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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ɺ93 

ɺʓʉʆʂʀɽ ʊɽʍʅʆʃʆɻʀʀ, ʅɸʋʂɸ ʀ ʆɹʈɸɿʆɺɸʅʀɽ: ɸʂʊʋɸʃʔʅʓɽ 

ɺʆʇʈʆʉʓ, ɼʆʉʊʀɾɽʅʀʗ ʀ ʀʅʅʆɺɸʎʀʀ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ X ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʇʝʥʟʘ: ʄʎʅʉ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè. ï 2021. ï 

232 ʩ. 

 

ISBN 978-5-00159-825-1 

 

ʅʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ ʩʦʩʪʘʚʣʝʥ ʧʦ ʤʘʪʝʨʠʘʣʘʤ X ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɺʓʉʆʂʀɽ ʊɽʍʅʆʃʆɻʀʀ, ʅɸʋʂɸ ʀ ʆɹʈɸɿʆɺɸʅʀɽ: ɸʂʊʋɸʃʔʅʓɽ 

ɺʆʇʈʆʉʓ, ɼʆʉʊʀɾɽʅʀʗ ʀ ʀʅʅʆɺɸʎʀʀè, ʩʦʩʪʦʷʚʰʝʡʩʷ 27 ʘʧʨʝʣʷ 2021 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  
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2. ʦʙʥʘʨʫʞʠʪʴ ʩʪʫʜʝʥʪʘ; 
3. ʨʘʩʧʦʟʥʘʪʴ ʩʪʫʜʝʥʪʘ; 
4. ʟʘʥʝʩʪʠ ʧʦʤʝʪʢʫ ʧʨʠʩʫʪʩʪʚʠʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʪʫʜʝʥʪʘ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. ɺʝʨʥʫʪʴʩʷ ʥʘ 

ʧʫʥʢʪ 2. 
 ʇʦʜ ʠʥʠʮʠʘʣʠʟʘʮʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʟʘʧʫʩʢ ʠ ʧʨʦʚʝʨʢʘ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʵʣʝʤʝʥʪʦʚ 

ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ʇʦʩʣʝ ʩʪʘʨʪʘ ʧʨʦʛʨʘʤʤʳ ʥʘʯʥʝʪʩʷ ʩʢʘʥʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫ-
ʯʝʥʥʳʭ ʩ ʢʘʤʝʨʳ ʚ ʘʫʜʠʪʦʨʠʠ, ʥʘ ʦʙʥʘʨʫʞʝʥʠʷ ʣʠʮ ʩʪʫʜʝʥʪʦʚ. ʇʨʦʛʨʘʤʤʘ ʙʫʜʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʧʦʢʘ 
ʥʝ ʥʘʡʜʝʪ ʣʠʮʦ. ʇʦʩʣʝ ʦʙʥʘʨʫʞʝʥʠʷ, ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʡʜʝʪ ʥʘ ʦʙʨʘʙʦʪʢʫ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 
ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʫʜʝʪ ʨʘʩʧʦʟʥʘʪʴ ʩʪʫʜʝʥʪʘ. ɽʩʣʠ ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʪʦ ʧʨʦʠʟʦʡʜʝʪ ʧʨʦ-
ʮʝʩʩ ʟʘʥʝʩʝʥʠʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʧʦʤʝʪʢʠ ʧʨʠʩʫʪʩʪʚʠʷ ʥʘ ʧʘʨʝ. ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʨʘʙʦʪʳ 
ʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʠʘʛʨʘʤʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʧʦʢʘʟʘʥʳ ʯʝʪʳʨʝ ʛʣʘʚʥʳʭ ʢʣʘʩʩʘ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʙʝʩ-
ʧʝʯʠʚʘʷ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʳ. Main ʦʩʥʦʚʥʦʡ ʢʣʘʩʩ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʟʘʧʫʩʢ ʚʩʝʡ ʧʨʦʛʨʘʤʤʳ. ʂʣʘʩʩ 
Controller ʙʫʜʝʪ ʫʧʨʘʚʣʷʪʴ ʛʨʘʬʠʯʝʩʢʠʤ ʦʢʥʦʤ. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ ʩʪʘʨʪ ʟʘʧʫʩʪʠʪʴʩʷ ʤʝʪʦʜ 
startCamera, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʯʥʝʪ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʢʘʤʝʨʳ. ɺ FaceDetector 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʦʮʝʩʩ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʯʝʪʘ 
ʧʦʩʝʱʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. ʇʨʠʚʦʜʷʪʩʷ ʜʠʘʛʨʘʤʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 
ʘʣʛʦʨʠʪʤʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʩʝʱʘʝʤʦʩʪʴ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʠʥʠʮʠʘʣʠʟʘʮʠʷ, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, UML-
ʜʠʘʛʨʘʤʤʘ, Java. 
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ʙʫʜʝʪ ʧʨʦʧʠʩʘʥʘ ʦʩʥʦʚʥʘʷ ʣʦʛʠʢʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚ ʮʠʢʣʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ. ʂʦʛʜʘ ʙʫʜʝʪ ʦʙ-
ʥʘʨʫʞʝʥʦ ʣʠʮʦ, ʟʘʧʫʩʪʠʪʴʩʷ ʤʝʪʦʜ recognize ʢʣʘʩʩʘ FaceRecognition, ʛʜʝ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʙʫʜʝʪ ʨʘʩʧʦ-
ʟʥʘʚʘʪʴ ʩʪʫʜʝʥʪʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʦʥʘ ʥʝ ʩʤʦʛʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ, ʧʦʵʪʦʤʫ ʥʝ ʚʳʟʚʘʣʩʷ ʤʝʪʦʜ in-
sert ʢʣʘʩʩʘ Database. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʦ-
ʤʝʪʢʠ ʧʨʠʩʫʪʩʪʚʠʷ ʩʪʫʜʝʥʪʘ. 

 

 
ʉʡʪ. 1. ɽʡʙʜʩʙʥʥʙ ʨʧʪʤʞʝʧʛʙʫʞʤʵʦʧʪʫʡ 

 
 

 
ʉʡʪ. 2. ɽʡʙʜʩʙʥʥʙ ʨʧʪʤʞʝʧʛʙʫʞʤʵʦʧʪʫʡ 

 
ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʦʩʣʝ ʨʘʩʧʦʟʥʘʥʠʷ ʩʪʫʜʝʥʪʘ ʧʨʦʠʟʦʡʜʝʪ ʜʦʙʘʚʣʝʥʠʷ ʧʦʤʝʪʢʠ ʧʨʠʩʫʪʩʪʚʠʷ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʠʢʣ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʢʣʘʩʩʝ FaceDetector ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʥʘʞʘ-
ʪʘ ʢʥʦʧʢʘ stop. 

ʀʥʪʝʨʬʝʡʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 
ʥʘʠʣʫʯʰʝʡ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. JavaFX ï ʧʣʘʪʬʦʨʤʘ ʥʘ ʦʩʥʦʚʝ Java [1-3] ʜʣʷ 
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ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʩ ʥʘʩʳʱʝʥʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ [4]. ʄʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʥʘʩʪʦʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʟʘʧʫʩʢʘʝʤʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ-ʧʦʜ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʠ 
ʜʣʷ ʠʥʪʝʨʥʝʪ-ʧʨʠʣʦʞʝʥʠʡ (RIA), ʨʘʙʦʪʘʶʱʠʭ ʚ ʙʨʘʫʟʝʨʘʭ, ʠ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡ-
ʩʪʚʘʭ. JavaFX ʧʨʠʟʚʘʥʘ ʟʘʤʝʥʠʪʴ ʠʩʧʦʣʴʟʦʚʘʚʰʫʶʩʷ ʨʘʥʝʝ ʙʠʙʣʠʦʪʝʢʫ Swing. ʇʣʘʪʬʦʨʤʘ JavaFX ʢʦʥ-
ʢʫʨʠʨʫʝʪ ʩ Microsoft Silverlight, Adobe Flash ʠ ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ ʙʫʜʝʪ ʧʨʦʩʪʳʤ. ʆʥ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʦʢʥʦ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʪʨʘʥʩʣʠ-
ʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʢʘʤʝʨʳ, ʘ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʢʥʦʧʦʢ: ʚʢʣʶʯʠʪʴ, ʚʳʢʣʶʯʠʪʴ ʠ ʨʘʩʧʦʟʥʘʪʴ. ʅʘ ʨʠʩʫʥ-
ʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʥʦ ʧʨʠʣʦʞʝʥʠʷ. 

 

 
ʉʡʪ. 3. ʇʣʦʧ ʨʩʡʤʧʟʞʦʡʸ 

 
ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ çʚʢʣʶʯʠʪʴè, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʣʝʚʦʤ ʥʠʞʥʝʤ ʫʛʣʫ, ʟʘʧʫʩʪʠʪʴʩʷ ʧʨʦʮʝʩʩ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʢʘʤʝʨʳ. ʅʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʟʷʪʩʷ ʜʘʥʥʳʝ ʩ ʥʘʰʝʛʦ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʅʦ ʜʦ 
ʪʦʛʦ, ʢʘʢ ʧʦʷʚʠʪʩʷ ʢʘʨʪʠʥʢʘ, ʧʨʦʠʟʦʡʜʝʪ ʧʨʦʮʝʩʩ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ. ɹʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦ-
ʝʜʠʥʝʥʠʝ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʜʛʨʫʞʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʣʶʜʝʡ ʩ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 
ʥʝʦʙʭʦʜʠʤʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ.  

ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʳ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠ-
ʩʪʝʤʘ ʦʙʥʘʨʫʞʠʚʘʝʪ ʣʠʮʦ. ʇʨʦʛʨʘʤʤʘ ʙʫʜʝʪ ʯʝʨʪʠʪʴ ʢʚʘʜʨʘʪ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ 
ʣʠʮʦ ʯʝʣʦʚʝʢʘ, ʪʝʤ ʩʘʤʳʤ ʧʦʢʘʟʳʚʘʷ ʥʘʤ, ʯʪʦ ʣʠʮʦ ʦʙʥʘʨʫʞʝʥʦ. ʕʪʦ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ 
ʢʘʩʢʘʜʦʚ ʍʘʘʨʘ ʠ ʙʠʙʣʠʦʪʝʢʝ JavaCV, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʙʦʣʦʯʢʦʡ OpenCV. ɺ ʜʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʝ 
ʥʘʭʦʜʷʪʩʷ ʫʞʝ ʦʙʫʯʝʥʥʳʝ ʤʦʜʝʣʠ ʢʘʩʢʘʜʦʚ, ʯʪʦ ʦʙʣʝʛʯʘʣʦ ʟʘʜʘʯʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʢʘʩʢʘʜʦʚ ʚ ʥʘʰ ʧʨʦ-
ʝʢʪ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ ʍʘʘʨʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʣʠʮʘ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʥʦʨʤʘʣʴʥʦʡ 
ʧʨʘʢʪʠʢʦʡ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʨʝʢʨʘʩʥʦ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʣʫʯʰʝ ʥʝʡʨʦʥ-
ʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʨʦʙʣʝʤʳ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ ʣʠʮ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʢʘʤʝʨʳ.  
ʇʣʶʩ ʢʦ ʚʩʝʤʫ, ʦʙʣʝʛʯʘʶʪ ʨʘʙʦʪʫ ʩʝʪʷʤ, ʪʘʢ ʢʘʢ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ, ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʨʝʟʘʝʪʩʷ ʠ ʦʩʪʘʝʪʩʷ 
ʪʦʣʴʢʦ ʪʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʟʥʘʪʴ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʣʠʮʦ.   
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʪʷʞʝʣʦ ʚʳʧʦʣʥʠʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ, ʥʦ ʥʝʡʨʦʥ-
ʥʘʷ ʩʝʪʴ ʩʧʨʘʚʣʷʝʪʩʷ ʦʯʝʥʴ ʭʦʨʦʰʦ. ʊʘʢʠʝ ʩʣʦʞʥʳʝ ʫʩʣʦʚʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʧʝʮʠʘʣʴʥʦ, ʯʪʦʙ ʧʨʦʜʝ-
ʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ VGG, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʧʨʦʝʢʪʝ.  
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ǮǯǭǤǩǱǧǯǭǡǟǬǧǤ ǰǱǯǲǩǱǲǯǺ ǠǟǦǺ 
ǣǟǬǬǺǴ ǥǲǯǬǟǪǟ ǮǭǰǤǸǟǤǫǭǰǱǧ 
ǰǱǲǣǤǬǱǭǡ 

ǧȍȌȉȇȌ ǣȄȌȇȐ ǟȊȄȉȐǿȌȃȏȍȁȇȖ* 
ǢȍȊȍȁȒȗȉȇȌ ǟȊȄȉȐǿȌȃȏ ǟȊȄȉȐǿȌȃȏȍȁȇȖ* 

ǢȏȞȆȌȍȁ ǪȄȁ ǣȋȇȑȏȇȄȁȇȖ 
ʄʘʛʠʩʪʨʘʥʪʳ 

ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ʇʝʨʝʜ ʪʝʤ, ʢʘʢ ʥʘʯʘʪʴ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʭʝʤʫ ʨʘʙʦʪʳ ʞʫʨʥʘʣʘ ʧʦʩʝʱʘʝʤʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʩʫʱʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʘʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ. ʆʧʨʝʜʝʣʠʤ ʚʘʞʥʝʡʰʠʝ ʩʫʱʥʦ-
ʩʪʠ, ʙʝʟ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʝʥ ʫʯʝʪ ʧʦʩʝʱʘʝʤʦʩʪʠ:  

¶ ʩʪʫʜʝʥʪ; 

¶ ʛʨʫʧʧʘ; 

¶ ʘʫʜʠʪʦʨʠʷ; 

¶ ʧʨʝʜʤʝʪ; 

¶ ʨʘʩʧʠʩʘʥʠʝ; 

¶ ʚʝʜʦʤʦʩʪʴ ʧʦʩʝʱʝʥʠʷ; 
ʉʧʠʩʦʢ ʚʳʰʝ ʧʦʢʘʟʳʚʘʝʪ ʪʦʣʴʢʦ ʩʘʤʳʝ ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʲʝʢʪʳ ʜʣʷ ʫʯʝʪʘ ʧʦʩʝʱʘʝʤʦʩʪʠ ʩʪʫʜʝʥ-

ʪʦʚ. ʅʦ, ʝʩʣʠ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʙʘʟʳ ʜʘʥʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʪʦ ʩʧʠʩʦʢ ʜʦʣʞʝʥ ʙʫʜʝʪ ʜʦʙʘʚʠʪʴʩʷ, 
ʪʘʢʠʤʠ ʩʫʱʥʦʩʪʷʤʠ, ʢʘʢ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʜʝʧʘʨʪʘʤʝʥʪ, ʩʦʪʨʫʜʥʠʢʠ, ʬʘʢʫʣʴʪʝʪ ʠ ʪ.ʜ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʘʙʣʠʮ ʩʣʝʜʫʝʪ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʥʦʨʤʘʣʴʥʳʤʠ ʬʦʨʤʘʤʠ. ʅʦʨʤʘʣʴ-
ʥʘʷ ʬʦʨʤʘ ð ʪʨʝʙʦʚʘʥʠʝ, ʧʨʝʜʲʷʚʣʷʝʤʦʝ ʢ ʩʪʨʫʢʪʫʨʝ ʪʘʙʣʠʮ ʚ ʪʝʦʨʠʠ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʜʣʷ 
ʫʩʪʨʘʥʝʥʠʷ ʠʟ ʙʘʟʳ ʠʟʙʳʪʦʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʘʪʨʠʙʫʪʘʤʠ (ʧʦʣʷʤʠ ʪʘʙʣʠʮ). 
ʅʝʦʙʭʦʜʠʤʳʤ ʩʯʠʪʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ 3 ʬʦʨʤ. ʆʪʥʦʰʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ 1 ʅʌ, ʝʩʣʠ ʚʩʝ ʝʛʦ ʘʪʨʠʙʫʪʳ ʷʚ-
ʣʷʶʪʩʷ ʧʨʦʩʪʳʤʠ, ʚʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʦʤʝʥʳ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʪʦʣʴʢʦ ʩʢʘʣʷʨʥʳʝ ʟʥʘʯʝʥʠʷ, ʪʦ ʝʩʪʴ 
ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʚʪʦʨʝʥʠʡ ʩʪʨʦʢ ʚ ʪʘʙʣʠʮʝ.  ʆʪʥʦʰʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ 2 ʅʌ, ʝʩʣʠ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ 1 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʞʫʨʥʘʣʘ ʧʦʩʝʱʘ-
ʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. ʇʨʠʚʦʜʷʪʩʷ ʪʘʙʣʠʮʳ ʧʨʝʜʣʘʛʘʝʤʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʩʝʱʘʝʤʦʩʪʴ, ʙʘʟʘ ʜʘʥʥʳʭ, ʘʪʨʠʙʫʪʳ, ʢʣʶʯ, ʛʨʫʧʧʘ, ʩʫʱʥʦʩʪʴ, ʩʚʷʟʴ. 
 

DESIGNING THE STRUCTURE OF THE STUDENT ATTENDANCE LOG DATABASE 
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Gryaznov Lev Dmitrievich 
 
Abstract: The article describes the process of designing the database structure of the student attendance log. 
The tables of the proposed database are given. 
Key words: attendance, database, attributes, key, group, entity, relationship. 
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ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ, ʠ ʢʘʞʜʳʡ ʥʝ ʢʣʶʯʝʚʦʡ ʘʪʨʠʙʫʪ ʟʘʚʠʩʠʪ ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʢʣʶʯʘ, ʪʦ ʝʩʪʴ, ʝʩʣʠ ʧʝʨʚʠʯ-
ʥʳʡ ʢʣʶʯ ʥʝ ʩʦʩʪʘʚʥʦʡ, ʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʥʦʰʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚʦ ʚʪʦʨʦʡ ʬʦʨʤʝ. ɸ 3 ʅʌ ʨʘʚʥʷʝʪʩʷ 2 
ʅʌ ʧʣʶʩ ʦʪʩʫʪʩʪʚʫʶʪ ʪʨʘʥʟʠʪʠʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝʢʣʶʯʝʚʳʭ ʘʪʨʠʙʫʪʦʚ ʦʪ ʢʣʶʯʝʚʳʭ. 

ʆʧʨʝʜʝʣʠʤ ʘʪʨʠʙʫʪʳ ʩʪʫʜʝʥʪʘ: 

¶ Id; 

¶ ʠʤʷ; 

¶ ʬʘʤʠʣʠʷ; 

¶ ʦʪʯʝʩʪʚʦ; 

¶ ʜʘʪʘ ʨʦʞʜʝʥʠʷ; 

¶ ʘʜʨʝʩ; 
ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʠ ʜʨʫʛʠʝ ʘʪʨʠʙʫʪʳ, ʢʘʢ ʥʦʤʝʨ ʟʘʯʝʪʢʠ, ʪʝʣʝʬʦʥ, email ʠ 

ʪ.ʜ., ʥʦ ʤʳ ʵʪʦ ʜʝʣʘʪʴ ʥʝ ʙʫʜʝʪ, ʪʘʢ ʢʘʢ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʞʫʨʥʘʣ ʧʦʩʝʱʘʝʤʦʩʪʠ, ʘ ʜʦ-
ʙʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʪʨʠʙʫʪʦʚ ʠ ʩʫʱʥʦʩʪʝʡ ʪʦʣʴʢʦ ʫʩʣʦʞʥʠʪ ʟʘʜʘʯʫ. ʊʘʢʞʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʛʨʫʧʧʘ ʥʝ 
ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ ʚ ʩʧʠʩʦʢ ʘʪʨʠʙʫʪʦʚ, ʪʘʢ ʢʘʢ ʦʥʘ ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦʡ ʩʫʱʥʦʩʪʴʶ, ʠ ʚ ʪʘʙʣʠʮʝ ʩʪʫʜʝʥʪ 
ʙʫʜʝʪ ʣʝʞʘʪʴ ʚʥʝʰʥʠʡ ʢʣʶʯ ʥʘ ʛʨʫʧʧʫ. ʅʘ ʨʠʩʫʥʢʝ 1 ʤʦʞʥʦ ʚʠʜʝʪʴ ʪʘʙʣʠʮʫ ʩʪʫʜʝʥʪʳ. 

 

 
ʉʡʪ. 1 ʊʫʬʝʞʦʫ 

 
ʆʧʨʝʜʝʣʠʤ ʘʪʨʠʙʫʪʳ ʜʣʷ ʪʘʙʣʠʮ ʛʨʫʧʧʘ, ʘʫʜʠʪʦʨʠʷ ʠ ʧʨʝʜʤʝʪ. ɺ ʥʠʭ ʙʫʜʝʪ 2 ʧʦʣʷ: id ʠ ʥʘʟʚʘʥʠʝ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʩʫʱʥʦʩʪʠ. 
 

 
ʉʡʪ. 2. ʋʙʚʤʡʯʴ ʜʩʬʨʨʙ, ʙʬʝʡʫʧʩʡʸ, ʨʩʞʝʥʞʫ 

 
ʈʘʩʧʠʩʘʥʠʝ ʩʦʜʝʨʞʠʪ ʚʥʝʰʥʠʝ ʢʣʶʯʠ ʥʘ ʛʨʫʧʧʫ, ʧʨʝʜʤʝʪ, ʘʫʜʠʪʦʨʠʶ, ʘ ʪʘʢʞʝ ʧʦʣʷ id, ʜʘʪʘ ʠ 

ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ.  ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʘ ʜʘʥʥʘʷ ʪʘʙʣʠʮʘ. 
 

 
ʉʡʪ. 3. ʉʙʪʨʡʪʙʦʡʞ 
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ʅʫ ʠ ʥʘʢʦʥʝʮ, ʜʦʙʨʘʣʠʩʴ ʜʣʷ ʛʣʘʚʥʦʡ ʩʫʱʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʧʦʩʝʱʘʝʤʦʩʪʴ ʩʪʫʜʝʥʪʘ, ʚʝ-
ʜʦʤʦʩʪʴ. ɺ ʥʝʡ ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʝ ʘʪʨʠʙʫʪʳ: id ʠ ʧʨʠʟʥʘʢ ʧʨʠʩʫʪʩʪʚʠʷ. ʇʣʶʩ ʚʥʝʰʥʠʝ ʢʣʶʯʠ ʩʪʫʜʝʥʪʘ ʠ 
ʨʘʩʧʠʩʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 4 ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʪʘʙʣʠʮʫ ʚʝʜʦʤʦʩʪʴ. 

 

 
ʉʡʪ. 4. ɻʞʝʧʥʧʪʫʵ 

 
ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʣʷʮʠʦʥʥʘʷ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ ʉʋɹɼ Post-

greSQL. ɸ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʘʙʣʠʮ ʠ ʩʭʝʤʳ pgModeler, ʢʦʪʦʨʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʘʥʥʦʡ ʉʋɹɼ ʧʨʝ-
ʚʦʩʭʦʜʥʦ. ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʫʯʝʪʘ ʧʦʩʝʱʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. 

 

 
ʉʡʪ. 5. ʊʮʞʥʙ ʬʰʞʫʙ ʨʧʪʞʲʙʞʥʧʪʫʡ ʪʫʬʝʞʦʫʧʛ 

 
ʇʝʨʝʜ ʪʝʤ, ʢʘʢ ʥʘʯʘʪʴ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʙʘʟʫ ʟʥʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥ-

ʪʳ ʭʨʘʥʝʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ. ɹʘʟʘ ʟʥʘʥʠʡ ï ʵʪʦ ʭʨʘʥʠʣʠʱʝ, ʩʦʜʝʨʞʘʱʝʝ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ 
ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʫʜʝʥʪʘ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ: ʬʘʡʣʦʚʘʷ 
ʩʠʩʪʝʤʘ; ʙʘʟʘ ʜʘʥʥʳʭ; 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ. ʉʢʦʨʦʩʪʴ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘ-
ʮʠʠ ʚʩʝ ʵʪʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʜ ʙʘʟʦʡ ʜʘʥʥʳʭ. ʅʦ, ʝʩʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʣʶʩʳ 
ʜʝʪʘʣʴʥʝʝ, ʪʦ ʦʥʠ ʥʝ ʩʦʚʩʝʤ ʩʫʱʝʩʪʚʝʥʥʳʝ. ʉʢʦʨʦʩʪʴ? ɺʳʠʛʨʳʰ ʥʝ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤ, ʪʘʢ ʢʘʢ ʪʨʝ-
ʙʫʶʪʩʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʨʘʟʳ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ, ʯʪʦ, ʧʨʠʤʝʨʥʦ ʨʘʚʥʷʝʪʩʷ 100 ʩʪʫʜʝʥʪʘʤ. 
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ʇʨʠ ʵʪʦʤ, ʧʦʣʫʯʝʥʠʝ ʪʘʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʘʷ ʠ ʥʝ ʩʠʣʴ-
ʥʦ ʧʦʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ. ɽʩʣʠ ʥʫʞʥʦ ʙʳʣʦ ʙʳ ʧʦʜʛʨʫʟʠʪʴ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʟʘʧʠʩʝʡ ʠʟ ʙʘʟʳ, ʪʦ ʨʘʟʥʠʮʘ 
ʩʪʘʣʘ ʟʥʘʯʠʪʝʣʴʥʝʡ. ʇʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ ʪʦʞʝ ʥʝ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚʳʙʦʨʘ ʬʘʡ-
ʣʦʚʦʡ ʩʠʩʪʝʤʳ, ʪʘʢ ʢʘʢ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʙʘʟʫ ʟʥʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ɹɼ ʥʝʦʙʭʦʜʠʤʦ, ʣʠʰʴ, ʜʦʙʘʚʠʪʴ 
ʪʘʙʣʠʮʫ.  ɹɼ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʳʤ ʚʘʨʠʘʥʪʦʤ. ʊʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʪʠʚʦʨʝʯʠʡ, ʩʪʨʫʢ-
ʪʫʨʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʩʚʷʟʘʥʥʦʩʪʴ ʩʪʘʥʦʚʷʪʩʷ ʛʣʘʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʚʳʙʦʨʘ ʚ ʧʦʣʴʟʫ ʙʘʟʳ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ 
ʭʨʘʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ɹɼ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, ʪʦ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʚ ʪʘʙʣʠʮʝ ʙʫʜʝʪ ʭʨʘʥʠʪʴʩʷ ʚ ʚʠʜʝ ʪʠʧʘ 
BLOB (ʤʘʩʩʠʚ ʜʚʦʠʯʥʳʭ ʜʘʥʥʳʭ), ʢʦʪʦʨʳʡ ʜʦʩʪʘʪʦʯʥʦ ʚʝʩʠʪ, ʠ ʧʦʵʪʦʤʫ ʠʟʚʣʝʯʝʥʠʝ ʠʭ, ʟʘʡʤʝʪ ʧʘʤʷʪʴ 
ʩʝʨʚʝʨʘ, ʘ ʫ ʥʝʛʦ ʦʥʘ ʠ ʪʘʢ ʦʛʨʘʥʠʯʝʥʘ. ʅʦ ʧʦʣʫʯʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʠʩʝʡ ʧʦʟʚʦʣʠʪ 
ʫʤʝʥʴʰʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʧʘʤʷʪʠ ʩʝʨʚʝʨʘ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʚ ʦʩʥʦʚʥʦʤ ʫʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʘʟʘ ʜʘʥʥʳʭ, 
ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʥʠʚʝʨʩʠʪʝʪʝ. ʇʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʧʦʩʝʱʘʝʤʦʩʪʠ 
ʩʪʫʜʝʥʪʦʚ ʧʦʪʨʝʙʫʝʪʩʷ ʧʦʜʩʪʨʦʠʪʴʩʷ ʧʦʜ ʵʪʫ ɹɼ ʠʣʠ ʩʣʝʛʢʘ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʝʝ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 
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ǲǣǩ 400,276 

ǟǬǟǪǧǦ ǰǧǰǱǤǫǺ ǭǠǯǟǱǬǭǨ ǦǟǩǟǶǩǧ ǢǟǦǟ 
Ǭǟ ǫǤǰǱǭǯǭǥǣǤǬǧǧ X 

ǩǟǯǧǫǭǡ ǟǩǟǬ ǟǫǟǬǢǟǪǧǤǡǧǶ 
ʄʘʛʠʩʪʨʘʥʪ,  

ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɼʞʘʪʳʢʦʚ ʊʝʤʠʨʣʘʥ ɽʨʤʝʢʦʚʠʯ 
PhD ʢʘʥʜʠʜʘʪ, ʩʝʥʴʦʨ-ʣʝʢʪʦʨ,  

ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʦ ʨʝʢʦʥʩʪʨʫʢ-
ʮʠʠ ʩʠʩʪʝʤʳ ʟʘʢʘʯʢʠ ʛʘʟʘ ʥʘ ʟʘʚʦʜʝ ʋʇɻ-1, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʪʘʢʞʝ ʩʪʘʪʴ ʯʘʩʪʴʶ ʧʨʦʝʢʪʦʚ ʧʦʣʢʠ ʜʦʙʳʯʠ. 
ɺ ʩʪʘʪʴʝ ʪʘʢ ʞʝ ʜʝʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʘ ʦʙʨʘʪʥʘʷ ʟʘʢʘʯʢʘ ʛʘʟʘ ʚ ʧʣʘʩʪʳ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʪʘʢʞʝ ʨʘʟʲʷʩʥʷʝʪʩʷ ʮʝʣʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 
ʟʘʢʘʯʢʠ ʛʘʟʘ ʥʘ ʋʇɻ-1 ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍ ʟʘ ʩʯʝʪ ʩʦ-
ʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ ʠ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ, ʛʠʙʢʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱ-
ʥʦʩʪʠ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ. 
ʅʝʬʪʴ, ʛʘʟ ʠ ʚʦʜʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʦʩʪʫʧʘʶʪ ʠʟ ʢʦʣʣʝʢʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘ-
ʙʦʪʢʠ ʠ ʧʨʦʜʘʞʠ. ɻʘʟʦʚʳʡ ʬʘʢʪʦʨ ʚ ʢʦʣʣʝʢʪʦʨʝ ʠʛʨʘʝʪ ʨʦʣʴ ʜʚʠʞʫʱʝʡ ʩʠʣʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʟʚʣʝʢʘʪʴ 
ʞʠʜʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʂʦʛʜʘ ʛʘʟ ʜʦʩʪʠʛʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʞʠʜʢʦʡ ʬʘʟʳ, ʝʛʦ ʜʘʚʣʝʥʠʝ 
ʩʥʠʞʘʝʪʩʷ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʝʨʥʫʪʴ ʵʪʦʪ ʛʘʟ ʦʙʨʘʪʥʦ ʚ ʢʦʣʣʝʢʪʦʨ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʥʷʪʴ ʝʛʦ ʜʘʚʣʝʥʠʝ ʜʦ 
ʫʨʦʚʥʷ, ʧʨʝʚʳʰʘʶʱʝʛʦ ʜʘʚʣʝʥʠʝ ʚ ʢʦʣʣʝʢʪʦʨʝ. ʌʘʢʪʠʯʝʩʢʠ, ʦʙʨʘʪʥʘʷ ʟʘʢʘʯʢʘ ʛʘʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʩʝʨʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʥʝʯʥʦʡ ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʠ ʚʦʟ-
ʚʨʘʪ ʝʛʦ ʚ ʢʦʣʣʝʢʪʦʨ [1, ʩ.65]. 
ʉʠʩʪʝʤʘ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʫʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʍ. ʉʠʩʪʝ-
ʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʩʳʨʦʛʦ ʛʘʟʘ (ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʦʚʦʜʦʨʦʜʘ) ʧʦʜ 
ʜʘʚʣʝʥʠʝʤ ʜʦ 550 ʙʘʨ ʠ ʧʦʜʘʯʠ ʜʦʙʳʪʦʡ ʥʝʬʪʠ ʥʘ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʢʦʤʧʣʝʢʩ [2, ʩ. 2]. ʋʇɻ-1 ʷʚʣʷ-
ʝʪʩʷ ʯʘʩʪʴʶ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʧʦʜ-
ʜʝʨʞʠʚʘʶʱʠʭ ʧʨʦʮʝʩʩ ʜʦʙʳʯʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ X. ʋʇɻ-1 ʩʚʷʟʘʥʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʜʦʙʳʚʘʶʱʠʤʠ ʩʢʚʘ-
ʞʠʥʘʤʠ, ʦʪ ʢʦʪʦʨʳʭ ʧʨʦʜʫʢʮʠʷ ʧʦʩʪʫʧʘʝʪ ʚ ʥʝʬʪʝʢʦʥʜʝʥʩʘʪʦʫʣʦʚʠʪʝʣʠ, ʛʜʝ ʩʢʚʘʞʠʥʥʳʡ ʬʣʶʠʜ ʨʘʟʜʝ-
ʣʷʝʪʩʷ ʥʘ ʪʨʠ ʬʘʟʳ. ɻʘʟʦʚʘʷ ʬʘʟʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʣʠʥʠʠ ʦʩʫʰʢʠ, ʚ ʢʦʪʦʨʳʭ ʛʘʟ ʦʩʫʰʘʝʪʩʷ ʧʝʨʝʜ ʢʦʤ-
ʧʨʝʩʩʠʝʡ. ʉʠʩʪʝʤʘ ʢʦʤʧʨʝʩʩʠʠ ʋʇɻ-1 ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʦʙʱʝʡ ʧʨʦʠʟʚʦ-
ʜʠʪʝʣʴʥʦʩʪʴʶ 22 ʤʠʣʣʠʦʥʘ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʩʳʨʦʛʦ ʛʘʟʘ ʚ ʜʝʥʴ ʩ ʜʘʚʣʝʥʠʝʤ 70 ʙʘʨ ʥʘ ʚʭʦʜʝ ʩʠʩʪʝ-
ʤʳ ʠ ʩ ʜʘʚʣʝʥʠʝʤ ʥʘʛʥʝʪʘʥʠʷ 550 ʙʘʨ ʥʘ ʚʳʭʦʜʝ, ʧʦʜ ʢʦʪʦʨʳʤ ʛʘʟ ʚʦʟʚʨʘʱʘʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʧʣʘʩʪ ʯʝʨʝʟ 
ʩʠʩʪʝʤʫ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ X ʥʝʩʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʳʛʦʜʳ. 
ɺʦ-ʧʝʨʚʳʭ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ X ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʙʨʘʪʥʘʷ ʟʘʢʘʯʢʘ 
ʛʘʟʘ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʚʦʟʚʨʘʱʘʪʴ ʛʘʟ ʚ ʢʦʣʣʝʢʪʦʨ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʩʞʠʛʘʥʠʶ ʠʣʠ ʧʝʨʝʨʘʙʦʪʢʝ 
ʵʪʦʛʦ ʛʘʟʘ ʧʦ ʤʝʩʪʫ ʜʦʙʳʯʠ. ʕʪʦ ʪʘʢʞʝ ʧʦʤʦʞʝʪ ʨʘʮʠʦʥʘʣʴʥʦ ʫʧʨʘʚʣʷʪʴ ʢʦʣʣʝʢʪʦʨʦʤ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ 
ʥʝʤ ʥʝʦʙʭʦʜʠʤʦʝ ʜʘʚʣʝʥʠʝ ʠ, ʪʝʤ ʩʘʤʳʤ, ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʜʣʝʚʘʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʙʨʘʪʥʘʷ ʟʘʢʘʯʢʘ ʛʘʟʘ ʚ ʧʣʘʩʪ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʫʛ-
ʣʝʚʦʜʦʨʦʜʦʚ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʧʦʩʦʙʥʦʩʪʠ 
ʧʨʝʜʧʨʠʷʪʠʷ ʜʦʙʳʚʘʪʴ ʙʦʣʴʰʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʧʨʦʜʘʚʘʪʴ ʠʭ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʧʦ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜ-
ʥʦʡ ʮʝʥʝ. 
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1. ɻɻɾɽɾʆʁɾ 
 ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʍ - ʦʜʥʦ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʂʘʟʘʭʩʪʘʥʝ, 

ʟʘʥʠʤʘʶʱʝʝ ʪʝʨʨʠʪʦʨʠʶ ʙʦʣʝʝ 180 ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʦʚ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʦʪʜʘʣʝʥ-
ʥʦʤ ʠ ʩʣʦʞʥʦʤ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʛʠʦʥʝ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ -
44ÁC ʟʠʤʦʡ ʜʦ +41ÁC ʣʝʪʦʤ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʍ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʠ ʩʣʦʞʥʝʡʰʠʭ, ʩ ʪʦʯʢʠ 
ʟʨʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʂʘʟʘʭʩʪʘʥʝ. ɿʘʣʝʞʠ, ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 
ʛʣʫʙʠʥʝ ʧʨʠʤʝʨʥʦ 3 500 ʤ, ʠʤʝʶʪ ʪʦʣʱʠʥʫ ʧʦʨʷʜʢʘ 1600 ʤ, ʠ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤʠ ʠ ʫʥʠʢʘʣʴʥʳ-
ʤʠ. ʋʛʣʝʚʦʜʦʨʦʜʳ ʩʦʜʝʨʞʘʪ ʜʦ 5% ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʛʦ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʢʦʪʦʨʳʝ, 
ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʙʳʪʴ ʚʳʩʦʢʦʢʦʨʨʦʟʠʦʥʥʳʤʠ. 

ʆʪ ʚʝʨʭʘ ʧʝʨʤcʢʦʛʦ ʧʝʨʠʦʜʘ, ʦʢʦʣʦ 3500 ʤ ʥʠʞʝ ʫʨʦʚʥʷ ʤʦʨʷ, ʜʦ ʛʣʫʙʠʥʳ ʦʢʦʣʦ 4950 ʤ ʥʠʞʝ 
ʫʨʦʚʥʷ ʤʦʨʷ ʚ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʤ ʨʝʛʠʦʥʝ ʛʘʟʦʚʳʡ ʢʦʥʜʝʥcʘʪ ʤʝʜʣʝʥʥʦ cʪʘʥʦʚʠʪcʷ çʞʠʨʥʝʝè c ʫʚʝʣʠʯʝ-
ʥʠʝʤ ʛʣʫʙʠʥʳ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʠ ʜʦʙʳʯʝ ʛʘʟʦʚʳʡ ʬʘʢʪʦʨ ʫʤʝʥʴʰʘʝʪcʷ c ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 2000 ʤ3/ʤ3 ʚ 

ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʢʚʘʞʠʥʘ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʦʙʨʘʪʥʘʷ ʟʘʢʘʯʢʘ ʛʘʟʘ, ʧʣʘʩʪ, ʞʠʜʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʜʘʚ-
ʣʝʥʠʝ, ʢʦʣʣʝʢʪʦʨ, ʩʠʩʪʝʤʘ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ, ʩʳʨʦʡ ʛʘʟ. 
 

ANALYZING GAS INJECTION TECHNOLOGY AT FIELD ʎ 
 

Karimov Akan Amangaliyevich 
 

Scientific adviser: Jatykov Temirlan Yermekovich 
 
Abstract: The article discussed and analyzed GPC- 1 Gas Injection Upgrade which might be also part of the 
Plateau Extension Projects. The article also substantiates in detail the re-injection of gas into the formations of 
an oil and gas condensate field. Its aim is to upgrade the existing GPC- 1 Gas Injection infrastructure to opti-
mize the gas reinjection system of the Field ʍ by reducing downtime and increasing availability, reliability, flex-
ibility, and gas reinjection capacity. The Project is currently at the Concept Selection Stage.  
Oil and gas reservoirs primarily deliver oil, gas and water under pressure to the surface for processing and 
onward sale.  The gas content of the reservoir stream is the driving force which allows for the extraction of the 
liquid hydrocarbons.  Once the gas reaches the surface and is separated from the liquids, it reduces in pres-
sure.  In order to be able to return that gas to the reservoir, the pressure needs to be increased to a point 
where it is greater than the pressure of the reservoir.   Gas injection is essentially the series of plant processes 
that increases the pressure of the gas and allows it to be returned to the reservoir. 
Field ʍ is home to an innovative high pressure gas injection system.  It processes and re-injects sour gas 
(H2S content of 4 per cent) at pressures of up to 550 bar and produces oil for stabilization within the Pro-
cessing Complex. GPC-1 is part of a complex, integrated, interconnected and interdependent group of facili-
ties which make up the operations of Karachaganak.  The Unit has incoming production wells which feed into 
slug catchers where three phase separation takes place.  The gas phase feeds dehydration trains which dry 
the gas for compression.  The Unitôs compression systems comprises of three, re-injection compressors which 
have a combined capability to take 22 million standard cubic metres per day of sour gas from a 70 bar inlet 
pressure to a discharge pressure of 550 bar, returning it to the reservoir via a number of reinjection wells. 
Upgrading gas injection technology at ʍ will bring a number of significant benefits.  Firstly, given ʍôs commit-
ment to environmental protection, gas injection enables us to return the gas to the reservoir as opposed to flar-
ing it or processing it on site.  It will also support prudent reservoir management, delivering the gas back to the 
reservoir, maintains pressure and effectively extends the life of the field.  This will allow optimal hydrocarbon 
recovery over the life of the field which means that the Venture will be able to produce more hydrocarbons for 
high value Western markets. 
Key words: well, upgrade, re-injection of gas, formation, liquid hydrocarbons, pressure, reservoir, gas injec-
tion system, sour gas. 
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X ȁȐȄȏȍȐȐȇȈȐȉǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʚʝʨʭʥʝʡ ʯʘcʪʠ ʛʘʟʦʚʦʛʦ ʨʝʛʠʦʥʘ ʜʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 800 ʤ3/ʤ3 ʧʨʠ ʛʣʫʙʠʥʝ 4950ʤ ʥʠʞʝ ʫʨʦʚʥʷ ʤʦʨʷ. 
ʆcʪʘʪʦʯʥʘʷ (ʥʝ ʨʘʟʞʠʞʘʝʤʘʷ) ʥʝʬʪʴ ʟʘʥʠʤʘʝʪ ʦʢʦʣʦ 4,5% ʚcʝʛʦ ʧʦʨʦʚʦʛʦ ʧʨʦcʪʨʘʥcʪʚʘ ʚ ʛʘʟʦʚʦʤ ʨʝ-
ʛʠʦʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʊʘʢ ʢʘʢ ʵʪʘ ʥʝʬʪʴ ʥʝ ʥʘʭʦʜʠʪcʷ ʚ cʦcʪʦʷʥʠʠ ʨʘʚʥʦʚʝcʠʷ c ʛʘʟʦʤ, ʛʘʟ ʚ ʨʝʟʫʣʴʪʘ-
ʪʝ ʥʝʜʦʥʘcʳʱʝʥ, ʪʘʢ ʯʪʦ ʢʦʥʜʝʥcʘʪ ʥʝ ʚʳʧʘʜʘʝʪ ʥʝʤʝʜʣʝʥʥʦ ʧʨʠ  cʥʠʞʝʥʠʠ  ʜʘʚʣʝʥʠʷ  ʚ ʨʝʟʝʨʚʫʘʨʝ. 

Cʠcʪʝʤʘ ʤʝcʪʦʨʦʞʜʝʥʠʷ cʫʱʝcʪʚʝʥʥʦ ʥʝʜʦʥʘcʳʱʝʥʘ ʞʠʜʢʠʤʠ ʋɺ ʚ ʛʘʟʦʥʦcʥʦʡ ʝʛʦ ʯʘcʪʠ ʠ ʛʘʟʦ-
ʦʙʨʘʟʥʳʤʠ ʚ ʥʝʬʪʷʥʦʡ. ʇʣʘcʪʦʚʦʝ ʜʘʚʣʝʥʠʝ ʧʦ ʚcʝʡ ʚʳcʦʪʝ ʟʘʣʝʞʠ ʚʳʰʝ ʜʘʚʣʝʥʠʷ ʥʘʯʘʣʘ ʢʦʥ-
ʜʝʥcʘʮʠʠ ʠ ʥʘcʳʱʝʥʠʷ ʥʘ 20 - 30 ʄʇʘ ʠ, cʣʝʜʦʚʘʪʝʣʴʥʦ, cʪʝʧʝʥʴ ʥʘcʳʱʝʥʥʦcʪʠ cʠcʪʝʤʳ cʦcʪʘʚʣʷʝʪ 
55-60% (ʪʘʙʣ. 1). 

 
ʋʙʚʤʡʯʙ 1  

Cʧcʫʙʛ ʜʙʠʙ cʞʨʙʩʙʯʡʡ ʡ ʜʙʠʙ ʝʞʜʙʠʙʯʡʡ 

ʂʦʤʧʦ-
ʥʝʥʪ 

Cʅ4 C2ʅ6 C3ʥ8 
ʠʟʦ- 
C4H10 

ʥ- 
C4H10 

ʠʟʦ-
C5H12 

ʥ-C5H12 
ʅ - 

C6H14 
ʅ2S cʦ2 N2 

ʂʦʣ 81.84 5.64 1.74 0.22 0.41 0.12 0.09 0.06 2.54 6.42 0.44 

 
ʉʝʛʦʜʥʷ ʝʞʝʛʦʜʥʳʡ ʦʙʲʝʤ ʜʦʙʳʯʠ ʥʘ ʍ. ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 10,5 ʤʣʥ ʪ ʞʠʜʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʩʪʘʙʠʣʴʥʦʤ ʵʢʚʠʚʘʣʝʥʪʝ, ʦʜʥʘʢʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʜʦʩʪʠʛʥʫʪʦʛʦ ʦʙʲʝʤʘ ʤʝʩʪʦʨʦʞʜʝ-
ʥʠʶ X ʥʝʦʙʭʦʜʠʤʘ ʨʝʘʣʠʟʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʚʝʩʪʧʨʦʝʢʪʦʚ. ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦ-
ʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʦʙʲʸʤʳ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʚʳʨʘʩʪʫʪ ʥʘ 3,3 ʤʣʨʜ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ 
ʧʦʜʜʝʨʞʘʪʴ ʫʨʦʚʝʥʴ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʥʘ ʫʨʦʚʥʝ ʚ 10,5 ʤʣʥ ʪʦʥʥ ʚ ʛʦʜ. ʏʪʦʙʳ ʧʦʜ-
ʜʝʨʞʠʚʘʪʴ ʵʪʦʪ ʦʙʲʸʤ ʜʦʙʳʯʠ, ʥʫʞʥʳ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʜʦʙʳʯʠ. ʈʝʘʣʠʟʘʮʠʷ 
ʧʨʦʝʢʪʘ ʯʝʪʚʸʨʪʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʜʘʩʪ ʦʙʱʠʡ ʧʨʠʨʦʩʪ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʦʙʲʸʤʝ ʜʦ 7 ʤʣʥ ʪʦʥʥ 
ʜʦ 2040 ʛʦʜʘ. ɸ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʚʝʣʠʯʠʪ ʜʝʥʝʞʥʳʝ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʧʦʣʴʟʫ ʂʘʟʘʭʩʪʘʥʘ ʥʘ ʧʦʨʷʜʢʘ 
1,8 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʧʨʠ ʮʝʥʝ ʥʘ ʥʝʬʪʴ ʤʘʨʢʠ Brent ʚ 60 ʜʦʣʣʘʨʦʚ. 

ʇʦ ʜʘʥʥʳʤ ʢʦʤʧʘʥʠʠ, ʚ 2018 ʛʦʜʫ ʫʨʦʚʝʥʴ ʜʦʙʳʯʠ ʩʦʩʪʘʚʠʣ 148 ʤʣʥ ʙʘʨʨʝʣʝʡ ʚ ʥʝʬʪʷʥʦʤ ʵʢʚʠ-
ʚʘʣʝʥʪʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʠ ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʥʝʦʯʠʱʝʥʥʦʛʦ ʠ ʪʦʧʣʠʚʥʦ-
ʛʦ ʛʘʟʘ. ʇʨʠ ʵʪʦʤ ʦʙʲʝʤ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʩʪʘʚʠʣ 8,6 
ʤʠʣʣʠʘʨʜʦʚ ʢʫʙʦʤʝʪʨʦʚ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 45,4% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʜʦʙʳʚʘʝʤʦʛʦ ʛʘʟʘ. 

ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʦʷʥʥʦʛʦ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʚ ʍ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʧʫʪʥʳʡ ʛʘʟ ʥʘ ʤʝʩʪʦʨʦʞ-
ʜʝʥʠʷʭ ʟʘʢʘʯʠʚʘʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʧʣʘʩʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ [3, ʩ.126]. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʧʨʦʘʥʘ-
ʣʠʟʠʨʫʝʤ ʨʘʙʦʪʫ ʥʘʜ ʢʦʨʨʝʢʮʠʝʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ ʩ ʛʘʟʦʚʳʤʠ ʢʦʤʧʨʝʩʩʦʨʘʤʠ.  

ʍ ʥʘʤʝʨʝʚʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʪʨʝʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ ʜʣʷ ʦʙʝʩʧʝ-
ʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ 
ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʨʘʙʦʪʦʩʧʦ-
ʩʦʙʥʦʩʪʴ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ ʥʝ 
ʙʫʜʫʪ ʩʪʦʣʴ ʩʫʱʝʩʪʚʝʥʥʳʤ, ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ. 

ʉʥʠʞʝʥʠʝ ʩʫʪʦʯʥʳʭ ʪʝʤʧʦʚ ʜʦʙʳʯʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ, ʚʢʣʶʯʘʷ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘ-
ʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʷʚʣʝʥʠʝ ʠ ʵʪʦʪ ʬʘʢʪʦʨ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʜʦ-
ʙʳʯʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʪʘʢ ʞʝ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʢʦʪʦ-
ʨʳʡ ʧʦʤʦʞʝʪ ʠʟʙʝʞʘʪʴ ʦʩʪʘʥʦʚʢʠ ʢʦʤʧʨʝʩʩʦʨʘ ʚ ʙʫʜʫʱʝʤ, ʠ ʦʪʨʘʙʦʪʘʝʤ ʚʘʨʠʘʥʪʳ ʯʪʦʙʳ ʢʘʢ ʤʦʞʥʦ 
ʩʢʦʨʝʝ ʚʝʨʥʫʪʴ ʢʦʤʧʨʝʩʩʦʨʘ  ʢ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʠ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤʳ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ ʜʣʷ ʩʥʠ-
ʷʪʠʷ ʦʛʨʥʘʠʯʝʥʠʠ ʧʦ ʜʦʙʳʯʝ ʞʠʜʢʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʘ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʵʪʦ ʧʨʦʜʣʝʥʠʝ ʧʦʣʢʠ ʜʦʙʳʯʠ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʯʪʦ, ʚ ʩʚʦʶ 
ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʠʪ ʚʳʨʫʯʠʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʠʙʳʣʴ ʜʣʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʍ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ 4-ʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ.  ʆʞʠʜʘʝʤʘʷ ʵʢʦʥʦʤʠʯʝ-
ʩʢʘʷ ʦʪʜʘʯʘ ʜʦʣʞʥʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʣʴʥʝʡʰʠʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ 
ʥʘ  ʤʝʩʪʦʨʦʞʜʝʥʠʠ. 

ʇʨʦʝʢʪ ʫʩʪʘʥʦʚʢʠ 4-ʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʦʝʢʪʦʚ ʩʥʷʪʠʷ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʛʘʟʫ ʥʘ ʜʘʥʥʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʠ ʧʨʦʝʢʪʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 5-ʛʦ ʚʥʫʪ-



ǡǺǰǭǩǧǤ ǱǤǴǬǭǪǭǢǧǧ* Ǭǟǲǩǟ ǧ ǭǠǯǟǦǭǡǟǬǧǤ 21 

 

www.naukaip.ru 

ʨʠʧʨʦʤʳʩʣʦʚʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʵʪʘʧʝ ʨʝʘʣʠʟʘʮʠʠ. [4, ʩ.5]. 
2. ɹʆɹʄʁʀ ʊʁʊʋɾʅʔ ʇɺʉɹʋʆʇʂ ʀɹʃɹʐʃʁ ɼɹʀɹ ʆɹ ʅɾʊʋʇʉʇɿɽɾʆʁʁ ʎ 
ʋʇɻ-1 ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʩ ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʚʚʝ-

ʜʝʥʥʳʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 2000 ʛʦʜʫ. ʆʥ ʩʧʦʩʦʙʝʥ ʨʘʟʜʝʣʷʪʴ, ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʠ ʧʦʚʪʦʨʥʦ ʟʘʢʘʯʠʚʘʪʴ 
ʩʳʨʦʡ ʛʘʟ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʪʴ ʥʝʬʪʴ, ʘ ʟʘʪʝʤ ʥʘʧʨʘʚʣʷʪʴ ʝʝ ʥʘ ʋʂɻ-2 ʜʣʷ ʩʪʘ-
ʙʠʣʠʟʘʮʠʠ ʧʝʨʝʜ ʦʪʧʨʘʚʢʦʡ ʥʘ ʵʢʩʧʦʨʪ. ʇʦʜʘʯʘ ʧʨʦʜʫʢʪʘ ʥʘ ʋʇɻ-1 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ 15 ʜʦʙʳʚʘʶʱʝʡ 
ʩʢʚʘʞʠʥʳ. 

ʅʘ ʋʇɻ-1 ʜʝʡʩʪʚʫʝʪ ʩʠʩʪʝʤʘ ʟʘʢʘʯʢʠ ʛʘʟʘ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ. ʊʨʠ ʢʦʤʧʨʝʩʩʦʨʘ ʩʧʦʩʦʙʥʳ 
ʟʘʢʘʯʠʚʘʪʴ ʛʘʟ ʧʨʠ ʜʘʚʣʝʥʠʠ ʜʦ 550 ʙʘʨ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ H2S (ʜʦ 7%). ʅʘ ʋʇɻ-1 ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-
ʤʷ ʫʩʪʘʥʦʚʣʝʥʳ 3 ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʣʠʥʠʠ (300-K-A/B/C) ʩʠʩʪʝʤʳ ʟʘʢʘʯʢʠ ʩʳʨʦʛʦ ʛʘʟʘ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʩʞʘ-
ʪʠʝ ʩʳʨʦʛʦ ʛʘʟʘ ʈʠʟʙ.= 500 ʙʘʨ. ʇʘʩʧʦʨʪʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ 
ʛʘʟʘ - ʧʦ 8 ʤʣʥ. ʩʪ. ʤ3/ʩʫʪ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ ʩʠʩʪʝʤʘ ʟʘʢʘʯʢʠ ʛʘʟʘ ʷʚʣʷʝʪʩʷ ʫʩʧʝʰʥʦʡ, ʪʘʢ ʢʘʢ ʦʥʘ ʦʙʝʩʧʝ-
ʯʠʚʘʝʪ ʧʦʜʜʝʨʞʘʥʠʝ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʫʣʫʯʰʘʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʘ ʪʘʢʞʝ 
ʫʩʪʨʘʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʩʝʨʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʘʞʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʟʘʱʠʪʳ ʦʢʨʫʞʘ-
ʶʱʝʡ ʩʨʝʜʳ [5, ʩ.24]. ʇʦʣʥʳʡ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʥʘ ʢʦʤʧʨʝʩ-
ʩʦʨʘʭ ʆɿʉɻ ʠ ʪʫʨʙʠʥʘʭ. ʇʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʱʥʦʩʪʴ ʪʫʨʙʠʥ ʚʦʟʨʦʩʣʘ ʦʪ ʧʨʦʝʢʪʥʦʛʦ 32,590 ʢɺʪ ʜʦ 
34,200 ʢɺʪ. ɼʘʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʫʩʪʘʥʦʚʢʫ ʥʦʚʳʭ ñʧʫʯʢʦʚò ʥʘ ʚʩʝʭ ʪʨʝʭ ʩʪʫʧʝʥʷʭ ʢʘʞʜʦ-
ʛʦ ʢʦʤʧʨʝʩʩʦʨʘ (ʅɼ, ʉɼ ʠ ɺɼ). ɹʳʣ ʧʦʩʪʘʚʣʝʥ ʥʦʚʳʡ ʨʦʪʦʨ (ʚʘʣ ʠ ʢʨʳʣʴʯʘʪʢʠ) ʠ ʜʠʘʬʨʘʛʤʘ (ʚʥʫʪʨʝʥʥʠʡ 
ʢʦʞʫʭ).  ʇʨʦʠʟʚʝʜʝʥʘ ʟʘʤʝʥʘ ʦʩʥʘʩʪʢʠ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʨʘʙʦʯʠʝ ʢʦʣʝʩʘ ʨʦʪʦʨʘ ʢʦʤʧʨʝʩʩʦʨʦʚ ʟʘʤʝʥʝʥʳ ʥʘ 
ʥʦʚʳʝ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʶ ʥʘʛʥʝʪʘʥʠʷ. ʂʦʨʧʫʩʘ ʩʪʘʨʳʭ 
ʢʦʤʧʨʝʩʩʦʨʦʚ ʟʘʤʝʥʝʥʳ ʥʘ ʥʦʚʳʝ. ɼʘʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʨʘ-
ʙʦʯʠʭ ʢʦʣʝʩ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʥʝʨ-
ʛʠʶ ʩʞʘʪʠʷ ʛʘʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʠʬʠʢʘʮʠʠ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʚʝʣʠ-
ʯʠʣʘʩʴ ʩ ʧʨʦʝʢʪʥʳʭ 6,6 ʤʣʥ. ʩʪ.ʤ3/ʜ ʜʦ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ 8,0 ʤʣʥ. ʩʪ.ʤ3/ʜ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ (ʨʠʩ. 1). 

 

 
ʉʡʪ. 1. ʋʞʮʦʧʤʧʜʡʰʞʪʣʙʸ ʪʮʞʥʙ ʫʩʬʚʦʧʢ ʧʚʛʸʠʣʡ ʡ ʃʁʈʡɹ ʪʡʪʫʞʥʴ ʣʧʥʨʩʡʥʡʩʧʛʙʦʡʸ ʜʙʠʙ 

ʧʚʩʙʫʦʧʢ ʠʙʣʙʰʣʡ 
 

ʆʜʥʘʢʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʤʦʞʝʪ ʙʳʪʴ ʠ ʚʳʰʝ ʧʨʠ ʙʦʣʝʝ ʙʣʘ-
ʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʨʘʙʦʪʳ ʪʫʨʙʠʥʳ ʠ ʢʦʤʧʨʝʩʩʦʨʘ, ʪʘʢʠʭ ʢʘʢ ʙʦʣʝʝ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘ-
ʶʱʝʡ ʩʨʝʜʳ/ʛʘʟʘ ʠ ʙʦʣʝʝ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ (ʧʦʜʧʦʨʝ) ʥʘ ʚʳʢʠʜʝ ʢʦʤʧʨʝʩʩʦʨʘ [6, ʩ.56]. ɺ ʜʦʧʦʣʥʝʥʠʠ ʢ 
ʟʘʤʝʥʝ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʪʘʢʞʝ ʧʨʦʠʟʚʝʜʝʥʘ ʟʘʤʝʥʘ ʘʥʪʠʧʦʤʧʘʞʥʳʭ ʢʣʘʧʘʥʦʚ ʥʘ 2-ʦʡ ʠ 3 -ʝʡ ʩʪʫʧʝʥʠ ʩ 
ʫʚʝʣʠʯʝʥʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʦʥʝʯʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʦʚ: 



22 ǡǺǰǭǩǧǤ ǱǤǴǬǭǪǭǢǧǧ* Ǭǟǲǩǟ ǧ ǭǠǯǟǦǭǡǟǬǧǤ 

 

X ȁȐȄȏȍȐȐȇȈȐȉǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

Å ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 
Å ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 
Å ɼʘʚʣʝʥʠʝ ʥʘ ʚʳʢʠʜʝ (ʜʦʩʪʫʧʥʦʩʪʴ ʩʢʚʘʞʠʥ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ). 
ʇʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ (ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʜʦʩʪʫʧʥʦʩʪʴ ʩʢʚʘʞʠʥ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ, ʚʝʜʫʱʘʷ ʢ ʧʦʥʠʞʝʥʠʶ ʜʘʚ-
ʣʝʥʠʷ ʥʘʛʥʝʪʘʥʠʷ) ʤʦʱʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʦʚ ʤʦʞʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʚʳʩʠʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ.  

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʤʧʨʝʩʩʦʨʦʚ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ, ʟʘʜʘʚʘʝʤʦʤ 
ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʤʧʘʞʘ ʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʛʨʫʟʢʦʡ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʦʩʪʴʶ, ʨʘʙʦʯʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʩʦʩʪʘʚʦʤ ʛʘʟʘ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʧʨʦʮʝʩʩʫ. 

ʅʦ ʩ ʛʦʜʘʤʠ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʣʴʥʝʡʰʠʭ ʠʥʚʝʩʪʠʮʠʡ, ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʸʤʦʚ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚʚʠʜʫ ʫʚʝʣʠʯʠʚʘʶʱʝʛʦʩʷ ʛʘʟʦʚʦʛʦ ʬʘʢʪʦʨʘ ʜʦʙʳʚʘʝʤʦʡ ʧʨʦʜʫʢ-
ʮʠʠ, ʚʢʫʧʝ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ ʧʦ ʟʘʢʘʯʢʝ ʛʘʟʘ [7, ʩ.544]. ʀ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʨʷʜ ʧʨʦʝʢʪʦʚ ʧʦ 
ʧʨʦʜʣʝʥʠʶ ʧʦʣʢʠ ʜʦʙʳʯʠ, ʢʘʞʜʳʡ ʩ ʨʘʟʥʳʤʠ ʩʨʦʢʘʤʠ ʨʝʘʣʠʟʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʩʦʢʨʘ-
ʱʝʥʠʷ ʦʙʲʸʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ ʧʝʨʠʦʜʘ ʚʩʪʫʧʣʝʥʠʷ ʚ ʜʝʡʩʪʚʠʝ ʌʘʟʳ 1 ʧʨʦʝʢʪʘ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʜʸʪ ʨʝʘʣʠʟʘʮʠʷ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʦ-
ʝʢʪʦʚ ʧʦ ʧʨʦʜʣʝʥʠʶ ʧʦʣʢʠ ʜʦʙʳʯʠ ʋʇɻ-1, ʘ ʠʤʝʥʥʦ: 

1. ʋʩʪʘʥʦʚʢʘ 4-ʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ; 
2. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʠʩʪʝʤʳ ʟʘʢʘʯʢʠ ʠ ʥʘʛʥʝʪʘ-

ʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʦʚ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ; 
ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʜʘʥʥʳʝ ʧʨʦʝʢʪʳ ʤʘʢʩʠʤʠʟʠʨʫʶʪ ʧʦʣʝʟʥʳʡ ʵʬʬʝʢʪ ʧʦʩʨʝʜʩʪʚʦʤ: 

¶ ʇʨʠʪʦʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʫʤʤʘʨʥʳʝ ʦʙʲʸʤʳ 
ʧʨʦʠʟʚʦʜʩʪʚʘ; 

¶ ʇʨʦʜʣʝʥʠʷ ʧʦʣʢʠ ʜʦʙʳʯʠ ʥʝʬʪʠ; 

¶ ʆʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʘʟʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʦʱʥʦʩʪʝʡ; 
ʇʦʩʢʦʣʴʢʫ 4 ʢʦʤʧʨʝʩʩʦʨ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʩʫʱʝʩʪʚʫʶʱʠʤ 

ʢʦʤʧʨʝʩʩʦʨʘʤ, ʧʨʦʝʢʪʠʨʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʳʙʨʘʥʦ ʧʦ ʢʨʠʪʝʨʠʷʤ ʘʥʘʣʦʛʠʯʥʦʩʪʠ (ʪʘʙʣ. 2) 
 

ʋʙʚʤʡʯʙ 2 
ʇʪʦʧʛʦʴʞ ʫʞʮʦʡʰʞʪʣʡʞ ʡ ʩʙʚʧʰʡʞ ʮʙʩʙʣʫʞʩʡʪʫʡʣʡ ʣʧʥʨʩʞʪʪʧʩʙ 

 ̄ ʎʙʩʙʣʫʞʩʡʪʫʡʣʙ ɾʝ.ʡʠʥ. ʃʧʤ -ʛʧ 

1 3-ʭ ʩʪʫʧʝʥʯʘʪʳʡ ʢʦʤʧʨʝʩʩʦʨ  1 

2 ɻʘʟʦʚʘʷ ʪʫʨʙʠʥʘ  1 

 ʊɽʍʅʀʏɽʉʂʀɽ ʇɸʈɸʄɽʊʈʓ   

 ʇɸʈɸʄɽʊʈ ɽʜ.ʠʟʤ ɿʥʘʯʝʥʠʝ 

3 ʄʦʱʥʦʩʪʴ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ (ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ISO) ʄɺ 33,5 

4 ʈʘʩʭʦʜ ʪʦʧʣʠʚʥʦʛʦ ʛʘʟʘ ʧʨʠ ʨʘʩʯʝʪʥʳʭ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʘ ʝʜ. 

ʢʛ/ʯ 10285 
 

5 ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ ʤʣʥ.ʩʪ.ʤ3/ʩʫʪ. 10,9 

6 ʈʘʩʯʝʪʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ (ʢʦʞʫʭ ʢʦʤʧʨʝʩʩʦʨʘ) ʙʘʨ ʠʟʙ. 278.5 

7 ʈʘʩʯʝʪʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ 2-ʡ ʩʪʫʧʝʥʠ (ʢʦʞʫʭ ʢʦʤʧʨʝʩʩʦʨʘ) ʙʘʨ ʠʟʙ. 460 

8 ʈʘʩʯʝʪʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ 3-ʡ ʩʪʫʧʝʥʠ (ʢʦʞʫʭ ʢʦʤʧʨʝʩʩʦʨʘ) ʙʘʨ ʠʟʙ. 686.5 

 
ʇʦ ʧʨʦʝʢʪʫ ʨʘʩʧʦʣʦʞʝʥʠʝ 4 ʢʦʤʧʨʝʩʩʦʨʘ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ ʠʟʦʣʠʨʦʚʘʥʘ ʠ ʦʪʜʝʣʝʥʘ ʦʪ ʦʩ-

ʥʦʚʥʦʛʦ ʦʙʲʝʢʪʘ, ʫʯʠʪʳʚʘʷ ʦʧʝʨʘʮʠʦʥʥʳʡ ʨʠʩʢ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʠʩʫʱʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʶ ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʨʠʩʢʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-
ʮʝʩʩʘ ʜʣʷ ʧʝʨʩʦʥʘʣʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʨʠʩʢʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʪʦʢʩʠʯʥʳʭ ʛʘʟʦʚ) ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘ-
ʪʘʮʠʠ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʩʚʝʜʫʪ ʢ ʤʠʥʠʤʫʤʫ ʧʨʠʩʫʪʩʪʚʠʝ ʦʧʝʨʘʪʦʨʘ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʦʚʝʥʴ 
ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʨʠʩʢʫ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ. ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʨʭʠʪʝʢʪʫʨʥʦ - ʩʪʨʦ-
ʠʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʣʦʱʘʜʢʝ. ʇʣʦʱʘʜʢʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷ-
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ʪʝʣʴʥʦʡ ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʦʤ ʟʝʤʝʣʴʥʦʤ ʫʯʘʩʪʢʝ, ʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩ c 
ʩʫʱʝʩʪʚʫʶʱʝʡ ʫʩʪʘʥʦʚʢʦʡ ʋʂʇɻ-2. 

ʇʨʦʝʢʪ 4-ʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʨʦʛʨʘʤʤʳ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ ʍ ʩ ʧʦʵʪʘʧʥʳʤ ʧʨʦʜʣʝʥʠʝʤ ʧʦʣʢʠ ʜʦʙʳʯʠ ʠ ʧʨʦʜʦʣʞʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʦʩʥʦʚʥʦʡ ʮʝʣʠ, ʢʦʪʦʨʘʷ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʜʣʝʥʠʠ ʧʦʣʢʠ ʜʦʙʳʯʠ ʞʠʜʢʦʛʦ ʩʳʨʴʷ ʜʦ ʤʦʤʝʥʪʘ ʧʦʣʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʫʪʚʝʨʞʜʝʥʠʷ 
ʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʚʝʨʰʘʶʱʝʡ ʬʘʟʳ ʨʘʟʨʘʙʦʪʢʠ.  

ʆʙʲʝʢʪʳ ʧʨʦʝʢʪʘ 4-ʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʦʤʧʨʝʩʩʦʨʥʳʡ ʫʯʘ-
ʩʪʦʢ ʩ ʪʨʝʭʩʪʫʧʝʥʯʘʪʳʤ ʮʝʥʪʨʦʙʝʞʥʳʤ ʢʦʤʧʨʝʩʩʦʨʦʤ, ʧʨʠʚʦʜʠʤʳʤ ʚ ʜʝʡʩʪʚʠʝ ʯʝʨʝʟ ʨʝʜʫʢʪʦʨ ʩʢʦʨʦ-
ʩʪʝʡ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʦʡ. ʆʙʲʝʤ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ 4ʂʆɿɻ ʙʫʜʝʪ ʜʦʚʝʜʝʥ ʜʦ ʤʘʢʩʠʤʫʤʘ ʚ ʨʘʤʢʘʭ ʦʧ-
ʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ 4ʂʆɿɻ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʨʝʜʥʝʛʦ ʦʙʲʝʤʘ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʜʦ 38,9 ʤʣʥ.ʩʪ.ʢʫʙ.ʤ/ʩʫʪ. ʠ 
ʧʠʢʦʚʦʛʦ ʨʘʩʭʦʜʘ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʜʦ 41,6 ʤʣʥ.ʩʪ.ʢʫʙ.ʤ/ʩʫʪ: 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

¶ ʇʨʦʜʣʝʥʠʝ ʧʦʣʢʠ ʜʦʙʳʯʠ ʥʝʬʪʠ 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʩʤʷʛʯʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʜʘʣʴʥʝʡʰʠʭ ʟʘʜʝʨʞʝʢ ʥʘ ʧʨʦʝʢʪʝ SOP 

¶ ʋʤʝʥʴʰʝʥʠʝ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʝ ʠ ʤʠʥʠʤʠʟʘʮʠʷ ʧʘʜʝʥʠʷ ʧʦʣʢʠ ʜʦʙʳʯʠ ʥʝʬʪʠ  
4-̫  ʢʦʤʧʨʝʩʩʦʨʥʘʷ ʣʠʥʠʷ ʛʘʟʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʜʠʥ ʪʨʸʭʩʪʫʧʝʥʯʘʪʳʡ ʮʝʥʪʨʦʙʝʞʥʳʡ ʢʦʤʧʨʝʩʩʦʨ 

ʩ ʧʨʠʚʦʜʦʤ ʦʪ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ, ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʢʦʤʧʨʝʩʩʦʨʦʚ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ ʋʇɻ-1, ʧʨʦʰʝʜʰʠʡ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩ ʫʯʸʪʦʤ ʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʦʙ-
ʱʝʛʦ ʨʘʩʯʸʪʥʦʛʦ ʨʘʩʭʦʜʘ ʠ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʦʤʧʨʝʩʩʦʨʘ. 

ɺʤʝʩʪʝ ʩ ʢʦʤʧʨʝʩʩʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, 
ʚʢʣʶʯʘʷ ʩʝʧʘʨʘʪʦʨʳ, ʚʦʟʜʫʰʥʳʝ ʭʦʣʦʜʠʣʴʥʠʢʠ, ʛʘʟʦʚʳʡ ʬʠʣʴʪʨ ʠ ʚʥʫʪʨʝʥʥʠʝ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʪʨʫʙʦ-
ʧʨʦʚʦʜʳ [8, ʩ.57].       

ʉʪʨʦʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʦʝʢʪʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʤʠ ʈʂ ʠ ʪʝʭʥʠ-
ʯʝʩʢʠʤʠ ʩʧʝʮʠʬʠʢʘʮʠʷʤʠ ʢʦʤʧʘʥʠʠ. ʇʨʦʝʢʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʤ ʧʦ ʚʟʨʳʚʦ- ʠ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʠ, ʠ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʙʲʝʢʪʘ. ʈʘʟʤʝʱʝʥʠʝ ʦʙʲʝʢʪʦʚ ʚʳʧʦʣʥʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʘ ʪʘʢʞʝ ʥʦʨʤʘʤʠ ʠ ʧʨʘʚʠʣʘʤʠ ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩ-
ʥʦʩʪʠ. 

ʆʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʨʝʰʝʥʠʷ ʟʜʘʥʠʷ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʧʨʠʥʷʪʳ ʚ ʩʦʦʪʚʝʩʪʚʠʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʤʠ, ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʤʠ ʠ ʩʘʥʠʪʘʨʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʜʝʡʩʪʚʫʶʱʠʤʠ ʉʅʠʇʘʤʠ ʠ ɻʆʉʊʘʤʠ. 

ɺ ʦʩʥʦʚʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 4-ʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʟʘʱʠʪʳ ʦʪ ʚʳʩʦʢʦʛʦ 
ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʥʘʜʝʞʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʦʪ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʜʘʣʝʝ ʧʦ 
ʪʝʢʩʪʫ - ɺʉɿɺɼ). ʋʩʪʨʦʡʩʪʚʘ ʩʙʨʦʩʘ ʜʘʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʣʘʧʘʥʳ ʩʙʨʦʩʘ (ʇʇʂ), ʧʨʠ 
ʩʪʘʥʜʘʨʪʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʟʘʚʝʨʰʘʶʱʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʩʚʝʨʭʜʘʚʣʝʥʠʡ. 
ʋʯʠʪʳʚʘʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʝ ʧʨʦʝʢʪʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʫʯʘʩʪʢʝ ʚʥʠʟ ʧʦ ʧʦʪʦʢʫ ʦʪ 4-ʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʦʙ-
ʨʘʪʥʦʡ ʟʘʢʘʯʢʠ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʥʝʜʨʠʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʟʘʱʠʪʳ ʦʪ ʜʘʚʣʝʥʠʷ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 
ʧʨʘʢʪʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ. ʋʩʪʘʥʦʚʢʘ ɺʉɿɺɼ, ʦʙʦʨʫʜʦʚʘʥ-
ʥʘʷ ʂʀʇ, ʦʪʚʝʯʘʝʪ ʮʝʣʷʤ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʈʂ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʦʙʝʩ-
ʧʝʯʠʚʘʷ ʧʦʣʥʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʳʡ ʠ ʥʘʜʸʞʥʳʡ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʩʠʩʪʝʤʳ ʥʦʨʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʠ ʩʠʩʪʝʤʦʡ ʦʩʪʘʥʦʚʘ. ɺʉɿɺɼ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʨʠʩ-
ʢʦʚ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʙʨʦʩʘ ʜʘʚʣʝʥʠʷ (ʧʨʝʜʦʭʨʘʥʠ-
ʪʝʣʴʥʳʤʠ ʢʣʘʧʘʥʘʤʠ) [9, ʩ.484]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ɺʉɿɺɼ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʦʚ ʩʞʠʛʘʝʤʦʛʦ ʛʘʟʘ ʥʘ ʧʨʦ-
ʪʷʞʝʥʠʠ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʫʩʪʘʥʦʚʢʠ ʠ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʥʪʘʞʦʤ ʇʇʂ ʚ 
ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺʉɿɺɼ ʩʦʩʪʦʠʪ ʠʟ 3-ʭ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ, ʥʝʟʘʚʠʩʠʤʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʪʩʝʢʘʶʱʝʡ 
ʟʘʜʚʠʞʢʠ ʥʘ ʣʠʥʠʠ ʪʦʧʣʠʚʥʦʛʦ ʛʘʟʘ, ʚʝʜʫʱʝʡ ʢ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʝ ʢʦʤʧʨʝʩʩʦʨʘ. ɼʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ ʙʫʜʫʪ 
ʨʘʙʦʪʘʪʴ ʧʦ ʧʨʠʥʮʠʧʫ 2ʦʦ3 ʛʦʣʦʩʦʚʘʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʥʘʜʸʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʟʘʱʠʪʠʪ ʦʪ ʣʦʞʥʳʭ ʦʪ-
ʢʣʶʯʝʥʠʡ. 

ɺʉɿɺɼ ʧʨʝʢʨʘʪʠʪ ʧʦʜʘʯʫ ʪʦʧʣʠʚʘ ʚ ʢʦʤʧʨʝʩʩʦʨ ʠ ʢʦʤʧʨʝʩʩʦʨ ʦʪʢʣʶʯʠʪʩʷ ʜʦ ʤʦʤʝʥʪʘ ʥʘʩʪʫʧʣʝ-
ʥʠʷ ʩʮʝʥʘʨʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɺʉɿɺɼ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʘʩ-



24 ǡǺǰǭǩǧǤ ǱǤǴǬǭǪǭǢǧǧ* Ǭǟǲǩǟ ǧ ǭǠǯǟǦǭǡǟǬǧǤ 

 

X ȁȐȄȏȍȐȐȇȈȐȉǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʯʸʪʥʦʝ ʜʘʚʣʝʥʠʝ ʩʠʩʪʝʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʩʥʠʟʫ ʧʦ ʧʦʪʦʢʫ, ʥʝ ʧʨʝʚʳʰʘʣʦ 605 ʙʘʨ ʠʟʙ. 
3. ʀɹʃʄʗʐɾʆʁɾ 
ɼʘʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʜʘʩʪ ʧʨʝʢʨʘʩʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦ-

ʩʦʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʂʘʟʘʭʩʪʘʥʘ. ɹʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʜʦʙʳʯʠ ʠ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʧʦʤʦʞʝʪ ʥʘʨʘʱʠʚʘʪʴ ʦʙʲʝʤʳ ʠʟʚʣʝʢʘʝʤʳʭ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʫʚʝʣʠ-
ʯʠʚʘʪʴ ʠʭ ʵʢʩʧʦʨʪ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʨʠʙʳʣʝʡ ʜʣʷ ʂʘʟʘʭʩʪʘʥʘ. 

ʇʘʨʪʥʝʨʳ ʧʦ ʩʦʚʤʝʩʪʥʦʤʫ ʧʨʝʜʧʨʠʷʪʠʶ ʩʣʝʜʫʶʪ ʩʪʨʘʪʝʛʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ʂʨʦʤʝ ʨʦʩʪʘ 
ʜʦʭʦʜʦʚ, ʜʘʥʥʳʡ ʧʨʦʝʢʪ ʪʘʢʞʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ, ʚʢʣʶ-
ʯʘʷ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʨʘʩʰʠʨʝʥʠʝ ʤʝʩʪʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʳ, ʧʝʨʝʜʘʯʫ ʦʧʳʪʘ ʠ 
ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʘʟʚʠʪʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ.  

ʄʳ ʧʨʦʜʦʣʞʠʣʠ ʘʥʘʣʠʟ ʨʷʜʘ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ, ʯʪʦʙʳ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʩʨʝʜ-
ʩʪʚʘ ʫʩʪʨʘʥʝʥʠʷ ʨʘʟʨʳʚʘ ʤʝʞʜʫ ʪʝʢʫʱʝʡ ʩʪʘʜʠʝʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʦʣʛʦ-
ʩʨʦʯʥʳʤ ʦʩʚʦʝʥʠʝʤ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʢʫʱʠʭ ʪʝʤʧʦʚ ʜʦʙʳʯʠ, ʥʘʩʢʦʣʴʢʦ 
ʵʪʦ ʚʦʟʤʦʞʥʦ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʛʘʟʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʍ ʥʝʩʝʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʠ-
ʪʝʣʴʥʳʝ ʚʳʛʦʜʳ: 

¶ ʦʙʨʘʪʥʘʷ ʟʘʢʘʯʢʘ ʛʘʟʘ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʚʦʟʚʨʘʱʘʪʴ ʛʘʟ ʚ ʢʦʣʣʝʢʪʦʨ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ 
ʩʞʠʛʘʥʠʶ ʠʣʠ ʧʝʨʝʨʘʙʦʪʢʝ ʵʪʦʛʦ ʛʘʟʘ ʧʦ ʤʝʩʪʫ ʜʦʙʳʯʠ.  

¶ ʨʘʮʠʦʥʘʣʴʥʦ ʫʧʨʘʚʣʷʪʴ ʢʦʣʣʝʢʪʦʨʦʤ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ ʥʝʤ ʥʝʦʙʭʦʜʠʤʦʝ ʜʘʚʣʝʥʠʝ ʠ, ʪʝʤ 
ʩʘʤʳʤ, ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʜʣʝʚʘʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

¶ ʦʙʨʘʪʥʘʷ ʟʘʢʘʯʢʘ ʛʘʟʘ ʚ ʧʣʘʩʪ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʫʛʣʝʚʦʜʦ-
ʨʦʜʦʚ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜ-
ʧʨʠʷʪʠʷ ʜʦʙʳʚʘʪʴ ʙʦʣʴʰʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ  

¶ ʫʤʝʥʴʰʝʥʠʝ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʝ ʠ ʧʨʦʜʣʝʥʠʝ ʧʦʣʢʠ ʜʦʙʳʯʠ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦ-
ʨʦʜʦʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʠʪ ʚʳʨʫʯʠʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʠʙʳʣʴ 

¶ ʧʨʦʝʢʪ ʫʚʝʣʠʯʝʥʠʷ ʛʘʟʦʚʳʭ ʤʦʱʥʦʩʪʝʡ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʚʦʟʨʘʩʪʘʶʱʠʭ ʦʙʲʝʤʦʚ 
ʛʘʟʘ, ʜʦʙʳʚʘʝʤʳʭ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʪʘʢ ʢʘʢ ʛʘʟʦʥʝʬʪʷʥʦʡ ʬʘʢʪʦʨ (ɻʌ) ʩʦ ʚʨʝʤʝʥʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

¶ ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʦʚ ʩʞʠʛʘʝʤʦʛʦ ʛʘʟʘ 
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ǠǤǦǭǮǟǰǬǭǰǱǻ ǴǯǟǬǧǪǧǸ ǣǟǬǬǺǴ 
ǩȒȆȌȄȕȍȁ ǧȊțȞ ǰȄȏȂȄȄȁȇȖ 

ʄʘʛʠʩʪʨʘʥʪ 
ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʎʘʨʝʛʦʨʦʜʮʝʚʘ ʆʣʴʛʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ  
ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

 
ʇʨʘʢʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʘʛʘʶʪ ʟʘʱʠʪʫ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ (ʣʦʢʘʣʴʥʳʭ ʠ ʚʥʝʰʥʠʭ ʜʘʪʘʮʝʥʪʨʦʚ, ʘ ʪʘʢʞʝ ʦʙʣʘʢʦʚ), ʚ ʪʦʤ ʯʠʩʣʝ ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
ʆʙʲʝʤ ʨʘʟʨʝʰʘʝʤʳʭ ʧʨʦʙʣʝʤ ʜʦʚʦʣʴʥʦ ʦʙʰʠʨʝʥ, ʥʘʯʘʚ ʦʪ ʥʝʫʤʳʰʣʝʥʥʦʡ ʠʣʠ ʞʝ ʩʦʟʥʘʪʝʣʴʥʦʡ ʧʦʨʯʠ 
ʠʥʬʦʨʤʘʮʠʠ ʠ ʟʘʢʦʥʯʠʚ ʜʦʩʪʫʧʦʤ ʥʝʘʚʪʦʨʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʝʤʘ ʜʦʚʦʣʴʥʦ ʘʢʪʫʘʣʴʥʘʷ ʠ 
ʦʩʪʨʘʷ, ʧʦʪʦʤʫ ʯʪʦ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʫʪʨʘʪʳ ʜʘʥʥʳʭ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʚʦʜʷʪʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʧʨʦʙʣʝʤʘ-
ʪʠʢʘʤ ʢʘʩʘʝʤʦ ʦʙʣʘʩʪʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʭʨʘʥʠʣʠʱ. 

ʍʦʨʦʰʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʟ-
ʣʠʯʥʳʤ ʥʦʨʤʘʪʠʚʥʳʤ ʧʨʠʥʮʠʧʘʤ ʠ ʧʦʣʦʞʝʥʠʷʤ, ʢ ʧʨʠʤʝʨʫ, PCI-DSS (Payment Card Industry Data 
Security Standard; ʩʪʘʥʜʘʨʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʠʥʜʫʩʪʨʠʠ ʧʣʘʪʝʞʥʳʭ ʢʘʨʪ) ʠʣʠ ʞʝ GDPR (General Data 
Protection Regulation, ʦʙʱʠʡ ʨʝʛʣʘʤʝʥʪ ʧʦ ʟʘʱʠʪʝ ʜʘʥʥʳʭ), ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ɽʚʨʦʩʦʶʟʝ. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ 
ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʘʥʠʠ ʚ ʩʬʝʨʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʯʘʣʠ ʚʳʨʘʙʘʪʳʚʘʪʴ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ 
ʩʤʦʛʫʪ ʧʦʤʦʯʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʨʝʛʣʘʤʝʥʪʘʤ. ʂʘʢ ʧʨʠʤʝʨ, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʨʘʩʪʫ-
ʱʠʡ ʨʳʥʦʢ GDPR ʨʝʰʝʥʠʡ. 

ɺ ʦʙʱʝʤ, ʥʘʜʝʞʥʘʷ ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʩʚʦʜʠʪ ʢ ʤʠʥʠʤʫʤʫ ʪʘʢʠʝ ʧʨʝʩʪʫʧ-
ʥʳʝ ʜʝʷʥʠʷ, ʢʘʢ ʚʦʟʨʦʩʰʠʡ ʨʠʩʢ ʩʦʚʝʨʰʝʥʠʷ ʢʨʘʞ, ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʨʘʩʢʨʳʪʠʷ, ʧʦʜʜʝʣʢʠ ʠ ʞʝ 
ʥʝʫʤʳʰʣʝʥʥʦʡ, ʩʦʟʥʘʪʝʣʴʥʦʡ ʧʦʨʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʘʢ ʧʨʘʚʠʣʦ ʚʚʝʜʝʥʳ 
ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʦʯʝʚʠʜʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʘʥʥʳʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ. ʇʝʨʝʜ ʨʝʘʣʠʟʘʮʠʝʡ ʩʠʩʪʝʤʳ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ ʚʳʜʝʣʷʝʤʳʝ ʪʠʧʳ ʫʛʨʦʟ, ʩ ʢʦʪʦʨʳʤʠ ʩʤʦʞʝʪ 
ʩʪʦʣʢʥʫʪʴʩʷ ʢʦʤʧʘʥʠʷ. 

ɹʦʦʫʧʫʙʯʡ:y ɺ ʩʪʘʪʴʝ ʩʪʘʚʠʪʩʷ ʮʝʣʴ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠ ʧʨʘʢʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʣʠʱ 
ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʠ ʦʧʠʩʘʪʝʣʴʥʳʡ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʣʠʱ ʜʘʥ-
ʥʳʭ. ɺʳʚʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʫʣʫʯʰʝʥʠʠ ʚʩʝʭ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʘʩʘʝʤʦ ʟʘʱʠʪʝ 
ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʙʝʟʦʧʘʩʥʦʩʪʴ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ, PCI-DSS, GDPR, SNIA, CCTV. 
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26 ǡǺǰǭǩǧǤ ǱǤǴǬǭǪǭǢǧǧ* Ǭǟǲǩǟ ǧ ǭǠǯǟǦǭǡǟǬǧǤ 

 

X ȁȐȄȏȍȐȐȇȈȐȉǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɺ ʮʝʣʦʤ ʚʩʝ ʚʠʜʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ. ɺʥʝʰʥʠʝ ʫʛʨʦʟʳ: 
ʚʦ-ʧʝʨʚʳʭ, ʥʘʮʠʦʥʘʣʴʥʳʝ ʛʦʩʫʜʘʨʩʪʚʘ, ʚʦ-ʚʪʦʨʳʭ, ʪʝʨʨʦʨʠʩʪʳ, ʭʘʢʝʨʳ, ʢʠʙʝʨʤʦʰʝʥʥʠʢʠ, ʦʨʛʘʥʠʟʦʚʘʥ-
ʥʳʝ ʧʨʝʩʪʫʧʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ, ʚ-ʪʨʝʪʴʠʭ, ʢʦʥʢʫʨʝʥʪʳ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʧʨʦʤʳʰʣʝʥʥʳʤ ʰʧʠʦʥʘʞʝʤ. 

ʊʘʢ ʞʝ ʧʦʜʨʘʟʜʝʣʷʶʪ ʠ ʚʥʫʪʨʝʥʥʠʝ ʫʛʨʦʟʳ: ʚʦ-ʧʝʨʚʳʭ, ʠʥʩʘʡʜʝʨʳ ʩ ʥʝʯʠʩʪʦʧʣʦʪʥʳʤʠ ʧʦʤʳʩʣʘ-
ʤʠ, ʚʦ-ʚʪʦʨʳʭ, ʧʣʦʭʦ ʦʙʫʯʝʥʥʳʡ ʠʣʠ ʙʝʟʦʪʚʝʪʩʪʚʝʥʥʳʡ ʧʝʨʩʦʥʘʣ, ʚ-ʪʨʝʪʴʠʭ, ʥʝʜʦʚʦʣʴʥʳʝ ʩʦʪʨʫʜʥʠʢʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʠ ʧʨʦʯʠʝ ʫʛʨʦʟʳ: ʚʦ-ʧʝʨʚʳʭ, ʧʦʞʘʨʳ, ʥʘʚʦʜʥʝʥʠʷ ʠ ʜʨʫʛʠʝ ʢʘʪʘʩʪʨʦʬʳ 
ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʚʦ-ʚʪʦʨʳʭ, ʧʝʨʝʙʦʠ ʩ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ. 

ʅʘ ʚʳʩʦʯʘʡʰʝʤ ʫʨʦʚʥʝ ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʩʪʨʦʝʥʘ ʥʘ ʪʨʝʭ 
ʧʨʠʥʮʠʧʘʭ: ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ. ʇʝʨʚʳʡ ʧʨʠʥʮʠʧ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ 
ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʜʦʣʞʝʥ ʙʳʪʴ ʠʩʢʣʶʯʝʥ ʢʘʢ ʧʦ 
ʩʝʪʠ, ʪʘʢ ʠ ʣʦʢʘʣʴʥʦ. ʕʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʧʦʪʝʨʶ ʠʥʬʦʨʤʘʮʠʠ. ɺʪʦ-
ʨʦʡ, ʥʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʡ ʧʨʠʥʮʠʧ ï ʵʪʦ ʮʝʣʦʩʪʥʦʩʪʴ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʦ, ʯʪʦ ʜʘʥʥʳʝ ʜʦʣʞʥʳ ʙʳʪʴ 
ʟʘʱʠʱʝʥʳ ʦʪ ʧʦʜʜʝʣʢʠ ʠ ʨʘʟʣʠʯʥʳʭ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʊʨʝʪʠ ʧʨʠʥʮʠʧ ʜʦʩʪʫʧʥʦʩʪʠ, 
ʨʘʩʩʤʘʪʨʠʚʘʷ ʝʛʦ ʚ ʢʦʥʪʝʢʩʪʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʤʠʥʠʤʠʟʘʮʠʶ ʨʠʩʢʘ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʠʣʠ 
ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʭʨʘʥʠʣʠʱʘ ʥʘʤʝʨʝʥʥʦ, ʢ ʧʨʠʤʝʨʫ, ʯʝʨʝʟ DDoS ʘʪʘʢʫ, ʠ ʥʝʫʤʳʰʣʝʥʥʦ, ʚʦ ʚʨʝʤʷ ʩʪʠʭʠʡ-
ʥʦʛʦ ʙʝʜʩʪʚʠʷ, ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʙʦʝʚ ʩ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʣʦʤʢʠ. 

ʉʦʛʣʘʩʥʦ SNIA (Storage Networking Industry Association; ɸʩʩʦʮʠʘʮʠʷ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʭʨʘʥʝ-
ʥʠʷ), ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʘʷ ʩʫʪʴ ʩʪʘʥʜʘʨʪʘ ISO/IEC 27040 ï ʣʫʯʰʠʝ ʧʨʘʢʪʠʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝ-
ʩʪʚʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʙʘʟʦʚʦʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ. ʄʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʟʘ-
ʱʠʪʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʜʘʥʥʳʭ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝ-
ʙʷ: ʥʘʡʤ ʧʝʨʩʦʥʘʣʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʪʘ ʮʝʥʪʨʦʚ ʠ ʭʨʘʥʠʣʠʱ; CCTV ʤʦʥʠʪʦʨʠʥʛ (ʉlosed Circuit 
Television; ʉʠʩʪʝʤʘ ʪʝʣʝʚʠʜʝʥʠʷ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ) ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʠʜʝʦ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʜʦ-
ʩʪʫʧʘ ʥʘ ʙʘʟʝ ʙʠʦʤʝʪʨʠʠ, ʩʤʘʨʪ-ʢʘʨʪ ʠ ʪʫʨʥʠʢʝʪʦʚ ʩ ʟʘʱʠʪʦʡ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʡ ʥʝʩʢʦʣʴʢʠʭ ʣʠʮ ʦʜʥʦ-
ʚʨʝʤʝʥʥʦ ʠ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ, ʢʦʪʦʨʳʝ ʨʘʟʨʝʰʘʶʪ ʧʨʦʭʦʜʠʪʴ ʪʦʣʴʢʦ ʦʜʥʦʤʫ ʯʝʣʦʚʝʢʫ ʧʦʩʣʝ ʘʫʪʝʥʪʠʬʠ-
ʢʘʮʠʠ; ʤʦʥʠʪʦʨʠʥʛ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ ʧʦʤʦʱʠ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʳʤʘ; ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʟʘʧʘʩʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ). 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ. ʄʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʪʝʭʥʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʧʦʜʨʘʟʫʤʝʚʘʶʪ 
ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʜʫʨ, ʟʥʘʢʦʤʳʭ ʀʊ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʢʘʢ, ʢ ʧʨʠʤʝʨʫ, ʟʘʱʠʪʘ ʩʝʪʝʚʦʛʦ ʧʝʨʠʤʝʪʨʘ, ʩʠʩʪʝʤʳ 
ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ, ʬʘʝʨʚʦʣʳ ʠ ʘʥʪʠʚʠʨʫʩʳ. 

ʂʘʩʘʝʤʦ ʟʘʱʠʪʳ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʦʜʝʣʘʪʴ ʫʢʘʟʘʥʥʳʝ ʤʝʨʳ: ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ: ʚ ʧʣʘʥʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʭʨʘʥʠʣʠʱ SNIA ʨʝʢʦʤʝʥ-
ʜʫʝʪ ʫʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʶ ʟʘ ʜʦʩʪʫʧʦʤ. ɺʦ 
ʤʥʦʞʝʩʪʚʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʟʘʱʠʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʩʘʤʠʭ ʜʘʥʥʳʭ. 
ʇʦ ʤʠʤʦ ʵʪʦʛʦ, ʥʘʠʣʫʯʰʠʝ ʧʨʘʢʪʠʢʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʝʘʣʠʟʘʮʠʶ ʩʣʝʜʫʶʱʠʭ ʤʝʨ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 
ʚʥʝʜʨʝʥʠʠ ʩʭʦʞʠʭ ʩʠʩʪʝʤ: ʠʟʤʝʥʝʥʠʝ ʚʩʝʭ ʩʪʘʥʜʘʨʪʥʳʭ ʫʯʝʪʥʳʭ ʟʘʧʠʩʝʡ; ʠʟʙʝʛʘʥʠʝ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʫʯʝʪʥʳʭ ʟʘʧʠʩʝʡ, ʦʪʩʣʝʜʠʪʴ ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠʣʠ ʥʝʚʦʟʤʦʞʥʳʤ ʚʦʚʩʝ; 
ʥʘʟʥʘʯʝʥʠʝ ʨʦʚʥʦ ʪʘʢʠʭ ʧʨʘʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʦʣʠ; ʠʟʤʝʥʝʥʠʝ ʠʣʠ ʩʥʷʪʠʝ ʧʨʘʚ ʧʨʠ 
ʫʚʦʣʴʥʝʥʠʠ ʠʣʠ ʩʤʝʥʘ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɸʥʘʣʠʟ ʪʨʘʬʠʢʘ: ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʜʝʡʩʪʚʝʥʥʳʭ ʤʝʨ ʚ ʢʦʥʪʝʢʩʪʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʣʠʱ ï ʧʨʦ-
ʬʠʣʠʨʦʚʘʥʠʝ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʠ ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʘʪʪʝʨʥʦʚ ʧʦʚʝʜʝʥʠʷ ʩ ʮʝʣʴʶ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʥʦ-
ʤʘʣʴʥʦʡ ʠʣʠ ʧʦʜʦʟʨʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʘʥʥʘʷ 
ʟʘʜʘʯʘ ʨʘʟʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (user and entity behavior 
analytics; UEBA), ʩʪʘʥʦʚʷʱʠʭʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʯʘʩʪʴʶ ʨʝʰʝʥʠʡ SIEM (security information and event 
management). 

ʄʦʥʠʪʦʨʠʥʛ ʠ ʦʪʯʝʪʥʦʩʪʴ: SNIA ʨʝʢʦʤʝʥʜʫʝʪ ʚʢʣʶʯʘʪʴ ʠ ʚʥʝʜʨʷʪʴ ʨʘʟʣʠʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦ-
ʨʳʝ ʩʚʷʟʘʥʳ ʩ ʤʦʥʠʪʦʨʠʥʛʦʤ ʠ ʦʪʯʝʪʥʦʩʪʴʶ, ʯʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʠʩʪʝʤʥʳʝ 
ʞʫʨʥʘʣʳ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʨʫʰʝʥʠʡ ʢʘʩʘʝʤʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ 
ʮʝʣʴʶ ʠʩʢʣʶʯʠʪʴ ʧʦʜʦʙʥʳʝ ʠʥʮʠʜʝʥʪʳ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. 
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ɿʘʱʠʪʘ ʠʥʪʝʨʬʝʡʩʦʚ ʫʧʨʘʚʣʝʥʠʷ: ʤʥʦʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʝʜʨʷʶʪ ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ ʠʥʬʨʘʩʪʨʫʢʪʫ-
ʨʳ ʭʨʘʥʠʣʠʱʘ ʠ ʜʘʥʥʳʭ ʦʪ ʥʝʘʚʪʦʨʠʟʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʥʦ ʟʘʙʳʚʘʶʪ ʦʙʝʟʦʧʘʩʠʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-
ʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʥʘʜʝʣʠʪʴ ʩʝʙʷ ʥʫʞʥʳʤʠ ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʘ ʠʣʠ ʨʘʩʰʠʨʠʪʴ 
ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠʚʠʣʝʛʠʠ ʜʣʷ ʜʦʩʪʫʧʥʘ ʢ ʜʘʥʥʳʤ. 

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ ʥʝ ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʥʝ ʷʚʣʷʶʪʩʷ ʠʩʯʝʨʧʳʚʘʶʱʠʤʠ. 
ʈʘʩʩʤʦʪʨʠʤ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʫʨʦʚʝʥʴ. ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʤʝʨʳ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʨʝ-
ʤʷ çʇè, ʘ ʠʤʝʥʥʦ: ʧʦʣʠʪʠʢʘ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʮʝʜʫʨʳ. ʂʘʞʜʘʷ ʧʝʨʝʯʠʩʣʝʥʥʘʷ ʥʘʤʠ ʤʝʨʘ ʠʛʨʘʝʪ 
ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ. ɽʩʣʠ ʤʳ ʙʝʨʝʤ ʢʦʥʢʨʝʪʠʢʫ, ʪʦ, ʥʘʧʨʠʤʝʨ, ʧʦʣʠʪʠʢʘ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʣʞʥʘ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʚʩʝʚʦʟʤʦʞʥʳʝ ʤʝʩʪʘ ʭʨʘʥʝʥʠʷ ʜʣʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʠʧʦʚ ʠʥ-
ʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʪʛʨʘʥʠʯʠʚʘʪʴ ʧʨʘʚʦ ʜʦʩʪʫʧʘ, ʪʠʧʳ ʰʠʬʨʦʚʘʥʠʷ ʠ ʤʦʤʝʥʪʳ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘ-
ʣʠʪʴ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʝʥʫʞʥʳʤʠ ʠ ʥʝʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ SNIA, ʛʜʝ ʧʨʦʧʠʩʘʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʘʩ-
ʧʝʢʪʳ ʭʨʘʥʝʥʠʷ ʚ ʧʦʣʠʪʠʢʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʩʣʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʘʞʥʝʡʰʠʭ ʠ ʢʨʠʪʠʯʝʩʢʠʭ ʜʣʷ ʙʠʟʥʝʩʘ 
ʢʘʪʝʛʦʨʠʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʦ ʯʠʩʣʝ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʭ ʟʘʱʠʪʝ; ʦʙʲʝʜʠʥʝʥʠʝ ʧʦʣʠʪʠʢ, ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ 
ʭʨʘʥʠʣʠʱ, ʘ ʪʘʢ ʞʝ ʧʨʦʯʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ʚ ʪʦʤ ʤʝʩʪʝ, ʛʜʝ ʵʪʦ ʚʦʟʤʦʞʥʦ; ʚʚʝʜʝʥʠʝ ʤʝʨ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʠ 
ʟʘʱʠʪʝ ʙʘʟ ʜʘʥʥʳʭ; ʚʚʦʜ ʤʝʨ ʢʘʩʘʝʤʦ ʫʜʘʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʥʠʯʪʦʞʝʥʠʷ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ; 
ʧʨʦʚʝʨʢʘ ʥʘ ʠʜʝʥʪʠʯʥʦʩʪʴ ʠ ʩʦʨʘʟʤʝʨʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚʩʝ ʯʘʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʭʨʘʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫ-
ʶʪ ʧʦʣʠʪʠʢʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʨ ʚ ʚʠʜʝ ʥʘʢʘʟʘʥʠʡ ʟʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʥʦʨʤ ʠ ʩʪʘʥʜʘʨʪʦʚ ʠ, ʚ 
ʩʣʝʜʩʪʚʠʠ ʵʪʦʛʦ, ʥʝʟʘʱʠʱʝʥʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʦʛʫʪ ʙʳʪʴ ʩʪʨʦʛʠʤʠ, ʵʪʦ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ 
ʦʪʥʦʰʝʥʠʠ ʜʘʥʥʳʭ ʣʠʮ ʰʪʨʘʬʦʚ ʠ ʚ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʥʘʢʘʟʘʥʠʝ ʚ ʚʠʜʝ ʪʶʨʝʤ-
ʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ. ʅʦ ʙʝʟʫʩʣʦʚʥʦ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʝʨ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ. ʂ ʧʨʠʤʝʨʫ, ʚ ʩʪʘʥʜʘʨʪʝ GDPR ʫʧʦʤʠʥʘʝʪʩʷ ʰʠʬʨʦʚʘʥʠʝ, ʦʜʥʘʢʦ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝ ʦʙʷʟʘʪʝʣʴʥʳʤ. ɺ ʩʣʫʯʘʝ ʞʝ ʛʨʫʙʦʛʦ ʠʥʮʠʜʝʥʪʘ, ʠʪʦʛʠ ʥʝʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʬ-
ʨʦʚʘʥʠʷ ʙʫʜʫʪ ʜʦʩʪʘʪʦʯʥʦ ʩʝʨʴʝʟʥʳ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ, ʧʦ ʬʘʢʪʫ ʪʦʛʦ, ʯʪʦ ʚʳʰʝʫʧʦʤʷ-
ʥʫʪʳʭ ʤʝʨ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ GDPR. ʇʨʦʯʠʝ ʨʝʛʣʘʤʝʥʪʳ ʥʘʠʙʦʣʝʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʜʘʥʥʳʝ ʨʝʛʣʘʤʝʥʪʳ ʙʳʣʠ ʠʟʦʙʨʝʪʝʥʳ, ʯʪʦʙʳ ʨʝʘʣʠ-
ʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʠ ʩʦʨʘʟʤʝʨʥʦʩʪʴ ʨʝʛʣʘʤʝʥʪʘʤ ʥʝ ʟʥʘʯʠʪ ʪʦ, 
ʯʪʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʝʡʩʪʚʝʥʥʦ ʨʘʙʦʪʘʝʪ ʚʳʰʝʫʧʦʤʷʥʫʪʘʷ ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʠ ʜʦʩʪʘ-
ʪʦʯʥʦ ʨʝʜʢʦ ʤʝʨʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ, ʩʜʝʣʘʶʪ ʜʘʥʥʫʶ ʩʠ-
ʩʪʝʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʠʤʝʥʝʝ ʜʝʡʩʪʚʝʥʥʦʡ, ʯʝʤ, ʝʩʣʠ ʙʳ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʤʝʨʳ ʥʝ ʙʳʣʠ 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʦʚʩʝ. 
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ǧǰǰǪǤǣǭǡǟǬǧǤ ǮǯǭǵǤǰǰǟ ǣǤǫǭǬǱǟǥǟ 
ǭǠǫǭǱǭǩ ǼǪǤǩǱǯǭǣǡǧǢǟǱǤǪǤǨ Ǯǯǧ 
ǯǤǫǭǬǱǟǴ ǰ ǪǟǩǭǡǭǨ ǧ 
ǩǭǫǮǟǲǬǣǧǯǭǡǟǬǬǭǨ ǰǧǰǱǤǫǟǫǧ 
ǧǦǭǪǾǵǧǧ 

ǬȄȋȇȏȍȁȐȉȇȈ ǟȊȄȉȐǿȌȃȏ ǤȋȄȊțȞȌȍȁȇȖ, 
ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ǩȇȖȇȂȇȌǿ ǢǿȊȇȌǿ ǟȌǿȑȍȊțȄȁȌǿ, 
ʢ.ʵ.ʥ., ʜʦʮʝʥʪ  

ǰȄȏȂȇȄȁȐȉǿȞ ǧȏȇȌǿ ǽȏțȄȁȌǿ, 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ǰǿȒȔȇȌǿ ǤȉǿȑȄȏȇȌǿ ǧȁǿȌȍȁȌǿ 
ʤʘʛʠʩʪʨ  

ʌɻɹʆʋ ɺʆ çɺʦʣʦʛʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
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ʨʳ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʘʟʨʫʰʝʥʠʝ ʦʙʤʦʪʢʠ ʕɼ ʚ ʧʨʦʮʝʩʩʝ ʝʸ ʜʝʤʦʥʪʘʞʘ. 
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ʥʠʨʦʚʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʬʫʥʢʮʠʷ ʦʪʢʣʠʢʘ. 
  

INVESTIGATION OF THE PROCESS OF DISMANTLING THE WINDINGS OF ELECTRIC MOTORS 
DURING REPAIRS WITH VARNISHED AND COMPOUNDED INSULATION SYSTEMS 

 
Nemirovsky Alexander Emelyanovich, 

Kichigina Galina Anatolyevna, 
Sergievskaya Irina Yurievna, 
Saukhina Ekaterina Ivanovna  

 
Abstract: In this work, by the method of a statistically planned experiment, a method for dismantling a "burnt" 
stator winding of an electric motor (EM) using ultrasonic radiation (US) and a reduced concentration of caustic 
soda was investigated. For the process of efficient extraction of ñburned outò motor windings with various insu-
lation impregnation systems, the optimal parameters of the characteristics that determine the destruction of the 
EM winding and its dismantling process have been found and determined. 
Key words: winding dismantling, electric motor, ultrasonic radiation, statically planned experiment, response 
function. 
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʯʠʥʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (ʕɼ) ʷʚʣʷʝʪʩʷ çʩʛʦʨʝʚʰʘʷè 
ʦʙʤʦʪʢʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ, ʩʣʝʜʩʪʚʠʝʤ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʟʘʧʳʣʝʥʥʦʩʪʠ, ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʠʪʘʶʱʝ-
ʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʨʫʛʠʭ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʠ ʥʘʨʫʰʝʥʠʝ 
ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ [1, c.11]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʠʩʧʨʘʚʥʳʡ ʕɼ ʧʨʠʭʦʜʠʪʩʷ ʧʦʜʚʝʨʛʘʪʴ ʨʝʤʦʥʪʫ.  

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʜʝʤʦʥʪʘʞʘ ʦʙʤʦʪʦʢ ʕɼ ʧʨʠ ʨʝʤʦʥʪʝ: ʤʝʭʘʥʠʯʝʩʢʠʡ, ʪʝʨʤʦʭʠʤʠ-
ʯʝʩʢʠʡ, ʪʝʨʤʠʯʝʩʢʠʡ, ʭʠʤʠʯʝʩʢʠʡ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ. ɺʩʝ ʵʪʠ ʩʧʦʩʦʙʳ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦ-
ʩʪʘʪʢʠ: ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʧʦʣʥʦʩʪʴʶ ʥʝ ʜʝʤʦʥʪʠʨʫʶʪ çʩʛʦʨʝʚʰʫʶè ʦʙʤʦʪʢʫ ʠ ʯʘʩʪʴ ʝʝ ʦʩʪʘʝʪʩʷ ʚ ʕɼ, 
ʯʪʦ ʩʦʟʜʘʝʪ ʥʝʫʜʦʙʩʪʚʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʝʛʦ ʨʝʤʦʥʪʝ. ʅʝʢʦʪʦʨʳʝ ʩʧʦʩʦʙʳ ʚʳʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟ-
ʜʝʡʩʪʚʠʝ ʥʘ ʧʝʨʩʦʥʘʣ ʠ ʵʢʦʣʦʛʠʶ [2, c.64-65].  

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʜʝʤʦʥʪʘʞʘ çʩʛʦʨʝʚʰʝʡè ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʕɼ ʤʝʪʦʜʦʤ ʋɿʀ ʩ ʧʦ-
ʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʜʢʦʛʦ ʥʘʪʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʨʝʜʳ [3]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʝʤʦʥʪʘʞʘ ʦʙʤʦʪʢʠ ʕɼ ʥʦʚʳʤ ʩʧʦʩʦʙʦʤ ʚʳʙʨʘʥ ʧʣʘʥ ʩʪʘʪʠʯʝʩʢʠ 
ʩʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 34, ʩʦʩʪʦʷʱʠʡ ʠʟ 25 ʦʧʳʪʦʚ.  

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʝʤʦʥʪʘʞʘ ʦʙʤʦʪʢʠ ʕɼ ʥʫʞʥʦ ʧʦʩʪʨʦʠʪʴ ʤʘ-
ʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ. ʅʘ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʧʠʪʢʠ çʩʛʦʨʝʚʰʝʡè ʦʙʤʦʪʢʠ ʕɼ ʙʫʜʫʪ ʚʣʠʷʪʴ ʩʣʝ-
ʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʝʜʢʦʛʦ ʥʘʪʨʘ, ʘ ʪʘʢʞʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ 
ʠ ʤʦʱʥʦʩʪʴ ʋɿʀ [1. c.12]. 

ʋʨʦʚʥʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʋʙʚʤʡʯʙ 1 
ʌʩʧʛʦʡ ʛʙʩʵʡʩʧʛʙʦʡʸ ʭʙʣʫʧʩʧʛ 

ʅʝʟʘʚʠʩʠʤʳʝ 
ʧʝʨʝʤʝʥʥʳʝ 

ʋʨʦʚʥʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʀʥʪʝʨʚʘʣ 
ʚʘʨʴʠʨʦʚʘʥʠʷ +1 0 -1 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ  
ʚʦʟʜʝʡʩʪʚʠʷ ʋɿʀ, ʭ1, ʤʠʥ. 

30 ʤʠʥ 100 ʤʠʥ 170 ʤʠʥ 70 

ʊʝʤʧʝʨʘʪʫʨʘ, ʭ2, ʉ 20 ʉ 35 ʉ 50 ʉ 15 

ʄʦʱʥʦʩʪʴ ʋɿʀ, ʭ3, ɺʪ 40 ɺʪ 90 ɺʪ 140 ɺʪ 50 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ, ʭ4, % 2 % 4,5 % 7 % 2,5 

 
ʉʨʘʚʥʠʚʘʣʠʩʴ ʜʚʝ ʩʠʩʪʝʤʳ ʠʟʦʣʷʮʠʠ çʩʛʦʨʝʚʰʠʭè ʕɼ: ʥʘ ʦʩʥʦʚʝ ʣʘʢʘ ʄʃ-92 ʠ ʢʦʤʧʘʫʥʜʘ ʂʇ-

303. ɿʘ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʪʝʧʝʥʴ ʨʘʟʨʫʰʝʥʠʷ çʩʛʦʨʝʚʰʝʡè ʦʙʤʦʪʢʠ ʕɼ ʚ ʧʨʦʮʝʩʩʝ 
ʜʝʤʦʥʪʘʞʘ, ʚʳʙʨʘʥʳ ʜʚʝ ʬʫʥʢʮʠʠ: ʦʩʪʘʪʦʯʥʘʷ ʩʢʣʝʠʚʘʝʤʦʩʪʴ ʚʠʪʢʦʚ ʧʨʦʚʦʜʘ ʠ ʦʩʪʘʪʦʯʥʦʝ ʫʩʠʣʠʝ ʚʳ-
ʜʝʨʛʠʚʘʥʠʷ ʩʪʘʨʦʡ ʦʙʤʦʪʢʠ ʠʟ ʧʘʟʦʚ [1, c.13]. ɼʣʷ ʵʪʠʭ ʬʫʥʢʮʠʡ ʦʪʢʣʠʢʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Mathcad 
ʧʦʩʪʨʦʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʜʝʤʦʥʪʘʞʘ ʦʙʤʦʪʢʠ ʕɼ ʚ ʠʤʝʥʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ. 

ʌʫʥʢʮʠʷ ʦʪʢʣʠʢʘ ʜʣʷ ʦʩʪʘʪʦʯʥʦʡ ʩʢʣʝʠʚʘʝʤʦʩʪʠ (ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʟʦʣʷʮʠʠ): 
 

)1(      .292.0+xxx-0.007x+xxx022.0-+xxx001.0+xxx003.0+

+xx-0.036x+x-0.018x+xx002.0+xx02.0+xx013.0+

+xx047.0+xx007.0-+x01.0+-0.01x+x017.0-+x006.0-+

+-0.013x+-0,014x+x019.0+x011.0=)x,x,x,x(y

4321432431421

32143423241
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2
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2

2

2

1

43214321

 

ʌʫʥʢʮʠʷ ʦʪʢʣʠʢʘ ʦʩʪʘʪʦʯʥʦʡ ʩʢʣʝʠʚʘʝʤʦʩʪʠ (ʩʠʩʪʝʤʘ ʠʟʦʣʷʮʠʠ, ʧʨʦʧʠʪʘʥʥʘʷ ʣʘʢʦʤ): 
 

)2(      .529,0+xxxx112,0+xxx097.0-+xxx-0,028+

+x-0.023x+xx-0,04+xx035.0+

+xx018.0-+xx029.0-+x01.0+-0.01x+x017.0-+x006.0-+

+-0.03x+-0,059x+x057.0-+x077,0-=)x,x,x,x(y

4321432421

434232

3121

2

4

2

3

2

2

2

1

43214321

 



30 ǡǺǰǭǩǧǤ ǱǤǴǬǭǪǭǢǧǧ* Ǭǟǲǩǟ ǧ ǭǠǯǟǦǭǡǟǬǧǤ 

 

X ȁȐȄȏȍȐȐȇȈȐȉǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʜʝʤʦʥʪʘʞʘ çʩʛʦʨʝʚʰʠʭè ʦʙʤʦʪʦʢ 
ʕɼ ʧʨʠ ʨʝʤʦʥʪʘʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʠʟʦʣʷʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (1), (2). 

 
 ʋʙʚʤʡʯʙ 2 

ʇʨʫʡʥʙʤʵʦʴʞ ʨʙʩʙʥʞʫʩʴ ʨʩʧʯʞʪʪʙ ʝʞʥʧʦʫʙʟʙ çʪʜʧʩʞʛʱʡʮè ʧʚʥʧʫʧʣ ʖɽ ʝʤʸ ʩʙʠʤʡʰʦʴʮ 
ʪʡʪʫʞʥ ʡʠʧʤʸʯʡʡ (ʧʨʫʡʥʡʠʙʯʡʸ ʨʧ ʧʪʫʙʫʧʰʦʧʢ ʪʣʤʞʡʛʙʞʥʧʪʫʡ) 

ɺʦʟʜʝʡʩʪʚʫʶʱʠʝ ʬʘʢʪʦʨ r
ʆʩʪʘʪʦʯʥʘʷ ʩʢʣʝʠʚʘʝʤʦʩʪʴ 

ʂʦʤʧʘʫʥʜ ʂʇ-303 ʃʘʢ ʄʃ-92 

Ø ̉ (ʤʠʥ) 170 ʤʠʥ 171 ʤʠʥ 

Ø ̉ ( □ ʉ) 50 □ ʉ 50,45 □ ʉ 

Ø̉  (ɺʪ) 101 ɺʪ 116,25 ɺʪ 

Ø̉ (%) 5 % 6,3% 

 
ʌʫʥʢʮʠʷ ʦʪʢʣʠʢʘ ʜʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʫʩʠʣʠʷ ʚʳʜʝʨʛʠʚʘʥʠʷ ʩʪʘʨʦʡ ʦʙʤʦʪʢʠ ʠʟ ʧʘʟʦʚ (ʢʦʤʧʘʫʥʜʠʨʦ-

ʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʟʦʣʷʮʠʠ): 
 

)3(      .6751.0+xxxx0793,0+xxx0236.0-+

xxx083.0+xxx0778,0++xxx0765,0+x-0.1042x+

xx0404.0-+xx0058.0-+xx0193.0++xx0313.0+

xx0804.0+x0817.0+0.0016x+x1748.0-+x0588.0-+

+x0105,0+-0,0788x+x1006.0+x05.0=)x,x,x,x(y
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ʌʫʥʢʮʠʷ ʦʪʢʣʠʢʘ ʜʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʫʩʠʣʠʷ ʚʳʜʝʨʛʠʚʘʥʠʷ ʩʪʘʨʦʡ ʦʙʤʦʪʢʠ ʠʟ ʧʘʟʦʚ (ʩʠʩʪʝʤʘ ʠʟʦʣʷ-
ʮʠʠ, ʧʨʦʧʠʪʘʥʥʘʷ ʣʘʢʦʤ): 

 

)4(      .656.0+xxxx056,0+xxx04,0+xxx089.0+xxx062,0+

+xxx098,0+x-0.079x+xx047.0-+

+xx041.0+xx059.0+x07.0+-0,011x+x188.0-+x071.0-+

+-0,054x+x1.0+x042.0=)x,x,x,x(y
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 ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʜʝʤʦʥʪʘʞʘ çʩʛʦʨʝʚʰʠʭè ʦʙʤʦʪʦʢ 

ʕɼ ʧʨʠ ʨʝʤʦʥʪʘʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʠʟʦʣʷʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (3), (4). 
 

ʋʙʚʤʡʯʙ 3 
ʇʨʫʡʥʙʤʵʦʴʞ ʨʙʩʙʥʞʫʩʴ ʨʩʧʯʞʪʪʙ ʝʞʥʧʦʫʙʟʙ çʪʜʧʩʞʛʱʡʮè ʧʚʥʧʫʧʣ ʖɽ ʝʤʸ ʩʙʠʤʡʰʦʴʮ 

ʪʡʪʫʞʥ ʡʠʧʤʸʯʡʡ (ʧʨʫʡʥʡʠʙʯʡʸ ʨʧ ʬʪʡʤʡʷ ʛʴʝʞʩʜʡʛʙʦʡʸ) 

ɺʦʟʜʝʡʩʪʚʫʶʱʠʝ ʬʘʢʪʦʨʳ 
ʆʩʪʘʪʦʯʥʦʝ ʫʩʠʣʠʝ ʚʳʜʝʨʛʠʚʘʥʠʷ 

ʂʦʤʧʘʫʥʜ ʂʇ-303 ʃʘʢ ʄʃ-92 

Ø ̉ (ʤʠʥ) 151 ʤʠʥ 154 ʤʠʥ 

Ø ̉ ( □ ʉ) 41,8 □ ʉ 42 □ ʉ 

Ø̉  (ɺʪ) 90 ɺʪ 118 ɺʪ 

Ø̉ (%) 4,5% 4,8 % 

 
ɸʥʘʣʠʟ ʤʦʜʝʣʠ (1) ʜʣʷ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʥʦʡ ʧʨʦʧʠʪʢʠ ʧʦʢʘʟʘʣ ʫʤʝʥʴʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʋɿʀ ʥʘ 

15,25 ɺʪ, ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ NaOH ʥʘ 0,45 □ʉ ʠ 1,3 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 
ʩʨʘʚʥʝʥʠʠ ʩ ʤʦʜʝʣʴʶ (2) ʜʣʷ ʩʠʩʪʝʤʳ ʠʟʦʣʷʮʠʠ ʧʨʦʧʠʪʘʥʥʦʡ ʣʘʢʦʤ.  
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ɸʥʘʣʠʟ ʤʦʜʝʣʠ (3) ʜʣʷ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʥʦʡ ʧʨʦʧʠʪʢʠ ʧʦʢʘʟʘʣ ʫʤʝʥʴʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʋɿʀ ʥʘ 28 
ɺʪ, ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ NaOH ʥʘ 0,2 □ʉ ʠ 0,3 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʩʨʘʚ-
ʥʝʥʠʠ ʩ ʤʦʜʝʣʴʶ (4). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʕɼ ʩ ʩʠʩʪʝʤʦʡ ʠʟʦʣʷʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʘʫʥʜʘ ʤʦʞʥʦ ʨʝʤʦʥʪʠʨʦʚʘʪʴ ʩ ʧʨʠʤʝʥʝ-
ʥʠʝʤ ʋɿʀ ʚ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʵʢʦʣʦʛʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. ʉ ʫʯʝʪʦʤ 
ʫʣʫʯʰʝʥʥʳʭ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʢʘʯʝʩʪʚ ʢʦʤʧʘʫʥʜʘ ʂʇ ï 303 ʧʨʦʧʠʪʢʘ ʠʟʦʣʷʮʠʠ ʕɼ ʵʪʠʤ ʢʦʤʧʘʫʥ-
ʜʦʤ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʣʘʢʦʤ ʄʃ-92.  

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʨʝʤʦʥʪʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ / ɸ. ɽ. ʅʝʤʠʨʦʚʩʢʠʡ, ɸ. ʀ. 

ʂʘʰʠʥ, ɻ. ɸ. ʂʠʯʠʛʠʥʘ, ʆ. ʄ. ʅʠʢʠʬʦʨʦʚʘ // ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠ 
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚ, ʪʝʭʥʦʣʦʛʠʷ ʠ ʥʘʜʝʞʥʦʩʪʴ ʤʘʰʠʥ, ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʤʘʪʝʨʠʘʣʳ. 
11 ʤʝʞʜʫʥʘʨ. ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬ., 21 ʤʘʨʪʘ 2017 ʛ. /[ʦʪʚ. ʨʝʜ. ɺ. ɸ. ʈʘʢʦʚ]. ï ɺʦʣʦʛʜʘ, 2017 ï ʉ. 144ï149. 

2. ʇʦʠʩʢʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʝʤʦʥʪʘʞʘ ʦʙʤʦʪʦʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʨʠ ʨʝʤʦʥʪʘʭ / ɼ. 
ʆ. ɸʢʩʸʥʦʚ, ɸ. ʀ. ʂʘʰʠʥ, ɸ. ɽ. ʅʝʤʠʨʦʚʩʢʠʡ, ɺ. ʆ. ʇʝʪʠʬʦʨʦʚ, ʀ. ʖ. ʉʝʨʛʠʝʚʩʢʘʷ // ʕʥʝʨʛʝʪʠʢʘ, ʵʣʝʢ-
ʪʨʦʤʝʭʘʥʠʢʘ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʛʣʘʟʘʤʠ ʤʦʣʦʜʝʞʠ: ʤʘʪʝʨʠʘʣʳ IV ʨʦʩ. ʤʦʣʦʜʝʞʥʦʡ 
ʥʘʫʯ. ʰʢʦʣʳ-ʢʦʥʬ.: ʚ 2 ʪ. ʊ. 1 ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ çʎʈʋè, 2016 ïʉ. 161ï163. 

3. ʇʘʪʝʥʪ ˉ 2018115276 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ B08ɺ 3/12 (2006.01). ʉʧʦʩʦʙ ʜʝʧʦʣʠʤʝʨʠ-
ʟʘʮʠʠ ʩʠʩʪʝʤʳ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ: ˉ 2018115276/05 (023841) ; 
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X ȁȐȄȏȍȐȐȇȈȐȉǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ǲǣǩ ..4,7/ 

ǮǯǧǬǵǧǮǺ ǯǟǦǡǧǱǧǾ ǢǭǰǲǣǟǯǰǱǡǤǬǬǭǨ 
ǫǤǱǯǭǪǭǢǧǶǤǰǩǭǨ ǰǪǲǥǠǺ  

ǰȋȇȏȌȍȁ ǩȇȏȇȊȊ ǰȄȏȂȄȄȁȇȖ  
ʉʪʫʜʝʥʪ 

ɹʨʦʥʥʠʮʢʠʡ ʬʠʣʠʘʣ ʄɸɼʀ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʫʬʠʷʥʦʚ ʈʘʢʠʧ ʐʘʡʭʠʝʚʠʯ 
ʜ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɹʨʦʥʥʠʮʢʠʡ ʬʠʣʠʘʣ ʄɸɼʀ 
 

 
ʈʘʟʚʠʪʠʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ  

ʧʨʠʥʮʠʧʘʭ ʩʦʭʨʘʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʜʝʣʘ ʚ ʈʦʩʩʠʠ ʠ ʩʙʣʠʞʝʥʠʷ ʧʨʠʥʮʠʧʦʚ ʧʨʦ-
ʚʝʜʝʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ 
ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ.  

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʈʌè ʧʨʠʥʷʪ ʌʝʜʝʨʘʣʴʥʳʡ 
ʟʘʢʦʥ ʦʪ 27.12.2019 ˉ 496-ʌɿ ʦ ʧʨʠʦʨʠʪʝʪʝ ʵʣʝʢʪʨʦʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ 
ʩʣʫʞʙʳ ʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʦ-
ʠʟʚʦʜʩʪʚʫ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʈʌ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ 
ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʵʢʦʥʦʤʠʢʠ ʠ ʦʙʱʝʩʪʚʘ [1]. 

ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʟʘʧʠʩʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʜʠʥʩʪʚʦ ʟʘʧʠʩʠ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ 
ʬʦʥʜʝ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ (ʌʀʌ ʆɽʀ), ʝʸ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ, ʩʦʭʨʘʥʥʦʩʪʴ, ʙʝʟʦʧʘʩ-
ʥʦʩʪʴ  ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʦʚʝʜʝʥʠʷ ʧʦʚʝʨʢʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ (ʉʀ).  

ʅʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʜʦʧʦʣʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʬʝʜʝʨʘʣʴʥʳʭ ʦʨʛʘʥʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ, 
ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʬʫʥʢʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʧʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ, ʦʢʘʟʘ-
ʥʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʩʣʫʛ, ʫʧʨʘʚʣʝʥʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʠʤʫʱʝʩʪʚʦʤ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥ-

ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʠ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ 
ʢʦʦʨʜʠʥʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʈʦʩʩʠʠ. ʇʦʢʘʟʘʥʘ 
ʦʨʛʘʥʠʟʘʮʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟ-
ʤʝʨʠʪʝʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʵʢʦʥʦʤʠʢʠ ʠ ʦʙʱʝʩʪʚʘ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʄʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʩʣʫʞʙʘ, ʨʘʟʚʠʪʠʝ, ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ, ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ, ʥʦʚʳʝ 
ʵʪʘʣʦʥʳ. 
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ʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʩʪʫʧʠʣʠ ʚ ʩʠʣʫ ʩ 01.01.2021ʛʦʜʘ 
[2].  

ʇʝʨʚʦʝ ʤʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʝ ʩʦʛʣʘʰʝʥʠʝ çʄʝʪʨʠʯʝʩʢʘʷ ʢʦʥʚʝʥʮʠʷè ʚ ʦʙʣʘʩʪʠ ʤʝʪʨʦʣʦʛʠʠ ʙʳ-
ʣʦ ʧʦʜʧʠʩʘʥʦ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʜʠʧʣʦʤʘʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʚ ʇʘʨʠʞʝ.  ʄʠʨʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ 20 
ʤʘʷ ʦʪʤʝʯʘʝʪ ʚʩʝʤʠʨʥʳʡ ʜʝʥʴ ʤʝʪʨʦʣʦʛʠʠ (World Metrology Day) ʠ 146 ʛʦʜʦʚʱʠʥʫ ʧʦʜʧʠʩʘʥʠʷ ʤʥʦʛʦ-
ʩʪʦʨʦʥʥʝʛʦ ʩʦʛʣʘʰʝʥʠʷ  ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 17 ʛʦʩʫʜʘʨʩʪʚ, ʚʢʣʶʯʘʷ ʈʦʩʩʠʶ.  

ʇʝʨʝʜʦʚʦʡ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʧʦ ʚʥʝʜʨʝʥʠʝ ʥʦʨʤ ʠ ʧʨʘʚʠʣ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶ-
ʱʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʜʦʢʫʤʝʥʪʳ ʤʝʪʨʦʣʦʛʠʠ ʩʦʜʝʡʩʪʚʫʝʪ ʧʨʦʮʝʩʩʘʤ ʠʥʪʝʛʨʘʮʠʠ ʵʢʦʥʦʤʠʢʠ ʥʘʰʝʡ 
ʩʪʨʘʥʳ ʚ ʤʠʨʦʚʫʶ ʵʢʦʥʦʤʠʢʫ.  

ʄʝʪʨʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʦʡ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʬʝʨʝ, ʦʥʘ ʪʘʢʞʝ ʷʚʣʷ-
ʝʪʩʷ ʥʘʫʢʦʡ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʨʝʥʠʷʤʠ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʡ  ʚ ʥʘʫʢʝ ʦ ʯʝʣʦʚʝʢʝ - ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʨʝʥʠʝʤ 
ʩʚʦʡʩʪʚ ʯʝʣʦʚʝʢʘ, ʦʙʱʝʩʪʚʘ. ʇʨʠʨʦʜʘ ʯʝʣʦʚʝʢʘ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʯʝʤ ʣʶʙʘʷ ʪʝʭʥʠʢʘ ʠ 
ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʧʦʥʠʤʘʥʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʟʛʘ, ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʱʝʩʪʚʘ, ʧʦ ʢʘʢʠʤ ʟʘʢʦʥʘʤ ʦʙ-
ʱʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʝʡʯʘʩ ʠ ʚ ʙʫʜʫʱʝʤ ʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʝʥʠʡ [3].  

ʅʝʜʦʩʪʘʪʦʢ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ ʩʪʨʘʥʝ ʩʣʫʞʠʪ ʧʨʝʧʷʪʩʪʚʠʝʤ ʥʘ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʢʦʥ-
ʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, 
ʚʢʣʶʯʘʶʱʝʡ  ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩ ʚʳʩʰʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʫ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ, 
ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʩ ʫʥʠʢʘʣʴʥʳʤ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦʥʦʤʠʢʠ ʚʳʩʦʢʦʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʳʤʠ ʢʘʜʨʘʤʠ. ɺʦ ʚʩʝʭ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ - ʚ ʩʬʝʨʘʭ ʵʢʦʥʦʤʠʢʠ, ʤʝʜʠʮʠʥʳ, ʦʙʦʨʦʥʳ, ʵʢʦʣʦʛʠʠ 
ʩʜʝʨʞʠʚʘʶʱʠʤ ʠʭ ʨʘʟʚʠʪʠʝ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʚʠʪʦʡ ʵʪʘʣʦʥʥʦʡ ʙʘʟʳ, ʥʝʦʙʭʦʜʠʤʳʭ 
ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ [4].  

 ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʤʠʪʝʪ ʤʝʨ ʠ ʚʝʩʦʚ (ʄʂʄɺ) ʧʨʠʥʷʣ ʥʦʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʢʠʣʦʛʨʘʤʤʘ, ʘʤ-
ʧʝʨʘ, ʢʝʣʴʚʠʥʘ ʠ ʤʦʣʷ, ʩʥʠʟʠʚ ʨʦʣʴ ʢʦʥʢʨʝʪʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʚʭʦʜʷʱʝʡ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʵʪʘʣʦʥʳ. ɺʦʟ-
ʤʦʞʥʦ, ʥʦʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʝʜʠʥʠʮ ʜʘʶʪ ʩʚʦʙʦʜʫ ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʝʨʝʜʘʯʠ ʟʥʘʯʝʥʠʡ ʚʝ-
ʣʠʯʠʥ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʧʦʩʦʙʳ ʠ ʮʝʧʦʯʢʠ ʧʝʨʝʜʘʯ ʦʪ ʪʦʯʥʝʡʰʠʭ ʩʨʝʜʩʪʚ 
ʠʟʤʝʨʝʥʠʡ ʦʙʳʯʥʳʤ ʨʘʙʦʯʠʤ ʧʨʠʙʦʨʘʤ. ʆʜʥʘʢʦ, ʯʪʦʙʳ ʙʳʣʦ ʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʝʜʠʥ-
ʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʥʝʦʙʭʦʜʠʤʘ ʪʦʯʥʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ  ʵʪʘʣʦʥʘ.  

ʉʦʪʨʫʜʥʠʢʠ ɺʅʀʀʄ ʠʤ. ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʟʘʥʠʤʘʶʪʩʷ ʩʦʟʜʘʥʠʝʤ ʩʦʚʨʝ-
ʤʝʥʥʦʡ ʙʘʟʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʝʨʚʠʯʥʳʭ ʵʪʘʣʦʥʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʫʩʪʫʧʘʶʪ ʧʦ ʩʚʦʝʤʫ ʥʘʫʯʥʦ-
ʪʝʭʥʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʣʫʯʰʠʤ ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ. ɺ ʨʘʤʢʘʭ 
ʧʦʩʪʘʚʣʝʥʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠ ʢʦʥʩʪʨʫʠʨʫʶʪ ʘʧʧʘʨʘʪʫʨʫ, ʫʯʘʩʪʚʫʶʪ 
ʚ ʨʘʙʦʪʝ ʄʂʄɺ, ʚ ʪʦʤ ʯʠʩʣʝ ʂʦʥʩʫʣʴʪʘʪʠʚʥʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʪʝʨʤʦʤʝʪʨʠʠ. 

ʀʥʩʪʠʪʫʪ ʨʫʢʦʚʦʜʠʪ ʚʦʧʨʦʩʘʤʠ ʝʜʠʥʩʪʚʘ ʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚ ʩʪʨʘʥʝ ʧʦ ʪʝʨʤʦʤʝʪʨʠʠ ʚ ʪʝʤ-
ʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 273,15 ʂ ʜʦ 3273 ʂ (ʪ. ʝ. ʦʪ 0 Áʉ ʜʦ 3000 Áʉ). ɺ ʜʠʘʧʘʟʦʥʝ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘ-
ʪʫʨʳ ʦʪ (0 Áʉ ʜʦ 1000 Áʉ) ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʨʝʜʩʪʚʘ ʠ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʜʦʩʪʠʛʣʠ ʠ ʧʨʝʚʳʰʘʶʪ ʧʦ ʪʦʯ-
ʥʦʩʪʠ ʧʦʪʨʝʙʥʦʩʪʠ ʧʨʠʢʣʘʜʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ʅʦ, ʨʘʟʚʠʪʠʝ ʥʝʢʦʥʪʘʢʪʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫ-
ʨʳ ʪʨʝʙʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʦʠʟʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘ-
ʮʠʷ ʯʘʩʪʠ ʧʝʨʚʠʯʥʦʛʦ ʵʪʘʣʦʥʘ, ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 1300 Áʉ ʠ ʚʳʰʝ, ʛʜʝ ʥʦʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 
ʢʝʣʴʚʠʥʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʚ 1,5 ð 2 ʨʘʟʘ.  

ʇʨʠʢʘʟʦʤ ʈʦʩʩʪʘʥʜʘʨʪʘ ʫʪʚʝʨʞʜʸʥ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʨʚʠʯʥʳʡ ʵʪʘʣʦʥ ʝʜʠʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨʳ 
ɻʕʊ 34-2020, ʩʦʟʜʘʥʥʳʡ ʚʦ ɺʅʀʀʄ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ (ʦʨʛʘʥʠʟʘʮʠʷ ʈʦʩʩʪʘʥʜʘʨʪʘ). ʊʝʧʝʨʴ ʜʠʘʧʘ-
ʟʦʥ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʝʜʠʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨʳ ï ʦʪ 0 ʜʦ 3200 Áʉ [5]. ʇʨʝʜʧʦʩʳʣʢʘʤʠ ʩʦʟʜʘʥʠʷ 
ʥʦʚʦʛʦ ʵʪʘʣʦʥʘ ʧʦʩʣʫʞʠʣʦ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʝ ʝʜʠʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʟʚʠʪʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦ-
ʛʠʡ. 

ʉʦʟʜʘʥʠʝʤ ʵʪʘʣʦʥʘ ʟʘʚʝʨʰʠʣʩʷ ʦʯʝʨʝʜʥʦʡ ʵʪʘʧ ʧʝʨʝʭʦʜʘ ʨʦʩʩʠʡʩʢʦʡ ʤʝʪʨʦʣʦʛʠʠ ʥʘ ʥʦʚʳʝ 
ʦʧʨʝʜʝʣʝʥʠʷ ʯʝʪʳʨʸʭ ʦʩʥʦʚʥʳʭ ʝʜʠʥʠʮ ʚʝʣʠʯʠʥ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʝʜʠʥʠʮ ʉʀ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪʘʭ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ ʧʨʠʥʷʪʳ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʥʘʫʯʥʳʤ 
ʩʦʦʙʱʝʩʪʚʦʤ ʚ 2018 ʛʦʜʫ ʥʘ 26-ʡ ɻʝʥʝʨʘʣʴʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʤʝʨʘʤ ʠ ʚʝʩʘʤ ʠ ʚʩʪʫʧʠʣʠ ʚ ʩʠʣʫ ʚ ʤʘʝ 
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2019 ʛʦʜʘ. ʅʦʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʝʜʠʥʠʮʳ ʠ ʨʘʟʨʘʙʦʪ-
ʢʫ ʢʚʘʥʪʦʚʳʭ ʵʪʘʣʦʥʦʚ [5]. 

ɺʅʀʀʄ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ ʨʝʛʫʣʷʨʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʢʣʶʯʝʚʳʭ ʠ ʧʠʣʦʪʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʣʠ-
ʯʝʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʦʤʝʪʨʠʠ ʧʦʜ ʵʛʠʜʦʡ ʄʂʄɺ ʠ ʂʆʆʄɽʊ (ʢʦʣʣʝʢʪʠʚʥʦʤ ʬʦʨʫʤʝ ʩʧʝʮʠʘʣʠʩʪʦʚ-
ʤʝʪʨʦʣʦʛʦʚ ɽʚʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ). ɽʛʦ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʯʘʩʪʠ ʪʝʨʤʦʤʝʪʨʠʠ ʧʨʝʜ-
ʩʪʘʚʣʝʥʳ 127 ʩʪʨʦʢʘʤʠ ʉʄʉ (calibration and measurement capabilities - ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 
ʚʦʟʤʦʞʥʦʩʪʠ) ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʄɹʄɺ. ɹʣʠʞʘʡʰʠʝ ʩʣʠʯʝʥʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʵʪʘʣʦʥʘ ʟʘʧʣʘʥʠʨʦ-
ʚʘʥʳ ʥʘ ʘʧʨʝʣʴ 2021 ʛʦʜʘ.  

ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʠ ʰʠʨʦʢʦʤʫ ʚʥʝʜʨʝ-
ʥʠʶ ʥʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʵʪʘʣʦʥʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʬʝʨʘʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆʙ ʦʙʝʩʧʝʯʝʥʠʠ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡè (ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʥʘ 8 ʜʝʢʘʙʨʷ 

2020 ʛʦʜʘ) (ʨʝʜʘʢʮʠʷ, ʜʝʡʩʪʚʫʶʱʘʷ ʩ 1 ʷʥʚʘʨʷ 2021 ʛʦʜʘ).ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ:   
https://docs.cntd.ru/document/902107146. 

2. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 26.06.2008 N 102-ʌɿ (ʨʝʜ. ʦʪ 08.12.2020) "ʆʙ ʦʙʝʩʧʝʯʝʥʠʠ ʝʜʠʥʩʪʚʘ 
ʠʟʤʝʨʝʥʠʡ" (ʩ ʠʟʤ. ʠ ʜʦʧ., ʚʩʪʫʧ. ʚ ʩʠʣʫ ʩ 01.01.2021). 

3. ʉʘʡʪ ʖʞʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʚʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝ-
ʨʝʥʮʠʷ çʀʟʤʝʨʝʥʠʷ: ʩʦʩʪʦʷʥʠʝ, ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷè. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: 
https://www.susu.ru/ru/news/2017/10/17/mirovye-uchenye-obsuzhdayut-problemy-izmereniy-v. 

4. ʉʪʨʘʪʝʛʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦ 2025 ʛʦʜʘ ʦʪ 19 ʘʧ-
ʨʝʣʷ 2017 ʛʦʜʘ N 737-ʨ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: https://docs.cntd.ru/document/420397087?marker=6540IN. 

5. ʅʦʚʦʩʪʠ ʠʥʩʪʠʪʫʪʘ ʤʝʪʨʦʣʦʛʠʠ ʠʤʝʥʠ ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: 
https://www.vniim.ru/news_614.html.  
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ǷȇȊȍȁȐȉǿȞ ǟȊȇȌǿ ǤȁȂȄȌțȄȁȌǿ 

ʄʘʛʠʩʪʨʘʥʪʳ 
ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʎʘʨʝʛʦʨʦʜʮʝʚʘ ʆʣʴʛʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʉʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 
ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

 
ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ɸʉʋʊʇ) ï ʛʨʫʧʧʘ ʨʝ-

ʰʝʥʠʡ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭʩʨʝʜʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ.[1]ɸʉʋ ʊʇ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʤʠʨʘ, 
ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʟʘʱʠʪʫ ʦʪ ʘʚʘʨʠʡ, ʚʳʭʦʜʦʚ ʠʟ ʩʪʨʦʷ ʠ ʢʘʪʘʩʪʨʦʬ. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ, ʚ ʩʦʚʨʝ-
ʤʝʥʥʦʤ ʤʠʨʝ ʦʙʲʝʢʪʳ ɸʉʋ ʩʪʘʥʦʚʷʪʩʷ ʮʝʣʴʶ ʢʠʙʝʨʘʪʘʢ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. ʅʘʨʫ-
ʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʣʠ ʘʚʘʨʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚʳʟʚʘʥʥʳʝ ʧʨʦʙʣʝʤʘʤʠ ʩ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʫʨʦʥ ʧʨʝʜʧʨʠʷʪʠʶ, ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʛʨʘʞʜʘʥ ʠʣʠ ʨʝʧʫʪʘʮʠʠ 
ʛʦʩʫʜʘʨʩʪʚʘ. 

ʉʝʛʦʜʥʷ ʧʨʦʙʣʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʉʋ ʇʊ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʘʢʪʫʘʣʴʥʝʝ. ʆʩʦʙʝʥʥʦ 
ʧʦʩʣʝʧʦʷʚʣʝʥʠʷ ʪʘʢʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʚʠʨʫʩʦʚ ʢʘʢ Stuxnet, Duqu, Flame. ʊʘʢ, ʥʘʧʨʠʤʝʨ,Stuxnet - ʢʦʤʧʴ-
ʶʪʝʨʥʳʡ ʯʝʨʚʴ, ʢʦʪʦʨʳʡ ʧʝʨʝʭʚʘʪʳʚʘʝʪ ʠ ʤʦʜʠʬʠʮʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʠʨʫ-
ʝʤʳʤʠ ʣʦʛʠʯʝʩʢʠʤʠ ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʤʘʨʢʠ Simatic S7-300 ʠ ʨʘʙʦʯʠʤʠ ʩʪʘʥʮʠʷʤʠ SCADA-ʩʠʩʪʝʤʳ 
SimaticWinCC ʬʠʨʤʳ Siemens. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʨʚʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜ-
ʩʪʚʘʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʜʠʚʝʨʩʠʡ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ, ʘʵʨʦʧʦʨʪʦʚ ʠ ʪ. 

ɹʦʦʧʫʙʯʡʸ:ɼʘʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʧʨʦʙʣʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 
ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ɸʉʋ ʊʇ). ʈʘʩʩʤʦʪʨʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ɸʉʋ ʊʇ ʥʘ ʦʩʥʦʚʝ 
ʧʨʠʢʘʟʘ ʌʉʊɽʂ ˉ31, ʘ ʪʘʢ-ʞʝʚ ʦʙʣʘʩʪʠ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʥʝʢʦʪʦʨʳʝ ʠʟ ʚʦʟʤʦʞʥʳʭ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ.ʇʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.   
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ɸʉʋ ʊʇ,ʢʦʤʧʴʶʪʝʨʥʳʡʚʠʨʫʩ,ʫʷʟʚʠʤʦʩʪʴ ʩʠʩʪʝ-
ʤʳ,ʢʣʘʩʩʠʬʠʢʘʮʠʷ ɸʉʋ ʊʇ. 
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ʜ.ʋʥʠʢʘʣʴʥʦʩʪʴ ʧʨʦʛʨʘʤʤʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʚʧʝʨʚʳʝ ʚ ʠʩʪʦʨʠʠ ʢʠʙʝʨʘʪʘʢ ʚʠʨʫʩ ʬʠʟʠʯʝʩʢʠ ʨʘʟ-
ʨʫʰʘʣ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ.ɼʘʥʥʳʡ ʚʠʨʫʩ ʠʩʧʦʣʴʟʫʝʪ ʫʷʟʚʠʤʦʩʪʠ ʩʠʩʪʝʤʳ MicrosoftWindows, ʘ ʠʤʝʥʥʦ, ʫʟ̫-
ʚʠʤʦʩʪʴ çʥʫʣʝʚʦʛʦ ʜʥʷè (zero-day) ʠ ʪʨʠ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʝ ʫʷʟʚʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʝʤʫ ʨʘʩʧʨʦʩʪʨʘ-
ʥʷʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ USB-flash ʥʘʢʦʧʠʪʝʣʝʡ.[2] 

ʈʘʩʩʤʦʪʨʠʤ ʫʷʟʚʠʤʦʩʪʠ ʩʠʩʪʝʤ, ʥʘ ʦʩʥʦʚʝ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ɸʉʋ ʊʇ.ɺ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʜʦʢʫʤʝʥʪʦʤ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ɸʉʋ ʊʇ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʦʙʲʝʢʪʦʚ (ɸʉʋ ʊʇ ʂɺʆ), ʷʚʣʷʝʪʩʷ ʧʨʠʢʘʟ ˉ31 ʦʪ 14 ʤʘʨʪʘ 2014 
ʛ., ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ 
ʠʥʬʦʨʤʘʮʠʠ ɸʉʋ ʊʇ. ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʧʨʠʢʘʟʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʠʧʦʚʘʷ ʩʪʨʫʢʪʫʨʘɸʉʋ ʊʇ ʠʟ ʪʨʸʭ 
ʫʨʦʚʥʝʡ.ʊʨʸʭʫʨʦʚʥʝʚʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ɸʉʋ ʊʇ ʦʪ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʚ 
ʥʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʩʦʠʟʤʝʨʠʤ ʩʦ ʩʪʝʧʝʥʴʶ ʚʦʟʤʦʞʥʦʛʦ ʫʱʝʨʙʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴ-
ʥʳʭ ʩʚʦʡʩʪʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ï ʜʦʩʪʫʧʥʦʩʪʠ,ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ. 

ʊʠʧʠʯʥʘʷ ɸʉʋ ʊʇ ʠʤʝʝʪ ʦʪ ʜʚʫʭ ʜʦ ʪʨʸʭ ʫʨʦʚʥʝʡ ʩʝʪʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜ-
ʧʨʠʷʪʠʷʭ ʚʩʸ ʯʘʱʝ ʨʝʘʣʠʟʫʝʪʩʷ ʝʜʠʥʘʷ ʩʨʝʜʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʃɺʉ, ʚ ʢʦʪʦʨʦʡ ʨʘʟʤʝʱʝʥʳ 
ʢʦʤʧʴʶʪʝʨʳ ʠ ʩʠʩʪʝʤʳ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʠ ʬʠʥʘʥ-
ʩʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʏʘʩʪʴ ʢʦʤʧʴʶʪʝʨʦʚ ʵʪʦʡ ʩʝʪʠ ʤʦʞʝʪ ʠʤʝʪʴ ʜʦʩʪʫʧ ʢ ʩʝʨʚʝʨʘʤ ɸʉʋ ʊʇ, ʩʦʜʝʨʞʘ-
ʱʠʤ ʥʘʢʘʧʣʠʚʘʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

 

 
ʉʡʪ.1. ʌʩʧʛʦʡ ɹʊʌ ʋʈ ʡ ʡʮ ʪʧʪʫʙʛ 

 
ʉʝʪʴ ɸʉʋ ʊʇ ʤʦʞʝʪ ʠʤʝʪʴ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ (ʩʪʘʥʮʠʠ ʦʧʝʨʘʪʦʨʦʚ ʠ ʠʥʞʝʥʝʨʦʚ ɸʉʋ ʊʇ,ʩʝʨʚʝʨʳ 

ʧʨʠʣʦʞʝʥʠʡ, ʩʝʨʚʝʨʳ ʙʘʟ ʜʘʥʥʳʭ), ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ (ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʢʦʥʪʨʦʣʣʝʨʳ) ʠ 
ʥʠʞʥʠʡ ʫʨʦʚʝʥʴ (ʜʘʪʯʠʢʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ). ʉʚʷʟʴ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʦʙʝʩʧʝ-
ʯʠʚʘʝʪʩʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʩʝʨʚʝʨʘʤʠ ʠʣʠ ʢʦʥʪʨʦʣʣʝʨʘʤʠ. ɼʦʩʪʫʧ ʢ ʜʘʪʯʠʢʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 
ʧʨʦʪʦʢʦʣʘʤʠ ʧʦʣʝʚʳʤ ʰʠʥʘʤ (RS485, RS232, Fieldbus, ProfiBus,ProfiNet, CAN, OPC ʠ ʜʨ.).[3] 

ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʩʦʚʨʝʤʝʥʥʳʭ ɸʉʋ ʊʇ ʧʦ-
ʢʘʟʘʣʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʫʷʟʚʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʷʚʣʷʝʪʩʷʧʦʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʦʝ ʠ ʰʠʨʦʢʦ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʥʦʝ ʩʠʩʪʝʤʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ): ʆʉ Windows, TCP/IP ʧʨʦʪʦʢʦʣʳ ʠ ʪ. ʧ., ʢʦʪʦ-
ʨʦʝ ʚʤʝʩʪʝ ʩʦ ʩʚʦʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʧʨʠʥʝʩʣʦ ʠ ʫʷʟʚʠʤʦʩʪʠ. ʉʦʚʨʝʤʝʥʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʷʚʣʷʝʪʩʷ ʠʩ-
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ʧʦʣʴʟʦʚʘʥʠʝ TCP/IP ʠ Ethernet ʩʝʪʝʡ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʩʝʪʠ ɸʉʋ ʊʇ.ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʝʪʝʡ 
ɸʉʋ ʊʇ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢTCP/IP ʝʱʸ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ, ʢʦʪʦ-
ʨʳʝ ʝʩʣʠ ʠ ʟʘʪʨʫʜʥʷʶʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ,ʪʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʥʝ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚɸʉʋ. ʉʣʝ-
ʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʠʥʪʝʨʬʝʡʩʘʤ ʠ ʧʨʦʪʦʢʦʣʘʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʜʫ-
ʩʤʘʪʨʠʚʘʝʪ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. ʉʨʝʜʠ ʚʩʝʭ ʪʠʧʦʚ ʫʷʟʚʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ɸʉʋ ʣʠʜʠʨʫʶʪ SCADA ð 87 %, 
ʜʘʣʝʝ ʩʣʝʜʫʶʪ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ (HMI), ð 49 %, ʨʝʞʝʦʙʥʘ-
ʨʫʞʠʚʘʶʪʩʷ ʫʷʟʚʠʤʦʩʪʠ ʚ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʘʭ ð 20 % ʠ ʩʦʚʩʝʤ ʨʝʜʢʦʚ ʠʩʧʦʣʴ-
ʟʫʝʤʳʭ ʧʨʦʪʦʢʦʣʘʭ ð 1 %. 

ʂʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʉʋ ʊʇ? ɹʦʣʴʰʠʥʩʪʚʦ ɸʉʋ ʊʇ ʠ 
ʩʠʩʪʝʤ SCADA ʨʘʟʚʝʨʪʳʚʘʝʪʩʷ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʣʘʪʬʦʨʤʘʭ (Windows, Linux). ɿʘʯʘʩʪʫʶ ʫʩʪʘʥʦʚʢʘ 
ʪʦʣʴʢʦ ʦʜʥʦʡ ʘʥʪʠʚʠʨʫʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʣʥʫʶ ʟʘʱʠʪʫ, ʢ ʪʦʤʫ ʞʝ, ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʥʪʠ-
ʚʠʨʫʩ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʧʨʦʤʳʰʣʝʥʥʫʶ ʩʝʪʴ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʟʘʜʝʨʞʢʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 
ʧʨʦʮʝʩʩʘ, ʠ ʜʘʞʝ ʚʳʜʘʯʫ ʣʦʞʥʳʭ ʦʰʠʙʦʢ.ʇʨʦʤʳʰʣʝʥʥʘʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʝʙʫʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 
ʧʦʜʭʦʜʘ, ʭʦʪʷ ʨʘʟʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʨʝʜʢʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʫʛʨʦʟʘʤʠ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʠ-
ʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʩʨʝʜ ɸʉʋ ʊʇ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ.ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʢʦʤʧʘʥʠʷʤ, ʫʧʨʘʚʣʷʶʱʠʤ ʧʨʦ-
ʤʳʰʣʝʥʥʳʤʠ ʩʨʝʜʘʤʠ, ʥʫʞʥʦ ʦʩʦʙʝʥʥʦ ʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʚʳʙʦʨʫ ʧʦʩʪʘʚʱʠʢʘ ʟʘʱʠʪʥʳʭ ʨʝʰʝ-
ʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷ 
ʢʦʤʧʘʥʠʠ çʃʘʙʦʨʘʪʦʨʠʷ ʂʘʩʧʝʨʩʢʦʛʦè, ʢʦʪʦʨʘʷ, ʢʨʦʤʝ ʩʦʟʜʘʥʠʷ ʘʥʪʠʚʠʨʫʩʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʧʝʨʩʦ-
ʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʟʘʧʫʩʪʠʣʘ ʩʦʚʤʝʩʪʥʳʝ ʧʨʦʝʢʪʳ ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʧʨʝʜʧʨʠʷʪʠʡ. ʊʘʢ, ʧʝʨʝʜ ɸʆ 
çʄʆʉɻɸɿè, ʩʪʦʷʣʘ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʩʚʦʝʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʪ ʢʠʙʝʨʫʛʨʦʟ, ʘ 
ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ, ʢʦʤʧʘʥʠʷ ARinteg ʠ çʃʘʙʦʨʘʪʦʨʠʷ ʂʘʩʧʝʨʩʢʦʛʦè ʫʩʧʝʰʥʦ ʚʥʝʜʨʠʣʠ ʨʝʰʝʥʠʝ Kaspersky 
Industrial CyberSecurity (KICS) ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ɸʆ çʄʆʉɻɸɿè ʠ ʚʚʝʣʠ ʝʛʦ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʵʢʩʧʣʫʘ-
ʪʘʮʠʶ. KICS ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʜʝʡʩʪʚʫʶʱʫʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʜʠʩʪʘʥ-
ʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʩʙʦʝʚ ʠ ʥʘʨʫʰʝʥʠʡ ʚ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦʪ ʩʦʚʤʝʩʪʥʳʡ ʧʨʦʝʢʪ ʧʦʩʣʫʞʠʪ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʣʷ 
ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ɸʆ çʄʆʉɻɸɿè.[4] 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʠ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʳʭ ʥʘʨʫʰʠʪʝʣʝʡ ʦʧʨʝʜʝʣʷʶʪ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ɸʉʋ ʊʇ. ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʞʝʩʪʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʤʝʪʦʜʘʭ ʠ ʩʨʝʜʩʪʚʘʭ ʟʘʱʠʪʳ, 
ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʢʘʢ ʩʠʩʪʝʤ ɸʉʋ ʊʇ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢ ʠ ʤʝʪʦʜʦʚ ʟʣʦʫʤʳʰʣʝʥ-
ʥʠʢʦʚ. ʃʶʙʘʷ ʤʝʨʘ ʟʘʱʠʪʳ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʪʝʨʷʝʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʠʟ-ʟʘ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʧʦ-
ʩʪʦʷʥʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ, ʥʦ ʠ ʧʦʠʩʢ ʠ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ 
ʫʷʟʚʠʤʦʩʪʝʡ ʩʠʩʪʝʤʳ ɸʉʋ ʊʇ. 
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ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

 ʌɻɹʆʋ ɺʇʆ ç ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ɺʚʝʜʝʥʠʝ 

ʄʘʛʥʠʪʥʳʝ ʤʫʬʪʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 
ʤʝʞʜʫ ʞʝʩʪʢʦ ʥʝʩʚʷʟʘʥʥʳʤʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʚʘʣʘʤʠ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʤʝʭʘʥʠ-
ʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʚʨʘʱʘʶʱʠʤʠʩʷ ʚʘʣʘʤʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʨʝʜʫʢʪʦʨʳ) ʧʨʘʢʪʠʯʝʩʢʠ 
ʠʩʯʝʨʧʘʣʠ ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʶʪ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʤʝ-

ɹʦʦʧʫʙʯʡʸ: ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʳ ʨʘʜʠʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʤʫʬʪʳ ʩʬʦʨʤʠʨʦʚʘʥʘ ʝʝ 
ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʜʚʫʭʤʘʩʩʦʚʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ  ʩʠʣʦʚʦʝ 
ʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʝʞʜʫ ʧʦʣʫʤʫʬʪʘʤʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʫʧʨʫʛʦʡ ʩʚʷʟʴʶ. ɼʣʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣʳ ʄʵʡʩʦʥʘ ʩʦʩʪʘʚʣʝʥʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠ ʧʦʣʫʯʝʥʦ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ. ʅʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʷ ɻʫʨʚʠʮʘ ʜʦʢʘʟʘʥʘ  ʫʩʪʦʡʯʠʚʦʩʪʴ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ.  
 ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʇʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ, ʤʘʛʥʠʪʥʘʷ ʤʫʬʪʘ, ʜʚʫʭʤʘʩʩʦʚʘʷ ʩʠʩʪʝʤʘ, ʫʧʨʫʛʘʷ ʩʚʷʟʴ, 
ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ, ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, ʣʠʥʝʘʨʠʟʘʮʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ. 
 

STABILITY OF TWO-MASS ELECTROMECHANICAL SYSTEMS WITH MAGNETIC COUPLING 
 

Sapsalev Anatoly Vasilyevich, 
Kharitonov Sergey Alexandrovich, 

Kuratov Konstantin Alexandrovich, 
Savin Nikolay Petrovich 

 
Abstract: Based on the analysis of the design scheme of the radial magnetic coupling, its structural model is 
formed. The design scheme is presented in the form of a two-mass system, in which the force action of the 
magnetic field between the coupling halves is modeled by an elastic coupling. For a linearized structure, a 
transfer function is constructed based on Mason's formula and a characteristic equation is obtained. The sta-
bility of the linearized system is proved on the basis of the Hurwitz criterion. 
Key words: Permanent magnets, magnetic coupling, two-mass system, elastic coupling, dynamic equations, 
block diagram, linearization, stability. 
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ʭʘʪʨʦʥʥʳʤ ʩʠʩʪʝʤʘʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ. ʀʟʥʦʩ ʢʣʘʩʩʠʯʝʩʢʠʭ ʪʨʘʥʩʤʠʩʩʠʡ ʠʟ-ʟʘ 
ʪʨʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʡ ʩʤʘʟʢʠ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʨʝʩʫʨʩ ʨʘʙʦʪʳ, ʣʶʬʪ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʦʫʜʘ-
ʨʝʥʠʷ ʧʨʠ ʨʝʟʢʠʭ ʢʦʣʝʙʘʥʠʷʭ ʥʘʛʨʫʟʢʠ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʨʦʩʪʫ ʧʣʦʪʥʦʩʪʠ 
ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʤʦʤʝʥʪʘ ʩʥʠʞʘʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʭʘʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ 
ʛʝʥʝʨʘʮʠʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʤʫʬʪʳ ʚ ʩʦʩʪʘʚʝ ʤʝʭʘʥʦʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʦʙʨʘʟʫʶʪ ʜʚʫʭʤʘʩʩʦ-
ʚʫʶ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪʩʷ ʯʝʨʝʟ ʫʧʨʫʛʦʝ ʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 
ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʯʘʩʪʠʯʥʦ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʧʝʨʚʠʯʥʳʭ ʜʚʠʞʠʪʝʣʝʡ ʥʘ ʠʟʤʝʥʝʥʠʝ 
ʩʢʦʨʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʥʘ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡ-
ʩʪʚʠʝ ʛʝʥʝʨʘʪʦʨʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʝʨʝʜʘʯʘʤʠ. 

ɼʘʣʝʢʦ ʥʝ ʧʦʩʣʝʜʥʠʤ ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʢʦʥʮʝʧʮʠʠ ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʜʘʯ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʘʷ 
ʠʩʯʝʨʧʘʥʥʦʩʪʴ ʩʚʦʡʩʪʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢ ʤʝʭʘʥʦʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʢʦʧʠʣʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʥʝʧʨʝʨʳʚʥʦ ʧʦʧʦʣʥʷ-
ʝʪʩʷ ʧʝʨʝʜʦʚʳʤʠ ʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʦʨʳʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʕʪʦ çʘʤʦʨʬʥʦʝè ʞʝʣʝʟʦ ʠ ʚʳʩʦʢʦʵʥʝʨʛʝ-
ʪʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ, ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʴʰʦʡ 
ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ (ʩʘʤʘʨʠʡ-ʢʦʙʘʣʴʪ" (SmCo) ʠ "ʥʝʦʜʠʤ-ʞʝʣʝʟʦ-ʙʦʨ" (Nd-Fe-B)) [1,2], ʩʠʣʦʚʘʷ ʚʳʩʦʢʦ-
ʚʦʣʴʪʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʠʣʦʚʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠ-
ʢʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʟʘ 
ʩʯʝʪ ʦʪʢʘʟʘ ʦʪ ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ [3]. 

ʆʪʩʫʪʩʪʚʠʷ ʪʨʫʱʠʭʩʷ ʯʘʩʪʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʦʪʝʨʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʝ ʪʨʝʥʠʝ ʚ ʤʘʛʥʠʪʥʳʭ 
ʤʫʬʪʘʭ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʰʫʤʳ ʠ ʚʠʙʨʘʮʠʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ. ʉʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʫʤʝʥʴʰʘʶʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. 

ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʤʘʛʥʠʪʥʳʭ ʤʫʬʪ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 
ʧʨʦʮʝʩʩʦʚ, ʘ ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ ʨʝʞʠʤʦʚ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʧʨʠ ʚʦʟʤʫʱʝʥʠʷʭ, ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʚʝʜʫʱʝʛʦ 
ʚʘʣʘ, ʪʘʢ ʠ ʚʝʜʦʤʦʛʦ. ʆʪ ʩʶʜʘ ʚʳʪʝʢʘʝʪ ʟʘʜʘʯʘ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ 
ʤʘʛʥʠʪʥʳʤʠ ʤʫʬʪʘʤʠ, ʨʝʰʝʥʠʶ ʢʦʪʦʨʦʡ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ. 

 
ʈʘʩʯʝʪʥʳʝ ʩʭʝʤʳ ʤʘʛʥʠʪʥʦʡ ʤʫʬʪʳ 

 

         
ʕʩʢʠʟ ʤʫʬʪʳ ʩ ʨʘʜʠʘʣʴʥʳʤ ʠʩʧʦʣʥʝʥʠʝʤ ʧʦʣʫʤʫʬʪ ʠ ʝʝ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩ. 1. ɻʝʨʤʝʪʠʯʥʳʡ ʵʢʨʘʥ ʩʣʫʞʠʪ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʨʝʜ ʠ ʚ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. ɹʝʩ-

ʘ) 

1 ï ʚʥʝʰʥʷʷ ʧʦʣʫʤʫʬʪʘ, 

2 ï ʚʥʫʪʨʝʥʥʷʷ ʧʦʣʫʤʫʬʪʘ, 

3 ï ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ, 

4 - ʛʝʨʤʝʪʠʯʥʳʡ ʵʢʨʘʥ 

4 

2 

        1 

        3 

                                     ʙ) 

1 ï ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʚʥʝʰʥʝʡ ʧʦʣʫʤʫʬʪʳ,  

2 ï ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʫʤʫʬʪʳ, 

3 ï ʥʝʤʘʛʥʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, 4 ï ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʘʷ 

ʩʪʘʣʴ, 5 ï ʚʦʟʜʫʰʥʳʡ ʟʘʟʦʨ 

ʉʡʪ. 1. ʖʪʣʡʠ ʥʙʜʦʡʫʦʧʢ ʥʬʭʫʴ ʙ) ʡ ʞʞ ʣʧʦʪʫʩʬʣʫʡʛʦʙʸ ʪʮʞʥʙ ʚ) 
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X ȁȐȄȏȍȐȐȇȈȐȉǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʢʦʥʪʘʢʪʥʘʷ ʧʝʨʝʜʘʯʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʚʠʞʝʥʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʝ-
ʜʫʱʝʛʦ (ʚʥʝʰʥʝʡ ʧʦʣʫʤʫʬʪʳ 1) ʠ ʚʝʜʦʤʦʛʦ (ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʫʤʫʬʪʳ 2) ʟʚʝʥʴʝʚ ʤʝʭʘʥʠʟʤʘ ʟʘ ʩʯʝʪ 
ʫʧʨʫʛʠʭ ʩʠʣ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.   
ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʚʫʭʤʘʩʩʦʚʦʡ ʩʠʩʪʝʤʳ ʩ ʧʨʠʚʦʜʦʤ ʤʘʛʥʠʪʥʦʡ ʤʫʬʪʳ ʦʪ ʤʘʛʥʠʪ-
ʥʦ-ɻ ʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʝʝ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʤʦʜʝʣʴ. 

ʅʘ ʨʠʩʫʥʢʝ ʦʙʦʟʥʘʯʝʥʳ: J1 - ʩʫʤʤʘʨʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʞʝʩʪʢʦ ʩʚʷ-
ʟʘʥʥʳʭ ʩ ʜʚʠʛʘʪʝʣʝʤ; J2 - ʩʫʤʤʘʨʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʭ ʩ 
ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ ʤʝʭʘʥʠʟʤʘ; ʄ1 ʠ ɤ1 ï ʤʦʤʝʥʪ ʠ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʥʘ ʚʘʣʫ ʧʝʨʚʠʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʄ2 
ʠ ɤ2 ï ʤʦʤʝʥʪ ʠ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʥʘ ʚʘʣʫ ʨʘʙʦʯʝʛʦ ʤʝʭʘʥʠʟʤʘ. ʄʘʛʥʠʪʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʚʝʜʫʱʝʡ 1 ʠ 

ʚʝʜʦʤʦʡ 2 ʧʦʣʫʤʫʬʪʘʤʠ ʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʫʧʨʫʛʠʤ ʚʘʣʦʤ ʩ ʞʝʩʪʢʦʩʪʴʶ m
ʩ. ɼʠʩʩʠʧʘ-

ʪʠʚʥʳʝ ʧʦʪʝʨʠ ʚ ʧʝʨʝʜʘʯʘʭ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ. 
 

 ʅʘ ʧʝʨʚʫʶ ʤʘʩʩʫ ʩ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ J1 ʜʝʡʩʪʚʫʝʪ ʧʨʠʣʦʞʝʥʥʳʡ ʢ ʥʝʡ ʜʚʠʞʫʱʠʡ ʤʦʤʝʥʪ ʜʚʠʛʘ-
ʪʝʣ ̫ʄ1, ʢʦʪʦʨʦʤʫ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʤʦʤʝʥʪ ʫʧʨʫʛʦʛʦ ʟʘʢʨʫʯʠʚʘʥʠʷ M2 ʤʝʞʜʫ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʤʘʩʩʘ-
ʤʠ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʫʧʨʫʛʦʩʪʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʚʦʟʜʫʰʥʦʤ ʟʘʟʦʨʝ ʤʝʞʜʫ ʧʦʣʫʤʫʬʪʘʤʠ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ [4,5,6], ʩʠʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʛʥʠʪʥʦʡ ʤʫʬʪʳ 
ʙʣʠʟʢʘ ʢ ʫʛʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʚʳʨʘʞʝʥʠʝʤ 

2 sinɗmM M= , 

ʛʜʝ  mM  - ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝ-

ʨʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʤʫʬʪʳ, ɗ - ʫʛʦʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ, ʨʘʚʥʳʡ  

1 2 1 2 1 2ɗ ű ű ɤd ɤ (ɤ ɤ )dt dt t= - = - = -ñ ñ ñ .                                 (1) 

ɿʜʝʩʴ ű1 ʠ ű2 - ʫʛʣʳ ʟʘʢʨʫʯʠʚʘʥʠʷ ʢʦʥʮʦʚ ʫʩʣʦʚʥʦʛʦ ʫʧʨʫʛʦʛʦ ʚʘʣʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʤʘʛʥʠʪʥʳʤʠ 
ʩʚʷʟʷʤʠ, ʘ ɤ1 ʠ ɤ2 - ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʩʢʦʨʦʩʪʠ. 

ʄʦʤʝʥʪ ʫʧʨʫʛʦʛʦ ʟʘʢʨʫʯʠʚʘʥʠʷ ʄ2 ̫ ʚʣʷʝʪʩʷ ʜʚʠʞʫʱʠʤ ʤʦʤʝʥʪʦʤ, ʜʝʡʩʪʚʫʶʱʠʤ ʥʘ ʚʪʦʨʫʶ ʤʘʩʩʫ, 
ʢʦʪʦʨʦʤʫ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ, ʩʦʟʜʘʚʘʝʤʳʡ ʨʘʙʦʯʠʤ ʤʝʭʘʥʠʟʤʦʤ ï
 ʄʉ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʩʦʝʜʠʥʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʩ ʤʫʬʪʦʡ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫ-
ʶʱʝʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ  
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ʉʡʪ. 2. ʉʙʪʰʞʫʦʙʸ ʪʮʞʥʙ ʝʛʬʮʥʙʪʪʧʛʧʢ ʪʡʪʫʞʥʴ ʙ) 
ʡ ʞʞ ʶʣʛʡʛʙʤʞʦʫʦʙʸ ʥʧʝʞʤʵ ʚ) 
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ʛʜʝ L, R ï ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, i ï ʪʦʢ ʷʢʦʨʥʦʡ ʮʝʧʠ ʜʚʠʛʘʪʝʣʷ, ʂɽ ʠ ʂʄ 
ï ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʜʚʠʛʘʪʝʣʷ.  

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ 
ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʥʝʣʠʥʝʡʥʦʝ ʟʚʝʥʦ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʩʠʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʛʥʠʪʥʦʡ ʤʫʬʪʳ.   ɼʣʷ 
ʘʥʘʣʠʟʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪʥʳʡ ʤʝʪʦʜ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ, 
ʧʦʣʫʯʘʶʱʠʡ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 
ʚʳʜʝʣʷʪʴ ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠ, ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʣʠʥʝʡʥʫʶ ʯʘʩʪʴ ʧʦ ʠʟʚʝʩʪʥʳʤ 
ʧʨʘʚʠʣʘʤ [7], ʥʘʨʘʱʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʨʝʘʣʴʥʦʡ 
ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʘʧʧʘ-
ʨʘʪ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʠʤ ʜʣʷ ʣʠʥʝʡʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ.  ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [6], ʧʨʠ 
ʥʝʙʦʣʴʰʠʭ ʫʛʣʘʭ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ (ʜʦ 30 ʛʨʘʜʫʩʦʚ) ʤʝʭʘʥʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʫʬʪʳ, ʩ ʧʦʛʨʝʰʥʦ-
ʩʪʴʶ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 5 %, ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʧʨʷʤʦʡ ʣʠʥʠʝʡ. ʇʨʠ ʪʘʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

                                             2 ɗmM M= .                                                                        (3) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʣʠʥʝʘʨʠʟʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠ-
ʩʪʝʤʳ ʩ ʤʘʛʥʠʪʥʦʡ ʤʫʬʪʦʡ, ʢʦʪʦʨʘʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. 

 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 
ʇʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʣʠʥʝʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʞʜʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ, ʩʦʟʜʘʚʘʝʤʳʤ  
ʜʚʠʛʘʪʝʣʝʤ, ʠ ʚʳʭʦʜʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʦʧʨʝʜʝʣʠʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣʳ ʄʵʡʩʦʥʘ [8]. ɼʣʷ 

ʥʝʢʦʪʦʨʦʛʦ ʫʧʨʦʱʝʥʠʷ ʦʙʦʟʥʘʯʠʤ 
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ʊʦʛʜʘ ʛʨʘʬ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʜʣʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ, ʧʨʠ-
ʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩ. 4. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʷʤʦʡ ʩʚʷʟʠ (ʤʝʞʜʫ ʚʭʦʜʦʤ ʠ ʚʳʭʦʜʦʤ) 

ʉʡʪ. 3. ʊʫʩʬʣʫʬʩʦʙʸ ʪʮʞʥʙ ʤʡʦʞʙʩʡʠʧʛʙʦʦʧʢ ʶʤʞʣʫʩʧʥʞʮʙʦʡʰʞʪʣʧʢ ʪʡʪʫʞʥʴ  
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X ȁȐȄȏȍȐȐȇȈȐȉǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 
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 = L WW W W. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʫʩʢʘʥʠʷ ʟʘʤʢʥʫʪʳʭ ʧʝʪʣʝʡ 
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ɽʩʣʠ ʚʩʝ ʚʝʪʚʠ ʢʘʩʘʶʪʩʷ ʧʨʷʤʦʡ ʩʚʷʟʠ, ʪʦ ʬʦʨʤʫʣʘ ʄʵʡʩʦʥʘ ʜʣʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʨʘʟʦ-

ʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʚ ʩʣʫʯʘʝ ʜʚʫʭ ʥʝʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʢʦʥʪʫʨʦʚ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ  ( ) /  W ʨ L= D, ʛʜʝ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ 
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ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʣʠʥʝʡʥʦʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʫʩʪʘʥʦʚʠʪʴ ʝʝ 
ʫʩʪʦʡʯʠʚʦʩʪʴ. ʇʨʠʨʘʚʥʷʚ ʢ ʥʫʣʶ ʟʥʘʤʝʥʘʪʝʣʴ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ, ʧʦʣʫʯʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ 
ʫʨʘʚʥʝʥʠʝ. 
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ʋʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʢʨʠʪʝʨʠʶ ɻʫʨʚʠʮʫ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʙʣʶʜʝʥʠʠ ʥʝʨʘʚʝʥʩʪʚ 
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ʇʝʨʚʦʝ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ ɺ ʠ ʊ ʠ ʯʘʩʪʦʪʳ  ͵ʠ ʘ͵ ʚʩʝʛʜʘ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳ, ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ   0
i
ʘ> .  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʣʠʥʝʘʨʠʟʦʚʘʥʥʘʷ ɼʕʄʉ ʩ ʤʘʛʥʠʪʥʦʡ ʤʫʬʪʦʡ ʙʝʟ 
ʚʥʝʰʥʠʭ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʚʩʝʛʜʘ ʫʩʪʦʡʯʠʚʘ.  

ɿʘʢʣʶʯʝʥʠʝ 
ʇʨʠ ʥʝʙʦʣʴʰʠʭ ʫʛʣʘʭ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦʣʫʤʫʬʪ ʧʨʦʮʝʩʩʳ ʚ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʜʦ-

ʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʤʦʜʝʣʠʨʫʶʪʩʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʦʡ. ʃʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʠ-
ʤʝʥʠʪʴ ʘʧʧʘʨʘʪ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʝ-
ʨʝʜʘʪʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʨʫʢʪʫʨʳ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ ʜʚʠʛʘʪʝʣʷ ʠ ʚʳʭʦʜʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 
ʧʦʣʫʯʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʦʨʤʫʣʳ ʄʵʡʩʦʥʘ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠ-
ʥʝʘʨʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʢʘʟʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʫʭʤʘʩʩʦʚʦʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʤʘʛʥʠʪ-
ʥʦʡ ʤʫʬʪʦʡ. ɺʦʧʨʦʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʦʜʘ ʩ ʤʘʛʥʠʪʥʦʡ ʤʫʬʪʦʡ ʥʘ ʥʝʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʤʦ-
ʤʝʥʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʚʝʜʫʱʝʡ ʠ ʚʝʜʦʤʦʡ ʧʦʣʫʤʫʬʪ ʪʨʝʙʫʝʪ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ.  
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ǠȍȊǿȑȀȄȉȍȁǿ ǣȇȌǿȏǿ ǩǿȐȚȋȉǿȊȇȚȆȚ 
ʤʘʛʠʩʪʨʘʥʪ  

ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ,  
ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʣʤʘʪʳ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʊʫʣʝʰʝʚ ɽ. ɸ.  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʘʩʩʠʩʪʝʥʪ- ʧʨʦʬʝʩʩʦʨ 
ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ,  

ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʣʤʘʪʳ 
 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʘ ʜʦʨʦʛʘʭ ʦʯʝʥʴ ʤʥʦʛʦ ʤʘʰʠʥ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʪʦʨʘʤ ʚʦ ʚʩʝʤ ʛʦʨʦʜʝ. ʊʘʢ 

ʯʪʦ ʚʦ ʚʨʝʤʷ ʯʨʝʟʚʳʯʘʡʥʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʩʢʦʨʘʷ ʧʦʤʦʱʴ, ʢʦʪʦʨʘʷ ʝʜʝʪ ʧʦ ʜʦʨʦʛʝ, ʤʦʞʝʪ ʥʝ 

ɹʦʦʧʫʙʯʡʸ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 
ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʜʦʩʪʘʚʢʠ ʜʝʬʠʙʨʠʣʣʷʪʦʨʦʚ ʧʘʮʠʝʥʪʘʤ ʩ ʦʩʪʘʥʦʚʢʦʡ ʩʝʨʜʮʘ ʚʥʝ ʙʦʣʴʥʠʮʳ ʙʳʩʪʨʝʝ, ʯʝʤ 
ʤʘʰʠʥʘ ʩʢʦʨʦʡ ʧʦʤʦʱʠ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ 
ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʠ ʧʦʣʦʞʝʥʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩʢʦʨʦʡ ʧʦʤʦʱʠ, ʪʘʢ ʠ ʩʧʦʩʦʙ ʠʭ ʣʝʛʘʣʴʥʦʛʦ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 
ʩʢʦʨʦʡ ʧʦʤʦʱʠ ʥʘ ʩʧʦʨʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʠʢʦʚʳʡ ʯʘʩ, ʘʚʘʨʠʡʥʦʝ ʧʷʪʥʦ, ʩʝʨʜʮʝʙʠʝʥʠʝ, ʘʧʪʝʯʢʘ ʧʝʨʚʦʡ ʧʦʤʦʱʠ. 
 

RESEARCH AND CONSTRUCTION OF A MATHEMATICAL MODEL OF A MOBILE DEVICE FOR 
MEDICAL PURPOSES 

 
Bolatbekova Dinara Kasymkalikyzy 

 
Scientific adviser: Tuleshev Erkebulan Amandykovich 

 
Annotation. The transmitted to the emergency spot earlier than ambulance and take into account multiple real 
time health parameters of the patient such ambulance purpose of this project is to develop a prototype of 
drone ambulance to assist the ambulances in saving human lifeôs. According to a study conducted by a centre 
of science and environment, traffic in its ópeak hoursô on an average does not exceed 30-40 km/hr 92% of the 
times. In existing systems, a drone carries only the defibrillator to the emergency spot. Thus, it takes into ac-
count only a single parameter. This paper aims at developing a system that would be able to fly to the as tem-
perature heart rate and heartbeat. The values of these essential parameters are then. This helps the doctor to 
evaluate the situation better to provide first-aid kit. 
Key words: traffic, peak hour, emergency spot, heartbeat, first-aid kit. 
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ʫʩʧʝʪʴ ʚʦʚʨʝʤʷ ʜʦʙʨʘʪʴʩʷ ʜʦ ʤʝʩʪʘ ʥʘʟʥʘʯʝʥʠʷ, ʠ ʧʘʮʠʝʥʪ ʤʦʞʝʪ ʧʦʪʝʨʷʪʴ ʩʚʦʶ ʞʠʟʥʴ. ʊʘʢʠʤ ʦʙʨʘ-
ʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʦʪʜʝʣʴʥʦʝ ʩʨʝʜʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʠʙʣʠʟʠʣʦ ʙʳ ʮʝʣʴ ʩʧʘʩʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ 
ʞʠʟʥʠ ʥʘ ʦʜʠʥ ʰʘʛ. ɹʝʩʧʠʣʦʪʥʠʢ ʠʣʠ ʰʝʩʪʠʛʨʘʥʥʳʡ ʚʝʨʪʦʣʝʪ ʣʝʪʘʝʪ ʧʦ ʚʦʟʜʫʰʥʦʤʫ ʤʘʨʰʨʫʪʫ, ʠ ʠʤ 
ʫʧʨʘʚʣʷʝʪ ʯʝʣʦʚʝʢ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʛʘʪʝʣʝʡ ʠ ʧʨʦʧʝʣʣʝʨʦʚ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 
ʪʷʛʫ. ʐʝʩʪʠʛʨʘʥʥʳʡ ʚʝʨʪʦʣʝʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʰʝʩʪʠ ʜʚʠʛʘʪʝʣʝʡ BLDC ʠ ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʢ ʥʝʤʫ ʧʨʦʧʝʣ-
ʣʝʨʦʚ, ʜʝʣʘʝʪ ʝʛʦ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʪʷʛʫ. ʇʠʪʘʥʠʝ ʜʨʦʥʘ ʦʩʫ-
ʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʘ ʝʤʢʦʩʪʴʶ 5200 ʤɸʯ. ɹʝʩʧʠʣʦʪʥʠʢ ʩʦʩʪʦʠʪ ʠʟ ʘʧʪʝʯʢʠ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ 
ʜʦʙʨʘʪʴʩʷ ʜʦ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʙʳʩʪʨʝʝ, ʯʝʤ ʩʢʦʨʘʷ ʧʦʤʦʱʴ, ʯʪʦʙʳ ʧʦʤʦʯʴ ʚ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘ-
ʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʦʥʦʚ ʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʨʦʪʦʪʠʧʘ. ʇʦ ʵʪʦʡ 
ʧʨʠʯʠʥʝ ʧʝʨʚʳʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʛʝʢʩʘʢʦʧʪʝʨʘ. ʀ ʪʷʛʘ, ʠ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʧʨʦʠʟʚʦʜʷʪʩʷ 
ʢʘʞʜʳʤ ʛʝʢʩʘʢʦʧʪʝʨʦʤ, ʠ ʦʥʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚʦʢʨʫʛ ʝʛʦ ʂʆʈ (ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ). ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ 
ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʘʢʞʝ ʩʦʟʜʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʝʛʦ ʧʦʣʝʪʫ. [1, 2]. 

ʂʦʥʩʪʨʫʢʮʠʷ 
ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʨʦʥʝ, ʩʣʝʜʫʶʱʠʝ (ʨʠʩ. 1):  
1) ʈʘʤʘ : ʇʣʘʩʪʠʢʦʚʘʷ ʚʦʣʦʢʦʥʥʘʷ ʨʘʤʘ H550mm 
2) ɼʚʠʛʘʪʝʣʠ : ʐʝʩʪʴ ʜʚʠʛʘʪʝʣʝʡ BLDC ʤʦʱʥʦʩʪʴʶ 1000 ʢɺ 
3) ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʛʫʣʷʪʦʨ ʩʢʦʨʦʩʪʠ(ESC): 30 ʘʤʧʝʨ. 
4) ʂʦʥʪʨʦʣʣʝʨ ʧʦʣʝʪʘ : ʂʦʥʪʨʦʣʣʝʨ ʧʦʣʝʪʘ Pixhawk 
5) ɹʘʪʘʨʝʷ : 5200mAh Lipo 
6) ʄʦʜʫʣʴ GPS : M7N 
7) ʇʝʨʝʜʘʪʯʠʢ: FS i6 Flysky 
8) ʇʨʠʝʤʥʠʢ: 6-ʢʘʥʘʣʴʥʳʡ fs i6 
9) ʄʦʜʫʣʴ ʪʝʣʝʤʝʪʨʠʠ : 433MH 
10) ʇʨʦʧʝʣʣʝʨ: 10*4.5 

 

 
ʉʡʪ. 1. ɺʙʠʧʛʙʸ ʣʧʦʪʫʩʬʣʯʡʸ ʜʞʣʪʙʣʧʨʫʞʩʙ 

 
ʕʪʦ ʨʝʘʣʠʟʘʮʠʷ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʜʣʷ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʦʥʘ ʚ 

ʢʘʯʝʩʪʚʝ ʩʘʥʠʪʘʨʥʦʡ ʘʚʠʘʮʠʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʝʨʚʳʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʛʝʢʩʘʢʦʧʪʝʨʘ. ʂʘʢ 
ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʪʘʢ ʠ ʪʷʛʘ ʧʨʦʠʟʚʦʜʷʪʩʷ ʢʘʞʜʳʤ ʛʝʢʩʘʢʦʧʪʝʨʦʤ, ʠ ʦʥʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚʦʢʨʫʛ ʝʛʦ ʂʆʈ 
(ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ). ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʘʢʞʝ ʩʦʟʜʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠ-
ʚʦʧʦʣʦʞʥʦʤ ʝʛʦ ʧʦʣʝʪʘʤ. ʂʘʞʜʳʡ ʛʝʢʩʘʢʦʧʪʝʨ ʧʳʪʘʝʪʩʷ ʜʦʩʪʠʯʴ ʧʦʜʲʝʤʥʦʡ ʨʳʩʢʘʥʠʷ , ʢʨʝʥʘ ʠ ʪʘʥʛʘʞʘ 
ʩ ʧʦʤʦʱʴʶ ʪʷʛʠ, ʩʦʟʜʘʚʘʝʤʦʡ ʰʝʩʪʴʶ ʜʚʠʛʘʪʝʣʷʤʠ, ʧʨʠʢʨʝʧʣʝʥʥʳʤʠ ʢ ʥʝʤʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʥʪʳ, 
ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʜʚʠʛʘʪʝʣʷʭ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʝʪʘ ʛʝʢʩʘʢʦʧʪʝʨʘ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 
ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʪʷʛʫ ʰʝʩʪʠ ʨʦʪʦʨʦʚ, ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʰʘʛʦʤ ʠ ʢʨʝʥʦʤ ʛʝʢʩʘʢʦʧʪʝʨʘ. ʄʦʤʝʥʪ ʧʣʝʯʘ 
ʪʷʛʠ ʢʘʞʜʦʛʦ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʂɻ, ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʩʦʩʪʦʷʥʠʠ ɹʇʃɸ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ. 
M = MI x Ŭ; 

ʋʧʨʦʱʘʷ, T = mra + mg; ɼʠʬʬʝʨʝʥʮʠʨʫʷ, dT/da = mr. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʤʘʩʩʫ ʥʘ ʨʦʪʦʨʝ (ʤ) ʠʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ CG(r). ɼʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 
ʨʳʩʢʘʥʠʶ ʜʚʘ ʨʦʪʦʨʘ ʛʝʢʩʘʢʦʧʪʝʨʘ ʚʨʘʱʘʶʪʩʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʪʠʚʥʳʡ 
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X ȁȐȄȏȍȐȐȇȈȐȉǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʤʦʤʝʥʪ ʜʚʫʭ ʨʦʪʦʨʦʚ ʙʳʣ ʥʝʡʪʨʘʣʠʟʦʚʘʥ. ʇʨʠʨʘʚʥʠʚʘʷ ʪʷʛʫ ʠ ʤʘʩʩʫ, 3tcosɗ = Mo x g; ʀʤʧʫʣʴʩʥʦ-
ʠʤʧʫʣʴʩʥʳʡ ʧʨʠʥʮʠʧ, [3] MI ʨʦʪʦʨ x + 3ʮʠʥɗ.r = 0; ʋʧʨʦʱʘʷ, tanɗ = [mrm2w/2] / grMo; ʀʟ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʷ ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ ɤ = 1900 ʈʘʜ-1. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ɗ = 0,43Á. [3]. 

 

 
ʉʡʪ. 2. ʊʮʞʥʙ ʨʧʝʣʤʷʰʞʦʡʸ 

 
ʇʦʥʷʪʥʦ, ʯʪʦ ʙʝʩʧʠʣʦʪʥʠʢʠ, ʠ ʦʩʦʙʝʥʥʦ ʛʨʘʞʜʘʥʩʢʠʝ ʙʝʩʧʠʣʦʪʥʠʢʠ, ʷʚʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʝʟʨʝʣʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʠʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ. ɹʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʩʭʦ-
ʜʷʪ ʧʦʯʪʠ ʝʞʝʛʦʜʥʦ, ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʡ, ʫʣʴʪʨʘʩʦʚʨʝʤʝʥʥʳʡ ʧʨʦʜʫʢʪ ʪʝʧʝʨʴ ʤʦʞʝʪ ʫʩʪʘʨʝʪʴ ʚ ʩʣʝʜʫʶ-
ʱʝʤ ʛʦʜʫ. ʀʟ - ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʫʢʪʦʚ "ʥʘ ʛʦʨʠʟʦʥʪʝ", ʪʘʢʠʭ ʢʘʢ Amazon Prime Air ʠ Google 
Project Wing, ʥʦ ʥʝ ʨʘʙʦʪʘʶʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʩʦʟʜʘʝʪʩʷ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʧʦʣʥʦ-
ʩʪʴʶ ʘʚʪʦʥʦʤʥʘʷ ʩʝʪʴ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʦʢʘ ʥʝ ʧʨʘʢʪʠʯʥʘ. ʆʜʥʘʢʦ ʵʪʘ ʧʨʦʙʣʝʤʘ, 
ʧʦʭʦʞʝ, ʙʫʜʝʪ ʨʝʰʝʥʘ ʚ ʙʫʜʫʱʝʤ, ʧʦʵʪʦʤʫ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʟʞʝ. ʕʪʦ ʪʘʢʞʝ 
ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʢʦʥʮʝʧʮʠʠ ʛʨʘʞʜʘʥʩʢʠʭ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʢʘʢ "ʚʦ-
ʝʥʥʦʛʦ ʜʠʚʠʜʝʥʜʘ", ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʛʨʘʞʜʘʥʩʢʠʝ ʙʝʩʧʠʣʦʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʣʝʜʫʶʪ ʟʘ ʚʦʝʥʥʳʤʠ ʙʝʩ-
ʧʠʣʦʪʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʇʦʩʢʦʣʴʢʫ ʚʦʝʥʥʳʝ ʙʝʩʧʠʣʦʪʥʠʢʠ ʫʞʝ ʜʘʚʥʦ ʟʘʥʠʤʘʶʪʩʷ ʥʘʙʣʶʜʝʥʠʝʤ, ʘ ʥʝ 
ʜʦʩʪʘʚʢʦʡ ʛʨʫʟʦʚ (ʥʝ ʩʯʠʪʘʷ ʜʦʩʪʘʚʢʠ ʦʯʝʥʴ ʙʳʩʪʨʦ ʜʚʠʞʫʱʠʭʩʷ, ʥʝ ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʢʝʪ), ʤʳ ʚʠʜʠʤ, 
ʯʪʦ ʵʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʪʦʤ, ʥʘ ʯʪʦ ʩʧʦʩʦʙʥʳ ʛʨʘʞʜʘʥʩʢʠʝ ʙʝʩʧʠʣʦʪʥʠʢʠ. ʅʝʤʥʦʛʠʝ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʘʪʳ-
ʚʘʶʪʩʷ ʩ ʫʯʝʪʦʤ ʪʨʘʥʩʧʦʨʪʘ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. ʇʦʩʢʦʣʴʢʫ 
ʚʦʝʥʥʳʝ ʙʝʩʧʠʣʦʪʥʠʢʠ ʥʝʜʘʚʥʦ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʘ ʛʨʘʞʜʘʥʩʢʠʝ ʙʝʩʧʠʣʦʪ-
ʥʠʢʠ ʩʪʘʣʠ ʩʦʙʩʪʚʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʤʦʱʴʶ, ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʛʨʘʞʜʘʥʩʢʠʝ ʙʝʩʧʠʣʦʪʥʠʢʠ ʜʣʷ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦʷʚʷʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʣʠ ʙʝʩʧʠʣʦʪʥʠʢʠ ʩ ʢʘʤʝʨʘʤʠ. ʉʠʩʪʝ-
ʤʳ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʘʶʪ, ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʥʘ ʦʜʠʥʦʯ-
ʥʳʝ ʜʨʦʥʳ ʠ ʦʜʠʥʦʯʥʳʝ ʧʦʩʪʘʚʢʠ, ʠ ʫʧʨʘʚʣʷʶʪʩʷ ʚʨʫʯʥʫʶ. ʇʦʭʦʞʝ, ʯʪʦ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʙʳ ʣʦʛʠʯ-
ʥʦʡ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʙʝʩʧʠʣʦʪʥʠʢʘ ʩʢʦʨʦʡ ʧʦʤʦʱʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʦʡ ʘʚʪʦʤʘʪʠʟʠ-
ʨʦʚʘʥʥʦʡ ʠʣʠ ʤʫʣʴʪʠʜʨʦʥʥʦʡ ʩʠʩʪʝʤʳ. [4]. 

ʇʨʦʪʦʪʠʧ óʙʝʩʧʠʣʦʪʥʦʡ ʩʢʦʨʦʡ ʧʦʤʦʱʠ " ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʤʦʯʴ ʤʘʰʠʥʘʤ ʩʢʦʨʦʡ ʧʦ-
ʤʦʱʠ ʚ ʩʧʘʩʝʥʠʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʠʟʥʝʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʪʦʪʠʧ ʟʘʥʠʤʘʝʪ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʜʣʷ ʜʦ-














































































































































































































































































































































































