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ʆʉʆɹɽʅʅʆʉʊʀ ʈɸɿʈɸɹʆʊʂʀ ɺɽɹ-ʀʅʊɽʈʌɽʁʉɸ  

ɼʃʗ ɸʃɻʆʈʀʊʄɸ ʉɺɽʈʊʆʏʅʆʁ ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ 

ɸ. ɸ. ɸʢʠʥʠʥ 
ʍʘʢʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ʌ. ʂʘʪʘʥʦʚʘ, ʧʨ. ʃʝʥʠʥʘ, 90, 655017, ʛ. ɸʙʘʢʘʥ, ʈʦʩʩʠʷ, alexakin2002@gmail.com  

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʝʢʘ Django, HTML, CSS ʠ MySQL ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʝʙ-

ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩʝʨʚʝʨʥʦʡ ʠ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʝʡ ʩʠʩʪʝ-

ʤʳ, ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʨʦʣʴ Django ʢʘʢ ʬʨʝʡʤʚʦʨ-

ʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʠʥʪʝʛʨʘʮʠʶ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʚʝʙ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ HTML ʠ CSS 

ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʫʜʦʙʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʆʪ-

ʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʘʜʘʧʪʠʚʥʦʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʦʣʴ-

ʰʠʤʠ ʤʘʩʩʠʚʘʤʠ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, Django, CSS, HTML, JavaScript, Jinja, MySQL, ʚʝʙ-ʠʥʪʝʨʬʝʡʩ, ʤʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝ, ʩʝʨʚʝʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. 

FEATURES OF DEVELOPI NG A WEB INTERFACE F OR  

A CONVOLUTIONAL NEUR AL NETWORK ALGORITHM  

A. A. Akinin  
Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, alexakin2002@gmail.com 
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ʈʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʚʳʙʦʨʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʝʢʘ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʩʦʛʣʘʩʦʚʘʥ-

ʥʦʩʪʴ ʩʝʨʚʝʨʥʦʡ ʠ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʝʡ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʠʩʪʝʤʦʡ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. Django, 

HTML, CSS ʠ ʉʋɹɼ MySQL ʦʙʨʘʟʫʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ, ʩʧʦʩʦʙʥʫʶ ʦʙʝʩʧʝʯʠʪʴ ʛʠʙʢʦʩʪʴ, ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʙʣʶʜʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʜʦʙ-

ʩʪʚʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [1]. 

Django ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʚʝʙ-ʬʨʝʡʤʚʦʨʢ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʷʟʳʢʝ Python, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪ ʪʝʩʥʫʶ ʠʥʪʝʛʨʘʮʠʶ ʩ ʙʠʙʣʠʦʪʝʢʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɸʨʭʠʪʝʢʪʫʨʥʘʷ ʩʭʝʤʘ Model-View-Template ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʢʘʢ ʩʨʝʜʩʪʚʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʢʦʜʘ, ʘ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʠʟʦʣʷʮʠʠ ʣʦʛʠʢʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥ-

ʥʳʭ ʦʪ ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʩʪʨʦʠʪʴ ʘʣʛʦʨʠʪʤ ʩʚʝʨʪʦʯʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚ ʩʝʨʚʝʨʥʫʶ ʯʘʩʪʴ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ. ʉʝʨʚʝʨ, ʬʫʥʢʮʠʦ-

ʥʠʨʫʶʱʠʡ ʥʘ ʙʘʟʝ Django, ʧʨʠʥʠʤʘʝʪ ʚʭʦʜʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʝʨʝʜʘʝʪ ʠʭ ʚ ʤʦʜʫʣʴ ʦʙʨʘʙʦʪʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʡ 

ʙʠʙʣʠʦʪʝʢʠ ʚʨʦʜʝ TensorFlow ʠʣʠ PyTorch, ʠ ʚʦʟʚʨʘʱʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʆʩʦʙʝʥ-

ʥʦʩʪʴ Django ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ORM-ʤʝʭʘʥʠʟʤʘ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʛʦ ʘʙʩʪʨʘʢʮʠʶ ʥʘʜ SQL-ʟʘʧʨʦʩʘʤʠ. ʆʥ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʠʩʢʣʶʯʘʷ ʫʷʟʚʠʤʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʷ-

ʤʳʤ ʚʚʦʜʦʤ ʟʘʧʨʦʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ middleware-ʫʨʦʚʥʠ Django ʧʦʟʚʦʣʷʶʪ ʛʠʙʢʦ 

ʫʧʨʘʚʣʷʪʴ ʧʦʪʦʢʘʤʠ ʟʘʧʨʦʩʦʚ, ʙʘʣʘʥʩʠʨʫʷ ʥʘʛʨʫʟʢʫ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʱʝʥʠʡ [3; 4]. 

HTML ʚʳʩʪʫʧʘʝʪ ʬʫʥʜʘʤʝʥʪʦʤ ʢʣʠʝʥʪʩʢʦʡ ʩʪʦʨʦʥʳ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. ɽʛʦ ʩʪʨʫʢʪʫʨʘ ʟʘʜʘʝʪ ʣʦʛʠʯʝʩʢʫʶ 

ʠʝʨʘʨʭʠʶ ʵʣʝʤʝʥʪʦʚ ʩʪʨʘʥʠʮʳ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʚʠʟʫʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʙʦʪʳ ʥʝʡʨʦʩʝʪʠ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʩʚʝʨʪʦʯʥʳʭ ʩʝʪʝʡ HTML ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʝʥʪʘ, ʥʦ ʠ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʤʝʪʘʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ 

ʦʪ ʩʝʨʚʝʨʘ. ɺʝʙ-ʩʪʨʘʥʠʮʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ HTML5, ʧʦʟʚʦʣʷʶʪ ʚʥʝʜʨʷʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʠʝ ʟʘʛʨʫʟʢʫ ʬʘʡʣʦʚ ʥʘʧʨʷʤʫʶ ʠʟ ʙʨʘʫʟʝʨʘ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʤʦʜʝ-

ʣʴʶ. ʀʥʪʝʛʨʘʮʠʷ ʪʝʛʦʚ canvas ʠ video ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʩʝʪʠ, ʥʘʧʨʠʤʝʨ 

ʦʪʦʙʨʘʞʘʷ ʵʪʘʧʳ ʬʠʣʴʪʨʘʮʠʠ ʠ ʜʝʪʝʢʮʠʠ ʦʙʲʝʢʪʦʚ [2]. 

CSS ʚ ʜʘʥʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʩʪʝʢʝ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʬʦʨʤʣʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ʂʘʩ-

ʢʘʜʥʳʝ ʪʘʙʣʠʮʳ ʩʪʠʣʝʡ ʦʪʚʝʯʘʶʪ ʟʘ ʘʜʘʧʪʠʚʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʨʘʟʨʝʰʝʥʠʷ ʵʢʨʘʥʦʚ, ʯʪʦ ʦʩʦʙʝʥ-

ʥʦ ʚʘʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʧʣʘʥʰʝʪʘʭ. ʇʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
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flexbox ʠ grid-ʤʦʜʫʣʝʡ CSS ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʦʛʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʟʫʘʣʴʥʳʭ ʙʣʦʢʦʚ ʠ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ 

ʨʝʥʜʝʨʠʥʛ ʙʨʘʫʟʝʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ CSS-ʘʥʠʤʘʮʠʡ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʦ-

ʚʘʪʴ ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʚʦʩʧʨʠʷʪʠʝ ʩʠʩʪʝʤʳ ʢʘʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ɺ ʩʣʫʯʘʝ 

ʨʝʘʣʠʟʘʮʠʠ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʩʚʝʨʪʦʯʥʳʭ ʩʝʪʝʡ ʵʩʪʝʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʧʨʦʩʪʦ ʚʦʧʨʦʩʦʤ 

ʜʠʟʘʡʥʘ, ʘ ʯʘʩʪʴʶ ʢʦʛʥʠʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʣʝʛʯʘʷ ʧʦʥʠʤʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʦʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ. 

JavaScript ʚ ʢʦʥʪʝʢʩʪʝ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩʣʫʞʠʪ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʜʝʣʘ-

ʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ ʙʦʣʝʝ ʛʠʙʢʠʤ ʠ ʞʠʚʳʤ. ʕʪʦʪ ʷʟʳʢ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʦʙʨʘʙʦʪʢʫ 

ʩʦʙʳʪʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʙʨʘʫʟʝʨʝ, ʫʧʨʘʚʣʷʪʴ ʟʘʛʨʫʟʢʦʡ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʠʥʠʮʠʠʨʦʚʘʪʴ ʘʩʠʥʭʨʦʥʥʳʝ ʟʘʧʨʦʩʳ 

ʢ ʩʝʨʚʝʨʫ ʙʝʟ ʧʝʨʝʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ, ʯʪʦ ʦʩʦ-

ʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʥʝʡʨʦʩʝʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

JavaScript ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʦʚʣʷʪʴ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʚ ʤʦʤʝʥʪ ʧʦʣʫʯʝʥʠʷ ʦʪʚʝʪʘ ʦʪ ʩʝʨʚʝʨʘ, ʥʘʧʨʠʤʝʨ 

ʚʳʚʦʜʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʣʠ ʚʠʟʫʘʣʴʥʳʝ ʤʝʪʢʠ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʙʠʙ-

ʣʠʦʪʝʢ ʚʨʦʜʝ Chart.js ʠʣʠ D3.js ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʧʨʦʮʝʩʩʳ ʩʝʪʠ, ʪʘʢʠʝ ʢʘʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʘʮʠʡ ʠʣʠ ʜʠʥʘʤʠʢʫ ʪʦʯʥʦʩʪʠ. JavaScript ʩʪʘʥʦʚʠʪʩʷ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʩʝʨʚʝʨʥʦʡ 

ʣʦʛʠʢʦʡ ʠ ʠʥʪʝʨʬʝʡʩʦʤ, ʧʦʜʜʝʨʞʠʚʘʷ ʧʦʩʪʦʷʥʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʠ ʩʦʟʜʘʚʘʷ ʦʱʫʱʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤ r[6]. 

Jinja, ʚʩʪʨʦʝʥʥʳʡ ʚ Django, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ HTML-ʰʘʙʣʦʥʦʚ, ʛʜʝ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʘʣʛʦʨʠʪʤʘ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʫ ʩʪʨʘʥʠʮʳ ʜʦ ʝʝ ʧʝʨʝʜʘʯʠ 

ʧʦʣʴʟʦʚʘʪʝʣʶ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʩʦʜʝʨʞʠʤʳʤ ʩʪʨʘʥʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ ʜʘʥ-

ʥʳʭ ʠʣʠ ʧʘʨʘʤʝʪʨʦʚ, ʧʝʨʝʜʘʥʥʳʭ ʩʝʨʚʝʨʦʤ. ɹʣʘʛʦʜʘʨʷ Jinja ʤʦʞʥʦ ʚʩʪʨʘʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ, ʠʟʦʙʨʘ-

ʞʝʥʠʷ ʠ ʪʝʢʩʪʦʚʳʝ ʦʧʠʩʘʥʠʷ ʧʨʷʤʦ ʚ ʰʘʙʣʦʥ, ʠʟʙʝʛʘʷ ʜʫʙʣʠʨʦʚʘʥʠʷ ʢʦʜʘ ʠ ʣʠʰʥʠʭ ʟʘʧʨʦʩʦʚ. ʃʦʛʠʢʘ ʰʘʙʣʦʥʠ-

ʟʘʪʦʨʘ ʩʪʨʦʠʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ ʯʠʪʘʝʤʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʩʪʨʫʢʪʫʨʫ ʢʦʜʘ ʧʨʦʟʨʘʯʥʦʡ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʜʘʥʥʳʭ ʦʪ ʤʦʜʝʣʠ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ. ʇʨʠ ʨʘʙʦʪʝ ʩ ʠʥʪʝʨʬʝʡʩʘʤʠ ʜʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ Jinja ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʘ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʘʜʘʧʪʠʚʥʳʭ ʩʪʨʘʥʠʮ, ʛʜʝ ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʜʦʣʞʝʥ ʦʪʦʙʨʘʞʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʬʦʨ-

ʤʘʪʘʭ ï ʦʪ ʤʠʥʠʘʪʶʨ ʠ ʪʘʙʣʠʮ ʜʦ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʚʠʟʫʘʣʠʟʘʮʠʡ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ JavaScript ʰʘʙʣʦʥʠʟʘʪʦʨ ʬʦʨ-

ʤʠʨʫʝʪ ʦʩʥʦʚʫ ʜʣʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʩʝʨʚʝʨ ʠ ʢʣʠʝʥʪ ʜʝʡʩʪʚʫʶʪ ʩʦʛʣʘʩʦʚʘʥʥʦ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʣʘʚʥʦʝ 

ʦʙʥʦʚʣʝʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʠ ʪʦʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠ ʠʭ ʚʠʟʫʘʣʴʥʳʤ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝʤ [5]. 

MySQL ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʥʘʜʝʞʥʦʛʦ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ, ʧʦʜʜʝʨʞʠʚʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ. Django ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ MySQL ʯʝʨʝʟ ʚʩʪʨʦʝʥʥʳʝ ʘʜʘʧʪʝʨʳ, ʬʦʨʤʠʨʫʷ ʩʪʨʫʢʪʫʨʫ 

ʪʘʙʣʠʮ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ, ʦʧʠʩʘʥʥʳʭ ʚ ʢʦʜʝ ʧʨʠʣʦʞʝʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ 

ʜʘʥʥʳʭ ʠ ʫʧʨʦʱʘʝʪ ʤʠʛʨʘʮʠʶ ʩʭʝʤ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʳ. ɼʣʷ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪ̫-

ʤʠ, MySQL ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʥʦ ʠ ʜʣʷ ʬʠʢʩʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʫʯʝʥʠʷ, ʚʨʝʤʝʥʥʳʭ ʤʝʪʦʢ ʠ ʣʦʛʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʣʠʯʠʝ ʠʥʜʝʢʩʦʚ ʠ ʧʦʜʜʝʨʞʢʘ ʪʨʘʥʟʘʢʮʠʡ 

ʛʘʨʘʥʪʠʨʫʶʪ ʮʝʣʦʩʪʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʟʘʧʨʦʩʦʚ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʜʦʩʪʠʛʘʝʪʩʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʠ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʧʦʩʪʫʧʘʶʱʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʤʝʥʘ ʜʘʥ-

ʥʳʤʠ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ ʢʣʠʝʥʪʦʤ. 

ʀʥʪʝʛʨʘʮʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʝʪ ʝʜʠʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʢʦʤʧʦ-

ʥʝʥʪ ʚʳʧʦʣʥʷʝʪ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʫʥʢʮʠʶ. Django ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ ʫʧʨʘʚʣʝʥʠʠ ʣʦʛʠʢʦʡ ʠ ʦʙʝʩʧʝʯʝʥʠʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, HTML ʠ CSS ʬʦʨʤʠʨʫʶʪ ʚʠʟʫʘʣʴʥʫʶ ʦʩʥʦʚʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʘ MySQL ʧʦʜ-

ʜʝʨʞʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʜʘʥʥʳʭ. ʊʘʢʘʷ ʩʚʷʟʢʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʩʪʨʦʠʪʴ ʫʜʦʙʥʳʡ 

ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʥʦ ʠ ʟʘʣʦʞʠʪʴ ʦʩʥʦʚʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʠ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʩʠʩʪʝʤʳ. 
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SYSTEMATIZATION OF F ACTORS FOR RELIABLE WEBSITE OPERATION  

O. V. Artyshkin, T.  A. Artyshkina  
Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, artyshkin@yandex.ru 

This article provides a comprehensive analysis and systematization of the key factors determining website reliability. A multi-

level model is proposed, integrating infrastructure, software, operational, and organizational-managerial levels for systematizing the 

factors of reliable website operation. 

Keywords: website reliability, reliability factors, availability, performance, security, systematization, fault tolerance, web devel-

opment. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ ʚʝʙ-ʩʘʡʪ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʘʢʪʠʚʦʤ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ ʣʶʙʦ-

ʛʦ ʤʘʩʰʪʘʙʘ. ɽʛʦ ʥʘʜʝʞʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʨʝʧʫʪʘʮʠʶ, ʬʠʥʘʥʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʢʦʥ-

ʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ.  

ʇʦʥʷʪʠʝ çʥʘʜʝʞʥʦʩʪʴè ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʚʝʙ-ʩʘʡʪʫ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʚʳʭʦʜʷʱʝʡ ʟʘ 

ʨʘʤʢʠ ʧʨʦʩʪʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʨʝʩʫʨʩʘ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ʆʥʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʘʢ: 

- ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʩʢʦʨʦʩʪʴ ʟʘʛʨʫʟʢʠ ʚʝʙ-ʩʪʨʘʥʠʮ ʠ ʦʪʢʣʠʢʘ ʥʘ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

- ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʜʝʨʞʠʚʘʪʴ ʧʠʢʦʚʳʝ ʥʘʛʨʫʟʢʠ ʙʝʟ ʠʩʢʘʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- ʜʦʩʪʫʧʥʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʩʘʡʪʘ ʙʳʪʴ ʜʦʩʪʫʧʥʳʤ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ; 

- ʙʝʟʦʧʘʩʥʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʢʠʙʝʨʘʪʘʢʘʤ ʠ ʟʘʱʠʱʘʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʢʦʥʬʠʜʝʥʮʠ-

ʘʣʴʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

- ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʯʘʩʪʠʯʥʳʭ ʦʪʢʘʟʘʭ ʚʝʙ-ʢʦʤʧʦʥʝʥʪʦʚ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʢʠ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʵʪʠ ʘʩʧʝʢʪʳ ʠʟʦʣʠʨʦʚʘʥʥʦ. ʆʜʥʘʢʦ ʜʣʷ ʜʦ-

ʩʪʠʞʝʥʠʷ ʠʩʪʠʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤ ʩʠʩʪʝʤʦʪʝʭʥʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʟʘʠʤʦʩʚʷʟʴ ʚʩʝʭ ʬʘʢ-

ʪʦʨʦʚ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘʜʝʞʥʦʩʪʠ ʚʝʙ-ʩʘʡʪʘ ʚ 

ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʤʦʜʝʣʴ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʚʝʙ-ʨʘʟʨʘʙʦʪʦʢ [1ï4] ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʯʝʪʳʨʝʤ ʢʣʶʯʝʚʳʤ ʫʨʦʚʥʷʤ: ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʤʫ, ʧʨʦ-

ʛʨʘʤʤʥʦʤʫ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤʫ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʦʤʫ. 

1. ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʫʨʦʚʝʥʴ ʬʘʢʪʦʨʦʚ. 

1.1. ʅʘʜʝʞʥʦʩʪʴ ʭʦʩʪʠʥʛʘ ʠ ʜʘʪʘ-ʮʝʥʪʨʦʚ: ʢʘʯʝʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʩʠʩʪʝ-

ʤr  ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ. 

1.2. ɹʘʣʘʥʩʠʨʦʚʢʘ ʥʘʛʨʫʟʢʠ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʭʦʜʷʱʝʛʦ ʪʨʘʬʠʢʘ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʩʝʨʚʝʨʘʤʠ ʜʣʷ ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʷ ʧʝʨʝʛʨʫʟʦʢ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ. 

1.3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʝʪʠ ʩʝʨʚʝʨʦʚ CDN (Content Delivery Network): ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʢʦʥʪʝʥʪʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʜʝʨʞʝʢ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʘʛʨʫʟʢʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʟ ʨʘʟʥʳʭ ʨʝʛʠʦ-

ʥʦʚ. 

1.4. ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ: ʜʫʙʣʠʨʦʚʘʥʠʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʩʝʨʚʝʨʳ, ʩʝʪʝʚʳʝ ʤʘʨʰʨʫʪʳ, ʙʘʟʳ 

ʜʘʥʥʳʭ) ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʝʜʠʥʠʯʥʳʭ ʦʪʢʘʟʦʚ. 

2. ʋʨʦʚʝʥʴ ʧʨʠʣʦʞʝʥʠʷ ʠ ʢʦʜʘ. 

2.1. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ: ʵʬʬʝʢʪʠʚʥʳʡ back-end ʠ front-end ʢʦʜ, ʤʠʥʠʤʠʟʘʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ ʧʨʦʮʝʩʩʦʨʘ ʠ ʧʘʤʷʪʠ. 

2.2. ʆʧʪʠʤʠʟʘʮʠʷ ʙʘʟ ʜʘʥʥʳʭ: ʧʨʘʚʠʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʭʝʤʳ, ʠʥʜʝʢʩʘʮʠʷ ʟʘʧʨʦʩʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʵ-

ʰʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, Redis, Memcached) ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʉʋɹɼ. 

2.3. ɸʩʠʥʭʨʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ: ʚʳʥʝʩʝʥʠʝ ʤʥʦʛʦʟʘʪʨʘʪʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʟʘʜʘʯ (ʦʪʧʨʘʚʢʘ e-mail, ʦʙʨʘʙʦʪʢʘ ʚʠ-

ʜʝʦ) ʚ ʬʦʥʦʚʳʝ ʦʯʝʨʝʜʠ (ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ RabbitMQ, Celery). 

2.4. ɹʝʟʦʧʘʩʥʦʩʪʴ ʢʦʜʘ: ʟʘʱʠʪʘ ʦʪ ʫʷʟʚʠʤʦʩʪʝʡ (OWASP Top 10), ʪʘʢʠʭ ʢʘʢ SQL-ʠʥʲʝʢʮʠʠ, XSS, CSRF, ʯʝ-

ʨʝʟ ʚʘʣʠʜʘʮʠʶ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ. 

3. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ ʬʘʢʪʦʨʦʚ. 

3.1. ʄʦʥʠʪʦʨʠʥʛ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʦʪʧʨʘʚʢʘ ʦʧʦʚʝʱʝʥʠʡ (ʘʣʝʨʪʠʥʛ): ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʥʦ-

ʩʪʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʦʰʠʙʦʢ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ 

ʠʥʮʠʜʝʥʪʳ.  
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3.2. ʇʨʦʮʝʜʫʨʳ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ: ʨʝʛʫʣʷʨʥʦʝ ʩʦʟʜʘʥʠʝ ʙʵʢʘʧʦʚ ʜʘʥʥʳʭ ʠ ʢʦʜʘ ʩ 

ʧʨʦʚʝʨʢʦʡ ʠʭ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʦʪʨʘʙʦʪʢʦʡ ʧʨʦʮʝʜʫʨ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

3.3 ʋʧʨʘʚʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʢʘʢ ʢʦʜ (IaC): ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ (Terraform, 

Ansible) ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ 

ʩʫʙʲʝʢʪʠʚʥʳʭ ʦʰʠʙʦʢ. 

3.4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ CI/CD 

(ʥʝʧʨʝʨʳʚʥʘʷ ʠʥʪʝʛʨʘʮʠʷ (Continuous Integration) / ʥʝʧʨʝʨʳʚʥʦʝ ʨʘʟʚʝʨʪʳʚʘʥʠʝ (Continuous Deployment)): ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʝʙ-ʩʘʡʪʘ ʟʘ ʩʯʝʪ ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

4. ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʬʘʢʪʦʨʦʚ. 

4.1. ʂʚʘʣʠʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ: ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʠ ʦʧʳʪʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʩʠʩʪʝʤʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ ʠ 

DevOps-ʠʥʞʝʥʝʨʦʚ. 

4.2. ʇʣʘʥʠʨʦʚʘʥʠʝ ʤʦʱʥʦʩʪʝʡ: ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʥʘʛʨʫʟʢʠ ʠ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʳ. 

4.3. ʈʝʛʣʘʤʝʥʪʳ ʠ ʜʦʢʫʤʝʥʪʘʮʠʷ: ʥʘʣʠʯʠʝ ʯʝʪʢʠʭ ʠʥʩʪʨʫʢʮʠʡ ʧʦ ʜʝʡʩʪʚʠʷʤ ʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʜʦʢʫ-

ʤʝʥʪʘʮʠʠ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʧʨʦʮʝʩʩʳ. 

4.4. ʈʝʛʫʣʷʨʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʧʨʦʚʝʜʝʥʠʝ ʥʘʛʨʫʟʦʯʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʠ ʧʨʦʚʝʨʦʢ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʧʝʥʪʝʩʪʳ). 

4.5. ʋʧʨʘʚʣʝʥʠʝ ʠʥʮʠʜʝʥʪʘʤʠ: ʦʪʣʘʞʝʥʥʳʡ ʧʨʦʮʝʩʩ ʨʝʛʠʩʪʨʘʮʠʠ, ʵʩʢʘʣʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʠʥʮʠʜʝʥʪʦʚ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʭ ʧʦʚʪʦʨʝʥʠʷ ʚ ʙʫʜʫʱʝʤ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʧʦʣʠʬʘʢʪʦʨʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʬʘʢʪʦʨʳ ʥʘʜʝʞʥʦʩʪʠ ʪʝʩʥʦ ʚʟʘʠ-

ʤʦʩʚʷʟʘʥʳ. ʅʘʧʨʠʤʝʨ, ʦʪʩʫʪʩʪʚʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ) ʩʚʦʜʠʪ ʥʘ ʥʝʪ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ (ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ). ɸ ʪʘʢʞʝ ʥʠʟʢʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ 

(ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʘʤ ʚ ʢʦʜʝ (ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ) ʠʣʠ ʥʝʢʦʨʨʝʢʪʥʦʡ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʝʙ-ʩʘʡʪʘ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʤʝʨʳ ʠʟ ʚʩʝʭ ʯʝʪʳʨʝʭ ʛʨʫʧʧ ʨʝʘʣʠʟʫʶʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦ ʠ ʥʝʧʨʝʨʳʚʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʞʠʟ-

ʥʝʥʥʦʛʦ ʮʠʢʣʘ ʚʝʙ-ʩʘʡʪʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʬʘʢʪʦʨʦʚ 

ʥʘʜʝʞʥʦʩʪʠ ʚʝʙ-ʩʘʡʪʘ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʪʝʭʥʠʯʝʩʢʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʘʩ-

ʧʝʢʪʳ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ, ʟʘʢʣʘʜʳʚʘʷ ʪʨʝʙʦʚʘ-

ʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ; ʚʳʷʚʠʪʴ ʩʣʘʙʳʝ ʤʝʩʪʘ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʧʨʦʮʝʩʩʘʭ; ʦʧ-

ʪʠʤʠʟʠʨʦʚʘʪʴ ʠʥʚʝʩʪʠʮʠʠ ʚ ʥʘʜʝʞʥʦʩʪʴ, ʥʘʧʨʘʚʣʷʷ ʨʝʩʫʨʩʳ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʳʭ ʨʠʩʢʦʚ. ɼʘʣʴ-

ʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʨʠʢ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʘ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʠʦʨʠʪʠʟʘʮʠʠ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʝʝ ʧʦʚʳʰʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. 
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ʥʘʷ ʥʘ ʢʦʥʮʝʧʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚ ʢʦʨʪʝʞʝʡ. ʄʝʭʘʥʠʟʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʨʝʘʢʮʠʠ ʘʩʠʥʭʨʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʥʘ ʧʦʷʚʣʝʥʠʝ, ʠʟʤʝʥʝʥʠʝ ʠ ʫʥʠʯʪʦʞʝʥʠʝ ʢʦʨʪʝʞʝʡ ʚ ʦʙʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʤʝʨʜʞʝʥʪʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ. 
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TUPLE-BASED MODEL OF DIGIT AL OR GANISM FUNCTIONING I N THE PARADIGM OF SE LF-
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The article considers a tuple model for representing the state and behavior of a digital organism based on the concept of tuple 

spaces. The mechanism of self-organization is implemented through the reactions of asynchronous processes to the appearance, 

modification and destruction of tuples in the common state space, which ensures the emergent behavior of the system. 

Keywords: self-organizing software system, digital organism, tuple model, tuple space, emergent behavior, resilience, 

adaptivity. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT), ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʦʙʣʘʯʥʳʝ ʧʣʘʪʬʦʨ-

ʤʳ ʠ ʘʚʪʦʥʦʤʥʳʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʝʩʧʨʝʮʝʜʝʥʪʥʦʡ ʩʣʦʞʥʦʩʪʴʶ, ʜʠʥʘʤʠʯʥʦ-

ʩʪʴʶ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴʶ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʨʝʜʳ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʜʝʪʝʨʤʠʥʠ-

ʨʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʟʘʯʘʩʪʫʶ ʥʝʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʪʚʝ-

ʪʦʤ ʥʘ ʵʪʦʪ ʚʳʟʦʚ ʩʪʘʣʘ ʧʘʨʘʜʠʛʤʘ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ (ʉʆʇʉ), ʯʝʨʧʘʶʱʘʷ 

ʚʜʦʭʥʦʚʝʥʠʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [1]. 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʣʦʛʠʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉʆʇʉ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʧʮʠʷ çʮʠʬʨʦʚʦʛʦ 

ʦʨʛʘʥʠʟʤʘè (digital organism) [2]. ʎʠʬʨʦʚʦʡ ʦʨʛʘʥʠʟʤ (ʎʆ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʚʪʦʥʦʤʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ 

ʘʛʝʥʪ, ʦʙʣʘʜʘʶʱʠʡ ʩʚʦʡʩʪʚʘʤʠ ʛʦʤʝʦʩʪʘʟʘ, ʘʜʘʧʪʘʮʠʠ, ʨʘʟʤʥʦʞʝʥʠʷ ʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʵʚʦʣʶʮʠʠ. ʆʜʥʘʢʦ 

ʦʪʩʫʪʩʪʚʠʝ ʬʦʨʤʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʦʨʛʘʥʠʟʤʦʚ ʩʜʝʨʞʠʚʘʝʪ ʠʭ ʰʠʨʦ-

ʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʬʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʨʪʝʞʥʦʡ ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʎʆ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʩʣʫʞʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʣʦʞʥʳʭ 

ʉʆʇʉ. 

ʎʠʬʨʦʚʦʡ ʦʨʛʘʥʠʟʤ ʚ ʢʦʥʪʝʢʩʪʝ ʉʆʇʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʘʚʪʦʥʦʤʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʝʜʠʥʠʮʘ, ʦʙʣʘʜʘʶʱʘʷ 

ʩʣʝʜʫʶʱʠʤʠ ʘʪʨʠʙʫʪʘʤʠ. 
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ʩʦʦʙʱʝʥʠʷ ʠ ʩʦʙʳʪʠʷ. 

3. ɸʪʨʠʙʫʪ çɸʢʪʫʘʪʦʨʳè: ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʩʨʝʜʫ, ʠʟʤʝʥʷʷ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʩʦʩʪʦʷʥʠʝ 

ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʩʠʩʪʝʤ. 

4. ɸʪʨʠʙʫʪ çɻʦʤʝʦʩʪʘʟè: ʩʪʨʝʤʣʝʥʠʝ ʢ ʧʦʜʜʝʨʞʘʥʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

5. ɸʪʨʠʙʫʪ çɸʜʘʧʪʠʚʥʦʩʪʴè: ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʠ ʧʦʚʝʜʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʳʞʠʚʘ-

ʝʤʦʩʪʠ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚ ʢʦʨʪʝʞʝʡ, ʷʚʣʷʶʱʝʡʩʷ ʦʩʥʦʚʦʡ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʧʘ-

ʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʢʘʢ Linda [3]. ʇʨʦʩʪʨʘʥʩʪʚʦ ʢʦʨʪʝʞʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʜʝʣʷʝʤʫʶ, ʘʩʩʦʮʠʘʪʠʚ-

ʥʫʶ ʧʘʤʷʪʴ, ʛʜʝ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʚ ʚʠʜʝ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʥʘʙʦʨʦʚ ʪʠʧʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʝʡ. 

ɺ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʤʦʜʝʣʠ ʩʦʩʪʦʷʥʠʝ ʮʠʬʨʦʚʦʛʦ ʦʨʛʘʥʠʟʤʘ ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘʙʦʨʦʤ ʠʤʤʫʪʠʨʫʝʤʳʭ 

(ʥʝʠʟʤʝʥʷʝʤʳʭ) ʢʦʨʪʝʞʝʡ. ʂʘʞʜʳʡ ʢʦʨʪʝʞ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʘʢʪ, ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʢʦʤʘʥʜʫ. ʄʦʜʝʣʴ ʦʨʛʘʥʠʟ-

ʤʘ O ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʢʘʢ: 

O = ἂS, P, R, Eἃ, 
ʛʜʝ S ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʘʢʪʠʚʥʳʭ ʢʦʨʪʝʞʝʡ ʮʠʬʨʦʚʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʥʘʟʳʚʘʝʤʘ ̫ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʩʦʩʪʦʷʥʠʡ; 

 P ï ʥʘʙʦʨ ʧʨʦʮʝʩʩʦʚ (pϛ, pϜ, ..., pN), ʘʩʠʥʭʨʦʥʥʦ ʦʧʝʨʠʨʫʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʦʤ S; 

 R ï ʥʘʙʦʨ ʨʝʘʢʪʠʚʥʳʭ ʧʨʘʚʠʣ (rϛ, rϜ, ..., rN), ʘʢʪʠʚʠʨʫʝʤʳʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ S;  

 E ï ʠʥʪʝʨʬʝʡʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ (ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ, ʩʠʩʪʝʤʘʤʠ). 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʎʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʝʜʫʶʱʠʡ ʥʝʧʨʝʨʳʚʥʳʡ ʤʥʦʛʦʬʘʟʥʳʡ ʮʠʢʣ. 
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ʌʘʟʘ çɺʦʩʧʨʠʷʪʠʝè: ʎʆ ʚʦʩʧʨʠʥʠʤʘʝʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʚʥʫʪʨʝʥʥʝʝ ʩʦʩʪʦʷʥʠʝ ʯʝʨʝʟ ʢʦʨʪʝʞʠ. ʉʝʥʩʦʨ-

ʥʝr ʧʨʦʮʝʩʩʳ ʈ ʟʘʧʠʩʳʚʘʶʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʨʪʝʞʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʨʪʝʞʠ, ʦʪʨʘʞʘʶʱʠʝ ʚʥʝʰʥʠʝ ʠ 

ʚʥʫʪʨʝʥʥʠʝ ʠʟʤʝʥʝʥʠʷ. 

ʌʘʟʘ çʆʙʨʘʙʦʪʢʘè: ʨʝʘʢʪʠʚʥʳʝ ʧʨʘʚʠʣʘ R ʧʦʩʪʦʷʥʥʦ ʤʦʥʠʪʦʨʷʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʨʪʝʞʝʡ ʥʘ ʥʘʣʠʯʠʝ ʦʧʨʝ-

ʜʝʣʝʥʥʳʭ ʰʘʙʣʦʥʦʚ. ʂʦʛʜʘ ʧʦʷʚʣʷʝʪʩʷ ʢʦʨʪʝʞ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʰʘʙʣʦʥʫ ʧʨʘʚʠʣʘ, ʠ ʫʩʣʦʚʠʝ ʧʨʘʚʠʣʘ ʚʳʧʦʣ-

ʥʷʝʪʩʷ, ʧʨʘʚʠʣʦ ʩʨʘʙʘʪʳʚʘʝʪ ʠ ʚʳʧʦʣʥʷʝʪ ʜʝʡʩʪʚʠʝ. 

ʌʘʟʘ çɼʝʡʩʪʚʠʝè: ʧʨʦʮʝʩʩʳ ʘʢʪʫʘʪʦʨʦʚ ʩʯʠʪʳʚʘʶʪ ʢʦʨʪʝʞʠ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ ʠ ʚʳʧʦʣʥʷʶʪ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʨʝʜʫ, ʧʦʩʣʝ ʯʝʛʦ ʫʜʘʣʷʶʪ ʠʩʧʦʣʥʝʥʥʳʡ ʢʦʨʪʝʞ. 

ʌʘʟʘ çʄʝʪʘʙʦʣʠʟʤè: ʎʆ ʧʦʪʨʝʙʣʷʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ (ʧʨʦʮʝʩʩʦʨʥʦʝ ʚʨʝʤʷ, ʧʘʤʷʪʴ) ʜʣʷ ʧʦʜʜʝʨʞʘ-

ʥʠʷ ʩʚʦʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʧʨʠʤʝʨ, ʢʦʨʪʝʞ ("energy", 50) ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʠ ʢʦʛʜʘ ʵʥʝʨʛʠʷ ʧʘʜʘʝʪ 

ʥʠʞʝ ʧʦʨʦʛʘ, ʩʨʘʙʘʪʳʚʘʶʪ ʧʨʘʚʠʣʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʝʝ ʧʦʧʦʣʥʝʥʠʝ. 

ʌʘʟʘ çɸʜʘʧʪʘʮʠʷè: ʎʆ ʤʦʞʝʪ ʤʝʥʷʪʴ ʩʚʦʠ ʧʨʘʚʠʣʘ (ʥʘʙʦʨ R) ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʦʥ 

ʤʦʞʝʪ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʧʨʘʚʠʣʘ ʠʣʠ ʫʜʘʣʷʪʴ ʥʝʵʬʬʝʢʪʠʚʥʳʝ ʯʝʨʝʟ ʤʝʭʘʥʠʟʤ ʵʚʦʣʶʮʠʠ. 

ʌʘʟʘ çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠè: ʎʆ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʦʙʱʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʨʪʝʞʝʡ ʠʣʠ ʧʫʪʝʤ ʦʪʧʨʘʚʢʠ ʢʦʨʪʝʞʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʤʦʚ. 

ʕʪʦʪ ʧʨʦʩʪʦʡ ʣʦʢʘʣʴʥʳʡ ʤʥʦʛʦʬʘʟʥʳʡ ʤʝʭʘʥʠʟʤ, ʙʫʜʫʯʠ ʫʤʥʦʞʝʥʥʳʤ ʥʘ ʩʦʪʥʠ ʧʨʘʚʠʣ ʠ ʧʨʦʮʝʩʩʦʚ, ʧʦ-

ʨʦʞʜʘʝʪ ʩʣʦʞʥʦʝ ʛʣʦʙʘʣʴʥʦʝ ʵʤʝʨʜʞʝʥʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʎʆ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ: ʧʦʩʢʦʣʴʢʫ ʩʦʩʪʦʷʥʠʝ ʎʆ ʨʘʩʧʨʝʜʝʣʝʥʦ ʚ ʚʠʜʝ ʢʦʨʪʝʞʝʡ, ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʝʛʦ ʦʪʜʝʣʴ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʢʨʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʉʦʩʪʦʷʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʥʘ ʦʩʥʦʚʝ ʩʦ-

ʭʨʘʥʠʚʰʠʭʩʷ ʢʦʨʪʝʞʝʡ. 

ɼʝʮʝʥʪʨʘʣʠʟʘʮʠʷ: ʎʆ ʥʝ ʠʤʝʝʪ ʮʝʥʪʨʘʣʴʥʦʛʦ çʤʦʟʛʘè. ʋʧʨʘʚʣʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʦ ʤʝʞʜʫ ʢʦʥʢʫ-

ʨʠʨʫʶʱʠʤʠ ʠ ʢʦʦʧʝʨʠʨʫʶʱʠʤʠ ʨʝʘʢʪʠʚʥʳʤʠ ʧʨʘʚʠʣʘʤʠ. 

ɸʜʘʧʪʠʚʥʦʩʪʴ: ʠʟʤʝʥʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʦʨʛʘʥʠʟʤʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ, ʫʜʘʣʝʥʠʷ ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʠ 

ʢʦʨʪʝʞʝʡ-ʧʨʘʚʠʣ ʚ S (ʯʪʦ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʝʥʥʝʡ ʣʦʛʠʢʠ, ʪʘʢ ʠ ʠʟʚʥʝ, ʥʘʧʨʠʤʝʨ ʯʝʨʝʟ 

ʤʝʭʘʥʠʟʤ ʵʚʦʣʶʮʠʠ). 

ɺʝʨʠʬʠʮʠʨʫʝʤʦʩʪʴ: ʙʣʘʛʦʜʘʨʷ ʠʤʤʫʪʘʙʝʣʴʥʦʩʪʠ ʢʦʨʪʝʞʝʡ ʠ ʷʚʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʩʦʩʪʦʷʥʠʷ, ʤʦʜʝʣʴ 

ʫʧʨʦʱʘʝʪ ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʬʦʨʤʘʣʴʥʫʶ ʚʝʨʠʬʠʢʘʮʠʶ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ. 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ: ʤʦʜʝʣʴ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʮʝʥʘʨʠʠ, ʛʜʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʩʪʦʷʥʠʷ S ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʦ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʫʟʣʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʦʨʪʝʞʥʘʷ ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʎʆ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʱʥʳʡ ʠ ʛʠʙʢʠʡ 

ʬʦʨʤʘʣʠʟʤ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʉʆʇʉ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʥʝʩʪʠ ʤʝʪʦʜʦʣʦʛʠʶ ʩʘʤʦʦʨʛʘʥʠʟʫʶ-

ʱʠʭʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʧʦʣʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʉʆʇʉ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʢ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʡ ʵʣʝʤʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʚʝʙ-ʨʝʩʫʨʩʦʚ. ʇʨʦ-

ʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʝʨʝʭʦʜʘ ʦʪ ʧʘʨʘʜʠʛʤʳ ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʠ ʢ ʧʘʨʘʜʠʛʤʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʩʙʦʷʤ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨ-

ʥʘʷ ʤʦʜʝʣʴ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʛʦ ʚʝʙ-ʩʘʡʪʘ, ʜʝʪʘʣʠʟʠʨʫʶʪʩʷ ʢʣʶʯʝʚʳʝ ʧʨʠʥʮʠʧʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʫʨʦʚʥʷʭ: ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʤ, ʫʨʦʚʥʷʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʜʘʥʥʳʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʦʣʠ ʧʨʘʢʪʠʢ DevOps, ʪʘʢʠʭ ʢʘʢ 

ʤʦʥʠʪʦʨʠʥʛ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ çʠʥʞʝʥʝʨʠʷ ʭʘʦʩʘè (Chaos Engineering), ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʠ ʧʨʦʚʝʨʢʝ ʦʪʢʘ-

ʟʦʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʚʝʙ-ʩʘʡʪʘ, ʚʳʩʦʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ, ʘʨʭʠʪʝʢʪʫʨʘ, ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ, 

ʠʥʞʝʥʝʨʠʷ ʭʘʦʩʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝ ʩʙʦʝʚ, ʤʠʢʨʦʩʝʨʚʠʩʳ, ʙʘʣʘʥʩʠʨʦʚʢʘ ʥʘʛʨʫʟʢʠ. 

FAULT TOLERANCE AS A  KEY FACTOR FOR RELIA BLE WEBSITE OPERATIO N 

T. A. Artyushkina, O. V. Arty ushkin 
Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, artyshkin@yandex.ru 

This article examines fault tolerance as a backbone element of the reliability of web resources. The analysis of the transition 

from the paradigm of continuity to the paradigm of fault tolerance is carried out. An architectural model of a fault-tolerant website is 

proposed, the key principles and technologies of its implementation at various levels are detailed: infrastructure, application and 

data levels. Special attention is paid to the role of DevOps practices such as monitoring, automatic recovery, and Chaos Engineering 

in maintaining and verifying fault tolerance. 

Keywords: fault tolerance, website reliability, high availability, architecture, redundancy, Chaos Engineering, disaster recovery, 

microservices, load balancing. 
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ʉʦʚʨʝʤʝʥʥʳʡ ʚʝʙ-ʩʘʡʪ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣ ʦʪ ʩʪʘʪʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʨʦʰʶʨʳ ʜʦ ʩʣʦʞʥʦʛʦ, ʜʠʥʘʤʠʯ-

ʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʪʨʘʥʟʘʢʮʠʠ, ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɺ ʪʘʢʦʡ ʩʨʝʜʝ ʧʨʦʩʪʦʠ ʠ ʩʙʦʠ ʥʝʠʟʙʝʞʥʳ ʚ ʩʠʣʫ ʩʘʤʳʭ ʨʘʟʥʳʭ ʧʨʠʯʠʥ: ʦʪ ʘʧʧʘʨʘʪʥʳʭ ʦʪʢʘʟʦʚ ʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʦʰʠʙʦʢ ʜʦ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠ ʢʠʙʝʨʘʪʘʢ. ʎʝʣʴ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʠ, ʥʘ ʧʨʘʢʪʠʢʝ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʠʞʠʤʦʡ [1]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʠʪ ʢʦʥʮʝʧʮʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ï ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʧʨʦʜʦʣʞʘʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ (ʚʦʟʤʦʞʥʦ, ʚ ʜʝʛʨʘʜʠʨʦʚʘʚʰʝʤ ʨʝʞʠʤʝ) ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʪʢʘʟʘ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʝʝ 

ʢʦʤʧʦʥʝʥʪʦʚ [2]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ, 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʜʝʣʘʝʪ ʘʢʮʝʥʪ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʦʡ ʧʦʛʣʦʱʘʪʴ ʩʙʦʠ ʙʝʟ ʧʦʣʥʦʡ ʧʦʪʝʨʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʦʜʥʠʤ ʠʟ ʘʪʨʠʙʫʪʦʚ ʥʘʜʝʞʥʦʩʪʠ, ʘ 

ʝʝ ʢʣʶʯʝʚʳʤ, ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʟʘʢʣʘʜʳʚʘʝʤʳʤ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ [3]. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʧʨʠʥʮʠʧʦʚ, ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʚʝʙ-ʩʘʡʪʦʚ ʢʘʢ ʦʩʥʦʚʳ ʠʭ ʥʘʜʝʞʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʌʫʥʜʘʤʝʥʪʦʤ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʧʨʠʥʮʠʧʘʭ. 

1. ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ (Redundancy): ʜʫʙʣʠʨʦʚʘʥʠʝ ʚʩʝʭ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʨ-

ʚʝʨʘʤ ʧʨʠʣʦʞʝʥʠʡ, ʙʘʟʘʤ ʜʘʥʥʳʭ, ʩʝʪʝʚʳʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ ʠ ʢʘʥʘʣʘʤ ʩʚʷʟʠ. ʇʨʠʥʮʠʧ çN+1è (ʥʘʣʠʯʠʝ ʢʘʢ 

ʤʠʥʠʤʫʤ ʦʜʥʦʛʦ ʟʘʧʘʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ) ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ ʩʠʩʪʝʤ. 

2. ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʝʛʤʝʥʪʳ (Compartmentalization): ʘʨʭʠʪʝʢʪʫʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʪʢʘʟ ʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ ʥʝ ʚʳʟʳʚʘʣ ʢʘʩʢʘʜʥʳʡ ʩʙʦʡ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠ-

ʪʝʢʪʫʨʘ (Microservices) ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ ʚʦʧʣʦʱʝʥʠʝʤ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ, ʧʦʟʚʦʣʷʷ ʠʟʦʣʠʨʦʚʘʪʴ ʩʙʦʡ ʚ ʨʘʤʢʘʭ 

ʦʜʥʦʛʦ ʩʝʨʚʠʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʧʨʦʜʦʣʞʘʶʪ ʨʘʙʦʪʘʪʴ. 

3. ʉʣʘʙʘʷ ʩʚʷʟʘʥʥʦʩʪʴ (Loose Coupling): ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʯʝʨʝʟ ʘʩʠʥʭʨʦʥ-

ʥʳʝ ʠʥʪʝʨʬʝʡʩʳ (ʦʯʝʨʝʜʠ ʩʦʦʙʱʝʥʠʡ, ʪʘʢʠʝ ʢʘʢ RabbitMQ ʠʣʠ Apache Kafka) ʠ ʫʩʪʦʡʯʠʚʳʝ API. ʕʪʦ ʧʨʝʜʦʪ-

ʚʨʘʱʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘʜʝʨʞʝʢ ʠ ʦʪʢʘʟʦʚ ʦʪ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢ ʜʨʫʛʦʤʫ. 

4. ɹʘʣʘʥʩʠʨʦʚʢʘ ʥʘʛʨʫʟʢʠ (Load Balancing): ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʭʦʜʷʱʠʭ ʟʘʧʨʦʩʦʚ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʵʢʟʝʤ-

ʧʣʷʨʘʤʠ ʧʨʠʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴʩʷ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʟʨʘʯʥʦʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʠʩʢʣʶʯʝʥʠʝ ʥʝʠʩʧʨʘʚʥʳʭ ʫʟʣʦʚ ʠʟ ʧʫʣʘ ʦʙʨʘʙʦʪʢʠ. 

ʉʦʯʝʪʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʚʝʙ-ʩʘʡʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʚʠʜʝ ʯʝʪʳʨʝʭʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

1. ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʫʨʦʚʝʥʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘ ʩʯʝʪ ʩʣʝʜʫʶʱʠʭ ʤʝʪʦʜʦʚ. 

1.1. ɻʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʨʘʟʤʝʱʝʥʠʝ ʫʟʣʦʚ ʚ ʥʝʩʢʦʣʴʢʠʭ ʜʘʪʘ-ʮʝʥʪʨʘʭ ʫ ʨʘʟʥʳʭ ʦʙʣʘʯʥʳʭ ʧʨʦ-

ʚʘʡʜʝʨʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ (Global Server Load Balancing, GSLB) ʜʣʷ ʧʝʨʝʥʘ-

ʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʘ ʚ ʨʘʙʦʪʘʶʱʠʡ ʨʝʛʠʦʥ. 

1.2. ɸʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʜʦʙʘʚʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʧʝʨʠʦʜ 

ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠ ʠʭ ʫʤʝʥʴʰʝʥʠʝ ʚ ʩʧʘʜʳ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʪʢʘʟʳ ʠʟ-ʟʘ ʧʝʨʝʛʨʫʟʢʠ. 

2. ʋʨʦʚʝʥʴ ʜʘʥʥʳʭ ï ʯʝʨʝʜʦʚʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʤʝʪʦʜʦʚ. 

2.1. ʈʝʧʣʠʢʘʮʠʠ ʙʘʟ ʜʘʥʥʳʭ: ʥʘʩʪʨʦʡʢʘ ʤʘʩʪʝʨ-ʩʣʝʡʚ ʨʝʧʣʠʢʘʮʠʠ, ʢʦʛʜʘ ʦʧʝʨʘʮʠʠ ʟʘʧʠʩʠ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʤʘ-

ʩʪʝʨ-ʩʝʨʚʝʨ, ʘ ʯʪʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʩʝʨʚʝʨʘʭ (ʩʣʝʡʚʘʭ), ʧʦʜʯʠʥʝʥʥʳʭ ʛʣʘʚʥʦʤʫ ʩʝʨʚʝʨʫ (ʤʘʩʪʝʨʫ). ʇʨʠ ʦʪʢʘʟʝ 

ʤʘʩʪʝʨʘ ʦʜʠʥ ʠʟ ʩʣʝʡʚʦʚ ʤʦʞʝʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʚʳʰʝʥ ʜʦ ʝʛʦ ʨʦʣʠ. 

2.2. ʂʣʘʩʪʝʨʠʟʘʮʠʠ ɹɼ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʉʋɹɼ (ʥʘʧʨʠʤʝʨ, PostgreSQL ʩ Patroni, 

Cassandra), ʛʜʝ ʜʘʥʥʳʝ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʤʝʞʜʫ ʤʥʦʞʝʩʪʚʦʤ ʫʟʣʦʚ. 

2.3. ʈʝʟʝʨʚʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ: ʈʝʛʫʣʷʨʥʦʝ ʩʦʟʜʘʥʠʝ ʤʦʤʝʥʪʘʣʴʥʳʭ ʩʥʠʤʢʦʚ ʠ ʪʨʘʥʟʘʢʮʠʦʥ-

ʥʳʭ ʙʵʢʘʧʦʚ ʩ ʦʙʷʟʘʪʝʣʴʥʦʡ ʨʝʛʫʣʷʨʥʦʡ ʧʨʦʚʝʨʢʦʡ ʧʨʦʮʝʜʫʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

3. ʋʨʦʚʝʥʴ ʧʨʠʣʦʞʝʥʠʷ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ. 

3.1. ʉʪʘʪʫʩʘ çʟʜʦʨʦʚʴʷè (Health Checks): ʙʘʣʘʥʩʠʨʦʚʱʠʢ ʥʘʛʨʫʟʢʠ ʠʣʠ ʦʨʢʝʩʪʨʘʪʦʨ ʨʝʛʫʣʷʨʥʦ ʦʧʨʘʰʠʚʘʝʪ 

ʩʧʝʮʠʘʣʴʥʳʡ ʵʥʜʧʦʠʥʪ (ʥʘʧʨʠʤʝʨ, /health) ʥʘ ʢʘʞʜʦʤ ʵʢʟʝʤʧʣʷʨʝ ʧʨʠʣʦʞʝʥʠʷ. ɽʩʣʠ ʵʢʟʝʤʧʣʷʨ ʥʝ ʦʪʚʝʯʘʝʪ, ʦʥ 

ʠʩʢʣʶʯʘʝʪʩʷ ʠʟ ʧʫʣʘ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ. 

3.2. ʀʩʧʦʣʴʟʦʚʘʥʠ ̫ʧʘʪʪʝʨʥʘ çʇʦʚʪʦʨʥʳʝ ʧʦʧʳʪʢʠè (Retry Pattern): ʢʣʠʝʥʪʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ ʠʣʠ ʩʝʨʚʠʩ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʠ ʧʦʚʪʦʨʷʝʪ ʥʝʫʜʘʯʥʳʡ ʟʘʧʨʦʩ (ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʜʝʨʞʢʦʡ), ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʩʙʦʡ ʚʨʝʤʝʥʥʳʡ. 

3.3. ʀʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʪʪʝʨʥʘ çʇʨʝʜʦʭʨʘʥʠʪʝʣʴè (Circuit Breaker Pattern): ʧʨʝʢʨʘʱʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʟʘʧʨʦʩʦʚ 

ʢ ʥʝʨʘʙʦʪʘʶʱʝʤʫ ʩʝʨʚʠʩʫ ʧʦʩʣʝ ʩʝʨʠʠ ʥʝʫʜʘʯ, ʜʘʚʘʷ ʝʤʫ ʚʨʝʤʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ. ʇʦʩʣʝ ʪʘʡʤʘʫʪʘ ʧʨʦʚʝʨʷʝʪʩʷ 

ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʨʚʠʩʘ. ʀʟʚʝʩʪʥʳʝ ʨʝʘʣʠʟʘʮʠʠ: Hystrix (ʦʪ Netflix), Resilience4j. 

3.4. ɸʩʠʥʭʨʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʦʯʝʨʝʜʠ ʩʦʦʙʱʝʥʠʡ: ʚr ʧʦʣʥʝʥʠʝ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʜʣʠʪʝʣʴʥʦ ʧʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʝʤʳʝ ʟʘʜʘʯʠ ʚʳʥʦʩʷʪʩʷ ʚ ʬʦʥʦʚʳʝ ʦʯʝʨʝʜʠ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʙʣʦʢʠʨʦʚʢʫ ʦʩ-

ʥʦʚʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

3.5. ʂʵʰʠʨʦʚʘʥʠʷ: ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʢʵʰʝʡ (ʥʘʧʨʠʤʝʨ, Redis, Memcached) ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʥʘʛʨʫʟʢʫ ʥʘ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʦʙʝʩʧʝʯʠʪʴ ʨʘʙʦʪʫ ʩʘʡʪʘ ʚ ʨʝʞʠʤʝ çʪʦʣʴʢʦ ʜʣʷ ʯʪʝʥʠʷè ʧʨʠ ʝʝ ʚʨʝʤʝʥʥʦʡ ʥʝʜʦʩʪʫʧ-

ʥʦʩʪʠ. 

4. ʆʧʝʨʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ, ʦʨʛʘʥʠʯʥʦ ʦʙʲʝʜʠʥʷʶʱʠʡ ʪʝʭʥʦʣʦʛʠʠ DevOps (Development Operations ï ʦʧʝʨʘ-

ʮʠʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ) ʠ SRE (Site Reliability Engineering ï ʠʥʞʝʥʝʨʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʘʡʪʘ). 

4.1. ʅʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʘʣʝʨʪʠʥʛ: ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

(Prometheus, Grafana) ʦʪʩʣʝʞʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʜʦʩʪʫʧʥʦʩʪʴ, ʥʦ ʠ ʢʣʶʯʝʚʳʝ ʙʠʟʥʝʩ-ʤʝʪʨʠʢʠ, ʚʳʷʚʣʷʷ ʜʝʛʨʘʜʘʮʠʶ 

ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʘ ʧʨʠʚʝʜʝʪ ʢ ʧʦʣʥʦʤʫ ʦʪʢʘʟʫ. 

4.2. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ: ʥʘʩʪʨʦʡʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʩʙʦʷ (ʥʘʧʨʠ-

ʤʝʨ, ʧʝʨʝʟʘʧʫʩʢ ʢʦʥʪʝʡʥʝʨʘ, ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʨʝʟʝʨʚʥʳʡ ʫʟʝʣ ʠ ʜʨ.). 
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4.3. çʀʥʞʝʥʝʨʠʷ ʭʘʦʩʘè (Chaos Engineering): ʧʨʦʘʢʪʠʚʥʘʷ ʧʨʘʢʪʠʢʘ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʥʘʤʝʨʝʥʥʦʤ ʚʥʝʩʝʥʠʠ 

ʩʙʦʝʚ ʚ ʨʘʙʦʯʫʶ ʩʨʝʜʫ ʜʣʷ ʧʨʦʚʝʨʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʦʪʨʘʙʦʪʢʠ ʧʨʦʮʝʜʫʨ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʀʥʩʪʨʫʤʝʥ-

ʪʳ ʚʨʦʜʝ Chaos Monkey ʦʪ Netflix ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʪʦʛʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʷʚʣʷʝʪʩʷ ʥʝ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʮʠʝʡ, ʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʩʦʚʨʝʤʝʥʥʦʤʫ ʚʝʙ-ʩʘʡʪʫ. ʆʥʘ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ ʟʘ ʩʯʝʪ 

ʝʜʠʥʠʯʥʦʛʦ ʨʝʰʝʥʠʷ, ʘ ʯʝʨʝʟ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ: 

 ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʠʟʥʘʯʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʩʙʦʠ; 

 ʚʥʝʜʨʝʥʠʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʠʟʦʣʷʮʠʠ ʠ ʩʣʘʙʦʡ ʩʚʷʟʘʥʥʦʩʪʠ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʩʪʝʢʘ ʪʝʭʥʦʣʦʛʠʡ; 

 ʚʥʝʜʨʝʥʠʝ ʢʫʣʴʪʫʨʥʳʭ ʧʨʘʢʪʠʢ ʠ ʧʨʦʮʝʩʩʦʚ (DevOps, SRE, Chaos Engineering), ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʠ 

ʥʝʧʨʝʨʳʚʥʦ ʧʨʦʚʝʨʷʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ. 

ʈʝʟʶʤʠʨʫʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʚʝʙ-ʩʘʡʪ, ʢʦʪʦʨʳʡ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʥʝʠʟʙʝʞʥʳʭ ʩʙʦʝʚ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʜʷʪʩʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʢ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝ-

ʥʠʷ. 
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A technical solution is considered for creating a small, scalable, automated greenhouse for individual and farm households. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦ-

ʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧ-

ʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚʳʨʘʱʠʚʘʥʠʷ ʢʫʣʴʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ.  

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ (ɸʉʋ) ï ʵʪʦ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʝʨʩʦʥʘʣʘ ʠ ʢʦʤʧʣʝʢʩʘ ʩʨʝʜʩʪʚ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʝʘʣʠʟʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʚʳʧʦʣʥʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʬʫʥʢʮʠʡ [1]. ʊʦʛʜʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʠʮʝʡ ï ʵʪʦ ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʟʠ-

ʨʫʶʪ ʢʦʥʪʨʦʣʴ ʟʘ ʫʩʣʦʚʠʷʤʠ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʚʥʫʪʨʠ ʪʝʧʣʠʮʳ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʪʝʧʣʠʯʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʘʛʨʦʢʫʣʴʪʫʨʳ. ʇʨʦʩʪʘʷ ʠ ʙʶʜʞʝʪʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʠʮʝʡ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʧʣʠʮʘʭ, ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ, ʛʦʨʦʜʩʢʦʤ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʪʘʢ ʠ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʮʝʥʪʨʘʭ ʠ ʯʘʩʪʥʳʭ ʧʨʦʝʢʪʘʭ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʨʝʰʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʤʘʣʳʝ ʬʝʨʤʝʨʩʢʠʝ ʭʦʟʷʡʩʪʚʘ, ʜʘʯʥʳʝ 

ʫʯʘʩʪʢʠ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʝʢʪʳ, ʛʜʝ ʚʘʞʥʳ ʧʨʦʩʪʦʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʩ-

ʰʪʘʙʠʨʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ çʈʝʧʢʘ ʇʠè ʚ ɸʉʋ ʪʝʧʣʠʮʳ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʧʣʘʥʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʪʦʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, PLC, IoT-ʩʠʩʪʝʤ, SCADA, AI ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʧʦʜʜʝʨʞʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ  ʪʝʧʣʠʮʝ ʥʘ 

ʦʩʥʦʚʝ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ çʈʝʧʢʘ ʇʠè.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʢʘ ʥʝʜʦʨʦʛʦʡ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʠ ʛʠʙʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʠʯʥʦʡ ʫʩʪʘʥʦʚ-

ʢʦʡ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ çʈʝʧʢʘ ʇʠè (ʥʦʤʝʨ 10560347 ʚ ɽʜʠʥʦʤ 

ʨʝʝʩʪʨʝ ʨʦʩʩʠʡʩʢʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ). 
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ʂʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʪʝʧʣʠʯʥʳʭ ʘʛʨʦʢʫʣʴʪʫʨ (ʚ ʯʘʩʪʥʦʩʪʠ 

ʠʥʜʝʪʝʨʤʠʥʘʥʪʥʳʭ ʩʦʨʪʦʚ ʪʦʤʘʪʦʚ, ʘ ʪʘʢʞʝ ʪʝʧʣʠʯʥʳʭ ʩʝʣʝʢʮʠʠ ʜʨʫʛʠʭ ʢʫʣʴʪʫʨ) ʷʚʣʷʶʪʩʷ ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʧʦʯʚʳ ʠ ʚʦʟʜʫʭʘ, ʜʦʩʪʘʪʦʯʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʯʘʩʳ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʨʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʧʦʣʠʚʘ [4]. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʚ 

ʪʝʧʣʠʮʝ ʠʩʭʦʜʷ ʠʟ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʩʪʝʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ. 

ɼʘʪʯʠʢʠ: 

 DS18B20 ï ʪʦʯʥʳʡ, ʧʨʦʩʪʦʡ ʚ ʧʦʜʢʣʶʯʝʥʠʠ ʠ ʥʘʜʝʞʥʳʡ ʜʘʪʯʠʢ ʜʣʷ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫ-

ʭʘ, ʧʦʯʚʳ ʠ ʚʦʜʳ; 

 DHT11 ï ʙʶʜʞʝʪʥʳʡ ʠ ʣʝʛʢʠʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʘʨʠʘʥʪ ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʚʦʟʜʫʭʘ;  

 HC-SR04 ï ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʪʯʠʢ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʨʝʟʝʨʚʫʘʨʝ ʘʚʪʦʧʦʣʠʚʘ. 

ʀʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. 

 ʇʷʪʠʚʦʣʴʪʦʚʳʝ ʨʝʣʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʘʩʦʩʦʤ, ʦʩʚʝʱʝʥʠʝʤ ʠ ʦʙʦʛʨʝʚʦʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʫʶʪʩʷ 

ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʧʨʠ ʥʠʟʢʦʤ ʥʘʧʨʷʞʝʥʠʠ. 

 ʕʣʝʤʝʥʪ ʇʝʣʴʪʴʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ H-bridge ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ ʧʫʪʝʤ ʧʦʜʦʛʨʝʚʘ 

ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʳ ʚ ʝʤʢʦʩʪʷʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʧʦʜʜʦʥʘʤʠ ʩ ʨʘʩʪʝʥʠʷʤʠ ʥʘ ʧʦʣʢʘʭ ʪʝʧʣʠʮʳ. ʇʦʯʚʘ ʚ 

ʧʦʜʜʦʥʘʭ ʧʦʩʪʝʧʝʥʥʦ ʥʘʛʨʝʚʘʝʪʩʷ ʠʣʠ ʦʭʣʘʞʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʚʦʜʦʡ ʚ ʝʤʢʦʩʪʷʭ, ʘ H-bridge ʠʟʤʝ-

ʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʘ ʯʝʨʝʟ ʵʣʝʤʝʥʪ ʇʝʣʴʪʴʝ, ʪʝʤ ʩʘʤʳʤ ʧʝʨʝʢʣʶʯʘʷ ʝʛʦ ʨʝʞʠʤ ʨʘʙʦʪʳ 

(ʥʘʛʨʝʚ/ʦʭʣʘʞʜʝʥʠʝ). 

 ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʣʠʚʘ ï ʩʠʩʪʝʤʘ ʘʚʪʦʧʦʣʠʚʘ ʪʝʧʣʠʮʳ ʠʩʧʦʣʴʟʫʝʪ ʙʘʢ ʩ ʚʦʜʦʡ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʚʳʰʝ ʫʨʦʚʥʷ ʩʠʩʪʝʤ ʨʘʟʜʘʯʠ ʚʦʜʳ (ʠʣʠ ʧʠʪʘʪʝʣʴʥʦʡ ʩʤʝʩʠ), ʪʘʢʠʭ ʢʘʢ ʢʘʧʝʣʴʥʠʮʳ ʢʘʧʝʣʴʥʦʛʦ ʧʦʣʠ-

ʚʘ ʠʣʠ ʬʦʨʩʫʥʢʠ-ʨʘʩʩʝʠʚʘʪʝʣʠ. ɼʦʩʪʘʚʢʘ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʜʘʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʝʩʪʝ-

ʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ. ʅʘʧʦʣʥʝʥʠʝ ʧʦʣʠʚʦʯʥʦʛʦ ʙʘʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʛʥʝʪʘʶʱʝʛʦ ʥʘʩʦʩʘ ʠʣʠ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʠʩʪʝʤʝ ʚʦʜʦʧʨʦʚʦʜʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʘʚʣʝʥʠʷ. ʂʦʥʪʨʦʣʴ ʟʘ ʦʙʲʝʤʦʤ ʚʦʜʳ ʚ 

ʙʘʢʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʧʨʠ ʧʦʤʦʱʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʵʭʦʣʦʪʘ. 

ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ, ʥʘʜʝʞʥʝʝ ʠ ʧʨʦʱʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʘʢʪʥʳʤʠ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʜʝʰʝʚʠʪʴ ʩʠʩʪʝʤʫ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʜʦʨʦʛʠʭ ʠ ʩʣʦʞʥʳʭ ʚʦʜʦʥʘ-

ʧʦʨʥʳʭ ʥʘʩʦʩʘʭ. 

ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. 

1. ɼʣʷ ʥʘʜʝʞʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʠʩʪʝʤʳ ʚʳʙʨʘʥʘ ʧʨʦʚʦʜʥʘʷ ʰʠʥʘ RS-485, ʦʙʣʘʜʘʶʱʘʷ ʚʳ-

ʩʦʢʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʙʦʪʳ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ 1 200 ʤ ʠ ʧʦʜʜʝʨʞʢʦʡ ʤʥʦʛʦʪʦʯʝʯʥʦ-

ʛʦ ʧʦʜʢʣʶʯʝʥʠʷ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ RS485 ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʠʩʪʦʯʥʠʢʝ [2]. 

2. ɼʣʷ ʜʘʪʯʠʢʦʚ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢ ʢʦʪʦʨʳʤ ʩʣʦʞʥʦ ʧʦʜʚʝʩʪʠ ʣʠʥʠʠ ʩʚʷʟʠ ʠʣʠ ʧʠʪʘʥʠʷ, ʜʦʧʫʩʢʘ-

ʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʜʦʨʦʛʠʭ ʩʨʝʜʩʪʚ ʙʝʩʧʨʦʚʦʜʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ NRF24L01, ʘ ʪʘʢ-

ʞʝ Wi-Fi ʠ LoRaWAN. 

ɻʣʘʚʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʳ ï ʵʪʦ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨ çʈʝʧʢʘ ʇʠè. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʤʝʩʪʦ ʤʠʢʨʦʢʦʥʪʨʦʣ-

ʣʝʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʩʪʝʤʝ ʧʦʚʳʰʝʥʥʫʶ ʛʠʙʢʦʩʪʴ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. çʈʝʧʢʘ ʇʠè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣ-

ʥʦʮʝʥʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʨʘʙʦʪʘʶʱʠʡ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Linux. ʅʘ ʥʝʤ ʤʦʞʥʦ ʟʘʧʫʩʢʘʪʴ 

ʣʶʙʦʝ ʩʦʚʤʝʩʪʠʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʵʪʦʪ ʢʦʤʧʴʶʪʝʨ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʩʝʨʚʝʨʘ ʜʣʷ 

ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʚʩʝʤ ʪʝʧʣʠʯʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ çʈʝʧʢʘ ʇʠè ʚ 

ɸʉʋ ʪʝʧʣʠʮʳ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ PLC, IoT-ʩʠʩʪʝʤ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, SCADA, AI ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥʦ ʇʆ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʪ ʩʙʦʨ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ, ʦʙ-

ʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʨʘʟʨʘʙʦʪʢʠ ʚʳʙʨʘʥ Python, ʪʘʢ ʢʘʢ ʫ ʥʝʛʦ ʩʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʘʷ ʧʦʜʜʝʨʞʢʘ ʥʘ ʧʣʘʪʬʦʨʤʘʭ çʈʝʧʢʘ 

ʇʠè ʠ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʨʘʙʦʪʳ ʩ GPIO ʠ ʜʘʪʯʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʘʷ ʦʪʣʘʜʢʘ ʠ ʤʘʩ-

ʰʪʘʙʠʨʦʚʘʥʠʝ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʫʜʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʧʦʜ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʙʘʟʝ Linux. 

ɸʨʭʠʪʝʢʪʫʨʘ ʇʆ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʦʜʫʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚʢʣʶʯʘʶʱʫʶ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

 ʤʦʜʫʣʴ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʦʧʨʘʰʠʚʘʝʪ ʜʘʪʯʠʢʠ ʩ ʟʘʜʘʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʦʰʠʙʢʠ; 

 ʤʦʜʫʣʴ ʣʦʛʠʢʠ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʠʡ ʧʨʘʚʠʣʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ (ʥʘʧʨʠʤʝʨ, çʝʩʣʠ ʚʣʘʞʥʦʩʪʴ 
ʧʦʯʚʳ ʥʠʞʝ 30  % ï ʚʢʣʶʯʠʪʴ ʧʦʣʠʚ ʥʘ 10 ʩʝʢʫʥʜè); 

 ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʡ ʦʪʧʨʘʚʣʷʝʪ ʩʠʛʥʘʣʳ ʥʘ GPIO ʜʣʷ ʘʢʪʠʚʘʮʠʠ 
ʨʝʣʝ, ʫʧʨʘʚʣʷʶʱʠʭ ʥʘʩʦʩʦʤ, LED-ʦʩʚʝʱʝʥʠʝʤ, ʵʣʝʤʝʥʪʦʤ ʇʝʣʴʪʴʝ; 

 ʤʦʜʫʣʴ ʣʦʛʠʨʦʚʘʥʠʷ, ʟʘʧʠʩʳʚʘʶʱʠʡ ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʦʚ ʚ ʬʘʡʣ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʠʣʠ ʧʦʩʪʨʦʝʥʠʷ 

ʛʨʘʬʠʢʦʚ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʥʪʝʨʬʝʡʩ ʙʫʜʝʪ ʢʦʥʩʦʣʴʥʳʤ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʦʪʣʘʜʢʫ ʠ ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝ-

ʩʫʨʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʇʆ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ, ʜʝʣʘʷ 

ʩʠʩʪʝʤʫ ʘʚʪʦʥʦʤʥʦʡ, ʛʠʙʢʦʡ ʠ ʧʨʠʛʦʜʥʦʡ ʢʘʢ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʜʣʷ ʫʯʝʙʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʙʘʟʝ ʬʨʝʡʤʚʦʨʢʘ Flask, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʧʨʘʚʣʷʪʴ 

ʪʝʧʣʠʮʝʡ ʯʝʨʝʟ ʙʨʘʫʟʝʨ ʩ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. ʊʘʢʞʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ 

ʚʦʟʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʥʝʜʦʨʦʛʫʶ ʠ ʢʦʤʧʘʢʪʥʫʶ ʧʣʘʪʫ ESP32-CAM ʩ Wi-Fi, Bluetooth ʠ ʚʩʪʨʦʝʥʥʦʡ ʢʘʤʝʨʦʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʦʝ, ʧʨʦʩʪʦʝ ʠ ʙʶʜʞʝʪʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʪʝʧʣʠʮʳ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʰʠʨʦʢʠʡ ʬʫʥʢʮʠʦʥʘʣ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʤʠʢʨʦʢʣʠʤʘ-

ʪʦʤ, ʤʦʥʠʪʦʨʠʥʛʫ ʠ ʢʦʥʪʨʦʣʶ, ʘ ʪʘʢʞʝ ʣʝʛʢʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT). 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʯʘʪ-ʙʦʪʘ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʣʠʝʥʪʩʢʦʛʦ ʩʝʨʚʠʩʘ ʥʘ ʧʨʠʤʝʨʝ 

ʆʆʆ çɻʘʤʤʘè. ʇʨʝʜʣʘʛʘʶʪʩʷ ʥʦʚʳʝ ʬʫʥʢʮʠʠ ï ʚʠʟʫʘʣʠʟʘʮʠʷ ʤʘʢʝʪʦʚ (mockup), ʟʘʛʨʫʟʢʘ ʬʘʡʣʦʚ ʢʣʠʝʥʪʦʤ ʠ ʦʥʣʘʡʥ-

ʦʧʣʘʪʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʢʣʶʯʠʪʴ ʫʯʘʩʪʠʝ ʤʝʥʝʜʞʝʨʘ ʚ ʨʫʪʠʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʘʪ-ʙʦʪ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, mockup-ʢʦʥʩʪʨʫʢʪʦʨ, ʦʥʣʘʡʥ-ʦʧʣʘʪʘ, ʣʠʜʦʛʝʥʝʨʘʮʠʷ, ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʝ, 
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This article examines the development of a chatbot as a customer service automation tool using the example of Gamma LLC. 

New features are proposed ï mockup visualization, client file upload, and online payment ï that minimize manager involvement in 

routine processes. 

Keywords: chatbot, automation, mockup builder, online payment, lead generation, self-service, CRM. 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʘʥʠʠ ʚʩʝ ʯʘʱʝ ʦʙʨʘʱʘʶʪʩʷ ʢ ʮʠʬʨʦʚʳʤ ʨʝʰʝʥʠʷʤ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʢʣʠʝʥʪʘʤʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʳʩʪʫʧʘʶʪ ʯʘʪ-ʙʦʪʳ, ʩʧʦʩʦʙʥʳʝ ʟʘʤʝʥʠʪʴ ʯʘʩʪʴ 

ʨʫʪʠʥʥʳʭ ʬʫʥʢʮʠʡ ʤʝʥʝʜʞʝʨʦʚ ʠ ʦʙʝʩʧʝʯʠʪʴ ʢʣʠʝʥʪʫ ʫʜʦʙʥʳʡ ʠ ʙʳʩʪʨʳʡ ʩʝʨʚʠʩ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʟʘʢʘʟʦʚ, ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʧʝʨʩʦʥʘʣ ʠ ʤʠ-

ʥʠʤʠʟʘʮʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ [1]. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʫʩʧʝʰʥʦʡ ʘʧʨʦʙʘʮʠʝʡ ʯʘʪ-ʙʦʪʘ ʜʣʷ ʨʝʢʣʘʤʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʆʆʆ çɻʘʤʤʘè. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʨʘʥʝʝ ʘʚʪʦʨʩʢʦʝ ʨʝʰʝʥʠʝ ʥʘ ʙʘʟʝ ʤʝʩʩʝʥʜʞʝʨʘ Telegram ʧʦʟ-

ʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʝʨʚʠʯʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʣʠʝʥʪʦʤ, ʩʦʙʠʨʘʪʴ ʢʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ ʠ ʩʦʟʜʘʚʘʪʴ ʣʠʜʳ 

ʚ CRM-ʩʠʩʪʝʤʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʦʩʪʠʛʘʝʪʩʷ ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʩʦʪʨʫʜʥʠʢʦʚ ʦʪʜʝʣʘ ʧʨʦʜʘʞ ʠ ʠʩʢʣʶʯʘʝʪʩʷ ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʧʦʪʝʨʠ ʟʘʷʚʦʢ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʦʪʝʥʮʠʘʣ ʯʘʪ-ʙʦʪʘ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʝʢʫʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʣʘʥʠʨʫʝʪʩʷ 

ʚʥʝʜʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʫʯʘʩʪʠʝ ʤʝʥʝʜʞʝʨʘ ʚ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʷʭ. ʂʣʶʯʝ-

ʚʳʝ ʠʜʝʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ. 

1. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʘʟʘ. ʂʣʠʝʥʪ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʫʢʘʟʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʦ-

ʜʫʢʮʠʠ, ʥʦ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʟʘʛʨʫʟʠʪʴ ʬʘʡʣʳ ʜʣʷ ʧʝʯʘʪʠ. ʅʘ ʦʩʥʦʚʝ ʚʩʪʨʦʝʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ (mockup-

ʩʝʨʚʠʩʘ) ʙʦʪ ʩʧʦʩʦʙʝʥ ʬʦʨʤʠʨʦʚʘʪʴ ʚʠʟʫʘʣʠʟʘʮʠʶ ʠʪʦʛʦʚʦʛʦ ʤʘʢʝʪʘ, ʯʪʦ ʠʟʙʘʚʣʷʝʪ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʣʛʠʭ 

ʧʦʷʩʥʝʥʠʡ ʤʝʥʝʜʞʝʨʫ ʠ ʩʦʛʣʘʩʦʚʘʥʠʡ ʚ ʧʝʨʝʧʠʩʢʝ. 

2. ʀʥʪʝʛʨʘʮʠʷ ʦʥʣʘʡʥ-ʦʧʣʘʪʳ. ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʫʣʷ ʦʧʣʘʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʩʝʥʜʞʝʨʝ ʧʦʟʚʦʣʠʪ ʬʦʨʤʠ-

ʨʦʚʘʪʴ ʧʦʣʥʦʮʝʥʥʳʡ ʟʘʢʘʟ: ʩ ʬʘʡʣʘʤʠ, ʢʦʥʪʘʢʪʘʤʠ ʠ ʧʦʜʪʚʝʨʞʜʝʥʥʦʡ ʦʧʣʘʪʦʡ. ɼʘʥʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʜʘ-

ʶʪʩʷ ʚ CRM ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʣʠʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʥʝʜʞʝʨ ʧʦʜʢʣʶʯʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ ʠʣʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʧʨʦʩʦʚ [2][3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʯʘʪ-ʙʦʪʘ ʠʟ ʠʥʩʪʨʫʤʝʥʪʘ ʧʝʨʚʠʯʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʚ ʧʦʣʥʦʮʝʥʥʳʡ ʩʝʨʚʠʩ ʩʘʤʦʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʢʣʠʝʥʪʩʢʦʛʦ ʩʝʨʚʠʩʘ. ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʬʫʥʢ-

ʮʠʡ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʝʥʥʳʝ ʠʟʜʝʨʞʢʠ, ʧʦʚʳʩʠʪʴ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʢʣʠʝʥʪʦʚ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʤʧʘʥʠʠ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ɺ ʪʝʢʩʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʩʪʘʣʝʣʠʪʝʡʥʦʡ, ʤʘʰʠ-

ʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʷʭ, ʛʜʝ ʥʝʡʨʦʩʝʪʠ ʧʦʤʦʛʘʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʫʩʠʣʠʷ ʧʨʦʢʘʪʢʠ, 

ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. ʋʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʝʡʨʦʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ, ʩʦʯʝʪʘʶʱʠʤ ʪʦʯ-

ʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. ʅʘ ʦʩʥʦʚʝ ʚʩʝʛʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʥʘʜʝʞʥʦʩʪʠ, ʢʘʯʝ-

ʩʪʚʝ ʠ ʘʚʪʦʥʦʤʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʡʨʦʩʝʪʝʡ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʪʷʞʝʣʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. 
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The text discusses the use of neural networks in industry and their impact on the efficiency of production processes. Examples of 

the use of machine learning technologies in the steel, machine-building, and aerospace industries are analyzed, where neural net-

works help predict temperature, rolling forces, equipment wear, and possible malfunctions. Attention is paid to neuroanalytical mod-

els that combine computational accuracy and transparency of processes. Based on all of the above, a conclusion is drawn about the 

reliability, quality and autonomy of modern production using neural networks. 

Keywords: neural networks, machine learning, artificial intelligence, heavy industry, process automation, data analysis, predict-

ing. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʥʠʤʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʣʶʜʝʡ ʧʨʠʢʦʚʘʥʦ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʧʦ-

ʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʆʛʨʦʤʥʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʣʠ ʛʝʥʝʨʘʪʠʚʥʳʝ ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠ ̫ʠʟʦʙʨʘʞʝʥʠʡ, ʥʘʧʠʩʘʥʠ ̫ʪʝʢʩʪʦʚ ʠ ʚ ʮʝʣʦʤ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʪʚʦʨʯʝ-

ʩʢʫʶ ʯʘʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʜʦ ʪʦʛʦ ʢʘʢ ʥʝʡʨʦʩʝʪʠ ʧʦʣʫʯʠʣʠ ʪʘʢʫʶ ʤʘʩʩʦʚʦʩʪʴ, ʦʥʠ ʫʞʝ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʥʦʛʠʤʠ ʢʨʫʧʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʨʝʥʜʦʚ. 

ɺ ʪʷʞʝʣʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʟʘʯʘʩʪʫʶ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʮʝʥʫ, ʪʘʢ ʢʘʢ ʧʨʦ-

ʬʠʣʴʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠ, ʘ ʧʦʜʜʝʨʞʢʘ ʥʝʡʨʦʩʝʪʠ ʠ ʝʝ ʨʘʟʚʠʪʠʝ ʟʘʥʠʤʘʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʨʝʩʫʨʩʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʤʥʦʛʠʝ ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʧʦʜʦʙʥʫʶ ʨʘʟʨʘʙʦʪʢʫ, 

ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʩʚʦʠʭ ʮʝʣʝʡ. 

ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʧʦʜʦʙʥʦʡ ʪʷʞʝʣʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʩʪʘʣʝʣʠʪʝʡʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʧʦʣʫʯʘʝʤʦʛʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʩʳʨʴʷ ʥʘ ʦʩʥʦʚʝ ʝʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʚʝʣʠʯʠʚʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʚʳʚʦʜʷ ʢʘʯʝ-

ʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. 

ʇʨʠ ʵʪʦʤ ʩʦ ʚʨʝʤʝʥʝʤ ʢʦʤʧʘʥʠʠ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʪʦʣʴʢʦ ʥʘ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʯʘʩʪʫʶ ʠʤʝʝʪ ʩʣʠʰʢʦʤ ʥʠʟʢʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʠʟ-ʟʘ ʯʝʛʦ ʪʝʭʥʦʣʦʛʠ ʩ 

ʪʨʫʜʦʤ ʤʦʛʫʪ ʦʪʩʣʝʜʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʚʥʫʪʨʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʜʦʙʥʳʭ ʚʳ-

ʚʦʜʦʚ ʧʨʠʰʣʠ ʢ ʥʝʡʨʦʘʥʘʣʠʪʠʯʝʩʢʦʡ ʢʦʤʙʠʥʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʠ. ʇʨʠ ʪʘʢʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʩʦʭʨʘʥʷʶʪʩʷ ʚʩʝ ʥʘʢʦʧʣʝʥʥʳʝ ʠʥʞʝʥʝʨʘʤʠ ʟʥʘ-

ʥʠʷ ʧʨʠ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʫʧʦʤʷʥʫʪʘʷ ʨʘʥʝʝ ʧʨʦʟʨʘʯʥʦʩʪʴ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʤʦʞʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʥʝʤʝʮʢʦʡ ʢʦʤʧʘʥʠʠ Siemens AG, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ 

ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʜʫʛʦʚʳʤʠ ʧʝʯʘʤʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ ʚʦʟʣʦʞʝʥʦ ʥʘ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʛʦʪʦʚʢʠ ʠ ʠʟʤʝʥʷʪʴ ʤʦʱʥʦʩʪʴ ʧʝʯʠ. ʊʘʢʞʝ ʥʝʡʨʦʥʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ ʨʝʛʫʣʠʨʫʶʪ 

ʬʦʨʤʫ ʰʠʨʠʥʳ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʣʠʥʠʠ, ʧʨʦʛʥʦʟʠʨʫʷ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʠʣʠʷ ʧʨʦʢʘʪʢʠ. ʇʨʠʤʝ-

ʥʝʥʠʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʥʝʧʨʠ-

ʛʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ, ʢʦʪʦʨʳʝ ʧʨʠʥʦʩʷʪ ʫʙʳʪʢʠ. 

ʂʦʥʢʨʝʪʥʳʤ ʧʨʠʤʝʨʦʤ ʵʢʦʥʦʤʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʣʠʩʪʦʚ ʩʪʘʣʠ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʰʠʨʠ-

ʥʳ ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʟʘʧʘʩ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʤʝʪʨʦʚ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʘʩʧʝʢʪʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʇʨʠ ʵʪʦʤ ʣʠʰʥʠʡ ʤʘʪʝʨʠʘʣ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʨʝʟʘʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʘ ʠ ʦʪʧʨʘʚʣʷ-

ʝʪʩʷ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʚ ʜʘʥʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʧʠ ʦʙʫʯʘʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʦʙ ʦʙʲʝʤʘʭ ʣʠʩʪʘ 

ʧʦʩʣʝ ʯʝʨʥʦʚʦʡ ʠ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʠʟʙʳʪʦʯʥʫʶ ʰʠʨʠʥʫ ʠ ʩʵʢʦʥʦʤʠʪʴ ʥʘ ʵʪʦʤ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʥʝʞʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɼʨʫʛʠʤ ʦʛʨʦʤʥʳʤ ʧʣʘʩʪʦʤ ʪʷʞʝʣʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʣʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠʣʠ ʭʠ-

ʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʘʞʝ ʥʝʙʦʣʴʰʘʷ ʦʰʠʙʢʘ ʩʧʦʩʦʙʥʘ ʧʨʠʚʝ-

ʩʪʠ ʢ ʦʩʪʘʥʦʚʢʝ ʚʩʝʡ ʣʠʥʠʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʧʦʪʝʥʮʠ-
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ʘʣʴʥʫʶ ʧʨʠʙʳʣʴ. ʇʨʠ ʵʪʦʤ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʷʚʣʝʥʘ ʥʝ ʥʘ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ (ʢ ʧʨʠʤʝʨʫ, ʤʘʩʰʪʘʙʥʦʛʦ ʪʷʞʝʣʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʫʛʦʣʴʥʦʡ ʜʦʙʳʯʝ), 

ʠʟ-ʟʘ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʚʨʝʤʝʥʠ, ʠ ʢʦʤʧʘʥʠʷ ʥʝʩʝʪ ʫʙʳʪʢʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʧʨʦʙʣʝʤ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʮʠʬʨʦʚʳʭ ʜʚʦʡ-

ʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ. ʉʫʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʢʨʫʧʥʦʤ ʜʚʠʛʘʪʝʣʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɼʘʥʥʳʝ ʦ ʚʠʙʨʘʮʠʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʜʚʠʛʘʪʝʣʷ ʧʝʨʝʜʘʶʪʩʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʧʨʦʛʨʘʤʤʫ, ʧʦʩʪʨʦʝʥʥʫʶ ʥʘ ʛʣʫʙʦʢʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

(DNN), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʝʥʥʫʶ ʥʘ ʮʠʬʨʦʚʦʡ ʢʦʧʠʠ ʵʪʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʩʦʟʜʘʥʘ ʢʘʨʪʘ ʦʪ-

ʢʣʦʥʝʥʠʡ ʤʝʭʘʥʠʟʤʦʚ. ʅʘ ʦʩʥʦʚʝ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʩʪʘʚʣʷʝʪʩʷ ʦʪʯʝʪ ʦ ʩʦʩʪʦʷʥʠʠ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʳʡ 

ʧʨʦʛʥʦʟʠʨʫʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʦʩʣʘʙʣʝʥʥʳʝ ʟʦʥʳ, ʢʦʪʦʨʳʤ ʚ ʙʣʠ-

ʞʘʡʰʝʝ ʚʨʝʤʷ ʧʦʪʨʝʙʫʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦʪ ʦʜʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʜʦ ʘʥʘʣʠʟʘ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʄʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʦʪʟʳʚʘʶʪʩʷ ʦ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ 

ʩ ʙʦʣʴʰʠʤ ʵʥʪʫʟʠʘʟʤʦʤ, ʪʘʢ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦʟʚʦʣʷʝʪ ʚʠʜʝʪʴ ʨʝʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʘ ʚʨʝ-

ʤʝʥʥʦʤ ʧʨʦʤʝʞʫʪʢʝ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʥʘʩʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠ-

ʩʪʝʤʳ ʧʦʧʨʦʩʪʫ ʥʝʚʦʟʤʦʞʥʦ. 

ʇʦʤʠʤʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʙʣʘʩʪʝʡ, ʧʨʠʤʝʥʝʥʠʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʚ ʘʵʨʦʢʦʩʤʠʯʝ-

ʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʠʩʧʨʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʣʝʪʘʣʴʥʳʭ ʘʧʧʘ-

ʨʘʪʦʚ ʜʦ ʠʭ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ, ʩʥʠʞʘʷ ʨʠʩʢʠ ʩʙʦʝʚ ʧʨʠ ʧʦʣʝʪʝ ʠ ʧʦʚʳʰʘʷ ʦʙʱʫʶ ʥʘʜʝʞʜʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʘʚʠʘʧʝʨʝʣʝʪʦʚ. ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʪʝʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ, ʧʦʟʚʦʣʷʶʱʝʝ ʥʘʭʦ-

ʜʠʪʴ ʥʦʚʳʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʤʘʨʰʨʫʪʳ, ʩʥʠʞʘʷ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʪʘʢ 

ʢʘʢ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ ʚ ʪʚʦʨʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʦʥʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʝʘʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʚʳʰʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɺ ʯʠʩʣʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʚ ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʧʦʚʳʰʝ-

ʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ, ʚʭʦʜʠʪ ʤʦʥʠʪʦʨʠʥʛ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʩʪʥʦʩʪʠ. ʉʠʩʪʝʤʫ ʚʦʟʤʦʞʥʦ ʠʥʪʝ-

ʛʨʠʨʦʚʘʪʴ ʩ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʩʦ ʩʧʫʪʥʠʢʦʚ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ, ʯʪʦʙʳ ʦʪʩʣʝʞʠʚʘʪʴ ʤʦʜʝʣʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ 

ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʩʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥ-

ʥʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʤʠʨʘ, ʬʦʨʤʠʨʫʷ ʦʩʥʦʚʫ ʜʣʷ ʥʦʚʦʡ ʵʨʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʭ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʚ ʪʷʞʝʣʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ, ʥʦ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʝ-

ʨʝʭʦʜ ʦʪ ʨʝʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʢ ʧʨʝʜʠʢʪʠʚʥʳʤ ʩʠʩʪʝʤʘʤ, ʩʧʦʩʦʙʥʳʤ ʧʨʝʜʫʛʘʜʳʚʘʪʴ ʩʙʦʠ ʠ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʉʦʚʤʝʱʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ 

ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʥʘʢʦʧʣʝʥʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʟʥʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʷ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʊʘʢʦʡ ʩʠʤʙʠʦʟ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʘʣʛʦ-

ʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʝʱʝ ʙʦʣʝʝ ʛʣʫʙʦʢʫʶ ʠʥʪʝʛʨʘʮʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚʦ 

ʚʩʝ ʩʬʝʨʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʭ, ʫʩʪʦʡʯʠʚʳʭ ʠ ʩʘʤʦʦʙʫʯʘ-

ʶʱʠʭʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʫʜʫʱʝʛʦ. 
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Mobile apps for cooking are considered, the analysis of their functionality and features is given. 

Keywords: mobile apps, cooking, recipe manager, application functionality. 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʦʩʪʦʤ ʠʭ ʧʦʧʫʣʷʨʥʦʩʪʠ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʧʨʦʥʠʢʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝ 

ʩʬʝʨʳ ʞʠʟʥʠ ʯʝʣʦʚʝʯʝʩʪʚʘ [1], ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʢʫʣʠʥʘʨʠʶ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʤʦʙʠʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʧʨʠʚʥʦʩʷʱʠʭ ʚʩʝ ʥʦʚʳʝ ʬʫʥʢʮʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʛʦʪʦʚʢʝ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʩʣʫʞʠʪ 

ʦʙʟʦʨʦʤ ʥʘ ʦʩʥʦʚʥʳʝ, ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʠʭ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʨʠʣʦʞʝʥʠʷ: Allrecipes (ʘʤʝʨʠʢʘʥʩʢʘʷ ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ ʙʝʟ ʧʦʜʜʝʨʞʢʠ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ, ʢʦ-

ʣʠʯʝʩʪʚʦ ʚʠʟʠʪʦʚ ï 110,3 ʤʣʥ.), SideChef (ʘʤʝʨʠʢʘʥʩʢʦʝ ʨʫʩʠʬʠʮʠʨʦʚʘʥʥʦʝ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʙʦʣʝʝ 

1 ʤʣʥ. ʩʢʘʯʠʚʘʥʠʡ), Paprika Recipe Manager (ʘʤʝʨʠʢʘʥʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʙʝʟ ʧʦʜʜʝʨʞʢʠ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ, 500 ʪʳʩ. 

ʩʢʘʯʠʚʘʥʠʡ), Yummly (ʘʤʝʨʠʢʘʥʩʢʦʝ ʨʫʩʠʬʠʮʠʨʦʚʘʥʥʦʝ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠ ʩʪʨʘʥʠʮʘ, 65,9 ʪʳʩ. ʩʢʘʯʠʚʘ-

ʥʠʡ) ï ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʠ ʩʦʚʝʨʰʝʥʥʳʤʠ ʚ ʩʬʝʨʝ ʢʫʣʠʥʘʨʠʠ ʠ ʚ ʦʩʥʦʚʥʦʤ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ 

ʮʠʬʨʦʚʦʡ ʢʦʨʦʙʢʠ ʨʝʮʝʧʪʦʚ ï ʩʝʨʚʠʩʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʭʨʘʥʠʪʴ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʢʫʣʠʥʘʨʥʳʝ ʨʝʮʝʧʪʳ ʠ ʜʝ-

ʣʠʪʴʩʷ ʠʤʠ. ʇʨʠʣʦʞʝʥʠʷ ʩʦʜʝʨʞʘʪ ʩʣʝʜʫʶʱʠʝ ʦʜʠʥʘʢʦʚʳʝ ʬʫʥʢʮʠʠ: ʧʦʠʩʢ, ʭʨʘʥʝʥʠʝ, ʜʦʙʘʚʣʝʥʠʝ ʨʝʮʝʧʪʦʚ, 

ʧʦʰʘʛʦʚʳʝ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʧʨʠʛʦʪʦʚʣʝʥʠʶ, ʩʦʨʪʠʨʦʚʢʘ ʨʝʮʝʧʪʦʚ ʧʦ ʠʥʛʨʝʜʠʝʥʪʘʤ, ʜʠʝʪʠʯʝʩʢʠʤ ʧʨʝʜʧʦʯʪʝʥʠ-

ʷʤ, ʘʣʣʝʨʛʝʥʘʤ, ʧʣʘʥʠʨʦʚʱʠʢ ʧʠʪʘʥʠʷ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʤʝʥʶ, ʦʨʛʘʥʠʟʘʮʠʷ ʩʧʠʩʢʦʚ ʧʦʢʫʧʦʢ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʟʘʢʘʟʘ. ʆʜʥʘʢʦ ʢʘʞʜʦʝ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʠʣʦʞʝʥʠʡ ʦʙʣʘʜʘʝʪ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

ʉʦʮʠʘʣʴʥʘʷ ʩʝʪʴ Allrecipes ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ï ʢʦʤʤʝʥʪʠʨʦʚʘʥʠʝ, ʚʳʩʪʘʚʣʝʥʠʝ 

ʦʮʝʥʦʢ ʠ ʩʦʩʪʘʚʣʝʥʠʝ ʨʝʡʪʠʥʛʦʚ ï ʦʜʥʠʤ ʩʣʦʚʦʤ, ʥʘʣʠʯʠʝ ʩʦʦʙʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʇʨʠʣʦʞʝʥʠʝ SideChef ʠʜʝʘʣʴʥʦ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩ çʫʤʥʦʡè ʢʫʭʥʝʡ ʠ ʝʝ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʜʘʚʘʷ ʫʢʘʟʘʥʠʷ ʠ ʨʝʢʦ-

ʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʛʦʪʦʚʣʝʥʠʶ: ʢʘʢʠʭ ʩʧʝʮʠʡ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʧʝʨʝʤʝʰʘʪʴ ï ʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦʡ ʩʪʦ-

ʨʦʥʦʡ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʥʝ ʦʙʣʘʜʘʶʱʠʝ çʫʤʥʳʤʠè ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʥʪʝʛʨʘ-

ʮʠʠ, ʨʘʩʮʝʥʠʚʘʶʪ ʦʩʪʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠʣʦʞʝʥʠʷ ʢʘʢ ʤʘʣʦʧʦʣʝʟʥʳʝ. 

ʄʝʥʝʜʞʝʨ ʨʝʮʝʧʪʦʚ Paprika Recipe Manager ʩʣʘʚʠʪʩʷ ʥʘʣʠʯʠʝʤ ʪʘʢʠʭ ʬʫʥʢʮʠʡ, ʢʘʢ ʧʝʯʘʪʴ ʨʝʮʝʧʪʦʚ ʠ ʩʧʠʩ-

ʢʦʚ ʧʦʢʫʧʦʢ, ʘʚʪʦʥʦʤʥʦʩʪʴ (ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʣʦʢʘʣʴʥʦ, ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʩʦʭʨʘʥʝʥʥʳʭ ʨʝʮʝʧʪʦʚ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʚ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʩʝʪʠ), ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʥʛʨʝʜʠʝʥʪʦʚ ʜʦ ʞʝʣʘʝʤʦʛʦ ʨʘʟʤʝʨʘ ʧʦʨʮʠʠ. 

ɺ ʧʨʠʣʦʞʝʥʠʠ Yummly ʦʪʣʠʯʥʦ ʨʘʙʦʪʘʝʪ ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ ʧʦʜ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʝʨʚʠʩʫ ʧʨʝʜʣʘʛʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʧʨʝʜʣʘʛʘʪʴ ʨʝʮʝʧʪʳ 

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʠʤʧʘʪʠʡ ʠ ʘʥʪʠʧʘʪʠʡ ʦʪʜʝʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʅʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʝ ʠ ʧʦʧʫʣʷʨʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʛʦʪʦʚʣʝʥʠʝʤ ʧʠʱʠ, ʷʚʣʷʶʪʩʷ ʟʘʨʫʙʝʞʥʳʤʠ, 

ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʠʦʙʨʝʪʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʦʪʝʯʝʩʪʚʝʥʥʥʦʛʦ ʇʆ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʦʥʘʣʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʝʨʚʠʩʦʚ ʙʫʜʫʪ ʫʯʪʝʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʚʪʦʨʩʢʦʛʦ ʤʦ-

ʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʄʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʠʭ ʨʦʣʴ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ / ɻ. ʍʘʥʙʘʝʚʘ, ɸ. ʍʦʜʞʘʤʦʚ, ʆ. ʍʫʜʘʡʥʘʟʘʨʦʚʘ [ʠ ʜʨ.] // CETERIS PARIBUS. 
2024. ˉ 12. URL: https://cyberleninka.ru/article/n/mobilnye-prilozheniya-i-ih-rol-v-povsednevnoy-zhizni (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.09.2025).  
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ʊɽʍʅʆʃʆɻʀʀ ɺʀɿʋɸʃʀɿɸʎʀʀ ɼʆʈʆɾʅʆʁ ʂɸʈʊʓ ʅɸɺʓʂʆɺ ʉʇɽʎʀɸʃʀʉʊɸ 

ɺ. ʈ. ɺʘʥʴʢʦʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʅ. ɸ. ɻʘʣʝʝʚʘ 

ʍʘʢʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ʌ. ʂʘʪʘʥʦʚʘ, ʧʨ. ʃʝʥʠʥʘ, 90, 655017, ʛ. ɸʙʘʢʘʥ, ʈʦʩʩʠʷ, vvitay@yandex.ru 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʬʘʡʣʘ JSON ʜʦʨʦʞʥʦʡ ʢʘʨʪʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ ʥʘʚʳʢʦʚ ʚ ʀʊ-

ʩʬʝʨʝ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʘ ʥʘʚʳʢʦʚ, ʚʢʣʶʯʘʶʱʘʷ ʟʘʚʠʩʠʤʳʝ ʠ ʬʘʢʫʣʴʪʘʪʠʚʥʳʝ ʫʟʣʳ, ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʧʦ-

ʵʪʘʧʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʝʨʝʯʥʷ ʟʘʜʘʯ. ʆʧʠʩʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʙʠʙʣʠʦʪʝʢʠ D3JS ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʢʘʨʪʳ ʚ ʬʦʨʤʘʪʝ SVG, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʠ ʥʘʛʣʷʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʪʘʪʴʷ ʥʘʧʨʘʚ-

ʣʝʥʘ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʜʠʥʘʤʠʯʥʦ ʤʝʥʷʶʱʝʡʩʷ ʩʨʝʜʝ 

ʀʊ-ʦʪʨʘʩʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʨʦʞʥʘʷ ʢʘʨʪʘ, JSON, D3JS, ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ, ʥʘʚʳʢʠ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ. 

ʊHE TECHNOLOGIES OF V IZUALIZATION SPECIAL ISTôS SKILLS ROADMAP 

V. R. Vankov 
Scientific supervisor ï N. A. Galeeva 

Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, vvitay@yandex.ru 

The technology of visualization of the JSON roadmap file for effective mastering of skills in the IT field is considered. The struc-

ture of the skills graph is presented, including dependent and optional nodes, and a step-by-step learning scheme is proposed, indi-

cating the level of training and the list of tasks. The use of the D3JS library for visualizing maps in SVG format is described, which 

ensures the interactivity and visibility of the information presented. The article is aimed at improving the effectiveness of professional 

development and adaptation of employees in the dynamically changing environment of the IT industry. 

Keywords: roadmap, JSON, D3JS, undirected graph, skill, data visualization. 

ʊʨʫʜʦʫʩʪʨʦʡʩʪʚʦ ʠ ʫʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚ ʀʊ-ʩʬʝʨʝ ʪʨʝʙʫʶʪ ʥʘʣʠʯʠʷ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚ-

ʣʷʶʱʠʭʩʷ ʥʘʚʳʢʦʚ. ɼʣʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʠ ʫʛʣʫʙʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʥʘʚʳʢʦʚ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ ʜʦʨʦʞ-

ʥʫʶ ʢʘʨʪʫ ï Roadmap (ʨʠʩ).   

 

ʇʨʠʤʝʨ ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʨʘʬʘ ʜʦʨʦʞʥʦʡ ʢʘʨʪʳ ʥʘʚʳʢʦʚ 

ɼʦʨʦʞʥʘʷ ʢʘʨʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʝʧʦʣʥʳʡ ʛʨʘʬ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʤʝʪʴ ʚʠʩʷʯʠʝ ʠ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʚʝʨʰʠʥʳ ʠ ʧʦʜʛʨʘʬʳ. ɺʠʩʷʯʠʝ ʚʝʨʰʠʥʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʟʘʚʝʨʰʝʥʠʝ ʦʩʚʦʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʥʘʚʳ-

ʢʦʚ. ʀʟʦʣʠʨʦʚʘʥʥʳʝ ʚʝʨʰʠʥʳ ʠ ʧʦʜʛʨʘʬʳ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʬʘʢʫʣʴʪʘʪʠʚʥʳʝ (ʥʝʦʙʷʟʘʪʝʣʴʥʳʝ) ʥʘʚʳʢʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʜʦʨʦʞʥʦʡ ʢʘʨʪʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʙʠʚʢʘ ʦʙʫʯʘʶʱʝʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʝ ʵʪʘʧʳ. 

ɺʝʩ ʤʘʨʰʨʫʪʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʥʘʚʳʢʘ.  
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ɼʣʷ ʭʨʘʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʦʚʨʝʤʝʥʥʳʡ ʬʦʨʤʘʪ JSON [1]. ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʦʨʦʞʥʦʡ ʢʘʨʪʳ 

ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ D3JS [2], ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʥʝʙʦʣʴʰʠʭ ʤʦʜʫʣʝʡ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʨʝʰʘʝʪ ʩʚʦʶ ʟʘʜʘʯʫ. ʂʨʦʤʝ ʤʦʜʫʣʝʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʛʫʨ ʚʥʫʪʨʠ D3JS ʝʩʪʴ 

ʤʦʜʫʣʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʵʣʝʤʝʥʪʘʤʠ ʥʘ ʩʪʨʘʥʠʮʝ (ʧʨʦʩʪʦʡ ʘʥʘʣʦʛ jQuery), ʟʘʛʨʫʟʢʦʡ ʜʘʥʥʳʭ (ʘʥʘʣʦʛ fetch/$.ajax, 

ʟʘʪʦʯʝʥʥʳʡ ʧʦʜ ʬʦʨʤʘʪʳ csv, json, xml ʠ ʜʨʫʛʠʝ), ʬʦʨʤʘʪʠʨʦʚʘʥʠʝʤ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʜʘʥʥʳʭ, ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʠ ʜʨʫʛʠʤ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʚ ʚʝʙ-ʩʪʨʘʥʠʮʝ ʯʘʱʝ ʚʩʝʛʦ ʩʪʨʦʠʪʩʷ ʚ ʚʝʢʪʦʨʥʦʤ ʬʦʨʤʘʪʝ, ʥʘʧʨʠʤʝʨ ʚ ʬʦʨʤʘʪʝ SVG, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʩʪʳʝ ʬʠʛʫʨʳ ʠ ʨʘʙʦʪʘʪʴ ʩ ʥʠʤʠ: ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ, ʧʦʟʠʮʠʦʥʠʨʦʚʘʪʴ ʠ çʚʣʠʷʪʴè ʯʝʨʝʟ 

CSS. SVG-ʬʦʨʤʘʪ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʟʤʝʱʝʥʠʝ ʩʩʳʣʦʢ ʥʘ ʦʙʲʝʢʪʘʭ, ʧʦʵʪʦʤʫ ʪʘʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʦʨʦʞʥʦʡ ʢʘʨʪʳ 

ʙʫʜʝʪ ʠʥʪʝʨʘʢʪʠʚʥʳʤ.  

ʕʪʘʧʳ ʧʨʦʮʝʩʩʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʦʨʦʞʥʦʡ ʢʘʨʪʳ.  

1. ʉʢʦʧʠʨʦʚʘʪʴ ʤʘʩʩʠʚ ʧʝʨʝʤʝʥʥʳʭ JSON ʚ ʧʘʤʷʪʴ ʠʟ PostgreSQL [3]. 

2. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ D3JS ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʚ SVG ʬʦʨʤʘʪ.  

3. ʇʦʤʝʩʪʠʪʴ SVG ʥʘ ʩʪʨʘʥʠʮʫ HTML+CSS ʠ ʚʳʜʘʪʴ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʘʞʜʦʛʦ ʫʟʣʘ ʛʨʘʬʘ (skill-step) ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʡ ʵʪʘʧ ʦʙʫʯʝ-

ʥʠʷ ʠ ʚʢʣʶʯʘʪʴ ʯʝʪʳʨʝ ʢʣʶʯʝʚʳʭ ʘʪʨʠʙʫʪʘ ʚ ʬʘʡʣʝ ʬʦʨʤʘʪʘ JSON [4]:  

 ʠʤʷ (name) - ʥʘʟʚʘʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʚʳʢʘ ʠʣʠ ʦʙʣʘʩʪʠ, ʥʘʧʨʠʤʝʨ ʩʧʝʮʠʘʣʠʩʪ DevOps 

(Development&Operations); 

 ʟʘʚʠʩʠʤʦʩʪʠ (dependencies) - ʩʧʠʩʦʢ ʠʤʝʥ ʧʨʝʜʳʜʫʱʠʭ ʥʘʚʳʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʥʘʯʘʣʘ ʦʩʚʦʝʥʠʷ ʜʘʥʥʦʛʦ 

ʥʘʚʳʢʘ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʚʷʟʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʚ ʛʨʘʬʝ; 

 ʫʨʦʚʝʥʴ (level) - ʫʨʦʚʝʥʴ ʩʣʦʞʥʦʩʪʠ ʠʣʠ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʘʥʥʦʤʫ ʵʪʘʧʫ (çBeginnerè, 

çIntermediateè,çAdvancedè, çExpertè) ʠ ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʪʘʜʠʶ ʦʙʫʯʝʥʠʷ;  

 ʟʘʜʘʯʠ (tasks) - ʧʝʨʝʯʝʥʴ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʥʠʡ ʠʣʠ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʚʦʝʥʠʷ ʜʘʥʥʦʛʦ 

ʥʘʚʳʢʘ;  

 ʛʠʧʝʨʩʩʳʣʢʘ (link) - ʧʝʨʝʭʦʜ ʥʘ ʩʪʘʪʴʶ ʠʣʠ ʢʫʨʩ ʧʦ ʥʘʚʳʢʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʜʦʨʦʞʥʘʷ ʢʘʨʪʘ ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʜʦʩʪʘʶʱʠʝ ʥʘʚʳʢʠ ʜʣʷ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʦʩʪʨʦʠʪʴ ʤʘʨʰʨʫʪ ʧʦ ʠʭ ʧʨʠʦʙʨʝʪʝʥʠʶ. 
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DESIGN AND DEVELOPME NT OF A CROSS-PLATFORM MOBILE APPL ICATION  

çMULTIMEDIA GUIDEè BASED ON FLUTTER  

K. N. Glebok  
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Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, glebok69@mail.ru  

The article examines the design stage of the structural model and business processes for the cross-platform mobile application 

"Multimedia Guide," aimed at enhancing museum visitor engagement. It describes the key system modules, the user interaction pro-

cess with the application, and defines the technology stack used. 

Keywords: Flutter, mobile application, multimedia guide, museum, cross-platform development, Dart, Firebase, Hive, interface, 

UX/UI, exhibit, catalog, interactive map, offline mode, requirements, design, BPMN, Visual Studio Code, Android, iOS. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʣʶʙʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʝʛʦ ʥʘʜʝʞʥʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɼʣʷ ʤʦʙʠʣʴʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ çʄʫʣʴʪʠʤʝʜʠʡʥʳʡ ʛʠʜè ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ 

ʨʠʩʫʥʢʝ 1.  
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ʈʠʩ. 1. ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ çʄʫʣʴʪʠʤʝʜʠʡʥʳʡ ʛʠʜè  

ʄʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʧʷʪʴ ʢʣʶʯʝʚʳʭ ʤʦʜʫʣʝʡ. 

ï ʂʘʪʘʣʦʛ ʤʫʟʝʷ ï ʩʦʜʝʨʞʠʪ ʨʘʟʜʝʣʳ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʵʢʩʧʦʥʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʥʫʞʥʳʡ ʦʙʲʝʢʪ ʧʦ 

ʥʘʟʚʘʥʠʶ, ʩʢʘʥʠʨʦʚʘʥʠʶ QR-ʢʦʜʘ ʠʣʠ ʧʦʠʩʢʫ ʥʘ ʢʘʨʪʝ.  

ï ʂʘʨʪʘ ʤʫʟʝʷ ï ʚʠʟʫʘʣʴʥʦʝ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʭʝʤʳ ʟʜʘʥʠʷ ʤʫʟʝʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʙʦʨʘ ʠ 

ʧʨʦʩʤʦʪʨʘ ʤʫʟʝʡʥʳʭ ʟʘʣʦʚ.  

ï ʅʘʩʪʨʦʡʢʠ ï ʚʢʣʶʯʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʪʦʙʨʘʞʝʥʠʷ ʪʝʢʩʪʘ ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʪʝʤʳ ʦʬʦʨʤʣʝʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠʣʦʞʝʥʠʷ.  

ï ʉʧʨʘʚʢʘ ï ʩʦʜʝʨʞʠʪ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʘʩʪʦ ʟʘʜʘʚʘʝʤʳʝ ʚʦʧʨʦʩʳ ʠ ʬʦʨʤʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ.  

ï ʉʪʨʘʥʠʮʘ ʵʢʩʧʦʥʘʪʘ ï ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʳʤ ʤʦʜʫʣʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʠʣʦʞʝʥʠʝʤ, ʩʦ-

ʜʝʨʞʘʱʠʤ ʪʝʢʩʪʦʚʫʶ ʠ ʤʫʣʴʪʠʤʝʜʠʡʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʫʟʝʡʥʦʤ ʵʢʩʧʦʥʘʪʝ. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʦʪʘʮʠʷ BPMN, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɼʘʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʬʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ 

ʦʪʦʙʨʘʟʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ [1]. ʇʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʩ ʟʘʧʫʩʢʘ 

ʧʨʠʣʦʞʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʨʘʟʫ ʧʝʨʝʡʪʠ ʚ ʢʘʪʘʣʦʛ ʤʫʟʝʡʥʳʭ ʵʢʩʧʦʥʘʪʦʚ ʠ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨ-

ʤʘʮʠʶ ʦʙ ʠʥʪʝʨʝʩʫʶʱʝʤ ʵʢʩʧʦʥʘʪʝ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʯʝʨʝʟ ʤʫʟʝʡʥʳʡ ʢʘʪʘʣʦʛ ʠ ʨʫʯʥʦʡ ʚʳʙʦʨ ʢʘʪʝʛʦ-

ʨʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʠʩʢʦʤ ʵʢʩʧʦʥʘʪʘ; ʯʝʨʝʟ ʧʦʠʩʢʦʚʫʶ ʩʪʨʦʢʫ ʠʣʠ ʩʢʘʥʠʨʦʚʘʥʠʝ QR-ʢʦʜʘ; ʯʝʨʝʟ ʠʥʪʝʨʘʢ-

ʪʠʚʥʫʶ ʢʘʨʪʫ ʤʫʟʝʷ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ ʥʫʞʥʳʡ ʟʘʣ, ʘ ʟʘʪʝʤ ʢʦʥʢʨʝʪʥʳʡ ʵʢʩʧʦʥʘʪ.   

ʇʦʩʣʝ ʚʳʙʦʨʘ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʤʫʟʝʡʥʦʛʦ ʵʢʩʧʦʥʘʪʘ ʩʠʩʪʝʤʘ ʦʪʦʙʨʘʞʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʪʨʘʥʠʮʫ ʩ ʪʝʢ-

ʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤ ʢʦʥʪʝʥʪʦʤ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʩʤʦʪʨʘ ʠ 

ʠʟʫʯʝʥʠʷ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʛʨʫʟʠʪʴ ʩʪʨʘʥʠʮʫ ʵʢʩʧʦʥʘʪʘ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʜʦʩʪʫʧʘ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʬʣʘʡʥ-ʨʝʞʠʤʝ ʠʣʠ ʫʟʥʘʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʢʩʧʦʥʘʪʘ ʥʘ ʢʘʨʪʝ ʤʫʟʝʷ.  

ʂʨʦʤʝ ʦʩʥʦʚʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ, ʚ ʧʨʠʣʦʞʝʥʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ, ʛʜʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʠ ʞʝʣʘʥʠʠ ʤʦʞʝʪ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʙʳʩʪʨʦʛʦ ʠ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʠʣʦʞʝʥʠʷ ʠ ʧʨʦʩʤʦʪʨʝʪʴ ʨʘʟʜʝʣ ʯʘʩʪʦ ʟʘʜʘʚʘʝʤʳʭ ʚʦʧʨʦʩʦʚ ʜʣʷ ʧʦʠʩʢʘ ʙʳʩʪ-

ʨʦʛʦ ʠ ʧʦʥʷʪʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʙʦʪʦʡ ʧʨʠʣʦʞʝʥʠʷ.  

ʊʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʬʦʨʤʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʪʧʨʘʚʣʷʪʴ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʠ ʘʜ-

ʤʠʥʠʩʪʨʘʮʠʠ ʦʪʟʳʚʳ, ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʟʘʤʝʯʘʥʠʷ ʧʦ ʨʘʙʦʪʝ ʧʨʠʣʦʞʝʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʤʦʞʝʪ ʫʣʫʯʰʠʪʴ 

ʧʨʠʣʦʞʝʥʠʝ, ʠʩʧʨʘʚʠʪʴ ʦʰʠʙʢʠ ʠ ʜʦʙʘʚʠʪʴ ʥʦʚʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʦʣʝʟʥʳ ʧʦʣʴʟʦʚʘʪʝʣʷʤ.  

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʘʟʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʠʥʪʝʨ-

ʬʝʡʩʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʠʤʠ ʧʨʝʜʧʦʯʪʝʥʠʷʤʠ ʚ ʨʘʟʜʝʣʝ ʥʘʩʪʨʦʝʢ ʧʨʠʣʦʞʝʥʠʷ. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʳ ʦʬʦʨʤʣʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ ʦʪʦʙʨʘʞʝʥʠʷ ʪʝʢʩʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʫʜʦʙʦʯʠʪʘʝʤʦʩʪʴ ʠʥ-

ʬʦʨʤʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʘ ʨʝʘʣʴʥʘʷ ʠʥʞʝʥʝʨʥʘʷ ʟʘʜʘʯʘ ʩ ʪʚʦʨʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʢ ʩʦʟʜʘʥʠʶ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ [3]. 

ɺʳʙʦʨ ʩʪʝʢʘ ʪʝʭʥʦʣʦʛʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʤʫ ʬʫʥʢʮʠʦʥʘʣʫ, ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ Firebase ʠ 

Hive. ʆʙʣʘʯʥʘʷ ɹɼ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʟʘʛʨʫʟʢʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʢʩʪʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʘ ʣʦʢʘʣʴʥʘʷ ɹɼ ï ʜʣʷ ʢʵʰʠʨʦʚʘʥʠʷ ʠ ʣʦʢʘʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʦʬʬʣʘʡʥ-ʜʦʩʪʫʧ 

ʠ ʫʩʢʦʨʝʥʠʝ ʨʘʙʦʪʳ ʠʥʪʝʨʬʝʡʩʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʧʨʠʣʦʞʝʥʠʶ ʨʘʙʦʪʘʪʴ ʘʚʪʦʥʦʤʥʦ, ʦʙʝʩʧʝʯʠʪ ʤʛʥʦʚʝʥ-

ʥʳʡ ʜʦʩʪʫʧ ʢ ʨʘʥʝʝ ʟʘʛʨʫʞʝʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʩ ʩʝʨʚʝʨʦʤ ʧʨʠ ʧʦʜ-

ʢʣʶʯʝʥʠʠ ʢ ʠʥʪʝʨʥʝʪʫ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ çʄʫʣʴʪʠʤʝʜʠʡʥʳʡ ʛʠʜè ʦʩ-

ʥʦʚʥʳʤ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥ ʷʟʳʢ Dart ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʬʨʝʡʤʚʦʨʢʦʤ Flutter, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʘ-

ʪʳʚʘʪʴ ʝʜʠʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ Android ʠ iOS. ɻʣʘʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ Flutter ʷʚʣʷʶʪʩʷ ʩʢʦ-
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ʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ, ʥʘʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʉʢʦʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠʛʨʘʝʪ ʦʯʝʥʴ ʙʦʣʴʰʫʶ 

ʨʦʣʴ ʚ ʙʠʟʥʝʩʝ, ʪʘʢ ʢʘʢ ʦʪ ʥʝʝ ʟʘʚʠʩʠʪ, ʢʦʛʜʘ ʚʳʡʜʝʪ ʧʨʦʜʫʢʪ ʠ ʢʘʢ ʙʳʩʪʨʦ ʙʫʜʝʪ ʦʥ ʨʘʟʚʠʚʘʪʴʩʷ [2]. ɺ ʢʘʯʝʩʪʚʝ 

ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʚʳʙʨʘʥʘ Visual Studio Code ï ʣʝʛʢʘʷ, ʛʠʙʢʘʷ ʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʤʝʩʪʠʤʘʷ ʩ Flutter. ɼʣʷ ʭʨʘʥʝʥʠʷ 

ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚʳʙʨʘʥʘ ʦʙʣʘʯʥʘʷ ʧʣʘʪʬʦʨʤʘ Firebase, ʘ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʢʵʰʠʨʦʚʘʥʠʷ ʠ ʦʬʣʘʡʥ-

ʜʦʩʪʫʧʘ ï ʚʩʪʨʦʝʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ Hive. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʯʘʪ-ʙʦʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʟʘʧʠʩʠ ʢʣʠʝʥʪʦʚ ʚ ʩʝʨʚʠʩʥʳʝ ʮʝʥʪʨʳ 

ʥʘ ʧʨʠʤʝʨʝ ʛʨʫʤʠʥʛ-ʩʪʫʜʠʠ. ʇʨʠʚʝʜʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʘʷ ʙʘʟʫ ʜʘʥʥʳʭ SQL Server ʠ ʙʦʪʘ ʥʘ Python ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ Telebot. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʣʦʛʠʢʘ ʨʘʙʦʪʳ ʯʘʪ-ʙʦʪʘ, ʦʙʨʘʙʦʪʢʘ ʚʳʙʦʨʘ ʫʩʣʫʛ ʠ ʜʦʧʦʣʥʠʪʝʣɹ -

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʟʘʧʠʩʝʡ ʠ ʨʘʩʯʝʪ ʠʪʦʛʦʚʦʡ ʩʪʦʠʤʦʩʪʠ. ʇʦʢʘʟʘʥʘ ʧʨʘʢʪʠʯʝʩʢʘʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʥʘ ʜʨʫʛʠʝ ʩʝʨʚʠʩʥʳʝ ʧʨʦʮʝʩʩʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʘʪ-ʙʦʪ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʝʨʚʠʩʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʙʘʟʘ ʜʘʥʥʳʭ, Python, SQL Server, ʮʠʬʨʦʚʠʟʘʮʠʷ, ʟʘ-

ʧʠʩʴ ʢʣʠʝʥʪʦʚ. 
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DEVELOPMENT OF AN IN TELLIGENT CHATBOT FO R AUTOMATING CUSTOME R RECORDING 

WITH DATABASE INTEGR ATION  

E. S. Govorova  
Scientific supervisor ï A. L. Tkachenko 

Kaluga State University named after K. E. Tsiolkovsky, 26 Stepan Razin St., 248023, Kaluga, Russia, govorovaes@tksu.ru 

The development of an intelligent chatbot for automating customer registration in service centers is considered using the exam-

ple of a grooming studio. The architecture of the system is shown, which includes an SQL Server database and a Python bot using 

the Telebot library. The logic of the chatbot operation, the processing of the selection of services and additional materials, the auto-

matic creation of new entries and the calculation of the total cost are considered. The practical effectiveness of the system and the 

possibility of scaling other service processes are shown. 

Keywords: chatbot, automation of service processes, database, Python, SQL Server, digitalization, customer record. 

ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʝʨʚʠʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠ-

ʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʣʠʝʥʪʘʤʠ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʩʦ-

ʪʨʫʜʥʠʢʦʚ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʪ-ʙʦʪʦʚ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩ ʨʝʣʷʮʠʦʥʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. ʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʯʘʪ-ʙʦʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ ʟʘʧʠʩʠ ʢʣʠʝʥʪʦʚ ʥʘ ʫʩʣʫʛʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʫʯʥʳʤ ʚʚʦʜʦʤ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʘʥʘʣ ʢʦʤʤʫʥʠʢʘ-

ʮʠʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʯʘʪ-ʙʦʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʟʘʧʠʩʠ 

ʢʣʠʝʥʪʦʚ ʚ ʛʨʫʤʠʥʛ-ʩʪʫʜʠʶ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʠ ʙʠʙʣʠʦʪʝ-

ʢʠ Telebot ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʧʨʠʤʝʥʝʥ 

Microsoft SQL Server, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʦ ʢʣʠʝʥʪʘʭ, ʧʠʪʦʤʮʘʭ, ʫʩʣʫʛʘʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ. ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʪʘʙʣʠʮ, ʦʧʠʩʳʚʘʶʱʠʭ ʦʩ-

ʥʦʚʥʳʝ ʩʫʱʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʤʦʜʫʣʴ ʯʘʪ-ʙʦʪʘ, ʚʳʧʦʣʥʷʶʱʠʡ ʦʙʨʘʙʦʪʢʫ ʜʠʘʣʦʛʦʚʳʭ ʩʮʝʥʘʨʠʝʚ (ʨʠʩ.). 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʠʥʪʝʛʨʘʮʠʷ ʩ ʯʘʪ-ʙʦʪʦʤ 

ʈʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʧʦʩʪʨʦʝʥʘ ʧʦ ʧʨʠʥʮʠʧʫ ʧʦʰʘʛʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʇʨʠ ʟʘʧʠʩʠ ʢʣʠ-

ʝʥʪ ʫʢʘʟʳʚʘʝʪ ʚʠʜ ʠ ʧʦʨʦʜʫ ʧʠʪʦʤʮʘ, ʢʦʪʦʨʳʝ ʧʦʜʛʨʫʞʘʶʪʩʷ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʣʠʙʦ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʘʙʣʠʮʳ. ɼʘʣʝʝ ʚʚʦʜʷʪʩʷ ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʢʣʠʝʥʪʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʫʩʣʫʛ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʘʞ-

ʜʦʝ ʜʝʡʩʪʚʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʱʝʥʠʝʤ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SQL-ʟʘʧʨʦʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘ-

ʥʷʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ. 
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ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʠʪʦʛʦʚʦʡ ʩʪʦʠʤʦʩʪʠ ʟʘʧʠʩʠ, ʚʢʣʶʯʘʶʱʝʡ 

ʩʪʦʠʤʦʩʪʴ ʫʩʣʫʛ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʵʪʦʛʦ ʨʝʘʣʠʟʦʚʘʥʘ ʬʫʥʢʮʠʷ ʧʦʜʩʯʝʪʘ ʩʫʤʤʳ ʠ ʝʝ ʩʦʭʨʘʥʝ-

ʥʠʷ ʚ ʪʘʙʣʠʮʝ ʟʘʧʠʩʝʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʪʦʛʦʚʦʛʦ ʩʦʦʙʱʝʥʠʷ ʜʣʷ ʢʣʠʝʥʪʘ. ɺ ʣʠʩʪʠʥʛʝ 1 ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʚʳʙʦʨʘ ʫʩʣʫʛʠ, ʘ ʚ ʣʠʩʪʠʥʛʝ 2 ï ʬʫʥʢʮʠʷ ʩʦʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʦ ʟʘʧʠʩʠ ʚ 

ʙʘʟʝ [2]. 

ʃʠʩʪʠʥʛ 1 ï ʇʨʠʤʝʨ ʦʙʨʘʙʦʪʢʠ ʚʳʙʦʨʘ ʫʩʣʫʛ  

@bot.callback_query_handler(func=lambda call: call.data.startswith("usluga_")) 

def select_usluga(call): 

    chat_id = call.message.chat.id 

    id_uslugi = int(call.data.split("_")[1]) 

    if id_uslugi not in user_data[chat_id]['uslugi']: 

        user_data[chat_id]['uslugi'].append(id_uslugi) 

    bot.answer_callback_query(call.id, "ʋʩʣʫʛʘ ʜʦʙʘʚʣʝʥʘ") 

ʃʠʩʪʠʥʛ 2 ï ʌʫʥʢʮʠʷ ʩʦʭʨʘʥʝʥʠʷ ʟʘʧʠʩʠ ʚ ʙʘʟʫ 

def save_full_zapis(data): 

    with get_connection() as conn: 

        cursor = conn.cursor() 

        ... 

        cursor.execute("UPDATE zapis_na_uslugu SET k_oplate = ? WHERE id_zapisi = ?", (total, id_zapisi)) 

        conn.commit() 

        return f"{client}, ʤ  rʟʘʧʠʩʘʣʠ ʚʘʰʝʛʦ {pet} ʥʘ *{uslugi_str}*..."  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʯʘʪ-ʙʦʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩ-

ʩʘ ʟʘʧʠʩʠ ʢʣʠʝʥʪʦʚ ʙʝʟ ʫʯʘʩʪʠʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʩʦʪʨʫʜʥʠʢʦʚ, ʧʦʚʳʩʠʪʴ 

ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʟʨʘʯʥʳʡ ʫʯʝʪ ʦʢʘʟʘʥʥʳʭ ʫʩʣʫʛ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʢʘ ʦʙʣʘʜʘʝʪ ʧʦ-

ʪʝʥʮʠʘʣʦʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ: ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʥʪʨʘʭ, ʩʘʣʦʥʘʭ 

ʢʨʘʩʦʪʳ, ʘʚʪʦʩʝʨʚʠʩʘʭ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʛʜʝ ʚʦʩʪʨʝʙʦʚʘʥʘ ʟʘʧʠʩʴ ʢʣʠʝʥʪʦʚ ʥʘ ʫʩʣʫʛʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʠʥʪʝʛʨʘʮʠʠ ʩ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʛʠʙʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ, ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʩʫʱʥʦ-

ʩʪʝʡ ʠ ʜʠʘʣʦʛʦʚʳʭ ʩʮʝʥʘʨʠʝʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʟʘʧʠʩʠ ʢʣʠʝʥʪʦʚ ʥʘ ʫʩʣʫʛʠ, ʩʦʯʝʪʘʷ 

ʫʜʦʙʩʪʚʦ ʯʘʪ-ʙʦʪʘ ʠ ʥʘʜʝʞʥʦʩʪʴ SQL Server [3]. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʥʝʜ-

ʨʝʥʠʷ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ ʚ ʩʝʨʚʠʩʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʪʢʨʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʣʠʝʥʪʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [4ï7]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟ-

ʤʦʞʥʦ ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʯʘʪ-ʙʦʪʘ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʣʠʝʥʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʝʨʚʠʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
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The article examines the process of designing the architecture of a web application for learning the Khakas language. It de-
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ʀʟʫʯʝʥʠʝ ʣʶʙʦʛʦ ʷʟʳʢʘ ï ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʧʦʚʪʦʨʝʥʠʷ ʠ ʟʘʫʯʠʚʘʥʠʷ ʤʥʦ-

ʞʝʩʪʚʘ ʩʣʦʚ. ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʤʦʛʣʦ ʙʳ ʩʪʘʪʴ ʧʦʣʝʟʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʘʨʩʝʥʘʣʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʞʝʣʘʶʱʝʛʦ 

ʦʩʚʦʠʪʴ ʭʘʢʘʩʩʢʠʡ ʷʟʳʢ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʧʦʠʩʢ ʩʣʦʚ, ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ, ʧʨʝʜʣʦʞʝʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʥʘʞʝʨʘ ï ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʪʝʩʪʘ ʜʣʷ ʟʘʧʦʤʠʥʘʥʠʷ ʩʣʦʚ.  

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʭʘʢʘʩʩʢʦʤʫ ʷʟʳʢʫ ʚʳʧʦʣʥʝʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʢʦʥʪʝʢʩʪʥʦʡ ʤʦʜʝʣʠ  

çʀʟʫʯʠʪʴ ʤʘʪʝʨʠʘʣ ʚ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʠè ʚ ʥʦʪʘʮʠʠ IDEF0, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1. ʅʦʪʘʮʠʷ IDEF0 ʷʚʣʷʝʪʩʷ 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʨʝʜʩʪʚʦʤ ʠʣʣʶʩʪʨʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ [1].  

  

ʈʠʩ. 1.  ɼʝʢʦʤʧʦʟʠʮʠʷ ʤʦʜʫʣʷ çɺʳʙʦʨ ʫʨʦʢʘè 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ. ɺ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʠʟʫʯʝʥʠʷ ʷʟʳʢʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʟ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʫʨʦʢʦʚ ʚʳʙʠʨʘʝʪ ʠʥʪʝʨʝʩʫʶʱʠʡ ʝʛʦ ʤʘʪʝʨʠʘʣ (ʙʣʦʢ ɸ1), ʠʟʫʯʘʝʪ ʝʛʦ (ʙʣʦʢ ɸ2) ʠ ʧʨʦʭʦʜʠʪ 

ʪʝʩʪʠʨʦʚʘʥʠʝ (ʙʣʦʢ ɸ3) ʠ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʠʟʫʯʝ-

ʥʠʶ (ʙʣʦʢ ɸ5). ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʢʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʦʡʪʠ ʚ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʨʝʥʘʞʝʨʘ (ʙʣʦʢ ɸ4) ʚ ʣʶʙʦʤ ʤʝʩʪʝ, ʛʜʝ ʜʦʩʪʫʧʥʦ ʫʩʪʨʦʡʩʪʚʦ ʩ ʚʳʭʦʜʦʤ ʚ ʩʝʪʴ ʀʥʪʝʨʥʝʪ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʢʣʶʯʝʚʦʡ ʵʪʘʧ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʝʛʦ ʣʦʛʠʢʫ, ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʘʢʘʩʩʢʦʛʦ ʷʟʳʢʘ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʚʠʟʫʘʣʠʟʠʨʫʝʪ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʩʠʩʪʝʤʳ ʠ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2. ʃʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʝ ʦʧʠʩʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ. ʆʥʘ ʦʪʦʙʨʘʞʘʝʪ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʥʘʚʠʛʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʫʣʠ ʧʨʠʣʦʞʝʥʠʷ. 

ʆʭʘʨʘʢʪʝʨʠʟʫʝʤ ʬʫʥʢʮʠʦʥʘʣ ʤʦʜʫʣʝʡ:   

ï ʤʦʜʫʣʴ çɺʳʙʦʨ ʢʫʨʩʘè ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʳʙʨʘʪʴ ʠʥʪʝʨʝʩʫʶʱʠʡ ʝʛʦ ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ (ʢʫʨʩ), ʚ 

ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ ʫʨʦʢ ʠ ʧʨʠʩʪʫʧʘʝʪ ʢ ʠʟʫʯʝʥʠʶ ʤʘʪʝʨʠʘʣʘ, ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʫ ʦʙʫʯʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʡʪʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ;  

ï ʤʦʜʫʣʴ çʉʣʦʚʘʨʴè ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʭʘʢʘʩʩʢʠʤʠ ʩʣʦʚʘʤʠ ʠ ʠʭ ʟʥʘʯʝʥʠʝʤ ʥʘ ʨʫʩ-

ʩʢʦʤ ʷʟʳʢʝ; 

ï ʤʦʜʫʣʴ çʊʨʝʥʘʞʝʨ ʜʣʷ ʟʘʧʦʤʠʥʘʥʠʷ ʩʣʦʚè ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʪʨʝʥʘʞʝʨ ʜʣʷ ʟʘʧʦʤʠʥʘʥʠʷ ʩʣʦʚ ʥʘ ʭʘʢʘʩʩʢʦʤ 

ʷʟʳʢʝ; 

ï ʤʦʜʫʣʴ çʅʘʩʪʨʦʡʢʠ ʧʨʠʣʦʞʝʥʠʷè ʩʦʜʝʨʞʠʪ ʥʘʩʪʨʦʡʢʠ: ʨʘʟʤʝʨ ʪʝʢʩʪʘ, ʚʳʙʦʨ ʩʚʝʪʣʦʡ/ʪʝʤʥʦʡ ʪʝʤʳ; 

ï ʤʦʜʫʣʴ çʇʨʦʬʠʣʴè ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʪʩʣʝʞʠʚʘʪʴ ʧʨʦʛʨʝʩʩ ʠʟʫʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ ʧʦʩʪʨʦʝʥʦ ʧʦ ʤʦʜʫʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʛʜʝ ʢʘʞʜʳʡ ʤʦʜʫʣʴ ʦʪʚʝ-

ʯʘʝʪ ʟʘ ʩʚʦʶ ʟʘʜʘʯʫ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʘ ʨʝʘʣʴʥʘʷ ʠʥʞʝʥʝʨʥʘʷ 

ʟʘʜʘʯʘ ʩ ʪʚʦʨʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʢ ʩʦʟʜʘʥʠʶ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ [2]. 
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ʈʠʩ. 2. ʃʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʘʢʘʩʩʢʦʛʦ ʷʟʳʢʘ 

ɺʳʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʝʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʆʪ 

ʥʝʛʦ ʟʘʚʠʩʷʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʧʦʜʜʝʨʞʢʠ ʧʨʠʣʦʞʝʥʠʷ [3]. 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʭʘʢʘʩʩʢʦʛʦ ʷʟʳʢʘ, ʠ ʦʙʦʩʥʦʚʘʥ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʙʦʨ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ:  

ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: JavaScript, Python ʠ TypeScript ï ʠ ʚʳʙʨʘʥ JavaScript  ʠʟ-

ʟʘ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ ʧʦʣʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʩ ʚʝʙ-ʧʣʘʪʬʦʨʤʦʡ, ʘ Python ʜʦʧʦʣʥʷʝʪ ʩʪʝʢ ʢʘʢ ʷʟʳʢ ʜʣʷ ʩʝʨʚʝʨʥʦʡ 

ʯʘʩʪʠ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʠ ʤʦʱʥʳʤ ʬʨʝʡʤʚʦʨʢʘʤ; 

ï ʚ ʢʘʯʝʩʪʚʝ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ (Frontend) React.js ʠʣʠ ʬʨʝʡʤʚʦʨʢʦʚ Angular ʠ Vue.js ʤʳ ʚʳ-

ʙʨʘʣʠ ʙʠʙʣʠʦʪʝʢʫ React.js ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʩʪʦʤʠ-

ʟʘʮʠʠ ʠ ʧʦʜʜʝʨʞʢʫ ʤʦʙʠʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʯʝʨʝʟ React Native; 

ï ʚ ʢʘʯʝʩʪʚʝ ʬʨʝʡʤʚʦʨʢʘ ʜʣʷ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ (Backend) ʤʝʞʜʫ Django, Express.js ʠ Flask ʚʳʙʨʘʥ Django, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʛʦʪʦʚʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʧʦ-

ʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ; 

ï ʠʟ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʩʨʘʚʥʠʚʘʣʠʩʴ SQLite, PostgreSQL ʠ MySQL, ʠ SQLite ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʘʢ ʧʨʦ-

ʩʪʘʷ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʉʋɹɼ ʜʣʷ ʧʨʦʪʦʪʠʧʘ ʠ MVP, ʥʝ ʪʨʝʙʫʶʱʘʷ ʩʝʨʚʝʨʥʦʡ ʥʘʩʪʨʦʡʢʠ; 

ï ʠʟ ʩʨʝʜ ʨʘʟʨʘʙʦʪʢʠ VS Code, WebStorm ʠ Atom ʤʳ ʚʳʙʨʘʣʠ VS Code, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʢʦʤʬʦʨʪʥʦʡ ʨʘʙʦʪʳ ʩ JavaScript ʠ Python ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʤʥʦʞʝʩʪʚʦ ʨʘʩʰʠʨʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʠʟʫʯʝʥʠʷ ʷʟʳʢʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʦʜʫʣʴʥʦʡ ʘʨʭʠ-

ʪʝʢʪʫʨʳ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʙʦʩʥʦʚʘʥʥʳʤ ʚʳʙʦʨʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʝʢʘ ʩʦʟʜʘʝʪ ʬʫʥʜʘʤʝʥʪ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ ʠ ʫʜʦʙʥʦʛʦ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʜʜʝʨʞʢʫ ʠʟʫʯʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʭʘʢʘʩ-

ʩʢʦʛʦ ʷʟʳʢʘ. 
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It is proposed to analyze data on electricity consumption, allowing, based on a representative sample, to identify anomalies asso-

ciated with the establishment of potential crypto-miners. As an analysis tool, Data Mining technology is applied, including the SPSS-

statistics program. 

Keywords: energy distribution company, subscriber, electricity consumption, lost revenues, technologies. 

ɺ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʨʳʥʢʘ ʩʪʘʙʠʣʴʥʳʭ, ʜʦʙʨʦʩʦʚʝʩʪʥʳʭ ʜʦʛʦʚʦʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʩ ʧʦʪʨʝʙʠʪʝʣʷʤʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʦʩʪʨʝʙʦʚʘʥʳ ʵʥʝʨʛʦʩʙʳʪʦʚʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʪʘʪʫʩʦʤ ï ʩʪʘʪʫʩʦʤ ʛʘʨʘʥʪʠʨʫʶ-

ʱʝʛʦ ʧʦʩʪʘʚʱʠʢʘ, ʢʦʪʦʨʳʡ ʚʦʟʣʘʛʘʝʪ ʥʘ ʵʥʝʨʛʦʩʙʳʪʦʚʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʧʦʚʳʰʝʥʥʫʶ ʩʦʮʠʘʣʴʥʫʶ ʦʪʚʝʪʩʪʚʝʥ-

ʥʦʩʪʴ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʙʷʟʫʝʪ ʦʙʩʣʫʞʠʚʘʪʴ ʚʩʝʭ ʙʝʟ ʠʩ-

ʢʣʶʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʟʦʥʝ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʏʝʪʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʵʥʝʨʛʦʩʙʳʪʦʚʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʨʘʩʯʝʪʦʚ ʩ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʘʷ 

ʦʧʣʘʪʘ ʟʘ ʥʝʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʚʩʝʭ ʩʫʙʲʝʢʪʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʢʘʢ ʵʣʝʢʪʨʦʩʝʪʝʚʳʭ 

ʢʦʤʧʘʥʠʡ, ʪʘʢ ʠ ʛʝʥʝʨʠʨʫʶʱʠʭ ʢʦʤʧʘʥʠʡ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʵʥʝʨʛʦʩʙʳʪʦʚʳʭ ʢʦʤʧʘʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʡ ʦʪʨʘʩʣʠ [1].  

ɼʣʷ ʵʥʝʨʛʦʩʙʳʪʦʚʦʡ ʢʦʤʧʘʥʠʠ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʙʣʘʩʪʝʡ, ʪʨʝʙʫʶʱʠʭ ʦʧʪʠʤʠʟʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʦ-

ʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʕʬʬʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʮʠʦʥʘʣʴʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʫʣʫʯʰʘʝʪ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʂʦʤʧʘʥʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʘʥʘʣʠʟʦʤ ʧʦʪʨʝʙʣʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ. ʕʪʠ ʪʨʫʜʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʯʨʝʟʤʝʨʥʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʝʤ 

ʤʘʡʥʝʨʦʚ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʚ ʚʳʷʚʣʝʥʠʠ ʢʦʥʪʨʘʛʝʥʪʦʚ, ʧʨʝʚʳʩʠʚʰʠʭ ʣʴʛʦʪʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [2]. 

ʏʪʦʙʳ ʚʳʷʚʠʪʴ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʬʠʥʘʥʩʦʚʳʝ ʧʦʪʝʨʠ ʩʙʳʪʦʚʦʡ ʢʦʤʧʘʥʠʠ, 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʠ ʜʘʥʘ ʦʮʝʥʢʘ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʯʘʩʪʥʳʤʠ ʜʦʤʦʭʦʟʷʡʩʪʚʘʤʠ ʞʠʣʦʛʦ ʨʘʡʦʥʘ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ Data Mining, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʧʨʦʛʨʘʤʤʫ SPSS-statistics. 

ʄʝʪʦʜʳ DataMining ʧʦʤʦʛʘʶʪ ʨʝʰʠʪʴ ʤʥʦʛʠʝ ʟʘʜʘʯʠ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʘʥʘʣʠʪʠʢ. ʀʟ ʥʠʭ ʦʩʥʦʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʨʝʛʨʝʩʩʠʷ, ʧʦʠʩʢ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʧʨʘʚʠʣ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʷ [3]. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʢʦʥʝʮ 2024 ʛʦʜʘ ʚ ʟʦʥʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʛʘʨʘʥʪʠʨʫʶʱʝʛʦ ʧʦʩʪʘʚʱʠʢʘ ʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ 

ʛʨʘʥʠʮʘʭ ʞʠʣʦʛʦ ʨʘʡʦʥʘ ʥʘʭʦʜʠʣʦʩʴ 12,4 ʪʳʩ. ʨʝʩʧʦʥʜʝʥʪʦʚ. ɻʦʜʦʚʦʡ ʦʙʲʝʤ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʧʦ ʜʘʥʥʳʤ 

ʘʙʦʥʝʥʪʘʤ ʩʦʩʪʘʚʣʷʣ 26,7 ʤʣʥ ʢɺʪΞʯ. 
ʉʦʛʣʘʩʥʦ ʜʠʥʘʤʠʢʝ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ, ʩ 2022 ʧʦ 2024 ʛʦʜ ʥʘʨʷʜʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʘʙʦʥʝʥʪʦʚ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʨʦʩʪ ʧʦʣʝʟʥʦʛʦ ʦʪʧʫʩʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ï ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 3,5 ʤʣʥ. ʢɺʪΞʯ ʚ ʛʦʜ, ʯʪʦ 
ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʘʩʰʠʨʝʥʠʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʛʨʘʥʠʮ ʞʠʣʦʛʦ ʨʘʡ-

ʦʥʘ, ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʤʘʡʥʠʥʛʦʤ 

ʢʨʠʧʪʦʚʘʣʶʪʳ ʥʘ ʥʝʟʘʢʦʥʥʳʭ ʦʩʥʦʚʘʥʠʷʭ. 

ɺʚʝʜʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʪʘʨʠʬʦʚ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʩ 1 ʷʥʚʘʨʷ 2024 ʛʦʜʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʤ ʧʦʨʦʛʦʚʳʤ ʦʙʲʝʤʦʤ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʧʝʨʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʦ 20 000 ʢɺʪΞʯ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʣʦ ʥʘ 
ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʙʦʨʴʙʳ ʩ çʙʳʪʦʚʳʤè ʤʘʡʥʠʥʛʦʤ, ʣʠʰʴ ʥʝʤʥʦʛʦ ʩʥʠʟʠʚ ʩʪʘʪʠʩʪʠʢʫ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ. 

ʇʦʣʝʟʥʳʡ ʦʪʧʫʩʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘ 2022ï2024 ʛʦʜ rʯʘʩʪʥʳʤʠ ʜʦʤʦʭʦʟʷʡʩʪʚʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʞʠʣʦʛʦ ʨʘʡʦʥʘ, ʧʨʝʜʦʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʇʦʣʝʟʥʳʡ ʦʪʧʫʩʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘ 2022ï2024 ʛʦʜ r

ʇʦʢʘʟʘʪʝʣʠ 
2022 ʛ., 

ʚʩʝʛʦ 

2022/2023 ʛ.,  

ʯʘʩʪʥʳʡ ʩʝʢʪʦʨ 
2023 ʛ., 

ʚʩʝʛʦ 

2023/2024 ʛ., ʯʘʩʪʥʳʡ 

ʩʝʢʪʦʨ 
2024 ʛ., 

ʚʩʝʛʦ 
ʤʣʥ ʢɺʪΞʯ  % ʤʣʥ ʢɺʪΞʯ  % 

ʆʙʲʝʤ ʵ/ʵ, ʤʣʥ ʢɺʪΞʯ 18,8 4,3 22,9 23,1 3,6 15,6 26,7 

ʂʦʣʠʯʝʩʪʚʦ ʘʙʦʥʝʥʪʦʚ, ʪʳʩ. ʝʜ. 11,6 0,5 4,3 12,1 0,3 2,5 12,4 
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ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ çʙʳʪʦʚʦʛʦè ʤʘʡʥʠʥʛʘ ʥʘ ʨʦʩʪ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʞʠʣʦʤ ʨʘʡʦʥʝ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘʷ ʚʳʙʦʨʢʘ ʧʦ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʶ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʢʨʠʧʪʦʜʦʙʳʪʯʠʢʦʚ. 

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʟ 25 ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʦʪʦʙʨʘʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʫ 

ʯʝʪʳʨʝʭ ʘʙʦʥʝʥʪʦʚ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʨʝʜʥʝʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʩʪʦʨʦʥʫ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ.  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʝʟʥʦʛʦ ʦʪʧʫʩʢʘ ʧʦ ʘʙʦʥʝʥʪʘʤ ʞʠʣʦʛʦ ʨʘʡʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ. 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʝʟʥʦʛʦ ʦʪʧʫʩʢʘ 
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ɼʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʦʟʤʝʱʝʥʠʝ ʚʳʧʘʜʘʶʱʠʭ (ʥʝʜʦʧʦʣʫʯʝʥʥʳʭ) ʜʦ-

ʭʦʜʦʚ ʛʘʨʘʥʪʠʨʫʶʱʝʛʦ ʧʦʩʪʘʚʱʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʤʦʱʥʦʩʪʠ, ʚ ʛʨʘʥʠʮʘʭ ʝʛʦ ʟʦʥʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʳʣ 

ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʧʦʜʣʝʞʘʱʝʡ ʢ ʚʦʟʤʝʱʝʥʠʶ ʜʘʥʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʚʳʧʘʜʘʶʱʠʭ ʜʦʭʦʜʦʚ ʧʦ ʧʝʨʚʦʤʫ ʤʘʡʥʝʨʫ ʩ ʦʢʪʷʙʨʷ 2022 ʛʦʜʘ ʧʦ ʤʘʨʪ 

2024 ʛʦʜʘ. 

ʉʫʤʤʘ ʚʳʧʘʜʘʶʱʠʭ ʜʦʭʦʜʦʚ ʛʘʨʘʥʪʠʨʫʶʱʝʛʦ ʧʦʩʪʘʚʱʠʢʘ ʠʣʠ ʥʝʦʙʦʩʥʦʚʘʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷ 

ʠʟ-ʟʘ ʤʝʞʪʘʨʠʬʥʦʡ ʨʘʟʥʠʮʳ ʩʦʩʪʘʚʠʣʘ 9,7286 ʤʣʥ ʨʫʙʣʝʡ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦ ʜʠʘʧʘʟʦʥʘʤ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʝʯʥʫʶ ʩʪʦʠʤʦʩʪʴ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʕʪʘ ʩʠʩʪʝʤʘ ʩʦʟʜʘʝʪ ʧʨʦʛʨʝʩʩʠʚʥʫʶ ʰʢʘʣʫ ʦʧʣʘʪʳ, ʛʜʝ ʢʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ 

ʜʠʘʧʘʟʦʥ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʪʘʨʠʬ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ 

ʠ ʬʦʨʤʠʨʫʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʦʧʣʘʪʳ. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʚʳʧʘʜʘʶʱʠʭ ʜʦʭʦʜʦʚ ʧʦ ʤʘʡʥʝʨʘʤ ʩʦ ʚʪʦʨʦʛʦ ʧʦ ʯʝʪʚʝʨʪʳʡ ʩ ʫʯʝʪʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʜʠʘʧʘʟʦʥʘʤ.  

ʉʫʤʤʘ ʥʝʜʦʧʦʣʫʯʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʵʥʝʨʛʦʩʙʳʪʦʚʦʡ ʢʦʤʧʘʥʠʠ, ʧʦʜʣʝʞʘʱʘʷ ʢ ʚʦʟʤʝʱʝʥʠʶ ʩ ʦʢʪʷʙʨʷ 2022 ʛʦ-

ʜʘ ʧʦ ʘʧʨʝʣʴ 2024 ʛʦʜʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʠʟ-ʟʘ ʤʝʞʪʘʨʠʬʥʦʡ ʨʘʟʥʠʮʳ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦ-

ʪʨʝʙʠʪʝʣʷʤ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʤʘʡʥʠʥʛʦʤ ʢʨʠʧʪʦʚʘʣʶʪʳ, ʧʦ ʪʘʨʠʬʘʤ ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʚʤʝʩʪʦ ʧʨʠʤʝʥʝʥʠʷ ʨʳʥʦʯ-

ʥʳʭ ʮʝʥ, ʢʘʢ ʜʣʷ çʧʨʦʯʠʭè ʧʦʪʨʝʙʠʪʝʣʝʡ, ʚ ʩʦʚʦʢʫʧʥʦʤ ʦʙʲʝʤʝ ʩʦʩʪʘʚʠʣʘ 11,5134 ʤʣʥ ʨʫʙʣʝʡ (ʩ ʫʯʝʪʦʤ ʅɼʉ). 

ʊʘʙʣʠʮʘ 2 

ʈʘʩʯʝʪ ʚʳʧʘʜʘʶʱʠʭ ʜʦʭʦʜʦʚ ʛʘʨʘʥʪʠʨʫʶʱʝʛʦ ʧʦʩʪʘʚʱʠʢʘ, ʨʫʙ. ʩ ʅɼʉ 
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ɺʪʦʨʦʡ ʤʘʡʥʝʨ ʩ ʘʚʛʫʩʪʘ 2023 ʛ. ʧʦ ʘʧʨʝʣʴ 2024 ʛ. 

ɺʩʝʛʦ: 173 465 300 13 120 2,67 2,86 6,42 548 239,95 8,47178 1 580 818,72 1 032 578,77 

ʊʨʝʪʠʡ ʤʘʡʥʝʨ ʟʘ 2024 ʛ. 

ɺʩʝʛʦ: 58 550 200 1 600 2,67 2,86 6,42 167 172,50 8,47178 518 719,36 351 546,86 

ʏʝʪʚʝʨʪʳʡ ʤʘʡʥʝʨ ʟʘ 2024 ʛ. 

ɺʩʝʛʦ: 75 880 200 15 090 2,67 2,86 6,42 300 049,40 8,47178 700 684,45 400 635,05 

ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʘʢʪʘ çʙʳʪʦʚʦʛʦè ʤʘʡʥʠʥʛʘ ʠ ʧʨʠʚʣʝʯʝʥʠʝ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ 

ʬʠʥʘʥʩʦʚʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʚʝʜʝʪ ʢ ʧʨʝʢʨʘʱʝʥʠʶ ʜʘʥʥʦʛʦ ʨʦʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʝʨʝʟʘʢʣʶʯʝʥʠʝ ʜʦʛʦʚʦʨʘ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʢʘʢ ʩ ʶʨʠʜʠʯʝʩʢʠʤ ʣʠʮʦʤ ʠ ʧʝʨʝʭʦʜ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʳʡ ʨʳʥʦʯʥʳʡ ʪʘʨʠʬ ʥʝ ʩʪʦʣʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʜʣʷ çʩʝʨʳʭè ʤʘʡʥʝʨʦʚ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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DEVELOPING AN APPLIC ATION FOR A COLLEGE ACADEMIC GROUP CURAT OR 

A. V. Zalivakha  
Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, anastasiya357@mail.ru 

This article examines the automation of a college academic group supervisor's workflow to reduce time costs and improve the ef-

ficiency of reporting. The software architecture and the operation of the completed application are described. 

Keywords: automation, group supervisor, college, reporting, software, Visual Studio, WPF, MS SQL Server, data management, 

process optimization. 

ʈʘʙʦʪʘ ʢʫʨʘʪʦʨʘ ʩʚʷʟʘʥʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʣʶʜʴʤʠ ʠ ʵʤʦʮʠʦʥʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ. ɿʥʘʯʠ-
ʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʚʦʝʛʦ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʢʫʨʘʪʦʨʳ ʚʳʥʫʞʜʝʥʳ ʪʨʘʪʠʪʴ ʥʘ ʟʘʧʦʣʥʝʥʠʝ ʬʦʨʤ, ʦʬʦʨʤʣʝʥʠʝ ʩʧʨʘ-
ʚʦʢ, ʦʪʯʝʪʦʚ ʠ ʜʨʫʛʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʙʦʣʴʰʦʤ 
ʢʦʣʠʯʝʩʪʚʝ ʩʪʫʜʝʥʪʦʚ ʚ ʛʨʫʧʧʝ ʵʪʦʪ ʧʨʦʮʝʩʩ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʰʠʙʢʘʤʠ ʠ ʥʝʪʦʯʥʦʩʪʷʤʠ.  
ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʢʫʨʘʪʦʨʘ ʘʢʘʜʝ-

ʤʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʢʦʣʣʝʜʞʘ ʥʘ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʫʜʝʥʪʘʭ ʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ ʦʪʯʝʪʥʦʡ 
ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʛʨʫʧʧʝ, ʯʪʦ ʩʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ ʢʫʨʘʪʦʨʘ [1]. 
ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʫʨʘʪʦʨʘ ʚ ʢʦʣʣʝʜʞʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʦʥʘ ʚʢʣʶʯʘʝʪ ʥʘʙʦʨ ʨʘʟʥʦʩʪʦʨʦʥʥʠʭ 

ʬʫʥʢʮʠʡ ʠ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ. ɽʝ ʫʩʧʝʰʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʟʘʠʤʦʚʣʠʷʶʱʠʭ ʬʘʢʪʦ-
ʨʦʚ, ʘ ʟʘʤʝʥʘ ʢʫʨʘʪʦʨʘ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʙʦʪʝ ʩ ʛʨʫʧʧʦʡ. ɸʚʪʦʤʘʪʠʟʘʮʠ ̫ʧʨʦʮʝʩʩʦʚ ʫʯʝʪʘ, ʤʦʥʠʪʦ-
ʨʠʥʛʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʥʳʭ ʠ ʯʝ-
ʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʤʠʥʠʤʠʟʠʨʫʷ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ. 
ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʢʣʠʝʥʪʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʚ ʚʠʜʝ ʦʩʥʦʚʥʳʭ ʤʦʜʫʣʝʡ. ɸʚʪʦʨʠʟʘʮʠʷ ʦʙʷʟʘʪʝʣʴʥʘ 

ʜʣʷ ʚʩʝʭ ʨʦʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠ ʧʦʩʣʝ ʝʝ ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣ-ɹʘʜʤʠʥʠʩʪʨʘʪʦʨ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ 
ʤʦʜʫʣʷʤ ʩʧʨʘʚʦʯʥʠʢʦʚ ʧʨʠʣʦʞʝʥʠʷ, ʘ ʢʫʨʘʪʦʨ ï ʢ ʤʦʜʫʣʷʤ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʩʪʫʜʝʥʪʦʚ ʩʚʦʝʡ ʛʨʫʧʧʳ. ʈʘʟʨʘʙʦʪʘʥ-
ʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʠʟ 44 ʪʘʙʣʠʮ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʠʝ ʦʩʥʦʚʥʳʝ ʩʫʱʥʦʩʪʠ, ʢʘʢ ʩʪʫʜʝʥʪ, ʪʝʤʘʪʠʯʝʩʢʦʝ ʧʣʘʥʠ-
ʨʦʚʘʥʠʝ, ʩʦʮʠʘʣʴʥʳʡ ʧʘʩʧʦʨʪ ʛʨʫʧʧʳ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʥʘʩʪʦʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ Visual 
Studio 2022, ʪʝʭʥʦʣʦʛʠʷ WPF ʥʘ ʷʟʳʢʝ C# ʠ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʉʋɹɼ Microsoft SQL Server [2]. 
ʇʦʩʣʝ ʫʩʧʝʰʥʦʡ ʘʚʪʦʨʠʟʘʮʠʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʚ ʩʚʦʝʤ ʨʘʙʦʯʝʤ ʧʦʣʝ ʬʦʨʤʠʨʫʝʪ ʩʧʠʩʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ-

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʢʫʨʘʪʦʨʦʤ ʢʘʢʦʡ-ʣʠʙʦ ʛʨʫʧʧʳ; ʧʝʨʝʯʝʥʴ ʛʨʫʧʧ ʠ ʩʪʫʜʝʥʪʦʚ ʚ ʥʠʭ, 
ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʠʟ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʬʘʡʣʘ; ʜʠʩʮʠʧʣʠʥ ʩ ʧʨʠʚʷʟʢʦʡ ʢ ʫʯʝʙʥʦʡ ʛʨʫʧʧʝ. ʇʣʘʥ ʚʦʩ-
ʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘʤʝʩʪʠʪʝʣʝʤ ʜʠʨʝʢʪʦʨʘ ʚ ʥʘʯʘʣʝ ʛʦʜʘ ʠ ʚʢʣʶʯʘʝʪ ʧʝʨʝʯʝʥʴ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 
ʥʘʧʨʘʚʣʝʥʠʷʤ. 
ʇʨʠ ʘʚʪʦʨʠʟʘʮʠʠ ʢʫʨʘʪʦʨʫ ʜʦʩʪʫʧʥʳ ʩʚʝʜʝʥʠʷ ʦ ʩʪʫʜʝʥʪʝ, ʨʘʟʙʠʪʳʝ ʥʘ ʯʝʪʳʨʝ ʨʘʟʜʝʣʘ. ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ, 

ʜʦʩʪʫʧʥʘʷ ʯʝʨʝʟ ʧʨʦʬʠʣʴ, ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʛʨʫʧʧʠʨʦʚʘʥʘ ʧʦ ʚʢʣʘʜʢʘʤ. ɺʦʟʤʦʞʥʦ ʝʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠ ʬʦʨʤʠʨʦ-
ʚʘʥʠʝ ʦʪʯʝʪʦʚ ʧʦ ʩʪʫʜʝʥʪʫ ʠ ʛʨʫʧʧʝ ʚ ʮʝʣʦʤ. ʉʬʦʨʤʠʨʦʚʘʥʳ ʩʪʨʘʥʠʮʳ ʧʨʠʣʦʞʝʥʠʷ: ʣʠʩʪ ʟʜʦʨʦʚʴʷ, ʟʘʥʷʪʦʩʪʴ 
ʩʪʫʜʝʥʪʦʚ ʚ ʩʝʢʮʠʷʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʣʫʙʘʭ ʢʦʣʣʝʜʞʘ, ʪʘʙʣʠʮʘ ʢʦʥʢʫʨʩʦʚ ʠ ʦʣʠʤʧʠʘʜ, ʥʝ ʚʭʦʜʷʱʠʭ ʚ ʨʝ-
ʛʫʣʷʨʥʳʡ ʢʦʣʣʝʜʞʥʳʡ ʧʣʘʥ. ʇʣʘʥ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʢʫʨʘʪʦʨ ʜʦʧʦʣʥʷʝʪ ʨʝʟʫʣʴʪʘʪʦʤ ʠ ʤʦʞʝʪ ʩʬʦʨʤʠʨʦ-
ʚʘʪʴ ʚ ʝʞʝʤʝʩʷʯʥʳʡ ʦʪʯʝʪ. 
ʈʘʙʦʪʘ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʟʘʧʦʣʥʷʝʪʩʷ ʢʫʨʘʪʦʨʦʤ ʧʦ ʬʘʢʪʫ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʛʦʜʘ ʠ ʪʘʢʞʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʪʯʝʪ. 

ʉʚʝʜʝʥʠʷ ʦ ʨʦʜʠʪʝʣʷʭ ʠ ʨʘʙʦʪʘ ʩ ʥʠʤʠ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʩʦʮʠʘʣʴʥʳʡ ʧʘʩʧʦʨʪ ʛʨʫʧʧʳ, ʜʦʩʪʫʧʥʳ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 
ʠ ʬʦʨʤʠʨʫʶʪ ʩʚʦʡ ʨʘʟʜʝʣ ʦʪʯʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ.  
ʆʮʝʥʢʘ ʢʦʜʘ ʧʨʠʣʦʞʝʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʚʩʪʨʦʝʥʥʦʡ ʩʠʩʪʝʤʳ ʤʝʪʨʠʢ ʚ Visual Studio. ʀʥʜʝʢʩ 

ʫʜʦʙʩʪʚʘ ʧʦʜʜʝʨʞʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʜ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʫʜʦʙʩʪʚʘ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 
ʦ ʝʛʦ ʧʦʥʷʪʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʣʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʠʙʢʦʩʪʠ ʢʦʜʘ 
ʠ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʟʘʜʘʯʘʤ. ɺ ʮʝʣʦʤ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʢʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 
ʝʛʦ ʧʦʢʘʟʘʪʝʣʷʭ ʧʦ ʚʩʝʤ ʤʝʪʨʠʢʘʤ: ʦʥ ʫʜʦʙʝʥ ʜʣʷ ʧʦʜʜʝʨʞʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʫʤʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʠ ʩʪʨʫʢ-
ʪʫʨʠʨʦʚʘʥʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʙʦʛʘʪʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ. ʕʪʠ ʬʘʢʪʦʨʳ ʩʦʟʜʘʶʪ ʥʘʜʝʞʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟ-
ʚʠʪʠʷ ʧʨʦʝʢʪʘ ʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 
ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚʥʝʜʨʝʥʦ ʚ ʪʝʩʪʦʚʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʧʨʠʣʦʞʝʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʳʷʚʠʪʴ ʝʛʦ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʠ ʦʙʣʘʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦ-
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ʚʘʥʠʷ ʦʪʟʳʚʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦʤʦʛʫʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʦʨʘʙʦʪʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʝʛʦ ʧʦʜ ʥʫʞʜʳ ʩʪʫ-

ʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ.  
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This article examines the process of designing and selecting a technology stack for a web application intended to automate the 

creation of curriculum programs for academic disciplines at the "IT-Cube" digital education center. It covers the key stages: defin-

ing requirements, designing the structure and interface, and a comparative analysis of development tools. 
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ʉʦʚʨʝʤʝʥʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʦʪ ʧʝʜʘʛʦʛʦʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʧʨʦʚʦʞʜʝ-

ʥʠʶ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤ ʜʠʩʮʠʧʣʠʥ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʟʘʯʘʩʪʫʶ ʩʦʧʨʷ-

ʞʝʥ ʩ ʨʫʪʠʥʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ: ʢʦʥʪʨʦʣʝʤ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ, ʥʘʚʳʢʦʚ, ʯʘʩʦʚ, ʟʘʧʦʣʥʝʥʠʝʤ ʰʘʙʣʦʥʦʚ ʪʘʙʣʠʮ. ɸʚʪʦʤʘ-

ʪʠʟʘʮʠʷ ʜʘʥʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ, ʪʘʢ ʢʘʢ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ 

ʤʦʞʝʪ ʩʪʘʪʴ ʮʠʬʨʦʚʳʤ ʧʦʤʦʱʥʠʢʦʤ ʜʣʷ ʧʝʜʘʛʦʛʦʚ ʠ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʜʝʪʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʳʝ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʧʦʩʣʝʜʫʁ-

ʱʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʠʥʪʝʨʬʝʡʩʘ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 2ï3 ʩʝʢʫʥʜʳ, ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ, ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ, ʬʫʥʢʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʠʟʤʝʥʝʥʠʡ, ʠʩʢʣʶʯʘʶʱʘʷ ʧʦʪʝʨʶ ʜʘʥʥʳʭ [1]. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʨʘʟʜʝʣʝʥʳ ʜʣʷ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ: ʧʝʜʘʛʦʛʦʚ ʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ. 

- ʇʝʜʘʛʦʛʘʤ ʩʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪ ɹʩʦʟʜʘʥʠʷ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʚʳʛʨʫʟʢʠ ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤ, 

ʧʨʦʩʤʦʪʨʘ ʧʨʦʛʨʘʤʤ ʢʦʣʣʝʛ ʜʣʷ ʦʙʤʝʥʘ ʦʧʳʪʦʤ, ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ ʠʟ ʚʥʝʰʥʠʭ ʜʦʢʫʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʯʘʩʦʚ 

ʠʟ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ, ʢʦʤʤʝʥʪʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʟʘʥʷʪʠʡ. 

- ɼʣʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ ʨʝʘʣʠʟʦʚʘʥ ʨʘʩʰʠʨʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ: ʫʧʨʘʚʣʝʥʠʝ ʫʯʝʪʥʳʤʠ ʟʘʧʠʩʷʤʠ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ, ʧʨʦʩʤʦʪʨ ʩʠʩʪʝʤʥʳʭ ʣʦʛʦʚ ʠ ʘʥʘʣʠʪʠʢʘ, ʫʧʨʘʚʣʝʥʠʝ ʙʠʙʣʠʦʪʝʢʦʡ ʰʘʙʣʦʥʦʚ ʜʦʢʫʤʝʥʪʦʚ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ (UX) ʠ ʠʥʪʝʨʬʝʡʩʘ (UI) ʩʜʝʣʘʥ ʘʢʮʝʥʪ ʥʘ ʧʨʦʩʪʦʪʝ ʠ ʠʥʪʫʠ-

ʪʠʚʥʦʡ ʧʦʥʷʪʥʦʩʪʠ. ʀʥʪʝʨʬʝʡʩ ʧʨʦʝʢʪʠʨʦʚʘʣʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʥʠʤʘʣʠʩʪʠʯʥʦʤ ʩʪʠʣʝ ʩ ʘʜʘʧʪʠʚʥʳʤ ʜʠʟʘʡ-

ʥʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʢʦʤʬʦʨʪʥʫʶ ʨʘʙʦʪʫ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʨʘʟʥʳʤ ʨʘʟʤʝʨʦʤ ʵʢʨʘʥʘ. ʅʘʚʠʛʘʮʠʷ ʩʪʨʦʠʪʩʷ ʧʦ 

ʣʦʛʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩ ʙʳʩʪʨʳʤ ʜʦʩʪʫʧʦʤ ʢ ʢʣʶʯʝʚʳʤ ʬʫʥʢʮʠʷʤ ʠ ʢʦʥʪʝʢʩʪʥʳʤʠ ʧʦʜʩʢʘʟʢʘʤʠ. 

ʀʥʪʝʨʬʝʡʩ ʧʝʜʘʛʦʛʘ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʢʣʶʯʝʚʳʭ ʨʘʟʜʝʣʘ. 

- çʈʘʙʦʯʠʝ ʧʨʦʛʨʘʤʤʳè ï ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʨʦʩʤʦʪʨʘ ʪʝʤʳ ʪʝʢʫʱʝʛʦ ʟʘʥʷʪʠʷ ʠ 

ʢʦʤʤʝʥʪʠʨʦʚʘʥʠʷ. 

- çʐʘʙʣʦʥʳ ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤè ï ʙʠʙʣʠʦʪʝʢʘ ʛʦʪʦʚʳʭ ʬʦʨʤ. ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʧʨʦʛʨʘʤʤʳ ʩʦʩʪʦʠʪ ʠʟ 

ʪʨʝʭ ʰʘʛʦʚ: ʚʳʙʦʨ ʰʘʙʣʦʥʘ, ʟʘʧʦʣʥʝʥʠʝ ʧʦʣʝʡ, ʩʦʭʨʘʥʝʥʠʝ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʩ ʫʚʝʜʦʤʣʝʥʠʝʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ. 

- çʈʘʙʦʯʠʝ ʧʨʦʛʨʘʤʤʳ ʜʨʫʛʠʭ ʧʝʜʘʛʦʛʦʚè ï ʨʘʟʜʝʣ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʠ ʟʥʘʢʦʤʩʪʚʘ ʩ ʤʝʪʦʜʠʯʝ-

ʩʢʠʤʠ ʥʘʨʘʙʦʪʢʘʤʠ ʢʦʣʣʝʛ. 

- çʅʘʩʪʨʦʡʢʠè ï ʠʥʩʪʨʫʤʝʥʪʳ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ (ʮʚʝʪʦʚʘʷ ʩʭʝʤʘ, ʨʘʟʤʝʨ ʰʨʠʬʪʘ). 

ʀʥʪʝʨʬʝʡʩ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʨʘʟʜʝʣʳ. 

- çʇʦʣʴʟʦʚʘʪʝʣʠè ï ʫʧʨʘʚʣʝʥʠʝ ʫʯʝʪʥʳʤʠ ʟʘʧʠʩʷʤʠ. 

- çʐʘʙʣʦʥʳ ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤè ï ʩʦʟʜʘʥʠʝ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʰʘʙʣʦʥʦʚ. 

- çʈʘʙʦʯʠʝ ʧʨʦʛʨʘʤʤʳ ʧʝʜʘʛʦʛʦʚè ï ʧʨʦʩʤʦʪʨ, ʚʳʛʨʫʟʢʘ ʚʩʝʭ ʧʨʦʛʨʘʤʤ, ʚʳʜʘʯʘ ʟʘʜʘʥʠʡ ʠ ʢʦʤʤʝʥʪʠʨʦʚʘʥʠʝ.
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ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ ʜʦ ʥʘʯʘʣʘ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣ ʩʦʟʜʘʥ ʤʘʢʝʪ ʠʥʪʝʨʬʝʡʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʙʳʣ ʚʳʙʨʘʥ ʜʚʫʭʢʦʣʦʥʦʯʥʳʡ ʤʘʢʝʪ ʩ ʣʝʚʦʡ ʙʦʢʦʚʦʡ ʧʘʥʝʣʴʶ: 

 ʣʝʚʘʷ ʧʘʥʝʣʴ ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʫʶ ʥʘʚʠʛʘʮʠʶ ʧʦ ʨʘʟʜʝʣʘʤ ʧʨʠʣʦʞʝʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝ-

ʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

 ʮʝʥʪʨʘʣʴʥʘʷ (ʨʘʙʦʯʘʷ) ʦʙʣʘʩʪʴ ʧʦʣʫʯʘʝʪ ʤʘʢʩʠʤʫʤ ʜʦʩʪʫʧʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ 

ʢʦʤʬʦʨʪʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʪʝʢʩʪʦʚ ʠ ʨʘʙʦʪʳ ʩ ʬʦʨʤʘʤʠ; 

 ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʦʪʚʝʜʝʥʘ ʧʦʜ ʧʦʠʩʢ ʠ ʫʚʝʜʦʤʣʝʥʠʷ [2]. 

ʊʘʢʦʡ ʧʦʜʭʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚʦ ʤʥʦʛʠʭ ʫʩʧʝʰʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤʘʭ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʢʦʥʪʝʥʪʝ, ʥʝ ʦʪʚʣʝʢʘʷʩʴ ʥʘ ʠʟʙʳʪʦʯʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʘʥʝʣʴ ʥʘʚʠʛʘʮʠʠ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʢʨʳʚʘʝʤʦʡ ʜʣʷ ʝʱʝ ʙʦʣʴʰʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʂʣʶʯʝʚʦʡ ʵʪʘʧ ʧʨʦʝʢʪʘ ï ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ. 

ɹʵʢʝʥʜ: Python + Django. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʘʣʴʪʝʨʥʘʪʠʚʳ ʥʘ JavaScript (Node.js/Express) ʠ TypeScript 

(Next.js). ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚʳʙʦʨʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʩʪʦʡ ʩʠʥʪʘʢʩʠʩ Python, ʘ ʪʘʢʞʝ 

ʥʘʣʠʯʠʝ ʚ Django ʚʩʪʨʦʝʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʪʠʧʠʯʥʳʭ ʟʘʜʘʯ: ʧʘʥʝʣʴ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ, ʩʠʩʪʝʤʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ORM. ɺʩʪʨʦʝʥʥʳʡ ʰʘʙʣʦʥʠʟʘʪʦʨ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʜʦʢʫʤʝʥʪʦʚ ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤ. 

ʌʨʦʥʪʝʥʜ JavaScript + React ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ: ʧʦʩʣʝ ʘʥʘʣʠʟʘ PostgreSQL, MySQL, SQLite ʚʳʙʨʘʥʘ PostgreSQL ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʤʦʱʥʘʷ ʠ ʥʘʜʝʞʥʘʷ ʩʠʩʪʝʤʘ. ʆʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʣʦʞʥʳʝ ʟʘʧʨʦʩʳ ʠ ʪʠʧʳ ʜʘʥʥʳʭ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʩʝʨʚʝʨʘ: Ubuntu 24.04 LTS. ɼʘʥʥʳʡ ʜʠʩʪʨʠʙʫʪʠʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʙʘ-

ʣʘʥʩ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʫʜʦʙʩʪʚʘ ʨʘʟʚʝʨʪʳʚʘʥʠʷ Python-ʧʨʠʣʦʞʝʥʠʡ ʠ 

PostgreSQL. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜ-

ʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʠʥʪʝʨʬʝʡʩʘ, ʘ ʪʘʢʞʝ ʪʱʘʪʝʣʴʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦ-

ʛʠʡ ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʜʝʞʥʳʡ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʙʫʜʫʱʝʡ ʨʘʟʨʘʙʦʪʢʠ. ɺʳʙʨʘʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʪʝʢ 

ʥʘ ʦʩʥʦʚʝ Python, Django, React ʠ PostgreSQL ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʳʤ ʨʝʰʝʥʠʝʤ, ʩʧʦʩʦʙʥʳʤ ʦʙʝʩʧʝʯʠʪʴ 

ʩʦʟʜʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ, ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʫʜʦʙʥʦʛʦ ʜʣʷ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʦʜʫʢʪʘ. 
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Intelligent mobile applications of the future for working with media content are described. The compliance of the researched de-

velopments with the priorities of the Technet 4.0 NTI Roadmap is substantiated. The role of big data technologies, artificial intelli-

gence and digital twin in creating a personalized user experience in the field of working with media content is considered. 

Keywords: Technet 4.0 NTI, advanced manufacturing technologies, artificial intelligence, big data, digital twin, mobile applica-

tions, personalization, media content. 

ɺ ɼʦʨʦʞʥʦʡ ʢʘʨʪʝ ʊʝʭʥʝʪ 4.0 ʅʊʀ (ʅʘʮʠʦʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʠʮʠʘʪʠʚʳ) ʚʳʜʝʣʷʶʪʩʷ ʢʣʶʯʝʚʳʝ 

ʢʣʘʩʩʳ ʧʝʨʝʜʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʙʫʜʫʱʝʝ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʨʳʥʢʦʚ ʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ çʌʘʙʨʠʢ ʙʫʜʫʱʝʛʦè [1, ʩ. 55]. ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʨʝʜʣʦʞʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ [1, ʩ. 57ï

59], ʤʦʞʥʦ ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʢʦʤʧʝʪʝʥʮʠʠ: ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. ʀʭ ʟʥʘʯʠʤʦʩʪʴ 
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ʦʪʤʝʯʘʣʘʩʴ ʝʱʝ ʚ 2016 ʛʦʜʫ, ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ɼʦʨʦʞʥʦʡ ʢʘʨʪʳ ʚ ʨʘʤʢʘʭ ʙʘʟʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʘʢʝʪʘ [1, c. 16], ʘ ʚ 2018 ʛʦʜʫ ʦʥʠ ʩʪʘʣʠ ʯʘʩʪʴʶ ʧʝʨʚʳʭ ʮʝʥʪʨʦʚ ʢʦʤʧʝʪʝʥʮʠʡ ʅʊʀ [1, ʩ. 25].  

ʄʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʥʦʚʝʡʰʠʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ. ʂʘʞʜʳʡ ʜʝʥʴ ʣʶʜʠ ʟʘʧʫʩʢʘʶʪ ʜʝʩʷʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʩʘʤʳʭ ʨʘʟʥʳʭ ʟʘʜʘʯ. ɺ ʵʪʦʤ 

ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʝ ʤʦʙʠʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʦʙʠʣʴʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ, ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʟʥʘʢʦʤʩʪʚʘ ʦʙʳʯʥʳʭ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʡ ʩ ʢʦʥʮʝʧʮʠʝʡ çʌʘʙʨʠʢ ʙʫʜʫʱʝʛʦè ʠ ʨʝʘʣʠʟʘʮʠʠ ʛʣʦʙʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʥʜʦʚ ʥʘ ʙʦʣʝʝ ʣʦʢʘʣʴ-

ʥʦʤ ʫʨʦʚʥʝ. ʕʪʦ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʧʨʠʦʨʠʪʝʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ɼʦʨʦʞʥʦʡ ʢʘʨʪʳ ʊʝʭʥʝʪ 4.0 ʅʊʀ [1, ʩ. 70]. 

ʊʘʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʙʫʜʫʱʝʛʦ ʚ ʦʙʣʘʩʪʠ ʨʘʙʦʪʳ ʩ ʤʝʜʠʘʢʦʥʪʝʥʪʦʤ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʦʨʪʨʝʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ, ʩʪʠʣʷ ʚʳʨʘʞʝʥʠʡ ʠ 

ʦʮʝʥʦʢ, ʘ ʪʘʢʞʝ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʫʥʠʢʘʣʴʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʥʜʘʤ ʥʘ ʚʘʞʥʦʩʪʴ ʢʣʠʝʥʪʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʩʦʟʜʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʚʦ ʛʣʘʚʝ ʢʦʪʦʨʳʭ ʩʪʦʠʪ ʩʘʤ 

ʧʦʣʴʟʦʚʘʪʝʣʴ [1, ʩ. 94ï110]. 

ʊʘʢʞʝ ʥʝʣʴʟʷ ʥʝ ʫʧʦʤʷʥʫʪʴ ʪʝʭʥʦʣʦʛʠʶ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ [1, ʩ. 61]. ʍʦʪʷ ʟʘʯʘʩʪʫʶ ʧʦʜ ʮʠʬʨʦʚʳʤ ʜʚʦʡ-

ʥʠʢʦʤ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʤʦʜʝʣʴ ʧʨʦʜʫʢʪʘ, ʩʠʩʪʝʤʳ ʠʣʠ ʧʨʦʮʝʩʩʘ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʵʪʦ ʧʦʥʷʪʠʝ ʛʦʨʘʟʜʦ ʰʠʨʝ.  ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤʘʭ ʧʦʨʪʨʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʫʧʨʦʱʝʥʥʳʡ ʚʘʨʠʘʥʪ ʮʠʬʨʦʚʦʛʦ 

ʜʚʦʡʥʠʢʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʣʘʩʪʴʶ ʤʝʜʠʘʢʦʥʪʝʥʪʘ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʝʜʧʦʯʪʝʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʦʩʪʨʦʝ-

ʥʠʷ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (NLP) ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʮʝʥʟʠʡ, ʘʣʛʦʨʠʪʤʳ ʢʣʘʩʪʝ-

ʨʠʟʘʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ ʧʦʚʝʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʳ ʧʨʝʜʠʢ-

ʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʫʜʫʱʠʭ ʠʥʪʝʨʝʩʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʉʦʛʣʘʩʥʦ ɼʦʨʦʞʥʦʡ ʢʘʨʪʝ, ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʢʦʤʧʣʝʢʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʧʨʦ-

ʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʝʤʝʡʩʪʚʘ ʩʣʦʞʥʳʭ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠ-

ʥʘʨʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʝʤʳʭ 3D ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚ-

ʥʝʥʠʷʤʠ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʜʝʢʚʘʪʥʦʩʪʠ [1, ʩ. 61ï62]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜʷ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ, ʧʨʠʤʝʥʠʤʦʛʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʢ ʧʦʣʴʟʦʚʘʪʝʣʴ-

ʩʢʦʤʫ ʫʨʦʚʥʶ ʮʠʬʨʦʚʳʭ ʩʝʨʚʠʩʦʚ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʨʷʤʦʝ ʧʝʨʝʩʝʯʝʥʠʝ ʢʦʥʮʝʧʮʠʠ ʧʨʦʝʢʪʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʙʫʜʫʱʝʛʦ ʩ ʧʦʣʦʞʝʥʠʷʤʠ ɼʦʨʦʞʥʦʡ ʢʘʨʪʳ ʊʝʭʥʝʪ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʢʠ ʩʦʟʜʘʥʠʝ ʩʪʦʣʴ ʩʣʦʞʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʪʨʝʙʫʝʪ ʧʝʨʝʭʦʜʘ ʢ 

ʥʦʚʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʘʢʪʠʢʘʤ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʊʝʭʥʝʪ 4.0. ɺʥʝʜʨʝʥʠʝ ʪʝʭ-

ʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʚ ʤʦʙʠʣʴʥʳʝ ʨʝʰʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʢʠʭ ʤʝʪʦʜʦʣʦʛʠʡ DevOps ʠ MLOps, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʧʨʝʨʳʚʥʫʶ ʠʥʪʝʛʨʘʮʠʶ, ʧʦʩʪʘʚʢʫ 

ʠ ʤʦʥʠʪʦʨʠʥʛ ʤʘʰʠʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʝ. ʕʪʠ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʪ ʠʪʝʨʘʪʠʚʥʦ ʫʣʫʯʰʘʪʴ 

ʘʣʛʦʨʠʪʤʳ, ʧʦʩʪʦʷʥʥʦ ʧʦʚʳʰʘʷ ʢʘʯʝʩʪʚʦ ʠʪʦʛʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʢʦʥ-

ʮʝʧʮʠʝʡ ʜʦʨʦʞʥʦʡ ʢʘʨʪʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʘʤʘ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʦʙʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʤʝʨʦʤ ʧʨʠʤʝ-

ʥʝʥʠʷ ʧʝʨʝʜʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʠʥʜʫʩʪʨʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʠʭ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ ʢʨʦʩʩ-ʦʪʨʘʩʣʝʚʦʡ ʧʦʪʝʥʮʠʘʣ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ɼʦʨʦʞʥʘʷ ʢʘʨʪʘ ʊʝʭʥʝʪ 4.0 ʅʊʀ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ 

ʧʣʘʪʬʦʨʤ ʠ ʵʢʦʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʝʨʩʦʥʘʣʠʟʘʮʠʶ ʩʝʨʚʠʩʦʚ ʠ ʘʜʘʧʪʘʮʠʶ ʢ ʠʥʪʝʨʝʩʘʤ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷ. ɺ ʜʦʢʫʤʝʥʪʝ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʥʦʚʳʝ ʨʳʥʢʠ ʙʫʜʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚʦʢʨʫʛ ʵʢʦʩʠʩʪʝʤ ʮʠʬʨʦʚʳʭ ʩʝʨʚʠʩʦʚ, ʠʥʪʝ-

ʛʨʠʨʫʶʱʠʭ ʜʘʥʥʳʝ, ʘʣʛʦʨʠʪʤʳ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʧʨʘʢʪʠʢʠ. ʀʩʩʣʝʜʫʝʤʳʡ ʧʨʦʝʢʪ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʙʫʜʫʱʝʛʦ, ʛʜʝ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘʣʛʦʨʠʪʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʘʥʘʣʠʪʠʢʘ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʝʜʠʥʫʶ ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʁ ʘʙʩʦʣʶʪʥʦ ʥʦʚʳʡ ʦʧʳʪ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʩ ʤʝʜʠʘʢʦʥʪʝʥʪʦʤ. ʈʝʘʣʠʟʘʮʠʷ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʦʪʣʠʯʥʦ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚʦ ʚʪʦʨʦʡ 

ʵʪʘʧ ʧʣʘʥʘ ʤʝʨʦʧʨʠʷʪʠʡ ɼʦʨʦʞʥʦʡ ʢʘʨʪʳ ʊʝʭʥʝʪ ʩ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʥʘ ʪʨʝʪʠʡ ʵʪʘʧ [1, ʩ. 39] ʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫ-

ʝʪ ʜʦʣʛʦʩʨʦʯʥʳʤ ʮʝʣʷʤ ʅʊʀ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʨʳʥʢʦʚ ʢ 2035 ʛʦʜʫ [1, ʩ. 13]. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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This article suggests an adaptive sharding algorithm that allows to intelligently redistribute data between shard servers, taking 

into account processor load, access frequency, and density of stored data. Using this approach ensures uniform load, reduces delays, 

and increases the system's resilience to dynamic topology changes. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʜʘʥʥʳʭ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʭʝʤʳ ʭʵʰ-ʰʘʨʜʠʨʦʚʘʥʠʷ 

ʠ ʜʠʘʧʘʟʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʣʦʛʠʢʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʟʘʧʨʦʩʦʚ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ʆʜʥʘʢʦ ʧʨʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʙʨʘʱʝʥʠʡ ʪʘʢʠʝ ʤʝʪʦʜʳ ʧʨʠʚʦʜʷʪ ʢ ʣʦʢʘʣʴʥʦʡ ʧʝʨʝʛʨʫʟʢʝ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ, 

ʩʥʠʞʝʥʠʶ ʦʙʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʦʪʢʣʠʢʘ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [1ï3] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʧʨʘʚʠʣʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʥʘʛʨʫʟʢʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʠʩʪʝʤʘʭ ʩ ʚʳʨʘʞʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʦʙʨʘʱʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʟʘʜʘ-

ʯʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʭʘʥʠʟʤʦʚ ʘʜʘʧʪʠʚʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʚʥʦʤʝʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ.  

ɺ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʰʘʨʜʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʤʫ ʧʨʘʚʠʣʫ, ʙʝʟ ʫʯʝʪʘ ʪʝʢʫʱʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʥʘʛʨʫʟʢʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʨʦʩʪʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʜʝʣʴʥʳʭ ʩʝʛʤʝʥʪʘʭ ʙʘʟʳ ʜʘʥʥʳʭ ʤʦ-

ʛʫʪ ʚʦʟʥʠʢʘʪʴ ʜʠʩʙʘʣʘʥʩʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʫʟʣʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʧʝʨʝʛʨʫʞʝʥʥʳʤʠ, ʪʦʛʜʘ ʢʘʢ 

ʜʨʫʛʠʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʩʠʩʪʝʤʘ, ʩʧʦʩʦʙʥʘʷ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʨʝʩʫʨʩʦʝʤʢʠʝ ʜʘʥʥʳʝ ʤʝʞʜʫ ʰʘʨʜ-

ʫʟʣʘʤʠ. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʭʘʥʠʟʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʰʘʨʜʠʨʦʚʘʥʠʷ, ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʤʝʞʜʫ ʫʟʣʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʡ ʥʘʛʨʫʟʢʠ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ 

ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʝʧʨʝʨʳʚʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʢʣʶʯʝʚʳʝ ʤʝʪʨʠʢʠ ʢʘʞʜʦʛʦ ʰʘʨʜʘ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝ-

ʰʝʥʠʷ ʦ ʤʠʛʨʘʮʠʠ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʩʝʛʤʝʥʪʦʚ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ɺ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʫʝʪʩʷ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʞʜʦʤ ʫʟʣʝ, ʚʢʣʶʯʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʱʝʥʠʡ (QPS), ʫʨʦʚʝʥʴ 

ʟʘʛʨʫʟʢʠ ʧʨʦʮʝʩʩʦʨʘ, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʠ ʦʙʲʝʤ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʜʘʥʥʳʭ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʥʘ ʤʝʪʘ-ʩʝʨʚʝʨʝ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʫʧʨʘʚʣʷʶʱʝʛʦ ʮʝʥʪʨʘ. ʅʘ ʦʩʥʦʚʝ ʩʦʚʦʢʫʧʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʚʩʝʭ ʫʟʣʦʚ ʚʳʯʠʩʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʦʪʢʣʦʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʰʘʨʜʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʩʪʦʡʯʠʚʫʶ ʧʝʨʝʛʨʫʟʢʫ, ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʢ ʘʢʪʠʚʥʦʡ ʬʘʟʝ ʘʜʘʧʪʘʮʠʠ. 

ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʬʘʟʳ ʠʟ ʧʝʨʝʛʨʫʞʝʥʥʳʭ ʰʘʨʜʦʚ ʦʪʙʠʨʘʶʪʩʷ ʢʣʶʯʠ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʜʦʣʷ 

ʦʙʨʘʱʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʯʘʩʪʦʪʘ ʟʘʧʨʦʩʦʚ, ʥʦ ʠ ʩʣʦʞʥʦʩʪʴ ʦʧʝʨʘʮʠʡ: ʥʘʧʨʠʤʝʨ, ʚʳʙʦʨʢʠ ʩ 

ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠʣʠ ʘʛʨʝʛʘʮʠʷʤʠ ʦʮʝʥʠʚʘʶʪʩʷ ʚʳʰʝ, ʯʝʤ ʧʨʦʩʪʳʝ GET-ʟʘʧʨʦʩʳ. ʇʦʩʣʝ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ ʧʨʦʙʣʝʤʥʳʭ ʢʣʶʯʝʡ ʟʘʧʫʩʢʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʪʦʯʝʯʥʦʡ ʤʠʛʨʘʮʠʠ: ʜʘʥʥʳʝ ʧʝʨʝʤʝʱʘʶʪʩʷ ʥʘ ʰʘʨʜʳ ʩ 

ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʢʫʱʝʡ ʥʘʛʨʫʟʢʦʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʣʥʦʡ ʧʝʨʝʙʘʣʘʥʩʠʨʦʚʢʠ, ʩʥʠʞʘʷ ʥʘʢʣʘʜ-

ʥʳʝ ʨʘʩʭʦʜʳ ʠ ʩʦʭʨʘʥʷʷ ʢʦʥʩʠʩʪʝʥʪʥʦʩʪʴ ʜʘʥʥʳʭ. ʄʠʛʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʬʦʥʦʚʦʤ ʨʝʞʠʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʙʫʬʝʨʠʟʘʮʠʠ ʠ ʜʚʦʡʥʦʡ ʟʘʧʠʩʠ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʧʦʪʝʨʶ ʜʘʥʥʳʭ ʧʨʠ ʩʙʦʷʭ. 

ʊʝʭʥʠʯʝʩʢʠ ʨʝʘʣʠʟʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʢʘʢ ʥʘʜʩʪʨʦʡʢʘ ʥʘʜ ʩʫʱʝʩʪʚʫʶʱʝʡ ʉʋɹɼ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ 

ʣʦʛʠʯʝʩʢʫʶ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʟʘʧʨʦʩʦʚ. ʅʘʧʨʠʤʝʨ, ʜʣʷ PostgreSQL ʵʪʦ ʚʦʟʤʦʞʥʦ ʯʝʨʝʟ ʧʨʦʢʩʠ-ʩʣʦʡ ʠ ʨʘʩʰʠʨʝ-

ʥʠʷ ʫʨʦʚʥʷ middleware. ʄʦʥʠʪʦʨʠʥʛ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʥʳʝ ʤʝʪʨʠʢʠ ʠ ʚʩʪʨʦʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʪʩʣʝʞʠ-

ʚʘʥʠʷ ʟʘʧʨʦʩʦʚ. ʏʘʩʪʦʪʘ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʟʘʜʘʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʠ ʤʦʞʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʪʝʢʫ-

ʱʝʤʫ ʧʦʚʝʜʝʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ï ʚ ʧʨʦʮʝʩʩʝ ʘʜʘʧʪʘʮʠʠ ʤʦʞʝʪ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʤʝʥʝʝ 5 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʢʦʥʩʠ-

ʩʪʝʥʪʥʦʝ ʭʵʰʠʨʦʚʘʥʠʝ, ʪʨʝʙʫʶʪ ʧʝʨʝʢʣʘʜʢʠ ʜʦ 30 % ʟʘʧʠʩʝʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʰʘʨʜʦʚ. ʊʘʢʦʡ ʤʝʭʘ-

ʥʠʟʤ ʧʦʜʭʦʜʠʪ ʢʘʢ ʜʣʷ ʩʠʩʪʝʤ ʩ ʚʳʩʦʢʦʡ ʩʫʪʦʯʥʦʡ ʜʠʥʘʤʠʢʦʡ ʥʘʛʨʫʟʢʠ, ʪʘʢ ʠ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ ʩ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʤʠ ʧʠʢʘʤʠ ʦʙʨʘʱʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʤʘʨʢʝʪʧʣʝʡʩʳ ʚ ʩʝʟʦʥ ʨʘʩʧʨʦʜʘʞ). 

ʄʦʜʝʣʴ ʙʳʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʘ ʠʤʠʪʠʨʦʚʘʥʥʦʡ ʥʘʛʨʫʟʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʪʝʡʥʝʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʟʘʧʨʦʩʦʚ ʥʘ 50 % ʩʨʝʜʥʷʷ ʟʘʜʝʨʞʢʘ ʧʨʠ ʦʪʚʝʪʝ ʚʳʨʦʩʣʘ ʤʝʥʝʝ ʯʝʤ ʥʘ 8 %, ʪʦʛʜʘ ʢʘʢ ʚ 

ʢʦʥʪʨʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʭʵʰʠʨʦʚʘʥʠʝʤ ʦʥʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 37 %. ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʘʜʘʧʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʘʞʝ ʧʨʠ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʷʭ ʥʘʛʨʫʟʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ 

ʧʝʨʝʤʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʮʝʥʘʨʠʝʚ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ 

ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʦʩʪ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʱʝʥʠʡ. ʇʝʨ-

ʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʩʪʦʨʠʠ ʦʙʨʘʱʝʥʠʡ ʠ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 
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ɸʈʍʀʊɽʂʊʋʈɸ P2P-ʄɸʈʂɽʊʇʃɽʁʉɸ ʅɸ ʉʊɽʂɽ KOTLIN MULTIPLATFORM + SPRING BOOT  

ɸ. ɸ. ʂʦʚʨʠʛʠʥ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʀ. ɺ. ʗʥʯʝʥʢʦ 

ʍʘʢʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ʌ. ʂʘʪʘʥʦʚʘ, ʧʨ. ʃʝʥʠʥʘ, 90, 655017, ʛ. ɸʙʘʢʘʥ, ʈʦʩʩʠʷ, andrey-kovrigin1@mail.ru 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ P2P-ʤʘʨʢʝʪʧʣʝʡʩʘ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʥʘ ʩʪʝʢʝ Kotlin Multiplatform ʠ Spring Boot, 

ʦʪʚʝʯʘʶʱʝʝ ʧʦʪʨʝʙʥʦʩʪʷʤ ʩʦʩʝʜʩʢʠʭ ʯʘʪʦʚ ʠ ʛʨʫʧʧ ʚ ʫʜʦʙʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʧʣʘʪʬʦʨʤʝ ʜʣʷ ʦʙʲʷʚʣʝʥʠʡ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʩʪʝʢ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʥʘʪʠʚʥʳʝ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʩ ʝʜʠʥʦʡ ʙʠʟʥʝʩ-ʣʦʛʠʢʦʡ ʠ ʤʦʱʥʳʡ, ʤʘʩʰʪʘʙʠʨʫʝʤʳʡ ʙʵʢ-

ʝʥʜ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠʚʳʯʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʛʠʙʢʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʦʜ ʨʘʟʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. 
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ɺ ʤʠʨʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʥʣʘʡʥ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʫʙʣʠʢʘʮʠʷ ʦʙʲʷʚʣʝʥʠʡ ʥʘ ʠʥʪʝʨʥʝʪ-

ʧʣʘʪʬʦʨʤʘʭ ʩʪʘʣʘ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʙʠʟʥʝʩʘ ʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʪʠʣʩʷ ʚ 

ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ ʣʦʢʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ: ʦʪ ʧʨʠʚʣʝʯʝʥʠʷ ʢʣʠʝʥʪʦʚ ʠ ʧʨʦ-

ʜʚʠʞʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʜʦ ʦʙʤʝʥʘ ʧʨʝʜʤʝʪʘʤʠ ʙʳʪʘ, ʦʜʝʞʜʦʡ, ʠʛʨʫʰʢʘʤʠ. ʃʦʢʘʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ï ʵʪʦ ʛʨʫʧʧʳ 

ʣʶʜʝʡ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʱʝʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʙʣʠʟʦʩʪʴʶ (ʤʝʩʪʦʤ ʧʨʦʞʠʚʘʥʠʷ, ʨʘʙʦʪʳ, ʫʯʝʙʳ), ʘ 

ʪʘʢʞʝ ʦʙʱʠʤʠ ʠʥʪʝʨʝʩʘʤʠ, ʮʝʣʷʤʠ ʠʣʠ ʧʨʦʙʣʝʤʘʤʠ, ʚʳʪʝʢʘʶʱʠʤʠ ʠʟ ʵʪʦʡ ʙʣʠʟʦʩʪʠ. ʋ ʣʶʜʝʡ, ʞʠʚʫʱʠʭ ʚ 

ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʧʦʭʦʞʠʝ ʧʦʪʨʝʙʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʧʨʦʜʘʪʴ ʠʣʠ ʦʙʤʝʥʷʪʴ ʜʝʪʩʢʫʶ ʢʦʣʷʩ-

ʢʫ, ʢʦʛʜʘ ʨʝʙʝʥʦʢ ʚʳʨʦʩ, ʥʘʡʪʠ ʤʘʩʪʝʨʘ ʜʣʷ ʨʝʤʦʥʪʘ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʩʦʩʝʜʘ) ʠ ʪ. ʜ. ʂʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʣʦʢʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ï ʜʦʚʝʨʠʝ, ʦʙʱʠʝ ʠʥʪʝʨʝʩʳ ʠ ʫʜʦʙʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï ʜʝʣʘʶʪ ʠʭ ʠʜʝʘʣʴʥʦʡ ʩʨʝʜʦʡ 

ʜʣʷ ʨʘʟʚʠʪʠʷ P2P-ʤʘʨʢʝʪʧʣʝʡʩʘ, ʨʝʰʘʶʱʝʛʦ ʢʦʥʢʨʝʪʥʳʝ, ʝʞʝʜʥʝʚʥʳʝ ʧʨʦʙʣʝʤʳ ʠʭ ʯʣʝʥʦʚ. ʆʧʳʪ ʧʦʩʣʝʜʥʠʭ 

ʣʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʣʦʢʘʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ (ʩʦʩʝʜʠ, ʨʦʜʠʪʝʣʴʩʢʠʝ ʯʘʪʳ, ʞʠʣʴʮʳ ʦʜʥʦʛʦ ʜʦʤʘ) ʤʠʛʨʠʨʫʶʪ ʤʝʞʜʫ 

ʤʝʩʩʝʥʜʞʝʨʘʤʠ (Viber Ÿ WhatsApp Ÿ Telegram Ÿ Max). ʕʪʦ ʥʝʫʜʦʙʥʦ ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ ʯʘʪʦʚ, ʥʦ ʝʱʝ 

ʙʦʣʴʰʝ ʥʝʫʜʦʙʩʪʚ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ ʥʘ ʩʪʝʢʝ Kotlin Multiplatform + Spring Boot, 

ʢʦʪʦʨʘʷ ʥʘʧʨʷʤʫʶ ʩʦʝʜʠʥʷʝʪ ʧʦʪʨʝʙʠʪʝʣʝʡ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʩʜʝʣʦʢ ʤʝʞʜʫ ʩʦʙʦʡ, ʤʠʥʫʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʦʟʥʠʯ-

ʥʳʭ ʧʦʩʨʝʜʥʠʢʦʚ ï P2P-ʤʘʨʢʝʪʧʣʝʡʩʘ (Peer-to-Peer, ʨʘʚʥʳʡ-ʨʘʚʥʦʤʫ). ɽʩʣʠ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʦʛʠʶ, ʪʦ P2P-

ʤʘʨʢʝʪʧʣʝʡʩ ï ʮʠʬʨʦʚʦʡ çʙʘʟʘʨè ʜʣʷ ʯʘʩʪʥʳʭ ʣʠʮ. 

Kotlin Multiplatform (KMP) ï ʪʝʭʥʦʣʦʛʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ JetBrains, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʠʩʘʪʴ ʢʦʜ ʥʘ Kotlin, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤʘʭ, ʪʘʢʠʭ ʢʘʢ JVM (Android, Desktop), iOS, Web ʠ ʜʘʞʝ 

ʥʘ ʩʝʨʚʝʨʝ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ï ʨʘʟʜʝʣʝʥʠʝ ʣʦʛʠʢʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʦʙʱʫʶ ʯʘʩʪʴ (ʦʙʱʠʡ ʢʦʜ) ʠ ʧʣʘʪʬʦʨʤʝʥʥʦ-

ʟʘʚʠʩʠʤʳʝ ʯʘʩʪʠ (ʧʣʘʪʬʦʨʤʝʥʥʳʡ ʢʦʜ). ʊʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʣʠʜʝʨʩʪʚʘ ʚ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʤʦ-

ʙʠʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʝ [1]. Spring Boot ï ʧʨʦʤʳʰʣʝʥʥʳʡ ʩʪʘʥʜʘʨʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ 

REST API. Rʦʤʧʦʥʝʥʪʳ ʵʢʦʩʠʩʪʝʤʳ Spring ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʠ-

ʟʘʮʠʡ ʪʝʥʜʝʥʮʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʧʦʜʭʦʜ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ [2]. 

ʈʘʟʨʘʙʦʪʢʘ ʥʘ ʩʪʝʢʝ ʪʝʭʥʦʣʦʛʠʡ Kotlin Multiplatform + Spring Boot ʧʦʟʚʦʣʷʝʪ: 

- ʩʦʟʜʘʪʴ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ (ʥʘʧʨʠʤʝʨ, ʚʘʣʠʜʘʮʠʶ ʦʙʲʷʚʣʝʥʠʡ, ʨʘʩʯʝʪ ʨʝʡʪʠʥʛʦʚ, ʨʘʙʦʪʫ ʩ API) ʦʜʠʥ ʨʘʟ ʥʘ 

Kotlin ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʥʘ ʧʣʘʪʬʦʨʤʘʭ iOS ʠ Android. ʕʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ, ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ 

ʧʦʜʜʝʨʞʢʠ ʢʦʜʘ; 

- ʩʦʟʜʘʪʴ ʥʘʪʠʚʥʳʡ UI, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʧʨʠʚʳʯʥʦʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢʘʞʜʦʡ ʆʉ ʧʦʚʝʜʝʥʠʝ ʠ ʚʳʩʦʢʫʶ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; 

- ʩʦʟʜʘʪʴ ʤʦʱʥʳʡ ʠ ʥʘʜʝʞʥʳʡ ʙʵʢʝʥʜ ʥʘ Spring Boot: ʧʨʠʤʝʥʠʪʴ ʥʘʜʝʞʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ (Spring 
Security) ʠ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (Spring Data); 

- ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʩʝʨʚʝʨʥʫʶ ʯʘʩʪʴ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʩʦʦʙʱʝʩʪʚ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

- ʘʜʘʧʪʠʨʦʚʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʦʜ ʨʘʟʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʧʦʟʚʦʣʷʷ çʚʢʣʶʯʘʪʴè ʠ çʥʘʩʪʨʘʠʚʘʪʴè ʤʦʜʫʣʠ (ʥʘʧʨʠ-

ʤʝʨ, ʙʨʦʥʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ ʜʣʷ ʫʩʣʫʛ, ʘʫʢʮʠʦʥʳ, ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʮʝʥʳ) ʧʦʜ ʢʦʥʢʨʝʪʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʙʝʟ ʧʝ-

ʨʝʧʠʩʳʚʘʥʠʷ ʢʦʜʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʠʤʝʪʴ ʦʙʱʫʶ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ ʠ ʤʦʜʫʣʠ, ʢʦʪʦʨʳʝ ʢʦʤʧʠʣʠʨʫʶʪʩʷ ʚ ʥʘʪʠʚʥʳʝ ʬʦʨʤʘʪʳ 

ʜʣʷ ʢʘʞʜʦʡ ʧʣʘʪʬʦʨʤʳ. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʳ P2P-ʤʘʨʢʝʪʧʣʝʡʩʘ ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ 

ʨʠʩʫʥʢʝ. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʘ ʢʦʤʧʦʥʝʥʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʢʣʠʝʥʪʩʢʠʝ ʠ ʩʝʨʚʝʨʥʳʝ ʤʦ-

ʜʫʣʠ. ɼʠʘʛʨʘʤʤʘ ʧʦʤʦʛʘʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ ʠ ʦʙʦʩʥʦʚʘʥʥʦ ʧʦʜʦʡʪʠ ʢ ʝʝ ʨʝʘʣʠʟʘ-

ʮʠʠ.  

 

ʂʦʤʧʦʥʝʥʪʥʘʷ ʜʠʘʛʨʘʤʤʘ ʘʨʭʠʪʝʢʪʫʨʳ P2P-ʤʘʨʢʝʪʧʣʝʡʩʘ 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʚʢʣʶʯʘʝʪ ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ: ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ (Mobile App), ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ (Web 

App), ʘ ʪʘʢʞʝ ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ (Admin Panel)è, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʠ ʤʦʜʝʨʘʪʦʨʘ. ʇʨʠ ʵʪʦʤ 

ʜʦʩʪʫʧ ʢ ʬʫʥʢʮʠʷʤ ʚ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʄʦʙʠʣʴʥʦʝ ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʘʟʤʝʱʝʥʠʝ ʠ ʧʨʦʩʤʦʪʨ ʦʙʲʷʚʣʝʥʠʡ, ʯʘʪ, ʫʚʝʜʦʤʣʝʥʠʷ ʠ ʧʦʜʘ-

ʯʫ ʞʘʣʦʙ. ʇʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʦʜʝʨʘʪʦʨʘʤ ʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʤʦʜʝʨʘʮʠʠ, 

ʦʙʨʘʙʦʪʢʠ ʞʘʣʦʙ, ʥʘʩʪʨʦʡʢʠ ʨʦʣʝʡ ʠ ʜʦʩʪʫʧʘ, ʧʨʦʩʤʦʪʨʘ ʩʪʘʪʠʩʪʠʢʠ ʠ ʣʦʛʦʚ. ʀʥʪʝʨʬʝʡʩ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʦʛʨʘʥʠʯʝʥ ʧʨʘʚʘʤʠ ʪʝʢʫʱʝʡ ʨʦʣʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʦʣʝʚʦʡ ʤʦʜʝʣʠ ʜʦʩʪʫʧʘ. 

ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʤʦʜʫʣʷ API Gateway, ʢʦʪʦʨʳʡ ʨʘʩʧʨʝʜʝʣʷʝʪ ʚʭʦʜʷʱʠʝ ʟʘʧʨʦʩʳ ʤʝʞʜʫ ʚʥʫʪʨʝʥ-

ʥʠʤʠ ʤʦʜʫʣʷʤʠ. 

- Auth Module: ʨʝʛʠʩʪʨʘʮʠʷ, ʚʭʦʜ, ʘʚʪʦʨʠʟʘʮʠʷ. 

- Marketplace Module: ʨʘʟʤʝʱʝʥʠʝ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ, ʫʜʘʣʝʥʠʝ ʠ ʧʦʠʩʢ ʦʙʲʷʚʣʝʥʠʡ. 

- Chat Module: ʦʨʛʘʥʠʟʘʮʠʷ ʯʘʪʦʚ ʠ ʧʝʨʝʜʘʯʘ ʩʦʦʙʱʝʥʠʡ 

- Notification Module: ʦʙʨʘʙʦʪʢʘ ʠ ʜʦʩʪʘʚʢʘ ʫʚʝʜʦʤʣʝʥʠʡ. 

- Moderation Module: ʦʙʨʘʙʦʪʢʘ ʞʘʣʦʙ, ʙʣʦʢʠʨʦʚʢʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʤʦʜʝʨʘʮʠʷ ʢʦʥʪʝʥʪʘ. 

- Admin Module: ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ, ʨʦʣʷʤʠ, ʩʙʦʨ ʣʦʛʦʚ ʠ ʩʪʘʪʠʩʪʠʢʠ. 

ɺʩʝ ʤʦʜʫʣʠ ʠʩʧʦʣʴʟʫʶʪ ʦʙʱʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʫʶ ʦʙʲʷʚʣʝʥʠʷ, ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʦʦʙʱʝʥʠʷ ʠ ʜʨʫʛʫʶ 

ʠʥʬʦʨʤʘʮʠʶ. ɸʨʭʠʪʝʢʪʫʨʘ ʤʦʜʫʣʴʥʘ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʘ: ʢʦʤʧʦʥʝʥʪʳ ʠʟʦʣʠʨʦʚʘʥʳ ʠ ʤʦʛʫʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ 

ʥʝʟʘʚʠʩʠʤʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʘ ʨʝʘʣʴʥʘʷ ʠʥʞʝʥʝʨʥʘʷ ʟʘʜʘʯʘ ʩ ʪʚʦʨʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʢ ʩʦʟʜʘʥʠʶ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʬʠʛʫʨʠʨʫʝʤʦʛʦ P2P-ʤʘʨʢʝʪʧʣʝʡʩʘ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʩʪʝʢʝ Kotlin 

Multiplatform + Spring Boot ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʧʨʦʩʪʦ ʠʥʪʝʨʝʩʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ, ʘ ʚʦʩʪʨʝʙʦʚʘʥʥʦʝ 

ʨʝʰʝʥʠʝ ʥʘ ʩʪʳʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʢʪʫʘʣʴʥʳʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʣʦʢʘʣʴʥʳʭ 

ʩʦʦʙʱʝʩʪʚ. ʇʝʨʩʧʝʢʪʠʚʦʡ ʙʫʜʝʪ ʩʦʟʜʘʥʠʝ ʵʢʦʩʠʩʪʝʤʳ ʧʣʘʛʠʥʦʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʝʨʚʠʩʦʚ ʚʦʢʨʫʛ ʙʘʟʦʚʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʷʪʴ ʬʫʥʢʮʠʦʥʘʣ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʥʠʢʣʴʥʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʣʦʢʘʣʴʥʳʭ ʩʦ-

ʦʙʱʝʩʪʚ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʥʝʡʨʦʫʩʢʦʨʠʪʝʣʝʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ çʩʪʝʥʳ ʧʘʤʷʪʠè ï ʢʣʶʯʝʚʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʦʜʩʠʩʪʝʤ ʧʘʤʷʪʠ ʠ ʢʦ-ʜʠʟʘʡʥ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʚʠʜʦʚ ʥʝʡʨʦʫʩʢʦʨʠʪʝʣʝʡ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʫʩʢʦʨʠʪʝʣʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʫʩʢʦʨʠʪʝʣʝʡ, ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʫʩʢʦʨʠʪʝʣʝʡ, ʵʥʝʨʛʦʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ, ʥʝʡʨʦʩʝʪʴ. 

ARCHITECTURE AND EFF ECTIVEENESS OF NEUROACCELERATORS  

I. I.  Kozlov 
Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, kozlov-ilya2007@mail.ru 

This article analyzes architectural approaches to the design of neural accelerators, which are focused on overcoming the 

"memory wall" ï a key limitation of energy efficiency. It discusses methods for optimizing memory subsystems and co-designing 

hardware and software solutions. Examples of types of neural accelerators are provided. 

Keywords: neuroaccelerator, neuroaccelerator efficiency, neuroaccelerator architecture, energy efficiency, neural network. 

ʅʝʡʨʦʫʩʢʦʨʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩʦʨ, ʘʨʭʠʪʝʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʦʧʪʠʤʠʟʠʨʦʚʘ-

ʥʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, 

ʥʝʡʨʦʫʩʢʦʨʠʪʝʣʠ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʛʨʘʬʦʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʛʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʝʚʦʩʭʦʜʩʪʚʘ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯ 

ʠʥʬʝʨʝʥʩʘ. 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʥʝʡʨʦʫʩʢʦʨʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ ʩʣʦʞʥʳʭ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʞʝʩʪ-

ʢʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʵʪʘ ʟʘʜʘʯʘ ʧʨʠʦʙʨʝʪʘʝʪ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʬʦʨʤ, ʧʝʨʠ-

ʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʛʜʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʜʝʤʦʥʩʪʨʠ-

ʨʫʶʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʘʢʠʭ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʦʜʦʣʝʥʠʝ ʙʘʨʴʝʨʘ ʧʘʤʷʪʠ ï ʷʚʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʘʪʨʘʪʳ 

ʵʥʝʨʛʠʠ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʜʘʥʥʳʭ ʤʝʞʜʫ ʧʘʤʷʪʴʶ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʩʪʘʥʦʚʷʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʵʥʝʨʛʠʝʡ, ʨʘʩʭʦʜʫʝʤʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʳʯʠʩʣʝʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʥʝʡʨʦʫʩʢʦʨʠʪʝʣʠ ʦʩʥʦʚʘʥʳ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ. ʀʭ ʘʨʭʠʪʝʢʪʫʨʘ, ʥʘʧʨʠʤʝʨ ʩʠ-

ʩʪʦʣʠʯʝʩʢʠʝ ʤʘʩʩʠʚʳ, ʦʨʛʘʥʠʟʫʝʪ ʢʦʥʚʝʡʝʨʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʤʠʥʠʤʠʟʠʨʫʷ ʧʝʨʝʤʝʱʝʥʠʷ ʤʝʞʜʫ ʧʘʤʷʪʴʶ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʷʜʨʘʤʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʞʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʝʨʘʨʭʠʠ ʧʘʤʷʪʠ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, 

ʢʦʛʜʘ ʢʦʤʧʠʣʷʪʦʨ ʷʚʥʦ ʧʣʘʥʠʨʫʝʪ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʫʩʢʦʨʠʪʝʣʝʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʦ-

ʪʦʢʦʚ ʜʘʥʥʳʭ. ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʣʦʢʘʣʠʟʘʮʠʶ ʚʳʯʠʩʣʝʥʠʡ, ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʵʥʝʨ-

ʛʦʧʦʪʨʝʙʣʝʥʠʝ ʟʘ ʩʯʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʜʦʩʪʫʧʘ ʢ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʪʦʚ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʩ ʨʘʟʨʝʞʝʥʥʳʤʠ ʤʘʪʨʠʮʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʢʦʥʦʤʠʶ ʵʥʝʨʛʠʠ 

ʙʣʘʛʦʜʘʨʷ ʠʩʢʣʶʯʝʥʠʶ ʦʧʝʨʘʮʠʡ ʩ ʥʫʣʝʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʠʪʘʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʘʩʧʝʢʪ 

ʧʦʚʳhʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʥʝʡʨʦʫʩʢʦʨʠʪʝʣʠ ʨʝʘʣʠʟʫʶʪ ʩʣʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʯʘʩʪʦʪʦʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʜʩʪʨʘʠʚʘʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʦʜ ʪʝʢʫʱʫʶ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ. ʆʪʜʝʣʴʥʳʝ ʤʦʜʫʣʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʦʪʢʣʶʯʝʥʳ ʚ ʧʝʨʠʦʜʳ ʧʨʦʩʪʦʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʝʪ ʩʪʘʪʠʯʝʩʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʷʚʣʷʶʪʩʷ ʘʜʘʧʪʠʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʩʧʦʩʦʙʥʳʝ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ 

ʟʘʜʘʯʠ ʧʦ ʭʦʜʫ ʜʝʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ 

ʜʣʷ ʨʘʟʥʦʨʦʜʥʳʭ ʨʘʙʦʯʠʭ ʥʘʛʨʫʟʦʢ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʫʩʢʦʨʠʪʝʣʝʡ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʙʦʣʴʰʝʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʢʣʘʩʩʳ ʟʘʜʘʯ. ʂʣʶʯʝʚʳʤ ʪʨʝʥʜʦʤ ʷʚʣʷʝʪʩʷ ʩʤʝʱʝʥʠʝ ʬʦʢʫʩʘ ʩ ʥʘʨʘʱʠʚʘʥʠʷ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʩʪʦʨʦʥʫ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʜʩʠʩʪʝʤ ʧʘʤʷʪʠ ʠ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ. ɼʘʣʴʥʝʡʰʠʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘ-

ʩʪʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʜʝʪ ʩʚʷʟʘʥ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʨʘʜʠʛʤ, ʪʘʢʠʭ ʢʘʢ ʚʳʯʠʩʣʝʥʠʷ ʚ 

ʧʘʤʷʪʠ ʠ ʪʨʝʭʤʝʨʥʘʷ ʠʥʪʝʛʨʘʮʠʷ, ʘ ʪʘʢʞʝ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʢʦ-ʜʠʟʘʡʥʘ ʘʧʧʘʨʘʪʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʥʝʡʨʦʫʩʢʦʨʠʪʝʣʝʡ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʚʟʘʠʤʦʩʚʷʟʴ 

ʤʝʞʜʫ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʘʣʛʦʨʠʪʤʘʤʠ ʢʦʤʧʠʣʷʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʝʣʝʚʳʭ ʨʘʙʦʯʠʭ ʥʘʛʨʫʟʦʢ. 

ʋʩʧʝʭ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʩʧʝ-

ʮʠʘʣʠʟʘʮʠʝʡ ʠ ʛʠʙʢʦʩʪʴʶ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ. 

ʅʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʥʝʡʨʦʫʩʢʦʨʠʪʝʣʝʡ. 

- NM Quad. ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʥʝʡʨʦʩʝʪʷʤʠ, ʀʀ-ʘʣʛʦʨʠʪʤʘʤʠ ʠ ʜʨʫʛʠʤʠ ʧʦʜʦʙʥʳʤʠ ʟʘʜʘʯʘʤʠ. ʄʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʫʧʝʨʢʦʤʧʴʶʪʝ-

ʨʘʭ, ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʩʝʨʚʝʨʘʭ ʠ ʮʝʥʪʨʘʭ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 
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- TPU (Tensor Processing Unit). ʇʣʘʪʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪ ʤʠʥʠʤʘʣʴʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʙʳʩʪʨʦʡ ʪʨʝʥʠʨʦʚʢʠ ʠʣʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʩʪʫʧʥʦʡ ʮʝʥʝ. 

- VPU (Vision Processing Unit). ʇʣʘʪʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʤʘʰʠʥʥʦʝ ʟʨʝʥʠʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʩʠʩʪʝʤʘʭ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʠ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʷʭ. 

ʅʘʧʨʠʤʝʨ, ʚ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʚʠʨʪʫʘʣʴʥʳʭ ʘʩʩʠʩʪʝʥʪʦʚ ʣʝʞʘʪ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʥʝʡʨʦʫʩʢʦʨʠʪʝʣʴ, ʪʘʢʠʝ ʢʘʢ ASR (Automatic Speech Recognition), ʢʦʪʦʨʘʷ ʚʳʯʣʝʥʷʝʪ ʯʝʣʦʚʝʯʝʩʢʠʡ ʛʦʣʦʩ ʠʟ ʧʦ-

ʩʪʦʨʦʥʥʠʭ ʰʫʤʦʚ, ʠ NLU (Natural Language Understanding), ʧʦʟʚʦʣʷʶʱʘʷ ʩʠʩʪʝʤʝ ʟʘʧʦʤʥʠʪʴ ʧʨʝʜʳʜʫʱʠʝ ʚʦ-

ʧʨʦʩʳ ʠ ʦʪʚʝʪʳ ʠ ʫʣʘʚʣʠʚʘʪʴ ʢʦʥʪʝʢʩʪ ʬʨʘʟ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʫʩʢʦʨʠʪʝʣʝʡ ʚʠʜʷʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺʦ-ʧʝʨʚʳʭ, 

ʵʪʦ ʧʦʚʳʰʝʥʠʝ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠè ʩʘʤʠʭ ʘʧʧʘʨʘʪʥʳʭ ʧʣʘʪʬʦʨʤ: ʨʘʟʚʠʪʠʝ ʘʜʘʧʪʠʚʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʩʧʦʩʦʙ-

ʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʩʚʦʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʥʝʡʨʦʩʝʪʴ ʠʣʠ ʜʘʞʝ ʝʝ ʩʣʦʡ. ɺʦ-ʚʪʦʨʳʭ, 

ʵʪʦ ʨʘʜʠʢʘʣʴʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʘʨʘʜʠʛʤʳ, ʪʘʢʠʝ ʢʘʢ çʚʳʯʠʩʣʝʥʠʷ ʚ ʧʘʤʷʪʠè (Computing-in-Memory), ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʷʯʝʡʢʘʭ ʧʘʤʷʪʠ, ʢʘʨʜʠʥʘʣʴʥʦ ʩʥʠʞʘʷ ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʤʝʱʝ-

ʥʠʝ ʜʘʥʥʳʭ. ɺ-ʪʨʝʪʴʠʭ, ʪʨʝʭʤʝʨʥʘʷ ʠʥʪʝʛʨʘʮʠ ̫(3D-Integration) ʯʠʧʦʚ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʝʱʝ ʙʦʣʝʝ ʧʣʦʪʥʳʝ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʨʘʟʤʝʱʘʷ ʧʘʤʷʪʴ ʠ ʣʦʛʠʢʫ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ. 

ʅʝʡʨʦʫʩʢʦʨʠʪʝʣʠ ʩʪʘʥʦʚʷʪʩʷ ʢʨʘʝʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʢʦʩʠʩʪʝʤʳ ʀʀ. ʀʭ ʨʘʟʚʠʪʠʝ ʥʘʧʨʷ-

ʤʫʶ ʦʧʨʝʜʝʣʷʝʪ, ʥʘʩʢʦʣʴʢʦ ʩʣʦʞʥʳʝ ʠ ʧʦʣʝʟʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʩʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʤʦ-

ʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʘʚʪʦʥʦʤʥʳʭ ʨʦʙʦʪʘʭ, ʩʠʩʪʝʤʘʭ çʫʤʥʦʛʦè ʛʦʨʦʜʘ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ. ʋʩʧʝʭ ʙʫʜʫʱʠʭ ʧʨʦʨʳʚʦʚ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ ʙʫʜʝʪ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʝʪʴ ʦʪ ʫʩʧʝʭʦʚ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʘʧʧʘʨʘʪʥʦʡ ʦʩʥʦʚʳ. 
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The article analyzes the existing methods of spam detection in electronic mail messages. The most effective approach to deter-

mining the architecture of a software tool for intelligent spam filtering using machine learning methods is proposed. 

Keywords: information security, spam, machine learning methods. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʟʘʱʠʪʝ ʦʪ ʩʧʘʤʘ ï ʦʜʥʦʛʦ ʠʟ ʢʣʶʯʝʚʳʭ ʢʘʥʘʣʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʨʝʜʦʥʦʩʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʬʠʰʠʥʛʦʚʳʭ ʘʪʘʢ [1]. ɼʣʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʧʦʯʪʦʚʦʡ ʩʠʩʪʝʤʳ ʥʝ ʚʩʝʛʜʘ 

ʧʦʣʥʦʩʪʴʶ ʧʦʜʭʦʜʷʪ ʛʦʪʦʚʳʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʧʘʤ-ʬʠʣʴʪʨʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʠ ʩʧʘʤʘ ʧʨʠ ʝʝ ʧʦʩʪʨʦʝʥʠʠ ʚʘʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʧʘʤ-ʬʠʣʴʪʨʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʬʠʣʴʪʨʘʮʠʠ ʩʧʘʤʘ, ʪʘʢʠʭ ʢʘʢ ʬʠʣʴʪʨʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʯʝʨʥʳʭ ʩʧʠʩʢʦʚ (DNSBL), ʬʠʣʴʪʨʘʮʠʷ ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ 

ʠʟ ʟʘʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ çʩʧʘʤ-ʩʣʦʚʘʨʷè, ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʧʨʠʩʚʦʝʥʠʝʤ ʧʠʩʴʤʫ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦ-

ʣʠʯʝʩʪʚʘ ʙʘʣʣʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʘʙʦʨʘ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ [2]. ɼʦʩʪʦʠʥʩʪʚʘ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʨʦʩʪʦʪʝ ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʠʟʢʦʡ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ. ʆʩʥʦʚʥʳʤ ʥʝʜʦ-

ʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʚ ʩʧʘʤ-ʬʠʣʴʪʨ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [3]. ʅʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʘʪʴ ʚ ʧʨʦʮʝʩʩ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʧʘʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʫʯʘʝ-

ʤʳʭ ʤʦʜʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʨʘʟʤʝʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠʝʚ 

çʩʧʘʤ/ʥʝ ʩʧʘʤè ʠ ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʥʝʜʦʩʪʫʧʥʳʝ ʧʨʠ ʨʫʯʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʧʨʘʚʠʣ. ʅʝʧʣʦʭʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʜʝʥʠʷ ʦʪʧʨʘʚʠʪʝʣʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʥʘʧʨʠʤʝʨ ʯʘ-

ʩʪʦʪ rʦʪʧʨʘʚʢʠ ʧʠʩʝʤ ʩ ʦʜʥʦʛʦ IP-ʘʜʨʝʩʘ, ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʧʫʪʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ (SPF, DKIM, DMARC), ʨʝʘʢʮʠʠ 
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ʧʦʣʫʯʘʪʝʣʝʡ ʠ ʪ. ʧ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (NLP) ʠ ʘʥʘʣʠʟʘ ʤʫʣʴ-

ʪʠʤʝʜʠʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʠʤʦʛʦ ʧʠʩʝʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʩʧʘʤʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦʩʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʩʧʘʤ-ʧʠʩʝʤ, ʥʦ ʠ ʚʳʷʚʣʝʥʠʶ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʫʛʨʦʟ: ʬʠʰʠʥʛʘ, 

ʘʪʘʢ ʩʦʮʠʘʣʴʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʮʝʣʝʚʳʭ ʘʪʘʢ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʘʷ ʦʙʦʙʱʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ  

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʥʦʚʳʤ ʪʠʧʘʤ ʩʧʘʤʘ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʰʠʨʦʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷ-

ʶʪʩʷ ʚʳʩʦʢʘʷ ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʢʣʘʜʥʦʛʦ ʨʝʰʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʧʘʤ-

ʩʦʦʙʱʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɺ ʦʩʥʦʚʫ ʧʦʣʦʞʝʥ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ 

ʩʦʚʦʢʫʧʥʦʛʦ ʚʝʨʜʠʢʪʘ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʝʡ (ʥʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ, 

ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ʠ ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ), ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʠʡ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  
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The article examines the application of Internet of Things (IoT) and cloud technologies in various fields, such as the consumer 

sector, manufacturing and public administration. 
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ʊʝʭʥʦʣʦʛʠʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT) [1] ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝ-

ʨʘʭ ʞʠʟʥʠ, ʦʪ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʦʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ IoT, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʩʪʨʝʤʣʝʥʠʝʤ 

ʫʣʫʯʰʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩ.r 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʫʤʥʳʝ ʜʦʤʘ, ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʟʜʦʨʦʚʴʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʡ ʠ ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ ʚ ʛʦʨʦʜʘʭ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢ-

ʪʦʨʦʚ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ IoT ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʠʩʢʘ 

ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʠʛʨʘʶʪ ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʜʦʩʪʫʧ ʢ ʤʦʱʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʧʦʟʚʦʣʷʶʪ ʘʜʘʧʪʠʨʦʚʘʪʴ-

ʩʷ ʢ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷ ʨʳʥʢʘ [2ï3]. ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʃʶʜʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʜʦʨʦʚʴʷ ʥʘʭʦʜʷʪ ʧʦʜʜʝʨʞʢʫ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʚ ʦʙʱʝ-

ʩʪʚʦ ʚ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʫʣʫʯʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ IoT. ʇʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ï ʫʤʥʳʝ ʧʨʦʪʝʟʳ ʠ ʵʢʟʦʩʢʝʣʝʪʳ ʜʣʷ ʤʦʙʠʣʴʥʦʩʪʠ, ʩʠʩʪʝʤʳ ʛʦʣʦʩʦʚʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ ʜʣʷ ʣʶʜʝʡ ʩ ʜʚʠʛʘʪʝʣʴʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʫʤʥʳʝ ʦʯʢʠ ʩ ʥʘʚʠʛʘʮʠʝʡ ʜʣʷ ʩʣʘʙʦʚʠʜʷʱʠʭ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩ 

ʦʙʣʘʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ.  

ʆʩʥʦʚʥʳʤ ʚʦʧʨʦʩʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʦʩʪʘʝʪʩʷ ʠʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ 

ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʩʫʨʩʦʚ ʧʨʦʮʝʩʩʦʨʘ ʠʣʠ ʧʦʚʳʰʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʠ ʪ. ʜ. [4]. 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʪʝʭʥʦʣʦʛʠʠ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʨʘʟʚʠʚʘʶʪʩʷ, ʚʥʝʜʨʷʷ ʠʥʥʦʚʘʮʠʠ, ʢʦʪʦʨʳʝ ʤʝʥʷʶʪ ʥʝ 

ʪʦʣʴʢʦ ʩʧʦʩʦʙʳ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʘʮʠʡ, ʥʦ ʠ ʚʩʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚ ʮʝʣʦʤ. ʕʪʠ ʠʥʥʦʚʘʮʠʠ ʦʪʢʨʳ-

ʚʘʶʪ ʜʦʩʪʫʧ ʢ ʤʦʱʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ, ʧʦʟʚʦʣʷʷ ʢʦʤʧʘʥʠʷʤ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʤʩʷ 

ʫʩʣʦʚʠʷʤ ʨʳʥʢʘ [5].  
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ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʇʦʪʨʝʙʠʪʝʣʴ 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫʣʫʯʰʝʥʠʝ UX/UI ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʣʷ ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʨʠʤʝʨʳ: ʙʨʘʩʣʝʪʳ, ʦʪʩʣʝʞʠʚʘʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʟʜʦʨʦʚʴʷ; ʫʤʥʳʝ ʜʦʤʘ, ʦʩʥʘʱʝʥʥʳʝ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫ-

ʨʳ, ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʚʦʜʳ, ʚʣʘʞʥʦʩʪʠ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ 

ʇʦʠʩʢ ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʛʦʥʢʝ ʥʘ ʨʳʥʢʝ ʫʩʣʫʛ, ʘ ʪʘʢʞʝ ʥʘʭʦʞʜʝʥʠʝ ʩʧʦʩʦʙʦʚ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠ-
ʙʳʣʠ. 

ʇʨʠʤʝʨʳ: ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʥʦʡ ʨʘʙʦʪʳ, ʤʠʥʠʤʠʟʘʮʠʷ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝ-

ʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ɻʦʩʫʜʘʨʩʪʚʦ 

ʋʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʇʨʠʤʝʨʳ: ʫʧʨʘʚʣʝʥʠʝ ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ, ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʢʦʚʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʠ-

ʩʪʝʤʳ ʫʯʝʪʘ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʩʫʨʩʦʚ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʩʝʪʝʡ ʠ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʪʨʫʙ. 

ɼʣʷ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʜʦʨʦʚʴʷ ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ, ʦʙʝʩ-

ʧʝʯʠʚʘʷ ʠʥʪʝʛʨʘʮʠʶ IoT-ʫʩʪʨʦʡʩʪʚ ʩ ʫʜʘʣʝʥʥʳʤʠ ʩʝʨʚʠʩʘʤʠ: ʥʘʧʨʠʤʝʨ, ʜʘʥʥʳʝ ʦʪ ʫʤʥʳʭ ʧʨʦʪʝʟʦʚ ʧʝʨʝʜʘʶʪʩʷ 

ʚ ʦʙʣʘʢʦ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʠ ʩʥʠʞʝʥʠʶ ʙʘʨʴʝ-

ʨʦʚ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, ʩʚʷʟʳʚʘʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʥʫʞʜʳ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʪʨʝʥʜʘʤʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

çɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʪʘʢʠʤ ʥʦʚʳʤ ʪʨʝʥʜʘʤ, ʢʘʢ ʩʝʨʚʝʨʣʝʩʩ-ʪʝʭʥʦʣʦʛʠʠ, ʢʦʥʪʝʡ-

ʥʝʨʠʟʘʮʠʷ ʠ ʤʥʦʛʦʢʣʘʩʪʝʨʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ. ʉʝʨʚʝʨʣʝʩʩ-ʚʳʯʠʩʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ 

ʥʘ ʢʦʜʝ, ʤʠʥʠʤʠʟʠʨʫʷ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡè [6, c. 824]. 

ʋʩʧʝʰʥʦʝ ʚʥʝʜʨʝʥʠʝ ʦʙʣʘʯʥʳʭ ʨʝʰʝʥʠʡ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʦʙʫʯʝʥʠʝ ʩʦ-

ʪʨʫʜʥʠʢʦʚ, ʚʳʙʦʨ ʥʘʜʝʞʥʳʭ ʧʨʦʚʘʡʜʝʨʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ. 

ʕʪʠ ʤʝʨʳ ʧʦʤʦʛʫʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʩʚʦʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʥʦ ʠ ʩʦʟʜʘʪʴ ʙʝʟʦʧʘʩʥʫʶ ʠ 

ʵʬʬʝʢʪʠʚʥʫʶ ʮʠʬʨʦʚʫʶ ʩʨʝʜʫ [7]. ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʚʘʞʥʦ 

ʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʛʜʝ ʦʙʣʘʯʥʳʝ ʧʣʘʪʬʦʨʤʳ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ, ʩʚʷʟʳʚʘʷ ʩʦʮʠʘʣʴʥʫʶ ʠʥʪʝʛʨʘʮʠʶ ʩ ʠʥʥʦʚʘʮʠʷʤʠ ʚ IoT ʠ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

ʆʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʠʥʥʦʚʘʮʠʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʦʩʪʘ 

ʠ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ, ʦʜʥʘʢʦ ʠʭ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʚʥʠʤʘʥʠʷ ʢ ʚʦʧʨʦ-

ʩʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʨʛʘʥʠʟʘʮʠʠ, ʛʦʪʦʚʳʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ ʠ ʚʥʝʜʨʷʪʴ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʩʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘ ʨʳʥʢʝ ʚ ʵʧʦʭʫ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ.  ɺ ʢʦʥʪʝʢʩʪʝ ʣʶʜʝʡ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʜʦʨʦʚʴʷ ʵʪʦ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʠʥʢʣʶʟʠʚʥʦʤʫ ʦʙʱʝʩʪʚʫ, ʛʜʝ IoT ʠ ʦʙʣʘʯʥʳʝ 

ʨʝʰʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʙʘʨʴʝʨʦʚ, ʧʦʚʳʰʝʥʠʷ ʘʚʪʦʥʦʤʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʪʝʭʥʦʣʦʛʠʷʤ, ʧʦʜʯʝʨʢʠʚʘʷ ʠʭ ʨʦʣʴ ʚ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʜʣʷ ʚʩʝʭ. 
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AUTOMATION OF PSYCHO METRIC DATA COLLECTI ON IN INTERACTIVE EN VIRONMENTS  

USING UNITY  

E. M. Kuzmin  
Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, elisej.kuzmin.03@mail.ru 

The modern development of digital educational technologies is accompanied by the active use of interactive products with digital 

avatars in education and psychodiagnostics. However, existing computerized testing forms are predominantly limited to classical 

applications, which creates the challenge of transferring valid methods to immersive environments. To address this issue, a special-

ized Unity application with a modular architecture has been developed to provide a seamless psychodiagnostic cycle. The imple-

mented system allows for the integration of adapted test methods into immersive simulations while preserving their psychometric 

characteristics. 

Keywords: immersive environments, psychodiagnostics, Unity, C#, psychometric techniques, digital profile. 

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʩʪʦʤ ʯʠʩʣʘ ʠʥʪʝʨʘʢ-

ʪʠʚʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʩʠʩʪʝʤʦʡ ʯʝʨʝʟ ʮʠʬʨʦʚʦʛʦ ʘʚʘʪʘʨʘ. ʇʦʜʦʙ-

ʥʳʝ ʧʦʜʭʦʜʳ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʚ ʦʙʫʯʝʥʠʠ, ʪʘʢ ʠ ʚ ʧʩʠʭʦʜʠʘʛʥʦʩʪʠʢʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷʤʠ ʧʦ ʠʛʨʦʚʳʤ ʠ ʩʠʤʫʣʷʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʦʮʝʥʢʠ ʣʠʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [1]. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʧʨʘʢʪʠʢʝ ʪʘʢʞʝ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʵʢʩʧʨʝʩʩ-ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʪʝ-

ʩʪʠʨʦʚʘʥʠʷ [2ï3], ʦʜʥʘʢʦ ʦʥʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʳ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʚʝʙ- ʠʣʠ ʜʝʩʢʪʦʧ-

ʧʨʠʣʦʞʝʥʠʷʤʠ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʧʝʨʝʥʦʩʘ ʚʘʣʠʜʥʳʭ ʧʩʠʭʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʚ ʠʤʤʝʨʩʠʚʥʳʝ ʩʨʝʜʳ, ʛʜʝ 

ʜʠʘʛʥʦʩʪʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʴʶ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʦʧʳʪʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʦʮʝʜʫʨʫ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʦʚ ɸʡ-

ʟʝʥʢʘ, ʂʣʠʤʦʚʘ, ɹʝʥʥʝʪʘ, ɹʝʣʙʠʥʘ ʚ ʬʦʨʤʘʪʝ ʠʛʨʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʷ ʧʩʠʭʦʤʝʪʨʠʯʝʩʢʫʶ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʢʚʦʟʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʩʠʭʦʜʠʘʛʥʦʩʪʠʢʠ ʚ Unity, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʣʘ ʙʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʙʦʨ ʦʪʚʝʪʦʚ ʠ ʚʨʝʤʝʥʥʳʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ, ʠʭ ʦʙʨʘʙʦʪʢʫ (ʩʢʦʨʠʥʛ, ʥʦʨʤʠʨʦʚʘʥʠʝ) ʠ ʠʥʪʝʛʨʘʮʠʶ ʩ ʮʠʬʨʦʚʳʤ ʧʨʦʬʠʣʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʤʦʜʫ-

ʣʷʤʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʠʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʢʣʘʩʩʠʯʝ-

ʩʢʠʝ ʪʝʩʪʦʚʳʝ ʤʝʪʦʜʠʢʠ ʚ ʠʤʤʝʨʩʠʚʥʳʝ ʩʠʤʫʣʷʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʠʥʪʝʨʘʢʪʠʚʥʦʝ Unity-ʧʨʠʣʦʞʝʥʠʝ, ʨʝʘʣʠʟʦʚʘʥʥʦʝ 

ʥʘ ʙʘʟʝ ʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1 ʠ ʚʢʣʶʯʘʶʱʝʡ: 
ʘ) ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ï ʮʠʬʨʦʚʦʡ ʘʚʘʪʘʨ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʩʪʠʤʫʣʳ; 

ʙ) ʤʦʜʫʣʴ ʪʝʩʪʠʨʦʚʘʥʠʷ ï ʛʝʥʝʨʘʮʠʷ ʩʪʠʤʫʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʧʦʜʘʯʘ ʟʘʜʘʥʠʡ, ʬʠʢʩʘʮʠʷ 

ʦʪʚʝʪʦʚ; 

ʚ) ʤʦʜʫʣʴ ʪʝʣʝʤʝʪʨʠʠ ï ʩʙʦʨ ʚʨʝʤʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʨʝʘʢʮʠʷ, ʟʘʜʝʨʞʢʠ), ʬʠʢʩʘʮʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʠʥ-

ʪʝʨʬʝʡʩʝ; 

ʛ) ʤʦʜʫʣʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʩʢʦʨʠʥʛ, ʥʦʨʤʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʦʚʝʨʢʘ ʥʘ ʢʦʨʨʝʢʪ-

ʥʦʩʪʴ; 

ʜ) API ʵʢʩʧʦʨʪʘ ï ʧʝʨʝʜʘʯʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʮʠʬʨʦʚʦʡ ʧʨʦʬʠʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ 

ʉʇʇʈ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʝʘʣʠʟʘʮʠʠ ʪʝʩʪʦʚ ɸʡʟʝʥʢʘ (ʪʝʤʧʝʨʘʤʝʥʪ), ʂʣʠʤʦʚʘ (ɼɼʆ), ɹʝʥʥʝʪʘ (ʤʝʭʘʥʠʯʝ-

ʩʢʘʷ ʧʦʥʷʪʣʠʚʦʩʪʴ) ʠ ɹʝʣʙʠʥʘ (ʢʦʤʘʥʜʥʳʝ ʨʦʣʠ). ʂʘʞʜʘʷ ʤʝʪʦʜʠʢʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʧʦʜ ʠʛʨʦʚʦʡ ʬʦʨʤʘʪ: ʦʪʚʝʪʳ 

ʬʠʢʩʠʨʫʶʪʩʷ ʯʝʨʝʟ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ, ʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʧʦ 

ʢʣʶʯʘʤ.  

ʇʨʠʣʦʞʝʥʠʝ ʚʩʪʨʦʝʥʦ ʚ ʠʤʤʝʨʩʠʚʥʫʶ ʩʠʤʫʣʷʮʠʶ, ʛʜʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʴʶ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ. ʇʨʠʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. ʈʝʟʫʣʴʪʘʪʳ ʢʘʞʜʦʛʦ ʪʝʩʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠ-

ʨʫʶʪ ʙʣʦʢ ʮʠʬʨʦʚʦʛʦ ʧʨʦʬʠʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ɼʘʣʝʝ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, ʛʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʵʪʘʣʦʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʧʨʦʬʝʩʩʠʡ ʠ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʝʢʦ-

ʤʝʥʜʘʮʠʡ [4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʩʢʚʦʟʥʘʷ ʠʥʪʝʛʨʘʮʠʷ: ʦʪ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʦ ʧʦʜ-

ʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʈʝʘʣʠʟʘʮʠʷ ʯʝʨʝʟ Unity ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʷʪʴ ʩʠʩʪʝʤʫ, ʜʦʙʘʚʣʷʷ ʤʫʣʴʪʠʤʦʜʘʣʴ-

ʥʳʝ ʩʝʥʩʦʨʳ (ʕʕɻ, ʧʫʣʴʩ, ʘʡʪʨʝʢʠʥʛ) ʠ ʬʦʨʤʠʨʫʷ ʙʦʣʝʝ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʛʨʘʤʤʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʘ C# ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʨʦʛʫʶ ʪʠʧʠʟʘʮʠʶ ʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʧʘʨʘʜʠʛʤʫ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʫʱʥʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʩʝʥʩʦʨʥʳʝ ʧʦʪʦʢʠ ʜʘʥʥʳʭ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʧʨʦʬʠʣʠ. 

ʈʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ  ʩʙʦʨ, ʦʙʨʘʙʦʪʢʫ ʠ ʠʥʪʝʛʨʘʮʠʶ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʫ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʩʦʩʪʦʠʪ ʚ ʬʦʨʤʘʣʠʟʘʮʠʠ ʩʢʚʦʟʥʦʛʦ ʮʠʢʣʘ çʩʪʠʤʫʣ ï ʦʪʚʝʪ ï ʦʙʨʘʙʦʪʢʘ 

ï ʧʨʦʬʠʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷè ʜʣʷ ʠʤʤʝʨʩʠʚʥʦʡ ʩʨʝʜʳ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʚʷʟʘʥʳ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʧʝʨʝʯʥʷ 

ʪʝʩʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʜʘʥʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʘʣʠʜʘʮʠʝʡ ʩʠʩʪʝʤʳ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ. 
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ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʵʨʛʦʥʦʤʠʯʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʥʝʨʛʝʪʠʢʝ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʧʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ, ʢʦʛʥʠʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. ʈʘʩ-

ʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʵʨʛʦʥʦʤʠʯʥʦʩʪʠ ʠ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʚ SCADA-ʩʠʩʪʝʤʘʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 
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ʈʘʟʚʠʪʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʵʥʝʨʛʝʪʠʢʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ SCADA ʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʣʘʪʬʦʨʤ. ʀʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʜʦʙʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʝʨʩʦʥʘʣʘ ʩ ʠʥʪʝʨʬʝʡʩʦʤ. ʕʨʛʦʥʦʤʠʯʥʳʡ ʠʥʪʝʨʬʝʡʩ ʩʥʠʞʘʝʪ ʢʦʛʥʠʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ, ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʦʰʠʙʦʢ ʠ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ [1]. 

ʕʨʛʦʥʦʤʠʢʘ ʠʥʪʝʨʬʝʡʩʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʩʪʦʪʫ ʚʦʩʧʨʠʷ-

ʪʠʷ ʠ ʫʜʦʙʩʪʚʦ ʨʘʙʦʪʳ ʩ ʮʠʬʨʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ [2].  

ɽʝ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʚʢʣʶʯʘʶʪ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʠ ʚʠʟʫʘʣʴʥʦʝ ʝʜʠʥʩʪʚʦ; ʤʠʥʠʤʠʟʘʮʠʶ ʜʝʡ-

ʩʪʚʠʡ ʠ ʬʫʥʢʮʠʡ, ʥʝ ʚʣʠʷʶʱʠʭ ʥʘ ʨʝʟʫʣʴʪʘʪ; ʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ; ʘʜʘʧʪʠʚʥʦʩʪʴ 

ʠʥʪʝʨʬʝʡʩʘ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ [3].  

ɼʣʷ ʦʮʝʥʢʠ ʵʨʛʦʥʦʤʠʯʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʶʟʘʙʠʣʠʪʠ-ʪʝʩʪʳ, ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʠʟʤʝʨʝʥʠʝ 

ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʥʘʣʠʟ ʢʦʛʥʠʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʷʚʠʪʴ 

ʧʝʨʝʛʨʫʟʢʫ ʚʦʩʧʨʠʷʪʠʷ [4].  

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʠʥʪʝʨʬʝʡʩʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʢʣʶʯʘʶʪ ʚʥʝʜʨʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ 

ʧʘʥʝʣʝʡ ʤʦʥʠʪʦʨʠʥʛʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (AR) ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ 

ʦʧʝʨʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʶ ʛʦʣʦʩʦʚʳʭ ʘʩʩʠʩʪʝʥʪʦʚ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʕʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʟ-

ʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʵʨʛʦʥʦʤʠʯʥʦʩʪʴ, ʥʦ ʠ ʫʚʝʣʠʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʮʠʬʨʦʚʳʭ 

ʨʝʰʝʥʠʡ ʚ ʵʥʝʨʛʝʪʠʢʝ [2]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʵʨʛʦʥʦʤʠʯʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʧʦʢʘʟʘʣ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦʩʣʝʜʥʠʭ ʚ 

ʪʘʙʣʠʮʝ. 

ʉʨʘʚʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʵʨʛʦʥʦʤʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʂʨʠʪʝʨʠʡ ʂʣʘʩʩʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʕʨʛʦʥʦʤʠʯʥʳʡ ʠʥʪʝʨʬʝʡʩ 

ʅʘʚʠʛʘʮʠʷ ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ, ʩʣʦʞʥʘʷ ʇʨʦʩʪʘʷ, ʠʥʪʫʠʪʠʚʥʘʷ 

ʎʚʝʪʦʚʘʷ ʧʘʣʠʪʨʘ ʂʦʥʪʨʘʩʪʥʘʷ, ʨʝʟʢʘʷ ʉʧʦʢʦʡʥʘʷ, ʛʘʨʤʦʥʠʯʥʘʷ 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʅʝʩʠʩʪʝʤʥʦʝ ʃʦʛʠʯʝʩʢʠ ʩʛʨʫʧʧʠʨʦʚʘʥʥʦʝ 

ɺʨʝʤʷ ʦʩʚʦʝʥʠʷ ʩʠʩʪʝʤʳ ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʄʠʥʠʤʘʣʴʥʦʝ 

ɺ ʵʥʝʨʛʝʪʠʢʝ ʚʦʧʨʦʩʳ ʵʨʛʦʥʦʤʠʢʠ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʚ ʩʠʩʪʝʤʘʭ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʠʥʪʝʨʬʝʡʩʘ SCADA ʩ ʣʦʛʠʯʝʩʢʠ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʠʥʪʫʠʪʠʚʥʦʡ ʥʘʚʠʛʘʮʠʝʡ 

ʠ ʘʢʮʝʥʪʘʤʠ ʥʘ ʢʨʠʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

 

ʇʨʠʤʝʨ ʵʨʛʦʥʦʤʠʯʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ SCADA-ʩʠʩʪʝʤʳ ʵʥʝʨʛʝʪʠʢʠ 
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ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʘʢʠʝ ʠʥʪʝʨʬʝʡʩʳ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʢʦʛʥʠʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ, ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʦʰʠʙʦʢ ʦʧʝʨʘʪʦʨʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʥʝʨʛʝʪʠʢʝ.  

ɺʥʝʜʨʝʥʠʝ ʯʝʣʦʚʝʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘ-

ʙʦʪʳ ʩʠʩʪʝʤ. ʂ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʥʪʝʛʨʘʮʠʶ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ ʠʥʪʝʨʬʝʡʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ AR/VR ʚ ʟʘʜʘʯʘʭ ʤʦʥʠ-

ʪʦʨʠʥʛʘ ʠ ʦʙʫʯʝʥʠʷ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʚʣʠʷʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʧʦʚʩʝʜʥʝʚʥʫʶ 

ʞʠʟʥʴ ʛʨʘʞʜʘʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʧʦʩʣʝʜʥʝʛʦ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʨʦʝʢʪ çʀʀ-

ɻʦʩʧʣʘʥ 2.0è ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ 

ʮʠʬʨʦʚʦʛʦ ʨʫʙʣʷ. ʇʨʝʜʧʦʣʦʞʝʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʠʥʝʨʛʠʠ ʧʨʦʝʢʪʘ çʀʀ-ɻʦʩʧʣʘʥ 2.0è ʠ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʛʦ 

ʨʫʙʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʀʀ-ɻʦʩʧʣʘʥ, ʮʠʬʨʦʚʦʡ ʨʫʙʣʴ. 

çAI-GOSPLAN 2.0è: A DEVELOPMENT PROSPECT AND ITS IMPACT ON THE DI GITAL RUBLE  

Y. D. Lyubo 
Financial University under the Government of the Russian Federation, ave. Leningradsky., 49/2, 125167, Moscow, Russia, ydlyubo@fa.ru 

This article addresses the issues of the spread and impact of artificial intelligence on the daily lives of citizens from the point of 

view of its use in economic processes. The çAI-Gosplan 2.0è project is analyzed for its future impact on Russia's economic develop-

ment, as well as its interaction with the digital ruble system. Potential synergies between the çAI-Gosplan 2.0è project and the digi-

tal ruble system are proposed. 

Keywords: artificial intelligence, AI-Gosplan, digital ruble. 

ʉʝʛʦʜʥʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʨʘʩʧʨʦʩʪʨʘʥʠʣʩʷ ʥʝ ʩʪʦʣʴʢʦ ʚ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʢʦʣʴʢʦ ʚ ʧʦʚʩʝʜʥʝʚ-

ʥʦʡ ʞʠʟʥʠ ʛʨʘʞʜʘʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʤʥʦʛʠʝ ʟʘʧʨʦʩʳ ʥʘ ʫʨʦʚʥʝ ʙʳʪʘ. ʄʥʦʛʠʝ ʩʝʡʯʘʩ ʫʞʝ ʥʝ ʤʦʛʫʪ ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʩʚʦʶ ʞʠʟʥʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʠʥʩʪʨʫʤʝʥʪ ʫʚʝʨʝʥʥʦ ʟʘʚʦʝʚʘʣ 

ʜʦʚʝʨʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʟʘ ʩʯʝʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʠ ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʝʝ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ [1]. ʀʥʩʪʨʫʤʝʥ-

ʪʘʨʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʠʣ ʯʝʣʦʚʝʯʝʩʪʚʫ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʞʠʜʘʣʠʩʴ ʙʦʣʴʰʠʝ ʧʨʦʨʳʚʳ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥ-

ʪʘʨʠʷ [2]. ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʪʘʢʠʤ ʧʨʦʨʳʚʦʤ ʩʪʘʣ ʧʨʦʝʢʪ ʬʦʥʜʘ çʂʨʠʩʪʘʣʣ ʨʦʩʪʘè ï çʀʀ-ɻʦʩʧʣʘʥ 2.0è. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʦʝʢʪʘ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. çʂʨʠʩʪʘʣʣ ʨʦʩʪʘè ʦʧʠʩʳʚʘʝʪ ʨʝʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʚ ʵʢʦʥʦʤʠʢʝ ʢʘʢ ʦʜʥʫ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʩʪʝʤʳ [3]. ʊʘʢʞʝ ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ ʛʣʘʚʘ ʎʝʥʪʨʘʣʴʥʦʛʦ ʙʘʥʢʘ 

ʈʦʩʩʠʠ ʕʣʴʚʠʨʘ ʅʘʙʠʫʣʣʠʥʘ ʚʳʩʢʘʟʘʣʘʩʴ ʦ ʧʦʪʝʥʮʠʘʣʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʙʘʥʢʦʚʩʢʦʤ ʩʝʢʪʦʨʝ ʩ ʥʝ-

ʢʦʪʦʨʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʚ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ [4]. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʝʢʪ çʀʀ-

ɻʦʩʧʣʘʥ 2.0è ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʢʦʥʦʤʠʢʫ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʟʘʪʨʦʥʫʪʴ ʥʘʙʠʨʘʶʱʫʶ 

ʩʝʡʯʘʩ ʧʦʧʫʣʷʨʥʦʩʪʴ ʩʠʩʪʝʤʫ ʮʠʬʨʦʚʦʛʦ ʨʫʙʣʷ ʠ ʠʭ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʠʥʝʨʛʠʶ.  

ʉʪʦʠʪ ʨʘʩʢʨʳʪʴ ʠʜʝʶ ʧʨʦʝʢʪʘ çʀʀ-ɻʦʩʧʣʘʥ 2.0è ʩ ʧʝʨʩʧʝʢʪʠʚʳ ʚʣʠʷʥʠʷ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʬʝʨʫ ʈʦʩʩʠʠ. ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ; 

- ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʩʥʠʞʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ; 

- ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʩʳʨʴʝ ʠ ʩʧʝʮʠʘʣʠʩʪʘʭ; 

- ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʝ ʨʘʙʦʪ ʧʦ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʶ; 

- ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ (ʅʀʆʂʈ); 

- ʠʥʪʝʛʨʘʮʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʣʘʩʪʝʨʳ ʠ ʢʦʦʧʝʨʘʮʠʦʥʥʳʝ ʩʝʪʠ [5]; 
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ʂʘʢ ʫʞʝ ʠʟʚʝʩʪʥʦ ʧʨʦ ʩʠʩʪʝʤʫ ʮʠʬʨʦʚʦʛʦ ʨʫʙʣʷ, ʩʪʝʧʝʥʴ ʢʦʥʪʨʦʣʷ ʜʝʥʝʞʥʦʛʦ ʧʦʪʦʢʘ ʩʪʘʥʦʚʠʪʩʷ ʢʨʘʡʥʝ ʚʳ-

ʩʦʢʦʡ, ʯʪʦ ʪʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʝʢʪʝ çʀʀ-ɻʦʩʧʣʘʥ 2.0è. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʪʦʯʢʠ ʩʦʧʨʠʢʦʩʥʦʚʝ-

ʥʠʷ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʦ ʜʘʣʴʥʝʡʰʝʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩʠʩʪʝʤ [6]. ʀʜʝʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʧʨʝ-

ʜʝʣʷʪʴ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠ ʙʝʟ çʯʝʨʥʳʭè ʩʭʝʤ. ʉʪʦʠʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʪʘʢʦʝ ʩʦ-

ʪʨʫʜʥʠʯʝʩʪʚʦ ʙʫʜʝʪ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʘ ʠ ʩʦʮʠʘʣʴʥʳʭ 

ʚʳʧʣʘʪ, ʪʘʢ ʢʘʢ ʫʨʦʚʝʥʴ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʷ ʩʪʘʥʦʚʠʪʩʷ ʧʠʢʦʚʳʤ [7]. ʇʦʤʠʤʦ ʚʩʝʛʦ ʧʨʦʯʝʛʦ, ʪʘʢʘʷ ʩʠʥʝʨ-

ʛʠʷ ʩʪʨʝʤʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʢʦʨʨʫʧʮʠʠ ʠʣʠ ʤʦʰʝʥʥʠʯʝʩʪʚʘ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʳ ʥʘʙʣʶʜʘʝʤ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʫʶ ʜʚʫʭʫʨʦʚʥʝʚʫʶ ʨʦʟʥʠʯʥʫʶ ʤʦʜʝʣʴ ʮʠʬʨʦʚʦʛʦ ʨʫʙʣʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ. ʇʦ ʩʭʝʤʝ ʚʠʜʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʥʦʚʦʡ ʬʦʨʤʳ ʨʘʩʯʝʪʦʚ ʥʝ ʦʪʤʝʥʷʝʪ ʧʨʝʜʳʜʫʱʠʭ ʠ 

ʶʨʠʜʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʣʠʮʘ ʤʦʛʫʪ, ʢʘʢ ʠ ʨʘʥʴʰʝ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʩʜʝʣʦʢ ʥʘʣʠʯʥʳʡ ʠ ʙʝʟʥʘ-

ʣʠʯʥʳʡ ʨʘʩʯʝʪ. 

 

ʉʭʝʤʘ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʨʦʟʥʠʯʥʦʡ ʤʦʜʝʣʠ ʮʠʬʨʦʚʦʛʦ ʨʫʙʣʷ 

ɼʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʩʦʟʜʘʝʪʩʷ ʎʝʥʪʨʘʣʴʥʳʤ ʙʘʥʢʦʤ ʈʦʩʩʠʠ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʵʤʠʩʩʠʶ 

ʠ ʦʪʢʨʳʪʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʰʝʣʴʢʦʚ ʜʣʷ ʛʨʘʞʜʘʥ ʠ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʬʠʥʘʥʩʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ 

ʚʩʝʭ ʫʨʦʚʥʷʭ ʦʪʥʦʰʝʥʠʡ ʫʯʘʩʪʥʠʢʦʚ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʣʘʪʬʦʨʤʳ ʩʪʘʥʦʚʪ̫ʩʷ ʦʯʝʚʠʜʥʳʤʠ ʠ ʟʘʢʣʶʯʘʪʁʩʷ ʚ ʜʦ-

ʚʝʨʠʠ ʢ ʩʘʤʦʡ ʩʠʩʪʝʤʝ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ, ʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ 

[8]. ʂʦʛʜʘ ʤʳ ʟʘʪʨʘʛʠʚʘʝʤ ʚʦʧʨʦʩʳ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠʣʠ ʪʘʢʦʝ ʧʦʥʷʪʠʝ, ʢʘʢ ʘʥʪʠʬʨʦʜ, ʩʪʦʠʪ ʨʘʩ-

ʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩʳ ʚʥʝʜʨʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʭʠʱʝʥʠʷ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʩʭʝʤ ʚ ʨʘʩʯʝʪʘʭ ʥʘ 

ʮʠʬʨʦʚʳʭ ʨʫʙʣʷʭ [9]. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʭʦʪʝʣʦʩʴ ʙʳ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʝʢʪ çʀʀ-ɻʦʩʧʣʘʥ 2.0è ʠʤʝʝʪ ʦʛʨʦʤʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʨʦʩʩʠʡ-

ʩʢʦʡ ʵʢʦʥʦʤʠʢʠ, ʠʩʧʦʣʴʟʫʷ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʚʝʱʝʡ, ʥʘ ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʫ ʯʝʣʦʚʝʢʘ ʦʙʳʯʥʦ ʫʭʦʜʠʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʠ ʩʠʣ. ʊʘʢʞʝ 

ʫ ʧʨʦʝʢʪʘ ʝʩʪʴ ʙʫʜʫʱʝʝ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʨʦʣʷ ʜʝʥʝʞʥʦʛʦ ʧʦʪʦʢʘ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʠʣʠ ʢʦʨʨʫʧ-

ʮʠʦʥʥʳʭ ʤʘʭʠʥʘʮʠʡ. ʇʦʜʦʙʥʦʝ ʙʫʜʫʱʝʝ ʙʫʜʝʪ ʙʦʣʝʝ ʦʩʫʱʝʩʪʚʠʤʳʤ ʧʨʠ ʩʠʥʝʨʛʠʠ ʧʦʧʫʣʷʨʥʦʛʦ ʩʝʡʯʘʩ ʮʠʬʨʦ-

ʚʦʛʦ ʨʫʙʣʷ. 
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ʉʪʘʪʴʷ ʨʘʩʢʨʳʚʘʝʪ ʩʫʱʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʩʬʝʨʝ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʥʘʨʫʰʝʥʥʳʭ 

ʟʝʤʝʣʴ. ʆʧʠʩʳʚʘʶʪʩʷ ʮʝʣʠ ʤʝʪʦʜʘ ʠ ʢʣʶʯʝʚʳʝ ʟʘʜʘʯʠ: ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʟʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, 

ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ. ʆʪʤʝʯʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ (ʦʙʲʝʢʪʠʚʥʦʩʪʴ, ʥʘʛʣʷʜʥʦʩʪʴ) ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʤʝʪʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʟʝʤʝʣʴ, ʥʘʨʫʰʝʥʥʳʝ ʟʝʤʣʠ, ʪʠʧʠʟʘʮʠʷ ʫʯʘʩʪʢʦʚ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ, ʤʝʪʦʜʳ ʨʝʢʫʣʴʪʠʚʘʮʠʠ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʛʨʫʧʧʠʨʦʚʢʘ ʦʙʲʝʢʪʦʚ, ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʪʨʘʪ, ʜʝʛʨʘʜʠʨʦ-

ʚʘʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ. 
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This article explores the essence and practical application of cluster analysis in the field of reclamation of disturbed lands. It de-

scribes the method's goals and key objectives: optimizing restoration methods, zoning the area, assessing the effectiveness of work, 

and setting priorities. The advantages (objectivity, clarity) and limitations of the method are highlighted. 

Keywords: cluster analysis, land reclamation, disturbed lands, site classification, statistical analysis, reclamation methods, eco-

logical restoration, object grouping, cost optimization, degraded areas. 

ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ï ʵʪʦ ʤʥʦʛʦʤʝʨʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʛʨʫʧʧʠʨʦʚʢʠ ʦʙʲʝʢʪʦʚ 

(ʥʘʧʨʠʤʝʨ, ʫʯʘʩʪʢʦʚ ʟʝʤʣʠ, ʧʨʦʙ ʧʦʯʚʳ) ʚ ʦʜʥʦʨʦʜʥʳʝ ʛʨʫʧʧʳ (ʢʣʘʩʪʝʨʳ) [1; 2].  

ʈʘʟʙʠʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ: 

- ʦʙʲʝʢʪʳ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʘ ʙʳʣʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʭʦʞʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʧʦ ʚʳʙʨʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ; 

- ʦʙʲʝʢʪʳ ʠʟ ʨʘʟʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʣʠʯʘʣʠʩʴ [3]. 

ɺ ʟʘʜʘʯʝ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʨʘʙʦʪʳ ʩ ʢʘʞʜʳʤ ʫʯʘʩʪʢʦʤ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʢ ʨʘʙʦʪʝ ʩ ʪʠ-

ʧʘʤʠ ʫʯʘʩʪʢʦʚ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʝʝ ʠ ʵʢʦʥʦʤʠʯʥʝʝ. 

ʆʩʥʦʚʥʳʝ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʧʨʠʤʝʥʝʥʠʷ 

ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʨʝʰʘʝʪ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʝʤʝʣʴ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʟʘʜʘʯʠ. 

ʊʠʧʠʟʘʮʠʷ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ. 

ʎʝʣʴ: ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʫʯʘʩʪʢʠ ʧʦ ʪʠʧʫ ʥʘʨʫʰʝʥʠʷ (ʢʘʨʴʝʨʳ, ʦʪʚʘʣʳ, ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ, ʟʘʛʨʷʟʥʝʥʥʳʝ 

ʟʝʤʣʠ ʠ ʪ. ʜ.), ʩʪʝʧʝʥʠ ʜʝʛʨʘʜʘʮʠʠ ʠ ʠʩʭʦʜʥʳʤ ʩʚʦʡʩʪʚʘʤ. 

ʇʨʠʤʝʨ: ʨʘʟʜʝʣʝʥʠʝ ʚʩʝʭ ʥʘʨʫʰʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʨʝʛʠʦʥʘ ʥʘ ʢʣʘʩʪʝʨʳ (çʩʠʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʳʝ ʪʷʞʝʣʳʤʠ 

ʤʝʪʘʣʣʘʤʠè, çʥʘʨʫʰʝʥʥʳʝ ʵʨʦʟʠʝʡ ʩ ʧʦʪʝʨʝʡ ʧʣʦʜʦʨʦʜʥʦʛʦ ʩʣʦʷè, çʟʘʙʦʣʦʯʝʥʥʳʝ ʧʦʩʣʝ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷè). 

ʆʧʪʠʤʠʟʘʮʠʷ ʚʳʙʦʨʘ ʤʝʪʦʜʦʚ ʨʝʢʫʣʴʪʠʚʘʮʠʠ. 

ʎʝʣʴ: ʜʣʷ ʢʘʞʜʦʛʦ ʚʳʜʝʣʝʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʧʦʜʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʵʢʦʥʦʤʠʯʥʳʡ ʤʝʪʦʜ ʨʝʢʫʣʴʪʠ-

ʚʘʮʠʠ. 

ʇʨʠʤʝʨ: ʜʣʷ ʢʣʘʩʪʝʨʘ çʢʠʩʣʳʝ ʧʦʯʚʳ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʢʠè ʦʧʪʠʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʤʦʞʝʪ ʙʳʪʴ 

ʠʟʚʝʩʪʢʦʚʘʥʠʝ ʠ ʧʦʩʝʚ ʩʠʜʝʨʘʪʦʚ, ʘ ʜʣʷ ʢʣʘʩʪʝʨʘ çʱʝʙʝʥʠʩʪʳʝ ʧʦʚʝʨʭʥʦʩʪʠè ï ʪʝʨʨʘʩʠʨʦʚʘʥʠʝ ʠ ʧʦʩʘʜʢʘ ʜʝʨʝ-

ʚʴʝʚ-ʧʠʦʥʝʨʦʚ. 

ɿʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ. 

ʎʝʣʴ: ʚʳʜʝʣʠʪʴ ʚʥʫʪʨʠ ʙʦʣʴʰʦʡ ʥʘʨʫʰʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʥʘʧʨʠʤʝʨ, ʫʛʦʣʴʥʦʛʦ ʨʘʟʨʝʟʘ) ʦʜʥʦʨʦʜʥʳʝ ʟʦʥʳ, 

ʪʨʝʙʫʶʱʠʝ ʨʘʟʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʇʨʠʤʝʨ: ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʪʚʘʣʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʣʘʩʪʝʨʳ: çʚʝʨʰʠʥʳ ʩ ʩʠʣʴʥʦʡ ʵʨʦʟʠʝʡè, çʩʢʣʦʥʳ ʶʞʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ ʩ ʠʩʩʫʰʝʥʠʝʤè, çʧʦʜʥʦʞʠʷ ʩ ʘʢʢʫʤʫʣʷʮʠʝʡ ʚʣʘʛʠ ʠ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷè. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʥʳʭ ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ ʨʘʙʦʪ. 

ʎʝʣʴ: ʧʦʥʷʪʴ, ʧʨʠʚʝʣʠ ʣʠ ʤʝʨʦʧʨʠʷʪʠʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʞʝʣʘʝʤʳʭ ʪʠʧʦʚ ʵʢʦʩʠʩʪʝʤ. 

ʇʨʠʤʝʨ: ʯʝʨʝʟ ʧʷʪʴ ʣʝʪ ʧʦʩʣʝ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʧʨʦʚʝʩʪʠ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʫʯʘʩʪʢʦʚ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʧʣʦʜʦʨʦʜʠʷ 

ʧʦʯʚʳ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. ʋʩʧʝʰʥʳʤ ʙʫʜʝʪ ʨʝʟʫʣʴʪʘʪ, ʝʩʣʠ ʨʝʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʚʦʡʜʫʪ ʚ ʦʜʠʥ ʢʣʘ-

ʩʪʝʨ ʩ ʵʪʘʣʦʥʥʳʤʠ (ʥʝʥʘʨʫʰʝʥʥʳʤʠ) ʟʝʤʣʷʤʠ. 

ʇʨʠʦʨʠʪʝʪ ʨʘʙʦʪ. 

ʎʝʣʴ: ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʫʯʘʩʪʢʠ ʠʣʠ ʢʣʘʩʪʝʨʳ ʫʯʘʩʪʢʦʚ ʪʨʝʙʫʶʪ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʠʩʭʦʜʷ 

ʠʟ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʠʣʠ ʧʦʪʝʥʮʠʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʇʨʠʤʝʨ: ʢʣʘʩʪʝʨ ʩ çʚʳʩʦʢʠʤ ʨʠʩʢʦʤ ʤʠʛʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳè ʧʦʣʫʯʠʪ ʚʳʩʰʠʡ 

ʧʨʠʦʨʠʪʝʪ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ. 

ʆʙʲʝʢʪʠʚʥʦʩʪʴ: ʛʨʫʧʧʠʨʦʚʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ, ʘ ʥʝ ʥʘ ʩʫʙʲʝʢʪʠʚʥʦʤ ʤʥʝʥʠʠ. 
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ʅʘʛʣʷʜʥʦʩʪʴ: ʨʝʟʫʣʴʪʘʪʳ (ʦʩʦʙʝʥʥʦ ʜʝʥʜʨʦʛʨʘʤʤʘ ʠ ʢʘʨʪʳ ʢʣʘʩʪʝʨʦʚ) ʣʝʛʢʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠ ʧʨʝʜʩʪʘʚ-

ʣʷʪʴ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ: ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʩʫʨʩʳ, ʧʨʠʤʝʥʷʷ ʪʠʧʦʚʳʝ ʨʝʰʝʥʠʷ ʢ ʛʨʫʧʧʘʤ ʦʙʲʝʢʪʦʚ. 

ʆʛʨʘʥʠʯʝʥʠʷ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: ʢʘʯʝʩʪʚʦ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʥʦʪʳ ʠ ʪʦʯʥʦʩʪʠ ʩʦ-

ʙʨʘʥʥʳʭ ʜʘʥʥʳʭ. 

ʉʫʙʲʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ: ʭʦʪʷ ʤʝʪʦʜ ʦʙʲʝʢʪʠʚʝʥ, ʥʘʟʚʘʥʠʝ ʠ ʩʤʳʩʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʢʣʘʩʪʝʨʘʤ ʜʘʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʳʙʦʨʫ ʤʝʪʨʠʢʠ ʠ ʤʝʪʦʜʘ: ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʭʘʦʪʠʯʥʦʛʦ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʣʷʭ ʢ ʩʠʩʪʝʤʥʦʤʫ, ʪʠʧʦʣʦʛʠʯʝʩʢʦʤʫ ʧʦʜʭʦʜʫ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʫʯʝʥʳʤ ʦʙʦʩʥʦʚʘʪʴ ʚʳʙʦʨ ʤʝ-

ʪʦʜʦʚ ʨʝʢʫʣʴʪʠʚʘʮʠʠ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʛʨʘʜʠʨʦʚʘʥ-

ʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʵʪʦʡ ʚʘʞʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʬʝʨʝ. 
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This paper presents the main quantitative metrics used for software code quality assessment, examines their specific features, 

and provides recommendations for their effective application in software development and maintenance. 
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application. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʢʨʫʧʥʳʭ IT-ʧʨʦʝʢʪʦʚ ʩʦʟʜʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɼʣʷ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʠ IT-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦ-

ʚʠʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʠ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʤʦʛʘʝʪ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 

ʧʨʦʛʨʘʤʤʦʤʝʪʨʠʢʠ [1ï3]. 

ɼʘʣʝʝ ʧʨʠʚʝʜʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʂʘʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ï ʵʪʦ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʦʜʘ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, ʪʨʝʙʦʚʘʥʠʷʤ ʢ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʠʪʘʝʤʦʩʪʠ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʦʩʪʠ. 

ʇʨʦʛʨʘʤʤʦʤʝʪʨʠʢʘ ï ʥʘʫʢʘ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʮʝʥʠʚʘʥʠʠ ʩʚʦʡʩʪʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ʇʨʦʛʨʘʤʤʥʘʷ ʤʝʪʨʠʢʘ ï ʤʝʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʠʪʴ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʩʚʦʡʩʪʚʘ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʣʠ ʝʛʦ ʩʧʝʮʠʬʠʢʘʮʠʡ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʨʠʢʠ ï ʵʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʦʙʲʝʤʘ ʠ ʩʣʦʞʥʦʩʪʠ ʢʦ-

ʜʘ, ʘ ʪʘʢʞʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʝʢʪʘ. 

ʂ ʙʘʟʦʚʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʤʝʪʨʠʢʘʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ. 

ɹʣʦʢ 1. ʆʙʲʝʤ ʢʦʜʘ (Size Metrics), ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʄʝʪʨʠʢʘ 1. ʂʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ ʢʦʜʘ (Lines Of Code (LOG)) ï ʢʨʠʪʝʨʠʡ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʦʙʱʠʡ ʦʙʲʝʤ ʠʩʭʦʜ-

ʥʦʛʦ ʢʦʜʘ. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ ʜʣʠʥʘ ʢʦʜʘ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʠʟʙʳʪʦʯʥʦʩʪʴ ʠ ʥʠʟʢʫʶ ʯʠʪʘʝʤʦʩʪʴ. 

ʄʝʪʨʠʢʘ 2. ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʩʪʨʦʢʠ (Average Line Length (ALL)) ï ʢʨʠʪʝʨʠʡ, ʦʪʨʘʞʘʶʱʠʡ ʜʣʠʥʫ ʩʨʝʜʥʝʡ 

ʩʪʨʦʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. ʇʨʠ ʵʪʦʤ ʯʝʤ ʜʣʠʥʥʝʝ ʩʪʨʦʢʠ, ʪʝʤ ʥʠʞʝ ʫʜʦʙʦʯʠʪʘʝʤʦʩʪʴ. 
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ʄʝʪʨʠʢʘ 3. ʂʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʠ ʢʣʘʩʩʦʚ (Method Count, Class Count (MCCC)) ï ʢʨʠʪʝʨʠʡ, ʜʝʤʦʥʩʪʨʠʨʫʶ-

ʱʠʡ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. ʇʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʠ ʢʣʘʩʩʦʚ ʤʦʞʝʪ 

ʛʦʚʦʨʠʪʴ ʦ ʧʣʦʭʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʜʘ [4]. 

ɹʣʦʢ 2. ʉʣʦʞʥʦʩʪʴ ʢʦʜʘ (Complexity Metrics), ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʄʝʪʨʠʢʘ 4. ʎʠʢʣʦʤʘʪʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ (Cyclomatic Complexity (CC)) ï ʢʨʠʪʝʨʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʢʦʣʠʯʝ-

ʩʪʚʦ ʣʦʛʠʯʝʩʢʠʭ ʧʫʪʝʡ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʣʦʞʥʦʩʪʠ ʟʘʪʨʫʜʥʷʝʪ ʧʦʜ-

ʜʝʨʞʢʫ ʠ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. 

ʄʝʪʨʠʢʘ 5. ɻʣʫʙʠʥʘ ʚʣʦʞʝʥʥʦʩʪʠ (Nesting Depth (ND)) ï ʢʨʠʪʝʨʠʡ, ʚʳʨʘʞʘʶʱʠʡ ʛʣʫʙʠʥʫ ʫʨʦʚʥʝʡ ʚʣʦʞʝʥ-

ʥʦʩʪʠ ʫʩʣʦʚʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʠ ʮʠʢʣʦʚ. ʇʨʠ ʵʪʦʤ ʚʳʩʦʢʦʫʨʦʚʥʝʚʘʷ ʚʣʦʞʝʥʥʦʩʪʴ ʩʥʠʞʘʝʪ ʧʦʥʷʪʥʦʩʪʴ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʢʦʜʘ. 

ʄʝʪʨʠʢʘ 6. ʀʥʜʝʢʩ ʫʩʠʣʠʡ ʍʦʣʩʪʝʜʘ (Halsteadôs Effort Index (HEI)) ï ʢʨʠʪʝʨʠʡ, ʚʳʯʠʩʣʷʶʱʠʡ ʫʨʦʚʝʥʴ ʪʨʫ-

ʜʦʝʤʢʦʩʪʠ ʯʪʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ [5]. 

ɹʣʦʢ 3. ʇʦʜʜʝʨʞʠʚʘʝʤʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ (Maintainability Metrics), ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʄʝʪʨʠʢʘ 7. ʈʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ (Metric of Maintainability (Mi)) ï ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʦʮʝʥʠʚʘʶʱʠʡ 

ʫʜʦʙʩʪʚʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʢʦʜʘ. 

ʄʝʪʨʠʢʘ 8. ʄʦʜʫʣʴʥʦʩʪʴ (Modularity (ʄ)) ʦʧʠʩʳʚʘʝʪ ʩʪʝʧʝʥʴ ʨʘʟʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʤʦʜʫʣʠ. ʅʠʟʢʘʷ ʤʦʜʫʣʴʥʦʩʪʴ ʩʦʟʜʘʝʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ. 

ʄʝʪʨʠʢʘ 9. ʉʚʷʟʘʥʥʦʩʪʴ ʦʙʲʝʢʪʦʚ (Coupling Between Objects (CBO)) ʠʟʤʝʨʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʢʦʤ-

ʧʦʥʝʥʪʦʚ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺʳʩʦʢʘʷ ʩʚʷʟʥʦʩʪʴ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʧʦʜʜʝʨʞʢʝ [6]. 

ɹʣʦʢ 4. ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ (Security & Reliability Metrics), ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʄʝʪʨʠʢʘ 10. ʇʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ (Fault Density (FD)) ï ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ʥʘ ʪʳʩʷʯʫ ʩʪʨʦʢ ʢʦʜʘ. ɼʘʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʩʪʝʧʝʥʠ ʟʨʝʣʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ. 

ʄʝʪʨʠʢʘ 11. ʇʨʝʜʫʧʨʝʞʜʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (Static Analysis Results (SAR)) ʬʠʢʩʠʨʫʶʪ ʚʦʟʤʦʞʥʳʝ 

ʨʠʩʢʠ ʠ ʫʷʟʚʠʤʦʩʪʠ, ʚʳʷʚʣʝʥʥʳʝ ʩʨʝʜʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʄʝʪʨʠʢʘ 12. ʄʝʭʘʥʠʟʤʳ ʦʙʨʘʙʦʪʢʠ ʦʰʠʙʦʢ (Error Handling Mechanisms (EHM)) ï ʢʨʠʪʝʨʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʧʦʣʥʦʪʫ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʧʨʠʣʦʞʝʥʠʠ [7]. 

ɺ ʧʨʘʢʪʠʢʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʨʠʢ. 

ʆʩʦʙʝʥʥʦʩʪʴ 1. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʨʠʢʠ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʀʭ ʚʥʝʜʨʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ 

ʫʪʠʣʠʪ (ʪʘʢʠʭ ʢʘʢ SonarQube, CheckStyle, PMD ʠ ʜʨʫʛʠʭ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʮʠʢʣ ʨʘʟʨʘʙʦʪʢʠ.  

ʆʩʦʙʝʥʥʦʩʪʴ 2. ʄʦʥʠʪʦʨʠʥʛ ʧʦʢʘʟʘʪʝʣʷ LOC ʧʦʟʚʦʣʷʝʪ ʚʦʚʨʝʤʷ ʧʨʝʜʫʧʨʝʜʠʪʴ ʠʟʣʠʰʥʶʶ ʩʣʦʞʥʦʩʪʴ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʫʧʨʦʱʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʧʨʦʝʢʪʘ. 

ʆʩʦʙʝʥʥʦʩʪʴ 3. ʂʦʥʪʨʦʣʴ ʮʠʢʣʦʤʘʪʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʣʦʛʠʯʝʩʢʦʡ ʟʘʧʫʪʘʥʥʦ-

ʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʦʪʫ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ. 

ʆʩʦʙʝʥʥʦʩʪʴ 4. ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʩʚʷʟʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʘʯʝʩʪʚʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝ-

ʰʝʥʠʡ ʠ ʫʜʦʙʩʪʚʘ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ. 

ʆʩʦʙʝʥʥʦʩʪʴ 5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʨʠʢ ʩʧʦʩʦʙʥʦ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʝʨʴʝʟʥʳʭ 

ʦʰʠʙʦʢ, ʩʦʢʨʘʪʠʪʴ ʠʟʜʝʨʞʢʠ ʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ [8]. 

ʉʧʝʮʠʘʣʠʩʪʳ-ʧʨʘʢʪʠʢʠ ʧʨʦʛʨʘʤʤʦʤʝʪʨʠʢʠ ʜʘʶʪ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ 

ʤʝʪʨʠʢ: 

1) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʝʨʚʳʭ ʠʪʝʨʘʮʠʷʭ 2ï3 ʢʣʶʯʝʚʳʭ ʤʝʪʨʠʢ ʩ ʪʝʢʫʱʠʤ ʤʦʥʠʪʦʨʠʥʛʦʤ; 

2) ʫʩʪʘʥʦʚʢʘ ʨʝʘʣʠʩʪʠʯʥʳʭ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʤʝʪʨʠʢ;  

3) ʘʢʮʝʥʪ ʥʘ ʘʥʘʣʠʟ ʪʨʝʥʜʦʚ, ʘ ʥʝ ʥʘ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ;  

4) ʩʦʯʝʪʘʥʠʝ ʩ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʤʝʪʨʠʢʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʨʠʢ ʚ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦ-

ʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʦʤʦʛʘʝʪ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʥʦ ʥʝ ʤʦʞʝʪ ʟʘʤʝʥʠʪʴ ʵʢʩʧʝʨʪʥʦʛʦ ʩʫʞ-

ʜʝʥʠʷ ʨʘʟʨʘʙʦʪʯʠʢʘ. ʇʨʘʚʠʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʨʠʢ ï ʵʪʦ ʠʩʢʫʩʩʪʚʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʦʙʲʝʢʪʠʚʥʳʤʠ ʜʘʥʥʳʤʠ ʠ 

ʯʝʣʦʚʝʯʝʩʢʠʤ ʦʧʳʪʦʤ, ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʤʝʪʨʠʢʘʤʠ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 

(IIoT) ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʤʦʜʝʣʠ IIoT, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦ-

ʪʦʢʦʣʦʚ. ɺʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʥʦʨʤʘʪʠʚʥʳʝ ʙʘʨʴʝʨʳ ʚʥʝʜʨʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

IIOT ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʝʙʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦʢʘʟʳʚʘʪʁ ʩʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʤʳʰʣʝʥʥʳʡ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʫʤʥʳʡ ʦʬʠʩ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʘʨʭʠʪʝʢʪʫʨʘ IIoT, ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ. 

IMPLEMENTATION OF THE TECHNOLOGIES OF INDUSTRIAL INTERNET  
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The article discusses the possibilities and features of the application of the technologies of Industrial Internet of Things (IIoT) in 

educational organizations. The architectural models of IIoT, classification of devices and protocols are analyzed. Key technical, 

organizational and regulatory barriers to implementation are identified. Researches in the area of IIoT concerning the automation of 

educational organizations show a reduction in operating costs. 

Keywords: Industrial Internet of Things, smart office, educational organization, energy efficiency, IIoT architecture, digital 

transformation. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IIoT) ʦʙʫʩʣʦʚʣʝʥʘ ʟʘʜʘʯʘʤʠ ʮʠʬʨʦ-

ʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʬʝʨʝ, ʚʢʣʶʯʘʷ ʦʙʨʘʟʦʚʘʥʠʝ. ʎʝʣʴʶ ʨʘʙʦ-

ʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʦʪʝʥʮʠʘʣʘ IIoT ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. 

ɺ ʦʩʥʦʚʝ IIoT ʣʝʞʠʪ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʚʢʣʶʯʘʶʱʘʷ ʫʨʦʚʝʥʴ ʫʩʪʨʦʡʩʪʚ (ʩʝʥʩʦʨʳ, ʜʘʪʯʠʢʠ), ʩʝʪʝ-

ʚʦʡ ʫʨʦʚʝʥʴ (ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ ʙʝʩʧʨʦʚʦʜʥʳʝ ʧʨʦʪʦʢʦʣʳ), ʧʣʘʪʬʦʨʤʝʥʥʳʡ ʫʨʦʚʝʥʴ (ʦʙʣʘʯʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ ʨʝ-

ʰʝʥʠʷ ʜʣʷ ʘʥʘʣʠʪʠʢʠ) ʠ ʧʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ (ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ) [1; 2]. ʂʣʶʯʝʚʳʤʠ ʦʪʣʠʯʠʷʤʠ 

IIoT ʦʪ ʙʳʪʦʚʦʛʦ IoT ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ɺʥʝʜʨʝʥʠʝ ʨʝʰʝʥʠʡ çʫʤʥʦʛʦ ʦʬʠʩʘè ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʙʘʨʴʝʨʦʚ: ʫʩʪʘʨʝʚʰʘʷ ʀʊ-

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʴ ʩʠʩʪʝʤ, ʥʠʟʢʘʷ ʮʠʬʨʦʚʘʷ ʟʨʝʣʦʩʪʴ ʧʝʨʩʦʥʘʣʘ ʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʥʦʨʤʘʪʠʚʥʘʷ 

ʙʘʟʘ [3]. ɼʣʷ ʠʭ ʧʨʝʦʜʦʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʘʫʜʠʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʦʵʪʘʧʥʦʝ 

ʧʠʣʦʪʥʦʝ ʚʥʝʜʨʝʥʠʝ, ʦʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʨʘʟʚʠʪʠʝ ʧʘʨʪʥʝʨʩʪʚ. 

ʇʨʘʢʪʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʚʥʝʜʨʝʥʠʷ IIoT ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʦʝʢʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʟʜʘʥʠʝʤ ʫʯʝʙʥʦʛʦ ʢʦʨʧʫʩʘ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʦʝʢʪʘ ʙʳʣʦ ʜʦʩʪʠʞʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʠ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʞʝʥʝʨʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʦʪʦʧʣʝʥʠʝ, ʚʝʥʪʠʣʷʮʠʷ ʠ ʦʩʚʝʱʝʥʠʝ. 

ʊʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʚʥʝʜʨʝʥʠʝ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ IIoT-ʧʣʘʪʬʦʨʤʳ. ɺ ʧʦʤʝʱʝʥʠʷʭ 

ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʜʘʪʯʠʢʠ ʧʨʠʩʫʪʩʪʚʠʷ, ʦʩʚʝʱʝʥʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʠ ʫʨʦʚʥʷ 

COϜ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʪʘʣʠ edge-

ʰʣʶʟʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʣʦʢʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʩʥʠʟʠʣʦ 

ʥʘʛʨʫʟʢʫ ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ ʩʝʨʚʝʨ. ʉʚʷʟʴ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʜʝʞʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ MQTT. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʪʦ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʘʥʠʠ Navigant Research (ʥʳʥʝ ʯʘʩʪʴ 

Guidehouse Insights) [4] ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʫʯʨʝʞʜʝʥʠʷʤ ʜʦ-

ʩʪʠʛʘʪʴ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 20ï35 % ʙʣʘʛʦʜʘʨʷ ʘʜʘʧʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ. ɼʦʧʦʣʥʠ-

ʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʚ 10ï15 % ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʢ ʧʨʝʜʠʢʪʠʚʥʦʤʫ ʦʙʩʣʫ-

ʞʠʚʘʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ IIoT ʥʝ ʪʦʣʴʢʦ ʦʢʫʧʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʷʤʦʡ ʬʠʥʘʥʩʦʚʦʡ ʵʢʦ-

ʥʦʤʠʠ, ʥʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʤʬʦʨʪʘ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʩʦʟʜʘʚʘʷ ʙʦʣʝʝ ʟʜʦʨʦʚʫʶ ʠ 

ʧʨʦʜʫʢʪʠʚʥʫʶ ʫʯʝʙʥʫʶ ʩʨʝʜʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʠ IIoT ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʨʘ-

ʟʦʚʘʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʫʩʧʝʭʘ ʷʚʣʷʶʪʩʷ ʚʳʙʦʨ ʘʜʘʧʪʠʚʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʫʯʝʪ 

ʦʪʨʘʩʣʝʚʦʡ ʩʧʝʮʠʬʠʢʠ ʠ ʨʝʘʣʠʟʘʮʠʷ ʧʦʵʪʘʧʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʚʥʝʜʨʝʥʠʶ. 
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ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʚ ʙʘʡʪʦʚʦʡ ʬʦʨʤʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʦʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ, ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʇʆ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʪʨʦʠʯʥʘʷ ʩʠʩʪʝʤʘ ʚʳʯʠʩʣʝʥʠʡ. 

PROGRAM DESIGNING EN VIRONMENT FOR TERNAR Y PROCESSOR 

A. I.  Oleynik 
Russian Technology University MIREA, ave. Vernadskogo, 78, 119454, Moscow, Russia, stadt77@mail.ru 

Program designing environment for developing ternary processor is considered. Differences between standard solutions and fea-

tures of newly developing calculation system are highlighted. An analysis of data storage in byte form in different calculation sys-

tems is conducted. 

Keywords: ternary processor, IDE for software development, programming, ternary calculation system. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʪʨʦʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʳʡ ʥʘʙʦʨ ʢʦʤʘʥʜ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʦʡ 

ʘʨʠʬʤʝʪʠʢʠ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ ʜʚʦʠʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨ,r ʢʦʪʦʨʘʷ ʧʦʩʪʨʦʝʥʘ ʥʘ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʪʦʨʘʭ. 

ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʣʦʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʘʣ-

ʛʦʨʠʪʤʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ [1] ʠʣʠ ʛʝʥʝʨʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ [2], ʥʦ ʠʟ-ʟʘ ʫʥʠʢʘʣʴʥʦʩʪʠ ʤʠʢʨʦʩʭʝʤ 

ʪʘʢʞʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤ ʧʦʜ ʥʦʚʳʡ ʧʨʦʮʝʩʩʦʨ, ʢʦʪʦʨʫʶ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʨʝʜʘ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʩʪʘʨʘʝʪʩʷ ʨʝʰʠʪʴ. ʅʘʙʦʨ ʥʦʚʳʭ ʢʦʤʘʥʜ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ. 

 

ʅʘʙʦʨ ʙʘʟʦʚʳʭ ʢʦʤʘʥʜ ʪʨʦʠʯʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʥʘ ʦʩʥʦʚʝ ʘʨʠʬʤʝʪʠʢʠ 

ʊʘʢʞʝ ʥʦʚʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʥʦʚʳʝ ʜʠʘʧʘʟʦʥʳ ʧʝʨʝʤʝʥʥʳʭ ʠ ʧʘʤʷʪʠ ʚ ʮʝʣʦʤ, ʪʘʢ ʢʘʢ ʚ 

ʪʨʦʠʯʥʦʡ ʩʠʩʪʝʤʝ ʦʥʠ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʶʪ ʩʪʘʥʜʘʨʪʥʳʝ. ʊʨʦʠʯʥʳʝ ʙʘʡʪʳ ʙʫʜʫʪ ʩʦʩʪʦʷʪʴ ʠʟ ʜʝʚʷʪʠ ʪʨʦʠʯʥʳʭ 

ʙʠʪʦʚ, ʯʪʦʙʳ ʵʪʦ ʯʠʩʣʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʩʪʝʧʝʥʠ ʯʠʩʣʘ 3. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʢʦʚʳʝ ʯʠʩʣʘ ʩʤʦʛʫʪ 

ʭʨʘʥʠʪʴ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʟʟʥʘʢʦʚʳʤʠ, ʪʘʢ ʢʘʢ ʪʨʝʪʴʷ ʬʦʨʤʘ ʚʝʨʭʥʝʛʦ ʪʨʦʠʯʥʦʛʦ ʙʠʪʘ ʥʝ ʙʫ-

ʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ. ʉʨʘʚʥʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ, ʠʭ ʜʠʘʧʘʟʦʥʦʚ ʠ ʩʪʝʧʝʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ/ 

ʉʨʘʚʥʝʥʠʝ ʜʠʘʧʘʟʦʥʦʚ ʨʘʟʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʊʠʧ ʧʝʨʝʤʝʥʥʦʡ ɿʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ɹʝʟʟʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ɼʚʦʠʯʥʳʡ ʙʘʡʪ ʆʪ ï127 ʜʦ 127  ʆʪ 0 ʜʦ 255 

ʊʨʦʠʯʥʳʡ ʙʘʡʪ (8 ʙʠʪ ʜʣʷ ʩʨʘʚʥʝʥʠʷ) ʆʪ ï2 186 ʜʦ 2 186 ʆʪ 0 ʜʦ 6 560 

ʊʨʦʠʯʥʳʡ ʙʘʡʪ (9 ʙʠʪ) ʆʪ ï6 560 ʜʦ 6 560 ʆʪ 0 ʜʦ 19 683 

ʂʙʘʡʪ ï 1 024 ʙʘʡʪ (ς ) 

ʊʨʦʠʯʥʳʡ ʂʙʘʡʪ ï 2 187 ʪʨʦʠʯʥʳʭ ʙʘʡʪ (σ) 

ɼʘʥʥʘʷ ʨʘʟʥʠʮʘ ʚ ʦʜʠʥ ʙʘʡʪ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʤʝʨʳ ʭʨʘʥʠʤʦʡ ʧʘʤʷʪʠ ʚ ʪʨʦʠʯʥʦʡ ʩʠʩʪʝʤʝ ʚʦʟʨʘʩ-

ʪʘʶʪ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʦʠʯʥʦʡ ʩʠʩʪʝʤʦʡ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʘ ʬʦʥʝ 

ʚʦʟʨʘʩʪʘʶʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢ ʭʨʘʥʠʣʠʱʘʤ ʜʘʥʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʤʦʱʥʦʩʪʷʤ [3], ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʳʡ ʤʦ-

ʤʝʥʪ ʤʦʛʫʪ ʨʘʩʪʠ ʪʦʣʴʢʦ ʚ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ ʠ ʟʘ ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʜʝʥʝʛ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʂʦʬʘʥʦʚ ʇ. ʀ., ʊʫʧʠʢʠʥ ɼ. ɸ., ɿʚʷʛʠʥʘ ɽ. ɸ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ // 

ʃʠʚʝʥʩʢʠʡ ʬʠʣʠʘʣ ʆʨʣʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʀ. ʉ. ʊʫʨʛʝʥʝʚʘ, 2019. ʉ. 158ï160.  



49 

2. ʉʧʦʩʦʙ ʠ ʫʩʪʨʦʡʩʪʚʦ ʛʝʥʝʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʦʛʨʘʤʤʘ ʛʝʥʝʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʤʘʰʠʥʦʯʠʪʘʝʤʳʡ ʥʦʩʠʪʝʣʴ, ʭʨʘʥʷʱʠʡ ʧʨʦʛʨʘʤʤʫ / 
ʍ. ʂʠʤʘʪʘ, ʉ. ʉʠʤʠʟʫ, ʂ. ʂʘʤʠʢʫʨʘ [ʠ ʜʨ.] // ʅʀʇʇʆʅ ʊɽʃɽɻʈɸʌ ʕʅɼ ʊɽʃɽʌʆʅ ʂʆʈʇʆʈɽʁʐʅ. 2012. 

3. Andrs E. Increasing the computing power of computers as a factor in the development of online banking // Minsk Branch of Plekhanov Russian 

University of Economics. 2024. ʉ. 120ï124. 

É ʆʣʝʡʥʠʢ ɸ. ʀ., 2025 

ʋɼʂ 004.031.4 

ʆɹɿʆʈ ɺɽɹ-ʇʈʀʃʆɾɽʅʀʁ ɼʃʗ ɺʀɿʋɸʃʔʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ɿɸɼɸʏɸʄʀ 

ʃ. ʖ. ʆʤʘʥʦʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʅ. ɸ. ɻʘʣʝʝʚʘ 

ʍʘʢʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ʌ. ʂʘʪʘʥʦʚʘ, ʧʨ. ʃʝʥʠʥʘ, 90, 655017, ʛ. ɸʙʘʢʘʥ, ʈʦʩʩʠʷ, omanovl@mail.ru 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʢʦʤʘʥʜ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʡ 

ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʣʝʥʥʦʡ ʨʘʙʦʪʳ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʢʣʶʯʝʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʫʥʢʮʠʦʥʘʣʫ, ʚʢʣʶʯʘʷ ʩʦʚʤʝʩʪʥʦʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ, 

ʛʠʙʢʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ, ʠʥʪʝʛʨʘʮʠʶ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʘʜʘʧʪʠʚʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʦ-

ʙʣʝʤʳ ʣʦʢʘʣʠʟʘʮʠʠ ʟʘʨʫʙʝʞʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʨʘʟʚʠʪʠʶ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʨʝʥʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, ʚʠʟʫʘʣʴʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʫʜʘʣʝʥʥʘʷ ʨʘʙʦʪʘ, ʩʦʚʤʝʩʪʥʦʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ, ʠʥʪʝ-

ʛʨʘʮʠʠ. 

OVERVIEW OF WEB APPL ICATIONS FOR VISUAL TASK MANAGEMENT  

L. Y. Omanov  
Scientific supervisor ï N. A. Galeeva 

Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, omanovl@mail.ru 

Modern web applications for visual collaboration between development teams and organizations in remote work are considered. 

Key functionality requirements are analyzed, including collaborative editing, flexible visualization, integration with other systems, 

security, and interface adaptability. The problems of localization of foreign platforms and proposals for the development of domestic 

solutions, taking into account current trends, are discussed. 

Keywords: web application, visual collaboration, remote work, collaborative editing, integration. 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʘʥʜʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʠ ʙʠʟʥʝʩ-ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʣʝʥʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ɺʠʟʫʘʣʴʥʳʝ ʠʥʩʪʨʫ-

ʤʝʥʪʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʯʘʤʠ ʠ ʦʙʤʝʥʘ ʠʜʝʷʤʠ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʨʠ-

ʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʳ [1]. 

ʅʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʝʰʝʥʠʡ ï Miro, Trello, Asana, Microsoft Whiteboard, Lucidspark ʠ ʜʨ. ʆʜ-

ʥʘʢʦ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʥʝʜʦʩʪʫʧʥʳ ʠʣʠ ʠʤʝʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʕʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʣʘʪʬʦʨʤ, ʩʧʦʩʦʙʥʳʭ ʦʙʲʝʜʠʥʠʪʴ ʣʫʯʰʠʝ ʧʨʘʢʪʠʢʠ 

ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʣʦʢʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʂʣʶʯʝʚʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷʤ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʷʚʣʷʶʪʩʷ: 

- ʩʦʚʤʝʩʪʥʦʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʦʟʚʦʣʷʶʱʝʝ ʢʦʤʘʥʜʘʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʝʦʛʨʘʬʠʠ ʨʘʙʦʪʘʪʴ 
ʩʠʥʭʨʦʥʥʦ; 

- ʛʠʙʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʠ (ʜʦʩʢʠ, ʜʠʘʛʨʘʤʤʳ, ʢʘʨʪʳ ʠʜʝʡ); 

- ʧʦʜʜʝʨʞʢʘ ʠʥʪʝʛʨʘʮʠʡ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʠ ʤʝʩʩʝʥʜʞʝʨʘʤʠ; 

- ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ; 

- ʘʜʘʧʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʫʜʦʙʥʳʡ ʢʘʢ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʝʡ. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʚʦʧʨʦʩ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ: ʦʥʠ ʜʦʣʞʥʳ ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ 

ʨʘʙʦʪʘʪʴ ʢʘʢ ʜʣʷ ʤʘʣʳʭ ʛʨʫʧʧ, ʪʘʢ ʠ ʜʣʷ ʢʨʫʧʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ [2]. ɺʘʞʥʳʤ ʪʨʝʥʜʦʤ ʷʚʣʷʝʪʩʷ 

ʨʘʟʚʠʪʠʝ ʦʙʣʘʯʥʳʭ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʩʪʫʧʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʡ ʩ ʣʶʙʳʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʦʪʢʨʳʪʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ API, ʯʪʦ ʧʦʚʳʰʘʝʪ ʛʠʙʢʦʩʪʴ ʠʥʪʝʛʨʘʮʠʡ. ʉ ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʢʪʫʘʣʴʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʶʟʘʙʠʣʠʪʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʨʬʝʡʩʦʚ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʢʦʛʥʠʪʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʪʘʢʠʭ ʚʝʙ-ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠʜʝʡ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʜʘʯ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʪʝʪ ʠʥʪʝʨʝʩ ʢ ʵʣʝʤʝʥʪʘʤ ʛʝʡʤʠʬʠʢʘʮʠʠ, ʧʦʚʳʰʘʶʱʠʤ 

ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʫʯʘʩʪʥʠʢʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʟʚʦʣʠʪ ʦʙʲʝʜʠʥʠʪʴ ʬʫʥʢʮʠʦʥʘʣ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ 

ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʣʦʢʘʣʴʥʦʛʦ ʨʳʥʢʘ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʊʘʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʩʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʦʩʪʘ ʧʨʦ-

ʜʫʢʪʠʚʥʦʩʪʠ, ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʧʨʦʝʢʪʦʚ, ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙ-

ʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʡ ʣʶʙʳʭ ʤʘʩʰʪʘʙʦʚ. 
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This article describes the process of developing an application to automate the process of presenting the schedule of classes for 

academic groups, the work of teachers, and the occupancy of classrooms at an educational institution. 

Keywords: class schedule, college information system, schedule database, WPF technology, user interface, framework. 

ɺ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ 

ʦʧʝʨʘʪʠʚʥʳʡ ʜʦʩʪʫʧ ʢ ʘʢʪʫʘʣʴʥʦʤʫ ʨʘʩʧʠʩʘʥʠʶ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʜʥʘʢʦ ʦʙʱʝʝ ʨʘʩʧʠʩʘʥʠʝ, ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʚʠʜʝ ʛʨʦʤʦʟʜʢʠʭ ʪʘʙʣʠʮ, ʥʝʫʜʦʙʥʦ ʜʣʷ 

ʝʞʝʜʥʝʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʠʩʢʘ ʠ ʬʠʣʴʪʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚʩʝ ʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʮʠʬʨʦʚʳʝ ʩʨʝʜʩʪʚʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʥʝ ʥʘ ʩʦʩʪʘʚʣʝʥʠʝ, ʘ ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʫʞʝ ʛʦʪʦʚʳʭ ʜʘʥʥʳʭ. ʊʘʢʠʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʤ-

ʧʦʨʪʠʨʦʚʘʪʴ ʦʙʱʝʝ ʨʘʩʧʠʩʘʥʠʝ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʬʦʨʤʘʪʦʚ, ʥʘʧʨʠʤʝʨ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ, ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝ-

ʦʙʨʘʟʦʚʳʚʘʪʴ ʝʛʦ ʚ ʥʘʙʦʨ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ʂʣʶʯʝʚʘʷ ʮʝʥʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʬʠʣʴʪʨʦʚʘʪʴ ʤʘʩʩʠʚ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦʙʳ ʢʘʞʜʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʠʜʝʣ ʪʦʣʴʢʦ ʨʝʣʝʚʘʥʪʥʳʝ 

ʝʤʫ ʩʚʝʜʝʥʠʷ: ʩʪʫʜʝʥʪ ï ʟʘʥʷʪʠʷ ʩʚʦʝʡ ʛʨʫʧʧʳ ʥʘ ʩʝʛʦʜʥʷ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ï ʩʚʦʠ ʟʘʥʷʪʠʷ, ʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ï 

ʟʘʥʷʪʦʩʪʴ ʘʫʜʠʪʦʨʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʨʘʩʧʠʩʘʥʠʝʤ ʩʤʝʱʘʝʪʩʷ ʦʪ ʨʘʙʦʪʳ ʩ ʝʜʠʥʳʤ ʩʪʘʪʠʯ-

ʥʳʤ ʜʦʢʫʤʝʥʪʦʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʠʙʢʠʭ ʩʠʩʪʝʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ. ʕʪʠ ʩʠʩʪʝʤʳ ʚʳ-

ʩʪʫʧʘʶʪ ʚʘʞʥʳʤ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ, ʧʨʝʦʙʨʘʟʫʶʱʠʤ ʬʦʨʤʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʫʜʦʙʥʳʝ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʚ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʫʜʦʙʥʫʶ ʜʣʷ ʧʦʚʩʝʜʥʝʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʦʜʦʙʥʳʝ ʩʨʝʜʩʪʚʘ ʩʪʘʥʦʚʷʪ-

ʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʮʠʬʨʦʚʦʡ ʵʢʦʩʠʩʪʝʤʳ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʷ ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦ-

ʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ [1]. 

ʈʘʙʦʪʘ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʨʘʩʧʠʩʘʥʠʶ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ ʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ ʠ ʪʱʘʪʝʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʝʘʣʠ-

ʟʦʚʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ [2]. ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ API ʠʩʧʦʣʴʟʦʚʘʥ ʬʨʝʡʤʚʦʨʢ ASP.NET 

Core. ʅʘʩʪʦʣʴʥʘʷ ʚʝʨʩʠʷ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʜʠʩʧʝʪʯʝʨʘ ʧʦ ʨʘʩʧʠʩʘʥʠʶ ʠ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʟʜʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ Microsoft Visual Studio 2022 ʠ ʪʝʭʥʦʣʦʛʠʠ WPF 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʷʟʳʢʝ C#. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʝʡ ʠʥʬʦʨʤʘ-

ʮʠʶ ʦ ʟʘʥʷʪʠʷʭ ʚ ʨʘʩʧʠʩʘʥʠʠ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷʭ, ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ Microsoft SQL 

Server. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʪʫʜʝʥʪʘʤ ʫʜʦʙʥʳʡ ʜʦʩʪʫʧ ʢ ʧʝʨʩʦʥʘʣʠʟʠ-

ʨʦʚʘʥʥʦʤʫ ʨʘʩʧʠʩʘʥʠʶ, ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Android Studio, ʘ ʚ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ï 

Kotlin.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʷ ʢʣʶʯʝʚʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʨʘʩʧʠʩʘʥʠʶ ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʀʥʪʝʨʬʝʡʩ ʨʘʟʜʝʣʝʥ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣ. 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʠʣʦʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʦʭʦʜʠʪ ʘʚʪʦʨʠʟʘʮʠʶ ʠʣʠ ʠʩʧʦʣʴʟʫʝʪ ʛʦʩʪʝʚʦʡ ʚʭʦʜ. ɼʣʷ ʣʶʙʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʦʩʪʫʧʥʘ ʛʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʙʦʨʘ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʝʝ ʨʘʩ-

ʧʠʩʘʥʠʷ ʥʘ ʪʝʢʫʱʫʶ ʥʝʜʝʣʶ. ɽʩʣʠ ʘʚʪʦʨʠʟʦʚʘʣʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʠʣʠ ʩʪʫʜʝʥʪ, ʩʠʩʪʝʤʘ ʧʝʨʝʥʘʧʨʘʚʣʷʝʪ ʠʭ ʥʘ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʫʶ ʩʪʨʘʥʠʮʫ ʨʘʩʧʠʩʘʥʠʷ ʟʘʥʷʪʠʡ. ɼʣʷ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʥʘ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʝ 

ʜʦʩʪʫʧʥʳ ʨʘʟʜʝʣʳ çʀʤʧʦʨʪ ʟʘʥʷʪʠʡè ʠ çʈʘʩʧʠʩʘʥʠʝè ʩ ʨʘʩʰʠʨʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʩʪʨʘʥʠʮ ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ï ʵʪʦ ʩʪʨʘʥʠʮʘ ʠʤʧʦʨʪʘ. ɿʜʝʩʴ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʬʘʡʣ ʚ ʬʦʨ-

ʤʘʪʝ MS Excel ʩ ʛʦʪʦʚʳʤ ʨʘʩʧʠʩʘʥʠʝʤ, ʟʘʛʨʫʟʠʪʴ ʝʛʦ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ʠ ʧʨʦʚʝʨʢʠ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʜʦʩʪʫʧʥʳ ʬʫʥʢʮʠʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠ ʠʭ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʚ ʩʠʩʪʝʤʫ. 

ʆʩʥʦʚʥʘʷ ʩʪʨʘʥʠʮʘ ʧʨʦʩʤʦʪʨʘ ʨʘʩʧʠʩʘʥʠʷ ʩʦʜʝʨʞʠʪ ʪʘʙʣʠʮʫ, ʦʪʦʙʨʘʞʘʶʱʫʶ ʟʘʥʷʪʠʷ ʥʘ ʥʝʜʝʣʶ. ɺ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʨʘʩʧʦʣʦʞʝʥʳ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʧʦ ʥʝʜʝʣʷʤ. ɹʣʦʢ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʬʠʣʴ-

ʪʨʘʮʠʠ ʚʢʣʶʯʘʝʪ ʚʳʧʘʜʘʶʱʠʝ ʩʧʠʩʢʠ ʜʣʷ ʚʳʙʦʨʘ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʛʨʫʧʧʳ, ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠʣʠ ʘʫʜʠʪʦʨʠʠ. ɼʣʷ 

https://cyberleninka.ru/article/n/%20organizatsiya-sovmestnoy-razrabotki-veb-prilozheniy-v-ramkah-sotsialnoy-seti-github/viewer
https://cyberleninka.ru/article/n/%20organizatsiya-sovmestnoy-razrabotki-veb-prilozheniy-v-ramkah-sotsialnoy-seti-github/viewer
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ʘʚʪʦʨʠʟʦʚʘʥʥʳʭ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʥʘ ʩʪʨʘʥʠʮʝ ʜʦʩʪʫʧʥʘ ʢʥʦʧʢʘ ʵʢʩʧʦʨʪʘ ʨʘʩʧʠʩʘʥʠʷ ʥʘ ʥʝʜʝʣʶ ʚ ʢʥʠʛʫ MS 

Excel. 

ʀʥʪʝʨʬʝʡʩ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩʦʭʨʘʥʷʝʪ ʣʦʛʠʢʫ ʛʦʩʪʝʚʦʛʦ ʚʭʦʜʘ. ʇʨʠ ʟʘʧʫʩʢʝ ʦʪʢʨʳʚʘʝʪʩʷ ʩʪʨʘʥʠʮʘ 

ʩʦ ʩʧʠʩʢʦʤ ʚʩʝʭ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʧʦ ʢʫʨʩʘʤ. ʇʦʩʣʝ ʚʳʙʦʨʘ ʛʨʫʧʧʳ ʦʪʦʙʨʘʞʘʝʪʩʷ ʝʝ ʨʘʩ-

ʧʠʩʘʥʠʝ ʥʘ ʪʝʢʫʱʫʶ ʥʝʜʝʣʶ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʥʝʜʝʣʷʤʠ ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʥʦʧʢʠ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʵʢʨʘʥʘ. ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʦʙʤʝʥʠʚʘʝʪʩʷ ʜʘʥʥʳʤʠ ʩ ɹɼ ʧʦ ʧʨʦʪʦʢʦʣʫ HTTP, ʛʜʝ ʧʨʠʣʦʞʝ-

ʥʠʝ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʢʣʠʝʥʪʘ, ʘ ʩʝʨʚʝʨ ï ʧʦʩʨʝʜʥʠʢʦʤ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ. ʇʨʠʣʦʞʝʥʠʝ ʦʪʧʨʘʚʣʷʝʪ ʥʘ ʩʝʨ-

ʚʝʨ HTTP-ʟʘʧʨʦʩʳ (GET, POST), ʩʝʨʚʝʨʥʳʡ ʢʦʜ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʭ, ʚʳʧʦʣʥʷʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʦʧʝʨʘʮʠʠ ʩ ʜʘʥʥʳʤʠ 

ʠ ʚʦʟʚʨʘʱʘʝʪ ʨʝʟʫʣʴʪʘʪ ʚ ʬʦʨʤʘʪʝ JSON. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʠʩʧʝʪʯʝʨʦʤ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ ʨʘʩ-

ʧʠʩʘʥʠʷ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ ʠ ʟʘʥʷʪʦʩʪʠ ʘʫʜʠʪʦʨʠʡ ʚ ʂʦʣʣʝʜʞʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʠʥʬʦʨʤʘʪʠʢʠ ʠ 

ʧʨʘʚʘ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʜʠʩʧʝʪʯʝʨʦʤ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ ʠ ʟʘʥʷʪʦʩʪʠ ʘʫʜʠʪʦʨʠʡ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʨʦʮʝʩʩʫ ʩʙʦʨʢʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʩʧʦʩʦʙ ʝʝ 

ʨʝʰʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, VR-ʧʨʠʣʦʞʝʥʠʝ, ʦʙʫʯʝʥʠʝ ʩʙʦʨʢʝ ʢʦʤʧʴʶʪʝʨʦʚ, Model-View-Controller 
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ʉʝʛʦʜʥʷ ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʙʱʝʩʪʚʘ ʫʩʠʣʠʚʘʝʪ ʠʥʪʝʨʝʩ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭ-

ʥʦʣʦʛʠʷʤ. ʇʦ ʜʘʥʥʳʤ ʄʠʥʧʨʦʩʚʝʱʝʥʠʷ, ʩ 2021 ʧʦ 2024 ʛʦʜ ʯʠʩʣʦ ʩʪʫʜʝʥʪʦʚ ʮʠʬʨʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʳʨʦʩʣʦ 

ʥʘ 42 %. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ 09.02.12 ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ï ʩʧʝʮʠʘʣʴʥʦʩʪʴ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʩʥʦʚʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤ-

ʧʝʪʝʥʮʠʝʡ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʘʨʭʠʪʝʢʪʫʨʳ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤ-

ʧʴʶʪʝʨʦʚ. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢʦʤʧʴʶʪʝʨʦʚ ʥʝʨʝʜʢʦ ʦʛʨʘʥʠʯʝʥʳ ʪʝʦʨʠʝʡ ʚ ʩʚʷ-

ʟʠ ʩ ʜʦʨʦʛʦʚʠʟʥʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ [1]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʨʝʰʝʥʦ ʨʘʟʨʘʙʦʪʘʪʴ VR-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʙʦʨʢʝ ʢʦʤʧʴʶʪʝʨʦʚ. 

ɼʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩʙʦʨʢʫ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʢʦʤ-

ʧʦʥʝʥʪʳ ʩʙʦʨʢʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʠʭ ʧʨʠʦʙʨʝʪʝʥʠʝ [1; 3]. ʂʨʦʤʝ ʪʦʛʦ, ʚʠʨʪʫʘʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʷʚʣʷʝʪʩʷ ʥʘʛʣʷʜʥʳʤ ʠ ʠʥʪʝʨʝʩʥʳʤ, ʧʨʠʚʣʝʢʘʷ ʦʙʫʯʘʶʱʠʭʩʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʩʙʦʨʢʠ ʢʦʤʧʴʶʪʝʨʦʚ. ʄʦʜʫʣʴ çʂʘʪʘʣʦʛ ʢʦʤʧʣʝʢʪʫʶʱʠʭè ʷʚʣʷʝʪʩʷ ʭʨʘʥʠʣʠʱʝʤ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʚ ʧʨʠʣʦʞʝʥʠʠ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʩ ʫʜʦʙʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʚ ʙʫʜʫʱʝʤ. ʄʦʜʫʣʴ ʦʪʦʙʨʘʞʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠ ʜʘʥʥʳʝ ʦʙ ʠʭ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʆʥ ʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 3D-ʤʦʜʝʣʴ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʦʩʤʦʪ-

ʨʘ. ʄʦʜʫʣʴ çʉʙʦʨʢʘè ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʤʦʜʝʣʷʤʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʦʝʜʠʥʷʪʴ ʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʄʦʜʫʣʴ ʦʪʦʙʨʘʞʘʝʪ ʧʦʜʩʢʘʟʢʠ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ 

ʩʦʙʠʨʘʝʤʦʛʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʄʦʜʫʣʴ çʊʝʩʪʠʨʦʚʘʥʠʝè ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʧʦ-

ʩʣʝ ʩʙʦʨʢʠ ʚ ʠʥʪʝʨʬʝʡʩʝ ʩʘʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʇʨʝʜʫʩʤʦʪʨʝʥʳ ʪʝʩʪʳ ʥʘ ʟʥʘʥʠʝ ʥʘʟʚʘʥʠʡ ʠ ʥʘʟʥʘʯʝʥʠʝ ʢʦʤʧʦ-

ʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʙʦʨʢʠ. ʊʝʩʪʳ ʛʝʥʝʨʠʨʫʶʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʟʘ-

ʫʯʠʚʘʥʠʝ ʦʪʚʝʪʦʚ. 
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ɺʳʙʦʨ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ ʦʙʫʩʣʦʚʣʝʥ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʜʜʝʨʞʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠʛʨʦʚʦʡ ʜʚʠʞʦʢ Unity ʩ ʙʠʙʣʠʦʪʝʢʦʡ XR Interaction Toolkit, ʷʟʳʢ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ C# ʠ ʧʣʘʪʬʦʨʤʘ SteamVR ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ VR-ʦʙʦʨʫʜʦʚʘʥʠʝʤ.  

Unity ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʦʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ ʨʘʟʨʘʙʦʪʢʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ, ʚʳʙʦʨʫ 

ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʩʦʟʜʘʥʠʷ VR-ʧʨʠʣʦʞʝʥʠʡ, ʙʦʣʴʰʦʤʫ ʩʦʦʙʱʝʩʪʚʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʥʘʣʠʯʠʶ ʧʦʜʨʦʙʥʦʡ ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ. ʆʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʩʣʦʞʥʳʭ, 

ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʛʠʙʢʠʭ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʨʠʣʦʞʝʥʠʡ [2]. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ 3D-ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ Blender 

ʠʟ-ʟʘ ʝʛʦ ʙʝʩʧʣʘʪʥʦʩʪʠ ʠ ʫʜʦʙʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʘʥʘʣʠʟʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ VR-ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʵʪʘʧʳ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ VR-ʫʩʪʨʦʡʩʪʚ. 

ɼʣʷ ʨʝʘʣʠʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʴʶʪʝʨʘ ʚ VR-ʩʨʝʜʝ ʨʝʘʣʠʟʦʚʘʥʳ ʩʠʩʪʝʤʳ ʢʦʣʣʠʟʠʡ ʠ 

ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ Rigidbody ʠ Collider, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʩʢʨʠʧʪʳ ʥʘ C# ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʟʘʭʚʘʪʘ ʦʙʲʝʢʪʦʚ ʠ ʘʥʘʣʠʟʘ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʯʝʨʝʟ ʧʨʦʚʝʨʢʫ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʧʘʪʪʝʨʥʘ Model-View-Controller (MVC), ʛʜʝ ʢʦʥʪʨʦʣʣʝʨʳ ʦʙʨʘ-

ʙʘʪʳʚʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʚʚʦʜ ʯʝʨʝʟ XR Input System, ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʭʨʘʥʷʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʩʙʦʨ-

ʢʠ ʚ ʚʠʜʝ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʦʙʲʝʢʪʘʭ, ʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʥʦʚʣʷʶʪʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʩʦʙʳʪʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʣʘ-

ʙʦʡ ʩʚʷʟʘʥʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʥʦ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ VR-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʙʦʨʢʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝ-

ʨʦʚ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʘʢʪʠʚʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʵʥʝʨʛʝʪʠʢʠ. ʇʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ 

ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʠ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ ʩ ERP-ʩʠʩʪʝʤʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. ʆʮʝʥʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʠ IoT-ʜʘʪʯʠʢʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʯʝʪ ʘʢʪʠʚʦʚ, ʵʥʝʨʛʝʪʠʢʘ, ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ, ERP, ʤʦʥʠʪʦʨʠʥʛ, IoT. 
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The paper discusses modern asset management systems in energy enterprises. An analysis of software solutions for equipment 

inventory, condition monitoring, and maintenance planning is presented. Special attention is paid to the integration of digital plat-

forms with ERP systems and dispatch control systems. The advantages of using digital twins and IoT sensors to improve the reliabil-

ity of energy infrastructure and optimize costs are assessed. 

Keywords: asset management, energy industry, digital twin, ERP, monitoring, IoT. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʦʙʣʘʜʘʶʪ ʩʣʦʞʥʦʡ ʠ ʢʘʧʠʪʘʣʦʝʤʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʚʢʣʶʯʘʶʱʝʡ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʝ ʩʝʪʠ, ʛʝʥʝʨʠʨʫʶʱʠʝ ʤʦʱʥʦʩʪʠ, ʧʦʜʩʪʘʥʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʝ ʢʦʤʧʣʝʢʩʳ. ʕʬʬʝʢʪʠʚʥʳʡ 

ʫʯʝʪ ʘʢʪʠʚʦʚ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘ-

ʪʨʘʪ. ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʟʘʜʘʯʘ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠ-

ʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʜʠʥʠʪʴ ʫʯʝʪ, ʤʦʥʠʪʦʨʠʥʛ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚ ʝʜʠʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʨʝʜʫ. 

ɸʢʪʠʚʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: 

- ʛʝʥʝʨʘʮʠʷ (ʪʫʨʙʠʥʳ, ʢʦʪʣʳ, ʛʝʥʝʨʘʪʦʨʳ, ʩʠʩʪʝʤʳ ʪʝʧʣʦʦʙʤʝʥʘ); 

- ʩʝʪʝʚʳʝ ʘʢʪʠʚʳ (ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʢʘʙʝʣʴʥʳʝ ʣʠʥʠʠ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ); 

- ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ (ʟʜʘʥʠʷ, ʠʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ); 

- ʮʠʬʨʦʚʘʷ ʠ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ (ʩʝʨʚʝʨʳ, ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, SCADA-ʩʠʩʪʝʤʳ). 

ʂʘʞʜʳʡ ʢʣʘʩʩ ʘʢʪʠʚʦʚ ʪʨʝʙʫʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʯʝʪʫ ʠ ʤʦʥʠʪʦʨʠʥʛʫ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ 

ʫʥʠʬʠʢʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤ. ʅʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ:  

- SAP EAM - ʩʠʩʪʝʤʘ ʫʯʝʪʘ ʘʢʪʠʚʦʚ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʠ ʭʦʨʦʰʦ ʩʦʯʝʪʘʶʱʘʷʩʷ ʩ ERP-ʤʦʜʫʣʝʤ, ʘ ʪʘʢʞʝ 

ç1ʉ:ʋʧʨʘʚʣʝʥʠʝ ʘʢʪʠʚʘʤʠè. ʕʪʦ ʦʪʝʯʝʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʥʘ ʫʯʝʪ ʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʶ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ; 
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- Maximo (IBM) ï ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʢʨʫʧʥʳʤʠ ʵʥʝʨʛʦʢʦʤʧʘʥʠʷʤʠ ʜʣʷ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ ʨʝʤʦʥʪʦʚ ʠ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʨʫʙʝʞʥʳʝ ʨʝʰʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ, ʥʦ 

ʩʣʦʞʥʳ ʚ ʠʥʪʝʛʨʘʮʠʠ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠ. ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʣʝʛʯʝ ʘʜʘʧʪʠʨʫʶʪʩʷ ʢ ʨʦʩʩʠʡʩʢʦʡ ʩʧʝʮʠʬʠʢʝ, 

ʥʦ ʧʦʢʘ ʫʩʪʫʧʘʶʪ ʚ ʯʘʩʪʠ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʠ ʧʦʜʜʝʨʞʢʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ. ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʘ ʩʭʝʤʘ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤ ʫʯʝʪʘ ʘʢʪʠʚʦʚ ʩ ERP ʠ SCADA-ʩʠʩʪʝʤʘʤʠ. 

 

 

 

 

 
 

 

 

 

 

 

 

ʉʭʝʤʘ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤ ʫʯʝʪʘ ʘʢʪʠʚʦʚ ʩ ERP ʠ SCADA-ʩʠʩʪʝʤʘʤʠ 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʘʢʪʠʚʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʊʘʙʣʠʮʘ 1 

ʂʣʘʩʩʠʬʠʢʘʮʠʠ ʘʢʪʠʚʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʂʣʘʩʩ ʘʢʪʠʚʘ ʇʨʠʤʝʨʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʇʘʨʘʤʝʪʨʳ ʫʯʝʪʘ ʄʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ 
ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʢʘʙʝʣʴʥʳʝ 

ʣʠʥʠʠ 
ʄʦʱʥʦʩʪʴ, ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɼʘʪʯʠʢʠ ʪʦʢʘ, ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ 

ʢʦʥʪʨʦʣʴ 

ɻʝʥʝʨʘʮʠʷ ʊʫʨʙʠʥʳ, ʢʦʪʣʳ, ʛʝʥʝʨʘʪʦʨʳ ʂʇɼ, ʥʘʛʨʫʟʢʘ, ʠʟʥʦʩ ɺʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ, SCADA 

ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 
ʉʝʨʚʝʨʳ, ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʦʪʢʘʟʦ-

ʫʩʪʦʡʯʠʚʦʩʪʴ 
ʄʦʥʠʪʦʨʠʥʛ SNMP, IoT 

ɺ ʪʘʙʣʠʮʝ 2 ʦʙʦʙʱʝʥʳ ʩʠʩʪʝʤ ʫʯʝʪʘ ʚ ʵʥʝʨʛʝʪʠʢʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʜʘʥʳ ʧʫʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 2 

ʇʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʫʯʝʪʘ ʚ ʵʥʝʨʛʝʪʠʢʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ 

ʇʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʫʪʠ ʨʝʰʝʥʠʷ 

ʌʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʫʯʝʪʘ ï ʥʘʣʠʯʠʝ ʨʘʟʨʦʟʥʝʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʠ 

ʩʠʩʪʝʤ 

ʈʘʟʚʠʪʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʣʘʪʬʦʨʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʥʘ ʵʥʝʨʛʝʪʠʢʫ 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʣʠʮʝʥʟʠʡ ʠ ʚʥʝʜʨʝʥʠʷ ʟʘʨʫʙʝʞʥʳʭ ʨʝʰʝʥʠʡ ʀʥʪʝʛʨʘʮʠʷ ʫʯʝʪʥʳʭ ʩʠʩʪʝʤ ʩ IoT-ʜʘʪʯʠʢʘʤʠ ʠ SCADA ʜʣʷ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʘʩʧʨʝʜʝ-

ʣʝʥʥʳʭ ʩʝʪʷʭ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ 

ɼʝʬʠʮʠʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʩʠʩʪʝʤ 

ɺʥʝʜʨʝʥʠʝ ʝʜʠʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʀʊ-ʩʠʩʪʝʤʘʤʠ 

ɺʦʧʨʦʩʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʠʥʪʝʛʨʘʮʠʠ ʩ ʚʥʝʰʥʠ-

ʤʠ ʩʝʨʚʠʩʘʤʠ 

ʇʦʜʛʦʪʦʚʢʘ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʥʝʨʛʝʪʠʢʠ 

ɺʳʚʦʜ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʘʢʪʠʚʦʚ ʚ ʵʥʝʨʛʝʪʠʢʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʠʟʜʝʨʞʝʢ. ʀʭ ʚʥʝʜʨʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʫʯʝʪ, ʤʦʥʠʪʦʨʠʥʛ 

ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʝʜʠʥʫʶ ʮʠʬʨʦʚʫʶ ʩʨʝʜʫ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʤʘʩ-

ʰʪʘʙʥʦʡ ʠ ʢʘʧʠʪʘʣʦʝʤʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʠʩʪʝʤ 

ʫʯʝʪʘ ʘʢʪʠʚʦʚ, ʘ ʠʤʝʥʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʘʢʪʠʚʘʤʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʥʪʝʛʨʘʮʠʠ ʚ ERP ʠ SCADA-

ʩʠʩʪʝʤʳ, ʘʚʪʦʤʘʪʠʟʘʮʠ ʁʧʨʦʮʝʩʩʦʚ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ IoT-ʜʘʪʯʠʢʦʚ ʠ ʮʠʬʨʦʚʳʭ 

ʜʚʦʡʥʠʢʦʚ ʜʣʷ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʪʢʘʟʦʚ, ʧʦʚʳʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʘʮʠ ʁʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʅʦ ʢʦ ʚʩʝʤʫ 

ʧʨʦʯʝʤʫ ʝʩʪ ɹʠ ʥʝʜʦʩʪʘʪʢʠ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʣʠʮʝʥʟʠʡ ʠ ʚʥʝʜʨʝʥʠʷ ʟʘʨʫʙʝʞʥʳʭ 

ʨʝʰʝʥʠʡ, ʩʣʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʥʦʨʦʜʥʳʭ ʩʠʩʪʝʤ ʠ ʙʘʟ ʜʘʥʥʳʭ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ, ʜʝʬʠʮʠʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʩʠ-

ʩʪʝʤ, ʨʠʩʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʚʥʝʰʥʠʤ ʩʝʨʚʠʩʘʤ. 

ɺ ʮʝʣʦʤ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʫʯʝʪʘ ʘʢʪʠʚʦʚ ʚ ʵʥʝʨʛʝʪʠʢʝ ʠʜʝʪ ʧʦ ʧʫʪʠ ʠʥʪʝʛʨʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʨʝʰʝʥʠʡ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʠ IoT. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʠ 

ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ. 
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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʧʫʙʣʠʯʥʦʛʦ ʘʢ-
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ʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. ʇʨʝʜʣʦʞʝʥʳ ʧʫʪʠ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʚʳʟʦ-

ʚʦʚ, ʚʢʣʶʯʘʷ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚʥʝʜʨʝʥʠʝ ʧʨʦʜʚʠʥʫʪʦʡ ʘʥʘʣʠʪʠʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʫʣʴʪʫʨʳ 

ʜʘʥʥʳʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʮʠʬʨʦʚʠʟʘʮʠʷ, ʮʠʬʨʦʚʘʷ ʟʨʝʣʦʩʪʴ, ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʮʠʬʨʦ-

ʚʘʷ ʵʢʦʥʦʤʠʢʘ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʠʥʜʫʩʪʨʠʷ 4.0. 

SPECIFICS OF MANAGIN G INNOVATION ACTIVIT Y AT THE PUBLIC JOINT -STOCK COMPANY 

ñNOVOLIPETSK STEɽLò IN THE CONTEXT OF DI GITAL TRANSFORMATION  

M. M. Troneva, N. V. Lomonosova 
National University of Science and Technology MISIS, ave. Leninsky, 119049, Moscow, Russia, natvl@list.ru 

The article analyzes digital transformation in the metallurgical industry using the case of the public joint-stock company ñNovo-

lipetsk Steʝlò. The main research methods are structural and comparative analysis. The study identifies systemic barriers hindering 

the increase of digital maturity, such as high implementation costs and process fragmentation. Solutions to overcome these challeng-

es are proposed, including the development of technological infrastructure, implementation of advanced analytics, and fostering a 

data-driven culture. 

Keywords: innovative activity, digitalization, digital maturity, digital transformation, digital economy, metallurgical industry, 

Industry 4.0. 

ʉʦʚʨʝʤʝʥʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ʧʝʨʝʞʠʚʘʝʪ ʵʪʘʧ ʛʣʫʙʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʝʨʝʩʪʨʦʡʢʠ, ʠʥʠʮʠʠ-

ʨʦʚʘʥʥʦʡ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ IT-ʩʬʝʨʳ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʪʯʝʪʣʠʚʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʠʭ 

ʪʝʤʧʘʭ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ [1]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʦʩʪ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʦʪ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʠ ʩʠʩʪʝʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʮʠʬʨʦʚʳʭ 

ʜʚʦʡʥʠʢʦʚ ʠ ʧʣʘʪʬʦʨʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʚʩʝʤʝʩʪʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʧʨʦʙʣʝʤʘʪʠʢʠ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʚ ʨʦʩʩʠʡʩʢʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʜʦ ʩʠʭ ʧʦʨ 

ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʦʝ ʧʦʥʠʤʘʥʠʝ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʠ ʫʥʠʚʝʨʩʘʣʴʥʘʷ çʜʦʨʦʞʥʘʷ ʢʘʨʪʘè ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʦʮʝʥʢʠ ʵʢʩʧʝʨʪʦʚ, ʫʨʦʚʝʥʴ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ ʦʪʨʘʩʣʠ ʦʩʪʘʝʪʩʷ ʫʤʝʨʝʥʥʳʤ (2,4ï2,9 ʧʦ 5-

ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʡ ʟʘʥʠʤʘʪʴ ʣʠʰʴ ʩʝʜʴʤʦʝ ʤʝʩʪʦ ʚ ʦʙʱʝʤ ʨʝʡʪʠʥʛʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ ʈʌ [2].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʧʝʮʠʬʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʬʣʘʛʤʘʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ï ʧʫʙʣʠʯʥʦʛʦ ʘʢʮʠʦʥʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ çʅʦʚʦ-

ʣʠʧʝʮʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè (ʇɸʆ çʅʃʄʂè). ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ ʥʝʩʣʫʯʘʡʥʦ: ʇɸʆ 

çʅʃʄʂè ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ ʢʣʶʯʝʚʳʭ ʠʛʨʦʢʦʚ ʩʝʢʪʦʨʘ, ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʱʠʭ ʮʠʬʨʦʚʳʝ ʧʦʜʭʦʜʳ [3] ʚ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʠʥʥʦʚʘʮʠʷʤʠ. 

ɸʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʦʧʳʪʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʦʪʨʘʩʣʝʚʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʀʂʊ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʣʦʩʪʥʦʡ ʮʠʬʨʦʚʦʡ ʵʢʦʩʠʩʪʝʤʳ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ. ʎʠʬʨʦʚʘʷ ʵʢʦʩʠʩʪʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʣʥʦʮʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʨʘʢʪʠʢ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʨʝʘʣʠʠ ʩʝʛʦʜʥʷʰʥʠʭ ʜʥʝʡ ʪʨʝʙʫʶʪ ʢʘʨʜʠʥʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʜʭʦʜʦʚ ʢ 

ʩʠʩʪʝʤʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʠʥʥʦʚʘʮʠʷʤʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ, ʧʨʦʮʝʩʩ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʩʠʩʪʝʤʥʳʭ ʙʘʨʴʝʨʦʚ, ʢʦ-

ʪʦʨʳʝ ʦʩʦʙʝʥʥʦ ʷʨʢʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʢʨʫʧʥʳʭ ʚʝʨʪʠʢʘʣʴʥʦ-ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʭʦʣʜʠʥʛʘʭ, ʪʘʢʠʭ ʢʘʢ ʇɸʆ 

çʅʃʄʂè. ʂ ʦʩʥʦʚʥʳʤ ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ. 
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- ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ï ʟʥʘʯʠʪʝʣʴʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʝ 

ʪʦʣʴʢʦ ʟʘʢʫʧʢʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʇʆ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʠ ʠʭ ʘʜʘʧʪʘʮʠʠ ʧʦʜ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʠ/ʠʣʠ ʩʦʟʜʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʥʘʣʦʛʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ. 

- ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ï ʤʦʜʝʨʥʠʟʘʮʠʷ ʟʘʪʨʫʜʥʝʥʘ ʠʟ-ʟʘ ʤʘʩʰʪʘʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʮʝʧʦʯʝʢ ʩʦʟʜʘʥʠʷ ʩʪʦʠʤʦʩʪʠ, ʢʦʦʨʜʠʥʘʮʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʢʦʣʦʩʩʘʣʴʥʳʭ ʠʥ-

ʚʝʩʪʠʮʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʫʩʠʣʠʡ. 

- ʌʨʘʛʤʝʥʪʘʨʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ï ʟʘʯʘʩʪʫʶ ʮʠʬʨʦʚʠʟʘʮʠʷ ʥʦʩʠʪ çʪʦʯʝʯʥʳʡè ʭʘʨʘʢʪʝʨ, ʦʩʦʙʝʥʥʦ ʥʘ ʫʨʦʚʥʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʭʦʚ ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʪʨʘʪʝʛʠʷ ʪʦʧ-ʤʝʥʝʜʞʤʝʥʪʘ ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʮʠʬʨʦʚʠʟʘʮʠʶ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ ʠ ʩʝʨʚʠʩʦʚ ʧʨʦʜʘʞ. 

- ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʪʢʨʳʪʦʩʪʠ ʩʠʩʪʝʤ ï ʥʘ ʫʨʦʚʥʝ MES ʠ ɸʉʋʊʇ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʘʷ ʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʚʳʟʚʘʥʦ ʢʘʢ ʚʳʩʦʢʦʡ ʚʥʫʪʨʠʦʪʨʘʩʣʝʚʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦ-

ʨʘʙʦʪʘʥʥʦʩʪʴʶ ʝʜʠʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ʠ ʩʪʘʥʜʘʨʪʦʚ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʠ ʜʨʫʛʠʭ ʙʘʨʴʝʨʦʚ ʠ ʚ ʮʝʣʷʭ ʫʩʧʝʰʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʇʆɸ çʅʃʄʂè ʥʝʦʙʭʦʜʠʤʳ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʜʝʡʩʪʚʠʷ ʧʦ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʥʘʧʨʘʚʣʝʥʠʡ. ʇʦʤʠʤʦ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ, ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ, ʨʘʙʦʪʳ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ [4] ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʨʠʪʠʯʝʩʢʫʶ ʚʘʞʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: 

- ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʠʥʪʝʛʨʘʮʠʷ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʠ ʩʝʨʚʠʩʦʚ; 

- ʚʥʝʜʨʝʥʠʝ ʧʨʦʜʚʠʥʫʪʦʡ ʘʥʘʣʠʪʠʢʠ ʠ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʫʣʴʪʫʨʳ ʜʘʥʥʳʭ; 

- ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʢʦʤʧʣʝʢʩʥʦʡ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʦʡ ʵʢʦʩʠʩʪʝʤʳ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʪʝʩʥʦʤ ʧʘʨʪʥʝʨʩʪʚʝ ʩʦ ʩʪʘʨʪʘʧʘʤʠ; 

- ʚʥʝʜʨʝʥʠʝ ʛʠʙʢʠʭ ʤʝʪʦʜʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ; 

- ʬʦʢʫʩ ʥʘ ʢʣʠʝʥʪʦʮʝʥʪʨʠʯʥʦʩʪʠ ʠ ʮʠʬʨʦʚʳʭ ʩʝʨʚʠʩʘʭ; 

- ʤʦʥʠʪʦʨʠʥʛ ʠ ʠʟʤʝʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ (KPI). 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʇɸʆ çʅʃʄʂè, ʦʙʣʘʜʘʝʪ ʚʩʝʤ ʥʝʦʙʭʦʜʠ-

ʤʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ. ʕʪʦ ʬʦʨʤʠʨʫʝʪ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʧʦʣ-

ʥʦʮʝʥʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʚ ʢʠʙʝʨʬʠʟʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʧʝʨʝʭʦʜʘ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ ʚʳʷʚʣʝʥʥʳʝ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʘʨʴʝʨʳ ʷʚʣʷʶʪʩʷ ʩʝʨʴ-

ʝʟʥʳʤ ʚʳʟʦʚʦʤ. ʀʭ ʧʨʝʦʜʦʣʝʥʠʝ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ. ɺʳʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʧʦ ʫʩʪʨʘʥʝʥʠʶ 

ʵʪʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ʂʘʯʝʩʪʚʦ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʚʣʠʷʪʁ ʥʘ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙ-

ʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʪʫʜʝʥʪʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʤʦʛʫʪ ʥʝʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʪʴ ʢʦʤʧʣʝʢʪʫ-

ʶʱʠʝ ʠʣʠ ʬʠʟʠʯʝʩʢʠ ʧʦʚʨʝʜʠʪʴ ʠʭ ʥʝʧʨʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʟʘʪʨʘʪʘʤ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʨʝʰʝʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʷʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʩʙʦʨʢʫ ʢʦʤʧʴʶʪʝʨʘ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʷʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʩʚʦʠʭ ʜʝʡʩʪʚʠʡ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʪʘʢʞʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʩ ʬʠʟʠʯʝʩʢʠʤ ʧʦʚʨʝʞʜʝʥʠʝʤ ʢʦʤʧʣʝʢʪʫʶʱʠʭ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʨʠʣʦʞʝʥʠʝ ʙʳʣ ʜʦʙʘʚʣʝʥ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʢʦʤʧʣʝʢ-

ʪʫʶʱʠʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʚʠʜʝ 3D-ʤʦʜʝʣʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʳʙʦʨ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʤʧʴʶʪʝʨʘ ʩ 

ʫʯʝʪʦʤ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʣʝʢʪʫʶʱʠʭ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʦʙʫʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠ-

ʙʣʠʞʝʥʥʳʤ ʢ ʨʝʘʣʴʥʦʡ ʩʙʦʨʢʝ ʠ ʨʘʟʚʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʥʘʚʳʢʠ. ʇʨʦʚʝʨʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʧʨʦ-

ʚʦʜʠʪʩʷ ʧʫʪʝʤ ʧʝʨʝʪʘʩʢʠʚʘʥʠʷ ʠʭ ʚ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʦʥʫ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʙʦʨʢʠ [1]. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʩʠʩʪʝʤʘ ʧʨʦʚʝʨʷʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʢʦʤʧʣʝʢʪʫʶʱʠʭ. ʇʨʠ ʧʦʣ-

ʥʦʡ ʩʙʦʨʢʝ ʢʦʤʧʴʶʪʝʨʘ ʠ ʝʛʦ ʚʢʣʶʯʝʥʠʠ ʩʠʩʪʝʤʘ ʚʳʚʦʜʠʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʦʦʙʱʝʥʠʝ, ʛʜʝ ʫʢʘʟʳʚʘʝʪʩʷ, ʢʘʢʠʝ 

ʢʦʤʧʣʝʢʪʫʶʱʠʝ ʧʦʜʢʣʶʯʝʥʳ ʧʨʘʚʠʣʴʥʦ, ʘ ʢʘʢʠʝ ʧʦʜʢʣʶʯʝʥʳ ʥʝʧʨʘʚʠʣʴʥʦ ʠʣʠ ʥʝʩʦʚʤʝʩʪʠʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʪʫʜʝʥʪʘʤ ʩʨʘʟʫ ʞʝ ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ ʚ ʩʚʦʝʡ ʩʙʦʨʢʝ. ɽʩʣʠ ʢʦʤʧʴʶʪʝʨ ʩʦʙʨʘʥ ʧʨʘʚʠʣʴʥʦ, ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʳ-

ʚʦʜʠʪʩʷ ʩʦʦʙʱʝʥʠʝ ʦʙ ʫʩʧʝʰʥʦʡ ʩʙʦʨʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʧʨʘʚʠʣʴʥʦ ʩʪʫʜʝʥʪ ʧʦʥʠʤʘʝʪ ʠ ʧʨʠ-

ʤʝʥʷʝʪ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ. 

ʇʨʠ ʚʳʙʦʨʝ ʩʨʝʜʩʪʚ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʫʯʠʪʳʚʘʣʠʩʴ ʪʝʭʥʦʣʦʛʠʠ ʨʝʘʣʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʣʦʞʝ-

ʥʠʡ ʜʣʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʩ ʮʝʣʴʶ ʢʦʤʬʦʨʪʥʦʡ ʧʦʜʜʝʨʞʢʠ ʢʦʜʘ ʚ ʙʫʜʫʱʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ 

ʩʨʝʜʩʪʚ ʨʝʘʣʠʟʘʮʠʠ ʙʳʣ ʚʳʙʨʘʥ ʠʛʨʦʚʦʡ ʜʚʠʞʦʢ Unity, ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʠ ʧʣʘʪʬʦʨʤʘ SteamVR ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ VR-ʦʙʦʨʫʜʦʚʘʥʠʝʤ. Unity ʙʳʣ ʚʳʙʨʘʥ ʢʘʢ ʦʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ ʨʘʟʨʘʙʦʪʢʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ ʠ ʰʠʨʦʢʦʤʫ ʥʘʙʦʨʫ ʠʥʩʪʨʫʤʝʥʪʦʚ [2].  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ 3D-ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ Blender ʠʟ-ʟʘ ʝʛʦ ʙʝʩʧʣʘʪʥʦʩʪʠ ʠ ʫʜʦʙʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ʇʦʩʣʝ ʩʦ-

ʟʜʘʥʠʷ ʚʳʩʦʢʦʧʦʣʠʛʦʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʚ Blender ʢʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʙʳʣʘ ʦʧʪʠʤʠʟʘʮʠʷ. ɼʣʷ ʝʝ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʢʘʞʜʦʡ ʜʝʪʘʣʠ ʩʦʟʜʘʚʘʣʘʩʴ ʥʠʟʢʦʧʦʣʠʛʦʥʘʣʴʥʘʷ ʚʝʨʩʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʤʝʪʦʜʦʤ ʟʘʧʝʢʘʥʠʷ ʢʘʨʪʳ ʥʦʨʤʘʣʝʡ ʠ ʚʳʩʦ-

ʢʦʧʦʣʠʛʦʥʘʣʴʥʳʝ ʤʦʜʝʣʠ ʧʝʨʝʜʘʚʘʣʠʩʴ ʥʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʫʶ ʩʝʪʢʫ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʭʨʘʥʠʪʴ ʚʠʟʫʘʣʴʥʫʶ ʜʝ-

ʪʘʣʠʟʘʮʠʶ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʣʠʛʦʥʦʚ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʯʘʩʪʦʪʳ ʢʘʜʨʦʚ 

ʚ VR. 

 

ʕʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠʣʦʞʝʥʠʷ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʦʙʫʯʘʪʴʩʷ ʩʙʦʨʢʝ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʩʨʝʜʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʚʥʝʜʨʝʥʦ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʢ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʢʦ-

ʪʦʨʳʝ ʣʠʰʴ ʠʥʪʝʨʝʩʫʶʪʩʷ ʩʙʦʨʢʦʡ, ʪʘʢ ʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ ʠ ʢʦʣʣʝʜʞʝʡ, ʛʜʝ ʵʪʦ ʢʣʶʯʝʚʘʷ ʢʦʤʧʝʪʝʥʮʠʷ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʫʶ ʪʝʭʥʠʢʫ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʝ, ʵʢʦʥʦʤʠʪ ʨʝ-
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ contest-ʩʠʩʪʝʤʳ ʜʣʷ ʩʧʦʨʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʆʧʠʩʘʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ docker-ʢʦʥʪʝʡʥʝʨʦʚ, ʘ ʪʘʢʞʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʝʩʧʝʯʠʪʴ ʤʘʩʰʪʘʙʠ-

ʨʫʝʤʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʨʝʚʥʦʚʘʥʠʡ. 
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The paper discusses the features of implementing a contest system for sports programming. It describes the advantages of using 

docker containers, as well as architectural solutions that ensure the scalability, security, and reliability of the competition platform. 

Keywords: contest-system, containerization, docker, software, monolithic architecture, sports programming. 

ɺ ʵʧʦʭʫ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʥʣʘʡʥ-ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʨʝʚʥʦʚʘʥʠʡ ʧʦ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʶ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʦʮʝʥʢʝ ʠʭ ʥʘʚʳʢʦʚ. ʆʪ ʥʘʜʝʞʥʦʩʪʠ ʵʪʠʭ ʩʠʩʪʝʤ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʠʷ ʦʣʠʤʧʠʘʜ ʠ ʭʘʢʘʪʦʥʦʚ. ʆʜʥʘʢʦ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʪʘʢʦʡ ʧʣʘʪʬʦʨʤʳ, 

ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʬʨʦʥʪʝʥʜ, ʙʵʢʝʥʜ, ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʨʝʰʝʥʠʡ ʠ ʙʘʟʫ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʠʟʦʣʷʮʠʶ ʩʨʝʜ ʚʳʧʦʣʥʝʥʠʷ ʠ ʥʘʜʝʞʥʦʩʪʴ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦ-

ʛʦ ʧʦʥʠʤʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ. ɼʣʷ ʵʪʦʛʦ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ: ʤʦʥʦʣʠʪ-

ʥʳʡ ʠ ʢʦʥʪʝʡʥʝʨʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ Docker ʠʣʠ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ.  

ʄʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʣʦʞʝʥʠʷ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʳʡ ʠ ʥʝʜʝʣʠʤʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ. ɺ ʢʦʥʪʝʢʩʪʝ contest-

ʩʠʩʪʝʤʳ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʝʝ ʬʫʥʢʮʠʠ ï ʦʪ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʨʝʰʝʥʠʡ ï ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʠ ʵʪʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʚʢʣʶʯʘʶʪ ʧʨʦʩʪʦʪʫ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʙʣʘʛʦʜʘʨʷ ʝʜʠʥʦʡ ʢʦʜʦʚʦʡ ʙʘʟʝ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩʳ 

ʦʪʣʘʜʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ [1]. ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʪʘʢʞʝ ʫʜʦʙʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʩʚʦʜʠʪʩʷ ʢ ʨʘʟʤʝʱʝʥʠʶ ʦʜʥʦʛʦ ʠʩʧʦʣ-

ʥʷʝʤʦʛʦ ʬʘʡʣʘ ʥʘ ʩʝʨʚʝʨʝ ʙʝʟ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʘʢ ʦʨʢʝʩʪʨʘʮʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʣʠʯʠʷ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʦʪ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ. 

 

ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʥʦʣʠʪʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ ʢʦʥʪʝʡʥʝʨʦʚ 

ʆʜʥʘʢʦ ʩ ʨʦʩʪʦʤ ʥʘʛʨʫʟʢʠ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʤʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʪʘʢʠʤ 

ʦʛʨʘʥʠʯʝʥʠʝʤ, ʢʘʢ ʩʣʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʉʠʩʪʝʤʘ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʮʝʣʠʢʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝ-

ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ ʚ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʅʘʧʨʠʤʝʨ, ʚ 

ʧʠʢʦʚʳʝ ʤʦʤʝʥʪʳ ʩʦʨʝʚʥʦʚʘʥʠʡ ʥʘʛʨʫʟʢʘ ʥʘ ʩʠʩʪʝʤʫ ʧʨʦʚʝʨʢʠ ʨʝʰʝʥʠʡ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ ʤʥʦʛʦʢʨʘʪʥʦ, ʚ ʪʦ 
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ʚʨʝʤʷ ʢʘʢ ʥʘʛʨʫʟʢʘ ʥʘ ʬʨʦʥʪʝʥʜ-ʯʘʩʪʴ ʦʩʪʘʝʪʩʷ ʫʤʝʨʝʥʥʦʡ. ɺ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦ-

ʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʦʚʝʨʢʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʣʷʪʴ ʤʦʱʥʦʩʪʠ ʢʦ ʚʩʝʤʫ ʧʨʠʣʦʞʝʥʠʶ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʚʝʜʝʪ ʢ ʠʟʙʳʪʦʯʥʦʤʫ ʚʳʜʝʣʝʥʠʶ ʨʝʩʫʨʩʦʚ ʜʣʷ ʥʝʥʘʛʨʫʞʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʝʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ.  

ʂʦʥʪʝʡʥʝʨʠʟʘʮʠʷ ʧʨʠʣʦʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ, ʧʨʠʩʫʱʫʶ ʤʦʥʦʣʠʪʫ. ʇʨʠ ʪʘ-

ʢʦʤ ʧʦʜʭʦʜʝ ʩʠʩʪʝʤʘ ʜʝʣʠʪʩʷ ʥʘ ʤʘʣʳʝ, ʥʝʟʘʚʠʩʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʠʣʠ ʤʠʢʨʦʩʝʨʚʠʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʟʨʘʙʘ-

ʪʳʚʘʪʴʩʷ, ʨʘʟʚʝʨʪʳʚʘʪʴʩʷ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʂʨʦʤʝ ʪʦʛʦ, ʘʨʭʠʪʝʢʪʫʨʘ ʢʦʥʪʝʡʥʝʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʛʠʙʢʦʩʪʠ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ [2].  

ɺ ʩʧʦʨʪʠʚʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ contest-ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʘʨʭʠʪʝʢʪʫʨʫ ʢʦʥ-

ʪʝʡʥʝʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʟʘʧʫʩʢ ʢʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʪʜʝʣʴʥʦʤ, ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʢʦʥʪʝʡʥʝʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʦʜʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʜʨʫʛʦʝ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢ-

ʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ ʩʝʨʚʝʨʘ, ʟʘʧʫʩʢʘʷ ʤʥʦʞʝʩʪʚʦ ʧʨʦʚʝʨʦʢ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʚʝʨʢʠ 

ʢʦʥʪʝʡʥʝʨ ʩʨʘʟʫ ʞʝ ʫʜʘʣʷʝʪʩʷ, ʦʩʚʦʙʦʞʜʘʷ ʨʝʩʫʨʩʳ ʜʣʷ ʥʦʚʳʭ ʟʘʜʘʯ. 

ʀʜʝʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʪʘʢʦʡ ʠʟʦʣʷʮʠʠ ʷʚʣʷʝʪʩʷ Docker, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʥʘʪʠʚʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʠʟʦʣʷʮʠʠ ʥʘ ʫʨʦʚʥʝ ʷʜʨʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝ-

ʤʳ, ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʨʦʮʝʩʩʦʚ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʣʘʪʬʦʨʤ ʧʦ ʩʧʦʨʪʠʚʥʦʤʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, ʪʨʝʙʫʶʱʠʭ ʤʘʩ-

ʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʢʦʥʪʝʡʥʝʨʦʚ ʚʤʝʩʪʦ ʤʦʥʦʣʠʪʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʩʠʩʪʝʤʫ ʥʘ ʥʝʟʘʚʠʩʠʤʳʝ ʯʘʩʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬ-

ʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʧʨʦʚʝʨʢʝ ʨʝʰʝʥʠʡ. 
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʪʝʧʣʦʚʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʜʭʦʜʳ ʥʘ ʦʩʥʦʚʝ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʛʠʙʨʠʜʥʳʤ ʤʦʜʝʣʷʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤ ʥʘʠʚʳʩʰʫʶ ʪʦʯʥʦʩʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝ-

ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʪʝʧʣʘ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʨʝʛʨʝʩʩʠʦʥʥʳʡ 

ʘʥʘʣʠʟ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
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This article examines modern methods for intelligent forecasting of heat resource consumption. Approaches based on regression 

analysis, machine learning, and deep learning are analyzed. Special attention is paid to hybrid models, which demonstrate the high-

est accuracy for solving forecasting problems under conditions of non-stationary and non-linear data. 
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ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʝʧʣʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʩʠʩʪʝʤʘʭ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʊʦʯʥʦʝ ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʠ ʤʠʥʠʤʠ-

ʟʠʨʦʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʩʣʝʜ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ, ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ 

ʥʝʘʜʝʢʚʘʪʥʳʤʠ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤ-

ʩʷ ʫʩʣʦʚʠʷʤ [1; 2]. 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

1. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʣʠʥʝʡ-

ʥʘʷ ʨʝʛʨʝʩʩʠʷ, ʛʜʝ ʧʦʪʨʝʙʣʝʥʠʝ ʪʝʧʣʘ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʨʷʜʘ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ: ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʜʥʷ ʥʝʜʝʣʠ ʠ ʜʨ. ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʚʘʨʠʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ (AR, ARIMA), ʫʯʠʪʳʚʘʶʪ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʜʘʥʥʳʭ [3]. ʅʝʩʤʦʪʨʷ ʥʘ 
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ʧʨʦʩʪʦʪʫ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʯʘʩʪʦ ʫʩʪʫʧʘʶʪ ʚ ʪʦʯʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʳʩʦʢʦ ʥʝʣʠʥʝʡʥʳʤʠ ʧʨʦ-

ʮʝʩʩʘʤʠ. 

2. ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɼʘʥʥʘʷ ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʚʳʷʚʣʷʪʴ ʩʣʦʞʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʧʘʪʪʝʨʥʳ. 

2.1 ɼʝʨʝʚʴʷ ʨʝʰʝʥʠʡ ʠ ʘʥʩʘʤʙʣʠ. ɸʣʛʦʨʠʪʤʳ ʪʠʧʘ Random Forest ʠ Gradient Boosting (XGBoost, CatBoost) 

ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʰʫʤʫ ʚ ʜʘʥʥʳʭ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʥʞʠʨʦʚʘʥʠʷ ʚʘʞʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ ʚʣʠʷʥʠʷ [4; 5]. 

2.2 ʄʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ (SVR). SVR ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʚ ʟʘʜʘʯʘʭ ʨʝʛʨʝʩʩʠʠ, ʦʩʦʙʝʥʥʦ 

ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ ʚʳʙʦʨʦʢ, ʵʬʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʷʩʴ ʩ ʥʝʣʠʥʝʡʥʦʩʪʷʤʠ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʷʜʝʨ [2]. 

3. ʄʝʪʦʜʳ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʠʙʦʣʝʝ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (RNN), ʚ ʯʘʩʪʥʦʩʪʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ ï ʩʝʪʠ ʩ ʜʦʣʛʦʡ 

ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ (LSTM) ʠ ʫʧʨʘʚʣʷʝʤʳʝ ʨʝʢʫʨʨʝʥʪʥʳʝ ʙʣʦʢʠ (GRU). ʕʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʠʩʪʦʨʠʯʝʩʢʠʡ ʢʦʥʪʝʢʩʪ ʧʦʪʨʝʙʣʝ-

ʥʠʷ ʟʘ ʜʣʠʪʝʣʴʥʳʝ ʧʝʨʠʦʜʳ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ [6; 7]. 

4. ɻʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ 

ʢʦʤʙʠʥʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʦʜʦʚ. ʅʘʧʨʠʤʝʨ, ʛʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ SARIMA-LSTM, ʛʜʝ SARIMA ʫʣʘʚʣʠʚʘʝʪ 

ʣʠʥʝʡʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʩʝʟʦʥʥʦʩʪʴ, ʘ LSTM ʤʦʜʝʣʠʨʫʝʪ ʥʝʣʠʥʝʡʥʳʝ ʦʩʪʘʪʢʠ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʝʚʦʩʭʦʜ-

ʩʪʚʦ ʥʘʜ ʦʪʜʝʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ [8]. ɼʨʫʛʦʡ ʧʦʜʭʦʜ ï ʦʙʲʝʜʠʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʫʩʢʦʨʝʥʠʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʛʦ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʟʥʘʢʦʚ ʜʣʷ LSTM-ʩʝʪʠ 

(ʨʠʩ.). 

 

ʈʠʩ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʦʱ-

ʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʝʤ ʪʝʧʣʦʚʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʙʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʩʦ-

ʙʝʥʥʦ ʚ ʛʠʙʨʠʜʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʩʧʨʝʮʝʜʝʥʪʥʫʶ ʪʦʯʥʦʩʪʴ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʚʷʟʘʥʦ ʩ 

ʠʥʪʝʛʨʘʮʠʝʡ ʜʘʥʥʳʭ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʦʙʲʷʩʥʠʤʦʛʦ ʀʀ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʚʝ-

ʨʠʷ ʢ ʤʦʜʝʣʷʤ ʠ ʩʦʟʜʘʥʠʝʤ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʢ ʦʥʣʘʡʥ-ʦʙʫʯʝʥʠʶ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ [9, 10]. 

ɺʥʝʜʨʝʥʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠ ʵʥʝʨʛʦʵʬʬʝʢ-

ʪʠʚʥʳʭ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 
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ʉɽʂʎʀʗ 2. ʅʆɺʓɽ ɻʆʈʀɿʆʅʊʓ ʀʅɾɽʅɽʈʅʆʁ ʅɸʋʂʀ:  
ʆʊ ʎʀʌʈʆɺʓʍ ʊɽʍʅʆʃʆɻʀʁ ʂ ʉʀʉʊɽʄʅʆʁ ʆʇʊʀʄʀɿɸʎʀʀ 

ʋɼʂ 82-5+80(042.5) 

ʂʈʆʉʉ-ɼʆʄɽʅʅʓɽ ʀʄʇʆʈʊʓ 

ʈ. ɸ. ɸʥʜʨʝʝʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɸ. ʉ. ɼʫʣʝʩʦʚ 

ʍʘʢʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ʌ. ʂʘʪʘʥʦʚʘ, ʧʨ. ʃʝʥʠʥʘ, 90, 655017, ʛ. ɸʙʘʢʘʥ, ʈʦʩʩʠʷ, grand-roman@yandex.ru 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʘʚʠʣʘ ʤʝʞʜʦʤʝʥʥʳʭ ʠʤʧʦʨʪʦʚ ʚ ʤʥʦʛʦʤʦʜʫʣʴʥʳʭ Django-ʩʠʩʪʝʤʘʭ. 

ʆʧʠʩʳʚʘʝʪʩʷ ʤʦʜʝʣʴ çgateway ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʘʷ ʪʦʯʢʘ ʠʥʪʝʛʨʘʮʠʠè, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʘʷ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʜʦʤʝʥʘʤʠ 

ʯʝʨʝʟ ʩʪʘʙʠʣʴʥʳʝ ʠʥʪʝʨʬʝʡʩʳ, ʚʦʟʚʨʘʱʘʶʱʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ DTO. ʆʧʠʩʘʥʦ, ʢʘʢ ʦʛʨʘʥʠʯʝʥʠʷ ʩʥʠʞʘʶʪ ʩʚʷʟʘʥʥʦʩʪʴ, 

ʧʦʚʳʰʘʶʪ ʪʝʩʪʦʧʨʠʛʦʜʥʦʩʪʴ ʠ ʫʧʨʦʱʘʶʪ ʨʝʬʘʢʪʦʨʠʥʛ. ʆʧʠʩʘʥ ʧʨʦʮʝʩʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʨʫʰʝʥʠʡ ʥʘ 

ʫʨʦʚʥʝ CI ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʘʚʠʣ, ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʢʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ DTO ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʦʙʨʘʪʥʦʡ ʩʦʚʤʝ-

ʩʪʠʤʦʩʪʠ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʤʝʥ, ʜʦʤʝʥʥʘʷ ʠʟʦʣʷʮʠʷ, gateway, DTO, ʦʙʨʘʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, CI, ʢʦʥ-

ʪʨʘʢʪʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʛʨʘʥʠʮʳ, Django. 

CROSS-DOMAIN IMPORTS  

R. A. Andreev  
Scientific supervisor ï A. S. Dulesov 

Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, grand-roman@yandex.ru 

The article discusses the architectural rules of cross-domain imports in multi-module Django systems. The "gateway as a single 

point of integration" model is described, regulating the exchange of data between domains through stable interfaces that return only 

DTO. It is shown how constraints reduce connectivity, increase testability, and simplify refactoring. The process of automated con-

trol of violations at the CI level and the configuration of rules, as well as the practice of documenting and evolving DTO while main-

taining backward compatibility, is described. 

Keywords: domain, domain isolation, gateway, DTO, backward compatibility, static analysis, CI, contract testing, architectural 

boundaries, Django. 

ʈʦʩʪ ʤʘʩʰʪʘʙʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʫʩʠʣʠʚʘʝʪ ʨʠʩʢʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʜʦʤʝʥʘ-

ʤʠ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʵʨʦʟʠʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʩʣʦʞʥʝʥʠʶ ʨʝʬʘʢʪʦʨʠʥʛʘ ʠ ʜʝʬʝʢʪʘʤ ʥʘ ʛʨʘʥʠʮʘʭ ʧʦʜʩʠʩʪʝʤ. ʉʫʱʝ-

ʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʠʤʧʦʨʪʦʚ ʜʣʷ ʤʥʦʛʦʜʦʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʠʟʦʣʷʮʠʶ ʜʦʤʝ-

ʥʦʚ ʠ ʧʨʝʜʩʢʘʟʫʝʤʫʶ ʠʥʪʝʛʨʘʮʠʶ. ʈʝʛʣʘʤʝʥʪ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʧʨʦʝʢʪʦʚ ʥʘ ʙʘʟʝ Django, ʦʜʥʘʢʦ ʧʨʠʤʝʥʠʤ ʢ ʣʶ-

ʙʳʤ ʧʣʘʪʬʦʨʤʘʤ, ʛʜʝ ʠʩʧʦʣʴʟʫʪʁʩʷ ʷʚʥʘʷ ʤʦʜʫʣʴʥʦʩʪʴ ʠ ʩʪʨʦʛʠʝ ʢʦʥʪʨʘʢʪʥʳʝ ʠʥʪʝʨʬʝʡʩʳ. 

ɹʘʟʦʚʦʡ ʝʜʠʥʠʮʝʡ ʜʝʢʦʤʧʦʟʠʮʠʠ ʷʚʣʷʝʪʩʷ ʜʦʤʝʥ. ɼʦʧʫʩʪʠʤʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʛʨʘʥʠʯʝʥʳ ʚʥʫʪʨʝʥʥʠʤʠ ʩʝʨʚʠ-

ʩʘʤʠ ʜʦʤʝʥʘ ʠ ʚʥʝʰʥʠʤʠ ʚʳʟʦʚʘʤʠ ʯʝʨʝʟ ʩʣʦʡ gateway. ʀʥʚʘʨʠʘʥʪʳ: ʜʦʤʝʥʥʘʷ ʠʟʦʣʷʮʠʷ, ʝʜʠʥʘʷ ʪʦʯʢʘ ʠʥʪʝ-

ʛʨʘʮʠʠ, ʩʪʘʙʠʣʴʥʳʝ ʢʦʥʪʨʘʢʪʳ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʦʚ [1]. Gateway ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʪʦʥʢʠʡ ʬʘʩʘʜ 

ʧʦʚʝʨʭ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ, ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʡ ʚ ʩʝʨʚʠʩʘʭ ʠ use case ï ʦʙʲʝʢʪʘʭ. ɺʦʟʚʨʘʪ ʜʦʤʝʥʥʳʭ ʩʫʱʥʦʩʪʝʡ ʠʟ 

gateway ʟʘʧʨʝʱʝʥ; ʦʙʤʝʥ ʚʝʜʝʪʩʷ ʯʝʨʝʟ DTO ʠʣʠ ʧʨʠʤʠʪʠʚʥʳʝ ʪʠʧʳ. ɺʥʫʪʨʠ ʜʦʤʝʥʘ ʨʘʟʨʝʰʘʝʪʩʷ ʧʨʷʤʦʡ ʠʤ-

ʧʦʨʪ ʩʦʙʩʪʚʝʥʥʳʭ ʩʝʨʚʠʩʦʚ. ʄʝʞʜʦʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʯʝʨʝʟ gateway-

ʬʫʥʢʮʠʠ, ʚʦʟʚʨʘʱʘʶʱʠʝ DTO. ɿʘʧʨʝʱʘʶʪʩʷ ʧʨʷʤʳʝ ʠʤʧʦʨʪʳ ʤʦʜʝʣʝʡ ʠ ʩʝʨʚʠʩʦʚ ʠʥʳʭ ʜʦʤʝʥʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʵʪʦ ʩʦʟʜʘʝʪ ʭʨʫʧʢʠʝ ʩʚʷʟʠ ʠ ʥʘʨʫʰʘʝʪ ʠʥʚʘʨʠʘʥʪ ʠʟʦʣʷʮʠʠ. ʀʩʢʣʶʯʝʥʠʷ ʜʦʧʫʩʢʘʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʩʧʝʮʠʘʣʴʥʦ 

ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʩʝʨʚʠʩʦʚ, ʬʦʨʤʘʣʴʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʨʝʛʣʘʤʝʥʪʝ [2]. 

DTO ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʴʥʦʛʦ ʩʣʦʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʤʝʞʜʦʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ gateway: ʤʠʥʠʤʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʚʦ view-ʩʣʦʝ; ʧʦʣʥʘʷ ʧʝʨʝʜʘʯʘ ʦʙʨʘʙʦʪʢʠ ʚ ʩʝʨʚʠʩʳ; ʩʪʨʦʛʘʷ 

ʦʙʨʘʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠʥʪʝʨʬʝʡʩʦʚ; ʦʪʢʘʟ ʦʪ ʚʦʟʚʨʘʪʘ ORM-ʤʦʜʝʣʝʡ; ʦʙʷʟʘʪʝʣʴʥʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʚʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʦʨʤʘʪʘ ʚʳʭʦʜʥʳʭ DTO. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʫʩʪʨʘʥʷʝʪ ʧʨʦʪʝʢʘʥʠʝ ʜʦʤʝʥʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ ʟʘ ʧʨʝʜʝ-

ʣʳ ʧʦʜʩʠʩʪʝʤ ʠ ʩʥʠʞʘʝʪ ʨʠʩʢ ʢʘʩʢʘʜʥʳʭ ʠʟʤʝʥʝʥʠʡ [3]. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʨʝʛʣʘʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʤʧʦʨʪʦʚ ʥʘ ʵʪʘʧʝ CI. ʉʢʨʠʧʪ 

check_restricted_imports.py ʩʨʘʚʥʠʚʘʝʪ ʥʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʤʘʪʨʠʮʝʡ ʦʛʨʘʥʠʯʝʥʠʡ ʠʟ restricted-imports.json, 

ʙʣʦʢʠʨʫʷ ʤʝʨʜʞ ʧʨʠ ʥʘʨʫʰʝʥʠʷʭ. ʕʪʦʪ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʤʝʜʣʝʥʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʜʨʝʡʬ ʘʨʭʠʪʝʢʪʫʨʳ. ʂʦʥʪʨʦʣʴ ʜʦʧʦʣʥʷʝʪʩʷ ʧʨʘʢʪʠʢʘʤʠ ʪʝʩʪʠʨʦʚʘʥʠʷ gateway-ʬʫʥʢʮʠʡ ʠ ʘʢʪʫʘ-

ʣʠʟʘʮʠʠ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ DTO [4]. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʠʥʪʝʛʨʘʮʠʠ ʤʝʞʜʫ ʜʦʤʝʥʘʤʠ ʩʣʝʜʫʝʪ ʩʥʘʯʘʣʘ ʧʨʦʝʢʪʠʨʦ-

ʚʘʪʴ DTO ʠ ʠʥʪʝʨʬʝʡʩ gateway, ʟʘʪʝʤ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ ʚ ʩʝʨʚʠʩʘʭ ʜʦʤʝʥʘ-ʧʦʩʪʘʚʱʠʢʘ. ɺ ʭʦʜʝ ʨʝ-

ʬʘʢʪʦʨʠʥʛʘ ʧʨʷʤʳʝ ʠʤʧʦʨʪʳ ʤʦʜʝʣʝʡ ʧʦʜʣʝʞʘʪ ʟʘʤʝʥʝ ʥʘ ʚʳʟʦʚʳ gateway. ʕʚʦʣʶʮʠʷ DTO ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ 

ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʝ ʠ ʦʙʨʘʪʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ; ʤʠʛʨʘʮʠʠ ʠʥʪʝʨʬʝʡʩʦʚ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʚʨʝʤʝʥʥʳʤʠ ʘʜʘʧʪʝʨʘʤʠ. 

ʅʘʙʦʨʳ ʪʝʩʪʦʚ ʜʦʣʞʥʳ ʦʭʚʘʪʳʚʘʪʴ ʢʘʢ ʧʦʟʠʪʠʚʥʳʝ, ʪʘʢ ʠ ʜʝʛʨʘʜʘʮʠʦʥʥʳʝ ʩʮʝʥʘʨʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʨʝʟ 

gateway [5]. 
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ʇʨʝʜʣʦʞʝʥʥʳʡ ʨʝʛʣʘʤʝʥʪ ʤʠʥʠʤʠʟʠʨʫʝʪ ʩʪʨʫʢʪʫʨʥʫʶ ʩʚʷʟʘʥʥʦʩʪʴ ʟʘ ʩʯʝʪ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ 

ʯʝʨʝʟ ʢʦʥʪʨʘʢʪʥʳʡ ʩʣʦʡ. ʆʛʨʘʥʠʯʝʥʠʝ ʠʤʧʦʨʪʦʚ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʛʨʘʥʠʮʳ ʜʦʤʝʥʦʚ, ʫʧʨʦʱʘʝʪ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʠ ʫʤʝʥʴʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʇʨʦʟʨʘʯʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʦʚ ʦʙʣʝʛʯʘʝʪ ʚʥʝʜ-

ʨʝʥʠʝ ʢʵʰʠʨʦʚʘʥʠʷ, ʨʝʪʨʘʝʚ ʠ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʥʘ ʫʨʦʚʥʝ gateway, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʤʝʪʨʠʢʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʢʦʥʪʨʘʢʪʦʚ. ʌʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴ ʚ CI ʩʦʟʜʘʝʪ ʦʧʝʨʘʮʠʦʥʥʫʶ ʜʠʩʮʠʧʣʠʥʫ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʣʛʦ-

ʩʨʦʯʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ. ʈʝʛʣʘʤʝʥʪ ʠʤʧʦʨʪʦʚ ʩ ʜʦʤʝʥʥʦʡ ʠʟʦʣʷʮʠʝʡ, ʠʥʪʝʛʨʘʮʠʝʡ ʯʝʨʝʟ gateway ʠ 

ʦʙʤʝʥʦʤ DTO ʦʙʝʩʧʝʯʠʚʘʝʪ ʯʝʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʫʩʢʦʨʷʝʪ ʨʝʬʘʢʪʦʨʠʥʛ, ʧʦʚʳʰʘʝʪ ʪʝʩʪʠʨʫʝ-

ʤʦʩʪʴ ʠ ʩʥʠʞʘʝʪ ʩʚʷʟʘʥʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴ ʚ CI ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʥʘʨʫʰʝʥʠʷ ʜʦ 

ʩʣʠʷʥʠʷ ʚ ʦʩʥʦʚʥʫʶ ʚʝʪʢʫ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʧʦʩʪʨʦʝʥʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʩʚʷʟʢʠ OpenLDAP ʠ LDAP Account Manager (LAM). ʆʧʠʩʘʥʳ ʢʣʶʯʝʚʳʝ ʵʪʘʧʳ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʥʘʩʪʨʦʡʢʠ ʩʭʝʤ ʜʘʥʥʳʭ ʠ ʧʦʣʠʪʠʢ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʠ ʩ ʪʝʩʪʦʚʳʤ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝʤ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ 

ʤʝʭʘʥʠʟʤʘ ʝʜʠʥʦʛʦ ʚʭʦʜʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʦʣʠ LAM ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʛʨʫʧʧʘʤʠ ʚ LDAP-ʢʘʪʘʣʦʛʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʨʫʯʥʦʡ ʨʘʙʦʪʦʡ ʯʝʨʝʟ ʢʦʥʩʦʣʴʥʳʝ ʫʪʠʣʠʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: LDAP, OpenLDAP, LDAP Account Manager, LAM, ʝʜʠʥʳʡ ʚʭʦʜ, SSO, ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʮʝʥʪʨʘʣʠʟʦʚʘʥ-

ʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. 

SINGLE SIGN-ON SYSTEM IMPLEMENTA TION BASED ON LDAP A CCOUNT MANAGER  

K. E. Bayronchenko 
Scientific supervisor ï S. B. Kuryachiy 

Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, bra_br@mail.ru 

The article discusses the practical aspect of building a centralized authentication system using a combination of OpenLDAP and 

LDAP Account Manager (LAM). The key stages of deploying the infrastructure, configuring data schemas and security policies, as 

well as integrating with a test web application to demonstrate the single sign-on mechanism are described. Special attention is paid 

to the role of LAM as a tool for efficient and secure management of users and groups in an LDAP directory, which significantly sim-

plifies administration compared to manual work through console utilities. 

Keywords: LDAP, OpenLDAP, LDAP Account Manager, LAM, Single Sign-On, SSO, authentication, centralized user management. 

ʉʦʚʨʝʤʝʥʥʘʷ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʝʙʫʝʪ ʥʘʜʝʞʥʦʛʦ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʪʥʳʤʠ ʟʘʧʠʩʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʈʘʟʨʦʟʥʝʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʨʚʠʩʘ ʩʪʘʥʦʚʷʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʫʯʝʪʥʳʭ ʜʘʥʥʳʭ 

ʜʘʚʥʦ ʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ LDAP ʠ ʝʛʦ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ï OpenLDAP. ʆʜʥʘʢʦ 

ʧʨʷʤʦʝ ʫʧʨʘʚʣʝʥʠʝ LDAP-ʢʘʪʘʣʦʛʦʤ ʯʝʨʝʟ ʢʦʥʩʦʣʴʥʳʝ ʫʪʠʣʠʪʳ (ʪʘʢʠʝ ʢʘʢ ldapadd, ldapmodify) ʷʚʣʷʝʪʩʷ ʩʣʦʞ-

ʥʦʡ ʠ ʧʦʜʚʝʨʞʝʥʥʦʡ ʦʰʠʙʢʘʤ ʟʘʜʘʯʝʡ ʜʣʷ ʩʠʩʪʝʤʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ. ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚʳʩʪʫʧʘʝʪ 

ʚʝʙ-ʠʥʪʝʨʬʝʡʩ LDAP Account Manager (LAM), ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʜʦʙʥʳʡ ʠ ʙʝʟʦʧʘʩʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʢʘʪʘʣʦʛʘ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʦʧʠʩʳʚʘʝʪ ʧʦʵʪʘʧʥʦʝ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʝʜʠʥʦʛʦ ʚʭʦʜʘ, ʛʜʝ LAM 

[1] ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʠʥʩʪʨʫʤʝʥʪʘ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʘ OpenLDAP ï ʚ ʢʘʯʝʩʪʚʝ ʙʵʢʝʥʜʘ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʠ ʵʪʘʧʳ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʩʠʩʪʝʤʳ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ ʚʠʨʪʫʘʣʴʥʦʤ ʩʝʨʚʝʨʝ ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ Ubuntu Server 

22.04 LTS. ɸʨʭʠʪʝʢʪʫʨʘ ʨʝʰʝʥʠʷ ʚʢʣʶʯʘʝʪ ʪʨʠ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʘ: 

- ʩʝʨʚʝʨ OpenLDAP ï ʦʪʚʝʯʘʝʪ ʟʘ ʭʨʘʥʝʥʠʝ ʠ ʧʨʦʚʝʨʢʫ ʫʯʝʪʥʳʭ ʜʘʥʥʳʭ; 

- LDAP Account Manager (LAM)  ï ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʘʪʘʣʦʛʦʤ; 

- ʪʝʩʪʦʚʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ (ʥʘ ʦʩʥʦʚʝ Apache2 [3] ʠ ʤʦʜʫʣʷ mod_authnz_ldap) ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʝʜʠʥʦʛʦ 

ʚʭʦʜʘ. 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʩʪʘʣʘ ʫʩʪʘʥʦʚʢʘ ʠ ʙʘʟʦʚʘʷ ʥʘʩʪʨʦʡʢʘ OpenLDAP [2]. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʧʘʢʝʪʦʚ slapd ʠ ldap-

utils ʙʳʣʘ ʟʘʜʘʥʘ ʙʘʟʦʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ dpkg-reconfigure slapd, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʫʢʘʟʘʥʦ ʜʦ-
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ʤʝʥʥʦʝ ʠʤʷ ʠ ʧʘʨʦʣʴ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ. ɹʳʣ ʩʦʟʜʘʥ ʙʘʟʦʚʳʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʢʘʪʘʣʦʛ ʩ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ 

ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ (Organizational Unit, OU) People ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ Groups ʜʣʷ ʛʨʫʧʧ. 

ʉʣʝʜʫʶʱʠʤ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʰʘʛʦʤ ʙʳʣʘ ʫʩʪʘʥʦʚʢʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ LDAP Account Manager. LAM ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʠʟ ʧʘʢʝʪʦʚ ʨʝʧʦʟʠʪʦʨʠʷ Ubuntu. ʆʩʥʦʚʥʘʷ ʥʘʩʪʨʦʡʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʬʘʡʣʝ /etc/lam/lam.conf, ʛʜʝ 

ʫʢʘʟʳʚʘʝʪʩʷ ʘʜʨʝʩ LDAP-ʩʝʨʚʝʨʘ (ldap://localhost), ʧʦʨʪ (389), DN ʜʣʷ ʚʭʦʜʘ ʠ ʧʘʨʦʣʴ. LAM ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʨʦ-

ʬʠʣʠ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʥʘʩʪʨʘʠʚʘʪʴ ʦʪʦʙʨʘʞʘʝʤʳʝ ʘʪʨʠʙʫʪʳ ʠ ʪʠʧʳ ʦʙʲʝʢʪʦʚ ʜʣʷ ʨʘʟʥʳʭ 

ʟʘʜʘʯ. ɼʣʷ ʥʘʰʝʡ ʩʠʩʪʝʤʳ ʙʳʣ ʩʦʟʜʘʥ ʧʨʦʬʠʣʴ, ʚʢʣʶʯʘʶʱʠʡ ʩʪʘʥʜʘʨʪʥʳʝ ʦʙʲʝʢʪʳ user, group ʠ 

organizationalUnit. 

ʅʘʩʪʨʦʡʢʘ ʩʭʝʤ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʯʝʨʝʟ LAM 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ LAM ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʪʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ LDAP-

ʩʭʝʤʳ. ɼʣʷ ʭʨʘʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʪʨʠʙʫʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʪʘʢʠʭ ʢʘʢ ʥʦʤʝʨ ʪʝʣʝʬʦʥʘ, ʥʘʟʚʘʥʠʝ ʦʪʜʝʣʘ) 

ʙʳʣʘ ʟʘʛʨʫʞʝʥʘ ʩʭʝʤʘ inetOrgPerson. ʕʪʦ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ include-ʬʘʡʣʘ ʚ 

ʢʦʥʬʠʛʫʨʘʮʠʶ OpenLDAP ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʵʪʠʭ ʘʪʨʠʙʫʪʦʚ ʚ ʠʥʪʝʨʬʝʡʩʝ LAM. 

ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʯʝʨʝʟ LAM ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʝʥ ʠ ʟʘʥʠʤʘʝʪ ʩʯʠʪʘʥʥʳʝ ʩʝʢʫʥʜʳ. ɸʜʤʠʥʠ-

ʩʪʨʘʪʦʨ ʟʘʧʦʣʥʷʝʪ ʚʝʙ-ʬʦʨʤʫ, ʫʢʘʟʳʚʘʷ ʦʙʷʟʘʪʝʣʴʥʳʝ ʘʪʨʠʙʫʪʳ: UID (ʣʦʛʠʥ), CN (Common Name), SN 

(Surname), ʘ ʪʘʢʞʝ ʧʘʨʦʣʴ. LAM ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʭʝʰʠʨʦʚʘʥʠʷ ʧʘʨʦʣʝʡ (SSHA, SHA, 

MD5), ʠʟ ʢʦʪʦʨʳʭ ʙʳʣ ʚʳʙʨʘʥ SSHA ʢʘʢ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʡ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ LAM ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʛʝʥʝʨʠʨʫʝʪ Distinguished Name (DN) ʠ ʩʦʟʜʘʝʪ ʟʘʧʠʩʴ ʚ ʢʘʪʘʣʦʛʝ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʶʪʩʷ ʛʨʫʧʧʳ, ʧʦ-

ʩʣʝ ʯʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʞʥʦ ʥʘʟʥʘʯʘʪʴ ʚ ʛʨʫʧʧʳ ʧʨʦʩʪʳʤ ʧʝʨʝʪʘʩʢʠʚʘʥʠʝʤ ʚ ʠʥʪʝʨʬʝʡʩʝ LAM. ʕʪʦ ʢʘʨʜʠ-

ʥʘʣʴʥʦ ʫʧʨʦʱʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʯʥʳʤ ʥʘʧʠʩʘʥʠʝʤ LDIF-ʬʘʡʣʦʚ. 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʚʝʙ-ʩʝʨʚʠʩʦʤ ʠ ʜʝʤʦʥʩʪʨʘʮʠʷ ʝʜʠʥʦʛʦ ʚʭʦʜʘ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʙʳʣʦ ʨʘʟʚʝʨʥʫʪʦ ʪʝʩʪʦʚʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʥʘ Apache2. 

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʚ ʥʝʤ ʙʳʣʘ ʥʘʩʪʨʦʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ mod_authnz_ldap.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ LAM ʥʝ ʪʦʣʴʢʦ ʫʧʨʦʱʘʝʪ ʫʧʨʘʚʣʝʥʠʝ, ʥʦ ʠ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ. ɺʦ-ʧʝʨʚʳʭ, ʤʠʥʠʤʠʟʠ-

ʨʫʝʪʩʷ ʨʠʩʢ ʯʝʣʦʚʝʯʝʩʢʦʡ ʦʰʠʙʢʠ ʧʨʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʟʘʧʠʩʝʡ. ɺʦ-ʚʪʦʨʳʭ, LAM ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʩʪʨʦʝʥʥʳʝ 

ʧʨʦʚʝʨʢʠ ʚʚʦʜʠʤʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʥʝʢʦʨʨʝʢʪʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʘʪʨʠʙʫʪʦʚ. ɺ-ʪʨʝʪʴʠʭ, ʩʠʩʪʝʤʘ ʨʘʟʛʨʘʥʠ-

ʯʝʥʠʷ ʧʨʘʚ ʚʥʫʪʨʠ ʩʘʤʦʛʦ LAM ʧʦʟʚʦʣʷʝʪ ʜʝʣʝʛʠʨʦʚʘʪʴ ʟʘʜʘʯʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ, ʥʘʧʨʠʤʝʨ 

ʧʨʝʜʦʩʪʘʚʠʚ ʦʜʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʧʨʘʚʦ ʪʦʣʴʢʦ ʥʘ ʩʙʨʦʩ ʧʘʨʦʣʝʡ, ʘ ʜʨʫʛʦʤʫ ï ʥʘ ʧʦʣʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝ-

ʣʷʤʠ. 

Cʚʷʟʢʘ OpenLDAP ʠ LDAP Account Manager ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʦʝ, ʛʠʙʢʦʝ ʠ ʧʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʦʝ ʚ ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʨʝʰʝʥʠʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. LAM ʫʩʧʝʰʥʦ ʨʝ-

ʰʘʝʪ ʟʘʜʘʯʫ ʫʜʦʙʥʦʛʦ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ LDAP-ʢʘʪʘʣʦʛʘ, ʩʢʨʳʚʘʷ ʝʛʦ ʩʣʦʞʥʦʩʪʴ ʟʘ ʜʨʫʞʝʣʶʙʥʳʤ ʚʝʙ-

ʠʥʪʝʨʬʝʡʩʦʤ. ʉʦʟʜʘʥʥʳʡ ʧʨʦʪʦʪʠʧ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʣ ʙʘʟʦʚʳʡ ʤʝʭʘʥʠʟʤ ʝʜʠʥʦʛʦ ʚʭʦʜʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥ ʩ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ OpenID Connect, ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɼʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ ʧʨʦʝʢʪʘ ʤʦʞʝʪ ʩʪʘʪʴ ʥʘʩʪʨʦʡʢʘ ʨʝʧʣʠʢʘʮʠʠ LDAP ʜʣʷ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʠʥʪʝʛʨʘʮʠʷ ʩ ʤʝʭʘʥʠʟʤʘʤʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. LDAP Account Manager. Official Documentation. URL: https://www.ldap-account-manager.org/lamcms/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.09.2025). 

2. OpenLDAP Software 2.6 Administrator's Guide. URL: https://www.openldap.org/doc/admin26/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.09.2025). 
3. Apache Module mod_authnz_ldap. URL: https://httpd.apache.org/docs/2.4/mod/mod_authnz_ldap.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 25.09.2025). 

4. Ubuntu Documentation: OpenLDAP Server. URL: https://ubuntu.com/server/docs/service-ldap (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 18.09.2025). 
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ʕʥʪʨʦʧʠʷ ʈʝʥʴʠ ï ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʩʝʤʝʡʩʪʚʦ ʵʥʪʨʦʧʠʡ, ʦʙʦʙʱʘʶʱʝʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʨʳ ʠʥʬʦʨʤʘʮʠʠ. ʈʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʩʚʷʟʴ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʩ ʜʠʚʝʨʛʝʥʮʠʝʡ ʂʫʣʴʙʘʢʘ ï ʃʝʡʙʣʝʨʘ. ʇʨʠʚʦʜʷʪʩʷ ʩʪʨʦʛʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʚʦʡʩʪʚʘ ʵʥʪʨʦʧʠʠ. ʇʦʜʨʦʙʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚʘʞʥʳʝ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ: ʵʥʪʨʦʧʠʠ ʍʘʨʪʣʠ, ʐʝʥʥʦʥʘ, ʩʪʦʣʢ-

ʥʦʚʝʥʠʡ ʠ min-ʵʥʪʨʦʧʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʨʠʣʦʞʝʥʠʷʤ ʚ ʵʢʦʣʦʛʠʠ, ʢʨʠʧʪʦʛʨʘʬʠʠ ʠ ʢʚʘʥʪʦʚʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʘʧʧʘʨʘʪ ʜʣʷ ʦʮʝʥʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʨʘʟʥʦʦʙ-

ʨʘʟʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥɻʪʨʦʧʠʷ ʈʝʥʴʠ, ʪʝʦʨʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʜʠʚʝʨʛʝʥʮʠʷ ʂʫʣʴʙʘʢʘ ï ʃʝʡʙʣʝʨʘ, ʵʥʪʨʦʧʠʷ ʐʝʥʥʦʥʘ, ʤʝʨʘ 

ʨʘʟʥʦʦʙʨʘʟʠʷ, min-ʵʥʪʨʦʧʠʷ, ʢʨʠʧʪʦʛʨʘʬʠʷ, ʢʚʘʥʪʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ. 

THE RENYI ENTROPY AN D ITS PRACTICAL IMPL EMENTATION  

D. B. Bayyr 
Scientific supervisor ï A. S. Dulesov 

Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, dolaan.bayyr@mail.ru,   

R®nyi entropy is a one-parameter family of entropies that generalizes classical information measures. The connection between 

R®nyi entropy and Kullback ï Leibler divergence is examined. Rigorous mathematical definitions are provided and the properties of 

mailto:dolaan.bayyr@mail.ru


63 

the entropy are analyzed. Important special cases are explored in detail: Hartley entropy, Shannon entropy, collision entropy, and 

min-entropy. Particular attention is paid to practical applications in ecology, cryptography, and quantum information. It is shown 

that R®nyi entropy provides a universal framework for assessing uncertainty and diversity in various scientific fields. 

Keywords: R®nyi entropy, information theory, Kullback ï Leibler ivergence, Shannon entropy, diversity measure, min-entropy, 

cryptography, quantum information. 

ɸʣʴʬʨʝʜ ʈʝʥʴʠ (1921ï1970) ï ʚʳʜʘʶʱʠʡʩʷ ʚʝʥʛʝʨʩʢʠʡ ʤʘʪʝʤʘʪʠʢ, ʦʩʥʦʚʘʪʝʣʴ ʄʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚ 

ɹʫʜʘʧʝʰʪʝ, ʢʦʪʦʨʳʡ ʩʝʛʦʜʥʷ ʥʦʩʠʪ ʝʛʦ ʠʤʷ. ɽʛʦ ʨʘʙʦʪʳ ʦʢʘʟʘʣʠ ʛʣʫʙʦʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʦʨʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʠʥ-

ʬʦʨʤʘʪʠʢʫ ʠ ʢʦʤʙʠʥʘʪʦʨʠʢʫ. ʆʜʥʠʤ ʠʟ ʝʛʦ ʢʣʶʯʝʚʳʭ ʚʢʣʘʜʦʚ ʩʪʘʣʦ ʚʚʝʜʝʥʠʝ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ 

ʵʥʪʨʦʧʠʡ ʈʝʥʴʠ, ʢʦʪʦʨʳʡ ʦʙʦʙʱʘʝʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ. 

ʇʨʝʞʜʝ ʯʝʤ ʛʦʚʦʨʠʪʴ ʦʙ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ, ʚʩʧʦʤʥʠʤ ʝʝ ʟʥʘʤʝʥʠʪʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʮ. 

- ʕʥʪʨʦʧʠʷ ʍʘʨʪʣʠ (HϚ): ʠʟʤʝʨʷʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʢʦʛʜʘ ʚʩʝ ʩʦʙʳʪʠʷ ʨʘʚʥʦʚʝʨʦʷʪʥʳ. ʕʪʦ ʧʨʦʩʪʦ ʣʦʛʘʨʠʬʤ 

ʦʪ ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ ʠʩʭʦʜʦʚ. 

- ʕʥʪʨʦʧʠʷ ʐʝʥʥʦʥʘ (Hϛ): ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʝʩʷ ʚ ʩʦʦʙʱʝʥʠʠ, ʠʣʠ ʤʝʨʘ ʥʝʦʧʨʝʜʝ-

ʣʝʥʥʦʩʪʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʘ ʜʣʷ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʞʘʪʠʷ ʜʘʥʥʳʭ. 

ʕʥʪʨʦʧʠʷ ʈʝʥʴʠ (HŬ) ʦʙʲʝʜʠʥʷʝʪ ʵʪʠ ʠ ʜʨʫʛʠʝ ʢʦʥʮʝʧʮʠʠ ʚ ʝʜʠʥʦʝ ʩʝʤʝʡʩʪʚʦ ʤʝʨ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʧʘʨʘʤʝʪʨʘ Ŭ. 

ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ çʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴè ʢ ʚʝʨʦʷʪʥʦʩʪʷʤ ʩʦʙʳʪʠʡ. ʈʘʟʥʳʝ ʟʥʘʯʝ-

ʥʠʷ Ŭ ʧʦʟʚʦʣʷʶʪ çʥʘʩʪʨʘʠʚʘʪʴè ʵʥʪʨʦʧʠʶ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ, ʚʳʜʝʣʷʷ ʪʝ ʠʣʠ ʠʥʳʝ ʘʩʧʝʢʪʳ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʣʠ ʨʘʟʥʦʦʙʨʘʟʠʷ. 

ʂʘʢ ʦʪʤʝʪʠʣ ʩʘʤ ʈʝʥʴʠ, ʝʛʦ ʵʥʪʨʦʧʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʂʫʣʴʙʘʢʘ ï ʃʝʡʙʣʝʨʘ (KL-ʜʠʚʝʨʛʝʥʮʠʝʡ). 

ɼʠʚʝʨʛʝʥʮʠʷ ʂʫʣʴʙʘʢʘ ï ʃʝʡʙʣʝʨʘ (Dkl) ï ʵʪʦ ʤʝʨʘ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʦʜʥʦ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ P (ʥʘʧʨʠʤʝʨ, çʠʩʪʠʥʥʘʷè ʤʦʜʝʣʴ) ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Q (ʥʘʧʨʠʤʝʨ, ʥʘʰʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ). 

ʕʪʦ ʥʝ ʩʠʤʤʝʪʨʠʯʥʘʷ ʤʝʨʘ (Ὀ ὖȿȿὗÍ Ὀ ὗȿȿὖ). 

ɼʣʷ ʜʠʩʢʨʝʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ Ὀ ὖȿȿὗ  [1]:  

Ὀ ὖȟὗ ὴÌÎ ὴȾή  

ɺ 1960 ʛʦʜʫ ʈʝʥʴʠ ʦʙʦʙʱʠʣ ʵʪʫ ʢʦʥʮʝʧʮʠʶ, ʚʚʝʜʷ ʩʝʤʝʡʩʪʚʦ Ŭ-ʨʘʩʭʦʞʜʝʥʠʡ (ʜʠʚʝʨʛʝʥʮʠʷ ʈʝʥʴʠ). 

ʇʫʩʪʴ Ŭ ï ʟʘʜʘʥʥʦʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʪʨʝʙʦʚʘʥʠʷʤ Ŭ Ó 0, Ŭ Í 1. ʊʦʛʜʘ ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ 

ʧʦʨʷʜʢʘ Ŭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ, 

Ὄ Ὄ ὢ
ρ

ρ ‌
ϽÌÎ ὴ ȟ 

ʛʜʝ pi = P (X = xi) ï ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʚ ʪʦʤ, ʯʪʦ ʜʠʩʢʨʝʪʥʘʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ X ʦʢʘʞʝʪʩʷ 

ʨʘʚʥʘ ʩʚʦʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʚʦʟʤʦʞʥʦʤʫ ʟʥʘʯʝʥʠʶ, n ï ʦʙʱʝʝ ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʩʣʫ-

ʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ X [2]. 

ʉʚʦʡʩʪʚʘ. 

ʅʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ: HŬ(X) Ó 0 ʜʣʷ ʣʶʙʦʛʦ Ŭ. 

ʄʦʥʦʪʦʥʥʦʩʪʴ: ʥɻʪʨʦʧʠʷ ʈʝʥʴʠ ʥʝ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʧʘʨʘʤʝʪʨʫ Ŭ. ʏʝʤ ʙʦʣʴʰʝ Ŭ, ʪʝʤ çʧʝʩʩʠʤʠʩʪʠʯʥʝʝè ʤʝʨʘ ï 

ʦʥʘ ʩʠʣʴʥʝʝ ʫʯʠʪʳʚʘʝʪ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʩʦʙʳʪʠʷ. 

ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʚʩʝ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʩʦʚʧʘʜʘʶʪ: HŬ(X) = ln n. 

ʏʘʩʪʥʳʝ ʩʣʫʯʘʠ ʠ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʷ. 

ʉʧʝʢʪʨ ʵʥʪʨʦʧʠʡ ʈʝʥʴʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʤʝʨ ʢʘʢ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ. 

1. ʕʥʪʨʦʧʠʷ ʍʘʨʪʣʠ (Ŭ = 0): H0 = H0 (X) = ln n 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ: ʤʝʨʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʢʦʛʜʘ ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ ʨʘʟʤʝʨ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʙʳʪʠʡ, ʥʦ ʥʝ ʚʝʨʦʷʪ-

ʥʦʩʪʠ. ʕʪʦ çʭʫʜʰʠʡ ʩʮʝʥʘʨʠʡè ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

2. ʕʥʪʨʦʧʠʷ ʐʝʥʥʦʥʘ (Ŭ Ÿ 1): H1 = H1 (X ) = H1 (p) В ὴϽὰὲ ὴ 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ: ʇʨʝʜʝʣ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʧʨʠ Ŭ Ÿ 1. ʉʨʝʜʥʷʷ ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʦʜʥʦ ʩʦʦʙʱʝʥʠʝ. ʌʫʥʜʘʤʝʥ-

ʪʘʣʴʥʘ ʜʣʷ ʪʝʦʨʠʠ ʢʦʜʠʨʦʚʘʥʠʷ. 

3. ʕʥʪʨʦʧʠʷ ʩʪʦʣʢʥʦʚʝʥʠʡ (Ŭ = 2): Ὄς  Ὄς ὢ ÌÎ ὴ 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ: ʩʚʷʟʘʥʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʪʦʛʦ, ʯʪʦ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʧʳʪʘʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠʚʝ-

ʜʫʪ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʠʩʭʦʜʫ (çʩʪʦʣʢʥʦʚʝʥʠʶè). ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʨʠʧʪʦʛʨʘʬʠʠ. 

4. Min-ʵʥʪʨʦʧʠʷ (Ŭ Ÿ Ð):HÐ = HÐ(X) ÌÎ ÍÁØὴ  

ʀʥʪʝʨʧʨʝʪʘʮʠʷ: ʥʘʠʙʦʣʝʝ çʧʝʩʩʠʤʠʩʪʠʯʥʘʷè ʤʝʨʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʘ-

ʤr ʤ ʚʝʨʦʷʪʥʳʤ ʩʦʙʳʪʠʝʤ. ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʩʪʦʡʢʦʩʪʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʢʣʶʯʝʡ ʠ ʛʝʥʝʨʘʪʦʨʦʚ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʨʷʜʢʘ (Ŭ Ó 0) ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘ HÐ(X) 

Ò HŬ (X). ʂʨʦʤʝ ʪʦʛʦ, H2 (X) Ò H1 (X) ʠ HÐ(X) Ò H2 (X) Ò 2ĿHÐ(X). 

ɸʣʴʬʨʝʜ ʈʝʥʴʠ ʥʝ ʪʦʣʴʢʦ ʚʚʝʣ ʩʚʦʠ ʘʙʩʦʣʶʪʥʳʝ ʵʥʪʨʦʧʠʠ, ʥʦ ʠ ʦʧʨʝʜʝʣʠʣ ʩʧʝʢʪʨ ʤʝʨ ʨʘʩʭʦʞʜʝʥʠʡ, ʦʙʦʙ-

ʱʘʶʱʠʭ ʨʘʩʭʦʞʜʝʥʠʷ ʂʫʣʴʙʘʢʘ ï ʃʝʡʙʥʝʨʘ. 

ʇʨʠʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ 

 ʕʢʦʣʦʛʠʷ ʠ ʩʪʘʪʠʩʪʠʢʘ. ʕʥʪʨʦʧʠʠ ʈʝʥʴʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʠʥʜʝʢʩʳ ʨʘʟʥʦʦʙʨʘʟʠʷ. ʈʘʟʥʳʝ ʟʥʘʯʝ-

ʥʠʷ Ŭ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʦʦʙʱʝʩʪʚ ʩ ʨʘʟʥʳʤ ʚʝʩʦʤ: Ŭ = 0 ʫʯʠʪʳʚʘʝʪ ʧʨʦʩʪʦ ʙʦʛʘʪʩʪʚʦ ʚʠ-

ʜʦʚ, Ŭ = 1 (ʐʝʥʥʦʥ) ï ʙʘʣʘʥʩ ʤʝʞʜʫ ʙʦʛʘʪʩʪʚʦʤ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ, Ŭ = 2 ï ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ. 
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 ʂʚʘʥʪʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ. ʕʥʪʨʦʧʠʠ ʈʝʥʴʠ ʩʣʫʞʘʪ ʤʝʨʦʡ ʟʘʧʫʪʘʥʥʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʠ ʢʚʘʥʪʦʚʳʭ ʩʦʩʪʦʷʥʠʡ. 

 ʂʨʠʧʪʦʛʨʘʬʠʷ ʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. Min-ʵʥʪʨʦʧʠʷ (HÐ) ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʨʦʡ ʜʣʷ ʦʮʝʥʢʠ 

ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʢʣʶʯʝʡ ʠ ʢʘʯʝʩʪʚʘ ʠʩʪʦʯʥʠʢʦʚ ʵʥʪʨʦʧʠʠ. 

ʕʥʪʨʦʧʠʷ ʈʝʥʴʠ ʧʦʟʚʦʣʷʝʪ ʚʳʙʠʨʘʪʴ ʘʜʝʢʚʘʪʥʫʶ ʤʝʨʫ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʣʠ ʩʣʦʞʥʦʩʪʠ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʆʪ ʢʨʠʧʪʦʛʨʘʬʠʠ ʜʦ ʵʢʦʣʦʛʠʠ ʩʧʝʢʪʨ ʵʥʪʨʦʧʠʡ ʈʝʥʴʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʝʜʠʥʳʡ 

ʷʟʳʢ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʣʫʯʘʡʥʦʩʪʠ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʟʥʘʥʠʷ, ʧʨʦʜʦʣʞʘʷ ʥʘʩʣʝʜʠʝ ʩʚʦʝʛʦ ʩʦʟʜʘʪʝʣʷ, ɸʣʴ-

ʬʨʝʜʘ ʈʝʥʴʠ. 
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This article examines the prospects for implementing neural network assistants in power system dispatching systems to improve 
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ʉʦʚʨʝʤʝʥʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʣʦʞʥʦʩʪʴʶ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʩʪʴʶ, 

ʯʪʦ ʩʦʟʜʘʝʪ ʩʝʨʴʝʟʥʳʝ ʚʳʟʦʚʳ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ SCADA-ʪʝʭʥʦʣʦʛʠʷʭ, ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʩʢʦʨʦʩʪʴ ʘʥʘʣʠʟʘ 

ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʘʩʢʘʜʥʳʭ ʘʚʘʨʠʡ [1]. ɺʥʝʜʨʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʩʩʠʩʪʝʥʪʦʚ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʩʩʠʩʪʝʥʪʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ.  

1. ʄʦʜʫʣʴ ʩʙʦʨʘ ʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʙʦʨ ʪʝʣʝʤʝʪʨʠʠ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ (IED), ʜʘʪʯʠʢʦʚ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʥʦʨʤʘʣʠʟʘ-

ʮʠʠ ʠ ʦʯʠʩʪʢʠ ʜʘʥʥʳʭ, ʘʥʘʣʦʛʠʯʥʳʝ ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʙʦʪʘʭ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʳʭ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ [2].  

2. ʄʦʜʫʣʴ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (LSTM) ʠ ʪʨʘʥʩʬʦʨʤʝʨʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʦʩʥʦʚʘʥ ʥʘ ʛʠʙʨʠʜʥʦʡ ʘʨʭʠʪʝʢ-

ʪʫʨʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ɸʨʭʠʪʝʢʪʫʨʘ ʩʦʯʝʪʘʝʪ ʩʚʝʨʪʦʯʥʳʝ ʩʝʪʠ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ 

ʪʦʧʦʣʦʛʠʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʨʝʢʫʨʨʝʥʪʥʳʝ ʙʣʦʢʠ LSTM ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʪʝʣʝʤʝʪʨʠʠ. ɼʣʷ ʦʙʨʘ-

ʙʦʪʢʠ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʚʥʠʤʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʤʦʜʝʣʠ ʜʠʥʘʤʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʪʴ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ [3]. 

3. ʄʦʜʫʣʴ ʛʝʥʝʨʘʮʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠʩʧʦʣʴʟʫʝʪ ʦʙʫʯʝʥʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʧʨʝʜʣʦʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʜʝʡʩʪʚʠʡ 

ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʘʚʘʨʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʪʨʝʭʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʅʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘ-

ʩʪʝʨʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʠ ʛʦʨʷʯʝʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ; ʥʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ ʧʣʘʥʠʨʫʝʪʩʷ ʚʥʝʜ-

ʨʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʩʙʦʝʚ ʚ ʨʘʙʦʪʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʠʣʠ ʧʨʝʚʳʰʝʥʠʠ ʜʦʧʫʩʪʠʤʦʛʦ ʚʨʝʤʝʥʠ ʦʪʚʝʪʘ; ʥʘ ʪʨʝʪʴʝʤ 

ʫʨʦʚʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ 

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʩʪʫʧʘʶʱʝʡ ʪʝʣʝʤʝʪʨʠʠ ʠ ʢʨʦʩʩ-ʧʨʦʚʝʨʢʠ ʧʦʢʘ-

ʟʘʥʠʡ ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʥʝʢʦʨʨʝʢʪʥʳʭ ʜʘʥʥʳʭ ʥʘ ʧʨʦʮʝʩʩ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ [4]. 
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ɺ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʝʪʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʩʩʠʩʪʝʥʪʦʚ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʜʝʡʩʪʚʠʡ ʚ ʤʘʩʰʪʘʙʘʭ ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʡ. ʀʥʪʝʛʨʘʮʠʷ ʩ ʮʠʬʨʦ-

ʚʳʤʠ ʜʚʦʡʥʠʢʘʤʠ ʵʥʝʨʛʦʦʙʲʝʢʪʦʚ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʧʨʝʚʝʥʪʠʚʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʚʘʨʠʡʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʆʩʦʙʳʡ ʧʦʪʝʥʮʠʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʯʝʪʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʩʠʩʪʝ-

ʤʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IIoT), ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʩʙʦʨ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ.  

ɺ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʤʠ 

ʵʥʝʨʛʦʢʦʤʧʣʝʢʩʘʤʠ, ʩʧʦʩʦʙʥʳʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʩʝʪʷʭ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘʛʨʫʟʢʫ 

ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʨʘʟʚʠʪʠʝ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʟʘ ʩʯʝʪ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ. 
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ʀʅʊɽʈʅɽʊ ɺɽʑɽʁ (IOT) ʂɸʂ ɼʈɸʁɺɽʈ ʈɸɿɺʀʊʀʗ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  

ʈɽʉʇʋɹʃʀʂʀ ʍɸʂɸʉʀʗ: ʇɽʈʉʇɽʂʊʀɺʓ ʇʈʀʄɽʅɽʅʀʗ  

ʅɸ ʇʈʀʄɽʈɽ ʇʆɼʉʊɸʅʎʀʀ 500 ʂɺ çʆɿʅɸʏɽʅʅʆɽè 

ʀ. ʅ. ɹʫʨʤʠʩʪʨʦʚ
1, 2

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɸ. ʉ. ɼʫʣʝʩʦʚ 
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT) ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ 

ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʫ IoT ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʵʣʝʢʪʨʦʩʝʪʝʚʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʨʫʧʥʳʭ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʧʦʜʩʪʘʥʮʠʡ. ʅʘ 

ʧʨʠʤʝʨʝ ʧʦʜʩʪʘʥʮʠʠ 500 ʢɺ çʆʟʥʘʯʝʥʥʦʝè, ʦʜʥʦʛʦ ʠʟ ʢʣʶʯʝʚʳʭ ʫʟʣʦʚ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʨʝʛʠʦʥʘ, ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ IoT-ʨʝʰʝʥʠʡ ʠ ʠʭ ʦʞʠʜʘʝʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ, IoT, ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʧʦʜʩʪʘʥʮʠʷ, ʈʝʩʧʫʙʣʠʢʘ ʍʘʢʘʩʠʷ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʥʘʜʝʞʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ. 
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The possibilities of using the Internet of Things (IoT) technology in the electric power complex of the Republic of Khakassia are 

considered. Special attention is paid to the potential of IoT to improve the efficiency, reliability and safety of the functioning of power 

grid facilities, in particular large high-voltage substations. Using the example of the 500 kV "Oznachennoe" substation, one of the 

key nodes of the region's power system, the feasibility of implementing IoT solutions and their expected advantages are analyzed. 

Keywords: Internet of Things, IoT, electric power industry, substation, Republic of Khakassia, energy efficiency, reliability, secu-

rity. 

ʕʥʝʨʛʝʪʠʢʘ ï ʵʪʦ ʩʠʩʪʝʤʘ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʣʶʙʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ʈʝʩʧʫʙʣʠʢʘ ʍʘʢʘʩʠʷ ʙʦʛʘʪʘ 

ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʩʪʦʠʪ ʧʝʨʝʜ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʚʦʝʡ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT) [1] ï ʪʝʭʥʦʣʦʛʠʷ, ʧʨʝʚʨʘʱʘʶ-

ʱʘʷ ʦʙʳʯʥʳʝ ʦʙʲʝʢʪʳ ʚ çʫʤʥʳʝè ʫʟʣʳ ʝʜʠʥʦʡ ʩʝʪʠ. IoT ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ, ʥʦ ʠ ʘʥʘʣʠʟʠʨʦ-

ʚʘʪʴ ʠʭ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ. ʅʠʞʝ ʤʳ ʦʪʚʝʪʠʤ ʥʘ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʤʦʞʝʪ 

ʚʳʚʝʩʪʠ ʵʥʝʨʛʝʪʠʢʫ ʍʘʢʘʩʠʠ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ, ʘ ʪʘʢʞʝ ʧʦʯʝʤʫ ʧʦʜʩʪʘʥʮʠʷ 500 ʢɺ çʆʟʥʘʯʝʥʥʦʝè ï ʠʜʝʘʣʴʥʦʝ 

ʤʝʩʪʦ ʜʣʷ ʥʘʯʘʣʘ ʵʪʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

1. çʆʟʥʘʯʝʥʥʦʝè: ʩʝʨʜʮʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʍʘʢʘʩʠʠ  

ʇʦʜʩʪʘʥʮʠʷ 500 ʢɺ çʆʟʥʘʯʝʥʥʦʝè ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʪʦʯʢʘ ʥʘ ʢʘʨʪʝ. ʕʪʦ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʟʣʦʚ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʩʪʘʙʠʣʴʥʦʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʚʩʝʛʦ ʨʝʛʠʦʥʘ. ʄʘʩʰʪʘʙʳ ʝʝ ʨʘʙʦʪʳ, ʚʳʩʦʢʦʚʦʣʴʪʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʦʥʘ ʨʘʙʦʪʘʝʪ, ʠ ʢʦʣʦʩʩʘʣʴʥʳʡ ʦʙʲʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʝʣʘʶʪ ʝʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʩ 
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ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. ɻʠʛʘʥʪʩʢʠʝ ʩʠʣʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʩʣʦʞʥʘʷ ʢʦʤʤʫʪʘʮʠʦʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ  

ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʛʦ ʚʥʠʤʘʥʠʷ. ʅʘʜʝʞʥʦʩʪʴ çʆʟʥʘʯʝʥʥʦʛʦè ï ʟʘʣʦʛ ʩʧʦʢʦʡʩʪʚʠʷ ʜʣʷ ʪʳʩʷʯ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

2. ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʚ ʵʥʝʨʛʝʪʠʢʝ: ʙʦʣʴʰʝ, ʯʝʤ ʧʨʦʩʪʦ çʧʦʜʢʣʶʯʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘè 

ʏʪʦ ʪʘʢʦʝ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ? ʕʪʦ ʢʦʛʜʘ ʦʙʳʯʥʳʝ ʚʝʱʠ ï ʦʪ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʚʳʢʣʶ-

ʯʘʪʝʣʷ ʦʧʦʚʝʱʘʶʪ çʦʙʱʘʶʪʩʷè ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʯʝʣʦʚʝʢʦʤ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ [2]. ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ:  

- ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʜʘʪʯʠʢʠ: ʤʛʥʦʚʝʥʥʳʡ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʩʝʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: ʙʝʟʦʧʘʩʥʘʷ ʠ ʙʳʩʪʨʘʷ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ; 

- ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ: ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʠʩʢ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ; 

- ʘʚʪʦʥʦʤʥʳʝ ʩʠʩʪʝʤʳ: ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʠ ʚʳʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

3. ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʥʘ çʆʟʥʘʯʝʥʥʦʤè: ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʢʦʥʪʨʦʣʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ  

ɺʥʝʜʨʝʥʠʝ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʥʘ ʧʦʜʩʪʘʥʮʠʠ 500 ʢɺ çʆʟʥʘʯʝʥʥʦʝè ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ 

ʫʧʨʘʚʣʝʥʠʶ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪʘʶʪ ʥʘ ʦʧʝʨʝʞʝʥʠʝ. ʇʨʠ ʪʘʢʦʤ ʫʧʨʘʚʣʝʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘ ʧʦʜ-

ʩʪʘʥʮʠʠ ʩʘʤʦ çʩʦʦʙʱʘʝʪè ʦ ʩʚʦʝʤ ʩʦʩʪʦʷʥʠʠ: ʜʘʪʯʠʢʠ ʚʠʙʨʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʦʧʦʚʝʱʘʶʪ 

ʦ ʤʘʣʝʡʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ, ʩʠʛʥʘʣʠʟʠʨʫʷ ʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤʘʭ ʩ ʧʦʜʰʠʧʥʠʢʘʤʠ ʠʣʠ ʧʝʨʝʛʨʝʚʝ. ɸʥʘʣʦ-

ʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʜʘʪʯʠʢʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʤʦʛʫʪ ʦʪʩʣʝʞʠʚʘʪʴ çʫʩʪʘʣʦʩʪʴè ʠʟʦʣʷʮʠʠ, ʚʳʷʚʣʷʷ ʝʝ ʠʟʥʦʩ ʟʘʜʦʣʛʦ 

ʜʦ ʪʦʛʦ, ʢʘʢ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʩʙʦʶ. ʆʙʲʝʜʠʥʠʚ ʵʪʠ ʜʘʥʥʳʝ, ʘʣʛʦʨʠʪʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʤʦʛʫʪ ʥʝ 

ʪʦʣʴʢʦ ʬʠʢʩʠʨʦʚʘʪʴ ʘʥʦʤʘʣʠʠ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, ʢʘʢʦʡ ʢʦʤʧʦʥʝʥʪ ʤʦʞʝʪ ʚʳʡʪʠ ʠʟ ʩʪʨʦʷ ʠ ʢʦʛʜʘ, ʧʝʨʝʚʦʜʷ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠʟ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʚ ʨʝʞʠʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʪʦ ʥʝ 

ʪʦʣʴʢʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʘʚʘʨʠʠ ʠ ʚʥʝʟʘʧʥʳʝ ʦʪʢʣʶʯʝʥʠʷ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʜʦʨʦʛʦʩʪʦ-

ʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʦʪʢʨʳʚʘʝʪ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʇʦʷʚʣʷ-

ʝʪʩʷ ʩʚʦʝʛʦ ʨʦʜʘ çʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢè ʧʦʜʩʪʘʥʮʠʠ, ʛʜʝ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ, ʢʘʞʜʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʦʩʪʫʧʝʥ ʜʣʷ ʘʥʘ-

ʣʠʟʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʛʜʝ ʙʳ ʥʠ ʥʘʭʦʜʠʣʩʷ ʦʧʝʨʘʪʦʨ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʤʛʥʦʚʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʣʶ-

ʙʳʝ ʠʥʮʠʜʝʥʪʳ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ï ʜʘʞʝ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʷʪʴ ʢʦʤʤʫʪʘʮʠʦʥʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʩʦʙʣʶ-

ʜʘʷ ʧʨʠ ʵʪʦʤ ʩʪʨʦʞʘʡʰʠʝ ʧʨʦʪʦʢʦʣʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʦʡ ʫʨʦʚʝʥʴ ʢʦʥʪʨʦʣʷ ʥʝ ʪʦʣʴʢʦ ʫʩʢʦʨʷʝʪ ʨʝʘʛʠʨʦʚʘʥʠʝ, 

ʥʦ ʠ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ, ʩʚʦʜʷ ʢ ʤʠʥʠʤʫʤʫ ʝʛʦ ʧʨʝʙʳʚʘʥʠʝ ʚ ʟʦʥʘʭ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ. ɺʩʝ ʵʪʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ï ʦʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ï ʬʦʨʤʠʨʫʶʪ ʝʜʠʥʫʶ ʤʦʱʥʫʶ ʩʠʩʪʝʤʫ, 

ʢʦʪʦʨʘʷ ʦʧʪʠʤʠʟʠʨʫʝʪ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʩʝʡ ʧʦʜʩʪʘʥʮʠʠ. 

4. ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ï ʦʩʥʦʚʘ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʍʘʢʘʩʠʠ 

- ʈʘʩʩʪʦʷʥʠʷ ʥʝ ʧʦʤʝʭʘ: ʦʙʰʠʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ ʜʝʣʘʶʪ ʫʜʘʣʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʦʙʝʩʧʝʯʠʚʘʝʤʳʡ 

ʀʥʪʝʨʥʝʪʦʤ ʚʝʱʝʡ, ʥʝʟʘʤʝʥʠʤʳʤ. 

- ʄʦʜʝʨʥʠʟʘʮʠʷ ʙʝʟ ʧʦʣʥʦʡ ʟʘʤʝʥʳ: ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʧʦʟʚʦʣʷʝʪ çʦʮʠʬʨʦʚʘʪʴè ʩʫʱʝʩʪʚʫʶʱʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫ-

ʨʫ, ʩʜʝʣʘʚ ʝʝ çʫʤʥʝʝè, ʘ ʥʝ ʤʝʥʷʪʴ ʝʝ ʧʦʣʥʦʩʪʴʶ. 

- ʆʢʫʧʘʝʤʳʝ ʠʥʚʝʩʪʠʮʠʠ: ʜʦʣʛʦʩʨʦʯʥʘʷ ʵʢʦʥʦʤʠʷ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʨʝʤʦʥʪʝ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʘʚʘʨʠʡ ʢʦʤ-

ʧʝʥʩʠʨʫʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʟʘʪʨʘʪʳ. 

- ʐʘʛ ʢ çʫʤʥʳʤ ʩʝʪʷʤè: ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ï ʦʩʥʦʚʘ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ, ʛʠʙʢʠʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʭ ʩʚʷʟʝʡ ʩʠʩʪʝʤ. 

5. ʇʨʦʙʣʝʤʘʪʠʢʘ ʚʥʝʜʨʝʥʠʷ  

ʀʤʝʶʪʩʷ ʠ ʧʨʦʙʣʝʤʳ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ çʧʦʜʢʣʶʯʝʥʥʳʭè ʫʩʪʨʦʡʩʪʚ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʢʠ-

ʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ [3]. ʅʫʞʥʳ ʥʘʜʝʞʥʳʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʜʘʥʥʳʭ. ʊʘʢʞʝ ʚʘʞʥʦ, ʯʪʦʙʳ ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʥʳʭ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʝʡ çʧʦʥʠʤʘʣʠè ʜʨʫʛ ʜʨʫʛʘ ï ʟʜʝʩʴ ʥʘ ʧʦʤʦʱʴ ʧʨʠʭʦʜʷʪ ʩʪʘʥʜʘʨʪʳ. ʀʥʚʝʩʪʠʮʠʠ ʠ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ï 

ʦʜʥʦ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. ʆʜʥʘʢʦ ʦʥʠ ʨʝʰʘʝʤʳ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʧʦʜʭʦʜʠʪʴ ʢ ʥʠʤ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠ, ʨʘʟʨʘʙʘʪʳʚʘʷ ʯʝʪʢʠʝ ʧʣʘʥʳ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʜʜʝʨʞʢʫ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ. 

ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ï ʵʪʦ ʥʝ ʬʫʪʫʨʠʩʪʠʯʝʩʢʘʷ ʬʘʥʪʘʩʪʠʢʘ, ʘ ʨʝʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʩʧʦʩʦʙʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʫ ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ. ʇʦʜʩʪʘʥʮʠʷ 500 ʢɺ çʆʟʥʘʯʝʥʥʦʝè ï ʠʜʝʘʣʴʥʘʷ ʧʣʦʱʘʜʢʘ ʜʣʷ ʜʝʤʦʥ-

ʩʪʨʘʮʠʠ ʪʦʛʦ, ʢʘʢ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʥʘʰʫ ʵʥʝʨʛʝʪʠʢʫ ʫʤʥʝʝ, ʙʝʟʦʧʘʩʥʝʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢ-

ʪʠʚʥʝʝ. ʀʥʚʝʩʪʠʮʠʠ ʚ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ï ʵʪʦ ʠʥʚʝʩʪʠʮʠʠ ʚ ʥʘʜʝʞʥʦʝ ʠ ʫʩʪʦʡʯʠʚʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʙʫʜʫʱʝʝ ʍʘ-

ʢʘʩʠʠ, ʛʜʝ ʢʘʞʜʘʷ ʚʝʱʴ ʨʘʙʦʪʘʝʪ ʥʘ ʙʣʘʛʦ ʚʩʝʭ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʮʝʧʝʡ ʧʦʩʪʘʚʦʢ ʚ ʪʦʨʛʦʚʦ-ʧʦʩʨʝʜʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦ-

ʩʪʠ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢ 

ʫʩʧʝʰʥʦʡ ʟʘʤʝʥʝ ʥʘ Agile-ʧʦʜʭʦʜ ʠ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. ʇʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ IoT-ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʠʪ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʨʛʦʚʦ-ʧʦʩʨʝʜʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, Agile, IoT, ʣʦʛʠʩʪʠʢʘ, ʫʧʨʘʚʣʝʥʠʝ ʮʝʧʷʤ ʧʦʩʪʘʚʦʢ, ʛʠʙʢʦʩʪʴ. 

FLEXIBILITY OF SUPPL Y CHAINS IN UNSTABLE  CONDITIONS  

I. A. Gimanova 
Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, gimanovai@yandex.ru 

The resilience of supply chains in trade-commerce network under conditions of uncertainty and environmental instability is being 

examined. The transition from traditional logistics process planning to a successful adoption of Agile approaches and digital tech-

nologies is analyzed. An overview of the Russian IoT equipment market is provided, highlighting how its use can lead to informed 

decision-making. 

Keywords: trade-commerce network, Agile, IoT, logistics, supply chain management, flexibility. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʨʳʥʦʯʥʳʭ ʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʚʦʧʨʦʩ ʚʳʙʦʨʘ ʧʘʨʪʥʝʨʦʚ ʚ ʮʝʧʷʭ ʧʦʩʪʘʚʦʢ ʚ ʪʦʨʛʦʚʦ-ʧʦʩʨʝʜʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ 

ʬʘʢʪʦʨʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ.  

ɺ ʪʦʨʛʦʚʦ-ʧʦʩʨʝʜʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʜʦʚʝʜʝʥʠʝ ʪʦʚʘʨʘ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʢ ʧʦʪʨʝʙʠʪʝʣʶ ʩʚʷʟʘʥʦ ʩ ʩʝʪʴʶ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʩʪʘʚʱʠʢʠ, ʦʧʪʦʚʳʝ ʠ ʨʦʟʥʠʯʥʳʝ ʧʦʩʨʝʜʥʠʢʠ, ʨʝʪʝʡʣʝʨʳ, ʜʠʩʪʨʠʙʴʶʪʝʨʳ. 

ʏʝʨʝʟ ʧʦʩʨʝʜʥʠʢʦʚ ʧʨʦʠʩʭʦʜʷʪ ʚʘʞʥʳʝ ʤʦʤʝʥʪʳ ʢʦʦʨʜʠʥʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ, ʬʠʥʘʥʩʦʚʦʛʦ ʠ ʪʦʚʘʨʥʦʛʦ 

ʦʙʤʝʥʘ. ʕʪʦ ʢʣʶʯʝʚʳʝ ʪʦʯʢʠ ʩʝʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ ʠ ʟʘʢʘʟʘʤʠ, ʩʧʨʦʩʦʤ ʥʘ ʪʦʚʘʨ, ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ [1]. ʇʦʵʪʦʤʫ ʛʠʙʢʦʩʪʴ ʩʝʪʠ ʩʚʷʟʘʥʘ ʩ ʙʳʩʪʨʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠ ʧʝʨʝʩʪʨʦʡʢʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʠ ʩʤʝʥʘ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʦʜʫʢʮʠʠ, ʠ ʠʟʤʝ-

ʥʝʥʠʷ ʩʝʪʠ ʧʦʩʪʘʚʱʠʢʦʚ ʩ ʫʯʝʪʦʤ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʚ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʠ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʛʠʙʢʦʩʪʠ ʮʝʧʝʡ ʧʦʩʪʘʚʦʢ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ Agile ʠ Lean-ʧʦʜʭʦʜʳ, ʢʦ-

ʪʦʨʳʝ ʧʨʠʤʝʥʷʣʠʩʴ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ IT-ʧʨʦʝʢʪʦʚ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ Agile ï ʵʪʦ ʬʠʣʦʩʦʬʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʜʘʧ-

ʪʠʚʥʦʩʪʠ ʢ ʠʟʤʝʥʷʝʤʳʤ ʫʩʣʦʚʠʷʤ, ʠʪʝʨʘʪʠʚʥʦʩʪʠ, ʢʣʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʠ.  

ʄʝʪʦʜʦʣʦʛʠʷ Agile ʥʘʰʣʘ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʣʦʛʠʩʪʠʢʝ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʨʠʥʪʦʚ, ʝʞʝʜʥʝʚʥʳʝ ʩʪʝʥʜʘʧʳ, ʜʦʩʢʘ Kanban ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʘ, ʨʝʪʨʦʩʧʝʢʪʠʚʳ, ʥʦ ʠ ʦʪʩʣʝʞʠʚʘ-

ʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʥʘʭʦʞʜʝʥʠʝ ʫʟʢʠʭ ʤʝʩʪ ʚ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʘ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʘʷ ʘʥʘʣʠʪʠʢʘ ʨʠʩʢʦʚ. 

ʄʦʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʣʶʙʳʝ ʩʙʦʠ ʠ ʧʨʦʚʝʨʷʪʴ ʛʠʧʦʪʝʟʳ ʩʙʳʪʘ ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʚʥʝʜʨʝʥʠʷ, 

ʯʪʦʙʳ ʩʨʘʟʫ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʠ ʩʨʦʢʠ ʧʦʩʪʘʚʢʠ, ʤʘʨʰʨʫʪʳ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʘ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Agile-ʧʦʜʭʦʜʘ ʚ ʪʦʨʛʦʚʦ-ʧʦʩʨʝʜʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʚʥʝʜʨʷʶʪʩʷ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʚʠʜʝ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʠ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʠ ʩʧʨʦʩʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ [2], ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʜʣʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ 

ʧʦʩʪʘʚʢʘʤ.   

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ ʧʦʪʝʨʠ ʪʦʚʘʨʘ ʠ ʝʛʦ ʟʘʜʝʨʞʝʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʪʯʠʢʠ ʠ ʫʩʪʨʦʡʩʪʚʘ IoT, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʣʘʪʬʦʨʤʳ, ʩʦʙʠʨʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦ-

ʷʥʠʠ ʪʦʚʘʨʘ ʥʘ ʩʢʣʘʜʝ ʠ ʧʨʠ ʧʝʨʝʚʦʟʢʝ.  

ʅʘ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʤʳʰʣʝʥʥʳʡ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡè [3] ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ Onside, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʤʫ ʟʘ 2024 ʛʦʜ ʚ ʈʦʩʩʠʠ ʨʳʥʦʢ IoT ʫʚʝʣʠʯʠʣʩʷ ʥʘ 13,8 %, ʘ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʢʣʶʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʝʚʳ-

ʩʠʣʦ 100 ʤʠʣʣʠʦʥʦʚ ʰʪʫʢ. ʇʝʨʚʦʝ ʤʝʩʪʦ ʧʦ ʩʪʨʫʢʪʫʨʝ ʧʦʜʢʣʶʯʝʥʠʡ ʟʘʥʠʤʘʶʪ ʧʨʠʙʦʨʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ, ʥʘ ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʝʤ ʤʝʩʪʘʭ ï ʦʙʦʨʫʜʦʚʘʥʠʝ ʫʤʥʦʛʦ ʫʯʝʪʘ ʨʝʩʫʨʩʦʚ ʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʝ. 

ʆʙʲʝʜʠʥʝʥʠʝ IoT-ʧʣʘʪʬʦʨʤʳ ʩ ERP-ʩʠʩʪʝʤʘʤʠ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʩʜʝʣʘʪʴ 

ʠʭ ʧʨʦʟʨʘʯʥʳʤʠ.   

ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʫʧʨʘʚʣʝʥʠʷ ʣʦʛʠʩʪʠʢʦʡ ʥʘ ʦʩʥʦʚʝ ʜʦʣʛʦʩʨʦʯʥʳʭ ʠ ʞʝʩʪʢʠʭ ʧʣʘ-

ʥʦʚ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʠʙʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʦʨʛʦʚʦ-ʧʦʩʨʝʜʥʠʯʝʩʢʠʝ ʩʝʪʠ ʩʤʦʛʫʪ ʦʩʪʘʚʘʪʴʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙ-

ʥʳʤʠ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʝʡʩʷ ʨʝʘʣʴʥʦʩʪʠ. 
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ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʠʟʥʦʩʘ ʧʦ ʤʦʜʝʣʠ ɸʨʯʘʨʜʘ ʚ ANSYS. ʈʝʟʫʣʴʪʘʪʳ ʚʳʷʚʠʣʠ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʥʦʩʘ: ʩʤʝʱʝʥʠʝ ʤʘʢʩʠ-

ʤʫʤʘ ʚ ʟʦʥʳ ʩ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʜʝʪʘʣʠ, ʘ ʪʘʢʞʝ ʣʦʢʘʣʴʥʳʡ ʨʦʩʪ ʠʟʥʦʩʘ ʫ ʦʪʚʝʨʩʪʠʡ ʠʟ-ʟʘ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ 

ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʘʨ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʦʯʥʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʩʬʝʨ. 
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ɸʨʯʘʨʜʘ. 
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An approach to predicting the form accuracy of spherical surfaces during grinding is proposed, based on simulating wear using 

Archardôs model in ANSYS. The results revealed non-uniform wear distribution: a shift in maximum wear to zones with counter-

directed tool and workpiece velocities, and localized wear increase near holes due to elevated contact pressure. While the method 

requires experimental calibration of model coefficients for specific material pairs, it demonstrates potential for controlling sphere 

machining accuracy. 

Keywords: grinding, spherical surface, CAE (ANSYS), prediction, wear simulation, Archardôs model. 

ʐʣʠʬʦʚʘʥʠʝ ï ʢʣʶʯʝʚʘʷ ʦʧʝʨʘʮʠʷ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʦʯʥʳʭ ʜʝʪʘʣʝʡ, ʚʢʣʶʯʘʷ ʩʣʦʞʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʧʨʦʙʢʠ ʢʨʘʥʦʚ, ʣʠʥʟʳ, ʰʘʨʦʚʳʝ ʧʘʣʴʮʳ) [1]. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʘʪʴ ʧʦʜʭʦʜ ʢ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʶ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ ʦʙʨʘʙʦʪʘʥʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʥʦʩʘ ʤʘʪʝ-

ʨʠʘʣʘ [2]. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ ʧʨʦʮʝʩʩ ʰʣʠʬʦʚʘʥʠʷ ʧʨʦʙʢʠ ʰʘʨʦʚʦʛʦ ʢʨʘʥʘ (Ï737 ʤʤ, 

ʩʪʘʣʴ 30ʍʄɸ, ʪʚʝʨʜʦʩʪʴ 229 HB) ʘʙʨʘʟʠʚʥʳʤʠ ʙʨʫʩʢʘʤʠ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ: Ra Ò 0,2 ʤʢʤ, ʦʪʢʣʦʥʝʥʠʝ 

ʬʦʨʤʳ Ò 0.02 ʤʤ. ʈʝʞʠʤʳ: Vʰ = 10 ʦʙ/ʤʠʥ (ʰʘʨ), Vʛ = 350 ʦʙ/ʤʠʥ (ʛʦʣʦʚʢʘ ʩ ʙʨʫʩʢʘʤʠ), Sʛ = 0,08 ʤʤ/ʤʠʥ (ʧʦ-

ʧʝʨʝʯʥʘʷ ʧʦʜʘʯʘ). 

ʄʝʪʦʜʦʣʦʛʠʷ: ʤʦʜʝʣʴ ʠʟʥʦʩʘ ɸʨʯʘʨʜʘ ʚ CAE [3]. ʆʩʥʦʚʥʘʷ ʤʦʜʝʣʴ: ʧʨʠʤʝʥʝʥʘ ʤʦʜʝʣʴ ʠʟʥʦʩʘ ɸʨʯʘʨʜʘ, ʩʚʷ-

ʟʳʚʘʶʱʘʷ ʦʙʲʝʤ ʫʜʘʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (V) ʩ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʠʣʦʡ (Ft), ʧʫʪʝʤ ʩʢʦʣʴʞʝʥʠʷ (st), ʪʚʝʨʜʦʩʪʴʶ 

ʤʘʪʝʨʠʘʣʘ (H) ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʥʦʩʘ (k):  

ὠ ὯϽ
ὊὸϽίὸ

Ὄ
 

ʄʦʜʝʣʴ ɸʨʯʘʨʜʘ ʚ ANSYS:  

ύ
ὑὴὺ

Ὄ
 

ʛʜʝ: p ï ʜʘʚʣʝʥʠʝ, v ï ʩʢʦʨʦʩʪʴ, C1 (K) ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʥʦʩʘ, C2 (H) ï ʪʚʝʨʜʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, C3 (m), C4 (n) ï 

ʩʪʝʧʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʛʝʦʤʝʪʨʠʷ ʜʝʪʘʣʠ ʠ ʙʨʫʩʢʦʚ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ 

ʢʦʥʪʘʢʪʝ, ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʝʥ (ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʨʦʙʢʠ ʠ ʙʨʫʩʢʦʚ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ), 

ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ: ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʥʦʩʘ (K = C1) ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʦʧʨʝ-

ʜʝʣʷʝʤʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʧʨʠʥʷʪʦ ʟʥʘʯʝʥʠʝ 1e-4 (ʪʠʧʠʯʥʦ ʜʣʷ ʩʪʘʣʝʡ); ʪʚʝʨʜʦʩʪʴ (H = C2): H = 1/3 ʪʚʝʨʜʦʩʪʴ 

ʧʦ ɹʨʠʥʝʣʣʶ = 1/3 * 229 ʄʇʘ = 76 (ʜʣʷ ʩʪʘʣʠ 30ʍʄɸ); ʩʪʝʧʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ (m = C3, n = C4) ʧʨʠʥʷʪʳ ʨʘʚʥʳ-

ʤʠ 1 (ʪʨʝʙʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʪʦʯʥʝʥʠʷ). ɺʣʠʷʥʠʝ ʩʤʘʟʢʠ: ʢʦʵʬʬʠʮʠʝʥʪ K ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ 

ʥʘʣʠʯʠʠ ʩʤʘʟʢʠ. ɼʣʷ ʭʦʨʦʰʝʡ ʩʤʘʟʢʠ ʤʝʪʘʣʣ/ʤʝʪʘʣʣ K å 1e-6. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ. ʂʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ: ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʉɸɽ-ʩʠʩʪʝʤʝ ʧʦʣʫʯʝʥʳ ʚʝʣʠʯʠʥʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ ʙʨʫʩʢʦʚ ʥʘ ʩʬʝʨʫ ʚ ʮʠʢʣʝ ʦʙʨʘʙʦʪʢʠ 

[4]. 

ɸʥʘʣʠʟ ʠʟʥʦʩʘ: ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʠʟʥʦʩʘ ʧʦ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʨʦʙʢʠ. ɺʳʷʚʣʝʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ 

ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʨʫʩʢʦʚ ʧʦ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʞʝ ʚʳʷʚʣʝʥʘ ʥʝʨʘʚʥʦʤʝʨ-

ʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʠʟʥʦʩʫ ʩʬʝʨʠʯʝ-

ʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʛʨʝʰʥʦʩʪʠ ʬʦʨʤʳ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʠʟʥʦʩ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ 

ʚʝʢʪʦʨʳ ʩʢʦʨʦʩʪʠ ʙʨʫʩʢʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʢʦʥʪʘʢʪʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ). 

ʊʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʟʥʦʩʘ ʚʳʷʚʣʝʥʦ ʚʙʣʠʟʠ ʧʨʦʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʧʨʦʙʢʠ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʚʳʭʦ-

ʜʦʤ ʥʝʢʦʪʦʨʳʭ ʙʨʫʩʢʦʚ ʠʟ ʢʦʥʪʘʢʪʘ ʥʘʜ ʦʪʚʝʨʩʪʠʝʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʨʦʩʪʫ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʦʩʪʘʚʰʠʭʩʷ 

ʙʨʫʩʢʘʭ. 
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ʇʨʦʛʥʦʟ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ: ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʦʙ-

ʨʘʙʦʪʢʠ ʟʘ ʩʯʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʥʦʩʘ. ʇʦʣʫʯʝʥʥʳʝ ʵʧʶʨʳ ʠʟʥʦʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʞʠʜʘʝʤʳʝ ʦʪʢʣʦʥʝʥʠʷ 

ʬʦʨʤʳ. 

ɺʳʚʦʜʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʥʘ ʦʩʥʦʚʝ CAE-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʥʦʩʘ ʧʦ ɸʨʯʘʨʜʫ. ʇʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʨʝʞʠʤʦʚ 

ʦʙʨʘʙʦʪʢʠ ʠ ʛʝʦʤʝʪʨʠʠ ʜʝʪʘʣʠ (ʥʘʣʠʯʠʝ ʦʪʚʝʨʩʪʠʡ) ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʥʦʩʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʠʪʦʛʦʚʫʶ ʪʦʯ-

ʥʦʩʪʴ ʬʦʨʤʳ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚ 

ʟʦʥʝ ʦʙʨʘʙʦʪʢʠ. ʂʨʠʪʠʯʝʩʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ: ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʦʜʙʦʨʘ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʤʦʜʝʣʠ ɸʨʯʘʨʜʘ (K, m, n, H), ʪʨʝʙʫʶʱʠʭ ʦʙʷʟʘʪʝʣʴʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ 

ʧʘʨʳ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʦʩʷʪ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʭʦʜʘ; ʘʙʩʦʣʶʪʥʳʝ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʪʨʝʙʫʶʪ ʚʝʨʠʬʠʢʘʮʠʠ. 
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ʥʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ çʈʦʩʩʝʪʠ ʉʠʙʠʨʴè ï çʍʘʢʘʩʵʥʝʨʛʦè, ʩʚʷʟʘʥʥʘʷ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʜʫʢʪʦʚ (Microsoft 
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The paper considers the current problem of software import substitution in the branch of the public joint-stock company "Rosseti 

Siberia" ï "Khakasenergo", related to dependence on foreign products such as Microsoft Outlook and Visio. Russian analogues "R7-

Organizer PRO" and "Avtograf" are presented, their functionality, integration and staff training are analyzed. 
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ʌʠʣʠʘʣ ʧʫʙʣʠʯʥʦʛʦ ʘʢʮʠʦʥʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ çʈʦʩʩʝʪʠ ʉʠʙʠʨʴè ï çʍʘʢʘʩʵʥʝʨʛʦè ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʣʢʠ-

ʚʘʝʪʩʷ ʩ ʨʠʩʢʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʨʫʙʝʞʥʦʛʦ ʇʆ, ʚʢʣʶʯʘʷ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ Windows, ʚ 

ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʡ [1]. ɺ ʯʘʩʪʥʦʩʪʠ, Microsoft Outlook ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦ-

ʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʘ Microsoft Visio ï ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʭʝʤ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. ʕʪʦ ʩʦʟʜʘʝʪ ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʘʥʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʘʥʘʣʦʛʠ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʨʠʩʢʦʚ. ɿʘ-

ʜʘʯʠ ʚʢʣʶʯʘʶʪ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʠʥʪʝʛʨʘʮʠʠ ʩ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ ʦʙʫʯʘʝʤʦʩʪʠ ʧʝʨʩʦʥʘʣʘ. 

ɼʣʷ ʟʘʤʝʥʳ Outlook ʚʳʙʨʘʥ çʈ7-ʆʨʛʘʥʘʡʟʝʨ ʇʈʆè ï ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʦʥʣʘʡʥ-ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʫʧʨʘʚʣʝ-

ʥʠʷ ʟʘʜʘʯʘʤʠ, ʚʨʝʤʝʥʝʤ ʠ ʧʨʦʝʢʪʘʤʠ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʦʬʠʩʥʦʛʦ ʧʘʢʝʪʘ çʈ7-ʆʌʀʉè, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʦʩ-

ʩʠʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ R7, ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʦʡ, ʢʘʣʝʥʜʘʨʝʤ ʠ ʟʘʜʘʯʘʤʠ ʩ ʘʢʮʝʥ-

ʪʦʤ ʥʘ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ [2]. ʇʨʦʛʨʘʤʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫ-

ʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʛʦʩʧʦʣʠʪʠʢʠ [1]. ɼʣʷ ʟʘʤʝʥʳ Visio ʚʳʙʨʘʥ çɸʚʪʦʛʨʘʬè, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʀʄʉɸʊ ʠ ʚʭʦʜʷʱʠʡ ʚ 

ɽʜʠʥʳʡ ʨʝʝʩʪʨ ʨʦʩʩʠʡʩʢʠʭ ʧʨʦʛʨʘʤʤ (ˉ 3462) [3]. çɸʚʪʦʛʨʘʬè ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʤʧʦʨʪ/ʵʢʩʧʦʨʪ VSDX, ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʠʥʞʝʥʝʨʥʦʡ ʛʨʘʬʠʢʠ, ʚʢʣʶʯʘʷ ʩʭʝʤʳ ʩʝʪʝʡ, ʠ ʷʚʣʷʝʪʩʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʩʦ 180+ ʙʠʙʣʠʦʪʝʢʘ-

ʤʠ (ʚʢʣʶʯʘʷ ɻʆʉʊ) ʠ 200+ ʰʘʙʣʦʥʘʤʠ [4]. ʈʘʙʦʪʘ ʩ ʜʘʥʥʳʤʠ ʨʦʩʩʠʡʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ ʙʫʜʝʪ ʚʝʩʪʠʩʴ ʥʘ ʦʧʝʨʘʮʠ-

ʦʥʥʦʡ ʩʠʩʪʝʤʝ çɸʣʴʪ ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷè, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʦʩʩʠʡʩʢʠʤ ʨʘʟʨʘʙʦʪʯʠʢʦʤ çɹʘʟʘʣʴʪ ʉʇʆè, ʯʪʦ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ [5]. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ çʈ7-ʆʨʛʘʥʘʡʟʝʨ ʇʈʆè ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʧʦʩʪʘʚʠʤʫʶ ʩ Outlook ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʚʢʣʶ-

ʯʘʷ ʫʧʨʘʚʣʝʥʠʝ ʢʦʥʪʘʢʪʘʤʠ ʠ ʟʘʜʘʯʘʤʠ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ, ʧʨʠ ʵʪʦʤ ʥʘ ʩʘʡʪʝ çʈ7-ʆʌʀʉè 
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ʜʦʩʪʫʧʥʳ ʙʦʪ-ʧʦʤʦʱʥʠʢ, ʙʘʟʘ ʟʥʘʥʠʡ ʠ ʙʣʦʛ ʈ7 ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [2]. çɸʚʪʦʛʨʘʬè ʧʦʣʥʦʩʪʴʶ ʫʜʦ-

ʚʣʝʪʚʦʨʷʝʪ ʧʦʪʨʝʙʥʦʩʪʷʤ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʧʦʜʜʝʨʞʠʚʘʷ ɻʆʉʊ-ʙʠʙʣʠʦʪʝʢʠ [3]. ʆʙʫʯʘʝʤʦʩʪʴ ʧʝʨʩʦʥʘʣʘ ʠ ʫʨʦ-

ʚʝʥʴ ʧʦʜʜʝʨʞʢʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʥʘʣʦʛʦʚ ʫʧʨʦʱʘʶʪ ʧʝʨʝʭʦʜ ʥʘ ʥʦʚʳʝ ʨʝʰʝʥʠʷ (ʪʘʙʣ.). 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʂʨʠʪʝʨʠʡ Microsoft Outlook ʈ7-ʆʨʛʘʥʘʡʟʝʨ ʇʈʆ Microsoft Visio ɸʚʪʦʛʨʘʬ 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʇʦʯʪʘ, ʢʘʣʝʥʜʘʨʴ, 
ʟʘʜʘʯʠ 

ʇʦʯʪʘ, ʢʘʣʝʥʜʘʨʴ, 
ʟʘʜʘʯʠ, ʧʨʦʝʢʪʳ 

ʉʦʟʜʘʥʠʝ ʩʭʝʤ ʠ 
ʜʠʘʛʨʘʤʤ 

ʉʭʝʤʳ, ʧʦʜʜʝʨʞʢʘ ɻʆʉʊ,  
ʠʤʧʦʨʪ/ʵʢʩʧʦʨʪ VSDX 

ʀʥʪʝʛʨʘʮʠʷ ɺʳʩʦʢʘʷ ʩ 

Windows 

ʉʦʚʤʝʩʪʠʤ ʩ çɸʣʴʪ 

ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷè 

ɺʳʩʦʢʘʷ ʩ 

Windows 

ʂʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ 

ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʋʷʟʚʠʤʦʩʪʴ ʠʟ-ʟʘ 
ʩʘʥʢʮʠʡ 

ɺʳʩʦʢʘʷ, ʨʦʩʩʠʡ-
ʩʢʠʡ ʨʘʟʨʘʙʦʪʯʠʢ 

ʋʷʟʚʠʤʦʩʪʴ ʠʟ-ʟʘ 
ʩʘʥʢʮʠʡ 

ɺʳʩʦʢʘʷ, ʨʝʝʩʪʨ ʇʆ ʈʌ 

ʆʙʫʯʘʝʤʦʩʪʴ ɺʳʩʦʢʘʷ (ʟʥʘʢʦ-

ʤʳʡ ʠʥʪʝʨʬʝʡʩ) 

ʉʨʝʜʥʷʷ, ʝʩʪʴ ʙʘʟʘ 

ʟʥʘʥʠʡ 

ɺʳʩʦʢʘʷ (ʟʥʘʢʦ-

ʤʳʡ ʠʥʪʝʨʬʝʡʩ) 

ʉʨʝʜʥʷʷ, ʜʦʢʫʤʝʥʪʘʮʠʷ 

ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʆʉ Windows Windows, çɸʣʴʪ 

ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷè 

Windows Windows, çɸʣʴʪ ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷè 

ɸʥʘʣʠʟʠʨʫʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʝʭʦʜ ʥʘ çʈ7-ʆʨʛʘʥʘʡʟʝʨ ʇʈʆè ʠ çɸʚʪʦ-

ʛʨʘʬè ʥʘ ʙʘʟʝ çɸʣʴʪ ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷè ʧʦʟʚʦʣʠʪ çʍʘʢʘʩʵʥʝʨʛʦè ʩʥʠʟʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʧʦʚʳʩʠʪʴ ʢʠ-

ʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʝ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ, ʫʢʨʝʧʣʷʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʩʫʚʝʨʝʥʠʪʝʪ [1]. 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʚʘʨʠʡʥʳʭ ʦʪʢʣʶʯʝʥʠʡ, ʠʭ 
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ʟʘ ʧʨʠʤʝʥʝʥʘ ʪʝʭʥʦʣʦʛʠʷ Data Mining, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʧʨʦʛʨʘʤʤʫ SPSS-statistics. 
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The article provides a comprehensive analysis of the organizational and technical components of emergency shutdowns, their 

number, economic damage, under-supply of electric power, time of shutdowns. As a tool for analysis, Data Mining technology in-

cluding the program SPSS-statistics is applied. 
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ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʘʚʘʨʠʡʥʳʭ ʦʪʢʣʶʯʝʥʠʡ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʩʝʪʷʭ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝ-

ʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʢʦʤʧʣʝʢʩʦʚ, ʦʧʨʝʜʝʣʝʥʠʷ ʧʫʪʝʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʝʡ, ʘ 

ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʨʝʜʩʪʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ [1]. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʘʥʘʣʠʟʘ ʘʚʘʨʠʡʥʳʭ ʦʪʢʣʶʯʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʧʨʠʯʠʥ ʠ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶ-

ʱʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨ ʧʦ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʚ ʙʫʜʫʱʝʤ [2].  

ɸʥʘʣʠʟ ʘʚʘʨʠʡʥʳʭ ʦʪʢʣʶʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʠ-

ʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʜʨʫʛʠʭ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨ [3]. 

ɺ ʵʥʝʨʛʝʪʠʢʝ ʢʘʞʜʳʡ ʛʦʜ ʧʨʦʠʩʭʦʜʠʪ ʤʥʦʞʝʩʪʚʦ ʘʚʘʨʠʡʥʳʭ ʦʪʢʣʶʯʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ, ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʝ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʝ, ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʠ ʜʨʫʛʠʝ. 

ʇʨʠ ʵʪʦʤ ʣʶʙʦʝ ʘʚʘʨʠʡʥʦʝ ʦʪʢʣʶʯʝʥʠʝ ʩʦʧʨʷʞʝʥʦ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʫʱʝʨʙʦʤ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʫʱʝʨʙʘ ʚ ʙʫ-

ʜʫʱʝʤ ʢʨʘʡʥʝ ʚʘʞʥʦ ʩʦʙʨʘʪʴ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʧʨʦʠʟʦʰʝʜʰʠʤ ʘʚʘʨʠʷʤ, ʚʢʣʶʯʘʷ ʚʨʝʤʷ ʦʪ-

ʢʣʶʯʝʥʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ, ʥʝʜʦʦʪʧʫʩʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʧʨʦʯʠʝ. ʀʟ-ʟʘ ʯʨʝʟʤʝʨʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʠʜʦʚ 

ʘʚʘʨʠʡ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʪʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʦʚʘʣʦ ʥʘ ʦʙʦ-
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ʨʫʜʦʚʘʥʠʝ (ʥʘʧʨʠʤʝʨ, ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ), ʠ ʪʝʭʥʠʯʝʩʢʠʝ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʥʘʨʫʰʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʠ) [4]. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʦʨʪʠʨʦʚʢʠ ʜʘʥʥʳʭ, ʦʛʨʦʤʥʳʝ ʤʘʩʩʠʚʳ ʠʥʬʦʨ-

ʤʘʮʠʠ ʚ 6 000 ʩʪʨʦʢ ʙʳʣʠ ʦʪʩʦʨʪʠʨʦʚʘʥʳ ʩʥʘʯʘʣʘ ʧʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʧʨʠʯʠʥʘʤ, ʧʦʩʣʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʟʘʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦ ʛʦʜʘʤ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʠʟ-ʟʘ ʯʨʝʟʤʝʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦ-

ʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ 26 ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʧʨʠʯʠʥʘʤ ʧʫʪʝʤ ʨʘʥʞʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʢ ʩʝʤʠ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʘʚʘʨʠʡ. ʇʦʩʢʦʣʴʢʫ ʦʪʢʘʟʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʝʨʝʨʳʚʫ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, 

ʦʮʝʥʝʥʦ ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʡ, ʧʝʨʝʨʳʚʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʜʦʦʪʧʫʩʢʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʘ 

ʪʘʢʞʝ ʦʮʝʥʝʥ ʠʭ ʫʱʝʨʙ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʘ ʯʝʪʢʘʷ ʢʘʨʪʠʥʘ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʠʭ ʯʘʩʪʦʪʳ ʠ ʧʦʩʣʝʜʩʪʚʠʡ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʝ ʤʝʨʳ ʧʦ ʧʨʦʬʠ-

ʣʘʢʪʠʢʝ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʣʘʥʦʚʳʝ ʨʘʙʦʪʳ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦ-

ʚʳʩʠʪʴ ʦʙʱʫʶ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʆʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ ʘʚʘʨʠʡ ʧʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʧʨʠʯʠʥʘʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩ. 1. ʂʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ ʧʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʧʨʠʯʠʥʘʤ 

ʅʘ ʛʠʩʪʦʛʨʘʤʤʝ (ʨʠʩ. 1) ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʩʭʦʜʷʱʘʷ ʪʝʥʜʝʥʮʠʷ ʩ ʧʠʢʘʤʠ ʚ 2020 ʠ 2022 ʛʦʜʘʭ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦ-

ʣʝʝ ʯʘʩʪʦʡ ʧʨʦʙʣʝʤʦʡ, ʥʘ ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʧʨʠʯʠʥʘ çɺʦʟ-

ʜʝʡʩʪʚʠʝ ʦʨʛʘʥʠʟʘʮʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝè. ʉʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʜʘʥʥʘʷ ʧʨʠʯʠʥʘ 

ʠʤʝʝʪ ʚʦʩʭʦʜʷʱʫʶ ʪʝʥʜʝʥʮʠʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʘʜʝʥʠʝʤ ʚ 2023 ʛʦʜʫ. ʂʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝ-

ʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʩʝʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʝʪ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ: ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠ ʵʪʦ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʳʤ ʧʨʠʯʠʥʘʤ ʦʪʢʣʶʯʝʥʠʡ, ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʝʩʪʴ ʣʠ ʚʳʙʨʦʩʳ ʠʣʠ ʘʩʠʤʤʝʪʨʠʷ. ɼʣʷ ʵʪʦʛʦ ʚʳ-

ʧʦʣʥʝʥʘ ʧʨʦʚʝʨʢʘ ʧʦ ʦʜʥʦʚʳʙʦʨʦʯʥʦʤʫ ʢʨʠʪʝʨʠʶ ʂʦʣʤʦʛʦʨʦʚʘ ï ʉʤʠʨʥʦʚʘ. ɺʳʙʦʨ ʚ ʝʛʦ ʧʦʣʴʟʫ ʩʚʷʟʘʥ ʩ ʦʧʨʝ-

ʜʝʣʝʥʠʝʤ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʥʘʙʣʶʜʘʝʤʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʨʝʰʝʥʠʝʤ. 

ʉʚʦʜʢʘ ʥʦʨʤʘʣʴʥʦʛʦ ʦʜʥʦʚʳʙʦʨʦʯʥʦʛʦ ʢʨʠʪʝʨʠʷ ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʘʚʘʨʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ, ʢʦʣʠʯʝʩʪʚʦ 

ʘʚʘʨʠʡ ʧʦ ʢʚʘʨʪʘʣʘʤ ʛʦʜʘ ï ʥʘ ʨʠʩʫʥʢʝ 2. 

ʅʘ ʛʠʩʪʦʛʨʘʤʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦ ʥʝʣʠʥʝʡʥʳʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʘʚʘʨʠʡ ʚʦ ʚʨʝʤʝʥʠ. ʅʘʙʣʶʜʘʪʁʩʷ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʛʨʘʬʠʢʦʤ ʢʫʤʫʣʷʪʠʚʥʦʡ ʯʘʩʪʦʪʳ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ɹʣʘʛʦʜʘʨʷ ʘʥʘʣʠʟʫ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʫʱʝʨʙʥʳʝ ʚʠʜʳ ʘʚʘʨʠʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ 

ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʫʩʠʣʠʷ ʥʘ ʫʩʪʨʘʥʝʥʠʠ ʠʤʝʥʥʦ ʵʪʠʭ ʬʘʢʪʦ-

ʨʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʦ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʝʪʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ 

ʦʞʠʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʘʚʘʨʠʡʥʳʭ ʦʪʢʣʶʯʝʥʠʡ, ʧʦʚʳʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝ-

ʣʝʡ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʝʪʝʡ. 
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ʉʚʦʜʢʘ ʥʦʨʤʘʣʴʥʦʛʦ ʦʜʥʦʚʳʙʦʨʦʯʥʦʛʦ ʢʨʠʪʝʨʠʷ ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʘʚʘʨʠʡ 
ɺʩʝʛʦ ʘʚʘʨʠʡ 5 857 

ʅʘʠʙʦʣʴʰʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ɸʙʩʦʣʶʪʥʘʷ 0,073 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ 0,073 

ʆʪʨʠʮʘʪʝʣʴʥʳʝ ï0,062 

ʉʪʘʪʠʩʪʠʢʘ ʢʨʠʪʝʨʠʷ 0,073 

ɸʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʜʚʫʭʩʪʦʨʦʥʥʠʡ ʢʨʠʪʝʨʠʡ)a < 0,001 

 

ʈʠʩ. 2. ʂʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ ʧʦ ʢʚʘʨʪʘʣʘʤ ʛʦʜʘ 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ Python. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʘ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʧʦʜʙʦʨʘ ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʚʦʟʤʦʞʥʦʤ ʩʦʢʨʘʱʝʥʠʠ ʟʘʪʨʘʪ 

ʚʨʝʤʝʥʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʢʨʘʱʝʥʠʠ ʜʝʥʝʞʥʳʭ ʠ ʨʝʩʫʨʩʥʳʭ ʟʘʪʨʘʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʠʤʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʧʦʜʙʦʨ ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

PROGRAMMATIC APPROAC H TO THE SELECTION O F ANTI -ICING MATERIALS  

D. V. Zhuravlev
1
, A. R. Terteryan

2 

Peter the Great St. Petersburg Polytechnic University, str. Polytekhnicheskaya, 29B, 195251, 
1j.daniil2003@yahoo.com, 2terteryalex@yandex.ru 

The work showcases the output of a Python-based program, examining the potential for streamlining the anti-icing material se-

lection process. The analysis concluded that this approach could reduce time investments, minimize human factor, and thereby lower 

financial and resourse expenditures. 

Keywords: winter maintenance of highways, selection of anti-icing materials. 
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ɺ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʙʠʣʴʥʦ ʤʝʥʷʶʱʝʡʩʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʵʢʩʧʣʫʘʪʠʨʫ-

ʶʱʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʚʳʥʫʞʜʝʥʳ ʧʦʜʙʠʨʘʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʚʠʜ ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʝʛʦ ʟʘʢʫʧʢʫ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʦʙʣʝʜʝʥʝʣʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʘʚʪʦʤʦ-

ʙʠʣʴʥʦʡ ʜʦʨʦʛʠ.  

ɺ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʪʦʪ ʠʣʠ ʠʥʦʡ 

ʚʠʜ ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʙʫʜʫʪ ʚʳʩʪʫʧʘʪʴ: 

1) ʚʠʜ ʦʙʨʘʙʦʪʢʠ (ʧʨʝʚʝʥʪʠʚʥʘʷ, ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʦʷ ʦʙʣʝʜʝʥʝʥʠʷ); 

2) ʪʝʤʧʝʨʘʪʫʨʘ; 

3) ʪʠʧ ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʪʚʝʨʜʳʡ, ʞʠʜʢʠʡ, ʬʨʠʢʮʠʦʥʥʳʡ); 

4) ʢʘʪʝʛʦʨʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʜʙʦʨʘ ʇɻʄ 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʚʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʟʥʘʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʨʠʩ. 2). 

 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ 

ɿʘʣʦʞʝʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʫ ʚʠʜʳ ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ʇʨʦʪʠʚʦʛʦʣʦʣʝʜʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʇʘʨʘʤʝʪʨʳ 

ʇʨʦʪʠʚʦʛʦʣʦʣʝʜʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ɾʠʜʢʠʝ ʊʚʝʨʜʳʝ 

ʍʂʅʄ ï  
ʭʣʦʨʠʩʪʳʡ  

ʢʘʣʴʮʠʡ-ʥʘʪʨʠʡ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥ-
ʥʳʡ 

ʄʈʪʚ ï  

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ 
ʨʝʘʛʝʥʪ ʪʚʝʨʜʳʡ  

ʩ ʬʦʨʤʠʘʪʦʤ ʥʘʪʨʠʷ 

ʄʈʂʪʚ 
ʅʠʪʨʘʪ  
ʢʘʣʴʮʠʷ 

ʍʂʅʞ ï  
ʭʣʦʨʠʩʪʳʡ 

ʢʘʣʴʮʠʡ-

ʥʘʪʨʠʡ  
ʞʠʜʢʠʡ 

ʍʂʅ-ʂʄ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 
25 % Cacl2 

75 % NaCl 

15 % CaCl2 

80 % NaCl 

20 %CaCl2 

5 % 

HCOONa 
75 % NaCl 

20-40 % 
Ca(NO3)2 

60-80 % H2O 

22 % CaCl2 

7 % NaCl 

71 % H2O 

4 % CaCl2 

17 % NaCl 

1,5 % MgCl2 
77,5 % H2O 

ʕʚʪʝʢʪʠʯʝʩʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ÁC 
ï32 ï27 ï32 ï45 ï40 ï28 

ʂʦʥʮʝʥʪʨʘʮʠʷ,  % ï ï ï 20ï40 29 22,5 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʠ-

ʤʝʥʝʥʠʷ, ÁC 
ï20 ï18 ï20 ï25 ï10 ï10 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʦʜʙʦʨʘ ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʠʩʢ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʩʚʦʜʠʪʩʷ ʢ 

ʤʠʥʠʤʫʤʫ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʟʘʢʫʧʢʫ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʥʠʞʘʝʪʩʷ ʨʠʩʢ ʧʦʢʫʧʢʠ ʥʝʵʬ-

ʬʝʢʪʠʚʥʳʭ ʠ ʜʦʨʦʛʠʭ ʨʝʘʛʝʥʪʦʚ. ʂ ʪʦʤʫ ʞʝ ʜʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʧʦʜʙʦʨ ʨʝʘʛʝʥʪʦʚ. 
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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʩʨʘʚʥʝʥʠʶ ʜʚʫʭ ʪʠʧʦʚ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʳʤʠ ʫʟʣʘʤʠ ʞʠʣʳʭ 

ʟʜʘʥʠʡ: ʙʝʩʧʨʦʚʦʜʥʳʭ ʠ ʧʨʦʚʦʜʥʳʭ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʠʭ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ, ʜʘʥʘ ʦʮʝʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʠ ʥʘʜʝʞʥʦʩʪʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʩʫʨʦʚʦʛʦ ʢʣʠʤʘʪʘ ʉʠʙʠʨʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʥʝ ʥʦʨʤʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠ ʧʨʦʙʣʝʤʘʤ ʨʘʟʤʝʱʝʥʠʷ ʜʘʪʯʠʢʦʚ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪ-

ʥʳʭ ʟʦʥʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ, ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʦʚʦʜʥʳʝ ʩʠʩʪʝʤʳ, ʵʥʝʨʛʦʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ, ʪʝʧʣʦʚʳʝ ʫʟʣʳ, ʞʠʣʴʝ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

COMPARATIVE ANALYSIS  OF WIRELESS AND WIRE D MONITORING SYSTEMS  FOR HEATING 

NODES IN RESIDENTIAL  BUILDINGS  

M. E. Zhuravlev  
Scientific supervisor ï A. S. Dulesov 

Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, maskrok@mail.ru 

The article focuses on a comparative study of two types of monitoring systems for heating nodes in residential buildings: wireless 

and wired systems. The analysis highlights their advantages and disadvantages while considering economic indicators and reliability 

under harsh climatic conditions typical to Siberia. Special attention is paid to equipment performance at extremely low temperatures 

and difficulties associated with sensor placement in unfavorable locations.  

Keywords: heating supply, monitoring systems, wireless systems, wired systems, energy efficiency, heating nodes, residential 

buildings, climate conditions. 

ʈʦʩʪ ʪʘʨʠʬʦʚ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʪʦʧʣʠʚʦ ʟʘʩʪʘʚʣʷʝʪ ʠʩʢʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʧʫʪʠ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʦʚ ʥʘ ʦʙʦ-

ʛʨʝʚ ʞʠʣʳʭ ʟʜʘʥʠʡ. ʆʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʧʦʩʦʙʦʚ ʵʢʦʥʦʤʠʠ ï ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʳʤʠ ʫʟʣʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʪʦʯʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦʜʘʯʫ ʪʝʧʣʘ ʠ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ 

ʥʘ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʡ ʨʳʥʦʢ ʧʨʝʜʣʘʛʘʝʪ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʪʠʧʘ ʪʘʢʠʭ 

ʩʠʩʪʝʤ: ʙʝʩʧʨʦʚʦʜʥʳʝ ʠ ʧʨʦʚʦʜʥʳʝ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʣʠʤʘ-

ʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʘʨʭʠʪʝʢʪʫʨʳ ʟʜʘʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʩʪʘʚʠʪ ʮʝʣʴ ʩʨʘʚʥʠʪʴ 

ʫʢʘʟʘʥʥʳʝ ʪʠʧʳ ʩʠʩʪʝʤ, ʚʳʷʚʠʪʴ ʠʭ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʣʫʯʰʠʝ ʚʘʨʠʘʥʪʳ ʜʣʷ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʉʠʙʠʨʠ. 

ʉʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ. 

ʉʝʛʦʜʥʷ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʩʪʨʦʝʥʦ ʣʠʙʦ ʥʘ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ (ʠʩ-

ʧʦʣʴʟʫʶʱʠʭ GSM/GPRS/LTE ʠʣʠ Wi-Fi), ʣʠʙʦ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ (Ethernet-LAN). ɺʳʙʦʨ ʢʦʥ-

ʢʨʝʪʥʦʛʦ ʪʠʧʘ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʢʣʶʯʝʚʳʤʠ ʷʚʣʷʶʪʩʷ ʩʪʦʠʤʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʫʜʦʙ-

ʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɹʝʩʧʨʦʚʦʜʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʧʨʦʩʪʦʪʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʥʠʟʢʦʡ ʥʘʯʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʴʶ (5000ï

15 000 ʨʫʙ.). ʆʜʥʘʢʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. 

1. ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ SIM-ʢʘʨʪ ʚʩʣʝʜʩʪʚʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʤʥʦʛʠʭ ʫʟʣʘʭ (ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚʧʣʦʪʴ ʜʦ ï10 
ʦ
C ʠ ʩʚʳʰʝ 100 

ʦ
ʉ ʧʨʠʚʦʜʷʪ ʢ ʥʝʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʝ SIM-ʢʘʨʪ). 

2. ʇʦʪʝʨʷ ʩʚʷʟʠ ʠʟ-ʟʘ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʟʜʘʥʠʡ ʠ ʧʦʜʚʘʣʴʥʳʭ ʧʦʤʝʱʝʥʠʡ. 

3. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʤʦʙʠʣʴʥʳʤʠ ʩʝʪʷʤʠ ʠʣʠ Wi-Fi, ʯʪʦ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʝʭʥʠ-

ʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ (ʦʩʦʙʝʥʥʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʦʛʨʘʥʠʯʝʥʠʝ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ). 

ʅʘʧʨʦʪʠʚ, ʧʨʦʚʦʜʥʳʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʩʨʦ-

ʢʦʤ ʩʣʫʞʙʳ, ʦʜʥʘʢʦ ʠʭ ʫʩʪʘʥʦʚʢʘ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ (ʦʪ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʨʫʙʣʝʡ, ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʫʞʝ ʠʤʝʶʱʝʡʩʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ) ʠ ʩʣʦʞʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʧʨʦʢʣʘʜʢʘ 

ʢʘʙʝʣʝʡ, ʤʦʥʪʘʞ ʦʙʦʨʫʜʦʚʘʥʠʷ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʙʦʨʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʨʝʰʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚʳʩʪʫʧʘʶʪ ʜʦʩʪʫʧʥʦʩʪʴ ʤʦʙʠʣʴ-

ʥʳʭ ʩʝʪʝʡ, ʩʪʦʠʤʦʩʪʴ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʦʞʠʜʘʝʤʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʝʧʣʦʚʳʤʠ ʫʟʣʘʤʠ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʧʦʛʦʜʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʘʜʘʧʪʠʨʫ-

ʝʪ ʧʦʜʘʯʫ ʪʝʧʣʘ ʚ ʟʜʘʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠ-

ʩʪʝʤʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ. 

1. ʋʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʟʜʘʥʠʠ ʥʘʨʫʞʥʳʝ ʜʘʪʯʠʢʠ ʟʘʤʝʨʷʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ. 

2. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʪʧʨʘʚʣʷʶʪʩʷ ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ, ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʤ ʦʙʦʛʨʝʚʝ. 

3. ʇʨʦʮʝʩʩʦʨ ʦʪʢʨʳʚʘʝʪ ʠʣʠ ʟʘʢʨʳʚʘʝʪ ʢʣʘʧʘʥ ʥʘ ʪʨʫʙʘʭ ʦʪʦʧʣʝʥʠʷ, ʨʝʛʫʣʠʨʫʷ ʧʦʩʪʫʧʣʝʥʠʝ ʛʦʨʷʯʝʡ ʚʦʜʳ ʚ 
ʟʜʘʥʠʝ. 
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ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʦʱʫʪʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ: ʩʦʢʨʘʱʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʪʝʧʣʘ ʜʦʩʪʠʛʘʝʪ  

15ï20 %, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʥʘʥʩʦʚʦʝ ʙʣʘʛʦʧʦʣʫʯʠʝ ʚʣʘʜʝʣʴʮʝʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʭʨʘʥʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʅʦ ʧʨʠ ʵʪʦʤ ʧʦʛʦʜʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʝ ʫʯʠʪʳʚʘʝʪ ʚʦʟʤʦʞʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʠʟʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ (ʪʘʢʠʝ ʢʘʢ 

ʦʪʨʳʪʠʝ ʦʢʦʥ, ʩʣʠʚ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʘʯʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʪ. ʧ.), ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʳʙʦʨ ʤʝʞʜʫ ʙʝʩʧʨʦʚʦʜʥʳʤʠ ʠ ʧʨʦʚʦʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʳʤʠ ʫʟʣʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʣʳʤ ʨʷʜʦʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚ. ɽʩʣʠ ʧʨʠʦʨʠʪʝʪʦʤ ʷʚʣʷʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʠ ʣʝʛʢʦʩʪʴ ʫʩʪʘʥʦʚʢʠ, ʪʦ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʙʝʩʧʨʦʚʦʜʥʳʤ ʩʠʩʪʝʤʘʤ. ʆʜʥʘʢʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ ʧʨʦʚʦʜʥʳʝ ʩʠʩʪʝʤʳ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʚʳʩʦʢʠʝ ʥʘʯʘʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʪʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʩʭʝʤʘ ʧʦʛʦʜʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʜʦʢʘʟʘʚʰʘʷ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʣʘʥʝ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ ʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʤʬʦʨʪʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʜʦʤʘʭ. 
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RETRIEVAL -AUGMENTED GENERATION  ʅɸ ʆʉʅʆɺɽ OLLAMA ʀ CHROMADB ɼʃʗ ʇʆʀʉʂɸ 

ʀʅʌʆʈʄɸʎʀʀ ɺ ʂʆʈʇʆʈɸʊʀɺʅʓʍ ɼʆʂʋʄɽʅʊɸʍ 

ɸ. ɸ. ʀʥʢʠʞʝʢʦʚ
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɸ. ʉ. ɼʫʣʝʩʦʚ 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʧʳʪ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ Retrieval-Augmented Generation (RAG) ʜʣʷ ʧʦʠʩʢʘ ʠ ʦʙʨʘʙʦʪʢʠ ʢʦʨʧʦ-

ʨʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʉʠʩʪʝʤʘ ʨʝʘʣʠʟʫʝʪ ʠʥʪʝʛʨʘʮʠʶ ʣʦʢʘʣʴʥʦʡ ʷʟʳʢʦʚʦʡ ʤʦʜʝʣʠ Ollama, ʚʝʢʪʦʨʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ 

Chroma ʠ ʛʠʙʨʠʜʥʦʛʦ ʧʦʠʩʢʘ. ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʨʘʟʨʘʙʦʪʘʥ ʠʥʪʝʨʬʝʡʩ ʚ ʚʠʜʝ Telegram-ʙʦʪʘ. ɺ ʩʪʘ-

ʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ ʨʝʰʝʥʠʷ, ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚ ʠ ʚʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

RAG ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʦʪʚʝ-

ʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʠʩʢʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: RAG, LLM, ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʙʘʟʳ ʟʥʘʥʠʡ, ChromaDB, Ollama, ʛʠʙʨʠʜʥʳʡ ʧʦʠʩʢ. 
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The paper presents the experience of building a Retrieval-Augmented Generation (RAG) system for searching and processing 

corporate documents. The system implements the integration of the local Ollama language model, the Chroma vector database, and 

hybrid search. A Telegram bot interface has been developed for user interaction. The article discusses the architecture of the solu-

tion, methods for processing texts and attachments, and the features of using RAG in a corporate environment. It is shown that the 

proposed approach improves the accuracy and validity of responses compared to traditional search systems. 

Keywords: RAG, LLM, corporate knowledge bases, ChromaDB, Ollama, hybrid search. 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʘʥʠʠ ʝʞʝʜʥʝʚʥʦ ʨʘʙʦʪʘʶʪ ʩ ʦʛʨʦʤʥʳʤʠ ʦʙʲʝʤʘʤʠ ʜʦʢʫʤʝʥʪʦʚ. ʕʪʦ ʠʥʩʪʨʫʢʮʠʠ, ʪʝʭʥʠʯʝ-

ʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ, ʦʪʯʝʪʳ, ʚʠʢʠ-ʩʪʨʘʥʠʮʳ. ʇʨʦʙʣʝʤʘ ʚ ʪʦʤ, ʯʪʦ ʵʪʠ ʜʘʥʥʳʝ ʨʘʩʩʨʝʜʦʪʦʯʝʥʳ ʧʦ ʨʘʟʥʳʤ ʩʠʩʪʝ-

ʤʘʤ, ʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʦʠʩʢʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʨʝʣʝʚʘʥʪʥʳʝ ʩʚʝʜʝ-

ʥʠʷ. 

ʉʦʪʨʫʜʥʠʢʠ ʯʘʩʪʦ ʪʨʘʪʷʪ ʯʘʩʳ ʥʘ ʧʦʠʩʢ ʥʫʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʦ 

79 % ʨʘʙʦʪʥʠʢʦʚ ʥʝʜʦʚʦʣʴʥʳ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʦʠʩʢʘ [1]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʨʫʧʥʳʝ ʷʟʳʢʦʚʳʝ 

ʤʦʜʝʣʠ (LLM) ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʜʠʘʣʦʛʦʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʘ [2]. ʅʦ ʫ ʥʠʭ ʝʩʪʴ 

ʦʯʝʚʠʜʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʦʥʠ ʦʛʨʘʥʠʯʝʥʳ ʟʥʘʥʠʷʤʠ ʠʟ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʠ ʩʢʣʦʥʥʳ ʢ çʛʘʣʣʶʮʠʥʘʮʠʷʤè  

[1; 2]. 
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RAG-ʧʦʜʭʦʜ ʦʙʲʝʜʠʥʷʝʪ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ: LLM ʠ ʚʥʝʰʥʝʡ ʙʘʟʳ ʟʥʘʥʠʡ [3]. ʉʫʪʴ ʧʨʦʩʪʘ: 

ʤʦʜʝʣʴ ʧʦʣʫʯʘʝʪ ʚʦʧʨʦʩ, ʩʠʩʪʝʤʘ ʠʟʚʣʝʢʘʝʪ ʧʦʜʭʦʜʷʱʠʝ ʜʦʢʫʤʝʥʪʳ, ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʦʪʚʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, LLM ʧʝʨʝʩʪʘʝʪ çʧʨʠʜʫʤʳʚʘʪʴè ʜʘʥʥʳʝ ʠ ʨʘʙʦʪʘʝʪ ʩʪʨʦʛʦ ʚ ʛʨʘʥʠʮʘʭ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ ʢʦʥʪʝʢ-

ʩʪʘ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʦʢʘʟʘʪʴ, ʢʘʢ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ RAG-ʩʠʩʪʝʤʫ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʳ, ʠʩʧʦʣʴʟʫʷ 

ʣʦʢʘʣʴʥʳʝ ʤʦʜʝʣʠ (Ollama), ʚʝʢʪʦʨʥʦʝ ʭʨʘʥʠʣʠʱʝ (ChromaDB) ʠ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

(Telegram-ʙʦʪ). 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʀʜʝʷ Retrieval-Augmented Generation ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʇʘʪʨʠʢʦʤ ʃʴʶʠʩʦʤ ʠ ʝʛʦ ʩʦʘʚʪʦʨʘʤʠ ʚ 2020 ʛʦʜʫ. 

ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʚʤʝʱʝʥʠʝ çʧʘʤʷʪʠ ʤʦʜʝʣʠè ʩ ʚʥʝʰʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨ-

ʥʦʩʪʴ ʦʪʚʝʪʦʚ [2]. ʉʝʛʦʜʥʷ RAG ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʳʭ ʩʠʩʪʝʤ, ʨʘʙʦʪʳ ʩ ʤʝʜʠʮʠʥʩʢʠʤʠ ʠ 

ʶʨʠʜʠʯʝʩʢʠʤʠ ʪʝʢʩʪʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʮʝʥʘʨʠʷʭ [1; 3; 4]. 

ʂʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ʪʘʢʠʭ ʩʠʩʪʝʤ ï ʧʦʠʩʢ. ʆʜʥʠʭ ʪʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝ ʫʯʠʪʳ-

ʚʘʶʪ ʩʤʳʩʣʦʚʳʝ ʩʚʷʟʠ. ʇʣʦʪʥʳʝ ʵʤʙʝʜʜʠʥʛʠ ʨʝʰʘʶʪ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʥʦ ʤʦʛʫʪ ʧʨʦʧʫʩʪʠʪʴ ʪʦʯʥʳʝ ʩʦʚʧʘʜʝʥʠʷ 

ʪʝʨʤʠʥʦʚ. ʇʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʙʨʠʜʥʳʡ ʧʦʠʩʢ, ʩʦʯʝʪʘʶʱʠʡ ʦʙʘ ʧʦʜʭʦʜʘ [3; 5]. 

ʀʥʪʝʨʝʩ ʢ ʠʥʪʝʛʨʘʮʠʠ LLM ʩ ʚʝʢʪʦʨʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (Chroma, Pinecone, Qdrant) ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʝʪ 

[4]. ʊʘʢʠʝ ʙʘʟʳ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʭʨʘʥʠʪʴ ʠ ʥʘʭʦʜʠʪʴ ʤʠʣʣʠʦʥʳ ʬʨʘʛʤʝʥʪʦʚ ʪʝʢʩʪʘ. RAG-ʩʠʩʪʝʤʳ, ʧʦ-

ʩʪʨʦʝʥʥʳʝ ʥʘ ʵʪʦʡ ʩʚʷʟʢʝ, ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʚ ʢʦʤʧʘʥʠʷʭ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

 ɺʝʢʪʦʨʥʘʷ ʙʘʟʘ ChromaDB. ɺ ʥʝʡ ʭʨʘʥʷʪʩʷ ʵʤʙʝʜʜʠʥʛʠ ʜʦʢʫʤʝʥʪʦʚ ʠ ʤʝʪʘʜʘʥʥʳʝ [5]. 

 ʆʙʨʘʙʦʪʯʠʢʠ ʠʩʪʦʯʥʠʢʦʚ. ɼʣʷ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʨʩʝʨʳ XWiki ʠ EvaTeam. ʆʥʠ ʠʟʚʣʝʢʘʶʪ 
ʢʘʢ ʪʝʢʩʪ, ʪʘʢ ʠ ʚʣʦʞʝʥʥʳʝ ʬʘʡʣʳ (PDF, DOCX, PPTX, ʠʟʦʙʨʘʞʝʥʠʷ). 

 FastAPI-ʩʝʨʚʠʩ. ʎʝʥʪʨʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʟʘʧʨʦʩʳ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʫʧʨʘʚʣʷʝʪ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʰʘʛʦʚ: ʧʦʠʩʢ Ÿ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʪʝʢʩʪʘ Ÿ ʚʳʟʦʚ LLM. 

 Telegram-ʙʦʪ. ʀʥʪʝʨʬʝʡʩ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʧʠʰʝʪ ʚʦʧʨʦʩ, ʘ ʙʦʪ ʚʦʟʚʨʘʱʘʝʪ ʦʪʚʝʪ ʩ ʫʢʘʟʘʥʠʝʤ 

ʠʩʪʦʯʥʠʢʦʚ. 

 ʃʦʛʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʟʘʧʫʩʢ. ɺʩʪʨʦʝʥʥʳʡ ʣʦʛʛʝʨ ʬʠʢʩʠʨʫʝʪ ʚʩʝ ʩʦʙʳʪʠʷ, ʘ ʦʪʜʝʣʴʥʳʡ ʤʝʥʝʜʞʝʨ ʦʪʩʣʝʞʠʚʘʝʪ 
ʩʙʦʠ ʠ ʧʝʨʝʟʘʧʫʩʢʘʝʪ ʩʝʨʚʠʩʳ. 

ʉʭʝʤʘ ʨʘʙʦʪʳ ʪʘʢʦʚʘ: ʟʘʧʨʦʩ Ÿ ʵʤʙʝʜʜʠʥʛ Ÿ ʧʦʠʩʢ ʚ ʙʘʟʝ Ÿ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʪʝʢʩʪʘ Ÿ ʛʝʥʝʨʘʮʠʷ ʦʪʚʝʪʘ 

LLM  Ÿ ʚʳʜʘʯʘ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ʄʝʪʦʜʳ 

 ʀʟʚʣʝʯʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ. ɼʦʢʫʤʝʥʪʳ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʥʝʙʦʣʴʰʠʝ ʬʨʘʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʚʝʢʪʦʨʠʟʫʶʪʩʷ ʠ ʟʘ-

ʛʨʫʞʘʶʪʩʷ ʚ ʙʘʟʫ. ɼʣʷ ʧʦʠʩʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʙʨʠʜʥʘʷ ʩʭʝʤʘ: ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʧʦʠʩʢ + ʧʦʠʩʢ ʧʦ ʢʣʶʯʝʚʳʤ 

ʩʣʦʚʘʤ [5]. 

 ʆʙʨʘʙʦʪʢʘ ʚʣʦʞʝʥʠʡ. ɽʩʣʠ ʚ ʜʦʢʫʤʝʥʪʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʦʥʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʩʝʨʚʠʩ ʛʝʥʝʨʘʮʠʠ 

ʦʧʠʩʘʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʝʥʪ ʪʦʞʝ ʚʢʣʶʯʘʝʪʩʷ ʚ ʠʥʜʝʢʩ. 

 ʉʠʩʪʝʤʥʳʡ ʧʨʦʤʧʪ. ɼʣʷ LLM ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʨʦʛʠʡ ʧʨʦʤʧʪ: ʤʦʜʝʣʴ ʦʙʷʟʘʥʘ ʦʪʚʝʯʘʪʴ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ 
ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ ʢʦʥʪʝʢʩʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ çʛʘʣʣʶʮʠʥʘʮʠʠè. 

 ʆʪʚʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʀʪʦʛʦʚʳʡ ʦʪʚʝʪ ʩʦʜʝʨʞʠʪ ʪʝʢʩʪ ʠ ʩʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʧʨʦʟʨʘʯʥʦʡ ʠ 
ʧʨʦʚʝʨʷʝʤʦʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʉʠʩʪʝʤʘ ʙʳʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʘ ʨʝʘʣʴʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ: 

 ʛʠʙʨʠʜʥʳʡ ʧʦʠʩʢ ʧʦʚʳʰʘʝʪ ʧʦʣʥʦʪʫ ʦʪʚʝʪʦʚ, ʥʘʭʦʜʷ ʢʘʢ ʪʦʯʥʳʝ ʩʦʚʧʘʜʝʥʠʷ, ʪʘʢ ʠ ʩʝʤʘʥʪʠʯʝʩʢʠ ʙʣʠʟʢʠʝ 
ʪʝʢʩʪʳ [5]; 

 ʜʦʙʘʚʣʝʥʠʝ ʦʧʠʩʘʥʠʡ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʜʦʢʫʤʝʥʪʳ ʩʦ ʩʭʝʤʘʤʠ ʠ ʠʣʣʶʩʪʨʘ-

ʮʠʷʤʠ; 

 ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʦʢʘʣʴʥʦʡ ʤʦʜʝʣʠ Ollama ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ: ʜʘʥʥʳʝ ʥʝ ʧʦʢʠʜʘʶʪ ʧʝʨʠʤʝʪʨ ʢʦʤʧʘʥʠʠ; 

 ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʝʨʝʟʘʧʫʩʢ ʩʝʨʚʠʩʦʚ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʫʩʪʦʡʯʠʚʦʡ ʢ ʩʙʦʷʤ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʠʩʢʦʤ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʣʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʘʷ RAG-ʩʠʩʪʝʤʘ ʦʙʲʝʜʠʥʷʝʪ Ollama LLM, ChromaDB, ʛʠʙʨʠʜʥʳʡ ʧʦʠʩʢ ʠ Telegram-ʙʦʪʦʚ ʚ ʝʜʠ-

ʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ. ʆʥʘ ʨʝʰʘʝʪ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʦʙʝʩʧʝʯʠ-

ʚʘʷ ʢʘʢ ʪʦʯʥʦʩʪʴ, ʪʘʢ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʜʭʦʜʝ: ʤʫʣʴʪʠʤʦʜʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʦʢʫʤʝʥʪʦʚ, 

ʩʪʨʦʛʘʷ ʬʠʣʴʪʨʘʮʠʷ ʢʦʥʪʝʢʩʪʘ ʠ ʚʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʝʨʚʠʩʘʤʠ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʚʢʣʶʯʘʶʪ ʨʘʩʰʠʨʝʥʠʝ ʧʦʜʜʝʨʞʢʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʚʠʜʝʦ, ʘʫʜʠʦ), ʠʥʪʝ-

ʛʨʘʮʠʶ ʛʨʘʬʦʚʳʭ ʙʘʟ ʟʥʘʥʠʡ ʠ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʪʚʝʪʦʚ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʜʝʞʥʳʭ ʨʘʩ-

ʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. ʆʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʢ ʧʦʜʭʦʜʘʤ, ʩʧʦʩʦʙʥʳʤ ʫʯʠʪʳʚʘʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʥʘʛʨʫʟʦʢ, ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʣʦʞʥʫʶ ʪʦʧʦʣʦʛʠʶ ʩʝ-

ʪʝʡ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʜʝʞʥʦʩʪʠ, ʛʜʝ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 

ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʙʳʩʪʨʦʡ ʠ ʪʦʯʥʦʡ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʝʪ ʦʩʥʦ-

ʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʦʯʝʪʘʶʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 
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The article discusses the possibility of using neural network technologies to design reliable electrical distribution networks. The 

relevance of the transition from traditional deterministic methods to data-oriented approaches capable of taking into account the 

stochastic nature of loads, equipment failures and complex network topology is substantiated. The task of optimizing design solutions 

taking into account reliability requirements is formulated, where the neural network acts as a fast and accurate model for evaluating 

reliability indicators. The proposed technology creates the basis for the development of intelligent design support systems that com-

bine economic efficiency and a high level of reliability of energy supply. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ (ʈʕʉ) ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʡ ʩʣʦʞʥʦʩʪʠ: 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʫʞʝʩʪʦʯʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ, ʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʩʝ ʯʘʱʝ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʩʧʦʩʦʙʥʳʤʠ ʘʜʝʢʚʘʪʥʦ ʫʯʠʪʳʚʘʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʜʠʥʘʤʠʢʫ ʨʝʘʣʴʥʳʭ 

ʨʝʞʠʤʦʚ [1]. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʦʩʦʙʝʥʥʦ ʥʝʡʨʦʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʪʢʨʳʚʘʶʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʝ-

ʥʠʷ ʩʢʨʳʪʳʭ ʥʝʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʩʝʪʠ ʠ ʝʝ ʥʘʜʝʞʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʈʕʉ ʪʨʘʜʠʮʠʦʥʥʦ ʦʧʠʨʘʝʪʩʷ ʥʘ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʠʥʞʝʥʝʨʥʳʡ ʦʧʳʪ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥ-

ʥʳʝ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʧʦʜʭʦʜʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ ʧʨʠʥʮʠʧʠʘʣʴ-

ʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʨʦʩʪ ʜʦʣʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯ-

ʥʠʢʦʚ ʵʥʝʨʛʠʠ) ʚʥʦʩʠʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʧʨʦʬʠʣʠ ʥʘʛʨʫʟʢʠ ʠ ʛʝʥʝʨʘʮʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʫʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʘ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʢʨʠʪʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʘʯʝʩʪʚʫ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʪʨʝʙʫʝʪ ʧʝʨʝʭʦʜʘ 

ʦʪ ʫʩʨʝʜʥʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʢ ʙʦʣʝʝ ʛʠʙʢʠʤ ʠ ʘʜʘʧʪʠʚʥʳʤ ʨʝʰʝʥʠʷʤ. ɺ-ʪʨʝʪʴʠʭ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ 

ʤʥʦʞʝʩʪʚʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ï ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʩʪʘʨʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʩʮʝ-

ʥʘʨʠʝʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ï ʜʝʣʘʝʪ ʟʘʜʘʯʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʥʦʛʦʤʝʨʥʦʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʪʨʫʜʦʝʤʢʦʡ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (ʀʅʉ), ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ [2]. ʅʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʩʧʦʩʦʙʥʳ ʦʙʦʙʱʘʪʴ ʩʣʦʞʥʳʝ ʥʝʣʠʥʝʡ-

ʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʘʭ ʜʘʥʥʳʭ ʠ ʦʧʝʨʘʪʠʚʥʦ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʨʝʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ [3]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʪʨʝʙʫʶ-

ʱʠʭ ʩʪʨʦʛʦʡ ʬʦʨʤʘʣʠʟʘʮʠʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʤʦʛʫʪ ʦʙʫʯʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦ-

ʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʠʤʫʣʷʮʠʡ ʠʣʠ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. ʆʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳ ʛʨʘʬʦʚʳʝ ʥʝʡʨʦʥ-

ʥʳʝ ʩʝʪʠ (GNN), ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʧʨʷʤʫʶ ʢʦʜʠʨʦʚʘʪʴ ʪʦʧʦʣʦʛʠʶ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʢʘʢ ʛʨʘʬ, ʯʪʦ ʜʝʣʘʝʪ 

ʠʭ ʝʩʪʝʩʪʚʝʥʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ [4]. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʈʕʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʫʶ ʟʘʜʘʯʫ, ʚʢʣʶʯʘʶʱʫʶ ʚʳʙʦʨ ʪʦʧʦʣʦʛʠʠ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʝʯʝʥʠʡ ʧʨʦʚʦʜʦʚ, ʨʘʟʤʝʱʝʥʠʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʟʘʱʠʪʳ. 

ʎʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʵʪʦʡ ʟʘʜʘʯʝ ʟʘʥʠʤʘʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ. ʊʨʘʜʠʮʠʦʥʥʦ ʟʘʜʘʯʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ: 

min C(x) ʧʨʠ ʫʩʣʦʚʠʠ R(x)ÓR ʠ x Xɴ; 

ʛʜʝ x ï ʚʝʢʪʦʨ ʧʨʦʝʢʪʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʪʦʧʦʣʦʛʠʷ, ʧʘʨʘʤʝʪʨʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ. ʜ.), C(x) ï ʬʫʥʢʮʠʷ ʩʫʤʤʘʨʥʳʭ 

ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ, R(x) ï ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ ʩʝʪʠ, ʘ R ï ʟʘʜʘʥʥʳʡ ʤʠ-

ʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ.  
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ʆʜʥʘʢʦ ʚʳʯʠʩʣʝʥʠʝ R(x) ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʨʝʙʫʝʪ ʨʝʩʫʨʩʦʝʤʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ. ʇʨʠʤʝ-

ʥʝʥʠʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ R*(x; ɗ), ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʦʡ ʚʝʩʘʤʠ ɗ, ʧʦʟʚʦʣʠʪ ʟʘʤʝʥʠʪʴ ʵʪʫ 

ʧʨʦʮʝʜʫʨʫ ʥʘ ʙʳʩʪʨʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ, ʦʙʫʯʝʥʥʫʶ ʥʘ ʜʘʥʥʳʭ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʚ 

ʠʪʝʨʘʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ (ʛʝʥʝʪʠʯʝʩʢʠʝ, ʛʨʘʜʠʝʥʪʥʳʝ ʠ ʜʨ.) ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶ-

ʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʥʘʜʝʞʥʦʩʪʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʭʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʪʨʠ ʢʣʶʯʝʚʳʝ ʧʦʜʟʘʜʘʯʠ: 1) ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʝʧʨʝ-

ʟʝʥʪʘʪʠʚʥʳʡ ʦʙʫʯʘʶʱʠʡ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʦʪʨʘʞʘʶʱʠʡ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʦʧʦʣʦʛʠʡ ʠ ʨʝʞʠʤʦʚ; 2) ʚʳʙʨʘʪʴ ʘʨʭʠʪʝʢ-

ʪʫʨʫ ʩʝʪʠ, ʩʧʦʩʦʙʥʫʶ ʵʬʬʝʢʪʠʚʥʦ ʢʦʜʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʈʕʉ; 3) ʦʙʝʩʧʝʯʠʪʴ ʠʥʪʝʨʧʨʝʪʠʨʫʝ-

ʤʦʩʪʴ ʠ ʚʝʨʠʬʠʮʠʨʫʝʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʠ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʥʝʡʨʦʩʝʪʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʬʦʨʤʠʨʫʝʪ ʦʩʥʦʚʫ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʆʥʘ  

ʧʦʟʚʦʣʷʝʪ ʩʦʚʤʝʩʪʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʥʘʜʝʞʥʦʩʪʥʳʝ ʢʨʠʪʝʨʠʠ ʚ ʝʜʠʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦ-

ʜʝʣʠ.  
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DESIGNING AN INTELLI GENT PREDICTIVE MAIN TENANCE SYSTEM FOR ELECTRIC BOILERS 

BASED ON A HYBRID NEURAL NETWORK MODEL  

R. V. Kisner 
Scientific supervisor ï E. A. Engel 

Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, kisnerroman@gmail.com 

The architecture of an intelligent predictive maintenance system for electric boilers in private households in Siberia is proposed. 

The key element is a hybrid neural network model combining convolutional (CNN) and recurrent (RNN) layers for analyzing spatial 

and temporal patterns in the data. The system predicts the mean time between failures (MTBF) and generates maintenance recom-

mendations. 

Keywords: electric boilers, time series, neural networks, LSTM, RNN, system architecture, IoT. 

ʕʣʝʢʪʨʦʢʦʪʣʳ ï ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʚ ʉʠʙʠʨʠ, ʛʜʝ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʝʨʝʧʘʜʳ 

ʥʘʧʨʷʞʝʥʠʷ ʧʦʚʳʰʘʶʪ ʨʠʩʢ ʦʪʢʘʟʦʚ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʪʢʘʟʦʚ (MTBF) ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʩʪʦʠ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ PdM-ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʦʡ 

ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ [1; 2]. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ (ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ, RNN) ʯʘʩʪʦ ʥʝ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʝʜʠʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʨʝʙʫʶʪ 

ʨʫʯʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ [3]. ʄʥʦʛʦʩʣʦʡʥʳʝ ʧʝʨʮʝʧʪʨʦʥʳ (MLP) ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ. ɿʘʜʘʯʘ ï ʨʘʟʨʘʙʦʪʘʪʴ ʮʝʣʦʩʪʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʜʣʷ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥ-

ʥʳʭ ʩ ʧʦʤʦʱʴʶ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ [4]. 

ɸʨʭʠʪʝʢʪʫʨʘ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʫʨʦʚʥʷ (ʨʠʩ.): 

1. ʉʣʦʡ ʜʘʥʥʳʭ: ʩʙʦʨ ʧʦʢʘʟʘʥʠʡ ʩ ʜʘʪʯʠʢʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

2. ʉʣʦʡ ʧʣʘʪʬʦʨʤʳ: ʭʨʘʥʝʥʠʝ ʠ ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. 

3. ʉʣʦʡ ʘʥʘʣʠʪʠʢʠ (ʛʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ CNN-RNN): ʚʳʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʧʘʪʪʝʨʥʦʚ. 

4. ʉʣʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ: ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ [5]. 

ʅʦʚʠʟʥʘ: ʟʘʤʝʥʘ LSTM ʥʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ RNN-ʘʨʭʠʪʝʢʪʫʨʫ ʜʣʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ɺ ʦʩʥʦʚʝ ʤʦʜʫʣʷ ï ʛʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ RNN-LSTM. RNN-ʩʣʦʡ ʩʥʠʞʘʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʠ ʰʫʤʳ ʜʘʥʥʳʭ, ʯʪʦ 

ʫʩʢʦʨʷʝʪ ʦʙʫʯʝʥʠʝ ʠ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 
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ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪ ʧʝʨʝʡʪʠ ʢ ʧʨʦʘʢʪʠʚʥʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʛʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ 

RNN-LSTM ʙʫʜʝʪ ʪʦʯʥʝʝ ʢʣʘʩʩʠʯʝʩʢʠʭ MLP ʠ LSTM. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ: 

 ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ; 

 ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʉʠʙʠʨʠ; 

 ʩʦʟʜʘʥʠʝ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ IoT-ʩʠʩʪʝʤʳ. 

ɼʘʣʴʥʝʡʰʠʝ ʨʘʙʦʪʳ: ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʭʘʥʠʟʤʘ ʧʦʜʙʦʨʘ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ 

ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ. 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʵʥʝʨʛʦʢʦʥʪʫʨʘ ʧʨʝʜʧʨʠʷʪʠʷ ʆʆʆ çʉʠʙʠʨʩʢʘʷ ʪʝʧʣʦʩʙʳ-

ʪʦʚʘʷ ʢʦʤʧʘʥʠʷè (ʉʊʂ). ʆʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ, ʤʝʪʦʜʳ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ʚʥʝʜʨʝʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠ-

ʪʝʢʪʫʨʘ ʚʢʣʶʯʘʝʪ ʘʧʧʘʨʘʪʥʳʡ ʫʨʦʚʝʥʴ ʥʘ ʙʘʟʝ ʜʘʪʯʠʢʦʚ ʩ ʧʦʜʜʝʨʞʢʦʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʫʨʦ-

ʚʝʥʴ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʢʘ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʷʟʳʢʝ Python. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʦʢʦʥʪʫʨ, ʤʦʥʠʪʦʨʠʥʛ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ɸʉʋ ʊʇ, IoT, ʜʘʪʯʠʢʠ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, Python, 

ʆʆʆ çʉʊʂè. 
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The article discusses the task of developing a monitoring system for the energy circuit of Sibirskaya Teplosbytovaya Kompaniya 

(STK) LLC. The main components of the system, methods of data collection and analysis, as well as the advantages of implementing 

such a system to improve energy efficiency and reduce costs are described. The proposed architecture includes a hardware level 

based on sensors with support for industrial protocols and a software level implemented using a stack of technologies based on the 

Python language. 

Keywords: energy circuit, monitoring, energy efficiency, automated process control system (APCS), IoT, sensors, energy saving, 

Python, STK LLC. 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʪʝʥʜʝʥʮʠʝʡ ʢ ʨʦʩʪʫ ʪʘʨʠʬʦʚ ʥʘ ʵʥʝʨʛʦ-

ʨʝʩʫʨʩʳ, ʯʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʫʞʝʩʪʦʯʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʶ ʜʝʣʘʝʪ 

ʟʘʜʘʯʫ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʆʩʦ-

ʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʪʦʪ ʚʦʧʨʦʩ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʩʬʝʨʝ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʵʥʝʨʛʦʩʙʳʪʦʚʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ, ʛʜʝ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥ-

ʥʦʡ ʵʢʦʥʦʤʠʠ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ ʠ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ. 

ʕʥʝʨʛʦʩʙʳʪʦʚʳʝ ʢʦʤʧʘʥʠʠ, ʪʘʢʠʝ ʢʘʢ ʆʆʆ çʉʠʙʠʨʩʢʘʷ ʪʝʧʣʦʩʙʳʪʦʚʘʷ ʢʦʤʧʘʥʠʷè (ʉʊʂ), ʠʛʨʘʶʪ ʮʝʥʪʨʘʣʴ-

ʥʫʶ ʨʦʣʴ ʚ ʮʝʧʦʯʢʝ çʛʝʥʝʨʘʮʠʷ ï ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ï ʩʙʳʪ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠè [1]. ʀʭ ʵʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʬʠʥʘʥʩʦʚʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʨʝʛʠʦʥʘ. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʫʯʝʪʫ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʦʤ (ʝʞʝʤʝʩʷʯʥʦʤ) ʩʥʷʪʠʠ ʧʦʢʘʟʘʥʠʡ ʩ ʧʨʠʙʦ-

ʨʦʚ ʫʯʝʪʘ ʠ ʠʭ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʫʞʝ ʥʝ ʦʪʚʝʯʘʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʚʳʟʦʚʘʤ. ʆʥʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʡ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʚ ʧʦʣʫʯʝʥʠʠ ʜʘʥʥʳʭ, ʛʣʫʙʠʥʳ ʠʭ ʘʥʘʣʠʟʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʠ ʥʝʨʘʮʠʦʥʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ, 

ʘ ʪʘʢʞʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʝʜʠʢʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ. 

ɺʥʝʜʨʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʵʥʝʨʛʦʢʦʥʪʫʨʘ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʷʚʣʷʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ ʠ ʥʝʦʙʭʦʜʠʤʳʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ʇʦʜ ʵʥʝʨʛʦʢʦʥʪʫʨʦʤ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʦʪʨʝ-

ʙʠʪʝʣʝʡ ʠ ʩʠʩʪʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ (ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʪʝʧʣʦ, ʚʦʜʘ), ʦʩʥʘʱʝʥʥʳʭ ʩʨʝʜʩʪʚʘʤʠ ʠʟʤʝ-

ʨʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ. ʅʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʛʦ ʢʦʥʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʨʝʘʢʪʠʚʥʦʛʦ 

ʫʩʪʨʘʥʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʢ ʧʨʦʘʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ. 

ɸʥʘʣʠʟ ʠʩʪʦʯʥʠʢʦʚ [2ï5] ʧʦʟʚʦʣʠʣ ʚ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʧʨʝʜʣʦʞʠʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ ʜʚʘ ʫʨʦʚʥʷ. 

1. ɸʧʧʘʨʘʪʥʳʡ ʫʨʦʚʝʥʴ: ʜʘʪʯʠʢʠ ʠ ʩʯʝʪʯʠʢʠ ʩ ʧʦʜʜʝʨʞʢʦʡ ʧʨʦʪʦʢʦʣʦʚ Modbus, MQTT; ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʰʣʶʟʳ ʜʣʷ ʘʛʨʝʛʘʮʠʠ ʜʘʥʥʳʭ. 

2. ʇʨʦʛʨʘʤʤʥʳʡ ʫʨʦʚʝʥʴ (ʥʘ ʙʘʟʝ Python): 

 ʩʙʦʨ ʜʘʥʥʳʭ: ʙʠʙʣʠʦʪʝʢʠ pymodbus, opcua-client ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ; 

 backend: ʬʨʝʡʤʚʦʨʢ FastAPI ʜʣʷ ʩʦʟʜʘʥʠʷ API, Celery ʜʣʷ ʬʦʥʦʚʳʭ ʟʘʜʘʯ; 

 ʭʨʘʥʝʥʠʝ: ʉʋɹɼ PostgreSQL ʩ ʨʘʩʰʠʨʝʥʠʝʤ TimescaleDB ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʨʝʤʝʥʥʳʤʠ ʨʷʜʘʤʠ; 

 ʚʠʟʫʘʣʠʟʘʮʠʷ: desktop-ʧʨʠʣʦʞʝʥʠʝ ʥʘ PyQt/PySide ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ Matplotlib/PyQtGraph ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʠ ʜʘʰʙʦʨʜʦʚ; 

 ʘʥʘʣʠʪʠʢʘ: ʙʠʙʣʠʦʪʝʢʠ scikit-learn ʠ TensorFlow ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʵʥʝʨ-

ʛʦʢʦʥʪʫʨʘ ʧʨʝʜʧʨʠʷʪʠʷ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʝʢʘ ʦʙʝʩʧʝʯʠʪ 

ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ, ʩʥʠʟʠʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʟʘ ʩʯʝʪ ʚʳʷʚʣʝʥʠʷ ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʠʩ-

ʢʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʙʣʘʛʦʜʘʨʷ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʫ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʚ ʨʘʤʢʘʭ ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʪʁʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʝʰʠʬʨʦʚʢʠ ʠ ʘʥʘʣʠʟʘ ʧʦʚʨʝʞʜʝʥʥʳʭ ʪʝʢʩʪʦʚ, ʧʦʟʚʦʣʷ-

ʶʱʠʝ ʚʦʩʩʪʘʥʦʚʠʪʴ ʫʪʨʘʯʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʢʦʪʦʨʳʝ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʨʝʚʥʠʭ ʨʫʢʦʧʠʩʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʘʨʭʝʦʣʦʛʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʜʝʰʠʬʨʦʚʢʘ, ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, 

ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʩʪʘʚʨʘʮʠʷ. 

NEUROARCHAEOLOGY: HO W ARTIFICIAL INTELLI GENCE DECODES ANCIENT LANGUAGES 

AND RESTORES MANUSCRIPTS 

I. I. Kozlov 
Scientific supervisor ï S. B. Kuryachiy 

Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, kozlov-ilya2007@mail.ru 

This article discusses automatic methods of decryption and analysis of damaged texts, allowing for the restoration of lost frag-

ments of cultural heritage. and modern artificial intelligence methods that open up new possibilities for studying ancient manu-

scripts. 
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ʅʝʡʨʦʘʨʭʝʦʣʦʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʫ  ʁʦʙʣʘʩʪʴ, ʠʥʪʝʛʨʠʨʫʶʱʫ  ʁʤʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨ-

ʥʳʭ ʥʘʫʢ, ʣʠʥʛʚʠʩʪʠʢʠ ʠ ʘʨʭʝʦʣʦʛʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ, ʨʘ-

ʥʝʝ ʩʯʠʪʘʚʰʠʝʩʷ ʥʝʨʘʟʨʝʰʠʤʳʤʠ: ʯʪʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʳʭ ʪʝʢʩʪʦʚ, ʜʝʰʠʬʨʦʚʢʫ ʥʝʠʟʚʝʩʪʥʳʭ ʧʠʩʴʤʝʥʥʦʩʪʝʡ, 

ʨʝʢʦʥʩʪʨʫʢʮʠ ʁʫʪʨʘʯʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. 

ʆʙʨʘʙʦʪʢʘ ʧʦʚʨʝʞʜʝʥʥʳʭ ʘʨʪʝʬʘʢʪʦʚ ï ʵʪʦ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ 

ʩʚʦʶ ʚʳʩʦʯʘʡʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʄʝʪʦʜʳ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʘʟʜʝ-

ʣʝʥʠʠ ʪʝʢʩʪʘ ʠ ʬʦʥʘ ʜʘʞʝ ʧʨʠ ʨʘʙʦʪʝ ʩ ʩʠʣʴʥʦ ʧʦʚʨʝʞʜʝʥʥʳʤʠ ʠ ʜʝʛʨʘʜʠʨʦʚʘʚʰʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ʅʝʡʨʦʩʝʪʝ-

ʚʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʪʠʧʘ U-Net ʫʩʧʝʰʥʦ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʫʪʨʘʯʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩʠʤʚʦʣʦʚ, ʧʨʝʜ-

ʩʢʘʟʳʚʘʷ ʠʩʭʦʜʥʫʶ ʬʦʨʤʫ ʟʥʘʢʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʝʢʩʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʚ ʩʦʯʝ-

ʪʘʥʠʠ ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʩʣʦʠ ʪʝʢʩʪʘ ʚ ʧʘʣʠʤʧʩʝʩʪʘʭ. 

ɸʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʙʫʯʝʥʥʳʝ ʠ ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʧʨʠʥʮʠʧʘʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ 

ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʦʧʨʝʜʝʣʷʶʪ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʠʛʤʝʥʪʦʚ ʧʦ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʠʛʥʘʪʫʨʘʤ. 

ʅʝʡʨʦʩʝʪʠ ʘʥʘʣʠʟʠʨʫʶʪ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʙʦʣʝʝ ʯʝʤ ʚ 240 ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʘʭ, ʚʳʷʚʣʷʷ ʫʥʠ-

ʢʘʣʴʥʳʝ çʩʧʝʢʪʨʘʣʴʥʳʝ ʦʪʧʝʯʘʪʢʠè ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʯʝʨʥʠʣ. ʅʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʳ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪ ʞʝʣʝʟʦ-

ʛʘʣʣʦʚʳʝ ʯʝʨʥʠʣʘ ʦʪ ʫʛʦʣʴʥʳʭ ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʧʠʢʘʤ ʧʦʛʣʦʱʝʥʠʷ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʩʚʠʪʢʦʚ ʄʝʨʪʚʦʛʦ ʤʦʨʷ ʀʀ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣ ʪʨʠ ʨʝʮʝʧʪʫʨʳ ʯʝʨʥʠʣ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʝʜʠ, 

ʩʚʠʥʮʘ ʠ ʩʫʨʴʤʳ, ʯʪʦ ʫʢʘʟʘʣʦ ʥʘ ʨʘʟʥʳʝ ʰʢʦʣʳ ʧʠʩʮʦʚ. ɺ ʘʥʘʣʠʟʝ ʩʪʠʣʷ ʪʨʘʥʩʬʦʨʤʝʨʥʳʝ ʤʦʜʝʣʠ ʚʳʷʚʣʷʶʪ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʘʪʪʝʨʥʳ ï ʯʘʩʪʦʪʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʠʥʳ ʧʨʝʜʣʦʞʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʜ-

ʢʦʡ ʣʝʢʩʠʢʠ. ʅʝʡʨʦʩʝʪʴ, ʠʟʫʯʘʚʰʘʷ ʪʝʢʩʪʳ ʇʣʘʪʦʥʘ, ʩ 94%-ʡ ʪʦʯʥʦʩʪʴʶ ʦʙʥʘʨʫʞʠʣʘ ʧʦʟʜʥʠʝ ʚʩʪʘʚʢʠ ʧʦ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʤ ʘʥʦʤʘʣʠʷʤ ʚ ʩʪʠʣʠʩʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʘʭ. 

ʇʦʷʚʣʝʥʠʝ ʪʨʘʥʩʬʦʨʤʝʨʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʣʦ ʧʦʜʭʦʜʳ ʢ ʘʥʘʣʠʟʫ ʜʨʝʚʥʠʭ ʷʟʳʢʦʚ. ʄʦʜʝʣʠ 

ʪʠʧʘ BERT, ʜʦʦʙʫʯʝʥʥʳʝ ʥʘ ʢʦʨʧʫʩʘʭ ʜʨʝʚʥʠʭ ʪʝʢʩʪʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʳʷʚʣʝʥʠʶ ʩʠʥʪʘʢʩʠʯʝ-

ʩʢʠʭ ʧʘʪʪʝʨʥʦʚ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ʊʝʭʥʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʣʦʚ ʧʦʟʚʦʣʷʶʪ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʣʝʢʩʠʯʝʩʢʠʤʠ ʝʜʠʥʠʮʘʤʠ ʜʘʞʝ ʚ ʯʘʩʪʠʯʥʦ ʜʝʰʠʬʨʦʚʘʥʥʳʭ ʷʟʳʢʘʭ. 

ʇʨʦʝʢʪ çɺʳʟʦʚ ɺʝʟʫʚʠʷè ʧʦʢʘʟʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʯʪʝʥʠʷ ʦʙʫʛʣʝʥʥʳʭ ʩʚʠʪʢʦʚ 

ɻʝʨʢʫʣʘʥʫʤʘ. ʂʦʤʙʠʥʘʮʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ ʠ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʠʣʘ ʚʠʨʪʫʘʣʴ-

ʥʦ ʨʘʟʚʝʨʥʫʪʴ ʩʚʠʪʢʠ ʠ ʧʨʦʯʠʪʘʪʴ ʙʦʣʝʝ 2 000 ʩʣʦʚ. ɺ ʦʙʣʘʩʪʠ ʜʝʰʠʬʨʦʚʢʠ ʥʝʡʨʦʩʝʪʠ ʫʩʧʝʰʥʦ ʚʝʨʠʬʠʮʠʨʦʚʘ-

ʣʠ ʨʘʩʰʠʬʨʦʚʢʫ ʣʠʥʝʡʥʦʛʦ ʧʠʩʴʤʘ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʣʠ ʥʦʚʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʟʥʘʢʦʚ ʣʠʥʝʡʥʦʛʦ ʧʠʩʴʤʘ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʨʘʙʦʪʘʣ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʵʪʘʧʘʤ: 

ī ʩʚʠʪʦʢ ʨʘʟʙʠʚʘʣʩʷ ʥʘ ʩʝʢʪʦʨʘ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʘʞʜʦʛʦ ʩʣʦʷ; 

ī ʀʀ ʦʪʩʣʝʞʠʚʘʣ ʧʘʫʪʠʥʢʫ ʪʨʝʱʠʥ ʚ ʢʘʞʜʦʤ ʩʣʦʝ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʦʡ ʠ ʧʦʪʦʤ ʚʳʨʦʚʥʷʪʴ 
ʝʛʦ ʮʠʬʨʦʚʫʶ ʢʦʧʠʶ; 

ī ʨʘʩʧʦʟʥʘʥʠʝ ʙʫʢʚ ʛʨʝʯʝʩʢʦʛʦ ʘʣʬʘʚʠʪʘ ʧʨʦʠʩʭʦʜʠʣʦ ʥʝ ʥʘʧʨʷʤʫʶ ʠʟ ʪʝʢʩʪʘ, ʚʩʝ ʜʘʥʥʳʝ ʙʨʘʣʠʩʴ ʠʟ ʙʘʟʳ, 

ʧʦʣʫʯʝʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʦʤʦʛʨʘʬʠʝʡ. 
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ʊʝʭʥʦʣʦʛʠʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʠ ʥʝʡʨʦʩʝʪʝʡ ʩʦʟʜʘʶʪ ʪʦʯʥʳʝ 3D-ʤʦʜʝʣʠ ʘʨʪʝʬʘʢʪʦʚ. ɺ ʧʨʦʝʢʪʝ çɺʠʨʪʫʘʣʴʥʳʡ 

ʂʘʨʥʘʢè ʫʯʝʥʳʝ ʚʦʩʩʦʟʜʘʣʠ ʧʦʣʥʫʶ ʮʠʬʨʦʚʫʶ ʢʦʧʠʶ ʭʨʘʤʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʠʝʨʦʛʣʠʬʠʯʝʩʢʠʤʠ ʥʘʜʧʠʩʷʤʠ. 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʠʟʫʯʘʪʴ ʪʝʢʩʪʳ ʚ ʠʤʤʝʨʩʠʚʥʦʡ ʩʨʝʜʝ VR, ʨʘʩʩʤʘʪʨʠʚʘʷ ʥʘʜʧʠʩʠ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʠ ʧʦ-

ʣʫʯʘʷ ʤʛʥʦʚʝʥʥʳʝ ʧʝʨʝʚʦʜʳ ʯʝʨʝʟ AR-ʠʥʪʝʨʬʝʡʩ. 

ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʚʘʣʠʜʘʮʠʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɸʥʩʘʤʙʣʠ-

ʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʠ ʢʨʦʩʩʚʘʣʠʜʘʮʠʷ ʥʘ ʠʟʚʝʩʪʥʳʭ ʪʝʢʩʪʘʭ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʡ. 

ʄʝʪʦʜʳ ʦʙʲʷʩʥʠʤʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʚʳʚʦʜʦʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʜʠʩʢʫʨʩ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʜʣʷ ʘʥʘʣʠʟʘ ʜʨʝʚʥʠʭ ʪʝʢʩʪʦʚ. 

ʄʫʣʴʪʠʤʦʜʘʣʴʥʳʝ ʧʦʜʭʦʜʳ, ʩʦʯʝʪʘʶʱʠʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʡ ʠ ʧʘʣʝʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʘʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ 

ʵʢʩʧʝʨʪʦʚ-ʣʠʥʛʚʠʩʪʦʚ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʛʨʘʥʠʯʝʥʥʳʝ ʥʘʙʦʨʳ ʨʘʟʤʝʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʥʝʡʨʦʘʨʭʝʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

çʛʘʣʣʶʮʠʥʘʮʠʡè ʀʀ ʧʨʠʤʝʥʷʝʪʩʷ ʘʥʩʘʤʙʣʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʠ ʢʨʦʩʩʚʘʣʠʜʘʮʠʷ ʥʘ ʠʟʚʝʩʪʥʳʭ ʪʝʢʩʪʘʭ. ʊʝʭʥʠʢʠ 

ʦʙʲʷʩʥʠʤʦʛʦ ʀʀ (XAI) ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ ʣʦʛʠʢʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʝʡʨʦʩʝʪʷʤʠ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʷʟʳ-

ʢʦʚʳʭ ʧʘʪʪʝʨʥʦʚ ʧʦʤʦʛʘʝʪ ʦʪʜʝʣʠʪʴ ʨʝʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʪ ʩʣʫʯʘʡʥʳʭ ʩʦʚʧʘʜʝʥʠʡ. ʆʙʷʟʘʪʝʣʴʥʘʷ ʵʢʩ-

ʧʝʨʪʥʘʷ ʧʨʦʚʝʨʢʘ ʣʠʥʛʚʠʩʪʘʤʠ ʠ ʠʩʪʦʨʠʢʘʤʠ ʦʩʪʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʵʪʘʧʦʤ. ɺ ʧʨʦʝʢʪʝ ʠʟʫʯʝʥʠʷ ʣʠʥʝʡ-

ʥʦʛʦ ʧʠʩʴʤʘ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʦʪʩʝʷʪʴ 70 % ʦʰʠʙʦʯʥʳʭ ʠʥʪʝʨʧʨʝʪʘʮʠʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʩʯʠʪʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʥʝʡʨʦʩʝʪʝʡ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʚʨʝʞʜʝʥ-

ʥʳʤʠ ʪʝʢʩʪʘʤʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʘʨʭʝʦʣʦʛʠʠ ʦʪʢʨʳʚʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʜʨʝʚʥʠʭ ʢʫʣʴʪʫʨ. ʅʝʡʨʦʘʨʭʝʦʣʦʛʠʷ ʥʝ ʟʘʤʝʥʷʝʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʦ ʩʦʟʜʘʝʪ ʤʦʱ-

ʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʙʦʪʘʪʴ ʩ ʘʨʪʝʬʘʢʪʘʤʠ, ʨʘʥʝʝ ʩʯʠʪʘʚʰʠʤʠʩʷ ʙʝʟʥʘʜʝʞʥʦ 

ʫʪʨʘʯʝʥʥʳʤʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʫʯʠʪʳ-

ʚʘʶʱʠʭ ʩʧʝʮʠʬʠʢʫ ʜʨʝʚʥʠʭ ʷʟʳʢʦʚ ʠ ʧʠʩʴʤʝʥʥʦʩʪʝʡ, ʨʘʟʨʘʙʦʪʢʦʡ ʩʪʘʥʜʘʨʪʦʚ ʚʘʣʠʜʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʮʠʬʨʦʚʳʭ ʨʝʧʦʟʠʪʦʨʠʝʚ. ʆʩʦʙʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʛʨʘʮʠʷ ʥʝʡʨʦʘʨʭʝʦ-

ʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩ ʜʨʫʛʠʤʠ ʥʘʫʯʥʳʤʠ ʜʠʩʮʠʧʣʠʥʘʤʠ ʦʪ ʛʝʥʝʪʠʢʠ ʜʦ ʢʣʠʤʘʪʦʣʦʛʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚʦʩʩʦʟʜʘ-

ʚʘʪʴ ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ. ʋʞʝ ʩʝʛʦʜʥʷ ʥʝʡʨʦʘʨʭʝʦʣʦʛʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʩʠʤʙʠʦʟ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʟʥʘʥʠʷ ʩʧʦʩʦʙʝʥ ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʷʪʴ 

ʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ, ʥʦ ʠ ʚʦʟʚʨʘʱʘʪʴ ʫʪʨʘʯʝʥʥʳʝ ʩʪʨʘʥʠʮʳ ʤʠʨʦʚʦʡ ʠʩʪʦʨʠʠ. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʯʝʨʝʟ ʤʦʜʝʨʥʠʟʘ-

ʮʠʶ ʘʨʭʠʪʝʢʪʫʨʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝ-

ʛʨʠʨʫʝʪ ʬʫʥʢʮʠʠ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʧʘʩʩʠʚ-

ʥʦʛʦ ʫʯʝʪʘ ʢ ʘʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ 

ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʨʠʤʝʨʥʦ ʥʘ 12ï15 % ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ɸʉʂʋʕ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʫʯʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

IMPROVING ENERGY EFF ICIENCY AT AN INDUST RIAL ENTERPRISE BASE D  

ON THE ARCHITECTURE OF AN AUTOMATED COMM ERCIAL ACCOUNTING SY STEM 

K. I. Kozlov 
Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, kozlov-kirill2002@mail.ru 

The paper considers an approach to improving the energy efficiency of industrial enterprises through the modernization of the 

architecture of an automated commercial electricity metering system. The proposed architecture integrates data collection, analyti-

cal processing, and information visualization functions, allowing for a transition from passive metering to active energy manage-

ment. The implementation of these solutions demonstrates the potential for reducing energy costs by approximately 12ï15 % through 

the optimization of equipment operation modes and the reduction of losses. 

Keywords: automated commercial electricity metering system, ASCUE, energy efficiency, energy saving, reduction of energy 

costs, electricity metering. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʫʶʪ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʠʩʢʘ ʨʝʟʝʨʚʦʚ 

ʩʥʠʞʝʥʠʷ ʠʟʜʝʨʞʝʢ. ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʣʶʯʝʚʳʤ ʨʝʟʝʨʚʦʤ ʧʦʚʳʰʝʥʠʷ ʢʦʥ-

ʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʧʘʩʩʠʚʥʦʛʦ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢ ʘʢʪʠʚʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ 

ʫʧʨʘʚʣʝʥʠʶ ʝʝ ʧʦʪʨʝʙʣʝʥʠʝʤ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦ-

ʙʦʡ ʨʘʟʨʦʟʥʝʥʥʳʡ ʥʘʙʦʨ ʧʨʠʙʦʨʦʚ, ʜʘʥʥʳʝ ʩ ʢʦʪʦʨʳʭ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚʨʫʯʥʫʶ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʧʘʟʜʳʚʘʥʠʶ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʧʦʪʝʨʴ. 

ʈʘʟʨʝʰʝʥʠʝ ʵʪʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚʠʜʠʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʘʨʭʠʪʝʢʪʫ-

ʨʘ ʢʦʪʦʨʦʡ ʠʟʥʘʯʘʣʴʥʦ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʩ ʫʯʝʪʦʤ ʟʘʜʘʯ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʫʯʝʪʘ ʠʟ ʠʥʩʪʨʫʤʝʥʪʘ ʢʦʥʪʨʦʣʷ ʚ ʠʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ. 

ʂʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʦʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʝʪʘ ʷʚʣʷʝʪʩʷ ʠʭ ʦʛʨʘʥʠʯʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʩʪʴ. ɼʘʥʥʳʝ ʩʦ ʩʯʝʪʯʠʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʮʝʭʘʭ ʠ ʥʘ ʚʚʦʜʝ, ʯʘʩʪʦ ʥʝ ʢʦʥʩʦʣʠʜʠʨʫʶʪʩʷ ʚ ʝʜʠʥʦʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʙʦʨ ʧʦʢʘʟʘʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʫʪʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʚʳʷʚʣʝʥʠʝ ʧʠʢʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʠʭ ʧʨʠʚʷʟʢʫ ʢ ʨʘʙʦʪʝ 

ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʌʫʥʢʮʠʦʥʘʣ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʦʜʛʦʪʦʚʢʦʡ ʜʘʥʥʳʭ ʜʣʷ ʬʠʥʘʥʩʦʚʳʭ 

ʨʘʩʯʝʪʦʚ ʩ ʧʦʩʪʘʚʱʠʢʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʧʦ-

ʪʨʝʙʣʝʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʣʫʞʙʝ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʦʪʢʣʦʥʝʥʠʷ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʩʪʨʦʠʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʠʥʪʝʛʨʘʮʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ɽʝ 

ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷʝʪ ʪʨʝʭʫʨʦʚʥʝʚʘʷ ʩʪʨʫʢʪʫʨʘ, ʚʢʣʶʯʘʶʱʘʷ ʫʨʦʚʝʥʴ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʫʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ 

ʠ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʋʨʦʚʝʥʴ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʨʠʙʦʨʳ ʫʯʝʪʘ, ʦʩʥʘʱʝʥʥʳʝ ʠʥʪʝʨ-

ʬʝʡʩʘʤʠ ʜʣʷ ʮʠʬʨʦʚʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʦʪʦʢʦʣʘʤ, ʪʘʢʠʤ ʢʘʢ Modbus ʠʣʠ DLMS/COSEM. 

ʇʦʤʠʤʦ ʩʯʝʪʯʠʢʦʚ, ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʜʘʥʥʳʝ ʦʪ ʩʠʩʪʝʤ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʠ ʪʝʣʝʤʝʭʘʥʠʢʠ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʙʦʨ ʠ 

ʧʝʨʚʠʯʥʘʷ ʘʛʨʝʛʘʮʠʷ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʝʪʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ IoT-

ʰʣʶʟʦʚ. 

ʋʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʷʜʨʦ ʩʠʩʪʝʤʳ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʝʨʚʝʨ 

ʙʘʟʳ ʜʘʥʥʳʭ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʠ ʩʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʡ. ʂʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥ-

ʪʦʤ ʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ. ɽʛʦ ʬʫʥʢʮʠʦʥʘʣ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʧʨʦʩʪʦʛʦ ʫʯʝʪʘ ʠ ʚʢʣʶ-

ʯʘʝʪ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʩ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʧʨʦʬʠʣʷʤʠ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʘ ʥʦʨʤʘʪʠʚʥʳʭ 

ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʀʤʝʥʥʦ ʵʪʦʪ ʤʦʜʫʣʴ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʩʳʨʳʝ ʜʘʥʥʳʝ ʚ ʠʥʬʦʨʤʘʮʠʶ 

ʜʣʷ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʋʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʥʝʯʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʯʝʨʝʟ ʚʝʙ-

ʠʥʪʝʨʬʝʡʩʳ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ. ʇʝʨʩʦʥʘʣ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʣʫʞʙʳ, ʪʝʭʥʦʣʦʛʠ ʠ ʨʫʢʦʚʦʜʠʪʝ-

ʣʠ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʚ ʬʦʨʤʝ ʤʥʝʤʦʩʭʝʤ, ʛʨʘʬʠʢʦʚ ʥʘʛʨʫʟʦʢ, ʜʘʰʙʦʨʜʦʚ ʢʣʶʯʝ-

ʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʦʪʯʝʪʦʚ. ɺʘʞʥʦʡ ʬʫʥʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʦʧʦʚʝʱʝ-

ʥʠʡ, ʢʦʪʦʨʘʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʫʚʝʜʦʤʣʷʝʪ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʦ ʧʨʝʚʳʰʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʣʠʤʠʪʦʚ ʠʣʠ ʢʨʠʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʷʭ ʚ ʨʝʞʠʤʝ ʧʦʪʨʝʙʣʝʥʠʷ. 

ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʩ ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬ-

ʬʝʢʪʘ. ʆʩʥʦʚʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ.  

ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʧʨʠʤʝʨʥʦ ʥʘ 12ï15 % ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʦʧʝʨʘʪʠʚʥʦʤʫ 

ʚʳʷʚʣʝʥʠʶ ʥʝʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʭ ʢʦʨʨʝʢʪʠʨʦʚʢʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʘʢʪʠʢʦʡ 

ʚʥʝʜʨʝʥʠʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ.  

ɸʥʘʣʠʟ ʩʫʪʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʥʘʛʨʫʟʢʠ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʵʥʝʨʛʦʝʤʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʝʨʠ-

ʦʜʳ ʜʝʡʩʪʚʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʪʘʨʠʬʦʚ. ʉʦʢʨʘʱʘʶʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʩʝʪʷʭ ʧʨʝʜʧʨʠʷ-

ʪʠʷ ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʤʝʩʪ ʥʝʫʯʪʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʘʩʠʤʤʝʪʨʠʠ ʬʘʟ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʥʦʩʪʠ ʚʳʩʚʦʙʦʞʜʘʝʪ ʪʨʫʜʦʚʳʝ ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʥʘʧʨʘʚ-

ʣʝʥʳ ʥʘ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʨʘʙʦʪʝ ʘʨʭʠʪʝʢʪʫʨʘ ɸʉʂʋʕ (ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʤʤʝʨʯʝʩʢʦ-

ʛʦ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʛʣʫʙʦʢʫʶ ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʶ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ. ʇʝʨʝʥʦʩ ʘʢʮʝʥʪʘ ʩ ʬʠʩʢʘʣʴʥʦʡ 

ʬʫʥʢʮʠʠ ʫʯʝʪʘ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʢʨʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠ-

ʘʣ ʵʢʦʥʦʤʠʠ. ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʘʥʘʣʠʪʠʯʝ-

ʩʢʦʛʦ ʤʦʜʫʣʷ ʚ ʝʜʠʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʢʦʥʪʫʨʝ ʩʦʟʜʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʠʟʜʝʨʞʝʢ ʠ ʧʦʚʳʰʝʥʠʝ ʦʙʱʝʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʘʣʴ-

ʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʥʪʝʛʨʘʮʠʶ ʚ ʜʘʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦ-

ʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

 ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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SYNERGY OF DIGITAL D OUBLE AND ARTIFICIAL  INTELL IGENCE  

IN THE DESIGN OF COM PLEX TECHNICAL SYSTE MS 

K. I. Kozlov 
Katanov Khakass State University,ave. Lenin, 90, 655017, Abakan, Russia, kozlov-kirill2002@mail.ru 

The possibility of interaction between digital twin technologies and artificial intelligence in the creation of complex technical 

systems is considered. The transformation of traditional design through the creation of intelligent twins capable of self-learning and 

predicting the behavior of systems is explored. 

Keywords: digital twin, artificial intelligence, complex system design, machine learning, and virtual modeling. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʠʭ ʥʘʜʝʞʥʦʩʪʠ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʘʜʘʧʪʠʚʥʦʩʪʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʦʩʥʦʚʘʥ-

ʥʳʝ ʥʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʷʭ, ʜʦʩʪʠʛʘʶʪ ʧʨʝʜʝʣʘ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦ-

ʩʪʠ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʪʘʥʦʚʠʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠ-

ʢʦʚ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʩʦʟʜʘʶʱʘʷ ʥʦʚʫʶ ʧʘʨʘʜʠʛʤʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [1]. 

ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʩʪʘʪʠʯʝʩʢʠʭ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʢʦʛʥʠʪʠʚʥʳʤ ʩʠ-

ʩʪʝʤʘʤ. ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʥʠʢʘ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʛʝʥʝʨʠ-

ʨʦʚʘʪʴ ʠ ʧʨʦʚʝʨʷʪʴ ʨʝʰʝʥʠʷ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʤʳʩʣʦʚʦʝ ʧʦʥʠʤʘʥʠʝ ʜʘʥʥʳʭ ʠ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʝ ʚʦʟʥʠʢʘʶʱʠʭ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ [2]. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʨʝʘʣʠʟʫʝʪ ʪʨʝʭʫʨʦʚʥʝʚʫʶ ʩʪʨʫʢʪʫʨʫ. ʋʨʦʚʝʥʴ ʜʘʥʥʳʭ ʘʢʢʫʤʫʣʠʨʫʝʪ ʠʥʬʦʨʤʘ-

ʮʠʶ ʦʪ ʜʘʪʯʠʢʦʚ ʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʭʨʘʥʠʣʠʱ. ʂʦʛʥʠʪʠʚʥʳʡ ʫʨʦʚʝʥʴ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʳʷʚʣʝʥʠʝ ʩʢʨʳʪʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʋʨʦʚʝʥʴ ʧʦʜʜʝʨʞʢʠ ʨʝʰʝʥʠʡ ʛʝʥʝʨʠʨʫʝʪ ʦʧʪʠʤʘʣʴʥʳʝ ʧʨʦ-

ʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʮʠʢʣʘ ʦʙʫʯʝʥʠʷ, ʛʜʝ ʢʘʞʜʳʡ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʪʦ-

ʪʠʧ ʦʙʦʛʘʱʘʝʪ ʙʘʟʫ ʟʥʘʥʠʡ ʩʠʩʪʝʤʳ. ʄʝʭʘʥʠʟʤ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪ-

ʨʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʫʤʫʣʷʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʛʣʷʜʥʦʛʦ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʧʳʪ ʚʥʝʜʨʝʥʠʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʜʚʠ-

ʛʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. ʅʘ ʧʨʝʜʧʨʠʷʪʠʠ ʚʥʝʜʨʝʥ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘ-

ʪʝʣʷ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʩ ʩʠʩʪʝʤʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʀʀ ʘʥʘʣʠʟʠʨʫʝʪ 

ʜʘʥʥʳʝ 3 500 ʜʘʪʯʠʢʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʨʦʛʥʦʟʠʨʫʷ ʨʝʩʫʨʩ ʜʝʪʘʣʝʡ. ʇʨʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʫʚʝ-

ʣʠʯʝʥʠʝ ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʧʨʦʙʝʛʘ ʜʚʠʛʘʪʝʣʝʡ ʥʘ 18 %, ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʥʘ 

27 %. ʉʠʩʪʝʤʘ ʧʨʝʜʩʢʘʟʘʣʘ 92 % ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʪʢʘʟʦʚ ʟʘ 48 ʯʘʩʦʚ ʜʦ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 

ɺ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʪʘʢʞʝ ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʧʳʪ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʮʠʬʨʦʚʦʡ 

ʜʚʦʡʥʠʢ ʧʘʨʦʚʦʡ ʪʫʨʙʠʥʳ ʥʘ ʊʕʎ. ɺ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚʳʷʚʠʣʘ ʥʝʦʯʝ-

ʚʠʜʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʧʘʨʘ ʠ ʚʠʙʨʘʮʠʝʡ ʨʦʪʦʨʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʫʜʘʣʦʩʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 

ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʫʚʝʣʠʯʠʪʴ ʤʝʞʨʝʤʦʥʪʥʳʡ ʠʥʪʝʨʚʘʣ ʥʘ 40 %.  

ɼʨʫʛʠʤ ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʧʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʚ ʈɾɼ. ɸ ʠʤʝʥʥʦ, ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡ-

ʥʠʢʘ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ ʧʦʟʚʦʣʠʣʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʛʨʘʬʠʢʠ ʨʝʤʦʥʪʦʚ. ʂ ʧʨʠʤʝʨʫ, ʩʠʩʪʝʤʘ ʧʨʝʜʩʢʘʟʘʣʘ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʟʘʤʝʥʳ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘ 45 ʩʫʪʦʢ ʜʦ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʦʪʢʘʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʦʩʴ ʠʟʙʝ-

ʞʘʪʴ ʧʨʦʩʪʦʝʚ ʠ ʩʵʢʦʥʦʤʠʪʴ ʙʦʣʝʝ 15 ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ ʥʘ ʦʜʥʦʤ ʦʙʲʝʢʪʝ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʘʟʚʠʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ 

ʜʣʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʤʦʜʝʣʠʨʦ-

ʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʝʡʩʷ ʥʘʛʨʫʟʢʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʟʨʘʙʦʪʢʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 89 % ʥʘ ʛʦʨʠʟʦʥʪʝ 72 ʯʘʩʦʚ. 

ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʘʚʪʦʥʦʤʥʦʩʪʠ ʩʠʩʪʝʤ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʙʝʟ ʚʤʝʰʘ-

ʪʝʣʴʩʪʚʘ ʦʧʝʨʘʪʦʨʘ. ɺ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʧʦʜʦʙʥʳʝ ʨʝʰʝʥʠʷ ʫʞʝ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʘʚʘʨʠʡ-

ʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ 34 % ʟʘ ʩʯʝʪ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʝʢʪʦʚ ʦʩʪʘʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʘʥʥʳʭ 

ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʠ ʝʛʦ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʴʶ. ʇʦʛʨʝʰʥʦʩʪʠ ʚʨʝʤʝʥʥʳʭ ʤʝʪʦʢ ʠ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʩʭʦʞʜʝʥʠʷʤ ʚ ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʷʭ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʪʦʢʦʣʳ ʦʙʤʝʥʘ ʜʘʥʥʳ-

ʤʠ ʧʦʟʚʦʣʷʶʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʩʝʪʝʡ. 
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ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʚʦʧʨʦʩ ʚʝʨʠʬʠʢʘʮʠʠ ʤʦʜʝʣʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɼʣʷ ʢʨʠʪʠʯʝ-

ʩʢʠ ʚʘʞʥʳʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ. ʈʘʟʨʘʙʘ-

ʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʚʘʪʴ ʥʘʜʝʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠ-

ʷʪʠʝʤ. ʆʙʲʝʜʠʥʝʥʠʝ ʜʘʥʥʳʭ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʟ-

ʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʦʙʱʝʟʘʚʦʜʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʇʠʣʦʪʥʳʝ ʧʨʦʝʢʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʥʠʞʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʨʘʩʭʦʜʦʚ ʥʘ 18ï22 % ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʚʥʝʜʨʝʥʠʠ [3]. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʫʥʠʬʠʢʘʮʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ 

ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʦʪʨʘʩʣʝʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʵʢʦʩʠʩʪʝʤʳ ʩʦʚʤʝʩʪʠʤʳʭ ʨʝ-

ʰʝʥʠʡ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʦ ʠ ʜʦʩʪʠʞʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 20ï30 %. ʉʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʚʳʚʦʜʘ ʧʨʦʜʫʢʮʠʠ 

ʥʘ ʨʳʥʦʢ ʥʘ 25ï35 % ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʬʠʟʠʯʝʩʢʠʭ ʠʩʧʳʪʘ-

ʥʠʡ ʥʘ 45 % ʩʥʠʞʘʝʪ ʧʨʷʤʳʝ ʟʘʪʨʘʪʳ. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʠʟʙʳʪʦʯʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʘʫʜʠʪʦʨʠʷʭ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʠʟ-ʟʘ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʝ ESP32-CAM ʠ ʜʘʪʯʠʢʘ ʦʩʚʝʱʝʥʥʦ-

ʩʪʠ BH1750, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʧʨʠʩʫʪʩʪʚʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʚʝʪʠʣʴʥʠʢʘʤʠ. ʀʩʧʦʣʴʟʦ-

ʚʘʥʠʝ Wi-Fi ʤʦʜʫʣʷ ʧʦʟʚʦʣʷʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʨʝʰʝʥʠʝ ʥʘ ʫʨʦʚʝʥʴ ʢʦʨʧʫʩʘ ʠ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʠʩʪʝʤʘ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ 

ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʧʦʚʳʰʘʝʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʫʜʠʪʦʨʠʡ. 
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The problem of excessive energy consumption in the classrooms of the Institute of Engineering and Technology due to manual 

lighting control is considered. An intelligent system based on the ESP32-CAM and the BH1750 light sensor is proposed, which pro-

vides recognition of the presence of students and adaptive control of lighting fixtures. Using the Wi-Fi module allows you to scale the 

solution to the building and university levels. The system reduces energy costs and increases the energy efficiency of classroom oper-

ations. 

Keywords: ESP32-CAM, intelligent lighting, energy saving, classrooms, automation. 

ɺ ʫʯʝʙʥʳʭ ʘʫʜʠʪʦʨʠʷʭ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʦʩʚʝʱʝʥʠʝ ʫʧʨʘʚʣʷʝʪʩʷ ʚʨʫʯʥʫʶ. ʕʪʦ ʯʘʩʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʣʘʤʧʳ ʦʩʪʘʶʪʩʷ ʚʢʣʶʯʝʥʥʳʤʠ ʚ ʧʫʩʪʳʭ ʧʦʤʝʱʝʥʠʷʭ. ʉʨʝʜʥʷʷ ʘʫʜʠʪʦʨʠʷ ʩʦʩʪʦʠʪ ʠʟ 

9 LED-ʩʚʝʪʠʣʴʥʠʢʦʚ ʤʦʱʥʦʩʪʴʶ ʧʦ 36 ɺʪ, ʯʪʦ ʚ ʩʫʤʤʝ ʜʘʝʪ 324 ɺʪ. ʇʨʠ ʩʨʝʜʥʝʤ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ 10 ʯʘʩʦʚ ʚ 

ʜʝʥʴ ʠ ʪʘʨʠʬʝ 3,25 ʨʫʙ/ʢɺʪĿʯ [1], ʨʘʩʭʦʜʳ ʥʘ ʦʜʥʫ ʘʫʜʠʪʦʨʠʶ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 10,53 ʨʫʙʣʝʡ ʚ ʜʝʥʴ ʠʣʠ  

3 843,45 ʪʳʩ. ʨʫʙ. ʚ ʛʦʜ. ɽʩʣʠ ʫʤʥʦʞʠʪʴ ʵʪʦ ʥʘ 24 ʘʫʜʠʪʦʨʠʡ, ʪʦ ʦʙʱʠʝ ʟʘʪʨʘʪʳ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ  

92 242,8 ʪʳʩ. ʨʫʙ. ʚ ʛʦʜ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʩʭʦʜʦʤ ʠ ʪʨʝʙʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʆʙʳʯʥʳʝ ʜʘʪʯʠʢʠ ʜʚʠʞʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʨʘʟʣʠʯʘʪʴ ʨʝʘʣʴʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʝʧʦʜʚʠʞʥʳʭ 

ʩʪʫʜʝʥʪʘʭ ʩʚʝʪ ʤʦʞʝʪ ʦʪʢʣʶʯʠʪʴʩʷ). ESP32-CAM ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʟʘ ʩʯʝʪ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ 

ʩʠʩʪʝʤʫ ʙʦʣʝʝ ʥʘʜʝʞʥʦʡ ʠ ʘʜʘʧʪʠʚʥʦʡ [2]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠ-

ʝʤ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʧʨʠʩʫʪʩʪʚʠʝ ʣʶʜʝʡ, ʪʘʢ ʠ ʫʨʦʚʝʥʴ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʢʦʤʥʘʪʝ. ʅʘ ʨʠ-

ʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʩʭʝʤʳ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʠʩʪʝʤʳ ʚʳʙʨʘʥ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨ ESP32-CAM, ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ 

ʚʩʪʨʦʝʥʥʫʶ ʢʘʤʝʨʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ [3]. ʕʪʦ ʨʝʰʝʥʠʝ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 
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ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʜʘʪʯʠʢʦʚ ʜʚʠʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʪʘʢʠʝ ʜʘʪʯʠʢʠ ʥʝ ʚʩʝʛʜʘ ʤʦʛʫʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʨʠʩʫʪʩʪʚʠʝ ʣʶʜʝʡ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʦʥʠ ʩʠʜʷʪ ʥʝʧʦʜʚʠʞʥʦ. 

 

ʈʠʩ. ʌʨʘʛʤʝʥʪ ʩʭʝʤʳ ʩʦʝʜʠʥʝʥʠʷ 

ɼʣʷ ʦʮʝʥʢʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʘʪʯʠʢ BH1750, ʧʦʜʢʣʶʯʘʝʤʳʡ ʧʦ ʠʥʪʝʨʬʝʡʩʫ IĮC. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ ʫʯʠʪʳʚʘʪʴ ʜʥʝʚʥʦʡ ʩʚʝʪ, ʧʦʩʪʫʧʘʶʱʠʡ ʯʝʨʝʟ ʦʢʥʘ, ʠ ʠʟʙʝʛʘʪʴ ʥʝʥʫʞʥʦʛʦ ʚʢʣʶʯʝʥʠʷ 

ʣʘʤʧ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʩʚʝ-

ʱʝʥʠʝʤ [4]. 

ʌʫʥʢʮʠʶ ʢʦʤʤʫʪʘʮʠʠ ʩʚʝʪʠʣʴʥʠʢʦʚ ʚʳʧʦʣʥʷʝʪ ʨʝʣʝʡʥʳʡ ʤʦʜʫʣʴ, ʫʧʨʘʚʣʷʝʤʳʡ ʩ ʧʦʤʦʱʴʶ GPIO-ʚʳʚʦʜʦʚ 

ESP32-CAM. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʣʶʙʳʤʠ ʪʠʧʘʤʠ ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚ ʘʫʜʠʪʦʨʠʷʭ ʠʥʩʪʠʪʫʪʘ, ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ [5]. 

ɼʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ ʚ ʙʦʣʝʝ ʢʨʫʧʥʫʶ ʩʝʪʴ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʘʫʜʠʪʦʨʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʳʡ Wi-Fi ʤʦʜʫʣʴ ESP32. ʕʪʦ ʫʧʨʦʱʘʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ: ʤʦʜʫʣʠ 

ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʫʶ ʩʝʪʴ ʠ ʫʧʨʘʚʣʷʪʴʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʤʦʥʠʪʦʨʠʪʴ 

ʠ ʫʧʨʘʚʣʷʪʴ ʦʩʚʝʱʝʥʠʝʤ ʥʘ ʫʨʦʚʥʝ ʚʩʝʛʦ ʫʯʝʙʥʦʛʦ ʢʦʨʧʫʩʘ. 

ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ʧʦʚʳʩʠʪʴ ʫʜʦʙʩʪʚʦ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ ʚ ʫʯʝʙʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. 
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The key aspects of the influence of the light spectrum on the cultivation of microgreens in automated greenhouses are considered.  
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ʄʠʢʨʦʟʝʣʝʥʴ ï ʵʪʦ ʤʦʣʦʜʳʝ ʧʦʙʝʛʠ ʨʘʩʪʝʥʠʡ, ʙʦʛʘʪʳʝ ʚʠʪʘʤʠʥʘʤʠ, ʤʠʥʝʨʘʣʘʤʠ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ. ɼʣʷ 

ʫʩʧʝʰʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʠʢʨʦʟʝʣʝʥʠ ʚʘʞʝʥ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʫʩʣʦʚʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʝʪ 

ʦʩʚʝʱʝʥʠʝ. ɺ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʧʣʠʮʝ ʦʩʚʝʱʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʧʨʦʩʪʦ ʜʦʩʪʘʪʦʯʥʳʤ, ʥʦ ʠ ʦʧʪʠʤʠʟʠʨʦ-

ʚʘʥʥʳʤ ʧʦ ʩʧʝʢʪʨʫ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʘʣʛʦʨʠʪʤʘʤ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʧ-

ʣʠʮʘʭ ʩʚʝʪʦʚʦʡ ʨʝʞʠʤ ʩʠʥʭʨʦʥʠʟʠʨʫʝʪʩʷ ʩ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʚʣʘʞʥʦʩʪʴʶ, ʪʝʤʧʝʨʘʪʫʨʦʡ), ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ [1]. 

ʆʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʦʩʚʝʱʝʥʠʷ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ. ɺʳʙʠʨʘʷ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʜʣʷ ʩʚʦʠʭ ʨʘʩʪʝʥʠʡ, 

ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘ ʩʚʝʪʘ ʥʘ ʤʠʢʨʦʟʝʣʝʥʴ:  
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1. ʌʠʦʣʝʪʦʚʳʡ (380ï430 ʥʤ):  

- ʋʩʠʣʠʚʘʝʪ ʩʠʥʪʝʟ ʘʥʪʦʮʠʘʥʦʚ (ʢʨʘʩʥʳʝ ʠ ʬʠʦʣʝʪʦʚʳʝ ʧʠʛʤʝʥʪʳ).  

- ʇʦʚʳʰʘʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ.  

- ʄʦʞʝʪ ʥʝʤʥʦʛʦ ʟʘʤʝʜʣʷʪʴ ʨʦʩʪ, ʥʦ ʫʣʫʯʰʘʝʪ ʧʠʪʘʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ. 

- ʇʦʣʝʟʝʥ ʜʣʷ çʫʢʨʝʧʣʝʥʠʷè ʠ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

2. ʉʠʥʠʡ (430ï470 ʥʤ):  

- ʈʝʛʫʣʠʨʫʝʪ ʬʦʪʦʪʨʦʧʠʟʤ (ʨʘʩʪʝʥʠʝ ʨʘʩʪʝʪ ʢʦʤʧʘʢʪʥʳʤ, ʥʝ ʚʳʪʷʛʠʚʘʝʪʩʷ).  

- ʌʦʨʤʠʨʫʝʪ ʢʨʝʧʢʠʝ ʩʪʝʙʣʠ ʠ ʣʠʩʪʴʷ.  

- ʉʪʠʤʫʣʠʨʫʝʪ ʩʠʥʪʝʟ ʭʣʦʨʦʬʠʣʣʘ Ÿ ʣʠʩʪʴʷ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʥʘʩʳʱʝʥʥʦ-ʟʝʣʝʥʳʤʠ. 

- ɿʘʤʝʜʣʷʝʪ ʨʦʩʪ ʚʚʝʨʭ, ʥʦ ʜʝʣʘʝʪ ʨʘʩʪʝʥʠʷ ʙʦʣʝʝ ʧʣʦʪʥʳʤʠ. ɺʘʞʝʥ ʥʘ ʩʪʘʜʠʠ ʚʩʭʦʜʦʚ.  

3. ɿʝʣʝʥʳʡ (500ï570 ʥʤ):  

- ɻʣʫʙʞʝ ʧʨʦʥʠʢʘʝʪ ʚ ʪʦʣʱʫ ʣʠʩʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʥʠʤ ʠ ʢʨʘʩʥʳʤ.  

- ʇʦʚʳʰʘʝʪ ʦʙʱʫʶ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

- ɼʝʣʘʝʪ ʨʘʩʪʝʥʠʷ çʚʠʟʫʘʣʴʥʦè ʟʜʦʨʦʚʳʤʠ, ʫʣʫʯʰʘʝʪ ʮʚʝʪ. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʝʙʦʣʴʰʠʭ ʜʦʟʘʭ, ʢʘʢ 
ʜʦʧʦʣʥʝʥʠʝ.  

4. ʂʨʘʩʥʳʡ (620ï680 ʥʤ):  

- ɻʣʘʚʥʳʡ ʩʪʠʤʫʣʷʪʦʨ ʬʦʪʦʩʠʥʪʝʟʘ.  

- ʋʩʢʦʨʷʝʪ ʨʦʩʪ ʠ ʥʘʙʦʨ ʤʘʩʩʳ.  

- ɼʝʣʘʝʪ ʣʠʩʪʴʷ ʢʨʫʧʥʝʝ ʠ ʩʦʯʥʝʝ. 

- ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʩʠʥʠʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʘʨʤʦʥʠʯʥʳʡ ʨʦʩʪ.  ʂʣʶʯʝʚʦʡ ʜʠʘʧʘʟʦʥ ʜʣʷ ʙʳʩʪʨʦʡ ʙʠʦʤʘʩʩʳ.  

5. Full ʩʧʝʢʪʨ (ʚʝʩʴ ʜʠʘʧʘʟʦʥ): 

- ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʩʚʝʪʘ, ʚʢʣʶʯʘʶʱʠʡ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʩʧʝʢʪʨʳ: ʩʠʥʠʡ, ʢʨʘʩʥʳʡ, ʟʝʣʝʥʳʡ, 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʠ ʠʥʬʨʘʢʨʘʩʥʳʡ. 

- ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʠʙʣʠʞʝʥʥʦʩʪʴ ʢ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʜʥʝʚʥʦʤʫ ʩʚʝʪʫ. 

- ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ï ʧʦʜʭʦʜʠʪ ʜʣʷ ʣʶʙʳʭ ʨʘʩʪʝʥʠʡ: ʢʦʤʥʘʪʥʳʭ, ʩʘʜʦʚʳʭ, ʦʚʦʱʥʳʭ ʠ ʮʚʝʪʫʱʠʭ. 

- ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʩʚʝʪʦʣʶʙʠʚʳʭ ʨʘʩʪʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʩʚʝʱʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ 150ï220 ɺʪ/ʤ
2
, ʧʨʠ ʵʪʦʤ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ.  

ʋʩʨʝʜʥʝʥʥʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʪʝʥʠʡ ʩʦʩʪʘʚ ʠʟʣʫʯʝʥʠʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʧʝʢʪʨʘ: 30 % ï ʚ 

ʩʠʥʝʡ ʦʙʣʘʩʪʠ, 20 % ï ʚ ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʠ ʠ 50 % ï ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ [2].  

ʉʦʚʨʝʤʝʥʥʳʝ ʬʠʪʦʣʘʤʧʳ ʧʦʟʚʦʣʷʶʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʧʝʢʪʨ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, 

ʯʪʦ ʚʣʠʷʝʪ ʥʘ: ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʠ ʨʘʩʩʘʜʳ, ʥʘʢʦʧʣʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʥʘʧʨʠʤʝʨ, ʭʣʦʨʦʬʠʣʣʘ ʠ 

ʚʠʪʘʤʠʥʦʚ), ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʦʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʙʝʛʦʚ (ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʳʪʷʛʠʚʘʥʠʝ ʩʪʝʙʣʝʡ) [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʪʘʮʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʧʣʠʮ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʤʠʢʨʦʟʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʤ ʬʠ-

ʪʦʣʘʤʧ ʩ ʫʯʝʪʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʩʧʝʢʪʨʦʚ ʩʚʝʪʘ, ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʦ ʧʦʣʫʯʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʞʘʡ ʤʠʢ-

ʨʦʟʝʣʝʥʠ.  
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʳʨʘʱʠʚʘʥʠʝ ʤʠʢʨʦʟʝʣʝʥʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʯʪʦ ʩʚʷ-

ʟʘʥʦ ʩ ʨʘʩʪʫʱʠʤ ʠʥʪʝʨʝʩʦʤ ʢ ʧʨʘʚʠʣʴʥʦʤʫ ʧʠʪʘʥʠʶ. ʇʦʣʴʟʘ ʤʠʢʨʦʟʝʣʝʥʠ ʥʝʦʩʧʦʨʠʤʘ: ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚʠʪʘʤʠʥʦʚ ʉ, ʂ, ɸ, ɽ, ʛʨʫʧʧʳ ɺ; ʤʠʥʝʨʘʣʦʚ ʤʘʛʥʠʷ, ʢʘʣʴʮʠʷ, ʞʝʣʝʟʘ ʠ ʮʠʥʢʘ; ʦʙʣʘʜʘʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʢʨʦʟʝʣʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʝʛʤʝʥʪʦʚ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʥʫʪʨʠʪʠʚʥʦʡ ʮʝʥʥʦʩʪʠ ʠ ʫʢʦʨʦʯʝʥʥʦʤʫ ʮʠʢʣʫ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ 

ʧʝʨʠʦʜʘ.  

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʨʘʱʠʚʘʥʠʶ ʤʠʢʨʦʟʝʣʝʥʠ ʚ ʪʝʧʣʠ-

ʮʘʭ: 

ï ʫʤʝʨʝʥʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʧʦʯʚʳ, ʧʦʩʢʦʣʴʢʫ ʠʟʙʳʪʦʢ ʚʦʜʳ ʧʨʠʚʦʜʠʪ ʢ ʛʨʠʙʢʦʚʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ;  

ï ʯʘʩʪʦʪʘ ʧʦʣʠʚʘ ʚ ʩʨʝʜʥʝʤ 1ï2 ʨʘʟʘ ʚ ʜʝʥʴ, ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʪʠʧʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʧʦʯʚʳ, ʦʩʚʝʱʝʥʠʷ, ʪʦʣʱʠʥʳ ʩʫʙʩʪʨʘʪʘ; 

ï ʥʝʞʝʣʘʪʝʣʝʥ ʧʦʣʠʚ ʩʚʝʨʭʫ, ʪʘʢ ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʮʚʝʪ ʣʠʩʪʴʝʚ ʤʦʣʦʜʳʭ ʨʘʩʪʝʥʠʡ, ʜʝʣʘʷ ʠʭ ʚʥʝʰʥʠʡ 

ʚʠʜ ʤʝʥʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʠʣʠ ʟʜʦʨʦʚʳʤ; 

ï ʩʪʘʙʠʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʜʠʘʧʘʟʦʥʝ 50ï65 %;  

ï ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ (pH) ʚ ʧʨʝʜʝʣʘʭ 5,5ï6,5 [1; 2].  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʚʳʨʘʱʠʚʘʥʠʝ ʤʠʢʨʦʟʝʣʝʥʠ ʚ ʪʝʧʣʠʮʘʭ ï ʵʪʦ ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ ʨʝʛʫʣʷʨʥʦ-

ʩʪʠ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʯʝʣʦʚʝʢʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʜʘʣʴʥʝʡʰʘʷ ʨʘʟʨʘʙʦʪʢʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʠʚʘ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʚʘ [3; 4] ʦʧʨʝʜʝʣʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ. ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝ-

ʤʳ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʫʣʴʥʦʛʦ ʧʨʠʥʮʠʧʘ ʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ:  

ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ; 

ï ʩʠʩʪʝʤʫ ʧʦʜʘʯʠ ʚʦʜʳ ï ʨʘʙʦʪʘ ʧʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ ʧʨʠʥʮʠʧʫ ʙʝʟ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʟʝʨʚʫʘʨ ʨʘʟ-

ʤʝʱʘʝʪʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʝʧʣʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʩʪʫʧʣʝʥʠʝ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʘʧʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʩ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʢʦʥʪʨʦʣʝʤ ʫʨʦʚʥʷ ʚʦʜʳ ʧʦʩʨʝʜʩʪʚʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʪʯʠʢʘ ʨʘʩʩʪʦʷʥʠʷ HC-SR04; 

ï ʩʠʩʪʝʤʫ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ï ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʘʪʯʠʢʦʤ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ YL-38 ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʠʟʤʝʨʠʪʝʣʴ-

ʥʳʤ ʱʫʧʦʤ YL-69. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʩʣʦʷ: 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʥʠʞʘʝʪʩʷ. ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʢʦʥ-

ʪʘʢʪʘʤ: ʧʠʪʘʥʠʝ ʜʘʪʯʠʢʘ (Vcc), ʟʘʟʝʤʣʝʥʠʝ (GND), ʘʥʘʣʦʛʦʚʳʡ ʚʳʭʦʜ (A0), ʮʠʬʨʦʚʦʡ ʧʦʨʪ (D0); 

ï ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʦʤ Raspberry Pi, ʚʳʧʦʣʥʷʶʱʠʤ ʬʫʥʢʮʠʶ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ 

ʩʝʥʩʦʨʦʚ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʠʚʘ; 

ï ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ï ʨʝʣʝ ʥʘ 5 ɺ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʘʤʠ ʧʦʣʠʚʘ ʠ ʦʩʚʝʱʝʥʠʷ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ: 

ï ʨʫʯʥʦʡ ʨʝʞʠʤ ʫʧʨʘʚʣʝʥʠʷ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʢʣʶʯʝʥʠʝ/ʦʪʢʣʶʯʝʥʠʝ ʩʠʩʪʝʤʳ ʧʦʣʠʚʘ; 

ï ʫʧʨʘʚʣʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʧʦʣʠʚʦʤ ï ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʚʣʘʞʥʦʩʪʠ 

ʧʦʯʚʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʩʪʘʥʦʚʢʠ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʚʢʣʶʯʝʥʠʝ ʧʨʠ ʚʣʘʞʥʦʩʪʠ < 30 % ʩ ʧʨʝʢʨʘ-

ʱʝʥʠʝʤ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 60 %); 

ï ʫʧʨʘʚʣʝʥʠʝ ʧʦʣʠʚʦʤ ʧʦ ʨʘʩʧʠʩʘʥʠʶ ï ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʧʦʣʠʚ ʩ ʟʘʜʘʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʠ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ʜʚʫʭʨʘʟʦʚʳʡ ʧʦʣʠʚ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 10 ʤʠʥʫʪ ʚ 7:00 ʠ 19:00); 

ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʨʝʞʠʤ ʫʧʨʘʚʣʝʥʠʷ ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʧʦʣʠʚ ʧʦ ʨʘʩʧʠʩʘʥʠʶ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʣʠʚ. ʇʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ 

ʚʣʘʞʥʦʩʪʠ: ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʥʠʞʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ï ʚʢʣʶʯʝʥʠʝ ʧʦʣʠʚʘ, ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ ï 

ʧʨʦʧʫʩʢ ʧʦʣʠʚʘ; 

ï ʞʫʨʥʘʣ ʧʦʣʠʚʘ ï ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʧʦʣʠʚʘ ʚ ʞʫʨʥʘʣ; 

ï ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ï ʫʚʝʜʦʤʣʝʥʠʝ ʧʨʠ ʢʨʠʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ ʚ ʨʘʙʦʪʝ ʪʝʧʣʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(ʥʘʧʨʠʤʝʨ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʨʝʟʝʨʚʫʘʨʝ); 

ï ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʤʦʜʫʣʴ ï ʦʙʝʩʧʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ ʤʦʜʫʣʷʤʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ 

(ʥʘʧʨʠʤʝʨ, ʚʢʣʶʯʝʥʠʝ ʧʦʣʠʚʘ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʘ ʦ ʟʘʚʝʨʰʝʥʠʠ ʩʚʝʪʦʚʦʛʦ ʜʥʷ ʦʪ ʤʦʜʫʣʷ ʦʩʚʝʱʝʥʠʷ). 

 

ʄʘʢʝʪ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʳ ʠ ʩʪʨʘʥʠʮʳ ʇʦʣʠʚ  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʣʠʚʘ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʚʳʨʘʱʠʚʘʥʠʷ ʤʠʢʨʦʟʝʣʝʥʠ ʟʘ ʩʯʝʪ ʢʦʥʪʨʦʣʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʠ ʦʧʝʨʘʪʠʚ-

ʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʢʨʠʪʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʪʝʧʣʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝ-

ʣʠ ʫʨʦʞʘʡʥʦʩʪʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʪʨʫʜʦʟʘʪʨʘʪʘʭ. 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʝʮʠʬʠʢʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʂʠʪʘʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʝʘʣʠʡ. ʀʩʩʣʝʜʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: TMS, WMS, YMS, TSM, ERP, ʠ ʠʭ 

ʩʦʦʪʚʝʪʩʪʚʠʷ  ʪʨʝʙʦʚʘʥʠʷʤ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʡ ʪʦʨʛʦʚʣʠ. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʠ 

ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʚʳʚʦʜʳ ʦʙ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʘʷ ʣʦʛʠʩʪʠʢʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʣʦʛʠʩʪʠʢʠ, ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʘʷ ʪʦʨʛʦʚʣʷ, ʨʠʩʢʠ ʣʦʛʠʩʪʠ-

ʢʠ, ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʣʦʛʠʩʪʠʢʝ. 
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The article considers the specifics of automation of transport logistics between Russia and China in the context of modern eco-

nomic realities. Various automation systems, TMS, WMS, YMS, TSM, ERP, and their compliance with the individual requirements of 

Russian-Chinese trade are being investigated. A comparative analysis of software solutions is carried out and conclusions about 

their applicability are formulated. 

Keywords: transport logistics, logistics automation, Russian-Chinese trade, logistics risks, automation systems in logistics. 

ɺʘʞʥʦʡ ʚʝʪʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʪʦʨʛʦʚʣʷ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʂʠʪʘʝʤ. ʉʦʛʣʘʩʥʦ ʦʬʠʮʠʘʣʴʥʳʤ 

ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ ʠ ʄʠʥʪʨʘʥʩʘ ʈʌ ʩ 2020 ʧʦ 2024 ʛʦʜ ʦʙʲʝʤ ʨʳʥʢʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ 

ʂʠʪʘʝʤ ʚʳʨʦʩ ʥʘ 46,153 %, ʘ ʦʙʲʝʤ ʜʦʣʠ ʈʦʩʩʠʡʩʢʦ-ʂʠʪʘʡʩʢʦʛʦ ʨʳʥʢʘ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʝ ʈʦʩʩʠʠ ʚʳʨʦʩ 

ʥʘ 7,3 % [1]. 

ɼʘʥʥʦʡ ʦʪʨʘʩʣʠ ʭʘʨʘʢʪʝʨʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʠʩʢʦʚ: ʪʘʤʦʞʝʥʥʳʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʪʦʚʘʨʥʳʭ, ʢʦʪʦʨʳʡ ʚʝʜʝʪ 

ʢ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ. ʏʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʪʠ ʨʠʩʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʧʨʦʨʘʙʦʪʘʪʴ ʣʦʛʠʩʪʠʯʝʩʢʠʝ 

ʩʭʝʤʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʘʢ ʦʙʱʠʤ ʪʨʝʙʦ-

ʚʘʥʠʷʤ, ʢ ʩʠʩʪʝʤʘʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʨʷʜʫ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʘʥʥʦʡ ʢʦʥʢʨʝʪʥʦʡ ʦʪʨʘʩʣʠ ʪʦʨʛʦʚʣʠ.  

ʂ ʦʙʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʥʘʣʠʯʠʝ ʦʙʰʠʨʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ; ʘʜʘʧʪʘʮʠʶ ʬʦʨʤʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ; ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʡ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝ-

ʥʠʷ; ʥʘʣʠʯʠʝ ʜʠʘʣʦʛʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ; ʩʦʚʤʝʱʝʥʠʝ ʧʨʦʩʪʦʪʳ ʨʘʙʦʪʳ ʠ ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ; ʥʘʣʠʯʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʦʚʤʝʱʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ [2]. 

ʂ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʨʘʩʣʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʥʘʣʠʯʠʝ ʠʥʪʝʛʨʘʮʠʠ ʩ ʪʘʤʦʞʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʦʙʝʠʭ ʩʪʨʘʥ; ʧʦʜʜʝʨʞʢʫ ʤʫʣʴʪʠʷʟʳʯʥʦʩʪʠ; ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʩ ʧʦʜʜʝʨʞ-

ʢʦʡ ʚʩʝʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ; ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʯʘʩʦʚʳʭ ʧʦʷʩʦʚ; ʚʦʟʤʦʞʥʦʩʪʴ ʪʘʤʦʞʝʥʥʦʡ ʠʥʪʝ-

ʛʨʘʮʠʠ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʟʘʧʦʣʥʝʥʠʝʤ ʜʝʢʣʘʨʘʮʠʡ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʦʙʝʠʭ ʩʪʨʘʥ; ʙʘʟʫ ʘʢʪʫʘʣʴʥʳʭ ʢʦʜʦʚ ʊʅ 

ɺʕɼ; ʧʦʜʜʝʨʞʢʫ ʦʬʦʨʤʣʝʥʠʷ ʨʘʟʨʝʰʠʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ [3]. 

ʅʘ ʨʳʥʢʝ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ ʩʫʱʝʩʪʚʫʝʪ ʰʝʩʪʴ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʩʠʩʪʝʤ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ.  

1. ʇʣʘʪʬʦʨʤʘ ʜʣʷ ʣʦʛʠʩʪʠʢʠ ʪʠʧʘ TMS (Transportation Management System ʠʣʠ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʚʦʟʢʘ-

ʤʠ) ï ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʩʦʟʜʘʥʥʦʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ ʚ ʣʦʛʠ-

ʩʪʠʢʝ.  

2. ʈʝʰʝʥʠʷ ʜʣʷ ʣʦʛʠʩʪʠʢʠ ʥʘ ʙʘʟʝ 1ʉ ï ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʚʦʟʢʘʤʠ, ʫʯʝʪʦʤ, ʬʠʥʘʥʩʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʠ ʩʢʣʘʜʦʤ. 

https://home-hydroponica.ru/pravila-poliva-mikrozeleni/?ysclid=m1yogfak9f8463062243
https://home-hydroponica.ru/pravila-poliva-mikrozeleni/?ysclid=m1yogfak9f8463062243
https://dspace.tltsu.ru/bitstream/
https://cyberleninka.ru/article/n/sravnitelnyy-analiz-sovremennyh-mikrokontrollerov-po-funktsionalnosti-i-arhitekture-dlya-postroeniya-teplitsy
https://cyberleninka.ru/article/n/sravnitelnyy-analiz-sovremennyh-mikrokontrollerov-po-funktsionalnosti-i-arhitekture-dlya-postroeniya-teplitsy
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3. WMS (Warehouse Management System ʠʣʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʢʣʘʜʦʤ) ï ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʣʘʜʩʢʠʭ ʤʦʱʥʦʩʪʝʡ. 

4. YMS (Yard Management System ʠʣʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʢʣʘʜʩʢʠʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ) ï ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʣʦʛʠʩʪʠʢʠ ʚ ʨʘʤʢʘʭ ʩʢʣʘʜʦʚ, ʪʝʨʤʠʥʘʣʦʚ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʚʠʞʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʘ. 

5. TSM (Time Slot Management ʠʣʠ ʫʧʨʘʚʣʝʥʠʝ ʚʨʝʤʝʥʝʤ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ) ï ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚʲʝʟʜʘ, ʟʘʛʨʫʟʢʠ/ʨʘʟʛʨʫʟʢʠ ʠ ʚʳʝʟʜʘ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʢʣʘʜʦʚ, ʪʝʨʤʠʥʘʣʦʚ ʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʦʢ. 

6. ERP (Enterprise Resource Planning ʠʣʠ ʩʠʩʪʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ) ï ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʩʠ-

ʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʚ ʢʦʤʧʘʥʠʠ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʬʠʥʘʥʩʳ, ʟʘʢʫʧʢʠ, ʧʨʦʜʘʞʠ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʣʦʛʠ-

ʩʪʠʢʫ [4]. 

ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʨʳʥʢʘ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ ʠ ʚʳʷʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʧʨʝʜʤʝʪ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʡ 

ʪʦʨʛʦʚʣʝ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 

ɸʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʱʠʤ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ  

ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʂʠʪʘʝʤ 

ʂʨʠʪʝʨʠʠ TMS 1ʉ WMS YMS TSM ERP 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ 
ʙʘʟʘ 

ʆʙʰʠʨʥʘʷ ʙʘʟʘ ʩ 
ʧʦʠʩʢʦʤ, ʠʥʪʝʛʨʘʮʠʷ 

ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ 

ʆʛʨʘʥʠʯʝʥʥʘʷ 
ʙʘʟʘ, ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʙʫʭʛʘʣ-

ʪʝʨʩʢʘʷ 

ʉʢʣʘʜʩʢʘʷ 

ʙʘʟʘ ʜʘʥʥʳʭ 

ɼʚʦʨʦʚʘʷ ʣʦʛʠ-

ʩʪʠʢʘ 

ɺʨʝʤʝʥʥʳʝ 

ʩʣʦʪʳ ʠ ʨʘʩʧʠ-
ʩʘʥʠʷ 

ʂʦʨʧʦʨʘʪʠʚʥʘʷ 

ʙʘʟʘ ʜʘʥʥʳʭ 

ɸʜʘʧʪʘʮʠʷ ʧʦʜ 

ʧʦʣʴʟʦʚʘʪʝʣʷ 
ɻʠʙʢʘʷ ʥʘʩʪʨʦʡʢʘ ʧʦʜ 
ʨʦʣʠ (ʣʦʛʠʩʪʳ, ʚʦʜʠ-

ʪʝʣʠ, ʢʣʠʝʥʪʳ) 

ɹʘʟʦʚʘʷ ʥʘʩʪʨʦʡ-
ʢʘ ʧʦʜ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʡ 1ʉ 

ʅʘʩʪʨʦʡʢʘ 

ʧʦʜ ʩʢʣʘʜ-

ʩʢʦʡ ʧʝʨʩʦ-
ʥʘʣ 

ʅʘʩʪʨʦʡʢʘ ʧʦʜ 
ʜʚʦʨʦʚʫʶ ʣʦ-

ʛʠʩʪʠʢʫ 

ʆʛʨʘʥʠʯʝʥʥʘʷ 

ʧʦʜ ʩʣʦʪʳ 

ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ 

ʧʦʜ ʚʩʝ ʨʦʣʠ 

ʉʚʷʟʴ ʩ ʜʨʫʛʠʤʠ 

ʩʠʩʪʝʤʘʤʠ 

ʀʥʪʝʛʨʘʮʠʷ ʩ CRM, 

ERP, WMS, ʪʘʤʦ-

ʞʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʀʥʪʝʛʨʘʮʠʷ ʚ 
ʵʢʦʩʠʩʪʝʤʝ 1ʉ 

ʉʚʷʟʴ ʩ TMS, 
ERP 

ʀʥʪʝʛʨʘʮʠʷ ʩ 
TMS, WMS 

ʏʘʩʪʠʯʥʘʷ ʩ 
TMS 

ɺʩʝ ʢʦʨʧʦʨʘʪʠʚ- 
ʥʳʝ ʩʠʩʪʝʤʳ 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ 

ʆʧʪʠʤʠʟʘʮʠʷ ʤʘʨʰ-

ʨʫʪʦʚ, ʪʝʥʜʝʨʳ, ʘʥʘ-

ʣʠʪʠʢʘ 

ɹʘʟʦʚʳʝ ʨʘʩʯʝʪʳ 
ʉʢʣʘʜʩʢʠʝ 
ʘʣʛʦʨʠʪʤʳ 

ʇʣʘʥʠʨʦʚʘʥʠʝ 
ʩʣʦʪʦʚ 

ɺʨʝʤʝʥʥʳʝ 
ʨʘʩʯʝʪʳ 

ʂʦʨʧʦʨʘʪʠʚʥʘʷ 
ʘʥʘʣʠʪʠʢʘ 

ʊʘʤʦʞʝʥʥʘʷ ʠʥʪʝ-

ʛʨʘʮʠʷ 
ʇʦʣʥʘʷ ʧʦʜʜʝʨʞʢʘ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʟʘ-
ʧʦʣʥʝʥʠʝ ʜʝʢʣʘʨʘʮʠʡ 

ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ 

ʏʘʩʪʠʯʥʘʷ, ʙʘʟʦ-

ʚʳʝ ʬʫʥʢʮʠʠ 

ʪʘʤʦʞʝʥʥʦʛʦ 
ʫʯʝʪʘ 

ʄʫʣʴʪʠʷʟʳʯʥʦʩʪʴ 
ʇʦʜʜʝʨʞʢʘ ʨʫʩʩʢʦʛʦ 
ʠ ʘʥʛʣʠʡʩʢʦʛʦ 

ʊʦʣʴʢʦ ʨʫʩʩʢʠʡ 

ʏʘʩʪʠʯʥʘʷ: 

ʙʘʟʦʚʳʡ 

ʘʥʛʣʠʡʩʢʠʡ 

ʏʘʩʪʠʯʥʘʷ: 

ʙʘʟʦʚʳʡ ʘʥ-

ʛʣʠʡʩʢʠʡ 

ʏʘʩʪʠʯʥʘʷ: 

ʙʘʟʦʚʳʡ ʘʥ-

ʛʣʠʡʩʢʠʡ 

ʄʥʦʛʦʷʟʳʯʥʦʩʪʴ 

ʂʦʥʚʝʨʪʘʮʠʷ ʚʘ-

ʣʶʪ 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩ 

ʘʢʪʫʘʣʴʥʳʤʠ ʢʫʨʩʘʤʠ 

ɹʘʟʦʚʘʷ ʢʦʥʚʝʨ-

ʪʘʮʠʷ 
ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ 

ʇʦʣʥʘʷ ʧʦʜʜʝʨʞ-

ʢʘ 

ʄʫʣʴʪʠʤʦʜʘʣʴʥʳʝ 

ʤʘʨʰʨʫʪʳ 

ʇʦʜʜʝʨʞʢʘ ʚʩʝʭ ʚʠ-

ʜʦʚ ʪʨʘʥʩʧʦʨʪʘ 
ʅʝʪ ʅʝʪ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ 

ʏʘʩʪʠʯʥʘʷ ʧʦʜ-

ʜʝʨʞʢʘ 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ 

ʯʘʩʦʚʳʭ ʧʦʷʩʦʚ ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʏʘʩʪʠʯʥʘʷ:  

ʨʫʯʥʦʝ ʫʧʨʘʚʣʝ-

ʥʠʝ 

ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ ʏʘʩʪʠʯʥʘʷ 
ʇʦʣʥʘʷ ʧʦʜʜʝʨʞ-
ʢʘ 

ʊʘʤʦʞʝʥʥʘʷ ʜʝ-
ʢʣʘʨʘʮʠʷ 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ 
ʟʘʧʦʣʥʝʥʠʝ 

ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ 
ʏʘʩʪʠʯʥʘʷ ʧʦʜ-
ʜʝʨʞʢʘ 

ʊʅ ɺʕɼ 
ɸʢʪʫʘʣʴʥʘʷ ʙʘʟʘ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ 

ʏʘʩʪʠʯʥʘʷ ʧʦʜ-

ʜʝʨʞʢʘ 

ʈʘʟʨʝʰʠʪʝʣʴʥʳʝ 
ʜʦʢʫʤʝʥʪʳ 

ʇʦʜʜʝʨʞʢʘ ʦʬʦʨʤʣʝ-
ʥʠʷ 

ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ 
ʏʘʩʪʠʯʥʘʷ ʧʦʜ-
ʜʝʨʞʢʘ 

ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʘʥʘʣʠʟʫ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 1ʉ-ʨʝʰʝʥʠʷ, WMS ʠ YMS ʩʠʩʪʝʤʳ 

ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʝ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʂʠʪʘʝʤ, ʪʘʢ ʢʘʢ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʙʦʣʴʰʠʥʩʪʚʫ ʪʨʝʙʦʚʘʥʠʡ. ERP-ʩʠʩʪʝʤʳ ʯʘʩʪʠʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ 

ʙʘʟʦʚʳʝ ʨʝʰʝʥʠʷ, ʥʦ ʠʤʝʶʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ: ʯʘʩʪʠʯʥʘʷ ʧʦʜʜʝʨʞʢʘ ʪʘʤʦʞʝʥʥʦʡ ʠʥʪʝʛʨʘʮʠʠ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʨʘ-

ʙʦʪʘ ʩ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʤʠ ʤʘʨʰʨʫʪʘʤʠ ʠ ʥʝʧʦʣʥʘʷ ʧʦʜʜʝʨʞʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʶʪʩʷ TMS-ʩʠʩʪʝʤʳ, ʪʘʢ ʢʘʢ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʚʩʝʤ ʧʦʩʪʘʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘ-

ʥʠʷʤ ʠ ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʬʫʥʢʮʠʦʥʘʣ. 

ʉʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʦʙʲʝʤʘ ʪʦʨʛʦʚʣʠ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʂʠʪʘʝʤ ʷʚʣʷʝʪʩʷ ʥʝʦʩʧʦʨʠʤʳʤ ʬʘʢʪʦʤ. ʇʦʵʪʦʤʫ ʣʦ-

ʛʠʩʪʠʢʘ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʦʙʰʠʨʥʝʝ ʠ ʪʨʫʜʥʝʝ, ʪʨʝʙʫʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʧʨʦʨʘʙʦʪʘʥʥʳʭ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʣʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ ʠʟ 

ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʚʫʩʪʦʨʦʥʥʝʡ ʪʦʨʛʦʚʣʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝʜʦʩʪʘʪʦʯʥʦ ʛʦʪʦʚʳ ʜʣʷ 

ʧʦʢʨʳʪʠʷ ʚʩʝʭ ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʨʫʯʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʤʘʢʝʪʦʚ ʚ ʪʠʧʦʛʨʘʬʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʦʪʝʨʷʤ ʤʘʪʝ-

ʨʠʘʣʘ ʠ ʚʨʝʤʝʥʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ Python ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʘ, ʤʝʪʦʜʦʚ ʠ ʦʞʠʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʢʣʶʯʘʷ ʩʥʠʞʝ-

ʥʠʝ ʦʪʭʦʜʦʚ ʜʦ 5ï10 %. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʟʤʝʱʝʥʠʷ ʤʘʢʝʪʦʚ, ʪʠʧʦʛʨʘʬʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, 2D bin packing, ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦ-

ʨʠʪʤʳ, Python. 

DEVELOPMENT OF SOFTW ARE FOR OPTIMIZING L AYOUT PLACEMENT ON P RINTING  SHEETS 

IN TYPOGRAPHIC PRODUCTI ON 

M. V.  Moskovtsev, N. N.  Kondrat  
Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, maks.moskovtsev@inbox.ru 

The problem of manual layout placement in typographic production, leading to material and time losses, is considered. The de-

velopment of Python-based software for process automation using optimization algorithms is proposed. An analysis of functionality, 

methods, and expected results is provided, including waste reduction to 5ï10 %. 

Keywords: layout placement optimization, typographic production, 2D bin packing, genetic algorithms, Python. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʤʘʣʳʝ ʠ ʩʨʝʜʥʠʝ ʪʠʧʦʛʨʘʬʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʧʦʪʝʨʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʣʠʩʪʘʭ 

ʧʝʨʝʜ ʧʝʯʘʪʴʶ. ʇʨʠ ʵʪʦʤ ʧʦʪʝʨʠ ʜʦʩʪʠʛʘʶʪ 15ï20 % ʦʪʭʦʜʦʚ ʠʟ-ʟʘ ʥʝʦʧʪʠʤʘʣʴʥʦʡ ʨʘʩʢʣʘʜʢʠ [1]. ʍʦʪʷ ʩʫʱʝ-

ʩʪʚʫʶʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʜʠʟʘʡʥʘ (Adobe InDesign), ʦʥʠ ʯʘʩʪʦ ʥʝ ʩʧʦʩʦʙʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʭʦ-

ʜʦʚ [2]. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʦʙʝʩ-

ʧʝʯʠʪ ʵʬʬʝʢʪʠʚʥʫʶ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʨʘʩʢʣʘʜʢʠ ʤʘʢʝʪʦʚ ʠ ʩʥʠʟʠʪ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʘʩʭʦʜʦʚ. 

ʈʘʙʦʪʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲ-

ʝʢʪʦʚ ʥʘ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʟʘʜʘʯʘ ʜʚʫʤʝʨʥʦʛʦ ʫʢʣʘʜʢʠ (çbin packingè) [3]. ʈʝʰʝʥʠʝʤ 

ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python, ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫʝʪ ʜʚʘ ʧʦʧʫ-

ʣʷʨʥʳʭ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ ï çʞʘʜʥʳʡ ʘʣʛʦʨʠʪʤè ʠ çʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤè. [4] ʇʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʫʯʠ-

ʪʳʚʘʪʴ ʨʘʟʤʝʨʳ ʣʠʩʪʦʚ ʙʫʤʘʛʠ, ʬʦʨʤʫ ʠ ʦʨʠʝʥʪʘʮʠʶ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʠ ʛʨʘ-

ʥʠʮʳ ʨʘʙʦʯʝʛʦ ʧʦʣʷ. 

ʇʣʘʥʠʨʫʝʤʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʙʫʜʝʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʙʠʙʣʠʦʪʝʢʘʭ Python, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʙʦʪʫ 

ʩ ʛʨʘʬʠʢʦʡ ʠ ʬʘʡʣʘʤʠ ʚʝʢʪʦʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʬʦʨʤʘʪʘ PDF ʠ TIFF (Pillow, PyPDF2) [3ï4]. ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠ-

ʝʡ ʚʳʩʪʫʧʘʝʪ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʡ ʤʦʜʫʣʴ, ʚʢʣʶʯʘʶʱʠʡ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʚʝʨʩʠʠ ʞʘʜʥʦʛʦ ʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦ-

ʨʠʪʤʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʤʘʢʩʠʤʠʟʘʮʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʝ-

ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʙʣʘʩʪʝʡ. ʀʥʪʝʨʬʝʡʩ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʨʦʝʥ ʥʘ ʙʠʙʣʠʦʪʝʢʝ Tkinter, ʧʦʟʚʦʣʷʶʱʝʡ ʩʦʟʜʘʪʴ ʫʜʦʙʥʦʝ 

ʩʨʝʜʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʧʨʦʛʨʘʤʤʦʡ [5]. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʠʤʧʦʨʪʘ ʛʦʪʦʚʳʭ ʤʘʢʝʪʦʚ ʚʠʟʠʪʦʢ, ʬʣʘʝʨʦʚ ʠ ʠʥʦʡ ʨʝ-

ʢʣʘʤʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʬʦʨʤʘʪʝ PDF ʠʣʠ TIFF, ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʘʩʢʣʘʜʢʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʟʘʜʘʥʥʦʤ ʧʝʯʘʪʥʦʤ 

ʣʠʩʪʝ (ʥʘʧʨʠʤʝʨ, ʬʦʨʤʘʪʝ A3) ʠ ʩʦʭʨʘʥʝʥʠʝ ʚ ʬʦʨʤʘʪʝ PDF-ʬʘʡʣʘ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʨʘʩʧʝʯʘʪʘʪʴ. 

ʀʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʤʠʟʘʮʠʠ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ, ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʩʪʨʘʥʠʮʳ, ʦʨʠʝʥʪʘʮʠʶ ʬʠʛʫʨ) ʠ ʧʦʣʫʯʘʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʧʦʤʦʱʴʶ ʙʠʙ-

ʣʠʦʪʝʢʠ Matplotlib [5].  

ʇʣʘʥʠʨʫʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʨʦʚʝʜʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʦʞʠʜʘʝʤʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʧʨʠʤʝʨʝ ʪʠʧʠʯʥʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ ï ʨʘʟʤʝʱʝʥʠʝ 50 ʚʠʟʠʪʥʳʭ ʢʘʨʪʦʯʝʢ ʥʘ ʦʜʥʦʤ ʣʠʩʪʝ ʬʦʨʤʘʪʘ A3: 

- ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʦʪʭʦʜʦʚ ʩ 15ï20 % ʜʦ ʤʝʥʝʝ 5ï10 %; 

- ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʩ 30ï60 ʤʠʥʫʪ ʧʨʠ ʨʫʯʥʦʡ ʨʘʩʢʣʘʜʢʝ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ. 

ɿʘʢʣʶʯʝʥʠʝ: 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʟʘʜʘʯʝ ʩʦʢʨʘʱʝʥʠʷ ʤʘʪʝʨʠ-

ʘʣʴʥʳʭ ʧʦʪʝʨʴ ʠ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʘʢʝʪʦʚ ʢ ʧʝʯʘʪʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʪ ʩʥʠ-

ʟʠʪʴ ʦʙʲʝʤ ʦʪʭʦʜʦʚ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʦʚʳʰʘʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʨʳʥʢʝ ʧʦʣʠ-

ʛʨʘʬʠʠ. ɼʘʣʴʥʝʡʰʠʝ ʰʘʛʠ ʚʢʣʶʯʘʶʪ ʠʥʪʝʛʨʘʮʠʶ ʩ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ (ERP), 

ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʦʙʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʬʦʨʤʘʪʦʚ ʛʨʘʬʠʢʠ ʠ ʚʥʝʜʨʝʥʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʜʘ-

ʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʚʠʩʘ. 

https://companies.rbc.ru/news/KaFHwHfqnP/11-programm-dlya-logistiki-obzor-reshenij-dlya-tsifrovizatsii-perevozok/
https://companies.rbc.ru/news/KaFHwHfqnP/11-programm-dlya-logistiki-obzor-reshenij-dlya-tsifrovizatsii-perevozok/
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʫʜʦʚ, ʥʦ ʠ ʩʪʨʝʤʣʝ-

ʥʠʝʤ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʣʦʛʠʶ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʪʝʭ-

ʥʦʣʦʛʠʷʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʢʣʠʤʘʪʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʙʣʶʜʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʩʫʜʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʜʦʣʞʥʳ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʩʫʜʦʚ, ʥʦ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʠ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʠ, ʢʦʥʪʨʦʣʴ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʵʢʦʣʦʛʠʷ, 
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IMPROVING THE RELIAB ILITY AND SAFETY OF MARINE POWER PLANTS  

O. A. Nadezhdina 
I. N. Ulyanov Chuvash State University, ave. Moskovsky, 15, 428015, Cheboksary, Russia, dmipm2010@mail.ru 

The relevance of the topic is due not only to the need to improve the efficiency of ships, but also to the desire to reduce their im-

pact on the environment. In recent years, there has been a growing interest in environmentally friendly technologies, which is asso-

ciated with global climate change and the need to comply with international environmental standards. In this context, marine power 

plants should not only ensure reliable operation of ships, but also meet modern requirements for reducing emissions of harmful sub-

stances into the atmosphere and water resources. 

Keywords: efficiency, technology, control, energy consumption, artificial intelligence, ecology, management, reliability, safety. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦ-

ʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʚʪʦʨʠʯʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ (ʚʳʧʫʩʢʥʳʭ ʛʘʟʦʚ ʜʠʟʝʣʝʡ ʠ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ), ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʩʫʜʘʭ. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʝʜʣʦʞʠʪʴ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ [1]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʠ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʡ 
ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʤʥʦʞʝʩʪʚʘ ʩʝʨʴʝʟʥʳʭ 

ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʈʦʩʩʠʷ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 
ʫʩʪʘʨʝʚʰʠʤ ʬʣʦʪʦʤ, ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 
ɺʥʫʪʨʝʥʥʠʝ ʚʦʜʥʳʝ ʧʫʪʠ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʢʦʥʦʤʠʢʝ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʫʜʘʤʠ, ʥʝ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʠʤʠ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʵʢʦʣʦʛʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʦ ʩʦʟʜʘʝʪ ʨʠʩʢʠ ʢʘʢ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ, ʪʘʢ ʠ ʜʣʷ ʞʠʟʥʠ ʣʶʜʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʜʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ.  
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʚ ʦʙʣʘʩʪʠ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, ʚʥʝʜʨʝʥʥʳʭ ʚ ʧʨʘʢʪʠʢʫ [2]. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʚʠʛʘʪʝʣʠ ʩʦʯʝʪʘʶʪʩʷ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠ-
ʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʙʘʪʘʨʝʷʭ. ʊʘʢʠʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ 
ʪʦʧʣʠʚʘ ʠ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ [3; 4]. 
ʌʠʨʤʳ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʩʫʜʦʩʪʨʦʝʥʠʝʤ, ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪ ʩʠʩʪʝʤʳ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠʟ ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʘʧʨʠʤʝʨ, ʪʝʧʣʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ 
ʧʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʝʡ. ʋʩʪʘʥʦʚʢʘ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʢʘʢ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʠ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳ-
ʰʝʥʠʶ ʦʙʱʝʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʦʚ [5; 6]. 
ʊʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʠʟʘʮʠʠ. ɺʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠ-

ʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʤʦʥʠʪʦ-
ʨʠʥʛʫ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ [7]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʥʝʠʩ-
ʧʨʘʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʫʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʟʘʛʨʫʟʢʠ, ʯʪʦ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘʚʠʛʘʮʠʠ. 
ʉʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʦʥ-
ʩʪʨʫʢʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʤʘʩʩʳ ʚʩʝʛʦ ʩʫʜʥʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʘ ʠ ʚʳʙʨʦ-
ʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. 
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ɸʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʜʨʫʛʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ: 

ʤʝʪʘʥʦʣʘ ʠ ʙʠʦʜʠʟʝʣ.̫ ʕʪʠ ʨʝʰʝʥʠʷ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʩʫʜʦʚ ʠ ʠʭ 

ʧʝʨʝʭʦʜʘ ʥʘ ʙʦʣʝʝ ʯʠʩʪʳʝ ʚʠʜʳ ʵʥʝʨʛʠʠ [8]. 

ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝ-

ʥʠʷ, ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʢ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ [9]. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʧʨʝʜʠʢ-

ʪʠʚʥʫʶ ʘʥʘʣʠʪʠʢʫ, ʧʨʦʛʥʦʟʠʨʫʷ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʨʝʜʝʣʷʷ ʨʝʩʫʨʩʳ. 

ʅʘʨʘʱʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʨʘʟʚʠʪʠʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʩʧʦ-

ʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝ 

ʪʦʣʴʢʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ, ʥʦ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʠ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʇʨʠʤʝʨʳ ʚʥʝʜʨʝʥʠʷ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʢʨʫʧʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚʦʟʘʭ ʠ ʪʘʥʢʝʨʘʭ ʧʨʦʜʝ-

ʤʦʥʩʪʨʠʨʦʚʘʣʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʉʫʜʦʚʣʘʜʝʣʴʮʳ ʦʪʤʝʯʘʶʪ ʩʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʠ ʫʤʝʥʴ-

ʰʝʥʠʝ ʯʠʩʣʘ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʙʣʘʛʦʜʘʨʷ ʥʦʚʘʪʦʨʩʢʠʤ ʧʦʜʭʦʜʘʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʥʦʨʤ, ʢʘʩʘʶʱʠʭʩʷ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʜʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʞʝʩʪʢʦʤʫ ʢʦʥʪʨʦʣʶ ʠ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʩʦ 

ʩʪʦʨʦʥʳ ʩʫʜʦʩʪʨʦʠʪʝʣʝʡ ʠ ʩʫʜʦʚʣʘʜʝʣʴʮʝʚ. 

ʕʪʠ ʜʦʩʪʠʞʝʥʠʷ, ʥʘʨʷʜʫ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʜʭʦʜʦʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʧʦʚʳ-

ʰʝʥʠʷ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʩʫʜʦʚ [1ï9]. 
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ʊHE INFLUENCE OF RHEO LOGICAL PROPERTIES O F MINCED FISH ON THE LOBE PUM PS CHAR-

ACTERISTICS  

V. A. Naumov, N. R. Ahmedova 
Kaliningrad State Technical University, Soviet ave., 1, 236022, Kaliningrad, Russia, van-old@mail.ru 

The mathematical model of the operating characteristics of lobe pumps was proposed taking into account the influence of the 

rheological properties of minced fish. The dependence of the rheological parameters of minced fish on the overpressure was taken 

into account. 

Keywords: lobe pumps, power consumption, minced fish, viscosity, pressure, mathematical model. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʝʥʦ ʧʨʦʙʣʝʤʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦ-

ʚʳʭ ʜʚʦʡʥʠʢʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʧʠʱʝʚʦʡ ʦʪʨʘʩʣʠ [1]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʦʩʪʨʦʝʥʠʷ 

ʘʜʝʢʚʘʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (ʄʄ) ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʠʤ ʄʄ ʧʨʦʮʝʩʩʘ 
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ʨʘʙʦʪʳ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʦʛʦ ʢʦʣʦʚʨʘʪʥʦʛʦ ʥʘʩʦʩʘ (ʂʅ) JRZL-120 [2]. ʉʧʝʮʠʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʂʅ ʧʦʟʚʦʣʷʝʪ 

ʙʝʨʝʞʥʦ ʧʝʨʝʢʘʯʠʚʘʪʴ ʧʠʱʝʚʳʝ ʩʨʝʜʳ, ʥʝ ʧʦʚʨʝʞʜʘʷ ʠʭ ʩʪʨʫʢʪʫʨʳ. ʅʦ ʩʪʦʠʤʦʩʪʴ ʂʅ ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʚʠʥ-

ʪʦʚʳʭ ʠʣʠ ʰʝʩʪʝʨʝʥʥʳʭ ʥʘʩʦʩʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʝʨʝʢʘʯʠʚʘʝʤʳʭ ʞʠʜʢʦʩʪʝʡ ʚʣʠʷʶʪ ʥʘ 

ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʅ [3ï5]. ɺ [4; 5] ʙʳʣʦ ʫʯʪʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ 

(ʕɼɺ) ɛ ʧʠʱʝʚʳʭ ʩʨʝʜ ʦʪ ʠʭ ʩʦʩʪʘʚʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ (ʏɺʈ) n ʂʅ. ɺ ʨʘʙʦʪʝ [6] ʙʳʣʦ 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʳʙʥʦʛʦ ʬʘʨʰʘ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʄʄ ʥʘʛʨʫʟʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʅ ʩ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʦʛʦ ʵʬʬʝʢʪʘ.  

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʩʣʫʞʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʂʅ JRZL-120 [2] ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʬʘʨʰʘ çʉʝʣʴʜʴ ʨʫʙʣʝʥʥʘʷè (ʌʈʉ) [6]. ʕʬʬʝʢʪʠʚʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʌʈʉ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʩʪʝʧʝʥʥʦʡ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ: ɛ = KȚɤ
mï1
, ʛʜʝ m ï ʠʥʜʝʢʩ ʪʝʯʝʥʠʷ; K ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʩʠ-

ʩʪʝʥʮʠʠ ʞʠʜʢʦʩʪʠ, ʇʘĀʩ
m
; ɤ ï ʩʜʚʠʛ ʩʢʦʨʦʩʪʠ, ʩ

ï1
. ʉ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ p = (P ï Pʘʪʤ)/Pʘʪʤ ʦʙʘ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘ-

ʨʘʤʝʪʨʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʯʪʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ (ʩʤ. ʨʠʩ. 1): 

K = K0 + K1Țp, m = m0 + m1Țp,                                                                 (1) 

ʛʜʝ K0, K1, m0, m1 ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ, ʥʘʡʜʝʥʥʳʝ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ).  

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʌʈʉ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ  

a ï ʠʥʜʝʢʩ ʪʝʯʝʥʠʷ, b ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʩʠʩʪʝʥʮʠʠ ʞʠʜʢʦʩʪʠ.  

ʊʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [6]. ʃʠʥʠʠ ï ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʘʤ (1) 

ɺ [4] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʕɼɺ ʙʫʜʝʪ ʚʳʰʝ ʥʝʢʦʪʦʨʦʛʦ ɛC, ʪʦ ʧʦʜʘʯʘ Q (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ) 

ʂʅ ʧʝʨʝʩʪʘʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ɛ ʠ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ȹP; ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʩʚʦʝʤʫ ʥʘʠʙʦʣʴʰʝʤʫ (ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʤʫ) ʟʥʘʯʝʥʠʶ QT = VȚn, ʛʜʝ V ï ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʂʅ. ɺʝʣʠʯʠʥʘ ɛC ʫ ʂʅ, ʚʳʧʫʱʝʥʥʳʭ ʨʘʟʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝ-

ʣʷʤʠ, ʦʪʣʠʯʘʝʪʩʷ, ʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 1000 ʩʇʟ, ʪʦʛʜʘ ʢʘʢ ʕɼɺ ʌʈʉ ʜʘʞʝ ʧʨʠ n=5 ʩ
-1
 (300 ʦʙ/ʤʠʥ) ʧʨʝʚʳʰʘʝʪ 

20000 ʩʇʟ (ʩʤ. ʨʠʩ. 3a). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʂʅ ʧʨʠ ʧʦʜʘʯʝ ʨʳʙʥʦʛʦ ʬʘʨʰʘ ʧʨʦʱʝ, ʯʝʤ 

ʧʨʠ ʧʦʜʘʯʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʚʷʟʢʠʭ ʧʠʱʝʚʳʭ ʞʠʜʢʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ, ʨʳʙʥʦʛʦ ʞʠʨʘ [4]. ʊʦʛʜʘ ʢʘʢ ʨʘʩʯʝʪ ʟʘ-

ʪʨʘʯʝʥʥʦʡ ʤʦʱʥʦʩʪʠ (ɿʄ) ʟʘʤʝʪʥʦ ʫʩʣʦʞʥʷʝʪʩʷ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʇʦ ʜʘʥʥʳʤ ʠʩʧʳʪʘʥʠʡ [2] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ɿʄ ʂʅ ʣʠʥʝʡʢʠ JRZL ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ:  

ʇʨʠ ʧʦʜʘʯʝ ʚʦʜʳ ɿʄ ʂʅ ʩʝʨʠʠ JRZL ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʏɺʈ; ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ [2] ʜʣʷ ʩʠʣʴʥʦ 

ʚʷʟʢʠʭ ʩʨʝʜ ʤʦʛʫʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʧʦ ʬʦʨʤʫʣʝ: 

NW = VȚnȚ[p0 + k1Țp + k2Ț(ɛ/ɛw)
ɓ
],                                                            (2) 

ʛʜʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ, ʥʘʡʜʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʄʅʂ ʜʣʷ JRZL-120, ʨʘʚʥʳ: p0 = 0,104; k1=0,120;  

k2=0,0162; ɓ=0,348; ɛw ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦʜʳ ʧʨʠ 20ÁC. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2 ʠ 3. ʆʥʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʪʨʘʯʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʂʅ JRZL-120 ʦʪ ʏɺʈ: 

a ï ɛ=30000 ʩʇʟ, 1 ï p=1, 2 ï p= 3, 3 ï p=5, 4 ï p=7; 

b ï p= 3, 1 ï ɛ=10000 ʩʇʟ, 2 ï ɛ=30000 ʩʇʟ, 3 ï ɛ=70000 ʩʇʟ, 4 ï ɛ=150000 ʩʇʟ. 

ʊʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [2], ʣʠʥʠʠ ï ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʝ (2). 
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ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪ ʏɺʈ: a ï ʕɼɺ ʌʈʉ ʧʦ ʬʦʨʤʫʣʘʤ (1), 

 b ï ʟʘʪʨʘʯʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʂʅ JRZL-120 ʧʦ ʬʦʨʤʫʣʝ (2). 

1 ï p=1, 2 ï p= 3, 3 ï p=5, 4 ï p=7. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ  ʮʠʬʨʦʚʳʭ 

ʜʚʦʡʥʠʢʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʟ ʨʳʙʥʦʛʦ ʬʘʨʰʘ. 
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The automation of data preprocessing and dataset formation stages is becoming increasingly relevant in the context of growing 

data volumes. Despite the widespread use of spreadsheet editors, manual preparation remains a labor-intensive process. This paper 

presents an approach to automating the assembly, cleaning, transformation, and export of datasets in XLSX format using the Python 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥ-

ʥʳʭ. Excel ʦʩʪʘʝʪʩʷ ʧʦʧʫʣʷʨʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʚʠʯʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ ʨʫʯʥʳʝ 

ʦʧʝʨʘʮʠʠ ʩ ʜʘʥʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ, ʧʨʠʚʦʜʷ ʢ ʜʣʠʪʝʣʴʥʦʤʫ 

ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠ ʚʳʩʦʢʦʤʫ ʨʠʩʢʫ ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʰʠʙʦʢ [1]. 

ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʧʦʧʫʣʷʨʝʥ ʩʚʦʝʡ ʙʦʛʘʪʦʡ ʵʢʦʩʠʩʪʝʤʦʡ ʙʠʙʣʠʦʪʝʢ. ɺ ʪʦʤ ʯʠʩʣʝ, ʚ Python ʝʩʪʴ 

ʙʠʙʣʠʦʪʝʢʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʙʦʪʫ ʩ ʜʘʥʥʳʤʠ, ʫʧʨʦʱʘʶʱʠʝ ʧʨʦʮʝʩʩ ʠʭ ʧʦʜʛʦʪʦʚʢʠ [2]. 



96 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʘʣʴʥʳʡ ʧʨʠʤʝʨ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʝʨʚʠʩʘ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʧʨʦʚʝʨʢʦʡ ʫʩʪʥʳʭ ʦʪʚʝʪʦʚ ʧʦ ʘʥʛʣʠʡʩʢʦʤʫ ʷʟʳʢʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʷʟʳʢʦʚʫʶ ʤʦ-

ʜʝʣʴ ʩ ʥʘʠʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʦʮʝʥʠʚʘʥʠʷ [3]. 

 

ʈʠʩ. 1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʩʦʙʨʘʥʳ ʦʪʚʝʪʳ ʰʝʩʪʠ ʤʦʜʝʣʝʡ (ʨʠʩ. 1), ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʝʙʝ ʦʮʝʥʢʫ ʚ ʨʘʟʥʳʭ ʬʦʨʤʘʪʘʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʝʣʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʪʦʯʥʦʩʪʠ ʦʮʝʥʦʢ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ, ʪʘʢ 

ʢʘʢ ʛʝʥʝʨʠʨʫʝʤʳʝ ʦʪʚʝʪʳ ʠʤʝʶʪ ʚʠʜ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ. ʆʪʩʶʜʘ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʩʢʨʠʧʪ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʦʮʝʥʦʢ ʠ ʩʦʭʨʘʥʝʥʠʷ ʠʭ ʚ ʦʪʜʝʣʴʥʳʡ ʩʪʦʣʙʝʮ.  

ʃʠʩʪʠʥʛ 1 ï ʌʫʥʢʮʠʷ ʠʟʚʣʝʯʝʥʠʷ ʦʮʝʥʢʠ 

def extract_grade_from_text(text): 

    match = re.search(r'"grade"\s*:\s*(\d+)', str(text),re.IGNORECASE) 

    if match: 

        return int(match.group(1)) 

    return 0 

ʌʫʥʢʮʠʷ ʚ ʃʠʩʪʠʥʛʝ 1 ʠʟʚʣʝʢʘʝʪ ʦʮʝʥʢʠ ʠʟ ʩʪʨʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʛʫʣʷʨʥʳʭ ʚʳʨʘʞʝʥʠʡ [4].  

ʃʠʩʪʠʥʛ 2 ï ʌʫʥʢʮʠʷ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʛʦ ʩʪʦʣʙʮʘ 

def add_new_columns(df): 

    new_columns_order=[] 

    new_columns_count=0 

    for column in df.columns: 

        new_columns_order.append(column) 

        if column in MODELS_NAMES: 

            new_col_name = f"{column}_grade" 

            df[new_col_name]=None 

            new_columns_order.append(new_col_name) 

            new_columns_count +=1 

    print(new_columns_order) 

    df=df[new_columns_order]        

    return (df) 

ʌʫʥʢʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʃʠʩʪʠʥʛʝ 2, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʙʘʚʣʷʝʪ ʩʪʦʣʙʮʳ ʜʣʷ ʦʮʝʥʦʢ. 

ʃʠʩʪʠʥʛ 3 ï ʌʫʥʢʮʠʷ ʠʟʚʣʝʯʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʦʮʝʥʢʠ  

def parse_grade_from_xlsx (df): 

    for model_name in MODELS_NAMES: 

        grade_col_name = f'{model_name}_grade' 

        for idx in df.index: 

            df.loc[idx, grade_col_name] = extract_grade_from_text(df.loc[idx, model_name]) 

    df.to_excel('file_name.xlsx', index=False) 

ɼʘʥʥʘʷ ʬʫʥʢʮʠʷ (ʃʠʩʪʠʥʛ 3) ʠʟʚʣʝʢʘʝʪ ʦʮʝʥʢʫ ʠʟ ʦʪʚʝʪʘ ʠ ʩʦʭʨʘʥʷʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʪʦʣʙʝʮ.  

ɺ ʛʣʘʚʥʦʡ ʯʘʩʪʠ ʢʦʜʘ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ pandas ʧʨʦʠʩʭʦʜʠʪ ʯʪʝʥʠʝ ʬʘʡʣʘ, ʧʦʩʣʝ ʯʝʛʦ ʢ ʥʝʤʫ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʜʘʥʥʳʝ ʬʫʥʢʮʠʠ. ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʩʢʨʠʧʪ ʫʩʧʝʰʥʦ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʩʦʟʜʘʥʠʝ ʬʦʨʤʘʪʠʨʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ ʚ Excel (ʨʠʩ. 2). ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʧʨʠʤʝʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʢʘʢ ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʠʟʚʣʝʯʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ. Python ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ ʤʦʱʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʙʣʘʛʦʜʘʨʷ ʙʠʙʣʠʦʪʝʢʘʤ pandas ʜʣʷ ʯʪʝʥʠʷ, ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ [5] ʠ re ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʝ-

ʛʫʣʷʨʥʳʭ ʚʳʨʘʞʝʥʠʡ.  

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʜʛʦʪʦʚʢʠ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʜʣʷ Excel ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Python ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘ. ʆʩʥʦʚ-

ʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʩʢʨʠʧʪʘ, ʥʦ ʦʥʠ 

ʙʳʩʪʨʦ ʦʢʫʧʘʶʪʩʷ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ.  
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1. ʆʰʠʙʢʘ ʚ Excel ʤʦʞʝʪ ʩʪʦʠʪʴ ʢʦʤʧʘʥʠʠ ʤʠʣʣʠʦʥʳ. URL: https://www.it-world.ru/cionews/7q3upwmumogs880skoko0gswcso00w8.html 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 29.09.2025). 
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ʨʝʰʝʥʠʷ. 2020. ˉ 3 (12). ʉ. 53ï59. EDN CDFTJU. 
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SOFTWARE DEVELOPMENT  FOR THE RAPID COLLEC TION OF FEEDBACK FRO M PARTICIPANTS 

IN THE BUSINESS PROCESSES OF AN ADVERTISING AND PRODUCTION C OMPANY  

N. S. Nikolaenko 
Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, nik.nikolaenko.2017@inbox.ru 

The technologies of organizing the production process in an advertising and production company are considered using the ex-

ample of processing applications. The analysis of the problems of interaction between employees (managers, designers, printers, 

technologists and drivers) and the risks of errors is given. The rationale for the need to introduce an information service to collect 

feedback, evaluate applications and identify bottlenecks is given, and approaches to integrating the system with the company's exist-

ing database are considered. 

Keywords: information service, employee feedback, request, advertising and production company, quality assessment, comments, 

database, analytics, dashboard, production process errors. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʘʟʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʝʨʚʠʩʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʨʝʢʣʘʤʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʤʧʘʥʠʠ, ʤʦʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ ʘʢʪʫʘʣʴ-

ʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʘʯʘʤʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʝʨʚʠʩʘʤʠ [1; 5]. 

ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ʤʥʦʛʦʟʚʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʘʷʚʦʢ (ʤʝʥʝʜʞʝʨ Ÿ ʜʠʟʘʡʥʝʨ Ÿ ʪʝʭʥʦʣʦʛ Ÿ ʧʝʯʘʪʥʠʢ 

Ÿ ʚʦʜʠʪʝʣʴ) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʠʩʢʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʢʦʨʨʝʢʪʠʨʦʚʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʦʚ ʠʩʧʦʣʥʝʥʠʷ ʠ ʬʠʥʘʥʩʦʚʳʭ ʧʦʪʝʨʴ. ʆʪʩʫʪʩʪʚʠʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʧʝʨʘʪʠʚʥʦʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʥʦ ʚʳʷʚʣʷʪʴ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʧʨʠʯʠʥʳ ʜʝʬʝʢʪʦʚ ʠ ʫʟʢʠʝ ʤʝʩʪʘ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʮʝʧʦʯʢʠ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦ-

https://www.it-world.ru/cionews/7q3upwmumogs880skoko0gswcso00w8.html
https://docs.python.org/3/howto/regex.html
https://wiki.merionet.ru/articles/11-poleznyx-bibliotek-python-dlia-upravleniia-dannymi-excel
https://wiki.merionet.ru/articles/11-poleznyx-bibliotek-python-dlia-upravleniia-dannymi-excel


98 

ʜʫʢʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʠʚʷʟʢʫ ʦʮʝʥʦʢ ʠ ʢʦʤʤʝʥʪʘʨʠʝʚ ʢ ʢʦʥʢʨʝʪʥʳʤ ʵʪʘʧʘʤ ʠ ʫʯʘʩʪʥʠʢʘʤ ʧʨʦʮʝʩʩʘ ʠ ʘʛʨʝʛʠ-

ʨʦʚʘʥʠʝ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʪʦʪʠʧʘ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʤʦʜʫʣʴ ʠʥʪʝʛʨʘʮʠʠ ʩ ʙʘʟʦʡ ʚʭʦʜʷʱʠʭ ʟʘʷʚʦʢ, 

REST-API, ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʙʳʩʪʨʦʛʦ ʚʳʩʪʘʚʣʝʥʠʷ ʦʮʝʥʢʠ (ʰʢʘʣʘ 1ï5) ʠ ʚʚʦʜʘ ʢʦʤʤʝʥʪʘʨʠʷ (ʦʙʷʟʘʪʝʣʝʥ ʧʨʠ 

ʦʮʝʥʢʘʭ 1ï4), ʭʨʘʥʠʣʠʱʝ ʠʩʪʦʨʠʠ ʦʮʝʥʦʢ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʩ ʜʘʰʙʦʨʜʦʤ ʜʣʷ ʨʫʢʦʚʦʜʩʪʚʘ. ʇʦʜʦʙʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʘʢʪʠʢʘʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʠʟʣʦʞʝʥʥʳʤ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʧʦ ʩʠʩʪʝʤʥʦʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʘ ʪʘʢʞʝ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʩʠʩʪʝʤʘʤ ʤʝʥʝʜʞʤʝʥʪʘ ʩʝʨʚʠʩʦʚ [2; 4]. ʄʦʜʫʣʴ ʘʥʘʣʠʪʠʢʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʳʷʚʣʝʥʠʝ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʥʝʛʘʪʠʚʥʳʭ ʪʨʝʥʜʦʚ ʧʦ ʵʪʘʧʘʤ ʠ ʩʦʪʨʫʜʥʠʢʘʤ, ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʧʦʜʩʚʝʪʢʫ çʫʟʢʠʭ ʤʝʩʪè ʠ 

ʛʝʥʝʨʘʮʠʶ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʙʘʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʩʠʩʪʝʤʥʦʡ ʠʥʞʝʥʝʨʠʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʪʦʪʠʧʘ ʥʘ ʙʝʩʧʣʘʪʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʩʪʝʢʝ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘ-

ʣʠʟ ʧʠʣʦʪʥʳʭ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʧʦʜʪʚʝʨʜʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ [3]. 

ʆʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʢʣʶʯʘʶʪ ʩʦʟʜʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʧʨʦʪʦʪʠʧʘ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʩ ʩʫʱʝ-

ʩʪʚʫʶʱʝʡ ʙʘʟʦʡ ʜʘʥʥʳʭ ʟʘʷʚʦʢ; ʚʥʝʜʨʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʦʧʝʨʘʪʠʚʥʦʡ ʬʠʢʩʘʮʠʠ ʦʮʝʥʦʢ ʠ ʢʦʤʤʝʥʪʘʨʠʝʚ ʚ 

ʨʘʙʦʯʝʤ ʮʠʢʣʝ; ʧʦʣʫʯʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ ʜʦʣʶ ʧʝʨʝʜʝʣʦʢ ʠ ʩʦʢʨʘʪʠʪʴ ʟʘ-

ʪʨʘʪʳ ʟʘ ʩʯʝʪ ʪʘʨʛʝʪʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʩʦʚʤʝʩʪʠʤʘ ʩ ʚʝʜʦʤ-

ʩʪʚʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʘ ʥʘ ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʝʜʧʨʠʷ-

ʪʠʷ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʝʡ [1; 5]. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʠʥʪʝʛʨʘʮʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʫ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ), ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ ʟʘʜʘʯʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʦʛʨʘʥʠʯʝ-

ʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʙʦ ʧʩʠʭʦʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʣʠʙʦ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʮʝʧʪʫ-

ʘʣʴʥʘʷ ʤʦʜʝʣʴ ʉʇʇʈ, ʚ ʢʦʪʦʨʦʡ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʧʩʠʭʦʜʠʘʛʥʦʩʪʠʢʘ, ʢʦʛʥʠʪʠʚʥʳʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʵʢʩʧʝʨʪ-

ʥʳʝ ʦʮʝʥʢʠ ʚʝʩʦʚ ʠ ʵʪʘʣʦʥʥʳʝ ʧʨʦʬʠʣʠ ʧʨʦʬʝʩʩʠʡ. ʂʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʳʩʪʫʧʘʶʪ VR-ʩʨʝʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʜʣʷ ʫʯʝʪʘ ʢʦʛʥʠʪʠʚʥʦ-ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʄʦʜʝʣʴ ʥʦʩʠʪ ʮʠʢʣʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʦʣʝʝ ʘʜʘʧʪʠʚʥʳʭ ʠ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʇʇʈ, VR-ʩʠʤʫʣʷʮʠʷ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ, ʛʝʪʝʨʦʛʝʥʥʳʝ ʜʘʥʥʳʝ, BPMN, ʧʨʦʬʦʨʠʝʥʪʘʮʠʷ. 

DSS CONCEPTUAL MODEL WITH IMMERSIVE IN TERACTIVE ENVIRONMEN TS  

AND BIOFEEDBACK INTE GRATING HETEROGENEOU S DATA FOR CAREER  

AND EDUCATION -ORIENTED APPLICATION S 

V. S. Osipov 
Katanov Khakass State University, ave. Lenin, 90, 655017, Abakan, Russia, osipowvs@gmail.com 

The paper addresses the problem of integrating heterogeneous data into a decision support system (DSS) aimed at educational 

and career choice tasks. It is shown that traditional approaches to building DSS are limited either to the use of psychodiagnostic 

parameters or to recommendation mechanisms. A conceptual model of a career-oriented DSS is proposed, in which psychodiagnos-

tic data, cognitive and physiological indicators, expert weighting coefficients, and reference professional profiles are integrated. The 

key elements of the model are immersive interactive VR environments and biofeedback instruments (EEG, heart rate, eye-tracking), 

which make it possible to account for the userôs cognitive and emotional state. The model has a cyclic nature and provides the for-

mation of more adaptive and reliable recommendations. 

Keywords: DSS, VR simulation, biofeedback, heterogeneous data, BPMN, career guidance. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ) ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ ʦ ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʩʨʝʜʝ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʦʛʨʘʥʠʯʝʥʳ ʧʩʠʭʦʜʠʘʛʥʦʩʪʠʢʦʡ, ʯʪʦ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʨʘʞʘʝʪ ʜʠʥʘʤʠʢʫ ʢʦ-

ʛʥʠʪʠʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʨʝʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʬʝʩʩʠʷʤ. ʀʤʤʝʨʩʠʚʥʳʝ VR-ʩʮʝʥʘʨʠʠ ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦ-

ʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [1], ʘ ʠʥʩʪʨʫʤʝʥʪʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ɹʆʉ) 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʠʢʩʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʧʦʤʦʱʠ ʕʕɻ [2], ʏʉʉ, ʘʡʪʨʝʢʠʥʛʘ [3]. ʕʪʦ ʬʦʨʤʠʨʫʝʪ ʧʨʝʜʧʦʩʳʣʢʠ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʉʇʇʈ. 

ʆʜʥʘ ʠʟ ʧʨʦʙʣʝʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʉʇʇʈ ï ʠʥʪʝʛʨʘʮʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʤʦʜʝʣʠ. 

ɼʘʥʥʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʠʩʪʦʯʥʠʢʫ, ʬʦʨʤʘʪʫ, ʩʪʝʧʝʥʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ʇʨʠʤʝʨ ʜʘʥʥʳʭ, ʩʦʙʨʘʥ-

ʥʳʭ ʘʚʪʦʨʦʤ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʊʘʙʣʠʮʝ. ʆʪʩʫʪʩʪʚʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʘʯʝʩʪʚʦ ʧʨʦʬʠʣʠ-

ʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʵʪʘʣʦʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʧʨʦʬʝʩʩʠʡ. 

ʊʘʙʣʠʮʘ 

ʀʩʪʦʯʥʠʢʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʉʇʇʈ 

ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ ʇʨʠʤʝʨ ʌʦʨʤʘʪ/ʝʜʠʥʠʮʳ 
ʆʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ /  

ʧʨʦʙʣʝʤʳ ʠʥʪʝʛʨʘʮʠʠ 

ɸʥʢʝʪʥʳʝ ʜʘʥʥʳʝ 
ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʇʦʣ, ʚʦʟʨʘʩʪ, ʢʣʘʩʩ ʦʙʫʯʝʥʠʷ 
ʂʘʪʝʛʦʨʠʘʣʴʥʳʝ, ʯʠʩ-
ʣʦʚʳʝ 

ʉʪʘʪʠʯʥʦʩʪʴ, ʥʝ ʪʨʝʙʫʶʪ ʯʘʩʪʦʛʦ 
ʦʙʥʦʚʣʝʥʠʷ 

ʋʯʝʙʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 
ʆʮʝʥʢʠ ʠʟ çʵʣʝʢʪʨʦʥʥʦʛʦ ʜʥʝʚʥʠʢʘè, 

ʚʨʫʯʥʫʶ ʚʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʊʘʙʣʠʯʥʳʝ ʯʠʩʣʦʚʳʝ 

ʈʘʟʥʦʨʦʜʥʦʩʪʴ ʬʦʨʤʘʪʦʚ ʵʢʩʧʦʨʪʘ, 

ʥʝʧʦʣʥʦʪʘ ʜʘʥʥʳʭ 

ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʣʠʤʧʠ-
ʘʜʘʭ  

ʋʯʘʩʪʠʝ, ʟʘʥʷʪʦʝ ʤʝʩʪʦ, ʫʨʦʚʝʥʴ  
ʂʘʪʝʛʦʨʠʘʣʴʥʳʝ + 
ʯʠʩʣʦʚʳʝ 

ʅʦʨʤʘʣʠʟʘʮʠʷ ʰʢʘʣ, ʧʨʦʚʝʨʢʘ ʜʦʩʪʦ-
ʚʝʨʥʦʩʪʠ 

ʈʝʟʫʣʴʪʘʪʳ ʧʩʠʭʦʜʠʘ-

ʛʥʦʩʪʠʢʠ 

ʊʝʩʪ ɸʡʟʝʥʢʘ, ʊʝʩʪ ɹʝʥʥʝʪʘ, ʊʝʩʪ ʂʣʠʤʦ-

ʚʘ, ʊʝʩʪ ɹʝʣʙʠʥʘ  

ɹʘʣʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, 

ʰʢʘʣʳ 

ʈʘʟʥʳʝ ʤʝʪʦʜʠʢʠ, ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʇʨʝʜʧʦʯʪʝʥʠʷ ʧʦʣʴʟʦ-
ʚʘʪʝʣʷ 

ɾʝʣʘʝʤʳʡ ʫʨʦʚʝʥʴ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ, 
ʧʨʠʦʨʠʪʝʪ ʫʩʣʦʚʠʡ ʪʨʫʜʘ 

ʀʥʪʝʨʚʘʣʴʥʳʝ (ʨʫʙ.), 
ʧʦʨʷʜʢʦʚʳʝ (ʰʢʘʣʳ) 

ɺʳʩʦʢʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ, ʪʨʝʙʫʝʪʩʷ 
ʥʦʨʤʘʣʠʟʘʮʠʷ 

ʆʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʠ 

ʤʦʪʠʚʘʮʠʷ  

ʂʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ (ʢʦʛʥʠʪ. 

ʫʨʦʚʝʥʴ); ʰʢʘʣʘ ʃʘʡʢʝʨʪʘ ʧʦ ʤʦʪʠʚʘʮʠʠ 

ɼʠʩʢʨʝʪʥʳʝ (0/1), 

ʰʢʘʣʴʥʳʝ (1ï5) 

ʉʙʦʨ ʜʘʥʥʳʭ ʜʦ ʠ ʧʦʩʣʝ ʩʠʤʫʣʷʮʠʠ, 

ʚʳʯʠʩʣʝʥʠʝ ʜʝʣʴʪʳ ʠʟʤʝʥʝʥʠʡ 

ɼʘʥʥʳʝ ʩʠʤʫʣʷʮʠʠ 
(ʧʦʚʝʜʝʥʯʝʩʢʠʝ) 

ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʥʘ ʩʪʠʤʫʣʳ, ʫʩʧʝʰʥʦʩʪʴ 
ʜʝʡʩʪʚʠʡ 

ʄʩ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʧʳ-
ʪʦʢ 

ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ, ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩ 
ʜʨʫʛʠʤʠ ʧʦʪʦʢʘʤʠ 

ɼʘʥʥʳʝ ʩʠʤʫʣʷʮʠʠ 

(ʙʠʦʩʠʛʥʘʣʳ) 

ʕʕɻ (ʘʣʴʬʘ, ʙʝʪʘ ʨʠʪʤʳ, ʤʢɺ), ʏʉʉ (ʤʩ), 

ʘʡʪʨʝʢʠʥʛ (ʜʦʣʷ ʚʨʝʤʝʥʠ ʥʘ ʦʙʲʝʢʪʘʭ) 

ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʚʳ-

ʩʦʢʦʡ ʯʘʩʪʦʪʳ 

ʐʫʤʳ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʠ 

ʚʳʜʝʣʝʥʠʷ ʧʘʪʪʝʨʥʦʚ 

ɸʥʢʝʪʠʨʦʚʘʥʠʝ ʩʧʝʮʠ-
ʘʣʠʩʪʦʚ 

ʇʩʠʭʦʣʦʛʠʯʝʩʠʝ ʪʝʩʪʳ, ʧʨʠʤʝʥʝʥʥʳʝ ʢ 
ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʧʨʦʬʝʩʩʠʡ 

ɹʘʣʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʪʘʣʦʥʥʳʭ ʤʦʜʝʣʝʡ 
ʧʨʦʬʝʩʩʠʡ 

ʕʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ 

ʧʨʦʬʝʩʩʠʡ 

ɺʝʩʘ ʟʥʘʯʠʤʦʩʪʠ ʢʦʤʧʝʪʝʥʮʠʡ ʜʣʷ ʢʘʞʜʦʡ 

ʧʨʦʬʝʩʩʠʠ (ʤʝʪʦʜ AHP, ʨʘʥʞʠʨʦʚʘʥʠʝ) 
ʂʦʵʬʬʠʮʠʝʥʪʳ (0ï1) 

ʉʦʛʣʘʩʦʚʘʥʠʝ ʨʘʟʥʳʭ ʵʢʩʧʝʨʪʥʳʭ 

ʤʥʝʥʠʡ, ʘʛʨʝʛʘʮʠʷ 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʉʇʇʈ, ʦʬʦʨʤʣʝʥʥʘʷ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʥʦʪʘʮʠʝʡ BPMN ʢʘʢ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʮʝʥʥʦ ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʡ ʧʨʦʮʝʩʩʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ [4]. 

ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʫʨʦʚʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ.  

 

ʈʠʩ. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʉʇʇʈ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʜʘʥʥʳʭ 



100 

 

ʉʙʦʨ ʠ ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. ɸʛʨʝʛʠʨʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʢʝʪʠʨʦʚʘʥʠʷ, ʫʯʝʙʥʳʝ ʜʘʥʥʳʝ ʠʟ ʚʥʝʰʥʠʭ ʀʀʉ, 

ʘ ʪʘʢʞʝ ʩʠʛʥʘʣʳ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʭʦʜʝ VR-ʩʠʤʫʣʷʮʠʠ. ʇʨʦʠʩʭʦʜʠʪ ʬʠʢʩʘʮʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʠ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʮʝʥʘʨʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʩʠʤʫʣʷʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʬʠʢʩʠʨʫʶʪ ʚʨʝʤʷ ʨʝʘʢʮʠʠ, ʧʘʨʘʤʝʪʨʳ ʚʟʛʣʷʜʘ, 

ʩʧʝʢʪʨʳ ʕʕɻ, ʏʉʉ. ʇʦʪʦʢʠ ʜʘʥʥʳʭ ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ, ʦʯʠʱʘʶʪʩʷ ʦʪ ʰʫʤʦʚ ʠ ʥʦʨʤʘʣʠʟʫʶʪʩʷ ʧʦ ʬʦʨʤʘʪʘʤ. 

ʀʥʪʝʛʨʘʮʠʦʥʥʦʝ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʠ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ 

ʜʘʥʥʳʭ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ï ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ, ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ. 

ɹʘʟʘ ʵʪʘʣʦʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʬʝʩʩʠʡ. ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʢʘʢ çʘʥʢʝʪʠʨʦ-

ʚʘʥʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘè ʠ çʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚè, ʦʪʨʘ-

ʞʘʶʱʠʡ ʟʥʘʯʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʫʩʧʝʰʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʕʪʘ ʙʘʟʘ ʩʣʫʞʠʪ ʨʝʬʝʨʝʥʩʦʤ 

ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʮʠʬʨʦʚʳʭ ʧʨʦʬʠʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʚʳʧʦʣʥʷʝʪ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʵʪʘʣʦʥ-

ʥʳʤʠ ʤʦʜʝʣʷʤʠ ʧʨʦʬʝʩʩʠʡ (profile matching, gap-ʘʥʘʣʠʟ). ʋʯʠʪʳʚʘʶʪʩʷ ʵʢʩʧʝʨʪʥʳʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʅʘ 

ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʪʠʢʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʘʣʛʦʨʠʪʤʳ, ʢʦʤʙʠʥʠʨʫʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

[5], ʠ ʵʢʩʧʝʨʪʥʳʝ ʧʨʘʚʠʣʘ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ.  

ʄʦʜʝʣʴ ʨʘʙʦʪʘʝʪ ʚ ʮʠʢʣʠʯʝʩʢʦʤ ʨʝʞʠʤʝ: ʧʦʩʣʝ ʢʘʞʜʦʡ ʩʠʤʫʣʷʮʠʠ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʠʬʨʦʚʦʡ ʧʨʦʬʠʣʴ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʙʥʦʚʣʷʝʪʩʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʘʜʘʧʪʠʚʥʦʝ ʫʪʦʯʥʝʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʩʦʧʨʦʚʦʞ-

ʜʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʮʠʬʨʦʚʳʭ ʚʘʣʶʪʘʭ ʮʝʥʪʨʘʣʴʥʳʭ 

ʙʘʥʢʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʨʝʧʷʪʩʪʚʠʷ ʥʘ ʚʥʝʜʨʝʥʠʝ. ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʧʳʪʘ ʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʵʪʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ ʥʦʨʤʘʪʠʚʥʦʡ ʠ ʧʨʘʚʦʚʦʡ ʧʨʦʨʘʙʦʪʘʥʥʦ-

ʩʪʠ ʚʦʧʨʦʩʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʠʩʪʝʤʘʭ ʬʠʥʘʥʩʦʚʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʙʦʨʴʙʳ ʩ ʤʦʰʝʥʥʠʯʝʩʢʠʤʠ 

ʦʧʝʨʘʮʠʷʤʠ. 
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This article discusses the application of artificial intelligence in central bank digital currencies, the benefits of their use, and the 

barriers to implementation. An analysis of international experience and research in this area is conducted, both from the perspective 

of ethical considerations and from the perspective of the regulatory and legal development of the issue of using artificial intelligence 

in financial settlement systems to combat fraudulent transactions. 

Keywords: artificial intelligence, Digital ruble, digital currency, fraudulent transactions. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʚ 

ʎʠʬʨʦʚʳʭ ʚʘʣʶʪʘʭ ʮʝʥʪʨʘʣʴʥʳʭ ʙʘʥʢʦʚ (CBDC). ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʶʪʩʷ ʤʦʰʝʥʥʠʯʝʩʢʠʝ ʦʧʝ-

ʨʘʮʠʠ, ʧʦʵʪʦʤʫ ʀʀ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʪʨʘʥʟʘʢʮʠʡ, ʧʫʪʝʤ ʘʥʘʣʠ-

ʪʠʢʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʦʧʝʨʘʮʠʡ ʥʘ ʫʨʦʚʥʝ ʦʪʨʘʩʣʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʦʚ ʧʦ ʧʦʜʦ-

ʟʨʠʪʝʣʴʥʳʤ ʪʨʘʥʟʘʢʮʠʷʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʦʪʤʳʚʘʥʠʝʤ ʠʣʠ ʦʙʭʦʜʦʤ ʥʘʣʦʛʦʚ [1]. ʉ ʧʦʤʦʱʴʶ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʠ ʦʪʯʝʪʦʚ ʧʦʷʚʣʷʝʪʩʷ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʧʨʠ ʢʘʢʠʭ ʦʧʝʨʘʮʠʷʭ ʥʝʦʙʭʦʜʠʤʳ ʥʝʤʝʜʣʝʥʥʳʝ 

ʜʝʡʩʪʚʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʪʨʘʥʟʘʢʮʠʡ. ʊʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʠʪʴ ʦʧʝ-
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ʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʡ ʙʘʥʢ ʠʣʠ ʮʠʬʨʦʚʫʶ ʚʘʣʶʪʫ, ʭʦʪʷ ʜʦʣʞʥʳ ʙʳʣʠ 

ʙʳʪʴ ʦʙʷʟʘʪʝʣʴʥʦ ʯʠʩʪʳʤʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʘ. 

ʆʪʜʝʣʴʥʦ ʝʱʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʦʩʦʙʳ, ʢʦʪʦʨʳʝ ʢʦʩʚʝʥʥʦ ʦʪʥʦʩʷʪʩʷ ʢ ʟʘʜʘʯʘʤ ʎʠʬʨʦʚʦʡ ʚʘʣʶʪʳ ʠʣʠ ʞʝ 

ʥʝʥʘʤʥʦʛʦ ʫʩʠʣʠʚʘʶʪ ʚʳʧʦʣʥʷʝʤʦʩʪʴ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ CBDC. ʂ ʪʘʢʠʤ ʟʘʜʘʯʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʘʣʶʪʳ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʣʠʝʥʪʦʚ (AI-ʯʘʪʳ), ʫʧʨʘʚʣʝʥʠʝ ʩʧʨʦʩʦʤ ʠ ʧʨʝʜʣʦʞʝʥʠʝʤ, ʚʳʷʚʣʝʥʠʝ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʦʙʱʝʩʪʚʝʥʥʳʤ ʤʥʝʥʠʝʤ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ CBDC [2]. ɼʘʥʥʳʝ ʧʨʠʤʝʨʳ 

ʤʦʛʫʪ ʚ ʙʫʜʫʱʝʤ ʙʳʪʴ ʚʥʝʜʨʝʥʳ ʚ ʎʠʬʨʦʚʦʡ ʨʫʙʣʴ, ʥʦ ʦʥʠ ʥʝ ʟʘʢʨʳʚʘʶʪ ʩʘʤʳʝ ʧʨʦʙʣʝʤʥʳʝ ʚʦʧʨʦʩʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʀʀ ʚ ʨʘʙʦʪʝ ʎʠʬʨʦʚʦʛʦ ʨʫʙʣʷ, ʝʩʪʴ ʧʨʝʧʷʪʩʪʚʠʷ ʝʛʦ ʚʥʝʜʨʝʥʠʷ. ʊʝʭʥʦʣʦʛʠʯʝ-

ʩʢʘʷ ʥʝʛʦʪʦʚʥʦʩʪʴ, ʘ ʠʤʝʥʥʦ ʥʝʜʦʩʪʘʪʦʢ ʚʳʜʝʣʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʡ ʟʘʜʘ-

ʯʝʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 14 ʤʘʨʪʘ 2025 ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʦʧʨʦʩ, ʧʦ ʜʘʥʥʳʤ ʢʦʪʦʨʦʛʦ 20 ʧʨʦʮʝʥʪʦʚ 

ʦʧʨʦʰʝʥʥʳʭ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʎʠʬʨʦʚʦʛʦ ʨʫʙʣʷ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʫ ʥʝʢʦʪʦ-

ʨʳʭ ʙʘʥʢʦʚ, ʘ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʀʀ ʧʨʠʜʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʥʠʤʘʪʴ ʤʦʱʥʦʩʪʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʣʷ ʧʦʜʜʝʨʞʘ-

ʥʠʷ ʀʀ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʦʪʜʝʣʴʥʳʝ ʫʩʠʣʠʷ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʉBDC ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ 

ʪʦʣʴʢʦ ʚʳʭʦʜʠʪ ʠʟ ʧʠʣʦʪʥʦʛʦ ʨʝʞʠʤʘ, ʥʝʵʬʬʝʢʪʠʚʥʦ [3]. 

ʆʩʥʦʚʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʀʀ ʚ CBDC ʩʚʷʟʘʥʳ ʩ ʧʨʠʚʘʪʥʦʩʪʴʶ ʠ ʨʝʛʫʣʠʨʫʶʱʝʡ ʩʨʝʜʦʡ. ʀʀ 

ʤʦʞʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʪʨʘʥʟʘʢʮʠʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʣʦʢʘʮʠʠ, ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʪʨʘʥʟʘʢ-

ʮʠʡ, ʚʳʚʦʜʳ ʧʦ ʧʦʚʦʜʫ ʟʜʦʨʦʚʴʷ ʠʣʠ ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ), ʩʦʟʜʘʝʪ ʮʠʬʨʦʚʳʝ ʧʨʦʬʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʨʝʜʩʢʘʟʘʥʠʶ ʝʛʦ ʙʫʜʫʱʝʛʦ ʧʦʚʝʜʝʥʠʷ; ʢʦʥʪʨʦʣ ʁʠ ʥʘʜʟʦʨʫ ʟʘ ʜʝʡʩʪʚʠ-

ʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʄʦʞʥʦ ʝʱʝ ʚʳʜʝʣʠʪʴ ʧʨʦʙʣʝʤʫ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢ ʢʘʢ ʀʀ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʙʫʜʝʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʨʘʥʟʘʢʮʠʠ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʮʝʥʥʘ ʠ 

ʦʧʘʩʥʘ ʚ ʨʫʢʘʭ ʪʨʝʪʴʠʭ ʣʠʮ. ʂ ʪʦʤʫ ʞʝ ʠʟ-ʟʘ ʵʪʠʭ ʜʘʥʥʳʭ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʨʠʩʢ ʢʠʙʝʨʘʪʘʢ, ʚʟʣʦʤʦʚ ʠ ʟʣʦʫʧʦ-

ʪʨʝʙʣʝʥʠʡ. ʀʀ ʤʦʞʝʪ ʩʪʘʪʴ ʪʦʯʢʦʡ ʫʷʟʚʠʤʦʩʪʠ [4]. ɼʘʥʥʳʝ ʘʥʘʣʠʟʘ ʭʨʘʥʷʪʩʷ ʫ ʮʝʥʪʨʘʣʴʥʦʛʦ ʙʘʥʢʘ ʠʣʠ ʚ ʧʘʨʪ-

ʥʝʨʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʧʦʵʪʦʤʫ ʧʨʠ ʩʙʦʝ ʠʣʠ ʭʘʢʝʨʩʢʦʡ ʘʪʘʢʝ ʧʨʦʠʟʦʡʜʝʪ ʤʘʩʩʦʚʘʷ ʫʪʝʯʢʘ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʦ 

ʪʨʘʥʟʘʢʮʠʷʭ, ʥʦ ʠ ʘʥʘʣʠʟʘ ʀʀ. ʊʘʢʞʝ ʮʝʥʪʨʦʙʘʥʢʠ ʜʝʣʘʶʪ ʫʧʦʨ ʥʘ ʘʥʦʥʠʤʠʟʘʮʠʶ, ʪʦ ʝʩʪʴ ʪʨʘʥʟʘʢʮʠʠ ʥʝ ʧʨʠʚʷ-

ʟʳʚʘʶʪʩʷ ʢ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ʀʀ ʞʝ ʩʧʦʩʦʙʝʥ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʟʨʦʟʥʝʥʥʳʝ ʪʨʘʥʟʘʢʮʠʠ, ʚʳʷʚʣʷʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʜʝʪʘʣʠ, ʠ ʜʝʘʥʦʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ ʫʥʠʢʘʣʴʥʳʤ ʧʘʪʪʝʨʥʘʤ [5]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʀʀ ʚ ʧʨʦʝʢʪʳ CBDC, ʢʦʥʢʨʝʪʥʳʝ 

ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʥʘ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʘ ʦʛʨʘʥʠʯʝʥʳ. ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʩʪʨʘʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʀʀ ʢʘʢ ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ 

ʚʘʣʶʪ ʚ ʙʫʜʫʱʝʤ. 

ɺ ʨʷʜʝ ʩʪʨʘʥ ʤʝʥʷʶʪ ʧʨʘʚʦʚʳʝ ʦʩʥʦʚʳ ʟʘʱʠʪʳ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʭ ʜʣʷ CBDC. ʄʝʥʷʶʪ ʠ ʧʨʘʚʦ-

ʚʳʝ ʥʦʨʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʀʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ. ʊʘʢ ʢʘʢ ʫ ʢʘʞʜʦʡ ʩʪʨʘʥʳ ʨʘʟʥʳʝ ʧʨʠʦʨʠʪʝʪʳ ʠ ʧʨʠʥ-

ʮʠʧʳ ʧʦ ʵʪʠʤ ʚʦʧʨʦʩʘʤ, ʘ CBDC ʝʱʝ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠ ʪʨʘʥʩʛʨʘʥʠʯʥʳʝ ʧʝʨʝʚʦʜʳ, ʪʦ ʫʞʝ ʧʦʷʚʣʷʶʪʩʷ ʩʫʱʝ-

ʩʪʚʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʥʝʜʨʝʥʠʷ ʀʀ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ [6]. 

ɺ ʨʷʜʝ ʩʪʨʘʥ ʙʝʩʧʦʢʦʡʩʪʚʦ ʚʳʟʳʚʘʝʪ ʠ ʥʦʨʤʘʪʠʚʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ: ʥʘʧʨʠʤʝʨ, ʚ ʉʐɸ ʠʟ-ʟʘ ʫʢʘʟʘ ʦ ʟʘʧʨʝʪʝ 

ʮʠʬʨʦʚʦʛʦ ʜʦʣʣʘʨʘ CBDC-ʠʥʠʮʠʘʪʠʚʳ ʟʘʤʦʨʦʞʝʥʳ, ʘ ʌʈʉ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʝʭʥʦʣʦʛʠʡ (ʚʢʣʶʯʘʷ 

ʀʀ) ʚ ʦʙʱʝʡ ʧʣʘʪʝʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ [7]. ɺ ɽʚʨʦʩʦʶʟʝ ʚʦʧʨʦʩʳ ʧʨʠʚʘʪʥʦʩʪʠ, ʘʥʪʠʜʠʩʢʨʠʤʠʥʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ 

çɸʢʪʘ ʦʙ ʀʀè ʟʘʤʝʜʣʷʶʪ ʨʘʙʦʪʳ ʥʘʜ ʮʠʬʨʦʚʳʤ ʝʚʨʦ [8]. ʅʘʢʦʥʝʮ, ʪʝʭʥʠʯʝʩʢʠʝ ʚʳʟʦʚʳ (ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʳʭ ʜʣʷ 

ʦʙʫʯʝʥʠʷ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ, ʩʘʥʢʮʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʟʘʢʫʧʢʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ) ʟʘʪʷʛʠʚʘʶʪ ʠʥʪʝʛʨʘ-

ʮʠʶ ʀʀ ʚ ʘʨʭʠʪʝʢʪʫʨʫ CBDC. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʦʩʪʦʨʦʞʥʦʝ ʦʪʥʦʰʝʥʠʝ ʎɹ ʢ ʀʀ. 

ʉ 2024 ʛʦʜʘ ʀʀ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʎʝʥʪʨʘʣʴʥʦʛʦ ʙʘʥʢʘ, ʥʦ ʠʤʝʥʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʎʠʬʨʦʚʦʤ ʨʫʙʣʝ 

ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʢʘ ʥʝ ʦʙʛʦʚʘʨʠʚʘʝʪʩʷ. ʊʘʢ ʞʝ ʚ çɸʥʪʠʤʦʰʝʥʥʠʯʝʩʢʦʡè ʜʦʨʦʞʥʦʡ ʢʘʨʪʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʨʘʩʧʠʩʘʥʦ, ʯʪʦ ʜʦ ʧʝʨʚʦʛʦ ʢʚʘʨʪʘʣʘ 2028 ʛʦʜʘ ʥʘʤʝʯʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʀʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ʤʦʰʝʥʥʠʯʝʩʢʠʤʠ ʦʧʝʨʘʮʠʷʤʠ, ʘ ʢ ʧʝʨʚʦʤʫ ʢʚʘʨʪʘʣʫ 2026 ʛʦʜʘ ʫʩʠʣʝʥʠʝ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ 

ʫʯʘʩʪʥʠʢʘʤʠ ʨʳʥʢʘ ʮʠʬʨʦʚʳʭ ʚʘʣʶʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʨʷʜʢʘ ʚʝʜʝʥʠʷ ʨʝʝʩʪʨʦʚ. ʄʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʛʨʝʩʩ ʚ ʨʘʟʨʘʙʦʪʢʝ ʀʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʝ ʦʧʨʝʜʝʣʝʥʥʦ ʝʩʪʴ, ʥʦ 

(ʧʦ ʧʨʠʯʠʥʝ ʩʣʦʞʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ) ʨʘʙʦʪʘ ʠ ʚʥʝʜʨʝʥʠʝ ʀʀ ʜʣʷ CBDC ʙʫʜʝʪ ʧʦʟʞʝ. 
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ʉ ʇʈʀʄɽʅɽʅʀɽʄ ɺɽʁɺʃɽʊ-ʇʈɽʆɹʈɸɿʆɺɸʅʀʁ ʀ ɹɽɻɻʀʅɻɸ 

ɼ. ɸ. ʇʝʪʨʫʩʝʚʠʯ, ʄ. ɽ. ʉʘʚʝʣʴʝʚ 
ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, 119454, ʛ. ʄʦʩʢʚʘ, ʧʨ. ɺʝʨʥʘʜʩʢʦʛʦ, 78, ʈʦʩʩʠʷ, petrdenis@mail.ru 

ʉʦʚʤʝʱʝʥʠʝ ʧʨʦʛʥʦʟʦʚ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʝʡ ʠʣʠ ʧʦʩʪʨʦʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ, ʛʜʝ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ 

ʧʨʠʨʦʜʫ, ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʇʦʩʣʝ ʨʘʟ-

ʣʦʞʝʥʠʷ ʜʘʥʥʳʭ ʨʷʜʘ ʥʘ ʪʨʝʥʜ-ʩʝʟʦʥʥʦʩʪʴ-ʦʩʪʘʪʦʢ ʯʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʥʜʫ ʠʣʠ ʪʨʝʥʜʫ ʠ ʩʝʟʦʥʥʦʩʪʠ, ʟʘʯʘ-

ʩʪʫʶ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠʣʠ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢ ʦʩʪʘʪʢʫ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʩʪʨʘʪʝʛʠʠ ʙʝʛʛʠʥʛʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʛʛʠʥʛ, ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, DWT, ʪʨʝʥʜ, ʩʝʟʦʥʥʦʩʪʴ, ʦʩʪʘʪʦʢ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʛʠʙʨʠʜʥʘʷ ʤʦ-

ʜʝʣʴ, ʦʙʲʝʜʠʥʝʥʠʝ ʧʨʦʛʥʦʟʦʚ.  

HYBRID TIME SERIES M ODELS BASED ON WAVEL ET TRANSFORMATIONS A ND BAGGING  

D. A. Petrusevich, M.E. Savelev 
MIREA ï Russian Technological University, 119454, Moscow, ave. Vernadskogo, 78, Russia, petrdenis@mail.ru 

One of the most popular strategy in time series forecasting is hybrid models construction or combination of predictions made 

with models of various nature. After the series data is decomposed into trend-seasonality-remainder, the parts corresponding to the 

trend or trend and seasonality are often processed using the Fourier transform or various wavelet transforms. Studies have shown 

that prediction accuracy increases when the remainder part is handled with bagging procedure.  

Keywords: bagging, wavelet transform, DWT, trend, seasonality, remainder part, hybrid model, forecast combination. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʇʨʠ ʦʙʨʘʙʦʪ-

ʢʝ ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ: ʢʦʣʝʙʘʥʠʡ ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ, ʠ ʠʟʦʙʨʘʞʝʥʠʡ ï 

ʦʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ʐʠʨʝ (ʥʘ ʦʩʥʦʚʝ 

ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ) ʧʦʩʪʨʦʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʦʜʩʪʚʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʨʝʥʜ ʠʣʠ ʪʨʝʥʜ-

ʩʝʟʦʥʥʦʩʪʴ, ʥʘʧʨʠʤʝʨ: EWT, VMD, CEEMDAN, DWT [1; 2; 3]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʨʘʙʦʪʘʭ [4; 5] ʠʩʩʣʝʜʫ-

ʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʙʝʛʛʠʥʛʘ, ʢʦʪʦʨʳʡ ʥʘʮʝʣʝʥ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʧʠʩʘʥʠʷ ʦʩʪʘʪʢʘ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʜʘʥ-

ʥʳʭ ʨʷʜʘ ʥʘ ʯʘʩʪʠ çʪʨʝʥʜ ï ʩʝʟʦʥʥʦʩʪʴ ï ʦʩʪʘʪʦʢè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʠʜʝʷ ʦʙʲʝʜʠʥʠʪʴ ʵʪʠ ʜʚʘ ʧʦʜ-

ʭʦʜʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʘʮʝʣʝʥʳ ʥʘ ʦʧʠʩʘʥʠʝ ʨʘʟʥʳʭ ʯʘʩʪʝʡ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. ɽʩʣʠ ʪʘʢʘʷ ʛʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ ʧʦʟ-

ʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʤʦʞʥʦ ʧʨʦʜʦʣʞʠʪʴ, ʢʦʤʙʠʥʠʨʫʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʧʠʩʘʥʠʷ ʪʨʝʥʜʘ-ʩʝʟʦʥʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, 

ʢʨʦʤʝ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ FFORMA [6] ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʚʳʜʝʣʝʥʠʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʨʷʜʘ) ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʪʨʝʥʜʘ, ʩʝʟʦʥʥʦʩʪʠ ʠ ʦʩʪʘʪʢʘ. ɽʩʣʠ ʪʨʝʥʜ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʪʦ ʩʝʟʦʥʥʦʩʪʴ ʠ ʮʠʢʣʠʯʥʦʩʪʴ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ 

ARIMA/ETS. ʂʨʦʤʝ ʵʪʦʛʦ, ʚʳʜʝʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʷʜʘ ʤʦʞʥʦ 

ʜʘʪʴ ʥʘ ʚʭʦʜ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ (ʢʘʢ ʩʪʘʥʜʘʨʪʥʦʡ LSTM, GRU ʠ ʜʨ., ʪʘʢ ʠ ʩʝʪʝʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʨʘʟʣʠʯʥʳʭ ʪʨʘʥʩʬʦʨʤʝʨʦʚ). 

ɺ ʨʘʤʢʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʘʣʠʟʦʚʘʥʳ ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ  ʥʘ 

ʦʩʥʦʚʝ: 1) ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ARIMA ʠ ETS; 2) ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ DWT, ʛʜʝ 

ʧʦʣʫʯʝʥʥʳʝ ʤʦʜʳ ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ; 3) ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ, ʛʜʝ 

ʪʨʝʥʜ ʠ ʩʝʟʦʥʥʦʩʪʴ ʨʘʩʢʣʘʜʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ DWT, ʜʣʷ ʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʠ ARIMA/ETS, ʦʩʪʘʪʦʢ ʦʙʨʘʙʦʪʘʥ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʛʦ ʙʝʛʛʠʥʛʘ (ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ ʦʩʪʘʪʢʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʤʙʠʥʘʮʠʷ ʧʨʦʛʥʦʟʦʚ ʤʦʜʝʣʝʡ ARIMA ʠ ETS, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʫʩʨʝʜʥʝʥʥʳʤ 

ʜʘʥʥʳʤ ʦʩʪʘʪʢʘ); 4) ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ, ʛʜʝ ʧʝʨʚʘʷ ʤʦʜʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ DWT 

(ʥʝʩʫʱʘʷ ʩʫʱʝʩʪʚʝʥʥʫʶ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʨʝʥʜʝ), ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ETS, ʩʣʝʜʫʶʱʠʝ ʤʦʜʳ, ʥʝ-

ʩʫʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʝʟʦʥʥʦʩʪʠ ʠ ʯʘʩʪʠʯʥʦ ʦ ʪʨʝʥʜʝ, ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ARIMA, ʘ ʦʩʪʘʪʦʢ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʛʦ ʙʝʛʛʠʥʛʘ. ʕʪʠ ʧʦʜʭʦʜʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʧʦ ʢʘʯʝʩʪʚʫ ʧʨʦʛʥʦʟʘ (ʤʝʪʨʠ-

ʢʠ RMSE ʠ MAE) ʧʦ ʜʘʥʥʳʤ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʉʐɸ [7]. ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʚʦʜʷʪʩʷ 

ʨʘʟ ʚ ʯʘʩ, ʥʦ ʜʘʥʥʳʝ ʫʩʨʝʜʥʝʥʳ ʧʦ ʰʪʘʪʘʤ ʠ ʢʚʘʨʪʘʣʘʤ. ʇʨʦʚʦʜʠʣʦʩʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘ 12 ʢʚʘʨʪʘʣʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ. 

ʊʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʤʦʜʝʣʝʡ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʉʐɸ 

ʄʦʜʝʣʴ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ RMSE MAE 

ARIMA  1031.97 887.09 

ETS 636.59 534.52 

DWT 1255.72 1058.40 

ɺʝʡʚʣʝʪ DWT (ʪʨʝʥʜ ʠ ʩʝʟʦʥʥʦʩʪʴ ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ARIMA/ETS)+ʣʠʥʝʡʥʳʡ 

ʙʝʛʛʠʥʛ (ʦʩʪʘʪʦʢ) 
795.65 610.88 

ɺʝʡʚʣʝʪ DWT (ʧʝʨʚʘʷ ʤʦʜʘ ï ETS, ʩʣʝʜʫʶʱʠʝ ʤʦʜʳ ï ARIMA) + ʣʠʥʝʡʥʳʡ ʙʝʛʛʠʥʛ (ʦʩʪʘ-

ʪʦʢ) 
718.12 576.38 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʜʘʞʝ ʜʣʷ ʨʷʜʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʩʝʟʦʥʥʦʩʪʴʶ (ʜʣʷ ʢʦ-

ʪʦʨʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʢʘʯʝʩʪʚʫ ʦʧʠʩʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ 
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ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʙʝʛʛʠʥʛʘ, ʫʣʫʯʰʘʶʱʝʛʦ ʦʧʠʩʘʥʠʝ ʦʩʪʘʪʢʘ, ʠ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʨʝʥʜ ʠ ʩʝʟʦʥʥʦʩʪʴ, ʜʘʝʪ ʙʣʠʟʢʠʡ ʨʝʟʫʣʴʪʘʪ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʦʧʠʩʘʥʠʠ 

ʨʷʜʦʚ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʩʝʟʦʥʥʦʩʪʴʶ, ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʯʪʠ ʚʩʝʛʜʘ ʧʨʝʚʦʩʭʦʜʷʪ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ARIMA/ETS, ʧʦʵʪʦʤʫ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʳ ʦʞʠʜʘʝʤ ʧʦʣʫʯʠʪʴ ʜʣʷ 

ʥʝʩʝʟʦʥʥʳʭ ʨʷʜʦʚ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʜʣʷ ʩʝʟʦʥʥʳʭ ï ʩʨʘʚʥʠʤʳʝ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ.   
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The article presents the results of a systematic analysis of non-standard situations (NSS) in distribution networks. Based on ret-

rospective data, a classification of the key factors leading to the occurrence of NSS has been conducted. To visualize the causal rela-

tionships and data flows, a Sankey diagram was created using the SankeyMATIC tool. The necessity of transitioning to a proactive 

paradigm is justified, and requirements for the development of forecasting and preemptive management algorithm have been formu-

lated. 

Keywords: distribution networks, emergency situation, systems analysis, risk factors, proactive management, forecasting algo-

rithms. 

ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʢʠ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʩʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʜ-

ʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ [1]. ʉʦ-

ʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʛʣʫʙʦʢʠʡ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʥʝʰʪʘʪʥʳʭ 

ʩʠʪʫʘʮʠʡ (ʅʐʉ) ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʤ ʫʨʦʚʥʝ. ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʤʝʪʦʜʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʣʦʞ-

ʥʳʭ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ (ʥʘʧʨʠʤʝʨ, ʜʠʘʛʨʘʤʤʳ ʉʘʥʢʝʡ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦ-

ʥʦʤʝʨʥʦʩʪʠ ʚ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʘʭ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʩʦʯʝ-

ʪʘʥʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʧʨʦʘʢʪʠʚʥʦʡ 

ʧʘʨʘʜʠʛʤʝ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤʠ ʩʝʪʷʤʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʠ ʘʚʘ-

ʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ [2]. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʅʐʉ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ 

ʥʘ ʦʩʥʦʚʝ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ 2021ï2025 ʛʛ. ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʠ ʩʪʨʫʢ-

ʪʫʨʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʟʚʠʪʠʝ ʘʚʘʨʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʘʥʠʝ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

 ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʢʪʳ ʨʘʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ ʟʘ 4 ʛʦʜʘ. ɺʩʝʛʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 490 ʩʣʫʯʘ-

https://doi.org/10.32362/2500-316X-2024-12-1-101-110
https://www.kaggle.com/datasets/robikscube/hourly-energy-consumption?select=DEOK_hourly.csv
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ʝʚ ʅʐʉ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʦʩʣʫʞʠʣʘ ʜʠʘʛʨʘʤʤʘ ʉʘʥʢʝʡ, ʧʦʩʪʨʦʝʥʥʘʷ 

ʩ ʧʦʤʦʱʴʶ ʦʥʣʘʡʥ-ʠʥʩʪʨʫʤʝʥʪʘ SankeyMATIC [3]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʦʪʦʙʨʘʟʠʪʴ ʧʦʪʦʢʠ ʩʦʙʳ-

ʪʠʡ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʧʨʦʙʣʝʤ ʯʝʨʝʟ ʧʨʠʯʠʥʳ ʢ ʧʦʩʣʝʜʩʪʚʠʷʤ ʠ ʧʨʝʜʧʨʠʥʠʤʘʝʤʳʤ ʤʝʨʘʤ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʮʝʥʥʦ ʜʣʷ 

ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʩʚʷʟʷʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ. ʇʨʦʚʝʜʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʘʢʪʦʨʦʚ ʧʦ ʧʨʠʨʦʜʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ [4] ʧʦʢʘʟʘʣʘ ʘʙʩʦʣʶʪʥʦʝ ʜʦ-

ʤʠʥʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʨʠʯʠʥ (100 % ʩʣʫʯʘʝʚ, n = 490), ʢʦʪʦʨʳʝ ʚ 51,4 % ʩʣʫʯʘʝʚ 

(252) ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʥʝʜʦʩʪʘʪʢʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʤʝʞʥʳʤʠ ʩʝʪʝʚʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ɺʪʦʨʦʡ ʧʦ ʟʥʘʯʠ-

ʤʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʧʨʠʯʠʥʦʡ (27,1 %, 133 ʩʣʫʯʘʷ) ʷʚʠʣʦʩʴ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʜʝ-

ʬʝʢʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʦʝ ʩ ʝʛʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠʟʥʦʩʦʤ. ʉʨʝʜʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʚʳʜʝʣʷʶʪʩʷ: 

- ʅʝʚʳʷʚʣʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ (55,7 %, 273 ʩʣʫʯʘʷ). 

- ʅʘʨʫʰʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʠ (32,9 %, 161 ʩʣʫʯʘʡ). 

- ʅʘʨʫʰʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ï 11,4 % (56 ʩʣʫʯʘʝʚ). 

- ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʤʝʩʪʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ (ʟʦʥʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ) ʧʦʜʪʚʝʨʜʠʣʘ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʧʨʦʙʣʝʤ ʷʚʣʷʶʪʩʷ ʩʤʝʞʥʳʝ ʩʝʪʝʚʳʝ ʦʨʛʘʥʠʟʘʮʠʠ (51,4 %, 252 ʩʣʫʯʘʷ).  

ɼʣʷ ʫʛʣʫʙʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ ʉʘʥʢʝʡ (ʨʠʩ.), ʦʪʦʙʨʘʞʘ-

ʶʱʘʷ 15 ʫʟʣʦʚ ʠ 16 ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ (ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʯʪʝʥʥʳʭ ʩʦʙʳʪʠʡ å 1000). 

ɸʥʘʣʠʟ ʜʠʘʛʨʘʤʤʳ ʚʳʷʚʠʣ ʪʨʠ ʢʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʥʳʝ ʮʝʧʦʯʢʠ: 

1. ʎʝʧʦʯʢʘ ʚʥʝʰʥʠʭ ʨʠʩʢʦʚ (44 % ʚʩʝʭ ʩʦʙʳʪʠʡ): ʉʤʝʞʥʳʝ ʩʝʪʝʚʳʝ ʦʨʛʘʥʠʟʘʮʠʠ Ÿ ʅʝʚʳʷʚʣʝʥʥʳʝ ʧʨʠʯʠ-

ʥʳ Ÿ ʃʦʢʘʣʴʥʦʝ ʦʪʢʣʶʯʝʥʠʝ ʣʠʥʠʠ Ÿ ɿʘʧʨʦʩ ʢ ʩʤʝʞʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ (385 ʩʣʫʯʘʝʚ). ɼʘʥʥʘʷ ʮʝʧʦʯʢʘ ʜʝ-

ʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʠ ʧʘʩʩʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ. 

2. ʎʝʧʦʯʢʘ ʚʥʫʪʨʝʥʥʠʭ ʨʠʩʢʦʚ ʠʟʥʦʩʘ (35 %):  ʉʦʙʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ Ÿ ʅʘʨʫʰʝʥʠʝ ʠʟʦʣʷʮʠʠ Ÿ ʃʦ-

ʢʘʣʴʥʦʝ ʦʪʢʣʶʯʝʥʠʝ ʣʠʥʠʠ. ʕʪʘ ʮʝʧʦʯʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʥʫʪʨʝʥʥʠʡ, ʥʦ ʫʧʨʘʚʣʷʝʤʳʡ ʠʩʪʦʯʥʠʢ ʨʠʩʢʦʚ, ʩʚʷ-

ʟʘʥʥʳʡ ʩʦ ʩʪʘʨʝʥʠʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

3. ʎʝʧʦʯʢʘ ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ (6 %):  ʅʘʨʫʰʝʥʠʝ ʢʦʥʪʘʢʪʘ/ʦʙʨʳʚ Ÿ ʂʘʩʢʘʜʥʦʝ ʦʪʢʣʶʯʝʥʠʝ Ÿ ʉʠ-

ʩʪʝʤʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ (21 ʩʣʫʯʘʡ). ʅʝʩʤʦʪʨʷ ʥʘ ʤʘʣʫʶ ʜʦʣʶ, ʠʤʝʥʥʦ ʵʪʘ ʮʝʧʦʯʢʘ ʧʨʠʚʦʜʠʪ ʢ ʥʘʠʙʦʣʝʝ ʪ̫ -

ʞʝʣʳʤ ʩʠʩʪʝʤʥʳʤ ʘʚʘʨʠʷʤ ʩ ʥʘʠʙʦʣʴʰʝʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʣʠʢʚʠʜʘʮʠʠ. 

 

ʈʠʩ. ɼʠʘʛʨʘʤʤʘ ʧʦʪʦʢʦʚ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ 

 

ɺʘʞʥʝʡʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʘʣʦ ʚʳʷʚʣʝʥʠʝ ʜʠʩʙʘʣʘʥʩʘ ʚ ʩʠʩʪʝʤʝ ʨʝʘʛʠʨʦʚʘʥʠʷ: 85 % 

ʚʩʝʭ ʦʪʚʝʪʥʳʭ ʤʝʨ (385 ʠʟ 455 ʩʣʫʯʘʝʚ ʦʙʨʘʙʦʪʢʠ ʣʦʢʘʣʴʥʳʭ ʦʪʢʣʶʯʝʥʠʡ) ʩʦʩʪʘʚʠʣʠ ʧʘʩʩʠʚʥʳʝ çɿʘʧʨʦʩʳ ʢ 

ʩʤʝʞʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠè. ʃʠʰʴ 15 % ʤʝʨ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʢʪʠʚʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʜʝʡʩʪʚʠʷʤʠ (çɺʥʝʦʯʝʨʝʜ-

ʥʦʡ ʦʩʤʦʪʨè ï 70 ʩʣʫʯʘʝʚ, çʂʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪè ï 45 ʩʣʫʯʘʝʚ). ʕʪʦ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʤʠʥʠʨʦ-

ʚʘʥʠʠ ʨʝʘʢʪʠʚʥʦʡ ʧʘʨʘʜʠʛʤʳ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʘʛʨʘʤʤʳ ʉʘʥʢʝʡ ʧʦʟʚʦʣʠʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ 

ʧʦʜʪʚʝʨʜʠʪʴ ʛʠʧʦʪʝʟʫ ʦ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʨʝʘʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤʠ 

ʩʝʪʷʤʠ [5]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ: 

- ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʅʐʉ ʷʚʣʷʶʪʩʷ ʚʥʝʰʥʠʝ ʩʠʩʪʝʤʥʳʝ ʩʙʦʠ ʚ ʩʝʪʷʭ ʩʤʝʞʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʚʥʫʪ-

ʨʝʥʥʠʡ ʬʠʟʠʯʝʩʢʠʡ ʠʟʥʦʩ. 

- ɺʳʷʚʣʝʥʳ ʫʩʪʦʡʯʠʚʳʝ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʩʢʘʜʥʳʝ ʩʮʝʥʘʨʠʠ, ʚʝʜʫʱʠʝ ʢ ʩʠʩʪʝʤʥʳʤ ʧʦ-

ʩʣʝʜʩʪʚʠʷʤ. 

- ʉʫʱʝʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʜʠʩʙʘʣʘʥʩʦʤ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʘʩʩʠʚʥʳʭ 
ʤʝʨ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘʜ ʘʢʪʠʚʥʳʤʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ ʧʨʦʘʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ: 

1. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʠ ʩʮʝʥʘʨʠʝʚ ʨʠʩʢʘ. 
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2. ɻʨʘʬʦʚʫʶ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʦʥ ʢʘʩʢʘʜʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

3. ʕʥʪʨʦʧʠʡʥʦ-ʙʠʬʫʨʢʘʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʝʞʜʘʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʘʧʨʦʙʘʮʠʶ ʫʢʘʟʘʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʛʨʘʬʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠ ʪʝʦʨʠʠ ʙʠʬʫʨʢʘʮʠʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʝʨʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 
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ʇʨʠʚʝʜʝʥʳ ʘʢʪʫʘʣʴʥʳʝ ʠʥʦʩʪʨʘʥʥʳʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʚʥʝʜʨʝʥʠʝʤ çʫʤʥʳʭè ʫʩʪʨʦʡʩʪʚ ʚ ʩʠʩʪʝʤʫ ʞʠʣʠʱ-

ʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʢʣʶʯʝʚʳʝ ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ 
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The paper provides a brief overview of the use of artificial intelligence in various industries. Current foreign and domestic re-

search on the introduction of "smart" devices into the housing and communal services system is presented. The key hardware com-

ponents of software and hardware complexes based on artificial intelligence used to control engineering systems for providing mi-

croclimate in civil buildings are considered. 

Keywords: artificial intelligence, automated control systems, microclimate, engineering systems, air environment charac-

teristics. 

ʏʝʣʦʚʝʢ ʧʳʪʘʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʫʶ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʩ ʥʘʠʤʝʥʴʰʠʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʥʘ ʧʨʠʨʦʜʫ. ʇʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʙʳʩʪʨʦ ʤʝʥʷʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʩ ʮʝʣʴʶ ʩʥʠʞʝ-

ʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʀʀ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʫʟʢʠʭ ʟʘʜʘʯ 

ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʜʦʢʫʤʝʥʪʘʮʠʠ [1; 2], ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʥ ʠʥʪʝʛʨʠ-

ʨʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʪʝʭʥʠʢʠ. ʉʠʩʪʝʤʘ ɾʠʣʠʱʥʦ-ʂʦʤʤʫʥʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɾʂʂ) ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶ-

ʯʝʥʠʝʤ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀ, ʦʪʥʦʩʠʪʩʷ ʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʵʥʝʨʛʦʩʠ-

ʩʪʝʤʳ [3]. ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚʦʟʤʦʞʥʦ ʠ ʚ ʩʠʩʪʝʤʘʭ ʩ ʪʝʧʣʦ- ʠ ʭʦʣʦʜʦʧʦ-

ʪʨʝʙʣʝʥʠʝʤ [4;5], ʘ ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ [6]. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤʥʦʡ ʠ ʘʧʧʘʨʘʪʥʦʡ ʯʘ-

ʩʪʝʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʚ ʪʠʧʦʚʫʶ ʠʥʞʝʥʝʨʥʫʶ ʩʠʩʪʝʤʫ. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʘʪʠʢʝ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʩʚʷʱʝʥʦ ʘʣʛʦʨʠʪ-

ʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʘʨʠʘʥʪʘʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤʘʭ. ʂ ʩʦʞʘ-

ʣʝʥʠʶ, ʣʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʘʧʧʘʨʘʪʥʫʶ ʯʘʩʪʴ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ɸ. KrȊmiǺġ ʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ [7] ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʚ ʩʠ-

ʩʪʝʤʝ ʦʪʦʧʣʝʥʠʷ ʟʜʘʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʘʥʥʦʛʦ ʥʝʡʨʦ-ʢʦʤʧʣʝʢʩʘ, ʠʩʩʣʝʜʫʝʤʘʷ ʩʠʩʪʝʤʘ ʩʤʦʛʣʘ ʜʦ-

ʩʪʠʯʴ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ (ʧʦ ʪʝʧʣʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ) ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʥʘ 38 %. ɼʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʙʳʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʫʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ (ɸʉʋ) ʩ ʬʫʥʢʮʠ-

ʝʡ ʧʨʝʜʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʩʪʝʤʳ. 

ʉʠʩʪʝʤʫ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 4 ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘ:  

 ʉʫʱʝʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ɸʉʋ ʩ ʥʘʩʦʩʘʤʠ ʠ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʤʝʱʝʥʠʠ ʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʩʠʩʪʝʤʳ 
ʦʪʦʧʣʝʥʠʷ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʝʤʳʝ ʢʣʘʧʘʥ-rʟʘʜʚʠʞʢʠ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʝ, ʘ ʪʘʢʞʝ ʩʝʨʚʝʨʥʳʤ ʦʙʦʨʫʜʦ-

ʚʘʥʠʝʤ ʩ ʚʳʚʝʜʝʥʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʬʦʨʤʘʪʝ; 
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 ʉʠʩʪʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʳ ʩ ʚʳʚʝʜʝʥʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟ-

ʜʫʭʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ (ʥʘ 1 ʯʘʩ, 3 ʯʘʩʘ ʠ ʪ. ʧ.) ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʬʦʨʤʘʪʝ; 

 ʆʙʣʘʯʥʳʝ ʩʠʩʪʝʤʳ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʣʷ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʩʠ-

ʩʪʝʤʳ ʩ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʝʤ ʟʜʘʥʠʷ; 

 ʋʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʜʘʥʥʳʭ ʠʟ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʪʧʨʘʚʢʠ 
ʢʦʤʘʥʜʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʠʩʭʦʜʥʫʶ ʩʠʩʪʝʤʫ ɸʉʋ. 

 

ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʨʘʙʦʪʝ [7] 

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʣʝʤʝʥʪʳ 3 ʠ 4, ʪʘʢ ʢʘʢ ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʚ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʝ ɸʉʋ 

(ʵʣʝʤʝʥʪ 1) ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺʪʦʨʦʡ ʵʣʝʤʝʥʪ ʪʘʢʞʝ ʷʚʣʷ-

ʝʪʩʷ ʯʘʩʪʴʶ ʀʀ, ʥʦ ʚ ʜʘʥʥʳʭ ʨʝʰʝʥʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʰʴ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ʈʘʩ-

ʯʝʪʥʘʷ ʯʘʩʪʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʢʦʤʧʘʥʠʡ (ʩʝʨʚʝʨʘ, ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʪ. ʧ.), 

ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʛʥʦʟ. 

ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʩ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ɸʉʋ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʝʜʠʥʝʥʠʷ 

ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨ ʠ ʫʩʪʨʦʡʩʪʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ) ʩ ʧʦʤʦ-

ʱʴʶ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ-ʧʝʨʝʜʘʪʯʠʢʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠʩʴ Wi-fi ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ESP-8266 ʥʘ 

ʙʘʟʝ Arduino. ʀʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʵʪʦ ʧʝʨʝʜʘʯʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʪ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʝʢʫ-

ʱʝʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʢʣʘʧʘʥʦʚ ʠ ʥʘʩʦʩʘ ʦʪ ʩʠʩʪʝʤʳ ɸʉʋ ʚ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʚʨʝʤʝʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ. ɼʘʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʩʦʟʜʘʝʪʩʷ ʚ ʤʠʢʨʦʕɺʄ (Raspberry Pi3), ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʤʦʥʠʪʦʨʠʥʛ ʚʨʝʤʝʥʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ESP-8266 ʥʘ ʤʠʢʨʦʕɺʄ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʦʚ HTTP. ɺ ʜʘʣʴʥʝʡʰʝʤ Raspberry Pi3 ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʷ ʥʘʧʨʘʚʣʷʝʪ 

ʜʘʥʥʳʝ ʚ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ, ʛʜʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʨʘʩʯʝʪʳ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʮʝʩʩʘ ʩʘʤʦʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʪʝʤʧʝʨʘʪʫʨʘ, ʨʝʞʠʤ ʨʘʙʦʪʳ ʥʘʩʦʩʘ ʠ ʢʣʘʧʘʥʦʚ) ʩ ʥʘʟʥʘ-

ʯʝʥʥʳʤ ʩʮʝʥʘʨʠʝʤ ʠ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʙʣʘʯʥʘʷ ʩʠʩʪʝʤʘ 

ʥʘʧʨʘʚʣʷʝʪ ʧʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʪʥʦ ʚ ʠʩʭʦʜʥʫʶ ʩʠʩʪʝʤʫ ɸʉʋ ʢ ʨʝʛʫʣʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʘʤ ʯʝʨʝʟ 

ʚ ʤʠʢʨʦʕɺʄ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʚ ʚʳʙʨʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʨʝʛʫʣʠʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʤʠʢʨʦʕɺʄ ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 3-ʭ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: C++ (ʟʦʥʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ï ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ); Python (ʟʦʥʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ï ʤʠʢ-

ʨʦʕɺʄ ï ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ ʠ ʤʠʢʨʦʕɺʄ ï ʩʠʩʪʝʤʘ ɸʉʋ) ʠ Matlab (ʟʦʥʘ ʦʙ-

ʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠ ʨʘʩʯʝʪʳ ï ʤʠʢʨʦʕɺʄ). ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦʪ Raspberry Pi3 ʚ Matlab ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʪʦʢʦʣʦʚ MQTT. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ Chunxiao L. ʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ [8] ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ P2S-DCV ʜʣʷ ʜʦ-

ʩʪʠʞʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʩʨʝʜʩʪʚʦʤ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʘʚʘʝʤʦʛʦ ʚʦʟ-

ʜʫʭʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʤʝʱʝʥʠʷ (ɿʦʥʳ 1, 2, 3 ʠ ʪ. ʧ.), ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʛʦ ʩʮʝʥʘʨʠʷ ʜʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ. ʎʝʣʝʚʳʤʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʆ2 ʠ ʜʘʚʣʝʥʠʝ, ʨʘʟʚʠʚʘʝʤʦʝ ʚ ʩʠʩʪʝʤʝ ʚʝʥʪʠʣʷʮʠʠ. ʆʩʥʦʚʥʳʤ ʨʝʛʫʣʠ-

ʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʙʝʨʦʚ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʫʧʨʦʱʝʥʥʳʝ 

ʩʭʝʤʘ ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ. 

 
ʈʠʩ. 2. ɹʣʦʢ-ʩʭʝʤʘ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʨʘʙʦʪʝ [8] 
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ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʨʘʙʦʪʝ ʥʝ ʧʨʠʚʦʜʷʪʩʷ ʧʦʜʨʦʙʥʳʝ ʩʭʝʤʳ ʨʘʙʦʪʳ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʥʝʡʨʦʢʦʤʧʣʝʢʩʘ, ʥʦ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠʥʞʝʥʝʨʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʧʦʤʦʱʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʤʝʱʝʥʠʷ, ʥʦ ʠ ʛʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʩʨʝʜʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʤʝʱʝʥʠʡ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘ-

ʞʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʠʜʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʵʬʬʝʢʪ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʦʙ-

ʩʣʫʞʠʚʘʝʤʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʆʥʘ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʝ ʢʘʢ ʧʨʦʛʨʘʤʤʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ 

(ʩʮʝʥʘʨʠʝʚ), ʪʘʢ ʠ ʫʩʪʘʥʦʚʢʫ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʛʫʣʠʨʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʥʞʝʥʝʨʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʮʝʥʘʨʠʝʚ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʷʟʳʢʦʚ ï 

ʧʨʦʛʨʘʤʤ, ʥʘʧʨʠʤʝʨ, ʉ++, Python ʠ Matlab. ɼʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʥʞʝʥʝʨʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʦʥʠʤʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʝʛʦ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ, 

ʫʧʨʘʚʣʷʶʱʝʡ ʜʘʥʥʦʡ ʩʠʩʪʝʤʦʡ. ɼʣʷ ʥʘʣʘʜʢʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʯʘʩʪʝʡ ʠʥʞʝʥʝʨ-

ʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʠʥʞʝʥʝʨʥʦʡ ʩʠʩʪʝʤʳ. ɺʦʟʤʫʱʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʧʨʠʥʷʪʳ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʢʦʥʮʝʥʪʨʘ-

ʮʠʷ ʚʨʝʜʥʳʭ ʛʘʟʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪʘʶʱʠʭ ʨʝʛʫʣʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʮʝʣʝʚʘʷ ʧʣʘʥʦʚʘʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘ ʩʦʩʪʦʷʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚ ʪʝʯʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʝʨʠʦʜʘ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʢʩʧʝʨʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʠʥʞʝʥʝʨʥʳʭ 

ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʨʝʜʣʦʞʝʥʘ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʧʦ ʩʪʝʧʝʥʠ ʬʦʨʤʘʣʠʟʘʮʠʠ, ʦʙʦʩʥʦʚʘʥʘ ʟʥʘʯʠʤʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʵʢʩʧʝʨʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʮʠʬʨʦʚʳʝ 

ʧʣʘʪʬʦʨʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʠʟʘʮʠʷ, ʩʠʩʪʝʤʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, ʤʦʥʠʪʦʨʠʥʛ, ʵʢʩʧʝʨʪʥʳʡ ʘʥʘʣʠʟ, ʧʦʜʜʝʨʞʢʘ ʨʝʰʝʥʠʡ. 

EXPERT-ANALYTICAL METHODS I N DIGITALIZATION OF MONITORING  

AND SYSTEM OPTIMIZAT ION OF MANAGEMENT DE CISIONS 

A. A. Sokolov 
Voronezh Institute of High Technologies, Voronezh, Russia, e-mail: example@mail.ru 

The article discusses expert-analytical approaches to optimizing management decisions in engineering and socio-economic sys-

tems based on digital monitoring of statistical indicators. A classification of methods based on the degree of formalization is pro-

posed, and the importance of integrating expert technologies into digital decision support platforms is justified. 

Keywords: digitalization, system optimization, monitoring, expert analysis, decision support 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʠʥʞʝʥʝʨʥʳʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʨʦʩʪʦʤ ʦʙʲʝ-

ʤʦʚ ʜʘʥʥʳʭ, ʪʨʝʙʫʶʱʠʭ ʥʝ ʪʦʣʴʢʦ ʩʙʦʨʘ, ʥʦ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙ-

ʭʦʜʠʤʳʤ ʥʝ ʧʨʦʩʪʦ ʬʠʢʩʠʨʦʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʘ ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟ-

ʤʦʞʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʠ ʦʙʦʩʥʦʚʳʚʘʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʠʩʪʝʤʳ ʧʨʦʤʳʰʣʝʥ-

ʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʘʥʘʣʠʟ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ, ʢʦʥʪʨʦʣʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʘ, ʣʦʛʠʩʪʠ-

ʢʠ, ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 
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ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʢʠ ʠ ʵʢʦʥʦʤʝʪʨʠʢʠ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʦʜʥʘʢʦ ʦʥʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʢʘʯʝʩʪʚʫ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʟʘʯʘʩʪʫʶ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʩʢʨʳʪʳʭ 

ʬʘʢʪʦʨʦʚ. ʇʦʵʪʦʤʫ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʪʥʳʤ ʠ ʛʠʙʨʠʜʥʳʤ ʧʦʜʭʦʜʘʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʫʯʝʩʪʴ 

ʦʧʳʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ. 

ʌʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʙʘʡʝʩʦʚʩʢʠʝ ʩʝ-

ʪʠ [1]. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʨʦʛʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʥʦ ʪʨʝʙʫʶʪ ʢʦʨʨʝʢʪʥʦʡ ʚʳʙʦʨ-

ʢʠ ʠ ʥʝʫʩʪʦʡʯʠʚʳ ʢ ʰʫʤʘʤ. ʕʢʩʧʝʨʪʥʳʝ ï ʤʝʪʦʜ ɼʝʣʬʠ, ʧʘʨʥʳʝ ʩʨʘʚʥʝʥʠʷ ʠ ʵʢʩʧʝʨʪʥʦʝ ʰʢʘʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦ-

ʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʦʧʳʪ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʦʣʥʳʭ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʜʘʥʥʳʭ [2]. ʀʭ ʧʨʠʤʝ-

ʥʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʨʝʜʢʠʭ ʩʦʙʳʪʠʡ, ʦʮʝʥʢʝ ʨʠʩʢʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠʦʨʠʪʝʪʦʚ. 

ʅʘʧʨʠʤʝʨ, ʤʝʪʦʜ ɼʝʣʬʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʧʘʨʥʳʝ ʩʨʘʚ-

ʥʝʥʠʷ ï ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠʦʨʠʪʝʪʦʚ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ. 

ɻʠʙʨʠʜʥʳʝ ʧʦʜʭʦʜʳ (ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ, ʥʝʯʝʪʢʠʝ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ) ʦʙʲʝʜʠʥʷʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʪʥʳʭ ʧʨʦʮʝʜʫʨ. ʊʘʢ, ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ (AHP) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʥʦʛʦʢʨʠʪʝʨʠ-

ʘʣʴʥʦʛʦ ʚʳʙʦʨʘ, ʘ ʥʝʯʝʪʢʠʝ ʩʠʩʪʝʤʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ (çʚʳʩʦʢʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴè, çʫʤʝʨʝʥʥʳʡ ʨʠʩʢè) [1; 6]. ʕʪʠ ʧʦʜʭʦʜʳ ʦʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʟʘʜʘʯʘʭ ʩʠʩʪʝʤʥʦʡ ʦʧʪʠʤʠʟʘ-

ʮʠʠ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʬʘʢʪʦʨʳ. ʅʘʧʨʠʤʝʨ, 

ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ ʪʨʘʥʩʧʦʨʪʥʫʶ ʥʘʛʨʫʟʢʫ, ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ, ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [5]. 

ʈʦʣʴ ʵʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ. 

ʕʢʩʧʝʨʪʥʳʝ ʧʨʦʮʝʜʫʨʳ ʧʦʟʚʦʣʷʶʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʚʳʷʚʣʷʪʴ ʘʥʦ-

ʤʘʣʠʠ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʫʧʨʘʚʣʝʥʮʝʚ. ɹʦʣʝʝ ʪʦʛʦ, ʠʤʝʥʥʦ ʵʢʩʧʝʨʪʥʳʡ ʘʥʘʣʠʟ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʘʜʘʧʪʠʚʥʦʩʪʴ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ ʫʧʨʘʚʣʝʥʠʷ, ʜʝʣʘʷ ʠʭ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʠʟʤʝʥʝʥʠʶ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʵʢʩʧʝʨʪʥʳʭ ʤʝʪʦʜʦʚ: ʚʦʟʤʦʞʥʦʝ ʥʘʣʠʯʠʝ ʩʫʙʲʝʢʪʠʚʥʳʭ ʠʩ-

ʢʘʞʝʥʠʡ, ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʵʢʩʧʝʨʪʦʚ, ʩʣʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʤʥʝʥʠʷ. ʕʪʠ ʦʛʨʘ-

ʥʠʯʝʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʠʭ ʦʪʜʝʣʴʥʳʝ ʵʪʘʧʳ 

ʵʢʩʧʝʨʪʥʳʭ ʧʨʦʮʝʜʫʨ ʠ ʧʦʚʳʰʘʶʱʠʭ ʠʭ ʥʘʜʝʞʥʦʩʪʴ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʢʩʧʝʨʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʧʦʟʚʦ-

ʣʷʶʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʝʰʝʥʠʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʠʥʞʝʥʝʨʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʩʦʢʨʘʪʠʪʴ ʠʟʜʝʨʞʢʠ ʟʘ ʩʯʝʪ ʙʦ-

ʣʝʝ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʦʢ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʢʦʥʪʨʦʣʷ ʥʘʜ 

ʩʣʦʞʥʳʤʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʪʘʢʠʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʤʘ-

ʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʯʘʩʪʴ ʵʢʩʧʝʨʪʥʳʭ ʧʨʦʮʝʜʫʨ ʠ ʩʦʟʜʘ-

ʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʨʝʰʝʥʠʡ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʠʪʳʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʬʘʢʪʦʨʳ [3; 4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʝ ʪʦʣʴʢʦ ʜʦʧʦʣʥʷʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʥʦ ʠ ʩʪʘʥʦʚʷʪʩʷ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʠʩʪʝʤʥʦʡ ʦʧ-

ʪʠʤʠʟʘʮʠʠ. ʀʭ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ, ʢʦʪʦʨʳʝ ʦʙʲ-

ʝʜʠʥʷʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʘʥʘʣʠʟʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʘʥʘʣʠʪʠʢʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʊʠʧ ʤʝʪʦʜʦʚ ʇʨʠʤʝʨʳ ʤʝʪʦʜʦʚ ʇʨʝʠʤʫʱʝʩʪʚʘ ʆʛʨʘʥʠʯʝʥʠʷ 

ʌʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʈʝʛʨʝʩʩʠʷ, ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪ, ʙʘʡʝʩʦʚʩʢʠʝ ʩʝʪʠ 

ɺʳʩʦʢʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʨʦʛʦʩʪʴ, 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʊʨʝʙʫʶʪ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʣʦʭʦ 

ʨʘʙʦʪʘʶʪ ʧʨʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʕʢʩʧʝʨʪʥʳʝ ɼʝʣʬʠ, ʧʘʨʥʳʝ ʩʨʘʚʥʝʥʠʷ, ʵʢʩ-

ʧʝʨʪʥʦʝ ʰʢʘʣʠʨʦʚʘʥʠʝ 

ʋʯʠʪʳʚʘʶʪ ʦʧʳʪ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʨʠ-

ʤʝʥʠʤʳ ʧʨʠ ʥʝʧʦʣʥʳʭ ʜʘʥʥʳʭ 

ʉʫʙʲʝʢʪʠʚʥʦʩʪʴ, ʩʣʦʞʥʦʩʪʴ ʩʦʛʣʘʩʦʚʘ-

ʥʠʷ ʤʥʝʥʠʡ 

ɻʠʙʨʠʜʥʳʝ ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ (AHP), 
ʥʝʯʝʪʢʠʝ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ 

ʉʦʯʝʪʘʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝ-
ʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʘʜʘʧʪʠʚʥʦʩʪʴ 

ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ, ʥʝʦʙʭʦ-
ʜʠʤʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ 
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ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʢʣʶʯʝʚʳʭ ʫʛʨʦʟ ʜʣʷ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʧʣʘʪʬʦʨʤ, ʚʢʣʶʯʘʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ, ʠʟ-

ʤʝʥʝʥʠʝ ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ ʠ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʥʘʨʫʰʠʪʝʣʷʤʠ. ʇʨʝʜʣʦʞʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʤʦʜʝʣʴ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ, ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʩʢʚʦʟʥʦʝ ʰʠʬʨʦʚʘʥʠʝ ʜʣʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʘʧʧʘʨʘʪʥʳʭ ʤʦʜʫʣʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʘʤʠ ʰʠʬʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʪʝʣʝʤʝʜʠʮʠʥʘ, ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ, ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʰʠʬʨʦ-

ʚʘʥʠʝ. 

THE COMPREHENSIVE DATA S ECURITY MODEL FOR TE LEMEDICINE PLATFORMS  

D. E. Stont, S. A. Svetov  
Scientific supervisor ï V. B. Tugovikov 

Siberian Federal University, ave. Svobodny, 79, 660041, Krasnoyarsk, Russia, dstont@vk.com 

The paper analyzes key threats to telemedicine platforms, including unauthorized access, modification of medical data, and risks 

associated with insiders. The comprehensive security model is proposed that integrates end-to-end encryption for sensitive data, an 

access management system, and the use of hardware security modules for encryption key management. 

Keywords: information security, telemedicine, privacy, personal data, encryption. 

ʈʳʥʦʢ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ, ʯʪʦ ʤʥʦʛʦʢʨʘʪʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʝʤ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ. ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʜʘʥ-

ʥʳʭ ʥʘ ʪʝʥʝʚʳʭ ʨʳʥʢʘʭ ʠ ʢʨʠʪʠʯʥʦʩʪʴ ʧʦʩʣʝʜʩʪʚʠʡ ʠʭ ʢʦʤʧʨʦʤʝʪʘʮʠʠ, ʚʧʣʦʪʴ ʜʦ ʫʛʨʦʟʳ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ, ʜʝ-

ʣʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʘʟʨʘʙʦʪʢʠ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʧʣʘʪʬʦʨʤ. ʎʝʣʴʶ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʜʝʣʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ, ʩʧʦʩʦʙʥʦʡ ʧʨʦʪʠʚʦʩʪʦ-

ʷʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʢʠʙʝʨʫʛʨʦʟʘʤ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʛʨʦʟ STRIDE ï Spoofing, Tampering, Repudiation, 

Information Disclosure, Denial of Service, Elevation of Privilege [1]. ɺ ʨʘʤʢʘʭ ʤʝʪʦʜʦʣʦʛʠʠ STRIDE ʙʳʣʠ ʠʜʝʥʪʠ-

ʬʠʮʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʫʛʨʦʟʳ:  

1. Spoofing: ʅʝʘʚʪʦʨʠʟʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʧʦʜ ʚʠʜʦʤ ʚʨʘʯʘ ʠʣʠ ʧʘʮʠʝʥʪʘ. 

2. Tampering: ʅʘʤʝʨʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠʣʠ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʟʥʘʯʝʥʠʡ ʧʘʮʠ-

ʝʥʪʘ. 

3. Repudiation: ɺʦʟʤʦʞʥʦʩʪʴ ʚʨʘʯʘ ʠʣʠ ʧʘʮʠʝʥʪʘ ʦʪʨʠʮʘʪʴ ʬʘʢʪ ʧʨʦʚʝʜʝʥʠʝ ʧʨʠʝʤʘ.  

4. Information Disclosure: ʋʪʝʯʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʚʩʣʝʜʩʪʚʠʝ ʫʷʟʚʠʤʦʩʪʝʡ ʚ API ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʘʚ ʜʦʩʪʫʧʘ.  

5. Denial of Service: ɸʪʘʢʠ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ ʩʝʨʚʠʩʘ. 

6. Elevation of Privilege: ʇʦʣʫʯʝʥʠʝ ʧʨʘʚ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʩʠʩʪʝʤʳ ʧʫʪʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʷʟʚʠʤʦʩʪʝʡ ʚ ʚʝʙ-

ʠʥʪʝʨʬʝʡʩʝ ʠʣʠ API. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʦʠʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʷʭ: 

1. ɿʘʱʠʪʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: ʜʣʷ ʚʩʝʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʦʙʷʟʘʪʝʣʝʥ TLS 1.3. ɼʣʷ ʚʠʜʝʦʢʦʥʩʫʣʴʪʘʮʠʡ ʠ ʧʝʨʝ-

ʜʘʯʠ ʬʘʡʣʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʧʘʮʠʝʥʪʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʛʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ ʩʢʚʦʟʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ: ʤʝʪʘʜʘʥʥʳʝ ʩʝʩʩʠʠ 

ʰʠʬʨʫʶʪʩʷ ʥʘ ʩʝʨʚʝʨʝ, ʤʝʜʠʮʠʥʩʢʠʝ ʜʘʥʥʳʝ ï ʥʘ ʢʦʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ.  

2. ɿʘʱʠʪʘ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ: ʧʨʠʤʝʥʷʝʪʩʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʰʠʬʨʦʚʘʥʠʝ:  

ï ʐʠʬʨʦʚʘʥʠʝ ʥʘ ʫʨʦʚʥʝ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʬʘʡʣʘʤ ʉʋɹɼ. 

ï ʐʠʬʨʦʚʘʥʠʝ ʥʘ ʫʨʦʚʥʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʩʦʙʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʦʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʢʣʶʯʝʡ 

ʰʠʬʨʦʚʘʥʠʷ. 

ï ʂʣʶʯʠ ʰʠʬʨʦʚʘʥʠʷ ʭʨʘʥʷʪʩʷ ʚ ʘʧʧʘʨʘʪʥʦʤ ʤʦʜʫʣʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʚ ʦʙʣʘʯʥʦʡ ʩʣʫʞʙʝ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶ-

ʯʘʤʠ. 

3. ʉʪʨʦʛʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ï ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ: 

ï Role-Based Access Control ʜʣʷ ʙʘʟʦʚʦʛʦ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʧʨʘʚ. 

ï Attribute-Based Access Control ʜʣʷ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʧʦʣʠʪʠʢ ʜʦʩʪʫʧʘ. 

4. ʉʪʨʦʛʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʨʠʚʠʣʝʛʠʡ: 

ï Backend-ʤʠʢʨʦʩʝʨʚʠʩʳ ʨʘʙʦʪʘʶʪ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʥʘʙʦʨʦʤ ʧʨʠʚʠʣʝʛʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʨʚʠʩʘ. 

ï ʅʦʚʳʝ ʫʯʝʪʥʳʝ ʟʘʧʠʩʠ ʠʤʝʶʪ ʪʦʣʴʢʦ ʙʘʟʦʚʳʝ ʧʨʘʚʘ. ɺʩʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʘʚʘ ʟʘʜʘʶʪʩʷ ʷʚʥʦ. 

5. ɿʘʱʠʪʘ ʦʪ ʫʷʟʚʠʤʦʩʪʝʡ, ʚʝʜʫʱʠʭ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʠʚʠʣʝʛʠʡ: 

ï ʀʩʧʦʣʴʟʫʝʪʩʷ ʚʘʣʠʜʘʮʠʷ ʠ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʯʝʨʝʟ API, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʪʘʢ 

ʪʠʧʘ Insecure Direct Object References.  

ï ʇʨʠʤʝʥʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ JWT-ʪʦʢʝʥʦʚ ʥʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʦʪʢʦʛʦ ʚʨʝ-

ʤʝʥʠ ʞʠʟʥʠ ʪʦʢʝʥʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʠʭ ʦʪʟʳʚʘ. 

ï ʈʝʘʣʠʟʫʝʪʩʷ ʩʝʛʤʝʥʪʘʮʠʷ ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʠʟʦʣʷʮʠʠ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

ï ɿʘʜʝʡʩʪʚʫʝʪʩʷ ʨʝʰʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʙʲʝʢʪʦʚ. 
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6. ɿʘʱʠʪʘ ʦʪ DDoS-ʘʪʘʢ: 

ï ɺʝʩʴ ʚʭʦʜʷʱʠʡ ʪʨʘʬʠʢ ʢ ʧʫʙʣʠʯʥʳʤ IP-ʘʜʨʝʩʘʤ ʧʣʘʪʬʦʨʤʳ ʧʝʨʝʥʘʧʨʘʚʣʷʝʪʩʷ ʯʝʨʝʟ scrubbing-ʮʝʥʪʨʳ. 

ï ʀʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ ʩʪʨʦʛʠʭ ʧʨʘʚʠʣ ʜʣʷ Web Application Firewall: ʦʛʨʘʥʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʨʦʩʦʚ ʩ ʦʜ-

ʥʦʛʦ IP-ʘʜʨʝʩʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ CAPTCHA, ʙʣʦʢʠʨʦʚʢʘ ʟʘʧʨʦʩʦʚ ʧʦ ʘʥʦʤʘʣʴʥʳʤ ʰʘʙʣʦʥʘʤ ʧʦʚʝʜʝʥʠʷ. 

7. ʉʝʨʪʠʬʠʢʘʮʠʷ: ʚʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʠʤʝʶʪ ʩʝʨʪʠʬʠʢʘʪʳ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʌʉʊʕʂ ʈʦʩʩʠʠ [2]. 

8. ɸʫʜʠʪ: ʚʩʝ ʩʦʙʳʪʠʷ ʣʦʛʠʨʫʶʪʩʷ ʚ ʥʝʠʟʤʝʥʷʝʤʦʤ ʞʫʨʥʘʣʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩ-

ʩʣʝʜʦʚʘʥʠʷ ʠʥʮʠʜʝʥʪʦʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʪʨʝʢʘʝʤʦʩʪʠ ʶʨʠʜʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʜʝʡʩʪʚʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʴʶ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʬʝʜʝʨʘʣʴʥʳʭ ʟʘʢʦʥʦʚ 

 ̄152-ʌɿ çʆ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭè [3], ˉ 187-ʌɿ çʆ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳè [4], ˉ 323-ʌɿ çʆʙ ʦʩʥʦʚʘʭ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ ʛʨʘʞʜʘʥ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè [5]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʤʦʜʝʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʧʨʝʜʣʘʛʘʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʟʘʱʠʪʝ ʪʝʣʝ-

ʤʝʜʠʮʠʥʩʢʠʭ ʧʣʘʪʬʦʨʤ. ɽʝ ʢʣʶʯʝʚʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʨʠʩʢʦʚ ʟʘ ʩʯʝʪ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ 

ʰʠʬʨʦʚʘʥʠʷ, ʛʠʙʢʦʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʥʳʤ ʩʪʘʥʜʘʨʪʘʤ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʄʝʪʦʜʦʣʦʛʠʷ STRIDE ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʛʨʦʟ. URL: https://threatscope.ru/about-stride/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 22.09.2025). 
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The paper discusses the features of implementing charts for the Personal Budget web application. It examines the implementa-

tion of the application's functionality and its advantages. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʛʜʝ ʮʠʬʨʦʚʠʟʘʮʠʷ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ, ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʣʠʯʥʳʤʠ 

ʬʠʥʘʥʩʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. Web-ʧʨʠʣʦʞʝʥʠʷ ʧʦ ʚʝʜʝʥʠʶ ʣʠʯʥʦʛʦ ʙʶʜʞʝʪʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʫʜʦʙʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʦʭʦʜʦʚ ʠ ʨʘʩʭʦʜʦʚ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʙʝʨʝʞʝʥʠʡ ʠ ʜʦʩʪʠʞʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʮʝ-

ʣʝʡ. ʉ ʨʦʩʪʦʤ ʧʦʧʫʣʷʨʥʦʩʪʠ ʪʘʢʠʭ ʩʝʨʚʠʩʦʚ ʚʦʟʨʘʩʪʘʶʪ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʭ ʥʘʜʝʞʥʦʩʪʠ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʊʘʢ, ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʨʝʰʝʥʠʝ, ʚʢʣʶ-

ʯʘʶʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʢʘ Blazor ʠ C#. Blazor ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʢʣʠʝʥʪʩʢʠʡ ʠʥʪʝʨ-

ʬʝʡʩ, ʠʩʧʦʣʴʟʫʷ C# ʚʤʝʩʪʦ JavaScript, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʜʝʣʘʝʪ ʝʝ ʙʦʣʝʝ ʫʥʠʬʠʮʠʨʦʚʘʥ-

ʥʦʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ C#, ʢʘʢ ʦʙʲʝʢʪʥʦïʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʥʘ ʩʝʨʚʝʨʥʦʡ ʩʪʦʨʦʥʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʬʠʥʘʥʩʦʚʳʤʠ ʜʘʥʥʳʤʠ. ɼʣʷ 

ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ EntityFramework ï ʵʪʦ ORM ʜʣʷ .NET, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʜʘʥ-

ʥʳʤʠ ʩ ʧʦʤʦʱʴʶ C# ʦʙʲʝʢʪʦʚ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʥʘʧʠʩʘʥʠʶ SQL-ʟʘʧʨʦʩʦʚ ʚʨʫʯʥʫʶ, ʪʝʤ ʩʘʤʳʤ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʥʠʞʘʝʪ ʨʠʩʢ ʦʰʠʙʦʢ [1]. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ web-ʧʨʠʣʦʞʝʥʠʷ çʃʠʯʥʳʡ ʙʶʜʞʝʪè.  

ʌʦʨʤʘ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʧʣʘʥʦʚʳʝ ʠ ʬʘʢʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʭ ʨʘʟʥʠʮʫ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʚ ʚʠʜʝ 

ʢʨʫʛʦʚʳʭ ʜʠʘʛʨʘʤʤ, ʩʦʟʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ Chart.js, ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʪʨʫʢʪʫʨʫ ʢʘʢ ʨʘʩʭʦʜʦʚ, ʪʘʢ ʠ ʜʦ-

ʭʦʜʦʚ. ʂʦʜ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪ ʥʦʚʳʡ ʦʙʲʝʢʪ Chart, ʧʝʨʝʜʘʚʘʷ ʝʤʫ ʪʠʧ pie ʠ ʜʘʥʥʳʝ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ï ʤʝʪʢʠ, ʟʥʘ-

ʯʝʥʠʷ ʠ ʮʚʝʪʦʚʫ  ʁʧʘʣʠʪʨʫ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʢʪʦʨʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʘʩʪʨʦʡʢʝ ʦʧʮʠʡ ʜʠʘʛʨʘʤʤʳ. ʊʘʢ 

ʩʪʘʥʜʘʨʪʥʘʷ ʣʝʛʝʥʜʘ ʩʢʨʳʚʘʝʪʩʷ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʜʫʙʣʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʚʤʝʩʪʦ ʥʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʛʠʥ 
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datalabels. ʕʪʦʪ ʧʣʘʛʠʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʯʠʩʣʷʝʪ ʠ ʦʪʦʙʨʘʞʘʝʪ ʧʨʦʮʝʥʪʥʫʶ ʜʦʣʶ ʢʘʞʜʦʛʦ ʩʝʢʪʦʨʘ ʧʨʷʤʦ ʥʘ 

ʜʠʘʛʨʘʤʤʝ, ʯʪʦ ʜʝʣʘʝʪ ʚʠʟʫʘʣʠʟʘʮʠʶ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʠ ʢʦʤʧʘʢʪʥʦʡ [2]. 

 

ɺʥʝʰʥʠʡ ʚʠʜ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʳ web-ʧʨʠʣʦʞʝʥʠʷ çʃʠʯʥʳʡ ʙʶʜʞʝʪè 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʣʷʜʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ, ʢʘ-

ʩʪʦʤʥʫʶ html ʣʝʛʝʥʜʫ ʚʤʝʩʪʦ ʩʪʘʥʜʘʨʪʥʦʡ. ʕʪʦʪ ʢʦʤʧʦʥʝʥʪ ʛʝʥʝʨʠʨʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ, ʧʨʝʜʩʪʘʚʣʷʷ ʢʘʞʜʫʶ 

ʢʘʪʝʛʦʨʠʶ ʚ ʚʠʜʝ ʮʚʝʪʥʦʛʦ ʢʚʘʜʨʘʪʘ ʠ ʪʝʢʩʪʦʚʦʡ ʤʝʪʢʠ. ʊʘʢʘʷ ʣʝʛʝʥʜʘ ʨʘʟʤʝʱʘʝʪʩʷ ʨʷʜʦʤ ʩ ʜʠʘʛʨʘʤʤʦʡ ʠ ʧʦʟ-

ʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʳʩʪʨʦ ʩʦʧʦʩʪʘʚʠʪʴ ʮʚʝʪ ʩʝʢʪʦʨʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʤʫ ʢʘʪʝʛʦʨʠʝʡ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʢʦ-

ʣʠʯʝʩʪʚʦ ʢʘʪʝʛʦʨʠʡ ʙʦʣʝʝ ʜʝʩʷʪʠ, ʣʝʛʝʥʜʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʜʘʧʪʠʨʫʝʪʩʷ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʷʜʦʚ ʜʣʷ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʜʘʧʪʠʚʥʦʡ ʚʝʨʩʪʢʠ, web-ʧʨʠʣʦʞʝʥʠʝ çʃʠʯʥʳʡ ʙʶʜʞʝʪè ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʙʩʪʚʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʉʪʨʫʢʪʫʨʘ ʤʘʢʝʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʢʦʜʝ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʩʦʚ 

container, box ʠ row, ʧʦʟʚʦʣʷʝʪ ʵʣʝʤʝʥʪʘʤ ʩʪʨʘʥʠʮʳ ʛʠʙʢʦ ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʵʢʨʘʥʘ. 

ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ï ʜʠʘʛʨʘʤʤʳ ʨʘʩʭʦʜʦʚ ʠ ʜʦʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʪʘʙʣʠʮʳ ʢʘʪʝʛʦʨʠʡ ʚʩʝ-

ʛʜʘ ʦʪʦʙʨʘʞʘʶʪʩʷ ʢʦʨʨʝʢʪʥʦ, ʩʦʭʨʘʥʷʷ ʩʚʦʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʯʠʪʘʝʤʦʩʪʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʰʠʨʦʢʠʭ ʵʢʨʘʥʘʭ 

ʜʠʘʛʨʘʤʤʳ ʠ ʣʝʛʝʥʜʳ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʦʜʥʦʤ ʨʷʜʫ, ʘ ʥʘ ʫʟʢʠʭ ʵʢʨʘʥʘʭ ʦʥʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʥʦʩʷʪʩʷ 

ʜʨʫʛ ʧʦʜ ʜʨʫʛʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʧʪʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʩʪʫʧʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
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ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʜʫʢʪʦʚʦʡ ʘʥʘʣʠʪʠʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʢʦʤʘʥʜʳ, ʟʘʥʠʤʘʶʱʝʡʩʷ 

ʧʨʦʜʫʢʪʦʚʦʡ ʘʥʘʣʠʪʠʢʦʡ, ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʢʦʤʧʘʥʠʡ ʢ ʢʦʤʧʘʥʠʠ. ʆʧʠʩʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘ-

ʥʠʷ ʠ ʨʦʣʠ ʚ ʩʦʩʪʘʚʝ ʢʦʤʘʥʜʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʜʫʢʪʦʚʦʡ ʘʥʘʣʠʪʠʢʠ ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʧʦʩʪʦʷʥʥʦʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚʥʝʜʨʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʘʢʪʠʢ. ʉʜʝʣʘʥ 

ʚʳʚʦʜ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʝʝ ʠʪʝʨʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʜʫʢʪʦʚʘʷ ʘʥʘʣʠʪʠʢʘ, ʧʨʦʜʫʢʪ, ʢʦʨʧʦʨʘʪʠʚʥʘʷ ʩʨʝʜʘ, ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. 
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The article presents a description of the organization of the product analytics process. It shows that the composition of the prod-

uct analytics team varies from company to company. The functional requirements and roles of the team are described and analyzed. 
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It is shown that the successful implementation of product analytics requires a systematic approach that includes continuous profes-

sional development of specialists and the implementation of advanced analytical practices. The article concludes that modern analyt-

ical work is characterized by its iterative nature. 

Keywords: product analytics, product, corporate environment, analytical solution. 

ʇʨʦʜʫʢʪʦʚʘʷ ʘʥʘʣʠʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʚʳʭʦʜʷʱʫʶ ʜʘʣʝʢʦ ʟʘ ʨʘʤʢʠ ʧʨʦʩʪʦʛʦ ʩʙʦʨʘ 

ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ [1ï7]. ʕʪʦ ʮʝʣʦʩʪʥʘʷ ʵʢʦʩʠʩʪʝʤʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʩʣʘʞʝʥʥʦʛʦ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ: ʚʳʩʪʨʦʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʛʨʘʤʦʪʥʦ ʧʦʜʦʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʫʢʦʨʝʥʠʚʰʝʡʩʷ ʧʨʘʢʪʠʢʠ ʧʨʠʥʷʪʠʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ. ɼʘʞʝ ʦʙʣʘʜʘʷ ʤʦʱʥʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠʥʩʪʨʫʤʝʥ-

ʪʘʤʠ ʠ ʦʧʳʪʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʦʨʛʘʥʠʟʘʮʠʠ ʥʝ ʩʤʦʛʫʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʧʨʦʜʫʢʪʦʚʦʡ 

ʘʥʘʣʠʪʠʢʠ ʠ ʜʦʙʠʪʴʩʷ ʩʪʘʙʠʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʚʦʝʛʦ ʧʨʦʜʫʢʪʘ, ʝʩʣʠ ʥʝ ʦʙʝʩʧʝʯʘʪ ʛʘʨʤʦʥʠʯʥʦʝ ʩʦʯʝʪʘʥʠʝ ʚʩʝʭ 

ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʥʦʮʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʪʦʚʦʡ ʘʥʘʣʠʪʠʢʠ ʪʨʝʙʫʝʪ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʧʦʜʭʦ-

ʜʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʦʭʚʘʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʥʦ ʠ ʚʦʧʨʦʩʳ ʚʥʝʜʨʝʥʠʷ ʜʘʪʘ-ʢʫʣʴʪʫʨʳ ʥʘ ʚʩʝʭ 

ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʘʥʠʝʡ. 

ʌʫʥʜʘʤʝʥʪʦʤ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʜʫʢʪʦʚʦʡ ʘʥʘʣʠʪʠʢʠ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʢʦʤʘʥʜʘ, ʦʙʲʝʜʠʥʷʶʱʘʷ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ, ʥʦ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ. ʉʦʩʪʘʚ ʪʘʢʦʡ ʢʦʤʘʥʜʳ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 

ʢʦʤʧʘʥʠʡ ʢ ʢʦʤʧʘʥʠʠ ï ʚ ʩʪʘʨʪʘʧʘʭ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʦʜʠʥ-ʜʚʘ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʧʝʮʠʘʣʠʩʪʘ, ʪʦʛʜʘ ʢʘʢ 

ʚ ʢʨʫʧʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʬʦʨʤʠʨʫʶʪʩʷ ʮʝʣʳʝ ʦʪʜʝʣʳ ʩ ʯʝʪʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʨʦʣʝʡ. 

ʎʝʥʪʨʘʣʴʥʦʡ ʬʠʛʫʨʦʡ ʚʳʩʪʫʧʘʝʪ ʧʨʦʜʫʢʪʦʚʳʡ ʘʥʘʣʠʪʠʢ ï ʤʥʦʛʦʧʨʦʬʠʣʴʥʳʡ ʵʢʩʧʝʨʪ, ʢʦʪʦʨʳʡ ʥʝ ʪʦʣʴʢʦ 

ʚʣʘʜʝʝʪ ʪʝʭʥʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ (ʩʪʘʪʠʩʪʠʢʘ, SQL, ʦʩʥʦʚʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ), ʥʦ ʠ ʛʣʫ-

ʙʦʢʦ ʧʦʥʠʤʘʝʪ ʣʦʛʠʢʫ ʧʨʦʜʫʢʪʘ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʙʠʟʥʝʩ-ʮʝʣʠ. ɽʛʦ ʨʘʙʦʪʘ ʦʭʚʘʪʳʚʘʝʪ ʚʝʩʴ ʮʠʢʣ ï ʦʪ ʩʙʦʨʘ ʧʝʨ-

ʚʠʯʥʳʭ ʜʘʥʥʳʭ ʜʦ ʬʦʨʤʫʣʠʨʦʚʢʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʫʶ ʦʩʥʦʚʫ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʘʪʘ-ʠʥʞʝʥʝʨʳ, ʢʦʪʦʨʳʝ ʧʨʦʝʢʪʠʨʫʶʪ ʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʣʦʞʥʳʝ 

ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʀʭ ʵʢʩʧʝʨʪʠʟʘ ʚ ʦʙʣʘʩʪʠ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʘʟ ʜʘʥʥʳʭ ʠ ʧʨʦ-

ʮʝʩʩʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʘʜʝʞʥʳʝ ʢʦʥʚʝʡʝʨʳ ʜʘʥʥʳʭ, ʙʝʟ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʝʥ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʡ ʘʥʘʣʠʟ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʦʩʦʙʦ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʧʨʠʚʣʝʢʘʶʪʩʷ ʜʘʪʘ-ʩʘʝʥʪʠʩʪʳ, ʧʨʠʤʝʥʷʶʱʠʝ ʧʨʦʜʚʠʥʫʪʳʝ ʤʝʪʦʜʳ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʀʭ ʨʘʙʦʪʘ ʧʦʤʦʛʘʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʤʝʪʨʠʢʠ, 

ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʧʦʚʝʜʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ. 

ʆʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʜʦʙʘʚʣʷʶʪ ʩʧʝʮʠʘʣʠʩʪʳ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʟʫʯʘʶʱʠʝ ʮʝʣʝʚʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (UX-

ʠʩʩʣʝʜʦʚʘʪʝʣʠ), ʢʦʪʦʨʳʝ ʯʝʨʝʟ ʢʘʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ (ʛʣʫʙʠʥʥʳʝ ʠʥʪʝʨʚʴʶ, ʶʟʘʙʠʣʠʪʠ-ʪʝʩʪʳ) ʨʘʩʢʨʳʚʘʶʪ 

ʩʤʳʩʣʦʚʫʶ ʩʪʦʨʦʥʫ ʮʠʬʨʦʚʳʭ ʤʝʪʨʠʢ. ʀʭ ʥʘʭʦʜʢʠ ʧʦʤʦʛʘʶʪ ʘʥʘʣʠʪʠʢʘʤ ʠʟʙʝʞʘʪʴ ʣʦʞʥʳʭ ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʠ 

ʧʦʥʷʪʴ ʠʩʪʠʥʥʳʝ ʤʦʪʠʚʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɿʘʤʳʢʘʝʪ ʵʪʫ ʵʢʦʩʠʩʪʝʤʫ ʧʨʦʜʫʢʪʦʚʳʡ ʤʝʥʝʜʞʝʨ, ʢʦʪʦʨʳʡ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʥʩʘʡʪʳ ʚ ʢʦʥ-

ʢʨʝʪʥʳʝ product-ʨʝʰʝʥʠʷ. ʇʦʥʠʤʘʷ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʪʘʢ ʠ ʙʠʟʥʝʩ-ʦʛʨʘʥʠʯʝʥʠʷ, ʦʥ ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʠʦʨʠʪʝʪʳ ʨʘʟʚʠʪʠʷ ʧʨʦʜʫʢʪʘ, ʙʘʣʘʥʩʠʨʫʷ ʤʝʞʜʫ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʮʝʣʷʤʠ 

ʢʦʤʧʘʥʠʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʝʢʘ ʜʣʷ ʧʨʦʜʫʢʪʦʚʦʡ ʘʥʘʣʠʪʠʢʠ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʥʦʞʝʩʪʚʘ 

ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʘʩʰʪʘʙ ʧʨʦʜʫʢʪʘ, ʫʨʦʚʝʥʴ ʝʛʦ ʩʣʦʞʥʦʩʪʠ ʠ ʬʠʥʘʥʩʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ. ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʧʦʜʙʠʨʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʦʪʚʝʯʘ-

ʶʪ ʪʝʢʫʱʠʤ ʟʘʧʨʦʩʘʤ ʢʦʤʘʥʜʳ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʩʧʝʨʝʙʦʡʥʳʡ ʮʠʢʣ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ï ʦʪ ʠʭ ʩʙʦʨʘ ʜʦ 

ʛʣʫʙʦʢʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʠʟʚʣʝʯʝʥʠʷ ʮʝʥʥʳʭ ʠʥʩʘʡʪʦʚ.   

ʆʧʪʠʤʘʣʴʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʘ ʧʦʜ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʥʫʞʜʳ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʧʨʝʜʣʘʛʘʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʩʦʯʝʪʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʢʣʶʯʝʚʳʤ ʢʨʠʪʝʨʠʝʤ ʚʳʙʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʥʝ ʧʨʦʩʪʦ ʬʠʢʩʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʘ ʧʨʝʦʙ-

ʨʘʟʦʚʳʚʘʪʴ ʠʭ ʚ ʧʦʥʷʪʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʤʝʥʠʤʳʝ ʚʳʚʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʙʠʟʥʝʩ-ʨʝʰʝʥʠʡ. 

ʉʦʟʜʘʥʠʝ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʤʫʶ ʩʝʨʴʝʟʥʫʶ ʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʜʣʷ ʣʶʙʦʡ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʢʦʤʧʘʥʠʠ. ʆʩʥʦʚʦʡ ʪʘʢʦʛʦ ʧʦʜʭʦ-

ʜʘ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʤʳʰʣʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʥʘ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ, ʧʦʜʢʨʝʧʣʝʥʥʳʭ ʦʙʲʝʢʪʠʚʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ, ʥʘʯʠʥʘʷ ʩ ʪʦʧ-ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʠʩʧʦʣʥʠʪʝʣʷʤʠ ʥʘ ʤʝʩʪʘʭ. 

ɺʘʞʥʝʡʰʠʡ ʘʩʧʝʢʪ ï ʦʨʛʘʥʠʟʘʮʠʷ ʩʚʦʙʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʚʝʞʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʨʦʚʥʝʡ. ʅʝʦʙʭʦʜʠʤʘ ʪʘʢʞʝ ʢʫʣʴʪʫʨʘ ʦʪ-

ʢʨʳʪʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʦʤʘʥʜʳ ʩʚʦʙʦʜʥʦ ʦʙʤʝʥʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʳʚʦʜʘʤʠ, 

ʬʦʨʤʠʨʫʷ ʘʪʤʦʩʬʝʨʫ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʩʠʪʫʘʮʠʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʪʨʫʜʥʠʢʘʤ 

ʠʟ ʨʘʟʥʳʭ ʦʪʜʝʣʦʚ ʦʩʚʘʠʚʘʪʴ ʙʘʟʦʚʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʠ ʫʯʠʪʴʩʷ ʧʨʠʤʝʥʷʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʘʥʘʣʠʪʠ-

ʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ. ʃʶʙʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʠʥʠʮʠʘʪʠʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʞʝʩʪʢʦ ʫʚʷʟʘʥʘ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʧʦʢʘʟʘʪʝ-

ʣʷʤʠ ʙʠʟʥʝʩʘ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʷʚʣʝʥʠʝ ʘʙʩʪʨʘʢʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʜʠ ʩʘʤʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʋʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʜʫʢʪʦʚʦʡ ʘʥʘʣʠʪʠʢʠ ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʧʦʩʪʦʷʥʥʦʝ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚʥʝʜʨʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʘʢʪʠʢ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʠ-

ʤʝʥʝʥʠʝ data-driven ʧʦʜʭʦʜʘ ʚ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʝʝ ʠʪʝʨʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ï ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʢʣʶʯʝʚʳʭ ʤʝʪʨʠʢ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥʚʝʨʩʠʠ ʬʦʨ-

ʤʠʨʫʝʪ ʥʘʜʝʞʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʙʠʟʥʝʩ-ʨʦʩʪʘ. 
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ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʩʚʷʟʘʥʳ ʩ ʧʦʷʚʣʝʥʠʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʠ ʠʥ-

ʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʢʦʤʧʘʥʠʷʤ ʜʦʩʪʠʛʘʪʴ ʙʝʩʧʨʝʮʝʜʝʥʪʥʦʡ ʛʣʫʙʠʥʳ ʧʦʥʠʤʘʥʠʷ ʧʦʣʴ-

ʟʦʚʘʪʝʣʴʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. ʆʜʥʘʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʫʩʧʝʭʘ ï ʨʝ-

ʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʩʪʨʦʠʪʴ ʮʝʣʦʩʪʥʫʶ ʢʫʣʴʪʫʨʫ, ʩʦʯʝʪʘʶʱʫʶ ʦʨʠʝʥ-

ʪʘʮʠʶ ʥʘ ʜʘʥʥʳʝ ʩ ʛʠʙʢʦʩʪʴʶ ʠ ʛʦʪʦʚʥʦʩʪʴʶ ʢ ʧʦʩʪʦʷʥʥʦʡ ʵʚʦʣʶʮʠʠ. ʀʤʝʥʥʦ ʪʘʢʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ 

ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʢʦʥʢʫʨʝʥʪʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚʩʝʭ ʩʬʝʨ ʙʠʟ-

ʥʝʩʘ.  
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ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʭʦʣʦʜʥʦʛʦ ʩʪʘʨʪʘ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʭʦ-

ʣʦʜʥʦʛʦ ʩʪʘʨʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʝʨʚʠʩʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʠ ʦʩʥʦʚʥʳʭ ʩʮʝʥʘʨʠʷ ʭʦʣʦʜʥʦʛʦ ʩʪʘʨʪʘ. ʇʨʝʜʣʦʞʝʥʳ ʧʫʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝ-

ʤʳ ʭʦʣʦʜʥʦʛʦ ʩʪʘʨʪʘ. ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʭʦʣʦʜʥʦʛʦ ʩʪʘʨʪʘ ï ʵʪʦ ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ ʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʝʪʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʭʦʣʦʜʥʳʡ ʩʪʘʨʪ, ʩʮʝʥʘʨʠʠ, ʧʨʦʙʣʝʤʘ, ʨʝʰʝʥʠʝ. 

COLD START IN INFORM ATION ANALYTICAL SYS TEMS 

T. V. Shurshev 
ITMO National Research University Kronverksky Prospekt, 49, lit. A, 197101, Saint Petersburg, Russia, 

 t.shurshev2002@gmail.com 

The article presents a description of cold start in information analytical systems. It shows that the problem of cold start is a sig-

nificant obstacle to the effective functioning and provision of high-quality services. Three main scenarios of cold start are analyzed. 

Solutions to the problem of cold start are proposed. It is concluded that solving the problem of cold start is an ongoing process of 

improving algorithms and methods. 

Keywords: recommendation system, cold start, scenarios, problem, solution. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʞʠʟʥʴ ʣʶʜʝʡ. 

ʍʦʣʦʜʥʳʡ ʩʪʘʨʪ ï ʵʪʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ 

ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʩʠʩʪʝʤʘ 

ʥʝ ʤʦʞʝʪ ʜʝʣʘʪʴ ʥʠʢʘʢʠʭ ʚʳʚʦʜʦʚ ʦ ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʠʣʠ ʧʨʦʜʫʢʪʘʭ, ʦ ʢʦʪʦʨʳʭ ʦʥʘ ʝʱʝ ʥʝ ʩʦʙʨʘʣʘ ʜʦʩʪʘʪʦʯʥʦ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʦʙʣʝʤʘ çʭʦʣʦʜʥʦʛʦ ʩʪʘʨʪʘè ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʦʩʦʙʝʥʥʦ ʷʨʢʦ ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ 

ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ [1ï10], ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʚʳʨʘʙʦʪʢʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʧʨʝʜʣʦʞʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʦ-

ʩʪʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʝʨʚʠʩʘ. ʉʫʪʴ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʛʝʥʝʨʠʨʦ-

ʚʘʪʴ ʘʜʝʢʚʘʪʥʳʝ ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʣʠ ʦʙʲʝʢʪʦʚ, ʦ ʢʦʪʦʨʳʭ ʫ ʥʝʝ ʦʪʩʫʪʩʪʚʫʝʪ ʜʦʩʪʘ-

ʪʦʯʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʨʝʪʨʦʩʧʝʢʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʪʨʘʥʟʘʢʮʠʷʭ, ʬʠʢʩʠ-

ʨʫʶʱʠʭ ʚʳʙʦʨ ʧʦʣʴʟʦʚʘʪʝʣʷ.  
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ʅʘʧʨʠʤʝʨ, ʩʦʟʜʘʝʪʩʷ ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʠ ʭʦʪʷ ʢʘʪʘʣʦʛ ʪʦʚʘʨʦʚ ʠʣʠ ʢʦʥʪʝʥ-

ʪʘ ʫʞʝ ʥʘʧʦʣʥʝʥ, ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. ʉʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʢʦ-

ʤʝʥʜʘʮʠʡ, ʣʠʰʝʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʙʨʘʪʴ ʜʘʥʥʳʝ ʦ ʧʨʝʜʧʦʯʪʝʥʠʷʭ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʤʦ-

ʞʝʪ ʧʨʝʜʣʦʞʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʯʪʦ-ʣʠʙʦ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʭ ʠʥʪʝʨʝʩʘʤ. ʕʪʦ ʠ ʝʩʪʴ ʭʦʣʦʜʥʳʡ 

ʩʪʘʨʪ ï ʦʪʩʫʪʩʪʚʠʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʟʳ ʠ ʧʨʝʜʣʘʛʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥ-

ʥʳʝ ʨʝʰʝʥʠʷ. 

ʈʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʷʚʣʷʶʱʠʝʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʩʪʨʝʤʷʪʩʷ 

ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ, ʧʦ ʧʨʦʛʥʦʟʘʤ ʩʠʩʪʝʤʳ, ʜʦʣʞʥʘ ʠʭ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ. ʕʪʘ ʠʥ-

ʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ: ʪʦʚʘʨʳ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʤʘʛʘʟʠʥʝ, ʬʠʣʴʤʳ ʠ 

ʤʫʟʳʢʘʣʴʥʳʝ ʪʨʝʢʠ, ʢʥʠʛʠ, ʥʦʚʦʩʪʠ, ʠʟʦʙʨʘʞʝʥʠʷ, web-ʩʪʨʘʥʠʮʳ ʠ ʜʨʫʛʦʝ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʧʨʦʬʠʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩʦʧʦʩʪʘʚʣʷʷ ʝʛʦ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʵʪʘʣʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ.  

ʇʝʨʚʳʡ ʪʠʧ ï ʵʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʦʛʦ ʢʦʥʪʝʥʪʘ (ʬʠʣʴʪʨʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʝʥʪʘ), ʥʘʧʨʠʤʝʨ, ʵʪʦ ʞʘʥʨ 

ʬʠʣʴʤʘ, ʘʚʪʦʨ ʢʥʠʛʠ, ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʚ ʥʦʚʦʩʪʠ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʥʘʧʨʠʤʝʨ, 

ʬʠʣʴʤʳ ʪʦʛʦ ʞʝ ʞʘʥʨʘ, ʯʪʦ ʠ ʪʝ, ʢʦʪʦʨʳʝ ʦʥ ʩʤʦʪʨʝʣ ʨʘʥʝʝ. ɺʪʦʨʦʡ ʪʠʧ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʮʠ-

ʘʣʴʥʦʤ ʦʢʨʫʞʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʝʛʦ ʠʩʪʦʨʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʩʦʚʤʝʩʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ): ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩ 

ʧʦʭʦʞʠʤʠ ʚʢʫʩʘʤʠ ʦʮʝʥʠʣʠ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʦʜʫʢʪ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʪʦ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʝʛʦ ʠ ʧʦʣʴʟʦ-

ʚʘʪʝʣʷʤ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʨʦʬʠʣʝʤ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʦʨ-

ʤʳ: ʧʨʦʩʤʦʪʨ, ʧʦʢʫʧʢʘ, ʜʦʙʘʚʣʝʥʠʝ ʚ ʟʘʢʣʘʜʢʠ, ʣʘʡʢʠ, ʦʮʝʥʢʠ, ʢʦʤʤʝʥʪʘʨʠʠ. ʏʝʤ ʙʦʣʴʰʝ ʜʘʥʥʳʭ ʦ ʧʦʚʝʜʝʥʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʦʙʨʘʥʦ ʩʠʩʪʝʤʦʡ, ʪʝʤ ʪʦʯʥʝʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ ʙʫʜʫʪ ʨʝʢʦʤʝʥʜʘʮʠʠ. ʆʜʥʘʢʦ, ʧʨʦʙʣʝʤʘ ʭʦʣʦʜʥʦʛʦ 

ʩʪʘʨʪʘ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʥʝ ʩʧʦʩʦʙʥʘ ʩʪʨʦʠʪʴ ʥʘʜʝʞ-

ʥʳʝ ʧʨʦʛʥʦʟʳ ʠ ʧʨʝʜʣʘʛʘʪʴ ʨʝʣʝʚʘʥʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʩʮʝʥʘʨʠʷ ʭʦʣʦʜʥʦʛʦ ʩʪʘʨʪʘ:  

1. ʅʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ (ʭʦʣʦʜʥʳʡ ʩʪʘʨʪ ʩʠʩʪʝʤʳ): ʕʪʦ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʡ ʩʣʫʯʘʡ. ʉʠʩʪʝʤʘ ʟʘʧʫʩʢʘʝʪʩʷ, ʥʦ ʫ 

ʥʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʜʘʥʥʳʭ ʦ ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʠ ʠʭ ʧʨʝʜʧʦʯʪʝʥʠʷʭ. ʈʝʢʦʤʝʥʜʘʮʠʠ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʩʪʨʦʠʪʴ 

ʢʨʘʡʥʝ ʩʣʦʞʥʦ. ʉʠʩʪʝʤʘ, ʧʦ ʩʫʪʠ, "ʩʣʝʧʘ" ʠ ʥʝ ʩʧʦʩʦʙʥʘ ʧʨʝʜʣʦʞʠʪʴ ʯʪʦ-ʣʠʙʦ, ʢʨʦʤʝ ʩʘʤʳʭ ʦʙʱʠʭ ʠ ʥʝʧʝʨʩʦ-

ʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʦʧʫʣʷʨʥʦʩʪʠ ʢʦʥʪʝʥʪʘ ʠʣʠ ʜʨʫʛʠʭ ʦʙʱʠʭ ʧʦʢʘʟʘʪʝʣʷʭ. ʕʪʦ 

ʧʦʜʦʙʥʦ ʦʪʢʨʳʪʠʶ ʤʘʛʘʟʠʥʘ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʧʦʪʨʝʙʥʦʩʪʷʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʢʫʧʘ-

ʪʝʣʝʡ.  

2. ʅʦʚʳʡ ʵʣʝʤʝʥʪ (ʭʦʣʦʜʥʳʡ ʩʪʘʨʪ ʪʦʚʘʨʘ/ʢʦʥʪʝʥʪʘ). ɺ ʩʠʩʪʝʤʫ ʜʦʙʘʚʣʷʝʪʩʷ ʥʦʚʳʡ ʵʣʝʤʝʥʪ (ʬʠʣʴʤ, ʢʥʠʛʘ, 

ʪʦʚʘʨ ʠ ʪ. ʜ.), ʦ ʢʦʪʦʨʦʤ ʧʦʢʘ ʥʝʪ ʥʠʢʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʨʦʤʝ ʝʛʦ ʤʝʪʘʜʘʥʥʳʭ (ʥʘʟʚʘʥʠʝ, ʦʧʠʩʘʥʠʝ, ʞʘʥʨ). ʉʠ-

ʩʪʝʤʘ ʥʝ ʤʦʞʝʪ ʦʮʝʥʠʪʴ ʝʛʦ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʥʝ ʟʥʘʝʪ, ʢʦʤʫ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʝʩʝʥ. ʕʪʦ ʧʦʭʦʞʝ ʥʘ ʚʳʧʫʩʢ 

ʥʦʚʦʛʦ ʬʠʣʴʤʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʦʮʝʥʦʢ ʠ ʦʪʟʳʚʦʚ ï ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝʪ ʧʨʝʜʩʢʘʟʘʪʴ, ʙʫʜʝʪ ʣʠ ʦʥ ʚʦʩʪʨʝʙʦ-

ʚʘʥ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ: ʘʥʘʣʠʟ ʤʝʪʘʜʘʥʥʳʭ, ʩʨʘʚʥʝʥʠʝ ʩ ʧʦʭʦʞʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ.  

3. ʅʦʚʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ (ʭʦʣʦʜʥʳʡ ʩʪʘʨʪ ʧʦʣʴʟʦʚʘʪʝʣʷ). ʈʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʦʚʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʦ ʢʦʪʦʨʦʤ ʩʠ-

ʩʪʝʤʘ ʥʠʯʝʛʦ ʥʝ ʟʥʘʝʪ. ɽʤʫ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʪʘʢ ʢʘʢ ʦʪʩʫʪʩʪʚʫʝʪ 

ʠʩʪʦʨʠʷ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʯʘʩʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʱʠʭ ʨʝʢʦʤʝʥʜʘ-

ʮʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʦʧʫʣʷʨʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ, ʟʘʧʨʦʩʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʝʜʧʦʯʪʝʥʠʷʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʠ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʠʟ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʝʩʣʠ ʜʦʩʪʫʧ ʢ ʥʠʤ ʨʘʟʨʝʰʝʥ.  

ʇʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ: 

- ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʝʛʦ ʚʦʟʨʘʩʪʝ, ʧʦʣʝ, 
ʨʝʛʠʦʥʝ ʧʨʦʞʠʚʘʥʠʷ. 

- ʈʝʢʦʤʝʥʜʘʮʠʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʪʦʚʘʨʦʚ ʠʣʠ ʢʦʥʪʝʥʪʘ, ʧʦʢʘ ʩʠʩʪʝʤʘ ʥʝ ʩʦʙʝʨʝʪ ʜʘʥʥʳʝ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ. 

- ɻʠʙʨʠʜʥʳʝ ʤʝʪʦʜʳ ʠ ʢʦʤʙʠʥʘʮʠʷ ʢʦʥʪʝʥʪʥʳʭ ʠ ʢʦʣʣʘʙʦʨʘʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʤʦʛʘʝʪ ʯʘʩʪʠʯʥʦ ʨʝʰʠʪʴ ʧʨʦ-

ʙʣʝʤʫ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʧʠʩʘʥʠʝ ʪʦʚʘʨʘ ʠʣʠ ʞʘʥʨ ʬʠʣʴʤʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʭʦʣʦʜʥʦʛʦ ʩʪʘʨʪʘ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʳʤ ʚʳʟʦʚʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʨʝʢʦʤʝʥʜʘʪʝʣʴ-

ʥʳʭ ʩʠʩʪʝʤ. ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʙʦʨ ʜʦʩʪʘ-

ʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʜʘʞʝ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦ-

ʣʠʯʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʠ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʛʠʙʨʠʜʥʳʝ ʧʦʜʭʦʜʳ, ʩʦʯʝʪʘʶʱʠʝ ʬʠʣʴʪʨʘʮʠʶ ʥʘ ʦʩʥʦʚʝ 

ʢʦʥʪʝʥʪʘ ʠ ʩʦʚʤʝʩʪʥʫʶ ʬʠʣʴʪʨʘʮʠʶ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʟ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠ-

ʢʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʨʘʙʦʪʘʪʴ ʩ ʥʝʧʦʣʥʳʤʠ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʘʥʥʳʤʠ. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ 

ʭʦʣʦʜʥʦʛʦ ʩʪʘʨʪʘ ï ʵʪʦ ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʝʪʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʩʦ-

ʟʜʘʥʠʝ ʙʦʣʝʝ ʫʤʥʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ.  

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɺʦ ʊʭʠ, ʂʚʷʪʢʦʚʩʢʘʷ ʀ. ʖ., ʏʘʥ ʂ. ʊ. ɸʣʛʦʨʠʪʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʘ ʨʝʡʪʠʥʛʘ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʫʶʱʠʭ 
ʦʮʝʥʢʘʭ ʥʘ ʦʩʥʦʚʝ ʤʝʨʳ ʩʭʦʜʩʪʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʤʧʣʠʢʘʮʠʠ // ʉʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ: ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ. ʉʝʨʠʷ: 
ɽʩʪʝʩʪʚʝʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. 2023. ˉ 7. ʉ. 32ï35. 

2. ʂʚʷʪʢʦʚʩʢʘʷ ʀ. ʖ., ʍʫʝʥ ʏ. ɺʦ ʊʭʠ, ʊʦʘʥ ʏ. ʂ. ʈʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʨʠ ʚʳʙʦʨʝ ʧʨʦ-

ʜʫʢʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʤ // ʋʧʨʘʚʣʝʥʠʝ ʙʦʣʴʰʠʤʠ ʩʠʩʪʝʤʘʤʠ: ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ. 2023. ˉ 105. ʉ. 110ï133. 
3. ʂʚʷʪʢʦʚʩʢʘʷ ʀ. ʖ., ʍʫʝʥ ʏ. ɺʦ ʊʭʠ, ʊʦʘʥ ʏ. ʂ. ʄʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʦ ʚʳʙʦʨʫ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʨʝʢʦʤʝʥʜʘ-

ʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʤʧʣʠʢʘʮʠʠ // ɺʝʩʪʥʠʢ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ: ʋʧʨʘʚʣʝʥʠʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ. 2023. ˉ 2. ʉ. 116ï124. 
4. ʂʚʷʪʢʦʚʩʢʘʷ ʀ. ʖ., ʍʫʝʥ ʏ. ɺʦ ʊʭʠ, ʊʦʘʥ ʏ. ʂ. ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ˉ 2023618194 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ʈʝʢʦʤʝʥʜʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʝʢʩʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʤʧʣʠʢʘʮʠʠ: ˉ 2023616547: ʟʘʷʚʣ. 

04.04.2023: ʦʧʫʙʣ. 20.04.2023 / ʟʘʷʚʠʪʝʣʴ ʌɻɹʆʋ ɺʆ çɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè. 
5. ʏʘʥʛ ɺ. ʊ. ʍ., ʂʚʷʪʢʦʚʩʢʘʷ ʀ. ʖ., ʊʦʘʥ ʏ. ʂ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʚʳʙʦ-

ʨʝ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʶ // ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ (ICCT-2023): ʄʘʪʝ-



115 

ʨʠʘʣʳ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʄʦʩʢʚʘ, 02ï06 ʦʢʪʷʙʨʷ 2023 ʛʦʜʘ. ʄʦʩʢʚʘ: ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠʤ. 
ɺ. ɸ. ʊʨʘʧʝʟʥʠʢʦʚʘ ʈɸʅ, 2023. ʉ. 258ï259. 

6. ʐʫʨʰʝʚ ʊ. ɺ. ɸʥʘʣʠʟ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ // ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʦʙʱʝʩʪʚʘ: ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ ʧʦ ʤʘʪʝʨʠʘʣʘʤ VII ʅʘʮʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʬʠʣʠʘʣʘ ʌɻɹʆʋ ɺʆ çʂɻʄʊʋè. ʌʝʦ-

ʜʦʩʠʷ, 20 ʬʝʚʨʘʣʷ 2025 ʛʦʜʘ. ʂʝʨʯʴ: ʂʝʨʯʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʦʨʩʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2025. ʉ. 133ï137.  

7. ʐʫʨʰʝʚ ʊ. ɺ. ʄʝʪʦʜʳ ʚʳʙʦʨʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʥʘʥʠʷʭ, ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʚ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ // ʂʠʙʝʨʥʝʪʠʢʘ, 

ʠʥʬʦʨʤʘʪʠʢʘ, ʘʥʘʣʠʪʠʢʘ: ʤʦʜʝʣʠ, ʠʥʩʪʨʫʤʝʥʪʳ, ʤʝʪʦʜʳ: ʩʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ IV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ), ɼʦʥʝʮʢ, 10ï11 ʘʧʨʝʣʷ 2025 ʛʦʜʘ. ɼʦʥʝʮʢ: ɼʦʥʝʮʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2025. ʉ. 305ï308.  

8. ʐʫʨʰʝʚ ʊ. ɺ. ɻʠʙʨʠʜʥʳʝ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʤʝʪʦʜʳ // ʈʦʩʩʠʠ ï ʪʚʦʨʯʝʩʢʫʶ ʤʦʣʦʜʝʞ:ɹ ʤʘʪʝʨʠʘʣʳ XVIII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-
ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ɺ 5-ʪʠ ʪʦʤʘʭ, ʂʘʤʳʰʠʥ, 17ï18 ʘʧʨʝʣʷ 2025 ʛʦʜʘ. ɺʦʣʛʦʛʨʘʜ: ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2025. ʉ. 186ï189. 

É ʐʫʨʰʝʚ ʊ. ɺ., 2025 

ʋɼʂ 004.91(042.5) 

ɸʅɸʃʀʊʀʏɽʉʂʀʁ ʆɹɿʆʈ ʉʀʉʊɽʄ ʆʊʉʃɽɾʀɺɸʅʀʗ ʊʆʏʂʀ ʄɸʂʉʀʄɸʃʔʅʆʁ ʄʆʑʅʆʉʊʀ 

ɺ ʌʆʊʆʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉʀʉʊɽʄɸʍ 

ɽ. ɸ. ʕʥʛʝʣʴ 
ʍʘʢʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ʌ. ʂʘʪʘʥʦʚʘ, ʧʨ. ʃʝʥʠʥʘ, 92/1, 655017, ʛ. ɸʙʘʢʘʥ, ʈʦʩʩʠʷ, major_chan178@mail.ru  

ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʩʠʩʪʝʤ ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤʘʭ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʚʳʰʘʶʪ ʪʦʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ 

ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʪʩʣʝʞʠʚʘʥʠʝ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, 

ʢʦʛʥʠʪʠʚʥʘʷ ʥʘʛʨʫʟʢʘ, ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʵʥʝʨʛʝʪʠʢʘ. 
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E. A. Engel  
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An analytical review of maximum power point tracking systems in photovoltaic systems is presented, showing that machine 

learning methods increase the accuracy, robustness and interpretability of these systems in comparison with traditional methods. 

Keywords: maximum power point tracking systems in photovoltaic systems, machine learning, cognitive load, digital technolo-

gies, energy. 

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (PV-ʩʠʩʪʝʤʳ) ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʥʦ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʩʣʝʞʠʚʘʪʴ ʪʦʯʢʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

(MPP) ï ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ, ʛʜʝ ʧʘʥʝʣʴ ʚʳʜʘʝʪ ʥʘʠʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ. ʉʠʩʪʝʤʘ MPPT ï ʵʪʦ ʘʣʛʦʨʠʪʤ 

ʠʣʠ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʜʠʥʘʤʠʯʝʩʢʠ ʨʝʛʫʣʠʨʫʝʪ ʥʘʛʨʫʟʢʫ PV-ʤʦʜʫʣʷ, ʠʟʤʝʨʷʷ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʘʧʨʠ-

ʤʝʨ, ʥʘʧʨʷʞʝʥʠʝ (V), ʪʦʢ (I) ʠ ʤʦʱʥʦʩʪ ɹ(P), ʯʪʦʙʳ ʦʩʪʘʚʘʪʴʩʷ ʥʘ MPP. ɹʝʟ MPPT ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʜʘʝʪ ʥʘ 20ï

50 % ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʟʤʝʥʯʠʚʦʡ ʧʦʛʦʜʝ, ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʠʥʩʦʣʷʮʠʠ (ʦʩʚʝʱʝʥʥʦʩʪʠ) ʠʣʠ 

ʯʘʩʪʠʯʥʦʤ ʟʘʪʝʥʝʥʠʠ (PSC), ʢʦʛʜʘ ʧʘʥʝʣʠ ʯʘʩʪʠʯʥʦ ʙʣʦʢʠʨʫʶʪʩʷ ʦʙʣʘʢʘʤʠ, ʜʝʨʝʚʴʷʤʠ ʠʣʠ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ 

[1].  

ʊʨʘʜʠʮʠʦʥʥʳʝ MPPT-ʤʝʪʦʜʳ ʚʦʟʤʫʱʝʥʠʷ (P&O) ʠ ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (INC), ʷʚʣʷʶʱʠʝʩʷ ʥʘʠʙʦ-

ʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ, ʦʩʥʦʚʘʥʳ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʠ ʧʨʘʚʠʣʘʭ, ʙʝʟ ʦʙʫʯʝʥʠʷ ʥʘ ʜʘʥʥʳʭ. ʆʥʠ ʧʨʦʩʪʳ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ. ʀʩʧʦʣʴʟʫʝʪ "ʤʷʛʢʠʝ" ʧʨʘʚʠʣʘ ʚʤʝʩʪʦ ʯʝʪʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. ʅʘʧʨʠʤʝʨ: "ɽʩʣʠ 

V ʥʠʟʢʦʝ ʠ P ʚʳʩʦʢʦʝ, ʪʦʛʜʘ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʡ ʩʦʧʨʦʪʠʚʣʝʥʠʝ." ʊʨʘʜʠʮʠʦʥʥʳʝ MPPT-ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘʭ, ʩʧʨʘʚʣʷʣʠʩʴ ʩ ʧʨʦʩʪʳʤʠ ʩʮʝʥʘʨʠʷʤʠ, ʥʦ ʩʣʦʞʥʳʝ ʫʩʣʦʚʠʷ (ʥʘʧʨʠʤʝʨ, ʤʥʦʞʝʩʪʚʝʥ-

ʥʳʝ ʣʦʢʘʣʴʥʳʝ MPP ʧʨʠ PSC) ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʦʜʭʦʜʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʦʣʴ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

(ML) ʚʳʨʦʩʣʘ: ML-ʤʦʜʝʣʠ ʦʙʫʯʘʶʪʩʷ ʥʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʢʘʟʳʚʘʷ MPP ʙʳʩʪʨʝʝ ʠ ʪʦʯʥʝʝ. ʕʬ-

ʬʝʢʪʠʚʥʦʩʪʴ MPPT ʠʟʤʝʨʷʝʪʩʷ ʢʦʥʚʝʨʛʝʥʮʠʝʡ (ʩʢʦʨʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ MPP) ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʊʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʜʦʩʪʠʛʘʶʪ 90ï95 %, ML ï ʜʦ 98ï99 % [1ï5]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ML ʠ MPPT-ʤʝʪʦʜʦʚ ʧʦʢʘʟʘʣ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦʩʣʝʜʥʠʭ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ML ʠ MPPT-ʤʝʪʦʜʦʚ 

ʄʝʪʦʜ ʊʦʯʥʦʩʪʴ ( %) ɺʨʝʤʷ ʦʪʢʣʠʢʘ ʇʦʜʭʦʜʠʪ ʜʣʷ PSC 

P&O 85ï90 10ï30 ʩʝʢ ʅʝʪ 

IncCond 90ï95 5ï10 ʩʝʢ ʏʘʩʪʠʯʥʦ 

Fuzzy Logic 92ï96 5ï15 ʩʝʢ ɼʘ 

ANN 95ï99 1ï5 ʩʝʢ ɼʘ 

Fuzzy-Attention ANN 97ï99 1ï3 ʩʝʢ ʆʪʣʠʯʥʦ 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ, ʠʥʪʝʛʨʘʮʠʷ ML ʚ MPPT ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʚʳ-

ʭʦʜ ʤʦʱʥʦʩʪʠ PV-ʩʠʩʪʝʤ ʥʘ 15ï25 % [1ï5]. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʩʠʩʪʝʤ ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʪʨʘʞʘʝʪ ʪʘʙʣʠʮʘ 2: 
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ʊʘʙʣʠʮʘ 2 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʩʠʩʪʝʤ ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ  

ʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʄʝʪʦʜ 
ʆʧʠʩʘʥʠʝ (ʧʨʦʩʪʘʷ ʣʦʛʠ-

ʢʘ) 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʊʦʯʥʦʩʪʴ 

(MAPE,  %) 

ɺʨʝʤʷ 

ʦʪʢʣʠʢʘ 
(ʩʝʢ) 

ʇʨʠʤʝʥʝʥʠʝ / 

ʋʩʣʦʚʠʷ 

1 2 3 4 5 6 7 

ANN 

(Artificial 

Neural 
Networks) [1] 

ɹʘʟʦʚʘʷ ʩʝʪʴ: ʚʭʦʜʳ (V, I, 

G) Ÿ ʩʢʨʳʪʳʝ ʩʣʦʠ ʦʙʨʘ-
ʙʦʪʢʠ Ÿ ʚʳʭʦʜ (V ʜʣʷ 

MPP). ʆʙʫʯʘʝʪʩʷ ʧʨʝʜʩʢʘ-

ʟʳʚʘʪʴ ʧʠʢ ʤʦʱʥʦʩʪʠ. 

ʇʨʦʩʪʘʷ, ʙʳʩʪʨʘʷ, 

ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʚ 

ʩʪʘʙʠʣʴʥʳʭ ʫʩʣʦʚʠ-
ʷʭ. 

ʊʨʝʙʫʝʪ ʤʥʦʛʦ ʜʘʥ-

ʥʳʭ; ʤʦʞʝʪ çʧʝʨʝ-
ʦʙʫʯʘʪʴʩʷè (ʟʘʧʦʤʠ-

ʥʘʪʴ ʰʫʤ ʚʤʝʩʪʦ 

ʧʘʪʪʝʨʥʦʚ). 

< 5  

(ʚ ʪʝʩʪʘʭ) 
1ï5 

ɹʘʟʦʚʳʝ ʩʮʝʥʘ-

ʨʠʠ; ʥʝʨʘʚʥʦ-

ʤʝʨʥʘʷ ʠʥʩʦʣʷ-
ʮʠʷ. 

RNN 
(Recurrent 

Neural 

Networks) [2] 

ʂʘʢ ANN, ʥʦ ʩ çʧʘʤʷʪʴʶè 

ʦ ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʘʭ ï 

ʠʜʝʘʣʴʥʦ ʜʣʷ ʚʨʝʤʝʥʥʳʭ 
ʜʘʥʥʳʭ (ʠʟʤʝʥʝʥʠʷ ʩʦ 

ʚʨʝʤʝʥʝʤ). 

ʍʦʨʦʰʦ ʜʣʷ ʜʠʥʘ-

ʤʠʢʠ (ʙʳʩʪʨʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʦʛʦʜʳ); 
ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʪʨʝʥ-

ʜʳ. 

ʉʣʦʞʥʝʝ ʪʨʝʥʠʨʦ-
ʚʘʪʴ; ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ 

ʨʝʩʫʨʩʦʚ (ʚʳʯʠʩʣʝ-

ʥʠʷ ʤʝʜʣʝʥʥʝʝ). 

< 3  

(ʩ ʧʘʤʷʪʴʶ) 
2ï4 

PSC (ʯʘʩʪʠʯʥʦʝ 
ʟʘʪʝʥʝʥʠʝ); ʧʝ-

ʨʝʤʝʥʥʳʝ ʧʦʛʦʜ-

ʥʳʝ ʫʩʣʦʚʠʷ. 

Fuzzy-ANN 

(Fuzzy Artifi-

cial Neural 

Networks)  

[3ï5] 

ANN + fuzzy-ʣʦʛʠʢʘ: 
çʤʷʛʢʠʝè ʧʨʘʚʠʣʘ (ʪʠʧʘ 

çʝʩʣʠ ʠʥʩʦʣʷʮʠʷ ʥʠʟʢʘʷ, 

ʪʦ ʫʚʝʣʠʯʠʚʘʡ V ʤʝʜʣʝʥ-
ʥʦè) ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ 

ʩʝʪʴ. 

ɺ ʩʦʯʝʪʘʥʠʠ ʩ fuzzy 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ 

ʰʫʤʫ; ʣʫʯʰʝ ʚ 

ʩʣʦʞʥʳʭ ʩʮʝʥʘʨʠʷʭ. 

ʅʘʩʪʨʦʡʢʘ fuzzy-

ʧʨʘʚʠʣ ʟʘʥʠʤʘʝʪ 

ʚʨʝʤʷ; ʤʦʞʝʪ ʙʳʪʴ 

ʤʝʥʝʝ ʠʥʪʝʨʧʨʝʪʠʨʫ-

ʝʤʦʡ. 

< 4 1ï3 

PSC ʠ ʥʝʨʘʚʥʦ-

ʤʝʨʥʘʷ ʠʥʩʦʣʷ-

ʮʠʷ; fuzzy-ʚʭʦʜ 

ʧʦʤʦʛʘʝʪ ʚ çʨʘʟ-

ʤʳʪʳʭè ʜʘʥʥʳʭ. 

Attention-

based ANN / 

Transformer-
like [1] 

ANN ʩ attention-

ʤʝʭʘʥʠʟʤʦʤ: ʤʦʜʝʣʴ çʬʦ-
ʢʫʩʠʨʫʝʪʩʷè ʥʘ ʢʣʶʯʝʚʳʭ 

ʧʨʠʟʥʘʢʘʭ (ʥʘʧʨʠʤʝʨ, 

ʚʥʠʤʘʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʷʭ 
G). ʇʦʭʦʞʝ ʥʘ ʜʝʡʩʪʚʠʷ ʚ 

ʯʘʪʙʦʪʘʭ, ʥʦ ʜʣʷ ʧʨʝʜʩʢʘ-

ʟʘʥʠʷ MPP. 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʚ 
ʤʥʦʛʦʤʝʨʥʳʭ ʜʘʥ-

ʥʳʭ; ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʣʦʢʘʣʴ-
ʥʳʝ/ʛʣʦʙʘʣʴʥʳʝ 

MPP ʦʪʣʠʯʥʦ. 

ʆʯʝʥʴ ʨʝʩʫʨʩʦʝʤʢʘʷ 

(ʥʫʞʥʘ ʙʦʣʴʰʘʷ ʚʳ-
ʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱ-

ʥʦʩʪʴ); ʩʣʦʞʥʘʷ ʨʝʘ-

ʣʠʟʘʮʠʷ. 

< 2 (ʣʫʯʰʘʷ 

ʚ ʪʝʩʪʘʭ) 
1ï2 

ʄʝʪʦʜʳ ʪʠʧʘ 

Transformer ʜʣʷ 
PSC; ʠʜʝʘʣʴʥʦ 

ʜʣʷ ʤʫʣʴʪʠ-MPP 

ʩʮʝʥʘʨʠʝʚ. 

MPPT ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʳʭ PV-ʩʠʩʪʝʤ ʠ ML ʣʠʜʠʨʫʝʪ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʩʪʳ, ʥʦ ML ʧʨʝʜʣʘʛʘʝʪ ʧʨʦʨʳʚ ʚ ʪʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ. ɺ ʙʫʜʫʱʝʤ ʧʨʦʨʳʚ ʚ ʪʝʭʥʦʣʦ-

ʛʠʷʭ MPPT ʦʙʝʩʧʝʯʘʪ ʠʥʪʝʛʨʘʮʠʷ ʩ IoT ʠ big data ʜʣʷ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ [1]. 
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ʟʘʮʠʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʥʪ ʧʦʩʪʘʜʠʡʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʤʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʷʟʳʢʦʚ ʜʝʢʣʘʨʘʪʠʚʥʦʛʦ 

ʪʠʧʘ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝʥʠʠ ʧʨʝʜʤʝʪʥʦ- ʠ ʤʝʪʦʜʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʘʩʧʝʢʪʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʜʤʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ, DSL, ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ. 
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Based on the general structure of the applied problem and the existing technology for constructing automation systems, this pa-

per proposes a step-by-step approach to implementing domain-specific declarative languages. The essence of this approach lies in 

separating the domain-specific and method-specific aspects in the design processes of automated systems. 
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ɿʘʜʘʯʘ ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ: ʯʪʦ ʜʘʥʦ; ʯʪʦ ʥʘʡʪʠ; ʢʘʢ ʥʘʡʪʠ (ʤʝʪʦʜ ʠʣʠ ʘʣʛʦʨʠʪʤ) [1, 2]. 

ɺ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʟʘʜʘʯʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʠʧʘ ʦʧʠʩʳʚʘʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʫʨʦʚʥʷʭ [3]. 

1. ʉʦʜʝʨʞʘʪʝʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʆʧʠʩʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʷʟʳʢʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

2. ʌʦʨʤʘʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʷʟʳʢʠ, ʷʟʳʢ ʤʘʪʝʤʘʪʠʢʠ. 

3. ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʗʟʳʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʩʝʚʜʦʢʦʜʳ. 

4. ʀʩʭʦʜʥʳʡ ʢʦʜ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

5. ʀʩʧʦʣʥʷʝʤʳʡ ʢʦʜ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʩʨʝʜʳ ʠʩʧʦʣ-

ʥʝʥʠʷ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʣʝʤʝʥʪʳ ʟʘʜʘʯʠ ʚ ʨʘʟʨʝʟʝ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʪʦ ʚ ʝʝ 

ʩʪʨʫʢʪʫʨʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʦʙʩʪʚʝʥʥʦ ʧʨʝʜʤʝʪʥʳʡ ʫʨʦʚʝʥʴ ʠ ʫʨʦʚʝʥʴ ʤʝʪʦʜʘ. ɺʟʘʠʤʦʩʚʷʟʠ ʵʪʠʭ ʫʨʦʚʥʝʡ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʆʩʥʦʚʦʡ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ (ʇʆʗ ʠʣʠ DSL) [4, 5]. ʆʜʥʘʢʦ ʧʨʠ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʦʩʪʘʜʠʡʥʦʤ ʨʘʩʩʣʦʝʥʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ [6, 7, 8], ʧʨʝʜʤʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ ʷʚʣʷʝʪʩʷ ʩʨʝʜʩʪʚʦʤ ʦʧʠʩʘʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʢʪʘ 

ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʜʝʢʣʘʨʘʪʠʚʥʳʤ, ʥʝ ʩʦʜʝʨʞʘ-

ʱʠʤ ʠʤʧʝʨʘʪʠʚʥʳʭ (ʧʨʦʮʝʜʫʨʥʳʭ) ʢʦʤʧʦʥʝʥʪʦʚ. ʌʘʢʪʠʯʝʩʢʠ ʦʥ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʷʟʳʢʦʤ ʦʧʠʩʘʥʠʷ 

ʜʘʥʥʳʭ (ʗʆɼ) ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʂʘʢ ʤʠʥʠʤʫʤ, ʗʆɼ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʩʨʝʜʩʪʚʘ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʝʝ ʧʦʜʩʠʩʪʝʤ ʠ ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶ-

ʯʘʷ ʠʭ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʨʝʜʩʪʚʘ ʦʧʠʩʘʥʠʷ ʩʚʷʟʝʡ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʚʩʝ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ. 

ʏʪʦ ʠʥʪʝʨʝʩʥʦ, ʷʟʳʢ ʤʝʪʦʜʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʘʢʝʪʘ (ʗʄʆʇ) ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʜʝʢʣʘʨʘʪʠʚʥʳʤ, ʯʪʦ ʥʝ 

ʠʩʢʣʶʯʘʝʪ ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʜʫʨʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʇʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ  MPL [9] ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʷʟʳʢʦʚ, 

ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʦʪʧʦʯʢʦʚʘʚʰʠʭʩʷ ʦʪ ʥʝʛʦ. ʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ GNU MathProg. 

ʉʦʙʩʪʚʝʥʥʦ ʧʦʠʩʢ ʨʝʰʝʥʠʷ ʧʨʠ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʘʢʝʪʘ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ (ʇʇʇ). ʆʙʳʯʥʦ ʇʇʇ ʧʨʝʜʣʘʛʘʶʪ ʜʚʘ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʧʫʪʝʤ ʚʩʪʨʘʠʚʘʥʠʷ ʧʦʜ-

ʧʨʦʛʨʘʤʤʳ ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʠʩʧʦʣʥʷʝʤʦʛʦ 

ʬʘʡʣʘ (ʠʣʠ ʫʪʠʣʠʪʳ) ʠʟ ʩʦʩʪʘʚʘ ʧʘʢʝʪʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʟ ʤʘʪʨʠʮʳ 

ʠ ʚʝʢʪʦʨʦʚ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺʦ-ʚʪʦʨʦʤ ï ʚ ʪʝʨʤʠʥʘʭ ʷʟʳʢʘ ʪʠʧʘ 

MPL ï ʚ ʪʝʢʩʪʦʚʦʤ ʚʠʜʝ. 

 

ʈʠʩ. ɼʠʘʛʨʘʤʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʠ ʧʦʩʪʘʜʠʡʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʈʝʰʝʥʠʝ, ʧʦʣʫʯʘʝʤʦʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʇʇʇ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʢʞʝ ʚ ʜʚʫʭ 

ʬʦʨʤʘʭ: ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ï ʧʨʠ ʚʩʪʨʘʠʚʘʥʠʠ ʩʨʝʜʩʪʚ ʧʘʢʝʪʘ ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ 

ʧʨʠʣʦʞʝʥʠʝ; ʚ ʪʝʢʩʪʦʚʦʤ ʚʠʜʝ ʚ ʪʝʨʤʠʥʘʭ ʇʇʇ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʪʨʝʙʫʝʪʩʷ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʠʣʠ ʧʝʨʝʚʝʩʪʠ 

ʵʪʦ ʬʦʨʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʚ ʨʝʰʝʥʠʝ ʥʘ ʷʟʳʢʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʪ. ʝ. ʥʘ ʷʟʳʢ ʦʧʠʩʘʥʠʷ ʜʘʥʥʳʭ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ [3]. ʕʪʦ ʜʝʡʩʪʚʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʚʳʧʦʣʥʷʚʰʝʤʫʩʷ ʢʦʤʧʠʣʷʪʦʨʦʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʪʨʠʚʠʘʣʴʥʳʤ, ʪʘʢ 

ʢʘʢ ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʠʥʞʝʥʝʨʥʦʛʦ ʪʠʧʘ ʠʣʠ ʪʠʧʘ ʧʨʷʤʦʛʦ ʩʯʝʪʘ. ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʩʦʜʝʨʞʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʧʦʥʷʪʥʦʝ ʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʥʝʯʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʛʣʫʙʠʪʴ ʨʘʟʜʝʣʝʥʠʝ ʪʨʫʜʘ, ʨʘʩʧʨʝʜʝʣʠʚ ʨʘʙʦʪʳ ʧʦ ʩʧʝʮʠʘʣʠʩʪʘʤ ʩ ʢʦʤʧʝ-

ʪʝʥʮʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʠʭ ʚʳʧʦʣʥʝʥʠʷ, ʩʜʝʣʘʪʴ ʦʯʝʨʝʜʥʦʡ ʰʘʛ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʠʙʣʠʞʘʶʱʝʤ ʧʨʦ-

ʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʪʨʫʜʘ ʢ ʧʦʪʨʝʙʥʦʩʪʷʤ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  
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ʉɽʂʎʀʗ 3. ʉʊʈʆʀʊɽʃʔʅʓɽ ʄɸʊɽʈʀɸʃʓ ʅʆɺʆɻʆ ʇʆʂʆʃɽʅʀʗ 

ɼʃʗ ʋʃʋʏʐɽʅʀʗ ʂɸʏɽʉʊɺɸ ɾʀɿʅʀ ʏɽʃʆɺɽʂɸ,  
ʉʆɺʈɽʄɽʅʅʓɽ ʀʅɾɽʅɽʈʅʓɽ ʀ ʎʀʌʈʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ  

ɺ ʈɽʐɽʅʀʀ ɸʂʊʋɸʃʔʅʓʍ ʇʈʆɹʃɽʄ  
ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʀ ʉʊʈʆʀʊɽʃʔʉʊɺɸ  

ʋɼʂ 69.003:658.012 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʕʃɽʂʊʈʆʅɸɻʈɽɺɸʊɽʃɽʁ  

ʅɸ ʆʉʅʆɺɽ ʇʆʃʀʋʈɽʊɸʅɸ 

ɸ. ɾ. ɸʡʤʝʥʦʚ, ɾ. ʊ. ɸʡʤʝʥʦʚ 
ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ ʄ. ɸʫʝʟʦʚʘ, ʐʳʤʢʝʥʪ, ʂʘʟʘʭʩʪʘʥ  

ʂ ʛʨʝʶʱʠʤ ʧʦʢʨʳʪʠʷʤ ʪʝʨʤʦʦʩʥʘʩʪʦʢ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɹʳʣʠ ʠʩʩʣʝ-

ʜʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʭ ʧʦʢʨʳʪʠʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʜʘʥʥʳʡ ʪʠʧ ʧʦʣʠʫʨʝʪʘʥʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʦʣʠʫʨʝʪʘʥʦʚʳʡ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʘʜʛʝʟʠʷ, ʪʝʧʣʦ-

ʩʪʦʡʢʦʩʪʴ, ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

RESEARCH OF PHYSICAL  AND MECHANICAL PROPE RTIES OF ELECTRIC HE ATERS BASED ON 

POLYURETHANE  

A. Zh. Aimenov, Zh. T. Aimenov  
M. Auezov South Kazakhstan State University, Shymkent, Kazakhstan 

To heating coatings of thermal accessories certain operational characteristics are presented. The corresponding physical and 

mechanical properties of polyurethane conductive coatings were investigated. The experimental results confirmed that this type of 

polyurethane has high physicomechanical properties and meets the requirements of electric heating elements of thermal accessories. 

Keywords: performance requirements, polyurethane electric heating element, adhesion, heat resistance, electrical resistance. 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʪʝʨʤʦʬʦʨʤ ʦʮʝʥʠʚʘʶʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʣʠʫʨʝ-

ʪʘʥʦʚʦʛʦ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʇʋʕʅʕ), ʠʤʝʶʱʝʛʦ ʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ [1]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ [2].  

ʊʘʙʣʠʮʘ 

ʆʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʘʪʝʨʠʘʣʘ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʇʦʢʘʟʘʪʝʣʠ 

1 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʜʠʨʫ 28 ʢʅ/ʤ 

2 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ 24,8 ʄʇʘ 

3 ʊʝʤʧʝʨʘʪʫʨʘ ʭʨʫʧʢʦʩʪʠ -58Áʉ 

4 ʊʚʝʨʜʦʩʪʴ ʧʦ ʐʦʨʫ 80ï84 

5 ʊʝʧʣʦʩʪʦʡʢʦʩʪʴ 170Áʉ 

ʊʝʧʣʦʩʪʦʡʢʦʩʪʴ ʧʦʣʠʫʨʝʪʘʥʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʚʥʘʷ 170 Áʉ, ʧʨʝʚʳʰʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʨʘʙʦʯʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʛʨʝʚʘ ʙʝʪʦʥʘ, ʩʦʩʪʘʚʣʷʶʱʫʶ 90 Áʉ. ʉʣʝʜʫʶʱʝʡ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʣʠʫʨʝʪʘʥʘ ʧʨʝʜʣʦ-

ʞʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʥʦʩʫ ʚ ʫʩʣʦʚʠʷʭ aʙʨʘʟʠʚʥʦʛʦ ʠʩʪʠʨʘʥʠʷ, ʪʦ ʝʩʪʴ ʠʟʥʦʩʦʩʪʦʡ-

ʢʦʩʪʴ [3].  

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʝʣʠʯʠʥʳ ʦʪʥʦʰʝʥʠʷ ʋʕʉ ʥʘ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢ ʝʛʦ ʥʘʯʘʣʴʥʦʤʫ ʟʥʘʯʝ-

ʥʠʶ (ʨ/ʨʦ) ʦʪ ʚʦʟʨʘʩʪʘ ʇʋʕʅʕ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʇʋʕʅʕ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʨʝʤʝʥʠ, ʚʝʩʴʤʘ ʥʝʚʝʣʠʢ ʠ ʥʝ ʧʨʝʚʳ-

ʰʘʝʪ 3,6 %.  

ʇʦʣʠʫʨʝʪʘʥʦʚʳʝ ʧʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʵʪʠʭ 

ʧʦʣʠʤʝʨʘʭ ʣʘʙʠʣʴʥʦʡ çʬʠʟʠʯʝʩʢʦʡ ʩʝʪʢʠè, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʜʝʬʦʨʤʘʮʠʷʭ 

ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢ ʥʘʯʘʣʫ ʥʦʚʦʛʦ ʮʠʢʣʘ ʜʝʬʦʨʤʘʮʠʠ [4].  

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʛʝʣʠʦʪʝʨʤʦʬʦʨʤʘʭ (ʩʪʨʦʠʪʝʣʴʥʘʷ ʬʘʥʝʨʘ, ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ ʠ ʧʦʣʠʫʨʝʪʘʥ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʦʣʠʫʨʝʪʘʥʘ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 3,5 ʨʘʟʘ ʚʳʰʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦʢʨʳʪʠʷ 

ʠʟ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ɿɼ-6, ʘ ʫ ʧʦʢʨʳʪʠʷ ʠʟ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʚʦʜʦʩʪʦʡʢʦʡ ʬʘʥʝʨʳ ʧʨʝʚʳʰʘʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 

12 ʠ 7,3 ʨʘʟʘ.  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʪʠʧ ʧʦ-

ʣʠʫʨʝʪʘʥʘ ʦʙʣʘʜʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, 
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ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʤʘʪʝʨʠʘʣʫ ʧʦʣʠʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʦʟʨʘʩʪʘ 

ʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʫʨʝʪʘʥʘ. ʕʣʝʢʪʨʦʧʨʦ-

ʚʦʜʥʳʡ ʧʦʣʠʫʨʝʪʘʥ ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʧʣʦʩʪʦʡʢʠʤ ʧʦʣʠʤʝʨʘʤ [4], ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʧʦʩʣʝ ʠʭ ʦʪʚʝʨʞʜʝʥʠʷ ʩ ʚʦʟʨʘʩʪʦʤ ʚ ʥʠʭ ʩʪʨʫʢʪʫʨʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʜʝʩʪʨʫʢʪʠʚʥʳʤʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʙʣʠʞʝʥʠʝ ʯʘʩʪʠʮ ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ ʥʘʧʦʣ-

ʥʠʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʨʝʥʠʷ ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ ʧʦʣʠʫʨʝʪʘʥʘ ʜʦʣʞʥʦ ʩʥʠʞʘʪʴʩʷ ʝʛʦ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ. 

ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʋʕʅʕ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ ʦʧʳʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʚʩʝʭ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʚʝʣʠʯʠʥʳ ʋʕʉ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʊʂʉ) ʚ ʇʋʕʅʕ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ, ʥʝ ʠʟʤʝʥʷʶʪʩʷ, ʯʪʦ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ.   

ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʋʕʉ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʳ ʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 5 %.  

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʵʣʝʢʪʨʦʥʘʛʨʝ-

ʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɼʦ ʥʘʯʘʣʘ ʠʩʧʳʪʘʥʠʡ ʩʚʝʞʝʠʟʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60ï65 Áʉ ʚ ʪʝʯʝʥʠʝ 18 ʯʘʩʦʚ. ʀʟʤʝʨʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ, ʧʨʦʰʝʜ-

ʰʠʭ ʜʣʠʪʝʣʴʥʳʝ ʠ ʮʠʢʣʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʜʦ ʠ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 %. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʦʟʨʘʩʪʘ ʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ ʝʛʦ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʯʝʨʝʟ 20 ʩʫʪʦʢ, ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 60 Áʉ ï ʯʝʨʝʟ 18 ʯʘʩʦʚ. ʋ ʥʘʛʨʝʚʘʪʝʣʝʡ ʠʟ ʢʦʤʧʦʟʠʮʠʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʩʫʪʩʪʚʫʝʪ 

ʪʝʨʤʠʯʝʩʢʦʝ ʩʪʘʨʝʥʠʝ ʠ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘ ʩʯʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʠʟ 

ʤʦʥʦʤʘʪʝʨʠʘʣʦʚ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʦʙʝʩʧʝʯʠʚʘʷ ʵʢʦʥʦʤʠʶ ʨʝʩʫʨʩʦʚ ʥʝ ʙʦʣʝʝ 10 %. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʥʦʤʦʜʫʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʜʝʨʝʚʷʥʥʦ-

ʛʦ ʢʘʨʢʘʩʘ ʠ ʩʪʘʣʴʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʛʦ ʣʠʩʪʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʩʦʝʜʠʥʝʥʠʷ ʪʦʥʢʦʣʠʩʪʦʚʦʡ 

ʩʪʘʣʠ ʩ ʜʨʝʚʝʩʠʥʦʡ ʧʨʠ ʧʦʤʦʱʠ ʛʚʦʟʜʝʡ ʩ ʧʦʨʦʭʦʚʳʤ ʟʘʨʷʜʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 0,5 ʢʅ, ʯʪʦ ʥʘ 34 % ʧʨʝʚʳʰʘʝʪ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʫʩʣʦʚʠʶ ʦʚʘʣʠʟʘʮʠʠ ʦʪʚʝʨʩʪʠʷ 

ʚ ʩʪʘʣʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʨʝʚʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʘʟʥʦʤʦʜʫʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʦʥʢʦʣʠʩʪʦʚʘʷ ʩʪʘʣʴ, ʜʝʬʦʨʤʘʪʠʚ-

ʥʦʩʪʴ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

NAIL CONNECTION OF T HIN STEEL SHEETS WIT H WOODEN ELEMENTS   

USING A POWDER CHARGE 

M. N. Aksenov 
Orenburg State University, ave. Pobedy, 13, 460018, Orenburg, Russia, maksimka-bboy@mail.ru 

Improving the efficiency of building structures by improving traditional solutions made of monomaterials has limited potential, 

providing resource savings of no more than 10 %. Various modular structures are considered as a promising alternative, in particu-

lar, the combination of a wooden frame and a profiled steel sheet. The results of testing the connection of sheet steel with wood using 

powder-charged nails are presented. It was found that the actual bearing capacity of one joint is 0.5 kN, which is 34 % higher than 

the calculated value under the condition of ovalization of the hole in the steel. 

Keywords: wood-metal structures, multi-modular materials, thin-sheet steel, deformability, experimental research, technical and 

economic efficiency. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʝʩʫʱʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʤʦʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʥʘʫʢʠ ʧʨʠʚʦʜʠʪ ʢ ʵʢʦʥʦʤʠʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʝʜʝʣʘʭ 10  %, ʯʪʦ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʢ ʩʘʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʮʝʣʦʤ. ʆʧʳʪ 
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ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʪʠʧʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʦʣʫʯʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʵʬʬʝʢʪ ʚ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʤʦʞʥʦ ʟʘ ʩʯʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʙʝʨ ʨʘʟʣʠʯʥʳʭ ʧʦ ʧʨʠʨʦʜʝ ʤʘʪʝʨʠʘʣʦʚ [1].  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ, ʥʦ ʠ ʜʦʩʪʠʯʴ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʵʢʦʥʦʤʠʠ ʪʨʫʜʦʟʘʪʨʘʪ ʠ ʩʪʦʠʤʦʩʪʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʤʦʥʪʘʞʝ ʢʦʥʩʪʨʫʢʮʠʡ, ʫʤʝʥʴʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʨʘʩʭʦʜʦʚ.  

ɺ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʨʘʟʥʦʤʦʜʫʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʤʝʪʘʣʣʦʜʝʨʝʚʷʥʥʳʝ ʬʝʨʤʳ ʠ ʘʨʢʠ, ʙʘʣʢʠ ʩ ʜʝʨʝʚʷʥʥʳʤʠ ʧʦʷʩʘ-

ʤʠ ʠ ʩ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ, ʧʣʦʩʢʦʡ ʠʣʠ ʚʦʣʥʠʩʪʦʡ ʩʪʝʥʢʘʤʠ ʠʟ ʪʦʥʢʦʣʠʩʪʦʚʦʡ ʩʪʘʣʠ, ʬʘʥʝʨʳ, OSB ʠ LVL. ʀʤʝʷ 

ʥʝʦʩʧʦʨʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʠʟ ʤʦʥʦʤʘʪʝʨʠʘʣʦʚ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʥʝ ʣʠʰʝʥʳ ʠ 

ʨʷʜʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ: ʚʳʩʦʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʣʦʞʥʦʩʪʴ ʩʙʦʨʢʠ; ʦʛʨʘʥʠʯʝʥʥʘʷ ʥʝʩʫ-

ʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʠʝ ʪʦʣʴʢʦ ʥʝʩʫʱʠʭ ʬʫʥʢʮʠʡ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʘ ʪʘʢʞʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʥʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʘʢʪʠʢʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʣʝʛʯʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʩʪʘʣʴʥʦʛʦ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʛʦ ʣʠʩʪʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʩʦʚʤʝʩʪʥʦ ʩ ʜʝʨʝʚʷʥʥʳʤ ʢʘʨʢʘʩʦʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘ-

ʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʦʚʤʝʱʘʶʱʠʭ ʚ ʩʝʙʝ ʥʝʩʫʱʠʝ ʠ ʦʛʨʘʞʜʘʶʱʠʝ ʬʫʥʢʮʠʠ [2].  

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʣʴʥʳʭ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʣʠʩʪʦʚ ʩ ʜʝʨʝʚʷʥʥʳʤ ʢʘʨʢʘ-

ʩʦʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʪʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ. 

ɺ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ ʚʭʦʜʠʣʠ: ʙʨʫʩʢʠ ʠʟ ʜʨʝʚʝʩʠʥʳ ʩʦʩʥʳ ʩ ʚʣʘʞʥʦʩʪʴʶ ʚ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ   7  % 

ʩ ʨʘʟʤʝʨʘʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 100ʭ100 ʤʤ ʧʨʠ ʜʣʠʥʝ 150 ʤʤ; ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʣʴʥʳʝ ʣʠʩʪʳ ʪʦʣʱʠʥʦʡ 0,5 

ʤʤ; ʰʧʠʣʴʢʠ ʜʠʘʤʝʪʨʦʤ 12 ʤʤ, ʛʘʡʢʠ, ʰʘʡʙʳ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ; ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʩʚʷʟʠ; ʵʣʝʢʪʨʦʥʥʳʝ 

ʠʥʜʠʢʘʪʦʨʳ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,01 ʤʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ ʩʪʘʣʴʥʦʛʦ ʣʠʩʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʩʩʠʚʘ 

ʜʨʝʚʝʩʠʥʳ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʩʚʷʟʝʡ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʧʦʨʦʭʦʚʳʝ ʜʶʙʝʣʴ-ʛʚʦʟʜʠ ʜʣʠ-

ʥʦʡ 25 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ. ʈʘʩʩʪʘʥʦʚʢʘ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʩʚʷʟʝʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʙʨʘʟʮʝ ʚʳʧʦʣʥʝʥʘ ʩ 

ʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʉʇ 64.13330.2017 çɼʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠè [3]. 
ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ ʉʂ. ʋʩʪʘʥʦʚʢʘ 

ʦʙʨʘʟʮʘ ʦʙʝʩʧʝʯʠʚʘʣʘ ʝʛʦ ʨʘʙʦʪʫ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʘ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʩʚʷʟʝʡ ï ʥʘ ʠʟʛʠʙ ʧʨʠ ʩʜʚʠʛʝ ʜʝʨʝʚʷʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʣʴʥʦʛʦ ʣʠʩʪʘ. ʀʟʤʝʨʝʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʦʙʨʘʟʮʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʠʥʜʠʢʘ-

ʪʦʨʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʫʨʦʚʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʩʚʷʟʝʡ. ʆʪʩʯʝʪʳ ʧʦ ʧʨʠʙʦʨʘʤ ʩʥʠʤʘʣʠ ʥʘ 

ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʟʘʛʨʫʞʝʥʠʷ, ʨʘʚʥʦʡ 0,5 ʢʅ.  

 

ʈʠʩ. ʀʩʧʳʪʘʥʠʝ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ ʉʂ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ (ʧʦ-

ʜʘʪʣʠʚʦʩʪʠ) ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʣʴʥʳʭ ʣʠʩʪʦʚ ʩ ʜʝʨʝʚʷʥʥʳʤ ʢʘʨʢʘʩʦʤ ʩ ʧʦʤʦʱʴʶ ʧʦʨʦʭʦʚʳʭ ʜʶʙʝʣʴ-ʛʚʦʟʜʝʡ. ɼʦʢʘ-

ʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʩʦʝʜʠʥʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʨʘʚʥʘ 0,5 ʢʅ, ʯʪʦ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʠʟ ʫʩʣʦʚʠʷ ʩʤʷʪʠʷ ʜʨʝʚʝʩʠʥʳ ʚ ʛʥʝʟʜʝ, ʠ ʯʪʦ ʥʘ 34 % ʙʦʣʴʰʝ ʨʘʩʯʝʪ-

ʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʟ ʫʩʣʦʚʠʷ ʦʚʘʣʠʟʘʮʠʠ ʦʪʚʝʨʩʪʠʷ ʚ ʩʪʘʣʴʥʦʡ ʦʙʰʠʚʢʝ. ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʟʘʙʠʚʘʥʠʠ ʧʦʨʦʭʦʚʳʤ ʧʠʩʪʦʣʝʪʦʤ ʢʨʘʪʝʨ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʚʤʷʪʠʝʤ ʦʙʰʠʚʢʠ ʩʪʘʣʴʥʦʡ 
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ʰʘʡʙʦʡ ʚ ʤʘʩʩʠʚ ʜʨʝʚʝʩʠʥʳ ʫʚʝʣʠʯʠʚʘʝʪ ʧʣʦʱʘʜʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʦʙʰʠʚʢʠ ʩ ʪʝʣʦʤ 

ʛʚʦʟʜʷ. 

ɺʥʝʜʨʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʪʦʥʢʠʭ ʩʪʘʣʴʥʳʭ ʦʙʰʠʚʦʢ ʩ ʜʝʨʝʚʷʥʥʳʤ ʢʘʨʢʘʩʦʤ ʧʨʠ ʧʦ-

ʤʦʱʠ ʛʚʦʟʜʝʡ ʩ ʧʦʨʦʭʦʚʳʤ ʟʘʨʷʜʦʤ ʚ ʩʪʨʦʠʪʝʣʴʥʫʶ ʧʨʘʢʪʠʢʫ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞ-

ʥʦʩʪʴ ʜʝʨʝʚʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʩʨʦʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʯʪʦ ʚ ʩʦʚʦʢʫʧ-

ʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʬʘʩʘʜʥʳʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʝ ʘʢʪʠʚʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʡ ʨʝʞʠʤ ʠ ʩʚʝʪʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʟʜʘʥʠʡ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʬʘ-

ʟʦʧʝʨʝʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʵʨʦʛʝʣʝʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʩʪʝʢʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʠ ʢʦʤʬʦʨʪʘ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʤʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʬʘʩʘʜʥʳʝ ʩʠʩʪʝʤʳ, ʤʠʢʨʦʢʣʠʤʘʪ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʬʘʟʦʧʝʨʝʭʦʜʥʳʝ ʤʘʪʝ-
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are analyzed, along with their impact on improving energy efficiency and human comfort. 
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ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʨʠʤʝʥʝʥʠʠ ʬʘʩʘʜʥʳʭ ʩʠʩʪʝʤ ʩʪʦʠʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘ. ʉ 

ʩʦʮʠʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʤ ʚʥʝʰʥʝʤ ʦʙʣʠʢʝ ʟʜʘʥʠʷ, ʢʦʪʦʨʳʡ ʩʢʘʟʳ-

ʚʘʝʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʙʣʘʛʦʩʦʩʪʦʷʥʠʠ ʣʶʜʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʦʩʪʘʚ-

ʣʷʶʱʫʶ, ʘ ʠʤʝʥʥʦ ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʡ ʬʘʩʘʜ ʜʦʣʞʝʥ ʭʦ-

ʨʦʰʦ ʚʧʠʩʳʚʘʪʴʩʷ ʚ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ, ʦʢʘʟʳʚʘʪʴ ʥʘ ʥʝʛʦ ʤʠʥʠʤʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʪʝʪ 

ʠʥʪʝʨʝʩ ʢ ʧʨʠʤʝʥʝʥʠʶ ʘʜʘʧʪʠʚʥʳʭ ʬʘʩʘʜʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʚʩʝʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʧʦʪʨʝʙʥʦ-

ʩʪʷʤ [1]. 

ʉʦʚʨʝʤʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʝʨʝʞʠʚʘʝʪ ʨʝʚʦʣʶʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʟʜʘʥʠʝ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ 

ʠʟ ʩʪʘʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʘʢʪʠʚʥʫʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʦʙʦʣʦʯʢʫ, ʩʧʦʩʦʙʥʫʶ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʦʡ. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʵʪʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʬʘʩʘʜʥʳʝ ʩʠʩʪʝʤʳ. ʉʝʛʦʜʥʷ ʬʘʩʘʜ ï ʵʪʦ ʥʝ ʧʨʦ-

ʩʪʦ ʦʛʨʘʞʜʘʶʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʡ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʚʥʝʰ-

ʥʝʡ ʩʨʝʜʦʡ. ɽʩʣʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ passively ʧʨʦʪʠʚʦʩʪʦʷʪ ʧʦʛʦʜʥʳʤ ʫʩʣʦʚʠʷʤ, ʪʦ ʥʦʚʳʝ ʧʦʢʦʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘʫʯʠʣʠʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʬʘʩʘʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ, ʜʝʣʘʷ ʝʝ 

ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʦʡ, ʵʢʦʣʦʛʠʯʥʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ. 

ʌʘʟʦʧʝʨʝʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ (PCM): ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʧʘʤʷʪʴ 

ʌʘʟʦʧʝʨʝʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʠ ʚʳʩʚʦʙʦʞʜʘʪʴ ʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʤʝʞʜʫ ʘʛʨʝʛʘʪʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ 

ʪʚʝʨʜʦʛʦ ʚ ʞʠʜʢʦʝ ʠ ʦʙʨʘʪʥʦ [2]. ʄʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥʥʳʝ PCM ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʰʪʫʢʘʪʫʨʢʫ, ʛʠʧʩʦʢʘʨʪʦʥʥʳʝ 

ʧʘʥʝʣʠ ʠʣʠ ʬʘʩʘʜʥʳʝ ʩʠʩʪʝʤʳ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʜʥʝʤ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʤʝʱʝʥʠʠ ʠʣʠ ʚʥʫʪʨʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʘʪʝʨʠʘʣ ʧʝʨʝʭʦʜʠʪ 

ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʦʛʣʦʱʘʷ ʠʟʙʳʪʦʯʥʦʝ ʪʝʧʣʦ ʠ ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʝʨʝʛʨʝʚ, ʚʳʧʦʣʥʷʷ ʬʫʥʢʮʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʘʢʢʫʤʫʣʷʪʦʨʘ. ʅʦʯʴʶ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, PCM ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ, ʚʳʩʚʦʙʦʞʜʘʷ ʥʘʢʦʧʣʝʥʥʫʶ 

ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʦʙʨʘʪʥʦ ʚ ʧʦʤʝʱʝʥʠʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʚʢʣʶʯʘʶʪ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʜʦ 30 % ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʥʘ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʦʜʜʝʨʞʘʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʘ ʙʝʟ ʨʝʟ-
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ʢʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʜʦʩʪʠʛʘʝʤʳʡ ʯʝʨʝʟ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ CO2 ʙʣʘʛʦʜʘ-

ʨʷ ʫʤʝʥʴʰʝʥʥʦʤʫ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ. 

ɸʵʨʦʛʝʣʠ: ʧʨʦʟʨʘʯʥʘʷ ʪʝʧʣʦʠʟʦʣʷʮʠʷ 

ɸʵʨʦʛʝʣʴ ï ʩʚʝʨʭʣʝʛʢʠʡ ʤʘʪʝʨʠʘʣ, ʩʦʩʪʦʷʱʠʡ ʙʦʣʝʝ ʯʝʤ ʥʘ 99 % ʠʟ ʚʦʟʜʫʭʘ, ʟʘʢʣʶʯʝʥʥʦʛʦ ʚ ʥʘʥʦʨʘʟʤʝʨʥʫʶ 

ʩʝʪʢʫ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʧʨʠʟʥʘʥʥʳʡ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʪʝʧʣʦʠʟʦʣʷʪʦʨʦʤ ʚ ʤʠʨʝ. ɺ ʬʘʩʘʜʥʳʭ ʩʠʩʪʝʤʘʭ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʭ ʘʵʨʦʛʝʣʝʡ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʷʶʪ ʤʝʞʩʪʝʢʦʣʴʥʦʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ ʚ ʩʪʝʢʣʦʧʘʢʝʪʘʭ ʠʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʚʠʜʝ ʧʦʣʫʧʨʦʟʨʘʯʥʳʭ ʧʘʥʝʣʝʡ ʜʣʷ ʩʚʝʪʦʧʨʦʧʫʩʢʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʘʥʦʨʘʤʥʦʝ ʦʩʪʝʢʣʝʥʠʝ ʠ ʟʠʤʥʠʝ ʩʘʜʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʪʝʧʣʦʧʦʪʝ-

ʨʷʤʠ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʢʦʤʬʦʨʪ ʟʘ ʩʯʝʪ ʫʩʪʨʘʥʝʥʠʷ ʵʬʬʝʢʪʘ 

"ʭʦʣʦʜʥʦʛʦ ʦʢʥʘ", ʯʪʦ ʣʠʢʚʠʜʠʨʫʝʪ ʩʢʚʦʟʥʷʢʠ ʠ ʢʦʥʜʝʥʩʘʪ, ʦʩʦʙʝʥʥʦ ʚʘʞʥʦʝ ʜʣʷ ʟʜʦʨʦʚʴʷ ʜʝʪʝʡ ʠ ʧʦʞʠʣʳʭ 

ʣʶʜʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʘʚʪʦʥʦʤʠʷ ʟʜʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʩʥʠʞʝʥʠʶ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʣʠʤʘʪʘ ʦʪ ʚʥʝʰʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ. 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʦʩʪʝʢʣʝʥʠʝ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʚʝʪʦʤ 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʦʩʪʝʢʣʝʥʠʝ (Smart Glass) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʶ, ʧʦʟʚʦʣʷʶʱʫʶ ʠʟʤʝʥʷʪʴ ʩʚʝʪʦʧʨʦ-

ʧʫʩʢʘʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʢʣʘ ï ʦʪ ʧʦʣʥʦʩʪʴʶ ʧʨʦʟʨʘʯʥʦʛʦ ʜʦ ʟʘʪʝʤʥʝʥʥʦʛʦ ʠʣʠ ʤʘʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ï ʧʦ 

ʢʦʤʘʥʜʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʵʣʝʢʪʨʦʭʨʦʤʥʦʝ ʩʪʝʢʣʦ, ʠʟʤʝʥʷʶʱʝʝ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʦʜ ʚʦʟ-

ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʫʧʨʘʚʣʷʝʤʦʝ ʯʝʨʝʟ ʚʳʢʣʶʯʘʪʝʣʴ ʠʣʠ ʩʤʘʨʪʬʦʥ; SPD-ʩʪʝʢʣʦ 

(Suspended Particle Device), ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʤʛʥʦʚʝʥʥʦʝ ʟʘʪʝʤʥʝʥʠʝ ʧʨʠ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ; ʞʠʜʢʦʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʦʝ ʩʪʝʢʣʦ, ʩʧʦʩʦʙʥʦʝ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʧʨʦʟʨʘʯʥʳʤ ʠ ʤʘʪʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʚʳʧʦʣʥʷʷ ʬʫʥʢʮʠʶ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʦʡ ʰʪʦʨʳ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʠʥʩʦʣʷʮʠʠ: ʣʝʪʥʝʝ ʟʘʪʝʤʥʝʥʠʝ ʙʣʦʢʠʨʫʝʪ 

ʩʦʣʥʝʯʥʫʶ ʨʘʜʠʘʮʠʶ, ʘ ʟʠʤʥʷʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʪʝʧʣʘ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʤʛʥʦʚʝʥʥʦʛʦ ʩʦʟʜʘʥʠʷ ʧʨʠʚʘʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʝʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʰʪʦʨ ʠ ʞʘʣʶʟʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫ-

ʝʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤʫ ʢʦʤʬʦʨʪʫ ʯʝʨʝʟ ʧʝʨʩʦʥʘʣʠʟʘʮʠʶ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ ʠ ʢʦʥʪʨʦʣʴ ʥʘʜ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʬʘʩʘʜʥʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʩʪʘʣʠ ʙʳʪʴ ʢʦʥʮʝʧʮʠʝʡ ʙʫʜʫʱʝʛʦ ʠ ʩʪʘʣʠ ʨʝʘʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, 

ʘʢʪʠʚʥʦ ʧʨʝʦʙʨʘʟʫʶʱʠʤʠ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʧʨʘʢʪʠʢʫ. ʀʥʪʝʛʨʘʮʠʷ ʬʘʟʦʧʝʨʝʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʵʨʦʛʝʣʝʡ ʠ ʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʦʩʪʝʢʣʝʥʠʷ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʟʜʘʥʠʷ ʠʟ ʧʘʩʩʠʚʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʚ ʘʢʪʠʚʥʳʝ ʘʜʘʧʪʠʚʥʳʝ 

ʩʠʩʪʝʤʳ. 

ɺʥʝʜʨʝʥʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʝʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʳʛʦʜʝ ʯʝ-

ʨʝʟ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʫʤʝʥʴ-

ʰʝʥʠʶ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ, ʠ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʴʟʝ ʯʝʨʝʟ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʦʣʝʝ ʟʜʦʨʦʚʦʡ, ʢʦʤʬʦʨʪʥʦʡ ʠ ʧʝʨʩʦʥʘʣʠ-

ʟʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʚʝʩʪʠʮʠʠ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʬʘʩʘʜʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʚʢʣʘʜ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʛʘʨʤʦʥʠʯʥʦʝ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩ ʧʨʠ-

ʨʦʜʦʡ ʙʝʟ ʢʦʤʧʨʦʤʠʩʩʦʚ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʚʥʝʜʨʝʥʠʷ ʩʢʚʦʟʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʩʪʘʚʨʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʩʪʳʢʝ ʪʨʝʙʦʚʘʥʠʡ ʩʦʭʨʘʥʝʥʠʷ ʠʩʪʦʨʠ-

ʢʦ-ʢʫʣʴʪʫʨʥʦʡ ʮʝʥʥʦʩʪʠ, ʘʜʘʧʪʘʮʠʠ ʢ ʥʦʚʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʮʝʥʘʨʠʷʤ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʩʪʘʨʝʚʘʶʪ ʠ ʪʝʨʷʶʪ ʩʚʦʶ ʮʝʥʥʦʩʪʴ ʧʝʨʝʜ 

ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʢʦʥʮʝʧʮʠʝʡ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʥʘ ʧʦʣʥʦʤ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 
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The article deals with the introduction of end-to-end digital technologies in the field of reconstruction and restoration of cultural 

heritage objects. To solve the tasks arising at the intersection of the requirements of preserving historical and cultural value, adapt-
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ing to new functional scenarios and ensuring modern standards of energy efficiency and safety, traditional design methods become 

obsolete and lose their value before digital technologies and the concept of a digital twin on the full life cycle of the reconstructed 

object. 

Keywords: digital twin, cultural heritage object, reconstruction, restoration, BIM. 

ʆʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʦʛʦ 

ʜʚʦʡʥʠʢʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʇʦʜ ʮʠʬʨʦʚʳʤ ʜʚʦʡʥʠʢʦʤ ʧʨʠʥʠʤʘʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʫʶ ʩʦʙʦʡ ʚʠʨʪʫʘʣʴʥʳʡ ʘʥʘʣʦʛ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʦʪʨʘʞʘʶʱʠʡ ʥʘʠʙʦʣʝʝ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʠʥʘ-

ʤʠʯʝʩʢʠ ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʡ ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʷʭ ʚʥʝʰʥʠʭ ʠʣʠ ʚʥʫʪʨʝʥʥʠʭ ʫʩʣʦʚʠʡ [1]. 

ʅʘʟʥʘʯʝʥʠʝʤ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʷʚʣʷʝʪʩʷ: ʜʠʘʛʥʦʩʪʠʢʘ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʝʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ, 

ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ.  

ɽʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʙʘʟʘ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʘʷ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʭʥʠʯʝʩʢʠʭ, ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʲʝʢʪʘ, ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ BIM ʪʝʭʥʦʣʦʛʠʠ. BIM ï ʵʪʦ ʯʠʩʣʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʠʥ-

ʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʢʪʝ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ [2].  

ʉʚʷʟʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ (BIM) ʠ ʢʦʥʮʝʧʮʠʠ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ (Digital Twin) ʜʘ-

ʝʪ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʙʲʝʢʪʝ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʥʝ ʧʨʦʩʪʦ ʢʘʢ ʦ ʩʪʘʪʠʯʥʦʡ 3D ʤʦʜʝʣʠ, ʘ çʫʤʥʦʤʫè 

ʘʢʪʠʚʫ, ʩʧʦʩʦʙʥʦʤʫ ʢ ʘʜʘʧʪʘʮʠʠ, ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʝ ʠ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʫʨʙʘʥʠ-

ʩʪʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʷ ʘʫʪʝʥʪʠʯʥʦʩʪʴ ʠ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʫʶ ʮʝʥʥʦʩʪʴ ʦʙʲʝʢʪʘ. ʂʦʥʮʝʧʮʠʠ 

BIM ʠ Digital Twin, ʠʟʥʘʯʘʣʴʥʦ ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ ʚ ʥʦʚʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ, ʫʥʠʢʘʣʴʥʳʤʠ ʘʢʪʠʚʘʤʠ, ʢʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪ rʢʫʣʴʪʫʨ-

ʥʦʛʦ ʥʘʩʣʝʜʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʪʠʯʥʦʡ BIM-ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʥʘʤʠʯʝʩʢʫʶ ʨʝʧʣʠʢʫ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ, ʬʫʥʢʮʠ-

ʦʥʠʨʫʶʱʫʶ ʚ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʩʚʷʟʢʠ BIM-ʪʝʭʥʦʣʦʛʠʡ ʠ Digital Twin: 

1 ʵʪʘʧ. ʎʠʬʨʦʚʘʷ ʘʨʭʝʦʣʦʛʠʷ: ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1 ʤʤ ʩ ʩʦʟʜʘʥʠʝʤ çʦʙʣʘʢʘ ʪʦʯʝʢè, ʬʦ-

ʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʜʣʷ ʪʝʢʩʪʫʨ ʠ ʮʚʝʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʠʩʪʦʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʘʨʭʠʚ-

ʥʳʭ ʜʘʥʥʳʭ, ʨʝʟʫʣʴʪʘʪ: ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ çAS-ISè ʩʦʩʪʦʷʥʠʷ. 

2 ʵʪʘʧ. ʉʝʤʘʥʪʠʯʝʩʢʦʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ: ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦ ʠʩʪʦʨʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʠ ʪʝʭʥʠʯʝ-

ʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʩʦʟʜʘʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʝʤʝʡʩʪʚ ʜʣʷ ʘʫʪʝʥʪʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʨʘʟʨʘʙʦʪʢʘ ʦʥʪʦʣʦʛʠʡ 

ʜʣʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʨʝʟʫʣʴʪʘʪ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ BIM-ʤʦʜʝʣʴ ʩ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʩʣʦʷʤʠ. 

3 ʵʪʘʧ. ɼʠʥʘʤʠʯʝʩʢʘʷ ʠʥʪʝʛʨʘʮʠʷ: ʚʥʝʜʨʝʥʠʝ IoT-ʩʝʥʩʦʨʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʥʘʩʪʨʦʡʢʘ ʜʚʫʩʪʦʨʦʥʥʝʡ ʩʚʷʟʠ ʯʝʨʝʟ ʦʙʣʘʯʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ, 

ʨʝʟʫʣʴʪʘʪ: çʞʠʚʦʡè ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. 

4 ʵʪʘʧ. ʆʧʝʨʘʮʠʦʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ: ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚʥʝʜʨʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ 

ʩʮʝʥʘʨʠʝʚ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʠʤʤʝʨʩʠʚʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ, ʨʝʟʫʣʴʪʘʪ: ʢʠʙʝʨʬʠʟʠʯʝʩʢʘʷ ʩʠ-

ʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ. 

ʆʜʠʥ ʠʟ ʫʩʧʝʰʥʳʭ ʦʧʳʪʦʚ ʚ ʟʘʨʫʙʝʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ BIM-ʪʝʭʥʦʣʦʛʠʡ ʠ ʢʦʥʮʝʧʮʠʠ ʮʠʬ-

ʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʩʪʘʚʨʘʮʠʠ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ï ʵʪʦ ʩʦʟʜʘʥʠʝ çʮʠʬʨʦʚʦʛʦ 

ʜʚʦʡʥʠʢʘè ʩʦʙʦʨʘ ʅʦʪʨ-ɼʘʤ ʚ ʇʘʨʠʞʝ ʧʦʩʣʝ ʧʦʞʘʨʘ 2019 ʛʦʜʘ [3]. 

ɺ ʩʦʟʜʘʥʠʠ çʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘè ʩʦʙʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ AGP 3D-ʩʲʝʤʢʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ï ʣʘʟʝʨʛʨʘʤʤʝʪʨʠʠ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʨʘʤʢʘʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. ʕʪʠ ʩʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʚʩʝ ʩʢʘʥʳ (ʦʙʣʘʢʘ ʪʦʯʝʢ) 

ʢʨʦʚʣʠ, ʢʘʨʢʘʩʘ, ʰʧʠʣʷ, ʤʝʣʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʩʯʝʟʣʠ ʚʦ ʚʨʝʤʷ ʧʦʞʘʨʘ. 

ʀʩʢʣʶʯʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʯʝʢ (ʧʨʠʤʝʨʥʦ ʦʪ 1 ʜʦ 2 ʪʦʯʝʢ ʥʘ ʤʤĮ) ʦʙʝʩʧʝʯʠʣʦ ʥʝʧʨʝʚʟʦʡʜʝʥʥʫʶ ʪʨʘʥ-

ʩʢʨʠʧʮʠʶ ʜʝʪʘʣʝʡ ʨʘʤʳ ʠ ʢʨʳʰʠ ʩ ʝʝ ʩʪʨʝʣʦʡ. ʆʮʠʬʨʦʚʢʘ ʩʦʙʦʨʘ ʩ ʤʠʣʣʠʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʦ ʩ ʩʘʥʪʠʤʝʪ-

ʨʦʚʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʦʙʱʠʝ ʦʙʲʝʤʳ ʟʜʘʥʠʷ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʠʩʪʝʤ 

ʩʦʙʦʨʘ. ɺʩʝ ʩʢʘʥʳ ʅʦʪʨ-ɼʘʤ, ʚʳʧʦʣʥʝʥʥʳʝ Art Graphique & Patrimoine ʟʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ, ʩʦʜʝʨʞʘʪ ʦʢʦʣʦ 50 

ʤʠʣʣʠʘʨʜʦʚ ʪʦʯʝʢ. 

ʊʘʢʞʝ ʢ ʫʩʧʝʰʥʦʤʫ ʦʧʳʪʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ:  

1. ʂʦʨʦʣʝʚʩʢʠʡ ʪʝʘʪʨ ʚ ʊʫʨʠʥʝ: ʩʦʟʜʘʥʘ BIM-ʤʦʜʝʣʴ ʩ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʩʣʦʷʤʠ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪ 1740 ʛʦʜʘ ʜʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥ ʤʦʥʠʪʦʨʠʥʛ ʤʠʢʨʦʢʣʠ-

ʤʘʪʘ.  

2. ɿʘʤʦʢ ɺʠʰʠ ʚʦ ʌʨʘʥʮʠʠ: BIM-ʤʦʜʝʣʴ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʵʣʝʤʝʥʪʦʚ (ʦʨʠʛʠʥʘʣʴʥʳʝ, ʫʪʨʘʯʝʥʥʳʝ, ʥʝʧʦʜʣʝʞʘ-

ʱʠʝ ʨʝʩʪʘʚʨʘʮʠʠ), ʫʩʪʘʥʦʚʣʝʥ ʤʦʥʠʪʦʨʠʥʛ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʢʦʥʪʨʦʣʴ ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ.  

3. ʉʪʘʨʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʚ ɹʝʨʣʠʥʝ: ʜʝʪʘʣʴʥʦʝ BIM-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʥʞʝʥʝʨʥʳʤʠ ʩʝʪʷʤʠ ʠ ʩʪʨʫʢ-

ʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʥʮʝʧʮʠʠ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘʛʨʫ-

ʟʦʢ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪ ʧʦʩʝʪʠʪʝʣʝʡ, ʦʧʪʠʤʠʟʘʮʠʷ ʢʣʠʤʘʪ-ʢʦʥʪʨʦʣʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʚʘʢʫʘʮʠʠ. 

ʂ ʫʩʧʝʰʥʦʤʫ ʦʪʝʯʝʩʪʚʝʥʥʦʤʫ ʦʧʳʪʫ ʧʨʠʤʝʥʝʥʠʷ BIM-ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʚʷʟʢʝ ʩ ʢʦʥʮʝʧʮʠʝʡ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡ-

ʥʠʢʘ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

1. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʄʦʩʢʦʚʩʢʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʣʴʮʘ: ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ BIM-ʤʦʜʝʣʠ ʚʩʝʭ ʩʪʘʥʮʠʡ ʠ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ, ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʠ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ. 

2. ʈʝʥʦʚʘʮʠʷ ʦʙʲʝʢʪʦʚ ʇʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʚ ʄʦʩʢʚʝ: ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʜʘʥʠʡ ʩ ʪʦʯ-

ʥʦʩʪʴʶ Ñ3 ʤʤ, ʩʦʟʜʘʥʠʝ BIM-ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʨʝʩʪʘʚʨʘʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʤʠʢʨʦ-

ʢʣʠʤʘʪʘ ʠ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. 
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3. ʇʨʦʝʢʪ çʋʤʥʳʡ ʛʦʨʦʜè ʚ ʉʢʦʣʢʦʚʦ: ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʟʜʘʥʠʡ ʢʘʤʧʫʩʘ, ʩʠʩʪʝʤʘ ʧʨʝʜʠʢʪʠʚʥʦʛʦ 

ʘʥʘʣʠʟʘ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʠʥʪʝʛʨʘʮʠʷ ʩ ʛʦʨʦʜʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ. 

ɸʥʘʣʠʟ ʫʩʧʝʰʥʳʭ ʧʨʘʢʪʠʢ ʧʨʠʤʝʥʝʥʠʷ BIM ʠ Digital Twin ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʳ ʚ ʫʧʨʘʚʣʝʥʠʠ ʦʙʲʝʢʪʘʤʠ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʠ ʩʣʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ɿʘʨʫʙʝʞʥʳʡ 

ʦʧʳʪ (ʅʦʪʨ-ɼʘʤ, ʂʦʨʦʣʝʚʩʢʠʡ ʪʝʘʪʨ ʚ ʊʫʨʠʥʝ) ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʚʦʩʩʦʟʜʘʥʠʷ 

ʫʪʨʘʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʤʠʣʣʠʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʦʝʢʪʳ (ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʤʫʟʝʡ, ʄʎʂ) ʜʦʢʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ 15ï30 %. 

ɺʝʢʪʦʨ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʪʦʯʝʯʥʳʭ ʨʝʰʝʥʠʡ ʢ ʩʦʟʜʘʥʠʶ ʢʦʤʧʣʝʢʩʥʳʭ ʵʢʦʩʠ-

ʩʪʝʤ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʧʨʝʜʠʢʪʠʚʥʫʶ ʘʥʘʣʠʪʠʢʫ, ʠʤʤʝʨʩʠʚʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʨʝʝʩʪʨʳ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʪʘʥʫʪ ʨʘʟʨʘʙʦʪʢʘ ʦʪʨʘʩʣʝʚʳʭ ʦʥʪʦʣʦʛʠʡ, ʚʥʝʜʨʝʥʠʝ ʀʀ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ ʦʙʲʝʢʪʘʤʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʜʣʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʟ BIM ʠ Digital Twin ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʦʙʲʝʢʪʳ ʠʟ ʩʪʘʪʠʯʥʳʭ ʧʘʤʷʪʥʠʢʦʚ ʚ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʦʭʨʘʥʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʥʘʩʣʝʜʠʷ ʯʝʨʝʟ ʝʛʦ ʮʠʬʨʦʚʫʶ ʙʝʩ-

ʩʤʝʨʪʥʦʩʪʴ ʠ ʘʜʘʧʪʘʮʠʶ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʡ ʫʨʙʘʥʠʩʪʠʯʝʩʢʦʡ ʩʨʝʜʳ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʥʘʣʠʟ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ 3D-ʧʝʯʘʪʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʪʝʥ-

ʜʝʥʮʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣ, ʧʨʝ-

ʧʷʪʩʪʚʠʷ ʠ ʩʧʝʮʠʬʠʢʘ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʈʦʩʩʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 3D-ʧʝʯʘʪʴ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʮʠʬʨʦʚʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʩʪʨʦʠ-

ʪʝʣʴʥʳʡ ʧʨʠʥʪʝʨ.  

3D PRINTING IN CONST RUCTION: ANALYSIS OF  INTERNATIONAL EXPERI ENCE  

AND APPLICABILITY AS SESSMENT FOR RUSSIAN CONDITIONS  

A.V. Grigorev 
St Petersburg State University of Architecture and Civil Engineering, str. 2nd Krasnoarmeiskaya, 4, 190005, St Petersburg, Russia,  

artemka_grigorjev@mail.ru 

The article analyzes the world experience in the use of 3D printing in construction. Key trends and promising technological solu-

tions are identified. On the basis of a comparative study, the potential, obstacles and specifics of the introduction of this technology 

in Russia are estimated. 

Keywords: 3D printing, construction, digital construction, robotic construction, 3D construction printer. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʠʥʮʠʧʳ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚʩʝ ʯʘʱʝ ʧʨʝʚʨʘʱʘʶʪ ʬʫʪʫʨʠʩʪʠʯʝʩʢʠʝ ʢʦʥʮʝʧʮʠʠ ʚ ʧʨʘʢʪʠ-

ʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʠʤʝʨʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 3D ʧʝʯʘʪʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ɺ ʦʩʥʦʚʝ ʩʪʨʦʠʪʝʣʴʥʦʡ 3D-ʧʝʯʘʪʠ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʧʦʩʣʦʡʥʦʛʦ ʩʦʟʜʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʮʠʬ-

ʨʦʚʦʡ ʤʦʜʝʣʠ. ɼʦʤʠʥʠʨʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʝʡ ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʫʟʠʦʥʥʦʝ ʧʦʩʣʦʡʥʦʝ ʥʘʥʝʩʝʥʠʝ ʙʝʪʦʥʘ (ʪʝʭʥʦʣʦʛʠʷ 

Contour Crafting), ʢʦʛʜʘ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ï ʩʪʘʮʠʦʥʘʨʥʘʷ ʧʦʨʪʘʣʴʥʘʷ ʠʣʠ ʤʦʙʠʣʴʥʘʷ ʥʘ ʤʘʥʠʧʫʣʷʪʦ-

ʨʝ ï ʪʦʯʥʦ ʧʦʟʠʮʠʦʥʠʨʫʝʪ ʩʦʧʣʦ ʠ ʚʳʢʣʘʜʳʚʘʝʪ çʩʣʦʠè ʩʧʝʮʠʘʣʴʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʤʝʩʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʥʘ 

ʦʩʥʦʚʝ ʬʠʙʨʦʙʝʪʦʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʙʘʚʢʘʤʠ [1]. ʆʜʥʘʢʦ ʧʦʣʥʳʡ ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʪʨʦʠ-

ʪʝʣʴʥʦʡ ʧʝʯʘʪʠ ʜʦʚʦʣʴʥʦ ʚʥʫʰʠʪʝʣʴʥʳʡ: ʦʪ ʨʝʟʠʥ ʠ ʧʣʘʩʪʠʢʘ ʜʦ ʛʝʦʧʦʣʠʤʝʨʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʧʳʪ ʨʘʟʣʠʯʥʳʭ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ, ʠʭ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʠʭ ʫʩʣʦʚʠ-

ʷʤ. ɺ ʉʐɸ ʩʧʦʩʦʙ, ʧʨʝʜʣʦʞʝʥʥʳʡ MIT Media Lab, Batiprint 3D ʠ DUS Architects, ʧʨʝʜʣʘʛʘʝʪ ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʠ ʠʟ ʚʩʧʝʥʝʥʥʦʛʦ ʧʦʣʠʫʨʝʪʘʥʘ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʟʘʧʦʣʥʷʝʪʩʷ ʪʷʞʝʣʳʤ ʙʝʪʦʥʦʤ. ʕʪʦʪ ʩʧʦʩʦʙ 

ʫʜʦʙʝʥ ʪʝʤ, ʯʪʦ ʦʧʪʠʤʠʟʠʨʫʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʙʦʨʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʘ-

ʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ.  

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʦʤʧʘʥʠʷ CyBe Constructions ʠʟ ʅʠʜʝʨʣʘʥʜʦʚ [2]. ʇʨʠ ʧʦʤʦʱʠ ʨʦ-

ʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʙʝʪʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʦʡʥʘʷ ʧʝʯʘʪʴ ʩʨʘʟʫ ʥʝ-

ʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤ ʚʠʜʝ. ʆʙʦʙʱʘʷ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʬʦʨʤʫʣʫ: çʊʝʭʥʦ-
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ʣʦʛʠʷ + ɸʜʘʧʪʘʮʠʷ + ɹʠʟʥʝʩ-ʤʦʜʝʣʴè. ʊʘʤ, ʛʜʝ ʵʪʠ ʪʨʠ ʵʣʝʤʝʥʪʘ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ, 3D-ʧʝʯʘʪʴ ʠʤʝʝʪ ʰʘʥʩ ʥʘ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʩʬʝʨ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʥʝʩʦʤʥʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ. 3D-ʧʝʯʘʪʴ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʚʦʟʚʝʜʝʥʠʷ ʟʜʘʥʠʡ, ʩʥʠʞʘʝʪ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ, 

ʫʤʝʥʴʰʘʝʪ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ. ɺʩʝ ʵʪʦ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝ-

ʥʠ ʚ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʥʝʭʚʘʪʢʦʡ ʨʘʙʦʯʠʭ ʢʘʜʨʦʚ.  

ʅʦ ʝʩʪʴ ʠ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʨʝʘʣʴʥʦʩʪʴ. ʇʝʨʚʳʤ ʠ ʩʘʤʳʤ ʛʣʘʚʥʳʤ 

ʩʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʫʧʨʦʱʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ 

ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺʪʦʨʳʤ ʥʝ ʤʝʥʝʝ 

ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʡ. ʊʝʭʥʦʣʦʛʠʷ ʵʢʩʪʨʫʟʠʠ ʙʝʪʦʥʘ ʢʨʠʪʠʯʝʩʢʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʨʛʘʥʠʟʘʮʠʷ ʟʠʤʥʝʡ ʧʝʯʘʪʠ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʩʠʡʩʢʠʭ ʤʦʨʦʟʦʚ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʧʨʦʛʨʝʚ ʧʣʦʱʘʜʢʠ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʜʝʨʞʠʚʘʶʱʠʝ ʙʘʨʴʝʨʳ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ (ʄɻʉʋ, ʉʇʙʇʋ) ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʢʦʤʧʘʥʠʡ (çɸʄʊ-ʉʧʝʮʘʚʠʘè, çʉʧʝʮʘʚʠʘè) ʠʤʝʶʪ ʨʘʙʦʪʘʶʱʠʝ ʧʨʦʪʦʪʠʧʳ ʧʨʠʥʪʝʨʦʚ ʠ ʫʩʧʝʰʥʳʝ ʧʠʣʦʪʥʳʝ 

ʧʨʦʝʢʪʳ (ʜʦʤ ʚ ʉʪʫʧʠʥʦ, ʦʙʲʝʢʪʳ ʚ ʗʢʫʪʠʠ). 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ 3D-ʧʝʯʘʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʘ. ʂ ʧʨʠʤʝʨʫ, ʩʪʦ-

ʠʪ ʨʘʩʩʤʦʪʨʝʪʴ ʪʝʭʥʦʣʦʛʠʶ ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʠ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ, ʚ ʜʦ-

ʧʦʣʥʝʥʠʝ ʢ ʦʩʪʘʣʴʥʳʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʩʣʦʷʤ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʩʚʦʜʦʚ 

ʧʨʘʚʠʣ ʠ ɻʆʉʊʦʚ ʘʥʘʣʦʛʠʯʥʦ ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ, ʚ ʢʦʪʦʨʳʭ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʞʝ ʢʦʩʚʝʥʥʦ ʬʠʛʫʨʠʨʫʝʪ. 

ʆʩʥʦʚʥʳʤ ʚʝʢʪʦʨʦʤ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʪʦʠʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ʥʝ ʪʦʣʴʢʦ ʧʦ ʨʘʟʤʝʨʫ ʩʦʦʨʫʞʝʥʠʡ, ʥʦ ʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʦʟʚʦʜʠʤʳʭ ʟʜʘʥʠʡ, ʠʥʪʝʛʨʘʮʠʶ ʩ ʜʨʫʛʠʤʠ ʩʦʚʨʝʤʝʥʥʳ-

ʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʪʘʢʠʤʠ, ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. 
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ʂʃɽɽʌɸʅɽʈʅʓɽ ɹɸʃʂʀ ʂɸʂ ʅɽʉʋʑʀɽ ʈɽɹʈɸ ʉʆɺʄɽʑɽʅʅʓʍ ʂʈʋʇʅʆʈɸɿʄɽʈʅʓʍ ʇʃʀʊ 
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʢʣʝʝʬʘʥʝʨʥʳʭ ʙʘʣʦʢ, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʥʝʩʫʱʠʭ ʨʝʙʝʨ 

ʩʦʚʤʝʱʝʥʥʳʭ ʢʨʫʧʥʦʨʘʟʤʝʨʥʳʭ ʧʣʠʪ. ʇʨʠʚʝʜʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʣʘʩʩʘ ʧʣʠʪ ʧʦʢʨʳʪʠʷ. 

ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʙʘʣʦʢ ʜʚʫʪʘʚʨʦʚʦʛʦ ʠʣʠ ʢʦʨʦʙʯʘʪʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʧʦʷʩʘʤʠ ʨʘʟ-

ʣʠʯʥʦʡ ʧʣʦʱʘʜʠ.  ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʜʣʦʞʝʥʥʳʭ ʪʠʧʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʧʝʨʝʜ ʠʟ-

ʚʝʩʪʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʩʦʚʤʝʱʝʥʥʳʭ ʧʣʠʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʨʝʚʝʩʠʥʘ, ʬʘʥʝʨʘ, ʩʦʚʤʝʱʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʦʙʰʠʚʢʘ, ʨʝʙʨʦ ʞʝʩʪʢʦʩʪʠ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʦʧʝʨʝʯʥʦʝ 

ʩʝʯʝʥʠʝ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

GLUED PLYWOOD BEAMS AS CARRIAGE RIBS OF COMBINED LARGE -SIZED PLATES 

V. I. Zhadanov, M. A. Nesterenko, M. N. Aksenov 
Orenburg State University, ave. Pobedy, 13, 460018, Orenburg, Russia, organ-2003@bk.ru  

New design solutions of glued plywood beams are considered, which act as load-bearing ribs of combined large-sized plates. 

Features of the structures of the considered class of covering plates are given. The expediency of using beams of I-shaped or box-

shaped cross-section with belts of different areas is substantiated. The technical and economic advantages of the proposed types of 

structures over the known constructive solutions of combined plates are analyzed. 

Keywords: wood, plywood, combined structure, sheathing, stiffener, rational cross-section, stress-strain state, technical and eco-

nomic efficiency. 

ɺ ʧʨʘʢʪʠʢʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʩʦʚʤʝ-

ʱʝʥʥʳʝ ʢʨʫʧʥʦʨʘʟʤʝʨʥʳʝ ʧʣʠʪʳ ʥʘ ʜʝʨʝʚʷʥʥʦʤ ʢʘʨʢʘʩʝ. ʀʭ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʰʠʚʢʠ ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʦʙʱʫʶ ʨʘʙʦʪʫ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʥʘʛʨʫʟʦʢ, ʯʝʤ ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʚʤʝʱʝʥʠʝ ʠʤʠ ʥʝʩʫʱʠʭ ʠ ʦʛʨʘʞʜʘʶʱʠʭ ʬʫʥʢʮʠʡ. ʅʘʠʙʦʣʴʰʠʡ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʘʢ ʧʣʠʪ rçʥʘ ʧʨʦʣʝʪè, ʢʦʛʜʘ ʥʝʩʫʱʠʝ 

ʨʝʙʨʘ ʦʧʠʨʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʨʦʜʦʣʴʥʳʝ ʩʪʝʥʳ ʠʣʠ ʧʦʜʩʪʨʦʧʠʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʪʘʢʦʤ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʤ ʨʝʰʝʥʠʠ ʧʦʢʨʳʪʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʣʦʩʢʦʩʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʘʪʥʳʭ ʩʚʷʟʝʡ; ʢʦʣʠʯʝʩʪʚʦ ʤʦʥʪʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʜʣʠʥʘ ʩʪʳʢʦʚ ʫʤʝʥʴʰʘ-

ʝʪʩʷ ʚ 2,5ï3 ʨʘʟʘ, ʜʦʩʪʠʛʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʦʚ (ʜʨʝʚʝʩʠʥʳ, ʬʘʥʝʨʳ) ʥʘ 28ï37 % [1ï4]. ʆʜʥʘʢʦ, 

ʧʨʠ ʚʩʝʭ ʩʚʦʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʠʟʚʝʩʪʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʤʘʪʝʨʠʘʣʦʝʤʢʦ-

ʩʪʴʶ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʠʭ ʨʝʙʝʨ ʢʣʝʝʜʦʱʘʪʳʭ ʙʘʣʦʢ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʦʧʝʨʝʯ-
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ʥʦʛʦ ʩʝʯʝʥʠʷ ʠʣʠ ʢʣʝʝʬʘʥʝʨʥʳʭ ʙʘʣʦʢ ʩʦ ʩʧʣʦʰʥʦʡ ʩʪʝʥʢʦʡ, ʧʨʠ ʵʪʦʤ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʨʝʙʨʘ ʩʦʩʪʘʚʣʷʝʪ 

70ï80 % ʦʪ ʦʙʱʝʡ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ [5; 6]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʚʪʦʨʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʤʝʥʢʣʘʪʫʨʥʳʡ ʨʷʜ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʚʤʝʱʝʥʥʳʭ ʢʨʫʧʥʦʨʘʟʤʝʨʥʳʭ 

ʧʣʠʪ ʧʨʦʣʝʪʦʤ 9ï15 ʤ ʠ ʰʠʨʠʥʦʡ 1,5ï3,0 ʤ (ʨʠʩ.), ʫ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʠʭ ʨʝʙʝʨ ʧʨʠʤʝʥʝʥʳ ʢʣʝʝʬʘʥʝʨ-

ʥʳʝ ʙʘʣʢʠ ʩ ʧʨʝʨʳʚʠʩʪʦʡ ʩʪʝʥʢʦʡ [7].  

 

ʈʠʩ.  ʂʨʫʧʥʦʨʘʟʤʝʨʥʘʷ ʩʦʚʤʝʱʝʥʥʘʷ ʧʣʠʪʘ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʪʠʧʘʤʠ ʢʣʝʝʬʘʥʝʨʥʳʭ ʥʝʩʫʱʠʭ ʨʝʙʝʨ 

 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʜʨʝʚʝʩʠʥʳ ʠ ʬʘʥʝʨʳ ʥʘ ʧʣʠʪʫ ʥʘ 22ï35 %, ʫʤʝʥʴʰʠʪʴ 

ʩʪʨʦʠʪʝʣʴʥʫʶ ʚʳʩʦʪʫ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʘʧʣʠʚʘʝʤʦʛʦ ʦʙʲʝʤʘ ʟʘ ʩʯʝʪ ʨʘʟʤʝʱʝʥʠʷ 

ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʧʨʝʜʝʣʘʭ ʚʳʩʦʪʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʣʠʪʳ ʚ ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʦʝʤʘʭ ʚ ʩʪʝʥʢʝ. 

ʂʣʝʝʬʘʥʝʨʥʳʝ ʙʘʣʢʠ ʤʦʛʫʪ ʙʳʪʴ ʢʦʨʦʙʯʘʪʦʛʦ (ʨʠʩ. 1) ʠʣʠ ʜʚʫʪʘʚʨʦʚʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ.      

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʪʠʧʘ ʥʝʩʫʱʠʭ ʨʝʙʝʨ, ʢʨʦʤʝ ʧʨʝʨʳʚʠʩʪʦʡ ʩʪʝʥʢʠ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʭ ʚʝʨʭʥʠʡ 

ʧʦʷʩ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʯʝʤ ʥʠʞʥʠʡ. ʕʪʦ ʪʝʭʥʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʦ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʩʦʦʙʨʘʞʝʥʠʷʤ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʧʝʨʝʯʥʳʡ ʠʟʛʠʙ ʢʣʝʝʬʘʥʝʨʥʦʡ ʧʣʠʪʳ, ʧʨʠ 

ʵʪʦʤ ʚʦʟʥʠʢʘʶʱʠʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʟʘ ʩʯʝʪ ʞʝʩʪʢʠʭ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʚʝʨʭʥʠʤ 2 ʠ 

ʥʠʞʥʠʤ 3 ʜʝʨʝʚʷʥʥʳʤʠ ʧʦʷʩʘʤʠ ʧʨʦʜʦʣʴʥʳʭ ʥʝʩʫʱʠʭ ʨʝʙʝʨ 1, ʩʪʝʥʢʦʡ 5, ʦʙʰʠʚʢʦʡ 8 ʠ ʧʨʦʜʦʣʴʥʳʤʠ ʦʙʨʘʤ-

ʣʷʶʱʠʤʠ ʨʝʙʨʘʤʠ 9 (ʦʙʦʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʣʠʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʠʩ. 1). ɿʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʥʦʡ ʧʣʦʱʘʜʠ ʧʦ-

ʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ 2 ʠ ʫʚʝʣʠʯʝʥʥʦʡ ʥʘ ʵʪʫ ʚʝʣʠʯʠʥʫ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʥʠʞʥʝʛʦ 

ʧʦʷʩʘ 3 (ʧʨʠ ʫʩʣʦʚʠʠ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʷʩʘ) ʥʝʡʪʨʘʣʴʥʘʷ ʦʩʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʣʠʪʳ 

ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʝʨʝʜʠʥʝ ʝʝ ʚʳʩʦʪʳ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʠʧʦʚ ʙʘʣʦʢ ʩ ʧʦʷʩʘʤʠ ʦʜʠʥʘʢʦʚʦʡ ʧʣʦʱʘ-

ʜʠ, ʫ ʢʦʪʦʨʦʛʦ ʥʝʡʪʨʘʣʴʥʘʷ ʦʩʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʤʝʩʪʠʪʩʷ ʚʚʝʨʭ ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʦʙʰʠʚʢʠ 8 ʠ ʧʨʦʜʦʣʴ-

ʥʳʭ ʦʙʨʘʤʣʷʶʱʠʭ ʨʝʙʝʨ 9 ʚ ʦʙʱʫʶ ʨʘʙʦʪʫ ʧʣʠʪʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʠʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʝʡʪʨʘʣʴʥʦʡ ʦʩʠ 

ʜʦ ʥʠʞʥʝʡ ʛʨʘʥʠ ʧʨʦʜʦʣʴʥʳʭ ʥʝʩʫʱʠʭ ʨʝʙʝʨ 1, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʰʠʚʢʠ 8 ʠ ʦʙʨʘʤ-

ʣʷʶʱʠʭ ʨʝʙʝʨ 9 ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʠ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ) ʢʣʝʝʬʘʥʝʨʥʦʡ ʧʣʠʪʳ, ʘ ʪʘʢʞʝ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʯʝʪʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʝʝ ʥʠʞʥʝʡ ʛʨʘʥʠ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦ-

ʚʳʰʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʧʨʠ ʫʩʣʦʚʠʠ ʦʜʠʥʘʢʦʚʦʛʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʪʦʪʠʧʦʤ ʨʘʩʭʦʜʘ ʤʘʪʝ-

ʨʠʘʣʦʚ ʠʣʠ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʘ ʥʘ ʢʣʝʝʬʘʥʝʨʥʫʶ ʧʣʠʪʫ ʚ ʮʝʣʦʤ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʨʘʩ-

ʯʝʪʥʦʡ ʠʣʠ ʥʦʨʤʘʪʠʚʥʦʡ ʥʘʛʨʫʟʦʢ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʧʣʠʪʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʜʠʘʬʨʘʛʤ 

ʞʝʩʪʢʦʩʪʠ 6, ʦʛʨʘʞʜʘʶʱʠʭ ʱʠʪʦʚ 7, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʬʘʥʝʨʥʘʷ ʦʙʰʠʚʢʘ 8, ʦʙʨʘʤʣʷʶʱʠʝ ʵʣʝʤʝʥʪʳ 9, 

ʧʦʧʝʨʝʯʥʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʨʝʙʨʘ 10, ʫʪʝʧʣʠʪʝʣʴ ʠ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʡ ʢʦʚʝʨ 13, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʥʝʝ ʠʟʚʝʩʪ-

ʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ [5], ʥʝ ʠʟʤʝʥʷʣʠʩʴ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʥʝʡʪʨʘʣʴʥʦʡ ʦʩʠ ʨʘʩʯʝʪʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʚ ʩʝʨʝʜʠʥʝ ʠʭ ʚʳʩʦ-

ʪʳ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʧʣʠʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ, ʨʘʟʤʝʨʦʚ  ʧʨʦʜʦʣʴʥʳʭ ʥʝʩʫʱʠʭ ʨʝʙʝʨ 1, 

ʦʙʰʠʚʢʠ 8 ʠ ʦʙʨʘʤʣʷʶʱʠʭ ʨʝʙʝʨ 9 ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʚʝʨʭʥʝʛʦ 2 ʠ ʥʠʞʥʝʛʦ 3 ʧʦʷʩʦʚ ʜʦʣʞʥʦ ʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,35 ʜʦ 0,65 (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʝʨʠʠ ʨʘʩʯʝʪʦʚ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʦʚʤʝʱʝʥʥʦʡ 

ʧʣʠʪʳ ʩ ʚʘʨʴʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʧʣʠʪʫ ʧʨʦʣʝʪʦʤ 12,0 ʤ, ʚʳʩʦʪʦʡ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʥʝʩʫʱʠʭ ʨʝʙʝʨ 1 ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ 1500 ʤʤ ʠ 600 ʤʤ ʥʘ ʦʧʦʨʝ, ʩ ʨʘʟ-

ʤʝʨʘʤʠ ʚʝʨʭʥʝʛʦ 2 ʠ ʥʠʞʥʝʛʦ 3 ʜʝʨʝʚʷʥʥʳʭ  ʧʦʷʩʦʚ 150 Ĭ 150(h) ʤʤ, ʩ ʧʨʝʨʳʚʠʩʪʳʤʠ ʬʘʥʝʨʥʳʤʠ ʩʪʝʥʢʘʤʠ 

5 ʪʦʣʱʠʥʦʡ 10 ʤʤ, ʩ ʬʘʥʝʨʥʦʡ ʦʙʰʠʚʢʦʡ 8 ʪʦʣʱʠʥʦʡ 20 ʤʤ ʠ ʦʙʨʘʤʣʷʶʱʠʤʠ ʨʝʙʨʘʤʠ 9 ʧʦʧʝʨʝʯʥʳʤ ʩʝ-

ʯʝʥʠʝʤ 45ʭ150(h) ʤʤ. ɼʣʷ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʫʩʣʦʚʠʠ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ ʉʇ 64.13330.2017 

ʨʘʩʯʝʪʥʘʷ ʥʘʛʨʫʟʢʘ ʩʦʩʪʘʚʠʪ q = 1 430 ʢʛʩ/ʤ. ʇʨʠ ʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ ʨʘʩʯʝʪʥʳʡ ʧʨʦʛʠʙ ʙʫʜʝʪ ʨʘʚʝʥ 4,68 ʩʤ. 

ʈʘʩʭʦʜ ʜʨʝʚʝʩʠʥʳ ʥʘ ʚʝʨʭʥʠʡ 2 ʠ ʥʠʞʥʠʡ 3 ʧʦʷʩʘ ʧʨʦʜʦʣʴʥʳʭ ʥʝʩʫʱʠʭ ʨʝʙʝʨ 1 ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʠʪʝ 

ʨʘʚʝʥ Vʜ = 1,09 ʤ
3
.  

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʧʣʠʪʝ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʧʣʦʱʘʜʝʡ ʚʝʨʭʥʝʛʦ 2 ʠ ʥʠʞʥʝʛʦ 3 ʧʦʷʩʦʚ Sʚ.ʧ./Sʥ.ʧ = 0,5 (ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʚ ʨʝʢʦʤʝʥʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ) ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʚʥʦʛʦ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʦʚ (ʚ ʧʨʠʤʝʨʝ Sʚ.ʧ.=150 ʩʤ
2
, 

Sʥ.ʧ.=300 ʩʤ
2
) ʪʘʢʞʝ ʧʨʠ ʫʩʣʦʚʠʠ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʨʘʩʯʝʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʨʘʩʯʝʪʥʘʷ ʥʘʛʨʫʟʢʘ ʩʦʩʪʘʚʠʪ  

q = 1802 ʢʛʩ/ʤ, ʪ. ʝ. ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʙʫʜʝʪ ʙʦʣʴʰʝ ʥʘ 26 % ʠʣʠ ʚ 1,26 ʨʘʟʘ (1802/1430). ʇʨʦʛʠʙ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʣʝʝʬʘʥʝʨʥʦʡ ʧʣʠʪʳ ʧʨʠ ʥʘʛʨʫʟʢʝ  

q = 1430 ʢʛʩ/ʤ ʙʫʜʝʪ ʨʘʚʝʥ 4,40 ʩʤ, ʯʪʦ ʥʘ 6 % ʤʝʥʴʰʝ, ʯʝʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ. ʈʘʩʭʦʜ ʜʨʝʚʝʩʠʥʳ ʥʘ 

ʚʝʨʭʥʠʡ 2 ʠ ʥʠʞʥʠʡ 3 ʧʦʷʩʘ ʧʨʦʜʦʣʴʥʳʭ ʥʝʩʫʱʠʭ ʨʝʙʝʨ 1 ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʣʝʝʬʘʥʝʨʥʦʡ ʧʣʠʪʝ ʪʘʢʞʝ ʨʘʚʝʥ  

Vʜ = 1,09 ʤ
3
. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʚʝʥʩʪʚʘ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʥʘ 

ʧʨʦʜʦʣʴʥʳʝ ʥʝʩʫʱʠʝ ʨʝʙʨʘ 1, ʪʘʢ ʠ ʥʘ ʧʣʠʪʫ ʚ ʮʝʣʦʤ, ʜʦʩʪʠʛʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʞʝʩʪʢʦ-

ʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʣʝʝʬʘʥʝʨʥʦʡ ʧʣʠʪʳ ʚ 1,26 ʠ 1,06 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʨʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʩʝʯʝʥʠʷʭ ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʚʝʥʩʪʚʘ ʨʘʩʯʝʪʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʪʝʭʥʠ-

ʯʝʩʢʦʤ ʨʝʰʝʥʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ [4] ʨʘʩʭʦʜ ʜʨʝʚʝʩʠʥʳ ʥʘ ʥʝʩʫʱʠʝ ʨʝʙʨʘ ʚ ʧʨʝʜʣʘ-

ʛʘʝʤʦʡ ʢʣʝʝʬʘʥʝʨʥʦʡ ʧʣʠʪʝ ʙʫʜʝʪ ʨʘʚʝʥ Vʜ = 0,66 ʤ
3
, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ ʥʘ 40 % 

ʠʣʠ ʚ 1,4 ʨʘʟʘ (0,66/1,09) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʝʝʬʘʥʝʨʥʳʤʠ ʨʝʙʨʘʤʠ ʩ ʧʦʷʩʘʤʠ ʦʜʠʥʘʢʦʚʦʡ ʧʣʦʱʘʜʠ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʨʝʙʝʨ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʨʝʚʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʧʦʷʩʦʚ 14 ʥʘ 

ʫʯʘʩʪʢʘʭ ʙʝʟ ʬʘʥʝʨʥʦʡ ʩʪʝʥʢʠ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʨʘʩʯʝʪʥʫʶ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʣʠʪʳ ʥʘ 10ï12 %. 
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ʋɼʂ 674.8 

ʂʆʅʎɽʇʎʀʗ ʇʈʆɽʂʊɸ ɹʃɸɻʆʋʉʊʈʆʁʉʊɺɸ ʊɽʈʈʀʊʆʈʀʀ  

ʍɸʂɸʉʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ɼʈɸʄɸʊʀʏɽʉʂʆɻʆ ʊɽɸʊʈɸ ʀʄ. ɸ. ʄ. ʊʆʇɸʅʆɺɸ  

çʕʊʅʆ-ʇɸʈʂ ñʂʆʏɽɺʔɽ ʍɸʂɸʉʉʂʆɻʆ ɹʆɻɸʊʓʈʗòè 

ʉ. ɸ. ʀʚʘʥʶʢ
1
, ʂ. ɽ. ʇʨʦʭʦʨʦʚʘ

2
, ʀ. ɺ. ɻʝʨʘʩʠʤʝʥʢʦ

3
 

ʍʘʢʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ʌ. ʂʘʪʘʥʦʚʘ, ʧʨ. ʃʝʥʠʥʘ, 92/1, 655017, ʛ. ɸʙʘʢʘʥ, ʈʦʩʩʠʷ, 
1Prohorovadk10@gmail.com, 2marina.kurbatova.00@inbox.ru, 3iragerasimenko766@gmail.com 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʵʪʥʦʢʫʣʴʪʫʨʥʦʛʦ ʧʘʨʢʘ çʂʦʯʝʚʴʝ ʭʘʢʘʩʩʢʦ-

ʛʦ ʙʦʛʘʪʳʨʷè, ʠʥʠʮʠʠʨʫʝʤʦʛʦ ʜʝʧʘʨʪʘʤʝʥʪʦʤ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʛ. ɸʙʘʢʘʥʘ ʢʘʢ 

ʫʯʨʝʜʠʪʝʣʝʤ, ʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʨʝʢʨʝʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ. ʂʣʶʯʝʚʦʡ ʠʜʝʝʡ ʷʚʣʷ-

ʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʫʪʝʥʪʠʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʠʣʘʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʵʪʥʦʛʨʘʬʦʚ, ʤʘʩʪʝʨʦʚ-ʨʝʤʝʩʣʝʥʥʠʢʦʚ ʠ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʪʝʘʪʨʘ ʠ ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʮʝʥʪʨ ʧʨʠʪʷʞʝʥʠʷ ʚ 

ɸʙʘʢʘʥʝ. 
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This article presents the concept of creating a multifunctional ethno-cultural park called Khakassky Aal, which is initiated by the 

Toptanov Theatre as the founder, but functions as an independent recreational and educational complex. The key idea is to create an 

authentic space with the help of professional ethnographers, craftsmen, and tourism specialists, which will diversify the theatre's 

activities and create a new center of attraction in Abakan. 

Keywords: Ethno-park, tourism, public spaces in cities 

ʀʜʝʷ ʩʦʟʜʘʥʠʷ ʵʪʥʦ-ʧʘʨʢʘ ʥʘ ʙʘʟʝ ʍʘʢʘʩʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʜʨʘʤʘʪʠʯʝʩʢʦʛʦ ʪʝʘʪʨʘ ʠʤ. ɸ. ʄ. ʊʦʧʘʥʦʚʘ ʚ 

ɸʙʘʢʘʥʝ ʨʦʞʜʘʝʪʩʷ ʠʟ ʧʦʥʠʤʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʦʪʜʝʣʴʥʦʛʦ, ʩʘʤʦʦʢʫʧʘʝʤʦʛʦ ʨʝʢʨʝʘʮʠʦʥʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʦʝ ʙʳ ʚʳʩʪʫʧʘʣʦ ʣʦʛʠʯʝʩʢʠʤ ʠ ʬʠʥʘʥʩʦʚʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʦʩʥʦʚʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʝʘʪʨʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʨʠʩʢʠ ʠ ʩʦʟʜʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʩʨʝʜʫ, 

ʫʧʨʘʚʣʷʝʤʫʶ ʫʟʢʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ï ʵʪʥʦʛʨʘʬʘʤʠ, ʤʫʟʝʡʥʳʤʠ ʨʘʙʦʪʥʠʢʘʤʠ, ʛʠʜʘʤʠ ʠ ʤʘʩʪʝʨʘʤʠ-

ʨʝʤʝʩʣʝʥʥʠʢʘʤʠ, ʯʴʷ ʛʣʫʙʦʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʘʫʪʝʥʪʠʯʥʦʩʪʴ ʠ ʠʩʪʦʨʠʯʝʩʢʫʶ ʜʦʩʪʦ-

ʚʝʨʥʦʩʪʴ [1].  

ʍʘʢʘʩʠʷ, ʦʙʣʘʜʘʶʱʘʷ ʫʥʠʢʘʣʴʥʳʤ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʤ ʠ ʵʪʥʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʩʣʝʜʠʝʤ, ʦʩʪʨʦ ʥʫʞʜʘʝʪʩʷ ʚ ʪʦʯ-

ʢʘʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʠ ʢʦʤʧʝʪʝʥʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʚʦʝʡ ʢʫʣʴʪʫʨʳ ʜʣʷ ʨʘʩʪʫʱʝʛʦ ʧʦʪʦʢʘ ʪʫʨʠʩʪʦʚ [2], 

ʪʝʘʪʨ ʢʘʢ ʠʜʝʦʣʦʛ ʤʦʞʝʪ ʚʳʩʪʫʧʠʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʝ ʦʪʚʣʝʢʘʷ ʪʚʦʨʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪ ʧʦʩʪʘʥʦ-

ʚʦʯʥʦʡ ʨʘʙʦʪʳ. 

ʕʪʥʦʢʫʣʴʪʫʨʥʳʡ ʧʘʨʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʤʝʩʪʠʪʴ ʧʦ ʘʜʨʝʩʫ: ʛ. ɸʙʘʢʘʥ, ʫʣ. ɸʚʠʘʪʦʨʦʚ, ʜ. 3, ʟʘʥʠʤʘʷ ʪʝʨʨʠ-

ʪʦʨʠʶ ʧʣʦʱʘʜʴʶ 0,5 ʛʝʢʪʘʨʘ (ʨʠʩ. 1). ʋʯʘʩʪʦʢ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʙʫʜʫʱʝʛʦ ʟʜʘʥʠʷ ʪʝ-
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ʘʪʨʘ, ʯʪʦ ʩʦʟʜʘʩʪ ʝʜʠʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʢʫʣʴʪʫʨʥʳʡ ʢʦʤʧʣʝʢʩ. ʊʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ï ʚʦʩʴʤʦʡ ʤʠʢ-

ʨʦʨʘʡʦʥ ʧʝʨʚʦʛʦ ʞʠʣʦʛʦ ʨʘʡʦʥʘ ɸʙʘʢʘʥʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʫʜʦʙʥʫʶ ʪʨʘʥʩʧʦʨʪʥʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʞʠʪʝʣʝʡ ʠ 

ʛʦʩʪʝʡ ɸʙʘʢʘʥʘ, ʘ ʢʦʤʧʘʢʪʥʘʷ ʠ ʧʨʦʜʫʤʘʥʥʘʷ ʧʣʘʥʠʨʦʚʢʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦʟʚʦʣʠʪ ʨʘʮʠʦʥʘʣʴʥʦ ʨʘʟʤʝʩʪʠʪʴ ʚʩʝ 

ʢʣʶʯʝʚʳʝ ʟʦʥʳ ʧʘʨʢʘ ï ʦʪ ʠʩʪʦʨʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʜʦ ʚʳʩʪʘʚʦʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. 

 

ʈʠʩ. ʉʠʪʫʘʮʠʦʥʥʳʡ ʧʣʘʥ ʨʘʩʧʦʣʦʞʝʥʠʷ. 

ʂʦʥʮʝʧʮʠʷ ʧʘʨʢʘ çʂʦʯʝʚʴʝ ʭʘʢʘʩʩʢʦʛʦ ʙʦʛʘʪʳʨʷè ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʥʘ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʪʝʘʪʨʫ ʪʝʨ-

ʨʠʪʦʨʠʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʟʦʥ. ʇʝʨʚʦʡ ʪʦʯʢʦʡ ʧʦʛʨʫ-

ʞʝʥʠʷ ʩʪʘʥʝʪ ʟʦʥʘ ʠʩʪʦʨʠʯʝʩʢʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʛʜʝ ʙʫʜʫʪ ʨʘʩʧʦʣʦʞʝʥʳ ʧʘʚʠʣʴʦʥʳ, ʠʥʪʝʨʧʨʝʪʠʨʫʶʱʠʝ ʶʨʪʳ, 

ʩ ʧʘʥʦʨʘʤʥʳʤʠ ʩʪʝʥʘʤʠ [3], ʠ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʘʩʧʝʢʪ ʞʠʟʥʠ ʢʦʯʝʚʥʠʢʘ: ʚ ʦʜ-

ʥʦʡ ʙʫʜʝʪ ʨʘʟʤʝʱʝʥʘ ʵʢʩʧʦʟʠʮʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʩʪʶʤʦʚ ʠ ʫʢʨʘʰʝʥʠʡ, ʚ ʜʨʫʛʦʡ ï ʩʦʙʨʘʥʠʝ ʧʨʝʜʤʝʪʦʚ ʙʳʪʘ. 

ʄʝʞʜʫ ʶʨʪʘʤʠ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʘ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʚʳʩʪʘʚʢʘ, ʚ ʚʠʜʝ ʧʠʩʘʥʠʮ, ʘ ʪʘʢʞʝ ʟʦʥ, ʧʦʩʚʷʱʝʥʥʳʭ ʰʘʤʘ-

ʥʠʟʤʫ ʠ ʤʠʬʦʣʦʛʠʠ, ʛʜʝ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ï ʘʫʜʠʦʛʠʜʦʚ ʠ QR-ʢʦʜʦʚ ʩ ʜʦʩʪʫʧʦʤ ʢ ʥʘʫʯʥʦ 

ʚʳʚʝʨʝʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʛʦʩʪʠ ʩʤʦʛʫʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʥʬʦʨʤʘʮʠʝʡ [4]. ɺʪʦʨʦʡ ʪʦʯʢʦʡ ʚʦʚʣʝ-

ʯʝʥʠʷ ʩʪʘʥʝʪ ʣʝʢʮʠʦʥʥʦ-ʜʝʛʫʩʪʘʮʠʦʥʥʳʡ ʧʘʚʠʣʴʦʥ çɸʡʨʘʥè, ʵʢʩʧʝʨʪʳ-ʵʪʥʦʛʨʘʬʳ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴ ʛʘʩʪʨʦʥʦ-

ʤʠʯʝʩʢʠʝ ʤʘʩʪʝʨ-ʢʣʘʩʩʳ ʠ ʣʝʢʮʠʠ ʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʘʭ ʠ ʠʭ ʨʦʣʠ ʚ ʢʫʣʴʪʫʨʝ ʧʠʪʘʥʠʷ ʢʦʯʝʚʥʠʢʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʛʦʩʪʷʤ ʧʦʥʷʪʴ ʠʭ ʢʫʣʴʪʫʨʥʳʡ ʢʦʥʪʝʢʩʪ.  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʵʪʥʦʧʘʨʢʘ ʙʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ ʩʢʫʣʴʧʪʫʨʳ ʢʦʯʝʚʦʛʦ ʥʘʨʦʜʘ ʠʟ ʤʝʪʘʣʣʘ ʩ ʢʘʤʝʥʥʳʤʠ ʚʩʪʘʚʢʘ-

ʤʠ ï ʵʪʦ ʩʪʠʣʠʟʦʚʘʥʥʳʝ ʬʠʛʫʨʳ ʯʝʣʦʚʝʢʘ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʜʝʞʜʝ: ʞʠʪʝʣʠ ʧʦʩʝʣʝʥʠʷ, ʰʘʤʘʥ ʩ ʙʫʙʥʦʤ, ʦʭʦʪʥʠʢ 

ʩ ʣʫʢʦʤ ʠʣʠ ʩʢʘʟʠʪʝʣʴ, ʠʛʨʘʶʱʠʡ ʥʘ ʯʘʪʭʘʥʝ. ʉʢʫʣʴʧʪʫʨʳ, ʩʦʟʜʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʮʠʦʥʘʣʴʥʳʭ ʦʨʥʘ-

ʤʝʥʪʦʚ, ʙʫʜʫʪ ʥʝ ʪʦʣʴʢʦ ʫʢʨʘʰʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʦ ʠ ʟʥʘʢʦʤʠʪʴ ʛʦʩʪʝʡ ʩ ʢʫʣʴʪʫʨʦʡ ʭʘʢʘʩʩʢʦʛʦ ʥʘʨʦʜʘ, ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʷʚʣʷʷʩʴ ʵʬʬʝʢʪʥʳʤʠ ʬʦʪʦʟʦʥʘʤʠ, ʩʦʟʜʘʶʱʠʤʠ ʫʥʠʢʘʣʴʥʫʶ ʘʪʤʦʩʬʝʨʫ ʤʝʩʪʘ. 

ʉʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʣʷ ʪʝʘʪʨʘ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʤʦʱʥʦʛʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʙʨʝʥʜʘ ʠ ʠʩʪʦʯʥʠʢʘ ʩʪʘʙʠʣʴʥʦʛʦ ʚʥʝʙʶʜʞʝʪʥʦʛʦ ʜʦʭʦʜʘ, ʘ ʪʘʢʞʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʦʛʦ ʢʘʥʘʣʘ ʧʨʠʚʣʝʯʝʥʠʷ 

ʟʨʠʪʝʣʝʡ: ʪʫʨʠʩʪ, ʧʦʩʝʪʠʚʰʠʡ ʧʘʨʢ ʠ ʧʨʦʥʠʢʰʠʡʩʷ ʘʪʤʦʩʬʝʨʦʡ ʢʫʣʴʪʫʨʳ, ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʭʦʯʝʪ 

ʧʨʦʜʦʣʞʠʪʴ ʧʦʛʨʫʞʝʥʠʝ ʯʝʨʝʟ ʚʳʩʦʢʦʝ ʠʩʢʫʩʩʪʚʦ, ʧʨʠʦʙʨʝʪʷ ʙʠʣʝʪ ʥʘ ʩʧʝʢʪʘʢʣʴ ʦʩʥʦʚʥʦʡ ʘʬʠʰʠ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʠʥʠʮʠʠʨʫʷ ʩʦʟʜʘʥʠʝ ʵʪʥʦ-ʧʘʨʢʘ ʢʘʢ ʦʪʜʝʣʴʥʦʛʦ ʶʨʠʜʠʯʝʩʢʦʛʦ ʣʠʮʘ ʠʣʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʪʝʘʪʨ ʊʦʧʘʥʦʚʘ ʥʝ 

ʪʦʣʴʢʦ ʫʢʨʝʧʠʪ ʩʚʦʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ, ʥʦ ʠ ʚʳʧʦʣʥʠʪ ʚʘʞʥʝʡʰʫʶ ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʫʶ ʤʠʩʩʠʶ, ʩʦʟʜʘʚʘʷ 

ʜʣʷ ʭʘʢʘʩʩʢʦʡ ʢʫʣʴʪʫʨʳ ʥʦʚʫʶ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʠ ʜʦʩʪʫʧʥʫʶ ʧʣʦʱʘʜʢʫ, ʩʫʱʝʩʪʚʫʶʱʫʶ ʚ ʩʠʤʙʠʦʟʝ, ʥʦ ʥʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʘʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʨʘʙʦ-

ʪʘʶʱʝʡ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʘ ʧʨʠʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʢʘʟʘʥʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʣʘʜʦʩʪʦʡʢʦʩʪʴ, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʪʠʤʠʟʘʮʠʷ, ʢʨʠʪʝʨʠʡ, ʩʪʨʫʢʪʫʨ-

ʥʳʡ ʩʦʩʪʘʚ ʤʝʪʘʣʣʘ. 
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MATHEMATICAL METHODS  FOR ASSESSING THE COOLING AND CRACKING R ESISTANCE OF 

BUILDING EQUIPMENT P ARTS 

ɸ.V. Karaseva 
Katanov Khakass State University,ave. Lenin, 90, 655017, Abakan, Russia, arbaiten.09@mail.ru 

Methods of mathematical modeling for assessing the reliability of construction equipment operating at low temperatures are 

analyzed. Mathematical models for predicting cold resistance and crack resistance are shown using multi-criteria optimization 

methods. 

Keywords: cold resistance, crack resistance, mathematical model, optimization, criterion, structural composition of metal. 

ʅʘʜʝʞʥʦʩʪʴ ʜʝʪʘʣʝʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʩʦ-

ʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʨʘʟʨʫʰʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʚ ʨʝʘʣʴʥʳʭ ʜʝʪʘʣʷʭ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʧʦʣ-

ʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʪʨʝʱʠʥ ʥʝʚʦʟʤʦʞʥʦ, ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ 

ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʪʨʝʱʠʥ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʠʟʜʝʣʠʷ. ʀʟ-

ʚʝʩʪʥʦ, ʯʪʦ ʠʟʜʝʣʠʷ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʪʨʝʱʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʚ ʜʝʪʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʧʦʣʫʯʝʥʠʷ ʠ ʚ 

ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ. ʇʦʵʪʦʤʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʝʪʘʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʥʝʨʛʦʝʤʢʦ-

ʩʪʴʶ ʧʨʦʮʝʩʩʘ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥʳ. ʉʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚʳʜʝʨʞʠʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚʙʣʠʟʠ 

ʪʨʝʱʠʥ, ʥʝ ʜʦʧʫʩʢʘʷ ʠʭ ʨʦʩʪʘ, ʥʘʟʳʚʘʝʪʩʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴʶ ʠʣʠ ʚʷʟʢʦʩʪʴʶ ʨʘʟʨʫʰʝʥʠʷ. 

ʊʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʠ ʭʣʘʜʦʩʪʦʡʢʦʩʪʴ ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʧʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʫʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʠʰʴ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝ-

ʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʚʦ ʚʪʦʨʦʤ ï ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʦʩʣʘʙʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʨʘʙʦʪʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [1; 2]. 

ʇʦʩʢʦʣʴʢʫ ʭʨʫʧʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʚʷʟʘʥʘ ʩ ʟʘʪʨʫʜʥʝʥʥʦʩʪʴʶ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʫʤʝʥʴʰʘʶʱʝʡ ʚʳ-

ʩʦʢʠʝ ʣʦʢʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʙʣʠʟʠ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ, ʪʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʦ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝ-

ʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʩʢʣʦʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ʆʜʥʘʢʦ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʧʝʨʝʜ 

ʨʘʟʨʫʰʝʥʠʝʤ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʚʠʜʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ, ʩʢʦʨʦʩʪʠ ʥʘʛʨʫʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʨʘʟʤʝʨʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʜʝʣʠʡ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʨʫʧʧʫ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ [2]. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦ ʟʘʜʘʯʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʦʧʪʠʤʠʟʘʮʠʠ), ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʦʜʠʥ, ʘ ʥʝʩʢʦʣʴʢʦ ʢʨʠʪʝʨʠʝʚ, ʘ ʜʣʷ 

ʝʝ ʨʝʰʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʧʦʠʩʢʘ ʇʘʨʝʪʦ ï ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. ʂʨʠʪʝʨʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʷʚʣʷʶʪʩʷ ʨʘʚʥʦʟʥʘʯʥʳʤʠ. ʇʦ ʢʘʞʜʦʤʫ ʠʟ ʚʘʨʠʘʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʢʨʠʪʝʨʠʝʚ. ʇʨʝʜʩʪʘʚʠʤ ʤʥʦ-

ʞʝʩʪʚʦ ʦʮʝʥʦʢ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʨʠʪʝʨʠʝʚ (ʨʠʩ.1) [3]. 

 

ʈʠʩ.1. ʀʣʣʶʩʪʨʘʮʠʷ ʧʦʠʩʢʘ ʇʘʨʝʪʦ ï ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ: 

ʂ1 ʠ ʂ2 ï ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ; Y = {y1, y2, é, ym} ï ʤʥʦʞʝʩʪʚʦ ʦʮʝʥʦʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝ-

ʥʠʷ; ʂ11, ʂ12, é , ʂ1m ï ʟʥʘʯʝʥʠʷ ʧʝʨʚʦʛʦ ʢʨʠʪʝʨʠʷ ʜʣʷ 1, 2, é , m ï ʛʦ ʚʘʨʠʘʥʪʘ ʨʝʰʝʥʠʷ; ʂ21, ʂ22, é , ʂ2m ï ʟʥʘʯʝʥʠʷ 

ʚʪʦʨʦʛʦ ʢʨʠʪʝʨʠʷ ʜʣʷ 1, 2, é , m ï ʛʦ ʚʘʨʠʘʥʪʘ ʨʝʰʝʥʠʷ; P(Y) ï ʤʥʦʞʝʩʪʚʦ ʇʘʨʝʪʦ ï ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ ʨʝʰʝʥʠʡ. 

ʄʥʦʞʝʩʪʚʦ ʇʘʨʝʪʦ ï ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ P(Yô) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʩʝʚʝʨʦ ï ʚʦʩʪʦʯʥʫʶè ʛʨʘʥʠʮʫ ʤʥʦʞʝ-

ʩʪʚʘ Y ʙʝʟ ʪʝʭ ʝʛʦ ʯʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʘʨʘʣʣʝʣʴʥʳ ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ ʠʣʠ ʣʝʞʘʪ ʚ çʛʣʫʙʦʢʠʭè ʧʨʦʚʘʣʘʭ. 

ʇʘʨʝʪʦ ï ʵʬʬʝʢʪʠʚʥʳʝ ʦʮʝʥʢʠ ʩʦʩʪʦʷʪ ʠʟ ʪʦʯʝʢ ʢʨʠʚʦʡ (bc), ʠʩʢʣʶʯʘʷ ʪʦʯʢʫ (c), ʠ ʣʠʥʠʠ (de).  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ: ʢʨʠʪʝʨʠʠ ʨʘʚʥʦʟʥʘʯʥʳ;  ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʙʲʝʢʪʠʚʝʥ. ʅʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʘ: ʦʜʥʦ 

ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʪ. ʝ. ʢʦʣʠʯʝʩʪʚʦ ʇʘʨʝʪʦ ï ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʦʜʥʦʛʦ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʨʠʚʝʜʝʤ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʜʝʪʘʣʝʡ ʵʢʩʢʘʚʘʪʦʨʦʚ ʧʦ ʜʚʫʤ 

ʧʦʢʘʟʘʪʝʣʷʤ: ʢʨʠʪʝʨʠʷʤ ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʚʫʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ: ʚʠʜʘ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʢʦʨʦʩʪʠ ʥʘʛʨʫʞʝʥʠʷ ʠ ʜʚʫʭ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ: ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʘ ʠ 
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ʚʠʜʘ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʮʝʥʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ 11 ï ʙʘʣʴʥʦʡ ʰʢʘʣʝ ʦʪ 0 ʜʦ 10. ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ  

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1  

ʆʮʝʥʢʘ ʜʝʪʘʣʝʡ ʵʢʩʢʘʚʘʪʦʨʦʚ ʧʦ ʢʨʠʪʝʨʠʷʤ ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 

ʂʨʠʪʝʨʠʠ 
ʆʮʝʥʢʠ (ʙʘʣʣʳ) ʜʣʷ ʜʝʪʘʣʝʡ ʵʢʩʢʘʚʘʪʦʨʦʚ 

ʉ1 ʉ2 ʉ3 ʉ4 ʉ5 ʉ6 ʉ7 ʉ8 ʉ9 ʉ10 

ʍʣʘʜʦʩʪʦʡʢʦʩʪʠ 6 4 10 3 10 0 2 4 6 7 

ʊʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 6 2 1 7 4 4 10 4 8 2 

ʇʨʝʜʩʪʘʚʠʤ ʤʥʦʞʝʩʪʚʦ ʦʮʝʥʦʢ ʚʘʨʠʘʥʪʦʚ ʜʝʪʘʣʝʡ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʇʘʨʝʪʦ (ʨʠʩ. 2).  

 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʧʦʠʩʢʘ ʇʘʨʝʪʦ ï ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ 

ʕʬʬʝʢʪʠʚʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʚʘʨʠʘʥʪʳ ʉ5, ʉ7 ʠ ʉ9. 

ɼʨʫʛʦʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ï ʵʪʦ ʤʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʙʱʝʥʥʦʛʦ 

(ʠʥʪʝʛʨʘʣʴʥʦʛʦ) ʢʨʠʪʝʨʠʷ [3].  ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʘʩʪʥʳʝ ʢʨʠʪʝʨʠʠ ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘ-

ʟʦʤ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʠʥ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ, ʘ ʟʘʪʝʤ ʥʘʭʦʜʠʪʩʷ ʤʘʢʩʠʤʫʤ ʠʣʠ ʤʠʥʠʤʫʤ ʜʘʥʥʦʛʦ ʢʨʠʪʝ-

ʨʠʷ.  ɽʩʣʠ ʦʙʲʝʜʠʥʝʥʠʝ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʦʙʲʝʢʪʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʠ ʢʨʠʪʝʨʠʷ ʦʙʦʙʱʝʥʥʦʛʦ, ʪʦ ʪʦʛʜʘ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʢʦʨʨʝʢʪʥʦ. ʅʦ ʪʘʢʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʦʩʫʱʝʩʪʚʠʪʴ 

ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʦʙʱʝʥʥʳʡ ʢʨʠʪʝʨʠʡ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ ʯʠʩʪʦ ʬʦʨʤʘʣʴʥʦ-

ʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʯʘʩʪʥʳʝ ʢʨʠʪʝʨʠʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ 

ʦʙʦʙʱʝʥʥʳʡ ʢʨʠʪʝʨʠʡ ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʦʙʦʙʱʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ:  ʘʜʜʠʪʠʚʥʳʡ ʢʨʠʪʝʨʠʡ, ʤʫʣʴʪʠʧʣʠ-

ʢʘʪʠʚʥʳʡ ʢʨʠʪʝʨʠʡ ʠ ʤʘʢʩʠʤʠʥʥʳʡ (ʤʠʥʠʤʘʢʩʥʳʡ) ʢʨʠʪʝʨʠʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʘʜʜʠʪʠʚʥʦʛʦ ʢʨʠʪʝʨʠ.̫ ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  

                                          (1) 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʜʠʥʷʝʤʳʭ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ; ʉi ï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ iï ʛʦ ʯʘʩʪʥʦʛʦ ʢʨʠʪʝʨʠʷ; Fi(X) 

ï ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ  iï ʛʦ ʯʘʩʪʥʦʛʦ ʢʨʠʪʝʨʠʷ; Fi
0
(X)  ï iï ʡ ʥʦʨʤʠʨʫʶʱʠʡ ʜʝʣʠʪʝʣʴ; fi(X) ï ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʟʥʘ-

ʯʝʥʠʝ iï ʛʦ ʯʘʩʪʥʦʛʦ ʢʨʠʪʝʨʠʷ.  

ʏʘʩʪʥʳʝ ʢʨʠʪʝʨʠʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʠ ʧʦʵʪʦʤʫ ʨʘʟʣʠʯʥʫʶ ʨʘʟʤʝʨʥʦʩʪʴ. ɸ ʟʥʘʯʠʪ ʧʨʦ-

ʩʪʦ ʩʫʤʤʠʨʦʚʘʪʴ ʠʭ ʥʝʢʦʨʨʝʢʪʥʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʧʨʝʜʳʜʫʱʝʡ ʬʦʨʤʫʣʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʜʝʣʷʪʩʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʥʦʨʤʠʨʫʶʱʠʝ ʜʝʣʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʥʘʟʥʘʯʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

1) ʚ ʢʘʯʝʩʪʚʝ ʥʦʨʤʠʨʫʶʱʠʭ ʜʝʣʠʪʝʣʝʡ ʧʨʠʥʠʤʘʶʪʩʷ ʜʠʨʝʢʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ ʢʨʠʪʝʨʠʝʚ, ʟʘ-

ʜʘʥʥʳʝ ʟʘʢʘʟʯʠʢʦʤ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ, ʷʚʣʷʶʪʩʷ ʦʧʪʠ-

ʤʘʣʴʥʳʤʠ ʠʣʠ ʥʘʠʣʫʯʰʠʤʠ.  

2) ʚ ʢʘʯʝʩʪʚʝ ʥʦʨʤʠʨʫʶʱʠʭ ʜʝʣʠʪʝʣʝʡ ʧʨʠʥʠʤʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ (ʤʠʥʠʤʘʣʴʥʳʝ) ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ, ʜʦ-

ʩʪʠʛʘʝʤʳʝ ʚ ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ.  

ʈʘʟʤʝʨʥʦʩʪʠ ʩʘʤʠʭ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʦʨʤʠʨʫʶʱʠʭ ʜʝʣʠʪʝʣʝʡ ʦʜʠʥʘʢʦʚʳ, ʧʦʵʪʦʤʫ ʚ 

ʠʪʦʛʝ ʦʙʦʙʱʝʥʥʳʡ ʘʜʜʠʪʠʚʥʳʡ ʢʨʠʪʝʨʠʡ ʧʦʣʫʯʘʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʦʡ ʚʝʣʠʯʠʥʦʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʜʝʪʘʣʝʡ ʵʢʩʢʘʚʘʪʦ-

ʨʦʚ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʙʱʝʥʥʦʛʦ (ʠʥʪʝʛʨʘʣʴʥʦʛʦ) ʘʜʜʠʪʠʚʥʦʛʦ ʢʨʠʪʝʨʠʷ. ʏʘʩʪʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʳʭ ʦʮʝʥʝʥʳ ʚʘʨʠʘʥʪʳ, ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʡ ʩʦʩʪʘʚ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʘ ʜʝʪʘʣʝʡ. ʆʙʘ ʢʨʠ-

ʪʝʨʠʷ çʨʘʙʦʪʘʶʪè ʥʘ ʤʘʢʩʠʤʫʤ, ʪ. ʝ. ʥʘʠʣʫʯʰʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ʤʘʰʠʥʳ ʷʚʣʷʶʪʩʷ ʪʝ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʥʘʠʙʦʣʴʰʫʶ ʝʝ ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2.  



132 

ʊʘʙʣʠʮʘ 2 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ  

ʂʨʠʪʝʨʠʡ Fi ɺʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʉi 
ɿʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʝʚ 

ɺʘʨʠʘʥʪ 1 ɺʘʨʠʘʥʪ 2 ɺʘʨʠʘʥʪ 3 

ʭʣʘʜʦʩʪʦʡʢʦʩʪʴ 0,6 1 000 2 000 4 000 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ 0,4 1 500 1 000 500 

ɿʥʘʯʝʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ʘʜʜʠʪʠʚʥʦʛʦ ʢʨʠʪʝʨʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ. 

ʆʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 3 ʚʘʨʠʘʥʪ, ʪʘʢ ʢʘʢ ʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʘʜʜʠʪʠʚ-

ʥʦʛʦ ʢʨʠʪʝʨʠʷ.  

ʆʜʠʥ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʟʥʘʯʘʝʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢ. ʈʘʟ-

ʥʳʝ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʤʦʛʫʪ ʥʘʟʥʘʯʘʪʴ ʨʘʟʥʳʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʊʦ ʝʩʪʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʡ ʚʝʩʦʚʳʭ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʦʧʪʠʤʘʣʴʥʳʤ ʫʞʝ ʙʫʜʝʪ ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ: ʢʘʢ ʧʨʘʚʠʣʦ, ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ 

ʦʧʨʝʜʝʣʠʪʴ ʝʜʠʥʩʪʚʝʥʥʳʡ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ. ʅʝʜʦʩʪʘʪʢʠ: ʪʨʫʜʥʦʩʪʠ (ʩʫʙʲʝʢʪʠʚʠʟʤ) ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ; ʘʜʜʠʪʠʚʥʳʡ ʢʨʠʪʝʨʠʡ ʥʝ ʚʳʪʝʢʘʝʪ ʠʟ ʦʙʲʝʢʪʥʦʡ ʨʦʣʠ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠ ʧʦʵʪʦʤʫ ʚʳʩʪʫ-

ʧʘʝʪ ʢʘʢ ʬʦʨʤʘʣʴʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʨʠʝʤ; ʚ ʘʜʜʠʪʠʚʥʦʤ ʢʨʠʪʝʨʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʯʘʩʪʥʳʭ 

ʢʨʠʪʝʨʠʝʚ, ʪ. ʝ. ʫʤʝʥʴʰʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʢʦʤʧʝʥʩʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʜʨʫʛʦʛʦ ʢʨʠʪʝʨʠʷ.  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʩʭʦʜʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʥʘʯʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʦʩʪʦʷʥʠʡ ï ʟʘʜʘʯʘ ʥʝ ʬʦʨʤʘʣʠʟʫʝʤʘʷ. ɺ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʚʳʜʝʣʝ-

ʥʠʝ ʵʪʠʭ ʤʥʦʞʝʩʪʚ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷ. ʄʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʧʧʘʨʘʪ 

ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʵʪʠ ʤʥʦʞʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʚʠʜʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʝʝ ʧʝʨʠʦʜ ʩʫʱʝʩʪʚʦʚʘʥʠʷ (ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʷ). 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʟʘʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʦʠ-

ʪʝʣɹʥʦʡ ʪʝʭʥʠʢʠ ʚ ʟʠʤʥʠʭ ʫʩʣʦʚʠʷʭ. ʂʨʠʪʝʨʠʠ ʵʪʦʡ ʬʫʥʢʮʠʠ ï  ʭʣʘʜʦʩʪʦʡʢʦʩʪʴ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ; ʤʥʦʞʝ-

ʩʪʚʘ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʨʠʪʝʨʠʠ ï ʵʪʦ ʩʪʨʫʢʪʫʨʥʳʡ ʩʦʩʪʘʚ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ɼʣʷ 

ʚʳʜʝʣʝʥʠʷ ʵʪʠʭ ʤʥʦʞʝʩʪʚ ʤʦʛʫʪ ʙʳʪʴ  ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 
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ɿʦʣʦʰʣʘʢʦʚʳʝ ʦʪʭʦʜʳ (ɿʐʆ), ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʥʘ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ 

(ʨʠʩ.), ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ, ʚʢʣʶʯʘʷ ʛʝʦʧʦʣʠʤʝʨʳ. ʆʜʥʘʢʦ ʧʝʨʝʜ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʱʘʪʝʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʠ 

ʦʯʠʩʪʢʫ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʠ ʥʝʜʦʞʦʛʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʦʤʧʦʥʝʥʪʦʚ [1; 6].  

 

ʈʠʩ. ɿʦʣʦʦʪʚʘʣ ɸʨʪʝʤʦʚʩʢʦʡ ʊʕʎ 

ʇʨʦʤʳʚʢʘ ʠ ʧʨʦʩʝʠʚʘʥʠʝ ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʫʜʘʣʝʥʠʝ ʥʝʜʦʞʦʛʘ ʫʛʣʷ ʠ 

ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟ ɿʐʆ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʟʦʣʦʰʣʘʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʦʧʦʣʠʤʝʨʦʚ ʩ ʧʦ-

ʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ. 

ʅʘʧʨʠʤʝʨ, ʧʨʦʤʳʚʢʘ ʚʦʜʦʡ ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʢʦ ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʭʣʦʨʠʜʳ ʠ ʩʫʣʴʬʘʪʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ. ʇʨʦʩʝʠʚʘʥʠʝ ʞʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʬʨʘʢʮʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ, ʯʪʦ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʩʪʘʚʘ ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʩʤʝʩʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 950 ÁC, ʪʘʢ ʢʘʢ ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳ-

ʰʝʥʠʝ ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʘʢʪʠʚʥʦʩʪʠ ʟʦʣʳ-ʫʥʦʩʘ [1]. 

ɺʘʞʥʳʤ ʰʘʛʦʤ ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ɿʐʆ ʩʪʘʣʘ ʪʨʝʭʩʪʫʧʝʥʯʘʪʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʫʯʝʥʳʤʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ɼɺʌʋ). ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ 

ʦʪʭʦʜʦʚ ʥʘ ʬʨʘʢʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ ʥʝʜʦʞʦʛʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʢʘʣʦʨʠʡʥʦʝ ʪʦʧʣʠʚʦ ʠ 

ʧʝʩʯʘʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʚʣʝʯʝʥʠʝ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʞʝʣʝʟʦ ʠ ʘʣʶ-

ʤʠʥʠʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ. ʅʘʢʦʥʝʮ, ʪʨʝʪʴʷ ʩʪʘʜʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʨʦ-

ʠʟʚʦʜʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʛʝʦʧʦʣʠʤʝʨʳ. ʇʦ ʦʮʝʥʢʘʤ ʘʚʪʦʨʦʚ, ʜʦ 38 % ɿʐʆ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ, ʘ 20 % ï ʚ ʤʝʪʘʣʣʫʨʛʠʠ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ [2]. 

ɻʝʦʧʦʣʠʤʝʨʳ, ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʱʝʣʦʯʥʦʡ ʘʢʪʠʚʘʮʠʠ, ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʯ-

ʥʦʩʪʴʶ, ʩʪʦʡʢʦʩʪʴʶ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʚʝʱʝʩʪʚʘʤ ʠ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴʶ. ɺʢʣʶʯʝʥʠʝ ɿʐʆ ʚ ʩʦʩʪʘʚ ʛʝʦʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʨʠʮ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ, ʧʦʪʨʝʙʣʝʥʠʝ ʮʝʤʝʥʪʘ ʠ ʚʳʙʨʦʩʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʫ [3; 7]. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʤʝʪʦʜʳ ʧʣʦʪʥʦʩʪʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʪʜʝʣʷʪʴ ʤʠʥʝ-

ʨʘʣʴʥʳʝ, ʩʪʝʢʣʷʥʥʳʝ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʨʘʢʮʠʠ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʟʣʠʯʠʷʭ ʚ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ɿʐʆ, ʥʘʧʨʠʤʝʨ, ʧʣʦʪʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʄʘʪʝʨʠʘʣʳ ʩ ʧʣʦʪʥʦʩʪʴʶ ʤʝʥʝʝ 1 000 

ʢʛ/ʤ
3
 ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʦʛʜʘ ʢʘʢ ʬʨʘʢʮʠʠ ʩ ʧʣʦʪʥʦʩʪʴʶ ʚʳ-

ʰʝ 3000 ʢʛ/ʤ
3
 ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʳʨʴʝʤ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ï ʞʝʣʝʟʘ ʠ ʤʝʜʠ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠʤʝʥʝ-

ʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ, ʛʜʝ ʥʘʢʦʧʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ. ʇʨʝʜʚʘ-

ʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʧʨʦʤʳʚʢʫ ʠ ʩʫʰʢʫ, ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝ-

ʤʳʭ ʬʨʘʢʮʠʡ ʠ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [4]. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ɿʐʆ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʪʦʢʩʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (PTE) ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʤʝʣʢʠʝ 

ʬʨʘʢʮʠʠ (< 125 ʤʢʤ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ PTE, ʪʘʢʠʭ ʢʘʢ ʤʝʜʴ, ʮʠʥʢ, ʥʠʢʝʣʴ ʠ ʩʫʨʴʤʘ, ʯʪʦ 

ʪʨʝʙʫʝʪ ʠʥʪʝʥʩʠʚʥʦʡ ʦʯʠʩʪʢʠ. ɼʣʷ ʢʨʫʧʥʳʭ ʬʨʘʢʮʠʡ (> 1 ʤʤ) ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦʡ ʚʦʜʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʩʢʦʣʴʢʫ 

ʫʨʦʚʝʥʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʜʝʩʴ ʤʠʥʠʤʘʣʴʥʳʡ. ʅʘʧʨʠʤʝʨ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʜʠ ʚ ʣʝʡʢʘʪʘʭ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʤʦʞʝʪ 

ʧʨʝʚʳʰʘʪʴ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʚ 6 ʨʘʟ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝʚʦʟ-

ʤʦʞʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʜʝʣʝʥʠʝ ɿʐʆ ʥʘ ʪʨʠ ʛʨʫʧʧʳ ʧʦ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮ ï ʤʝʣʢʠʝ (< 125 ʤʢʤ), ʩʨʝʜʥʠʝ (125 

ʤʢʤ ï 1 ʤʤ) ʠ ʢʨʫʧʥʳʝ (> 1 ʤʤ) ï ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʧʦʜʛʦʪʦʚʢʠ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʳ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʯʠʩʪʢʠ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʛʝʦʧʦʣʠʤʝʨ-

ʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʚʢʣʶʯʘʶʪ ʧʨʦʤʳʚʢʫ, ʧʨʦʩʝʠʚʘʥʠʝ, ʧʣʦʪʥʦʩʪʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʥʦ ʠ ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ. ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝ-

ʨʘʙʦʪʢʠ, ʥʘʧʨʠʤʝʨ, ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʡ ʩʠʩʪʝʤ rɼɺʌʋ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɿʐʆ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʠ ʩʥʠʞʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʜʥʘʢʦ ʜʣʷ ʜʘʣʴʥʝʡ-
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ʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʧʪʠ-

ʤʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʠʟʫʯʝʥʠʝ ʜʦʣʛʦʩʨʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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This article is devoted to the study of the chemical composition of ash and slag waste generated in Primorsky Krai. The composi-

tion of these wastes varies significantly depending on the type of coal burned at local thermal power plants. This heterogeneity cre-

ates problems when using ash and slag in construction, as it requires a thorough analysis of each batch and adjustments to produc-

tion technologies. 

Keywords: geopolymers, ash and slag waste, rare earth elements, chemical composition. 

ʋʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʘʞʥʘʷ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ [1, ʩ. 23ï29]. ɿʦʣʦʦʪʚʘʣʳ ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʨʘʩʪʫʪ, ʧʦʛʣʦʱʘʷ ʚʩʝ ʥʦʚʳʝ ʪʝʨʨʠʪʦʨʠʠ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʠʰʴ ʤʘʣʘʷ ʜʦʣʷ (15 %) ʛʦʜʦʚʦʛʦ ʦʙʲʝʤʘ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ (ɿʐʆ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚʪʦʨʥʦ. 

ʅʠʟʢʠʡ ʧʨʦʮʝʥʪ ʫʪʠʣʠʟʘʮʠʠ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥ ʩ ʢʘʯʝʩʪʚʦʤ ʩʘʤʠʭ ɿʐʆ. ʉʫʱʝʩʪʚʫʶʪ ʩʪʨʦʛʠʝ ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝ-

ʙʦʚʘʥʠʷ ʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪʭʦʜʦʚ, ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʝʪʦʥʦʚ, ʮʝ-

ʤʝʥʪʘ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʨʦʛ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ. ʆʜʥʘʢʦ, ʥʝ ʚʩʝ ʟʦʣʦʰʣʘʢʦʚʳʝ ʦʪʭʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʪʠʤ ʩʪʘʥ-

ʜʘʨʪʘʤ, ʦʛʨʘʥʠʯʠʚʘʷ ʠʭ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [2]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʱʝʣʦʯʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚʢʣʶʯʘʷ ʛʝʦʧʦʣʠʤʝʨʳ, 

ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ [3]. ɼʣʷ ʦʮʝʥʢʠ ʧʨʠʛʦʜʥʦʩʪʠ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʪʨʦ-

ʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʘʢʦʛʦ 

ʚʠʜʘ ʦʪʭʦʜʦʚ [4; 5]. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ (ɿʐʆ) ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʘʨʠʘ-

ʪʠʚʥʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘ ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʨʝʛʠ-

ʦʥʘ. ʆʩʥʦʚʥʳʤʠ ʦʢʩʠʜʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʭʠʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ɿʐʆ, ʷʚʣʷʶʪʩʷ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ (SiO2), ʦʢ-

ʩʠʜ ʘʣʶʤʠʥʠʷ (Al2O3) ʠ ʦʢʩʠʜ ʞʝʣʝʟʘ (Fe2O3). ʉʦʜʝʨʞʘʥʠʝ SiO2 ʢʦʣʝʙʣʝʪʩʷ ʦʪ 37 % ʜʦ 66 %, Al2O3 ï ʦʪ 17,5 % 

ʜʦ 27,5 %, ʪʦʛʜʘ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ Fe2O3 ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ [6]. ʊʘʢʘʷ ʨʘʟʥʠʮʘ ʚ ʩʦʩʪʘʚʝ 

ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ 
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ʛʝʦʧʦʣʠʤʝʨʳ, ʛʜʝ ʩʦʦʪʥʦʰʝʥʠʝ Si/Al ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʜʣʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘʧʨʠʤʝʨ, ʦʧʪʠ-

ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 3,5ï4,0, ʯʪʦ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʩʚʷʟʝʡ ï Si-O-Si-, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʤʘʪʝʨʠʘʣʘ [7]. 

ɺʘʨʠʘʪʠʚʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ɿʐʆ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʫʛʣʷ, ʜʦʙʳʚʘʝʤʦʛʦ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʅʘʧʨʠʤʝʨ, ʦʙʨʘʟʮʳ ʠʟ ʈʘʡʯʠʭʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʜʝʨʞʘʪ 37 % SiO2 ʠ 25 % 

Al 2O3, ʪʦʛʜʘ ʢʘʢ ʤʘʪʝʨʠʘʣʳ ʠʟ ɸʨʪʝʤʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ï 56,7 % 

ʠ 27,5 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [6].  

ʕʪʠ ʨʘʟʣʠʯʠʷ ʩʦʟʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ɿʐʆ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʨʝʙʫʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʘʜʘʧʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʜ ʢʦʥ-

ʢʨʝʪʥʳʡ ʪʠʧ ʦʪʭʦʜʦʚ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʤʠʤʦ ʦʩʥʦʚʥʳʭ ʦʢʩʠʜʦʚ, ʚ ʩʦʩʪʘʚʝ ɿʐʆ ʚʳʷʚʣʝʥʳ ʤʠʢʨʦʵʣʝʤʝʥ-

ʪʳ, ʪʘʢʠʝ ʢʘʢ ʙʦʨ, ʤʦʣʠʙʜʝʥ, ʛʝʨʤʘʥʠʡ ʠ ʫʨʘʥ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠ-

ʤʝʥʝʥʠʷʭ [8]. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʶ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ) ʚ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʘʭ, 

ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʪʘʢʠʭ ʵʣʝ-

ʤʝʥʪʦʚ, ʢʘʢ ʩʢʘʥʜʠʡ (Sc), ʠʪʪʨʠʡ (Y), ʣʘʥʪʘʥ (La), ʮʝʨʠʡ (Ce) ʠ ʥʝʦʜʠʤ (Nd) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʥʘʧʨʠʤʝʨ, Sc ʥʘ 

ʫʨʦʚʥʝ 20,9 ppm ʠ Ce ï 82,51 ppm [9]. ʀʟʚʣʝʯʝʥʠʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʟʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʭʠ-

ʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʷ ʢʦʤʙʠʥʘʮʠʶ ʘʟʦʪʥʦʡ, ʩʦʣʷʥʦʡ ʠ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʝʧʝʥʴ 

ʠʟʚʣʝʯʝʥʠʷ ʙʦʣʝʝ 70 %. ʕʪʦʪ ʬʘʢʪ ʜʝʣʘʝʪ ɿʐʆ ʥʝ ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʤ ʩʳʨʴʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʜʦʙʳʯʠ ʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʫʩʠʣʠʚʘʷ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʠʭ ʧʝʨʝ-

ʨʘʙʦʪʢʠ. 

ʂʨʦʤʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ ɿʐʆ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɹʦʣʝʝ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠ-

ʯʝʥʠʶ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʨʝʘʛʝʥʪʘʤʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʦʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 63 ʤʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʧʫʮʮʦʣʘʥʦʚʫʶ 

ʨʝʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʧʨʦʯʥʦʩʪʠ ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ ʙʝʪʦʥʘ ʜʦ 73 ʄʇʘ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʦʪʥʦ-

ʰʝʥʠʠ SiO2/Al 2O3, ʨʘʚʥʦʤ 15,9 [7, 10]. ʆʜʥʘʢʦ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʩʚʦʶ ʨʦʣʴ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤ-

ʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʛʜʝ ʦʥʠ ʤʦʛʫʪ ʜʦʙʘʚʣʷʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʣʫʯʰʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ 

ʮʝʣʦʩʪʥʦʩʪʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ, ʚʢʣʶʯʘʷ ʠʭ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʦ-

ʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʬʘʢʪʦʨ, ʦʧʨʝʜʝʣʷʁ-

ʱʠʡ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʛʦʜʘ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʝʦʧʦʣʠʤʝʨʦʚ ʦʯʝʚʠʜʥʘ. 

ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʩʳʨʴʝ. ʉʪʦʠʤʦʩʪʴ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 

ʩʪʦʠʤʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʮʝʤʝʥʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʫʪʠʣʠʟʘʮʠʶ ʠ ʭʨʘ-

ʥʝʥʠʝ ʦʪʭʦʜʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʪʘʪʴʝʡ ʟʘʪʨʘʪ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʮʝʣʦʤ, ɿʐʆ ʦʙ-

ʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʦ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʦʪʭʦ-

ʜʦʚ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʚʣʝʯʝʥʠʷ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʈɿʕ, ʜʣʷ ʧʦʚʳ-

ʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ. 
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ʂʨʘʪʢʦ ʧʨʝʜʩʪʘʚʣʝʥ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʝʥ ʟʜʘʥʠʡ. ʆʪʤʝʯʝʥʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴ-
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ʛʘʟʦʙʝʪʦʥʘʭ ʧʨʠ ʠʭ ʧʝʨʝʭʦʜʝ ʦʪ D600 ʢ D400. ʇʝʨʝʯʠʩʣʝʥʳ ʧʨʠʯʠʥʳ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʝʥʦʙʝʪʦʥʦʚ 

ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʩʚʦʝʥʠʠ ʦʜʥʦʩʪʘʜʠʡʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʠʚʝʜʝʥʘ ʪʘʙʣʠʮʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʬʠʙʨʦʧʝʥʦʙʝʪʦ-

ʥʦʚ. 
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ONE-STAGE FOAM  CONCRETE TECHNOLOGY  IN SOLVING  URGENT BUILDING   

CONSTRUCTION PROBLEMS 

L.V. Morgun  
Don State Technical University, Gagarin Square,1, 344003, Rostov-on-Don, Russia, konst-lvm@yandex.ru 

The paper briefly describes the experience of using energy-saving multilayer walls in buildings. It highlights the preference for 

single-layer walls over multilayer walls. The paper explains the reasons for moisture accumulation in aerated concrete blocks as 

they transition from D600 to D400. The paper also discusses the reasons for improving the performance of foam concrete blocks 

through the practical implementation of a one-stage technology. The paper provides a table of the performance characteristics of 

fiber-reinforced foam concrete.  

Keywords: multilayer walls, aerated concrete, fiber-reinforced foam concrete. 

ɽʩʣʠ ʢʦʨʘʙʣʴ ʥʝ ʟʥʘʝʪ, ʚ ʢʘʢʦʡ ʧʦʨʪ ʦʥ ʥʘʧʨʘʚʣʷʝʪʩʷ, ʪʦ ʥʠ ʦʜʠʥ ʚʝʪʝʨ ʜʣʷ ʥʝʛʦ ʥʝ ʙʫʜʝʪ ʧʦʧʫʪʥʳʤ, ʛʦʚʦʨʠʣ 

ʝʱʝ ʉʝʥʝʢʘ. ʄʫʜʨʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʟʜʘʥʠʡ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʚʝʩʴ ʩʧʝʢʪʨ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʩʪʝʥ, ʪʦ ʬʦʨ-

ʤʘʣʴʥʦʝ ʠʭ ʩʦʯʝʪʘʥʠʝ ʧʨʠʚʝʜʝʪ ʢ ʤʠʥʠʤʠʟʘʮʠʠ ʠʣʠ ʧʦʣʥʦʡ ʫʪʨʘʪʝ ʪʨʝʙʫʝʤʦʛʦ ʧʨʘʢʪʠʢʦʡ ʨʝʟʫʣʴʪʘʪʘ.  

ʏʝʪʚʝʨʪʴ ʚʝʢʘ ʩʪʨʘʥʘ ʥʘʢʘʧʣʠʚʘʝʪ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʝʥ ʟʜʘʥʠʡ. ʀʟ 

ʥʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ: 

- ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʯʝʨʝʟ 5é10 ʣʝʪ 
ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʠʜʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1; 2]; 

- ʤʥʦʛʦʩʣʦʡʥʳʝ ʥʘʨʫʞʥʳʝ ʩʪʝʥʳ ʧʣʝʩʥʝʚʝʶʪ ʠʟ-ʟʘ ʥʘʢʦʧʣʝʥʠʷ ʚ ʥʠʭ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʚʣʘʛʠ ʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʪ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʧʦʤʝʱʝʥʠʷʤ, ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ [3]; 

- ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʥʦʛʦʩʣʦʡʥʳʭ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʫʩʪʫʧʘʝʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʦʜʥʦʩʣʦʡʥʳʭ [2]. 

ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʧʨʠʯʠʥʘʭ ʦʪʩʫʪʩʪʚʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʥʝʛʘʪʠʚʥʳʭ ʷʚʣʝʥʠʡ ʧʨʠ ʤʥʦʛʦʣʝʪʥʝʡ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʠʟ ʛʘʟʦʙʝʪʦʥʦʚ ʤʘʨʦʢ D600é700. ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʛʘʟʦʙʝ-

ʪʦʥʥʳʭ ʩʤʝʩʝʡ ʧʦʨʮʠʠ ʠ ʩʢʦʨʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʚʦʡ ʬʘʟʳ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʝʢʪ-

ʥʦʛʦ ʢʣʘʩʩʘ ʧʣʦʪʥʦʩʪʠ ʟʘʪʚʝʨʜʝʚʰʝʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʵʪʦʤʫ ʚ ʛʘʟʦʙʝʪʦʥʘʭ ʤʘʨʦʢ D600é700 ʛʘʟʦʚʳʝ ʧʦʨʳ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʣʢʠʝ ʠ ʟʘʤʢʥʫʪʳʝ, ʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʤʘʨʢʠ ʜʦ D400 ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʦʦʙʱʘʶʱʠʤʠʩʷ ʠ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ. 

ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʛʘʟʦʙʝʪʦʥʘ D400 ʠ ʥʠʞʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʙʣʠʮʦʚʢʦʡ ʠʟ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ ʧʨʠʚʦʜʠʪ ʢ 

ʩʠʩʪʝʤʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʚʣʘʛʠ ʚ ʩʪʝʥʘʭ. ʇʨʘʢʪʠʢʘ ʟʘʱʠʪʳ ʪʘʢʠʭ ʙʝʪʦʥʦʚ [2] ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʛʨʘʞʜʘʶʱʠʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩ ʧʦʤʦʱʴʶ ʧʘʨʦʠʟʦʣʷʮʠʠ ʧʦʢʘ ʥʝ ʧʨʠʚʝʣʘ ʢ ʜʦʩʪʠʞʝʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʬʬʝʢ-

ʪʘ. ʏʪʦ ʜʝʣʘʪʴ? 

ʆʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʦʜʥʦʩʪʘʜʠʡʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʝʥʦʙʝʪʦʥʘ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʟʘʤʢʥʫʪʫʶ ʧʦʨʠʩʪʦʩʪʴ ʚ ʛʘʟʦʥʘʧʦʣʥʝʥʥʦʤ ʙʝʪʦʥʝ ʣʶʙʦʡ ʤʘʨʢʠ ʠ ʪʨʝʙʫʝʤʫʶ ʧʨʘʢʪʠʢʦʡ ʤʦʨʦʟʦʩʪʦʡ-

ʢʦʩʪʴ ʩʪʝʥ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʭ ʦʜʥʦʩʣʦʡʥʳʤʠ [4]. 

ʆʜʥʦʩʪʘʜʠʡʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʠʩʧʝʨʩʥʦ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʘ  

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʀ. ɸ. ʃʦʙʘʥʦʚʘ ʚ ʢʦʥʮʝ 70-ʭ ï ʥʘʯʘʣʝ 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʝʛʦ ʫʯʝʥʠʢʘʤʠ 

ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʪʦʣʴʢʦ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ (ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʩʤʝʩʠʪʝʣʷʭ), ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʧʨʠʥʮʠʧʫ, ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ɹ. ʉ. ʄʦʩʘʢʦʚʳʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʦʜʥʦ-

ʩʪʘʜʠʡʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʝʥʦʙʝʪʦʥʥʳʝ ʩʤʝʩʠ ʜʠʩʧʝʨʩʥʦ ʘʨʤʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʚʦʣʦʢʦʥ ʠ 

ʫʯʠʪʳʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʘʥʠʦʥʘʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ), ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʧʝʥʦʦʙʨʘ-

ʟʦʚʘʪʝʣʝʡ, ʢ ʩʦʙʣʶʜʝʥʠʶ ʧʦʜʚʠʞʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ ʚ ʧʝʥʥʳʭ ʧʣʝʥʢʘʭ ʠ ʚ ʤʝʞʯʘʩʪʠʯʥʦʡ 

ʞʠʜʢʦʩʪʠ ʩʤʝʩʝʡ ʥʘ ʵʪʘʧʝ ʧʨʝʦʙʣʘʜʘʥʠʷ ʚʷʟʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ ʩʳʨʴʷ. ʋʯʝʪ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣ ʇɸɺ ʧʦʟʚʦʣʠʣ ʨʝʰʠʪʴ ʛʣʦʙʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʧʝʥʦʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ï ʩʢʣʦʥʥʦʩʪʴ ʢ 

ʫʪʨʘʪʝ ʜʠʩʧʝʨʩʥʦʡ ʛʘʟʦʚʦʡ ʬʘʟʳ ʠ ʨʘʩʩʣʦʝʥʠʶ ʥʘ ʵʪʘʧʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ çʠʟ ʚʷʟʢʦʛʦ ʚ ʫʧʨʫʛʦʝè. ʉʚʦʡʩʪʚʘ 

ʦʜʥʦʩʪʘʜʠʡʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʜʠʩʧʝʨʩʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ ʧʝʥʦʙʝʪʦʥʦʚ (ʌʇɹ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʘʟʦʙʝʪʦʥʦʤ (ɻɹ), 

ʚʘʞʥʳʝ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʪʝʥʘʭ ʟʜʘʥʠʡ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʤʝʥʥʦ ʤʝʨʘ ʟʘʤʢʥʫʪʦʩʪʠ ʛʘʟʦʚʳʭ ʧʦʨ ʚ ʜʠʩʧʝʨʩʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ ʧʝ-

ʥʦʙʝʪʦʥʘʭ ʩʧʦʩʦʙʥʘ ʩʠʩʪʝʤʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʪʘʢʠʝ ʚʘʞʥʳʝ ʜʣʷ ʩʪʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʚʦʡʩʪʚʘ ʛʘʟʦ-
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ʥʘʧʦʣʥʝʥʥʦʛʦ ʙʝʪʦʥʘ, ʢʘʢ: ʨʘʚʥʦʚʝʩʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʩʳʱʝʥʠʷ ʧʦʨ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʦʡ, ʤʦʨʦ-

ʟʦʩʪʦʡʢʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʚʦʡʩʪʚʘ ʦʜʥʦʩʪʘʜʠʡʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʜʠʩʧʝʨʩʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ ʧʝʥʦʙʝʪʦʥʦʚ 

ɺʠʜ ʠ ʧʣʦʪ-

ʥʦʩʪʴ, 

ʢʛ/ʤ3 

ʇʨʦʯʥʦʩʪʴ, ʄʇʘ ʈʘʚʥʦʚʝʩʥʘʷ 

ʚʣʘʞʥʦʩʪʴ,  % ʧʦ 
ʦʙʲʝʤʫ 

ʤʘʩʩʝ 

ʂʦʵʬ. ʥʘʩʳ-

ʱʝ-ʥʠʷ ʧʦʨ 
ʩʦʨʙʠʨʦ-

ʚʘʥʥʦʡ ʚʣʘʛʦʡ 

ʄʦʨʦʟʦ-
ʩʪʦʡʢʦʩʪʴ 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ɺʪ/(ʤĀ0ʉ) 

ʧʨʠ ʩʞʘʪʠʠ 
ʨʘʩʪʷʞʝ-
ʥʠʝ ʧʨʠ 

ʠʟʛʠʙʝ 

ʩʫʭʦʛʦ 

ʜʣʷ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫ-
ʘʪʘʮʠʠ 

ɸ ɹ 

ɻɹ500 2,5ï3,5 ʅʝ ʥʦʨʤ. 4,0/8,0 0,102 15ï50 0,118 0,127 0,145 

ʌʇɹ 500 2.0ï3,5 1,0ï2,0 2,5/5,0 0,014 50ï75 0,088 0,12 0,15 

ʌʇɹ 600 2,5ï5,0 1,5ï2,5 2,9/4,8 0,023 ɹʦʣʝʝ 75 0,113 0,16 0,20 

ʌʇɹ 700 2,5ï7,0 1,5ï3,5 3,3/4,7 0,039 ɹʦʣʝʝ 100 0,142 0,18 0,21 

ʌʇɹ 800 3,0ï10,0 2,5ï4,0 4,0/5,0 0,055 ɹʦʣʝʝ 100 0,171 0,21 0,25 
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EFFECT OF MICROSILIC A WITH SUPERPLASTICI ZER ON THE TECHNOLOG ICAL PROPERTIES 

OF CONCRETE 

L. P. Nagruzova, D. V. Pirogov, I. V. Gerasimenko, A. S. Zurabov 
Katanov Khakass State University, 90 Lenin Avenue, 655000 Abakan, Russia 

The compositions of heavy concretes with microsilica have been studied, and the effects of microsilica on technological proper-

ties have been established: the density, the setting time, and the kinetics of the increase in plastic strength. 

Keywords: heavy concrete, superplasticizer, microsilica, cone sediment, density, and setting time. 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ çʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʍɻʋ ʠʤ ʅ. ʌ. ʂʘʪʘʥʦʚʘ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ (ʄʂɿ) ʛʦʨʦʜʘ 

ʇʝʨʤʠ ʄʂ-85 ˉ 1 ʠ ʄʂ-85 ˉ 2 ʚ ʙʝʪʦʥʥʳʭ ʩʤʝʩʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠ ̫ ʥʘ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ. ʄʠʢʨʦʢʨʝʤʥʝʟʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʡ ʤʘʪʝʨʠʘʣ, ʫʣʘʚʣʠʚʘʝ-

ʤʳʡ ʨʫʢʘʚʥʳʤʠ ʬʠʣʴʪʨʘʤʠ ʛʘʟʦʦʯʠʩʪʥʳʭ ʫʩʪʘʥʦʚʦʢ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʫʣʴ-

ʪʨʘʜʠʩʧʝʨʩʥʳʭ ʦʪʭʦʜʦʚ, ʩʦʛʣʘʩʥʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚ ʪʘʙʣʠʮʝ 1[1]. 

ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʄʘʨʢʘ  ʄʘʩʩʦʚʘʷ 
ʜʦʣʷ,  % 

ʄʘʩʩʦʚʘʷ 
ʜʦʣʷ ʚʦʜʳ,  % 

ʄʘʩʩʦʚʘʷ 
ʜʦʣʷ (ʧ.ʧ.ʧ),  % 

ʄʘʩʩʦʚʘʷ 
ʜʦʣʷ (SiO2),  % 

ʅʘʩʳʧʥʘʷ 
ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3  

ʄʘʩʩʘ ʥʝʪʪʦ, 
ʢʛ  

ʄʂ-85 ˉ 1  99,61 0,39  3 88,3  250-350  40  

ʄʂ-85 ˉ 2 99,5 0,5 2  92,7 150-250 30  

ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʜʘʥʥʳʝ ʦʙʨʘʟʮʳ ʦʜʠʥʘʢʦʚʳ, ʥʦ ʧʦ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʟʥʳʝ, ʪʘʢ ʄʂ-85 ˉ 1 ʩ 

ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ p = 250ï350 ʢʛ/ʤ
3
, ʘ ʄʂ-85 ˉ 2 ʩ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ p = 150ï250 ʢʛ/ʤ

3
. ʏʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ [2].  

ɺʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʨʤʘʣʴʥʦʡ ʛʫʩʪʦʪʳ ʮʝ-

ʤʝʥʪʥʦʛʦ ʪʝʩʪʘ, ʪʝʤ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʚʳʰʝ ʝʛʦ ʜʦʟʠʨʦʚʢʘ (ʪʘʙ. 2) [3]. 

ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʦʚ ʥʘʯʘʣʘ ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʥʘʨʘʩʪʘʥʠʷ 

ʝʛʦ ʧʣʘʩʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. ʀʜʝʥʪʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʠʥʝʪʠʢʠ ʥʘʨʘʩʪʘʥʠʷ ʧʣʘ-

ʩʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝ-

ʩʪʚʦ ʚʚʦʜʠʤʦʛʦ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ ʚ ʙʝʪʦʥʥʫʶ ʩʤʝʩʴ. ʋʩʪʘʥʦʚʣʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ ʦʪ ʢʦʣʠʯʝ-

ʩʪʚʘ ʮʝʤʝʥʪʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 10ï40 % (ʪʘʙ. 2). 



138 

ʊʘʙʣʠʮʘ 2 

ʆʧʪʠʤʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ ʚ ʙʝʪʦʥʥʫʶ ʩʤʝʩʴ. 

 ̄ ʂʦʣʠʯʝʩʪʚʦ ʢʨʝʤʥʝʟʝʤʘ ʅʦʨʤʘʣʴʥʘʷ ʛʫʩʪʦʪʘ,  % 

1 0 26,25 

2 10 28,50 

3 20 34,50 

4 30 38,75 

5 40 45,66 

ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʙʝʪʦʥʘ ʩ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʦʤ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʉʇ 1 ʠʟʤʝʥʷʝʪ ʢʘʨʪʠʥʫ. ʉʦʚʤʝʩʪʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʠ ʄʂɿ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʦʚ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ 

ʩʭʚʘʪʳʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʤʝʥʪʥʳʤʠ ʧʘʩʪʘʤʠ ʙʝʟ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʉʇ 1. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʉʘʆ ʚ ʦʙʨʘʟʮʘʭ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʪʚʝʨʜʝʥʠʷ 

ʠ ʜʦʟʠʨʦʚʢʠ ʄʂɿ. ʊʘʢʞʝ ʠʟʫʯʘʣʘʩʴ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʴ ʮʝʤʝʥʪʥʳʭ ʩʫʩʧʝʥʟʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʠʨʦʚʢʠ ʄʂ-85 

 ̄1 ʠ ʄʂ-85 ˉ 2. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʩʤʝʩʝʡ ʚʦ ʚʨʝʤʝʥʠ ʠ ʟʘʚʠʩʠʤʦʩʪʴ 

ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʠ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʞʝʩʪʢʦʩʪʴʶ ʧʦ ɻʆʉʊ 10181.1-2000, ʦʪ ʧʦʜʚʠʞʥʦʩʪʠ ʠʟʤʝʨʷʝʤʦʡ 

ʦʩʘʜʢʦʡ ʢʦʥʫʩʘ ʚʩʝʭ ʢʣʘʩʩʦʚ, ʦʧʨʝʜʝʣʷʣʠ ʧʣʦʪʥʦʩʪʴ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʩʨʘʟʫ ʧʦʩʣʝ ʟʘʤʝʩʘ ʠ ʯʝʨʝʟ 10 ʤʠʥ (ʨʠʩ.) [4] 

.              

                                                    ʘ)                                                            ʙ) 
ʈʠʩ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʘʜʢʠ ʢʦʥʫʩʘ (ʧʦʜʚʠʞʥʦʩʪʠ) ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ:  

ʘ ï ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʘʜʢʠ ʢʦʥʫʩʘ ʧʦʩʣʝ 10 ʤʠʥʫʪ ʟʘʤʝʩʘ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ; 

ʙ ï ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʘʜʢʠ ʢʦʥʫʩʘ ʩʨʘʟʫ ʧʦʩʣʝ ʟʘʤʝʩʘ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʤʝʩʠ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚʦʜʳ ʚ ʩʤʝʩʠʪʝʣʴ ʄʂ-

85 ˉ 1 ʠ ʄʂ-85 ˉ 2 ʚ ʩʫʭʦʤ ʚʠʜʝ, ʯʝʨʝʟ 10 ʤʠʥʫʪ ʩʪʨʝʤʠʪʝʣʴʥʦ ʪʝʨʷʶʪ ʧʦʜʚʠʞʥʦʩʪʴ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥ-

ʥʳʝ ʥʝʫʜʦʙʩʪʚʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʙʦʪ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʢʠʥʝʪʠʢʦʡ ʠʟʤʝʥʝʥʠʷ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ ʩʤʝʩʝʡ ʜʦ ʤʦ-

ʤʝʥʪʘ ʥʘʩʳʱʝʥʠʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʦʜʦʡ, ʢʦʪʦʨʳʡ ʥʘʩʪʫʧʘʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʠʨʦʚʢʠ ʄʂɿ 

ʯʝʨʝʟ 6-10 ʤʠʥʫʪ, ʧʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ [4]. 

ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʤʝʩʝʡ ʩ ʚʚʝʜʝʥʠʝʤ ʄʂ-85 ˉ 1 ʠ ʄʂ-85 ˉ 2 ʠ ʉʇ 1 ʧʦʜʚʠʞʥʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ ʠʟʤʝʥʷʝʪ-

ʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʢʦʥʩʠʩʪʝʥʮʠʠ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʚʦ ʚʨʝʤʝʥʠ ʦʢʘʟʘʣʘʩʴ ʦʜʥʠʤ ʠʟ ʨʝʰʘʶʱʠʭ ʬʘʢ-

ʪʦʨʦʚ, ʦʧʨʝʜʝʣʠʚʰʠʭ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʩ ʧʦʜʘʯʝʡ ʄʂɿ ʚ ʩʤʝʩʠʪʝʣʴ ʚ ʚʠʜʝ ʩʫʩʧʝʥʟʠʠ ʩ ʉʇ 1 ʠ ʃʉʊ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʚʝʜʝʥʠʝ ʃʉʊ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʙʝʪʦʥʥʳʝ ʩʤʝʩʠ ʩ ʫʣʴʪʨʘʜʠʩʧʝʨʩ-

ʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʦʙʣʘʜʘʶʪ ʣʫʯʰʝʡ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʴʶ, ʪʦ ʝʩʪʴ ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʪʠʢʩʦʪʨʦʧʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʯʝʤ ʦʙʳʯʥʳʝ ʩʤʝʩʠ ʪʘʢʦʡ ʞʝ ʧʦʜʚʠʞʥʦʩʪʠ.  ʇʨʠ ʵʪʦʤ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʝʡ ʜʦʣʠ ʟʘʤʝʱʝʥʥʦʛʦ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʦʤ ʮʝʤʝʥʪʘ. 

ʀʟʣʦʞʝʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʝ-

ʪʦʥʥʦʡ ʩʤʝʩʠ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ ʧʨʦʩʪʘ, ʥʝ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʘʚʪʦʥʦʤʥʘʷ ʟʘʛʨʫʟʢʘ ʄʂɿ, ʢʦʪʦʨʘʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʦʞʝʪ ʧʦʜʘʚʘʪʴʩʷ ʚ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ ʠʣʠ ʚ ʚʠʜʝ ʩʫʩʧʝʥʟʠʡ [4]. 

ʀʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʩ ʜʦʙʘʚʢʦʡ ʄʂ-85 ˉ 1 ʠ ʄʂ-85 ˉ 2 ʟʘʚʠʩʠʪ ʦʪ ʩʧʦ-

ʩʦʙʘ ʠʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʢʦʥʩʠʩʪʝʥʮʠʠ ʚʦ ʚʨʝʤʝʥʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʪʝʭ-

ʥʦʣʦʛʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʩʤʝʩʠʪʝʣʴ ʄʂ-85 ˉ 1 ʚ ʚʠʜʝ ʩʫʩʧʝʥʟʠʡ, ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʄʂ-85 ˉ 2. 

ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʄʂ-85 ˉ1 ʠ ʄʂ-85 ˉ2 ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʨʘʩʭʦʜʝ ʮʝʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦ-

ʣʫʯʠʪʴ ʧʨʠʨʦʩʪ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʦʚ ʦʪ 40 ʜʦ 70 %. ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʜʦʙʘʚʢʠ ʄʂɿ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʙʝʪʦʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʦʚ ʮʝʤʝʥʪʘ, ʧʨʠ ʪʦʤ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʩ ʄʂɿ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʦʙʳʯʥʦʛʦ ʙʝʪʦʥʘ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ɼʃʗ ʂʈʋʇʅʆʈɸɿʄɽʈʅʓʍ ʇʃʀʊ 

ʄ. ɸ. ʅʝʩʪʝʨʝʥʢʦ 
ʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʧʨ. ʇʦʙʝʜʳ, 13, 460018, ʛ. ʆʨʝʥʙʫʨʛ, ʈʦʩʩʠʷ, nesterenko_m_a@mail.ru  

ʂʨʫʧʥʦʨʘʟʤʝʨʥʳʝ ʧʣʠʪʳ ʜʣʠʥʦʡ ʦʪ 9,0 ʜʦ 18,0 ʤ ʧʨʠ ʠʭ ʰʠʨʠʥʝ 1,5ï3,0 ʤʝʪʨʘ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʧʦʢʨʳʪʠʷ ʠ ʧʝʨʝʢʨʳʪʠʡ ʟʜʘʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʨʠ ʚʩʝʭ ʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʣʦʩʢʦʩʪʥʳʤʠ ʥʝʩʫʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢ ʛʣʘʚʥʦʤʫ ʥʝʜʦʩʪʘʪʢʫ ʜʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʦʪʥʦʩʠʪʩʷ ʚʳʩʦʢʘʷ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʦʩʥʦʚʥʳʭ ʥʝʩʫʱʠʭ ʨʝʙʝʨ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʨʝʙʝʨ ʠʟ ʨʘʟʥʦʤʦʜʫʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʚʠʜʝ ʜʝʨʝʚʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʙʘʣʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʣʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʜʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʙʘʣʢʘ, ʩʦʚʤʝʱʝʥʥʘʷ ʧʣʠʪʘ, ʥʝʩʫʱʝʝ ʨʝʙʨʦ, 

ʨʘʟʥʦʤʦʜʫʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

RATIONAL TYPES OF ST EEL-WOOD COMPOSITE BEAMS  

M. A. Nesterenko 
Orenburg State University, ave. Pobedy, 13, 460018, Orenburg, Russia, nesterenko_m_a@mail.ru 

Large-panel slabs vranging in length from 9.0 to 18.0 meters and in width from 1.5 to 3.0 meters are widely used in domestic and 

international construction practice for vroofing and flooring systems vof various types of buildings. Despite their advantages over 

traditional planar vload-bearing elements, the main drawback of these structures is the high vmaterial consumption v(and thus high 

vself-weight) of their primary vsupporting ribs. To enhance their vtechnical and economic efficiency, a new rib design utilizing vma-

terials with different modulus of elasticity vhas been proposed, implemented as vsteel-timber composite beams. 

Keywords: low-rise construction, wood structures, beam, composite slab, stiffening rib, materials with different modulus of elas-

ticity 

ɺ ʤʘʣʦʵʪʘʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʨʫʧʥʦʨʘʟʤʝʨʥʳʝ ʩʦʚʤʝʱʝʥʥʳʝ ʧʣʠʪʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝ-

ʰʝʥʠʝʤ ʜʣʷ ʧʝʨʝʢʨʳʪʠʷ ʧʨʦʣʝʪʦʚ ʦʪ 9 ʜʦ 18 ʤʝʪʨʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʚʤʝʱʝʥʠʷ ʥʝʩʫʱʝʡ ʠ 

ʦʛʨʘʞʜʘʶʱʝʡ ʬʫʥʢʮʠʡ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʤʦʥʪʘʞʥʳʭ ʝʜʠʥʠʮ ʠ ʩʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʢʨʫʧʥʦʨʘʟʤʝʨʥʳʭ ʧʣʠʪ ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʡ çʥʘ ʧʨʦʣʝʪè ʩ ʠʭ ʦʧʠʨʘʥʠʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘ ʧʨʦʜʦʣʴʥʳʝ ʥʝʩʫʱʠʝ ʩʪʝʥʳ ʠʣʠ ʧʦʜʩʪʨʦʧʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʨʠ ʵʪʦʤ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʠʟʚʝʩʪʥʳʭ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ. ʆʪʤʝʯʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʥʩʪʨʫʢʮʠʷʤ 

ʦʩʥʦʚʥʳʭ ʥʝʩʫʱʠʭ ʨʝʙʝʨ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 80 % ʦʪ ʦʙʱʝʛʦ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʦʚ [1]. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʩʫʱʠʭ ʨʝʙʝʨ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ. 

ʇʦʪʝʥʮʠʘʣ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʪʦʣʴʢʦ ʤʘʪʝʨʠʘʣʳ ʠʟ ʜʨʝʚʝʩʠʥʳ ʠ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʨʝʙʝʨ (ʙʘʣʦʢ) ʩʦʚʤʝʱʝʥʥʳʭ ʧʣʠʪ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʧʦʣʫʯʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʵʬʬʝʢʪ ʚ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ, ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʚ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʨʝʙʝʨ ʨʘʟʣʠʯʥʳʭ ʧʦ ʧʨʠʨʦʜʝ ʤʘʪʝʨʠʘʣʦʚ [2].  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʙʘʣʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʦʢʘʟʘʥʘ ʧʨʘʢʪʠʢʦʡ ʦʪʝ-

ʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʗʨʢʠʤʠ ʧʨʠʤʝʨʘʤʠ, ʫʜʘʯʥʦ ʩʦʯʝʪʘʶʱʠʤʠ ʨʘʟʥʦʤʦʜʫʣʴʥʳʝ ʤʘʪʝʨʠʘ-

ʣʳ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʘʨʤʠʨʦʚʘʥʥʳʝ ʜʝʨʝʚʷʥʥʳʝ ʙʘʣʢʠ, ʜʝʨʝʚʦʙʝʪʦʥʥʳʝ ʧʨʦʣʝʪʥʳʝ 

ʩʪʨʦʝʥʠʷ, ʩʪʘʣʝʙʝʪʦʥʥʳʝ ʵʣʝʤʝʥʪʳ. ʅʦ ʜʘʞʝ ʠ ʚ ʵʪʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʢʘʞʜʦʛʦ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʦʟʜʘʥʠʶ ʵʣʝʤʝʥʪʦʚ ʩ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʪʠʧʘʤʠ ʧʦʧʝ-

ʨʝʯʥʳʭ ʩʝʯʝʥʠʡ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʝʱʝ ʙʦʣʝʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʈʘʮʠʦʥʘʣʴʥʦʩʪʴ ʧʦʧʝ-

ʨʝʯʥʳʭ ʩʝʯʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʪʦʥʢʠʭ ʩʪʝʥʦʢ, ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʷʩʘʭ, ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ ʦʪ ʥʝʡʪʨʘʣʴʥʦʡ ʦʩʠ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠʟʛʠʙʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʅʘʠʙʦʣʝʝ ʫʜʘʯʥʦʝ ʩʦʯʝʪʘʥʠʝ ʜʨʝʚʝʩʠʥʳ ʠ ʤʝʪʘʣʣʘ ʜʦʩʪʠʛʥʫʪʦ ʚ ʜʝʨʝʚʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʙʘʣʢʘʭ ʩ ʪʦʥʢʦʡ ʧʣʦʩ-

ʢʦʡ ʩʪʘʣʴʥʦʡ ʩʪʝʥʢʦʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʎʅʀʀʉʂ ʠʤ. ʂʫʯʝʨʝʥʢʦ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʷʩʦʚ ʧʨʠʤʝʥʝʥʘ ʢʘʢ ʜʨʝʚʝʩʠʥʘ, 

ʪʘʢ ʠ ʭʦʣʦʜʥʦʛʥʫʪʳʝ ʧʨʦʬʠʣʠ ʠʟ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ [3]. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ ʪʦʣʱʠʥʫ ʩʪʘʣʴʥʦʡ ʩʪʝʥʢʠ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʫʶ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟ-ʟʘ ʧʨʠʥʷʪʦʛʦ ʚʘʨʠʘʥʪʘ ʢʨʝʧʣʝʥʠʷ ʩʪʝʥʢʠ ʢ ʧʦʷʩʘʤ ʥʘ ʩʪʘʣʴʥʳʭ ʮʠʣʠʥ-

ʜʨʠʯʝʩʢʠʭ ʥʘʛʝʣʷʭ.  

ɹʦʣʝʝ ʚʳʛʦʜʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʥʝʩʫʱʠʭ ʨʝʙʝʨ ʩʦʚʤʝʱʝʥʥʳʭ ʢʨʫʧʥʦʨʘʟʤʝʨʥʳʭ ʧʣʠʪ ʷʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʥʘ ʢʘʬʝʜʨʝ çʉʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠè ʆɻʋ ʜʝʨʝʚʦʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʙʘʣʢʠ ʩʦ ʩʪʝʥʢʦʡ ʠ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʣʠʩʪʦʚ ʩ ʛʦʬʨʘʤʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʚʜʦʣʴ ʧʨʦʣʝʪʘ (ʨʠʩ. 1), ʟʘ ʩʯʝʪ ʯʝʛʦ 

ʩʪʝʥʢʠ ʤʦʛʫʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʢʘʢ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʪʘʢ ʠ ʞʝʩʪʢʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʮʝʣʦʤ [4]. ʂʨʦʤʝ ʵʪʦʛʦ, ʩʪʘʣʴʥʘʷ ʦʙʰʠʚʢʘ ʩ ʧʨʦʜʦʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʛʦʬʨ ʤʦʞʝʪ ʟʘʤʝʥʠʪʴ ʚ 

ʩʦʚʤʝʱʝʥʥʦʡ ʧʣʠʪʝ ʬʘʥʝʨʥʫʶ ʦʙʰʠʚʢʫ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʤʠʤʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʚʝʩʘ ʧʣʠʪʳ, ʪʘʢ ʢʘʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʤʝʥʥʦ ʪʦʥʢʦʩʪʝʥʥʳʝ ʛʦʬʨʠʨʦʚʘʥʥʳʝ ʦʙʰʠʚʢʠ. 

ʆʜʥʘʢʦ, ʩʦʝʜʠʥʝʥʠʝ ʜʨʝʚʝʩʠʥʳ ʩ ʤʝʪʘʣʣʦʤ ʧʨʠ ʧʦʤʦʱʠ ʛʚʦʟʜʝʡ ʠʣʠ ʩʘʤʦʥʘʨʝʟʘʶʱʠʭ ʚʠʥʪʦʚ ʠʤʝʝʪ ʦʧʨʝʜʝ-

ʣʝʥʥʫʶ ʧʦʜʘʪʣʠʚʦʩʪʴ. ʊʘʢʠʝ ʞʝ ʜʝʨʝʚʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʙʘʣʢʠ, ʥʦ ʩ ʘʨʤʠʨʦʚʘʥʥʳʤ ʜʝʨʝʚʷʥʥʦʤ ʢʘʨʢʘʩʦʤ (ʨʠʩ. 2) 

ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʞʝʩʪʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʚʢʣʝʝʥʥʳʝ ʚ ʧʦʷʩʘ ʊ ʠʣʠ 

ʇ-ʦʙʨʘʟʥʳʝ ʩʪʝʨʞʥʠ ʧʦʚʳʰʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʯʥʦʩʪʠ ʟʘ ʩʯʝʪ ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʥʘʜʝʞʥʦʩʪʠ ʟʘ ʩʯʝʪ ʢʣʝʝʚʦʡ 
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ʧʨʦʩʣʦʡʢʠ ʤʝʞʜʫ ʜʨʝʚʝʩʠʥʦʡ ʠ ʤʝʪʘʣʣʦʤ ʩʪʝʨʞʥʝʡ, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʟʘʢʨʝʧʠʪʴ ʪʦʥʢʠʝ ʩʪʘʣʴʥʳʝ ʦʙʰʠʚ-

ʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʩʪʝʨʞʥʷʤ, ʦʙʨʘʟʫʷ ʙʦʣʝʝ ʞʝʩʪʢʦʝ ʠ ʥʘʜʝʞʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ. 

 

ʈʠʩ. 1 ɼʝʨʝʚʦʤʝʪʘʣʣʠʯʝʩʢʘʷ ʙʘʣʢʘ ʩʦ ʩʪʝʥʢʦʡ ʠʟ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʣʠʩʪʦʚ  

ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ ʉʂ 

 

ʈʠʩ. 2 ɼʝʨʝʚʦʤʝʪʘʣʣʠʯʝʩʢʘʷ ʙʘʣʢʘ ʩ ʢʘʨʢʘʩʦʤ, ʘʨʤʠʨʦʚʘʥʥʳʤ ʊ-ʦʙʨʘʟʥʳʤʠ ʩʪʝʨʞʥʷʤʠ 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦ-

ʥʦʤʠʯʥʳʭ ʩʦʚʤʝʱʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʥʝʩʫʱʠʝ ʠ ʦʛʨʘʞʜʘʶʱʠʝ ʬʫʥʢʮʠʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʫʯʝʪʝ 

ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʦʙʰʠʚʢʠ ʠ ʨʝʙʝʨ ʧʣʠʪʳ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʥʝʡʪʨʘʣʴʥʦʡ ʦʩʠ. ʇʫʪʝʤ ʮʝʣʝʥʘʧʨʘʚ-

ʣʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʱʘʜʠ ʘʨʤʠʨʦʚʘʥʠʷ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʘʨʤʠʨʦʚʘ-

ʥʠʷ ʥʠʞʥʝʛʦ ʧʦʷʩʘ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʤʝʱʝʥʠʷ ʥʝʡʪʨʘʣʴʥʦʡ ʦʩʠ ʚ ʙʦʣʝʝ ʚʳʛʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ʇʦʤʠʤʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʣʦʱʘʜʠ ʘʨʤʠʨʦʚʘʥʠʷ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪ-

ʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʧʦʷʩʦʚ ʨʝʙʨʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʚʳʩʦʪʳ ʚʝʨʭʥʝ-

ʛʦ ʧʦʷʩʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʳʩʦʪʳ ʥʠʞʥʝʛʦ. ʉʦʯʝʪʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ï ʠʟʤʝʥʝʥʠʷ ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʛʝʦ-

ʤʝʪʨʠʠ ʧʦʷʩʦʚ ï ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʜʦʙʠʪʴʩʷ ʚʳʛʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʝʡʪʨʘʣʴʥʦʡ ʦʩʠ, ʥʦ ʠ ʥʝ ʚʳʡʪʠ ʟʘ ʨʘʤʢʠ 

ʨʝʢʦʤʝʥʜʫʝʤʦʛʦ ʧʨʦʮʝʥʪʘ ʘʨʤʠʨʦʚʘʥʠʷ ʜʝʨʝʚʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ 2ï4 %. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʅʝʩʪʝʨʝʥʢʦ ʄ. ɸ., ɾʘʜʘʥʦʚ ɺ. ʀ., ʇʠʥʘʡʢʠʥ ʀ. ʇ. ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʥʝʩʫʱʠʭ ʨʝʙʝʨ ʢʨʫʧʥʦʨʘʟʤʝʨʥʳʭ ʩʦʚʤʝʱʝʥʥʳʭ 

ʧʘʥʝʣʝʡ ʥʘ ʜʝʨʝʚʷʥʥʦʤ ʢʘʨʢʘʩʝ // ʕʢʩʧʝʨʪ: ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ. ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʘʨʭʠʪʝʢʪʫʨʘ. ɺʳʧʫʩʢ ˉ 4 (27). 2024 

ʉ. 12ï15. 
2. ɾʘʜʘʥʦʚ ɺ. ʀ., ʂʘʣʠʥʠʥ ʉ. ɺ. ɼʝʨʝʚʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦ ʩʪʝʥʢʦʡ ʠʟ ʩʪʘʣʴʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʛʦ ʣʠʩʪʘ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ. 2012. ˉ 6. ʉ. 90ï96. 

3. ɸʙʜʨʘʤʘʥʦʚ ʉ. ʋ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʛʥʫʪʦʩʚʘʨʥʳʭ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʘʣʣʦʜʝʨʝʚʷʥʥʳʭ ʙʘʣʦʢ ʩ ʪʦʥʢʦʣʠʩʪʦʚʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 
ʩʪʝʥʢʦʡ: ʜʠʩé ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ʄ., 1989. 160 ʩ. 

4. ʂʘʣʠʥʠʥ ʉ. ɺ., ɾʘʜʘʥʦʚ ɺ. ʀ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʨʝʚʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʙʘʣʦʢ ʩʦ ʩʪʝʥʢʦʡ ʠʟ ʩʪʘʣʴʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦ-

ʛʦ ʣʠʩʪʘ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ ʠʟʛʠʙʝ // ɺʝʩʪʥʠʢ ʊɻɸʉʋ. ɺʳʧʫʩʢ ˉ 3. 2012. ʉ. 117ï125. 

É ʅʝʩʪʝʨʝʥʢʦ ʄ. ɸ.,2025 

 

 

 

 



141 

ʋɼʂ 004.9+69 

ʉʆʂʈɸʑɽʅʀɽ ʉʈʆʂʆɺ ɸʈʍʀʊɽʂʊʋʈʅʆ-ʉʊʈʆʀʊɽʃʔʅʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ  

ʉ ʇʆʄʆʑʔʖ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʁ ʉʇʈɸɺʆʏʅʆʁ ʉʀʉʊɽʄʓ 

ɼ. ʉ. ʈʳʞʢʦʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɸ. ʅ. ʇʨʠʚʘʣʦʚ 

ʐʫʡʩʢʠʡ ʬʠʣʠʘʣ ʀʚʘʥʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʫʣ. ʂʦʦʧʝʨʘʪʠʚʥʘʷ, 24, 155908, ʛ. ʐʫʷ, ʈʦʩʩʠʷ, rizhkov.dima37@mail.ru  

ʆʙʦʩʥʦʚʘʥʘ ʧʨʦʙʣʝʤʘ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʦʠʩʢ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʪʨʘʩʣʝʚʳʭ ʨʝʛʣʘʤʝʥʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʟʘʥʠʤʘʝʪ 10ï15 % ʦʪ ʦʙʱʝʛʦ ʩʨʦʢʘ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʀʀ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦ-

ʠʩʢʘ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʠʥʮʠʧʳ ʝʝ ʧʦʩʪʨʦʝʥʠʷ ʠ ʦʮʝʥʝʥ ʧʦʪʝʥʮʠʘʣ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʘʷ ʩʠʩʪʝʤʘ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ, ʩʨʦʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʧʦʠʩʢ, ʮʠʬʨʦʚʠʟʘʮʠʷ. 

REDUCING THE TIMEFRA ME OF ARCHITECTURAL AND CONSTRUCTION DESIGN THROUGH 

AN INTELLIGENT REFERENC E SYSTEM 

D. S. Ryzhkov  
Scientific supervisor ï A. N. Privalov 

Shuya Branch of Ivanovo State University, str. Cooperative, 24, 155908, Shuya, Russia, rizhkov.dima37@mail.ru 

The article substantiates the problem of time spent on searching for regulatory requirements in architectural and construction 

design. Based on the analysis of industry regulations, it is shown that this task takes 10ï15 % of the total design time. A concept of 

an intelligent system based on AI for automating information retrieval is proposed. The principles of its construction are formulated, 

and the potential for reducing the time for preparation of design documentation is assessed. 

Keywords: architectural and construction design, information and reference system, artificial intelligence, design timeframe, 

regulatory documents, semantic search, digitalization. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫʞʝʩʪʦʯʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʨʦʩʪʘ ʩʣʦʞʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʩʦʙʣʶʜʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʨʦʢʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ʉʦʛʣʘʩʥʦ ʨʝʛʣʘʤʝʥʪʠʨʫ-

ʶʱʠʤ ʜʦʢʫʤʝʥʪʘʤ, ʥʦʨʤʘʪʠʚʥʳʡ ʩʨʦʢ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ ʦʙʲʝʢʪʘ ʧʣʦʱʘʜʴʶ 10 000ï

30 000 ʢʚ. ʤ ʩʦʩʪʘʚʣʷʝʪ 12 ʤʝʩʷʮʝʚ [1]. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʦʪʨʘʩʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʪ 10 % ʜʦ 15 % 

ʵʪʦʛʦ ʩʚʦʜʘ ʟʘʥʠʤʘʝʪ ʧʦʠʩʢ ʠ ʧʨʠʥʷʪʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʨʫʧʥʦʛʦ ʧʨʦʝʢʪʘ ʜʦ 1,5ï2 ʤʝʩʷʮʝʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʪʨʘʯʝʥʦ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʫʶ ʨʘʙʦʪʫ. 

ʇʦʤʠʤʦ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʢʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʠʩʢʘ ʚʥʫʪʨʠ ʩʘʤʠʭ ʘʢʪʫʘʣʴ-

ʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ɼʘʞʝ ʨʘʙʦʪʘʷ ʩ ʦʙʥʦʚʣʷʝʤʦʡ ʩʠʩʪʝʤʦʡ, ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʠ ʚʨʫʯʥʫʶ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʦʙʰʠʨʥʳʝ ʪʝʢʩʪʳ ʥʦʨʤʘʪʠʚʦʚ, ʯʪʦʙʳ 

ʥʘʡʪʠ ʦʪʚʝʪ ʥʘ ʢʦʥʢʨʝʪʥʳʡ, ʟʘʯʘʩʪʫʶ ʩʣʦʞʥʦ ʬʦʨʤʫʣʠʨʫʝʤʳʡ ʚʦʧʨʦʩ. ʕʪʦ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ 

ʠʥʪʫʠʪʠʚʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʜʦʢʫʤʝʥʪʦʚ, ʯʪʦ ʥʝ ʦʪʤʝʥʷʝʪ ʨʠʩʢʘ ʧʨʦʧʫʩʪʠʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʝ ʪʨʝʙʦ-

ʚʘʥʠʝ, ʩʦʜʝʨʞʘʱʝʝʩʷ ʚ ʥʝʦʯʝʚʠʜʥʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʨʘʟʜʝʣʝ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʳʝ ʩʠʩʪʝʤʳ (ʀʀʉ) ʥʝ ʨʝʰʘʶʪ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʪʘʢ ʢʘʢ ʟʘʯʘʩʪʫʶ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʘʪʠʯʥʳʝ ʢʘʪʘʣʦʛʠ ʩ ʥʝʩʦʚʝʨʰʝʥʥʳʤ ʧʦʠʩʢʦʤ, ʥʝ ʩʧʦʩʦʙʥʳʤ ʢ ʩʤʳʩʣʦʚʦʤʫ ʘʥʘʣʠʟʫ ʟʘʧʨʦʩʦʚ [3]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʀʉʉ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ), ʚ ʯʘʩʪʥʦʩʪʠ ï ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ. ʂʣʶʯʝʚʳʤ ʦʪʣʠʯʠʝʤ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʘʧʨʦʩʳ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ ʠ ʥʘʭʦʜʠʪʴ ʨʝʣʝʚʘʥʪʥʳʝ ʧʦʣʦʞʝʥʠʷ ʚ ʥʦʨʤʘʪʠʚʥʦʡ 

ʙʘʟʝ ʧʦ ʩʤʳʩʣʫ, ʘ ʥʝ ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʦʩʥʦʚʘʥʘ ʥʘ ʧʘʪʪʝʨʥʝ RAG (Retrieval-Augmented Generation). ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʪʦʯʥʦʩʪʴ ʧʦʠʩʢʘ ʧʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʙʘʟʝ ʟʥʘʥʠʡ ʩ ʛʝʥʝʨʘʪʠʚʥʳʤʠ ʩʧʦ-

ʩʦʙʥʦʩʪʷʤʠ ʢʨʫʧʥʳʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (LLM). 

ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

- ʤʦʜʫʣʴ ʦʙʨʘʙʦʪʢʠ ʠ ʚʝʢʪʦʨʠʟʘʮʠʠ ʜʦʢʫʤʝʥʪʦʚ: ʚʳʧʦʣʥʷʝʪ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʩʝʛʤʝʥʪʘʮʠʶ ʥʦʨʤʘʪʠʚʥʳʭ ʪʝʢ-

ʩʪʦʚ ʩ ʫʯʝʪʦʤ ʦʪʨʘʩʣʝʚʦʡ ʩʧʝʮʠʬʠʢʠ ʠ ʧʨʝʦʙʨʘʟʫʝʪ ʠʭ ʚ ʚʝʢʪʦʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ; 

- ʚʝʢʪʦʨʥʦʝ ʭʨʘʥʠʣʠʱʝ: ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʠʩʢ ʨʝʣʝʚʘʥʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʩʤʳʩʣʦʚʦʤʫ 
ʩʭʦʜʩʪʚʫ; 

- ʤʦʜʫʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ LLM: ʬʦʨʤʠʨʫʝʪ ʠʪʦʛʦʚʳʡ ʦʪʚʝʪ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ ʥʘ ʦʩʥʦʚʝ ʥʘʡʜʝʥʥʳʭ 
ʬʨʘʛʤʝʥʪʦʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ; 

- ʤʦʜʫʣʴ ʚʝʨʠʬʠʢʘʮʠʠ ʦʪʚʝʪʦʚ: ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʚʝʨʢʫ ʩʦʦʪʚʝʪʩʪʚʠʷ ʛʝʥʝʨʠʨʫʝʤʳʭ ʦʪʚʝʪʦʚ ʠʩʭʦʜʥʳʤ ʥʦʨʤʘ-

ʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ; 

- ʤʦʜʫʣʴ ʘʢʪʫʘʣʠʟʘʮʠʠ ʟʥʘʥʠʡ: ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʩʣʝʞʠʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʝ; 

- ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ: ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʝʜʠʥʫʶ ʪʦʯʢʫ ʜʦʩʪʫʧʘ ʯʝʨʝʟ web-ʠʥʪʝʨʬʝʡʩ ʠʣʠ CAD/BIM-

ʧʣʘʛʠʥʳ. 

ɼʣʷ ʚʘʣʠʜʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʧʣʘʥʠʨʫʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ɻʨʫʧʧʘ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ 

ʙʫʜʝʪ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʠʩʧʦʣʴʟʫʝʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʦʠʩʢʘ (ʧʦʠʩʢʦʚʳʝ ʩʠʩʪʝ-
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ʤʳ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʀʉʉ), ʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ï ʨʘʟʨʘʙʘʪʳʚʘʝʤʫʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʀʉʉ. ɺ ʨʘʤʢʘʭ ʪʝʩʪʦʚʦ-

ʛʦ ʟʘʜʘʥʠʷ ʠʤ ʙʫʜʝʪ ʧʨʝʜʣʦʞʝʥʦ ʥʘʡʪʠ ʦʪʚʝʪʳ ʥʘ ʥʘʙʦʨ ʪʠʧʦʚʳʭ ʧʨʦʝʢʪʥʳʭ ʚʦʧʨʦʩʦʚ. ʂʣʶʯʝʚʳʤʠ ʤʝʪʨʠʢʘʤʠ 

ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʩʪʫʧʷʪ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʦʪʚʝʪʘ ʠ ʧʨʦʮʝʥʪ ʪʦʯʥʳʭ ʠ ʧʦʣ-

ʥʳʭ ʦʪʚʝʪʦʚ (ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ). 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ 

ʜʦʣʶ ʚʨʝʤʝʥʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʠʩʢ ʩ 10ï15 % ʜʦ 3ï5 % ʦʪ ʦʙʱʝʛʦ ʩʨʦʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʦʙʲʝʢ-

ʪʘ ʩ ʥʦʨʤʘʪʠʚʥʳʤ ʩʨʦʢʦʤ ʚ 12 ʤʝʩʷʮʝʚ ʵʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʵʢʦʥʦʤʠʠ ʜʦ 1,5 ʤʝʩʷʮʝʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦ-

ʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʢʘʨʜʠʥʘʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫ-

ʤʝʥʪʘʮʠʠ. 

ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙ-

ʨʘʙʦʪʢʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʠʭ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʫʶ ʩʧʝʮʠʬʠ-

ʢʫ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʥʠʚʝʨʩʘʣʴʥʳʭ RAG-ʨʝʰʝʥʠʡ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ: 

- ʤʝʪʦʜʳ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ, ʩʦʭʨʘʥʷʶʱʠʝ ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʷʤʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦ-

ʢʫʤʝʥʪʦʚ; 

- ʘʣʛʦʨʠʪʤʳ ʫʯʝʪʘ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʦʨʤʘʪʠʚʘʭ ʧʨʠ ʧʦʠʩʢʝ ʠ ʛʝʥʝʨʘʮʠʠ ʦʪʚʝ-

ʪʦʚ; 

- ʤʝʭʘʥʠʟʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʘʢʪʫʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʯʘʩʪʳʭ ʠʟʤʝʥʝʥʠʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ. 

ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʠʤʝʶʱʫʶʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʙʝʟ ʠʭ ʢʘʨʜʠʥʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʩʝʨʚʠʩ ʠʣʠ 

ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʚʠʜʝ ʤʦʜʫʣʷ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ CAD/BIM-ʩʨʝʜʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʟʨʘʯʥʫʶ ʠʥʪʝʛʨʘʮʠʶ ʚ 

ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʧʨʘʚʦʯʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʩʦʟʜʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʆʙ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʨʦʢʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ, ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠ-
ʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, ʚ ʮʝʣʷʭ ʨʘʩʯʝʪʘ ʩʨʦʢʘ ʜʦʛʦʚʦʨʘ ʘʨʝʥʜʳ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʠʣʠ ʤʫʥʠʮʠʧʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ: ʧʨʠʢʘʟ ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʦʪ 15.05.2020 ˉ 264/ʧʨ. ɼʦʩʪʫʧ ʠʟ ʩʧʨʘʚʦʯʥʦ-ʧʨʘʚʦʚʦʡ ʩʠʩʪʝʤʳ çʂʦʥʩʦʨʮʠʫʤ ʂʦʜʝʢʩè (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.09.2025). 
2. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ 
ʥʘʟʥʘʯʝʥʠʷ: ʩʪʘʥʜʘʨʪ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ (ʉʊʆ ʅʆʇ). ɼʦʩʪʫʧ ʠʟ ʩʧʨʘʚʦʯʥʦ-ʧʨʘʚʦʚʦʡ ʩʠʩʪʝʤʳ çʂʦʥʩʦʨʮʠ-

ʫʤ ʂʦʜʝʢʩè (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.09.2025). 
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3D-ʧʝʯʘʪʴ (3DP) ʩʯʠʪʘʝʪʩʷ ʠʥʥʦʚʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦ ʤʥʦ-

ʛʠʭ ʦʙʣʘʩʪʷʭ, ʥʘʧʨʠʤʝʨ, ʚ ʛʨʘʞʜʘʥʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʤʝʜʠʮʠʥʝ, ʙʠʦʣʦʛʠʠ ʠ ʜʨʫʛʠʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ-

ʷʚʠʣʠʩʴ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 3DP ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʷʤʦʡ ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ/ʤʦʜʝʣʠʨʦʚʘʥʠʷ (BIM) ʢ 3DP ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʪʘ/ʦʙʲʝʢʪʘ. ʉʝʛʦʜʥʷ BIM ʠ 3DP ʧʨʝʧʦʜʘʶʪʩʷ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʀʟʨʘʠ-

ʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʘʣʠʟʘʮʠʠ (ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʪ. ʜ.). 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ 3DP ʷʚʣʷʶʪʩʷ ʩʢʦʨʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ, ʫʤʝʥʴʰʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ, ʢʦʥʝʯʥʦ, ʩʥʠʞʝʥʠʝ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 3D-ʪʝʭʥʦʣʦʛʠʠ ʚ ʛʨʘʞʜʘʥʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʤʘʪʝʨʠʘʣʳ ʜʣʷ 3DP, 3D-ʧʝʯʘʪʴ ʙʝʪʦʥʘ, ʧʦʣʠʤʝʨʥʦʝ 

ʘʨʤʠʨʦʚʘʥʠʝ ʙʝʪʦʥʘ, ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ. 
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3D printing (3DP) is considered an innovation that promotes automation and efficiency in many fields, for example civil engi-

neering, machinery, medicine, biology and more. In addition, options that did not exist and the use of new materials. 3DP enables a 

direct transition from design/modeling (BIM) to 3DP to create a product/object. The main advantages of 3DP are speed of construc-

tion, reduction of labor costs, reduced environmental impact and, of course, reduced overall project costs. 

Keywords: 3D technologies in civil engineering, materials for 3DP, 3D printing of concrete, polymer reinforcement of concrete, 

dispersion reinforcement. 
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ʊʨʝʭʤʝʨʥʘʷ ʧʝʯʘʪʴ (3DP) ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʤʝʝʪ ʨʷʜ ʚʘʞʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʩʦʟʜʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʨʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʩʢʦʨʦʩʪʴ ʠ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʩʣʦʡʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʟ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 3DP ï ʵʪʦ ʧʦʧʳʪʢʘ ʨʝʘʣʠʟʦʚʘʪʴ ʮʠʬʨʦʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʨʘʢʪʠʢʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʨʷʤʦʡ ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ/ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ (BIM) ʢ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʩʪʨʦʠʪʝʣʴʩʪʚʫ (3DP) [1ï4]. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 3DP ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʳ: ʧʦʩʢʦʣʴʢʫ ʧʝʯʘʪʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʦʷʤʠ, ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʧʝʯʘʪʘʥʠʷ, ʚʨʝʤʷ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ çʧʨʠʣʠʧʘʪʴè ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ɼʨʫʛʘʷ ʧʨʦʙʣʝʤʘ ï ʧʨʠʛʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʢ ʨʘʟʣʠʯʥʳʤ 

ʚʠʜʘʤ ʥʘʛʨʫʟʢʠ ʠ ʜʨʫʛʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʘʧʨʠʤʝʨ, ʞʝʣʝʟʥʦʡ ʠ/ʠʣʠ ʧʦʣʠʤʝʨʥʦʡ ʘʨʤʘʪʫʨʳ [5ï6]. 

ʉʫʱʝʩʪʚʫʶʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ: 3D-ʧʝʯʘʪʥʳʝ ʵʣʝʤʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʙʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ [7]. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 3D-ʧʝʯʘʪʴ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʩʝʛʦ ʚʦ ʤʥʠʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ: ʂʠʪʘʡ, ʈʦʩ-

ʩʠʷ, ɻʝʨʤʘʥʠʷ ʠ ʪ. ʜ. ɼʫʙʘʡ ʚ ʆʙʲʝʜʠʥʝʥʥʳʭ ɸʨʘʙʩʢʠʭ ʕʤʠʨʘʪʘʭ ʟʘʥʝʩʝʥ ʚ ʂʥʠʛʫ ʨʝʢʦʨʜʦʚ ɻʠʥʥʝʩʘ ʧʦ ʩʘʤʦʤʫ 

ʙʦʣʴʰʦʤʫ ʚ ʤʠʨʝ ʩʦʦʨʫʞʝʥʠ,ʁ ʥʘʧʝʯʘʪʘʥʥʦʤʫ ʥʘ 3D-ʧʨʠʥʪʝʨʝ ʠ ʩʪʨʝʤʠʪʩʷ ʢ 2030 ʛʦʜʫ ʧʦʩʪʨʦʠʪʴ 25 % ʥʦʚʳʭ 

ʟʜʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ [8]. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʝʯʘʪʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʩʥʦʚʘʥʦ ʥʘ ʙʝʪʦʥʝ: ʨʦʙʦʪʠʟʠʨʦ-

ʚʘʥʥʘʷ ʨʫʢʘ, ʦʩʥʘʱʝʥʥʘʷ ʩʦʧʣʦʤ, ʥʘʢʣʘʜʳʚʘʝʪ ʩʣʦʡ ʚʣʘʞʥʦʛʦ ʙʝʪʦʥʘ ʥʘ ʥʫʞʥʫʶ ʬʦʨʤʫ [9]. 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 3DP ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʩʦʩʪʘʚʣʷʶʪ ʙʝʪʦʥ, ʛʠʧʩ, ʩʪʘʣʴ ʠ ʧʦʣʠ-

ʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɸ ʪʘʢʞʝ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʩʪʘʙʠʣʴʥʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʮʝʤʝʥʪʘ, ʩʪʘʙʠʣʴʥʳʝ 

ʮʝʤʝʥʪʥʳʝ ʧʘʩʪʳ ʠ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʟʠʪʳ. ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʘʧʨʠʤʝʨ, ʩʪʘʣʠ ʠ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʙʝʪʦʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʠʤʝʨʙʝʪʦʥʘ, ʩʪʝʢʣʦ ʚʤʝʩʪʦ ʧʝʩʢʘ ʧʨʠ 3D-ʧʝʯʘʪʠ 

ʙʝʪʦʥʘ, ʨʘʟʣʠʯʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʦʙʘʚʢʠ ʚ ʙʝʪʦʥ [10]. 

ʇʦʣʠʤʝʨʙʝʪʦʥ ï ʵʪʦ ʙʝʪʦʥ, ʟʘʱʠʱʝʥʥʳʡ ʘʤʝʨʠʢʘʥʩʢʠʤ ʧʘʪʝʥʪʦʤ.  

ʈʝʟʠʥʦʙʝʪʦʥ ï ʧʝʨʚʳʡ ʚ ʤʠʨʝ ʧʦʣʠʤʝʨʥʳʡ ʙʝʪʦʥ, ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʞʠʜʢʘʷ ʨʝ-

ʟʠʥʘ (ʧʦʣʠʙʫʪʘʜʠʝʥ). ʊʘʢʦʡ ʙʝʪʦʥ ʠʤʝʝʪ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʜʦ 90 ʄʇʘ ʠ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʜʦ 30 ʄʇʘ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ. ʕʪʠ ʨʘʟʨʘʙʦʪʢʠ ʚʢʣʶʯʘʶʪ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ. ɼʠʩʧʝʨʩʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʝʪʦʥʘ ʚ 3DP ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʯʥʦʩʪʴ: ʥʘ ʩʞʘʪʠʝ ʥʘ 35 % (ʢʦʤʙʠʥʘʮʠʠ ʩʪʘʣʴʥʦʡ ʠ ʙʘʟʘʣʴʪʦʚʦʡ ʬʠʙʨʳ ʩ ʦʙʲ-

ʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 2 %); ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 79 %, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʦʩʝʚʦʤ ʩʞʘʪʠʠ 

ʫʚʝʣʠʯʠʣʩʷ ʥʘ 52 %, ʧʨʠ ʦʩʝʚʦʤ ʨʘʩʪʷʞʝʥʠʠ  ʥʘ 39 %, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 33 % [11ï12].  

      

ʈʠʩ. ɼʚʘ ʧʨʠʤʝʨʘ ʩʪʨʦʡʥʝʣʩʪʚʘ 3DP 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠ ʪʝʥʜʝʥʮʠʠ 3DP 

3D-ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʪʦʣʴʢʦ ʥʝ ʩʦʟʜʘʶʪ ʦʪʭʦʜʦʚ, ʥʦ ʠ ʧʦʟʚʦʣʷʶʪ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ, ʥʘʧʨʠʤʝʨ, 

ʧʦ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʢʘʢ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ, ʚʳʙʨʦʩʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʦʢ-

ʩʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʮʝʥʢʠ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ (LCA) ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ 3DP ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. LCA ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʟʜʘʥʠʡ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʩʫʱʝʩʪʚʫʶʪ ʟʘʢʦʥʳ ʠ ʧʦʩʪʘʥʦʚʣʝʥʠʷ, ʟʘʱʠʱʘʶʱʠʝ ʥʦʚʳʝ 

ʠʟʦʙʨʝʪʝʥʠʷ ʠ ʠʟʦʙʨʝʪʘʪʝʣʝʡ. ʆʜʥʦʡ ʠʟ ʦʙʣʘʩʪʝʡ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʟʘʱʠ-

ʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʜʣʷ 3D-ʤʦʜʝʣʝʡ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. 3D printing reinforcement of concrete mixture, Siberian Federal University, Krasnoyarsk; E. S. Turysheva, A. A., Marchenko, G. K. Gorovaya, 

N.A. Chelnochkov, D.S. Shulyushenkov. 
2. To Grow a Building, Jerusalem Design Week 7.2022, jerusalem design week 2022 | design and architecture news and projects (designboom.com) 

3. Some new technologies and materials for 3D printing in buildings, Acad O.Figovsky, Dr. A.Shteinbok, (2023). 

4. 3D Printing Market Size, Share & Trends Analysis Report By Component (Hardware, Software, Services), GVR, By Printer Type, By Technolo-
gy, By Software, By Application, By Vertical, By Region, And Segment Forecasts, 2023ï2030. URL: 

https://www.grandviewresearch.com/industry-analysis/3d-printing-industry-analysis (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 09.09.2025). 

https://www.designboom.com/tag/jerusalem-design-week/
https://www.designboom.com/tag/jerusalem-design-week/
https://www.grandviewresearch.com/industry-analysis/3d-printing-industry-analysis


144 

5. The Worldôs Largest 3D Printing Companies by Market Cap: 3D Systems & Xometry on Top  
https://manufactur3dmag.com/the-worlds-largest-3d-printing-companies-by-market-cap-protolabs-3d-systems-on-top/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

09.09.2025). 

6. 3D Printing Additive Manufacturing Technologies, Figovsky Oleg, Shteinbok Arkady, pp.58-65, JULY 2023ĿCHINA COATINGS JOURNAL 

7. Compositions and Methods for 3D Printing of Calcium Phosphate Cement Composite Scaffolds, Dr Stella Alimperti, Dr Yoontae Kim, Dr Eun-

Jin Lee,  Dr Laurence Chow, Dr Shozo Takagi. 

8. Typical construction project cost distribution (Paul et al., 2018). URL: https://www.researchgate.net/figure/Typical-construction-project-cost-
distribution-Paul-et-al-2018_fig3_329365708 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 09.09.2025). 

9. URL:  https://www.dezeen.com/2018/10/22/worlds-first-3d-printed-steel-bridge-completed-mx3d-technology/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 09.09.2025). 

10. Umaine 3D Printer,  Maine Universyty. URL: https://go.umaine.edu/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 09.09.2025). 
11. ʈʝʚʦʣʶʮʠʷ ʚ ʛʨʘʞʜʘʥʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ: ʧʦʩʣʝʜʥʷʷ ʪʝʥʜʝʥʮʠʷ 3D-ʧʝʯʘʪʠ. URL: https://tint.edu.in/trend-of-3d-printing.html (ʜʘʪʘ ʦʙʨʘ-

ʱʝʥʠʷ: 09.09.2025). 

12. óWorldôs first on-site 3D printing of apartment buildingô begins. URL: https://bkt.tradelinkmedia.biz/publications/7/news/2538 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 
09.09.2025). 

É ʌʠʛʦʚʩʢʠʡ ʆ. ʃ., ʐʪʝʡʥʙʦʢ ɸ. ɿ.., 2025 

ʋɼʂ 691.32 

ʊɽʍʅʆʃʆɻʀʗ ɺʆɿɺɽɼɽʅʀʗ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ ʂʆʄɹʀʅʀʈʆɺɸʅʅʓʄ 

ʉʇʆʉʆɹʆʄ ʉɹʆʈʅʆɻʆ ɾɽʃɽɿʆɹɽʊʆʅɸ 

ʆ. ʃ. ʌʠʛʦʚʩʢʠʡ
1
, ɸ. ɿ. ʐʪʝʡʥʙʦʢ

2
 

1ʀʟʨʘʠʣʴʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʠʟʦʙʨʝʪʘʪʝʣʝʡ, ʍʘʡʬʘ. ʀʟʨʘʠʣʴ, figovsky@gmail.com 

2ʀʟʨʘʠʣʴʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʠʟʦʙʨʝʪʘʪʝʣʝʡ, ʍʘʡʬʘ. ʀʟʨʘʠʣʴ; ʂʦʣʣʝʜʞ ʐʝʥʢʘʨ, ʈʘʤʘʪ-ɻʘʥ, ʀʟʨʘʠʣʴ, shteinbok.arkady@gmail.com 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʦʟʚʦʜʠʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦ 3 ʨʘʟ ʙʳʩʪʨʝʝ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝ-

ʪʦʜʦʤ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʦʡ ʞʝ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʠ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʤʝʪʦʜʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʦʙʲʝʤʥʳʝ ʵʣʝʤʝʥʪʳ, ʩʙʦʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʤʦʥʦʣʠʪʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ. 

TECHNOLOGY OF CONSTR UCTION OF CONCRETE STRUCTURES BY COMBINE D METHOD 

OF PRECAST REINFORCED CONCRETE 

O. L. Figovsky
1
, A. Z. Shteinbok

2
 

1Israel Inventors Association, Haifa. Israel, figovsky@gmail.com 
2Israel Inventors Association, Haifa. Israel; Shenkar College, Ramat Gan, Israel, shteinbok.arkady@gmail.com 

A construction method is proposed that allows for the construction of structures up to 3 times faster than the traditional method, 

while maintaining the same structural strength as the traditional method. 

Keywords: construction method, volumetric elements, prefabricated elements, monolithic structure. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʤʝʪʦʜʘ ʦʧʠʩʘʥʘ ʚ ʧʘʪʝʥʪe US8,615,967B1 [1]: 
- ʉʙʦʨʥʳʝ ʵʣʝʤʝʥʪʳ (ʚʥʫʪʨʝʥʥʠʝ ʠ ʥʘʨʫʞʥʳʝ ʩʪʝʥʳ) ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʬʦʨʤ ʜʣʷ ʙʝʪʦʥʠʨʦʚʘ-

ʥʠʷ ʙʝʪʦʥʥʳʭ ʢʦʣʦʥʥ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ. 

- ʇʦʣ ʪʘʢʞʝ ʙʫʜʝʪ ʦʪʣʠʪ ʠʟ ʦʙʣʝʛʯʝʥʥʳʭ ʩʙʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʦ ʩʪʝʥʘʤʠ. 

ɺʘʞʥʦ: ʩʙʦʨʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʞʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʥʘ ʤʝʩʪʝ ʚ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʬʦʨʤʘʭ (ʙʝʟ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, 

ʧʨʠʚʣʝʯʝʥʠʷ ʩʫʙʧʦʜʨʷʜʯʠʢʦʚ ʠ ʪ. ʜ.). 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ: 

- ɼʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʤʝʥʷʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʟʜʘʥʠʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʧʝ-

ʮʠʘʣʴʥʳʭ ʨʘʟʨʝʰʝʥʠʡ. 

- ʋʥʠʢʘʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʧʨʝʠʤʫʱʝʩʪʚ ʩʙʦʨʥʦʛʦ ʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʝ-

ʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

- ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʠ ʫʩʢʦʨʝʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ: ʥʘʨʫʞʥʳʝ ʩʪʝʥʳ ʚ 
ʚʠʜʝ ʩʙʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʚʥʝʰʥʝʡ ʦʪʜʝʣʢʦʡ; ʤʠʥʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʦʨʤ ʜʣʷ ʟʘʣʠʚʢʠ ʙʝʪʦʥʘ 

ʥʘ ʤʝʩʪʝ (ʚ ʢʘʯʝʩʪʚʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʬʦʨʤ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʙʦʨʥʳʝ ʵʣʝʤʝʥʪʳ) ʠ ʦʪ-

ʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʜʝʤʦʥʪʘʞʝ ʬʦʨʤ; ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠ ʩʦʢʨʘʱʝʥʠʝ ʨʘʙʦʯʝʡ 

ʩʠʣʳ ʥʘ ʤʝʩʪʝ. 

- ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʩʨʦʢ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʢʨʘʱʘʝʪʩʷ ʚ 3 ʨʘʟʘ (!), ʪʘʢʞʝ ʜʦʩʪʠʛʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥ-

ʥʘʷ ʵʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʙʦʯʝʡ ʩʠʣʳ. 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʘ 

1. ɹʘʟʦʚʦʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʦʧʠʩʘʥʠʝ ʢʘʨʢʘʩʘ ʢʦʥʩʪʨʫʢʮʠʠ: 

ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʣʦʥʥʳ ʠ ʧʝʨʝʢʨʳʪʠʷ, ʦʪʣʠʪʳʝ ʥʘ ʤʝʩʪʝ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʨʤ ʜʣʷ ʟʘʣʠʚʢʠ ʙʝʪʦʥʘ. 

ʅʘʨʫʞʥʳʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʥʳ ï ʩʙʦʨʥʳʝ (ʚʦʟʤʦʞʥʦ, ʩ ʥʘʨʫʞʥʦʡ ʠ/ʠʣʠ ʚʥʫʪʨʝʥʥʝʡ ʦʪʜʝʣʢʦʡ) [2]. 

2. ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʦʟʚʝʜʝʥʠʷ ʧʝʨʝʢʨʳʪʠʷ: 

- ʉʙʦʨʥʳʝ ʥʘʨʫʞʥʳʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʥʳ ʩʦʙʠʨʘʶʪʩʷ ʠ ʚʨʝʤʝʥʥʦ ʬʠʢʩʠʨʫʶʪʩʷ ʥʘ ʤʝʩʪʝ ï ʜʦ ʟʘʣʠʚʢʠ ʙʝʪʦʥʘ. 

- ʄʝʞʜʫ ʢʘʞʜʳʤʠ ʜʚʫʤʷ ʵʣʝʤʝʥʪʘʤʠ ʥʘʨʫʞʥʦʡ ʠʣʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʳ (ʙʣʘʛʦʜʘʨʷ ʠʭ ʬʦʨʤʝ ʚ ʤʝʩʪʝ ʩʦʝʜʠʥʝ-

ʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʟʘʣʠʚʢʠ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʢʦʣʦʥʥʳ) ʤʦʥʪʠʨʫʝʪʩʷ ʘʨʤʘʪʫʨʘ ʜʣʷ ʘʨʤʠʨʦʚʘʥʠʷ 

ʙʝʪʦʥʘ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʣʠʚʢʘ ʢʦʣʦʥʥ. 

- ʅʘ ʩʪʝʥʳ ʫʢʣʘʜʳʚʘʶʪʩʷ ʩʙʦʨʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʧʣʠʪʳ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʨʤʘʪʫʨʘ ʜʣʷ ʧʝʨʝʢʨʳʪʠʷ ʠ ʟʘʣʠ-

ʚʘʝʪʩʷ ʧʝʨʝʢʨʳʪʠʝ, ʦʙʨʘʟʫʶʱʝʝ ʙʝʪʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʢʦʣʦʥʥʘʤʠ [3]. 

https://manufactur3dmag.com/the-worlds-largest-3d-printing-companies-by-market-cap-protolabs-3d-systems-on-top/
https://www.google.com/url?esrc=s&q=&rct=j&sa=U&url=https://www.researchgate.net/figure/Typical-construction-project-cost-distribution-Paul-et-al-2018_fig3_329365708&ved=2ahUKEwiju8_52LeHAxWv1QIHHXBsBHMQFnoECAcQAg&usg=AOvVaw3DFGZud42J8uXoUQZms6xm
https://www.researchgate.net/figure/Typical-construction-project-cost-distribution-Paul-et-al-2018_fig3_329365708
https://www.researchgate.net/figure/Typical-construction-project-cost-distribution-Paul-et-al-2018_fig3_329365708
https://www.dezeen.com/2018/10/22/worlds-first-3d-printed-steel-bridge-completed-mx3d-technology/
https://go.umaine.edu/
https://tint.edu.in/trend-of-3d-printing.html
https://tint.edu.in/trend-of-3d-printing.html
https://bkt.tradelinkmedia.biz/publications/7/news/2538
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ʀ ʪʘʢ ʜʦ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʞʘ. 

 

ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʯʝʨʪʝʞ ʠ ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʷ ʠʟ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ:  

1.1 ï ʥʘʨʫʞʥʘʷ ʩʙʦʨʥʘʷ ʩʪʝʥʘ, ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ; 2 ï ʚʥʫʪʨʝʥʥʷʷ ʩʙʦʨʥʘʷ ʩʪʝʥʘ, ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ;  

3 ï ʩʙʦʨʥʘʷ ʦʧʘʣʫʙʢʘ, ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ, ʜʣʷ ʟʘʣʠʚʢʠ ʧʝʨʝʢʨʳʪʠʷ; 4 ï ʚʨʝʤʝʥʥʳʝ ʦʧʦʨʳ, ʩʙʦʨʥʦ-ʨʘʟʙʦʨʥʳʝ;  

5 ï ʬʫʥʜʘʤʝʥʪʳ; 6 ï ʧʝʨʝʢʨʳʪʠʝ ï ʩʪʘʥʜʘʨʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ; 9 ï ʤʦʥʦʣʠʪʥʦʝ ʧʝʨʝʢʨʳʪʠʝ, ʞʝʣʝʟʦʙʝʪʦʥʥʦʝ  

(ʣʠʪʴʝ ʚ ʩʙʦʨʥʫʶ ʦʧʘʣʫʙʢʫ, ʪʠʧʦʨʘʟʤʝʨ 3); 11 ï ʘʨʤʘʪʫʨʘ ʜʣʷ ʘʨʤʠʨʦʚʘʥʠʷ ʙʝʪʦʥʘ; 15 ï ʫʪʝʧʣʠʪʝʣʴ;  

16 ï ʤʦʥʦʣʠʪʥʘʷ ʢʦʣʦʥʥʘ, ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ï ʩʦʝʜʠʥʝʥʠʝ ʩʙʦʨʥʳʭ ʩʪʝʥ  .)1.1(  

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Figovsky O, Futoriyansky A. Construction element for erecting structure, and method of erecting structure with use thereof  // (Patent ˉ US 
8,615,967 B1 / Dec. 31, 2013. 

2. ʌʠʛʦʚʩʢʠʡ O. ʃ., ʌʫʪʦʨʷʥʩʢʠʡ ɸ. ʄ. ɺʦʟʚʝʜʝʥʠʝ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʩ ʤʦʥʦʣʠʪʥʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʧʝʨʝʢʨʳʪʠʷʤʠ ʩ ʧʦʤʦʱʴʶ 
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3. ʉʦʢʦʣʦʚ ɻ. ʂ. ʊʝʭʥʦʣʦʛʠʷ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ / ɸʢʘʜʝʤʠʷ. ʄʦʩʢʚʘ, 2008. 544 ʩ. URL: http://www.academia-

moscow.ru/ftp_share/_books/fragments/fragment_21474.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 09.09.2025). 
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ɺ ʩʪʘʪʴʝ ʢʨʘʪʢʦ ʦʧʠʩʳʚʘʝʪʩʷ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʣʝʛʯʝʥʠʷ ʧʣʠʪ ʩ ʧʫʩʪʦʪʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ʧʣʠʪʘ, ʧʝʨʝʢʨʳʪʠʝ, ʧʫʩʪʦʪʥʘʷ ʧʣʠʪʘ.  
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The article briefly describes the method of making lightweight panels with voids. 

Keywords: reinforced concrete slab, floor, hollow slab. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʫʩʪʦʪʥʦʡ ʧʣʠʪʳ, ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʙʝʪʦʥʘ, ʘ ʪʘʢʞʝ 

ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʢʨʘʪʢʦ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʩʧʦʩʦʙʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʣʝʛʯʝʥʥʳʭ ʧʣʠʪ ʩ ʧʫʩʪʦʪʘʤʠ ʨʘʟʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ. ʇʦ ʜʘʥʥʦʡ ʩʭʝʤʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʚʪʦʨʘʤʠ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ ʈʌ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ ˉ 2796280 [1]. ʇʨʠʤʝʥʷʝʤʦʩʪʴ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʚ ʧʝʨʝʢʨʳʪʠʷʭ ʠ ʧʦʢʨʳʪʠʷʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 

ʧʨʠ ʦʧʠʨʘʥʠʠ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʷ ʧʦ ʢʦʥʪʫʨʫ ʠʣʠ ʥʘ ʪʨʠ ʩʪʦʨʦʥʳ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʩʧʦʩʦʙʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 
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