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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉ56 

ʉʆɺʈɽʄɽʅʅɸʗ ʅɸʋʂɸ ʀ ʆɹʈɸɿʆɺɸʅʀɽ: ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ 

ʊɽʆʈʀʀ ʀ ʇʈɸʂʊʀʂʀ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ. ɺ 2 ʯ. ʏ. 1. ï ʇʝʥʟʘ: ʄʎʅʉ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè. ï 2023. ï 192 ʩ. 
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ʅʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ ʩʦʩʪʘʚʣʝʥ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʉʆɺʈɽʄɽʅʅɸʗ ʅɸʋʂɸ ʀ ʆɹʈɸɿʆɺɸʅʀɽ: ɸʂʊʋɸʃʔʅʓɽ 

ɺʆʇʈʆʉʓ ʊɽʆʈʀʀ ʀ ʇʈɸʂʊʀʂʀè, ʩʦʩʪʦʷʚʰʝʡʩʷ 10 ʷʥʚʘʨʷ 2023 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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www.naukaip.ru 

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 
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ǧǰǮǭǪǻǦǭǡǟǬǧǤ ǲǪǻǱǯǟǦǡǲǩǭǡǭǢǭ 
ǡǭǦǣǤǨǰǱǡǧǾ Ǯǯǧ ǰǧǬǱǤǦǤ ǢǤǱǤǯǭǢǤǬǬǭǢǭ 
ǩǟǱǟǪǧǦǟǱǭǯǟ  

ǬȂȒȄȌ Ǡǿȍ ǬȂȍȉ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʘʫʪʠʥʘ ʅʘʪʘʣʴʷ ɺʠʢʪʦʨʦʚʥʘ 
ʢ.ʭ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪè 
 

 
ʇʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʟʘʥʠʤʘʶʪ ʦʯʝʥʴ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦ-
ʜʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʨʘʩʪʚʦ-
ʨʠʪʝʣʷʤʠ, ʤʦʥʦʤʝʨʘʤʠ ʠ ʠʩʭʦʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʣʘʩʪʠ-
ʬʠʢʘʪʦʨʦʚ ʠ ʪ.ʜ.  

ɻʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʤʥʦʛʦʪʦʥʥʘʞʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʚ ʚʠʜʫ ʨʷʜʘ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʛʦʤʦʛʝʥʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ: ʤʘʣʳʡ ʨʘʩʭʦʜ ʢʘʪʘʣʠʟʘʪʦʨʘ 
ʥʘ ʝʜʠʥʠʮʫ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ, ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ 
ʤʘʩʩʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʣʠ ʠʩʢʣʶʯʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʧʨʝʚʨʘʱʝʥʠʷ ʠʟʦʧʝʥʪʘʥʘ ʚ ʞʠʜʢʠʝ 
ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʭ ʜʦʙʘʚʦʢ ʢ 
ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʙʝʥʟʠʥʘʤ.  

ɹʦʦʧʫʙʯʡʸ: ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʞʠʜʢʦʬʘʟʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʝʨʝʜ ʛʘʟʦʬʘʟʥʳʤ ʧʨʦʮʝʩʩʦʤ 
ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʦʤ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʦʡ ʧʨʝʜʩʪʘʚ-
ʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʞʠʜʢʦʬʘʟʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʎʝʣʴʶ ʜʘʥ-
ʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʋɿ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʮʝʩʩ ʧʨʦʧʠʪʢʠ ʥʦʩʠʪʝʣʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʫʣʴʪʨʘʟʚʫʢ, ʛʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʦʢʠʩʣʝʥʠʝ, ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʧʨʠʩʘʜʢʠ, 
ʥʝʬʪʝʭʠʤʠʷ. 
 

THE USE OF ULTRASONIC EXPOSURE IN THE SYNTHESIS OF A HETEROGENEOUS CATALYST 
 

Nguyen Bao Ngoc 
 

Scientific adviser: Sautina Natalya Viktorovna 
 
Abstract: The advantage of catalytic liquid-phase oxidation over the gas-phase process is more precise con-
trol of the composition of the final products. In this regard, the development of heterogeneous catalysts for liq-
uid-phase oxidation of hydrocarbons seems relevant. The aim of this research was to investigate the effect of 
ultrasonic action on the process of impregnation of the carrier. 
Key words: ultrasound, heterogeneous catalyst, oxidation, automotive additives, petrochemicals. 
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʖʣʪʨʞʩʡʥʞʦʫʙʤʵʦʙʸ ʰʙʪʫʵ 
ʀʟʫʯʝʥʠʝ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʫʩʠʣʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʘʣʣʘ ʩ ʥʦ-
ʩʠʪʝʣʝʤ, ʪʝʤ ʩʘʤʳʤ ʫʣʫʯʰʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢ ʟʘʢʦʢʩʦ-
ʚʘʥʠʶ. ʊʘʢʞʝ, ʧʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʧʨʦʧʠʪʢʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʧʝ-
ʨʠʦʜ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ (ʋɿ) ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʠʣʴʪʨʘʮʠʠ ʠ 
ʧʨʦʧʠʪʢʠ ʟʘ ʩʯʝʪ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʡ ʬʘʟʳ ʚʥʫʪʨʠ ʧʦʨ ʠ ʢʘʥʘʣʦʚ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʵʪʠʭ 
ʧʨʦʮʝʩʩʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʤʘʨʛʘʥʝʮʦʢʩʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣ ʠʩ-
ʧʦʣʴʟʦʚʘʥ ʫʣʴʪʨʘʟʚʫʢ (ʋɿ). 

ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʫ ʥʘʩ ʚʳʙʨʘʥ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ. 
ɺ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨ-ʨ ʭʣʦʨʠʜʘ ʤʘʨʛʘʥʮʘ (II). 
ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʧʠʪʢʠ ʠ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʙʳʣʦ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 
ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʛʝʪʝʨʦ-

ʛʝʥʥʳʭ ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: 

¶ ʇʨʦʧʠʪʢʘ ʥʦʩʠʪʝʣʷ ʧʦ ʝʛʦ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʶ ʚ ʨʦʪʦʨʥʦ-ʚʘʢʫʫʤʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. 

¶ ʇʨʦʧʠʪʢʘ ʥʦʩʠʪʝʣʷ ʚ ʠʟʙʳʪʢʝ ʨʘʩʪʚʦʨʘ ʩʦʣʠ ʭʣʦʨʠʜʘ ʤʘʨʛʘʥʮʘ. 
 

 
ʉʡʪ. 1. ʊʮʞʥʙ ʨʩʡʜʧʫʧʛʤʞʦʡʸ ʣʙʫʙʤʡʠʙʫʧʩʙ ʥʞʫʧʝʧʥ ʧʣʬʦʙʦʡʸ 

 
ʇʝʨʚʳʡ ʤʝʪʦʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʝʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩ ʋɿ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʧʦʵʪʦʤʫ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʪʦʨʦʡ ʩʧʦʩʦʙ: ʧʨʦʧʠʪʢʘ ʘʣʶʤʦʦʢʩʠʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʚ ʠʟʙʳʪʢʝ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠ-
ʜʘ ʤʘʨʛʘʥʮʘ ʚ ʧʦʣʝ ʋɿ ʪʦʢʘ ʧʦ ʩʭʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ.1. 

ɻʦʪʦʚʷʪ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʤʘʨʛʘʥʮʘ (II) ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʩ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘ-
ʮʠʝʡ. ɺ ʝʤʢʦʩʪʴ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʜʘ ʤʘʨʛʘʥʮʘ (II) ʧʦʤʝʱʘʶʪ ʨʘʩʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʦʩʠʪʝʣʷ, 
ʧʦʩʣʝ ʯʝʛʦ ʚ ʝʤʢʦʩʪʴ ʧʦʛʨʫʞʘʶʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʩ ʨʘʟʚʠʪʦʡ ʠʟʣʫʯʘʶʱʝʡ 
ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʦʪ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ñɺʦʣʥʘ-ʄò. 

ɺ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʦʧʠʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ 5-30 % ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʋɿ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝ-
ʥʠʶ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 5,5-11,25 %, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʥʦʩʠʪʝʣʷ ʵʪʘ ʚʝ-
ʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 1,33%. 

ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʋɿ ʦʙʨʘʙʦʪʢʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʤʦʝ ʩʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʨ ʧʨʠ ʋɿ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦ-
ʣʝʝ ʧʦʣʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʠʭ ʘʢʪʠʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʠ ʯʝʤ ʙʦʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʧʠʪʦʯʥʦʛʦ ʨʘʩ-
ʪʚʦʨʘ, ʪʝʤ ʙʦʣʴʰʝ ʤʘʨʛʘʥʮʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʨʘʭ ʥʦʩʠʪʝʣʷ. 
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ʉʡʪ. 2. ʀʙʛʡʪʡʥʧʪʫʵ ʣʧʦʯʞʦʫʩʙʯʡʡ ʜʡʝʩʧʨʞʩʧʣʪʡʝʙ ʧʫ ʛʩʞʥʞʦʡ ʧʣʡʪʤʞʦʡʸ ʡʠʧʨʞʦʫʙʦʙ 
 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʣʠʷʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʢʦʥʚʝʨʩʠʶ ʠʟʦʧʝʥʪʘʥʘ ʥʦʩʠʪ 

ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʂʦʥʚʝʨʩʠʷ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʢʫʩʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ. 
ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʚʝʨʩʠʷ ʠʟʦʧʝʥʪʘʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʨʛʘʥʮʘ ʚ ʧʨʦʧʠʪʦʯʥʦʤ 

ʨʘʩʪʚʦʨʝ 5% ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʋɿ. 
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʋɿɺ ʥʘ ʘʢʪʠʚ-

ʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʦʧʠʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʨʠʩ. 2). 
ɺ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 2,5 ʜʦ 7,5 % ʤʘʨʛʘʥʮʘ ʘʢʫʩʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʣʫ-

ʯʝʥʠʶ ʙʦʣʝʝ ʘʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 
ʀʥʪʝʨʝʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʤʦʱʥʦʩʪʠ ʋɿɺ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʛʦʪʦʚ-

ʣʝʥʠʷ ʤʘʨʛʘʥʝʮ-ʦʢʩʠʜʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʟ 30%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʘʨʛʘʥʮʝʚʦʡ ʩʦʣʠ ʥʘ ʢʠʥʝʪʠʢʫ ʥʘʢʦʧʣʝ-
ʥʠʷ ɻʇʀʇ. ʅʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ɻʇʀʇ ʜʣʷ ʦʙʨʘʟʮʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 
ʤʦʱʥʦʩʪʠ ʋɿɺ 102,2 ɺʪ. ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʜʦ 126,2 ʠ 151,8 ɺʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 
ʚʣʠʷʝʪ ʥʘ ʢʠʥʝʪʠʢʫ ʥʘʢʦʧʣʝʥʠʷ ɻʇʀʇ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ǶȇȅȄȁȐȉȇȈ ǤȂȍȏ ǣȋȇȑȏȇȄȁȇȖ 
ʤʘʛʠʩʪʨʘʥʪʳ 

ʌɻɸʆʋ ɺʆ çɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ʇʨʠʨʦʜʥʳʡ ʛʘʟ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʥʝ ʪʦʣʴʢʦ ʈʦʩ-

ʩʠʠ, ʥʦ ʠ ʚʩʝʛʦ ʤʠʨʘ. ɼʦʣʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʩʳʨʴʷ ʚ ʩʪʨʫʢʪʫʨʝ ʤʠʨʦʚʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ 
ʝʞʝʛʦʜʥʦ. ʆʜʥʘʢʦ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ, ʥʦ ʠ 
ʢʘʢ ʩʳʨʴʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ: ʧʦʣʠʵʪʠʣʝʥʳ, ʧʦʣʠʦʣʝʬʠ-
ʥʳ, ʢʘʫʯʫʢ ʠ ʪʜ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʜʫʢʪʦʚ ʚ ʭʦʜʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ʥʘ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘ-
ʶʱʠʭ ʟʘʚʦʜʘʭ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʘʷ ʬʨʘʢʮʠʷ ʣʝʛʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʐʌʃʋ). ʇʦʜ ʐʌʃʋ ʧʦʥʠʤʘʶʪ ʧʨʦʜʫʢʪ 
ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ (ʇʅɻ) ʠ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʤʝʩʴ 
ʩʞʠʞʝʥʥʳʭ ʧʨʦʧʘʥʘ ʠ ʙʫʪʘʥʘ (ʉʋɻ), ʠ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [2].  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-
ʩʪʚʦ ʧʨʦʮʝʩʩʦʚ ʠ ʘʧʧʘʨʘʪʦʚ ʧʦʣʫʯʝʥʠʷ ʐʌʃʋ, ʦʜʥʘʢʦ ʚ ʨʘʙʦʪʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝ-
ʤʝʥʥʳʝ ʠ ʩʦʚʝʨʰʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʛʘʟʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʰʠʨʦʢʦʡ ʬʨʘʢʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʐʌʃʋ) ʠʟ ʧʦ-
ʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ (ʇʅɻ) ʠ ʩʞʠʞʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʘʟʦʚ (ʉʋɻ). ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦ-
ʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʢʘʯʝʩʪʚʫ ʐʌʃʋ. ʇʨʠʚʝʜʝʥʳ ʜʚʝ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 
ʩʭʝʤʳ ʛʘʟʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦ-
ʩʪʠ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʛʘʟʦʧʝʨʝʨʘʙʦʪʢʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʰʠʨʦʢʘʷ ʬʨʘʢʮʠʷ ʣʝʛʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʦʧʫʪʥʳʡ ʥʝʬʪʷʥʦʡ ʛʘʟ, ʛʘʟʦʬʨʘʢʮʠʦʥʠʨʦ-
ʚʘʥʠʝ, ʛʘʟʦʧʝʨʝʨʘʙʦʪʢʘ, ʩʞʠʞʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʛʘʟʳ. 
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Abstract: The paper considers the basics of obtaining natural gas liquids (NGL) from associated petroleum 
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Two basic technological schemes of gas fractionation used in the modern gas processing industry of Russia 
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ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʐʌʃʋ ʩʦʛʣʘʩʥʦ [5]: 
 

ʋʙʚʤʡʯʙ 1 
ʇʪʦʧʛʦʴʞ ʫʩʞʚʧʛʙʦʡʸ ʣ ʑʍʄʌ 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʅʦʨʤʘ ʧʦ ʊʋ 38.101524-2015 

1 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʢʦʤʧʦʥʝʥʪʦʚ, %: 
-ʩʫʤʤʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʉ1-ʉ3; 
-ʩʫʤʤʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʉ4-ʉ5; 

-ʩʫʤʤʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʉ6 ʠ ʚʳʰʝ 

 
ʅʝ ʙʦʣʝʝ 5 
ʅʝ ʤʝʥʝʝ 40 
ʅʝ ʙʦʣʝʝ 30 

2 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʪʘʥʦʣʘ, % ʅʝ ʙʦʣʝʝ 0,15 

3 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ ʤʝʨʢʘʧʪʘʥʦʚʦʡ ʩʝʨʳ, % ʅʝ ʙʦʣʝʝ 0,05 

4 ʉʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ ʠ ʱʝʣʦʯʠ ʆʪʩʫʪʩʪʚʠʝ 

5 ɺʥʝʰʥʠʡ ʚʠʜ ɹʝʩʮʚʝʪʥʘʷ ʧʨʦʟʨʘʯʥʘʷ ʞʠʜʢʦʩʪʴ 

6 ʇʣʦʪʥʦʩʪʴ ʧʨʠ 20Áʉ, ʢʛ/ʤ3 ʅʝ ʥʦʨʤʠʨʫʝʪʩʷ 

7 ʇʣʦʪʥʦʩʪʴ ʧʨʠ 15Áʉ, ʢʛ/ʤ3 (ʪ/ʣ) ʅʝ ʥʦʨʤʠʨʫʝʪʩʷ 

 
ʊʘʢ ʢʘʢ ʐʌʃʋ ʚ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʦʚʘʨʥʳʤ ʧʨʦʜʫʢʪʦʚ ʥʝ ʷʚʣʷʝʪʩʷ, ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʝʛʦ ʧʦʜʚʝʨʛʘʶʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʶ ʩ ʚʳʜʝʣʝʥʠʝʤ ʫʟʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 
ʬʨʘʢʮʠʡ. ʂʨʦʤʝ ʫʟʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʨʘʢʮʠʡ, ʥʘ ʛʘʟʦʬʨʘʢʮʠʦʥʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʢʘʭ (ɻʌʋ) ʧʦʣʫʯʘʶʪ 
ʪʝʭʥʠʯʝʩʢʠʝ ʩʤʝʩʠ ʧʨʦʧʘʥʘ ʠ ʙʫʪʘʥʘ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʙʳʪʦʚʦʝ ʪʦʧʣʠʚʦ. ɻʌʋ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ 
ʩʦʩʪʘʚʝ ʥʝʬʪʝ- ʠ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʘʭ, ʥʘ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴ-
ʥʦ ʢʘʢ ʩʳʨʴʝʚʳʝ ʙʣʦʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʤʝʨʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʢʘʫʯʫʢʘ [1]. 

ʆʩʥʦʚʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ɻʌʋ ʷʚʣʷʶʪʩʷ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʳʝ ʢʦʣʦʥʥʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʘʟ-
ʜʝʣʝʥʠʷ ʞʠʜʢʠʭ ʩʤʝʩʝʡ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠʣʠ ʫʟʢʠʝ ʬʨʘʢʮʠʠ. ɻʘʟʦʬʨʘʢʮʠʦʥʠʨʫʶʱʠʝ 
ʫʩʪʘʥʦʚʢʠ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʜʝʣʷʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ:  

1. ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʛʘʟʦʚʦʛʦ ʙʝʥʟʠʥʘ ʠ ʐʌʃʋ;  
2. ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʛʘʟʦʚʦʛʦ ʙʝʥʟʠʥʘ ʠ ʩʞʠʞʝʥʥʳʭ ʛʘʟʦʚ;  
3. ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʛʘʟʦʚʦʛʦ ʙʝʥʟʠʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ;  
4. ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʣʝʛʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [3]. 
ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʘʙʩʦʨʙʮʠʦʥʥʦ-ʛʘʟʦʬʨʘʢʮʠʦʥʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ (ɸɻʌʋ), ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ɻʇɿ ʠ ʅʇɿ. ʅʘ ʪʘʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʛʘʟ, ʧʦʩʪʫʧʘʶʱʠʡ ʩ 
ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ ʠ ʥʝʩʪʘʙʠʣʴʥʳʡ ʙʝʥʟʠʥ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʭ ʢʦʤʙʠʥʠʨʫʶʪ ʩ ʫʩʪʘʥʦʚ-
ʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʬʪʠ. ʉʭʝʤʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʛʘʟʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʬʨʘʢʮʠʦʥʠʨʫʶʱʠʤ 
ʘʙʩʦʨʙʝʨʦʤ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʦʪʙʠʨʘʪʴ ʦʢʦʣʦ 80% ʧʨʦʧʘʥ-ʧʨʦʧʠʣʝʥʦʚʦʡ ʬʨʘʢʮʠʠ ʠ ʜʦ 95 % ʙʫ-
ʪʘʥ-ʙʫʪʠʣʝʥʦʚʦʡ ʬʨʘʢʮʠʠ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʣʫʯʝʥʠʷ ʐʌʃʋ ʩʯʠʪʘʝʪʩʷ (ʥʘ 
ʦʩʥʦʚʝ ʦʧʳʪʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ɻʇɿ ʈʦʩʩʠʠ) ʧʦʣʫʯʝʥʠʝ ʐʌʃʋ ʧʫʪʝʤ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦ-
ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʣʝʜʫʶʱʠʝ ʪʦʚʘʨʥʳʝ ʧʨʦʜʫʢʪʳ: 
ʧʨʦʧʘʥ, ʠʟʦʙʫʪʘʥ, ʥ-ʙʫʪʘʥ, ʬʨʘʢʮʠʠ ʉ5 ʠ ʚʳʰʝ. ʋʩʪʘʥʦʚʢʠ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʬʨʘʢʮʠʡ ʥʘʟʳʚʘʶʪ ʮʝʥ-
ʪʨʘʣʴʥʳʤʠ ʛʘʟʦʬʨʘʢʮʠʦʥʠʨʫʶʱʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ (ʎɻʌʋ). ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 
ʩʭʝʤʘ ʎɻʌʋ. 

ʇʨʠʤʝʥʝʥʠʝ ʎɻʌʋ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʠʭ ʧʨʦʮʝʥʪʦʚ ʩʦʜʝʨʞʘʥʠʷ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʦ-
ʚʘʨʥʦʤ ʧʨʦʜʫʢʪʝ. ʇʨʠʤʝʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʯʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ (ʚ %) ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʛʘʟʦʚʦʛʦ ʙʝʥʟʠʥʘ: 
ʧʨʦʧʘʥ - 96; ʠʟʦʙʫʪʘʥ - 95; ʥ-ʙʫʪʘʥ - 96; ʠʟʦʧʝʥʪʘʥ - 95; ʩʪʘʙʠʣʴʥʳʡ ʙʝʥʟʠʥ ï 74 [2]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʤʦʜʝʨʥʠʟʘʮʠʷ ʫʩʪʘʥʦʚʦʢ ʧʦʣʫʯʝʥʠʷ ʐʌʃʋ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝ-
ʥʠʝʤ ʠʭ ʤʦʱʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. ʊʘʢ, ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʝ ʨʘʙʦʪʘʶʪ 
ʥʘʜ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʡ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʳʭ ʢʦʣʦʥʥ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧ-
ʧʘʨʘʪʦʚ. 
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 1. ʈʩʧʥʴʱʤʞʦʦʙʸ ʬʪʫʙʦʧʛʣʙ ʜʙʠʧʭʩʙʣʯʡʧʦʡʩʧʛʙʦʡʸ ʪ ʭʩʙʣʯʡʧʦʡʩʬʷʲʡʥ ʙʚʪʧʩʚʞʩʧʥ [4]:  
1 -ʣʧʥʨʩʞʪʪʧʩ; 2 - ʞʥʣʧʪʫʵ ʦʞʪʫʙʚʡʤʵʦʧʜʧ ʚʞʦʠʡʦʙ; 3- ʪʞʨʙʩʙʫʧʩ; 4 ʦʙʪʧʪ: 5 ʭʩʙʣʯʡʧʦʡʩʬʷʲʡʢ 
ʙʚʪʧʩʚʞʩ: 6 ʮʧʤʧʝʡʤʵʦʡʣ; 7 ʫʩʬʚʰʙʫʙʸ ʨʞʰʵ; 8 ʨʞʩʛʙʸ ʨʩʧʨʙʦʧʛʙʸ ʣʧʤʧʦʦʙ; 9 ʫʞʨʤʧʧʚʥʞʦʦʡʣ;  

10 - ʛʫʧʩʙʸ ʨʩʧʨʙʦʧʛʙʸ ʣʧʤʧʦʦʙ: 11- ʣʡʨʸʫʡʤʵʦʡʣ; 12 - ʚʬʫʙʦʧʛʙʸ ʣʧʤʧʦʦʙ; 13 - ʪʥ- ʣʧʪʫʵ  
ʧʩʧʱʞʦʡʸ: ʟʡʩʦʴʢ ʜʙʠ - ʦʞʪʫʙʚʡʤʵʦʴʢ ʚʞʦʠʡʦ; ʚʬʫʙʦ-ʚʬʫʡʤʞʦʧʛʙʸ ʭʩʙʣʯʡʸ: IV - ʪʫʙʚʡʤʵʦʴʢ 

ʚʞʦʠʡʦ; V ʨʩʧʨʙʦ-ʨʩʧʨʡʤʞʦʧʛʙʸ ʭʩʙʣʯʡʸ; VI - ʪʬʮʧʢ ʜʙʠ; VII - ʣʧʦʝʞʦʪʙʫ, VIII - ʛʧʝʙ,  
IX ð ʫʞʨʤʧʦʧʪʡʫʞʤʵ 

 

 
ʉʡʪ. 2. ʈʩʧʥʴʱʤʞʦʦʙʸ ʯʞʦʫʩʙʤʵʦʙʸ ʜʙʠʧʭʩʙʣʯʡʧʦʡʩʬʷʲʙʸ ʬʪʫʙʦʧʛʣʙ [4]: 

1 -ʨʩʧʨʙʦʧʛʙʸ ʣʧʤʧʦʦʙ; 2 - ʮʧʤʧʝʡʤʵʦʡʣ-ʣʧʦʝʞʦʪʙʫʧʩ; 3 - ʞʥʣʧʪʫʵ; 4 - ʦʙʪʧʪ: 5 - ʣʡʨʸʫʡʤʵʦʡʣʡ;  
6 -ʁ ʫʙʦʧʛʙʸ ʣʧʤʧʦʦʙ; 7 - ʚʬʫʙʦʧʛʙʸ ʣʧʤʧʦʦʙ; 8 - ʡʠʧʚʬʫʙʦʧʛʴʞ ʣʧʤʧʦʦʴ: 9 - ʨʞʦʫʙʦʧʛʙʸ ʣʧʤʧʦʦʙ: 
10 - ʡʠʧʨʞʦʫʙʦʧʛʴʞ ʣʧʤʧʦʦʴ; I - ʪʴʩʵʞ; II - ʁ ʫʙʦ-ʨʩʧʨʙʦʧʛʙʸ ʭʩʙʣʯʡʸ; III- ʁ ʫʙʦʧʛʙʸ ʭʩʙʣʯʡʸ; IV - 
ʨʩʧʨʙʦʧʛʙʸ ʭʩʙʣʯʡʸ: V - ʚʬʫʙʦ-ʜʞʣʪʙʦʧʛʙʸ ʭʩʙʣʯʡʸ; VI - ʚʬʫʙʦʧʛʙʸ ʭʩʙʣʯʡʸ; VII - ʨʞʦʫʙʦ- 
ʜʞʣʪʙʦʧʛʙʸ ʭʩʙʣʯʡʸ; VIII - ʡʠʧʚʬʫʙʦʧʛʙʸ ʭʩʙʣʯʡʸ: IX - ʦ-ʚʬʫʙʦ; ʎ - ʨʞʦʫʙʦʧʛʙʸ ʭʩʙʣʯʡʸ:  

XI- ʜʞʣʪʙʦʧʛʙʸ ʭʩʙʣʯʡʸ; XII - ʨʞʦʫʙʦʧʛʙʸ ʭʩʙʣʯʡʸ; ʎIII ʦ-ʨʞʦʫʙʦ 
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ǠǧǭǪǭǢǧǶǤǰǩǧǤ Ǭǟǲǩǧ 
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ǲǣǩ 352 

ǬǟǯǲǷǤǬǧǤ ǭǦǭǬǭǡǭǢǭ ǰǪǭǾ 
ǫȄȐȑȍȄȁǿ Ǵǿȃȇ ǫǿȂȍȋȄȑȍȁȌǿ 

ʩʪʫʜʝʥʪʢʘ 
ʌɻɹʆʋ ɺʆ çʀʥʛʫʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɼʫʜʘʨʦʚʘ ʍʘʜʠʰʘʪ ʖʩʫʧʦʚʥʘ 

ʢ.ʙ.ʥ., ʜʦʮʝʥʪ 
ʌɻɹʆʋ ɺʆ çʀʥʛʫʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

  
ʇʠʧʦʧʛʴʢ ʪʤʧʢ (ozone layer) ð ʵʪʦ ʯʘʩʪʴ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ ʩ ʥʘʠʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʟʦ-

ʥʘ. ʆʥʘ ʧʦʛʣʦʱʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ, ʟʘʱʠʱʘʷ ʦʪ ʥʝʛʦ ʞʠʟʥʴ 
ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʅʘʣʠʯʠʝ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ð ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘ ɿʝʤʣʝ 
ʚʳʩʦʢʦʨʘʟʚʠʪʳʭ ʬʦʨʤ ʞʠʟʥʠ. ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʟʦʥ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʟʘʧʘʭ ʠ ʛʦʣʫʙʦʡ 
ʮʚʝʪ.  ʆʟʦʥʦʚʘʷ ʦʙʦʣʦʯʢʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʪʦʥʢʦʡ. ʆʥʘ ʧʨʦʧʫʩʢʘʝʪ ʦʢʦʣʦ 3% ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʝʡ. 

ʆʟʦʥʦʚʳʡ ʩʣʦʡ ʦʪʢʨʳʣʠ ʬʨʘʥʮʫʟʩʢʠʝ ʬʠʟʠʢʠ ʐʘʨʣʴ ʌʘʙʨʠ ʠ ɸʥʨʠ ɹʫʠʩʩʦʥ ʚ 1912 ʛʦʜʫ ʧʫʪʝʤ 
ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʈʘʩʧʦʣʦʞʝʥ ʦʥ ʚ ʩʪʨʘʪʦʩʬʝʨʝ ʥʘ ʚʳʩʦʪʘʭ ʦʪ 15 ʜʦ 30 ʢʤ: ʚ ʪʨʦʧʠʢʘʭ 
ʥʘ ʚʳʩʦʪʝ 25-30 ʢʤ, ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ ð 20-25 ʢʤ, ʚ ʧʦʣʷʨʥʳʭ ð 15-20 ʢʤ. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ 
ʦʟʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʧʝʨʚʳʤ ʦʧʠʩʘʣ ʙʨʠʪʘʥʩʢʠʡ ʛʝʦʬʠʟʠʢ ʠ ʘʩʪʨʦʥʦʤ ʉʠʜʥʠ ʏʝʧʤʝʥ ʚ 1930 ʛʦʜʫ. ʄʦʣʝ-
ʢʫʣʳ ʦʟʦʥʘ (O3) ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʠ ʦʙʨʘʟʫʶʪʩʷ ʧʦʩʣʝ çʨʘʩʧʘʜʘʥʠʷè (ʜʠʩʩʦʮʠʘʮʠʠ) 
ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ (O2) ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʟʦʥʦʚʳʡ ʩʣʦʡ ʧʦʛʣʦʱʘʝʪ ʨʘʟʨʫʰʠ-
ʪʝʣʴʥʫʶ ʜʣʷ ʞʠʚʳʭ ʢʣʝʪʦʢ ʯʘʩʪʴ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʩʧʝʢʪʨ ʩ ʜʣʠʥʦʡ ʚʦʣʥ 100-280 ʥʤ). ʄʝ-
ʥʝʝ ʦʧʘʩʥʘʷ ʜʣʷ ʞʠʟʥʠ ʯʘʩʪʴ ʫʣʴʪʨʘʬʠʦʣʝʪʘ (ʩ ʜʣʠʥʦʡ ʚʦʣʥ 280-315 ʥʤ) ʪʘʢʞʝ ʧʦʛʣʦʱʘʝʪʩʷ ʦʟʦʥʦʤ, 
ʥʦ ʥʝ ʧʦʣʥʦʩʪʴʶ: ʜʦ ʥʘʩ ʜʦʙʠʨʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʟʘʛʘʨ ʠ ʨʘʢ ʢʦʞʠ. 
ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʫʣʴʪʨʘʬʠʦʣʝʪʘ, ʙʝʟʦʧʘʩʥʘʷ ʠ ʙʣʠʞʘʡʰʘʷ ʢ ʚʠʜʠʤʦʤʫ ʩʚʝʪʫ (ʩ ʜʣʠʥʦʡ ʚʦʣʥ 315-
400 ʥʤ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʛʣʦʱʘʝʪʩʷ 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʘʟʘ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 5%. ʇʝʨʚʫʶ ʦʟʦʥʦʚʫʶ ʜʳʨʫ ʦʙʥʘʨʫʞʠʣʠ ʚ 
ɸʥʪʘʨʢʪʠʜʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʥʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʢʨʫʧʥʦʡ. ʇʨʠʯʠʥʦʡ ʩʪʘʣʦ ʚʣʠʷʥʠʝ ʧʨʦʤʳʰʣʝʥ-
ʥʦʩʪʠ. ʆʟʦʥ ʠʩʪʦʱʘʝʪʩʷ ʠʟ-ʟʘ ʚʳʙʨʦʩʦʚ ʬʪʦʨ- ʠ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ. ɼʣʷ ʯʝʣʦʚʝʢʘ ʦʥʠ ʥʝ ʦʢʘ-
ʟʳʚʘʶʪ ʥʠʢʘʢʦʡ ʦʧʘʩʥʦʩʪʠ, ʥʦ ʚʝʜʫʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ. 

ɺʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʢʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʦ ʦʟʦʥʘ ʚ ʘʪʤʦʩʬʝ-
ʨʝ: 

ɹʦʦʧʫʙʯʡʸ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ʢʘʢ ʛʣʦʙʘʣʴʥʘʷ ʵʢʦʣʦʛʠʯʝ-
ʩʢʘʷ ʧʨʦʙʣʝʤʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʟʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʚʳʧʦʣʥʷʶʱʝʛʦ 
ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɻ ʢʦʣʦʛʠʷ, ʘʪʤʦʩʬʝʨʘ, ɿʝʤʣʷ, ʫʣʴʪʨʘʬʠʦʣʝʪ, ʦʟʦʥ, ʦʟʦʥʦʚʳʡ ʩʣʦʡ. 
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18 ǰǭǡǯǤǫǤǬǬǟǾ Ǭǟǲǩǟ ǧ ǭǠǯǟǦǭǡǟǬǧǤ 

 

ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʌʨʝʦʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʵʨʦʟʦʣʝʡ. ʄʦʣʝʢʫʣʳ ʬʨʝʦʥʦʚ ʩʦʜʝʨʞʘʪ ʘʪʦʤʳ ʭʣʦʨʘ, 
ʩʧʦʩʦʙʥʳʝ ʨʘʟʨʫʰʘʪʴ ʥʝʩʪʘʙʠʣʴʥʳʡ ʦʟʦʥ. ɺ ʪʝʯʝʥʠʝ ʩʪʘ ʣʝʪ (ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʪʦʤʘʨʥʦʛʦ ʭʣʦʨʘ) 
ʦʜʠʥ ʝʛʦ ʘʪʦʤ ʩʧʦʩʦʙʝʥ ʫʥʠʯʪʦʞʠʪʴ ʜʦ ʩʪʘ ʪʳʩʷʯ ʤʦʣʝʢʫʣ ʦʟʦʥʘ. ʈʘʥʝʝ ʫʯʝʥʳʝ ʩʯʠʪʘʣʠ, ʯʪʦ ʠʤʝʥʥʦ ʠʟ-
ʟʘ ʬʨʝʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʩʣʘʙʣʝʥʠʷ ʟʘʱʠʪʳ ʦʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʉʝʛʦʜʥʷ 
ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʥʦʤʘʣʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ. 

ɼʚʠʛʘʪʝʣʠ ʨʘʢʝʪ ʚʳʜʝʣʷʶʪ ʦʛʨʦʤʥʳʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚ, ʨʘʟʨʫʰʘʶʱʠʭ ʦʟʦʥʦʚʳʡ ʵʢʨʘʥ. ʆʩʦʙʫʶ 
ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʢʝʪʥʳʝ ʜʚʠʛʘʪʝʣʠ ʥʘ ʪʚʝʨʜʦʤ ʪʦʧʣʠʚʝ: ʦʥʠ ʚʳʙʨʘʩʳʚʘʶʪ ʩʦʝʜʠʥʝʥʠʷ ʭʣʦʨʘ. 

ɻʨʘʞʜʘʥʩʢʠʝ ʩʘʤʦʣʝʪʳ ʣʝʪʘʶʪ ʥʘ ʚʳʩʦʪʘʭ 13 ʢʤ. ɺʦʝʥʥʘʷ ʘʚʠʘʮʠʷ ʧʦʜʥʠʤʘʝʪʩʷ ʝʱʝ ʚʳʰʝ. ɺʦ 
ʚʨʝʤʷ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʴ ʩʘʤʦʣʝʪʘ ʚʳʜʝʣʷʝʪ ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ. ʊʘʢ ʢʘʢ ʩʘʤʦʣʝʪʳ ʣʝʪʘʶʪ ʚ ʩʪʨʘʪʦʩʬʝ-
ʨʝ, ʥʝʜʘʣʝʢʦ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʦʙʨʘʟʦʚʘʥʠʷ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ, ʛʘʟʳ ʥʝʤʝʜʣʝʥʥʦ ʨʝʘʛʠʨʫʶʪ ʩ ʦʟʦʥʦʤ ʠ 
ʨʘʟʨʫʰʘʶʪ ʝʛʦ. 

ɸʟʦʪʥʳʝ ʫʜʦʙʨʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩ ʩʝʨʝʜʠʥʳ XIX ʚʝʢʘ, ʥʦ ʩʝʡʯʘʩ ʤʘʩʰʪʘʙʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʛʨʦʟʫ ʜʣʷ ʘʪʤʦʩʬʝʨʳ. ɸʟʦʪʦʩʦʜʝʨʞʘʱʠʝ ʫʜʦʙʨʝʥʠʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʚʳʜʝʣʷʶʪ ʟʘʢʠʩʴ 
ʘʟʦʪʘ, ʢʦʪʦʨʘʷ ʚ ʘʪʤʦʩʬʝʨʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʤʦʣʝʢʫʣʘʤʠ ʦʟʦʥʘ ʠ ʨʘʟʨʫʰʘʝʪ ʠʭ. 

ʊʘʢ ʢʘʢ ʦʟʦʥ ʟʘʜʝʨʞʠʚʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʜʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʪʦ ʧʦʩʣʝʜ-
ʩʪʚʠʷ ʨʘʟʨʫʰʝʥʠʷ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ʚʝʜʫʪ ʢ ʙʦʣʴʰʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

ɺ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʣʫʯʠ ʥʝʦʙʭʦʜʠʤʳ ʯʝʣʦʚʝʢʫ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʚʠʪʘʤʠ-
ʥʘ D, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ, ʥʦ ʯʨʝʟʤʝʨʥʦʝ ʦʙʣʫʯʝʥʠʝ ʠʟ-ʟʘ ʠʩʪʦʥʯʝʥʠʷ ʦʟʦʥʦʚʦʛʦ 
ʩʣʦʷ ʛʫʙʠʪʝʣʴʥʦ ʜʣʷ ʯʝʣʦʚʝʢʘ. ɺʳʟʳʚʘʝʪ: ʥʘʨʫʰʝʥʠʝ ʩʦʩʪʘʚʘ ʢʨʦʚʠ, ʤʫʪʘʮʠʷ ɼʅʂ, ʦʞʦʛʠ, ʨʦʩʪ ʨʘʢʦʚʳʭ 
ʟʘʙʦʣʝʚʘʥʠʡ. ʊʘʢʞʝ ʨʘʟʨʫʰʝʥʠʝ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʵʢʦʣʦʛʠʶ. ʕʪʦ ʩʝʨʴ-
ʝʟʥʘʷ ʧʨʦʙʣʝʤʘ ʜʣʷ ʤʦʨʩʢʠʭ ʦʙʠʪʘʪʝʣʝʡ. ʌʠʪʦʧʣʘʥʢʪʦʥ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʠʱʝʚʳʤ ʟʚʝʥʦʤ ʜʣʷ ʤʦʨ-
ʩʢʠʭ ʦʙʠʪʘʪʝʣʝʡ. ʇʨʦʠʟʦʡʜʝʪ ʠʟʤʝʥʝʥʠʝ ʚʩʝʡ ʚʦʜʥʦʡ ʙʠʦʩʠʩʪʝʤʳ. ɺ ʩʣʝʜʩʪʚʠʠ ʥʝʭʚʘʪʢʠ ʧʠʪʘʥʠʷ, 
ʥʘʯʥʫʪ ʚʳʤʠʨʘʪʴ ʨʳʙʳ ʠʟ-ʟʘ ʯʝʛʦ ʥʘʨʫʰʠʪʩʷ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. ʇʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ 
ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʦʥ ʧʦʩʪʦʷʥʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ɽʩʣʠ ʙʳ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ ʦʟʦʥʘ ʧʨʠʙʣʠʟʠ-
ʣʘʩʴ ʢ ʥʫʣʶ, ʥʘ ʧʣʘʥʝʪʝ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʨʘʜʠʘʮʠʠ ʠʩʯʝʟʣʠ ʙʳ ʙʦʣʴʰʠʥʩʪʚʦ ʬʦʨʤ ʞʠʟʥʠ. ɺʳʨʦʩ-
ʣʘ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʉʧʦʩʦʙʳ ʟʘʱʠʪʳ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ: ʦʪʢʘʟ ʦʪ ʬʨʝʦʥʦʚ, ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʩʦʟʜʘʥʠʝ ʦʟʦʥʘ ʠ ʟʘʧʦʣʥʝʥʠʝ 
ʠʤ ʩʪʨʘʪʦʩʬʝʨʳ, ʟʘʤʝʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʝ, ʨʘʟʨʘʙʦʪʢʘ ʦʟʦʥʦʙʝʟʦʧʘʩʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ. 

22 ʤʘʨʪʘ 1985 ʛʦʜʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ɺʝʥʩʢʘʷ ʢʦʥʚʝʥʮʠʷ ʦʙ ʦʭʨʘʥʝ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ. ɽʝ ʨʘʤʦʯʥʳʡ 
ʭʘʨʘʢʪʝʨ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ ʢʦʥʢʨʝʪʥʳʭ ʜʝʡʩʪʚʠʡ ʩʦ ʩʪʦʨʦʥʳ ʧʨʠʩʦʝʜʠʥʠʚʰʠʭʩʷ ʢ ʥʝʡ 
ʩʪʨʘʥ. 16 ʩʝʥʪʷʙʨʷ 1987 ʛʦʜʘ ʙʳʣ ʧʨʠʥʷʪ ʄʦʥʨʝʘʣʴʩʢʠʡ ʧʨʦʪʦʢʦʣ ʢ ɻ ʪʦʡ ʢʦʥʚʝʥʮʠʠ, ʦʙʷʟʘʚʰʠʡ ʩʪʨʘʥʳ 
ʧʦʵʪʘʧʥʦ ʧʨʝʢʨʘʪʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʯʪʠ 100 ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ð
ʛʘʣʦʥʦʚ, ʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʦʚ ʠ ʛʠʜʨʦʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʦʚ. ʆʢʦʥʯʘʪʝʣʴʥʦ ʚʳʚʝʩʪʠ ʠʭ ʠʟ ʧʨʠʤʝʥʝʥʠʷ 
ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʢ 2030 ʛʦʜʫ, ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ð ʢ 2040-ʤʫ. ɼʦʢʫʤʝʥʪ ʚʩʪʫʧʠʣ 
ʚ ʩʠʣʫ ʚ 1989 ʛʦʜʫ, ʝʛʦ ʫʯʘʩʪʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ 193 ʛʦʩʫʜʘʨʩʪʚʘ ð ʯʣʝʥʘ ʆʆʅ, ʘ ʪʘʢʞʝ ɽʚʨʦʩʦʶʟ, ɺʘʪʠ-
ʢʘʥ, ʅʠʫʵ, ʆʩʪʨʦʚʘ ʂʫʢʘ ʠ ʇʘʣʝʩʪʠʥʘ. 

ʇʦ ʜʘʥʥʳʤ ʆʆʅ, ʙʣʘʛʦʜʘʨʷ ʄʦʥʨʝʘʣʴʩʢʦʤʫ ʧʨʦʪʦʢʦʣʫ ʠ ʯʝʪʳʨʝʤ ʧʦʧʨʘʚʢʘʤ ʢ ʥʝʤʫ (ʧʨʠʥʷʪʳ 
ʚ 1990, 1992, 1997 ʠ 1999 ʛʦʜʘʭ), ʢ 2015 ʛʦʜʫ ʦʙʱʠʝ ʚʳʙʨʦʩʳ ʦʟʦʥʦʨʘʟʨʫʰʘʶʱʠʭ ʚʝʱʝʩʪʚ ʩʥʠʟʠʣʠʩʴ 
ʙʦʣʝʝ ʯʝʤ ʥʘ 90%. ʉʦʛʣʘʩʥʦ ɺʩʝʤʠʨʥʦʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʪ 2018 ʛʦʜʘ, ʩ 2000-ʛʦ ʦʟʦʥʦ-
ʚʳʡ ʩʣʦʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 1-3% ʚ ʜʝʩʷʪʠʣʝʪʠʝ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʵʪʠʭ ʪʝʤʧʦʚ, ʥʘʜ ʉʝ-
ʚʝʨʥʳʤ ʧʦʣʫʰʘʨʠʝʤ ʦʥ ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʠʪʩʷ ʢ 2030 ʛʦʜʫ, ʥʘʜ ʖʞʥʳʤ ð ʢ 2050-ʤʫ, ʘ ʥʘʜ ʧʦʣʷʨ-
ʥʳʤʠ ʨʝʛʠʦʥʘʤʠ ð ʢ 2060-ʤʫ. ʅʦʚʳʝ ʧʦʧʨʘʚʢʠ ʢ ʧʨʦʪʦʢʦʣʫ ʧʨʦʜʦʣʞʘʶʪ ʧʨʠʥʠʤʘʪʴʩʷ ʜʦ ʩʠʭ ʧʦʨ: 
ʚ ʦʢʪʷʙʨʝ 2016-ʛʦ ʚ ʂʠʛʘʣʠ (ʈʫʘʥʜʘ) ʧʦʜʧʠʩʘʣʠ ʧʷʪʫʶ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʫʶ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʛʠʜ-
ʨʦʬʪʦʨʫʛʣʝʨʦʜʦʚ. ʆʥʘ ʚʩʪʫʧʠʣʘ ʚ ʩʠʣʫ 1 ̫ ʥʚʘʨʷ 2019 ʛʦʜʘ. 
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ǲǣǩ 116 

ǡǬǤǣǯǤǬǧǤ BIG DATA ǩǟǩ ǭǣǧǬ ǧǦ 
ǵǤǪǤǡǺǴ ǭǯǧǤǬǱǧǯǭǡ ǯǟǦǡǧǱǧǾ 
ǱǟǫǭǥǤǬǬǭǨ ǰǪǲǥǠǺ ǣǭ 0.1. Ǣǭǣǟ 

ǰȍȏȍȉȇȌǿ ǟ,ǽ,* 
ʩʪʫʜʝʥʪ 5 ʢʫʨʩʘ ʬʘʢʫʣʴʪʝʪʘ ʪʘʤʦʞʝʥʥʦʛʦ ʜʝʣʘ 

ǥȇȏȍȁǿ ǲ,ǭ, 
ʩʪʫʜʝʥʪ 4 ʢʫʨʩʘ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʈʦʩʩʠʡʩʢʘʷ ʪʘʤʦʞʝʥʥʘʷ ʘʢʘʜʝʤʠʷ 
 

 
ʅʘ ʥʳʥʝʰʥʝʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʤʠ 

ʚʳʩʪʫʧʘʶʪ ʨʘʟʣʠʯʥʳʝ ʮʠʬʨʦʚʳʝ ʨʝʰʝʥʠʷ. ʊʘʢʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 
ʨʘʟʚʠʪʠʝ ʦʪʥʦʰʝʥʠʡ ʩ ʙʠʟʥʝʩʦʤ, ʪʦ ʝʩʪʴ ʧʦʩʪʨʦʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ ʦʪʥʦʰʝʥʠʡ, ʘ ʠʤʝʥʥʦ ʩʝʨʚʠʩ-
ʥʳʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʫʩʣʫʛ ʩʦ ʩʪʦʨʦʥʳ ʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ. 

ɺʝʩʴ ʤʠʨ ʩʝʛʦʜʥʷ ʜʚʠʞʝʪʩʷ ʧʦ ʧʫʪʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 
ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʥʝ ʦʩʪʘʣʦʩʴ ʙʝʟ ʚʥʠʤʘʥʠʷ ʠ ɽʚʨʘʟʠʡʩʢʠʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʩʦʶʟʦʤ (ʜʘʣʝʝ 
ï ɽɸʕʉ) [1]. ɺʘʞʥʳʤ ʩʦʙʳʪʠʝʤ ʩʪʘʣʦ ʧʦʜʧʠʩʘʥʠʝ 26 ʜʝʢʘʙʨʷ 2016 ʛ. çʎʠʬʨʦʚʦʡ ʧʦʚʝʩʪʢʠ ɽɸʕʉè, ʢʦ-
ʪʦʨʘʷ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ ʧʦ ʮʠʬʨʦʚʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʠʥʪʝʛʨʘʮʠʠ ʉʦ-
ʶʟʘ [2]. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ ʮʠʬʨʦʚʳʝ ʧʝʨʝʤʝʥʳ, ʢʦʪʦʨʳʝ 
ʙʫʜʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʛʨʝʩʩ ʚʝʜʝʥʠʷ ʪʨʘʥʩʛʨʘʥʠʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʦʨʛʦʚʣʠ. ʊʦ ʝʩʪʴ ʫʜʝʣʝʥʦ ʙʦʣʴʰʦʝ 
ʚʥʠʤʘʥʠʝ ʨʘʟʚʠʪʠʶ ʙʠʟʥʝʩʘ ʠ ʪʦʨʛʦʚʣʠ ʩ ʧʦʤʦʱʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ çʀʥ-
ʪʝʨʥʝʪè, ʯʪʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ, ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʢʦʩʥʫʪʴʩʷ ʧʝʨʝ-
ʤʝʥʳ ʚ ʦʙʣʘʩʪʠ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. 

ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʜʦʢʫʤʝʥʪʦʤ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʩʬʝʨʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʪʘʤʦʞʝʥʥʳʭ 
ʦʨʛʘʥʦʚ ʷʚʣʷʝʪʩʷ ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ ʜʦ 2030 ʛʦʜʘ [4]. ʉʪʨʘʪʝʛʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ 
ʨʘʟʚʠʪʠʝ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʦʨʠʝʥʪʠʨʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ (ʨʠʩ. 1).  

ɹʦʦʧʫʙʯʡʸ: ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ Big Data. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʘʢʪʫʘʣʴʥʳʭ ʮʝʣʝʚʳʭ 
ʦʨʠʝʥʪʠʨʦʚ, ʫʢʘʟʘʥʥʳʭ ʚ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʪʘʤʦʞʝʥʥʦʡ ʩʣʫʞʙʳ ʜʦ 2030 ʛʦʜʘ. ʆʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʳ 
ʠʩʩʣʝʜʦʚʘʥʠʷ Big Data. ʇʨʠʚʝʜʝʥ ʘʢʪʫʘʣʴʥʳʡ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʜʘʥʥʳʤʠ ʚ ʪʘʤʦʞʝʥʥʦʡ ʩʬʝ-
ʨʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: Big Data, ʮʠʬʨʦʚʠʟʘʮʠʷ, ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, ʪʘʤʦʞʝʥʥʦʝ ʜʝʣʦ.  
 

INTRODUCTION OF BIG DATA AS ONE OF THE TARGETS FOR THE DEVELOPMENT OF THE 
CUSTOMS SERVICE UNTIL 2030 

 
Sorokina A.Y., 

Girova U.O.  
 
Annotation: this article is devoted to the study of Big Data. An analysis was made of the current targets speci-
fied in the Strategy for the Development of the Customs Service until 2030. Big Data research methods are 
defined. An actual example of working with big data in the customs area is given. 
Key words: Big Data, digitalization, big data, customs. 
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ʉʡʪ. 1. ʏʞʤʞʛʴʞ ʧʩʡʞʦʫʡʩʴ ʩʙʠʛʡʫʡʸ ʫʙʥʧʟʞʦʦʧʢ ʪʤʬʟʚʴ ʝʧ 2030 ʜʧʝʙ 

 
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚ ʫʩʣʦʚʠʷʭ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʡ 

ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝ-
ʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ, ʦʭʚʘʪʳʚʘʶʱʘʷ ʚʩʝ ʦʩʥʦʚʥʳʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟ-
ʚʠʪʠʷ ʪʘʤʦʞʝʥʥʦʡ ʩʣʫʞʙʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦ 2030 ʛʦʜʘ [7]. ʀʟ ʜʘʥʥʦʛʦ ʧʝʨʝʯʥʷ ʩʣʝʜʫʝʪ, ʯʪʦ 
ʚʥʝʜʨʝʥʠʝ çʙʦʣʴʰʠʭ ʜʘʥʥʳʭè ʠʣʠ Big Data ʟʘʣʦʞʝʥʦ ʚ ʉʪʨʘʪʝʛʠʠ. ɺʧʝʨʚʳʝ ʧʦʥʷʪʠʝ Big Data ʚʦʟʥʠʢʣʦ 
ʚ 2008 ʛʦʜʫ, ʘ ʚ 2011 ʛʦʜʫ ʠʤ ʟʘʠʥʪʝʨʝʩʦʚʘʣʠʩʴ ʦʛʨʦʤʥʳʝ ʢʦʨʧʦʨʘʮʠʠ: Microsoft, Oracle, EMC ʠ IBM, 
Facebook ʠ Google, IBM., Master Card, VISA ʠ Bank of America, HSBC, Nasdaq, Coca-Cola, Starbucks ʠ 
AT&T, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʧʦʣʴʟʫʶʪʩʷ ʠʤʠ ʧʦ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 

BigData ï ʵʪʦ ʦʛʨʦʤʥʳʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʙʦʪʳ ʩ 
ʥʠʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ çʙʦʣʴʰʠʝ ʜʘʥʥʳʝè ʠʤʝʶʪʩʷ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝ-
ʣʦʚʝʢʘ: ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʙʘʥʢʠ, ʘʩʪʨʦʥʦʤʠʷ ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ [5]. ʇʨʠ ʵʪʦʤ 
ʦʙʲʝʤ ʥʘʩʪʦʣʴʢʦ ʙʦʣʴʰʦʡ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʥʝ ʤʦʛʫʪ ʩʧʨʘʚʠʪʴʩʷ ʩ ʝʛʦ ʦʙʨʘʙʦʪʢʦʡ ʠ ʦʙʨʘʱʘ-
ʶʪʩʷ ʢ ʩʧʝʮʠʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʘʤ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʥʷʪʠʶ Big Data.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʘʞʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ Big Data, 
ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ (ʨʠʩ. 2). 

 

 
ʉʡʪ. 2. ʅʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ Big Data 



ǰǭǡǯǤǫǤǬǬǟǾ Ǭǟǲǩǟ ǧ ǭǠǯǟǦǭǡǟǬǧǤ 23 

 

International scientific conference | www.naukaip.ru 

ʉʫʱʥʦʩʪʴ ʧʝʨʚʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʧʨʠʤʝʥʝʥʠʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ 
ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʨʘʪʴ ʩʚʝʜʝʥʠʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʚ 
ʩʣʫʯʘʝ ʚʳʙʦʨʘ ʩʘʤʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʧʦʜʭʦʜʷʱʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʇʨʝʜʠʢʪʠʚ-
ʥʘʷ ʘʥʘʣʠʪʠʢʘ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʤʦʜʝʣʴ ʙʫʜʫʱʝʛʦ ʧʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʉʝʪʝʚʦʝ ʧʣʘʥʠʨʦ-
ʚʘʥʠʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʙʦʪʘʝʪ ʩʦ ʚʩʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚʠʨʪʫʘʣʴʥʳʤʠ ʩʝʪʷʤʠ. 

ɸʢʪʫʘʣʴʥʳʤ ʧʨʠʤʝʨʦʤ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʝʪʩʷ ɻʣʘʚʥʳʡ ʮʝʥʪʨ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 
ʌʝʜʝʨʘʣʴʥʦʡ ʪʘʤʦʞʝʥʥʦʡ ʩʣʫʞʙʳ ʈʦʩʩʠʠ ʚ ʊʚʝʨʠ. ʌʫʥʜʘʤʝʥʪʦʤ ʨʘʟʚʠʪʠʷ ʫʤʥʳʭ ʪʘʤʦʞʝʥʥʳʭ ʪʝʭʥʦʣʦ-
ʛʠʡ ʩʪʘʥʝʪ ɻʎʆɼ ʌʊʉ ʈʦʩʩʠʠ, ʩʦʟʜʘʥʥʳʡ ʥʘ ʙʘʟʝ ʊʚʝʨʩʢʦʡ ʪʘʤʦʞʥʠ. ʎʝʥʪʨ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʜʘʪʘ-
ʮʝʥʪʨ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʦʝ ʟʜʘʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦ-
ʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʛʜʝ ʙʫʜʝʪ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʦʙʨʘʙʦʪʢʘ ʚʩʝʛʦ ʦʙʲʸʤʘ ʠʥ-
ʬʦʨʤʘʮʠʠ [6]. ʆʪʢʨʳʪʠʝ ʮʝʥʪʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪ ʩʠʪʫʘʮʠʶ ʚ ʦʙʣʘʩʪʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʩʪʦ-
ʷʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʦʚʝʨʰʝʥʠʷ ʪʘʤʦʞʝʥʥʳʭ 
ʦʧʝʨʘʮʠʡ. ʍʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʦʪʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʜʘʥʥʳʡ ʮʝʥʪʨ ʙʫ-
ʜʝʪ ʩʧʦʩʦʙʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʘʚʪʦʥʦʤʥʦ, ʪʦ ʝʩʪʴ ʙʝʟ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦ-
ʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʳʰʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘ-
ʥʦʚ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʥʥʳʭ ʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʤʦʛʘʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 
ʦʜʥʫ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʪʘʤʦʞʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ ï ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʘ [3]. ʕʪʦ ʛʣʘʚʥʳʡ ʧʦ ʚʩʝʡ ʩʪʨʘʥʝ ʮʝʥʪʨ, ʢʦʪʦʨʳʡ ʦʭʚʘʪʳʚʘʝʪ ʤʘʩʰʪʘʙʳ ʚʩʝʛʦ 
ʛʦʩʫʜʘʨʩʪʚʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʦ ʥʘʩʳʱʝʥʠʶ ʮʝʥʪʨʘ ʠʤʝʥʥʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦ-
ʛʠʷʤʠ ʙʫʜʫʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 2023 ʛʦʜʘ. ʊʘʢʠʝ ʮʠʬʨʦʚʳʝ ʚʥʝʜʨʝʥʠʷ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 
ʫʩʧʝʰʥʦʤʫ ʩʪʘʥʦʚʣʝʥʠʶ ʫʤʥʦʡ ʪʘʤʦʞʥʠ. 
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ʩʪʫʜʝʥʪʳ 
ʌɻɹʆʋ ɺʆ çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʤʠʨʝ ʣʶʙʦʡ ʠʥʞʝʥʝʨʥʳʡ ʘʛʨʝʛʘʪ, ʜʘʞʝ ʩʘʤʳʡ ʧʨʦʩʪʦʡ, ʟʘʯʘ-

ʩʪʫʶ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ, ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ 
ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʜʝʪʘʣʝʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʪʚʦʜʠʪʩʷ ʩʦʧʨʷʛʘʝʤʳʤ ʜʝʪʘʣʷʤ, ʢʦʪʦ-
ʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʛʨʝʛʘʪʘ ʧʨʠʚʦʜʷʪʩʷ ʚ ʜʚʠʞʝʥʠʝ. 

ʇʦʩʘʜʢʘ ï ʵʪʦ ʥʝʢʠʡ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʧʨʷʞʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʟʘʟʦʨʘ 
ʠʣʠ ʥʘʪʷʛʘ ʥʝʩʢʦʣʴʢʠʭ ʜʝʪʘʣʝʡ.  

ɺʩʝ ʧʦʩʘʜʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ (ʨʠʩ. 1), ʩʨʝʜʠ ʢʦʪʦʨʳʭ: 
- ʧʦʩʘʜʢʘ ʩ ʟʘʟʦʨʦʤ; 
- ʧʦʩʘʜʢʘ ʩ ʥʘʪʷʛʦʤ; 
- ʧʝʨʝʭʦʜʥʳʝ ʧʦʩʘʜʢʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʘʜʢʘ ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʜʚʫʤʷ 

ʩʧʦʩʦʙʘʤʠ, ʧʝʨʚʳʡ ʩʧʦʩʦʙ ï ʩʠʩʪʝʤʘ ʚʘʣʘ, ʢʦʛʜʘ ʟʘ ʦʩʥʦʚʥʦʡ ʨʘʟʤʝʨ ʙʝʨʝʪʩʷ ʨʘʟʤʝʨ ʚʘʣʘ ʠ ʩʠʩʪʝʤʘ 
ʦʪʚʝʨʩʪʠʷ, ʢʦʛʜʘ ʛʣʘʚʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʷʚʣʷʶʪʩʷ ʨʘʟʤʝʨʳ ʦʪʚʝʨʩʪʠʷ. 

ɼʦʧʫʩʢʦʤ ʞʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʥʘʠʙʦʣʴʰʠʤ ʠ ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 
ʟʘʟʦʨʘ, ʢʦʪʦʨʦʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʧʨʷʞʝʥʠʷ ʜʝʪʘʣʝʡ. 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʘʢʦʡ-ʣʠʙʦ ʜʝʪʘʣʠ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʜʝʪ ʵʪʘʧ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʜʨʘ-
ʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʨʘʟʨʘʙʦʪʢʫ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʯʝʨʪʝʞʠ ʠʟʜʝʣʠʷ. ɺ ʯʝʨʪʝʞʘʭ 
ʢʘʢʠʭ-ʣʠʙʦ ʠʟʜʝʣʠʡ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʥʦʤʠʥʘʣʴʥʳʡ ʨʘʟʤʝʨ, ʚʳʜʝʨʞʘʪʴ ʢʦʪʦʨʳʡ ʠʜʝʥʪʠʯʥʳʤ ʫ ʢʘʞʜʦʡ 
ʜʝʪʘʣʠ ï ʥʝʚʦʟʤʦʞʥʦ, ʚʚʠʜʫ ʨʷʜʘ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʚʳʟʳʚʘʶʱʠʭ ʧʦʛʨʝʰʥʦʩʪʠ.  

ɹʦʦʧʫʙʯʡʸ: ʦʛʨʦʤʥʦʝ ʤʥʦʞʝʩʪʚʦ ʤʝʭʘʥʠʟʤʦʚ ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʩʶʜʘ ʚʦʟʥʠʢʘʝʪ ʧʦ-
ʪʨʝʙʥʦʩʪʴ ʩʦʝʜʠʥʠʪʴ ʠʭ ʚʩʝ ʤʝʞʜʫ ʩʦʙʦʡ ʪʘʢ, ʢʘʢ ʪʨʝʙʫʶʪ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɸʚ-
ʪʦʨʘʤʠ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʚʠʜʦʚ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʠʚʝʜʝʥʳ ʠʭ ʦʙʱʠʝ ʢʣʘʩ-
ʩʠʬʠʢʘʮʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʦʧʫʩʢʠ ʠ ʧʦʩʘʜʢʠ, ʨʝʟʴʙʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʧʦʜʚʠʞʥʳʝ, ʥʝʧʦʜʚʠʞʥʳʝ, ʢʣʘʩʩʠʬʠʢʘ-
ʮʠʷ, ʩʙʦʨʦʯʥʘʷ ʝʜʠʥʠʮʘ, ʫʟʝʣ. 
 

TOLERANCES AND LANDINGS 
 

Soldatov Dmitry Sergeevich, 
Noskov Daniil Andreevich 

 
Abstract: a huge set of mechanisms consists of individual elements, hence the need to connect them all to-
gether in the way that the operating conditions of this mechanism require. The authors of this article have con-
sidered some of the types of compounds and given their general classifications. 
Key words: tolerances and landings, threaded connection, movable, fixed, classification, assembly unit, node. 
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ʉʡʪ. 1. ʋʡʨʴ ʨʧʪʙʝʧʣè 

 
ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʧʨʷʞʝʥʠʷ ʜʝʪʘʣʝʡ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʵʪʠ ʜʝʪʘʣʠ ʙʫʜʫʪ ʧʦʜʚʠʞʥʳʤʠ, ʜʣʷ ʢʦʨʨʝʢʪ-

ʥʦʡ ʨʘʙʦʪʳ ʘʛʨʝʛʘʪʘ ʚʘʞʥʦ ʚʳʜʝʨʞʘʪʴ ʢʘʞʜʳʡ ʤʠʣʣʠʤʝʪʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʣʷ ʜʦʧʫʩʢʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʘʛʨʝʛʘʪʫ ʠʩʧʨʘʚʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ 
ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʠʟʜʝʣʠʡ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ. 

ɹʦʣʝʝ çʟʘʞʘʪʳʝè ʜʦʧʫʩʢʠ ʠ ʧʦʩʘʜʢʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʜʝʣʠʝ, ʪʝʤ ʥʝ 
ʤʝʥʝʝ, ʯʝʤ ʪʦʯʥʝʝ ʙʫʜʝʪ ʜʝʪʘʣʴ, ʪʝʤ ʜʦʨʦʞʝ ʦʥʘ ʦʙʦʡʜʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʫ.  

ʇʦʤʠʤʦ ʢʚʘʣʠʪʝʪʦʚ ʪʦʯʥʦʩʪʠ (ʨʠʩ. 2), ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʜʠʘʧʘʟʦʥ ʦʪʢʣʦʥʝʥʠʷ ʥʦʤʠʥʘʣʴʥʦʛʦ 
ʨʘʟʤʝʨʘ, ʩʫʱʝʩʪʚʫʶʪ ʜʦʧʫʩʢʠ ʬʦʨʤʳ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ (ʨʠʩ. 3). 

 

 
ʉʡʪ. 2. ʃʛʙʤʡʫʞʫʴ ʫʧʰʦʧʪʫʡè 
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 3. ɽʧʨʬʪʣʡ ʭʧʩʥʴ ʡ ʩʙʪʨʧʤʧʟʞʦʡʸè 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʛʨʝʛʘʪʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʧʨʷʞʝʥʥʳʝ ʜʝʪʘʣʠ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʝʩʧʨʦʙʣʝʤʥʦ ʚʳʧʦʣʥʷʪʴ ʘʛʨʝʛʘʪʫ ʩʚʦʠ 
ʬʫʥʢʮʠʠ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ɹʠʨʛʝʨ ʀ. ɸ. ʐʦʨ ɻ. ʌ. ʀʦʩʠʣʝʚʠʯ ɻ. ɹ. ʈʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ : ʩʧʨʘʚʦʯʥʠʢ. ʄ. 

: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1993. 
2. ɹʝʣʢʠʥ ʀ. ʄ. ɼʦʧʫʩʢʠ ʠ ʧʦʩʘʜʢʠ. ʄ. : ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1992. 528 ʩ. 
3. ɻʘʬʬʘʥʦʚ ʈ. ʌ., ʑʝʥʷʪʩʢʠʡ ɸ. ɺ. ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʥʘʪʷ-

ʛʦʤ, ʩʦʙʠʨʘʝʤʦʛʦ ʪʝʨʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ // ɺʝʩʪʥʠʢ ʀʞɻʊʋ. 2008. ˉ 3. ʉ. 6-9. 
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ǲǣǩ 4768402,.3 

ǭǮǱǧǫǧǦǟǵǧǾ ǭǱǣǤǪǭǶǬǺǴ ǯǟǠǭǱ ǮǲǱǝǫ 
ǫǤǴǟǬǧǦǟǵǧǧ ǱǤǴǬǭǪǭǢǧǶǤǰǩǭǢǭ 
ǮǯǭǵǤǰǰǟ 

ǢȏȇȌǞȁ ǟȏȑǞȋ ǡǿȃȇȋȍȁȇȖ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ ñʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪò  
 

 
ʉʪʨʦʠʪʝʣʴʥʳʡ ʨʳʥʦʢ ʨʘʟʚʠʚʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʳʤʠ ʪʝʤʧʘʤʠ, ʤʝʭʘʥʠʟʘʮʠʷ ʰʪʫʢʘʪʫʨʥʳʭ ʨʘʙʦʪ 

ʷʚʣʷʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʵʪʦʛʦ. ʄʝʭʘʥʠʟʠʨʦʚʘʥʥʘʷ ʰʪʫʢʘʪʫʨʢʘ ʧʨʠʰʣʘ ʚ ʈʦʩʩʠʶ ʠʟ ɽʚʨʦʧʳ ʠ ʧʨʦʯʥʦ 
ʟʘʥʷʣʘ ʩʚʦʝ ʤʝʩʪʦ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʤ ʨʳʥʢʝ ʩʪʨʘʥʳ. ɺʘʞʥʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʪʘʣʦ ʧʨʦʠʟ-
ʚʦʜʩʪʚʦ ʤʘʰʠʥ ʜʣʷ ʤʝʭʘʥʠʟʘʮʠʠ ʰʪʫʢʘʪʫʨʥʳʭ ʨʘʙʦʪ[18]. ʋʞʝ ʚ 20 ʚʝʢʝ, ʚ 70-ʭ ʠ 80-ʭ ʛʦʜʘʭ, ʜʣʷ ʵʪʦʡ 
ʮʝʣʠ ʚ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʠ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥʘʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ [10]. ʈʘʩ-
ʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʤʘʰʠʥʳ ʜʣʷ ʤʝʭʘʥʠʟʘʮʠʠ ʰʪʫʢʘʪʫʨʥʳʭ ʨʘʙʦʪ. 

ʈʘʩʪʚʦʨʦʩʤʝʩʠʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʠʟ ʩʫʭʠʭ 
ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ (ʜʘʣʝʝ - ʉʉʉ) ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ. ʆʥʠ ʜʝʣʷʪʩʷ ʥʘ: 
ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ɿʘʛʨʫʟʯʠʢ ʤʠʢʩʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʝʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʪʨʘʥʩ-
ʧʦʨʪʠʨʦʚʢʠ ʚ ʥʫʞʥʫʶ ʝʤʢʦʩʪʴ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʘʯʫ ʠ ʥʘʥʝʩʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. 
ʋʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʫʩʢʘʶʪʩʷ ʩʝʨʠʡʥʦ: UB342,UVR3,5, MS-353m. 

ʈʘʩʪʚʦʨʦʥʘʩʦʩ ʜʦʩʪʘʚʣʷʝʪ ʨʘʩʪʚʦʨ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʦʡ, ʢ 
ʤʝʩʪʫ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ. ʇʦ ʢʦʥʩʪʨʫʢʮʠʠ ʦʥʠ ʜʝʣʷʪʩʷ ʥʘ ʫʩʪʘʥʦʚʢʠ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ, ʤʝʤ-

ɹʦʦʧʫʙʯʡʸ: ɺʥʫʪʨʝʥʥʠʝ ʦʪʜʝʣʦʯʥʳʝ ʨʘʙʦʪʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʆʪ-
ʜʝʣʢʘ (ʰʪʫʢʘʪʫʨʢʘ, ʦʙʣʠʮʦʚʢʘ) ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʟʜʘʥʠʷ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʥʳʝ ʠ 
ʜʝʢʦʨʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʦʚʳʰʝʥʠʝ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʨʘʙʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʝʭʘʥʠʟʘʮʠʠ. ʏʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʜʦʣʶ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʠ ʰʪʫʢʘʪʫʨʥʳʭ ʨʘ-
ʙʦʪʘʭ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʥʘʙʦʨ ʤʘʰʠʥ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʫʯʥʦʛʦ ʪʨʫʜʘ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʐʪʫʢʘʪʫʨʢʘ, ʦʪʜʝʣʦʯʥʳʝ ʨʘʙʦʪʳ, ʤʝʭʘʥʠʟʘʮʠʷ, ʪʝʭʥʦʣʦʛʠʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦ-
ʮʝʩʩ. 
 

OPTIMIZATION OF FINISHING WORKS DUE TO MECHANIZATION OF THE TECHNOLOGICAL 
PROCESS 

 
Grinev Artem Vadimovich 

 
Annotation: Interior finishing works play an important role in the overall volume of construction. Finishing 
(plaster, cladding) not only increases the integrity of the building, but also provides protective and decorative 
properties. The increase in the technical and economic indicators of these works is carried out with the help of 
a high level of mechanization. To increase the share of mechanization in plastering works, a certain set of ma-
chines with the least use of manual labor is used. To ensure a high level of mechanization of work, machines 
are used that allow single processes to be carried out while minimizing the share of manual labor 
Key words: Plaster, finishing works, mechanization, technology, technological process. 



28 ǰǭǡǯǤǫǤǬǬǟǾ Ǭǟǲǩǟ ǧ ǭǠǯǟǦǭǡǟǬǧǤ 

 

ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʙʨʘʥʥʳʝ [2], ʨʦʪʦʨʥʦ-h ʣʘʥʛʦʚʳʝ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʠ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʝ ʧʦʨʰʥʝʚʳʝ ʚʠʥʪʦʚʳʝ ʫʩʪʘʥʦʚ-
ʢʠ. ɺʠʥʪʦʚʦʡ ʥʘʩʦʩ - ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʥʘʩʦʩ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʰʪʫʢʘʪʫʨʥʳʭ ʨʘʙʦʪ. ɺ ʥʘʩʪʦ-
ʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʚʳʧʫʩʢʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʘʰʠʥʳ: ʩʝʨʠʠ SO-48, 49, 50, 69; T-101; ʉʝʨʠʠ 
ASH-2500, 4000, 4800. 

ʉʫʭʠʝ ʤʘʪʝʨʠʘʣʳ (ʢʣʝʠ, ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʩʫʭʠʭ ʰʪʫʢʘʪʫʨʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʫʭʠʝ ʩʤʝʩʠ) ʧʦʩʪʘʚ-
ʣʷʶʪʩʷ ʥʘ ʩʢʣʘʜʳ ʩ ʧʦʤʦʱʴʶ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʋʩʪʘʥʦʚʢʘ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ, ʪʘʢ-
ʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʩʤʝʩʠʪʝʣʴʥʳʝ ʜʦʟʘʪʦʨʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʩʠʣʦʩʘʤʠ, ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʧʨʠʝʤʥʠʢʦʚ. 

ʄʦʙʠʣʴʥʳʝ ʰʪʫʢʘʪʫʨʥʳʝ ʩʪʘʥʮʠʠ - ʵʪʦ ʩʣʦʞʥʦʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. [3] ʐʪʫʢʘʪʫʨ-
ʥʘʷ ʩʪʘʥʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʪʘʥʮʠʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ (ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ ʨʘʩʪʚʦʨʦʩʤʝʩʠʪʝʣʷ) ʠ ʩʪʘʥʮʠʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʦʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʚ ʮʝʥʪʨʝ (ʩ 
ʙʫʥʢʝʨʦʤ ʩ ʟʘʛʨʫʟʯʠʢʦʤ ʩʤʝʩʠʪʝʣʷ). ʕʪʠ ʩʪʘʥʮʠʠ ʩʦʙʠʨʘʶʪ ʨʘʩʪʚʦʨ, ʧʝʨʝʤʝʰʠʚʘʶʪ ʝʛʦ (ʠʣʠ ʜʦʙʘʚʣʷʶʪ 
ʚʦʜʫ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʠʟ ʩʫʭʠʭ ʠʥʛʨʝʜʠʝʥʪʦʚ), ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʝʛʦ ʥʘ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʠ 
ʥʘʥʦʩʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʥʘʩʘʜʢʠ. ʉʠʜʝʥʴʝ ʦʩʥʘʱʝʥʦ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʧʨʠʛʦʜ-
ʥʳʤ ʜʣʷ ʨʘʙʦʪʳ ʧʨʠ ʤʠʥʫʩʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠ ʧʦʜʭʦʜʠʪ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 
ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʬʫʨʛʦʥʘʭ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʤʝʭʘʥʠʟʘʮʠʠ ʰʪʫʢʘʪʫʨʥʳʭ ʨʘʙʦʪ ʚʝʨʦʷʪʥʦ ʟʥʘʯʠʪʝʣʴ-
ʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʘʢ ʬʠʥʘʥʩʦʚʳʭ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʩ 
ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʝʡʩʪʚʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʨʫʯʥʦʛʦ ʪʨʫʜʘ, 
ʫʤʝʥʴʰʘʝʪ ʧʦʪʝʨʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʳʧʦʣʥʷʝʤʦʡ 
ʨʘʙʦʪʳ. ʅʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʣʝʜʠʪʴ ʟʘ ʧʝʨʠʦʜʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ, ʘ ʪʘʢʞʝ ʟʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 
ʚʳʛʨʫʟʢʦʡ ʛʦʪʦʚʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ ʨʘʩʪʚʦʨʘ. 

ʉʤʝʩʠʪʝʣʠ-ʟʘʛʨʫʟʯʠʢʠ ʧʦʩʪʘʚʣʷʶʪʩʷ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩ ʮʝʣʴʶ ʧʦʩʪʦʷʥʥʦʛʦ 
ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠʣʠ ʥʘʛʨʝʚʘ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʣʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫ-
ʱʝʩʪʚʫʶʱʝʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʈʘʩʪʚʦʨʦʥʘʩʦʩ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʜʝʣʴʥʦ ʠʣʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʩʦʚʤʝʩʪʠʤʳʤ ʨʘʩʪʚʦʨʦʩʤʝʩʠ-
ʪʝʣʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʠ ʚʦʟʜʫʰʥʳʭ ʬʦʨʩʫʥʦʢ, ʧʨʦʠʟ-
ʚʦʜʩʪʚʝ ʩʤʝʩʠʪʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʥʘʩʦʩʦʚ ʜʣʷ ʛʠʧʩʦʩʤʝʩʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʚʳʧʦʣʥʷʶʱʠʭ ʜʦ 3-4 
ʦʧʝʨʘʮʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʩʧʦʨʠʤʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. 

ʉ ʧʦʤʦʱʴʶ ʧʦʣʥʦʛʦ ʢʦʤʧʣʝʢʪʘ ʤʘʰʠʥ ʤʦʞʥʦ ʤʝʭʘʥʠʟʠʨʦʚʘʪʴ ʚʝʩʴ ʨʘʙʦʯʠʡ ʮʠʢʣ, ʟʘ ʠʩʢʣʶʯʝʥʠ-
ʝʤ ʧʨʦʮʝʩʩʦʚ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʪʠʨʢʠ ʰʚʦʚ ʠ ʟʘʛʣʘʞʠʚʘʥʠʷ. ʇʨʠ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 
ʛʠʧʩʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʛʠʧʩʦʚʦʛʦ ʩʣʦʷ ʥʘʠʙʦʣʝʝ ʨʘʟʫʤʥʦ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʢʦʤʙʠʥʘʮʠʶ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ CCC, ʚ ʢʦʪʦʨʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʫ-
ʝʪʩʷ ʨʘʩʪʚʦʨʦʩʤʝʩʠʪʝʣʴʥʳʡ ʥʘʩʦʩ ʠ ʥʝʩʢʦʣʴʢʦ ʨʘʩʪʚʦʨʦʥʘʩʦʩʦʚ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʤʝʥʠʪʴ ʵʪʦʪ ʧʦʣ-
ʥʳʡ ʢʦʤʧʣʝʢʪ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʛʠʧʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ, ʤʘʪʝʨʠ-
ʘʣʦʝʤʢʠʤ ʠ ʵʥʝʨʛʦʝʤʢʠʤ.  

ʇʦʣʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʰʪʫʢʘʪʫʨʥʳʭ ʨʘʙʦʪ ʦʪ KNAUF ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 
ʢʦʥʪʝʡʥʝʨʳ (ʩʠʣʦʩʳ), ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʰʪʫʢʘʪʫʨʥʳʝ ʤʘʰʠʥʳ. 

ʉʠʣʦʩʳ, ʟʘʛʨʫʞʝʥʥʳʝ ʥʘ ʟʘʚʦʜʝ KNAUF ʩʫʭʦʡ ʛʠʧʩʦʚʦʡ ʰʪʫʢʘʪʫʨʥʦʡ ʩʤʝʩʴʶ KNAUF-MP75, ʜʦ-
ʩʪʘʚʣʷʶʪʩʷ ʥʘ ʩʪʨʦʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʢʫ ʩʧʝʮʠʘʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ. ʉʫʭʘʷ ʩʤʝʩʴ ʧʦʜʘʝʪʩʷ 
ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʫʶ ʤʘʰʠʥʫ ʜʣʷ ʰʪʫʢʘʪʫʨʢʠ ʩ ʧʦʤʦʱʴʶ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ SILOMAT ʠ ʥʝ-
ʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʩʫʭʦʡ ʩʤʝʩʠ ʚ ʙʫʥʢʝʨʝ ʰʪʫʢʘʪʫʨʥʦʡ ʤʘʰʠʥʳ. ʐʪʫʢʘʪʫʨʥʘʷ ʤʘʰʠʥʘ ʥʝʧʨʝʨʳʚʥʦ 
ʩʤʝʰʠʚʘʝʪ ʩʫʭʫʶ ʩʤʝʩʴ ʩ ʚʦʜʦʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʥʝʩʝʥʠʝ ʛʦʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʩʪʝʥʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʛʨʫʞʘʪʴ ʠ ʭʨʘʥʠʪʴ ʤʘʪʝʨʠʘʣ ʥʘ ʦʙʲʝʢʪʝ, ʧʦʜʥʠʤʘʪʴ ʤʘʪʝ-
ʨʠʘʣ ʥʘ ʵʪʘʞ ʠ ʟʘʛʨʫʞʘʪʴ ʩʫʭʫʶ ʩʤʝʩʴ ʠʟ ʤʝʰʢʘ ʚ ʙʫʥʢʝʨ ʤʘʰʠʥʳ. ʉʠʩʪʝʤʘ ʧʦʜʲʝʤʘ ʠ ʟʘʛʨʫʟʢʠ ʩʫʭʠʭ 
ʤʘʪʝʨʠʘʣʦʚ ʚ ʙʫʥʢʝʨ ʜʝʡʩʪʚʫʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʰʪʫʢʘʪʫʨʥʘʷ ʤʘʰʠʥʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʙʝʟ 
ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʤʝʱʝʥʠʷ ʠ ʧʦʜʩʦʙʥʳʝ ʧʦʤʝʱʝʥʠʷ ʦʙʲʝʢʪʘ ʥʝ ʟʘʛʨʦʤʦʞʜʝʥʳ 
ʧʫʩʪʳʤʠ ʨʚʘʥʳʤʠ ʤʝʰʢʘʤʠ, ʘ ʧʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ ʩʠʣʦʩʘʤʠ, ʚʤʝʱʘʶʱʠʤʠ ʜʦ 20 ʪʦʥʥ ʤʘʪʝʨʠʘʣʘ, ʥʝ 
ʧʨʝʚʳʰʘʝʪ 5 ʢʚ.ʤ. 
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ɹʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʜʦʩʪʠʞʝʥʠʷʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʘʰʠʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ KNAUF ʩʪʨʦʠ-
ʪʝʣʴʥʘʷ ʙʨʠʛʘʜʘ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʦʪʜʝʣʢʠ ʦʙʲʝʢʪʘ ʵʬʬʝʢʪʠʚʥʦ ʠ ʚ ʢʨʘʪʯʘʡʰʠʝ 
ʩʨʦʢʠ.      

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠ ʦʰʪʫʢʘʪʫʨʠ-
ʚʘʥʠʠ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʠ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʥʠʞʘʝʪ ʪʨʫʜʦʝʤʢʦʩʪʴ ʨʘʙʦʪ ʠ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦ-
ʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʤʝʭʘʥʠʟʠʨʦʚʘʪʴ ʪʨʫʜʦʝʤʢʠʝ ʠ ʩʣʦʞʥʳʝ ʟʘʜʘ-
ʯʠ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʨʘʙʦʯʠʭ ʨʘʩʪʚʦʨʦʚ ʠ ʦʙʣʝʛʯʘʶʪ ʠʭ ʥʘʥʝʩʝʥʠʝ. 
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ǲǣǩ 40,412 

ǭǠǦǭǯ ǱǭǮǪǧǡ ǣǪǾ ǥǧǣǩǭǰǱǬǺǴ 
ǯǟǩǤǱǬǺǴ ǣǡǧǢǟǱǤǪǤǨ ǯǟǩǤǱ-ǬǭǰǧǱǤǪǤǨ 
ǠǲǣǲǸǤǢǭ 

ǠȏȒȄȁ ǡǿȐȇȊȇȈ ǬȇȉȍȊǿȄȁȇȖ, 
ʦʧʝʨʘʪʦʨ ʩʪʘʥʢʦʚ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ  

5 ʨʘʟʨʷʜʘ ʪʦʢʘʨʥʦʛʦ ʫʯʘʩʪʢʘ (115-1) ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʮʝʭʘ (115) 

Ǥȓȇȋȍȁ ǫǿȉȐȇȋ ǡǿȊȄȏțȄȁȇȖ 
ʠʥʞʝʥʝʨ-ʢʦʥʩʪʨʫʢʪʦʨ 3 ʢʘʪʝʛʦʨʠʠ ʩʝʢʪʦʨʘ ʦʩʥʘʩʪʢʠ 

 ʜʣʷ ʤʝʭʦʙʨʘʙʦʪʢʠ, ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʦʩʥʘʩʪʢʠ ʠ  
ʠʥʩʪʨʫʤʝʥʪʘ ʦʪʜʝʣʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʩʥʘʩʪʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘ 

ɸʆ çʅʇʆ ʕʥʝʨʛʦʤʘʰ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɺ. ʇ. ɻʣʫʰʢʦè 
 

 
ɺ ʜʦʩʪʠʞʝʥʠʠ ʫʩʧʝʭʘ ʢʦʩʤʠʯʝʩʢʦʡ ʤʠʩʩʠʠ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʘʜʸʞʥʦʩʪʴ ʮʝʥʪʨʘʣʴʥʦʡ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ ï ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʈʘʢʝʪʥʳʝ ʜʚʠʛʘʪʝʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʩʦʜʝʨʞʘʪ ʪʦʧʣʠʚʦ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʜʚʠʞʝʥʠʷ, ʠ ʦʢʠʩʣʠʪʝʣʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʛʦʨʘʥʠʷ, ʯʝʤ ʦʥʠ ʠ 
ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʜʚʠʛʘʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ, ʪʘʢ ʠ ʚ ʢʦʩʤʦʩʝ ʧʨʠ 
ʦʪʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ [1, ʩ. 182]. ʏʘʱʝ ʚʩʝʛʦ ʚ ʨʘʢʝʪʦʩʪʨʦʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʞʠʜʢʦʩʪʥʳʝ ʨʘʢʝʪʥʳʝ 
ʜʚʠʛʘʪʝʣʠ (ɾʈɼ), ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʞʠʜʢʦʤ ʪʦʧʣʠʚʝ [2, ʩ. 2]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ  ʩʭʝʤʫ 
ʩʪʨʦʝʥʠʷ ɾʈɼ ʥʘ ʢʠʩʣʦʨʦʜʥʦ-ʢʝʨʦʩʠʥʦʚʦʤ ʪʦʧʣʠʚʝ (ʨʠʩʫʥʦʢ 1). 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʪʦʧʣʠʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʦ-
ʨʠʪʝʪʥʳʭ, ʤʘʢʩʠʤʘʣʴʥʦ ʙʝʟʦʧʘʩʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʞʠʜʢʦʩʪʥʳʭ ʜʚʠʛʘ-
ʪʝʣʷʭ ʨʘʢʝʪʥʳʭ ʫʩʪʘʥʦʚʦʢ ʙʫʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. ɸʚʪʦʨʘʤʠ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʧʨʠ 
ʚʳʙʦʨʝ ʧʦʜʭʦʜʷʱʝʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʚʝʨʰʝʥʩʪʚʦ-
ʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʞʠʜʢʦʤ ʪʦʧʣʠʚʝ ʩ ʮʝʣʴʶ ʩʥʠʞʝ-
ʥʠʷ ʟʘʪʨʘʪ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 
ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʞʠʜʢʦʩʪʥʳʡ ʨʘʢʝʪʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʪʦʧʣʠʚʦ, ʢʝʨʦʩʠʥ, ʤʝʪʘʥ, ʚʦʜʦʨʦʜ, ʘʤʤʠʘʢ, ʢʦʥ-
ʩʪʨʫʢʮʠʷ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʨʘʢʝʪʦʩʪʨʦʝʥʠʝ. 
 

OVERVIEW OF FUEL FOR LIQUID ROCKET ENGINES OF FUTURE CARRIER ROCKET 
 

Bruev Vasilij Nikolaevich, 
Efimov Maksim Valerevich 

 
Abstract: The article provides a brief overview of the main fuels considered as preferable, safest, and most 
cost-effective for use in liquid-propellant rocket engines of the future generation. The authors conclude that the 
main criterion in selecting a suitable fuel is cost-efficiency, hence, it is a priority task of the researchers in this 
field to improve modern technologies for manufacturing liquid-fuel rocket engines in order to reduce costs and 
minimize design complexity. 
Key words: liquid rocked engine, fuel, kerosene, methane, hydrogen, ammonia, rocket engine design, rocket 
engineering. 
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ʉʡʪ. 1. ʊʮʞʥʙ ʪʫʩʧʞʦʡʸ ɿʉɽ ʦʙ ʣʡʪʤʧʩʧʝʦʧ-ʣʞʩʧʪʡʦʧʛʧʥ ʫʧʨʤʡʛʞ 

(1 ð ʫʬʩʚʡʦʦʴʢ ʦʙʪʧʪ ʨʧʝʣʙʰʣʡ ʫʧʨʤʡʛʙ; 2 ð ʫʬʩʚʡʦʦʴʢ ʦʙʪʧʪ ʨʧʝʣʙʰʣʡ ʧʣʡʪʤʡʫʞʤʸ;  
3 ð ʜʙʠʧʜʞʦʞʩʙʫʧʩ; 4 ð ʜʤʙʛʦʙʸ ʫʬʩʚʡʦʙ; 5 ð ʦʙʪʧʪ ʧʣʡʪʤʡʫʞʤʸ; 6 ð ʦʙʪʧʪ ʨʞʩʛʡʰʦʧʜʧ ʫʧʨʤʡʛʙ;  
7 ð ʦʙʪʧʪ ʛʫʧʩʡʰʦʧʜʧ ʫʧʨʤʡʛʙ; 8 ð ʣʙʥʞʩʙ ʪʜʧʩʙʦʡʸ; 9 ð ʝʩʧʪʪʞʤʵʦʙʸ ʠʙʪʤʧʦʣʙ; 10 ð ʩʞʜʬʤʸʫʧʩ 

ʩʙʪʮʧʝʙ; 11 ð ʨʬʪʣʧʛʙʸ ʣʧʩʧʚʣʙ; 12 ð ʣʙʦʙʤ ʠʙʟʡʜʙʦʡʸ) [3, c. 399]. 
 
ɽʩʣʠ ʚ ʧʨʦʰʣʦʤ ʨʘʟʨʘʙʦʪʢʘ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ, ʪʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʚ ʢʦʥʩʪʨʫʠʨʦ-
ʚʘʥʠʠ ʨʘʢʝʪʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩʪʘʣʘ ʠʭ ʮʝʥʦʚʘʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. ʊʘʢ, ʩ ʫʯʸʪʦʤ ʢʦʥʢʫʨʝʥʮʠʠ, ʧʨʠ 
ʨʘʟʨʘʙʦʪʢʝ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʩʦ ʩʨʝʜʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʥ-
ʩʪʨʫʠʨʦʚʘʪʴ ʜʚʠʛʘʪʝʣʴ ʩ ʧʨʝʜʝʣʴʥʦ ʚʦʟʤʦʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʠ ʵʪʦʤ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 
ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 
ʧʦʜʭʦʜʷʱʝʛʦ ʪʦʧʣʠʚʘ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʪʝʭʥʦʣʦʛʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʚʠʛʘ-
ʪʝʣʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ɾʈɼ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʯʘʱʝ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʝʨʦʩʠʥ ʠ ʤʝʪʘʥ. 
ʄʝʪʘʥ ʠʤʝʝʪ ʧʨʠʦʨʠʪʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʝʨʦʩʠʥʘ ʠʟ-ʟʘ ʤʝʥʴʰʝʡ ʩʪʦʠʤʦʩʪʠ, ʙʦʣʴʰʝʛʦ ʫʜʝʣʴʥʦʛʦ ʠʤʧʫʣʴ-
ʩʘ, ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʘʞʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʝʨʦʩʠʥʦʤ. ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʦʥ ʧʨʠʚʣʸʢ 
ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʤʝʪʘʥ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘ ʄʘʨʩʝ. ʉʣʝʜʫʝʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʤʝʪʘʥʘ ʤʝʥʴʰʠʡ ʫʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʦʨʦʜʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʞʠʜʘʪʴ 
ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʛʦ ʚʠʜʘ ʪʦʧʣʠʚʘ ʥʝ ʩʪʦʠʪ. ɺʚʠʜʫ 
ʦʪʩʫʪʩʪʚʠʷ ʢʦʤʤʝʨʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʦʮʝʥʠʪʴ ʩʪʦʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ɾʈɼ ʥʘ ʤʝʪʘʥʝ ʠ ʝʛʦ ʪʝʭ-
ʥʠʯʝʩʢʫʶ ʩʣʦʞʥʦʩʪʴ ʚ ʦʩʥʦʚʥʦʤ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʦʜʥʘʢʦ ʠʤʝʝʪʩʷ ʨʷʜ ʧʨʠʤʝʨʦʚ, ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʪʦʤ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ: ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʚʠʛʘʪʝ-
ʣʝʡ çRaptorè ʢʦʤʧʘʥʠʝʡ SpaceX, ʣʠʜʝʨʦʤ ʚ ʦʙʣʘʩʪʠ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʤʝʪʘʥʝ, ʩʜʚʠʛʘʣʠʩʴ ʩʨʦʢʠ ʚʳʧʦʣʥʝ-
ʥʠʷ ʨʘʙʦʪ.  

ɺʦʜʦʨʦʜ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʪʦʧʣʠʚʦʤ ʙʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ ʚʳʙʨʦʩʦʚ ʫʛʣʝʨʦʜʘ ʠ 
ʪʦʤʫ, ʯʪʦ ʧʨʠ ʩʛʦʨʘʥʠʠ ʦʥ ʥʝ ʦʙʨʘʟʫʝʪ ʫʛʣʝʨʦʜʥʦʡ ʩʘʞʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʘʷ ʟʘʪʨʘʪʳ ʥʘ ʪʝʭʥʠʯʝ-
ʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ɾʈɼ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʦʜʦʨʦʜ ʫʚʝʣʠʯʠʚʘʝʪ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ ʟʘ ʩʯʸʪ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 
ʫʜʝʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ (å 30%) ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʳʯʥʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ [4, ʩ. 6]. ʆʜʥʘʢʦ ʠʤʝʝʪʩʷ 
ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ: ʠʟ-ʟʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʸʤʘ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ 
ʦʙʲʸʤ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ, ʠʟ-ʟʘ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʟʦʣʷʮʠʠ, ʘ 
ʩʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ɾʈɼ ʤʦʞʝʪ ʚʦʟʨʘʩʪʠ ʠʟ-ʟʘ ʚʦʜʦʨʦʜʥʦʡ ʭʨʫʧʢʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʫʪʝʯʝʢ. ʅʝ-
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʩʤʦʪʨʷ ʥʘ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʚʝʜʸʪʩʷ ʘʢʪʠʚʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ɾʈɼ [4, ʩ. 4], 
ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʫʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʚʦʜʦʨʦʜʘ.  

ɺ ʧʦʣʴʟʫ ʚʳʙʦʨʘ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʚʳʩʪʫʧʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ 
ʫʚʝʣʠʯʝʥʠʝ ʩʧʨʦʩʘ ʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʤʠʩʩʠʡ, 
ʚʚʠʜʫ ʯʝʛʦ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʸʪʩʷ ʨʘʢʝʪʘʤ-ʥʦʩʠʪʝʣʷʤ ʩ ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ 
ʟʘʧʫʩʢʘ ʥʝʩʢʦʣʴʢʠʭ ʩʧʫʪʥʠʢʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʢʨʫʧʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ 
ʠʩʧʦʣʴʟʫʶʪ ʚʦʜʦʨʦʜʥʳʡ ʜʚʠʛʘʪʝʣʴ ʥʘ ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ ʮʝʥʳ 
ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʟʘʧʫʩʢʘ, ʠ ʷʚʣʷʶʱʠʡʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʨʘʢʝʪ-
ʥʦʩʠʪʝʣʝʡ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʚʦʜʦʨʦʜʫ ʚʳʩʪʫʧʘʝʪ ʪʦʧʣʠʚʦ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʤʤʠʘʢ, 
ʩʦʩʪʘʚʣʷʶʱʠʡ å 18% ʚʦʜʦʨʦʜʘ ʧʦ ʚʝʩʫ, ʯʪʦ ʥʘ å 50% ʚʳʰʝ, ʯʝʤ ʩʞʘʪʳʡ ʠʣʠ ʩʞʠʞʝʥʥʳʡ ʚʦʜʦʨʦʜ. ɺʦ-
ʜʦʨʦʜ ʠʤʝʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ ʜʘʞʝ ʧʨʠ ʩʞʘʪʠʠ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨ-
ʛʠʠ ʥʘ ʦʙʲʸʤʥʦʡ ʦʩʥʦʚʝ ʥʠʞʝ ʩʪʘʥʜʘʨʪʦʚ ʙʦʣʴʰʠʥʩʪʚʘ ʞʠʜʢʠʭ ʪʦʧʣʠʚ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʧʨʠ ʩʞʠʛʘʥʠʠ ʘʤ-
ʤʠʘʢʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʟʦʪʘ ʠ ʚʦʜʳ ʚ ʚʠʜʝ ʚʳʙʨʦʩʦʚ, ʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚʦʟʥʠʢʘʝʪ ʥʝʩʢʦʣʴʢʦ 
ʧʨʦʙʣʝʤ: ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʤʤʠʘʢʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ ʦʪʤʝʯʝʥʦ ʯʘʩʪʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢ-
ʩʠʜʦʚ ʘʟʦʪʘ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʩʛʦʨʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ / ʠʣʠ ʧʦʜ ʜʘʚʣʝ-
ʥʠʝʤ [5, c. 120845]. ʅʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʝʥʠʡ ʛʦʨʝʥʠʷ ʘʤʤʠʘʢʘ ʩ ʮʝʣʴʶ ʨʝʰʝ-
ʥʠʷ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʧʨʦʙʣʝʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʙʫʜʫʱʠʭ ʨʘ-
ʢʝʪ-ʥʦʩʠʪʝʣʝʡ, ʚʚʠʜʫ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʸʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʪʦʧʣʠʚʘ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʙʫʜʫʱʝʛʦ, ʩʣʝʜʫʝʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʧʨʠ ʚʳʙʦʨʝ ʧʦʜʭʦʜʷʱʝʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʨʝʥʪʘ-
ʙʝʣʴʥʦʩʪʴ, ʚʚʠʜʫ ʯʝʛʦ ʪʨʝʙʫʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ɾʈɼ ʩ 
ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ [6, ʩ. 47]. 
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ǭǠǹǤǩǱ ©ǣǤǯǤǡǭ¹ ǡ ǰǧǫǡǭǪǻǬǭǫ ǾǦǺǩǤ 
WOLFRAM 

 
 
 
 
 

ǰǿǿȉȍȁ ǡ,ǡ,*  
ǩȍȗȇȄȁ ǩ,Ǵ,*  
ǷǿȒȗȄȁǿ Ǧ,Ǵ,, 

ʩʪʫʜʝʥʪʳ 4 ʢʫʨʩʘ, ʥʘʧʨ. çʇʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘè 
ʂɹɻʋ ʠʤ. ʍ.ʄ. ɹʝʨʙʝʢʦʚʘ 

ǴǿȖǿȑȒȏȞȌ Ǫ,Ǫ,  
ʩʪʫʜʝʥʪ 4 ʢʫʨʩʘ, ʥʘʧʨ. çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè 

ʂʫʙɻʊʋ 
 

 
ɺ ʚʝʨʩʠʠ 12.3 Wolfram Language ʧʨʝʜʩʪʘʚʠʣʠ ʜʝʨʝʚʦ, ʢʘʢ ʥʦʚʫʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ 

ʷʟʳʢʘ. ɺ ʚʝʨʩʠʠ 13.0 ʦʥʠ ʜʦʙʘʚʠʣʠ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʩʪʠʣʝʡ ʜʣʷ ʜʝʨʝʚʴʝʚ, ʘ ʚ ʚʝʨʩʠʠ 13.1 ʜʦʙʘ-
ʚʠʣʠ ʙʦʣʴʰʝ ʩʪʠʣʝʡ, ʘ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʫʥʢʮʠʡ. 

ɺʘʞʥʳʤ ʦʙʥʦʚʣʝʥʠʝʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ çɼʝʨʝʚʦè ʚ ʚʝʨʩʠʠ 13.1 ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʥʘʟʳʚʘʪʴ ʚʝʪʚʠ ʚ ʢʘʞʜʦʤ ʫʟʣʝ, ʜʘʚʘʷ ʠʤ ʘʩʩʦʮʠʘʮʠʶ. ɺʩʝ ʬʫʥʢʮʠʠ ʜʝʨʝʚʘ ʪʝʧʝʨʴ ʚʢʣʶʯʘʶʪ ʧʦʜ-
ʜʝʨʞʢʫ ʘʩʩʦʮʠʘʮʠʡ: 

ɹʦʦʧʫʙʯʡʸ: Wolfram Language ð ʵʪʦ ʩʠʤʚʦʣʴʥʳʡ ʷʟʳʢ, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩ ʰʠʨʦʢʠʤʠ ʚʦʟ-
ʤʦʞʥʦʩʪʷʤʠ ʠ ʝʜʠʥʦʦʙʨʘʟʠʝʤ ʧʦʥʷʪʠʡ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʙʳʩʪʨʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʦʱʥʳʭ ʧʨʦʛʨʘʤʤ. ɺ 
ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʦʙʲʝʢʪʘ çɼʝʨʝʚʦè. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʝʨʝʚʦ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʬʫʥʢʮʠʷ, ʤʝʪʢʠ, ʫʟʣʳ. 
 

TREE OBJECT IN WOLFRAM SYMBOLIC LANGUAGE 
 

Saakov V.V.,  
Koshiev K.H., 

Shausheva Z.H.  
Khachaturian L.L.  

 
Abstract: The Wolfram Language is a symbolic language specifically designed for the acquisition and uni-
formity of concepts necessary for the rapid development of software products. In this article, we will consider 
the operation of the "Tree" object. 
Key words: tree, programming, function, labels, nodes. 
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 1. ɹʪʪʧʯʡʙʯʡʡ ʛ ʬʠʤʙʮ 

 
ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʨʝʚʴʝʚ ʤʝʪʢʠ ʫʟʣʦʚ ʠʤʝʶʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʶ, ʥʦ ʦʩʦʙʝʥ-

ʥʦ ʚ ʙʦʣʝʝ ʘʙʩʪʨʘʢʪʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ ʥʝʨʘʟʤʝʯʝʥʥʳʤʠ ʜʝʨʝʚʴʷʤʠ. ɺ 
ʚʝʨʩʠʠ 13.1 ʬʫʥʢʮʠʷ UnlabeledTree (ʧʨʠʤʝʨʥʦ ʘʥʘʣʦʛʠʯʥʘʷ UndirectedGraph) ʙʝʨʝʪ ʧʦʤʝʯʝʥʥʦʝ ʜʝʨʝʚʦ 
ʠ ʚ ʦʩʥʦʚʥʦʤ ʫʜʘʣʷʝʪ ʚʩʝ ʚʠʜʠʤʳʝ ʤʝʪʢʠ. 

 

 
ʉʡʪ. 2. ɽʞʩʞʛʧ ʪ ʛʡʝʡʥʴʥʡ ʥʞʫʣʙʥʡ 

 

 
ʉʡʪ. 3. ɽʞʩʞʛʧ ʚʞʠ ʥʞʫʧʣ 

 
ɺ ʚʝʨʩʠʠ 12.3 ʧʨʝʜʩʪʘʚʠʣʠ ExpressionTree ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʨʝʚʴʝʚ ʠʟ ʦʙʱʠʭ ʩʠʤʚʦʣʴʥʳʭ ʚʳʨʘ-

ʞʝʥʠʡ. ɺʦʪ ʢʘʢ ExpressionTree ʧʨʝʦʙʨʘʟʫʝʪ ʥʘʙʦʨ ʜʘʥʥʳʭ ʚ ʜʝʨʝʚʦ: 
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ʉʡʪ. 4. ʈʩʞʧʚʩʙʠʧʛʙʦʡʞ ʝʙʦʦʴʮ ʛ ʧʚʳʞʣʫ ʝʞʩʞʛʧ 

 
ɸ ʪʝʧʝʨʴ TreeExpression çʠʥʚʝʨʪʠʨʫʝʪè ʵʪʦ ʠ ʩʦʟʜʘʝʪ ʥʘʙʦʨ ʜʘʥʥʳʭ: 
 

 
ʉʡʪ. 5. ʁʦʛʞʩʫʡʩʧʛʙʦʡʞ ʧʚʳʞʣʫʙ ʝʞʩʞʛʧ 

 
ɽʱʝ ʦʜʥʘ ʥʦʚʘʷ ʬʫʥʢʮʠʷ ʚʝʨʩʠʠ 13.1, ʯʘʩʪʦ ʧʦʣʝʟʥʘʷ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʜʝʨʝʚʘ ʙʝʟ ʧʨʦ-

ʚʝʨʢʠ ʢʘʞʜʦʛʦ ʫʟʣʘ, ð ɻ ʪʦ RootTree. ʌʫʥʢʮʠʷ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʧʦʜʜʝʨʝʚʦ, ʢʦʪʦʨʦʝ çʙʣʠʟʢʦ ʢ ʢʦʨʥʶè: 
 

 
ʉʡʪ. 6. ʉʙʚʧʫʙ ʭʬʦʣʯʡʡ RootTree 

 
ɺ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʩʪʠʣʠʟʘʮʠʷ ʜʝʨʝʚʴʝʚ ʧʦʭʦʞʘ ʥʘ ʩʪʠʣʠʟʘʮʠʶ ʛʨʘʬʦʚ, ʭʦʪʷ ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʜʝʨʝʚʴʝʚ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʧʘʨʘʤʝʪ-
ʨʳ, ʚʩʪʘʚʣʝʥʥʳʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʵʣʝʤʝʥʪ ʜʝʨʝʚʘ, ʚʣʠʷʶʪ ʪʦʣʴʢʦ ʥʘ ʵʪʦʪ ʵʣʝʤʝʥʪ ʜʝʨʝʚʘ: 
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 7. ʊʫʡʤʡʠʙʯʡʸ ʧʚʳʞʣʫʙ çɽʞʩʞʛʧè 

 
ʅʦ ʚʳ ʤʦʞʝʪʝ ʫʢʘʟʘʪʴ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʵʣʝʤʝʥʪʳ ʚ ʧʦʜʜʝʨʝʚʝ 

ʥʠʞʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ: 
 

 
ʉʡʪ. 8. ʊʫʡʤʡʠʙʯʡʸ ʧʚʳʞʣʫʙ çɽʞʩʞʛʧè 

 
ɺ ʚʝʨʩʠʠ 13.1 ʪʝʧʝʨʴ ʜʦʩʪʫʧʥʦ ʜʝʪʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʪʠʣʝʤ ʢʘʢ ʫʟʣʦʚ, ʪʘʢ ʠ ʨʝʙʝʨ ʚ ʜʝʨʝʚʝ. 

ɺʦʪ ʧʨʠʤʝʨ, ʢʦʪʦʨʳʡ ʜʘʝʪ ʩʪʠʣʠ ʜʣʷ ʨʦʜʠʪʝʣʴʩʢʠʭ ʨʝʙʝʨ ʫʟʣʦʚ: 
 

 
ʉʡʪ. 9. ʊʫʡʤʡʠʙʯʡʸ ʬʠʤʧʛ ʧʚʳʞʣʫʙ çɽʞʩʞʛʧè 
















































































































































































































































































































