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ʅʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ ʩʦʩʪʘʚʣʝʥ ʧʦ ʤʘʪʝʨʠʘʣʘʤ XXIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ʉʆɺʈɽʄɽʅʅʆʁ ʅɸʋʂʀè, 

ʩʦʩʪʦʷʚʰʝʡʩʷ 20 ʠʶʣʷ 2025 ʛ. ʚ ʛ. ʇʝʥʟʘ. ɺ ʩʙʦʨʥʠʢʝ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ, 

ʤʘʛʠʩʪʨʘʥʪʦʚ, ʩʪʫʜʝʥʪʦʚ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʠ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʘʫʪʝʥʪʠʯʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʮʠʪʘʪ, ʠʤʝʥ, ʥʘʟʚʘʥʠʡ ʠ ʠʥʳʭ ʩʚʝʜʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʟʘ ʩʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦʙ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʝʩʫʪ ʘʚʪʦʨʳ 

ʧʫʙʣʠʢʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʦʣʥʳʝ ʪʝʢʩʪʳ ʩʪʘʪʝʡ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʨʘʟʤʝʱʝʥʳ ʚ ʅʘʫʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʙʠʙʣʠʦʪʝʢʝ Elibrary.ru ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɼʦʛʦʚʦʨʦʤ ˉ1096-04/2016K ʦʪ 26.04.2016 ʛ. 
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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉʦʩʪʘʚ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

ɸʛʘʨʢʦʚʘ ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ï 

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʥʘʥʯʝʥʢʦ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʪʠʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ɹʘʙʘʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï  

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʦʷʨʩʢʠʡ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ɹʫʟʥʠ ɸʨʪʝʤʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ʕʜʫʘʨʜʦʚʠʯ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺʣʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ɻʝʪʤʘʥʩʢʘʷ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ 

ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï 

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï 

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʐʚʝʮ ʀʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ ï  
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ʪʦʤ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ 
ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʟʥʘʥʠʷʤʠ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʰʘʛ ʢ ʦʙʥʦʚʣʝʥʠʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦ-
ʮʝʩʩʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʤʦʪʠʚʘʮʠʶ ʩʪʫʜʝʥʪʦʚ ʠ ʧʦʜʛʦʪʦʚʠʪʴ ʠʭ ʢ ʨʝʘʣʴʥʳʤ ʚʳʟʦ-
ʚʘʤ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʞʠʟʥʠ, ʩʦʟʜʘʚʘʷ ʦʩʥʦʚʫ ʜʣʷ ʙʦʣʝʝ ʛʦʪʦʚʦʛʦ ʠ ʢʦʤʧʝʪʝʥʪʥʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʧʝ-
ʮʠʘʣʠʩʪʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʇʨʝʧʦʜʘʚʘʪʝʣʴ, ʩʪʫʜʝʥʪ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʟʘʜʘʯʠ, ʧʨʘʢʪʠʢʘ, ʤʦ-
ʪʠʚʘʮʠʷ. 
 

EXPERIENCE IN SOLVING PROFESSIONALLY-ORIENTED PROBLEMS IN MATHEMATICS AND 
PHYSICS LESSONS 

 
Kudasheva Karina Valerievna 

 
Abstract: The article examines current approaches to incorporating professional-oriented tasks into the teach-
ing of mathematics and physics, emphasizing the importance of this approach for developing practical skills 
among students. The author's main idea is that modern educational requirements necessitate creating connec-
tions between theoretical knowledge and its practical application. Therefore, incorporating professional-
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ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʦʪ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʫʯʘʱʠʭʩʷ ʥʝ ʪʦʣʴʢʦ ʛʣʫʙʦʢʠʭ ʟʥʘʥʠʡ ʚ ʦʙ-

ʣʘʩʪʠ ʥʘʫʢʠ, ʥʦ ʠ ʫʤʝʥʠʷ ʧʨʠʤʝʥʷʪʴ ʵʪʠ ʟʥʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʪʘʢʠʭ ʧʨʝʜʤʝʪʦʚ, ʢʘʢ 
ʤʘʪʝʤʘʪʠʢʘ ʠ ʬʠʟʠʢʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʬʝ-
ʨʘʭ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʥʝʜʨʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ 
ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʨʘʩʢʨʳʚʘʝʪ ʦʧʳʪ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʥʘ ʫʨʦʢʘʭ ʤʘʪʝʤʘʪʠʢʠ ʠ ʬʠ-
ʟʠʢʠ, ʧʦʜʯʝʨʢʠʚʘʷ ʠʭ ʟʥʘʯʠʤʦʩʪʴ ʠ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʥʘʚʳʢʦʚ ʫ ʩʪʫʜʝʥʪʦʚ. 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʟʘʜʘʯʠ ð ʵʪʦ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʳʝ ʧʨʦʙʣʝ-
ʤʳ ʠ ʚʳʟʦʚʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʕʪʠ ʟʘʜʘʯʠ ʩʣʫʞʘʪ ʩʚʷʟʫ-
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ʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʪʝʦʨʠʝʡ ʠ ʧʨʘʢʪʠʢʦʡ, ʧʨʝʜʣʘʛʘʷ ʩʪʫʜʝʥʪʘʤ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʨʝʘʣʴʥʳʤʠ ʩʮʝʥʘʨʠʷ-
ʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ. 

ɺ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʨʳʥʦʢ ʪʨʫʜʘ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʦʙʷʟʘʥʳ ʘʜʘʧ-
ʪʠʨʦʚʘʪʴ ʩʚʦʠ ʧʨʦʛʨʘʤʤʳ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʩʬʝʨʳ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 
ʟʘʜʘʯ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʣʫʯʰʝ ʧʦʥʷʪʴ, ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʢʦʥʮʝʧʮʠʠ ʚʦʧʣʦʱʘʶʪʩʷ ʚ 
ʨʝʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʘʭ [3]. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʠʥʪʝʨʝʩ ʫʯʘʱʠʭʩʷ, ʥʦ ʠ ʬʦʨ-
ʤʠʨʫʝʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʥʘʚʳʢʠ, ʪʘʢʠʝ ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ, ʫʤʝʥʠʝ ʨʘʙʦʪʘʪʴ ʚ ʢʦʤʘʥʜʝ ʠ 
ʢʦʨʨʝʢʪʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ. 

ʅʘ ʫʨʦʢʘʭ ʤʘʪʝʤʘʪʠʢʠ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝ, ʨʘʩʯʝʪʘʤʠ ʜʦʭʦʜʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʣʠ ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ. ʅʘ ʟʘʥʷʪʠʷʭ ʧʦ ʬʠʟʠʢʝ ʨʘʩʩʤʘʪʨʠ-
ʚʘʶʪʩʷ ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤ ʠʣʠ ʧʨʦ-
ʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʚ ʫʨʦʢʠ ʤʘʪʝʤʘʪʠʢʠ ʠ ʬʠʟʠʢʠ 
ʚʘʞʥʦ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ [4]. ʕʪʦ ʜʝʣʘʝʪ ʦʙʫʯʝʥʠʝ ʙʦʣʝʝ ʵʬ-
ʬʝʢʪʠʚʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ, ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ. 

ɺ ʵʪʦʤ ʫʨʦʢʝ ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʢʘʢʦʛʦ-ʣʠʙʦ ʪʦ-
ʚʘʨʘ. ʅʘʧʨʠʤʝʨ, ʠʤ ʧʨʝʜʣʘʛʘʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ, ʠʩʧʦʣʴʟʫʷ ʤʘ-
ʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʫʨʘʚʥʝʥʠʡ, ʦʪʨʘʞʘʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʪʨʘʪ 
ʦʪ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

ʉʪʫʜʝʥʪʳ ʜʦʣʞʥʳ ʦʙʩʫʞʜʘʪʴ, ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʩʫʨʩʥʳʝ ʧʘʨʘʤʝʪʨʳ 
ʚʣʠʷʶʪ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʥʠ ʥʝ ʪʦʣʴʢʦ ʦʙʫʯʘʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʢʦʥʮʝʧʮʠ-
ʷʤ, ʥʦ ʠ ʧʦʥʠʤʘʶʪ ʧʨʠʥʮʠʧʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʟʘʜʘʯʠ ʧʦ ʤʘʪʝʤʘʪʠʢʝ. 
ɿʘʜʘʯʘ 1. ʆʙʲʝʤʳ ʝʞʝʛʦʜʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʧʝʨʚʦʡ, ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʩʢʚʘʞʠʥʘʤʠ ʦʪʥʦʩʷʪʩʷ ʢʘʢ 

6 : 7 : 10. ʇʣʘʥʠʨʫʝʪʩʷ ʫʤʝʥʴʰʠʪʴ ʛʦʜʦʚʫʶ ʜʦʙʳʯʫ ʥʝʬʪʠ ʠʟ ʧʝʨʚʦʡ ʩʢʚʘʞʠʥʳ ʥʘ 10% ʠ ʠʟ ʚʪʦʨʦʡ ð 
ʪʦʞʝ ʥʘ 10%. ʅʘ ʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʥʫʞʥʦ ʫʚʝʣʠʯʠʪʴ ʛʦʜʦʚʫʶ ʜʦʙʳʯʫ ʥʝʬʪʠ ʠʟ ʪʨʝʪʴʝʡ ʩʢʚʘʞʠʥʳ, ʯʪʦ-
ʙʳ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʜʦʙʳʚʘʝʤʦʡ ʟʘ ʛʦʜ ʥʝʬʪʠ ʥʝ ʠʟʤʝʥʠʣʩʷ? 

ɿʘʜʘʯʘ 2. ʇʦʩʧʦʨʠʣʠ ʙʫʨʠʣʴʱʠʢ-ʥʝʬʪʷʥʠʢ, ʘʢʚʘʣʘʥʛʠʩʪ, ʧʦʣʷʨʥʠʢ ʠ ʧʠʥʛʚʠʥ ï ʢʪʦ ʙʣʠʞʝ ʢ ʮʝʥʪʨʫ 
ɿʝʤʣʠ? ɸʢʚʘʣʘʥʛʠʩʪ ʛʦʚʦʨʠʪ: çʗ ʩʷʜʫ ʚ ʙʘʪʠʩʢʘʬ ʠ ʩʧʫʱʫʩʴ ʚ ʄʘʨʠʘʥʩʢʫʶ ʚʧʘʜʠʥʫ, ʝʝ ʛʣʫʙʠʥʘ 11000 ʤ 
ʠ ʦʢʘʞʫʩʴ ʙʣʠʞʝ ʢ ʮʝʥʪʨʫ ɿʝʤʣʠè. ʇʦʣʷʨʥʠʢ ʛʦʚʦʨʠʪ: çʗ ʧʨʠʝʜʫ ʥʘ ʩʝʚʝʨʥʳʡ ʧʦʣʶʩ ʠ ʙʫʜʫ ʙʣʠʞʝ ʚʩʝʭ 
ʢ ʮʝʥʪʨʫ ɿʝʤʣʠè. ɹʫʨʠʣʴʱʠʢ ʛʦʚʦʨʠʪ: çʗ ʧʨʦʙʫʨʶ ʩʢʚʘʞʠʥʫ ʛʣʫʙʠʥʦʡ 14 ʢʤ ʠ ʙʫʜʫ ʙʣʠʞʝ ʚʩʝʭ ʢ ʮʝʥʪʨʫ 
ɿʝʤʣʠè. ʇʠʥʛʚʠʥ ʥʠʯʝʛʦ ʥʝ ʛʦʚʦʨʠʪ, ʦʥ ʧʨʦʩʪʦ ʞʠʚʝʪ ʚ ɸʥʪʘʨʢʪʠʜʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʳʩʦ-
ʪʘ ʤʘʪʝʨʠʢʘ ɸʥʪʘʨʢʪʠʜʘ 3 ʢʤ + ʚʳʩʦʪʘ ʣʝʜʦʚʦʛʦ ʱʠʪʘ 3-4 ʢʤ. ʈʘʩʧʦʣʦʞʠʪʝ ʛʝʨʦʝʚ ʟʘʜʘʯʠ ʧʦ ʤʝʨʝ ʚʦʟ-
ʨʘʩʪʘʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʮʝʥʪʨʘ ɿʝʤʣʠ (ʦʪ ʵʢʚʘʪʦʨʘ ʜʦ ʮʝʥʪʨʘ ï 6378 ʢʤ, ʦʪ ʧʦʣʶʩʘ ʜʦ ʮʝʥʪʨʘ - 6356 ʢʤ 
ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 6375 ʢʤ). 

ʈʝʰʝʥʠʝ: 
ʈʘʜʠʫʩ ɿʝʤʣʠ: 
ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ = 6378,137 ʢʤ; 
ʩʨʝʜʥʠʡ = 6371,032 ʢʤ; 
ʧʦʣʷʨʥʳʡ = 6356,777 ʢʤ. 
ʇʦʵʪʦʤʫ, ʝʩʣʠ ʙʫʨʠʣʴʱʠʢ ʧʨʦʙʫʨʠʪ ʩʢʚʘʞʠʥʫ ʥʘ ʖʞʥʦʤ ʧʦʣʶʩʝ, ʦʥ ʦʢʘʞʝʪʩʷ ʥʘ ʧʝʨʚʦʤ ʤʝ-

ʩʪʝ (6356,777 - 14 = 6342,777 ʢʤ). 
ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ð ʧʦʣʷʨʥʠʢ (6356, 777 ʢʤ). 
ʅʘ ʪʨʝʪʴʝʤ ʤʝʩʪʝ ð ʘʢʚʘʣʘʥʛʠʩʪ (ʝʩʣʠ ʦʥ ʩʤʦʞʝʪ ʦʧʫʩʪʠʪʴʩʷ ʥʘ ʩʘʤʦʝ ʜʥʦ, ʜʦ ʮʝʥʪʨʘ ɿʝʤʣʠ 

ʦʩʪʘʥʝʪʩʷ 6371,032 - 11 = 6360, 032 ʢʤ). 
ɼʘʣʴʰʝ ʚʩʝʭ ð ʧʠʥʛʚʠʥ (ʖʞʥʳʡ ʧʦʣʶʩ ʥʘ 4 ʢʤ ʜʘʣʴʰʝ ʯʝʤ ʉʝʚʝʨʥʳʡ). ʊʦ ʝʩʪʴ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

6360, 777ʢʤ ʦʪ ʮʝʥʪʨʘ. [13] 
ɿʘʜʘʯʘ 3. ʀʟ 4000ʪʦʥʥ ʥʝʬʪʠ ʧʦʣʫʯʠʣʠ 30%ʢʝʨʦʩʠʥʘ. ʉʢʦʣʴʢʦ ʪʦʥʥ ʢʝʨʦʩʠʥʘ ʧʦʣʫʯʠʣʦʩʴ? 
ɿʘʜʘʯʘ 4. ɹʨʠʛʘʜʘ ʠʟ 5 ʨʘʙʦʯʠʭ ʚʳʧʦʣʥʷʶʪ ʨʘʙʦʪʫ ʟʘ 120 ʯʘʩʦʚ. ɿʘ ʩʢʦʣʴʢʦ ʯʘʩʦʚ ʵʪʫ ʞʝ ʨʘʙʦʪʫ 

ʩʜʝʣʘʶʪ 8 ʨʘʙʦʯʠʭ? 



12 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 

 

XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɿʘʜʘʯʘ 5. ʀʥʞʝʥʝʨ ʟʘʙʳʣ ʧʦʩʣʝʜʥʠʝ 2 ʮʠʬʨʳ ʤʦʜʝʣʠ ʥʘʩʦʩʘ ʙʫʨʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, ʥʦ ʧʦʤʥʠʪ, ʯʪʦ 
ʦʥʠ ʨʘʟʣʠʯʥʳ ʠ ʦʙʨʘʟʫʶʪ ʜʚʫʟʥʘʯʥʦʝ ʯʠʩʣʦ, ʤʝʥʴʰʝʝ 30. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʦʥ ʧʠʰʝʪ ʥʘʫʛʘʜ 2 ʮʠʬʨʳ. 
ʅʘʡʪʠ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʵʪʦ ʙʫʜʫʪ ʥʫʞʥʳʝ ʮʠʬʨʳ. 

ʈʝʰʝʥʠʝ: ʀʩʧʦʣʴʟʫʝʤ ʢʣʘʩʩʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ: P=m/n, ʛʜʝ n - ʯʠʩʣʦ ʚʩʝʭ ʚʦʟ-
ʤʦʞʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʠʩʭʦʜʦʚ, m - ʯʠʩʣʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʠʩʭʦʜʦʚ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʭ ʦʩʫʱʝʩʪʚʣʝ-
ʥʠʶ ʩʦʙʳʪʠʷ. 

m = 1, ʪʘʢ ʢʘʢ ʪʦʣʴʢʦ ʦʜʥʦ ʯʠʩʣʦ ʧʨʘʚʠʣʴʥʦʝ. ʇʦʜʩʯʠʪʘʝʤ ʢʦʣʠʯʝʩʪʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʜʚʫʟʥʘʯ-
ʥʳʭ ʯʠʩʝʣ ʩ ʨʘʟʥʳʤʠ ʮʠʬʨʘʤʠ, ʤʝʥʴʰʝʝ 30, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʥʘʧʠʩʘʪʴ ʠʥʞʝʥʝʨ : 

10 12 13 14 15 16 17 18 19 
20 21 23 24 25 26 27 28 29 
ʊʘʢʠʭ ʯʠʩʝʣ n = 18 ʰʪʫʢ. ʊʦʛʜʘ ʠʩʢʦʤʘʷ ʚʝʨʦʷʪʥʦʩʪʴ P=1/18. 
ɿʘʜʘʯʘ 6. ʐʝʩʪʴ ʢʘʙʝʣʝʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʢʣʘʜʳʚʘʶʪ ʚ ʪʨʠ ʷʱʠʢʘ. 

ʅʘʡʪʠ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʷʱʠʢʘʭ ʦʢʘʞʝʪʩʷ ʨʘʟʥʦʝ ʯʠʩʣʦ ʢʘʙʝʣʝʡ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʩʝ ʷʱʠ-
ʢʠ ʥʝ ʧʫʩʪʳʝ. 

ʈʝʰʝʥʠʝ: ʀʩʧʦʣʴʟʫʝʤ ʢʣʘʩʩʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ: P=m/n, ʛʜʝ m - ʯʠʩʣʦ ʠʩʭʦʜʦʚ, 
ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʭ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʩʦʙʳʪʠʷ, ʘ n - ʯʠʩʣʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠʩʭʦʜʦʚ. 

m = 6, ʪʘʢ ʢʘʢ ʝʩʪʴ ʪʦʣʴʢʦ ʪʨʠ ʩʣʫʯʘʷ ʨʘʩʧʦʣʦʞʝʥʠʷ 6 ʢʘʙʝʣʝʡ ʧʦ 3 ʷʱʠʢʘʤ, ʯʪʦʙʳ ʚʦ ʚʩʝʭ ʷʱʠ-
ʢʘʭ ʦʢʘʟʘʣʦʩʴ ʨʘʟʥʦʝ ʯʠʩʣʦ ʢʘʙʝʣʝʡ: (1, 2, 3, (2, 1, 3, (3, 2, 1, (1, 3, 2, (2, 3, 1, (3, 1, 2). ɺʩʝʛʦ ʩʣʫʯʘʝʚ 
ʨʘʩʧʦʣʦʞʝʥʠʷ 6 ʢʘʙʝʣʝʡ ʧʦ 3 ʷʱʠʢʘʤ, ʯʪʦʙʳ ʥʠ ʦʜʠʥ ʷʱʠʢ ʥʝ ʦʩʪʘʣʩʷ ʧʫʩʪʳʤ ʨʘʚʥʦ 

ʊʦʛʜʘ ʠʩʢʦʤʘʷ ʚʝʨʦʷʪʥʦʩʪʴ P=6/10. 
ɿʘʜʘʯʘ7. ʉ ʙʘʟʳ ʥʘ ʙʫʨʦʚʫʶ ʦʪʧʨʘʚʣʝʥʦ 100 ʪʱʘʪʝʣʴʥʦ ʫʧʘʢʦʚʘʥʥʳʭ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʭ ʣʘʤʧʦ-

ʯʝʢ ʜʣʷ ʦʩʚʝʱʝʥʠʷ. ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʣʘʤʧʦʯʢʘ ʧʦʚʨʝʜʠʪʩʷ ʚ ʧʫʪʠ, ʨʘʚʥʘ 0.0005. ʅʘʡʪʠ ʚʝʨʦʷʪ-
ʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʠʟ 100 ʣʘʤʧʦʯʝʢ ʥʘ ʙʫʨʦʚʫʶ ʧʨʠʙʫʜʫʪ 3 ʠʩʧʦʨʯʝʥʥʳʭ ʣʘʤʧʦʯʢʠ. 

ɿʘʜʘʯʘ 8. ʀʟ 1000 ʩʧʝʮʦʚʦʢ ʜʣʷ ʙʫʨʠʣʴʱʠʢʦʚ 380 ʧʨʠʥʘʜʣʝʞʘʪ ʢ 1 ʧʘʨʪʠʠ, 270 ï ʢʦ ʚʪʦʨʦʡ ʧʘʨ-
ʪʠʠ, ʦʩʪʘʣʴʥʳʝ ʢ ʪʨʝʪʴʝʡ. ɺ ʧʝʨʚʦʡ ʧʘʨʪʠʠ 4% ʙʨʘʢʘ, ʚʦ ʚʪʦʨʦʡ - 3%, ʚ ʪʨʝʪʴʝʡ ï 6%. ʅʘʫʜʘʯʫ ʚʳʙʠʨʘ-
ʝʪʩʷ ʦʜʥʘ ʩʧʝʮʦʚʢʘ. ʆʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚʳʙʨʘʥʥʘʷ ʩʧʝʮʦʚʢʘ ï ʙʨʘʢʦʚʘʥʥʘʷ. 

ɿʘʜʘʯʘ 9. ɺ ʙʨʠʛʘʜʝ ʙʫʨʠʣʴʱʠʢʦʚ ʚ 6 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʣʘʙʦʨʘʥʪʦʚ, ʘ ʣʘʙʦʨʘʥʪʦʚ ʚ 3 ʨʘʟʘ 
ʙʦʣʴʰʝ, ʯʝʤ ʧʦʚʘʨʦʚ. ɺʝʨʦʷʪʥʦʩʪʴ ʚʳʧʦʣʥʠʪʴ ʥʦʨʤʫ ʜʣʷ ʙʫʨʠʣʴʱʠʢʘ 0,9, ʜʣʷ ʣʘʙʦʨʘʥʪʘ 0,75, ʜʣʷ ʧʦ-
ʚʘʨʘ - 0,8. ʅʘʡʪʠ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʨʘʙʦʯʠʡ, ʚʳʙʨʘʥʥʳʡ ʥʘʫʛʘʜ, ʚʳʧʦʣʥʠʪ ʥʦʨʤʫ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʧʦ ʬʠʟʠʢʝ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ 
ʪʝʤʝ: çʕʣʝʢʪʨʦʝʤʢʦʩʪʴ. ʂʦʥʜʝʥʩʘʪʦʨʳ. ʕʥʝʨʛʠʷ ʟʘʨʷʞʝʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʦʚè. 

ɿʘʜʘʯʘ. ʂʦʥʜʝʥʩʘʪʦʨ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʣʘʩʪʠʥʦʡ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʥʘ ʢʘʞʜʦʡ ʢʣʘʚʠʰʝ ʢʦʤʧʴʶʪʝʨ-
ʥʦʡ ʢʣʘʚʠʘʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʚʘʜʨʘʪ 0,8 ʩʤ ʩʙʦʢʫ. ʄʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʥʘʭʦʜʠʪʩʷ ʜʠʵʣʝʢʪʨʠʢ 
ʩ Ů=4,2. ʂʦʛʜʘ ʢʣʶʯ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ çʚʚʝʨʭè, ʨʘʟʜʝʣʝʥʠʝ ʧʣʘʩʪʠʥ ʨʘʚʥʦ 0,75 ʤʠʣʣʠʤʝʪʨ. 
ʅʘʡʜʠʪʝ ʥʘʯʘʣʴʥʫʶ ʝʤʢʦʩʪʴ. ʅʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʞʘʪʘ ʢʣʘʚʠʰʘ, ʯʪʦʙʳ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠ-
ʨʦʚʘʥʦ ʥʘʞʘʪʠʝ ʢʣʘʚʠʰʠ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʝʤʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 4ʧʌ? 

ɼʣʷ ʩʪʫʜʝʥʪʦʚ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʪʠʚʠʨʫʝʪ ʢ ʧʦʥʠʤʘʥʠʶ ʧʨʠʥʮʠʧʘ ʦʩʥʦʚʳ ʨʘʙʦʪʳ ʢʦʤ-
ʧʴʶʪʝʨʥʦʡ ʢʣʘʚʠʘʪʫʨʳ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ, ʠʛʨʘʶʱʝʡ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚʦ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʠ ʯʝʣʦʚʝʢʘ ʩ ʤʘʰʠʥʦʡ. ʇʦʥʠʤʘʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʧʨʠʥʮʠʧʦʚ ʢʣʘʚʠʘʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦ-
ʤʦʛʘʝʪ ʛʣʫʙʞʝ ʦʩʦʟʥʘʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʘʣʛʦʨʠʪʤʳ, ʩʪʦʷʱʠʝ ʟʘ ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʦ-
ʩʪʳʭ ʠ ʩʣʦʞʥʳʭ ʦʧʝʨʘʮʠʡ [1]. 

ɿʘʜʘʯʘ. ʉʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʢʦʥʜʝʥʩʘʪʦʨ ʠʟ ʧʣʘʩʪʠʢʦʚʳʭ ʩʪʘʢʘʥʯʠʢʦʚ ʠ ʬʦʣʴʛʠ. ɿʘʨʷʜʠʪʴ ʝʛʦ, ʠʟ-
ʤʝʨʠʪʴ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ. 

ʉʙʦʨʢʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪʩʷ ʦʙʫʯʘʶʱʠʤʩʷ ʥʘʛʣʷʜʥʦ ʠʟʫʯʠʪʴ ʫʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ. 
ʀʟʤʝʨʝʥʠʝ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʤʫʣʴʪʠʤʝʪʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ 
ʵʣʝʤʝʥʪ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʛʣʫʙʣʝʥʠʶ ʪʝʦʨʝ-
ʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʥʦ ʠ ʨʘʟʚʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ʉʥʘʯʘʣʘ ʩʪʫʜʝʥʪʳ ʟʥʘʢʦʤʷʪʩʷ ʩ ʤʫʣʴʪʠʤʝʪʨʦʤ, ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʟʘʪʝʤ ʦʙʫʯʘʶʪʩʷ ʧʨʘʚʠʣʴ-
ʥʦʤʫ ʧʦʜʢʣʶʯʝʥʠʶ ʧʨʠʙʦʨʘ ʢ ʚʳʚʦʜʘʤ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ ʠ 
ʧʦʚʨʝʞʜʝʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘʙʣʶʜʘʷ ʟʘ ʧʦʢʘʟʘʥʠʷʤʠ ʫʩʪʨʦʡʩʪʚʘ, ʦʥʠ ʦʩʚʘʠʚʘʶʪ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦ-
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ʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ. 
ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʩ ʤʫʣʴʪʠʤʝʪʨʦʤ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʧʦʤʦʛʘʝʪ ʩʪʫʜʝʥʪʘʤ ʣʫʯʰʝ ʧʦ-

ʥʷʪʴ ʧʨʠʥʮʠʧʳ ʭʨʘʥʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʢʦʥʜʝʥʩʘʪʦʨʘʭ. ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʳʡ ʦʧʳʪ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʙʦʪʳ ʩ ʮʝʧʷʤʠ ʧʝʨʝʤʝʥʥʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʠ ʬʦʨ-
ʤʠʨʫʝʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʥʘʚʳʢʠ ʜʣʷ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [2].  

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʨʘʟʚʠʚʘʶʱʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʦʩʪʘʥʦʚʢʠ ʧʨʦʙʣʝʤʳ. 
ʅʘʧʨʠʤʝʨ, ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ ʢʦʥʜʝʥʩʘʪʦʨ ʜʣʷ ʤʠʢʨʦʩʭʝʤʳ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦʤʦʛʘʝʪ ʤʘʨ-
ʢʠʨʦʚʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝ, ʥʦʤʠʥʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʝʤʢʦʩʪʠ, ʜʦʧʫʩʪʠʤʦʤ 
ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʥʦʤʠʥʘʣʘ ʠ ʧʨʦʯʝʝ. ʀʟʤʝʥʠʪʴ ʝʤʢʦʩʪʴ ʪʘʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘʤ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 
ʚʦʟʤʦʞʥʳʤ. ʇʝʨʝʜ ʦʙʫʯʘʶʱʠʤʠʩʷ ʩʪʘʚʠʪʴʩʷ ʚʦʧʨʦʩ: ʯʪʦ ʜʝʣʘʪʴ, ʝʩʣʠ ʥʫʞʥʦ ʫʚʝʣʠʯʠʪʴ ʠʣʠ ʫʤʝʥʴʰʠʪʴ 
ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ? ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʫʞʜʝʥʠʷ ʨʝʙʷʪʘ ʜʦʣʞʥʳ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 
ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʠ ʧʘʨʘʣʣʝʣʴʥʳʝ ʙʘʪʘʨʝʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʝʥʷʪʴ ʜʘʥ-
ʥʳʡ ʧʘʨʘʤʝʪʨ. ɸ ʟʘʪʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʬʦʨʤʫʣʘʤ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʦʝ ʠʟ 
ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ, ʘ ʢʘʢʦʝ - ʫʤʝʥʴʰʠʪʴ ʝʤʢʦʩʪʴ ʙʘʪʘʨʝʠ? ɿʜʝʩʴ ʤʦʞʝʪ 
ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ: ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʴʰʫʶ ʝʤʢʦʩʪʴ ʙʘʪʘʨʝʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ 
ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʝʤʢʦʩʪʴʶ 1ʤʢʌ ʢʘʞʜʳʡ, ʧʨʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʷʭ ʠʭ ʩʦʝʜʠʥʝʥʠʷ. 

ʊʘʢʞʝ ʥʘ ʫʨʦʢʝ ʬʠʟʠʢʠ ʠʟʫʯʘʝʪʩʷ, ʢʘʢ ʨʘʙʦʪʘʶʪ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʵʥʝʨʛʠʶ, 
ʥʘʧʨʠʤʝʨ, ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʠʣʠ ʚʝʪʨʷʥʳʝ ʪʫʨʙʠʥʳ. ʉʪʫʜʝʥʪʳ ʤʦʛʫʪ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 
ʠʟʤʝʨʝʥʠʷ, ʨʘʩʩʯʠʪʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʥʝʨʛʦʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʩʚʦʠ ʨʝʟʫʣʴʪʘʪʳ [4]. 

ʕʪʘ ʟʘʜʘʯʘ ʧʦʟʚʦʣʷʝʪ ʫʯʘʱʠʤʩʷ ʣʫʯʰʝ ʧʦʥʷʪʴ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʷʭ. ɹʦʣʝʝ ʪʦʛʦ, ʦʥʠ ʤʦʛʫʪ ʩʨʘʚʥʠʪʴ ʠ ʦʙʩʫʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʠʭ ʚʣʠʷʥʠʝ ʥʘ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ [1]. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʚʠʣʴʥʘʷ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-
ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʥʝ ʤʝʥʝʝ ʚʘʞʥʘ, ʯʝʤ ʠʭ ʚʥʝʜʨʝʥʠʝ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. ʆʮʝʥʢʘ ʜʦʣʞʥʘ ʫʯʠʪʳ-
ʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʥʦ ʠ ʩʘʤ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ. 

ɺʚʝʜʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʚ ʫʨʦʢʠ ʤʘʪʝʤʘʪʠʢʠ ʠ ʬʠʟʠʢʠ ð ʵʪʦ ʚʘʞʥʳʡ 
ʰʘʛ ʢ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠ ʘʢʪʫʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʤʦʛʘʝʪ 
ʫʯʘʱʠʤʩʷ ʥʝ ʪʦʣʴʢʦ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʧʨʝʜʤʝʪ, ʥʦ ʠ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ ʨʝʘʣʴʥʳʤ ʚʳʟʦʚʘʤ, ʢʦʪʦʨʳʝ ʦʥʠ ʤʦ-
ʛʫʪ ʚʩʪʨʝʪʠʪʴ ʚ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʞʠʟʥʠ. ɺʘʞʥʦ, ʯʪʦʙʳ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʥʘʫʯʠʣʠʩʴ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ, ʜʝʣʘʷ ʘʢʮʝʥʪ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʟʥʘʥʠʡ ʠ ʨʘʟʚʠʪʠʝ 
ʥʝʦʙʭʦʜʠʤʳʭ ʥʘʚʳʢʦʚ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʵʪʦ ʩʦʟʜʘʝʪ ʙʦʣʝʝ ʤʦʪʠʚʠʨʦʚʘʥʥʦʝ ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʦʝ ʧʦʢʦ-
ʣʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʝʰʘʪʴ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʙʱʝʩʪʚʘ. 
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ǶȇȀȇȏǞȁ ǫǿȑȁȄȈ ǟȊȄȉȐȄȄȁȇȖ 

ʩʪʫʜʝʥʪʳ 
ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘè 

ǳȄȃȞȉȍȁǿ ǬǿȑǿȊȇȞ ǡȊǿȃȇȋȇȏȍȁȌǿ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ 
ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʅʝʩʪʝʨʦʚʘ ɸʣʝʚʪʠʥʘ ɻʝʨʤʘʥʦʚʥʘ 

ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 
ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ 

ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʈʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʦʣʫʯʝʥʠʷ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʦʜʥʦʫʧʘʢʦʚʦʯʥʦʡ 
ʛʨʫʥʪʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʬʠʨʥʳʭ ʩʤʦʣ, ʩʦʣʴʚʝʥʪʘ, ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʧʠʛʤʝʥʪʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝ-
ʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʙʦʨʴʙʳ ʩ ʢʦʨʨʦʟʠʝʡ ʜʣʷ ʮʚʝʪʥʳʭ ʠ ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʣʘʢʦʢʨʘʩʦʯʥʳʡ 
ʤʘʪʝʨʠʘʣ ʩʧʦʩʦʙʝʥ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʜʚʫʭʫʧʘʢʦʚʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʙʦʨʴʙʝ ʩ ʢʦʨʨʦʟʠʝʡ. ɺʳʷʚʣʝʥʘ 
ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʝʮʝʧʪʫʨʳ ʜʣʷ ʟʘʱʠʪʳ ʤʘʪʝʨʠʘʣʦʚ ʭʦʟʙʳʪʦʚʦʛʦ ʠ ʦʙʱʝʠʥʜʫʩʪʨʠʘʣʴ-
ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʦʨʨʦʟʠʷ ʤʝʪʘʣʣʦʚ, ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʘʷ ʛʨʫʥʪʦʚʢʘ, ʧʦʣʠʵʬʠʨʥʳʝ ʧʦʢʨʳʪʠʷ, ʧʦʜʧʣʝ-
ʥʦʯʥʘʷ ʢʦʨʨʦʟʠʷ, ʛʨʫʥʪʦʚʢʘ ʦʙʱʝʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
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Abstract: Technological aspects of obtaining anticorrosive one-pack primer on the basis of polyester resins, 
solvent, fillers and pigments of special purpose are considered. The influence of all components on physical 
and mechanical properties as well as corrosion control efficiency for non-ferrous and ferrous metals has been 
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investigated. It is established that this paint and varnish material is able to compete with two-pack materials in 
corrosion control. Prospectivity of the proposed formulation for protection of household and general industrial 
materials is revealed.  
Keywords: metal corrosion, anticorrosion primer, polyester coatings, under coating corrosion, general indus-
trial primer. 

 
ʂʦʨʨʦʟʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʠ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʭʠʤʠʯʝʩʢʦʝ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʘʣʣʦʚ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʯʪʦ ʧʨʠʚʦ-
ʜʠʪ ʢ ʠʭ ʧʦʩʪʝʧʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ʂʦʨʨʦʟʠʷ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦ-
ʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʣʘʞʥʦʩʪʴ, ʢʠʩʣʦʪʳ, ʱʝʣʦʯʠ, ʩʦʣʠ ʠ ʜʨʫʛʠʝ ʘʛʨʝʩʩʠʚʥʳʝ ʚʝʱʝʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʨʨʦ-
ʟʠʠ ʤʝʪʘʣʣʳ ʪʝʨʷʶʪ ʩʚʦʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʘʚʘʨʠʷʤ ʠ ʵʢʦʥʦ-
ʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ. ɸʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʛʨʫʥʪʦʚʢʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʵʪʠʭ ʧʨʦ-
ʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. 

ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ ʛʨʫʥʪʦʚʦʢ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ 
ʢʦʨʨʦʟʠʠ, ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʛʨʫʥʪʦʚʢʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 
ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʝʡ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʩʧʦʩʦʙʥʦ-
ʩʪʴʶ ʩʦʟʜʘʚʘʪʴ ʟʘʱʠʪʥʳʡ ʙʘʨʴʝʨ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʢʦʨʨʦʟʠʦʥʥʳʭ ʘʛʝʥʪʦʚ. ɺ ʧʦʩʣʝʜ-
ʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, 
ʥʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʨʨʦʟʠʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʢʦʨʨʦʟʠ-
ʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʥʘ ʧʦʠʩʢ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝ-
ʥʠʡ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ ʟʘʤʝʜʣʝʥʠʷ ʢʦʨʨʦʟʠʠ. ɺʚʝʜʝʥʠʝ ʚ ʪʝʤʫ ʚʢʣʶʯʘʝʪ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟ-
ʤʦʚ ʢʦʨʨʦʟʠʠ, ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʨʫʥʪʦʚʦʢ ʠ ʠʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʘ ʪʘʢʞʝ ʦʙʩʫʞʜʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 
ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ. 

ʂʦʨʨʦʟʠʷ ʤʝʪʘʣʣʦʚ ï ʵʪʦ ʨʘʟʨʫʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚʩʣʝʜʩʪʚʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ ʩ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʦʡ [1]. ʇʦ ʚʠʜʫ ʢʦʨʨʦʟʠʶ ʨʘʟʣʠʯʘʶʪ ʛʘʟʦʚʫʶ, ʘʪʤʦʩʬʝʨʥʫʶ, 
ʧʦʜʟʝʤʥʫʶ, ʢʦʥʪʘʢʪʥʫʶ, ʙʠʦʣʦʛʠʯʝʩʢʫʶ, ʱʝʣʝʚʫʶ ʠ ʜʨ. ʅʘʠʙʦʣʴʰʠʡ ʚʨʝʜ ʧʨʠʥʦʩʠʪ ʘʪʤʦʩʬʝʨʥʘʷ ʢʦʨ-
ʨʦʟʠʷ. ʆʥʘ ʧʨʦʪʝʢʘʝʪ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʠ ʚʣʘʛʠ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʚ ʥʝʡ ʭʠʤʠʯʝʩʢʠʤʠ 
ʚʝʱʝʩʪʚʘʤʠ. ʂʦʨʨʦʟʠʦʥʥʳʝ ʨʘʟʨʫʰʝʥʠʷ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʨʘʚʥʦʤʝʨʥʫʶ, ʥʝʨʘʚʥʦʤʝʨʥʫʶ, ʷʟʚʝʥ-
ʥʫʶ, ʪʦʯʝʯʥʫʶ (ʧʠʪʪʠʥʛʦʚʫʶ), ʱʝʣʝʚʫʶ, ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʫʶ ʠ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʫʶ ʢʦʨʨʦʟʠʶ (ʨʠʩ. 1).  

 

 
ʉʡʪ. 1. ɻʡʝʴ ʣʧʩʩʧʠʡʧʦʦʴʮ ʩʙʠʩʬʱʞʦʡʢ 

ʘ ï ʩʧʣʦʰʥʘʷ ʨʘʚʥʦʤʝʨʥʘʷ; ʙ ï ʩʧʣʦʰʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʘʷ; ʚ ï ʩʪʨʫʢʪʫʨʥʦ-ʠʟʙʠʨʘʪʝʣʴʥʘʷ; ʛ ï ʧʷʪʥʘʤʠ; 
ʜ ï ̫ ʟʚʘʤʠ; ʝ ï ʪʦʯʢʘʤʠ (ʧʠʪʪʠʥʛʦʚʘʷ); ʞ ï ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʘʷ; ʟ ï ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

 
ʍʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʢʦʥʪʘʢʪʝ ʤʝʪʘʣʣʘ ʩ ʪʘʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʢʘʢ ʥʝʬʪʴ, ʙʝʥʟʠʥ, 

ʩʫʭʠʝ ʛʘʟʳ (O2, ʧʘʨʳ ʩʝʨʳ ʠ SO2, H2S, Cl2 ʠ ʜʨʫʛʠʝ), ʢʦʪʦʨʳʝ ʥʝ ʧʨʦʚʦʜʷʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ.  
ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʤʝʪʘʣʣ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʧʨʦʚʦʜʷʱʠʤʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ʪʦʢ ʩʨʝʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ, ʢʠʩʣʦʪ, ʚʦʜʳ ʠʣʠ ʦʩʥʦʚʘʥʠʷ. ʕʪʦʪ ʪʠʧ ʢʦʨʨʦʟʠʠ ʧʦʜʯʠʥʷ-
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ʝʪʩʷ ʟʘʢʦʥʘʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ï ʢʘʢ ʢʘ-
ʪʦʜʥʳʭ, ʪʘʢ ʠ ʘʥʦʜʥʳʭ [2].  

 
ʋʙʚʤʡʯʙ 1 

ʋʞʮʦʧʤʧʜʡʰʞʪʣʡʞ ʨʧʣʙʠʙʫʞʤʡ ʜʩʬʦʫʧʛʣʡ ʡ ʄʃʈ ʦʙ ʞʜʧ ʧʪʦʧʛʞ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ɿʥʘʯʝʥʠʝ ʄʝʪʦʜʠʢʘ 

ʃʘʢʦʢʨʘʩʦʯʥʳʡ ʤʘʪʝʨʠʘʣ 

ʂʦʥʩʠʩʪʝʥʮʠʷ ʠ ʮʚʝʪ ʤʘʪʝʨʠʘʣʘ 
ʆʜʥʦʨʦʜʥʘʷ ʪʠʢʩʦʪʨʦʧʥʘʷ ʞʠʜ-
ʢʦʩʪʴ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ 

ɺʠʟʫʘʣʴʥʦ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʥʝʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ, ʤʘʩʩ. 
% 

63,87 ɻʆʉʊ 31939 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʦ ɹʨʫʢʬʠʣʴʜʫ ʧʨʠ 
(20Ñ0.5) Üʉ (ʰʧʠʥʜʝʣʴ ˉ64, 100 ʦʙ/ʤʠʥ), 

ʩʇ 
2782 ɻʆʉʊ 25271 

ʉʪʝʧʝʥʴ ʧʝʨʝʪʠʨʘ, ʤʢʤ 30 ɻʆʉʊ 6589 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 1,31 ɻʆʉʊ 31992.1 

ʊʝʨʤʦʩʪʘʨʝʥʠʝ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ 
(45Ñ1) Üʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 30 ʜʥʝʡ 

ʅʘʣʠʯʠʝ ʠ ʭʘʨʘʢʪʝʨ ʦʩʘʜʢʘ ï ʦʪ-
ʩʫʪʩʪʚʫʝʪ 

ɺʠʟʫʘʣʴʥʦ 

ʃʘʢʦʢʨʘʩʦʯʥʦʝ ʧʦʢʨʳʪʠʝ 

ɺʥʝʰʥʠʡ ʚʠʜ ʠ ʮʚʝʪ ʃʂʇ 
ʆʜʥʦʨʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʤʥʦ-
ʩʝʨʦʛʦ ʮʚʝʪʘ ʙʝʟ ʚʠʜʠʤʳʭ ʜʝ-

ʬʝʢʪʦʚ 
ɺʠʟʫʘʣʴʥʦ 

ɺʨʝʤʷ ʚʳʩʳʭʘʥʠʷ ʥʘ ʦʪʣʠʧ, ʤʠʥ 30 ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠ 

ɺʨʝʤʷ ʚʳʩʳʭʘʥʠʷ ʜʦ ʩʪʝʧʝʥʠ 3, ʯ 5 ɻʆʉʊ 19007 

ʇʦʛʣʦʱʝʥʠʝ ʞʠʜʢʦʩʪʝʡ, ʤʘʩʩ. % 
1,35 (ʚ H2Oʜʠʩʪ) 
1,43 (ʚ NaCl3% ʨ-ʨ) 

ɻʆʉʊ 21513 

ɸʜʛʝʟʠʷ ʤʝʪʦʜʦʤ ʨʝʰʝʪʯʘʪʦʛʦ ʥʘʜʨʝʟʘ, 
ʙʘʣʣ 

0 ɻʆʉʊ 31149 

ʇʨʦʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʨʠ ʫʜʘʨʝ ʥʘ ʧʨʠʙʦʨʝ 
ʋ-2ʄ, ʩʤ 

100 ɻʆʉʊ 4765 

ʕʣʘʩʪʠʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʨʠ ʠʟʛʠʙʝ, ʤʤ 1 ɻʆʉʊ 6806 

ʊʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʦ ʤʘʷʪʥʠʢʦʚʦʤʫ 
ʧʨʠʙʦʨʫ ʪʠʧʘ ʊʄʃ (ʤʘʷʪʥʠʢ ɸ), ʦʪʥ. ʝʜ. 

0,08 (24 ʯʘʩʘ) 
0,24 (192 ʯʘʩʘ) 

ɻʆʉʊ 5233 

ʉʪʦʡʢʦʩʪʴ ʢ ʩʪʘʪʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 
ʞʠʜʢʦʩʪʝʡ, ʯ 

H2Oʜʠʩʪ (72 ʯʘʩʘ) ï ʙʝʟ ʠʟʤʝʥʝʥʠʡ 
NaCl3% ʨ-ʨ (72 ʯʘʩʘ) ï ʙʝʟ ʠʟʤʝʥʝ-

ʥʠʡ 
ɻʆʉʊ 9.403 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʡ ʢ ʚʦʟ-
ʜʝʡʩʪʚʠʶ ʩʦʣʷʥʦʛʦ ʪʫʤʘʥʘ, 240 ʯ, ʤʤ 

1,16 ɻʆʉʊ 9.401 

ʋʢʨʳʚʠʩʪʦʩʪʴ, ʛ/ʤ2 130 ɻʆʉʊ 8784 

 
ɿʘʤʝʜʣʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʩʪʫʧ-

ʣʝʥʠʷ ʚʝʱʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʝʛʦ ʧʨʦʪʝʢʘʥʠʷ, ʧʦʚʳʰʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʣʝ-
ʥʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʜʛʝʟʠʠ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʤ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 
ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳ-
ʪʠʡ, ʷʚʣʷʶʪʩʷ ʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʠ ʘʜʛʝʟʠʦʥʥʦʝ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ [3].  

ɺ ʦʩʥʦʚʥʦʤ ʜʣʷ ʟʘʱʠʪʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʩʧʦʣʴʟʫʶʪ ʩʠʩʪʝʤʫ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳ-
ʪʠʡ (ʃʂʇ), ʛʜʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʩʣʦʝʤ ʷʚʣʷʝʪʩʷ ʛʨʫʥʪʦʚʢʘ ʠʣʠ ʛʨʫʥʪ-ɻ ʤʘʣʴ. ɻʨʫʥʪʦʚʢʘ ï ʵʪʦ ʣʘʢʦʢʨʘ-
ʩʦʯʥʳʡ ʤʘʪʝʨʠʘʣ (ʃʂʄ), ʦʙʨʘʟʫʶʱʠʡ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʥʘ ʦʢʨʘʰʠʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʧʨʦʟʨʘʯʥʦʝ ʠʣʠ 
ʧʨʦʟʨʘʯʥʦʝ ʦʜʥʦʨʦʜʥʦʝ ʃʂʇ ʩ ʭʦʨʦʰʝʡ ʘʜʛʝʟʠʝʡ ʢ ʦʢʨʘʰʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʣʝʜʫʶʱʠʤ ʩʣʦʷʤ ʠ 
ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʣʘʢʦʢʨʘʩʦʯʥʦʡ ʩʠʩʪʝʤʳ [4]. ʉʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚʦʯʥʳʭ ʃʂʇ ʟʘ-
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ʚʠʩʷʪ ʦʪ ʚʳʙʦʨʘ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʥʘʧʦʣʥʠʪʝʣʝʡ, ʧʠʛʤʝʥʪʦʚ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʙʘʚʦʢ, ʘ 
ʪʘʢʞʝ ʦʪ ʩʧʦʩʦʙʘ ʥʘʥʝʩʝʥʠʷ ʠ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʦʢʨʘʰʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɻʨʫʥʪʦʚʢʠ ʤʦʛʫʪ ʙʳʪʴ ʞʠʜʢʠʤʠ ʠ ʧʦʨʦʰʢʦʚʳʤʠ, ʚʦʜʥʳʤʠ ʠ ʥʝʚʦʜʥʳʤʠ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʧʠʛʤʝʥʪʦʚ 
ʛʨʫʥʪʦʚʢʠ ʜʝʣʷʪ ʥʘ 5 ʪʠʧʦʚ [5]: ʇʘʩʩʠʚʠʨʫʶʱʠʝ, ʠʟʦʣʠʨʫʶʱʠʝ, ʧʨʦʪʝʢʪʦʨʥʳʝ, ʛʨʫʥʪʦʚʢʠ-
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʨʞʘʚʯʠʥʳ ʠ ʬʦʩʬʘʪʠʨʫʶʱʠʝ.  

ʇʝʨʝʜ ʨʘʟʨʘʙʦʪʢʦʡ ʨʝʮʝʧʪʫʨʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʦʩʪʘʚʣʝʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʙʳʣʠ ʦʧʨʝʜʝ-
ʣʝʥʳ ʤʘʩʣʦʝʤʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʠʛʤʝʥʪʦʚ ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ 
ʨʘʩʩʯʠʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʮʝʧʪʫʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʩʳʧʫʯʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ ʢʦʥʩʪʘʥʪʦʡ ʥʘʧʦʣʥʝʥʠʷ 60 
(ʂʥ = 60). ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ 
ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʛʨʫʥʪʦʚʢʠ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʣʝʜʫʶʱʝʝ ʩʳʨʴʝ: ʞʠʨʥʳʡ ʘʣʢʠʜʥʳʡ ʣʘʢ, 
ʵʧʦʢʩʠʵʬʠʨʥʘʷ ʩʤʦʣʘ, ʩʦʣʴʚʝʥʪ, ʬʦʩʬʘʪ ʮʠʥʢʘ, ʦʢʩʠʜ ʮʠʥʢʘ, ʩʘʞʘ, ʥʘʧʦʣʥʠʪʝʣʠ, ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ 
ʜʦʙʘʚʢʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʨʞʘʚʯʠʥʳ. 

ɻʨʫʥʪʦʚʢʘ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʠʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʃʂʄ 
ʠʩʧʦʣʴʟʫʶʪ ʣʘʙʦʨʘʪʦʨʥʳʡ ʜʠʩʩʦʣʴʚʝʨ ʤʘʨʢʠ DISPERMAT ʩ ʜʠʩʢʦʟʫʙʯʘʪʦʡ ʤʝʰʘʣʢʦʡ (ʬʨʝʟʘ). ʉʥʘʯʘʣʘ 
ʚ ʨʝʮʝʧʪʫʨʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʟʘʛʨʫʞʘʶʪ ʩʤʦʣʳ, ʟʘʪʝʤ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʜʠʩʧʝʨʛʘʪʦʨ ʠ 
ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʜʦʙʘʚʢʠ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʥʘʨʘʩʪʘʥʠʝʤ ʦʙʦʨʦʪʦʚ ʯʝʨʝʟ ʚʘʨʠʘʪʦʨ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʯʘʩʪʦʪʳ 1000 ʦʙ/ʤʠʥ, ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ï 5 ʤʠʥʫʪ ʜʦ ʧʦʣʥʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ. ɼʘʣʝʝ ʟʘʛʨʫʞʘʶʪ ʩʳ-
ʧʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʮʝʧʪʫʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʧʣʦʪʥʦʩʪʠ (ʚʦ 
ʠʟʙʝʞʘʥʠʝ ʠʟʣʠʰʥʝʛʦ ʧʳʣʝʥʠʷ ʠ ʦʩʝʜʘʥʠʷ) ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʥʘʨʘʩʪʘʥʠʝʤ ʦʙʦʨʦʪʦʚ ʯʝʨʝʟ ʚʘʨʠʘʪʦʨ ʜʦ 
ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 3000 ʦʙ/ʤʠʥ, ʚʨʝʤʷ ʧʨʝʜʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ï 30 ʤʠʥʫʪ. ʇʦʩʣʝ ʦʩʪʘʥʘʚʣʠʚʘʶʪ 
ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʤʝʥʷʶʪ ʬʨʝʟʫ ʥʘ ʪʨʝʭʜʠʩʢʦʚʫʶ ʤʝʰʘʣʢʫ, ʟʘʩʳʧʘʶʪ ʙʠʩʝʨ ʠʟ ʮʠʨʢʦʥʠʷ (ʜʠʘʤʝʪʨʦʤ 
1,2ï2,0 ʤʤ) ʚ ʨʘʩʯʝʪʝ 50 ʩʤ3 ʥʘ 100 ʛ ʞʠʜʢʦʛʦ ʃʂʄ, ʠ ʧʨʦʜʦʣʞʘʶʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʚ ʩʣʝʜʫʶʱʝʤ ʨʝ-
ʞʠʤʝ: ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʠʟʤʝʥʷʶʪ ʯʝʨʝʟ ʚʘʨʠʘʪʦʨ ï 2500 ʦʙ/ʤʠʥ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ-
ʤʝʩʘ ʚ 45 Áʉ ʧʦʜʢʣʶʯʘʶʪ ʦʭʣʘʞʜʝʥʠʝ ʧʫʪʝʤ ʧʦʜʘʯʠ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʚ ʨʫʙʘʰʢʫ ʜʝʞʠ. ʇʦ ʤʝʨʝ ʜʦ-
ʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʪʠʨʘ, ʢʦʪʦʨʫʶ ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʛʨʠʥʜʦʤʝʪʨʘ, ʟʘʤʝʩ ʩʣʠʚʘʶʪ 
ʯʝʨʝʟ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʪʢʘʥʴ ï ʧʦʣʠʘʤʠʜʥʫʶ ʩʝʪʢʫ 80 ʤʢʤ (73ʇɸ-50). ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ-
ʣʫʯʝʥʥʦʡ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʛʨʫʥʪʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ (ʪʘʙʣ. 1). 

ɼʣʷ ʦʮʝʥʢʠ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʧʦʢʨʳʪʠʷ, ʛʨʫʥʪʦʚʢʘ ʙʳʣʘ ʥʘʥʝʩʝʥʘ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʨʘʩʧʳʣʝʥʠʝʤ ʩ 
ʪʦʣʱʠʥʦʡ ʤʦʢʨʦʛʦ ʩʣʦʷ 120 ʤʢʤ. ʉʬʦʨʤʠʨʦʚʘʥʥʦʝ ʃʂʇ ʙʳʣʦ ʧʦʤʝʱʝʥʦ ʚ ʢʘʤʝʨʫ ʩʦʣʝʚʦʛʦ ʪʫʤʘʥʘ ʥʘ 
240 ʯʘʩʦʚ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ 9.401. ʆʮʝʥʢʘ ʧʦʢʨʳʪʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 9.407 (ʪʘʙʣ. 2).  

 
ʋʙʚʤʡʯʙ 2  

ʇʯʞʦʣʙ ʛʦʞʱʦʞʜʧ ʛʡʝʙ ʄʃʈ 
 ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ 

ɻʨʷʟʝʫʜʝʨʞʘʥʠʝ 
ɻʆʉʊ 9.407 

ʎʝʣʘʷ ʧʣʘʩʪʠʥʘ ʚ ʂʉʊ 1 

ʅʘʜʨʝʟ ʥʘ ʧʣʘʩʪʠʥʝ ʚ ʂʉʊ 1 

ʆʪʩʣʦʝʥʠʝ 
ɻʆʉʊ 9.407 

ʎʝʣʘʷ ʧʣʘʩʪʠʥʘ ʚ ʂʉʊ ʉ0S0 

ʅʘʜʨʝʟ ʥʘ ʧʣʘʩʪʠʥʝ ʚ ʂʉʊ C0S0 

ʈʘʩʪʨʝʩʢʠʚʘʥʠʝ 
ɻʆʉʊ 9.407 

ʎʝʣʘʷ ʧʣʘʩʪʠʥʘ ʚ ʂʉʊ T0S0 

ʅʘʜʨʝʟ ʥʘ ʧʣʘʩʪʠʥʝ ʚ ʂʉʊ T0S0 

ʆʮʝʥʢʘ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʘ 
ɻʆʉʊ 9.407 

ʎʝʣʘʷ ʧʣʘʩʪʠʥʘ ʚ ʂʉʊ ʂ0 

ʅʘʜʨʝʟ ʥʘ ʧʣʘʩʪʠʥʝ ʚ ʂʉʊ ʂ0 

ʐʠʨʠʥʘ ʨʞʘʚʯʠʥʳ, ʤʤ 1,16 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʫʟʳʨʝʡ 
ɻʆʉʊ 9.407 

ʎʝʣʘʷ ʧʣʘʩʪʠʥʘ ʚ ʂʉʊ ʇ0S0 

ʅʘʜʨʝʟ ʥʘ ʧʣʘʩʪʠʥʝ ʚ ʂʉʊ ʇ0S0 

 
ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʘʷ 

ʛʨʫʥʪʦʚʢʘ ʜʣʷ ʭʦʟʙʳʪʦʚʛʦ ʠ ʦʙʱʝʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʦʨʤʘʪʠʚʥʳʤ 
ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʤʘʪʝʨʠʘʣʘʤ ʜʣʷ ʧʦʣʠʵʬʠʨʥʳʭ ʧʦʢʨʳʪʠʡ. ɺʥʝʰʥʠʡ ʚʠʜ ʃʂʇ ʠ ʤʝʪʘʣ-
ʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʧʦʩʣʝ ʢʘʤʝʨʳ ʩʦʣʷʥʦʛʦ ʪʫʤʘʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2,3.  
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ʉʡʪ. 2. ɻʦʞʱʦʡʢ ʛʡʝ ʄʃʈ ʨʧʪʤʞ ʣʙʥʞʩʴ ʪʧʤʸʦʧʜʧ ʫʬʥʙʦʙ 
(ʩʣʝʚʘ ï ɻ ʪʘʣʦʥ, ʩʝʨʝʜʠʥʘ ï ʙʝʟ ʥʘʜʨʝʟʘ, ʩʧʨʘʚʘ ï ʩ ʥʘʜʨʝʟʦʤ) 

 

 
ʉʡʪ. 3. ɻʦʞʱʦʡʢ ʛʡʝ ʨʤʙʪʫʡʦʧʣ ʪʧ ʪʦʸʫʴʥ ʄʃʈ ʨʧʪʤʞ ʣʙʥʞʩʴ ʪʧʤʸʦʧʜʧ ʫʬʥʙʦʙ 

(ʩʣʝʚʘ ï ʙʝʟ ʥʘʜʨʝʟʘ, ʩʧʨʘʚʘ ï ʩ ʥʘʜʨʝʟʦʤ) 
 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʣʘʢʦʢʨʘʩʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʪʨʘʜʠʮʠ-
ʦʥʥʳʤʠ ʦʜʥʦʫʧʘʢʦʚʦʯʥʳʤʠ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʤʠ ʛʨʫʥʪʦʚʢʘʤʠ. ʇʦʣʫʯʝʥʥʘʷ ʛʨʫʥʪʦʚʢʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠ-
ʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʪʨʝʙʫʝʤʳʤʠ ʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʭʦʨʦʰʝʡ ʩʦʯʝʪʘʝʤʦʩʪʴʶ ʩ ʧʦʩʣʝʜʫ-
ʶʱʠʤʠ ʩʣʦʷʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, 
ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʛʨʫʥʪʦʚʢʠ ʧʦʟʚʦʣʷ-
ʝʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ. ɼʘʣʴ-
ʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʨʝʮʝʧʪʫʨʳ ʵʤʘʣʠ ʢ ʜʘʥʥʦʡ ʛʨʫʥʪʦʚʢʝ ʩ ʥʘʠʣʫʯ-
ʰʝʡ ʩʦʯʝʪʘʝʤʦʩʪʴʶ ʠ ʣʫʯʰʝʡ ʟʘʱʠʪʦʡ ʤʘʪʝʨʠʘʣʘ. 
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ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
 

1. ɻʆʉʊ 9.106-2021 ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʠ ʩʪʘʨʝʥʠʷ. ʂʦʨʨʦʟʠʷ ʤʝʪʘʣʣʦʚ. 
ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ. ï ʄ.: ʌɻɹʋ "ʈʉʊ", 2021. ï 16 c.  

2. ʗʢʦʚʣʝʚ ɸ. ɼ. ʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. ï 3-ʝ ʠʟʜ., 
ʧʝʨʝʨʘʙ. ï ʉʇʙ.: ʍʀʄʀɿɼɸʊ, 2008. ï 448 ʩ. 

3. ʈʝʡʙʤʘʥ ɸ. ʀ. ɿʘʱʠʪʥʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʧʦʢʨʳʪʠʷ. ï 5-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʀ ʜʦʧ. ï ʃ.: 
ʍʠʤʠʷ, 1982. ï 320 ʩ. 

4. ɻʆʉʊ 28246-2017 ʄʘʪʝʨʠʘʣʳ ʣʘʢʦʢʨʘʩʦʯʥʳʝ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ. ï ʄ.: ʉʪʘʥʜʘʨʪʠʥ-
ʬʦʨʤ, 2018. - 39 ʩ. 

5. ɼʨʠʥʙʝʨʛ ɸ. ʉ., ʀʮʢʦ ʕ. ʌ., ʂʘʣʠʥʩʢʘʷ ʊ. ɺ. ɸʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʛʨʫʥʪʦʚʢʠ. ï ʉʇʙ.: ʆʆʆ 
çʅʀʇʈʆʀʅʉ ʃʂʄ ʠ ʇ ʩ ʆʇè, 2006. ï 168ʩ. 

 
É ɽ.ɸ. ʂʦʣʝʩʥʠʢʦʚ, ʆ.ʉ. ɽʣʠʟʦʚʘ, ʄ.ɸ. ʏʠʙʠʨʸʚ, ʅ.ɺ. ʌʝʜʷʢʦʚʘ, 2025 
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ǲǣǩ 44,.08325,0, 

ǧǰǰǪǤǣǭǡǟǬǧǤ ǮǭǪǲǶǤǬǧǾ ǭǪǧǢǭǫǤǯǬǺǴ 
ǫǤǱǟǩǯǧǪǟǱǰǭǣǤǯǥǟǸǧǴ 
ǰǧǪǰǤǰǩǡǧǭǩǰǟǬǭǡ Ǯǯǧ 
ǫǟǰǷǱǟǠǧǯǭǡǟǬǧǧ 

 
 

ǶȇȀȇȏǞȁ ǫǿȑȁȄȈ ǟȊȄȉȐȄȄȁȇȖ* 
ǩȍȊȄȐȌȇȉȍȁ ǤȂȍȏ ǟȏȑȄȋȍȁȇȖ* 
ǤȊȇȆȍȁǿ ǭȊȄȐȞ ǰȄȏȂȄȄȁȌǿ 

ʩʪʫʜʝʥʪʳ 
ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʊʫʧʠʢʦʚ ɸʥʪʦʥ ʉʝʨʛʝʝʚʠʯ 

ʢ.ʭ.ʥ., ʜʦʮʝʥʪ 
ʢʘʬʝʜʨʳ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ 

ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʘ ʘʮʠʜʦʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ɔ-
ʤʝʪʘʢʨʠʣʦʢʩʠʧʨʦʧʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʘ ʩ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʚ 2-
ʣʠʪʨʦʚʦʤ ʨʝʘʢʪʦʨʝ ʧʨʠ ʨʘʟʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʠʥʪʝʟʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʛʦ 
ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʥʳʭ ʟʘʛʨʫʟʢʘʭ ʨʝʘʛʝʥʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʦ-
ʛʦ ʧʦ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʝʪʦʜʠʢʝ ʧʨʠ ʤʝʥʴʰʠʭ ʦʙʲʸʤʘʭ. ɺʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 
ʧʨʦʮʝʩʩʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʝʪʘʢʨʠʣʘʪʩʦʜʝʨʞʘʱʠʝ ʩʠʣʩʝʩʢʚʠʦʢʩʘʥʳ, ʦʣʠʛʦʩʠʣʩʝʩʢʚʠʦʢʩʘʥʳ, ɔ-
ʤʝʪʘʢʨʠʣʦʢʩʠʧʨʦʧʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥ, ʘʮʠʜʦʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʷ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 
ʩʠʥʪʝʟʘ. 
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Abstract: A study has been conducted on the preparation of a product of acidohydrolytic polycondensation of 
ɔ-methacryloxypropyltrimethoxysilane with acetic acid in the presence of hydrochloric acid in a 2-liter reactor at 
different synthesis times. It was found that the structure of the resulting compound with increased reagent 
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loads differs from a similar compound obtained using a laboratory technique with lower volumes. An 
assumption is made about the intensification of the process. Keywords: methacrylate-containing 
silsesquioxanes, oligosilsesquioxanes, ɔ-methacryloxypropyltrimethoxysilane, acidohydrolytic 
polycondensation, synthesis scaling. 
Keywords: methacrylate-containing silsesquioxanes, oligosilsesquioxanes, ɔ-
methacryloxypropyltrimethoxysilane, acidohydrolytic polycondensation, synthesis scaling. 

 
ʈʘʟʨʘʙʦʪʢʘ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ 

ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ ʦʪʨʘʩʣʠ, ʪʘʢʠʝ ʢʘʢ ʘʚʠʘʢʦʩʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʤʠʢ-
ʨʦʵʣʝʢʪʨʦʥʠʢʘ, ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʙʠʦʤʝʜʠʮʠʥʘ, ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʪʝ-
ʨʠʘʣʘʤ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʦʣʠʛʦʩʠʣʩʝʩʢʚʠʦʢʩʘʥʳ ʩ ʤʝʪʘʢʨʠʣʘʪʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʷʚʣʷ-
ʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ 
ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.   

ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʩʦʯʝʪʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ (ʚʳʩʦʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘ-
ʙʠʣʴʥʦʩʪʴ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ) ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ 
(ʛʠʙʢʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʧʨʦʩʪʦʪʘ ʤʦʜʠʬʠʢʘʮʠʠ).   

ɽʩʣʠ ʩʪʨʫʢʪʫʨʘ ʩʠʣʩʝʩʢʚʠʦʢʩʘʥʘ ʩʦʜʝʨʞʠʪ ʤʝʪʘʢʨʠʣʦʚʳʝ ʛʨʫʧʧʳ, ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʬʦʪʦʧʦʣʠʤʝ-
ʨʠʟʦʚʘʥʘ, ʘʥʘʣʦʛʠʯʥʦ ʦʙʳʯʥʳʤ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʤ ʢʦʤʧʦʟʠʮʠʷʤ ʥʘ ʦʩʥʦʚʝ ʩʤʦʣ. ʉʧʝʢʪʨ ʤʝʪʦʜʦʚ ʩʠʥ-
ʪʝʟʘ ʵʪʦʡ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ ʦʯʝʥʴ ʰʠʨʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩʦ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʭʦʜʷ-
ʱʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʥʳʭ ʩʬʝʨʘʭ. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʧʨʠʤʝʥʝʥʠʶ ʦʣʠʛʦʤʝʨʥʳʭ ʩʠʣʩʝ-
ʩʢʚʠʦʢʩʘʥʦʚ ʚ ʙʠʦʤʝʜʠʮʠʥʝ, ʥʘʧʨʠʤʝʨ, ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʜʣʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʠʤʧʣʘʥʪʘʪʦʚ ʠ ʧʦ-
ʢʨʳʪʠʡ ʜʣʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʚ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ, ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤ 
ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ. ʏʘʱʝ ʚʩʝʛʦ ʦʣʠʛʦʤʝʨʥʳʝ ʩʠʣʩʝʩʢʚʠʦʢʩʘʥʳ ʜʦʙʘʚʣʷʶʪ 
ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ, ʜʦʙʘʚʣʝʥʠʝ ʵʪʦʛʦ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʫʣʫʯʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʫʤʝʥʴʰʘʝʪ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʫʶ ʫʩʘʜʢʫ ʢʦʥʝʯʥʦʛʦ 
ʤʝʪʘʢʨʠʣʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ [1]. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʢʠ ʣʝʪ ʦʣʠʛʦʩʠʣʩʝʩʢʚʠʦʢʩʘʥʳ ʰʠʨʦʢʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤ-
ʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠʟ-ʟʘ ʠʭ ʚʥʫʪʨʝʥʥʝʡ ʪʝʨʤʠʯʝʩʢʠ ʠ ʭʠʤʠʯʝʩʢʠ ʧʨʦʯʥʦʡ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 
ʩʪʨʫʢʪʫʨʳ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʚʦʡʩʪʚ. ʋʞʝ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʧʦʣʠʵʜʨʘʣʴʥʳʭ ʦʣʠʛʦʤʝʨʥʳʭ 
ʩʠʣʩʝʩʢʚʠʦʢʩʘʥʦʚ (ʇʆʉʉ) ʫʣʫʯʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʪʝʨʤʠʯʝʩʢʠʝ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ 
ʢʦʤʧʦʟʠʪʦʚ [2]. 

ʆʣʠʛʦʤʝʨʥʳʝ ʩʠʣʩʝʩʢʚʠʦʢʩʘʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 
ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʣʠʛʦʤʝʨʥʳʤʠ ʬʦʨʤʘʤʠ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

(ὙὛὭὕȟ)n, ʛʜʝ R ð ʚʦʜʦʨʦʜ, ʘʣʢʠʣ, ʘʣʢʠʣʝʥ, ʘʨʠʣʝʥ ʠʣʠ ʣʶʙʦʝ ʜʨʫʛʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʵʪʠʭ 

ʛʨʫʧʧ. ʇʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʦʣʠʛʦʤʝʨʥʳʝ ʩʠʣʩʝʩʢʚʠʦʢʩʘʥʳ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʛʠʙʨʠʜʥʳʤʠ ʩʦʝʜʠʥʝ-
ʥʠʷʤʠ, ʪ. ʝ. ʠʭ ʤʦʣʝʢʫʣʳ ʩʦʝʜʠʥʷʶʪ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʯʘʩʪʠ. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ 
ʩʪʨʫʢʪʫʨʘ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʦʢʨʫʞʝʥʘ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʮʝʧʷʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʣʠʯʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ 
ʜʨʫʛʠʤʠ ʧʦʣʠʤʝʨʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʥʝ ʠʤʝʶʪ ʟʘʧʘʭʘ ʠ ʙʝʟʦʧʘʩʥʳ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [3]. 

ʇʦʣʠʵʜʨʘʣʴʥʳʝ ʦʣʠʛʦʤʝʨʥʳʝ ʩʠʣʩʝʩʢʚʠʦʢʩʘʥʳ ʩ ʬʦʨʤʫʣʦʡ (ὙὛὭὕȟ)n  (ʛʜʝ n = 6, 8, 10, 12 ʠ ʪ. 

ʜ.) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʠ ʢʘʨʢʘʩʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤ-
ʥʠʷ. ʅʘʥʦʩʪʨʫʢʪʫʨʘ ʇʆʉʉ ʩ ʨʘʟʤʝʨʘʤʠ 1ï3 ʥʤ ʚ ʜʠʘʤʝʪʨʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʥʘʠʤʝʥʴ-
ʰʠʝ ʚʦʟʤʦʞʥʳʝ ʯʘʩʪʠʮʳ ʢʨʝʤʥʝʟʝʤʘ. ʂʘʞʜʘʷ ʤʦʣʝʢʫʣʘ ʪʘʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʠʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʝ 
ʷʜʨʦ (Si-O-Si) ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʥʝʰʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ (Si-R), ʯʪʦ ʧʦʨʦʞʜʘʝʪ ʨʘʟʣʠʯʥʳʝ 
ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ [4]. 

ʄʦʣʝʢʫʣʷʨʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʩʠʣʩʝʩʢʚʠʦʢʩʘʥʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: ʥʝʢʘʨʢʘʩʥʘʷ (i), 
ʢʘʨʢʘʩʥʘʷ (ii) ʠ ʘʜʜʠʪʠʚʥʳʡ ʩʠʣʩʝʩʢʚʠʦʢʩʘʥ (iii). 

ʅʝʢʘʨʢʘʩʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʘʣʝʝ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʪʨʠ ʪʠʧʘ: (Ŭ) ʣʝʩʪʥʠʯʥʳʝ; (ɓ) ʭʘʦʪʠʯʥʳʝ; (ɔ) 
ʯʘʩʪʠʯʥʦ ʢʘʨʢʘʩʥʳʝ ʤʦʣʝʢʫʣʳ (ʨʠʩ. 1): 
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(ʘ)                                                    (ʙ)                                                                 (ʚ) 

                    
ʉʡʪ. 1. ʊʫʩʧʞʦʡʞ ʦʞʣʙʩʣʙʪʦʴʮ ʪʡʤʪʞʪʣʛʡʧʣʪʙʦʧʛ: (ʙ) ð ʤʞʪʫʦʡʰʦʴʢ ʪʡʤʪʞʪʣʛʡʧʣʪʙʦ; (ʚ) ð ʮʙʧ-

ʫʡʰʦʴʢ ʪʡʤʪʞʪʣʛʡʧʣʪʙʦ; (ʛ) ð h ʙʪʫʡʰʦʧ ʣʙʩʣʙʪʦʴʢ ʪʡʤʪʞʪʣʛʡʧʣʪʙʦ 
 

ʄʦʣʝʢʫʣʳ ʩʠʣʦʢʩʘʥʘ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ Si ʩʚʷʟʘʥʳ ʩ ʦʜʥʠʤ, ʜʚʫʤʷ, ʪʨʝʤʷ ʠ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ 
ʢʠʩʣʦʨʦʜʘ, ʘ ʦʩʪʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʚʷʟʠ ʜʦʧʦʣʥʝʥʳ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʛʨʫʧʧʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʥʦ (M), ʜʠ 
(D), ʪʨʠ (T) ʠ ʯʝʪʚʝʨʪʠʯʥʦʤʫ (Q) ʟʚʝʥʴʷʤ (ʨʠʩ. 2): 

 
(ʘ)                           (ʙ)                            (ʚ)                              (ʛ) 

                                                 
ʉʡʪ. 2. ʊʫʩʬʣʫʬʩʦʴʞ ʠʛʞʦʵʸ ʣʙʩʣʙʪʦʴʮ ʪʡʤʪʞʪʣʛʡʧʣʪʙʦʧʛ: (ʙ) ð ʥʧʦʧ-; (ʚ) ð ʝʡ-; (ʛ) ð ʫʩʡ-; (ʜ) ð 

ʰʞʫʛʞʩʫʡʰʦʴʢ ʪʡʤʪʞʪʣʛʡʧʣʪʙʦ 
 

(ʘ)                                        (ʙ)                                         (ʚ) 

           
 
 

    (ʛ)                                                        (ʜ) 

                      
ʉʡʪ. 3. ʊʫʩʧʞʦʡʞ ʣʙʩʣʙʪʦʴʮ ʥʧʤʞʣʬʤ ʋ-ʪʡʤʪʞʪʣʛʡʧʣʪʙʦʧʛ:  

(ʙ) ð ʋ4; (ʚ) ð ʋ6; (ʛ) ð ʋ8; (ʜ) ð ʋ10; (ʝ) ð ʋ12 
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(T)-ʩʠʣʩʝʩʢʚʠʦʢʩʘʥʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʘʪʦʤʳ ʢʨʝʤʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʤʷ ʢʠʩʣʦʨʦʜʘʤʠ 
(-Si(-O-Si)3 ʪʘʢʞʝ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ: T4 (Ŭ); T6 (ɓ); T8 (ɔ); T10 (ŭ); T12 (Ů) (ʨʠʩ. 3). ʎʠʬʨʳ 4, 6, 8, 10 
ʠ 12 ʚ ʪʨʠʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʠʣʩʝʩʢʚʠʦʢʩʘʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʫʢʚʝ çnè ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʳ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʘʚʣʷʝʪ: (ὙὛὭὕ), (ὙὛὭὕ), (ὙὛὭὕ ), (Ὑ ὛὭὕ ) ʠ (Ὑ ὛὭὕ ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [2]. 
ʉʠʣʩʝʩʢʚʠʢʦʩʘʥʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ ʢʨʝʤʥʠʡ-ʢʠʩʣʦʨʦʜ ʚ ʩʚʦʝʡ ʥʝʦʨʛʘ-

ʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʢʦʪʦʨʳʝ ʥʘʜʝʣʷʶʪ ʝʛʦ ʧʨʝʚʦʩʭʦʜʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʘʪʤʦʩʬʝʨ-
ʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʘ ʦʨʛʘʥʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʤʫ ʭʦʨʦʰʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʤʘʪʝʨʠʘʣʘʤʠ. 
ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʘʥʦʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʣʘʜʘʝʪ ʧʨʝʚʦʩʭʦʜʥʦʡ ʩʪʘ-
ʙʠʣʴʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʘ ʦʨʛʘʥʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʤ 
ʭʦʨʦʰʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʤʘʪʝʨʠʘʣʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘ-
ʣʘʤʠ ʠ ʫʣʫʯʰʘʪʴ ʠʭ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [5]. 

 

 
ʉʡʪ. 4. ʘʅʉ 1ʆ ʪʨʞʣʫʩ ʯʞʤʞʛʧʜʧ ʨʩʧʝʬʣʫʙ ʣʡʪʤʧʫʦʧʢ ʜʡʝʩʧʤʡʫʡʰʞʪʣʧʢ ʨʧʤʡʣʧʦʝʞʦʪʙʯʡʡ ɕ-ʅʈʊ 

 
ʂʠʩʣʦʪʥʫʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʶ ɔ-ʄʇʉ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ɔ-ʄʇʉ : 

CH3COOH ʨʘʚʥʦʤ 1 : 1,75 ʧʨʦʚʦʜʠʣʠ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʠʟ ʨʘʙʦʪʳ [6]. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʩʦʙʨʘʥʘ 
ʫʩʪʘʥʦʚʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʪʝʢʣʷʥʥʦʛʦ ʨʝʘʢʪʦʨʘ ʦʙʲʸʤʦʤ 2 ʣʠʪʨʘ, ʧʣʘʩʪʠʢʦʚʦʡ ʤʝʰʘʣʢʠ, ʪʝʨʤʦʧʘʨʳ, 
ʩʦʝʜʠʥʝʥʥʳʤ ʩ ʟʦʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ï ʢʦʣʙʦʡ-ʧʨʠʝʤʥʠʢʦʤ ʜʣʷ ʢʦʥʜʝʥʩʘʮʠʠ, ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ, 
ʢʦʣʙʦʡ-ʧʨʠʝʤʥʠʢʦʤ ʩ ʭʣʦʨʢʘʣʴʮʠʝʚʦʡ ʪʨʫʙʢʦʡ ʜʣʷ ʩʙʦʨʘ ʢʦʥʜʝʥʩʠʨʫʶʱʠʭʩʷ ʚʝʱʝʩʪʚ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ ʯʝʨʝʟ ʢʨʳʰʢʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʤʝʱʘʣʠ 496 ʛ (2 ʤʦʣʴ) ɔ-ʄʇʉ, 210 ʛ (3,5 ʤʦʣʴ) ʣʝʜʷʥʦʡ 
ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʪʝʨʤʦʩʪʘʪʦʤ ʫʩʪʘʥʦʚʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 95 Áʉ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʢʦʣʦ 60 Áʉ ʧʦʤʝʱʘʣʠ 1,42 ʛ (0,014 ʤʦʣʴ) ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ, ʧʦʩʣʝ ʯʝʛʦ ʧʝʨʝʤʝʰʠ-
ʚʘʣʠ ʧʨʠ 147 ʦʙʦʨʦʪʘʭ ʚ ʤʠʥʫʪʫ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ ʚ ʩʨʝʜʝ ʘʟʦʪʘ. ʅʘʛʨʝʚ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʧʨʦʠʟʚʦ-
ʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʟ ʪʝʨʤʦʩʪʘʪʘ, ʢʦʪʦʨʳʡ ʧʦʜʘʚʘʣʩʷ ʚ ʨʫʙʘʰʢʫ ʨʝʘʢʪʦʨʘ. ʉʪʝʧʝʥʴ ʟʘ-
ʚʝʨʰʝʥʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʳʜʝʣʷʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʚ ʢʦʣʙʝ-ʧʨʠʝʤʥʠʢʝ. ʇʦʩʣʝ 10 
ʯʘʩʦʚ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʤʘʩʩʦʡ 513,42 ʛ, ʦʙʲ-
ʝʤ ʚʳʜʝʣʠʚʰʠʭʩʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʝʤʥʠʢʝ, ʩʦʩʪʘʚʠʣ 205,5 ʤʣ 
ʠʣʠ 181,86 ʛ.  ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʠ ʜʦʩʪʠʞʝʥʠʷ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʝ, ʩ ʧʦʤʦʱʴʶ 
ʚʘʢʫʫʤʘ ʚ 400 ʤʙʘʨ ʧʨʦʠʟʚʦʜʠʣʠ ʦʪʛʦʥʢʫ ʦʩʪʘʪʦʯʥʳʭ ʚ ʩʤʝʩʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʨʝʘʢʪʦ-
ʨʘ, ʠʭ ʤʘʩʩʘ ʩʦʩʪʘʚʠʣʘ 6,64 ʛ, ʘ ʦʙʲʝʤ 7,5 ʤʣ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʳʤʳʚʘʣʠ ʠʟ ʨʝʘʢʪʦʨʘ ʜʠʩʪʠʣʣʠʨʦ-
ʚʘʥʥʦʡ ʚʦʜʦʡ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ NaHCO3. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʦʜʥʦʢʨʘʪʥʦ 
ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʧʦʣʫʯʝʥʠʷ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʳ, ʩ ʧʦʤʦʱʴʶ ʜʝʣʠʪʝʣʴʥʦʡ ʚʦ-
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ʨʦʥʢʠ ʩʝʧʘʨʠʨʦʚʘʣʠ 2 ʬʘʟʳ. ʆʪʜʝʣʠʚ 100,5 ʛ ʦʪ ʩʤʝʩʠ ʩ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ, ʦʪʛʦʥʷʣʠ ʦʩʪʘʪʢʠ ʥʠʟʢʦʤʦ-
ʣʝʢʫʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 Áʉ ʠ ʜʘʚʣʝʥʠʠ 50 ʤʙʘʨ, ʧʦʣʫʯʘʷ 
96,5 ʛ ʩʣʘʙʦʦʢʨʘʰʝʥʥʦʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ. 

ʂʦʥʪʨʦʣʴ ʟʘ ʩʪʝʧʝʥʴʶ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʨʝʘʢʮʠʠ ʩʣʝʜʫʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦ ʠʩʯʝʟʥʦʚʝʥʠʶ ʩʠʛʥʘʣʦʚ 
ʧʨʦʪʦʥʦʚ ïOïCH3 ʛʨʫʧʧʳ.  ʂʘʢ ʚʠʜʥʦ ʠʟ ʗʄʈ 1ʅ ʩʧʝʢʪʨʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʩʣʝ 10 ʯʘʩʦʚ ʢʠʩʣʦʪʥʦʡ 
ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ɔ-ʄʇʉ (ʨʠʩ. 4), ʚ ʦʙʨʘʟʦʚʘʚʰʝʤʩʷ ʦʣʠʛʦʤʝʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʧʨʝʜʝ-
ʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʦʯʥʳʭ ïOïCH3 ʛʨʫʧʧ (ʩʠʛʥʘʣ ʚ ʦʙʣʘʩʪʠ 3,5 ʤ.ʜ.), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʧʦʣ-
ʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ. 

ʅʘʣʠʯʠʝ ʦʩʪʘʚʰʠʭʩʷ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʝʪʦʢʩʠ- ïOïCH3 ʛʨʫʧʧ ʚ ʚʠʜʝ ʩʠʥʛʣʝʪʘ ʚ ʦʙʣʘ-
ʩʪʠ 3,5 ʤ.ʜ. ʤʦʞʥʦ ʩʦʦʪʥʝʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ. ʀʥʪʝʛʨʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘ-
ʣʦʚ =CH2 (1,99) ʛʨʫʧʧʳ ʤʝʪʘʢʨʠʣʘʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʦʩʪʘʪʦʯʥʦʡ ïOïCH3 ʛʨʫʧʧʳ (1,07) ʙʣʠʟʢʠ ʢ ʩʦʦʪʥʦʰʝ-
ʥʠʶ 1:1, ʵʪʦ ʜʦʧʫʩʪʠʤʦ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʥʘʣʠʯʠʝ ʦʜʥʦʡ ʦʩʪʘʪʦʯʥʦʡ ʤʝʪʦʢʩʠ- ʛʨʫʧʧʳ ʥʘ ʦʜʥʦ 
ʩʪʨʫʢʪʫʨʥʦʝ ʟʚʝʥʦ ʦʣʠʛʦʤʝʨʥʦʡ ʮʝʧʠ, ʠʣʠ ʢʘʢ ʧʨʝʚʨʘʱʝʥʠʝ ʪʦʣʴʢʦ ʜʚʫʭ ïOïCH3 ʛʨʫʧʧ ʠʟ ʪʨʝʭ ʠʩʭʦʜʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʫ-
ʯʝʥʥʦʡ ʤʘʩʩʦʡ ʦʣʠʛʦʤʝʨʘ. ʋʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʧʨʦʜʫʢʪʘ ʩʚʷʟʘʥʦ ʩ ʥʝʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʝʡ ʤʝʪʦʢʩʠʣʴʥʳʭ 
ʛʨʫʧʧ ʚ ʤʦʥʦʤʝʨʝ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʦʭʨʘʥʝʥʠʶ ʯʘʩʪʠ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɼʣʷ 
ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ 
ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ 
ʠʟʤʝʥʝʥ ʣʠʙʦ ʧʦʩʨʝʜʩʪʚʦʤ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʠʥʪʝʟʘ, ʣʠʙʦ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ 
ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʪʩʷ ʨʝʘʢʮʠʷ, ʣʠʙʦ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʫʩʣʦʚʠʡ ʦʪʛʦʥʢʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ. 
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ɹʦʦʧʫʙʯʡʸ: ʈʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʦʣʫʯʝʥʠʷ ʜʝʢʦʨʘʪʠʚʥʳʭ ʯʠʧʩʦʚ (ʬʣʦʢʦʚ) ʜʣʷ 
ʵʧʦʢʩʠʜʥʳʭ ʥʘʧʦʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʧʝʨʭʣʦʨʚʠʥʠʣʦʚʦʡ ʩʤʦʣʳ, ʘʮʝʪʦʥʘ ʠ ʧʠʛʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʛʦ 
ʮʚʝʪʘ ʠ ʨʘʟʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʬʠ-
ʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʜʝʢʦʨʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʯʠʧʩʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʣʘʢʦʢʨʘʩʦʯʥʘʷ 
ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʥʦ-
ʜʠʩʧʝʨʩʠʦʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɺʳʷʚʣʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʝʮʝʧʪʫʨʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʦʣ-
ʛʦʚʝʯʥʳʭ ʥʘʧʦʣʴʥʳʭ ʧʦʢʨʳʪʠʡ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɻ ʧʦʢʩʠʜʥʳʝ ʧʦʢʨʳʪʠʷ, ʜʝʢʦʨʘʪʠʚʥʳʝ ʯʠʧʩʳ, ʬʣʦʢʠ, ʥʘʣʠʚʥʳʝ ʧʦʣʳ, ʟʘʱʠʪʥʦ-
ʜʝʢʦʨʘʪʠʚʥʳʝ ʧʦʢʨʳʪʠʷ. 
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Abstract: The technological aspects of obtaining decorative chips (flocks) for epoxy floor coverings based on 
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perchlorvinyl resin, acetone and pigments of various colors and different chemical nature are considered. The 
effect of the composition of the paint and varnish material on the physical-mechanical and decorative proper-
ties of chips is investigated. It has been established that the proposed paint and varnish system provides in-
creased resistance to mechanical influences in comparison with water-dispersion analogues. The prospects of 
the proposed formulation for creating durable floor coverings are revealed. 
Keywords: epoxy coatings, decorative chips, flocks, self-leveling floors, protective-decorative coatings. 

 
ʉʦʚʨʝʤʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʠ ʜʠʟʘʡʥʝʨʩʢʠʝ ʨʝʰʝʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘ-

ʥʠʷ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʵʩʪʝʪʠʢʝ ʥʘʧʦʣʴʥʳʭ ʧʦʢʨʳʪʠʡ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʘʥʠʤʘʶʪ ʵʧʦʢ-
ʩʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʵʩʪʝʪʠʯʝʩʢʦʡ 
ʬʫʥʢʮʠʝʡ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ, ʷʚʣʷʶʪ-
ʩʷ ʜʝʢʦʨʘʪʠʚʥʳʝ ʯʠʧʩʳ (ʬʣʦʢʠ), ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʥʝ ʪʦʣʴʢʦ ʫʥʠʢʘʣʴʥʳʝ ʮʚʝʪʦʚʳʝ ʠ ʬʘʢʪʫʨʥʳʝ ʵʬ-
ʬʝʢʪʳ, ʥʦ ʠ ʤʦʛʫʪ ʧʦʚʳʰʘʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʷ [1]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʝʢʦʨʘʪʠʚʥʳʭ ʯʠʧʩʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʚʦʜʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʳʝ 
ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʫ ʧʨʠʤʝʥʝ-
ʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʚ ʯʘʩʪʥʦ-
ʩʪʠ, ʧʦ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ, ʜʣʠʪʝʣʴʥʦʤʫ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʷ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʦʯʝʪʘ-
ʝʤʦʩʪʠ ʩ ʵʧʦʢʩʠʜʥʳʤʠ ʥʘʧʦʣʴʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ, ʯʪʦ ʩʥʠʞʝʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʦʢʨʳʪʠʡ ʠ ʩʫʞʘʝʪ ʦʙʣʘʩʪʴ 
ʧʨʠʤʝʥʝʥʠʷ ʬʣʦʢʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʧʦʚʳʰʝʥʥʦʡ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʠ.  

ʋʯʠʪʳʚʘʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚʦʜʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʬʣʦʢʦʚ, ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʢʘ ʠʥʦʛʦ ʧʦ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʢʣʘʩʩʘ ʯʠʧʩʦʚ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʦʨʘʩʪʚʦʨʠʤʳʭ 
ʧʦʣʠʤʝʨʦʚ.  

ʏʠʧʩʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʦʩʪʘʚʝ ʥʘʣʠʚʥʳʭ ʧʦʣʦʚ, ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʭʨʫʧʢʦʩʪʴʶ, ʦʧʪʠʤʘʣʴʥʦʡ 
ʪʦʣʱʠʥʦʡ, ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʣʘʢʦʢʨʘʩʦʯʥʦʡ ʩʨʝʜʝ ʥʘʣʠʚʥʳʭ ʧʦʣʦʚ, ʚʳʩʦʢʦʡ ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʢ ʩʚʷ-
ʟʫʶʱʝʤʫ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʠʩʪʠʨʘʥʠʶ, ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʮʚʝʪʘ ʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʣʘʛʠ 
ʠ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʷ ʬʣʦʢʦʚ ʧʦ ʝʱʸ ʥʝʦʪʚʝʨʞʜʸʥʥʦʤʫ ʧʦʣʠʤʝʨʥʦʤʫ ʩʣʦʶ ʙʝʟ ʠʭ ʢʦʤʢʦʚʘʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʨʝʮʝʧʪʫʨʘ ʥʘ ʦʩʥʦʚʝ ʧʝʨʭʣʦʨʚʠʥʠʣʦʚʦʡ ʩʤʦʣʳ (ʇʉʍ-ʃʉ), ʘʮʝʪʦʥʘ 
ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʤʠʢʨʦʪʘʣʴʢʘ, ʧʨʝʛʝʣʷ ʘʵʨʦʩʠʣʘ ʚ ʙʫʪʠʣʘʮʝʪʘʪʝ ʠ ʧʠʛʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠ-
ʨʦʜʳ.  

ʇʝʨʭʣʦʨʚʠʥʠʣʦʚʘʷ ʩʤʦʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʝ ʩʦʝʜʠʥʝ-
ʥʠʝ, ʦʙʣʘʜʘʶʱʝʝ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʚʦʜʦʩʪʦʡʢʦʩʪʴʶ. ɼʘʥʥʳʡ ʧʦʣʠʤʝʨ ʠʥʝʨʪʝʥ ʢ ʚʦʟ-
ʜʝʡʩʪʚʠʶ ʵʧʦʢʩʠʜʥʳʭ ʠ ʞʠʜʢʠʭ ʩʤʦʣ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚ ʢ ʜʝʡʩʪʚʠʶ ʩʣʘʙʦʢʠʩʣʳʭ ʠ ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʨʘʩ-
ʪʚʦʨʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ, ʇʉʍ-ʃʉ ʦʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʦʡ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ 
ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʢʨʳʪʠʡ, ʥʝ ʩʢʣʦʥʥʳʭ ʢ ʚʦʜʦʧʦʛʣʦʱʝʥʠʶ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʣ ʚʳʙʨʘʥ ʘʮʝʪʦʥ ï ʠʩʪʠʥʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʜʣʷ ʧʝʨʭʣʦʨʚʠʥʠʣʦʚʦʡ 
ʩʤʦʣʳ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʣʝʪʫʯʝʩʪʴʶ ʠ ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʳʩʪʨʦ ʚʳʩʳʭʘʶʱʝʛʦ ʧʦ-
ʢʨʳʪʠʷ ʩ ʟʘʜʘʥʥʦʡ ʭʨʫʧʢʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʮʝʪʦʥʘ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʭʦʨʦʰʝʡ ʦʜʥʦ-
ʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʠʛʤʝʥʪʦʚ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʩʪʘʥʪʝ ʥʘʧʦʣʥʝʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʤʝʥʝʝ 
2,5 %) ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʧʦʩʢʦʣʴʢʫ ʥʝ 
ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʜʨʘʞʘʶʱʝʛʦ ʟʘʧʘʭʘ ʧʣʝʥʢʠ ʇʉʍ-ʃʉ, ʩʚʦʡʩʪʚʝʥʥʦʝ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷʤ. ʊʘʢʞʝ, ʘʮʝʪʦʥ ʷʚʣʷʝʪʩʷ ʤʘʣʦʦʧʘʩʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠ ʦʪʥʦʩʠʪʩʷ ʢ к ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ.  ɼʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʠʢʩʦʪʨʦʧʥʦʡ ʜʦʙʘʚʢʠ (ʧʨʝʛʝʣʷ) ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʫʪʠʣʘʮʝʪʘʪ.  
ɺʳʙʦʨ ʧʠʛʤʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴʶ ʦʧʨʝʜʝʣʸʥʥʳʭ ʮʚʝʪʦʚʳʭ ʨʝʰʝʥʠʡ ʥʘ ʨʳʥʢʝ 

ʜʝʢʦʨʘʪʠʚʥʳʭ ʧʦʢʨʳʪʠʡ. ɼʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʠʛʤʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠ-
ʟʘʡʥʝʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ.  

ɼʣ̫ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʩʝʜʘʥʠʷ ʯʠʧʩʦʚ ʚ ʵʧʦʢʩʠʜʥʦʡ ʩʨʝʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʢʨʦʪʘʣʴʢ. ʆʥ ʦʙʝʩʧʝ-
ʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʬʣʦʢʠ ʨʘʚʥʦʤʝʨʥʦ ʫʜʝʨʞʠʚʘʶʪʩʷ ʚ ʦʙʲʸʤʝ 
ʤʘʪʝʨʠʘʣʘ ʠ ʩʦʭʨʘʥʷʶʪ ʟʘʜʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʧʦʢʨʳʪʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʨʝʮʝʧʪʫʨʳ ʙʳʣ ʚʚʝʜʸʥ 



28 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 

 

XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʘʵʨʦʩʠʣ ʚ ʚʠʜʝ ʧʨʝʛʝʣʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʫʣʫʯʰʝʥʠʶ ʪʠʢʩʦʪʨʦʧʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʠ ʠ ʧʨʠʜʘʶʱʘʷ 
ʯʠʧʩʘʤ ʤʘʪʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʯʠʧʩʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʛʠʜʨʦʬʦʙʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʝʨʘʩʪʚʦ-
ʨʠʤʦʩʪʴ ʠ ʦʪʩʫʪʩʪʚʠʝ ʥʘʙʫʭʘʥʠʷ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʥʘ 
ʥʝʦʪʚʝʨʞʜʝʥʥʦʝ ʥʘʧʦʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʦʜʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʘʥʘʣʦʛʦʚ. ʕʪʦ 
ʩʚʦʡʩʪʚʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʧʦʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʚʳʩʦʢʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ 
ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʞʠʜʢʠʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʨʝʜ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʨʘʩʪʫʱʠʤ ʩʧʨʦʩʦʤ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʘʧʦʣʴ-
ʥʳʝ ʧʦʢʨʳʪʠʷ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ ʩ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟ-
ʢʦʡ, ʛʜʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʠʤʠʯʝʩʢʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤʳ [2]. ʇʨʝʜ-
ʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʜʦʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʦʛʨʘʥʠʯʝʥʠʡ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʠ ʩʦʟʜʘʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʟʥʘʯʝʥʠʡ 
ʜʝʢʦʨʘʪʠʚʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʭʠʤʠʯʝʩʢʠʤ 
ʩʦʩʪʘʚʦʤ ʩʚʷʟʫʶʱʝʛʦ, ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʠʧʩʦʚ ʠ ʠʭ ʢʦʥʝʯʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʘʤʠ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʩʦʩʪʘʚʘ ʯʠʧʩʦʚ ʠ ʦʮʝʥʢʘ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ 
ʩʚʦʡʩʪʚʘ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʵʧʦʢʩʠʜʥʳʭ ʥʘʧʦʣʴʥʳʭ ʧʦʢʨʳʪʠʡ (ʕʅʇ). 

ʇʝʨʝʜ ʨʘʟʨʘʙʦʪʢʦʡ ʨʝʮʝʧʪʫʨʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʦʩʪʘʚʣʝʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʙʳʣʠ ʦʧʨʝʜʝ-
ʣʝʥʳ ʤʘʩʣʦʝʤʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʠʛʤʝʥʪʦʚ ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ 
ʨʘʩʩʯʠʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʮʝʧʪʫʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʠʛʤʝʥʪʦʚ ʩ ʚʳʩʦʢʦʡ ʢʦʥʩʪʘʥʪʦʡ ʥʘʧʦʣʥʝʥʠʷ (ʂʥ = 
100), ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʝʦʙʭʦʜʠʤʫʶ ʭʨʫʧʢʦʩʪʴ ʚ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʢʨʳʪʠʷʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʣʦʢʦʚ. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ 
ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʃʂʄ) ʜʣʷ ʯʠʧʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʣʝʜʫʶʱʝʝ ʩʳʨʴʸ:  

ï ʧʝʨʭʣʦʨʚʠʥʠʣʦʚʘʷ ʩʤʦʣʘ (CPVC, ʂʅʈ);  
ï ʨʘʩʪʚʦʨʠʪʝʣʠ: ʘʮʝʪʦʥ ɻʆʉʊ (2768), ʙʫʪʠʣʘʮʝʪʘʪ (ɻʆʉʊ 8981); 
ï ʧʠʛʤʝʥʪʳ: ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ (TiOx-280 ʨʫʪʠʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ, ʈʌ), ʯʸʨʥʳʡ ʞʝʣʝʟʦʦʢʩʠʜʥʳʡ 

(S 722, ʂʅʈ), ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʡ ʛʦʣʫʙʦʡ (11153, ʀʥʜʠʷ); 
ï ʥʘʧʦʣʥʠʪʝʣʠ: ʤʠʢʨʦʪʘʣʴʢ (ʄʊ-ɻʐʄ, ʈʌ), ʘʵʨʦʩʠʣ (300, ʈʌ). 
ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʠʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʃʂʄ ʠʩʧʦʣʴʟʫʶʪ ʣʘʙʦʨʘʪʦʨʥʳʡ ʜʠʩʩʦʣʴʚʝʨ ʤʘʨʢʠ ʃɼʋ-3 

ʄʇʈ. ʃʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: ʩʥʘʯʘʣʘ ʟʘʛʨʫʞʘʶʪ ʚ ʨʝ-
ʮʝʧʪʫʨʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʤʦʣʫ, ʟʘʪʝʤ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʟʘʛʨʫʞʘʶʪ ʨʘʩʪʚʦʨʠʪʝʣʴ ʩ ʧʦʩʪʝʧʝʥʥʳʤ 
ʥʘʨʘʩʪʘʥʠʝʤ ʦʙʦʨʦʪʦʚ ʯʝʨʝʟ ʚʘʨʠʘʪʦʨ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 1000 ʦʙ/ʤʠʥ, ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ï 
5-10 ʤʠʥ ʜʦ ʧʦʣʥʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ. ɼʘʣʝʝ ʟʘʛʨʫʞʘʶʪ ʩʳʧʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʮʝʧʪʫʨ-
ʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʧʣʦʪʥʦʩʪʠ (ʚʦ ʠʟʙʝʞʘʥʠʝ ʠʟʣʠʰʥʝʛʦ ʧʳʣʝʥʠʷ ʠ ʦʩʝʜʘʥʠʷ) ʩ 
ʧʦʩʪʝʧʝʥʥʳʤ ʥʘʨʘʩʪʘʥʠʝʤ ʦʙʦʨʦʪʦʚ ʯʝʨʝʟ ʚʘʨʠʘʪʦʨ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 1000 ʦʙ/ʤʠʥ, ʚʨʝʤʷ 
ʧʨʝʜʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ï 20 ʤʠʥ. ʇʦʩʣʝ ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʟʘʩʳʧʘʶʪ ʩʪʝʢʣʷʥʥʳʡ ʙʠʩʝʨ 

(ʜʠʘʤʝʪʨʦʤ 0,8-1,2 ʤʤ) ʚ ʨʘʩʯʝʪʝ 30 ̒  ̍ʥʘ 100 ʛ ʞʠʜʢʦʛʦ ʃʂʄ ʠ ʧʨʦʜʦʣʞʘʶʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʚ ʩʣʝ-
ʜʫʶʱʝʤ ʨʝʞʠʤʝ: ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʯʝʨʝʟ ʚʘʨʠʘʪʦʨ ʚ ʨʝʞʠʤʝ 1200-1500 ʦʙ/ʤʠʥ. ʇʦ ʤʝʨʝ ʜʦʩʪʠʞʝ-
ʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʪʠʨʘ, ʢʦʪʦʨʫʶ ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʛʨʠʥʜʦʤʝʪʨʘ, ʟʘʤʝʩ ʩʣʠʚʘʶʪ ʯʝʨʝʟ 
ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʪʢʘʥʴ ï ʧʦʣʠʘʤʠʜʥʫʶ ʩʝʪʢʫ 87 ʤʢʤ (73ʇɸ-50). ɼʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʜʠʩʧʝʨʛʠʨʦʚʘ-
ʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʦʪʙʦʨ ʧʨʦʙ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʮʚʝʪʘ, ʩʪʝʧʝʥʠ ʧʝʨʝʪʠʨʘ, 
ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʥʝʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝʤ ʫʩʣʦʚʥʦʡ ʚʷʟʢʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʣʘʢʦʢʨʘʩʦʯʥʦ-
ʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʣʸʥʦʢ ʜʣʷ ʬʣʦʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
(21 Ñ 2) Áʉ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ (65 Ñ 5) % ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʣʘʢʦ-
ʢʨʘʩʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʞʝʩʪʢʦʟʘʢʨʝʧʣʝʥʥʫʶ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʥʫʶ (ʇʕʊʌ) ʧʣʸʥʢʫ (ʨʠʩ. 1). ʉʫʰ-
ʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʯʘʩʦʚ.   

ʇʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʜʦ ʩʪʝʧʝʥʠ 5 ʧʦʣʫʯʝʥʥʳʝ ʧʣʸʥʢʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʠʟʤʝʣʴʯʝʥʠʶ ʩ 
ʧʦʤʦʱʴʶ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʃʂʄ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ 
ʚʭʦʜʠʣ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʡ ʛʦʣʫʙʦʡ ʧʠʛʤʝʥʪ, ʥʘʙʣʶʜʘʣʦʩʴ ʤʛʥʦʚʝʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʣʸʥʢʠ ʥʘ ʤʝʣʢʠʝ 
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ʬʨʘʛʤʝʥʪʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʥʦʡ ʭʨʫʧʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 
 

ʋʙʚʤʡʯʙ 1 
ʋʞʮʦʧʤʧʜʡʰʞʪʣʡʞ ʨʧʣʙʠʙʫʞʤʡ ʤʙʣʧʣʩʙʪʧʰʦʧʜʧ ʥʙʫʞʩʡʙʤʙ ʝʤʸ ʰʡʨʪʧʛ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ɿʥʘʯʝʥʠʝ  

ʄʝʪʦʜ ʠʩʧʳʪʘʥʠʡ 
TiOx-280 S 722 P.B.11153 

ʎʚʝʪ ʃʂʄ ɹʝʣʳʡ ʏʝʨʥʳʡ ʊʝʤʥʳʡ ʠʥʜʠʛʦ ɺʠʟʫʘʣʴʥʦ 

ɺʥʝʰʥʠʡ ʚʠʜ ʃʂʄ  ɺʷʟʢʘʷ ʦʜʥʦʨʦʜʥʘʷ ʩʫʩʧʝʥʟʠʷ ɺʠʟʫʘʣʴʥʦ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʥʝʣʝʪʫʯʠʭ ʚʝ-
ʱʝʩʪʚ, % ʤʘʩʩ. 

61 66 44 ɻʆʉʊ 31939 

ʋʩʣʦʚʥʘʷ ʚʷʟʢʦʩʪʴ ʧʦ ɺɿ-246 (4 

ʤʤ) ʧʨʠ (20 ° 9,5) ̄ʉ, ʩ 
120 125 130 ɻʆʉʊ 8420 

ʉʪʝʧʝʥʴ ʧʝʨʝʪʠʨʘ, ʤʢʤ 30 ɻʆʉʊ 31973 

ɺʨʝʤʷ ʚʳʩʳʭʘʥʠʷ ʜʦ ʩʪʝʧʝʥʠ 3 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  (20 Ñ 2) Áʉ, ʤʠʥ 

15 15 8 ɻʆʉʊ 19007 

ʉʪʝʧʝʥʴ ʨʘʟʙʘʚʣʝʥʠʷ ʃʂʄ ʜʣʷ 
ʥʘʥʝʩʝʥʠʷ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʨʘʩ-
ʧʳʣʝʥʠʝʤ, ʥʝ ʙʦʣʝʝ 

25  [3] 

 
 

 
ʉʡʪ. 1. ɻʦʞʱʦʡʢ ʛʡʝ ʨʧʣʩʴʫʡʢ ʪʩʙʠʬ ʨʧʪʤʞ ʦʙʦʞʪʞʦʡʸ ʦʙ ʈʖʋʍ ʨʤʹʦʣʬ 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʬʣʦʢʠ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʘ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡ-

ʰʝʛʦ ʚʢʣʶʯʝʥʠʷ ʚ ʩʦʩʪʘʚ ʜʝʢʦʨʘʪʠʚʥʳʭ ʵʧʦʢʩʠʜʥʳʭ ʥʘʣʠʚʥʳʭ ʧʦʣʦʚ (ʨʠʩ. 2).  
 

 
ʉʡʪ. 2. ʍʤʧʣʡ ʛ ʡʠʥʞʤʵʰʞʦʦʧʥ ʛʡʝʞ 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʛʦʜʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʯʠʧʩʦʚ ʥʘ ʥʝʚʳʩʦʭʰʠʝ  ʕʅʇ ʙʳʣʠ ʦʧʨʝʜʝ-
ʣʝʥʳ ʠʭ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʚʨʝʤʷ ʚʳʩʳʭʘʥʠʷ ʜʦ ʩʪʝʧʝʥʠ 5, ʙʣʝʩʢ, ʪʦʣʱʠʥʘ, ʵʣʘʩʪʠʯʥʦʩʪʴ 
(ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʨʘʩʪʨʝʩʢʠʚʘʥʠʶ), ʚʦʜʦʩʪʦʡʢʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʩʪʚʦʨʫ ʤʦʶʱʝʛʦ ʩʨʝʜʩʪʚʘ ʠ 
ʵʪʠʣʮʝʣʣʦʟʦʣʴʚʫ, ʩʦʯʝʪʘʝʤʦʩʪʴ ʩ ʵʧʦʢʩʠʜʥʳʤʠ ʥʘʧʦʣʴʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ, ʧʣʦʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʧʣʝʥʢʠ 
ʠ ʜʣʠʥʘ ʟʘʪʫʭʘʥʠʷ ʧʣʘʤʝʥʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʠʢʠ ʠʟ ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʱʝʡ ʅɼ, ʧʨʠʥʷʪʳʝ ʚ ʣʘʢʦʢʨʘʩʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʚ 
ʪʘʙʣʠʮʝ 2.  

 
ʋʙʚʤʡʯʙ 2 

ʎʙʩʙʣʫʞʩʡʪʫʡʣʡ ʰʡʨʪʧʛ ʝʤʸ ʶʨʧʣʪʡʝʦʴʮ ʦʙʨʧʤʵʦʴʮ ʨʧʣʩʴʫʡʢ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ɿʥʘʯʝʥʠʝ 

ʄʝʪʦʜ ʠʩʧʳʪʘʥʠʡ 
TiOx-280 S 722 P.B.11153 

ʎʚʝʪ ʃʂʇ ɹʝʣʳʡ ʏʝʨʥʳʡ 
ʊʝʤʥʳʡ ʠʥʜʠʛʦ ʩ 
ʙʨʦʥʟʦʚʳʤ ʦʪʣʠʚʦʤ 

ɺʠʟʫʘʣʴʥʦ 

ɺʥʝʰʥʠʡ ʚʠʜ ʃʂʇ ʆʜʥʦʨʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʝʟ ʜʝʬʝʢʪʦʚ ɺʠʟʫʘʣʴʥʦ 

ʊʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ, ʤʢʤ 65 76 47 ɻʆʉʊ 31993 

ɸʜʛʝʟʠʷ ʢ ʇʕʊʌ ʆʪʩʣʦʝʥʠʝ ʦʪ ʧʣʝʥʢʠ  ɺʠʟʫʘʣʴʥʦ 

ʇʨʦʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʨʠ ʫʜʘʨʝ, ʋ-1ɸ, 
ʩʤ 

ɹʝʟ ʪʨʝʙʦʚʘʥʠʡ ɻʆʉʊ 4765 

ʕʣʘʩʪʠʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʨʠ ʠʟʛʠʙʝ, 
ʤʤ 

45 55 
ʅʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 
ʦʧʨʝʜʝʣʠʪʴ  

ɻʆʉʊ 6806 

ɹʣʝʩʢ, ʌɹ-2, ʝʜ. ʙʣʝʩʢʘ 25 20 
ʄʝʪʘʣʣʠʯʝʩʢʠʡ 
ʦʪʙʣʝʩʢ 

ɻʆʉʊ 896 

ʊʚʝʨʜʦʩʪʴ ʧʦ ʤʘʷʪʥʠʢʦʚʦʤʫ ʧʨʠʙʦʨʫ 
ʪʠʧʘ ʊʄʃ (ʤʘʷʪʥʠʢ ɸ), ʦʪʥ. ʝʜ. 

0,53 ɻʆʉʊ 5233 

ɺʨʝʤʷ ʚʳʩʳʭʘʥʠʷ ʜʦ ʩʪʝʧʝʥʠ 5 ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ  (20 Ñ 2) Áʉ, ʤʠʥ 

60 60 30 ɻʆʉʊ 19007 

ʇʣʦʪʥʦʩʪʴ ʃʂʇ, ʛ/̒  ̍ 0,788 0,992 0,237 ʄʝʪʦʜʠʢʘ ʈʍʊʋ 

ʉʪʦʡʢʦʩʪʴ ʯʠʧʩʦʚ ʢ: 
ï ʚʦʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (20 Ñ 2) Áʉ, 
ʯʘʩʳ 
ï ʨʘʩʪʚʦʨʫ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ ʧʨʠ ʪʝʤ-
ʧʝʨʘʪʫʨʝ (20 Ñ 2) Áʉ, ʯʘʩʳ 
ï ʵʪʠʣʮʝʣʣʦʟʦʣʴʚʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
(20 Ñ 2) Áʉ, ʯʘʩʳ 
 

96 
 

96 
 
 

12 
 

ʄʝʪʦʜʠʢʘ ʅʇʆ 
çʃɸʂʆʂʈɸʉʇʆʂʈʓ

ʊʀɽè 
(ʛ. ʍʦʪʴʢʦʚʦ) 

ʉʦʯʝʪʘʝʤʦʩʪʴ ʩ ʕʅʇ + + + ɺʠʟʫʘʣʴʥʦ 

 
ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʚʳʩʳʭʘʥʠʷ ʠ ʦʪʚʝʨʞʝʥʠʷ ʚʩʝʭ ʧʦʢʨʳʪʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʩʧʳʪʘʥʠʷ: 

ʧʨʦʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʨʠ ʫʜʘʨʝ (ɻʆʉʊ 4765) ʠ ʘʜʛʝʟʠʷ ʤʝʪʦʜʦʤ ʨʝʰʝʪʯʘʪʳʭ ʥʘʜʨʝʟʦʚ (ɻʆʉʊ 15140). 
ʇʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

 
ʋʙʚʤʡʯʙ 3  

ʉʞʠʬʤʵʫʙʫʴ ʡʪʨʴʫʙʦʡʢ ʨʧʣʩʴʫʡʢ ʪ ʭʤʧʣʙʥʡ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ɿʥʘʯʝʥʠʝ 

ʄʝʪʦʜ ʠʩʧʳʪʘʥʠʡ 
TiOx-280 S 722 P.B.11153 

ɸʜʛʝʟʠʷ ʤʝʪʦʜʦʤ ʨʝʰʝʪʯʘʪʳʭ ʥʘʜʨʝ-
ʟʦʚ, ʙʘʣʣ  

1 1 1 ɻʆʉʊ 15140 

ʇʨʦʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʨʠ ʫʜʘʨʝ, ʋ-1ɸ, 
ʩʤ 

50 50 50 ɻʆʉʊ 4765 
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ʇʦʣʫʯʝʥʥʳʝ ʯʠʧʩʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʬʠʥʠʰʥʳʤ ʧʦʢʨʳʪʠʷʤ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴ-
ʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʣʦʢʦʚ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʦʪʩʫʪʩʪʚʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 
ʧʨʦʯʥʦʩʪʴ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʵʧʦʢʩʠʜʥʦʛʦ ʥʘʣʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʛʦʜʥʦʩʪʴʶ ʠ ʤʦʞʝʪ ʙʳʪʴ 
ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʜʝʢʦ-
ʨʘʪʠʚʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʧʦʣʦʚ. ʈʘʙʦʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʠʤʧʦʨʪʥʳʭ ʩʦʩʪʘʚʦʚ ʠ 
ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʝʮʝʧʪʫʨʳ ʚ ʧʨʦ-
ʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ.  

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʌʣʦʢʠ ʚ ʥʘʣʠʚʥʳʭ ʧʦʣʘʭ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL:  

https://www.clavel.ru/news/floki-v-nalivnyh-polah (13.01.2025). 
2. ʂʦʟʣʦʚʘ ʄ.ʇ. ɼʝʢʦʨʘʪʠʚʥʳʝ ʥʘʧʦʣʴʥʳʝ ʧʦʢʨʳʪʠʷ: ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʪʝʨʠʘʣʳ: ʫʯʝʙʥʦʝ ʧʦʩʦ-

ʙʠʝ / ʄ.ʇ. ʂʦʟʣʦʚʘ. ï ʂʘʟʘʥʴ: ʂɻɸʉʋ, 2022. ï 184 ʩ. ï ISBN 978-5-432-78901-2. 
3. ʂʘʨʷʢʠʥʘ ʄ.ʀ., ʄʘʡʦʨʦʚʘ ʅ.ɺ., ʃʫʛʦʚʢʠʥʘ ʅ.ɺ. ʃʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝ-

ʙʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ. ʄ.: ʍʠʤʠʷ, 1984 ï 352 ʩ. 
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ǲǣǩ 445,4, 

ǟǪǩǧǣǬǭ-ǲǯǤǱǟǬǭǡǟǾ ǢǯǲǬǱ-ǼǫǟǪǻ 
ǭǠǸǤǧǬǣǲǰǱǯǧǟǪǻǬǭǢǭ ǬǟǦǬǟǶǤǬǧǾ 

ǣǿȁȇȑȇǿȌȇ ǣȇǿȌǿ ǧȏǿȉȊȇȄȁȌǿ* 
ǰȍȆȇȌȍȁǿ ǤȊȇȆǿȁȄȑǿ ǟȌȃȏȄȄȁȌǿ* 
ǰȒȏȌǿȖȄȁǿ ǫǿȏȂǿȏȇȑǿ ǫȇȔǿȈȊȍȁȌǿ 

ʩʪʫʜʝʥʪʳ 
ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʌʝʜʷʢʦʚʘ ʅʘʪʘʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 
ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʝʮʝʧʪʫʨʦʩʪʨʦʝʥʠʷ ʘʣʢʠʜʥʦ-ʫʨʝʪʘʥʦʚʦʡ 
ʛʨʫʥʪ-ɻ ʤʘʣʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʦʢʨʘʰʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-
ʥʦʡ ʪʝʭʥʠʢʠ, ʦʙʲʝʢʪʦʚ ʆʇʂ, ʩʪʘʥʢʦʚ ʠ ʘʥʘʣʦʛʠʯʥʳʭ ʠʟʜʝʣʠʡ ʦʙʱʝʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʦʙʦʩ-
ʥʦʚʘʥ ʚʳʙʦʨ ʩʳʨʴʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʃʘʢʦʢʨʘʩʦʯʥʦʝ ʧʦʢʨʳʪʠʝ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦ-
ʪʘʥʥʦʛʦ ʧʠʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʣʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤʠ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʜʝʢʦʨʘʪʠʚʥʳʤʠ ʠ ʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʨʫʥʪ-ɻ ʤʘʣʴ, ʵʤʘʣʴ, ʛʨʫʥʪʦʚʢʘ, ʘʣʢʠʜʥʦ-ʫʨʝʪʘʥʦʚʳʡ ʃʂʄ, ʘʣʢʠʜʥʦ-ʫʨʝʪʘʥʦʚʘʷ ʩʤʦ-
ʣʘ, ʢʦʨʨʦʟʠʷ, ʦʙʱʝʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʛʨʫʥʪ-ɻ ʤʘʣʠ, ʧʠʛʤʝʥʪʳ, ʥʘʧʦʣʥʠʪʝʣʠ. 

 
ALKYD-URETHANE PRIMER-ENAMEL OF GENERAL INDUSTRIAL PURPOSE 

 
Davitiani Diana Iraklievna, 

Sozinova Elizaveta Andreevna, 
Surnacheva Margarita Mikhailovna 

 
Scientific adviser: Fedyakova Natalia Vladimirovna 

 
Abstract: The article presents research in the field of formulation of alkyd-urethane primer-enamel, designed 
for painting various metal structures, agricultural machinery, defense industry, machine tools and similar prod-
ucts of general industrial purpose, substantiated the choice of raw materials components, presented experi-
mentally confirmed by the results of the study. Paint coating on the basis of the developed pigmented paint 
and varnish material possesses the necessary physical and mechanical characteristics, decorative and protec-
tive properties.  
Keywords: primer-enamel, enamel, primer, alkyd-urethane paintwork material, alkyd-urethane resin, corro-
sion, general industrial primer-enamels, pigments, fillers. 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ. ʆʥʠ ʟʘʱʠʱʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ 
ʩʝʙʷ ʢʦʥʜʝʥʩʘʮʠʶ ʚʣʘʛʠ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ. ʊʘʢʞʝ ʃʂʄ ʧʨʠ-
ʜʘʶʪ ʠʟʜʝʣʠʷʤ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʜʝʢʦʨʘʪʠʚʥʳʡ ʚʠʜ, ʯʪʦ ʥʝʤʘʣʦ ʚʘʞʥʦ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʜʠʟʘʡʥʝ.  
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ʉʦʚʨʝʤʝʥʥʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʦʩʪʘʚʦʚ, ʘ ʪʘʢʞʝ 
ʧʨʠ ʠʭ ʨʘʟʨʘʙʦʪʢʝ ʚʘʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ, ʯʪʦʙʳ ʥʝ ʥʘʥʝʩʪʠ ʚʨʝʜ ʟʜʦʨʦʚʴʶ 
ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ɸʣʢʠʜʥʦ-ʫʨʝʪʘʥʦʚʳʝ ʛʨʫʥʪ-ɻ ʤʘʣʠ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʃʂʄ ʙʣʘʛʦʜʘʨʷ ʦʧʪʠʤʘʣʴʥʦʤʫ 
ʩʦʯʝʪʘʥʠʶ ʩʚʦʡʩʪʚ ʢʘʢ ʵʤʘʣʠ, ʪʘʢ ʠ ʛʨʫʥʪʦʚʢʠ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩ-
ʥʦʚʝ ʘʣʢʠʜʥʳʭ ʠ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʩʚʷʟʫʶʱʠʭ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʢʨʳʪʠʷʤ ʪʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, 
ʢʘʢ ʚʳʩʦʢʘʷ ʘʜʛʝʟʠʷ ʢ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʵʣʘʩʪʠʯʥʦʩʪʴ ʠ ʫʩʪʦʡ-
ʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʀʭ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʛʨʫʥʪ-ɻ ʤʘʣʠ 
ʜʣʷ ʦʢʨʘʰʠʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʜʝʨʝʚʷʥʥʳʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʤʘʪʝʨʠʘʣʘ-
ʤʠ ʦʙʱʝʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [1]. 

ɸʣʢʠʜʥʦ-ʫʨʝʪʘʥʦʚʳʝ ʃʂʄ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʩʚʦʡʩʪʚʘ ʘʣʢʠʜʥʳʭ ʠ ʫʨʝʪʘʥʦʚʳʭ ʩʤʦʣ. ɸʣʢʠʜʥʘʷ 
ʩʤʦʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʫʶ ʘʜʛʝʟʠʶ ʢ ʤʝʪʘʣʣʫ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʪʤʦʩʬʝʨʥʳʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟ-
ʜʝʡʩʪʚʠʷʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʨʝʪʘʥʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦʚʳʰʘʶʪ ʩʪʦʡʢʦʩʪʴ ʢ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ, ʋʌ-
ʠʟʣʫʯʝʥʠʶ, ʵʣʘʩʪʠʯʥʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ [2]. 

ɻʨʫʥʪ-ɻ ʤʘʣʠ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʠ ʧʨʠʤʝʥʷʝʤʳʝ ʥʝ ʪʘʢ ʜʘʚʥʦ, ʧʦʣʫʯʠʣʠ ʩʚʦʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʥʝ 
ʪʦʣʴʢʦ ʠʟ-ʟʘ ʫʜʦʙʩʪʚʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʥʦ ʠ ʠʟ-ʟʘ ʩʚʦʡʩʪʚ ʭʘʨʘʢʪʝʨʥʳʭ ʢʘʢ ʛʨʫʥʪʦʚʢʘʤ, ʪʘʢ ʠ ʵʤʘʣʷʤ. 
ʋʜʦʙʩʪʚʦ ʪʘʢʠʭ ʩʦʩʪʘʚʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʝ ʪʨʝʙʫʝʪʩʷ ʟʘʪʨʘʯʠʚʘʪʴ ʚʨʝʤʷ ʥʘ ʤʝʞʩʣʦʡʥʳʝ ʩʫʰʢʠ. 

ʎʚʝʪʦʚʦʝ ʦʬʦʨʤʣʝʥʠʝ ʠʟʜʝʣʠʡ ʦʙʦʨʦʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʵʩ-
ʪʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʧʦʯʪʝʥʠʷʤʠ, ʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ, ʪʘʢʪʠʯʝʩʢʠʤʠ ʠ ʤʘʩʢʠʨʦʚʦʯ-
ʥʳʤʠ ʟʘʜʘʯʘʤʠ. ʎʚʝʪʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʝ, ʧʦʜʙʠʨʘʶʪʩʷ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʥʘʟʥʘʯʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ [3].  

ʇʨʠʤʝʥʝʥʠʝ ʃʂʄ ʚ ʚʦʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 
ʩʪʘʥʜʘʨʪʘʤ ʠ ʦʪʨʘʩʣʝʚʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʛʣʘʤʝʥʪʘʤ. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ï ʦʪ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʜʦ ʥʘʥʝʩʝʥʠʷ ï ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣ-
ʛʦʚʝʯʥʦʩʪʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚʦʦʨʫʞʝʥʠʷ [4]. 

ʇʝʨʝʜ ʨʘʟʨʘʙʦʪʢʦʡ ʨʝʮʝʧʪʫʨʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʦʩʪʘʚʣʝʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʙʳʣʠ ʦʧʨʝʜʝ-
ʣʝʥʳ ʤʘʩʣʦʝʤʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʠʛʤʝʥʪʦʚ ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ 
ʨʘʩʩʯʠʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʮʝʧʪʫʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʩʳʧʫʯʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ ʢʦʥʩʪʘʥʪʦʡ ʥʘʧʦʣʥʝʥʠʷ 8 
(ʂʥ = 8). ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ 
ʛʨʫʥʪ-ɻ ʤʘʣʠ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʣʝʜʫʶʱʝʝ ʩʳʨʴʝ: ʘʣʢʠʜʥʦ-ʫʨʝʪʘʥʦʚʳʡ ʣʘʢ, ʦʢʠʩʴ ʭʨʦʤʘ 
ʧʠʛʤʝʥʪʥʘʷ, ʤʠʢʨʦʪʘʣʴʢ, ʙʝʥʪʦʥʠʪ, ʢʩʠʣʦʣ, ʩʠʢʢʘʪʠʚ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪ. 

ɻʨʫʥʪ-ɻ ʤʘʣʴ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʠʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʃʂʄ 
ʠʩʧʦʣʴʟʫʶʪ ʣʘʙʦʨʘʪʦʨʥʳʡ ʜʠʩʩʦʣʴʚʝʨ ʤʘʨʢʠ DISPERMAT ʩ ʜʠʩʢʦʟʫʙʯʘʪʦʡ ʤʝʰʘʣʢʦʡ (ʬʨʝʟʘ). ʉʥʘʯʘʣʘ 
ʚ ʨʝʮʝʧʪʫʨʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʟʘʛʨʫʞʘʶʪ ʩʤʦʣʫ, ʟʘʪʝʤ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʴ ʩ ʧʦʩʪʝʧʝʥʥʳʤ 
ʥʘʨʘʩʪʘʥʠʝʤ ʦʙʦʨʦʪʦʚ ʯʝʨʝʟ ʚʘʨʠʘʪʦʨ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 700-800 ʦʙ/ʤʠʥ, ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘ-
ʥʠʷ ï 5 ʤʠʥʫʪ ʜʦ ʧʦʣʥʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ. ɼʘʣʝʝ ʟʘʛʨʫʞʘʶʪ ʩʳʧʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʮʝʧ-
ʪʫʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʧʣʦʪʥʦʩʪʠ (ʚʦ ʠʟʙʝʞʘʥʠʝ ʠʟʣʠʰʥʝʛʦ ʧʳʣʝʥʠʷ ʠ ʦʩʝʜʘʥʠʷ) 
ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʥʘʨʘʩʪʘʥʠʝʤ ʦʙʦʨʦʪʦʚ ʯʝʨʝʟ ʚʘʨʠʘʪʦʨ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 1400 ʦʙ/ʤʠʥ, ʚʨʝʤʷ 
ʧʨʝʜʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ï 30 ʤʠʥʫʪ. ʇʦʩʣʝ ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʟʘʩʳʧʘʶʪ ʩʪʝʢʣʷʥʥʳʡ ʙʠʩʝʨ 
(ʜʠʘʤʝʪʨʦʤ 1,2ï2,0 ʤʤ) ʚ ʨʘʩʯʝʪʝ 50 ʩʤ3 ʥʘ 100 ʛ ʞʠʜʢʦʛʦ ʃʂʄ, ʠ ʧʨʦʜʦʣʞʘʶʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ, ʧʨʠ 
ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʩʘ ʚ 30 Áʉ ʧʦʜʢʣʶʯʘʶʪ ʦʭʣʘʞʜʝʥʠʝ ʧʫʪʝʤ ʧʦʜʘʯʠ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʚ 
ʨʫʙʘʰʢʫ ʜʝʞʠ. ʇʦ ʤʝʨʝ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʪʠʨʘ, ʢʦʪʦʨʫʶ ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ 
ʛʨʠʥʜʦʤʝʪʨʘ, ʟʘʤʝʩ ʩʣʠʚʘʶʪ ʯʝʨʝʟ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʪʢʘʥʴ ï ʧʦʣʠʘʤʠʜʥʫʶ ʩʝʪʢʫ 80 ʤʢʤ (73ʇɸ-50). 
ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʝʥʥʦʡ ʛʨʫʥʪ-ɻ ʤʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ (ʪʘʙʣ. 1). 

ʊʘʢʞʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʫʩʣʦʚʥʘʷ ʩʚʝʪʦʩʪʦʡʢʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʣʘʤʧʳ ɼʈʊ-400. ʆʙʨʘʟʮʳ ʙʳʣʠ 
ʚʳʜʝʨʞʘʥʳ 10 ʯʘʩʦʚ ʧʦʜ ʋʌ-ʣʘʤʧʦʡ ʠ ʙʳʣʠ ʩʨʘʚʥʝʥʳ ʩ ʠʩʭʦʜʥʳʤʠ ʦʙʨʘʟʮʘʤʠ. ʇʦʢʨʳʪʠʝ ʥʝ ʠʟʤʝʥʠʣʦ 
ʩʚʦʡ ʮʚʝʪ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʋʌ ʣʘʤʧʳ. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʷʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠ-
ʷʤ ʢ ʛʨʫʥʪ-ɻ ʤʘʣʠ ʦʙʱʝʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʃʂʄ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ 
ʜʣʷ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 



34 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 

 

XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʋʙʚʤʡʯʙ 1 
ʉʞʠʬʤʵʫʙʫʴ ʡʪʨʴʫʙʦʡʢ ʨʧʣʩʴʫʡʢ ʦʙ ʧʪʦʧʛʞ ʚʙʤʙʦʪʧʛʧʢ ʩʞʯʞʨʫʬʩʴ ʄʃʅ 

ʆʙʡʥʞʦʧʛʙʦʡʞ ʨʧʣʙʠʙʫʞʤʸ ʀʦʙʰʞʦʡʞ ʅʞʫʧʝʡʣʙ 

ɺʨʝʤʷ ʚʳʩʳʭʘʥʠʷ ʜʦ ʩʪʝʧʝʥʠ 3, ʯ: ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
(20Ñ2)Áʉ 
ʠʣʠ 

(135Ñ2) Üʉ 

 
 

4 
 

1 
ɻʆʉʊ 19007 

ɺʨʝʤʷ ʚʳʩʳʭʘʥʠʷ ʜʦ ʩʪʝʧʝʥʠ 5, ʯ: ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
(20Ñ2)Áʉ 
ʠʣʠ 

(135Ñ2) Üʉ 

 
 

6 
 

1 

ʕʣʘʩʪʠʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʨʠ ʠʟʛʠʙʝ ʧʦ ʧʨʠʙʦʨʫ ʪʠʧʘ ʐɻ-1, 
ʤʤ 

2 ɻʆʉʊ 6806 

ʇʨʦʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʨʠ ʫʜʘʨʝ ʧʦ ʧʨʠʙʦʨʫ ʪʠʧʘ ʋ-1ɸ, ʩʤ 50 ɻʆʉʊ 4765 

ɸʜʛʝʟʠʷ ʤʝʪʦʜʦʤ ʨʝʰʝʪʯʘʪʳʭ ʥʘʜʨʝʟʦʚ, ʙʘʣʣ 1 ɻʆʉʊ 15140 

ʊʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʦ ʤʘʷʪʥʠʢʦʚʦʤʫ ʧʨʠʙʦʨʫ ʊʄʃ, ʦʪ-
ʥʦʩʠʪʝʣʴʥʳʝ ʝʜʠʥʠʮʳ 

0,54 ɻʆʉʊ 5833 

ʋʢʨʳʚʠʩʪʦʩʪʴ, ʛ/ʤ2 67,53 ɻʆʉʊ 8784 

ɹʣʝʩʢ ʧʦ ʧʨʠʙʦʨʫ ʪʠʧʘ ʌɹ-2 ʧʦʜ ʫʛʣʦʤ 45Á, % 57 ɻʆʉʊ 31975 

ʉʪʦʡʢʦʩʪʴ ʢ ʩʪʘʪʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʞʠʜʢʦʩʪʝʡ, ʯ 

ʅ2ʆʜʠʩʪ (96 ʯ) 
ï ʙʝʟ ʠʟʤʝʥʝʥʠʡ 

ɻʆʉʊ 9.403 
NaCl 3%ʨ-ʨ (48 

ʯ) ï ʙʝʟ ʠʟʤʝʥʝʥʠʡ 

ʄʘʩʣʦ ʪʝʭʥ. 
(24 ʯ) ï ʙʝʟ ʠʟʤʝʥʝ-
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ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʌʝʜʷʢʦʚʘ ʅʘʪʘʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ 
ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘè 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʝʮʝʧʪʫʨʦʩʪʨʦʝʥʠʷ ʘʣʢʠʜʥʦ-ʫʨʝʪʘʥʦʚʦʡ 
ʛʨʫʥʪʦʚʢʠ ʦʙʱʝʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʦʢʨʘʰʠʚʘʥʠʷ ʩʪʘʥʢʦʚ, ʩʝʣʴʩʢʦʭʦ-
ʟʷʡʩʪʚʝʥʥʦʡ ʠ ʢʦʤʤʫʥʘʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʠ ʨʝʟʝʨʚʫʘʨʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ 
ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʩʳʨʴʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 
ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʃʘʢʦʢʨʘʩʦʯʥʦʝ 
ʧʦʢʨʳʪʠʝ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʦʨʛʘʥʦʨʘʩʪʚʦʨʠʤʦʡ ʛʨʫʥʪʦʚʢʠ ʦʙʣʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤʠ ʘʜʛʝʟʠʝʡ, 
ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʩʦʯʝʪʘʝʤʦʩʪʴʶ ʩ ʘʣʢʠʜʥʦ-ʫʨʝʪʘʥʦʚʳʤʠ ʵʤʘʣʴʶ ʠ ʣʘʢʦʤ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʨʫʥʪʦʚʢʘ, ʘʣʢʠʜʥʦ-ʫʨʝʪʘʥʦʚʘʷ, ʦʙʱʝʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ.  
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Abstract: This article presents research in the field of formulation development of an alkyd-urethane primer of 
general industrial purpose, designed for painting machines, agricultural and municipal equipment, the outer 
surface of pipes and tanks operating in atmospheric conditions, justifying the choice of raw material compo-
nents, and providing experimentally confirmed technological and technical characteristics of the optimal com-
position.The paint coating based on the developed organosoluble primer has the necessary adhesion, physical 
and mechanical properties, and compatibility with alkyd-urethane enamel and varnish.  
Keywords: primer, alkyd-urethane, general industrial purpose. 

 
ɸʪʤʦʩʬʝʨʥʘʷ ʢʦʨʨʦʟʠʷ ʤʝʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʢʨʘʱʘʶʱʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʩʥʠʞʘʶʱʠʭ ʙʝʟʦʧʘʩ-
ʥʦʩʪʴ ʠʟʜʝʣʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʩʦʙʝʥʥʦ ʩʪʘʣʝʡ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 
ʢʘʯʝʩʪʚʘ, ʯʫʛʫʥʘ ʠ ʘʥʘʣʦʛʠʯʥʳʭ ʩʧʣʘʚʦʚ.  

ʂʦʨʨʦʟʠʷ ʥʘʥʦʩʠʪ ʦʛʨʦʤʥʳʡ ʫʱʝʨʙ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ 



36 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 

 

XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʪʨʝʙ-
ʥʦʩʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʦʚʳʭ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʦʟʨʘʩʪʘʥʠʝ ʨʘʩʭʦʜʘ ʧʨʠʨʦʜʥʳʭ 
ʨʝʩʫʨʩʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʢʦʥʦʤʠʢʝ ʧʨʠʯʠʥʷʶʪʩʷ ʩʝʨʴʝʟʥʳʝ ʫʙʳʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʤʝʥʦʡ ʦʙʦʨʫʜʦ-
ʚʘʥʠʷ, ʧʨʠʰʝʜʰʝʛʦ ʚ ʥʝʛʦʜʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʝʪʦʜʦʚ ʟʘ-
ʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʟʘʱʠʪʳ. ʇʦ ʧʦʜʩʯʝʪʘʤ, ʧʨʦʠʟʚʦʜʠʤʳʤ ʚ ʈʦʩʩʠʠ, ʝʞʝʛʦʜʥʳʝ ʧʦ-
ʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʨʨʦʟʠʝʡ, ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 500 ʤʠʣʣʠʘʨʜʦʚ ʨʫʙʣʝʡ. 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʢʦʨʨʦʟʠʝʡ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ, ʚʢʣʶʯʘʷ ʣʝʛʠʨʦʚʘʥʠʝ ʤʝʪʘʣ-
ʣʘ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʟʘʱʠʪʫ, ʤʝʪʘʣʣʠʟʘʮʠʶ ʠ ʜʨʫʛʠʝ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 
ʚʨʝʤʝʥʥʳʤʠ (ʤʝʞʦʧʝʨʘʮʠʦʥʥʳʤʠ). ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ, ʵʢʦʥʦʤʠʯʥʳʭ, ʜʦʩʪʫʧʥʳʭ ʠ ʰʠ-
ʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʛʨʫʥʪʦʚʦʯ-
ʥʳʭ ʠ ʧʦʢʨʳʚʥʳʭ ʩʣʦʝʚ. ɻʨʫʥʪʦʚʢʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʠʩʪʝʤʘʭ ʧʦʢʨʳʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʯʥʫʶ 
ʩʚʷʟʴ ʤʝʞʜʫ ʦʢʨʘʰʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʬʠʥʠʰʥʳʤʠ ʩʣʦʷʤʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ  

ʂʦʨʨʦʟʠʷ ʤʝʪʘʣʣʦʚ ï ʵʪʦ ʨʘʟʨʫʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚʩʣʝʜʩʪʚʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ ʩ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʦʡ [1]. ʂʦʨʨʦʟʠʶ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠ-
ʟʥʘʢʘʤ. 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʳ ʚʳʜʝʣʷʶʪ ʘʪʤʦʩʬʝʨʥʫʶ, ʛʘʟʦʚʫʶ, ʞʠʜʢʦʩʪʥʫʶ, ʧʦʯʚʝʥʥʫʶ, 
ʙʠʦʣʦʛʠʯʝʩʢʫʶ, ʢʦʥʪʘʢʪʥʫʶ, ʱʝʣʝʚʫʶ ʠ ʜʨʫʛʠʝ. 

ʇʦ ʚʠʜʫ ʢʦʨʨʦʟʠʦʥʥʳʭ ʨʘʟʨʫʰʝʥʠʡ ʨʘʟʣʠʯʘʶʪ ʩʧʣʦʰʥʫʶ (ʦʙʱʫʶ) ʠ ʤʝʩʪʥʫʶ ʢʦʨʨʦʟʠʶ, ʢʦʪʦʨʳʝ 
ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʬʦʨʤʳ ʢʦʨʨʦʟʠʦʥʥʳʭ ʨʘʟʨʫʰʝʥʠʡ (ʨʠʩ. 1). 

 

 
ʉʡʪ. 1. ɻʪʞʛʧʠʥʧʟʦʴʞ ʭʧʩʥʴ ʣʧʩʩʧʠʡʧʦʦʴʮ ʩʙʠʩʬʱʞʦʡʢ: 

ʘ ï ʨʘʚʥʦʤʝʨʥʘʷ; ʙ ï ʥʝʨʘʚʥʦʤʝʨʥʘʷ; ʚ ï ʠʟʙʠʨʘʪʝʣʴʥʘʷ; ʛ ïʢʦʨʨʦʟʠʷ ʧʷʪʥʘʤʠ; ʜ ï ʷʟʚʝʥʥʘʷ; ʝ ï ʪʦʯʝʯ-
ʥʘʷ (ʧʠʪʪʠʥʛʦʚʘʷ); ʞ ï ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʘʷ; ʟ ï ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʘʷ; ʠ ï ʢʦʨʨʦʟʠʦʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ 

 
ʍʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʛʨʝʩʩʠʚʥʳʤʠ ʩʨʝʜʘʤʠ. ʕʪʦ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟ-ʟʘ ʢʦʥʪʘʢʪʘ ʩ 
ʪʘʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʢʘʢ ʥʝʬʪʴ, ʙʝʥʟʠʥ, ʩʫʭʠʝ ʛʘʟʳ, ʚʢʣʶʯʘʷ ʢʠʩʣʦʨʦʜ, ʧʘʨʳ ʩʝʨʳ ʠ ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ, 
ʩʝʨʦʚʦʜʦʨʦʜ, ʭʣʦʨ ʠ ʪ. ʧ., ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʧʨʦʚʦʜʥʠʢʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ 
ʢʦʨʨʦʟʠʷ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʢʦʥʪʘʢʪʘ ʤʝʪʘʣʣʘ ʩ ʧʨʦʚʦʜʷʱʠʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʩʨʝʜʘʤʠ (ʨʘʩʪʚʦ-
ʨʳ ʩʦʣʝʡ ʠ ʢʠʩʣʦʪ, ʚʦʜʘ, ʦʩʥʦʚʘʥʠʷ). ʊʘʢʦʡ ʚʠʜ ʢʦʨʨʦʟʠʠ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʘʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʠ-
ʥʝʪʠʢʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʷʤʠ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ï ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ [2].  

ɿʘʤʝʜʣʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʩʪʫʧ-
ʣʝʥʠʷ ʚʝʱʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʝʛʦ ʧʨʦʪʝʢʘʥʠʷ, ʧʦʚʳʰʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʣʝ-
ʥʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʜʛʝʟʠʠ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʤ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 
ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳ-
ʪʠʡ, ʷʚʣʷʶʪʩʷ ʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʠ ʘʜʛʝʟʠʦʥʥʦʝ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ [3].  
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ɼʣʷ ʟʘʱʠʪʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪ ʢʦʨʨʦʟʠʠ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʩʘʤʳʡ 
ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʧʨʦʩʪʦʡ ï ʵʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ. ʇʝʨʚʦʥʘʯʘʣʴʥʳʤ ʩʣʦʝʤ 
ʷʚʣʷʝʪʩʷ ʛʨʫʥʪʦʚʢʘ ʠʣʠ ʛʨʫʥʪ-ɻ ʤʘʣʴ. ɻʨʫʥʪʦʚʢʘ ï ʵʪʦ ʣʘʢʦʢʨʘʩʦʯʥʳʡ ʤʘʪʝʨʠʘʣ (ʃʂʄ), ʦʙʨʘʟʫʶʱʠʡ ʧʨʠ 
ʥʘʥʝʩʝʥʠʠ ʥʘ ʦʢʨʘʰʠʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʧʨʦʟʨʘʯʥʦʝ ʠʣʠ ʧʨʦʟʨʘʯʥʦʝ ʦʜʥʦʨʦʜʥʦʝ ʃʂʇ ʩ ʭʦʨʦʰʝʡ 
ʘʜʛʝʟʠʝʡ ʢ ʦʢʨʘʰʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʣʝʜʫʶʱʠʤ ʩʣʦʷʤ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ 
ʣʘʢʦʢʨʘʩʦʯʥʦʡ ʩʠʩʪʝʤʳ [4]. ʉʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚʦʯʥʳʭ ʃʂʇ ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʦʨʘ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʝʛʦ ʚʝʱʝ-
ʩʪʚʘ, ʥʘʧʦʣʥʠʪʝʣʝʡ, ʧʠʛʤʝʥʪʦʚ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʙʘʚʦʢ, ʘ ʪʘʢʞʝ ʦʪ ʩʧʦʩʦʙʘ ʥʘʥʝʩʝʥʠʷ ʠ ʢʘʯʝʩʪʚʘ ʧʦʜ-
ʛʦʪʦʚʢʠ ʦʢʨʘʰʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʇʝʨʝʜ ʨʘʟʨʘʙʦʪʢʦʡ ʨʝʮʝʧʪʫʨʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʦʩʪʘʚʣʝʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʙʳʣʠ ʦʧʨʝʜʝ-
ʣʝʥʳ ʤʘʩʣʦʝʤʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʠʛʤʝʥʪʦʚ ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ 
ʨʘʩʩʯʠʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʮʝʧʪʫʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʩʳʧʫʯʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ ʢʦʥʩʪʘʥʪʦʡ ʥʘʧʦʣʥʝʥʠʷ 60 
(ʂʥ = 60). ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ 
ʛʨʫʥʪʦʚʢʠ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʣʝʜʫʶʱʝʝ ʩʳʨʴʝ: ʫʨʘʣʢʠʜʥʳʡ ʣʘʢ, ʢʩʠʣʦʣ, ʬʦʩʬʘʪ ʮʠʥʢʘ, 
ʩʧʝʢʫʣʷʨʠʪ, ʢʨʘʩʥʳʡ ʞʝʣʝʟʦʦʢʩʠʜʥʳʡ ʧʠʩʤʝʥʪ, ʦʢʠʩʴ ʭʨʦʤʘ ʧʠʛʤʝʥʪʥʘʷ, ʤʠʢʨʦʪʘʣʴʢ. 

 
ʋʙʚʤʡʯʙ 1 

ʋʞʮʦʧʤʧʜʡʰʞʪʣʡʞ ʨʧʣʙʠʙʫʞʤʡ ʜʩʬʦʫʧʛʣʡ ʡ ʄʃʈ ʦʙ ʞʜʧ ʧʪʦʧʛʞ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ɿʥʘʯʝʥʠʝ ʄʝʪʦʜʠʢʘ 

ʃʘʢʦʢʨʘʩʦʯʥʳʡ ʤʘʪʝʨʠʘʣ 

ʎʚʝʪ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʤʘʪʝʨʠʘʣʘ 
ʆʜʥʦʨʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʘʩʥʦ-
ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʙʝʟ ʚʠʜʠʤʳʭ 

ʜʝʬʝʢʪʦʚ 
ɺʠʟʫʘʣʴʥʦ 

ʄɼʅɺ, % ʤʘʩʩ. 65,0 ɻʆʉʊ 31939 

ʋʩʣʦʚʥʘʷ ʚʷʟʢʦʩʪʴ ʧʦ ɺɿ-246 (4 ʤʤ) ʧʨʠ 
(20 Ñ 0,5) Áʉ, ʩ 

90 ɻʆʉʊ 8420 

ʉʪʝʧʝʥʴ ʧʝʨʝʪʠʨʘ, ʤʢʤ 30 ɻʆʉʊ 6589 

ʇʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʛ/ʩʤ3 1,45 ɻʆʉʊ 31992 

ʃʘʢʦʢʨʘʩʦʯʥʦʝ ʧʦʢʨʳʪʠʝ 

ʎʚʝʪ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʃʂʇ 
ʆʜʥʦʨʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʘʩʥʦ-
ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʙʝʟ ʚʠʜʠʤʳʭ 

ʜʝʬʝʢʪʦʚ 
ɺʠʟʫʘʣʴʥʦ 

ɺʨʝʤʷ ʚʳʩʳʭʘʥʠʷ ʜʦ ʩʪʝʧʝʥʠ 3 ʧʨʠ 
(20Ñ2Üʉ), ʯ 

0,5 ɻʆʉʊ 19007 

ɸʜʛʝʟʠʷ ʤʝʪʦʜʦʤ ʨʝʰʝʪʯʘʪʳʭ ʥʘʜʨʝʟʦʚ, 
ʙʘʣʣ 

1 ɻʆʉʊ 15140 

ʇʨʦʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʨʠ ʫʜʘʨʝ ʧʦ 
ʧʨʠʙʦʨʫ ʋ-1, ʩʤ 

50 ɻʆʉʊ 4765 

ʉʪʦʡʢʦʩʪʴ ʢ ʩʪʘʪʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 
ʞʠʜʢʦʩʪʝʡ, ʯ 

ʅ2ʆʜʠʩʪ (48 ʯ) ï ʙʝʟ ʠʟʤʝʥʝʥʠʡ 

ɻʆʉʊ 9.403 
NaCl3%ʨ-ʨ (24 ʯ) ï ʙʝʟ ʠʟʤʝʥʝʥʠʡ 

ʊʝʭʥʠʯʝʩʢʦʝ ʤʘʩʣʦ (8ʯ)ï ʙʝʟ 
ʠʟʤʝʥʝʥʠʡ 

ʊʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʦ ʤʘʷʪʥʠʢʦʚʦʤʫ 
ʧʨʠʙʦʨʫ ʪʠʧʘ ʊʄʃ (ʤʘʷʪʥʠʢ ɸ), 
ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʝʜʠʥʠʮʳ 

0,4 ɻʆʉʊ 5233 

ʕʣʘʩʪʠʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʨʠ ʠʟʛʠʙʝ, ʤʤ 1 ɻʆʉʊ 6806 

ʋʢʨʳʚʠʩʪʦʩʪʴ ʚʳʩʫʰʝʥʥʦʡ ʧʣʸʥʢʠ, ʛ/ʤ2 45,7 ɻʆʉʊ 8784 

 
ɻʨʫʥʪʦʚʢʘ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʠʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʃʂʄ 

ʠʩʧʦʣʴʟʫʶʪ ʣʘʙʦʨʘʪʦʨʥʳʡ ʜʠʩʩʦʣʴʚʝʨ ʤʘʨʢʠ DISPERMAT ʩ ʜʠʩʢʦʟʫʙʯʘʪʦʡ ʤʝʰʘʣʢʦʡ (ʬʨʝʟʘ). ʉʥʘʯʘʣʘ 
ʚ ʨʝʮʝʧʪʫʨʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʟʘʛʨʫʞʘʶʪ ʩʤʦʣʳ, ʟʘʪʝʤ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʩ ʧʦʩʪʝʧʝʥʥʳʤ 
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ʥʘʨʘʩʪʘʥʠʝʤ ʦʙʦʨʦʪʦʚ ʯʝʨʝʟ ʚʘʨʠʘʪʦʨ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 700-800 ʦʙ/ʤʠʥ, ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘ-
ʥʠʷ ï 5 ʤʠʥʫʪ ʜʦ ʧʦʣʥʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ. ɼʘʣʝʝ ʟʘʛʨʫʞʘʶʪ ʩʳʧʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʮʝʧ-
ʪʫʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʧʣʦʪʥʦʩʪʠ (ʚʦ ʠʟʙʝʞʘʥʠʝ ʠʟʣʠʰʥʝʛʦ ʧʳʣʝʥʠʷ ʠ ʦʩʝʜʘʥʠʷ) 
ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʥʘʨʘʩʪʘʥʠʝʤ ʦʙʦʨʦʪʦʚ ʯʝʨʝʟ ʚʘʨʠʘʪʦʨ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 1400 ʦʙ/ʤʠʥ, ʚʨʝʤʷ 
ʧʨʝʜʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ï 30 ʤʠʥʫʪ. ʇʦʩʣʝ ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʟʘʩʳʧʘʶʪ ʩʪʝʢʣʷʥʥʳʡ ʙʠʩʝʨ 
(ʜʠʘʤʝʪʨʦʤ 1,2ï2,0 ʤʤ) ʚ ʨʘʩʯʝʪʝ 50 ʩʤ3 ʥʘ 100 ʛ ʞʠʜʢʦʛʦ ʃʂʄ, ʠ ʧʨʦʜʦʣʞʘʶʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ, ʧʨʠ 
ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʩʘ ʚ 30 Áʉ ʧʦʜʢʣʶʯʘʶʪ ʦʭʣʘʞʜʝʥʠʝ ʧʫʪʝʤ ʧʦʜʘʯʠ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʚ 
ʨʫʙʘʰʢʫ ʜʝʞʠ. ʇʦ ʤʝʨʝ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʪʠʨʘ, ʢʦʪʦʨʫʶ ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ 
ʛʨʠʥʜʦʤʝʪʨʘ, ʟʘʤʝʩ ʩʣʠʚʘʶʪ ʯʝʨʝʟ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʪʢʘʥʴ ï ʧʦʣʠʘʤʠʜʥʫʶ ʩʝʪʢʫ 80 ʤʢʤ (73ʇɸ-50). 
ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʝʥʥʦʡ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʛʨʫʥʪʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ (ʪʘʙʣ. 1). 

ɼʣʷ ʦʮʝʥʢʠ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʧʦʢʨʳʪʠʷ, ʛʨʫʥʪʦʚʢʘ ʙʳʣʘ ʥʘʥʝʩʝʥʘ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʨʘʩʧʳʣʝʥʠʝʤ ʩ 
ʪʦʣʱʠʥʦʡ ʤʦʢʨʦʛʦ ʩʣʦʷ 50 ʤʢʤ.  

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʣʢʠʜʥʦ-ʫʨʝʪʘʥʦʚʘʷ 
ʛʨʫʥʪʦʚʢʘ ʦʙʱʝʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, 
ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʤʘʪʝʨʠʘʣʘʤ ʜʣʷ ʫʨʘʣʢʠʜʥʳʭ ʧʦʢʨʳʪʠʡ. ɺʥʝʰʥʠʡ ʚʠʜ ʃʂʇ ʧʦʩʣʝ ʬʠʟʠʢʦ-
ʤʝʭʦʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʧʨʦʚʝʨʢʠ ʩʦʯʝʪʘʝʤʦʩʪʠ ʩ ʵʤʘʣʴʶ ɸʋ-1518, ʠ ʩ ʣʘʢʦʤ ɸʋ-055 ʥʘ ʦʩʥʦʚʝ 
ʘʣʢʠʜʥʦ-ʫʨʝʪʘʥʦʚʦʡ ʩʤʦʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

 
ʉʡʪ. 2. ɻʦʞʱʦʡʢ ʛʡʝ ʄʃʈ ʨʧʪʤʞ ʭʡʠʡʣʧ-ʥʞʮʙʦʡʰʞʪʣʡʮ ʡʪʨʴʫʙʦʡʢ ʡ ʪʧʰʞʫʙʞʥʧʪʫʡ ʪ ʶʥʙʤʵʷ ʡ 

ʤʙʣʧʥ ʦʙ ʧʪʦʧʛʞ ʙʤʣʡʝʦʧ-ʬʩʞʫʙʦʧʛʧʢ ʪʥʧʤʴ 
 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʣʘʢʦʢʨʘʩʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʫʨʘʣʢʠʜʥʦʡ 
ʛʨʫʥʪʦʚʢʠ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʩʠʢʢʘʪʠʚʦʚ ʚʝʨʦʷʪʥʦ ʠʟ-ʟʘ ʩʠʢʢʘʪʠʚʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʚʩʝʭ ʪʠʧʦʚ ʧʠʛʤʝʥ-
ʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʝʸ ʩʦʩʪʘʚ. ʇʦʣʫʯʝʥʥʘʷ ʛʨʫʥʪʦʚʢʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʪʨʝʙʫʝ-
ʤʳʤʠ ʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʭʦʨʦʰʝʡ ʩʦʯʝʪʘʝʤʦʩʪʴʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʩʣʦʷʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝ-
ʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʛʨʫʥʪʦʚʢʠ 
ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ. 
ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʨʝʮʝʧʪʫʨʳ ʵʤʘʣʠ ʢ ʜʘʥʥʦʡ ʛʨʫʥʪʦʚʢʝ ʩ 
ʥʘʠʣʫʯʰʝʡ ʩʦʯʝʪʘʝʤʦʩʪʴʶ ʠ ʣʫʯʰʝʡ ʟʘʱʠʪʦʡ ʤʘʪʝʨʠʘʣʘ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ɻʆʉʊ 9.106-2021 ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʠ ʩʪʘʨʝʥʠʷ. ʂʦʨʨʦʟʠʷ ʤʝʪʘʣʣʦʚ. 
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2. ʗʢʦʚʣʝʚ ɸ. ɼ. ʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. ï 3-ʝ ʠʟʜ., 
ʧʝʨʝʨʘʙ. ï ʉʇʙ.: ʍʀʄʀɿɼɸʊ, 2008. ï 448 ʩ. 

3. ʈʝʡʙʤʘʥ ɸ. ʀ. ɿʘʱʠʪʥʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʧʦʢʨʳʪʠʷ. ï 5-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʀ ʜʦʧ. ï ʃ.: 
ʍʠʤʠʷ, 1982. ï 320 ʩ. 

4. ɻʆʉʊ 28246-2017 ʄʘʪʝʨʠʘʣʳ ʣʘʢʦʢʨʘʩʦʯʥʳʝ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ. ï ʄ.: ʉʪʘʥʜʘʨʪʠʥ-
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ǲǣǩ 445,4 

ǪǟǩǭǩǯǟǰǭǶǬǺǨ ǫǟǱǤǯǧǟǪ 
ǧǬǣǲǰǱǯǧǟǪǻǬǭǢǭ ǬǟǦǬǟǶǤǬǧǾ ǣǪǾ 
ǩǯǟǩǤǪǽǯǟ  

ǮǿȁȊȍȁ ǟȊȄȉȐǿȌȃȏ ǡǿȊȄȏțȄȁȇȖ 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ǰȒȏȌǿȖȄȁǿ ǫǿȏȂǿȏȇȑǿ ǫȇȔǿȈȊȍȁȌǿ* 
ǰȍȆȇȌȍȁǿ ǤȊȇȆǿȁȄȑǿ ǟȌȃȏȄȄȁȌǿ* 
ǣǿȁȇȑȇǿȌȇ ǣȇǿȌǿ ǧȏǿȉȊȇȄȁȌǿ  

ʩʪʫʜʝʥʪʢʠ 
ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʌʝʜʷʢʦʚʘ ʅʘʪʘʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 
 ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘè 

 

ɹʦʦʧʫʙʯʡʸ: ʈʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʦʣʫʯʝʥʠʷ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʤʘʪʝʨʠ-
ʘʣʘ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʢʨʘʢʝʣʶʨʘ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʚʦʨʘ ʧʝʨʭʣʦʨʚʠʥʠʣʦʚʦʡ ʩʤʦʣʳ ʚ ʘʮʝ-
ʪʦʥʝ, ʯʝʨʥʦʛʦ ʠ ʢʨʘʩʥʦʛʦ ʞʝʣʝʟʦʦʢʩʠʜʥʦʛʦ ʧʠʛʤʝʥʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʳ ʫʩʣʦʚʠʷ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʣʘʢʦʢʨʘ-
ʩʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ: ʩʪʝʧʝʥʴ ʦʪʚʝʨʞʜʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʝ ʩʦʩʪʦʷʥʠʝ ʛʨʫʥʪʦʚʦʯʥʦʛʦ ʩʣʦʷ ʚ ʩʠʩʪʝʤʝ ʧʦ-
ʢʨʳʪʠʡ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʥʘʥʝʩʝʥʠʷ ʨʘʩʪʨʝʩʢʠʚʘʶʱʝʛʦʩʷ ʩʦʩʪʘʚʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʃʂʄ 
ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʤʝʪʦʜʦʤ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʳʣʝʥʠʷ, ʚʘʣʠʢʦʤ ʠʣʠ ʢʠʩʪʴʶ ʥʘ ʵʣʘʩʪʠʯ-
ʥʳʝ ʛʨʫʥʪʦʚʦʯʥʳʝ ʧʦʢʨʳʪʠʷ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʨʘʢʝʣʶʨ, ʢʨʘʢʣʝ, ʨʘʩʪʨʝʩʢʠʚʘʶʱʠʝʩʷ ʧʦʢʨʳʪʠʷ, ʚʳʩʦʢʦʥʘʧʦʣʥʝʥʥʳʝ ʩʦʩʪʘʚʳ, 
ʵʧʦʢʩʠʜʳ. 
 

INDUSTRIAL PAINT MATERIAL FOR CRAQUELURE 
 

Pavlov A.V., 
Surnacheva M.M.,  

Sozinova E.A., 
Davitiani D.I. 

 
Scientific adviser: Fedyakova Natalia Vladimirovna 

 
Abstract: The technological aspects of obtaining decorative paint material of industrial purpose for craquelure 
based on solution of perchlorovinyl resin in acetone, black and red iron oxide pigments are considered. The 
conditions of cracking of the paint material were studied: the degree of hardening and the required condition of 
the primer layer in the coating system, as well as the optimal thickness of application of the cracking composi-
tion. Developed coating material is intended for application by pneumatic spraying, roller or brush on elastic 
primer coatings. 
Keywords: craquelure, crackle, cracking coatings, highly filled compositions, epoxides.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʧʦʣʴʟʫʶʪʩʷ ʃʂʄ ʜʣʷ ʜʝʢʦʨʘʪʠʚʥʳʭ ʧʦʢʨʳʪʠʡ. ʇʨʦʠʟʚʦʜ-
ʩʪʚʘ ʧʨʝʜʣʘʛʘʶʪ ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ ʙʳʪʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ. ʆʜʥʦ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʜʝʢʦʨʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʝʭʥʠʢʘ ʢʨʘʢʝʣʶʨʘ (ʠʣʠ ʞʝ ʢʨʘʢʣʝ).  

ʂʨʘʢʝʣʶʨ ï ʵʪʦ ʦʩʦʙʳʡ ʚʠʜ ʜʝʢʦʨʘʪʠʚʥʦʡ ʨʦʩʧʠʩʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʵʬʬʝʢʪ ʪʨʝʱʠʥ 
ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʊʨʘʜʠʮʠʦʥʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʨʝʱʠʥʳ ʥʘ ʧʦʢʨʳʪʠʠ ï ʧʨʠʟʥʘʢ ʠʟʥʦʩʘ, ʩʪʘʨʝʥʠʷ ʠʣʠ ʨʷʜʘ ʦʰʠʙʦʢ 
ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʃʂʄ, ʠ ʦʥʠ ʥʝ ʥʝʩʫʪ ʚ ʩʝʙʝ ʥʠʢʘʢʦʡ ʵʩʪʝʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ. ʆʙʨʘʪʠʤʩʷ 
ʢ ʦʧʨʝʜʝʣʝʥʠʶ: çʊʨʝʱʠʥʳ ï ʵʪʦ ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʠʤʝʶʱʠʝ ʨʘʟʥʳʡ 
ʨʠʩʫʥʦʢ ʠ ʭʘʨʘʢʪʝʨ ʠʭ ʧʦʷʚʣʝʥʠʷè. ʆʙʳʯʥʦ ʵʪʦ ʥʘʨʫʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʚʳʙʦʨʝ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ 
ʦʩʥʦʚʳ, ʧʦʜʛʦʪʦʚʢʠ ʛʨʫʥʪʦʚʢʠ ʠ ʵʤʘʣʠ, ʦʰʠʙʢʠ ʚ ʥʘʥʝʩʝʥʠʠ ʩʣʦʝʚ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʆʜʥʘʢʦ ʪʝʭʥʠʢʘ ʢʨʘʢʝʣʶʨʘ ʢʘʢ ʜʝʢʦʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʜʦʢʘʟʳʚʘʝʪ ʦʙʨʘʪʥʦʝ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ 
ʣʶʙʦʡ ʥʝʜʦʩʪʘʪʦʢ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʭʦʜʝ ʤʦʞʥʦ ʧʨʝʚʨʘʪʠʪʴ ʚ ʧʨʝʠʤʫʱʝʩʪʚʦ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʜʠʟʘʡʥʝʨʳ ʚ ʦʬʦʨʤʣʝʥʠʠ ʧʦʤʝʱʝʥʠʡ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʧʨʠʙʝʛʘʶʪ ʢ ɻ ʬʬʝʢʪʫ ʨʘʩ-
ʪʨʝʩʢʠʚʘʥʠʷ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʧʫʪʝʤ. ʈʘʟʤʝʨʳ ʪʨʝʱʠʥ, ʘ ʪʘʢʞʝ ʪʦʥʘʣʴʥʦʩʪʴ 
ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʧʦʜʜʘʚʘʪʴʩʷ ʢʦʥʪʨʦʣʶ. ʕʬʬʝʢʪ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ 
ʚʝʨʭʥʠʡ ʩʣʦʡ ʩʠʩʪʝʤʳ ʧʦʢʨʳʪʠʡ ʚʳʩʳʭʘʝʪ ʙʳʩʪʨʝʝ ʥʠʞʥʝʛʦ ʠ ʣʠʰʝʥ ʵʣʘʩʪʠʯʥʦʩʪʠ. 

ʈʘʥʝʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʨʝʩʢʠʚʘʶʱʠʭʩʷ ʧʦʢʨʳʪʠʡ ʧʨʠʤʝʥʷʣʠ ʢʘʢ ʧʦʨʦʰʢʦʚʳʝ, ʪʘʢ ʠ ʞʠʜʢʠʝ ʩʦ-
ʩʪʘʚʳ. ɾʠʜʢʠʝ ʩʦʩʪʘʚʳ ʩʦʩʪʦʷʪ ʠʟ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʭ ʢʨʘʩʦʢ ʠ ʦʩʥʦʚʥʳʤ ʠʭ ʥʝʜʦʩʪʘʪʢʦʤ, ʢʦʪʦʨʳʡ 
ʧʨʠʚʝʣ ʢ ʪʦʤʫ, ʯʪʦ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʫʪʨʘʪʠʣʠ ʩʚʦʝ ʟʥʘʯʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʠʭ ʧʦʚʳʰʝʥʥʘʷ ʧʦʞʘ-
ʨʦʦʧʘʩʥʦʩʪʴ ʠ ʦʛʨʘʥʠʯʝʥʥʳʝ ʘʪʤʦʩʬʝʨʦ- ʠ ʭʠʤʩʪʦʡʢʦʩʪʴ [1]. ʊʘʢʦʡ ʩʦʩʪʘʚ ʥʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 
ʧʦʣʥʦʡ ʤʝʨʝ ʧʦ ʩʦʦʙʨʘʞʝʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʦʪʣʠʯʠʠ ʦʪ ʩʠʩʪʝʤʳ ʧʦʢʨʳʪʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʘʣʢʠʜʥʦʡ 
ʠʣʠ ʵʧʦʢʩʠʜʥʦʡ ʛʨʫʥʪʦʚʢʠ ʠ ʚʝʨʭʥʝʛʦ ʨʘʩʪʨʝʩʢʠʚʘʶʱʝʛʦʩʷ ʩʣʦʷ ʥʘ ʦʩʥʦʚʝ ʩʤʦʣʳ ʇʉʍ-ʃʉ, ʢʦʪʦʨʘʷ ʧʦ 
ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʧʨʝʚʦʩʭʦʜʠʪ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʝ ʩʦʩʪʘʚʳ. 

ɼʣʷ ʢʨʘʢʝʣʠʨʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʩʣʦʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʃʂʄ ʨʘʟ-
ʥʦʛʦ ʚʠʜʘ. ʉʤʝʰʠʚʘʥʠʝ ʃʂʄ ʨʘʟʥʳʭ ʩʣʦʸʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ.  

ʈʘʙʦʪʫ ʥʘ ʙʦʣʴʰʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʝʭʥʠʢʦʡ ʢʨʘʢʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪ ʧʦʵʪʘʧʥʦ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʩʣʝʜʠʪʴ ʟʘ ʧʨʦʮʝʩʩʦʤ ʚʳʩʳʭʘʥʠʷ.  

 ʉ ʧʦʤʦʱʴʶ ʢʨʘʢʝʣʶʨʘ ʤʦʞʥʦ ʧʨʠʜʘʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʵʬʬʝʢʪʳ, ʚ ʪʦʤ ʯʠʩ-
ʣʝ: ʜʠʢʠʡ ʢʘʤʝʥʴ; ʩʪʨʫʷʱʠʡʩʷ ʧʝʩʦʢ; ʚʦʜʥʳʡ ʧʦʪʦʢ; ʢʘʧʣʠ ʚʦʜʳ ʥʘ ʩʪʝʢʣʝ; ʜʨʝʚʝʩʥʘʷ ʢʦʨʘ; ʧʦʨʠʩʪʘʷ 
ʢʦʞʘ; ʪʢʘʥʠ ʠʟ ʧʨʠʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʙʘʨʭʘʪ; ʞʝʤʯʫʛ; ʤʨʘʤʦʨ; ʬʘʨʬʦʨ. 

ʂʨʘʢʝʣʶʨ ʤʥʦʛʦʦʙʨʘʟʝʥ ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ, ʢʦʪʦʨʳʡ ʢʦʥʢʨʝʪʥʦ ʠʥ-
ʪʝʨʝʩʫʝʪ ʧʦʪʨʝʙʠʪʝʣʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʃʂʄ) ʥʘ ʦʩʥʦʚʝ ʩʤʦʣʳ ʇʉʍ-
ʃʉ ʜʣʷ ʨʘʩʪʨʝʩʢʠʚʘʶʱʝʛʦʩʷ ʧʦʢʨʳʪʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʫʩʣʦʚʠʡ ʝʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʨʘʩʪʨʝʩʢʠʚʘʶʱʝʛʦʩʷ ʃʂʄ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 20% ʤʘʩʩ. ʨʘʩʪʚʦʨ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʡ 
ʧʝʨʭʣʦʨʚʠʥʠʣʦʚʦʡ ʩʤʦʣʳ ʤʘʨʢʠ ʇʉʍ-ʃʉ ʚ ʘʮʝʪʦʥʝ, ʚ ʢʘʯʝʩʪʚʝ ʧʠʛʤʝʥʪʦʚ: ʢʨʘʩʥʳʡ ʠ ʯʝʨʥʳʡ ʞʝʣʝʟʦ-
ʦʢʩʠʜʥʳʝ, ʘ ʪʘʢʞʝ ʘʥʪʠʩʝʜʠʤʝʥʪʘʮʠʦʥʥʘʷ ʜʦʙʘʚʢʘ ʙʝʥʪʦʥʠʪ.  

ʇʉʍ-ʃʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʨʦʰʦʢ, ʢʨʦʰʢʫ ʠʣʠ ʯʝʰʫʡʢʠ ʦʪ ʙʝʣʦʛʦ ʜʦ ʙʣʝʜʥʦ-ʢʨʝʤʦʚʦʛʦ ʮʚʝʪʘ. 
ʇʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʇʉʍ-ʃʉ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤʠ ʘʪʤʦʩʬʝʨʦ-, ʦʛʥʝ- ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʤʝʭʘ-
ʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʵʣʘʩʪʠʯʥʦʩʪʴʶ [2]. 

ʅʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʫʩʣʦʚʠʷʤʠ ʷʚʣʷʶʪʩʷ ʭʨʫʧʢʦʩʪʴ ʧʦʣʠʤʝʨʘ, ʦʪʩʫʪʩʪʚʠʝ ʧʣʘ-
ʩʪʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʢʦʥʩʪʘʥʪʘ ʥʘʧʦʣʥʝʥʠʷ  ὑ ρππ. 

ʂʦʥʩʪʘʥʪʘ ʥʘʧʦʣʥʝʥʠʷ ʚ ʨʘʩʪʨʝʩʢʠʚʘʶʱʠʭʩʷ ʃʂʄ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʰʧʘʪʣʸʚʦʢ.  ʉʦʩʪʘʚ 
ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʩʦʢʦʥʘʧʦʣʥʝʥʥʳʤ ʠ ʩʦʜʝʨʞʘʱʠʤ ʣʝʛʢʦʣʝʪʫʯʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʠʩʧʘ-
ʨʝʥʠʷ ʢʦʪʦʨʦʛʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʨʝʣʘʢʩʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ, 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʦʣʱʠʥʳ ʩʣʦʷ, ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʨʝʱʠʥ [3]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤʫ ʤʝʪʦʜʫ ʨʘʟʨʘʙʦʪʢʠ ʃʂʄ ʙʳʣ ʧʨʦʜʠʩʧʝʨʛʠ-
ʨʦʚʘʥ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʙʠʩʝʨʥʦʤ ʜʠʩʧʝʨʛʘʪʦʨʝ ʜʦ ʩʪʝʧʝʥʠ ʧʝʨʝʪʠʨʘ ʥʝ ʙʦʣʝʝ 50 ʤʢʤ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 
ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʝʥʥʦʛʦ ʃʂʄ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʋʞʮʦʧʤʧʜʡʰʞʪʣʡʞ ʨʧʣʙʠʙʫʞʤʡ ʩʙʪʫʩʞʪʣʡʛʙʷʲʞʜʧʪʸ ʄʃʅ 

ʇʘʨʘʤʝʪʨ ʂʦʨʠʯʥʝʚʳʡ ʃʂʄ 

ʎʚʝʪ, ʦʪʪʝʥʦʢ ʥʝ ʥʦʨʤʠʨ. ʂʦʨʠʯʥʝʚʳʡ 

ʉʪʝʧʝʥʴ ʧʝʨʝʪʠʨʘ, ʤʢʤ 50 

ʄɼʅɺ,% 61 
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ɺʨʝʤʷ ʚʳʩʳʭʘʥʠʷ ʜʦ ʩʪ. 3, ʤʠʥ 7 

 
ɺ ʢʘʯʝʩʪʚʝ ʥʠʞʥʝʛʦ ʩʣʦʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʚʫʭʫʧʘʢʦʚʦʯʥʘʷ ʵʧʦʢʩʠʜʥʘʷ ʛʨʫʥʪʦʚʢʘ ʙʝʞʝʚʦʛʦ 

ʮʚʝʪʘ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʧʦʢʩʠʜʥʳʭ ʩʦʩʪʘʚʦʚ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʘʜʛʝʟʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ 
ʢ ʚʦʜʝ, ʭʠʤʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʘʤ ʠ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨ, ʚʳʩʦʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʩʧʦʩʦʙ-
ʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʧʨʦʯʥʳʝ ʠ ʜʦʣʛʦʚʝʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [4]. ɼʣʷ ʦʪʚʝʨʞʜʝʥʠʷ ʛʨʫʥʪʦʚʢʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 
ʧʦʣʠʘʤʠʜʥʳʡ ʦʪʚʝʨʜʠʪʝʣʴ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʣʘʩʪʠʯʥʳʭ ʧʦʢʨʳʪʠʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʝʤʣʝʤʳʭ ʫʩʣʦʚʠʡ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʃʂʄ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ 
ʥʝʦʙʭʦʜʠʤʘʷ ʪʦʣʱʠʥʘ ʥʘʥʝʩʝʥʥʦʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʝʨʜʠʪʝʣʷ ʚ ʵʧʦʢʩʠʜʥʦʡ ʛʨʫʥʪʦʚʢʝ. ɹʳ-
ʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ: ʛʨʫʥʪʦʚʢʘ ʙʝʟ ʦʪʚʝʨʜʠʪʝʣʷ, ʩ İ ʦʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʦʪʚʝʨʜʠʪʝʣʷ, ʩ ʧʦʣʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʚʝʨʜʠʪʝʣʷ, ʩ ʦʪʚʝʨʜʠʪʝʣʝʤ ʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ. 

ʈʘʩʪʨʝʩʢʠʚʘʶʱʠʡʩʷ ʩʦʩʪʘʚ ʙʳʣ ʥʘʥʝʩʝʥ ʰʧʘʪʝʣʝʤ ʥʘ ʧʨʝʜʤʝʪʥʳʝ ʩʪʝʢʣʘ, ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚ-
ʣʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʚʘʨʠʘʥʪʘʤʠ ʩʦʦʪʥʦʰʝʥʠʷ ʛʨʫʥʪʦʚʢʠ ʠ ʦʪʚʝʨʜʠʪʝʣʷ, ʫʢʘʟʘʥʥʳʤʠ ʨʘʥʥʝʝ. ʊʨʝ-
ʙʫʝʤʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʫ ʧʦʢʨʳʪʠʡ ʩ ʛʨʫʥʪʦʚʢʦʡ ʙʝʟ ʦʪʚʝʨʜʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʩ ʛʨʫʥʪʦʚʢʦʡ ʩ İ 
ʦʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʚʝʨʜʠʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʪʦʣʱʠʥʳ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʢʨʳʪʠʷ ʜʣʷ 
ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 80 ʜʦ 150 ʤʢʤ. ʀʟʤʝʨʝʥʠʷ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʤʠʢ-
ʨʦʤʝʪʨʦʤ inforce 06-11-44. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʵʬ-
ʬʝʢʪʘ ʪʝʭʥʠʢʦʡ ʢʨʘʢʝʣʶʨʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʥʦʩʠʪʴ ʨʘʩʪʨʝʩʢʠʚʘʶʱʠʡʩʷ ʩʦʩʪʘʚ ʥʘ ʩʣʝʛʢʘ ʚʣʘʞʥʳʡ ʥʠʞ-
ʥʠʡ ʩʣʦʡ (ʪʘʙʣʠʮʘ 2). 
 

ʋʙʚʤʡʯʙ 2 
 ʀʙʛʡʪʡʥʧʪʫʵ ʩʙʪʫʩʞʪʣʡʛʙʦʡʸ ʨʧʣʩʴʫʡʸ ʧʫ ʫʧʤʲʡʦʴ ʦʙʦʞʪʞʦʦʧʜʧ ʪʤʧʸ ʡ ʪʫʞʨʞʦʡ ʧʫʛʞʩʟʝʞʦʡʸ 

ʜʩʬʦʫʧʛʧʰʦʧʜʧ ʪʤʧʸ 

ʆʙʨʘʟʝʮ ʊʦʣʱʠʥʘ ʩʣʦʷ, ʤʢʤ ɺʠʜʠʤʳʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ 

 
ɹʝʟ ʦʪʚʝʨʜʠʪʝʣʷ 

62 - 

148 + 

246 - 

 
ʉ İ ʦʪʚʝʨʜʠʪʝʣʷ 

60 - 

81 + 

130 + 

 
ʉ ʦʪʚʝʨʜʠʪʝʣʝʤ 

32 - 

51 - 

180 Ñ (ʯʘʩʪʠʯʥʦʝ/ʝʣʝ ʟʘʤʝʪʥʦʝ) 

ʉ ʦʪʚʝʨʜʠʪʝʣʝʤ ʠ ʧʣʘʩʪʠʬʠʢʘ-
ʪʦʨʦʤ 

27 - 

62 - 

100 - 

 
ʆʜʥʘʢʦ ʥʝʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʛʨʫʥʪʦʚʦʯʥʦʝ ʧʦʢʨʳʪʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʥʝ ʩʤʦʞʝʪ ʦʙʣʘ-

ʜʘʪʴ ʥʝʦʙʭʦʜʠʤʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝ-
ʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʢʨʳʪʠʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʩʪʘʣʴʥʫʶ ʧʣʘʩʪʠʥʢʫ ʩʣʝʜʫʝʪ ʥʘʥʦʩʠʪʴ 
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ʩʣʦʡ ʛʨʫʥʪʦʚʢʠ ʩ ʦʪʚʝʨʜʠʪʝʣʝʤ, ʘ ʫʞʝ ʧʦʩʣʝ, ʥʘ ʧʦʣʥʦʩʪʴʶ ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʧʦʢʨʳʪʠʝ, ʩʣʦʡ ʪʦʡ ʞʝ ʛʨʫʥ-
ʪʦʚʢʠ ʙʝʟ ʦʪʚʝʨʜʠʪʝʣʷ ʠ ʩʣʦʡ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʶʱʝʛʦʩʷ ʩʦʩʪʘʚʘ, ʯʪʦ ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.1.  

 

 
ʉʡʪ. 1. ʈʩʧʚʦʴʢ ʧʚʩʙʠʞʯ ʨʤʙʪʫʡʦʣʡ ʪ ʩʙʪʫʩʞʪʣʡʛʙʷʲʡʥʪʸ ʨʧʣʩʴʫʡʞʥ 

 
ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ ʥʘʥʝʩʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʭ ʪʨʝʱʠʥʦʢ, ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʠʢʫ ʥʘʥʝʩʝʥʠʷ çʤʦʢʨʳʡ ʧʦ ʤʦʢʨʦʤʫè, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʩʪʨʝʩʢʠʚʘʶʱʠʡʩʷ 
ʩʦʩʪʘʚ ʥʘʥʦʩʠʪʩʷ ʥʘ ʩʳʨʦʡ ʛʨʫʥʪʦʚʦʯʥʳʡ ʩʣʦʡ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʨʘʟʮʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 
ʥʘ ʨʠʩ. 2.  

 

 
ʉʡʪ. 2. ʇʚʩʙʠʯʴ ʩʙʪʫʩʞʪʣʡʛʙʷʲʞʜʧʪʸ ʄʃʅ  
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ʈʘʟʨʘʙʦʪʘʥʘ ʨʝʮʝʧʪʫʨʘ ʃʂʄ ʠ ʧʦʣʫʯʝʥʦ ʨʘʩʪʨʝʩʢʠʚʘʶʱʝʝʩʷ ʧʦʢʨʳʪʠʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝ-
ʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʤʦʣʳ ʇʉʍ-ʃʉ. ʋʩʪʘʥʦʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʪʨʝʩʢʠ-
ʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʝ ʩʦʩʪʦʷʥʠʝ, ʩʪʝʧʝʥʴ ʦʪʚʝʨʞʜʝʥʠʷ ʥʠʞʥʝʛʦ ʛʨʫʥʪʦʚʦʯʥʦʛʦ ʩʣʦʷ ʠ ʤʝʪʦʜ 
ʥʘʥʝʩʝʥʠʷ ʩʠʩʪʝʤʳ ʧʦʢʨʳʪʠʡ.  

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʉʦʨʦʢʠʥ ʄ. ʌ., ʂʦʯʥʦʚʘ ɿ. ɸ., ʐʦʜʵ ʃ. ɻ. ʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʚʝʱʝʩʪʚ: 
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4. ʄʶʣʣʝʨ ɹ., ʇʦʪ ʋ. ʃʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʦʢʨʳʪʠʷ. ʇʨʠʥʮʠʧʳ ʩʦʩʪʘʚʣʝʥʠʷ ʨʝʮʝʧʪʫʨ. 
ʄ.: ʆʆʆ çʇʵʡʥʪ-ʄʝʜʠʘè, 2007. 237 ʩ. 
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ǲǣǩ 445,4, 

ǯǤǫǭǬǱǬǟǾ ǟǬǱǧǩǭǯǯǭǦǧǭǬǬǟǾ 
ǢǯǲǬǱǭǡǩǟ ǣǪǾ ǬǤǡǧǣǭǡǺǴ ǼǪǤǫǤǬǱǭǡ 
ǟǡǱǭǫǭǠǧǪǻǬǺǴ ǫǤǱǟǪǪǭǩǭǬǰǱǯǲǩǵǧǨ 

Ǧȍȑȍȁ ǣȋȇȑȏȇȈ ǟȊȄȉȐǿȌȃȏȍȁȇȖ* 
 ǣǿȁȇȑȇǿȌȇ ǣȇǿȌǿ ǧȏǿȉȊȇȄȁȌǿ*  
ǰȍȆȇȌȍȁǿ ǤȊȇȆǿȁȄȑǿ ǟȌȃȏȄȄȁȌǿ*  
ǰȒȏȌǿȖȄȁǿ ǫǿȏȂǿȏȇȑǿ ǫȇȔǿȈȊȍȁȌǿ  

ʩʪʫʜʝʥʪʳ 
ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʌʝʜʷʢʦʚʘ ʅʘʪʘʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 
ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ 

ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʨʝʤʦʥʪʥʦʡ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʛʨʫʥʪʦʚʢʠ ʜʣʷ ʥʝʚʠʜʦʚʳʭ 
ʵʣʝʤʝʥʪʦʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʝʥʦʣʦʘʣʢʠʜ-
ʥʘʷ ʦʩʥʦʚʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʨʝʮʝʧʪʫʨʘ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʟʛʦʪʦʚʣʝʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʦʙʨʘʟʝʮ ʠ 
ʧʨʦʚʝʜʝʥʳ ʝʛʦ ʠʩʧʳʪʘʥʠʷ. ʀʟʫʯʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 
ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. ɺʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʘʷ ʟʘʱʠʪʘ, ʛʨʫʥʪʦʚʢʘ, ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʘʚʪʦʤʦʙʠʣʴ, ʤʝ-
ʪʘʣʣ, ʘʜʛʝʟʠʷ, ʬʝʥʦʣʦ-ʘʣʢʠʜ. 
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Abstract: The work is devoted to the development of repair anticorrosion primer for non-species elements of 
automobile metal structures. Phenoloalkyd base is used as a binder. The formulation of paint and varnish ma-
terial is developed, a laboratory sample is made and tested. The technological characteristics of the paint ma-
terial and the formed coating were studied. Comparison with industrial analogs is carried out. 
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ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʨʝʜʲʷʚʣʷʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʧʦʢʨʳʪʠʡ, ʩʧʦ-

ʩʦʙʥʳʭ ʟʘʱʠʱʘʪʴ ʢʫʟʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʦʩʦʙʝʥʥʦ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩ-
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ʩʦʚ. ɸʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʛʨʫʥʪʦʚʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤʘʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʦʙʝʩʧʝʯʠʚʘʶʪ 
ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʘʚʪʦʤʦʙʠʣʝʡ. ʆʥʠ ʚʳʧʦʣʥʷʶʪ ʘʜʛʝʟʠʚʥʫʶ, ʠʥʛʠʙʠʪʠʚʥʫʶ, ʘ ʠʥʦʛʜʘ 
ʠ ʙʘʨʴʝʨʥʫʶ ʬʫʥʢʮʠʶ, ʧʨʝʧʷʪʩʪʚʫʷ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚʣʘʛʠ, ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ 
ʘʛʝʥʪʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. 

ʉ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʙʳʪʫ, ʚʦʝʥʥʦʤ ʜʝʣʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʯʝʣʦʚʝʯʝʩʪʚʦ 
ʩʪʦʣʢʥʫʣʦʩʴ ʩ ʧʨʦʙʣʝʤʦʡ ʠʭ ʨʘʟʨʫʰʝʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʩʦʙʝʥʥʦ ʘʪʤʦʩʬʝʨʥʦʡ 
ʚʣʘʛʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʢʦʨʨʦʟʠʠ [1]. ʇʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʦ ʩʧʦʩʦʙʘʭ ʟʘʱʠʪʳ ʤʝʪʘʣʣʦʚ ʦʪ ʨʞʘʚʣʝʥʠʷ ʤʦʞʥʦ 
ʥʘʡʪʠ ʚ ʪʨʫʜʘʭ ʜʨʝʚʥʝʛʨʝʯʝʩʢʦʛʦ ʠʩʪʦʨʠʢʘ ɻʝʨʦʜʦʪʘ V ʚʝʢ ʜʦ ʥ.ʵ., ʛʜʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʣʦʚʷʥʥʳʝ ʧʦʢʨʳʪʠʷ, 
ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʝ ʨʞʘʚʣʝʥʠʝ ʞʝʣʝʟʘ. ʅʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʮʠʚʠʣʠʟʘʮʠʠ, ʧʦʤʠʤʦ ʣʫʞʝʥʠʷ, ʜʣʷ 
ʟʘʱʠʪʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʩʣʘ ʠ ʞʠʨʳ, ʘ ʪʘʢʞʝ ʟʦʣʦʯʝʥʠʝ ʠ ʩʝʨʝʙʨʝʥʠʝ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʥʠʢʣʠ ʥʦʚʳʝ ʤʝʪʦʜʳ ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳ-
ʪʠʡ, ʪʘʢʠʝ ʢʘʢ ʮʠʥʢʦʚʘʥʠʝ, ʭʨʦʤʠʨʦʚʘʥʠʝ ʠ ʘʤʘʣʴʛʘʤʠʨʦʚʘʥʠʝ. ʈʦʩʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʝʜʠ ʠ ʝʸ ʩʧʣʘʚʘʭ 
ʩʪʠʤʫʣʠʨʦʚʘʣ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʣʦʚʘ ʠ ʮʠʥʢʘ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʨʦʥʟ ʠ ʣʘʪʫʥʝʡ [1]. 

ɸʪʤʦʩʬʝʨʥʘʷ ʢʦʨʨʦʟʠʷ ð ʩʘʤʘʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʘʷ ʬʦʨʤʘ, ʚʳʟʚʘʥʥʘʷ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ 
ʠ ʚʦʜʳ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ. ɺʣʘʛʘ ʧʨʦʥʠʢʘʝʪ ʚ ʤʝʣʴʯʘʡʰʠʝ ʪʨʝʱʠʥʳ ʠ ʤʠʢʨʦ-
ʜʝʬʝʢʪʳ, ʫʩʢʦʨʷʷ ʧʨʦʮʝʩʩʳ ʨʞʘʚʣʝʥʠʷ [2].  

ɿʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʛʨʫʥʪʦʚʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʘʜʛʝʟʠʦʥʥʳʤʠ, ʢʦʛʝʟʠʦʥʥʳʤʠ, 
ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʘʜʛʝʟʠʷ 
ʧʦʢʨʳʪʠʷ ʢ ʧʦʜʣʦʞʢʝ, ʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʝʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚ-
ʪʦʤʦʙʠʣʷ. [3] 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ ð ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʟʜʝʡʩʪʚʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʩʦʣʠ 
ʠ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʥʘ ʘʚʪʦʤʦʙʠʣʴ, ʦʩʦʙʝʥʥʦ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʧʨʠʤʝʥʝʥʠʷ ʜʦʨʦʞ-
ʥʳʭ ʨʝʘʛʝʥʪʦʚ [4]. 

ʇʦʜ ʥʝʚʠʜʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʘʚʪʦʤʦʙʠʣʷ ʧʦʥʠʤʘʶʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʜʝʪʘʣʠ, 
ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʝ ʧʦʩʪʦʷʥʥʦʤʫ ʚʥʝʰʥʝʤʫ ʦʙʟʦʨʫ ʚ ʰʪʘʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʦ ʠʛʨʘʶʱʠʝ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 
ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʯʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ʂ ʥʝʚʠʜʦʚʳʤ ʵʣʝʤʝʥʪʘʤ ʦʪʥʦʩʷʪʩʷ: ʚʥʫʪʨʝʥʥʠʝ ʧʦʣʦʩʪʠ ʣʦʥʞʝʨʦʥʦʚ ʠ ʩʪʦʝʢ ʢʫʟʦʚʘ, ʚʥʫʪʨʝʥʥʠʝ 
ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʝʩʥʳʭ ʘʨʦʢ ʠ ʧʦʜʢʨʳʣʢʦʚ, ʢʦʨʦʙʘ ʧʦʨʦʛʦʚ ʠ ʧʦʣʦʩʪʠ ʫʩʠʣʠʪʝʣʝʡ ʢʫʟʦʚʘ, ʟʦʥʳ ʧʦʜ ʧʣʘ-
ʩʪʠʢʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʪʜʝʣʢʠ, ʥʘʧʨʠʤʝʨ, ʧʦʜ ʦʙʣʠʮʦʚʢʦʡ ʙʘʛʘʞʥʠʢʘ ʠʣʠ ʜʝʢʦʨʘʪʠʚʥʳʤʠ ʥʘʢʣʘʜʢʘʤʠ. 

ʅʝʚʠʜʦʚʳʝ ʟʦʥʳ ʧʦʜʚʝʨʞʝʥʳ ʧʦʚʳʰʝʥʥʦʤʫ ʨʠʩʢʫ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠ-
ʯʠʥʘʤ: ʦʛʨʘʥʠʯʝʥʥʘʷ ʚʝʥʪʠʣʷʮʠʷ ʠ ʟʘʜʝʨʞʢʘ ʚʣʘʛʠ, ʥʘʢʦʧʣʝʥʠʝ ʜʦʨʦʞʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʛʨʷʟʠ, ʥʝʚʦʟ-
ʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʦʯʘʛʦʚ ʢʦʨʨʦʟʠʠ. 

ʇʝʨʝʜ ʨʘʟʨʘʙʦʪʢʦʡ ʨʝʮʝʧʪʫʨʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʦʩʪʘʚʣʝʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʙʳʣʠ ʦʧʨʝʜʝ-
ʣʝʥʳ ʤʘʩʣʦʝʤʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʠʛʤʝʥʪʦʚ ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ 
ʨʘʩʩʯʠʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʮʝʧʪʫʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʩʳʧʫʯʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ ʢʦʥʩʪʘʥʪʦʡ ʥʘʧʦʣʥʝʥʠʷ 65 
(ʂʥ = 65). ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ 
ʛʨʫʥʪʦʚʢʠ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʣʝʜʫʶʱʝʝ ʩʳʨʴʝ: ʬʝʥʦʣʘʣʢʠʜʥʳʡ ʣʘʢ, ʢʩʠʣʦʣ, ʬʦʩʬʘʪ ʮʠʥ-
ʢʘ, ʩʧʝʢʫʣʷʨʠʪ, ʢʨʘʩʥʳʡ ʞʝʣʝʟʦʦʢʩʠʜʥʳʡ ʧʠʛʤʝʥʪ, ʦʢʠʩʴ ʭʨʦʤʘ ʧʠʛʤʝʥʪʥʘʷ, ʤʠʢʨʦʪʘʣʴʢ. 

ɻʨʫʥʪʦʚʢʘ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʠʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʃʂʄ 
ʠʩʧʦʣʴʟʫʶʪ ʣʘʙʦʨʘʪʦʨʥʳʡ ʜʠʩʩʦʣʴʚʝʨ ʤʘʨʢʠ DISPERMAT ʩ ʜʠʩʢʦʟʫʙʯʘʪʦʡ ʤʝʰʘʣʢʦʡ (ʬʨʝʟʘ). ʉʥʘʯʘʣʘ 
ʚ ʨʝʮʝʧʪʫʨʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʟʘʛʨʫʞʘʶʪ ʩʤʦʣʳ, ʟʘʪʝʤ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʩ ʧʦʩʪʝʧʝʥʥʳʤ 
ʥʘʨʘʩʪʘʥʠʝʤ ʦʙʦʨʦʪʦʚ ʯʝʨʝʟ ʚʘʨʠʘʪʦʨ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 700-800 ʦʙ/ʤʠʥ, ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘ-
ʥʠʷ ï 5 ʤʠʥʫʪ ʜʦ ʧʦʣʥʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ. ɼʘʣʝʝ ʟʘʛʨʫʞʘʶʪ ʩʳʧʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʮʝʧ-
ʪʫʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʧʣʦʪʥʦʩʪʠ (ʚʦ ʠʟʙʝʞʘʥʠʝ ʠʟʣʠʰʥʝʛʦ ʧʳʣʝʥʠʷ ʠ ʦʩʝʜʘʥʠʷ) 
ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʥʘʨʘʩʪʘʥʠʝʤ ʦʙʦʨʦʪʦʚ ʯʝʨʝʟ ʚʘʨʠʘʪʦʨ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 1400 ʦʙ/ʤʠʥ, ʚʨʝʤʷ 
ʧʨʝʜʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ï 30 ʤʠʥʫʪ. ʇʦʩʣʝ ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʟʘʩʳʧʘʶʪ ʩʪʝʢʣʷʥʥʳʡ ʙʠʩʝʨ 
(ʜʠʘʤʝʪʨʦʤ 1,2ï2,0 ʤʤ) ʚ ʨʘʩʯʝʪʝ 50 ʩʤ3 ʥʘ 100 ʛ ʞʠʜʢʦʛʦ ʃʂʄ, ʠ ʧʨʦʜʦʣʞʘʶʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ, ʧʨʠ 
ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʩʘ ʚ 30 Áʉ ʧʦʜʢʣʶʯʘʶʪ ʦʭʣʘʞʜʝʥʠʝ ʧʫʪʝʤ ʧʦʜʘʯʠ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʚ 
ʨʫʙʘʰʢʫ ʜʝʞʠ. ʇʦ ʤʝʨʝ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʪʠʨʘ, ʢʦʪʦʨʫʶ ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ 
ʛʨʠʥʜʦʤʝʪʨʘ, ʟʘʤʝʩ ʩʣʠʚʘʶʪ ʯʝʨʝʟ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʪʢʘʥʴ ï ʧʦʣʠʘʤʠʜʥʫʶ ʩʝʪʢʫ 80 ʤʢʤ (73ʇɸ-50). 
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ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʝʥʥʦʡ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʛʨʫʥʪʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ (ʪʘʙʣ. 1). 
 

ʋʙʚʤʡʯʙ 1 
ʋʞʮʦʧʤʧʜʡʰʞʪʣʡʞ ʨʧʣʙʠʙʫʞʤʡ ʜʩʬʦʫʧʛʣʡ ʡ ʄʃʈ ʦʙ ʞʜʧ ʧʪʦʧʛʞ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ɿʥʘʯʝʥʠʝ ʄʝʪʦʜʠʢʘ 

ʃʘʢʦʢʨʘʩʦʯʥʳʡ ʤʘʪʝʨʠʘʣ 

ʎʚʝʪ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʤʘʪʝʨʠʘʣʘ 
ʆʜʥʦʨʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʘʩʥʦ-
ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʙʝʟ ʚʠʜʠʤʳʭ 

ʜʝʬʝʢʪʦʚ 
ɺʠʟʫʘʣʴʥʦ 

ʄɼʅɺ, % ʤʘʩʩ. 57,0 ɻʆʉʊ 31939 

ʋʩʣʦʚʥʘʷ ʚʷʟʢʦʩʪʴ ʧʦ ɺɿ-246 (4 ʤʤ) ʧʨʠ 
(20 Ñ 0,5) Áʉ, ʩ 

90 ɻʆʉʊ 8420 

ʉʪʝʧʝʥʴ ʧʝʨʝʪʠʨʘ, ʤʢʤ 30 ɻʆʉʊ 6589 

ʃʘʢʦʢʨʘʩʦʯʥʦʝ ʧʦʢʨʳʪʠʝ 

ʎʚʝʪ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʃʂʇ 
ʆʜʥʦʨʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʘʩʥʦ-
ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʙʝʟ ʚʠʜʠʤʳʭ 

ʜʝʬʝʢʪʦʚ 
ɺʠʟʫʘʣʴʥʦ 

ɺʨʝʤʷ ʚʳʩʳʭʘʥʠʷ ʜʦ ʩʪʝʧʝʥʠ 3 ʧʨʠ 
(20Ñ2Üʉ), ʯ 

15 ɻʆʉʊ 19007 

ɸʜʛʝʟʠʷ ʤʝʪʦʜʦʤ ʨʝʰʝʪʯʘʪʳʭ ʥʘʜʨʝʟʦʚ, 
ʙʘʣʣ 

1 ɻʆʉʊ 15140 

ʇʨʦʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʨʠ ʫʜʘʨʝ ʧʦ 
ʧʨʠʙʦʨʫ ʋ-1, ʩʤ 

40 ɻʆʉʊ 4765 

ʉʪʦʡʢʦʩʪʴ ʢ ʩʪʘʪʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 
ʞʠʜʢʦʩʪʝʡ, ʯ 

ʅ2ʆʜʠʩʪ (142 ʯ) ï ʙʝʟ ʠʟʤʝʥʝʥʠʡ 

ɻʆʉʊ 9.403 NaCl3%ʨ-ʨ (94 ʯ) ï ʙʝʟ ʠʟʤʝʥʝʥʠʡ 

ɹʝʥʟʠʥ (382 ʯ)ï ʙʝʟ ʠʟʤʝʥʝʥʠʡ 

ʊʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʦ ʤʘʷʪʥʠʢʦʚʦʤʫ 
ʧʨʠʙʦʨʫ ʪʠʧʘ ʊʄʃ (ʤʘʷʪʥʠʢ ɸ), 
ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʝʜʠʥʠʮʳ 

0,17 ɻʆʉʊ 5233 

ʕʣʘʩʪʠʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʨʠ ʠʟʛʠʙʝ, ʤʤ 3 ɻʆʉʊ 6806 

ʋʢʨʳʚʠʩʪʦʩʪʴ ʚʳʩʫʰʝʥʥʦʡ ʧʣʸʥʢʠ, ʛ/ʤ2 70 ɻʆʉʊ 8784 
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ǲǣǩ 352 

ǩǭǬǰǮǤǩǱ ǧǬǡǟǦǧǭǬǬǺǴ ǡǧǣǭǡ ǯǟǰǱǤǬǧǨ 
Ǭǟ ǮǭǪǾǴ ǧ ǦǟǪǤǥǟǴ ǩǟǫǶǟǱǩǧ 

 
ǪǿȎȇȌǿ ǟȌȌǿ ǽȏțȄȁȌǿ 
ʘʩʧʠʨʘʥʪ 4ʛʦ ʛʦʜʘ ʦʙʫʯʝʥʠʷ 

ǣȄȁȞȑȍȁǿ ǤȊȇȆǿȁȄȑǿ ǟȊȄȉȐǿȌȃȏȍȁȌǿ 
ʢ.ʙ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʂʘʤʯʘʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺʠʪʫʩʘ ɹʝʨʠʥʛʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʀʟʫʯʝʥʠʝ ʩʦʨʥʦ-ʧʦʣʝʚʦʡ ʬʣʦʨʳ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʦʣʠ ʘʜʚʝʥ-
ʪʠʚʥʦʡ ʬʨʘʢʮʠʠ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʯʫʞʝʨʦʜʥʳʝ ʠʥʚʘʟʠʠ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʤʦʛʘʝʪ ʧʨʦ-
ʩʣʝʜʠʪʴ ʚ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʜʫʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʫʢʮʝʩʩʠʠ ʥʘ ʟʘʙʨʦʰʝʥʥʳʭ ʧʦʣʷʭ, ʪʦ ʝʩʪʴ ʢʘʢ 
ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʚʣʠʷʶʪ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʣʝʡ ʧʦʩʣʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ 
ʩʧʠʩʦʢ ʠʥʚʘʟʠʚʥʳʭ ʚʠʜʦʚ ʩ ʧʦʷʩʥʝʥʠʝʤ (ʚʩʪʨʝʯʘʝʤʦʩʪʴ, ʩʪʘʪʫʩ ʠʥʚʘʟʠʠ, ʦʙʠʣʠʝ ʠ ʩʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ). 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʦʨʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʧʦʣʷ ʠ ʟʘʣʝʞʠ, ʠʥʚʘʟʠʠ, ʟʘʥʦʩʥʳʝ ʚʠʜʳ, ʩʫʢʮʝʩʠʠ. 
 

SUMMARY OF INVASIVE PLANT SPECIES IN THE FIELDS AND DEPOSITS OF KAMCHATKA 
 

Lapina Anna Yuryevna, 
Devyatova Elizabeth Alexandrovna 

 
Abstract: The study of the weed-field flora makes it possible to estimate the distribution of the proportion of 
the adventitious fraction, which includes alien invasions. This study helps to trace the direction of restoration 
successions in abandoned fields, that is, how environmental factors affect the restoration of fields after their 
operation. The article presents a list of invasive species with an explanation (occurrence, invasion status, 
abundance, and stage of succession). 
Keywords: weeds, fields and deposits, invasions, introduced species, successions. 

 
ɿʘ ʧʦʩʣʝʜʥʠʝ ʧʦʣʚʝʢʘ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ, ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʚʳʚʦ-

ʜʷʪ ʠʟ ʦʙʦʨʦʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʣʝʞʥʳʭ ʫʯʘʩʪʢʦʚ. ɼʦʣʷ ʟʘʥʦʩʥʳʭ ʚʠʜʦʚ ʚ ʩʦʨʥʦ-ʧʦʣʝʚʦʡ 
ʬʣʦʨʝ ʂʘʤʯʘʪʢʠ ʜʦʩʪʘʪʦʯʥʘ ʚʳʩʦʢʘ. ʊʘʢʞʝ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʙʨʦʰʝʥʥʳʝ ʧʦʣʷ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 
ʦʯʘʛʘʤʠ ʦʧʘʩʥʳʭ ʠʥʚʘʟʠʦʥʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʨʥʦʡ ʬʣʦʨʳ ʥʘʯʘʣʦʩʴ ʩ ʨʘʙʦʪ ɺ.ʃ. ʂʦʤʘʨʦʚʘ (1808-1809 ʛʛ), ʢʦʪʦʨʳʡ ʚʳʷʚʠʣ 32 
ʚʠʜʘ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ. ʉʧʠʩʦʢ ʚʠʜʦʚ ʧʦʧʦʣʥʠʣʩʷ ʨʘʙʦʪʘʤʠ ʊ.ʅ. ʋʣʴʷʥʦʚʦʡ (1970-1979 ʛʛ) ʠ ʩʦʩʪʘʚʠʣ 75 
ʚʠʜʦʚ, ʠʟ ʥʠʭ 59 ʩʦʨʥʳʭ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɽ.ɸ. ɼʝʚʷʪʦʚʦʡ ʠ ʆ.ɸ. ʏʝʨʥʷʛʠʥʦʡ (2017-2018 ʛʛ) ʤʦʞʥʦ ʦʪ-
ʤʝʪʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʘʜʚʝʥʪʠʚʥʦʡ ʬʨʘʢʮʠʠ ʜʦ 72 ʚʠʜʦʚ. 

ɿʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 2021-2022 ʛʛ. ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 243 ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʥʘ ʧʣʦ-
ʱʘʜʢʘʭ 25 ʤ2, ʯʪʦ ʦʭʚʘʪʠʣʦ ʟʘʣʝʞʠ ʚ ʦʢʨʫʛʝ ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢʘ-ʂʘʤʯʘʪʩʢʦʛʦ, ɽʣʠʟʦʚʩʢʦʛʦ ʠ ʄʠʣʴʢʦʚʩʢʦ-
ʛʦ ʨʘʡʦʥʦʚ. ʎʝʥʦʬʣʦʨʘ ʟʘʣʝʞʝʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 103 ʩʦʨʥʦ-ʧʦʣʝʚʳʭ ʚʠʜʘ ʠʟ 27 ʩʝʤʝʡʩʪʚ, ʜʦʤʠʥʠʨʫ-
ʶʱʠʤʠ ʷʚʣʷʶʪʩʷ Asteraceae (18 ʚʠʜʦʚ), Poaceae (14 ʚʠʜʦʚ) ʠ Rosaceae (14 ʚʠʜʦʚ).  

ɸʜʚʝʥʪʠʚʥʘʷ ʬʨʘʢʮʠʷ ʧʦʣʝʡ ʠ ʟʘʣʝʞʝʡ ʚʢʣʶʯʘʝʪ 45,6% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚʠʜʦʚ. ʅʠʞʝ ʧʨʠʚʝʜʝʥ 
ʩʧʠʩʦʢ ʠʥʚʘʟʠʚʥʳʭ ʚʠʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʬʣʦʨʳ ʨʝ-
ʛʠʦʥʘ.  
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ʉʝʤ. Poaceae 
1. Dactylis glomerata L. ɺʩʪʨʝʯʘʝʪʩʷ ʚ ʇʨʠʤʦʨʴʝ (ʩʪʘʪʫʩ ʠʥʚʘʟʠʠ 2), ʥʘ ʂʫʨʠʣʴʩʢʠʭ ʦ-ʚʘʭ, ʚ 

ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ (ʩʪʘʪʫʩ 3), ʦʙʠʣʠʝ 1. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1-2. 
2. Phleum pratense L. ɺ ʇʨʠʤʦʨʴʝ (ʩʪʘʪʫʩ 2), ʶʞʥʳʝ ʂʫʨʠʣʳ (ʦ. ʂʫʥʘʰʠʨ. ʦ. ʀʪʫʨʫʧ), ʚ ʂʘʤʯʘʪ-

ʩʢʦʤ ʢʨʘʝ ʚ ʥʘʨʫʰʝʥʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ (ʩʪʘʪʫʩ 3). ʆʙʠʣʠʝ 2. ʇʨʠʩʫʪʩʪʚʫʝʪ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʩʫʢʮʝʩʩʠʠ. 
3. Bromopsis inermis (Leyss.) Holub ɺ ʇʨʠʤʦʨʴʝ, ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ ʠ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ ʠʤʝʝʪ 

ʩʪʘʪʫʩ 2, ʚ ɽʚʨʝʡʩʢʦʡ ɸʆ, ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩʪʘʪʫʩ 3. ɺ ʗʢʫʪʠʠ ʚ ʩʧʠʩʦʢ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʥʝ 
ʚʢʣʶʯʝʥ. ɺ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʩʪʘʪʫʩ 3. ʆʙʠʣʠʝ 1. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1-2.  

ʉʝʤ. Polygonaceae 
4. Aconogonon weyrichii (F. Schmidt) H. Hara. ʈʘʩʩʝʣʷʝʪʩʷ ʯʝʣʦʚʝʢʦʤ, ʫʭʦʜʠʪ ʠʟ ʢʫʣʴʪʫʨʳ ʠ 

ʜʦʣʞʝʥ ʙʳʪʴ ʚʥʝʩʝʥ ʚ ʩʧʠʩʦʢ ʠʥʚʘʟʠʦʥʥʳʭ ʚʠʜʦʚ. ʆʙʠʣʠʝ r. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1-2. 
ʉʝʤ. Caryophyllaceae 

5. Spergula arvensis L. ɺ ʇʨʠʤʦʨʴʝ ʠ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦ ʩʪʘʪʫʩʦʤ 3, ʚ ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ 
ʩʪʘʪʫʩ 2. ɺ ʗʢʫʪʠʠ ʚ ʩʧʠʩʦʢ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʥʝ ʚʢʣʶʯʝʥ. ʏʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʛ. ʂʫʨʠʣʴʩʢ (ʦ. ʂʫʥʘ-
ʰʠʨ, ʦ. ʀʪʫʨʫʧ). ɺ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʠʤʝʝʪ ʩʪʘʪʫʩ 4. ʆʙʠʣʠʝ +. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1. 

ʉʝʤ. Brassicaceae 
6. Capsella bursa-pastoris (L.) Medik. ɺ ʇʨʠʤʦʨʴʝ (ʩʪʘʪʫʩ 2-3), ʚ ɸʤʫʨʩʢʦʡ, ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘ-

ʩʪʠ, ʘ ʪʘʢʞʝ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʩʦ ʩʪʘʪʫʩ 3. ʆʙʠʣʠʝ 1. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1. 
ʉʝʤ. Fabaceae 

7. Trifolium repens L. ɺ ʇʨʠʤʦʨʴʝ ʠ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ (ʩʪʘʪʫʩ 2), ʚ ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ (ʩʪʘ-
ʪʫʩ 3). ɺ ʗʢʫʪʠʠ ʚʥʝʩʝʥ ʚ ʩʧʠʩʦʢ ʚʠʜʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʨʘʥʝʝ 1926 ʛ. ʆʙʳʯʥʳʡ ʜʣʷ ʂʫʨʠʣʴʩʢʠʭ ʦ-ʚʦʚ (ʦ. 
ʂʫʥʘʰʠʨ, ʦ. ʀʪʫʨʫʧ). ɺ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʠʤʝʝʪ ʩʪʘʪʫʩ 2. ʆʙʠʣʠʝ 2. 1-3 ʩʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ.  

8. Trifolium pratense L. ɺ ʇʨʠʤʦʨʴʝ, ɸʤʫʨʩʢʦʡ ʠ ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ (ʩʪʘʪʫʩ 2). ɺ ʍʘʙʘʨʦʚ-
ʩʢʦʤ ʢʨʘʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʥʝʜʨʷʝʪʩʷ. ɺ ʗʢʫʪʠʠ ʚʥʝʩʝʥ ʚ ʩʧʠʩʦʢ ʚʠʜʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʦʟʜʥʝʝ 1926 ʛ. 
ʆʙʳʯʥʳʡ ʜʣʷ ʂʫʨʠʣʴʩʢʠʭ ʦ-ʚʦʚ (ʦ. ʂʫʥʘʰʠʨ, ʦ. ʀʪʫʨʫʧ). ɺ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʠʤʝʝʪ ʩʪʘʪʫʩ 3. ʆʙʠʣʠʝ 1. 
ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1 ʠ 3. 

9. Trifolium hybridum L. ɺ ʇʨʠʤʦʨʴʝ (ʩʪʘʪʫʩ 2-3), ʚ ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ (ʩʪʘʪʫʩ 3),  ʚ ɸʤʫʨ-
ʩʢʦʡ ʦʙʣʘʩʪʠ, ɹʫʨʷʪʠʠ ʠ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ (ʩʪʘʪʫʩ 4). ɺ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʥʝʜʨʷʝʪ-
ʩʷ. ɺ ʗʢʫʪʠʠ ʚʥʝʩʝʥ ʚ ʩʧʠʩʦʢ ʚʠʜʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʨʘʥʝʝ 1926 ʛ. ɺʩʪʨʝʯʝʥ ʚ ʛ. ʂʫʨʠʣʴʩʢ (ʦ. ʀʪʫʨʫʧ, ʂʫ-
ʨʠʣʴʩʢʠʝ-ʦʚʘ). ɺ ʢʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʩʦ ʩʪʘʪʫʩʦʤ 4. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1, 2. 

10. Vicia cracca L. ɺʩʪʨʝʯʘʝʪʩʷ ʚ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʩʦ ʩʪʘʪʫʩʦʤ 2. ʆʙʠʣʠʝ 2. ʇʨʠʩʫʪʩʪʚʫʝʪ ʥʘ 
ʚʩʝʭ ʩʪʘʜʠʷʭ ʩʫʢʮʝʩʩʠʠ. 

11. Melilotus albus Medik. ɺ ʇʨʠʤʦʨʴʝ (ʩʪʘʪʫʩ 2-3), ʚ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ ʠ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ 
(ʩʪʘʪʫʩ 3). ɺ ʗʢʫʪʠʠ ʚʥʝʩʝʥ ʚ ʩʧʠʩʦʢ ʚʠʜʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʨʘʥʝʝ 1926 ʛ. ɺ ʂʘʤʯʘʪʩʢʦ ʢʨʘʝ ʩʪʘʪʫʩ 3. 
ʆʙʠʣʠʝ +. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1. 

12. Lupinus polyphyllus Lindl. ɺ ɹʫʨʷʪʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʩ ʠʥʚʘʟʠʦʥʥʳʤ ʩʪʘʪʫʩʦʤ 3. ɺ ʇʨʠʤʦʨʴʝ 
ʥʝ ʩʦʨʥʠʯʘʝʪ, ʥʘ ʉʘʭʘʣʠʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʤʘʩʩʝ. ɺ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ ʪʦʣʴʢʦ ʢʘʢ ʢʫʣʴʪʫʨʥʦʝ ʨʘʩʪʝʥʠʝ. ɺ 
ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʝ ʦʙʥʘʨʫʞʝʥ. ɺ ʗʢʫʪʠʠ ʚ ʩʧʠʩʦʢ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʥʝ ʚʢʣʶʯʝʥ. ɺʩʪʨʝʯʝʥ ʚ ʛ. ʂʫ-
ʨʠʣʴʩʢ (ʦ. ʀʪʫʨʫʧ, ʂʫʨʠʣʴʩʢʠʝ ʦ-ʚʘ). ɺ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʠʤʝʝʪ ʩʪʘʪʫʩ 1. ʆʙʠʣʠʝ 3. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1 ʠ 3. 

ʉʝʤ. Scrophulariaceae 
13. Linaria vulgaris Mill. ɺ ʇʨʠʤʦʨʴʝ, ɸʤʫʨʩʢʦʡ ʠ ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩʪʘʪʫʩ 2. ɺ ʍʘʙʘʨʦʚʩʢʦʤ 

ʢʨʘʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʥʝʜʨʷʝʪʩʷ. ɺ ʗʢʫʪʠʠ ʚ ʩʧʠʩʦʢ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʥʝ ʚʢʣʶʯʝʥ. ɺ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ 
ʠʤʝʝʪ ʩʪʘʪʫʩ 3. ʆʙʠʣʠʝ 2. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1, 3, 4. 

ʉʝʤ. Plantaginaceae 
14. Plantago major L. ɺ ʇʨʠʤʦʨʴʝ ʠ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʥʝʜʨʷʝʪʩʷ. ɺ ɸʤʫʨʩʢʦʡ 

ʦʙʣʘʩʪʠ (ʩʪʘʪʫʩ 3), ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ (ʩʪʘʪʫʩ 2). ɺ ʗʢʫʪʠʠ ʚʥʝʩʝʥ ʚ ʩʧʠʩʦʢ ʚʠʜʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʨʘ-
ʥʝʝ 1926 ʛ. ʆʪʤʝʯʝʥ ʜʣʷ ʦ. ʂʫʥʘʰʠʨ. ɺ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʩʪʘʪʫʩ 2. ʆʙʠʣʠʝ +. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1, 3, 4. 

ʉʝʤ. Asteraceae 
15. Achillea millefolium L. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʂʫʨʠʣʴʩʢʠʭ ʦ-ʚʘʭ (ʦ. ʂʫʥʘʰʠʨ, ʦ. ʀʪʫʨʫʧ). ɺ 

ʇʨʠʤʦʨʴʝ, ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ (ʩʪʘʪʫʩ 2), ʚ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ, ɽʚʨʝʡʩʢʦʡ ɸʆ, ʥʘ 
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ʦ-ʚʝ ʉʘʭʘʣʠʥ ʠʤʝʝʪ ʩʪʘʪʫʩ 3. ɺ ʗʢʫʪʠʠ ʚ ʩʧʠʩʦʢ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʥʝ ʚʢʣʶʯʝʥ. ʅʘ ʂʘʤʯʘʪʢʝ ʩʪʘʪʫʩ 3. 
ʆʙʠʣʠʝ 2. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1-3. 

16. Arctium tomentosum Mill. ɺ ʇʨʠʤʦʨʴʝ ʠ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ (ʩʪʘʪʫʩ 2), ʚ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ 
(ʩʪʘʪʫʩ 4), ʚ ɽʚʨʝʡʩʢʦʡ ɸʆ (ʩʪʘʪʫʩ 3). ɺ ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʢʦʣʦʥʦʬʠʪ. ɺ ʗʢʫʪʠʠ ʚʥʝʩʝʥ ʚ ʩʧʠʩʦʢ ʚʠ-
ʜʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʦʟʜʥʝʝ 1926 ʛ. ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʂʫʨʠʣʴʩʢʠʭ ʦ-ʚʘʭ (ʦ. ʂʫʥʘʰʠʨ, ʦ. ʀʪʫʨʫʧ). ɺ ʂʘʤ-
ʯʘʪʩʢʦʤ ʢʨʘʝ ʚʢʣʶʯʝʥ ʚ ʛʨʫʧʧʫ ʩʦ ʩʪʘʪʫʩʦʤ 3. ʆʙʠʣʠʝ r. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1-2. 

17. Artemisia vulgaris L. ɺ ʇʨʠʤʦʨʴʝ, ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʥʝʜʨʷʝʪʩʷ. ɺ ɸʤʫʨʩʢʦʡ 
ʦʙʣʘʩʪʠ (ʩʪʘʪʫʩ 4), ʚ ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ (ʩʪʘʪʫʩ 3). ɺ ʗʢʫʪʠʠ ʚ ʩʧʠʩʦʢ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʥʝ ʚʢʣʶʯʝʥ. 
ɺ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʠʤʝʝʪ ʩʪʘʪʫʩ 4. ʆʙʠʣʠʝ 2. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1-3. 

18. Leontodon autumnalis L. ɺ ʇʨʠʤʦʨʴʝ (ʩʪʘʪʫʩ 3), ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ (ʩʪʘʪʫʩ 2), ʚ ɸʤʫʨʩʢʦʡ 
ʦʙʣʘʩʪʠ (ʩʪʘʪʫʩ 4). ɺ ʗʢʫʪʠʠ ʚ ʩʧʠʩʦʢ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʥʝ ʚʢʣʶʯʝʥ. ʐʠʨʦʢʦʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʠʜ ʥʘ 
ʂʫʨʠʣʴʩʢʠʭ ʦ-ʚʘʭ (ʦ. ʐʠʢʦʪʘʥ. ʦ. ʂʫʥʘʰʠʨ, ʦ. ʀʪʫʨʫʧ). ɺ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʩʦ ʩʪʘʪʫʩʦʤ 3. ʆʙʠʣʠʝ +. ʉʪʘ-
ʜʠʷ ʩʫʢʮʝʩʩʠʠ 1, 3-4. 

19. Sonchus arvensis L. s.l. ʄʘʩʩʦʚʳʡ ʚʠʜ ʚ ʇʨʠʤʦʨʴʝ ï ʩʪʘʪʫʩ 1. ɺ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʩʦ ʩʪʘʪʫ-
ʩʦʤ 3. ʆʙʠʣʠʝ 2. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1 ʠ 3. 

20. Taraxacum officinale Wigg. ʄʘʩʩʦʚʳʡ ʚʠʜ ʚ ʇʨʠʤʦʨʴʝ, ʠʤʝʝʪ ʩʪʘʪʫʩ 2. ɺʩʪʨʝʯʘʝʪʩʷ ʥʘ ʂʫ-
ʨʠʣʴʩʢʠʭ ʦ-ʚʘʭ (ʦ. ʂʫʥʘʰʠʨ, ʦ. ʀʪʫʨʫʧ). ʄʘʩʩʦʚʳʡ ʩʠʥʘʥʪʨʦʧʥʳʡ ʚʠʜ ʚ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ (ʩʪʘʪʫʩ 3). 
ʆʙʠʣʠʝ 2. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1-3. 

21. Tripleurospermum inodorum (L.) Sch.Bip. (= T. perforatum (M®rat) La²nz). ɺ ʇʨʠʤʦʨʴʝ, ɸʤʫʨ-
ʩʢʦʡ ʦʙʣʘʩʪʠ (ʩʪʘʪʫʩ 2), ʚ ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ɹʫʨʷʪʠʠ ʠ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ (ʩʪʘʪʫʩ 3). ɺ ʍʘʙʘʨʦʚ-
ʩʢʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʥʝʜʨʷʝʪʩʷ. ɺ ʗʢʫʪʠʠ ʚ ʩʧʠʩʦʢ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʥʝ ʚʢʣʶʯʝʥ. ɺ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ 
ʦʪʤʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʨʫʜʝʨʘʣʴʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ, ʩʪʘʪʫʩ 3. ʆʙʠʣʠʝ +. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1-3. 

22. Ambrosia artemisiifolia L. ʆʧʘʩʥʳʡ ʢʘʨʘʥʪʠʥʥʳʡ ʩʦʨʥʷʢ, ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʥʳʡ ʚ ʂʘʤʯʘʪ-
ʩʢʦʤ ʢʨʘʝ ʚ 2024 ʛ. ʆʙʠʣʠʝ r. ʉʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ 1. 

ʉʝʤ. Apiaceae 
23. Heracleum sosnowskyi Manden. ɺ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʠʤʝʝʪ ʩʪʘʪʫʩ 1. ʆʙʠʣʠʝ r. ʉʪʘʜʠʷ ʩʫʢʮʝʩ-

ʩʠʠ 1, 3, 4. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʘʩʪʘʶʱʝʡ ʩʠʥʘʥʪʨʦʧʠʟʘʮʠʠ, ʚʦ ʬʣʦʨʝ ʧʦʣʝʡ ʠ ʟʘʣʝʞʝʡ ʨʝʛʠʦʥʘ, ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʧʦʩʪʝʧʝʥʥʳʡ ʧʨʠʨʦʩʪ ʘʜʚʝʥʪʠʚʥʳʭ ʚʠʜʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ 
ʘʜʚʝʥʪʠʚʥʦʡ ʬʨʘʢʮʠʠ, ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʡ ʟʘʥʦʩ. ɺʝʜʫʱʠʤʠ ʩʝʤʝʡʩʪʚʘʤʠ ʦʪʤʝʯʝʥʳ 
Asteraceae (8 ʚʠʜʦʚ) ʠ Fabaceae (6 ʚʠʜʦʚ). ʀʥʚʘʟʠʚʥʳʝ ʚʠʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʩʫʢʮʝʩ-
ʩʠʠ, ʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʯʘʱʝ ʚʩʝʛʦ 1 ʠ 2 ʩʪʘʜʠʠ. ʕʪʦʤʫ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʧʦʩʪʝʧʝʥʥʘʷ ʩʤʝʥʝ ʩʦ-
ʦʙʱʝʩʪʚ ʦʜʥʦʣʝʪʥʠʢʦʚ ʥʘ ʩʦʦʙʱʝʩʪʚʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʝʩʥʳʭ ʚʠʜʦʚ. 
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ʤʦʚʘ, ʃ. ɺ. ɹʘʛʤʝʪ // ʉʦʭʨʘʥʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʂʘʤʯʘʪʢʠ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʤʦʨʝʡ: ʜʦʢʣʘʜʳ XI ʤʝʞʜʫ-
ʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʇʝʪʨʦʧʘʚʣʦʚʩʢ-ʂʘʤʯʘʪʩʢʠʡ: ʂʘʤʯʘʪʧʨʝʩʩ, 2011. ï14ï19 ʩ. 

3. ɺʠʥʦʛʨʘʜʦʚʘ ʖ. ʂ. ʏʝʨʥʘʷ ʢʥʠʛʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ: ʠʥʚʘʟʠʦʥʥʳʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ ʚ ʵʢʦʩʠʩʪʝ-
ʤʘʭ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʌʝʜʝʨʘʣʴʥʦʛʦ ʆʢʨʫʛʘ /ʖ. ʂ. ɺʠʥʦʛʨʘʜʦʚʘ, ʃ. ɸ. ɸʥʪʦʥʦʚʘ, ɻ. ʌ. ɼʘʨʤʘʥ ʠ ʜʨ. ï 
ʄʦʩʢʚʘ: ʊʦʚʘʨʠʱʝʩʪʚʦ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ ʂʄʂ, 2021. ï 510 ʩ. 

4. ɼʝʚʷʪʦʚʘ ɽ. ɸ.  ɸʜʚʝʥʪʠʚʥʳʝ ʨʘʩʪʝʥʠʷ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ: ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ / 
ɽ. ɸ. ɼʝʚʷʪʦʚʘ, ʆ. ɸ. ʏʝʨʥʷʛʠʥʘ // ʉʦʭʨʘʥʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʂʘʤʯʘʪʢʠ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʤʦʨʝʡ: ɼʦ-
ʢʣʘʜʳ XVII-XVIII ʊ51 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. ï ʇʝʪʨʦʧʘʚʣʦʚʩʢ -ʂʘʤʯʘʪʩʢʠʡ: ʂʘʤʯʘʪ-
ʧʨʝʩʩ ï 2018. ï 92-101 ʩ. 
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ǯǟǦǯǟǠǭǱǩǟ RCJCEP?K-ǠǭǱǟ ǣǪǾ 
ǟǡǱǭǫǟǱǧǦǟǵǧǧ ǣǭǰǱǲǮǟ ǩ 
ǧǬǳǭǯǫǟǵǧǭǬǬǺǫ ǯǤǰǲǯǰǟǫ ǩǟǳǤǣǯǺ 
ǡǲǦǟ  

ǦȍȑȉȇȌǿ ǟȊȄȌǿ ǟȊȄȉȐǿȌȃȏȍȁȌǿ 
ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè 

ǾȌȇȌ Ǭȇȉȇȑǿ ǤȁȂȄȌțȄȁȇȖ 
ʩʪʫʜʝʥʪ  

ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ Telegram-ʙʦʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʘʚʪʦ-
ʤʘʪʠʟʘʮʠʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʬʝʜʨʝ çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʇʝʥʟʝʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-
ʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʩʧʨʘʚʦʯ-
ʥʳʤ ʜʘʥʥʳʤ, ʪʘʢʠʤ ʢʘʢ ʠʩʪʦʨʠʷ ʢʘʬʝʜʨʳ, ʧʝʨʝʯʝʥʴ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʘʢʪʫʘʣʴʥʦʝ ʨʘʩʧʠʩʘʥʠʝ ʟʘʥʷʪʠʡ. 
ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʨʝʰʝʥʠʷ, ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʡ ʩʙʦʨʘ, 
ʦʙʨʘʙʦʪʢʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ. ʇʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʙʦʪʘ ʠ ʦʙʦʟʥʘʯʝʥʳ 
ʧʝʨʩʧʝʢʪʠʚʳ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: Telegram-ʙʦʪ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʧʘʨʩʠʥʛ, ʫʥʠʚʝʨʩʠʪʝʪ, Python, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭ-
ʥʦʣʦʛʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. 
 

DEVELOPMENT OF A TELEGRAM BOT FOR AUTOMATING ACCESS TO UNIVERSITY DEPARTMENT 
INFORMATION RESOURCES 

 
Zotkina Alena Aleksandrovna, 

Yanin Nikita Evgenievich 
 

Abstract: This paper presents the development of a Telegram bot designed to automate the delivery of infor-
mation about the ñProgrammingò Department of Penza State Technological University. The main goal of the 
project is to simplify access to reference data such as the department's history, a list of faculty members, and 
the current class schedule. The paper describes the system architecture, the selection of technologies, and 
the implementation of data parsing, processing, and presentation functions. The bot's functionality was tested, 
and the prospects for further development are outlined. 
Keywords: Telegram bot, automation, parsing, university, Python, educational technologies, information sys-
tems. 

 
ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʫʶ ʩʨʝʜʫ, ʪʨʘʥʩʬʦʨʤʠʨʫʷ ʩʧʦʩʦʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʪʫʜʝʥʪʘʤʠ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʠ ʘʜʤʠ-
ʥʠʩʪʨʘʪʠʚʥʳʤ ʧʝʨʩʦʥʘʣʦʤ. ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʠ ʝʸ ʦʧʝʨʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
ʙʳʩʪʨʳʡ ʠ ʫʜʦʙʥʳʡ ʜʦʩʪʫʧ ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʜʘʥʥʳʤ. 
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ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʩ-
ʩʝʥʜʞʝʨʦʚ ʠ ʚʩʪʨʦʝʥʥʳʭ ʚ ʥʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʛʝʥʪʦʚ ð ʯʘʪ-ʙʦʪʦʚ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦ-
ʩʪʠ, ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʢʘ-
ʥʘʣʦʤ ʢʦʤʤʫʥʠʢʘʮʠʠ ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ. ʆʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʦʥʠ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ 
ʙʳʩʪʨʦʝ ʧʦʣʫʯʝʥʠʝ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʣʠʪʝʣʴʥʦʛʦ ʧʦʠʩʢʘ ʥʘ ʦʬʠʮʠʘʣʴʥʳʭ 
ʩʘʡʪʘʭ ʠʣʠ ʦʙʨʘʱʝʥʠʷ ʢ ʩʦʪʨʫʜʥʠʢʘʤ ʚʫʟʘ. 

ʅʘ ʙʘʟʝ ʜʘʥʥʦʡ ʠʜʝʠ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ Telegram-ʙʦʪ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʧʦʣʴʟʦʚʘʪʝʣʶ ʘʚʪʦʤʘʪʠ-
ʟʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʬʝʜʨʝ çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʇʝʥʟʝʥʩʢʦʛʦ ʛʦʩʫʜʘʨ-
ʩʪʚʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʇʝʥʟɻʊʋ). Telegram ʚʳʙʨʘʥ ʢʘʢ ʧʣʘʪʬʦʨʤʘ ʚʚʠʜʫ ʩʚʦʝʡ ʧʦ-
ʧʫʣʷʨʥʦʩʪʠ ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ, ʰʠʨʦʢʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʦʪʢʨʳʪʦʛʦ API, ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʥʪʝ-
ʛʨʘʮʠʶ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ [1]. 

ʈʧʤʵʠʧʛʙʫʞʤʡ ʡ ʪʯʞʦʙʩʡʡ ʡʪʨʧʤʵʠʧʛʙʦʡʸ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ ʦʨʠʝʥʪʠ-
ʨʦʚʘʥʦ ʥʘ ʩʣʝʜʫʶʱʠʝ ʢʘʪʝʛʦʨʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ: 

1. ʉʪʫʜʝʥʪʳ ð ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʧʦʣʫʯʝʥʠʠ ʘʢʪʫʘʣʴʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʟʘʥʷʪʠʡ ʠ ʩʚʝʜʝʥʠʡ ʦ 
ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʤ ʩʦʩʪʘʚʝ; 

2. ʇʨʝʧʦʜʘʚʘʪʝʣʠ ð ʠʩʧʦʣʴʟʫʶʪ ʙʦʪʘ ʜʣʷ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʪʨʫʢʪʫʨʝ ʢʘʬʝʜʨʳ ʠ ʢʦʥʪʘʢʪʥʦʡ 
ʠʥʬʦʨʤʘʮʠʠ ʢʦʣʣʝʛ; 

3. ɸʙʠʪʫʨʠʝʥʪʳ ð ʧʦʣʫʯʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʩʪʦʨʠʠ ʢʘʬʝʜʨʳ, ʝʸ ʩʧʝʮʠʘʣʠʩʪʘʭ ʠ ʦʙʨʘʟʦʚʘ-
ʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʙʦʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʘʢʞʝ ʘʜʤʠʥʠʩʪʨʘʮʠʝʡ ʚʫʟʘ ʜʣʷ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʦ 
ʤʝʨʦʧʨʠʷʪʠʷʭ, ʩʦʙʨʘʥʠʷʭ, ʠʟʤʝʥʝʥʠʷʭ ʚ ʨʘʩʧʠʩʘʥʠʠ ʠʣʠ ʨʘʩʧʠʩʘʥʠʷʭ ʢʦʥʩʫʣʴʪʘʮʠʡ. 

ʁʪʫʧʰʦʡʣʡ ʝʙʦʦʴʮ. ɹʦʪ ʨʘʙʦʪʘʝʪ ʩ ʦʪʢʨʳʪʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʤʝʱʸʥʥʳʤʠ ʥʘ 
ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ ʇʝʥʟɻʊʋ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʘʟʜʝʣʳ: ʩʪʨʘʥʠʮʘ ʠʩʪʦʨʠʠ ʢʘ-
ʬʝʜʨʳ, ʧʝʨʝʯʝʥʴ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, PDF-ʜʦʢʫʤʝʥʪ ʩ ʨʘʩʧʠʩʘʥʠʝʤ ʟʘʥʷʪʠʡ. 

ɼʘʥʥʳʝ ʥʘ ʵʪʠʭ ʩʪʨʘʥʠʮʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʝʢʩʪʦʚʦʤ ʠ ʪʘʙʣʠʯʥʦʤ ʬʦʨʤʘʪʝ, ʘ ʨʘʩʧʠʩʘʥʠʝ ʨʘʟ-
ʤʝʱʝʥʦ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʬʘʡʣʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 
ʧʘʨʩʠʥʛʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ɻʴʚʧʩ ʡʦʪʫʩʬʥʞʦʫʧʛ ʩʙʠʩʙʚʧʫʣʡ. ʆʩʥʦʚʥʳʤ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥ Python, ʯʪʦ 
ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ [2]: 

¶ ʇʨʦʩʪʦʪʘ ʩʠʥʪʘʢʩʠʩʘ ʠ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ; 
¶ ʅʘʣʠʯʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʧʘʨʩʠʥʛʘ HTML (BeautifulSoup), ʦʙʨʘʙʦʪʢʠ 

HTTP-ʟʘʧʨʦʩʦʚ (requests) ʠ ʨʘʙʦʪʳ ʩ Telegram API (python-telegram-bot); 
¶ ɸʢʪʠʚʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʨʦʚ. 
ɼʣʷ ʨʘʙʦʪʳ ʩ ʙʦʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʙʠʙʣʠʦʪʝʢʠ [3]: 
1. python-telegram-bot ʦʪʚʝʯʘʝʪ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ Telegram Bot API; 
2. requests ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʧʦ HTTP-ʧʨʦʪʦʢʦʣʫ [4]; 
3. BeautifulSoup ʦʪʚʝʯʘʝʪ ʟʘ ʠʟʚʣʝʯʝʥʠʝ ʜʘʥʥʳʭ ʠʟ HTML-ʜʦʢʫʤʝʥʪʦʚ. 
ʄʧʜʡʣʙ ʩʙʚʧʫʴ ʚʧʫʙ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʙʦʪʦʤ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʦʤʘʥʜʳ /start [5]. ɺ 

ʦʪʚʝʪ ʙʦʪ ʦʪʦʙʨʘʞʘʝʪ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʤʝʥʶ ʩ ʢʥʦʧʢʘʤʠ (ʨʠʩ 1): 

¶ ʀʩʪʦʨʠʷ ʢʘʬʝʜʨʳ ð ʚʳʟʳʚʘʝʪ ʧʘʨʩʠʥʛ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

¶ ʇʨʝʧʦʜʘʚʘʪʝʣʠ ð ʦʪʦʙʨʘʞʘʝʪ ʩʧʠʩʦʢ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʩ ʜʦʣʞʥʦʩʪʷʤʠ; 

¶ ʈʘʩʧʠʩʘʥʠʝ ð ʦʪʧʨʘʚʣʷʝʪ PDF-ʬʘʡʣ; 

¶ ʆʙʥʦʚʠʪʴ ʜʘʥʥʳʝ ð ʧʦʚʪʦʨʥʦ ʠʥʠʮʠʠʨʫʝʪ ʩʙʦʨ ʜʘʥʥʳʭ ʩ ʩʘʡʪʘ 
ʌʫʥʢʮʠʷ parse_history() ʦʪʧʨʘʚʣʷʝʪ HTTP-ʟʘʧʨʦʩ ʢ ʩʪʨʘʥʠʮʝ ʩ ʠʩʪʦʨʠʝʡ ʢʘʬʝʜʨʳ, ʥʘʭʦʜʠʪ ʥʫʞ-

ʥʳʡ ʙʣʦʢ HTML-ʢʦʜʘ ʠ ʠʟʚʣʝʢʘʝʪ ʪʝʢʩʪ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʛʦ ʦʯʠʩʪʢʘ ʦʪ ʣʠʰʥʠʭ ʩʠʤʚʦʣʦʚ ʠ ʦʛʨʘʥʠ-
ʯʝʥʠʝ ʜʣʠʥʳ ʜʦ 4000 ʩʠʤʚʦʣʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ Telegram (ʨʠʩ.2). 

ʌʫʥʢʮʠʷ parse_teachers() ʟʘʛʨʫʞʘʝʪ HTML-ʩʪʨʘʥʠʮʫ, ʩʦʜʝʨʞʘʱʫʶ ʪʘʙʣʠʮʫ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ. ʉ 
ʧʦʤʦʱʴʶ BeautifulSoup ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʠʩʢ ʩʪʨʦʢ ʪʘʙʣʠʮʳ, ʠʟʚʣʝʢʘʶʪʩʷ ʌʀʆ ʠ ʜʦʣʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ 
ʟʘʪʝʤ ʬʦʨʤʘʪʠʨʫʶʪʩʷ ʜʣʷ ʚʳʚʦʜʘ ʚ Telegram-ʩʦʦʙʱʝʥʠʠ. ʊʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ 
ʵʪʦʡ ʬʫʥʢʮʠʠ ʚ ʙʫʜʫʱʝʤ ʟʘ ʩʯʸʪ ʜʦʙʘʚʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʧʦ ʜʦʣʞʥʦʩʪʠ ʠʣʠ ʘʣʬʘʚʠʪʫ. 
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ʉʡʪ. 1. ʁʦʫʞʩʙʣʫʡʛʦʧʞ ʥʞʦʷ 

 

 
ʉʡʪ. 2. ʁʪʫʧʩʡʸ ʣʙʭʞʝʩʴ 

 
ʌʫʥʢʮʠʷ parse_schedule() ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʷʤʫʶ ʟʘʛʨʫʟʢʫ PDF-ʬʘʡʣʘ ʧʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʡ ʩʩʳʣ-

ʢʝ. ʌʘʡʣ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʥʳʡ ʙʫʬʝʨ BytesIO ʠ ʧʝʨʝʜʘʸʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʢʘʢ ʜʦʢʫʤʝʥʪ (ʨʠʩ.3). 
 

 
ʉʡʪ. 3. ɻʴʛʧʝ ʫʞʣʬʲʞʜʧ ʩʙʪʨʡʪʙʦʡʸ 
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ɺʦ ʚʩʝʭ ʬʫʥʢʮʠʷʭ ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʝʨʝʭʚʘʪʘ ʠʩʢʣʶʯʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʧʨʘʚʢʦʡ ʩʦʦʙ-
ʱʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚ ʩʣʫʯʘʝ ʥʝʫʜʘʯʥʦʛʦ ʟʘʧʨʦʩʘ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʜʘʥʥʳʭ. ʕʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ çʤʦʣ-
ʯʘʥʠʝè ʙʦʪʘ ʧʨʠ ʩʙʦʷʭ ʠ ʫʣʫʯʰʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ. 

ʀʙʣʤʷʰʞʦʡʞ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ Telegram-ʙʦʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʴʟʦʚʘ-
ʪʝʣʷʤ ʙʳʩʪʨʦ ʠ ʫʜʦʙʥʦ ʧʦʣʫʯʘʪʴ ʩʧʨʘʚʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʬʝʜʨʝ çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʇʝʥʟɻʊʋ. 
ʉʠʩʪʝʤʘ ʨʝʘʣʠʟʫʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʘʨʩʠʥʛ ʜʘʥʥʳʭ ʩ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʪʝʢʩʪʦʚʳʝ ʠ 
ʪʘʙʣʠʯʥʳʝ ʩʚʝʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʦʢʫʤʝʥʪʳ ʚ ʬʦʨʤʘʪʝ PDF. 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʘʷ ʨʦʣʴ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʤʝʪʨʦʣʦʛʠʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 
ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʜʠʥʦʦʙʨʘʟʥʦʛʦ 
ʧʦʥʠʤʘʥʠʷ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʥʘʥʦʫʩʪʨʦʡʩʪʚ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ 
ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʤʝʪʨʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠ-
ʷʤ. ʆʙʩʫʞʜʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʝ ʟʘʜʘʯʠ ʚ ʦʙʣʘʩʪʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʚʘʞʥʦʩʪʴ ʤʝʞʜʫʥʘ-
ʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʠʭ ʜʣʷ ʤʘʣʳʭ ʠ ʩʨʝʜ-
ʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɸʢʮʝʥʪʠʨʫʝʪʩʷ ʨʦʣʴ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʤʝʪʨʦʣʦʛʠʠ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 
ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 
ʃʤ̫ʰʞʛʴʞ ʪʤʧʛʙ: ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ, ʤʝʪʨʦʣʦʛʠʷ, ʥʘʥʦʤʘʪʝʨʠʘʣʳ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʚʦʩ-
ʧʨʦʠʟʚʦʜʠʤʦʩʪʴ, ʢʘʯʝʩʪʚʦ, ʠʟʤʝʨʝʥʠʷ, ʵʪʘʣʦʥʳ, ISO, IEC, ʨʠʩʢʠ, ʟʜʦʨʦʚʴʝ, ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʤʝʪʦʜʳ 
ʦʮʝʥʢʠ, ʪʝʨʤʠʥʦʣʦʛʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ. 
 

STANDARDIZATION AND METROLOGY IN NANOTECHNOLOGY 
 

Nauman Anita Ivanovna, 
Chechil Evgeniya Vasilyevna 

 
Abstract: The article examines the critical role of standardization and metrology in ensuring the safe and sus-
tainable development of nanotechnology. The need for a uniform understanding of terminology, classification 
of nanomaterials, development of methods for assessing characteristics and safety, as well as ensuring repro-
ducibility of nanodevices is emphasized. The interrelation of standardization and metrology, ensuring the relia-
bility of measurements and compliance with requirements, is analyzed. Unresolved issues in the field of nano-
technology standardization and the importance of international cooperation for the development of effective 
standards and their accessibility for small and medium-sized enterprises are discussed. The role of standardi-
zation and metrology as fundamental elements of responsible innovative development of nanotechnology is 
emphasized. 
Keywords: Nanotechnology, standardization, metrology, nanomaterials, safety, reproducibility, quality, meas-
urements, standards, ISO, IEC, risks, health, environment, assessment methods, terminology, classification. 

 
ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʦʙʝʱʘʶʱʠʝ ʨʝʚʦʣʶʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ, ʵʥʝʨʛʝʪʠʢʝ ʠ ʜʨʫʛʠʭ ʦʙʣʘ-

ʩʪʷʭ, ʪʨʝʙʫʶʪ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʚʦʧʨʦʩʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʩʪʘʥʜʘʨʪʠʟʘ-
ʮʠʶ ʠ ʤʝʪʨʦʣʦʛʠʶ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ. ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʭ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʧʨʦʩʪʦʛʦ 
ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʠʭ ʧʨʘʚʠʣ; ʦʥʘ ʩʦʟʜʘʝʪ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ, ʦʭʚʘʪʳʚʘʷ 
ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʠʭ ʪʦʢ-
ʩʠʯʥʦʩʪʠ ʠ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʥʘ-
ʥʦʫʩʪʨʦʡʩʪʚ. ɺʘʞʥʦʩʪʴ ʝʜʠʥʦʦʙʨʘʟʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʪʝʨʤʠʥʦʣʦʛʠʠ ʚ ʵʪʦʡ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘ-



58 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 

 

XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʩʪʠ ʥʝʚʦʟʤʦʞʥʦ ʧʝʨʝʦʮʝʥʠʪʴ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʤʝʥʘ ʟʥʘʥʠʷʤʠ ʠ 
ʦʧʳʪʦʤ ʤʝʞʜʫ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʠ ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʦʨʛʘʥʘʤʠ. 

ʄʝʪʨʦʣʦʛʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 
ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ ʥʘ ʥʘʥʦʫʨʦʚʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʘʪʦʤʥʦ-
ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʷ ʵʪʘʣʦʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʴ 
ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ɹʝʟ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ ʦʮʝʥʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʷʚʣʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʪʘʥʜʘʨʪʠʟʘʮʠʝʡ ʠ ʤʝʪʨʦʣʦʛʠʝʡ ʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʭ ʥʦʩʠʪ ʩʠʤʙʠʦʪʠʯʝʩʢʠʡ 
ʭʘʨʘʢʪʝʨ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʥʝ ʧʨʦʩʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʘ ʚʟʘʠʤʦʚʳʛʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. ʉʪʘʥʜʘʨ-
ʪʠʟʘʮʠʷ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʘʨʭʠʪʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʷ ʯʝʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʚʦʡʩʪʚʘʤ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʥʦʫʩʪʨʦʡʩʪʚ. ʆʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ "ʧʨʘʚʠʣʘ ʠʛʨʳ", ʧʦʟʚʦ-
ʣʷʷ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ, ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʠ ʨʝʛʫʣʠʨʫʶʱʠʤ ʦʨʛʘʥʘʤ ʛʦʚʦʨʠʪʴ ʥʘ ʦʜʥʦʤ ʷʟʳʢʝ ʠ ʨʘʙʦʪʘʪʴ ʚ 
ʝʜʠʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʝʪʨʦʣʦʛʠʷ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʛʘʨʘʥʪ ʢʘʯʝʩʪʚʘ ʠ ʪʦʯʥʦʩʪʠ, ʦʙʝʩʧʝ-
ʯʠʚʘʷ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʜʫʢʮʠʠ ʠ ʧʨʦʮʝʩʩʦʚ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʪʘʥ-
ʜʘʨʪʘʤ. ʄʝʪʨʦʣʦʛʠʷ ʥʝ ʧʨʦʩʪʦ ʠʟʤʝʨʷʝʪ, ʦʥʘ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʜʝʡ-
ʩʪʚʠʪʝʣʴʥʦ ʦʙʣʘʜʘʶʪ ʟʘʷʚʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝ-
ʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʕʪʘ ʪʝʩʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʠʥʥʦʚʘʮʠʠ ʚ ʥʘʥʦ-
ʪʝʭʥʦʣʦʛʠʷʭ ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴʩʷ ʙʝʟʦʧʘʩʥʦ ʠ ʫʩʪʦʡʯʠʚʦ. ɹʝʟ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʤʝʪʨʦʣʦʛʠʷ ʪʝʨʷʝʪ ʦʨʠʝʥ-
ʪʠʨ, ʥʝ ʟʥʘʷ, ʯʪʦ ʠʟʤʝʨʷʪʴ ʠ ʢʘʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʪʚʝʨʜʠʪʴ. ɹʝʟ ʤʝʪʨʦʣʦʛʠʠ ʩʪʘʥʜʘʨʪʠʟʘ-
ʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʜʝʢʣʘʨʘʪʠʚʥʦʡ, ʣʠʰʝʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ. ʊʦʣʴʢʦ ʚ 
ʩʦʯʝʪʘʥʠʠ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʜʦʚʝʨʠʷ ʠ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʧʨʦʜʫʢʮʠʠ ʥʘʥʦʠʥʜʫʩʪʨʠʠ, ʩʧʦʩʦʙ-
ʩʪʚʫʷ ʝʝ ʫʩʧʝʰʥʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʰʠʨʦʢʦʤʫ ʚʥʝʜʨʝʥʠʶ. ʕʪʘ ʩʠʥʝʨʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʠʥʥʦ-
ʚʘʮʠʷʤʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʧʦʟʚʦʣʷʷ ʨʘʩʢʨʳʪʴ ʚʝʩʴ ʧʦʪʝʥʮʠʘʣ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʤʠʥʠʤʠʟʠʨʫʷ ʧʨʠ ʵʪʦʤ 
ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʠʩʢʠ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ISO ʠ IEC, ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʪʘʥʜʘʨ-
ʪʦʚ ʜʣʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʥʦ ʚʘʞʥʦ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʵʪʘ ʨʘʙʦʪʘ ʝʱʝ ʜʘʣʝʢʘ ʦʪ ʟʘʚʝʨʰʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʳ 
ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʣʦʞʥʳʝ 
ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʵʢʦʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʠ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝ-
ʨʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧ ʢ ʩʪʘʥʜʘʨʪʘʤ ʠ ʵʪʘʣʦʥʘʤ ʜʣʷ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʧʨʝʜʧʨʠʷ-
ʪʠʡ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

ʈʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʪʨʝʙʫʝʪ ʤʥʦʛʦʩʪʦʨʦʥʥʝʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʫʯʘʩʪʠʝ ʫʯʝʥʳʭ, ʠʥʞʝʥʝ-
ʨʦʚ, ʤʝʪʨʦʣʦʛʦʚ, ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʦʣʴʢʦ ʩʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ 
ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʤʝʪʨʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 
ʙʝʟʦʧʘʩʥʦʤʫ ʠ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʟʚʦʣʠʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʘʣʠʟʦʚʘʪʴ ʠʭ ʧʦʪʝʥ-
ʮʠʘʣ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠ ʤʝʪʨʦʣʦʛʠʷ ʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʭ ï 
ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ, ʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 
ʨʘʟʚʠʪʠʷ. 
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ǮǯǭǠǪǤǫǺ ǧ ǮǤǯǰǮǤǩǱǧǡǺ ǡǬǤǣǯǤǬǧǾ 
ǰǫǟǯǱ-ǩǭǬǱǯǟǩǱǭǡ ǡ ǰǱǯǭǧǱǤǪǻǬǲǽ 
ǰǳǤǯǲ 

ǠȍȑȒȆ ǟȌȌǿ ǢȄȌȌǿȃțȄȁȌǿ 
ʤʘʛʠʩʪʨʘʥʪ 1 ʢʫʨʩʘ, ʥʘʧʨʘʚʣʝʥʠʝ çʉʪʨʦʠʪʝʣʴʩʪʚʦè 

ʌɻɹʆʋ ɺʆ ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ. ɺ. ʇʘʨʘʭʠʥʘ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʐʘʧʦʨʦʚʘ ʆʣʴʛʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 
ʜ.ʵ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ. ɺ. ʇʘʨʘʭʠʥʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʉʤʘʨʪ-ʢʦʥʪʨʘʢʪʳ ï ʦʜʥʦ ʠʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʡ. ʇʦ 
ʩʚʦʝʡ ʩʫʪʠ, ʵʪʦ ʮʠʬʨʦʚʳʝ ʩʦʛʣʘʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʩʧʦʣʥʷʶʪʩʷ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʟʘʨʘʥʝʝ 
ʦʛʦʚʦʨʝʥʥʳʭ ʫʩʣʦʚʠʡ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʜʝ. ʉʤʘʨʪ-ʢʦʥʪʨʘʢʪʳ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 
ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ï ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʝ ʠʩʢʣʶʯʝ-
ʥʠʝ. ɺ ʵʪʦ ʩʪʘʪʴʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʝ 
ʧʨʦʙʣʝʤʳ ʧʨʠ ʠʩʧʦʣʥʝʥʠʠ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪ, ʙʣʦʢʯʝʡʥ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʧʨʦ-
ʛʨʘʤʤʥʳʡ ʢʦʜ. 
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ʉʤʘʨʪ-ʢʦʥʪʨʘʢʪ ð ʵʪʦ ʩʘʤʦʠʩʧʦʣʥʷʶʱʠʡʩʷ ʮʠʬʨʦʚʦʡ ʧʨʦʪʦʢʦʣ, ʟʘʧʠʩʘʥʥʳʡ ʚ ʙʣʦʢʯʝʡʥʝ, ʫʩʣʦ-

ʚʠʷ ʢʦʪʦʨʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʩʧʦʣʥʷʶʪʩʷ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ. ʂʦʥʮʝʧ-
ʮʠʷ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʧʨʘʢʪʠʢʝ ʩ ʧʦʷʚʣʝʥʠʝʤ ʧʣʘʪʬʦʨʤ ʥʘ ʦʩʥʦʚʝ ʙʣʦʢʯʝʡʥʘ, ʪʘʢʠʭ ʢʘʢ Ethereum 
(ETH). ʀʤʝʥʥʦ ʥʘ ʵʪʦʤ ʙʣʦʢʯʝʡʥʝ ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʠʩʴ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʳ. ʈʘʟʨʘʙʦʪʯʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʠ 
ʜʨʫʛʠʝ ʧʣʘʪʬʦʨʤʳ, ʦʜʥʘʢʦ, Ethereum ʦʩʪʘʝʪʩʷ ʩʘʤʦʡ ʧʦʧʫʣʷʨʥʦʡ. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʘ: 
1. ʉʘʤʦʠʩʧʦʣʥʝʥʠʝ. ʋʩʣʦʚʠʷ ʢʦʥʪʨʘʢʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʚʝʨʷʶʪʩʷ ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʢʦʜʦʤ ʙʝʟ 

ʫʯʘʩʪʠʷ ʧʦʩʨʝʜʥʠʢʦʚ. 
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2. ʅʝʠʟʤʝʥʥʦʩʪʴ. ʇʦʩʣʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʚ ʙʣʦʢʯʝʡʥʝ ʫʩʣʦʚʠʷ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʜʝ, 
ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ. 

3. ʇʨʦʟʨʘʯʥʦʩʪʴ. ɺʩʝ ʫʯʘʩʪʥʠʢʠ, ʠʤʝʶʱʠʝ ʜʦʩʪʫʧ ʢ ʙʣʦʢʯʝʡʥʫ, ʤʦʛʫʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʫʩʣʦʚʠʷ 
ʢʦʥʪʨʘʢʪʘ ʠ ʝʛʦ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ. 

4. ɼʝʮʝʥʪʨʘʣʠʟʘʮʠʷ. ʉʤʘʨʪ-ʢʦʥʪʨʘʢʪʳ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʨʛʘʥʘ ʫʧʨʘʚʣʝʥʠʷ. 
5. ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʎʠʬʨʦʚʳʝ ʩʦʛʣʘʰʝʥʠʷ ʟʘʱʠʱʝʥʳ ʧʝʨʝʜʦʚʳʤʠ ʤʝʪʦʜʘʤʠ 

ʢʨʠʧʪʦʛʨʘʬʠʠ, ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʠʩʢ ʤʦʰʝʥʥʠʯʝʩʪʚʘ. 
ɺʥʝʜʨʝʥʠʝ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯ-

ʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ï ʦʪ ʟʘʢʣʶʯʝʥʠʷ ʜʦʛʦʚʦʨʦʚ ʜʦ ʦʧʣʘʪʳ ʟʘ ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʙʦʪʳ. 
ʉʧʤʵ ʛ ʪʫʩʧʡʫʞʤʵʪʫʛʞ 
ʉʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʩʠʩʪʝʤʥʳʭ ʧʨʦʙʣʝʤ: ʟʘʜʝʨʞʢʠ ʩʨʦʢʦʚ, ʧʨʝʚʳʰʝʥʠʝ 

ʙʶʜʞʝʪʘ, ʩʧʦʨʳ ʤʝʞʜʫ ʩʪʦʨʦʥʘʤʠ, ʥʝʧʨʦʟʨʘʯʥʦʩʪʴ ʬʠʥʘʥʩʦʚʳʭ ʧʦʪʦʢʦʚ ʠ ʩʣʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʤʥʦ-
ʛʦʯʠʩʣʝʥʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ. ʕʪʠ ʧʨʦʙʣʝʤʳ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʦʩʪʨʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʥʥʦʚʘʮʠʦʥ-
ʥʳʭ ʨʝʰʝʥʠʷʭ, ʩʧʦʩʦʙʥʳʭ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʝʭʥʦʣʦʛʠʷ ʙʣʦʢʯʝʡʥ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʳ, ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʫʞʝ ʧʨʦ-
ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʧʦʪʝʥʮʠʘʣ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. ʇʨʠʤʝʥʝʥʠʝ çʫʤʥʳʭè ʢʦʥʪʨʘʢʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 
ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʥʠʞʘʝʪ ʨʠʩʢʠ ʠ ʫʣʫʯʰʘʝʪ ʜʦʚʝʨʠʝ ʤʝʞʜʫ ʚʩʝʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦ-
ʨʦʥʘʤʠ-ʫʯʘʩʪʥʠʢʘʤʠ. 

ʉʤʘʨʪ-ʢʦʥʪʨʘʢʪʳ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʚʳʧʦʣʥʝʥʠʝ ʜʦʛʦʚʦʨʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʠ ʫʣʫʯʰʘʶʪ ʢʦʦʨʜʠʥʘ-
ʮʠʶ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʦʩʥʦ-
ʚʘʥʥʦʡ ʥʘ ʨʫʯʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʠ ʧʦʩʨʝʜʥʠʯʝʩʪʚʝ, ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠ ʧʨʦʟʨʘʯʥʦʡ ʩʠʩʪʝʤʝ. 

ʉʤʘʨʪ-ʢʦʥʪʨʘʢʪʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʯʝʪʢʠʝ ʠ ʥʝʠʟʤʝʥʥʳʝ ʧʨʘʚʠʣʘ, ʯʪʦʙʳ ʤʠ-
ʥʠʤʠʟʠʨʦʚʘʪʴ ʨʘʟʥʦʛʣʘʩʠʷ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʠ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩʳ ʨʘʟʨʝʰʝʥʠʷ ʩʧʦʨʦʚ. ʇʨʠʤʝʥʝʥʠʝ 
ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʠ ʠʟʙʘʚʣʷʝʪ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʩʨʝʜʥʠʢʘʭ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʩʝʭ 
ʪʨʘʥʟʘʢʮʠʡ ʠ ʩʦʙʳʪʠʡ. 

ʈʩʞʡʥʬʲʞʪʫʛʙ ʛʦʞʝʩʞʦʡʸ ʪʥʙʩʫ-ʣʧʦʫʩʙʣʫʧʛ 
ɺʥʝʜʨʝʥʠʝ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʫʶ ʩʬʝʨʫ ʜʘʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʠʟʤʝʥʠʪʴ 

ʪʝʢʫʱʠʝ ʧʨʘʢʪʠʢʠ: 
1. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʥʘʧʨʠʤʝʨ, ʧʣʘʪʝʞʝʡ, ʢʦʥ-

ʪʨʦʣʷ ʢʘʯʝʩʪʚʘ) ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʠ ʪʨʫʜʦʟʘʪʨʘʪʳ. 
2. ʉʥʠʞʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʟʘ ʩʯʝʪ ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʩʨʝʜʥʠʢʘʭ (ʙʘʥʢʠ, 

ʶʨʠʩʪʳ ʠ ʪ.ʜ.). 
3. ʋʣʫʯʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʦʪʩʣʝʞʠʚʘʝʤʦʩʪʠ. ɺʩʝ ʪʨʘʥʟʘʢʮʠʠ ʠ ʩʦʙʳʪʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʥʝ-

ʠʟʤʝʥʷʝʤʦʤ ʙʣʦʢʯʝʡʥʝ, ʜʦʩʪʫʧʥʦʤ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ. 
4. ʄʠʥʠʤʠʟʘʮʠʷ ʨʠʩʢʦʚ. ʅʝʠʟʤʝʥʥʦʩʪʴ ʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʤʦʰʝʥʥʠʯʝʩʪʚʘ, ʭʘʢʝʨʩʢʠʭ ʘʪʘʢ (ʧʦʜʜʝʣʦʢ ʢʦʥʪʨʘʢʪʦʚ, ʥʝʩʘʥʢʮʠʦʥʠʨʦ-
ʚʘʥʥʦʛʦ ʚʳʚʦʜʘ ʜʝʥʝʛ). 

5. ʋʩʢʦʨʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʠʩʧʦʣʥʝʥʠʷ 
ʦʙʷʟʘʪʝʣʴʩʪʚ. 

6. ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʜʦʚʝʨʠʷ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʙʝʩʧʨʠʩʪʨʘʩʪʥʦʡ ʠ ʧʨʦʟʨʘʯʥʦʡ ʩʨʝʜʳ ʜʣʷ ʚʟʘ-
ʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʩʪʦʨʦʥ ʧʨʦʝʢʪʘ. 

ʊʘʢʞʝ ʢ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʚʥʝʜʨʝʥʠʷ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʫʧʨʦʱʝʥʠʝ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚ-
ʣʝʥʠʷ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʩʢʦʨʦʩʪʴ ʠʩʧʦʣʥʝʥʠʷ ï ʮʠʬʨʦʚʦʝ ʩʦʛʣʘʰʝʥʠʝ ʙʫʜʝʪ ʠʩʧʦʣʥʝʥʦ ʤʦʤʝʥʪʘʣʴʥʦ, 
ʢʘʢ ʪʦʣʴʢʦ ʙʫʜʫʪ ʚʳʧʦʣʥʝʥʳ ʟʘʣʦʞʝʥʥʳʝ ʚ ʢʦʜʝ ʫʩʣʦʚʠʷ. 

ʊʫʩʬʣʫʬʩʙ ʩʙʚʧʫʴ ʪʥʙʩʫ-ʣʧʦʫʩʙʣʫʙ 
ʈʘʙʦʪʘ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʣʦʛʠʢʝ çif-thenè (çʝʩʣʠ-ʪʦè), ʟʘʢʦʜʠʨʦʚʘʥʥʦʡ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʜʝ. 
ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ: 
1. ʈʘʟʨʘʙʦʪʢʘ ʠ ʢʦʜʠʨʦʚʘʥʠʝ ï ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷ ʜʦʛʦʚʦʨʘ ʠ ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʜ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʩʜʝʣʢʠ: ʚ ʢʦʜʝ ʜʝʪʘʣʴʥʦ ʬʠʢʩʠʨʫʶʪʩʷ ʚʩʝ 
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XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʩʪʦʨʦʥ, ʘ ʪʘʢʞʝ ʩʘʥʢʮʠʠ ʠʣʠ ʧʦʩʣʝʜʩʪʚʠʷ, ʥʘʩʪʫʧʘʶʱʠʝ ʚ ʩʣʫʯʘʝ ʠʭ ʥʝʚʳʧʦʣʥʝʥʠʷ. ɿʘ-
ʪʝʤ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʳʭ ʧʦʜʧʠʩʝʡ ʩʪʦʨʦʥʳ ʦʬʠʮʠʘʣʴʥʦ ʫʜʦʩʪʦʚʝʨʷʶʪ ʩʜʝʣʢʫ. 

2. ʈʘʟʚʝʨʪʳʚʘʥʠʝ (ʪ.ʝ. ʘʢʪʠʚʘʮʠʷ) ʚ ʙʣʦʢʯʝʡʥʝ. ʇʦʩʣʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʘʫʜʠʪʘ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪ 
ʨʘʟʚʝʨʪʳʚʘʝʪʩʷ (ʘʢʪʠʚʠʨʫʝʪʩʷ) ʚ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʝʪʠ ʙʣʦʢʯʝʡʥ. 

3. ʀʩʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ. ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʠʤ ʤʠʨʦʤ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪ ʧʦʩʪʦʷʥʥʦ ʦʨʠ-
ʝʥʪʠʨʫʝʪʩʷ ʥʘ ʚʥʝʰʥʠʝ ʩʦʙʳʪʠʷ (ʦʨʘʢʫʣʳ). çʆʨʘʢʫʣʳè ð ʵʪʦ ʜʦʚʝʨʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʦ-
ʪʦʨʳʝ ʧʝʨʝʜʘʶʪ ʜʘʥʥʳʝ ʠʟ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ ʚ ʙʣʦʢʯʝʡʥ (ʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʨʝʟʫʣʴʪʘʪʳ ʠʥʩʧʝʢʮʠʡ, 
ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʠ ʪ.ʜ.). 

4. ʇʨʦʚʝʨʢʘ ʫʩʣʦʚʠʡ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʜʘʥʥʳʭ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪ ʧʨʦʚʝʨʷʝʪ, ʚʳʧʦʣʥʝʥʳ ʣʠ ʟʘʜʘʥ-
ʥʳʝ ʫʩʣʦʚʠʷ (ʥʘʧʨʠʤʝʨ, ʧʦʩʪʫʧʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʦʚ, ʟʘʚʝʨʰʝʥʠʝ ʵʪʘʧʘ ʨʘʙʦʪ). 

5. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʩʧʦʣʥʝʥʠʝ. ɽʩʣʠ ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʝʥʳ, ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳ-
ʧʦʣʥʷʝʪ ʧʨʝʜʧʠʩʘʥʥʦʝ ʜʝʡʩʪʚʠʝ (ʥʘʧʨʠʤʝʨ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʣʘʪʝʞ, ʜʘʝʪ ʨʘʟʨʝʰʝʥʠʝ, ʨʝʛʠʩʪʨʠʨʫʝʪ 
ʬʘʢʪ ʧʨʠʝʤʢʠ). 

6. ɿʘʧʠʩʴ ʚ ʙʣʦʢʯʝʡʥ. ʈʝʟʫʣʴʪʘʪ ʠʩʧʦʣʥʝʥʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʙʣʦʢʯʝʡʥ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʠʟʤʝ-
ʥʝʥʥʫʶ ʠ ʧʨʦʟʨʘʯʥʫʶ ʟʘʧʠʩʴ ʦ ʩʦʙʳʪʠʠ. 

7. ɿʘʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʘ.  
ɽʩʣʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʥʝ ʙʫʜʫʪ ʠʩʧʦʣʥʝʥʳ, ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʠʨʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʩʘʥʢʮʠʦʥʥʳʝ ʜʝʡʩʪʚʠʷ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʰʪʨʘʬʥʳʝ ʩʘʥʢʮʠʠ, ʟʘʤʦʨʦʟʢʘ ʜʝʥʝʛ ʥʘ ʩʯʝʪʝ ʥʘʨʫʰʠʚʰʝʡ ʩʪʦ-
ʨʦʥʳ ʣʠʙʦ ʧʦʣʥʦʝ ʧʨʝʢʨʘʱʝʥʠʝ ʜʝʡʩʪʚʠʷ ʢʦʥʪʨʘʢʪʘ, ʯʪʦ ʨʘʚʥʦʩʠʣʴʥʦ ʝʛʦ ʨʘʩʪʦʨʞʝʥʠʶ. 

ɻʧʠʥʧʟʦʴʞ ʪʨʧʪʧʚʴ ʨʩʡʥʞʦʞʦʡʸ ʪʥʙʩʫ-ʣʧʦʫʩʙʣʫʧʛ ʛ ʪʫʩʧʡʫʞʤʵʪʫʛʞ 
ʉʤʘʨʪ-ʢʦʥʪʨʘʢʪʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʮʝʣʝʡ: 
1. ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ (ʵʪʘʧʘʤʠ ʨʘʙʦʪ) ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʣʘʪʝʞʝʡ ï ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʩʚʦ-

ʙʦʞʜʝʥʠʝ ʩʨʝʜʩʪʚ ʧʦʜʨʷʜʯʠʢʫ ʧʦ ʤʝʨʝ ʚʳʧʦʣʥʝʥʠʷ ʵʪʘʧʦʚ ʨʘʙʦʪ, ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʜʘʥʥʳʤʠ ʠʟ ʚʥʝʰ-
ʥʠʭ ʠʩʪʦʯʥʠʢʦʚ. 

2. ʋʧʨʘʚʣʝʥʠʝ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ ʠ ʣʦʛʠʩʪʠʢʦʡ. ʇʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʦʩʪʘʚʢʠ ʤʘ-
ʪʝʨʠʘʣʦʚ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʜʦ ʦʙʲʝʢʪʘ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʧʦʣʫʯʝʥʠʷ ʠ ʢʘʯʝʩʪʚʘ. ʇʨʠ 
ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʜʦʩʪʘʚʢʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʧʣʘʪʝʞʠ ʧʦʩʪʘʚʱʠʢʘʤ. 

3. ʋʧʨʘʚʣʝʥʠʝ ʛʘʨʘʥʪʠʷʤʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝʤ. ʉʦʟʜʘʥʠʝ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 
ʠʩʧʦʣʥʝʥʠʷ ʛʘʨʘʥʪʠʡʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʠʣʠ ʘʢʪʠʚʘʮʠʠ ʩʝʨʚʠʩʥʳʭ ʢʦʥʪʨʘʢʪʦʚ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʦʧʨʝʜʝ-
ʣʝʥʥʳʭ ʩʦʙʳʪʠʡ (ʥʘʧʨʠʤʝʨ, ʠʩʪʝʯʝʥʠʝ ʩʨʦʢʘ ʛʘʨʘʥʪʠʠ, ʦʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʘ). 

4. ʃʠʮʝʥʟʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʝʰʝʥʠʷ ï ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʚʳʜʘʯʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʟʨʝʰʝ-
ʥʠʡ ʠ ʣʠʮʝʥʟʠʡ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʚʩʝʭ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. 

5. ʋʧʨʘʚʣʝʥʠʝ ʥʝʜʚʠʞʠʤʦʩʪʴʶ ʠ ʢʘʜʘʩʪʨʦʤ (ʨʝʛʠʩʪʨʘʮʠʷ ʧʨʘʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʩʜʝʣʦʢ ʢʫʧʣʠ-
ʧʨʦʜʘʞʠ ʠ ʘʨʝʥʜʳ ʥʘ ʦʩʥʦʚʝ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ). 

6. ʉʪʨʘʭʦʚʘʥʠʝ ï ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʚʳʧʣʘʪʘ ʚʦʟʤʝʱʝʥʠʡ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʩʪʨʘʭʦʚʦʛʦ ʩʣʫʯʘʷ, 
ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ çʦʨʘʢʫʣʘʤʠè. 

ɽʱʝ ʦʜʠʥ ʩʧʦʩʦʙ ʧʨʠʤʝʥʝʥʠʷ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ï BIM-ʠʥʪʝʛʨʘʮʠʷ. ʕʪʦ ʧʨʠʚʷʟʢʘ 
3D-ʤʦʜʝʣʝʡ (BIM ʠʣʠ Building Information Modeling) ʢ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʘʤ, ʛʜʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʦʜʝʣʠ 
(ʥʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʢʘ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ) ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʧʫʩʢʘʪʴ ʫʩʣʦʚʠʷ ʢʦʥʪʨʘʢʪʘ (ʥʘʧʨʠʤʝʨ, 
ʦʧʣʘʪʘ ʧʦʜʨʷʜʯʠʢʫ). 

ɻʧʠʥʧʟʦʴʞ ʨʩʧʚʤʞʥʴ ʨʩʡ ʩʞʙʤʡʠʙʯʡʡ ʡ ʪʨʧʪʧʚʴ ʡʮ ʩʞʱʞʦʡʸ 
ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʳ ʥʝ ʣʠʰʝʥʳ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ: 
1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʥʝʰʥʠʭ ʜʘʥʥʳʭ (çʦʨʘʢʫʣʦʚè) ï ʝʩʣʠ ʦʥʠ ʥʝʥʘʜʝʞʥʳ, ʵʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʘʢʪʘ. (çʆʨʘʢʫʣʘʤʠ ʥʘʟʳʚʘʶʪ ʘʜʨʝʩʘ ʙʣʦʢʯʝʡʥʘ, ʢʦʥ-
ʪʨʦʣʠʨʫʝʤʳʝ ʥʝʢʦʪʦʨʳʤʠ ʜʦʚʝʨʝʥʥʳʤʠ ʪʨʝʪʴʠʤʠ ʣʠʮʘʤʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʢʦʥʪʨʘʢʪʘ. ʆʨʘʢʫʣʳ ʧʦʟʚʦʣʷʶʪ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʘʤ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 
ʚʥʝʰʥʠʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʨʠʣʦʞʝʥʠʡ - ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 
ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʣʘʯʠʚʘʝʪ ʩʨʝʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʭ 
ʫʩʣʦʚʠʡ) 
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2. ʋʷʟʚʠʤʦʩʪʠ ʚ ʢʦʜʝ ï ʢʘʢ ʠ ʣʶʙʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʜ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʦʰʠʙʢʠ. 
ɽʩʣʠ ʥʝ ʚʳʷʚʠʪʴ ʠʭ ʥʘ ʩʪʘʜʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʵʪʠ ʫʷʟʚʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʟʣʦʫʤʳʰʣʝʥʥʠ-
ʢʘʤʠ, ʧʨʠʚʝʩʪʠ ʢ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ ʠʣʠ ʜʨʫʛʠʤ ʧʨʦʙʣʝʤʘʤ. 

3. ʅʝʠʟʤʝʥʥʦʩʪʴ ʢʦʜʘ ï ʵʪʦ ʩʠʣʴʥʘʷ ʩʪʦʨʦʥʘ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 
ʧʨʦʙʣʝʤʘ. ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʠʣʠ ʠʩʧʦʣʥʝʥʥʳʡ ʢʦʥʪʨʘʢʪ ʥʝʚʦʟʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʠʣʠ ʦʪʤʝʥʠʪʴ. ʕʪʦ ʭʦʨʦ-
ʰʦ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʦʡ, ʝʩʣʠ ʚ ʢʦʜʝ ʦʙʥʘʨʫʞʝʥʘ ʦʰʠʙʢʘ ʠʣʠ ʫʩʣʦʚʠʷ ʢʦʥʪʨʘʢ-
ʪʘ ʪʨʝʙʫʶʪ ʦʙʥʦʚʣʝʥʠʷ ʠʟ-ʟʘ ʠʟʤʝʥʠʚʰʠʭʩʷ ʦʙʩʪʦʷʪʝʣʴʩʪʚ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʙʣʦʢʯʝʡʥ-ʧʣʘʪʬʦʨʤʳ ʤʦʛʫʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʧʨʠ 
ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʟʘʢʮʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʨʫʧʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʊʘʢʞʝ ʢ ʚʦʟʤʦʞʥʳʤ ʧʨʦʙʣʝʤʘʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʦʪʥʦʩʠʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʯʝʪʢʦʡ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ 
ʙʘʟʳ, ʢʘʩʘʶʱʝʡʩʷ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ, ʯʪʦ ʩʦʟʜʘʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʠʭ ʶʨʠʜʠʯʝʩʢʦʤ ʩʪʘʪʫʩʝ. 

ʈʝʰʠʪʴ ʪʘʢʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʢʦʥʪʨʘʢʪʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ 
ʢʦʜ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʘ ʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʶʨʠʜʠʯʝʩʢʠʝ ʬʦʨʤʫʣʠʨʦʚʢʠ. 

ɽʱʝ ʦʜʥʘ ʧʨʦʙʣʝʤʘ ï ʪʝʭʥʠʯʝʩʢʘʷ, ʘ ʠʤʝʥʥʦ ï ʩʣʦʞʥʦʩʪʴ ʢʦʜʠʨʦʚʘʥʠʷ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ, 
ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʰʪʘʪʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʘʫʜʠʪʘ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ. ʆʜʥʘʢʦ ʥʘ ʨʳʥʢʝ 
ʧʦʢʘ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʦʙʣʘʩʪʠ 
ʙʣʦʢʯʝʡʥʘ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ ʚ ʧʨʦʝʢʪʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ: 

¶ ʅʘʯʠʥʘʪʴ ʩ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʦʚ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʚʳʷʚʣʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ; 

¶ ʀʩʧʦʣʴʟʦʚʘʪʴ ʥʝʟʘʚʠʩʠʤʳʝ ʘʫʜʠʪʳ ʠ ʢʦʥʩʫʣʴʪʘʮʠʠ ʦʧʳʪʥʳʭ ʢʦʤʧʘʥʠʡ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ; 

¶ ʇʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʝ ʪʨʝʥʠʨʦʚʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ; 

¶ ʉʦʟʜʘʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʚʥʫʪʨʠ ʢʦʤʧʘʥʠʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʮʠʬʨʦʚʳʤʠ 
ʘʢʪʠʚʘʤʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʘʚʦʚʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ, ʪʝʭʥʠʯʝʩʢʠʤʠ 
ʘʩʧʝʢʪʘʤʠ ʠ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʥʝʜʨʝʥʠʝ ʠʭ ʚ ʩʪʨʦʠ-
ʪʝʣʴʥʫʶ ʩʬʝʨʫ ï ɻ ʪʦ ʵʪʘʧ ʵʚʦʣʶʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʮʠʬʨʦʚʦʛʦ ʤʠʨʘ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ 
ʨʘʟʨʘʙʦʪʢʫ ʘʜʝʢʚʘʪʥʦʡ ʧʨʘʚʦʚʦʡ ʙʘʟʳ, ʠʥʚʝʩʪʠʮʠʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʝ, ʘ ʪʘʢ-
ʞʝ ʘʢʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʣʫʯʰʝʥʠʷʤ ʚ 
ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɹʣʘʛʦʜʘʨʷ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʘʤ ʦʪʨʘʩʣʴ ʤʦʞʝʪ ʩʪʘʪʴ ʙʦʣʝʝ ʧʨʦʟʨʘʯʥʦʡ, ʵʬʬʝʢʪʠʚ-
ʥʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ 
ʧʨʦʝʢʪʦʚ. 
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ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʣʫʱʝʥʠʷ ʠ ʨʘʩ-
ʢʨʦʷ ʰʧʦʥʘ, ʫʜʝʣʷʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʢʦʥʪʨʦʣʶ ʟʘ ʧʨʦʮʝʩʩʦʤ ʣʫʱʝʥʠʷ ʠ ʧʨʘʚʠʣʴʥʦʡ ʥʘʩʪʨʦʡʢʝ ʣʫ-
ʱʠʣʴʥʦʛʦ ʩʪʘʥʢʘ. ʆʧʠʩʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʩʪʨʦʡʢʝ ʩʪʘʥʢʘ, ʚʢʣʶʯʘʷ ʫʩʪʘʥʦʚʢʫ ʥʦʞʘ, 
ʨʝʛʫʣʠʨʦʚʢʫ ʟʘʜʥʝʛʦ ʫʛʣʘ, ʟʘʪʦʯʢʫ ʣʝʟʚʠʷ ʠ ʢʦʥʪʨʦʣʴ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʦʩʝʡ ʰʧʠʥʜʝʣʝʡ. ʇʨʠʚʝʜʝʥʳ ʤʝ-
ʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʪʘʢʠʭ 
ʢʘʢ ʚʳʩʦʪʦʤʝʨ, ʥʘʢʣʦʥʦʤʝʨ ʠ ʫʛʣʦʤʝʨ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʣʠʷʥʠʶ ʪʦʯʥʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʥʘ ʢʘ-
ʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʰʧʦʥʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʪʘʪʴʷ ʪʘʢʞʝ ʟʘʪʨʘʛʠʚʘʝʪ ʚʦʧʨʦʩʳ 
ʫʯʝʪʘ ʩʳʨʴʷ ʠ ʰʧʦʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʣʫʱʝʥʠʝ ʰʧʦʥʘ, ʣʫʱʠʣʴʥʳʡ ʩʪʘʥʦʢ, ʥʘʩʪʨʦʡʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʥ-
ʪʨʦʣʴ ʢʘʯʝʩʪʚʘ, ʟʘʜʥʠʡ ʫʛʦʣ, ʟʘʪʦʯʢʘ ʥʦʞʘ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ, ʫʯʝʪ ʩʳʨʴʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
ʧʨʦʮʝʩʩ. 
 

(AUTOMATION OF VENEER PEELING AND CUTTING PROCESSES: CONTROL OVER THE PEELING 
PROCESS AND ADJUSTMENT OF THE PEELING MACHINE) 

 
Nostaev Ts.O., 
Likholetov A.D. 

 
Abstract. The article discusses key aspects of automation of veneer peeling and cutting processes, paying 
special attention to control over the peeling process and correct adjustment of the peeling machine. The tech-
nological requirements for the machine setup are described, including knife installation, back angle adjust-
ment, blade sharpening and control of the parallelism of the spindle axes. Methods for measuring and adjust-
ing parameters using specialized devices such as a height gauge, tiltmeter and goniometer are given. Particu-
lar attention is paid to the effect of adjustment accuracy on the quality of the resulting veneer and equipment 
productivity. The article also touches on the issues of raw material and veneer accounting, which allows mini-
mizing production losses and optimizing the technological process.  
Keywords: automation, veneer peeling, peeling machine, equipment setup, quality control, back angle, knife 
sharpening, production losses, raw material accounting, technological process. 

 
ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʩʳ ʦʙʨʘʙʦʪʢʠ ʰʧʦʥʘ, ʪʘʢʠʝ ʢʘʢ ʣʫʱʝʥʠʝ ʠ ʨʘʩ-

ʢʨʦʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʬʘʥʝʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʘʞʥʝʡʰʠʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ 
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ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʣʫʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʪʦʯʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʣʫʱʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ʅʘʩʪʨʦʡʢʘ ʩʪʘʥʢʘ ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʧʦʣʫʯʝʥʠʝ ʰʧʦʥʘ 
ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ. 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʚ ʥʘʩʪʨʦʡʢʝ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʥʦʞʘ. ʈʝʞʫʱʘʷ ʯʘʩʪʴ ʥʦʞʘ ʜʦʣʞʥʘ ʙʳʪʴ ʩʪʨʦʛʦ 
ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʝʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺʳʩʦʪʘ ʫʩʪʘʥʦʚʢʠ ʥʦʞʘ ʧʦ ʦʪʥʦ-
ʰʝʥʠʶ ʢ ʵʪʦʡ ʦʩʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʫʧʧʦʨʪʘ ʠ ʨʘʟʤʝʨʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʙʨʝʚʝʥ. 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʡ ʚʳʩʦʪʳ ʧʨʠʤʝʥʷʶʪ ʚʳʩʦʪʦʤʝʨ ʢʦʥʩʪʨʫʢʮʠʠ ɸ. ɺ. ɸʥʜʨʝʘʥʘ. ʕʪʦʪ ʠʥʩʪʨʫʤʝʥʪ 
ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʠʪʴ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 
ʰʧʠʥʜʝʣʝʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʨʝʚʥʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʙʦ-
ʪʝ ʩ ʙʨʝʚʥʘʤʠ ʜʠʘʤʝʪʨʦʤ ʜʦ 300 ʤʤ, ʥʦʞ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʦʩʠ ʰʧʠʥʜʝʣʝʡ ʠʣʠ ʥʝʤʥʦʛʦ ʚʳ-
ʰʝ. ɼʣʷ ʙʨʝʚʝʥ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʜʦʧʫʩʢʘʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ 
ʩʫʧʧʦʨʪʘ. 

ʋʛʦʣ ʦʩʚʦʙʦʞʜʝʥʠʷ Ŭ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʩʟʘʜʠ, ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʯʠʩʪʦʪʳ ʩʨʝ-
ʟʘ ʧʨʠ ʣʫʱʝʥʠʠ ʰʧʦʥʘ. ʕʪʦʪ ʫʛʦʣ ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʞʜʫ ʢʘʩʘʪʝʣʴʥʦʡ ʣʠʥʠʝʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʙʨʝʚʥʘ ʠ 
ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʦʞʘ. ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʧʦʣʫʯʘʩʘ ʜʦ ʪʨʝʭ ʛʨʘʜʫ-
ʩʦʚ, ʯʪʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʙʨʝʚʥʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʧʧʦʨʪʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝ-
ʣʠʯʠʥʳ ʫʛʣʘ ʠʩʧʦʣʴʟʫʶʪ ʠʥʢʣʠʥʦʤʝʪʨ, ʠʟʤʝʨʷʶʱʠʡ ʥʘʢʣʦʥ ʥʦʞʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ʂʦʨ-
ʨʝʢʮʠʷ ʫʛʣʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʥʘʩʪʨʦʡʢʠ ʧʦʣʦʞʝʥʠʷ ʥʦʞʘ, ʫʯʠʪʳʚʘʷ ʨʘʜʠʫʩ ʠ ʜʠʘʤʝʪʨ ʦʙʨʘʙʘʪʳʚʘʝ-
ʤʦʛʦ ʙʨʝʚʥʘ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʘ ʧʨʘʚʠʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʥʦʞʘ. ʋʛʦʣ ʟʘʪʦʯʢʠ ʧʦʜʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠ-
ʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʨʝʚʝʩʠʥʳ ʠ ʪʨʝʙʫʝʤʦʡ ʪʦʣʱʠʥʳ ʰʧʦʥʘ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʜʘʪʣʠʚʳʭ ʧʦʨʦʜ, 
ʪʘʢʠʭ ʢʘʢ ʙʝʨʝʟʘ ʠʣʠ ʦʣʴʭʘ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʛʦʣ ʟʘʪʦʯʢʠ ʚ ʧʨʝʜʝʣʘʭ 18ï22 ʛʨʘʜʫʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 
ʙʦʣʝʝ ʧʣʦʪʥʳʭ ʧʦʨʦʜ, ʥʘʧʨʠʤʝʨ ʝʣʠ, ʫʛʦʣ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥ ʜʦ 25 ʛʨʘʜʫʩʦʚ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ 
ʟʘʪʦʯʢʠ ʧʨʠʤʝʥʷʝʪʩʷ ʫʛʣʦʤʝʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʫʩʪʘʥʦʚʠʪʴ ʛʝʦʤʝʪʨʠʶ ʨʝʞʫʱʝʡ 
ʢʨʦʤʢʠ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʩʪʠ ʢʦʨʨʝʢʪʠʚʳ. 

ɺʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʧʨʘʚʠʣʴʥʦ ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ ʥʦʞ, ʥʦ ʠ ʩʣʝʜʠʪʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʰʧʠʥʜʝʣʝʡ, ʧʨʦʚʝʨʷʷ 
ʠʭ ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ. ʅʘʣʠʯʠʝ ʣʶʬʪʘ ʚ ʰʧʠʥʜʝʣʴʥʳʭ ʛʠʣʴʟʘʭ ʠʣʠ ʠʭ ʨʘʩʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʤʦʛʫʪ ʚʳʟʚʘʪʴ 
ʜʝʬʝʢʪʳ ʰʧʦʥʘ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʚʠʜʝ ʨʠʬʣʝʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ. ɼʣʷ ʪʦʯʥʦʡ ʜʠ-
ʘʛʥʦʩʪʠʢʠ ʠ ʫʩʪʨʘʥʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʧʨʠʤʝʥʷʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʣʠʙʨʳ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ. 

ʋʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʩʳʨʴʷ ʠ ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʰʧʦʥʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʪʝʨʠ ʧʨʠ ʣʫʱʝʥʠʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 2,5%, ʧʦʵʪʦʤʫ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʟʘ 
ʦʙʲʝʤʦʤ ʧʦʩʪʫʧʘʶʱʝʛʦ ʩʳʨʴʷ ʠ ʚʳʭʦʜʦʤ ʰʧʦʥʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʵʪʠ ʧʦʪʝʨʠ. ɺ ʢʘ-
ʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʘʚʪʦʢʫʙʘʪʫʨʥʠʢ ɸʃʉ-1, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʎɿʇ ʠ ʧʨʝʜʥʘʟʥʘ-
ʯʝʥ ʜʣʷ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʜʠʘʤʝʪʨʘ ʙʨʝʚʝʥ ʠ ʚʳʯʠʩʣʝʥʠʷ ʠʭ ʦʙʲʝʤʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫ-
ʝʪ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʳʨʴʷ. 

ʀʙʣʤʷʰʞʦʡʞ. ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʰʧʦʥʘ ʠ ʝʛʦ ʧʦ-
ʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʘʥʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
ʕʪʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ 
ʩʦʢʨʘʱʝʥʠʝ ʦʪʭʦʜʦʚ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʰʥʦʡ ʘʚʪʦʤʘʪʠ-
ʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʝʮʠʟʠʦʥʥʘʷ ʥʘʣʘʜʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʣʫʱʝʥʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʫʩʪʘʥʦʚʢʫ ʨʝ-
ʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʫʛʣʘ ʥʘʢʣʦʥʘ, ʧʦʜʜʝʨʞʘʥʠʝ ʦʩʪʨʦʪʳ ʣʝʟʚʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʧʘʨʘʣ-
ʣʝʣʴʥʦʩʪʠ ʚʨʘʱʘʶʱʠʭʩʷ ʦʩʝʡ. ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, ʪʘʢʦʛʦ ʢʘʢ ʠʟʤʝʨʠ-
ʪʝʣʠ ʚʳʩʦʪʳ, ʥʘʢʣʦʥʘ ʠ ʫʛʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʥʘʣʘʜʢʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʣʦʞʠ-
ʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʰʧʦʥʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʫʯʝʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʳʨʴʷ ʠ ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʰʧʦʥʘ, ʯʪʦ ʩʧʦ-
ʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ ʠ ʫʤʝʥʴʰʝʥʠʶ ʧʦʪʝʨʴ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜ-
ʩʪʚʘ. ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ, ʢ ʧʨʠʤʝʨʫ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʟʤʝʨʠʪʝʣʝʡ ʦʙʲʝʤʘ 
ʜʨʝʚʝʩʠʥʳ, ʛʘʨʘʥʪʠʨʫʝʪ ʪʦʯʥʳʡ ʨʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʩʳʨʴʷ ʠ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʨʘʩʭʦʞʜʝʥʠʷ 
ʥʘ ʵʪʘʧʝ ʣʫʱʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫ-
ʜʦʚʘʥʠʷ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʙʝʨʝʞʥʦʤʫ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʩʫʨʩʘʤ. 



66 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 

 

XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢ-
ʪʠʚʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʝ. ʇʦʩʣʝʜʫʶʱʝʝ ʨʘʟʚʠʪʠʝ ʘʚʪʦ-
ʤʘʪʠʟʘʮʠʠ, ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʠʪ 
ʜʦʙʠʪʴʩʷ ʝʱʝ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʣʫʯʰʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʮʠʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ǰǱǟǱǧǰǱǧǶǤǰǩǧǨ ǟǬǟǪǧǦ ǭǠǤǰǮǤǶǤǬǧǾ 
ǱǯǤǠǭǡǟǬǧǨ ǮǭǥǟǯǬǭǨ ǠǤǦǭǮǟǰǬǭǰǱǧ Ǭǟ 
ǭǠǹǤǩǱǟǴ ǣǭǷǩǭǪǻǬǭǢǭ ǭǠǯǟǦǭǡǟǬǧǾ 

ǰǿȉȇȑȍȁ ǰȄȏȇȉȅǿȌ ǰȄȏȂȄȄȁȇȖ  
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠè 
 

ɹʦʦʧʫʙʯʡʸ: ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʙʲʝʢʪʘʭ ʜʦʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 
ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ, ʫʯʨʝʞʜʝʥʠʷ ʦʙʩʣʫʞʠʚʘʶʪ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʫʶ ʢʘʪʝ-
ʛʦʨʠʶ ð ʜʝʪʝʡ ʤʣʘʜʰʠʭ ʚʦʟʨʘʩʪʦʚ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʜʦʪ-
ʚʨʘʱʝʥʠʶ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ ʜʣʷ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ, ʩʦʭʨʘʥʝʥʠʶ ʤʘʪʝʨʠ-
ʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʜʦʰʢʦʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʜʝʪʠ, ʘʥʘʣʠʟ. 
 
STATISTICAL ANALYSIS OF FIRE SAFETY REQUIREMENTS IN PRESCHOOL EDUCATION FACILITIES 

 
Sakitov Serikzhan Sergeevich 

 
Abstract: ensuring fire safety at preschool facilities is a priority task of the population protection system, as 
these facilities serve the most vulnerable category of people ð young children. A high level of fire safety helps 
prevent emergencies, minimize risks to life and health, and preserve property. 
Keywords: fire safety, preschool facilities, children, analysis. 

 
ɺ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʘʟʚʠʪʠʷ ʥʦʨʤʘʪʠʚ-

ʥʦʡ ʙʘʟʳ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʠʩʪʝʤʥʦʛʦ, ʦʙʲʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ ʥʘ ʜʦʰʢʦʣʴʥʳʭ ʦʙʲʝʢʪʘʭ [1]. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 
ʚʳʷʚʣʝʥʠʷ ʪʝʥʜʝʥʮʠʡ, ʦʮʝʥʢʠ ʫʛʨʦʟ, ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʫʣʫʯʰʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʞʘʨʥʦʡ 
ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʀʟʫʯʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞ-
ʥʳʝ ʫʛʨʦʟʳ ʥʘ ʦʩʥʦʚʝ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʙʣʶʜʝʥʠʷ 
ʪʨʝʙʦʚʘʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʫʯʨʝʞʜʝʥʠʷʭ ʜʦʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʧʨʦ-
ʙʣʝʤʥʳʭ ʟʦʥ, ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʩʪʨʘʥʝʥʠʶ [2]. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʩʪʘʥʦʚʢʠ ʩ ʧʦʞʘʨʘʤʠ ʟʘ 2020-2024 ʛʛ. ʧʦ ʢʘʪʝʛʦʨʠʠ ʚʠ-
ʥʦʚʥʠʢʦʚ ʧʦʞʘʨʦʚ ï ʜʝʪʠ ʜʦʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 1. 

 
ʋʙʚʤʡʯʙ 1  

ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʨʧʟʙʩʧʛ ʪʩʞʝʡ ʝʞʫʞʢ ʝʧʱʣʧʤʵʦʧʜʧ ʛʧʠʩʙʪʫʙ 

ɻʦʜ 2020 2021 2022 2023 2024 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʞʘʨʦʚ 606 449 328 300 249 

ʇʦʛʠʙʣʦ 38 23 19 18 14 

ʊʨʘʚʤʠʨʦʚʘʥʦ 92 93 52 47 44 
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʩʪʘʥʦʚʢʠ ʩ ʧʦʞʘʨʘʤʠ, ʧʨʦʠʟʦʰʝʜʰʠʤʠ ʚ 2024 ʛ., ʧʦ 
ʢʣʘʩʩʘʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ (ʌʇʆ) ʦʙʲʝʢʪʦʚ ʧʦʞʘʨʦʚ ʜʣʷ ʌ1.1 - ʟʜʘʥʠʷ ʜʦʰʢʦʣʴʥʳʭ 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʦʤʦʚ ʧʨʝʩʪʘʨʝʣʳʭ ʠ ʠʥʚʘʣʠʜʦʚ (ʥʝʢʚʘʨʪʠʨʥʳʝ), 
ʩʧʘʣʴʥʳʝ ʢʦʨʧʫʩʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʩ ʥʘʣʠʯʠʝʤ ʠʥʪʝʨʥʘʪʘ ʠ ʜʝʪʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʟʜʘʥʠʷ 
ʤʝʜʠʮʠʥʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦ-
ʚʠʷʭ (ʢʨʫʛʣʦʩʫʪʦʯʥʦ): 

- ʢʦʣʠʯʝʩʪʚʦ ʧʦʞʘʨʦʚ: 256 ʝʜʝʥʠʮ; - ʯʠʩʣʦ ʧʦʛʠʙʰʠʭ: 4 ʯʝʣʦʚʝʢʘ; - ʯʠʩʣʦ ʪʨʘʚʤʠʨʦʚʘʥʥʳʭ: 18 ʯʝ-
ʣʦʚʝʢ; - ʧʨʷʤʦʡ ʫʱʝʨʙ: 32206.6 ʪʳʩ. ʨʫʙ. 

ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʦʞʘʨʥʦʛʦ ʥʘʜʟʦʨʘ 
ʥʘ ʦʙʲʝʢʪʘʭ ʜʦʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

 
ʋʙʚʤʡʯʙ 2 

ʉʞʠʬʤʵʫʙʫʴ ʍɼʈʆ ʦʙ ʧʚʳʞʣʫʙʮ ʝʧʱʣʧʤʵʦʧʜʧ ʧʚʩʙʠʧʛʙʦʡʸ 

ʂʦʣ-ʚʦ ʦʙʲʝʢʪʦʚ ʥʘʜʟʦʨʘ (ʟʜʘʥʠʡ) 49714 

ʂʦʣ-ʚʦ ʦʙʲʝʢʪʦʚ ʥʘʜʟʦʨʘ (ʟʜʘʥʠʡ) ʩ ʢʨʫʛʣʦʩʫʪʦʯʥʳʤ ʧʨʝʙʳʚʘʥʠʝʤ ʣʶʜʝʡ 449 

ʂʦʣ-ʚʦ ʦʙʲʝʢʪʦʚ ʥʘʜʟʦʨʘ (ʟʜʘʥʠʡ) IV ʠ V ʩʪʝʧʝʥʠ ʦʛʥʝʩʪʦʡʢʦʩʪʠ 2823 

ʂʦʣ-ʚʦ ʦʙʲʝʢʪʦʚ ʥʘʜʟʦʨʘ (ʟʜʘʥʠʡ) ʧʦʧʘʜʘʶʱʠʭ ʚ ʟʦʥʳ ʜʝʡʩʪʚʠʷ ʚʦʟʤʦʞʥʳʭ ʏʉ 5875 

ʂʦʣ-ʚʦ ʦʙʲʝʢʪʦʚ ʥʘʜʟʦʨʘ (ʟʜʘʥʠʡ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʙʝʟ ʫʯʝʪʘ ʥʦʨʤʘʪʠʚʘ ʜʠʩʣʦʢʘʮʠʠ 
ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʦʞ. ʦʭʨʘʥʳ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʩʝʣʝʥʠʷʭ ʠ ʛʦʨʦʜʩʢʠʭ ʦʢʨʫʛʘʭ 

66 

ʂʦʣ-ʚʦ ʦʙʲʝʢʪʦʚ ʥʘʜʟʦʨʘ (ʟʜʘʥʠʡ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʙʝʟ ʫʯʝʪʘ ʥʦʨʤʘʪʠʚʘ ʜʠʩʣʦʢʘʮʠʠ 
ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʦʞ. ʦʭʨʘʥʳ ʚ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʷʭ 

592 

ʇʨʦʚʝʜʝʥʦ ʧʣʘʥʦʚʳʭ ʂʅʄ ʧʦ ʩʦʙʣʶʜʝʥʠʶ ʦʙʷʟʘʪʝʣʴʥʳʭ ʊʇɹ ʥʘ ʦʙʲʝʢʪʘʭ ʟʘʱʠʪʳ 204 

ʇʨʦʚʝʜʝʥʦ ʚʥʝʧʣʘʥʦʚʳʭ ʂʅʄ ʧʦ ʩʦʙʣʶʜʝʥʠʶ ʦʙʷʟʘʪʝʣʴʥʳʭ ʊʇɹ ʥʘ ʦʙʲʝʢʪʘʭ ʟʘʱʠʪʳ 1762 

 
ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʞʘʨʥʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʨʝʟʫʣʴʪʘʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʦʞʘʨ-

ʥʦʛʦ ʥʘʜʟʦʨʘ ʥʘ ʦʙʲʝʢʪʘʭ ʜʦʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘ ʧʝʨʠʦʜ 2020ï2024 ʛʛ. ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʧʨʦ-
ʙʣʝʤʥʳʝ ʟʦʥʳ: 

- ʂʦʣʠʯʝʩʪʚʦ ʧʦʞʘʨʦʚ ʩ ʫʯʘʩʪʠʝʤ ʜʝʪʝʡ ʜʦʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ 
ʩʥʠʟʠʣʦʩʴ ʩ 606 ʚ 2020 ʛʦʜʫ ʜʦ 249 ʚ 2024 ʛʦʜʫ. 

- ʏʠʩʣʦ ʧʦʛʠʙʰʠʭ ʫʤʝʥʴʰʠʣʦʩʴ ʩ 38 ʜʦ 14 ʯʝʣʦʚʝʢ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʠ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

- ʂʦʣʠʯʝʩʪʚʦ ʪʨʘʚʤʠʨʦʚʘʥʥʳʭ ʩʥʠʟʠʣʦʩʴ ʩ 92 ʜʦ 44 ʯʝʣʦʚʝʢ, ʦʜʥʘʢʦ ʩʥʠʞʝʥʠʝ ʤʝʥʝʝ ʚʳʨʘʞʝ-
ʥʦ, ʯʝʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦʞʘʨʦʚ ʠ ʧʦʛʠʙʰʠʭ, ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʧʨʦʬʠʣʘʢʪʠʢʝ, ʦʧʝʨʘ-
ʪʠʚʥʦʤʫ ʨʝʘʛʠʨʦʚʘʥʠʶ. 

- ɿʘ 2024 ʛʦʜ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 256 ʧʦʞʘʨʦʚ ʚ ʟʜʘʥʠʷʭ ʜʦʰʢʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠ-
ʟʘʮʠʡ, ʯʠʩʣʦ ʧʦʛʠʙʰʠʭ - 4 ʯʝʣʦʚʝʢʘ, ʪʨʘʚʤʠʨʦʚʘʥʥʳʭ -18 ʯʝʣʦʚʝʢ. ʇʨʷʤʦʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʦʮʝ-
ʥʠʚʘʝʪʩʷ ʚ 32,2 ʤʣʥ ʨʫʙʣʝʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʪʝʨʷʭ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʠ-
ʣʝʥʠʝ ʢʦʥʪʨʦʣʷ, ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʜʘʥʥʳʭ ʦʙʲʝʢʪʘʭ. 

- ɿʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʦʙʲʝʢʪʦʚ ʠʤʝʶʪ IV ʠ V ʩʪʝʧʝʥʴ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʩ ʚʳʩʦʢʠʤ ʨʠʩʢʦʤ ʙʳʩʪ-
ʨʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ. 

- 5 875 ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʟʦʥʘʭ ʚʦʟʤʦʞʥʳʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟ-
ʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʣʘʥʦʚ ʵʚʘʢʫʘʮʠʠ ʠ ʤʝʨ ʟʘʱʠʪʳ. 

- ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ (66 ʚ ʛʦʨʦʜʩʢʠʭ ʠ 592 ʚ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʷʭ) ʨʘʩʧʦʣʦ-
ʞʝʥʳ ʩ ʥʘʨʫʰʝʥʠʝʤ ʥʦʨʤʘʪʠʚʦʚ ʜʠʩʣʦʢʘʮʠʠ ʧʦʞʘʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʯʪʦ ʤʦʞʝʪ ʟʘʤʝʜʣʷʪʴ ʚʨʝʤʷ 
ʧʨʠʙʳʪʠʷ ʧʦʞʘʨʥʳʭ. 

ɺʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ: 

- ʅʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʦʞʘʨʦʚ ʠ ʯʠʩʣʘ ʧʦʛʠʙʰʠʭ 
ʩʨʝʜʠ ʜʝʪʝʡ ʜʦʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 
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- ʉʦʭʨʘʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʪʨʘʚʤʠʨʦʚʘʥʥʳʭ, ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʦʩʪʘʸʪʩʷ ʚʳʩʦʢʠʤ, 
ʪʨʝʙʫʝʪ ʫʩʠʣʝʥʠʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨ. 

- ɹʦʣʴʰʘʷ ʜʦʣʷ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʝ ʥʦʨʤʘʪʠʚʥʳʭ ʟʦʥ ʜʠʩʣʦʢʘʮʠʠ ʧʦʞʘʨʥʳʭ ʧʦʜ-
ʨʘʟʜʝʣʝʥʠʡ ʧʦʚʳʰʘʝʪ ʨʠʩʢʠ. 

ʇʨʝʜʣʦʞʝʥʠʷ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʧʨʦʙʣʝʤ: 
1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʥʦʨʤʘʪʠʚʦʚ ʜʠʩʣʦʢʘʮʠʠ ʧʦʞʘʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʠʙʳʪʠʷ ʢ ʦʙʲʝʢʪʘʤ. 
2. ʋʩʠʣʠʪʴ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʧʦ ʚʦʧʨʦʩʘʤ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ 

ʨʝʛʫʣʷʨʥʳʭ ʪʨʝʥʠʨʦʚʦʢ ʧʦ ʵʚʘʢʫʘʮʠʠ, ʦʙʫʯʝʥʠʶ ʧʨʘʚʠʣʘʤ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʧʦʞʘʨʝ. 
3. ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʤʦʥʠʪʦʨʠʥʛ, ʘʥʘʣʠʟ ʧʨʠʯʠʥ ʧʦʞʘʨʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ, ʫʩʪʨʘʥʝʥʠʷ ʦʩʥʦʚ-

ʥʳʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ. 
4. ʇʨʦʚʦʜʠʪʴ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʚ ʜʦʰʢʦʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ. 
ʈʝʘʣʠʟʘʮʠʷ ʤʝʨ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʙʲʝʢʪʘʭ ʜʦʰʢʦʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʜʣʷ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʜʝʪʝʡ, ʫʤʝʥʴʰʠʪʴ ʤʘʪʝʨʠʘʣʴʥʳʝ ʧʦʪʝʨʠ. 
ɼʘʥʥʳʝ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʥʘ ʦʙʲʝʢʪʘʭ ʜʦʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘ 2020ï2024 ʛʦʜʳ 

ʧʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʳʭ 
ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʦʭʨʘʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʚʤʠʨʦʚʘʥʥʳʭ, ʚʳʩʦʢʠʡ ʤʘʪʝʨʠʘʣʴʥʳʡ 
ʫʱʝʨʙ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʦʛʥʝʩʪʦʡʢʦʩʪʴʶ ʟʜʘʥʠʡ, ʥʘʨʫʰʝʥʠʷʤʠ ʥʦʨʤʘʪʠʚʦʚ ʨʘʟʤʝʱʝʥʠʷ ʧʦ-
ʞʘʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠ ʥʘʣʠʯʠʝʤ ʦʙʲʝʢʪʦʚ ʚ ʟʦʥʘʭ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ [3].  
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ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʧʨʠʙʦʨʳ ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘ-
ʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʩʢʣʝʠʚʘʥʠʷ ʬʘʥʝʨʳ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʦ-
ʛʦ ʧʨʦʜʫʢʪʘ. ʆʧʠʩʘʥʳ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʭ ʠʥʪʝʛʨʘʮʠʷ ʚ ʘʚʪʦʤʘʪʠ-
ʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʣʠʷʥʠʶ 
ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʬʘʥʝʨʳ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʘʤ ʤʠʥʠʤʠʟʘʮʠʠ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫ-
ʨʳ, ʪʘʢʠʭ ʢʘʢ ʤʘʥʦʤʝʪʨʠʯʝʩʢʠʝ ʪʝʨʤʦʤʝʪʨʳ, ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-
ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʜʘʪʯʠʢʠ. ʉʪʘʪʴʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦ-
ʤʳʰʣʝʥʥʦʩʪʠ, ʠʥʞʝʥʝʨʦʚ-ʪʝʭʥʦʣʦʛʦʚ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʢʦʥʪʨʦʣʴ ʜʘʚʣʝʥʠʷ, ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʢʣʝʠʚʘʥʠʝ ʬʘʥʝʨʳ, 
ʜʘʪʯʠʢʠ, ʨʝʛʫʣʷʪʦʨʳ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. 
 

AUTOMATED CONTROL OF PRESSURE AND TEMPERATURE DURING PLYWOOD GLUING: 
METHODS, DEVICES AND TECHNOLOGICAL ASPECTS 
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Abstract. The article discusses modern methods and devices for monitoring pressure and temperature in the 
plywood gluing process, which play a key role in ensuring the quality of the final product. The operating princi-
ples of pressure and temperature sensors, their integration into automated process control systems are de-
scribed. Particular attention is paid to the influence of parameter control accuracy on the strength and durabil-
ity of plywood, as well as ways to minimize manufacturing defects. Examples of using pressure and tempera-
ture regulators, such as manometric thermometers, software regulators and differential transformer sensors, 
are given. The article is intended for specialists in the woodworking industry, process engineers and research-
ers involved in the automation of production processes. 
Keywords: automation, pressure control, temperature control, plywood gluing, sensors, regulators, technolog-
ical processes, product quality. 

 
ʇʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʩʢʣʝʠʚʘʥʠʷ ʬʘʥʝʨʥʳʭ ʣʠ-
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ʨʝʢʪʥʘʷ ʥʘʩʪʨʦʡʢʘ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʰʧʦʥʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ 
ʬʘʥʝʨʳ ʢ ʨʘʩʩʣʘʠʚʘʥʠʶ ʠ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʩʨʦʢ ʩʣʫʞʙʳ ʠʟʜʝʣʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʨʠʩʢ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ 
ʬʘʢʪʦʨʦʤ, ʠ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

ɼʘʚʣʝʥʠʝ ʠʛʨʘʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʜʥʦʨʦʜʥʦʛʦ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞ-
ʜʫ ʩʣʦʷʤʠ ʰʧʦʥʘ. ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʧʨʦʢʣʝʝʥʥʳʭ ʫʯʘʩʪʢʦʚ, ʚ 
ʪʦ ʚʨʝʤʷ ʢʘʢ ʯʨʝʟʤʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʚʳʟʳʚʘʝʪ ʚʳʪʝʩʥʝʥʠʝ ʢʣʝʷ ʠ ʜʝʬʦʨʤʘʮʠʶ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ. 
ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʮʠʟʠʦʥʥʳʝ ʤʘʥʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʢʦʪʦʨʳʝ 
ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʜʘʪʯʠʢʠ (ɼʊɼ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ 
ʤʝʞʜʫ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʠ ʧʨʠʣʦʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠʟʤʝ-
ʨʝʥʠʡ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʷ ʦʧʝʨʘ-
ʪʠʚʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʫʩʠʣʠʝ ʧʨʝʩʩʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʦʩʪʦʷʥʩʪʚʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʝʩʩʝ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴ-
ʥʳʝ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʩʧʦʩʦʙʥʳ ʚʳʟʚʘʪʴ ʥʝʦʜʥʦʨʦʜʥʦʝ ʩʢʣʝʠʚʘʥʠʝ ʠ ʧʦʷʚʣʝʥʠʝ ʙʨʘʢʘ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 
ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠʤʝʥʷʶʪʩʷ ʨʝʛʫʣʷʪʦʨʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ, ʈʊʇɼ-80, 
ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʨʨʝʢʪʠʨʫʶʪ ʧʦʩʪʫʧʣʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʠʟʤʝʥʷʷ ʧʦʣʦʞʝʥʠʝ ʨʝʛʫʣʠʨʫʶʱʝʛʦ 
ʢʣʘʧʘʥʘ. ʕʪʦ ʫʩʪʨʘʥʷʝʪ ʩʢʘʯʢʠ ʜʘʚʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʨʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʣʦʝʚ ʰʧʦʥʘ ʧʦ ʚʩʝʡ 
ʧʣʦʱʘʜʠ ʣʠʩʪʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ, ʪʘʢ ʢʘʢ ʦʪ ʥʝʝ ʟʘʚʠʩʠʪ ʩʢʦʨʦʩʪʴ ʦʪʚʝʨʞʜʝʥʠʷ ʢʣʝʷ ʠ ʝʛʦ 
ʢʣʝʷʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʨʤʦʧʘʨʳ (ʢ ʧʨʠʤʝʨʫ, ʪʠʧʘ ʍʂ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʦʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 0ï150ÁC), ʪʝʨʤʦʤʝʪʨʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʤʘʥʦ-
ʤʝʪʨʠʯʝʩʢʠʝ ʪʝʨʤʦʤʝʪʨʳ. ʆʩʦʙʝʥʥʦ ʚʘʞʝʥ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʨʤʦʨʝʘʢʪʠʚ-
ʥʳʭ ʢʣʝʝʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢ-
ʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʢʣʝʠʚʘʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʢʦʥʪʨʦʣʣʝʨʳ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢʠʝ ʢʘʢ ʇʈʊɸ, ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʣʦʞʥʳʝ, ʤʥʦʛʦʵʪʘʧʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʠʟʛʦʪʦʚ-
ʣʝʥʠʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʬʘʥʝʨʳ, ʛʜʝ ʨʘʟʥʳʝ ʩʣʦʠ ʤʦʛʫʪ ʥʫʞʜʘʪʴʩʷ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ. ɼʘʥʥʳʝ 
ʩʠʩʪʝʤʳ ʦʩʥʘʱʝʥʳ ʬʫʥʢʮʠʷʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʦʚʝʱʝʥʠʷ, ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʤʠ ʦʧʝʨʘʪʦʨʘ ʦ ʟʘʚʝʨ-
ʰʝʥʠʠ ʮʠʢʣʘ ʠʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʧʨʝʚʳʰʝʥʠʝ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ 
ʪʝʤʧʝʨʘʪʫʨʳ ʟʦʥʳ ʩʢʣʝʠʚʘʥʠʷ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʝʜʠʥʫʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ 
ʩʪʨʫʢʪʫʨʫ ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʪʠʤʠʟʠʨʫʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ. ʀʥʬʦʨʤʘʮʠʷ, ʧʦʩʪʫʧʘʶʱʘʷ ʦʪ ʩʝʥ-
ʩʦʨʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʧʫʥʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʛʜʝ ʩʧʝʮʠʘʣʠʟʠʨʦ-
ʚʘʥʥʳʡ ʩʦʬʪ ʥʝ ʪʦʣʴʢʦ ʥʘʙʣʶʜʘʝʪ ʟʘ ʪʝʢʫʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʥʦ ʠ ʠʟʫʯʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 
ʧʨʝʜʩʢʘʟʳʚʘʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʩʙʦʠ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʩʚʦʜʷ ʢ ʤʠʥʠʤʫʤʫ ʚʝʨʦʷʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ ʠ ʛʘʨʘʥʪʠʨʫʷ ʥʝʠʟʤʝʥʥʦ ʧʨʝʚʦʩʭʦʜʥʦʝ 
ʢʘʯʝʩʪʚʦ ʬʘʥʝʨʳ. 

ʅʦʚʝʡʰʠʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʘʥʝʨʳ 
ʜʦʩʪʠʛʣʠ ʢʘʯʝʩʪʚʝʥʥʦ ʠʥʦʛʦ ʫʨʦʚʥʷ ʙʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʠ 
ʩʠʩʪʝʤʳ ʥʝ ʪʦʣʴʢʦ ʨʝʛʠʩʪʨʠʨʫʶʪ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʦ ʠ ʦʮʝʥʠʚʘʶʪ ʜʠʥʘʤʠʢʫ 
ʠʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʛʥʦʟʠʨʫʶʪ ʚʦʟʤʦʞʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʨʝ-
ʛʫʣʠʨʦʚʢʠ. ʇʦʜʦʙʥʘʷ ʚʩʝʦʙʲʝʤʣʶʱʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʧʦʢʘ-
ʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʢʨʘʱʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʟʜʝʨʞʢʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʷʭ ʪʦʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʘʚʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 
ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʝʜʦʚʳʭ ʮʠʬʨʦʚʳʭ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦ-
ʩʪʴʶ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 0,1% ʦʪ ʠʟʤʝʨʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʥʦʚʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ 
ʷʚʣʷʝʪʩʷ ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʩʝʪʴ ʜʘʪʯʠʢʦʚ, ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʩʩʘ. ʕʪʦ 
ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʬʠʢʩʠʨʦʚʘʪʴ ʢʦʣʝʙʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʦʧʝ-
ʨʘʪʠʚʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʦʪʢʣʦʥʝʥʠʷ. ɺʥʝʜʨʝʥʠʝ ʩʝʨʚʦʧʨʠʚʦʜʦʚ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 



72 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 

 

XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʟʘʤʝʥʠʣʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠ 
ʫʩʪʨʘʥʷʷ ʨʝʟʢʠʝ ʩʢʘʯʢʠ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʧʥʝʚʤʘʪʠʢʝ. 

ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʝʨʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʙʝʩʧʨʦʚʦʜʥʳʭ ʜʘʪʯʠʢʘʭ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʥʝʧʦ-
ʩʨʝʜʩʪʚʝʥʥʦ ʤʝʞʜʫ ʩʣʦʷʤʠ ʰʧʦʥʘ. ʕʪʘ ʧʨʦʛʨʝʩʩʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʛʨʝʚʘ 
ʤʘʪʝʨʠʘʣʘ ʧʦ ʚʩʝʡ ʪʦʣʱʠʥʝ ʧʘʢʝʪʘ, ʘ ʥʝ ʪʦʣʴʢʦ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʠʥʬʨʘʢʨʘʩʥʳʭ ʢʘʤʝʨ 
ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʦʥʪʘʢʪʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʩʦʟʜʘʝʪ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʧʦʟʚʦʣʷʷ ʚʳ-
ʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʧʨʦʛʨʝʚʦʤ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʘ ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫ-
ʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʩʪʨʘʠʚʘʶʪ ʦʧʪʠʤʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 
ʨʝʞʠʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʚʣʘʞʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʰʧʦʥʘ, ʪʦʣʱʠʥʳ ʩʢʣʝʠʚʘʝʤʦ-
ʛʦ ʧʘʢʝʪʘ, ʪʠʧʘ ʧʨʠʤʝʥʷʝʤʦʛʦ ʢʣʝʷ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʮʝʭʝ. 

ʎʠʬʨʦʚʘʷ ʠʥʪʝʛʨʘʮʠʷ ʚʩʝʭ ʢʦʥʪʨʦʣʴʥʳʭ ʩʠʩʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʤʳʰʣʝʥʥʳʭ IoT-
ʧʣʘʪʬʦʨʤ, ʩʦʙʠʨʘʶʱʠʭ ʜʘʥʥʳʝ ʩ ʤʥʦʞʝʩʪʚʘ ʜʘʪʯʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ. ʉʦʚʨʝʤʝʥʥʳʝ SCADA-ʩʠʩʪʝʤʳ ʥʝ ʪʦʣʴʢʦ ʚʠʟʫʘʣʠʟʠʨʫʶʪ ʪʝʢʫʱʠʝ ʧʘʨʘʤʝʪʨʳ, ʥʦ ʠ, ʠʩ-
ʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʪ ʥʝʦʯʝʚʠʜʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʂ ʧʨʠʤʝʨʫ, ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʟʘʨʘʥʝʝ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ ʚʦʟʤʦʞʥʦʤ ʫʭʫʜʰʝʥʠʠ 
ʢʘʯʝʩʪʚʘ ʩʢʣʝʠʚʘʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠʣʠ ʢʦʣʝʙʘʥʠʷʭ ʩʚʦʡʩʪʚ ʧʦʩʪʫʧʘʶʱʝʛʦ ʩʳʨʴʷ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʢʦʥʪʨʦʣʷ ʚʠʜʷʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʭ ʩʘʤʦ-
ʦʙʫʯʘʶʱʠʭʩʷ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ: 

¶ ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʜ ʠʟʤʝʥʷʶʱʠʝʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʳʨʴʷ 
¶ ʇʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʩʢʣʝʠʚʘʥʠʷ ʥʘ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʢʝʪʘ 
¶ ʆʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 
¶ ʀʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʩ ʩʠʩʪʝʤʘʤʠ ʣʦʛʠʩʪʠʢʠ ʠ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤ ʞʠʟʥʝʥʥʳʤ 

ʮʠʢʣʦʤ ʧʨʦʜʫʢʮʠʠ 
ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʫʞʝ ʩʝʛʦʜʥʷ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʦʧʦ-

ʪʨʝʙʣʝʥʠʝ ʧʨʝʩʩʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 15-25%, ʫʤʝʥʴʰʠʪʴ ʧʨʦʮʝʥʪ ʙʨʘʢʘ ʚ 2-3 ʨʘʟʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 
ʧʦʚʳʩʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪ-
ʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ "ʫʤʥʳʭ" ʬʘʙʨʠʢ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʬʘʥʝʨʳ, 
ʛʜʝ ʚʝʩʴ ʧʨʦʮʝʩʩ ʦʪ ʧʦʩʪʫʧʣʝʥʠʷ ʩʳʨʴʷ ʜʦ ʦʪʛʨʫʟʢʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʙʫʜʝʪ ʫʧʨʘʚʣʷʪʴʩʷ ʝʜʠʥʦʡ ʮʠʬ-
ʨʦʚʦʡ ʩʠʩʪʝʤʦʡ ʙʝʟ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. 

ɹʫʜʫʱʝʝ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʙʩʦʣʶʪʥʦ ʥʝʟʘʚʠʩʠʤʳʭ, ʦʙʫʯʘʝʤʳʭ 
ʤʘʰʠʥ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ: 

¶ ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʩʪʨʘʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʝʩʩʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʥʷʶʱʠʭʩʷ ʩʚʦʡʩʪʚ 
ʩʳʨʴʷ. 

¶ ʇʨʝʜʩʢʘʟʳʚʘʪʴ ʢʘʯʝʩʪʚʦ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʢʝʪʘ ʰʧʦʥʘ. 
¶ ʆʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ, ʥʝ ʩʥʠʞʘʷ ʢʘʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʤʳʭ ʠʟʜʝʣʠʡ. 
¶ ɺʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʠ ʩʢʣʘʜʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤ ʮʠʢʣʦʤ 

ʞʠʟʥʠ ʧʨʦʜʫʢʮʠʠ. 
ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʫʞʝ ʩʝʡʯʘʩ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠ-

ʟʠʪʴ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʧʨʝʩʩʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 15-25%, ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ 
2-3 ʨʘʟʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 
ɼʘʣʴʥʝʡʰʠʡ ʧʨʦʛʨʝʩʩ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦ-
ʚʘʥʥʳʭ "ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ" ʬʘʙʨʠʢ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʬʘʥʝʨʳ, ʛʜʝ ʚʩʝ ʵʪʘʧʳ, ʥʘʯʠʥʘʷ ʩ ʧʦʩʪʫʧʣʝʥʠʷ 
ʩʳʨʴʷ ʠ ʟʘʢʘʥʯʠʚʘʷ ʦʪʧʨʘʚʢʦʡ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ, ʙʫʜʫʪ ʫʧʨʘʚʣʷʪʴʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʮʠʬʨʦʚʦʡ ʩʠ-
ʩʪʝʤʦʡ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. 

 
ʀʙʣʤʷʰʞʦʡʞ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʢʘʯʝʩʪʚʦ ʬʘʥʝʨʳ, ʩʥʠʞʘʝʪ ʧʨʦʮʝʥʪ ʙʨʘʢʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʥʝʜʨʝʥʠʝ ʩʦ-
ʚʨʝʤʝʥʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʨʝʛʫʣʷʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ɼʊɼ ʠ ʇʈʊɸ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʩʪʘ-
ʙʠʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʛʨʘʮʠʝʡ 
ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʠʢʣʦʚ. 
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ʉʪʘʪʴʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʥʪʨʦʣʷ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʢʣʝʠʚʘʥʠʷ ʬʘʥʝʨʳ 
ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫ-
ʱʝʩʪʚʘ ʥʘ ʨʳʥʢʝ. 
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ʥʝʟʘʚʠʩʠʤʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 
 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝ-
ʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʬʘʥʝʨʳ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 
ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 
ʫʜʝʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʘʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʠʟʤʝʨʝʥʠʷ, ʠʭ ʠʥʪʝʛʨʘ-
ʮʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʣʠʥʠʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʶ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ 
ʬʘʥʝʨʳ, ʪʘʢʠʝ ʢʘʢ ʩʢʣʝʠʚʘʥʠʝ ʠ ʦʪʜʝʣʢʘ. ʇʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʝ-
ʪʦʜʦʚ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʪʘʪʴʷ ʪʘʢ-
ʞʝ ʟʘʪʨʘʛʠʚʘʝʪ ʚʦʧʨʦʩʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʘʚʪʦʤʘ-
ʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 
ʜʘʥʥʳʭ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʬʘʥʝʨʘ, ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠ-
ʢʠ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʬʠʣʦʤʝʪʨʳ, ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 
ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʣʠʥʠʠ. 
 

METHODS AND DEVICES FOR AUTOMATIC CONTROL OF PLYWOOD SURFACE ROUGHNESS IN 
INDUSTRIAL PRODUCTION CONDITIONS 

 
Nostaev Ts.O.,  

Likholetov A.D. 
 
Abstract. The article discusses modern methods and technical solutions for automatic control of plywood sur-
face roughness, which play a key role in ensuring product quality at woodworking enterprises. Particular atten-
tion is paid to devices based on optical and mechanical measurement principles, their integration into produc-
tion lines, and the influence of roughness on subsequent stages of plywood processing, such as gluing and 
finishing. Data on the accuracy and reliability of various methods are provided, their advantages and disad-
vantages are analyzed in real production conditions. The article also touches on the issues of standardization 
of roughness parameters and the prospects for the development of automated control systems, including the 
use of artificial intelligence for data processing. 
Keywords: automatic control, surface roughness, plywood, optical sensors, mechanical profilometers, product 
quality, woodworking industry, standardization, artificial intelligence, production lines. 
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ʂʦʥʪʨʦʣʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʬʘʥʝʨʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʝʡʰʠʡ ʵʪʘʧ ʚ ʦʙʝʩʧʝʯʝ-
ʥʠʠ ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʝ 
ʪʦʣʴʢʦ ʥʘ ʚʥʝʰʥʠʡ ʚʠʜ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ ʥʘ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʦʧʨʝ-
ʜʝʣʷʝʪ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʣʘʛʠ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝ-
ʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠʟʜʝʣʠʡ. ɺ ʫʩʣʦʚʠʷʭ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʫʯʥʦʛʦ ʢʦʥʪʨʦʣʷ 
ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʦʢ. ʕʪʦ ʜʝʣʘ-
ʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʦʧʝʨʘʪʠʚʥʦ ʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦ-
ʩʪʴʶ ʠʟʤʝʨʷʪʴ ʧʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʉʨʝʜʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʦʧ-
ʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. ʄʠʢʨʦ-
ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʥʷʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ ʦʧʨʝʜʝʣʷʪʴ 
ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʙʝʟ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʤʘʪʝʨʠʘʣʦʤ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʨʠʩʢ 
ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʪʦʥʢʠʤʠ ʣʠʩʪʘʤʠ ʰʧʦʥʘ. ʆʜʥʘʢʦ ʪʦʯʥʦʩʪʴ 
ʦʧʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʟʘʛʨʷʟʥʝʥʠʡ, ʧʳʣʠ ʠʣʠ ʚʣʘʛʠ ʥʘ ʬʘʥʝʨʝ, ʯʪʦ ʪʨʝ-
ʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʦʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʬʠʣʦʤʝʪʨʳ, 
ʦʩʥʘʱʝʥʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʛʣʦʡ, ʢʦʪʦʨʘʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʝʛʠʩʪʨʠʨʫʷ ʥʝʨʦʚʥʦʩʪʠ. 
ʕʪʦʪ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʤʘʪʝʨʠʘʣʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʚʳ-
ʨʘʞʝʥʥʳʤ ʨʝʣʴʝʬʦʤ. ʆʜʥʘʢʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʘ ʠʭ 
ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʜʚʝʨʞʝʥʳ ʠʟʥʦʩʫ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʤʝʥʳ ʠʣʠ ʢʘʣʠʙʨʦʚʢʠ. ɺ 
ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʨʳʥʢʝ ʧʦʷʚʠʣʠʩʴ ʛʠʙʨʠʜʥʳʝ ʨʝʰʝʥʠʷ, ʩʦʯʝʪʘʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʝ-
ʭʘʥʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ. 

ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 
ʩʠʩʪʝʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʣʠʥʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʩʥʘʱʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦ-
ʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʧʝʨʝʜʘʝʪ ʠʭ ʚ 
ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘ-
ʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʟʘʛʦʪʦʚʦʢ, ʜʘʚʣʝʥʠʝ ʧʨʠ ʰʣʠʬʦʚʢʝ ʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. 
ʅʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʢʘ ʜʘʪʯʠʢʦʚ ʥʘ ʵʪʘʧʝ ʣʫʱʝʥʠʷ ʰʧʦʥʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʷʪʴ ʜʝʬʝʢʪʳ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʨʦʮʝʥʪ ʙʨʘʢʘ ʠ ʩʦʢʨʘʱʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ. 

ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ, ʧʦ-
ʩʢʦʣʴʢʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʜʠʥʦʦʙʨʘʟʠʝ ʠʟʤʝʨʝʥʠʡ ʠ ʫʧʨʦʱʘʝʪ ʥʘʩʪʨʦʡʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʄʝʞʜʫʥʘʨʦʜʥʳʝ 
ʩʪʘʥʜʘʨʪʳ, ʪʘʢʠʝ ʢʘʢ ISO 4287, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʯʝʪʢʠʝ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ 
ʩʦʙʣʶʜʘʪʴ ʝʜʠʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʧʨʦʜʫʢʮʠʠ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʧʦ-
ʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʠ ʫʧʨʦʱʘʝʪ ʩʝʨʪʠʬʠʢʘʮʠʶ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʷʚ-
ʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦ-
ʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ, ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 
ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʦʪʢʨʳʚʘʝʪ 
ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʷ 
ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦ-
ʤʳʰʣʝʥʥʦʩʪʠ. 

ʀʙʣʤʷʰʞʦʡʞ. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʬʘʥʝʨʳ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝ-
ʩʢʠ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʬʠʣʦʤʝʪʨʳ, ʧʨʝʜʣʘʛʘʶʪ ʚʳʩʦ-
ʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʭʦʪʷ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʆʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʩʢʦʥʪʘʢʪʥʦʝ ʠʟʤʝʨʝʥʠʝ ʠ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ, ʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʫʩʣʦʚʠʷʤ ʧʦʚʝʨʭʥʦ-
ʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʦ ʪʨʝʙʫʶʪ ʨʝʛʫʣʷʨʥʦʛʦ ʦʙ-
ʩʣʫʞʠʚʘʥʠʷ. ɻʠʙʨʠʜʥʳʝ ʨʝʰʝʥʠʷ, ʩʦʯʝʪʘʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠ-
ʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 
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ʀʥʪʝʛʨʘʮʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʣʠʥʠʠ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘ-
ʪʠʚʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʙʨʘʢ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ 
ʦʙʨʘʙʦʪʢʠ. ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ISO 4287, ʦʙʝʩʧʝ-
ʯʠʚʘʝʪ ʝʜʠʥʦʦʙʨʘʟʠʝ ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʣʝʛʯʘʝʪ ʩʦʙʣʶʜʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣ-
ʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ, ʚʳʷʚʣʷʪʴ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 
ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. 
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ǯǭǪǻ ǭǢǬǤǦǟǸǧǱǬǺǴ ǰǯǤǣǰǱǡ ǡ 
ǳǭǯǫǧǯǭǡǟǬǧǧ ǰǱǯǲǩǱǲǯǺ ǧ ǰǡǭǨǰǱǡ 
ǣǯǤǡǤǰǬǺǴ ǩǭǫǮǭǦǧǵǧǭǬǬǺǴ 
ǫǟǱǤǯǧǟǪǭǡ 

ǬȍȐȑǿȄȁ ǵ,ǭ,* 
ǪȇȔȍȊȄȑȍȁ ǟ,ǣ, 

ʥʝʟʘʚʠʩʠʤʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 
 

ɹʦʦʧʫʙʯʡʸ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʨʦʧʠʪʦʢ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʨʝ-
ʚʝʩʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ɼʉʇ, ɼɺʇ ʠ ʄɼʌ. ɸʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʠʟʫʯʝʥʠʝ ʩʧʦʩʦʙʦʚ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʷ ʘʥʪʠʧʠʨʝʥʦʚ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʨʝʚʝʩʠʥʳ ʠ ʧʦʣʠʤʝʨʥʳʤʠ ʩʤʦʣʘʤʠ, ʘ ʪʘʢʞʝ ʠʭ ʚʢʣʘʜʝ ʚ ʫʤʝʥʴʰʝ-
ʥʠʝ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. 
ʀʟʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ ʟʘʧʫʩʢʘ ʜʝʡʩʪʚʠʷ ʦʛʥʝʟʘʱʠʪʳ, ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʨʝʚʝʩʠ-
ʥʳ ʢ ʥʘʛʨʝʚʫ, ʢʣʝʷʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʷʟʫʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʝʜʝʥʥʳʭ 
ʧʣʠʪ. ʈʘʩʩʤʦʪʨʝʥʳ ʢʨʠʪʝʨʠʠ ʢ ʘʥʪʠʧʠʨʝʥʘʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘʜʝʞʥʫʶ ʦʛʥʝʩʪʦʡʢʦʩʪʴ, 
ʥʦ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʢʘʯʝʩʪʚ ʤʘʪʝʨʠʘʣʦʚ. 
ʉʪʘʪʴʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʦʧʳʪʥʳʭ ʠʟʳʩʢʘʥʠʡ ʠ ʤʦʥʦʛʨʘʬʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʯʪʦ ʜʘʝʪ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʧʨʝʜʣʦʞʠʪʴ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʳʝ ʩʦʚʝʪʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʛʥʝʟʘʱʠʪʥʳʭ 
ʩʦʩʪʘʚʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʨʝʚʝʩʥʳʭ ʧʣʠʪ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʨʝʚʝʩʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʛʥʝʟʘʱʠʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʘʥʪʠʧʠʨʝʥʳ, ʛʦ-
ʨʶʯʝʩʪʴ, ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʘʜʛʝʟʠʷ, ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʚʷʟʫʶʱʠʝ, ʩʪʨʫʢʪʫ-
ʨʘ ʤʘʪʝʨʠʘʣʘ, ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
 

THE ROLE OF FIRE PROTECTION AGENTS IN THE FORMATION OF THE STRUCTURE AND 
PROPERTIES OF WOOD COMPOSITE MATERIALS 

Nostaev Ts.O., 
Likholetov A.D. 

 
Abstract. This paper examines the effect of fire-retardant impregnations on the formation of wood composites, 
in particular chipboard, fiberboard and MDF. The emphasis is on studying the methods of interaction of fire 
retardants with wood components and polymer resins, as well as their contribution to reducing the flammability 
of products. 
The temperature conditions for triggering the action of fire protection, their effect on the resistance of wood to 
heating, the adhesive characteristics of binders and the strength indicators of the produced boards are stud-
ied. Criteria for fire retardants that provide not only reliable fire resistance, but also maintain the technological 
and consumer qualities of materials are considered. 
The article is based on the results of experimental research and monographic literature, which makes it possi-
ble to offer reasoned advice for the design and use of fire retardants in the production of wood boards. 
Keywords: wood composite materials, fire retardants, fire retardants, flammability, thermal stability, adhesion, 
hot pressing, synthetic binders, material structure, production technology. 
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ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʨʝʚʝʩʥʦ-ʧʣʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ɼʉʇ, ɼɺʇ ʠ ʄɼʌ, ʚʘʞʥʦʝ ʤʝʩʪʦ ʦʪʚʦ-
ʜʠʪʩʷ ʦʛʥʝʟʘʱʠʪʥʳʤ ʧʨʦʧʠʪʢʘʤ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʧʦ-
ʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; ʦʥʠ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʨʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ 
ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɺʣʠʷʥʠʝ ʘʥʪʠʧʠʨʝʥʦʚ ʥʘ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʜʨʝʚʝʩʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʦʷʚʣʷʝʪʩʷ 
ʯʝʨʝʟ ʨʷʜ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʠʟʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʨʝʚʝʩʠʥʳ, 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʚʷʟʫʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ. 

ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ 
ʨʘʟʣʦʞʝʥʠʝ ʜʨʝʚʝʩʠʥʳ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ. ʕʬʬʝʢʪʠʚʥʳʝ ʘʥʪʠʧʠʨʝʥʳ, ʪʘʢʠʝ 
ʢʘʢ ʬʦʩʬʘʪʳ ʘʤʤʦʥʠʷ, ʩʦʝʜʠʥʝʥʠʷ ʙʦʨʘ ʠ ʘʜʜʫʢʪʳ (ʌʄɼ, ʂʄ, ʌʂʄ), ʩʥʠʞʘʶʪ ʵʥʝʨʛʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ 
ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ. ʆʜʥʘʢʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʳ ʦʛʥʝʟʘʱʠʪʳ ʚʘʞʥʦ ʩʦʙʣʶʜʘʪʴ 
ʙʘʣʘʥʩ ʪʝʤʧʝʨʘʪʫʨ: ʪʝʤʧʝʨʘʪʫʨʘ ʘʢʪʠʚʘʮʠʠ ʘʥʪʠʧʠʨʝʥʘ (T) ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʤʝʞʜʫ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (T ) ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʯʘʣʘ ʘʢʪʠʚʥʦʛʦ ʧʠʨʦʣʠʟʘ ʜʨʝʚʝʩʠʥʳ (T). 
ʕʪʦ ʫʩʣʦʚʠʝ (T  < T < T) ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜ-
ʩʪʚʘ ʠ ʚʢʣʶʯʝʥʠʝ ʦʛʥʝʟʘʱʠʪʥʳʭ ʬʫʥʢʮʠʡ ʪʦʣʴʢʦ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʞʘʨʘ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʘʥʪʠʧʠʨʝʥʦʚ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʚʷʟʫʶʱʠʝ, ʠʩʧʦʣʴʟʫʝ-
ʤʳʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʣʠʪ, ʪʘʢʠʝ ʢʘʢ ʢʘʨʙʘʤʠʜʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ (ʂʌʉ) ʠ ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ 
ʩʤʦʣʳ (ʌʌʉ). ʅʝʢʦʪʦʨʳʝ ʦʛʥʝʟʘʱʠʪʥʳʝ ʜʦʙʘʚʢʠ ʤʝʥʷʶʪ ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ 
ʩʢʦʨʦʩʪʴ ʦʪʚʝʨʞʜʝʥʠʷ ʩʤʦʣ. ʅʘʧʨʠʤʝʨ, ʩʦʣʠ ʘʤʤʦʥʠʷ ʫʩʢʦʨʷʶʪ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʶ ʂʌʉ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
ʱʝʣʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʟʘʤʝʜʣʷʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʜʝʣʴʥʳʝ ʘʥʪʠʧʠʨʝʥʳ ʩʧʦʩʦʙʥʳ 
ʚʳʟʳʚʘʪʴ ʢʦʘʛʫʣʷʮʠʶ ʩʚʷʟʫʶʱʠʭ, ʫʭʫʜʰʘʷ ʠʭ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʚʳʙʦʨʝ ʦʛʥʝʟʘʱʠʪ-
ʥʳʭ ʩʨʝʜʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʭ ʭʠʤʠʯʝʩʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩʦ ʩʤʦʣʘʤʠ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʫʭʫʜ-
ʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʛʦʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʆʩʦʙʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʫʯʘʩʪʠʝ ʘʥʪʠʧʠʨʝʥʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʩʚʷʟʝʡ. ʅʝʢʦʪʦʨʳʝ ʩʦ-
ʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʘʜʜʫʢʪʳ ʂʄ ʠ ʌʂʄ, ʥʝ ʪʦʣʴʢʦ ʫʤʝʥʴʰʘʶʪ ʛʦʨʶʯʝʩʪʴ, ʥʦ ʠ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʧʣʘʩʪʠʬʠ-
ʢʘʪʦʨʳ, ʫʚʝʣʠʯʠʚʘʷ ʵʣʘʩʪʠʯʥʦʩʪʴ ʜʨʝʚʝʩʥʳʭ ʚʦʣʦʢʦʥ ʚʦ ʚʨʝʤʷ ʧʨʝʩʩʦʚʘʥʠʷ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝ-
ʥʠʶ ʧʣʦʱʘʜʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ ʫʩʠʣʝʥʠʶ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʂʨʦʤʝ 
ʪʦʛʦ, ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʘʥʪʠʧʠʨʝʥʳ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 
ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʬʦʨʤʠʨʫʷ ʫʩʪʦʡʯʠʚʳʝ ʬʦʩʬʦʵʬʠʨʥʳʝ ʩʚʷʟʠ. ʊʘʢʠʝ ʧʦʧʝʨʝʯʥʳʝ ʩʰʠʚʢʠ ʩʦʟʜʘʶʪ ʪʨʝʭ-
ʤʝʨʥʫʶ ʩʝʪʢʫ, ʢʦʪʦʨʘʷ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʦʛʥʝʩʪʦʡʢʦʩʪʴ, ʥʦ ʠ ʫʣʫʯʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʧʣʠʪ. 

ɼʣʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʦʛʥʝʟʘʱʠʪʳ ʢʨʘʡʥʝ ʚʘʞʥʦ ʥʘʜʝʞʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʘʥʪʠʧʠʨʝʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 
ʤʘʪʝʨʠʘʣʘ. ʄʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʦʩʪʘʚʳ, ʚʢʣʶʯʘʷ ʤʝʪʘʣʣʦʬʦʩʬʘʪʳ ʠ ʘʜʜʫʢʪʳ, ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʛʦ 
ʧʨʝʩʩʦʚʘʥʠʷ ʠʣʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʝʨʝʭʦʜʷʪ ʚ ʥʝʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ. ʕʪʦ ʧʨʝʜʦʪ-
ʚʨʘʱʘʝʪ ʠʭ ʤʠʛʨʘʮʠʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʳʤʳʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 
ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʠʟʜʝʣʠʷ. 

 
ʀʙʣʤʷʰʞʦʡʞ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʯʝʨʢʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʨʦʧʠ-

ʪʦʢ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʢʘʯʝʩʪʚ ʜʨʝʚʝʩʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʪʘʢʠʭ ʢʘʢ ɼʉʇ, ɼɺʇ ʠ ʄɼʌ. ɸʥʪʠʧʠʨʝ-
ʥʳ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʶʪ ʦʛʥʝʫʧʦʨʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ ʦʢʘʟʳʚʘʶʪ ʤʥʦʛʦʩʪʦʨʦʥʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 
ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. 

ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʤʝʩʝʡ ʫʤʝʥʴʰʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 
ʧʨʝʜʝʣ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʜʨʝʚʝʩʠʥʳ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʨʝʘʢʮʠʠ ʩ ʮʝʣʣʶʣʦʟʦʡ ʠ ʣʠʛʥʠʥʦʤ. 
ʇʨʠ ʵʪʦʤ ʢʨʘʡʥʝ ʚʘʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʙʘʣʘʥʩ, ʯʪʦʙʳ ʘʢʪʠʚʘʮʠʷ ʘʥʪʠʧʠʨʝʥʦʚ ʧʨʦʠʩʭʦ-
ʜʠʣʘ ʪʦʣʴʢʦ ʧʨʠ ʚʦʟʛʦʨʘʥʠʠ, ʥʝ ʥʘʨʫʰʘʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʘʥʪʠʧʠʨʝʥʦʚ ʩ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʩʚʷʟʫʶʱʠʤʠ, ʪʘʢʠ-
ʤʠ ʢʘʢ ʢʘʨʙʘʤʠʜʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ʠ ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ʩʤʦʣʳ. ʍʠʤʠʯʝʩʢʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ 
ʦʛʥʝʟʘʱʠʪʥʳʭ ʜʦʙʘʚʦʢ ʩʦ ʩʤʦʣʘʤʠ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 
ʤʦʛʫʪ ʫʩʢʦʨʷʪʴ ʠʣʠ ʟʘʤʝʜʣʷʪʴ ʧʨʦʮʝʩʩ ʦʪʚʝʨʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʣʠʷʪʴ ʥʘ ʘʜʛʝʟʠʚʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʦʤʠʤʦ 
ʵʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʘʥʪʠʧʠʨʝʥʳ, ʥʘʧʨʠʤʝʨ, ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ 
ʧʦʧʝʨʝʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʨʝʚʝʩʠʥʳ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʦʛʥʝʩʪʦʡʢʦʩʪʴ, ʥʦ ʠ 
ʫʚʝʣʠʯʠʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. 
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ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʘʷ ʬʠʢʩʘʮʠʷ ʘʥʪʠʧʠʨʝ-
ʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʦʩʪʘʚʳ, ʪʘʢʠʝ ʢʘʢ ʤʝʪʘʣʣʦʬʦʩʬʘʪʳ ʠ ʘʜʜʫʢʪʳ, ʧʝʨʝʭʦʜʷʪ ʚ 
ʥʝʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʠʭ ʧʝʨʝʤʝʱʝʥʠʝ ʠ 
ʚʳʤʳʚʘʥʠʝ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʟʘʱʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʨʦʢʘ 
ʩʣʫʞʙʳ ʠʟʜʝʣʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʨʝʚʝʩʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥ-
ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʪʝʨʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠ-
ʚʦʩʪʴ, ʘʜʛʝʟʠʶ, ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʣʦʞʠʪʴ 
ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ, ʥʘʧʨʘʚʣʝʥ-
ʥʳʝ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. 
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METROLOGICAL SUPPORT FOR OIL AND GAS ACCOUNTING DURING TRANSPORTATION AND 
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 Djuraev Abrorkhuja Mukhammad ugli 
 

Abstract: The article examines the features of metrological support of measurements when accounting for oil 
and gas at the stages of transportation and storage. 
Keywords: metrological support, oil accounting, gas accounting, transportation, storage, measuring instru-
ments, error, verification, calibration. 

 
ʅʝʬʪʴ ʠ ʛʘʟ ʷʚʣʷʶʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤʠ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤʠ, ʠ ʪʦʯʥʳʡ ʫʯʸʪ ʠʭ ʦʙʲʸʤʦʚ ʥʘ ʵʪʘʧʘʭ 

ʜʦʙʳʯʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʪʝʭʥʠʯʝʩʢʦʤ, ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʠ ʧʨʘʚʦʚʦʤ 
ʘʩʧʝʢʪʘʭ. ʆʰʠʙʢʠ ʚ ʠʟʤʝʨʝʥʠʷʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʴʥʳʤ ʧʦʪʝʨʷʤ, ʥʝʜʦʩʪʦʚʝʨ-
ʥʦʩʪʠ ʦʪʯʸʪʥʦʩʪʠ ʠ ʥʘʨʫʰʝʥʠʶ ʜʦʛʦʚʦʨʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 
ʫʯʸʪʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦ-
ʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʧʦʯʢʠ. 

ɿʘʜʘʯʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠ ʫʯʝʪʝ ʥʝʬʪʠ ʠ ʛʘʟʘ 
ʂʣʶʯʝʚʳʤʠ ʟʘʜʘʯʘʤʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʷʚʣʷʶʪʩʷ: 
ʦʙʝʩʧʝʯʝʥʠʝ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʦʙʲʸʤʘ, ʤʘʩʩʳ, ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ; 

ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʡ; ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨ-
ʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ; ʧʨʦʚʝʜʝʥʠʝ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʧʦʚʝʨʢʠ ʠ ʢʘʣʠʙʨʦʚʢʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ; ʠʩʢʣʶʯʝʥʠʝ 
ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ. 

ʕʪʠ ʟʘʜʘʯʠ ʨʝʘʣʠʟʫʶʪʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠ ʚʝʜʦʤʩʪʚʝʥʥʦʡ ʤʝʪʨʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʉʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʭʨʘʥʝʥʠʠ ʥʝʬʪʠ ʠ ʛʘʟʘ 
ʇʨʠʙʦʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʙʲʸʤʘ ʠ ʤʘʩʩʳ 
ʆʩʥʦʚʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ: 
ʈʘʩʭʦʜʦʤʝʨʳ (ʪʫʨʙʠʥʥʳʝ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ, ʢʦʨʝʣʠʩʦʚʳʝ) - ʠʟʤʝʨʷʶʪ ʦʙʲʝʤʥʳʡ ʠ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ; 
ʉʯʝʪʯʠʢʠ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ - ʬʠʢʩʠʨʫʶʪ ʩʫʤʤʘʨʥʳʡ ʦʙʲʸʤ; 
ʋʨʦʚʥʝʤʝʨʳ ʠ ʧʣʦʪʥʦʤʝʨʳ - ʢʦʥʪʨʦʣʠʨʫʶʪ ʟʘʧʦʣʥʝʥʠʝ ʨʝʟʝʨʚʫʘʨʦʚ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʥʝʬʪʠ; 
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ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʤʘʥʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ - ʬʠʢʩʠʨʫʶʪ ʫʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 
ʧʝʨʝʩʯʸʪʘ ʧʦʢʘʟʘʥʠʡ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʫʩʣʦʚʠʷʤ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʡ (ɸʉʋ) 
ʅʘ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ɸʉʋ ʊʇ ʩ ʚʢʣʶʯʝʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʝʪʘ (ʉʂʋ), ʢʦʪʦʨʳʝ 

ʠʥʪʝʛʨʠʨʫʶʪ: ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʫʟʣʳ (ʫʟʣʳ ʫʯʝʪʘ), ʙʣʦʢʠ ʧʝʨʝʩʯʸʪʘ, ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 
ɼʣʷ ʫʯʸʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʠʩʪʝʤʳ ʩ ʢʦʨʨʝʢʪʦʨʘʤʠ ʦʙʲʸʤʘ, ʧʝʨʝʩʯʠʪʳʚʘ-

ʶʱʠʤʠ ʟʥʘʯʝʥʠʷ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʫʩʣʦʚʠʷʤ (20ÁC ʠ 760ʤʤ ʨʪ.ʩʪ.). 
ʇʦʚʝʨʢʘ ʠ ʢʘʣʠʙʨʦʚʢʘ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ çʆʙ ʦʙʝʩʧʝʯʝʥʠʠ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡè (ʈʌ) ʠ ʘʥʘʣʦ-

ʛʠʯʥʳʤʠ ʥʦʨʤʘʪʠʚʘʤʠ ʉʅɻ, ʚʩʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʢʦʤʤʝʨʯʝʩʢʦʤ ʫʯʝʪʝ ʥʝʬʪʠ ʠ 
ʛʘʟʘ, ʧʦʜʣʝʞʘʪ: 

ʧʝʨʚʠʯʥʦʡ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʦʚʝʨʢʝ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʩʣʫʞʙʘʭ; 
ʢʘʣʠʙʨʦʚʢʝ, ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 
ʘʪʪʝʩʪʘʮʠʠ ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʡ, ʚʢʣʶʯʘʷ ʨʘʩʯʸʪ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʝʡ. 
ʉʨʦʢʠ ʧʦʚʝʨʢʠ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʧʨʠʙʦʨʘ: 
- ʥʘʧʨʠʤʝʨ, ʪʫʨʙʠʥʥʳʝ ʩʯʸʪʯʠʢʠ ʥʝʬʪʠ ʧʦʚʝʨʷʶʪʩʷ 1 ʨʘʟ ʚ 1-2 ʛʦʜʘ, ʘ ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ - ʯʘʱʝ. 
ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ. ʊʝʭʥʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠʟʥʦʩ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ-

ʙʦʨʦʚ, ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʡ ʟʘʷʚʣʝʥʥʳʤ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʚʠʙʨʘʮʠʷ), ʥʝʜʦʩʪʘʪʦʯ-
ʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʣʠ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʪʯʠʢʦʚ. 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʠ ʯʝʣʦʚʝʯʝʩʢʠʝ ʦʰʠʙʢʠ ʦʰʠʙʢʠ ʧʝʨʝʩʯʸʪʘ ʚ ʩʪʘʥʜʘʨʪʥʳʝ ʫʩʣʦʚʠʷ, ʥʝʩʚʦʝʚʨʝʤʝʥ-
ʥʘʷ ʢʦʨʨʝʢʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʢʘʣʠʙʨʦʚʢʠ ʨʝʟʝʨʚʫʘʨʦʚ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʇʨʦʙʣʝʤʳ ʫʯʝʪʘ 
ʧʨʠ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʣʠʚʝ/ʥʘʣʠʚʝ ʚ ʨʝʟʝʨʚʫʘʨʳ ʚʦʟʤʦʞʥʳ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʨʘʩʭʦʜʘ ʠ ʜʘʚʣʝʥʠʷ, ʯʪʦ 
ʟʘʪʨʫʜʥʷʝʪ ʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 
ʫʯʸʪʘ ʥʝʦʙʭʦʜʠʤʦ: ʧʨʠʤʝʥʷʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʚʝʨʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ; 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʘʥʜʘʨʪʘʤ (ɻʆʉʊ, ISO, 
API); ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦʚʝʨʢʫ, ʢʘʣʠʙʨʦʚʢʫ ʠ ʘʫʜʠʪ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ; ʚʥʝʜʨʷʪʴ ʘʚʪʦʤʘʪʠʟʠ-
ʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʫʯʝʪʘ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ; ʚʝʩʪʠ ʘʨʭʠʚ ʜʘʥʥʳʭ ʠ 
ʨʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʠ ʚʝʨʠʬʠʢʘʮʠʠ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ. ɹʫʜʫʱʝʝ 
ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʯʸʪʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʩʚʷʟʘʥʦ ʩ: ʰʠʨʦʢʠʤ ʚʥʝʜʨʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦ-
ʛʠʡ, ʫʜʘʣʸʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʪʠʢʠ; ʧʨʠʤʝʥʝʥʠʝʤ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ ʠ ʠʥʪʝʨʥʝʪʘ 
ʚʝʱʝʡ; ʨʘʟʚʠʪʠʝʤ ʫʤʥʳʭ ʩʠʩʪʝʤ ʫʯʝʪʘ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʦʙʥʘʨʫʞʝʥʠʝʤ ʩʙʦʝʚ; ʠʥʪʝʛʨʘʮʠʝʡ ʩ ERP-
ʩʠʩʪʝʤʘʤʠ ʠ ʧʣʘʪʬʦʨʤʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʥʘʣʠʪʠʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʦʩʪʘʸʪʩʷ ʛʘʨʤʦʥʠʟʘʮʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ 
ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʧʦʩʪʘʚʢʘʭ ʥʝʬʪʠ ʠ ʛʘʟʘ. 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʯʸʪʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʭʨʘʥʝʥʠʠ - ʵʪʦ ʚʘʞ-
ʥʝʡʰʠʡ ʵʣʝʤʝʥʪ ʩʠʩʪʝʤʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʦʛʦʚʦʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʯʸ-
ʪʘ ʨʝʩʫʨʩʦʚ. ʅʘʜʝʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʠʭ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʩʦʙʣʶ-
ʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʦʚ, ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʸʥʥʦʩʪʠ ʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ. ɺʥʝʜʨʝʥʠʝ ʘʚ-
ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ 
ʦʪʨʘʩʣʠ ʥʘ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ. 
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CHOOSING ORDER DELIVERY METHOD 

 
Zavalishchin Dmitry Stanislavovich 

 
Abstract: The buyer's preferences are considered regarding the choice of the method of delivery of the order, 
for example, from an electronic trading platform. Naturally, this can also be the choice of the carrier itself, as 
the decision maker, from the point of view of two criteria - time and cost of delivery. 
Key words: cargo transportation, transport, route, decision-making process, multi-criteria optimization, 
operations research. 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʫʩʣʫʛ ʨʦʟʥʠʯʥʦʡ ʠ ʤʝʣʢʦʦʧʪʦʚʦʡ ʪʦʨʛʦʚʣʠ ʣʠʜʠʨʫʶʱʝʝ ʤʝʩʪʦ ʟʘʥʠ-

ʤʘʶʪ ʤʘʨʢʝʪʧʣʝʡʩʳ. ʕʪʦ ʵʣʝʢʪʨʦʥʥʳʝ ʪʦʨʛʦʚʳʝ ʧʣʦʱʘʜʢʠ, ʢʦʪʦʨʳʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʦʚ 
ʨʝʘʣʠʟʫʶʪ ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ ʩʪʦʨʦʥʥʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ. ɼʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʥʝʩʦ-
ʤʥʝʥʥʳʤ ʧʣʶʩʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʠʷ ʩʪʦʠʤʦʩʪʝʡ ʪʦʚʘʨʘ ʠʣʠ ʫʩʣʫʛʠ. ʇʨʠʯʝʤ ʵʪʘ ʩʪʦʠ-
ʤʦʩʪʴ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʦʩʪʘʚʱʠʢʘ, ʥʦ ʠ ʦʪ ʩʧʦʩʦʙʘ ʠ ʚʨʝʤʝʥʠ ʜʦʩʪʘʚʢʠ. ɺ ʠʪʦʛʝ ʧʦʪʨʝʙʠʪʝʣʴ ʚʳʙʠ-
ʨʘʝʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʜʣʷ ʩʝʙʷ ʚʘʨʠʘʥʪ. ʉʘʤʘ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʱʘʜʢʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʘ 
ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʨʠʙʳʣʠ. ʕʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ 
ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʦʚ ʜʦʩʪʘʚʢʠ, ʚʳʙʦʨʘ ʧʝʨʝʚʦʟʯʠʢʦʚ ʠ ʵʢʩʧʝʜʠʪʦʨʩʢʠʭ ʢʦʤʧʘʥʠʡ, ʧʨʦʤʝʞʫʪʦʯʥʳʭ 
ʩʢʣʘʜʦʚ ʜʣʷ ʧʝʨʝʛʨʫʟʢʠ ʪʦʚʘʨʘ ʚ ʧʨʦʮʝʩʩʝ ʜʦʩʪʘʚʢʠ, ʝʩʣʠ ʪʘʢʦʚʳʝ ʧʦʪʨʝʙʫʶʪʩʷ.  

ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [1 ï 3, 7] ʩʪʘʚʠʪʩʷ ʠ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʤʫʣʴʪʠʤʦ-
ʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ 
ʠʟʫʯʝʥʠʶ ʧʦʜʦʙʥʳʭ ʧʨʦʙʣʝʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ ʧʦʜʭʦʜʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʢʣʘʩʩʠ-
ʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ [5, 6, 8]. 

ɿʘʜʘʯʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʘʩʩʘʞʠʨʦʚ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 
ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ [4]. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʰʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ ʚʳʙʦ-
ʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ. 

ʅʘʧʨʠʤʝʨ, ʧʫʩʪʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʙʦʨ ʤʝʞʜʫ ʢʨʫʧʥʳʤʠ ʨʦʩʩʠʡʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʚ ʩʬʝʨʝ ʣʦʛʠ-

ʩʪʠʢʠ ʠ ʜʦʩʪʘʚʢʠ - ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ çʇʦʯʪʘ ʈʦʩʩʠʠè ʠ ʯʘʩʪʥʦʡ ʢʦʤʧʘʥʠʝʡ çʉɼʕʂè. 
ʉʚʝʜʝʥʠʷ ʦ ʩʨʦʢʘʭ ʜʦʩʪʘʚʢʠ ʠ ʩʪʦʠʤʦʩʪʠ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ çʇʦʯʪʘ ʈʦʩʩʠʠè ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 
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ʋʙʚʤʡʯʙ 1 
ʈʩʞʝʨʩʡʸʫʡʞ çʈʧʰʫʙ ʉʧʪʪʡʡè 

ʉʧʦʩʦʙ ʜʦʩʪʘʚʢʠ ʆʙʳʯʥʳʡ ʋʩʢʦʨʝʥʥʳʡ ʂʫʨʴʝʨʩʢʠʡ 

ʉʪʦʠʤʦʩʪʴ, ʨʫʙ. 550 780 900 

ʉʨʦʢ ʜʦʩʪʘʚʢʠ, ʨʘʙʦʯʠʝ ʜʥʠ 3 2 1 

 
ʋʩʣʫʛʠ ʢʦʤʧʘʥʠʠ çʉɼʕʂè ʠʤʝʶʪ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ (ʪʘʙʣ. 2). 
 

ʋʙʚʤʡʯʙ 2 
ʃʧʥʨʙʦʡʸ çʊɽʖʃè 

ʊʠʧ ʫʩʣʫʛʠ ʉʪʦʠʤʦʩʪʴ, ʨʫʙ. ɺʨʝʤʷ ʜʦʩʪʘʚʢʠ, ʨʘʙʦʯʠʝ ʜʥʠ 

ʕʢʩʧʨʝʩʩ ʣʘʡʪ ʩʢʣʘʜ-ʩʢʣʘʜ 530 3 

ʄʘʛʠʩʪʨʘʣʴʥʳʡ ʵʢʩʧʨʝʩʩ ʩʢʣʘʜ-
ʩʢʣʘʜ 

580 4 

ʕʢʩʧʨʝʩʩ ʣʘʡʪ ʩʢʣʘʜ-ʜʚʝʨʴ 610 3 

ʄʘʛʠʩʪʨʘʣʴʥʳʡ ʩʫʧʝʨʵʢʩʧʨʝʩʩ 
ʩʢʣʘʜ-ʩʢʣʘʜ 

670 3 

ʕʢʩʧʨʝʩʩ ʣʘʡʪ ʜʚʝʨʴ-ʜʚʝʨʴ 750 2 

ʉʫʧʝʨʵʢʩʧʨʝʩʩ 1100 1 

 
ʅʘ ʈʠʩ. 1 ʚ ʧʣʦʩʢʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʚʨʝʤʷïʩʪʦʠʤʦʩʪʴ ʠʟʦʙʨʘʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʫʩʣʫʛ ʧʨʝʜʧʨʠʷʪʠʷ 

çʇʦʯʪʘ ʈʦʩʩʠʠè ʠ ʢʦʤʧʘʥʠʠ çʉɼʕʂè.  
 

 
ʉʡʪ. 1. ʅʦʧʟʞʪʫʛʧ ʬʪʤʬʜ, ʧʩʙʦʟʞʛʴʢ ð çʊɽʖʃè, ʪʡʦʡʢ ð çʈʧʰʫʙ ʉʧʪʪʡʡè, ʧʪʵ ʙʚʪʯʡʪʪ ð 

ʪʫʧʡʥʧʪʫʵ ʛ ʩʬʚ., ʧʪʵ ʧʩʝʡʦʙʫ ð ʛʩʞʥʸ ʛ ʝʦʸʮ 
 
ɺʠʜʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʫʩʣʫʛʠ ʤʝʥʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʜʨʫʛʠʭ ʠ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʩʪʦʠʤʦʩʪʠ. ʄʥʦ-

ʞʝʩʪʚʦ ʥʝʜʦʤʠʥʠʨʫʝʤʳʭ (ʦʧʪʠʤʘʣʴʥʳʭ ʧʦ ʇʘʨʝʪʦ) ʨʝʰʝʥʠʡ ʜʚʫʭʢʨʠʪʝʨʠʘʣʴʥʦʡ (ʚʨʝʤʷ ï ʩʪʦʠʤʦʩʪʴ) 
ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʪʦʯʝʢ, ʠʤʝʶʱʠʭ ʢʦʦʨʜʠʥʘʪʳ (530;3), (750;2), (900;1). 

ʇʝʨʝʚʦʟʯʠʢ ʦʙʳʯʥʦ ʚʳʙʠʨʘʝʪ ʇʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʥʦ ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʧʦʯʠʪʘʶʪ ʜʦʤʠ-
ʥʠʨʫʝʤʳʝ ʨʝʰʝʥʠʷ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ.  

https://www.cdek.ru/calculator.html
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https://www.cdek.ru/calculator.html
https://www.cdek.ru/calculator.html
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ɺʦ-ʧʝʨʚʳʭ, ʦʙʘ ʢʨʠʪʝʨʠʷ ʥʦʩʷʪ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʠʣʠ ʥʝ ʧʦʣʥʦʩʪʴʶ ʜʝʪʝʨʤʠʥʠʨʦ-
ʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʪ.ʝ. ʠ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʝʨʝʚʦʟʢʠ ʠ ʦʩʦʙʝʥʥʦ ʝʝ ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʟʥʘʯʥʦ ʥʝ ʦʧʨʝʜʝ-
ʣʝʥʳ. ʆʪʢʣʦʥʝʥʠʝ ʚʨʝʤʝʥʠ ʧʝʨʝʚʦʟʢʠ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʦʩʠʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘ-
ʨʘʢʪʝʨ, ʘ ʥʘ ʝʝ ʩʪʦʠʤʦʩʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪʩʷ ʩʠʩʪʝʤʘ ʪʘʨʠʬʦʚ (ʩʢʠʜʦʢ, ʙʦʥʫʩʦʚ ʠ ʧʨ.). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʥʘ ʧʝʨʝʚʦʟʢʠ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠ ʝʝ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ 
ʣʠʙʦ ʢʘʢ ʥʝʦʧʨʝʜʝʣʝʥʥʫʶ ʥʝʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ, ʧʨʠʥʠʤʘʶʱʫʶ ʟʥʘʯʝʥʠʷ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʠʥʪʝʨʚʘʣʘ, 
ʣʠʙʦ ʢʘʢ ʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ, ʠʤʝʶʱʫʶ ʥʝʢʦʪʦʨʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʚʦʟʤʦʞʥʦ ï ʜʠʩʢʨʝʪʥʦʝ). ʋʯʝʪ ʥʝ-
ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʮʝʥʝ ʧʝʨʝʚʦʟʢʠ (ʠ ʚʨʝʤʝʥʠ ʧʝʨʝʚʦʟʢʠ) ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʢʨʠʪʝʨʠʝʚ ʚ ʟʘʜʘʯʝ ʦ 
ʚʳʙʦʨʝ ʪʠʧʘ ʪʨʘʥʩʧʦʨʪʘ.  

ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʚʳʙʦʨʝ ʨʝʰʝʥʠʷ 
(ʪʘʢʠʭ ʢʘʢ ʫʜʦʙʩʪʚʦ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʧʨ.), ʢʦʪʦʨʳʝ ʥʝ ʫʯʪʝʥʳ ʟʜʝʩʴ. ɼʣʷ ʫʯʝʪʘ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʟ-
ʤʦʞʥʦ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʨʠʪʝʨʠʡ (ʢʨʠʪʝʨʠʠ) ʚ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ. 
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ǭǵǤǬǩǟ ǼǩǭǬǭǫǧǶǤǰǩǭǨ ǼǳǳǤǩǱǧǡǬǭǰǱǧ 
ǮǯǧǫǤǬǤǬǧǾ ǯǟǰǱǡǭǯǟ ǴǭǪǭǣǬǭǢǭ 
ǱǯǟǡǪǤǬǧǾ ǟǪǽǫǧǬǧǾ Ǭǟ ǲǶǟǰǱǩǤ 
Ǵǧǫǧǩǭ-ǢǟǪǻǡǟǬǧǶǤǰǩǧǴ ǮǭǩǯǺǱǧǨ  

ǡȍȈȌȍȁǿ ǰȁȄȑȊǿȌǿ ǧȁǿȌȍȁȌǿ 
ʚʝʜʫʱʠʡ ʠʥʞʝʥʝʨ-ʪʝʭʥʦʣʦʛ 

ǠȍȂȍȋȍȊȍȁ ǟȊȄȉȐǿȌȃȏ ǡȇȉȑȍȏȍȁȇȖ 
ʛʣʘʚʥʳʡ ʩʧʝʮʠʘʣʠʩʪ 

ǩȍȊȂǿȌȍȁ ǤȁȂȄȌȇȈ ǟȊȄȉȐǿȌȃȏȍȁȇȖ 
ʢ.ʪ.ʥ., ʟʘʤʝʩʪʠʪʝʣʴ ʛʣʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʘ 

ǭȆȄȏȌȍȁǿ ǣǿȏțȞ ǩȍȌȐȑǿȌȑȇȌȍȁȌǿ 
ʠʥʞʝʥʝʨ ʦʪʜʝʣʘ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ɸʆ çʅʇʇ çʈʫʙʠʥè 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ ʭʦʣʦʜʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʘʣʶʤʠ-
ʥʠʷ ʧʝʨʝʜ ʛʦʨʷʯʠʤ ʪʨʘʚʣʝʥʠʝʤ. ʇʨʠʚʝʜʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝ-
ʨʝʭʦʜʘ ʥʘ ʭʦʣʦʜʥʦʝ ʪʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʨʠʷʪʠʷʤ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʵʢʦʥʦʤʠʠ ʧʨʠ ʧʝ-
ʨʝʭʦʜʝ, ʠʩʧʦʣʴʟʫʷ ʢʦʥʢʨʝʪʥʳʝ ʜʘʥʥʳʝ ʟʘʛʨʫʟʢʠ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʘʣʴʚʘʥʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʵʢʦʣʦʛʠʷ, ʨʘʩʯʸʪ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ 
ʦʮʝʥʢʘ, ʨʘʩʪʚʦʨ, ʭʦʣʦʜʥʦʝ ʪʨʘʚʣʝʥʠʝ, ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ, ʦʢʠʩʥʦʝ ʧʦʢʨʳʪʠʝ, ʥʘʛʨʝʚ. 
 

ASSESSMENT OF THE ECONOMIC EFFICIENCY OF USING A COLD ETCHING SOLUTION FOR 
ALUMINUM IN THE CHEMICAL-GALVANIC COATING SITE 

 
Voynova Svetlana Ivanovna, 

Bogomolov Alexander Viktorovich, 
Kolganov Evgeny Aleksandrovich, 

Ozernova Daria Konstantinovna 
 
Abstract: the presented article presents the advantages of the cold etching method over hot etching. Formu-
las for calculating the economic efficiency of switching to cold etching are given, which allow enterprises to 
estimate the amount of savings during the transition, using specific data on the loading of galvanic production. 
Keywords: galvanic coating, energy saving, ecology, calculation, economic assessment, solution, cold etching, 
work process, oxide coating, heating. 
Key words: galvanic coating, energy saving, ecology, calculation, economic assessment, solution, cold etch-
ing, working process, oxide coating, heating. 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʂ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʛʘʣʴʚʘʥʠʯʝ-
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ʩʢʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ, ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʛʨʷʟʥʷʶʪ ʚʦʜ-
ʥʫʶ ʠ ʚʦʟʜʫʰʥʫʶ ʩʨʝʜʫ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʚʳʙʨʦʩʦʚ 
ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʪʨʘʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ ʘʣʶʤʠʥʠʷ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. 

ɼʝʪʘʣʠ ʠʟ ʘʣʶʤʠʥʠʷ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʨʘʚʣʝʥʠʶ ʧʝʨʝʜ ʩʚʘʨʢʦʡ, ʘ ʪʘʢʞʝ 
ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ, ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ. ʅʘ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʦʨʷʯʝʝ ʪʨʘʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʪʚʦʨ ʝʜʢʦʛʦ ʥʘʪʨʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 
60Áʉ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʛʦʨʷʯʝʤʫ ʪʨʘʚʣʝʥʠʶ ʷʚʣʷʝʪʩʷ ʭʦʣʦʜʥʦʝ ʪʨʘʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʩʪʚʦʨ ʝʜʢʦʛʦ 
ʥʘʪʨʘ ʠʤʝʝʪ ʢʦʤʥʘʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ ʪʨʘʚʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʚʚʝʜʝ-
ʥʠʷ ʚ ʨʘʩʪʚʦʨ ʩʧʝʮʠʘʣʴʥʦʡ ʜʦʙʘʚʢʠ [3]. ʉʦʩʪʘʚ ʨʘʩʪʚʦʨʘ ʭʦʣʦʜʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. 
ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʭʦʣʦʜʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʧʝʨʝʜ ʛʦʨʷʯʠʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʦʛʨʝʚʘ 
ʨʘʩʪʚʦʨʘ, ʯʪʦ ʚ ʫʩʣʦʚʠʷ ʚʳʩʦʢʦʡ ʟʘʛʨʫʟʢʠ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴ-
ʥʦʡ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  

 
ʋʙʚʤʡʯʙ 1 

ʊʧʪʫʙʛ ʩʙʪʫʛʧʩʙ ʝʤʸ ʮʧʤʧʝʦʧʜʧ ʫʩʙʛʤʞʦʡʸ ʙʤʷʥʡʦʡʸ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ 
ɼʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ  
ʨʘʩʪʚʦʨʦʚ, ʛ/ʣ 

ʅʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ  
(ɻʆʉʊ, ʊʋ ʠ ʪ.ʜ.) 

ʅʘʪʨʠʡ ʝʜʢʠʡ 50-150 ɻʆʉʊ ʈ 55064-2012 

ɼʦʙʘʚʢʘ ʚ ʨʘʩʪʚʦʨ ʭʦʣʦʜʥʦʛʦ 
ʪʨʘʚʣʝʥʠʷ ʘʣʶʤʠʥʠʷ 

10-30 ʊʋ 2499-008-96636381-2011 

 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʭʦʣʦʜʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʧʝʨʝʜ ʛʦʨʷʯʠʤ [2]: 

- ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʚʦʨʘ 10-350ʉ. ʈʘʩʪʚʦʨ ʥʝ ʪʨʝʙʫʝʪ ʥʠ ʥʘʛʨʝʚʘ, ʥʠ ʦʭʣʘʞʜʝʥʠʷ, ʢʘʢ ʧʝʨʝʜ 
ʥʘʯʘʣʦʤ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʚʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

- ʠʩʢʣʶʯʘʝʪʩʷ ʧʝʨʝʪʨʘʚʣʠʚʘʥʠʝ ʜʝʪʘʣʝʡ; 

- ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʣʝʩʢ ʘʣʶʤʠʥʠʝʚʳʭ ʜʝʪʘʣʝʡ ʥʘ 15-20% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʦ-
ʮʝʩʩʦʤ ʛʦʨʷʯʝʛʦ ʪʨʘʚʣʝʥʠʷ; 

- ʫʤʝʥʴʰʘʝʪʩʷ ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʧʨʠ ʪʨʘʚʣʝʥʠʠ ʘʣʶʤʠʥʠʷ. ɽʜʢʠʝ ʠʩʧʘʨʝʥʠʷ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʠ ʚ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠʩʢʣʶʯʘʶʪʩʷ; 

- ʫʣʫʯʰʘʝʪʩʷ ʦʪʤʳʚʢʘ ʜʝʪʘʣʝʡ ʚ ʭʦʣʦʜʥʦʡ ʚʦʜʝ (18-30Áʉ) ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ. ʇʨʦʤʳʚʢʘ ʚ ʛʦʨʷ-
ʯʝʡ ʚʦʜʝ ʧʦʩʣʝ ʨʘʩʪʚʦʨʘ ʭʦʣʦʜʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʘʣʶʤʠʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥʘ; 

- ʨʘʩʪʚʦʨ ʧʦʟʚʦʣʷʝʪ ʩʦʚʤʝʱʘʪʴ ʦʧʝʨʘʮʠʠ ʦʙʝʟʞʠʨʠʚʘʥʠʷ ʠ ʪʨʘʚʣʝʥʠʷ, ʠʩʢʣʶʯʘʝʪʩʷ ʦʙʨʘʟʦ-
ʚʘʥʠʝ ʞʠʨʦʚʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʚʦʨʘ; 

- ʨʘʩʪʚʦʨ ʭʦʣʦʜʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʘʣʶʤʠʥʠʷ ʥʝ ʰʣʘʤʫʝʪʩʷ. ʅʝ ʪʨʝʙʫʝʪʩʷ ʫʜʘʣʝʥʠʷ ʥʝʨʘʩʪʚʦʨʠ-
ʤʦʛʦ ʦʩʘʜʢʘ ʠʟ ʚʘʥʥʳ, ʪ.ʢ. ʦʥ ʥʝ ʦʙʨʘʟʫʝʪʩʷ; 

- ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʚʦʨʘ 80-150ʤ2 /ʣʠʪʨ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʢ ʠʦʥʫ ʘʣʶʤʠʥʠʷ 150-250ʛ/ʣ; 

- ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʨʘʩʪʚʦʨʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʩʪʳʝ ʘʥʘʣʠʪʠʯʝ-
ʩʢʠʝ ʤʝʪʦʜʳ. 

ʊʠʧʦʚʦʡ ʧʨʦʮʝʩʩ ʭʦʣʦʜʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʦʢʠʩʥʦʛʦ ʧʦʢʨʳʪʠʷ ʍʠʤ. ʆʢʩ.ʵ ʩʦʩʪʦʠʪ 
ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

- ʚ ʝʤʢʦʩʪʴ ʩ ʨʘʩʪʚʦʨʦʤ 120 ʛ/ʣ NaOH ʚʚʦʜʠʪʩʷ ʨʘʩʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʢʠ ʜʣʷ ʭʦʣʦʜʥʦʛʦ 
ʪʨʘʚʣʝʥʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 20 ʛ/ʣ. ʊʝʤʧʝʨʘʪʫʨʘ t=20-25C, ʥʘʛʨʝʚ ʨʘʩʪʚʦʨʘ ʥʝ ʧʨʦʚʦʜʠʪʩʷ;.  

- ʜʝʪʘʣʴ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʦʧʫʩʢʘʝʪʩʷ ʚ ʨʘʩʪʚʦʨ ʥʘ 1 ʤʠʥʫʪʫ; 

- ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʪʨʦʣʴ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʦʙʨʘʟʮʦʚ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʤʝʩʪ ʨʘʩʪʨʘʚʣʠʚʘʥʠʷ, ʧʦ-
ʚʝʨʭʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʦʤʝʨʥʦ ʩʚʝʪʣʦʡ.  

ɼʘʣʝʝ ʥʘʥʦʩʠʪʩʷ ʦʢʠʩʥʦʝ ʛʘʣʴʚʘʥʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ ʍʠʤ. ʆʢʩ.ʵ. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʦʢʨʳʪʠʷ ʧʨʦ-
ʠʟʚʦʜʠʪʩʷ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 9.301-86 çɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʠ ʩʪʘʨʝʥʠʷ. ʇʦ-
ʢʨʳʪʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʥʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷè. 
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ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʦʪ ʛʦʨʷʯʝʛʦ ʪʨʘʚʣʝʥʠʷ ʢ ʭʦʣʦʜʥʦʤʫ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʜʦʣʞʥʘ ʧʦʜ-
ʪʚʝʨʞʜʘʪʴʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʦʤ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʫʧʨʦʱʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʥʘ ʨʘʩʪʚʦʨ ʭʦʣʦʜʥʦʛʦ ʪʨʘʚʣʝʥʠʷ [1], ʠʩʧʦʣʴʟʫʷ ʢʦʪʦʨʫʶ ʧʨʝʜʧʨʠʷʪʠʝ ʩʤʦʞʝʪ 
ʦʮʝʥʠʪʴ ʧʣʘʥʠʨʫʝʤʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ʈʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʭʠʤʠʢʘʪʦʚ Cx ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
ὅ Вὼ̔ Ͻ̅ὄϽὌ, 

ʛʜʝ ὼ̔  ̅ï ʫʜʝʣʴʥʘʷ ʥʦʨʤʘ ʨʘʩʭʦʜʘ ʦʜʥʦʛʦ ʚʠʜʘ ʭʠʤʠʢʘʪʦʚ ʥʘ ʥʘʥʝʩʝʥʠʝ 1 ʤ2, ʢʛ/ ʤ2; 

B ï ʛʦʜʦʚʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʜʝʪʘʣʠ, ʤ2; 
H ï ʩʪʦʠʤʦʩʪʴ 1 ʢʛ ʭʠʤʠʢʘʪʦʚ, ʨʫʙ. 
ʇʨʠ ʛʦʨʷʯʝʤ ʪʨʘʚʣʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʭʠʤʠʢʘʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʜʢʠʡ ʥʘʪʨ, ʧʨʠ ʭʦʣʦʜʥʦʤ ʪʨʘʚʣʝʥʠʠ 

ʢ ʝʜʢʦʤʫ ʥʘʪʨʫ ʧʨʠʙʘʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʜʦʙʘʚʢʘ. ʅʦʨʤʳ ʨʘʩʭʦʜʘ ʭʠʤʠʢʘʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝ-
ʤʝʥʠ ʪʨʘʚʣʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2 [2]. 

 
ʋʙʚʤʡʯʙ 2 

ʆʧʩʥʴ ʩʙʪʮʧʝʙ ʮʡʥʡʣʙʫʧʛ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʭʠʤʠʢʘʪʘ ʅʦʨʤʘ ʨʘʩʭʦʜʘ 

ɽʜʢʠʡ ʥʘʪʨʠʡ 30-80ʛ/ʤ2 

ɼʦʙʘʚʢʘ ʚ ʨʘʩʪʚʦʨ ʭʦʣʦʜʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʘʣʶʤʠʥʠʷ 1-3ʛ/ʤ2 

 
ʉʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʜʣʷ ʦʙʦʛʨʝʚʘ ʟʘ ʛʦʜ, ʄʕ (ʜʣʷ ʩʣʫʯʘʷ ʛʦʨʷʯʝʛʦ ʪʨʘʚʣʝ-

ʥʠʷ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
ʉʉ.ʕ.=ʄʕϽʂʅĀʊĀʎʕ , 

ʛʜʝ ʄʕ ï ʤʦʱʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ, ʢɺʪ; 
ʂʅ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʦʪʝʨʠ ʪʦʢʘ ʚ ʩʝʪʠ, ʂʅ=0,7 (ʦʩʥʦʚʥʳʝ ʩʧʨʘʚʦʯʥʠʢʠ); 
ʊ ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʥʘʛʨʝʚʘʪʝʣʷ ʚ ʛʦʜ, ʯ; 

ʎʕ ï ʩʪʦʠʤʦʩʪʴ 1 ʢɺʪÖʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʨʫʙ. 
ɺʨʝʤʷ ʨʘʙʦʪʳ ʥʘʛʨʝʚʘʪʝʣʷ ʊ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ: ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝ-

ʥʠʠ, ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʚ ʚʘʥʥʳ, ʧʣʦʱʘʜʠ ʩʪʝʥʦʢ ʚʘʥʥʳ, ʤʘʪʝʨʠʘʣʘ ʚʘʥʥʳ. ʋʢʘʟʘʥʥʳʝ 
ʬʘʢʪʦʨʳ ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʚ ʚʘʥʥʝ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʝʥʠʷ 
ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʥʘʛʨʝʚʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʟʘʤʝʨ ʬʘʢʪʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 
ʚʨʝʤʝʥʠ (ʩʤʝʥʘ, ʩʫʪʢʠ, ʥʝʜʝʣʷ, ʤʝʩʷʮ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʝʛʦ ʥʘ ʛʦʜ. 

ʉʪʦʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʭʦʣʦʜʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʉʭʪ ʨʘʚʥʷʝʪʩʷ ʩʪʦʠʤʦʩʪʠ ʭʠʤʠʢʘʪʦʚ 
(ʪ.ʢ. ʨʘʩʭʦʜʳ ʥʘ ʥʘʛʨʝʚ ʦʪʩʫʪʩʪʚʫʶʪ) ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ʉʭʪ=Cx. 
ʉʪʦʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʛʦʨʷʯʝʛʦ ʪʨʘʚʣʝʥʠʷ ʉʛʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ʉʛʪ=Cx+ʉʉ.ʕ. 
ɻʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʩʪʦʠʤʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʛʦʨʷʯʝʛʦ ʠ ʭʦʣʦʜ-

ʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ўὅ  ʉʛʪ ï ʉʭʪ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʭʦʣʦʜʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʛʦʨʷʯʠʤ ʪʨʘʚ-

ʣʝʥʠʝʤ. ʀʩʧʦʣʴʟʫʷ ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʩʪʘʪʴʝ ʨʘʩʯʝʪ, ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ ʨʘʩʩʯʠʪʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʥʘ ʭʦʣʦʜʥʦʝ ʪʨʘʚʣʝʥʠʝ ʚʤʝʩʪʦ ʛʦʨʷʯʝʛʦ. ɼʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʝʜ-
ʧʨʠʷʪʠʡ ʧʝʨʝʭʦʜ ʥʘ ʭʦʣʦʜʥʦʝ ʪʨʘʚʣʝʥʠʝ ʙʫʜʝʪ ʦʧʨʘʚʜʘʥ ʢʘʢ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 
ʪʦʯʢʠ ʟʨʝʥʠʷ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ǮǯǭǧǦǡǭǣǰǱǡǭ* ǰǡǾǦǟǬǬǭǤ ǰ ǼǩǭǪǭǢǧǤǨ 
ǢǭǯǭǣǰǩǭǢǭ ǱǯǟǬǰǮǭǯǱǟ 

ǷȋȇȃȄȏ ǟ,ǫ, 
ʫʯʝʥʠʢ 10-5 ʢʣʘʩʩʘ ʰʢʦʣʳ ɹʆʋ ʃʠʮʝʡ ˉ149; 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʉʠʙɸɼʀ)è, ʆʤʩʢ, ʈʦʩʩʠʷ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʍʘʤʦʚ ʀ.ɺ. 
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çɸʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪè, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. 

 

ɹʦʦʧʫʙʯʡʸ. ɺ ʤʦʝʤ ʜʦʢʣʘʜʝ ʷ ʭʦʯʫ ʧʦʟʥʘʢʦʤʠʪʴ ʚʘʩ ʩ ʪʘʢʠʤ ʧʦʣʝʟʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʚ ʘʚʪʦʤʦʙʠʣʝ, ʢʘʢ 
ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ. ʄʥʦʛʠʝ ʜʦʢʣʘʜʯʠʢʠ ʚ ʩʚʦʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʝʢʪʘʭ ʥʝ ʜʝʣʘʶʪ ʜʦʣʞʥʦʛʦ 
ʘʢʮʝʥʪʘ ʥʘ ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʘ ʟʨʷ. ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʠʛʨʘʝʪ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʤʠʨʝ, ʧʦʪʦʤʫ ʯʪʦ ʠʤʝʥʥʦ ʦʥʦ 
ʙʦʨʝʪʩʷ ʩ ʚʨʝʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ ʘʚʪʦʤʦʙʠʣʝʡ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʥʠʢʘʣʴʥʦʩʪʴ ʤʦʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʷ ʧʦʣʥʦʩʪʴʶ ʨʘʩʢʨʦʶ ʚ ʥʝʡ ʚʘʞ-
ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʚ ʘʚʪʦʤʦʙʠʣʷʭ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʜʠʟʝʣʴʥʦʤ ʠ 
ʙʝʥʟʠʥʦʚʦʤ ʪʦʧʣʠʚʝ. ɸ ʪʘʢʞʝ ʧʨʝʜʣʦʞʫ ʧʫʪʠ ʙʦʨʴʙʳ ʩ ʟʘʛʨʷʟʥʝʥʠʷʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʯʝʨʝʟ ʧʨʦʠʟ-
ʚʦʜʩʪʚʦ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʤʥʦʡ ʘʢʮʝʥʪʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ, ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ, ʦʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ ʘʚʪʦʤʦʙʠ-
ʣʝʡ, ʫʩʪʨʦʡʩʪʚʦ, ʢʘʪʘʣʠʟʘʪʦʨ. 
 

APPLICATION OF CATALYTIC NEUTRALIZER 
 

Schmider A.M. 
 

Scientific adviser: Khamov I.V. 
 
Abstract. In my report I want to introduce you to such a useful device in the car as catalytic converter. Many 
speakers in technical projects do not give due emphasis to this device, but is wrong. This device plays a huge 
role in the world, because it fights against harmful substances in exhaust gases of cars. Thus, the uniqueness 
of my work is that I will fully understand the importance of using a catalytic converter in diesel and gasoline-
powered cars. 
Keywords: Catalytic converter, harmful substances, exhaust gases of cars, device, catalyst, car, environmen-
tal standards, concentration. 

 
ɻʛʞʝʞʦʡʞ: ʊʝʤʘʪʠʢʘ ʤʦʝʛʦ ʜʦʢʣʘʜʘ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʵʢʦʣʦʛʠʝʡ ʪʨʘʥʩʧʦʨʪʘ, ʘ ʠʤʝʥʥʦ ʩ ʪʝʤ, 

ʢʘʢ ʩʜʝʣʘʪʴ ʘʚʪʦʤʦʙʠʣʴ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʜʠʟʝʣʴʥʦʤ ʠ ʙʝʥʟʠʥʦʚʦʤ ʪʦʧʣʠʚʝ, ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʤ. ɺ ʢʘ-
ʯʝʩʪʚʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʛʨʦʤʥʘʷ ʧʨʦʙʣʝʤʘ, ʭʦʯʫ ʩʢʘʟʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʜʦʣʷ 
ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʳʙʨʦʩʘʤʠ ʘʚʪʦʤʦʙʠʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 50ï80%, ʘ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʜʦ-
ʣʷ ʚʳʙʨʦʩʦʚ ʦʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʩʦʠʟʤʝʨʠʤʘ ʩ ʚʳʙʨʦʩʘʤʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʊʘʢʠʤ ʦʙʨʘ-
ʟʦʤ, ʥʫʞʥʦ ʠʩʢʘʪʴ ʠ ʧʨʠʤʝʥʷʪʴ ʨʝʰʝʥʠʝ ʧʦ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ, ʠʙʦ ʥʫʞʥʦ ʩʧʘʩʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘ-
ʮʠʶ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʚ ʤʠʨʝ. ʈʝʰʝʥʠʝ ï ʧʨʠʤʝʥʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʚ ʘʚʪʦʤʦʙʠʣʷʭ. 
ʊʦ ʝʩʪʴ ʧʨʠʤʝʥʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʙʦʨʝʪʩʷ ʩ ʚʨʝʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʦʪʨʘʙʦ-
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ʪʘʚʰʠʭ ʛʘʟʘʭ ʘʚʪʦʤʦʙʠʣʝʡ. ʊʘʢʞʝ ʧʦʜ ʵʪʠʤ ʚʳʨʘʞʝʥʠʝʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ 
ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩ ʮʝʣʴʶ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʍʦʯʫ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʤʦʝʤ ʜʦʢʣʘʜʝ ʨʝʯʴ ʧʦʡʜʝʪ ʥʝ ʧʨʦ ʵʣʝʢʪʨʦʢʘʨʳ, ʘ ʧʨʦ ʘʚʪʦʤʦʙʠʣʠ ɼɺʉ, ʪʘʢ ʢʘʢ ʥʘ ʜʘʥ-
ʥʳʡ ʤʦʤʝʥʪ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʘʚʪʦʚʣʘʜʝʣʴʮʝʚ ʚ ʈʦʩʩʠʠ ʘʚʪʦʤʦʙʠʣʠ ɼɺʉ ʧʨʝʚʦʩʭʦʜʷʪ ʵʣʝʢʪʨʦʤʦʙʠʣʠ ʠ ʥʝ 
ʚʩʝ ʣʶʜʠ ʛʦʪʦʚʳ ʧʝʨʝʩʝʩʪʴ ʩ ʦʜʥʦʛʦ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʜʨʫʛʦʡ ʧʦ ʤʥʦʛʠʤ ʧʨʠʯʠʥʘʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʤʦʡ ʜʦʢʣʘʜ ʙʫʜʝʪ ʘʢʪʫʘʣʝʥ ʢ ʦʟʥʘʢʦʤʣʝʥʠʶ, ʪʘʢ ʢʘʢ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ ï ʟʥʘʯʠʤʦʝ ʫʩʪʨʦʡ-
ʩʪʚʦ ʜʣʷ ʵʢʦʣʦʛʠʠ, ʢʦʪʦʨʦʝ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ.  

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʤʦʝʛʦ ʜʦʢʣʘʜʘ: ʨʘʩʢʨʳʪʴ ʜʣʷ ʤʦʝʡ ʘʫʜʠʪʦʨʠʠ ʩʧʝʮʠʬʠʢʫ ʧʨʠʤʝʥʝʥʠʷ ʢʘʪʘ-

ʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʠ ʧʦʜʯʝʨʢʥʫʪʴ ʚʘʞʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʯʝʛʦ, ʯʠʩʣʦ ʪʘ-
ʢʠʭ ʠʩʧʨʘʚʥʦ ʨʘʙʦʪʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʫʚʝʣʠʯʠʪʩʷ ʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʣʫʯʰʠʪʩʷ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ.  

ɿʘʜʘʯʠ ʜʦʢʣʘʜʘ: 
1) ʀʟʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ. 
2) ɿʘʠʥʪʝʨʝʩʦʚʘʪʴ ʘʫʜʠʪʦʨʠʶ ʢ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ. 
3) ɼʦʩʪʠʛʥʫʪʴ ʮʝʣʴ ʜʦʢʣʘʜʘ. 

 
ʇʪʦʧʛʦʙʸ ʰʙʪʫʵ 

 
ʇʊʆʇɻʆʔɾ ʊɻɾɽɾʆʁʘ ʇ ʃɹʋɹʄʁʋʁʐɾʊʃʇʅ ʆɾʂʋʉɹʄʁʀɹʋʇʉɾ 

ʂʘʪʘʣʠʟʘʪʦʨ - ʭʠʤʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʫʩʢʦʨʷʶʱʝʝ ʨʝʘʢʮʠʶ, ʥʦ ʥʝ ʨʘʩʭʦʜʫʶʱʝʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝ-
ʘʢʮʠʠ. ʅʠʞʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ, ʧʦʧʨʦʰʫ ʥʝ ʧʫʪʘʪʴ ʵʪʠ 
ʧʦʥʷʪʠʷ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ - ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʩʥʠʞʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ 
(ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʢʘʢ NOx, CH, CO) ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ ʘʚʪʦʤʦʙʠʣʷ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʝʟ ʢʘ-
ʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʘʚʪʦʤʦʙʠʣʴ ʥʝ ʩʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 
ʩʪʘʥʜʘʨʪʘʤ, ʦʙʷʟʘʪʝʣʴʥʳʤ ʚ ʈʦʩʩʠʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 
ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ: ʢʝʨʘʤʠʯʝʩʢʠʡ (ʚʥʫʪʨʠ ʥʝʛʦ ʩʦʜʝʨʞʘʪʩʷ ʢʝʨʘʤʠʯʝʩʢʠʝ ʩʦʪʳ, ʪʘʢʠʝ ʩʦʪʳ ʭʨʫʧʢʠʝ), ʤʝ-
ʪʘʣʣʠʯʝʩʢʠʡ (ʟʜʝʩʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʪʳ-ʫʩʪʦʡʯʠʚʳʝ). ʊʘʢʞʝ ʝʩʪʴ ʩʘʞʝʚʳʡ ʬʠʣʴʪʨ, ʝʛʦ ʤʥʦʛʠʝ ʧʫʪʘʶʪ ʩ 
ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʤ. ʅʦ ʵʪʦ ʦʰʠʙʦʯʥʦʝ ʤʥʝʥʠʝ. ʉʘʞʝʚʳʡ ʬʠʣʴʪʨ ʥʝ ʙʦʨʝʪʩʷ ʩ ʚʨʝʜʥʳʤʠ 
ʚʝʱʝʩʪʚʘʤʠ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ, ʧʨʝʦʙʨʘʟʫʷ ʵʪʠ ʚʝʱʝʩʪʚʘ ʚ ʙʦʣʝʝ ʯʠʩʪʳʝ, 
ʘ ʦʥ ʣʠʰʴ ʟʘʜʝʨʞʠʚʘʝʪ ʯʘʩʪʠʮʳ ʥʝʩʛʦʨʝʚʰʝʛʦ ʪʦʧʣʠʚʘ ʠ ʩʘʞʫ, ʪʦ ʝʩʪʴ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʬʠʣʴʪʨʘ. 
ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʘʞʝʚʳʡ ʬʠʣʴʪʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʪʦʣʴʢʦ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʜʠ-
ʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. 

 

 
ʉʡʪ. 1. ʇʪʦʧʛʦʴʞ ʛʡʝʴ ʣʙʫʙʤʡʫʡʰʞʪʣʡʮ ʦʞʢʫʩʙʤʡʠʙʫʧʩʧʛ (https://www.olx.kz/).  
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ʁʊʋʇʉʁʘ ʀɹʉʇɿɽɾʆʁʘ ʃɹʋɹʄʁʋʁʐɾʊʃʁʎ ʆɾʂʋʉɹʄʁʀɹʋʇʉʇɻ 
ʂʘʪʘʣʠʟʘʪʦʨʳ ʟʘʨʦʜʠʣʠʩʴ ʙʣʘʛʦʜʘʨʷ ʥʘʫʯʥʦʡ ʣʶʙʦʟʥʘʪʝʣʴʥʦʩʪʠ ʠ ʫʧʦʨʩʪʚʫ ʫʯʸʥʳʭ. ɺ ʜʨʝʚʥʦʩʪʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʧʦʣʫʯʘʣʠ ʚʠʥʦ ʠ ʫʢʩʫʩ. ɺ ʉʨʝʜʥʠʝ ʚʝʢʘ ʘʣʭʠʤʠʢʠ ʧʦʣʫʯʘʣʠ 
ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ ʠʟ ʩʝʨʳ ʠ ʩʝʣʠʪʨʳ. ɽʱʸ ʚ XIII ʚʝʢʝ ʙʳʣ ʧʦʣʫʯʝʥ ʵʪʠʣʦʚʳʡ ʵʬʠʨ ʥʘ ʦʩʥʦʚʝ ʩʝʨʥʦʡ ʢʠʩʣʦ-
ʪʳ ʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʣʫʯʘʡʥʦ, ʠ ʚ ʵʪʦʤ ʜʝʣʝ ʙʦʣʴ-
ʰʫʶ ʨʦʣʴ ʩʳʛʨʘʣʘ ʠʥʪʫʠʮʠʷ ʫʯʸʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʙʦʣʴʰʝ 100 ʣʝʪ ʥʘʟʘʜ ʨʫʩʩʢʠʡ ʭʠʤʠʢ 
ʀʣʴʠʥʩʢʠʡ ʨʘʙʦʪʘʣ ʥʘʜ ʧʦʣʫʯʝʥʠʝʤ ʧʠʛʤʝʥʪʦʚ ʘʣʠʟʘʨʠʥʘ ʠ ʠʥʜʠʛʦ. ʍʠʤʠʢ ʜʦʣʛʦʝ ʚʨʝʤʷ ʙʝʟʫʩʧʝʰʥʦ 
ʧʳʪʘʣʩʷ ʧʦʣʫʯʠʪʴ ʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʫ, ʥʘʛʨʝʚʘʷ ʘʥʪʨʘʭʠʥʦʥ ʜʦ 100 Áʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. 
ɼʝʣʫ ʧʦʤʦʛ ʩʣʫʯʘʡ: ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʦʧʳʪʦʚ ʦʥ ʩʣʫʯʘʡʥʦ ʨʘʟʙʠʣ ʨʪʫʪʥʳʡ ʪʝʨʤʦʤʝʪʨ, 
ʨʪʫʪʴ ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʧʘʣʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʸʤʢʦʩʪʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠ ʙʳʣʘ ʥʘʢʦʥʝʮ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʪʨʝ-
ʙʫʝʤʘʷ ʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʘ. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʘʤʘ ʨʪʫʪʴ ʥʝ ʨʘʩʭʦʜʫʝʪʩʷ ʠ ʜʣʷ ʫʩʧʝʰ-
ʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʚʩʝʛʦ ʣʠʰʴ ʢʘʧʣʠ ʨʪʫʪʠ (ʥʦ ʝʸ ʢʦʣʠʯʝʩʪʚʦ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢ-
ʮʠʠ, ð ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʘʞʥʘ), ʪʦ ʝʩʪʴ ʦʥʘ ʚʳʩʪʫʧʘʝʪ ʢʘʪʘʣʠʟʘʪʦʨʦʤ.  ʊʝʨʤʠʥ çʢʘʪʘʣʠʟʘʪʦʨè ʙʳʣ ʚʚʝʜʸʥ 
ʚ 1835 ʛʦʜʫ ʰʚʝʜʩʢʠʤ ʭʠʤʠʢʦʤ ʁ. ɹʝʨʮʝʣʠʫʩʦʤ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʚʰʠʤ ʠ ʦʙʦʙʱʠʚʰʠʤ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ 
ʙʘʟʫ ʟʥʘʥʠʡ ʦʙ ʫʩʢʦʨʝʥʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʃʫʯʰʠʝ ʫʤʳ ʨʘʙʦʪʘʣʠ ʥʘʜ 
ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ: çʂʘʢ ʦʯʠʩʪʠʪʴ ʚʳʭʣʦʧ ʤʘʰʠʥè. ʇʦʧʳʪʦʢ ʠ ʩʧʦʩʦʙʦʚ ʙʳʣʦ ʤʥʦʛʦ, ʥʦ ʚ 1956 ʛʦʜʫ ʘʤʝ-
ʨʠʢʘʥʩʢʠʡ ʭʠʤʠʢ-ʪʝʭʥʦʣʦʛ ʖʜʞʠʥ ɻʫʜʨʠ ʧʦʣʫʯʠʣ ʧʘʪʝʥʪ ʥʘ ʫʩʪʨʦʡʩʪʚʦ, ʩʥʠʞʘʶʱʝʝ ʪʦʢʩʠʯʥʳʝ ʚʳʙʨʦʩʳ 
ʘʚʪʦ, ʢʦʪʦʨʦʝ ʥʘʟʚʘʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʤ ʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʢʦʥʚʝʨʪʝʨʦʤ. 

ʇʨʠʤʝʯʘʥʠʝ: ɻʫʜʨʠ ʙʳʣ ʧʦʜ ʚʧʝʯʘʪʣʝʥʠʝʤ ʦʪ ʩʤʦʛʘ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʠ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʜʦʨʦʚʴʝ 
ʣʶʜʝʡ, ʠ ʨʝʰʠʣ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʫʤʝʥʴʰʠʪ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʘʚ-
ʪʦʤʦʙʠʣʷʤʠ. 

 
ʖʃʇʄʇɼʁʐɾʊʃʁɾ ʆʇʉʅʔ ɽʄʘ ɹɻʋʇʅʇɺʁʄɾʂ 

 
ʋʙʚʤʡʯʙ 1 

çʖʣʧʤʧʜʡʰʞʪʣʡʞ ʦʧʩʥʴ Euroè (https://pkfst.ru/category/raznoe/page/3694) 

 
 

ɽʚʨʦ 1 (ʠʶʣʴ 1992 ʛʦʜ) - ʚʚʝʜʝʥʠʝ ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ 1 ʚ 1992 ʛʦʜʫ ʧʦʪʨʝʙʦʚʘʣʦ ʧʝʨʝʭʦʜʘ ʥʘ ʥʝʵʪʠ-
ʣʠʨʦʚʘʥʥʳʡ ʙʝʥʟʠʥ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ ʥʘ ʙʝʥʟʠʥʦʚʳʝ ʘʚʪʦ-
ʤʦʙʠʣʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ (CO). 

ɽʚʨʦ 2 (ʷʥʚʘʨʴ 1996 ʛʦʜ) - ʩʪʘʥʜʘʨʪ ɽʚʨʦ 2 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʟʠʣ ʣʠʤʠʪ ʥʘ ʚʳʙʨʦʩʳ ʦʢʠʩʠ ʫʛʣʝ-
ʨʦʜʘ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʣ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʨʝʜʝʣ ʜʣʷ ʥʝʩʛʦʨʝʚʰʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʢʘʢ 
ʜʣʷ ʙʝʥʟʠʥʦʚʳʭ, ʪʘʢ ʠ ʜʣʷ ʜʠʟʝʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ʧʦ ʊʏ). 

ɽʚʨʦ 3 (ʷʥʚʘʨʴ 2000 ʛʦʜ) ï ʩʪʘʥʜʘʨʪ ɽʚʨʦ 3 ʠʟʤʝʥʠʣ ʧʨʦʮʝʜʫʨʫ ʠʩʧʳʪʘʥʠʡ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʧʝ-
ʨʠʦʜ ʧʨʦʛʨʝʚʘ ʜʚʠʛʘʪʝʣʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʜʦʧʫʩʪʠʤʳʝ ʧʨʝʜʝʣʳ ʩʦʜʝʨʞʘʥʠʷ ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʠ 

https://pkfst.ru/category/raznoe/page/3694
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ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ.  
ɽʚʨʦ 4 (ʷʥʚʘʨʴ 2005 ʛʦʜ) ï ʩʪʘʥʜʘʨʪ ɽʚʨʦ 4 (ʷʥʚʘʨʴ 2005 ʛ.) ʠ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ɽʚʨʦ 5 ʙʳʣʠ ʩʢʦʥ-

ʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘ ʦʯʠʩʪʢʝ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʜʠʟʝʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʩʥʠʞʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ 
ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ) ʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ. 

ɽʚʨʦ 5 (ʩʝʥʪʷʙʨʴ 2009 ʛʦʜ) ï ʩʪʘʥʜʘʨʪ ɽʚʨʦ 5 ʝʱʝ ʙʦʣʴʰʝ ʫʞʝʩʪʦʯʠʣ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʳʙʨʦʩʳ 
ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠʟ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʠ ʚʩʝʤ ʜʠʟʝʣʴʥʳʤ ʘʚʪʦʤʦʙʠʣʷʤ ʪʨʝʙʫʶʪʩʷ ʬʠʣʴʪʨʳ ʪʚʝʨ-
ʜʳʭ ʯʘʩʪʠʮ, ʯʪʦʙʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʚʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʊʘʢʞʝ ʙʳʣʦ ʥʝʢʦʪʦʨʦʝ ʫʞʝʩʪʦʯʝʥʠʝ ʧʨʝʜʝʣʦʚ 
NOx (ʩʥʠʞʝʥʠʝ ʥʘ 28% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɽʚʨʦ 4), ʘ ʪʘʢʞʝ ʚʧʝʨʚʳʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʪʚʝʨʜʳʤ ʯʘʩʪʠʮʘʤ 
ʜʣʷ ʙʝʥʟʠʥʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʠʤʝʥʠʤʦʝ ʪʦʣʴʢʦ ʢ ʜʚʠʛʘʪʝʣʷʤ ʩ ʧʨʷʤʳʤ ʚʧʨʳʩʢʦʤ. 

ɽʚʨʦ 6 (ʩʝʥʪʷʙʨʴ 2014 ʛʦʜ) ï ʩʪʘʥʜʘʨʪ ɽʚʨʦ 6 ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦ-
ʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ NOx ʦʪ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʩʦʢʨʘʱʝʥʠʝ ʥʘ 67% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɽʚʨʦ 5 ʠ ʫʩʪʘ-
ʥʘʚʣʠʚʘʝʪ ʘʥʘʣʦʛʠʯʥʳʝ ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʙʝʥʟʠʥʘ ʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʌʠʣʴʪʨʳ ʜʣʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 
ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʪʘʥʜʘʨʪʫ ɽʚʨʦ 5. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ ï ʵʪʦ ʦʯʠʱʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ      ʚʳʙʨʦʩʦʚ 
ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʥʝʡʪʨʘʣʠʟʘʪʦʨʳ. 

 
ʉɹʊʈʇʄʇɿɾʆʁɾ ʃɹʋɹʄʁʋʁʐɾʊʃʇɼʇ ʆɾʂʋʉɹʄʁʀɹʋʇʉɹ ɻ ɹɻʋʇʅʇɺʁʄɾ 

ɼʣʷ ʥʘʯʘʣʘ ʜʘʚʘʡʪʝ ʨʘʟʙʝʨʝʤʩʷ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʚ ʘʚʪʦʤʦʙʠʣʝ. 
ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ ʥʘʭʦʜʠʪʩʷ ʣʠʙʦ ʧʦʩʣʝ ʚʳʧʫʩʢʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ (ʵʪʦ ʪʘʢʦʡ ʪʦʣʩʪʳʡ ʮʠ-
ʣʠʥʜʨʠʯʝʩʢʠʡ ʙʦʯʦʥʦʢ, ʪʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʙʫʜʝʪ ʚʳʰʝ), ʣʠʙʦ ʧʝʨʝʜ 
ʛʣʫʰʠʪʝʣʝʤ (ʪʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʙʫʜʝʪ ʤʝʥʴʰʝ). ɹʦʣʝʝ ʥʘʛʨʝʪʳʡ ʢʘʪʘ-
ʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ ʙʳʩʪʨʝʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ ʨʘʙʦʪʘʝʪ, ʯʝʤ ʤʝʥʝʝ ʥʘʛʨʝʪʳʡ, ʥʦ ʙʦʣʴʰʘʷ ʪʝʤʧʝ-
ʨʘʪʫʨʘ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʘʚʪʦʤʦʙʠʣʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷ ʧʨʦ-
ʠʣʣʶʩʪʨʠʨʫʶ ʥʘ ʩʭʝʤʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʧʦʩʣʝ ʚʳʧʫʩʢʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ. 
ʕʪʦʪ ʢʦʣʣʝʢʪʦʨ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʪʚʦʜʠʪ ʦʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ ʚ ʦʙʱʫʶ ʪʨʫʙʫ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʦʝ 
ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʧʦʤʠʤʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʫʩʣʦʚʣʝʥʦ ʟʘʱʠʱʝʥʥʦʩʪʴʶ ʝʛʦ 
ʦʪ ʫʜʘʨʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ. ɺʝʜʴ ʝʩʣʠ ʨʘʩʧʦʣʦʞʠʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠ-
ʟʘʪʦʨ ʩʪʨʦʛʦ ʧʦʜ ʜʥʠʱʝʤ ʘʚʪʦʤʦʙʠʣʷ, ʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʦʥ ʙʳʩʪʨʦ ʚʳʡʜʝʪ ʠʟ ʩʪʨʦʷ. 

 

 
ʉʡʪ. 2. ʁʤʤʷʪʫʩʙʯʡʸ ʩʙʪʨʧʤʧʟʞʦʡʸ ʣʙʫʙʤʡʫʡʰʞʪʣʧʜʧ ʦʞʢʫʩʙʤʡʠʙʫʧʩʙ  
ʨʧʪʤʞ ʛʴʨʬʪʣʦʧʜʧ ʣʧʤʤʞʣʫʧʩʙ (https://dzen.ru/a/ZBQD7cLYlFxUHJPg) 
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ʉʡʪ. 3. ʊʮʞʥʙ ʬʪʫʩʧʢʪʫʛʙ ʣʙʫʙʤʡʫʡʰʞʪʣʧʜʧ ʦʞʢʫʩʙʤʡʠʙʫʧʩʙ 

(https://avatars.mds.yandex.net/i?id=63f662d68a3153ae54b39c5521793d5160bc8805-10814821-images-
thumbs&n=13) 

 
ʉʦʩʪʘʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ: 

1) ʄʦʥʦʣʠʪʥʳʡ ʢʦʨʧʫʩ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. ʀʟʦʣʠʨʫʝʪ ʚʥʫʪʨʝʥʥʠʝ ʯʘʩʪʠ ʠ ʟʘʱʠʱʘʝʪ ʠʭ ʦʪ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʂʦʨʧʫʩ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ: ʮʠʣʠʥʜʨ, ʵʣʣʠʧʩ, ʦʚʘʣ. 

2) ʊʝʨʤʦʩʪʦʡʢʠʡ ʩʣʦʡ ʠʟ ʧʦʨʠʩʪʦʛʦ ʠʟʦʣʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʦʭʨʘʥʷʝʪ ʪʨʝʙʫʝʤʫʶ ʜʣʷ ʦʢʠʩ-
ʣʝʥʠʷ ʛʘʟʦʚ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʪʝʨʤʦ-ʫʜʘʨʳ. 

3) ʗʯʝʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʦʙʠʣʠʝʤ ʤʝʣʢʠʭ ʩʦʪ, ʩʣʫʞʘʱʠʭ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʢʘ-
ʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʩ ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ. 

4) ɸʢʪʠʚʥʳʡ ʩʣʦʡ. ʉʧʝʮʠʘʣʴʥʦʝ ʥʘʧʳʣʝʥʠʝ ʠʟ ʜʨʘʛʤʝʪʘʣʣʦʚ ʥʘ ʷʯʝʡʢʘʭ. (ʧʘʣʣʘʜʠʡ, ʧʣʘʪʠʥʘ, 
ʨʦʜʠʡ, ʟʦʣʦʪʦ ʠ ʪ.ʜ.) 

5) ɺʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʧʘʪʨʫʙʢʠ. ʅʫʞʥʳ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʚ ʚʳ-
ʭʣʦʧʥʦʤ ʢʦʥʪʫʨʝ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ, ʢʦʪʦʨʳʡ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʷʚʣʷʝʪʩʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʤ, ʪʘʢ ʢʘʢ ʦʥ 
ʧʝʨʝʨʘʙʘʪʳʚʘʝʪ ʪʨʠ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʘ ʚ ʚʳʭʣʦʧʥʳʭ ʛʘʟʘʭ: NOx; CO; CHx. ʊʘʢʞʝ ʝʩʪʴ ʜʚʫʭʢʦʤʧʦʥʝʥʪ-
ʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʥʝʡʪʨʘʣʠʟʘʪʦʨʳ, ʦʙʝʟʚʨʝʞʠʚʘʶʱʠʝ ʪʦʣʴʢʦ ʛʘʟʳ CO ʠ CHx. ʊʘʢʠʝ ʚʝʨʩʠʠ ʤʦʞʥʦ ʫʚʠ-
ʜʝʪʴ ʥʘ ʩʪʘʨʳʭ ʤʘʰʠʥʘʭ ʩ ʙʝʥʟʠʥʦʚʳʤʠ ʩʠʣʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʩʝʛʦʜʥʷ ʦʥʠ ʫʞʝ ʥʝ ʚʳʧʫʩʢʘʶʪʩʷ (ɼɺʉ, 
ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʝʜʝʥʳ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʟʘʜ ʠ ʠʤʝʶʱʠʝ ʙʦʣʝʝ ʧʨʦʩʪʫʶ ʢʦʥʩʪʨʫʢʮʠʶ). 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʙʝʥʟʠʥʦ-
ʚʦʤ ʪʦʧʣʠʚʝ: 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ ʨʘʙʦʪʘʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 300-800 Áʉ. ʊʦʧʣʠʚʦ ʩʛʦʨʘʝʪ, ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʚʝʱʝʩʪʚʘ: CH; CO; NOx. ʕʪʠ ʚʝʱʝʩʪʚʘ ʦʧʘʩʥʳ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʥʦʩʷʪ ʚʨʝʜ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɼʘʣʝʝ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ, ʢʦʪʦʨʳʡ ʧʝʨʝʨʘʙʘʪʳ-
ʚʘʝʪ ʵʪʠ ʚʝʱʝʩʪʚʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʚʳʭʦʜʝ ʦʙʨʘʟʫʶʪʩʷ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʝ ʚʝʱʝʩʪʚʘ: COϜ; HϜO; NϜ. 
ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʜʠʟʝʣʴʥʦʤ 

ʪʦʧʣʠʚʝ: 
ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ ʨʘʙʦʪʘʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 100-600 ÁC. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʘʪʘ-

ʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩʭʦʞ ʩ ʧʨʠʥʮʠʧʦʤ ʜʝʡʩʪʚʠʷ ʚ ʤʘʰʠʥʝ ʩ ʙʝʥʟʠʥʦʚʳʤ ɼɺʉ, ʥʦ ʟʜʝʩʴ ʠʟ - ʟʘ 
ʪʦʛʦ, ʯʪʦ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʙʦʣʝʝ ʤʘʩʣʷʥʠʩʪʦʝ ʠ ʪʷʞʝʣʦʝ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʝ ʩʘʞʠ ʠ ʘʟʦʪʥʳʭ ʦʢʠʩʣʦʚ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ ʥʝʡʪʨʘʣʠʟʘʪʦʨʫ ʥʫʞʥʦ ʜʦʙʘʚʣʷʪʴ ʩʘʞʝʚʳʡ ʬʠʣʴʪʨ, ʯʪʦʙʳ ʫʩʪʨʘ-
ʥʠʪʴ ʩʘʞʫ, ʟʘʜʝʨʞʘʚ ʝʝ. ʊʘʢʞʝ ʯʘʩʪʦ ʜʦʙʘʚʣʷʶʪ ʤʦʯʝʚʠʥʫ Ad Blue ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ 
ʘʟʦʪʘ ʚ ʚʳʭʣʦʧʝ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ɾʠʜʢʠʡ ʨʝʘʛʝʥʪ (ʢʘʨʙʘʤʠʜ) ʧʦʜʘʸʪʩʷ ʚ ʚʳʭʣʦʧʥʫʶ ʩʠʩʪʝʤʫ 
ʘʚʪʦʤʦʙʠʣʷ, ʛʜʝ, ʚʩʪʫʧʘʷ ʚ ʨʝʘʢʮʠʶ ʩ ʦʪʨʘʙʦʪʘʥʥʳʤʠ ʛʘʟʘʤʠ (ʆɻ), ʧʦʤʦʛʘʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʦʢʩʠʜʳ 
ʘʟʦʪʘ ʚ ʙʝʟʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ ð ʚʦʜʷʥʦʡ ʧʘʨ ʠ ʘʟʦʪ. ʊʦ ʝʩʪʴ ʟʜʝʩʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʡ 
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94 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 

 

XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʢʘʪʘʣʠʟʘʪʦʨ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʜʠʟʝʣʴʥʦʤ ʘʚʪʦʤʦʙʠʣʝ ʩʦʜʝʨʞʠʪʩʷ ʠʟʙʳʪʦʢ ʢʠʩʣʦʨʦʜʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʩ-
ʩʪʘʥʦʚʠʪʴ NO ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʙʫʜʝʪ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʨʝʘʢʮʠʠ ʧʦ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʙʫʜʫʪ ʩʭʦ-
ʞʠ, ʥʦ ʧʨʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ NO ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʦʯʝʚʠʥʘ, ʘ ʜʣʷ ʦʩʪʘʥʦʚʢʠ ʩʘʞʠ ï ʩʘʞʝʚʳʡ 
ʬʠʣʴʪʨ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ: ʚ ʙʝʥʟʠʥʦʚʦʤ ʜʚʠʛʘʪʝʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ, ʘ ʚ ʜʠ-
ʟʝʣʴʥʦʤ ʜʚʠʛʘʪʝʣʝ ð ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ + ʩʘʞʝʚʳʡ ʬʠʣʴʪʨ (+Ad Blue). 

 
ʈɾʉʊʈɾʃʋʁɻʔ ʈʉɾɽʄʇɿɹʆʆʇɼʇ ʅʆʇʂ ʌʊʋʉʇʂʊʋɻɹ ɽʄʘ ʉɾʑɾʆʁʘ ʖʃʇʄʇɼʁʐɾʊʃʇʂ 

ʈʉʇɺʄɾʅʔ 
ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʷ ʦʪʚʝʯʫ ʥʘ 2 ʚʦʧʨʦʩʘ: 1) çʂʘʢ ʧʨʘʚʠʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘ-

ʣʠʟʘʪʦʨ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ?è 2) çʂʘʢ ʫʣʫʯʰʠʪʴ ʝʛʦ ʧʦʢʘʟʘʪʝʣʠ?è 
1)-ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʜʦʣʞʥʳ ʚʳʧʫʩʢʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦ ʩʜʝʣʘʥʥʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ. 
ʊʦ ʝʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ ʩ ʧʨʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʫ ʢʦʪʦʨʦʛʦ ʩʦʪʳ 

ʥʘʤʥʦʛʦ ʫʩʪʦʡʯʠʚʝʝ, ʯʝʤ ʫ ʢʝʨʘʤʠʯʝʩʢʦʛʦ. ʊʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʙʫʜʝʪ ʥʘʜʝʞʥʝʝ ʠ ʧʦʚʳʩʠʪ ʩʨʦʢ ʩʣʫʞʙʳ. 
ʅʦ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʝʛʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʨʝʞʝ. 

ɸʚʪʦʚʣʘʜʝʣʴʮʳ ʧʨʠ ʤʘʣʝʡʰʠʭ ʧʨʠʟʥʘʢʘʭ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʘʚʪʦʤʦʙʠʣʷ ʜʦʣʞʥʳ          
ʦʙʨʘʱʘʪʴʩʷ ʚ ʩʝʨʚʠʩ ʩ ʮʝʣʴʶ ʦʯʠʩʪʢʠ ʠʣʠ ʟʘʤʝʥʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ (ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ 
ʩʠʛʥʘʣʦʤ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ).  

ɺʘʞʥʦ ʦʙʨʘʱʘʪʴʩʷ ʩʨʘʟʫ ʞʝ ʚ ʩʝʨʚʠʩ, ʧʦʪʦʤʫ ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ ʷʚʣʷʝʪʩʷ ʵʣʝ-
ʤʝʥʪʦʤ ʩʠʩʪʝʤʳ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. ɸ ʧʨʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʵʣʝʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʡ ʚʦ ʚʩʝʡ ʩʠʩʪʝʤʝ. 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʟʥʘʢʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ:  

1 ï ɻʦʨʠʪ ʢʦʥʪʨʦʣʴʥʘʷ ʣʘʤʧʦʯʢʘ ʥʘ ʧʘʥʝʣʠ, ʩʠʛʥʘʣʠʟʠʨʫʷ ʦ ʧʨʦʙʣʝʤʘʭ ʨʦʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. 
2 - ʅʝʧʨʠʷʪʥʳʡ ʟʘʧʘʭ, ʪʦ ʝʩʪʴ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʨʘʙʦʪʢʠ. 
3 ï ɹʦʣʴʰʠʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. 
ʊʘʢʞʝ ʘʚʪʦʤʦʙʠʣʠʩʪʘʤ ʥʫʞʥʦ ʧʨʦʭʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʦʩʤʦʪʨ ʩʦ ʩʚʦʠʤ ʪʨʘʥʩʧʦʨʪʥʳʤ 

ʩʨʝʜʩʪʚʦʤ, ʧʦʪʦʤʫ ʯʪʦ ʧʦʣʦʤʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʟʘʤʝʯʝʥʘ ʠʤʠ.  
ʊ.ʢ ʤʥʦʛʠʝ ʘʚʪʦʤʦʙʠʣʠʩʪʳ ʟʘʯʘʩʪʫʶ ʧʨʝʥʝʙʨʝʛʘʶʪ ʪʝʭʥʠʯʝʩʢʠʤ ʦʩʤʦʪʨʦʤ, ʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʘʚʪʦʤʦʙʠʣʴ ʧʨʦʭʦʜʠʪ ʚʝʩʴ ʩʨʦʢ ʩʣʫʞʙʳ ʩ ʟʘʙʠʪʳʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʤ. ʊʘʢʞʝ ʞʝʣʘʪʝʣʴ-
ʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʤʝʨʳ ʜʣʷ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʂʘʢ ʥʘʧʨʠʤʝʨ - 
ʟʘʣʠʚʢʘ ʚ ʙʝʥʟʦʙʘʢ ʘʚʪʦʤʦʙʠʣʷ ʨʘʟʣʠʯʥʳʭ ʞʠʜʢʦʩʪʝʡ ʧʝʨʝʜ ʟʘʧʨʘʚʢʦʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʯʠʩʪʢʠ ʩʦʪ 
ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ (Hi-Gear, ABRO). 

2)-ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʚʝʨʩʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ. 
ʊʦ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩ ʪʝʤʠ ʞʝ ʬʫʥʢʮʠʷʤʠ, ʥʦ ʩ ʫʣʫʯʰʝʥʥʳʤʠ   

ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʙʫʜʝʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʢʦʤ-
ʧʦʥʝʥʪʘʤ ʨʘʟʨʷʜʥʦʡ ʧʘʫʪʠʥʳ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʠʚʣʝʯʝʥʠʠ ʚ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʚʦʟʜʫʭʘ ʩ ʦʟʦʥʦʤ. ʊʘʢ ʢʘʢ 
ʨʘʟʨʷʜʳ ʠ ʦʟʦʥ (ʤʦʱʥʳʡ ʦʢʠʩʣʠʪʝʣʴ, ʨʘʩʱʝʧʣʷʶʱʠʡ ʯʘʩʪʠʮʳ) ʙʫʜʫʪ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʚʨʝʜʥʳʤ ʚʝʱʝʩʪʚʘʤ 
ʦʢʠʩʣʷʷ ʠ ʚʳʞʠʛʘʷ ʠʭ, ʪʦ ʥʘ ʚʳʭʦʜʝ ʙʫʜʝʪ ʚʳʜʝʣʷʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʳʡ ʚʦʟʜʫʭ. ʊʘʢʞʝ ʪʘʢʦʝ ʫʩʪʨʦʡ-
ʩʪʚʦ ʙʫʜʝʪ ʦʯʝʥʴ ʥʘʜʝʞʥʳʤ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʥʝʛʦ ʙʫʜʫʪ ʚʥʝʜʨʝʥʳ ʩʚʝʨʭʧʨʦʯʥʳʝ ʤʝʪʘʣʣʳ (ʥʘʧʨʠʤʝʨ, ʊʠ-
ʪʘʥ). ʂʦʥʝʯʥʦ, ʩʝʡʯʘʩ ʜʘʥʥʫʶ ʚʝʨʩʠʶ ʥʝ ʛʜʝ ʥʝ ʚʩʪʨʝʪʠʰʴ, ʥʦ ʷ ʥʘʜʝʶʩʴ ʥʘ ʧʦʩʪʝʧʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʝʝ ʚ 
ʘʚʪʦʤʦʙʠʣʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʦʟʤʦʞʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʩʧʝʢʪʠʚʳ ʫ ʫʩʪʨʦʡʩʪʚʘ çʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨè ʚʝʩʴʤʘ ʙʦʣʴʰʠʝ, ʧʦ-
ʪʦʤʫ ʯʪʦ ʚʦʟʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʨʘʙʦʪʳ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ.  

 
 
ʀʙʣʤʷʰʞʦʡʞ: ʗ ʚʳʜʚʠʥʫʣ ʩʚʦʡ ʜʦʢʣʘʜ ʥʘ ʥʘʫʯʥʫʶ ʢʦʥʬʝʨʝʥʮʠʶ ʩ ʮʝʣʴʶ ʧʦʜʯʝʨʢʥʫʪʴ ʚʘʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ. ʗ ʩʯʠʪʘʶ, ʯʪʦ ʤʦʷ ʮʝʣʴ ʜʦʩʪʠʛʥʫʪʘ. ɼʣʷ ʵʪʦʛʦ ʷ ʧʦʣʥʦ-
ʩʪʴʶ ʫʛʣʫʙʠʣʩʷ ʚ ʧʦʟʥʘʥʠʝ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʘʢ ʢʦʤʧʦʥʝʥʪʘ ʚ ʘʚʪʦʤʦʙʠʣʝ, ʠ ʧʦʜʝʣʠʣʩʷ ʧʦʣʫʯʝʥʥʳʤʠ 
ʟʥʘʥʠʷʤʠ ʚ ʭʦʜʝ ʨʘʙʦʪʳ, ʩ ʘʫʜʠʪʦʨʠʝʡ. ʊʘʢʞʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʷ ʨʘʩʩʢʘʟʘʣ ʦ ʧʝʨʩʧʝʢʪʠʚʘʭ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʗ ʪʘʢʞʝ ʦʪʤʝʯʫ, ʯʪʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʪʦʛʦ ʜʦʢʣʘʜʘ ʤʥʝ ʩʘʤʦʤʫ ʙʳʣʦ ʠʥʪʝ-
ʨʝʩʥʦ ʠ ʫʚʣʝʢʘʪʝʣʴʥʦ. 
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ɹʦʦʧʫʙʯʡʸ: ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʠʟʫʘʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʪʨʸʭʤʝʨ-
ʥʳʭ ʤʦʜʝʣʝʡ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʧʠʩʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ 
(C#, .NET, OpenTK/OpenGL, WinForms), ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 3D-ʤʦʜʝʣʝʡ ʭʠ-
ʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʥʘʫʯʥʳʭ ʟʘ-
ʜʘʯ. ʇʨʠʣʦʞʝʥʠʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʟʘʛʨʫʟʢʫ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠ ʩʦʭʨʘʥʝʥʠʝ 3D-ʤʦʜʝʣʝʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: 3D-ʤʦʜʝʣʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, OpenGL, ʰʝʡʜʝʨʳ, ʚʠʟʫʘʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. 
 

DEVELOPMENT OF AN APPLICATION FOR EDITING OF 3D-MODELS OF CHEMICAL COMPOUND 
FORMULAS 

 
Ananchenko Igor Viktorovich, 
Rogov Alexander Yuryevich, 

Kosolapov Grigoriy Andreevich 
 
Abstract: the publication discusses a visual application for interactive editing of three-dimensional models of 
chemical compounds. It describes the application's architecture, the used technologies (C#, .NET, 
OpenTK/OpenGL, WinForms), and the developed tools for editing 3D-models of chemical compounds. The 
application is intended for educational and scientific purposes. The application supports the loading, editing, 
and saving of 3D-models. 
Keywords: 3D-models of chemical compounds, OpenGL, shaders, visual application. 

 
ɺ ʭʠʤʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤʫʣ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ 
3D-ʤʦʜʝʣʝʡ, ʦʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʣʠʙʦ ʦʙʣʘʜʘʶʪ ʧʝʨʝʛʨʫʞʝʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʣʠʙʦ ʩʣʠʰʢʦʤ 
ʩʣʦʞʥʳ ʜʣʷ ʥʝʩʧʝʮʠʘʣʠʩʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʛʦ 
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ʠ ʜʦʩʪʫʧʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʨʝʜʘʢʪʠʨʦ-
ʚʘʥʠʷ ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʬʦʨʤʫʣ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘ-
ʣʠʩʴ ʪʝʭʥʦʣʦʛʠʠ: 

 C# (.NET 8) ï ̫ ʟʳʢ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʷ [1]; 
 OpenGL ï ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʡ API ʜʣʷ ʨʘʙʦʪʳ ʩ 2D- ʠ 3D-ʛʨʘʬʠʢʦʡ ï ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ 

ʨʝʥʜʝʨʠʥʛʘ ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ [2]; 
 OpenTK (Open Toolkit Library) ï .NET-ʦʙʸʨʪʢʘ ʜʣʷ OpenGL, ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ ʫʜʦʙʥʳʝ ʙʠʥ-

ʜʠʥʛʠ ʜʣʷ ʨʘʙʦʪʳ ʩ OpenGL ʚ ʩʨʝʜʝ C# [3]; 
 GLSL (OpenGL Shading Language) ð ̫ ʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʰʝʡʜʝʨʦʚ ʜʣʷ OpenGL [4]; 
 Windows Forms (WinForms) ï ʪʝʭʥʦʣʦʛʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷ [5]. 
ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʧʦ ʤʦʜʫʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ. ɻʣʘʚʥʦʝ ʦʢʥʦ ʧʨʠʣʦ-

ʞʝʥʠʷ, ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 1, ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʢʣʘʩʩʝ ʬʦʨʤʳ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʶ ʩ ʤʦʜʫʣʝʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ï OpenGL_Window. 

 

 
ʉʡʪ. 1. ʁʦʫʞʩʭʞʢʪ ʨʩʡʤʧʟʞʦʡʸ 

 
ʄʦʜʫʣʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʦʪʦʙʨʘʞʝʥʠʝ 3D-ʤʦʜʝʣʠ ʠ ʫʧʨʘʚʣʝʥʠʝ 3D-

ʩʮʝʥʦʡ, ʠʩʧʦʣʴʟʫʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʢʣʘʩʩʳ: 
 FlypLoader (ʟʘʛʨʫʟʢʘ ʤʦʜʝʣʝʡ ʚ ʬʦʨʤʘʪʝ flyp), 
 Json_OpenGL_Window (ʨʘʙʦʪʘ ʩ ʤʦʜʝʣʷʤʠ ʚ ʬʦʨʤʘʪʝ JSON), 
 Light (ʦʩʚʝʱʝʥʠʝ), 
 Camera (ʢʘʤʝʨʘ), 
 Spheres, Cylinders, CoordinateGrid (ʦʪʦʙʨʘʞʝʥʠʝ ʘʪʦʤʦʚ, ʩʚʷʟʝʡ ʠ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ).  
ɹʘʟʦʚʳʡ ʢʣʘʩʩ (Figure) ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʢʣʘʩʩʳ (Shader, Cylinder, Sphere, CylinderGeometry, 

ISOSphereGeometry) ʨʝʘʣʠʟʫʶʪ ʨʘʙʦʪʫ ʩ ʛʨʘʬʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ. ʋʧʨʘʚʣʝʥʠʝ ʪʝʢʩʪʫʨʘʤʠ ʚʳʧʦʣʥʷʝʪ 
ʢʣʘʩʩ SpheresTextureManager (ʩʦʚʤʝʩʪʥʦ ʩ TextureGen ʠ Texture). 
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ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦ-
ʞʝʪ ʟʘʛʨʫʞʘʪʴ 3D-ʤʦʜʝʣʠ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʘʭ ʠ ʩʚʦʙʦʜʥʦ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʩʮʝʥʦʡ ï ʚʨʘʱʘʪʴ, ʧʝʨʝ-
ʤʝʱʘʪʴ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʦʙʲʝʢʪʳ ʩ ʧʦʤʦʱʴʶ ʧʨʠʚʳʯʥʳʭ ʩʨʝʜʩʪʚ ʚʚʦʜʘ. ɼʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʤʦʜʝ-
ʣʝʡ ʨʝʘʣʠʟʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ.  

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʢʦʥʢʨʝʪʥʳʡ ʘʪʦʤ ʠ ʠʟʤʝʥʠʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʮʚʝʪ, ʧʦʜʧʠʩʴ, 
ʨʘʜʠʫʩ ʠ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʦ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʘʪʦʤʦʚ, ʜʣʷ ʯʝʛʦ ʧʨʠʤʝ-
ʥʷʪʩʷ ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʝʪʢʘ, ʚ ʫʟʣʘʭ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʤʝʱʝʥʠʝ ʩʬʝʨ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʧʦʟʠʮʠ-
ʦʥʠʨʦʚʘʪʴ ʘʪʦʤʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʚʷʟʠ ʚ ʨʝʞʠʤʝ çʩʦʝʜʠʥʝʥʠʷè ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʧʝʨʚʳʡ 
ʘʪʦʤ, ʘ ʟʘʪʝʤ ʚʪʦʨʦʡ ʘʪʦʤ. ʈʝʜʘʢʪʦʨ ʧʦʩʪʨʦʠʪ ʮʠʣʠʥʜʨ, ʩʦʝʜʠʥʷʶʱʠʡ ʩʬʝʨʳ ʵʪʠʭ ʘʪʦʤʦʚ. ʇʘʨʘʤʝʪʨʳ 
ʩʦʝʜʠʥʝʥʠʷ (ʮʚʝʪ, ʪʠʧ) ʪʘʢʞʝ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʨʝʞʠʤ çʫʜʘʣʝʥʠʝè. 
ɽʩʣʠ ʫʜʘʣʷʝʤʳʤ ʦʙʲʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʘʪʦʤ, ʪʦ ʚʤʝʩʪʝ ʩ ʥʠʤ ʫʜʘʣʷʶʪʩʷ ʠ ʚʩʝ ʝʛʦ ʩʚʷʟʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠ-
ʤʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʤʦ-
ʣʝʢʫʣʳ ʚʦʜʳ. 

 

 
ʉʡʪ. 2. ʉʙʠʥʞʲʞʦʡʞ ʙʫʧʥʧʛ 

 

 
ʉʡʪ. 3. ʊʧʠʝʙʦʡʞ ʪʛʸʠʞʢ ʥʞʟʝʬ ʙʫʧʥʙʥʡ 

 
ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʣʦʩʴ ʩʦʟʜʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʚʳʙʦʨʘ ʦʙʲʝʢʪʦʚ ʥʘ 3D-ʩʮʝʥʝ, ʜʣʷ 

ʯʝʛʦ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʤʝʭʘʥʠʟʤ ʨʝʡʢʘʩʪʠʥʛʘ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʟ ʢʘʤʝʨʳ 
ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʯʢʠ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʢʫʨʩʦʨ ʤʳʰʠ, ʧʨʦʚʦʜʠʪʩʷ ʣʫʯ. ʉʨʝʜʠ ʚʩʝʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʧʝ-
ʨʝʩʝʢ ʣʫʯ, ʚʳʙʠʨʘʝʪʩʷ ʙʣʠʞʘʡʰʠʡ ʢ ʢʘʤʝʨʝ, ʠ ʠʤʝʥʥʦ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʚʳʙʨʘʥʥʳʤ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʦʙʲʝʢʪʘʤʠ ʥʘ 3D-ʩʮʝʥʝ. 

ɺ ʧʨʠʣʦʞʝʥʠʠ ʨʝʘʣʠʟʦʚʘʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ 3D-ʧʨʠʤʠʪʠʚʦʚ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʠʟʫʘʣʠ-
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ʟʘʮʠʠ ʘʪʦʤʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʦʩʬʝʨʘ, ʢʦʪʦʨʘʷ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʢʦʩʘʵʜʨʘ ï ʧʨʘʚʠʣʴʥʦʛʦ ʤʥʦʛʦʛʨʘʥ-
ʥʠʢʘ ʩ 20 ʨʘʚʥʦʩʪʦʨʦʥʥʠʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʝʡ. ɿʘʪʝʤ ʢʘʞʜʘʷ ʪʨʝʫʛʦʣʴʥʘʷ ʛʨʘʥʴ ʠʢʦʩʘ-
ʵʜʨʘ ʨʝʢʫʨʩʠʚʥʦ ʜʝʣʠʪʩʷ ʥʘ ʯʝʪʳʨʝ ʤʝʥʴʰʠʭ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4, ʠ ʧʦʩʣʝ ʢʘʞʜʦʡ 
ʪʘʢʦʡ ʠʪʝʨʘʮʠʠ ʥʦʚʳʝ ʚʝʨʰʠʥʳ çʚʳʥʦʩʷʪʩʷè ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʬʝʨʳ ʧʫʪʸʤ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʭ ʧʦʣʦʞʝ-
ʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ. ʂʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʜʝʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʩʛʣʘʞʝʥʥʦʩʪʠ ʠ ʜʝʪʘʣʠ-
ʟʘʮʠʠ ʠʪʦʛʦʚʦʡ ʠʟʦʩʬʝʨʳ: ʯʝʤ ʙʦʣʴʰʝ ʫʨʦʚʥʝʡ ʨʝʢʫʨʩʠʠ, ʪʝʤ ʙʣʠʞʝ ʬʦʨʤʘ ʢ ʠʜʝʘʣʴʥʦʡ ʩʬʝʨʝ ʠ ʪʝʤ 
ʨʘʚʥʦʤʝʨʥʝʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚʝʨʰʠʥʳ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ [6]. 

ʊʘʢʞʝ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ ʧʨʦʝʢʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʠ 
ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʠʟʤʝʥʷʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʠʣʦʞʝʥʠʷ, ʚʥʦʩʠʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʫʣʫʯʰʝʥʠʷ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʝʛʦ 
ʧʦʜ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʦʝʢʪʘ ʜʦʩʪʫʧʝʥ ʧʦ ʩʩʳʣʢʝ https://github.com/GrIboedD/CFE 
 

 
ʉʡʪ. 4. ʉʞʣʬʩʪʡʛʦʧʞ ʝʞʤʞʦʡʞ ʜʩʙʦʞʢ ʡʠʧʪʭʞʩʴ 

 
ʇʝʨʩʧʝʢʪʠʚʘ ʨʘʟʚʠʪʠʷ ʨʘʙʦʪʳ ʚʠʜʠʪʩʷ ʚ ʨʘʩʰʠʨʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʜʦʨʘʙʦʪʢʠ 

ʠʥʪʝʨʬʝʡʩʘ, ʜʦʙʘʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʥʦʚʳʤʠ ʬʦʨʤʘʪʘʤʠ ʜʘʥʥʳʭ ʦ ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤʫʣʘʭ ʠ 
ʠʥʪʝʛʨʘʮʠʠ ʩ ʚʥʝʰʥʠʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ.  

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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https://learn.microsoft.com/ru-ru/dotnet/framework/get-started/overview (09.07.2025) 
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ǲǣǩ 471,325 

ǭǰǭǠǤǬǬǭǰǱǧ ǧ ǱǤǴǬǭǪǭǢǧǧ ǦǧǫǬǤǢǭ 
ǠǤǱǭǬǧǯǭǡǟǬǧǾ 

 
ǰǿǿȉȞȌ ǡȇȉȑȍȏȇȞ ǡȊǿȃȇȋȇȏȍȁȌǿ 

ʠʥʞʝʥʝʨ 
ʆʆʆ çɸʅʊʊɽʂè 

 

ɹʦʦʧʫʙʯʡʸ: ʅʘʨʫʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ ʟʠʤʥʝʤ ʙʝʪʦʥʠʨʦʚʘʥʠʠ ʚʝʜʝʪ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦ-
ʩʣʝʜʩʪʚʠʷʤ. ʅʘʙʦʨ ʧʨʦʯʥʦʩʪʠ ʟʘʤʝʜʣʷʝʪʩʷ, ʠ ʙʝʪʦʥʥʘʷ ʩʤʝʩʴ ʪʝʨʷʝʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ. ʉʇ 70.13330.2012 
ʨʝʢʦʤʝʥʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʫʢʣʘʜʢʫ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʙʝʟ ʧʨʦʪʠʚʦʤʦʨʦʟʥʳʭ ʜʦʙʘʚʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ 
ʤʝʥʝʝ + 5 Áʉ. ʆʜʥʘʢʦ ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʠ ʨʘʙʦʪʳ ʧʦ ʙʝʪʦʥʠʨʦʚʘʥʠʶ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʘʞʝ ʚ 
ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʚ ʭʦʣʦʜʘ. ʇʦʵʪʦʤʫ ʩʪʨʦʠʪʝʣʠ ʧʨʦʛʨʝʚʘʶʪ ʙʝʪʦʥ ʜʣʷ ʥʘʙʦʨʘ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥ-
ʥʳʭ ʩʤʝʩʝʡ. ʎʝʣʴ ʩʪʘʪʴʠ  ʧʦʜʛʦʪʦʚʠʪʴ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʟʠʤʥʝʛʦ ʙʝʪʦʥʠʨʦʚʘʥʠʷ (ʧʨʦʛʨʝ-
ʚʘ ʙʝʪʦʥʘ). 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʟʠʤʥʝʝ ʙʝʪʦʥʠʨʦʚʘʥʠʝ, ʧʨʦʛʨʝʚ ʙʝʪʦʥʘ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʠʤʦʡ, ʛʨʝʶʱʠʡ ʢʘʙʝʣʴ, 
ʛʨʝʶʱʘʷ ʦʧʘʣʫʙʢʘ. 
 

FEATURES AND TECHNOLOGIES OF WINTER CONCRETING 
 

Sahakyan Victoria Vladimirovna 
 

Abstract: Violation of the temperature regime during winter concreting leads to negative consequences. 
Strength gain slows down, and the concrete mix loses its properties. SP 70.13330.2012 recommends laying 
concrete mixes without antifreeze additives at a temperature of at least + 5 ÁC. However, construction and 
concreting work does not stop even in the winter, in the cold. Therefore, builders warm up the concrete to gain 
strength of concrete mixes. The purpose of the article is to prepare an overview of modern methods of winter 
concreting (warming up concrete). 
Key words: winter concreting, concrete heating, winter construction, heating cable, heating formwork. 

 
ʉʪʨʦʠʪʝʣʠ ʟʥʘʶʪ, ʯʪʦ ʭʦʣʦʜʘ  ʥʝ ʣʫʯʰʝʝ ʚʨʝʤʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʝʪʦʥʦʤ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʥʘ 

ʩʪʨʦʡʧʣʦʱʘʜʢʘʭ ʨʘʙʦʪʳ ʚʝʜʫʪʩʷ ʢʨʫʛʣʦʛʦʜʠʯʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʉʦʛʣʘʩʥʦ ʉʇ 
70.13330.2012 [1], ʟʠʤʦʡ ʫʢʣʘʜʢʘ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʙʝʟ ʧʨʦʪʠʚʦʤʦʨʦʟʥʳʭ ʜʦʙʘʚʦʢ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʪʝʤ-
ʧʝʨʘʪʫʨʝ ʥʝ ʤʝʥʝʝ + 5 Áʉ. ʅʘʨʫʰʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚʝʜʝʪ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ  ʟʘ-
ʤʝʜʣʝʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʣʘʛʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʛʨʝʚ ʙʝʪʦʥʘ ʜʣʷ 
ʧʨʠʜʘʥʠʷ ʝʤʫ ʧʨʦʯʥʦʩʪʠ. 

ʎʝʣʴ ʩʪʘʪʴʠ  ʩʜʝʣʘʪʴ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʟʠʤʥʝʛʦ ʙʝʪʦʥʠʨʦʚʘʥʠʷ (ʧʨʦʛʨʝʚʘ ʙʝʪʦʥʘ). 
ɺʦʧʨʦʩʳ ʟʠʤʥʝʛʦ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʩʪʘʪʴʷʭ ɹʘʪʫʨʘ ɺ. ʠ ʜʨ. [2], ʍʚʦʩʪʦʚʦʡ ɸ.ɻ., 

ʄʦʪʳʣʝʚʘ ʈ.ɺ. [3], ʊʫʭʚʘʪʫʣʠʥʘ ɹ.ɸ. [4], ɺʦʡʪʦʚʠʯ ɺ.ɸ. ʠ ʜʨ. [5], ɸʚʝʪʠʩʷʥʘ ʈ.ʊ. [6], ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʠʩ-
ʩʣʝʜʦʚʘʪʝʣʝʡ. ɺ ʩʪʘʪʴʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, 
ʧʨʠ ʵʪʦʤ ʘʚʪʦʨʳ ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʣʞʝʥ ʙʳʪʴ ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʝ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʩʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʢʣʘʜʢʫ ʙʝʪʦʥʘ ʟʠʤʦʡ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 
3 ʢʘʪʝʛʦʨʠʠ (ʪʘʙʣ. 1). 
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ʋʙʚʤʡʯʙ 1 
ʋʞʮʦʧʤʧʜʡʡ ʠʡʥʦʞʜʧ ʚʞʫʧʦʡʩʧʛʙʦʡʸ 

ˉ ʧ/ʧ ʊʝʭʥʦʣʦʛʠʷ ʉʫʪʴ ʤʝʪʦʜʘ 

1 
ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʟʦʛʨʝʚ ʙʝʪʦʥ-

ʥʦʡ ʩʤʝʩʠ 
ʊʝʭʥʦʣʦʛʠʝʡ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʘʟʚʝʜʝʥʠʝ ʩʤʝʩʠ ʠʟ ʟʘʨʘʥʝʝ 
ʨʘʟʦʛʨʝʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

2 ʆʙʦʛʨʝʚ ʫʣʦʞʝʥʥʦʡ ʩʤʝʩʠ 
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʝʪʦʥʥʘʷ ʩʤʝʩʴ ʩʥʘʯʘʣʘ ʫʢʣʘʜʳʚʘʝʪʩʷ, ʘ 
ʟʘʪʝʤ ʧʨʦʛʨʝʚʘʝʪʩʷ ʥʘ ʤʝʩʪʝ ʚʳʙʨʘʥʥʳʤ ʩʧʦʩʦʙʦʤ. 

3 ʇʨʦʪʠʚʦʤʦʨʦʟʥʳʝ ʜʦʙʘʚʢʠ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʙʝʪʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʴ-
ʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ. ʀʭ ʜʝʡʩʪʚʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 
ʫʩʢʦʨʝʥʠʝ ʟʘʩʪʳʚʘʥʠʷ ʙʝʪʦʥʘ ʠ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 
ʟʘʤʝʨʟʘʥʠʷ ʞʠʜʢʦʩʪʠ. 

 
ʅʘ ʧʨʘʢʪʠʢʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʣʴʟʫʶʪʩʷ ʦʙʦʛʨʝʚʦʤ ʫʞʝ ʫʣʦʞʝʥʥʦʡ ʩʤʝʩʠ ʥʘ 

ʤʝʩʪʝ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʧʦʩʦʙʳ ʧʨʦʛʨʝʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʪʘʙʣ. 2. 

 
ʋʙʚʤʡʯʙ 2 

ʊʨʧʪʧʚʴ ʨʩʧʜʩʞʛʙ ʚʞʫʧʦʦʴʮ ʪʥʞʪʞʢ, ʡʮ ʝʧʪʫʧʡʦʪʫʛʙ ʡ ʦʞʝʧʪʫʙʫʣʡ 
ʉʧʦʩʦʙ ʆʧʠʩʘʥʠʝ ʇʣʶʩʳ ʠ ʤʠʥʫʩʳ 

ɻʨʝʶʱʘʷ (ʪʝʨʤʦ-
ʘʢʪʠʚʥʘʷ) ʦʧʘʣʫʙ-

ʢʘ 

ɹʝʪʦʥʥʫʶ ʩʤʝʩʴ ʫʢʣʘʜʳʚʘʶʪ ʚ 
ʩʪʘʥʜʘʨʪʥʫʶ ʦʧʘʣʫʙʢʫ, ʢʦʪʦʨʘʷ ʦʙʦ-
ʨʫʜʦʚʘʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʥʘʛʨʝʚʘ-
ʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʵʪʦ ʤʦʛʫʪ 
ʙʳʪʴ ʊʕʅʳ, ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʧʦʢʨr -
ʪʠʷ, ʢʘʙʝʣʠ, ʣʝʥʪʦʯʥʳʝ ʥʘʛʨʝʚʘʪʝ-
ʣʠ). 

ʇʣʶʩʳ: 

¶ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʦʛʨʝʚʘ; 

¶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʨʘʟʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ. 
ʄʠʥʫʩʳ: 

¶ ʩʪʦʠʤʦʩʪʴ; 

¶ ʩʨʝʜʥʠʡ ʂʇɼ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʰʴ ʚ ʩʣʫʯʘʝ ʪʠʧʦʚʳʭ 
ʵʣʝʤʝʥʪʦʚ. 

ʇʨʦʛʨʝʚ ʵʣʝʢʪʨʦ-
ʜʘʤʠ 

ʉʧʦʩʦʙ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʩʧʦʣʦ-
ʞʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʪʦʥʘ ʠʣʠ 
ʚʞʠʚʣʝʥʠʝ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʵʣʝʢʪʨʦ-
ʜʦʚ. ʇʨʦʧʫʩʢʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
ʪʦʢʘ ʯʝʨʝʟ ʙʝʪʦʥ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝ-
ʣʝʥʠʶ ʪʝʧʣʘ ʠ ʦʙʦʛʨʝʚʫ. 

ʇʣʶʩʳ: 

¶ ʚʳʩʦʢʠʡ ʂʇɼ; 

¶ ʧʨʦʛʨʝʚ ʢʦʥʩʪʨʫʢʮʠʠ ʣʶʙʦʡ ʬʦʨʤʳ ʠ ʪʦʣ-
ʱʠʥʳ; 
ʄʠʥʫʩʳ: 

¶ ʚʳʩʦʢʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ; 

¶ ʪʨʝʙʫʝʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʜʣʷ ʤʦʥʪʘʞʘ 
ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɹʝʪʦʥʠʨʦʚʘʥʠʝ ʚ 
ʪʝʧʣʷʢʘʭ 

ʉʫʪʴ ʩʧʦʩʦʙʘ  ʚ ʚʦʟʚʝʜʝʥʠʠ ʚʦʢʨʫʛ 
ʟʘʣʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʨʤʦʠʟʦ-
ʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (h ʘʪʝʨ, 
ʪʝʧʣʷʢ). ɼʘʣʝʝ ʦʥʦ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ 
ʥʫʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʤʦʱʴʶ 
ʦʙʦʛʨʝʚʘʪʝʣʝʡ (ʥʘʧʨʠʤʝʨ, ʪʝʧʣʦʧʫ-
ʰʝʢ). 

ʇʣʶʩʳ: 

¶ ʜʦʩʪʫʧʥʘʷ ʩʪʦʠʤʦʩʪʴ; 

¶ ʧʨʦʩʪʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 
ʄʠʥʫʩʳ: 

¶ ʥʠʟʢʠʡ ʂʇɼ; 

¶ ʪʨʫʜʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʥʫʞʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨ-
ʥʦʛʦ ʨʝʞʠʤʘ. 

ʀʥʬʨʘʢʨʘʩʥʳʡ 
ʧʨʦʛʨʝʚ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʙʝʪʦʥ ʚʦʟʜʝʡʩʪʚʫ-
ʶʪ ʠʥʬʨʘʢʨʘʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ɼʣʷ 
ʵʪʦʛʦ ʨʷʜʦʤ ʩ ʟʘʣʠʪʦʡ ʦʧʘʣʫʙʢʦʡ 
ʨʘʟʤʝʱʘʶʪ ʠʥʬʨʘʢʨʘʩʥʳʝ ʧʨʦ-
ʤʳʰʣʝʥʥʳʝ ʦʙʦʛʨʝʚʘʪʝʣʠ. ʀʭ ʚʦʟ-
ʜʝʡʩʪʚʠʝ ʧʦʤʦʛʘʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ 
ʥʫʞʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʙʝʪʦʥʝ. 

ʇʣʶʩʳ: 

¶ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ; 

¶ ʚʳʩʦʢʠʡ ʂʇɼ. 
ʄʠʥʫʩʳ: 

¶ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʛʣʫʙʠʥʘ ʧʨʦʛʨʝʚʘ; 

¶ ʪʨʝʙʫʝʪʩʷ ʤʝʩʪʦ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʛʨʝ-
ʚʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ. 



102 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 

 

XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʉʧʦʩʦʙ ʆʧʠʩʘʥʠʝ ʇʣʶʩʳ ʠ ʤʠʥʫʩʳ 

ʀʥʜʫʢʮʠʦʥʥʳʡ 
ʧʨʦʛʨʝʚ 

ʊʘʢʦʡ ʥʘʛʨʝʚ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʨʠ 
ʥʘʣʠʯʠʠ ʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 
ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʷʚʣʷʶʪʩʷ 
ʩʝʨʜʝʯʥʠʢʦʤ, ʥʘʛʨʝʚ ʧʨʦʠʩʭʦʜʠʪ ʩ 
ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
ʢʘʪʫʰʢʠ-ʠʥʜʫʢʪʦʨʘ. 

ʇʣʶʩʳ: 

¶ ʜʦʩʪʫʧʥʘʷ ʩʪʦʠʤʦʩʪʴ; 

¶ ʨʘʚʥʦʤʝʨʥʳʡ ʧʨʦʛʨʝʚ. 
ʄʠʥʫʩʳ: 

¶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʪʠʧʝ ʢʦʥ-
ʩʪʨʫʢʮʠʡ; 

¶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴ-
ʥʳʭ ʨʘʩʯʝʪʦʚ. 

ʄʝʪʦʜ ʪʝʨʤʦʩʘ 

ʉʧʦʩʦʙ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʢʣʘʜʢʫ ʙʝ-
ʪʦʥʥʦʡ ʩʤʝʩʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʪʝʤ-
ʧʝʨʘʪʫʨʳ ʚ ʪʝʨʤʦʠʟʦʣʠʨʦʚʘʥʥʫʶ 
ʦʧʘʣʫʙʢʫ. 

ʇʣʶʩʳ: 

¶ ʜʦʩʪʫʧʥʘʷ ʩʪʦʠʤʦʩʪʴ; 

¶ ʧʨʦʩʪʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 
ʄʠʥʫʩʳ: 

¶ ʤʘʣʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝ-
ʨʘʪʫʨʘʭ; 

¶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʪʠʧʘ 
ʢʦʥʩʪʨʫʢʮʠʡ. 

 
ʊʝʭʥʦʣʦʛʠʠ ʧʨʦʛʨʝʚʘ ʙʝʪʦʥʘ ʧʦʟʚʦʣʷʶʪ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʘʞʝ ʟʠʤʦʡ. ɺʳʙʦʨ ʚʘ-

ʨʠʘʥʪʘ ʟʠʤʥʝʛʦ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʝʣʘʪʴ ʩ ʫʯʝʪʦʤ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 
ʩʧʦʩʦʙʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʧʣʶʩʦʚ ʠ ʤʠʥʫʩʦʚ. ʉ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ ʩʦʭʨʘ-
ʥʠʪʴ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʨʦʠʪʝʣʴʥʳʤ ʥʦʨʤʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ. 
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ɹʦʦʧʫʙʯʡʸ: ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʧʦʜʭʦʜʫ ʢ ʦʮʝʥʢʝ IDE ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ 
ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʤʝʪʦʜʦʣʦʛʠʠ DevOps, ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʩʢʫʩ-
ʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜ 
ʨʘʟʨʘʙʦʪʢʠ, ʦʧʠʩʳʚʘʶʪʩʷ ʠʭ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝ-
ʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʨʦʝʢʪʦʚ ʠ ʢʦʤʘʥʜ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʢʨʠʪʝ-
ʨʠʝʚ ʦʮʝʥʢʠ IDE ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʠ 
ʦʛʨʘʥʠʯʝʥʠʡ ʢʘʞʜʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘ-
ʮʠʠ ʧʦ ʚʳʙʦʨʫ IDE ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʨʦʝʢʪʘ, ʨʘʟʤʝʨʘ ʢʦʤʘʥʜʳ ʠ ʙʶʜʞʝʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʚʳʷʚ-
ʣʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʥʜʳ ʨʘʟʚʠʪʠʷ IDE, ʚʢʣʶʯʘʷ ʦʙʣʘʯʥʳʝ ʨʝʰʝʥʠʷ ʠ AI-ʠʥʪʝʛʨʘʮʠʶ. ʈʝʟʫʣʴʪʘʪʳ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ, ʪʝʭʥʠʯʝʩʢʠʤʠ ʣʠʜʝʨʘʤʠ ʠ ʤʝʥʝʜʞʝʨʘʤʠ ʧʨʦ-
ʝʢʪʦʚ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʦ ʚʳʙʦʨʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, IDE, ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʦʙʟʦʨ 
ʩʨʝʜ ʨʘʟʨʘʙʦʪʢʠ. 
 

COMPARATIVE ANALYSIS OF POPULAR DEVELOPMENT ENVIRONMENTS 
 

Beloglazov Kirill Aleksandrovich, 
Konovalov Maxim Yuryevich, 

Tkachenko Alexandra Vasilyevna, 
Karpukhin Eduard Vladimirovich 

 
Scientific adviser: Vorontsov Aleksandr Anatolievich 

 
Abstract: the article is devoted to a comprehensive approach to IDE evaluation taking into account modern 
trends in software development, including DevOps methodologies, cloud technologies and artificial intelli-
gence. A comparative analysis of the most popular integrated development environments is carried out, their 
strengths and weaknesses are described, and optimal areas of application for different types of projects and 
development teams are determined. A comprehensive system of IDE evaluation criteria for different develop-
ment scenarios is developed, a detailed analysis of the advantages and limitations of each development envi-
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ronment under consideration is performed, practical recommendations for choosing an IDE depending on the 
type of project, team size and budget constraints are formulated, modern trends in IDE development, including 
cloud solutions and AI integration, are revealed. The results of the study can be used by developers, technical 
leaders and project managers to make informed decisions about the choice of development tools. 
Key words: development environment, comparative analysis, IDE, developer tools, development environment 
review. 

 
ɺ ʵʧʦʭʫ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ (IDE) ʩʪʘʣʘ 

ʥʝʦʪʲʝʤʣʝʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʩʪʘ.  
IDE ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʦʙʲʝʜʠʥʷʶʱʝʝ ʚ ʩʝʙʝ ʨʝʜʘʢʪʦʨ 

ʢʦʜʘ, ʢʦʤʧʠʣʷʪʦʨ, ʦʪʣʘʜʯʠʢ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʟʨʘ-
ʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʇʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦ-
ʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʢʘʯʝʩʪʚʝʥ-
ʥʦʛʦ ʢʦʜʘ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ IDE ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʨʝʰʝʥʠʡ. ʆʪ 
ʣʝʛʢʦʚʝʩʥʳʭ ʨʝʜʘʢʪʦʨʦʚ ʢʦʜʘ ʜʦ ʤʦʱʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʧʣʘʪʬʦʨʤ ð ʢʘʞʜʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠʤʝʝʪ 
ʩʚʦʶ ʮʝʣʝʚʫʶ ʘʫʜʠʪʦʨʠʶ ʠ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. ʌʘʢʪʦʨʳ ʚʳʙʦʨʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ 
ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩʪʦʠʤʦʩʪʴ, ʢʨʠʚʫʶ ʦʙʫʯʝʥʠʷ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘ-
ʥʠʷ ʧʨʦʝʢʪʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʠʙʦʣʝʝ ʚʦʩ-
ʪʨʝʙʦʚʘʥʥʳʭ ʩʨʝʜ ʨʘʟʨʘʙʦʪʢʠ, ʚʳʷʚʣʝʥʠʝ ʠʭ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʩʪʦʨʦʥ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʨʘʢ-
ʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʡ. 

ʆʙʟʦʨ ʧʦʧʫʣʷʨʥʳʭ IDE 
Visual Studio Code ʦʪ Microsoft ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʨʝʜʘʢʪʦʨʦʚ ʢʦʜʘ ʙʣʘʛʦʜʘʨʷ ʩʚʦ-

ʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ ʙʦʛʘʪʦʡ ʵʢʦʩʠʩʪʝʤʝ ʨʘʩʰʠʨʝʥʠʡ. ʆʩʥʦʚʘʥʥʳʡ ʥʘ ʪʝʭʥʦʣʦʛʠʠ Electron, VS Code 
ʧʨʝʜʣʘʛʘʝʪ ʣʝʛʢʦʚʝʩʥʦʝ ʨʝʰʝʥʠʝ ʩ ʤʦʱʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ Visual Studio Code ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʙʝʩʧʣʘʪʥʦʩʪʴ ʠ ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ, ʦʙ-
ʰʠʨʥʫʶ ʙʠʙʣʠʦʪʝʢʫ ʨʘʩʰʠʨʝʥʠʡ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʧʦʜʜʝʨʞʢʫ Git, ʚʩʪʨʦʝʥʥʳʡ ʪʝʨʤʠʥʘʣ ʠ ʦʪʣʘʜʯʠʢ, 
ʧʦʜʜʝʨʞʢʫ ʤʥʦʞʝʩʪʚʘ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘʢʪʠʚʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʤʝʜʣʝʥʥʦ 
ʧʨʠ ʙʦʣʴʰʠʭ ʧʨʦʝʢʪʘʭ, ʪʨʝʙʫʝʪ ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʟʘʜʘʯ 

IntelliJ IDEA ʦʪ JetBrains ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʤʦʱʥʳʭ IDE, ʦʩʦʙʝʥʥʦ ʧʦʧʫʣʷʨʥʦʡ ʩʨʝʜʠ Java-
ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʢʘʢ ʙʝʩʧʣʘʪʥʘʷ Community Edition, ʪʘʢ ʠ ʧʣʘʪʥʘʷ Ultimate ʚʝʨʩʠʷ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʘʚʪʦʧʦʜʩʪʘʥʦʚʢʫ ʢʦʜʘ, 
ʤʦʱʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʝʬʘʢʪʦʨʠʥʛʘ, ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ, ʧʦʜʜʝʨʞʢʘ ʬʨʝʡʤʚʦʨ-
ʢʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʜʚʠʥʫʪʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʣʘʜʢʠ, ʚʩʪʨʦʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ IntelliJ IDEA ʤʦʞʥʦ ʦʪʥʝʩʪʠ ɺʳʩʦʢʠʝ ʩʠʩʪʝʤʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʉʪʦʠʤʦʩʪʴ Ultimate 
ʚʝʨʩʠʠ, ɼʦʣʛʦʝ ʚʨʝʤʷ ʟʘʧʫʩʢʘ ʥʘ ʩʣʘʙʳʭ ʤʘʰʠʥʘʭ. 

ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ PyCharm, ʪʘʢʞʝ ʦʪ JetBrains, ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʥʘ Python ʠ 
ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʵʪʦʛʦ ʷʟʳʢʘ. ʂ ʝʸ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 
ʧʦʜʜʝʨʞʢʫ Python ʠ ʝʛʦ ʬʨʝʡʤʚʦʨʢʦʚ, ʠʥʪʝʛʨʘʮʠʶ ʩ ʥʘʫʯʥʳʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ, ʚʩʪʨʦʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ 
Django ʠ Flask, ʥʘʣʠʯʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʜʘ, ʫʜʦʙʥʫʶ ʨʘʙʦʪʫ ʩ ʚʠʨʪʫʘʣʴʥʳʤʠ ʦʢʨʫʞʝʥʠʷʤʠ 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ PyCharm ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʦʜʥʠʤ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʨʝʙʦ-
ʚʘʪʝʣʴʥʦʩʪʴ ʢ ʨʝʩʫʨʩʘʤ, ʧʣʘʪʥʦʩʪʴ Professional ʚʝʨʩʠʠ 

ʊʘʢʞʝ ʧʦʧʫʣʷʨʥʦʡ ʩʨʝʜʦʡ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ Eclipse ï ʦʜʥʘ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ IDE, ʦʩʦʙʝʥʥʦ ʧʦ-
ʧʫʣʷʨʥʦʡ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʝ ʜʣʷ Java-ʨʘʟʨʘʙʦʪʢʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʘʢʠʤʠ ʝʸ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, 
ʢʘʢ ʙʝʩʧʣʘʪʥʦʩʪʴ ʠ ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ, ʤʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʙʦʛʘʪʘʷ ʵʢʦʩʠʩʪʝʤʘ ʧʣʘʛʠʥʦʚ, ʩʪʘ-
ʙʠʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ, ʧʦʜʜʝʨʞʢʘ ʤʥʦʞʝʩʪʚʘ ʷʟʳʢʦʚ ʯʝʨʝʟ ʧʣʘʛʠʥʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʢʘʟʘʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ, ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Eclipse ʦʙʣʘʜʘʝʪ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʪʘʢʠʤʠ 
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ʢʘʢ ʫʩʪʘʨʝʚʰʠʡ ʠʥʪʝʨʬʝʡʩ, ʩʣʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ, ʤʝʜʣʝʥʥʘʷ ʨʘʙʦʪʘ, ʚʳʩʦʢʠʡ ʧʦʨʦʛ ʚʭʦʜʘ ʜʣʷ ʥʦʚʠʯʢʦʚ. 
ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Sublime Text ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʢʘʢ ʣʝʛʢʠʡ ʠ ʙʳʩʪʨʳʡ ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ ʩ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ IDE, ʦʙʣʘʜʘʶʱʠʡ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ, ʤʠʥʠʤʘʣʠ-
ʩʪʠʯʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʤʦʱʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʠʩʢʘ ʠ ʟʘʤʝʥʳ, ʧʦʜʜʝʨʞʢʘ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘ-
ʥʠʷ, ʙʦʛʘʪʘʷ ʩʠʩʪʝʤʘ ʛʦʨʷʯʠʭ ʢʣʘʚʠʰ. ʇʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʧʨʠ ʨʘʙʦʪʝ ʩ Sublime Text ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝ-
ʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ, ʘ ʠʤʝʥʥʦ ʧʣʘʪʥʦʩʪʴ ʣʠʮʝʥʟʠʠ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʣʘʜʢʠ, ʤʝʥʴʰʘʷ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʥʦʮʝʥʥʳʤʠ IDE. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʙʦʨʝ IDE ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ: 
ɼʣʷ ʥʘʯʠʥʘʶʱʠʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ Visual Studio Code ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʠ ʙʦʛʘʪʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʦʙʫʯʝʥʠʷ. 
ɼʣʷ Java-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʙʫʜʝʪ IntelliJ IDEA, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʘʢʩʠʤʘʣʴ-

ʥʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʵʪʠʤ ʷʟʳʢʦʤ. 
ɼʣʷ Python-ʨʘʟʨʘʙʦʪʯʠʢʦʚ PyCharm ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʘʠʣʫʯʰʠʡ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʩ ʛʣʫʙʦʢʦʡ ʠʥʪʝ-

ʛʨʘʮʠʝʡ ʩ ʵʢʦʩʠʩʪʝʤʦʡ Python. 
ɼʣʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ Eclipse ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʙʣʘʛʦʜʘʨʷ ʩʪʘ-

ʙʠʣʴʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʶ ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʩʪʘʥʜʘʨʪʘʤ. 
ɼʣʷ ʨʘʙʦʪʳ ʩ ʪʝʢʩʪʦʤ ʠ ʣʝʛʢʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ Sublime Text ʦʩʪʘʝʪʩʷ ʥʝʧʨʝʚʟʦʡʜʝʥʥʳʤ ʧʦ ʩʢʦ-

ʨʦʩʪʠ ʠ ʦʪʟʳʚʯʠʚʦʩʪʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ IDE ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʩʧʝʮʠʬʠʢʠ ʧʨʦʝʢʪʦʚ, ʧʨʝʜʧʦʯʪʝ-

ʥʠʡ ʨʘʟʨʘʙʦʪʯʠʢʘ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢʦʤʘʥʜʳ.  
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ǩǭǬǱǯǭǪǻ ǮǯǭǤǩǱǬǭǨ ǣǭǩǲǫǤǬǱǟǵǧǧ Ǯǯǧ 
ǰǱǯǭǧǱǤǪǻǰǱǡǤ ǢǟǦǭǮǯǭǡǭǣǭǡ 
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Abstract: Project documentation control is a mandatory stage in the construction of gas pipelines, as it en-
sures the safety of the facilities, compliance with construction standards and regulations, and the fulfillment of 
the technical requirements of the customer and supervisory authorities. This article will explore the main objec-
tives of project control, the goals, and the supervision procedure after the gas pipelines are put into operation. 
Keywords: project documentation, gas pipeline, construction, design, control, supervision. 

 
ʇʨʦʚʝʨʢʘ ʧʨʦʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʧʦʜʛʦʪʦʚʢʠ ʢ ʚʦʟʚʝʜʝʥʠʶ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʆʙʥʘʨʫʞʝʥʥʳʝ ʦʰʠʙʢʠ ʧʨʦʱʝ ʠ ʜʝʰʝʚʣʝ ʠʩʧʨʘʚʠʪʴ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʕʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ 
ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʨʠʩʢ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʥʘ 
ʵʪʘʧʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʠʟʙʝʞʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʩʪʨʘʥʝʥʠʝʤ ʥʘʡʜʝʥʥʳʭ ʦʰʠʙʦʢ. 

ʆʯʝʥʴ ʚʘʞʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʚʝʨʢʫ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʊʘʢʦʡ 
ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʧʝʨʝʜʘʯʫ ʦʰʠʙʦʢ ʥʘ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ.  

ʇʪʦʧʛʦʴʞ ʯʞʤʡ: 
1. ɺʳʷʚʣʝʥʠʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ ʩ ʠʩʭʦʜʥʳʤʠ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʇʦʜʛʦʪʦʚ-

ʣʝʥʥʳʡ ʧʨʦʝʢʪ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʠʩʭʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʦʙʦʩʥʦʚʘʥʠʷ ʠʥʚʝ-
ʩʪʠʮʠʡ.  

2. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʨʠʥʷʪʳʭ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ ʨʝʰʝʥʠʡ. ʆʰʠʙʢʠ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʪʦʚʦʛʦ ʦʙʲʝʢʪʘ. ʉʚʦʝʚʨʝʤʝʥʥʦʝ 
ʫʩʪʨʘʥʝʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʜʦʨʘʙʦʪʢʫ ʠ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʩʪʨʦʠ-
ʪʝʣʴʩʪʚʘ.  
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3. ʂʦʥʪʨʦʣʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʜʦʢʫʤʝʥʪʘʤ. ʈʝʛʫʣʷʨʥʘʷ ʧʨʦʚʝʨʢʘ ʯʝʨʪʝ-
ʞʝʡ, ʩʧʝʮʠʬʠʢʘʮʠʡ, ʨʘʩʯʝʪʦʚ ʠ ʧʨʦʯʠʭ ʜʝʪʘʣʝʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʝʞʘʪʴ ʤʥʦʛʦ-
ʢʨʘʪʥʳʭ ʜʦʨʘʙʦʪʦʢ. 

4. ʇʨʦʚʝʨʢʘ ʥʘ ʥʘʣʠʯʠʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʷʭ. ʂʦʥʪʨʦʣʴ ʧʦʟ-
ʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʰʠʙʢʠ, ʜʦʧʫʱʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʠ ʠʩʢʣʶʯʠʪʴ ʧʦʷʚʣʝʥʠʝ ʘʥʘʣʦʛʠʯʥʳʭ ʥʝ-
ʜʦʩʪʘʪʢʦʚ ʚ ʪʝʢʫʱʠʭ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ.  

5. ʉʦʙʣʶʜʝʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʩʨʦʢʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʂʦʥʪʨʦʣʴ ʥʘʜ ʩʦʙʣʶʜʝʥʠʝʤ ʩʨʦʢʦʚ 
ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʪʠʟʳ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʦʢʫ-
ʤʝʥʪʘʮʠʠ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʝʞʘʪʴ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʚ ʙʫʜʫʱʝʤ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʧʨʦʚʝʨʢʘ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʙʝʩʧʝʯʠʪ ʢʘʯʝʩʪʚʦ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʦʟʚʝʜʝʥʥʦ-
ʛʦ ʦʙʲʝʢʪʘ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʠʥʷʪʳʭ ʚ ʧʨʦʝʢʪʝ ʨʝʰʝʥʠʡ ʜʝʡʩʪʚʫʶʱʝʤʫ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ, ʘ ʪʘʢʞʝ ʩʦ-
ʭʨʘʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʟʘʱʠʪʫ ʠʥʪʝʨʝʩʦʚ ʠʥʚʝʩʪʦʨʦʚ, ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʦʜʨʷʜʯʠʢʦʚ ʠ ʜʨʫʛʠʭ ʟʘ-
ʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʪʦʨʦʥ. 

ʈʧʶʫʙʨʦʴʢ ʣʧʦʫʩʧʤʵ ʨʩʧʞʣʫʧʛ 
ʇʨʦʚʝʨʢʫ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʦʚʦʜʷʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʢʦʥʪʨʦʣʷ. ʆʙʲʝʢʪʘʤʠ ʧʨʦʚʝʨʢʠ ʩʪʘʥʦʚʷʪʩʷ ʧʨʦʝʢʪ-
ʥʳʝ ʨʝʰʝʥʠʷ, ʜʦʢʫʤʝʥʪʘʮʠʷ, ʨʘʩʯʝʪʳ ʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ɸʨʭʠʪʝʢʪʫʨʥʳʝ, ʧʣʘʥʠʨʦʚʦʯʥʳʝ, ʠʥʞʝʥʝʨ-
ʥʳʝ ʠ ʧʨʦʯʠʝ ʨʝʰʝʥʠʷ ʧʨʦʚʝʨʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ, ʩʦʚʤʝ-
ʩʪʠʤʦʩʪʴ ʩ ʜʨʫʛʠʤʠ ʚʘʨʠʘʥʪʘʤʠ. ʏʝʨʪʝʞʠ, ʩʧʝʮʠʬʠʢʘʮʠʠ, ʩʭʝʤʳ, ʦʧʠʩʘʥʠʷ ʠ ʧʨʦʯʠʝ ʜʦʢʫʤʝʥʪʳ ʧʨʦʚʝ-
ʨʷʶʪ ʥʘ ʧʦʣʥʦʪʫ ʟʘʧʦʣʥʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʤ. ʈʘʩʯʝʪʳ ʧʨʦʭʦʜʷʪ ʧʨʦʚʝʨʢʫ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦ-
ʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʦʨʘ ʠʩʭʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɼʘʥʥʳʝ ʧʨʦʚʝʨʷʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 
ʧʨʦʪʠʚʦʨʝʯʠʡ ʠ ʧʦʣʥʦʪʫ ʩʦʙʨʘʥʥʦʡ ʙʘʟʳ.  

ʈʩʞʝʛʙʩʡʫʞʤʵʦʙʸ ʧʯʞʦʣʙ 
ʇʝʨʚʳʡ ʵʪʘʧ ʢʦʥʪʨʦʣʷ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ ʧʘʢʝʪʘ ʜʦʢʫʤʝʥʪʦʚ. ʅʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʚʝʨʢʘ ʢʦʤʧʣʝʢʪʥʦ-
ʩʪʠ, ʥʘʣʠʯʠʝ ʥʫʞʥʳʭ ʨʘʟʨʝʰʝʥʠʡ ʠ ʪʨʝʙʫʝʤʳʭ ʩʦʛʣʘʩʦʚʘʥʠʡ. ʊʘʢʞʝ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩʣʝʜʷʪ ʟʘ ʧʨʘ-
ʚʠʣʴʥʦʩʪʴʶ ʦʬʦʨʤʣʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ.  

ʖʣʪʨʞʩʫʡʠʙ ʨʩʧʞʣʫʧʛ 
ʕʢʩʧʝʨʪʥʫʶ ʦʮʝʥʢʫ ʧʨʦʝʢʪʥʦ-ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʦʙʲʝʢ-

ʪʘ ʧʨʦʚʦʜʷʪ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʧʦʩʦʙʥʳʭ 
ʧʦʚʣʠʷʪʴ ʥʘ ʥʘʜʝʞʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʪʠʟʳ ʚʘʞʥʳ ʜʣʷ ʬʦʨʤʠ-
ʨʦʚʘʥʠʷ ʠ ʧʨʠʥʷʪʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʦʠʤʦʩʪʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʜʘʣʴʥʝʡ-
ʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ.  

ʕʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʝʢʪʥʦ-ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 
ʏʝʤ ʪʦʯʥʝʝ ʧʨʦʨʘʙʦʪʘʥ ʧʨʦʝʢʪ, ʪʝʤ ʤʝʥʴʰʝ ʟʘʤʝʯʘʥʠʡ ʥʘʡʜʫʪ ʧʨʦʚʝʨʷʶʱʠʝ. ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʟʘʢʣʶʯʝ-
ʥʠʝ ʵʢʩʧʝʨʪʦʚ ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʠʩʢʠ ʧʦʣʫʯʝʥʠʷ ʥʝʫʯʪʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘ-
ʮʠʡ. ɽʩʣʠ ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʝʜʦʩʪʘʪʢʠ ʥʝ ʙʫʜʫʪ ʫʩʪʨʘʥʝʥʳ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʡ 
ʨʝʛʣʘʤʝʥʪʦʤ ʩʨʦʢ, ʟʘʷʚʠʪʝʣʴ ʧʦʣʫʯʠʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʘʢʣʶʯʝʥʠʝ. 

ʕʢʩʧʝʨʪʠʟʫ ʚʳʧʦʣʥʷʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʤʧʘʥʠʠ ʠʣʠ ʥʝʟʘʚʠʩʠʤʳʝ ʵʢʩʧʝʨʪʳ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʦʝʢʪ-
ʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚʳʧʦʣʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

1. ʇʨʦʚʦʜʷʪ ʘʥʘʣʠʟ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʡ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʚʳʙʨʘʥʥʳʭ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ ʨʝ-
ʰʝʥʠʡ; 

2. ɺʳʧʦʣʥʷʶʪ ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʟʚʦʜʠʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 
ʩʨʝʜʫ; 

3. ʇʨʦʚʦʜʷʪ ʧʨʦʚʝʨʢʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʢʘʟʘʥʥʳʭ ʚ ʧʨʦʝʢʪʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʠʥʞʝʥʝʨʥʦ-
ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʪʠʟʳ ʚʳʷʚʣʷʶʪ ʦʰʠʙʢʠ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ, ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ, ʫʛʨʦ-
ʟʳ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩʧʦʩʦʙʳ ʫʣʫʯʰʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ.  

ɻʦʞʪʞʦʡʞ ʡʠʥʞʦʞʦʡʢ ʡ ʬʫʛʞʩʟʝʞʦʡʞ ʨʩʧʞʣʫʙ 
ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʠʟʳ ʥʝʦʙʭʦʜʠʤʦ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩʨʦʢ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ 
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ʧʨʦʝʢʪ. ʋʩʪʨʘʥʠʚ ʚʩʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʵʢʩʧʝʨʪʘʤʠ ʥʝʜʦʩʪʘʪʢʠ, ʟʘʷʚʠʪʝʣʴ ʩʦʛʣʘʩʫʝʪ ʧʨʦʝʢʪʥʫʶ ʜʦʢʫʤʝʥ-
ʪʘʮʠʶ ʩʦ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʠ ʧʝʨʝʜʘʝʪ ʧʨʦʝʢʪ ʠʩʧʦʣʥʠʪʝʣʶ. 

ɹʛʫʧʩʪʣʡʢ ʦʙʝʠʧʩ 
ʇʨʦʮʝʜʫʨʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʚ ʧʨʦ-

ʮʝʩʩʝ ʚʦʟʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ. ʆʪʚʝʯʘʝʪ ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʘʚʪʦʨʩʢʦʛʦ ʥʘʜʟʦʨʘ ʨʘʟʨʘʙʦʪʯʠʢ ʧʨʦʝʢʪʘ.  
ʅʘʜʟʦʨ ʟʘ ʧʨʦʝʢʪʘʤʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʦʭʚʘʪʳʚʘʝʪ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʢʦʥ-

ʪʨʦʣʴ ʢʘʯʝʩʪʚʘ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʥʘ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʘʞʥʝʡʰʠʤʠ ʘʩʧʝʢʪʘʤʠ ʥʘʜʟʦʨʘ ʷʚʣʷʶʪʩʷ: 

1. ʕʪʘʧ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

¶ ʕʢʩʧʝʨʪʠʟʘ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ: ʆʨʛʘʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʥʘʜʟʦʨʘ ʦʩʫ-
ʱʝʩʪʚʣʷʶʪ ʵʢʩʧʝʨʪʠʟʫ ʧʨʦʝʢʪʦʚ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʧʨʦʚʝʨʷʷ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ, 
ʪʘʢʠʤ ʢʘʢ ʉʇ 62.13330.2011 (çɻʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʩʝʪʠè) ʠ ʉʅʠʇ II-89-90*. 

¶ ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʵʢʩʧʝʨʪʠʟʘ: ʇʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʥʠʨʫʝʤʦʛʦ 
ʛʘʟʦʧʨʦʚʦʜʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

¶ ʇʨʦʚʝʜʝʥʠʝ ʦʙʱʝʩʪʚʝʥʥʳʭ ʩʣʫʰʘʥʠʡ: ɽʩʣʠ ʧʨʦʝʢʪ ʟʘʪʨʘʛʠʚʘʝʪ ʠʥʪʝʨʝʩʳ ʤʝʩʪʥʦʛʦ ʩʦʦʙʱʝ-
ʩʪʚʘ, ʧʨʦʚʦʜʷʪʩʷ ʦʙʱʝʩʪʚʝʥʥʳʝ ʦʙʩʫʞʜʝʥʠʷ ʠ ʩʦʛʣʘʩʦʚʘʥʠʷ. 

2. ʕʪʘʧ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

¶ ʈʝʛʫʣʷʨʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ: ʉʪʨʦʠʪʝʣʴʥʳʡ ʥʘʜʟʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʦ-
ʙʣʶʜʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʯʝʩʪʚʦʤ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʳʧʦʣʥʝʥʠʝʤ ʫʩʣʦʚʠʡ 
ʧʨʦʝʢʪʘ. 

¶ ʀʥʩʧʝʢʮʠʷ ʠ ʘʫʜʠʪʳ: ʀʥʞʝʥʝʨʥʳʝ ʩʣʫʞʙʳ ʟʘʢʘʟʯʠʢʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʚʦʜʷʪ ʠʥʩʧʝʢʮʠʦʥʥʳʝ 
ʤʝʨʦʧʨʠʷʪʠʷ, ʚʳʷʚʣʷʷ ʜʝʬʝʢʪʳ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚ ʨʘʙʦʪʝ ʧʦʜʨʷʜʯʠʢʦʚ. 

¶ ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ: ʆʙʨʘʟʮʳ ʩʚʘʨʦʯʥʳʭ ʰʚʦʚ, ʧʦʢʨʳʪʠʡ ʠ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʧʨʦʭʦʜʷʪ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʨʝʜʤʝʪ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʪʘʥʜʘʨʪʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

3. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 

¶ ʆʧʝʨʘʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ: ʇʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ 
ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʚʢʣʶʯʘʷ ʨʝʛʫʣʷʨʥʳʝ ʦʩʤʦʪʨʳ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

¶ ʇʣʘʥʦʚʘʷ ʠʥʩʧʝʢʮʠʷ: ʇʝʨʠʦʜʠʯʝʩʢʠ ʦʨʛʘʥʠʟʫʶʪʩʷ ʢʦʤʠʩʩʠʠ ʜʣʷ ʦʮʝʥʢʠ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ 
ʛʘʟʦʧʨʦʚʦʜʘ, ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʚʳʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

¶ ɸʚʘʨʠʡʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ: ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʝʤʝʜʣʝʥʥʦ 
ʦʨʛʘʥʠʟʫʝʪʩʷ ʨʝʤʦʥʪ ʧʦʚʨʝʞʜʝʥʥʳʭ ʫʯʘʩʪʢʦʚ, ʩʦʙʣʶʜʘʷ ʩʪʘʥʜʘʨʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʷ 
ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʫʩʪʨʘʥʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ. 

ɿʘ ʥʘʨʫʰʝʥʠʝ ʧʦʨʷʜʢʘ ʚʝʜʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʥʝʩʦʙʣʶʜʝʥʠʝ ʨʝʛʣʘʤʝʥʪʦʚ ʠ ʦʪʢʘʟ ʦʪ 
ʧʨʦʮʝʜʫʨ ʥʘʜʟʦʨʘ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʰʪʨʘʬʳ ʠ ʧʨʠʦʩʪʘʥʦʚʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ 
ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʥʘʨʫʰʝʥʠʡ. 

ʕʬʬʝʢʪʠʚʥʳʡ ʥʘʜʟʦʨ ʟʘ ʧʨʦʝʢʪʦʤ ʛʘʟʦʧʨʦʚʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʪʝʭʥʦʛʝʥ-
ʥʳʭ ʢʘʪʘʩʪʨʦʬ, ʧʦʚʳʰʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʨʝʛʠʦʥʘ. 
ʅʘʜʣʝʞʘʱʝʝ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʬʫʥʢʮʠʡ ʥʘʜʟʦʨʘ ʩʥʠʞʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠʟʜʝʨʞʢʠ ʥʘ ʣʠʢʚʠʜʘʮʠʶ ʘʚʘ-
ʨʠʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʟʨʫʰʝʥʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʜʟʦʨ ʟʘ ʧʨʦʝʢʪʘʤʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʤʥʦʛʦʫʨʦʚʥʝ-
ʚʳʡ ʤʝʭʘʥʠʟʤ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʨʘʟʣʠʯʥʳʝ ʩʪʘʜʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʲʝʢʪʘ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʦʙʝʩʧʝ-
ʯʝʥʠʝ ʝʛʦ ʙʝʟʦʧʘʩʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʦʥʪʨʦʣʴ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʘʟʦʧʨʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫ-
ʤʝʥʪʦʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʙʲʝʢʪʘʭ ʵʥʝʨʛʝʪʠʢʠ. ʈʝʛʫ-
ʣʷʨʥʘʷ ʧʨʦʚʝʨʢʘ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞ-
ʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʘʟʦʚʳʭ ʩʝʪʝʡ. 
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ʩʪʫʜʝʥʪʳ 
ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʃʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʉ.ʄ ʂʠʨʦʚʘè 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʨʝʚʝʩʥʦ-
ʮʝʤʝʥʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʱʝʧʢʠ ʠ ʦʙʨʝʟʢʠ, ʦʩʪʘʶʱʠʝʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʘʥʝ-
ʨʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʦʪʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʦʩʦʙʫʶ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ 
ʧʨʦʯʥʦʩʪʴ, ʩʨʘʚʥʠʤʫʶ ʩ ʘʨʙʦʣʠʪʦʤ ʢʣʘʩʩʘ ɺ2,0. 
ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʦʤʫ ʩʪʨʝʤʣʝʥʠʶ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʝʚʝʩʥʦ-ʮʝʤʝʥʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʦʤʫ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʦʤʫ ʧʨʦʮʝʩʩʫ, ʥʦ ʠ ʧʨʝʜʣʘʛʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʦʩʦʙʝʥ-
ʥʦ ʚ ʩʬʝʨʝ ʤʘʣʦʵʪʘʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 
ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ ʠ ʦʮʝʥʢʝ ʝʛʦ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʦʤʦʛʫʪ 
ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʀʩʧʦʣʴ-
ʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʬʘʥʝʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ, ʘ ʪʘʢ ʞʝ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠ-
ʷʥʠʝ ʥʘ ʵʢʦʣʦʛʠʶ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʨʙʦʣʠʪ, ʦʪʭʦʜʳ ʬʘʥʝʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʚʩʝʩʪʦʨʦʥ-
ʥʷʷ ʫʪʠʣʠʟʘʮʠʷ. 
 

STRUCTURE AND CHARACTERISTICS OF WOOD-CEMENT COMPOSITE FROM PLYWOOD 
PRODUCTION RESIDUES 

 
Efremov Alexander Nikolaevich, 

Udaltsov Kirill Andreevich, 
Plesova Kristina Alekseevna, 

Stepanova Ekaterina Pavlovna 
 
Abstract: This article discusses the characteristics and manufacturing technology of wood-cement material, 
which uses chips and trimmings left over from plywood production. The use of these wastes allows to create a 
special structure of the material, providing strength comparable to class B2.0 arbolite. 
The development and implementation of this technology opens up new opportunities for the efficient use of 
industrial waste, which corresponds to the modern desire for sustainable development. The use of wood-
cement material not only contributes to a more environmentally friendly production process, but also offers an 
economically advantageous solution for construction, especially in the field of low-rise construction. 
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Further research on the optimization of the material composition and assessment of its durability will help to 
expand the areas of its application and ensure sustainable development of the construction industry. The use 
of plywood production waste reduces costs and also has a positive impact on the environment. 
Key words: arbolite, plywood production waste, mechanical stability, comprehensive recycling. 

 
ɺ ʫʩʣʦʚʠʷʭ ʩʦʢʨʘʱʝʥʠʷ ʜʦʩʪʫʧʥʳʭ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʧʦʩʪʘʚʦʢ ʜʨʝʚʝʩʥʦʛʦ ʩʳ-

ʨʴʷ, ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝʩʪʦʨʦʥʥʷʷ ʦʙʨʘʙʦʪʢʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʛʦ ʦʙʲʝʤʘ ʜʨʝʚʝʩʠʥʳ. ɺ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʟʥʘ-
ʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʦʩʪʘʶʪʩʷ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʠ ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʧʫʪʝʤ 
ʩʞʠʛʘʥʠʷ. ʌʘʥʝʨʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʤʝʙʝʣʴʥʦʤ ʧʨʦ-
ʠʟʚʦʜʩʪʚʝ, ʦʜʥʘʢʦ ʝʸ ʠʟʛʦʪʦʚʣʝʥʠʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʜʨʝʚʝʩʠʥʳ ð ʦʪ 1,6 ʜʦ 3,3 ʢʫʙʦʤʝʪʨʦʚ ʥʘ 
ʢʫʙʦʤʝʪʨ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʩʪʨʫʢʪʫʨʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʩʳʨʴʷ ʬʘʥʝʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʜʦ ʯʝʪʚʝʨʪʠ 
ʠʣʠ ʪʨʝʪʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʝʬʝʢʪʳ ʰʧʦʥʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ 
ʢʨʫʧʥʳʝ ʬʘʥʝʨʥʳʝ ʢʦʤʙʠʥʘʪʳ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʦʪʭʦʜʳ ʣʫʱʝʥʠʷ ʚ ɼʉʇ ʠʣʠ ɼɺʇ. [2, ʩ. 22] 

ɺʦʟʤʦʞʥʘ ʪʘʢʞʝ ʧʝʨʝʨʘʙʦʪʢʘ ʚ ʱʝʧʫ ʜʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ, ʠʥʪʝʛʨʘʮʠʷ ʪʘʢʠʭ 
ʧʨʦʠʟʚʦʜʩʪʚ ʚʤʝʩʪʝ ʩ ʬʘʥʝʨʥʳʤʠ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ, ʠ ʦʪʭʦʜʳ ʣʫʱʝʥʠʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝ-
ʩʪʚʝ ʪʦʧʣʠʚʘ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʦʪʭʦʜʦʚ ʩʦʩʪʘʚʣʷʶʪ ʢʫʩʢʦʚʳʝ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʦʙʨʝʟʢʠ ʬʘʥʝʨʳ, ʜʦ-
ʩʪʠʛʘʶʱʠʝ 8-12% ʦʪ ʚʳʧʫʩʢʘ. ɺ ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ ʠʭ ʯʘʩʪʦ ʧʨʦʜʘʚʘʣʠ ʥʘʩʝʣʝʥʠʶ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʟ-
ʟʘ ʠʭ ʫʣʫʯʰʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʵʪʘ ʧʨʘʢʪʠʢʘ ʧʦʯʪʠ ʠʩʯʝʟʣʘ. ʀʟʤʝʣʴ-
ʯʝʥʠʝ ʦʙʨʝʟʢʦʚ ʚ ʱʝʧʫ ʜʣʷ ʪʦʧʣʠʚʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʥʦʩʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ-ʟʘ ʧʣʦʪʥʦʩʪʠ ʬʘʥʝʨʳ ʠ ʢʣʝʝ-
ʚʳʭ ʩʣʦʝʚ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʫʯʘʩʪʢʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʜʨʝʚʝʩʥʦ-ʮʝʤʝʥʪʥʦʛʦ ʢʦʤʧʦʟʠʪʘ (ɼʎʂ) 
ʥʘ ʬʘʥʝʨʥʳʭ ʟʘʚʦʜʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʪʭʦʜʳ ʙʝʟ ʠʟʤʝʣʴʯʝʥʠʷ. ʕʪʠ ʦʪʭʦʜʳ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʛʠʜʨʦʪʝʨ-
ʤʠʯʝʩʢʠ, ʩʦʜʝʨʞʘʪ ʤʝʥʴʰʝ ʚʝʱʝʩʪʚ, ʤʝʰʘʶʱʠʭ ʪʚʝʨʜʝʥʠʶ ʮʝʤʝʥʪʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʭʠʤʠ-
ʯʝʩʢʠʭ ʜʦʙʘʚʢʘʭ. ɼʣʷ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʦʪʭʦʜʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ɼʎʂ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʥʘ ʬʘ-
ʥʝʨʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ, ʚʢʣʶʯʘʷ ʰʧʦʥ-ʨʚʘʥʠʥʫ, ʠʟʤʝʣʴʯʝʥʥʫʶ ʜʦ ʨʘʟʤʝʨʦʚ, ʙʣʠʟʢʠʭ ʢ ʦʙʨʝʟʢʘʤ ʬʘʥʝʨʳ. 
ɺ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʧʨʠʤʝʥʷʣʩʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʄ400. [4, ʩ. 19] 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚ ʬʦʨʤʫ ʥʘ ʚʠʙʨʦʧʣʦʱʘʜʢʝ ʟʘʣʠʚʘʣʩʷ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʡ ʨʘʩʪʚʦʨ ʜʣʷ 
ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɿʘʪʝʤ ʫʢʣʘʜʳʚʘʣʠʩʴ ʩʣʦʠ ʰʧʦʥʘ ʠʣʠ ʦʙʨʝʟʢʦʚ ʧʦʜ ʫʛʣʦʤ 90Á, ʧʦʢʨʳʚʘʝʤʳʝ ʮʝ-
ʤʝʥʪʦʤ. ɼʝʢʦʨʘʪʠʚʥʳʝ ʢʘʯʝʩʪʚʘ ʫʣʫʯʰʘʣʠʩʴ ʜʦʙʘʚʣʝʥʠʝʤ ʤʨʘʤʦʨʥʦʡ ʢʨʦʰʢʠ. ʄʘʪʝʨʠʘʣ ʚʳʜʝʨʞʠʚʘʣ-
ʩʷ ʚ ʬʦʨʤʝ ʠ ʥʘ ʚʦʟʜʫʭʝ ʦʪ 8 ʜʦ 20 ʜʥʝʡ ʙʝʟ ʜʦʙʘʚʦʢ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ ʠ ʫʞʝʩʪʦʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝ-
ʩʢʠʭ ʥʦʨʤ ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ ʬʘʥʝʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ. ʊʨʘʜʠʮʠʦʥ-
ʥʳʝ ʤʝʪʦʜʳ ʫʪʠʣʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʞʠʛʘʥʠʝ ʠʣʠ ʧʝʨʝʨʘʙʦʪʢʘ ʚ ʥʠʟʢʦʩʦʨʪʥʫʶ ʱʝʧʫ, ʥʝ ʪʦʣʴʢʦ ʧʨʠʚʦʜʷʪ 
ʢ ʧʦʪʝʨʝ ʮʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ ʩʦʟʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʚʢʣʶʯʘʷ ʧʦ-
ʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ ʘʣʴʪʝʨʥʘʪʠʚ-
ʥʳʭ ʩʧʦʩʦʙʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʭ ʚʢʣʶʯʝʥʠʝ ʚ ʩʦʩʪʘʚ ʜʨʝʚʝʩʥʦ-ʮʝʤʝʥʪʥʳʭ ʢʦʤʧʦ-
ʟʠʪʦʚ (ɼʎʂ), ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʩʧʦʩʦʙʥʳʤ ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠ 
ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʘʥʝʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ɼʎʂ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʬʘʥʝʨʳ 
ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ. ʂʨʦʤʝ 
ʪʦʛʦ, ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʢʦʪʦʨʦʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʰʧʦʥ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʘʥʝʨʳ, ʯʘ-
ʩʪʠʯʥʦ ʫʩʪʨʘʥʷʝʪ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʵʢʩʪʨʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʘʜʛʝʟʠʠ ʮʝʤʝʥʪʘ. ʕʪʦ 
ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ, ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʫʩʢʦʨʝʥʠʷ 
ʪʚʝʨʜʝʥʠʷ ʮʝʤʝʥʪʘ ʚ ʜʨʝʚʝʩʥʳʭ ʢʦʤʧʦʟʠʪʘʭ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʵʢʦʣʦ-
ʛʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ.[1,ʩ.77] 

ʀʙʣʤʷʰʞʦʡʞ. ʇʨʦʚʝʜʸʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʦʪʭʦʜʳ ʬʘʥʝʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ð 
ʢʘʢ ʰʧʦʥ-ʨʚʘʥʠʥʘ, ʪʘʢ ʠ ʢʫʩʢʦʚʳʝ ʦʙʨʝʟʢʠ ð ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʝʛʦ 
ʥʘʧʦʣʥʠʪʝʣʷ ʚ ɼʎʂ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʩʣʦʝʚ ʜʨʝʚʝʩʠʥʳ: ʫʢʣʘʜʢʘ ʧʦʜ 
ʫʛʣʦʤ 90Á ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʠ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-
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ʢʠ ʤʘʪʝʨʠʘʣʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʚ ʩʦ-
ʩʪʘʚ ʤʨʘʤʦʨʥʦʡ ʢʨʦʰʢʠ ʠʣʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʩʬʝʨʫ ʧʨʠʤʝʥʝʥʠʷ ɼʎʂ 
ʚ ʠʥʪʝʨʴʝʨʥʳʭ ʠ ʬʘʩʘʜʥʳʭ ʨʝʰʝʥʠʷʭ. ʆʪʚʝʨʞʜʝʥʠʝ ʢʦʤʧʦʟʠʪʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 
ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʙʘʚʦʢ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʦʨʦʰʝʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ 
ʜʨʝʚʝʩʠʥʳ ʩ ʮʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʝʡ. ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʧʪʠ-
ʤʠʟʘʮʠʶ ʩʦʩʪʘʚʘ ʩʤʝʩʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʤʝʥʪʘ, ʧʝʩʢʘ ʠ ʜʨʝʚʝʩʥʦ-
ʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʥʘ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʧʠʪʦʢ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚ ʫʩʣʦ-
ʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ. 

ɺʥʝʜʨʝʥʠʝ ʫʯʘʩʪʢʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ɼʎʂ ʥʘ ʬʘʥʝʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʩʦʢʨʘ-
ʪʠʪʴ ʦʙʲʝʤʳ ʦʪʭʦʜʦʚ, ʥʦ ʠ ʩʦʟʜʘʪʴ ʥʦʚʫʶ ʣʠʥʝʡʢʫ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʜʦʙʘʚʣʝʥʥʦʡ 
ʩʪʦʠʤʦʩʪʴʶ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʩʚʝʪʝ ʨʘʩʪʫʱʝʛʦ ʩʧʨʦʩʘ ʥʘ ʵʢʦʣʦʛʠʯʥʳʝ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ 
ʢʦʤʧʦʟʠʪʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʘʤ ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠ-
ʢʠ, ʧʦʩʢʦʣʴʢʫ ʟʘʤʢʥʫʪʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ ʤʠʥʠʤʠʟʠʨʫʝʪ ʧʦʪʝʨʠ ʩʳʨʴʷ ʠ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
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ǵǧǳǯǭǡǧǦǟǵǧǾ ǧ ǟǡǱǭǫǟǱǧǦǟǵǧǾ 
ǢǧǣǯǭǟǩǲǰǱǧǶǤǰǩǧǴ ǰǧǰǱǤǫ8 
ǮǯǧǫǤǬǤǬǧǤ ǧǧ ǧ @GEB?R? ǡ ǫǭǠǧǪǻǬǺǴ 
ǮǯǧǪǭǥǤǬǧǾǴ 

ǡȇȌȌȇȉȍȁ ǢȄȍȏȂȇȈ ǟȊȄȉȐȄȄȁȇȖ 
ʘʙʠʪʫʨʠʝʥʪ 

ɼɺʌʋ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʦʙʟʦʨʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʸʥʥʳʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 
(ʀʀ) ʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ (Big Data), ʩ ʦʩʦʙʳʤ ʘʢʮʝʥʪʦʤ ʥʘ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. ʆʙʦʙʱʝ-
ʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʨʫʧʥʝʡʰʠʭ ʦʙʟʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʟʘʜʘʯʘʭ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʧʦʜʚʦʜʥʳʭ ʩʝʪʷʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʢʣʶʯʝʚʳʝ 
ʨʘʟʨʘʙʦʪʢʠ: ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʧʦʜʚʦʜʥʦʡ ʩʚʷʟʠ AquaApp, ʥʘʚʠʛʘʮʠʠ UnderwaterGPS, ʘʢʫʩʪʠ-
ʯʝʩʢʦʛʦ ʜʘʣʴʥʦʤʝʪʨʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʠʟʦʙʨʘʞʝʥʠʡ AquaScope, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʠʥʪʝʛʨʘʮʠʠ 
ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʚ ʘʥʘʣʠʟ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʩʦʚʤʝʱʝʥʠʝ ʤʦʙʠʣʴ-
ʥʳʭ ʧʣʘʪʬʦʨʤ, ʀʀ ʠ Big Data ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʜʦʩʪʫʧʥʳʭ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠ-
ʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʤʫ ʨʘʟ-
ʚʝʨʪʳʚʘʥʠʶ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʵʭʦʣʦʢʘʮʠʷ, ʛʠʜʨʦʘʢʫʩʪʠʢʘ, Big Data, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, 
ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ/ 
 

DIGITALIZATION AND AUTOMATION OF HYDROACOUSTIC SYSTEMS: APPLICATION OF AI AND 
BIGDATA IN MOBILE APPLICATIONS 

Vinnikov Georgy Alekseevich 
 
Abstract: The review methodically categorises extant research on the digitalisation and automation of hydroa-
coustic systems through the utilisation of artificial intelligence (AI) and Big Data technologies, with a particular 
emphasis on mobile applications. The results of the largest survey studies on the application of deep learning 
in the tasks of acoustic signal classification and routing in underwater networks are summarised. A review of 
key developments is provided, including mobile applications for underwater communication (AquaApp), navi-
gation (UnderwaterGPS), acoustic ranging and image transmission (AquaScope), as well as methods of inte-
grating neural network models into hydroacoustic data analysis. It is concluded that the combination of mobile 
platforms, AI and Big Data paves the way for affordable and intelligent next-generation hydroacoustic systems 
capable of real-time processing and scalable deployment. 
Key words: echolocation, hydroacoustics, Big Data, artificial intelligence, machine learning, mobile software. 

 
ɻʛʞʝʞʦʡʞ 
ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʜʝʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʶ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʦ-

ʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʠ ʫʩʪʨʦʡʩʪʚʘʭ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʣʝʬʦʥʳ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ 
ʤʠʢʨʦʬʦʥʘʤʠ, ʯʪʦʙʳ ʩʣʫʞʠʪʴ ʧʨʦʩʪʳʤʠ ʛʠʜʨʦʬʦʥʘʤʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝ-
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ʜʦʚʘʪʝʣʠ ʩʪʨʝʤʷʪʩʷ ʧʨʝʚʨʘʪʠʪʴ ʤʘʩʩʦʚʳʝ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʯʘʩʪʴ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 
ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʧʦʩʦʙʥʳ ʘʚʪʦʥʦʤʥʦ, ʵʬʬʝʢʪʠʚʥʦ ʠ ʩ ʚʳʩʦ-
ʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦʜʚʦʜʥʳʝ ʮʝʣʠ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʜ-
ʚʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʦʩʪʦʤ ʦʙʲʸʤʘ Big Data ʠ ʫʩʣʦʞʥʝʥʠʝʤ ʟʘʜʘʯ ʮʠʬʨʦʚʠʟʘʮʠʷ ʠ 
ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʪʘʣʘ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠ-
ʩʪʝʤʘʪʠʟʘʮʠʷ ʥʦʚʝʡʰʝʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʀʀ ʠ Big Data ʚ ʮʠʬʨʦʚʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝ-
ʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʩ ʦʩʦʙʳʤ ʘʢʮʝʥʪʦʤ ʥʘ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. 

ʅʞʫʧʝʴ ʡ ʥʙʫʞʩʡʙʤʴ 
ʅʘʩʪʦʷʱʠʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʨʦʚʝʜʸʥ ʧʦ ʩʪʘʥʜʘʨʪʘʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɹʳʣʠ 

ʦʪʦʙʨʘʥʳ ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ 2020ï2025 ʛʦʜʦʚ ʥʘ ʨʫʩʩʢʦʤ ʠʣʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ ʠʟ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 
ʞʫʨʥʘʣʦʚ ʠ ʢʦʥʬʝʨʝʥʮʠʡ. ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʠʩʢʘ ʧʦʩʣʫʞʠʣʠ ʙʘʟʳ Web of Science, Scopus, 
ʙʠʙʣʠʦʪʝʢʠ IEEE Xplore, ACM Digital Library, ʘ ʪʘʢʞʝ ʧʣʘʪʬʦʨʤʳ ʦʪʢʨʳʪʦʛʦ ʜʦʩʪʫʧʘ MDPI ʠ Frontiers. ɺ 
ʦʙʟʦʨ ʚʢʣʶʯʝʥʳ ʢʘʢ ʦʙʟʦʨʳ ʠ ʤʝʪʘ-ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʠ ʦʨʠʛʠʥʘʣʴʥʳʝ ʩʪʘʪʴʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 
ʨʝʟʫʣʴʪʘʪʘʤʠ ï ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʥʠ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʛʠʜʨʦ-
ʘʢʫʩʪʠʢʠ. ɺʩʝʛʦ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 30 ʧʫʙʣʠʢʘʮʠʡ, ʠʟ ʥʠʭ ʚ ʦʙʟʦʨ ʚʢʣʶʯʝʥʳ 10 ʥʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳʭ 
ʨʘʙʦʪ. ʇʨʠ ʠʟʣʦʞʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʧʦʨ ʩʜʝʣʘʥ ʥʘ ʬʘʢʪʠʯʝʩʢʠʝ. 

ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʞ 
ʇʝʨʠʦʜ 2020ï2021 ʛʦʜʦʚ ʦʟʥʘʤʝʥʦʚʘʣʩʷ ʧʦʷʚʣʝʥʠʝʤ ʧʝʨʚʳʭ ʦʧʳʪʦʚ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʀʀ ʠ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʪʜʝʣʴ-
ʥʳʝ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʦʜʚʦʜʥʦʡ ʘʢʫʩʪʠʢʠ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʠ ʨʘʥʝʝ, ʠʤʝʥʥʦ ʚ ʵʪʦ 
ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʢʘʯʦʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʚʩʝʤʝʩʪʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʝʡ. Monteiro ʠ Mart² 
ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʦʙʳʯʥʳʡ ʩʤʘʨʪʬʦʥ, ʟʘʢʣʶʯʸʥʥʳʡ ʚ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʡ ʯʝʭʦʣ, ʤʦʞʝʪ ʚʳ-
ʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ ʛʠʜʨʦʬʦʥʘ ʜʣʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ï ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ 
ʚʦʜʝ ʤʝʪʦʜʦʤ time-of-flight ʠ ʜʣʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ [1]. 

ʅʦʚʳʝ ʨʘʙʦʪʳ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴ ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʩʝʪʠ (CNN) ʩ ʨʘʟʜʝʣʴʥʳʤʠ 
ʬʠʣʴʪʨʘʤʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʨʝʤʝʥʥʫʶ ʠ ʯʘʩʪʦʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʜʚʦʜʥʳʭ ʰʫʤʦʚ ʠ ʜʨʫʛʠʝ ʛʣʫʙʦʢʠʝ ʤʦ-
ʜʝʣʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʚʣʝʢʘʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʯʝʨʪʳ ʩʠʛʥʘʣʦʚ. ʍʦʪʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙ-
ʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʦʛʜʘ ʝʱʸ ʥʝ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ, ʫʞʝ ʥʘʤʝʪʠʣʦʩʴ ʧʦʥʠʤʘʥʠʝ, ʯʪʦ ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ 
ʧʨʝʚʟʦʡʜʸʪ ñʨʫʯʥʳʝò ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʛʠʜʨʦʘʢʫʩʪʠʢʝ. ʊʘʢ, Weiting Xu ʠ ʩʦʘʚʪ. ʚ ʨʝʪʨʦʩʧʝʢʪʠʚ-
ʥʦʤ ʦʙʟʦʨʝ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʨʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 2010-ʭ ʟʘʣʦʞʠʣʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʣ-ʯʘʩʪʦʪʥʳʭ ʢʝʧ-
ʩʪʨʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʧʦʜʚʦʜʥʦʤ ʰʫʤʦʚʦʤ ʘʥʘʣʠʟʝ, ʘ ʢ ʥʘʯʘʣʫ 2020-ʭ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʧʝʨʚʳʝ 
ʛʠʙʨʠʜʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ CNN+LSTM ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʨʘʙʣʝʡ ʧʦ ʘʢʫʩʪʠʯʝʩʢʦʤʫ ʧʦʯʝʨʢʫ 
[2]. ʕʪʠ ʤʦʜʝʣʠ ʧʦʢʘʟʳʚʘʣʠ ʦʙʥʘʜʸʞʠʚʘʶʱʫʶ ʪʦʯʥʦʩʪʴ ʜʦ 90% ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ ʥʘ 
ʠʟʚʝʩʪʥʳʭ ʜʘʪʘʩʝʪʘʭ ʚʨʦʜʝ ShipsEar, ʦʜʥʘʢʦ ʝʱʸ ʦʩʪʘʚʘʣʠʩʴ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʠ ʠʩʧʳʪʳʚʘʣʠ 
ʪʨʫʜʥʦʩʪʠ ʩ ʦʙʦʙʱʝʥʠʝʤ ʥʘ ʙʦʣʴʰʠʭ ʦʙʲʸʤʘʭ ʜʘʥʥʳʭ. 

2022 ʛʦʜ ʩʪʘʣ ʧʝʨʝʣʦʤʥʳʤ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʡ ʛʠʜʨʦʘʢʫʩʪʠʢʠ. ʅʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʧʨʠʢʣʘʜʥʳʝ 
ʨʝʰʝʥʠʷ, ʧʨʝʚʨʘʱʘʶʱʠʝ ʩʤʘʨʪʬʦʥʳ ʚ ʧʦʣʥʦʮʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɻʨʫʧʧʘ 
Chen ʠ ʩʦʘʚʪ. ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ ɺʘʰʠʥʛʪʦʥʘ ʧʨʝʜʩʪʘʚʠʣʘ ʜʚʘ ʥʦʚʘʪʦʨʩʢʠʭ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷ: ʜʣʷ 
ʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʧʦʜ ʚʦʜʦʡ [3]. ʇʝʨʚʦʝ ʠʟ ʥʠʭ ï AquaApp ï ʵʪʦ ʧʦʜʚʦʜʥʦʝ ʤʝʩ-
ʩʝʜʞʠʥʛ-ʧʨʠʣʦʞʝʥʠʝ, ʨʘʙʦʪʘʶʱʝʝ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʩʤʘʨʪʬʦʥʘʭ ʠ ʫʤʥʳʭ ʯʘʩʘʭ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʪʘ ʩʠʩʪʝʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʚʫʩʪʦʨʦʥʥʶʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʯʝʨʝʟ ʚʦʜʫ, ʠʩ-
ʧʦʣʴʟʫʷ ʣʠʰʴ ʚʩʪʨʦʝʥʥʳʝ ʜʠʥʘʤʠʢʠ ʠ ʤʠʢʨʦʬʦʥʳ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. Chen ʠ ʩʦʘʚʪ. ʜʦʙʠʣʠʩʴ 
ʫʩʪʦʡʯʠʚʦʡ ʩʚʷʟʠ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ 30 ʤ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʦʪ 100 ʙʠʪ/ʩ ʜʦ 1,8 ʢʙʠʪ/ʩ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 
(ʦʪ ʤʝʣʢʦʚʦʜʴʷ 2 ʤ ʜʦ ʛʣʫʙʠʥ 15 ʤ), ʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʦ 10ï20 ʙʠʪ/ʩ ʜʘʣʴʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʣʘʩʴ 
ʜʦ 100 ʤ. ʂʣʶʯʝʚʳʤ ʙʳʣʦ ʧʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʜʩʪʨʘʠʚʘʶʱʠʭ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ 
ʧʝʨʝʜʘʯʠ ʧʦʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʪʝʢʫʱʠʝ ʫʩʣʦʚʠʷ ʩʨʝʜʳ (ʰʫʤ, ʤʥʦʛʦʣʫʯʸʚʦʩʪʴ) 
ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɸʚʪʦʨʳ ʧʨʷʤʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʪʝʥʮʠʘʣ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ: ʧʦʩʢʦʣʴʢʫ 
ʩʤʘʨʪʬʦʥʳ ʠ ʥʦʩʠʤʳʝ ʛʘʜʞʝʪʳ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʡʚʝʨʘʤʠ, ʜʦʙʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʬʫʥʢʮʠʠ ʩʚʷʟʠ 
ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʜʦʨʦʛʠʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʘʢʫʩʪʠʯʝʩʢʠʤ ʤʦʜʝʤʘʤ. ɺʪʦʨʦʝ ʨʝ-
ʰʝʥʠʝ ï AquaRanger ï ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʠʟʤʝʨʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʜʘʡʚʝʨʘʤʠ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 
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ʧʦʛʨʫʞʝʥʠʡ. ʕʪʘ ʩʠʩʪʝʤʘ ʨʝʘʣʠʟʫʝʪ ʘʢʫʩʪʠʯʝʩʢʦʝ ʜʘʣʴʥʦʤʝʪʨʠʨʦʚʘʥʠʝ ʤʝʞʜʫ ʩʤʘʨʪʬʦʥʘʤʠ. ɹʳʣ ʨʘʟ-
ʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʥʘʜʝʞʥʦ ʚʳʜʝʣʷʪʴ ʧʨʷʤʦʡ ʩʠʛʥʘʣ ʩʨʝʜʠ ʦʪʨʘʞʝʥʠʡ, ʯʪʦ ʟʘʪʨʫʜʥʝʥʦ ʚ 
ʫʩʣʦʚʠʷʭ ʨʝʚʝʨʙʝʨʘʮʠʠ ʧʦʜ ʚʦʜʦʡ. ʉʦʛʣʘʩʥʦ ʠʩʧʳʪʘʥʠʷʤ, ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʩʦʩʪʘʚʠʣʘ ʚ 
ʩʨʝʜʥʝʤ 0,5ï0,8 ʤ ʧʨʠ ʜʠʩʪʘʥʮʠʷʭ ʜʦ 35 ʤ, ʧʨʠʯʸʤ ʩʠʩʪʝʤʘ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʣʘ ʥʘ ʨʘʟʥʳʭ ʤʦʜʝʣʷʭ ʪʝ-
ʣʝʬʦʥʦʚ ʠ ʙʳʣʘ ʫʩʪʦʡʯʠʚʘ ʢ ʨʘʩʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʭ ʪʘʢʪʦʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ, ʯʪʦ 
ʚʩʸ ʵʪʦ ʜʦʩʪʠʛʥʫʪʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ï ʪʦʣʴʢʦ ʩʨʝʜʩʪʚʘʤʠ, 
ʫʞʝ ʠʤʝʶʱʠʤʠʩʷ ʚ ʩʤʘʨʪʬʦʥʝ. 

ɺ 2023 ʛʦʜʫ ʥʘʙʣʶʜʘʣʦʩʴ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʢʘʢ ʥʘʫʯʥʳʭ ʠʜʝʡ, ʪʘʢ ʠ ʧʨʠʙʣʠʞʝʥʠʝ ʠʭ ʢ ʧʨʘʢʪʠ-
ʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʩʦʟʜʘʥʠʶ ʤʦʜʝʣʝʡ, ʠʥʚʘʨʠʘʥʪʥʳʭ ʢ ʠʟʤʝʥʝʥʠʷʤ ʦʢʨʫ-
ʞʘʶʱʝʡ ʩʨʝʜʳ ï ʪʘʢʠʤ, ʢʘʢ ʨʘʟʥʳʝ ʘʢʚʘʪʦʨʠʠ, ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʰʫʤʘ. ʆʜʥʦʡ ʠʟ 
ʧʨʦʙʣʝʤ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʦʙʟʦʨʘʭ, ʙʳʣʘ ʫʟʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʤʦʜʝʣʝʡ: ʘʣʛʦʨʠʪʤ, ʦʙʫʯʝʥʥʳʡ ʥʘ ʜʘʥʥʳʭ 
ʦʜʥʦʛʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ ʠʣʠ ʥʘ ʰʫʤʝ ʦʜʥʠʭ ʪʠʧʦʚ ʩʫʜʦʚ, ʤʦʛ ʧʣʦʭʦ ʨʘʙʦʪʘʪʴ ʚ ʠʥʳʭ ʫʩʣʦʚʠʷʭ. 
ʏʪʦʙʳ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ 2023 ʛʦʜʘ ʧʨʠʤʝʥʷʣʠ ʪʝʭʥʠʢʠ ʜʦʤʝʥʥʦ-ʠʥʚʘʨʠʘʥʪʥʦʛʦ ʦʙʫ-
ʯʝʥʠʷ ʠ ʦʙʦʙʱʝʥʠʷ. ʇʦʷʚʠʣʠʩʴ, ʥʘʧʨʠʤʝʨ, ʧʦʜʭʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʥʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ ʚʭʦʜʥʳʭ 
ʩʧʝʢʪʨʦʚ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʩʨʝʜʫ ʠʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ ʜʘʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʩʨʝʜ, ʘ ʪʘʢʞʝ 
ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʤʦʜʫʣʷʤʠ ʚʥʠʤʘʥʠʷ, ʩʧʦʩʦʙʥʳʤʠ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ. ʈʝʟʫʣʴʪʘʪʳ ʦʪ-
ʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 2023 ʛ. ʧʦʢʘʟʳʚʘʣʠ ʙʣʠʟʢʫʶ ʢ 95ï97% ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʢʦʥʪʨʦʣʠʨʫʝ-
ʤʳʭ ʩʮʝʥʘʨʠʷʭ, ʯʪʦ ʧʨʠʙʣʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʜʚʦʜʥʳʭ ʮʝʣʝʡ ʢ ʫʨʦʚʥʶ, 
ʜʦʩʪʘʪʦʯʥʦʤʫ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʢʘʢ ʦʪʤʝʯʘʶʪ ʩʘʤʠ ʘʚʪʦʨʳ, ʤʥʦʛʠʝ ʠʟ ʵʪʠʭ ʨʘ-
ʙʦʪ ʚʩʸ ʝʱʸ ʠʩʧʳʪʳʚʘʣʠ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ñʠʟ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʦʢʝʘʥò. 

2024 ʛʦʜ ʚʳʜʝʣʷʝʪʩʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʤʠ ʟʥʘʢʦʚʳʤʠ ʧʫʙʣʠʢʘʮʠʷʤʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʜʚʠʥʫʚʰʠʤʠ 
ʧʦʥʠʤʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʀʀ ʠ Big Data ʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʆʙʟʦʨ Aslam ʠ ʩʦʘʚʪ. ʚ ʞʫʨʥʘʣʝ 
Expert Systems with Applications, ʧʦʩʚʷʱʸʥʥʳʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʜʚʦʜʥʳʭ ʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 
ʦʙʫʯʝʥʠʷ, ʧʨʠʤʝʯʘʪʝʣʝʥ ʩʚʦʠʤ ʨʘʟʤʘʭʦʤ - ʘʚʪʦʨʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʙʦʣʝʝ 250 ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 2010 
ʧʦ 2024 ʛʛ., ʦʭʚʘʪʳʚʘʶʱʠʭ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʠ ʛʣʫʙʦ-
ʢʠʭ ʥʝʡʨʦʩʝʪʝʡ [4]. ɸʚʪʦʨʳ ʚʳʜʝʣʷʶʪ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʰʫʤ ʠ ʨʝʚʝʨʙʝʨʘʮʠʠ, ʟʘʪʨʫʜʥʷʶʱʠʝ ʢʣʘʩʩʠ-
ʬʠʢʘʮʠʶ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʨʘʟʤʝʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʝʨʩʧʝʢʪʠʚʫ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ transfer learning ʩ ʥʘʟʝʤʥʳʭ ʘʫʜʠʦ-ʜʦʤʝʥʦʚ ʥʘ ʧʦʜʚʦʜʥʳʝ ʟʚʫʢʠ. ɺ ʜʨʫʛʦʤ ʩʠʩʪʝʤʘʪʠʯʝ-
ʩʢʦʤ ʦʙʟʦʨʝ Feng ʠ ʩʦʘʚʪ. ʩʦʩʨʝʜʦʪʦʯʠʣʠʩʴ ʥʘ ʤʝʪʦʜʘʭ ʀʀ ʜʣʷ ʧʦʜʚʦʜʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʮʝʣʝʚʦʛʦ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʦʨʘʙʣʝʡ, ʧʦʜʣʦʜʦʢ ʚ ʚʦʝʥʥʳʭ ʮʝʣʷʭ [5]. 

ɺ 2025 ʛʦʜʫ ʪʝʥʜʝʥʮʠʷ ʢ ʩʣʠʷʥʠʶ ʤʝʪʦʜʦʚ ʀʀ, ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʤʦʙʠʣʴʥʳʭ/ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ 
ʧʨʠʣʦʞʝʥʠʡ ʚ ʛʠʜʨʦʘʢʫʩʪʠʢʝ ʧʨʦʜʦʣʞʠʣʘʩʴ, ʧʨʠʯʸʤ ʚʥʠʤʘʥʠʝ ʩʤʝʩʪʠʣʦʩʴ ʥʘ ʧʦʚʳʰʝʥʠʝ ʘʚʪʦʥʦʤʥʦʩʪʠ 
ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ. ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʩʚʝʞʠʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ Saleem ʠ ʩʦʘʚʪ., ʛʜʝ 
ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʛʥʠʪʠʚʥʳʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʨʦʪʦʢʦʣ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʣʷ ʧʦʜʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ 
[6]. ʕʪʦʪ ʧʨʦʪʦʢʦʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʮʝʥʘʨʠʝʚ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʫʩʣʦʚʠʷʭ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ ʠ ʵʢʦʣʦʛʠ-
ʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʨʘʙʦʪʘ ʩʝʪʠ ʜʘʪʯʠʢʦʚ ʚ ʦʢʝʘʥʝ ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ 
ʯʝʣʦʚʝʢʘ. ɸʚʪʦʨʳ ʠʥʪʝʛʨʠʨʦʚʘʣʠ ʤʫʣʴʪʠʘʛʝʥʪʥʫʶ ʀʀ-ʩʠʩʪʝʤʫ, ʙʣʦʢʯʝʡʥ (ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʫʟʣʘʤʠ) ʠ ʘʢʫʩʪʠʯʝʩʢʫʶ ʩʚʷʟʴ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ ʧʨʦʪʦʢʦʣʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ 
ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʘ ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ ʥʠʞʝ 120 ɼʞ, ʢʦʪʦʨʦʝ ʫ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʧʨʦʪʦ-
ʢʦʣʦʚ ʚʳʰʝ, ʢʦʥʮʝʚʘʷ ʟʘʜʝʨʞʢʘ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ ʥʝ ʧʨʝʚʳʩʠʣʘ 2 ʩ ʜʘʞʝ ʧʨʠ ʤʥʦʛʦʰʘʛʦʚʦʡ ʤʘʨʰʨʫ-
ʪʠʟʘʮʠʠ, ʜʦʣʷ ʫʩʧʝʰʥʦ ʜʦʩʪʘʚʣʝʥʥʳʭ ʧʘʢʝʪʦʚ ʧʨʝʚʳʰʘʝʪ 90%, ʘ ʚʨʝʤʷ ʞʠʟʥʠ ʩʝʪʠ ʫʚʝʣʠʯʝʥʦ ʜʦ ~1850 
ʩ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʣʴʰʝ ʘʣʴʪʝʨʥʘʪʠʚ. ʕʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʨʠʤʝ-
ʥʝʥʠʝ ʀʀ ʠ ʘʥʘʣʠʟʘ Big Data ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʚ ʩʣʦʞʥʳʭ ʧʦʜʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ Big Data, ʪʦ ʢ 2025 ʛʦʜʫ ʩʪʘʣʠ ʧʨʝʜʧʨʠʥʠʤʘʪʴʩʷ ʰʘʛʠ ʢ ʩʦʟʜʘʥʠʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 
ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʩ ʦʛʨʦʤʥʳʤʠ ʦʙʲʸʤʘʤʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [7]. ɺ ʥʦʚʝʡʰʠʭ ʨʘʙʦʪʘʭ 
ʧʨʝʜʣʘʛʘʶʪʩʷ ʦʙʣʘʯʥʳʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʟʚʫʢʦʚʳʭ ʜʘʥʥʳʭ, ʛʜʝ ʠʩ-
ʩʣʝʜʦʚʘʪʝʣʠ ʤʦʛʫʪ ʟʘʛʨʫʞʘʪʴ ʩʚʦʠ ʘʣʛʦʨʠʪʤʳ ʠ ʦʙʫʯʘʪʴ ʠʭ ʧʨʷʤʦ ñʚʦʟʣʝò ʜʘʥʥʳʭ, ʥʝ ʧʝʨʝʥʦʩʷ ʪʝʨʘ-
ʙʘʡʪʳ ʠʥʬʦʨʤʘʮʠʠ ʣʦʢʘʣʴʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʰʠʨʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʘʤʦʦʙʫʯʘʶʱʠʭʩʷ ʘʣʛʦʨʠʪʤʦʚ 
ʥʘ ʙʦʣʴʰʠʭ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʤʘʩʩʠʚʘʭ. ʅʘʧʨʠʤʝʨ, ʧʦʷʚʣʷʶʪʩʷ ʧʦʧʳʪʢʠ ʧʨʠʤʝʥʷʪʴ self-supervised 
learning ʢ ʧʦʜʚʦʜʥʳʤ ʘʫʜʠʦ. 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʧʦʩʪʝʧʝʥʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʛʠʜʨʦʘʢʫʩʪʠʢʠ ʩ ʀʀ ʚ ʛʨʘʞʜʘʥʩʢʠʝ ʤʦ-
ʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʋʞʝ ʩʫʱʝʩʪʚʫʶʪ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ï ʵʭʦʣʦ-
ʪʳ ʜʣʷ ʨʳʙʦʣʦʚʦʚ ʩ Bluetooth-ʩʚʷʟʴʶ ʢ ʩʤʘʨʪʬʦʥʫ, ʧʦʜʚʦʜʥʳʝ ʜʨʦʥʳ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʯʝʨʝʟ ʧʨʠʣʦʞʝʥʠʝ 
ʠ ʪ.ʜ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʜʦʙʥʳʝ AquaApp/AquaRanger, ʚʩʢʦʨʝ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʚ ʜʦ-
ʩʪʫʧʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ, ʥʘʧʨʠʤʝʨ, ʪʫʨʠʩʪʘʤ-ʜʘʡʚʝʨʘʤ ʦʙʤʝʥʠʚʘʪʴʩʷ ʩʦʦʙʱʝʥʠʷʤʠ ʧʦʜ 
ʚʦʜʦʡ, ʦʙʥʘʨʫʞʠʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʪʝʣʝʬʦʥʘ ʠʥʪʝʨʝʩʥʳʝ ʦʙʲʝʢʪʳ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʝʩʪʠ ʜʥʝʚʥʠʢ 
ʥʘʙʣʶʜʝʥʠʡ ʤʦʨʩʢʠʭ ʞʠʚʦʪʥʳʭ ʧʦ ʟʚʫʢʘʤ. ʇʨʠʤʝʨʘʤʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʷʚʣʷʶʪʩʷ 
UnderwaterGPS ʠ AquaScope. 

ʀʙʣʤʷʰʞʦʡʞ 
ʀʀ ʠ ʪʝʭʥʦʣʦʛʠʠ Big Data ʜʦʢʘʟʘʣʠ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʧʦʜ-

ʚʦʜʥʳʭ ʮʝʣʝʡ. ʆʥʦ ʩʪʘʣʦ ʪʦʯʥʝʝ ʠ ʙʳʩʪʨʝʝ ʙʣʘʛʦʜʘʨʷ ʛʣʫʙʦʢʠʤ ʥʝʡʨʦʩʝʪʷʤ, ʘʥʘʣʠʟ ʦʛʨʦʤʥʳʭ ʘʢʫʩʪʠ-
ʯʝʩʢʠʭ ʘʨʭʠʚʦʚ ʫʧʨʦʩʪʠʣʩʷ ʟʘ ʩʯʸʪ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʭʨʘʥʝʥʠʶ ʠ ʦʙʫʯʝʥʠʶ, ʘ ʧʦʜʚʦʜʥʘʷ ʩʚʷʟʴ ʠ ʥʘʚʠ-
ʛʘʮʠʷ ʧʦʣʫʯʠʣʠ ʠʤʧʫʣʴʩ ʨʘʟʚʠʪʠʷ ʯʝʨʝʟ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʘʤʦʦʧʪʠʤʠʟʠʨʫʶʱʠʝʩʷ ʘʣʛʦʨʠʪʤʳ. 
ʄʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʩʥʘʱʸʥʥʳʝ ʀʀ-ʧʨʠʣʦʞʝʥʠʷʤʠ, ʧʨʝʚʨʘʪʠʣʠʩʴ ʚ ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʛʠʜʨʦʘʢʫ-
ʩʪʠʢʠ, ʦʪʢʨʳʚ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʙʦʨʘ ʜʘʥʥʳʭ. ɺ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʤʳ ʚʧʨʘ-
ʚʝ ʦʞʠʜʘʪʴ ʧʦʷʚʣʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚ ʨʝʞʠʤʝ 
ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʪʴ ʟʘ ʤʦʨʩʢʦʡ ʩʨʝʜʦʡ, ʦʙʥʘʨʫʞʠʚʘʪʴ ʦʙʲʝʢʪʳ, ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʦʙ ʦʧʘʩʥʦ-
ʩʪʷʭ ʠ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ï ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ, ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʜʝʨʞʢʘʤʠ ʠ 
ʦʰʠʙʢʘʤʠ. 
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ǵǧǳǯǭǡǺǤ ǣǡǭǨǬǧǩǧ ǡǭǣǬǺǴ 
ǼǩǭǰǧǰǱǤǫ8 ǭǠǯǟǠǭǱǩǟ 
ǢǧǣǯǭǟǩǲǰǱǧǶǤǰǩǧǴ ǣǟǬǬǺǴ ǡ ǯǤǟǪǻǬǭǫ 
ǡǯǤǫǤǬǧ ǣǪǾ ǫǭǬǧǱǭǯǧǬǢǟ ǮǭǮǲǪǾǵǧǨ 

ǡȇȌȌȇȉȍȁ ǢȄȍȏȂȇȈ ǟȊȄȉȐȄȄȁȇȖ 
ʘʙʠʪʫʨʠʝʥʪ 

ɼɺʌʋ 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʥʦʚʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 
ʧʦʩʚʷʱʸʥʥʳʭ ʩʦʟʜʘʥʠʶ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʦʙʨʘʙʦʪʢʝ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 
ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʧʫʣʷʮʠʡ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ 
ʘʢʚʘʢʫʣʴʪʫʨʝ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ, ʦʙʲʝʜʠʥʸʥʥʳʝ ʩ ʩʝʪʷʤʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʣʠ ʘʚʪʦʥʦʤʥʳʭ ʵʭʦʣʦʪʦʚ, 
ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʧʦʚʝʜʝʥʠʝ ʠ ʙʠʦʤʘʩʩʫ ʨʳʙʳ, ʧʨʦʛʥʦʟʠʨʦ-
ʚʘʪʴ ʟʦʥʳ ʜʝʬʠʮʠʪʘ ʢʠʩʣʦʨʦʜʘ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʠʥʪʝʛʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ ʙʣʘʛʦʧʦʣʫʯʠʷ ʢʦʩʷʢʦʚ ʨʳʙ. ɺ 
ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʸʤʘʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʨʦʪʦʪʠʧʳ ʘʚʪʦʥʦʤʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʫʩʧʝʰʥʦ 
ʦʪʩʣʝʞʠʚʘʶʱʠʝ ʩʝʟʦʥʥʳʝ ʤʠʛʨʘʮʠʠ ʨʳʙ, ʘ ʪʘʢʞʝ ʢʨʫʧʥʳʝ ʧʨʦʝʢʪʳ çDigitalTwinOceanè ʠ çʎʠʬʨʦʚʦʡ 
ʜʚʦʡʥʠʢ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷè. ʆʙʟʦʨ ʚʳʷʚʠʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʩʦʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʙʠʦʧʦʚʝʜʝʥʯʝʩʢʠʭ ʤʦ-
ʜʝʣʝʡ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʸʞʥʦʡ ʩʚʷʟʠ ʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚ 
ʵʭʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʠʜʨʦʘʢʫʩʪʠʢʘ, ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ, ʤʦʥʠʪʦʨʠʥʛ, ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ 
 
DIGITAL TWINS OF AQUATIC ECOSYSTEMS: REAL-TIME HYDROACOUSTIC DATA PROCESSING FOR 

POPULATION MONITORING 
 

Vinnikov Georgy Alekseevich 
 
Abstract: this article presents a systematic literature review of the latest research on the creation of digital 
twins of aquatic ecosystems and the processing of real-time hydroacoustic data for monitoring aquatic popula-
tions. The analysis demonstrated that in the context of aquaculture, the integration of digital twins with net-
works of stationary or autonomous echo sounders facilitates the monitoring of spatial distribution, behavioral 
patterns, and biomass of fish. This approach enables the prediction of oxygen deficit zones and the generation 
of comprehensive indices of fish school welfare. Prototypes of autonomous acoustic stations that have been 
demonstrated to successfully track seasonal fish migrations have been deployed in natural water bodies. 
These include the major projects "Digital Twin Ocean" and "Digital Twin of the Caspian Sea". The review re-
vealed the necessity for high calibration of bio-behavioral models, standardization of data formats, ensuring 
reliable communication and processing of large flows of echolocation information. 
Key words: hydroacoustic, digital twins, monitoring, aquatic ecosystem. 

 
ɻʛʞʝʞʦʡʞ 
ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʝ-

ʪʦʜʳ ï ʵʭʦʣʦʪʳ ʠ ʩʦʥʘʨʳ ï ʧʦʟʚʦʣʷʶʱʠʝ ʥʝʠʥʚʘʟʠʚʥʦ ʠʟʤʝʨʷʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʳʙ ʚ ʪʦʣʱʝ ʚʦʜʳ ʠ 
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ʦʮʝʥʠʚʘʪʴ ʠʭ ʙʠʦʤʘʩʩʫ. ʊʘʢʠʝ ʜʘʥʥʳʝ ʦʙʳʯʥʦ ʩʦʙʠʨʘʶʪʩʷ ʵʢʩʧʝʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʘʥʘʣʠʟʠʨʫ-
ʶʪʩʷ ʧʦʩʪʬʘʢʪʫʤ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʣʦ ʠʭ ʦʧʝʨʘʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʫʧʨʘʚʣʝʥʠʠ ʨʳʙʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 
ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʝʡ ʪʝʭʥʦʣʦʛʠʡ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ, ʩʪʘʣʠ ʘʢʪʫʘʣʴʥʳ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɺ ʩʬʝʨʝ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʫʶ 
ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʚʦʜʦʸʤʘ ʚʤʝʩʪʝ ʩ ʦʙʠʪʘʶʱʠʤʠ ʚ ʥʸʤ ʦʨʛʘʥʠʟʤʘʤʠ, ʢʦʪʦʨʘʷ ʜʠʥʘʤʠʯʝʩʢʠ ʦʙʥʦʚʣʷ-
ʝʪʩʷ ʧʦʩʪʫʧʘʶʱʠʤʠ ʧʦʣʝʚʳʤʠ ʜʘʥʥʳʤʠ. ɹʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʜʘʪʯʠʢʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʙʝʩʧʨʦʚʦʜʥʦʡ 
ʩʚʷʟʠ, ʚʠʨʪʫʘʣʴʥʘʷ ʢʦʧʠʷ ʵʢʦʩʠʩʪʝʤʳ ʤʦʞʝʪ çʦʞʠʚʘʪʴè, ʦʪʨʘʞʘʷ ʠʟʤʝʥʝʥʠʷ ʨʝʘʣʴʥʦʡ ʩʨʝʜʳ ʧʦ ʤʝʨʝ 
ʠʭ ʥʘʩʪʫʧʣʝʥʠʷ. ʉʦʯʝʪʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʩ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤ ʤʦʥʠʪʦʨʠʥʛʦʤ ʚ ʨʝ-
ʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʠ ʫʧʨʘʚʣʷʶʱʠʤ ʦʨʛʘʥʘʤ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʥʥʝʛʦ 
ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʵʢʦʩʠʩʪʝʤʳ. 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʦʙʟʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʥʦʚʝʡʰʠʭ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʨʘʟʚʠʪʠʶ 
ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʦʙʨʘʙʦʪʢʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʧʫʣʷʮʠʡ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. 

 
ʅʞʫʧʝʴ ʡ ʥʙʫʞʩʡʙʤʴ 
ʅʘʩʪʦʷʱʠʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʨʦʚʝʜʸʥ ʧʦ ʩʪʘʥʜʘʨʪʘʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɹʳʣʠ 

ʦʪʦʙʨʘʥʳ ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ 2020ï2025 ʛʦʜʦʚ ʥʘ ʨʫʩʩʢʦʤ ʠʣʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ ʠʟ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 
ʞʫʨʥʘʣʦʚ ʠ ʢʦʥʬʝʨʝʥʮʠʡ. ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʠʩʢʘ ʧʦʩʣʫʞʠʣʠ ʙʘʟʳ Web of Science, Scopus, ʙʠʙ-
ʣʠʦʪʝʢʠ IEEE Xplore, ACM Digital Library, ʘ ʪʘʢʞʝ ʧʣʘʪʬʦʨʤʳ ʦʪʢʨʳʪʦʛʦ ʜʦʩʪʫʧʘ MDPI ʠ Frontiers. ɺ ʦʙʟʦʨ 
ʚʢʣʶʯʝʥʳ ʢʘʢ ʦʙʟʦʨʳ ʠ ʤʝʪʘ-ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʠ ʦʨʠʛʠʥʘʣʴʥʳʝ ʩʪʘʪʴʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘ-
ʪʘʤʠ ï ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʥʠ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʛʠʜʨʦʘʢʫʩʪʠʢʠ. 
ɺʩʝʛʦ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 36 ʧʫʙʣʠʢʘʮʠʡ, ʠʟ ʥʠʭ ʚ ʦʙʟʦʨ ʚʢʣʶʯʝʥʳ 8 ʥʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʨʘʙʦʪ. 

 
ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʞ 
ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʥʦʚʠʟʥʫ ʢʦʥʮʝʧʮʠʠ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʦʧʫʙʣʠʢʦʚʘʥ ʨʷʜ 

ʨʘʙʦʪ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʩ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤʠ ʜʘʥ-
ʥʳʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳʝ ʠʟ ʥʠʭ, ʨʘʟʜʝʣʠʚ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: ʘʢʚʘʢʫʣʴʪʫʨʘ ʠ ʝʩʪʝ-
ʩʪʚʝʥʥʳʝ ʚʦʜʦʝʤʳ. 

ɺ ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʳʭ ʨʘʙʦʪ ʧʦ ʩʦʚʨʝʤʝʥʥʦʡ ʘʢʚʘʢʫʣʴʪʫʨʝ Biao Su ʠ ʩʦʘʚʪ., ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʘʥʘʣʠ-
ʟʠʨʦʚʘʣʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʜʣʷ ʤʦʨʩʢʦʡ ʘʢʚʘʢʫʣʴʪʫʨʳ ʣʦʩʦʩʷ [1]. ɺ ʢʘʯʝʩʪʚʝ ʜʝʤʦʥ-
ʩʪʨʘʮʠʠ ʦʥʠ ʧʨʝʜʣʦʞʠʣʠ ʪʨʠ ʩʮʝʥʘʨʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ: 

- ʤʦʥʠʪʦʨʠʥʛ ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ ʚ ʩʝʪʯʘʪʦʤ ʩʘʜʢʝ; 

- ʧʨʦʛʥʦʟ ʨʦʩʪʘ ʨʳʙʳ ʚ ʩʘʜʢʝ; 

- ʫʧʨʘʚʣʝʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʢʦʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚ ʩʘʜʢʝ. 
ʂʘʞʜʳʡ ʩʮʝʥʘʨʠʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʢʦʤʙʠʥʘʮʠʷʭ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʦʩʪʘ ʩ ʧʦʩʪʫʧʘʶʱʠʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʷʤʠ ʫʨʦʚʥʷ ʢʠʩ-
ʣʦʨʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʣʠʯʝʩʪʚʘ ʢʦʨʤʘ ʠ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʚ ʧʝʨʚʦʤ ʩʮʝʥʘʨʠʠ ʧʨʝʜʣʦʞʝʥ-
ʥʘʷ ʩʠʩʪʝʤʘ ʩʦʯʝʪʘʝʪ ʜʘʥʥʳʝ ʢʠʩʣʦʨʦʜʦʤʝʨʘ, ʜʘʪʯʠʢʦʚ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ, ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʷ ʨʳʙʳ ʧʦ ʛʣʫʙʠʥʝ ʜʣʷ ʧʨʦʛʥʦʟʘ ʣʦʢʘʮʠʠ ʠ ʚʨʝʤʝʥʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʦʥʘʣʴʥʦʛʦ ʜʝʬʠʮʠʪʘ ʢʠʩʣʦ-
ʨʦʜʘ ʚ ʩʘʜʢʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʢʦʤʝʥʜʘʮʠʝʡ ʢ ʨʝʛʫʣʠʨʦʚʢʝ ʧʣʦʪʥʦʩʪʠ ʧʦʩʘʜʢʠ ʨʳʙʳ. 

ʊʘʢʞʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʩʥʘʩʪʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʘʜʦʢ ʤʥʦʞʝʩʪʚʦʤ ʙʝʩʧʨʦ-
ʚʦʜʥʳʭ ʜʘʪʯʠʢʦʚ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʩʝʪʠ, ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʢʦʥ-
ʩʪʨʫʢʮʠʠ, ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥ ʠ ʪʝʯʝʥʠʡ, ʘ ʘʢʫʩʪʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʦʪʩʣʝʞʠʚʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʳʙ ʚʥʫʪ-
ʨʠ ʩʘʜʢʘ. ʄʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʣʘ ʨʝʘʢʮʠʶ ʩʝʪʠ, ʪʦ ʝʩʪʴ ʝʝ ʠʟʛʠʙʳ ʠ ʢʦʣʝʙʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʣʥ 
ʠ ʪʝʯʝʥʠʡ, ʪʘʢ ʠ ʧʦʚʝʜʝʥʠʝ ʚʠʨʪʫʘʣʴʥʳʭ ʨʳʙ.  

H¬kon M¬lßy. ʧʨʠ ʧʦʤʦʱʠ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ EchoBERT ʩʤʦʛ ʧʦ ʵʭʦʛʨʘʤʤʝ ʜʝʪʝʢʪʠʨʦʚʘʪʴ 
ʘʪʠʧʠʯʥʳʝ ʧʘʪʪʝʨʥʳ ʜʚʠʞʝʥʠʷ ʨʳʙ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʯʘʣʦʤ ʙʦʣʝʟʥʠ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʫ ʘʪʣʘʥʪʠ-
ʯʝʩʢʦʛʦ ʣʦʩʦʩʷ [2]. ʄʦʜʝʣʴ ʫʣʦʚʠʣʘ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʟʘ 4ï6 ʥʝʜʝʣʴ ʜʦ ʚʩʧʳʰʢʠ ʟʘʙʦʣʝʚʘʥʠʷ, 
ʦʧʝʨʝʜʠʚ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ. Sunil Kadri ʠ Johannes Kvam ʧʨʝʜʩʪʘʚʠʣʠ ʩʠʩʪʝʤʫ 
WelfareScore, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʥʦʨʚʝʞʩʢʠʭ ʣʦʩʦʩʝʚʳʭ ʬʝʨʤʘʭ [3]. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ 
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ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʢʨʫʛʣʦʩʫʪʦʯʥʦ ʩʢʘʥʠʨʫʶʪ ʚʝʩʴ ʦʙʲʝʤ ʢʘʞʜʦʛʦ ʩʘʜʢʘ, ʠ ʘʣʛʦʨʠʪʤʳ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ, ʧʦʜʦʙʥʳʭ EchoBERT ʠʟʚʣʝʢʘʶʪ ʠʥʜʠʢʘʪʦʨʳ ʧʦʚʝʜʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ï 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʳʙ ʧʦ ʛʣʫʙʠʥʝ, ʧʣʦʪʥʦʩʪʴ ʢʦʩʷʢʘ, ʘʢʪʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠ ʧʨ. ʇʘʨʘʣʣʝʣʴʥʦ ʩʦʙʠʨʘʶʪʩʷ 
ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ, ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʨʤʦʨʘʟʜʘʯʠ ʠ ʦʩʪʘʪʢʘ ʢʦʨ-
ʤʘ. ɺʩʝ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʘʛʨʝʛʠʨʫʶʪʩʷ ʚ ʠʥʪʝʛʨʘʣʴʥʳʡ ʠʥʜʝʢʩ ʙʣʘʛʦʧʦʣʫʯʠʷ ʨʳʙ ʚ ʜʘʥʥʦʤ ʩʘʜʢʝ. ʇʦ ʩʦ-
ʦʙʱʝʥʠʷʤ ʘʚʪʦʨʦʚ ʪʘʢʦʡ ʩʠʩʪʝʤʘ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʣʫʯʘʝʚ ʩʥʠʞʝʥʠʷ ʙʣʘʛʦʧʦʣʫʯʠʷ, 
ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʠʦʜʦʤ ʩʠʣʴʥʳʭ ʰʪʦʨʤʦʚ, ʢʦʛʜʘ ʨʳʙʘ ʧʦʢʘʟʳʚʘʣʘ ʥʝʪʠʧʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ. 

ɺ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪʩʷ, ʧʦʢʘʟʘʥ 
ʧʦʪʝʥʮʠʘʣ ʪʘʢʦʡ ʩʠʩʪʝʤʳ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʘʢʪʠʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʥʦʤ-
ʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʤʠʛʨʘʮʠʡ ʨʳʙʳ ʜʣʷ ʨʝʢʠ ʊʦʥʣʝʩʘʧ, ʂʘʤʙʦʜʞʘ [5]. ʈʝʢʘ ʊʦʥʣʝʩʘʧ ʠʤʝʝʪ 
ʯʨʝʟʚʳʯʘʡʥʦ ʧʨʦʜʫʢʪʠʚʥʳʡ ʧʨʦʤʳʩʝʣ, ʥʦ ʪʨʘʜʠʮʠʦʥʥʳʡ ʫʯʝʪ ʨʳʙ ʦʩʥʦʚʘʥ ʪʦʣʴʢʦ ʥʘ ʚʳʣʦʚʘʭ ʠ ʥʝ ʦʪ-
ʨʘʞʘʝʪ ʨʝʘʣʴʥʦʛʦ ʭʦʜʘ ʠʭ ʤʠʛʨʘʮʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʫʯʝʥʳʝ ʩʦʟʜʘʣʠ ʫʩʪʨʦʡʩʪʚʦ, ʚʢʣʶʯʘʶʱʝʝ 
ʵʭʦʣʦʪ Simrad WBAT, ʧʠʪʘʝʤʳʡ ʦʪ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ, ʠ ʤʦʜʫʣʴ IoT-ʩʚʷʟʠ. ʋʩʪʨʦʡʩʪʚʦ ʙʳʣʦ ʫʩʪʘʥʦʚ-
ʣʝʥʦ ʧʨʷʤʦ ʥʘ ʨʳʙʦʣʦʚʝʮʢʦʡ ʧʣʘʪʬʦʨʤʝ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʯʘʩ ʚʢʣʶʯʘʣʦ ʵʭʦʣʦʪ ʥʘ 15-
ʤʠʥʫʪʥʳʡ ʮʠʢʣ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʦʜʳ. ɿʘ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʘ ʫʩʧʝʰʥʦ ʦʪʩʣʝʜʠʣʘ 
ʩʝʟʦʥʥʳʡ ʭʦʜ ʤʠʛʨʘʮʠʠ ʨʳʙ ʧʦ ʨʝʢʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʠʢʠ ʟʘʭʦʜʘ ʨʳʙ ʚ ʦʟʝʨʦ ʚ ʥʘʯʘʣʝ ʧʘʚʦʜʢʘ ʠ ʦʙʨʘʪʥʳʡ 
ʭʦʜ ʧʨʠ ʩʧʘʜʝʥʠʠ ʚʦʜʳ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʢʘʟʘʪʝʣʴʥʘ ʠʥʠʮʠʘʪʠʚʘ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡ-
ʥʠʢʘ ʦʢʝʘʥʘ. ɺ ɽʚʨʦʧʝ ʩ 2021 ʛ. ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʝʢʪ Digital Twin Ocean, ʥʘʮʝʣʝʥʥʳʡ ʥʘ ʦʙʲʝʜʠʥʝʥʠʝ 
ʜʘʥʥʳʭ ʧʦʩʪʦʚ ʥʘʙʣʶʜʝʥʠʡ, ʙʫʠ, ʜʘʪʯʠʢʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʢʦʤʘʥʜ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ 
ʥʝʧʨʝʨʳʚʥʦ ʦʙʥʦʚʣʷʝʤʳʝ ʚʳʩʦʢʦʨʘʟʨʝʰʝʥʥʳʝ ʤʦʜʝʣʠ ʦʢʝʘʥʘ [6]. ʍʦʪʷ ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʜʝʣʘʝʪʩʷ ʥʘ 
ʬʠʟʠʢʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʜʥʠʤ ʠʟ ʜʝʢʣʘʨʠʨʫʝʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʜʘʥ-
ʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʵʪʫ ʩʠʩʪʝʤʫ. ʆʜʥʦʡ ʠʟ ʛʨʘʥʪʦʚʳʭ ʠʥʠʮʠʘʪʠʚ ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʮʠʬ-
ʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʷʚʣʷʝʪʩʷ ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʦʤʳʩʣʦʚʳʭ ʨʳʙ ʯʝʨʝʟ ʩʧʫʪʥʠʢʦʚʳʝ ʤʝʪʢʠ ʠ 
ʘʢʫʩʪʠʯʝʩʢʠʝ ʧʨʠʝʤʥʠʢʠ [7]. 

ɺ ʈʦʩʩʠʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʖʅɽʉʂʆ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʝʢʪ çʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷè, 
ʛʜʝ ʩʦʙʨʘʥʳ ʤʥʦʛʦʣʝʪʥʠʝ ʜʘʥʥʳʝ ʤʥʦʞʝʩʪʚʘ ʠʥʩʪʠʪʫʪʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʠ, ʩʧʫʪʥʠ-
ʢʦʚʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʢʣʠʤʘʪʘ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ [8]. ʇʦʢʘ ʯʪʦ ʧʨʦʝʢʪ ʙʳʣ ʩʬʦʢʫʩʠʨʦ-
ʚʘʥ ʥʘ ʚʦʜʥʦʡ ʩʨʝʜʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ ʧʦʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, ʚʢʣʶʯʘʪ ʠ 
ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʢʘʩʧʠʡʩʢʠʤ ʨʝʩʫʨʩʘʤ (ʦʩʝʪʨʦʚʳʤ, ʢʠʣʴʢʝ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ ʧʦʩʪʫ-
ʧʘʪʴ ʚ ʩʠʩʪʝʤʫ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʮʠʬʨʦʚʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʝʞʝʛʦʜʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ 
ʩʲʝʤʦʢ ʢʠʣʴʢʠ, ʧʨʦʚʦʜʠʤʳʭ ʂʘʩʧʅʀʈʍ. 

ʀʙʣʤʷʰʞʦʡʞ 
ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʤʦʜʝʣʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʩ ʥʝʧʨʝʨʳʚʥʳʤʠ ʧʦʪʦʢʘʤʠ ʛʠʜ-

ʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʠ ʫʧʨʘʚʣʝʥʠʶ 
ʧʦʧʫʣʷʮʠʷʤʠ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝ-
ʣʝʡ, ʨʘʩʰʠʨʝʥʠʝ ʦʭʚʘʪʘ ʩʝʥʩʦʨʦʚ, ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʜʘʥʥʳʭ. ɺ ʙʣʠʞʘʡʰʠʝ 
ʛʦʜʳ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʧʨʦʝʢʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘ-
ʥʠʝ ʮʠʬʨʦʚʳʭ ʘʥʘʣʦʛʦʚ ʢʣʶʯʝʚʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ï ʦʪ ʦʪʜʝʣʴʥʳʭ ʦʟʝʨ ʠ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥ ʜʦ ʮʝʣʳʭ 
ʤʦʨʝʡ ʠ ʢʨʫʧʥʳʭ ʨʝʢ. 
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ʆʜʥʘʢʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʧʨʷʞʝʥʦ ʩ ʫʛʨʦʟʘʤʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʜʝʟʠʥʬʦʨʤʘ-
ʮʠʠ, ʤʘʥʠʧʫʣʷʮʠʝʡ ʦʙʱʝʩʪʚʝʥʥʳʤ ʤʥʝʥʠʝʤ ʠ ʫʩʠʣʝʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ. ʆʩʦʙʦʝ 
ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʵʪʠʯʥʦʩʪʠ, ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  
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ON THE ISSUE OF THE SAFETY OF USING ARTIFICIAL INTELLIGENCE IN SOCIAL NETWORKS 
 

Vasin Vladimir Vladimirovich 
 

Scientific adviser: Zaitseva Tatiana Valentinovna 
 
Abstract: The article examines the role of artificial intelligence (AI) in the development of social networks, as 
well as the potential risks associated with its use. AI provides content personalization, automatic moderation, 
user behavior analysis, and trend detection. However, its use is fraught with threats to privacy, the spread of 
disinformation, manipulation of public opinion, and increased dependence on digital platforms. Special 
attention is paid to the issues of ethics, transparency of algorithms and the need for regulation. 
Key words: artificial intelligence, social networks, privacy, disinformation, algorithms, digital security, ethics of 
AI, digital regulation. 

 
ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʩʝʛʦʜʥʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʦʥ 

ʩʪʘʣ ʠʭ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ. ʀʀ ʧʦʤʦʛʘʝʪ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʥʪʝʥʪ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʤʦʜʝʨʘ-
ʮʠʶ, ʫʣʫʯʰʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʨʝʥʜʳ [1, 3, 4]. ʆʜʥʘʢʦ ʚʤʝʩʪʝ ʩ ʵʪʠʤʠ ʚʦʟ-
ʤʦʞʥʦʩʪʷʤʠ ʧʨʠʭʦʜʷʪ ʠ ʩʝʨʴʝʟʥʳʝ ʚʳʟʦʚʳ ð ʦʪ ʫʛʨʦʟ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʟ-
ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʘʥʠʧʫʣʷʮʠʠ ʦʙʱʝʩʪʚʝʥʥʳʤ ʤʥʝʥʠʝʤ.  

ʀʀ ʧʨʠʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʣʴʟʫ ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʪʘʢ ʠ ʧʣʘʪʬʦʨʤʘʤ. ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʟʘʤʝʪ-
ʥʳʭ ʵʬʬʝʢʪʦʚ ð ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ. ɸʣʛʦʨʠʪʤʳ ʘʥʘʣʠʟʠʨʫʶʪ ʧʦʚʝʜʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʦʜʙʠʨʘʶʪ 
ʢʦʥʪʝʥʪ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʭ ʠʥʪʝʨʝʩʘʤ, ʧʦʚʳʰʘʷ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ. 
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ɽʱʝ ʦʜʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ð ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʨʘʮʠʷ. ʀʀ ʩʧʦʩʦʙʝʥ ʙʳʩʪʨʦ ʚʳʷʚʣʷʪʴ ʠ ʫʜʘʣʷʪʴ 
ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʢʦʥʪʝʥʪ, ʚʢʣʶʯʘʷ ʩʧʘʤ, ʨʘʟʞʠʛʘʥʠʝ ʥʝʥʘʚʠʩʪʠ ʠ ʧʦʨʥʦʛʨʘʬʠʶ, ʜʝʣʘʷ ʧʣʘʪʬʦʨʤʳ ʙʝʟʦʧʘʩ-
ʥʝʝ. ɹʣʘʛʦʜʘʨʷ ʀʀ ʪʘʢʞʝ ʫʣʫʯʰʘʝʪʩʷ ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʦʤʤʫʥʠʢʘʮʠʷ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʩʩʠʩʪʝʥʪʳ ʠ 
ʯʘʪ-ʙʦʪʳ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʘʧʨʦʩʳ ʠ ʧʦʤʦʛʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚ ʨʝʞʠʤʝ 24/7. 

ʂʨʦʤʝ ʪʦʛʦ, ʀʀ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʪʨʝʥʜʦʚ. ʇʣʘʪʬʦʨʤʳ ʦʪʩʣʝʞʠʚʘʶʪ ʦʙʩʫʞʜʘʝ-
ʤʳʝ ʪʝʤʳ ʠ ʦʙʱʝʩʪʚʝʥʥʳʝ ʥʘʩʪʨʦʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ ʧʦʚʝʜʝʥʠʝ ʘʫʜʠʪʦʨʠʠ ʠ ʘʜʘʧʪʠ-
ʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʢʦʥʪʝʥʪʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʣʶʩʳ, ʀʀ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʧʦʨʦʞʜʘʝʪ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʠʩʢʠ. 
ʆʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ð ʫʛʨʦʟʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. ɸʣʛʦʨʠʪʤʳ ʩʦʙʠʨʘʶʪ ʠ ʘʥʘʣʠʟʠʨʫʶʪ ʦʛʨʦʤʥʳʝ ʦʙʲʝ-
ʤʳ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ: ʦʪ ʜʝʤʦʛʨʘʬʠʠ ʜʦ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʕʪʦ ʩʦʟʜʘʝʪ 
ʨʠʩʢʠ ʫʪʝʯʝʢ, ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʙʝʟ ʩʦʛʣʘʩʠʷ ð ʥʘʧʨʠʤʝʨ, 
ʚ ʧʦʣʠʪʠʯʝʩʢʠʭ ʮʝʣʷʭ ʠʣʠ ʜʣʷ ʥʘʚʷʟʯʠʚʦʡ ʨʝʢʣʘʤʳ. 

ʀʀ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʜʝʟʠʥʬʦʨʤʘʮʠʠ [2]. ɸʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʫʩʠʣʠʚʘʪʴ ʚʣʠʷ-
ʥʠʝ ʙʦʪʦʚ ʠ ʬʝʡʢʦʚʳʭ ʘʢʢʘʫʥʪʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭ ʣʦʞʥʳʝ ʥʦʚʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʧʬʝʡʢʦʚ ʧʦʟ-
ʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʨʝʘʣʠʩʪʠʯʥʳʝ, ʥʦ ʬʘʣʴʰʠʚʳʝ ʘʫʜʠʦ- ʠ ʚʠʜʝʦʟʘʧʠʩʠ, ʯʪʦ ʧʦʜʨʳʚʘʝʪ ʜʦʚʝʨʠʝ ʢ ʠʩ-
ʪʦʯʥʠʢʘʤ ʠʥʬʦʨʤʘʮʠʠ. ʕʬʬʝʢʪ ʵʭʦ-ʢʘʤʝʨ, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʠ ʚʠʜʷʪ ʣʠʰʴ ʪʦ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ 
ʚʟʛʣʷʜʳ, ʫʩʫʛʫʙʣʷʝʪ ʧʦʣʷʨʠʟʘʮʠʶ ʦʙʱʝʩʪʚʘ. 

ʆʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠ ʤʘʥʠʧʫʣʷʪʠʚʥʳʝ ʤʝʭʘʥʠʟʤʳ. ʊʘʨʛʝʪʠʨʦʚʘʥʥʘʷ ʨʝʢʣʘʤʘ ʤʦʞʝʪ ʵʢʩ-
ʧʣʫʘʪʠʨʦʚʘʪʴ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʫʷʟʚʠʤʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɸʣʛʦʨʠʪʤʳ ʩʧʦʩʦʙʥʳ ʚʣʠʷʪʴ ʥʘ ʵʤʦʮʠʦ-
ʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʜʘʞʝ ʬʦʨʤʠʨʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʚʪʷʛʠʚʘʷ ʣʶʜʝʡ ʚ ʙʝʩʢʦ-
ʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʦʥʪʝʥʪʘ. 

ɽʱʝ ʦʜʠʥ ʚʳʟʦʚ ð ʥʝʧʨʦʟʨʘʯʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ [5]. ɹʦʣʴʰʠʥʩʪʚʦ ʩʠʩʪʝʤ ʀʀ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ 
"ʯʝʨʥʳʝ ʷʱʠʢʠ", ʣʦʛʠʢʘ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʦʡ ʜʘʞʝ ʨʘʟʨʘʙʦʪʯʠʢʘʤ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʢʦʥ-
ʪʨʦʣʴ, ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʜʦʚʝʨʠʷ ʠ ʩʪʘʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ ʢ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ 
ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʢʦʤʧʣʝʢʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʝʭ ʩʪʦʨʦʥ: ʨʘʟʨʘʙʦʪʯʠʢʦʚ, 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʨʝʛʫʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ [1-5]. 

ʈʘʟʨʘʙʦʪʯʠʢʘʤ ʩʪʦʠʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ: 
1. ʉʦʟʜʘʥʠʠ ʧʨʦʟʨʘʯʥʳʭ ʠ ʦʙʲʷʩʥʠʤʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ, ʢʘʢ ʧʨʠʥʠʤʘ-

ʶʪʩʷ ʨʝʰʝʥʠʷ. 
2. ʄʠʥʠʤʠʟʘʮʠʠ ʧʨʝʜʚʟʷʪʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʠ ʨʝʛʫʣʷʨʥʦʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. 
3. ʅʘʜʝʞʥʦʡ ʟʘʱʠʪʝ ʜʘʥʥʳʭ ʠ ʦʛʨʘʥʠʯʝʥʠʠ ʠʭ ʩʙʦʨʘ ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʤʠʥʠʤʫʤʘ. 
4. ʂʦʤʙʠʥʠʨʦʚʘʥʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠ ʨʫʯʥʦʡ ʤʦʜʝʨʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʧʦʨʥʳʭ ʩʣʫʯʘʷʭ. 
5. ʀʥʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦ ʨʘʙʦʪʝ ʀʀ ʠ ʚʦʟʤʦʞʥʦʩʪʷʭ ʥʘʩʪʨʦʡʢʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. 
6. ʇʦʩʪʦʷʥʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʠ ʘʫʜʠʪʝ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʰʠʙʦʢ ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ 

ʵʬʬʝʢʪʦʚ. 
ʇʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʩʚʦʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʝʩʣʠ ʙʫʜʫʪ: 
1. ʇʨʦʚʝʨʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʢʨʠʪʠʯʝʩʢʠ ʦʪʥʦʩʠʪʴʩʷ ʢ ʫʚʠʜʝʥʥʦʤʫ. 
2. ʇʦʥʠʤʘʪʴ ʦʩʥʦʚʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʠ ʙʳʪʴ ʦʩʚʝʜʦʤʣʝʥʥʳʤʠ ʦ ʨʠʩʢʘʭ ʤʘʥʠʧʫʣʷʮʠʡ. 
3. ʅʘʩʪʨʘʠʚʘʪʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ, ʠʟʙʝʛʘʪʴ ʧʫʙʣʠʢʘʮʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝ 

ʧʝʨʝʭʦʜʠʪʴ ʧʦ ʧʦʜʦʟʨʠʪʝʣʴʥʳʤ ʩʩʳʣʢʘʤ. 
4. ʂʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʨʝʤʷ, ʧʨʦʚʦʜʠʤʦʝ ʚ ʩʝʪʠ, ʠ ʩʦʟʥʘʪʝʣʴʥʦ ʚʳʙʠʨʘʪʴ ʠʩʪʦʯʥʠʢʠ ʢʦʥʪʝʥʪʘ. 
5. ʋʯʘʩʪʚʦʚʘʪʴ ʚ ʦʥʣʘʡʥ-ʜʠʩʢʫʩʩʠʷʭ ʫʚʘʞʠʪʝʣʴʥʦ, ʠʟʙʝʛʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʣʫʭʦʚ ʠ ʪʦʢʩʠʯʥʦ-

ʩʪʠ. 
ʈʝʛʫʣʷʪʦʨʳ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʠ ʜʦʣʞʥʳ: 
1. ʈʘʟʨʘʙʘʪʳʚʘʪʴ ʵʪʠʯʥʳʝ ʩʪʘʥʜʘʨʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ, ʫʯʠʪʳʚʘʷ ʧʨʠʥʮʠʧʳ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ, 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. 
2. ʇʨʠʥʠʤʘʪʴ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ ʜʘʥʥʳʭ, ʙʦʨʴʙʝ ʩ ʜʝʟʠʥʬʦʨʤʘʮʠʝʡ ʠ ʢʦʥʪʨʦ-

ʣʶ ʟʘ ʘʣʛʦʨʠʪʤʘʤʠ. 
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3. ʇʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʠ ʚʚʦʜʠʪʴ ʩʘʥʢʮʠʠ ʟʘ ʥʘʨʫʰʝʥʠʷ. 
4. ʉʦʜʝʡʩʪʚʦʚʘʪʴ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ, ʦʙʤʝʥʫ ʦʧʳʪʦʤ ʠ ʩʦʛʣʘʩʦʚʘʥʥʳʤ ʜʝʡʩʪʚʠ-

ʷʤ ʧʦ ʛʣʦʙʘʣʴʥʳʤ ʫʛʨʦʟʘʤ ʀʀ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʀʀ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ð ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʠʥʦʩʠʪʴ ʟʥʘʯʠ-

ʪʝʣʴʥʫʶ ʧʦʣʴʟʫ, ʥʦ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʦʚʠʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʨʠʩʢʦʚ ʠ ʫʛʨʦʟ. ʆʙʝʩʧʝ-
ʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ, ʵʪʠʯʥʦʛʦ ʠ ʧʨʦʟʨʘʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʪʨʝʙʫʝʪ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʫʩʠʣʠʡ ʚʩʝʭ 
ʫʯʘʩʪʥʠʢʦʚ ʮʠʬʨʦʚʦʡ ʵʢʦʩʠʩʪʝʤʳ. ʊʦʣʴʢʦ ʪʘʢ ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ ʜʦʚʝʨʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʟʘʱʠʪʠʪʴ ʠʭ 
ʧʨʘʚʘ ʠ ʩʦʟʜʘʪʴ ʟʜʦʨʦʚʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʨʝʜʫ, ʛʜʝ ʪʝʭʥʦʣʦʛʠʠ ʩʣʫʞʘʪ ʠʥʪʝʨʝʩʘʤ ʦʙʱʝʩʪʚʘ. 
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ǠǤǦǭǮǟǰǬǺǨ ǰǮǭǰǭǠ ǯǟǦǡǤǣǩǧ Ǯǭǥǟǯǭǡ 
Ǭǟ ǫǟǪǺǴ ǮǪǭǸǟǣǾǴ 

ǢǿȌȖȇȌ ǬȇȉȍȊǿȈ ǟȌǿȑȍȊțȄȁȇȖ 
ʥʘʯʘʣʴʥʠʢ ʢʘʨʘʫʣʘ 51 ʇʉʏ 8 ʇʉʆ ʌʇʉ ɻʇʉ 

ɻʋ ʄʏʉ ʈʦʩʩʠʠ ʧʦ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ  
 

ɹʦʦʧʫʙʯʡʸ: ʈʘʟʚʝʜʢʘ ʧʦʞʘʨʘ ʥʘ ʤʘʣʳʭ ʧʣʦʱʘʜʷʭ ʤʝʪʦʜʦʤ çʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʩʪʝʥè ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ 
ʧʦʤʝʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʥʝ-
ʨʘʟʨʳʚʥʦʩʪʠ ʟʚʝʥʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʦʡ ʤʝʪʦʜ ʤʠʥʠʤʠʟʠʨʫʝʪ ʧʦʪʝʨʶ ʟʚʝʥʴʝʚ 
ʧʨʠ ʨʘʟʚʝʜʢʝ ʧʦʞʘʨʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʪʨʘʚʤʘʪʠʟʤ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʪʫʰʝʥʠʠ ʧʦʞʘ-
ʨʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʟʚʝʥʦ, ʨʘʟʚʝʜʢʘ, ʧʦʞʘʨ, ʧʦʤʝʱʝʥʠʷ, ʩʪʝʥʳ. 
 

SAFE WAY TO EXPLORE FIRES IN SMALL AREAS 
 

Ganchin Nikolay Anatolyevich 
 

Abstract: Fire reconnaissance on small areas using the "moving along the walls" method when inspecting 
rooms that are small enough is the safest method for maintaining the continuity of the link without additional 
equipment. This method minimizes the loss of links during fire reconnaissance and prevents injuries to per-
sonnel involved in firefighting. 
Key words: link, reconnaissance, fire, rooms, walls. 

 
ʈʘʟʚʝʜʢʘ ʧʦʞʘʨʘ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʮʝʣʷʭ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʦʞʘʨʝ ʜʣʷ ʦʮʝʥʢʠ ʦʙʩʪʘʥʦʚʢʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʜʝʡʩʪʚʠʡ ʧʦ 
ʪʫʰʝʥʠʶ ʧʦʞʘʨʦʚ ʠ ʧʨʦʚʝʜʝʥʠʶ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ. 

ʈʘʟʚʝʜʢʘ ʧʦʞʘʨʘ ʚʝʜʸʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʩ ʤʦʤʝʥʪʘ ʚʳʝʟʜʘ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ ʥʘ 
ʧʦʞʘʨ ʠ ʜʦ ʝʛʦ ʣʠʢʚʠʜʘʮʠʠ. 

ɼʣʷ ʯʝʛʦ ʞʝ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʥʫʞʥʘ ʨʘʟʚʝʜʢʘ ʧʦʞʘʨʘ? ʆʩʥʦʚʥʘʷ ʮʝʣʴ ï ʵʪʦ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ, ʧʦ 
ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʙʫʜʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʩʢʦʣʴʢʦ ʩʝʨʴʝʟʥʘ ʫʛʨʦʟʘ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ, ʦʢʘʟʘʚʰʠʭʩʷ 
ʚ ʟʦʥʝ ʧʦʞʘʨʘ, ʠ ʢʘʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʩʪʨʘʜʘʚʰʠʤ ʣʶʜʷʤ. 

ʇʨʠʙʳʚʰʠʡ ʥʘ ʧʦʞʘʨ ʣʠʯʥʳʡ ʩʦʩʪʘʚ ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ ʤʦʞʝʪ ʧʨʦʚʝʩʪʠ ʨʘʟʚʝʜʢʫ ʧʦʞʘʨʘ ʧʨʠ 
ʧʦʤʦʱʠ ʣʠʯʥʦʛʦ ʦʩʤʦʪʨʘ ʩʣʦʞʠʚʰʝʡʩʷ ʦʙʩʪʘʥʦʚʢʠ, ʦʧʨʦʩʠʪʴ ʥʘʭʦʜʷʱʠʭʩʷ ʨʷʜʦʤ ʣʶʜʝʡ, ʠʟʫʯʠʪʴ 
ʪʝʭʥʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʤʝʪʦʜʦʤ ʨʘʟʚʝʜʢʠ ʧʦʞʘʨʘ ʚ ʥʝʙʦʣʴʰʠʭ ʧʦʤʝ-
ʱʝʥʠʷʭ, ʷʚʣʷʝʪʩʷ ʨʘʟʚʝʜʢʘ ʥʘ ʤʘʣʳʭ ʧʣʦʱʘʜʷʭ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ ʢʘʢʠʤ ʩʧʦʩʦʙʦʤ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʨʘʟʚʝʜʢʘ ʧʦʞʘʨʘ ʠ ʟʘʚʠʩʠʪ ʙʝʟʦʧʘʩ-
ʥʦʩʪʴ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʷʱʝʛʦ ʨʘʟʚʝʜʢʫ, ʙʳʩʪʨʦʪʘ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʚʝʜʢʠ ʠ ʧʦʤʦʱʴ ʧʦʩʪʨʘʜʘʚ-
ʰʠʤ ʣʶʜʷʤ.  

ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʢʦʣʦ 75 % ʚʩʝʭ ʧʦʞʘʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʤʘʣʳʭ ʧʣʦʱʘʜʷʭ, ʙʦʣʴʰʠʥʩʪʚʦ 
ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ ʚ ʫʩʣʦʚʠʷʭ ʟʘʜʳʤʣʝʥʠʷ ʧʦʤʝʱʝʥʠʷ, ʣʠʯʥʳʡ ʩʦʩʪʘʚ, ʧʨʠʥʠʤʘʶʱʠʡ ʫʯʘʩʪʠʝ ʚ 
ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʛʦʪʦʚ ʢ ʜʝʡʩʪʚʠʷʤ ʚ ʣʶʙʦʡ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ.  

ɺ ʩʣʫʯʘʷʭ ʩ ʟʘʜʳʤʣʝʥʠʝʤ ʧʦʤʝʱʝʥʠʷ (ʥʫʣʝʚʦʡ ʚʠʜʠʤʦʩʪʠ) ʚʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ 
ʩʣʝʜʫʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʜʦʣʴ ʩʪʝʥ.  
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʚʜʦʣʴ ʩʪʝʥ ʧʦʟʚʦʣʷʝʪ ʠʤʝʪʴ ʧʦʩʪʦʷʥʥʳʡ ʦʨʠʝʥʪʠʨ, ʢʦʪʦʨʳʡ ʙʫ-
ʜʝʪ ʥʘʧʨʘʚʣʷʪʴ ʫʯʘʩʪʥʠʢʦʚ ʧʦʞʘʨʘ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʚʠʜʠʤʦʩʪʠ. 

ʇʝʨʝʤʝʱʝʥʠʝ ʚʜʦʣʴ ʩʪʝʥ ʧʦʤʦʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʧʨʦʜʚʠʞʝʥʠʶ ʚʧʝʨʝʜ, ʥʦ ʠ ʧʦ-
ʤʦʛʘʝʪ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʝʨʥʫʪʴʩʷ ʦʙʨʘʪʥʦ ʢ ʚʳʭʦʜʫ, ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ.  

ʇʝʨʝʜʚʠʞʝʥʠʝ ʚʜʦʣʴ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʪʝʥʳ ʦʨʠʝʥʪʠʨʫʝʪ ʚ ʧʝʨʝʤʝʱʝʥʠʠ  ʧʦ ʧʦʤʝʱʝʥʠʶ, ʘ ʪʘʢ-
ʞʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʝʨʥʫʪʴʩʷ ʦʙʨʘʪʥʦ (ʨʠʩ. 1). ɺ ʮʝʣʷʭ ʩʦʙʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʫʯʘʩʪʥʠʢʘʤ ʧʦʞʘʨʘ ʥʝʣʴʟʷ ʪʝʨʷʪʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩʦ ʩʪʝʥʦʡ. 

 

 
 

 

ʉʡʪ. 1. ʈʞʩʞʥʞʲʞʦʡʞ ʨʧ ʪʫʞʦʞ ʪʧʨʩʡʣʧʪʦʧʛʞʦʡʞʥ 
  
ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʫʯʘʩʪʥʠʢʠ ʧʦʞʘʨʘ, ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʝʜʢʠ ʧʦʤʝʱʝʥʠʷ ʜʚʠʛʘʶʪʩʷ ʚʜʦʣʴ ʩʪʝʥ ʩʦ-

ʧʨʠʢʦʩʥʦʚʝʥʠʝʤ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ ʦʥʠ ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʡʜʫʪ ʚʳʭʦʜ ʠʟ ʧʦʤʝʱʝʥʠʷ, ʠ 
ʥʝʚʘʞʥʦ ʩʢʦʣʴʢʦ ʚ ʥʝʤ ʠʤʝʝʪʩʷ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ. ɺʳʭʦʜ ʙʫʜʝʪ ʥʘʡʜʝʥ ʣʠʙʦ ʯʝʨʝʟ ʪʦʪ ʞʝ ʩʘʤʳʡ 
ʚʭʦʜ, ʣʠʙʦ ʯʝʨʝʟ ʜʨʫʛʦʡ (ʨʠʩ. 2).   

 

 
ʘ)  

 
ʙ)  

ʉʡʪ. 2. ɻʴʮʧʝ ʡʠ ʨʧʥʞʲʞʦʡʸ ʪʧʨʩʡʣʧʪʦʧʛʞʦʡʞʥ ʨʧ ʪʫʞʦʞ 
 
ʆʜʥʘʢʦ ʧʨʠ ʧʝʨʝʜʚʠʞʝʥʠʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝʤ ʩʦ ʩʪʝʥʦʡ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʦ ʬʘʢʪ, ʯʪʦ ʠʟʤʝʥʷʪʴ 

ʚʳʙʨʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʝʣʴʟʷ. ɼʦʧʫʩʢʘʝʪʩʷ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʦʙʨʘʪʥʫʶ 
ʩʪʦʨʦʥʫ - ʨʘʟʚʦʨʦʪ. 

ɺ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʚʠʜʠʤʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʟʦʨʠʝʥʪʘʮʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 
ʥʝʜʦʧʫʩʪʠʤ ʧʦʠʩʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʝʥʳ (ʨʠʩ. 3). ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝ-
ʜʚʠʞʝʥʠʷ ʠ ʧʦʪʝʨʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʣʘʯʝʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ: ʟʘʢʦʥʯʠʪʩʷ ʢʠʩ-
ʣʦʨʦʜ ʚ ʜʳʭʘʪʝʣʴʥʦʤ ʘʧʧʘʨʘʪʝ ʠʣʠ ʪʨʘʚʤʘʪʠʟʤ, ʥʘʪʢʥʫʚʰʠʩʴ ʥʘ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʡ ʧʨʝʜʤʝʪ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʩʦʪʨʫʜʥʠʢʘʤʠ ʄʏʉ ʈʦʩʩʠʠ ʝʞʝʛʦʜʥʳʝ ʘʥʘʣʠʟʳ ʪʨʘʚʤʘʪʠʟʤʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 
ʙʦʣʝʝ 90 % ʪʨʘʚʤ ʫ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ï ʵʪʦ ʥʘʨʫʰʝʥʠʝ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʝʧʨʘʚʠʣʴʥʳʝ ʜʝʡ-
ʩʪʚʠʷ ʧʨʠ ʨʘʟʚʝʜʢʠ ʧʦʞʘʨʘ. 
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ʘ)  

 
ʙ)  

ʉʡʪ. 3. ʊʥʞʦʙ ʪʫʞʦʴ ʨʩʡ ʨʩʧʛʞʝʞʦʡʡ ʩʙʠʛʞʝʣʡ 
 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʯʪʦ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʢʘʞʝʪʩʷ ʧʦʤʝʱʝʥʠʝ ʤʘʣʝʥʴʢʠʤ, ʠ, ʢʘʟʘʣʦʩʴ ʙʳ ʣʝʛʢʦ 
ʧʨʦʚʝʩʪʠ ʚ ʥʝʤ ʨʘʟʚʝʜʢʫ ʧʦʞʘʨʘ, ʫʯʘʩʪʥʠʢʘʤ ʧʦʞʘʨʘ ʥʫʞʥʦ ʧʦʩʪʦʷʥʥʦ ʦʩʪʘʚʘʪʴʩʷ ʙʜʠʪʝʣʴʥʳʤʠ ʠ 
ʩʣʝʜʦʚʘʪʴ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʧʦʤʥʠʪʴ ʧʨʘʚʠʣʘ ʧʝʨʝʤʝʱʝʥʠʷ 
ʚʜʦʣʴ ʩʪʝʥ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʝʜʢʠ. 

ʈʘʟʚʝʜʢʘ ʧʦʞʘʨʘ, ʧʨʦʚʦʜʠʤʘʷ ʫʯʘʩʪʥʠʢʘʤʠ ʧʦʞʘʨʘ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʚʠʜʠʤʦʩʪʠ ʩʦʧʨʠʢʦʩ-
ʥʦʚʝʥʠʝʤ ʩʦ ʩʪʝʥʘʤʠ ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʠ ʙʝʟʦʧʘʩʥʳʡ ʩʧʦʩʦʙ ʨʘʟʚʝʜʢʠ, ʢʦʪʦʨʳʡ ʛʘʨʘʥʪʠʨʫʝʪ ʚʳʭʦʜ ʠʟ 
ʨʘʟʚʝʜʳʚʘʝʤʦʛʦ ʧʦʤʝʱʝʥʠʷ, ʯʪʦ ʜʦʣʞʥʦ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʦʨʠʪʝʪʦʤ ʧʨʦʚʝʜʝʥʠʷ ʧʦʞʘʨʥʦʡ ʨʘʟ-
ʚʝʜʢʠ. ʊʘʢ ʞʝ ʵʪʦ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʦʙʩʣʝʜʦʚʘʪʴ ʥʘʠʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʟʘ ʥʘʠʤʝʥʴʰʝʝ ʚʨʝʤʷ, ʯʪʦ 
ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʧʨʠʦʨʠʪʝʪʦʤ ʚ ʨʘʟʚʝʜʢʝ. 

ʆʧʠʩʘʥʥʳʡ ʚʳʰʝ ʩʧʦʩʦʙ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʚʝʜʢʠ ʧʦʤʠʤʦ ʚʩʝʛʦ ʧʨʦʯʝʛʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 
ʠ ʧʦʩʪʨʘʜʘʚʰʠʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʧʦʤʝʱʝʥʠʠ ʠ ʦʞʠʜʘʶʱʠʤ ʧʦʤʦʱʠ ʦʪ ʧʦʞʘʨʥʳʭ. ʀʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝ-
ʩʪʚʝ ʩʘʤʦʩʧʘʩʝʥʠʷ ʧʝʨʝʜʚʠʞʝʥʠʝ ʚ ʟʘʜʳʤʣʝʥʥʦʤ ʧʦʤʝʱʝʥʠʠ ʩʧʦʩʦʙʦʤ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩʦ ʩʪʝʥʘ-
ʤʠ, ʧʦʩʪʨʘʜʘʚʰʠʡ ʚʩʝʛʜʘ ʥʘʡʜʝʪ ʚʳʭʦʜ. 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠ-
ʢʘʶʱʠʭ ʚ ʜʠʩʢʦʚʳʭ ʧʠʣʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʥʘʛʨʫʟʢʠ ʚ ʭʦʜʝ ʨʘʩʧʠʣʦʚʢʠ ʜʨʝʚʝʩʠʥʳ ʠ ʜʨʝʚʝʩʥʳʭ 
ʢʦʤʧʦʟʠʪʦʚ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʘʢʪʫʘʣʴʥʳʝ 
ʢʦʥʩʪʨʫʢʮʠʠ ʧʠʣ ʩ ʪʚʝʨʜʦʩʧʣʘʚʥʳʤʠ ʚʩʪʘʚʢʘʤʠ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʟʫʙʴʝʚ ʠ 
ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʝʤʧʬʝʨʦʚ ʢʦʣʝʙʘʥʠʡ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʚʳʷʚʣʝʥʠʠ ʦʧʪʠ-
ʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʠʥʠʤʠ-
ʟʘʮʠʠ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʛʨʫʟʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʝ ʧʦʜ-
ʪʚʝʨʜʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦ-
ʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʜʠʩʢʦʚʳʝ ʧʠʣʳ, ʜʝʬʦʨʤʘʮʠʷ, ʜʨʝʚʝʩʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʨʝʞʠʤʳ ʨʝ-
ʟʘʥʠʷ/ 

 
ANALYSIS OF THE STRESS-STRAIN STATE OF CIRCULAR SAWS USING GRAPHICAL MODELING 

METHODS 
Efremov Alexander Nikolaevich, 

Likholetov Alexander Danilovich, 
Nostaev Tseren Ochirovich, 

Trebina Darya Vitalievna 
 
Abstract: This article examines the results of the analysis of deformations and stresses occurring in circular 
saws at different load levels during sawing of wood and wood composites. Using the method of three-
dimensional modeling, current designs of saws with carbide inserts were investigated, taking into account var-
ious tooth shapes and vibration damper configurations. The main objective of the study was to identify the op-
timal characteristics of the tool to increase the productivity of material processing and minimize the undesira-
ble impact of loads. The data obtained as a result of modeling confirmed the functionality of the studied de-
signs and showed the prospects of using this approach to develop new tools and improve the conditions of 
their use.  
Key words: modeling, circular saws, deformation, wood composites, cutting modes 

 
ɺ ʩʚʷʟʠ ʩ ʘʢʪʠʚʥʳʤ ʧʨʦʜʚʠʞʝʥʠʝʤ ʩʪʨʘʪʝʛʠʠ ʟʘʤʝʱʝʥʠʷ ʠʤʧʦʨʪʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʠʦ-

ʨʠʪʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʜʲʝʤ ʨʦʩʩʠʡʩʢʦʛʦ ʩʪʘʥʢʦʩʪʨʦʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʝʢʪʦʨʝ ʜʝʨʝʚʦʦʙ-
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ʨʘʙʦʪʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʛʘʪʳʝ ʟʘʧʘʩʳ ʣʝʩʘ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 85% ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʥ-
ʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʨʝʚʝʩʠʥʦʡ ʚ ʈʦʩʩʠʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʦʩʪʘʚʣʷʝʪʩʷ ʠʟ-ʟʘ ʨʫʙʝʞʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ 
ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʠ ʫʣʫʯʰʝʥʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ 
ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʜʨʝʚʝʩʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚʢʣʶʯʘʷ ʢʦʤʧʦʟʠʪʳ ʧʦʚʳʰʝʥʥʦʡ 
ʧʣʦʪʥʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʨʝʚʝʩʠʥʳ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʝ-
ʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʠʩʢʦʚʳʭ ʧʠʣ. ɼʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʨʠ ʚʩʝʡ ʠʭ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʥʦʩʪʠ, ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʷʤ ʠ ʚʠʙʨʘʮʠʷʤ ʚʦ ʚʨʝʤʷ ʨʘ-
ʙʦʪʳ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʨʦʢʝ ʩʣʫʞʙʳ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʠʩʢʦʚʳʭ ʧʠʣ 
ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ ʤʝʪʦʜʦʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʠʩʢ 
ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ, ʩʥʠʟʠʪʴ 
ʚʠʙʨʘʮʠʠ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʞʫʧʝʧʤʧʜʡʸ ʨʩʧʛʞʝʞʦʦʧʜʧ ʡʪʪʤʞʝʧʛʙʦʡʸ: ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʦ ʧʨʦʚʝ-
ʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʩʢʦʚʳʭ ʧʠʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ: 

1. ʆʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ (ʜʨʝʚʝʩʠʥʘ ʠ ʜʨʝʚʝʩʥʳʝ ʢʦʤʧʦʟʠʪʳ). 
2. ʈʝʞʠʤʳ ʨʝʟʘʥʠʷ (ʩʢʦʨʦʩʪʴ, ʧʦʜʘʯʘ, ʛʣʫʙʠʥʘ ʧʨʦʧʠʣʘ). 
3. ʇʘʨʘʤʝʪʨʳ ʠʥʩʪʨʫʤʝʥʪʘ (ʢʦʥʬʠʛʫʨʘʮʠʷ ʟʫʙʴʝʚ, ʥʘʣʠʯʠʝ ʚʠʙʨʦʛʘʩʠʪʝʣʝʡ, ʤʘʪʝʨʠʘʣ ʢʦʨʧʫʩʘ 

ʠ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ). 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʥʦʚʳʚʘʣʦʩʴ ʥʘ ʨʝʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʠʣ, ʧʨʦʚʝʨʝʥʥʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʅʘʛʨʫʟʢʠ ʧʨʠʢʣʘʜʳʚʘʣʠʩʴ ʢ ʜʚʫʤ ʩʤʝʞʥʳʤ ʟʫʙʴʷʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʠ ʜʨʝʚʝʩʥʳʭ ʢʦʤʧʦʟʠ-
ʪʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 
ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. [2,ʩ.17] 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʨʘʙʦʪʢʠ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪ-
ʩʷ: ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ, ʧʘʨʘʤʝʪʨʳ ʨʝʟʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 
[1,ʩ.77] ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʩʦʟʜʘʚʘʷ ʙʦʣʴʰʦʝ ʢʦ-
ʣʠʯʝʩʪʚʦ ʩʦʯʝʪʘʥʠʡ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʫʩʣʦʚʠʡ ʨʝʟʘʥʠʷ. ɿʘʜʘʯʘ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʧʦʜʙʦʨʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʨʘʩʯʝʪʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʝʟʘ-
ʥʠʷ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʣʠʙʦ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʟʘʨʘʥʝʝ ʦʧʨʝ-
ʜʝʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʩʦʙʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ 
ʧʦʣʴʟʫʶʪʩʷ ʜʠʩʢʦʚʳʝ ʧʠʣʳ ʩ ʪʚʝʨʜʦʩʧʣʘʚʥʳʤʠ ʥʘʧʘʡʢʘʤʠ, ʢʦʪʦʨʳʝ ʵʬʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʦʙʨʘ-
ʙʦʪʢʦʡ ʢʘʢ ʜʨʝʚʝʩʠʥʳ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʭ ʜʨʝʚʝʩʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʨʦʮʝʩʩ ʧʠʣʝʥʠʷ ʜʠʩʢʦʚʳʤʠ ʧʠʣʘʤʠ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï 
ʩʣʦʞʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʠʣʳ ʚʦ ʚʨʝʤʷ ʨʝʟʢʠ. [2, ʩ.13] ɼʠʩʢ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʠ ʤʘʣʦʡ 
ʪʦʣʱʠʥʳ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʪʦʣʴʢʦ ʚ ʮʝʥʪʨʝ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘʛʨʫʟʢʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʝʨ-
ʧʝʥʜʠʢʫʣʷʨʥʳʤ ʧʣʦʩʢʦʩʪʠ ʜʠʩʢʘ. [1,ʩ. 81] 

ʇʦʩʪʦʷʥʥʘʷ ʜʦʨʘʙʦʪʢʘ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʘ ʨʳʥʢʝ ʚʩʝ ʙʦʣʝʝ 
ʥʦʚʘʪʦʨʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʙʥʦʚʣʝʥʠʝ ʟʘʪʨʘʛʠʚʘʝʪ ʛʝʦʤʝʪʨʠʶ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ, ʩʳʨʴʝ, ʧʨʠʤʝʥʷʝʤʦʝ ʚ 
ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʝʞʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʩʥʦʚʳ ʠʥʩʪʨʫʤʝʥʪʘ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʥʘ ʢʦʨʧʫʩʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ 
ʨʘʟʣʠʯʥʳʝ ʚʳʨʝʟʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʥʳʭ ʟʘʜʘʯ, ʥʘʥʦʩʷʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 
ʧʦʢʨʳʪʠʷ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʯʠʝ ʫʣʫʯʰʝʥʠʷ 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʜʠʩʢʦʚʳʝ ʧʠʣʳ ʩ ʪʚʝʨʜʦʩʧʣʘʚʥʳʤʠ ʥʘʧʘʡʢʘʤʠ, ʠʤʝʶʱʠʝ ʨʘʟʣʠʯ-
ʥʫʶ ʛʝʦʤʝʪʨʠʶ ʨʝʟʮʦʚ ʠ ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʨʦʨʝʟʝʡ-ʚʠʙʨʦʛʘʩʠʪʝʣʝʡ ʥʘ ʢʦʨʧʫʩʝ, ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 
ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩʤ.ʨʠʩ.2). ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʤʦʜʝʣʠʨʦ-
ʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʝʬʦʨʤʘʮʠʷʭ ʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 
ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ ʧʠʣʳ. 
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ʉʡʪ. 1. ʇʰʡʪʫʡʫʞʤʡ ʨʩʧʨʡʤʧʛ ʝʡʪʣʧʛʧʢ ʨʡʤʴ 

 

 
ʉʡʪ. 2. ʈʩʞʝʪʫʙʛʤʞʦʦʙʸ 3D ʥʧʝʞʤʵ ʝʡʪʣʧʛʧʢ ʨʡʤʴ 

 
ʀʙʣʤʷʰʞʦʡʞ. ʀʟʫʯʝʥʠʝ, ʚʳʧʦʣʥʝʥʥʦʝ ʧʦʩʨʝʜʩʪʚʦʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʜʘʣʦ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʟʫʯʠʪʴ ʧʦʚʝʜʝʥʠʝ ʜʠʩʢʦʚʳʭ ʧʠʣ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʧʨʠ ʨʝʟʢʝ ʜʨʝʚʝʩʠʥʳ ʠ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
ʇʦʣʫʯʝʥʥʳʝ ʠʪʦʛʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʝʥʥʳʤ ʩʧʦ-
ʩʦʙʦʤ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ, ʢʦʣʝʙʘʥʠʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʣ ʚ ʩʪʨʫʢʪʫʨʘʭ ʧʠʣ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 
ʧʦʜʪʚʝʨʜʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʦʨʤʘ ʨʝʞʫʱʠʭ ʵʣʝ-
ʤʝʥʪʦʚ ʠ ʥʘʣʠʯʠʝ ʵʣʝʤʝʥʪʦʚ, ʩʥʠʞʘʶʱʠʭ ʚʠʙʨʘʮʠʶ, ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ. 
ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʟʢʠ ʧʦʟʚʦʣʷʝʪ 
ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʧʣʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʢʦʣʝʙʘʥʠʷ, ʯʪʦ ʚ 
ʠʪʦʛʝ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ.  

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʪʨʘʩʩʠʨʦʚʢʠ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʚ ʤʠʢʨʦʩʝʨʚʠʩʥʳʭ 
ʩʠʩʪʝʤʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʙʣʶʜʘʝʤʦʩʪʴ ʠ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. 
ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʣʦʛʠʨʦʚʘʥʠʶ, ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʪʨʘʩʩʠʨʦʚʢʝ ʠ ʤʦʥʠʪʦʨʠʥʛʫ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʠ. ʆʧʠʩʘʥʳ ʮʝʣʠ, ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ, ʧʨʠʚʝʜʝʥʳ 
ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʷʟʳʢʝ Go. ʇʦʢʘʟʘʥʦ, ʢʘʢ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʤʦʛʘʶʪ ʚʳʷʚʣʷʪʴ ʦʰʠʙʢʠ, ʫʟʢʠʝ ʤʝ-
ʩʪʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʘʟʣʠʯʠʷʤ ʤʝʞʜʫ 
ʤʦʥʠʪʦʨʠʥʛʦʤ ʠ ʪʨʘʩʩʠʨʦʚʢʦʡ, ʘ ʪʘʢʞʝ ʠʭ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʝʡ ʨʦʣʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʫʩʪʦʡʯʠʚʦʡ ʠ ʤʘʩ-
ʰʪʘʙʠʨʫʝʤʦʡ ʨʘʙʦʪʳ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʉʪʘʪʴʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʩʠ-
ʩʪʝʤʥʳʭ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʩʪʨʝʤʷʱʠʭʩʷ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʙʣʶʜʘʝʤʦʩʪʴ ʩʚʦʠʭ ʤʠʢʨʦʩʝʨʚʠʩ-
ʥʳʭ ʨʝʰʝʥʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʠʢʨʦʩʝʨʚʠʩʳ, ʪʨʘʩʩʠʨʦʚʢʘ, ʣʦʛʠʨʦʚʘʥʠʝ, ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʪʨʘʩʩʠʨʦʚʢʘ, ʤʦʥʠʪʦ-
ʨʠʥʛ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʤʝʪʨʠʢʠ. 

 
TRACING OF REQUEST PROCESSING IN MICROSERVICE SYSTEMS 

 
Ivanov Andrei Vyacheslavovich 

 
Abstract: The paper discusses methods of tracing of request processing in microservice systems that provide 
observability and reliability improvement of distributed applications. The focus is on logging, distributed tracing 
and performance monitoring. The goals, operating principles, and practical applications of each technique are 
described, and examples of Go language implementations are given. It is shown how these technologies help 
to detect errors, bottlenecks in architecture and ensure system security. Special attention is paid to the differ-
ences between monitoring and tracing, as well as their complementary role in ensuring stable and scalable 
operation of microservice architecture. The paper is intended for developers and system architects seeking to 
improve the efficiency and observability of their microservice solutions. 
Key words: microservices, tracing, logging, distributed tracing, performance monitoring, metrics. 

 
ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʘʙʠʨʘʝʪ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫ-

ʣʷʨʥʦʩʪʴ, ʪʨʘʩʩʠʨʦʚʢʘ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʜʜʝʨʞʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠ-
ʣʦʞʝʥʠʡ. ʀ ʧʝʨʚʳʤ ʜʝʣʦ ʭʦʪʝʣʦʩʴ ʙʳ ʥʘʯʘʪʴ ʩ ʥʘʯʘʣʘ, ʪʦ ʝʩʪʴ ʨʘʩʩʤʦʪʨʝʪʴ ʩʘʤʦ ʧʦʥʷʪʠʝ ʪʨʘʩʩʠʨʦʚʢʠ. 

ʊʨʘʩʩʠʨʦʚʢʘ ʟʘʧʨʦʩʦʚ ï ʵʪʦ ʤʝʪʦʜ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʩʝʭ ʧʦʜʟʘʧʨʦʩʦʚ ʠʟ ʤʥʦʞʝʩʪʚʘ 
ʩʝʨʚʠʩʦʚ, ʢʦʪʦʨʳʝ ʟʘʧʫʩʢʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʟʘʧʨʦʩʘ. 
ʇʦʩʣʝ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʩʝʨʚʠʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʜʨʫʛʠʤʠ ʩʝʨʚʠʩʘʤʠ, ʙʘʟʘʤʠ ʜʘʥʥʳʭ, 
ʩʪʦʨʦʥʥʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʠ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 
ʪʨʘʩʩʠʨʦʚʢʠ [1]. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʛʨʘʤʤʳ ʫ ʥʘʩ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʦʰʠʙʢʠ. ɹʝʟ ʪʨʘʩʩʠʨʦʚʢʠ ʵʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ 
ʟʘʥʷʪʴ ʫʡʤʫ ʚʨʝʤʝʥʠ. ɹʝʟ ʧʦʥʠʤʘʥʠʷ ʚ ʢʘʢʦʡ ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʳ ʧʨʦʠʟʦʰʝʣ ʩʙʦʡ, ʩ ʯʝʤ ʦʥ ʩʚʷʟʘʥ, ʚ ʢʘ-
ʢʦʡ ʤʦʤʝʥʪ ʚʳʧʦʣʥʝʥʠʷ ʦʥ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʜʝʪʩʷ ʧʨʦʚʝʨʠʪʴ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʧʣʘʩʪ ʘʩʧʝʢʪʦʚ. ʈʘʩʧʨʝʜʝ-
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ʣʸʥʥʘʷ ʪʨʘʩʩʠʨʦʚʢʘ ʧʦʤʦʛʘʝʪ ʙʳʩʪʨʦ ʥʘʡʪʠ ʧʨʠʯʠʥʳ ʩʙʦʷ. ʂʘʞʜʦʤʫ ʚʭʦʜʷʱʝʤʫ ʟʘʧʨʦʩʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ 
ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʝʨʝʜʘʸʪʩʷ ʤʝʞʜʫ ʩʝʨʚʠʩʘʤʠ. ʂʘʞʜʳʡ ʤʠʢʨʦʩʝʨʚʠʩ ʬʠʢʩʠ-
ʨʫʝʪ ʠʥʬʦʨʤʘʮʠʶ, ʚ ʩʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʭʨʘʥʠʣʠʱʝ, ʛʜʝ ʧʨʦʭʦʜʷʪ ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʠ ʧʦ-
ʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʤʦʞʝʤ ʫʚʠʜʝʪʴ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ ʧʨʦʭʦʞʜʝʥʠʷ ʟʘʧʨʦʩʘ ʠ ʚʳʷʚʠʪʴ 
ʚʦʟʤʦʞʥʳʝ ʩʙʦʠ. ɼʘʥʥʳʝ ʤʦʞʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʚ ʚʠʜʝ ʜʝʨʝʚʘ ʚʳʟʦʚʦʚ, ʜʠʘʛʨʘʤʤʳ ʠʣʠ ʛʨʘʬʘ. ɺʩʸ 
ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʦʪʩʣʝʜʠʪʴ ʧʫʪʴ ʟʘʧʨʦʩʘ ʧʦ ʢʦʤʧʦʥʝʥʪʘʤ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘ-
ʙʦʪʢʠ ʚ ʢʘʞʜʦʤ ʩʝʨʚʠʩʝ ʠ ʚʳʷʚʠʪʴ ʧʨʦʙʣʝʤʥʳʝ ʫʯʘʩʪʢʠ. 

ʃʦʛʠʨʦʚʘʥʠʝ ï ʧʨʦʮʝʩʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʬʠʢʩʘʮʠʠ ʩʦʙʳʪʠʡ ʠ ʜʝʡʩʪʚʠʡ ʚ ʩʠʩʪʝʤʝ [2]. ʆʥʦ ʩʣʫ-
ʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʪʣʘʜʢʠ, ʧʦʤʦʛʘʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʢʘʨʪʠʥʫ ʧʨʦʠʟʦʰʝʜʰʝʛʦ, ʣʦʢʘʣʠʟʦʚʘʪʴ 
ʠ ʫʩʪʨʘʥʠʪʴ ʦʰʠʙʢʫ, ʘ ʪʘʢʞʝ ʧʦʥʷʪʴ ʝʸ ʧʨʠʯʠʥʳ ʠ ʧʦʩʣʝʜʩʪʚʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʞʫʨʥʘʣʠʨʦʚʘʥʠʝ ʧʨʝʜʦ-
ʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʤʦʛʘʝʪ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ 
ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʚ ʣʦʛʘʭ ʦʪʦʙʨʘʞʘʶʪʩʷ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝ-
ʣʝʡ, ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʧʦʧʳʪʢʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. 

ʉʥʘʯʘʣʘ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʤʳ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ. ɼʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʰʠʙʢʠ, 
ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʜʨʫʛʦʝ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʦʠʪʴ ʩʘʤ ʞʫʨʥʘʣ. ʅʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʚ ʢʘʢʦʤ ʬʦʨ-
ʤʘʪʝ ʙʫʜʫʪ ʭʨʘʥʠʪʴʩʷ ʜʘʥʥʳʝ, ʛʜʝ ʦʥʠ ʙʫʜʫʪ ʭʨʘʥʠʪʴʩʷ, ʫʨʦʚʥʠ ʣʦʛʠʨʦʚʘʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʯʠʥʘʝʪʩʷ 
ʨʘʙʦʪʘ ʧʨʠʣʦʞʝʥʠʷ ʠ ʣʦʛʠ ʥʘʯʠʥʘʶʪʩʷ ʟʘʧʠʩʳʚʘʪʴʩʷ ʚ ʞʫʨʥʘʣ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʤ ʭʨʘʥʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ 
ʦ ʚʨʝʤʝʥʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʪʠʧʝ, ʠʩʪʦʯʥʠʢʝ, ʧʦʣʴʟʦʚʘʪʝʣʝ ʠ ʜʨʫʛʠʭ ʜʘʥʥʳʭ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʨʘʟʨʘ-
ʙʦʪʯʠʢʠ ʠʣʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʳ ʩʠʩʪʝʤʳ ʧʨʦʩʤʘʪʨʠʚʘʶʪ ʠ ʘʥʘʣʠʟʠʨʫʶʪ ʠʥʬʦʨʤʘʮʠʶ, ʩʦʭʨʘʥʝʥʥʫʶ ʚ 
ʞʫʨʥʘʣʝ. 

ʇʦʩʣʝ ʥʘʧʠʩʘʥʠʷ ʣʦʛʦʚ ʤʳ ʧʦʣʫʯʘʝʤ ʦʯʝʥʴ ʤʥʦʛʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʠ, ʝʩʣʠ ʝʸ ʥʠ-
ʢʘʢ ʥʝ ʨʘʟʛʨʘʥʠʯʠʚʘʪʴ, ʧʦʣʫʯʠʪʩʷ ʦʜʥʘ ʙʦʣʴʰʘʷ ʢʫʯʘ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʩʣʦʞʥʦ ʨʘʟʦʙʨʘʪʴ-
ʩʷ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʷʪʴ ʣʦʛʠ ʥʘ ʫʨʦʚʥʠ [3]. 

ʉʫʱʝʩʪʚʫʝʪ 4 ʦʩʥʦʚʥʳʭ ʫʨʦʚʥʷ ʣʦʛʠʨʦʚʘʥʠʷ: 

¶ Error ï ʪʠʧʠʯʥʘʷ ʦʰʠʙʢʘ. 

¶ Warning ï ʥʝʰʪʘʪʥʘʷ ʩʠʪʫʘʮʠʷ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ, ʤʦʞʝʪ ʙʳʪʴ ʩʪʨʘʥʥʳʡ ʬʦʨʤʘʪ ʟʘ-
ʧʨʦʩʘ ʠʣʠ ʥʝʢʦʨʨʝʢʪʥʳʡ ʧʘʨʘʤʝʪʨ ʚʳʟʦʚʘ. 

¶ Debug ï ʟʘʧʠʩʴ ʤʘʩʰʪʘʙʥʳʭ ʧʝʨʝʭʦʜʦʚ ʩʦʩʪʦʷʥʠʡ, ʥʘʧʨʠʤʝʨ, ʦʙʨʘʱʝʥʠʝ ʢ ʙʘʟʝ ʜʘʥʥʳʭ, 
ʩʪʘʨʪ/ʧʘʫʟʘ ʩʝʨʚʠʩʘ, ʫʩʧʝʰʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʘʧʠʩʠ. 

¶ Fatal ï ʬʘʪʘʣʴʥʳʡ ʩʙʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʢʦʛʜʘ ʥʝʪ ʜʦʩʪʫʧʘ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʠʣʠ ʩʝʪʠ, ʩʝʨ-
ʚʠʩʫ ʥʝ ʭʚʘʪʘʝʪ ʤʝʩʪʘ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ. 

ɸ ʪʘʢʞʝ 2 ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ: 

¶ Trace ï ʧʦʰʘʛʦʚʳʝ ʟʘʧʠʩʠ ʧʨʦʮʝʩʩʘ. ʇʦʣʝʟʝʥ, ʢʦʛʜʘ ʩʣʦʞʥʦ ʣʦʢʘʣʠʟʦʚʘʪʴ ʦʰʠʙʢʫ. 

¶ Info ï ʦʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʘʙʦʪʝ ʩʣʫʞʙʳ ʠʣʠ ʩʝʨʚʠʩʘ. 
ʊʘʢ ʞʝ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʪʠʧʳ ʣʦʛʦʚ. ʕʪʦ ʪʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʋ ʢʘʞʜʦʛʦ ʣʦʛʘ ʩʚʦʡ ʞʫʨʥʘʣ ʟʘʧʠʩʠ. 

¶ ʉʠʩʪʝʤʥʳʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʠʩʪʝʤʥʳʤʠ ʩʦʙʳʪʠʷʤʠ 

¶ ʉʝʨʚʝʨʥʳʝ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʧʨʦʮʝʩʩ ʦʙʨʘʱʝʥʠʷ ʢ ʩʝʨʚʝʨʫ 

¶ ʇʦʯʪʦʚʳʝ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʦʪʧʨʘʚʣʝʥʠʷʤʠ 

¶ ʃʦʛʠ ʙʘʟ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʧʨʦʮʝʩʩʳ ʦʙʨʘʱʝʥʠʷ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ 

¶ ɸʚʪʦʨʠʟʘʮʠʦʥʥʳʝ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘ ʧʨʦʮʝʩʩ ʚʭʦʜʘ, ʚʳʭʦʜʘ ʠʟ 
ʩʠʩʪʝʤʳ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦʩʪʫʧʘ ʠ ʦʩʪʘʣʴʥʦʝ 

ʃʦʛʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʭʨʘʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʬʘʡʣʘʭ, ʥʦ ʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʜʝʣʘʪʴ 
ʘʛʨʝʛʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʥʠʞʝ ʧʨʠʚʝʜʸʥ ʥʝʙʦʣʴʰʦʡ ʬʨʘʛʤʝʥʪ ʢʦʜʘ ʥʘ Go, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ, ʢʘʢ 
ʨʝʘʣʠʟʫʝʪʩʷ ʣʦʛʠʨʦʚʘʥʠʝ (ʨʠʩ. 1). 

ɺ ʧʨʠʚʝʜʸʥʥʦʤ ʧʨʠʤʝʨʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʣʦʛʛʝʨʘ logrus, ʧʦʩʣʝ ʯʝʛʦ ʩʦʟʜʘʸʪʩʷ ʦʙʨʘ-
ʙʦʪʯʠʢ HTTP-ʟʘʧʨʦʩʦʚ ʜʣʷ ʤʘʨʰʨʫʪʘ ñ/helloò. ʇʨʠ ʢʘʞʜʦʤ ʚʭʦʜʷʱʝʤ ʟʘʧʨʦʩʝ logrus ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 
ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʪʦʜʝ, ʧʫʪʠ ʟʘʧʨʦʩʘ ʠ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʝʥʥʦʤ ʥʘ ʝʛʦ ʦʙʨʘʙʦʪʢʫ. ʊʘʢʦʡ ʧʦʜʭʦʜ 
ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʢʘʢ ʠʤʝʥʥʦ ʟʘʧʨʦʩʳ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʩʠ-
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ʩʪʝʤʝ, ʚʢʣʶʯʘʷ ʧʨʦʭʦʞʜʝʥʠʝ ʯʝʨʝʟ ʨʘʟʥʳʝ ʤʠʢʨʦʩʝʨʚʠʩʳ. 
 

 
ʉʡʪ. 1. ʉʞʙʤʡʠʙʯʡʸ ʤʧʜʡʩʧʛʙʦʡʸ ʦʙ ʸʠʴʣʞ golang 

 
ʏʪʦ ʢʘʩʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʪʨʘʩʩʠʨʦʚʢʠ, ʪʦ ʧʦʜ ʵʪʠʤ ʪʝʨʤʠʥʦʤ ʧʦʥʠʤʘʝʪʩʷ ʤʝʭʘʥʠʟʤ, ʧʦʟʚʦ-

ʣʷʶʱʠʡ ʧʨʦʩʣʝʜʠʪʴ ʧʫʪʴ ʟʘʧʨʦʩʘ ʦʪ ʤʦʤʝʥʪʘ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ð ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ð ʜʦ 
ʟʘʚʝʨʰʝʥʠʷ ʦʙʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʷ ʜʦʩʪʫʧ ʢ ʙʘʟʝ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʪʨʘʩʩʠʨʦʚʢʠ ð ʚʳʷʚʣʝʥʠʝ 
çʫʟʢʠʭ ʤʝʩʪè ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʠ ʝʸ ʧʦʩʣʝʜʫʶʱʘʷ ʦʧʪʠʤʠʟʘʮʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʨʘʩʩʠʨʦʚʢʘ ʧʦʤʦʛʘʝʪ ʚ ʧʦʠʩʢʝ ʠ ʫʩʪʨʘʥʝʥʠʠ ʦʰʠʙʦʢ. ʀʟʫʯʠʚ ʩʦʙʨʘʥʥʫʶ ʠʥʬʦʨʤʘ-
ʮʠʶ ʦ ʧʨʦʭʦʞʜʝʥʠʠ ʟʘʧʨʦʩʘ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʚ ʢʘʢʦʤ ʢʦʥʢʨʝʪʥʦ ʟʚʝʥʝ ʮʝʧʦʯʢʠ ʚʦʟʥʠʢ ʩʙʦʡ, ʠ ʧʦʥʷʪʴ 
ʝʛʦ ʧʨʠʯʠʥʫ [4]. 

ʈʘʩʧʨʝʜʝʣʸʥʥʘʷ ʪʨʘʩʩʠʨʦʚʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʆʜʥʘ ʠʟ ʝʸ ʢʣʶʯʝʚʳʭ ʟʘ-
ʜʘʯ ʚʳʷʚʣʝʥʠʝ ʫʟʢʠʭ ʤʝʩʪ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ. ɹʣʘʛʦʜʘʨʷ ʪʨʘʩʩʠʨʦʚʢʝ ʤʦʞʥʦ ʧʦʥʷʪʴ, ʢʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ 
ʨʘʙʦʪʘʶʪ ʤʝʜʣʝʥʥʦ ʠ ʛʜʝ ʠʤʝʥʥʦ ʧʨʦʠʩʭʦʜʷʪ ʟʘʜʝʨʞʢʠ. ʊʘʢʞʝ ʦʥʘ ʧʦʤʦʛʘʝʪ ʪʦʯʥʦ ʦʪʩʣʝʞʠʚʘʪʴ, ʢʘʢ 
ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʢʘʞʜʳʡ ʟʘʧʨʦʩ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʦʠʩʢ ʠ ʫʩʪʨʘʥʝʥʠʝ ʦʰʠʙʦʢ. ʂʨʦʤʝ ʪʦʛʦ, 
ʪʨʘʩʩʠʨʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ, ʥʘʧʨʠʤʝʨ, ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʣʠʰʥʠʭ 
ʩʝʪʝʚʳʭ ʦʙʨʘʱʝʥʠʡ ʠʣʠ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ. ɽʱʸ ʦʜʠʥ ʚʘʞʥʳʡ ʧʣʶʩ ï ʵʪʦ 
ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʝʨʚʠʩʘʤʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʵʪʘʧʝ ʠʭ ʠʥʪʝʛʨʘʮʠʠ. ʊʘ-
ʢʠʝ ʩʨʝʜʩʪʚʘ ʧʦʣʝʟʥʳ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʬʠʢʩʠʨʦʚʘʪʴ 
ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ ʠ ʟʘʨʘʥʝʝ ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ. 

ʇʨʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʪʨʘʩʩʠʨʦʚʢʝ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʧʫʪʴ ʦʪ ʥʘʯʘʣʘ ʜʦ ʢʦʥʮʘ ʯʝʨʝʟ ʚʩʝ ʩʝʨʚʠʩʳ. 
ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ: 
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¶ ʂʘʞʜʳʡ ʤʠʢʨʦʩʝʨʚʠʩ ʛʝʥʝʨʠʨʫʝʪ ʫʥʠʢʘʣʴʥʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʟʘʧʨʦʩʘ ʠ ʧʝʨʝʜʘʝʪ ʝʛʦ ʚʤʝ-
ʩʪʝ ʩ ʟʘʧʨʦʩʦʤ ʜʘʣʴʰʝ ʧʦ ʮʝʧʦʯʢʝ ʩʝʨʚʠʩʦʚ. 

¶ ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʨʘʙʦʪʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʪʨʘʩʩʠʨʦʚʱʠʢ. ʆʥ ʧʨʠʥʠʤʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 
ʟʘʧʨʦʩʘʭ ʦʪ ʚʩʝʭ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʠ ʩʚʷʟʳʚʘʝʪ ʠʭ ʥʘ ʚʤʝʩʪʝ ʥʘ ʦʩʥʦʚʝ guid, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪ-
ʩʣʝʜʠʪʴ ʧʫʪʴ ʟʘʧʨʦʩʘ ʯʝʨʝʟ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ. 

¶ ɼʘʣʴʰʝ ʧʨʦʠʩʭʦʜʠʪ ʞʫʨʥʘʣʠʨʦʚʘʥʠʝ ʠ ʘʛʨʝʛʘʮʠʷ ʜʘʥʥʳʭ, ʦ ʯʝʤ ʷ ʨʘʩʩʢʘʟʳʚʘʣ ʚʳʰʝ. 

¶ ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʚʠʟʫʘʣʠʟʘʮʠʷ ʚ ʢʘʢʠʭ-ʣʠʙʦ ʬʦʨʤʘʭ. 
ʆʙʱʠʡ ʚʠʜ ʚʳʛʣʷʜʠʪ ʪʘʢ (ʨʠʩ. 2): 

 

 
ʉʡʪ. 2. ʊʮʞʥʙ ʩʙʪʨʩʞʝʞʤʹʦʦʧʢ ʫʩʙʪʪʡʩʧʛʣʡ ʠʙʨʩʧʪʙ 

 
ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʝʘʣʴʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʟʘʧʨʦʩʘ ʯʝʨʝʟ ʨʘʩʧʨʝʜʝʣʸʥʥʫʶ ʩʠʩʪʝʤʫ (ʨʠʩ. 3).  
 

 
ʉʡʪ. 3. ɻʡʠʬʙʤʡʠʙʯʡʸ ʫʩʙʭʡʣʙ ʪʡʪʫʞʥʴ 
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XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 4. ʉʞʙʤʡʠʙʯʡʸ Performance Monitoring ʦʙ y ʠʴʣʞ Golang 

 
ʇʨʠ ʙʦʣʴʰʦʤ ʦʙʲʸʤʝ ʟʘʧʨʦʩʦʚ ʩʙʦʨ ʠ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʩʦʟʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ 

ʩʠʩʪʝʤʫ, ʘ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʧʨʠʚʣʝʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴ-
ʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. ɹʦʣʝʝ ʪʦʛʦ, ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ ʩʘʤʦʡ ʩʠʩʪʝʤʳ ʪʨʘʩʩʠʨʦʚʢʠ ʧʦʠʩʢ ʠ ʫʩʪʨʘʥʝʥʠʝ 
ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʜʦʚʦʣʴʥʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. 

ʄʦʥʠʪʦʨʠʥʛ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ï ʵʪʦ ʧʨʦʮʝʩʩ ʩʙʦʨʘ ʠ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ɺ 
ʨʘʤʢʘʭ ʵʪʦʛʦ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʟʘʛʨʫʟʢʘ ʧʨʦʮʝʩʩʦʨʘ, ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ, ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʤʠʢʨʦʩʝʨʚʠʩʦʚ. 
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ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʢʦʥʪʨʦʣʝ ʩʦʩʪʦʷ-
ʥʠʷ ʩʠʩʪʝʤʳ ʜʣʷ ʝʸ ʫʣʫʯʰʝʥʠʷ, ʘʥʘʣʠʟʝ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 
ʚʦʟʤʦʞʥʳʭ ʧʨʦʙʣʝʤ, ʘ ʪʘʢʞʝ ʚ ʧʦʜʜʝʨʞʢʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʠʥʬʨʘʩʪʨʫʢ-
ʪʫʨʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʧʨʠ ʨʦʩʪʝ ʥʘʛʨʫʟʢʠ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʢʣʶʯʘʝʪ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʛʨʫʟʢʝ ʠ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ, 
ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʠʢʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʫʪʝʯʝʢ ʨʝʩʫʨʩʦʚ ʠ ʜʨʫʛʠʭ ʘʥʦʤʘʣʠʡ, 
ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʫʜʦʙʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʘ ʪʘʢʞʝ ʛʝʥʝʨʘʮʠʶ ʫʚʝʜʦʤʣʝʥʠʡ ʠ, 
ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʩʪʨʘʥʝʥʠʝ ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ. 

ʆʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʦʥʠʪʦʨʠʥʛʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʪʨʘʩʩʠʨʦʚʢʦʡ 
ʩʦʩʪʦʷʪ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʚʳʡ ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʠʩʪʝʤʥʳʭ ʤʝʪʨʠʢ, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʦʡ ʩʦʩʨʝʜʦʪʦ-
ʯʝʥ ʥʘ ʦʪʩʣʝʞʠʚʘʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʟʘʧʨʦʩʦʚ ʧʦ ʠʭ ʤʘʨʰʨʫʪʫ ʯʝʨʝʟ ʩʝʨʚʠʩʳ; ʤʦʥʠʪʦʨʠʥʛ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 
ʦʙʱʫʶ ʢʘʨʪʠʥʫ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʘ ʪʨʘʩʩʠʨʦʚʢʘ ð ʧʦʜʨʦʙʥʦʩʪʠ ʦ ʢʘʞʜʦʤ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʘ; 
ʢʨʦʤʝ ʪʦʛʦ, ʤʦʥʠʪʦʨʠʥʛ ʧʦʤʦʛʘʝʪ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʦʙʱʠʝ ʩʙʦʠ, ʘ ʪʨʘʩʩʠʨʦʚʢʘ ʚʳʷʚʣʷʝʪ ʫʟʢʠʝ 
ʤʝʩʪʘ ʠ ʩʣʦʞʥʦʩʪʠ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʝʨʚʠʩʦʚ. 

ɺʦʦʙʱʝ Performance Monitoring ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʙʦʣʴʰʝ ʥʘ ʦʙʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʘ 
Distributed Tracing ʦʪʩʣʝʞʠʚʘʝʪ ʧʫʪʴ ʠ ʦʰʠʙʢʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʟʘʧʨʦʩʘ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 
[5]. ʋ Performance Monitoring ʝʩʪʴ ʤʝʪʨʠʢʠ, ʢʦʪʦʨʳʝ ʚʘʞʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɺʳʩʦʢʘʷ 
ʥʘʛʨʫʟʢʘ cpu ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʝʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʠʣʠ ʧʨʦʛʨʘʤʤʳ. ɺʳʩʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʧʘʤʷʪʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʤʝʜʣʝʥʠʶ ʨʘʙʦʪʳ. ʇʨʠ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʜʠʩʢ ʚʦʟʤʦʞʥʳ ʟʘʤʝʜʣʝʥʠʷ ʚ 
ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ. ɺʳʩʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʪʠ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʨʦʙʣʝʤʳ ʩ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦ-
ʩʪʴʶ ʠʣʠ ʩʝʪʝʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʊʘʢʞʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʚ ʧʨʦʮʝʩʩʝ 
ʨʘʙʦʪʳ. 

ɼʘʣʝʝ ʨʝʘʣʠʟʫʝʤ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Golang (ʨʠʩ. 4). 
ɺ ʧʨʠʤʝʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ Prometheus, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʦʚʘʥ ʩʙʦʨ ʤʝʪʨʠʢ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ʉʦʟʜʘʸʪʩʷ ʛʠʩʪʦʛʨʘʤʤʘ, ʠʟʤʝʨʷʶʱʘʷ, ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʟʘʥʠʤʘʝʪ 
ʦʙʨʘʙʦʪʢʘ ʢʘʞʜʦʛʦ ʚʭʦʜʷʱʝʛʦ ʟʘʧʨʦʩʘ ʚ ʩʝʢʫʥʜʘʭ. ʇʦʩʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʵʪʦʡ ʤʝʪʨʠʢʠ ʚ Prometheus ʦʥʘ 
ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʬʠʢʩʘʮʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ, ʘ ʟʘʪʝʤ ʨʝʟʫʣʴʪʘʪʳ ʘʚʪʦʤʘʪʠ-
ʯʝʩʢʠ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʘʥʘʣʠʟʘ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʤʝʪʦʜʳ ʪʨʘʩʩʠʨʦʚʢʠ ʟʘʧʨʦʩʦʚ ʚ ʤʠʢʨʦʩʝʨʚʠʩʘʭ. ʆʙʩʫʜʠʣʠ ʦʙʣʘ-
ʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ. ɹʳʣʦ ʧʦ-
ʢʘʟʘʥʦ ʧʦʯʝʤʫ ʪʨʘʩʩʠʨʦʚʢʘ ʟʘʧʨʦʩʦʚ ʚʘʞʥʘ, ʢʘʢ ʝʸ ʧʨʠʤʝʥʷʪʴ ʠ ʢʘʢ ʚʳʙʨʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʤʝʪʦʜʳ ʜʣʷ 
ʪʨʘʩʩʠʨʦʚʢʠ. 
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ɻʛʞʝʞʦʡʞ 

 
ʉʠʩʪʝʤʳ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʦʚʘʨʦʚ ʥʘ ʨʳʥʢʝ. ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʢʫʨʝʥʮʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 
ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʩʝʨʪʠʬʠʢʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ. ʉʝʨʪʠʬʠʢʘʮʠʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ 
ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʜʦʚʝʨʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʧʨʦʜʫʢʮʠʠ ʠ ʟʘʱʠʱʘʝʪ ʠʭ ʠʥʪʝʨʝʩʳ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘ-
ʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ ʧʨʘʢʪʠʢʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʮʠʠ ʚ ʈʦʩʩʠʠ, ʝʝ ʚʣʠʷʥʠʝ ʥʘ 
ʢʘʯʝʩʪʚʦ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʦʚʘʨʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʮʠʠ 
ʉʝʨʪʠʬʠʢʘʮʠʷ ʧʨʦʜʫʢʮʠʠ ʩʪʨʦʠʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʧʨʠʥʮʠʧʘʭ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʦʙʝʩ-

ʧʝʯʠʪʴ ʝʝ ʢʘʯʝʩʪʚʦ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ: 
1. ʆʙʲʝʢʪʠʚʥʦʩʪʴ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʴ: ʉʝʨʪʠʬʠʢʘʮʠʷ ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʦʨʛʘʥʠ-

ʟʘʮʠʷʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʦʮʝʥʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 
2. ʇʨʦʟʨʘʯʥʦʩʪʴ: ʇʨʦʮʝʩʩʳ ʩʝʨʪʠʬʠʢʘʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʢʨʳʪʳʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʚʩʝʭ ʟʘ-

ʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʚʝʨʠʶ ʢ ʩʠʩʪʝʤʝ ʩʝʨʪʠʬʠʢʘʮʠʠ. 
3. ʉʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ: ʉʝʨʪʠʬʠʢʘʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʦʚ 

ʠ ʥʦʨʤʘʪʠʚʦʚ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʜʫʢʮʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 
4. ʈʝʛʫʣʷʨʥʦʩʪʴ ʢʦʥʪʨʦʣʷ: ʇʝʨʠʦʜʠʯʝʩʢʠʝ ʧʨʦʚʝʨʢʠ ʠ ʧʦʚʪʦʨʥʳʝ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʦʤʦʛʘʶʪ ʧʦʜ-

ʜʝʨʞʠʚʘʪʴ ʥʘʜʣʝʞʘʱʠʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. 
ɺʠʜʳ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʮʠʠ 
ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʮʠʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʳʥʢʘʭ: 
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1. ʆʙʷʟʘʪʝʣʴʥʘʷ ʩʝʨʪʠʬʠʢʘʮʠʷ: ʇʨʠʤʝʥʷʝʪʩʷ ʢ ʪʦʚʘʨʘʤ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʘʩʥʦʩʪʴ ʜʣʷ 
ʟʜʦʨʦʚʴʷ ʠ ʞʠʟʥʠ ʣʶʜʝʡ, ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʣʠ ʠʤʫʱʝʩʪʚʘ. ʇʨʠʤʝʨʳ: ʤʝʜʠʢʘʤʝʥʪʳ, ʧʨʦʜʫʢʪʳ ʧʠʪʘ-
ʥʠʷ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

2. ɼʦʙʨʦʚʦʣʴʥʘʷ ʩʝʨʪʠʬʠʢʘʮʠʷ: ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʞʝʣʘʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʧʦʤʦʛʘʝʪ ʧʨʦ-
ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʪʦʚʘʨʦʚ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʩʝʨʪʠʬʠʢʘʮʠʶ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 
ʩʪʘʥʜʘʨʪʘʤ (ISO, IEC ʠ ʜʨ.). 

3. ʉʝʨʪʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ: ʇʨʝʜʧʦʣʘʛʘʝʪ ʩʝʨʪʠʬʠʢʘʮʠʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚ-
ʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʥʘ ʦʩʥʦʚʝ ISO 9001, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʦʨʛʘʥʠʟʘʮʠʷ ʩʦʙʣʶʜʘʝʪ ʚʳʩʦʢʠʝ ʩʪʘʥʜʘʨ-
ʪʳ ʢʘʯʝʩʪʚʘ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʨʦʮʝʩʩ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʮʠʠ 
ʇʨʦʮʝʩʩ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʮʠʠ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: 
1. ɼʦʢʫʤʝʥʪʘʮʠʷ: ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʧʦʜʘʝʪ ʟʘʷʚʢʫ ʥʘ ʩʝʨʪʠʬʠʢʘʮʠʶ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʝʦʙʭʦʜʠ-

ʤʳʝ ʜʦʢʫʤʝʥʪʳ, ʚʢʣʶʯʘʷ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʙʨʘʟʮʳ ʧʨʦʜʫʢʮʠʠ. 
2. ʀʩʧʳʪʘʥʠʷ: ʇʨʦʜʫʢʮʠʷ ʧʨʦʭʦʜʠʪ ʠʩʧʳʪʘʥʠʷ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʢʦʪʦʨʳʝ ʧʨʦ-

ʚʝʨʷʶʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ. 
3. ʆʮʝʥʢʘ: ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ, ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʡ ʦʨʛʘʥ ʧʨʠʥʠʤʘʝʪ ʨʝ-

ʰʝʥʠʝ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʨʦʜʫʢʮʠʠ. 
4. ɺʳʜʘʯʘ ʩʝʨʪʠʬʠʢʘʪʘ: ɺ ʩʣʫʯʘʝ ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʚʩʝʭ ʵʪʘʧʦʚ, ʚʳʜʘʝʪʩʷ ʩʝʨʪʠʬʠʢʘʪ 

ʩʦʦʪʚʝʪʩʪʚʠʷ, ʢʦʪʦʨʳʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʘʯʝʩʪʚʦ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ. 
5. ʄʦʥʠʪʦʨʠʥʛ: ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʡʩʪʚʠʷ ʩʝʨʪʠʬʠʢʘʪʘ ʧʨʦʚʦʜʷʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʨʦʚʝʨʢʠ ʜʣʷ 

ʦʮʝʥʢʠ ʩʦʙʣʶʜʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ. 
ɺʣʠʷʥʠʝ ʩʠʩʪʝʤ ʩʝʨʪʠʬʠʢʘʮʠʠ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ 
ʉʠʩʪʝʤʳ ʩʝʨʪʠʬʠʢʘʮʠʠ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ: 
1) ʋʚʝʣʠʯʝʥʠʝ ʜʦʚʝʨʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ: ʅʘʣʠʯʠʝ ʩʝʨʪʠʬʠʢʘʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʞʠʜʘʥʠʷʤ ʧʦʪʨʝ-

ʙʠʪʝʣʝʡ ʠ ʧʦʚʳʰʘʝʪ ʜʦʚʝʨʠʝ ʢ ʪʦʚʘʨʫ. 
2) ʂʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʉʝʨʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʨʦʜʫʢʮʠʷ ʣʝʛʯʝ ʧʨʦʥʠʢʘʝʪ ʥʘ ʨʳʥʦʢ ʠ 

ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʢʦʥʢʫʨʝʥʪʘʤʠ ʙʝʟ ʩʝʨʪʠʬʠʢʘʪʦʚ. 
3) ʇʦʥʠʞʝʥʠʝ ʨʠʩʢʘ: ʉʝʨʪʠʬʠʢʘʮʠʷ ʧʦʤʦʛʘʝʪ ʚʳʷʚʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘ ʨʘʥʥʠʭ ʩʪʘ-

ʜʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʧʫʩʢʘ ʥʝʙʝʟʦʧʘʩʥʦʡ ʠʣʠ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 
ʇʨʦʙʣʝʤʳ ʠ ʚʳʟʦʚʳ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʮʠʠ 
ʅʝʩʤʦʪʨʷ ʥʘ ʚʘʞʥʦʩʪʴ ʩʝʨʪʠʬʠʢʘʮʠʠ, ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ ʠ ʚʳʟʦʚʳ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʦʩʦʙʦʛʦ 

ʚʥʠʤʘʥʠʷ: 
1. ʅʝʜʦʩʪʘʪʦʢ ʠʥʬʦʨʤʘʮʠʠ: ʄʥʦʛʠʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʥʝ ʭʚʘʪʘʝʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʢ 

ʩʝʨʪʠʬʠʢʘʮʠʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩ. 
2. ʉʣʦʞʥʦʩʪʴ ʧʨʦʮʝʜʫʨ: ʋʩʣʦʞʥʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩʝʨʪʠʬʠʢʘʮʠʠ ʤʦʛʫʪ ʟʘʜʝʨʞʠʚʘʪʴ ʚʳʭʦʜ ʧʨʦ-

ʜʫʢʮʠʠ ʥʘ ʨʳʥʦʢ. 
3. ʃʦʞʥʳʝ ʩʝʨʪʠʬʠʢʘʪʳ: ʅʘʣʠʯʠʝ ʧʦʜʜʝʣʴʥʳʭ ʩʝʨʪʠʬʠʢʘʪʦʚ ʩʦʟʜʘʝʪ ʢʦʥʢʫʨʝʥʪʥʳʝ ʥʝʨʘʚʥʳʝ 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚʥʝʜʨʝʥʠʷ CRM-ʩʠʩʪʝʤ ʚ ʙʠʟʥʝʩ-
ʧʨʘʢʪʠʢʫ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʢʣʶʯʝʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʤʘʩʩʦʚʳʭ ʨʝʰʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ amoCRM ʠ 
Bitrix24. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʩʣʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʠ ʠʟʙʳʪʦʯʥʘʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʦʛʨʘ-
ʥʠʯʠʚʘʶʪ ʜʦʩʪʫʧʥʦʩʪʴ ʵʪʠʭ ʩʠʩʪʝʤ ʜʣʷ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ. ɺ ʦʪʚʝʪ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʳʟʦʚʳ 
ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʨʘʤʢʘʭ ʧʣʘʪʬʦʨʤʳ MagicLab, ʧʨʝʜʫʩʤʘʪʨʠ-
ʚʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʚ ʠ ʠʥʪʝʛʨʘʮʠʶ ʩ ʩʦʙʩʪʚʝʥʥʦʡ CRM-ʩʠʩʪʝʤʦʡ ML.CRM. ʅʦʚʘʷ 
ʩʠʩʪʝʤʘ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ, ʛʠʙʢʦʩʪʴʶ ʠ ʙʝʩʧʣʘʪʥʦʡ ʚʩʪʨʦʝʥʥʦʡ ʧʦʜʜʝʨʞʢʦʡ ʛʦʣʦʩʦʚʳʭ ʠ ʪʝʢʩʪʦʚʳʭ 
ʙʦʪʦʚ. ʇʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʠ ML.CRM, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʝʸ ʢʦʥ-
ʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʘʢ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʠ ʜʦʩʪʫʧʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʣʠʝʥʪʩʢʠʭ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʘʪʴʠ ʜʝʣʘʶʪʩʷ ʚʳʚʦʜʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɸʚʪʦʤʘʪʠʟʘʮʠʷ, ʀʀ-ʘʩʩʠʩʪʝʥʪ, ʠʥʪʝʛʨʘʮʠʷ, ʥʝʡʨʦʩʝʪʴ, ʮʠʬʨʦʚʠʟʘʮʠʷ, ʯʘʪ-ʙʦʪ, 
CRM-ʩʠʩʪʝʤʘ. 
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Abstract: The article discusses current trends in the implementation of CRM systems in business practice and 
analyses the key limitations of mass solutions such as amoCRM and Bitrix24. It is revealed that high cost, 
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complexity of customisation and excessive versatility limit the availability of these systems for small and medi-
um-sized businesses. In response to the existing challenges, an alternative approach is proposed, realised 
within the MagicLab platform, which involves the use of AI assistants and integration with the company's own 
CRM system ML.CRM. The new system is characterised by simplicity, flexibility and free in-built support for 
voice and text bots. A comparative analysis of existing solutions and ML.CRM was carried out, demonstrating 
its competitive advantages as an adapted and affordable platform for automating customer interactions. The 
article concludes with conclusions. 
Key words: Automation, AI assistant, integration, neural network, digitalisation, chatbot, CRM system. 

 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʯʠʩʣʘ ʢʦʤʧʘʥʠʡ, ʚʥʝʜʨʷʶʱʠʭ CRM-ʩʠʩʪʝʤʳ ʚ 

ʩʚʦʶ ʦʧʝʨʘʮʠʦʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ [1, 2]. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʩʣʫʞʘʪ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 
ʫʧʨʘʚʣʝʥʠʷ ʢʣʠʝʥʪʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, ʦʙʲʝʜʠʥʷʷ ʜʘʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʢʘʥʘʣʦʚ ʢʦʤʤʫʥʠʢʘʮʠʠ 
(ʤʝʩʩʝʥʜʞʝʨʳ, ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ, ʟʚʦʥʢʠ ʠ ʪ.ʜ.) ʚ ʝʜʠʥʦʤ ʠʥʪʝʨʬʝʡʩʝ. ɹʣʘʛʦʜʘʨʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶ-
ʱʝʡʩʷ ʵʢʦʩʠʩʪʝʤʝ ʨʘʩʰʠʨʝʥʠʡ ʠ ʧʣʘʛʠʥʦʚ, ʩʦʚʨʝʤʝʥʥʳʝ CRM-ʧʣʘʪʬʦʨʤʳ ʜʦʩʪʠʛʘʶʪ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʷ ʫʩʢʦʨʝʥʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥ-
ʪʦʚ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʨʝʰʝʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ amoCRM ʠ Bitrix24, ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘʶʪ 
ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ, ʦʪ ʫʧʨʘʚʣʝʥʠʷ ʩʜʝʣʢʘʤʠ ʜʦ ʧʦʩʪʨʦʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʘʩʩʦʚʳʝ CRM-ʨʝʰʝʥʠʷ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʦʛʨʘʥʠʯʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʭ ʬʫʥʢʮʠʦ-
ʥʘʣʴʥʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʩʣʦʞʥʦʩʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʠ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 
ʧʦʜʧʠʩʢʠ ʥʝʨʝʜʢʦ ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʕʪʠ ʥʝʜʦʩʪʘʪʢʠ ʫʢʘʟʳ-
ʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʘʜʘʧʪʠʚʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʨʝʰʝʥʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʢʦʥ-
ʢʨʝʪʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʙʠʟʥʝʩʘ. 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʣʘʪʬʦʨʤʘ MagicLab ʧʨʝʜʣʘʛʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʡ ʥʘ 
ʚʥʝʜʨʝʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʩʩʠʩʪʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʢʣʠʝʥʪʩʢʦ-
ʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʆʜʥʠʤ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʩʮʝʥʘʨʠʝʚ ʧʨʠʤʝʥʝʥʠʷ ʧʣʘʪʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ 
ʠʥʪʝʛʨʘʮʠʷ ʯʘʪ-ʙʦʪʦʚ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʥʝʡʨʦʩʝʪʝʚʫʶ 
ʤʦʜʝʣʴ, ʟʘʜʘʪʴ ʠʥʩʪʨʫʢʮʠʠ ʠ ʩʮʝʥʘʨʠʠ ʧʦʚʝʜʝʥʠʷ, ʘ ʟʘʪʝʤ ʩʚʷʟʘʪʴ ʙʦʪʘ ʩ ʵʪʘʧʘʤʠ ʚʦʨʦʥʢʠ ʧʨʦʜʘʞ. ʅʘ 
ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʦʪʘ ʩ ʧʦʣʷʤʠ CRM: ʦʜʥʠ ʟʥʘʯʝʥʠʷ ʦʥ 
ʤʦʞʝʪ ʧʦʣʫʯʘʪʴ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ, ʜʨʫʛʠʝ ï ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʟʘʧʨʘʰʠʚʘʪʴ ʫ ʢʣʠʝʥʪʘ ʠ ʩʦʭʨʘʥʷʪʴ. 

ʀʥʪʝʛʨʘʪʦʨ ʩʠʩʪʝʤʳ ʧʦʣʫʯʘʝʪ ʦʙʰʠʨʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʥʘʩʪʨʦʡʢʠ: ʦʪ ʚʳʙʦʨʘ ʠʩʪʦʯʥʠʢʘ 
ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʠ ʙʘʟʳ ʟʥʘʥʠʡ ʚ ʬʦʨʤʘʪʝ Q&A ʜʦ ʦʙʫʯʝʥʠʷ ʙʦʪʘ ʥʘ ʦʩʥʦʚʝ ʩʦʜʝʨʞʘʥʠʷ ʩʘʡʪʘ ʠ ʟʘ-
ʜʘʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʘ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʪʨʠʛʛʝʨʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʝʪʩʷ 
ʛʠʙʢʘʷ ʵʢʦʩʠʩʪʝʤʘ, ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʫʝʤʘʷ ʧʦʜ ʧʦʪʨʝʙʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʙʠʟʥʝʩʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʧʨʠʚʣʝʯʝʥʠʷ ʩʪʦʨʦʥʥʠʭ ʩʝʨʚʠʩʦʚ. 

ʉ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʚ ʪʦʤ 
ʯʠʩʣʝ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʣʘʯʠʚʘʪʴ ʧʦʜʧʠʩʢʫ ʩʨʦʢʦʤ ʥʝ ʤʝʥʝʝ ʰʝʩʪʠ ʤʝʩʷʮʝʚ ʠ ʣʠʮʝʥʟʠʠ ʥʘ ʜʦ-
ʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ), ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʨʘʟʨʘʙʦʪʢʝ ʩʦʙʩʪʚʝʥʥʦʡ CRM-ʩʠʩʪʝʤʳ ï ML.CRM, ʢʦʪʦʨʘʷ 
ʙʫʜʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʢʦʤʧʘʥʠʠ, ʥʝ ʠʤʝʶʱʠʝ ʩʦʙʩʪʚʝʥʥʦʡ CRM ʠʣʠ ʥʝ ʥʫʞʜʘʶʱʠʝʩʷ ʚ ʠʟʙʳʪʦʯʥʦʡ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ML.CRM ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʙʘʟʦʚʳʝ ʤʦʜʫʣʠ ʫʧʨʘʚʣʝʥʠʷ ʩʜʝʣʢʘʤʠ, ʢʘʩʪʦʤʠʟʘʮʠʶ ʚʦ-
ʨʦʥʦʢ, ʨʘʙʦʪʫ ʩ ʧʦʣʷʤʠ, ʘ ʪʘʢʞʝ ʚʩʪʨʦʝʥʥʫʶ ʠʥʪʝʛʨʘʮʠʶ ʩ ʛʦʣʦʩʦʚʳʤʠ ʠ ʪʝʢʩʪʦʚʳʤʠ ʀʀ-ʙʦʪʘʤʠ. 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 
ʘʥʘʣʠʟ amoCRM, Bitrix24 ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʣʘʪʬʦʨʤʳ ML.CRM (ʪʘʙʣʠʮʘ 1). AmoCRM ʠ Bitrix24 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʨʝʣʳʝ ʨʝʰʝʥʠʷ ʩ ʨʘʩʰʠʨʝʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, API-ʜʦʩʪʫʧʦʤ ʠ ʤʘʨʢʝʪʧʣʝʡʩʘʤʠ 
ʜʦʧʦʣʥʝʥʠʡ, ʥʦ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ [3]. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞ-
ʥʦʩʪʴ ʠʤ, ML.CRM ʜʝʣʘʝʪ ʘʢʮʝʥʪ ʥʘ ʜʦʩʪʫʧʥʦʩʪʠ, ʧʨʦʩʪʦʪʝ ʠʥʪʝʨʬʝʡʩʘ ʠ ʛʣʫʙʦʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʩ ʀʀ-
ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ ɻ ʬʬʝʢʪʠʚʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʜʣʷ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ML.CRM ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʟʘʤʝʥʫ ʪʨʘʜʠʮʠʦʥʥʳʤ CRM-
ʩʠʩʪʝʤʘʤ ʜʣʷ ʢʦʤʧʘʥʠʡ, ʩʪʨʝʤʷʱʠʭʩʷ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʣʠʝʥʪʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʙʝʟ ʬʠʥʘʥʩʦʚʳʭ ʠʟʜʝʨ-
ʞʝʢ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʩʣʦʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʝ [4]. 
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ʋʙʚʤʡʯʙ 1 
ʊʩʙʛʦʡʫʞʤʵʦʴʢ ʙʦʙʤʡʠ CRM-ʪʡʪʫʞʥ 

 amoCRM Bitrix ML.CRM 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʦʙʱʝʥʠʷ + + + 

ɺʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʜʝʣʢʦʡ + + + 

ɺʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʷʤʠ + + + 

ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʚʦʨʦʥʦʢ ʠ ʵʪʘʧʦʚ + + + 

ʄʘʛʘʟʠʥ ʨʝʰʝʥʠʡ + + - 

ɺʥʝʰʥʝʝ API ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ + + - 

ɻʨʘʬʠʢʠ ʘʥʘʣʠʪʠʢʠ + + - 

ʃʝʛʢʦʩʪʴ ʚʦʩʧʨʠʷʪʠʷ ʠʥʪʝʨʬʝʡʩʘ ʃʝʛʢʠʡ ʉʣʦʞʥʳʡ ʃʝʛʢʠʡ 

ʄʠʥʠʤʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʟʘ ʧʦʣʛʦʜʘ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ 
ʩʝʨʚʠʩʘ ʀʀ ʜʣʷ ʯʘʪʦʚ ʠ ʟʚʦʥʢʦʚ 

6594ʨ 14940ʨ ʙʝʩʧʣʘʪʥʦ 

 
ɻʴʛʧʝʴ. ʈʘʟʚʠʪʠʝ CRM-ʩʠʩʪʝʤ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʨʦʩʪʦʪʫ, ʜʦʩʪʫʧʥʦʩʪʴ ʠ 

ʛʣʫʙʦʢʫʶ ʠʥʪʝʛʨʘʮʠʶ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʘʩʩʠʩʪʝʥʪʘʤʠ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ML.CRM ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-
ʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʧʣʘʪʬʦʨʤʫ, ʩʧʦʩʦʙʥʫʶ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ʙʝʟ 
ʣʠʰʥʠʭ ʟʘʪʨʘʪ ʠ ʠʟʙʳʪʦʯʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 
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ǟȌȃȏȄȄȁ ǯǿȑȋȇȏ ǤȁȂȄȌțȄȁȇȖ 
ʫʯʘʱʠʡʩʷ 

ʋʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʜʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʇʝʪʨʦʚʩʢʘʷ ʊʘʪʴʷʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ɹʦʦʧʫʙʯʡʸ: ʪʝʨʤʦʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠ-
ʢʦʚ ʵʥʝʨʛʠʠ ʙʫʜʫʱʝʛʦ, ʩʧʦʩʦʙʥʳʡ ʦʙʝʩʧʝʯʠʪʴ ʯʝʣʦʚʝʯʝʩʪʚʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩ-
ʯʝʨʧʘʝʤʦʡ ʵʥʝʨʛʠʝʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʪʝʨʤʦʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʥʝ ʧʨʦʠʟ-
ʚʦʜʷʪ ʜʦʣʛʦʞʠʚʫʱʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʊʝʨʤʦʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ, ʜʝʡʪʝʨʠʡ, ʪʨʠʪʠʡ. 
 

CONTROLLED THERMONUCLEAR FUSION: THE PATH TO INEXHAUSTIBLE ENERGY 
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Abstract: thermonuclear energy is considered as one of the most promising energy sources of the future, ca-
pable of providing humanity with environmentally friendly and practically inexhaustible energy. Unlike tradition-
al nuclear fusion, thermonuclear reactions do not produce long-lived radioactive waste and are highly energy 
efficient. 
Keywords: Thermonuclear power engineering, thermonuclear fusion, deuterium, tritium. 

 
ɺʚʝʜʝʥʠʝ: ʊʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ ð ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨ-

ʛʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʘʢʮʠʷʭ ʩʣʠʷʥʠʷ ʣʝʛʢʠʭ ʷʜʝʨ (ʜʝʡʪʝʨʠʷ ʠ ʪʨʠʪʠʷ) ʩ ʚʳʜʝʣʝʥʠʝʤ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠ-
ʯʝʩʪʚʘ ʪʝʧʣʘ[1]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʷʜʝʨʥʦʛʦ ʜʝʣʝʥʠʷ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʧʨʦʠʟʚʦʜʠʪ ʜʦʣʛʦʞʠʚʫʱʠʭ ʨʘʜʠʦʘʢ-
ʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʠ ʦʙʣʘʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤʠ ʪʦʧʣʠʚʥʳʤʠ ʨʝʩʫʨʩʘʤʠ (ʜʝʡʪʝʨʠʡ ʠʟʚʣʝʢʘ-
ʝʪʩʷ ʠʟ ʚʦʜʳ, ʘ ʪʨʠʪʠʡ ʤʦʞʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʨʝʘʢʪʦʨʝ). 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʪʦʤʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʘʢʮʠʠ ʜʝʣʝʥʠʷ ʪʷʞʝʣʳʭ ʷʜʝʨ, ʦʙʝʩʧʝ-
ʯʠʚʘʶʪ ʣʠʰʴ ʯʘʩʪʴ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʀʭ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʚʷʟʘʥʘ ʩ ʨʷʜʦʤ ʬʫʥʜʘ-
ʤʝʥʪʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʊʦʧʣʠʚʥʘʷ ʙʘʟʘ ʪʘʢʠʭ ʩʪʘʥʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʥʳʭ ʟʘʧʘʩʦʚ ʫʨʘʥʘ-235 ʠ ʪʦʨʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 
ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʝʤ ʠ ʪʨʝʙʫʶʪ ʩʣʦʞʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʦʛʘʱʝʥʠʷ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʧʦʣʠʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʚʢʣʶʯʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʤʧʦʨʪʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ 
ʤʥʦʛʠʭ ʩʪʨʘʥ, ʩʦʟʜʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʘʥ-ʧʦʩʪʘʚʱʠʢʦʚ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʷʜʝʨ-
ʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ [2]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʨʤʦʷʜʝʨʥʳʝ ʨʝʘʢʪʦʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 
ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʣʝʛʢʠʭ ʷʜʝʨ. ʀʭ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʢʣʶʯʘʶʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ. 
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ʊʦʧʣʠʚʥʳʝ ʨʝʩʫʨʩʳ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʦʪʦʧʦʚ ʚʦʜʦʨʦʜʘ 
(ʜʝʡʪʝʨʠʷ ʠ ʪʨʠʪʠʷ), ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʟʘʧʘʩʳ ʜʝʡʪʝʨʠʷ ʚ ʦʢʝʘʥʠʯʝʩʢʦʡ ʚʦʜʝ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 
ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʠʪʠʷ ʚ ʩʘʤʦʤ ʨʝʘʢʪʦʨʝ. 

ʌʠʟʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʥʝʨʛʦʦʪʜʘʯʫ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩ-
ʩʳ ʪʦʧʣʠʚʘ, ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʠ ʝʩʪʝʩʪʚʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʟʘ ʩʯʝʪ ʩʘʤʦʟʘ-
ʪʫʭʘʥʠʷ ʨʝʘʢʮʠʠ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʫʩʣʦʚʠʡ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʚʢʣʶʯʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʜʦʣʛʦʞʠʚʫʱʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʤʠʥʠʤʘʣʴ-
ʥʳʡ ʨʠʩʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 

ʊʘʢʞʝ ʋʊʉ ʜʦʧʫʩʢʘʝʪ ʧʨʷʤʦʝ ʧʦʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʙʦʣʴʰʝʝ ʂʇɼ ʩʨʘʚʥʠʪʝʣʴ-
ʥʦ ʩ ʷʜʝʨʥʳʤʠ ʨʝʘʢʪʦʨʘʤʠ. 

ɼʝʡʪʝʨʠʡ (ĮH ʠʣʠ D) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʘʙʠʣʴʥʳʡ ʪʷʞʝʣʳʡ ʠʟʦʪʦʧ ʚʦʜʦʨʦʜʘ, ʷʚʣʷʶʱʠʡʩʷ ʢʣʶ-
ʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʦʧʣʠʚʘ ʜʣʷ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. ɽʛʦ ʫʥʠʢʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʜʝʣʘʶʪ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʳʤ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʤ ʙʫʜʫʱʝʛʦ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʝʡʪʝʨʠʷ ʩʣʫʞʠʪ 
ʧʨʠʨʦʜʥʘʷ ʚʦʜʘ, ʛʜʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1 ʘʪʦʤ ʥʘ 6400 ʘʪʦʤʦʚ ʦʙʳʯʥʦʛʦ ʚʦʜʦ-
ʨʦʜʘ (0,016% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʦʣʦ 0,03 ʛ/ʣ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʦʣʴ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʜʝʡʪʝʨʠʷ ʠʩʢʣʶʯʠ-
ʪʝʣʴʥʦ ʚʳʩʦʢʘ. ʇʨʠ ʚʩʪʫʧʣʝʥʠʠ ʚ ʨʝʘʢʮʠʶ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ (D + T Ÿ He + n + 17,6 ʄʵɺ) ʢʘʞʜʳʡ 
ʛʨʘʤʤ ʜʝʡʪʝʨʠʷ ʩʧʦʩʦʙʝʥ ʚʳʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ɻ ʥʝʨʛʠʠ, ɻ ʢʚʠʚʘʣʝʥʪʥʦʝ: 

- ʩʛʦʨʘʥʠʶ 300 ʣʠʪʨʦʚ ʚʳʩʦʢʦʦʢʪʘʥʦʚʦʛʦ ʙʝʥʟʠʥʘ; 

- ʨʘʙʦʪʝ ʩʨʝʜʥʝʡ ɸʕʉ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ; 

- ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʜʦʤʦʭʦʟʷʡʩʪʚʘ ʟʘ 5 ʣʝʪ. 
ʊʘʢʘʷ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤʠ ʟʘʧʘʩʘʤʠ ʚ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʚʦʜʝ (ʦʙʱʠʝ ʨʝʩʫʨʩʳ ʦʮʝʥʠʚʘʶʪʩʷ ʚ ~4,6Ĭ10ĭį ʪʦʥʥ) ʜʝʣʘʝʪ ʜʝʡʪʝʨʠʡ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢ-
ʪʠʚʥʳʤ ʪʦʧʣʠʚʦʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʙʫʜʫʱʝʛʦ. 

ʌʝʥʦʤʝʥʘʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʜʝʡʪʝʨʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʝʛʦ ʧʦʚʩʝʤʝʩʪʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʵʢʦʣʦ-
ʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ ʧʨʝʚʨʘʱʘʶʪ ʵʪʦʪ ʠʟʦʪʦʧ ʚ ʠʜʝʘʣʴʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʵʥʝʨʛʝʪʠʢʠ ʙʫʜʫʱʝʛʦ. ʇʨʠ ʫʩʧʝʰ-
ʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʷʝʤʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ ʯʝʣʦʚʝʯʝʩʪʚʦ ʧʦʣʫʯʠʪ ʜʦʩʪʫʧ ʢ ʧʨʘʢ-
ʪʠʯʝʩʢʠ ʥʝʠʩʯʝʨʧʘʝʤʦʤʫ ʠʩʪʦʯʥʠʢʫ ʵʥʝʨʛʠʠ 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʚʳʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʧʨʘʢʪʠʯʝ-
ʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʵʥʝʨʛʝʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʩʩʦʚ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 
(ʪʘʙʣ. 1) [3]. ʋʯʘʩʪʥʠʢʘʤʠ ʵʪʠʭ ʨʝʘʢʮʠʡ ʷʚʣʷʶʪʩʷ ʩʪʘʙʠʣʴʥʳʝ ʷʜʨʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʨʠʪʠʷ - ʨʘʜʠʦʘʢ-
ʪʠʚʥʦʛʦ ʠʟʦʪʦʧʘ ʚʦʜʦʨʦʜʘ ʩ ʧʝʨʠʦʜʦʤ ʧʦʣʫʨʘʩʧʘʜʘ 12,3 ʛʦʜʘ, ʢʦʪʦʨʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ɓ-ʨʘʩʧʘʜʘ ʧʨʝʚʨʘ-
ʱʘʝʪʩʷ ʚ ʛʝʣʠʡ-3 ʩ ʠʩʧʫʩʢʘʥʠʝʤ ʵʣʝʢʪʨʦʥʘ. 

 
ʋʙʚʤʡʯʙ 1 

ʋʞʩʥʧʸʝʞʩʦʴʞ ʩʞʙʣʯʡʡ 

 ̄ ʈʝʘʢʮʠʷ ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʭʦʜ (ʄʵɺ) 

1 D + T Ÿ He + n 17.6 

2 D + D Ÿ Heį + n 3.27 

3 D + D Ÿ T + p 4.03 

4 D + Heį Ÿ He + p 18.4 

5 p + Bĭĭ Ÿ 3He 8.7 

6 Li  + n Ÿ He + T 4.8 

7 Li  + n Ÿ He + T + n ï2.47 

 
ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʨʝʘʢʮʠʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʝʘʢʮʠʠ ˉ 7) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʜʝ-

ʣʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ɺʝʣʠʯʠʥʘ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʛʦ ʚʳʭʦʜʘ (q) ʫʢʘʟʘʥʘ ʚ ʤʝʛʘʵʣʝʢʪʨʦʥʚʦʣʴʪʘʭ (1 ʵɺ å 1,6Ŀ10ϖĭ ɼʞ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘ-
ʪʫʨʝ ʦʢʦʣʦ 11600 ʂ). 
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ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ ʠʤʝʶʪ ʜʚʝ ʧʦʩʣʝʜʥʠʝ ʨʝʘʢ-
ʮʠʠ ʠʟ ʪʘʙʣʠʮʳ. ʆʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʧʦʣʫʯʝʥʠʷ ʪʨʠʪʠʷ, ʢʦʪʦʨʳʡ ʧʨʘʢʪʠ-
ʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ ʚ ʟʥʘʯʠʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʥʦ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʨʤʦʷʜʝʨʥʦʡ 
ʨʝʘʢʮʠʠ. 

ʂʣʶʯʝʚʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʩʪʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʫʩʪʦʡʯʠʚʳʭ 
ʩʭʝʤ ʫʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ (ʪʝʤʧʝʨʘʪʫʨʘ ʩʚʳʰʝ 100 ʤʠʣʣʠʦʥʦʚ ʢʝʣʴʚʠʥʦʚ) ʚ ʪʝʯʝ-
ʥʠʝ ʚʨʝʤʝʥʠ, ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʥʝʨʛʦʙʘʣʘʥʩʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ITER 
ʠ DEMʆ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʦʛʨʝʩʩ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʦʜʥʘʢʦ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘ-
ʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʣʘʟʤʝʥʥʦʡ ʬʠʟʠʢʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ ʵʥʝʨʛʦ-
ʩʥʘʙʞʝʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ: ʧʝʨʝʭʦʜ ʢ ʪʝʨʤʦʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʝ-
ʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʙʝʟ ʧʨʠʩʫʱʠʭ ʨʝʘʢʪʦʨʘʤ ʜʝʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ, ʦʪʢʨʳʚʘʷ ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʵʢʦʣʦʛʠʯʝ-
ʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ (ʄɸɻɸʊʕ). ʏʪʦ ʪʘʢʦʝ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ ʠ 

ʧʦʯʝʤʫ ʝʛʦ ʪʘʢ ʩʣʦʞʥʦ ʟʘʧʫʩʪʠʪʴ? [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: https://www.iaea.org/ru/energiya-
termoyadernogo-sinteza/chto-takoe-termoyadernyy-sintez-i-pochemu-ego-tak-slozhno-zapusti (ʜʘʪʘ ʦʙʨʘʱʝ-
ʥʠʷ: 12.07.2025). 

2. ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ (ʄɸɻɸʊʕ). ʊʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ ʩ ʤʘʛʥʠʪ-
ʥʳʤ ʫʜʝʨʞʘʥʠʝʤ ʧʣʘʟʤʳ ʚ ʪʦʢʘʤʘʢʘʭ ʠ ʩʪʝʣʣʘʨʘʪʦʨʘʭ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: 
https://www.iaea.org/ru/energiya-termoyadernogo-sinteza/termoyadernyy-sintez-s-magnitnym-uderzhaniem-
plazmy-v-tokamakah-i-stellaratoraht (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 14.03.2025). 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 
URL: https://elar.urfu.ru/handle/10995/30843 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 13.03.2025). 

  



ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 145 

 

XXIII International scientific conference | www.naukaip.ru 

ǲǣǩ 31,.66 

ǮǭǢǯǤǷǬǭǰǱǻ ǧ ǬǤǭǮǯǤǣǤǪǤǬǬǭǰǱǧ 
ǧǦǫǤǯǤǬǧǨ8 ǭǰǬǭǡǺ ǫǤǱǯǭǪǭǢǧǶǤǰǩǭǨ 
ǢǯǟǫǭǱǬǭǰǱǧ  

ǟȁȃȍȌȇȌǿ ǟȊȄȉȐǿȌȃȏǿ ǤȁȂȄȌțȄȁȌǿ 
ʩʪʫʜʝʥʪ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʉ.ʄ. ʂʠʨʦʚʘ 
 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʩʥʦʚʘʤ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʦʧʨʦʩʘʤ ʧʦʛʨʝʰ-
ʥʦʩʪʝʡ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʧʦʛʨʝʰʥʦʩʪʝʡ (ʩʠʩʪʝʤʘʪʠʯʝ-
ʩʢʠʝ, ʩʣʫʯʘʡʥʳʝ, ʛʨʫʙʳʝ), ʠʭ ʧʨʠʯʠʥʳ ʠ ʤʝʪʦʜʳ ʤʠʥʠʤʠʟʘʮʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʦʥʷʪʠʶ ʥʝ-
ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʩʧʦʩʦʙʘʤ ʝʝ ʦʮʝʥʢʠ (ʪʠʧ A ʠ ʪʠʧ B) ʠ ʨʘʩʯʝʪʫ ʩʫʤʤʘʨʥʦʡ ʠ ʨʘʩʰʠʨʝʥʥʦʡ 
ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʧʨʠʤʝʥʝ-
ʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. ʄʘʪʝʨʠʘʣ ʙʫʜʝʪ ʧʦʣʝʟʝʥ ʩʧʝʮʠʘʣʠ-
ʩʪʘʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʦʙʣʘʩʪʠ ʤʝʪʨʦʣʦʛʠʠ, ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ.   
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʄʝʪʨʦʣʦʛʠʷ, ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʪʦʯʥʦʩʪʴ ʠʟ-
ʤʝʨʝʥʠʡ, ʢʘʣʠʙʨʦʚʢʘ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ  
 

ERRORS AND UNCERTAINTIES OF MEASUREMENTS: FUNDAMENTALS OF METROLOGICAL 
LITERACY 

 
Avdonina Alexandra Evgenievna 

 
Abstract: The article is devoted to the basics of metrological literacy, in particular, to the issues of errors and 
uncertainties of measurements. The main types of errors (systematic, random, gross), their causes and meth-
ods of minimization are considered. Particular attention is paid to the concept of uncertainty of measurements, 
methods of its assessment (type A and type B) and the calculation of the total and expanded uncertainty. The 
importance of metrological culture, standardization and the use of modern methods to improve the accuracy of 
measurements is emphasized. The material will be useful for specialists working in the field of metrology, qual-
ity control, scientific research and industrial production. 
Keywords: Metrology, measurement errors, measurement uncertainty, measurement accuracy, calibration, 
standardization. 

 
ʄʝʪʨʦʣʦʛʠʷ, ʢʘʢ ʥʘʫʢʘ ʦʙ ʠʟʤʝʨʝʥʠʷʭ, ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʦ-

ʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ð ʦʪ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ. ʆʜʥʘʢʦ ʥʠ ʦʜʥʦ ʠʟʤʝʨʝʥʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʳʤ: ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʶʪ ʧʦʛʨʝʰ-
ʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ. ʇʦʥʠʤʘʥʠʝ ʧʨʠʨʦʜʳ ʵʪʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʫʤʝʥʠʝ ʦʮʝʥʠ-
ʚʘʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ, ʙʝʟ ʢʦʪʦʨʦʡ ʥʝ-
ʚʦʟʤʦʞʥʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ.   

ʀʟʤʝʨʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʩʨʘʚʥʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʩ ʝʝ ʝʜʠʥʠʮʝʡ, ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʶʪ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʆʜʥʘʢʦ ʨʝʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 
ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʤʝʪʦʜʦʚ, ʧʨʠʙʦʨʦʚ ʠ ʚʥʝʰʥʠʭ 
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ʫʩʣʦʚʠʡ. ʀʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ð ʵʪʦ ʠʜʝʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʚ ʧʨʠʥʮʠʧʝ ʥʝʜʦʩʪʠʞʠʤʘ 
ʥʘ ʧʨʘʢʪʠʢʝ. ɺʤʝʩʪʦ ʥʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʙʦʣʝʝ ʪʦʯʥʳʭ 
ʤʝʪʦʜʦʚ ʠʣʠ ʵʪʘʣʦʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ.  ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʙʣʠʟʦʩʪʠ ʨʝ-
ʟʫʣʴʪʘʪʘ ʢ ʠʩʪʠʥʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʘ ʧʨʘʚʠʣʴʥʦʩʪʴ ʦʪʨʘʞʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ. 
ɺʘʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʟʤʝʨʝʥʠʡ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʩʭʦʜʠʤʦʩʪʴ (ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʜʠʥʘʢʦ-
ʚʳʭ ʫʩʣʦʚʠʷʭ) ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ (ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ).   

ʇʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʧʨʠʨʦʜʳ ʠ 
ʩʧʦʩʦʙʘ ʧʨʦʷʚʣʝʥʠʷ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ 
ʥʝʪʦʯʥʦʩʪʴ ʢʘʣʠʙʨʦʚʢʠ ʧʨʠʙʦʨʘ ʠʣʠ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʆʥʠ ʧʨʠʚʦʜʷʪ ʢ ʩʤʝʱʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 
ʦʜʥʫ ʩʪʦʨʦʥʫ ʠ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ ʚʚʝʜʝʥʠʝʤ ʧʦʧʨʘʚʦʢ ʠʣʠ ʫʣʫʯʰʝʥʠʝʤ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ.   

ʉʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʥʘʧʨʠʤʝʨ, ʢʦʣʝʙʘʥʠʷʤʠ 
ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʤʝʭʘʤʠ. ʆʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʨʘʟʙʨʦʩʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʧʦ-
ʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʠ ʤʦʛʫʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ. ɻʨʫʙʳʝ ʧʦʛʨʝʰʥʦʩʪʠ 
(ʧʨʦʤʘʭʠ) ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʦʰʠʙʦʢ ʦʧʝʨʘʪʦʨʘ ʠʣʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʦʣʞʥʳ ʠʩʢʣʶʯʘʪʴʩʷ 
ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ.   

ʇʦʛʨʝʰʥʦʩʪʠ ʪʘʢʞʝ ʚʳʨʘʞʘʶʪʩʷ ʚ ʘʙʩʦʣʶʪʥʦʡ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʣʠ ʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʝ. ɸʙʩʦ-
ʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤ ʠ ʠʩʪʠʥʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ð 
ʦʪʥʦʰʝʥʠʝ ʵʪʦʡ ʨʘʟʥʠʮʳ ʢ ʠʩʪʠʥʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʘ ʧʨʠʚʝʜʝʥʥʘʷ ð ʢ ʥʦʨʤʠʨʫʶʱʝʤʫ ʟʥʘʯʝʥʠʶ ʧʨʠʙʦʨʘ 
(ʥʘʧʨʠʤʝʨ, ʢ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʧʨʝʜʝʣʫ).  ʇʦʥʷʪʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʙʳʣʦ ʚʚʝʜʝʥʦ ʜʣʷ 
ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ. ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʨ-
ʚʘʣ, ʚ ʢʦʪʦʨʦʤ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʘʭʦʜʠʪʩʷ ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. ɺ 
ʦʪʣʠʯʠʝ ʦʪ ʧʦʛʨʝʰʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʵʪʘʣʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʝ-
ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʦʪʨʘʞʘʝʪ ʦʙʱʫʶ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʴ, ʚʢʣʶʯʘʷ ʢʘʢ ʩʣʫʯʘʡʥʳʝ, ʪʘʢ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʩʦ-
ʩʪʘʚʣʷʶʱʠʝ.   

ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʦʮʝʥʠʚʘʝʪʩʷ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʪʠ-
ʧʘ ɸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʩʝʨʠʠ ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʅʝ-
ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʪʠʧʘ çɺè ʦʮʝʥʠʚʘʝʪʩʷ ʠʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʘʥʘʣʠʟ ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ ʧʨʠ-
ʙʦʨʘ ʠʣʠ ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ.   

ʉʫʤʤʘʨʥʘʷ ʩʪʘʥʜʘʨʪʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʢʦʨʝʥʴ ʢʚʘʜʨʘʪʥʳʡ ʠʟ ʩʫʤʤʳ ʢʚʘʜ-
ʨʘʪʦʚ ʚʩʝʭ ʟʥʘʯʠʤʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʰʠʨʝʥʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶ-
ʱʝʡ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʜʦʚʝʨʠʷ (ʥʘʧʨʠʤʝʨ, 95%), ʩʫʤʤʘʨʥʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʫʤʥʦʞʘʶʪ ʥʘ 
ʢʦʵʬʬʠʮʠʝʥʪ ʦʭʚʘʪʘ, ʦʙʳʯʥʦ ʨʘʚʥʳʡ 2.  ʋʤʝʥʴʰʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ. 
ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʧʫʪʝʤ ʨʝʛʫʣʷʨʥʦʡ ʧʦʚʝʨʢʠ ʠ ʢʘʣʠʙʨʦʚʢʠ 
ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥʠʷ ʧʦʧʨʘʚʦʢ ʥʘ ʠʟʚʝʩʪʥʳʝ ʚʣʠʷʶʱʠʝ ʬʘʢʪʦʨʳ. ʉʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ 
ʩʥʠʞʘʶʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, 
ʪʘʢʠʭ ʢʘʢ ʫʩʨʝʜʥʝʥʠʝ ʠʣʠ ʬʠʣʴʪʨʘʮʠʷ ʜʘʥʥʳʭ.   

ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʢʦʥʪʨʦʣʴ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʥʝʦʙ-
ʭʦʜʠʤʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʣʘʞʥʦʩʪʴ ʠ ʚʠʙʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʵʢʨʘʥʠʨʦʚʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʪ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʧʨʠʙʦʨʦʚ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʨʨʝʢ-
ʮʠʝʡ ʧʦʛʨʝʰʥʦʩʪʝʡ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ.   

ʄʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʛʨʘʤʦʪʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʟʥʘʥʠʝ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ, ʥʦ ʠ ʧʦʥʠʤʘ-
ʥʠʝ ʧʨʠʥʮʠʧʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʝʜʠʥʩʪʚʘ ʠ ʪʦʯʥʦʩʪʠ. ɺʥʝʜʨʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥ-
ʜʘʨʪʦʚ, ʪʘʢʠʭ ʢʘʢ ISO ʠʣʠ ɻʆʉʊ, ʧʦʟʚʦʣʷʝʪ ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʠʟʤʝʨʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ ʩʦʧʦʩʪʘʚʠ-
ʤʦʩʪʴ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʠ ʦʪʨʘʩʣʷʭ.   

ʂʫʣʴʪʫʨʘ ʤʝʪʨʦʣʦʛʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʤʝʪʦʜʠʢ ʠʟ-
ʤʝʨʝʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʦʣʴʢʦ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʵʪʠʭ ʫʩʣʦʚʠʡ 
ʤʦʞʥʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʤʝʜʠʮʠʥʘ, 
ʵʢʦʣʦʛʠʷ ʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ.   

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ð ʥʝʠʟʙʝʞʥʳʝ ʩʧʫʪʥʠʢʠ ʣʶʙʦʛʦ ʵʢʩ-
ʧʝʨʠʤʝʥʪʘ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʜʥʘʢʦ ʠʭ ʫʯʝʪ ʠ ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʜʦ-
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ʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʧʨʠʥʷʪʠʷ ʪʝʭʥʠʯʝ-
ʩʢʠʭ ʨʝʰʝʥʠʡ. ʄʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʛʨʘʤʦʪʥʦʩʪʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʦʥʠʤʘʥʠʠ ʧʨʠʨʦʜʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʤʝ-
ʪʦʜʦʚ ʦʮʝʥʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘ-
ʣʠʩʪʦʚ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝ-
ʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʦʩʪʘʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʤʝʪʨʦʣʦʛʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ.   
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ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 
ʜʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʣʦʢʘʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʪʝʣʝʛʨʘʤ-
ʙʦʪʘ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʚʳʰʝ-
ʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʫʣʫʯʰʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘ-
ʙʦʪʢʫ ʪʝʢʩʪʦʚʳʭ ʠ ʛʦʣʦʩʦʚʳʭ ʟʘʧʨʦʩʦʚ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ YandexGPT, ʠʥʪʝʛʨʘʮʠʶ ʩ ʚʥʝʰʥʠʤʠ ʠʩʪʦʯ-
ʥʠʢʘʤʠ ʜʘʥʥʳʭ (Google Sheets, JSON) ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʵʩʢʘʣʘʮʠʠ ʟʘʧʨʦʩʦʚ ʢ ʯʝʣʦʚʝʢʫ-ʢʦʥʩʫʣʴʪʘʥʪʫ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʪʝʣʝʛʨʘʤ-ʙʦʪ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʨʝʜʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, 
ʣʦʢʘʣʴʥʳʡ ʀʀ. 

 
DEVELOPMENT OF AN INTELLIGENT EDUCATIONAL ENVIRONMENT SYSTEM AT THE NATIONAL 

CHILDRENõS TECHNOPARK 
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Abstract. The article presents an intelligent educational environment system of the National Children's Tech-
nopark, based on the integration of local artificial intelligence and a telegram bot. The purpose of the work is to 
automate information and consulting processes, increase data availability and improve user interaction. The 
system provides text and voice query processing using the YandexGPT model, integration with external data 
sources (Google Sheets, JSON), and the ability to escalate requests to a human consultant. 
Keywords: artificial intelligence, telegram bot, educational environment, automation, local AI. 

 
ɻʛʞʝʞʦʡʞ 
ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʧʝʨʘʪʠʚʥʳʡ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʫʪʠʥʥʳʝ 
ʧʨʦʮʝʩʩʳ. ʇʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʦʟʜʘʥʠʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʜʝʪʩʢʦʛʦ 
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ʪʝʭʥʦʧʘʨʢʘ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʪʝʣʝʛʨʘʤ-ʙʦʪʘ 
ʜʣʷ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʷ ʫʯʘʱʠʭʩʷ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʦʪʨʫʜʥʠʢʦʚ [1].  

ʇʚʠʧʩ ʪʡʪʫʞʥʴ 
ʉʠʩʪʝʤʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʘʩʠʥʭʨʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Python ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʪʝʢʘ 

ʙʠʙʣʠʦʪʝʢ (python-telegram-bot, aiohttp, speech_recognition ʠ ʜʨ.). ɺ ʢʘʯʝʩʪʚʝ ʀʀ ʷʜʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʦ-
ʢʘʣʴʥʘʷ ʤʦʜʝʣʴ YandexGPT-5-Lite-8B-instruct-GGUF, ʨʘʟʚʝʨʥʫʪʘʷ ʯʝʨʝʟ Ollama [2]. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʟʘʱʠʪʫ ʜʘʥʥʳʭ (ʨʠʩ. 1).  

ʉʠʩʪʝʤʘ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʩ Google Sheets ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʘʢʪʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʩ ʣʦʢʘʣʴ-
ʥʳʤʠ JSON-ʙʘʟʘʤʠ ʜʣʷ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ ʢ ʯʘʩʪʦ ʟʘʧʨʘʰʠʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɹʨʨʙʩʙʫʦʴʞ ʣʧʥʨʧʦʞʦʫʴ 
ʂʣʶʯʝʚʳʝ ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ: 

- ʉʝʨʚʝʨ ʩ ʣʦʢʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʀʀ ï ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʘʧʨʦʩʳ ʙʝʟ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʦ ʚʥʝʰʥʠʝ 
ʦʙʣʘʢʘ [3]. 

- ʊʝʣʝʛʨʘʤ-ʙʦʪ ï ʠʥʪʝʨʬʝʡʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. 

- Google Sheets ʠ JSON ï ʚʥʝʰʥʠʝ ʠ ʣʦʢʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥ-
ʬʦʨʤʘʮʠʠ. 

 

 
ʉʡʪ. 1. ʊʩʙʛʦʡʫʞʤʵʦʙʸ ʫʙʚʤʡʯʙ ʸʠʴʣʧʛʴʮ ʁʁ ʥʧʝʞʤʞʢ 
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- Python ʠ ʙʠʙʣʠʦʪʝʢʠ (asyncio, gspread, pydub, speech_recognition) ï ʦʩʥʦʚʘ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝ-
ʘʣʠʟʘʮʠʠ [4]. 

ɹʤʜʧʩʡʫʥʴ ʧʚʩʙʚʧʫʣʡ 
ʆʩʥʦʚʫ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ ʮʝʧʦʯʢʘ: 
1. ʆʙʨʘʙʦʪʢʘ ʚʭʦʜʷʱʝʛʦ ʩʦʦʙʱʝʥʠʷ: ʙʦʪ ʧʨʠʥʠʤʘʝʪ ʪʝʢʩʪʦʚʦʝ ʠʣʠ ʛʦʣʦʩʦʚʦʝ ʩʦʦʙʱʝʥʠʝ. 
2. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ (ʜʣʷ ʛʦʣʦʩʦʚʳʭ ʩʦʦʙʱʝʥʠʡ): ʘʫʜʠʦ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ ʪʝʢʩʪ. 
3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʘʧʨʦʩʘ: ʟʘʧʨʦʩ ʧʝʨʝʜʘʝʪʩʷ ʚ ʣʦʢʘʣʴʥʳʡ ʀʀ. 
4. ɻʝʥʝʨʘʮʠʷ ʦʪʚʝʪʘ: YandexGPT ʬʦʨʤʠʨʫʝʪ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʦʪʚʝʪ. 
5. ʆʧʦʚʝʱʝʥʠʝ: ʙʦʪ ʦʪʧʨʘʚʣʷʝʪ ʦʪʚʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʧʨʦʩ ʧʝʨʝʜʘʝʪʩʷ 

ʢʦʥʩʫʣʴʪʘʥʪʫ (ʨʠʩ. 2 ï 4). 
 

 
ʉʡʪ. 2. ʈʩʡʥʞʩ ʧʫʛʞʫʙ ʧʫ ʁʁ ʥʧʝʞʤʡ 
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ʉʡʪ. 3. ʇʫʛʞʫ ʦʙ ʜʧʤʧʪʧʛʧʞ ʪʧʧʚʲʞʦʡʞ 

 

 
ʉʡʪ. 4. ʈʧʡʪʣ ʛ ʪʨʡʪʣʙʮ ʋʞʮʦʧʨʙʩʣʙ 
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ʉʙʚʧʫʙ ʪʡʪʫʞʥʴ 
ɹʦʪ ʠʥʠʮʠʠʨʫʝʪʩʷ ʢʦʤʘʥʜʦʡ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʢ ʬʫʥʢʮʠʷʤ ʯʝʨʝʟ ʢʦʤʘʥʜʳ ʠ 

ʤʝʥʶ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴ ʚʦʧʨʦʩʳ ʚ ʩʚʦʙʦʜʥʦʡ ʬʦʨʤʝ, ʦʪʧʨʘʚʣʷʪʴ ʛʦʣʦʩʦʚʳʝ ʩʦʦʙʱʝʥʠʷ, 
ʧʨʦʭʦʜʠʪʴ ʢʚʠʟʳ, ʧʨʦʚʝʨʷʪʴ ʩʧʠʩʢʠ ʫʯʘʩʪʥʠʢʦʚ ʠ ʧʦʣʫʯʘʪʴ ʜʦʢʫʤʝʥʪʳ. ɺ ʩʣʫʯʘʝ ʩʣʦʞʥʳʭ ʟʘʧʨʦʩʦʚ ʙʦʪ 
ʧʝʨʝʚʦʜʠʪ ʜʠʘʣʦʛ ʢ ʯʝʣʦʚʝʢʫ-ʢʦʥʩʫʣʴʪʘʥʪʫ (ʨʠʩ. 5). 

 

 
ʉʡʪ. 5. ʇʯʞʦʣʙ ʩʙʚʧʫʴ ʣʧʦʪʬʤʵʫʙʦʫʙ 

 
ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʞ 
ɹʦʪ ʧʨʦʰʸʣ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦ ʢʣʶʯʝʚʳʤ ʢʝʡʩʘʤ: ʧʨʦʚʝʨʷʣʠ ʩʢʦʨʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʧʦʥʠʤʘʥʠʷ ʟʘʧʨʦ-

ʩʦʚ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʅʘ ʧʨʠʤʝʨʘʭ ʚʨʦʜʝ çʈʘʩʩʢʘʞʠ ʧʨʦ ʚʪʦʨʦʡ ʵʪʘʧ ʧʦʩʪʫʧʣʝʥʠʷè ʠ çʂʘʢʘʷ ʩʤʝʥʘ ʙʣʠ-
ʞʘʡʰʘʷ?è ʩʠʩʪʝʤʘ ʜʘʚʘʣʘ ʧʨʘʚʠʣʴʥʳʝ ʦʪʚʝʪʳ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ ʙʦʪ ʢʦʨʨʝʢʪʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪ ʢʘʢ ʪʝʢʩʪʦʚʳʝ, ʪʘʢ ʠ ʛʦʣʦʩʦʚʳʝ ʟʘ-
ʧʨʦʩʳ, ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʞʝ ʥʝʪʦʯʥʳʝ ʬʦʨʤʫʣʠʨʦʚʢʠ. ɺʩʝ ʜʘʥʥʳʝ ʦʩʪʘʶʪʩʷ ʣʦʢʘʣʴʥʦ, ʙʝʟ ʧʝʨʝʜʘʯʠ ʚ 
ʩʪʦʨʦʥʥʠʝ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ. 

ʀʙʣʤʷʰʞʦʡʞ 
ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝ-

ʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʜʜʝʨʞʢʫ ʮʠʬʨʦʚʠ-
ʟʘʮʠʠ. ɺ ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ: ʜʦʙʘʚʣʝʥʠʝ ʤʥʦʛʦʷʟʳʯʥʦʡ ʧʦʜʜʝʨʞʢʠ, ʨʘʩ-
ʰʠʨʝʥʠʝ ʙʘʟʳ ʟʥʘʥʠʡ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʧʦʣʴʟʦʚʘʪʝ-
ʣʝʡ. 
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Abstract: The article focuses on studying the process of deep processing of copper production slags to obtain 
a new high-strength abrasive by extracting mechanically robust crystalline components through impact de-
struction, followed by crystallization during heat treatment. 
Keywords: copper slag, waterjet cutting, disintegration, heat treatment, tool, abrasive. 

 
ʇʨʦʮʝʩʩ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʛʦ ʨʝʟʘʥʠʷ (ɻɸʈ) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʜʣʷ ʦʧʝ-

ʨʘʮʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʊʨʘʜʠʮʠʦʥʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʬʠʛʫʨʥʦʡ ʠ ʣʠʥʝʡʥʦʡ 
ʨʝʟʢʠ ʣʠʩʪʦʚ ʠ ʧʣʘʩʪʠʥ, ʘ ʪʘʢʞʝ ʜʣʷ ʣʠʪʴʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʘʪʝʨʠʘʣʦʚ [1].  

ʉ ʨʘʟʚʠʪʠʝʤ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ɻɸʈ ʜʣʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 
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ʦʧʝʨʘʮʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʘʢʠʭ ʢʘʢ ʫʜʘʣʝʥʠʝ ʟʘʫʩʝʥʮʝʚ, ʧʦʣʠʨʦʚʢʘ, ʨʝʟʢʘ, ʪʦʯʝʥʠʝ ʠ ʬʨʝʟʝ-
ʨʦʚʘʥʠʝ.  

ɸʙʨʘʟʠʚ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ ʨʝʟʢʠ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʩʝʙʝʩʪʦ-
ʠʤʦʩʪʠ, ʪʦʯʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʨʝʟʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʙʨʘʟʠʚʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ, ʘ ʚʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʩʢʦʨʦʩʪʴ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʩʪʨʫʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝ-
ʨʘʮʠʠ ʨʝʟʢʠ. ɺ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʤ ʨʝʟʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʘʙʨʘʟʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʛʨʘʥʘʪ, 
ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ, ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʠ ʜʨ. [2]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʧʦʤ ʘʙʨʘʟʠʚʘ ʜʣʷ ɻɸʈ ʷʚʣʷʝʪʩʷ ʛʨʘʥʘʪ, ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʜʦ-
ʚʦʣʴʥʦ ʪʚʝʨʜʳʤ ʠ ʩʪʦʡʢʠʤ. ɻʨʘʥʘʪʦʚʳʡ ʘʙʨʘʟʠʚ ʜʣʷ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʳʧʫʩʢʘʝʪʩʷ ʚ ʜʚʫʭ 
ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʘʭ: ʛʦʨʥʳʡ ʠ ʘʣʣʶʚʠʘʣʴʥʳʡ. 

ɸʙʨʘʟʠʚ ʠʟ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʤʝʝʪ ʫʛʣʦʚʘʪʫʶ ʬʦʨʤʫ ʠ ʦʯʝʥʴ ʦʩʪʨʳʝ ʢʨʘʷ. ɸʣʣʶʚʠʘʣʴʥʳʡ ʘʙʨʘʟʠʚ 
ʠʤʝʝʪ ʙʦʣʝʝ ʟʘʢʨʫʛʣʝʥʥʳʝ ʢʨʘʷ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʯʠʪʘʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʙʦʣʝʝ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ɻʦʨʥʳʡ ʛʨʘʥʘʪʦʚʳʡ ʘʙʨʘʟʠʚ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʙʳʩʪʨʦʛʦ ʨʝʟʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʪʝʭ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ 
ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʝʤ ʤʦʞʝʪ ʦʙʝʩʧʝ-
ʯʠʪʴ ʘʣʣʶʚʠʘʣʴʥʳʡ ʘʙʨʘʟʠʚ. 

ɻʨʘʥʘʪ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʮʝʥʫ, ʯʝʤ ʜʨʫʛʠʝ ʘʙʨʘʟʠʚʳ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʪʚʝʨʜʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʦʥ 
ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʝʟʢʝ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ɻɸʈ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʙʦʣʴʰʫʶ 
ʛʣʫʙʠʥʫ ʨʝʟʘʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʘʙʨʘʟʠʚʘ, ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ, 
ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ɻɸʈ ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʙʳʪʴ ʩʥʠʞʝʥʳ, ʧʦʩʢʦʣʴʢʫ ʫʤʝʥʴ-
ʰʠʪʩʷ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʨʝʟʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʦʡ ʞʝ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦ-
ʨʦʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʪʚʸʨʜʳʭ ʪʠʧʦʚ ʘʙʨʘʟʠʚʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʬʦ-
ʢʫʩʠʨʫʶʱʝʛʦ ʩʦʧʣʘ ʚ 10 ʨʘʟ.  

ɺ ʈʦʩʩʠʠ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʙʦʣʝʝ 2000 ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʛʦ ʨʝʟʘʥʠʷ. ʊʘʢ ʢʘʢ ʚ ʥʘʰʝʡ 
ʩʪʨʘʥʝ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʤʳʰʣʝʥʥʦ ʜʦʙʳʚʘʝʤʳʡ ʛʨʘʥʘʪʦʚʳʡ ʧʝʩʦʢ, ʝʛʦ ʟʘʢʫʧʘʶʪ ʚ ʂʠʪʘʝ, ʀʨʘʥʝ, ɸʚ-
ʩʪʨʘʣʠʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʘʙʨʘʟʠʚʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 
ʟʘʜʘʯʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʥʘʢʦʧʣʝʥʦ ʙʦʣʝʝ 1 ʤʣʥ. ʪʦʥʥ ʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨ-
ʛʠʠ, ʢʦʪʦʨʳʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʝʩʢʦʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʍʠʤʠʯʝʩʢʠʡ, ʬʘʟʦʚʳʡ ʠ 
ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʰʣʘʢʦʚ ʚʩʝʛʜʘ ʚʳʟʳʚʘʣ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʠʣʠ ʧʨʠʤʝʥʝʥʠʝʤ ʜʣʷ ʜʨʫʛʠʭ ʮʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʠʟʚʣʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ 
ʤʝʪʘʣʣʦʚ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʦʩʢʦʣʴʢʫ ʰʣʘʢʠ ʷʚʣʷʶʪʩʷ ʦʪʭʦʜʘʤʠ, ʠʭ ʫʪʠʣʠʟʘʮʠʷ ʠʣʠ ʟʘʭʦʨʦʥʝʥʠʝ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʣʠʛʦʥʘʭ 
ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʚʦʧʨʦʩʘʤʠ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʰʣʘʢʦʚ ʧʨʦʠʩʭʦʜʷʪ 
ʧʨʦʮʝʩʩʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʘʟʳ.  

ʆʩʥʦʚʥʳʝ ʬʘʟʳ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʭʦʜʝ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʠʟʚʝʩʪʥʳ ʠ ʟʘʚʠʩʷʪ 
ʦʪ ʫʩʣʦʚʠʡ ʦʭʣʘʞʜʝʥʠʷ ʰʣʘʢʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʩʢʦʣʴʢʫ ʰʣʘʢʦʦʙ-
ʨʘʟʫʶʱʠʝ ʜʦʙʘʚʢʠ (ʬʣʶʩʳ) ʦʩʥʦʚʘʥʳ ʥʘ ʢʨʝʤʥʠʠ, ʘʣʶʤʠʥʠʠ, ʢʘʣʴʮʠʠ ʠ ʤʘʛʥʠʠ, ʦʙʨʘʟʫʶʪʩʷ ʩʦʝʜʠʥʝ-
ʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʤʠʥʝʨʘʣʘʤ, ʯʪʦ ʩʭʦʞʝ ʩ ʧʨʦʮʝʩʩʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʧʨʠʨʦʜʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʨʘʩʧʣʘ-
ʚʘʭ, ʪʘʢʠʭ ʢʘʢ ʚʫʣʢʘʥʠʯʝʩʢʘʷ ʣʘʚʘ ʠʣʠ ʤʘʛʤʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʠʮ ʤʝʜʥʦʛʦ ʰʣʘʢʘ ʜʣʷ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʛʦ ʨʝʟʘʥʠʷ ʧʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʝʟʢʠ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʝʚʳʰʘʣʘ 20 ʤʤ/ʤʠʥ. ʇʦʚʳʰʝʥʠʝ ʝʛʦ ʨʘʩʭʦʜʘ ʥʝ 
ʜʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʠʨʦʩʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʟʘʥʠʷ [3]. ʇʨʠ ʩʦʠʟʤʝʨʠʤʦʡ ʪʚʝʨʜʦʩʪʠ ʤʝʜʥʦʛʦ ʰʣʘʢʘ 
ʠ ʛʨʘʥʘʪʦʚʦʛʦ ʧʝʩʢʘ ʥʠʟʢʘʷ ʨʝʞʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʟʝʨʝʥ ʤʝʜʥʦʛʦ ʰʣʘʢʘ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʤ 
ʩʪʨʦʝʥʠʝʤ, ʥʘʣʠʯʠʝʤ ʧʦʨ ʠ ʩʪʝʢʣʷʥʥʳʭ ʬʘʟ, ʢʦʪʦʨʳʝ ʨʘʟʨʫʰʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ. 

ʐʣʘʢʠ ʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ ʠ ʢʦʥʚʝʨʪʝʨʥʳʝ ʰʣʘʢʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʜʠ ʩʦʜʝʨʞʘʪ ʚ ʦʩʥʦʚʥʦʤ ʬʘʷ-
ʣʠʪ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʌʘʷʣʠʪ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʛʨʫʧʧʳ ʤʠʥʝʨʘʣʦʚ ʦʣʠʚʠʥʘ. ʆʣʠʚʠʥ ʵʪʦ ʩʠ-
ʣʠʢʘʪʥʳʡ ʤʠʥʝʨʘʣ ʩ ʬʦʨʤʫʣʦʡ M2SiO4, ʛʜʝ M ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʞʝʣʝʟʦ (Fe) ʠʣʠ ʤʘʛʥʠʡ 
(Mg). ʌʘʷʣʠʪ (Fe2SiO4) ʠ ʬʦʨʩʪʝʨʠʪ (Mg2SiO4) ʦʙʨʘʟʫʶʪ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʟʘʤʝʱʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʘʪʦʤʳ 
ʞʝʣʝʟʘ ʠ ʤʘʛʥʠʷ ʤʦʛʫʪ ʟʘʤʝʱʘʪʴ ʜʨʫʛ ʜʨʫʛʘ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [4]. 
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ʆʪʜʝʣʝʥʠʝ ʩʪʝʢʣʷʥʥʳʭ ʬʘʟ ʦʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʯʘʩʪʠʮ ʤʝʜʥʦʛʦ ʰʣʘʢʘ ʚ ʧʨʦʮʝʩʩʝ ʩʝ-
ʣʝʢʪʠʚʥʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʧʦʟʚʦʣʠʪ ʨʘʩʢʨʳʪʴ ʞʝʣʝʟʠʩʪʦ-ʦʣʠʚʠʥʦʚʫʶ (ʬʘʷʣʠʪʦʚʫʶ) ʤʠʥʝʨʘʣʴʥʫʶ ʬʘʟʫ, 
ʦʙʣʘʜʘʶʱʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʪʚʝʨʜʦʩʪʴ (7,5 ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ), ʩʦʠʟʤʝʨʠʤʫʶ 
ʩ ʪʚʝʨʜʦʩʪʴʶ ʛʨʘʥʘʪʦʚʦʛʦ ʧʝʩʢʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ ʧʦʩʣʝ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʤʦʞʝʪ ʧʨʦʭʦ-
ʜʠʪʴ ʚ ʭʠʤʠʯʝʩʢʠ-ʘʢʪʠʚʥʦʡ ʩʨʝʜʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʊʘʢ ʚ 
ʨʘʙʦʪʝ [5] ʘʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʟʝʨʝʥ ʢʦʨʫʥ-
ʜʦʚʦʛʦ ʘʙʨʘʟʠʚʘ ʩ ʣʝʛʠʨʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʛʠʨʦʚʘʥʥʳʭ 
ʟʝʨʝʥ ʧʦʣʥʦʩʪʴʶ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʤʦʨʬʦʣʦʛʠʠ ʥʝʣʝʛʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ. ʇʨʠʯʠʥʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ 
ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ.  

ʇʦʵʪʦʤʫ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʝʞʫʱʠʭ ʩʚʦʡʩʪʚ ʯʘʩʪʠʮʳ ʤʝʜʥʦʛʦ ʰʣʘʢʘ ʧʦʩʣʝ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʙʳʣʠ 
ʧʦʜʚʝʨʛʥʫʪʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ [6]. ɺ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ: BaCO3, NaCl, 
Na3AlF6 (ʢʨʠʦʣʠʪ). ɺ ʢʘʯʝʩʪʚʝ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʨʘʬʠʪ. ɺʨʝʤʷ ʢʘʨʙʠʜʠʟʘʮʠʠ 
- 2 ʯʘʩʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900Áʉ ʤʝʜ-
ʥʳʡ ʰʣʘʢ ʥʘʯʠʥʘʝʪ ʩʧʝʢʘʪʴʩʷ. ʇʦʵʪʦʤʫ ʚʳʙʨʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʞʠʛʘ = 850Áʉ. 

ɹʳʣʦ ʧʨʠʥʷʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʯʪʦʙʳ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʶʨʠʟʘʪʦʨʘ ʚ ʰʠʭʪʝ ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝ-
ʣʘʭ ʜʦ 10,0 % (ʤʘʩʩ). ɹʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʟʘʪʨʫʜʥʷʝʪ ʧʦʩʣʝ-
ʜʫʶʱʝʝ ʦʙʝʩʧʳʣʠʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʘʙʨʘʟʠʚʘ. ʂʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʠʟʘʪʦʨʘ ʚ ʰʠʭʪʝ ʥʝ 
ʧʨʝʚʳʰʘʣʦ 4 % (ʤʘʩʩ). 

ʀʩʧʳʪʘʥʠʷ ʨʝʞʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʙʘʟʝ ɸʆ çʅʘʫʯʥʦ-
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çʂʘʣʫʞʩʢʠʡ ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ çʊʘʡʬʫʥè, ʛ. ʂʘʣʫʛʘ ʥʘ ʢʦʤ-
ʧʣʝʢʩʝ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ByJet2030 ʧʨ-ʚʦ ʐʚʝʡʮʘʨʠʷ. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʟʘʢʣʶʯʘ-
ʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɺʳʧʦʣʥʷʣʠ ʪʝʩʪʦʚʳʝ ʨʝʟʳ ʜʣʠʥʦʡ 50 ʤʤ ʤʘʪʝʨʠʘʣʘ ʉʪʘʣʴ 20 ɻʆʉʊ 1050-88 ʪʦʣ-
ʱʠʥʦʡ 40 ʤʤ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʬʠʣʦʤʝʪʨʘ ʧʦ 
ʧʘʨʘʤʝʪʨʫ Ra (ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʬʠʣʷ) ʥʘ ʙʘʟʦʚʦʡ ʜʣʠʥʝ lw 6ʤʤ. ʐʝʨʦʭʦʚʘ-
ʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠ ʚ ʦʙʣʘʩʪʷʭ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 1. 

 

 
ʉʡʪ. 1. ʇʚʤʙʪʫʡ ʡʠʥʞʩʞʦʡʸ ʱʞʩʧʮʧʛʙʫʧʪʫʡ ʨʧʛʞʩʮʦʧʪʫʡ ʩʞʠʙ ʣʧʦʫʩʧʤʵʦʴʮ ʧʚʩʙʠʯʧʛ 
 
ɿʘʢʣʶʯʝʥʠʝ.  
ʅʘʠʤʝʥʴʰʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʯʠʩʪʦʛʦ ʢʫ-

ʧʝʨʰʣʘʢʘ (Ra 4,92 ʤʢʤ ʚʥʠʟʫ ʨʝʟʘ). ɼʦʙʘʚʢʘ ʛʨʘʬʠʪʘ ʠ ʢʘʨʙʦʥʘʪʘ ʙʘʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ 
ʫʚʝʣʠʯʝʥʠʶ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ʥʘ 0,24 ʤʢʤ) ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʝʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥ-
ʥʳʤ ʯʠʩʪʳʤ ʢʫʧʝʨʰʣʘʢʦʤ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʙʘʚʦʢ ʛʨʘʬʠʪʘ ʠ ʢʘʨʙʦʥʘʪʘ ʙʘʨʠʷ ʚ 
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ʰʠʭʪʝ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʝʱʝ ʥʘ 1,18 ʤʢʤ. ɼʦʙʘʚʣʝʥʠʝ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ ʠ ʢʨʠʦʣʠʪʘ 
ʚ ʰʠʭʪʫ ʫʭʫʜʰʘʝʪ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʜʦ ʟʥʘʯʝʥʠʡ >10 ʤʢʤ, ʧʨʠʯʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʠʟʫʘʣʴʥʦ, ʯʪʦ ʩ ʧʦʚʳʰʝ-
ʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʘʥʥʳʭ ʤʠʥʝʨʘʣʠʟʘʪʦʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘ ʩʪʘʥʦʚʠʪʩʷ ʛʨʫʙʝʝ. 
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ǡǭǦǫǭǥǬǭǰǱǻ ǯǟǦǯǟǠǭǱǩǧ ǡǤǠ-
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʘʨʪʳʰʢʠʥ ɸʣʝʢʩʝʡ ʀʚʘʥʦʚʠʯ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʫʪʝʰʝ-
ʩʪʚʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʧʝʨʩʦʥʘʣʠʟʘʮʠʶ ʤʘʨʰʨʫʪʦʚ ʩ 
ʫʯʝʪʦʤ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʩʝʨʚʠʩʦʚ, ʦʧʨʝʜʝ-
ʣʝʥʳ ʠʭ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʫ ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʤ-
ʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʈʘʟʨʘʙʦʪʢʘ ʚʢʣʶʯʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-
ʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʥʘ ʦʩʥʦʚʝ ʙʘʟʳ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ ʠ ʦʪʝʣʝʡ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʘʪʴʠ ʜʝʣʘʶʪʩʷ 
ʚʳʚʦʜʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʫʪʝʰʝʩʪʚʠʡ, ʚʝʙ-ʧʣʘʪʬʦʨʤʘ, ʧʝʨʩʦʥʘʣʠ-
ʟʘʮʠʷ, ʤʘʨʰʨʫʪʳ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. 
 

OPPORTUNITY TO DEVELOP A WEB-BASED TRAVEL PLANNING PLATFORM USING ARTIFICIAL 
INTELLIGENCE 

 
Vorozheikin Nikita Andreyevich 

 
Scientific adviser: Martyshkin Alexey Ivanovich 

 
Abstract: The article deals with the issue of developing a web platform for travel planning with the use of arti-
ficial intelligence, focused on personalisation of routes taking into account user preferences. The existing trav-
el services are analysed, their limitations are defined and requirements to the functionality and convenience of 
the new software product are formulated. The development includes the implementation of an intuitive inter-
face and intelligent recommendations based on a database of attractions and hotels. The article concludes 
with conclusions. 
Key words: artificial intelligence, travel planning, web platform, personalisation, routes, user interface. 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʫʪʝʰʝʩʪʚʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʥʦʛʠʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʥʝ ʭʦʪʷʪ ʠʩʢʘʪʴ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ 
ʩʘʤʠ, ʫ ʥʠʭ ʧʦʷʚʣʷʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʝʨʩʦʥʘʣʠʟʠʨʫʝʤʦʤ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʤ ʧʦʜʭʦʜʝ ʢ ʦʨʛʘʥʠʟʘʮʠʠ 
ʩʚʦʝʡ ʧʦʝʟʜʢʠ. ʄʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʩʝʨʚʠʩʳ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʟ-
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ʤʦʞʥʦʩʪʝʡ, ʥʘʯʠʥʘʷ ʦʪ ʧʦʠʩʢʘ ʙʠʣʝʪʦʚ, ʙʨʦʥʠʨʦʚʘʥʠʷ ʦʪʝʣʝʡ, ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʦʠʩʢʦʤ ʤʝʩʪʥʳʭ ʜʦʩʪʦ-
ʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ, ʦʜʥʘʢʦ ʦʥʠ ʥʝ ʚʩʝʛʜʘ ʫʯʠʪʳʚʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʘʢʠʝ ʢʘʢ 
ʫʨʦʚʝʥʴ ʙʶʜʞʝʪʘ ʯʝʣʦʚʝʢʘ, ʨʘʟʥʳʝ ʠʥʪʝʨʝʩʳ (ʠʩʪʦʨʠʷ, ʠʩʢʫʩʩʪʚʦ ʠ ʪ.ʜ.), ʩʝʟʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʘ ʪʘʢ-
ʞʝ ʣʦʛʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʤʘʨʰʨʫʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʘʢʘʷ ʧʣʘʪʬʦʨʤʘ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ 
ʧʦʝʟʜʦʢ, ʫʤʝʥʴʰʠʪ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʜʫʤʳʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʠ ʫʣʫʯʰʠʪ ʦʧʳʪ ʪʫʨʠʩʪʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʫʪʝʰʝʩʪʚʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʨʷʜ ʟʘʜʘʯ: 

¶ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʨʚʠʩʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ; 

¶ ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʤʘʨʰʨʫʪʘ; 

¶ ʨʝʘʣʠʟʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ; 

¶ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʩʪʦʡ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ; 

¶ ʚʥʝʜʨʠʪʴ ʀʀ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʚʳʜʘʯʠ ʜʣʷ ʥʠʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʨʝʢʦ-
ʤʝʥʜʘʮʠʡ; 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ, ʪʘʢ ʠ ʥʝʬʫʥʢʮʠʦ-
ʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʝʜʲʷʚʣʷʪʴʩʷ ʢ ʜʘʥʥʦʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʧʨʦʜʫʢʪʫ. ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ 
ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʝʝ ʧʦʚʝʜʝʥʠʝ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 
ʠʥʪʝʨʬʝʡʩ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʦʧʠʩʳʚʘʶʪ ʪʦ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʫʤʝʪʴ ʚʳʧʦʣʥʷʪʴ. ʇʦʜ ʵʪʠʤ 
ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʢʘʢʠʝ ʟʘʜʘʯʠ ʦʥʘ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴ, ʢʘʢʠʝ ʬʫʥʢʮʠʠ ʦʥʘ ʙʫʜʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʜʣʷ 
ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 
ʥʝʦʙʭʦʜʠʤʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ:  

¶ ʋʧʨʘʚʣʝʥʠʝ ʙʘʟʦʡ ʜʘʥʥʳʭ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ. ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʦʙʥʦʚʣʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ; 

¶ ʋʧʨʘʚʣʝʥʠʝ ʙʘʟʦʡ ʜʘʥʥʳʭ ʦʪʝʣʝʡ. ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʘʙʦʪʳ 
ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʦʪʝʣʷʭ ʠ ʛʦʩʪʠʥʠʮʘʭ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝʧʦʜʘʣʝʢʫ ʦʪ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʜʦʩʪʦ-
ʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ; 

¶ ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʣʦʞʝʥʠʷ. ʋ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʩʠʩʪʝʤʳ ʜʦʣʞʥʘ ʠʤʝʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ, ʚʢʣʶʯʘʷ ʨʘʟʣʠʯʥʳʝ ʥʘʩʪʨʦʡʢʠ; 

¶ ʄʦʥʠʪʦʨʠʥʛ ʣʦʛʦʚ. ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʤʝʭʘʥʠʟʤ ʚʝʜʝʥʠʷ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘ-
ʪʝʣʷ ʠ ʩʠʩʪʝʤʳ; 

¶ ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʬʫʥʢʮʠʡ. ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʩ ʫʯʝʪʦʤ ʜʘʣʴʥʝʡʰʝʛʦ 
ʚʥʝʜʨʝʥʠʷ ʠʣʠ ʫʣʫʯʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ; 

¶ ʈʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʟʘʱʠʪʳ ʦʪ ʧʦʪʝʨʠ ʜʘʥʥʳʭ, ʚ 
ʩʠʩʪʝʤʝ ʜʦʣʞʥʘ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʬʫʥʢʮʠʷ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ 
ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʩʣʫʯʘʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʦʰʠʙʢʠ ʠʣʠ ʘʧʧʘʨʘʪʥʦʛʦ ʩʙʦʷ 
ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʝʬʫʥʢʮʠʦʥʘʣʴʥʳ ʪʨʝʙʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʚʦʩʧʨʠʷʪʠʝ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ï ʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʦʩʪʴ, ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʕʪʠ ʘʩʧʝʢʪʳ, ʢʦʪʦʨʳʝ ʥʝ ʩʚʷʟʘʥʳ ʥʘʧʨʷʤʫʶ 
ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʢʦʥʢʨʝʪʥʳʭ ʬʫʥʢʮʠʡ ʩʠʩʪʝʤʳ, ʥʦ ʦʥʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʴ ʧʦʣʴ-
ʟʦʚʘʪʝʣʝʡ. ʂ ʪʘʢʠʤ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ:  

¶ ʋʜʦʙʥʳʡ ʠ ʧʦʥʷʪʥʳʡ ʜʠʟʘʡʥ. ʀʥʪʝʨʬʝʡʩ ʧʨʦʜʫʢʪʘ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʩʪʳʤ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦ-
ʥʷʪʥʳʤ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʣʠ ʩ ʣʝʛʢʦʩʪʴʶ, ʦʩʚʦʠʪʩʷ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʚʝʩʴ ʬʫʥʢʮʠʦʥʘʣ ʧʨʦʜʫʢʪʘ; 

¶ ɹʳʩʪʨʦʪʘ ʦʪʢʣʠʢʘ. ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ 
ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ; 



ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 159 

 

XXIII International scientific conference | www.naukaip.ru 

¶ ʇʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʌʫʥʢʮʠʦʥʘʣ ʩʠʩʪʝʤʳ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʨʘʙʦʪʘʥ ʚ ʪʘʢʦʤ ʢʣʶʯʝ, ʯʪʦ-
ʙʳ ʝʡ ʤʦʛʣʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʣʴʟʦʚʘʪʝʣʠ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ: ʦʪ ʤʦʣʦʜʳʭ ʣʶʜʝʡ, ʜʦ ʛʨʘʞʜʘʥ ʧʨʝʢʣʦʥʥʦʛʦ 
ʚʦʟʨʘʩʪʘ.  

ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʨʘʞʘʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʜʝʡʩʪʚʠʷ, ʜʦʩʪʫʧʥʳʝ ʧʦʣʴʟʦʚʘʪʝ-
ʣʶ ʚ ʧʨʠʣʦʞʝʥʠʠ (ʈʠʩʫʥʦʢ 1). 

 

 
ʉʡʪ. 1. ɽʡʙʜʩʙʥʥʙ ʛʙʩʡʙʦʫʧʛ ʡʪʨʧʤʵʠʧʛʙʦʡʸ 

 
ɻʴʛʧʝʴ. ʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʚʝʙ-ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʫʜʦʙ-

ʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʝʟʜʦʢ ʟʘ ʩʯʝʪ ʫʯʝʪʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʣʘʥʠʨʦʚʘ-
ʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ ʠ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʜʛʦ-
ʪʦʚʢʝ ʧʫʪʝʰʝʩʪʚʠʡ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ɹʫʨʥʘʰʝʚ ʈ.ʌ., ɸʢʙʘʨʟʦʜʘ ʄ.ʊ. ʈʦʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ 
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2023. ï 7(112). URL: https://7universum.com/ru/tech/archive/item/15783 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 09.07.2025) 
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ǲǣǩ8 72 

Ǫǽǣǧ ǧǦ ǼǫǮǭǯǧǾ8 ǼǱǬǧǶǤǰǩǧǨ ǰǭǰǱǟǡ 
ǬǟǰǤǪǤǬǧǾ Ǣǭǯǭǣǟ Ǡǧǯǩǧ 

ǩȒȆȌȄȕȍȁ ǤȊȇȐȄȈ ǰȄȏȂȄȄȁȇȖ 
ʫʯʠʪʝʣʴ ʠʩʪʦʨʠʠ 

ʄɹʆʋ ʉʆʐ ˉ28 ʩ ʋʀʆʇ ʛ. ɺʦʨʦʥʝʞʘ, 
ʣʘʙʦʨʘʥʪ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʀʩʪʦʨʠʠ ʈʦʩʩʠʠ 

ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʌɻɹʆʋ ɺʆ çɺɻʋè 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʥʘ ʤʘʪʝʨʠʘʣʝ ʩʨʝʜʥʝʚʝʢʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʠʜʝ-
ʪʝʣʴʩʪʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʪʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʘʩʝʣʝʥʠʷ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ ʵʤʧʦʨʠʷ. ɸʚ-
ʪʦʨ ʧʨʠʭʦʜʠʪ ʢ ʚʳʚʦʜʫ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʟʚʝʰʝʥʥʦʡ ʧʦʟʠʮʠʠ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ï ʵʤʧʦʨʠʠ, ʙʝʟ ʩʦʤʥʝ-
ʥʠʷ, ʙʳʣʠ ʧʦʣʠʵʪʥʠʯʥʳʤʠ ʧʦʩʝʣʝʥʠʷʤʠ, ʥʦ ʵʪʦ ʤʥʦʛʦʦʙʨʘʟʠʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʚʥʫʪʨʠ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘ-
ʣʦʯʠʩʣʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɹʠʨʢʘ, ʐʚʝʮʠʷ, ʉʢʘʥʜʠʥʘʚʠʷ, ʵʧʦʭʘ ʚʠʢʠʥʛʦʚ, ʵʤʧʦʨʠʡ. 
 

PEOPLE FROM EMPORIUM: THE ETHNIC COMPOSITION OF THE POPULATION OF BIRKA TOWN 
 

Kusnetsov Elisey Sergeevich 
 
Abstract: the article examines the ethnic composition of the population of a particular case of medieval Empo-
rium based on medieval sources and archaeological evidence. The author comes to the conclusion that there 
is a need for a balanced position on this issue ï emporium, without a doubt, was a multiethnic settlement, but 
this diversity existed within an extremely small population. 
Keywords: Birka, Sweden, Scandinavia, Viking Age, Emporium. 

 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʦʨʛʦʚʣʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʚʷʟʫʶʱʠʤ ʷʚʣʝʥʠʝʤ, ʜʝʣʘʶʱʠʤ ʚʦʟʤʦʞʥʳʤ 

ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʙʱʝʩʪʚ ʥʘ ʧʣʘʥʝʪʝ ɿʝʤʣʷ. ʉ ʜʨʝʚʥʝʡʰʠʭ ʚʨʝʤʝʥ, ʩ ʧʦʷʚ-
ʣʝʥʠʝʤ ʝʱʝ ʩʘʤʳʭ ʧʝʨʚʳʭ ʬʦʨʤ ʧʨʦʠʟʚʦʜʷʱʝʛʦ ʭʦʟʷʡʩʪʚʘ, ʩʪʘʣʠ ʩʦʟʜʘʚʘʪʴʩʷ ʪʦʨʛʦʚʳʝ ʧʫʪʠ, ʥʘ ʢʦʪʦ-
ʨʳʝ ʚʦʟʥʠʢʘʣʠ ʧʝʨʚʳʝ ʧʦʩʝʣʝʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʪʠʧʘ. ʄʘʨʰʨʫʪ ɹʣʘʛʦʚʦʥʠʡ, ʊʨʘʥʩʩʘʭʘʨʩʢʠʡ ʧʫʪʴ, ʐʝʣʢʦ-
ʚʳʡ ʧʫʪʴ, ʗʥʪʘʨʥʘʷ ʜʦʨʦʛʘ ï ʚʩʝ ʵʪʦ ʧʨʠʤʝʨʳ ʢʨʫʧʥʝʡʰʠʭ ʪʦʨʛʦʚʳʭ ʧʫʪʝʡ, ʩʚʷʟʳʚʘʚʰʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠ 
ʠ ʢʫʣʴʪʫʨʥʦ ʦʛʨʦʤʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʫʪʝʡ ʚʦ ʚʨʝʤʝʥʘ ʉʨʝʜʥʝʚʝʢʦʚʴʷ 
ʙʳʣ ʪ. ʥ. ʇʫʪʴ ʠʟ ʚʘʨʷʛ ʚ ʛʨʝʢʠ, ʥʘʨʷʜʫ ʩ ɺʦʣʞʩʢʠʤ ʧʫʪʝʤ ʩʣʫʞʠʚʰʠʡ ʜʣʷ ʦʙʤʝʥʘ ʪʦʚʘʨʘʤʠ ʧʦ ʨʝʯʥʳʤ 
ʩʠʩʪʝʤʘʤ ʦʛʨʦʤʥʦʡ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʨʘʚʥʠʥʳ. ʆʥ ʙʨʘʣ ʩʚʦʝ ʥʘʯʘʣʦ ʚ ʙʦʣʴʰʠʭ ʪʦʨʛʦʚʳʭ ʛʦʨʦʜʘʭ 
ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʥʳʥʝʰʥʝʡ ʐʚʝʮʠʠ ï ɹʠʨʢʝ, ʉʠʛʪʫʥʝ ʣʠʙʦ ɺʠʩʙʶ ï ʠ ʧʦ ɹʘʣʪʠʢʝ, ʨʝʢʘʤ ʙʫʜʫʱʝʡ ʈʫʩʠ ʠ 
ʏʝʨʥʦʤʫ ʤʦʨʶ ʚʝʣ ʪʦʨʛʦʚʳʝ ʢʦʨʘʙʣʠ ʢ ʂʦʥʩʪʘʥʪʠʥʦʧʦʣʶ. ʀʟ ʫʧʦʤʷʥʫʪʳʭ ʰʚʝʜʩʢʠʭ ʪʦʨʛʦʚʳʭ ʮʝʥʪʨʦʚ 
ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ɹʠʨʢʘ, ʢʘʢ ʩʘʤʳʡ ʠʟʫʯʝʥʥʳʡ ʠʟ ʚʩʝʭ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠ ʚʦ ʚʨʝʤʝʥʘ ʤʝʜʥʦʢʘʤʝʥʥʦʛʦ ʚʝʢʘ, ʠ ʚ ʉʨʝʜʥʝʚʝʢʦʚʴʝ, ʠ ʩʝʡʯʘʩ ʵʪʥʠʯʝʩʢʠʝ 
ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ ʣʶʜʝʡ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʠʭ ʪʦʨʛʦʚʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ. ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫ-
ʯʝʥʠʷ ʪʦʨʛʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʝ ʢʦʥʮʘ I ʪʳʩʷʯʝʣʝʪʠʷ ʥ. ʵ. ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʢʨʘʪʢʦ 
ʨʘʩʩʤʦʪʨʝʪʴ ʠʩʪʦʨʠʶ ɹʠʨʢʠ ʠ ʜʘʥʥʳʝ ʠʩʪʦʯʥʠʢʦʚ ʦ ʨʘʟʥʳʭ ʥʘʨʦʜʘʭ, ʚʨʝʤʝʥʥʦ ʠʣʠ ʧʦʩʪʦʷʥʥʦ ʚʭʦʜʠʚ-
ʰʠʭ ʚ ʩʦʩʪʘʚ ʝʝ ʥʘʩʝʣʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʳ ʩʤʦʞʝʤ ʧʦʥʷʪʴ, ʷʚʣʷʣʘʩʴ ʣʠ ɹʠʨʢʘ ʧʦʜʣʠʥʥʦ ʧʦʣʠʵʪʥʠʯ-
ʥʳʤ ʧʦʩʝʣʝʥʠʝʤ, ʠʣʠ ʞʝ ʝʝ ʥʘʩʝʣʝʥʠʝ ʙʳʣʦ ʘʚʪʦʭʪʦʥʥʳʤ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʢʨʘʧʣʝʥʠʷʤʠ ʠʥʦʛʦ ʵʪ-
ʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ɹʠʨʢʘ ʚʦʦʙʱʝ ï ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ ʵʤʧʦʨʠʷ. ʕʤʧʦʨʠʡ ʞʝ ï ʵʪʦ ʪʦʨʛʦʚʦ-



162 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 

 

XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʨʝʤʝʩʣʝʥʥʦʝ ʧʦʩʝʣʝʥʠʝ, ʦʩʥʦʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢ-
ʪʫʨʳ (ʮʝʨʢʚʝʡ ʠ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʳ ʛʦʨʦʜʩʢʠʭ ʫʢʨʝʧʣʝʥʠʡ) ʠ ʥʝʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʧʦʩʝʣʝʥʠʝ, ʭʘʨʘʢ-
ʪʝʨʥʦʝ ʜʣʷ ʚʘʨʚʘʨʩʢʦʛʦ ʦʙʱʝʩʪʚʘ (ʵʤʧʦʨʠʡ) ʚʩʢʦʨʦʩʪʠ ʥʝʠʟʙʝʞʥʦ ʧʨʦʠʛʨʳʚʘʝʪ ʦʙʳʯʥʦʤʫ ʛʦʨʦʜʫ ʚ ʢʦ-
ʣʠʯʝʩʪʚʝ ʠ ʢʘʯʝʩʪʚʝ ʚʳʧʦʣʥʷʝʤʳʭ ʬʫʥʢʮʠʡ. ʇʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ ʵʪʠ ʪʨʠ ʢʨʠʪʝʨʠʷ ï ʦʪʩʫʪʩʪʚʠʝ ʩʦʦʨʫ-
ʞʝʥʠʡ ʢʫʣʴʪʘ, ʦʪʩʫʪʩʪʚʠʝ ʫʢʨʝʧʣʝʥʠʡ, ʥʝʜʦʣʛʦʚʝʯʥʦʩʪʴ ï ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦ, ʯʪʦ ʚ ʨʘʥʥʠʡ ʧʝʨʠʦʜ ʩʚʦ-
ʝʡ ʠʩʪʦʨʠʠ ɹʠʨʢʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʚʩʝʤ ʪʨʝʤ ʢʨʠʪʝʨʠʷʤ. ɻʦʨʦʜ ʨʘʩʧʦʣʘʛʘʣʩʷ ʥʘ ʦʩʪʨʦʚʝ ɹʴʸʨʢʸ, ʯʪʦ 
ʥʘ ʦʟʝʨʝ ʄʝʣʘʨʝʥ, ʥʝʧʦʜʘʣʝʢʫ ʦʪ ʜʨʫʛʦʛʦ ʢʨʫʧʥʦʛʦ ʮʝʥʪʨʘ ʙʦʣʝʝ ʧʦʟʜʥʝʛʦ ʚʨʝʤʝʥʠ ï ʉʠʛʪʫʥʳ [1, ʩ. 65] 
ï ʠ ʥʝʧʦʜʘʣʝʢʫ ʦʪ ʥʳʥʝʰʥʝʛʦ ʉʪʦʢʛʦʣʴʤʘ. ɹʠʨʢʘ ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʣʠʙʦ ʚ ʩʘʤʦʤ ʢʦʥʮʝ VIII ʚʝʢʘ, ʣʠʙʦ ʚ 
ʥʘʯʘʣʝ IX, ʠ ʩʪʦʷʣʘ ʥʘ ʟʝʤʣʝ ʩʚʝʝʚ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʥʘ ʩʦʩʝʜʥʝʤ ʩ ɹʴʸʨʢʸ ʦʩʪʨʦʚʝ, ɸʜʝʣʴʩʸ, ʨʘʩ-
ʧʦʣʘʛʘʣʘʩʴ ʫʩʘʜʴʙʘ ʍʦʚʛʦʨʜʝʥ ï ʨʝʟʠʜʝʥʮʠʷ ʟʥʘʪʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʚʦʟʤʦʞʥʦ, ʢʦʥʫʥʛʘ, ʚʦʟʤʦʞʥʦ, ʧʨʘʚʠ-
ʪʝʣʷ ʦʢʨʝʩʪʥʳʭ ʟʝʤʝʣʴ ʠ ʩʘʤʦʡ ɹʠʨʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʦʨʛʦʚʦʛʦ ʮʝʥʪʨʘ ɹʠʨʢʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʝʜʣʘʛʘʣʘ ʤʝʭʘ ʠ ʞʝʣʝʟʥʳʝ ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ 
ʨʝʤʝʩʣʝʥʥʳʝ ʠʟʜʝʣʠʷ ʚ ʦʙʤʝʥ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʟ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ɽʚʨʦʧʳ ʠ ɿʘʧʘʜʥʦʡ ɸʟʠʠ. 
ʄʝʭʘ ʜʦʙʳʚʘʣʠʩʴ ʫ ʩʘʘʤʦʚ, ʬʠʥʥʦʚ ʠ ʞʠʪʝʣʝʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʈʫʩʠ, ʘ ʪʘʢʞʝ ʫ ʤʝʩʪʥʳʭ ʦʭʦʪʥʠʢʦʚ. 
ʄʝʭʘ ʚʢʣʶʯʘʣʠ ʤʝʜʚʝʜʷ, ʣʠʩʫ, ʢʫʥʠʮʫ, ʚʳʜʨʫ, ʙʦʙʨʘ ʠ ʜʨʫʛʠʝ ʚʠʜʳ [1, ʩ. 59ï60]. ʆʣʝʥʴʠ ʨʦʛʘ ʙʳʣʠ 
ʚʘʞʥʳʤ ʧʨʝʜʤʝʪʦʤ ʦʙʤʝʥʘ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʨʝʟʥʳʝ ʛʨʝʙʥʠ ʨʫʯʥʦʡ ʨʘʙʦʪʳ, ʩʜʝʣʘʥʥʳʝ ʠʟ ʦʣʝʥʴʠʭ ʨʦʛʦʚ. 
ʊʘʢʞʝ ʦʙʤʝʥʠʚʘʣʠʩʴ ʤʦʨʞʦʚʳʤʠ ʟʫʙʘʤʠ, ʷʥʪʘʨʝʤ ʠ ʤʝʜʦʤ. 

ʀʥʦʩʪʨʘʥʥʳʝ ʪʦʚʘʨʳ, ʥʘʡʜʝʥʥʳʝ ʚ ʤʦʛʠʣʘʭ ɹʠʨʢʠ, ʚʢʣʶʯʘʶʪ ʩʪʝʢʣʷʥʥʫʶ ʠ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʩʫ-
ʜʫ, ʛʣʠʥʷʥʫʶ ʧʦʩʫʜʫ ʠʟ ʈʝʡʥʣʘʥʜʘ, ʦʜʝʞʜʫ ʠ ʪʝʢʩʪʠʣʴ, ʚʢʣʶʯʘʷ ʢʠʪʘʡʩʢʠʡ ʰʝʣʢ, ʚʠʟʘʥʪʠʡʩʢʫʶ ʚʳʰʠʚʢʫ 
ʯʨʝʟʚʳʯʘʡʥʦ ʪʦʥʢʦʡ ʟʦʣʦʪʦʡ ʥʠʪʴʶ, ʧʘʨʯʫ ʩ ʟʦʣʦʪʳʤ ʧʦʟʫʤʝʥʪʦʤ ʠ ʧʣʝʪʝʥʳʝ ʰʥʫʨʳ ʚʳʩʦʢʦʛʦ ʢʘʯʝ-
ʩʪʚʘ. ʅʘʯʠʥʘʷ ʩ IX ʚʝʢʘ, ʥʘʯʠʥʘʶʪ ʧʦʷʚʣʷʪʴʩʷ ʤʦʥʝʪʳ, ʦʪʯʝʢʘʥʝʥʥʳʝ ʚ ʍʝʜʝʙʶ ʚ ʉʝʚʝʨʥʦʡ ɻʝʨʤʘʥʠʠ ʠ 
ʚ ʜʨʫʛʠʭ ʤʝʩʪʘʭ ʉʢʘʥʜʠʥʘʚʠʠ. ʆʜʥʘʢʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʥʝʪ, ʥʘʡʜʝʥʥʳʭ ʚ ɹʠʨʢʝ, ʷʚʣʷʶʪʩʷ 
ʩʝʨʝʙʨʷʥʳʤʠ ʜʠʨʭʘʤʘʤʠ ʭʘʣʠʬʘʪʘ. ɸʥʛʣʠʡʩʢʠʝ ʠ ʢʘʨʦʣʠʥʛʩʢʠʝ ʤʦʥʝʪʳ ï ʜʦʩʪʘʪʦʯʥʘʷ ʨʝʜʢʦʩʪʴ. ʕʪʦ 
ʞʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʙʫʜʫʱʝʡ ʐʚʝʮʠʠ ï ʢʦʣʠʯʝʩʪʚʦ ʘʨʘʙʩʢʠʭ ʤʦʥʝʪ ʥʝʩʦʠʟʤʝʨʠʤʦ 
ʙʦʣʴʰʝ, ʯʝʤ ʤʦʥʝʪ ʠʟ ʘʥʛʣʦʩʘʢʩʦʥʩʢʠʭ ʠʣʠ ʢʘʨʦʣʠʥʛʩʢʠʭ ʟʝʤʝʣʴ [2, ʩ. 134].  

ʇʨʠʤʝʯʘʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ɹʠʨʢʠ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʥʝʢʨʦʧʦʣʴ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʧʝʨʠʦ-
ʜʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʧʨʦʤʝʞʫʪʦʢ ʩ ʥʘʯʘʣʘ IX ʚʝʢʘ ʜʦ ʩʘʤʦʛʦ ʢʦʥʮʘ X, ʢʦʛʜʘ ʚ ʨʘʡʦʥʝ 975 ʛʦʜʘ ɹʠʨʢʘ ʙʳ-
ʣʘ ʫʥʠʯʪʦʞʝʥʘ ʣʠʙʦ ʦʩʪʘʚʣʝʥʘ, ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʥʝ ʚʦʟʨʦʜʠʣʘʩʴ. ɺ ʚʝʨʭʥʝʤ ʘʨʭʝʦʣʦʛʠʯʝʩʢʦʤ ʩʣʦʝ ʨʝʛʠ-
ʩʪʨʠʨʫʶʪʩʷ ʩʣʝʜʳ ʢʨʫʧʥʦʛʦ ʧʦʞʘʨʘ, ʚʦʟʤʦʞʥʦ, ʨʘʟʨʫʰʠʚʰʝʛʦ ʛʦʨʦʜ ʧʦʣʥʦʩʪʴʶ. ʇʨʠʤʝʨʥʦ ʚ ʪʦ ʞʝ ʚʨʝ-
ʤʷ ʩʦʩʝʜʥʝʝ ʧʦʩʝʣʝʥʠʝ ʉʠʛʪʫʥʘ ʚʳʪʝʩʥʠʣʦ ɹʠʨʢʫ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʪʦʨʛʦʚʦʛʦ ʮʝʥʪʨʘ ʚ ʨʘʡʦʥʝ ʄʝ-
ʣʘʨʝʥʘ. ʇʨʠʯʠʥʳ ʫʧʘʜʢʘ ɹʠʨʢʠ ʦʩʧʘʨʠʚʘʶʪʩʷ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʵʪʦʤʫ, ʚʦʟʤʦʞʥʦ, 
ʙʳʣ ʧʦʩʪʣʝʜʥʠʢʦʚʳʡ ʦʪʩʢʦʢ, ʢʦʪʦʨʳʡ ʧʦʥʠʟʠʣ ʫʨʦʚʝʥʴ ʚʦʜʳ ʄʝʣʘʨʝʥʘ, ʧʨʝʚʨʘʪʠʚ ʝʛʦ ʠʟ ʨʫʢʘʚʘ ʤʦʨʷ ʚ 
ʦʟʝʨʦ ʠ ʦʪʨʝʟʘʚ ɹʠʨʢʫ ʦʪ ʙʣʠʞʘʡʰʝʛʦ (ʶʞʥʦʛʦ) ʚʳʭʦʜʘ ʢ ɹʘʣʪʠʡʩʢʦʤʫ ʤʦʨʶ. ɹʘʣʪʠʡʩʢʠʡ ʦʩʪʨʦʚ ɻʦʪ-
ʣʘʥʜ ʪʘʢʞʝ ʥʘʭʦʜʠʣʩʷ ʚ ʙʦʣʝʝ ʚʳʛʦʜʥʦʤ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ ʜʣʷ ʨʫʩʩʢʦ-ʚʠʟʘʥʪʠʡʩʢʦʡ ʪʦʨʛʦʚʣʠ 
ʠ ʧʨʠʦʙʨʝʪʘʣ ʚʩʝ ʙʦʣʴʰʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʢʘʢ ʪʦʨʛʦʚʳʡ ʦʧʣʦʪ. ʀʩʪʦʨʠʢ ʅʠʣ ʂʝʥʪ [3, ʩ. 28] ʧʨʝʜʧʦʣʦʞʠʣ, 
ʯʪʦ ʵʪʦʪ ʨʘʡʦʥ, ʚʦʟʤʦʞʥʦ, ʩʪʘʣ ʞʝʨʪʚʦʡ ʚʨʘʞʝʩʢʦʛʦ ʥʘʧʘʜʝʥʠʷ, ʦʜʥʘʢʦ ʫʯʝʥʳʝ ʥʝ ʚ ʩʠʣʘʭ ʩʢʘʟʘʪʴ, ʢʪʦ 
ʙʳʣʠ ʚʝʨʦʷʪʥʳʝ ʨʘʟʨʫʰʠʪʝʣʠ ɹʠʨʢʠ. 

ʂʪʦ ʞʝ ʤʦʛ ʥʘʩʝʣʷʪʴ ʵʪʦʪ ʛʦʨʦʜ, ʢʨʦʤʝ ʵʪʥʠʯʝʩʢʠʭ ʩʚʝʝʚ? ʉʪʦʠʪ ʦʩʪʘʥʦʚʠʪʴʩʷ ʧʦʜʨʦʙʥʝʝ ʥʘ ʨʘ-
ʙʦʯʝʡ ʛʠʧʦʪʝʟʝ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʥʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ, ʝʩʣʠ ʤʳ ʥʘʭʦʜʠʤ ʤʘʪʝʨʠʘʣʴʥʳʝ ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʘ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʛʨʫʧʧʳ, ʤʳ ʤʦʞʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ ʚ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ, ʚ ʟʘʚʠʩʠ-
ʤʦʩʪʠ ʦʪ ʧʨʦʯʠʭ ʬʘʢʪʦʨʦʚ, ʩʪʝʧʝʥʠ ʜʚʘ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ. ʇʝʨʚʦʝ ï ʯʪʦ ʵʪʠ ʘʨʪʝʬʘʢʪʳ ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʥʘ 
ʜʘʥʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʦʜʥʦʛʦ ʤʝʩʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʵʪʥʦʩʘ ʧʦʩʣʝ ʛʨʘʙʝʞʝʡ, ʪʦʨʛʦʚʣʠ 
ʠʣʠ ʜʨʫʛʦʛʦ ʦʙʤʝʥʘ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʫʯʘʩʪʚʦʚʘʣ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʞʠʚʘʥʠʷ ʜʨʫʛʦʛʦ ʵʪʥʦʩʘ. ɺʪʦʨʦʝ ï ʯʪʦ 
ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʜʨʫʛʦʛʦ ʵʪʥʦʩʘ ʢʘʢ ʤʠʥʠʤʫʤ ʧʦʷʚʣʷʣʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʛʜʝ ʙʳʣ ʥʘʡʜʝʥ ʘʨʪʝʬʘʢʪ, ʣʠʯʥʦ, 
ʚʦʟʤʦʞʥʦ, ʜʘʞʝ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʞʠʣ ʪʘʤ, ʜʝʣʘʷ ʩʚʦʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʫʣʴʪʫʨʥʦʛʦ ʩʣʦʷ ʠ ʚʭʦʜʷ 
ʚ ʥʝ-ʛʦʩʧʦʜʩʪʚʫʶʱʫʶ ʵʪʥʠʯʝʩʢʫʶ ʛʨʫʧʧʫ. ʇʝʨʝʜ ʘʥʘʣʠʟʦʤ ʚʩʝʭ ʩʚʠʜʝʪʝʣʴʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʠʟʥʘʪʴ 
ʦʩʥʦʚʘʥʠʷʤʠ ʪʝʦʨʠʠ ʧʦʣʠʵʪʥʠʯʥʦʩʪʠ ɹʠʨʢʠ, ʩʪʦʠʪ ʦʛʦʚʦʨʠʪʴʩʷ ʝʱʝ ʨʘʟ ï ʚʩʪʨʝʯʝʥʥʘʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʧʘʤʷʪʥʠʢʘ ʢʫʬʠʯʝʩʢʘʷ ʤʦʥʝʪʘ ʠʣʠ ʣʫʢ ʫʩʣʦʚʥʦʡ ʢʦʯʝʚʦʡ ʢʫʣʴʪʫʨʳ ʥʝ ʷʚʣʷʶʪʩʷ ʙʝʩʩʧʦʨʥʳʤʠ ʦʩʥʦʚʘ-
ʥʠʷʤʠ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʝʢʠʡ ʩʪʝʧʥʷʢ ʠʣʠ ʘʨʘʙ ʣʠʯʥʦ ʧʦʩʝʱʘʣʠ ʜʘʥʥʦʝ ʤʝʩʪʦ, ʘ ʣʠʰʴ ʦʩʥʦʚʘʥʠʷʤʠ 
ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʦʛʦ. 
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ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʦʧʦʨʦʡ ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ ʜʘʥʥʳʝ ʘʨʭʝʦʣʦʛʠʠ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦ-
ʩʪʴʶ ʛʦʚʦʨʠʪʴ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ɹʠʨʢʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʦʩʝʜʣʳʭ ʪʦʨʛʦʚʮʝʚ ʠʟ ʜʨʫʛʠʭ 
ʩʢʘʥʜʠʥʘʚʩʢʠʭ ʵʪʥʦʩʦʚ [4, ʩ. 69], ʟʘʪʝʤ ʢʦʥʩʦʣʠʜʠʨʦʚʘʚʰʠʭʩʷ ʚ ʥʦʨʚʝʞʮʝʚ ʠ ʜʘʪʯʘʥ. ɹʠʨʢʫ ʠ ʠʟʚʝʩʪ-
ʥʝʡʰʠʡ ʪʦʨʛʦʚʳʡ ʮʝʥʪʨ ʨʘʥʥʝʩʨʝʜʥʝʚʝʢʦʚʦʡ ɼʘʥʠʠ ï ʍʝʜʝʙʶ, ʩʚʷʟʳʚʘʣ ʤʝʥʝʝ ʯʝʤ ʪʨʝʭʥʝʜʝʣʴʥʳʡ 
ʧʫʪʴ ʧʦ ʤʦʨʶ.  

ʉʨʝʜʠ ʥʘʭʦʜʦʢ ʚ ɹʠʨʢʝ ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʰʣʝʚʦʢ ï ʩʢʦʙ ʜʣʷ ʬʠʢʩʘʮʠʠ ʩʚʦʙʦʜ-
ʥʦʛʦ ʢʦʥʮʘ ʨʝʤʥʷ. ʏʪʦ ʠʥʪʝʨʝʩʥʦ, ʪʘʢʘʷ ʰʣʝʚʢʘ ʠʟ ʟʘʭʦʨʦʥʝʥʠʷ Bj-158 ʦʪʥʦʩʠʪʩʷ ʢ ʞʝʥʩʢʦʤʫ ʧʦʛʨʝ-
ʙʘʣʴʥʦʤʫ ʠʥʚʝʥʪʘʨʶ, ʢʫʜʘ ʧʦʤʠʤʦ ʥʝʝ ʚʭʦʜʠʣʠ ʨʘʚʥʦʧʣʝʯʥʘʷ ʬʠʙʫʣʘ, ʬʨʘʛʤʝʥʪʳ ʧʘʨʥʳʭ ʦʚʘʣʴʥʳʭ 
ʬʠʙʫʣ, ʙʫʣʘʚʢʘ/ʟʘʢʦʣʢʘ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʙʫʩʠʥʳ. ʇʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʝ ʠʟʜʝʣʠʷ ʠʟʚʝʩʪʥʳ ʚ ʤʘʪʝ-
ʨʠʘʣʘʭ ʂʘʫʧʘʥʛʘ (ʅʦʨʚʝʛʠʷ) [5, ʩ. 58ï60] ʠ ʉʪʝʡʝ (ʊʨʦʥʜʭʝʡʤ, ʊʨʸʥʜʝʣʘʛ, ʅʦʨʚʝʛʠʷ). ʇʨʠ ʵʪʦʤ ʧʦʩʣʝʜ-
ʥʷʷ ʜʘʞʝ ʠʤʝʝʪ ʩʣʝʜʳ ʧʦʟʦʣʦʪʳ. ɺ ʮʝʣʦʤ ʰʣʝʚʢʠ ʨʝʤʥʝʡ ʥʝ ʨʝʜʢʦʩʪʴ ʚ ʩʝʚʝʨʦʝʚʨʦʧʝʡʩʢʦʤ ʤʘʪʝʨʠʘʣʝ 
ʠ ʦʙʳʯʥʦ ʪʨʘʢʪʫʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ ʬʨʘʥʢʩʢʠʭ ʧʦʜʢʦʣʝʥʥʳʭ ʨʝʤʝʰʢʦʚ. ʆʜʥʘ-
ʢʦ ʥʘʭʦʜʢʘ ʠʟ ɹʠʨʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʝʜʤʝʪʘ ʠʥʳʤ ʦʙʨʘʟʦʤ, 
ʥʘʧʨʠʤʝʨ ʚ ʢʘʯʝʩʪʚʝ ʯʘʩʪʠ ʪʝʢʩʪʠʣʴʥʦʛʦ ʧʦʷʩʘ. 

ʂʨʦʤʝ ʩʢʘʥʜʠʥʘʚʦʚ, ʥʝʠʟʙʝʞʥʦ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʩʣʘʚʷʥʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ ɹʠʨʢʝ, ʪʘʢ ʢʘʢ ʧʦʣʠʪʠʯʝ-
ʩʢʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ ʟʘʧʘʜʥʳʤʠ ʩʣʘʚʷʥʘʤʠ [6, ʩ. 30] ʠ ʢʫʨʰʘʤʠ [6, ʩ. 51ï52] ʦʧʠʩʳʚʘʶʪʩʷ ʚ ɾʠʪʠʠ 
ʩʚ. ɸʥʩʛʘʨʘ. ʆʜʥʘʢʦ ʪʘʢʦʚʦʝ ʥʘʩʝʣʝʥʠʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʙʳʣʦ ʣʠʰʴ ʟʘʝʟʞʠʤʠ ʪʦʨʛʦʚʮʘʤʠ, ʦʩʪʘʚʘʚʰʠʤʠ-
ʩʷ ʚ ʛʦʨʦʜʝ ʪʦʣʴʢʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʤʝʥʷʪʴ ʩʚʦʠ ʪʦʚʘʨʳ, ʘ ʧʦʪʦʤ ʧʦʢʠʜʘʣʦ ʝʛʦ ʜʦ ʩʣʝʜʫʶʱʝʛʦ ʩʝʟʦʥʘ 
ʪʦʨʛʦʚʣʠ. ʊʦ ʞʝ ʢʘʩʘʝʪʩʷ ʠ ʚʦʩʪʦʯʥʦʩʣʘʚʷʥʩʢʠʭ ʪʦʨʛʦʚʮʝʚ, ʧʨʠʙʳʚʘʚʰʠʭ ʚ ɹʠʨʢʫ ʤʘʨʰʨʫʪʦʤ çʠʟ ʚʘʨʷʛ 
ʚ ʛʨʝʢʠè ʠʟ ɸʣʴʜʝʡʛʴʶʙʦʨʛʘ [7, ʩ. 6, 11] ï ʉʪʘʨʦʡ ʃʘʜʦʛʠ. ɺʦʦʙʱʝ, ʘʥʘʣʠʟʠʨʫʷ ʨʘʟʤʝʨʳ ɹʠʨʢʠ ʚ ʧʝʨʠʦʜ 
ʝʝ ʨʘʩʮʚʝʪʘ, ʘ ʪʘʢʞʝ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʨʝʙʝʥʠʡ ʚ ʝʝ ʥʝʢʨʦʧʦʣʝ, ʥʝʩʧʨʘʚʝʜʣʠʚʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʦ-
ʩʪʦʷʥʥʦ ʚ ʥʝʡ ʞʠʣʦ ʙʦʣʴʰʝ ʪʳʩʷʯʠ ʯʝʣʦʚʝʢ. ʕʪʦ ʙʳʣ ʙʦʣʴʰʦʡ ʪʦʨʛ, ʚʩʝʙʘʣʪʠʡʩʢʦʛʦ ʠ ʰʠʨʝ ï ʚʩʝʚʦ-
ʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʦʜʥʘʢʦ ʦʥ ʙʳʣ ʩʝʟʦʥʥʳʤ, ʠ ʚʦ ʚʨʝʤʝʥʘ ʫʭʫʜʰʝʥʠʷ ʥʘʚʠʛʘʮʠʠ ʥʘ ɹʘʣʪʠʢʝ 
ï ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʣʶʜʥʳʤ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʢʦʪʦʨʳʝ ʵʪʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʥʘʩʝʣʝʥʠʷ ɹʠʨʢʠ ʥʘʰʣʠ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʤʦ-
ʛʠʣʴʥʠʢʝ ï ʘ ʠʤʝʥʥʦ ʬʠʥʩʢʠʝ. ʆʜʥʠʤ ʠʟ ʤʝʩʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ, ʷʚʣʷʝʪʩʷ ɿʘʧʘʜʥʘʷ ʌʠʥʣʷʥʜʠʷ [8, ʩ. 29], ʧʦʩʢʦʣʴʢʫ ʘʨʪʝʬʘʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʦʡ ʦʙʣʘʩʪʴʶ, ʙʳʣʠ 
ʥʘʡʜʝʥʳ ʚ ʤʦʛʠʣʘʭ ʚ ɹʠʨʢʝ ʠ ʚ ʜʦʣʠʥʝ ʄʝʣʘʨʝʥ. ʅʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʢʝ-
ʨʘʤʠʢʘ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʠʥʩʢʦʡ ʪʨʘʜʠʮʠʝʡ, ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ɹʠʨʢʝ ʠ ʜʨʫʛʠʭ ʤʝʩʪʘʭ 
ʨʝʛʠʦʥʘ ʄʝʣʘʨʝʥ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʣʶʜʠ, ʟʥʘʢʦʤʳʝ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʵʪʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠ-
ʘʣʘ, ʧʝʨʝʝʭʘʣʠ ʚ ʨʝʛʠʦʥ ʄʝʣʘʨʝʥʘ.  

ɹʳʣʦ ʝʱʝ ʜʚʘ ʧʨʠʟʥʘʢʘ ʚʦʟʤʦʞʥʳʭ ʬʠʥʩʢʠʭ ʩʚʷʟʝʡ. ʇʝʨʤʩʢʠʝ ʦʛʥʠʚʘ, ʚʦʟʤʦʞʥʦ, ʧʨʠʰʣʠ ʩ ʜʘʣʴ-
ʥʝʛʦ ʚʦʩʪʦʢʘ, ʥʦ ʦʥʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʰʣʠ ʯʝʨʝʟ ʌʠʥʣʷʥʜʠʶ, ʧʨʝʞʜʝ ʯʝʤ ʙʳʪʴ ʵʢʩʧʦʨʪʠʨʦʚʘʥʥʳʤʠ ʚ 
ʐʚʝʮʠʶ. ʆʩʪʨʦʢʦʥʝʯʥʳʝ ʧʝʥʥʘʥʫʣʷʨʥʳʝ ʙʨʦʰʠ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʫʢʨʘʰʝʥʠʝʤ ʦʜʝʞʜʳ, ʢʦʪʦʨʦʝ, 
ʢʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠ ʥʦʩʠʣʦʩʴ ʚ ɿʘʧʘʜʥʦʡ ʌʠʥʣʷʥʜʠʠ, ʘ ʪʘʢʞʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʨʝʛʠʦʥʝ ʄʝ-
ʣʘʨʝʥ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʦʛʠʣ ʚ ʙʦʣʝʝ ʢʨʫʧʥʦʤ ʨʝʛʠʦʥʝ ʄʝʣʘʨʝʥ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʷʚʣʷʶʪʩʷ ʢʨʝʤʘʮʠʷʤʠ, ʠ 
ʪʘʢʠʝ ʟʘʭʦʨʦʥʝʥʠʷ ʧʨʝʜʦʩʪʘʚʠʣʠ ʧʷʪʴ ʠʟ ʰʝʩʪʠ ʦʙʨʘʟʮʦʚ ʩ ʘʨʪʝʬʘʢʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ɿʘʧʘʜʥʦʡ ʌʠʥ-
ʣʷʥʜʠʝʡ. ɺ ʦʙʨʘʟʮʝ ʙʳʣʘ ʦʜʥʘ ʠʥʛʫʤʘʮʠʦʥʥʘʷ ʤʦʛʠʣʘ. ɺ ɹʠʨʢʝ ʞʝ ʯʝʪʳʨʝ ʧʦʛʨʝʙʝʥʠʷ ʩ ʬʠʥʩʢʠʤʠ ʘʨ-
ʪʝʬʘʢʪʘʤʠ (644:II, 834, 954 ʠ 1053) ʥʘʭʦʜʠʣʠʩʴ ʚ ʢʘʤʝʨʥʳʭ ʤʦʛʠʣʘʭ [8, ʩ. 29]. 

ɽʜʠʥʩʪʚʝʥʥʦʡ ʠʥʛʫʤʘʮʠʝʡ ʚ ʨʘʡʦʥʝ ʄʝʣʘʨʝʥʘ ʩ ʦʙʲʝʢʪʦʤ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʤʘʪʝʨʠʢʦʚʦʡ ʯʘʩʪʠ 
ʌʠʥʣʷʥʜʠʠ, ʙʳʣ ʤʫʞʯʠʥʘ, ʥʘʡʜʝʥʥʳʡ ʚ ʤʦʛʠʣʝ ʊʫʥʘ ʠ ɸʣʩʠʢʝ XI. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʙʦʣʝʝ ʦʙʳʯʥʳʤ ʧʦ-
ʛʨʝʙʘʣʴʥʳʤ ʚʝʱʘʤ, ʵʪʘ ʣʦʜʢʘ-ʤʦʛʠʣʘ ʩʦʜʝʨʞʘʣʘ ʬʠʥʩʢʦʝ ʦʛʥʠʚʦ. ʉʨʝʜʠ ʢʨʝʤʘʮʠʦʥʥʳʭ ʤʦʛʠʣ ʩ ʧʨʝʜ-
ʤʝʪʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʌʠʥʣʷʥʜʠʠ, ʚʳʜʝʣʷʝʪʩʷ ʦʯʝʥʴ ʙʦʛʘʪʘʷ ʣʦʜʦʯʥʘʷ ʤʦʛʠʣʘ ʠʟ ʍʝʤʣʠʥʛʙʠ ʚ ɻʘ-
ʩʪʨʠʢʣʘʥʜʝ. ʄʦʛʠʣʘ ʙʳʣʘ ʥʘʡʜʝʥʘ ʚ ʙʦʣʴʰʦʤ ʢʫʨʛʘʥʝ ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ ʟʘʭʦʨʦʥʝʥʠʷʤʠ. ʆʥʘ ʩʦʜʝʨʞʘ-
ʣʘ ʜʝʪʘʣʠ ʞʝʥʩʢʦʛʦ ʧʣʘʪʴʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʟʚʝʩʪʥʦʝ ʠʟ ʜʨʫʛʠʭ ʙʦʛʘʪʦ ʦʙʩʪʘʚʣʝʥʥʳʭ 
ʤʦʛʠʣ ʄʝʣʘʨʝʥʘ. ʕʪʘ ʣʦʜʦʯʥʘʷ ʤʦʛʠʣʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʣʘ ʢʦʣʦʪʫʶ ʧʝʥʘʥʥʫʣʷʨʥʫʶ ʙʨʦʰʴ, ʘ ʪʘʢʞʝ ʙʘʣ-
ʪʠʡʩʢʫʶ ʬʠʥʩʢʫʶ ʢʝʨʘʤʠʢʫ. 

ɿʘʭʦʨʦʥʝʥʠʷ ʚ ɹʠʨʢʝ ʩ ʘʨʪʝʬʘʢʪʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʌʠʥʣʷʥʜʠʠ, ʚʢʣʶʯʘʶʪ ˉ 644:II, ˉ 834, ˉ 
954 ʠ ˉ 1053. ɺʩʝ ʵʪʦ ʙʳʣʠ ʢʘʤʝʨʥʳʝ ʤʦʛʠʣʳ. ʄʦʛʠʣʘ ˉ 644 ʥʘʭʦʜʠʪʩʷ ʥʘ ʢʣʘʜʙʠʱʝ ʅʦʨʨ ʦʤ ɹʦʨʛ, ʘ 
ʦʩʪʘʣʴʥʳʝ ʪʨʠ ʙʳʣʠ ʥʘʡʜʝʥʳ ʚ ʍʝʤʣʘʥʜʝʥʝ. ʄʦʛʠʣʘ ˉ 644 [9, ʩ. 167] ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʚʧʝ-
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ʯʘʪʣʷʶʱʠʭ ʢʘʤʝʨʥʳʭ ʤʦʛʠʣ ʚ ɹʠʨʢʝ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʤʫʞʯʠʥʫ, ʪʘʢ ʠ ʞʝʥʱʠʥʫ. ɾʝʥʱʠʥʘ, ˉ 644:II, 
ʙʳʣʘ ʧʦʭʦʨʦʥʝʥʘ ʩ ʦʛʥʠʚʦʤ ʬʠʥʩʢʦʛʦ ʦʙʨʘʟʮʘ.  

ʄʦʛʠʣʘ ˉ 834 [9, ʩ. 164] ï ʙʦʛʘʪʦ ʦʙʩʪʘʚʣʝʥʥʘʷ ʢʘʤʝʨʥʘʷ ʤʦʛʠʣʘ. ʂʨʦʤʝ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ, ʚ 
ʵʪʦʡ ʤʦʛʠʣʝ ʥʘʭʦʜʠʣʠʩʴ ʩʢʝʣʝʪʳ ʜʚʫʭ ʣʦʰʘʜʝʡ, ʤʥʦʛʦ ʦʨʫʞʠʷ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʞʝʥʩʢʠʝ ʥʘʨʷʜʳ, ʭʦ-
ʨʦʰʦ ʠʟʚʝʩʪʥʳʝ ʚ ʄʝʣʘʨʝʥʩʢʦʤ ʨʝʛʠʦʥʝ. ɺ ʤʦʛʠʣʝ ʙʳʣ ʪʘʢʞʝ ʨʷʜ ʜʨʫʛʠʭ ʧʨʝʜʤʝʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ-
ʙʘʣʪʠʡʩʢʦ-ʬʠʥʩʢʘʷ ʢʝʨʘʤʠʢʘ ʠ ʩʦʚʝʨʰʝʥʥʦ ʦʩʦʙʳʡ ʜʣʠʥʥʳʡ ʞʝʣʝʟʥʳʡ ʧʨʫʪ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʞʝʟ-
ʣʳ ʵʪʦʛʦ ʪʠʧʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʠʙʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ, ʣʠʙʦ ʚ ʩʚʷʟʠ ʩ ʢʦʣʜʦʚʩʪʚʦʤ.  

ʄʦʛʠʣʘ ˉ 954, ʝʱʝ ʦʜʥʘ ʙʦʛʘʪʘʷ ʢʘʤʝʨʥʘʷ ʤʦʛʠʣʘ, ʩʦʜʝʨʞʘʣʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʝʥʩʢʦʛʦ 
ʧʣʘʪʴʷ ʠ ʣʠʯʥʳʭ ʚʝʱʝʡ ʪʠʧʘ ʄʝʣʘʨʝʥʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʘ ʪʘʢʞʝ ʢʦʣʴʯʘʪʫʶ ʧʝʥʥʘʥʫʣʷʨʥʫʶ ʙʨʦʰʴ.  

ʄʦʛʠʣʘ ˉ 1053, ʝʱʝ ʦʜʥʘ ʢʘʤʝʨʥʘʷ ʤʦʛʠʣʘ, ʩʦʜʝʨʞʘʣʘ ʤʝʥʝʝ ʙʦʛʘʪʳʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʝʝ 
ʫʧʦʤʷʥʫʪʳʤʠ ʤʦʛʠʣʘʤʠ ʠʟ ɹʠʨʢʠ ʠʥʚʝʥʪʘʨʴ. ʆʜʥʘʢʦ ʚ ʥʝʤ ʥʘʭʦʜʠʣʠʩʴ ʥʦʞ, ʛʨʝʙʝʥʴ ʠ ʛʨʝʙʝʥʯʘʪʳʡ ʬʫ-
ʪʣʷʨ, ʘ ʪʘʢʞʝ ʢʦʣʴʯʘʪʘʷ ʙʨʦʰʴ ʬʠʥʩʢʦʛʦ ʪʠʧʘ, ʦʨʫʞʠʝ.  

ʀʟ ʚʩʝʭ ʧʨʝʜʤʝʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʌʠʥʣʷʥʜʠʝʡ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʧʝʥʥʘʥʫʣʷʨʥʳʝ ʙʨʦʰʠ ʩ ʢʦ-
ʣʳʰʢʘʤʠ ʠʤʝʶʪ ʩʘʤʫʶ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʵʪʥʠʯʝʩʢʫʶ ʩʧʝʮʠʬʠʢʫ. ʌʠʥʩʢʠʝ ʦʩʪʨʦʢʦʥʝʯʥʳʝ ʧʝʥʥʘʥʫʣʷʨ-
ʥʳʝ ʙʨʦʰʠ ʙʳʣʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʤʫʞʩʢʠʤʠ ʤʦʛʠʣʘʤʠ ʩ ʦʨʫʞʠʝʤ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʳʣʠ ʚʘʞʥʳʤ ʩʠʤʚʦ-
ʣʦʤ ʜʣʷ ʵʪʦʛʦ ʵʪʥʦʩʘ. ʀʟ ʪʝʭ, ʢʪʦ ʙʳʣ ʧʦʭʦʨʦʥʝʥ ʩ ʧʨʝʜʤʝʪʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʤʘʪʝʨʠʢʦʚʦʡ ʌʠʥʣʷʥ-
ʜʠʠ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʯʝʣʦʚʝʢ ʚ ʤʦʛʠʣʝ 1053, ʚʦʟʤʦʞʥʦ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʤʠʛʨʘʥʪʦʤ 
ʠʟ ʵʪʦʛʦ ʨʝʛʠʦʥʘ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʤʫʞʯʠʥʘ ʠʤʝʣ ʧʨʠʚʷʟʘʥʥʫʶ ʧʝʥʘʥʥʫʣʷʨʥʫʶ ʙʨʦʰʴ ʠ ʙʳʣ ʧʦʭʦʨʦʥʝʥ ʚʤʝ-
ʩʪʝ ʩ ʦʨʫʞʠʝʤ.  

ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʤʦʞʥʦ ʜʝʣʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʩʝʣʝʥʠʝ ʬʠʥʩʢʦʛʦ ʧʨʦʠʩ-
ʭʦʞʜʝʥʠʷ ʚ ɹʠʨʢʝ ʠ ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʫʱʝʩʪʚʦʚʘʣʦ, ʠ ʙʳʣʦ ʧʦʩʪʦʷʥʥʳʤ, ʬʦʨʤʠʨʫʷ ʥʝ-ʛʦʩʧʦʜʩʪʚʫʶʱʫʶ 
ʵʪʥʠʯʝʩʢʫʶ ʦʙʱʥʦʩʪʴ. 

ɻʦʚʦʨʠʪʴ ʦ ʧʦʩʪʦʷʥʥʦʤ ʧʨʦʞʠʚʘʥʠʠ ʚ ɹʠʨʢʝ ʶʞʥʳʭ ʝʚʨʦʧʝʡʮʝʚ ï ʚʳʭʦʜʮʝʚ ʠʟ ʢʘʨʦʣʠʥʛʩʢʦʡ ɽʚ-
ʨʦʧʳ, ʩʪʦʣʴ ʞʝ ʫʚʝʨʝʥʥʦ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʧʦʛʨʝʙʝʥʠʡ ʧʦ ʭʨʠʩʪʠʘʥʩʢʦʤʫ 
ʦʙʨʷʜʫ ʠ ʩ ʝʚʨʦʧʝʡʩʢʠʤʠ ʘʨʪʝʬʘʢʪʘʤʠ, ʭʦʪʷ ʥʘʡʜʝʥʥʳʝ ʧʘʤʷʪʥʠʢʠ ʩʪʝʢʣʦʜʫʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷ-
ʶʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ ʪʦʨʛʦʚʳʭ ʢʦʥʪʘʢʪʦʚ ʞʠʪʝʣʝʡ ʥʳʥʝʰʥʝʡ ʐʚʝʮʠʠ ʠ ʬʨʘʥʢʘʤʠ. ʉʨʝʜʠ ʧʨʠʤʝʨʦʚ 
ʪʘʢʠʭ ʘʨʪʝʬʘʢʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʚʘʥʦ ʞʝʥʩʢʦʝ ʟʘʭʦʨʦʥʝʥʠʝ ˉ 854 [9, ʩ. 171], ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʙʦʛʘʪʳʭ 
ʟʘʭʦʨʦʥʝʥʠʡ ʠʟ ʚʩʝʭ ʜʦ ʩʠʭ ʧʦʨ ʥʘʡʜʝʥʥʳʭ ʚ ɹʠʨʢʝ ʚʦʦʙʱʝ. ʄʥʦʛʠʝ ʵʣʝʤʝʥʪʳ ʢʦʩʪʶʤʘ, ʪʘʢʠʝ, ʢʘʢ ʧʨʠ-
ʰʠʚʥʳʝ ʨʝʣʴʝʬʥʳʝ ʬʠʛʫʨʢʠ ʢʦʥʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʜʝʢʦʨʘ, ʙʣʠʞʘʡʰʠʝ ʧʘʨʘʣʣʝʣʠ ʩʝʙʝ ʥʘʭʦʜʷʪ 
ʥʘ ʬʨʘʥʢʦ-ʬʨʠʟʩʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʉʣʝʜʫʷ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʬʨʘʥ-
ʢʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʦʞʠʚʘʣʠ, ʚʨʝʤʝʥʥʦ ʠʣʠ ʧʦʩʪʦʷʥʥʦ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʠʨʢʠ. ʆʩʥʦʚʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠ-
ʝʤ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʧʨʝʜʤʝʪʦʚ ʙʳʪʘ ʠ ʨʦʩʢʦʰʠ ʬʨʘʥʢʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝ-
ʥʠʷ ʚ ʢʦʨʧʫʩʝ ʥʘʭʦʜʦʢ.  

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʧʨʠʤʝʨʳ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʭʦʜʦʢ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʥʘʨʦʜʘʤ ʩʣʠʰʢʦʤ ʜʘ-
ʣʝʢʠʤ ʠ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʤ ʩ ʪʨʘʥʩʲʝʚʨʦʧʝʡʩʢʦʡ ʪʦʨʛʦʚʣʝʡ, ʯʪʦʙʳ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʤʦʛʣʠ 
ʞʠʪʴ ʚ ɹʠʨʢʝ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʟʘʭʦʨʦʥʝʥʠʷ 1125-ɹ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʙʦʛʘʪʝʡʰʫʶ ʢʦʣʣʝʢʮʠʶ ʩʥʘʨʷʞʝ-
ʥʠʷ ʚʦʠʥʘ-ʣʫʯʥʠʢʘ ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʢʦʚʢʠ ʢʦʣʯʘʥʘ, ʩʘʤʦʛʦ ʷʨʢʦʛʦ ʵʪʥʦʤʘʨʢʠʨʫʶʱʝʛʦ ʵʣʝ-
ʤʝʥʪʘ ʟʘʭʦʨʦʥʝʥʠʷ, ʩʜʝʣʘʥʳ ʧʦ ʘʚʘʨʩʢʦ-ʤʘʜʴʷʨʩʢʦʤʫ ʪʠʧʫ, ʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʷʚʣʷʶʪʩʷ ʪʦʨʛʦʚʳʤ ʠʣʠ 
ʚʦʝʥʥʳʤ ʧʨʠʦʙʨʝʪʝʥʠʝʤ. ʄʘʣʦʚʝʨʦʷʪʥʦ, ʯʪʦʙʳ ʪʦʨʛʦʚʮʳ ʠʟ ʥʝ ʩʘʤʦʛʦ ʙʦʛʘʪʦʛʦ ʨʝʛʠʦʥʘ ɽʚʨʦʧʳ, ʥʝ 
ʠʟʚʝʩʪʥʳʤ ʥʠʢʘʢʠʤ ʦʩʦʙʝʥʥʳʤ ʪʦʚʘʨʦʤ ʠ ʢ ʪʦʤʫ ʞʝ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʩʪʦʨʦʥʝ ʦʪ ʛʣʘʚʥʳʭ ʪʦʨʛʦʚʳʭ ʘʨ-
ʪʝʨʠʡ ʵʧʦʭʠ ʚʠʢʠʥʛʦʚ, ʦʢʘʟʘʣʠʩʴ ʚ ʦʜʥʦʤ ʠʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʫʧʝʯʝʩʢʠʭ ʮʝʥʪʨʦʚ. 

ɽʱʝ ʦʜʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʪʨʝʪʴʠʤ ʧʦʩʣʝ ʠʥʦʧʣʝʤʝʥʥʦʛʦ ʩʢʘʥʜʠʥʘʚʩʢʦʛʦ ʠ ʬʠʥʥʦ-ʫʛʦʨʩʢʦʛʦ ʧʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʚ ʧʦʛʨʝʙʝʥʠʷʭ, ʷʚʣʷʶʪʩʷ ʩʣʝʜʳ ʪʦʨʛʦʚʦʛʦ ʦʙʤʝʥʘ ʩ ɺʦʣʞʩʢʦʡ ɹʦʣʛʘʨʠʝʡ ʧʦ ɺʦʣʞ-
ʩʢʦʤʫ ʪʦʨʛʦʚʦʤʫ ʧʫʪʠ. ɺ 16 ʧʦʛʨʝʙʝʥʠʷʭ ɹʠʨʢʠ ʦʙʥʘʨʫʞʝʥʳ ʩʝʨʝʙʨʷʥʳʝ ʦʨʥʘʤʝʥʪʠʨʦʚʘʥʥʳʝ ʱʠʪʦʚʠʜ-
ʥʳʝ ʧʦʜʚʝʩʢʠ, ʧʷʪʥʘʜʮʘʪʴ ʠʟ ʢʦʪʦʨʳʭ ʥʘʡʜʝʥʳ ʚ ʞʝʥʩʢʠʭ ʧʦʛʨʝʙʝʥʠʷʭ, ʦʜʥʘ ï ʚ ʜʝʪʩʢʦʤ ʠ ʤʥʦʞʝʩʪʚʦ 
ʬʨʘʛʤʝʥʪʦʚ ï ʚ ʧʦʛʨʝʙʝʥʠʷʭ, ʩʦʚʝʨʰʝʥʥʳʭ ʧʦ ʦʙʨʷʜʫ ʢʨʝʤʘʮʠʠ. ʉʚʦʠ ʧʘʨʘʣʣʝʣʠ ʪʘʢʠʝ ʧʦʜʚʝʩʢʠ ʥʘʭʦ-
ʜʷʪ ʜʘʣʝʢʦ ʦʪ ɹʠʨʢʠ ï ʥʘ ɿʘʨʝʯʝʥʩʢʦʤ ʩʝʣʠʱʝ ʧʦʜ ʥʳʥʝʰʥʝʡ ʇʝʥʟʦʡ, ʥʘʧʨʠʤʝʨ ï ʛʜʝ ʧʨʠʯʠʩʣʷʶʪʩʷ ʢ 
ʢʫʣʴʪʫʨʝ ʤʦʨʜʚʳ-ʤʦʢʰʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʪʘʢʠʭ 
ʘʨʪʝʬʘʢʪʦʚ ʩʨʝʜʠ ʥʘʭʦʜʦʢ, ʥʝʚʦʟʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʛʦʚʦʨʠʪʴ ʦʙ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʤʝʥʥʦ ʢ ʤʦʨ-
ʜʦʚʩʢʦʤʫ ʠʣʠ ʙʦʣʛʘʨʩʢʦʤʫ ʵʪʥʠʯʝʩʢʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʥʘʩʝʣʝʥʠʷ ɹʠʨʢʠ. ɻʦʨʘʟʜʦ ʚʝʨʦʷʪʥʝʝ ʠʭ ʪʦʨʛʦʚʦʝ 
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ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʪʘʢ ʢʘʢ ʞʠʪʝʣʠ ʛʦʨʦʜʘ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʦʚʘʣʠʩʴ ʙʳ ʚʝʱʘʤʠ, ʦʙʣʘʜʘʚʰʠʤʠ ʷʨʢʠʤʠ ʥʘʮʠ-
ʦʥʘʣʴʥʳʤʠ ʯʝʨʪʘʤʠ, ʚ ʙʳʪʫ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʙʳʣʠ ʙʳ ʧʦʭʦʨʦʥʝʥʳ ʩ ʥʠʤʠ, ʯʝʛʦ ʤʳ ʥʝ ʚʠʜʠʤ ʚ ʟʘʭʦʨʦʥʝ-
ʥʠʷʭ ʩʦ ʱʠʪʦʚʠʜʥʳʤʠ ʧʦʜʚʝʩʢʘʤʠ. 

ɺ ʦʙʱʝʤ ʠ ʮʝʣʦʤ ʚʦʩʪʦʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ ʬʠʥʥʦ-ʫʛʦʨʩʢʠʝ, ʪʘʢ ʠ ʤʘʜʴʷʨʩʢʠʝ, ʥʘʭʦʜʠʤʳʝ ʚ ɹʠʨ-
ʢʝ, ʥʝ ʜʘʶʪ ʦʩʥʦʚʘʥʠʷ ʩʯʠʪʘʪʴ ʥʝʢʦʪʦʨʳʭ ʠʟ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʝʝ ʞʠʪʝʣʝʡ ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʢ ʵʪʠʤ ʵʪ-
ʥʦʩʘʤ ʚ ʩʠʣʫ ʤʘʣʦʯʠʩʣʝʥʥʦʩʪʠ ʠ ʫʟʢʦʛʦ ʧʨʦʬʠʣʷ ʥʘʭʦʜʦʢ. ʆʥʠ ʛʦʚʦʨʷʪ ʣʠʰʴ ʦ ʰʠʨʦʪʝ ʪʦʨʛʦʚʳʭ ʢʦʥ-
ʪʘʢʪʦʚ ʩʢʘʥʜʠʥʘʚʦʚ ɹʠʨʢʠ ʚ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʝ. 

ʇʦʩʣʝʜʥʝʝ, ʥʘ ʯʝʤ ʩʪʦʠʪ ʦʩʪʘʥʦʚʠʪʴʩʷ, ʵʪʦ ʢʨʠʪʠʢʘ ʧʦʧʳʪʦʢ ʵʪʥʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʩʝʣʝʥʠʷ 
ɹʠʨʢʠ. ɺ ʩʚʦʝʡ ʩʪʘʪʴʝ çʈʘʟʥʦʚʠʜʥʦʩʪʠ ʦʙʨʷʜʘ ʪʨʫʧʦʩʦʞʞʝʥʠʷ ʚ ʤʦʛʠʣʴʥʠʢʝ ɹʠʨʢʘè ɻ. ʉ. ʃʝʙʝʜʝʚ 
ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩʭʦʜʩʪʚʦ ʧʦʛʨʝʙʘʣʴʥʦʛʦ ʦʙʨʷʜʘ ʧʦʛʨʝʙʝʥʠʡ ʪʨʫʧʦʩʦʞʞʝʥʠʷ (ʧʨʠʤʝʨʥʦ 500 ʝʜʠʥʠʮ ʠʟ 
ʥʝʤʥʦʛʠʤ ʙʦʣʝʝ 1100 ʨʘʩʢʦʧʘʥʥʳʭ) ʤʝʞʜʫ ʩʦʙʦʡ ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʝʱʝ ʵʪʥʠʯʝʩʢʦʛʦ 
ʢʦʤʧʦʥʝʥʪʘ, ʢʨʦʤʝ ʩʦʙʩʪʚʝʥʥʦ ʩʢʘʥʜʠʥʘʚʩʢʦʛʦ. ʊʘʢ, ʦʥ ʦʪʚʝʨʛʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʚ ʧʦʣʠʵʪʥʠʯʥʦʩʪʠ ʠ 
ʤʥʦʛʦʢʦʥʬʝʩʩʠʦʥʘʣʴʥʦʩʪʠ ɹʠʨʢʠ, ʩʯʠʪʘʷ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʚʰʠʝ ʚ ʧʦʛʨʝʙʘʣʴʥʦʤ ʦʙʨʷʜʝ, ʧʨʦʜʫʢ-
ʪʘʤʠ ʩʦʮʠʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʢʦʥʚʝʨʩʠʠ ʚ ʭʨʠʩʪʠʘʥʩʪʚʦ [10, ʩ. 187]. ʇʦʣʘʛʘʝʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦʨʛʦ-
ʚʳʡ ʭʘʨʘʢʪʝʨ ɹʠʨʢʠ, ʥʘ ʢʣʘʜʙʠʱʘʭ ʜʘʞʝ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʠ ʜʦʣʛʦ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʩʨʝʜʥʝʚʝʢʦʚʳʭ ʪʦʨʛʦ-
ʚʳʭ ʧʦʩʝʣʝʥʠʡ ʥʝ ʤʦʛʣʦ ʙʳʪʴ ʩʦʧʦʩʪʘʚʠʤʦʛʦ ʯʠʩʣʘ ʠʤʧʦʨʪʥʳʭ ʧʨʝʜʤʝʪʦʚ ʙʳʪʘ ʠ ʫʢʨʘʰʝʥʠʡ, ʝʩʣʠ ʙʳ 
ʦʥʠ ʥʝ ʙʳʣʠ ʧʦʣʠʵʪʥʠʯʥʳʤʠ.  

ʆʧʨʦʤʝʪʯʠʚʦ ʙʳʣʦ ʙʳ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ɹʠʨʢʘ ʷʚʣʷʣʘʩʴ ʢʘʢʠʤ-ʪʦ çʉʝʚʝʨʥʳʤ ʂʦʥʩʪʘʥʪʠʥʦʧʦʣʝʤè, 
ʚ ʢʦʪʦʨʦʤ ʧʨʦʞʠʚʘʣʠ ʢʫʧʮʳ ʠ ʨʝʤʝʩʣʝʥʥʠʢʠ ʩʦ ʚʩʝʭ ʢʦʥʮʦʚ ʠʟʚʝʩʪʥʦʛʦ ʤʠʨʘ, ʠ ʧʦʩʪʦʷʥʥʦ ʢʠʧʝʣʘ ʰʫʤ-
ʥʘʷ ʞʠʟʥʴ, ʢʪʦ-ʪʦ ʩ ʢʝʤ-ʪʦ ʩʫʜʠʣʩʷ, ʯʪʦ-ʪʦ ʧʨʦʜʘʚʘʣ ʠ ʧʦʢʫʧʘʣ, ʤʦʣʠʣʩʷ ʩʚʦʠʤ ʙʦʛʘʤ, ʦʪʧʣʳʚʘʣ ʠ ʧʨʠ-
ʧʣʳʚʘʣ ï ʥʝʪ. ʇʦʜʦʙʠʝ ʪʘʢʦʡ ʞʠʟʥʠ ï ʥʝʩʦʤʥʝʥʥʦ, ʩʫʱʝʩʪʚʦʚʘʣʦ, ʦʙʣʘʜʘʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʧʝʮʠʬʠʢʦʡ ʚ 
ʩʠʣʫ ʩʝʚʝʨʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʣʘʙʦʩʪʠ ʚ ʚʦʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʠ ʤʘʣʦʯʠʩʣʝʥʥʦʩʪʠ ʧʦ-
ʩʪʦʷʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ɹʠʨʢʘ ʷʚʣʷʣʘʩʴ ʚʘʞʥʝʡʰʠʤ ʩʝʚʝʨʦʝʚʨʦʧʝʡʩʢʠʤ ʮʝʥʪʨʦʤ, ʯʴʝ ʩʫ-
ʱʝʩʪʚʦʚʘʥʠʝ ʙʳʣʦ ʦʙʲʝʢʪʠʚʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʷʚʣʝʥʠʝʤ ʢʘʢ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʙʤʝʥʥʦʛʦ ʧʫʥʢʪʘ ʪʦʚʘʨʦʚ 
ɺʦʩʪʦʢʘ ʠ ɿʘʧʘʜʘ.  

ʊʘʢʦʡ ʦʙʤʝʥʥʳʡ ʧʫʥʢʪ ʥʝ ʤʦʛ ʩʦʭʨʘʥʷʪʴ ʵʪʥʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ ʩʚʦʝʛʦ ʥʘʩʝʣʝʥʠʷ ʪʘʢ ʞʝ, ʢʘʢ ʥʝ ʤʦ-
ʛʫʪ ʩʦʚʨʝʤʝʥʥʳʝ ʛʦʨʦʜʘ ʠʟʙʝʞʘʪʴ ʤʠʛʨʘʮʠʡ ʩʚʦʝʛʦ ʥʘʩʝʣʝʥʠʷ. ɺʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜ-
ʩʪʘʚʠʪʝʣʝʡ ʜʨʫʛʠʭ ʵʪʥʠʯʝʩʢʠʭ ʛʨʫʧʧ ʚ ɹʠʨʢʝ ʠ ʰʠʨʦʪʘ ʪʝʨʨʠʪʦʨʠʡ ʠʟʚʝʩʪʥʦʛʦ ʤʠʨʘ, ʥʘʩʝʣʝʥʠʝ ʢʦʪʦʨʳʭ 
ʤʦʛʣʦ ʙʳ ʧʦʭʚʘʩʪʘʪʴʩʷ ʪʝʤ, ʯʪʦ ʠʭ ʩʦʨʦʜʠʯʠ ʞʠʚʫʪ ʪʘʤ. ʉ ʫʚʝʨʝʥʥʦʩʪʴʶ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʩʝʚʝʨʥʳʭ 
ʬʠʥʥʦ-ʫʛʨʦʚ, çʢʚʝʥʦʚè ʩʢʘʥʜʠʥʘʚʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʩ ʥʝ ʤʝʥʴʰʝʡ ʫʚʝʨʝʥʥʦʩʪʴʶ ʤʦʞʥʦ ʫʧʦʤʷʥʫʪʴ 
ʬʨʘʥʢʩʢʦʝ ʥʘʩʝʣʝʥʠʝ, ʠ, ʚʦʟʤʦʞʥʦ, ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʙʘʣʪʩʢʠʭ ʠ ʟʘʧʘʜʥʦʩʣʘʚʷʥʩʢʠʭ ʧʣʝʤʝʥ. ʅʝ ʧʦʜʣʝ-
ʞʠʪ ʩʦʤʥʝʥʠʶ ʦʙʱʝʩʢʘʥʜʠʥʘʚʩʢʦʝ ʪʦʨʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ɹʠʨʢʠ ï ʧʨʝʜʢʠ ʙʫʜʫʱʠʭ ʥʦʨʚʝʞʩʢʦʛʦ ʠ ʜʘʪʩʢʦʛʦ 
ʥʘʨʦʜʦʚ ʪʘʢʞʝ ʧʦʩʝʱʘʣʠ ʝʝ ʠ ʞʠʣʠ ʚ ʥʝʡ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʩʪʦʯʥʠʢʦʚʦʡ ʙʘʟʳ ʥʘʤʠ ʚʥʦʚʴ ʧʦʩʪʘʚʣʝʥʘ ʧʨʦʙʣʝʤʘ ʧʦʣʠʵʪʥʠʯʥʦʩʪʠ ʨʘʥʥʝ-
ʩʨʝʜʥʝʚʝʢʦʚʳʭ ʛʦʨʦʜʩʢʠʭ ʮʝʥʪʨʦʚ-ɻ ʤʧʦʨʠʝʚ ʥʘ ʧʨʠʤʝʨʝ ʰʚʝʜʩʢʦʡ ɹʠʨʢʠ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 
ʧʨʠʚʝʜʝʪ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʢ ʝʱʝ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʠ ʚʝʨʥʦʤʫ ʦʩʤʳʩʣʝʥʠʶ ʢʘʢ ʥʘʡʜʝʥʥʳʭ ʚ ɹʠʨʢʝ 
ʘʨʪʝʬʘʢʪʦʚ, ʪʘʢ ʠ ʝʝ ʨʦʣʠ ʚ ʪʨʘʥʩʲʝʚʨʦʧʝʡʩʢʠʭ ʪʦʨʛʦʚʳʭ ʦʪʥʦʰʝʥʠʷʭ ʚ ʢʦʥʮʝ ʧʝʨʚʦʛʦ ʪʳʩʷʯʝʣʝʪʠʷ 
ʥʘʰʝʡ ʵʨʳ. 
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HISTORY OF DEVELOPMENT OF THE ROMAN-GERMAN LEGAL FAMILY 
 

Kataeva Anna Araratovna 
 

Abstract: The Romano-German legal family currently includes the legal systems of many European countries 
located in the Western, Central, and Southern parts of the continent, including Austria, Belgium, Hungary, 
Germany, Greece, Spain, Italy, Luxembourg, the Netherlands, Portugal, Romania, France, and Switzerland. 
The relevance of studying the Romano-German legal system is due to the desire to trace the intricacies of its 
formation and to study the origins that laid the foundation for its subsequent development, which was 
influenced by religious values, the traditions of Roman law, folk customs, and the achievements of 
revolutionary lawmaking. 
Key words: state, concept, theory, statistics, law. 

 
ʈʦʤʘʥʦ-ʛʝʨʤʘʥʩʢʘʷ ʧʨʘʚʦʚʘʷ ʪʨʘʜʠʮʠʷ, ʠʟʚʝʩʪʥʘʷ ʢʘʢ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʘʚʘ, ʬʦʨʤʠ-

ʨʦʚʘʣʘʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʩʪʦʣʝʪʠʡ, ʩʦʭʨʘʥʷʷ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʶʨʠʜʠʯʝʩʢʦʤ 
ʧʨʦʩʪʨʘʥʩʪʚʝ. ɽʸ ʠʩʪʦʨʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʧʦʩʣʫʞʠʣʘ ʧʨʘʚʦʚʘʷ ʜʦʢʪʨʠʥʘ ɼʨʝʚʥʝʛʦ ʈʠʤʘ, ʬʫʥʜʘʤʝʥʪʘʣʴ-
ʥʳʝ ʧʨʠʥʮʠʧʳ ʢʦʪʦʨʦʡ ʧʨʦʜʦʣʞʘʶʪ ʦʧʨʝʜʝʣʷʪʴ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʕʪʘ 
ʧʨʘʚʦʚʘʷ ʩʝʤʴʷ ʧʦ ʧʨʘʚʫ ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʚʪʦʨʠʪʝʪʥʳʭ ʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʚ ʤʠʨʝ ʙʣʘ-
ʛʦʜʘʨʷ ʩʚʦʝʡ ʩʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ ʥʦʨʤʦʪʚʦʨʯʝʩʪʚʘ, ʯʸʪʢʦʡ ʠʝʨʘʨʭʠʠ ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ, ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʘ-
ʚʦʚʳʭ ʠʥʩʪʠʪʫʪʦʚ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʶʨʠʜʠʯʝʩʢʦʡ ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. ɻʝʥʝʟʠʩ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʘʥ ʩ 
ʵʚʦʣʶʮʠʝʡ ʢʨʫʧʥʝʡʰʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ - ʦʪ ʘʥʪʠʯʥʦʡ ʈʠʤʩʢʦʡ ʠʤʧʝʨʠʠ ʜʦ ʩʪʘʥʦʚʣʝʥʠʷ 
ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʘʚʦʚʳʭ ʩʠʩʪʝʤ ʚ ʩʨʝʜʥʝʚʝʢʦʚʦʡ ɽʚʨʦʧʝ, ʦʩʦʙʝʥʥʦ ʚʦ ʌʨʘʥʮʠʠ ʠ ɻʝʨʤʘʥʠʠ. ʇʦʩʣʝ ʧʝ-
ʨʠʦʜʘ ʟʘʙʚʝʥʠʷ ʚ ʨʘʥʥʝʤ ʉʨʝʜʥʝʚʝʢʦʚʴʝ, ʨʠʤʩʢʦʝ ʧʨʘʚʦ ʧʝʨʝʞʠʣʦ ʚʪʦʨʦʝ ʨʦʞʜʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʥʘʫʯ-
ʥʳʤ ʠʟʳʩʢʘʥʠʷʤ ʛʣʦʩʩʘʪʦʨʦʚ ʠ ʧʦʩʪʛʣʦʩʩʘʪʦʨʦʚ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʦ ʪʚʦʨʯʝʩʢʠ ʧʝʨʝʨʘʙʦʪʘʥʦ ʧʨʘʚʦ-
ʚʝʜʘʤʠ ʵʧʦʭʠ ɺʦʟʨʦʞʜʝʥʠʷ ʠ ʅʦʚʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʦʜʦʣʞʘʷ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʩʦ-
ʚʨʝʤʝʥʥʳʤ ʨʝʘʣʠʷʤ [1]. 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʨʦʤʘʥʦ-ʛʝʨʤʘʥʩʢʦʡ ʧʨʘʚʦʚʦʡ ʩʝʤʴʠ, ʩʣʦʞʠʚʰʠʡʩʷ ʢ XIX ʚʝʢʫ, ʜʝ-
ʤʦʥʩʪʨʠʨʫʝʪ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʢʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʘʚʘ. ɺ 
ʮʝʥʪʨʝ ʜʘʥʥʦʡ ʧʨʘʚʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘʭʦʜʠʪʩʷ ʯʘʩʪʥʦʝ ʧʨʘʚʦ, ʨʝʛʫʣʠʨʫʶʱʝʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 
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ʩʫʙʲʝʢʪʘʤʠ ʛʨʘʞʜʘʥʩʢʦʛʦ ʦʙʦʨʦʪʘ, ʪʦʛʜʘ ʢʘʢ ʜʨʫʛʠʝ ʦʪʨʘʩʣʠ ʧʨʘʚʘ, ʭʦʪʷ ʠ ʧʦʣʫʯʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟ-
ʚʠʪʠʝ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʧʝʨʠʦʜʳ, ʦʩʪʘʶʪʩʷ ʤʝʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʮʠʚʠ-
ʣʠʩʪʠʯʝʩʢʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ. ʀʩʪʦʨʠʯʝʩʢʠʝ ʢʦʨʥʠ ʵʪʦʡ ʧʨʘʚʦʚʦʡ ʪʨʘʜʠʮʠʠ ʚʦʩʭʦʜʷʪ ʢ ʧʝʨʠʦʜʫ XII-XIII 
ʚʝʢʦʚ, ʢʦʛʜʘ ʝʚʨʦʧʝʡʩʢʠʝ ʧʨʘʚʦʚʝʜʳ ʥʘʯʘʣʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʠ ʘʜʘʧʪʘʮʠʶ ʨʠʤʩʢʦʛʦ ʧʨʘʚʦʚʦ-
ʛʦ ʥʘʩʣʝʜʠʷ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʠʤ ʩʦʮʠʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʚʰʠʩʴ ʚ ʛʦʩʫʜʘʨ-
ʩʪʚʘʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ɽʚʨʦʧʳ (ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʝʸ ʚʪʦʨʦʝ ʥʘʟʚʘʥʠʝ - ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʘʚʘ), 
ʵʪʘ ʧʨʘʚʦʚʘʷ ʤʦʜʝʣʴ ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʘʩʧʨʦʩʪʨʘʥʠʣʘʩʴ ʜʘʣʝʢʦ ʟʘ ʧʨʝʜʝʣʳ ɽʚʨʦʧʳ, ʙʫʜʫʯʠ ʚʦʩʧʨʠʥʷʪʘ 
ʩʪʨʘʥʘʤʠ ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʠ, ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʴʶ ʘʬʨʠʢʘʥʩʢʠʭ ʛʦʩʫʜʘʨʩʪʚ, ʘ ʪʘʢʞʝ ʨʷʜʦʤ ʩʪʨʘʥ 
ɹʣʠʞʥʝʛʦ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ʉʝʛʦʜʥʷ ʢ ʯʠʩʣʫ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʡ ʧʨʘʚʦʚʦʡ ʩʝʤʴʠ ʦʪ-
ʥʦʩʷʪʩʷ ɻʝʨʤʘʥʠʷ, ʌʨʘʥʮʠʷ, ʀʪʘʣʠʷ, ʀʩʧʘʥʠʷ ʠ ʜʨʫʛʠʝ ʝʚʨʦʧʝʡʩʢʠʝ ʛʦʩʫʜʘʨʩʪʚʘ, ʯʴʠ ʧʨʘʚʦʚʳʝ ʩʠʩʪʝ-
ʤʳ ʩʦʭʨʘʥʷʶʪ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʩ ʨʠʤʩʢʦʡ ʶʨʠʜʠʯʝʩʢʦʡ ʪʨʘʜʠʮʠʝʡ [2]. 

ʉʪʘʥʦʚʣʝʥʠʝ ʨʦʤʘʥʦ-ʛʝʨʤʘʥʩʢʦʡ ʧʨʘʚʦʚʦʡ ʪʨʘʜʠʮʠʠ ʷʚʠʣʦʩʴ ʟʘʢʦʥʦʤʝʨʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʦʨʛʘʥʠʯ-
ʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʶʨʠʜʠʯʝʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ ʩ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʤʠ ʠ ʧʦʣʠʪʠʯʝʩʢʠʤʠ ʨʝʘʣʠʷʤʠ 
ʵʧʦʭʠ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʘʚʦʚʳʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʩʦʮʠʘʣʴʥʳʝ 
ʨʝʛʫʣʷʪʦʨʳ, ʚʦʧʣʦʪʠʚʰʠʝ ʚ ʩʝʙʝ ʦʙʱʝʧʨʠʟʥʘʥʥʳʝ ʩʪʘʥʜʘʨʪʳ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ ʠ ʧʨʠʥʮʠʧʳ ʩʦʮʠʘʣʴʥʦʡ 
ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ. ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʩʳʛʨʘʣʘ ʨʝʮʝʧʮʠʷ ʨʠʤʩʢʦʛʦ ʧʨʘʚʘ, ʢʦʪʦʨʘʷ, ʥʘʯʘʚʰʠʩʴ ʚ 
ʬʝʦʜʘʣʴʥʳʡ ʧʝʨʠʦʜ, ʟʘʣʦʞʠʣʘ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʝʚʨʦʧʝʡʩʢʦʡ ʧʨʘʚʦʚʦʡ ʠʥʪʝʛʨʘʮʠʠ [3]. 

ʉʦʚʨʝʤʝʥʥʘʷ ʠʩʪʦʨʠʢʦ-ʧʨʘʚʦʚʘʷ ʥʘʫʢʘ ʦʪʥʦʩʠʪ ʛʝʥʝʟʠʩ ʨʦʤʘʥʦ-ʛʝʨʤʘʥʩʢʦʡ ʩʠʩʪʝʤʳ ʢ ʧʝʨʠʦʜʫ XII-
XIII ʩʪʦʣʝʪʠʡ, ʭʦʪʷ ʦʪʜʝʣʴʥʳʝ ʝʸ ʵʣʝʤʝʥʪʳ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʙʦʣʝʝ ʨʘʥʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʝʨʠʦʜʳ. 
ʇʨʝʜʰʝʩʪʚʫʶʱʘʷ ʵʧʦʭʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʧʦʩʪʝʧʝʥʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʧʨʘʚʦʚʦʛʦ ʦʧʳʪʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 
ʟʥʘʥʠʡ, ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ, ʥʝ ʙʳʣʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʮʝʣʦʩʪʥʫʶ ʧʨʘʚʦʚʫʶ ʢʦʥʮʝʧʮʠʶ. ʃʠʰʴ ʢ ʫʢʘʟʘʥ-
ʥʦʤʫ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤʫ ʨʫʙʝʞʫ ʨʘʟʨʦʟʥʝʥʥʳʝ ʧʨʘʚʦʚʳʝ ʷʚʣʝʥʠʷ ʦʙʨʝʣʠ ʩʠʩʪʝʤʥʦʝ ʝʜʠʥʩʪʚʦ, ʧʦʟʚʦʣʠʚ-
ʰʝʝ ʛʦʚʦʨʠʪʴ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʦʡ ʧʨʘʚʦʚʦʡ ʧʘʨʘʜʠʛʤʳ, ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʚʰʝʡʩʷ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶ-
ʱʠʭ ʧʨʘʚʦʚʳʭ ʬʦʨʤ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʟʘʚʝʨʰʸʥʥʦʩʪʴʶ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʦʟʥʘʥʥʦʩʪʴʶ [4]. 

ʀʩʪʦʨʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʧʨʘʚʘ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʧʘʨʘʣʣʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʜʚʫʭ ʧʨʘʚʦʚʳʭ 
ʪʨʘʜʠʮʠʡ ʚ ʨʘʥʥʝʤ ʩʨʝʜʥʝʚʝʢʦʚʴʝ: ʨʠʤʩʢʦʡ ʶʨʠʜʠʯʝʩʢʦʡ ʰʢʦʣʳ ʠ ʦʙʳʯʥʦʛʦ ʧʨʘʚʘ ʚʘʨʚʘʨʩʢʠʭ ʧʣʝʤʝʥ. 
ʖʩʪʠʥʠʘʥʦʚʳ ʢʦʜʠʬʠʢʘʮʠʠ (ʚʢʣʶʯʘʷ ʂʦʜʝʢʩ, ɼʠʛʝʩʪʳ ʠ ʀʥʩʪʠʪʫʮʠʠ 529-534 ʛʛ. ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʅʦ-
ʚʝʣʣʘʤʠ) ʩʦʭʨʘʥʷʣʠ ʜʝʡʩʪʚʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʦʩʪʦʯʥʳʭ ʧʨʦʚʠʥʮʠʷʭ ʙʳʚʰʝʡ ʠʤʧʝʨʠʠ ʠ ʦʪʜʝʣʴ-
ʥʳʭ ʨʝʛʠʦʥʘʭ ʀʪʘʣʠʠ, ʪʦʛʜʘ ʢʘʢ ɹʨʝʚʠʘʨʠʡ ɸʣʘʨʠʭʘ (506 ʛ.) ʧʦʣʫʯʠʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ɻʘʣʣʠʠ ʠ ʥʘ 
ʀʙʝʨʠʡʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ VI ʧʦ XII ʚʝʢ ʛʝʨʤʘʥʩʢʠʝ, ʩʢʘʥʜʠʥʘʚʩʢʠʝ ʠ ʩʣʘʚʷʥʩʢʠʝ ʥʘʨʦʜʳ 
ʧʨʦʜʦʣʞʘʣʠ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʧʨʘʚʦʚʳʤʠ ʦʙʳʯʘʷʤʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʚ ʪʘʢ ʥʘʟʳ-
ʚʘʝʤʳʭ "ʚʘʨʚʘʨʩʢʠʭ ʧʨʘʚʜʘʭ". ʆʜʥʘʢʦ ʩʬʝʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʪʠʭ ʘʨʭʘʠʯʥʳʭ ʥʦʨʤ ʙʳʣʘ ʯʨʝʟʚʳʯʘʡʥʦ 
ʫʟʢʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʘʚʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ [5]. 

ʉʣʦʞʥʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʠʤʩʢʠʭ ʶʨʠʜʠʯʝʩʢʠʭ ʪʝʢʩʪʦʚ, ʚʢʣʶʯʘʚʰʠʭ ʢʘʢ ʦʨʠʛʠʥʘʣʴʥʳʝ ʠʤʧʝʨʘ-
ʪʦʨʩʢʠʝ ʢʦʥʩʪʠʪʫʮʠʠ, ʪʘʢ ʠ ʠʭ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʚʝʨʩʠʠ ʚ ʢʦʜʝʢʩʝ ɸʣʘʨʠʭʘ, ʦʙʫʩʣʦʚʠʣʘ ʠʭ ʤʘʣʫʶ ʧʨʘʢ-
ʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʨʘʥʥʝʩʨʝʜʥʝʚʝʢʦʚʦʛʦ ʦʙʱʝʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʫʯʥʦ ʨʘʟʨʘʙʦʪʘʥ-
ʥʦʝ ʨʠʤʩʢʦʝ ʧʨʘʚʦ ʧʦʩʪʝʧʝʥʥʦ ʫʩʪʫʧʠʣʦ ʤʝʩʪʦ "ʚʫʣʴʛʘʨʥʦʤʫ ʧʨʘʚʫ" - ʫʧʨʦʱʝʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʘʚʦʚʳʭ 
ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʩʣʦʞʠʚʰʝʡʩʷ ʚ ʥʘʨʦʜʥʦʡ ʩʨʝʜʝ ʠ ʦʪʨʘʞʘʚʰʝʡ ʨʝʘʣʠʠ ʧʦʩʪʨʠʤʩʢʦʡ ʵʧʦʭʠ. ʕʪʦʪ ʧʨʦ-
ʮʝʩʩ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʨʘʥʥʝʛʦ ʩʨʝʜʥʝʚʝʢʦʚʴʷ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʶʨʠʜʠʯʝʩʢʦʡ ʤʳʩʣʠ ʦʪ 
ʩʣʦʞʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʦʨʤʘʪʠʚʥʳʤ ʤʦʜʝʣʷʤ [6]. 

ɺʦʟʨʦʞʜʝʥʠʝ ʶʨʠʜʠʯʝʩʢʦʡ ʤʳʩʣʠ ʚ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ʥʘʯʘʣʦʩʴ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʮʝʥʪʨʘʭ, 
ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʷʣ ɹʦʣʦʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ - ʢʦʣʳʙʝʣʴ ʝʚʨʦʧʝʡʩʢʦʡ ʧʨʘʚʦʚʦʡ ʥʘʫʢʠ. 
ʕʪʠ ʦʯʘʛʠ ʟʥʘʥʠʡ ʥʝ ʩʪʘʚʠʣʠ ʧʝʨʝʜ ʩʦʙʦʡ ʫʟʢʦʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦʜʛʦʪʦʚʢʠ ʶʨʠʩʪʦʚ-ʧʨʘʢʪʠʢʦʚ. ʀʭ 
ʤʠʩʩʠʷ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʛʣʫʙʞʝ - ʦʥʠ ʬʦʨʤʠʨʦʚʘʣʠ ʥʦʚʫʶ ʤʝʪʦʜʦʣʦʛʠʶ ʧʨʘʚʦʧʦʥʠʤʘʥʠʷ, ʨʘʟʨʘʙʘ-
ʪʳʚʘʷ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʚʳʨʘʙʦʪʢʠ ʩʧʨʘʚʝʜʣʠʚʳʭ ʧʨʘʚʦʚʳʭ ʥʦʨʤ, ʛʘʨʤʦʥʠʯʥʦ ʩʦʯʝʪʘʶʱʠʭ ʤʦ-
ʨʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʇʨʘʚʦ ʚ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʡ ʪʨʘʜʠʮʠʠ ʧʨʝʜ-
ʩʪʘʚʣʷʣʦʩʴ ʥʝ ʧʨʦʩʪʦ ʩʚʦʜʦʤ ʧʨʘʚʠʣ, ʘ ʠʜʝʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʩʦʮʠʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʣʘʛʘʚʰʝʡ 
ʛʨʘʞʜʘʥʘʤ ʠ ʩʫʜʝʙʥʳʤ ʠʥʩʪʠʪʫʪʘʤ ʩʠʩʪʝʤʫ ʮʝʥʥʦʩʪʥʳʭ ʦʨʠʝʥʪʠʨʦʚ ʜʣʷ ʩʧʨʘʚʝʜʣʠʚʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 
ʢʦʥʬʣʠʢʪʦʚ ʠ ʧʦʩʪʨʦʝʥʠʷ ʜʦʩʪʦʡʥʦʛʦ ʦʙʱʝʞʠʪʠʷ. ʀʤʝʥʥʦ ʪʘʢʦʡ ʬʠʣʦʩʦʬʩʢʦ-ʧʨʘʚʦʚʦʡ ʧʦʜʭʦʜ, ʚʳʨʘ-
ʙʦʪʘʥʥʳʡ ʩʨʝʜʥʝʚʝʢʦʚʳʤʠ ʫʥʠʚʝʨʩʠʪʝʪʘʤʠ, ʟʘʣʦʞʠʣ ʦʩʥʦʚʳ ʦʙʱʝʝʚʨʦʧʝʡʩʢʦʡ ʧʨʘʚʦʚʦʡ ʪʨʘʜʠʮʠʠ, 
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ʧʨʝʦʜʦʣʝʚʘʶʱʝʡ ʣʦʢʘʣʴʥʫʶ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʠ ʬʦʨʤʠʨʫʶʱʝʡ ʝʜʠʥʦʝ ʧʨʘʚʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʥʪʠ-
ʥʝʥʪʘ [1]. 

ʉʦʚʨʝʤʝʥʥʳʡ ʦʙʣʠʢ ʨʦʤʘʥʦ-ʛʝʨʤʘʥʩʢʦʡ ʧʨʘʚʦʚʦʡ ʩʠʩʪʝʤʳ ʦʢʦʥʯʘʪʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ 
ʧʦʩʪʨʝʚʦʣʶʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʚʦ ʌʨʘʥʮʠʠ XIX ʚʝʢʘ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʤʘʩʰʪʘʙʥʘʷ ʢʦʜʠʬʠʢʘʮʠʷ 
ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʦʟʚʦʣʠʣ ʦʨʛʘʥʠʯʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʨʠʤ-
ʩʢʦʛʦ ʧʨʘʚʘ ʚ ʥʘʮʠʦʥʘʣʴʥʳʝ ʧʨʘʚʦʚʳʝ ʩʠʩʪʝʤʳ ʨʘʟʣʠʯʥʳʭ ʝʚʨʦʧʝʡʩʢʠʭ ʛʦʩʫʜʘʨʩʪʚ ʩ ʫʯʝʪʦʤ ʠʭ ʩʦʮʠ-
ʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʵʪʫ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʚʥʝʩʣʘ ʰʢʦʣʘ ʝʩʪʝʩʪʚʝʥ-
ʥʦʛʦ ʧʨʘʚʘ, ʢʦʪʦʨʘʷ ʜʦʙʠʣʘʩʴ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʜʚʫʭ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʘʭ: ʚʦ-ʧʝʨʚʳʭ, ʦʥʘ 
ʚʳʚʝʣʘ ʚʦʧʨʦʩʳ ʧʫʙʣʠʯʥʦʛʦ ʧʨʘʚʘ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʶʨʠʜʠʯʝʩʢʦʡ ʜʠʩʢʫʩʩʠʠ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦ-
ʛʦ ʨʠʤʩʢʦʛʦ ʘʢʮʝʥʪʘ ʥʘ ʯʘʩʪʥʦʧʨʘʚʦʚʳʝ ʦʪʥʦʰʝʥʠʷ), ʘ ʚʦ-ʚʪʦʨʳʭ, ʨʝʘʣʠʟʦʚʘʣʘ ʠʜʝʶ ʢʦʜʠʬʠʢʘʮʠʠ, 
ʧʨʝʦʙʨʘʟʦʚʘʚ ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʧʨʘʚʦʚʳʝ ʠʜʝʘʣʳ ʚ ʜʝʡʩʪʚʫʶʱʠʝ ʥʦʨʤʘʪʠʚʥʳʝ ʘʢʪʳ [6]. 

ʌʠʣʦʩʦʬʩʢʠʝ ʢʦʥʮʝʧʮʠʠ ʵʧʦʭʠ ʇʨʦʩʚʝʱʝʥʠʷ, ʚʢʣʶʯʘʷ ʪʨʫʜʳ ʀʤʤʘʥʫʠʣʘ ʂʘʥʪʘ, ʧʦʣʫʯʠʣʠ ʩʚʦʝ 
ʥʦʨʤʘʪʠʚʥʦʝ ʚʦʧʣʦʱʝʥʠʝ ʚ ʨʝʚʦʣʶʮʠʦʥʥʦʡ ɼʝʢʣʘʨʘʮʠʠ ʧʨʘʚ ʯʝʣʦʚʝʢʘ ʠ ʛʨʘʞʜʘʥʠʥʘ 1789 ʛʦʜʘ, ʧʨʠʥ-
ʮʠʧʳ ʢʦʪʦʨʦʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʠ ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʳ ʚ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʳ ʝʚʨʦʧʝʡʩʢʠʭ ʛʦʩʫʜʘʨʩʪʚ. ʌʦʨ-
ʤʠʨʦʚʘʥʠʝ ʛʝʨʤʘʥʩʢʦʡ ʠ ʬʨʘʥʮʫʟʩʢʦʡ ʧʨʘʚʦʚʳʭ ʪʨʘʜʠʮʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʜ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ 
ʩʣʦʞʥʦʛʦ ʠ ʥʝʦʜʥʦʟʥʘʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʦʥʩʪʠʪʫʮʠʦʥʘʣʠʟʤʘ, ʩʦʧʨʦʚʦʞʜʘʚʰʝʛʦʩʷ ʛʣʫʙʦʢʠʤʠ ʩʦʮʠʘʣʴʥʳ-
ʤʠ ʧʦʪʨʷʩʝʥʠʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʚʦʣʶʮʠʷ ʨʦʤʘʥʦ-ʛʝʨʤʘʥʩʢʦʡ ʧʨʘʚʦʚʦʡ ʩʝʤʴʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʚʝʢʦʚʦʡ 
ʧʨʦʮʝʩʩ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʚʢʣʶʯʘʶʱʠʡ ʥʝʩʢʦʣʴʢʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʭ ʬʘʟ. ʀʟʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʭʘ-
ʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʪʚʦʨʯʝʩʢʠʤ ʦʩʚʦʝʥʠʝʤ ʨʠʤʩʢʦʛʦ ʧʨʘʚʦʚʦʛʦ ʥʘʩʣʝʜʠʷ ʠ ʝʛʦ ʩʠʥʪʝʟʦʤ ʩ ʤʝʩʪʥʳʤʠ ʧʨʘ-
ʚʦʚʳʤʠ ʦʙʳʯʘʷʤʠ. ʇʦʟʜʥʝʩʨʝʜʥʝʚʝʢʦʚʳʡ ʧʝʨʠʦʜ ʦʟʥʘʤʝʥʦʚʘʣʩʷ ʠʥʪʝʥʩʠʚʥʦʡ ʩʠʩʪʝʤʘʪʠʟʘʮʠʝʡ ʠ ʢʦ-
ʜʠʬʠʢʘʮʠʝʡ ʧʨʘʚʦʚʳʭ ʥʦʨʤ, ʟʘʣʦʞʠʚʰʠʭ ʬʫʥʜʘʤʝʥʪ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʶʨʠʩʧʨʫʜʝʥʮʠʠ. 
ʕʧʦʭʘ ʙʫʨʞʫʘʟʥʳʭ ʨʝʚʦʣʶʮʠʡ ʧʨʠʚʝʣʘ ʢ ʩʦʟʜʘʥʠʶ ʥʘʮʠʦʥʘʣʴʥʳʭ ʢʦʜʝʢʩʦʚ, ʩʪʘʚʰʠʭ ʧʨʘʚʦʚʦʡ ʦʩʥʦʚʦʡ 
ʥʦʚʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʦʪʣʠʯʘʝʪʩʷ ʘʢʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʛʘʨ-
ʤʦʥʠʟʘʮʠʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʘʚʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʯʪʦ ʦʪʨʘʞʘ-
ʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʩʦʟʜʘʥʠʶ ʝʜʠʥʦʛʦ ʧʨʘʚʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʘʥʥʘʷ ʠʩʪʦʨʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ ʥʘʛʣʷʜʥʦ 
ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʠʘʣʝʢʪʠʯʝʩʢʦʝ ʝʜʠʥʩʪʚʦ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʠ ʦʙʥʦʚʣʝʥʠʷ, ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʧʝʮʠʬʠʢʠ ʠ 
ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʘʚʦʚʳʭ ʠʥʩʪʠʪʫʪʦʚ ʠ ʠʭ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʩʦʮʠ-
ʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ [2]. 
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ɹʦʦʧʫʙʯʡʸ: ʦʪʤʝʥʘ ʢʨʝʧʦʩʪʥʦʛʦ ʧʨʘʚʘ ʚ ʈʦʩʩʠʠ ʚ 1861 ʛʦʜʫ ʜʘʣʘ ʤʦʱʥʳʡ ʪʦʣʯʦʢ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ 
ʩʪʨʘʥʳ. ʀʟʤʝʥʝʥʠʷʤ ʧʦʜʚʝʨʛʣʠʩʴ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʱʝʩʪʚʘ: ʧʦʣʠʪʠʯʝʩʢʘʷ, ʩʦʮʠʘʣʴʥʘʷ, 
ʵʢʦʥʦʤʠʯʝʩʢʘʷ. ɺ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʨʘʚʦʚʦʛʦ ʩʪʘʪʫʩʘ ʥʘʩʝʣʝʥʠʷ, ʦʙʥʦʚʣʝʥʥʦʡ ʩʪʨʘʥʝ ʥʫʞʥʘ ʙʳʣʘ 
ʥʦʚʘʷ ʥʘʣʦʛʦʚʘʷ ʩʠʩʪʝʤʘ. ʈʘʟʨʘʙʦʪʢʦʡ ʥʘʣʦʛʦʚʦʡ ʨʝʬʦʨʤʳ ʟʘʥʷʣʩʷ ʤʠʥʠʩʪʨ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ ʇʝʪʨ 
ɸʣʝʢʩʘʥʜʨʦʚʠʯ ɺʘʣʫʝʚ. 
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P. A. VALUEV'S PROJECT ON THE INTRODUCTION OF INCOME TAX REFORM IN RUSSIA IN THE 
1860s AS THE BASIS FOR TAX REFORMS IN RUSSIA 

 
Shishkina Ksenia Alexandrovna 

 
Scientific adviser: Karpachev Mikhail Dmitrievich 

 
Abstract: the abolition of serfdom in Russia in 1861 prompted the country to modernize. All spheres of socie-
ty's life have undergone changes: political, social, and economic. Due to the change in the legal status of the 
population, the renovated country needed a new tax system. The Minister of Internal Affairs, Peter Alexandro-
vich Valuev, took up the development of tax reform. 
Keywords: P. A. Valuev, Alexander II, çgreat reformsè, abolition of serfdom, income tax. 

 
ʆʪʤʝʥʘ ʢʨʝʧʦʩʪʥʦʛʦ ʧʨʘʚʘ ʚ ʈʦʩʩʠʠ ʚ 1861 ʛʦʜʫ ʧʦʩʪʘʚʠʣʘ ʩʪʨʘʥʫ ʧʝʨʝʜ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʝʨʴʝʟ-

ʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʇʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʠʣʴʥʦ ʟʘʪʨʦʥʫʣʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʬʝʨʫ ʦʙʱʝʩʪʚʘ ï ʚ ʩʪʨʘʥʝ ʧʦ-
ʷʚʠʣʠʩʴ ʥʦʚʳʝ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʠ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ ʶʨʠʜʠʯʝʩʢʠ. 

ʆʩʥʦʚʥʳʤʠ ʞʝ ʧʨʠʯʠʥʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʨʝʬʦʨʤʳ ʩʪʘʣʠ:  
1) ʌʠʥʘʥʩʦʚʳʡ ʢʨʠʟʠʩ: ʧʦʩʣʝ ʦʪʤʝʥʳ ʢʨʝʧʦʩʪʥʦʛʦ ʧʨʘʚʘ ʢʘʟʥʘ ʠʩʧʳʪʳʚʘʣʘ ʥʝʜʦʩʪʘʪʦʢ ʩʨʝʜʩʪʚ 

ʜʣʷ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʨʝʬʦʨʤ. ʂʨʦʤʝ ʪʦʛʦ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʙʶʜʞʝʪ ʦʧʠʨʘʣʩʷ ʥʘ ʢʦʩʚʝʥʥʳʝ ʥʘʣʦʛʠ ʠ 
ʧʦʜʫʰʥʫʶ ʧʦʜʘʪʴ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʣʦ ʙʨʝʤʷ ʥʘ ʢʨʝʩʪʴʷʥ.  

2) ʉʦʮʠʘʣʴʥʘʷ ʥʝʩʧʨʘʚʝʜʣʠʚʦʩʪʴ: ʦʩʥʦʚʥʦʝ ʥʘʣʦʛʦʚʦʝ ʙʨʝʤʷ ʣʝʞʘʣʦ ʥʘ ʢʨʝʩʪʴʷʥʘʭ, ʪʦʛʜʘ ʢʘʢ 



ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 171 

 

XXIII International scientific conference | www.naukaip.ru 

ʜʚʦʨʷʥʩʪʚʦ ʠ ʜʨʫʛʠʝ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʝ ʩʦʩʣʦʚʠʷ ʧʣʘʪʠʣʠ ʤʝʥʴʰʝ. ʇʦʜʦʭʦʜʥʳʡ ʞʝ ʥʘʣʦʛ ʤʦʛ ʫʨʘʚ-
ʥʷʪʴ ʥʘʣʦʛʦʚʳʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʚʩʝʭ ʩʣʦʸʚ ʦʙʱʝʩʪʚʘ.  

3) ʄʦʜʝʨʥʠʟʘʮʠʷ ʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʳ: ʠʜʝʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʝʚʨʦʧʝʡʩʢʠʤ ʪʝʥʜʝʥʮʠʷʤ. 
ʈʘʟʨʘʙʦʪʢʦʡ ʧʨʦʝʢʪʘ ʥʦʚʦʛʦ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʟʘʥʷʣʩʷ ʤʠʥʠʩʪʨ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ ʇʝʪʨ ɸʣʝʢʩʘʥ-

ʜʨʦʚʠʯ ɺʘʣʫʝʚ. ʀʤ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʩʚʦʡ ʧʨʦʝʢʪ ʚʚʝʜʝʥʠʷ ʧʦʜʦʭʦʜʥʦʛʦ ʥʘʣʦʛʘ ʠ ʦʙʣʦʞʝʥʠʷ ʧʨʦʛʨʝʩʩʠʚ-
ʥʳʤ ʧʦʜʦʭʦʜʥʳʤ ʥʘʣʦʛʦʤ ʧʨʦʞʠʚʘʶʱʠʭ ʟʘ ʛʨʘʥʠʮʝʡ ʨʫʩʩʢʠʭ ʧʦʜʜʘʥʥʳʭ. 

ʎʝʣʴʶ ʧʨʦʝʢʪʘ ɺʘʣʫʝʚʘ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ ʩʧʨʘʚʝʜʣʠʚʦʡ ʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʟʘʪʨʘʛʠ-
ʚʘʣʘ ʙʳ ʥʝ ʪʦʣʴʢʦ ʢʨʝʩʪʴʷʥ, ʥʦ ʠ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʝ ʩʦʩʣʦʚʠʷ ï ʜʚʦʨʷʥʩʪʚʦ, ʜʫʭʦʚʝʥʩʪʚʦ ʠ ʪʦʨʛʦʚʮʝʚ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚʦ ʚʟʠʤʘʥʠʠ ʥʘʣʦʛʦʚ ʩ ʜʦʭʦʜʦʚ, ʘ ʥʝ ʩ ʠʤʫʱʝʩʪʚʘ ʠʣʠ ʧʦ-
ʜʫʰʥʦʡ ʧʦʜʘʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʙʳ ʫʯʠʪʳʚʘʪʴ ʨʝʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʦʚ. 

ʇʦ ʧʨʦʝʢʪʫ ɺʘʣʫʝʚʘ, ʚʩʝ ʩʣʦʠ ʦʙʱʝʩʪʚʘ ʜʦʣʞʥʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʴʩʷ ʦʙʣʦʞʝʥʠʶ ʧʦʜʦʭʦʜʥʳʤ 
ʥʘʣʦʛʦʤ. ʆʙʣʦʞʝʥʠʶ ʧʦʜʣʝʞʘʣ ʪʦʣʴʢʦ ʯʠʩʪʳʡ ʜʦʭʦʜ, ʧʨʝʚʳʰʘʶʱʠʡ ʦʜʥʫ ʪʳʩʷʯʫ ʨʫʙʣʝʡ. ʆʥ ʜʦʣʞʝʥ 
ʙʳʣ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 2 ʜʦ 5% ʩʫʤʤʳ ʛʦʜʦʚʦʛʦ ʜʦʭʦʜʘ, ʧʨʦʛʨʝʩʩʠʚʥʦ ʚʦʟʨʘʩʪʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʦʚʥʝʤ 
ʜʦʭʦʜʘ. ʆʪ ʦʙʣʦʞʝʥʠʷ ʦʩʚʦʙʦʞʜʘʣʘʩʴ ʯʘʩʪʴ ʜʦʭʦʜʦʚ ʜʫʭʦʚʝʥʩʪʚʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʣʘʩʴ ʠʟ ʜʦʙʨʦ-
ʚʦʣʴʥʦʡ ʦʧʣʘʪʳ ʧʨʠʭʦʞʘʥʘʤʠ, ʢʨʦʤʝ ʪʦʛʦ, ʦʩʚʦʙʦʞʜʘʣʠʩʴ ʨʝʤʝʩʣʝʥʥʠʢʠ ʠ ʚʣʘʜʝʣʴʮʳ ʨʝʤʝʩʣʝʥʥʳʭ 
ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʯʠʩʣʦʤ ʨʘʙʦʪʥʠʢʦʚ ʤʝʥʝʝ 10 ʯʝʣʦʚʝʢ, ʘ ʪʘʢʞʝ ʦʩʚʦʙʦʞʜʘʣʠʩʴ ʤʝʱʘʥʝ ʠ ʢʨʝʩʪʴʷʥʝ, ʝʩʣʠ 
ʦʥʠ ʥʝ ʚʝʣʠ ʪʦʨʛʦʚʣʠ ʧʦ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ ʦʙʣʦʞʝʥʠʶ ʜʦʣʞʥʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʴʩʷ ʠ ʨʫʩʩʢʠʝ ʧʦʜʜʘʥʥʳʝ, ʧʨʦʞʠʚʘʶʱʠʝ ʟʘ 
ʛʨʘʥʠʮʝʡ ʙʦʣʝʝ ʧʦʣʫʛʦʜʘ. ʆʥʠ ʦʙʣʘʛʘʣʠʩʴ ʧʦʜʦʭʦʜʥʳʤ ʥʘʣʦʛʦʤ, ʢʦʪʦʨʳʡ ʙʳʣ ʚʳʰʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ 
ʈʦʩʩʠʠ ʧʦʜʦʭʦʜʥʦʛʦ ʥʘʣʦʛʘ ʥʘ 1%.  

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʣʦʞʝʥʠʷ ʩʥʘʯʘʣʘ ʩʦʩʪʘʚʣʷʣʠʩʴ ʩʧʠʩʢʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʧʣʘʪʝʣʴʱʠʢʦʚ. ʅʘʣʦ-
ʛʦʧʣʘʪʝʣʴʱʠʢʠ ʩʘʤʠ ʟʘʷʚʣʷʣʠ ʩʫʤʤʫ ʩʚʦʝʛʦ ʜʦʭʦʜʘ, ʢʦʪʦʨʘʷ, ʧʦ ʠʜʝʝ, ʥʝ ʜʦʣʞʥʘ ʙʳʣʘ ʧʨʦʚʝʨʷʪʴʩʷ. ɺ 
ʢʘʯʝʩʪʚʝ ʛʘʨʘʥʪʠʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʩʚʝʜʝʥʠʡ ʧʨʝʜʣʘʛʘʣʠʩʴ ʫʜʦʩʪʦʚʝʨʝʥʠʝ ʵʪʠʭ ʩʚʝʜʝʥʠʡ ʜʚʫʤʷ ʩʚʠʜʝ-
ʪʝʣʷʤʠ ʠ ʰʪʨʘʬ ʟʘ ʩʦʢʨʳʪʠʝ ʥʘʩʪʦʷʱʝʡ ʚʝʣʠʯʠʥʳ ʜʦʭʦʜʦʚ ʚ ʜʝʩʷʪʠʢʨʘʪʥʦʤ ʨʘʟʤʝʨʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʥʝʜʦʧʣʘʯʝʥʥʦʡ ʩʫʤʤʝ.  

ɺʟʠʤʘʪʴ ʥʘʣʦʛʠ ʜʦʣʞʥʳ ʙʳʣʠ ʢʦʤʠʩʩʘʨʳ ï ʥʦʚʘʷ ʚʚʦʜʠʤʘʷ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʵʪʦʛʦ ʜʦʣʞʥʦʩʪʴ. ʆʥʠ 
ʜʦʣʞʥʳ ʙʳʣʠ ʙʳʪʴ ʧʦʜʯʠʥʝʥʳ ʤʠʥʠʩʪʝʨʩʪʚʫ ʬʠʥʘʥʩʦʚ. ɺʳʙʠʨʘʪʴʩʷ ʦʥʠ ʜʦʣʞʥʳ ʙʳʣʠ ʜʚʦʨʷʥʩʪʚʦʤ ʠ 
ʛʦʨʦʜʩʢʠʤʠ ʩʦʩʣʦʚʠʷʤʠ ʧʦ ʦʜʥʦʤʫ ʚ ʫʝʟʜʥʳʭ ʛʦʨʦʜʘʭ ʠ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʥʘʟʥʘʯʝʥʥʦʤ ʤʠʥʠʩʪʝʨʩʪʚʦʤ ʬʠ-
ʥʘʥʩʦʚ. ʈʫʩʩʢʠʝ ʧʦʜʜʘʥʥʳʝ ʟʘ ʛʨʘʥʠʮʝʡ ʜʦʣʞʥʳ ʙʳʣʠ ʚʥʦʩʠʪʴ ʧʣʘʪʫ ʚ ʧʦʩʦʣʴʩʪʚʘ ʠʣʠ ʢʦʥʩʫʣʴʩʪʚʘ. ʇʦ-
ʜʦʭʦʜʥʳʡ ʥʘʣʦʛ ʜʦʣʞʝʥ ʙʳʣ ʚʟʠʤʘʪʴʩʷ ʧʦ ʧʦʣʫʛʦʜʠʷʤ ï ʢ 30 ʠʶʥʷ ʠ 31 ʜʝʢʘʙʨʷ [2, ʩ. 95ï102]. 

24 ʤʘʨʪʘ 1862 ʛʦʜʘ ʧʨʦʝʢʪ ɺʘʣʫʝʚʘ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ ʂʦʤʠʪʝʪʝ ʬʠʥʘʥʩʦʚ, ʦʜʥʘʢʦ ʙʳʣ ʨʘʩʢʨʠʪʠ-
ʢʦʚʘʥ ʠ ʦʪʚʝʨʛʥʫʪ, ʦ ʯʝʤ ʧʦʚʝʜʘʣ ʩʘʤ ɺʘʣʫʝʚ ʚ ʩʚʦʝʡ ʜʥʝʚʥʠʢʦʚʦʡ ʟʘʧʠʩʠ ʦʪ ʵʪʦʛʦ ʞʝ ʯʠʩʣʘ [1, ʩ. 154]. 
ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʚ ʞʠʟʥʴ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʩʯʠʪʘʣʘʩʴ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨ-
ʢʠ ʜʦʭʦʜʦʚ ʥʘʩʝʣʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʭʦʟʷʡʩʪʚʘ ʠ ʦʪʩʫʪʩʪʚʠʷ ʫʯʨʝʞʜʝʥʠʡ ʤʝʩʪ-
ʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʚʟʷʪʴ ʥʘ ʩʝʙʷ ʬʫʥʢʮʠʶ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʭʦʜʦʚ ʥʘʩʝʣʝʥʠʷ. ʊʘʢ-
ʞʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʧʦʜʦʭʦʜʥʦʛʦ ʥʘʣʦʛʘ ʤʦʛʣʦ ʙʳ ʧʨʠʚʝʩʪʠ ʢ ʥʘʯʘʣʫ ʥʝʜʦʚʦʣʴʩʪʚ ʠ ʚʦʣʥʝʥʠʡ 
[2, ʩ. 116ï117].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʝʢʪ ʙʳʣ ʟʘʙʨʘʢʦʚʘʥ, ʘ ʚʦʧʨʦʩ ʩ ʚʚʝʜʝʥʠʝʤ ʧʦʜʦʭʦʜʥʦʛʦ ʥʘʣʦʛʘ ʙʳʣ ʦʪʣʦʞʝʥ. 
ʆʜʥʘʢʦ ʧʨʦʝʢʪ ʇ. ɸ. ɺʘʣʫʝʚʘ ʦ ʚʚʝʜʝʥʠʠ ʥʦʚʦʛʦ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʠʤʝʣ ʙʦʣʴʰʦʝ ʠʩʪʦʨʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ. 
ɺʦ-ʧʝʨʚʳʭ, ʙʳʣ ʩʜʝʣʘʥ ʧʝʨʚʳʡ ʰʘʛ ʢ ʧʨʦʛʨʝʩʩʠʚʥʦʤʫ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʶ ï ʧʨʦʝʢʪ ʩʪʘʣ ʨʘʥʥʠʤ 

ʧʨʠʤʝʨʦʤ ʠʜʝʠ çʧʣʘʪʠʪʴ ʧʦ ʤʝʨʝ ʚʦʟʤʦʞʥʦʩʪʝʡè, ʢʦʪʦʨʘʷ ʧʦʟʞʝ ʣʝʛʣʘ ʚ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʣʦʛʦ-
ʚʳʭ ʩʠʩʪʝʤ. 

ɺʦ-ʚʪʦʨʳʭ, ʠʜʝʠ ʇ. ɸ. ɺʘʣʫʝʚʘ ʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʥʘ ʙʫʜʫʱʠʝ ʨʝʬʦʨʤʳ: ʚʚʝʜʝʥʠʝ ʧʦʜʦʭʦʜʥʦʛʦ 
ʥʘʣʦʛʘ ʚ 1886 ʛʦʜʫ (ʭʦʪʷ ʦʥ ʢʘʩʘʣʩʷ ʪʦʣʴʢʦ ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ), ʚʜʦʭʥʦʚʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝ-
ʥʠʡ ʨʝʬʦʨʤʘʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʉʝʨʛʝʷ ʖʣʴʝʚʠʯʘ ɺʠʪʪʝ ʠ ʇʘʚʣʘ ʅʠʢʦʣʘʝʚʠʯʘ ʄʠʣʶʢʦʚʘ, ʇʝʪʨʘ ɸʣʝʢʩʘʥ-
ʜʨʦʚʠʯʘ ʉʪʦʣʳʧʠʥʘ. 

ɺ-ʪʨʝʪʴʠʭ, ʧʨʦʝʢʪ ɺʘʣʫʝʚʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʝʬʦʨʤʘʪʦʨʩʢʠʝ ʠʜʝʠ ʤʦʛʫʪ ʦʧʝʨʝʞʘʪʴ ʩʚʦʸ ʚʨʝʤʷ, ʩʪʘʣ-
ʢʠʚʘʷʩʴ ʧʨʠ ʵʪʦʤ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʵʣʠʪ. 

ʇʨʦʝʢʪ ʧʦʜʦʭʦʜʥʦʛʦ ʥʘʣʦʛʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʇ. ɸ. ɺʘʣʫʝʚʳʤ ʚ 1860-ʝ ʛʦʜʳ, ʩʪʘʣ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ 
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ʧʦʧʳʪʦʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʳ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ. ʍʦʪʷ ʧʨʦʝʢʪ ʥʝ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ, ʝʛʦ 
ʟʥʘʯʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʜʝʡ ʪʦʛʦ ʚʨʝʤʝʥʠ ʠ ʠʣʣʶʩʪʨʘ-
ʮʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʬʦʨʤʘʤ ʩʦ ʩʪʦʨʦʥʳ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʵʣʠʪ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ǲǣǩ 4/4,/0 

ǣǧǟǠǤǱǧǶǤǰǩǭǤ ǰǤǯǣǵǤ, ǭǠǦǭǯ 
ǪǧǱǤǯǟǱǲǯǺ 

ǩȍȕȊȍȁǿ ǟȌȌǿ ǟȊȇȉȍȁȌǿ 
ʢ.ʤ.ʥ., ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʬʘʢʫʣʴʪʝʪʩʢʦʡ ʪʝʨʘʧʠʠ ʠʤ. ʉ.ʇ. ɹʦʪʢʠʥʘ 
ʌɻɹɺʆʋ ɺʆ çɺʦʝʥʥʦ-ʤʝʜʠʮʠʥʩʢʘʷ ʘʢʘʜʝʤʠʷ ʠʤʝʥʠ ʉ.ʄ. ʂʠʨʦʚʘè ʄʆ ʈʌ 

 

ɹʦʦʧʫʙʯʡʸ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʥʘʥʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʘʫʯʥʦʡ 
ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ ʛʠʧʦ-
ʪʝʟ ʦ ʜʘʥʥʦʡ ʥʦʟʦʣʦʛʠʠ.  
ʄʝʪʦʜʠʢʘ ʨʘʙʦʪʳ ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʮʠʪʠʨʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʣʠʪʝʨʘʪʫʨʳ ʠʟ ʦʪʢʨʳʪʳʭ ʨʝʩʫʨ-
ʩʦʚ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: ʧʨʦʠʟʚʝʜʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʘʪʠʢʝ ʜʠʘʙʝʪʠʯʝ-
ʩʢʦʡ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʉʘʭʘʨʥʳʡ ʜʠʘʙʝʪ, ʢʘʨʜʠʦʤʠʦʧʘʪʠʷ, ʠʥʬʘʨʢʪ ʤʠʦʢʘʨʜʘ. 
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Kotslova Anna Alikovna 
 
Abstract. The purpose of this work is to review and analyze existing knowledge, research, and scientific litera-
ture on diabetic cardiomyopathy at the current stage of the development of ideas and hypotheses about this 
nosology. The methodology The analysis of the most cited literature sources from open resources on this is-
sue is carried out. Main results: a review of the literature on diabetic cardiomyopathy has been conducted. 
Key words: Diabetes mellitus, cardiomyopathy, myocardial infarction. 

 
ɻʛʞʝʞʦʡʞ. ʆʜʥʠʤ ʠʟ ʩʝʨʴʝʟʥʳʭ ʦʩʣʦʞʥʝʥʠʡ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ ʚʳʩʪʫʧʘʝʪ ʜʠʘʙʝʪʠʯʝʩʢʘʷ ʢʘʨ-

ʜʠʦʤʠʦʧʘʪʠʷ. [1, ʩ.106] ʂʘʨʜʠʦʤʠʦʧʘʪʠʠ ï ʵʪʦ ʨʘʟʥʦʨʦʜʥʘʷ ʛʨʫʧʧʘ ʥʦʟʦʣʦʛʠʡ ʩʝʨʜʮʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠ-
ʝʩʷ ʥʘʨʫʰʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʤʠʦʢʘʨʜʘ, ʢʦʪʦʨʦʝ ʯʘʩʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠ-
ʜʝ ʥʝʘʜʝʢʚʘʪʥʦʡ ʛʠʧʝʨʪʨʦʬʠʠ ʠʣʠ ʜʠʣʘʪʘʮʠʠ. ʜʠʘʙʝʪʠʯʝʩʢʘʷ ʢʘʨʜʠʦʤʠʦʧʘʪʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʤʝʪʘʙʦʣʠʯʝʩʢʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʩʝʨʜʝʯʥʦʡ ʪʢʘʥʠ. ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʜʠʘʙʝ-
ʪʠʯʝʩʢʫʶ ʢʘʨʜʠʦʤʠʦʧʘʪʠʶ ʥʫʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʦʩʣʦʞʥʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ 
ʜʣʠʪʝʣʴʥʦʤ ʪʝʯʝʥʠʠ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ [2, ʩ.108]. 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ. ʇʨʦʠʟʚʝʜʝʥ ʧʦʠʩʢ ʠ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʮʠʪʠʨʫʝʤʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʩʚʝʜʝ-
ʥʠʡ ʧʦ ʜʘʥʥʳʤ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʣʠʪʝʨʘʪʫʨʳ ʠʥʪʝʨʝʥʝʪ-ʧʦʨʪʘʣʘ www.elibrary.ru. 

ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʞ. ʇʦ ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, çʥʝʢʦʨʦʥʘʨʥʘʷ ʢʘʨʜʠʦʧʘ-
ʪʠʷè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʨʘʞʝʥʠʝʤ ʤʠʦʢʘʨʜʘ, ʚʳʟʚʘʥʥʳʤ ʥʘʨʫʰʝʥʠʝʤ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʝʚʨʦʧʘ-
ʪʠʝʡ ʠ ʤʠʢʨʦʘʥʛʠʦʧʘʪʠʝʡ. ʈʘʟʚʠʪʠʝ çʜʠʘʙʝʪʠʯʝʩʢʦʛʦ ʩʝʨʜʮʘè ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ 
ʢʣʠʥʠʢʦ-ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʩʪʘʜʠʡ: 1) ʤʝʪʘʙʦʣʠʯʝʩʢʘʷ ʠʣʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠ-ʛʠʧʦʢʩʠʯʝʩʢʘʷ ʩʪʘʜʠʷ, ʢʦʪʦ-
ʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʨʜʠʦʤʠʦʧʘʪʠʝʡ; 2) ʤʝʪʘʙʦʣʠʯʝʩʢʠ-ʠʰʝʤʠʯʝʩʢʘʷ ʩʪʘʜʠʷ, ʢʣʠʥʠʯʝʩʢʠ ʧʨʦʷʚʣʷʶ-
ʱʘʷʩʷ ʚ ʚʠʜʝ ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ; 3) ʠʥʬʘʨʢʪ ʤʠʦʢʘʨʜʘ; 4) ʜʠʩʪʨʦʬʠʯʝʩʢʠʡ ʢʦʨʦʥʘʨʦʩʢʣʝʨʦ-
ʪʠʯʝʩʢʠʡ ʢʘʨʜʠʦʩʢʣʝʨʦʟ; 5) ʘʚʪʦʥʦʤʥʘʷ ʜʠʘʙʝʪʠʯʝʩʢʘʷ ʥʝʡʨʦʧʘʪʠʷ ʩʝʨʜʮʘ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʦʪ-
ʥʦʰʝʥʠʝ ʢ ʚʠʩʮʝʨʘʣʴʥʳʤ (ʚʝʛʝʪʘʪʠʚʥʳʤ) ʥʝʚʨʦʧʘʪʠʷʤ. ʇʝʨʚʳʝ ʜʚʝ ʩʪʘʜʠʠ ʟʘʙʦʣʝʚʘʥʠʷ ʠʤʝʶʪ ʬʫʥʢ-
ʮʠʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʯʘʩʪʦ ʚʳʷʚʣʷʶʪʩʷ ʥʝ ʧʦ ʢʣʠʥʠʯʝʩʢʠʤ ʧʨʦʷʚʣʝʥʠʷʤ, ʘ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʦ-
ʥʘʣʴʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ. ʇʨʠ ʵʪʦʤ ʧʝʨʚʘʷ ʩʪʘʜʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʢʣʠʥʠʢʦ-ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ 
ʧʨʠʟʥʘʢʘʤʠ ʜʠʩʪʨʦʬʠʠ ʤʠʦʢʘʨʜʘ, ʘ ʚʪʦʨʘʷ ï ʩʠʤʧʪʦʤʘʤʠ ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ. ɼʠʩʪʨʦʬʠʷ 
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ʤʠʦʢʘʨʜʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʘʪʦʣʦʛʠʝʡ, ʥʘʙʣʶʜʘʝʤʦʡ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʫʤʝʨʝʥʥʦ-
ʪʷʞʝʣʦʡ ʠ ʣʝʛʢʦʡ ʬʦʨʤʦʡ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ. ʇʦʨʘʞʝʥʠʝ ʢʦʨʦʥʘʨʥʳʭ ʩʦʩʫʜʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʞʝ ʠ ʚʳ-
ʷʚʣʷʝʪʩʷ ʧʨʠ ʕʂɻ ʢʘʢ ʢʦʨʦʥʘʨʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʦʨʘʞʝʥʠʝ ʩʝʨʜʮʘ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʙʝʩʩʠʤʧʪʦʤʥʦ ʠʣʠ ʧʨʦʷʚʣʷʪʴʩʷ ʥʝʩʧʝ-
ʮʠʬʠʯʝʩʢʠʤʠ ʩʠʤʧʪʦʤʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʦʜʳʰʢʘ ʠ ʫʯʘʱʝʥʥʦʝ ʩʝʨʜʮʝʙʠʝʥʠʝ ʧʨʠ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ, ʘ 
ʪʘʢʞʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʶʱʠʝ ʪʫʧʳʝ ʙʦʣʠ ʚ ʦʙʣʘʩʪʠ ʩʝʨʜʮʘ. ʋʭʫʜʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʛʠʧʦʛʣʠʢʝ-
ʤʠʠ ʠ ʢʝʪʦʘʮʠʜʦʟʝ ʧʨʦʷʚʣʷʝʪʩʷ ʫʩʠʣʝʥʠʝʤ ʩʝʨʜʝʯʥʳʭ ʙʦʣʝʡ ʠ ʫʯʘʱʝʥʠʝʤ ʩʝʨʜʮʝʙʠʝʥʠʷ. ʇʘʮʠʝʥʪʳ ʩ 
ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʢʘʨʜʠʦʤʠʦʧʘʪʠʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʩʧʳʪʳʚʘʶʪ ʧʨʠʩʪʫʧʦʚ ʩʪʝʥʦʢʘʨʜʠʠ, ʥʘʨʫʰʝʥʠʡ ʩʝʨ-
ʜʝʯʥʦʛʦ ʨʠʪʤʘ ʠ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ. ʇʘʪʦʛʝʥʝʟ ʙʝʟ ʙʦʣʝʚʳʭ ʠʥʬʘʨʢʪʦʚ ʤʠʦʢʘʨʜʘ ʫ ʧʘʮʠʝʥʪʦʚ 
ʩ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʥʘʨʫʰʝʥʠʝʤ ʬʫʥʢʮʠʠ ʥʝʨʚʥʦ-ʨʝʮʝʧʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʳ-
ʟʚʘʥʥʦʛʦ ʜʠʩʪʨʦʬʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʤʠʦʢʘʨʜʘ ʠ ʜʝʛʝʥʝʨʘʪʠʚʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʩʫʜʦʚ. 

ɺ ʭʦʜʝ ʢʣʠʥʠʯʝʩʢʦʛʦ ʦʩʤʦʪʨʘ ʫ ʧʘʮʠʝʥʪʦʚ ʚʳʷʚʣʷʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝ ʩʝʨʜʝʯʥʳʭ ʰʫʤʦʚ ʥʘʜ ʚʝʨʭʫ-
ʰʝʯʥʦʡ ʦʙʣʘʩʪʴʶ, ʧʦʷʚʣʝʥʠʝ ʫʩʠʣʝʥʠʷ II ʪʦʥʘ ʥʘʜ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʝʡ, ʘ ʪʘʢʞʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʩʠʩʪʦ-
ʣʠʯʝʩʢʠʡ ʰʫʤ ʚ ʦʙʣʘʩʪʠ ʪʦʯʢʠ ɹʦʪʢʠʥʘ ʠ ʥʘ ʚʝʨʭʫʰʢʝ ʩʝʨʜʮʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʟʣʠʯʥʳ-
ʤʠ ʘʚʪʦʨʘʤʠ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ 
ʚʳʷʚʣʷʶʪʩʷ ʚ 66-89,2% ʩʣʫʯʘʝʚ. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʕʂɻ, ʧʦʟʚʦʣʷʝʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʜʠʩʪʨʦʬʠʯʝʩʢʠʝ 
ʠʟʤʝʥʝʥʠʷ ʤʠʦʢʘʨʜʘ ʫ 85,4% ʧʘʮʠʝʥʪʦʚ, ʘ ʠʰʝʤʠʶ ʤʠʦʢʘʨʜʘ ï ʫ 39,8% ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʛʨʫʧʧʳ. ʅʝʟʘ-
ʚʠʩʠʤʦ ʦʪ ʚʦʟʨʘʩʪʘ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʨʫʰʝʥʠʷ ʨʝʧʦʣʷʨʠʟʘʮʠʠ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʚʠʜʝ 
ʩʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʘ S-T ʚʥʠʟ ʦʪ ʠʟʦʣʠʥʠʠ ʠ ʘʣʴʪʝʨʘʮʠʠ ʟʫʙʮʘ T: ʠʥʚʝʨʩʠʠ, ʜʚʫʭʬʘʟʥʦʩʪʠ, ʩʛʣʘʞʝʥʥʦʩʪʠ 
ʠʣʠ ʫʩʠʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩ ʟʘʦʩʪʨʝʥʥʳʤ ʧʠʢʦʤ. ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʢʘʢ ʤʝʪʘʙʦʣʠ-
ʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʚ ʤʠʦʢʘʨʜʝ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʩʝʨʜʮʘ. ʏʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʭʘ-
ʨʘʢʪʝʨ ʵʪʠʭ ʥʘʨʫʰʝʥʠʡ, ʨʷʜ ʘʚʪʦʨʦʚ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʙʘʤʠ ʩ ʭʣʦʨʠʜʦʤ ʢʘʣʠʷ ʠ ʧʨʦʧʨʘʥʦʣʦʣʦʤ. 
ʅʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠʣʠ ʩʣʘʙʘʷ ʨʝʘʢʮʠʷ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʞʝʣʫʜʦʯʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʕʂɻ ʥʘ ʚʚʝʜʝʥʠʝ 
ʧʨʦʧʨʘʥʦʣʦʣʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʩʥʠʞʝʥʠʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʝʪʘ-ʘʜʨʝʥʝʨʛʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦ-
ʨʦʚ ʤʠʦʢʘʨʜʘ, ʩʚʦʡʩʪʚʝʥʥʦʡ ʩʘʭʘʨʥʦʤʫ ʜʠʘʙʝʪʫ [3, ʩ. 155]. 

ɿʘʯʘʩʪʫʶ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʡ ʨʝʧʦʣʷʨʠʟʘʮʠʠ ʕʂɻ ʫ ʤʦʣʦʜʳʭ ʧʘʮʠʝʥʪʦʚ ʩ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ 
ʷʚʣʷʶʪʩʷ ʥʘʨʫʰʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ çʢʘʣʠʝʚʳʤè ʤʝʭʘʥʠʟʤʦʤ. ʋ ʧʘʮʠʝʥʪʦʚ ʩʨʝʜʥʝʛʦ ʚʦʟʨʘʩʪʘ, ʧʦʤʠʤʦ 
ʥʘʨʫʰʝʥʠʡ çʢʘʣʠʝʚʦʛʦè ʤʝʭʘʥʠʟʤʘ, ʚʳʷʚʣʷʣʠʩʴ ʕʂɻ-ʠʟʤʝʥʝʥʠʷ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝ-
ʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ʀʟʫʯʝʥʠʝ ʩʦʢʨʘʪʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ʤʠʦʢʘʨʜʘ ʩ ʧʦʤʦʱʴʶ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʝʨʜʝʯʥʦʛʦ 
ʮʠʢʣʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʘʭ ʦʮʝʥʢʠ, ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʫ 91,4% ʧʘʮʠʝʥʪʦʚ ʥʘʨʫʰʝʥʠʝ 
ʚʥʫʪʨʠʩʝʨʜʝʯʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ. ʋʨʦʚʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩʝʨʜʝʯʥʦʛʦ 
ʮʠʢʣʘ ʢʦʨʨʝʣʠʨʦʚʘʣ ʩ ʚʦʟʨʘʩʪʦʤ ʧʘʮʠʝʥʪʦʚ, ʪʷʞʝʩʪʴʶ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʟʘʙʦʣʝʚʘʥʠʷ, ʯʪʦ ʧʦʜ-
ʪʚʝʨʜʠʣʦʩʴ ʠ ʚ ʭʦʜʝ ʨʘʜʠʦʥʫʢʣʠʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [3, ʩ 156]. ʅʘʣʠʯʠʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝ-
ʪʦʤ ʩʠʥʜʨʦʤʘ ʛʠʧʦʜʠʥʘʤʠʠ ʩʝʨʜʮʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʷʜʦʤ ʚʳʷʚʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ: ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦ-
ʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʬʘʟ ʩʠʥʭʨʦʥʥʦʛʦ ʠ ʠʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ, ʩʦʢʨʘʱʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʦ-
ʣʳ, ʩʥʠʞʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ɹʣʶʤʙʝʨʛʝʨʘ ʠ ʧʦʚʳʰʝʥʠʝʤ ʠʥʜʝʢʩʘ ʥʘʧʨʷʞʝʥʠʷ ʤʠʦ-
ʢʘʨʜʘ [3, ʩ. 157]. 

ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ ʦʪʤʝʯʘʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʩʠʩʪʝʤʥʦʡ ʛʝʤʦʜʠʥʘ-
ʤʠʢʠ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ ʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚ 
ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʛʝʤʦʜʠʥʘʤʠʢʝ. ʇʦʩʣʝʜʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʦʚ ʮʠʨʢʫʣʠʨʫʶʱʝʡ 
ʢʨʦʚʠ, ʟʘʤʝʜʣʝʥʠʝʤ ʢʨʦʚʦʪʦʢʘ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʩʫʜʘʭ ʠ ʚʳʨʘʞʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʦʙʱʝʛʦ ʧʝʨʠ-
ʬʝʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʩʫʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʝʤ ʤʠʥʫʪʥʦʛʦ ʦʙʲʝʤʘ ʢʨʦʚʠ, 
ʯʪʦ ʚʳʟʚʘʥʦ ʫʩʠʣʝʥʠʝʤ ʪʦʥʫʩʘ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ ʠ ʨʦʩʪʦʤ ʩʨʝʜʥʝʛʦ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. 
ʉʥʠʞʝʥʠʝ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʜʠʘʙʝʪʦʤ ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, 
ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʧʦʚʳʰʝʥʥʦʡ çʨʠʛʠʜʥʦʩʪʠè ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
[4, ʩ.182] ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʪʷʞʠʤʦʩʪʠ ʤʠʦʢʘʨʜʘ ʚʩʣʝʜ-
ʩʪʚʠʝ ʦʪʣʦʞʝʥʠʷ ʛʣʠʢʦʧʨʦʪʝʠʜʦʚ ʚ ʩʝʨʜʝʯʥʦʡ ʪʢʘʥʠ. ɻʠʧʝʨʛʣʠʢʝʤʠʷ ʠ ʜʠʘʙʝʪʠʯʝʩʢʠʡ ʢʝʪʦʟ ʤʦʛʫʪ ʥʝʛʘ-
ʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʩʦʢʨʘʪʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʤʠʦʢʘʨʜʘ, ʩʥʠʞʘʷ ʘʢʪʠʚʥʦʩʪʴ Ca2+-ɸʊʌʘʟʳ ʠ ʥʘʨʫʰʘʷ ʩʪʨʫʢ-
ʪʫʨʫ ʤʠʦʟʠʥʘ. ʋʣʫʯʰʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʩʣʝ ʥʘʟʥʘʯʝʥʠʷ ʠʥʩʫʣʠʥʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʚʷʟʴ ʜʘʥʥʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʩ ʜʠʘʙʝʪʦʤ [5, ʩ. 93]. 



176 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 

 

XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʋ 1/3 ʧʘʮʠʝʥʪʦʚ ʩ ʜʠʘʙʝʪʦʤ ʧʦʩʣʝ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚʳʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʩʝʛʤʝʥʪʘ S-T ʠ 
ʟʫʙʮʘ T, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʢʦʨʦʥʘʨʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʧʨʠ ʫʩʣʦʚʠʠ ʥʦʨʤʘʣʴʥʦʡ ʠʩʭʦʜʥʦʡ 
ʕʂɻ. ʆʙʥʘʨʫʞʝʥʠʝ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʪʷʞʝʩʪʠ ʜʠʘʙʝʪʘ, ʘ 
ʪʘʢʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʦʩʣʦʞʥʝʥʠʡ ʚ ʚʠʜʝ ʨʝʪʠʥʦ- ʠ ʥʝʬʨʦʧʘʪʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʩʪʝʥʦʢʘʨʜʠʷ ʫ ʙʦʣʴʥʳʭ 
ʜʠʘʙʝʪʦʤ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʞʝ, ʯʝʤ ʫ ʧʘʮʠʝʥʪʦʚ ʙʝʟ ʜʠʘʙʝʪʘ, ʯʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʦ ʩ ʥʘʨʫʰʝʥʠ-
ʝʤ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʏʘʩʪʦ ʫ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ ʙʝʟ ʙʦʣʝʚʳʭ ʠʥʬʘʨʢʪʦʚ ʤʠʦʢʘʨʜʘ, ʯʪʦ 
ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʧʨʠʯʠʥʘʤʠ [5, ʩ. 94]. 

ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʘʨʫʰʝʥʠʷ ʢʨʦʚʦʪʦʢʘ ʚʥʫʪʨʠʩʝʨʜʝʯʥʦʡ 
ʛʝʤʦʜʠʥʘʤʠʢʠ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ ʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 
ʛʠʧʦʛʣʠʢʝʤʠʠ. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʚʳʨʘʞʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʩʘʭʘʨʘ ʠ ʧʨʠ ʵʧʠʟʦʜʠʯʝʩʢʦʡ ʢʨʘʪʢʦ-
ʚʨʝʤʝʥʥʦʡ ʛʠʧʦʛʣʠʢʝʤʠʠ, ʠʟʤʝʥʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʘʟ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ ʥʝ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ. 

 
 
ɿɸʂʃʖʏɽʅʀɽ. ɺ ʟʘʚʝʨʰʝʥʠʝ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʘʪʠʢʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʘʙʝʪʠʯʝʩʢʦʛʦ 

ʩʝʨʜʮʘ ʭʦʯʝʪʩʷ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʯʝʨʪʳ ʢʣʠʥʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ 
ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ. ʆʥʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʪʷʞʝʣʦʝ ʪʝʯʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʝʛʦ 
ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʯʘʩʪʳʝ ʧʦʚʪʦʨʥʳʝ ʠʥʬʘʨʢʪʳ ʠ ʧʦʚʳʰʝʥʥʘʷ ʯʘʩʪʦʪʘ ʪʨʦʤʙʦʵʤʙʦʣʠ-
ʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʨʘʥʥʝʝ ʠ ʯʘʩʪʦʝ ʨʘʟʚʠʪʠʝ ʣʝʚʦʞʝʣʫʜʦʯʢʦʚʦʡ ʜʠʩʬʫʥʢʮʠʠ. 

ʉʨʝʜʠ ʧʘʮʠʝʥʪʦʚ ʩ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ, ʫ ʢʦʪʦʨʳʭ ʨʘʟʚʠʣʩʷ ʠʥʬʘʨʢʪ ʤʠʦʢʘʨʜʘ, ʧʨʝʦʙʣʘʜʘʶʪ 
ʞʝʥʱʠʥʳ. ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʞʝʥʱʠʥ ʠ ʤʫʞʯʠʥ ʧʦ ʯʘʩʪʦʪʝ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʝʜʠ-
ʥʦʤʫ. ʋ ʤʦʣʦʜʳʭ ʞʝʥʱʠʥ ʩ ʜʠʘʙʝʪʦʤ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ ʧʦʚʳʰʝʥ, ʪʘʢ ʢʘʢ ʦʥʠ ʣʠʰʘʶʪʩʷ 
ʟʘʱʠʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʪ ʧʦʨʘʞʝʥʠʡ ʢʦʨʦʥʘʨʥʳʭ ʩʦʩʫʜʦʚ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʞʝʥʱʠʥʘʤ ʙʝʟ ʜʠʘʙʝʪʘ. 

ʊʘʢʘʷ ʪʝʥʜʝʥʮʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʠ ʪʷʞʝʩʪʴʶ ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ 
ʫ ʞʝʥʱʠʥ ʩ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʫ ʥʠʭ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫ-
ʶʱʠʭ ʨʘʟʚʠʪʠʶ ʘʪʝʨʦʩʢʣʝʨʦʟʘ. ʅʘʧʨʠʤʝʨ, ʦʞʠʨʝʥʠʝ ʙʳʣʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʦ ʚ ʪʨʠ ʨʘʟʘ ʯʘʱʝ ʫ ʞʝʥʱʠʥ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʫʞʯʠʥʘʤʠ. ʋ ʞʝʥʱʠʥ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʯʘʱʝ ʚʳʷʚʣʷʣʘʩʴ ʛʠʧʝʨʣʠʧʦʧʨʦʪʝʠʥʝʤʠʷ IV 
ʪʠʧʘ. ɺ 72,3% ʩʣʫʯʘʝʚ ʫ ʞʝʥʱʠʥ ʜʠʘʛʥʦʩʪʠʨʦʚʘʣʠ ʛʠʧʦʭʦʣʝʩʪʝʨʠʥʝʤʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʤʫʞʯʠʥ ʵʪʦʪ 
ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ 55,3%. 

ʄʫʞʯʠʥʳ ʩ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ ʠʤʝʶʪ ʚ ʜʚʘ ʨʘʟʘ, ʘ ʞʝʥʱʠʥʳ - ʚ ʪʨʠ ʨʘʟʘ ʧʦʚʳʰʝʥʥʳʡ ʨʠʩʢ 
ʩʤʝʨʪʠ ʦʪ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʱʝʡ ʧʦʧʫʣʷʮʠʝʡ, ʚʢʣʶʯʘʷ ʩʣʫʯʘʠ ʚʥʝʟʘʧʥʦʡ ʩʤʝʨʪʠ. ʋ 
ʧʘʮʠʝʥʪʦʚ ʩ ʜʠʘʙʝʪʦʤ ʣʝʪʘʣʴʥʦʩʪʴ ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʠʥʬʘʨʢʪʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʫ 
ʣʠʮ ʙʝʟ ʥʘʨʫʰʝʥʠʡ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ - 54% ʧʨʦʪʠʚ 22,6%. 

ʂʣʠʥʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʜʠʘʙʝʪʦʤ ʯʘʩʪʦ ʦʪʣʠʯʘʝʪʩʷ ʤʝʥʴʰʝʡ ʠʥ-
ʪʝʥʩʠʚʥʦʩʪʴʶ ʠʣʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʙʦʣʝʚʦʛʦ ʩʠʥʜʨʦʤʘ ʚ ʦʩʪʨʦʡ ʬʘʟʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʇʦʣʥʦʝ ʦʪʩʫʪ-
ʩʪʚʠʝ ʙʦʣʝʚʳʭ ʦʱʫʱʝʥʠʡ ʧʨʠ ʠʥʬʘʨʢʪʝ ʤʠʦʢʘʨʜʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤʠ ʪʝʦʨʠʷʤʠ ʧʘʪʦʛʝʥʝʟʘ 
ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ: - ʫʚʝʣʠʯʝʥʠʝ ʧʦʨʦʛʘ ʙʦʣʝʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʧʨʠ ʘʪʝʨʦ-
ʩʢʣʝʨʦʟʝ ʠ ʧʘʪʦʣʦʛʠʠ ʩʝʨʜʮʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ; - ʠʥʬʘʨʢʪ ʤʦʞʝʪ 
ʨʘʟʚʠʚʘʪʴʩʷ ʤʝʜʣʝʥʥʦ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʙʦʣʝʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟ-ʟʘ ʧʦʩʪʝʧʝʥʥʦʛʦ 
ʨʘʟʨʫʰʝʥʠʷ ʩʦʩʫʜʦʚ ʠ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ; - ʧʦʨʘʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʩʝʨʜʮʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʥʠʞʝʥʥʫʶ 
ʙʦʣʝʚʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʝʛʦ ʦʪʜʝʣʘʤʠ; - ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʯʫʚʩʪʚʠ-
ʪʝʣʴʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʫʙʮʦʚʳʭ ʧʝʨʝʨʦʞʜʝʥʠʷʭ ʤʠʦʢʘʨʜʘ; - ʩʫʱʝʩʪʚʫʝʪ ʩʚʷʟʴ ʤʝʞʜʫ 
ʘʮʠʜʦʟʦʤ ʠ ʜʝʛʝʥʝʨʘʪʠʚʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʤʝʣʢʠʭ ʘʨʪʝʨʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʠʰʝʤʠʠ 
ʩʝʨʜʮʘ. 

ʇʘʮʠʝʥʪʳ ʩ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ ʚʪʦʨʦʛʦ ʪʠʧʘ ʥʫʞʜʘʶʪʩʷ ʚ ʙʦʣʝʝ ʧʨʠʩʪʘʣʴʥʦʤ ʜʠʩʧʘʥʩʝʨʥʦʤ 
ʢʦʥʪʨʦʣʝ ʠ ʥʘʙʣʶʜʝʥʠʠ ʢʘʨʜʠʦʣʦʛʘ ʜʣʷ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ. ʕʪʦ ʦʙʫ-
ʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʧʦʨʘʞʝʥʠʷ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ ʧʨʠ ʜʠʘʙʝʪʝ ʧʨʦʷʚʣʷʶʪʩʷ 
ʣʠʰʴ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʷ ʚ ʤʠʦʢʘʨʜʝ ʫʞʝ ʟʘʰʣʠ ʜʘʣʝʢʦ ʠ ʯʘ-
ʩʪʦ ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤʠ. ɼʠʘʛʥʦʩʪʠʢʘ ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʚʦʟ-
ʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝ-
ʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʤʠʦʢʘʨʜʘ ʚ ʮʝʣʦʤ. 
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ǮǤǯǰǮǤǩǱǧǡǺ ǧǰǮǭǪǻǦǭǡǟǬǧǾ ©ǲǫǬǺǴ¹ 
ǪǤǩǟǯǰǱǡǤǬǬǺǴ ǳǭǯǫ  

ǟȌȒȖȇȌǿ ǟȏȇȌǿ ǡǿȃȇȋȍȁȌǿ 
ʩʪʫʜʝʥʪʢʘ 

ǮȍȆȃȌȞȉȍȁǿ ǱǿȑțȞȌǿ ǟȊȄȉȐǿȌȃȏȍȁȌǿ 
ʢʘʥʜ. ʬʘʨʤ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʬʘʨʤʘʢʦʣʦʛʠʠ,  ʢʣʠʥʠʯʝʩʢʦʡ ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʬʘʨʤʘʮʠʠ  

ʌɻɹʆʋ ɺʆ çʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʉ. ʊʫʨʛʝʥʝʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ 
ʠʥʥʦʚʘʮʠʦʥʥʳʝ çʫʤʥʳʝè ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ, ʩʧʦʩʦʙʥʳʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʥʝʰʥʠʝ ʠʣʠ ʚʥʫʪʨʝʥʥʠʝ 
ʩʪʠʤʫʣʳ ʦʨʛʘʥʠʟʤʘ. ʂ ʪʘʢʠʤ ʬʦʨʤʘʤ ʦʪʥʦʩʷʪʩʷ pH-ʟʘʚʠʩʠʤʳʝ, ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ, ʤʘʛʥʠʪʦʫʧʨʘʚ-
ʣʷʝʤʳʝ ʠ ʬʝʨʤʝʥʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ, ʘ ʪʘʢʞʝ ʧʨʝʧʘʨʘʪʳ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ 
ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʧʨʝʧʘʨʘʪʘ, ʧʦʚʳʰʘʶʪ 
ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʩʥʠʞʘʶʪ ʨʠʩʢ ʩʠʩʪʝʤʥʳʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪ-
ʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʪʠʧʳ çʫʤʥʳʭè ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʠʭ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʧʦʪʝʥ-
ʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʧʪʝʯʥʦʡ ʧʨʘʢʪʠʢʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤ ʬʘʨʤʘʮʝʚʪʦʚ ʧʦ 
ʠʟʛʦʪʦʚʣʝʥʠʶ ʠ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʶ ʧʘʮʠʝʥʪʦʚ ʧʦ ʚʦʧʨʦʩʘʤ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʧʨʝʧʘʨʘʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ 
ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʬʘʨʤʘʮʝʚʪʠʢʝ ʠ 
ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʦʤʦʱʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ, ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ, pH-
ʟʘʚʠʩʠʤʳʝ ʧʨʝʧʘʨʘʪʳ, ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʥʜʠʚʠʜʫʘʣʴ-
ʥʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ ʣʝʢʘʨʩʪʚ. 
 

PROSPECTS FOR USING çSMARTè DOSAGE FORMS 
 

Anuchina Arina Vadimovna, 
Pozdnyakova Tatyana Aleksandrovna 

 
Abstract: modern achievements in the field of pharmaceutical technologies make it possible to create innova-
tive "smart" dosage forms capable of responding to external or internal stimuli of the body. These forms in-
clude pH-dependent, thermosensitive, magnetically controlled, and enzyme-sensitive drug delivery systems, 
as well as controlled-release drugs. These technologies ensure the targeted effect of the drug, increase the 
bioavailability of active substances and reduce the risk of systemic side effects. The article discusses the main 
types of "smart" dosage forms, their principle of action, advantages and potential application in pharmacy prac-
tice. Special attention is paid to the capabilities of pharmacists to manufacture and advise patients on the use 
of these drugs. The use of such technologies opens up new perspectives for a personalized approach in 
pharmacy and improves the quality of pharmaceutical care. 
Keywords: intelligent dosage forms, controlled release, pH-dependent drugs, thermosensitive systems, 
pharmaceutical technologies, individual drug manufacturing. 

 
ʉʦʚʨʝʤʝʥʥʘʷ ʬʘʨʤʘʮʝʚʪʠʢʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʟʜʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʩʠ-

ʩʪʝʤ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʶʪʩʷ çʫʤʥʳʝè ʣʝ-
ʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ð ʧʨʝʧʘʨʘʪʳ, ʩʧʦʩʦʙʥʳʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʥʝʰʥʠʝ ʠʣʠ ʚʥʫʪʨʝʥʥʠʝ ʩʪʠʤʫʣʳ ʦʨʛʘ-
ʥʠʟʤʘ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ 



180 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 

 

XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ, ʩʥʠʟʠʪʴ ʨʠʩʢ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 
ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ. ʕʪʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʧʦʢʘ ʝʱʝ ʥʝ ʧʦʣʫʯʠʣʠ ʥʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʤ ʨʳʥʢʝ ʰʠ-
ʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʦʜʥʘʢʦ ʧʝʨʝʜ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʫʞʝ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ: ʢʘʢʠʝ ʠʤʝʥʥʦ 
ʥʘʧʨʘʚʣʝʥʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩʯʠʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ, ʢʘʢʠʤ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʠʤ ʧʨʠʝʤʘʤ ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʢʘʢʦʡ ʤʝʭʘʥʠʟʤ 
ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ ʦʢʘʞʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ? ʇʦʵʪʦʤʫ  ʯʞʤʵ ʦʙʱʞʜʧ ʡʪ-
ʪʤʞʝʧʛʙʦʡʸ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʘʥʘʣʠʟʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ çʫʤʥʳʭè ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʠ 
ʩʨʘʚʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ.  

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ. ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʥʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘ-
ʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, ʧʦʩʚʷʱʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ çʫʤʥʳʭè ʣʝʢʘʨʩʪʚʝʥʥʳʭ 
ʬʦʨʤ, ʪʘʢʠʭ ʢʘʢ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ, pH-ʟʘʚʠʩʠʤʳʝ, ʤʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʳʝ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ 
ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʝ ʠ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʘʧʪʝʯʥʦʡ ʧʨʘʢʪʠʢʝ. 

ʉʞʠʬʤʵʫʙʫʴ ʡ ʡʮ ʧʚʪʬʟʝʞʦʡʞ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʩʨʝʜʠ ʥʘʠʙʦ-
ʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʪʠʧʦʚ çʫʤʥʳʭè ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ pH-ʟʘʚʠʩʠʤʳʝ ʩʠʩʪʝʤʳ, 
ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ. ʕʪʠ ʧʨʝʧʘʨʘʪʳ ʚʳʩʚʦʙʦʞʜʘʶʪ ʜʝʡʩʪʚʫʶʱʝʝ ʚʝ-
ʱʝʩʪʚʦ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ ʫʯʘʩʪʢʝ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʥʘʧʨʠʤʝʨ, ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʪʦʥʢʦʛʦ 
ʢʠʰʝʯʥʠʢʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʪʠʪʴ ʣʝʢʘʨʩʪʚʦ ʦʪ ʨʘʟʨʫʰʝʥʠʷ ʚ ʞʝʣʫʜʢʝ ʠ ʧʦʚʳʩʠʪʴ ʝʛʦ ʙʠʦʜʦʩʪʫʧ-
ʥʦʩʪʴ [1]. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʘʙʣʝʪʢʠ ʦʤʝʧʨʘʟʦʣʘ, ʧʦʢʨʳʪʳʝ ʵʥʪʝʨʦʩʦʣʶ-
ʙʠʣʴʥʦʡ ʦʙʦʣʦʯʢʦʡ, ʘ ʪʘʢʞʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ ʤʝʪʬʦʨʤʠʥʘ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ [2]. 

ɽʱʸ ʦʜʥʠʤ ʚʠʜʦʤ çʫʤʥʳʭè ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ 
ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʥʠ ʩʦʟʜʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ, ʠʟʤʝʥʷʶʱʠʭ ʩʚʦʠ 
ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢʠʝ ʬʦʨʤʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 
ʤʝʩʪʥʦʡ ʪʝʨʘʧʠʠ, ʥʘʧʨʠʤʝʨ ʚ ʚʠʜʝ ʛʣʘʟʥʳʭ ʢʘʧʝʣʴ ʠʣʠ ʤʘʟʝʡ, ʛʜʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʞʠ ʠʣʠ 
ʩʣʠʟʠʩʪʦʡ ʟʘʧʫʩʢʘʝʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ [3]. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʪʝʨʤʦʯʫʚ-
ʩʪʚʠʪʝʣʴʥʳʡ ʛʝʣʴ ʩ ʣʠʜʦʢʘʠʥʦʤ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʤʝʩʪʥʦʡ ʘʥʝʩʪʝʟʠʠ. 

ʄʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʝʱʸ ʦʜʥʦ ʠʥʪʝʨʝʩʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʨʘʟʚʠ-
ʪʠʠ çʫʤʥʳʭè ʬʦʨʤ. ɺ ʠʭ ʦʩʥʦʚʝ ʣʝʞʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʧʨʝʧʘʨʘʪʘ ʚʥʫʪʨʠ ʦʨʛʘʥʠʟ-
ʤʘ ʩ ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʜʦʩʪʘʚʣʷʪʴ ʣʝʢʘʨʩʪʚʦ ʢ ʧʦʨʘʞʸʥʥʦʤʫ 
ʦʨʛʘʥʫ ʠʣʠ ʪʢʘʥʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʦʥʢʦʣʦʛʠʠ ʠ ʥʝʚʨʦʣʦʛʠʠ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʛʥʠʪ-
ʥʳʝ ʥʘʥʦʢʘʧʩʫʣʳ ʩ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʧʨʘʚʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ 
ʦʧʫʭʦʣʠ, ʤʠʥʠʤʠʟʠʨʫʷ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʳʝ ʪʢʘʥʠ [4]. 

ʌʝʨʤʝʥʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʨʘʙʦʪʘʶʪ ʟʘ ʩʯʸʪ ʘʢʪʠʚʘʮʠʠ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʦʨʛʘʥʦʚ ʠʣʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ. ʊʘʢʠʝ ʧʨʝʧʘʨʘʪʳ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʣʝʯʝʥʠʠ ʟʘʙʦʣʝʚʘʥʠʡ ʧʝʯʝʥʠ, ʧʦʜʞʝʣʫʜʦʯʥʦʡ 
ʞʝʣʝʟʳ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ, ʛʜʝ ʧʦʚʳʰʝʥʘ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʝ-
ʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʠʤʝʥʥʦ ʚ ʟʦʥʝ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ [5]. 

ʂʨʦʤʝ ʪʦʛʦ, ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʳ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ, ʦʙʝʩ-
ʧʝʯʠʚʘʶʱʠʝ ʜʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʧʨʝʧʘʨʘʪʘ ʟʘ ʩʯʸʪ ʧʦʩʪʝʧʝʥʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝ-
ʱʝʩʪʚʘ [6, 7]. ʆʥʠ ʦʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʢʘʨʜʠʦʣʦʛʠʠ, ʵʥʜʦʢʨʠʥʦʣʦʛʠʠ ʠ ʧʩʠʭʠʘʪʨʠʠ, ʛʜʝ ʚʘʞʥʘ 
ʩʪʘʙʠʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʝʢʘʨʩʪʚʘ ʚ ʢʨʦʚʠ. ʇʨʠʤʝʨʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʘʙʣʝʪʢʠ ʜʠʛʠʜʨʦʵʨʛʦʢʨʠʧʪʠʥʘ 
ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʣʘʩʪʳʨʠ ʩ ʥʠʢʦʪʠʥʦʤ ʜʣʷ ʦʪʢʘʟʘ ʦʪ ʢʫʨʝʥʠʷ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

ʇʨʠʤʝʥʝʥʠʝ çʫʤʥʳʭè ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʜʘʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʜʦʩʪʘʚʢʘ 
ʩʥʠʞʘʝʪ ʨʠʩʢ ʩʠʩʪʝʤʥʳʭ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ, ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʝ ʜʝʡʩʪʚʠʝ ʫʤʝʥʴʰʘʝʪ ʯʘʩʪʦʪʫ ʧʨʠʸʤʘ ʠ 
ʧʦʚʳʰʘʝʪ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʧʘʮʠʝʥʪʦʚ ʣʝʯʝʥʠʶ, ʘ ʧʦʚʳʰʝʥʠʝ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʤʝʥʴʰʠʝ ʜʦʟʳ ʣʝʢʘʨʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ 
ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʦʤʦʱʠ, ʘʜʘʧʪʠʨʫʷ ʧʨʝʧʘʨʘʪ ʧʦʜ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ. çʋʤʥʳʝè ʣʝʢʘʨʩʪʚʝʥʥʳʝ 
ʬʦʨʤʳ ʦʪʢʨʳʚʘʶʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʣʝʯʝʥʠʷ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʜʠʘʙʝʪ, ʘʨʪ-
ʨʠʪ ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠʥʩʫʣʠʥʦʚʳʝ ʧʦʤʧʳ, ʢʦʪʦʨʳʝ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʫʶʪ ʧʦʜʘʯʫ ʠʥʩʫʣʠʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ, ʠʤʠʪʠʨʫʷ ʝʩʪʝ-
ʩʪʚʝʥʥʫʶ ʨʘʙʦʪʫ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ. ɼʣʷ ʣʝʯʝʥʠʷ ʘʨʪʨʠʪʘ ʩʦʟʜʘʶʪʩʷ ʩʠʩʪʝʤʳ, ʚʳʩʚʦʙʦʞʜʘʶʱʠʝ 
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ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʨʘʞʝʥʥʳʝ ʩʫʩʪʘʚʳ, ʩʥʠʞʘʷ ʩʠʩʪʝʤʥʳʝ ʧʦ-
ʙʦʯʥʳʝ ʵʬʬʝʢʪʳ. ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ çʫʤʥʳʭè ʩʠʩʪʝʤ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝ-
ʯʝʥʠʷ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʅʘʥʦʯʘʩʪʠʮʳ, ʩʧʦʩʦʙʥʳʝ ʦʙʥʘʨʫʞʠʚʘʪʴ ʙʘʢʪʝʨʠʠ ʠʣʠ ʚʠʨʫʩʳ ʚ ʦʨ-
ʛʘʥʠʟʤʝ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠʥʬʝʢʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 
ʩʠʩʪʝʤʳ, ʚʳʩʚʦʙʦʞʜʘʶʱʠʝ ʘʥʪʠʙʠʦʪʠʢʠ ʠʣʠ ʘʥʪʠʚʠʨʫʩʥʳʝ ʧʨʝʧʘʨʘʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʯʘʛ ʠʥʬʝʢ-
ʮʠʠ, ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ ʠ ʩʥʠʞʘʷ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʨʘʟʨʘʙʦʪʢʘ ʠ 
ʩʦʟʜʘʥʠʝ çʫʤʥʳʭè ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʪʨʝʙʫʝʪ ʪʝʩʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʫʯʝʥʳʤʠ ʨʘʟʥʳʭ ʩʧʝ-
ʮʠʘʣʴʥʦʩʪʝʡ: ʭʠʤʠʢʘʤʠ, ʙʠʦʣʦʛʘʤʠ, ʬʘʨʤʘʮʝʚʪʘʤʠ, ʠʥʞʝʥʝʨʘʤʠ ʠ ʚʨʘʯʘʤʠ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 
ʤʘʩʰʪʘʙʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ ʩʠʩʪʝʤ ʜʦʩʪʘʚ-
ʢʠ ʣʝʢʘʨʩʪʚ. ʊʘʢʞʝ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʪʘʢʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ çʫʤʥʳʭè ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʚʳʧʫʩʢʘʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʤʘʩʰʪʘʙʘʭ, ʘʧʪʝʢʠ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʩʦʟʜʘʥʠʠ ʧʨʦʩʪʝʡʰʠʭ ʘʥʘʣʦʛʦʚ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ 
ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʳʭ ʢʘʧʩʫʣ, ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʛʝʣʝʡ ʠʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʘʟʝʚʳʭ ʦʩʥʦʚ. ʕʪʦ 
ʪʨʝʙʫʝʪ ʦʪ ʬʘʨʤʘʮʝʚʪʘ ʟʥʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʥʠʤʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʪʘʢʠʭ ʩʠʩʪʝʤ ʠ 
ʫʤʝʥʠʷ ʧʨʘʚʠʣʴʥʦ ʧʦʜʙʠʨʘʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ. ʊʘʢʞʝ ʚʘʞʥʦ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʫʩʣʦʚʠʷʤ 
ʭʨʘʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʤʥʦʛʠʝ ʠʟ ʵʪʠʭ ʧʨʝʧʘʨʘʪʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʚʝʪʫ ʠ ʚʣʘʛʝ [8]. 

ʀʙʣʤʷʰʞʦʡʞ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, çʫʤʥʳʝè ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʦ ʠʟ ʩʘ-
ʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʬʘʨʤʘʮʝʚʪʠʢʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʥʝ ʧʨʦʩʪʦ ʜʦʩʪʘʚʠʪʴ ʣʝʢʘʨ-
ʩʪʚʦ ʚ ʥʫʞʥʦʝ ʤʝʩʪʦ, ʥʦ ʠ ʩʜʝʣʘʪʴ ʵʪʦ ʚ ʥʫʞʥʦʝ ʚʨʝʤʷ ʠ ʚ ʥʫʞʥʦʡ ʜʦʟʠʨʦʚʢʝ. ʌʘʨʤʘʮʝʚʪʫ ʚʘʞʥʦ ʧʦʥʠ-
ʤʘʪʴ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʫʤʝʪʴ ʧʨʘʚʠʣʴʥʦ ʧʦʜʙʠʨʘʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʢʦʥ-
ʩʫʣʴʪʠʨʦʚʘʪʴ ʧʘʮʠʝʥʪʦʚ ʧʦ ʠʭ ʧʨʠʤʝʥʝʥʠʶ. ɺ ʙʫʜʫʱʝʤ, ʩ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʨʠʘ-
ʣʦʚʝʜʝʥʠʷ, ʨʦʣʴ çʫʤʥʳʭè ʣʝʢʘʨʩʪʚ ʚ ʘʧʪʝʯʥʦʡ ʧʨʘʢʪʠʢʝ ʙʫʜʝʪ ʪʦʣʴʢʦ ʚʦʟʨʘʩʪʘʪʴ. 
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ǲǣǩ 47,.3/ 

ǭǵǤǬǩǟ ǰǩǭǯǭǰǱǧ ǡǺǮǭǪǬǤǬǧǾ 
ǧǦǫǤǯǤǬǧǨ ǭǠǹǤǩǱǭǡ ǰǱǯǭǧǱǤǪǻǰǱǡǟ Ǭǟ 
ǮǯǧǫǤǯǤ ǧǰǮǭǪǻǦǭǡǟǬǧǾ ǠǤǰǮǧǪǭǱǬǺǴ 
ǟǮǮǟǯǟǱǭǡ 

ǩǿȊȒȂȇȌǿ ǽȊȇȞ ǤȁȂȄȌțȄȁȌǿ 
 ʤʘʛʠʩʪʨ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʘʚʣʝʥʠʝ: ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʢʘʬʝʜʨʘ çɻʦʨʦʜʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʜʠʟʘʡʥè 

ǫǿȈȄȏ ǫǿȑȁȄȈ ǡȊǿȃȇȋȇȏȍȁȇȖ 
ʩʪʫʜʝʥʪ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çɻʦʨʦʜʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʭʦʟʷʡʩʪʚʦè, 
ʢʘʬʝʜʨʘ çɻʦʨʦʜʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʜʠʟʘʡʥè 
ʀʥʩʪʠʪʫʪ ɻʦʨʥʦʛʦ ɼʝʣʘ ʠ ʉʪʨʦʠʪʝʣʴʩʪʚʘ, ʊʫʣɻʋ, ʛ. ʊʫʣʘ 

 

ɹʦʦʧʫʙʯʡʸ: ʩʝʛʦʜʥʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʨʦʥʳ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʩʲʝʤʢʠ, ʩʣʝʞʝʥʠʷ, ʜʦʩʪʘʚʢʠ ʠ ʧʨʦʚʝʨʢʠ 
ʢʘʯʝʩʪʚʘ, ʩʥʠʞʘʷ ʨʠʩʢʠ, ʵʢʦʥʦʤʷ ʜʝʥʴʛʠ ʠ ʨʝʩʫʨʩʳ. ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʟʝʤʣʠ, ʩʦʟʜʘʥʠʷ 
ʤʦʜʝʣʝʡ ʟʜʘʥʠʡ, ʦʩʤʦʪʨʘ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʫʩʢʦʨʷʷ ʠ ʧʦʚʳʰʘʷ ʪʦʯ-
ʥʦʩʪʴ ʨʘʙʦʪʳ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʝʣʘʶʪ ʜʨʦʥʳ ʜʝʰʝʚʣʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ, ʘ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 
ʧʦʟʚʦʣʷʝʪ ʠʤ ʚʳʧʦʣʥʷʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʭʦʪʷ ʵʪʦ ʧʦʜʥʠʤʘʝʪ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 
ʟʘʱʠʪʳ ʜʘʥʥʳʭ. ɺ ʙʫʜʫʱʝʤ ʜʨʦʥʳ ʩ ʀʀ ʩʪʘʥʫʪ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʨʦʥ, ʪʝʭʥʦʣʦʛʠʠ, ʩʢʦʨʦʩʪʴ, ʜʘʥʥʳʝ, ʮʝʥʘ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ, 
ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ, ʧʨʦʮʝʩʩʳ, ʠʟʤʝʨʝʥʠʷ. 
 
ASSESSMENT OF THE SPEED OF PERFORMING MEASUREMENTS OF CONSTRUCTION SITES USING 

UNMANNED VEHICLES 
 

Kalugina Julia Evgenievna, 
Mayer Matvey Vladimirovich 

 
Abstract: today, drones are used in construction for surveying, tracking, delivery, and quality control, reducing 
risks and saving money and resources. They are used to measure land, create building models, and inspect 
solar panels and other energy sources, speeding up and increasing the accuracy of work. New technologies 
are making drones cheaper and more efficient, and artificial intelligence is allowing them to perform complex 
tasks independently, although this raises questions about security and data protection. In the future, AI - pow-
ered drones will become an important tool in construction. 
Key words: drone, technology, speed, data, price, construction work, aerial photography, quality control, pro-
cesses, measurements. 

 
ʉʦʚʨʝʤʝʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʪʨʝʙʫʶʱʠʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ, ʤʠʥʠʤʠʟʠʨʫʶʱʠʤʠ ʯʝʣʦ-
ʚʝʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠ ʫʩʢʦʨʷʶʱʠʤʠ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ. ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ʜʘʣʝʝ 
ɹʇʃɸ) ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʵʨʦʬʦʪʦʩʲʸʤʢʠ, ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʲʝʢʪʦʚ ʠ ʜʦʩʪʘʚʢʠ ʤʘʪʝʨʠʘʣʦʚ.  
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ʊʝʭʥʦʣʦʛʠʷ ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʠʩʢʠ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʚ ʨʝʘʣʴʥʦʤ 
ʚʨʝʤʝʥʠ. ʀʥʪʝʛʨʘʮʠʷ ʜʨʦʥʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʦʚ 
ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ. 

ɹʝʩʧʠʣʦʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʟʘ ʩʚʦʶ ʠʩʪʦʨʠʶ, ʩʜʝʣʘʣʠ ʨʝʚʦʣʶʮʠʦʥʥʳʡ ʩʢʘʯʦʢ, ʦʪ ʧʨʠʤʠʪʠʚʥʳʭ ʨʘ-
ʜʠʦʫʧʨʘʚʣʷʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʩʣʦʞʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʇʝʨʚʳʡ ɹʇʃɸ ʧʦʷʚʠʣʩʷ ʚ ʢʦʥʮʝ 19 
ʚʝʢʘ. ʀʟʚʝʩʪʥʳʡ ʬʠʟʠʢ, ʠʥʞʝʥʝʨ ʠ ʠʟʦʙʨʝʪʘʪʝʣʴ ʅʠʢʦʣʘ ʊʝʩʣʘ ʚ 1898 ʛʦʜʫ ʥʘ ʦʟʝʨʝ ʚ ʄʵʜʠʩʦʥ-ʩʢʚʝʨ 
ʛʘʨʜʝʥʝ (ʅʴʶ-ʁʦʨʢ, ʉʐɸ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʦʜʢʫ ʥʘ ʨʘʜʠʦʫʧʨʘʚʣʝʥʠʠ. ɺʪʦʨʳʤ ʞʝ ʨʘʜʠʦʫʧʨʘʚʣʷʝʤʳʤ 
ʙʝʩʧʠʣʦʪʥʠʢʦʤ ʩʪʘʣʦ ʥʝ ʩʫʜʥʦ, ʘ ʚʦʝʥʥʳʡ ʩʘʤʦʣʝʪ. ɸʤʝʨʠʢʘʥʝʮ ʏʘʨʣʴʟ ʂʝʪʪʝʨʠʥʛ ʩʦʟʜʘʝʪ çʣʝʪʘʶʱʫʶ 
ʙʦʤʙʫè (ʨʠʩ.1). ʇʦ ʟʘʤʳʩʣʫ ʠʟʦʙʨʝʪʘʪʝʣʷ, ʩʘʤʦʣʝʪ, ʥʘʯʠʥʝʥʥʳʡ ʚʟʨʳʚʯʘʪʢʦʡ, ʫʧʨʘʚʣʷʣʩʷ ʥʝ ʧʠʣʦʪʦʤ, 
ʘ ʯʘʩʦʚʳʤ ʤʝʭʘʥʠʟʤʦʤ.  

 

 
ʉʡʪ. 1. ʐʙʩʤʵʠ ʃʞʫʫʞʩʡʦʜ ʡ ʄʞʫʙʷʲʙʸ ʚʧʥʚʙ 

 
ɺ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʡ ʤʦʤʝʥʪ ʦʥ ʩʙʨʘʩʳʚʘʣ ʢʨʳʣʴʷ ʠ ʢʘʤʥʝʤ ʧʘʜʘʣ ʥʘ ʛʦʣʦʚʫ ʚʨʘʛʘ. ʀʜʝʷ 

ʥʘʰʣʘ ʧʦʜʜʝʨʞʢʫ ʚ ʧʨʘʚʠʪʝʣʴʩʪʚʝ ʉʐɸ. ʇʨʦʝʢʪ ʧʦʣʫʯʠʣ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ, ʥʦ ʥʝʩʢʦʣʴʢʦ ʥʝʫʜʘʯʥʳʭ 
çʙʦʤʙʘʨʜʠʨʦʚʦʢè ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ çʜʨʦʥʦʙʦʤʙʳè ʙʳʣʦ ʧʨʠʦʩʪʘʥʦʚʣʝʥʦ ʜʦ ʥʘʯʘʣʘ 
ʇʝʨʚʦʡ ʄʠʨʦʚʦʡ ʚʦʡʥʳ. 

1933 ʛʦʜ ʩʪʘʣ ʧʨʦʨʳʚʦʤ ʜʣʷ ʨʘʜʠʦʫʧʨʘʚʣʷʝʤʳʭ ʙʝʩʧʠʣʦʪʥʠʢʦʚ. ɹʨʠʪʘʥʩʢʠʝ ʠʥʞʝʥʝʨʳ ʩʢʦʥʩʪʨʫ-
ʠʨʦʚʘʣʠ ʧʝʨʚʳʡ ɹʇʃɸ (ʨʠʩ.2), ʫʧʨʘʚʣʷʶʱʠʡʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ ʧʦ ʨʘʜʠʦ ʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʥʦʛʦʢʨʘʪʥʦ.  

 

 
ʉʡʪ. 2. Queen Bee - ʨʞʩʛʴʢ ʝʞʢʪʫʛʬʷʲʡʢ ʚʞʪʨʡʤʧʫʦʡʣ 



ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 185 

 

XXIII International scientific conference | www.naukaip.ru 

ʉ ʥʘʯʘʣʦʤ ɺʪʦʨʦʡ ʄʠʨʦʚʦʡ ʙʝʩʧʠʣʦʪʥʠʢʠ ʜʣʷ ʥʫʞʜ ʘʨʤʠʠ ʩʪʘʣʠ ʚʳʧʫʩʢʘʪʴʩʷ ʤʘʩʩʦʚʦ. ʊʨʠ ʦʩ-
ʥʦʚʥʳʝ ʚʦʶʶʱʠʝ ʩʪʦʨʦʥʳ (ʉʉʉʈ, ʉʐɸ ʠ ɻʝʨʤʘʥʠʷ) ʥʝ ʨʘʟ ʚʦʟʚʨʘʱʘʣʠʩʴ ʢ ʫʩʣʫʛʘʤ ʙʝʩʧʠʣʦʪʥʦʡ 
ʘʚʠʘʮʠʠ, ʦʱʫʱʘʷ ʝʝ ̫ ʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘʜ ʧʠʣʦʪʠʨʫʝʤʳʤʠ ʘʧʧʘʨʘʪʘʤʠ. ʇʦʩʣʝ ɺʪʦʨʦʡ ʄʠʨʦʚʦʡ 
ʚʦʡʥʳ ʙʝʩʩʧʦʨʥʳʤ ʣʠʜʝʨʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʠʤʝʥʝʥʠʠ ɹʇʃɸ ʩʯʠʪʘʶʪʩʷ ʉʐɸ [1]. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʥʘʧʨʷʤʫʶ ʦʪʨʘʟʠʣʩʷ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ ʙʝʩʧʠʣʦʪʥʳʭ ʧʣʘʪʬʦʨʤ. ʉʝʡʯʘʩ 
ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʦʪ ʣʝʛʢʠʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʤʦʱʥʳʭ ʚʳ-
ʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ. 

ʉʪʨʦʠʪʝʣʴʥʳʝ ɹʇʃɸ ʦʙʣʘʜʘʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʨʝʰʝʥʠʝ 
ʦʪʨʘʩʣʝʚʳʭ ʟʘʜʘʯ. ʂʦʨʧʫʩ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʩʧʣʘʚʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʤʠ-
ʥʠʤʘʣʴʥʳʡ ʚʝʩ ʩ ʚʳʩʦʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʞʝʩʪʢʦʩʪʴʶ. ɿʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʚʟʣʸʪʥʦ - ʧʦʩʘʜʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ ʠ ʚʳʩʦʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʧʦʣʸʪʝ, ʦʪʚʝʯʘʶʪ ʤʥʦʛʦʨʦʪʦʨʥʳʝ ʠʣʠ ʤʦʥʦʧʨʦʧʝʣʣʝʨʥʳʝ ʩʠʩʪʝʤʳ. ɸʚ-
ʪʦʧʠʣʦʪ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʠʥʝʨʮʠʘʣʴʥʳʭ 
ʠʟʤʝʨʝʥʠʡ, ʜʘʶʪ ʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 
ʤʦʜʫʣʴʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʘʧʧʘʨʘʪʳ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ ʠ ʬʫʥʢʮʠʠ. ʉʦʚʨʝ-
ʤʝʥʥʳʝ ɹʇʃɸ ʠʩʧʦʣʴʟʫʶʪ ʣʠʪʠʡ-ʧʦʣʠʤʝʨʥʳʝ ʙʘʪʘʨʝʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 
ʤʘʩʩʳ ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ. ʊʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʘʚʪʦʥʦʤʥʦ ʠ ʦʙʣʝʛʯʘʝʪ ʚʳʧʦʣʥʝ-
ʥʠʝ ʩʣʦʞʥʳʭ ʦʧʝʨʘʮʠʡ.  

ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʛʨʘʞʜʘʥʩʢʠʭ ʜʨʦʥʦʚ ʙʝʨʝʪ ʥʘʯʘʣʦ ʩ 21 ʚʝʢʘ. ɺ ʙʝʩʧʠʣʦʪʥʳʭ ʘʧʧʘʨʘʪʘʭ ʥʘʯʘʣʠ 
ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ FPV - ʩʠʩʪʝʤʳ (First Person View - çʚʠʜ ʦʪ ʧʝʨʚʦʛʦ ʣʠʮʘè) ʠ ʚʠʜʝʦʩʲʝʤʢʠ 
ʩ ʢʚʘʜʨʦʢʦʧʪʝʨʦʚ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ɹʇʃɸ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ, 
ʥʘʯʠʥʘʷ ʦʪ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ, ʟʘʢʘʥʯʠʚʘʷ ʘʵʨʦ - ʠ ʬʦʪʦʩʲʝʤʢʘ. ɺʦʟʤʦʞʥʦʩʪʠ ʙʝʩʧʠʣʦʪʥʠʢʦʚ ʚʩʝ ʝʱʝ 
ʠʟʫʯʘʶʪʩʷ, ʘ ʘʧʧʘʨʘʪʳ ʫʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ. 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʦʨʦʞʜʘʶʪ ʥʝ ʪʦʣʴʢʦ ʥʦʚʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʦ ʠ ʩʚʦʠ ʥʝ-
ʜʦʩʪʘʪʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ FPV - ʜʨʦʥʦʚ ʥʘ ʩʪʨʦʡʧʣʦʱʘʜʢʝ, ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʥʳʡ 
ʢʦʥʪʨʦʣʴ ʪʝʨʨʠʪʦʨʠʠ, ʠ ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʜʝʬʝʢʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʜʦ ʠʭ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ.  

 ʆʧʝʨʘʪʠʚʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ, ʧʨʠ ʘʵʨʦʩʲʸʤʢʝ, ʫʩʢʦʨʷʝʪ ʩʨʦʢʠ ʫʩʪʨʘʥʝʥʠʷ, ʘ ʧʨʠ-
ʤʝʥʝʥʠʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩʦʢʨʘʱʘʶʪ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨ-
ʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʛʨʫʟʦʧʦʜʲ-
ʝʤʥʳʭ ʤʦʜʝʣʝʡ ɹʇʃɸ ʤʠʥʠʤʠʟʠʨʫʶʪ ʪʨʘʥʩʧʦʨʪʥʳʝ ʠʟʜʝʨʞʢʠ, ʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʢʨʝʧʣʝ-
ʥʠʷ ʛʘʨʘʥʪʠʨʫʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʊʝʭʥʦʣʦʛʠʷ ʦʩʦʙʝʥʥʦ 
ʵʬʬʝʢʪʠʚʥʘ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʜʦʩʪʘʚʢʠ ʥʝʨʝʥʪʘʙʝʣʴʥʳ.  

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʜʨʦʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʟʜʘʝʪ ʙʘʨʴʝʨ ʜʣʷ 
ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ɹʇʃɸ ʪʨʝʙʫʝʪ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 
ʢʦʤʧʝʪʝʥʮʠʡ ï ʦʪ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʜʦ ʦʙʨʘʙʦʪʢʠ ʪʝʣʝʤʝʪʨʠʠ. ɼʝʬʠʮʠʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ 
ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ ʫʩʫʛʫʙʣʷʝʪ ʧʨʦʙʣʝʤʫ. ʈʦʩʩʠʡʩʢʠʝ ʢʦʤʧʘʥʠʠ ʨʝʜʢʦ ʠʥʚʝʩʪʠʨʫʶʪ ʚ ʧʦʜʛʦʪʦʚʢʫ ʩʦʙʩʪʚʝʥ-
ʥʳʭ ʢʘʜʨʦʚ, ʧʨʝʜʧʦʯʠʪʘʷ ʧʝʨʝʤʘʥʠʚʘʪʴ ʛʦʪʦʚʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʉʪʨʦʠʪʝʣʴʥʳʝ ɹʇʃɸ ʦʙʣʘʜʘʶʪ ʩʧʝʮʠʘ-
ʣʠʟʠʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʨʝʰʝʥʠʝ ʦʪʨʘʩʣʝʚʳʭ ʟʘʜʘʯ. ʂʦʨʧʫʩ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ 
ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʩʧʣʘʚʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʤʠʥʠʤʘʣʴʥʳʡ ʚʝʩ ʩ ʚʳʩʦʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʞʝʩʪʢʦ-
ʩʪʴʶ. ɿʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʳʩʦʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʧʦʣʸʪʝ, ʦʪʚʝʯʘ-
ʶʪ ʤʥʦʛʦʨʦʪʦʨʥʳʝ ʠʣʠ ʤʦʥʦʧʨʦʧʝʣʣʝʨʥʳʝ ʩʠʩʪʝʤʳ. ɸʚʪʦʧʠʣʦʪ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʠʥʝʨʮʠʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʜʘʶʪ ʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʜʫʣʴʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦ-
ʚʘʪʴ ʘʧʧʘʨʘʪʳ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ ʠ ʬʫʥʢʮʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ ɹʇʃɸ ʠʩʧʦʣʴʟʫʶʪ ʣʠʪʠʡ - ʧʦʣʠʤʝʨ-
ʥʳʝ ʙʘʪʘʨʝʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ. ʊʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ 
ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʘʚʪʦʥʦʤʥʦ ʠ ʦʙʣʝʛʯʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʩʣʦʞʥʳʭ ʦʧʝʨʘʮʠʡ.  

ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʧʨʝʜʣʘʛʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʦʜʠʬʠʢʘʮʠʡ ʜʨʦʥʦʚ, ʥʦ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʧʨʦ-
ʠʟʚʦʜʠʪʝʣʠ ʟʘʜʘʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʪʘʥʜʘʨʪʳ ʚ ʦʙʣʘʩʪʠ ʙʝʩʧʠʣʦʪʥʳʭ ʨʝʰʝʥʠʡ. ʉʪʨʦʠʪʝʣʴʥʘʷ ʦʪ-
ʨʘʩʣʴ ʠʩʧʦʣʴʟʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʝʩʧʠʣʦʪʥʳʭ ʨʝʰʝʥʠʡ. ʉʨʝʜʠ ʣʠʜʝʨʦʚ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʧʣʘʪʬʦʨʤʳ 
DJI (SZ DJI Technology Co., Ltd. - ʣʡʫʙʢʪʣʙʸ ʰʙʪʫʦʙʸ ʣʧʥʨʙʦʡʸ), ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʦʧʪʠʤʘʣʴʥʳʝ ʭʘ-



186 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 

 

XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʟʘʜʘʯ ʟʘʩʪʨʦʡʱʠʢʦʚ. ʄʦʜʝʣʠ ʢʦʤʧʘʥʠʠ ʩʦʯʝʪʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʘʜʘʧʪʠʚʥʦʩʪʴ 
ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʦʢ. ʈʘʩʩʤʦʪʨʠʤ ʥʠʞʝ ʣʫʯʰʠʝ. 

 

 
ʉʡʪ. 3. Phantom 4 RTK 

 
ʉʡʪ. 4. Matrice 300 RTK 

 
 
Phantom 4 RTK (ʨʠʩ 3). ʂʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʠʱʫʪ ʵʬʬʝʢʪʠʚʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 2D- ʠ 

3D-ʩʭʝʤ ʩ ʧʦʤʦʱʴʶ ʢʠʥʝʤʘʪʠʢʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʤʦʛʫʪ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʢʫʧʢʫ DJI Phantom 4 RTK. ʕʪʦ 
ʢʦʤʧʘʢʪʥʳʡ (ʠ ʥʝ ʩʘʤʳʡ ʜʦʨʦʛʦʡ) ʧʨʦʤʳʰʣʝʥʥʳʡ ʜʨʦʥ, ʢʦʪʦʨʳʡ ʦʩʥʘʱʝʥ RTK-ʤʦʜʫʣʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʜʘʥʥʳʭ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʩʘʥʪʠʤʝʪʨʘ.Matrice 300 RTK (ʨʠʩ.4). ɹʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʡ ʠ ʨʘʟʥʦʩʪʦʨʦʥʥʠʡ ʚʘ-
ʨʠʘʥʪ - DJI Matrice 300 RTK. ɹʝʩʧʠʣʦʪʥʠʢ ʩʧʦʩʦʙʝʥ ʧʦʜʥʠʤʘʪʴ ʚ ʚʦʟʜʫʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʨʠ ʧʦʣʝʟʥʳʝ 
ʥʘʛʨʫʟʢʠ ʦʙʱʠʤ ʚʝʩʦʤ ʜʦ 2,7 ʢʛ. ʉ ʣʠʜʘʨʦʤ Zenmuse L1 ʢʦʤʧʘʥʠʠ ʩʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ 
ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɸ ʫʩʪʘʥʦʚʠʚ ʢʘʤʝʨʫ Zenmuse P1 ʩ ʧʦʣ-
ʥʦʢʘʜʨʦʚʳʤ ʩʝʥʩʦʨʦʤ ʥʘ 45 ʄʧ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʦʨʪʦʤʦʟʘʠʢʠ ʠ ʩʥʠʤʢʠ ʚ ʚʳʩʦʢʦʤ ʨʘʟʨʝʰʝʥʠʠ ʜʣʷ ʩʦ-
ʟʜʘʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ 2D- ʠ 3D-ʤʦʜʝʣʝʡ [2]. 

DJI ʠʥʪʝʛʨʠʨʫʝʪ ʚ ʩʚʦʠ ʨʝʰʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʦʬʪ - ʧʣʘʪʬʦʨʤʘ DJI Terra ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʮʠʬʨʦʚʠʟʘʮʠʶ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʯʝʨʝʟ ʪʦʯʥʦʝ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ. ʌʠʨʤʝʥʥʦʝ ʇʆ ʧʨʝʦʙʨʘʟʫʝʪ 
ʘʵʨʦʩʲʝʤʢʫ ʚ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ 3D - ʤʦʜʝʣʠ ʠ ʦʨʪʦʬʦʪʦʧʣʘʥʳ. ʌʫʥʢʮʠʦʥʘʣ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʣʥʳʡ 
ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ - ʦʪ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ ʜʦ ʬʠʥʘʣʴʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʀʥʥʦʚʘʮʠʠ ʨʘʟʚʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʝʟʥʳʝ ʥʘʛʨʫʟʢʠ, ʥʦ ʠ ʩʘʤʠ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ: ʫʚʝʣʠʯʠ-
ʚʘʝʪʩʷ ʚʨʝʤʷ ʨʘʙʦʪʳ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʫʩʢʦʨʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ, ʫʣʫʯʰʘʝʪʩʷ ʟʘʱʠʪʘ ʢʦʤʧʦʥʝʥʪʦʚ. 
ʇʨʠ ʵʪʦʤ ʦʧʝʨʘʪʦʨʳ ʜʨʦʥʦʚ, ʙʝʟʫʩʣʦʚʥʦ, ʧʦ-ʧʨʝʞʥʝʤʫ ʜʦʣʞʥʳ ʧʨʦʭʦʜʠʪʴ ʚʩʝʦʙʲʝʤʣʶʱʝʝ ʦʙʫʯʝʥʠʝ, ʘ 
ʢʦʤʧʘʥʠʠ - ʧʦʣʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʟʨʝʰʝʥʠʷ ʠ ʣʠʮʝʥʟʠʠ. ɺʥʝʜʨʝʥʠʝ ʙʝʩʧʠʣʦʪʥʠʢʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʳʡ 
ʧʨʦʮʝʩʩ ʩʪʘʣʦ ʛʦʨʘʟʜʦ ʜʦʩʪʫʧʥʝʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʙʝʩʧʠʣʦʪʥʠʢʘʤ ʩʝʛʦʜʥʷ ʥʘʡʜʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʣʶʙʦʡ ʩʪʨʦʡʧʣʦʱʘʜʢʝ - ʚʥʝ ʟʘʚʠ-
ʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʩʪʨʦʷʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʥʘ ʥʝʤ ʣʶʜʝʡ.  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʦʥʦʚ ʷʚʣʷʶʪʩʷ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
ɹʝʩʧʠʣʦʪʥʠʢʠ ʧʦʤʦʛʘʶʪ ʦʙʫʯʝʥʥʳʤ ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 
ʧʨʦʙʣʝʤ, ʦʪ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʥʠʮ ʢʘʜʘʩʪʨʦʚʦʡ ʩʦʙʩʪʚʝʥʥʦ-
ʩʪʠ. ʈʘʥʴʰʝ, ʜʣʷ ʩʴʝʤʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʝʨʭʫ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ʩʘʤʦʣʝʪʳ, ʚʝʨ-
ʪʦʣʝʪʳ), ʨʝʞʝ ʩʧʫʪʥʠʢʠ. ʇʦʷʚʣʝʥʠʝ ʜʨʦʥʦʚ ʫʩʢʦʨʠʣʦ, ʦʙʣʝʛʯʠʣʦ ʠ ʫʜʝʰʝʚʠʣʦ ʧʨʦʮʝʩʩ (ʨʠʩ. 5).  

ʅʦ ʥʝ ʪʦʣʴʢʦ ʛʝʦʜʝʟʠʷ ʠʩʧʦʣʴʟʫʝʪ ɹʇʃɸ ʜʣʷ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ. ɹʝʩʧʠʣʦʪʥʳʝ ʧʣʘʪʬʦʨʤʳ ʩ ʪʝʧ-
ʣʦʚʠʟʦʨʘʤʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʦʥʠʪʦʨʠʥʛ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʩ ʚʳʩʦʪʥʳʤ ʦʭʚʘʪʦʤ.  

ɺʝʜʫʱʘʷ ʈʦʩʩʠʡʩʢʘʷ ʢʦʤʧʘʥʠʷ ɻʂ çɻʝʦʩʢʘʥè (ʉʘʥʢʪ - ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ɹʇʃɸ ʠ ʨʘʟ-
ʨʘʙʦʪʯʠʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʪʨʝʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ) 
ʟʘʥʠʤʘʝʪʩʷ ʪʝʧʣʦʩʴʸʤʢʦʡ ʩ ʧʦʤʦʱʴʶ ʙʝʩʧʠʣʦʪʥʠʢʦʚ, ʠ ʚʥʦʩʠʪ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʥʘʧʨʘʚʣʝʥʠʷ.  

ʊʝʧʣʦʚʠʟʠʦʥʥʘʷ ʩʲʝʤʢʘ ʩ ʙʝʩʧʠʣʦʪʥʠʢʘ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʝʡʰʠʤ ʩʧʦʩʦʙʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʩʢʨʳʪʳʭ 
ʧʨʦʙʣʝʤ ʩʦʦʨʫʞʝʥʠʡ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ. ʊʝʭʥʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʚʘʞʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 
ʙʝʟʦʧʘʩʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʦʨʫʞʝʥʠʡ. ʀʟ-ʟʘ ʜʦʨʦʛʦʚʠʟʥʳ ʠ ʩʣʦʞʥʦʩʪʠ, ʝʛʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʠ 
ʟʥʘʯʠʤʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ, ʢʦʛʜʘ ʚʩʝ ʥʦʨʤʘʪʠʚʥʳʝ ʩʨʦʢʠ ʟʘʢʦʥʯʠʣʠʩʴ: ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʧʠʪʘʣʴʥʦʤ ʨʝ-
ʤʦʥʪʝ, ʦʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʢʘʤʝʨ ʥʘ ʜʨʦʥʘʭ ʤʦʞʝʪ ʫʜʝʰʝʚʠʪʴ ʠ ʦʙʣʝʛ-
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ʯʠʪʴ ʥʘʜʟʦʨ. ʆʨʛʘʥʠʟʘʮʠʷ çɻʝʦʩʢʘʥè ʨʘʟʨʘʙʦʪʘʣʘ ʩʦʙʩʪʚʝʥʥʫʶ ʤʝʪʦʜʠʢʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʨʦʚʦʜʠʪʴ 
ʪʝʧʣʦʚʳʝ ʩʲʝʤʢʠ ʠ ʦʧʨʝʜʝʣʷʪʴ ʯʘʩʪʠ ʟʜʘʥʠʡ ʠ ʩʝʪʝʡ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʜʝ-
ʬʝʢʪʘʤ (ʨʠʩ. 6). 

 

 
ʉʡʪ. 5. ʊʵʞʥʣʙ ʥʞʪʫʦʧʪʫʡ ʪ ʨʧʥʧʲʵʷ ʝʩʧʦʧʛ 

 

 
ʉʡʪ. 6. ʁʠʧʚʩʙʟʞʦʡʸ ʛ ʛʡʝʡʥʧʥ ʡ ʫʞʨʤʧʛʧʥ ʝʡʙʨʙʠʧʦʙʮ 

 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʧʣʘʪʬʦʨʤ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʜʝʪʘʣʴʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʪʦʯʥʳʭ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 5-10 ʩʤ) 3D-ʤʦʜʝʣʝʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʚʤʝʱʝʥʠʝʤ 
ʩ ʜʘʥʥʳʤʠ ʪʝʧʣʦʚʠʟʦʨʘ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʪʝʧʣʦʧʦʪʝʨʴ ʠ ʧʨʦʙʣʝʤʥʳʭ 
ʫʯʘʩʪʢʦʚ. ɼʨʦʥʳ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʦʙʩʣʝʜʦʚʘʥʠʷ ʬʘʩʘʜʦʚ ʠ ʢʨʳʰ ʟʜʘʥʠʡ, ʢʦʪʦʨʦʝ ʦʙʳʯʥʳʤ ʤʝ-
ʪʦʜʦʤ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʘʩʥʳʤ. ʊʝʧʣʦʚʠʟʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ ʦʪʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʝ, ʦʪ ʧʣʘ-
ʥʠʨʦʚʘʥʠʷ ʧʦʣʝʪʥʳʭ ʟʘʜʘʥʠʡ ʜʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʪʦʛʦʚʳʭ ʜʘʥʥʳʭ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ 
ʩʲʝʤʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʢʦʥʪʨʦʣʷ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣ-
ʥʷʪʴ ʨʘʙʦʪʳ ʩʠʣʘʤʠ ʟʘʢʘʟʯʠʢʘ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʨʝʩʫʨʩʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. 

ʆʩʥʦʚʥʳʤʠ ʩʣʫʯʘʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʦʥʦʚ, ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʪʝʧʣʦʩʝʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 
ʣʝʛʢʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʜʝʬʝʢʪʳ ʥʘ ʵʪʘʧʝ ʟʘʨʦʞʜʝʥʠʷ. ʊʝʧʣʦʚʠʟʠʦʥʥʘʷ ʩʴʝʤʢʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ 
ʤʦʥʠʪʦʨʠʥʛʝ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʜʣʷ ʨʘʩʧʦʟʥʘʥʠʷ ʥʘʨʫʰʝʥʠʷ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ ʠ ʧʨʦ-
ʷʚʣʝʥʠʷ ʢʦʨʨʦʟʠʠ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʯʘʩʪʠ ʟʜʘʥʠʡ, ʥʫʞʜʘʶʱʠʝʩʷ ʚ ʠʟʦʣʷʮʠʠ, ʤʦʜʠʬʠʢʘʮʠʠ ʠʣʠ ʨʝ-
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ʤʦʥʪʝ. ɺ ʠʥʳʭ ʩʣʫʯʘʷʭ ʉʢʘʥʠʨʦʚʘʥʠʝ ʚʳʷʚʣʷʝʪ ʵʥʝʨʛʦʧʦʪʝʨʠ ʟʜʘʥʠʡ, ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʢʨʳʪʳʝ ʦʯʘʛʠ 
ʚʦʟʛʦʨʘʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʨʫʝʪ ʧʝʨʝʛʨʝʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʄʝʪʦʜʠʢʘ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ 
ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʚʢʣʶʯʘʷ ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʚʝʪʨʦ-
ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʝʪ ʪʝʧʣʦʚʦʝ ʢʘʨʪʦ-
ʛʨʘʬʠʨʦʚʘʥʠʝ ʮʝʣʳʭ ʛʦʨʦʜʦʚ (ʨʠʩ. 7), ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ çʪʝʧʣʦʚʳʭ ʦʩʪʨʦʚʦʚè ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʠ ʢʦʥ-
ʪʨʦʣʴ ʚʳʙʨʦʩʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ[3].  

 

 
ʉʡʪ. 7. ʋʞʨʤʧʛʧʞ ʣʙʩʫʧʜʩʙʭʡʩʧʛʙʦʡʞ ʜʧʩʧʝʧʛ 

 
ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

3D-ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʫʜʦʙʥʝʝ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʦʙʲʝʢʪ ʚʦ 
ʚʩʝ 360 ʛʨʘʜʫʩʦʚ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʧʨʠ ʧʦʤʦʱʠ ɹʇʃɸ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʩʣʦʞʥʳʝ ʪʨʝʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝ-
ʥʠʝ ʟʜʘʥʠʷ (ʨʠʩ 8.). 

 

 
ʉʡʪ. 8. ʅʧʝʞʤʵ ʠʝʙʦʡʸ, ʪʧʠʝʙʦʦʙʸ ʪ ʨʧʥʧʲʵʷ ʝʩʧʦʙ 

 
ʌʦʪʦʛʨʘʤʤʝʪʨʠʷ ʧʨʝʦʙʨʘʟʫʝʪ ʩʝʨʠʠ ʩʥʠʤʢʦʚ ʚ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ 2D- ʠ 3D-ʤʦʜʝʣʠ ʜʣʷ ʠʥʞʝʥʝʨ-

ʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʛʝʥʝʨʠʨʦʚʘʪʴ ʠ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ ʩʪʨʦʠ-
ʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ɹʣʘʛʦʜʘʨʷ ɸʵʨʦʤʦʥʠʪʦʨʠʥʛʫ ʧʦʣʫʯʘʶʪ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʜʘʥʥʳʭ ʤʝʞʜʫ ʧʦʣʝʚʳʤʠ 
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ʙʨʠʛʘʜʘʤʠ ʠ ʧʨʦʝʢʪʥʳʤʠ ʦʪʜʝʣʘʤʠ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʫʯʝʪ ʨʝʩʫʨʩʦʚ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʨʫʯʥʦʛʦ ʘʫʜʠʪʘ ʠ ʫʩʢʦʨʷʝʪ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ʆʧʪʠʯʝʩʢʠʝ ʜʘʣʴʥʦʤʝʨʳ LiDAR ʩʦʟʜʘʶʪ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 
ʧʣʦʱʘʜʦʢ ʩ ʪʦʯʥʳʤ ʨʘʩʯʝʪʦʤ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʦʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, 
ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʬʠʢʩʠʨʫʝʪ ʤʝʣʴʯʘʡʰʠʝ ʦʙʲʝʢʪʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʜʝʪʘʣʠʟʘʮʠʝʡ. ʉʦʚʨʝʤʝʥʥʳʝ 
ʦʪʨʘʩʣʝʚʳʝ ʨʝʰʝʥʠʷ ʧʨʝʦʜʦʣʝʚʘʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʚʝʩʫ ʠ ʩʣʦʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ[4]. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʠ ʨʘʩʰʠʨʷʝʪ ʩʬʝʨʫ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠ-
ʩʪʝʤ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʬʝʨʝ. ʇʝʨʩʧʝʢʪʠʚʳ ʠʥʪʝʛʨʘʮʠʠ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʨʠʩʢʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘ-
ʥʠʝ ʘʧʧʘʨʘʪʫʨʳ ʥʝʩʦʧʦʩʪʘʚʠʤʦ ʥʠʟʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʘʚʠʘʪʝʭʥʠʢʦʡ. ʈʘʟʚʠʪʠʝ ʪʨʘʥʩ-
ʧʦʨʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʦʟʜʫʰʥʳʭ ʧʣʘʪʬʦʨʤ ʦʪʢʨʳʚʘʝʪ ʧʫʪʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʤʝʪʦʜʦʚ 
ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʠʢʣʦʚ. ʇʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ 
ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʩʪʘʥʫʪ ʝʱʝ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʚ 
ʩʪʨʦʠʪʝʣʴʥʫʶ ʧʨʘʢʪʠʢʫ. ʈʘʟʚʠʪʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʠʪ ʜʨʦʥʘʤ ʚʳʧʦʣʥʷʪʴ ʙʦʣʝʝ ʩʣʦʞ-
ʥʳʝ ʟʘʜʘʯʠ ʘʚʪʦʥʦʤʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʩ 
ʨʦʩʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʇʃɸ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʠ 
ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴʶ ʜʘʥʥʳʭ. ʕʪʠ ʘʩʧʝʢʪʳ ʪʨʝʙʫʶʪ ʚʥʠʤʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʘʚʦ-
ʚʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʪ-
ʢʨʳʚʘʝʪ ʧʝʨʝʜ ʦʪʨʘʩʣʴʶ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʠ 
ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʦʚʤʝʱʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ɹʇʃɸ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʩʪʘʥʝʪ ʢʣʶʯʝ-
ʚʳʤ ʬʘʢʪʦʨʦʤ ʚ ʨʘʟʚʠʪʠʠ ʙʫʜʫʱʝʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʜʝʣʘʷ ʝʛʦ ʙʦʣʝʝ ʪʦʯʥʳʤ, ʙʳʩʪʨʳʤ ʠ 
ʥʘʜʝʞʥʳʤ. 
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ʩʪʫʧʘ: URL: https://skymec.ru/blog/drone-use-cases/stroitelstvo/otsenka-potentsiala-tekhnologii-v-stroitelstve 
3. ʊʝʧʣʦʚʠʟʠʦʥʥʘʷ ʩʲʝʤʢʘ ʩ ʙʝʩʧʠʣʦʪʥʠʢʘ ï ʩʧʦʩʦʙ ʦʙʥʘʨʫʞʝʥʠʷ ʩʢʨʳʪʳʭ ʧʨʦʙʣʝʤ [ʕʣʝʢʪʨʦʥ-

ʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: https://www.to-inform.ru/index.php/arkhiv/item/teplovizionnaya-syemka-
s-bespilotnika 

4. ʇʨʠʤʝʥʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ: ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ ʠ 
ʚʦʟʤʦʞʥʦʩʪʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: https://articles.moluch.ru/archive/519/114339 

  



190 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 

 

XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ǲǣǩ ..2,631 

ǢǤǬǤǯǟǵǧǾ ǟǯǴǧǱǤǩǱǲǯǬǺǴ ǮǯǭǤǩǱǭǡ ǰ 
ǮǭǫǭǸǻǽ ǧǧ ǶǤǪǭǡǤǩǲ ǠǤǦ ǮǯǭǳǧǪǻǬǭǢǭ 
ǭǠǯǟǦǭǡǟǬǧǾ 

 ǩǿȊȒȂȇȌǿ ǽȊȇȞ ǤȁȂȄȌțȄȁȌǿ 
ʤʘʛʠʩʪʨ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʘʚʣʝʥʠʝ: ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʢʘʬʝʜʨʘ çɻʦʨʦʜʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʜʠʟʘʡʥè 

ǩȄȏȍȎȞȌ ǟȌȌǿ ǟȏȋȄȌȍȁȌǿ 
ʩʪʫʜʝʥʪ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çɸʨʭʠʪʝʢʪʫʨʘè, 

ʢʘʬʝʜʨʘ çɻʦʨʦʜʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʜʠʟʘʡʥè, 
ʀʥʩʪʠʪʫʪ ɻʦʨʥʦʛʦ ɼʝʣʘ ʠ ʉʪʨʦʠʪʝʣʴʩʪʚʘ, ʊʫʣɻʋ, ʛ. ʊʫʣʘ 

 

ɹʦʦʧʫʙʯʡʸ: ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʫʶ 
ʩʬʝʨʫ, ʦʪ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʵʪʘʧʳ 
ʨʘʟʚʠʪʠʷ, ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʟʚʝʩʪʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʢʦʤʧʘʥʠʷʭ, ʘ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ 
ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʚʥʝʜʨʝʥʠʷ ʀʀ ʚ ʧʨʦʬʝʩʩʠʶ. ʀʥʪʝʛʨʘʮʠʷ ʪʘʢʠʭ ʢʘʢ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʦʙʨʘ-
ʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʚ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʦʝʢʪʳ.  ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝ-
ʣʷʝʪʩʷ ʵʪʠʯʝʩʢʠʤ ʠ ʧʨʘʚʦʚʳʤ ʚʦʧʨʦʩʘʤ, ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʀʀ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ, ʘ ʪʘʢʞʝ ʜʦʩʪʫʧʥʳʤ ʠʥ-
ʩʪʨʫʤʝʥʪʘʤ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʩʦʯʝʪʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʀʀ ʩ 
ʯʝʣʦʚʝʯʝʩʢʠʤ ʦʧʳʪʦʤ ʠ ʢʨʝʘʪʠʚʥʦʩʪʴʶ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʘʨʭʠʪʝʢʪʫʨʝ.  
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Abstract: The article examines the impact of artificial intelligence (AI) technologies on the architectural field, 
from conceptual design to the automation of routine tasks. It analyzes the stages of development, examples of 
use in well-known architectural companies, and the positive and negative aspects of introducing AI into the 
profession. The article also focuses on the integration of AI technologies such as machine learning, natural 
language processing, and computer vision into architectural projects. It pays special attention to ethical and 
legal issues, the regulation of AI in different countries, and the available tools and educational resources. The 
importance of combining AI capabilities with human experience and creativity is emphasized to achieve high 
standards in architecture. 
Key words: artificial intelligence, technology, training, architecture, alternative design, effective solutions, au-
tomation, optimization, concept, and creativity. 

 
ʊʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʩʪʨʝʤʠʪʝʣʴʥʦ ʧʨʦʛʨʝʩʩʠʨʫʶʪ, ʦʪʢʨʳʚʘʷ ʧʝʨʝʜ 

ʣʶʜʴʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʬʝʩʩʠʷʤʠ ʠ ʢʚʘʣʠʬʠʢʘʮʠʷʤʠ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ. ʀʥʪʝʛʨʘʮʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʣʘ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʚ ʪʘʢʠʭ ʩʬʝʨʘʭ, ʢʘʢ ʤʝʜʠʮʠʥʘ ʠ ʠʩʢʫʩʩʪʚʦ. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʦʚ ʚ 
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ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʦʩʪʫʧʥʦ ʪʦʣʴʢʦ ʣʶʜʷʤ ʩ ʧʨʦʬʠʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʥʦ ʚʦʧʨʦʩ 
ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʀʀ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʜʝʣ ʠʥʬʦʨʤʘʪʠʢʠ, ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʩʦʟʜʘʥʠʠ, ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤ, ʩʧʦʩʦʙʥʳʭ ʠʤʠʪʠʨʦʚʘʪʴ ʯʝʣʦʚʝʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʦʙʫʯʝʥʠʠ, ʧʣʘ-
ʥʠʨʦʚʘʥʠʠ ʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʦʙ-
ʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ. ʂʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ ʤʘʰʠʥ, ʥʘʯʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ 
ʚ ʩʝʨʝʜʠʥʝ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ. ʇʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳ-
ʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ, ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʵʪʘʧʘʤʠ ʨʘʟʚʠʪʠʷ, ʥʘʯʠʥʘʷ ʩ ʵʢʩ-
ʧʝʨʪʥʳʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʨʝʰʘʪʴ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʟʘʜʘʯʠ, ʟʘʢʘʥʯʠʚʘʷ ʩʦʚʨʝʤʝʥʥʳʤʠ 
ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤʠ ʚʧʝʯʘʪʣʷʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʦʙʱʝʥʠʶ ʠ ʘʜʘʧʪʘʮʠʠ ʢ ʥʦ-
ʚʳʤ ʜʘʥʥʳʤ. 

ʇʨʦʛʨʝʩʩ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʬʝʩʩʠʡ, ʧʦʨʦʞʜʘʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ, 
ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ ʵʪʠʢʝ ʀʀ, ʠʥʞʝʥʝʨʳ ʧʦ ʦʙʫʯʝʥʠʶ ʤʦʜʝʣʝʡ, ʘʥʘʣʠʪʠʢʠ ʜʘʥʥʳʭ, ʢʫʨʘʪʦʨʳ ʜʘʥʥʳʭ - ʚʦʪ 
ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʧʨʦʬʝʩʩʠʡ ʙʫʜʫʱʝʛʦ, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ (ʨʠʩ. 1). 

 

 
ʉʡʪ. 1. ʖʫʙʨʴ ʩʙʠʛʡʫʡʸ ʁʁ 

 
ɹʫʜʫʱʝʝ ʀʀ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʩʠʤʙʠʦʟ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʡ ʤʦʱʠ, ʨʘʩʰʠ-

ʨʷʶʱʝʛʦ ʥʘʰʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʢʘʟʘʣʠʩʴ ʥʝʚʦʟ-
ʤʦʞʥʳʤʠ. ʉ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʠʭʦʜʷʪ ʠ ʚʳʟʦʚʳ: ʚʦʧʨʦʩʳ ʧʨʝʜʚʟʷʪʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʨʠ-
ʥʷʪʠʷ ʨʝʰʝʥʠʡ ʀʀ, ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʚʣʠʷʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʨʳʥʦʢ ʪʨʫʜʘ ʟʘʧʨʘʰʠ-
ʚʘʶʪ ʩʝʨʴʝʟʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ ʠ ʵʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ. 
ʂʣʶʯʦʤ ʢ ʫʩʧʝʰʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʀʀ ʚ ʥʘʰʫ ʞʠʟʥʴ ʷʚʣʷʝʪʩʷ ʦʩʦʟʥʘʥʥʦʝ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, 
ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʙʣʘʛʦ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ.  

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʘʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʙʫʯʘʪʴʩʷ, ʜʝʣʘʪʴ ʧʨʦʛʥʦʟʳ, ʦʙʨʘʙʦʪ-
ʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ʧʦʤʦʛʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʩʠʩʪʝ-
ʤʘʤʠ ʠ ʠʟʚʣʝʢʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʠʜʝʦ. ʀʥʪʝʛʨʘʮʠʷ ʥʝʡʨʦʩʝʪʝʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʩʬʝ-
ʨʫ ʚʦʟʤʦʞʥʘ, ʫʯʠʪʳʚʘʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ ʢʨʝʘʪʠʚʥʳʝ ʘʩʧʝʢʪʳ. ʅʝʡʨʦʩʝʪʠ ʫʧʨʦʱʘʶʪ ʠ ʫʩʢʦʨʷʶʪ 
ʧʨʦʮʝʩʩʳ, ʧʦʟʚʦʣʷʝʪ ʘʨʭʠʪʝʢʪʦʨʫ  ʩʣʝʜʦʚʘʪʴ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʧʨʠʤʝʥʷʪʴ ʪʚʦʨʯʝʩʢʠʡ ʧʦʜʭʦʜ. ɺʘʞʥʦ ʚʚʦ-
ʜʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʭ ʵʪʘʧʘʭ ʦʙʫʯʝʥʠʷ. 

ɺ 2022 ʛʦʜʫ ʨʘʟʚʠʪʠʝ ʥʝʡʨʦʩʝʪʝʡʚʳʟʳʚʘʝʪ ʚʦʧʨʦʩʳ ʦ ʘʢʪʫʘʣʴʥʦʩʪʠ ʪʚʦʨʯʝʩʢʠʭ ʧʨʦʬʝʩʩʠʡ. ʀʥʪʝ-
ʛʨʘʮʠʷ ʀʀ ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʧʦʟʚʦʣʷʝʪ ʠʥʥʦʚʘʮʠʦʥʥʦ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ, ʥʦ ʀʀ ʦʩʪʘʝʪʩʷ ʠʥʩʪʨʫʤʝʥ-
ʪʦʤ, ʘ ʥʝ ʟʘʤʝʥʘ ʯʝʣʦʚʝʢʫ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤʳ ʀʀ (SpaceMaker, Finch, Con-
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ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝ-
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struction AI, MasterMind) ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʧʨʦʝʢʪʳ, ʩʦʟʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʡ. ɿʘʨʫʙʝʞʥʳʝ 
ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʢʦʤʧʘʥʠʠ (Zaha Hadid Architects, Foster&Partners, BIG ʠ Diller Scofidio+Renfro) ʘʢʪʠʚʥʦ 
ʠʩʧʦʣʴʟʫʶʪ ʀʀ. Zaha Hadid Architects ʨʘʟʨʘʙʦʪʘʣʠ ZHA Code ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʬʘʩʘʜʥʳʭ ʧʣʘʥʠʨʦʚʦʢ, 
ʩʪʨʫʢʪʫʨ, ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʩʫʨʩʦʚ. ʅʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʪʘʢʞʝ 
ʥʘʙʣʶʜʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʀʀ, ʥʘʧʨʠʤʝʨ, ʙʶʨʦ SA Lab ʠʩʧʦʣʴʟʫʝʪ Generative Components ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʩʣʦʞʥʳʭ ʬʦʨʤ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʢ ʧʨʠʤʝʥʝʥʠʶ ʀʀ ʚ ʘʨʭʠʪʝʢʪʫʨʝ  (ʨʠʩ. 2). 

 

 

 
ʉʡʪ. 2. ʊʧʠʝʙʦʡʸ ʪʤʧʟʦʴʮ ʭʧʩʥ ʪ ʨʧʥʧʲʵʷ ʨʩʧʜʩʙʥʥ 
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ʠʥʪʝʣʣʝʢʪ ɻʦʨʦʜʘ ʙʫʜʫʱʝʛʦè. ɻʝʥʝʨʠʨʦʚʘʣ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʙʦʩʢʨʝʙʦʚ ʙʫʜʫʱʝʛʦ, ʠʩʧʦʣʴʟʫʷ ʪʝʢʩʪʦʚʳʝ 
ʟʘʧʨʦʩʳ, çʬʫʪʫʨʠʩʪʠʯʝʩʢʠʝ ʙʘʰʥʠè, çʫʪʦʧʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷè, çʩʠʤʙʠʦʪʠʯʝʩʢʠʡè ʠ çʙʠʦʣʶʤʠʥʝʩ-
ʮʝʥʪʥʳʡ ʤʘʪʝʨʠʘʣè. ʕʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʨʠʩ. 3). 

 

 
ʉʡʪ. 3.  ɼʧʩʧʝʙ ʚʬʝʬʲʞʜʧ 

 
ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ñʮʠʬʨʦʚʦʡ ʫʤò ʩʧʦʩʦʙʝʥ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʪʨʫʜʦʝʤʢʠʝ ʟʘʜʘʯʠ, ʧʦʟʚʦʣʷʝʪ ʣʶʜʷʤ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʢʨʝʘʪʠʚʥʳʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ. ʆʙ-
ʨʘʙʘʪʳʚʘʝʪ ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ ʠ ʚʳʷʚʣʷʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʩ-
ʧʨʠ̫ʪʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠʥʷʪʠʶ ʦʙʦʩʥʦʚʘʥʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 
ʘʜʘʧʪʠʨʫʝʪ ʢʦʥʪʝʥʪ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʫʩʣʫʛʠ ʧʦʜ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʧʦʣʴʟʦ-
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ʚʘʪʝʣʝʡ. ɺ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʬʠʥʘʥʩʳ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʦʢ.  

ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ: ɸʚʪʦʤʘʪʠʟʘʮʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʀʀ, ʧʨʠʚʦʜʠʪ ʢ 
ʩʦʢʨʘʱʝʥʠʶ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ ʥʝʢʦʪʦʨʳʭ ʦʪʨʘʩʣʷʭ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʭ, ʛʜʝ ʟʘʜʘʯʠ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʘʚʪʦʤʘ-
ʪʠʟʘʮʠʠ. ʉʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʫʩʠʣʝʥʠʷ ʧʨʝʜʚʟʷʪʦʩʪʝʡ ʠ ʜʠʩʢʨʠʤʠʥʘʮʠʠ, ʝʩʣʠ ʜʘʥʥʳʝ, ʥʘ ʢʦʪʦʨʳʭ 
ʥʝʡʨʦʩʝʪʴ ʦʙʫʯʘʝʪʩʷ, ʩʦʜʝʨʞʘʪ ʠʩʢʘʞʝʥʠʷ.  

ʅʘ ʵʪʘʧʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʤʦʛʘʶʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʠʜʝʠ ʠ ʘʣʴʪʝʨʥʘ-
ʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʘʥʘʣʠʟʝ ʫʩʧʝʰʥʳʭ ʧʨʦʝʢʪʦʚ ʧʨʦʰʣʦʛʦ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 
ʜʣʷ ʙʦʣʝʝ ʩʤʝʣʳʭ ʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ. ɸʨʭʠʪʝʢʪʦʨʘʤ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ ʦʩʥʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-
ʥʠʷ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ  ʩʠʩʪʝʤʘʤʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 
ʜʘʥʥʳʝ ʜʣʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ. ɺʘʞʥʦ ʧʨʦʜʦʣʞʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʀʀ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 
ʥʦʚʳʝ ʤʝʪʦʜʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʦʙʫʯʘʪʴ ʣʶʜʝʡ ʦʩʥʦʚʘʤ ʨʘʙʦʪʳ, ʧʦ-
ʚʳʰʘʪʴ ʠʭ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʦ ʚʦʟʤʦʞʥʳʭ ʨʠʩʢʘʭ. ɿʘʧʨʦʩʳ ʢ ʀʀ ʤʦʛʫʪ ʙʳʪʴ ʪʝʢʩʪʦʚʳʤʠ ʠʣʠ ʚʠʟʫʘʣʴʥʳ-
ʤʠ, ʜʘʶʱʠʤʠ ʠʥʩʪʨʫʢʮʠʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʩʣʫʞʠʪ ʧʨʘʚʦʚʳʝ ʥʦʨ-
ʤʳ, ʚʢʣʶʯʘʷ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʳ, ISO/IEC JTC 1/SC 42, ʠ ʥʘʮʠʦʥʘʣʴʥʳʝ ʨʝʛʫʣʷʮʠʠ, ʥʘʧʨʠʤʝʨ, 
GDPR ʚ ɽʚʨʦʧʝ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʦʨʛʘʥʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ IEEE Global Initiative on Ethics of Autonomous 
and Intelligent Systems, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʝ ʵʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʜʣʷ ʀʀ-ʩʠʩʪʝʤ. ʉʪʘʥʜʘʨʪʳ ʠ ʨʝʛʫʣʷʮʠʠ 
ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʪʠʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ.  

ʈʘʟʥʳʝ ʩʪʨʘʥʳ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʀʀ. ʉʐɸ ʘʢʮʝʥʪʠʨʫʶʪ ʟʘʱʠʪʫ 
ʧʨʘʚ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʜʠʩʢʨʠʤʠʥʘʮʠʠ, ʘ ʂʠʪʘʡ - ʥʘʮʠʦʥʘʣʴʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʠʥʪʝʨʝ-
ʩʳ ʛʦʩʫʜʘʨʩʪʚʘ. ɺ ʘʨʭʠʪʝʢʪʫʨʝ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʠʟʘʡʥʦʚ, ʚʘʞʥʳ ʣʠʮʝʥʟʠʨʦʚʘ-
ʥʠʝ, ʧʘʪʝʥʪʥʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʠ ʵʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʦʙʱʝʩʪʚʝʥʥʳʝ ʠʥʪʝʨʝʩʳ (ʜʦ-
ʩʪʫʧʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʵʩʪʝʪʠʢʫ), ʫʧʨʦʱʘʝʪ ʩʦʟʜʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ ʜʣʷ ʣʶʜʝʡ ʙʝʟ ʩʧʝʮʠ-
ʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʤ ʠ ʰʘʙʣʦʥʘʤ.  

ɼʦʩʪʫʧʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀ, ʪʘʢʠʝ ʢʘʢ Au-
toCAD, Lumion, Midjourney ʠ DALL-E, ʧʦʤʦʛʘʶʪ ʚ ʢʦʤʧʦʥʦʚʢʝ, ʚʠʟʫʘʣʠʟʘʮʠʠ, ʨʘʩʯʝʪʝ ʤʘʪʝʨʠʘʣʦʚ ʠ 
ʦʮʝʥʢʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺʣʠʷʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ, ʧʨʝʜʣʘʛʘʷ ʦʥʣʘʡʥ-ʢʫʨʩʳ ʥʘ ʧʣʘʪʬʦʨ-
ʤʘʭ Coursera ʠ Udemy ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʜʠʟʘʡʥʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʬʠʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 
ʋʯʘʩʪʠʝ ʚ ʦʥʣʘʡʥ-ʩʦʦʙʱʝʩʪʚʘʭ ʠ ʬʦʨʫʤʘʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʦʚʝʪʳ ʠ ʚʜʦʭʥʦʚʝʥʠʝ ʦʪ ʧʨʦʬʝʩʩʠʦʥʘ-
ʣʦʚ. ʕʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʘʨʭʠʪʝʢʪʫʨʳ, ʥʘʧʨʠʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʪʨʝʙʫʶʪ ʟʥʘʥʠʷ ʩʪʨʦʠ-
ʪʝʣʴʥʳʭ ʥʦʨʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʤʦʱʴ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʢʨʠʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʢʨʝʘʪʠʚʥʳʝ 
ʨʝʰʝʥʠʷ ʦʩʪʘʶʪʩʷ ʚʘʞʥʳʤʠ. ʌʦʨʤʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʤʦʞʝʪ ʨʘʩʰʠʨʠʪʴ ʢʘʨʴʝʨʥʳʝ 
ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʫʛʣʫʙʠʪʴ ʟʥʘʥʠʷ (ʨʠʩ. 4).  

 

 
ʉʡʪ. 4.  ɻʡʠʬʙʤʡʠʙʯʡʸ 



194 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǭǨ Ǭǟǲǩǧ 

 

XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʰʠʨʦʢʦʡ 
ʘʫʜʠʪʦʨʠʠ, ʦʜʥʘʢʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʢʘʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʯʝʪʘʥʠʝ ʢʨʝʘʪʠʚʥʦʩʪʠ, 
ʟʥʘʥʠʡ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ɿʥʘʥʠʝ ʦʩʥʦʚ ʘʨʭʠʪʝʢʪʫʨʳ, ʜʠʟʘʡʥʘ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʦʨʤ ʚʘʞʥʦ ʜʣʷ ʧʦʣʫ-
ʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʀʀ: ʛʝʥʝʨʘʪʠʚʥʳʝ 
ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (GANs) ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʜʠʟʘʡʥʦʚ, ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ML) ʜʣʷ ʦʧʪʠ-
ʤʠʟʘʮʠʠ ʧʣʘʥʠʨʦʚʦʢ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʩʪʦʠʤʦʩʪʠ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ʜʣʷ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʯʝʨʪʝʞʘʭ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʚʝʨʢʠ ʥʦʨʤ, ʚʜʦʙʘʚʦʢ ʦʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥ-
ʥʦʛʦ ʷʟʳʢʘ (NLP) ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʪʝʢʩʪʦʚʳʭ ʟʘʧʨʦʩʦʚ ʠ ʛʝʥʝʨʘʮʠʠ ʦʪʯʝʪʦʚ.  

ɿʘʧʨʦʩʳ ʀʀ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʘʪʝʛʦʨʠʡ. ɺ ʦʙʣʘʩʪʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʛʫʪ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʟʘʧʨʦʩʳ ñʉʛʝʥʝʨʠʨʫʡ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʧʣʘʥʠʨʦʚʢʠ ʟʘʛʦ-
ʨʦʜʥʦʛʦ ʜʦʤʘ ʚ ʩʪʠʣʝ ʢʘʥʪʨʠ ʜʣʷ ʩʝʤʴʠ ʠʟ ʯʝʪʳʨʝʭ ʯʝʣʦʚʝʢò, ñʇʨʦʚʝʨʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʝʢʪʘ ʩʪʨʦʠ-
ʪʝʣʴʥʳʤ ʥʦʨʤʘʤ ʠ ʧʨʘʚʠʣʘʤò, ñʆʧʪʠʤʠʟʠʨʫʡ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʢʦʥ ʚ ʟʜʘʥʠʠ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʩʦʣʷ-
ʮʠʠ ʟʠʤʦʡ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʝʨʝʛʨʝʚʘ ʣʝʪʦʤò, ʠ ʜʨʫʛʠʝ ʤʥʦʛʠʝ ʧʦʭʦʞʠʝ ʟʘʧʨʦʩʳ.  

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʫʩʢʦʨʝʥʠʝ 
ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʨʫʪʠʥʥʳʝ ʟʘʜʘʯʠ ʠ ʧʦʠʩʢ 
ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ; ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʜʘʥʠʡ ʟʘ ʩʯʝʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ 
ʫʣʫʯʰʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ; ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʩ ʬʦʪʦ-
ʨʝʘʣʠʩʪʠʯʥʳʤʠ ʨʝʥʜʝʨʠʥʛʘʤʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʟʘʢʘʟʯʠʢʘʤ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ 
ʠ ʦʮʝʥʠʚʘʪʴ ʧʨʦʝʢʪ; ʫʧʨʦʱʝʥʠʝ ʧʨʦʮʝʩʩʘ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʜʝʣʘʷ ʝʛʦ ʜʦʩʪʫʧʥʳʤ ʜʣʷ 
ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʠ, ʚʢʣʶʯʘʷ ʣʶʜʝʡ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʈʘʟʚʠʪʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʤʝʞʜʫ ʘʨʭʠʪʝʢ-
ʪʫʨʥʳʤʠ ʜʠʟʘʡʥʝʨʘʤʠ ʠ ʪʝʭʥʦʣʦʛʘʤʠ, ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʚ ʪʨʘʜʠʮʠʦʥ-
ʥʳʝ ʧʦʜʭʦʜʳ. ʉʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʦʚ ʠ ʫʯʠʪʳʚʘʝʪ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʀʀ ʥʘ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʦʢʨʘʱʘʝʪ 
ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ, ʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʤʦʛʘʶʪ ʦʮʝʥʠʚʘʪʴ ʚʘʨʠʘʥʪʳ, ʧʨʝʜʣʘʛʘʪʴ ʦʧʪʠ-
ʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʤʘʪʝʨʠʘʣʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʘʞʥʦ ʩʦʭʨʘʥʠʪʴ ʯʝʣʦʚʝ-
ʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʠʜʘʝʪ ʧʨʦʝʢʪʘʤ ʫʥʠʢʘʣʴʥʦʩʪʴ. ɺ ʙʫʜʫʱʝʤ ʠʥʪʝʛʨʘʮʠʷ ʀʀ ʚ ʘʨʭʠʪʝʢʪʫʨʥʫʶ 
ʧʨʘʢʪʠʢʫ ʫʛʣʫʙʣʷʝʪʩʷ, ʧʦʟʚʦʣʷʷ ʘʨʭʠʪʝʢʪʦʨʘʤ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʠ ʩʦʟʜʘʚʘʪʴ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩ-
ʩʪʚʘ, ʠʟʤʝʥʷʶʱʠʝ ʦʙʣʠʢ ʛʦʨʦʜʦʚ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʟʥʘʯʠʪʩʷ ʠʥ-
ʩʪʨʫʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʩʪʘʥʦʚʠʪʩʷ ʤʦʱʥʳʤ ʩʦʶʟʥʠʢʦʤ ʚ ʩʪʨʝʤʣʝʥʠʠ ʢ 
ʩʦʚʝʨʰʝʥʩʪʚʫ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. 

ʀʀ ʛʝʥʝʨʠʨʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠʜʝʡ ʠ ʢʦʥʮʝʧʮʠʡ, ʥʦ ʠʤʝʥʥʦ ʯʝʣʦʚʝʯʝʩʢʦʝ ʚʦʦʙʨʘʞʝʥʠʝ ʠ ʠʥʪʫʠʮʠʷ 
ʩʧʦʩʦʙʥʳ ʧʨʝʚʨʘʪʠʪʴ ʠʜʝʠ ʚ ʫʥʠʢʘʣʴʥʳʝ, ʟʥʘʯʠʤʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʉʦʯʝʪʘʥʠʝ ʢʨʝʘʪʠʚʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦ-
ʛʠʡ ʩʦʟʜʘʸʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʧʦʟʚʦʣʷʷ ʠʤ ʥʝ ʪʦʣʴʢʦ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ, ʥʦ ʠ 
ʚʜʦʭʥʦʚʣʷʪʴ ʦʙʱʝʩʪʚʦ ʥʘ ʥʦʚʳʝ ʩʚʝʨʰʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʫʱʝʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʚ ʢʦʪʦʨʦʤ ʀʀ ʠ ʢʨʝʘʪʠʚʥʦʩʪʴ ʠʜʫʪ ʨʫʢʘ ʦʙ ʨʫʢʫ, ʦʙʝʱʘʝʪ 
ʙʳʪʴ ʟʘʭʚʘʪʳʚʘʶʱʠʤ. ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ, ʬʫʥʢʮʠʦʥʘʣʴ-
ʥʳʭ ʠ ʵʩʪʝʪʠʯʝʩʢʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʣʫʞʠʪʴ ʥʝ ʪʦʣʴʢʦ ʣʶʜʷʤ, ʥʦ ʠ ʧʨʠʨʦ-
ʜʝ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʘʨʭʠʪʝʢʪʫʨʘ, ʦʙʦʛʘʱʝʥʥʘʷ ʀʀ, ʩʪʘʥʝʪ ʥʝ ʧʨʦʩʪʦ ʦʪʨʘʞʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ, ʥʦ ʠ 
ʚʳʨʘʞʝʥʠʝʤ ʯʝʣʦʚʝʯʝʩʢʠʭ ʮʝʥʥʦʩʪʝʡ, ʩʪʨʝʤʣʝʥʠʡ ʠ ʤʝʯʪʘʥʠʡ. 
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ǮǪǭǸǟǣǭǩ 

ǰȄȊȞȉȍȁǿ ǩȐȄȌȇȞ ǧȂȍȏȄȁȌǿ 
ʤʘʛʠʩʪʨʘʥʪ 

 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 
 

ɹʦʦʧʫʙʯʡʸ. ɼʝʪʩʢʠʝ ʠʛʨʦʚʳʝ ʧʣʦʱʘʜʢʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʧʦʩʦʙ-
ʩʪʚʫʶʱʝʡ ʬʠʟʠʯʝʩʢʦʤʫ, ʩʦʮʠʘʣʴʥʦʤʫ, ʵʤʦʮʠʦʥʘʣʴʥʦʤʫ ʠ ʧʦʟʥʘʚʘʪʝʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʜʝʪʝʡ. ɺ ʩʪʘʪʴʝ 
ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʤʘʣʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ (ʄɸʌ) ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʧʣʦʱʘʜʦʢ, ʠʭ ʚʣʠʷ-
ʥʠʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʩʪʝʪʠʢʫ ʠʛʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪ-
ʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʄɸʌ, ʚʢʣʶʯʘʷ ʠʛʨʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ ʠ ʫʯʝʙʥʳʝ ʦʙʲʝʢʪʳ, ʘ ʪʘʢʞʝ ʟʦ-
ʥʳ ʦʪʜʳʭʘ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʩʦʟʜʘʥʠʠ ʜʝʪʩʢʠʭ ʧʣʦʱʘʜʦʢ, ʪʘʢʠʝ ʢʘʢ ʵʢʦʣʦʛʠʯ-
ʥʦʩʪʴ, ʠʥʢʣʶʟʠʚʥʦʩʪʴ, ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʠ ʪʝʤʘʪʠʯʝʩʢʦʝ ʦʬʦʨʤʣʝʥʠʝ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʛʨʘʤʦʪʥʦʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʄɸʌ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʨʘʟʚʠʚʘʶʱʫʶ ʩʨʝʜʫ, ʘʜʘʧʪʠʨʦʚʘʥʥʫʶ ʜʣʷ ʜʝʪʝʡ ʨʘʟʥʳʭ ʚʦʟ-
ʨʘʩʪʦʚ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʘʨʭʠʪʝʢʪʦʨʘʤ, ʜʠʟʘʡʥʝʨʘʤ ʠ 
ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʦ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʫ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʜʚʦʨʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʠʛʨʦʚʳʝ ʧʣʦʱʘʜʢʠ, ʤʘʣʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ 
ʬʦʨʤʳ, ʠʛʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʝʪʩʢʠʭ ʧʣʦʱʘʜʦʢ 
 

SMALL ARCHITECTURAL FORMS: THEIR ROLE AND IMPORTANCE IN THE DESIGN OF 
PLAYGROUNDS 

Selyakova Ksenia Igorevna 
 
Abstract. Children's playgrounds are an important part of urban infrastructure that promotes the physical, so-
cial, emotional and cognitive development of children. The article examines the role of small architectural 
forms (SAF) in the design of such playgrounds, their impact on the functionality, safety and aesthetics of the 
play space. Particular attention is paid to the classification of SAF, including play complexes, art and educa-
tional objects, as well as recreation areas. Modern trends in the creation of playgrounds, such as environmen-
tal friendliness, inclusiveness, interactivity and thematic design are analyzed. It is emphasized that the compe-
tent use of SAF allows you to create a developing environment adapted to children of different ages and 
needs. The results of the study can be useful for architects, designers and specialists in the improvement of 
urban areas. 
Keywords: improvement of the yard area, playgrounds, small architectural forms, play space, equipment of 
playgrounds 

 
ʄʘʣʳʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʬʦʨʤʘʤʠ ʠʣʠ ʄɸʌ ʥʘʟʳʚʘʶʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʙʣʘʜʘʶ-

ʱʠʝ ʩʦʙʩʪʚʝʥʥʳʤʠ ʧʨʦʩʪʳʤʠ ʬʫʥʢʮʠʷʤʠ ʠ ʜʦʧʦʣʥʷʶʱʠʝ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʪʝʨʨʠʪʦʨʠʠ. ʉʝ-
ʛʦʜʥʷ ʄɸʌ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʫ, ʥʦ ʠ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʬʦʨʤʠ-
ʨʦʚʘʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʫʣʫʯʰʘʷ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ. ʂ ʤʘʣʳʤ ʘʨʭʠʪʝʢʪʫʨʥʳʤ 
ʬʦʨʤʘʤ ʦʪʥʦʩʷʪ ʧʘʚʠʣʴʦʥʳ ʠ ʙʝʩʝʜʢʠ, ʩʢʘʤʝʡʢʠ ʠ ʫʨʥʳ, ʩʢʫʣʴʧʪʫʨʳ, ʬʦʥʪʘʥʳ ʠ ʜʨʫʛʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴ-
ʥʳʝ ʠʣʠ ʜʝʢʦʨʘʪʠʚʥʳʝ ʦʙʲʝʢʪʳ. 
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ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʦʨʦʜʘ ʷʚʣʷʶʪʩʷ ʜʝʪʩʢʠʝ ʠʛʨʦʚʳʝ ʧʣʦʱʘʜʢʠ, 
ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʬʠʟʠʯʝʩʢʦʤʫ, ʩʦʮʠʘʣʴʥʦʤʫ, ʵʤʦʮʠʦʥʘʣʴʥʦʤʫ ʠ ʧʦʟʥʘʚʘʪʝʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʤʘʣʝʥʴʢʠʭ 
ʛʦʨʦʞʘʥ. ʀʭ ʜʠʟʘʡʥ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʧʣʦʱʘʜʢʠ ʙʫʜʫʪ ʧʦʧʫʣʷʨʥʳʤʠ, ʧʨʠʚʣʝʢʘ-
ʪʝʣʴʥʳʤʠ, ʨʘʟʚʠʚʘʶʱʠʤʠ ʠ ʙʝʟʦʧʘʩʥʳʤʠ ʜʣʷ ʜʝʪʝʡ. ɼʣʷ ʦʙʫʩʪʨʦʡʩʪʚʘ ʠʛʨʦʚʳʭ ʧʣʦʱʘʜʦʢ ʠʩʧʦʣʴʟʫʶʪ 
ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʜʝʪʩʢʠʝ ʠʛʨʦʚʳʝ ʄɸʌʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʝʨʝʚʦ, 
ʧʣʘʩʪʠʢ, ʤʝʪʘʣʣ ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʷ.  ɼʝʪʩʢʠʝ ʠʛʨʦʚʳʝ ʄɸʌʳ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʤʦʞʥʦ 
ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ [1]:  

- ʀʛʨʦʚʳʝ ʧʣʦʱʘʜʢʠ ʠ ʢʦʤʧʣʝʢʩʳ ï ʵʪʦ ʢʘʯʝʣʠ, ʛʦʨʢʠ, ʣʝʩʝʥʢʠ, ʧʝʩʦʯʥʠʮʳ, ʩʧʦʨʪʠʚʥʳʝ ʵʣʝ-
ʤʝʥʪʳ ʠ ʜʨʫʛʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʨʘʟʚʣʝʯʝʥʠʡ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ, ʨʘʟʚʠʪʠʷ ʢʦʦʨʜʠʥʘʮʠʠ 
ʜʚʠʞʝʥʠʡ ʠ ʤʦʪʦʨʠʢʠ; 

- ʍʫʜʦʞʝʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ ï ʵʪʦ ʩʢʫʣʴʧʪʫʨʳ, ʬʦʥʪʘʥʳ, ʬʠʛʫʨʳ ʞʠʚʦʪʥʳʭ ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ, 
ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʪʘʢʞʝ ʘʪʤʦʩʬʝʨʫ ʠʛʨʳ ʠ ʨʘʟʚʠʚʘʶʪ ʚʦʦʙʨʘʞʝʥʠʝ ʠ ʪʚʦʨʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʠ ʩʦʮʠʘʣʴ-
ʥʳʝ ʥʘʚʳʢʠ; 

- ʋʯʝʙʥʳʝ ʦʙʲʝʢʪʳ ï ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʤʦʛʘʶʱʠʝ ʨʘʟʚʠʚʘʪʴ ʫ ʜʝʪʝʡ ʥʘʚʳʢʠ ʠ ʟʥʘʥʠʷ. ʕʪʦ ʤʦʛʫʪ 
ʙʳʪʴ ʙʫʢʚʳ ʠ ʮʠʬʨʳ, ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʦʚ ʠ ʜʨʫʛʠʝ ʦʙʫʯʘʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ;  

- ʆʙʲʝʢʪʳ ʟʦʥ ʜʣʷ ʦʪʜʳʭʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʢʘʤʝʡʢʠ, ʣʘʚʦʯʢʠ, ʢʘʯʝʣʠ ʠʣʠ ʛʘ-
ʤʘʢʠ, ʧʨʦʛʫʣʦʯʥʳʝ ʧʣʦʱʘʜʢʠ. 

ʉʦʯʝʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʄɸʌ ʥʘ ʜʝʪʩʢʦʡ ʧʣʦʱʘʜʢʝ ʧʦʟʚʦʣʷʝʪ:   

- ʩʦʟʜʘʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʣʷ ʜʝʪʝʡ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʥʦʡ ʢʘʪʝʛʦʨʠʠ ʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʥʪʝʨʝʩʘʤʠ; 

- ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʩʝʨʪʠʬʠʢʘʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʦʪʚʝʪ-
ʩʪʚʠʝʤ ʩʪʘʥʜʘʨʪʘʤ; 

- ʩʦʟʜʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʜʣʷ ʜʝʪʝʡ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘ, ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʧʦ-
ʪʨʝʙʥʦʩʪʝʡ; 

- ʦʙʝʩʧʝʯʠʪʴ ʵʩʪʝʪʠʢʫ. ʉ ʧʦʤʦʱʴʶ ʄɸʌ ʠʛʨʦʚʘʷ ʧʣʦʱʘʜʢʘ ʤʦʞʝʪ ʙʳʪʴ ʛʘʨʤʦʥʠʯʥʦ ʚʧʠʩʘʥʘ ʚ 
ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʙʳʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʜʝʪʝʡ ʠ ʚʟʨʦʩʣʳʭ, ʩʦʟʜʘʚʘʪʴ ʧʨʠʷʪʥʫʶ ʘʪʤʦ-
ʩʬʝʨʫ.   

ʈʦʣʴ ʤʘʣʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʚʧʝʯʘʪʣʷʶʱʠʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʜʝʪʩʢʠʭ 
ʠʛʨʦʚʳʭ ʧʣʦʱʘʜʦʢ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ [2]: 

- ʈʘʟʚʠʪʠʝ ʪʚʦʨʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʩʪʠʤʫʣʷʮʠʠ ʚʦʦʙʨʘʞʝʥʠʷ ʠ ʬʘʥʪʘʟʠʠ; 

- ʌʠʟʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʠ ʘʢʪʠʚʥʦʩʪʴ. ʀʛʨʳ ʨʘʟʚʠʚʘʶʪ ʢʦʦʨʜʠʥʘʮʠʶ, ʩʠʣʫ, ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʠ 
ʣʦʚʢʦʩʪʴ; 

- ʆʙʫʯʝʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ; 

- ʉʦʮʠʘʣʠʟʘʮʠʶ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʀʛʨʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʱʝʥʠʶ, ʨʘʟʚʠʪʠʶ ʩʦʮʠʘʣʴʥʳʭ 
ʥʘʚʳʢʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʨʫʞʙʳ; 

- ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ [3]. ʄɸʌ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʙʝʟʦʧʘʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
ʠʤʝʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʝʪʝʡ ʚʦ ʚʨʝʤʷ ʠʛʨ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʤʬʦʨʪʥʦʡ ʩʨʝʜʳ ʜʝʪʩʢʠʭ ʧʣʦʱʘʜʦʢ ʚ ʛʦʨʦʜʩʢʦʡ 
ʩʨʝʜʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 
ʦʙʝʩʧʝʯʠʪʴ [3-5]:  

- ʕʢʦʣʦʛʠʯʥʦʩʪʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʪʫʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʙʝʟʦʧʘʩʥʳʭ ʢʨʘʩʦʢ ʠ ʵʢʦʣʦ-
ʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

- ʀʥʢʣʶʟʠʚʥʦʩʪʴ, ʙʳʪʴ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʜʝʪʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ; 

- ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʪʚʦʨʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ; 

- ʊʝʤʘʪʠʯʝʩʢʦʝ ʦʬʦʨʤʣʝʥʠʷ ʜʣʷ ʠʥʪʝʨʝʩʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʜʝʪʩʢʦʛʦ ʜʦʩʫʛʘ ʠ ʨʘʟʚʠʪʠʷ ʬʘʥʪʘ-
ʟʠʠ ʨʝʙʸʥʢʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʣʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʝʪʩʢʠʭ 
ʠʛʨʦʚʳʭ ʧʣʦʱʘʜʦʢ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʵʩʪʝʪʠʯʝʩʢʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴ-
ʥʦʩʪʴ. ʆʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʨʘʟʚʠʪʠʶ ʜʝʪʝʡ, ʩʪʠʤʫʣʠʨʫʷ ʬʠʟʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʪʚʦʨʯʝ-
ʩʢʦʝ ʤʳʰʣʝʥʠʝ, ʩʦʮʠʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ, 
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ʪʘʢʠʝ ʢʘʢ ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʠ ʪʝʤʘʪʠʯʝʩʢʦʝ ʦʬʦʨʤʣʝʥʠʝ, ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʘʜʘʧ-
ʪʘʮʠʠ ʄɸʌ ʢ ʧʦʪʨʝʙʥʦʩʪʷʤ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʦʜʦʚ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʜʝʪʝʡ. 

ʇʨʘʚʠʣʴʥʳʡ ʧʦʜʙʦʨ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʄɸʌ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʠʛʨʦʚʳʝ 
ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʦʪʚʝʯʘʶʪ ʩʪʘʥʜʘʨʪʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʠ ʚʜʦʭʥʦʚʣʷʶʪ ʜʝʪʝʡ ʥʘ ʠʩ-
ʩʣʝʜʦʚʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ. ɺʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʫʯʝʪ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ 
ʦʙʣʘʩʪʠ ʧʦʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʜʝʪʩʢʠʭ ʧʣʦʱʘʜʦʢ, ʜʝʣʘʷ ʠʭ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʤʬʦʨʪʥʦʡ ʛʦ-
ʨʦʜʩʢʦʡ ʩʨʝʜʳ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʤʘʣʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦ-
ʚʘʪʴ ʩʦʟʜʘʥʠʶ ʝʱʸ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʛʘʨʤʦʥʠʯʥʳʭ ʠʛʨʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘʧʨʦʩʘʤ 
ʦʙʱʝʩʪʚʘ ʠ ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʨʘʟʚʠʪʠʶ ʧʦʜʨʘʩʪʘʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. 
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ǧǬǱǤǢǯǟǵǧǾ ǦǤǪǤǬǺǴ ǩǯǺǷ ǡ ǰǱǯǲǩǱǲǯǲ 
ǧǰǱǭǯǧǶǤǰǩǭǢǭ ǵǤǬǱǯǟ ǫǤǢǟǮǭǪǧǰǟ8 
ǠǟǯǻǤǯǺ ǧ ǡǭǦǫǭǥǬǭǰǱǧ 

ǪȝȀȇȌ ǤȂȍȏ ǣȋȇȑȏȇȄȁȇȖ 
ʩʪʫʜʝʥʪ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʦʜʝʟʠʠ ʠ ʢʘʨʪʦʛʨʘʬʠʠ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʥʝʞʠʥʩʢʘʷ ɽʣʝʥʘ ʖʨʴʝʚʥʘ 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣ ɹ

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʦʜʝʟʠʠ ʠ ʢʘʨʪʦʛʨʘʬʠʠ 
 

ɹʦʦʧʫʙʯʡʸ: ʀʩʪʦʨʠʯʝʩʢʠʝ ʮʝʥʪʨʳ ʤʝʛʘʧʦʣʠʩʦʚ, ʙʫʜʫʯʠ ʩʦʩʨʝʜʦʪʦʯʝʥʠʝʤ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʩʪʘʣ-
ʢʠʚʘʶʪʩʷ ʩ ʦʩʪʨʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʚʳʟʦʚʘʤʠ. ʇʣʦʪʥʘʷ ʟʘʩʪʨʦʡʢʘ, ʜʝʬʠʮʠʪ 
ʩʚʦʙʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʵʬʬʝʢʪ "ʛʦʨʦʜʩʢʦʛʦ ʦʩʪʨʦʚʘ ʪʝʧʣʘ" ʪʨʝʙʫʶʪ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. ɿʝʣʝ-
ʥʳʝ ʢʨʳʰʠ ð ʢʨʦʚʣʠ, ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʪʳʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ð ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ. ʆʜʥʘʢʦ ʠʭ ʚʥʝʜʨʝʥʠʝ ʚ ʠʩʪʦʨʠ-
ʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ʩʦʧʨʷʞʝʥʦ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʙʘʨʴʝʨʘʤʠ. ʅʘ ʧʨʠʤʝʨʝ ʄʦʩʢʚʳ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʜʨʫʛʠʭ 
ʛʦʨʦʜʦʚ ʈʦʩʩʠʠ ʠʩʩʣʝʜʫʝʤ ʧʨʦʪʠʚʦʨʝʯʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʟʝʣʝʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʧʣʦʪʥʘʷ ʟʘʩʪʨʦʡʢʘ, ʫʩʪʦʡʯʠʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʫʨʙʘʥʠʩʪʠʢʘ, 
ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʟʝʣʝʥʳʝ ʢʨʳʰʠ. 
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ɻʛʞʝʞʦʡʞ 

ʀʩʪʦʨʠʯʝʩʢʠʝ ʮʝʥʪʨʳ ʤʝʛʘʧʦʣʠʩʦʚ, ʙʫʜʫʯʠ ʩʦʩʨʝʜʦʪʦʯʝʥʠʝʤ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʩʪʘʣʢʠʚʘʶʪ-
ʩʷ ʩ ʦʩʪʨʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʚʳʟʦʚʦʤ: ʜʝʬʠʮʠʪ ʩʚʦʙʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʫʩʣʦʚʠʷʭ ʩʚʝʨʭʧʣʦʪʥʦʡ ʟʘ-
ʩʪʨʦʡʢʠ ʠʩʢʣʶʯʘʝʪ ʢʣʘʩʩʠʯʝʩʢʦʝ ʦʟʝʣʝʥʝʥʠʝ, ʫʩʫʛʫʙʣʷʷ ʵʬʬʝʢʪ çʪʝʧʣʦʚʦʛʦ ʦʩʪʨʦʚʘè, ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟ-
ʜʫʭʘ ʠ ʥʘʛʨʫʟʢʫ ʥʘ ʣʠʚʥʝʚʳʝ ʩʠʩʪʝʤʳ. ɿʝʣʝʥʳʝ ʢʨʳʰʠ ð ʪʝʭʥʦʣʦʛʠʷ ʠʥʪʝʛʨʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ 
ʢʨʦʚʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ð ʧʨʝʜʣʘʛʘʶʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʫʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʠʩʪʦʨʠʯʝ-
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ʩʢʦʡ ʩʨʝʜʳ. ʆʜʥʘʢʦ ʠʭ ʚʥʝʜʨʝʥʠʝ ʚ ʧʘʤʷʪʥʠʢʘʭ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʢʦʤʧʣʝʢʩ ʙʘʨʴʝʨʦʚ: ʦʪ 
ʥʦʨʤʘʪʠʚʥʳʭ ʢʦʣʣʠʟʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʜʦ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʠʩʢʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʄʦʩʢʚʳ ʠ 
ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʧʳʪʘ ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʠʩʩʣʝʜʫʝʪ ʧʨʦʪʠʚʦʨʝʯʠʷ ʠ ʜʦʢʘʟʳʚʘʝʪ: ʯʝʨʝʟ ʘʜʘʧʪʠʚʥʳʝ ʧʨʘʚʦ-
ʚʳʝ ʤʦʜʝʣʠ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ çʣʝʛʢʠʝè ʨʝʰʝʥʠʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʪʠʤʫʣʳ, ʟʝʣʝʥʳʝ ʢʨʳʰʠ ʩʧʦʩʦʙʥʳ 
ʩʪʘʪʴ ʥʝ ʢʦʥʬʣʠʢʪʦʤ ʵʧʦʭ, ʘ ʠʥʩʪʨʫʤʝʥʪʦʤ ʛʘʨʤʦʥʠʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ. 

ʏʞʤʵ ʡʪʪʤʞʝʧʛʙʦʡʸ. ʈʘʟʨʘʙʦʪʘʪʴ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʥʪʝʛʨʘʮʠʠ ʟʝʣʝʥʳʭ ʢʨʳʰ ʚ 
ʩʪʨʫʢʪʫʨʫ ʠʩʪʦʨʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʤʝʛʘʧʦʣʠʩʦʚ (ʥʘ ʧʨʠʤʝʨʝ ʄʦʩʢʚʳ) ʧʫʪʝʤ ʧʨʝʦʜʦʣʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ, 
ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ, ʩ ʦʮʝʥʢʦʡ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ 
ʩʦʭʨʘʥʝʥʠʷ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. 

ʈʩʧʚʤʞʥʙ: ʂʦʥʬʣʠʢʪ ʤʝʞʜʫ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʥʝʜʨʝʥʠʷ ʟʝʣʝʥʳʭ ʢʨʳʰ ʚ ʠʩʪʦʨʠ-
ʯʝʩʢʠʭ ʮʝʥʪʨʘʭ ʤʝʛʘʧʦʣʠʩʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʥʘʢʣʘʜʳʚʘʝʤʳʤʠ ʦʭʨʘʥʥʳʤ ʩʪʘʪʫʩʦʤ ʦʙʲʝʢʪʦʚ, ʪʝʭʥʠ-
ʯʝʩʢʦʡ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʪʘʨʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ, 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. 
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ʀʩʪʦʨʠʯʝʩʢʠʝ ʮʝʥʪʨʳ ʛʦʨʦʜʦʚ ʈʦʩʩʠʠ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʩʪʨʦʛʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ 
ʩʦʭʨʘʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʣʠʢʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʙʘʨʴʝʨʳ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʟʝʣʝʥʳʭ ʢʨʳʰ. 
ʂʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʳ ʚʢʣʶʯʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʠʟʫʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʫʩʪʘʥʦʚʢʘ ʟʝʣʝʥʳʭ 
ʢʨʳʰ ʥʘ ʦʙʲʝʢʪʘʭ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʪʨʝʙʫʝʪ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʦʨʛʘʥʘʤʠ ʦʭʨʘʥʳ ʢʫʣʴ-
ʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʠʩʢʘʞʝʥʠʠ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʩʠʣʫ-
ʵʪʘ ʟʜʘʥʠʷ ʠʣʠ ʧʘʥʦʨʘʤʥʳʭ ʚʠʜʦʚ. ɼʝʡʩʪʚʫʶʱʠʝ ʜʦ ʩʠʭ ʧʦʨ ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʉʉʉʈ 1986 ʛʦʜʘ 
ʧʦʜʯʝʨʢʠʚʘʶʪ ʧʨʠʦʨʠʪʝʪ ʩʦʭʨʘʥʝʥʠʷ "ʛʨʘʜʦʬʦʨʤʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ" ð ʚʠʟʫʘʣʴʥʳʭ ʜʦʤʠʥʘʥʪ ʠ ʫʥʠ-
ʢʘʣʴʥʳʭ ʨʘʢʫʨʩʦʚ ʟʘʩʪʨʦʡʢʠ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʧʦʩʢʦʣʴʢʫ 
ʩʦʚʨʝʤʝʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʉʇ 82.13330 "ɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʪʝʨʨʠʪʦʨʠʡ", ʥʝ ʩʦ-
ʜʝʨʞʘʪ ʜʝʪʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʤʝʪʦʜʠʢ, ʫʯʠʪʳʚʘʶʱʠʭ ʩʧʝʮʠʬʠʢʫ ʠʥʪʝʛʨʘʮʠʠ ʟʝʣʝʥʳʭ ʢʨʳʰ ʚ ʢʦʥ-
ʪʝʢʩʪ ʠʩʪʦʨʠʯʝʩʢʦʡ ʟʘʩʪʨʦʡʢʠ, ʦʩʦʙʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ. ʕʪʦ ʩʦʟʜʘʝʪ 
ʧʨʘʚʦʚʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʟʘʪʨʫʜʥʷʝʪ ʧʦʣʫʯʝʥʠʝ ʨʘʟʨʝʰʝʥʠʡ [1]. 

ʀʥʪʝʛʨʘʮʠʷ ʟʝʣʝʥʳʭ ʢʨʳʰ ʚ ʩʪʘʨʫʶ ʟʘʩʪʨʦʡʢʫ ʩʦʧʨʷʞʝʥʘ ʩ ʨʷʜʦʤ ʠʥʞʝʥʝʨʥʳʭ ʚʳʟʦʚʦʚ, ʪʘʢʠʭ ʢʘʢ 
ʥʘʛʨʫʟʢʘ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʜʘʥʠʡ ʧʨʦʝʢʪʠʨʦʚʘʣʠʩʴ ʙʝʟ ʫʯʝʪʘ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʚʝʩʘ ʩʠʩʪʝʤʳ ʟʝʣʝʥʦʡ ʢʨʦʚʣʠ. ʕʢʩʪʝʥʩʠʚʥʳʝ ʢʨʳʰʠ ʜʦʙʘʚʣʷʶʪ ʦʪ 60 ʜʦ 150 ʢʛ/ʤĮ, 
ʘ ʠʥʪʝʥʩʠʚʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʥʘʛʨʫʟʢʫ ʜʦ 500 ʢʛ/ʤĮ ʠ ʙʦʣʝʝ. ʏʘʩʪʦ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʫʱʝ-
ʩʪʚʫʶʱʠʭ ʧʝʨʝʢʨʳʪʠʡ ʠ ʩʪʝʥ ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʪʘʢʠʭ ʚʝʩʦʚʳʭ ʜʦʧʦʣʥʝʥʠʡ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷ-
ʱʝʛʦ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʨʠʩʢ ʧʨʦʪʝʯʝʢ ʚ ʩʪʘʨʳʭ ʟʜʘʥʠʷʭ ʩ ʠʟʥʦʰʝʥʥʦʡ ʠʣʠ ʠʩʪʦʨʠʯʝʩʢʦʡ 
ʢʨʦʚʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʟʝʣʝʥʦʡ ʩʠʩʪʝʤʳ, ʪʨʝʙʫʶʱʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩ 
ʚʦʜʦʡ. ʆʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʩʪʘʥʦʚʠʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʢʨʦʚʝʣʴʥʦʛʦ ʧʠʨʦʛʘ: ʧʨʠʤʝʥʝʥʠʝ 
ʚʳʩʦʢʦʥʘʜʝʞʥʳʭ ʢʦʨʥʝʟʘʱʠʪʥʳʭ ʤʝʤʙʨʘʥ, ʫʢʣʘʜʢʘ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʛʝʦʪʝʢʩʪʠʣʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 
ʟʘʠʣʠʚʘʥʠʷ ʜʨʝʥʘʞʘ ʠ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʚʦʜʦʦʪʚʦʜʘ. ʈʦʩʩʠʡʩʢʠʡ ʢʣʠʤʘʪ, ʦʩʦʙʝʥʥʦ ʚ ʎʝʥ-
ʪʨʘʣʴʥʦʤ ʨʝʛʠʦʥʝ, ʧʨʝʜʲʷʚʣʷʝʪ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ, ʠ ʣʠʰʴ ʦʢʦʣʦ 15% ʩʫʱʝ-
ʩʪʚʫʶʱʠʭ ʚ ʈʦʩʩʠʠ ʟʝʣʝʥʳʭ ʢʨʳʰ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʪʘʢʠʤ ʫʩʣʦʚʠʷʤ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 
ʥʝʦʙʭʦʜʠʤʳ ʩʧʝʮʠʘʣʴʥʳʝ ʤʦʨʦʟʦʩʪʦʡʢʠʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ ʠ ʤʦʨʦʟʦʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ. 

ʌʠʥʘʥʩʦʚʳʝ ʘʩʧʝʢʪʳ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʉʦʟʜʘʥʠʝ ʠʥʪʝʥʩʠʚ-
ʥʦʡ ʟʝʣʝʥʦʡ ʢʨʳʰʠ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʠʩʪʦʨʠʯʝʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʄʦʩʢʚʳ ʩʪʘʨʪʫʝʪ ʦʪ 5 000 ʨʫʙ./ʤĮ, ʪʦʛʜʘ 
ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʦʙʫʩʪʨʦʡʩʪʚʘ ʩʪʘʥʜʘʨʪʥʦʡ ʢʨʦʚʣʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʘʯʝʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 1 500ï2 000 ʨʫʙ./ʤĮ. 
ʆʩʥʦʚʥʳʤʠ ʜʨʘʡʚʝʨʘʤʠ ʫʜʦʨʦʞʘʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʫʩʠʣʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʩʣʦʞʥʦʩʪʠ ʤʦʥʪʘʞʘ 
ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʮʝʥʪʨʘ ʛʦʨʦʜʘ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʟʝʣʝʥʦʡ ʢʨʳʰʠ ʪʨʝʙʫʝʪ ʨʝʛʫʣʷʨʥʳʭ ʠ ʟʘʯʘʩʪʫʶ 
ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʘʪʨʘʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʨʦʚʣʝʡ, ʚʢʣʶʯʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʠʣʠ ʨʫʯʥʦʡ ʧʦ-
ʣʠʚ, ʫʜʘʣʝʥʠʝ ʩʦʨʥʷʢʦʚ, ʧʦʜʢʦʨʤʢʫ ʨʘʩʪʝʥʠʡ ʠ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʜʨʝʥʘʞʘ ʠ ʛʠʜʨʦʠʟʦʣʷʮʠʠ. ʕʪʠ ʨʘʩ-
ʭʦʜʳ ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴ ʦʙʱʠʝ ʟʘʪʨʘʪʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʢʨʦʚʣʠ ʥʘ 20ï30%. ɺ ʫʩʣʦʚʠʷʭ ʠʩʪʦʨʠʯʝʩʢʦʛʦ 
ʮʝʥʪʨʘ ʩ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʦʡ ʦʩʦʙʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʷ ʜʦʩʪʫʧʘ ʦʙʩʣʫʞʠʚʘʶʱʝʡ 
ʪʝʭʥʠʢʠ ʠ ʧʝʨʩʦʥʘʣʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʙʦʪ. 
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ɻʧʠʥʧʟʦʧʪʫʡ: ʶʣʧʤʧʜʡʸ, ʶʣʧʦʧʥʡʣʙ, ʪʧʯʡʬʥ 
ʀʥʪʝʛʨʘʮʠʷ ʟʝʣʝʥʳʭ ʢʨʳʰ ʚ ʠʩʪʦʨʠʯʝʩʢʠʝ ʮʝʥʪʨʳ ʤʝʛʘʧʦʣʠʩʦʚ ʧʨʠʥʦʩʠʪ ʟʥʘʯʠʤʳʝ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʝ ʚʳʛʦʜʳ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʥʠ ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʞʘʶʪ ʵʬʬʝʢʪ "ʛʦʨʦʜʩʢʦʛʦ ʦʩʪʨʦʚʘ ʪʝʧʣʘ". ɺ ʣʝʪʥʠʡ 
ʧʝʨʠʦʜ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʣʝʥʦʡ ʢʨʦʚʣʠ ʥʘʛʨʝʚʘʝʪʩʷ ʥʘ 15ï20ÁC ʤʝʥʴʰʝ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʘʷ, ʯʪʦ ʩʦʢʨʘʱʘ-
ʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʠ ʟʜʘʥʠʡ ʥʘ 25%. ɼʣʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʦʢʨʫʛʘ 
ʄʦʩʢʚʳ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʛʫʣʷʨʥʦ ʥʘ 5ï7ÁC ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʧʝʨʠʬʝʨʠʠ, ʵʪʦʪ ʵʬʬʝʢʪ ʢʨʠʪʠ-
ʯʝʩʢʠ ʚʘʞʝʥ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ. ɺʪʦʨʦʡ ʢʣʶʯʝʚʦʡ ʘʩʧʝʢʪ ð ʫʧʨʘʚʣʝʥʠʝ ʣʠʚʥʝʚʳʤʠ ʩʪʦʢʘʤʠ. 
ʈʘʩʪʠʪʝʣʴʥʳʡ ʩʣʦʡ ʠ ʩʫʙʩʪʨʘʪ ʩʧʦʩʦʙʥʳ ʧʦʛʣʦʪʠʪʴ ʜʦ 70% ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʛʨʫ-
ʞʘʷ ʛʦʨʦʜʩʢʫʶ ʣʠʚʥʝʚʫʶ ʢʘʥʘʣʠʟʘʮʠʶ. ʗʨʢʠʡ ʧʨʠʤʝʨ ð ʧʨʦʝʢʪ ʥʘ ʢʨʳʰʝ ʊʕʎ "ʈʷʙʦʚʩʢʦʡ ʤʘʥʫʬʘʢʪʫ-
ʨʳ" ʚ ʄʦʩʢʚʝ, ʛʜʝ ʚʥʝʜʨʝʥʠʝ ʟʝʣʝʥʦʡ ʢʨʦʚʣʠ ʩʥʠʟʠʣʦ ʦʙʲʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʥʘ 40%. ʊʨʝʪʴʝ ʧʨʝ-
ʠʤʫʱʝʩʪʚʦ ð ʬʠʣʴʪʨʘʮʠʷ ʚʦʟʜʫʭʘ: 1 ʤĮ ʟʝʣʝʥʦʡ ʢʨʳʰʠ ʝʞʝʛʦʜʥʦ ʫʣʘʚʣʠʚʘʝʪ ʦʢʦʣʦ 0,2 ʢʛ ʧʳʣʠ ʠ 
ʚʨʝʜʥʳʭ ʯʘʩʪʠʮ (ʈʄ2.5, PM10). ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ: 
ʦʟʝʣʝʥʝʥʠʝ ʚʩʝʛʦ 5% ʢʨʳʰ ʄʦʩʢʚʳ ʤʦʛʣʦ ʙʳ ʜʘʚʘʪʴ ʜʦ 10 ʪʦʥʥ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʛʦʜ. 

ʇʦʤʠʤʦ ʵʢʦʣʦʛʠʠ, ʟʝʣʝʥʳʝ ʢʨʳʰʠ ʛʝʥʝʨʠʨʫʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʜʠʚʠ-
ʜʝʥʜʳ. ʆʥʠ ʩʦʟʜʘʶʪ ʫʥʠʢʘʣʴʥʳʝ ʨʝʢʨʝʘʮʠʦʥʥʳʝ ʟʦʥʳ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʞʠʣʦʤ 
ʢʦʤʧʣʝʢʩʝ "ʊʨʠʫʤʬ-ʇʘʣʘʩ" ʚ ʄʦʩʢʚʝ ʩʘʜ ʧʣʦʱʘʜʴʶ 200 ʤĮ ʥʘ ʢʨʳʰʝ ʩ ʟʦʥʘʤʠ ʦʪʜʳʭʘ ʠ ʬʦʥʪʘʥʦʤ ʩʪʘʣ 
ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʦʙʱʝʩʪʚʝʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʜʣʷ ʞʠʪʝʣʝʡ. ɹʠʙʣʠʦʪʝʢʘ ʉʠʙɻʊʋ ʚ ʂʨʘʩʥʦʷʨʩʢʝ ʧʨʝ-
ʦʙʨʘʟʦʚʘʣʘ ʢʨʦʚʣʶ ʚ ʯʠʪʘʣʴʥʳʡ ʟʘʣ ʧʦʜ ʦʪʢʨʳʪʳʤ ʥʝʙʦʤ ʩ Wi-Fi, ʧʦʚʳʩʠʚ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʫʯʨʝ-
ʞʜʝʥʠʷ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʩʪʦʠʤʦʩʪʠ ʥʝʜʚʠʞʠʤʦʩʪʠ: ʢʚʘʨʪʠʨʳ ʚ ʜʦʤʘʭ 
ʎʝʥʪʨʘʣʴʥʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʦʢʨʫʛʘ ʩ ʟʝʣʝʥʳʤʠ ʢʨʳʰʘʤʠ ʦʮʝʥʠʚʘʶʪʩʷ ʥʘ 7ï12% ʜʦʨʦʞʝ ʘʥʘʣʦ-
ʛʦʚ ʙʣʘʛʦʜʘʨʷ ʫʣʫʯʰʝʥʥʦʡ ʵʢʦʣʦʛʠʠ ʠ ʧʨʝʩʪʠʞʫ ʣʦʢʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʩʣʫʞʘʪ ʠʥʩʪʨʫʤʝʥ-
ʪʦʤ ʢʦʤʧʝʥʩʘʮʠʠ ʫʪʨʘʯʝʥʥʦʛʦ ʦʟʝʣʝʥʝʥʠʷ. ʇʨʠ ʤʦʩʢʦʚʩʢʦʤ ʥʦʨʤʘʪʠʚʝ 16 ʤĮ ʟʝʣʝʥʠ ʥʘ ʯʝʣʦʚʝʢʘ, ʚ ʮʝʥ-
ʪʨʝ ʧʦʢʘʟʘʪʝʣʴ ʝʜʚʘ ʜʦʩʪʠʛʘʝʪ 4 ʤĮ/ʯʝʣ. ʆʟʝʣʝʥʝʥʠʝ ʢʨʳʰ ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʦʣʥʠʪʴ ʵʪʦʪ ʜʝʬʠʮʠʪ ʙʝʟ 
ʩʥʦʩʘ ʠʩʪʦʨʠʯʝʩʢʦʡ ʟʘʩʪʨʦʡʢʠ, ʩʦʟʜʘʚʘʷ "ʚʝʨʪʠʢʘʣʴʥʳʝ" ʟʝʣʝʥʳʝ ʟʦʥʳ. 

ɺ ʠʩʪʦʨʠʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʝ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʜʝʣʠʢʘʪʥʘʷ ʠʥʪʝʛʨʘʮʠʷ, ʛʜʝ ʚʤʝʩʪʦ ʤʘʩʰʪʘʙʥʳʭ ʩʘʜʦʚ 
ʜʦʤʠʥʠʨʫʶʪ ʢʘʤʝʨʥʳʝ ʨʝʰʝʥʠʷ. ʋʜʘʯʥʳʝ ʧʨʠʤʝʨʳ ʚʢʣʶʯʘʶʪ ʵʢʩʪʝʥʩʠʚʥʦʝ ʦʟʝʣʝʥʝʥʠʝ ʥʘ ʥʘʢʣʦʥʥʳʭ 
ʢʨʳʰʘʭ, ʢʘʢ ʛʘʟʦʥʳ ʄʦʨʦʟʦʚʩʢʦʛʦ ʩʘʜʘ ʚ ʄʦʩʢʚʝ, ʚʠʟʫʘʣʴʥʦ ʩʤʷʛʯʘʶʱʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʦʙʲʝʤ ʙʝʟ 
ʥʘʨʫʰʝʥʠʷ ʩʠʣʫʵʪʘ. ɼʨʫʛʦʡ ʧʦʜʭʦʜ ð ʚʝʨʪʠʢʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʧʣʶʱ ʥʘ ʩʪʝʥʘʭ ʄʘʨʬʦ-
ʄʘʨʠʠʥʩʢʦʡ ʦʙʠʪʝʣʠ. ʈʘʩʪʝʥʠʷ ʟʜʝʩʴ ʬʦʨʤʠʨʫʶʪ "ʞʠʚʫʶ ʪʢʘʥʴ", ʩʦʟʜʘʶʱʫʶ ʦʨʛʘʥʠʯʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ 
ʢʘʤʥʝʤ ʠ ʧʨʠʨʦʜʦʡ, ʧʦʜʯʝʨʢʠʚʘʷ ʘʫʪʝʥʪʠʯʥʦʩʪʴ ʤʝʩʪʘ. ʕʪʠ ʧʨʠʝʤʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ 
ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʥʝ ʢʦʥʬʣʠʢʪʦʚʘʪʴ ʩ ʠʩʪʦʨʠʯʝʩʢʦʡ ʩʨʝʜʦʡ, ʘ ʫʩʠʣʠʚʘʪʴ ʝʸ ʵʩʪʝʪʠʢʫ ʠ 
ʵʢʦʣʦʛʠʯʥʦʩʪʴ. 

 
ʊʫʩʙʫʞʜʡʡ ʨʩʞʧʝʧʤʞʦʡʸ ʚʙʩʵʞʩʧʛ: ʥʡʩʧʛʧʢ ʡ ʩʧʪʪʡʢʪʣʡʢ ʧʨʴʫ 

 
ʋʙʚʤʡʯʙ 1 

ʈʡʤʧʫʦʴʞ ʨʩʧʞʣʫʴ ʛ ʡʪʫʧʩʡʰʞʪʣʡʮ ʯʞʦʫʩʙʮ ʉʧʪʪʡʡ 

ʇʚʳʞʣʫ ʋʡʨ ʧʠʞʤʞʦʞʦʡʸ ɹʝʙʨʫʙʯʡʸ ʣ ʣʧʦʫʞʣʪʫʬ ʖʭʭʞʣʫ 

ʊʎ "ɸʚʝʥʶ" (ʂʨʘʩʥʦ-
ʷʨʩʢ) 

ɺʝʨʪʠʢʘʣʴʥʦʝ + 
ʢʨʦʚʝʣʴʥʦʝ 

ʆʟʝʣʝʥʝʥʠʝ ʩʪʝʥʳ, ʛʨʘʥʠ-
ʯʘʱʝʡ ʩ ʙʠʙʣʠʦʪʝʢʦʡ 

ʉʥʠʞʝʥʠʝ ʰʫʤʘ ʥʘ 8 ʜɹ, 
ʪʝʨʤʦʨʝʛʫʣʷʮʠʷ 8 

"ʊʦʚʘʨʠʱʝʩʪʚʦ ʈʷʙʦʚ-
ʩʢʦʡ ʤʘʥʫʬʘʢʪʫʨʳ" 
(ʄʦʩʢʚʘ) 

ʀʥʪʝʥʩʠʚʥʳʡ ʩʘʜ 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʤʳʰ-
ʣʝʥʥʦʛʦ ʟʜʘʥʠʷ ʙʝʟ ʠʟʤʝ-
ʥʝʥʠʷ ʬʘʩʘʜʘ 

ɿʦʥʘ ʦʪʜʳʭʘ ʜʣʷ ʩʦʪʨʫʜ-
ʥʠʢʦʚ, +15% ʘʨʝʥʜʥʦʡ 
ʩʪʘʚʢʠ 4 

ɾʂ "ʄʠʪʠʥʦ ʆ2" 
(ʄʦʩʢʚʘ) 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ 
ɻʝʦʧʣʘʩʪʠʢʘ ʨʝʣʴʝʬʘ, 
ʠʤʠʪʠʨʫʶʱʘʷ ʠʩʪʦʨʠʯʝ-
ʩʢʠʝ ʭʦʣʤʳ 

ʂʦʤʧʝʥʩʘʮʠʷ 30% ʫʪʨʘ-
ʯʝʥʥʦʛʦ ʦʟʝʣʝʥʝʥʠʷ 9 

 
ʇʨʝʦʜʦʣʝʥʠʝ ʙʘʨʴʝʨʦʚ ʠʥʪʝʛʨʘʮʠʠ ʟʝʣʝʥʳʭ ʢʨʳʰ ʚ ʠʩʪʦʨʠʯʝʩʢʠʝ ʮʝʥʪʨʳ ʪʨʝʙʫʝʪ, ʢʘʢ ʛʠʙʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. ʄʠʨʦʚʦʡ ʦʧʳʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʜʘʧ-
ʪʠʚʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ. ɺ ɻʝʨʤʘʥʠʠ, ʣʠʜʝʨʝ ʧʦ ʚʥʝʜʨʝʥʠʶ ʟʝʣʝʥʳʭ ʢʨʳʰ, ʜʝʡʩʪʚʫʝʪ ʛʨʘʜʫʠʨʦ-
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ʚʘʥʥʳʡ ʧʦʜʭʦʜ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ, ʯʝʪʢʦ ʨʘʟʜʝʣʷʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʧʘʤʷʪʥʠʢʦʚ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʨʷ-
ʜʦʚʦʡ ʟʘʩʪʨʦʡʢʠ. ɼʣʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʜʘʥʠʡ ʟʜʝʩʴ ʨʘʟʨʝʰʝʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʤʠʥʠʤʠ-
ʟʠʨʫʶʱʠʝ ʚʠʟʫʘʣʴʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ, ʪʘʢʠʝ ʢʘʢ "ʥʝʚʠʜʠʤʳʝ" ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʦʟʝʣʝʥʝʥʠʝ ʟʘʜʥʠʭ 
ʩʢʘʪʦʚ ʢʨʳʰ, ʩʢʨʳʪʳʭ ʦʪ ʦʩʥʦʚʥʳʭ ʧʘʥʦʨʘʤʥʳʭ ʚʠʜʦʚ, ʘ ʪʘʢʞʝ ʩʝʟʦʥʥʳʝ ʬʦʨʤʘʪʳ ð ʢʦʥʪʝʡʥʝʨʥʳʝ 
ʩʘʜʳ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʪʠʨʫʶʪʩʷ ʥʘ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʩʦʭʨʘʥʷʷ ʘʫʪʝʥʪʠʯʥʦʩʪʴ ʦʙʣʠʢʘ ʧʘʤʷʪʥʠʢʘ ʚ ʭʦʣʦʜ-
ʥʦʝ ʚʨʝʤʷ ʛʦʜʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʪʠʤʫʣʦʤ ʩʣʫʞʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ: ʚ ʇʘʨʠʞʝ ʜʝʚʝʣʦʧʝʨʳ, 
ʠʥʪʝʛʨʠʨʫʶʱʠʝ ʟʝʣʝʥʳʝ ʢʨʳʰʠ ʚ ʧʨʦʝʢʪʳ (ʚʢʣʶʯʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʚ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʦʥʘʭ), ʧʦʣʫʯʘʶʪ 
ʩʢʠʜʢʫ ʜʦ 20% ʥʘ ʘʨʝʥʜʥʫʶ ʧʣʘʪʫ ʟʘ ʤʫʥʠʮʠʧʘʣʴʥʫʶ ʟʝʤʣʶ, ʯʪʦ ʢʦʤʧʝʥʩʠʨʫʝʪ ʯʘʩʪʴ ʧʦʚʳʰʝʥʥʳʭ ʟʘ-
ʪʨʘʪ (ʊʘʙʣʠʮʘ 1). 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʩʰʠʨʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʦʩʦʙʝʥʥʦ ʜʣʷ 
ʚʝʪʭʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ð ʨʘʟʨʘʙʦʪʢʘ ʦʙʣʝʛʯʝʥʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʛʠʜʨʦʧʦʥʥʳʝ 
ʫʩʪʘʥʦʚʢʠ, ʛʜʝ ʩʫʙʩʪʨʘʪ ʟʘʤʝʥʝʥ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʦʡ ʠʣʠ ʧʠʪʘʪʝʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʥʘʧʨʠʤʝʨ, ʤʦʜʫʣʠ 
Zinco, ʩʦʟʜʘʶʱʠʝ ʥʘʛʨʫʟʢʫ ʚʩʝʛʦ ʦʪ 30 ʢʛ/ʤĮ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʟʝʣʝʥʷʪʴ ʢʨʦʚʣʠ ʙʝʟ ʤʘʩʰʪʘʙʥʦʛʦ ʫʩʠʣʝ-
ʥʠʷ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʘʩʩʠʚʥʳʝ ʙʠʦʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʤʭʦʚ ʠ ʣʠʰʘʡʥʠʢʦʚ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʧʦʣʠʚʘ 
ʠʣʠ ʩʣʦʞʥʦʛʦ ʜʨʝʥʘʞʘ, ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʬʘʩʘʜʦʚ ʠ ʢʨʳʰ ʩʦ 
ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʜʦʩʪʠʛʥʫʪ ʚ ʦʙʣʘʩʪʠ "ʫʤʥʦʛʦ" ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ: 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʪʝʡ ʜʘʪʯʠʢʦʚ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ (ʢʘʢ ʚ 
ʟʥʘʢʦʚʦʤ ʧʨʦʝʢʪʝ BIQ House ʚ ɻʘʤʙʫʨʛʝ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʦʣʠʚʘ ʠ 
ʚʝʥʪʠʣʷʮʠʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʦʧʪʠʤʠʟʠʨʫʶʪ ʨʘʩʭʦʜ ʚʦʜʳ ʠ ʵʥʝʨʛʠʠ, ʩʥʠʞʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ 
ʥʘ ʟʝʣʝʥʫʶ ʢʨʳʰʫ ʜʦ 25% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʯʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʂʦʤʙʠʥʘʮʠʷ ʘʜʘʧʪʠʚʥʳʭ ʥʦʨʤ ʠ ʧʝʨʝ-
ʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʜʣʷ ʜʝʣʠʢʘʪʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ 
ʫʥʠʢʘʣʴʥʫʶ ʪʢʘʥʴ ʠʩʪʦʨʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ. 

 
ʀʙʣʤʷʰʞʦʡʞ 

ʀʥʪʝʛʨʘʮʠʷ ʟʝʣʝʥʳʭ ʢʨʳʰ ʚ ʠʩʪʦʨʠʯʝʩʢʠʝ ʮʝʥʪʨʳ ð ʥʝ ʜʘʥʴ ʤʦʜʝ, ʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʣʷ ʫʩʪʦʡ-
ʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʤʝʛʘʧʦʣʠʩʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʘʨʴʝʨʳ, ʪʘʢʠʝ ʢʘʢ ʥʦʨʤʘʪʠʚʥʳʝ ʢʦʣʣʠʟʠʠ, ʪʝʭʥʠʯʝʩʢʠʝ 
ʨʠʩʢʠ ʠ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʧʦʪʝʥʮʠʘʣ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʞʝ ʜʦʢʘʟʘʥ ʧʨʘʢʪʠʢʦʡ. ʂʣʶʯ ʢ ʫʩʧʝʭʫ ʟʘʢʣʶʯʘ-
ʝʪʩʷ ʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ ʧʦʜʭʦʜʝ: ʜʣʷ ʧʘʤʷʪʥʠʢʦʚ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʩʢʨʳʪʦʝ ʠ 
ʤʠʥʠʤʘʣʠʩʪʠʯʥʦʝ ʦʟʝʣʝʥʝʥʠʝ, ʠʩʢʣʶʯʘʶʱʝʝ ʚʠʟʫʘʣʴʥʳʡ ʜʠʩʩʦʥʘʥʩ; ʜʣʷ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʟʜʘʥʠʡ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʳʝ ʩʠʩʪʝʤʳ ʩ ʦʙʱʝʩʪʚʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ; ʘ ʜʣʷ ʚʩʝʡ ʛʦʨʦʜ-
ʩʢʦʡ ʩʠʩʪʝʤʳ ʚʘʞʥʦ ʚʢʣʶʯʝʥʠʝ ʟʝʣʝʥʳʭ ʢʨʳʰ ʚ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʨʝʛʣʘʤʝʥʪʳ ʢʘʢ ʤʝʭʘʥʠʟʤ ʢʦʤʧʝʥ-
ʩʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ.  

ʄʦʩʢʚʘ ʫʞʝ ʜʝʣʘʝʪ ʰʘʛʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: ʧʨʦʝʢʪʳ ʨʝʥʦʚʘʮʠʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚ-
ʥʦʛʦ ʦʢʨʫʛʘ ʫʯʠʪʳʚʘʶʪ ʦʟʝʣʝʥʝʥʠʝ ʢʨʦʚʝʣʴ ʢʘʢ ʵʣʝʤʝʥʪ "ʟʝʣʝʥʦʛʦ ʢʘʨʢʘʩʘ". ʆʜʥʘʢʦ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘ-
ʣʠʟʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʩʠʩʪʝʤʥʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ, ʚʢʣʶʯʘʷ ʩʫʙʩʠʜʠʠ, ʫʧʨʦʱʝʥʥʳʝ ʧʨʦʮʝʜʫʨʳ 
ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʣʝʛʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʙʠʙ-
ʣʠʦʪʝʢʠ ʉʠʙɻʊʋ, ʜʘʞʝ ʚ ʩʫʨʦʚʦʤ ʢʣʠʤʘʪʝ ʪʘʢʠʝ ʧʨʦʝʢʪʳ ʩʪʘʥʦʚʷʪʩʷ "ʪʦʯʢʘʤʠ ʨʦʩʪʘ" ʥʦʚʦʡ ʵʢʦʣʦʛʠʯʝ-
ʩʢʦʡ ʢʫʣʴʪʫʨʳ. ʀʩʪʦʨʠʯʝʩʢʠʡ ʮʝʥʪʨ, ʦʙʦʛʘʱʝʥʥʳʡ ʟʝʣʝʥʳʤʠ ʢʨʳʰʘʤʠ, ð ʵʪʦ ʥʝ ʢʦʥʬʣʠʢʪ ʵʧʦʭ, ʘ ʜʠʘ-
ʣʦʛ, ʛʜʝ ʥʘʩʣʝʜʠʝ ʧʨʦʰʣʦʛʦ ʫʩʠʣʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʫʜʫʱʝʛʦ. 
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ǫǭǣǤǯǬǧǦǟǵǧǧ8 ǡǺǠǭǯ ǮǲǱǧ ǰǭǴǯǟǬǤǬǧǾ 
ǧ ǟǣǟǮǱǟǵǧǧ  

ǾȃǿȃȇȞȄȁ ǰȍȊȍȋȍȌ ǯǿȓȇȉȍȁȇȖ 
ʤʘʛʠʩʪʨ ʘʨʭʠʪʝʢʪʫʨʳ  

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʠʥʩʪʠʪʫʪ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ)è  
 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʙʣʝʤ ʩʦʭʨʘʥʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʦʙʲʝʢ-
ʪʦʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʫʪʨʘʪʠʚʰʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʬʫʥʢʮʠʶ, ʥʦ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʚ ʠʩʪʦʨʠʯʝ-
ʩʢʦʡ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʫʛʨʦʟʳ ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʥʘʩʣʝʜʠʶ, ʚʢʣʶʯʘʷ ʦʪʩʫʪ-
ʩʪʚʠʝ ʦʭʨʘʥʥʦʛʦ ʩʪʘʪʫʩʘ ʠ ʥʝʨʘʮʠʦʥʘʣʴʥʫʶ ʨʝʢʦʥʩʪʨʫʢʮʠʶ, ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʚʢʣʶʯʝʥʠʷ ʮʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʨʝʝʩʪʨʳ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. ɺʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʪʝʦ-
ʨʝʪʠʯʝʩʢʠʤ ʧʦʜʭʦʜʘʤ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʪʠʧʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ. ʅʘ ʦʩ-
ʥʦʚʝ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʳ ʵʪʘʧʳ ʧʨʝʜʧʨʦʝʢʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʧʦ-
ʩʦʙʩʪʚʫʶʱʠʝ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʨʝʚʠʪʘʣʠʟʘʮʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʨʝʚʠʪʘʣʠʟʘʮʠʷ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʙʲʝʢʪʳ ʧʨʦʤʳʰ-
ʣʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʘʨʭʠʪʝʢʪʫʨʘ.  
 

INDUSTRIAL ARCHITECTURE IN THE CONTEXT OF MODERNIZATION: CHOOSING A PATH OF 
PRESERVATION AND ADAPTATION 

 
Iadadiiaev Solomon Rafikovich 

 
Abstract: The article is devoted to a comprehensive study of the problems of preservation and adaptation of 
industrial architecture objects that have lost their original function but have been preserved in the historical 
urban environment. The article examines the key threats to industrial heritage, including the lack of protection 
status and irrational reconstruction, and substantiates the need to include valuable objects in cultural heritage 
registers. The article also focuses on existing theoretical approaches to the classification of industrial objects 
based on typological characteristics. Based on architectural and urban planning analysis, the article proposes 
stages of pre-project research that contribute to the development of effective revitalization strategies. 
Key words: revitalization, adaptation, industrial areas and industrial architecture, transformation, architecture. 

 
ʉʦʮʠʘʣʴʥʳʝ ʮʝʥʥʦʩʪʠ ʠ ʧʨʠʦʨʠʪʝʪʳ ʥʝʠʟʤʝʥʥʦ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ ʚ ʭʦʜʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠ-

ʪʠʷ. ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠʛʨʘʣʠ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʫʨʙʘʥʠʟʘʮʠʠ, ʚʳʩʪʫʧʘʷ 
ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʢʨʫʧ-
ʥʳʭ ʛʦʨʦʜʦʚ. ʇʝʨʠʦʜ ʘʢʪʠʚʥʦʡ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʩʠʤʙʠʦʪʠʯʝʩʢʦʡ ʚʟʘʠʤʦʩʚʷʟʴʶ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʦʡ - ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʦʥʳ ʩʪʘʥʦʚʠʣʠʩʴ 
ʷʜʨʦʤ, ʚʦʢʨʫʛ ʢʦʪʦʨʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠʩʴ ʞʠʣʳʝ ʢʚʘʨʪʘʣʳ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʠ ʪʨʘʥʩ-
ʧʦʨʪʥʳʝ ʫʟʣʳ.  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʣʘʩʴ ʧʦʩʪʝʧʝʥʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩʝʣʠʪʝʙʥʳʭ 
ʪʝʨʨʠʪʦʨʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʣʦʞʥʳʭ ʫʨʙʘʥʠʩʪʠʯʝʩʢʠʭ ʩʠ-
ʩʪʝʤ. ʆʜʥʘʢʦ ʵʧʦʭʘ ʜʝʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʣʘ ʵʪʫ ʧʘʨʘʜʠʛʤʫ, ʦʩʪʘʚʠʚ ʚ ʥʘʩʣʝʜʩʪʚʦ 
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ʤʥʦʞʝʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʫʪʨʘʪʠʚʰʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ, ʥʦ ʩʦ-
ʭʨʘʥʠʚʰʠʭ ʟʥʘʯʠʪʝʣʴʥʳʡ ʛʨʘʜʦʬʦʨʤʠʨʫʶʱʠʡ ʧʦʪʝʥʮʠʘʣ. ʉʝʛʦʜʥʷ, ʵʪʠ ʟʘʙʨʦʰʝʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 
ʢʦʤʧʣʝʢʩʳ ʩʦʟʜʘʶʪ ʜʠʩʩʦʥʘʥʩ ʩ ʦʢʨʫʞʘʶʱʝʡ ʟʘʩʪʨʦʡʢʦʡ, ʥʘʨʫʰʘʷ ʮʝʣʦʩʪʥʦʩʪʴ ʛʦʨʦʜʩʢʦʛʦ ʧʨʦʩʪʨʘʥ-
ʩʪʚʘ. [1, ʩ. 30]. ʉʦʚʨʝʤʝʥʥʘʷ ʫʨʙʘʥʠʩʪʠʯʝʩʢʘʷ ʨʝʘʣʴʥʦʩʪʴ ʪʨʝʙʫʝʪ ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʨʦʣʠ ʵʪʠʭ ʦʙʲʝʢʪʦʚ 
ʚ ʛʦʨʦʜʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʠʩʢʘ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʠʭ ʠʩʪʦʨʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ ʠ ʘʢʪʫʘʣʴʥʳʤʠ ʧʦʪʨʝʙʥʦ-
ʩʪʷʤʠ ʛʦʨʦʜʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʚʦʧʨʦʩʳ ʩʦʭʨʘʥʝʥʠʷ 
ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʝʛʦ ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʛʦʨʦʜʩʢʫʶ ʩʨʝʜʫ ʠ ʨʘʟʨʘʙʦʪʢʠ 
ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʝʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʚ ʥʘʫʯʥʦʡ ʩʨʝʜʝ ʚʩʝ ʯʘʱʝ 
ʥʘʟʳʚʘʶʪ ʨʝʚʠʪʘʣʠʟʘʮʠʝʡ. ʕʪʦʪ ʤʝʪʦʜ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʝʛʨʘʜʠʨʫʶʱʠʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ, 
ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʩʤʦʪʨʝʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʦʙʲʝʢʪʦʚ, ʥʦ ʠ ʚʧʠʩʘʪʴ ʠʭ ʚ ʩʦʚʨʝʤʝʥʥʳʡ 
ʛʦʨʦʜʩʢʦʡ ʢʦʥʪʝʢʩʪ. ʇʝʨʚʳʤ ʰʘʛʦʤ ʜʦʣʞʥʦ ʩʪʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ: 
ʝʛʦ ʩʪʠʣʠʩʪʠʢʠ, ʩʪʝʧʝʥʠ ʩʦʭʨʘʥʥʦʩʪʠ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʩʪʦʨʠʯʝʩʢʦʡ ʵʧʦʭʝ.  ɸʥʘʣʠʟ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʦʩʩʠʠ (ʨʠʩ. 1.)  ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʪʠʧʘ: 

1. ʇʨʝʜʧʨʠʷʪʠʷ ʜʦʨʝʚʦʣʶʮʠʦʥʥʦʡ ʵʧʦʭʠ, ʩʦʭʨʘʥʠʚʰʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʦʙʣʠʢ. 
2. ʇʨʦʤʳʰʣʝʥʥʳʝ ʦʙʲʝʢʪʳ ʜʦʨʝʚʦʣʶʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʝʥʥʳʝ ʚ ʩʦʚʝʪʩʢʦʝ 

ʚʨʝʤʷ. 
3. ʉʦʚʝʪʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʟʘʚʝʨʰʝʥʥʳʤ ʧʨʦʝʢʪʘʤ ʩ ʫʯʝʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʩʧʝʮʠʬʠʢʠ. 
4. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʚʝʪʩʢʦʛʦ ʧʝʨʠʦʜʘ, ʧʦʜʚʝʨʛʰʠʝʩʷ ʭʘʦʪʠʯʥʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʙʝʟ ʫʯʝʪʘ ʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʠ ʩʪʠʣʠʩʪʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ. 
 

 
ʉʡʪ. 1. ʁʪʫʧʩʡʰʞʪʣʡʞ ʫʡʨʴ ʨʩʧʥʴʱʤʞʦʦʴʮ ʨʩʞʝʨʩʡʸʫʡʢ 

 
ʋʯʝʪ ʵʪʠʭ ʪʠʧʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʩʪʨʘʪʝʛʠʠ ʨʝʚʠʪʘʣʠʟʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʘʜʘʧʪʘʮʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʢ 
ʩʦʚʨʝʤʝʥʥʳʤ ʨʝʘʣʠʷʤ. 

ʂʘʞʜʦʤʫ ʪʠʧʫ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʠʩʫʱʘ ʫʥʠʢʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ, 
ʯʪʦ ʪʨʝʙʫʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʛʦʨʦʜʩʢʫʶ ʩʨʝʜʫ. 
ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʚʠʟʫʘʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʦʙʲʝʢʪʦʚ ï ʠʭ ʚʥʝʰʥʠʡ ʦʙʣʠʢ ʜʦʣʞʝʥ ʩʦʭʨʘ-
ʥʷʪʴ ʫʟʥʘʚʘʝʤʳʝ ʯʝʨʪʳ, ʥʘʧʦʤʠʥʘʶʱʠʝ ʦʙ ʠʟʥʘʯʘʣʴʥʦʤ ʧʨʦʤʳʰʣʝʥʥʦʤ ʥʘʟʥʘʯʝʥʠʠ, ʜʘʞʝ ʧʨʠ ʢʘʨʜʠ-
ʥʘʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʧʦʣʥʝʥʠʷ. 

ʇʨʝʜʧʨʠʷʪʠʷ ʧʝʨʚʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʦʪʣʠʯʘʶʪʩʷ ʮʝʣʦʩʪʥʦʩʪʴʶ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʣʠʢʘ, ʩʬʦʨʤʠ-
ʨʦʚʘʥʥʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʦʜʯʝʩʪʚʘ ʩʚʦʝʡ ʵʧʦʭʠ. ʀʭ ʬʘʩʘʜʳ ʠ ʦʙʲʝʤ-
ʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʠʟʥʘʯʘʣʴʥʦ ʩʦʟʜʘʚʘʣʠʩʴ ʢʘʢ ʚʠʟʫʘʣʴʥʦʝ ʚʦʧʣʦʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-
ʥʦʡ ʤʦʱʠ, ʯʪʦ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʘʜʘʧʪʘʮʠʠ. ɽʩʣʠ ʚ ʪʨʝʪʴʝʤ ʪʠʧʝ ʧʨʝʦʙʣʘʜʘʝʪ ʣʦʛʠʯʥʘʷ ʬʫʥʢʮʠʦ-
ʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʛʘʨʤʦʥʠʯʥʘʷ ʢʦʤʧʦʟʠʮʠʷ, ʧʦʜʯʝʨʢʠʚʘʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʚʝʪʩʢʦʛʦ ʧʨʦ-
ʤʳʰʣʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʦ ʧʝʨʚʳʡ ʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʦʪʥʦʡ, ʭʘʦʪʠʯʥʦʡ ʟʘʩʪʨʦʡʢʦʡ, ʦʪʨʘʞʘʶ-
ʱʝʡ ʩʪʠʭʠʡʥʳʡ ʨʦʩʪ ʜʦʨʝʚʦʣʶʮʠʦʥʥʳʭ ʤʘʥʫʬʘʢʪʫʨ. 

ʅʘʠʙʦʣʴʰʠʝ ʩʣʦʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʙʲʝʢʪʳ ʚʪʦʨʦʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʪʠʧʦʚ, ʛʜʝ ʨʘʟʨʦʟʥʝʥʥʳʝ 
ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʩʪʠʣʠ ʠ ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʨʝʰʝʥʠʷ ʩʦʟʜʘʶʪ ʩʣʦʞʥʳʡ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ. ʇʨʠ ʠʭ ʨʝʢʦʥ-
ʩʪʨʫʢʮʠʠ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚʳʷʚʣʷʪʴ ʠ ʩʦʭʨʘʥʷʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʧʝʨʚʦ-
ʥʘʯʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ï ʢʠʨʧʠʯʥʫʶ ʢʣʘʜʢʫ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʦʤʳʰʣʝʥʥʫʶ ʛʨʘʬʠʢʫ. ɼʘʞʝ 


























