʜʠʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʙʶʜʞʝʪʦʤ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʫʥʢʮʠʦʥʘʣ 

ʩʝʨʚʠʩʘ ʪʘʢʞʝ ʦʩʪʘʚʣʷʝʪ ʞʝʣʘʪʴ ʣʫʯʰʝʛʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʠʩʪʝʤʝ ʦʪʩʫʪʩʪʚʫʶʪ ʠʥʩʪʨʫʤʝʥʪʳ 

ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʣʠʰʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʥʢʦ ʫʧʨʘʚʣʷʪʴ ʪʘʢʠʤʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʘʩʧʝʢʪʘʤʠ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʬʝʨʫ ʧʨʠʤʝʥʝʥʠʷ ʩʝʨʚʠʩʘ ʟʘʜʘʯʘʤʠ, ʥʝ ʪʨʝʙʫʶʱʠʤʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʚʠʟʫʘʣʠʟʘʮʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʠʡ ʩʧʠʩʦʢ 

ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʥʝ ʚʢʣʶʯʘʝʪ ʤʥʦʛʠʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʘʢʝʪʳ, ʯʪʦ ʜʝʣʘʝʪ ʩʝʨʚʠʩ ʥʝʧʨʠʤʝʥʠʤʳʤ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʢʦʥʚʝʡʝʨʘ 

ʨʘʙʦʪʳ ʚ ʨʷʜʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʫʜʠʡ [6]. 

ʉʣʝʜʫʶʱʠʡ ʚʝʙ-ʩʝʨʚʠʩ ï Turbo Render, ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʢʘʢ ʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʦʝ 

ʨʝʰʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʩʝʨʚʠʩʦʤ. ɽʛʦ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʰʠʨʦʢʘʷ ʧʦʜʜʝʨʞʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʉʝʨʚʠʩ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʨʘʩʰʠʨʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʧʨʦʮʝʩʩʘ ʨʝʥʜʝʨʠʥʛʘ, ʚʢʣʶʯʘʷ 

ʫʧʨʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʤʝʨʳ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʩʝʨʚʝʨʥʳʭ ʤʦʱʥʦʩʪʝʡ. ɸʨʭʠʪʝʢʪʫʨʘ ʧʣʘʪʬʦʨʤʳ ʪʘʢʞʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʛʠʙʨʠʜʥʫʶ ʤʦʜʝʣʴ ʚʳʯʠʩʣʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CPU ʠ GPU [9]. 

ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʝʨʚʠʩʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʮʝʥʠʚʘʝʪ ʤʥʦʛʠʝ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ, 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʫʜʘʣʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʪʘʢʦʛʦ ʢʘʢ AnyDesk, 

ʩʦʟʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʙʘʨʴʝʨʳ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʡ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ 

ʠʪʦʛʦʚʦʡ ʩʪʦʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʚʠʩʘ, ʧʦʩʢʦʣʴʢʫ ʢʦʥʝʯʥʳʝ ʨʘʩʭʦʜʳ ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ 

ʪʘʨʠʬʘ ʩʘʤʦʛʦ Turbo Render ʠ ʩʪʦʠʤʦʩʪʠ ʘʨʝʥʜʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫ ʪʨʝʪʴʠʭ ʣʠʮ, ʯʪʦ ʜʝʣʘʝʪ 

ʪʦʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʙʶʜʞʝʪʘ ʧʨʦʝʢʪʘ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. ʆʛʨʘʥʠʯʝʥʥʳʡ ʧʨʦʙʥʳʡ 

ʧʝʨʠʦʜ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʝʜʳʜʫʱʝʤʫ ʩʝʨʚʠʩʫ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʘʜʝʢʚʘʪʥʫʶ ʦʮʝʥʢʫ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʣʘʪʬʦʨʤʳ [9]. 

Fox Renderfarm ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʟʥʘʥʥʳʭ ʣʠʜʝʨʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʳʥʢʝ 

ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ ʜʣʷ ʨʝʥʜʝʨʠʥʛʘ. ʉʝʨʚʠʩ ʧʨʝʜʣʘʛʘʝʪ ʜʦʩʪʫʧ ʢ ʤʦʱʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
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ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʢ CPU, ʪʘʢ ʠ GPU. ɺʘʞʥʝʡʰʠʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʣʘʪʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʵʢʦʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʦʭʚʘʪʳʚʘʶʱʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʧʘʢʝʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʪʨʝʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ, ʚʠʟʫʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʢʦʤʧʦʟʠʪʠʥʛʘ, ʚʢʣʶʯʘʷ Houdini ʠ After Effects. 

ʕʪʦ ʜʝʣʘʝʪ ʩʝʨʚʠʩ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʢʨʫʧʥʳʭ ʩʪʫʜʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘʜ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʧʨʦʝʢʪʘʤʠ. ʉʝʨʚʠʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ [7]. 

ʆʩʥʦʚʥʳʤ ʩʠʩʪʝʤʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ Fox Renderfarm ʷʚʣʷʝʪʩʷ ʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʢʦʤʤʝʨʯʝʩʢʠʡ ʩʝʛʤʝʥʪ ʨʳʥʢʘ. ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʫʩʣʫʛ ʜʝʣʘʝʪ ʧʣʘʪʬʦʨʤʫ 

ʧʦʣʥʦʩʪʴʶ ʥʝʜʦʩʪʫʧʥʦʡ ʜʣʷ ʪʘʢʠʭ ʢʘʪʝʛʦʨʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʘʢ ʩʪʫʜʝʥʪʳ, ʵʥʪʫʟʠʘʩʪʳ, 

ʬʨʠʣʘʥʩʝʨʳ ʠ ʤʘʣʳʝ ʩʪʫʜʠʠ. ɼʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʟ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʢʨʠʪʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ ʷʚʣʷʝʪʩʷ ʠʥʦʩʪʨʘʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʩʝʨʚʠʩʘ. ʕʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʦʪʩʫʪʩʪʚʠʝ ʣʦʢʘʣʠʟʘʮʠʠ ʠʥʪʝʨʬʝʡʩʘ ʠ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ ʩ 

ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʣʘʪʝʞʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʤʦʱʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ, 

ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʝʨʚʠʩʘ ʚʳʷʚʣʷʝʪ ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʚʠʪʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʪʦʥʢʦʡ 

ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʚʳʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʦʛʨʘʥʠʯʝʥ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʘʩʪʦʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʝʥʜʝʨʠʥʛʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʢʘʯʝʩʪʚʦʤ 

ʠ ʚʨʝʤʝʥʝʤ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʨʠʪʠʯʥʦ ʜʣʷ ʧʨʦʝʢʪʦʚ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ [7]. 

ɽʱʝ ʦʜʥʠʤ ʚʝʙ-ʩʝʨʚʠʩʦʤ, ʢʦʩʚʝʥʥʦ ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤ ʬʫʥʢʮʠʠ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ 

ʨʝʥʜʝʨʠʥʛʘ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ, ʷʚʣʷʝʪʩʷ Immers.cloud. ʆʥ ʟʘʥʠʤʘʝʪ ʦʩʦʙʫʶ ʧʦʟʠʮʠʶ ʥʘ ʨʳʥʢʝ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʢʘʢ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʘʨʝʥʜʳ ʦʙʣʘʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (IaaS), ʘ ʥʝ 

ʢʘʢ ʛʦʪʦʚʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʨʝʥʜʝʨʠʥʛʘ (SaaS). ʉʝʨʚʠʩ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʢ ʚʠʨʪʫʘʣʴʥʳʤ 

ʤʘʰʠʥʘʤ ʩ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʢʣʶʯʘʷ Blender, 3ds 

Max, Corona ʠ Cinema 4D. ʊʝʦʨʝʪʠʯʝʩʢʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʛʠʙʢʦʩʪʴ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʨʘʙʦʯʝʝ ʦʢʨʫʞʝʥʠʝ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʣʘʪʬʦʨʤʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ CPU, ʪʘʢ ʠ GPU, 

ʦʜʥʘʢʦ ʩ ʢʨʠʪʠʯʝʩʢʦʡ ʦʛʦʚʦʨʢʦʡ: ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʣʶʙʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʙʷʟʘʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʘʨʝʥʜʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʡ ʩʝʨʚʝʨ [8]. 

ɼʘʥʥʘʷ ʙʠʟʥʝʩ-ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʧʣʘʪʬʦʨʤʳ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʝʝ ʚ ʢʦʥʪʝʢʩʪʝ ʟʘʜʘʯ ʨʝʥʜʝʨʠʥʛʘ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʦʡ-

ʣʠʙʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ 

ʧʨʦʮʝʩʩʘ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʚ ʨʘʩʧʦʨʷʞʝʥʠʝ ʙʘʟʦʚʫʶ ʚʠʨʪʫʘʣʴʥʫʶ 

ʤʘʰʠʥʫ, ʥʘ ʢʦʪʦʨʦʡ ʦʥ ʜʦʣʞʝʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʟʚʝʨʪʳʚʘʪʴ, ʥʘʩʪʨʘʠʚʘʪʴ ʠ ʟʘʧʫʩʢʘʪʴ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʩʠʩʪʝʤʥʦʛʦ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʠ ʦʪʥʠʤʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʝʩʫʨʩʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʩʝʨʚʠʩʝ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʩʩʘ 

ʨʝʥʜʝʨʠʥʛʘ. ʇʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʩʪʨʦʝʢ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʦʙʨʘʞʝʥʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʣʘʪʬʦʨʤʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ IT-ʩʧʝʮʠʘʣʠʩʪʦʚ, 
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ʘ ʥʝ ʥʘ ʪʨʝʭʤʝʨʥʳʭ ʭʫʜʦʞʥʠʢʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʩʪʦʪʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʷʚʣʷʶʪʩʷ 

ʧʨʠʦʨʠʪʝʪʘʤʠ [8]. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ɸʚʪʦʨʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʚ ʚʠʜʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʩʠʩʪʝʤʘʤ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ çRenderFlowè, ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩʧʣʘʪʥʦʛʦ ʫʜʘʣʝʥʥʦʛʦ 

ʨʝʥʜʝʨʠʥʛʘ [4]. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʰʠʨʦʢʠʡ ʢʨʫʛ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ï ʦʪ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʫʜʠʡ ʜʦ ʩʪʫʜʝʥʪʦʚ [1; 4]. ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʘʷ 

ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʯʪʦ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ çRenderFlowè ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʟʘʨʫʙʝʞʥʳʭ 

ʘʥʘʣʦʛʦʚ. ʇʦʩʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʚʭʦʜʘ ʚ ʩʠʩʪʝʤʫ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʧʘʜʘʝʪ ʥʘ ʛʣʘʚʥʳʡ ʵʢʨʘʥ, ʛʜʝ 

ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ ʩʚʦʠʤʠ ʧʨʦʝʢʪʘʤʠ. ʀʥʪʝʨʬʝʡʩ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ çRenderFlowè ʠʥʪʫʠʪʠʚʥʦ 

ʧʦʥʷʪʝʥ ʠ ʩʦʩʪʦʠʪ ʠʟ ʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʨʘʟʜʝʣʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʰʘʛʦʚʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯʠ ʨʝʥʜʝʨʠʥʛʘ. 

ʆʩʥʦʚʥʳʤ ʙʣʦʢʦʤ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ çRenderFlowè ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʝʢʪʘʤʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠʭ ʩʦʩʪʦʷʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʣʦʞʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ 

ʘʥʘʣʦʛʦʚ, çRenderFlowè ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʯʝʪʢʫʶ ʠ ʥʘʛʣʷʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʪʘʪʫʩʝ ʢʘʞʜʦʡ ʟʘʜʘʯʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʚʠʜʠʪ, ʥʘ ʢʘʢʦʤ ʵʪʘʧʝ ʥʘʭʦʜʠʪʩʷ ʝʛʦ 

ʧʨʦʝʢʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʣʘʥʠʨʦʚʘʪʴ ʜʘʣʴʥʝʡʰʫʶ ʨʘʙʦʪʫ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʩʣʝʞʠʚʘʪʴ 

ʩʣʦʞʥʳʝ ʛʨʘʬʠʢʠ ʠ ʧʦʢʘʟʘʪʝʣʠ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʉʪʨʘʥʠʮʘ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

 

ʇʨʠʤʝʨʳ ʠʥʪʝʨʬʝʡʩʘ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 

3. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʚʩʝʭ ʩʚʦʠʭ ʩʮʝʥ, ʦʪʩʣʝʜʠʪʴ ʠʩʪʦʨʠʶ 

ʦʧʝʨʘʮʠʡ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʤʝʥʪʘʣʴʥʦ ʧʦʚʪʦʨʠʪʴ ʨʝʥʜʝʨʠʥʛ ʩ ʠʟʤʝʥʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. 
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ʈʠʩ. 2. ʉʪʨʘʥʠʮʘ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ 

 

 
 

ʈʠʩ. 3. ʉʪʨʘʥʠʮʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʘ 

 

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʙ-ʩʝʨʚʠʩʳ ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ, ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʘʚʪʦʨʘʤʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝʤ çRenderFlowè. 
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ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʦʛʦʚ ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ çRenderFlowè 

 

 Anima 
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Turbo 

Render 

Fox 

Renderfarm 
immers.cloud RenderFlow 

ʇʣʘʪʥʦ/ 

ɹʝʩʧʣʘʪʥʦ 
ʇʣʘʪʥʦ* ʇʣʘʪʥʦ* ʇʣʘʪʥʦ ʇʣʘʪʥʦ ɹʝʩʧʣʘʪʥʦ 

ɸʧʧʘʨʘʪʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ 
CPU, GPU CPU, GPU**  CPU, GPU 

CPU** , 

GPU**  
CPU, GPU 

ʇʦʜʜʝʨʞʢʘ 

ʧʨʠʣʦʞʝʥʠʡ 

Blender, 

3ds Max, 

Maya 

Blender, 

3ds Max, Maya, 

After Effects, 

Houdini 

Blender, 

3ds Max, 

Maya, 

After Effects, 

Houdini 

Blender, 

3ds Max, 

Corona, 

Cinema 4D 

Blender, 

3ds Max, 

Cinema 4D, 

MIRA 

ʋʜʦʙʩʪʚʦ 

ʀʥʩʪʨʫʢʮʠʠ, 

ʧʦʜʜʝʨʞʢʘ 

ʦʪʜʝʣʴʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ 

ʀʥʩʪʨʫʢʮʠʠ, 

ʧʦʜʜʝʨʞʢʘ 

ʀʥʩʪʨʫʢʮʠʠ, 

ʧʦʜʜʝʨʞʢʘ 
ʇʦʜʜʝʨʞʢʘ 

ʀʥʩʪʨʫʢʮʠʠ, 

ʧʦʜʜʝʨʞʢʘ 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʥʘʩʪʨʦʡʢʠ 

ʠʟʦʙʨʘʞʝʥʠʷ 

ʆʪʩʫʪʩʪʚʫʶʪ 

ʂʦʣʠʯʝʩʪʚʦ 

ʩʝʨʚʝʨʦʚ, 

ʥʘʩʪʨʦʡʢʘ 

ʢʘʤʝʨʳ,  

ʆʪʩʫʪʩʪʚʫʶʪ ʆʪʩʫʪʩʪʚʫʶʪ 

ʅʘʩʪʨʦʡʢʘ 

ʢʘʤʝʨʳ, 

ʢʦʣʠʯʝʩʪʚʦ 

ʠʪʝʨʘʮʠʡ 

* ʠʤʝʝʪʩʷ ʙʝʩʧʣʘʪʥʳʡ ʧʨʦʙʥʳʡ ʧʝʨʠʦʜ 15ï30 ʤʠʥʫʪ 

** ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʘʨʝʥʜʦʚʘʪʴ ʩʝʨʚʝʨ 

 

ʆʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ 

ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʙʣʘʯʥʦʛʦ ʨʝʥʜʝʨʠʥʛʘ çRenderFlowè ʷʚʣʷʶʪʩʷ: 

¶ ʧʦʣʥʦʩʪʴʶ ʙʝʩʧʣʘʪʥʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʚʨʝʤʝʥʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ; 

¶ ʢʦʤʧʣʝʢʩʥʘʷ ʧʦʜʜʝʨʞʢʘ ʨʝʥʜʝʨʠʥʛʘ ʥʘ CPU ʠ GPU ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʨʝʥʜʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʝʨʚʝʨʦʚ; 

¶ ʨʘʩʰʠʨʝʥʥʳʡ ʥʘʙʦʨ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʚʢʣʶʯʘʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʢʦʤʧʣʝʢʩ MIRA; 

¶ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʩ ʜʝʪʘʣʴʥʳʤʠ ʠʥʩʪʨʫʢʮʠʷʤʠ ʠ ʪʝʭʥʠʯʝʩʢʦʡ 

ʧʦʜʜʝʨʞʢʦʡ; 

¶ ʧʨʦʜʚʠʥʫʪʳʝ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʥʜʝʨʠʥʛʘ, ʚʢʣʶʯʘʷ ʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʢʘʤʝʨʳ ʠ ʢʦʥʪʨʦʣʴ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ çRenderFlowè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʝ ʨʝʰʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, 

ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ, ʥʦ ʙʝʟ ʠʭ ʢʣʶʯʝʚʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 
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ʈʓʅʆʏʅʓʍ ɸʂʊʀɺʆɺ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʠʥʞʝʥʝʨʠʠ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʛʨʘʬʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ ʨʳʥʦʯʥʳʭ ʘʢʪʠʚʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʦʞʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ISO/IEC/IEEE 29148:2018 ʠ ISO/IEC/IEEE 15288:2015. ɺ ʨʘʙʦʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʢʨʳʪʳ ʚʩʝ 

ʵʪʘʧʳ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʮʝʩʩʘ: ʦʪ ʚʳʷʚʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʜʦ 

ʬʦʨʤʘʣʴʥʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʪʨʘʩʩʠʨʫʝʤʦʩʪʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʪʨʝʙʦʚʘʥʠʡ ï ʦʜʥʦʟʥʘʯʥʦʩʪʠ, ʧʨʦʚʝʨʷʝʤʦʩʪʠ, ʧʦʣʥʦʪʝ ʠ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʣʠʟʘʮʠʠ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʘʪʪʝʨʥʦʚ. ɼʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, 

ʯʪʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʥʞʝʥʝʨʠʠ ʪʨʝʙʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʨʦʝʢʪʥʳʝ ʨʠʩʢʠ, 

ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʠʩʪʝʤʳ ʨʝʘʣʴʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʪʨʝʡʜʝʨʦʚ ʠ ʟʘʣʦʞʠʪʴ ʦʩʥʦʚʫ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʘʜʝʞʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʳʭ ʨʳʥʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʞʝʥʝʨʠʷ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, 

ʛʨʘʬʠʯʝʩʢʠʝ ʧʘʪʪʝʨʥʳ, ʪʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʨʳʥʦʯʥʳʝ ʘʢʪʠʚʳ, ʩʧʝʮʠʬʠʢʘʮʠʷ ʪʨʝʙʦʚʘʥʠʡ. 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʧʦʨʦʞʜʘʝʤʦʡ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ ʦʞʠʜʘʥʠʷʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʠ 

ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ 

ʩʠʩʪʝʤʥʦʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʦʙʣʘʩʪʝʡ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʨʠʩʢʘ, ʪʘʢʠʭ ʢʘʢ ʘʥʘʣʠʟ ʬʠʥʘʥʩʦʚʳʭ ʨʳʥʢʦʚ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʪʦʨʛʦʚʣʷ, ʛʜʝ 

ʩʪʦʠʤʦʩʪʴ ʦʰʠʙʢʠ, ʜʦʧʫʱʝʥʥʦʡ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʯʨʝʟʚʳʯʘʡʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʚʠʪʦʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ISO/IEC/IEEE 29148 [8] ʠ 

15288 [7], ʧʨʘʢʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʠʥʞʝʥʝʨʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʦʟʜʘʥʠʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʬʠʥʘʥʩʦʚʦʡ ʘʥʘʣʠʪʠʢʠ ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʩʚʝʱʝʥʥʦʡ ʚ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦ ʫʜʝʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ï ʤʝʪʦʜʘʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʘʪʪʝʨʥʦʚ, ʤʘʰʠʥʥʦʤʫ ʦʙʫʯʝʥʠʶ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ. 

ʆʜʥʘʢʦ ʚʦʧʨʦʩ ʬʦʨʤʘʣʠʟʘʮʠʡ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ: 

- ʘʜʘʧʪʘʮʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʥʞʝʥʝʨʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʧʝʮʠʬʠʢʝ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʬʠʥʘʥʩʦʚʦʛʦ ʨʳʥʢʘ; 
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- ʧʨʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʣʶʯʝʚʳʭ ʩʪʝʡʢʭʦʣʜʝʨʦʚ 

ʧʨʦʝʢʪʘ; 

- ʜʝʪʘʣʴʥʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʩʠʩʪʝʤʝ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ: ʦʜʥʦʟʥʘʯʥʦʩʪʠ, ʧʨʦʚʝʨʷʝʤʦʩʪʠ, ʧʦʣʥʦʪʳ ʠ 

ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ; 

- ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʠʥʞʝʥʝʨʠʠ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʩʥʠʞʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʨʠʩʢʦʚ 

ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʜʘʧʪʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ 

ʠʥʞʝʥʝʨʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʟʘʜʘʯʝ ʧʦʩʪʨʦʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʝ, ʘ 

ʪʘʢʞʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʵʪʘʣʦʥʦʤ ʜʣʷ ʧʦʜʦʙʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ï ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʳʡ 

ʥʘʙʦʨ ʪʨʝʙʦʚʘʥʠʡ, ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʦʰʠʙʦʢ 

ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʞʠʜʘʥʠʷʤ ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʤʝʪʦʜʦʣʦʛʠʠ ʠʥʞʝʥʝʨʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢʘʢ ʩʢʚʦʟʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʛʨʘʬʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ ʨʳʥʦʯʥʳʭ 

ʘʢʪʠʚʦʚ. ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʬʦʨʤʘʣʠʟʘʮʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ, ʩʧʦʩʦʙʥʦʡ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʘʪʪʝʨʥʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʪʘʢʠʝ ʢʘʢ çɻʦʣʦʚʘ ʠ ʧʣʝʯʠè, 

çɼʚʦʡʥʦʝ ʜʥʦ/ʚʝʨʰʠʥʘè ʠ çʊʨʝʫʛʦʣʴʥʠʢè. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠʥʞʝʥʝʨʠʠ ʪʨʝʙʦʚʘʥʠʡ 

ʀʥʞʝʥʝʨʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʠ ʫʧʨʘʚʣʷʝʤʳʡ ʧʨʦʮʝʩʩ, 

ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ, ʧʦʣʥʦʛʦ ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʛʦ ʥʘʙʦʨʘ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ. ʉʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ ISO/IEC/IEEE 29148:2018, ʠʥʞʝʥʝʨʠʷ ʪʨʝʙʦʚʘʥʠʡ 

ʚʢʣʶʯʘʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʚʳʷʚʣʝʥʠʶ, ʘʥʘʣʠʟʫ, ʩʧʝʮʠʬʠʢʘʮʠʠ, ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʶ 

ʠʟʤʝʥʝʥʠʷʤʠ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʠʩʪʝʤʳ [8]. ʇʦ ʤʥʝʥʠʶ 

ʫʯʝʥʳʭ ɹʘʪʦʚʨʠʥʘ ɺ. ʂ. ʠ ɻʘʡʜʘʤʘʢʠ ʂ. ʀ., ʝʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʟʘʜʘʯʘ ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʦ 

ʨʘʟʤʳʪʳʭ ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠʜʝʡ ʚ ʯʸʪʢʠʝ, ʦʜʥʦʟʥʘʯʥʳʝ ʠ ʠʩʧʦʣʥʠʤʳʝ ʩʧʝʮʠʬʠʢʘʮʠʠ. 

[1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ ʦʧʨʝʜʝʣʷʶʪ ʠʥʞʝʥʝʨʠʶ ʪʨʝʙʦʚʘʥʠʡ ʥʝ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʵʪʘʧ, ʘ 

ʢʘʢ ʩʢʚʦʟʥʦʡ ʧʨʦʮʝʩʩ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʚʦ ʚʩʝ ʩʪʘʜʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʠʩʪʝʤʳ [2]. ʅʘ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʩʪʘʜʠʠ ʚʳʷʚʣʷʶʪʩʷ ʙʠʟʥʝʩ-ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʅʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ. ʅʘ ʵʪʘʧʘʭ 

ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʚʘʣʠʜʘʮʠʠ ʠʤʝʥʥʦ ʪʨʝʙʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʵʪʘʣʦʥʦʤ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʩʠʩʪʝʤʳ. ɺ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʞʝʥʝʨʠʷ ʪʨʝʙʦʚʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤʠ 

ʠ ʘʢʪʫʘʣʠʟʘʮʠʶ ʩʧʝʮʠʬʠʢʘʮʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠʥʞʝʥʝʨʠʠ ʪʨʝʙʦʚʘʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʠʪʝʨʘʮʠʦʥʥʦʛʦ 

ʮʠʢʣʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ [6]: 

1. ɺʳʷʚʣʝʥʠʝ ï ʩʙʦʨ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. 
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2. ɸʥʘʣʠʟ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ï ʚʳʷʚʣʝʥʠʝ ʠ ʨʘʟʨʝʰʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʡ, ʧʨʠʦʨʠʪʠʟʘʮʠʷ 

(ʥʘʧʨʠʤʝʨ, ʧʦ ʤʝʪʦʜʫ MoSCoW). 

3. ʉʧʝʮʠʬʠʢʘʮʠʷ ï ʬʦʨʤʘʣʠʟʘʮʠʷ ʪʨʝʙʦʚʘʥʠʡ ʚ ʚʠʜʝ ʜʦʢʫʤʝʥʪʦʚ (SRS) ʠ ʤʦʜʝʣʝʡ 

(UML, SysML). 

4. ɺʝʨʠʬʠʢʘʮʠʷ ʠ ʚʘʣʠʜʘʮʠʷ ï ʧʨʦʚʝʨʢʘ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʡ 

ʠʩʭʦʜʥʳʤ ʮʝʣʷʤ. 

5. ʋʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ï ʢʦʥʪʨʦʣʴ ʠʟʤʝʥʝʥʠʡ, ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʘʩʩʠʨʫʝʤʦʩʪʠ ʠ 

ʧʦʜʜʝʨʞʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ. 

ɺ ʩʠʩʪʝʤʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʭʦʜʦʤ, ʦʧʠʩʘʥʥʳʤ ɺ. ʂ. ɹʘʪʦʚʨʠʥʳʤ, 

ʪʨʝʙʦʚʘʥʠʷ ʧʨʠʥʷʪʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʧʦ ʫʨʦʚʥʷʤ ʜʝʪʘʣʠʟʘʮʠʠ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ [1]. ɼʘʥʥʘʷ 

ʫʨʦʚʥʝʚʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʦʩʪʥʳʡ ʚʟʛʣʷʜ ʥʘ ʧʨʦʝʢʪ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ 

ʧʨʝʚʨʘʱʝʥʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʙʠʟʥʝʩʘ ʚ ʪʝʭʥʠʯʝʩʢʠʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤʳ. ɺ ʪʘʙʣʠʮʝ 

1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʨʦʚʥʠ ʪʨʝʙʦʚʘʥʠʡ ʠ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʩʦʩʪʘʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʧʦ ʘʥʘʣʠʟʫ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʘʪʪʝʨʥʦʤ ʨʳʥʦʯʥʳʭ ʘʢʪʠʚʦʚ. 

ʊʘʙʣʠʮʘ 1 

ʋʨʦʚʥʝʚʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʨʝʙʦʚʘʥʠʡ 

 

ʋʨʦʚʝʥʴ ʪʨʝʙʦʚʘʥʠʷ ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ ʇʨʠʤʝʨ 

ʊʨʝʙʦʚʘʥʠʷ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ 

ʩʪʦʨʦʥ 

ʈʫʢʦʚʦʜʩʪʚʦ, 

ʟʘʢʘʟʯʠʢʠ, ʢʦʥʝʯʥʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʠ 

- ʧʦʚʳʰʝʥʠʝ ʟʘʢʣʶʯʝʥʠʷ ʚʳʛʦʜʥʳʭ ʩʜʝʣʦʢ ʥʘ 15% 
ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʜʚʠʞʝʥʠʷ 

ʮʝʥʳ (ʙʠʟʥʝʩ-ʪʨʝʙʦʚʘʥʠʝ); 

- ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʘʪʴ ʫʚʝʜʦʤʣʝʥʠʝ ʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʚʳʷʚʣʝʥʥʦʤ ʧʘʪʪʝʨʥʝ çɻʦʣʦʚʘ ʠ ʧʣʝʯʠè ʥʘ ʪʝʢʫʱʝʤ 

ʪʘʡʤʬʨʝʡʤʝ (ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʪʨʝʙʦʚʘʥʠʝ). 

ʉʠʩʪʝʤʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ 

ʉʠʩʪʝʤʥʳʝ 

ʘʨʭʠʪʝʢʪʦʨʳ, 

ʠʥʞʝʥʝʨʳ, 

ʨʘʟʨʘʙʦʪʯʠʢʠ 

- ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʨʘʩʩʯʠʪʳʚʘʪʴ ʪʦʯʢʫ ʧʨʦʙʦʷ ʜʣʷ 

ʧʘʪʪʝʨʥʘ çʊʨʝʫʛʦʣʴʥʠʢè (ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʪʨʝʙʦʚʘʥʠʝ); 

- ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʳʡ 
ʘʥʘʣʠʟ 1000 ʛʨʘʬʠʢʦʚ. ɺʨʝʤʷ ʦʪʢʣʠʢʘ ʥʘ ʟʘʧʨʦʩ 

ʘʥʘʣʠʟʘ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 3 ʩʝʢʫʥʜʳ 

(ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ). 

 

ʂʘʞʜʦʝ ʪʨʝʙʦʚʘʥʠʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʨʦʚʥʷ, ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʣʶʯʝʚʳʤ 

ʘʪʨʠʙʫʪʘʤ ʢʘʯʝʩʪʚʘ: ʦʜʥʦʟʥʘʯʥʦʩʪʴ, ʧʨʦʚʝʨʷʝʤʦʩʪʴ, ʧʦʣʥʦʪʘ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ, ʨʝʘʣʠʟʫʝʤʦʩʪʴ, 

ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ [4; 6]. ʅʘʧʨʠʤʝʨ, ʪʨʝʙʦʚʘʥʠʝ çʠʥʪʝʨʬʝʡʩ ʜʦʣʞʝʥ ʙʳʪʴ 

ʫʜʦʙʥʳʤè ï ʥʝʚʝʨʠʬʠʮʠʨʫʝʤʦ, ʪʦʛʜʘ ʢʘʢ ç95% ʪʝʩʪʦʚʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʦʣʞʥʳ ʚʳʧʦʣʥʠʪʴ 

ʙʘʟʦʚʳʡ ʩʮʝʥʘʨʠʡ ʟʘ ʤʝʥʝʝ ʯʝʤ 2 ʤʠʥʫʪʳ ʙʝʟ ʦʙʨʘʱʝʥʠʷ ʢ ʩʧʨʘʚʢʝè ï ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʪʝʨʠʶ 

ʧʨʦʚʝʨʷʝʤʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʜʦʙʥʳʭ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ, ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʪʨʝʙʦʚʘʥʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩ 

ʢʘʯʝʩʪʚʦʤ ʠ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ: ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ, ʧʦʣʥʦʪʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʨʷʜʦʚ, 

ʯʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʢʨʠʪʝʨʠʠ ʦʙʨʘʙʦʪʢʠ ʵʪʠʭ ʜʘʥʥʳʭ ʚ ʘʣʛʦʨʠʪʤʘʭ. 

ʀʥʞʝʥʝʨʠʷ ʪʨʝʙʦʚʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʵʪʠʭ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʞʝʥʝʨʠʷ ʪʨʝʙʦʚʘʥʠʡ ʩʣʫʞʠʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʙʫʬʝʨʦʤ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʤ ʥʝʚʝʨʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʮʝʣʝʡ ʧʨʦʝʢʪʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʝʛʦ 

ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʧʨʦʚʘʣʳ. ʕʪʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʙʘʟʠʩ ʙʫʜʝʪ ʧʨʠʤʝʥʝʥ ʜʘʣʝʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʛʨʘʬʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʧʨʠʤʝʥʝʥʠʷ ʠʥʞʝʥʝʨʠʠ ʪʨʝʙʦʚʘʥʠʡ  

ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʧʘʪʪʝʨʥʦʚ 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʛʨʘʬʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ 

ʨʳʥʦʯʥʳʭ ʘʢʪʠʚʦʚ ʙʳʣ ʧʨʠʤʝʥʝʥ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʨʘʟʜʝʣʝ ʩʢʚʦʟʥʦʡ ʧʨʦʮʝʩʩ 

ʠʥʞʝʥʝʨʠʠ ʪʨʝʙʦʚʘʥʠʡ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʬʠʥʘʥʩʦʚʳʭ ʜʘʥʥʳʭ. ʆʩʥʦʚʫ 

ʤʝʪʦʜʦʣʦʛʠʠ ʩʦʩʪʘʚʠʣʠ ʧʨʠʥʮʠʧʳ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʝ ʩʪʘʥʜʘʨʪʘʤʠ ISO/IEC/IEEE 

29148:2018 ʠ ISO/IEC/IEEE 15288:2015 [7; 8]. ʉʧʝʮʠʬʠʢʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʙʫʩʣʦʚʠʣʘ 

ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ: 

1) ʢʣʶʯʝʚʳʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʚʳʩʪʫʧʠʣʠ ʪʨʝʡʜʝʨʳ-ʘʥʘʣʠʪʠʢʠ 

(ʢʦʥʝʯʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ), ʨʠʩʢ-ʤʝʥʝʜʞʝʨʳ (ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʢʘʯʝʩʪʚʦ ʩʠʛʥʘʣʦʚ) ʠ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʘʣʛʦʨʠʪʤʦʚ; 

2) ʧʦʤʠʤʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʥʪʝʨʚʴʶ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʘʥʘʣʠʟʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʣʘʪʬʦʨʤ (TradingView, 

MetaStock) ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʠʝʥʪʠʨʦʚ; 

3) ʦʩʥʦʚʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʩʪʘʣʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠʥʪʫʠʪʠʚʥʳʭ ʦʧʠʩʘʥʠʡ ʧʘʪʪʝʨʥʦʚ ʠʟ 

ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ (çʚʳʛʣʷʜʠʪ ʢʘʢ ʜʚʦʡʥʘʷ ʚʝʨʰʠʥʘè) ʚ ʩʪʨʦʛʠʝ, 

ʬʦʨʤʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ. 

ʅʘ ʵʪʘʧʝ ʚʳʷʚʣʝʥʠʷ ʜʣʷ ʩʙʦʨʘ ʧʝʨʚʠʯʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ: 

-  ʠʥʪʝʨʚʴʶ ʩ ʪʨʝʡʜʝʨʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʘʪʪʝʨʥʦʚ (çɻʦʣʦʚʘ ʠ ʧʣʝʯʠè, 

çɼʚʦʡʥʦʝ ʜʥʦ/ʚʝʨʰʠʥʘè, çʊʨʝʫʛʦʣʴʥʠʢè, çʌʣʘʛè ʠ ʧʨ.) ʠ ʩʮʝʥʘʨʠʝʚ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; 

-  ʠʟʫʯʝʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʢʨʠʪʝʨʠʝʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʪʪʝʨʥʦʚ; 

-  ʤʦʟʛʦʚʦʡ ʰʪʫʨʤ ʩ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ 

ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ɹʳʣʦ ʚʳʷʚʣʝʥʦ ʠ ʨʘʟʨʝʰʝʥʦ ʢʣʶʯʝʚʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ: ʪʨʝʡʜʝʨʳ ʪʨʝʙʦʚʘʣʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʨʘʥʥʠʝ ʩʠʛʥʘʣʳ), ʘ ʨʠʩʢ-ʤʝʥʝʜʞʝʨʳ ï ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ (ʤʠʥʠʤʫʤ 

ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ). ʂʦʤʧʨʦʤʠʩʩ ʙʳʣ ʥʘʡʜʝʥ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʪʨʝʙʦʚʘʥʠʷ 

ʥʘʩʪʨʘʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ çʋʨʦʚʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠè. 

ɺʳʷʚʣʝʥʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʠ 

ʧʨʠʦʨʠʪʠʟʠʨʦʚʘʥʳ ʧʦ ʤʝʪʦʜʫ MoSCoW [3]: 

Must have ï ʪʦʯʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʙʘʟʦʚʳʭ ʧʘʪʪʝʨʥʦʚ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʨʘʙʦʪʘ 

ʚ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ. 

Should have ï ʬʫʥʢʮʠʷ ʙʵʢʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʥʘʩʪʨʘʠʚʘʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʘʪʪʝʨʥʦʚ (ʥʘʧʨʠʤʝʨ, ʜʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚ ʮʝʥʝ). 

Could have ï ʠʥʪʝʛʨʘʮʠʷ ʩ ʙʨʦʢʝʨʩʢʠʤʠ API ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʪʦʢʦʚʳʭ ʜʘʥʥʳʭ, ʤʦʜʫʣʴ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʧʘʪʪʝʨʥʦʚ. 
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Won't have ï ʧʨʦʚʝʜʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʪʦʨʛʦʚʳʭ ʦʧʝʨʘʮʠʡ ʙʝʟ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʪʨʝʡʜʝʨʘ. 

ʅʘ ʵʪʘʧʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʪʨʝʙʦʚʘʥʠʷ ʙʳʣʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʠ ʬʦʨʤʘʣʠʟʦʚʘʥʳ (ʪʘʙʣ. 2). 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʘʩʧʝʢʪʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʜʘʥʥʳʤʠ: ʠʭ ʠʩʪʦʯʥʠʢʘʤ, 

ʢʘʯʝʩʪʚʫ, ʦʙʲʝʤʫ ʠ ʘʣʛʦʨʠʪʤʘʤ ʦʙʨʘʙʦʪʢʠ. 

ʊʘʙʣʠʮʘ 2 

ʌʨʘʛʤʝʥʪ ʩʧʝʮʠʬʠʢʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ  

 

ʊʠʧ ʪʨʝʙʦʚʘʥʠʷ ID ʆʧʠʩʘʥʠʝ ʂʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ FR.1.1 

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʧʘʪʪʝʨʥ çɻʦʣʦʚʘ ʠ ʧʣʝʯʠè ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʮʝʥʘʭ ʤʝʞʜʫ 

ʣʝʚʳʤ ʠ ʧʨʘʚʳʤ ʧʣʝʯʦʤ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 2%. 

ɸʣʛʦʨʠʪʤ ʢʦʨʨʝʢʪʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ 95% ʧʘʪʪʝʨʥʦʚ 

ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ UR.2.3 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʠʪʴ 

ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʙʲʝʤʘ 

ʪʦʨʛʦʚ ʜʣʷ ʫʯʝʪʘ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʘʪʪʝʨʥʘ. 

ɺ ʠʥʪʝʨʬʝʡʩʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʣʟʫʥʦʢ 

ʥʘʩʪʨʦʡʢʠ, ʘ ʟʘʧʨʦʩ ʢ ʙʘʟʝ 

ʜʘʥʥʳʭ ʬʠʣʴʪʨʫʝʪ ʜʘʥʥʳʝ ʧʦ 

ʦʙʲʝʤʫ. 

ʅʝʬʫʥʢʮʠʦʥʘʣʴʥʦʝ NFR.1.1 

ɺʨʝʤʷ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ ʥʘ ʟʘʧʨʦʩ 

ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʘ (500 ʩʚʝʯʝʡ) ʥʝ 

ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 3 ʩʝʢ. 

(ʧʝʨʮʝʥʪʠʣʴ 95%). 

ʅʘʛʨʫʟʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 1000 

ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʟʘʧʨʦʩʦʚ ʢ API 

ʠ ʙʘʟʝ ʜʘʥʥʳʭ. 

 

ʇʨʦʚʝʜʝʥʘ ʬʦʨʤʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʧʦ 

IEEE 830 [5]. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʘʪʨʠʮʘ ʪʨʘʩʩʠʨʫʝʤʦʩʪʠ, 

ʩʚʷʟʳʚʘʶʱʘʷ ʢʘʞʜʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʩ ʝʛʦ ʠʩʪʦʯʥʠʢʦʤ (ʙʠʟʥʝʩ-ʪʨʝʙʦʚʘʥʠʝʤ) ʠ 

ʧʦʩʣʝʜʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʤʦʜʫʣʝʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ) ʠ 

ʪʝʩʪʦʚʳʤʠ ʩʮʝʥʘʨʠʷʤʠ (ʪʘʙʣ. 3). ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʫʧʨʘʚʣʷʪʴ ʩʣʦʞʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʧʦʪʝʨʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʥʘ ʵʪʘʧʝ ʨʝʘʣʠʟʘʮʠʠ. 

ʊʘʙʣʠʮʘ 3 

ʌʨʘʛʤʝʥʪ ʤʘʪʨʠʮʳ ʪʨʘʩʩʠʨʫʝʤʦʩʪʠ ʪʨʝʙʦʚʘʥʠʡ 

 

ID ʊʠʧ ʊʨʝʙʦʚʘʥʠʝ 

ʉʚʷʟʘʥʥʳʡ ʵʣʝʤʝʥʪ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

(ʢʦʤʧʦʥʝʥʪ / ʤʦʜʫʣʴ) 

ID ʊʝʩʪʦʚʦʛʦ 

ʩʮʝʥʘʨʠʷ 

BR-1 ɹʠʟʥʝʩ-ʪʨʝʙʦʚʘʥʠʝ 

ʇʦʚʳʰʝʥʠʝ ʟʘʢʣʶʯʝʥʠʷ 

ʚʳʛʦʜʥʳʭ ʩʜʝʣʦʢ ʥʘ 

15% ʟʘ ʩʯʝʪ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʘʥʘʣʠʟʘ 

ʛʨʘʬʠʢʦʚ ʜʚʠʞʝʥʠʷ 

ʮʝʥʳ. 

ɺʩʷ ʩʠʩʪʝʤʘ 
ʂʦʩʚʝʥʥʦ, ʯʝʨʝʟ 

ʤʝʪʨʠʢʠ ʙʠʟʥʝʩʘ 

Ÿ 

UR.2.1 
ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ 

ʧʦʣʫʯʘʪʴ ʫʚʝʜʦʤʣʝʥʠʝ ʦ 

ʚʳʷʚʣʝʥʥʦʤ ʧʘʪʪʝʨʥʝ 

çɻʦʣʦʚʘ ʠ ʧʣʝʯʠè ʥʘ 

ʪʝʢʫʱʝʤ ʪʘʡʤʬʨʝʡʤʝ. 

1. ʄʦʜʫʣʴ ʛʝʥʝʨʘʮʠʠ 

ʩʠʛʥʘʣʦʚ. 

2. ʉʝʨʚʠʩ 

ʫʚʝʜʦʤʣʝʥʠʡ. 

TS-01: ʇʨʦʚʝʨʢʘ 

ʦʪʧʨʘʚʢʠ 

ʫʚʝʜʦʤʣʝʥʠʷ ʧʨʠ 

ʩʨʘʙʘʪʳʚʘʥʠʠ 

ʘʣʛʦʨʠʪʤʘ 
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Ÿ Ÿ 

FR.1.1 
ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʧʘʪʪʝʨʥ "ɻʦʣʦʚʘ ʠ 

ʧʣʝʯʠ" ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʨʘʟʥʠʮʘ ʚ ʮʝʥʘʭ ʤʝʞʜʫ 

ʧʣʝʯʘʤʠ Ò 2%. 

1. ɸʣʛʦʨʠʪʤ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʧʘʪʪʝʨʥʦʚ.  

2. ʄʦʜʫʣʴ ʚʘʣʠʜʘʮʠʠ 

ʬʦʨʤʘʣʴʥʳʭ 

ʢʨʠʪʝʨʠʝʚ. 

TS-02: ʖʥʠʪ-ʪʝʩʪ 

ʘʣʛʦʨʠʪʤʘ ʥʘ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ (ʧʨʦʚʝʨʢʘ 

95% ʪʦʯʥʦʩʪʠ). 

Ÿ Ÿ 

NFR.1.1 
ʅʝʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ɺʨʝʤʷ ʦʪʢʣʠʢʘ ʥʘ ʟʘʧʨʦʩ 

ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʘ (500 

ʩʚʝʯʝʡ) Ò 3 ʩʝʢ. 

1. ʄʦʜʫʣʴ 

ʢʵʰʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ. 

2. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ 

ʟʘʧʨʦʩʳ ʢ ɹɼ. 

TS-03: ʅʘʛʨʫʟʦʯʥʳʡ 

ʪʝʩʪ (1000 

ʦʜʥʦʚʨʝʤʝʥʥʳʭ 

ʟʘʧʨʦʩʦʚ, ʟʘʤʝʨ 

ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ) 

UR.2.3 ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ 

ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʦʙʲʝʤʘ ʪʦʨʛʦʚ ʜʣʷ ʫʯʝʪʘ 

ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʘʪʪʝʨʥʘ. 

1. ʄʦʜʫʣʴ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ 

ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ. 

2. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ ʥʘʩʪʨʦʡʢʠ. 

TS-04: ʇʨʦʚʝʨʢʘ 

ʨʘʙʦʪʳ ʬʠʣʴʪʨʘ (ʧʨʠ 

ʨʘʟʥʳʭ ʥʘʩʪʨʦʡʢʘʭ 

ʦʙʲʝʤʘ ʚʳʜʘʶʪʩʷ 

ʨʘʟʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ) 

 

ʅʘʧʨʠʤʝʨ, ʙʠʟʥʝʩ-ʪʨʝʙʦʚʘʥʠʝ BR-1 ʦ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʜʝʣʦʢ ʜʝʪʘʣʠʟʠʨʫʝʪʩʷ 

ʯʝʨʝʟ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʫʚʝʜʦʤʣʝʥʠʠ (UR.2.1). ʕʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʦʨʦʞʜʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʘʣʛʦʨʠʪʤʫ (FR.1.1) ʠ ʞʝʩʪʢʦʝ 

ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (NFR.1.1). ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʵʪʠ 

ʪʨʝʙʦʚʘʥʠʷ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ ʚ ʢʦʥʢʨʝʪʥʳʭ ʤʦʜʫʣʷʭ, ʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʩʪʳ (TS-01, TS-02, TS-03). 

ɼʘʥʥʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʨʘʟʨʦʟʥʝʥʥʳʝ ʧʦʞʝʣʘʥʠʷ 

ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʚ ʩʪʨʦʛʫʶ ʩʠʩʪʝʤʫ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʠʛʦʜʥʫʶ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʦʤʘʥʜʝ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʥʳʭ ʪʝʩʪʦʚʳʭ ʩʮʝʥʘʨʠʝʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʦʝ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʥʞʝʥʝʨʠʠ ʪʨʝʙʦʚʘʥʠʡ 

ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ: ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʡ ʧʨʦʮʝʩʩ ʠʥʞʝʥʝʨʠʠ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʬʠʥʘʥʩʦʚʦʛʦ ʨʳʥʢʘ ʠ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ 

ʘʥʘʣʠʟʘ ʧʘʪʪʝʨʥʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʥʦʝ ʚʳʷʚʣʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʣʶʯʝʚʳʭ ʩʪʝʡʢʭʦʣʜʝʨʦʚ, ʯʪʦ 

ʚʳʷʚʠʣʦ ʦʩʥʦʚʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ, ʨʘʟʨʝʰʝʥʥʦʝ 

ʚʚʝʜʝʥʠʝʤ ʥʘʩʪʨʘʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

2. ɺʳʧʦʣʥʝʥʘ ʜʝʪʘʣʴʥʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʢ 

ʜʘʥʥʳʤ ʠ ʠʭ ʦʙʨʘʙʦʪʢʝ. 

3. ʆʙʝʩʧʝʯʝʥʘ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʴ ʪʨʝʙʦʚʘʥʠʡ ʯʝʨʝʟ ʤʘʪʨʠʮʫ ʪʨʘʩʩʠʨʫʝʤʦʩʪʠ, ʯʪʦ 

ʟʘʢʣʘʜʳʚʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʥʠʞʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʠʩʢʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʪʨʝʙʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʦʰʠʙʦʢ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʦʞʠʜʘʥʠʷʤ ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ. 
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ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʊʘʰʢʝʥʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʄʫʭʘʤʤʘʜʘ ʘʣ-ʍʦʨʘʟʤʠʡ 

ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀɽ ʇʆʂɸɿɸʊɽʃʀ ʀɿʄɽʈɽʅʀʗ ʈɸɼʀʆʇʈʆɿʈɸʏʅʆʉʊʀ 

ʄɸʊɽʈʀɸʃʆɺ, ʀʉʇʆʃʔɿʋɽʄʓʍ ɺ ʈɸɿʃʀʏʅʓʍ ʆɹʃɸʉʊʗʍ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʨʝʥʠʷ 

ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʈʘʜʠʦʧʨʘʟʨʘʯʪʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʧʫʩʢʘʪʴ, ʧʦʛʣʦʱʘʪʴ ʠ ʦʪʨʘʞʘʪʴ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʠ ʵʪʠ ʩʚʦʡʩʪʚʘ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʙʣʘʩʪʷʭ ʘʚʠʘʮʠʠ, 

ʢʦʩʤʦʥʘʚʪʠʢʠ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʦʙʦʨʦʥʳ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʪʘʥʛʝʥʩ ʫʛʣʘ ʧʦʪʝʨʴ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ. ɺ 

ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʤʦʜʝʣʠ, ʤʝʪʦʜʳ 

ʢʘʣʠʙʨʦʚʢʠ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʘʪ 

ʚʘʞʥʦʡ ʥʘʫʯʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʘʜʠʦʧʨʘʟʨʘʯʪʥʦʩʪʴ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʚʦʣʥʳ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʪʘʥʛʝʥʩ ʫʛʣʘ ʧʦʪʝʨʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ, 

ʢʘʣʠʙʨʦʚʢʘ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʤʦʜʝʣʴ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ. 

 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʨʘʜʠʦʢʦʥʪʨʘʩʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʷʚʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʚʠʘʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʝʡʰʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

(ʃɸ). ʅʘ ʘʚʠʘʮʠʦʥʥʦʤ ʨʳʥʢʝ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʞʝʩʪʢʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ 

ʛʨʘʞʜʘʥʩʢʠʭ ʠ ʚʦʝʥʥʳʭ ʩʘʤʦʣʝʪʦʚ, ʚʝʨʪʦʣʝʪʦʚ ʠ ʨʘʢʝʪ, ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ 

ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʴ ʠ ʤʘʥʝʚʨʝʥʥʦʩʪʴ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʨʘʜʠʦʢʦʥʪʨʘʩʪʥʳʤ ʵʣʝʤʝʥʪʘʤ ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢ ʘʥʪʝʥʥʘʤ ʩʘʤʦʣʝʪʦʚ ʠ ʥʦʩʦʚʦʡ 

ʯʘʩʪʠ ʩʘʤʦʣʝʪʦʚ [1-3; 6; 8; 9; 12]. 

ɸʚʠʘʧʝʨʝʚʦʟʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʆʪʢʨʳʪʠʝ ʥʦʚʳʭ ʤʘʨʰʨʫʪʦʚ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʘʚʠʘʧʝʨʝʚʦʟʦʢ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʛʨʫʟʢʝ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʘ 

ʫʧʨʘʚʣʝʥʠʝ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ. çUzbekistan Airways 

Technicsè ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ ɸʆ çUzbekistan Airways Technicsè ʠ ʠʤʝʝʪ 

ʩʪʦʣʝʪʥʠʡ ʦʧʳʪ ʨʘʙʦʪʳ ʚ ʩʬʝʨʝ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʴʶ ʩʘʤʦʣʝʪʦʚ ʷʚʣʷʝʪʩʷ ʫʜʘʨ ʧʪʠʮ ʦ ʚʥʝʰʥʠʝ ʯʘʩʪʠ 

ʩʘʤʦʣʝʪʘ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʩʘʤʦʣʝʪ ʧʝʨʝʩʝʢʘʝʪ ʟʦʥʳ ʭʨʘʥʝʥʠʷ ʟʝʨʥʘ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ, 

ʪʦ ʝʩʪʴ ʢʦʛʜʘ ʩʘʤʦʣʝʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʝʨʰʠʥʝ ʢʫʯʠ ʟʝʨʥʘ, ʠʣʠ ʚʦʦʙʱʝ ʢʦʛʜʘ ʦʥ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʧʪʠʮʘʤʠ. ʊʘʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚʳʟʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʣʦʤʢʠ ʚ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʩʘʤʦʣʝʪʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʯʘʩʪʴ ʩʘʤʦʣʝʪʘ, ʢʦʪʦʨʘʷ ʯʘʱʝ ʚʩʝʛʦ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ, ʵʪʦ ʥʦʩ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ 
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ʦʙʪʝʢʘʪʝʣʝʤ. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʩʘʤʦʣʝʪʘ ʫʜʘʨ ʦʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʧʪʠʮʝʡ ʚʳʟʳʚʘʝʪ 

ʩʝʨʴʝʟʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʥʦʩʦʚʦʡ ʯʘʩʪʠ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʵʥʝʨʛʠʷ ʫʜʘʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʢʚʘʜʨʘʪʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ɺ ʤʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʝʩʣʠ ʩʘʤʦʣʝʪ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

çʯʘʡʢʦʡè ʥʘ ʩʢʦʨʦʩʪʠ 320 ʢʤ ʚ ʯʘʩ, ʪʦ ʩʠʣʘ ʫʜʘʨʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 3200 ʢʛ ʥʘ 

ʢʚʘʜʨʘʪʥʳʡ ʩʘʥʪʠʤʝʪʨò [4; 7; 11; 13]. 

[] ;8.9/8.91 2 NsmkgF tex @@=  (1) 

[] ;1NF SI =  

[] ;101 1 NdinaF SGS

-==  

[] .31360/8.932001 2 NsmkgF tex =³@=  

ʀʪʘʢ, çʥʦʩʦʚʘʷ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ ʨʘʜʘʨʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ çʛʣʘʟʘʤʠè ʩʘʤʦʣʸʪʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʘ ʥʦʩʦʚʘʷ ʯʘʩʪʴ ʜʦʣʞʥʘ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʥʝ ʧʨʦʩʪʦ ʦʙʦʣʦʯʢʫ, ʘ ʦʙʦʣʦʯʢʫ 

ʩ ʦʩʦʙʳʤʠ ʨʘʜʠʦʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʵʪʦʤʫ ʤʳ ʥʝ ʤʦʞʝʤ ʟʘʤʝʥʠʪʴ ʥʦʩʦʚʫʶ ʯʘʩʪʴ 

ʣʶʙʳʤ ʞʝʣʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤè. 

ʋʯʠʪʳʚʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ çʥʘʟʥʘʯʝʥʠʝè, ʢ ʥʦʩʦʚʳʤ ʯʘʩʪʷʤ ʨʘʜʠʦʧʨʦʟʨʘʯʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʈʐʄ) ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʦʙʰʠʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʩʪʦʷʥʥʦ 

ʚʦʟʨʘʩʪʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʝʩʴʤʘ ʩʣʦʞʥʳ ʚ ʩʠʣʫ ʠʤʝʶʱʠʭʩʷ 

ʧʨʦʪʠʚʦʨʝʯʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʨʝʜ. ʊʘʢ, ʦʧʨʝʜʝʣʸʥʥʘʷ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ 

ʧʦ ʦʙʨʘʟʫʶʱʝʡ ʦʙʰʠʚʢʠ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʈʊʍ), 

ʥʘʢʣʘʜʳʚʘʝʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʪʝʧʣʦʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʣʦʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʣʠ ʥʘʦʙʦʨʦʪ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʦʙʣʠʢʘ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʩʘʤʦʣʝʪʘ ʪʨʝʙʫʝʪ 

ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ: 

ï ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʙʰʠʚʢʠ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʩʘʤʦʣʝʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ 

ʪʨʝʙʫʝʤʳʭ ʣʝʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ï ʩʦʟʜʘʥʠʝ ʧʦʜʭʦʜʦʚ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʜʦʩʪʠʞʝʥʠʝ ʟʘʷʚʣʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ; 

ï ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʫʟʣʘ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʝʛʦ ʘʨʭʠʪʝʢʪʫʨʳ; 

ï ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʙʦʣʦʯʢʠ ʠʟ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ɺʂ-9 ʠʣʠ ʂʄ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʳʙʠʨʘʪʴ ʚʣʘʛʦʩʪʦʡʢʦʝ ʧʦʢʨʳʪʠʝ; 

ï ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʘʚʝʩʳ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ 

ʧʨʠ ʥʘʟʝʤʥʳʭ ʠʩʧʳʪʘʥʠʷʭ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʳʰʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 1.  
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ʈʠʩ. 1. ʉʭʝʤʘ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 120-ʂʄʂʉ (ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʚʠʜ)  

 

ʅʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʧʦʢʨʳʪʠʠ ʦʙʲʝʢʪʘ ʪʦʥʢʦʡ ʧʣʸʥʢʦʡ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ (ʋʅʊ), ʦʭʚʘʪʳʚʘʶʱʝʡ ʚʝʩʴ ʚʠʜʠʤʳʡ ʜʠʘʧʘʟʦʥ [7; 11; 14]. ʕʪʦʪ ʧʨʠʥʮʠʧ ʦʩʥʦʚʘʥ 

ʥʘ ʪʱʘʪʝʣʴʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʋʅʊ ʚ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʛʣʘʩʦʚʘʪʴ 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʠʤʧʝʜʘʥʩ ʩ ʚʦʟʜʫʭʦʤ, ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʷ ʧʦʛʣʦʱʝʥʠʶ ʬʦʪʦʥʦʚ 

ʩʚʝʪʘ, ʧʘʜʘʶʱʠʭ ʥʘ ʩʣʦʡ ʋʅʊ. ʆʜʥʘʢʦ ʵʪʦʪ ʧʨʠʥʮʠʧ ʩʣʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

EOL, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʤʘʷ ʪʦʣʱʠʥʘ ʋʅʊ ʩʪʘʥʦʚʠʪʩʷ ʯʨʝʟʤʝʨʥʦ ʙʦʣʴʰʦʡ ʠ ʥʝʨʝʘʣʠʟʫʝʤʦʡ. 

ʌʫʥʢʮʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʢʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ 

ʨʠʩʫʥʢʝ 2 [11; 14]. ʇʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʫʝʪʩʷ ʩʫʤʤʘʨʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʠ ʟʘʟʝʤʣʷʶʱʝʛʦ ʩʣʦʷ. 

ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ [5; 8]. 

 

 
 

(ʘ) (ʙ) 

 

ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʦʜʥʦʡ ʷʯʝʡʢʠ, ʧʦʢʘʟʘʥ ʝʸ ʚʠʜ ʩʚʝʨʭʫ. ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʧʘʨʘʤʝʪʨʳ: w1=4 ʤʤ, w2=1 ʤʤ, l1=4,2 ʤʤ, L=10 ʤʤ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʘʪʝʨʠʘʣʘ [10] 
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ʟʜʝʩʴ, effm ʠ effe ʕʬʬʝʢʪʠʚʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʧʦʛʣʦʱʝʥʠʝ ʚ ʧʦʜʭʦʜʷʱʝʡ ʩʨʝʜʝ. 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

126 

ʅʘ ʨʠʩʫʥʢʝ 2(ʙ) ʧʦʢʘʟʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʠ ʘʙʩʪʨʘʢʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʠʤʧʝʜʘʥʩʘ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʧʘʨʘʤʝʪʨʦʚ S, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʧʦʛʣʦʱʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʦʩʪʠʛʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʪʦ ʝʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ 

ʚʝʣʠʯʠʥʘ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ. 

ʉʪʨʫʢʪʫʨʳ ʩ ʚʳʩʦʢʠʤ Z-ʬʘʢʪʦʨʦʤ ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʳʤ ʨʝʟʦʥʘʥʩʦʤ ʠ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ 

ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʪʦʯʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠʣʠ ʛʝʥʝʨʘʮʠʠ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʵʥʝʨʛʠʠ. ʅʘʧʨʦʪʠʚ, Z-ʬʘʢʪʦʨ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ, 

ʫʚʝʣʠʯʠʚ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʨʘʩʰʠʨʷʝʪ ʜʠʘʧʘʟʦʥ ʧʦʛʣʦʱʝʥʠʷ, ʥʦ ʠ ʩʥʠʞʘʝʪ ʧʦʪʝʨʠ 

ʵʥʝʨʛʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʪʨʘʞʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʦʥʘʥʩʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʳʧʦʣʥʝʥʘ ʠʟ ʜʫʛʦʦʙʨʘʟʥʦʡ ʘʣʶʤʠʥʠʝʚʦʡ ʧʨʦʚʦʣʦʢʠ, ʢ 

ʢʦʪʦʨʦʡ ʜʦʙʘʚʣʝʥ ʨʝʰʝʪʦʯʥʳʡ ʵʣʝʤʝʥʪ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʯʥʳʡ ʜʫʛʦʦʙʨʘʟʥʳʡ 

ʨʝʟʦʥʘʪʦʨ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʬʣʫʢʪʫʘʮʠʷʤ ʧʦʣʷʨʠʟʘʮʠʠ 

ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. 

ʉʘʤʦʝ ʛʣʘʚʥʦʝ, ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʣʫʢʘ ʨʘʩʰʠʨʷʝʪ ʝʛʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʛʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʥʝ ʪʦʣʴʢʦ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʡ ʨʝʟʦʥʘʥʩ, ʥʦ ʠ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʩʝʜʥʠʭ ʝʜʠʥʠʮ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʯʝʨʝʟ ʦʙʱʠʝ 

ʘʩʧʝʢʪʳ [10; 11; 14]. 

ʉʪʘʥʜʘʨʪʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ (u(x)): 

ʉʪʘʥʜʘʨʪʥʘʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ï ʵʪʦ ʤʝʨʘ ʨʘʟʙʨʦʩʘ ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʦʙʯrʥʦ ʚʳʨʘʞʘʝʪʩʷ ʦʜʥʠʤ ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʝʸ 

ʦʮʝʥʢʠ: 

ʊʠʧ A: ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ. ɽʩʣʠ ʧʨʦʚʦʜʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʝʟʘʚʠʩʠʤʳʭ ʠʟʤʝʨʝʥʠʡ, 

ʩʪʘʥʜʘʨʪʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ 

(s) ʠʟʤʝʨʝʥʠʡ: 
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==
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i xx
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Sxu
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2)(
1

1
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,    (3) 

ʛʜʝ: n ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ;ix
ï ʢʘʞʜʳʡ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ;xï 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʝʥʠʡ. 

ɽʩʣʠ ʚʘʤ ʥʫʞʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ: 

 n

S
xu =)(

.      (4) 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ 

ʥʘʜʝʞʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʚʢʣʶʯʘʷ ʜʘʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʟʘʧʠʩʠ ʢʘʣʠʙʨʦʚʢʠ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʣʠ ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʧʨʷʤʦʫʛʦʣʴʥʦʝ, ʪʨʝʫʛʦʣʴʥʦʝ, 

ʥʦʨʤʘʣʴʥʦʝ) ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 
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ʟʥʘʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʦ ʩ ʨʘʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ aī ʜʦ a+ (ʧʨʷʤʦʫʛʦʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ): 

12
)( 1aa

xu
-

= +

.     (5) 

ʈʘʩʰʠʨʝʥʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ (U) 

ʏʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ, ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʨʘʩʰʠʨʝʥʥʫʶ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʦʙʱʝʡ ʩʪʘʥʜʘʨʪʥʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ k: 

)(yukU cÖ= .      (6) 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʟʣʦʞʝʥʠʷ (k) ʟʘʚʠʩʠʪ ʦʪ ʞʝʣʘʝʤʦʛʦ ʫʨʦʚʥʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ʆʙʳʯʥʦ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

k=2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 95% ʫʨʦʚʥʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 

k=3 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 99% ʫʨʦʚʥʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 

ʄʳ ʘʜʘʧʪʠʨʦʚʘʣʠ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʦʙʱʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ 

ʦʮʝʥʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʠʟʤʝʥʷʶʱʠʝʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʝʝ: 

ʈʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ, ʫʯʠʪʳʚʘʶʱʫʶ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥʠ. 

ɽʩʣʠ ʢʦʥʪʨʦʣʴʥʳʡ ʧʨʠʙʦʨ ʦʙʲʝʜʠʥʷʝʪ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʨʝʥʠʡ, ʧʨʠʤʝʥʠʪʝ ʟʘʢʦʥ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥʠ ʨʘʩʰʠʨʝʥʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʞʝʣʘʝʤʦʛʦ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚʦʧʨʦʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʫʯʘʶʱʠʭ ʧʨʦʛʨʘʤʤ ʚ 

ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʠʩʪʝʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ Be 

Clever, ʚʳʷʚʣʷʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʨʫʜʥʦʩʪʠ ʠ 

ʧʨʦʙʝʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʫʯʘʶʱʠʭʩʷ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ.  

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ: ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʦʙʫʯʘʶʱʘʷ ʧʨʦʛʨʘʤʤʘ, ʵʣʝʢʪʨʦʥʥʳʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʠʩʪʝʤʘ Be Clever. 

 

ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʥʫʞʜʘʝʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʧʦʠʩʢʝ ʠ ʘʧʨʦʙʘʮʠʠ ʥʦʚʝʡʰʠʭ 

ʧʦʜʭʦʜʦʚ ʢ ʦʙʫʯʝʥʠʶ, ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʙʳʩʪʨʦʪʳ ʫʩʚʦʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʘʚʳʢʦʚ 

ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ï ʧʨʠʚʠʪʠʷ ʦʙʫʯʘʶʱʝʤʫʩʷ ʫʤʝʥʠʡ ʧʦʣʴʟʦʚʘʪʴʩʷ ʥʦʚʝʡʰʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʚʳʨʘʙʦʪʢʠ ʨʝʰʝʥʠʡ. ʈʘʩʰʠʨʝʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʙʫʜʫʱʠʭ ʵʢʦʥʦʤʠʩʪʦʚ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʫʩʪʠʪʴ ʥʘ 

ʨʳʥʦʢ ʪʨʫʜʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʙʦʣʝʝ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ. 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ï ʵʪʦ ʩʬʝʨʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʧʴʶʪʝʨʘʤ ʩʘʤʠʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ, 

ʚʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʩʣʝʜʦʚʘʪʴ ʩʪʨʦʛʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʤ ʠʥʩʪʨʫʢʮʠʷʤ, ʘʣʛʦʨʠʪʤʳ ʫʯʘʪʩʷ 

ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʤʦʞʥʦ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ: ʦʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʙʨʘʟʦʚ ʠ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʘ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʆʩʦʙʝʥʥʦʩʪʴ 

ʧʦʜʭʦʜʘ ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ ʧʦʚʳʰʘʪʴ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ [10]. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ: çʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ: ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʦʙʫʯʝʥʠʝ, ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʦʙʫʯʝʥʠʝ ʠ 

ʦʙʫʯʝʥʠʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ... 1. ʂʦʥʪʨʦʣʠʨʫʝʤʦʝ ʦʙʫʯʝʥʠʝ. ʂʦʥʪʨʦʣʠʨʫʝʤʦʝ ʦʙʫʯʝʥʠʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʤʦʜʝʣʴ ʦʙʫʯʘʝʪʩʷ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʦʤʫ ʚʭʦʜʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʚʝʩʪʥʳʡ ʚʳʭʦʜé 2. ʅʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʦʙʫʯʝʥʠʝ. ɺ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʦʙʫʯʝʥʠʠ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʘʝʪ ʩ ʜʘʥʥʳʤʠ ʙʝʟ ʤʝʪʦʢ, ʧʳʪʘʷʩʴ ʦʙʥʘʨʫʞʠʪʴ 

ʩʢʨʳʪʳʝ ʩʪʨʫʢʪʫʨʳé 3. ʆʙʫʯʝʥʠʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ. ʆʙʫʯʝʥʠʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʛʜʝ ʘʛʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʧʦʣʫʯʘʷ ʥʘʛʨʘʜʳ ʟʘ ʩʚʦʠ 

ʜʝʡʩʪʚʠʷ. ɸʣʛʦʨʠʪʤʳ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʠ 

ʠʛʨʘʭéè [9] 
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ʉʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʦʙʫʯʝʥʠʷ ʧʦ ʢʦʥʢʨʝʪʥʦʡ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʦʯʝʥʴ ʩʣʦʞʥʦ, ʥʦ ʤʥʦʛʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʪʨʝʤʷʪʩʷ ʢ ʵʪʦʤʫ, ʯʪʦʙʳ ʦʙʣʝʛʯʠʪʴ ʪʨʫʜ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʩʨʝʜʥʠʭ ʠ ʚʳʩʰʠʭ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ ʫʯʠʪʝʣʝʡ ʰʢʦʣ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʨʘʙʦʪʘʪʴ 

ʦʧʨʝʜʝʣʸʥʥʳʡ ʦʙʲʝʤ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʧʦʣʫʯʘʪʴʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ. ʉ ʮʝʣʶ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʦʙʨʘʟʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ 

ʦʙʫʯʝʥʠʷ ʤʳ ʩʦʟʜʘʣʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʕʆʂ) ʧʦ 11 

ʜʠʩʮʠʧʣʠʥʘʤ: ʀʥʬʦʨʤʘʪʠʢʘ, ʉʦʮʠʦʣʦʛʠʷ, ʌʠʣʦʩʦʬʠʷ, ʀʩʪʦʨʠʷ ʮʠʚʠʣʠʟʘʮʠʡ, ʉʪʘʪʠʩʪʠʢʠ, 

ʌʠʥʘʥʩʦʚʳʡ ʤʝʥʝʜʞʤʝʥʪ ʠ ʜʨ.  

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʦʩʦʙʝʥʥʦʩʪʷʭ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʧʨʠʤʝʨʝ ʜʠʩʮʠʧʣʠʥʳ 

çʀʥʬʦʨʤʘʪʠʢʘè. ʂʘʞʜʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʤʦʜʫʣʝʡ [2; 4-8].  

ʇʝʨʚʳʡ ʤʦʜʫʣʴ çʊʝʦʨʠʷè ʩʦʜʝʨʞʠʪ ʥʝʦʙʭʦʜʠʤʳʡ ʥʘʙʦʨ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʛʣʷʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ: ʪʘʙʣʠʮʳ, ʜʠʘʛʨʘʤʤʳ, ʛʨʘʬʠʢʠ, ʛʠʩʪʦʛʨʘʤʤʳ, 

ʬʦʪʦʛʨʘʬʠʠ, ʨʠʩʫʥʢʠ, ʢʘʨʪʠʥʢʠ, ʩʢʨʠʥʰʦʪʳ ʠ ʜʨʫʛʠʝ ʩʨʝʜʩʪʚʘ ʥʘʛʣʷʜʥʦʩʪʠ. ʆʙʲʸʤ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʵʪʦʤ ʤʦʜʫʣʝ ʩʚʷʟʘʥʦ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʘ ʠʟʫʯʝʥʠʝ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʅʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʣʝʛʢʦ ʧʨʦʠʟʚʝʩʪʠ ʜʦʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʤʦʜʫʣʷ ʥʦʚʳʤʠ ʜʘʥʥʳʤʠ. 

ɺʪʦʨʦʡ ʤʦʜʫʣʴ çʇʨʘʢʪʠʢʘè ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʠʪʴ ʚʳʧʦʣʥʝʥʠʶ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʸʤʦʚ ʠ 

ʜʝʡʩʪʚʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʨʫʜʦʚʳʭ ʥʘʚʳʢʦʚ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʢʦʤʧʝʪʝʥʮʠʡ. ʆʪʣʠʯʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʘʞʜʦʝ 

ʚʳʧʦʣʥʷʝʤʦʝ ʜʝʡʩʪʚʠʝ ʠʣʠ ʧʨʠʸʤ, ʧʦʜʢʨʝʧʣʷʶʪʩʷ ʦʙʨʘʟʮʦʤ ʚʳʧʦʣʥʝʥʠʷ ʩʨʘʟʫ ʟʘ ʟʘʜʘʥʠʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ ʠ ʦʙʫʯʝʥʠʷ çʤʘʰʠʥʳè ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʫʧʨʦʱʘʝʪʩʷ. 

ʊʨʝʪʠʡ ʤʦʜʫʣʴ çʉʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʨʘʙʦʪʳè ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʟʜʝʩʴ ʧʨʷʤʦʛʦ ʦʪʚʝʪʘ 

ʩʨʘʟʫ ʟʘ ʟʘʜʘʥʠʝʤ ʥʝʪ, ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʫʞʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘʡʪʠ ʧʨʘʚʠʣʴʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʷʝʤʳʭ ʜʝʡʩʪʚʠʡ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʨʘʚʠʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ 

ʦʙʨʘʟʮʘ ʦʪʚʝʪʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʨʠʩʫʥʢʘ. ɿʥʘʯʘʪ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ 

ʠ ʦʙʫʯʝʥʠʷ çʤʘʰʠʥʳè ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʵʪʘʧ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʚ ʢʘʨʪʠʥʢʫ ʠ ʩʨʘʚʥʝʥʠʷ ʩ ʦʙʨʘʟʮʦʤ ʚ ʨʝʟʫʣʴʪʘʪʘʭ. 

ʏʝʪʚʸʨʪʳʡ ʤʦʜʫʣʴ çʊʝʩʪʳè ʚ ʕʆʂ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʦʭʦʜʠʪ ʙʝʟ ʫʯʘʩʪʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʪ.ʢ. 

ʦʙʫʯʘʶʱʠʡʩʷ ʨʘʙʦʪʘʝʪ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʧʦʩʪʦʨʦʥʥʝʡ ʧʦʤʦʱʴ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʥʠʡ ʠʣʠ ʫʤʝʥʠʡ ʦʥ ʤʦʞʝʪ ʵʪʦ ʚʦʩʧʦʣʥʠʪʴ ʯʝʨʝʟ ʜʘʥʥʳʝ ʚ 

ʕʆʂ ʚ ʧʝʨʚʳʭ ʪʨʸʭ ʤʦʜʫʣʷʭ. ʇʨʦʮʝʩʩ ʧʦʜʚʝʜʝʥʠʷ ʠʪʦʛʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦ ʢʘʞʜʦʤʫ ʨʘʟʜʝʣʫ 

ʕʆʂ ʧʨʦʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤʝ ʧʦʣʫʘʚʪʦʤʘʪʘ, ʧʫʪʸʤ ʥʘʞʘʪʠʷ ʥʘ ʢʥʦʧʢʫ çʇʦʜʩʯʠʪʘʪʴ ʙʘʣʣʳè ʠ 

ʩʨʘʚʥʝʥʠʷ ʩ ʦʮʝʥʦʯʥʦʡ ʰʢʘʣʦʡ: ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʦʪʚʝʪʝ ʥʘ 9-10 ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʦʮʝʥʢʘ 5 

(ʦʪʣʠʯʥʦ); ʧʨʠ 8 ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʘʭ ʦʮʝʥʢʘ ï 4 (ʭʦʨʦʰʦ); ʧʨʠ 6 ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʘʭ ï 3 

(ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ), ʧʨʠ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ï 2 (ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ). ɺ ʢʘʞʜʦʤ ʕʆʂ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʜʝʣʦʚ, ʘ ʟʥʘʯʠʪ ʠ ʪʝʩʪʦʚ ʧʦ ʥʠʤ, ʤʳ ʨʝʰʠʣʠ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʠ ʚ ʢʘʞʜʦʤ ʕʆʂ ʩʦʟʜʘʣʠ ʠʪʦʛʦʚʳʝ ʪʝʩʪʳ ʧʦ 50 ʪʝʩʪʦʚʳʭ 

ʟʘʜʘʥʠʡ, ʧʦʵʪʦʤʫ ʦʮʝʥʢʘ ʟʘ ʠʪʦʛʦʚʳʡ ʪʝʩʪ ʫʯʠʪʳʚʘʝʪʩʷ ʠ ʚʥʦʩʠʪʩʷ ʚ ʫʯʸʪʥʫʶ ʚʝʜʦʤʦʩʪʴ, ʘ 
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ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʦʮʝʥʢʠ ʧʦ ʨʘʟʜʝʣʘʤ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʠ 

ʧʦʜʛʦʪʦʚʢʠ ʦʙʫʯʘʶʱʝʛʦʩʷ. 

ʇʷʪʳʡ ʤʦʜʫʣʴ çʊʝʭʥʦʣʦʛʠʷè ʧʨʝʜʣʘʛʘʝʪ ʥʝʦʙʳʯʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʨʘʙʦʪʳ ʩ ʕʆʂ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʠʟʫʯʝʥʠʝ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʯʪʝʥʠʷ ʠ ʧʨʦʨʘʙʦʪʢʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʣʦʜʳʭ ʣʶʜʝʡ ʷʚʣʷʝʪʩʷ çʩʢʫʯʥʳʤ ʠ ʙʝʩʧʦʣʝʟʥʳʤ 

ʟʘʥʷʪʠʝʤè. ɺ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʥʦʩʠʪʩʷ ʵʣʝʤʝʥʪ ʠʛʨʳ: ʦʙʫʯʘʝʤʳʝ ʯʠʪʘʶʪ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ 

ʧʦ ʨʘʟʜʝʣʘʤ ʠ ʧʳʪʘʶʪʩʷ ʦʪʚʝʪʠʪʴ ʥʘ ʢʘʞʜʦʝ ʠ 10 ʟʘʜʘʥʠʡ. ɽʩʣʠ ʦʪʚʝʯʘʶʱʠʡ ʥʝ ʟʥʘʝʪ 

ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ, ʪʦ ʦʥ ʠʱʝʪ ʝʛʦ ʚ ʤʦʜʫʣʝ çʊʝʦʨʠʷè. ʀʟʶʤʠʥʢʦʡ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʧʨʠ ʚʦʟʚʨʘʪʝ ʚ ʤʦʜʫʣʴ çʊʝʩʪʳè, ʚʩʝ ʧʨʝʞʥʠʝ ʧʨʘʚʠʣʴʥʳʝ ʦʪʚʝʪʳ ʩʥʠʤʘʶʪʩʷ ʠ ʩʪʫʜʝʥʪʫ 

ʥʫʞʥʦ ʚʩʧʦʤʥʠʪʴ ʚʩʝ ʦʪʚʝʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʜʦ ʵʪʦʛʦ ʟʘʜʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʛʜʘ 

ʦʪʚʝʯʘʶʱʠʡ ʜʦʭʦʜʠʪ ʜʦ 10 ʟʘʜʘʥʠʷ ʦʥ ʟʘʧʦʤʥʠʪ ʥʝ ʤʝʥʝʝ 7-8 ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ.  

ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʥʘ ʨʘʙʦʪʝ ʩ ʕʆʂ ʥʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʪ.ʢ. ʦʥ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʩʠʩʪʝʤʝ çBe 

Cleverè [3], ʛʜʝ ʚʝʩʴ ʧʨʦʮʝʩʩ ʩʜʘʯʠ ʪʝʩʪʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ. ʅʘʯʠʥʘʝʪʩʷ ʦʥ ʩ ʨʝʛʠʩʪʨʘʮʠʠ ʚ 

ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʩ ʟʘʜʘʥʠʝʤ ʣʠʯʥʳʭ ʜʘʥʥʳʭ: ʃʆɻʀʅɸ ʠ ʇɸʈʆʃʗ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʙʫʯʘʶʱʠʡʩʷ ʩʢʘʯʠʚʘʝʪ ʠʤʝʥʥʦʡ ʉʝʨʪʠʬʠʢʘʪ, ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʘʥʳ ʝʛʦ ʌʀʆ, 

ʛʨʫʧʧʘ ʠ ʥʘʠʤʝʥʦʚʘʥʠʝ ʚʫʟʘ; ʧʦ ʢʘʢʦʤʫ ʕʆʂ ʧʨʦʰʣʦ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʜʘʪʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ ʚ ʧʨʦʮʝʥʪʘʭ: ʧʨʠ 72% ʠ ʙʦʣʝʝ ʦʮʝʥʢʘ 3 (ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ); 

82% ʠ ʙʦʣʝʝ ʦʮʝʥʢʘ 4 (ʭʦʨʦʰʦ); 92% ʠ ʚʳʰʝ ʦʮʝʥʢʘ 5 (ʦʪʣʠʯʥʦ). 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ çBe Cleverè ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘ 50 ʪʝʩʪʦʚʳʭ 

ʟʘʜʥʠʡ ʜʘʸʪʩʷ 20 ʤʠʥʫʪ ʚʨʝʤʝʥʠ, ʠ ʧʷʪʴ ʧʦʧʳʪʦʢ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʥʘ ʢʘʞʜʳʡ ʚʦʧʨʦʩ ʧʦ 

ʚʩʝʤ ʧʦʧʳʪʢʘʤ ʦʪʚʦʜʠʪʩʷ 2 ʤʠʥ., ʥʦ ʚ ʢʘʞʜʦʡ ʧʦʧʳʪʢʝ ʵʪʦ ʚʨʝʤʷ ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ 24 ʩʝʢʫʥʜ ʥʘ 

ʢʘʞʜʦʝ ʟʘʜʘʥʠʝ. ʇʨʠʯʝʤ, ʚʦʧʨʦʩʳ ʚ ʢʘʞʜʦʡ ʧʦʧʳʪʢʝ ʠʜʫʪ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ, ʘ ʦʪʚʝʪʳ 

ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ. ʇʨʠ ʚʩʝʭ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠ ʟʘ ʪʘʢʦʝ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʥʘʡʪʠ ʦʪʚʝʪ ʜʘʞʝ ʚ 

ʩʦʪʦʚʦʤ ʪʝʣʝʬʦʥʝ, ʧʦ ʧʨʠʟʥʘʥʠʶ ʩʘʤʠʭ ʩʪʫʜʝʥʪʦʚ, ʥʝ ʫʜʘʸʪʩʷ, ʧʦʵʪʦʤʫ ʧʨʠʭʦʜʠʪʩʷ ʛʦʪʦʚʠʪʴʩʷ 

ʩ ʧʦʤʦʱʴʶ ʕʆʂ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʕʆʂ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʝʨʝʭʦʜʘ ʥʘ çʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝè ʦʩʪʘʸʪʩʷ ʩʜʝʣʘʪʴ ʧʦʩʣʝʜʥʠʡ 

ʨʝʰʠʪʝʣʴʥʳʡ ʰʘʛ: ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʩ ʕʆʂ ʥʘ ʩʠʩʪʝʤʫ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ çBe Cleverè, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʨʝʩʫʨʩʝ. 

ʆʙʦʙʱʸʥʥʳʡ ʘʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʳʪ ʨʘʩʢʨʳʚʘʝʪ ʙʦʣʴʰʠʝ ʨʝʟʝʨʚʳ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʚʫʟʘʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʡʪʠ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʙʫʯʝʥʠʠ ʩ ʠʟʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʙʫʤʘʞʥʳʭ ʥʦʩʠʪʝʣʷʭ ʠʣʠ ʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʨʘʟʦʚ ʢ ʠʩʪʦʯʥʠʢʘʤ, 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʫʯʘʶʱʠʭ ʩʠʩʪʝʤʘʭ, ʥʘʜʝʣʝʥʥʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʝʩʫʨʩʦʤ ʫʜʦʙʥʦʡ ʠ ʙʳʩʪʨʦʡ ʥʘʚʠʛʘʮʠʠ ʠ ʜʝʣʘʶʱʠʭ ʩʘʤ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ 

ʙʦʣʝʝ ʫʜʦʙʥʳʤ. ʉʦʚʨʝʤʝʥʥʦʤʫ ʩʪʫʜʝʥʪʫ ʥʝ ʭʚʘʪʘʝʪ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʚ ʦʙʫʯʝʥʠʠ, ʪʘʢ ʢʘʢ ʩ 

ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʦʙʫʯʘʶʱʠʝ ʟʘʜʘʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʧʦʣʫʯʘʪʴ ʩ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʥʦʩʠʪʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʚʥʠʤʘʥʠʝ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʦʩʪʘʚʣʷʝʪ ʦʙʫʯʘʶʱʠʭʩʷ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʥʝʵʣʝʢʪʨʦʥʥʦʤ ʧʦʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʞʝ 

ʦʙʫʯʝʥʠʷ ʠ ʧʝʨʝʭʦʜ ʢ ʧʨʦʛʨʘʤʤʥʳʤ ʩʨʝʜʩʪʚʘʤ ʦʙʫʯʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʛʨʫʞʝʥʠʝ 
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ʦʙʫʯʘʶʱʝʛʦʩʷ ʚ ʚʠʨʪʫʘʣʴʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʩʨʝʜʫ, ʜʦʚʦʣʴʥʦ ʧʨʠʚʳʯʥʫʶ ʩʦʚʨʝʤʝʥʥʦʤʫ 

ʩʪʫʜʝʥʪʫ, ʘ ʟʥʘʯʠʪ ʜʝʣʘʶʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʠ ʢʦʤʬʦʨʪʥʳʤ. ʅʝ ʤʝʥʝʝ 

ʚʘʞʥʦ, ʯʪʦ ʪʘʢʦʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʙʳʩʪʨʦʝ 

ʜʦʩʪʠʞʝʥʠʝ ʢʦʥʝʯʥʦʡ ʮʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ï ʧʦʣʫʯʝʥʠʝ ʧʨʦʯʥʳʭ ʟʥʘʥʠʡ ʠ ʟʘʢʨʝʧʣʝʥʠʝ 

ʧʨʘʢʪʠʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘʚʳʢʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ 

ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʚʨʝʤʝʥʠ, 

ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ ʦʙʫʯʝʥʠʝ, ʧʨʦʚʦʜʠʤʦʛʦ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʦʡ ʠ ʧʨʠʚʳʯʥʦʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʢʦʣʝʥʠʷ ʦʙʫʯʘʶʱʠʭʩʷ, ʘʢʪʠʚʥʦ ʦʩʚʘʠʚʘʶʱʝʛʦ 

ʤʠʨ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. 
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É ɼʴʷʯʢʦʚ ɺ.ʇ., ʃʦʛʠʥʦʚ ɼ.ɸ., 2026  
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ʋɼʂ 37.01 

ɽʛʦʨʦʚʘ ʖ.ʅ. 

ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʝʤʝʥʦʚ ɹ.ʀ. 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʏʝʙʦʢʩʘʨʩʢʠʡ ʢʦʦʧʝʨʘʪʠʚʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ)  

ɸʅʆʆ ɺʆ ʎʝʥʪʨʦʩʦʶʟʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ çʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʢʦʦʧʝʨʘʮʠʠè 

ʛ. ʏʝʙʦʢʩʘʨʳ, ʈʦʩʩʠʷ 

 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʅɽʂʆʊʆʈʓʍ ʉʈɽɼʉʊɺ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ 

ʀʅʊɽʃʃɽʂʊɸ ɺ ʆɹʋʏɽʅʀʀ ʉʊʋɼɽʅʊʆɺ ʇʈʆɽʂʊʀʈʆɺɸʅʀʖ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ), ʦʭʚʘʪʳʚʘʶʱʠʡ ʢʘʢ ʧʨʦʛʨʘʤʤʥʳʝ ʬʨʝʡʤʚʦʨʢʠ ʠ ʙʠʙʣʠʦʪʝʢʠ 

(ʪʘʢʠʝ ʢʘʢ TensorFlow, PyTorch, Scikit-learn), ʪʘʢ ʠ ʦʙʣʘʯʥʳʝ ʧʣʘʪʬʦʨʤʳ (ʚʢʣʶʯʘʷ Google AI, 

AWS AI/ML ʠ Microsoft Azure AI). ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʧʦʜʜʝʨʞʢʝ ʩʦʦʙʱʝʩʪʚʘ ʠ ʫʜʦʙʩʪʚʫ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʚʳʙʦʨʫ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ), ʛʝʥʝʨʘʮʠʷ ʜʠʘʛʨʘʤʤ, ʙʝʩʧʣʘʪʥʳʡ 

ʩʝʨʚʠʩ çgeekbot.ruè, ʙʝʩʧʣʘʪʥʳʡ ʩʝʨʚʠʩ çchat.qwen.aiè, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʜʠʘʛʨʘʤʤʳ ʚ ʥʦʪʘʮʠʠ UML, ̫ ʟʳʢʦʚʳʝ ʤʦʜʝʣʠ (Large Language Models LLM s). 

 

ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

(ʀʀ) ʧʨʝʚʨʘʪʠʣʩʷ ʠʟ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ 

ʜʨʘʡʚʝʨʦʚ ʠʥʥʦʚʘʮʠʡ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʝ, ʬʠʥʘʥʩʘʭ ʠ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 

ɺʦʟʨʘʩʪʘʝʪ ʥʝ ʪʦʣʴʢʦ ʠʥʪʝʨʝʩ ʢ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʀʀ, ʥʦ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. ʉʦʚʨʝʤʝʥʥʳʡ ʨʘʟʨʘʙʦʪʯʠʢ ʠʣʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʨʝʜʩʪʚ ï ʦʪ ʦʪʢʨʳʪʳʭ ʙʠʙʣʠʦʪʝʢ ʠ 

ʬʨʝʡʤʚʦʨʢʦʚ ʜʦ ʤʦʱʥʳʭ ʦʙʣʘʯʥʳʭ ʧʣʘʪʬʦʨʤ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʣʘʛʘʝʪ ʩʚʦʠ ʧʦʜʭʦʜʳ, 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ ʠ ʵʢʦʩʠʩʪʝʤʳ [1]. 

ʆʜʥʘʢʦ ʠʟʦʙʠʣʠʝ ʚʳʙʦʨʘ ʧʦʨʦʞʜʘʝʪ ʥʦʚʫʶ ʧʨʦʙʣʝʤʫ: ʢʘʢ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ? ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʟʘʚʠʩʠʪ ʦʪ 

ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ï ʤʘʩʰʪʘʙʘ ʧʨʦʝʢʪʘ, ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʫʨʦʚʥʷ 

ʧʦʜʛʦʪʦʚʢʠ ʢʦʤʘʥʜʳ, ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ ʜʘʞʝ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʦʨʛʘʥʠʟʘʮʠʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʠ ʦʙʲʝʢʪʠʚʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʦʩʪʫʧʥʳʭ ʩʨʝʜʩʪʚ ʀʀ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʦʩʥʦʚʘʥʥʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʧʨʦʚʝʩʪʠ ʚʩʝʩʪʦʨʦʥʥʝʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʚʳʷʚʠʪʴ ʠʭ ʢʣʶʯʝʚʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʚ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ. ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʭʚʘʪʳʚʘʝʪ ʢʘʢ ʣʦʢʘʣʴʥʳʝ 

ʙʠʙʣʠʦʪʝʢʠ ʤʘʰʠʥʥʦʛʦ ʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʠ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʩʦʚʨʝʤʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʀʀ-ʪʝʭʥʦʣʦʛʠʡ. 
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ʉʦʩʨʝʜʦʪʦʯʠʤʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ, ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʦ, 

ʥʘ ʪʦʤ, ʢʘʢ ʩʦʟʜʘʚʘʪʴ ʜʠʘʛʨʘʤʤʳ ʢʣʘʩʩʦʚ UML. ʀʟ ʩʫʱʝʩʪʚʫʶʱʠʭ LLM ʤʳ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ 

ʜʚʫʭ ʢʦʥʢʨʝʪʥʳʭ ʯʘʪ-ʙʦʪʘʭ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʝʛʦ ʚʦʟʤʦʞʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʤʦʱʥʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [2; 3].  

ʀʩʩʣʝʜʫʝʤʳʝ ʯʘʪ-ʙʦʪʳ: 

¶ ʙʝʩʧʣʘʪʥʳʡ ʩʝʨʚʠʩ çgeekbot.ruè 

¶ ʙʝʩʧʣʘʪʥʳʡ ʩʝʨʚʠʩ çchat.qwen.aiè 

ɼʣʷ ʵʪʦʛʦ ʤʳ ʠʩʩʣʝʜʫʝʤ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ:  

1. ʇʨʘʚʠʣʴʥʦʩʪʴ ʤʦʜʝʣʝʡ UML ʠ OCL, ʩʦʟʜʘʥʥʳʭ ʚ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʯʘʪ-ʙʦʪʘʭ. 

2. ʃʫʯʰʠʡ ʩʧʦʩʦʙ ʟʘʧʨʦʩʠʪʴ ʩʨʝʜʩʪʚʦ ʀʀ ʧʦʩʪʨʦʠʪʴ ʧʨʘʚʠʣʴʥʳʝ ʠ ʢʦʨʨʝʢʪʥʳʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʜʠʘʛʨʘʤʤʳ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʧʨʝʮʝʥʜʝʥʪʦʚ) UML. 

3. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʦʥʪʝʢʩʪʫ ʠ ʧʨʦʙʣʝʤʥʳʤ ʵʣʝʤʝʥʪʘʤ ʧʨʦʝʢʪʘ. 

ʆʜʥʘʢʦ ʤʦʜʝʣʠ, ʩʦʟʜʘʥʥʳʝ ʜʣʷ ʙʦʣʝʝ ʘʙʩʪʨʘʢʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʝ 

ʢʫʨʩʳ, ʙʳʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʩʦʚʝʨʰʝʥʥʳ. 

ʂʘʞʜʦʤʫ ʩʪʫʜʝʥʪʫ ʚʳʜʘʚʘʣʦʩʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝ. 

ʌʘʡʣʳ ʚ ʬʦʨʤʘʪʝ draw.io (ʩ ʨʘʩʰʠʨʝʥʠʝʤ .drawio) ʩʦʟʜʘʶʪʩʷ ʠ ʨʝʜʘʢʪʠʨʫʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʙʝʩʧʣʘʪʥʦʛʦ ʚʝʙ- ʠ ʥʘʩʪʦʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ Diagrams.net ï ʧʣʘʪʬʦʨʤʳ ʜʣʷ 

ʚʠʟʫʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ, ʩʭʝʤ, ʙʣʦʢ-ʩʭʝʤ, 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʢʘʨʪ ʠ ʜʨʫʛʠʭ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʡʣʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʉʦʟʜʘʥʠʝ ʥʦʚʦʡ ʜʠʘʛʨʘʤʤʳ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʟʘʧʫʩʢʘʝʪ ʧʨʠʣʦʞʝʥʠʝ (ʚ ʙʨʘʫʟʝʨʝ ʠʣʠ 

ʥʘʩʪʦʣʴʥʦʡ ʚʝʨʩʠʠ), ʚʳʙʠʨʘʝʪ ʰʘʙʣʦʥ (ʥʘʧʨʠʤʝʨ, çBlank Diagramè, UML, ʩʝʪʝʚʫʶ ʩʭʝʤʫ ʠ 

ʪ.ʜ.) ʠʣʠ ʥʘʯʠʥʘʝʪ ʩ ʯʠʩʪʦʛʦ ʭʦʣʩʪʘ. 

2. ʈʘʟʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ. ʉ ʧʦʤʦʱʴʶ ʙʦʢʦʚʦʡ ʧʘʥʝʣʠ ʩ ʙʠʙʣʠʦʪʝʢʘʤʠ ʬʠʛʫʨ 

(flowchart, AWS, Azure, Kubernetes, BPMN ʠ ʜʨ.) ʧʝʨʝʪʘʩʢʠʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʲʝʢʪʳ ʥʘ 

ʨʘʙʦʯʝʝ ʧʦʣʝ. ʕʣʝʤʝʥʪʳ ʤʦʞʥʦ ʛʨʫʧʧʠʨʦʚʘʪʴ, ʠʟʤʝʥʷʪʴ ʨʘʟʤʝʨ, ʮʚʝʪ, ʥʘʜʧʠʩʠ ʠ ʩʪʠʣʠ. 

3. ʉʦʝʜʠʥʝʥʠʝ ʠ ʘʥʥʦʪʠʨʦʚʘʥʠʝ. ʉʪʨʝʣʢʠ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʣʠʥʠʠ ʜʦʙʘʚʣʷʶʪʩʷ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʧʨʠʚʷʟʢʠ, 

ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʤʝʪʢʠ. 

4. ʉʦʭʨʘʥʝʥʠʝ ʚ ʬʦʨʤʘʪʝ .drawio. ɼʠʘʛʨʘʤʤʘ ʩʦʭʨʘʥʷʝʪʩʷ ʣʦʢʘʣʴʥʦ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʚ 

ʚʠʜʝ XML-ʬʘʡʣʘ ʩ ʨʘʩʰʠʨʝʥʠʝʤ .drawio. ɺʥʫʪʨʠ ʬʘʡʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʢʩʪʦʚʳʡ 

ʜʦʢʫʤʝʥʪ ʬʦʨʤʘʪʘ mxGraph, ʩʦʜʝʨʞʘʱʠʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ, ʠʭ 

ʩʚʦʡʩʪʚ ʠ ʚʟʘʠʤʦʩʚʷʟʝʡ. ʊʘʢʦʡ ʬʦʨʤʘʪ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʨʝʜʘʢʪʠʨʦʚʘʪʴ, ʚʝʨʩʠʦʥʠʨʦʚʘʪʴ 

(ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ Git) ʠ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʘʛʨʘʤʤʳ. 

5. ʕʢʩʧʦʨʪ ʠ ʠʥʪʝʛʨʘʮʠʷ.ʇʦʤʠʤʦ ʨʦʜʥʦʛʦ ʬʦʨʤʘʪʘ, ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʵʢʩʧʦʨʪ ʚ PNG, 

SVG, PDF, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʷ ʩ Google Drive, Dropbox, GitHub, Confluence ʠ ʜʨʫʛʠʤʠ 

ʧʣʘʪʬʦʨʤʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʘʡʣ .drawio ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʠʟʦʙʨʘʞʝʥʠʝ, ʘ ʠʥʪʝʨʘʢʪʠʚʥʘʷ, 

ʨʝʜʘʢʪʠʨʫʝʤʘʷ ʠ ʩʝʤʘʥʪʠʯʝʩʢʠ ʥʘʩʳʱʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʫʜʦʙʥʘʷ ʜʣʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ, 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. 
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ʋ ʩʦʚʨʝʤʝʥʥʳʭ LLM  ʤʦʜʝʣʝʡ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʜʠʘʛʨʘʤʤʳ ʩʨʘʟʫ ʜʣʷ 

ʦʥʣʘʡʥ ʧʘʢʝʪʦʚ ʚ ʯʠʪʘʝʤʦʤ ʠʤʠ ʬʦʨʤʘʪʘʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʜʠʘʛʨʘʤʤʳ ʩʦʟʜʘʥʥʦʡ ʚ ʯʘʪ-ʙʦʪʝ çchat.qwen.aiè [4; 5]. 

 
 

ʈʠʩ. ʌʨʘʛʤʝʥʪ ʜʠʘʛʨʘʤʤʳ  ʚ DRAW.IO (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀ) 

 

ɸ ʪʘʢʫʶ ʛʝʥʝʨʘʮʠʶ ʚʳʜʘʝʪ çgeekbot.ruè 

ñʂ ʩʦʞʘʣʝʥʠʶ, ʷ ʥʝ ʤʦʛʫ ʩʦʟʜʘʪʴ ʬʘʡʣ ʚ ʬʦʨʤʘʪʝ draw.io ʥʘʧʨʷʤʫʶ. ʗ, ʢʘʢ ʪʝʢʩʪʦʚʘʷ 

ʤʦʜʝʣʴ, ʥʝ ʠʤʝʶ ʚʦʟʤʦʞʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʚʥʝʰʥʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠʣʠ ʩʦʟʜʘʚʘʪʴ 

ʬʘʡʣʳ. 

ʆʜʥʘʢʦ ʷ ʤʦʛʫ ʧʨʝʜʦʩʪʘʚʠʪʴ ʚʘʤ ʪʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ ʜʠʘʛʨʘʤʤʳ ʚʘʨʠʘʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʚʳ ʟʘʪʝʤ ʩʤʦʞʝʪʝ ʣʝʛʢʦ ʚʦʩʩʦʟʜʘʪʴ ʚ draw.io:ò 

ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʇʨʠʤʝʥʝʥʠʝ ʀʀ ʚ ʤʘʨʢʝʪʧʣʝʡʩʝ 

ɼʝʡʩʪʚʫʶʱʠʝ ʣʠʮʘ (Actors): 

ʇʦʢʫʧʘʪʝʣʴ: ʆʩʫʱʝʩʪʚʣʷʝʪ ʧʦʠʩʢ, ʚʳʙʠʨʘʝʪ ʠ ʧʦʢʫʧʘʝʪ ʪʦʚʘʨʳ. 

ʇʨʦʜʘʚʝʮ: ʈʘʟʤʝʱʘʝʪ, ʫʧʨʘʚʣʷʝʪ ʪʦʚʘʨʘʤʠ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʘʢʘʟʳ. 

ɸʜʤʠʥʠʩʪʨʘʪʦʨ ʤʘʨʢʝʪʧʣʝʡʩʘ: ʋʧʨʘʚʣʷʝʪ ʧʣʘʪʬʦʨʤʦʡ, ʩʣʝʜʠʪ ʟʘ ʢʘʯʝʩʪʚʦʤ ʠ ʨʝʰʘʝʪ 

ʧʨʦʙʣʝʤʳ. 

ʉʠʩʪʝʤʘ ʀʀ: ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʧʨʠʤʝʥʝʥʠʝ ʀʀ-

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 

ɺʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (Use Cases): 

ɼʣʷ ʇʦʢʫʧʘʪʝʣʷ: 

ʇʦʠʩʢ ʩ ʧʦʤʦʱʴʶ ʀʀ: 

ʇʦʠʩʢ ʧʦ ʪʝʢʩʪʫ (ʫʣʫʯʰʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʘʧʨʦʩʦʚ, ʠʩʧʨʘʚʣʝʥʠʝ ʦʧʝʯʘʪʦʢ). 

ʇʦʠʩʢ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ (ʥʘʡʪʠ ʧʦʭʦʞʠʝ ʪʦʚʘʨʳ ʧʦ ʟʘʛʨʫʞʝʥʥʦʡ ʬʦʪʦʛʨʘʬʠʠ). 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʪʦʚʘʨʦʚ (ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʨʠʠ ʧʦʢʫʧʦʢ 

ʠ ʧʨʦʩʤʦʪʨʦʚ). 
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ʇʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʘʷ ʚʳʜʘʯʘ: ʀʀ ʬʠʣʴʪʨʫʝʪ ʠ ʩʦʨʪʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ, ʯʪʦʙʳ 

ʧʦʢʘʟʳʚʘʪʴ ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʝ ʪʦʚʘʨʳ. 

ʏʘʪ-ʙʦʪ ʧʦʜʜʝʨʞʢʘ: 

ʆʪʚʝʪʳ ʥʘ ʯʘʩʪʦ ʟʘʜʘʚʘʝʤʳʝ ʚʦʧʨʦʩʳ (FAQ). 

ʇʦʤʦʱʴ ʚ ʚʳʙʦʨʝ ʪʦʚʘʨʦʚ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʩ ʟʘʢʘʟʘʤʠ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʧʨʦʩʘ ʠ ʮʝʥ: ʀʀ ʦʮʝʥʠʚʘʝʪ ʙʫʜʫʱʠʡ ʩʧʨʦʩ ʠ ʧʨʝʜʣʘʛʘʝʪ ʦʧʪʠʤʘʣʴʥʦʝ 

ʚʨʝʤʷ ʜʣʷ ʧʦʢʫʧʢʠ. 

ɼʣʷ ʇʨʦʜʘʚʮʘ: 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʟʜʘʥʠʝ ʦʧʠʩʘʥʠʡ ʪʦʚʘʨʦʚ: ʀʀ ʛʝʥʝʨʠʨʫʝʪ ʦʧʠʩʘʥʠʷ ʪʦʚʘʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ (ʠʟʦʙʨʘʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ). 

ʆʧʪʠʤʠʟʘʮʠʷ ʮʝʥ: ʀʀ ʘʥʘʣʠʟʠʨʫʝʪ ʨʳʥʦʢ ʠ ʧʨʝʜʣʘʛʘʝʪ ʦʧʪʠʤʘʣʴʥʳʝ ʮʝʥʳ ʜʣʷ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʨʦʜʘʞ. 

ʀʥʩʪʨʫʤʝʥʪʳ ʘʥʘʣʠʪʠʢʠ ʧʨʦʜʘʞ: 

ɺʳʷʚʣʝʥʠʝ ʪʨʝʥʜʦʚ ʠ ʧʦʧʫʣʷʨʥʳʭ ʪʦʚʘʨʦʚ. 

ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʢʘʤʧʘʥʠʡ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʙʫʜʫʱʠʭ ʧʨʦʜʘʞ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʦʪʟʳʚʦʚ: ʀʀ ʚʳʷʚʣʷʝʪ ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʦʪʟʳʚʳ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʤʘʥʠʧʫʣʷʮʠʠ ʨʝʡʪʠʥʛʦʤ. 

ʇʝʨʩʦʥʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʠʡ ʜʣʷ ʧʦʢʫʧʘʪʝʣʝʡ: ʀʀ ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ 

ʧʨʝʜʣʦʞʝʥʠʷ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʩʝʛʤʝʥʪʦʚ ʧʦʢʫʧʘʪʝʣʝʡ. 

ɼʣʷ ɸʜʤʠʥʠʩʪʨʘʪʦʨʘ ʤʘʨʢʝʪʧʣʝʡʩʘ: 

ʆʙʥʘʨʫʞʝʥʠʝ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʪʨʘʥʟʘʢʮʠʡ: ʀʀ ʚʳʷʚʣʷʝʪ ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʧʣʘʪʝʞʠ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʤʦʰʝʥʥʠʯʝʩʪʚʦ. 

ʄʦʜʝʨʘʮʠʷ ʢʦʥʪʝʥʪʘ: 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʟʘʧʨʝʱʝʥʥʦʛʦ ʢʦʥʪʝʥʪʘ (ʠʟʦʙʨʘʞʝʥʠʷ, ʪʝʢʩʪ). 

ʄʦʥʠʪʦʨʠʥʛ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʨʘʟʤʝʱʝʥʠʷ ʢʦʥʪʨʘʬʘʢʪʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɸʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ: 

ɺʳʷʚʣʝʥʠʝ ʧʨʦʙʣʝʤ ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʠʥʪʝʨʬʝʡʩʝ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ ʧʣʘʪʬʦʨʤʳ. 

ʋʣʫʯʰʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʜʝʨʞʘʥʠʷ ʠ ʧʨʠʚʣʝʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʋʧʨʘʚʣʝʥʠʝ ʢʘʪʝʛʦʨʠʷʤʠ ʪʦʚʘʨʦʚ: ʀʀ ʧʨʝʜʣʘʛʘʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʢʘʪʝʛʦʨʠʠ ʠ 

ʧʦʜʢʘʪʝʛʦʨʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʦʚʘʨʦʚ. 

ʉʚʷʟʴ ʤʝʞʜʫ ʜʝʡʩʪʚʫʶʱʠʤʠ ʣʠʮʘʤʠ ʠ ʚʘʨʠʘʥʪʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 

ʉʦʝʜʠʥʠʪʝ ʢʘʞʜʦʛʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʣʠʮʘ ʣʠʥʠʷʤʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʘʨʠʘʥʪʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʇʦʢʫʧʘʪʝʣʴ ʙʫʜʝʪ ʩʦʝʜʠʥʝʥ ʩ ʚʘʨʠʘʥʪʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʦʠʩʢʦʤ, ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʠ ʧʦʜʜʝʨʞʢʦʡ. 

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʫʜʝʥʪʳ ʫʩʚʘʠʚʘʶʪ ʨʘʙʦʪʫ ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʀʀ 

ʫʩʧʝʰʥʦ. ʇʨʠ ʚʩʝʭ ʥʝʜʦʩʪʘʪʢʘʭ ʛʝʥʝʨʘʮʠʠ ʜʠʘʛʨʘʤʤ ʀʀ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʙʦʣʴʰʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʤʦʞʝʪ ʙʳʪʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘ ʩʪʫʜʝʥʪʘʤʠ ʚ ʪʦʤ ʯʠʩʣʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ, ʥʝ 
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ʧʨʝʪʝʥʜʫʶʱʝʝ ʥʘ ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʩʣʦʞʥʝʡʰʝʡ ʧʨʦʙʣʝʤʳ ï ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʧʦʟʚʦʣʠʣʦ ʥʘʤʝʪʠʪʴ ʜʘʣʴʥʝʡʰʠʝ ʧʫʪʠ ʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 

ʇʦʩʣʝʜʫʶʱʘʷ ʨʘʙʦʪʘ ʥʘʜ ʥʘʟʚʘʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʩʦʶʟʝ ʩʦ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʧʦʪʝʥʮʠʘʣʫ ʫʣʫʯʰʠʪ ʧʨʦʮʝʩʩʳ ʦʙʫʯʝʥʠʷ, 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʪʴ ʦʙʫʯʝʥʠʝ ʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ. 
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ʋɼʂ 004.45 

ɽʣʦʚʦʡ ʉ.ɻ. 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʈʘʛʠʤʦʚ ʈ.ʄ. 

ʩʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʪʫʨʳ 

ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

 

ʀɻʈʆɺʆɽ ʇʈʀʃʆɾɽʅʀɽ ɼʃʗ ʇʆɼʂʈɽʇʃɽʅʀʗ ʆɹʋʏɽʅʀʗ ʀʅʌʆʈʄɸʊʀʂɽ  

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʀʀ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʛʨʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʠʟʚʘʥʥʦʛʦ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʝ ʧʦʩʨʝʜʩʪʚʦʤ ʛʝʡʤʠʬʠʢʘʮʠʠ ʠ ʤʝʪʦʜʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʇʨʠʣʦʞʝʥʠʝ ʘʜʘʧʪʠʨʫʝʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʦʜ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʯʘʱʠʭʩʷ, ʠʩʧʦʣʴʟʫʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦʙ ʠʭ 

ʫʩʧʝʭʘʭ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʫʩʠʣʠʪ ʤʦʪʠʚʘʮʠʶ ʠ ʫʩʧʝʚʘʝʤʦʩʪʴ ʩʪʫʜʝʥʪʦʚ 

ʟʘ ʩʯʝʪ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠʛʨʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʡʤʠʬʠʢʘʮʠʷ, ʦʙʫʯʝʥʠʝ ʠʥʬʦʨʤʘʪʠʢʝ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, 

ʘʜʘʧʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

 

ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʚʥʦ ʠʱʝʪ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʚʳʰʝʥʠʶ 

ʤʦʪʠʚʘʮʠʠ ʠ ʫʩʧʝʚʘʝʤʦʩʪʠ ʫʯʘʱʠʭʩʷ, ʦʩʦʙʝʥʥʦ ʚ ʩʬʝʨʝ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʝ. ʆʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʛʝʡʤʠʬʠʢʘʮʠʷ ï ʧʨʠʤʝʥʝʥʠʝ ʠʛʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʝʡʤʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ 

ʢʦʛʥʠʪʠʚʥʳʝ ʠ ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʫʯʘʶʱʠʭʩʷ, ʧʦʚʳʰʘʷ ʠʭ ʤʦʪʠʚʘʮʠʶ, 

ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥʠʤʘʥʠʷ [1; 3]. 

ʊʘʢ, ʚʥʝʜʨʝʥʠʝ ʠʛʨʦʚʳʭ ʤʝʭʘʥʠʢ (ʫʨʦʚʥʠ, ʙʘʣʣʳ, ʥʘʛʨʘʜʳ, ʨʝʡʪʠʥʛʠ ʠ ʜʨ.) ʬʦʨʤʠʨʫʝʪ ʫ 

ʩʪʫʜʝʥʪʦʚ ʯʫʚʩʪʚʦ ʧʨʦʛʨʝʩʩʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʫʯʝʥʠʶ. 

ʇʨʘʢʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʧʫʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤ (Duolingo, Quizizz, Kahoot! 

ʠ ʜʨ.) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʦʩʪ ʚʦʚʣʝʯʸʥʥʦʩʪʠ ʫʯʘʱʠʭʩʷ ʥʘ 30ï40% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʫʯʝʥʠʷ [1; 2]. ɻʝʡʤʠʬʠʢʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʪʨʝʥʜʦʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʪʴ ʫʯʝʙʥʳʡ 

ʧʨʦʮʝʩʩ ʠ ʧʦʚʳʰʘʪʴ ʫʩʚʦʝʥʠʝ ʟʥʘʥʠʡ [5]. 

ʎʝʣʴ ʨʘʙʦʪʳ. 

ʆʙʦʩʥʦʚʘʪʴ ʠ ʦʧʠʩʘʪʴ ʢʦʥʮʝʧʮʠʶ ʠʛʨʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ ʧʦʜʜʝʨʞʢʦʡ ʀʀ ʜʣʷ 

ʧʦʜʢʨʝʧʣʝʥʠʷ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʝ. ʅʠʞʝ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʦʧʠʩʘʥʳ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʠ 

ʧʨʦʮʝʩʩ ʝʛʦ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʦʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪ ʚʥʝʜʨʝʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ. 

ɸʥʘʣʠʟ ɸʥʘʣʦʛʦʚ. 

ʀʥʪʝʛʨʘʮʠʷ ʠʛʨʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʀʀ ʫʞʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʷʜʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ 

[6]. ɿʘʨʫʙʝʞʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʪʘʢʠʝ ʢʘʢ Duolingo ʠ Kahoot!, ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʛʝʡʤʠʬʠʢʘʮʠʶ: ʦʥʠ ʚʥʝʜʨʷʶʪ ʫʨʦʚʥʠ, ʥʘʛʨʘʜʳ, ʩʦʨʝʚʥʦʚʘʥʠʝ ʤʝʞʜʫ ʫʯʘʱʠʤʠʩʷ, ʯʪʦ 

ʩʪʠʤʫʣʠʨʫʝʪ ʨʝʛʫʣʷʨʥʳʝ ʟʘʥʷʪʠʷ ʠ ʧʦʚʳʰʘʝʪ ʤʦʪʠʚʘʮʠʶ [7]. ʅʘʧʨʠʤʝʨ, ʧʦ ʜʘʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ Kahoot! ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʥʘ ~35% ʠ 

ʫʣʫʯʰʘʝʪ ʟʘʧʦʤʠʥʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʥʘ ~20% ʟʘ ʩʯʸʪ ʵʣʝʤʝʥʪʦʚ ʩʦʨʝʚʥʦʚʘʥʠʷ [3]. Duolingo 
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ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʦʦʱʨʝʥʠʡ: ʜʦʩʪʠʞʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʝʨʠʠ 

ʝʞʝʜʥʝʚʥʳʭ ʫʨʦʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʜʦʣʛʦʩʨʦʯʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ [3]. ʕʪʠ 

ʧʨʠʤʝʨʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʠʛʨʦʚʳʝ ʤʝʭʘʥʠʢʠ ʩʧʦʩʦʙʥʳ ʧʨʝʚʨʘʱʘʪʴ ʧʨʦʮʝʩʩ ʟʘʢʨʝʧʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʚ ʫʚʣʝʢʘʪʝʣʴʥʦʝ ʟʘʥʷʪʠʝ, ʥʘʩʳʱʝʥʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʵʤʦʮʠʷʤʠ. 

ʇʦʤʠʤʦ ʛʝʡʤʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʣʘʪʬʦʨʤ, ʟʘʤʝʪʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʘʜʘʧʪʠʚʥʳʝ 

ʦʙʫʯʘʶʱʠʝ ʩʠʩʪʝʤʳ. ʊʘʢ, ʇʦʜʢʦʣʟʠʥ ʧʨʝʜʣʦʞʠʣ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʘʜʘʧʪʠʚʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʚʫʟʦʚ [4]. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʫʩʧʝʭʠ 

ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʦʛʥʦʟʠʨʫʝʪ ʠʭ ʨʝʟʫʣʴʪʘʪʳ, ʘʜʘʧʪʠʨʫʷ ʩʦʜʝʨʞʘʥʠʝ ʢʫʨʩʘ ʧʦʜ ʠʭ ʧʦʪʨʝʙʥʦʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʧʷʪʠ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʧʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ: 

ʫʩʧʝʚʘʝʤʦʩʪʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ ʚʳʨʦʩʣʘ ʥʘ 18%, ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ 

ï ʥʘ 25%, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʥʘ 15% [4]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʇʨʦʙʣʝʤʘ: ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʥʝʨʝʜʢʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʤʦʪʠʚʠʨʫʶʪ 

ʫʯʘʱʠʭʩʷ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʫʨʦʚʥʝ ʧʦʜʛʦʪʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫ 

ʦʜʥʠʭ ʚʦʟʥʠʢʘʝʪ ʩʢʫʢʘ ʦʪ ʯʨʝʟʤʝʨʥʦ ʧʨʦʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʫ ʜʨʫʛʠʭ ï ʬʨʫʩʪʨʘʮʠʷ ʠʟ-ʟʘ 

ʩʣʦʞʥʦʩʪʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʳ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʙʳ 

ʧʦʜʢʨʝʧʣʷʣʠ ʦʙʫʯʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʘʜʘʧʪʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜ ʢʘʞʜʦʛʦ ʫʯʝʥʠʢʘ ʠ 

ʧʦʜʜʝʨʞʠʚʘʣʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʤʦʪʠʚʘʮʠʠ. 

ɻʠʧʦʪʝʟʘ ʨʝʰʝʥʠʷ: ʩʦʯʝʪʘʥʠʝ ʛʝʡʤʠʬʠʢʘʮʠʠ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʧʦʟʚʦʣʠʪ 

ʩʦʟʜʘʪʴ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʫʯʝʥʠʢ, ʠʟʫʯʘʶʱʠʡ ʠʥʬʦʨʤʘʪʠʢʫ, ʙʫʜʝʪ ʘʢʪʠʚʥʦ ʚʦʚʣʝʯʸʥ ʚ 

ʦʙʫʯʝʥʠʝ ʠ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣ, ʦʧʪʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʛʦ ʫʨʦʚʥʶ. ʀʛʨʦʚʦʝ 

ʧʨʠʣʦʞʝʥʠʝ ʩ ʧʦʜʜʝʨʞʢʦʡ ʀʀ ʜʦʣʞʥʦ ʧʨʝʜʦʩʪʘʚʣʷʪʴ:  

1. ɸʜʘʧʪʠʚʥʦʩʪʴ: ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʧʦʜʩʪʨʦʡʢʫ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʥʠʡ ʠ ʧʦʜʩʢʘʟʦʢ ʥʘ ʦʩʥʦʚʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʫʯʘʱʝʛʦʩʷ (ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ). 

ʄʦʪʠʚʘʮʠʶ: ʠʛʨʦʚʳʝ ʟʘʜʘʥʠʷ, ʥʘʛʨʘʜʳ ʠ ʢʦʥʢʫʨʩʳ, ʧʨʝʚʨʘʱʘʶʱʠʝ ʧʨʘʢʪʠʢʫ ʧʦ 

ʠʥʬʦʨʤʘʪʠʢʝ ʚ ʫʚʣʝʢʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩʦʧʝʨʥʠʯʝʩʪʚʘ ʠ ʜʦʩʪʠʞʝʥʠʡ. 

2. ʅʘʛʣʷʜʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ: ʤʛʥʦʚʝʥʥʳʝ ʧʦʜʩʢʘʟʢʠ ʠ ʨʘʟʙʦʨ ʦʰʠʙʦʢ ʦʪ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʢʘʢ ʚʠʨʪʫʘʣʴʥʳʡ ʥʘʩʪʘʚʥʠʢ. 

ʎʝʣʴ ʨʘʟʨʘʙʦʪʢʠ: ʩʦʟʜʘʪʴ ʧʨʦʪʦʪʠʧ ʠʛʨʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʠʥʪʝʛʨʠʨʫʶʱʝʛʦ 

ʘʜʘʧʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʝ ʩ ʠʛʨʦʚʳʤʠ ʤʝʭʘʥʠʢʘʤʠ. ʇʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ 

ʧʦʤʦʯʴ ʰʢʦʣʴʥʠʢʘʤ ʟʘʢʨʝʧʣʷʪʴ ʟʥʘʥʠʷ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʚ ʬʦʨʤʝ ʠʛʨʳ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: (1) ʨʘʟʨʘʙʦʪʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʠʣʦʞʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʤʦʜʫʣʠ 

ʛʝʡʤʠʬʠʢʘʮʠʠ ʠ ʀʀ; (2) ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʜʠʘʛʨʘʤʤ; (3) 

ʦʧʨʝʜʝʣʠʪʴ ʦʞʠʜʘʝʤʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ ʦʪ ʚʥʝʜʨʝʥʠʷ ʧʨʠʣʦʞʝʥʠʷ. 

ʆʧʠʩʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʨʦʮʝʩʩʘ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʠ ʣʦʛʠʢʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʠʛʨʦʚʦʤ 

ʧʨʠʣʦʞʝʥʠʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ (DFD) ʚ ʥʦʪʘʮʠʠ ɻʝʡʥʘïʉʘʨʩʦʥʘ ʥʘ 

ʪʨʸʭ ʫʨʦʚʥʷʭ ʜʝʢʦʤʧʦʟʠʮʠʠ. 

ʂʦʥʪʝʢʩʪʥʘʷ DFD (ʫʨʦʚʝʥʴ 0) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʆʥʘ ʦʪʦʙʨʘʞʘʝʪ ʚʥʝʰʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ: ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʠʛʨʦʚʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʯʝʨʝʟ 
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ʨʝʛʠʩʪʨʘʮʠʶ, ʚʳʙʦʨ ʪʝʤʳ ʠ ʧʨʦʭʦʞʜʝʥʠʝ ʫʨʦʚʥʷ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʣʦʞʝʥʠʝ ʦʙʤʝʥʠʚʘʝʪʩʷ ʜʘʥʥʳʤʠ ʩ ʚʥʝʰʥʠʤ ʤʦʜʫʣʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʯʝʨʝʟ API, ʟʘʧʨʘʰʠʚʘʷ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʟʘʜʘʥʠʷ ʠ ʚʳʛʨʫʞʘʷ ʨʝʟʫʣʴʪʘʪʳ. ʅʘ 

ʵʪʦʡ ʜʠʘʛʨʘʤʤʝ ʧʨʠʣʦʞʝʥʠʝ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʝʜʠʥʳʡ ʧʨʦʮʝʩʩ, ʧʨʠʥʠʤʘʶʱʠʡ ʚʭʦʜʳ ʦʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʀʀ, ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʠʭ ʠ ʚʦʟʚʨʘʱʘʶʱʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʭʦʜʥʳʝ 

ʜʘʥʥʳʝ.  

 

 
 

ʈʠʩ. 1. DFD ɼʠʘʛʨʘʤʤʘ (ʫʨʦʚʝʥʴ 0) 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ DFD ʫʨʦʚʥʷ 1 ï ʜʝʢʦʤʧʦʟʠʮʠʷ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠʣʦʞʝʥʠʷ. 

ɺʳʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʙʣʦʢʠ: 

1 ï ʘʚʪʦʨʠʟʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

2 ï ʚʳʙʦʨ ʪʝʤʳ; 

3 ï ʧʝʨʚʠʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ; 

4 ï ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʟʥʘʥʠʡ; 

5 ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʜʘʥʠʡ; 

6 ï ʦʙʤʝʥ ʩ ʚʥʝʰʥʠʤ ʀʀ-ʩʝʨʚʠʩʦʤ; 

7 ï ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʡ; 

8 ï ʦʙʥʦʚʣʝʥʠʝ ʧʨʦʬʠʣʷ ʠ ʟʘʚʝʨʰʝʥʠʝ ʫʨʦʚʥʷ. 

ʂʘʞʜʳʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʘʝʪ ʠ ʧʝʨʝʜʘʸʪ ʜʘʥʥʳʝ ʯʝʨʝʟ ʧʦʪʦʢʠ, ʚʢʣʶʯʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʭʨʘʥʠʣʠʱʘʤʠ: ʨʝʟʫʣʴʪʘʪʦʚ, ʪʝʤ ʦʙʫʯʝʥʠʷ, ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʧʨʦʡʜʝʥʥʳʤ ʪʝʤʘʤ ʠ ʟʘʧʨʦʩʦʚ ʜʣʷ 

ʀʀ. ʅʘʧʨʠʤʝʨ, ʤʦʜʫʣʴ 4 ʧʦʣʫʯʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʷʝʪ ʪʝʢʫʱʠʡ 

ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʦʜʫʣʝ 5 ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʟʘʜʘʥʠʡ. ɿʘʜʘʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʯʝʨʝʟ ʙʣʦʢ 7, ʛʜʝ ʦʥʠ ʚʳʧʦʣʥʷʶʪʩʷ, ʠ ʜʘʣʝʝ 
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ʜʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʦʙʨʘʪʥʦ ʚ ʩʠʩʪʝʤʫ. ɼʠʘʛʨʘʤʤʘ ʧʦʢʘʟʳʚʘʝʪ ʟʘʤʢʥʫʪʫʶ ʣʦʛʠʢʫ, ʚ ʢʦʪʦʨʦʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚʣʠʷʝʪ ʥʘ ʘʜʘʧʪʘʮʠʶ ʢʦʥʪʝʥʪʘ. 

 

 
 

ʈʠʩ. 2. ɼʝʢʦʤʧʦʟʠʮʠʷ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ 
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ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʜʝʢʦʤʧʦʟʠʨʦʚʘʥ ʚ DFD ʫʨʦʚʥʷ 2 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 3. ɿʜʝʩʴ ʧʨʦʮʝʩʩʳ ʦʙʦʟʥʘʯʝʥʳ ʠʥʜʝʢʩʘʤʠ 7.1ï7.4: 

ï ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʀʀ-ʩʝʨʚʠʩʦʤ (ʟʘʧʨʦʩ ʛʝʥʝʨʘʮʠʠ ʟʘʜʘʥʠʷ, ʧʦʣʫʯʝʥʠʝ ʟʘʜʘʯ); 

ï ʦʪʦʙʨʘʞʝʥʠʝ ʟʘʜʘʥʠʡ ʯʝʨʝʟ ʠʛʨʦʚʦʡ ʠʥʪʝʨʬʝʡʩ; 

ï ʧʨʦʚʝʨʢʘ ʦʪʚʝʪʘ; 

ï ʟʘʚʝʨʰʝʥʠʝ ʫʨʦʚʥʷ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ ʦʪʚʝʪ, ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʙʣʦʢ 7.3. ʊʘʤ ʦʥ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ 

ʵʪʘʣʦʥʥʳʤ ʨʝʰʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʦʪ ʀʀ. ɺ ʩʣʫʯʘʝ ʚʝʨʥʦʛʦ ʦʪʚʝʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ 

ʙʣʦʢʫ 7.4, ʛʜʝ ʬʠʢʩʠʨʫʝʪʩʷ ʟʘʚʝʨʰʝʥʠʝ ʫʨʦʚʥʷ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ. ɼʘʥʥʘʷ 

ʜʠʘʛʨʘʤʤʘ ʧʦʢʘʟʳʚʘʝʪ ʣʦʛʠʢʫ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ çʟʘʜʘʥʠʝ ï ʨʝʰʝʥʠʝ ï ʧʨʦʚʝʨʢʘ ï ʨʝʟʫʣʴʪʘʪè, 

ʚ ʢʦʪʦʨʦʤ ʀʀ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʚʳʙʦʨʝ ʠ ʧʨʦʚʝʨʢʝ ʤʘʪʝʨʠʘʣʘ. 

 

 
 

ʈʠʩ. 3. ɼʝʢʦʤʧʦʟʠʮʠʷ ʧʨʦʮʝʩʩʘ (ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ) 

 

ɺʳʚʦʜʳ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʠʷ ʠʛʨʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʦʙʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʪʠʢʝ, ʩʦʯʝʪʘʶʱʝʛʦ ʤʝʭʘʥʠʟʤʳ ʛʝʡʤʠʬʠʢʘʮʠʠ ʩ ʘʜʘʧʪʠʚʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ: ʛʝʡʤʠʬʠʢʘʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʤʦʪʠʚʘʮʠʶ ʠ ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʦʙʫʯʘʶʱʠʭʩʷ, ʘ 

ʧʨʠʤʝʥʝʥʠʝ ʀʀ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʩʦʥʘʣʠʟʘʮʠʶ ʦʙʫʯʝʥʠʷ ʠ ʨʦʩʪ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ (DFD), ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʘʨʭʠʪʝʢʪʫʨʫ ʨʝʰʝʥʠʷ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ. 
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ɽʣʦʚʦʡ ʉ.ɻ. 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɻʘʣʘʡʪʘʪʘ ɽ.ʉ. 

ʩʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʪʫʨʳ 

ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

 

ɺɽɹ-ʉɸʁʊ ɼʃʗ ʀʅɼʀɺʀɼʋɸʃʔʅʆɻʆ ʇʆɼɹʆʈɸ ʂʆʉʄɽʊʀʏɽʉʂʀʍ ʉʈɽɼʉʊɺ 

ɿɸ ʂʆɾɽʁ ʃʀʎɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʝʢʪ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-

ʩʘʡʪʘ çClearSkinè. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʧʦʣʫʯʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʭʦʜʫ ʟʘ ʢʦʞʝʡ ʥʘ ʦʩʥʦʚʝ ʦʪʚʝʪʦʚ ʚ ʦʧʨʦʩʝ, 

ʯʪʦ ʩʜʝʣʘʝʪ ʚʳʙʦʨ ʢʦʩʤʝʪʠʢʠ ʙʦʣʝʝ ʦʩʦʟʥʘʥʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ. ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʘʥʘʣʦʛʦʚ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʚʳʷʚʣʝʥʳ ʦʪʣʠʯʠʷ, ʘ ʪʘʢʞʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʡ ʠʟ ʩʠʩʪʝʤ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʘʥʘʣʦʛʠ 

ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʥʦʩʪʴʶ ʦʭʚʘʪʠʪʴ ʨʝʰʝʥʠʝ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʙ-ʩʘʡʪʘ ʧʦʟʚʦʣʠʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 

ʦʪʚʝʯʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʨʘʤʢʘʭ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʮʠʬʨʦʚʳʭ 

ʨʝʰʝʥʠʡ, ʘʥʘʣʦʛʠʯʥʳʭ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʢʘʞʜʦʡ ʠʟ ʩʠʩʪʝʤ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʚʢʣʶʯʘʣʦ ʬʦʨʤʘʣʠʟʘʮʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ BPMN-ʥʦʪʘʮʠʠ ʠ ʩʦʟʜʘʥʠʝ 

ʤʦʜʝʣʝʡ ʥʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʤ ʷʟʳʢʝ UML. ʈʘʟʨʘʙʦʪʘʥʘ ʜʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʦʪʨʘʞʘʶʱʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʜʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ, ʜʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʘʨʭʠʪʝʢʪʫʨʫ ʚʝʙ-ʩʘʡʪʘ, ʠ ʙʘʟʘ 

ʜʘʥʥʳʭ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɺ ʨʘʤʢʘʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʜʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢʞʝ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩʦʟʜʘʥ ʢʣʠʢʘʙʝʣʴʥʳʡ ʧʨʦʪʦʪʠʧ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ 

Figma, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʙ-ʩʘʡʪ, ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ, ʦʧʨʦʩ, ʨʝʢʦʤʝʥʜʘʮʠʠ, ʠʥʪʝʨʬʝʡʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʨʝʩʫʨʩʘ, 

ʢʦʪʦʨʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʙʠʨʘʝʪ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʫʭʦʜʘ ʟʘ ʢʦʞʝʡ ʣʠʮʘ ʥʘ 

ʦʩʥʦʚʝ ʦʪʚʝʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʚʦʧʨʦʩʳ ʦ ʩʦʩʪʦʷʥʠʠ ʝʛʦ ʢʦʞʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʤʦʞʝʪ 

ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ ʧʨʠ ʚʳʙʦʨʝ ʢʦʩʤʝʪʠʢʠ ʠ ʩʜʝʣʘʪʴ ʫʭʦʜ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ.  

ʂʦʞʘ ʯʝʣʦʚʝʢʘ ï ʵʪʦ ʫʥʠʢʘʣʴʥʳʡ ʦʨʛʘʥ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʤʥʦʞʝʩʪʚʦ ʞʠʟʥʝʥʥʦ 

ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʥʘ ʩʣʫʞʠʪ ʟʘʱʠʪʥʳʤ ʙʘʨʴʝʨʦʤ, ʦʙʝʨʝʛʘʷ ʦʨʛʘʥʠʟʤ ʦʪ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ï ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʝʨʝʧʘʜʦʚ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʟʘʛʨʷʟʥʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʞʘ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ, ʜʳʭʘʥʠʷ 

ʠ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ. ɽʝ ʩʦʩʪʦʷʥʠʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʥʘʰʝ ʩʘʤʦʯʫʚʩʪʚʠʝ ʠ ʚʥʝʰʥʠʡ ʚʠʜ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʢʦʞʘ ʣʠʮʘ ï ʩʘʤʘʷ ʟʘʤʝʪʥʘʷ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʘʷ 

ʯʘʩʪʴ ʥʘʰʝʛʦ ʪʝʣʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʫʯʘʩʪʢʦʚ, ʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʩʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʠ ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʫʭʦʜʘ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʜʝʨʤʘʪʦʣʦʛʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʘʚʠʣʴʥʳʡ ʫʭʦʜ ʟʘ ʢʦʞʝʡ ʣʠʮʘ 
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ʩʧʦʩʦʙʝʥ ʥʝ ʪʦʣʴʢʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʝ ʟʜʦʨʦʚʴʝ, ʥʦ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ 

ʩʪʘʨʝʥʠʝ, ʩʦʭʨʘʥʷʷ ʤʦʣʦʜʦʩʪʴ ʠ ʩʚʝʞʝʩʪʴ ʥʘ ʜʦʣʛʠʝ ʛʦʜʳ. 

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʦʛʦʚ. ɺʳʙʨʘʥʦ ʯʝʪʳʨʝ ʦʮʝʥʦʯʥʳʭ ʢʨʠʪʝʨʠʷ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʨʝʰʝʥʠʡ [2]: 

1) ʈʘʟʥʦʦʙʨʘʟʠʝ ʙʨʝʥʜʦʚ ï ʕʪʦʪ ʢʨʠʪʝʨʠʡ ʦʧʨʝʜʝʣʷʝʪ ʰʠʨʦʪʫ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʬʦʨʤʠʨʫʝʤʳʭ ʧʦʜʙʦʨʢʘʭ ʫʭʦʜʦʚʳʭ ʩʨʝʜʩʪʚ. 

ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʚʳʙʦʨʘ ʠ ʧʦʪʝʥʮʠʘʣ 

ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʢʦʩʤʝʪʠʢʠ. 

2) ʆʧʠʩʘʥʠʝ ʵʪʘʧʦʚ ʧʦʜʦʙʨʘʥʥʦʛʦ ʫʭʦʜʘ ï ʂʨʠʪʝʨʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ 

ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʨʘʟʲʷʩʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʧʨʦʮʝʜʫʨ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʦʞʠ. 

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: 

ʊʘʙʣʠʮʘ  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

 

ɸʥʘʣʦʛ/ 
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[1] 

art-fact-

products.com [7] 

ClearSkin 

(ʤʦʷ ʀʉ) 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʙʨʝʥʜʦʚ - - - + 

ʆʧʠʩʘʥʠʝ ʵʪʘʧʦʚ 

ʧʦʜʦʙʨʘʥʥʦʛʦ ʫʭʦʜʘ 
- - + + 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʠʧʘʭ ʢʦʞʠ 
+ + + + 

ʋʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ + + - + 

 

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. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ UML-

ʜʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʝʙ-ʩʘʡʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1 

[4; 5]. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʥʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ çClearSkinè [3]. 

https://geltek.ru/
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

 

 
 

ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

147 

ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ. ʅʘ ʨʠʩʫʥʢʝ 3 ʦʪʦʙʨʘʞʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʯʝʪʳʨʝʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʪʘʙʣʠʮ. ʎʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʥʠʤʘʝʪ 

ʪʘʙʣʠʮʘ çʇʨʦʜʫʢʪè, ʢʦʪʦʨʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʨʝʤʷ ʩʧʨʘʚʦʯʥʳʤʠ ʪʘʙʣʠʮʘʤʠ: çɹʨʝʥʜè, 

çʕʪʘʧè ʠ çʊʠʧ_ʢʦʞʠè. ɺ ʪʘʙʣʠʮʝ çɹʨʝʥʜè ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ 

ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, çʕʪʘʧè ʩʦʜʝʨʞʠʪ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʩʪʫʧʝʥʝʡ ʫʭʦʜʦʚʦʛʦ ʨʠʪʫʘʣʘ, ʘ 

çʊʠʧ_ʢʦʞʠè ï ʢʘʪʝʛʦʨʠʠ ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂʣʶʯʝʚʘʷ ʪʘʙʣʠʮʘ çʇʨʦʜʫʢʪè 

ʘʢʢʫʤʫʣʠʨʫʝʪ ʩʚʝʜʝʥʠʷ ʦ ʥʘʠʤʝʥʦʚʘʥʠʠ ʢʦʩʤʝʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ, ʝʛʦ ʚʠʟʫʘʣʴʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ, ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʦ ʧʨʠʤʝʥʝʥʠʶ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʩʩʳʣʢʠ ʥʘ ʩʚʷʟʘʥʥʳʝ 

ʩʫʱʥʦʩʪʠ ʯʝʨʝʟ ʚʥʝʰʥʠʝ ʢʣʶʯʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʨʨʝʣʷʮʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʙʨʝʥʜʦʤ, 

ʩʪʘʜʠʝʡ ʫʭʦʜʘ ʠ ʪʠʧʦʤ ʢʦʞʠ. 

 

 
 

ʈʠʩ. 3. ʉʭʝʤʘ ʙʘʟʳ ʜʘʥʥʳʭ 

 

ʉ ʧʦʤʦʱʴʶ ʧʣʘʪʬʦʨʤʳ Figma ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʣʠʢʘʙʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ ʚʝʙ-ʩʘʡʪʘ ʜʣʷ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʙʦʨʘ ʧʦʵʪʘʧʥʦʛʦ ʫʭʦʜʘ ʟʘ ʢʦʞʝʡ ʣʠʮʘ çClearSkinè, ʨʝʟʫʣʴʪʘʪ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 4ï6 [8; 9]. 
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ʈʠʩ. 4. ʇʨʦʪʦʪʠʧ ʠʥʪʝʨʬʝʡʩʘ ʚʝʙ-ʩʘʡʪʘ çClearSkinè 

 

 
 

ʈʠʩ. 5. ʇʨʠʤʝʨ ʩʪʨʘʥʠʮʳ ʦʧʨʦʩʘ 
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ʈʠʩ. 6. ʈʘʟʜʝʣ ʚʝʙ-ʩʘʡʪʘ çʇʦʣʝʟʥʦ ʟʥʘʪʴè 

 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ. ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʢʦʞʠ ʨʝʘʣʠʟʫʝʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ 

ʧʦʜʭʦʜ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʪʚʝʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ 

ʦʧʨʦʩʝ. ʂʘʞʜʦʤʫ ʚʦʟʤʦʞʥʦʤʫ ʪʠʧʫ ʢʦʞʠ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʙʫʢʚʝʥʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠʟ ʥʘʙʦʨʘ 

A, B, C, D. ʅʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʩʠʩʪʝʤʳ ʢʘʞʜʳʡ ʚʘʨʠʘʥʪ ʦʪʚʝʪʘ ʚ ʘʥʢʝʪʝ ʧʦʣʫʯʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʚʝʩ ʚ ʧʨʦʮʝʥʪʘʭ ʠ ʥʘʙʦʨ ʢʦʜʦʚ ʨʝʣʝʚʘʥʪʥʳʭ ʪʠʧʦʚ ʢʦʞʠ, ʢʦʪʦʨʳʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʡ ʦʪʚʝʪ. 

ɺ ʧʨʦʮʝʩʩʝ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪʚʝʯʘʝʪ ʥʘ ʚʦʧʨʦʩʳ ʩʠʩʪʝʤʳ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʧʨʦʩʘ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʢʦʞʠ ʚʳʯʠʩʣʷʝʪʩʷ ʩʫʤʤʘʨʥʳʡ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʚʝʩ 

ʥʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʦʪʚʝʪʦʚ. ʀʪʦʛʦʚʳʡ ʪʠʧ ʢʦʞʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʪʦʪ, 

ʢʦʪʦʨʳʡ ʥʘʙʨʘʣ ʥʘʠʙʦʣʴʰʫʶ ʩʫʤʤʘʨʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʩʨʝʜʠ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʘʪʝʛʦʨʠʡ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʫʯʝʥʥʦʛʦ ʪʠʧʘ ʢʦʞʠ, ʚʳʚʦʜʷʪʩʷ ʧʦʜʭʦʜʷʱʠʝ ʥʘʙʦʨʳ ʢʦʩʤʝʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ. 

ɺʝʨʠʬʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚʝʙ-ʩʘʡʪ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʧʦʜʪʚʝʨʞʜʝʥʥʫʶ ʚ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʢʦʞʠ 93%, ʚ 

ʪʝʩʪʠʨʦʚʘʥʠʠ ʫʯʘʩʪʚʦʚʘʣʠ 15 ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʈʝʢʦʤʝʥʜʘʮʠʠ ʩʠʩʪʝʤʳ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʠ 

ʧʨʦʚʝʨʝʥʳ ʧʨʠ ʫʯʘʩʪʠʠ ʪʨʝʭ ʵʢʩʧʝʨʪʦʚ-ʚʨʘʯʝʡ-ʢʦʩʤʝʪʦʣʦʛʦʚ. ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʙ-ʩʘʡʪ 

çClearSkinè ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʙʦʨʘ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʘ 

ʫʩʧʝʰʥʦ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʮʠʷ ʚʝʙ-ʩʘʡʪʘ çClearSkinè ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʙʦʨʘ 

ʢʦʩʤʝʪʠʯʝʩʢʦʛʦ ʫʭʦʜʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʘʥʘʣʠʟʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʘʥʘʣʦʛʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʛʨʘʥʠʯʝʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʠ ʥʝ ʩʧʦʩʦʙʥʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʧʦʜʭʦʜʝ ʢ ʚʳʙʦʨʫ ʢʦʩʤʝʪʠʢʠ. 
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ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʘ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʝʙ-ʨʝʩʫʨʩʫ. ʇʨʦʚʝʜʝʥʥʦʝ 

ʩʨʘʚʥʝʥʠʝ ʘʥʘʣʦʛʦʚ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʨʝʰʝʥʠʷ, 

ʚʢʣʶʯʘʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʙʨʝʥʜʦʚ, ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʵʪʘʧʦʚ ʫʭʦʜʘ ʠ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ. 

ʅʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʳʣʠ ʩʦʟʜʘʥʳ ʤʦʜʝʣʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚ ʥʦʪʘʮʠʠ BPMN, 

ʨʘʟʨʘʙʦʪʘʥʳ UML-ʜʠʘʛʨʘʤʤʳ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʢʣʠʢʘʙʝʣʴʥʳʡ ʧʨʦʪʦʪʠʧ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩ ʧʦʤʦʱʴʶ 

ʠʥʩʪʨʫʤʝʥʪʘ Figma. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ 

ʠ ʧʨʦʨʘʙʦʪʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʚʝʙ-ʩʘʡʪʘ. 
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ʋɼʂ 004.932.72'1 

ɿʠʪʮʝʨ ɼ.K. 

ʘʩʧʠʨʘʥʪ 

ʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

ʀʚʘʰʢʦ ɸ.ɻ. 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʄʆʅʆʃʀʊʅɸʗ ʀ ʄʀʂʈʆʉɽʈɺʀʉʅɸʗ ɸʈʍʀʊɽʂʊʋʈɸ.  

ʉʈɸɺʅɽʅʀɽ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ʉʀʉʊɽʄ ɺʀɼɽʆɸʅɸʃʀʊʀʂʀ 

 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʠ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ. ʆʧʠʩʘʥʘ 

ʤʝʪʦʜʠʢʘ ʥʘʛʨʫʟʦʯʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʨʝʰʝʥʠʷ. ʇʨʦʮʝʜʫʨʘ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ, ʥʘʯʠʥʘʷ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʰʝʩʪʠ RTSP-ʧʦʪʦʢʦʚ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʠʥʢʨʝʤʝʥʪʠʨʦʚʘʥʠʝʤ ʠʭ ʢʦʣʠʯʝʩʪʚʘ. ʆʧʠʩʘʥʘ 

ʘʨʭʠʪʝʢʪʫʨʘ ʩʪʝʥʜʘ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʆʙʲʝʢʪʦʤ ʘʥʘʣʠʟʘ ʚʳʩʪʫʧʠʣʘ ʟʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʧʝʨʩʦʥ 

ʢʘʢ ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʟʘʜʘʯ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʠʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʢʘʞʜʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʨʝʰʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʜʝʦʘʥʘʣʠʪʠʢʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚʠʜʝʦʘʥʘʣʠʟʘ, 

ʤʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ ʩʪʘʣʠ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʦʧʪʠʤʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ [2; 3], ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚʦʧʨʦʩʳ ʢʦʤʧʣʝʢʩʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʚʝʡʝʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʩʪʘʶʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʨʘʙʦʪʘʥʥʳʤʠ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʝʩʧʝʯʝʥʠʷ ʩʢʚʦʟʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠʦʙʨʝʪʘʝʪ ʚʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʠʜʝʦʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʚʝʡʝʨʘ. 

ɸʥʘʣʠʟ ʧʨʠʥʷʪʳʭ ʚ ʠʥʜʫʩʪʨʠʠ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʘʪʪʝʨʥʘ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʤʦʜʝʣʝʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʪʝʧʝʥʠ ʜʝʢʦʤʧʦʟʠʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʄʦʥʦʣʠʪʥʳʡ 

ʧʦʜʭʦʜ ʦʨʛʘʥʠʟʫʝʪ ʦʙʨʘʙʦʪʢʫ ʢʘʞʜʦʛʦ ʚʠʜʝʦʧʦʪʦʢʘ ʚ ʦʪʜʝʣʴʥʦʤ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʧʨʦʮʝʩʩʝ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʛʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʚʩʝ ʵʪʘʧʳ ʚʠʜʝʦʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʢʦʥʚʝʡʝʨʘ. ɺ ʪʝʦʨʠʠ ʪʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʦʪʣʘʜʢʠ, ʘ 

ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʙʣʘʛʦʜʘʨʷ ʘʚʪʦʥʦʤʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚʠʜʝʦʧʦʪʦʢʦʚ. 

ʄʠʢʨʦʩʝʨʚʠʩʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʵʪʘʧ 

ʟʘʧʫʩʢʘ ʤʦʜʝʣʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʚʳʥʦʩʠʪʩʷ ʚ ʦʪʜʝʣʴʥʳʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʝʨʚʠʩ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʩʠʩʪʝʤʳ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ ʧʦ ʩʝʪʝʚʳʤ ʧʨʦʪʦʢʦʣʘʤ. 

ɼʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ʠ ʥʝʟʘʚʠʩʠʤʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

152 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ, ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʢʦʥʪʝʢʩʪʝ 

ʩʠʩʪʝʤ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʥʦʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʦʪʩʫʪʩʪʚʫʶʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʮʝʥʠʚʘʶʱʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʥʦʣʠʪʥʦʛʦ ʠ ʤʠʢʨʦʩʝʨʚʠʩʥʦʛʦ ʧʦʜʭʦʜʦʚ ʚ ʩʠʩʪʝʤʘʭ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʥʦʞʝʩʪʚʘ ʚʠʜʝʦʧʦʪʦʢʦʚ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʤʦʜʝʣʝʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ: ʤʦʥʦʣʠʪʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʠʥʬʝʨʝʥʩʘ ʚ ʦʩʥʦʚʥʦʡ ʧʨʦʮʝʩʩ ʠ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩ 

ʚʳʥʝʩʝʥʠʝʤ ʠʥʬʝʨʝʥʩʘ ʚ ʦʪʜʝʣʴʥʳʡ ʩʝʨʚʠʩ. ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ ʚʳʨʘʙʦʪʢʫ 

ʤʝʪʦʜʠʢʠ ʚʩʝʩʪʦʨʦʥʥʝʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʚʳʷʚʣʝʥʠʝ ʫʟʢʠʭ 

ʤʝʩʪ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʠʜʝʦʜʘʥʥʳʭ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʵʪʘʧʥʳʡ ʢʦʥʚʝʡʝʨ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʘʥʥʳʭ ʦʪ ʠʩʭʦʜʥʦʛʦ ʚʠʜʝʦʧʦʪʦʢʘ ʜʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ 

ʩʦʙʳʪʠʷ [1; 5] (ʨʠʩ.).  

 

 
 

ʈʠʩ. ʊʠʧʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʢʦʥʚʝʡʝʨʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ 

 

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʚʳʩʪʫʧʘʶʪ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʢʘʤʝʨʳ ʥʘʙʣʶʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʮʠʬʨʦʚʳʚʘʶʪ ʩʮʝʥʫ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, 

ʬʦʨʤʠʨʫʶʪ ʩʞʘʪʳʡ ʚʠʜʝʦʧʦʪʦʢ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʬʦʨʤʘʪʦʚ ʢʦʜʠʨʦʚʘʥʠʷ 

(ʥʘʧʨʠʤʝʨ, H.264, H.265/HEVC, MJPEG ʠ ʜʨ.) ʠ ʧʘʢʫʶʪ ʝʛʦ ʚ ʤʝʜʠʘʢʦʥʪʝʡʥʝʨ (ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʝ, ʪʘʢʠʝ ʢʘʢ MP4, HLS, FLV) ʜʣʷ ʧʦʪʦʢʦʚʦʡ ʧʝʨʝʜʘʯʠ ʧʦ ʩʝʪʠ. ʂʘʤʝʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʩʪʨʦʝʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʯʘʩʪʦʪʫ ʢʘʜʨʦʚ (ʦʙʳʯʥʦ ʦʪ 15 ʜʦ 60 FPS), ʨʘʟʨʝʰʝʥʠʝ (ʦʪ 720p ʜʦ 

4K) ʠ ʙʠʪʨʝʡʪ. ʕʪʠ ʥʘʩʪʨʦʡʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʧʨʘʚʣʷʶʪ ʢʘʯʝʩʪʚʦʤ ʠʩʭʦʜʥʳʭ ʚʠʜʝʦʜʘʥʥʳʭ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʩʦʢʠʝ ʥʘʩʪʨʦʡʢʠ ʢʘʯʝʩʪʚʘ ʙʫʜʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ 

ʩʝʪʝʚʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʫʚʝʣʠʯʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ 

ʢʦʥʚʝʡʝʨʘ. 

ʉʞʘʪʳʡ ʠ ʫʧʘʢʦʚʘʥʥʳʡ ʚʠʜʝʦʧʦʪʦʢ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʩʝʪʠ ʥʘ ʵʪʘʧ ʜʝʢʦʜʠʨʦʚʘʥʠʷ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʜʨʦʚ ʚ ʬʦʨʤʘʪʝ ʨʘʩʪʨʦʚʳʭ 
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ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʘʣʛʦʨʠʪʤʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. 

ʇʝʨʝʜʘʯʘ ʚʠʜʝʦʧʦʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʢʦʣ ʧʦʪʦʢʦʚʦʡ ʧʝʨʝʜʘʯʠ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ (ʘʥʛʣ. real time streaming protocol, RTSP). ɼʝʢʦʜʝʨ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʧʦʪʦʢʦʚʳʝ ʜʘʥʥʳʝ 

ʩʦʛʣʘʩʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʩʪʘʥʜʘʨʪʘʤ ʢʦʜʠʨʦʚʘʥʠʷ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʮʚʝʪʝ, 

ʷʨʢʦʩʪʠ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʠʟʦʙʨʘʞʝʥʠʷ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʀʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʘʤʝʨʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʪʝʨʷ 

ʧʘʢʝʪʦʚ ʠʣʠ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʠʩʢʘʞʝʥʠʶ ʜʝʢʦʜʠʨʦʚʘʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʦʧʫʩʢʫ ʢʘʜʨʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠʣʠ ʧʦʣʥʦʡ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʜʘʥʥʳʭ. 

ʅʘ ʵʪʘʧʝ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʜʘʧʪʘʮʠʷ ʜʝʢʦʜʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʭʦʜʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʠʤʝʥʷʝʤʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. 

ʇʨʝʜʦʙʨʘʙʦʪʢʘ ʚʢʣʶʯʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʧʝʨʘʮʠʡ ʧʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ: 

ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʭʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʦʙʳʯʥʦ ʜʦ 

ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʟʨʝʰʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ 224Ĭ224, 416Ĭ416 ʠʣʠ 640Ĭ640 ʧʠʢʩʝʣʝʡ; ʥʦʨʤʘʣʠʟʘʮʠʶ 

ʟʥʘʯʝʥʠʡ ʧʠʢʩʝʣʝʡ ʚ ʜʠʘʧʘʟʦʥ [0, 1] ʠʣʠ [-1, 1]; ʮʚʝʪʦʚʫʶ ʢʦʨʨʝʢʮʠʶ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʮʚʝʪʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ (ʥʘʧʨʠʤʝʨ, ʠʟ BGR ʚ RGB). ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ 

ʚʭʦʜʥʦʡ ʪʝʥʟʦʨ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʬʦʨʤʘʪʘ, ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ, ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʤʦʜʝʣʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. 

ʀʥʬʝʨʝʥʩ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʢ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤ ʜʘʥʥʳʤ, ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʵʪʘʧʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʚʝʡʝʨʘ. ʅʘ 

ʵʪʦʤ ʵʪʘʧʝ ʚʭʦʜʥʦʡ ʪʝʥʟʦʨ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʸʚ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ: ʜʣʷ 

ʜʝʪʝʢʮʠʠ ʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ YOLO, SSD ʠʣʠ Faster R-CNN; ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï 

ResNet, EfficientNet ʠʣʠ Vision Transformer; ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ ʬʦʥʘ ï U-Net ʠʣʠ DeepLabv3. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʵʪʘʧʘ ï ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʠʟʫʘʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ ʚ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʧʨʠʛʦʜʥʫʶ ʜʣʷ ʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ. ʈʝʟʫʣʴʪʘʪʦʤ ʠʥʬʝʨʝʥʩʘ ʷʚʣʷʝʪʩʷ ʚʳʭʦʜʥʦʡ ʪʝʥʟʦʨ, 

ʩʦʜʝʨʞʘʱʠʡ ʥʝʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʥʳʝ ʯʠʩʣʦʚʳʝ ʜʘʥʥʳʝ ï çʩʳʨʳʝè ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʦʜʝʣʠ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʙʨʘʙʦʪʢʘ, ʛʜʝ ʚʳʭʦʜʥʦʡ ʪʝʥʟʦʨ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʵʪʘʧʝ 

ʠʥʬʝʨʝʥʩʘ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ, ʠʤʝʶʱʠʝ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʩʤʳʩʣ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯʠ, ʧʦʩʪʦʙʨʘʙʦʪʢʘ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ: ʧʨʠʤʝʥʝʥʠʝ ʧʦʨʦʛʘ ʫʚʝʨʝʥʥʦʩʪʠ 

(ʘʥʛʣ. score threshold) ʢ ʟʥʘʯʝʥʠʷʤ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʩʫʪʩʪʚʠʷ ʦʙʲʝʢʪʘ; ʧʦʜʘʚʣʝʥʠʝ 

ʥʝʤʘʢʩʠʤʫʤʦʚ (ʘʥʛʣ. non-maximum suppression, NMS) ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʫʙʣʠʨʫʶʱʠʭʩʷ 

ʜʝʪʝʢʮʠʡ; ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʨʘʤʦʢ (ʘʥʛʣ. 

bounding box) ʠʟ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʜʝʣʠ ʚ ʢʦʦʨʜʠʥʘʪʳ ʠʩʭʦʜʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ; ʢʘʣʠʙʨʦʚʢʫ ʚ ʨʝʘʣʴʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʤʝʨʳ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨ ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ï 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʝ ʦʙʲʝʢʪʘ, ʝʛʦ ʚʨʝʤʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʪʨʠʙʫʪʘʭ. 
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ɿʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʢʦʥʚʝʡʝʨʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ, ʢʦʪʦʨʘʷ 

ʧʨʝʦʙʨʘʟʫʝʪ ʘʥʥʦʪʠʨʦʚʘʥʥʳʝ ʦʙʲʝʢʪʳ ʚ ʢʦʥʢʨʝʪʥʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʩʦʙʳʪʠʷ. ʅʘ ʵʪʦʤ 

ʵʪʘʧʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʙʠʟʥʝʩ-ʟʘʜʘʯʠ ʧʨʦʠʩʭʦʜʠʪ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʘʥʘʣʠʟ: 

ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʘ ʧʝʨʝʩʝʯʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʣʠʥʠʡ; ʚʳʷʚʣʝʥʠʝ ʩʣʦʞʥʳʭ ʩʠʪʫʘʮʠʦʥʥʳʭ 

ʧʘʪʪʝʨʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʩʪʘʚʣʝʥʥʳʝ ʧʨʝʜʤʝʪʳ, ʘʛʨʝʩʩʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠʣʠ ʩʢʦʧʣʝʥʠʝ ʣʶʜʝʡ; 

ʩʦʭʨʘʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʪʯʝʪʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʵʪʘʧʘ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʦʙʳʪʠʷ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʧʝʨʘʪʦʨʘʤʠ ʠʣʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʂʣʶʯʝʚʳʤʠ ʤʝʪʨʠʢʘʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ ʷʚʣʷʶʪʩʷ 

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʟʘʜʝʨʞʢʘ. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʟʤʝʨʷʝʪʩʷ ʚ ʢʘʜʨʘʭ ʚ ʩʝʢʫʥʜʫ 

ʠ ʦʪʨʘʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʝʦʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ɿʘʜʝʨʞʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚʠʜʝʦʢʘʜʨʘ ʚ ʩʠʩʪʝʤʫ 

ʠ ʧʦʣʫʯʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘ ʝʛʦ ʦʙʨʘʙʦʪʢʠ. ɹʘʣʘʥʩ ʤʝʞʜʫ ʵʪʠʤʠ ʤʝʪʨʠʢʘʤʠ ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʀʩʭʦʜʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʧʨʦʚʝʜʝʥʠʝ ʜʝʪʘʣʴʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʚʫʭ ʙʘʟʦʚʳʭ ʧʘʪʪʝʨʥʦʚ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨ ʩʠʩʪʝʤ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ: 

ʤʦʥʦʣʠʪʥʦʛʦ ʠ ʤʠʢʨʦʩʝʨʚʠʩʥʦʛʦ. ʄʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʨʛʘʥʠʟʫʝʪ ʧʦʣʥʳʡ ʮʠʢʣ 

ʦʙʨʘʙʦʪʢʠ ʢʘʞʜʦʛʦ ʚʠʜʝʦʧʦʪʦʢʘ ʚ ʦʪʜʝʣʴʥʦʤ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʷ ʚʩʝ ʵʪʘʧʳ ʦʪ ʜʝʢʦʜʠʨʦʚʘʥʠʷ RTSP-ʧʦʪʦʢʘ ʜʦ ʧʨʠʤʝʥʝʥʠʷ 

ʙʠʟʥʝʩ-ʣʦʛʠʢʠ. ɺ ʪʝʦʨʠʠ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʥʘ 

ʤʝʞʧʨʦʮʝʩʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʘʚʪʦʥʦʤʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ, 

ʦʜʥʘʢʦ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʙʳʪʦʯʥʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʦʣʠʨʫʝʪ ʠʥʬʝʨʝʥʩ ʚ ʦʪʜʝʣʴʥʳʡ ʚʝʙ-ʩʝʨʚʠʩ, 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦ 

ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʩʝʪʝʚʦʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ. 

ʄʝʪʦʜʠʢʘ ʥʘʛʨʫʟʦʯʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʨʝʰʝʥʠʷ. ʇʨʦʮʝʜʫʨʘ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ, ʥʘʯʠʥʘʷ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʰʝʩʪʠ RTSP-ʧʦʪʦʢʦʚ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʠʥʢʨʝʤʝʥʪʠʨʦʚʘʥʠʝʤ ʠʭ ʢʦʣʠʯʝʩʪʚʘ. ʆʙʨʘʙʦʪʢʘ 

ʧʨʠʟʥʘʚʘʣʘʩʴ ʩʪʘʙʠʣʴʥʦʡ ʧʨʠ ʫʩʣʦʚʠʠ ʥʝʠʟʤʝʥʷʝʤʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʨʘʟʤʝʨʦʚ ʚʥʫʪʨʝʥʥʠʭ 

ʦʯʝʨʝʜʝʡ ʠ ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʥʘʛʨʫʟʦʯʥʦʛʦ ʩʢʨʠʧʪʘ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʪʝʩʪʦʚʦʛʦ ʚʠʜʝʦ, ʯʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʨʝʞʠʤʘ ʦʙʨʘʙʦʪʢʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ 

ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʠ ʧʦʢʘʟʘʪʝʣʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ. ʂʦʥʪʨʦʣʠʨʫʝʤʘʷ ʪʝʩʪʦʚʘʷ ʩʨʝʜʘ ʙʳʣʘ ʨʘʟʚʝʨʥʫʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Docker-ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʨʘʟʚʝʨʪʳʚʘʣʦʩʴ ʥʘ ʧʣʘʪʬʦʨʤʝ ʩ ʧʨʦʮʝʩʩʦʨʦʤ Intel Xeon 

(Ice Lake), ʚʢʣʶʯʘʶʱʠʤ ʚʦʩʝʤʴ ʬʠʟʠʯʝʩʢʠʭ ʷʜʝʨ ʠ ʰʝʩʪʥʘʜʮʘʪʴ ʣʦʛʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʦʙʲʝʤʦʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚ 64 ɻɹ. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚʢʣʶʯʘʣʘ 

ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ Ubuntu 22.04.3 LTS ʠ ʧʣʘʪʬʦʨʤʫ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ Docker Engine 
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ʚʝʨʩʠʠ 26.1.4. ʂʦʥʬʠʛʫʨʘʮʠʷ ʛʘʨʘʥʪʠʨʦʚʘʣʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʆʙʲʝʢʪʦʤ ʘʥʘʣʠʟʘ ʚʳʩʪʫʧʠʣʘ ʟʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʧʝʨʩʦʥ ʢʘʢ ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʟʘʜʘʯ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. ʆʙʥʘʨʫʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʠ ʣʦʢʘʣʠʟʘʮʠʶ ʮʝʣʝʚʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʠ ʩʣʫʞʠʪ ʙʘʟʠʩʦʤ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠʣʦʞʝʥʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ [4]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʝʥʥʘʷ ʤʦʜʝʣʴ person-detection-0202 ʠʟ ʢʦʣʣʝʢʮʠʠ 

ʦʪʢʨʳʪʳʭ ʤʦʜʝʣʝʡ ʙʠʙʣʠʦʪʝʢʠ OpenVINO, ʘ ʠʥʬʝʨʝʥʩ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʯʝʨʝʟ ʠʥʬʝʨʝʥʩ-ʜʚʠʞʦʢ 

OpenVINO ʚ ʘʩʠʥʭʨʦʥʥʦʤ ʨʝʞʠʤʝ. ʊʝʩʪʦʚʦʝ ʚʠʜʝʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʨʘʟʨʝʰʝʥʠʝʤ 

1920Ĭ1080 ʧʠʢʩʝʣʝʡ, ʯʘʩʪʦʪʦʡ 24 ʢʘʜʨʘ ʚ ʩʝʢʫʥʜʫ, ʢʦʜʠʨʦʚʘʥʠʝʤ H.264 ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 60 

ʩʝʢʫʥʜ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʩʪʠʨʫʝʤʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʤʝʥʷʣʩʷ ʠʜʝʥʪʠʯʥʳʡ ʥʘʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʦʥʚʝʡʝʨʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʥʦʣʠʪʥʦʡ ʠ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨ ʚʳʷʚʠʣʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʢʦʥʚʝʡʝʨʦʚ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʜʘʥʥʳʭ. 

ʄʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

24,0 FPS ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 12 ʚʠʜʝʦʧʦʪʦʢʦʚ ʚʢʣʶʯʠʪʝʣʴʥʦ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ 59,9 

ʩʝʢʫʥʜ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʨʝʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʜʦ 13 ʧʦʪʦʢʦʚ ʩʠʩʪʝʤʘ ʜʦʩʪʠʛʣʘ ʩʚʦʝʛʦ ʧʦʨʦʛʘ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʫʚʝʣʠʯʠʚ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʦ 

61,1 ʩʝʢ ʠ ʩʥʠʟʠʚ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦ 23,6 FPS. ʇʦʪʨʝʙʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʤʘʩʰʪʘʙʠʨʦʚʘʣʦʩʴ ʣʠʥʝʡʥʦ: ʦʪ 48% ʧʨʠ 6 ʢʘʥʘʣʘʭ ʜʦ 98% 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʚ 12ï13 ʢʘʥʘʣʘʭ. ʆʙʲʸʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚʦʟʨʦʩ 

ʩ 2,7 ɻɹ ʧʨʠ 6 ʢʘʥʘʣʘʭ ʜʦ 5,9 ɻɹ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 12 ʧʦʪʦʢʦʚ. ʉʨʝʜʥʷʷ ʟʘʛʨʫʟʢʘ ʩʠʩʪʝʤʳ ʧʨʠ 12 

ʢʘʥʘʣʘʭ ʜʦʩʪʠʛʘʣʘ 38,7 ʝʜʠʥʠʮ, ʯʪʦ ʧʨʝʚʳʰʘʣʦ ʢʦʣʠʯʝʩʪʚʦ ʣʦʛʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʧʨʦʮʝʩʩʦʨʘ 

(16) ʚ 2,4 ʨʘʟʘ. ʇʘʨʘʣʣʝʣʴʥʦ ʚʦʟʨʘʩʪʘʣʦ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʜʝʢʦʜʠʨʦʚʘʥʠʷ: ʩ 38 ʦʰʠʙʦʢ ʧʨʠ 

6 ʢʘʥʘʣʘʭ ʜʦ 89 ʧʨʠ 13 ʢʘʥʘʣʘʭ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʯʠʩʣʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 

ʧʦʪʦʢʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚʳʷʚʠʣʘ ʝʸ ʢʨʠʪʠʯʝʩʢʫʶ 

ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ɼʘʞʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʝ ʚ 6 ʚʠʜʝʦʧʦʪʦʢʦʚ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 90,7 ʩʝʢ ʚʤʝʩʪʦ ʪʨʝʙʫʝʤʳʭ 60 ʩʝʢ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʰʴ 15,9 FPS ʚʤʝʩʪʦ ʪʨʝʙʫʝʤʳʭ 24 FPS. ɹʦʣʝʝ 

ʪʦʛʦ, ʫʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʜʦ 12 ʧʦʪʦʢʦʚ ʥʝ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʩʪʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 15,6 FPS. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʫʤʤʘʨʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

CPU ʢʦʥʪʝʡʥʝʨʘʤʠ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ ʠ ʠʥʬʝʨʝʥʩ-ʩʝʨʚʝʨʦʤ ʩʦʩʪʘʚʠʣʦ ʪʦʣʴʢʦ 79% ʧʨʠ 12 

ʧʦʪʦʢʘʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʟʢʦʝ ʤʝʩʪʦ ʚʥʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʷʚʠʣʠʩʴ ʢʦʣʦʩʩʘʣʴʥʳʝ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʩʝʨʠʘʣʠʟʘʮʠʶ 

ʠ ʜʝʩʝʨʠʘʣʠʟʘʮʠʶ ʪʝʥʟʦʨʦʚ ʠ ʠʭ ʧʝʨʝʜʘʯʫ ʧʦ ʩʝʪʝʚʳʤ ʢʘʥʘʣʘʤ. ʇʨʠ 12 ʚʠʜʝʦʧʦʪʦʢʘʭ 

ʠʩʭʦʜʷʱʠʡ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʢʦʥʪʝʡʥʝʨʘ ʩ ʚʠʜʝʦʘʥʘʣʠʪʠʢʦʡ ʜʦʩʪʠʛʘʣ 55,5 ɻɹ, ʘ ʚʭʦʜʷʱʠʡ 

ʪʨʘʬʠʢ ʠʥʬʝʨʝʥʩ-ʩʝʨʚʝʨʘ ʩʦʩʪʘʚʣʷʣ 55,0 ɻɹ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦ ʪʦʤ, ʯʪʦ ʧʦʯʪʠ ʚʝʩʴ ʦʙʲʸʤ 
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ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ ʥʘʧʨʘʚʣʷʣʩʷ ʯʝʨʝʟ ʩʝʪʴ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʥʠʚʝʣʠʨʦʚʘʣʦ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʜʣʷ ʩʠʩʪʝʤ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʤʘʩʰʪʘʙʘ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʜʦ 12 

ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʚʠʜʝʦʧʦʪʦʢʦʚ ʩ ʮʝʣʝʚʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 24 FPS. ɼʘʥʥʳʡ ʧʦʜʭʦʜ 

ʮʝʣʝʩʦʦʙʨʘʟʝʥ ʧʨʠ ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʪʦʨʛʦʚʳʭ ʪʦʯʢʘʭ, ʦʬʠʩʥʳʭ 

ʧʦʤʝʱʝʥʠʷʭ ʠʣʠ ʥʘ ʣʦʢʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʯʠʩʣʦʤ ʢʘʤʝʨ ʥʘʙʣʶʜʝʥʠʷ, ʢʦʛʜʘ 

ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʦʪʘ ʚʥʝʜʨʝʥʠʷ, ʥʘʜʝʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʟʘʜʝʨʞʢʘ 

ʦʙʨʘʙʦʪʢʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʪʨʝʙʫʝʪ ʚʳʜʝʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ. ʊʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʩʫʨʩʦʧʦʪʨʝʙʣʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʫʙʣʠʨʦʚʘʥʠʷ 

ʚʝʩʦʚ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʚ ʧʘʤʷʪʠ ʢʘʞʜʦʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. 

ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʚ ʝʸ ʪʝʢʫʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝʧʨʠʛʦʜʥʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʩʠʩʪʝʤʘʭ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʥʠʟʢʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʆʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʦʙʲʝʤ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ, ʜʦʩʪʠʛʘʶʱʠʡ 55,5 ɻɹ ʧʨʠ 12 ʧʦʪʦʢʘʭ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʩʝʨʠʘʣʠʟʘʮʠʠ ʠ ʧʝʨʝʜʘʯʠ ʪʝʥʟʦʨʥʳʭ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʝʨʚʠʩʘʤʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʟʘʜʘʯ ʧʘʢʝʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʘʨʭʠʚʦʚ, ʛʜʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʜʝʨʞʢʘʤ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʤ ʘʥʘʣʠʟʝ 

ʘʨʭʠʚʥʳʭ ʟʘʧʠʩʝʡ ʩʠʩʪʝʤ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ ʧʦ 

ʥʘʢʦʧʣʝʥʥʳʤ ʚʠʜʝʦʜʘʥʥʳʤ. ɺ ʩʮʝʥʘʨʠʷʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ 

ʜʦʩʪʫʧʘ, ʧʦʜʩʯʝʪʘ ʧʦʩʝʪʠʪʝʣʝʡ ʠʣʠ ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʠʝʤʣʝʤʦʡ ʜʝʛʨʘʜʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 
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ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ ʧʨʦʬʝʩʩʦʨ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʄɽʊʆɼʀʂɸ ʇʈɽʇʆɼɸɺɸʅʀʗ ɼʀʉʎʀʇʃʀʅʓ  

çʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓè 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʜʠʩʮʠʧʣʠʥʳ ʥʘ ʧʨʠʤʝʨʝ ʊʶʤʝʥʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʆʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʪʦʡ ʪʝʤʘʪʠʢʠ. ʇʦʢʘʟʘʥʳ ʚʘʨʠʘʥʪʳ 

ʨʝʘʣʠʟʘʮʠʠ ʜʠʩʮʠʧʣʠʥʳ ʚ ʚʫʟʘʭ ʨʘʟʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʩʮʠʧʣʠʥʘ 

çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤè ʜʦʣʞʥʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘ ʩʪʳʢʝ ʩʣʝʜʫʶʱʠʭ 

ʦʙʣʘʩʪʝʡ ʟʥʘʥʠʷ: ʧʘʨʘʜʠʛʤʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʤʝʪʦʜʳ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ, 

ʤʝʪʦʜʦʣʦʛʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʤ. ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʦʩʪʨʦʝʥʘ ʥʘ ʙʘʟʝ ʢʥʠʛʠ ʂʨʝʛʘ ʃʘʨʤʝʥʘ çʇʨʠʤʝʥʝʥʠʝ UML ʠ ʰʘʙʣʦʥʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷè. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʙʳʣʠ ʘʜʘʧʪʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʯʘʤʠ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʧʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ. ʄʝʪʦʜʠʢʘ ʢʫʨʩʘ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʡʪʠ ʚʩʝ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘʯʠʥʘʷ ʦʪ 

ʚʳʷʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ ʠ ʢʦʥʯʘʷ ʢʦʜʠʨʦʚʘʥʠʝʤ ʇʆ. ɺ ʧʨʦʝʢʪʝ ʩʪʫʜʝʥʪ ʚʳʧʦʣʥʷʝʪ 

ʨʘʙʦʪʫ, ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʘʢʠʭ ʨʦʣʝʡ, ʢʘʢ: ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʪʠʢ, ʜʠʟʘʡʥʝʨ 

ʇʆ, ʜʠʟʘʡʥʝʨ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʜʠʨʦʚʱʠʢ ʠ ʪʝʩʪʠʨʦʚʱʠʢ. ʍʦʪʷ ʘʥʘʣʠʟ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʚʳʧʦʣʥʝʥʦ ʚ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ, ʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚ ʵʪʦʤ ʢʫʨʩʝ ʠʥʞʝʥʝʨʥʳʡ 

ʧʦʜʭʦʜ ʜʝʢʦʤʧʦʟʠʮʠʠ ʟʘʜʘʯ ʥʘ ʙʦʣʝʝ ʧʨʦʩʪʳʝ, ʚʳʧʦʣʥʷʝʤʳʡ ʚ ʨʘʤʢʘʭ ʠʥʢʨʝʤʝʥʪʥʦʡ ʠ 

ʠʪʝʨʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʨʘʟʨʘʙʦʪʢʠ ʇʆ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ 

ʦʧʳʪ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʨʘʙʦʪʝ. ʇʝʨʚʦʡ ʘʧʨʦʙʘʮʠʝʡ ʵʪʦʛʦ ʦʧʳʪʘ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʠʝ 

ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʜʠʟʘʡʥ, RUP, Agile, ʤʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʜʠʩʮʠʧʣʠʥʳ ʚ ʚʫʟʝ. 

 

ɼʠʩʮʠʧʣʠʥʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ 

ʨʘʟʣʠʯʥʦʤ ʢʦʥʪʝʢʩʪʝ: ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʜʠʩʮʠʧʣʠʥʳ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤè ʚʫʟʘʤʠ ʩʪʨʘʥʳ; ʢʦʤʧʝʪʝʥʮʠʠ, ʦʩʚʘʠʚʘʝʤʳʝ ʚʦ ʚʨʝʤʷ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ; 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʚʳʢʦʚ ʪʨʫʜʦʚʳʭ ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʢʘʞʜʳʡ ʘʩʧʝʢʪ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʦʪʥʝʩʝʥʳ Computing Curricula 2020 [13] ʢ ʦʜʥʦʤʫ ʠʟ 7 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

çʀʉ ʟʘʥʠʤʘʝʪʩʷ ʪʝʢʫʱʠʤ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʯʝʣʦʚʝʢʫ ʜʦʩʪʠʛʘʪʴ ʩʚʦʠʭ ʮʝʣʝʡ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʙʳʩʪʨʳʤʠ, 

ʵʢʦʥʦʤʠʯʥʳʤʠ, ʤʝʥʝʝ ʪʨʫʜʦʝʤʢʠʤʠ, ʙʦʣʝʝ ʯʠʩʪʳʤʠ ʠʣʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠè. ʊʘʢʞʝ 

ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʀʉ ʨʘʟʚʠʚʘʝʪ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʥʘʚʳʢʠ, ʚʘʞʥʳʝ ʜʣʷ ʚʩʝʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʜʠʩʮʠʧʣʠʥ.  

ʉʪʘʥʜʘʨʪ Computing Curricula 2020 ʦʧʨʝʜʝʣʷʝʪ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳè 9 ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ çʇʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤè, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ, ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ: çʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʀʊ-ʧʨʠʣʦʞʝʥʠʷ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʦʮʝʩʩʦʚ, ʠʥʪʝʛʨʠʨʫʶʱʠʭ 

ʘʥʘʣʠʟ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʨʝʘʣʠʟʘʮʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶè. 
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ʅʘʧʨʘʚʣʝʥʠʝ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè ʚ ʈʦʩʩʠʡʩʢʠʭ ʚʫʟʘʭ ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʝʝ 

ʤʝʩʪʦ ʩʨʝʜʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ 09 ʫʢʨʫʧʥʝʥʥʦʡ ʛʨʫʧʧʳ çʀʥʬʦʨʤʘʪʠʢʘ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè: 09.03.03 çʇʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘè ʨʝʘʣʠʟʫʝʪʩʷ ʚ 286 ʚʫʟʦʚ, ʘ 

09.03.02 çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠè ʚ 205 ʚʫʟʦʚ1. ɺ ʦʙʷʟʘʪʝʣʴʥʳʡ ʙʣʦʢ 

ʧʨʦʛʨʘʤʤ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʢʣʶʯʝʥʳ ʜʠʩʮʠʧʣʠʥʳ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤè2 ʠ çʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤè3  

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʶʪ ʚʘʞʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ 

ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʝʢʪʥʳʤʠ ʥʘʚʳʢʘʤʠ. ʀʟ 55 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʛʨʫʧʧʳ 06 çʉʚʷʟʴ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠè ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ ʪʦʣʴʢʦ 12 ʩʪʘʥʜʘʨʪʦʚ ʦʪʥʝʩʣʦ ʢ 

ʥʘʧʨʘʚʣʝʥʠʷʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʧʫʩʢʥʠʢʦʚè. 

ʇʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʧʨʦʛʨʘʤʤʠʩʪ 

(06.001) ʠ ʩʧʝʮʠʘʣʠʩʪ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (06.015). ɺ ʵʪʠʭ ʩʪʘʥʜʘʨʪʘʭ 

ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʪʨʫʜʦʚʳʝ ʬʫʥʢʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

(06.015) ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (06.001) [9].  

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʘʢʪʠʢʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʜʠʩʮʠʧʣʠʥʳ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤè [7]. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʤʝʪʘ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤè ʚ ʢʦʥʢʨʝʪʥʦʤ ʚʫʟʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʩʧʝʮʠʬʠʢʦʡ. ʉʦʩʪʘʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ [16] ʚʢʣʶʯʘʝʪ: ʘʧʧʘʨʘʪʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʜʘʥʥʳʝ, ʧʨʦʮʝʜʫʨʳ (ʧʨʦʮʝʜʫʨʳ ʜʣʷ ʣʶʜʝʡ ï ʪʦ ʞʝ, 

ʯʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ), ʣʶʜʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʤʝʪ ʠʟʫʯʝʥʠʷ 

çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤè ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʟʥʘʥʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʝʜʤʝʪʘ ʚ ʚʫʟʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨʦʤ ʢʦʤʧʦʥʝʥʪʘ ʠʟ 

ʩʦʩʪʘʚʘ ʀʉ, ʥʘ ʢʦʪʦʨʳʡ ʜʝʣʘʝʪʩʷ ʘʢʮʝʥʪ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʫʯʝʙʥʳʭ ʧʣʘʥʘʭ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʬʘʢʫʣʴʪʝʪʘʤʠ ʠʣʠ ʚʫʟʘʤʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʫʢʣʦʥʦʤ, ʫʧʦʨ ʜʝʣʘʝʪʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʤʧʦʥʝʥʪʫ ʀʉ ï çʇʨʦʮʝʜʫʨʳè. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʳʪ ʊʶʤʝʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʨʝʘʣʠʟʫʶʱʠʡ ʧʨʦʛʨʘʤʤʫ çʇʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘè. ʋʯʝʙʥʳʡ ʧʣʘʥ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʝʣʝʛʠʨʦʚʘʥʠʝ ʠʟʫʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʀʉ ʜʨʫʛʠʤ ʜʠʩʮʠʧʣʠʥʘʤʠ: çɸʥʘʣʠʟ 

ʪʨʝʙʦʚʘʥʠʡè (ʢʦʤʧʦʥʝʥʪ: ʣʶʜʠ ʠ ʧʨʦʮʝʜʫʨʳ), çʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘè (ʢʦʤʧʦʥʝʥʪ: ʘʧʧʘʨʘʪʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ), çɹʘʟʳ ʜʘʥʥʳʭè (ʢʦʤʧʦʥʝʥʪ: ʜʘʥʥʳʝ).  

ʂʦʤʧʦʥʝʥʪ çʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝè ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʜʚʫʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ 

ʫʨʦʚʥʷʭ: ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʅʘ ʧʝʨʚʦʤ 

                                                           
1 ɺʫʟʳ ʈʦʩʩʠʠ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ ï 2025. https://clck.ru/3Sxwqv 
2 ʌʋʄʆ ʚ ʩʠʩʪʝʤʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʋɻʉʅ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè ʇʨʠʤʝʨʥʘʷ 

ʦʩʥʦʚʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʅʘʧʨʘʚʣʝʥʠʝ ʧʦʜʛʦʪʦʚʢʠ (ʩʧʝʮʠʘʣʴʥʦʩʪʴ) 09.03.03 çʇʨʠʢʣʘʜʥʘʷ 

ʠʥʬʦʨʤʘʪʠʢʘè. https://clck.ru/3Sxwtq 
3 ʌʋʄʆ ʚ ʩʠʩʪʝʤʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʋɻʉʅ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè ʇʨʠʤʝʨʥʘʷ 

ʦʩʥʦʚʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʅʘʧʨʘʚʣʝʥʠʝ ʧʦʜʛʦʪʦʚʢʠ (ʩʧʝʮʠʘʣʴʥʦʩʪʴ) 09.03.02 çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠè. https://clck.ru/3Sxwtq 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʠʟʫʯʘʶʪʩʷ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʠ 

ʧʨʘʢʪʠʢʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʟʫʯʘʝʪʩʷ ʚ ʜʠʩʮʠʧʣʠʥʝ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤè, ʘ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ 

ʟʘʢʨʝʧʣʷʶʪʩʷ ʚ ʧʨʦʝʢʪʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʘʢʪʠʢʘʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʠʧʣʦʤʥʦʡ 

ʨʘʙʦʪʳ.  

ʕʪʘʧ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝè (ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʪʦʜʦʣʦʛʠʷʭ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ 

ʥʘʟʳʚʘʝʪʩʷ çɸʥʘʣʠʟ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝè [4]) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʤʝʪʦʜʦʚ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ. ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

[1] ʨʘʩʩʤʦʪʨʝʥʠʷ ʤʦʜʝʣʝʡ DFD, IDEF, ERD ʠ ʪ.ʜ. ʆʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʠʟʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʷʟʳʢʝ UML [5].  

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ ʧʦ ʧʨʝʜʤʝʪʫ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤè, ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʠʥʪʝʨʥʝʪʝ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʥʘ ʦʩʥʦʚʝ 

ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ [2; 12], ʢʦʪʦʨʳʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ. 

ʋ ʩʪʫʜʝʥʪʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʤʝʞʜʫ ʵʪʘʧʦʤ çʇʨʦʝʢʪʠʨʦʚʘʥʠʷè ʠ 

ʧʦʩʪʨʦʝʥʠʝʤ ʜʠʘʛʨʘʤʤ, ʧʨʠ ʵʪʦʤ ʩʦʟʜʘʥʥʳʝ ʩʪʫʜʝʥʪʘʤʠ ʤʦʜʝʣʠ ʥʝ ʥʘʮʝʣʝʥʳ ʥʘ ʜʦʩʪʠʞʝʥʠʷ 

ʛʣʘʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪ ʧʨʦʝʢʪʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ï ʛʦʪʦʚʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʦʧʣʦʱʝʥʠʝʤ ʚʩʝʭ ʵʪʘʧʦʚ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʫ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʨʘʟʨʘʙʦʪʢʘ ʣʶʙʦʡ ʤʦʜʝʣʝʡ ʜʦʣʞʥʘ ʧʦʜʯʠʥʷʪʴʩʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʮʝʣʠ4, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʥʳʝ ʤʦʜʝʣʠ. ɺʳʜʝʣʝʥʠʝ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʦʜʝʣʴ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʝʢʪʘ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ [3; 11]. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ, ʧʨʝʜʤʝʪ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤè 

ʜʦʣʞʝʥ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘ ʩʪʳʢʝ ʩʣʝʜʫʶʱʠʭ ʦʙʣʘʩʪʝʡ ʟʥʘʥʠʡ: ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʤʝʪʦʜʳ 

ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʤʝʪʦʜʦʣʦʛʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʤ.  

ʅʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʙʘʟʦʚʳʭ ʧʨʠʥʮʠʧʦʚ.  

1. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʤʝʪʦʜʦʣʦʛʠʡ. 

2. ʎʝʣʴʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

3. ʄʦʜʝʣʠ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳ ʚʦ ʚʨʝʤʷ ʧʨʦʝʢʪʘ, ʜʦʣʞʥʳʝ ʨʝʰʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ 

ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʝʢʪʘ. ʄʦʜʝʣʠ ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ UML 

(https://clck.ru/3SxxA9). ʄʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ, ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʷʟʘʥʳ 

ʢʦʥʪʝʢʩʪʦʤ ʨʘʟʨʘʙʦʪʢʠ. 

4. ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʨʘʟʨʘʙʦʪʢʠ ʜʦʣʞʝʥ ʙʳʪʴ ʠʪʝʨʘʮʠʦʥʥʳʤ ʠ ʠʥʢʨʝʤʝʥʪʳʤ.  

5. ɿʘʜʘʥʠʷ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʜʦʣʞʥʳ ʬʦʨʤʫʣʠʨʦʚʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʤʠ-ʧʘʨʪʥʝʨʘʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʠʟʥʝʩ-ʮʝʣʠ ʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʵʪʘʧʝ ʚʳʜʘʯʠ ʟʘʜʘʥʠʷ. 

                                                           
4 ʄ ʝʩʪʴ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ S, ʝʩʣʠ ʄ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ S ʩ ʪʦʯʥʦʩʪʴʶ ɸ [7]. 
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6. ʈʝʟʫʣʴʪʘʪ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʛʦʪʦʚʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ) 

ʚʝʨʠʬʠʮʠʨʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʜʦʤ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʜʝʣʷʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʥʘ ʢʘʞʜʦʤ 

ʵʪʘʧʝ. 

ɺ ʢʥʠʛʝ[5] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ ʧʨʠʝʤʳ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʆʆɸ/ʇ). ʇʨʦʮʝʩʩʳ ʆʆɸ/ʇ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʠʥʞʝʥʝʨʥʦʤ ʫʨʦʚʥʝ, ʚ ʢʦʥʪʝʢʩʪʝ ʤʝʪʦʜʦʣʦʛʠʠ Rational Unified Process. ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʪʨʫʜʥʳʭ ʟʘʜʘʯ ʆʆʇ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʦʚ ʨʝʘʣʠʟʘʮʠʠ. ʄʝʪʦʜʠʢʘ, ʧʨʠʚʝʜʝʥʥʘʷ 

ʂʨʝʛʦʤ ʃʘʨʤʝʥʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʥʳʡ ʠʥʞʝʥʝʨʥʳʡ ʧʦʜʭʦʜ ʚʳʜʝʣʝʥʠʷ ʵʪʠʭ ʢʣʘʩʩʦʚ ʥʘ 

ʦʩʥʦʚʝ ʠʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʠ ʰʘʙʣʦʥʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʚʟʷʪʘ ʟʘ ʦʩʥʦʚʫ 

ʨʝʘʣʠʟʘʮʠʠ ʢʫʨʩʘ çʇʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤè. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʠʢʠ ʂʨʝʛʘ ʃʘʨʤʝʥʘ ʧʦʢʘʟʘʣ ʝʝ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, 

ʢʦʪʦʨʳʝ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩʚʷʟʘʥʳ ʩ ʦʨʛʘʥʠʟʘʮʠʡ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ.     

1. ʉʪʫʜʝʥʪʳ ʚʠʜʷʪ ʧʨʠʚʷʟʢʫ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʤʦʜʝʣʝʡ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʢʦʜʫ ʪʦʣʴʢʦ 

ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʧʝʨʚʦʛʦ ʩʝʤʝʩʪʨʘ ʜʠʩʮʠʧʣʠʥʳ. ɿʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʘʥʘʣʠʟʝ, ʚʳʧʦʣʥʷʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ UML, ʠʤ ʢʘʞʫʪʩʷ ʥʘʜʫʤʘʥʥʳʤʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʦʧʘʜʘʝʪ ʤʦʪʠʚʘʮʠʷ ʠʟʫʯʝʥʠʷ ʧʨʝʜʤʝʪʘ. 

2. ʄʝʪʦʜʠʢʘ ʚʳʷʚʣʝʥʠʷ ʢʣʘʩʩʦʚ ʠ ʠʭ ʦʙʷʟʘʥʥʦʩʪʝʡ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʜʘʥʥʦʡ 

ʜʠʩʮʠʧʣʠʥʝ, ʧʨʦʪʠʚʦʨʝʯʠʪ ʠʭ ʦʧʳʪʫ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤ. ʏʘʱʝ ʚʩʝʛʦ ʩʪʫʜʝʥʪʳ ʩʦʟʜʘʶʪ 

ʢʣʘʩʩʳ ʭʘʦʪʠʯʥʦ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʨʠʥʮʠʧʘʤ SOLID. ʇʨʝʠʤʫʱʝʩʪʚʦ ʆʆʇ ʜʣʷ ʥʠʭ ʦʩʪʘʝʪʩʷ 

ʩʢʨʳʪʳʤ. 

3. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʚʷʟʘʥ ʢ ʛʨʦʤʦʟʜʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ Rational 

Unified Process, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ ʧʦʥʠʤʘʥʠʝ.  

ɼʣʷ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʦʛʨʘʤʤʳ. 

ɺ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʨʝʬʘʢʪʦʨʠʥʛ [10]. ʈʝʬʘʢʪʦʨʠʥʛ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʪʘʢ ʢʘʢ ʠʭ ʮʝʣʠ ʩʦʚʧʘʜʘʶʪ: ʩʜʝʣʘʪʴ ʢʦʜ 

ʙʦʣʝʝ ʧʨʦʩʪʳʤ, ʯʠʪʘʝʤʳʤ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʝʨʝʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʙʝʟ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʟʥʘʢʦʤʠʪʴ ʩʪʫʜʝʥʪʦʚ ʩ ʦʩʥʦʚʥʳʤʠ 

ʧʨʠʥʮʠʧʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. ʇʨʝʜʣʦʞʝʥʦ: ʧʝʨʝʜ ʥʘʯʘʣʦʤ 

ʢʫʨʩʘ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤè ʧʨʦʚʝʩʪʠ ʦʙʫʯʝʥʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, 

ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʝʬʘʢʪʦʨʠʥʛʘ. ɹʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʧʣʘʪʬʦʨʤʘ 

(https://ulearn.me/), ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ ʉʂɹ ʂʦʥʪʫʨ ʠ ʋʨʘʣʴʩʢʠʤ ʌʝʜʝʨʘʣʴʥʳʤ 

ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʜʣʷ ʦʥʣʘʡʥ-ʦʙʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ. ʉʪʫʜʝʥʪʳ ʧʨʦʭʦʜʠʣʠ ʢʫʨʩ 

çʇʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʷʟʳʢʝ C#è ʚʦ ʚʨʝʤʷ ʫʯʝʙʥʦʡ ʧʨʘʢʪʠʢʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʩʪʫʜʝʥʪ ʥʝ ʤʦʞʝʪ 

ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʦ ʦʥ ʤʦʞʝʪ 

ʧʝʨʝʧʨʦʝʢʪʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤʠ ʧʨʘʚʠʣʘʤʠ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʦʣʦʛʠʶ çɸgile Unified Processè (AUP) [14; 15], ʯʪʦ 

ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʦʧʠʩʘʥʠʝ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʘʥʘʣʠʟʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ Rational Unified 

Process (RUP). 
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ʎʝʣʴ, ʜʦʩʪʠʛʘʝʤʘʷ ʚ ʜʠʩʮʠʧʣʠʥʝ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤè, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʚʦʝʥʠʝʤ ʥʘʙʦʨʘ ʟʥʘʥʠʡ, ʥʘʚʳʢʦʚ ʠ ʢʘʯʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʪʨʫʜʦʚʳʭ ʬʫʥʢʮʠʡ [8]: 

1. ɺʳʷʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʀʉ. 

2. ɸʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʘʨʭʠʪʝʢʪʫʨʳ ʀʉ. 

4. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʪʦʪʠʧʦʚ ʀʉ. 

5. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʜʠʟʘʡʥ ʀʉ. 

6. ʈʘʟʨʘʙʦʪʢʘ ʙʘʟ ʜʘʥʥʳʭ ʀʉ. 

7. ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ ʀʉ. 

8. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʜʠʨʦʚʘʥʠʷ ʥʘ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

9. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʜʫʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʀʉ (ʚʝʨʠʬʠʢʘʮʠʠ). 

ʇʦʨʷʜʦʢ ʧʨʦʭʦʞʜʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ ʦʧʠʩʘʥ ʥʠʞʝ. 

ʉʪʫʜʝʥʪʳ ʧʦʣʫʯʘʶʪ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʚʳʧʦʣʥʝʥʥʦʝ IT ʢʦʤʧʘʥʠʝʡ (ʧʘʨʪʥʸʨ ʊʶʤʝʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ) ʨʘʥʝʝ. 

ɿʘʜʘʥʠʝ ʜʝʣʠʪʩʷ ʥʘ ʯʘʩʪʠ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʩʪʫʜʝʥʪʘʤʠ ʚ ʛʨʫʧʧʘʭ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ (ʊɿ) ʚʳʧʦʣʥʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ɻʆʉʊ 34.602ï2020 çʊʝʭʥʠʯʝʩʢʦʝ 

ʟʘʜʘʥʠʝ ʥʘ ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳè. 

ɺʳʧʦʣʥʝʥʠʝ ʧʨʦʝʢʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʫʭ ʩʝʤʝʩʪʨʘʭ (5 ʠ 6 ʩʝʤʝʩʪʨ). ɺ ʧʝʨʚʦʤ ʩʝʤʝʩʪʨʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʬʘʟʘ AUP/RUP çʅʘʯʘʣʦè, ʘ ʪʘʞʝ ʧʝʨʚʘʷ ʠʪʝʨʘʮʠʷ ʬʘʟʘ çʋʪʦʯʥʝʥʠʝè AUP/RUP. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʯʝʙʥʳʡ ʧʣʘʥ ʥʝ ʚʢʣʶʯʘʝʪ ʚʩʝ ʵʣʝʤʝʥʪʳ ʬʘʟ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʥʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʚʳʧʦʣʥʝʥʠʷ ʚʝʭ. ʌʘʢʪʠʯʝʩʢʠ, ʚ ʜʠʩʮʠʧʣʠʥʝ ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʚʥʠʤʘʥʠʝ 

ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʘʨʪʝʬʘʢʪʦʚ ʚ ʚʠʜʝ UML ʜʠʘʛʨʘʤʤ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʚ ʢʦʥʮʝ 

ʢʘʞʜʦʛʦ ʩʝʤʝʩʪʨʘ, ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʠʤʦʩʪʠ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ. ʅʝʨʘʟʨʳʚʥʘʷ 

ʩʚʷʟʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʠ ʜʠʘʛʨʘʤʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʦʩʥʦʚʘʪʴ ʮʝʣʠ ʠ 

ʟʘʜʘʯʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʘʞʜʦʡ ʠʟ ʜʠʘʛʨʘʤʤ UML. ɺ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʦʪʜʝʣʴʥʦ 

ʚʳʜʝʣʝʥʳ ʵʪʘʧʳ ʠ ʠʭ ʘʨʪʝʬʘʢʪʳ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ RUP 

ʦʧʨʝʜʝʣʝʥʘ ʜʠʩʮʠʧʣʠʥʘ çɸʥʘʣʠʟ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝè, ʘ ʚ AUP ʜʠʩʮʠʧʣʠʥʘ çʄʦʜʝʣʠʨʦʚʘʥʠʝè, 

ʢʦʪʦʨʳʝ ʧʦʩʚʷʱʝʥʳ ʨʝʰʝʥʠʷʤ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʣʘʥʝ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʥʘʯʘʣʴʥʦʡ ʬʘʟʫ AU ʷʚʣʷʝʪʩʷ UML ʜʠʘʛʨʘʤʤʳ ʠ ʠʭ ʦʧʠʩʘʥʠʝ: System Use 

Case Diagrams ï ʦʧʠʩʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʩʠʩʪʝʤʦʡ, Domain Model 

Diagram ï ʦʧʨʝʜʝʣʷʝʪ ʩʣʦʚʘʨʴ ʪʝʨʤʠʥʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʥʠʤʠ, System Sequence Diagrams ï ʦʪʦʙʨʘʞʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʤʝʥʘ 

ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ ʚʥʝʰʥʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʩʠʩʪʝʤʦʡ ʚ ʮʝʣʦʤ. ʉʠʩʪʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʘʢ çʯʸʨʥʳʡ ʷʱʠʢè.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʥʘʷ ʛʨʫʧʧʘ ʜʦʣʞʥʘ ʦʧʠʩʘʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʭʥʠʯʝʩʢʦʤʫ ʟʘʜʘʥʠʶ. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʊɿ ʚʢʣʶʯʘʝʪ ʦʧʠʩʘʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʚʦʩʩʦʟʜʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʦʩʠʪ ʪʚʦʨʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʵʪʘʧʘ ʦʙʫʩʣʦʚʣʝʥʘ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: 
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¶ ʢʘʢ ʧʨʘʚʠʣʦ, IT ʢʦʤʧʘʥʠʠ ʬʦʨʤʫʣʠʨʫʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ɻʆʉʊ 

34.602ï2020;   

¶ ʩʦʚʨʝʤʝʥʥʳʝ ʛʠʙʢʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʘʢʪʠʢʫʶʪ "ʧʦʟʜʥʝʝ" ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ 

ʪʨʝʙʦʚʘʥʠʡ, ʘ ʚ ʥʘʯʘʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʪʨʝʙʦʚʘʥʠʷ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʣʠʙʦ ʚ ʚʠʜʝ 

ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (Use Case), ʣʠʙʦ ʚ ʚʠʜʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʩʪʦʨʠʡ (Use 

Story), ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʧʦʥʠʤʘʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ  

ʅʝ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʦʧʠʩʘʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʚ ʚʠʜʝ ʬʦʨʤʘʣʴʥʳʭ ʤʦʜʝʣʝʡ. ʕʪʠ 

ʥʘʚʳʢʠ ʩʪʫʜʝʥʪ ʧʦʣʫʯʘʶʪ ʚ ʧʨʝʜʤʝʪʝ çɸʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡè. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʥʘʷ ʛʨʫʧʧʘ ʩʦʟʜʘʝʪ ʜʠʘʛʨʘʤʤʫ ʧʨʝʮʝʜʝʥʪʦʚ (UML ï System Use 

Case Diagrams) ʠ ʦʧʠʩʘʥʠʝ ʩʮʝʥʘʨʠʝʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʳʜʝʣʝʥʥʳʤʠ 

ʨʦʣʷʤʠ (Actor). ɺʳʷʚʣʝʥʥʳʝ ʧʨʝʮʝʜʝʥʪʳ ʷʚʣʷʶʪʩʷ ʬʦʨʤʦʡ ʦʧʠʩʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ. ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʨʘʙʦʪʳ ʩʦʩʨʝʜʦʪʦʯʝʥ ʪʘ ʪʦʤ, ʯʪʦʙʳ ʧʦʚʝʜʝʥʠʝ, ʚʳʧʦʣʥʷʝʤʦʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʦʡ, ʜʘʚʘʣ ʟʥʘʯʠʤʳʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ Actor ʠʣʠ ʜʨʫʛʠʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ 

ʩʪʦʨʦʥ ʩʠʩʪʝʤʳ. 

ʊʨʝʪʠʡ ʵʪʘʧ ʧʦʩʚʷʱʝʥ ʦʧʠʩʘʥʠʶ ʪʝʨʤʠʥʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʢʣʘʩʩʦʚ (UML ï Domain Model Diagram). ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʢʣʘʩʩʦʚ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʘʣʛʦʨʠʪʤʫ, ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʂʨʝʛʦʤ ʃʘʨʤʘʥʦʤ [5]. ɿʘʜʘʯʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ -

ʧʨʦʚʝʨʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʷʚʣʝʥʥʳʭ ʢʣʘʩʩʦʚ ʩʫʱʥʦʩʪʷʤ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʧʠʩʘʥʠʝ 

ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪʩʷ ʚ ʩʮʝʥʘʨʠʷʭ ʧʨʝʮʝʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʢʘʪʝʛʦʨʠʷʤ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʢʣʘʩʩʦʚ.  

ʅʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʩʠʩʪʝʤʥʳʝ ʦʧʝʨʘʮʠʡ ï ʬʫʥʢʮʠʠ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʭ ʤʝʞʜʫ Actor ʠ ʧʨʝʮʝʜʝʥʪʦʤ. ʆʧʠʩʘʥʠʝ ʩʠʩʪʝʤʥʦʡ ʦʧʝʨʘʮʠʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʰʘʙʣʦʥʫ: ʠʤʷ ʦʧʝʨʘʮʠʠ, ʧʨʝʜʫʩʣʦʚʠʷ ʠ ʧʦʩʪʫʩʣʦʚʠʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Actor ï ʧʨʝʮʝʜʝʥʪ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʜʠʘʛʨʘʤʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (UML 

System Sequence Diagrams), ʚ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʥʘʷ ʦʧʝʨʘʮʠʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʩʦʦʙʱʝʥʠʷ ʦʪ 

Actor ʢ ʩʠʩʪʝʤʝ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʧʨʦʚʝʨʷʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʧʠʩʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ 

ʧʨʝʮʝʜʝʥʪʘ ʠ ʩʦʦʙʱʝʥʠʡ ʜʠʘʛʨʘʤʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

ʆʧʠʩʘʥʥʳʝ ʵʪʘʧʳ ʩʦ 2 ʧʦ 4 ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʬʘʟʝ çʅʘʯʘʣʦè RUP/AUP ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʵʪʘʧʫ çɸʥʘʣʠʟè. ɼʘʣʴʥʝʡʰʘʷ ʧʨʦʝʢʪʥʘʷ ʨʘʙʦʪʘ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʬʘʟʝ çʋʪʦʯʥʝʥʠʝè. 

ʇʷʪʳʡ ʵʪʘʧ ʧʦʩʚʷʱʝʥ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʵʪʘʧʫ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝè RUP/AUP. ʅʘ ʵʪʦʤ ʵʪʘʧʝ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʥʳʭ ʬʫʥʢʮʠʡ (ʨʝʟʫʣʴʪʘʪ 4 ʵʪʘʧʘ) ʚʳʧʦʣʥʷʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʢʣʘʩʩʦʚ 

ʇʆ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʠʤʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʵʪʘʧʘ ʷʚʣʷʝʪʩʷ ʜʠʘʛʨʘʤʤʘ 

UML ʢʣʘʩʩʦʚ ʨʝʘʣʠʟʘʮʠʠ (Diagram of Implementation Classes), ʢʦʪʦʨʘʷ ʬʘʢʪʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʧʨʠʣʦʞʝʥʠʷ, ʪ.ʢ. ʚʢʣʶʯʘʝʪ ʢʣʘʩʩʳ, ʩʠʛʥʘʪʫʨʫ ʠʭ 

ʠʥʪʝʨʬʝʡʩʥʳʭ ʦʧʝʨʘʮʠʡ, ʘ ʪʘʢʞʝ ʘʪʨʠʙʫʪʳ (ʧʨʦʩʪʳʝ ʪʠʧʳ ʠ ʘʩʩʦʮʠʘʮʠʠ).  

ɼʘʥʥʳʡ ʵʪʘʧ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʜʚʘ ʰʘʛʘ. ʇʝʨʚʳʡ ʰʘʛ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʠ ʠʩʯʝʟʘʶʪ, 

ʧʨʠʥʠʤʘʷ ʥʘ ʩʝʙʷ ʩʚʦʠ ʨʦʣʠ ʠ ʚʳʧʦʣʥʷʷ ʩʚʦʠ ʦʙʷʟʘʥʥʦʩʪʠ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʚʳʜʝʣʷʶʪʩʷ 

ʦʙʲʝʢʪʳ, ʦʙʷʟʘʥʥʦʩʪʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʰʘʙʣʦʥʦʚ GRASP [5]: Information 

Expert, Creator. ʅʘʟʥʘʯʝʥʠʝ ʦʙʷʟʘʥʥʦʩʪʝʡ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʠʥʮʠʧʦʚ, ʟʘʜʘʥʥʳʭ 

ʰʘʙʣʦʥʘʤʠ GRASP: Low Coupling, High Cohesion. ʇʦʪʝʥʮʠʘʣʴʥʦ, ʬʫʥʢʮʠʶ 
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çʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʵʢʩʧʝʨʪè ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʢʣʘʩʩʳ, ʩʦʟʜʘʥʥʳʝ ʧʦ ʦʙʨʘʟʫ ʢʣʘʩʩʦʚ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʨʝʟʫʣʴʪʘʪ ʵʪʘʧʘ 3). 

ʉʧʝʮʠʬʠʮʠʨʦʚʘʥʠʷ ʣʦʛʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʥʘʟʥʘʯʝʥʠʝ ʠʤ ʤʝʪʦʜʦʚ, 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʥʦʪʘʮʠʠ ʜʠʘʛʨʘʤʤʳ UML Communication, ʛʜʝ ʦʙʲʝʢʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʥʠʷʤʠ 

ʞʠʟʥʠ, ʘ ʠʭ ʤʝʪʦʜʳ ï ʩʦʦʙʱʝʥʠʷʤʠ, ʧʦʩʣʘʥʥʳʤʠ ʠʤ. ʂʘʞʜʳʡ ʦʙʲʝʢʪ ʷʚʣʷʝʪʩʷ ʵʢʟʝʤʧʣʷʨʦʤ 

ʢʣʘʩʩʘ. 

ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ ʩʪʨʦʠʪʩʷ ʜʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʨʝʘʣʠʟʘʮʠʠ. ʂ ʢʘʞʜʦʤʫ ʢʣʘʩʩʫ ʦʪʥʦʩʷʪʩʷ 

ʤʝʪʦʜʳ, ʟʘʜʘʥʥʳʝ ʝʛʦ ʵʢʟʝʤʧʣʷʨʘʤʠ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ (ʥʘ ʜʠʘʛʨʘʤʤʝ communication 

ʵʢʟʝʤʧʣʷʨʳ ʢʣʘʩʩʦʚ ï ʣʠʥʠʠ ʞʠʟʥʠ). ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʵʪʦʛʦ ʰʘʛʘ ʟʘʜʘʶʪʩʷ ʦʙʣʘʩʪʠ 

ʚʠʜʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʚʠʜʝʪʴ ʜʨʫʛʦʡ ʦʙʲʝʢʪ ʠʣʠ 

ʩʩʳʣʘʪʴʩʷ ʥʘ ʥʝʛʦ. 

ʐʝʩʪʦʡ ʵʪʘʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʛʨʘʤʤʝ ʢʣʘʩʩʦʚ (Diagram of Implementation Classes), 

ʩʦʟʜʘʥʥʦʡ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ. 

ʄʝʪʦʜʠʢʘ ʢʫʨʩʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʡʪʠ ʚʩʝ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘʯʠʥʘʷ ʦʪ ʚʳʷʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ ʠ ʢʦʥʯʘʷ ʢʦʜʠʨʦʚʘʥʠʝʤ ʇʆ. ɺ 

ʧʨʦʝʢʪʝ ʩʪʫʜʝʥʪ ʚʳʧʦʣʥʷʝʪ ʨʘʙʦʪʫ, ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʘʢʠʭ ʨʦʣʝʡ, ʢʘʢ: 

ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʪʠʢ, ʜʠʟʘʡʥʝʨ ʇʆ, ʜʠʟʘʡʥʝʨ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʜʠʨʦʚʱʠʢ ʠ ʪʝʩʪʠʨʦʚʱʠʢ. ʍʦʪʷ 

ʘʥʘʣʠʟ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ, ʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚ 

ʵʪʦʤ ʢʫʨʩʝ ʠʥʞʝʥʝʨʥʳʡ ʧʦʜʭʦʜ ʜʝʢʦʤʧʦʟʠʮʠʠ ʟʘʜʘʯ ʥʘ ʙʦʣʝʝ ʧʨʦʩʪʳʝ, ʚʳʧʦʣʥʷʝʤʳʡ ʚ ʨʘʤʢʘʭ 

ʠʥʢʨʝʤʝʥʪʥʦʡ ʠ ʠʪʝʨʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʨʘʟʨʘʙʦʪʢʠ ʇʆ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʦʧʳʪ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʨʘʙʦʪʝ. ʇʝʨʚʦʡ ʘʧʨʦʙʘʮʠʝʡ ʵʪʦʛʦ ʦʧʳʪʘ ʙʫʜʝʪ 

ʚʳʧʦʣʥʝʥʠʝ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ. 
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ʂʘʙʘʥʦʚ ɸ.ʅ. 

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʈɸɿʈɸɹʆʊʂɸ ʉʇɽʎʀɸʃʀɿʀʈʆɺɸʅʅʆʁ ɹʀɹʃʀʆʊɽʂʀ  

ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʊʈʆɽʅʀʗ ɻʈʋʇʇ ɸɺʊʆʄʆʈʌʀɿʄʆɺ ɸʃɻɽɹʈ ʃʀ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʩʠʤʚʦʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʚ ʛʨʫʧʧʘʭ ʫʥʠʪʨʝʫʛʦʣʴʥʳʭ ʘʚʪʦʤʦʨʬʠʟʤʦʚ ʩʚʦʙʦʜʥʳʭ ʤʝʪʘʙʝʣʝʚʳʭ ʘʣʛʝʙʨ ʃʠ, ʘ 

ʪʘʢʞʝ ʚ ʨʦʜʩʪʚʝʥʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ. ɹʠʙʣʠʦʪʝʢʘ ʨʝʘʣʠʟʫʝʪ ʘʣʛʦʨʠʪʤʳ 

ʧʨʠʚʝʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ, ʚʳʯʠʩʣʝʥʠʷ ʛʠʧʝʨʮʝʥʪʨʘʣʴʥʳʭ ʨʷʜʦʚ, ʧʨʦʚʝʨʢʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʚʪʦʤʦʨʬʠʟʤʦʚ ʟʘʜʘʥʥʳʤ ʫʨʦʚʥʷʤ ʛʠʧʝʨʮʝʥʪʨʘ, ʘ ʪʘʢʞʝ ʚʳʯʠʩʣʝʥʠʷ 

ʢʦʤʤʫʪʘʪʦʨʦʚ ʠ ʦʙʨʘʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʟʫʯʝʥʠʝ ʦʪʢʨʳʪʳʭ ʧʨʦʙʣʝʤ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʙʠʙʣʠʦʪʝʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʘ ʥʘ ʟʘʜʘʯʘʭ, ʩʚʷʟʘʥʥʳʭ ʩʦ 

ʩʪʨʦʝʥʠʝʤ ʛʨʫʧʧ ʘʚʪʦʤʦʨʬʠʟʤʦʚ ʥʝʘʩʩʦʮʠʘʪʠʚʥʳʭ ʘʣʛʝʙʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʛʝʙʨʘ ʃʠ, ʫʥʠʪʨʝʫʛʦʣʴʥʳʡ ʘʚʪʦʤʦʨʬʠʟʤ, ʛʠʧʝʨʮʝʥʪʨ, 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʘʣʛʝʙʨʘ, ʩʚʦʙʦʜʥʘʷ ʤʝʪʘʙʝʣʝʚʘ ʘʣʛʝʙʨʘ, ʘʣʛʝʙʨʘ ʃʝʡʙʥʠʮʘ, 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ. 

 

ɺʚʝʜʝʥʠʝ. 

ɺ ʩʝʨʠʠ ʨʘʙʦʪ ʘʚʪʦʨʘ [1-3] ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʛʠʧʝʨʮʝʥʪʨʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʛʨʫʧʧ 

ʫʥʠʪʨʝʫʛʦʣʴʥʳʭ ʘʚʪʦʤʦʨʬʠʟʤʦʚ ʜʣʷ ʩʚʦʙʦʜʥʳʭ ʘʣʛʝʙʨ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ: ʩʚʦʙʦʜʥʳʭ 

ʤʝʪʘʙʝʣʝʚʳʭ ʘʣʛʝʙʨ ʃʠ, ʩʚʦʙʦʜʥʳʭ ʘʣʛʝʙʨ ʃʠ ʠ ʘʣʛʝʙʨ ʃʝʡʙʥʠʮʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ ʙʳʣʘ 

ʚʳʯʠʩʣʝʥʘ ʜʣʠʥʘ ʛʠʧʝʨʮʝʥʪʨʘʣʴʥʦʛʦ ʨʷʜʘ ʠ ʜʦʢʘʟʘʥʘ ʤʘʪʨʠʯʥʘʷ ʥʝʧʨʝʜʩʪʘʚʠʤʦʩʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʫʧʧ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʨʘʥʛʝ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʩʥʦʚʘʥʳ ʥʘ 

ʢʦʤʙʠʥʘʪʦʨʥʦʤ ʘʥʘʣʠʟʝ ʜʝʡʩʪʚʠʷ ʘʚʪʦʤʦʨʬʠʟʤʦʚ ʥʘ ʙʘʟʠʩʝ ʘʣʛʝʙʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʦ ʚʚʝʜʝʥʥʳʭ ʘʚʪʦʨʦʤ ʬʫʥʢʮʠʡ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʣʦʞʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ. 

ʈʫʯʥʘʷ ʧʨʦʚʝʨʢʘ ʫʩʣʦʚʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʚʪʦʤʦʨʬʠʟʤʘ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʫʨʦʚʥʶ 

ʛʠʧʝʨʮʝʥʪʨʘ, ʘ ʪʘʢʞʝ ʚʳʯʠʩʣʝʥʠʝ ʢʦʤʧʦʟʠʮʠʡ ʠ ʢʦʤʤʫʪʘʪʦʨʦʚ ʜʣʷ ʨʘʥʛʘ n Ó 4 ʩʪʘʥʦʚʠʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʪʨʫʜʦʝʤʢʦʡ. ʕʪʦ ʤʦʪʠʚʠʨʫʝʪ ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʦʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ. ʇʨʦʙʣʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʩʠʤʚʦʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʚ ʪʝʦʨʠʠ ʘʣʛʝʙʨ ʃʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, 

ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʜʘʣʛʝʙʨ [4]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ, 

ʪʘʢʠʝ ʢʘʢ OSCAR, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʩʢʦʣʴʢʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

(GAP, Singular, Polymake, Antic). ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ [5; 7; 8] ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʠ OSCAR ʚ ʪʝʦʨʠʠ ʛʨʫʧʧ ʠ ʘʣʛʝʙʨ ʃʠ, ʚʢʣʶʯʘʷ ʚʳʯʠʩʣʝʥʠʷ ʩ ʤʦʥʦʠʜʘʣʴʥʳʤʠ 

ʙʘʟʠʩʘʤʠ ʠ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʦʤʤʫʪʘʪʠʚʥʦʡ ʘʣʛʝʙʨʝ ʠ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʤʦʱʴ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ 

OSCAR, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʫʧʧ ʘʚʪʦʤʦʨʬʠʟʤʦʚ ʩʚʦʙʦʜʥʳʭ ʥʝʘʩʩʦʮʠʘʪʠʚʥʳʭ ʘʣʛʝʙʨ. 
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ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ 

ʧʨʠʚʝʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ, ʩʧʝʮʠʬʠʯʥʦʡ ʜʣʷ ʤʝʪʘʙʝʣʝʚʳʭ ʘʣʛʝʙʨ ʃʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʨʫʧʧʘʤʠ ʫʥʠʪʨʝʫʛʦʣʴʥʳʭ 

ʘʚʪʦʤʦʨʬʠʟʤʦʚ, ʯʴʷ ʪʨʝʫʛʦʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʧʦʜʭʦʜʘ. ʅʘʢʦʥʝʮ, ʩʫʱʝʩʪʚʫʝʪ 

ʩʣʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʚ ʥʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʷʤʦʡ 

ʧʨʦʚʝʨʢʠ ʫʩʣʦʚʠʡ ʪʝʦʨʝʤ ʦ ʩʪʨʦʝʥʠʠ ʵʪʠʭ ʛʨʫʧʧ. 

ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʝʣʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʘʟʨʘʙʦʪʢʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʠʤʝʥʥʦ ʥʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʫʧʧ ʘʚʪʦʤʦʨʬʠʟʤʦʚ ʥʝʘʩʩʦʮʠʘʪʠʚʥʳʭ 

ʘʣʛʝʙʨ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢʘʷ ʙʠʙʣʠʦʪʝʢʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʦʩʥʦʚʥʳʝ ʘʣʛʦʨʠʪʤʳ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʨʫʧʧʘʤʠ ʫʥʠʪʨʝʫʛʦʣʴʥʳʭ ʘʚʪʦʤʦʨʬʠʟʤʦʚ ʚ ʨʘʤʢʘʭ ʢʦʤʧʴʶʪʝʨʥʦ-

ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. ɹʠʙʣʠʦʪʝʢʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʷʟʳʢʝ Python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ 

ʩʠʤʚʦʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ SymPy ʠ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʤ ʨʝʰʝʥʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʘʩʩʘ 

ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʚʪʦʨʘ. 

1. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. 

ʇʫʩʪʴ Mn ï ʩʚʦʙʦʜʥʘʷ ʤʝʪʘʙʝʣʝʚʘ ʘʣʛʝʙʨʘ ʃʠ ʥʘʜ ʧʦʣʝʤ F ʩ ʤʥʦʞʝʩʪʚʦʤ ʩʚʦʙʦʜʥʳʭ 

ʧʦʨʦʞʜʘʶʱʠʭ X = {x1, ..., xn}, ʛʜʝ x1 > x2 > ... > xn. 

ɻʨʫʧʧʦʡ ʫʥʠʪʨʝʫʛʦʣʴʥʳʭ ʘʚʪʦʤʦʨʬʠʟʤʦʚ Un ʥʘʟʳʚʘʝʪʩʷ ʧʦʜʛʨʫʧʧʘ ʛʨʫʧʧʳ Aut(Mn), 

ʧʦʨʦʞʜʝʥʥʘʷ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʘʚʪʦʤʦʨʬʠʟʤʘʤʠ ʚʠʜʘ Űi(yi): xi Ÿ xi + yi, xj Ÿ xj (j Í i), ʛʜʝ yi 

ʣʝʞʠʪ ʚ ʧʦʜʘʣʛʝʙʨʝ, ʧʦʨʦʞʜʝʥʥʦʡ xi+1, ..., xn. ʃʶʙʦʡ ʘʚʪʦʤʦʨʬʠʟʤ ű  ɴ Un ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʜʝʡʩʪʚʠʷ ʥʘ ʩʚʦʙʦʜʥʳʝ ʧʦʨʦʞʜʘʶʱʠʝ ű = (x1 + f1(x2, ..., xn), ..., 

xnï1 + fnï1(xn), xn). 

ɹʘʟʠʩ ʘʣʛʝʙʨʳ Mn ʩʦʩʪʘʚʣʷʶʪ ʣʝʚʦʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢʦʤʤʫʪʘʪʦʨʳ (ʦʜʥʦʯʣʝʥʳ) ʚʠʜʘ xi1 xi2 

... xik, ʛʜʝ xi1 > xi2 ʠ xi2 Ò xi3 Ò ... Ò xik. ʉʦʛʣʘʩʥʦ [1], ʜʣʷ ʦʜʥʦʯʣʝʥʘ h = xn ï i1 xn ï i2 ... xn ï ik 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʫʥʢʮʠʠ: Õ(h) = max(i1, i2, ...), ɚ(h) = i1 + i2 + ... + ik. ɼʣʷ ʤʥʦʛʦʯʣʝʥʘ f ʵʪʠ 

ʬʫʥʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʤʘʢʩʠʤʫʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʧʦ ʚʩʝʤ ʦʜʥʦʯʣʝʥʘʤ ʝʛʦ 

ʢʘʥʦʥʠʯʝʩʢʦʡ ʟʘʧʠʩʠ. 

ɺ ʨʘʙʦʪʝ [1] ʜʣʷ ʛʨʫʧʧʳ Un ʧʨʠ n Ó 3 ʦʧʠʩʘʥʘ ʚʩʷ ʛʠʧʝʨʮʝʥʪʨʘʣʴʥʘʷ ʩʝʨʠʷ ɕŬ(Un). ɽʝ ʜʣʠʥʘ 

ʨʘʚʥʘ (nï2)ɤ + (n ï 2), ʘ ʩʘʤʠ ʧʦʜʛʨʫʧʧʳ ɕŬ(Un) = ZŬ ʟʘʜʘʶʪʩʷ ʢʦʥʢʨʝʪʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ 

ʬʫʥʢʮʠʠ Õ ʠ ɚ ʜʣʷ ʤʥʦʛʦʯʣʝʥʦʚ fi, ʦʧʨʝʜʝʣʷʶʱʠʭ ʘʚʪʦʤʦʨʬʠʟʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ, ʢʦʪʦʨʘʷ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʘʚʪʦʤʦʨʬʠʟʤʘ ű  ɴUn (ʠʣʠ ʝʛʦ ʘʥʘʣʦʛʦʚ ʜʣʷ 

ʜʨʫʛʠʭ ʘʣʛʝʙʨ) ʩʧʦʩʦʙʥʘ: 

¶ ʧʨʠʚʦʜʠʪʴ ʵʣʝʤʝʥʪʳ ʘʣʛʝʙʨʳ ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ; 

¶ ʚʳʯʠʩʣʷʪʴ ʟʥʘʯʝʥʠʷ ʟʘʜʘʥʥʳʭ ʬʫʥʢʮʠʡ (ʥʘʧʨʠʤʝʨ, Õ ʠ ɚ) ʜʣʷ ʢʦʤʧʦʥʝʥʪ; 

¶ ʧʨʦʚʝʨʷʪʴ ʫʩʣʦʚʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʚʪʦʤʦʨʬʠʟʤʘ ʟʘʜʘʥʥʦʤʫ ʛʠʧʝʨʮʝʥʪʨʘʣʴʥʦʤʫ 

ʫʨʦʚʥʶ; 

¶ ʚʳʧʦʣʥʷʪʴ ʜʣʷ ʘʚʪʦʤʦʨʬʠʟʤʦʚ ʛʨʫʧʧʦʚʳʝ ʦʧʝʨʘʮʠʠ: ʢʦʤʧʦʟʠʮʠʶ, ʥʘʭʦʞʜʝʥʠʝ 

ʦʙʨʘʪʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʚʳʯʠʩʣʝʥʠʝ ʢʦʤʤʫʪʘʪʦʨʘ; 
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¶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʛʨʫʧʧ ʘʚʪʦʤʦʨʬʠʟʤʦʚ, ʜʦʧʦʣʥʷʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʙʦʣʝʝ ʦʙʱʠʭ ʢʣʘʩʩʦʚ ʘʣʛʝʙʨ. 

2. ɸʨʭʠʪʝʢʪʫʨʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʙʠʙʣʠʦʪʝʢʠ. 

ɹʠʙʣʠʦʪʝʢʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʷʟʳʢʝ Python ʠ ʠʩʧʦʣʴʟʫʝʪ ʩʠʩʪʝʤʫ ʩʠʤʚʦʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

SymPy ʚ ʢʘʯʝʩʪʚʝ ʷʜʨʘ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʦʜʫʣʝʡ: ʤʦʜʫʣʷ 

ʧʨʠʚʝʜʝʥʠʷ ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ ʠ ʤʦʜʫʣʷ ʨʘʙʦʪʳ ʩ ʛʨʫʧʧʦʡ ʘʚʪʦʤʦʨʬʠʟʤʦʚ. 

2.1. ʄʦʜʫʣʴ ʧʨʠʚʝʜʝʥʠʷ ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ. 

ʂʣʶʯʝʚʦʡ ʘʣʛʦʨʠʪʤ ʙʠʙʣʠʦʪʝʢʠ ʨʝʘʣʠʟʫʝʪ ʧʨʠʚʝʜʝʥʠʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ 

ʩʚʦʙʦʜʥʦʡ ʤʝʪʘʙʝʣʝʚʦʡ ʘʣʛʝʙʨʳ ʃʠ ʢ ʙʘʟʠʩʫ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʘʝʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. 

1. ʇʘʨʩʠʥʛ ʠ ʨʘʟʙʦʨ. ɺʭʦʜʥʦʝ ʩʪʨʦʢʦʚʦʝ ʚʳʨʘʞʝʥʠʝ (ʥʘʧʨʠʤʝʨ, "[x1, [x2, x3]]") 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʜʨʝʚʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ SymPy, ʛʜʝ ʢʦʤʤʫʪʘʪʦʨ ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʮʠʘʣʴʥʦʡ 

ʬʫʥʢʮʠʝʡ Commutator (a, b). 

2. ʀʟʚʣʝʯʝʥʠʝ ʙʘʟʠʩʥʳʭ ʢʦʤʤʫʪʘʪʦʨʦʚ. ɺʳʨʘʞʝʥʠʝ ʣʠʥʝʡʥʦ ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ ʩʫʤʤʫ 

ʯʣʝʥʦʚ. ʂʘʞʜʳʡ ʯʣʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʘʨʳ (ʢʦʵʬʬʠʮʠʝʥʪ, ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ), ʛʜʝ 

ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʝʚʦʥʦʨʤʠʨʦʚʘʥʥʦʤʫ ʢʦʤʤʫʪʘʪʦʨʫ [var1, var2, ..., vark]. 

3. ʇʨʠʤʝʥʝʥʠʝ ʪʦʞʜʝʩʪʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʨʝʢʫʨʩʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʪʦʞʜʝʩʪʚʘ ʤʝʪʘʙʝʣʝʚʦʡ ʘʣʛʝʙʨʳ: 

¶ ʘʥʪʠʢʦʤʤʫʪʘʪʠʚʥʦʩʪʴ: [x, y] Ÿ ï[y, x], ʝʩʣʠ ʥʘʨʫʰʝʥ ʧʦʨʷʜʦʢ x > y; 

¶ ʪʦʞʜʝʩʪʚʦ ʗʢʦʙʠ: [x, [y, z]] Ÿ [[x, y], z] ï [[x, z], y]; 

¶ ʤʝʪʘʙʝʣʝʚʦ ʪʦʞʜʝʩʪʚʦ: [[x, y], [z, t]] Ÿ 0. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʵʪʦʛʦ ʵʪʘʧʘ ʜʣʷ ʦʜʥʦʛʦ ʯʣʝʥʘ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨ ʧʘʨ (ʢʘʥʦʥʠʯʝʩʢʠʡ 

ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʵʬʬʠʮʠʝʥʪ). 

4. ʂʘʥʦʥʠʯʝʩʢʘʷ ʩʦʨʪʠʨʦʚʢʘ. ʂʘʥʦʥʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʫʩʣʦʚʠʷʤ ʙʘʟʠʩʘ: ʜʣʷ [a, b, c1, ..., cs] ʠʤʝʝʤ a > b, b Ò c1 Ò ... Ò cs, ʘ ʪʘʢʞʝ c1 Ó a. ɸʣʛʦʨʠʪʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʫʩʣʦʚʠʡ ʟʘ ʩʯʝʪ ʧʝʨʝʩʪʘʥʦʚʦʢ ʩ ʫʯʝʪʦʤ ʥʘʢʦʧʣʝʥʥʦʛʦ ʟʥʘʢʘ. 

5. ʉʙʦʨʢʘ ʧʦʜʦʙʥʳʭ ʯʣʝʥʦʚ. ɺʳʨʘʞʝʥʠʝ ʧʝʨʝʩʦʙʠʨʘʝʪʩʷ ʠʟ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ 

ʢʦʤʤʫʪʘʪʦʨʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʠʚʦʜʷʪʩʷ ʧʦʜʦʙʥʳʝ ʯʣʝʥʳ. 

2.2. ʄʦʜʫʣʴ ʨʘʙʦʪʳ ʩ ʛʨʫʧʧʦʡ ʘʚʪʦʤʦʨʬʠʟʤʦʚ. 

ʕʪʦʪ ʤʦʜʫʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʦʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ. 

ɸʚʪʦʤʦʨʬʠʟʤ ʟʘʜʘʝʪʩʷ ʩʣʦʚʘʨʝʤ, ʩʪʘʚʷʱʠʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ xi ʩʪʨʦʢʫ 

ï ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʦʪ çʤʣʘʜʰʠʭè ʧʝʨʝʤʝʥʥʳʭ: {'x1': 'x1 + [x2, x3]', 'x2': 'x2', 'x3': 

'x3'}. ɹʠʙʣʠʦʪʝʢʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʠʧʳ ʘʣʛʝʙʨ: ʩʚʦʙʦʜʥʘʷ ʤʝʪʘʙʝʣʝʚʘ ʘʣʛʝʙʨʘ ʃʠ (ʧʦ 

ʫʤʦʣʯʘʥʠʶ), ʩʚʦʙʦʜʥʘʷ ʘʣʛʝʙʨʘ ʃʠ ʠ ʘʣʛʝʙʨʘ ʃʝʡʙʥʠʮʘ. 

2. ʆʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ: 

¶ compose(other): ʚʳʯʠʩʣʷʝʪ ʢʦʤʧʦʟʠʮʠʶ ű  ʐɣ, ʨʝʘʣʠʟʫʷ ʧʦʜʩʪʘʥʦʚʢʫ. 

¶ inverse(): ʚʳʯʠʩʣʷʝʪ ʦʙʨʘʪʥʳʡ ʘʚʪʦʤʦʨʬʠʟʤ ʧʦ ʷʚʥʦʡ ʨʝʢʫʨʨʝʥʪʥʦʡ ʬʦʨʤʫʣʝ, 

ʩʣʝʜʫʶʱʝʡ ʠʟ ʣʝʤʤʳ 2 ʨʘʙʦʪʳ [1]: űï1 = (x1 ï f1(g2, ..., gn), ...), ʛʜʝ gi ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʝʢʫʨʩʠʚʥʦ, 

ʥʘʯʠʥʘʷ ʩ gn = xn. 

¶ commutator(other): ʚʳʯʠʩʣʷʝʪ ʢʦʤʤʫʪʘʪʦʨ [ű, ɣ] = űï1ɣï1űɣ. 
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3. ɺʳʯʠʩʣʝʥʠʝ ʠʥʚʘʨʠʘʥʪʦʚ: 

¶ mu_function(expr, target_var): ʚʳʯʠʩʣʷʝʪ Õ-ʧʦʢʘʟʘʪʝʣʴ ʚʳʨʘʞʝʥʠʷ expr ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʝʨʝʤʝʥʥʦʡ target_var. ɸʣʛʦʨʠʪʤ ʥʘʭʦʜʠʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ n ï index(var) ʩʨʝʜʠ ʚʩʝʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʚʭʦʜʷʱʠʭ ʚ ʢʘʥʦʥʠʯʝʩʢʫʶ ʟʘʧʠʩʴ expr (ʨʠʩ.). 

¶ lambda_function_full(expr, target_var): ʚʦʟʚʨʘʱʘʝʪ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʫʶ 

ʧʦʣʥʳʡ ɚ-ʧʦʢʘʟʘʪʝʣʴ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ɚk ï ʤʘʢʩʠʤʫʤʳ ɚ ʩʨʝʜʠ ʦʜʥʦʯʣʝʥʦʚ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ 

Õ = k. 

¶ linear_part(expr): ʚʳʜʝʣʷʝʪ ʣʠʥʝʡʥʫʶ ʯʘʩʪʴ ʚʳʨʘʞʝʥʠʷ (ʩʣʘʛʘʝʤʳʝ, ʷʚʣʷʶʱʠʝʩʷ 

ʣʠʥʝʡʥʳʤʠ ʦʜʥʦʯʣʝʥʘʤʠ). 

4. ʇʨʦʚʝʨʢʘ ʛʠʧʝʨʮʝʥʪʨʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʄʝʪʦʜ in_hypercentral_level(alpha) ʧʨʦʚʝʨʷʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʘʚʪʦʤʦʨʬʠʟʤʘ ű ʫʨʦʚʥʶ 

ZŬ. ʇʘʨʘʤʝʪʨ alpha ʤʦʞʝʪ ʙʳʪʴ ʮʝʣʳʤ ʯʠʩʣʦʤ ʠʣʠ ʩʪʨʦʢʦʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʪʨʘʥʩʬʠʥʠʪʥʳʡ 

ʦʨʜʠʥʘʣ (ʥʘʧʨʠʤʝʨ, "omega", "omega+2"). ʄʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʚʝʨʷʝʪ ʥʘʙʦʨ ʫʩʣʦʚʠʡ, 

ʩʧʝʮʠʬʠʯʥʳʡ ʜʣʷ ʢʘʞʜʦʛʦ Ŭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʷʭ ʠʟ [1]. ɺʦʟʚʨʘʱʘʝʪ ʙʫʣʝʚʦ ʟʥʘʯʝʥʠʝ 

ʠ ʩʧʠʩʦʢ ʥʘʨʫʰʝʥʥʳʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʫʜʦʙʥʦ ʜʣʷ ʦʪʣʘʜʢʠ. 

 

 
 

ʈʠʩ. 1. ʈʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ ʚʳʯʠʩʣʝʥʠʷ Õ-ʧʦʢʘʟʘʪʝʣʷ ʚ ʙʠʙʣʠʦʪʝʢʝ 
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3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʫʩʧʝʰʥʦ ʨʝʰʘʝʪ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. ɽʝ ʷʜʨʦ ï ʘʣʛʦʨʠʪʤ 

ʧʨʠʚʝʜʝʥʠʷ ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ, ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʪʦʞʜʝʩʪʚʘ ʤʝʪʘʙʝʣʝʚʦʡ ʘʣʛʝʙʨʳ ʃʠ. 

ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʚʳʯʠʩʣʝʥʠʷ ʠʥʚʘʨʠʘʥʪʦʚ Õ ʠ ɚ ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʚʝʨʷʪʴ 

ʛʨʦʤʦʟʜʢʠʝ ʫʩʣʦʚʠʷ, ʬʠʛʫʨʠʨʫʶʱʠʝ ʚ ʪʝʦʨʝʤʘʭ ʦ ʩʪʨʦʝʥʠʠ ʛʨʫʧʧʳ. 

ɸʣʛʦʨʠʪʤʳ ʙʠʙʣʠʦʪʝʢʠ ʦʩʥʦʚʘʥʳ ʥʘ ʩʪʨʦʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʷʭ, ʯʪʦ 

ʛʘʨʘʥʪʠʨʫʝʪ ʠʭ ʢʦʨʨʝʢʪʥʦʩʪʴ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʙʠʙʣʠʦʪʝʢʠ: 

1. ɸʚʪʦʤʘʪʠʟʘʮʠʷ. ʀʟʙʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʦʪ ʨʫʪʠʥʥʳʭ ʠ ʧʦʜʚʝʨʞʝʥʥʳʭ ʦʰʠʙʢʘʤ 

ʚʳʯʠʩʣʝʥʠʡ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʙʘʟʘ. ʇʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʨʦʚʝʨʷʪʴ ʛʠʧʦʪʝʟʳ ʥʘ ʤʥʦʞʝʩʪʚʝ     

ʧʨʠʤʝʨʦʚ, ʠʩʢʘʪʴ ʢʦʥʪʨʧʨʠʤʝʨʳ. 

3. ʈʘʩʰʠʨʷʝʤʦʩʪʴ. ɸʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ ʧʦʜʜʝʨʞʢʫ ʥʦʚʳʭ ʪʠʧʦʚ ʘʣʛʝʙʨ 

(ʥʠʣʴʧʦʪʝʥʪʥʳʝ, ʨʘʟʨʝʰʠʤʳʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʫʧʝʥʠ). 

ʅʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ: 

1. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʧʪʠʤʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤ ʨʘʥʛʦʤ 

(n > 6). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʵʰʠʨʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

2. ʈʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʘʣʛʝʙʨ ʃʝʡʙʥʠʮʘ ʩ 

ʫʯʝʪʦʤ ʠʭ çʥʝʢʦʤʤʫʪʘʪʠʚʥʦʡè ʩʧʝʮʠʬʠʢʠ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʬʫʥʢʮʠʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʚʩʝʭ ʘʚʪʦʤʦʨʬʠʟʤʦʚ ʟʘʜʘʥʥʦʛʦ 

ʛʠʧʝʨʮʝʥʪʨʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. 

4. ɺʠʟʫʘʣʠʟʘʮʠʷ. ʉʦʟʜʘʥʠʝ ʤʦʜʫʣʷ ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʛʠʧʝʨʮʝʥʪʨʘʣʴʥʦʛʦ ʨʷʜʘ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʘʚʪʦʤʦʨʬʠʟʤʘ. 

5. ʀʥʪʝʛʨʘʮʠʷ. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʯʝʨʝʟ Jupyter 

Notebook, ʯʪʦ ʫʜʦʙʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɿʘʢʣʶʯʝʥʠʝ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʧʦʜʜʝʨʞʢʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʝʥʠʷ ʛʨʫʧʧ ʘʚʪʦʤʦʨʬʠʟʤʦʚ 

ʩʚʦʙʦʜʥʳʭ ʘʣʛʝʙʨ. ɹʠʙʣʠʦʪʝʢʘ ʨʝʘʣʠʟʫʝʪ ʢʣʶʯʝʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʛʠʧʝʨʮʝʥʪʨʘʣʴʥʳʤʠ ʨʷʜʘʤʠ ʛʨʫʧʧ ʫʥʠʪʨʝʫʛʦʣʴʥʳʭ ʘʚʪʦʤʦʨʬʠʟʤʦʚ. ʆʥʘ ʥʝ ʪʦʣʴʢʦ ʩʣʫʞʠʪ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʦ ʠ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʧʦʩʪʘʥʦʚʢʠ ʠ ʧʨʦʚʝʨʢʠ ʥʦʚʳʭ ʛʠʧʦʪʝʟ, ʩʧʦʩʦʙʩʪʚʫʷ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʤʘʪʝʤʘʪʠʢʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʚʪʦʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʛʠʧʦʪʝʟ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʨʘʙʦʪʘʭ ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ [6; 9]. 
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ʂʘʟʠʘʭʤʝʜʦʚ ʊ.ɹ. 

ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʆɹʋʏɽʅʀɽ ɹɸʂɸʃɸɺʈʆɺ ʆʉʅʆɺɸʄ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ 

ʢʘʜʨʦʚ ʧʦ ʠʥʞʝʥʝʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʚʣʘʜʝʶʱʠʭ ʤʝʪʦʜʘʤʠ ʀʀ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʤʝʥʷʝʪ ʵʢʦʥʦʤʠʢʫ, ʥʘʫʢʫ ʠ ʦʙʱʝʩʪʚʦ. ɹʘʢʘʣʘʚʨʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʠʥʞʝʥʝʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʜʦʣʞʥʳ ʥʝ ʪʦʣʴʢʦ ʜʘʚʘʪʴ ʬʫʥʜʘʤʝʥʪ, ʥʦ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʠʥʞʝʥʝʨʦʚ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʛʦʪʦʚʳʭ 

ʨʘʙʦʪʘʪʴ ʩ ʨʝʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʤʘʩʰʪʘʙʠʨʫʝʤʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʵʪʠʯʝʩʢʠʤʠ ʜʠʣʝʤʤʘʤʠ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʚʪʦʨʩʢʠʡ ʚʟʛʣʷʜ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ ʙʘʢʘʣʘʚʨʦʚ ʧʦ 

ʠʥʞʝʥʝʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʠʟʫʯʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʪʝʦʨʠʷ ʘʣʛʦʨʠʪʤʦʚ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʀʀ, ʮʠʬʨʦʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʡ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ 

ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʘ. ʆʙʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ 

ʠʥʞʝʥʝʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʠʤʝʥʝʥʠʶ ʀʀ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʫʯʝʥʠʷ, ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʠ 

ʘʜʘʧʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʦʩʥʦʚʘʤ ʀʀ ʚʳʪʝʢʘʝʪ ʠʟ ʘʢʪʫʘʣʴʥʦʩʪʠ ʩʘʤʦʡ ʪʝʭʥʦʣʦʛʠʠ: ʀʀ ï 

ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʭʩʷ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʆʙʫʯʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ ʩʪʘʥʦʚʠʪʩʷ ʞʠʟʥʝʥʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚ 

ʦʙʣʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʜʣʷ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ [3]. ɺ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʀʀ ʚʘʞʥʦ, 

ʯʪʦʙʳ ʙʫʜʫʱʠʝ ʧʦʢʦʣʝʥʠʷ ʠʥʞʝʥʝʨʦʚ ʧʦʥʠʤʘʣʠ ʩʫʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ.  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʀʀ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʫʞʥʦ 

ʦʟʥʘʢʦʤʠʪʴ ʚʩʝʭ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ ʠ ʩʩʫʟʦʚ. ʇʨʠʯʝʤ, ʚʘʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʢʘʢ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʨʘʪʠʚʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʫʟʢʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʝ.  

ɼʣʷ ʙʘʢʘʣʘʚʨʦʚ ʠ ʤʘʛʠʩʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʚ ʫʯʝʙʥʳʡ ʧʣʘʥ ʜʠʩʮʠʧʣʠʥʳ:  

1. ɻʝʥʝʨʘʪʠʚʥʳʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʀʀ. 

3. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ  

ʇʨʠʯʝʤ, ʧʝʨʚʘʷ ʜʠʩʮʠʧʣʠʥʘ ʜʦʣʞʥʘ ʦʭʚʘʪʳʚʘʪʴ ʛʝʥʝʨʘʪʠʚʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʅʘʧʨʠʤʝʨ, ʛʝʥʝʨʘʪʠʚʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʠʜʝʦ, 
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ʛʝʥʝʨʘʮʠʷ ʪʝʢʩʪʦʚ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʝʨʝʚʦʜʘ. ʅʦ ʝʩʪʴ ʦʙʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʫʞʥʳ 

ʚʩʝʤ. ʕʪʦ ʛʝʥʝʨʘʪʠʚʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʧʨʝʟʝʥʪʘʮʠʡ, ʨʝʢʣʘʤʳ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʦʙʫʯʝʥʠʷ ʙʫʜʫʱʠʭ ʠʥʞʝʥʝʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: 

1. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʢʘʢ ʧʨʝʜʤʝʪ, ʠʥʩʪʨʫʤʝʥʪ ʠ ʨʝʟʫʣʴʪʘʪ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ. 

2. ɻʝʥʝʨʘʪʠʚʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

3. ʆʩʥʦʚʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ: ɿʥʘʢʦʤʩʪʚʦ ʩ ʙʘʟʦʚʳʤʠ ʧʦʥʷʪʠʷʤʠ ʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʦʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʷʟʳʢʘ. 

4. ʊʝʥʟʦʨʥʳʡ ʘʥʘʣʠʟ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. 

5. ʄʝʪʦʜʳ ʨʘʟʨʘʙʦʪʢʠ ʀʀ (ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ, ʣʦʛʠʯʝʩʢʠʝ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ).  

ɺʦʧʨʦʩ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ. 

ɺʦʧʨʦʩʳ ʢʦʥʪʝʥʪʘ ʦʙʫʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [3; 4; 8]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʨʘʙʦʪʘʭ [2; 10]. ɸ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʬʦʨʤ 

ʠ ʧʨʠʝʤʦʚ ʦʙʫʯʝʥʠʷ, ʟʥʘʯʠʪ ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʦʚ ʚ ʦʙʣʘʩʪʠ ʀʀ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [1; 

5-7; 9]. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʙʫʜʫʱʝʛʦ ʠʥʞʝʥʝʨʘ ʚ ʦʙʣʘʩʪʠ ʀʀ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʧʦʣʥʝʥʘ 

ʜʠʩʮʠʧʣʠʥʘʤʠ ʠʣʠ ʨʘʟʜʝʣʘʤʠ ʜʠʩʮʠʧʣʠʥ: 

¶ ʆʩʥʦʚʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʟʨʘʙʦʪʢʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʦʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʷʟʳʢʘ. 

¶ ɻʝʥʝʨʘʪʠʚʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ: ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʯʝʙʥʳʭ ʪʝʢʩʪʦʚ, ʟʘʜʘʯ, ʧʨʝʟʝʥʪʘʮʠʡ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʧʨʦʩʦʚ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʩʪʦʚ 

¶ ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

¶ ʆʩʥʦʚʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʢʨʠʧʪʦʛʨʘʬʠʷ, ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʜʘʥʥʳʭ, 

ʢʠʙʝʨʫʛʨʦʟʳ ʠ ʠʭ ʧʨʦʬʠʣʘʢʪʠʢʘ. 

¶ ʂʦʜʠʨʦʚʘʥʠʝ ʠ ʰʠʬʨʦʚʘʥʠʝ. ɸʣʛʦʨʠʪʤʳ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʰʠʬʨʦʚʘʥʠʷ 

¶ ʌʫʥʜʘʤʝʥʪʦʤ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ ʠʥʞʝʥʝʨʦʚ ʚ ʦʙʣʘʩʪʠ ʀʀ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ: 

¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ ʀʀ 

¶ ʄʘʪʝʤʘʪʠʢʘ: ʜʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ, ʣʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʠ ʩʪʘʪʠʩʪʠʢʘ, ʦʧʪʠʤʠʟʘʮʠʷ. 

¶ ʀʥʬʦʨʤʘʪʠʢʘ: ʘʣʛʦʨʠʪʤʳ ʠ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʘʨʭʠʪʝʢʪʫʨʘ ʢʦʤʧʴʶʪʝʨʦʚ, 

ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʙʘʟʳ ʜʘʥʥʳʭ, ʩʝʪʠ. 

¶ ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ: Python (NumPy, pandas), C/C++ ʠʣʠ Java, ʨʘʟʨʘʙʦʪʢʘ ʇʆ ʩ 

ʤʝʪʦʜʘʤʠ ʀʀ. 

¶ ɺʚʝʜʝʥʠʝ ʚ ʀʀ ʠ ʥʘʫʢʫ ʦ ʜʘʥʥʳʭ: ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ, ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ML-ʧʨʦʝʢʪʘ, 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʠ ʧʨʦʮʝʩʩʦʚ, ʜʦʙʨʦʩʦʚʝʩʪʥʦʩʪʴ ʜʘʥʥʳʭ. 
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ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʦʙʫʯʝʥʠʷ ʙʫʜʫʱʠʭ ʫʯʠʪʝʣʝʡ ʠʥʬʦʨʤʘʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: 

1. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʢʘʢ ʧʨʝʜʤʝʪ, ʠʥʩʪʨʫʤʝʥʪ ʠ ʨʝʟʫʣʴʪʘʪ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ. 

2. ɻʝʥʝʨʘʪʠʚʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʆʩʦʙʦ ʩʪʦʠʪ ʚʦʧʨʦʩʳ ʧʦʜʛʦʪʦʚʢʠ ʫʯʠʪʝʣʷ ʠʥʬʦʨʤʘʪʠʢʠ ʧʦ ʚʦʧʨʦʩʘʤ ʀʀ ʚ ʰʢʦʣʴʥʦʤ 

ʢʫʨʩʝ ʠʥʬʦʨʤʘʪʠʢʠ. ʀʭ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʧʦ ʪʘʢʠʤ ʚʘʞʥʳʤ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ 

ʜʠʩʮʠʧʣʠʥʘʤ: 

¶ ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʚ ʢʫʨʩʝ ʰʢʦʣʴʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ. ʂʦʜʠʨʦʚʘʥʠʝ ʠ 

ʰʠʬʨʦʚʘʥʠʝ. ɸʣʛʦʨʠʪʤʳ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʰʠʬʨʦʚʘʥʠʷ 

¶ ʆʣʠʤʧʠʘʜʥʳʝ ʟʘʜʘʯʠ ʧʦ ʀʀ 

¶ ʆʣʠʤʧʠʘʜʥʳʝ ʟʘʜʘʯʠ ʧʦ ʀɹ 

¶ ʇʨʘʢʪʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ: 

¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ ʀʀ 

(ʥʘʧʨʠʤʝʨ, Scratch, TensorFlow, IBM Watson). 

¶ ʀʟʫʯʝʥʠʝ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʀʀ ʠ ʀɹ (Python, Java, C++) 

¶ ʈʘʟʨʘʙʦʪʢʫ ʠ ʧʨʦʚʝʜʝʥʠʝ ʫʨʦʢʦʚ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʤʫʣʷʮʠʡ ʠ ʢʝʡʩʦʚ. 

¶ ʉʦʟʜʘʥʠʝ ʫʯʝʙʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʟʘʢʨʝʧʣʝʥʠʝ 

ʟʥʘʥʠʡ. 

¶ ʄʝʪʦʜʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʦʭʚʘʪʳʚʘʝʪ ʪʘʢʠʝ ʚʠʜʳ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʘʢ: 

¶ ʈʘʟʨʘʙʦʪʢʘ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

¶ ʀʥʪʝʛʨʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. 

¶ ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʷ ʤʝʪʦʜʦʚ ʧʨʝʧʦʜʘʚʘʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʘʷ IT ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʥʘʰʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʚ 

ʮʝʣʦʤ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʩʦʯʝʪʘʪʴ ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʯʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʤʦʜʫʣʴʥʳʝ ʢʫʨʩʳ ʠ ʦʥʣʘʡʥ-ʦʙʫʯʝʥʠʝ ʧʦʟʚʦʣʷʶʪ ʙʫʜʫʱʠʤ ʠʥʞʝʥʝʨʘʤ ʦʩʚʘʠʚʘʪʴ 

ʥʦʚʳʝ ʟʥʘʥʠʷ ʚ ʫʜʦʙʥʦʝ ʚʨʝʤʷ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʩʝʤʠʥʘʨʳ ʠ ʤʘʩʪʝʨ-ʢʣʘʩʩʳ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʟʘʢʨʝʧʣʝʥʠʶ ʥʘʚʳʢʦʚ ʠ ʦʙʤʝʥʫ ʦʧʳʪʦʤ. ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʵʢʩʧʝʨʪʘʤʠ ʚ ʦʙʣʘʩʪʠ IT ʠʥʜʫʩʪʨʠʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʦʙʫʯʝʥʠʷ.  
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ʂʘʟʠʘʭʤʝʜʦʚ ʊ.ɹ. 

ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʙʠʫʣʣʠʥ ʀ.ɺ. 

ʘʩʧʠʨʘʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʄʆɼɽʃʔ ʌʆʈʄʀʈʆɺɸʅʀʗ ʊɽʍʅʀʏɽʉʂʆɻʆ ʂʆʄʇʆʅɽʅʊɸ 

ʂʆʄʇɽʊɽʅʊʅʆʉʊʀ ɺ ʆɹʃɸʉʊʀ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ʉʊɸʈʐɽʂʃɸʉʉʅʀʂʆɺ ʅɸ ʆʉʅʆɺɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ ɺ ʉʈɽɼɽ 1ʉ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ 

ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʝʛʦ 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʚ ʰʢʦʣʴʥʦʡ ʧʨʘʢʪʠʢʝ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʫʯʝʙʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʩʨʝʜʝ 1ʉ, ʚʢʣʶʯʘʶʱʘʷ ʚʭʦʜʥʦʡ, ʩʦʜʝʨʞʘʪʝʣʴʥʦ-ʜʝʷʪʝʣʴʥʦʩʪʥʳʡ ʠ 

ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ ʙʣʦʢʠ. ʆʧʠʩʳʚʘʶʪʩʷ ʮʝʣʝʚʳʝ ʫʤʝʥʠʷ ʫʯʘʱʠʭʩʷ ʠ ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʚ ʢʫʨʩʝ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʵʣʝʢʪʠʚʥʳʭ ʤʦʜʫʣʷʭ ʧʦ ʀɹ. ʊʘʢʞʝ 

ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʰʢʦʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ ʠ ʢʫʨʩʦʚ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʦʙʫʯʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʢʦʤʧʦʥʝʥʪʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ, ʩʪʘʨʰʘʷ 

ʰʢʦʣʘ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʧʣʘʪʬʦʨʤʘ 1ʉ, ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

 

ʇʦʚʩʝʤʝʩʪʥʦʝ ʚʥʝʜʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʫʨʦʚʥʶ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫ ʫʯʘʩʪʥʠʢʦʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʐʢʦʣʴʥʠʢʠ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʚʳʩʪʫʧʘʶʪ ʥʝ ʪʦʣʴʢʦ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʝʥʪʘ, ʥʦ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʜʝʨʞʘʱʠʭ ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʠʥʳʝ ʯʫʚʩʪʚʝʥʥʳʝ ʩʚʝʜʝʥʠʷ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ, ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʦʙʣʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʰʢʦʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦ ʫʜʝʣʷʝʪʩʷ ʮʝʥʥʦʩʪʥʦ-ʤʦʪʠʚʘʮʠʦʥʥʦʤʫ, 

ʢʦʛʥʠʪʠʚʥʦʤʫ ʠ ʧʦʚʝʜʝʥʯʝʩʢʦʤʫ ʢʦʤʧʦʥʝʥʪʘʤ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ: ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʘʥʦʚʦʢ ʥʘ 

ʙʝʟʦʧʘʩʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʟʥʘʥʠʶ ʦʩʥʦʚʥʳʭ ʫʛʨʦʟ ʠ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʘʟʚʠʪʠʶ ʥʘʚʳʢʦʚ 

ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ [4, ʩ. 239]. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦ 

ʧʨʦʨʘʙʦʪʘʥ ʚʦʧʨʦʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʦʥʠʤʘʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ ʦʧʳʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. 

ɺ ʜʝʡʩʪʚʫʶʱʝʡ ʧʨʘʢʪʠʢʝ ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʘʱʝ ʚʩʝʛʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʬʦʨʤʝ ʦʪʜʝʣʴʥʳʭ ʪʝʤ ʚ ʢʫʨʩʝ ʠʥʬʦʨʤʘʪʠʢʠ ʠʣʠ 

ʢʣʘʩʩʥʳʭ ʯʘʩʦʚ, ʧʦʩʚʷʱʸʥʥʳʭ ʫʛʨʦʟʘʤ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʟʘʱʠʪʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʨʘʚʠʣʘʤ ʨʘʙʦʪʳ ʩ ʧʘʨʦʣʷʤʠ. ʇʨʠ ʵʪʦʤ ʨʝʜʢʦ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʫʯʘʱʠʭʩʷ ʚ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʥʘʩʪʨʦʡʢʝ ʠ ʘʥʘʣʠʟʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚ ʨʘʤʢʘʭ 
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ʢʦʪʦʨʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʫʯʝʙʥʦ-

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ. ɼʦʚʦʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʫʪʸʤ ʨʝʰʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ 1ʉ ʢʘʢ ʩʨʝʜʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʣʘʪʬʦʨʤʘ 1ʉ 

ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʸ ʢʘʢ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʡ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʜʦʩʪʫʧ, 

ʨʦʣʝʚʦʝ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʧʨʘʚ, ʨʘʙʦʪʫ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤʠ ʠ ʬʠʥʘʥʩʦʚʳʤʠ ʜʘʥʥʳʤʠ, ʤʝʭʘʥʠʟʤʳ 

ʞʫʨʥʘʣʠʨʦʚʘʥʠʷ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ 1ʉ. 

ɺ ʨʘʙʦʪʘʭ ʧʦ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʝʜʘʛʦʛʠʢʝ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʰʢʦʣʴʥʠʢʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʰʢʦʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ ʣʠʯʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. ɺ ʨʘʙʦʪʝ ɹʝʣʷʢʦʚʦʡ ɽ.ɻ. ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʧʨʦʙʣʝʤʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʜʘʣʝʝ ʀɹ) ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʪʦʣʴʢʦ ʢ ʪʝʭʥʠʯʝʩʢʦʡ 

ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʦ ʠ ʜʦʣʞʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʘʩʧʝʢʪ ʨʘʟʚʠʪʠʷ ʣʠʯʥʦʩʪʠ ʦʙʫʯʘʶʱʝʛʦʩʷ ʠ ʝʛʦ ʩʦʮʠʘʣʠʟʘʮʠʠ ʚ ʮʠʬʨʦʚʦʤ 

ʦʙʱʝʩʪʚʝ [1, ʩ. 148]. ʊʘʢʞʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ɼʝʨʝʥʜʷʝʚʦʡ ʅ.ʉ. ʢʫʣʴʪʫʨʥʳʡ ʢʦʤʧʦʥʝʥʪ ʧʦʥʷʪʠʷ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʤʝʥʠʝ ʰʢʦʣʴʥʠʢʘ ʨʘʟʙʠʨʘʪʴʩʷ ʩ ʤʥʦʞʝʩʪʚʦʤ ʧʦʪʦʢʦʚ ʧʨʠʭʦʜʷʱʝʡ ʠ 

ʫʭʦʜʷʱʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʧʝʨʘʪʠʚʥʫʶ ʦʮʝʥʢʫ ʧʦʣʝʟʥʦʩʪʠ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʝʸ 

ʩʦʟʥʘʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʨʝʰʝʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʘʜʘʯ [5, c. 191]. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʀɹ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ɹʦʛʘʪʳʨʸʚʘ ʖ.ʀ., ʘ ʪʘʢʞʝ ʈʫʜʠʥʩʢʠʡ ʀ.ɼ., 

ʆʢʦʣʦʪ ɼ.ʗ. ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʩʣʦʞʥʫʶ ʠ ʢʦʤʧʣʝʢʩʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʣʠʯʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʚʢʣʶʯʘʝʪ ʩʠʩʪʝʤʫ ʟʥʘʥʠʡ ʦ ʚʦʟʤʦʞʥʳʭ ʫʛʨʦʟʘʭ ʠ ʤʝʭʘʥʠʟʤʘʭ ʟʘʱʠʪʳ ʦʪ ʵʪʠʭ ʫʛʨʦʟ, 

ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʥʘʚʳʢʠ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʩʨʝʜʳ ʠ ʦʧʳʪ ʨʝʘʣʠʟʘʮʠʠ ʙʝʟʦʧʘʩʥʳʭ ʩʪʨʘʪʝʛʠʡ 

ʚ ʪʠʧʠʯʥʳʭ ʠ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, ʮʝʥʥʦʩʪʥʦ-ʩʤʳʩʣʦʚʳʝ 

ʫʩʪʘʥʦʚʢʠ, ʦʪʨʘʞʘʶʱʠʝ ʦʪʥʦʰʝʥʠʝ ʦʙʫʯʘʶʱʝʛʦʩʷ ʢ ʨʠʩʢʘʤ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ [3, ʩ. 14; 9, ʩ. 39].  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʚ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʥʝ ʪʦʣʴʢʦ ʟʥʘʥʠʝʚʳʡ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʡ 

ʘʩʧʝʢʪʳ, ʥʦ ʠ ʫʤʝʥʠʝ ʦʙʫʯʘʶʱʝʛʦʩʷ ʦʩʦʟʥʘʚʘʪʴ, ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʚʦʟʤʦʞʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʚ ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ, ʧʨʠʥʠʤʘʷ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ ʠ 

ʘʥʘʣʠʟʠʨʫʷ ʩʚʦʡ ʦʧʳʪ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ [1, ʩ. 148; 5, c. 192].  

ɺ ʨʘʙʦʪʝ ʅ.ʉ. ɼʝʨʝʥʜʷʝʚʦʡ ʚʳʜʝʣʷʶʪʩʷ ʢʦʛʥʠʪʠʚʥʳʡ, ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʡ, 

ʜʝʷʪʝʣʴʥʦʩʪʥʳʡ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʤʧʦʥʝʥʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ ʣʠʯʥʦʩʪʠ, ʢʦʤʧʦʥʝʥʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʠ ʢʦʤʧʦʥʝʥʪ ʧʨʦʬʠʣʘʢʪʠʢʠ ʘʜʜʠʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʊʘʢʘʷ 

ʜʝʪʘʣʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʫʣʴʪʫʨʳ ʀɹ 

ʰʢʦʣʴʥʠʢʦʚ, ʦʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʨʰʝʡ ʰʢʦʣʳ ʠ ʚ ʢʦʥʪʝʢʩʪʝ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʝʨʝʭʦʜ ʢ ʙʦʣʝʝ ʢʨʫʧʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʩʦʦʪʥʦʩʷʱʝʡʩʷ ʩ 
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ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʜʣʷ ʧʝʜʘʛʦʛʠʢʠ ʢʦʤʧʦʥʝʥʪʘʤʠ: ʮʝʥʥʦʩʪʥʦ-ʤʦʪʠʚʘʮʠʦʥʥʳʤ, ʢʦʛʥʠʪʠʚʥʳʤ, 

ʧʦʚʝʜʝʥʯʝʩʢʠʤ ʠ ʪʝʭʥʠʯʝʩʢʠʤ. [9, ʩ. 39]. ʆʧʠʨʘʷʩʴ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʌʝʜʦʨʦʚʦʡ ʉ.ʅ., 

ʂʫʣʝʙʷʝʚʘ ʄ.ɸ., ʉʦʣʦʚʴʸʚʦʡ ʉ.ɸ. ʦ ʢʫʣʴʪʫʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ, ʛʜʝ ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ, 

ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʀɹ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʎʝʥʥʦʩʪʥʦ-ʤʦʪʠʚʘʮʠʦʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ï ʩʠʩʪʝʤʘ ʮʝʥʥʦʩʪʝʡ, ʫʩʪʘʥʦʚʦʢ ʠ ʤʦʪʠʚʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʪʥʦʰʝʥʠʝ ʦʙʫʯʘʶʱʝʛʦʩʷ ʢ ʚʦʧʨʦʩʘʤ ʮʠʬʨʦʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ï 

ʦʩʦʟʥʘʥʠʝ ʣʠʯʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʚʘʞʥʦʩʪʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʚʥʫʪʨʝʥʥʶʶ ʛʦʪʦʚʥʦʩʪʴ 

ʩʦʙʣʶʜʘʪʴ ʥʦʨʤʳ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ ʠ ʥʝʩʪʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ 

ʩʦʙʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʚ ʵʪʦʡ ʩʨʝʜʝ [10, ʩ. 51].  

2. ʂʦʛʥʠʪʠʚʥʳʡ ʢʦʤʧʦʥʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʥʠʡ ʦʙ ʦʩʥʦʚʥʳʭ 

ʫʛʨʦʟʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʘʚʦʚʳʭ ʠ ʵʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʙʘʟʦʚʳʭ ʧʦʥʷʪʠʷʭ ʠ ʧʨʠʥʮʠʧʘʭ ʀɹ, ʚʢʣʶʯʘʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ, ʮʝʣʦʩʪʥʦʩʪʴ, 

ʜʦʩʪʫʧʥʦʩʪʴ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ. 

3. ʇʦʚʝʜʝʥʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʷʚʣʷʝʪʩʷ ʫʞʝ ʙʦʣʝʝ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʠ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʠ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ [3, ʩ. 15]. 

4. ʊʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ï ʟʥʘʥʠʷ ʦ ʧʨʠʥʮʠʧʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʦʜʝʣʷʭ ʘʨʭʠʪʝʢʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʤʝʭʘʥʠʟʤʘʭ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ, ʞʫʨʥʘʣʠʨʦʚʘʥʠʷ, ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ, 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, ʘ ʪʘʢʞʝ ʫʤʝʥʠʷ, ʧʦ ʚʳʷʚʣʝʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʫʛʨʦʟ ʠ ʫʷʟʚʠʤʦʩʪʝʡ, 

ʥʘʩʪʨʦʡʢʝ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠ ʘʥʘʣʠʟʫ ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʩʦʩʪʦʷʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤʳ [10, ʩ. 52]. 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʦʩʚʷʱʸʥʥʳʤ ʢʫʣʴʪʫʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʫʯʘʱʝʡʩʷ ʤʦʣʦʜʸʞʠ, ʮʝʥʥʦʩʪʥʦ-ʩʤʳʩʣʦʚʦʡ, ʢʦʛʥʠʪʠʚʥʳʡ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪʳ ʚ 

ʫʯʝʙʥʦʡ ʧʨʘʢʪʠʢʝ ʧʦʣʫʯʘʶʪ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ, ʪʦʛʜʘ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʟʘʯʘʩʪʫʶ 

ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʬʨʘʛʤʝʥʪʘʨʥʦ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʉ.ʅ. ʌʝʜʦʨʦʚʦʡ, ʄ.ɸ. ʂʫʣʝʙʷʝʚʘ ʠ ʉ.ɸ. ʉʦʣʦʚʴʸʚʦʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʚʳʙʦʨʢʘʭ ʩʪʫʜʝʥʪʦʚ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʫʟʘ, ʬʠʢʩʠʨʫʝʪʩʷ ʜʠʩʙʘʣʘʥʩ, ʦʪʨʘʞʘʶʱʠʡʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʪʝʭʥʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʮʝʥʥʦʩʪʥʳʭ ʦʨʠʝʥʪʠʨʦʚ ʠ 

ʧʘʪʪʝʨʥʦʚ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ [10, ʩ. 52; 11, ʩ. 340]. ʇʨʠ ʧʝʨʝʥʦʩʝ ʵʪʠʭ ʚʳʚʦʜʦʚ ʥʘ 

ʰʢʦʣʴʥʳʡ ʫʨʦʚʝʥʴ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʫ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʪʝʭʥʠʯʝʩʢʠʡ 

ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʀɹ ʝʱʸ ʙʦʣʝʝ ʫʷʟʚʠʤ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜ ʪʝʭʥʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʀɹ 

ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʥʠʡ ʦ ʪʝʭʥʠʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ (ʘʨʭʠʪʝʢʪʫʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʤʦʜʝʣʠ ʠ ʤʝʭʘʥʠʟʤʳ ʨʘʟʛʨʘʥʠʯʝʥʠʷ 

ʜʦʩʪʫʧʘ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʚʪʦʨʠʟʘʮʠʠ, ʞʫʨʥʘʣʠʨʦʚʘʥʠʝ ʠ ʘʫʜʠʪ, ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʙʘʟʦʚʳʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ), ʘ ʪʘʢʞʝ ʫʤʝʥʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʵʪʠʭ 

ʟʥʘʥʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʫʯʝʙʥʳʭ ʟʘʜʘʯ ʚ ʤʦʜʝʣʠʨʫʝʤʳʭ ʠ ʨʝʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. 
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ɼʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʪʨʝʙʫʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʚʢʣʶʯʝʥʠʷ ʚ 

ʫʯʝʙʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʯʝʨʝʟ ʫʯʝʙʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʫʯʝʥʠʷ ʀɹ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʚ ʨʘʤʢʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, ʪʦ ʩʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʰʢʦʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʘʤʢʘʭ ʧʨʝʜʤʝʪʘ çʀʥʬʦʨʤʘʪʠʢʘè ʚ ʨʘʟʜʝʣʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʮʠʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʪʠʢʦʡ ʠ ʧʨʘʚʦʚʳʤʠ ʘʩʧʝʢʪʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʂʊ ʠ ʩʠʩʪʝʤʳ ʚʥʝʫʨʦʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʥʘ ʢʣʘʩʩʥʳʭ ʯʘʩʘʭ, ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʠ ʵʣʝʢʪʠʚʥʳʭ ʢʫʨʩʘʭ. [4, ʩ. 

239]. ɺ ʨʘʙʦʪʝ ʉ.ɸ. ɹʝʰʝʥʢʦʚʘ, ʄ.ʀ. ʐʫʪʠʢʦʚʦʡ, ʅ.ʀ. ʈʳʞʦʚʦʡ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʚʦʧʨʦʩʳ 

ʀɹ ʚʩʪʨʦʝʥʳ ʚ ʢʫʨʩ ʠʥʬʦʨʤʘʪʠʢʠ ʢʘʢ ʦʜʥʘ ʠʟ ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʣʠʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʣʠʯʥʦʩʪʠ, ʦʜʥʘʢʦ, ʧʦ ʠʭ ʤʥʝʥʠʶ, ʦʙʲʸʤ ʵʪʠʭ ʪʝʤ ʚ ʙʘʟʦʚʦʤ 

ʢʫʨʩʝ ʦʛʨʘʥʠʯʝʥ ʠ ʪʨʝʙʫʝʪ ʨʘʩʰʠʨʝʥʠʷ ʯʝʨʝʟ ʚʘʨʠʘʪʠʚʥʫʶ ʯʘʩʪʴ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ [2, ʩ. 112]. 

ʀʟʫʯʝʥʠʝ ʧʨʦʛʨʘʤʤ ʵʣʝʢʪʠʚʥʳʭ ʢʫʨʩʦʚ ʠ ʘʚʪʦʨʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʜʣʷ 10ï11 ʢʣʘʩʩʦʚ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʢʣʶʯʝʚʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʙʣʦʢʠ ʰʢʦʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʀɹ ʚ ʩʪʘʨʰʝʤ ʟʚʝʥʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʚʢʣʶʯʘʶʪ: ʬʠʰʠʥʛ, ʤʦʰʝʥʥʠʯʝʩʪʚʦ, ʢʠʙʝʨʙʫʣʣʠʥʛ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ ʫʛʨʦʟ ʚ 

ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʚʠʨʫʩʳ ʠ ʘʥʪʠʚʠʨʫʩʥʫʶ 

ʟʘʱʠʪʫ, ʧʨʘʚʠʣʘ ʨʘʙʦʪʳ ʩ ʧʘʨʦʣʷʤʠ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʘ 

ʪʘʢʞʝ ʧʨʘʚʦʚʳʝ ʘʩʧʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʚʦʟʤʦʞʥʳʝ 

ʥʘʨʫʰʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʄ.ɺ. ʈʦʤʘʥʦʚʦʡ ʠ ɽ.ɺ. ʏʝʨʥʦʚʦʡ, ʧʦʩʚʷʱʸʥʥʦʡ ʤʝʪʦʜʠʢʝ ʦʙʫʯʝʥʠʷ 

ʰʢʦʣʴʥʠʢʦʚ ʦʩʥʦʚʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʩʦʜʝʨʞʘʥʠʝ ʢʫʨʩʘ ʩʪʨʫʢʪʫʨʠʨʫʝʪʩʷ 

ʠʤʝʥʥʦ ʚʦʢʨʫʛ ʦʙʦʟʥʘʯʝʥʥʳʭ ʚʳʰʝ ʪʝʤʘʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʩ ʧʦʚʳʰʝʥʥʳʤ ʘʢʮʝʥʪʦʤ ʥʘ ʨʠʩʢʘʭ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʟʘʱʠʪʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʧʨʘʚʠʣʘʭ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʦʥʣʘʡʥ [8, ʩ. 14]. ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʚʪʦʨʘʤʠ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʤʝʪʦʜʠʢʝ ʦʙʫʯʝʥʠʷ ʦʩʥʦʚʘʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʥʢʝʪʠʨʦʚʘʥʠʝ, ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ, ʦʙʩʫʞʜʝʥʠʝ 

ʩʠʪʫʘʮʠʦʥʥʳʭ ʢʝʡʩʦʚ, ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʫʯʘʱʠʭʩʷ 

ʩ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ.  

ʊʘʢʠʝ ʬʦʨʤʳ ʨʘʙʦʪʳ ʵʬʬʝʢʪʠʚʥʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʮʝʥʥʦʩʪʥʦ-

ʤʦʪʠʚʘʮʠʦʥʥʦʛʦ, ʢʦʛʥʠʪʠʚʥʦʛʦ ʠ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʀɹ, 

ʦʜʥʘʢʦ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʦʥʠ ʟʘʪʨʘʛʠʚʘʶʪ ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ ʠ ʚʦʧʨʦʩʳ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʠʭ ʘʨʭʠʪʝʢʪʫʨʳ, ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʠ 

ʩʦʩʪʘʚʣʝʥʠʷ ʦʪʯʸʪʦʚ ʘʢʪʠʚʥʦʩʪʠ ʦʩʪʘʶʪʩʷ ʟʘ ʨʘʤʢʘʤʠ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ, ʯʪʦ ʷʚʥʦ ʧʦʜʯʸʨʢʠʚʘʝʪ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʝʢʩʪʘ ʦʙʫʯʝʥʠʷ. ʊʘʢʞʝ ʚ ʩʦʜʝʨʞʘʥʠʠ ʠ ʬʦʨʤʘʭ ʦʙʫʯʝʥʠʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ ʧʦ ʘʥʘʣʠʟʫ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʟʘʱʠʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʛʜʝ 

ʦʙʫʯʘʶʱʠʝʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʩʚʘʠʚʘʶʪ ʛʦʪʦʚʳʝ ʧʨʘʚʠʣʘ ʧʦ ʪʠʧʫ: ʥʝ ʨʘʩʢʨʳʚʘʪʴ ʧʘʨʦʣʴ, 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ, ʥʝ ʧʝʨʝʭʦʜʠʪʴ ʧʦ ʧʦʜʦʟʨʠʪʝʣʴʥʳʤ ʩʩʳʣʢʘʤ, 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʘʥʪʠʚʠʨʫʩ, ʥʦ ʨʝʜʢʦ ʚʢʣʶʯʘʶʪʩʷ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ 

ʥʘʩʪʨʦʡʢʝ ʢʦʥʢʨʝʪʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʦʭʨʘʥʷʝʪʩʷ ʩʣʘʙʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ 

ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʢʫʨʩʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʦʡ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʰʢʦʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠʥʬʦʨʤʘʪʠʢʠ ʚʦʧʨʦʩʳ 
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ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʜʘ, ʦʙʨʘʙʦʪʢʠ ʦʰʠʙʦʢ, ʧʨʦʚʝʨʢʠ ʚʚʦʜʠʤʳʭ ʜʘʥʥʳʭ, ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʢ 

ʨʝʩʫʨʩʘʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʘ ʪʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʚʳʥʦʩʷʪʩʷ ʚ ʦʪʜʝʣʴʥʳʝ ʨʘʟʜʝʣʳ, ʥʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩ ʫʯʝʙʥʳʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ [4, ʩ. 239].  

ɺ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʪʘʢʠʭ ʬʦʨʤ ʠ ʩʨʝʜʩʪʚ 

ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʘʤ ʦʩʚʘʠʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʠʭ ʚʦʟʨʘʩʪʥʳʤ ʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ. ʂ ʯʠʩʣʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʦʪʥʦʩʠʪʩʷ ʚʢʣʶʯʝʥʠʝ 

ʚ ʢʫʨʩ ʠʥʬʦʨʤʘʪʠʢʠ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ, 

ʥʘʩʪʨʦʡʢʦʡ ʠ ʘʥʘʣʠʟʦʤ ʫʯʝʙʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ.  

ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚ ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ ʠʥʬʦʨʤʘʪʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʦʙʱʝʡ ʀʂʊ-ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ 

ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʨʘʙʦʪʝ ʃʝʦʥʦʚʘ ɸ.ɻ. ʠ ʇʝʨʚʠʥʘ ʖ.ɸ., 

ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʠʤʝʥʥʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʯʠʩʪʦ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʨʦʚʥʷ ʚʣʘʜʝʥʠʷ ʀʂʊ ʢ ʧʦʥʠʤʘʥʠʶ ʧʨʠʥʮʠʧʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʧʨʦʬʠʣʴʥʦʡ 

ʰʢʦʣʝ [6, ʩ. 46]. ɺ ʢʦʥʪʝʢʩʪʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ 

ʙʦʣʴʰʠʡ ʚʝʩ, ʧʦʩʢʦʣʴʢʫ ʩʚʷʟʳʚʘʝʪ ʘʙʩʪʨʘʢʪʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʛʨʦʟʘʭ ʠ ʩʨʝʜʩʪʚʘʭ ʟʘʱʠʪʳ 

ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ ʦʙʫʯʘʶʱʝʛʦʩʷ ʧʦ ʩʦʟʜʘʥʠʶ, ʠʟʤʝʥʝʥʠʶ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʶ 

ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ. ɺʦ-ʧʝʨʚʳʭ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʦʷʥʥʫʶ ʨʘʙʦʪʫ ʩ ʜʘʥʥʳʤʠ ʯʝʨʝʟ ʠʭ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ, ʭʨʘʥʝʥʠʝ, ʦʙʨʘʙʦʪʢʫ 

ʠ ʧʝʨʝʜʘʯʫ. ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʟʥʘʯʠʤʳʤ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 

çʦʙʳʯʥʳʤʠè ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʧʝʨʩʦʥʘʣʴʥʳʤʠ ʠʣʠ ʬʠʥʘʥʩʦʚʳʤʠ, 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʢʨʫʛʦʚ ʣʠʮ, ʠʤʝʶʱʠʭ ʜʦʩʪʫʧ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʦʰʠʙʦʢ ʚ ʣʦʛʠʢʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʨʦʚʝʨʢʝ ʫʩʣʦʚʠʡ, ʦʙʨʘʙʦʪʢʝ ʠʩʢʣʶʯʝʥʠʡ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʥʝʰʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʆʰʠʙʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʚʝʨʢʠ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʥʝʢʦʨʨʝʢʪʥʳʤ ʧʦʨʷʜʢʦʤ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ, ʥʘʨʫʰʝʥʠʝʤ 

ʠʥʚʘʨʠʘʥʪʦʚ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʥʘʧʨʷʤʫʶ ʧʨʠʚʦʜʷʪ ʢ ʠʩʢʘʞʝʥʠʶ ʠʣʠ ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ, 

ʥʘʨʫʰʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʨʝʩʫʨʩʦʚ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ çTraining Developers to Code 

Securely: Theory and Practiceè ʘʚʪʦʨʦʚ Ryan I., Roedig U., Stol Klaas-Jan, ʧʦʩʚʷʱʸʥʥʦʤ 

ʦʙʫʯʝʥʠʶ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʙʝʟʦʧʘʩʥʦʤʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʫʷʟʚʠʤʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʠʤʝʥʥʦ ʪʘʢʠʤʠ ʦʰʠʙʢʘʤʠ, 

ʜʦʧʫʱʝʥʥʳʤʠ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ [12, ʩ. 37]. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʠʜʝʡ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʪʘʢʘʷ ʧʨʦʛʨʘʤʤʥʘʷ 

ʩʨʝʜʘ, ʢʦʪʦʨʘʷ ʠʤʝʣʘ ʙʳ ʚʳʩʦʢʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʦʩʚʦʝʥʠʷ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʘʤʠ ʠ ʧʦʟʚʦʣʷʣʘ 

ʙʳ ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʠʧʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ: 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʨʝʞʠʤ, ʨʦʣʝʚʦʝ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ, ʨʘʙʦʪʫ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʞʫʨʥʘʣʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʥʘʩʪʨʦʡʢʫ ʧʨʠʢʣʘʜʥʦʡ ʣʦʛʠʢʠ. 
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ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʣʘʪʬʦʨʤʘ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ, 

ʷʚʣʷʶʱʘʷʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʚ ʈʦʩʩʠʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʸʪʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ. ɺ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʦʧʳʪ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ 

ʫʯʘʱʠʭʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʠʢʣʘʜʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʦʩʥʦʚʘʭ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ, 

ʩʠʩʪʝʤʥʦʛʦ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [7, ʩ. 25]. ʈʘʟʣʠʯʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʘʨʪʥʸʨʩʢʠʝ ʮʝʥʪʨʳ ʬʠʨʤʳ ç1ʉè ʨʝʘʣʠʟʫʶʪ ʢʫʨʩʳ çʆʩʥʦʚʳ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʧʣʘʪʬʦʨʤʝ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚè, çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚ 

1ʉè ʠ ʜʨʫʛʠʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʫʯʘʱʠʭʩʷ 7ï11 ʢʣʘʩʩʦʚ, ʛʜʝ ʰʢʦʣʴʥʠʢʠ ʟʥʘʢʦʤʷʪʩʷ ʩ 

ʫʩʪʨʦʡʩʪʚʦʤ ʧʣʘʪʬʦʨʤʳ, ʫʯʘʪʩʷ ʩʦʟʜʘʚʘʪʴ ʧʨʦʩʪʳʝ ʧʨʠʢʣʘʜʥʳʝ ʨʝʰʝʥʠʷ, ʨʘʙʦʪʘʪʴ ʩʦ 

ʩʧʨʘʚʦʯʥʠʢʘʤʠ ʠ ʬʦʨʤʘʤʠ, ʥʘʩʪʨʘʠʚʘʪʴ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʠ ʚʳʧʦʣʥʷʪʴ ʙʘʟʦʚʳʝ ʦʧʝʨʘʮʠʠ 

ʩ ʜʘʥʥʳʤʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʠʜʘʢʪʠʯʝʩʢʫʶ ʧʨʠʛʦʜʥʦʩʪʴ ʧʣʘʪʬʦʨʤʳ 1ʉ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ 

ʩʦʜʝʨʞʘʥʠʝ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʧʨʦʬʠʣʴʥʳʭ ʵʣʝʢʪʠʚʦʚ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʠʜʘʢʪʠʢʠ ʀɹ ʧʣʘʪʬʦʨʤʘ 1ʉ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʸ ʢʘʢ ʫʯʝʙʥʫʶ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ: 

1. ʄʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʫʯʸʪʥʳʤʠ ʟʘʧʠʩʷʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʜʫʨʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʥʘʟʥʘʯʝʥʠʷ 

ʠ ʩʤʝʥʳ ʧʘʨʦʣʝʡ, ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʫʯʸʪʥʳʭ ʟʘʧʠʩʝʡ. 

2. ʈʦʣʝʚʘʷ ʤʦʜʝʣʴ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʜʘʚʘʪʴ ʧʨʘʚʘ ʥʘ ʫʨʦʚʥʝ 

ʨʦʣʝʡ, ʧʨʦʬʠʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʤʝʪʘʜʘʥʥʳʭ, ʦʛʨʘʥʠʯʠʚʘʷ ʯʪʝʥʠʝ, ʠʟʤʝʥʝʥʠʝ ʠ 

ʫʜʘʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

3. ʅʘʣʠʯʠʝ ʩʫʱʥʦʩʪʝʡ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʧʝʨʩʦʥʘʣʴʥʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʜʘʥʥʳʝ 

(ʩʧʨʘʚʦʯʥʠʢʠ: çʉʦʪʨʫʜʥʠʢʠè, çʂʦʥʪʨʘʛʝʥʪʳè, ʜʦʢʫʤʝʥʪʳ: çʅʘʯʠʩʣʝʥʠʝ ʟʘʨʧʣʘʪʳè ʠ 

çɿʘʢʘʟ ʢʣʠʝʥʪʘè). 

4. ɾʫʨʥʘʣ ʨʝʛʠʩʪʨʘʮʠʠ ʜʣʷ ʬʠʢʩʘʮʠʠ ʚʩʝʭ ʩʦʙʳʪʠʡ. 

5. ɺʩʪʨʦʝʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʣʦʛʠʢʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ɼʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʪʬʦʨʤʳ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʸ ʢʘʢ 

ʜʠʜʘʢʪʠʯʝʩʢʫʶ ʩʨʝʜʫ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʩʪʫʧʥʫʶ ʜʣʷ ʦʩʚʦʝʥʠʷ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʘʤʠ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʫʶ ʢ ʨʝʘʣʴʥʳʤ ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ. ɺʩʪʨʘʠʚʘʥʠʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ 1ʉ ʚ ʢʫʨʩ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʧʨʦʬʠʣʴʥʳʝ ʤʦʜʫʣʠ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʟʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʩʚʷʟʳʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʀɹ 

ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʨʝʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʨʘʟʚʠʪʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʄʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ  

ʚ ʦʙʣʘʩʪʠ ʀɹ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ 1ʉ 

ʄʦʜʝʣʴ ʥʦʩʠʪ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ ʠ ʤʦʜʫʣʝʡ, ʚʩʪʨʘʠʚʘʝʤʳʭ ʚ ʧʨʦʬʠʣʴʥʳʡ ʢʫʨʩ 

ʠʥʬʦʨʤʘʪʠʢʠ ʠʣʠ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʤʦʜʫʣʠ ʧʦ ʀɹ. ʇʨʠ ʵʪʦʤ ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʝ ʥʘ ʨʘʟʦʚʦʡ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʣʘʪʬʦʨʤʳ, ʘ ʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ, ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʚ ʚʠʜʝ 

ʩʝʨʠʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʫʯʝʙʥʳʭ ʮʠʢʣʦʚ. 
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ʎʝʣʴʶ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘ 

ʩʯʸʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ 1ʉ ʠ ʨʝʰʝʥʠʷ ʫʯʝʙʥʳʭ ʟʘʜʘʯ 

ʚ ʢʦʥʪʝʢʩʪʝ ʤʦʜʝʣʠʨʫʝʤʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ.  

ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʪʨʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʙʣʦʢʘ ï ʚʭʦʜʥʦʛʦ, ʩʦʜʝʨʞʘʪʝʣʴʥʦ-

ʜʝʷʪʝʣʴʥʦʩʪʥʦʛʦ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʜʘʪʴ 

ʠʩʭʦʜʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʛʦʪʦʚʢʝ ʫʯʘʱʠʭʩʷ, ʦʧʠʩʘʪʴ ʣʦʛʠʢʫ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʡ ʨʘʙʦʪʳ ʠ 

ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ ʀɹ.  

ɺʦ ʚʭʦʜʥʦʡ ʙʣʦʢ ʚʢʣʶʯʘʶʪʩʷ ʪʝ ʧʨʝʜʧʦʩʳʣʢʠ, ʙʝʟ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ 

ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ ʠʣʠ ʪʨʝʙʫʝʪ ʩʝʨʴʸʟʥʦʛʦ ʫʧʨʦʱʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ. ʇʝʨʚʳʤ 

ʠʩʭʦʜʥʳʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʝ ʀʂʊ-ʫʤʝʥʠʷ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʩʨʝʜʝ 1ʉ ʥʘ ʫʨʦʚʥʝ ʧʦʣʴʟʦʚʘʪʝʣʷ: ʦʨʠʝʥʪʘʮʠʷ ʚ ʠʥʪʝʨʬʝʡʩʝ, ʨʘʙʦʪʘ ʩ 

ʬʘʡʣʘʤʠ ʠ ʢʘʪʘʣʦʛʘʤʠ, ʧʦʥʠʤʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, 

ʫʚʝʨʝʥʥʦʝ ʚʣʘʜʝʥʠʝ ʪʝʢʩʪʦʚʳʤʠ ʠ ʪʘʙʣʠʯʥʳʤʠ ʨʝʜʘʢʪʦʨʘʤʠ. ʕʪʠ ʫʤʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʥʝ 

ʪʨʘʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘ ʦʩʚʦʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʩʨʘʟʫ ʧʝʨʝʚʦʜʠʪʴ ʚʥʠʤʘʥʠʝ 

ʥʘ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳ 

ʥʘʯʘʣʴʥʳʝ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ 

ʧʨʝʜʳʜʫʱʠʭ ʪʝʤ: ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʦʩʥʦʚʥʳʭ ʫʛʨʦʟʘʭ ʠ ʨʠʩʢʘʭ, ʦ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʠʭ 

ʟʘʱʠʪʝ, ʦ ʧʨʘʚʠʣʘʭ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʩʝʪʠ ʠ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ. ɹʝʟʫʩʣʦʚʥʦ, 

ʥʝʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʙʝʟ ʥʘʣʠʯʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʥʘʚʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʟʫʯʝʥʠʠ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʜʥʦʛʦ ʠʟ ʷʟʳʢʦʚ, ʪʘʢʠʭ 

ʢʘʢ Python ʠʣʠ Pascal.  

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʩʦʜʝʨʞʘʪʝʣʴʥʦ-ʜʝʷʪʝʣʴʥʦʩʪʥʳʡ ʙʣʦʢ ʨʝʘʣʠʟʫʝʪ ʮʝʧʦʯʢʫ ʜʝʡʩʪʚʠʡ 

çʫʯʝʙʥʘʷ ʟʘʜʘʯʘ ï ʜʝʡʩʪʚʠʷ ʚ 1ʉ ï ʦʩʤʳʩʣʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤʳè, ʧʨʠ 

ʵʪʦʤ ʜʘʥʥʳʡ ʮʠʢʣ ʤʦʞʝʪ ʧʦʚʪʦʨʷʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʢʫʨʩʘ. ʉʦʜʝʨʞʘʪʝʣʴʥʦ-

ʜʝʷʪʝʣʴʥʦʩʪʥʳʡ ʙʣʦʢ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʪʘʢʠʭ ʮʠʢʣʦʚ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʦʪʜʝʣʴʥʳʡ ʘʩʧʝʢʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠ 

ʵʪʦʤ ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʧʦ ʢʫʨʩʫ ʚʦʟʨʘʩʪʘʝʪ ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯ ʠ ʩʪʝʧʝʥʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ 

ʫʯʘʱʠʭʩʷ, ʘ ʨʦʣʴ ʫʯʠʪʝʣʷ ʩʤʝʱʘʝʪʩʷ ʦʪ ʧʨʷʤʦʛʦ ʠʥʩʪʨʫʢʪʘʞʘ ʢ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʶ ʠ 

ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʝ ʨʝʰʝʥʠʡ. ʂʘʞʜʳʡ ʪʘʢʦʡ ʮʠʢʣ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ.  

1. ʇʦʩʪʘʥʦʚʢʘ ʫʯʝʙʥʦʡ ʟʘʜʘʯʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʫʯʠʪʝʣʴ ʬʦʨʤʫʣʠʨʫʝʪ ʟʘʜʘʯʫ, ʚ 

ʢʦʪʦʨʦʡ ʠʟʥʘʯʘʣʴʥʦ ʟʘʣʦʞʝʥ ʘʩʧʝʢʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɿʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʦʟʥʘʯʝʥʥʦʝ ʪʨʝʙʦʚʘʥʠʝ, ʥʘʧʨʠʤʝʨ: çʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ 

ʢʦʥʪʘʢʪʥʳʭ ʜʘʥʥʳʭ ʢʣʠʝʥʪʦʚè, ʢʘʢ ʠ ʟʘʜʘʥʠʝ ʩʦ ʩʢʨʳʪʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʦʠʪ ʚʳʷʚʠʪʴ ʚ ʭʦʜʝ ʦʙʩʫʞʜʝʥʠʷ. 

2. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʝʰʝʥʠʷ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʫʯʘʱʠʝʩʷ ʚ ʤʘʣʳʭ ʛʨʫʧʧʘʭ ʦʧʨʝʜʝʣʷʶʪ 

ʦʙ̡ʝʢʪʳ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ, ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ, ʧʨʦʜʫʤʳʚʘʶʪ ʧʝʨʝʯʝʥʴ ʨʦʣʝʡ ʠ 

ʧʨʠʤʝʨʥʳʡ ʥʘʙʦʨ ʧʨʘʚ ʜʦʩʪʫʧʘ, ʥʘʤʝʯʘʶʪ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʥʪʨʦʣʷ ʠʥʬʦʨʤʘʮʠʠ.  
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3. ʈʝʘʣʠʟʘʮʠʷ ʚ ʩʨʝʜʝ 1ʉ. ɿʜʝʩʴ ʧʨʦʝʢʪ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʣʦʩʢʦʩʪʴ, ʚ 

ʢʦʪʦʨʦʡ ʩʦʟʜʘʶʪʩʷ ʦʙʲʝʢʪʳ ʫʞʝ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʦʧʠʩʳʚʘʶʪʩʷ ʨʝʢʚʠʟʠʪʳ ʠ 

ʩʚʷʟʠ, ʧʠʰʫʪʩʷ ʧʨʦʮʝʜʫʨʳ ʠ ʬʫʥʢʮʠʠ ʥʘ ʚʩʪʨʦʝʥʥʦʤ ʷʟʳʢʝ 1ʉ, ʚʳʧʦʣʥʷʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʨʦʣʝʡ 

ʠ ʧʨʦʬʠʣʝʡ ʜʦʩʪʫʧʘ, ʧʦʜʢʣʶʯʘʝʪʩʷ ʠ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʞʫʨʥʘʣ ʨʝʛʠʩʪʨʘʮʠʠ.  

4. ʇʨʦʚʝʨʢʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʪʫʘʮʠʡ. ʇʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʨʝʰʝʥʠʷ 

ʫʯʘʱʠʝʩʷ ʧʝʨʝʭʦʜʷʪ ʢ ʝʛʦ ʧʨʦʚʝʨʢʝ, ʤʦʜʝʣʠʨʫʷ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʚʝʜʦʤʦ ʧʨʦʙʣʝʤʥʳʝ ʠʣʠ ʥʘʨʫʰʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʀɹ: ʧʦʧʳʪʢʠ ʧʨʦʩʤʦʪʨʝʪʴ 

ʜʘʥʥʳʝ, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʳʤ ʜʦʣʞʝʥ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥ, ʠʟʤʝʥʝʥʠʝ ʬʠʥʘʥʩʦʚʳʭ ʨʝʢʚʠʟʠʪʦʚ, 

ʫʜʘʣʝʥʠʝ ʚʘʞʥʳʭ ʟʘʧʠʩʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʚʝʨʥʳʭ ʫʯʸʪʥʳʭ ʜʘʥʥʳʭ.  

5. ɸʥʘʣʠʟ ʧʦʩʣʝʜʩʪʚʠʡ. ʉʦʚʤʝʩʪʥʦ ʩ ʫʯʠʪʝʣʝʤ ʫʯʘʱʠʝʩʷ ʘʥʘʣʠʟʠʨʫʶʪ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʨʢʠ ʥʘ ʧʨʝʜʤʝʪ ʧʨʝʜʦʪʚʨʘʱʸʥʥʳʭ ʫʛʨʦʟ, ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʦʩʴ ʨʝʘʣʠʟʦʚʘʪʴ.  

6. ʂʦʨʨʝʢʮʠʷ ʨʝʰʝʥʠʷ. ʕʪʦ ʟʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ ʮʠʢʣʘ, ʥʘ ʢʦʪʦʨʦʤ ʚ ʢʦʥʬʠʛʫʨʘʮʠʶ 

ʚʥʦʩʷʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʠʟʤʝʥʝʥʠʷ.  

ʇʦʩʣʝʜʥʠʡ, ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ ʙʣʦʢ ʟʘʜʘʸʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʀɹ ʠ ʚʢʣʶʯʘʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʤʝʥʠʡ ʠ ʩʧʦʩʦʙʦʚ 

ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʤʠ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʫʯʝʥʠʢ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʨʘʙʦʪʳ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ. 

ʆʙʫʯʘʶʱʠʡʩʷ ʜʦʣʞʝʥ ʫʤʝʪʴ:  

1. ɺʳʜʝʣʷʪʴ ʚ ʩʪʨʫʢʪʫʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʲʝʢʪʳ ʠ ʜʘʥʥʳʝ, ʪʨʝʙʫʶʱʠʝ 

ʦʩʦʙʦʡ ʟʘʱʠʪʳ,  

2. ʇʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʨʦʣʝʚʫʶ ʤʦʜʝʣʴ ʜʦʩʪʫʧʘ ʚ ʨʘʤʢʘʭ ʫʯʝʙʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ 1ʉ,  

3. ʅʘʩʪʨʘʠʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʞʫʨʥʘʣʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʞʫʨʥʘʣʘ ʨʝʛʠʩʪʨʘʮʠʠ ʜʣʷ 

ʘʥʘʣʠʟʘ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ,  

4. ɺʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʵʣʝʤʝʥʪʘʨʥʳʝ ʫʷʟʚʠʤʦʩʪʠ,  

5. ʉʚʷʟʳʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʤʝʨʳ ʟʘʱʠʪʳ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʫʤʝʥʠʷ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʠʥʜʠʢʘʪʦʨʳ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ, ʜʦʩʪʫʧʥʦʤ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʘʤ. ʆʥʠ ʟʘʜʘʶʪ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ 

ʦʨʠʝʥʪʠʨʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʛʨʘʤʤ ʵʣʝʢʪʠʚʥʳʭ ʢʫʨʩʦʚ ʠ ʤʦʜʫʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʚ 1ʉ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʙʫʜʫʱʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʫʝʤʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʙʦʩʥʦʚʘʥʦ 

ʚʳʜʝʣʝʥʠʝ ʚ ʝʸ ʩʦʩʪʘʚʝ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʨʘʙʦʪ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʀɹ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʮʝʥʥʦʩʪʥʦ-ʤʦʪʠʚʘʮʠʦʥʥʳʡ, ʢʦʛʥʠʪʠʚʥʳʡ, 

ʧʦʚʝʜʝʥʯʝʩʢʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪʳ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʠ ʬʦʨʤʳ 

ʨʘʙʦʪʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʥʥʦʩʪʥʦ-ʤʦʪʠʚʘʮʠʦʥʥʦʛʦ, 

ʢʦʛʥʠʪʠʚʥʦʛʦ ʠ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʧʨʦʩʳ 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

183 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʢʘʢ ʚʠʜ 

ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʀɹ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʙʦʪʫ ʩ ʜʘʥʥʳʤʠ, 

ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʩʪʦʣʢʥʦʚʝʥʠʝ ʩ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʦʰʠʙʦʢ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʨʘʤʢʘʭ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʘʪʬʦʨʤʳ 1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ, 

ʩʦʚʤʝʱʘʶʱʝʡ ʩʚʦʡʩʪʚʘ ʧʨʠʢʣʘʜʥʦʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

 

 
 

ʈʠʩ. ʉʭʝʤʘ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʀɹ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ). 

 

ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʥʦʛʦ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʚ 

ʦʙʣʘʩʪʠ ʀɹ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ 1ʉ, ʚʢʣʶʯʘʶʱʘʷ ʚʭʦʜʥʦʡ, ʩʦʜʝʨʞʘʪʝʣʴʥʦ-

ʜʝʷʪʝʣʴʥʦʩʪʥʳʡ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʝʨʝʯʠʩʣʝʥʠʝ ʫʤʝʥʠʡ ʚ ʨʘʤʢʘʭ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʙʣʦʢʘ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʪʦʯʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʀɹ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʠ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʚ ʩʨʝʜʝ 1ʉ. ʇʨʘʢʪʠʯʝʩʢʘʷ ï ʚ ʪʦʤ, ʯʪʦ ʤʦʜʝʣʴ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʠʚʥʳʭ ʢʫʨʩʦʚ ʠ ʤʦʜʫʣʝʡ ʧʦ ʀɹ ʚ ʩʪʘʨʰʝʡ ʰʢʦʣʝ, ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʫʯʝʙʥʳʭ ʟʘʜʘʯ ʠ 

ʟʘʜʘʥʠʡ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ. 
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ʂʘʟʠʘʭʤʝʜʦʚ ʊ.ɹ. 

ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʙʠʫʣʣʠʥ ʀ.ɺ. 

ʘʩʧʠʨʘʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʄɽʊʆɼ ʉʊʆʈʀʊɽʃʃʀʅɻɸ ɺ ʆɹʋʏɽʅʀʀ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ɺ ʉʊɸʈʐʀʍ ʂʃɸʉʉɸʍ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʧʨʠ 

ʦʙʫʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʪʘʨʰʠʭ ʢʣʘʩʩʘʭ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʧʦʜʭʦʜʘ, ʝʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʧʦʚʳʰʝʥʠʝ ʤʦʪʠʚʘʮʠʠ, ʚʦʚʣʝʯʸʥʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʫʩʚʦʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʶʞʝʪʥʳʭ ʠʩʪʦʨʠʡ ʚ ʦʙʫʯʝʥʠʠ ʪʝʤʘʤ ʰʠʬʨʦʚʘʥʠʷ ʠ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʦʨʠʪʝʣʣʠʥʛ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʙʫʯʝʥʠʝ, 

ʰʠʬʨʦʚʘʥʠʝ, ʤʝʪʦʜʠʢʘ, ʤʦʪʠʚʘʮʠʷ, ʰʢʦʣʴʥʠʢʠ. 

 

ʀʟʫʯʝʥʠʝ ʚʦʧʨʦʩʦʚ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʰʢʦʣʝ 

ʩʪʘʥʦʚʠʪʩʷ ʩ ʢʘʞʜʳʤ ʜʥʸʤ ʧʦʧʫʣʷʨʥʝʝ ʚ ʥʘʫʢʝ, ʩ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʛʣʫʙʠʥʘ 

ʠʟʫʯʝʥʥʦʩʪʠ ʪʝʤʳ ʠ ʨʘʩʪʸʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʚʠʥʫʪʳʭ ʠ ʧʦ ʥʘʩʪʦʷʱʝʤʫ ʩʣʦʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʪʨʫʜʥʦʩʪʠ ʠ ʧʨʦʙʣʝʤʳ ʠ ʥʦʚʳʝ ʨʝʰʝʥʠʷ ʠ 

ʪʝʥʜʝʥʮʠʠ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʫʞʝ ʥʝ ʧʨʦʩʪʦ ʪʨʘʜʠʮʠʦʥʥʦʝ ʚʝʱʘʥʠʝ ʟʥʘʥʠʡ ʫʯʝʥʠʢʘʤ, ʘ ʢʘʢ ʤʠʥʠʤʫʤ ï ʩʦʚʤʝʱʝʥʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʣʝʢʮʠʦʥʥʳʭ ʟʘʥʷʪʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʀʂʊ, ʯʝʤ ʙʝʟʫʩʣʦʚʥʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥ ʠ ʨʘʩʰʠʨʝʥ ʟʘ ʩʯʸʪ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠ ʙʳʩʪʨʦ ʬʦʨʤʠʨʦʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʥʘʚʳʢʠ ʚ ʵʧʦʭʫ, ʢʦʛʜʘ ʦʪ ʫʯʝʥʠʢʘ ʪʨʝʙʫʝʪʩʷ ʙʳʩʪʨʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʩʚʦʝʥʠʝ 

ʥʦʚʳʭ ʟʥʘʥʠʡ. ʅʦ ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʷʚʣʷʝʪʩʷ ʩʤʝʰʘʥʥʦʝ 

ʦʙʫʯʝʥʠʝ (blended learning), ʢʦʛʜʘ ʨʘʙʦʪʘ ʚʝʜʸʪʩʷ ʚ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ, ʩʠʩʪʝʤʘʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, 

ʩʦʚʤʝʩʪʥʦ ʩ ʦʙʳʯʥʳʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʫʨʦʢʘʤʠ.  

ʆʜʥʘʢʦ, ʩʤʝʰʘʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʧʨʦʩʪʦʨ ʧʦʜʭʦʜʦʚ, 

ʥʝʞʝʣʠ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʧʦʩʦʙʳ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ çʨʘʩʩʢʘʟʳʚʘʥʠʝ ʠʩʪʦʨʠʡè 

ʠʣʠ ʩʪʦʨʠʪʝʣʣʠʥʛ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʢʘ ʠ ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ 

ʚʦʩʧʠʪʳʚʘʣʠʩʴ ʠ ʦʙʫʯʘʣʠʩʴ ʮʝʣʳʝ ʧʦʢʦʣʝʥʠʷ ʣʶʜʝʡ. ɼʘʥʥʘʷ ʧʨʘʢʪʠʢʘ ʠʟʫʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ 

ʜʘʚʥʦ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ï ʚ ʨʝʢʣʘʤʝ, ʚ ʩʬʝʨʝ ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [10, ʩ. 610; 6, ʩ. 39; 2, ʩ. 39]. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ, ʠʤʝʷ ʧʨʠ ʵʪʦʤ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʮʠʧʣʠʥ, ʧʨʝʧʦʜʘʚʘʥʠʝ ʢʦʪʦʨʳʭ ʩʣʠʰʢʦʤ ʨʘʟʥʠʪʩʷ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʠʟʫʯʝʥʠʝ ʚʦʧʨʦʩʦʚ ʧʨʠʤʝʥʝʥʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʝʪʦʜʠʢʠ ʜʣʷ ʨʘʟʥʳʭ ʧʨʝʜʤʝʪʦʚ ʪʨʝʙʫʝʪ 

ʪʱʘʪʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ. 
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ɺ ʨʦʩʩʠʡʩʢʦʤ, ʢʘʢ ʠ ʚ ʟʘʨʫʙʝʞʥʦʤ ʥʘʫʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʝʝʪʩʷ ʦʛʨʦʤʥʳʡ ʠʥʪʝʨʝʩ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʦʨʠʪʝʣʣʠʥʛʘ [1, ʩ. 40; 9, ʩ. 136]. ʆʜʥʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʶʪ ʩʪʦʨʠʪʝʣʣʠʥʛ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʧʦʚʳʩʠʪʴ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʘʝʤʦʤʫ ʧʨʝʜʤʝʪʫ, 

ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʚʘʞʥʳʝ ʟʥʘʥʠʷ ʩʨʝʜʠ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʣʶʜʝʡ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘʚʳʢʠ ʮʠʬʨʦʚʦʡ 

ʛʨʘʤʦʪʥʦʩʪʠ ʠ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ. ɼʨʫʛʠʝ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʯʘʱʝ ʦʪʚʣʝʢʘʝʪ, 

ʯʝʤ ʜʘʸʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʣʴʟʫ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʘʣʠʟʦʚʘʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚʦʧʨʦʩ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʫʨʦʢʘʭ 

ʠʥʬʦʨʤʘʪʠʢʠ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʝʤ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʪʘʨʰʠʭ 

ʢʣʘʩʩʘʭ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʥʘ ʫʨʦʢʘʭ ʠʥʬʦʨʤʘʪʠʢʠ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʪʝʤ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʪʘʨʰʠʭ ʢʣʘʩʩʘʭ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʠʤʝʥʠʪʴ ʠ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ 

ʘʜʝʢʚʘʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʩʪʨʦʠʪʴ ʫʨʦʢ ʚ ʨʘʤʢʘʭ 

ʩʪʦʨʠʪʝʣʣʠʥʛʘ, ʢʘʢʠʝ ʥʘʚʳʢʠ ʧʦʟʚʦʣʷʝʪ ʫʯʝʥʠʢʘʤ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ ʠ ʢʘʢʠʝ ʝʩʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʫʨʦʢʘʭ ʠʥʬʦʨʤʘʪʠʢʠ. 

ʀʟʥʘʯʘʣʴʥʦ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʦʧʠʩʘʣ ɼʵʚʠʜ ɸʨʤʩʪʨʦʥʛ ʚ ʩʚʦʝʡ 
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ʧʨʠʥʮʠʧ, ʢʦʪʦʨʳʡ ʦʥ ʦʙʦʟʥʘʯʠʣ ʢʘʢ ʣʘʢʦʥʠʯʥʫʶ ʪʨʠʘʜʫ çɻ ʤʦʮʠʷ Ÿ ʚʳʚʦʜ Ÿ ʜʝʡʩʪʚʠʝè [13, 

ʩ. 112]. ʉʦʛʣʘʩʥʦ ʝʛʦ ʨʘʙʦʪʝ, ʩʥʘʯʘʣʘ ʨʘʩʩʢʘʟ ʜʦʣʞʝʥ ʚʳʟʚʘʪʴ ʫ ʘʫʜʠʪʦʨʠʠ ʵʤʦʮʠʦʥʘʣʴʥʳʡ 

ʦʪʢʣʠʢ, ʜʘʪʴ ʦʱʫʱʝʥʠʝ ʩʦʧʨʠʯʘʩʪʥʦʩʪʠ. ɿʘʪʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʙʳʪʠʡ ʠ ʠʭ ʧʣʘʚʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʠʩʪʦʨʠʷ ʜʦʣʞʥʘ ʚʝʩʪʠ ʩʣʫʰʘʪʝʣʷ/ʯʠʪʘʪʝʣʷ ʢ ʣʦʛʠʯʝʩʢʦʤʫ ʚʳʚʦʜʫ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ 

ʦʩʤʳʩʣʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʩʪʫʧʘʝʪ ʧʦʩʣʝʜʥʠʡ ʵʪʘʧ ʠʩʪʦʨʠʡ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʧʦʜʚʝʩʪʠ ʢ 

ʜʝʡʩʪʚʠʶ, ʨʝʰʝʥʠʶ ʠʣʠ ʧʦʥʠʤʘʥʠʶ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʦʮʝʩʩʘ.  

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʪʦʨʠʪʝʣʣʠʥʛ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʦʩʦʙʳʡ ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʠ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʟʥʘʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʶʞʝʪʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʧʦʚʝʩʪʚʦʚʘʥʠʡ [10, ʩ. 612]. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʠʣʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʥʝ ʩʦʦʙʱʘʝʪʩʷ ʚ ʚʠʜʝ ʘʙʩʪʨʘʢʪʥʳʭ ʬʘʢʪʦʚ, ʘ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʫ 

ʧʦʫʯʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʚʦʩʧʨʠʷʪʠʷ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʚʦʚʣʝʯʸʥʥʦʩʪʠ 

ʘʫʜʠʪʦʨʠʠ [7, ʩ. 111]. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʦʨʠʪʝʣʣʠʥʛ ʚʳʧʦʣʥʷʝʪ ʥʝ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʪʠʚʥʫʶ, ʥʦ ʠ 

ʤʦʪʠʚʘʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ: ʯʝʨʝʟ ʩʶʞʝʪ, ʦʙʨʘʟʳ ʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʦʥ ʩʧʦʩʦʙʝʥ 

ʬʦʨʤʠʨʦʚʘʪʴ ʫ ʩʣʫʰʘʪʝʣʝʡ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʚʦʜʳ ʠ ʧʦʙʫʞʜʘʪʴ ʠʭ ʢ ʦʧʨʝʜʝʣʸʥʥʳʤ, ʟʘʨʘʥʝʝ 

ʧʣʘʥʠʨʫʝʤʳʤ ʜʝʡʩʪʚʠʷʤ. ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʦʨʠʪʝʣʣʠʥʛ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʦʚʝʩʪʚʦʚʘʥʠʝ, 

ʦʧʠʨʘʶʱʝʝʩʷ ʥʘ ʤʠʬ ʠʣʠ ʠʩʧʦʣʴʟʫʶʱʝʝ ʤʠʬʦʣʦʛʠʯʝʩʢʠʝ ʦʙʨʘʟʳ ʠ ʩʮʝʥʘʨʠʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʟʘʜʘʯ [11, ʩ. 150]. ʋʢʘʟʳʚʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ ʠʩʪʦʨʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴʶ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʡ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴʶ, ʣʝʛʯʝ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʣʠʯʥʳʤ ʦʧʳʪʦʤ ʘʫʜʠʪʦʨʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʣʫʯʰʝ 

ʟʘʧʦʤʠʥʘʶʪʩʷ [12, ʩ. 7]. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʦʚʝʩʪʚʦʚʘʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʙʝʞʜʝʥʠʡ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʯʝʣʦʚʝʢʘ. 

ʉʪʨʫʢʪʫʨʘ ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʢʘʢ ʩʶʞʝʪʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʧʦʚʝʩʪʚʦʚʘʥʠʷ ʠʤʝʝʪ 

ʜʨʘʤʘʪʫʨʛʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʠ ʚʢʣʶʯʘʝʪ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ ʟʘʚʷʟʢʘ, ʥʘʨʘʩʪʘʶʱʝʝ ʜʝʡʩʪʚʠʝ, 
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ʢʫʣʴʤʠʥʘʮʠʷ, ʥʠʩʭʦʜʷʱʝʝ ʜʝʡʩʪʚʠʝ ʠ ʨʘʟʚʷʟʢʘ. ʆʙʨʘʱʘʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʠʩʫʪʩʪʚʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʝʨʩʦʥʘʞʘ, ʚʳʩʪʫʧʘʶʱʝʛʦ çʜʚʠʞʫʱʝʡ ʩʠʣʦʡè ʩʶʞʝʪʘ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʘʫʜʠʪʦʨʠʠ. ɿʥʘʯʠʤʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʯʸʪʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʝʸ ʦʩʥʦʚʥʦʛʦ ʧʦʩʳʣʘ (ʤʦʨʘʣʠ, 

ʤʝʩʩʝʜʞʘ) ï ʪʦʛʦ ʚʳʚʦʜʘ, ʢ ʢʦʪʦʨʦʤʫ ʜʦʣʞʝʥ ʧʨʠʡʪʠ ʩʣʫʰʘʪʝʣʴ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʧʦʚʝʩʪʚʦʚʘʥʠʷ [10, ʩ. 610]. ɺ ʨʘʤʢʘʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʠʜʦʚ 

ʩʪʦʨʠʪʝʣʣʠʥʛʘ: ʫʩʪʥʳʡ, ʧʠʩʴʤʝʥʥʳʡ, ʮʠʬʨʦʚʦʝ ʧʦʚʝʩʪʚʦʚʘʥʠʝ, ʤʫʣʴʪʠʤʝʜʠʡʥʳʡ 

ʩʪʦʨʠʪʝʣʣʠʥʛ, ʤʫʣʴʪʠʤʝʜʠʡʥʳʡ ʣʦʥʛʨʠʜ ʠ ʪʨʘʥʩʤʝʜʠʡʥʦʝ ʧʦʚʝʩʪʚʦʚʘʥʠʝ [5, ʩ. 15]. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ɺ.ʖ. ɻʨʫʰʝʚʩʢʦʡ, ʤʝʪʦʜ ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ: ʧʝʨʝʜʘʯʠ ʫʯʝʙʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʚʳʰʝʥʠʷ ʤʦʪʠʚʘʮʠʠ ʦʙʫʯʘʶʱʠʭʩʷ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʠ 

ʀʂʊ-ʢʦʤʧʝʪʝʥʮʠʡ [2, ʩ. 38]. 

ʇʦʤʠʤʦ ʚʩʝʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʬʦʨʤʘʪʘ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 

ʩʪʦʨʠʪʝʣʣʠʥʛʘ: ʢʣʘʩʩʠʯʝʩʢʠʡ ʠ ʘʢʪʠʚʥʳʡ. ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʪʨʘʥʩʣʠʨʫʝʪ ʦʙʫʯʘʶʱʠʤʩʷ ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʬʦʨʤʝ ʷʨʢʦʛʦ, ʵʤʦʮʠʦʥʘʣʴʥʦ 

ʦʢʨʘʰʝʥʥʦʛʦ ʧʦʚʝʩʪʚʦʚʘʥʠʷ. ɺ ʘʢʪʠʚʥʦʤ ʬʦʨʤʘʪʝ ʩʘʤʠ ʩʪʫʜʝʥʪʳ ʩʪʘʥʦʚʷʪʩʷ ʫʯʘʩʪʥʠʢʘʤʠ 

ʧʨʦʮʝʩʩʘ: ʦʥʠ ʩʦʟʜʘʶʪ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʩʪʦʨʠʠ, ʘ ʨʦʣʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʪʘʥʦʚʢʝ 

ʮʝʣʝʡ, ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠ ʦʮʝʥʢʝ ʨʝʟʫʣʴʪʘʪʦʚ [4, ʩ. 73]. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʚ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʦ 

ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʚʦʧʨʦʩ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ [8, ʩ. 113; 14, ʩ 111]. 

ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʩʪʦʨʠʪʝʣʣʠʥʛ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʢʘ ʯʪʦ ʪʦʣʴʢʦ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ 

ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʦʥ ʣʠʰʴ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʠʟʫʯʝʥ. ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʜʝʪʘʣʴʥʦ ʨʘʟʦʙʨʘʥʳ ʦʩʥʦʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʦʨʠʪʝʣʣʠʥʛʘ, ʘ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʟʘʥʷʪʠʡ ʚ 

ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʦʜʭʦʜʘ. ʊʘʢ, ʚ ʩʪʘʪʴʝ ɼʠʢʦʚʘ ɸ.ɺ. çʆʥʣʘʡʥ-ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʩʝʪʷʭ 

ʩʪʦʨʠʪʝʣʣʠʥʛʘè ʚʳʷʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʠʢʩʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʰʢʦʣʴʥʠʢʦʚ ʦʥʣʘʡʥ-ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʠʢʩʦʚ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʨʘʩʩʢʘʟʘʪʴ ʠʩʪʦʨʠʶ ʫʯʝʥʠʢʫ [3, ʩ. 51]. ʇʘʶʩʦʚʘ ʊ.ʀ. 

ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʠʣʘ ʩʪʨʫʢʪʫʨʫ ʠʩʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ ʞʠʚʳʭ ʧʝʨʩʦʥʘʞʝʡ, ʘ ʚ 

ʯʘʩʪʥʦʩʪʠ ï ʤʥʦʛʦʛʨʘʥʥʦʩʪʴ, ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ 

ʟʘʧʦʤʠʥʘʶʱʝʛʦʩʷ ʤʠʨʘ ï ʜʝʪʘʣʴʥʦʩʪʴ, ʘʪʤʦʩʬʝʨʫ ʠ ʫʥʠʢʘʣʴʥʦʩʪʴ [8, ʩ. 114]. ʂʨʦʤʝ ʪʦʛʦ, 

ʘʚʪʦʨʦʤ ʩʪʘʪʴʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʪʦʨʠʪʝʣʣʠʥʛ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʜʦʩʪʫʧʥʦʩʪʴ 

ʚ ʨʝʘʣʠʟʘʮʠʠ, ʚʳʩʦʢʫʶ ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʚʦʚʣʝʯʸʥʥʦʩʪʴ, ʥʠʟʢʫʶ ʩʣʦʞʥʦʩʪʴ ʚʦʩʧʨʠʷʪʠʷ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʜʦʚʦʣʴʥʦ ʜʦʣʛʦʝ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ. 

ʆʙʦʙʱʘʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʦʨʠʪʝʣʣʠʥʛ ʧʦʩʪʝʧʝʥʥʦ 

ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʢʦʛʥʠʪʠʚʥʳʝ, 

ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʠ ʤʦʪʠʚʘʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʫʯʘʶʱʝʛʦʩʷ. ɺ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʦʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʩʧʦʩʦʙ ʫʧʨʦʱʸʥʥʦʡ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʨʘʟʚʠʪʠʷ 

ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʥʘʚʳʢʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʫʯʝʙʥʦʡ ʤʦʪʠʚʘʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 
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ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʧʨʠʤʝʥʝʥʠʶ ʩʪʦʨʠʪʝʣʣʠʥʛʘ 

ʚ ʛʫʤʘʥʠʪʘʨʥʳʭ ʠ ʦʙʱʝʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥʘʭ, ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʩʪʘʸʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ. ʅʘʙʣʶʜʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʢʘʢ ʤʝʪʦʜʠʢʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʥʘʚʳʢʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʫ 

ʩʪʘʨʰʠʭ ʰʢʦʣʴʥʠʢʦʚ. ʕʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʘʧʨʦʙʘʮʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʩʧʝʮʠʬʠʢʫ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʮʠʬʨʦʚʦʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʪʘʨʰʠʭ ʢʣʘʩʩʘʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 2 ʫʨʦʢʘ ʚ 10-

ʭ ʢʣʘʩʩʘʭ ʧʦ ʪʝʤʝ çʐʠʬʨʦʚʘʥʠʝè. ɼʣʷ ʦʙʦʠʭ ʫʨʦʢʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʮʝʣʠ, ʦʙʦʟʥʘʯʝʥʳ 

ʧʣʘʥʠʨʫʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʥʦ ʌɻʆʉ. ʇʝʨʚʳʡ ʫʨʦʢ ʙʳʣ ʧʨʦʚʝʜʸʥ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ 

ʬʦʨʤʘʪʝ, ʚ ʚʠʜʝ ʣʝʢʮʠʠ ʧʦ ʪʝʦʨʠʠ ʙʝʟ ʵʣʝʤʝʥʪʦʚ ʠʩʪʦʨʠʠ. ɺʪʦʨʦʡ ʫʨʦʢ ʙʳʣ ʧʦʩʪʨʦʝʥ ʧʦ 

ʤʝʪʦʜʫ ʩʪʦʨʠʪʝʣʣʠʥʛʘ. ɺ ʦʩʥʦʚʫ ʩʶʞʝʪʘ ʧʦʣʦʞʝʥ ʥʘʨʨʘʪʠʚ çʉʧʘʩʪʠ ʢʣʘʩʩʥʳʡ ʯʘʪè, 

ʧʨʠʜʫʤʘʥʥʳʡ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ɸʨʤʩʪʨʦʥʛʘ çɻ ʤʦʮʠʷ Ÿ ʚʳʚʦʜ Ÿ ʜʝʡʩʪʚʠʝè ʠ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ: ʟʘʚʷʟʢʘ ï ʥʘʨʘʩʪʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ï ʢʫʣʴʤʠʥʘʮʠʷ ï ʨʘʟʚʷʟʢʘ. ʅʘ ʵʪʘʧʝ ʟʘʚʷʟʢʠ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʩʠʪʫʘʮʠʷ ʫʪʝʯʢʠ ʣʠʯʥʦʡ ʧʝʨʝʧʠʩʢʠ ʰʢʦʣʴʥʠʢʦʚ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʫ ʫʯʘʱʠʭʩʷ 

ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʦʪʢʣʠʢ ʠ ʬʦʨʤʠʨʫʝʪ ʧʨʦʙʣʝʤʥʦʝ ʧʦʣʝ ʫʨʦʢʘ ï çʢʪʦ ʠ ʢʘʢ ʤʦʞʝʪ ʯʠʪʘʪʴ ʥʘʰʠ 

ʩʦʦʙʱʝʥʠʷ?è. ʅʘ ʵʪʘʧʝ ʥʘʨʘʩʪʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʫʯʘʱʠʝʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʫʯʠʪʝʣʝʤ ʚʳʷʚʣʷʶʪ 

ʚʦʟʤʦʞʥʫʶ ʧʨʠʯʠʥʫ ʠʥʮʠʜʝʥʪʘ ʠ ʚʢʣʶʯʘʶʪʩʷ ʚ ʢʚʝʩʪ çʉʧʘʩʪʠ ʯʘʪè, ʛʜʝ ʯʝʨʝʟ ʨʘʩʰʠʬʨʦʚʢʫ 

ʫʩʣʦʚʥʦʛʦ ʧʦʩʣʘʥʠʷ ʫʯʠʪʝʣʷ ʦʥʠ ʟʥʘʢʦʤʷʪʩʷ ʩ ʧʨʦʩʪʝʡʰʠʤʠ ʚʠʜʘʤʠ ʰʠʬʨʦʚ, ʦʩʚʘʠʚʘʷ 

ʙʘʟʦʚʳʝ ʧʦʥʷʪʠʷ ʥʘ ʫʨʦʚʥʝ ʜʝʡʩʪʚʠʷ. ɺ ʢʫʣʴʤʠʥʘʮʠʠ ʫʯʘʱʠʝʩʷ ʧʨʠʭʦʜʷʪ ʢ ʦʩʦʟʥʘʥʠʶ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʧʨʦʩʪʳʭ ʰʠʬʨʦʚ, ʧʨʠ ʵʪʦʤ ʚ ʩʶʞʝʪ ʚʚʦʜʠʪʩʷ ʧʝʨʩʦʥʘʞ-ʭʘʢʝʨ, ʢʦʪʦʨʳʡ 

ʧʳʪʘʝʪʩʷ ʧʝʨʝʭʚʘʪʠʪʴ ʥʦʚʳʡ ʧʘʨʦʣʴ ʦʪ ʰʢʦʣʴʥʦʡ ʩʝʪʠ. ʊʘʢʞʝ ʚ ʵʪʦʡ ʯʘʩʪʠ ʯʝʨʝʟ ʤʝʪʘʬʦʨʫ 

ʟʘʤʢʦʚ ʠ ʢʣʶʯʝʡ ʫʯʘʱʠʝʩʷ ʥʘʯʠʥʘʶʪ ʧʦʥʠʤʘʪʴ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʠʤʤʝʪʨʠʯʥʳʤ ʠ 

ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʰʠʬʨʦʚʘʥʠʝʤ, ʬʦʨʤʠʨʫʷ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʣʝʝ ʥʘʜʸʞʥʳʭ ʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʜʘʥʥʳʭ. ʅʘ ʵʪʘʧʝ ʨʘʟʚʷʟʢʠ ʛʝʨʦʠ ʠʩʪʦʨʠʠ ʠ ʫʯʘʱʠʝʩʷ ʚʳʙʠʨʘʶʪ 

ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʡ ʩʧʦʩʦʙ ʦʙʤʝʥʘ ʢʣʶʯʘʤʠ, ʫʯʘʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʠʬʨʦʚʘʥʠʝ ʜʣʷ ʟʘʱʠʪʳ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ ʠ ʚ ʬʠʥʘʣʝ ʧʝʨʝʥʦʩʷʪ ʩʶʞʝʪʥʳʡ ʦʧʳʪ ʚ ʣʠʯʥʳʡ ʧʣʘʥ ʜʝʡʩʪʚʠʡ ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʩʦʙʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʌʨʘʛʤʝʥʪ ʜʘʥʥʦʡ ʠʩʪʦʨʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ: 

çɺ ʧʦʥʝʜʝʣʴʥʠʢ ʫʪʨʦʤ ʚʝʩʴ ʢʦʨʠʜʦʨ ʰʫʤʝʣ. ʋ ʜʚʝʨʠ ʢʘʙʠʥʝʪʘ ʠʥʬʦʨʤʘʪʠʢʠ ʪʦʣʧʠʣʠʩʴ 

ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʠ, ʪʳʢʘʣʠ ʧʘʣʴʮʘʤʠ ʚ ʵʢʨʘʥ ʠ ʛʨʦʤʢʦ ʩʤʝʷʣʠʩʴ. 

ï ʉʤʦʪʨʠʪʝ, ʢʪʦ-ʪʦ ʚʢʣʶʯʠʣ ʦʙʱʠʡ ʰʢʦʣʴʥʳʡ ʯʘʪ. ï ʊʫʪ ʩʢʨʠʥ ʠʟ ñʩʝʢʨʝʪʥʦʛʦ ʯʘʪʘ 

10ɸò! 

ʅʘ ʵʢʨʘʥʝ ʙʳʣʠ ʩʦʦʙʱʝʥʠʷ: ʰʫʪʢʠ ʧʨʦ ʦʜʥʦʢʣʘʩʩʥʠʢʦʚ, ʦʙʩʫʞʜʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʡ, 

ʣʠʯʥʳʝ ʧʝʨʝʞʠʚʘʥʠʷ. ʊʦ, ʯʪʦ ʧʠʩʘʣʠ ñʜʣʷ ʩʚʦʠʭò, ʚʥʝʟʘʧʥʦ ʫʚʠʜʝʣʘ ʚʩʷ ʰʢʦʣʘ. 

ï ʅʦ ʤʳ ʞʝ ʧʝʨʝʧʠʩʳʚʘʣʠʩʴ ʪʦʣʴʢʦ ʚ ʥʘʰʝʤ ʟʘʢʨʳʪʦʤ ʯʘʪʝ! ï ʚʦʟʤʫʱʘʣʩʷ ɼʠʤʘ ʠʟ 10ɹ. 

ï ʂʪʦ ʚʦʦʙʱʝ ʤʦʛ ʵʪʦ ʧʨʦʯʠʪʘʪʴ? 
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ɸʥʷ ʚʩʧʦʤʥʠʣʘ, ʯʪʦ ʚʯʝʨʘ ʦʥʠ ʩʠʜʝʣʠ ʚ ʢʘʬʝ ʠ ʧʦʜʢʣʶʯʠʣʠʩʴ ʢ ʙʝʩʧʣʘʪʥʦʤʫ Wi-Fi. 

ʇʘʨʦʣʷ ʥʝ ʙʳʣʦ, ʩʝʪʴ ʙʳʣʘ ñʦʪʢʨʳʪʘʷò. 

ï ʄʦʞʝʪ, ʢʪʦ-ʪʦ ʪʘʤ ʧʝʨʝʭʚʘʪʠʣ ʩʦʦʙʱʝʥʠʷ? ï ʦʩʪʦʨʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʣʘ ʦʥʘ. ï ʗ 

ʯʠʪʘʣʘ, ʯʪʦ ʪʘʢ ʙʳʚʘʝʪ. 

ʅʘ ʫʨʦʢʝ ʠʥʬʦʨʤʘʪʠʢʠ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʧʦʩʤʦʪʨʝʣ ʥʘ ʨʘʩʩʪʨʦʝʥʥʳʡ ʢʣʘʩʩ ʠ ʩʢʘʟʘʣ: 

ï ʈʝʙʷʪʘ, ʫ ʤʝʥʷ ʧʨʝʜʣʦʞʝʥʠʝ. ɼʘʚʘʡʪʝ ʥʝ ʪʦʣʴʢʦ ʞʘʣʦʚʘʪʴʩʷ ʥʘ ñʭʘʢʝʨʦʚò, ʥʦ ʠ 

ʨʘʟʙʝʨʸʤʩʷ, ʢʘʢ ʩʜʝʣʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʜʘʞʝ ʚ ʦʪʢʨʳʪʦʡ ʩʝʪʠ ʚʘʰʠ ʩʦʦʙʱʝʥʠʷ ʙʳʣʠ 

ʙʝʩʩʤʳʩʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʩʠʤʚʦʣʦʚ ʜʣʷ ʧʦʩʪʦʨʦʥʥʠʭ. ʉʳʛʨʘʝʤ ʚ ʢʚʝʩʪ ñʉʧʘʩʪʠ ʯʘʪò?è 

ʀʩʪʦʨʠʷ ʩʦʩʪʦʠʪ ʠʟ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʟʘʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʜʚʠʛʘʶʪ ʩʘʤ ʩʶʞʝʪ, ʯʪʦ ʜʝʣʘʝʪ 

ʫʨʦʢ ʘʢʪʠʚʥʳʤ ʠ ʜʠʥʘʤʠʯʥʳʤ. ʕʪʦʪ ʵʣʝʤʝʥʪ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʯʝʨʝʟ ʜʝʤʦʥʩʪʨʘʮʠʶ ʩʣʘʡʜʦʚ ʩ 

ʤʦʤʝʥʪʘʤʠ ʠʩʪʦʨʠʠ ʠ ʟʘʜʘʥʠʷʤʠ: 

 

 
 

ʈʠʩ. ʉʣʘʡʜ ʠʟ ʧʨʝʟʝʥʪʘʮʠʠ ï ʇʝʨʚʘʷ ʤʠʩʩʠʷ: ʨʘʩʰʠʬʨʫʡ ʩʦʦʙʱʝʥʠʝ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

 

ʂʘʞʜʳʡ ʫʨʦʢ ʧʨʦʚʦʜʠʣʩʷ ʚ ʨʘʟʥʳʭ ʛʨʫʧʧʘʭ, ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ, 

ʫʯʘʩʪʥʠʢʠ ʦʙʝʠʭ ʛʨʫʧʧ ʙʳʣʠ ʫʯʝʥʠʢʘʤʠ 10-ʭ ʢʣʘʩʩʦʚ, ʠʟʫʯʘʶʱʠʭ ʠʥʬʦʨʤʘʪʠʢʫ ʥʘ 

ʫʛʣʫʙʣʝʥʥʦʤ ʫʨʦʚʥʝ. ʂʦʣʠʯʝʩʪʚʦ ʫʯʝʥʠʢʦʚ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʩʦʩʪʘʚʠʣʦ 12 ʯʝʣʦʚʝʢ. ɺ ʢʦʥʮʝ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʨʦʢʘ ʙʳʣ ʧʨʦʚʝʜʸʥ ʪʝʩʪ, ʚʢʣʶʯʘʶʱʠʡ ʟʥʘʥʠʷ ʧʦ ʪʝʤʝ 

ʫʨʦʢʘ, ʧʨʠ ʵʪʦʤ ʪʝʩʪ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʫʥʠʚʝʨʩʘʣʴʥʦ ʧʦʜ ʦʙʘ ʫʨʦʢʘ. ʊʝʩʪ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ 

ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

1. ʏʪʦ ʪʘʢʦʝ ʰʠʬʨʦʚʘʥʠʝ? 

2. ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʢʣʶʯʦʤ ʰʠʬʨʦʚʘʥʠʷ? 

3. ʂʘʢʫʶ ʟʘʜʘʯʫ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʝʰʘʝʪ ʰʠʬʨʦʚʘʥʠʝ? 

4. ʉʦʦʙʱʝʥʠʝ çʉʝʤʸʥ ʩʝʛʦʜʥʷ ʧʨʠʰʸʣ ʢʦ ʚʪʦʨʦʤʫ ʫʨʦʢʫ ʠ ʥʝ ʚʟʷʣ ʩ ʩʦʙʦʡ ʪʝʪʨʘʜʴè 

ʟʘʰʠʬʨʦʚʘʣʠ ʰʠʬʨʦʤ ʎʝʟʘʨʷ ʩʦ ʩʜʚʠʛʦʤ +2. ʂʘʢʠʤ ʙʫʜʝʪ ʨʝʟʫʣʴʪʘʪ? 

5. ʂʘʢʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʩʠʤʤʝʪʨʠʯʥʦʤ ʰʠʬʨʦʚʘʥʠʠ ʚʝʨʥʦ? (4 ʚʘʨʠʘʥʪʘ ʦʪʚʝʪʘ ʚʳʙʦʨ) 

6. ʏʪʦ ʦʪʣʠʯʘʝʪ ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʰʠʬʨʦʚʘʥʠʝ? 

7. ʇʝʨʝʯʠʩʣʠʪʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʬʨʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ï ʩ 

ʧʦʷʩʥʝʥʠʷʤʠ. 
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ɺʩʝ ʚʦʧʨʦʩʳ, ʢʨʦʤʝ 5 ʧʨʝʜʧʦʣʘʛʘʣʠ ʨʘʟʚʸʨʥʫʪʳʡ ʦʪʚʝʪ, ʢʦʪʦʨʳʡ ʩʨʘʚʥʠʚʘʣʩʷ ʩ 

ʵʪʘʣʦʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʠ ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʤ ʩʯʠʪʘʣʩʷ ʚʝʨʥʳʤ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦ ʪʝʤʝ çʐʠʬʨʦʚʘʥʠʝè, ʧʨʦʚʝʜʸʥʥʦʛʦ ʧʦʩʣʝ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʫʨʦʢʘ ʠ ʫʨʦʢʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʤʝʪʦʜʫ ʩʪʦʨʠʪʝʣʣʠʥʛʘ, ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʫʨʦʚʥʝ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʫʯʘʱʠʤʠʩʷ ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʫʨʦʢʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ ʧʦ ʪʝʤʝ çʐʠʬʨʦʚʘʥʠʝè  

ʚ ʨʘʤʢʘʭ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʫʨʦʢʘ (çʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤè) 

 

ˉ ʚʦʧʨʦʩʘ % ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ ʂʦʣʠʯʝʩʪʚʦ ʥʝ ʦʪʚʝʪʠʚʰʠʭ ʥʘ ʚʦʧʨʦʩ 

1 68% 2 

2 61% 3 

3 47% 3 

4 52% 4 

5 70% 2 

6 58% 3 

7 63% 2 

ʀʪʦʛʦʚʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 59.9% 19 

 

ɺ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ ʩʦʩʪʘʚʠʣ 59,9%, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ ʯʘʩʪʠʯʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʦʮʝʥʪ ʚʝʨʥʳʭ 

ʦʪʚʝʪʦʚ ʧʦ ʦʪʜʝʣʴʥʳʤ ʚʦʧʨʦʩʘʤ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 47% ʜʦ 70%, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʫʩʚʦʝʥʠʷ. ʋʯʝʥʠʢʠ ʣʫʯʰʝ ʩʧʨʘʚʣʷʣʠʩʴ ʩ ʙʘʟʦʚʳʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ (ʚʦʧʨʦʩʳ 

1, 5, 7), ʥʦ ʠʩʧʳʪʳʚʘʣʠ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʦʥʷʪʠʡ 

ʥʘ ʧʨʘʢʪʠʢʝ (ʚʦʧʨʦʩʳ 3 ʠ 4). ʂʦʣʠʯʝʩʪʚʦ ʥʝ ʦʪʚʝʪʠʚʰʠʭ ʥʘ ʦʪʜʝʣʴʥʳʝ ʚʦʧʨʦʩʳ ʪʘʢʞʝ 

ʦʢʘʟʘʣʦʩʴ ʟʘʤʝʪʥʳʤ ï 19 ʩʣʫʯʘʝʚ ʩʫʤʤʘʨʥʦ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʚʦʚʣʝʯʸʥʥʦʩʪʠ ʫʯʘʱʠʭʩʷ ʚ ʫʨʦʢ ʠʣʠ ʪʨʫʜʥʦʩʪʷʭ ʧʨʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʊʘʢʞʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʢʦʥʮʝ ʩʪʦʨʠʪʝʣʣʠʥʛ-ʫʨʦʢʘ: 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ ʧʦ ʪʝʤʝ çʐʠʬʨʦʚʘʥʠʝè ʚ ʨʘʤʢʘʭ ʩʪʦʨʠʪʝʣʣʠʥʛ-ʫʨʦʢʘ 

 

ˉ ʚʦʧʨʦʩʘ % ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ ʂʦʣʠʯʝʩʪʚʦ ʥʝ ʦʪʚʝʪʠʚʰʠʭ ʥʘ ʚʦʧʨʦʩ 

1 84% 2 

2 89% 1 

3 78% 3 

4 83% 1 

5 92% 0 

6 81% 1 

7 88% 0 

ʀʪʦʛʦʚʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 85.0% 8 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʫʩʚʦʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ ʩʦʩʪʘʚʠʣ 85%, 

ʘ ʜʠʘʧʘʟʦʥ ʢʦʣʝʙʘʥʠʡ ï ʦʪ 78% ʜʦ 92%, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʝʟʫʣʴʪʘʪʳ ʢʘʢ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʠʝ 

ʧʦ ʚʩʝʤ ʪʠʧʘʤ ʚʦʧʨʦʩʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʧʫʩʢʦʚ ʩʥʠʟʠʣʦʩʴ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ï ʜʦ 8 ʩʣʫʯʘʝʚ, ʯʪʦ 
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ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ ʘʢʪʠʚʥʦʝ ʚʢʣʶʯʝʥʠʝ ʫʯʘʱʠʭʩʷ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʧʦʚʳʰʝʥʠʝ 

ʫʚʝʨʝʥʥʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʠʡ. 

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʪʨʝʙʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 4 ʚʦʧʨʦʩʫ, ʢʦʪʦʨʳʝ ʚ ʫʨʦʢʝ ʧʦ ʤʝʪʦʜʫ 

ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 83% ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ ʧʨʠ 52% ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʫʨʦʢʝ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤʳ ʚ ʧʣʘʥʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, ʪʘʢ ʢʘʢ 

ʟʘʜʘʥʠʝʤ ʷʚʣʷʣʘʩʴ ʨʘʩʰʠʬʨʦʚʢʘ ʩʦʦʙʱʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʐʠʬʨʫ ʎʝʟʘʨʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʫʞʝ 

ʥʝ ʧʨʦʩʪʦʛʦ ʦʪʚʝʪʘ, ʘ ʘʥʘʣʠʟʘ ʠ ʚʜʫʤʯʠʚʦʡ ʨʘʙʦʪʳ. ʊʘʢʞʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʪʚʝʪʦʚ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʭʦʜʷʩʴ ʚ ʩʶʞʝʪʝ ʠʩʪʦʨʠʠ ʫʯʝʥʠʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʩʘʤʦʡ ʪʝʤʝ ʫʨʦʢʘ ʢʘʢ ʢ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʦʡ, ʧʦʪʦʤʫ ʢʘʢ ʚ ʩʘʤʦʡ ʠʩʪʦʨʠʠ ʨʝʰʘʶʪ ʟʘʜʘʯʠ, ʪʨʝʙʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʥʘʚʳʢʘ ʠ ʨʘʟʙʠʨʘʶʪ ʨʝʘʣʴʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ. ʊʘʢ, ʫʯʝʥʠʢʠ ʚ ʦʪʚʝʪʘʭ ʚ ʨʘʤʢʘʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʳ ʯʘʱʝ ʧʨʠʚʦʜʷʪ ʨʝʘʣʴʥʳʡ ʧʨʠʤʝʨ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʦʥʷʪʠʷ 

ʰʠʬʨʦʚʘʥʠʷ: çʝʩʣʠ ʙʳ ʢʪʦ-ʪʦ ʩʥʦʚʘ ʧʦʜʢʣʶʯʠʣʩʷ ʢ ʪʦʡ ʦʪʢʨʳʪʦʡ ʰʢʦʣʴʥʦʡ Wi-Fi ʩʝʪʠ, ʦʥ 

ʙʳ ʫʚʠʜʝʣ ʥʝ ʥʘʰʠ ʨʝʘʣʴʥʳʝ ʧʝʨʝʧʠʩʢʠ, ʘ ʧʨʦʩʪʦ ʙʝʩʩʤʳʩʣʝʥʥʳʡ ʥʘʙʦʨ ʙʫʢʚè, ʠ ʚ ʦʪʚʝʪʘʭ ʥʘ 

7 ʚʦʧʨʦʩ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ ʩʠʪʫʘʮʠʡ, ʛʜʝ ʰʠʬʨʦʚʘʥʠʝ ʚʘʞʥʦ, ʧʨʠʚʦʜʷʪ ʙʦʣʴʰʝ 

ʨʝʘʣʴʥʳʭ ʩʠʪʫʘʮʠʡ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʦʩʚʦʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʣʫʯʰʝ ʩʧʨʘʚʠʣʠʩʴ ʫʯʝʥʠʢʠ, ʢʦʪʦʨʳʝ ʠʟʫʯʘʣʠ ʪʝʤʫ ʚ ʨʘʤʢʘʭ 

ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʠʩʪʦʨʠʠ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ. ʇʨʠ ʵʪʦʤ, ʦʪʚʝʪʳ ʥʘ ʚʦʧʨʦʩʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʳ ʙʳʣʠ ʙʦʣʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘʧʨʘʚʣʝʥʳ ʠ ʩʦʜʝʨʞʘʣʠ 

ʙʦʣʴʰʝ ʨʘʩʩʫʞʜʝʥʠʡ ʠ ʧʨʠʤʝʨʦʚ, ʥʝʞʝʣʠ ʦʪʚʝʪʳ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ 

ʙʦʣʴʰʝʝ ʚʦʚʣʝʯʝʥʠʝ ʚ ʫʨʦʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ, ʯʪʦ ʚʝʨʦʷʪʥʦ ʠ ʩʪʘʣʦ ʦʜʥʦʡ ʠʟ 

ʧʨʠʯʠʥ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʪʚʝʪʦʚ. ʆʜʥʘʢʦ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ ʠ ʠʤʝʝʪ 

ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʮʝʥʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʥʘ ʫʨʦʢʘʭ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʥʦ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ. ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʪʝʤʳ ʧʨʦʠʩʭʦʜʠʪ ʩʨʘʟʫ ʚ ʨʘʤʢʘʭ 

ʨʝʘʣʴʥʦʡ (ʠʣʠ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʨʝʘʣʴʥʦʡ) ʩʠʪʫʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʠʟʫʯʠʪʴ ʠ 

ʪʝʭʥʠʯʝʩʢʫʶ ʩʪʦʨʦʥʫ ʠʟʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʪʘʢʦʚʦʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʰʠʬʨʦʚ ʠ ʨʘʩʰʠʬʨʦʚʢʘ ʩʦʦʙʱʝʥʠʡ), ʠ ʵʪʠʯʝʩʢʦ-ʧʨʘʚʦʚʫʶ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʞʝ ʪʘʢʦʡ ʧʦʜʭʦʜ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʢ ʫʯʘʩʪʠʶ ʚ ʫʨʦʢʝ, ʯʝʤ ʧʨʦʩʪʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʝʦʨʠʠ [9, ʩ. 111].  

ʆʛʨʘʥʠʯʝʥʠʷʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʦʤʝʥʪʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʩʦʟʜʘʚʘʝʤʘʷ 

ʜʣʷ ʫʨʦʢʘ ʠʩʪʦʨʠʷ (ʢʘʢ ʠ ʝʸ ʩʦʜʝʨʞʘʥʠʝ) ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʘʢ ʪʝʤʝ ʫʨʦʢʘ, ʧʨʝʧʦʜʥʦʩʷ 

ʤʘʪʝʨʠʘʣ ʚ ʨʘʤʢʘʭ ʪʝʤʳ, ʥʝ ʧʝʨʝʛʨʫʞʘʷ ʫʯʝʥʠʢʦʚ, ʪʘʢ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ, ʘ ʚ 

ʯʘʩʪʥʦʩʪʠ ï ʧʣʘʥʠʨʫʝʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚ ʨʘʤʢʘʭ ʦʩʚʦʝʥʠʷ ʪʝʤʳ. ʊʦ ʝʩʪʴ, ʠʩʪʦʨʠʷ ʜʦʣʞʥʘ ʙʳʪʴ 

ʥʝ ʧʨʦʩʪʦ ʚʦʚʣʝʢʘʶʱʠʤ ʠ ʠʥʪʝʨʝʩʥʳʤ ʵʣʝʤʝʥʪʦʤ ʫʨʦʢʘ, ʥʦ ʠ ʙʳʪʴ ʧʨʘʚʠʣʴʥʦʡ ʠ ʪʦʯʥʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ. ɺʦ-ʚʪʦʨʳʭ, ʝʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʧʨʠʤʝʥʝʥʠʠ ʧʨʠ 

ʦʙʫʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʝʜʦʧʫʩʪʠʤʦ, ʯʪʦʙʳ ʠʩʪʦʨʠʷ ʥʘʚʦʜʠʣʘ ʫʯʝʥʠʢʦʚ ʥʘ 

ʤʳʩʣʠ ʦ ʪʦʤ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ï ʵʪʦ ʧʨʦ ʚʟʣʦʤ ʩʘʡʪʦʚ, ʧʘʨʦʣʝʡ, ʯʫʞʠʭ 

ʧʝʨʝʧʠʩʦʢ ʠ ʪ. ʜ., ʪʘʢ ʢʘʢ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʘʨʫʰʘʝʪʩʷ ʵʪʠʯʝʩʢʠʡ ʠ ʧʨʘʚʦʚʦʡ ʘʩʧʝʢʪʳ 
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ʧʨʝʧʦʜʘʚʘʥʠʷ ʀɹ ʚ ʰʢʦʣʝ. ʕʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʤʦʞʥʦ ʫʩʪʨʘʥʷʪʴ, ʜʝʣʘʷ ʘʢʮʝʥʪ ʥʘ ʦʧʘʩʥʦʩʪʠ 

ʪʘʢʠʭ ʜʝʡʩʪʚʠʡ ʠ ʨʘʟʙʦʨʝ ʤʝʪʦʜʦʚ ʧʦʚʝʜʝʥʠʷ ʚ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʷʭ ʠʤʝʥʥʦ ʩʦ ʩʪʦʨʦʥʳ 

ʦʙʫʯʘʶʱʠʭʩʷ. 

ʊʨʝʪʴʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʜʦʣʛʘʷ ʧʦʜʛʦʪʦʚʢʘ, 

ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʫʞʥʦ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʪʴ ʠʩʪʦʨʠʶ (ʥʘʡʪʠ ʠʣʠ ʧʨʠʜʫʤʘʪʴ), ʥʦ 

ʠ ʧʦʩʪʨʦʠʪʴ ʝʸ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤʦʡ ʫʨʦʢʘ ʠ ʩ ʥʦʨʤʘʤʠ ʮʠʬʨʦʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʛʦʪʦʚʠʪʴ ʚʠʟʫʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʢ ʪʘʢʦʡ ʠʩʪʦʨʠʠ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʚʥʠʤʘʥʠʷ ʠ ʙʦʣʝʝ ʣʸʛʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʪʝʤʘ. ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʢʦʥʪʨʦʣʴ ʟʥʘʥʠʡ, ʪʦ 

ʝʱʸ ʦʜʥʠʤ ʵʣʝʤʝʥʪʦʤ ʧʦʜʛʦʪʦʚʢʠ ʩʪʘʥʦʚʠʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʪʝʢʩʪʦʚ ʠʣʠ ʣʠʩʪʦʚ ʚʦʧʨʦʩʦʚ, ʯʪʦ 

ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʚʨʝʤʝʥʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʩʙʦʨʥʠʢʦʚ ʫʨʦʢʦʚ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʬʦʨʤʘʪʝ ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʩ ʛʦʪʦʚʳʤʠ ʧʨʝʟʝʥʪʘʮʠʷʤʠ ʜʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 

ʦʙʦʡʪʠ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʳʷʚʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝ ʦʪʤʝʥʷʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʚ ʦʙʫʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʧʦʜʯʸʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʝʛʦ ʤʝʪʦʜʠʯʝʩʢʠ ʛʨʘʤʦʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, 

ʯʪʦ ʧʨʠ ʢʦʨʨʝʢʪʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʩʶʞʝʪʘ ʠ ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʟʘʜʘʯʘʤ 

ʩʪʦʨʠʪʝʣʣʠʥʛ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʚʳʰʘʝʪ 

ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ: ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʡ ʦʙʲʸʤ ʩʶʞʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʪʝʧʝʥʴ ʠʥʪʝʛʨʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʚ 

ʧʦʚʝʩʪʚʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʪʴ ʪʠʧʦʚʳʝ ʩʮʝʥʘʨʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʥʠʞʘʪʴ ʪʨʫʜʦʸʤʢʦʩʪʴ 

ʧʦʜʛʦʪʦʚʢʠ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʦʟʜʘʥʠʝ ʙʘʥʢʘ ʧʨʦʚʝʨʝʥʥʳʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ 

ʠʩʪʦʨʠʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʤʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʧʦʜ 

ʪʨʝʙʦʚʘʥʠʷ ʌɻʆʉ ʠ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʧʦʜʛʦʪʦʚʢʠ ʫʯʘʱʠʭʩʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʳʩʦʢʦʡ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʧʨʠ ʦʙʫʯʝʥʠʠ ʚʦʧʨʦʩʘʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʪʘʨʰʠʭ ʢʣʘʩʩʘʭ. ɸʥʘʣʠʟ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʤʝʪʦʜ ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʚʳʩʪʫʧʘʝʪ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʪʠʚʘʮʠʦʥʥʦʡ ʠ 

ʢʦʛʥʠʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʫʯʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʤʳʩʣʝʥʠʶ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ 

ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʚʦʚʣʝʯʝʥʠʝ, ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʩ ʛʝʨʦʷʤʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʪʫʘʮʠʡ, 

ʧʨʠʙʣʠʞʸʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ. ɺʳʷʚʣʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ ʥʘʰʣʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚ 

ʨʘʤʢʘʭ ʧʨʦʚʝʜʸʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʫʨʦʢʘ ʠ ʟʘʥʷʪʠʷ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ 

ʩʪʦʨʠʪʝʣʣʠʥʛʘ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʟʥʘʯʠʤʦʝ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʫʯʘʱʠʤʠʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʳ, ʛʜʝ ʠ ʧʨʦʚʦʜʠʣʩʷ ʫʨʦʢ ʚ ʬʦʨʤʘʪʝ ʠʩʪʦʨʠʠ. 

ʉʪʦʨʠʪʝʣʣʠʥʛ ʧʦʟʚʦʣʠʣ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʫʯʘʱʠʭʩʷ, ʩʜʝʣʘʪʴ ʟʘʜʘʥʠʷ ʙʦʣʝʝ ʧʦʥʷʪʥʳʤʠ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ, ʯʪʦ ʚʳʨʘʟʠʣʦʩʴ ʢʘʢ ʚ ʧʦʚʳʰʝʥʠʠ ʜʦʣʠ ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ, ʪʘʢ ʠ ʚ 

ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʧʫʩʢʦʚ ʪʝʩʪʦʚʳʭ ʚʦʧʨʦʩʦʚ. ʍʘʨʘʢʪʝʨ ʦʪʚʝʪʦʚ ʪʘʢʞʝ ʠʟʤʝʥʠʣʩʷ: 

ʫʯʘʱʠʝʩʷ, ʧʦʛʨʫʞʸʥʥʳʝ ʚ ʩʶʞʝʪ, ʯʘʱʝ ʧʨʠʚʦʜʠʣʠ ʨʝʘʣʴʥʳʝ ʧʨʠʤʝʨʳ, ʜʝʣʘʣʠ ʚʳʚʦʜʳ, 
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ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ, ʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʰʠʬʨʦʚʘʥʠʷ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʫʛʨʦʟ. 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʤʝʪʦʜ ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʪʨʝʙʫʝʪ ʤʝʪʦʜʠʯʝʩʢʠ ʪʦʯʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

ʆʥ ʧʨʝʜʧʦʣʘʛʘʝʪ ʪʱʘʪʝʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʩʶʞʝʪʘ, ʚʠʟʫʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘʜʘʥʠʡ, ʘ ʪʘʢʞʝ 

ʩʦʙʣʶʜʝʥʠʝ ʵʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʧʨʝʧʦʜʘʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʜʥʘʢʦ 

ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʷʚʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʦʩʪʘʸʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʀɹ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ ʰʢʦʣʴʥʠʢʦʚ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, ʪʘʢ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ 

ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ. 
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TASK PARALLEL  LIBRARY  ɺ ʈɽʐɽʅʀʀ ʏʀʉʃɽʅʅʓʍ ɿɸɼɸʏ ʅɸ C# 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʶ ʚʳʯʠʩʣʝʥʠʡ ʚ C# ʥʘ ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʧʷʪʠ 

ʨʘʟʣʠʯʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʤʝʥʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʠʡ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʪʝʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ, ʤʥʦʛʦʧʦʪʦʯʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ (ʧʘʨʘʣʣʝʣʴʥʳʝ ʮʠʢʣʳ, ʘʩʠʥʭʨʦʥʥʳʝ ʟʘʜʘʯʠ, PLINQ), ʩʠʩʪʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʦʧʪʠʤʠʟʘʮʠʠ (ʥʝʙʝʟʦʧʘʩʥʳʡ ʢʦʜ ʩ ʫʢʘʟʘʪʝʣʷʤʠ) ʠ ʘʧʧʘʨʘʪʥʦ-ʫʩʢʦʨʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ 

(ʚʝʢʪʦʨʠʟʘʮʠʷ ʯʝʨʝʟ Vector<T> ʠ ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ SIMD-ʠʥʩʪʨʫʢʮʠʠ AVX2). ʊʝʩʪʠʨʦʚʘʥʠʝ 

ʚʳʧʦʣʥʝʥʦ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ BenchmarkDotNet, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʚ ʚʠʜʝ ʩʪʦʣʙʯʘʪʳʭ ʜʠʘʛʨʘʤʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʩʨʘʚʥʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʡ, ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʴ, C#, PLINQ, Vector API, 

BenchmarkDotNet.  

 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ ʚʩʝ ʯʘʱʝ ʪʨʝʙʫʶʪ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ 

ʜʘʥʥʳʭ, ʯʪʦ ʜʝʣʘʝʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ ʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʡ. ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʥʘʯʠʥʘʷ ʦʪ ʥʠʟʢʦʫʨʦʚʥʝʚʳʭ ʧʨʠʤʠʪʠʚʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ [6] ʠ ʟʘʢʘʥʯʠʚʘʷ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʤʠ 

ʘʙʩʪʨʘʢʮʠʷʤʠ, ʚʢʣʶʯʝʥʥʳʤʠ ʚ ʙʠʙʣʠʦʪʝʢʫ Task Parallel Library (ʨʠʩ. 1) [2; 4]. 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʟʘʜʘʯʠ, ʝʝ ʩʣʦʞʥʦʩʪʠ, ʦʙʲʝʤʘ ʜʘʥʥʳʭ 

ʠ ʘʧʧʘʨʘʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤʳ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʩʪʘʚʠʪ ʩʚʦʝʡ ʮʝʣʴʶ ʧʨʦʚʝʩʪʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʥʘ ʧʨʘʢʪʠʢʝ, ʯʪʦʙʳ ʜʘʪʴ ʨʘʟʨʘʙʦʪʯʠʢʘʤ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʪʠʧʦʚ 

ʟʘʜʘʯ. ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ ʚʳʙʨʘʥʳ: ʧʦʜʩʯʝʪ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʚʳʰʘʶʱʠʭ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʤʘʩʩʠʚʘ; ʬʠʣʴʪʨʘʮʠʷ ʯʠʩʝʣ, ʢʨʘʪʥʳʭ ʪʨʝʤ ʠ ʧʷʪʠ; ʧʦʠʩʢ ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʚ ʤʘʩʩʠʚʝ; 

ʘʥʘʣʠʟ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʵʣʝʤʝʥʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʨʝʜʠ ʥʝ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʦʙʣʘʩʪʝʡ. 
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ʈʠʩ. 1. ɸʨʭʠʪʝʢʪʫʨʘ ʙʠʙʣʠʦʪʝʢʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʟʘʜʘʯ (https://clck.ru/3Sxz6V) 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʨʘʚʥʝʥʠʝ ʜʝʚʷʪʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʧʷʪʠ 

ʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ: 

1. CountAboveAverage ï ʧʦʜʩʯʸʪ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʚʳʰʘʶʱʠʭ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʤʘʩʩʠʚʘ 

2. DivisibleThreeOrFive ï ʧʦʜʩʯʸʪ ʯʠʩʝʣ, ʜʝʣʷʱʠʭʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ 3 ʠ 5 

3. FindPrimeNumbers ï ʧʦʜʩʯʸʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʚ ʤʘʩʩʠʚʝ 

4. MaxFrequencyOfElements ï ʧʦʠʩʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʧʦʚʪʦʨʝʥʠʷ ʣʶʙʦʛʦ 

ʵʣʝʤʝʥʪʘ 

5. MaximumOfNonExtremeElements ï ʧʦʠʩʢ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʨʝʜʠ ʵʣʝʤʝʥʪʦʚ, 

ʥʝ ʷʚʣʷʶʱʠʭʩʷ ʣʦʢʘʣʴʥʳʤʠ ʵʢʩʪʨʝʤʫʤʘʤʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʝʪʦʜʠʢʘ ʙʝʥʯʤʘʨʢʠʥʛʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ BenchmarkDotNet [5], ʨʘʟʨʘʙʦʪʘʥʥʦʡ ɸʥʜʨʝʝʤ ɸʢʠʥʴʰʠʥʳʤ [1]. 

ʕʪʦʪ ʬʨʝʡʤʚʦʨʢ ʷʚʣʷʝʪʩʷ ʦʪʨʘʩʣʝʚʳʤ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʤʠʢʨʦ-ʙʝʥʯʤʘʨʢʠʥʛʘ ʚ .NET-ɻ ʢʦʩʠʩʪʝʤʝ 

ʠ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʙʣʘʛʦʜʘʨʷ ʚʩʪʨʦʝʥʥʳʤ ʤʝʭʘʥʠʟʤʘʤ 

ʧʨʦʛʨʝʚʘ, ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʠʪʝʨʘʮʠʷʤ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ ʧʦʜʘʚʣʝʥʠʶ ʰʫʤʦʚ. ɺʩʝ ʪʝʩʪʳ 

ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʨʘʟʤʝʨʦʤ 1 ʠʣʠ 5 ʤʠʣʣʠʦʥʦʚ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʧʦʜʭʦʜʦʚ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʪʝʩʪʦʚ ʚʢʣʶʯʘʝʪ ʘʪʨʠʙʫʪʳ [Benchmark] ʜʣʷ 

ʤʘʨʢʠʨʦʚʢʠ ʪʝʩʪʠʨʫʝʤʳʭ ʤʝʪʦʜʦʚ, [GlobalSetup] ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʪʝʩʪʦʚʳʭ 

ʜʘʥʥʳʭ ʧʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʢʘʞʜʦʛʦ ʙʝʥʯʤʘʨʢ-ʤʝʪʦʜʘ, ʢʦʪʦʨʳʡ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʚʩʝ 

ʙʝʥʯʤʘʨʢ-ʤʝʪʦʜʳ ʨʘʙʦʪʘʶʪ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤʠ ʜʘʥʥʳʤʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʨʨʝʢʪʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʘ ʧʦ ʤʦʜʫʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʛʜʝ ʢʘʞʜʳʡ 

ʢʣʘʩʩ ʦʪʚʝʯʘʝʪ ʟʘ ʨʝʰʝʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʟʘʜʘʯʠ. ɺ ʢʘʞʜʦʤ ʢʣʘʩʩʝ ʨʝʘʣʠʟʦʚʘʥʦ 
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ʜʝʚʷʪʴ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʩʣʦʞʥʝʥʠʝ ʧʦʜʭʦʜʦʚ: ʥʘʯʠʥʘʷ 

ʩ ʧʨʦʩʪʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʙʘʟʦʡ ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʯʝʨʝʟ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ ʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʣʦʞʥʳʤʠ 

ʥʠʟʢʦʫʨʦʚʥʝʚʳʤʠ ʦʧʪʠʤʠʟʘʮʠʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʢʪʦʨʥʳʭ ʠʥʩʪʨʫʢʮʠʡ ʧʨʦʮʝʩʩʦʨʘ. 

ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ: 

¶ Array_For (ɹʘʟʦʚʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʮʠʢʣ). ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʮʠʢʣʦʚ for. ʕʪʦ ʙʘʟʦʚʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʵʪʘʣʦʥʦʤ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʝʪ ʧʨʦʩʪʳʝ ʦʧʝʨʘʮʠʠ ʩʫʤʤʠʨʦʚʘʥʠʷ ʠ ʧʦʜʩʯʝʪʘ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʙʘʟʦʚʫʶ ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʙʝʟ ʦʧʪʠʤʠʟʘʮʠʡ. 

¶ Array_PLINQ (ʇʘʨʘʣʣʝʣʴʥʳʡ LINQ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ AsParallel() ʠʟ PLINQ 

(Parallel LINQ). ʕʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʨʘʩʧʘʨʘʣʣʝʣʠʪʴ ʦʧʝʨʘʮʠʠ ʥʘʜ ʢʦʣʣʝʢʮʠʷʤʠ ʚ C#. 

ʇʦʜ ʢʘʧʦʪʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʫʣ ʧʦʪʦʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʝʜʝʣʷʪʴ ʟʘʜʘʯʠ 

ʤʝʞʜʫ ʜʦʩʪʫʧʥʳʤʠ ʷʜʨʘʤʠ ʧʨʦʮʝʩʩʦʨʘ ʙʝʟ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ. 

¶ Parallel_For (Parallel.For ʩ ʣʦʢʘʣʴʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ). ʇʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʘ Parallel ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʥʬʣʠʢʪʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʲʝʜʠʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʯʝʨʝʟ Interlocked ʦʧʝʨʘʮʠʠ. 

¶ Parallel_Partitioner (Parallel.ForEach ʩ ʨʘʟʜʝʣʝʥʠʝʤ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

Partitioner.Create() ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ. ʕʪʦʪ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʟʤʝʨ ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʠ ʫʤʝʥʴʰʘʝʪ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʥʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʶ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ. 

¶ Parallel_Invoke (ʈʫʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʷʜʨʘʤ). ʗʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʪʳ ʧʦ 

ʯʠʩʣʫ ʷʜʝʨ ʧʨʦʮʝʩʩʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Parallel.Invoke(). ʂʘʞʜʦʤʫ ʷʜʨʫ ʥʘʟʥʘʯʘʝʪʩʷ ʩʚʦʡ 

ʜʠʘʧʘʟʦʥ ʜʘʥʥʳʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʫʶ ʥʘʛʨʫʟʢʫ, ʥʦ ʪʨʝʙʫʝʪ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʜʘʥʥʳʭ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ. 

¶ Tasks_Run (ʉʦʟʜʘʥʠʝ ʟʘʜʘʯ ʯʝʨʝʟ Task.Run). ɸʩʠʥʭʨʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩ ʩʦʟʜʘʥʠʝʤ 

ʟʘʜʘʯ ʯʝʨʝʟ Task.Run() ʠ ʷʚʥʳʤ ʦʞʠʜʘʥʠʝʤ ʟʘʚʝʨʰʝʥʠʷ ʯʝʨʝʟ Task.WaitAll(). ʕʪʦʪ ʧʦʜʭʦʜ ʜʘʝʪ 

ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʘʙʦʪʳ ʠ ʧʦʟʚʦʣʷʝʪ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʩʪʨʘʪʝʛʠʠ ʧʘʨʘʣʣʝʣʠʟʤʘ. 

¶ Array_Unsafe (ʅʝʙʝʟʦʧʘʩʥʳʡ ʢʦʜ ʩ ʫʢʘʟʘʪʝʣʷʤʠ). ʅʠʟʢʦʫʨʦʚʥʝʚʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʢʘʟʘʪʝʣʝʡ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʮʠʢʣʦʚ (loop unrolling). ʇʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʧʨʦʚʝʨʦʢ ʛʨʘʥʠʮ ʤʘʩʩʠʚʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʵʰʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʨʘ ʟʘ ʩʯʝʪ 

ʨʘʙʦʪʳ ʩ ʙʣʦʢʘʤʠ ʜʘʥʥʳʭ. 

¶ Array_SIMD (ɺʝʢʪʦʨʥʳʝ ʦʧʝʨʘʮʠʠ ʯʝʨʝʟ Vector). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʪʬʦʨʤʝʥʥʦ-

ʥʝʟʘʚʠʩʠʤʦʛʦ Vector<T> ʜʣʷ ʚʝʢʪʦʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴ 

SIMD-ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʮʝʩʩʦʨʘ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ ʟʘ 

ʦʜʥʫ ʦʧʝʨʘʮʠʶ, ʩʢʨʳʚʘʷ ʘʧʧʘʨʘʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

¶ Array_SIMD_Intrinsics (ʅʠʟʢʦʫʨʦʚʥʝʚʳʝ SIMD-ʠʥʩʪʨʫʢʮʠʠ). ʇʨʷʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʧʧʘʨʘʪʥʳʭ ʠʥʩʪʨʫʢʮʠʡ AVX2 ʯʝʨʝʟ ʠʥʪʨʠʥʩʠʢʠ. ʕʪʦʪ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 
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ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘ ʩʯʝʪ ʨʫʯʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʦʮʝʩʩʦʨʘ, ʥʦ 

ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʠʭ ʟʥʘʥʠʡ ʦ ʨʘʙʦʪʝ SIMD-ʨʘʩʰʠʨʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʶ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʧʷʪʠ ʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ ʥʘ ʨʘʟʥʳʭ ʦʙʲʝʤʘʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (1 ʠ 5 ʤʣʥ. ʮʝʣʳʭ 

ʯʠʩʝʣ). ʆʩʥʦʚʥʦʡ ʤʝʪʨʠʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʣʫʞʠʣʦ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʛʦ 

ʤʝʪʦʜʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ 

ʘʧʧʘʨʘʪʥʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ (ʯʠʩʣʦ ʷʜʝʨ ʦʪ 4 ʜʦ 16), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʧʣʘʪʬʦʨʤʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʚ ʢʘʯʝʩʪʚʝ 

ʢʣʶʯʝʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʦʟʚʦʣʠʣʦ ʥʠʚʝʣʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʬʦʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʲʝʢʪʠʚʥʦ 

ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʦʜʭʦʜʘ (ʨʠʩ. 2). 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʶ ʚ C#. 

 

 
 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʋʥʠʚʝʨʩʘʣʴʥʳʝ ʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ: 

¶ Tasks_Run ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʚʦʡʜʷ ʚ ʪʨʦʡʢʫ 

ʣʠʜʝʨʦʚ ʚ 4 ʠʟ 5 ʪʝʩʪʦʚ. ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ ʟʘʜʘʯʘʭ ʩ ʥʝʨʝʛʫʣʷʨʥʳʤʠ 

ʚʳʯʠʩʣʝʥʠʷʤʠ ("DivisibleThreeOrFive" ï 0,45 ms) ʠ ʩʣʦʞʥʳʤʠ ʫʩʣʦʚʥʳʤʠ ʧʨʦʚʝʨʢʘʤʠ. 

¶ Parallel_Invoke ʠ Parallel_Partitioner ʧʦʢʘʟʘʣʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʷʩʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʟʘʜʘʯ. ʅʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʝ 

"Count Numbers Above Average" ʦʥʠ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ 1,28 ms ʠ 1,60 ms ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʯʪʦ ʚ 4 ʨʘʟʘ ʙʳʩʪʨʝʝ ʙʘʟʦʚʦʛʦ ʧʦʜʭʦʜʘ. 
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ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ: 

¶ ɺʝʢʪʦʨʥʳʝ ʧʦʜʭʦʜʳ (Array_SIMD ʠ Array_SIMD_Intrinsics) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʩ ʨʝʛʫʣʷʨʥʳʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ 

("MaximumOfNonExtremeElements" ï 0,16 ms ʠ 0,28 ms, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ 130 ʨʘʟ ʙʳʩʪʨʝʝ 

ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʘ), ʥʦ ʦʢʘʟʘʣʠʩʴ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʟʘʜʘʯ ʩʦ ʩʣʦʞʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

("DivisibleThreeOrFive" ï 5,63 ms ʠ 6,04 ms). 

ʄʝʪʦʜʳ ʩ ʥʝʩʪʘʙʠʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ: 

¶ Array_PLINQ ʧʦʢʘʟʘʣ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ï ʦʪ ʫʤʝʨʝʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 

("DivisibleThreeOrFive" ï 1,98 ms) ʜʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʧʘʜʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ("MaxFrequencyOfElements" ï 61,29 ms), ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʥʝʥʘʜʝʞʥʳʤ 

ʚʳʙʦʨʦʤ ʜʣʷ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʅʘʠʤʝʥʝʝ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʤʝʪʦʜʳ: 

¶ Array_Unsafe ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʦʙʝʩʧʝʯʠʣ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯʘʭ ("FindPrimeNumbers" ï 22,79 ms) ʧʦʢʘʟʘʣ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 

ʙʘʟʦʚʦʛʦ ʧʦʜʭʦʜʘ. 

ɺʝʢʪʦʨʥʳʝ ʤʝʪʦʜʳ ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ ʜʣʷ ʟʘʜʘʯ ʩ ʥʝʨʝʛʫʣʷʨʥʳʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ, 

ʫʩʣʦʚʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ʠ ʩʣʦʞʥʳʤʠ ʚʝʪʚʣʝʥʠʷʤʠ. 

ɺʳʚʦʜʳ 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʯʝʪʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʦʪ ʪʠʧʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʟʘʜʘʯʠ. ɸʥʘʣʠʟ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ. 

1. ɺʝʢʪʦʨʥʳʝ ʦʧʪʠʤʠʟʘʮʠʠ (SIMD) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʬʝʥʦʤʝʥʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʟʘʜʘʯʘʭ ʩ ʨʝʛʫʣʷʨʥʳʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ ("MaximumOfNonExtremeElements"), ʥʦ ʘʙʩʦʣʶʪʥʦ 

ʥʝʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʟʘʜʘʯ ʩʦ ʩʣʦʞʥʳʤʠ ʫʩʣʦʚʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ("FindPrimeNumbers", 

"DivisibleThreeOrFive"). 

2. Tasks_Run ʧʦʜʪʚʝʨʜʠʣ ʩʪʘʪʫʩ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ, ʧʦʢʘʟʳʚʘʷ ʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʟʘʜʘʯʘʭ ʩ ʥʝʨʝʛʫʣʷʨʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʧʨʦʬʠʣʝʤ ʠ ʩʣʦʞʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

3. Parallel_Invoke ʠ Parallel_Partitioner ʧʦʢʘʟʘʣʠ ʩʪʘʙʠʣʴʥʦ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʟʘʜʘʯ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʜʝʞʥʦʝ ʫʩʢʦʨʝʥʠʝ ʙʝʟ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʂʨʠʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ: 

4. Array_PLINQ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʧʨʝʜʩʢʘʟʫʝʤʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩ ʨʠʩʢʦʤ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʟʘʤʝʜʣʝʥʠʷ ʚ ʟʘʜʘʯʘʭ, ʪʨʝʙʫʶʱʠʭ ʩʣʦʞʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʘʥʥʳʭ. 

5. Array_Unsafe ʥʝ ʦʧʨʘʚʜʳʚʘʝʪ ʩʣʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ, ʧʦʢʘʟʳʚʘʷ ʤʠʥʠʤʘʣʴʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʙʝʟʦʧʘʩʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʧʦʜʭʦʜʘ: 

¶ ɼʣʷ ʨʝʛʫʣʷʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ (ʦʧʝʨʘʮʠʠ ʩ ʤʘʩʩʠʚʘʤʠ, ʣʠʥʝʡʥʘʷ ʦʙʨʘʙʦʪʢʘ) ï 

Vector<T>/SIMD 

¶ ɼʣʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʩ ʥʝʨʝʛʫʣʷʨʥʳʤ ʧʨʦʬʠʣʝʤ ï Tasks_Run 
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¶ ɼʣʷ ʟʘʜʘʯ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʦʥʢʦʛʦ ʢʦʥʪʨʦʣʷ ï 

Parallel_Partitioner 

¶ PLINQ ï ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʩʪʳʭ ʟʘʜʘʯ ʙʝʟ ʩʣʦʞʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

¶ Array_Unsafe ï ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʙʝʟ ʢʨʘʡʥʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ [6] 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʷʜʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʟʘʜʘʯʠ [3]. ʉʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ï 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʢʪʦʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ (CUDA ʠ ʪʝʥʟʦʨʥʳʝ ʷʜʨʘ) ʚ ʛʨʘʬʠʯʝʩʢʠʭ ʫʩʢʦʨʠʪʝʣʷʭ 

(GPU) ʠ grid-ʩʠʩʪʝʤʘʭ (ʢʣʘʩʪʝʨʘʭ) ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤʘʭ.  

ʉ ʠʩʭʦʜʥʳʤʠ ʢʦʜʘʤʠ ʧʨʦʝʢʪʘ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʧʦ ʘʜʨʝʩʫ 

https://github.com/keshkaQ/CommandProjectPV-425. ɽʩʣʠ ɺʘʤ ʠʥʪʝʨʝʩʥʦ ʩʨʘʚʥʠʪʴ ʩʚʦʠ 

ʨʝʟʫʣʴʪʘʪʳ ʩ ʜʨʫʛʠʤʠ ʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ, ʧʨʠʩʳʣʘʡʪʝ ʧʦʞʘʣʫʡʩʪʘ ʬʘʡʣʳ ʪʝʩʪʠʨʦʚʘʥʠʷ JSON 

ʘʚʪʦʨʘʤ (kartuzovaleksandr@yandex.ru). 
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ʋɼʂ 004.056.5+004.8 

ʂʘʪʝʨʤʠʥʘ ʊ.ʉ. 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ  

ɺ ʆɹʃɸʉʊʀ ʂʀɹɽʈɹɽɿʆʇɸʉʅʆʉʊʀ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʩʧʝʢʪʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʝʨʝʯʠʩʣʷʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʩʧʦʩʦʙʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ML, ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʨʝʛʨʝʩʩʠʠ, ʜʝʪʝʢʮʠʠ ʚʨʝʜʦʥʦʩʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʟʘʜʘʯʝ ʘʥʘʣʠʟʘ ʚʨʝʜʦʥʦʩʥʳʭ 

ʬʘʡʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ 

 

ɺʚʝʜʝʥʠʝ. 

ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ, ʢʘʢ 

ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʜʘʥʥʳʭ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʘʧʧʨʦʢʩʠʤʘʮʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʨ. ʉʧʝʢʪʨ 

ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘʩʪʦʣʴʢʦ ʰʠʨʦʢ, ʯʪʦ ʟʘʪʨʘʛʠʚʘʝʪ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, 

ʚʩʝ ʦʙʣʘʩʪʠ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ʀ ʚ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʤʝʪʦʜʦʚ ML. ʊʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʜʝʡʩʪʚʫʶʪ ʠ ʚ ʦʙʣʘʩʪʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʠ 

ʤʦʜʝʣʝʡ ML [4; 5]. 

ɺʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ   

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʭʘʢʝʨʩʢʠʝ ʘʪʘʢʠ, ʤʦʪʠʚʠʨʦʚʘʥʥʳʝ ʥʘʥʝʩʪʠ ʢʘʢ 

ʤʦʞʥʦ ʙʦʣʴʰʠʡ ʚʨʝʜ ʢʦʤʧʘʥʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʧʨʝʦʙʣʘʜʘʚʰʠʭ ʘʪʘʢ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʙʳʣʦ 

ʧʦʣʫʯʝʥʠʝ ʬʠʥʘʥʩʦʚʦʡ ʚʳʛʦʜʳ ʠʣʠ ʧʦʢʘʟʘʪʝʣʴʥʳʡ ʚʟʣʦʤ. ʅʦ ʩʭʝʤʘ ʪʠʧʠʯʥʦʡ ʘʪʘʢʠ ʦʩʪʘʝʪʩʷ 

ʧʨʝʞʥʝʡ: 

1. ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʩʠʩʪʝʤʫ. ʇʫʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ ï ʬʠʰʠʥʛ, 

ʘʪʘʢʘ ʧʦ Wi-Fi, ʢʨʘʞʘ ʫʯʝʪʥʳʭ ʜʘʥʥʳʭ ʠ ʜʨ. 

2. ɿʘʢʨʝʧʣʝʥʠʝ ʚ ʘʪʘʢʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ. 

3. ʇʨʠʯʠʥʝʥʠʝ ʫʨʦʥʘ. 

ʆʧʠʩʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʪʦʣʴʢʦ ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʠʧ ʘʪʘʢ, 

ʢʨʦʤʝ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʨʫʛʠʭ ʪʠʧʦʚ ʘʪʘʢ. ʅʦ ʚʩʝ ʦʥʠ ʦʙʲʝʜʠʥʝʥʳ 

ʦʜʥʠʤ ï ʦʥʠ ʦʩʪʘʚʣʷʶʪ ʮʠʬʨʦʚʦʡ ʩʣʝʜ, ʢʦʪʦʨʳʡ ʯʘʩʪʦ ʩʣʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʥʦ ʦʥ ʩʫʱʝʩʪʚʫʝʪ. 

ɸ ʟʥʘʯʠʪ, ʪʘʢʠʝ ʘʪʘʢʠ ʤʦʞʥʦ ʠ ʥʫʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ, ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʙʫʜʫʱʠʭ ʘʪʘʢ. 

ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʩʣʦʞʥʦʩʪʝʡ, ʩ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʩʪʦʣʢʥʫʪʴʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʤʦʜʝʣʠ ML, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʝʮʠʬʠʢʝ ʧʦʩʪʫʧʘʶʱʠʭ ʜʘʥʥʳʭ [1; 6; 7]. 

ɼʘʥʥʳʝ ʦ ʧʨʦʮʝʩʩʘʭ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʧʨʦʪʦʢʦʣʘʤ, ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʝʡʩʷ 
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ʩʪʨʫʢʪʫʨʦʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʝʨʝʜʘʯʠ, ʨʘʟʨʝʞʝʥʥʦʩʪʴʶ, ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʠ ʪ. ʜ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʝʥʘ, ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʨʘʟʥʳʭ 

ʤʦʜʝʣʝʡ ʠ ʚʝʩʴʤʘ ʧʣʦʭʦ ʧʦʜʜʘʝʪʩʷ ʩʝʨʠʘʣʠʟʘʮʠʠ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ. ʇʨʠʤʝʨ ʩʦʙʳʪʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʩʣʫʞʙʦʡ Eventlog ʦʪ Microsoft Windows, ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩʫʥʢʝ. 

 

 
 

ʈʠʩ. ʇʨʠʤʝʨ ʩʦʙʳʪʠʷ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʩʣʫʞʙʦʡ Eventlog 

 

ʀʩʪʦʯʥʠʢʦʤ ʩʦʙʳʪʠʡ ʤʦʞʝʪ ʙʳʪʴ: 

ǒ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ; 

ǒ ʤʘʨʰʨʫʪʠʟʘʪʦʨ; 

ǒ ʩʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʡ/ʙʘʟ ʜʘʥʥʳʭ; 

ǒ ʘʥʪʠʚʠʨʫʩ; 

ǒ ʠ ʪ.ʜ. 

 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʨʝʰʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʝʪ 

ʚʳʛʣʷʜʝʪʴ ʪʘʢ: 

1. ʇʘʨʩʠʥʛ ʜʘʥʥʳʭ. 

2. ʇʨʝʜʦʙʨʘʙʦʪʢʘ, ʠʥʜʝʢʩʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. 

3. ɼʝʪʝʢʮʠʷ ʩʦʙʳʪʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʩʦʙʳʪʠʡ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ ʠ ʚʘʞʥʳʭ 

ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʘʚʠʣ ʧʨʦʪʠʚ ʜʝʪʝʢʪʠʨʦʚʘʥʥʳʭ ʘʪʘʢ. 

4. ʈʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʥʦʚʳʝ ʧʦʜʦʙʥʳʝ ʘʪʘʢʠ. 

ɺʩʝ ʵʪʘʧʳ ʵʪʦʡ ʮʝʧʦʯʢʠ ʜʝʡʩʪʚʫʶʪ ʧʦʩʪʦʷʥʥʦ, ʪ.ʢ. ʧʦʪʦʢ ʜʘʥʥʳʭ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 
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ʇʨʦʛʨʘʤʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʣʘʩʩʫ SIEM (Security information and event management) 

ʧʦʟʚʦʣʷʶʪ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʵʪʠ ʜʘʥʥʳʝ ʚ ʝʜʠʥʳʡ 

ʬʦʨʤʘʪ, ʥʘʭʦʜʠʪʴ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʧʦ ʟʘʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʨʘʚʠʣʘʤ ʠ 

ʦʙʥʘʨʫʞʠʚʘʪʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ, ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʝ ʘʪʘʢʠ.  

ʉʣʦʞʥʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʨʨʝʣʷʮʠʶ ʟʘʯʘʩʪʫʶ ʩʣʦʞʥʦ 

ʚʳʷʚʠʪʴ, ʪʘʢ ʢʘʢ ʩʦʙʳʪʠʷ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʘʪʘʢʝ ʠʣʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʝ ʤʦʛʫʪ ʙʳʪʴ ʜʘʣʝʢʦ 

ʨʘʟʥʝʩʝʥʳ ʧʦ ʚʨʝʤʝʥʠ ʥʘʩʪʫʧʣʝʥʠʷ, ʙʳʪʴ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʠʣʠ ʙʳʪʴ ʟʘʤʘʩʢʠʨʦʚʘʥʳ ʧʦʜ 

ʜʨʫʛʠʝ ʩʦʙʳʪʠʷ. ʊʘʢ ʞʝ ʵʪʦʪ ʧʦʜʭʦʜ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʳʝ ʩʧʦʩʦʙʳ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʥʦʚʳʝ, ʥʝʠʟʚʝʩʪʥʳʝ ʩʠʩʪʝʤʝ ʘʪʘʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʘʚʠʣ ʢʦʨʨʝʣʷʮʠʠ ʠʤʝʝʪ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘ ï ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ, 

ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʷ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʠ ï 

ʥʝʠʟʚʝʩʪʥʳʝ ʩʠʩʪʝʤʝ ʘʪʘʢʠ ʦʪʩʣʝʜʠʪʴ ʥʝʚʦʟʤʦʞʥʦ, ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʵʢʩʧʝʨʪʥʘʷ 

ʧʦʜʜʝʨʞʢʘ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʚʥʦʚʴ ʦʙʥʘʨʫʞʝʥʥʳʭ ʘʪʘʢ. 

ʆʧʠʩʘʥʥʳʡ ʚʳʰʝ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʨʝʰʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʧʦʣʥʝʥ ʠ ʫʧʨʦʱʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ML ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʈʘʟʤʝʪʢʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ, 

ʥʘʨʷʜʫ ʩ ʵʢʩʧʝʨʪʥʦʡ ʨʘʟʤʝʪʢʦʡ. 

2. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʧʫʩʢʦʚ 

(ʤʦʞʥʦ ʨʝʰʘʪʴ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ï  ʢʣʘʩʪʝʨʠʟʘʮʠʷ, LLM ). 

3. ʇʨʝʜʦʙʨʘʙʦʪʢʘ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʜʘʣʝʥʠʝ ʚʳʙʨʦʩʦʚ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʪʘʢʞʝ 

ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ML. 

4. ɼʝʪʝʢʮʠʷ ʘʪʘʢ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʤʦʱʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʨʝʛʨʝʩʩʠʠ, ʤʝʪʦʜʘʤʠ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ ʠʣʠ ʧʦʩʪʨʦʝʥʠʝʤ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ ʠ ʪ.ʜ. 

5. ɺʥʦʚʴ ʚʦʟʥʠʢʰʠʝ ʘʪʘʢʠ ʤʦʛʫʪ ʙʳʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʳ ʢʘʢ ʩʦʙʳʪʠʷ, ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʥʠ ʢ 

ʦʜʥʦʤʫ ʠʟ ʠʟʚʝʩʪʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩʦʙʳʪʠʡ ï ʧʦʠʩʢ ʘʥʦʤʘʣʠʡ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ï ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʛʨʦʤʥʳʝ ʙʘʟʳ ʧʨʘʚʠʣ, ʥʦ ʟʘʪʦ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʤʦʜʝʣʝʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʝ ʵʢʩʧʝʨʪʥʦʛʦ ʤʥʝʥʠʷ, ʢʘʢ ʚ ʦʙʣʘʩʪʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʧʨʠ 

ʧʦʤʦʱʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʝʪʝʢʮʠʷ ʘʪʘʢ. ɿʜʝʩʴ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʪʨʫʜʥʦʩʪʠ: 

1. ʅʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ. 

2. ʅʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ, ʚʝʜʴ 

ʧʦʪʦʢʠ ʩʦʙʳʪʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʪʦʣʴʢʦ ʠʥʪʝʥʩʠʚʥʳ, ʯʪʦ ʜʘʞʝ 

0,1% ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʵʪʠ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʵʢʩʧʝʨʪʳ ʥʝ ʩʤʦʛʫʪ ʚʳʷʚʠʪʴ ʥʘʩʪʦʷʱʠʝ ʘʪʘʢʠ. 

ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʟʘʜʘʯʘʭ ʜʝʪʝʢʮʠʠ ʘʪʘʢ [3]: 

¶ ʤʝʪʦʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ; 

¶ ʤʝʪʦʜʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ; 
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¶ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ; 

¶ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ; 

¶ ʠ ʪ. ʜ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʝʪʦʜʳ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʪʨʝʙʫʶʪ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʥʘ 

ʨʘʟʤʝʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʭ ʚ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʧʨʠʯʠʥʘʤ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʘʟʤʝʯʝʥʥʳʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ ʯʘʩʪʦ ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʢʠ ï ʤʘʣʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʠʩʝʡ, ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʢʣʘʩʩʦʚ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʵʪʘʧʳ ï ʩʪʨʘʪʠʬʠʢʘʮʠʷ, ʩʝʤʧʣʠʨʦʚʘʥʠʝ, ʘʫʛʤʝʥʪʘʮʠʷ ʜʘʥʥʳʭ ʜʦ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ. 

ɸʥʩʘʤʙʣʠ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʘʪʘʢʠ 

ʧʦʟʚʦʣʷʶʪ ʧʦʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. 

ʊʘʢʞʝ, ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʥʘʣʠʟʝ ʬʘʡʣʦʚ, ʪʝʢʩʪ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ [2]. 

ɿʘʢʣʶʯʝʥʠʝ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʢ ʟʘʜʘʯʘʤ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʳʜʝʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʧʨʝʜʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ, ʧʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʩʘʤʠʭ ʤʦʜʝʣʝʡ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ ʦʩʣʦʞʥʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ, 

ʥʝʥʦʨʤʘʣʠʟʦʚʘʥʥʦʩʪʴʶ, ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴʶ ʜʘʥʥʳʭ.  

ʅʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʛʫʪ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʜʘʞʝ ʥʘ ʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʳʝ ʘʪʘʢʠ (ʘʥʦʤʘʣʠʠ), ʘ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʩʘʤʙʣʝʡ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʘʪʘʢʠ, ʩʥʠʞʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. 
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ʂʣʠʤʦʚʘ ɽ.ʅ. 
ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʦʣʠʢʦʚ ʄ.ɺ. 
ʩʪʫʜʝʥʪ 

ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʐʘʭʪ,r ʈʦʩʩʠʷ 

 

ʇʈʀʄɽʅɽʅʀɽ ʉɺɽʈʊʆʏʅʓʍ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ  

ɼʃʗ ʂʆʅʊʈʆʃʗ ʃʀʎ ʅɸ ʇʈʆʇʋʉʂʅʓʍ ʇʋʅʂʊɸʍ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʝʡ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ (ʉʅʉ) ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ (ʉʂʋɼ) ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʉʅʉ, ʪʘʢʠʭ ʢʘʢ FaceNet, 

ArcFace ʠ MobileFaceNet, ʦʮʝʥʠʚʘʝʪʩʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʢʨʠʪʝʨʠʷʤ ʪʦʯʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ 

ʨʘʙʦʪʳ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ. ɺʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʉʂʋɼ, ʚʢʣʶʯʘʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʠʥʪʝʛʨʘʮʠʠ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʨʦʧʫʩʢʥʳʭ 

ʧʫʥʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ, ʉʂʋɼ, ʢʦʥʪʨʦʣʴ 

ʜʦʩʪʫʧʘ, ʙʠʦʤʝʪʨʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʥʘ ʧʨʦʧʫʩʢʥʳʭ ʧʫʥʢʪʘʭ ʦʙʫʩʣʦʚʣʝʥʘ 

ʨʘʩʪʫʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʇʦ ʜʘʥʥʳʤ Mordor Intelligence, ʦʙʲʝʤ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʙʠʦʤʝʪʨʠʠ ʚ 2024 ʛʦʜʫ 

ʩʦʩʪʘʚʠʣ 51,15 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʉʐɸ, ʘ ʢ 2029 ʛʦʜʫ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʝʛʦ ʨʦʩʪ ʜʦ 104,22 ʤʣʨʜ 

ʜʦʣʣʘʨʦʚ ʧʨʠ ʩʨʝʜʥʝʛʦʜʦʚʦʤ ʪʝʤʧʝ ʨʦʩʪʘ (CAGR) 15,30% [3]. ʆʩʥʦʚʥʳʤʠ ʜʨʘʡʚʝʨʘʤʠ ʵʪʦʛʦ 

ʨʦʩʪʘ ʷʚʣʷʶʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʥʠʢʘʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ ʠ ʤʠʥʠʤʠʟʘʮʠʷ ʚʣʠʷʥʠʷ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʥʝʜʨʝʥʠʝ ʉʅʉ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʧʫʩʢʥʦʡ ʧʫʥʢʪ ʩʧʦʩʦʙʝʥ ʦʙʩʣʫʞʠʚʘʪʴ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ ʙʦʣʴʰʝ ʣʶʜʝʡ ʚ ʯʘʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʦʡ, ʪʨʝʙʫʶʱʝʡ ʚʠʟʫʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʦʭʨʘʥʦʡ. 

ʕʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʤʝʩʪ ʩ ʚʳʩʦʢʠʤ ʪʨʘʬʠʢʦʤ, ʪʘʢʠʭ ʢʘʢ ʘʵʨʦʧʦʨʪʳ, ʤʝʪʨʦ ʠʣʠ ʢʨʫʧʥʳʝ 

ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʢʘʤʧʫʩʳ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʘ ʚʝʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ ʫʯʝʪʘ ʜʦʩʪʫʧʘ ʩ 

ʧʨʠʚʷʟʢʦʡ ʢʦ ʚʨʝʤʝʥʠ ʠ ʣʠʯʥʦʩʪʠ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʨʘʩʩʣʝʜʦʚʘʥʠʝ ʠʥʮʠʜʝʥʪʦʚ ʠ ʩʦʙʣʶʜʝʥʠʝ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʉʂʋɼ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʩʚʝʨʪʦʯʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ 

ʠʟʤʝʥʷʶʱʝʡʩʷ ʚʥʝʰʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʨʘʟʣʠʯʥʳʭ ʨʘʢʫʨʩʦʚ ʩʲʝʤʢʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ, ʢʘʢ Suprema FaceStation F2 ʠ Dahua Face Recognition Access 

Control, ʠʩʧʦʣʴʟʫʶʪ ʛʠʙʨʠʜʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʩʦʯʝʪʘʶʱʠʝ ʦʙʨʘʙʦʪʢʫ ʚʠʟʫʘʣʴʥʳʭ (RGB) ʠ 

ʠʥʬʨʘʢʨʘʩʥʳʭ (IR) ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʣʦʞʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ (FAR ï 1 ʥʘ 10 ʤʠʣʣʠʘʨʜʦʚ) ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (ʤʝʥʝʝ 0,3 

ʩʝʢʫʥʜʳ). 
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ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʢʪʦʨʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʣʠʮ (ʵʤʙʝʜʜʠʥʛʠ), ʧʦʣʫʯʘʝʤʳʝ ʥʘ ʚʳʭʦʜʝ ʉʅʉ. ʉʨʘʚʥʝʥʠʝ ʵʤʙʝʜʜʠʥʛʦʚ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʨʠʢ ʙʣʠʟʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʠʣʠ ʢʦʩʠʥʫʩʥʦʝ 

ʩʭʦʜʩʪʚʦ. ʄʦʜʝʣʴ FaceNet, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ Inception-ResNet, ʬʦʨʤʠʨʫʝʪ 128ï ʠʣʠ 

512-ʤʝʨʥʳʝ ʚʝʢʪʦʨʳ ʧʨʠʟʥʘʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʟʘ ʩʯʝʪ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʄʦʜʝʣʴ ArcFace ʜʦʙʘʚʣʷʝʪ ʘʜʜʠʪʠʚʥʳʡ ʫʛʣʦʚʦʡ ʤʘʨʞʠʥʘʣʴʥʳʡ ʰʪʨʘʬ ʢ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ [2], 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʪʝʩʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʚʝʢʪʦʨʦʚ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ ʥʘ ʝʜʠʥʠʯʥʦʡ 

ʩʬʝʨʝ ʠ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ɼʣʷ ʨʝʩʫʨʩʦʦʛʨʘʥʠʯʝʥʥʳʭ environments, ʪʘʢʠʭ 

ʢʘʢ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʚʩʪʨʘʠʚʘʝʤʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ, ʦʧʪʠʤʘʣʴʥʳʤ 

ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ MobileFaceNet, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʛʣʫʙʠʥʥʳʝ ʩʝʧʘʨʘʙʝʣʴʥʳʝ ʩʚʝʨʪʢʠ ʜʣʷ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʦʥʢʫʨʝʥʪʥʦʡ ʪʦʯʥʦʩʪʠ 

[1]. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʚ 

ʘʣʛʦʨʠʪʤʘʭ. ʄʝʪʦʜʳ ʚʨʦʜʝ FairDeDup, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʜʝʜʫʧʣʠʢʘʮʠʶ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʜʣʷ ʤʝʥʴʰʠʥʩʪʚ, ʧʦʟʚʦʣʷʶʪ mitigate bias ʠ ʧʦʚʳʰʘʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʜʣʷ ʚʩʝʭ ʢʘʪʝʛʦʨʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʣʘ, ʚʦʟʨʘʩʪʘ ʠʣʠ 

ʨʘʩʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ [6]. 

ʅʘ ʦʩʥʦʚʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʥʘ ʵʪʘʣʦʥʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ Labeled Faces 

in the Wild (LFW), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨ ʜʣʷ ʟʘʜʘʯ ʧʨʦʧʫʩʢʥʦʛʦ 

ʧʫʥʢʪʘ. FaceNet ʠ ArcFace ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʩʠʩʪʝʤ ʩ ʚʳʩʦʯʘʡʰʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʪʦʯʥʦʩʪʠ. MobileFaceNet ʦʧʪʠʤʘʣʴʥʘ ʜʣʷ ʩʢʦʨʦʩʪʥʳʭ ʠ ʤʦʙʠʣʴʥʳʭ ʨʝʰʝʥʠʡ. 

VGG-Face, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʯʪʦ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʣʠʮ ʥʘ 

ʧʨʦʧʫʩʢʥʳʭ ʧʫʥʢʪʘʭ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʝʰʝʥʠʝʤ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʚʷʟʘʥʦ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʙʦʪʳ 

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʦʚʳʰʝʥʠʝʤ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʩʧʫʬʠʥʛʫ ʠ ʠʥʪʝʛʨʘʮʠʝʡ ʩ ʜʨʫʛʠʤʠ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʘʧʧʘʨʘʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʛʨʝʩʩ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʚʳʟʦʚʦʚ, ʪʨʝʙʫʶʱʠʭ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʂʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʦʡ ʦʩʪʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʧʫʬʠʥʛ-ʘʪʘʢʘʤ: ʧʦʧʳʪʢʘʤ ʦʙʤʘʥʘ ʩʠʩʪʝʤʳ ʩ 

ʧʦʤʦʱʴʶ ʤʘʩʦʢ, ʬʦʪʦʛʨʘʬʠʡ ʠʣʠ ʚʠʜʝʦ ʥʘ ʵʢʨʘʥʝ. ɼʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʵʪʦʤʫ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʞʠʚʦʩʪʠ (liveness detection), ʘʥʘʣʠʟʠʨʫʶʱʠʝ 

ʤʠʢʨʦʜʚʠʞʝʥʠʷ, ʪʝʢʩʪʫʨʫ ʢʦʞʠ ʠʣʠ ʨʝʘʢʮʠʶ ʟʨʘʯʢʘ ʥʘ ʩʚʝʪ. 

ɽʱʝ ʦʜʥʠʤ ʢʨʠʪʠʯʝʩʢʠʤ ʘʩʧʝʢʪʦʤ, ʧʦʤʠʤʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ, ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. ɹʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʦʩʦʙʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ ʰʠʬʨʦʚʘʥʠʝ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠ ʭʨʘʥʝʥʠʠ, ʘ ʪʘʢʞʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠʭ ʩʙʦʨʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʚʝʨʠʬʠʢʘʮʠʶ ʙʝʟ ʭʨʘʥʝʥʠʷ ʠʩʭʦʜʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʰʘʙʣʦʥʦʚ, ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʣʠʮ ʥʘ 

ʧʨʦʧʫʩʢʥʳʭ ʧʫʥʢʪʘʭ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤ ʨʝʰʝʥʠʝʤ, ʦʜʥʘʢʦ ʝʛʦ ʫʩʧʝʰʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʥʝ ʪʦʣʴʢʦ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠ, ʥʦ ʠ 

ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʪʠʢʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ  

ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ (ʆʮʝʥʦʯʥʦ, ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ GPU) [4] 

 

ʄʝʪʨʠʢʘ FaceNet MobileFaceNet VGG-Face ArcFace DeepID 

ʊʦʯʥʦʩʪʴ (LFW, %) 99,63 98,37 99,95 99,83 97,45 

ɻʣʫʙʠʥʘ ʩʝʪʠ 22 ʩʣʦʷ 21 ʩʣʦʡ 16 ʩʣʦʝʚ 
100 

ʩʣʦʝʚ 

10-15 

ʩʣʦʝʚ 

ʈʘʟʤʝʨ ʤʦʜʝʣʠ 
~100 

ʄɹ 
<10 ʄɹ >500 ʄɹ ~250 ʄɹ 

~50-150 

ʄɹ 

ʉʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ɺʳʩʦʢʘʷ ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʅʠʟʢʘʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ 

ɿʘʱʠʪʘ ʦʪ ʩʧʫʬʠʥʛʘ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ 

ʆʧʪʠʤʠʟʘʮʠʷ ʜʣʷ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ 
ʅʝʪ ɼʘ ʅʝʪ ʏʘʩʪʠʯʥʦ ʅʝʪ 

 

ʆʧʠʩʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʜʝʣʠ FaceNet 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʭʝʤʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʜʝʣʠ 

FaceNet, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʪʨʦʡʩʪʚʝʥʥʫʶ ʬʫʥʢʮʠʶ ʧʦʪʝʨʴ (Triplet Loss) ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʚʝʢʪʦʨʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʣʠʮ (ʵʤʙʝʜʜʠʥʛʦʚ). 

ɺʭʦʜʥʦʡ ʩʣʦʡ (Batch Input Layer): 

ʄʦʜʝʣʴ ʧʨʠʥʠʤʘʝʪ ʥʘ ʚʭʦʜ ʧʘʢʝʪ (batch) ʠʟ ʪʨʝʭ ʦʜʥʦʨʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ-ʪʨʠʧʣʝʪʦʚ. 

ʂʘʞʜʳʡ ʪʨʠʧʣʝʪ ʩʦʩʪʦʠʪ ʠʟ: 

¶ ʗʢʦʨʷ (Anchor, A): ʀʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʷ ʯʝʣʦʚʝʢʘ. 

¶ ʇʦʟʠʪʠʚʥʦʛʦ ʧʨʠʤʝʨʘ (Positive, P): ɼʨʫʛʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʦʛʦ ʞʝ ʩʘʤʦʛʦ ʯʝʣʦʚʝʢʘ. 

¶ ʅʝʛʘʪʠʚʥʦʛʦ ʧʨʠʤʝʨʘ (Negative, N): ʀʟʦʙʨʘʞʝʥʠʝ ʜʨʫʛʦʛʦ ʯʝʣʦʚʝʢʘ. ʈʘʟʤʝʨʥʦʩʪʴ 

ʚʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ 160x160 ʧʠʢʩʝʣʝʡ. ʇʦʜʘʯʘ ʜʘʥʥʳʭ 

ʪʨʠʧʣʝʪʘʤʠ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʨʦʡʩʪʚʝʥʥʦʡ 

ʧʦʪʝʨʠ. 

ɻʣʫʙʦʢʘʷ ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (Deep CNN): 

ʕʪʦ ʷʜʨʦ ʤʦʜʝʣʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʧʨʠʟʥʘʢʦʚ ʠʟ 

ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʦʨʠʛʠʥʘʣʴʥʦʡ ʨʘʙʦʪʝ FaceNet ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ: 

¶ Architecture 1: ʉʝʪʴ ʥʘ ʦʩʥʦʚʝ Inception-ResNet-v1, ʢʦʪʦʨʘʷ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʦʜʝʣʝʡ Inception (ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ) ʠ ResNet (ʨʝʰʝʥʠʝ 

ʧʨʦʙʣʝʤʳ ʟʘʪʫʭʘʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʟʘ ʩʯʝʪ ʦʩʪʘʪʦʯʥʳʭ ʩʚʷʟʝʡ). 

¶ Architecture 2: ʉʝʪʴ Zeiler & Fergus, ʙʦʣʝʝ ʧʨʦʩʪʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ 

ʯʝʨʝʜʦʚʘʥʠʠ ʩʚʝʨʪʦʯʥʳʭ ʠ ʩʣʦʝʚ ʤʘʢʩ-ʧʫʣʠʥʛʘ. ɼʘʥʥʳʡ ʙʣʦʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʨʝʦʙʨʘʟʫʝʪ ʚʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʤʥʦʛʦʤʝʨʥʳʡ ʧʨʠʟʥʘʢʦʚʳʡ ʚʝʢʪʦʨ (feature 

vector). 

ɺʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (Embedding) ʠ L-ʥʦʨʤʘʣʠʟʘʮʠʷ: 
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ʅʘ ʚʳʭʦʜʝ ʛʣʫʙʦʢʦʡ CNN ʬʦʨʤʠʨʫʝʪʩʷ ʚʝʢʪʦʨ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, 

128 ʠʣʠ 512 ʵʣʝʤʝʥʪʦʚ), ʢʦʪʦʨʳʡ ʠ ʷʚʣʷʝʪʩʷ ʵʤʙʝʜʜʠʥʛʦʤ ʣʠʮʘ. ʕʪʦʪ ʚʝʢʪʦʨ ʢʦʜʠʨʫʝʪ 

ʫʥʠʢʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʮʘ ʚ ʢʦʤʧʘʢʪʥʦʤ ʯʠʩʣʦʚʦʤ ʚʠʜʝ. ɿʘʪʝʤ ʵʪʦʪ ʚʝʢʪʦʨ ʧʨʦʭʦʜʠʪ 

ʵʪʘʧ L-ʥʦʨʤʘʣʠʟʘʮʠʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ "ʩʞʠʤʘʝʪ" ʚʝʢʪʦʨ ʜʦ ʝʜʠʥʠʯʥʦʡ ʩʬʝʨʳ, ʯʪʦ ʫʧʨʦʱʘʝʪ 

ʧʦʩʣʝʜʫʶʱʠʝ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʤʝʪʨʠʢʘʤ ʨʘʩʩʪʦʷʥʠʷ ʠ ʫʣʫʯʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʜʝʣʠ. 

ʊʨʦʡʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ (Triplet Loss): 

ʕʪʦ ʢʣʶʯʝʚʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʦʙʫʯʝʥʠʷ FaceNet. ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ ʨʘʙʦʪʘʝʪ 

ʥʝ ʩ ʦʪʜʝʣʴʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʘ ʩ ʪʨʠʧʣʝʪʘʤʠ (Anchor, Positive, Negative). ɽʝ ʮʝʣʴ ï 

ʥʘʩʪʨʦʠʪʴ ʚʝʩʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʟʥʘʢʦʚ: 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʤʙʝʜʜʠʥʛʘʤʠ A ʠ P (d(A, P)) ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʤʙʝʜʜʠʥʛʘʤʠ A ʠ N (d(A, N)) ʙʳʣʦ ʤʘʢʩʠʤʘʣʴʥʳʤ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ, ʬʫʥʢʮʠʷ ʩʪʨʝʤʠʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ: 

Ὠὃȟὖ ‌ Ὠὃȟὔ  

ʛʜʝ Ŭ ï ʟʘʟʦʨ (margin), ʛʠʧʝʨʧʘʨʘʤʝʪʨ, ʟʘʜʘʶʱʠʡ ʤʠʥʠʤʘʣʴʥʦ ʞʝʣʘʝʤʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 

ʧʦʟʠʪʠʚʥʳʤʠ ʠ ʥʝʛʘʪʠʚʥʳʤʠ ʧʘʨʘʤʠ. 

 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ. ʉʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʩʣʦʷ ʧʘʢʝʪʥʦʛʦ ʚʚʦʜʘ ʠ ʛʣʫʙʦʢʦʛʦ CNN,  

ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʥʦʨʤʘʣʠʟʘʮʠʷ ʧʦ L2 [5] 

 

ʆʧʠʩʘʥʠʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ Triplet Loss 

ɼʘʥʥʘʷ ʩʭʝʤʘ ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʨʠʥʮʠʧ ʪʨʦʡʩʪʚʝʥʥʦʡ 

ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ (Triplet Loss), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʦʜʝʣʝʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ, ʪʘʢʠʭ ʢʘʢ FaceNet. 

1. ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʕʣʝʤʝʥʪʳ ʪʨʠʧʣʝʪʘ): 

ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ ʦʧʝʨʠʨʫʝʪ ʥʝ ʦʪʜʝʣʴʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʘ ʪʨʦʡʢʘʤʠ (ʪʨʠʧʣʝʪʘʤʠ), ʚ 

ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ: 

¶ ʗʢʦʨʴ (Anchor, A): ʀʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʦʝ ʩʣʫʞʠʪ ʪʦʯʢʦʡ ʦʪʩʯʝʪʘ. 

¶ ʇʦʟʠʪʠʚʥʳʡ ʧʨʠʤʝʨ (Positive, P): ɼʨʫʛʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʦʛʦ ʞʝ ʩʘʤʦʛʦ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʠ 

ʥʘ ʷʢʦʨʝ (ʥʘʧʨʠʤʝʨ, ʩʜʝʣʘʥʥʦʝ ʚ ʜʨʫʛʦʝ ʚʨʝʤʷ, ʧʨʠ ʜʨʫʛʦʤ ʦʩʚʝʱʝʥʠʠ ʠʣʠ ʨʘʢʫʨʩʝ). 

¶ ʅʝʛʘʪʠʚʥʳʡ ʧʨʠʤʝʨ (Negative, N): ʀʟʦʙʨʘʞʝʥʠʝ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʦʛʦ ʯʝʣʦʚʝʢʘ. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʠ ʮʝʣʴ ʦʙʫʯʝʥʠʷ: 

ɻʣʘʚʥʘʷ ʮʝʣʴ Triplet Loss ï ʥʘʫʯʠʪʴ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʩʦʟʜʘʚʘʪʴ ʪʘʢʠʝ ʚʝʢʪʦʨʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʵʤʙʝʜʜʠʥʛʠ) ʣʠʮ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʟʥʘʢʦʚ, ʯʪʦʙʳ: 

¶ ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ çʗʢʦʨʴè ʠ çʇʦʟʠʪʠʚè Ὠὃȟὖ ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʯʝʣʦʚʝʢʘ ʜʦʣʞʥʳ ʛʨʫʧʧʠʨʦʚʘʪʴʩʷ 

ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʦʙʨʘʟʫʷ ʢʦʤʧʘʢʪʥʳʡ ʢʣʘʩʪʝʨ. 
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¶ ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ çʗʢʦʨʴè ʠ çʅʝʛʘʪʠʚè Ὠὃȟὔ ʙʳʣʦ ʤʘʢʩʠʤʘʣʴʥʳʤ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʥʳʭ ʣʶʜʝʡ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʥʝʩʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʢ 

ʤʦʞʥʦ ʜʘʣʴʰʝ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʘ ʮʝʣʴ ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ ʥʝʨʘʚʝʥʩʪʚʘ, ʢʦʪʦʨʦʝ ʩʝʪʴ 

ʩʪʨʝʤʠʪʩʷ ʚʳʧʦʣʥʠʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʪʨʠʧʣʝʪʘ: 

Ὠὃȟὖ ‌ Ὠὃȟὔ, 

ʛʜʝ: 

¶ Ὠὃȟὖ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʤʙʝʜʜʠʥʛʘʤʠ ʗʢʦʨʷ ʠ ʇʦʟʠʪʠʚʘ. 

¶ Ὠὃȟὔ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʤʙʝʜʜʠʥʛʘʤʠ ʗʢʦʨʷ ʠ ʅʝʛʘʪʠʚʘ. 

¶ ‌ ï ʛʠʧʝʨʧʘʨʘʤʝʪʨ çʟʘʟʦʨè (margin). ʕʪʦ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ, 

ʥʘʩʢʦʣʴʢʦ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʅʝʛʘʪʠʚʘ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʇʦʟʠʪʠʚʘ. 

ɿʘʟʦʨ ʥʝ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʪʨʠʚʠʘʣʴʥʦʤ ʨʝʰʝʥʠʠ ʠ ʟʘʩʪʘʚʣʷʝʪ ʝʝ 

ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʯʝʪʢʠʝ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ (ʨʘʟʥʳʤʠ ʣʶʜʴʤʠ). 

3. ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ: 

ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʩʪʨʦʠʪʩʷ ʩʘʤʘ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ, ʢʦʪʦʨʘʷ ʚʳʯʠʩʣʷʝʪʩʷ ʜʣʷ 

ʦʜʥʦʛʦ ʪʨʠʧʣʝʪʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

flὃȟὖȟὔ ÍÁØ Ὠὃȟὖ Ὠὃȟὔ ‌ȟπ  

ʂʘʢ ʵʪʦ ʨʘʙʦʪʘʝʪ: 

¶ ɽʩʣʠ ʥʝʨʘʚʝʥʩʪʚʦ Ὠὃȟὖ ‌ Ὠὃȟὔ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ Ὠὃȟὖ Ὠὃȟὔ ‌ π. 

ʌʫʥʢʮʠʷ max ʚʝʨʥʝʪ 0, ʠ ʧʦʪʝʨʴ ʜʣʷ ʵʪʦʛʦ ʪʨʠʧʣʝʪʘ ʥʝ ʙʫʜʝʪ ï ʤʦʜʝʣʴ ʫʞʝ ʚʩʝ ʩʜʝʣʘʣʘ 

ʧʨʘʚʠʣʴʥʦ. 

¶ ɽʩʣʠ ʥʝʨʘʚʝʥʩʪʚʦ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ (ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʅʝʛʘʪʠʚʘ ʩʣʠʰʢʦʤ ʤʘʣʦ ʠʣʠ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʇʦʟʠʪʠʚʘ ʩʣʠʰʢʦʤ ʚʝʣʠʢʦ), ʪʦ ʚʳʨʘʞʝʥʠʝ ʚ ʩʢʦʙʢʘʭ ʙʫʜʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ʕʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʠ ʙʫʜʝʪ ʟʥʘʯʝʥʠʝʤ ʧʦʪʝʨʴ, ʢʦʪʦʨʦʝ 

ʥʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ. 

4. ɺʠʟʫʘʣʠʟʘʮʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʟʥʘʢʦʚ: 

ʅʘ ʩʭʝʤʝ ʵʪʦ ʦʪʦʙʨʘʞʝʥʦ ʚ ʚʠʜʝ ɽʜʠʥʠʯʥʦʡ ʩʬʝʨʳ (Unit Sphere), ʢʫʜʘ ʧʨʦʝʮʠʨʫʶʪʩʷ ʚʩʝ 

ʵʤʙʝʜʜʠʥʛʠ ʧʦʩʣʝ L2-ʥʦʨʤʘʣʠʟʘʮʠʠ. ʉʪʨʝʣʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ: 

¶ ɺʝʢʪʦʨ Positive çʧʨʠʪʷʛʠʚʘʝʪʩʷè ʢ ʚʝʢʪʦʨʫ Anchor. 

¶ ɺʝʢʪʦʨ Negative çʦʪʪʘʣʢʠʚʘʝʪʩʷè ʦʪ ʚʝʢʪʦʨʘ Anchor. 

 

 
 

ʈʠʩ. 2. ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ Triplet Loss: ʤʠʥʠʤʠʟʘʮʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ 

çʗʢʦʨʴè ʠ çʇʦʟʠʪʠʚè ʠ ʤʘʢʩʠʤʠʟʘʮʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ çʗʢʦʨʝʤè ʠ çʅʝʛʘʪʠʚʦʤè [5]. 
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ʩʪʫʜʝʥʪ 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ 

 

ʀʀ ʂɸʂ ɸʉʉʀʉʊɽʅʊ ʇʈʆɻʈɸʄʄʀʉʊɸ:  

ʋʃʋʏʐɽʅʀɽ ʂɸʏɽʉʊɺɸ ʂʆɼɸ ʀ ʋʉʂʆʈɽʅʀɽ ʈɸɿʈɸɹʆʊʂʀ  

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʘʩʩʠʩʪʝʥʪʘ ʜʣʷ ʧʨʦʛʨʘʤʤʠʩʪʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ IDE ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʀʀ-

ʬʫʥʢʮʠʷʤʠ ï Cursor, Windsurf, Kiro ʠ Void, ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʀʀ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʘ ʪʘʢʞʝ 

ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʝʥʝʨʘʮʠʝʡ ʢʦʜʘ. ʇʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʀʀ ʚʳʩʪʫʧʘʝʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʫʩʠʣʠʚʘʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʠʩʪʘ, ʥʦ ʥʝ ʟʘʤʝʥʷʶʱʠʤ ʝʛʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, IDE, ʘʩʩʠʩʪʝʥʪ ʧʨʦʛʨʘʤʤʠʩʪʘ, ʛʝʥʝʨʘʮʠʷ 

ʢʦʜʘ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

 

ʀʩʪʦʨʠʷ ʠ ʨʘʟʚʠʪʠʝ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʚ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ 

ʈʘʥʝʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʙʳʣʦ ʧʦʣʥʦʩʪʴʶ ʨʫʯʥʳʤ ʧʨʦʮʝʩʩʦʤ: ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʠʩʘʣʠ ʢʦʜ 

ʚʨʫʯʥʫʶ, ʧʦʣʘʛʘʷʩʴ ʥʘ ʜʦʢʫʤʝʥʪʘʮʠʶ, ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʥʠʷ ʠ ʦʧʳʪ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʦʩʪʳʝ 

ʪʝʢʩʪʦʚʳʝ ʨʝʜʘʢʪʦʨʳ. ʆʪʣʘʜʢʘ ʠ ʧʦʠʩʢ ʦʰʠʙʦʢ ʟʘʥʠʤʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʘ 

ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʰʘʙʣʦʥʳ ʢʦʜʘ ʠ ʨʫʪʠʥʥʳʝ ʟʘʜʘʯʠ ʩʦʟʜʘʚʘʣʠ ʚʳʩʦʢʫʶ ʥʘʛʨʫʟʢʫ. ʉ ʧʦʷʚʣʝʥʠʝʤ 

ʧʝʨʚʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜ ʨʘʟʨʘʙʦʪʢʠ (IDE) ʥʘʯʘʣʠ ʚʥʝʜʨʷʪʴʩʷ ʙʘʟʦʚʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʠ ï ʘʚʪʦʟʘʧʦʣʥʝʥʠʝ, ʧʦʜʩʚʝʪʢʘ ʩʠʥʪʘʢʩʠʩʘ, ʩʪʘʪʠʯʝʩʢʠʝ ʘʥʘʣʠʟʘʪʦʨʳ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ 

ʦʙʣʝʛʯʘʣʠ ʨʘʙʦʪʫ ʩ ʢʦʜʦʤ, ʥʦ ʥʝ ʤʦʛʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʷ ʨʘʟʨʘʙʦʪʯʠʢʘ ʠʣʠ ʧʨʝʜʣʘʛʘʪʴ 

ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ. 

ʉ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ 2010-ʭ ʛʦʜʘʭ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʩʪʘʣʠ ʨʘʩʰʠʨʷʪʴʩʷ: ʧʦʷʚʠʣʠʩʴ ʧʨʦʜʚʠʥʫʪʳʝ ʧʦʜʩʢʘʟʢʠ ʢʦʜʘ (ʥʘʧʨʠʤʝʨ, TabNine, Kite), 

ʩʧʦʩʦʙʥʳʝ ʫʯʠʪʳʚʘʪʴ ʢʦʥʪʝʢʩʪ ʠ ʧʨʝʜʣʘʛʘʪʴ ʚʘʨʠʘʥʪʳ ʟʘʚʝʨʰʝʥʠʷ ʩʪʨʦʢ. ʂʣʶʯʝʚʳʤ 

ʩʦʙʳʪʠʝʤ ʩʪʘʣʦ ʧʦʷʚʣʝʥʠʝ ʚ 2021 ʛʦʜʫ GitHub Copilot ʥʘ ʙʘʟʝ ʤʦʜʝʣʠ OpenAI Codex, ʢʦʪʦʨʳʡ 

ʫʞʝ ʤʦʛ ʘʚʪʦʜʦʧʦʣʥʷʪʴ ʢʦʜ ʠ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʯʠʢʘ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ. ʇʦʟʞʝ 

ʧʦʷʚʠʣʠʩʴ ʠ ʘʥʘʣʦʛʠ ʦʪ ʜʨʫʛʠʭ ʢʦʤʧʘʥʠʡ (Amazon CodeWhisperer, Azure Autocomplete), 

ʢʦʪʦʨʳʝ ʥʘʯʘʣʠ ʚʥʝʜʨʷʪʴ ʧʦʭʦʞʠʝ ʬʫʥʢʮʠʠ. 

ɺ ʢʦʥʮʝ 2022 ʛʦʜʘ ʩ ʧʦʷʚʣʝʥʠʝʤ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (LLM) ʚʦʟʤʦʞʥʦʩʪʠ ʀʀ ʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʨʝʟʢʦ ʨʘʩʰʠʨʠʣʠʩʴ: ʘʩʩʠʩʪʝʥʪʳ ʩʪʘʣʠ ʚʦʩʧʨʠʥʠʤʘʪʴ ʟʘʧʨʦʩʳ ʥʘ 

ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, ʛʝʥʝʨʠʨʦʚʘʪʴ ʮʝʣʳʝ ʬʫʥʢʮʠʠ ʠ ʧʨʦʝʢʪʳ [3]. ʀ ʧʦʩʣʝ ʵʪʦʛʦ ʥʘʯʘʣʠ 

ʧʦʷʚʣʷʪʴʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʠʥʪʝʛʨʠʨʫʶʱʠʝ ʀʀ ʛʣʫʙʦʢʦ ʚ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ, 

ʧʦʟʚʦʣʷʷ ʟʘʜʘʚʘʪʴ ʚʦʧʨʦʩʳ ʦ ʧʨʦʝʢʪʝ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʷʚʣʷʪʴ ʦʰʠʙʢʠ, ʨʝʬʘʢʪʦʨʠʪʴ ʢʦʜ ʠ 

ʜʘʞʝ ʫʧʨʘʚʣʷʪʴ ʟʘʜʘʯʘʤʠ ʯʝʨʝʟ ʝʩʪʝʩʪʚʝʥʥʳʡ ʷʟʳʢ.  

ʉʦʚʨʝʤʝʥʥʳʝ IDE ʩ ʀʀ-ʬʫʥʢʮʠʷʤʠ 

Cursor, Windsurf, Kiro ʠ Void ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜ 

ʨʘʟʨʘʙʦʪʢʠ (IDE), ʚ ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʳʡ ʨʝʜʘʢʪʦʨ ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʠʥʩʪʨʫʤʝʥʪ 
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ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʩ ʀʀ. ʉʦʚʨʝʤʝʥʥʳʝ IDE ʢʦʤʙʠʥʠʨʫʶʪ ʠʥʜʝʢʩʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʘ, 

ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʦʜʘ (ʯʘʩʪʦ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʥʳʭ ʵʤʙʝʜʜʠʥʛʦʚ) ʠ 

ʛʝʥʝʨʘʮʠʶ ʢʦʜʘ ʯʝʨʝʟ ʙʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ (LLM). ʇʨʠ ʟʘʧʨʦʩʝ ʥʘ ʦʙʲʷʩʥʝʥʠʝ, ʧʦʠʩʢ 

ʠʣʠ ʛʝʥʝʨʘʮʠʶ ʢʦʜʘ IDE ʩʥʘʯʘʣʘ ʘʥʘʣʠʟʠʨʫʶʪ ʜʦʩʪʫʧʥʳʡ ʢʦʥʪʝʢʩʪ ʧʨʦʝʢʪʘ: ʠʥʜʝʢʩʠʨʫʶʪ 

ʬʘʡʣʳ, ʬʫʥʢʮʠʠ, ʢʣʘʩʩʳ, ʧʝʨʝʤʝʥʥʳʝ ʠ ʜʦʢʫʤʝʥʪʘʮʠʶ, ʘ ʠʥʦʛʜʘ ʩʪʨʦʷʪ ʛʨʘʬʳ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʠʣʠ ʚʳʟʦʚʦʚ ʬʫʥʢʮʠʡ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʥʘʚʠʛʘʮʠʠ. ɿʘʪʝʤ ʩʠʩʪʝʤʘ ʠʟʚʣʝʢʘʝʪ ʨʝʣʝʚʘʥʪʥʳʝ ʯʘʩʪʠ 

ʢʦʜʘ ʥʝ ʪʦʣʴʢʦ ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ, ʥʦ ʠ ʧʦ ʩʤʳʩʣʫ, ʠ ʧʝʨʝʜʘʸʪ ʠʭ ʚ ʷʟʳʢʦʚʫʶ ʤʦʜʝʣʴ ʢʘʢ 

ʧʦʜʩʢʘʟʢʫ, ʠʩʧʦʣʴʟʫʷ ʧʦʜʭʦʜ, ʙʣʠʟʢʠʡ ʢ ʛʝʥʝʨʘʮʠʠ ʩ ʜʦʧʦʣʥʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʠʟʚʣʝʯʝʥʠʷ 

(RAG). ʕʪʦ ʧʦʟʚʦʣʷʝʪ IDE ʜʘʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʠʩʧʨʘʚʣʝʥʠʷ, ʫʯʠʪʳʚʘʷ ʨʝʘʣʴʥʳʡ ʢʦʜ 

ʧʨʦʝʢʪʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʨʘʟʨʘʙʦʪʯʠʢ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʨʦʝʢʪʦʤ ʯʝʨʝʟ 

ʝʩʪʝʩʪʚʝʥʥʳʡ ʷʟʳʢ ï ʦʪ ʘʚʪʦʜʦʧʦʣʥʝʥʠʡ ʠ ʛʝʥʝʨʘʮʠʠ ʬʫʥʢʮʠʡ ʜʦ ʧʦʤʦʱʠ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʟʘʜʘʯ ʠʣʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ ʜʝʡʩʪʚʠʡ. ʂʘʞʜʘʷ IDE ʨʝʘʣʠʟʫʝʪ ʢʦʥʮʝʧʮʠʶ çʨʝʜʘʢʪʦʨ ʢʘʢ 

ʘʛʝʥʪè ʧʦ-ʩʚʦʝʤʫ, ʬʦʨʤʠʨʫʷ ʫʥʠʢʘʣʴʥʳʡ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʦʜʭʦʜ ʢ ʨʘʙʦʪʝ ʩ ʧʨʦʝʢʪʦʤ. 

Cursor ʜʝʣʘʝʪ ʩʪʘʚʢʫ ʥʘ ʛʣʫʙʠʥʥʦʝ ʘʚʪʦʜʦʧʦʣʥʝʥʠʝ ʠ ʨʘʙʦʪʫ ʯʝʨʝʟ ʤʥʦʛʦʤʦʜʘʣʴʥʳʡ ʯʘʪ, 

ʛʜʝ ʧʨʦʝʢʪ ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʩʣʦʚʘʤʠ, ʘ ʀʀ ʩʘʤ ʩʦʟʜʘʸʪ ʬʘʡʣʳ, ʰʘʙʣʦʥʳ ʠ ʘʣʛʦʨʠʪʤʳ. ʆʥ 

ʧʨʝʜʣʘʛʘʝʪ ʦʜʠʥ ʠʟ ʣʫʯʰʠʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʝʜʫʛʘʜʳʚʘʥʠʷ ʥʘʤʝʨʝʥʠʡ ï ʜʦʧʦʣʥʝʥʠʷ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʩʨʘʟʫ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʦʢʘʭ, ʦʰʠʙʢʠ ʠʩʧʨʘʚʣʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʘ 

ʚʩʪʨʦʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʘʥʜʘʤʠ ʧʨʝʚʨʘʱʘʝʪ ʪʝʢʩʪʦʚʳʝ ʠʥʩʪʨʫʢʮʠʠ ʚ ʟʘʧʨʦʩʳ ʢ 

ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ. ʈʝʞʠʤ Agent ʜʝʣʘʝʪ Cursor ʧʦʯʪʠ ʤʝʥʝʜʞʝʨʦʤ ʟʘʜʘʯ, ʢʦʪʦʨʳʡ ʫʤʝʝʪ 

ʜʨʦʙʠʪʴ ʮʝʣʴ ʥʘ ʧʦʜʟʘʜʘʯʠ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʠʭ ʚʳʧʦʣʥʝʥʠʝ, ʘ ʦʛʨʦʤʥʦʝ ʢʦʥʪʝʢʩʪʥʦʝ ʦʢʥʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʩʭʦʜʥʠʢʦʚ (https://clck.ru/3QZiJM). ʂ ʤʠʥʫʩʘʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʀʀ ʬʫʥʢʮʠʡ ʨʝʜʘʢʪʦʨʘ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʧʦ ʧʣʘʪʥʦʡ 

ʧʦʜʧʠʩʢʝ. ʀ ʜʘʞʝ ʝʩʣʠ ʜʦʙʘʚʠʪʴ ʩʚʦʶ ʤʦʜʝʣʴ ʯʝʨʝʟ API-ʢʣʶʯ, ʪʦ ʦʥʘ ʥʝ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʚ 

ʨʝʞʠʤʝ çAgentè, ʘ ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʝ çAskè, ʢʦʪʦʨʳʡ ʪʦʣʴʢʦ ʯʠʪʘʝʪ, ʦʙʲʷʩʥʷʝʪ ʠ ʧʦʜʩʢʘʟʳʚʘʝʪ 

ʚ ʦʢʥʝ ʯʘʪʘ. 

Windsurf ʠʜʸʪ ʧʦʭʦʞʠʤ ʧʫʪʸʤ, ʦʜʥʘʢʦ ʫʩʠʣʠʚʘʝʪ ʠʜʝʶ çʛʣʫʙʦʢʦʛʦ ʘʩʩʠʩʪʝʥʪʘè 

ʙʣʘʛʦʜʘʨʷ Cascade ï ʀʀ, ʢʦʪʦʨʳʡ ʧʦʥʠʤʘʝʪ ʧʨʦʝʢʪ ʥʘ ʫʨʦʚʥʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʬʠʢʩʠʨʫʝʪ ʦʰʠʙʢʠ 

ʣʠʥʪʝʨʘ, ʛʝʥʝʨʠʨʫʝʪ ʮʝʣʳʝ ʤʦʜʫʣʠ ʠ ʩʦʭʨʘʥʷʝʪ ʚʘʰʠ ʧʨʘʚʠʣʘ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʚ ʩʠʩʪʝʤʝ 

Memories (https://clck.ru/3QZiFr). ʂʣʶʯʝʚʳʤʠ ʦʪʣʠʯʠʷʤʠ Windsurf ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʬʘʢʪʦʨʠʥʛʘ ʚʩʝʛʦ ʧʨʦʝʢʪʘ, ʨʝʞʠʤ Supercomplete, ʢʦʪʦʨʳʡ ʧʨʝʜʫʛʘʜʳʚʘʝʪ ʮʝʣʳʝ ʙʣʦʢʠ ʢʦʜʘ 

ʠ ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ, ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʜʨʫʛʠʤʠ 

ʣʶʜʴʤʠ ʠ ʚʠʟʫʘʣʴʥʦʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʦʚ ʧʨʷʤʦ ʚʥʫʪʨʠ IDE: ʠʟʤʝʥʝʥʠʷ ʚ UI 

ʤʛʥʦʚʝʥʥʦ ʦʪʨʘʞʘʶʪʩʷ ʚ ʢʦʜʝ. ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʭʦʪʴ ʠ ʰʠʨʦʢʘʷ, ʥʦ ʙʝʩʧʣʘʪʥʘʷ ʚʝʨʩʠʷ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʦʩʦʚ ʢ ʤʦʜʝʣʷʤ ʜʦ 25 ʚ ʤʝʩʷʮ. 

Kiro ʦʪʣʠʯʘʝʪʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦ: ʵʪʦ IDE ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʦ 

ʩʧʝʮʠʬʠʢʘʮʠʷʤ. ʕʪʘ IDE ʠʥʪʝʛʨʠʨʫʝʪ ʀʀ ʯʝʨʝʟ ʤʥʦʛʦʤʦʜʘʣʴʥʳʡ ʯʘʪ ʠ ʚʩʪʨʦʝʥʥʳʝ ʘʛʝʥʪʳ: 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʝʜʫʪ ʦʪ ʪʝʢʩʪʦʚʦʛʦ ʟʘʧʨʦʩʘ ʯʝʨʝʟ ʛʝʥʝʨʘʮʠʶ ʩʧʝʮʠʬʠʢʘʮʠʡ ʚ markdown-

ʬʦʨʤʘʪʝ, ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʣʘʥʘ, ʩʧʠʩʢʘ ʟʘʜʘʯ ʜʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʜʘ. ʀʥʥʦʚʘʮʠʝʡ ʩʪʘʣʠ 

çAgent Hooksè ï ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʟʘʩʪʘʚʣʷʝʪ ʀʀ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʪʴ ʦʙʷʟʘʪʝʣʴʥʳʝ 

ʜʝʡʩʪʚʠʷ (ʥʘʧʨʠʤʝʨ, ʦʙʥʦʚʣʷʪʴ ʜʦʢʫʤʝʥʪʘʮʠʶ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʜʝ) ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ 
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ʩʦʙʳʪʠʷʭ (https://clck.ru/3QZiL5). ʇʦʜʭʦʜ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʜʣʷ ʢʨʫʧʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʧʨʦʝʢʪʦʚ, ʥʦ ʤʦʞʝʪ ʢʘʟʘʪʴʩʷ ʛʨʦʤʦʟʜʢʠʤ ʚ ʧʨʦʩʪʳʭ ʩʣʫʯʘʷʭ, ʘ ʧʦʜʜʝʨʞʢʘ ʀʀ ʤʦʜʝʣʝʡ 

ʦʛʨʘʥʠʯʝʥʘ ʪʦʣʴʢʦ ʨʘʟʥʳʤʠ ʚʝʨʩʠʷʤʠ Claude ʦʪ Anthropic. ʄʠʥʫʩʘʤʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʠ ʪʦ, ʯʪʦ 

IDE ʥʘʭʦʜʠʪʩʷ ʚ ʧʫʙʣʠʯʥʦʤ ʧʨʝʚʴʶ, ʧʦʵʪʦʤʫ ʥʝ ʠʩʢʣʶʯʝʥʳ ʙʘʛʠ, ʘ ʙʝʩʧʣʘʪʥʘʷ ʚʝʨʩʠʷ 

ʦʛʨʘʥʠʯʝʥʘ 50 ʟʘʧʨʦʩʘʤʠ ʚ ʤʝʩʷʮ. 

Void ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʫʪʴ ï ʧʦʣʥʦʩʪʴʶ ʙʝʩʧʣʘʪʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʧʨʦʰʣʳʤ IDE, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʩʚʦʙʦʜʝ ʚʳʙʦʨʘ ʤʦʜʝʣʝʡ ʠ ʧʦʣʥʦʡ ʘʚʪʦʥʦʤʥʦʩʪʠ. ʆʥ ʥʝ 

ʦʪʧʨʘʚʣʷʝʪ ʢʦʜ ʥʘ ʩʝʨʚʝʨʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʥʘʧʨʷʤʫʶ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʣʦʢʘʣʴʥʳʤ ʠ ʦʙʣʘʯʥʳʤ 

LLM ʧʦ API, ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʛʝʥʪʥʳʡ ʨʝʞʠʤ ʩ ʜʦʩʪʫʧʦʤ ʢ ʪʝʨʤʠʥʘʣʫ ʠ ʩʦʟʜʘʥʠʝʤ ʬʘʡʣʦʚ ʠ 

ʚʚʦʜʠʪ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʧʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ ʠʟʤʝʥʝʥʠʡ. ʇʦʤʠʤʦ ʦʙʳʯʥʦʛʦ ʯʘʪ-ʘʩʩʠʩʪʝʥʪʘ, 

Void ʨʝʘʣʠʟʫʝʪ ʨʝʞʠʤ ʨʘʙʦʪʳ çAgentè: ʀʀ ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʩʢʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, 

ʩʦʟʜʘʚʘʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʬʘʡʣʳ, ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʨʤʠʥʘʣʦʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʘ ʨʝʞʠʤ 

çGatherè ʩʣʫʞʠʪ ʪʦʣʴʢʦ ʜʣʷ ʯʪʝʥʠʷ ʠ ʧʦʠʩʢʘ ʚ ʧʨʦʝʢʪʝ, ʥʝ ʚʥʦʩʷ ʠʟʤʝʥʝʥʠʡ 

(https://clck.ru/3QZiNh). ʕʪʦ ʜʘʸʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʛʠʙʢʦʩʪʴ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ, ʥʦ IDE ʝʱʸ 

ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʩ ʥʝʙʦʣʴʰʠʤʠ ʬʘʡʣʘʤʠ ʜʦ 1000 ʩʪʨʦʢ ʢʦʜʘ ʠ ʪʨʝʙʫʝʪ ʤʦʱʥʦʡ 

ʚʠʜʝʦʢʘʨʪʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʤʦʜʝʣʝʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʱʠʝ ʯʝʨʪʳ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʠʥʪʝʛʨʘʮʠʠ ʀʀ ʚ ʨʝʜʘʢʪʦʨ, ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʧʨʘʚʣʷʪʴ ʧʨʦʝʢʪʦʤ ʯʝʨʝʟ ʝʩʪʝʩʪʚʝʥʥʳʡ ʷʟʳʢ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʨʘʟʨʘʙʦʪʢʠ ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʵʪʠʤʠ IDE ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʬʠʣʦʩʦʬʠʠ ʠ ʬʫʥʢʮʠʦʥʘʣʝ: Cursor ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʤʦʱʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʘʩʩʠʩʪʝʥʪʘ ʠ ʰʠʨʦʢʠʡ ʢʦʥʪʝʢʩʪ ʨʘʙʦʪʳ ʀʀ, Windsurf ï ʥʘ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʠ 

ʛʣʫʙʦʢʠʡ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʀʀ, Kiro ï ʥʘ ʩʧʝʮʠʬʠʢʘʮʠʷʭ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʟʘʜʘʯ, ʘ Void ï ʥʘ 

ʧʦʣʥʫʶ ʦʪʢʨʳʪʦʩʪʴ ʠ ʢʦʥʪʨʦʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʢʦʥʢʨʝʪʥʳʤ ʩʝʨʚʠʩʘʤ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʩʪʘʪʠʩʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʛʝʥʝʨʘʪʠʚʥʳʝ ʀʀ-ʠʥʩʪʨʫʤʝʥʪʳ 

ʚ ʨʘʟʨʘʙʦʪʢʝ ʇʆ. StackOverflow ʦʪʤʝʯʘʝʪ ʙʳʩʪʨʳʡ ʨʦʩʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʧʨʦʩʘ 2025 ʛʦʜʘ, 84% ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʫʞʝ ʧʨʠʤʝʥʷʶʪ ʠʣʠ ʧʣʘʥʠʨʫʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʀʀ-

ʠʥʩʪʨʫʤʝʥʪʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ (ʛʦʜʦʤ ʨʘʥʝʝ ʪʘʢʠʭ ʙʳʣʦ 76%). ɿʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦʩʴ 

ʠ ʯʠʩʣʦ ʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢ ʩʝʨʝʜʠʥʝ 2025 ʛʦʜʘ GitHub Copilot ʦʙʦʰʸʣ ʦʪʤʝʪʢʫ 20 

ʤʠʣʣʠʦʥʦʚ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʘʧʨʝʣʴ 2025 

ʛʦʜʘ ʯʠʩʣʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ Copilot ʙʳʣʦ 15 ʤʠʣʣʠʦʥʦʚ (https://clck.ru/3QSiG3).  

 

 
 

ʈʠʩ. 1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ-ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʚ 2025 (https://clck.ru/3QShZb) 
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ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʧʨʦʩ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯʘʭ: ʨʘʟʨʘʙʦʪʯʠʢʠ ʦʪʤʝʯʘʶʪ ʧʦʤʦʱʴ 

ʀʀ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʢʦʜʘ, ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʠ, ʧʦʠʩʢʝ ʦʰʠʙʦʢ ʠ ʪ.ʜ. [3]. ʆʪʜʝʣʴʥʦ ʩʝʛʤʝʥʪ 

ʘʩʩʠʩʪʝʥʪʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʪʝʤʧʦʚ ʨʦʩʪʘ: 

ʠʥʩʪʨʫʤʝʥʪʳ ʚʨʦʜʝ Copilot, CodeWhisperer ʠ Tabnine ʠʟʙʘʚʣʷʶʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʦʪ ʨʫʪʠʥʥʳʭ 

ʟʘʜʘʯ, ʩʦʢʨʘʱʘʷ ʮʠʢʣ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʚʳʰʘʷ ʢʘʯʝʩʪʚʦ ʢʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʀʀ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʪʘʥʦʚʠʪʩʷ 

ʤʘʩʩʦʚʳʤ: ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʘʥʜ ʫʞʝ ʧʨʦʙʫʶʪ ʵʪʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʠ ʧʨʦʜʦʣʞʘʪ ʠʭ ʨʘʩʰʠʨʝʥʥʫʶ 

ʠʥʪʝʛʨʘʮʠʶ. ʇʨʠ ʵʪʦʤ ʠʥʜʫʩʪʨʠʷ ʜʚʠʞʝʪʩʷ ʢ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʳʤ ʨʝʰʝʥʠʷʤ ï ʘʩʩʠʩʪʝʥʪʘʤ, 

ʚʩʪʨʘʠʚʘʝʤʳʤ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʩ ʧʦʚʳʰʝʥʥʳʤ ʚʥʠʤʘʥʠʝʤ ʢ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʦʙʲʷʩʥʠʤʦʩʪʠ ʨʝʰʝʥʠʡ [1]. ʈʝʘʣʴʥʳʡ ʦʧʳʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʫʩʢʦʨʝʥʠʶ 

ʦʙʫʯʝʥʠʷ, ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʢʦʜʘ. 

 

 
 

ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʚ ʥʘ ʨʘʙʦʪʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ (https://clck.ru/3QShZo) 

 

ʇʨʦʙʣʝʤʳ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʨʠʩʢʠ 

ʈʘʟʥʳʝ ʤʦʜʝʣʠ LLM  ʤʦʛʫʪ ʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦ ʢʘʯʝʩʪʚʫ ʠ ʩʪʠʣʶ ʢʦʜʘ. 

ʅʘʧʨʠʤʝʨ, GPT-5 ʩʦʟʜʘʸʪ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʦ ʤʝʜʣʝʥʥʝʝ, ʪʦʛʜʘ ʢʘʢ GPT-5-mini 

ʙʳʩʪʨʝʝ, ʥʦ ʯʘʩʪʦ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʦʰʠʙʦʢ. ʄʦʜʝʣʠ ʨʘʟʥʳʭ ʢʦʤʧʘʥʠʡ ʪʦʞʝ ʨʘʟʣʠʯʘʶʪʩʷ: 

ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʠ Claude ʯʘʩʪʦ ʧʠʰʫʪ ʢʦʜ ʢʘʯʝʩʪʚʝʥʥʝʝ ʟʘ ʩʯʸʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʳʭ, ʥʘ 

ʢʦʪʦʨʳʭ ʦʥʠ ʙʳʣʠ ʦʙʫʯʝʥʳ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʯʠʢʫ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʵʪʠ ʥʶʘʥʩʳ ʧʨʠ 

ʥʘʩʪʨʦʡʢʝ: ʚʳʙʦʨ ʤʦʜʝʣʠ ʠ ʚʝʨʩʠʠ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʨʝʣʝʚʘʥʪʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʢʦʜʘ. 

ʈʝʞʠʤ ɸʛʝʥʪʘ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʢʦʤʘʥʜʳ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʪʝʢʩʪʦʚʳʤ 

ʟʘʧʨʦʩʘʤ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʩʙʦʨʢʠ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ. ʆʜʥʘʢʦ ʵʪʦ ʩʦʟʜʘʸʪ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʠʩʢʠ: ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʘʚʪʦ-ʠʩʧʦʣʥʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʟʘʧʨʦʩʳ ʠʣʠ 

ʚʨʝʜʦʥʦʩʥʳʝ ʚʩʪʘʚʢʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʧʦʣʥʝʥʠʶ ʦʧʘʩʥʳʭ ʢʦʤʘʥʜ [2]. ʕʢʩʧʝʨʪʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʢʦʤʝʥʜʫʶʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʦʪʢʣʶʯʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ 

ʘʚʪʦʟʘʧʫʩʢʘ ʢʦʤʘʥʜ ʠ ʚʩʝʛʜʘ ʧʨʦʚʝʨʷʪʴ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʧʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ. ɹʝʟ 

ʨʫʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʀʀ ʤʦʞʝʪ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦ çʩʣʠʪʴè ʢʦʜ ʥʘ ʥʝʥʘʜʸʞʥʳʝ ʨʝʩʫʨʩʳ ʠʣʠ 

ʠʥʞʝʢʪʠʨʦʚʘʪʴ ʟʣʦʚʨʝʜʥʳʡ ʢʦʜ ʯʝʨʝʟ ʫʷʟʚʠʤʦʩʪʠ [6].  
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ɺʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʣʘʥ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ. ɸʛʝʥʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʪʨʦʠʪ ʩʧʠʩʢʠ ʜʝʣ ʜʣʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʨʘʟʙʠʚʘʷ ʠʭ ʥʘ ʧʦʜʧʫʥʢʪʳ. ʕʪʦ ʧʦʤʦʛʘʝʪ 

ʫʧʦʨʷʜʦʯʠʪʴ ʨʘʙʦʪʫ ʠ ʚʠʜʝʪʴ, ʢʘʢʠʝ ʰʘʛʠ ʫʞʝ ʚʳʧʦʣʥʝʥʳ. ʅʦ ʪʘʢʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʨʝʙʫʝʪ 

ʷʩʥʦʛʦ ʟʘʜʘʥʠʷ ʮʝʣʠ: ʝʩʣʠ ʠʩʭʦʜʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʥʝʢʦʨʨʝʢʪʥʘ ʠʣʠ ʥʝʧʦʣʥʘ, ʀʀ ʤʦʞʝʪ 

ʩʦʩʪʘʚʠʪʴ ʥʝʘʜʝʢʚʘʪʥʳʡ ʧʣʘʥ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʘʭ ʜʠʥʘʤʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʥʝʨʝʜʢʦ 

ʤʝʥʷʝʪ ʧʨʠʦʨʠʪʝʪʳ ï ʧʦʵʪʦʤʫ ʩʪʘʪʠʯʥʳʝ ʩʧʠʩʢʠ ʜʝʣ ʤʦʛʫʪ ʙʳʩʪʨʦ ʫʩʪʘʨʝʚʘʪʴ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʥʴ ʰʠʨʦʢʠʡ ʢʦʥʪʝʢʩʪ, ʫ ʣʶʙʦʡ LLM ʝʩʪʴ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʧʘʤʷʪʠ. ɺ 

ʛʠʛʘʥʪʩʢʠʭ ʢʦʜʦʚʳʭ ʙʘʟʘʭ ʯʘʩʪʴ ʢʦʥʪʝʢʩʪʘ ʤʦʞʝʪ ʥʝ ʧʦʤʝʩʪʠʪʴʩʷ ʚ ʦʜʥʦ ʦʙʨʘʱʝʥʠʝ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʦʪʚʝʪʦʚ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʠʥʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʟʘʤʝʜʣʷʝʪ ʦʙʨʘʙʦʪʢʫ 

ʟʘʧʨʦʩʘ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʠʭʦʜʠʪʩʷ ʨʘʟʙʠʚʘʪʴ ʨʘʙʦʪʫ ʥʘ ʯʘʩʪʠ ʠʣʠ ʚʳʜʘʚʘʪʴ ʀʀ ʫʞʝ ʥʝ 

ʧʦʣʥʳʡ ʧʨʦʝʢʪ, ʘ ʦʪʜʝʣʴʥʳʝ ʤʦʜʫʣʠ. ʕʪʦ ʜʦʙʘʚʣʷʝʪ ʤʝʥʝʜʞʤʝʥʪ ʢʦʥʪʝʢʩʪʘ ʥʘ ʩʪʦʨʦʥʝ 

ʨʘʟʨʘʙʦʪʯʠʢʘ. 

ʍʦʪʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʯʘʩʪʦ ʛʝʥʝʨʠʨʫʶʪ ʢʦʨʨʝʢʪʥʳʝ ʨʝʰʝʥʠʷ, ʦʥʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ 

ʢʦʜ, ʥʝʨʘʙʦʯʠʡ, ʣʦʛʠʯʝʩʢʠ ʥʝʧʨʘʚʠʣʴʥʳʡ ʠʣʠ ʩʣʦʞʥʳʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ [5]. ʇʦ ʦʧʨʦʩʫ, 66% 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʪʘʣʢʠʚʘʣʠʩʴ ʩ ʪʝʤ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʀʀ-ʢʦʜ çʧʦʯʪʠ ʧʨʘʚʠʣʴʥʳʡ, ʥʦ ʥʝʪè, ʪʦ 

ʝʩʪʴ ʩʦʜʝʨʞʠʪ ʩʢʨʳʪʳʝ ʦʰʠʙʢʠ (https://clck.ru/3QShZb). ʀʀ ʤʦʞʝʪ çʛʘʣʣʶʮʠʥʠʨʦʚʘʪʴè ï 

ʧʨʠʜʫʤʳʚʘʪʴ ʥʝʩʫʱʝʩʪʚʫʶʱʠʝ ʬʫʥʢʮʠʠ, ʥʝʚʝʨʥʳʝ API ʠʣʠ ʥʝʢʦʨʨʝʢʪʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʧʨʦʚʝʨʷʪʴ ʧʦʣʫʯʝʥʥʳʡ ʢʦʜ. ɼʘʞʝ ʩʘʤʘ ʜʦʢʫʤʝʥʪʘʮʠʷ Cursor 

ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʢʦʜ ʥʫʞʥʦ ʨʝʚʴʶʠʪʴ ʠ ʪʝʩʪʠʨʦʚʘʪʴ ʧʝʨʝʜ ʬʠʥʘʣʴʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (https://clck.ru/3QSi63). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʀʀ-ʠʥʩʪʨʫʤʝʥʪʳ ʫʤʝʥʴʰʘʶʪ 

ʨʫʯʥʦʡ ʪʨʫʜ, ʥʦ ʥʝ ʦʩʚʦʙʦʞʜʘʶʪ ʯʝʣʦʚʝʢʘ ʦʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʢʦʨʨʝʢʪʥʦʩʪʴ ʢʦʜʘ. 

 

 
 

ʈʠʩ. 3. ʆʮʝʥʢʘ ʨʘʙʦʪʳ ʀʀ ʧʨʠ ʨʝʰʝʥʠʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ (https://clck.ru/3QShZb) 

 

ɹʫʜʫʱʝʝ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʚ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʀʀ-ʘʩʩʠʩʪʝʥʪʳ ʩʪʘʥʫʪ ʝʱʸ ʙʦʣʝʝ ʤʦʱʥʳʤʠ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ, ʥʦ ʦʩʪʘʥʫʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʥʩʪʨʫʤʝʥʪʦʤ. ʉʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʘʤ 

ʘʥʘʣʠʪʠʢʦʚ, ʛʣʦʙʘʣʴʥʳʡ ʨʳʥʦʢ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʚ ʚʳʨʘʩʪʝʪ ʢ 2030 ʛ. ʜʦ $21,11 ʤʣʨʜ (ʩʝʡʯʘʩ 

ʦʢʦʣʦ $3,35 ʤʣʨʜ ʚ 2025 ʛ.) (https://clck.ru/3QSi6W). ʇʨʠʯʠʥʳ ʷʩʥʳ ï ʚʦʟʤʦʞʥʦʩʪʠ ʀʀ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠʨʷʶʪʩʷ, ʘ ʥʝʭʚʘʪʢʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʠʩʪʦʚ 

ʟʘʩʪʘʚʣʷʝʪ ʢʦʤʧʘʥʠʠ ʠʩʢʘʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʨʫʪʠʥʳ. 
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ɺ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ, ʚʝʨʦʷʪʥʦ, ʫʩʠʣʷʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʪʨʝʥʜʦʚ. ɺʦ-ʧʝʨʚʳʭ, 

ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʘʩʩʠʩʪʝʥʪʦʚ: ʧʦʤʠʤʦ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʷʚʷʪʩʷ 

ʘʛʝʥʪʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʠʣʠ ʩʪʝʢʠ, ʥʘʧʨʠʤʝʨ çʀʀ-ʧʦʤʦʱʥʠʢ ʧʦ 

DevOpsè, çʀʀ-ʘʩʩʠʩʪʝʥʪ ʜʣʷ ʬʨʦʥʪʝʥʜʘè ʠʣʠ çʪʝʭʥʠʯʝʩʢʠʡ ʢʦʧʠʨʘʡʪʝʨè. ʋʞʝ ʩʝʡʯʘʩ ʢʨʫʧʥʳʝ 

ʧʦʩʪʘʚʱʠʢʠ, ʪʘʢʠʝ ʢʘʢ Microsoft, Google ʠ Adobe, ʨʘʟʨʘʙʘʪʳʚʘʶʪ çʢʦʥʪʝʢʩʪʥʦ ʧʨʠʚʷʟʘʥʥʳʝè 

ʘʩʩʠʩʪʝʥʪʳ ʚ ʩʚʦʠʭ ʵʢʦʩʠʩʪʝʤʘʭ. 

ɺʦ-ʚʪʦʨʳʭ, ʀʀ ʙʫʜʝʪ ʛʣʫʙʞʝ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʩ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʷ 

ʫʧʨʘʚʣʝʥʠʝ ʢʦʜʦʤ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʩʧʨʠʥʪʦʚ, ʛʝʥʝʨʘʮʠʶ ʜʦʢʫʤʝʥʪʘʮʠʠ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ ʠ ʧʘʨʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʫʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʯʘʩʪʴ ʧʨʦʮʝʩʩʦʚ DevOps ʠ GitOps. 

ɺ-ʪʨʝʪʴʠʭ, ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʧʨʠʥʷʪʠʷ ʀʀ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ 

ʪʨʝʙʦʚʘʥʠʝ ʢ ʧʨʦʟʨʘʯʥʦʩʪʠ ʨʘʙʦʪʳ ʤʦʜʝʣʝʡ ʠ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ [4]. ʀʥʩʪʨʫʤʝʥʪʳ ʥʘʯʥʫʪ 

ʚʢʣʶʯʘʪʴ ʦʪʯʸʪʳ ʦ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʷʭ, ʧʨʦʚʝʨʢʠ ʩʪʠʣʷ ʢʦʜʘ ʠ ʩʠʤʚʦʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʫʯʘʩʪʠʝʤ 

ʀʀ. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʨʦʣʴ ʯʝʣʦʚʝʢʘ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʀʀ ʪʘʢʞʝ ʠʟʤʝʥʠʪʩʷ. ʀʥʞʝʥʝʨ ʙʫʜʝʪ 

ʙʦʣʴʰʝ ʟʘʥʠʤʘʪʴʩʷ ʧʨʦʚʝʨʢʦʡ ʠ ʥʘʩʪʨʦʡʢʦʡ, ʟʘʜʘʚʘʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 

ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ ʪʚʦʨʯʝʩʢʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʀʀ ʚʦʟʴʤʸʪ ʥʘ 

ʩʝʙʷ ʨʫʪʠʥʥʳʝ ʟʘʜʘʯʠ. ʂʦʥʝʯʥʳʤ ʘʨʙʠʪʨʦʤ ʚ ʚʦʧʨʦʩʘʭ ʢʘʯʝʩʪʚʘ ʦʩʪʘʸʪʩʷ ʯʝʣʦʚʝʢ, ʠ ʥʠ ʦʜʥʘ 

ʢʦʤʧʘʥʠʷ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʦʣʥʫʶ ʟʘʤʝʥʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ: ʀʀ ʩʢʦʨʝʝ ʫʩʠʣʠʚʘʝʪ ʧʦʪʝʥʮʠʘʣ 

ʠʥʞʝʥʝʨʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʠʤ ʨʝʰʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ. 

ʅʘʢʦʥʝʮ, ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʯʠʪʘʶʪ, ʯʪʦ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʚʩʝʛʜʘ 

ʦʩʪʘʸʪʩʷ ʟʘ ʯʝʣʦʚʝʢʦʤ. ʉʦʛʣʘʩʥʦ ʦʧʨʦʩʫ, 68% ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʥʝ ʚʦʩʧʨʠʥʠʤʘʶʪ ʀʀ ʢʘʢ 

ʫʛʨʦʟʫ ʩʚʦʝʡ ʨʘʙʦʪʝ (https://clck.ru/3QShZo). ɸ ʚ ʜʨʫʛʦʤ ʦʧʨʦʩʝ 75% ʦʧʨʦʰʝʥʥʳʭ ʧʨʝʜʧʦʯʣʠ 

ʙʳ ʦʙʨʘʪʠʪʴʩʷ ʟʘ ʧʦʤʦʱʴʶ ʢ ʢʦʣʣʝʛʝ-ʯʝʣʦʚʝʢʫ, ʝʩʣʠ ʥʝ ʜʦʚʝʨʷʶʪ ʦʪʚʝʪʫ ʀʀ 

(https://clck.ru/3QShZb). ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʯʸʨʢʠʚʘʶʪ, ʯʪʦ ʀʀ ʦʩʪʘʸʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʢʦʥʝʯʥʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʨʦʝʢʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʠʥʞʝʥʝʨ. 

ɺʳʚʦʜ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʢʘʢ ʘʩʩʠʩʪʝʥʪʘ ʧʨʦʛʨʘʤʤʠʩʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʢʦʜʘ ʠ ʫʩʢʦʨʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ. ʉʦʚʨʝʤʝʥʥʳʝ IDE ʩ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʀʀ-ʬʫʥʢʮʠʷʤʠ, ʪʘʢʠʝ ʢʘʢ Cursor, Windsurf, Kiro, Void ʠ ʜʨʫʛʠʝ, ʚʳʭʦʜʷʪ 

ʟʘ ʨʘʤʢʠ ʧʨʦʩʪʦʛʦ ʘʚʪʦʜʦʧʦʣʥʝʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʚʦʟʤʦʞʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʢʦʜʘ, ʘʥʘʣʠʟʘ 

ʧʨʦʝʢʪʦʚ, ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʯʘʤʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʉʪʘʪʠʩʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʫʞʝ ʧʨʠʤʝʥʷʶʪ ʀʀ-ʠʥʩʪʨʫʤʝʥʪʳ, ʦʪʤʝʯʘʷ ʨʦʩʪ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ ʦʰʠʙʦʢ ʠ ʫʩʢʦʨʝʥʠʝ ʦʙʫʯʝʥʠʷ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʩʦʧʨʷʞʝʥʦ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠ ʨʠʩʢʘʤʠ: ʚʦʟʤʦʞʥʳ 

ʦʰʠʙʢʠ ʛʝʥʝʨʘʮʠʠ ʢʦʜʘ, çʛʘʣʣʶʮʠʥʘʮʠʠè ʤʦʜʝʣʝʡ, ʫʷʟʚʠʤʦʩʪʠ ʧʨʠ ʘʚʪʦʠʩʧʦʣʥʝʥʠʠ ʢʦʤʘʥʜ, 

ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʢʩʪʦʤ ʚ ʙʦʣʴʰʠʭ ʧʨʦʝʢʪʘʭ. ʕʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ, ʯʪʦ 

ʀʀ ʦʩʪʘʸʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʢʦʥʝʯʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʢʘʯʝʩʪʚʦ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʜʘ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʝʢʪʘ ʣʝʞʠʪ ʥʘ ʯʝʣʦʚʝʢʝ. 
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ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʚ ʚʢʣʶʯʘʶʪ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʧʦ ʟʘʜʘʯʘʤ ʠ ʩʪʝʢʘʤ, 

ʛʣʫʙʦʢʫʶ ʠʥʪʝʛʨʘʮʠʶ ʩ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʨʘʙʦʪʢʠ, ʫʩʠʣʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʨʘʙʦʪʳ ʤʦʜʝʣʝʡ ʠ 

ʙʦʣʝʝ ʘʢʪʠʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʦʣʝʡ ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ ʠ ʀʀ. ɺ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʀʀ 

ʙʫʜʝʪ ʥʝ ʟʘʤʝʥʦʡ ʨʘʟʨʘʙʦʪʯʠʢʫ, ʘ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʠʥʞʝʥʝʨʘʤ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʪʚʦʨʯʝʩʢʠʭ ʠ ʩʣʦʞʥʳʭ ʘʩʧʝʢʪʘʭ ʨʘʙʦʪʳ, ʧʦʚʳʰʘʷ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠ ʢʘʯʝʩʪʚʦ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ. 
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ʩʪʫʜʝʥʪ 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɻʈɸʌʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆʈʆɺ (GPU) ɼʃʗ ʋʉʂʆʈɽʅʀʗ 

ɺʓʏʀʉʃɽʅʀʁ ɺ ɿɸɼɸʏɸʍ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʚʦʣʶʮʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʠʤʝʥʝʥʠʶ 

ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ (GPU) ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʚ ʟʘʜʘʯʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ï ʦʪ 

ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʳʭ 3D-ʫʩʢʦʨʠʪʝʣʝʡ ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʩ 

ʪʝʥʟʦʨʥʳʤʠ ʷʜʨʘʤʠ. ʇʦʷʩʥʷʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ GPU: ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʷʜʝʨ, ʠʝʨʘʨʭʠʷ ʧʘʤʷʪʠ ʠ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ SIMT. ʇʦʢʘʟʘʥʦ, ʢʘʢ 

ʙʣʘʛʦʜʘʨʷ ʵʪʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ GPU ʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ 

ʦʙʫʯʝʥʠʠ ʠ ʠʥʬʝʨʝʥʩʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ CPU. ʆʙʩʫʞʜʘʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ ï ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʣʘʪʬʦʨʤʳ (CUDA, OpenCL), 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʧʧʘʨʘʪʥʳʝ ʙʣʦʢʠ (ʪʝʥʟʦʨʥʳʝ ʷʜʨʘ), ʘ ʪʘʢʞʝ ʧʨʦʙʣʝʤʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ 

GPU-ʚʳʯʠʩʣʝʥʠʡ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʜʝʣʘʶʪʩʷ ʚʳʚʦʜʳ ʦ ʨʦʣʠ GPU ʚ ʨʘʟʚʠʪʠʠ ʀʀ ʠ ʧʝʨʩʧʝʢʪʠʚʘʭ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ (GPU), ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʛʣʫʙʦʢʦʝ 

ʦʙʫʯʝʥʠʝ, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, CUDA, GPGPU, ʪʝʥʟʦʨʥʳʝ ʷʜʨʘ. 

 

ʀʩʪʦʨʠʷ GPU ʠ ʚʳʯʠʩʣʝʥʠʡ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ɺ ʥʘʯʘʣʝ ʨʘʟʚʠʪʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ (CPU) ʦʪʚʝʯʘʣ ʟʘ ʚʩʝ 

ʚʳʯʠʩʣʝʥʠʷ ï ʦʪ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʘ ʜʦ ʛʝʥʝʨʘʮʠʠ ʛʨʘʬʠʢʠ. ʉ ʫʩʣʦʞʥʝʥʠʝʤ ʛʨʘʬʠʯʝʩʢʠʭ 

ʠʥʪʝʨʬʝʡʩʦʚ ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʩʧʝʮʠʘʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ. ʊʝʨʤʠʥ çGPUè (Graphics Processing 

Unit) ʙʳʣ ʚʚʝʜʸʥ NVIDIA ʚ 1999 ʛʦʜʫ ʧʨʠ ʚʳʧʫʩʢʝ ʚʠʜʝʦʢʘʨʪʳ GeForce 256 ï ʧʝʨʚʦʛʦ 

ʤʘʩʩʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʘʧʧʘʨʘʪʥʦ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʦʩʚʝʱʝʥʠʝ (T&L) 

ʠ ʜʨʫʛʠʝ ʵʪʘʧʳ 3D-ʨʝʥʜʝʨʠʥʛʘ. ɸʨʭʠʪʝʢʪʫʨʳ ʚʠʜʝʦʢʘʨʪ ʧʦʩʪʝʧʝʥʥʦ ʧʦʣʫʯʠʣʠ ʩʚʦʡʩʪʚʘ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʝʥʜʝʨʠʥʛʘ, ʥʦ ʠ ʜʣʷ ʤʘʩʩʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ [6]. 

ʕʪʠ ʠʥʥʦʚʘʮʠʠ ʩʜʝʣʘʣʠ GPU ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ. 

ʂʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʩʪʘʣʦ ʧʦʷʚʣʝʥʠʝ ʚʳʯʠʩʣʝʥʠʡ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘ GPU (GPGPU). ɺ 

ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʥʷʣʠ, ʯʪʦ ʪʳʩʷʯʠ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʦʧʝʨʘʮʠʡ, 

ʩʚʦʡʩʪʚʝʥʥʳʝ GPU, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʛʨʘʬʠʢʠ, ʥʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʟʘʜʘʯ. 

ʇʝʨʝʦʨʠʝʥʪʘʮʠʷ GPU ʥʘ ʚʳʯʠʩʣʝʥʠʷ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (GPGPU) ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʡ ʙʣʘʛʦʜʘʨʷ 

ʧʦʷʚʣʝʥʠʶ ʷʟʳʢʦʚ ʠ ʧʣʘʪʬʦʨʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ CUDA ʠ OpenCL [6]. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʧʦʪʝʥʮʠʘʣ GPU ʩʪʘʣ ʜʦʩʪʫʧʝʥ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ. 

ʉ ʩʝʨʝʜʠʥʳ 2000-ʭ GPU ʥʘʯʘʣʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʚ ʢʣʘʩʪʝʨʳ ʠ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʳ ʜʣʷ 

ʫʩʢʦʨʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʙʟʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ GPU-

ʚʳʯʠʩʣʝʥʠʷʤ [6]. ʊʘʢ, ʚ 2010 ʛʦʜʫ ʢʠʪʘʡʩʢʘʷ ʩʠʩʪʝʤʘ Tianhe-1A ʩ GPU-ʫʩʢʦʨʠʪʝʣʷʤʠ NVIDIA 

ʟʘʥʷʣʘ ʚʳʩʦʢʠʝ ʤʝʩʪʘ ʚ ʤʠʨʦʚʦʤ ʨʝʡʪʠʥʛʝ TOP500. ʇʦʟʜʥʝʝ ʪʘʢʠʝ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʳ, ʢʘʢ 
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Summit (2018) ʠ Fugaku (2020), ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʳʩʷʯʠ GPU ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʀʀ-

ʘʣʛʦʨʠʪʤʦʚ. ʕʪʦʪ ʦʧʳʪ ʧʦʜʪʚʝʨʜʠʣ: GPU-ʫʩʢʦʨʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʜʦʩʪʠʞʠʤʳʭ ʥʘ 

CPU ʦʙʲʸʤʦʚ ʚʳʯʠʩʣʝʥʠʡ. 

ʇʨʦʨʳʚ ʚ ʧʨʠʤʝʥʝʥʠʠ GPU ʧʨʦʠʟʦʰʸʣ ʩ ʨʘʟʚʠʪʠʝʤ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. ɺ 2012 ʛʦʜʫ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ AlexNet ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ ʊʦʨʦʥʪʦ ʚʳʠʛʨʘʣʘ ʩʦʨʝʚʥʦʚʘʥʠʝ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ImageNet, ʠʩʧʦʣʴʟʫʷ ʦʙʫʯʘʶʱʠʝ ʠʪʝʨʘʮʠʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ GPU [5]. ʇʦ ʦʮʝʥʢʘʤ, 

12 ʚʠʜʝʦʢʘʨʪ NVIDIA ʜʘʚʘʣʠ ʪʘʢʫʶ ʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʢʘʢ 2000 ʧʨʦʮʝʩʩʦʨʥʳʭ ʷʜʝʨ. ʕʪʦ 

ʜʦʢʘʟʘʣʦ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ GPU: ʦʙʫʯʝʥʠʝ ʢʨʫʧʥʳʭ ʩʚʝʨʪʦʯʥʳʭ ʩʝʪʝʡ ʩʦʢʨʘʪʠʣʦʩʴ ʩ 

ʤʝʩʷʮʝʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. ʉ ʪʝʭ ʧʦʨ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʦʙʨʘʟʦʚ, ʨʝʯʠ ʠ ʷʟʳʢʘ 

ʚʩʸ ʘʢʪʠʚʥʝʝ ʦʧʠʨʘʶʪʩʷ ʥʘ GPU-ʚʳʯʠʩʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, GPU ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ ʦʪ 

ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʫʩʢʦʨʠʪʝʣʝʡ ʢ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 

ʧʣʘʪʬʦʨʤʘʤ ʜʣʷ ʟʘʜʘʯ ʀʀ [5]. 

ɸʨʭʠʪʝʢʪʫʨʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ GPU 

ɺ ʦʩʥʦʚʝ GPU ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʤʘʩʰʪʘʙʥʦʛʦ ʧʘʨʘʣʣʝʣʠʟʤʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ CPU, ʢʦʪʦʨʳʝ 

ʩʦʜʝʨʞʘʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʞʥʳʭ ʷʜʝʨ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʢʦʜʘ, GPU 

ʩʦʩʪʦʠʪ ʠʟ ʩʦʪʝʥ ʠʣʠ ʪʳʩʷʯ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʂʘʞʜʳʡ 

ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʛʨʫʧʧʠʨʫʝʪ ʵʪʠ ʵʣʝʤʝʥʪʳ ʚ ʢʣʘʩʪʝʨʥʳʝ ʙʣʦʢʠ (ʥʘʧʨʠʤʝʨ, CUDA 

Streaming Multiprocessors ʫ NVIDIA ʠʣʠ Compute Units ʫ AMD). ɺ ʢʘʞʜʦʤ ʪʘʢʦʤ ʙʣʦʢʝ ʜʝʩʷʪʢʠ 

ALU-ʷʜʝʨ ʨʘʙʦʪʘʶʪ ʩʠʥʭʨʦʥʥʦ, ʦʙʨʘʙʘʪʳʚʘʷ çʚʦʣʥʳè ʜʘʥʥʳʭ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ 

SIMD (ʦʜʥʘ ʠʥʩʪʨʫʢʮʠʷ ï ʤʥʦʛʠʝ ʜʘʥʥʳʝ) ʠʣʠ ʪʦʯʥʝʝ SIMT (ʧʦʪʦʢʦʚʘʷ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʴ). 

ɻʨʘʬʠʯʝʩʢʠʝ ʷʜʨʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ ʠ ʚʝʢʪʦʨʥʳʭ 

ʦʧʝʨʘʮʠʡ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʚʝʢʪʦʨʦʚ ʠ ʤʘʪʨʠʮ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʛʠʙʢʫʶ ʠʝʨʘʨʭʠʶ 

ʧʘʤʷʪʠ. ɹʳʩʪʨʦʜʝʡʩʪʚʫʶʱʘʷ ʣʦʢʘʣʴʥʘʷ ʠʣʠ ʢʵʰ-ʧʘʤʷʪʴ (shared memory) ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ 

ʙʣʦʢʘʭ ʠ ʩʣʫʞʠʪ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ, ʘ ʦʩʥʦʚʥʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʭʨʘʥʠʪʩʷ ʚ 

ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ GPU (GDDR ʠʣʠ HBM-ʧʘʤʷʪʠ) ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

(ʩʦʪʥʠ ʛʠʛʘʙʘʡʪ ʚ ʩʝʢʫʥʜʫ). ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ GPU ʵʬʬʝʢʪʠʚʥʦ ʩʢʨʳʚʘʶʪ ʟʘʜʝʨʞʢʠ ʜʦʩʪʫʧʘ ʢ 

ʧʘʤʷʪʠ: ʧʨʠ ʦʞʠʜʘʥʠʠ ʜʘʥʥʳʭ ʦʜʠʥ ʥʘʙʦʨ ʥʠʪʝʡ ʦʩʚʦʙʦʞʜʘʝʪ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʜʣʷ 

ʜʨʫʛʠʭ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʜʝʨʞʘʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʙʣʦʢʠ. ʊʘʢ, ʥʘʯʠʥʘʷ ʩ ʘʨʭʠʪʝʢʪʫʨʳ Volta (2017), NVIDIA ʠʥʪʝʛʨʠʨʦʚʘʣʘ ʪʝʥʟʦʨʥʳʝ ʷʜʨʘ ï 

ʘʧʧʘʨʘʪʥʳʝ ʫʩʢʦʨʠʪʝʣʠ ʤʘʪʨʠʯʥʳʭ ʦʧʝʨʘʮʠʡ (ʦʩʦʙʝʥʥʦ ʦʧʝʨʘʮʠʡ ʩʣʠʷʥʠʷ ʫʤʥʦʞʝʥʠʷ ʠ 

ʩʣʦʞʝʥʠʷ, FMA). ʊʝʥʟʦʨʥʳʝ ʷʜʨʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʦʧʝʨʘʮʠʠ ʩ ʥʠʟʢʦʡ ʪʦʯʥʦʩʪʴʶ 

(FP16/BF16/INT8), ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʧʝʨʝʤʥʦʞʝʥʠʝ ʙʦʣʴʰʠʭ ʤʘʪʨʠʮ ʟʘ ʦʜʠʥ ʪʘʢʪ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʩʢʦʨʦʩʪʠ ʜʣʷ ʟʘʜʘʯ ʀʀ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʷʜʨʘʤʠ. ɸʥʘʣʦʛʠʯʥʳʝ ʘʧʧʘʨʘʪʥʳʝ ʫʩʢʦʨʠʪʝʣʠ ʧʦʷʚʠʣʠʩʴ ʠ ʚ ʘʨʭʠʪʝʢʪʫʨʘʭ AMD ʠ Intel. ʕʪʠ 

ʙʣʦʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʶʪ ʩʪʘʥʜʘʨʪʥʳʝ CUDA-ʷʜʨʘ (ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʝ), ʦʩʦʙʝʥʥʦ ʚ 

ʟʘʜʘʯʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʨʭʠʪʝʢʪʫʨʘ GPU ʥʘʮʝʣʝʥʘ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʪʳʩʷʯʘʤ ʷʜʝʨ, ʤʦʱʥʦʡ ʧʘʤʷʪʠ ʠ ʚʳʩʦʢʦʡ ʧʘʤʷʪʠ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ GPU ʚʳʧʦʣʥʷʶʪ ʦʛʨʦʤʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʥʘ CPU 
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ʧʦʩʯʠʪʘʣʠʩʴ ʙʳ ʩʣʠʰʢʦʤ ʟʘʪʨʘʪʥʳʤʠ. ʕʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʧʦʟʚʦʣʷʝʪ GPU ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʜʘʥʥʳʝ ʛʣʫʙʦʢʠʭ ʩʝʪʝʡ ʠ ʜʨʫʛʠʭ ʘʣʛʦʨʠʪʤʦʚ ʀʀ. 

GPU ʚ ʟʘʜʘʯʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ɸʣʛʦʨʠʪʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʦʩʦʙʝʥʥʦ ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ, ʩʚʦʜʷʪʩʷ ʢ 

ʧʨʦʚʝʜʝʥʠʶ ʤʥʦʛʠʭ ʣʠʥʝʡʥʦ-ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ ʢʨʫʧʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʜʘʥʥʳʭ 

(ʪʝʥʟʦʨʘʤʠ). ʂʣʘʩʩʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ï ʩʚʸʨʪʢʠ ʚ ʩʚʝʨʪʦʯʥʳʭ ʩʝʪʷʭ, ʧʝʨʝʤʥʦʞʝʥʠʝ ʤʘʪʨʠʮ ʚ 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʠ ʪʨʘʥʩʬʦʨʤʝʨʥʳʭ ʤʦʜʝʣʷʭ, ʘ ʪʘʢʞʝ ʦʧʝʨʘʮʠʠ ʩʣʠʷʥʠʷ (FMA) ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʝʩʦʚ. ɺʩʝ ʵʪʠ ʚʳʯʠʩʣʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʶʪʩʷ: ʥʘʧʨʠʤʝʨ, ʵʣʝʤʝʥʪʳ 

ʤʘʪʨʠʮʳ ʤʦʞʥʦ ʫʤʥʦʞʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʀʤʝʥʥʦ ʟʜʝʩʴ ʚʩʪʫʧʘʶʪ ʚ ʩʠʣʫ ʧʨʝʠʤʫʱʝʩʪʚʘ GPU. 

ʂʘʞʜʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʩʦʪʥʠ ʠʣʠ ʪʳʩʷʯʠ ʦʧʝʨʘʮʠʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ (ʢʘʞʜʘʷ ʦʧʝʨʘʮʠʷ ï ʩʚʸʨʪʢʘ ʥʘ ʦʜʥʦʤ ʬʠʣʴʪʨʝ, ʫʤʥʦʞʝʥʠʝ ʵʣʝʤʝʥʪʘ ʤʘʪʨʠʮʳ, 

ʧʦʜʩʯʸʪ ʛʨʘʜʠʝʥʪʘ ʠ ʪ.ʜ.). ɺ ʟʘʜʘʯʘʭ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ ʵʪʦ ʜʘʸʪ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʙʦʣʴʰʫʶ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ CPU, ʛʜʝ ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ ʧʨʠʭʦʜʠʪʩʷ ʚʳʧʦʣʥʷʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʣʠ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʧʦ ʯʠʩʣʫ ʧʦʪʦʢʘʤʠ. ʋʞʝ ʚ ʥʘʯʘʣʝ 2010-ʭ 

ʥʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʢʦʤʘʥʜ ʦʪʤʝʪʠʣʠ: ʟʘʤʝʥʘ ʩʝʨʚʝʨʦʚ ʩ ʩʦʪʥʷʤʠ CPU ʥʘ ʧʘʨʫ GPU-

ʢʘʨʪ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʩʨʘʚʥʠʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪʘʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. 

ʇʨʦʛʨʘʤʤʥʘʷ ʵʢʦʩʠʩʪʝʤʘ ʘʢʪʠʚʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪ GPU-ʚʳʯʠʩʣʝʥʠʷ. NVIDIA ʨʘʟʨʘʙʦʪʘʣʘ 

ʧʣʘʪʬʦʨʤʫ CUDA ʩ ʙʠʙʣʠʦʪʝʢʘʤʠ cuDNN (ʜʣʷ ʦʧʝʨʘʮʠʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ) ʠ cuBLAS (ʜʣʷ 

ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ), ʫʧʨʦʱʘʶʱʠʤʠ ʨʘʙʦʪʫ ʩ ʥʝʡʨʦʩʝʪʷʤʠ. ɸʥʘʣʦʛʠʯʥʦ ʩʫʱʝʩʪʚʫʶʪ OpenCL ʠ 

ʥʦʚʳʡ ʩʪʘʥʜʘʨʪ SYCL, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

GPU. ɺʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʬʨʝʡʤʚʦʨʢʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ï TensorFlow, PyTorch, Caffe ʠ ʜʨ. ï 

çʠʟ ʢʦʨʦʙʢʠè ʫʤʝʶʪ ʫʩʢʦʨʷʪʴ ʚʳʯʠʩʣʝʥʠʷ ʥʘ GPU. ʈʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ ʦʧʠʩʳʚʘʪʴ ʩʣʦʠ ʩʝʪʝʡ 

ʥʘ ʧʨʠʚʳʯʥʳʭ ʷʟʳʢʘʭ (Python, C++), ʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ CUDA-ʷʜʨʘ ʚʳʧʦʣʥʷʶʪ ʤʘʪʨʠʯʥʳʝ 

ʦʧʝʨʘʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʙʫʯʝʥʠʝ ʠ ʠʥʬʝʨʝʥʩ AI-ʤʦʜʝʣʝʡ ʩʪʘʣʠ ʜʦʩʪʫʧʥʳ ʥʝ ʪʦʣʴʢʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʣʘʙʦʨʘʪʦʨʠʷʤ, ʥʦ ʠ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

GPU ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʥʝʡʨʦʩʝʪʝʡ. ɺ 

ʜʘʪʘ-ʮʝʥʪʨʘʭ ʙʦʣʴʰʠʝ ʤʦʜʝʣʠ (ʥʘʧʨʠʤʝʨ, ʪʨʘʥʩʬʦʨʤʝʨʳ ʜʣʷ NLP) ʦʙʫʯʘʶʪʩʷ ʥʘ ʢʣʘʩʪʝʨʘʭ ʠʟ 

ʩʦʪʝʥ GPU, ʩʦʝʜʠʥʸʥʥʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ ʰʠʥʘʤʠ NVLink ʠʣʠ PCIe. ʆʜʥʦʚʨʝʤʝʥʥʦ GPU 

ʨʘʙʦʪʘʶʪ ʜʣʷ ʠʥʬʝʨʝʥʩʘ ï ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʷʱʠʭ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʨʘʩʧʦʟʥʘʚʘʥʠʝ 

ʨʝʯʠ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ) [1]. ɼʘʞʝ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ï ʦʪ 

ʥʦʫʪʙʫʢʦʚ ʜʦ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʜʨʦʥʦʚ ï ʧʦʷʚʠʣʠʩʴ ʚʩʪʨʦʝʥʥʳʝ GPU (ʠʣʠ ʘʥʘʣʦʛʠ), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʣʦʢʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ AI. ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʠʩʪʝʤʳ NVIDIA Jetson 

ʜʣʷ ʨʦʙʦʪʦʚ ʠ ʚʩʪʨʦʝʥʥʳʭ AI, ʤʦʙʠʣʴʥʳʝ ʧʨʦʮʝʩʩʦʨʳ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ 

ʫʩʢʦʨʠʪʝʣʷʤʠ ʠ ʪʝʥʟʦʨʥʳʤʠ ʙʣʦʢʘʤʠ (ʢʘʢ ʚ ʩʤʘʨʪʬʦʥʘʭ) ʠ ʦʙʣʘʯʥʳʝ ʠʥʩʪʘʥʩʳ ʩ ʜʦʩʪʫʧʦʤ ʢ 

GPU (ʥʘʧʨʠʤʝʨ, AWS ʩ ʩʝʤʝʡʩʪʚʘʤʠ P4, Azure ʩ NC/VN-8 ʠ ʜʨ.). 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ ʩʪʘʣʠ ʜʝ-ʬʘʢʪʦ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʟʘʜʘʯ ʚ ʩʬʝʨʝ ʀʀ. ʀʭ ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʚ ʦʙʣʘʢʝ ʧʦʟʚʦʣʷʝʪ ʩʝʛʦʜʥʷ 

ʦʙʫʯʘʪʴ ʩʣʦʞʥʝʡʰʠʝ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʚʥʝʜʨʷʪʴ ʠʭ ʚ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ, ʯʪʦ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ ʥʘ ʦʙʳʯʥʳʭ CPU. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ 

ɻʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ ʧʨʦʜʦʣʞʘʶʪ ʙʳʩʪʨʦ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ ʧʦʜ ʧʦʪʨʝʙʥʦʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʂʘʞʜʦʝ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ GPU ʧʨʝʜʣʘʛʘʝʪ ʙʦʣʴʰʝ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʷʜʝʨ, ʥʦʚʫʶ ʤʠʢʨʦʘʨʭʠʪʝʢʪʫʨʫ ʠ ʨʘʩʰʠʨʝʥʥʳʝ ʬʫʥʢʮʠʠ. ʂʘʞʜʦʝ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ GPU, ʪʘʢʦʝ 

ʢʘʢ NVIDIA Ampere (2020) ʠ Ada Lovelace (2022), ʧʨʠʥʦʩʠʪ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

ʚr ʯʠʩʣʠʪʝʣʴʥʳʭ ʷʜʝʨ ʠ ʦʙʲʸʤʦʚ ʧʘʤʷʪʠ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʩʣʝʜʫʝʪ ʠʟ ʪʨʝʥʜʘ ʥʘ ʨʦʩʪ ʘʧʧʘʨʘʪʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʀʀ. AMD ʧʨʝʜʩʪʘʚʠʣʘ ʫʩʢʦʨʠʪʝʣʠ ʩʝʨʠʠ MI100/MI200 ʩ ʦʛʨʦʤʥʦʡ ʧʘʤʷʪʴʶ 

HBM2/HBM2e ʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʤʘʪʨʠʯʥʳʤʠ ʙʣʦʢʘʤʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ CDNA. Intel 

ʘʥʦʥʩʠʨʦʚʘʣʘ ʜʠʩʢʨʝʪʥʫʶ ʛʨʘʬʠʢʫ ʩʝʨʠʠ Ponte Vecchio/Arc ʩ ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʰʝʡʜʝʨʦʚ ʠ ʧʦʜʜʝʨʞʢʦʡ ʫʩʢʦʨʝʥʠʷ ʀʀ. ɺ ʢʦʤʤʝʨʯʝʩʢʦʤ ʚʳʧʫʩʢʝ ʚʩʝ ʚʝʥʜʦʨʳ ʦʨʠʝʥʪʠʨʫʶʪʩʷ 

ʥʘ ʧʨʠʤʝʥʝʥʠʝ AI: ʪʘʢ, NVIDIA ʚʩʪʨʘʠʚʘʝʪ ʪʝʥʟʦʨʥʳʝ ʷʜʨʘ ʠ RT-ʷʜʨʘ (ʜʣʷ ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ 

ʠ AI), ʘ AMD ʘʢʪʠʚʥʝʝ ʨʘʟʚʠʚʘʝʪ ʧʣʘʪʬʦʨʤʳ ROCm ʜʣʷ GPU-ʚʳʯʠʩʣʝʥʠʡ ʚ ʦʪʢʨʳʪʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ. 

ɺʘʞʥʳʤ ʪʨʝʥʜʦʤ ʩʪʘʣʦ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ GPU 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʳʯʠʩʣʝʥʠʷ ʩ ʨʘʟʥʦʡ ʪʦʯʥʦʩʪʴʶ: ʥʘʨʷʜʫ ʩ ʧʨʠʚʳʯʥʳʤ 32-ʙʠʪʥʳʤ 

ʚʝʱʝʩʪʚʝʥʥʳʤ (FP32) ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʘʪʳ FP16, BF16, INT8, ʘ ʚ ʥʦʚʝʡʰʠʭ ʨʘʟʨʘʙʦʪʢʘʭ ï 

ʜʘʞʝ FP8 ʠʣʠ 4-ʙʠʪʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʧʦʪʝʨʝ ʪʦʯʥʦʩʪʠ ʟʘʤʝʪʥʦ 

ʫʩʢʦʨʷʪʴ ʦʙʫʯʝʥʠʝ ʠ ʠʥʬʝʨʝʥʩ, ʪʘʢ ʢʘʢ ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʲʸʤ ʦʧʝʨʘʮʠʡ ʠ ʧʘʤʷʪʠ. ʊʝʥʟʦʨʥʳʝ 

ʷʜʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʠʤʝʥʥʦ ʜʣʷ ʪʘʢʠʭ ʦʧʝʨʘʮʠʡ, ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʠʭ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʙʳʩʪʨʝʝ, 

ʯʝʤ ʦʙʳʯʥʳʝ CUDA-ʷʜʨʘ. 

ʅʘʨʘʩʪʘʝʪ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʩʠʩʪʝʤ. ɼʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ GPU ʨʘʟʨʘʙʦʪʘʥʳ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʠʥʪʝʨʬʝʡʩʳ: NVIDIA NVLink/NVSwitch ʠ AMD Infinity Fabric ʧʦʟʚʦʣʷʶʪ 

ʩʦʪʥʷʤ ʷʜʝʨ GPU ʩʦʚʤʝʩʪʥʦ ʨʘʙʦʪʘʪʴ ʥʘʜ ʦʜʥʦʡ ʤʦʜʝʣʴʶ ʙʝʟ ʩʝʨʴʸʟʥʳʭ ʫʟʢʠʭ ʤʝʩʪ ʚ ʧʝʨʝʜʘʯʝ 

ʜʘʥʥʳʭ. ʊʝʭʥʦʣʦʛʠʠ ʤʫʣʴʪʠ-ʵʢʟʝʤʧʣʷʨʦʚ GPU (MIG ʫ NVIDIA) ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʷʪʴ 

ʦʜʠʥ ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʠʨʪʫʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ 

ʨʘʟʥʳʭ ʟʘʜʘʯ. ʕʪʦ ʨʘʩʰʠʨʷʝʪ ʛʠʙʢʦʩʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʣʘʩʪʝʨʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʝʡ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ GPU-ʠʥʬʝʨʝʥʩʘ ʧʦʷʚʠʣʠʩʴ ʦʧʪʠʤʠʟʘʪʦʨʳ ʢʘʢ NVIDIA TensorRT ʠ ONNX 

Runtime. ʌʨʝʡʤʚʦʨʢʠ ʚʩʸ ʯʘʱʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʶʪ ʢʦʜ ʥʘ GPU ʠ ʨʘʩʧʨʝʜʝʣʷʶʪ 

ʜʘʥʥʳʝ ʧʦ ʫʩʪʨʦʡʩʪʚʘʤ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ çGPU ʧʦ ʪʨʝʙʦʚʘʥʠʶè, ʛʜʝ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝ ʥʫʞʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʞʝʣʝʟʦ. ɺʩʸ ʵʪʦ ʜʝʣʘʝʪ GPU-ʫʩʢʦʨʝʥʠʝ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ. 

ʂʨʦʤʝ ʪʦʛʦ, GPU ʧʦʩʪʝʧʝʥʥʦ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʛʠʙʨʠʜʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʅʘ ʤʦʙʠʣʴʥʳʭ ʠ 

ʚʩʪʨʘʠʚʘʝʤʳʭ ʧʣʘʪʬʦʨʤʘʭ ʧʦʷʚʠʣʠʩʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ ʠ 

ʥʝʡʨʦʥʥʳʝ ʩʦʧʨʦʮʝʩʩʦʨʳ, ʯʘʩʪʦ ʥʘ ʦʜʥʦʡ ʧʦʜʣʦʞʢʝ ʩ CPU. ʅʘʧʨʠʤʝʨ, SoC-ʢʦʤʧʣʝʢʩʳ ʜʣʷ 

ʩʤʘʨʪʬʦʥʦʚ ʚʢʣʶʯʘʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʙʣʦʢʠ ʜʣʷ AI-ʠʥʬʝʨʝʥʩʘ (NPU/ISP), ʘ ʠʛʨʦʚʳʝ 

ʢʦʥʩʦʣʠ ʠ ʥʦʫʪʙʫʢʠ ʠʩʧʦʣʴʟʫʶʪ ʤʦʱʥʳʝ ʜʠʩʢʨʝʪʥʳʝ GPU. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʩ ʨʘʟʚʠʪʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ ʙʫʜʫʪ ʝʱʸ ʙʦʣʝʝ ʪʝʩʥʦ ʩʚʷʟʘʥʳ. 
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ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ GPU 

ɻʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ ʧʦʯʪʠ 

ʦʙʷʟʘʪʝʣʴʥʳʤ ʚʳʙʦʨʦʤ ʚ ʟʘʜʘʯʘʭ ʀʀ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʫʧʝʨʩʢʘʣʷʨʥʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʡ: ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʷ ʪʳʩʷʯʠ ʦʧʝʨʘʮʠʡ (ʩʚʝʨʪʦʢ, ʫʤʥʦʞʝʥʠʡ ʤʘʪʨʠʮ, ʩʫʤʤʠʨʦʚʘʥʠʝ 

ʛʨʘʜʠʝʥʪʦʚ), GPU ʜʘʶʪ ʧʨʠʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʜʝʩʷʪʢʠ (ʘ ʧʦʨʦʡ ʠ ʩʦʪʥʠ) ʨʘʟ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ CPU. ʕʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʧʨʠ ʦʙʫʯʝʥʠʠ ʙʦʣʴʰʠʭ ʥʝʡʨʦʩʝʪʝʡ, ʢʦʛʜʘ ʫʩʢʦʨʝʥʠʝ 

ʜʘʞʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʵʢʦʩʠʩʪʝʤʘ ʚʦʢʨʫʛ GPU 

ʭʦʨʦʰʦ ʨʘʟʚʠʪʘ: ʩʫʱʝʩʪʚʫʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ (cuDNN, cuBLAS, ROCm), ʘ 

ʪʘʢʞʝ ʙʦʣʴʰʠʥʩʪʚʦ ʬʨʝʡʤʚʦʨʢʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘʩʪʨʦʝʥʳ ʥʘ ʨʘʙʦʪʫ ʩ GPU, ʯʪʦ 

ʦʙʣʝʛʯʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ. ʅʘʢʦʥʝʮ, GPU ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ: ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʯʠʧ ʩʣʫʞʠʪ ʠ ʜʣʷ ʩʣʦʞʥʦʡ ʛʨʘʬʠʢʠ, ʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʆʜʥʘʢʦ ʫ GPU ʝʩʪʴ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ 

ʤʘʩʰʪʘʙʥʳʭ GPU-ʧʣʘʪʬʦʨʤʘʭ ʢʨʠʪʠʯʥʦ ʫʯʠʪʳʚʘʪʴ ʚʦʧʨʦʩʳ ʧʨʠʚʘʪʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʷ ʨʠʩʢʦʚ, 

ʯʪʦ ʪʨʝʙʫʝʪ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʜʫʨ ʙʝʟʦʧʘʩʥʦʩʪʠ [4]. ʄʦʱʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʫʩʢʦʨʠʪʝʣʠ 

ʧʦʪʨʝʙʣʷʶʪ ʤʥʦʛʦ ʵʥʝʨʛʠʠ ʠ ʪʨʝʙʫʶʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ï ɻ ʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ 

ʠ ʨʘʟʤʝʨʳ ʩʠʩʪʝʤ [3]. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʲʸʤ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ GPU (VRAM) ʦʛʨʘʥʠʯʝʥ ʜʝʩʷʪʢʘʤʠ 

(ʠʥʦʛʜʘ ʩʦʪʥʷʤʠ) ʛʠʛʘʙʘʡʪ: ʦʯʝʥʴ ʙʦʣʴʰʠʝ ʤʦʜʝʣʠ ʠʣʠ ʙʘʪʯʠ ʜʘʥʥʳʭ ʤʦʛʫʪ ʧʨʦʩʪʦ ʥʝ 

ʧʦʤʝʩʪʠʪʴʩʷ ʚ ʚʠʜʝʦʧʘʤʷʪʴ, ʪʦʛʜʘ ʢʘʢ CPU-ʩʝʨʚʝʨʳ ʠʤʝʶʪ ʜʦʩʪʫʧ ʢ ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʤ 

ʦʧʝʨʘʪʠʚʥʳʤ ʦʙʲʸʤʘʤ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʚʸʨʪʳʚʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ GPU-ʢʣʘʩʪʝʨʦʚ 

ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [2]. ɽʱʸ ʦʜʥʠʤ ʫʟʢʠʤ ʤʝʩʪʦʤ ʤʦʞʝʪ ʩʪʘʪʴ 

ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʤʝʞʜʫ CPU ʠ GPU: ʝʩʣʠ ʥʫʞʥʦ ʯʘʩʪʦ ʧʝʨʝʤʝʱʘʪʴ ʜʘʥʥʳʝ ʯʝʨʝʟ ʰʠʥʫ PCIe, 

ʚʳʠʛʨʳʰʘ ʧʦ ʩʢʦʨʦʩʪʠ ʤʦʞʝʪ ʥʝ ʙʳʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʚʩʝ ʘʣʛʦʨʠʪʤʳ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʶʪʩʷ: ʩʣʦʞʥʘʷ ʣʦʛʠʢʘ ʩ ʚʝʪʚʣʝʥʠʷʤʠ ʠʣʠ ʥʝʨʝʛʫʣʷʨʥʳʡ ʜʦʩʪʫʧ ʢ ʧʘʤʷʪʠ ʥʝ 

ʧʦʣʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʪ ʘʨʭʠʪʝʢʪʫʨʫ GPU, ʠ ʚʳʠʛʨʳʰ ʪʦʛʜʘ ʩʥʠʞʘʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ GPU-ʫʩʢʦʨʝʥʠʷ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʟʘʜʘʯʠ ʠ ʝʸ 

ʦʨʛʘʥʠʟʘʮʠʠ. ɻʜʝ ʤʦʞʥʦ ʚʳʩʪʘʚʠʪʴ ʪʳʩʷʯʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ï ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʩʝʪʝʡ ʠʣʠ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ï GPU ʚʳʛʣʷʜʷʪ ʙʝʩʩʧʦʨʥʦ 

ʚʳʠʛʨʳʰʥʦ. ʅʦ ʦʥʠ ʨʝʜʢʦ ʙʳʚʘʶʪ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ çʜʣʷ ʚʩʝʛʦè. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʭʦʜʠʪʩʷ ʩʦʯʝʪʘʪʴ ʠʭ ʩ ʧʨʘʚʠʣʴʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʦʧʪʠʤʠʟʘʮʠʝʡ, 

ʙʘʣʘʥʩʦʤ CPUïGPU ʠ ʫʯʸʪʦʤ ʩʧʝʮʠʬʠʢʠ ʥʘʛʨʫʟʢʠ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʠ ʙʫʜʫʱʝʝ 

ʇʦʭʦʞʝ, ʯʪʦ ʙʫʜʫʱʝʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʀʀ ï ʟʘ ʛʠʙʨʠʜʥʳʤʠ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʘʨʭʠʪʝʢʪʫʨʘʤʠ, ʚ ʢʦʪʦʨʳʭ GPU ʩʳʛʨʘʶʪ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʨʦʣʝʡ. ʉ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʨʘʟʨʘʙʦʪʢʘ ʘʧʧʘʨʘʪʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʧʨʦʜʦʣʞʠʪʩʷ: ASIC-ʤʦʜʫʣʠ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʧʦʜ ʥʝʡʨʦʩʝʪʝʚʳʝ ʚʳʯʠʩʣʝʥʠʷ (ʢ ʧʨʠʤʝʨʫ, TPU ʦʪ Google ʠʣʠ NPU ʚ 

ʤʦʙʠʣʴʥʳʭ ʯʠʧʘʭ), ʙʫʜʫʪ ʜʦʧʦʣʥʷʪʴ ʚʦʟʤʦʞʥʦʩʪʠ GPU, ʧʨʝʜʦʩʪʘʚʣʷʷ ʝʱʸ ʙʦʣʴʰʫʶ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʢʦʥʢʨʝʪʥʳʭ ʩʮʝʥʘʨʠʷʭ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʘʩʩʦʚʦʩʪʴ GPU ʠ ʨʘʟʚʠʪʘʷ 

ʵʢʦʩʠʩʪʝʤʘ ʩʦʭʨʘʥʷʪ ʠʭ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʟʘʜʘʯ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ 

ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ ʙʫʜʫʪ ʪʝʩʥʝʝ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ï CPU, 
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ʧʘʤʷʪʴʶ ʠ ʩʝʪʝʚʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ ï ʚʧʣʦʪʴ ʜʦ ʦʙʲʝʜʠʥʝʥʠʷ ʚ ʝʜʠʥʫʶ ʤʘʪʨʠʮʫ (ʪʝʭʥʦʣʦʛʠʠ 

ʪʠʧʘ ʯʠʧʣʝʪʥʦʡ ʠʥʪʝʛʨʘʮʠʠ). 

ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʪʘʥʝʪ ʧʦʜʜʝʨʞʢʘ ʥʦʚʳʭ ʪʠʧʦʚ ʚʳʯʠʩʣʝʥʠʡ ʠ ʤʦʜʝʣʝʡ. ʋʞʝ 

ʩʝʛʦʜʥʷ ʵʢʩʧʝʨʠʤʝʥʪʠʨʫʶʪ ʩ ʚʳʯʠʩʣʝʥʠʷʤʠ ʥʠʟʢʦʡ ʪʦʯʥʦʩʪʠ (ʩʤʝʰʘʥʥʘʷ ʪʦʯʥʦʩʪʴ, 

ʢʚʘʥʪʠʟʘʮʠʷ) ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʩʢʦʨʝʥʠʷ ʩʝʪʝʡ. ɺ ʙʫʜʫʱʝʤ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʝʱʸ ʙʦʣʝʝ 

ʫʟʢʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʀʀ. ʇʨʠ ʵʪʦʤ ʩʦʬʪʚʝʨʥʘʷ 

ʵʢʦʩʠʩʪʝʤʘ ʙʫʜʝʪ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ: ʢʦʤʧʠʣʷʪʦʨʳ ʩʪʘʥʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʦʜ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʩʝ ʨʝʩʫʨʩʳ GPU, ʘ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ï ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ 

ʢ ʘʨʭʠʪʝʢʪʫʨʝ ʢʣʘʩʪʝʨʦʚ ʩ ʪʳʩʷʯʘʤʠ ʛʨʘʬʠʯʝʩʢʠʭ ʫʩʢʦʨʠʪʝʣʝʡ. 

ʅʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʠ ʦʙ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʰʪʘʙʘ ʤʦʜʝʣʝʡ ʠ ʩʠʩʪʝʤ 

ʚʦʧʨʦʩ ʧʦʪʨʝʙʣʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʥʳʤ. ʊʫʪ ʨʦʣʴ GPU ʪʦʞʝ ʚʦʟʨʘʩʪʘʝʪ: ʧʝʨʝʭʦʜ ʥʘ 

ʤʝʥʴʰʠʝ ʪʝʭʧʨʦʮʝʩʩʳ (5 ʥʤ ʠ ʥʠʞʝ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʠ 

ʩʤʝʰʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʜʘʶʪ GPU ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʩʢʦʨʦʩʪʠ ʥʘ ʚʘʪʪ. ɺ ʤʦʙʠʣʴʥʳʭ ʠ ʚʩʪʨʦʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʙʫʜʫʱʝʛʦ ʫʞʝ ʩʝʡʯʘʩ ʧʦʷʚʣʷʶʪʩʷ ʛʠʙʨʠʜʥʳʝ ʯʠʧʳ ʩ ʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʥʝʡʨʦʤʦʜʫʣʷʤʠ 

ʥʘ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ (ʢʘʢ ʚ ʤʦʙʠʣʴʥʳʭ SoC ʠʣʠ ʦʜʥʦʢʨʠʩʪʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ AI-ʟʘʜʘʯʠ ʧʨʷʤʦ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʩ ʥʠʟʢʦʡ ʟʘʜʝʨʞʢʦʡ ʠ 

ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ. 

ɺ ʩʫʤʤʝ ʚʩʸ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʤʘʩʩʦʚʳʡ ʧʘʨʘʣʣʝʣʠʟʤ GPU ʦʩʪʘʸʪʩʷ ʦʜʥʦʡ ʠʟ ʙʘʟʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʀʀ; ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʞʠʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʨʦʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʫʩʢʦʨʠʪʝʣʝʡ ʠ ʜʘʣʴʥʝʡʰʝʝ ʦʙʲʝʜʠʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. ʈʘʟʚʠʪʠʝ ʛʠʙʨʠʜʥʳʭ ʘʨʭʠʪʝʢʪʫʨ (CPU+GPU+ASIC), ʫʣʫʯʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ ʚʘʪʪ, ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʦʚ ʧʘʤʷʪʠ ʠ ʩʢʦʨʦʩʪʠ ʩʚʷʟʠ ï ʚʩʝ ʵʪʠ ʪʝʥʜʝʥʮʠʠ 

ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ. ɻʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ, ʟʘʣʦʞʠʚʰʠʝ ʬʫʥʜʘʤʝʥʪ ʵʧʦʭʠ 

ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʨʦʜʦʣʞʘʶʪ ʵʚʦʣʶʮʠʶ ʠ ʬʦʨʤʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʙʫʜʫʱʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʀʭ ʩʦʯʝʪʘʥʠʝ ʩ ʥʦʚʳʤʠ ʫʩʢʦʨʠʪʝʣʷʤʠ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʩʪʝʢʦʤ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʷʪʴʩʷ ʥʘ ʜʘʣʴʥʝʡʰʠʝ ʧʨʦʨʳʚʳ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ. 
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ʋɼʂ 004.8 

ʂʦʟʘʢ ʃ.ʗ. 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʈʳʙʥʠʮʢʠʡ ʬʠʣʠʘʣ 

ʇʨʠʜʥʝʩʪʨʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʊ.ɻ. ʐʝʚʯʝʥʢʦ 

ʛ. ʈʳʙʥʠʮʘ, ʈʝʩʧʫʙʣʠʢʘ ʄʦʣʜʦʚʘ 

 

ʀʅʊɽɻʈɸʎʀʗ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ ʀ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ɺ 

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓɽ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ɺʓʏʀʉʃʀʊɽʃʔʅʓʄʀ 

ʇʈʆʎɽʉʉɸʄʀ ʈɸɿʈɸɹʆʊʂʀ ʇʆ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

(ʀʀʉ), ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʦʙʫʯʝʥʠʷ ʚ 

ʟʘʜʘʯʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʙʨʘʟʘʭ, ʚʢʣʶʯʘʷ ʧʝʨʝʦʙʫʯʝʥʠʝ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʫ ʠ ʚʳʙʦʨ 

ʧʨʠʟʥʘʢʦʚ, ʩ ʦʙʟʦʨʦʤ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʵʢʩʧʝʨʪʥʳʤ ʩʠʩʪʝʤʘʤ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʇʨʠʚʝʜʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ: GitHub Copilot ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʢʦʜʘ (ʫʩʢʦʨʝʥʠʝ ʚ 2-3 ʨʘʟʘ), 

GigaCode ʉʙʝʨʙʘʥʢʘ (ʦʧʪʠʤʠʟʘʮʠʷ DevOps ʥʘ 40-60%) ʠ IBM Watson ʜʣʷ ʘʥʘʣʠʟʘ Legacy-ʢʦʜʘ 

(ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ ʥʘ 40%). ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʀʀʉ, ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 

ʨʠʩʢʠ ʨʘʟʚʠʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, 

ʫʧʨʘʚʣʝʥʠʝ ʇʆ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ, ʧʨʦʙʣʝʤʳ ʦʙʫʯʝʥʠʷ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, 

GitHub Copilot, GigaCode, IBM Watson. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʧʨʠʤʝʥʝʥʠʶ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʀʀʉ) ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʨʝʰʝʥʠʷ 

ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʠʥʪʝʛʨʘʮʠʷ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʘʜʘʧʪʠʚʥʳʭ ʠ ʩʘʤʦʦʙʫʯʘʶʱʠʭʩʷ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʢ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʚ ʦʙʣʘʩʪʠ ʀʀʉ 

ʦʭʚʘʪʳʚʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʳ, ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʸʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʢʘʯʝʩʪʚʦʤ ʦʙʫʯʝʥʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʤʦʜʝʣʝʡ ʢ ʰʫʤʫ ʠ ʧʝʨʝʦʙʫʯʝʥʠʝʤ, ʘ ʪʘʢʞʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʥʪʝʛʨʘʮʠʠ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʢʦʤʧʣʝʢʩʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ. ʕʪʠ 

ʧʨʦʙʝʣʳ ʜʝʣʘʶʪ ʘʢʪʫʘʣʴʥʳʤ ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʝʩʥʦ 

ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʀʀʉ), ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʟʘʜʘʯʘʭ ʦʧʨʝʜʝʣʝʥʠʷ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʚʢʣʶʯʘʶʪ ʤʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʪʘʢʠʝ ʢʘʢ ʠʥʞʝʥʝʨʠʷ ʟʥʘʥʠʡ, ʦʙʨʘʙʦʪʢʘ 

ʥʝʯʝʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝʡʨʦʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ 
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ʩʘʤʦʦʙʫʯʘʶʱʠʝʩʷ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʢʘʢ 

ʧʦʜʤʥʦʞʝʩʪʚʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ ʙʝʟ ʷʚʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʨʘʟʦʚ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [3]. 

ʋʧʨʘʚʣʝʥʠʝ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀʉ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʚʢʣʶʯʘʷ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʠ 

ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʝʪʦʜʳ, ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤ. ʋʧʨʘʚʣʝʥʠʝ ʪʘʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʙʘʟʦʚʳʭ ʟʥʘʥʠʡ, ʦʙʨʘʙʦʪʢʫ ʥʝʯʝʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʩ ʫʯʝʪʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʕʪʠ ʧʦʜʭʦʜʳ ʬʦʨʤʠʨʫʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʘʜʘʧʪʠʚʥʳʭ ʠ ʩʘʤʦʦʙʫʯʘʶʱʠʭʩʷ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ. 

ʀʀʉ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʩʘʤʦʦʙʫʯʝʥʠʷ, ʘʜʘʧʪʘʮʠʠ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɺ ʦʩʥʦʚʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʣʦʞʘʪʩʷ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʟʥʘʥʠʡ (ʣʦʛʠʯʝʩʢʠʝ, ʬʨʝʡʤʦʚʳʝ, ʧʨʦʜʫʢʮʠʦʥʥʳʝ), ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʠ 

ʵʚʨʠʩʪʠʢʠ. ʕʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʢʦʛʥʠʪʠʚʥʳʝ ʠʥʪʝʨʬʝʡʩʳ 

ï ʧʨʠʤʝʨʳ ʀʀʉ, ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʚʝʨʩʠʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ, ʠʟʫʯʘʪʴ ʧʨʠʤʝʨʳ ʠ ʫʣʫʯʰʘʪʴ ʢʘʯʝʩʪʚʦ 

ʙʝʟ ʜʝʪʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʟʘʜʘʯʠ ʦʙʫʯʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʧʨʦʙʣʝʤʘʤʠ 

ʧʝʨʝʦʙʫʯʝʥʠʷ, ʚʳʙʦʨʘ ʧʨʠʟʥʘʢʦʚ, ʦʙʨʘʙʦʪʢʠ ʰʫʤʘ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʜʘʥʥʳʭ. ʇʨʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʦʙʨʘʟʦʚ ʘʣʛʦʨʠʪʤʳ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʥʘʩʪʨʘʠʚʘʪʴ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʙʘʣʘʥʩ ʤʝʞʜʫ ʦʙʤʝʥʠʚʘʶʱʝʡʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʤʦʜʝʣʠ ʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʪʘʢʠʝ ʢʘʢ ʦʩʥʦʚʘ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʛʨʘʥʠʮʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʦʚ, ʠʤʠʪʠʨʫʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ 

ʨʘʙʦʪʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʟʛʦʚ. ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʝʩʦʚ ʩʚʷʟʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʧʫʣʷʨʥʳʝ ʩʣʦʞʥʳʝ ʧʨʘʚʠʣʘ ʚ ʜʘʥʥʳʭ ʠ ʧʨʠʤʝʥʷʪʴ 

ʤʦʜʝʣʠ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʦʩʪʨʦʝʥʠʷ ʦʙʨʘʟʦʚ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ [1]. 

ɸʥʘʣʠʟ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʘʟʨʘʙʦʪʦʢ 

GitHub Copilot ʚ ʨʘʟʨʘʙʦʪʢʝ ʇʆ 

GitHub Copilot ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʙʘʟʝ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʚ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʉʠʩʪʝʤʘ 

ʘʥʘʣʠʟʠʨʫʝʪ ʢʦʥʪʝʢʩʪ ʢʦʜʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʛʝʥʝʨʠʨʫʷ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʧʨʦʜʦʣʞʝʥʠʶ 

ʩʪʨʦʢ, ʙʣʦʢʦʚ ʠʣʠ ʮʝʣʳʭ ʬʫʥʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʤʠʣʣʠʦʥʦʚ ʨʝʧʦʟʠʪʦʨʠʝʚ GitHub, ʯʪʦ ʫʩʢʦʨʷʝʪ 

ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 2-3 ʨʘʟʘ. ʕʪʦ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʳ ʦʙʫʯʝʥʠʷ ʚ ʟʘʜʘʯʘʭ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʘʪʪʝʨʥʦʚ ʢʦʜʘ, ʤʠʥʠʤʠʟʠʨʫʷ ʨʫʪʠʥʥʳʝ ʦʰʠʙʢʠ ʠ ʧʝʨʝʦʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ ʟʘ 

ʩʯʝʪ ʧʨʝʜʦʙʫʯʝʥʥʳʭ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ. 
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ɺ ʧʨʘʢʪʠʢʝ ʚʥʝʜʨʝʥʠʷ Copilot ʨʘʟʨʘʙʦʪʯʠʢʠ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ, ʘ ʀʀ 

ʦʙʨʘʙʘʪʳʚʘʝʪ ʰʘʙʣʦʥʥʳʝ ʟʘʜʘʯʠ: ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʮʠʢʣʘ for ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʜʦʧʦʣʥʷʝʪ ʣʦʛʠʢʫ ʩ ʫʯʝʪʦʤ ʧʝʨʝʤʝʥʥʳʭ, ʠʣʠ ʛʝʥʝʨʠʨʫʝʪ ʦʙʨʘʙʦʪʢʫ ʦʰʠʙʦʢ. ʂʦʤʧʘʥʠʷ 

"ɸʚʪʦʤʘʢʦʥ" ʠʩʧʦʣʴʟʦʚʘʣʘ Copilot ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩʪʝʢʦʚ PHP ʠ Go ʚ ʨʝʘʣ-ʪʘʡʤ ʯʘʪʝ: ʟʘʜʘʯʘ, 

ʪʨʝʙʫʶʱʘʷ 8 ʯʘʩʦʚ, ʚʳʧʦʣʥʝʥʘ ʟʘ 1 ʯʘʩ ʩ Docker Compose, ʜʝʤʦʥʩʪʨʠʨʫʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʠʥʪʝʛʨʠʨʫʝʪ ʀʀʉ ʚ DevOps, 

ʧʦʚʳʰʘʷ ʘʜʘʧʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʪʨʝʙʦʚʘʥʠʷʤ. ʇʨʠʤʝʨ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʡ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ ʀʀʉ, ʄʆ ʠ ʥʝʡʨʦʩʝʪʝʡ ʩ ʦʙʦʩʥʦʚʘʥʥʳʤʠ 

ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʇʆ. 

GigaCode ʦʪ ʉʙʝʨʙʘʥʢʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʇʆ 

GigaCode ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʙʘʟʝ 

ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (LLM), ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʉʙʝʨʙʘʥʢʦʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʉʠʩʪʝʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʟʘʧʨʦʩʳ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʦʜ, ʪʝʩʪʳ ʠʣʠ ʜʦʢʫʤʝʥʪʘʮʠʶ, ʦʧʨʝʜʝʣʷʷ ʧʨʦʙʣʝʤʳ ʦʙʫʯʝʥʠʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʰʘʙʣʦʥʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʝʜʦʙʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ, 

ʫʩʪʦʡʯʠʚʳʭ ʢ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤ ʚ ʟʘʧʨʦʩʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʨʫʪʠʥʥʳʝ 

ʟʘʜʘʯʠ ʥʘ 40-60% ʧʨʠ ʠʥʪʝʛʨʘʮʠʠ ʚ IDE, ʥʘʧʨʠʤʝʨ, VS Code ʠʣʠ JetBrains. 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ GigaCode ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʨʚʠʩʦʚ: ʨʘʟʨʘʙʦʪʯʠʢ 

ʦʧʠʩʳʚʘʝʪ ʟʘʜʘʯʫ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ (ʥʘʧʨʠʤʝʨ, çʨʝʘʣʠʟʦʚʘʪʴ API ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩ 

JWTè), ʠ ʩʠʩʪʝʤʫ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʣʥʦʛʦ ʤʦʜʫʣʷ ʩ ʦʙʨʘʙʦʪʢʦʡ ʦʰʠʙʦʢ, ʚʘʣʠʜʘʮʠʝʡ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʝʤ, ʤʠʥʠʤʠʟʠʨʫʷ ʧʝʨʝʦʙʫʯʝʥʠʝ ʟʘ ʩʯʝʪ ʢʦʥʪʝʢʩʪʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʘʥʥʳʭ. ʉʙʝʨʙʘʥʢ 

ʚʥʝʜʨʠʣ ʧʣʘʪʬʦʨʤʫ ʚ ʢʦʤʘʥʜʫ, ʛʜʝ ʦʥʘ ʦʧʪʠʤʠʟʠʨʦʚʘʣʘ DevOps-ʧʨʦʮʝʩʩʳ, ʚʢʣʶʯʘʷ 

ʧʘʡʧʣʘʡʥʳ CI/CD, ʧʦʚʳʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʚ 1,5-2 ʨʘʟʘ. ʇʨʠʤʝʨ ʚʳʧʦʣʥʷʝʪ 

ʠʣʣʶʩʪʨʘʮʠʶ ʧʨʠʤʝʥʝʥʠʷ ʀʀʉ ʠ ʥʝʡʨʦʩʝʪʝʡ ʚ ʫʧʨʘʚʣʝʥʠʠ, ʫʯʠʪʳʚʘʝʪ ʨʦʩʩʠʡʩʢʠʡ ʢʦʥʪʝʢʩʪ 

ʠ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

IBM Watson ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ 

IBM Watson ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʙʘʟʝ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʧʨʠʤʝʥʷʝʤʫʶ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʘʥʘʣʠʟʘ ʢʦʜʘ, 

ʚʳʷʚʣʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʉʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʷʟʳʢʘ ʠ ʛʣʫʙʦʢʦʝ 

ʦʙʫʯʝʥʠʝ ʜʣʷ ʙʳʩʪʨʦʛʦ ʨʝʧʦʟʠʪʦʨʠʷ, ʚʳʷʚʣʷʝʪ ʦʰʠʙʢʠ ʰʘʙʣʦʥʦʚ ʠ ʬʦʨʤʠʨʫʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʦ ʨʝʬʘʢʪʦʨʠʥʛʫ, ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʙʣʝʤʳ ʧʝʨʝʦʙʫʯʝʥʠʷ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʠʟʚʣʝʯʝʥʠʷ ʩʯʝʪʘ ʠʟ 

ʥʝʙʦʣʴʰʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʠ ʘʜʘʧʪʘʮʠʠ ʢ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʢʦʜʦʚʦʡ ʙʘʟʝ. ʕʪʦ ʩʣʦʞʥʳʝ ʮʠʢʣʳ 

ʨʘʟʨʘʙʦʪʢʠ ʥʘ 30-50%, ʠʥʪʝʛʨʠʨʫʶʱʠʝʩʷ ʚ ʧʘʡʧʣʘʡʥʳ CI/CD ʯʝʨʝʟ Watson Developer Cloud. 

ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ Watson ʘʥʘʣʠʟʠʨʫʝʪ ʫʥʘʩʣʝʜʦʚʘʥʥʳʡ ʢʦʜ (ʥʘʧʨʠʤʝʨ, Java-ʤʦʥʦʣʠʪʳ), 

ʚʳʷʚʣʷʷ ʫʟʢʠʝ ʤʝʩʪʘ ʠ ʬʘʢʪʠʯʝʩʢʠ ʤʠʛʨʠʨʫʷ ʥʘ ʤʠʢʨʦʩʝʨʚʠʩʳ ʩ ʘʚʪʦʛʝʥʝʨʘʮʠʝʡ ʪʝʩʪʦʚ, 

ʤʠʥʠʤʠʟʠʨʫʷ ʰʫʤ ʚ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ ʥʝʯʝʪʥʦʡ ʣʦʛʠʢʠ ʠ ʵʢʩʧʝʨʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ. ʊʝʭʥʦʣʦʛʠʷ 

ʚʨʦʜʝ IBM-ʢʣʠʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪ ʝʛʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ DevOps-ʧʨʦʮʝʩʩʘʤʠ, ʛʜʝ Watson 

ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʩʙʦʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʩʥʠʞʝʥʠʝ ʧʨʦʩʪʦʝʚ ʥʘ 
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40%. ʕʪʦʪ ʧʨʠʤʝʨ ʚʳʧʦʣʥʷʝʪ ʢʝʡʩʳ, ʠʣʣʶʩʪʨʠʨʫʷ ʛʣʦʙʘʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʀʀʉ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʧʦ ʢʦʜʠʨʦʚʘʥʠʶ ʠ ʫʧʨʘʚʣʝʥʠʶ ʚʳʯʠʩʣʝʥʠʷʤʠ [2]. 

ʆʙʱʠʡ ʘʥʘʣʠʟ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʨʦʚ 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

 

ʀʥʩʪʨʫʤʝʥʪ 
ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʙʘʟʘ 
ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʀʥʪʝʛʨʘʮʠʷ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ (ʧʦ 

ʜʘʥʥʳʤ) 

GitHub 

Copilot 

GPT-ʤʦʜʝʣʠ 

OpenAI (Codex) 

ɻʝʥʝʨʘʮʠʷ ʢʦʜʘ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

ʘʚʪʦʜʦʧʦʣʥʝʥʠʝ 

VS Code, 

JetBrains, 

Visual Studio 

+55% ʩʢʦʨʦʩʪʠ 

ʢʦʜʠʨʦʚʘʥʠʷ 

GigaCode 

(ʉʙʝʨʙʘʥʢ) 

ʉʦʙʩʪʚʝʥʥʳʝ LLM ʂʦʜ, ʪʝʩʪʳ, 

ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʦ 

ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʷʟʳʢʫ 

VS Code, 

JetBrains 

+40-60% ʥʘ 

ʨʫʪʠʥʥʳʭ ʟʘʜʘʯʘʭ, 

ʧʦʜʩʢʘʟʢʠ ʚ 98.7% 

ʩʣʫʯʘʝʚ 

IBM Watson watsonx.ai FM + 

NLP 

ɸʥʘʣʠʟ ʢʦʜʘ, 

ʚʳʷʚʣʝʥʠʝ 

ʫʷʟʚʠʤʦʩʪʝʡ, 

ʨʝʬʘʢʪʦʨʠʥʛ 

CI/CD, Watson 

Developer 

Cloud 

-40% ʫʷʟʚʠʤʦʩʪʝʡ, -

40% downtime 

 

ʆʙʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʀʀʉ ʚ ʨʘʟʨʘʙʦʪʢʝ ʇʆ 

ɺʩʝ ʪʨʠ ʩʠʩʪʝʤʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʝʰʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʦʙʫʯʝʥʠʷ ʚ ʟʘʜʘʯʘʭ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ: 

- ʧʝʨʝʦʙʫʯʝʥʠʝ ʤʠʥʠʤʠʟʠʨʦʚʘʥʦ ʟʘ ʩʯʝʪ ʧʨʝʜʦʙʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʤʠʣʣʠʘʨʜʘʭ ʩʪʨʦʢ 

ʢʦʜʘ; 

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʫ ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʥʪʝʢʩʪʥʳʤ ʘʥʘʣʠʟʦʤ ʨʝʧʦʟʠʪʦʨʠʝʚ ʠ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ; 

- ʚʳʙʦʨ ʧʨʠʟʥʘʢʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʯʝʨʝʟ ʝʩʪʝʩʪʚʝʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʷʟʳʢʘ ʟʘʧʨʦʩʦʚ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ.  

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: 

- ʫʩʢʦʨʝʥʠʝ ʨʘʟʨʘʙʦʪʢʠ: 1.5-3 ʨʘʟʘ (Copilot ʣʠʜʠʨʫʝʪ ʚ ʩʢʦʨʦʩʪʠ ʘʚʪʦʜʦʧʦʣʥʝʥʠʷ); 

- ʩʥʠʞʝʥʠʝ ʦʰʠʙʦʢ: ʜʦ 40% (Watson ʜʦʤʠʥʠʨʫʝʪ ʚ ʘʥʘʣʠʟʝ ʙʝʟʦʧʘʩʥʦʩʪʠ); 

- ʧʦʢʨʳʪʠʝ ʟʘʜʘʯ: ʦʪ boilerplate-ʢʦʜʘ ʜʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʨʝʬʘʢʪʦʨʠʥʛʘ.  

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʨʘʟʣʠʯʠʷ ʠ ʩʮʝʥʘʨʠʠ ʧʨʠʤʝʥʝʥʠʷ: 

- Copilot ʦʧʪʠʤʘʣʝʥ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ï ʘʚʪʦʜʦʧʦʣʥʝʥʠʝ ʚ IDE, ʨʘʙʦʪʘ ʩ 

ʰʘʙʣʦʥʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ; 

- GigaCode ʧʨʝʚʦʩʭʦʜʠʪ ʚ ʨʦʩʩʠʡʩʢʦʤ ʢʦʨʧʦʨʘʪʠʚʥʦʤ ʢʦʥʪʝʢʩʪʝ ï ʧʦʜʜʝʨʞʢʘ 

ʣʦʢʘʣʴʥʳʭ ʩʪʝʢʦʚ, CI/CD ʦʧʪʠʤʠʟʘʮʠʷ; 

- Watson ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʧʨʝʜʧʨʠʷʪʠʷ ï legacy-ʤʠʛʨʘʮʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ, 

DevOps.  

ʉʨʘʚʥʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʦʪʟʳʚʘʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ: 

- Copilot: 8,5/10 ʪʦʯʥʦʩʪʴ ʘʚʪʦʜʦʧʦʣʥʝʥʠʷ; 

- Watson: 7,9/10, ʥʦ ʣʫʯʰʝ ʚ ʩʣʦʞʥʳʭ enterprise-ʟʘʜʘʯʘʭ; 

- GigaCode: 98,7% ʯʘʩʪʦʪʘ ʧʦʜʩʢʘʟʦʢ (ʣʠʜʝʨ ʧʦ ʦʭʚʘʪʫ).  
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ɺʳʚʦʜʳ ʧʦ ʠʥʪʝʛʨʘʮʠʠ ʚ ʀʀʉ 

ʇʨʠʤʝʨʳ ʠʣʣʶʩʪʨʠʨʫʶʪ ʵʚʦʣʶʮʠʶ ʀʀʉ ʦʪ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʢ ʩʘʤʦʦʙʫʯʘʶʱʠʤʩʷ 

ʧʣʘʪʬʦʨʤʘʤ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʛʜʝ: 

1. ʅʝʡʨʦʩʝʪʠ ʨʝʰʘʶʪ ʧʨʦʙʣʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʘʪʪʝʨʥʦʚ ʢʦʜʘ ʣʫʯʰʝ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ. 

2. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʩʪʠʣʶ ʢʦʤʘʥʜʳ ʠ ʧʨʦʝʢʪʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

3. ʋʧʨʘʚʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ ʯʝʨʝʟ CI/CD ʠ DevOps. 

ʂʦʤʧʣʝʢʩʥʦʝ ʚʥʝʜʨʝʥʠʝ (Copilot + Watson + ʣʦʢʘʣʴʥʳʝ LLM) ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʳʡ ʮʠʢʣ: 

ʦʪ ʛʝʥʝʨʘʮʠʠ ʢʦʜʘ ʜʦ production-ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʨʠʩʢʘʤʠ ʧʝʨʝʦʙʫʯʝʥʠʷ ʠ 

ʰʫʤʘ [4]. 

ʉʣʘʙʳʝ ʤʝʩʪʘ ʠ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʨʠʤʝʨʘʭ 

ʊʘʙʣʠʮʘ 2 

ʊʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʀʀʉ 

 

ʀʥʩʪʨʫʤʝʥʪ ʆʩʥʦʚʥʳʝ ʩʣʘʙʳʝ ʤʝʩʪʘ ʇʨʦʪʠʚʦʨʝʯʠʷ 

GitHub 

Copilot 

ʅʠʟʢʘʷ ʪʦʯʥʦʩʪʴ ʩʣʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

(30-40% ʦʰʠʙʦʢ ʚ ʥʝʰʘʙʣʦʥʥʦʤ ʢʦʜʝ), 

"ʛʘʣʣʶʮʠʥʘʮʠʠ" ʢʦʜʘ, ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʧʫʙʣʠʯʥʳʭ ʨʝʧʦʟʠʪʦʨʠʝʚ 

ʋʩʢʦʨʝʥʠʝ ʥʘ 55% ʨʘʟʥʠʮʳ ʚ ʨʦʩʪʝ 

ʪʝʭʜʦʣʛʘ (+20% ʙʘʛʦʚ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ GitHub 2024) 

ɻʠʛʘʂʦʜ ʆʛʨʘʥʠʯʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ Legacy-ʩʪʝʢʦʚ, 

ʧʨʦʙʣʝʤʳ ʩ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʜʘʥʥʳʭ, ʢʦʥʪʝʢʩʪʥʦʝ ʦʢʥʦ 

<128 ʪʳʩ. ʪʦʢʝʥʦʚ 

ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʛʝʥʝʨʘʮʠʠ (+1,5x) vs 

ʟʘʱʠʱʝʥʥʘʷ ʢʘʩʪʦʤʠʟʘʮʠʷ ʧʦʜ ʦʩʦʙʳʝ 

ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʉʙʝʨʘ 

IBM ʋʦʪʩʦʥ ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʫʯʝʥʠʷ ($50 

ʪʳʩ.+/ʛʦʜ), ʤʝʜʣʝʥʥʳʡ ʵʬʬʝʢʪ ʥʘ 

ʫʩʪʘʨʝʚʰʠʭ ʩʠʩʪʝʤʘʭ, ʣʦʞʥʳʝ ʨʘʟʨʘʙʦʪʢʠ 

ʚ ʘʥʘʣʠʟʝ (15-20%) 

ʉʥʠʞʝʥʠʝ ʫʷʟʚʠʤʦʩʪʝʡ (-40%) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʦʙʫʯʝʥʠʝʤ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ, ʜʦʙʘʚʣʝʥʠʝʤ 

ʫʛʨʦʟ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ 

 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ 

1. ʇʝʨʝʦʙʫʯʝʥʠʝ vs ʦʙʦʙʱʝʥʠʝ: ʇʨʝʜʦʙʫʯʝʥʥʳʝ ʤʦʜʝʣʠ Copilot/GigaCode ʙʣʝʩʪʷʪ ʥʘ 

ʰʘʙʣʦʥʥʦʤ ʢʦʜʝ, ʥʦ ʧʨʦʚʘʣʠʚʘʶʪʩʷ ʥʘ ʥʝʦʙʳʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨʘʭ (ʪʦʯʥʦʩʪʴ ʧʘʜʘʝʪ ʜʦ 25% ʧʦ 

ʙʝʥʯʤʘʨʢʘʤ HumanEval). 

2. ʉʢʦʨʦʩʪʴ vs ʢʘʯʝʩʪʚʦ: ʂʨʘʪʢʦʩʨʦʯʥʳʡ ʚʳʠʛʨʳʰ ʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (1,5-3x) ʧʨʠʚʦʜʠʪ 

ʢ ʜʦʣʛʦʩʨʦʯʥʦʤʫ ʪʝʭʜʦʣʛʫ ï 70% ʫʯʘʩʪʥʠʢʦʚ ʦʪʤʝʯʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʬʘʢʪʦʨʠʥʛʘ ʀʀ-

ʢʦʜʘ. 

3. ɿʘʢʨʳʪʦʩʪʴ ʤʦʜʝʣʝʡ: ʢʦʥʬʣʠʢʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʨʦʚʥʷ ʧʨʝʜʧʨʠʷʪʠʷ Watson ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ LLM (ʯʝʨʥʳʡ ʷʱʠʢ), ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʧʦ 

ʘʫʜʠʪʫ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʨʠʩʢʠ 

1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʝʥʜʦʨʦʚ: Copilot/GigaCode ʧʨʠʚʷʟʳʚʘʶʪ ʢʦʤʘʥʜʳ ʢ ʵʢʦʩʠʩʪʝʤʘʤ 

Microsoft/Sber, ʨʠʩʢʠ API-ʜʦʩʪʫʧʘ ʠ ʮʝʥʳ (Copilot: $10/ʤʝʩ Ÿ $100/ʤʝʩ ʚ 2025 ʛʦʜʫ). 

2. ʂʚʘʣʠʬʠʢʘʮʠʦʥʥʳʝ ʧʘʨʘʜʦʢʩʳ: ʈʘʟʨʘʙʦʪʯʠʢʠ ʪʨʘʪʷʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʚʝʨʢʫ 

ʀʀ-ʢʦʜʘ, ʯʝʤ ʫʢʘʟʘʥʦ ʚ ʦʧʠʩʘʥʠʠ (ʵʬʬʝʢʪ çʀʀ-ʥʷʥʷè ï +15% ʢʦʛʥʠʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ). 

3. ɹʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ: ʆʙʫʯʝʥʠʝ ʧʫʙʣʠʯʥʳʤ ʨʝʧʦʟʠʪʦʨʠʷʤ (ʚʪʦʨʦʡ ʧʠʣʦʪ) ʨʠʩʢʫʝʪ 

ʫʪʝʯʢʦʡ IP; GigaCode ʨʝʰʘʝʪ ʣʦʢʘʣʴʥʦ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʢʘʯʝʩʪʚʦ ʧʨʝʜʦʙʫʯʢʠ. 
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ʅʘʫʯʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʧʦʜʭʦʜʘ 

 

ʇʨʦʙʣʝʤʘ 

ʦʙʫʯʝʥʠʷ 
ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʴʥʦʩʪʴ 

ʇʝʨʝʦʙʫʯʝʥʠʝ ʇʨʝʜʦʙʫʯʝʥʠʝ + ʪʦʥʢʘʷ 

ʥʘʩʪʨʦʡʢʘ 

çʂʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʟʘʙʳʚʘʥʠʝè ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

(ʢʦʥʪʝʢʩʪ ʚʪʦʨʦʛʦ ʧʠʣʦʪʘ ʧʦʩʣʝ 4 ʪʳʩ. ʩʪʨʦʢ) 

ʐʫʤ ʜʘʥʥʳʭ ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ 

(ɺʘʪʩʦʥ) 

25% ʣʦʞʥʳʭ ʧʦʟʠʪʠʚʦʚ ʚ ʨʝʚʴʶ ʢʦʜʘ 

ɺʳʙʦʨ 

ʧʨʝʜʣʦʞʝʥʠ ̫

ɸʚʪʦʢʦʜʠʨʦʚʱʠʢʠ ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʦʤʧʪʦʚ (+/-30% ʪʦʯʥʦʩʪʠ) 

 

ʀʀʉ ʫʭʫʜʰʘʶʪ ʨʫʪʠʥʫ, ʥʦ ʫʩʫʛʫʙʣʷʶʪ ʩʠʩʪʝʤʥʳʝ ʨʠʩʢʠ ʧʝʨʝʦʙʫʯʝʥʠʷ ʠ ʪʝʭʜʦʣʛʠ. 

ɹʘʣʘʥʩ ʪʨʝʙʫʝʪ ʛʠʙʨʠʜʥʳʭ ʧʦʜʭʦʜʦʚ (ʯʝʣʦʚʝʢ+ʀʀ) ʩ ʤʝʪʨʠʢʘʤʠ ʢʘʯʝʩʪʚʘ ʢʦʜʘ (SonarQube + 

ML), ʘ ʪʘʢʞʝ ʥʝ ʩʣʝʧʦʛʦ ʜʦʚʝʨʠʷ ʤʝʪʨʠʢʘʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ [5]. 

ɺʳʚʦʜʳ: 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ʀʀʉ), ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʩʦʟʜʘʶʪʩʷ ʘʜʘʧʪʠʚʥʳʝ, 

ʩʘʤʦʦʙʫʯʘʶʱʠʝʩʷ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʳʝ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʟʜʘʥʠʝʤ 

ʦʙʨʘʟʦʚ ʠ ʫʧʨʘʚʣʝʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʢʝʡʩʳ GitHub Copilot, 

GigaCode ʦʪ ʉʙʝʨʙʘʥʢʘ ʠ IBM Watson ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʚ 1,5-3 ʨʘʟʘ, ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʢʦʜʘ ʠ ʩʥʠʞʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʨʠʩʢʦʚ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʀʀʉ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ 

ʠ ʧʨʦʪʠʚʦʨʝʯʠʡ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʨʦʙʣʝʤʳ ʧʝʨʝʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ, ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʫ ʠ ʦʰʠʙʢʠ ʚ ʛʝʥʝʨʘʮʠʠ ʢʦʜʘ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʚʥʠʤʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʩʦ ʩʪʦʨʦʥʳ ʣʶʜʝʡ. ʅʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʠ ʢʘʯʝʩʪʚʦʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʨʠʜʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʠ ʀʀʉ, ʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʙʣʶʜʝʥʠʷ ʤʝʪʨʠʢʠ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʬʠʥʘʥʩʦʚʳʝ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʧʦʩʪʘʚʱʠʢʦʚ, ʚʦʧʨʦʩʳ ʟʘʱʠʪʳ ʜʘʥʥʳʭ 

ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʷʚʣʷʶʪʩʷ ʨʝʰʘʶʱʠʤʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʀʉ. 

ɺ 2026 ʛʦʜʫ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʙʫʜʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʧʝʨʝʭʦʜʦʤ ʢ ʣʦʢʘʣʴʥʦʤʫ (on-premise) ʨʘʟʚʝʨʪʳʚʘʥʠʶ ʀʀ-ʤʦʜʝʣʝʡ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʧʦʜ ʜʨʫʛʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʦʯʝʪʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʧʨʝʜʦʙʫʯʝʥʥʳʭ ʩʠʩʪʝʤ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ. ʀʀ-

ʘʩʩʠʩʪʝʥʪʳ ʘʢʪʠʚʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʚʝʩʴ ʮʠʢʣ ʨʘʟʨʘʙʦʪʢʠ ʇʆ (SDLC), ʧʨʝʚʨʘʱʘʷʩʴ ʠʟ 

ʨʝʘʢʪʠʚʥʳʭ ʧʦʤʦʱʥʠʢʦʚ ʚ ʧʨʦʘʢʪʠʚʥʳʭ ʩʦʘʚʪʦʨʦʚ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʯʝʪʘʥʠʝ ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ ʀʀʉ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʩ ʨʘʟʫʤʥʦʡ ʩʝʨʴʝʟʥʦʡ ʵʢʩʧʝʨʪʠʟʦʡ ʬʦʨʤʠʨʫʝʪ ʦʩʥʦʚʫ ʜʣʷ ʙʫʜʫʱʠʭ ʠʥʥʦʚʘʮʠʡ ʚ ʦʙʣʘʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʯʪʦ 

ʜʝʣʘʝʪ ʵʪʫ ʩʪʨʘʪʝʛʠʶ ʚʘʞʥʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʀʊ-ʠʥʜʫʩʪʨʠʠ ʠ ʵʢʦʥʦʤʠʢʠ ʚ ʮʝʣʦʤ. 
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ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ ʠ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʢʦʥʪʝʢʩʪʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʘʚʣʝʥʠʶ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʫʯʸʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʟʦʚʦʚ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʦʙʲʸʤʘ ʠ 

ʩʣʦʞʥʦʩʪʠ ʜʘʥʥʳʭ, ʩ ʢʦʪʦʨʳʤʠ ʧʨʠʭʦʜʠʪʩʷ ʨʘʙʦʪʘʪʴ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʲʝʜʠʥʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʫʧʨʘʚʣʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ. 
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ʋɼʂ 51-7 

ʂʦʧʳʣʴʮʦʚ ɸ.ɺ. 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ʇʘʱʝʥʢʦ ɸ.ʀ. 

ʘʩʧʠʨʘʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɽɻʋʃʗʎʀʀ ʂʈʆɺʆʊʆʂɸ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʪʦʢʘ ʤʝʪʘʙʦʣʠʪʘʤʠ ʚ 

ʦʙʣʘʩʪʠ ʩʠʩʪʝʤʳ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ (ʘʨʪʝʨʠʦʣʳ, ʢʘʧʠʣʣʷʨʳ, ʚʝʥʫʣʳ). ɺ ʧʨʦʮʝʩʩʝ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʠʩʣʦʨʦʜ ʧʦʩʪʫʧʘʝʪ ʚ ʪʢʘʥʠ, ʘ ʧʨʦʜʫʢʪʳ ʤʝʪʘʙʦʣʠʟʤʘ (ʤʝʪʘʙʦʣʠʪʳ) 

ʚʳʚʦʜʷʪʩʷ ʠʟ ʪʢʘʥʠ ʧʫʪʝʤ ʜʠʬʬʫʟʠʠ ʠ ʩ ʪʦʢʦʤ ʢʨʦʚʠ. ʅʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʜʫʢʪʦʚ, ʥʘʧʨʠʤʝʨ, 

ʘʜʝʥʦʟʠʥ, ʜʠʬʬʫʥʜʠʨʫʝʪ ʠʟ ʚʝʥʦʟʥʦʛʦ ʨʫʩʣʘ ʚ ʘʨʪʝʨʠʘʣʴʥʦʝ. ʇʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʘʜʝʥʦʟʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʛʣʘʜʢʠʭ ʤʳʰʮ ʘʨʪʝʨʠʦʣ ʠ ʩʫʞʝʥʠʶ ʧʨʦʩʚʝʪʘ ʩʦʩʫʜʦʚ. 

ʋʤʝʥʴʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʘʨʪʝʨʠʦʣ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʘʪʢʫ ʢʠʩʣʦʨʦʜʘ ʚ ʪʢʘʥʷʭ, ʟʘʤʝʜʣʝʥʠʶ 

ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʙʦʣʠʪʦʚ ʠ ʪ.ʜ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʠʩʣʦʨʦʜʘ ʠ ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʪʢʘʥʠ, ʢʘʢ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʧʨʠ ʥʘʛʨʫʟʢʝ 

(ʬʠʟʠʯʝʩʢʦʡ, ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʠ ʜʨ.) ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʨʦʚʦʪʦʢ, ʨʝʛʫʣʷʮʠʷ. 

 

ɺʚʝʜʝʥʠʝ.  

ʉʠʩʪʝʤʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʯʝʣʦʚʝʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʤʝʭʘʥʠʟʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʜʦʩʪʘʚʢʫ ʢʠʩʣʦʨʦʜʘ ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʢʦ ʚʩʝʤ ʦʨʛʘʥʘʤ ʠ ʪʢʘʥʷʤ 

ʦʨʛʘʥʠʟʤʘ. ɽʝ ʨʘʙʦʪʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʫʨʦʚʥʷʤʠ ʢʦʥʪʨʦʣʷ, ʧʦʟʚʦʣʷʶʱʠʤʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʢʨʦʚʦʪʦʢ ʜʘʞʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠʣʠ 

ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʂ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʪʦʢʘ ʦʪʥʦʩʷʪ ʥʝʨʚʥʫʶ 

ʩʠʩʪʝʤʫ, ʛʫʤʦʨʘʣʴʥʫʶ ʨʝʛʫʣʷʮʠʶ ʠ ʣʦʢʘʣʴʥʫʶ ʨʝʛʫʣʷʮʠʶ. ʎʝʥʪʨʘʣʴʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ 

ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʫʧʨʘʚʣʝʥʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝʤ ʯʝʨʝʟ ʩʠʤʧʘʪʠʯʝʩʢʠʡ ʠ 

ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʡ ʦʪʜʝʣʳ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʅʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʪ ʛʦʨʤʦʥʳ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤʦʡ. ʈʝʥʠʥ-ʘʥʛʠʦʪʝʥʟʠʥʦʚʘʷ ʩʠʩʪʝʤʘ 

ʨʝʛʫʣʠʨʫʝʪ ʩʦʩʫʜʠʩʪʳʡ ʪʦʥʫʩ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʦʨʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʢʨʦʚʷʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʆʨʛʘʥʠʟʤ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʨʦʚʦʪʦʢʘ ʙʣʘʛʦʜʘʨʷ 

ʘʫʪʦʨʝʛʫʣʷʪʦʨʥʳʤ ʤʝʭʘʥʠʟʤʘʤ. ʅʘʧʨʠʤʝʨ, ʪʢʘʥʠ ʤʦʟʛʘ, ʧʦʯʝʢ ʠ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʠʪʦʢʘ ʩʚʝʞʝʡ ʢʨʦʚʠ. ʄʝʩʪʥʳʝ 

ʚʘʟʦʜʠʣʘʪʘʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʦʢʩʠʜ ʘʟʦʪʘ ʠ ʧʨʦʩʪʘʛʣʘʥʜʠʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʝ 

ʨʘʩʰʠʨʝʥʠʝ ʩʦʩʫʜʦʚ ʠʤʝʥʥʦ ʪʘʤ, ʛʜʝ ʵʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʫʣʷʮʠʷ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʦʞʥʦʡ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ ʨʘʙʦʪʳ ʥʝʨʚʥʳʭ 

ʠʤʧʫʣʴʩʦʚ, ʛʦʨʤʦʥʦʚ ʠ ʤʝʩʪʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʘʜʝʢʚʘʪʥʦʝ ʩʥʘʙʞʝʥʠʝ ʦʨʛʘʥʦʚ 

ʢʠʩʣʦʨʦʜʦʤ ʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʠʪʫʘʮʠʠ. 
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ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɺ ʦʨʛʘʥʠʟʤʝ ʧʨʦʠʩʭʦʜʷʪ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʢʠʩʣʦʨʦʜʘ O2 ʩ ʛʝʤʦʛʣʦʙʠʥʦʤ Hb ʚ 

ʵʨʠʪʨʦʮʠʪʘʭ ʠ ʩ ʤʠʦʛʣʦʙʠʥʦʤ Mb ʚ ʪʢʘʥʠ. 

2 2,
K

K

Hb O HbO

-

+

+  

1

2 2
1

K

K

Mb O MbO

-

+

+  

ʂʠʩʣʦʨʦʜ ʧʦʩʪʫʧʘʝʪ ʠʟ ʵʨʠʪʨʦʮʠʪʦʚ ʚ ʪʦʥʢʠʡ ʩʣʦʡ (ʧʣʘʟʤʫ, ʵʥʜʦʪʝʣʠʡ, 

ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ) ʠ ʟʘʪʝʤ ʚ ʪʢʘʥʴ. ɺ ʪʢʘʥʠ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ ʤʝʪʘʙʦʣʠʟʤʘ 

(ʤʝʪʘʙʦʣʠʪʳ), ʢʦʪʦʨʳʝ ʚʳʚʦʜʷʪʩʷ ʚ ʢʨʦʚʴ [1; 3]. ʇʝʨʝʥʦʩ ʢʠʩʣʦʨʦʜʘ ʠ ʤʝʪʘʙʦʣʠʪʦʚ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ [4]. 
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ɺ ʢʘʧʠʣʣʷʨʝ: 
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ʛʜʝ V ï ʩʢʦʨʦʩʪʴ ʢʨʦʚʦʪʦʢʘ, W ï ʩʢʦʨʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʪʢʘʥʴʶ, P ï ʧʘʨʮʠʘʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ, C ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʙʦʣʠʪʦʚ, t ï ʚʨʝʤʷ, ʢʦʥʮʝʥʪʨʘʮʠʠ [HbO2] 

(ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ), [Hb] (ʛʝʤʦʛʣʦʙʠʥʘ), [O2] (ʢʠʩʣʦʨʦʜʘ), [MbO2] (ʦʢʩʠʤʠʦʛʣʦʙʠʥʘ), [Mb] 

(ʤʠʦʛʣʦʙʠʥʘ), k-, k+, k1-, k1+ ï ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ DHb 

(ʛʝʤʦʛʣʦʙʠʥʘ), DMb (ʤʠʦʛʣʦʙʠʥʘ), DO2E (ʢʠʩʣʦʨʦʜʘ ʚ ʵʨʠʪʨʦʮʠʪʝ), DO2C (ʢʠʩʣʦʨʦʜʘ ʚ ʩʣʦʝ), DO2M 

(ʢʠʩʣʦʨʦʜʘ ʚ ʪʢʘʥʠ), DMpM (ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʪʢʘʥʠ), DMpC (ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʩʣʦʝ), DMpB 

(ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʢʘʧʠʣʣʷʨʝ), ŬE, ŬM ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ O2 ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʠ ʪʢʘʥʠ, 

n,,, egb  ï ʢʦʝʬʬʠʮʠʝʥʪʳ. 

ʈʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ 

æP=Q/G, 

ʜʣʷ ʘʨʪʝʨʠʦʣ ʠ ʚʝʥʫʣ: 
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ʜʣʷ ʢʘʧʠʣʣʷʨʦʚ: 
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ʛʜʝ Q ï ʦʙʲʝʤʥʳʡ ʢʨʦʚʦʪʦʢ, ɛP , ɛB ï ʚʷʟʢʦʩʪʴ ʧʣʘʟʤʳ ʠ ʢʨʦʚʠ, d, L ï ʜʠʘʤʝʪʨ ʠ ʜʣʠʥʘ ʩʦʩʫʜʘ 

[5]. 

ʅʦʨʤʠʨʦʚʘʥʥʳʡ ʧʦʪʦʢ ʤʝʪʘʙʦʣʠʪʦʚ ʠʟ ʚʝʥʫʣʳ ʚ ʘʨʪʝʨʠʦʣʫ 

F = K (Cv-Ca) Ŭ , 

1
2 ln ,a p
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2

V

a

R
cd c d

R
s è ø= - - - -ê ú 

1 ,
V

c
R

d
= +  

2
1 ,a

V

R
d

R

d+
= +  

ʛʜʝ Rv , Ra ï ʨʘʜʠʫʩʳ ʚʝʥʫʣʳ ʠ ʘʨʪʝʨʠʦʣʳ, d ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʥʫʣʦʡ ʠ ʘʨʪʝʨʠʦʣʦʡ, K ï 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʪʢʘʥʠ ʜʣʷ ʤʝʪʘʙʦʣʠʪʦʚ, Cv ʠ Ca ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʚʝʥʫʣʝ ʠ 

ʘʨʪʝʨʠʦʣʝ [2]. 
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ʈʘʜʠʫʩ ʘʨʪʝʨʠʦʣʳ 

max max min( ) ,aC

aR R R R e-= - -  

ʛʜʝ Rmin, Rmax ï ʤʠʥʠʤʘʣʴʥʳʡ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ, C ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʙʦʣʠʪʦʚ, a ï 

ʧʦʩʪʦʷʥʥʘʷ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʣʘʩʴ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: 

P=P0, SS=SS0, S=S0, C=C0 

ʛʜʝ P0, SS0, S0, C0 ï ʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ z ʠ r. 

ɼʣʷ ʢʠʩʣʦʨʦʜʘ: 

ʅʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʵʨʠʪʨʦʮʠʪʦʤ ʠ ʧʣʘʟʤʦʡ: 

ÐSS n=0 

P1=P2 

K1 ÐP1 n=K2 ÐP2 n , 

ʛʜʝ K1, K2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʂʨʦʛʘ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʛʨʘʥʠʮʳ. 

ʅʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʪʢʘʥʴʶ: 

ÐS n=0 

P1=P2 

K1 ÐP1 n=K2 ÐP2 n , 

ʛʜʝ K1, K2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʂʨʦʛʘ ʩ ʦʙʦʠʭ ʩʪʦʨʦʥ ʛʨʘʥʠʮʳ. 

ʅʘ ʛʨʘʥʠʮʝ ʪʢʘʥʝʚʦʛʦ ʮʠʣʠʥʜʨʘ: 

ÐP n=0, 

ÐP1 n=-ÐP2 n 

ɼʣʷ ʤʝʪʘʙʦʣʠʪʦʚ: 

ʅʘ ʛʨʘʥʠʮʝ ʪʢʘʥʝʚʦʛʦ ʮʠʣʠʥʜʨʘ: 

ÐC n=0, 

ÐC1 n=-ÐC2 n 

ʅʘ ʛʨʘʥʠʮʝ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʪʢʘʥʴ: 

D1 ÐC1 n=D2 ÐC2 n 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʟʣʳ ʩʝʪʢʠ:  

r=(n+0,5) hr,  z=m hz, t=l ht, 

m=0,1,...,M-1,  n=0, 1,...,N, l=0, 1,...,L, 

ʛʜʝ hr, hz ʠ ht ï ʰʘʛʠ ʧʦ r, z ʠ t. 
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( ) ( ) ( ) ( )2

2 2
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ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʚʳʧʠʩʘʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʜʣʷ S, SS ʠ C, ʧʦʜʩʪʘʚʣʷʷ ʢʦʪʦʨʳʝ ʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʠʤʝʝʤ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ P, S, 

SS ʠ C. ʐʘʛ ʩʝʪʢʠ ʧʦ r ï ʦʪ 0,01 ʜʦ 0,1 ʤʢʤ, ʧʦ z ï ʦʪ 0,01 ʜʦ 0,1 ʤʢʤ, ʧʦ t ï ʦʪ 0,001 ʜʦ 0,1 ʩʝʢ. 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʠ 

ʤʝʪʘʙʦʣʠʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʘʩʯʝʪʳ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʙʦʣʠʪʦʚ ʦʪ 

ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʪʢʘʥʷʤʠ (ʨʠʩ. 1) ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʘʤʝʪʨʦʚ ʩʦʩʫʜʦʚ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʝʪʘʙʦʣʠʪʦʚ (ʨʠʩ. 2). ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʤʝʨʝʥʥʦʤ ʧʦʪʨʝʙʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʪʢʘʥʷʤʠ 

(ʜʦ 10 ʤʣ/100 ʛ/ʤʠʥ) ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʘʙʦʣʠʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ ʠʣʠ ʵʤʦʮʠʦʥʘʣʴʥʦʤ 

ʩʪʨʝʩʩʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʘʙʦʣʠʪʦʚ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʪ. ʝ. ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʪʢʘʥʷʭ 

ʫʩʢʦʨʷʶʪʩʷ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʥʘʛʨʫʟʢʘʭ (ʬʠʟʠʯʝʩʢʠʭ, ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʠ ʜʨ.) ʥʘ ʦʨʛʘʥʠʟʤ. 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʙʦʣʠʪʦʚ ʜʠʘʤʝʪʨʳ ʘʨʪʝʨʠʦʣ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʇʨʠʯʝʤ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʝʪʘʙʦʣʠʪʘ, ʜʠʘʤʝʪʨʳ ʘʨʪʝʨʠʦʣ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʦʙʲʝʤʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʙʦʣʠʪʦʚ, ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ 

ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʜʠʘʤʝʪʨ ʩʦʩʫʜʦʚ. ɸ ʧʨʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʩʫʜʳ ʨʘʩʰʠʨʷʶʪʩʷ ʧʦʯʪʠ ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʠ ʜʘʣʴʥʝʡʰʝʝ ʠʭ 

ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʘʢ ʙʳʩʪʨʦ, ʢʘʢ ʧʨʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ. 

 
ʈʠʩ. 1. ʅʦʨʤʠʨʦʚʘʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʘʙʦʣʠʪʦʚ (ʦʩʴ ʦʨʜʠʥʘʪ),  

ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʪʢʘʥʷʤʠ (ʤʣ/100 ʛ/ʤʠʥ) (ʦʩʴ ʘʙʩʮʠʩʩ) 
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ʈʠʩ. 2. ɼʠʘʤʝʪʨʳ ʩʦʩʫʜʦʚ (ʤʢʤ) (ʦʩʴ ʦʨʜʠʥʘʪ),  

ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʘʙʦʣʠʪʦʚ (ʦʩʴ ʘʙʩʮʠʩʩ) 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʯʝʪʳ ʥʘ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʦʢʘʣʴʥʘʷ ʨʝʛʫʣʷʮʠʷ ʢʨʦʚʦʪʦʢʘ ʤʝʪʘʙʦʣʠʪʘʤʠ 

(ʥʘʧʨʠʤʝʨ, ʘʜʝʥʦʟʠʥʦʤ) ʵʬʬʝʢʪʠʚʥʘ ʠ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʜʠʘʤʝʪʨʳ ʘʨʪʝʨʠʦʣ, ʩʢʦʨʦʩʪʴ 

ʧʦʩʪʫʧʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʪʢʘʥʠ ʠ ʚʳʚʦʜ ʤʝʪʘʙʦʣʠʪʦʚ ʠʟ ʪʢʘʥʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ ʢʘʢ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʧʨʠ ʬʠʟʠʯʝʩʢʦʡ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ. 
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ʋɼʂ 004.09 

ʂʫʣʴʰʠʥ ʈ.ʉ. 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʂʠʨʩʘʥʦʚ ɺ.ɸ. 

ʩʪʫʜʝʥʪ 

ʏʝʨʥʳʰʝʚ ʂ.ɸ. 
ʩʪʫʜʝʥʪ 

ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 

ʋʇʈɸɺʃɽʅʀɽ ʋʄʅʓʄ ɼʆʄʆʄ ʀ ɹʇʃɸ ʏɽʈɽɿ ʀʄʂ:  

ɸʈʍʀʊɽʂʊʋʈɸ ʋʅʀɺɽʈʉɸʃʔʅʆʁ IOT-ʕʂʆʉʀʉʊɽʄʓ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʘʩʰʪʘʙʠʨʫʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ IoT-ʵʢʦʩʠʩʪʝʤʳ, ʫʧʨʘʚʣʷʝʤʦʡ 

ʥʝʠʥʚʘʟʠʚʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʤʦʟʛïʢʦʤʧʴʶʪʝʨ. ʆʧʠʩʘʥʳ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ ʕʕɻ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʪʝʥʪʦʚ ʚ ʢʦʤʘʥʜʳ ʜʣʷ ʫʤʥʦʛʦ ʜʦʤʘ ʠ ʤʘʣʳʭ ɹʇʃɸ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ 

ʩʥʠʞʝʥʠʷ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʘ ʠʥʪʝʛʨʘʮʠʷ ʩ MQTT, WebSockets ʠ BLE ʠ 

ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɸʨʭʠʪʝʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʜʝʨʞʢʫ ʤʝʥʝʝ 800 ʤʩ, 

ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʥʪʝʥʪʦʚ ʜʦ 87 % ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʛʠʙʨʠʜʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ ʢʨʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʠʥʪʝʨʬʝʡʩ, ʀʄʂ, ʕʕɻ, ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʫʤʥʳʡ ʜʦʤ, ɹʇʃɸ. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʝʤʷʪʩʷ ʢ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʯʝʣʦʚʝʢʘ ʩ ʪʝʭʥʠʢʦʡ ʩʪʘʥʦʚʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠ ʠʥʪʫʠʪʠʚʥʳʤ. ʅʝʠʥʚʘʟʠʚʥʳʝ 

ʥʝʡʨʦʠʥʪʝʨʬʝʡʩʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʳ (ʕʕɻ), ʦʪʢʨʳʚʘʶʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʧʘʨʘʜʠʛʤʳ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ (ʩʝʥʩʦʨʥʳʝ ʵʢʨʘʥʳ, ʛʦʣʦʩʦʚʳʝ ʢʦʤʘʥʜʳ) ʦʛʨʘʥʠʯʝʥʳ ʠʣʠ ʥʝʵʬʬʝʢʪʠʚʥʳ 

ʠ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʯʝʨʝʟ ʤʳʩʣʝʥʥʳʝ ʢʦʤʘʥʜʳ. 

ʄʳʩʣʝʥʥʳʝ ʢʦʤʘʥʜʳ ï ʵʪʦ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʩʠʩʪʝʤʘ (ʠʥʪʝʨʬʝʡʩ çʤʦʟʛ-

ʢʦʤʧʴʶʪʝʨè, ʀʄʂ) ʬʦʨʤʠʨʫʝʪ ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʕʕɻ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʣʶʜʝʡ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʝ ʫʤʥʳʤ ʜʦʤʦʤ ʯʝʨʝʟ ʤʳʩʣʝʥʥʳʝ ʢʦʤʘʥʜʳ ʤʦʞʝʪ 

ʩʪʘʪʴ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ [1; 2]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ 

ʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʙʝʩʧʠʣʦʪʥʳʤʠ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ (ɹʇʃɸ), ʥʝʡʨʦʠʥʪʝʨʬʝʡʩʳ 

ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʢʦʛʥʠʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʝʨʘʪʦʨʘ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 

ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʪʝʭʥʠʢʠ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʘʚʘʨʠʠ ʠʟ-ʟʘ ʫʩʪʘʣʦʩʪʠ ʠʣʠ ʧʦʪʝʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ [11]. 

ʕʪʠ ʨʘʟʥʦʨʦʜʥʳʝ ʧʨʠʤʝʨʳ ʠʣʣʶʩʪʨʠʨʫʶʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʝ, 

ʘʜʘʧʪʠʨʫʝʤʦʡ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʳ ʫʩʪʨʦʡʩʪʚ. 

ʈʦʩʪ ʜʦʩʪʫʧʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʕʕɻ-ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ Neiry HeadBand, ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʨʘʟʚʠʪʠʝʤ IoT-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ 

ʪʘʢʠʭ ʨʝʰʝʥʠʡ. ʋʤʥʳʝ ʜʦʤʘ ʩʝʛʦʜʥʷ ʦʩʥʘʱʝʥʳ ʜʝʩʷʪʢʘʤʠ ʩʦʚʤʝʩʪʠʤʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʧʨʦʪʦʢʦʣʳ MQTT, BLE ʠ WebSockets, ʘ ɹʇʃɸ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʪʝ ʞʝ 

ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʪʝʣʝʤʝʪʨʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʠʥʪʝʛʨʘʮʠʷ ʀʄʂ ʚ ʵʪʠ ʵʢʦʩʠʩʪʝʤʳ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʚʳʟʦʚʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʠʟʢʫʶ ʟʘʜʝʨʞʢʫ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʩʠʛʥʘʣʦʚ, ʟʘʱʠʪʫ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʥʝʡʨʦʜʘʥʥʳʭ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠ 
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ʘʜʘʧʪʘʮʠʶ ʢ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʘʨʭʠʪʝʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʩʠʩʪʝʤʥʦ ʨʝʰʘʝʪ ʵʪʠ ʟʘʜʘʯʠ, ʦʙʲʝʜʠʥʷʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʡ, 

IoT ʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʝʜʠʥʫʶ ʧʣʘʪʬʦʨʤʫ, ʷʜʨʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʤʝʭʘʥʠʟʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʪʝʥʪʦʚ, ʥʝ ʟʘʚʠʩʷʱʠʡ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. 

ʆʙʟʦʨ ʪʝʭʥʦʣʦʛʠʡ 

ʅʝʠʥʚʘʟʠʚʥʳʝ ʥʝʡʨʦʠʥʪʝʨʬʝʡʩʳ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ ʧʨʦʰʣʠ ʧʫʪʴ ʦʪ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʦ ʢʦʤʤʝʨʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʧʨʠʤʝʨ Neiry 

HeadBand, ʠʩʧʦʣʴʟʫʶʪ ʩʫʭʠʝ ʵʣʝʢʪʨʦʜʳ ʠ ʚʩʪʨʦʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʜʘʚʣʝʥʠʷ ʘʨʪʝʬʘʢʪʦʚ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ ʢʣʶʯʝʚʳʝ ʧʘʪʪʝʨʥʳ 

ʤʦʟʛʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʥʠʤʘʥʠʷ (ʙʝʪʘ-ʨʠʪʤʳ, 13ï30 ɻʮ), 

ʨʘʩʩʣʘʙʣʝʥʠʝʤ (ʘʣʴʬʘ-ʨʠʪʤʳ, 8ï13 ɻʮ) ʠʣʠ ʢʦʛʥʠʪʠʚʥʦʡ ʥʘʛʨʫʟʢʦʡ (ʪʝʪʘ-ʨʠʪʤʳ, 4ï8 ɻʮ) [1]. 

ʊʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʥʪʝʥʪʦʚ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʜʦʩʪʠʛʘʝʪ 85ï90 % ʧʨʠ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʢʘʣʠʙʨʦʚʢʝ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʢʦʡ. ɺ 

ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ, ʠʥʪʝʥʪ (ʦʪ ʘʥʛʣ. intent ï ʥʘʤʝʨʝʥʠʝ, ʮʝʣʴ, ʟʘʤʳʩʝʣ) ï ʵʪʦ ʤʳʩʣʝʥʥʦʝ 

ʥʘʤʝʨʝʥʠʝ ʠʣʠ ʞʝʣʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʦʪʦʨʦʝ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʨʘʩʧʦʟʥʘʪʴ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ 

ʜʝʡʩʪʚʠʝ, ʵʪʦ ʥʝ ʢʦʥʢʨʝʪʥʘʷ ʤʳʩʣʴ ʠʣʠ ʩʣʦʚʦ, ʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʥʝʡʨʦʢʦʛʥʠʪʠʚʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʡ ʢ ʙʳʪʦʚʳʤ 

ʩʮʝʥʘʨʠʷʤ ʪʨʝʙʫʝʪ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʤʝʭ, ʪʘʢʠʭ ʢʘʢ ʜʚʠʞʝʥʠʷ ʛʣʘʟ ʠʣʠ ʛʦʣʦʚʳ, ʘ ʪʘʢʞʝ 

ʤʳʰʝʯʥʳʭ ʘʨʪʝʬʘʢʪʦʚ, ʯʪʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚ Neiry HeadBand ʯʝʨʝʟ ʚʩʪʨʦʝʥʥʳʝ ʬʠʣʴʪʨʳ ʥʘ ʵʪʘʧʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʈʘʟʚʠʪʠʝ ʵʢʦʩʠʩʪʝʤʳ IoT ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʧʨʦʪʦʢʦʣʦʚ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜ 

ʪʨʝʙʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ çʤʦʟʛ-ʢʦʤʧʴʶʪʝʨè (ʀʄʂ): ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʤʠʥʠʤʘʣʴʥʘʷ 

ʟʘʜʝʨʞʢʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʪʨʸʭ ʢʣʶʯʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ. MQTT, ʙʣʘʛʦʜʘʨʷ ʣʸʛʢʦʩʪʠ 

ʠ ʛʘʨʘʥʪʠʷʤ ʜʦʩʪʘʚʢʠ (QoS), ʩʣʫʞʠʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʫʤʥʦʛʦ ʜʦʤʘ. WebSockets 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʚʫʩʪʦʨʦʥʥʶʶ ʩʚʷʟʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʣʝʤʝʪʨʠʠ ɹʇʃɸ 

ʠ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ. Bluetooth Low Energy (BLE) ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʥʘʣʘ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʥʦʩʠʤʦʡ ʕʕɻ-ʛʘʨʥʠʪʫʨʳ ʥʘ ʣʦʢʘʣʴʥʳʡ ʭʘʙ. ɺʩʝ ʧʨʦʪʦʢʦʣʳ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʰʠʬʨʦʚʘʥʠʝ (TLS/DTLS) ʜʣʷ ʟʘʱʠʪʳ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʊʘʢʦʡ ʩʪʝʢ 

(MQTT, WebSockets ʧʦʚʝʨʭ IP-ʩʝʪʝʡ ʠ BLE) ʚʳʙʨʘʥ ʜʣʷ ʧʨʷʤʦʡ ʠʥʪʝʛʨʘʮʠʠ ʩ ʚʝʙï ʠ 

ʦʙʣʘʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʚʢʣʶʯʘʷ ʧʦʜʢʣʶʯʝʥʠʝ ʥʦʚʳʭ 

ʪʠʧʦʚ ʫʩʪʨʦʡʩʪʚ, ʥʦ ʪʨʝʙʫʝʪ ʦʩʦʙʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʢʨʠʪʠʯʥʦ ʧʨʠ 

ʫʧʨʘʚʣʝʥʠʠ ʪʝʤʠ ʞʝ ɹʇʃɸ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʨʝʘʣʠʟʫʝʪ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʧʦʜʭʦʜ, ʛʜʝ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, 

ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʢʦʤʘʥʜ ʠ ʠʩʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʡ ʨʘʟʜʝʣʝʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ 

ʠ ʥʘʜʝʞʥʦʩʪʠ [8]. ɻʣʘʚʥʳʤ ʧʨʠʥʮʠʧʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʯʝʪʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʙʝʟ 
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ʠʟʤʝʥʝʥʠʷ ʷʜʨʘ ʩʠʩʪʝʤʳ. ʅʘ ʩʝʥʩʦʨʥʦʤ ʫʨʦʚʥʝ Neiry HeadBand Pro ʨʝʛʠʩʪʨʠʨʫʝʪ ʕʕɻ ʧʦ 

ʯʝʪʳʨʝʤ ʢʘʥʘʣʘʤ (O1, O2, T3, T4) ʩ ʨʝʬʝʨʝʥʩʥʳʤ ʵʣʝʢʪʨʦʜʦʤ Fpz. ʋʩʪʨʦʡʩʪʚʦ ʚʳʧʦʣʥʷʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʩʠʛʥʘʣʦʚ, ʫʜʘʣʷʷ ʩʝʪʝʚʳʝ ʧʦʤʝʭʠ (50 ɻʮ) ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʘʨʪʝʬʘʢʪʳ, ʧʦʩʣʝ ʯʝʛʦ ʧʝʨʝʜʘʝʪ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʧʦ BLE 5.0 ʥʘ ʣʦʢʘʣʴʥʳʡ ʭʘʙ [5]. 

ʅʘ ʫʨʦʚʥʝ ʦʙʨʘʙʦʪʢʠ ʠʟʚʣʝʯʝʥʥʳʝ ʜʘʥʥʳʝ ʕʕɻ ʧʦʩʪʫʧʘʶʪ ʚ ʢʣʘʩʩʠʬʠʢʘʪʦʨ. ɺ ʧʨʦʪʦʪʠʧʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ k-ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ. ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʜʦ 87% ʠ ʩʢʦʨʦʩʪʴʶ ʠʥʬʝʨʝʥʩʘ (150ï350) ʤʩ. 

ʂʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʘʨʭʠʪʝʢʪʫʨʳ ï ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʠʥʪʝʥʪʦʚ, ʛʜʝ ʥʝʡʨʦʩʠʛʥʘʣʳ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʦʙʳʪʠʷ ʚ ʬʦʨʤʘʪʝ JSON. ʅʘʧʨʠʤʝʨ, ʩʦʙʳʪʠʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʦʤʘʥʜʝ ʚʢʣʶʯʝʥʠʷ ʦʩʚʝʱʝʥʠʷ, ʩʦʜʝʨʞʠʪ ʪʠʧ ʠʥʪʝʥʪʘ, ʫʨʦʚʝʥʴ ʫʚʝʨʝʥʥʦʩʪʠ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʚʨʝʤʝʥʥʫʶ ʤʝʪʢʫ ʠ ʢʦʥʪʝʢʩʪ ʪʝʢʫʱʝʛʦ ʨʝʞʠʤʘ ʩʠʩʪʝʤʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʘʙʩʪʨʘʛʠʨʦʚʘʪʴ ʣʦʛʠʢʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʪ ʥʠʟʢʦʫʨʦʚʥʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʕʕɻ, ʫʧʨʦʱʘʷ 

ʠʥʪʝʛʨʘʮʠʶ ʩ ʨʘʟʣʠʯʥʳʤʠ IoT-ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʊʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʩʦʙʳʪʠʡ ʯʝʨʝʟ ʢʦʤʙʠʥʘʮʠʶ 

ʧʨʦʪʦʢʦʣʦʚ. MQTT ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʪʧʨʘʚʢʠ ʢʦʤʘʥʜ ʢ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ 

ʙʣʘʛʦʜʘʨʷ ʧʦʜʜʝʨʞʢʝ QoS ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʜʦʩʪʘʚʢʠ. ɼʣʷ ʩʮʝʥʘʨʠʝʚ ʩ ɹʇʃɸ, ʛʜʝ ʚʘʞʥʘ 

ʤʠʥʠʤʘʣʴʥʘʷ ʟʘʜʝʨʞʢʘ, MQTT-ʰʣʶʟ ʨʘʟʚʝʨʥʫʪ ʣʦʢʘʣʴʥʦ ʥʘ ʭʘʙʝ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ 

ʧʝʨʝʜʘʯʠ ʜʦ 200 ʤʩ. WebSockets ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʝ ʠ 

ʧʝʨʝʜʘʯʠ ʪʝʣʝʤʝʪʨʠʠ [8]. BLE ʦʩʪʘʝʪʩʷ ʥʘ ʩʝʥʩʦʨʥʦʤ ʫʨʦʚʥʝ ʜʣʷ ʩʚʷʟʠ ʩ ʥʝʡʨʦʠʥʪʝʨʬʝʡʩʦʤ, 

ʥʦ ʝʛʦ ʨʦʣʴ ʜʦʧʦʣʥʷʝʪʩʷ ʤʝʭʘʥʠʟʤʘʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ ï ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʦʡ ʬʫʥʢʮʠʝʡ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʩʮʝʥʘʨʠʝʚ [7]. ɻʠʙʢʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʘʣʴʥʦ ʦʙʩʣʫʞʠʚʘʪʴ ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʳʝ (ʫʤʥʳʡ ʜʦʤ), ʪʘʢ ʠ ʤʦʙʠʣʴʥʳʝ (ɹʇʃɸ) 

ʢʦʤʧʦʥʝʥʪʳ ʝʜʠʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. 

ʀʩʧʦʣʥʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʢʣʶʯʘʝʪ ʩʪʘʥʜʘʨʪʥʳʝ IoT-ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʫʤʥʳʝ 

ʣʘʤʧʳ, ʢʦʥʜʠʮʠʦʥʝʨʳ, ʪʘʢ ʠ ʢʘʩʪʦʤʠʟʠʨʦʚʘʥʥʳʝ ɹʇʃɸ. ɼʣʷ ʜʨʦʥʦʚ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ 

ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʥʝʡʨʦʢʦʤʘʥʜʳ ʚ ʢʦʥʪʝʢʩʪʝ ʧʦʣʝʪʥʦʛʦ ʨʝʞʠʤʘ. ʅʘʧʨʠʤʝʨ, 

ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʚʥʠʤʘʥʠʷ ʦʧʝʨʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʦʩʪʫ ʪʝʪʘ-ʨʠʪʤʦʚ ʚ ʣʦʙʥʳʭ 

ʜʦʣʷʭ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʠʨʫʝʪ ʨʝʞʠʤ ʫʜʝʨʞʘʥʠʷ ʧʦʟʠʮʠʠ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʩʪʦʣʢʥʦʚʝʥʠʷ. 

ʊʘʢʘʷ ʛʠʙʨʠʜʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ. ʆʜʥʠ ʠ 

ʪʝ ʞʝ ʥʝʡʨʦʩʦʙʳʪʠʷ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴ ʢʘʢ ʙʳʪʦʚʳʤʠ ʧʨʠʙʦʨʘʤʠ, ʪʘʢ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ɹʇʃɸ ʠ ʧʨʦʪʝʟʳ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠ ʫʧʨʦʱʘʝʪ 

ʦʙʩʣʫʞʠʚʘʥʠʝ. 
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ʈʠʩ. ʉʭʝʤʘ ʘʨʭʠʪʝʢʪʫʨʳ IoT-ʵʢʦʩʠʩʪʝʤʳ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʝʡʨʦʩʠʛʥʘʣʦʚ ʚ ʢʦʤʘʥʜʳ 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʦʟʛʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʫʧʨʘʚʣʷʶʱʠʝ ʢʦʤʘʥʜʳ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʜʚʫʭ 

ʟʘʜʘʯ. ɸ ʠʤʝʥʥʦ ʚʳʜʝʣʝʥʠʷ ʟʥʘʯʠʤʳʭ ʧʘʪʪʝʨʥʦʚ ʠʟ ʟʘʰʫʤʣʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʢʦʨʨʝʢʪʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚ ʢʦʥʪʝʢʩʪʝ ʪʝʢʫʱʝʡ ʟʘʜʘʯʠ [4; 9]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛʜʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʳʨʳʝ ʕʕɻ-ʩʠʛʥʘʣʳ, ʥʘʰʘ ʩʠʩʪʝʤʘ ʧʦʣʘʛʘʝʪʩʷ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʙʨʘʙʦʪʘʥʥʳʝ ʜʘʥʥʳʝ ʩ ʫʩʪʨʦʡʩʪʚʘ Neiry HeadBand ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤ 

ʘʣʛʦʨʠʪʤʦʤ ʦʯʠʩʪʢʠ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ 

ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʠʥʪʝʥʪʘʭ [3; 9]. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʦʩʚʝʱʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩ 

ʧʦʤʦʱʴʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʫʪʸʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʣʠ ʬʦʢʫʩʠʨʦʚʘʥʠʠ ʥʘ 

ʦʧʨʝʜʝʣʸʥʥʦʤ ʮʚʝʪʝ ʚʳʟʳʚʘʝʪ ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʘʪʪʝʨʥ. ʂʣʘʩʩʠʬʠʢʘʪʦʨ ʩʦʧʦʩʪʘʚʣʷʝʪ ʵʪʦʪ 

ʧʘʪʪʝʨʥ ʩ ʢʦʤʘʥʜʦʡ çʚʢʣʶʯʠʪʴ ʩʚʝʪè, ʘ ʢʦʥʪʝʢʩʪʥʳʡ ʬʠʣʴʪʨ ʧʨʦʚʝʨʷʝʪ, ʘʢʪʠʚʝʥ ʣʠ ʨʝʞʠʤ 

ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ [5; 6; 10; 11]. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʥʝ ʧʨʠʚʷʟʘʥ ʢ 

ʢʦʥʢʨʝʪʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʠʣʠ ʤʳʩʣʝʥʥʦʡ ʢʦʤʘʥʜʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʥʘʟʥʘʯʝʥ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʣʶʙʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ. 

ɼʣʷ ɹʇʃɸ ʧʦʜʭʦʜ ʫʩʣʦʞʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʛʥʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɿʜʝʩʴ ʩʠʩʪʝʤʘ ʦʪʩʣʝʞʠʚʘʝʪ ʜʠʥʘʤʠʢʫ ʘʣʴʬʘï ʙʝʪʘï ʠ ʪʝʪʘ-ʦʪʥʦʰʝʥʠʷ ï ʧʦʢʘʟʘʪʝʣʷ, 

ʢʦʨʨʝʣʠʨʫʶʱʝʛʦ ʩ ʫʩʪʘʣʦʩʪʴʶ ʠ ʩʥʠʞʝʥʠʝʤ ʚʥʠʤʘʥʠʷ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʦʙʳʪʠʝ çʥʠʟʢʦʝ 

ʚʥʠʤʘʥʠʝè, ʢʦʪʦʨʦʝ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʙʦʨʪʦʚʦʡ ʢʦʥʪʨʦʣʣʝʨ ʜʨʦʥʘ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʘʚʪʦʧʠʣʦʪʘ. 
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ʊʘʢʠʝ ʢʦʤʘʥʜʳ ʥʝ ʪʨʝʙʫʶʪ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʧʨʦʘʢʪʠʚʥʦʡ. 

ɺʩʝ ʩʦʙʳʪʠʷ, ʚʢʣʶʯʘʷ ʢʨʠʪʠʯʝʩʢʠʝ, ʧʨʦʭʦʜʷʪ ʵʪʘʧ ʚʘʣʠʜʘʮʠʠ. ɼʣʷ ʜʝʡʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʵʢʩʪʨʝʥʥʘʷ ʧʦʩʘʜʢʘ, ʪʨʝʙʫʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʯʝʨʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʘʣʴʥʦʩʪʠ, ʯʪʦ 

ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʠʥʪʝʛʨʘʮʠʶ ʩ ʚʥʝʰʥʠʤʠ ʫʧʨʘʚʣʝʥʠʝ ʠʣʠ ʢʘʤʝʨʦʡ. ʊʘʢʞʝ ʚʘʞʥʦ, ʯʪʦ ʪʠʧ 

ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʩʦʙʳʪʠʷ (ʥʘʧʨʠʤʝʨ, çʥʠʟʢʦʝ ʚʥʠʤʘʥʠʝè) ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʚ ʜʨʫʛʠʭ ʢʦʥʪʝʢʩʪʘʭ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʙʣʦʢʠʨʦʚʢʠ ʦʧʘʩʥʦʡ ʙʳʪʦʚʦʡ 

ʪʝʭʥʠʢʠ ʧʨʠ ʧʦʪʝʨʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʌʦʨʤʘʪ ʥʝʡʨʦʩʦʙʳʪʠʡ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥ ʚ ʚʠʜʝ JSON-ʦʙʲʝʢʪʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ IoT-ʧʣʘʪʬʦʨʤʘʤʠ. ʅʘʧʨʠʤʝʨ, ʢʦʤʘʥʜʘ ʫʧʨʘʚʣʝʥʠʷ ʢʣʠʤʘʪʦʤ 

ʩʦʜʝʨʞʠʪ ʧʦʣʷ çintentè, çconfidenceè, çtimestampè, çuser_idè ʠ çcontextè, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ ʫʨʦʚʥʝ ʰʣʶʟʘ. ʊʘʢʘʷ ʫʥʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ 

ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʪʠʧʳ ʫʩʪʨʦʡʩʪʚ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʷʜʨʘ ʩʠʩʪʝʤʳ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʝʢʩʪʥʳʭ ʧʨʘʚʠʣ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʜʦ 25% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʙʝʟ ʬʠʣʴʪʨʘʮʠʠ.   

ʄʝʭʘʥʠʟʤʳ ʥʘʜʸʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʅʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘ ʪʨʝʭ ʫʨʦʚʥʷʭ: ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ, ʘʨʭʠʪʝʢʪʫʨʥʦʤ 

ʠ ʧʨʦʪʦʢʦʣʴʥʦʤ. ʅʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʘʜʘʧʪʠʚʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʩʦʙʳʪʠʡ. 

ʂʣʘʩʩʠʬʠʢʘʪʦʨ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʠʥʪʝʥʪʘ, ʥʦ ʠ ʦʮʝʥʠʚʘʝʪ ʫʨʦʚʝʥʴ ʫʚʝʨʝʥʥʦʩʪʠ ʥʘ 

ʦʩʥʦʚʝ ʠʩʪʦʨʠʠ ʧʨʝʜʳʜʫʱʠʭ ʢʦʤʘʥʜ. ɽʩʣʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʩʝʢʫʥʜ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʩʠʛʥʘʣʳ, ʥʘʧʨʠʤʝʨ, çʚʢʣʶʯʠʪʴ ʩʚʝʪè ʠ çʚʳʢʣʶʯʠʪʴ ʩʚʝʪè, ʩʠʩʪʝʤʘ 

ʟʘʧʨʘʰʠʚʘʝʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʯʝʨʝʟ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʥʘ ʣʦʢʘʣʴʥʳʡ ʭʘʙ. ɸʨʭʠʪʝʢʪʫʨʥʘʷ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ: MQTT-ʰʣʶʟ ʜʫʙʣʠʨʫʝʪʩʷ ʚ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʘ ʜʣʷ ɹʇʃɸ ʧʨʝʜʫʩʤʦʪʨʝʥ fallback-ʨʝʞʠʤ, ʘʢʪʠʚʠʨʫʝʤʳʡ ʧʨʠ ʧʦʪʝʨʝ ʩʚʷʟʠ ʩ 

ʭʘʙʦʤ. ʕʪʠ ʧʨʠʥʮʠʧʳ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʝʜʠʥʦʦʙʨʘʟʥʦ ʢʦ ʚʩʝʤ ʧʦʜʢʣʶʯʝʥʥʳʤ 

ʫʩʪʨʦʡʩʪʚʘʤ ʚ ʨʘʤʢʘʭ ʵʢʦʩʠʩʪʝʤʳ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ï ʝʱʝ ʦʜʠʥ ʢʨʠʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ. ʅʝʡʨʦʜʘʥʥʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ, ʧʦʵʪʦʤʫ ʠʭ ʟʘʱʠʪʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʝʨʝʜʘʯʠ. 

BLE-ʩʦʝʜʠʥʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪ ʰʠʬʨʦʚʘʥʠʝ AES-128 ʩ ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ ʧʦ ʩʪʘʥʜʘʨʪʫ LE Secure 

Connections. MQTT-ʪʨʘʬʠʢ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ TLS 1.3 ʩ ʜʚʫʭʬʘʢʪʦʨʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ 

(ʣʦʛʠʥ/ʧʘʨʦʣʴ + ʢʣʠʝʥʪʩʢʠʡ ʩʝʨʪʠʬʠʢʘʪ). WebSockets ʧʨʠʤʝʥʷʝʪ JWT-ʪʦʢʝʥʳ ʜʣʷ 

ʘʚʪʦʨʠʟʘʮʠʠ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ. ɼʘʥʥʳʝ ʥʝ ʭʨʘʥʷʪʩʷ ʚ ʦʙʣʘʢʝ ʙʝʟ ʷʚʥʦʛʦ ʩʦʛʣʘʩʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʘ ʚʨʝʤʝʥʥʳʝ ʙʫʬʝʨʳ ʦʯʠʱʘʶʪʩʷ ʢʘʞʜʳʝ 10 ʤʠʥʫʪ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ ʫʪʝʯʢʠ. ɽʜʠʥʘʷ 

ʤʦʜʝʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʭʚʘʪʳʚʘʶʱʘʷ ʚʩʝ ʫʨʦʚʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʫʩʣʦʚʠʝʤ ʜʣʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʨʘʙʦʪʘʶʱʝʡ ʩ ʢʨʠʪʠʯʥʳʤʠ 

ʜʘʥʥʳʤʠ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʟʘʱʠʪʝ ʦʪ ʘʪʘʢ, ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʀʄʂ. ʅʘʧʨʠʤʝʨ, ʘʪʘʢʘ 

ʧʦʚʪʦʨʥʘʷ ʦʪʧʨʘʚʢʘ ʧʝʨʝʭʚʘʯʝʥʥʦʡ ʥʝʡʨʦʢʦʤʘʥʜʳ ʙʣʦʢʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʚʨʝʤʝʥʥʳʭ ʤʝʪʦʢ ʠ 

ʦʜʥʦʨʘʟʦʚʳʭ ʟʥʘʯʝʥʠʡ ʚ ʢʘʞʜʦʤ ʩʦʙʳʪʠʠ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʧʫʬʠʥʛʘ ʫʩʪʨʦʡʩʪʚ 

ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʠʚʷʟʢʘ MAC-ʘʜʨʝʩʘ BLE-ʤʦʜʫʣʷ ʢ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʕʪʠ ʤʝʨʳ 
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ʧʦʟʚʦʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ GDPR ʠ ʩʪʘʥʜʘʨʪʘʤ NIST ʜʣʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʠʣʦʪʥʳʤ ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʫʤʥʳʤ ʜʦʤʦʤ ʠ ɹʇʃɸ 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʜʚʫʭ ʩʮʝʥʘʨʠʷʭ. ɺ ʫʤʥʦʤ 

ʜʦʤʝ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʫʧʨʘʚʣʷʪʴ ʦʩʚʝʱʝʥʠʝʤ, ʢʣʠʤʘʪʦʤ ʠ ʤʝʜʠʘʫʩʪʨʦʡʩʪʚʘʤʠ 

ʯʝʨʝʟ ʢʦʤʙʠʥʘʮʠʶ ʥʝʡʨʦʢʦʤʘʥʜ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʪʨʠʛʛʝʨʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʟʘʩʳʧʘʥʠʷ (ʨʦʩʪ ʘʣʴʬʘ-ʨʠʪʤʦʚ) ʩʠʩʪʝʤʘ ʧʣʘʚʥʦ ʛʘʩʠʪ ʩʚʝʪ ʠ ʘʢʪʠʚʠʨʫʝʪ çʥʦʯʥʦʡ ʨʝʞʠʤè. 

ɺ ʩʮʝʥʘʨʠʠ ʩ ɹʇʃɸ ʥʝʡʨʦʠʥʪʝʨʬʝʡʩ ʚʳʩʪʫʧʘʝʪ, ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʘʥʘʣ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ. ʆʧʝʨʘʪʦʨ ʫʧʨʘʚʣʷʝʪ ʜʨʦʥʦʤ ʯʝʨʝʟ ʚʦʦʙʨʘʞʘʝʤʳʝ ʜʝʡʩʪʚʠʷ, ʘ 

ʚʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʣʝʞʠʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʛʥʠʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʦ ʚʨʝʤʷ ʪʝʩʪʦʚʳʭ 

ʧʦʣʝʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʩʧʳʪʘʥʠʷ ʩʪʨʝʩʩʘ ʩʠʩʪʝʤʘ ʟʘʬʠʢʩʠʨʦʚʘʣʘ ʩʥʠʞʝʥʠʝ ʚʥʠʤʘʥʠʷ ʫ 7 ʠʟ 10 

ʫʯʘʩʪʥʠʢʦʚ ʯʝʨʝʟ 10 ï 12 ʤʠʥʫʪ ʨʘʙʦʪʳ, ʯʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʢʣʶʯʘʣʦ ɹʇʃɸ ʚ ʨʝʞʠʤ 

ʦʞʠʜʘʥʠʷ. ʕʪʦ ʩʥʠʟʠʣʦ ʢʦʣʠʯʝʩʪʚʦ çʘʚʘʨʠʡè ʥʘ 40% ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʣʦʩʳ ʤʘʨʰʨʫʪʘ 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʨʷʜʘ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʧʦʚʦʨʦʪʦʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʭʦʞʜʝʥʠʝʤ ʜʘʥʥʦʡ ʧʦʣʦʩʳ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʛʜʝ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ ʥʘ 10 ʫʯʘʩʪʥʠʢʦʚ ï 8. 

ʂʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʜʭʦʜʘ ï ʝʜʠʥʳʡ ʩʪʝʢ ʧʨʦʪʦʢʦʣʦʚ ʜʣʷ ʦʙʝʠʭ ʟʘʜʘʯ. MQTT-

ʪʦʧʠʢʠ ʨʘʟʜʝʣʝʥʳ ʧʦ ʜʦʤʝʥʘʤ çhome/lightè ʠ çdrone/emergencyè, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʦʣʠʨʦʚʘʪʴ 

ʢʨʠʪʠʯʝʩʢʠʝ ʢʦʤʘʥʜʳ. WebSockets ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʜʠʥʫʶ ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ, ʛʜʝ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʢʘʢ ʩʦʩʪʦʷʥʠʝ ʫʤʥʦʛʦ ʜʦʤʘ, ʪʘʢ ʠ ʪʝʣʝʤʝʪʨʠʷ ʜʨʦʥʘ. ʊʘʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩʥʠʞʘʝʪ 

ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ: ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ɹʇʃɸ ʥʝ ʪʨʝʙʫʝʪʩʷ ʦʪʜʝʣʴʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʘ 

ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʕʕɻ ʧʝʨʝʠʩʧʦʣʴʟʫʶʪʩʷ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʦʜʠʬʠʢʘʮʠʠ. ʀʤʝʥʥʦ ʵʪʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦ ʠ ʪʦ ʞʝ ʷʜʨʦ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʩʪʦʣʴ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ 

ʜʦʢʘʟʳʚʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ɿʘʢʣʶʯʝʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʝʭʥʠʯʝʩʢʫʶ ʦʩʫʱʝʩʪʚʠʤʦʩʪʴ ʛʣʫʙʦʢʦʡ 

ʠʥʪʝʛʨʘʮʠʠ ʥʝʠʥʚʘʟʠʚʥʳʭ ʀʄʂ ʚ IoT-ʵʢʦʩʠʩʪʝʤʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʠʩʪʝʤʳ ʢʣʶʯʝʚʳʤ ʪʨʝʙʦʚʘʥʠʷʤ: ʟʘʜʝʨʞʢʘ çʤʳʩʣʴïʜʝʡʩʪʚʠʝè ʥʝ 

ʧʨʝʚʳʰʘʝʪ 800 ʤʩ ʧʨʠ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʥʪʝʥʪʦʚ 78 ï 85%, ʘ ʤʝʭʘʥʠʟʤ ʢʦʥʪʝʢʩʪʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʩʥʠʞʘʝʪ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʜʦ 20%. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʩʠʩʪʝʤʝ 

ʥʝʦʙʭʦʜʠʤʘ ʧʦʣʥʦʮʝʥʥʘʷ ʦʙʢʘʪʢʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ï ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ ʥʘʛʨʫʞʝʥʥʳʭ 

ʙʳʪʦʚʳʭ ʧʦʤʝʱʝʥʠʷʭ ʠ ʥʘ ʦʪʢʨʳʪʳʭ ʧʣʦʱʘʜʢʘʭ ʜʣʷ ʧʦʣʝʪʦʚ ɹʇʃɸ ʚ ʪʝʯʝʥʠʠ ʦʢʦʣʦ 100+ 

ʯʘʩʦʚ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʩʪʝʤʘ ʧʦʢʘʟʳʚʘʝʪ ʢʦʨʨʝʢʪʥʫʶ ʠ ʠʩʧʨʘʚʥʫʶ ʨʘʙʦʪʫ. 

ʆʜʥʘʢʦ ʦʩʪʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʨʝʙʫʶʱʠʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʦ-ʧʝʨʚʳʭ, 

ʪʦʯʥʦʩʪʴ ʀʄʂ ʧʘʜʘʝʪ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟ-ʟʘ ʫʩʪʘʣʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʜʨʝʡʬʘ 

ʕʕɻ-ʩʠʛʥʘʣʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʪʝʢʫʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʣʦʢʘʣʴʥʦʛʦ ʭʘʙʘ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʤʦʙʠʣʴʥʦʩʪʴ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʟʘʢʣʘʜʳʚʘʝʪ ʦʩʥʦʚʫ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʛʜʝ ʥʝʡʨʦʠʥʪʝʨʬʝʡʩ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ, ʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠ, ʯʪʦ ʚʘʞʥʦ, ʧʨʝʜʠʢʪʠʚʥʳʤ ʢʘʥʘʣʦʤ ʫʧʨʘʚʣʝʥʠʷ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʩʚʷʟʘʥʳ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʘʜʘʧʪʠʚʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʥʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʧʦʣʥʦʛʦ ʦʪʢʘʟʘ ʦʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 
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ʭʘʙʘ ʠ ʢʦʥʚʝʨʛʝʥʮʠʝʡ ʀʄʂ ʩ ʜʨʫʛʠʤʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʮʝʣʦʩʪʥʦʡ ʤʦʜʝʣʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ 

ʩʦʚʝʨʰʝʥʥʳʝ ʧʨʦʘʢʪʠʚʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʦʩʪʦ ʠʩʧʦʣʥʷʶʪ ʢʦʤʘʥʜʳ, ʥʦ ʠ 

ʧʨʝʜʚʦʩʭʠʱʘʶʪ ʥʘʤʝʨʝʥʠʷ, ʧʦʚʳʰʘʷ ʢʘʢ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʪʘʢ ʠ ʢʦʤʬʦʨʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚʠʜʠʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʦʪʢʨʳʪʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ 

SDK ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʵʢʦʩʠʩʪʝʤʫ ʣʶʙʦʝ ʥʦʚʦʝ IoT-

ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʫʶ ʧʣʘʪʬʦʨʤʫ. 
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ʠ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʜʝʪʝʢʮʠʠ ʢʦʞʥʳʭ 

ʧʦʨʘʞʝʥʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʨʦʙʣʝʤʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʠʥʪʝʛʨʘʮʠʠ ʤʦʜʫʣʷ ʦʙʲʷʩʥʠʤʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʆʧʠʩʘʥʘ 

ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʬʦʪʦʘʥʘʣʠʪʠʢʫ, ʩʙʦʨ ʢʦʥʪʝʢʩʪʥʳʭ ʜʘʥʥʳʭ ʠ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʚʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ, ʘʢʥʝ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ, ʤʦʥʠʪʦʨʠʥʛ ʢʦʞʠ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʦʙʲʷʩʥʠʤʳʡ ʀʀ. 

 

ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʤʘ. ʆʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʞʠ, ʧʦʩʢʦʣʴʢʫ ʢʦʞʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʘʢʥʝ (ʭʨʦʥʠʯʝʩʢʦʝ ʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʢʦʞʠ), ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʤ 

ʭʨʦʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʷʤ. 

ɸʢʥʝ ʧʦʨʘʞʘʝʪ ʜʦ 95% ʣʶʜʝʡ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 25 ʣʝʪ, ʠ ʙʦʣʝʝ ʯʝʤ ʫ ʧʦʣʦʚʠʥʳ ʩʦʭʨʘʥʷʝʪʩʷ 

ʧʦʩʣʝ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʠʢ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 15ï18 ʣʝʪ, ʘ ʯʠʩʣʦ ʩʣʫʯʘʝʚ 

ʭʨʦʥʠʯʝʩʢʦʛʦ ʠ ʨʝʮʠʜʠʚʠʨʫʶʱʝʛʦ ʪʝʯʝʥʠʷ, ʚʢʣʶʯʘʷ çʧʦʟʜʥʠʝ ʘʢʥʝè, ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ [1,  

ʩ. 2]. 

ʇʨʠ ʵʪʦʤ ʧʨʦʙʣʝʤʘ ʫʛʨʝʚʦʡ ʙʦʣʝʟʥʠ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʜʝʨʤʘʪʦʣʦʛʠʠ, ʦʢʘʟʳʚʘʷ ʛʣʫʙʦʢʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʘʮʠʝʥʪʦʚ. ɺʳʩʳʧʘʥʠʷ ʥʘ ʚʠʜʠʤʳʭ ʫʯʘʩʪʢʘʭ ʢʦʞʠ 

ʥʝ ʪʦʣʴʢʦ ʧʨʦʚʦʮʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʢʣʠʥʠʯʝʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, ʥʦ ʠ ʩʣʫʞʘʪ ʧʦʯʚʦʡ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʩʤʦʨʬʦʬʦʙʠʠ (ʥʘʚʷʟʯʠʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʥʠʤʦʤ ʚʥʝʰʥʝʤ ʫʨʦʜʩʪʚʝ), 

ʢʦʪʦʨʦʝ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʫ ʢʘʞʜʦʛʦ ʜʝʩʷʪʦʛʦ ʧʘʮʠʝʥʪʘ ʩ ʘʢʥʝ, ʧʨʠʯʝʤ ʚ 8 ʠʟ 10 ʩʣʫʯʘʝʚ 

ʩʪʨʘʜʘʶʪ ʞʝʥʱʠʥʳ ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ [5, ʩ. 3]. 

ʉʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʘʢʥʝ, ʝʛʦ ʭʨʦʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʠ ʚʳʨʘʞʝʥʥʦʛʦ 

ʧʩʠʭʦʩʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʬʦʨʤʠʨʫʝʪ ʟʘʧʨʦʩ ʥʘ ʩʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʢʦʞʠ. ʆʪʚʝʪʦʤ 

ʥʘ ʵʪʦʪ ʚʳʟʦʚ ʩʪʘʣʦ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʜʝʨʤʘʪʦʣʦʛʠʶ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ 

ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. ɼʣʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʞʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. 

 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

247 

ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʞʠ 

 

ʄʝʪʦʜ / 

ɸʨʭʠʪʝʢʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʇʨʝʠʤʫʱʝʩʪʚʘ ʆʛʨʘʥʠʯʝʥʠʷ / ʟʘʤʝʯʘʥʠʷ 

CNN 

(ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʧʨ. 

ResNet50) 

ʆʧʨʝʜʝʣʝʥʠʝ 

ʥʘʣʠʯʠʷ ʠ ʪʠʧʘ 

ʢʦʞʥʳʭ ʧʨʦʙʣʝʤ 

(ʘʢʥʝ, ʚʦʩʧʘʣʝʥʠʝ 

ʠ ʜʨ.) 

ʇʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ; ʙʳʩʪʨʳʡ 

ʘʥʘʣʠʟ; ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʜʣʷ 

ʦʙʱʝʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʢʦʞʠ; 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʦʙʠʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ 

ʅʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʣʦʢʘʣʠʟʘʮʠʶ ʧʦʨʘʞʝʥʠʡ; 

ʦʪʩʫʪʩʪʚʫʝʪ ʜʝʪʘʣʠʟʘʮʠʷ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ; ʥʝ ʜʘʸʪ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʣʦʱʘʜʠ ʠʣʠ 

ʬʦʨʤʝ ʧʦʨʘʞʝʥʠʡ 

U-Net (ʩʝʛʤʝʥʪʘʮʠʷ) ɺʳʜʝʣʝʥʠʝ ʤʘʩʢʠ 

ʧʦʨʘʞʸʥʥʳʭ 

ʫʯʘʩʪʢʦʚ ʢʦʞʠ 

(ʧʠʢʩʝʣʴʥʘʷ 

ʩʝʛʤʝʥʪʘʮʠʷ) 

ʊʦʯʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ; 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʣʦʱʘʜʠ, ʬʦʨʤʝ 

ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʨʘʞʝʥʠʡ; 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʦʙʲʸʤʝ ʨʘʟʤʝʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʊʨʝʙʫʝʪ ʤʘʩʦʢ ʜʣʷ ʦʙʫʯʝʥʠʷ; 

ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʫʩʣʦʚʠʷʤ 

ʦʩʚʝʱʝʥʠʷ ʠ ʨʘʢʫʨʩʫ; 

ʨʝʩʫʨʩʦʸʤʢʘ ʜʣʷ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

U-Net (Res-U-Net, 

R2U-Net, Dense-U-

Net ʠ ʜʨ.) 

ʋʣʫʯʰʝʥʥʘʷ 

ʩʝʛʤʝʥʪʘʮʠʷ, ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʡ 

ʨʝʟʫʣʴʪʘʪ 

ʇʦʚʳʰʝʥʥʘʷ ʪʦʯʥʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʫ; ʣʫʯʰʝʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ; 

ʩʪʘʙʠʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ 

ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʬʦʪʦ 

ʉʣʦʞʥʳʝ ʤʦʜʝʣʠ; ʪʨʝʙʫʶʪ 

ʙʦʣʴʰʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ; ʜʣʠʪʝʣʴʥʦʝ 

ʦʙʫʯʝʥʠʝ; ʩʣʦʞʥʳ ʜʣʷ 

ʤʦʙʠʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

YOLO (ʜʝʪʝʢʮʠʷ) ɹʳʩʪʨʘʷ ʜʝʪʝʢʮʠʷ 

ʵʣʝʤʝʥʪʦʚ ʢʦʞʠ 

(ʧʨʳʱʠ, 

ʚʦʩʧʘʣʝʥʠʷ, 

ʢʦʤʝʜʦʥʳ) 

ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ; ʨʝʘʣʴʥʦʝ 

ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ; ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ; ʜʘʸʪ 

ʛʨʫʙʫʶ ʣʦʢʘʣʠʟʘʮʠʶ 

ʵʣʝʤʝʥʪʦʚ 

ɺʳʜʝʣʷʝʪ ʪʦʣʴʢʦ bounding 

boxes; ʥʝʪ ʪʦʯʥʦʛʦ ʢʦʥʪʫʨʘ 

ʧʦʨʘʞʝʥʠʡ; ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʦʩʚʝʱʝʥʠʶ ʠ ʢʘʯʝʩʪʚʫ ʬʦʪʦ; 

ʥʝ ʜʘʸʪ ʧʣʦʱʘʜʠ ʧʦʨʘʞʝʥʠʡ 

ɻʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ 

(ʩʝʛʤʝʥʪʘʮʠʷ + 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

ʥʘʧʨʠʤʝʨ DLI-Net) 

ʂʦʤʧʣʝʢʩʥʳʡ 

ʘʥʘʣʠʟ: ʛʜʝ 

ʧʦʨʘʞʝʥʠʷ, ʠʭ ʪʠʧ 

ʠ ʩʪʝʧʝʥʴ 

ʚʳʨʘʞʝʥʥʦʩʪʠ 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ; 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ; 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʷʩʥʝʥʠʷ 

ʨʝʰʝʥʠʡ ʩ XAI; ʩʦʯʝʪʘʝʪ 

ʣʦʢʘʣʠʟʘʮʠʶ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ 

ʊʨʝʙʫʝʪ ʙʦʣʴʰʦʡ 

ʨʘʟʤʝʯʝʥʥʳʡ ʜʘʪʘʩʝʪ; 

ʚʳʩʦʢʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʨʝʩʫʨʩʳ; ʩʣʦʞʥʘʷ ʘʜʘʧʪʘʮʠʷ 

ʜʣʷ ʩʤʘʨʪʬʦʥʦʚ; ʚʦʟʤʦʞʥʳ 

ʧʨʦʙʣʝʤʳ ʩ ʦʙʦʙʱʝʥʠʝʤ ʥʘ 

çʜʦʤʘʰʥʠʝè ʬʦʪʦ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣʠʮʳ 1, ʚʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʉʚʝʨʪʦʯʥʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN, Convolutional Neural Networks) ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʦʙʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʩʦʩʪʦʷʥʠʷ ʢʦʞʠ, ʥʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʦʢʘʣʠʟʘʮʠʶ ʧʦʨʘʞʝʥʠʡ [3; 4]. ɼʣʷ ʪʦʯʥʦʛʦ ʚʳʜʝʣʝʥʠʷ 

ʦʙʣʘʩʪʝʡ ʚʦʩʧʘʣʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʛʤʝʥʪʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ U-Net, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʦʩʪʨʦʠʪʴ ʧʠʢʩʝʣʴʥʫʶ ʤʘʩʢʫ ʧʦʨʘʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ. ʀʭ ʤʦʜʠʬʠʢʘʮʠʠ ʩ residual 

(ʦʩʪʘʪʦʯʥʳʤʠ)ï ʠ dense (ʧʣʦʪʥʳʤʠ)-ʙʣʦʢʘʤʠ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʦ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ [6]. 

ɼʣʷ ʟʘʜʘʯ ʙʳʩʪʨʦʡ ʜʝʪʝʢʮʠʠ ʵʣʝʤʝʥʪʦʚ ʢʦʞʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʧʪʠʤʘʣʴʥʳ ʤʦʜʝʣʠ 

ʪʠʧʘ YOLO (You Only Look Once,) [7], ʢʦʪʦʨʳʝ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʨʘʩʧʦʟʥʘʶʪ ʦʙʲʝʢʪʳ ʠ 

ʚʳʜʝʣʷʶʪ ʠʭ bounding-boxes (ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ). ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʛʦ ʢʦʥʪʫʨʥʦʛʦ 

ʚʳʜʝʣʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ, 

ʢʦʤʙʠʥʠʨʫʶʱʠʭ ʟʘʜʘʯʠ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʝʜʠʥʳʡ ʢʦʥʚʝʡʝʨ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ [2; 3]. ʇʦʜʦʙʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʪʦʯʥʦ ʚʳʜʝʣʠʪʴ ʛʨʘʥʠʮʳ 
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ʧʦʨʘʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʢʦʞʠ, ʥʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʘʢʥʝ-ʵʣʝʤʝʥʪʦʚ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʘʥʘʣʠʟʘ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʤʝʪʦʜʦʚ ʦʙʲʷʩʥʠʤʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (XAI, Explainable 

Artificial Intelligence) [8]. ʊʘʢʠʝ ʤʝʪʦʜʳ, ʥʘʧʨʠʤʝʨ ʚʠʟʫʘʣʠʟʘʮʠʷ ʦʙʣʘʩʪʝʡ ʠʥʪʝʨʝʩʘ ʩ ʧʦʤʦʱʴʶ 

ʢʘʨʪ ʘʢʪʠʚʘʮʠʠ, ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʫʯʘʩʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʣʠʷʣʠ ʥʘ ʨʝʰʝʥʠʝ 

ʥʝʡʨʦʩʝʪʠ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠ ʫʨʦʚʝʥʴ ʜʦʚʝʨʠʷ ʩʦ ʩʪʦʨʦʥʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʦʟʚʦʣʷʷ ʠʤ ʧʦʥʷʪʴ ʣʦʛʠʢʫ ʧʦʩʪʘʥʦʚʢʠ çʜʠʘʛʥʦʟʘè. 

ʂʣʶʯʝʚʳʤ ʚʳʟʦʚʦʤ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʤʦʜʝʣʝʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ 

ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʜʘʥʥʳʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʵʪʠ ʤʦʜʝʣʠ 

ʦʙʫʯʘʣʠʩʴ, ʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʦʪ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [6; 8]. ʄʥʦʛʠʝ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʦʙʫʯʘʣʠʩʴ ʥʘ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ, ʩʜʝʣʘʥʥʳʭ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ: ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʩʪʫʜʠʡʥʳʤ ʦʩʚʝʱʝʥʠʝʤ, ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʢʫʨʩʘ, ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʙʝʟ 

ʜʝʢʦʨʘʪʠʚʥʦʡ ʢʦʩʤʝʪʠʢʠ. ɺ ʨʝʘʣʴʥʳʭ ʞʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʮʝʥʘʨʠʷʭ ʫʩʣʦʚʠʷ ʩʲʸʤʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʘʜʝʥʠʶ ʪʦʯʥʦʩʪʠ 

ʜʘʞʝ ʩʘʤʳʭ ʩʦʚʝʨʰʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʜʝʪʝʢʮʠʠ, ʪʘʢʠʭ ʢʘʢ U-Net ʠ YOLO 

(ʪʘʙʣʠʮʘ). ɺʣʠʷʥʠʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʥʘ ʢʘʯʝʩʪʚʦ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ʇʨʠʤʝʨ ʚʣʠʷʥʠʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʥʘ ʢʘʯʝʩʪʚʦ ʩʝʛʤʝʥʪʘʮʠʠ: ʘ) ʠʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʦʩʚʝʱʝʥʠʝʤ; ʙ) ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʠʠ ʙʝʟ ʥʦʨʤʘʣʠʟʘʮʠʠ; ʚ) ʠʟʦʙʨʘʞʝʥʠʝ 

ʧʦʩʣʝ ʥʦʨʤʘʣʠʟʘʮʠʠ; ʛ) ʪʦʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʧʦʩʣʝ ʥʦʨʤʘʣʠʟʘʮʠʠ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ çʜʦʤʘʰʥʠʤʠè 

ʬʦʪʦʛʨʘʬʠʷʤʠ. ɺʘʨʴʠʨʫʶʱʠʝʩʷ ʫʩʣʦʚʠʷ ʦʩʚʝʱʝʥʠʷ ï ʨʘʟʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʮʚʝʪʦʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʣʠʯʠʝ ʪʝʥʝʡ ʠ ʙʣʠʢʦʚ ï ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʢʘʞʘʶʪ ʚʠʟʫʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʢʦʞʠ ʠ 

ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʰʠʙʦʯʥʳʤ ʚʳʚʦʜʘʤ ʤʦʜʝʣʠ, ʯʪʦ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ʧʦ ʦʙʨʘʙʦʪʢʝ 

ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʟʨʝʥʠʶ [6-8]. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ, 
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ʚʳʟʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʢʘʤʝʨʳ, ʨʘʢʫʨʩʘ (ʘʥʬʘʩ, ʧʨʦʬʠʣʴ, ʧʦʣ-ʦʙʦʨʦʪʘ) ʠ 

ʥʘʢʣʦʥʘ ʛʦʣʦʚʳ, ʥʘʨʫʰʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʩʥʠʤʢʘʤʠ ʠ ʫʭʫʜʰʘʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ. ʅʘʣʠʯʠʝ ʘʨʪʝʬʘʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʦʣʦʩʳ, ʦʯʢʠ, 

ʜʝʢʦʨʘʪʠʚʥʘʷ ʢʦʩʤʝʪʠʢʘ, ʢʘʧʣʠ ʚʦʜʳ ʠʣʠ ʞʠʨʥʳʡ ʙʣʝʩʢ, ʩʦʟʜʘʸʪ ʣʦʞʥʳʝ ʢʦʥʪʫʨʳ ʠ ʤʝʰʘʝʪ 

ʘʣʛʦʨʠʪʤʘʤ ʩʝʛʤʝʥʪʘʮʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʧʦʩʚʷʱʸʥʥʳʤʠ ʫʜʘʣʝʥʠʶ 

ʘʨʪʝʬʘʢʪʦʚ ʠ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʢʦʞʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ [6]. 

ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʤʦʜʝʣʝʡ ʚ 

ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʘ ʢʦʤʧʣʝʢʩʥʘʷ ʥʦʨʤʘʣʠʟʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 

[8]. ʇʨʦʮʝʩʩ ʥʦʨʤʘʣʠʟʘʮʠʠ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʜʛʦʪʦʚʢʫ 

ʠʟʦʙʨʘʞʝʥʠʷ ʢ ʘʥʘʣʠʟʫ. ʉʥʘʯʘʣʘ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʨʨʝʢʮʠʷ ʦʩʚʝʱʝʥʠʷ ʠ ʮʚʝʪʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʪʝʥʝʡ, ʙʣʠʢʦʚ ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʮʚʝʪʦʚʦʛʦ ʙʘʣʘʥʩʘ ʧʦ ʚʩʝʤʫ ʠʟʦʙʨʘʞʝʥʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʥʝʡʨʦʩʝʪʠ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʪʝʢʩʪʫʨʝ ʠ ʮʚʝʪʝ ʢʦʞʠ, ʘ ʥʝ ʥʘ ʫʩʣʦʚʠʷʭ ʩʲʝʤʢʠ. ɿʘʪʝʤ 

ʧʨʦʚʦʜʠʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʦʨʨʝʢʮʠʷ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʜʠʥʳʡ ʨʘʢʫʨʩ ʠ ʤʘʩʰʪʘʙ ʣʠʮʘ 

ʥʘ ʚʩʝʭ ʬʦʪʦʛʨʘʬʠʷʭ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʜʥʠʭ ʠ ʪʝʭ 

ʞʝ ʟʦʥ ʢʦʞʠ ʚ ʜʠʥʘʤʠʢʝ. ʅʘʢʦʥʝʮ, ʚʳʧʦʣʥʷʝʪʩʷ ʬʠʣʴʪʨʘʮʠʷ ʘʨʪʝʬʘʢʪʦʚ ï ʫʜʘʣʝʥʠʝ ʠʣʠ 

ʤʘʩʢʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʦʞʝ (ʚʦʣʦʩʳ, ʨʦʜʠʥʢʠ, ʢʦʩʤʝʪʠʢʘ), ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʦʰʠʙʦʯʥʦ ʚʦʩʧʨʠʥʷʪʳ ʤʦʜʝʣʴʶ ʢʘʢ ʧʦʨʘʞʝʥʠʷ. ʊʘʢʦʡ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʧʦʜʭʦʜ 

ʢ ʧʨʝʜʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. 

ʊʘʢ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʸʪʩʷ ʚʦʧʨʦʩ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, 

ʧʦʟʠʮʠʦʥʠʨʫʶʱʠʝ ʩʝʙʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʳ ʩʢʨʠʥʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʢʦʞʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʝʪʘʣʴʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʧʫʙʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʣʛʦʨʠʪʤʘʭ 

(ʢʦʥʢʨʝʪʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʤʦʜʝʣʠ, ʜʘʥʥʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʪ.ʧ.) ʧʦʯʪʠ ʥʝʪ ï ʣʠʙʦ ʠʥʬʦʨʤʘʮʠʷ 

ʢʨʘʡʥʝ ʨʘʩʧʣʳʚʯʘʪʘ, ʣʠʙʦ ʚʦʚʩʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʦʧʠʩʘʥʠʷʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʨʢʝʪʠʥʛʦʚʳʝ 

ʬʦʨʤʫʣʠʨʦʚʢʠ ʚʨʦʜʝ çAIè, çʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝè, çʜʠʘʛʥʦʩʪʠʢʘè, ʙʝʟ ʢʦʥʢʨʝʪʠʢʠ ʦ ʪʦʤ, ʢʘʢ 

ʠʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʠʟ, ʢʘʢʠʝ ʤʦʜʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʠʣʠ ʜʝʪʝʢʮʠʠ ʧʦʨʘʞʝʥʠʡ. ʕʪʦ ʩʦʟʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʣʝ ʜʣʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʠ, 

ʧʦʟʚʦʣʷʷ ʧʨʝʜʣʦʞʠʪʴ ʨʝʰʝʥʠʝ ʩ ʧʨʦʟʨʘʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʜʣʷ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʋʯʠʪʳʚʘʷ ʚʳʷʚʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʥʠʤʢʦʚ ʠ ʚʳʩʦʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʢ ʚʘʨʠʘʮʠʷʤ ʫʩʣʦʚʠʡ ʩʲʝʤʢʠ, 

ʵʬʬʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʢʦʞʠ ʚ ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ çʣʠʯʥʳʡ ʩʦʚʝʪʯʠʢ ʧʦ ʢʦʞʝè ʠ ʨʝʘʣʠʟʫʝʪ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʷ ʘʥʩʘʤʙʣʝʚʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʩʧʝʮʠʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʫʶ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʚʘʨʠʘʪʠʚʥʳʤʠ 

ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʜʝʣʠ ʦʪʭʦʜʠʪ ʦʪ ʨʝʩʫʨʩʦʝʤʢʦʡ ʧʦʣʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʚ 

ʧʦʣʴʟʫ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʥʩʘʤʙʣʷ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʜʝʪʝʢʮʠʠ. 

ʄʦʜʝʣʴ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʚʠʜʝ ʜʚʫʭ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʤʦʜʫʣʝʡ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ 
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ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʤʦʜʫʣʴ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʚʝʨʩʠʠ 

ResNet50 ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʱʫʶ ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʘʢʥʝ ʠ ʩʦʩʪʦʷʥʠʷ ʢʦʞʠ, 

ʘʥʘʣʠʟʠʨʫʷ ʛʣʦʙʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ. ʄʦʜʫʣʴ ʜʝʪʝʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʦʙʣʝʛʯʝʥʥʦʡ ʚʝʨʩʠʠ YOLOv5 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʙʳʩʪʨʦʛʦ ʚʳʷʚʣʝʥʠʷ, ʧʦʜʩʯʝʪʘ ʠ ʛʨʫʙʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 2). ʀʥʪʝʛʨʘʮʠʦʥʥʳʡ ʙʣʦʢ ʧʨʠʣʦʞʝʥʠʷ ʦʙʲʝʜʠʥʷʝʪ 

ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʠʭ ʘʥʘʣʠʟʦʚ: ʦʙʱʘʷ ʦʮʝʥʢʘ ʦʪ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʠ ʜʘʥʥʳʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʠ ʪʠʧʝ 

ʵʣʝʤʝʥʪʦʚ ʦʪ ʜʝʪʝʢʪʦʨʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʫʶ, ʫʩʪʦʡʯʠʚʫʶ ʠ ʠʥʬʦʨʤʘʪʠʚʥʫʶ 

ʢʘʨʪʠʥʫ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʠʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ ʙʫʜʝʪ ʚʩʪʨʦʝʥ ʤʦʜʫʣʴ XAI, ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʡ 

ʦʙʣʘʩʪʠ, ʥʘ ʢʦʪʦʨʳʝ ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ʜʝʪʝʢʪʦʨ, ʠ ʦʙʲʷʩʥʷʶʱʠʡ ʦʙʱʫʶ ʦʮʝʥʢʫ. 

 

 
 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʜʝʪʝʢʮʠʠ ʘʢʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ YOLOv5. ɺʳʷʚʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ 

ʦʙʚʝʜʝʥʳ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʨʘʤʢʘʤʠ ʩ ʫʢʘʟʘʥʠʝʤ ʪʠʧʘ ʧʦʨʘʞʝʥʠʷ ʠ ʫʨʦʚʥʷ ʫʚʝʨʝʥʥʦʩʪʠ 

ʤʦʜʝʣʠ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʚʠʟʫʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʩʠʩʪʝʤʘ ʯʝʨʝʟ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ 

ʙʫʜʝʪ ʩʦʙʠʨʘʪʴ ʢʦʥʪʝʢʩʪʥʳʝ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʜʠʝʪʝ, ʢʘʯʝʩʪʚʝ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʥʘ, 

ʫʨʦʚʥʝ ʩʪʨʝʩʩʘ, ʧʨʠʤʝʥʷʝʤʳʭ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ, ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʤʝʪʝʦʜʘʥʥʳʭ. ɺʩʝ ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʟʘʱʠʱʝʥʥʦʤ ʦʙʣʘʯʥʦʤ ʭʨʘʥʠʣʠʱʝ ʩ ʩʦʙʣʶʜʝʥʠʝʤ 

ʪʨʝʙʦʚʘʥʠʡ GDPR (ʦʙʱʝʛʦ ʨʝʛʣʘʤʝʥʪʘ ʧʦ ʟʘʱʠʪʝ ʜʘʥʥʳʭ). ʅʘ ʦʩʥʦʚʝ ʥʘʢʦʧʣʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʚʳʷʚʣʷʝʪ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ ʠ ʙʘʡʝʩʦʚʩʢʠʝ ʩʝʪʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʩ ʫʯʝʪʦʤ 

ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ, ʥʘʧʨʠʤʝʨ, ʤʝʞʜʫ ʫʧʦʪʨʝʙʣʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ 

ʧʦʷʚʣʝʥʠʝʤ ʚʳʩʳʧʘʥʠʡ ʯʝʨʝʟ 1ï2 ʜʥʷ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ ʚʢʣʶʯʘʶʪ ʨʝʘʣʠʟʘʮʠʶ ʨʘʙʦʯʝʛʦ ʧʨʦʪʦʪʠʧʘ ʤʦʙʠʣʴʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʩ ʦʧʠʩʘʥʥʳʤ ʘʥʩʘʤʙʣʝʤ ʤʦʜʝʣʝʡ, ʦʧʪʠʤʠʟʘʮʠʶ ʠ ʚʘʣʠʜʘʮʠʶ ʤʦʜʝʣʝʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʧʦʜʩʠʩʪʝʤʳ 

ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʥʘ ʦʩʥʦʚʝ ʥʘʢʘʧʣʠʚʘʝʤʳʭ ʜʘʥʥʳʭ. ɺʘʞʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʧʣʘʪʬʦʨʤʳ ʩ ʚʥʝʰʥʠʤʠ ʩʝʨʚʠʩʘʤʠ ʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʥʦʩʠʤʳʝ ʛʘʜʞʝʪʳ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ ʦ ʩʥʝ ʠ ʬʠʟʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʩʝʨʚʠʩʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʛʨʷʟʥʝʥʠʠ 

ʚʦʟʜʫʭʘ, ʫʨʦʚʥʝ ʚʣʘʞʥʦʩʪʠ ʠ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʚ ʣʦʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ 

ʪʝʣʝʜʝʨʤʘʪʦʣʦʛʠʠ (ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʜʝʨʤʘʪʦʣʦʛʠʠ) ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʩʧʦʨʪʘ ʠʩʪʦʨʠʠ ʠ 

ʘʥʘʣʠʪʠʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʟʘʦʯʥʳʭ ʢʦʥʩʫʣʴʪʘʮʠʡ ʩ ʚʨʘʯʦʤ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʩʦʯʝʪʘʶʱʝʛʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʀʀ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʙʲʷʩʥʠʤʳʡ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʤʝʪʦʜʳ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʘʣʛʦʨʠʪʤʳ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦ ʘʢʪʫʘʣʴʥʦʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ 

ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʛʦ ʟʜʦʨʦʚʴʷ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʟʘʥʷʪʴ ʥʠʰʫ ʤʝʞʜʫ ʙʳʪʦʚʳʤʠ 

ʪʨʝʢʝʨʘʤʠ ʠ ʢʣʠʥʠʯʝʩʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʡ, ʧʨʦʟʨʘʯʥʳʡ ʠ ʫʜʦʙʥʳʡ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʦʤʦʱʥʠʢ ʜʣʷ ʧʦʚʩʝʜʥʝʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʟʜʦʨʦʚʴʝʤ ʢʦʞʠ. 
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ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʌ.ʄ. ɼʦʩʪʦʝʚʩʢʦʛʦ 

ʛ. ʆʤʩʢ, ʈʦʩʩʠʷ 

 

ɸʅɸʃʀɿ ʇʆʉʊʂɺɸʅʊʆɺʓʍ ʂʈʀʇʊʆɻʈɸʌʀʏɽʉʂʀʍ ɸʃɻʆʈʀʊʄʆɺ, 

ʉʊɸʅɼɸʈʊʀɿʀʈʆɺɸʅʅʓʍ NIST (FIPS 203-205),  

ʀ ʀʍ ʇʈɸʂʊʀʏɽʉʂɸʗ ʈɽɸʃʀɿɸʎʀʗ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʚʠʪʠʝ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʫʛʨʦʞʘʝʪ ʢʣʘʩʩʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʘʤ 

ʰʠʬʨʦʚʘʥʠʷ. ɺ 2024 ʛʦʜʫ NIST ʫʪʚʝʨʜʠʣ ʧʝʨʚʳʝ ʧʦʩʪʢʚʘʥʪʦʚʳʝ ʩʪʘʥʜʘʨʪʳ: ML-KEM (Kyber) 

ʜʣʷ ʦʙʤʝʥʘ ʢʣʶʯʘʤʠ, ML-DSA (Dilithium) ʠ SLH-DSA (SPHINCS+) ʜʣʷ ʧʦʜʧʠʩʝʡ. ɺ ʨʘʙʦʪʝ 

ʧʨʦʚʝʜʸʥ ʠʭ ʘʥʘʣʠʟ, ʩʨʘʚʥʝʥʠʝ ʩ RSA ʠ ECDSA, ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʥʘ TLS. ʈʘʟʨʘʙʦʪʘʥʦ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʝ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʥʦʚʳʭ 

ʘʣʛʦʨʠʪʤʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʩʪʢʚʘʥʪʦʚʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ, NIST, CRYSTALS-Kyber, ʉRYSTALS-

Dilithium, SPHINCS+, ʢʨʠʧʪʦʛʨʘʬʠʷ ʥʘ ʨʝʰʸʪʢʘʭ. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʦʟʜʘʥʠʝ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʤʦʞʝʪ ʩʝʨʴʝʟʥʦ ʫʛʨʦʞʘʪʴ ʩʦʚʨʝʤʝʥʥʳʤ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦʩʦʙʘʤ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ [1]. ʄʥʦʛʠʝ ʤʝʪʦʜʳ ʰʠʬʨʦʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʟʘʱʠʪʳ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʙʫʜʝʪ ʣʝʛʢʦ ʚʟʣʦʤʘʪʴ, ʝʩʣʠ ʧʦʷʚʷʪʩʷ ʤʦʱʥʳʝ 

ʢʚʘʥʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ. ɽʱʸ ʚ 1994 ʛʦʜʫ ʇʠʪʝʨʦʤ ʐʦʨʦʤ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʢʚʘʥʪʦʚʳʡ 

ʘʣʛʦʨʠʪʤ ʬʘʢʪʦʨʠʟʘʮʠʠ ʙʦʣʴʰʠʭ ʯʠʩʝʣ ʥʘ ʧʨʦʩʪʳʝ ʤʥʦʞʠʪʝʣʠ [2]. ʕʪʘ ʟʘʜʘʯʘ ʥʘ ʦʙʳʯʥʦʤ 

ʢʦʤʧʴʶʪʝʨʝ ʩʯʠʪʘʝʪʩʷ ʪʨʫʜʦʸʤʢʦʡ. ʄʥʦʛʠʝ ʤʝʪʦʜʳ ʦʪʢʨʳʪʦʛʦ ʰʠʬʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʩʣʦʞʥʦʩʪʠ ʬʘʢʪʦʨʠʟʘʮʠʠ ʙʦʣʴʰʠʭ ʯʠʩʝʣ, ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʚʟʣʦʤʘʥʳ ʵʪʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʟʣʦʤʘʪʴ 

ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʰʠʬʨʦʚʘʥʠʷ. ʕʢʩʧʝʨʪʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʢʚʘʥʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ, 

ʩʧʦʩʦʙʥʳʝ ʚʳʧʦʣʥʷʪʴ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʯʝʨʝʟ 10-15 ʣʝʪ. ʅʦ ʫʞʝ ʩʝʡʯʘʩ ʢʦʤʧʘʥʠʷ 

Google ʟʘʷʚʣʷʝʪ ʦ çʢʚʘʥʪʦʚʦʤ ʧʨʝʚʦʩʭʦʜʩʪʚʝè.  

ʏʪʦʙʳ ʟʘʱʠʪʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʫʛʨʦʟ ʩʦ ʩʪʦʨʦʥʳ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ("ʚʟʣʦʤʘ ʠʟ 

ʙʫʜʫʱʝʛʦ"), ʫʯʸʥʳʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʦʩʪʢʚʘʥʪʦʚʳʝ ʤʝʪʦʜʳ ʰʠʬʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʚʟʣʦʤʘʪʴ ʩ ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʙʫʜʫʱʝʤ.  

2. ʃʫʯʰʠʝ ʧʦʩʪʢʚʘʥʪʦʚʳʝ ʘʣʛʦʨʠʪʤʳ 

ɺ ʘʚʛʫʩʪʝ 2024 ʛʦʜʘ ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʉʐɸ (NIST) 

ʫʪʚʝʨʜʠʣ ʪʘʢʠʝ ʤʝʪʦʜʳ: 

- FIPS 203 ï ɻ ʪʦ ʥʦʚʳʡ ʩʧʦʩʦʙ ʰʠʬʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ML-KEM (CRYSTALS-

Kyber) [4]. 

- FIPS 204 ï ɻ ʪʦ ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʰʠʬʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ML-DSA (CRYSTALS-

Dilithium) [5]. 
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- FIPS 205 ï ʵʪʦ ʝʱʝ ʦʜʠʥ ʤʝʪʦʜ ʰʠʬʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ SLH-DSA 

(SPHINCS+) [6]. 

ɺʳʙʦʨ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʠʩʭʦʜʠʣ ʥʘ ʢʦʥʢʫʨʩʥʦʡ ʦʩʥʦʚʝ [3]. ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʢʘʞʜʳʡ ʠʟ ʥʠʭ.  

2.1. CRYSTALS-Kyber  (ML -KEM ) 

ɸʣʛʦʨʠʪʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʳʡ ʦʙʤʝʥ ʩʠʤʤʝʪʨʠʯʥʳʤ ʢʣʶʯʦʤ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʪʦʨʦʥʘʤʠ (ʢʣʠʝʥʪʦʤ ï ɸʣʠʩʦʡ ʠ ʩʝʨʚʝʨʦʤ ï ɹʦʙʦʤ) ʧʦ ʥʝʟʘʱʠʱʸʥʥʦʤʫ ʢʘʥʘʣʫ. ʕʪʦ 

ʧʦʩʪʢʚʘʥʪʦʚʘʷ ʟʘʤʝʥʘ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʦʪʦʢʦʣʘʤ ʚʨʦʜʝ Diffie-Hellman ʠ ʝʛʦ ʞʝ ʨʝʘʣʠʟʘʮʠʠ ʥʘ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ. 

ʉʪʦʡʢʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʦʩʥʦʚʘʥʘ ʥʘ ʩʣʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʫʯʝʥʠʷ ʩ ʦʰʠʙʢʘʤʠ ʜʣʷ 

ʤʦʜʫʣʴʥʳʭ ʨʝʰʸʪʦʢ (MLWE). ʇʨʦʱʝ ʛʦʚʦʨʷ, ʜʘʞʝ ʟʥʘʷ ʧʫʙʣʠʯʥʳʡ ʢʣʶʯ, ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ ï ʵʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʥʝʨʘʟʨʝʰʠʤʘʷ ʟʘʜʘʯʘ ʢʘʢ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʜʣʷ 

ʙʫʜʫʱʠʭ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. 

Kyber ʚʳʙʨʘʥ ʥʘʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʟ-ʟʘ: 

- ʆʜʦʙʨʝʥʠʷ NIST ʢʘʢ ʥʘʜʝʞʥʦʛʦ ʩʪʘʥʜʘʨʪʘ. 

- ɹʘʣʘʥʩ ʤʝʞʜʫ ʨʘʟʤʝʨʦʤ ʢʣʶʯʘ ʠ ʩʢʦʨʦʩʪʴʶ. 

- ʉʪʨʦʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ MLWE. 

- ʃʝʛʢʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʙʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʠ NTT. 

- ʊʨʸʭ ʫʨʦʚʥʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: Kyber-512, Kyber-768, Kyber-1024. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʧʠʩʘʥ ʚ [4; 7] ʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʵʪʘʧʦʚ:  

1. KeyGen ï ʛʝʥʝʨʘʮʠʷ ʢʣʶʯʝʡ 

2. ʀʥʢʘʧʩʫʣʷʮʠʷ (Encapsulation) ï ɻ ʪʦ ʧʨʦʮʝʩʩ, ʢʦʛʜʘ ʦʪʧʨʘʚʠʪʝʣ ɹ(ɸʣʠʩʘ) ʠʩʧʦʣʴʟʫʝʪ 

ʧʫʙʣʠʯʥʳʡ ʢʣʶʯ ɹʦʙʘ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʦʙʱʠʡ ʩʝʢʨʝʪ ʠ ʙʝʟʦʧʘʩʥʦ ʦʪʧʨʘʚʠʪʴ ʝʤʫ çʢʦʥʪʝʡʥʝʨè 

(ʰʠʬʨʦʪʝʢʩʪ). 

3. ɼʝʢʘʧʩʫʣʷʮʠʷ (Decapsulation) ï ʵʪʦ ʧʨʦʮʝʩʩ, ʢʦʛʜʘ ʧʦʣʫʯʘʪʝʣʴ (ɹʦʙ) ʠʩʧʦʣʴʟʫʝʪ 

ʩʚʦʡ ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ, ʯʪʦʙʳ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ çʢʦʥʪʝʡʥʝʨʘè ʠʟʚʣʝʯʴ ʪʦʪ ʞʝ ʩʘʤʳʡ ʦʙʱʠʡ 

ʩʝʢʨʝʪ. 

2.2. CRYSTALS-Dilithium (ML -DSA) 

ʅʘʟʥʘʯʝʥʠʝ CRYSTALS-Dilithium ï ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ [5]. 

ʇʦʯʝʤʫ ʚʳʙʨʘʥ Dilithium: 

- ʉʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥ NIST ʢʘʢ ML-DSA (FIPS 204) [5]. 

- ɹr ʩʪʨʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʧʦʜʧʠʩʝʡ ï ʢʨʠʪʠʯʥʦ ʜʣʷ ʩʝʨʚʝʨʦʚ [8]. 

- ɼʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ʧʦʜʧʠʩʠ (ʥʝ ʪʨʝʙʫʝʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ RNG ʧʨʠ 

ʧʦʜʧʠʩʘʥʠʠ) [5]. 

- ʉʭʝʤʘ "Fiat-Shamir with Aborts" ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʢʘʟʫʝʤʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʧʠʩʘʥ ʚ [5; 8] ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ:  

1. ɻʝʥʝʨʘʮʠʷ ʢʣʶʯʝʡ (KeyGen) ï ʩʦʟʜʘʥʠʝ ʧʘʨʳ ʢʣʶʯʝʡ ʩʝʢʨʝʪʥʳʡ ʜʣʷ ʧʦʜʧʠʩʠ ʠ 

ʧʫʙʣʠʯʥʳʡ ʢʣʶʯ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʦʜʧʠʩʠ. 

2. ʉʦʟʜʘʥʠʝ ʧʦʜʧʠʩʠ (Sign). 
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3. ʇʨʦʚʝʨʢʘ ʧʦʜʧʠʩʠ (Verify). 

2.3. SPHINCS+ (SLH-DSA) 

SPHINCS+ ï ʵʣʝʢʪʨʦ-ʮʠʬʨʦʚʳʝ ʧʦʜʧʠʩʠ, ʦʩʥʦʚʘʥʥʳʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʭʝʰ-ʬʫʥʢʮʠʷʭ [6; 9]. ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʝʨʝʚʴʷ ʄʝʨʢʣʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʦʜʥʦʨʘʟʦʚʳʤʠ ʧʦʜʧʠʩʷʤʠ. ʕʪʦ ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ ʜʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʙʝʟʦʧʘʩʥʦʩʪʠ [6]. 

ʇʦʯʝʤʫ ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ SPHINCS+: 

- ʤʠʥʠʤʘʣʴʥʳʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ (ʪʦʣʴʢʦ ʩʪʦʡʢʦʩʪʴ ʭʝʰ-ʬʫʥʢʮʠʡ) 

[9]; 

- ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯ ʥʘ ʨʝʰʸʪʢʘʭ; 

- ʦʯʝʥʴ ʢʦʤʧʘʢʪʥʳʝ ʢʣʶʯʠ (32-64 ʙʘʡʪ) [6]; 

- ʥʝ ʪʨʝʙʫʝʪ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʦʜʧʠʩʷʤʠ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʧʠʩʘʥ ʚ [6; 9]. SPHINCS+ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʦʜʥʫ ʧʘʨʫ ʢʣʶʯʝʡ. ɺʤʝʩʪʦ 

ʵʪʦʛʦ ʦʥ ʩʦʟʜʘʸʪ ʛʠʛʘʥʪʩʢʦʝ çʜʝʨʝʚʦ ʦʜʥʦʨʘʟʦʚʳʭ ʢʣʶʯʝʡè. ʂʘʞʜʳʡ ʣʠʩʪ ʵʪʦʛʦ ʜʝʨʝʚʘ ï ʵʪʦ 

ʢʣʶʯ ʜʣʷ ʧʦʜʧʠʩʠ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ. ʏʪʦʙʳ ʧʦʜʧʠʩʘʪʴ ʤʥʦʛʦ ʩʦʦʙʱʝʥʠʡ ʦʜʥʠʤ 

ʛʣʘʚʥʳʤ ʢʣʶʯʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʝʨʘʨʭʠʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʝʡ ʜʝʨʝʚʴʝʚ. 

3. ɿʘʤʝʥʘ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʧʦʩʪʢʚʘʥʪʦʚʳʝ 

3.1. ʇʨʦʪʦʢʦʣʳ ʦʙʤʝʥʘ ʢʣʶʯʘʤʠ (Key Exchange) 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʧʨʦʪʦʢʦʣʳ Diffie-Hellman, ECDH, X25519 ʟʘʤʝʥʷʝʤ ʥʘ ʧʦʩʪʢʚʘʥʪʦʚʳʡ 

CRYSTALS-Kyber (ML-KEM) [4]. 

Kyber ʟʘʤʝʥʷʝʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʨʦʪʦʢʦʣʳ ʦʙʤʝʥʘ ʢʣʶʯʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ: 

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʪʘʢʘʤ ʘʣʛʦʨʠʪʤʦʤ ʐʦʨʘ [2]; 

- ʩʦʧʦʩʪʘʚʠʤʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩ ECDH [7]. 

3.2. ʇʨʦʪʦʢʦʣʳ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʧʨʦʪʦʢʦʣʳ: RSA, DSA, ECDSA, Ed25519 ʟʘʤʝʥʷʝʤ ʥʘ ʧʦʩʪʢʚʘʥʪʦʚʳʝ  

CRYSTALS-Dilithium (ML-DSA) (ʦʩʥʦʚʥʦʡ ʚʳʙʦʨ) [5] ʠʣʠ SPHINCS+ (SLH-DSA) ï ʜʣʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ [6].  

3. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ 

3.1. ʆʧʠʩʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ 

ɹʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ GUI-ʧʨʠʣʦʞʝʥʠʝ ʥʘ Python ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʙʦʪʳ ʧʦʩʪʢʚʘʥʪʦʚʳʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ʈʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʚ ʧʨʠʣʦʞʝʥʠʠ ʷʚʣʷʶʪʩʷ 

ʫʧʨʦʱʸʥʥʳʤʠ ʩʠʤʫʣʷʮʠʷʤʠ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʝʡ. ɼʣʷ ʨʝʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʚʝʨʝʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ: liboqs [10] ʠ oqs-python.  

ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ: 

1. ɺʢʣʘʜʢʘ çʆʙʤʝʥ ʢʣʶʯʘʤʠ (KEM)è: Kyber-512/768/1024, DH-2048 

2. ɺʢʣʘʜʢʘ çʎʠʬʨʦʚʳʝ ʧʦʜʧʠʩʠè: Dilithium-2/3/5, SPHINCS+, RSA 

3. ɺʢʣʘʜʢʘ çɻʠʙʨʠʜʥʳʝ ʧʨʦʪʦʢʦʣʳè: X25519+Kyber768, RSA+Dilithium 

4. ɺʢʣʘʜʢʘ çʉʨʘʚʥʝʥʠʝè: ʊʘʙʣʠʮʳ ʠ ʪʝʩʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

5. ɺʢʣʘʜʢʘ çʆ PQC ʘʣʛʦʨʠʪʤʘʭè: ʉʧʨʘʚʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

255 

 
 

ʈʠʩ. 1. ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

 

4. ʉʨʘʚʥʝʥʠʝ  

ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʩʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʘʣʛʦʨʠʪʤʦʚ. ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʧʨʦʮʝʩʩʦʨʝ Intel(R) Core(TM) 

i7-8565U ʩ ʯʘʩʪʦʪʦʡ 2.00GHz.  ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ ʠ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʊʘʙʣʠʮʘ 

ʊʝʩʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ 

 

ɸʣʛʦʨʠʪʤ KeyGen(ʤʩ) Encap/Sign Decap/Verify 

Kyber-512 6,94 7,85 2,69 

Kyber-768 13,13 15,92 4,19 

Kyber-1024 22,34 26,73 5,85 

Dilithium-2 7,28 869,44 0,16 

Dilithium-3 15,72 1514,15 0,14 

 

 
 

ʈʠʩ. 2. ʉʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʧʦʩʪʢʚʘʥʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ.  

ʇʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʦʪʣʦʞʝʥʦ ʚʨʝʤʷ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʝ ἴἷἯ◄Ͻ ) 

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

 Kyber-512  Kyber-768  Kyber-1024  Dilithium-2  Dilithium-3

KeyGen(ͣ ͫύ Enc/Sign Dec/Verify



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

256 

5. ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ 

1. CRYSTALS-Kyber ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʟʘʤʝʥʳ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʧʨʦʪʦʢʦʣʦʚ ʦʙʤʝʥʘ ʢʣʶʯʘʤʠ [4]. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʩʪʘʸʪʩʷ ʚʳʩʦʢʦʡ ʠ 

ʧʨʝʚʦʩʭʦʜʠʪ ʢʣʘʩʩʠʯʝʩʢʠʡ DH [7]. 

2. CRYSTALS-Dilithium ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʤʝʥʝʥʠʡ ʮʠʬʨʦʚʦʡ 

ʧʦʜʧʠʩʠ [5]. ɺʝʨʠʬʠʢʘʮʠʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʫ ECDSA [8]. 

3. SPHINCS+ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʨʠʤʝʥʝʥʠʷʭ, ʛʜʝ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʘʞʥʝʝ ʨʘʟʤʝʨʘ ʧʦʜʧʠʩʠ [6]. 
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ʘʩʧʠʨʘʥʪ 

ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

 

ʇʈʀʄɽʅɽʅʀɽ ɻʈɸɼʀɽʅʊʅʆɻʆ ɹʋʉʊʀʅɻɸ ʇʈʀ ʈɽʐɽʅʀʀ ɿɸɼɸʏʀ 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʆʂʆʅʏɸʅʀʗ ʇɽʈʀʆɼɸ ɿɸʄʆʈʆɿʂʆɺ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʚʝʨʰʝʥʠʷ ʧʝʨʠʦʜʘ ʟʘʤʦʨʦʟʢʦʚ. ɼʘʥʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

ʵʪʠʭ ʤʝʪʦʜʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ 

ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʦʙʫʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʜʝʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ, ʧʝʨʠʦʜ ʟʘʤʦʨʦʟʢʦʚ, ʧʨʦʛʥʦʟ ʟʘʤʦʨʦʟʢʦʚ, 

ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ. 

 

ɻʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʚ ʦʙʫʯʝʥʠʠ ʘʥʩʘʤʙʣʝʡ ʤʦʜʝʣʝʡ. ʆʥ 

ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʭʥʠʢʘʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʫʯʘʝʤʳʭ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ. ʂʘʞʜʳʡ ʵʪʘʧ ʦʙʫʯʝʥʠʷ 

ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʦʰʠʙʢʫ ʧʨʦʛʥʦʟʘ ʧʨʝʜʳʜʫʱʝʡ ʙʘʟʦʚʦʡ 

ʤʦʜʝʣʠ, ʦʙʫʯʝʥʥʦʡ ʧʝʨʝʜ ʥʝʡ, ʠ ʦʰʠʙʢʫ ʚʩʝʛʦ ʘʥʩʘʤʙʣʷ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ. ʊʦ ʝʩʪʴ ʙʘʟʦʚʳʝ 

ʤʦʜʝʣʠ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʦʙʣʘʜʘʶʪ ʤʘʣʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʦʙʦʙʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʯʫʪʴ ʚʳʰʝ 

ʫʨʦʚʥʷ ʫʛʘʜʳʚʘʥʠʷ. ʅʦ, ʦʙʲʝʜʠʥʸʥʥʳʝ ʚ ʘʥʩʘʤʙʣʴ, ʦʥʠ ʠʩʧʨʘʚʣʷʶʪ ʦʰʠʙʢʠ ʜʨʫʛ ʜʨʫʛʘ ʠ 

ʫʪʦʯʥʷʶʪ ʧʨʦʛʥʦʟ, ʟʘ ʩʯʸʪ ʯʝʛʦ ʧʦʣʫʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʢʘʢ ʨʘʟʙʨʦʩ, ʪʘʢ ʠ ʩʤʝʱʝʥʠʝ 

ʧʨʦʛʥʦʟʥʦʡ ʚʝʣʠʯʠʥʳ [5]. ʉʨʝʜʠ ʪʝʭʥʠʢ ʘʥʩʘʤʙʣʠʨʦʚʘʥʠʷ ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʘʣʠʟʘʮʠʠ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ: AdaBoost, XGBoost, LightGBM, CatBoost [11]. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ 

ʤʦʜʝʣʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʙʠʨʘʝʪʩʷ ʤʦʜʝʣʴ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ. ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ 

ʘʣʛʦʨʠʪʤ AdaBoost, ʚ ʢʦʪʦʨʦʤ ʚʧʝʨʚʳʝ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʠʜʝʷ ʦʙʫʯʝʥʠʷ ʨʷʜʘ ʩʣʘʙʳʭ ʤʦʜʝʣʝʡ, 

ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʦʙʦʙʱʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [14]. ɺ ʦʩʥʦʚʝ 

ʦʙʫʯʝʥʠʷ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ ʣʝʞʘʣʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. ʇʨʠ 

ʢʘʞʜʦʤ ʥʦʚʦʤ ʦʙʫʯʝʥʠʠ ʚ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ ʚʢʣʶʯʘʣʠʩʴ ʦʙʲʝʢʪʳ ʥʘ ʢʦʪʦʨʳʭ ʧʨʝʜʳʜʫʱʠʝ 

ʙʘʟʦʚʳʝ ʤʦʜʝʣʠ ʩʦʚʝʨʰʠʣʠ ʙʦʣʴʰʝ ʚʩʝʛʦ ʦʰʠʙʦʢ ʠ ʪʝ ʦʙʲʝʢʪʳ ʢʦʪʦʨʳʝ ʨʝʞʝ ʚʩʝʛʦ ʧʦʧʘʜʘʣʠʩʴ 

ʚ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ ʜʦ ʵʪʦʛʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʩʪʠʛʘʣʦʩʴ ʢʘʢ ʨʘʟʥʦʦʙʨʘʟʠʝ ʙʘʟʦʚʳʭ 

ʤʦʜʝʣʝʡ, ʪʘʢ ʠ ʠʭ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʨʘʟʨʝʰʝʥʠʝ ʠʤʝʥʥʦ ʥʝʨʝʰʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ ʚ ʘʥʩʘʤʙʣʷʭ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤ 

ʦʙʦʩʥʦʚʘʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʝ ʘʥʩʘʤʙʣʝʚʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʧʨʦʩʪʳʝ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʦʜʝʣʠ [13]. ʂʘʞʜʘʷ ʙʘʟʦʚʘʷ ʤʦʜʝʣʴ ʨʝʰʘʝʪ ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʢʘʢʫʶ-ʪʦ ʦʜʥʫ 

ʟʘʚʠʩʠʤʦʩʪʴ ʮʝʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪ ʧʨʠʟʥʘʢʦʚ. ɸ ʫʞʝ ʚʩʝ ʚʤʝʩʪʝ ʚ ʘʥʩʘʤʙʣʝ ʦʥʠ ʩʧʦʩʦʙʥʳ 

ʦʧʠʩʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʦʪʦʨʫʶ ʩ ʧʦʤʦʱʴʶ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʙʳʣʦ ʙʳ ʩʣʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ [10]. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʘʥʩʘʤʙʣʝʡ ʧʦʩʣʝ AdaBoost 

ʩʪʘʣʦ ʧʨʠʤʝʥʝʥʠʝ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ ʚ ʢʦʪʦʨʦʤ, ʢʘʞʜʘʷ ʥʦʚʘʷ ʙʘʟʦʚʘʷ ʤʦʜʝʣʴ ʦʙʫʯʘʣʘʩʴ 

ʩ ʫʯʝʪʦʤ ʦʰʠʙʢʠ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʦʙʫʯʝʥʥʳʭ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ. ɸʣʛʦʨʠʪʤ XGBoost ʩʪʘʣ ʦʜʥʠʤ 
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ʠʟ ʧʝʨʚʳʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ ʤʝʪʦʜʦʚ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ. ʆʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʰʪʘʙʠʨʫʝʤʳʡ ʠ ʚʳʩʦʢʦʪʦʯʥʳʡ ʘʣʛʦʨʠʪʤ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʨʝʛʨʝʩʩʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʧʝʨʝʦʙʫʯʝʥʠʝ [4]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ XGBoost ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʪʦ, ʯʪʦ ʦʥ ʪʨʝʙʫʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠʟʥʘʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʪʘʢʠʝ ʩʠʪʫʘʮʠʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʥ ʩʧʦʩʦʙʝʥ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʨʦʧʫʱʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ʉʣʝʜʫʶʱʝʡ ʠʟʚʝʩʪʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ ʷʚʣʷʝʪʩʷ LightGBM [8]. ɽʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʨʘʥʞʠʨʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʟʘʜʘʯ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɸʣʛʦʨʠʪʤ LightGBM ʚʳʜʝʣʷʝʪʩʷ ʩʚʦʝʡ 

ʩʢʦʨʦʩʪʴʶ ʦʙʫʯʝʥʠʷ, ʫʤʝʥʴʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʘʤʷʪʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʜʛʦʪʦʚʢʠ ʚʳʙʦʨʢʠ ʠʟ 

ʦʙʲʝʢʪʦʚ ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʛʨʘʜʠʝʥʪ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʦʙʫʯʝʥʠʝ 

ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʩʞʘʪʠʷ ʜʘʥʥʳʭ ʪʘʤ, ʛʜʝ ʧʨʠʟʥʘʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʤʝʶʪ 

ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʙʠʥʘʨʠʟʘʮʠʠ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʦʚ [8]. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʵʪʦʛʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʧʝʨʝʦʙʫʯʝʥʠʶ ʥʘ ʥʝʙʦʣʴʰʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ [15]. ɽʱʝ ʦʜʥʦʡ 

ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʠʜʝʡ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ ʷʚʣʷʝʪʩʷ CatBoost [12]. ɿʘʤʝʪʥʳʤ 

ʫʣʫʯʰʝʥʠʝʤ CatBoost ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʥʝʩʤʝʱʝʥʥʫʶ ʦʮʝʥʢʫ ʛʨʘʜʠʝʥʪʘ, 

ʯʪʦ ʩʥʠʞʘʝʪ ʧʝʨʝʦʙʫʯʝʥʠʝ. ɼʦʩʪʠʛʘʝʪʩʷ ʵʪʦ ʟʘ ʩʯʝʪ ʩʠʤʤʝʪʨʠʠ ʚʳʩʪʨʘʠʚʘʝʤʳʭ ʜʝʨʝʚʴʝʚ ʚ 

ʙʘʟʦʚʳʭ ʤʦʜʝʣʷʭ. ʊʘʢʞʝ ʟʘʤʝʪʥʳʤ ʫʣʫʯʰʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ CatBoost ʷʚʣʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʘʪʝʛʦʨʠʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ [6]. 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ. 

ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʚʳʚʦʜʠʪʴ ʚʘʞʥʦʩʪʴ ʧʨʠʟʥʘʢʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʣʫʯʝhʛʦ ʧʦʥʠʤʘʥʠʷ ʚʭʦʜʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʦʪʙʦʨ ʧʨʠʟʥʘʢʦʚ. ʈʝʘʣʠʟʘʮʠʷ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʝʨʝʦʙʫʯʝʥʠʷ [3]. ʊʘʢʞʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʝʨʝʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʩʣʝʜʫʝʪ ʩʪʨʝʤʠʪʴʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʛʣʫʙʠʥʫ ʜʝʨʝʚʘ, 

ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʠ ʧʦʜʚʳʙʦʨʢʫ. ɿʘ ʩʯʝʪ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʫʯʘʪʴʩʷ 

ʥʘ ʥʝʙʦʣʴʰʠʭ ʚʳʙʦʨʢʘʭ ʠ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʜʘʥʥʳʤʠ, ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʘʙʦʪʝ ʩ ʪʘʙʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ [2; 7]. ɽʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠ ʦʙʫʯʝʥʠʠ ʥʘ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʟ ʩʝʙʷ 

ʤʥʦʛʦʤʝʨʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ [9]. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʪʦʛʦ, ʯʪʦ ʥʘ ʜʝʥʴ ʩʦʚʝʨʰʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʨʠʭʦʜʠʪʩʷ ʧʦʩʣʝʜʥʠʡ ʜʝʥʴ ʚʝʩʝʥʥʠʭ ʟʘʤʦʨʦʟʢʦʚ, ʪʦ 

ʝʩʪʴ ʧʦʩʣʝ ʵʪʦʛʦ ʜʥʷ ʟʘʤʦʨʦʟʢʦʚ ʥʝ ʙʫʜʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʥʷ: 

ç1è ï ɻ ʪʦʪ ʜʝʥʴ ʚʭʦʜʠʪ ʚ ʧʝʨʠʦʜ ʟʘʤʦʨʦʟʢʦʚ ʠ ʟʘʤʦʨʦʟʢʠ ʝʱʝ ʙʫʜʫʪ ʠ ç0è ï ɻ ʪʦʪ ʜʝʥʴ ʥʝ ʚʭʦʜʠʪ 

ʚ ʧʝʨʠʦʜ ʚʝʩʝʥʥʠʭ ʟʘʤʦʨʦʟʢʦʚ ʠ ʩ ʵʪʦʛʦ ʜʥʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʙʫʜʝʪ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ. ʅʦ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʠʝ ʠ ʚ ʢʘʢʦʤ 

ʦʙʲʝʤʝ ʥʝ ʷʚʣʷʝʪʩʷ ʪʨʠʚʠʘʣʴʥʳʤ. ʊʘʢ ʢʘʢ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢʘʢ ʢ 

ʧʝʨʝʦʙʫʯʝʥʠʶ, ʪʘʢ ʠ ʢ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʠ ʢ ʰʫʤʘʤ ʠ ʢ ʩʥʠʞʝʥʠʶ ʦʙʦʙʱʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ. ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʪ ʢ ʥʝʭʚʘʪʢʝ ʜʘʥʥʳʭ ʜʣʷ ʪʦʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʙʲʝʤ ʜʘʥʥʳʭ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʢʘʢ ʧʦ ʚʢʣʶʯʝʥʠʶ ʠʣʠ 
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ʠʩʢʣʶʯʝʥʠʶ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʟʘʤʝʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘ ʚʳʩʦʪʝ 2 ʤ, ʚʣʘʞʥʦʩʪʴ 

ʚʦʟʜʫʭʘ, ʧʨʦʮʝʥʪ ʦʙʣʘʯʥʦʩʪʠ ʠ ʜʨ.), ʪʘʢ ʠ ʧʦ ʜʣʠʥʝ ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ, ʪʦ ʝʩʪʴ ʢʦʣʠʯʝʩʪʚʦʤ 

ʟʘʤʝʨʦʚ ʧʝʨʝʜ ʜʥʝʤ ʧʨʝʜʩʢʘʟʘʥʠʷ (ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ 2 ʩʫʪʦʢ, ʪʘʢ ʠ 60 ʩʫʪʦʢ, ʘ ʚʦʟʤʦʞʥʦ ʠ 

ʟʘʤʝʨʳ ʟʘ ʚʝʩʴ ʧʨʦʰʝʜʰʠʡ ʛʦʜ). ʊʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠ ʥʦʚʳʝ ʩʦʟʜʘʥʥʳʝ ʧʨʠʟʥʘʢʠ, ʪʘʢʠʝ ʢʘʢ 

ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʘʤʝʨʳ ʟʘ ʩʫʪʢʠ ʠʣʠ ʟʘ ʧʨʦʰʝʜʰʠʡ ʤʝʩʷʮ, ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ 

ʩʫʪʢʘʤ, ʚʦʟʤʦʞʥʳ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʦ ʧʨʝʜʳʜʫʱʝʤʫ ʟʘʤʝʨʫ ʠ ʜʨ. 

ʇʨʠ ʵʪʦʤ ʦʜʥʦʟʥʘʯʥʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʢʘʢʠʝ ʠ ʚ ʢʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʟʥʘʢʦʚ ʪʨʝʙʫʶʪʩʷ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʜʝʣʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʦʙʫʯʝʥʠʷ 

ʤʦʜʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʤʦʞʝʪ ʩʫʜʠʪʴ ʦ ʚʣʠʷʥʠʠ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʜʘʥʥʳʭ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ. 

ʊʘʢʞʝ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʚʳʙʦʨʘ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ. ʈʝʰʝʥʠʝ 

ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʙʫʜʝʪ ʘʥʘʣʦʛʠʯʥʦ ʚʳʙʦʨʫ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦʠʩʢ ʧʦ 

ʩʝʪʢʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ, ʠ ʙʫʜʫʪ ʚʳʙʨʘʥʳ ʪʝ, ʢʦʪʦʨʳʝ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʷʪ ʢ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ. 

ʆʮʝʥʢʘ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʥʝʝ [1]. ɺ ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʤʝʪʨʠʢʠ ʧʦ ʪʝʩʪʦʚʦʡ (ʚʘʣʠʜʘʮʠʦʥʥʦʡ) ʚʳʙʦʨʢʝ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʤʝʪʨʠʢʘʤʠ ʧʦ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ, ʠ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʫʯʠʪʳʚʘʶʪ 

ʚʦʟʤʦʞʥʦʝ ʧʝʨʝʦʙʫʯʝʥʠʝ ʤʦʜʝʣʠ. ʊʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʣʠʙʨʦʚʢʘ 

ʧʦʨʦʛʘ ʤʦʜʝʣʠ ʧʦʜ ʪʘʢʦʡ ʫʨʦʚʝʥʴ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʦʡ ʠ ʪʨʝʥʠʨʦʚʦʯʥʦʡ ʛʨʫʧʧʘʭ 

ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʰʠʙʦʢ ʨʘʚʥʷʝʪʩʷ ʥʫʣʶ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʝʸ ʥʝʦʙʭʦʜʠʤʦ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ. ɺʳʙʦʨ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʣʫʙʠʥʘ ʜʝʨʝʚʴʝʚ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ, ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʘʣʠʜʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʚʳʙʦʨʢʠ. ʆʢʦʥʯʘʪʝʣʴʥʳʝ ʩʫʞʜʝʥʠʷ ʦ ʢʘʯʝʩʪʚʝ ʥʘʙʦʨʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʙʫʜʫʪ ʩʜʝʣʘʥʳ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʪʝʩʪʦʚʦʡ ʛʨʫʧʧʝ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʣʠʟʘʮʠʠ 

ʤʝʪʦʜʦʚ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ CatBoost. 

ʄʦʜʝʣʴ ʙʫʜʝʪ ʦʙʫʯʘʪʴʩʷ ʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (https://clck.ru/3QT8ZB) ʜʣʷ 

ʉʫʨʛʫʪʩʢʦʛʦ ʨʘʡʦʥʘ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʠʟ-ʟʘ ʥʝʩʪʘʙʠʣʴʥʦʛʦ 

ʚʝʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ ʠ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʦʛʦ ʨʘʟʙʨʦʩʘ ʜʘʪʳ ʧʦʩʣʝʜʥʝʛʦ ʤʦʨʦʟʥʦʛʦ ʜʥʷ ʦʪ ʛʦʜʘ ʢ 

ʛʦʜʫ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʝʦʧʘʨʘʤʝʪʨʳ: ʪʝʤʧʝʨʘʪʫʨʘ, 

ʜʘʚʣʝʥʠʝ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, ʪʦʯʢʘ ʨʦʩʳ, ʧʨʦʮʝʥʪ 

ʦʙʣʘʯʥʦʩʪʠ. 

ʉʥʘʯʘʣʘ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ. 

ʅʘ ʛʨʘʬʠʢʘʭ ʚʠʜʥʦ (ʨʠʩ. 1), ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʦʢʥʘ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 20ï60 ʜʥʝʡ. ʆʙ ʵʪʦʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʪʘʢʠʤ ʤʝʪʨʠʢʘʤ ʢʘʢ AUC_ROC ʠ AUC_PR. 

ʊʘʢʞʝ ʠʤʝʥʥʦ ʥʘ ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʧʨʠʭʦʜʷʪʩʷ ʤʠʥʠʤʘʣʴʥʳʝ ʦʙʱʠʝ ʦʰʠʙʢʠ ʢʘʢ ʧʨʠ ʧʦʨʦʛʦʚʦʤ 

ʟʥʘʯʝʥʠʝ 0,5 ʪʘʢ ʠ ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʝ ʩʠʣʴʥʦ 

ʫʭʫʜʰʘʶʪ ʦʙʱʫʶ ʦʰʠʙʢʫ (FP + FN). ʊʘʢʞʝ ʧʦ ʛʨʘʬʠʢʘʤ ʚʠʜʥʦ ʯʪʦ ʚʨʝʤʝʥʥʳʝ ʦʢʥʘ ʜʦ 20 ʜʥʝʡ 

ʥʝ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʤʦʜʝʣʝʡ. ʇʨʠ ʚʨʝʤʝʥʥʦʤ ʦʢʥʝ ʙʦʣʴʰʝ 80 ʜʥʝʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʤʝʪʨʠʢ ʢʘʯʝʩʪʚ, ʘ AUC_ROC ʠ AUC_PR ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʝʟʢʦ 

ʫʭʫʜʰʘʶʪʩʷ. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʜʘʥʥʳʭ ʚʳʚʦʜʦʚ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʩʝʨʠʠ ʛʨʘʬʠʢʦʚ ʚ ʢʦʪʦʨʳʭ 
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ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʫʯʝʥʠʝ ʜʝʨʝʚʴʝʚ ʩ ʨʘʟʥʳʤʠ ʛʣʫʙʠʥʘʤʠ (ʨʠʩ. 2). ɿʥʘʯʝʥʠʷ ʛʣʫʙʠʥ ʜʝʨʝʚʘ ʨʘʚʥʳʝ 

1 ʠ 2 ʜʘʶʪ ʥʝʩʪʘʙʠʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʘ. ʋʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʜʝʨʝʚʘ ʠʩʧʨʘʚʣʷʝʪ ʩʠʪʫʘʮʠʶ, 

ʦʜʥʘʢʦ ʢʘʨʜʠʥʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʤʦʜʝʣʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʊʘʢʞʝ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʯʪʦ ʧʨʠ ʚʨʝʤʝʥʥʦʤ ʦʢʥʝ ʙʦʣʴʰʝ 70ï80 ʥʘʙʣʶʜʘʶʪʩʷ ʷʚʣʝʥʠʷ ʧʝʨʝʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ. 

ʅʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʯʥʦʩʪʠ ʧʦ ʪʝʩʪʦʚʦʡ ʯʘʩʪʠ ʚʳʙʦʨʢʠ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʤʦʜʝʣʠ ʦʙʫʯʝʥʥʳʝ 

ʥʘ ʚʨʝʤʝʥʥʦʤ ʦʢʥʝ 20ï40 ʜʥʝʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʦʩʣʝʜʫʶʱʠʡ ʧʦʠʩʢ ʧʨʦʭʦʜʠʣ ʚ ʵʪʦʤ 

ʜʠʘʧʘʟʦʥʝ. 

ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 3) ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ʚʣʠʷʶʪ ʪʝ ʠʣʠ ʠʥʳʝ ʧʨʠʟʥʘʢʠ ʥʘ ʧʨʦʛʥʦʟʠʨʫʝʤʫʶ 

ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠ, ʧʦʣʫʯʘʝʤʦʡ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ. ɺʠʜʥʦ 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʠ ʧʨʦʮʝʥʪ ʦʙʣʘʯʥʦʩʪʠ. ɼʘʚʣʝʥʠʝ, ʪʦʯʢʘ ʨʦʩʳ ʠ ʚʨʝʤʷ ʛʦʜʘ ʚʥʦʩʷʪ 

ʥʝʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʫʤʝʥʴʰʝʥʠʝ ʦʰʠʙʢʠ ʧʨʦʛʥʦʟʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʧʦʠʩʢʘ ʧʦ ʩʝʪʢʝ ʧʘʨʘʤʝʪʨʦʚ, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʦʙʣʘʩʪʴ ʚ 

ʢʦʪʦʨʦʡ ʦʙʫʯʝʥʥʳʝ ʤʦʜʝʣʠ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʛʥʦʟʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʕʪʘ ʦʙʣʘʩʪʴ 

ʦʛʨʘʥʠʯʝʥʘ ʚʨʝʤʝʥʥʳʤ ʦʢʥʦʤ 25ï35 ʜʥʝʡ, ʛʣʫʙʠʥʦʡ ʜʝʨʝʚʴʝʚ 3ï5, ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʢʦʨʦʩʪʠ 

ʦʙʫʯʝʥʠʷ 0.01ï0.1. ʀ ʥʘʙʦʨʦʤ ʧʨʠʟʥʘʢʦʚ ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ: ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ, ʜʘʚʣʝʥʠʝ 

ʚʦʟʜʫʭʘ, ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʧʨʦʮʝʥʪ 

ʦʙʣʘʯʥʦʩʪʠ. ʇʨʠ ʵʪʦ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʧʦ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ ʩʣʝʜʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ: 

ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʣʦʞʥʦ-ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʜʦʩʪʠʛʘʝʪ ʫʨʦʚʥʷ 1.3ï2.6, ʦʙʱʘʷ ʩʨʝʜʥʝʛʦʜʦʚʘʷ 

ʦʰʠʙʢʘ 4.8ï5.2. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʯʪʦ ʜʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʩʠʣʴʥʦ ʫʩʪʫʧʘʶʪ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʧʦʣʫʯʘʝʤʳʤ ʧʨʠ ʦʙʫʯʝʥʠʠ ʧʦʣʥʦʩʚʷʟʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʥʦ ʝʩʪʴ ʦʪʩʪʘʚʘʥʠʝ ʦʪ ʤʦʜʝʣʝʡ 

ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ [1]. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʧʨʠʟʥʘʢʦʚ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʲʝʤʫ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʤʝʪʦʜʳ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ ʤʦʛʫʪ ʫʩʪʫʧʘʪʴ 

ʣʠʥʝʡʥʳʤ ʤʦʜʝʣʷʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɺʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʙʦʣʝʝ ʪʦʥʢʦʡ 

ʥʘʩʪʨʦʡʢʝ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. 
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ʈʠʩ. 1. ɻʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ ʦʪ ʜʣʠʥʳ ʚʨʝʤʝʥʥʦʛʦ 

ʦʢʥʘ ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʠ. ʅʘʙʦʨ ʧʨʠʟʥʘʢʦʚ ʚʢʣʶʯʘʣ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʦʟʜʫʭʘ, ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ, ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ (T + P + H). (FP+FN ï ʦʙʱʘʷ 

ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʦʰʠʙʢʘ , FP+FN(calibr) ï ʦʙʱʘʷ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʦʰʠʙʢʘ ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ 

ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ; FN(calibr) ï ʣʦʞʥʦ-ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʦʰʠʙʢʘ; 

Threshold(calibr) ï ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʘ ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ; AUC_ROC(calibr) ï ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ 

ʧʦʜ ROC ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ; AUC_PR(calibr) ï ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ PR ʧʦʩʣʝ 

ʢʘʣʠʙʨʦʚʢʠ). Windows days ï ʜʣʠʥʘ ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ 
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ʈʠʩ. 2. ʉʨʘʚʥʝʥʠʝ ʛʨʘʬʠʢʦʚ ʚʣʠʷʥʠʷ ʟʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ ʜʝʨʝʚʴʝʚ ʠ ʚʝʣʠʯʠʥʳ ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ 

ʥʘ ʤʝʪʨʠʢʫ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʡ ʤʦʜʝʣʠ. FP+FN(calibr) ï ʦʙʱʘʷ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʦʰʠʙʢʘ ʧʦʩʣʝ 

ʢʘʣʠʙʨʦʚʢʠ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. Windows days ï ʜʣʠʥʘ ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

263 

 
 

ʈʠʩ. 3. ʉʨʘʚʥʝʥʠʝ ʛʨʘʬʠʢʦʚ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʚʝʣʠʯʠʥʳ ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ ʥʘ 

ʤʝʪʨʠʢʫ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʡ ʤʦʜʝʣʠ. FP+FN(calibr)  ï ʦʙʱʘʷ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʦʰʠʙʢʘ ʧʦʩʣʝ 

ʢʘʣʠʙʨʦʚʢʠ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. T ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ; P ï ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ; DTY ï ʜʝʥʴ 

ʛʦʜʘ; Dw ï ʪʦʯʢʘ ʨʦʩʳ; Cp ï ʧʨʦʮʝʥʪ ʦʙʣʘʯʥʦʩʪʠ; Wd ï ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʠʣʘ ʚʝʪʨʘ; H ï 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ  

 


