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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉ56 

ʉʆɺʈɽʄɽʅʅɸʗ ʅɸʋʂɸ: ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ, ɼʆʉʊʀɾɽʅʀʗ ʀ 

ʀʅʅʆɺɸʎʀʀ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ XXVI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ. ï ʇʝʥʟʘ: ʄʎʅʉ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè. ï  2022. ï 182 ʩ. 

 

ISBN 978-5-00173-461-1 

 

ʅʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ ʩʦʩʪʘʚʣʝʥ ʧʦ ʤʘʪʝʨʠʘʣʘʤ XXVI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʆɺʈɽʄɽʅʅɸʗ ʅɸʋʂɸ: ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ, 

ɼʆʉʊʀɾɽʅʀʗ ʀ ʀʅʅʆɺɸʎʀʀè, ʩʦʩʪʦʷʚʰʝʡʩʷ 25 ʘʚʛʫʩʪʘ 2022 ʛ. ʚ ʛ. ʇʝʥʟʘ. ɺ ʩʙʦʨʥʠʢʝ 

ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ʧʨʠʤʝʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ, 

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

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

ʪʘʢʞʝ ʟʘ ʩʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦʙ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʝʩʫʪ ʘʚʪʦʨʳ 

ʧʫʙʣʠʢʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʦʣʥʳʝ ʪʝʢʩʪʳ ʩʪʘʪʝʡ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʨʘʟʤʝʱʝʥʳ ʚ ʅʘʫʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

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

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉʦʩʪʘʚ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

ɸʛʘʨʢʦʚʘ ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ï 

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʥʘʥʯʝʥʢʦ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʪʠʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ɹʘʙʘʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï  

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʦʷʨʩʢʠʡ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ɹʫʟʥʠ ɸʨʪʝʤʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ʕʜʫʘʨʜʦʚʠʯ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺʣʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ɻʝʪʤʘʥʩʢʘʷ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ 

ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï 

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï 

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  
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ǲǣǩ 352 

ǼǩǭǪǭǢǧǶǤǰǩǟǾ ǴǟǯǟǩǱǤǯǧǰǱǧǩǟ ǧ 
ǧǰǮǭǪǻǦǭǡǟǬǧǤ ǡǭǣǬǺǴ ǯǟǰǱǤǬǧǨ 
(LEMNA MINMP J, ǧ NGQRG? QRP?RIOTES L.) ǡ 
ǩǟǶǤǰǱǡǤ ǯǤǰǲǯǰǟ Ǯǯǧ ǭǶǧǰǱǩǤ ǰǱǭǶǬǺǴ 
ǡǭǣ ǡ ǲǰǪǭǡǧǾǴ ǯǤǰǮǲǠǪǧǩǧ 
ǩǟǯǟǩǟǪǮǟǩǰǱǟǬǟ 

ǯȒȐȑǿȋȍȁǿ ǰȄȁǿȏǿ ǯȒȐȑǿȋȍȁȌǿ  
ʩʪʘʞʝʨïʠʩʩʣʝʜʦʚʘʪʝʣʴ 

ʂʘʨʘʢʘʣʧʘʢʩʢʠʡ ʥʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʂʘʨʘʢʘʣʧʘʢʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ  
ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʋʟʙʝʢʠʩʪʘʥʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥʝ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʪʘʢ ʢʘʢ ʜʘʣʴ-
ʥʝʡʰʝʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʝ, ʢʦʪʦʨʘʷ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ.  
ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ, ʙʳʪʦʚʳʭ ʚʦʜ. ʇʦʵʪʦʤʫ 
ʚʦʜʘ, ʧʦʩʪʫʧʘʶʱʘʷ ʠʟ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ 
ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʚʦʜʦʝʤʳ, ʙʝʟ ʦʯʠʩʪʢʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʪʦʯʥʳʝ ʚʦʜʳ. ʅʘ ʜʘʥʥʳʡ ʤʦ-
ʤʝʥʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʠ ʚʥʝʜʨʝʥʠʶ ʤʝʪʦʜʦʚ ʵʬʬʝʢ-
ʪʠʚʥʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʚʦʜ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʘʢʨʦʬʠʪ, ʙʠʦʬʠʣʴʪʨʦʤ, ʨʷʩʢʘ, ʧʠʪʷ, ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ, Lemna minor L., Pistia strati-
otes L., Lemna trisulca, ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʚʦʜʳ, ʩʪʦʯʥʳʭ ʚʦʜ, ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 
 

ECOLOGICAL CHARACTERISTICS AND USE OF AQUATIC PLANTS (LEMNA MINOR L. AND PISTIA 
STRATIOTES L.) AS A RESOURCE FOR WASTEWATER TREATMENT IN THE CONDITIONS OF THE 

REPUBLIC OF KARAKALPAKSTAN 
 

Rustamova Sevara Rustamovna 
 

Abstract: In Uzbekistan, including in Karakalpakstan, there is an acute problem of using water resources in 
agriculture, preventing pollution of water basins, since further pollution leads to an environmental problem that 
affects human health. Water pollution occurs due to industrial, agricultural, domestic waters. Therefore, water 
coming from settlements, industrial and agricultural enterprises into natural and artificial reservoirs turns into 
wastewater without treatment. At the moment, much attention is being paid to further improvement and imple-
mentation of effective wastewater treatment methods and the creation of a system for the effective use of such 
waters. 
Keywords: macrophyte, biofilter, duckweed, pstya, aquatic plants, Lemna minor L., Pistia stratiotes L., Lemna 
trisulca, water mineralization, waste water, chemical analysis. 
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ɻʛʞʝʞʦʡʞ. ʉʝʛʦʜʥʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʝʦʙʭʦʜʠʤʦ 
ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ. ʅʘʰʘ ʩʪʨʘʥʘ ʙʦʛʘʪʘ ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘ-
ʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʯʠʩʪʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʨʝʩʫʨʩ [2]. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʟʘʜʘʯ, ʨʘʟʨʘʙʦ-
ʪʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʠ ʨʘʟʤʥʦʞʝʥʠʶ ʧʠʩʪʠʠ (Pistia stratiotes L.) ʠ 
ʨʷʩʢʠ ʤʘʣʦʡ (Lemna minor L.) ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʛʦ 
ʩʦʩʪʘʚʘ ʩʪʦʯʥʳʭ ʚʦʜ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʫʣʫʯʰʝʥʠʶ ʠ ʦʯʠʩʪʢʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ 
ʩʪʦʯʥʳʭ ʚʦʜ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʚʨʝʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʦʜʝ, ʟʘʛʨʷʟʥʝʥʥʦʡ ʨʘʟʣʠʯʥʳʤʠ 
ʦʪʭʦʜʘʤʠ, ʥʘʨʫʰʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʠ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 
ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ ʠ ʩʦʟʜʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦ-
ʜʳ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʯʠʱʝʥʥʦʡ ʚʦʜ rʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʠ-
ʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ ʚ ʢʘʯʝʩʪʚʝ ʢʦʨʤʦʚʦʛʦ ʨʘʮʠʦʥʘ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʠ ʨʳʙʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ ʩ ʮʝʣʴʶ 
ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʤʷʩʘ ʠ ʨʳʙʳ, ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ. 

ɹʦʣʴʰʦʝ ʥʘʫʯʥʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ  ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ ʠʤʝʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʚ 
ʩ ʚʳʩʦʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ ʯʠʩʪʦʡ ʚʦʜʳ, ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦ-
ʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʪʘʢʠʭ ʚʦʜ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʬʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ,   ʜʣʷ 
ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʛʘʪʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚʠʜʦʚ ʚʳʩʰʠʭ 
ʨʘʩʪʝʥʠʡ ʠ ʧʦʣʫʯʝʥʠʝ ʠʟ ʥʠʭ ʙʠʦʤʘʩʩʳ, ʚ ʢʘʯʝʩʪʚʝ ʧʠʪʘʪʝʣʴʥʦʡ ʧʦʜʢʦʨʤʢʠ ʜʣʷ ʧʪʠʮʳ ʠ ʨʳʙʳ, ʜʣʷ ʧʦ-
ʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʤʷʩʥʦʡ ʠ  ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɺ ʚʦʜʦʝʤʘʭ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥʘ ʬʦʨʤʘʮʠʷ ʨʷʩʢʠ ʤʘʣʘʷ (Lemna minor L.) ʠ ʧʠʩʪʷ (Pistia stratiotes L.) 
ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʯʪʠ ʥʝ ʠʟʫʯʝʥʘ, ʚ ʩʚʷʟʠ ʩ   ʠʟʤʝʥʝʥʠʝʤ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʥʦʛʠʭ ʚʦ-
ʜʦʝʤʦʚ ʠ ʫʚʝʣʠʯʠʚʰʝʡʩʷ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʚʦʜʳ ʚ ʥʠʭ, ʧʣʦʱʘʜʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʷʩʢʘ ʤʘʣʘʷ (Lemna 
minor L.) ʠ ʧʠʩʪʷ (Pistia stratiotes L.) ʚʦʜʥʳʭ ʙʘʩʩʝʡʥʦʚ ʩʦʢʨʘʪʠʣʠʩʴ ʠ ʠʩʯʝʟʣʠ ʩʦʚʩʝʤ. 

ʅʦ ʫʯʠʪʳʚʘʷ ʨʦʣʴ ʨʷʩʢʠ ʤʘʣʘʷ (Lemna minor L.) ʠ ʧʠʩʪʷ (Pistia stratiotes L.)  ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ 
ʦʯʠʱʝʥʠʠ ʚʦʜʦʝʤʦʚ, ʚʳʩʦʢʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʮʝʥʥʳʝ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʦʪ-
ʣʠʯʥʫʶ ʧʦʝʜʘʝʤʦʩʪʴ ʧʦʯʪʠ ʚʩʝʤʠ ʚʠʜʘʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʪʠʮ ʠ ʪʨʘʚʦʷʜʥʳʭ ʨʳʙ 
ʜʝʣʘʝʪ ʝʝ ʠʟʫʯʝʥʠʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ï ʘʢʪʫʘʣʴʥʳʤ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʨʷʩʢʠ ʤʘʣʘʷ (Lemna minor L.) ʠ ʧʠʩʪʷ (Pistia stratiotes L.) ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʠʟ ʧʨʠʨʦʜ-
ʥʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜ ʤʥʦʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʨʝʜʝ. 
ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʨʷʩʢʫ ʠ ʧʠʩʪʷ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ñʵʢʦʣʦʛʠʯʝʩʢʦʡ ʜʨʦʟʦʬʠʣʦʡò. ʈʷʩʢʘ ʤʘ-
ʣʘʷ (Lemna minor L.) ʠ ʧʠʩʪʷ (Pistia stratiotes L.) ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʜʳ, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ 
ʥʝʡ ʜʦ 10 ʤʢʛ/ʤʣ ʠʦʥʦʚ ɺʘ, ʉʠ, Mg, Fe, ʉʦ. ʅʘ ʢʘʞʜʳʡ ʟʘʛʨʷʟʥʠʪʝʣʴ ʫ ʚʠʜʦʚ ʨʷʩʦʢ ʧʨʦʷʚʣʷʝʪʩʷ ʩʧʝʮʠ-
ʬʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ. ʅʘ ʤʝʜʴ (0,1ï0,25 ʤʛ/ʤʣ) ï ʣʠʩʪʝʮʳ ʨʝʘʛʠʨʫʶʪ ʧʦʣʥʳʤ ʨʘʩʩʦʝʜʠʥʝʥʠʝʤ ʠʟ ʛʨʫʧʧ ʠ 
ʠʟʤʝʥʝʥʠʝʤ ʦʢʨʘʩʢʠ ʩ ʟʝʣʸʥʦʡ ʥʘ ʛʦʣʫʙʫʶ; ʨʝʘʢʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʯʝʨʝʟ 4 ʯʘʩʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘ 
ʮʠʥʢ (0,025 ʤʛ/ʤʣ) ʨʝʘʢʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʦʢʨʘʩʢʠ ʣʠʩʪʝʮʘ: ʩ ʥʘʩʳʱʝʥʥʦïʟʝʣʸʥʦʡ ʜʦ ʙʝʩ-
ʮʚʝʪʥʦʡ; ʛʜʝ ʟʝʣʸʥʳʤʠ ʦʩʪʘʶʪʩʷ ʪʦʣʴʢʦ ʪʦʯʢʠ ʨʦʩʪʘ; ʙʘʨʠʡ (0,1ï0,25 ʤʛ/ʤʣ) ʚʳʟʳʚʘʝʪ ʧʦʣʥʦʝ ʨʘʩʩʦ-
ʝʜʠʥʝʥʠʝʣʠʩʪʝʮʦʚ, ʦʪʧʘʜʘʥʠʝ ʢʦʨʥʝʡ ʠ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʩ ʟʝʣʸʥʦʡ ʥʘ ʤʦʣʦʯʥʦïʙʝʣʫʶ; ʢʦʙʘʣʴʪ 
(0,25ï0,0025 ʤʛ/ʤʣ) ï ʧʦʣʥʫʶ ʧʨʠʦʩʪʘʥʦʚʢʫ ʨʦʩʪʘ ʠ ʧʦʪʝʨʶ ʦʢʨʘʩʢʠ. ʊʝʭʥʦʣʦʛʠʷ ʦʯʠʩʪʢʠ ʚʦʜʥʦʡ ʩʨʝʜʳ 
ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʩʪʝʥʠʡ ʥʘʤʥʦʛʦ ʵʢʦʥʦʤʠʯʥʝʝ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʨʷʩʢʘ ʠ ʧʠʩʪʷ ʦʙʣʘʜʘʝʪ ʠ ʜʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  ʅʘʣʠ-
ʯʠʝ ʙʝʣʢʦʚ ʚ ʨʷʩʢʝ ʠ ʧʠʩʪʷ ʜʝʣʘʝʪ ʝʝʧʨʝʢʨʘʩʥʳʤ ʝʩʪʝʩʪʚʝʥʥʳʤ ʨʘʩʪʠʪʝʣʴʥʳʤ ʢʦʨʤʦʤ, ʢʦʪʦʨʳʡ ʥʝʦʙ-
ʭʦʜʠʤ ʜʣʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʧʠʪʘʥʠʷ ʨʳʙ.  

 
ʇʚʳʞʣʫ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʦ ʚʦʜʥʦʝ ʨʘʩʪʝʥʠʝ ʨʷʩʢʘ ʤʘʣʘʷ (Lemna minor L.) ʠ ʧʠʩʪʷ (Pistia 
stratiotes L.). ʀʩʧʦʣʴʟʦʚʘʥʳ ʦʙʱʝʧʨʠʥʷʪʳʝ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ (ʧʦ ʤʝʪʦʜʠʢʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝ-
ʣʝʥʠʷ ʩʦʩʪʘʚʘ ʚʦʜʳ) [3] ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ. ʆʧʳʪʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʚ ʩʦʩʫʜʘʭ, ʚ ʚʦʜʝ ʠʟ ʨʘʟʥʳʭ 
ʠʩʪʦʯʥʠʢʦʚ, ʨʘʟʣʠʯʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʦʩʪʦʚʳʭ ʚʝʱʝʩʪʚ ï ɻʫʤʤʠ, Calvinit (ʪʘʙʣ. 1). 
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ʋʙʚʤʡʯʙ 1 
ʊʧʝʞʩʟʙʦʡʞ ʛʧʝʧʩʙʪʫʛʧʩʡʥʴʮ ʪʧʤʞʢ ʛ ʛʧʝʞ, ʨʩʡ ʣʬʤʵʫʡʛʡʩʧʛʙʦʡʡ ʩʸʪʣʡ ʡ ʨʡʪʫʸ ʛ ʥʜ\ʤ 

ʇʨʦʙʘ ʚʦʜʳ ʉʫʤʤʘ 
ʩʦʣʝʡ 

HCO3
- Cl- SO4

2- Ca2+ Mg2+ Na + K 
ʧʦ ʨʘʟ-
ʥʠʮʝ 

Ca + Mg 
ʞʝʩʪʢʦʩʪʴ ʚ 
ʤʛ-ɻ ʢʚ 

ʇʨʦʙʘ 1, ʚʦʜʦʧʨʦʚʦʜʥʘʷ 
ʚʦʜʘ. 15.06.22 ʛ. 

908,8 137,8 207,7 269,7 53,5 32,5 193,3 5,2 

ʇʨʦʙʘ 2, ʚʦʜʦʧʨʦʚʦʜʥʘʷ 
ʚʦʜʘ + ɻʫʤʤʠ. 15.06.22 ʛ. 

815,1 150,5 149,1 302,6 25,2 97,7 79,8 8,5 

ʇʨʦʙʘ 3, ɺʦʜʘ ʢʘʥʘʣʘ ɼʦ-
ʩʣʳʢ. 15.06.22 ʛ. 

843,6 135,6 205,7 275,7 53,5 132,6 4,5 13,5 

ʇʨʦʙʘ 4, ɺʦʜʦʧʨʦʚʦʜʥʘʷ 
ʚʦʜʘ + ɻʫʤʤʠ +ʂʘʣʚʠʥʠʪ 
ʧʠʩʪʷ. 15.06.22 ʛ. 

835,8 147,0 65,5 393,9 135,2 45,6 37,1 10,5 

ʇʨʦʙʘ 5, ɺʦʜʘ ʠʟ ʙʘʩʩʝʡʥʘ 
ɸʅ ʧʠʩʪʷ. 15.06.22 ʛ. 

1118,9 83,2 349,9 347,5 192,7 49,3 109,8 15,6 

 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʩʫʤʤʘ ʩʦʣʝʡ ʠʟ ʨʘʟʥʳʭ ʚʦʜʦʠʩʪʦʯʥʠʢʦʚ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 0,819-

1,119 ʛ. ʅʘʠʙʦʣʴʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʪʤʝʯʝʥ ʚ ʚʦʜʝ ʙʘʩʩʝʡʥʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʪʝʨʨʠʪʦ-
ʨʠʠ ɸʅ ʈʋʟ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʵʪʦʪ ʚʦʜʦʝʤ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦʜʘ ʚ ʥʝʤ 
ʩʪʦʷʯʘʷ. ʇʦ ʘʥʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʫʣʴʬʘʪïʠʦʥ. 

  
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ɸʙʘʢʫʤʦʚ ɺ.ɸ. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤ ʫ ʤʦʥʠʪʦʨʠʥʛʫ ʧʨʝʩʥʦʚʦʚʜʥʳʭ ʵʢʦʩʠ-

ʩʪʝʤ. ʀʟʜïʚʦ: ʉʘʥʢʪïʇʝʪʝʨʙʫʨʛ, ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ, 1992. ïc. 320. 
2. ɸʙʜʠʝʚ ʄ. ʈʷʩʢʠ ʚʦʜʦʝʤʦʚ ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʦʧʳʪ ʠʭ ʤʘʩʩʦʚʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ɼʠʩʩ. ʂʘʥʜʠ-

ʜʘʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ: 03.00.00. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ. ʊʘʰʢʝʥʪ, 1970, ï 194 ʩ. 
3. ʃʫʨʴʝ ʖ.ʖ. ʋʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʚʦʜ. ʀʟʜïʚʦ ʍʠʤʠʷ. ʄʦʩʢʚʘ, 1971, ï c. 375. 

  



12 ǰǭǡǯǤǫǤǬǬǟǾ Ǭǟǲǩǟ 

 

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

 
 
 

ǱǤǴǬǧǶǤǰǩǧǤ Ǭǟǲǩǧ 
  



ǰǭǡǯǤǫǤǬǬǟǾ Ǭǟǲǩǟ 13 

 

XXVI International scientific conference | www.naukaip.ru 

ǲǣǩ 62-9, 631.12, 658.58 

ǡǭǰǰǱǟǬǭǡǪǤǬǧǤ ǧǦǬǭǷǤǬǬǺǴ ǬǭǥǤǨ ǧ 
ǯǤǷǤǱǭǩ* ǮǯǧǫǤǬǾǤǫǺǴ ǡ 
ǫǾǰǭǮǤǯǤǯǟǠǭǱǩǤ8 ǬǤǭǠǴǭǣǧǫǭǰǱǻ ǧ 
ǯǤǷǤǬǧǾ 

ǶȄȔǿ ǭȊțȂǿ ǡȞȖȄȐȊǿȁȍȁȌǿ 
ʩʦʠʩʢʘʪʝʣʴ 

ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ï ʄʉʍɸ ʠʤʝʥʠ ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʧʝʨʩʧʝʢʪʠʚ ʠ ʥʝʢʦʪʦʨʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 
ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʦʞʝʡ ʠ ʨʝʰʝʪʦʢ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʤʷʩʦʧʝʨʝʨʘʙʘʪʳ-
ʚʘʶʱʝʤ ʧʨʝʜʧʨʠʷʪʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʤʘʰʠʥ ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʠ. ʆʙʦʙʱʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʩʧʝʮʠʬʠʢʠ 
ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʦʚ ʨʝʟʘʥʠʷ, ʘ ʪʘʢʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠ ʜʦʩʪʫʧ-
ʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʟʥʦʩ, ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ, ʤʷʩʦʧʝʨʝʨʘʙʦʪʢʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʢʨʝʩʪʦʚʳʝ ʥʦʞʠ ʠ 
ʨʝʰʝʪʢʠ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʝʭʥʦʣʦʛʠʷ. 
 

RESTORATION OF WORN KNIVES AND GRATINGS USED IN MEAT PROCESSING: NECESSITY AND 
SOLUTIONS 

 
Chekha Olga Vyacheslavovna 

 
Abstract: the article presents a brief analysis of prospects and some solutions for optimal and resource-
saving restoration of knives and gratings that are used at a meat processing plant in various types of machines 
or equipment. The indicators of the specifics of the organization and the features of the working conditions of 
the cutting elements, as well as the feasibility and availability of restoration technology, are summarized. 
Key words: wear, resource conservation, meat processing, restoration, cross knives and gratings, equipment, 
technology. 

 
ʆʨʛʘʥʠʟʘʮʠʠ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʧʝʨʝʨʘʙʦʪʢʦʡ ʤʷʩʘ, ʤʦʛʫʪ ʚʳʧʫʩʢʘʪʴ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʳʡ ʤʷʩʥʦʡ 

ʬʘʨʰ, ʪʘʢ ʠ ʧʨʠʥʦʩʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʦʭʦʜ, ʚʳʨʫʯʢʫ ʠ ʧʨʠʙʳʣʴ [1].  ʅʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫ-
ʯʘʝ, ʝʩʣʠ ʧʨʝʜʧʨʠʷʪʠʝ ʩʧʣʘʥʠʨʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʩʥʘʱʝʥʦ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʘʰʠ-
ʥʘʤʠ, ʘʧʧʘʨʘʪʘʤʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ɽʩʣʠ ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʙʫʜʝʪ 
ʫʚʝʣʠʯʠʚʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʤʦʱʥʦʩʪʴ, ʪʦ ʵʪʦ ʧʦʟʚʦʣʠʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʧʦʜʥʷʪʴ ʫʨʦʚʝʥʴ ʝʸ ʨʝʥʪʘ-
ʙʝʣʴʥʦʩʪʠ [2, ʩ. 205]. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʭʦʜʫ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʢʦʪʦ-
ʨʳʝ ʩʦʟʜʘʶʪ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ.  

ɽʩʪʴ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʥʝ ʜʘʸʪ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʜʦʙʠʪʴʩʷ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘ-
ʪʦʚ. ʆʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʷʩʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤ-
ʧʣʝʢʩʘ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʛʨʘʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘ-
ʪʝʨʠʘʣʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʨʝʟʘʥʠʝ ʤʷʩʘ [3, ʩ. 30-32].  ɺʝʜʴ ʦʪ ʠʩʧʦʣʴ-
ʟʫʝʤʦʛʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʤʥʦʛʦʝ, ʪʘʢ ʢʘʢ ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʥʳʤ ʠ ʵʬʬʝʢ-
ʪʠʚʥʳʤ ʦʙʨʘʟʦʤ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʩʳʨʴʝ. ʇʨʠʤʝʨʥʦ 50% ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʨʛʘ-
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ʥʠʟʘʮʠʝʡ, ʟʘʥʠʤʘʶʱʝʡʩʷ ʧʝʨʝʨʘʙʦʪʢʦʡ ʤʷʩʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʘʭʦʜʷʪʩʷ ʚ ʠʟʥʦʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʪʦ 
ʦʟʥʘʯʘʝʪ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʞʝ ʥʝ ʦʪʚʝʯʘʝʪ ʦʙʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʵʥʝʨʛʝʪʠʯʝ-
ʩʢʦʤʫ ʠ ʨʝʩʫʨʩʥʦʤʫ ʩʙʝʨʝʞʝʥʠʶ [4, ʩ. 521], [5, ʩ. 76-82]. 

ʄʥʦʛʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʨʘʙʦʪʳ ʥʝ ʫʜʘʸʪʩʷ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʪʝʭʥʦʣʦ-
ʛʠʠ ʫʩʪʘʨʝʚʘʶʪ ʠʣʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [6], ʘ ʵʣʝʤʝʥʪʳ ʨʝʟʘʥʠʷ ʧʦʜʚʝʨ-
ʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ ʢʦʨʨʦʟʠʠ ʠ ʜʝʬʦʨʤʘʮʠʷʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʡ ʩʪʘʨʘʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭ-
ʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʤʘʣʦ ʨʝʩʫʨʩʦʚ ʚ ʨʘʙʦʪʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʨʘʟʫʶʪ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʧʦʟ-
ʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʧʨʠ ʚʳʩʦʢʦʡ ʵʢʦʥʦʤʠʠ ʩʨʝʜʩʪʚ [7].  

ɻʣʘʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʧʨʦʩʪʦʝʚ ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

- ʦʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʩʪʝʨʩʢʠʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ; 

- ʧʦʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ ʦʩʥʘʱʝʥʥʦʩʪʠ ʜʘʥʥʳʭ ʤʘʩʪʝʨʩʢʠʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠ-ʫʩʪʘʨʝʚʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʨʘʣʴʥʦ-ʫʩʪʘʨʝʚʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʞʫʱʠʭ ʜʝʪʘʣʝʡ. 
ɺ ʦʨʛʘʥʠʟʘʮʠʠ, ʟʘʥʠʤʘʶʱʝʡʩʷ ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʝʩʪʦʚʳʝ 

ʥʦʞʠ, ʢʦʪʦʨʳʝ ʩʪʨʝʤʠʪʝʣʴʥʦ ʠʟʥʘʰʠʚʘʶʪʩʷ. ʂʘʞʜʳʡ ʤʝʩʷʮ ʠʭ ʟʘʪʘʯʠʚʘʶʪ ʥʘ ʰʣʠʬʦʚʘʣʴʥʳʭ ʩʪʘʥʢʘʭ, 
ʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʠʟ-ʟʘ ʥʝʙʦʣʴʰʦʛʦ ʫʨʦʚʥʷ ʚʳʩʦʪʳ ʨʝʞʫʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʆʩ-
ʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʤ, ʮʝʣʴ ʥʘʰʝʛʦ ʘʥʘʣʠʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʝ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʢʨʝʩʪʦʚʳʭ ʥʦʞʝʡ ʠ ʨʝʰʝʪʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʷʩʦʧʝ-
ʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥʘʭ ʠ ʘʧʧʘʨʘʪʘʭ.  

ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʝʨʝʨʘʙʦʪʢʦʡ ʩʳʨʴʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʙʦʪʳ, ʩʚʷ-
ʟʘʥʥʳʝ ʩ ʨʝʟʢʦʡ, ʠʟʤʝʣʴʯʝʥʠʝʤ ʠ ʨʫʙʢʦʡ. ʕʪʠ ʨʘʙʦʪʳ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʢʘʯʝʩʪʚʝʥʥʦ, 
ʪʘʢ ʢʘʢ ʦʪ ʵʪʦʛʦ ʟʘʚʠʩʠʪ ʩʪʦʠʤʦʩʪʴ ʤʷʩʦʧʨʦʜʫʢʪʦʚ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʠ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʨʝʥʪʘ-
ʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [8, ʩ. 197], [9, ʩ. 23-26], [10], ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, 
ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʣʴʟʷ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʩʦʟʜʘʪʴ ʢʨʝʩʪʦʚʳʝ ʥʦʞʠ ʠ ʨʝʰʝʪʢʠ 
ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʷʩʦʨʫʙʦʢ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʣʠ ʙʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʥʘ 
ʧʨʦʪʷʞʝʥʠʠ ʥʝʜʝʣʴ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʩʳʨʴʝ, ʧʨʠʜʘʪʴ ʧʨʦʜʫʢʪʫ 
ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʢʦʥʩʠʩʪʝʥʮʠʠ ʠ ʪ.ʧ. [11].  

ʇʨʠ ʜʝʬʦʨʤʘʮʠʠ ʩʳʨʴʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʘʤʳʚʘʥʠʷ, ʨʘʩʢʘʣʳʚʘʥʠʷ, ʨʘʟʨʝʟʘʥʠʷ, ʨʘʩʧʠʣʠʚʘʥʠʷ 
ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ. ʊʘʢʠʝ ʧʨʦʜʫʢʪʳ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʥʦ ʪʚʝʨʜʳʤʠ. ʄʘʰʠʥʳ, ʘʧ-
ʧʘʨʘʪʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ, ʜʦʣʞʥʦ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴ-
ʥʦ ʥʘʜʝʞʥʦ. ʇʦʪʦʤʫ ʯʪʦ, ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʙʦʝʚ ʤʦʞʝʪ ʠʟʤʝʥʠʪʩʷ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ ʠ ʚʝʩʴ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʥʘʨʫʰʠʪʩʷ, ʯʪʦ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʝ ʦʪʚʝʯʘʝʪ ʟʘʧʨʦʩʘʤ ʥʘ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ ʤʷʩʦʧʝ-
ʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ [12, ʩ. 171], [13, ʩ. 20-21].   

ʏʪʦʙʳ ʧʨʦʚʝʩʪʠ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʷʩʦʨʫʙʢʠ, ʘ ʚʦʣʯʢʠ ʠ ʨʝʰʝʪ-
ʢʠ (ʨʘʙʦʯʠʝ ʵʣʝʤʝʥʪʳ ʨʝʟʘʥʠʷ) ʥʘʯʠʥʘʶʪ ʧʦʩʪʝʧʝʥʥʦ ʠʟʥʘʰʠʚʘʪʴʩʷ. ʄʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ɺ.ʀ. ʏʝʨʥʦʠʚʘ-
ʥʦʚ, ɺ.ʇ. ʃʷʣʷʢʠʥ, ɺ.ʂ. ɹʫʙʳʨʝʥʢʦ, ɻ.ɸ. ʇʨʝʡʩʚʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʟʘʥʠʤʘʣʠʩʴ ʠʟʫʯʝʥʠʝʤ 
ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ, ʨʝʤʦʥʪʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʷ-
ʩʦʨʫʙʦʢ ʠ ʵʣʝʤʝʥʪʦʚ ʨʝʟʘʥʠʷ. ʆʜʥʠ ʧʨʝʜʣʦʞʠʣʠ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘ-
ʱʝʥʠʡ ʥʦʞʝʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʠʭ ʨʝʩʫʨʩ.  ɼʨʫʛʠʝ ʧʨʝʜʣʘʛʘʶʪ ʫʩʠʣʠʪʴ ʧʨʠʞʘʪʠʝ ʥʦʞʘ ʢ ʨʝʰʝʪʢʝ 
ʠʣʠ ʠʟʤʝʥʷʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʥʦʞʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚ ʨʘʙʦʪʝ. ʇʨʝʜʣʦʞʝʥ ʝʱʝ 
ʦʜʠʥ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʨʠʚʘʨʢʝ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʠʤʝʝʪ ʦʯʝʥʴ 
ʚʘʞʥʳʡ ʧʣʶʩ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʝʪʘʣʴ ʥʝ ʙʫʜʝʪ ʧʝʨʝʛʨʝʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʝʸ ʫʧʨʦʯʥʝʥʠʷ.  

ɺ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [14, ʩ. 95-96] ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʙʦʣʴʰʝ ʚʩʝʛʦ ʠʟʥʘʰʠʚʘʶʪʩʷ ʜʝ-
ʪʘʣʠ ʚ ʚʦʣʯʢʘʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʝʩʪʦʚʳʝ ʥʦʞʠ. ɹʦʣʝʝ ʪʦʛʦ, ʟʘʤʝʥʠʪʴ ʪʘʢʠʝ ʜʝʪʘʣʠ ʜʦ-
ʩʪʘʪʦʯʥʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʝʬʠʮʠʪʝ. ʂʨʝʩʪʦʚʳʝ ʥʦʞʠ ʠʤʝʶʪ ʨʝʞʫʱʫʶ ʢʨʦʤʢʫ, 
ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʩʪʦʡʢʦʩʪʠ ʢ ʠʟʥʘʰʠʚʘʥʠʶ. ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʝ-
ʩʪʦʚʳʭ ʥʦʞʝʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʪʦ ʚ ʨʝʞʫʱʝʤ 
ʦʙʦʨʫʜʦʚʘʥʠʠ ʙʫʜʝʪ ʧʦʨʪʠʪʴʩʷ ʙʳʩʪʨʦ ʨʝʰʸʪʢʘ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʪʘʢʦʡ ʤʝʪʦʜ ʥʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚ-
ʥʳʤ ʚ ʫʣʫʯʰʝʥʠʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʨʝʩʪʦʚʳʭ ʥʦʞʝʡ.  
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ɹʳʣʘ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪʘʭ: [15, ʩ. 8-13], [16, ʩ. 230-232], [17, ʩ. 44-
50], ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʧʝʨʝʜʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʛʨʫʞʘʝʪʩʷ ʜʘʚʣʝʥʠʝʤ. ʉʠʣʘ ʵʪʦʛʦ 
ʜʘʚʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʟʘʪʦʯʢʠ ʣʝʟʚʠʷ ʠ ʰʠʨʠʥʳ ʪʦʡ ʯʘʩʪʠ, ʢʦʪʦʨʘʷ ʙʦʣʴʰʝ ʚʩʝʛʦ ʧʦʜʚʝʨʛʘʝʪʩʷ 
ʥʘʛʨʫʟʢʝ. ɽʩʣʠ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʤʝʥʷʪʴ, ʪʦ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʟʥʘʰʠʚʘʝʪ ʥʦʞʠ, ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʚ ʨʘʟ-
ʣʠʯʥʦʡ ʩʪʝʧʝʥʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ ʟʘʪʦʯʢʠ ʣʝʟʚʠʷ ʥʝʣʴʟʷ ʙʫʜʝʪ ʜʦʩʪʠʯʴ ʨʝʟʫʣʴʪʘ-
ʪʘ, ʚ ʢʦʪʦʨʦʤ ʣʝʟʚʠʝ ʙʫʜʝʪ ʩʘʤʦʟʘʪʘʯʠʚʘʪʴʩʷ.  

ɼʦʩʪʠʯʴ ʪʘʢʦʛʦ ʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʝʨʝʜʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʫʜʝʪ ʫʧʨʦʯʥʝʥʘ ʩʪʦʡʢʠʤ 
ʤʘʪʝʨʠʘʣʦʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʪʝʧʝʥʠ ʫʣʫʯʰʠʪʴ ʨʘʙʦʯʠʝ ʧʦʢʘʟʘʪʝʣʠ. ɹʳʣʘ ʠʩʧʦʣʴʟʦʚʘ-
ʥʘ ʢʦʤʧʦʟʠʮʠʷ ʤʘʪʝʨʠʘʣʦʚ ʊʅ-20 ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʢʨʝʩʪʦʚʳʭ ʥʦʞʝʡ, ʪʘʢ ʢʘʢ ʦʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʫʨʦʚ-
ʥʝʤ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ. ʅʘ ʢʨʝʩʪʦʚʳʝ ʥʦʞʠ ʥʘʥʦʩʠʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ 
ʧʦʢʨʳʪʠʝ ʠ ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʦʥʪʘʢʪʥʘʷ ʧʨʠʚʘʨʢʘ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʚ ʧʨʦʮʝʩʩʝ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʫʛʣʘ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʥʦʞʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʙʝʨʝʛʘʪʴ ʙʦʣʴʰʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʷʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ ʚ ʦʪʣʠʯʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʅʘ ʧʨʘʢʪʠʢʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʥʦʛʦ ʫʨʦʚʥʷ ʨʘʙʦʪʦʩʧʦ-
ʩʦʙʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʫʞʝ ʠʟʥʦʩʠʣʠʩʴ, ʥʫʞʥʦ ʚʝʨʥʫʪʴ ʠʤ ʠʟʥʘʯʘʣʴʥʳʝ ʨʘʟʤʝʨʳ, ʘ ʪʘʢʞʝ ʧʦʚʝʨʭ-
ʥʦʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. ʅʝʦʙʭʦʜʠʤʦ ʚʝʨʥʫʪʴ ʪʚʝʨʜʦʩʪʴ ʠʟʥʦʰʝʥʥʦʡ ʜʝʪʘʣʠ. 
ʂʨʝʩʪʦʚʳʝ ʥʦʞʠ ʠ ʨʝʰʝʪʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʷʩʦʨʫʙʢʘʭ, ʛʜʝ ʦʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʳʩʦʢʦʤʫ 
ʫʨʦʚʥʶ ʥʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʶ ʧʠʱʝʚʳʭ ʢʠʩʣʦʪ. ʇʨʠʤʝʨʥʦ ʯʝʨʝʟ ʩʪʦ ʧʷʪʴʜʝʩʷʪ ʯʘʩʦʚ ʨʘʙʦʪʳ ʨʝʞʫʱʠʡ 
ʠʥʩʪʨʫʤʝʥʪ ʥʝʦʙʭʦʜʠʤʦ ʨʝʤʦʥʪʠʨʦʚʘʪʴ.  

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʤʷʩʦʧʝ-
ʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʫʧʨʦʯʥʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʞʫʱʠʭ 
ʜʝʪʘʣʝʡ) ʥʝʦʙʭʦʜʠʤʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʨʘʙʦʪʢʘ ʩʪʨʘʪʝʛʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘ-
ʥʠʷ ʠ ʨʝʤʦʥʪʘ.  

ʇʣʘʥʠʨʫʝʤʘʷ ʩʪʨʘʪʝʛʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʣʦʞʝʥʠʷʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʤʦʥʠʪʦ-
ʨʠʥʛʫ [18, ʩ. 72-83] ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 
ʚʳʙʦʨʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʮʠʬʨʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩ ʫʯʝ-
ʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʞʫʱʠʭ ʜʝʪʘʣʝʡ  

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʘʙʦʯʠʭ ʨʝʞʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ 
ʩʜʝʣʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʣʝʟʚʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʪʘʯʠʚʘʣʦʩʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʯʥʦʛʦ ʠ 
ʩʪʦʡʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʯʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ 
ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ ʤʷʩʦʨʫʙʢʠ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʟʘʧʘʩʦʚ ʤʝʪʘʣʣʘ 
ʫʧʨʦʯʥʷʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʨʦʜʫʢʮʠʶ ʠ ʩʥʠʟʠʪʴ 
ʟʘʪʨʘʪʳ ʥʘ ʥʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʘʰʠʥʳ, ʘʧʧʘʨʘʪʳ ʠ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ.  

ʇʦʥʠʤʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʷʩʦʧʝʨʝ-
ʨʘʙʘʪʳʚʘʶʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʢʦʣʣʝʢʪʠʚʳ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ [19, ʩ. 7-8], [20, 
ʩ. 252] ʜʦʣʞʥʳ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ ʫʥʠʢʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʜʣʷ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ǲǣǩ 315,0 

ǭǰǭǠǤǬǬǭǰǱǧ ǟǩǱǧǡǬǺǴ ǧ ǮǟǰǰǧǡǬǺǴ 
ǰǧǰǱǤǫ ǫǭǪǬǧǤǦǟǸǧǱǺ 

ǮǿȏȗȇȌ ǟȊȄȉȐǿȌȃȏ ǟȊȄȉȐǿȌȃȏȍȁȇȖ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɸʆʋ ɺʆ çʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʣʶʙʦʝ ʟʜʘʥʠʝ ʠʣʠ ʩʦʦʨʫʞʝʥʠʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʥʘʟʥʘʯʝʥʠʷ ʧʦʜʚʝʨʞʝʥʦ 
ʧʦʧʘʜʘʥʠʶ ʤʦʣʥʠʠ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʤʦʣʥʠʠ ʚ ʟʜʘʥʠʝ, ʜʦʨʦʛʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ ʠ ʥʝ 
ʧʦʜʜʘʝʪʩʷ ʨʝʤʦʥʪʫ, ʘ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʙʦʣʴʰʠʤ ʧʝʨʝʛʨʫʟʢʘʤ. ʊʘʢʞʝ ʧʨʠ ʧʦʧʘ-
ʜʘʥʠʠ ʤʦʣʥʠʠ ʞʠʟʥʴ ʣʶʜʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʜʘʥʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʧʘʩʥʦʩʪʠ. ɺʚʠʜʫ ʵʪʦʛʦ ʚʦʟʥʠʢʘʝʪ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ ʤʦʣʥʠʝʟʘʱʠʪʳ ʩʦʦʨʫʞʝʥʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʦʣʥʠʝʟʘʱʠʪʘ, ʛʨʦʟʦʟʘʱʠʪʘ, ʛʨʦʟʘ, ʤʦʣʥʠʷ, ʟʦʥʘ ʤʦʣʥʠʝʟʘʱʠʪʳ, ʟʘʟʝʤʣʝʥʠʝ. 
 

FEATURES OF ACTIVE AND PASSIVE LIGHTNING PROTECTION SYSTEMS 
 

Parshin Alexander Alexandrovich 
 
Abstract: any building or structure, regardless of location and purpose, is subject to lightning strikes. When 
lightning strikes a building, expensive equipment breaks down and cannot be repaired, and the power supply 
system is subjected to heavy overloads. Also, when lightning strikes, the lives of people in the building are en-
dangered. In view of this, there is a need to create a lightning protection system for structures. 
Keywords: lightning protection, lightning protection, thunderstorm, lightning, lightning protection zone, grounding. 

 
ʄʦʣʥʠʝʟʘʱʠʪʦʡ ʟʜʘʥʠʷ ʥʘʟʳʚʘʶʪ ʢʦʤʧʣʝʢʩ ʤʝʨ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʩ 

ʮʝʣʴʶ ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʩʪʨʦʝʥʠʡ, ʫʩʪʨʦʡʩʪʚ ʠ ʣʶʜʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʫʪʨʠ ʵʪʠʭ ʩʪʨʦʝʥʠʡ ʦʪ ʧʨʷʤʳʭ 
ʫʜʘʨʦʚ ʤʦʣʥʠʡ. ʄʦʣʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʨʷʜ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʚʦ ʚʨʝʤʷ ʛʨʦʟʳ 
ʚ ʘʪʤʦʩʬʝʨʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʥʥʦʝ ʧʨʠʨʦʜʥʦʝ ʷʚʣʝʥʠʝ ʥʝ ʠʟʫʯʝʥʦ ʜʦ ʢʦʥʮʘ, ʥʦ ʚʩʝʤ ʠʟʚʝʩʪʥʘ 
ʨʘʟʨʫʰʠʪʝʣʴʥʘʷ ʩʠʣʘ ʨʘʟʨʷʜʘ ʤʦʣʥʠʠ. ɺʳʧʦʣʥʝʥʠʝ ʤʦʣʥʠʝʟʘʱʠʪʳ ʥʝʦʙʭʦʜʠʤʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʥʘʧʨʷ-
ʞʝʥʠʝ ʧʨʠ ʫʜʘʨʝ ʤʦʣʥʠʠ ʜʦʩʪʠʛʘʝʪ ʦʢʦʣʦ 50 ʤʠʣʣʠʦʥʦʚ ʚʦʣʴʪ, ʘ ʩʠʣʘ ʪʦʢʘ ʜʦ 100 ʪʳʩʷʯ ʘʤʧʝʨ. ʇʦʤʠ-
ʤʦ ʚʳʩʦʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʜʘʨ ʤʦʣʥʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʴʰʠʤ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʦ-
ʚʦʡ, ʩʚʝʪʦʚʦʡ ʠ ʟʚʫʢʦʚʦʡ ʵʥʝʨʛʠʠ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʤʦʣʥʠʝʟʘʱʠʪʝ ʠʟʣʦʞʝʥʳ ʚ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 
ʣʠʪʝʨʘʪʫʨʝ ʠ ʦʬʠʮʠʘʣʴʥʳʭ ʜʦʢʫʤʝʥʪʘʭ. ʅʘʧʨʠʤʝʨ, ʩʫʱʝʩʪʚʫʝʪ ʩʧʝʮʠʘʣʴʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʟʜʘʥʠʡ, 
ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ ʤʦʣʥʠʝʟʘʱʠʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʪʝʛʦʨʠʡ. ɺʩʝ ʟʜʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘ-
ʯʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʘʪʝʛʦʨʠʡ: 

ʧʝʨʚʘʷ ʢʘʪʝʛʦʨʠʷ: ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʩʦ ʚʟʨʳʚʦ-
ʦʧʘʩʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ʚʪʦʨʘʷ ʢʘʪʝʛʦʨʠʷ: ʪʦʧʣʠʚʥʳʝ ʩʢʣʘʜʳ. 
ʪʨʝʪʴʷ ʢʘʪʝʛʦʨʠʷ: ʜʝʪʩʢʠʝ ʩʘʜʳ, ʰʢʦʣʳ, ʙʦʣʴʥʠʮʳ, ʞʠʣʳʝ ʜʦʤʘ, ʚʳʩʦʪʘ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 30 ʤʝʪʨʦʚ. 
ɿʜʘʥʠʷ, ʥʝ ʧʦʧʘʚʰʠʝ ʚ ʜʘʥʥʳʝ ʢʘʪʝʛʦʨʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʙʝʟʦʧʘʩʥʳʤʠ.  
ɺʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʷ ʤʦʣʥʠʝʟʘʱʠʪʳ ʜʝʣʷʪ ʥʘ ʜʚʘ ʚʠʜʘ: 
1. ʚʥʝʰʥʷʷ ʤʦʣʥʠʝʟʘʱʠʪʘ ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʤʦʣʥʠʠ. ɿʘʜʘʯʘ ʜʘʥ-

ʥʦʡ ʟʘʱʠʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʦ ʚʨʝʤʷ ʫʜʘʨʘ ʤʦʣʥʠʠ ʤʦʣʥʠʝʟʘʱʠʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʠʥʠ-
ʤʘʣʦ ʪʦʢ ʤʦʣʥʠʠ ʠ ʦʪʚʦʜʠʣʦ ʝʛʦ ʢ ʩʠʩʪʝʤʝ ʟʘʟʝʤʣʝʥʠʷ. 

2. ʚʥʫʪʨʝʥʥʷʷ ʤʦʣʥʠʝʟʘʱʠʪʘ ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʚʪʦʨʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʫʜʘʨʦʚ ʤʦʣ-
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ʥʠʠ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ. ɿʘʜʘʯʘ ʚʥʫʪʨʝʥʥʝʡ 
ʟʘʱʠʪʳ ï ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʯʘʩʪʷʤʠ ʟʜʘʥʠʷ ʠ 
ʧʨʦʚʦʜʷʱʠʤʠ ʯʘʩʪʷʤʠ ʩʠʩʪʝʤʳ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʣʠʯʘʶʪ ʘʢʪʠʚʥʳʝ ʠ ʧʘʩʩʠʚʥʳʝ ʩʠʩʪʝʤʳ ʤʦʣʥʠʝʟʘʱʠʪʳ. ʉʫʪʴ ʧʘʩʩʠʚʥʦʡ 
ʤʦʣʥʠʝʟʘʱʠʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʝʨʝʭʚʘʪʠʪʴ ʤʦʣʥʠʶ ʜʦ ʨʘʟʨʷʜʘ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʱʠʱʘʝʤʦ-
ʛʦ ʦʙʲʝʢʪʘ, ʠ ʦʪʚʝʩʪʠ ʟʘʨʷʜ ʚ ʟʝʤʣʶ. ʇʘʩʩʠʚʥʘʷ ʩʠʩʪʝʤʘ ʤʦʣʥʠʝʟʘʱʠʪʳ ʩʦʩʪʦʠʪ ʠʟ ʧʨʠʸʤʥʠʢʘ ʤʦʣʥʠʡ, 
ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʤʦʣʥʠʝʦʪʚʦʜʦʚ ʠ ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ʇʘʩʩʠʚʥʘʷ ʩʠʩʪʝʤʘ ʤʦʣʥʠʝʟʘʱʠʪʳ 
ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʥʘ ʞʠʣʳʭ ʤʘʣʦʵʪʘʞʥʳʭ ʟʜʘʥʠʷʭ ʠ ʥʘ ʥʝʢʦʪʦʨʳʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚ-
ʥʳʭ. ʄʦʣʥʠʝʧʨʠʝʤʥʠʢ ʧʘʩʩʠʚʥʦʡ ʤʦʣʥʠʝʟʘʱʠʪʳ ʙʳʚʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ: 

1. ʉʪʝʨʞʥʝʚʦʡ ʤʦʣʥʠʝʧʨʠʝʤʥʠʢ ï ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʰʪʳʨʴ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘʜ ʟʘʱʠ-
ʱʘʝʤʳʤ ʦʙʲʝʢʪʦʤ. ɺʳʧʦʣʥʷʝʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʤ ʠʣʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʱʠʱʘ-
ʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

2. ʄʦʣʥʠʝʟʘʱʠʪʥʘʷ ʩʝʪʢʘ ï ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʫʪʢʘ, ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 
ʥʘ ʧʣʦʩʢʦʡ ʢʨʦʚʣʝ. 

3. ʊʨʦʩʦʚʳʡ ʤʦʣʥʠʝʧʨʠʝʤʥʠʢ ï ʩʧʝʮʠʘʣʴʥʦ ʥʘʪʷʥʫʪʳʡ ʪʨʦʩ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʧʝ-
ʮʠʘʣʴʥʳʭ ʦʧʦʨʘʭ. ʂ ʢʦʥʮʘʤ ʪʨʦʩʘ ʧʨʠʩʦʝʜʠʥʷʶʪ ʪʦʢʦʦʪʚʦʜʳ. ʂʘʢ ʧʨʘʚʠʣʦ ʪʨʦʩʦʚʘʷ ʟʘʱʠʪʘ ʠʩʧʦʣʴʟʫ-
ʝʪʩʷ ʜʣʷ ʥʝʚʳʩʦʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. 

ʉʧʝʮʠʘʣʴʥʘʷ ʘʢʪʠʚʥʘʷ ʤʦʣʥʠʝʟʘʱʠʪʘ ʩʦʩʪʦʠʪ ʠʟ ʪʝʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʯʪʦ ʠ ʧʘʩʩʠʚʥʘʷ, ʥʦ ʛʣʘʚʥʳʤ 
ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʘʢʪʠʚʥʦʛʦ ʤʦʣʥʠʝʧʨʠʝʤʥʠʢʘ, ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʧʦʪʦʢ ʚʦʩʭʦʜʷʱʠʭ ʠʦʥʦʚ, ʧʨʠ 
ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʫʜʘʨ ʤʦʣʥʠʠ. ɿʦʥʘ ʟʘʱʠʪʳ ʘʢʪʠʚʥʦʡ ʤʦʣʥʠʝʟʘʱʠʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʧʘʩʩʠʚʥʦʡ ʤʦʣʥʠʝʟʘʱʠʪʦʡ ʙʦʣʴʰʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʠ ʟʘʭʚʘʪʳʚʘʝʪ ʚʩʝ ʦʙʲʝʢʪʳ ʚ ʟʦʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠ-
ʩʪʝʤʘ ʘʢʪʠʚʥʦʡ ʤʦʣʥʠʝʟʘʱʠʪʳ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʚʥʝʰʥʠʡ ʚʠʜ ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʲʝʢʪʘ.  ʉʠʩʪʝʤʘ ʘʢ-
ʪʠʚʥʦʡ ʟʘʱʠʪʳ ʜʦʨʦʞʝ ʧʘʩʩʠʚʥʦʡ ʠ ʝʸ ʧʨʠʤʝʥʝʥʠʝ ʯʘʱʝ ʚʩʝʛʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ ʩʠʣʫ 
ʩʧʝʮʠʬʠʢʠ ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʧʘʩʩʠʚʥʫʶ ʤʦʣʥʠʝʟʘʱʠʪʫ.  

ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʦʩʥʦʚʘʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʢʪʠʚʥʦʡ 
ʤʦʣʥʠʝʟʘʱʠʪʳ ʜʦ ʩʠʭ ʧʦʨ ʧʨʦʜʦʣʞʘʝʪ ʦʙʩʫʞʜʘʪʴʩʷ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴʶ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 
ʯʪʦ ʘʢʪʠʚʥʘʷ ʤʦʣʥʠʝʟʘʱʠʪʘ ʥʝ ʥʘʰʣʘ ʩʚʦʝʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʥʦʨʤʘʪʠʚʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʤʥʦʛʠʭ ʩʪʨʘʥ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʩʪʝʤ ʤʦʣʥʠʝʟʘʱʠʪʳ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʯʪʦ, ʝʜʠʥ-
ʩʪʚʝʥʥʳʤ ʧʣʶʩʦʤ ʧʘʩʩʠʚʥʦʡ ʤʦʣʥʠʝʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʧʨʦʚʝʨʝʥʘ ʚʨʝʤʝʥʝʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ 
ʘʢʪʠʚʥʦʡ ʤʦʣʥʠʝʟʘʱʠʪʳ. 
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Abstract: The aim of this work was to design an enterprise for the production of whole milk products using the 
principles of the HACCP system. A description of the technological process for the production of dairy prod-
ucts is presented. 
As part of the work, critical control points were identified in the production of fermented milk products, critical 
boundaries were set for each CCP, a monitoring system and corrective actions were developed, as well as 
internal audit measures. 
Key words: HACCP, milk processing, food safety, technology. 

 
ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʝʜʲʷʚʣʷʶʪ 

ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʥʘ ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙ-
ʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʢʘʢ ʧʦʪʨʝʙʠʪʝʣʴ, ʪʘʢ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʦʨʛʘʥʳ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ.  

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʨʫʢʦʚʦʜʩʪʚʫ ʢʦʤʧʘʥʠʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʮʝʥʢʫ ʠ 
ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ HACCP, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʡ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ [1].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʮʝʣʴʥʦʤʦʣʦʯʥʦʡ 
ʧʨʦʜʫʢʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʩʠʩʪʝʤʳ HACCP. 

ɸʩʩʦʨʪʠʤʝʥʪ ʚʳʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʩʭʝʤʘ ʥʘʧʨʘʚʣʝʥʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʦʣʦʢʘ ʧʨʝʜʩʪʘʚʣʝ-
ʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.  
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ʉʡʪ. 1. ʊʮʞʥʙ ʨʞʩʞʩʙʚʧʫʣʡ ʥʧʤʧʣʙ 

 
ʏʘʩʪʴ ʧʦʩʪʫʧʘʶʱʝʛʦ ʤʦʣʦʢʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʝʧʘʨʘʮʠʶ, ʛʜʝ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʦʙʝʟʞʠʨʝʥʥʦʝ ʤʦʣʦʢʦ 

ʠ ʩʣʠʚʢʠ. 
ʎʝʣʴʥʦʝ ʤʦʣʦʢʦ ʧʨʦʭʦʜʠʪ ʥʦʨʤʘʣʠʟʘʮʠʶ ʧʦ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʞʠʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ 

ʤʦʣʦʢʦ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʘʩʪʝʨʠʟʦʚʘʥʥʦʛʦ ʤʦʣʦʢʘ ʠ ʢʝʬʠʨʘ. ʉʣʠʚʢʠ ʧʨʦʭʦʜʷʪ ʥʦʨʤʘʣʠ-
ʟʘʮʠʶ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʠʪʴʝʚʳʭ ʩʣʠʚʦʢ. ʆʙʝʟʞʠʨʝʥʥʦʝ ʤʦʣʦʢʦ ʠʩʧʦʣʴʟʫʝʪ-
ʩʷ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʢʚʘʩʢʠ ʜʣʷ ʢʝʬʠʨʘ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʍɸʉʉʇ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʠʩʢʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʥʝ 
ʪʦʣʴʢʦ ʥʘ ʵʪʘʧʝ ʢʦʥʪʨʦʣʷ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʍɸʉʉʇ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʠʩʢ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʧʨʦʜʘʞʠ ʥʝʙʝʟʦʧʘʩʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʠ 
ʪʝʤ ʩʘʤʳʤ ʛʘʨʘʥʪʠʨʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʫʚʝʨʝʥʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʠʟʛʦʪʦʚʠʪʝʣʷ ʚ ʵʪʠʭ ʧʨʦʜʫʢʪʘʭ [2]. 

ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʍɸʉʉʇ ʚʢʣʶʯʘʝʪ ʩʪʘʜʠʠ: ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪ, ʘʥʘʣʠʟ 
ʠʥʬʦʨʤʘʮʠʠ, ʚʳʙʦʨ ʫʯʠʪʳʚʘʝʤʳʭ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʳʙʦʨ ʠ ʤʦʥʠʪʦʨʠʥʛ ʂʂʊ, ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ ʧʦ ʢʘʯʝʩʪʚʝʥʥʦʡ ʜʠʘʛʨʘʤʤʝ. ʆʮʝʥʠʚʘ-
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ʣʘʩʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʦʧʘʩʥʦʛʦ ʬʘʢʪʦʨʘ, ʠʩʭʦʜʷ ʠʟ 4-ʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʘ ʪʘʢʞʝ ʪʷʞʝʩʪʴ 
ʧʦʩʣʝʜʩʪʚʠʡ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʦʧʘʩʥʦʛʦ ʬʘʢʪʦʨʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʢʠ ʩʪʨʦʠʣʘʩʴ ʜʠʘʛʨʘʤʤʘ ʘʥʘʣʠ-
ʟʘ ʨʠʩʢʦʚ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚʳʙʦʨ ʂʂʊ. ʂʨʠʪʠʯʝʩʢʦʡ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʦʡ ʤʦʞʝʪ ʙʳʪʴ ʣʶ-
ʙʘʷ ʩʪʘʜʠʷ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʷʚʣʝʥʠʝ ʦʧʘʩʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʦ, ʣʠʙʦ ʫʤʝʥʴʰʝʥʦ ʜʦ ʧʨʠʝʤ-
ʣʝʤʦʛʦ ʫʨʦʚʥʷ. ɺʳʙʦʨ ʢʨʠʪʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʤʝʪʦʜʦʤ "ʜʝʨʝʚʘ ʧʨʠʥʷʪʠʷ ʨʝ-
ʰʝʥʠʷ" [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʪʨʦʣʴʥʳʝ ʢʨʠʪʠʯʝʩʢʠʝ 
ʪʦʯʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʝʬʠʨʘ, ʫʩʪʘʥʦʚʣʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʜʣʷ ʢʘʞʜʦʡ ʂʂʊ, ʨʘʟʨʘʙʦʪʘʥʘ ʩʠ-
ʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʚʝʨʦʢ. 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥ ʧʨʦʝʢʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʚʳʧʫʩʢʫ ʮʝʣʴʥʦʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 17 ʪ ʚ ʩʫʪʢʠ.  

ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚʳʧʦʣ-
ʥʝʥ ʨʘʩʯʝʪ ʠ ʧʦʜʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʝʨʩʦʥʘʣʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ.  

ɺʥʝʜʨʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʍɸʉʉʇ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ ï ʦʪ ʧʦʣʫʯʝʥʠʷ ʩʳʨʴʷ ʜʦ ʚʳʧʫʩʢʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʙʦʣʝʝ 
ʚʳʩʦʢʫʶ ʫʚʝʨʝʥʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʠʟʛʦʪʦʚʠʪʝʣʷ ʚ ʥʝʡ.  

ɼʘʥʥʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʘʩʩʦʨʪʠʤʝʥʪʘ ʘʥʘʣʦʛʠʯʥʳʤʠ ʠʣʠ ʩʭʦʞʠʤʠ 
ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʤʦʣʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʥʝʜʨʝʥʠʶ ʧʨʠʥʮʠʧʦʚ ʅɸʉʉʈ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʘʣʦʛʦ ʠ 

ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ, ʚʢʣʶʯʘʷ ʦʙʱʝʩʪʚʝʥʥʦʝ ʧʠʪʘʥʠʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://www.iso-group.ru/unik/HACCP.pdf 

2. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʧʣʘʥʦʚ ʍɸʉʉʇ (ɸʥʘʣʠʟ ʨʠʩʢʦʚ/ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʢʨʠʪʠʯʝʩʢʠʭ 
ʪʦʯʝʢ ʢʦʥʪʨʦʣʷ) [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
http://storage.esp.tomsk.gov.ru/files/63122/ʤʝʪʦʜʠʯʢʘ%20ʧʦ%20ʅɸʉʉP.pdf 

3. ʂʘʥʪʝʨʝ ɺ.ʄ. ʉʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʞʜʫʥʘ-
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ǯǟǦǯǟǠǭǱǩǟ ǧ ǮǯǭǤǩǱǧǯǭǡǟǬǧǤ ǯǭǠǭǱǟ-
ǟǮǱǤǩǟǯǾ 

ǰǿȎȏȚȉȇȌǿ ǫȇȊȄȌǿ ǮȄȑȏȍȁȌǿ 
ʩʪʫʜʝʥʪ 

ʌɻɸʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʯʝʣʦʚʝʢ ʚʩʝ ʯʘʱʝ ʧʨʠʙʝʛʘʶʪ ʢ ʧʦʤʦʱʠ ʨʦʙʦʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 
ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʤʝʜʠʮʠʥʘ, ʢʦʪʦʨʘʷ ʩʪʘʣʘ 
ʚʘʞʥʝʡʰʠʤ ʚʝʢʪʦʨʦʤ ʚʥʝʜʨʝʥʠʷ ʨʦʙʦʪʦʚ ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 
ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʨʪʘʣʴʥʦʛʦ ʨʦʙʦʪʘ-ʘʧʪʝʢʘʨʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ, 
ʫʤʝʥʴʰʝʥʠʷ ʨʠʩʢʦʚ ʥʘʥʝʩʝʥʠʷ ʚʨʝʜʘ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʝʜʠʮʠʥʘ, ʬʘʨʤʘʢʦʪʝʨʘʧʠʷ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ, ʧʦʨʪʘʣʴʥʳʡ ʨʦʙʦʪ, ʰʘʛʦʚʳʡ 
ʜʚʠʛʘʪʝʣʴ. 
 

DEVELOPMENT AND DESIGN OF A ROBOT PHARMACIST 
 

Saprykina Milena Petrovna 
 
Abstract: Over the years, people have increasingly resorted to the help of robots in various fields of activity. 
One of these areas of activity is medicine, which has become the most important vector for the introduction of 
robots and robotic systems. This paper discusses the development and design of a portal robotic pharmacist 
designed to provide high accuracy and quality of service, improve treatment efficiency, and reduce the risk of 
harm to human health. 
Key words: medicine, pharmacotherapy, industrial robot, gantry robot, stepper motor. 

 
ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʨʦʙʦʪʦʚ ʚ ʤʝʜʠʮʠʥʝ ʷʚʣʷʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʬʘʨʤʘʢʦʪʝʨʘʧʠʠ, ʪʘʢ ʢʘʢ 

ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʙʦʪʳ ʩʪʘʮʠʦʥʘʨʘ ʚ ʙʦʣʴʥʠʮʝ ʷʚʣʷʝʪʩʷ ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʘʮʠʝʥ-
ʪʦʚ [1]. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʥʠʯʥʳʡ ʧʝʨʩʦʥʘʣ ʚʳʧʦʣʥʷʝʪ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʨʘʙʦʪʳ. ʇʦʵʪʦʤʫ 
ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʘʮʠʝʥʪʘ ʣʝʢʘʨʩʪʚʘʤʠ ʠ ʙʳʩʪʨʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʩʝ ʙʦʣʴʰʝ ʥʘʙʠ-
ʨʘʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚʥʝʜʨʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 
ʟʘʜʘʯʠ ʙʳʩʪʨʝʝ, ʪʦʯʥʝʝ ʠ ʣʫʯʰʝ ʣʶʜʝʡ. ʈʦʙʦʪʳ ʥʝ ʫʩʪʘʶʪ ʠ ʥʝ ʩʦʚʝʨʰʘʶʪ ʦʧʘʩʥʳʭ ʦʰʠʙʦʢ, ʘ ʪʘʢʞʝ ʥʝ 
ʩʪʨʘʜʘʶʪ ʦʪ ʙʦʣʝʟʥʝʡ ʠ ʪʨʘʚʤ. ʀʭ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʬʫʥʢʮʠʡ ʫʧʨʘʚʣʝʥʠʷ, ʧʝʨʝʤʝʱʝʥʠʷ 
ʠ ʜʚʠʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ [2]. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʨʪʘʣʴʥʦʛʦ ʨʦʙʦʪʘ-ʘʧʪʝʢʘʨʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʢʦʤʧʣʝʢ-
ʪʫʶʱʠʝ, ʨʘʟʨʘʙʦʪʘʪʴ 3D-ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʧʦʨʪʘʣʴʥʦʛʦ ʨʦʙʦʪʘ. 

ʇʦʨʪʘʣʴʥʳʡ ʨʦʙʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʢʦʦʨʜʠʥʘʪʥʫʶ ʩʠʩʪʝʤʫ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʣʠ-
ʥʝʡʥʳʭ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪ ʦʙʲʝʢʪ ʩ ʠʟʜʝʣʠʝʤ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʣʠʥʝʡʥʳʭ ʠ ʧʦʚʦʨʦʪʥʳʭ 
ʧʨʠʚʦʜʦʚ [3].  

ʄʥʦʛʦʢʦʦʨʜʠʥʘʪʥʘʷ ʧʦʨʪʘʣʴʥʘʷ ʣʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ ï ʧʨʦʛʨʘʤʤʥʦ-ʫʧʨʘʚʣʷʝʤʳʡ ʦʙʲʝʢʪ. ʕʪʦ 
ʫʩʪʨʦʡʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʦʠʟʚʦʜʠʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʝʜʤʝʪʘ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ (ʣʝʢʘʨʩʪʚʘ) ʧʦ ʥʝ-
ʩʢʦʣʴʢʠʤ ʦʩʷʤ ʚ ʧʨʝʜʝʣʘʭ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʨʦʙʦʪ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ:  

- ʜʝʢʘʨʪʦʚʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ; 
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- ʠʤʝʝʪ 2 ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʠ ʚʳʧʦʣʥʷʝʪ ʧʨʦʩʪʫʶ ʤʦʥʦʪʦʥʥʫʶ ʨʘʙʦʪʫ, ʯʝʤ ʧʨʝʚʦʩʭʦʜʠʪ ʯʝʣʦʚʝʢʘ; 

- ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʠʧ ʧʨʠʚʦʜʘ; 

- ʩʚʝʨʭʣʝʛʢʘʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ; 

- ʩʨʝʜʥʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. 
ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʨʪʘʣʴʥʦʛʦ ʨʦʙʦʪʘ (ʘ) ʠ ʝʛʦ ʨʘʙʦʯʘʷ ʟʦʥʘ (ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
ʉʡʪ. 1. ʃʡʦʞʥʙʫʡʰʞʪʣʙʸ ʥʧʝʞʤʵ ʨʧʩʫʙʤʵʦʧʜʧ ʩʧʚʧʫʙ ʡ ʞʜʧ ʩʙʚʧʰʙʸ ʠʧʦʙ 

 
ɼʚʠʞʝʥʠʝ ʨʦʙʦʪʘ ʧʦ ʜʚʫʤ ʦʩʷʤ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʝʜʧʦʣʘ-

ʛʘʝʤʳʡ ʛʨʫʟ ʙʫʜʝʪ ʚʝʩʠʪ 720 ʛʨʘʤʤ, ʟʚʝʥʴʷ ʚʳʧʦʣʥʝʥʳ ʠʟ ʤʝʪʘʣʣʦʚ ʠ ʚʝʩʷʪ ʧʦ 800 ʛʨʘʤʤ. ʅʝʦʙʭʦʜʠʤʦ 
ʨʘʩʩʯʠʪʘʪʴ ʚʨʘʱʘʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʜʣʷ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʜʚʠʞʝʥʠʝ ʧʦ ʚʝʨʪʠʢʘʣʠ 
(ʦʩʴ Y), ʠ ʜʣʷ ʜʚʫʭ ʜʨʫʛʠʭ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ (ʦʩʴ X).  

ʂʨʫʪʷʱʠʡ (ʚʨʘʱʘʪʝʣʴʥʳʡ) ʤʦʤʝʥʪ ï ʵʪʦ ʚʨʘʱʘʶʱʘʷ ʩʠʣʘ [4]. ɽʩʣʠ ʢ ʦʙʲʝʢʪʫ ʧʨʠʣʦʞʝʥ ʢʨʫʪʷʱʠʡ 
ʤʦʤʝʥʪ, ʥʘ ʛʨʘʥʠʮʝ ʧʝʨʚʦʛʦ ʚʦʟʥʠʢʘʝʪ ʣʠʥʝʡʥʘʷ ʩʠʣʘ. ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʩʠ-
ʣʳ, ʫʤʥʦʞʝʥʥʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ. 

ɺ ʧʨʠʤʝʨʝ ʩ ʚʘʣʦʤ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʧʝʨʝʤʝʱʘʶʱʠʡ ʛʨʫʟ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʢʨʫʪʷʱʠʡ ʤʦ-
ʤʝʥʪ, ʪʨʝʙʫʝʤʳʡ ʜʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʛʨʫʟʘ. ɽʩʣʠ ʛʨʫʟ ʦʙʣʘʜʘʝʪ ʤʘʩʩʦʡ, ʨʘʚʥʦʡ 1.520 ʢʛ, ʘ ʨʘʜʠʫʩ ʚʘʣʘ 
ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʨʘʚʝʥ 0.06 ʤ, ʪʦʛʜʘ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʨʘʚʝʥ: 

1.520M F R ma R= Ö = Ö =ʢʛÖ0.6 /ʤ ʩ0.06Ö ʤ 5.472= .ʅ ʩʤÖ  
ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʛʨʫʟʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʨʘʚʥʳʡ 5,472 ʥʴʶʪʦʥ-ʩʘʥʪʠʤʝʪʨʦʚ. ʏʪʦʙʳ ʧʝʨʝʤʝʩʪʠʪʴ ʛʨʫʟ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ, ʨʦʙʦʪʫ 
ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʢ ʥʝʤʫ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ 5,472 ʥʴʶʪʦʥ-
ʩʘʥʪʠʤʝʪʨʦʚ, ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʩʠʣʫ ʛʨʘʚʠʪʘʮʠʠ. ʏʝʤ ʙʦʣʴʰʝ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʨʦʙʦʪʘ, 
ʪʝʤ ʙʦʣʴʰʝ ʩʠʣʳ ʦʥ ʧʨʠʢʣʘʜʳʚʘʝʪ ʢ ʦʙʲʝʢʪʫ, ʪʝʤ ʙʦʣʴʰʝ ʫʩʢʦʨʝʥʠʝ ʦʙʲʝʢʪʘ, ʠ ʪʝʤ ʙʳʩʪʨʝʝ ʧʝʨʝʜʚʠ-
ʥʝʪʩʷ ʦʙʲʝʢʪ. 

ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʘ ʜʚʫʤʷ ʰʘʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʨʘʜʠʫʩ ʚʘʣʘ ʰʘʛʦʚʦʛʦ ʜʚʠ-
ʛʘʪʝʣʷ ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ, ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʪʘʢʞʝ ʚ ʜʚʘ 
ʨʘʟʘ ʤʝʥʴʰʝ: 

1.520
2

R
M F R ma= Ö = Ö =ʢʛÖ0.6 /ʤ ʩ0.06Ö ʤ 2.736= .ʅ ʩʤÖ  

ɿʥʘʯʝʥʠʝ ʜʣʠʥʳ ʨʫʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʟʥʘʯʝʥʠʶ ʪʨʝʙʫʝʤʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. ʇʨʠ ʨʘʚʥʳʭ 
ʠʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʲʝʢʪʘ, ʯʝʤ ʤʝʥʴʰʝ ʨʘʜʠʫʩ, ʪʝʤ ʤʝʥʴʰʠʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʝʦʙʭʦʜʠʤ 
ʜʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ 3D ʤʦʜʝʣʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʝʪʘʣʝʡ ʨʦʙʦʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʨʦʛʨʘʤʤʘ Autodesk 
Inventor 2021. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 3D ï ʤʦʜʝʣʴ ʧʦʨʪʘʣʴʥʦʛʦ ʨʦʙʦʪʘ-ʘʧʪʝʢʘʨʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 



ǰǭǡǯǤǫǤǬǬǟǾ Ǭǟǲǩǟ 25 

 

XXVI International scientific conference | www.naukaip.ru 

 
ʉʡʪ. 2. 3D ð ʥʧʝʞʤʵ ʨʧʩʫʙʤʵʦʧʜʧ ʩʧʚʧʫʙ-ʙʨʫʞʣʙʩʸ 

 
ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥ ʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʧʦʨʪʘʣʴʥʳʡ ʨʦʙʦʪ-ʘʧʪʝʢʘʨʴ, ʙʳʣʘ ʚʳʙʨʘ-

ʥʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʦʙʦʪʘ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. ɺʥʝʜʨʝʥʠʝ ʜʘʥ-
ʥʦʛʦ ʧʦʨʪʘʣʴʥʦʛʦ ʨʦʙʦʪʘ-ʘʧʪʝʢʘʨʷ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʦʛʨʦʤʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʤʝʜʠʮʠʥʩʢʠʡ ʧʝʨʩʦʥʘʣ, ʪʝʤ 
ʩʘʤʳʤ ʫʤʝʥʴʰʠʪ ʨʠʩʢ ʦʰʠʙʦʯʥʦʡ ʚʳʜʘʯʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʕʪʘ ʠʜʝʷ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʘ 
ʢʘʢ ʤʝʜʠʮʠʥʩʢʠʤ ʨʘʙʦʪʥʠʢʘʤ, ʬʘʨʤʘʮʝʚʪʘʤ, ʧʨʦʚʠʟʦʨʘʤ, ʪʘʢ ʠ ʧʘʮʠʝʥʪʘʤ, ʧʦʩʢʦʣʴʢʫ ʫ ʤʝʜʠʮʠʥʩʢʠʭ 
ʨʘʙʦʪʥʠʢʦʚ ʙʫʜʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʘʮʠʝʥʪʘʤʠ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʈʦʙʦʪʳ ʚ ʙʦʣʴʥʠʯʥʳʭ ʘʧʪʝʢʘʭ / ɽ. ʀ. ʖʨʢʝʚʠʯ [ʠ ʜʨ.] // ɺʝʩʪʥʠʢ ʬʘʨʤʘʮʠʠ. - 2019. - ˉ 2 (84). 

- ʉ. 74-83. 
2. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʦʚ / ʊ. ɸ. ɸʢʠʤʝʥʢʦ, ʊ. ʈ. ʂʫʟʥʝʮʦʚʘ // 

ʀʟʚʝʩʪʠʷ ʊʫʣɻʋ. ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. ï 2019. ï ̄  10. ï ʉ. 33-38.  
3. ʅʝʩʪʘʥʜʘʨʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʧʦʨʪʘʣʴʥʳʝ ʤʘʥʠʧʫʣʷʪʦʨʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: URL: https://www.rekord-eng.com/nestandartnoe_oborudovanie/portalnye_manipulyatory/ 
(02.08.2022) 

4. ɻʫʨʠʥ, ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ. ʄʝʭʘʥʠʢʘ: ʫʯʝʙʥʠʢ / ɺ. ɺ. ɻʫʨʠʥ, ɺ. ʄ. ɿʘʤʷʪʠʥ, ɸ. ʄ. ʇʦʧʦʚ; 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʊʇʋ). ð ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʇʋ, 
2012. ï 669 ʩ. 
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ǣțȞȖȉȍȁ ǽȏȇȈ ǤȁȂȄȌțȄȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɸʆʋ ɺʆ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɻ ʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
çʃʕʊʀè ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ) 

 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʩʧʦʩʦʙʘ ʨʝʛʠʩʪʨʘʮʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠ ʧʨʠʙʦʨʫ ʨʝʛʠʩʪʨʘʮʠʠ, ʪʝʭ ʩʘʤʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 
ʜʘʥʥʳʭ, ʘ ʠʤʝʥʥʦ ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʳ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʪʘʢʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʢʘʢ 
ʜʝʧʨʩʝʩʩʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʇʫʣʴʩʦʢʩʠʤʝʪʨ, ʘʣʛʦʨʠʪʤ, ʩʪʨʝʩʩ, ʨʘʟʨʘʙʦʪʢʘ, ʨʘʩʯʝʪ. 
 

DEVELOPMENT OF A PROTOTYPE OF A HEART RATE MEASURING DEVICE AND A STRESS 
RECOGNITION ALGORITHM BASED ON THE RECEIVED DATA 

 
Dyachkov Yuri Evgenievich 

 
Abstract: The article is devoted to the consideration of the method of registration of physiological data for 
determining the emotional health of a person and the registration device, the same physiological data, namely 
the pulse wave. To detect in the early stages of a disease such as depression. 
Key words: Pulse oximeter, algorithm, stress, development, calculation. 

 
ɻʛʞʝʞʦʡʞ 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʪʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʝʪ ʙʳʪʴ ʩʠʥʭʨʦ-
ʥʠʟʠʨʦʚʘʥʘ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ɸʣʛʦʨʠʪʤ ʙʫʜʝʪ ʩʧʦʩʦʙʝʥ ʧʦ ʏʉʉ ʨʘʩʩʯʠʪʳʚʘʪʴ ɺʉʈ (ʚʘʨʠ-
ʘʙʝʣʴʥʦʩʪʴ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ) ʠ ʜʨʫʛʠʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʣʠʯʠʷ ʩʪʨʝʩʩʘ ʧʦ 
ʨʝʟʫʣʴʪʘʪʘʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʤʝʪʦʜʦʤ k-ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. 
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ɸʣʛʦʨʠʪʤ ʦʙʫʯʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ knn (k ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ) ʥʘ ʙʘʟʝ ʜʘʥʥʳʭ ʩ ʜʚʫʤʷ ʛʨʫʧ-
ʧʘʤʠ: ʚʳʩʦʢʠʡ ʩʪʨʝʩʩ ʠ ʥʠʟʢʠʡ. ɿʘ ʤʝʪʨʠʢʫ ʚʟʷʪʦ ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ.  

ʇʦ ʏʉʉ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʩʨʝʜ-
ʥʝʝ ʏʉʉ), ʩʨʝʜʥʠʝ ʠʥʪʝʨʚʘʣʳ R ʧʠʢʦʚ, ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ R ʧʠʢʦʚ, VLF, LF ʠ HF ʯʘʩʪʦʪʳ, ʦʪʥʦ-
ʰʝʥʠʝ LF/HF. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʛʨʫʧʧʘ ʩ ʚʳʩʦʢʠʤ ʩʪʨʝʩʩʦʤ ʙʫʜʝʪ ʠʤʝʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ LF/HF 
(ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʥʘʜ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʧʨʠ ʪʨʝʚʦʛʝ, ʚʦʣʥʝʥʠʠ). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʧʝʨʝʞʠʚʘʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʵʤʦʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʛʥʝʚ, ʨʘʟʦʯʘʨʦʚʘʥʠʝ ʠʣʠ ʪʨʝ-
ʚʦʛʘ, ʩʝʨʜʝʯʥʳʝ ʨʠʪʤʳ ʥʘʨʫʰʘʶʪʩʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʥʴʰʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʚʦ ʚʟʘʠʤʥʳʭ ʜʝʡʩʪʚʠ-
ʷʭ ʤʝʞʜʫ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʚʝʪʚʷʤʠ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʦʡ (ɺʅʉ). 

ʈʝʟʫʣʴʪʘʪʦʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʙʫʜʝʪ ʦʪʥʝʩʝʥʠʝ ʢ ʧʝʨʚʦʡ ʛʨʫʧʧʝ (ʚʳʩʦʢʠʡ ʩʪʨʝʩʩ) ʠʣʠ ʢʦ ʚʪʦʨʦʡ 
(ʥʠʟʢʠʡ ʩʪʨʝʩʩ). 

 
ʉʙʠʩʙʚʧʫʣʙ ʨʩʡʚʧʩʙ ʝʤʸ ʨʧʤʬʰʞʦʡʸ ʝʙʦʦʴʮ 

ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ, ʪ. ʝ. ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʤʦʣʝʢʫʣ ʧʦ ʩʧʝʢʪʨʫ ʧʦʛʣʦʱʝ-
ʥʠʷ ʩʚʝʪʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ ʧʫʣʴʩʦʢʩʠʤʝʪʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʩʠʤʝʪʨʠʶ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ 
ʠʟʤʝʥʝʥʠʠ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ (ʩʚʝʪʦʚʦʡ) ʵʥʝʨʛʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦ-
ʜʝʨʞʘʥʠʷ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ. 
 

 
ʉʡʪ. 1. ʈʩʡʦʯʡʨʡʙʤʵʦʙʸ ʪʮʞʥʙ ʨʬʤʵʪʧʣʪʡʥʞʫʩʙ 

 
ʉʝʨʜʮʝʤ ʫʩʪʨʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ STM32 F030F4P6.  ɼʘʥʥʳʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

ʙʳʣ ʚʳʙʨʘʥ ʥʝ ʩʣʫʯʘʡʥʦ. ʆʥ ʦʙʣʘʜʘʝʪ ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʫʩʪʨʦʡʩʪʚʦ 
ʧʦʨʪʘʪʠʚʥʳʤ. ɼʘʪʯʠʢʦʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ, ʙʳʣ ʚʳʙʨʘʥ MAX30102. ɼʘʥ-
ʥʳʡ ʜʘʪʯʠʢ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʢʨʦʚʠ, ʪʝʤʧʝʨʘʪʫʨʫ, ʯʘʩʪʦʪʫ ʩʝʨʜʝʯʥʳʭ ʩʦ-
ʢʨʘʱʝʥʠʡ. 
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ʉʡʪ. 2. ɺʤʧʣ ʪʮʞʥʙ ʨʬʤʵʪʧʣʪʡʥʞʫʩʙ 

 
ʊʘʢʪʠʨʦʚʘʥʠʝ ʧʦʜʘʝʪʩʷ ʩ ʚʥʝʰʥʝʛʦ ʢʚʘʨʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʦʪ ʥʝʛʦ ʪʘʢʪʠʨʫʝʪʩʷ ʧʦʨʪ ɸ, ʚ ʩʣʝʜ-

ʩʪʚʠʠ ʯʝʛʦ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʥʘ ʨʝʛʠʩʪʨ I2C. ɿʘʪʝʤ ʤʳ ʥʘʩʪʨʘʠʚʘʝʤ ʧʦʨʪʳ I2C ʚ ʘʣʴʪʝʨʥʘʪʠʚ-
ʥʫʶ ʬʫʥʢʮʠʶ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʧʦʜʪʷʞʢʦʡ ʢ ʧʠʪʘʥʠʶ. ʇʦʩʳʣʘʝʤ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ʥʦʤʝʨ ʨʝ-
ʛʠʩʪʨʘ, ʟʘʪʝʤ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʤʳ ʭʦʪʠʤ ʟʘʧʠʩʘʪʴ ʪʫʜʘ. ʇʦʩʣʝ ʫʩʧʝʰʥʦʡ ʦʪʧʨʘʚʢʠ ʜʘʥʥʳʭ ʤʳ ʩʯʠʪʳ-
ʚʘʝʤ ʜʘʥʥʳʝ ʩ ʨʝʛʠʩʪʨʘ ʜʘʥʥʳʭ, ʚ ʤʦʤʝʥʪ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʩ ʧʫʣʴʩʦʢʩʠʤʝʪʨʘ, ʤʳ ʠʭ ʦʪʦʙʨʘʞʘʝʤ ʥʘ 
ʜʠʩʧʣʝʝ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ. 
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ʉʡʪ. 3. 2ɽ ʨʞʰʙʫʦʙʸ ʨʤʙʫʙ ʨʬʤʵʪʧʣʪʡʥʞʫʩʙ 

 

 
ʉʡʪ. 4. 3ɽ ʥʧʝʞʤʵ ʨʞʰʙʫʦʧʢ ʨʤʙʫʴ ʨʬʤʵʪʧʣʪʡʥʞʫʩʙ 

 
ʉʙʪʰʞʫ ʨʧʣʙʠʙʫʞʤʞʢ ʈʬʤʵʪʧʛʧʢ ʛʧʤʦʴ, ʡʪʨʧʤʵʠʧʛʙʦʦʴʮ ʛ ʥʞʫʧʝʞ knn 

ɼʣʷ 22-ʭ ʩʠʛʥʘʣʦʚ ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 200 ɻʮ ʠ ʜʣʠʥʦʡ 25 ʩ, ʟʘʧʠʩʘʥʥʳʭ ʩ ʥʝʡʪʨʘʣʴʥʳʤ 
ʥʘʩʪʨʦʝʥʠʝʤ ʠ ʜʣʷ 22-ʭ ʩʦ ʩʪʨʝʩʩʦʤ (ʟʣʦʩʪʴ) ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 7 ʧʦʢʘʟʘʪʝʣʝʡ (6 - VLF, 7-ʦʡ ʉʂʆ RR) 
ʩʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʫ 1. ʇʦʢʘʟʘʪʝʣʠ ʥʝ ʷʚʣʷʶʱʠʝʩʷ ʩʣʫʯʘʡʥʳʤʠ ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʩ 
ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,05: RR ʠ LF.  
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ʋʙʚʤʡʯʙ 1 
ʉʙʪʪʰʡʫʙʦʦʴʞ ʨʧʣʙʠʙʫʞʤʡ ʝʤʸ ʝʛʬʮ ʜʩʬʨʨ ʪʡʜʦʙʤʧʛ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʅʝʡʪʨʘʣʴʥʦʝ 
(ʩʨʝʜʥʝʝ+-ʉʂʆ) 

ɿʣʦʩʪʴ 
(ʩʨʝʜʥʝʝ+-ʉʂʆ) 

p-value 

ʏʉʉ 62,63Ñ8,38 58,76Ñ8,16 0,062 

RR 0,97Ñ0,12 1,04Ñ0,12 0,005 

LF 1498,3Ñ1865,7 3335,3Ñ1956,3 0,004 

HF 3418,8Ñ2949,9 3102,7Ñ6564,1 0,825 

LF/HF 1,67Ñ2,46 2,13Ñ1,55 0,428 

 
ʉʞʠʬʤʵʫʙʫʴ ʣʤʙʪʪʡʭʡʣʙʯʡʡ ʝʛʬʮ ʣʤʙʪʪʧʛ ʥʞʫʧʝʧʥ k-ʚʤʡʟʙʢʱʡʮ ʪʧʪʞʝʞʢ. 

ɸʣʛʦʨʠʪʤ ʦʙʫʯʘʣʩʷ ʥʘ 22-ʭ ʩʠʛʥʘʣʘʭ (ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʣʠ ʠʟ 7 ʧʨʠʟʥʘʢʦʚ ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʳ), ʩʥʷʪʳʭ 
ʩʦ ʩʪʨʝʩʩʦʤ ʠ ʙʝʟ (ʧʦ 11 ʠʟ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ). ʈʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠ ʨʘʟʥʦʤ ʯʠʩʣʝ k = 7 (ʩ 
ʥʘʠʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ) ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2.  

 
ʋʙʚʤʡʯʙ 2 

ʅʙʫʩʡʯʙ ʩʞʠʬʤʵʫʙʫʧʛ ʣʤʙʪʪʡʭʡʣʙʯʡʡ ʨʩʡ k=7 

ʀʩʪʠʥʥʳʡ ʢʣʘʩʩ ʏʠʩʣʦ ʦʙʲʝʢʪʦʚ ʈʝʟʫʣʴʪʘʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ (ʢʣʘʩʩ), j 

  1 2 

1. ʅʝʡʪʨʘʣʴʥʳʡ 22 14 8 

2. ʉʪʨʝʩʩ (ʟʣʦʩʪʴ) 22 6 16 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʦʙʱʘʷ ʪʦʯʥʦʩʪʴ): ʆɸ= (14+16)/(22+22)=0,68. ʇʨʠ k=7 ʫ ʢʣʘʩʩʘ 
ʩʪʨʝʩʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʦʰʠʙʢʘ ʧʨʦʧʫʩʢʘ. 

 
ʀʙʣʤʷʰʞʦʡʞ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʧʫʣʴʩʦʢʩʠʤʝʪʨ. ɹʳʣʘ ʩʜʝʣʘʥʘ ʜʦʢʫʤʝʥʪʘʮʠʷ ʜʣʷ ʧʦʩʣʝʜʫʶ-
ʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʩʪʨʦʡʩʪʚʘ. ʆʩʪʘʚʣʝʥ ʟʘʧʘʩ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʠʤʝʥʥʦ 
ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʚʦʜʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʜʠʩʧʣʝʡ, ʠ ʦʪʧʨʘʚʣʷʪʴ ʜʘʥʥʳʝ ʧʦ ʨʘʟʣʠʯʥʳʤ ʙʝʩʧʨʦʚʦʜʥʳʤ 
ʠʥʪʝʨʬʝʡʩʘʤ, ʪʘʢʠʭ ʢʘʢ wi-fi, Bluetooth, NFC, GPS, ʨʘʜʠʦʩʚʷʟʴ, GSM, wireless HD, ʣʘʟʝʨʥʘʷ, ʦʧʪʠʯʝʩʢʘʷ, 
wimax.  

ʊʘʢʞʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʪʨʝʩʩʘ ʧʦ 7 ʧʦʢʘʟʘʪʝʣʷʤ ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʳ ʥʘ 
ʦʩʥʦʚʝ ʤʝʪʦʜʘ knn. ʇʦʢʘʟʘʪʝʣʴ LF/HF ʧʨʠ ʩʪʨʝʩʩʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʢʘʟʘʣʩʷ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ 
ʥʘʩʪʨʦʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥ ʤʦʞʝʪ ʫʯʠʪʳʚʘʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ ʧʨʠ ʟʘʜʘʯʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʏʉʉ ʚ ʛʨʫʧ-
ʧʫ ʩ ʥʘʣʠʯʠʝʤ ʩʪʨʝʩʩʘ ʠ ʚ ʛʨʫʧʧʫ ʩ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝʤ. ʅʘʠʣʫʯʰʫʶ ʪʦʯʥʦʩʪʴ ʧʦʢʘʟʘʣ ʤʝʪʦʜ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 
k ʨʘʚʥʳʤ 7 -  0,68. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. RM0360 Reference manual STM32F030x4/x6/x8/xC and STM32F070x6/xB advanced ARMÈ-

based 32-bit MCUs  
2. Datashit STM32F030x4 STM32F030x6 STM32F030x8 STM32F030xC 
3. ʍʘʨʨʠʩ ɼ. ʍ. ʎʠʬʨʦʚʘʷ ʩʭʝʤʦʪʝʭʥʠʢʘ ʠ ʘʨʭʠʪʝʢʪʫʨʘ ʢʦʤʧʴʶʪʝʨʘ. ɼʦʧʦʣʥʝʥʠʝ ʧʦ ʘʨʭʠʪʝʢʪʫ-

ʨʝ ARM. ɼʄʂ ʇʨʝʩʩ. 2018. 356ʩ. 
4. ʅʝʤʠʨʢʦ, ɸ. ʇ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠ ʜʘʥʥʳʭ / ɸ. ʇ. ʅʝʤʠʨʢʦ, 

ʃ. ɸ. ʄʘʥʠʣʦ, ɸ. ʅ. ʂʘʣʠʥʠʯʝʥʢʦ. ï ʄʦʩʢʚʘ: ʌʠʟʤʘʪʣʠʪ, 2017. ï 248 ʩ. 
 

É ɼʴʷʯʢʦʚ ʖ.ɽ., 2022 
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ǲǣǩ 434,.0  

TRANSPORTING OIL FROM THE DOLGINSKOYE 
FIELD, PECHORA SEA, RUSSIA 

ǫȇȏȆǿȀȄȉȍȁǿ ǥȇȀȄȉ ǠȄȉȅǿȌ ȉȇȆȇ 
 ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɸʆʋ ɺʆ çʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘè 
 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ: ɹʘʛʨʝʮʦʚʘ ʅʠʥʘ ɺʠʢʪʦʨʦʚʥʘ 
ʢ.ʧʝʜ.ʥ 

ɺʠʭʘʨʝʚ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ 
ʢ.ʪ.ʥ. 

ʌɻɸʆʋ ɺʆ çʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʈʘʟʨʘʙʦʪʢʘ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ɸʨʢʪʠʢʝ ʩʚʷʟʘʥʘ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʙʣʝʤ. 
ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʥʘʷ, ʙʝʟʦʧʘʩʥʘʷ, ʙʝʟʚʨʝʜʥʘʷ 
ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʪʝʭʥʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʠʤʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʥʝʬʪʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪ-
ʨʠʚʘʶʪʩʷ ʪʨʠ ʚʘʨʠʘʥʪʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ ʩ ɼʦʣʛʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ 
ʰʝʣʴʬʝ ʈʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʠ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʥʝʬʪʠ, ɸʨʢʪʠʢʘ, ʇʝʯʦʨʩʢʦʝ ʤʦʨʝ, ʇʨʠʨʘʟʣʦʤʥʘʷ, ɼʦʣʛʠʥʩʢʦʝ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʝ. 
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Mirzabekova Zhibek Bekzhan kizi 

 
Scientific advisers: Bagretsova Nina Viktorovna,  

Vikharev Alexander Nikolaevich 
 
Abstract: The development of petroleum fields in the Arctic is associated with a lot of challenges. One of the 
most important issues in this context is the cost-effective, safe, environment-friendly and technically feasible 
transportation of oil. The study examines three options of oil transportation from the Dolginskoye field, Russian 
Arctic offshore, the most viable being selected.  
Key words: oil transporation, Arctic, Pechora Sea, Prirazlomnaya, Dolginskoye field. 

 
Introduction.The Dolginskoye oil field is an offshore field. It is located in the southeastern part of the 

continental shelf of the Barents Sea. The distance to the shore is 120 km. The depth of the sea in the field ar-
ea is 35-50 meters. Its reserves are estimated at more than 200 million tons of oil equivalent [1]. The aim of 
the study is to consider three options of transportation of oil from the Dolginskoye field and to select the most 
suitable one taking into account available storage and offloading facilities and the transportation infrastructure 
in the area in general.  

The first oil transportation option stipulates engagement of the Prilazomnaya platform. It is a multifunc-
tional platform located at a distance of 130 km from the Dolginskoye field. It can be used as oil storage and 
offloading facility. The second option considers the viability to use the island of Novaya Zemlya located 120 km 
from the Dolginskoye field. At the moment, there are no facilities on the island for storing and shipping of oil. 
But the possibility of building such facilities is being discussed. The third option is the transportation of oil from 
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the Dolginskyoye field by tankers via the Varandey terminal. The Varandei Terminal is located in the village of 
Varandey on the shore of the Barents Sea. The study analyzes which transportation scheme is more feasible 
to transport oil from the Dolginskoye field. 

The first option of oil transportation from the Dolginskoye field: via Prilazomnaya platform. The 
Prilazomnaya platform has an internal caisson, the volume of which is divided into 16 transverse and longitu-
dinal impermeable containers. These tanks are oil storage tanks (with a nominal capacity of 136000m3). Dol-
ginskoye oil field is located in the central part of the Pechora Sea, the sea depth in this area is 35-55 m, the 
sea does not freeze in winter. Most of the seabed within the pipeline is occupied by a gently sloping accumula-
tive ice-marine Late Pleistocene-Holocene plain outside the zone of large wave impact. into which the under-
water coastal slope systematically passes at depths of 10-11m.  

The level of the considered plain along the pipeline route is complicated by a large number of underwa-
ter shoals (underwater banks) and other bottom accumulative structures oriented in accordance with the loca-
tion of isobaths. These forms consist mainly of sandy materials, and with their soles they are placed on a 
dense clay base. Their size can reach 10-14 km in length and 2-3 km in width. The height is usually 1.5 - 2 m, 
in certain cases it can reach 3 - 4 m.The composition of sediments formed on the seabed in the area of tech-
nological facilities does not differ from the composition on the adjacent territories of the seabed Sandy sedi-
ments are replaced by typical sandy-pebble ones with a low sorting coefficient and two-digit particle size distri-
bution.Thus, the receiving capacity of the Prilazomnaya platform makes it possible to receive and store oil 
from the Dolginskoye field until it is loaded onto a tanker. When designing a pipeline, it seems necessary to 
provide a thermal insulation and a heating system for the pipeline to avoid paraffin plugging, since sea water 
temperatures in winter vary in the range from minus 1.8 Á C to 0 Á C, in spring - from 0 Á C to plus 4 Á C, in 
summer - from 5 Á from up to 8 Á C and in autumn - from 2 Á C to 4 Á C . 

The second option of oil transportation from the Dolginskoye field: via the island of Novaya Zem-
lya. In this case, we are considering the construction of a shipping terminal on the island of Novaya Zemlya 
where oil will be delivered by tankers. Transshipment via ports is intensively developing in the Russian Arctic. 
According to the Federal Agency of Sea and River transportation, there are currently 18 ports in the region. A 
seaport is an integrated transport enterprise that has a sea and land territory under the sovereignty of a coastal 
state, serving for loading and unloading ships, embarking and disembarking passengers, as well as exercising 
certain supervision over the safety of navigation and monitoring compliance with international agreements on 
merchant shipping. In the opinion of a number of foreign experts, a port is called ç a section of the coast spe-
cially provided by a competent administrative body in order to serve the purposes of maritime trade è.This op-
tion for the construction of a terminal on Novaya Zemlya Island could be considered as an additional option in 
case the storage capacities of the Prilazomnaya platform are not available. This shipping terminal could be used 
to receive tankers also from the other fields located in the vicinity of the Novaya Zemlya Island. Though, in 
should be noted, that these fields have their own storage and offloading facilities and transport their production 
by tankers via the Varandey terminal. From there super tankers export it further to Europe. 

The third option of oil transportation from the Dolginskoye field: via the Varandey terminal. In the 
third option, we consider the type of oil transportation by tankers from the Dolginskoye field via the Varandey 
terminal. The Varandey oil loading terminal is intended for the accumulation and storage in the onshore tank 
farm of commercial oil coming from the Myadsey, Toboi, Toravey, Varandey, Medyn, Perevozny, Severo-
Saremboy, Zapadno-Lekeyagin, Yuzhno-Khylchuyu, Yareyu and Khylchuy oil fields, its further pipeline trans-
portation to a fixed offshore loading facility and consequent reloading there to tankers for further export. 

Varandey shipping terminal includes: 

- an onshore tank farm designed for storing oil and pumping it to the loading offshore facility;  

- two lines of an oil pipeline Ï820x20.5 (onshore part - 1.09 km and underwater part - 22.6 km);  

- a fixed offshore ice-resistant loading facility. 
The Varandey oil loading terminal is located on the territory of the Nenets Autonomous District of the 

Arkhangelsk Region on the coast of the South-Eastern part of the Barents Sea, away from transport communi-
cations, 8 km from the village. The Varandey oil loading terminal is removed from the city of Naryan-Mar, the 
administrative center of the Nenets Autonomous Okrug, which is a sea and river port - it is 250 km away from 
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the city of Vorkuta - by 290 km, and from the city of Usinsk - by 300 km. 
The main activity of the Varandey Terminal LLC is the reception, storage and transshipment of oil to oil 

tankers with deadweight of 70,000 tons. 
The climate on the coastal area of the Barents Sea is rather severe with the characteristic conditions of 

its variability. 
In winter, the air temperature over the sea is higher than over land, which is also true for the ice-covered 

southeastern part, due to the heat entering the atmosphere through open water, openings and polynyas. The 
transport of air masses by Atlantic cyclones has a warming effect. In summer, the land warms up more inten-
sively, and the air temperature above it is higher than above the sea. The maximum air temperatures in the 
summer months (July, August) can reach values of 30-32 Üʉ, the minimum (January, February) - minus 42-43 
Üʉ. The duration of the period with positive temperatures is 130-156 days. 

The territory has a monsoon climate with a predominance of north-east winds in the summer-autumn pe-
riod and south-west winds in the winter. The highest speeds are observed in November-December (13-14 m / 
s), the lowest in August. The average monthly and annual wind speed is 6.6 m / s. Maximum speeds along the 
coast can reach values of 35-40 m / s, and in gusts and more than 40 m / s, especially in the winter months. 

The speed of currents is determined mainly by the action of tides or winds. There are also alternately con-
stant currents (Kolguevo-Pechora, Belomorskoe, Pechora), the speed of which is 10 cm / s. On the sea surface, 
the current speed increases up to 20 cm / s. Water dynamics are also characterized by tidal currents. Their fre-
quency ranges from half a day to a day, forming a complicated picture of the formation of current velocities. In the 
open sea, they reach 20 cm / s, in the coastal - up to 30 cm / s. During surges, current velocities can reach val-
ues of 50-60 cm / s. Sea level fluctuations reach more than 1.5 m. The Barents Sea is one of the most stormy in 
the World Ocean. The highest waves in the southeast are formed with northerly and northeasterly winds, and 
their height can reach values of 7-8 m.Ice formation begins in October, but the sea is always covered with a con-
tinuous ice cover differently. The maximum value of ice thickness is formed in April and reaches an approximate 
mark of 1 m.Cases were also noticed when the thickness increased to a mark of 1.5 m. It is necessary to calcu-
late the cost of tanker transportation of oil from the Dolginskoye field to Varandey and assess its profitability. 

Results and discussion. The study revealed the following. The first option of the transportation of oil 
by pipeline from the Dolginskoye field via the Prilazomnaya platform with further reloading to sea going tankers 
is possible. However, before the construction of the pipeline, it is necessary to take into account such a factor 
as the remoteness of the Dolginskoye field from the Prilazomnaya platform, which will require an auxiliary 
pumping to boost oil through this pipeline. It is also necessary to calculate the diameter of the pipeline, and 
based on the calculations a proper pump is to be selected. 

As for the second option, the investigation showed that the construction of a port on the selected site of 
Novaya Zemlya is not feasible. Since the water depth at the coasts of the Novaya Zemlya is only 12m what is 
not enough. For the construction of a port, it is to be 20m in accordance with SP 350.1326000.2018 standards 
for technological design of seaports. 

The third option stipulating transportation of oil from the Dolginskoye field via the Varandey terminal 
looks as a possible. However, it could be too costly for a number of reasons. Firstly, it is necessary to make up 
a logistic scheme for the year-round shipment of oil from the Dolginskoye field. Secondly, tanker transportation 
of oil in difficult ice conditions will require a specialized fleet of ice-class tankers.  They are significantly more 
complicated in the technical part and much more expensive than traditional "non-ice" vessels. The fleet of such 
tankers can amount to dozens of units depending on their possible routes and their capacity. And, conse-
quently, it will require huge material and financial resources. 

Conclusion. Based on the above, the transportation of oil from the Dolginskoye field seems more viable 
by offshore pipeline to the Prilazomnaya platform and then to the Varandey terminal by tankers. In the 
Varandey terminal, there are all the necessary facilities for receiving oil and its reloading and further transpor-
tation by large-tonnage vessels. 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʫʢʘʟʳʚʘʝʤ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪ-
ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʋʢʘʟʳʚʘʝʤ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʟʣʘʭ 
ʤʝʭʘʥʠʟʤʦʚ. ʇʨʦʚʦʜʠʤ ʩʨʘʚʥʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʘʥʘʣʦʛʦʚ ʩ ʠʩʩʣʝʜʫʝʤʳʤ, ʦʮʝʥʠʚʘʷ ʩʚʦʡʩʪʚʘ ʧʨʦʯʥʦʩʪʠ, 
ʩʪʦʡʢʦʩʪʠ, ʞʝʩʪʢʦʩʪʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʂʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʘʨʤʠʨʦʚʘʥʠʝ, ʘʥʠʟʦʪʨʦʧʠʷ, ʧʨʦʯʥʦʩʪʴ, ʚʦʣʦʢʥʦ. 
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Abstract: Abstract: In our work, we point out the promising possibility of using composite materials in mechan-
ical engineering. We point out the advantages of their operation in specific nodes of mechanisms. We com-
pare the materials of analogues with the studied one, evaluating the properties of strength, durability, rigidity. 
Keywords: Composite material, reinforcement, anisotropy, strength, fiber. 

 
ʉʦʚʨʝʤʝʥʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʧʦʩʪʦʷʥʥʦ ʦʧʪʠʤʠʟʠʨʫʝʪ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ. ʋʣʫʯʰʘʶʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥ-
ʪʦʚ, ʧʨʦʚʦʜʷʪ ʥʝʦʜʥʦʢʨʘʪʥʫʶ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ, ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʢʦʨʨʦʟʠ-
ʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. ʅʦ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʮʝʥʫ ʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ɼʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʟʘʤʝʥʳ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʪʘʣʴʥʳʭ, 
ʤʝʜʥʳʭ, ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʜʨʫʛʠʭ ʜʝʪʘʣʝʡ ʥʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ. 

ʂʦʤʧʦʟʠʪʦʤ ʥʘʟʳʚʘʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʟʘʠʤʥʦ ʥʝʨʘʩ-
ʪʚʦʨʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʜʝʣʝʥʥʳʭ ʛʨʘʥʠʮʝʡ ʠ ʦʥʠ ʠʤʝʶʪ ʨʘʟʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʨʠ ʵʪʦʤ ʦʜʠʥ ʠʟ ʥʠʭ ʷʚʣʷ-
ʝʪʩʷ ʘʨʤʠʨʫʶʱʠʤ ʟʚʝʥʦʤ (ʫʧʨʦʯʥʷʶʱʠʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʩʚʦʡʩʪʚ ʜʝʪʘʣʠ), ʘ ʜʨʫʛʦʡ ʩʚʷʟʫʶ-
ʱʝʡ ʠʭ ʤʘʪʨʠʮʝʡ [1, ʩ. 10]. ʇʨʦʩʪʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʵʧʦʢʩʠʜʥʳʡ ʢʣʝʡ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʦʨʦʰʢʦʤ. 

ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ 
ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʝʥʠʷ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʨʰʥʝʡ, ʰʘʪʫʥʦʚ, ʫʧʣʦʪʥʝʥʠʡ, ʰʝʩʪʝʨʝʥ, ʢʦʨʧʫʩʦʚ ʨʝʜʫʢ-
ʪʦʨʦʚ, ʢʨʦʥʰʪʝʡʥʦʚ ʘʚʪʦʤʘʪʠʢʠ (ʨʠʩ.1). ʅʦ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʫ ʢʘʞʜʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʝʩʪʴ ʩʚʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʚ ʨʘʙʦʪʝ. ʆʛʨʘʥʠʯʝʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʥʝ ʧʨʝʚʳʰʝʥʠʠ ʜʦʧʫʩʪʠʤʳʭ ʫʩʠʣʠʡ ʫʟʣʦʚ 
[2, ʩ. 5]. 
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ʉʡʪ. 1. ʑʙʫʬʦ ʛʴʨʧʤʦʞʦʦʴʢ ʡʠ ʣʧʥʨʧʠʡʫʙ 

 
ɼʣʷ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʢʦʤʙʠʥʘʮʠʶ ʩʪʘʣʴʥʳʭ 

ʩʧʣʘʚʦʚ ʠ ʧʦʣʠʤʝʨʦʚ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʨʘʤʳ ʥʘ 35-45% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʤʘʩʩʳ, ʘ ʪʘʢʞʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʫʤʝʥʴʰʝʥʠʶ ʚʠʙʨʘʮʠʡ. ʉʣʦʞʥʦʩʪʴ ʛʝʦʤʝʪʨʠʠ ʨʘʤʳ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦ-
ʚʘʪʴ ʝʝ ʠ ʥʘʡʪʠ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ, ʩ ʯʝʤ ʉɸɽ ʧʨʦʛʨʘʤʤʳ ʩʧʨʘʚʣʷʶʪʩʷ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʩʣʦʞʥʦʩʪʝʡ.  

ʅʘʧʦʣʥʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʨʘʚʥʦʤʝʨʥʦ ʚ ʢʘʞʜʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʩʚʦʡʩʪʚʘ ʞʝʩʪʢʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʚ 
ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʝ ʧʦʩʪʦʷʥʥʦ (ʘʥʠʟʦʪʨʦʧʠʷ ʩʚʦʡʩʪʚ). ʊʦ ʝʩʪʴ, ʜʦʧʫʩʪʠʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʨʘʤʳ ʚʦʟʥʠʢʘʝʪ ʫʩʠʣʠʝ ʧʦ ʦʩʠ ʍ ʚ 10 ʨʘʟ ʧʨʝʚʳʰʘʶʱʝʝ ʧʦ ʦʩʷʤ Y,Z. ɺʦʣʦʢʥʘ ʤʘʪʝʨʠʘʣʘ ʚ ʥʘʧʨʘʚʣʝ-
ʥʠʠ ʍ ʙʫʜʫʪ ʠʤʝʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ 10 ʨʘʟ ʧʨʝʚʳʰʘʶʱʝʝ ʧʦ ʦʩʷʤ Y,Z, ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ 
ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ɺ ʵʪʦʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴ ʦʙ-
ʣʝʛʯʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [3]. 

ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʧʨʦʣʦʥʘ (ʧʨʦʩʪʝʡʰʝʛʦ ʢʦʤʧʦʟʠʪʘ) ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʰʝʩʪʝʨʝʥ. 
ʐʝʩʪʝʨʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯʘʭ, ʛʜʝ ʧʦʩʪʦʷʥʥʦ ʪʨʝʙʫʝʪʩʷ ʩʤʘʟʢʘ, ʩ ʢʘʧʨʦʣʦʥʦʤ ʞʝ ʥʝʦʙ-
ʭʦʜʠʤʦʩʪʴ ʩʤʘʟʢʠ ʦʪʧʘʜʘʝʪ ʠ ʥʝ ʧʨʠʜʝʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʘʟʳʚʘʥʠʷ.  

ʍʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘ-
ʣʦʚ ʥʝ ʚʩʝʛʜʘ ʧʨʘʚʠʣʴʥʦ. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʜʝʪʘʣʠ ʫʟʣʘ ʤʝʭʘʥʠʟʤʘ ʠʥʜʠʚʠʜʫʘʣʝʥ. ʇʨʠ ʝʜʠʥʠʯʥʦʤ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʩʪʦʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ ʘʥʘʣʦʛʘ ʩʪʘʣʴʥʦʛʦ ʠʟ-ʟʘ ʩʪʦʠʤʦ-
ʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʥʦ ʟʘʧʫʩʪʠʚ ʵʪʦ ʚ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʦʠʤʦʩʪʴ ʠʜʝʥʪʠʯʥʘʷ.  

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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3. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʇʦʚʳʰʝʥʠʝ ʧʨʦʯ-

ʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (articlekz.com) (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 18.08.2022). 
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ǩǭǬǱǯǭǪǻ ǮǯǭǳǧǪǾ ǮǤǯǟ ǪǭǮǟǱǭǩ 
ǢǟǦǭǱǲǯǠǧǬǬǺǴ ǣǡǧǢǟǱǤǪǤǨ Ǭǟ 
ǩǭǭǯǣǧǬǟǱǬǭ-ǧǦǫǤǯǧǱǤǪǻǬǭǨ ǫǟǷǧǬǤ 
GLOBAL 

ǰǟǣǯǱǣǧǬǭǡǟ ǩǯǧǰǱǧǬǟ ǣǧǬǟǯǭǡǬǟ* 
ǰǟǾǮǭǡ ǣǫǧǱǯǧǨ ǡǪǟǣǧǫǧǯǭǡǧǶ 

ʤʘʛʠʩʪʨʘʥʪʳ 
ʌɻɹʆʋ ɺʆ çʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè (ʋɻɸʊʋ) 

 

ɹʦʦʧʫʙʯʡʸ: ɼʘʥʦ ʦʧʠʩʘʥʠʝ ʢʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ GLOBAL Performance 09.12.08, ʨʘʙʦʪʳ 
ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʳʭ ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʧʝʨʝ-
ʤʝʱʝʥʠʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ. ʆʧʠʩʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧ 
ʢʦʥʪʨʦʣʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʬʠʣʷ ʧʝʨʘ ʣʦʧʘʪʢʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʪʫʨʙʠʥʳ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʂʦʥʪʨʦʣʴ ʧʨʦʬʠʣʷ ʧʝʨʘ ʣʦʧʘʪʦʢ, ʢʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, ʢʦʥʪʨʦʣʠ-
ʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ. 
 

CONTROL OF THE PROFILE OF THE PEN BLADES OF GAS TURBINE ENGINES ON THE GLOBAL 
COORDINATE MEASURING MACHINE 

 
Sadrtdinova Kristina Dinarovna, 

Sayapov Dmitry Vladimirovich 
 
Abstract: The description of the GLOBAL Performance 09.12.08 coordinate measuring machine necessary 
for monitoring the profile of the blade of gas turbine engines is given. The work of the improved software is 
described, due to which the algorithms of movement are optimized, and the use of a new electronic controller 
becomes possible. The general principle of the GLOBAL coordinate measuring machine is given. 
Keywords: Control of the blade pen profile, coordinate measuring machines, controlled parameters. 

 
ʇʨʦʠʟʚʦʜʩʪʚʦ ʣʦʧʘʪʦʢ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʪʘʢ ʢʘʢ ʣʦʧʘʪʢʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʪ-
ʢʘʟʥʦʩʪʠ ʨʘʙʦʪʳ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʦʵʪʦʤʫ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ ʠ ʠʩʢʣʶʯʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ, ʚʘʞʥʘ ʧʨʦʮʝʜʫʨʘ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 
ʣʦʧʘʪʦʢ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ [1, ʩʪʨ. 2]. 

ʈʘʙʦʪʘ ʧʦ ʚʳʷʚʣʝʥʠʶ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʬʠʣʷ ʧʝʨʘ ʣʦʧʘʪʦʢ ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʥʝʨʛʦʸʤʢʫʶ ʧʨʦʮʝʜʫʨʫ, ʪʨʝʙʫʶʱʫʶ ʧʨʠʤʝʥʝʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ 
ʵʪʦʤ ʢʦʥʪʨʦʣʴʥʘʷ ʦʩʥʘʩʪʢʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʪʦʯʝʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʝʦʤʝʪʨʠʠ ʦʙʲʝʢʪʘ, ʧʦʵʪʦʤʫ ʦʧʝ-
ʨʘʪʠʚʥʳʝ ʜʘʥʥʳʝ ʧʦʣʥʦʩʪʴʶ ʥʝʜʦʩʪʫʧʥʳ. ʊʘʢʠʝ ʪʨʫʜʥʦʩʪʠ ʨʝʰʘʶʪʩʷ ʚʥʝʜʨʝʥʠʝʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦ-
ʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʦʬʠʣʷ ʧʝʨʘ ʣʦʧʘʪʦʢ ʨʘʙʦʯʠʭ ʢʦʣʸʩ ʪʫʨʙʠʥʳ ʥʘ ɸʆ çʋɸʇ çɻʠʜʨʘʚʣʠ-
ʢʘè ʛ. ʋʬʘ ʠʩʧʦʣʴʟʫʶʪ ʢʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʤʘʰʠʥʫ GLOBAL Performance 09.12.08.  
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ʂʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ ʜʘʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʙʦʣʝʝ ʧʦʜʭʦʜʷʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʢʦ-
ʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʧʨʠʤʝʥʷʶʪ ʝʜʠʥʩʪʚʝʥʥʫʶ, ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʠ 
ʪʦʯʥʫʶ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʤʘʰʠʥʫ. ʉʢʘʥʠʨʦʚʘʥʠʝ ʩ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʜʦʩʪʠʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʝʨʝʤʝʱʝʥʠʡ, ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 
ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ.  

ʅʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ ʘʜʘʧʪʠʚʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʠʧʘ PC-DMIS Adaptive Scanning ʦʙʝʩ-
ʧʝʯʠʚʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʨʦʩʪʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ʥʘʠʣʫʯʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ 
ʩʢʘʥʠʨʦʚʘʥʠʝʤ. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʪʠʧʘ CLIMA ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʦ-
ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦ ʚʩʝʭ ʤʘʰʠʥʘʭ ʩʝʨʠʠ GLOBAL Performance ʛʘʨʘʥʪʠʨʫʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝ-
ʥʠʡ ʪʘʢʞʝ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 16ÁC ʜʦ 26ÁC [2, ʩʪʨ. 3]. ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ GLOBAL 
Performance ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʉʡʪ. 1. ɽʡʙʨʙʠʧʦ ʡʠʥʞʩʞʦʡʢ GLOBAL Performance 

 
ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʨʪʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ. 
ʇʝʨʝʤʝʱʝʥʠʝ ʥʘʢʦʥʝʯʥʠʢʘ ʂʀʄ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʪʨʸʤ ʦʩʷʤ ʩ ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʷʶʱʠʭ ʥʘ 

ʧʦʜʰʠʧʥʠʢʘʭ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʧʨʘʚʣʷʶʱʠʝ ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ X, Y, Z, ʧʦ ʢʦʪʦʨʳʤ ʜʚʠ-
ʞʝʪʩʷ ʱʫʧ ʩ ʩʝʥʩʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʨʘʙʦʪʘʶʱʠʡ ʧʦ ʧʨʠʥʮʠʧʫ ʢʘʩʘʥʠʷ. ʈʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʝ ʧʝʨʝ-
ʤʝʩʪʠʣʩʷ ʮʝʥʪʨ ʱʫʧʘ ʛʦʣʦʚʢʠ, ʠʟʤʝʨʷʝʪʩʷ ʮʠʬʨʦʚʳʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘ-
ʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩ ʪʦʯʥʦʩʪʴʶ 0,17 ʤʢʤ. 

 

 
ʉʡʪ. 2. ʃʧʦʪʫʩʬʣʯʡʸ ʃʁʅ GLOBAL 

 
ʊʝʭʥʦʣʦʛʠʷ ʨʘʙʦʪʳ ʂʀʄ ʦʩʥʦʚʘʥʘ ʥʘ ʩʢʘʥʠʨʦʚʘʥʠʠ ʟʘʤʝʨʷʝʤʦʛʦ ʠʟʜʝʣʠʷ ʧʦ ʪʦʯʢʘʤ ʧʨʠ ʧʦʤʦʱʠ 

ʱʫʧʘ (ʨʠʩ. 3). ʇʝʨʚʳʤ ʜʝʣʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʩʪʘʥʦʚʢʘ ʱʫʧʘ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʛʦ ʧʨʦʚʝʨʢʘ. ʇʦʩʣʝ ʯʝʛʦ ʚʳ-
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ʙʠʨʘʝʪʩʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 
ʦʙʲʝʢʪʘ ʠ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʵʪʦʤʫ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʥʘʢʦ-
ʥʝʯʥʠʢ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʠʟʚʦʜʠʪ ʟʘʤʝʨ ʦʙʲʝʢʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʦʯʝʨʝʜʥʦʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ ʥʘʢʦʥʝʯʥʠʢʘ 
ʩʤʝʱʝʥʠʝ ʧʦ ʦʩʷʤ X, Y, Z ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦ ʰʢʘʣʝ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʥʘʢʦʥʝʯʥʠʢʦʤ ʤʝ-
ʩʪʦʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʢʦʤʧʴʶʪʝʨʦʤ ʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʵʢʨʘʥʝ ʨʘʙʦʯʝʛʦ ʦʢʥʘ [3, ʩʪʨ. 4]. 

 

 
ʉʡʪ. 3. ʁʠʥʞʩʡʫʞʤʵʦʴʢ ʦʙʣʧʦʞʰʦʡʣ ʃʁʅ 

 
ɼʘʥʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ PC-DMIS (ʈʠʩ. 4). 
 

 
ʉʡʪ. 4. ʁʦʫʞʩʭʞʢʪ ʈʇ PC-DMIS 
























































































































































































































































































