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ʅʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ ʩʦʩʪʘʚʣʝʥ ʧʦ ʤʘʪʝʨʠʘʣʘʤ VI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʉʊʋɼɽʅʏɽʉʂʀʁ ʅɸʋʏʅʓʁ ʌʆʈʋʄ 2023è, ʩʦʩʪʦʷʚʰʝʡʩʷ 17 ̫ʥʚʘʨʷ 

2023 ʛ. ʚ ʛ. ʇʝʥʟʘ. ɺ ʩʙʦʨʥʠʢʝ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ 

ʠ ʧʨʘʢʪʠʢʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʪʘʢʞʝ ʟʘ ʩʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦʙ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʝʩʫʪ ʘʚʪʦʨʳ 

ʧʫʙʣʠʢʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ.  
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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉʦʩʪʘʚ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

ɸʛʘʨʢʦʚʘ ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ï 

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʥʘʥʯʝʥʢʦ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʪʠʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ɹʘʙʘʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï  

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʦʷʨʩʢʠʡ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ɹʫʟʥʠ ɸʨʪʝʤʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ʕʜʫʘʨʜʦʚʠʯ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺʣʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ɻʝʪʤʘʥʩʢʘʷ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ 

ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï 

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï 

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʐʚʝʮ ʀʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 
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ǲǣǩ 41.,1.  

ǟǬǟǪǧǦ ǠǤǯǤǦǭǡǺǴ ǬǟǰǟǥǣǤǬǧǨ 
ǷǲǡǟǩǧǷǰǩǭǢǭ ǪǤǰǭǮǟǯǩǟ  
Ǣ, ǤǩǟǱǤǯǧǬǠǲǯǢ ǰǡǤǯǣǪǭǡǰǩǭǨ ǭǠǪǟǰǱǧ 

ǶȄȏȋȌȚȔ ǟȏȑȄȋ ǧȂȍȏȄȁȇȖ* 
ʢ.ʩ.-ʭ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʣʝʩʦʚʦʜʩʪʚʘ 

ǩȊȇȌȍȁ ǟȊȄȉȐȄȈ ǰȄȏȂȄȄȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʃʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪè  
 

 
ʃʝʩʥʳʝ ʧʘʨʢʠ ʚ ʛʦʨʦʜʘʭ ʩ ʙʦʣʴʰʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ, ʯʨʝʟʤʝʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʪʨʘʥʩʧʦʨʪʘ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʛʦʨʦʜʦʚ. ʗʚʣʷʷʩʴ 
ʯʘʩʪʴʶ ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʦʨʦʜʘ ɽʢʘʪʝʨʠʥʙʫʨʛ ʠ ʚʳʧʦʣʥʷʷ ʨʘʟʣʠʯʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʩʘʥʠʪʘʨ-
ʥʳʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʟʝʣʝʥʳʝ ʥʘʩʘʞʜʝʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ. ʇʦʣʦʞʠ-
ʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
ʅʦʨʤʘʪʠʚʳ ʛʦʨʦʜʩʢʠʭ ʦʟʝʣʝʥʠʪʝʣʴʥʳʭ ʧʦʩʘʜʦʢ ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡ-
ʯʠʚʳʭ ʥʘʩʘʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦ ʤʥʦʛʠʤ ʪʘʢʩʘʮʠʦʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʝʩʪʝ-
ʩʪʚʝʥʥʳʭ [1, ʩ. 6]. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʘ ʩʪʨʦʝʥʠʷ, ʨʦʩʪʘ ʠ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜ-
ʩʢʠʭ ʣʝʩʥʳʭ ʧʘʨʢʦʚ. 

ɹʦʦʧʫʙʯʡʸ. ɺ ʨʝʘʣʠʷʭ XXI ʚʝʢʘ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛʫ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ. ɺʦʟʨʦʩʰʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʣʝʩʥʳʝ ʧʘʨʢʠ ʢʨʫʧʥʳʭ 
ʛʦʨʦʜʦʚ ʠʤʝʝʪ ʧʨʷʤʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ 
ʦʪʨʘʞʘʝʪ ʩʦʩʪʦʷʥʠʝ ʙʝʨʝʟʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ ʐʫʚʘʢʠʰʩʢʦʛʦ ʣʝʩʦʧʘʨʢʘ ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ. ʆʪʦʙʨʘʞʝʥʳ ʠ 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʩʘʞʜʝʥʠʡ: ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʧʦʨʦʜʘ, ʚʦʟʨʘʩʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, 
ʧʦʣʥʦʪʘ ʠ ʩʦʩʪʦʷʥʠʝ ʧʦʜʣʝʩʢʘ. ʇʦ ʠʪʦʛʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ. B®tula p®ndula, ʪʘʢʩʘʮʠʦʥʥʳʝ ʦʧʠʩʘʥʠʷ, ʙʘʟʘ ʜʘʥʥʳʭ, ʣʝʩʥʦʡ ʧʘʨʢ, ʣʝʩʦʧʘʨʢ, ʛʦʨʦʜ-
ʩʢʠʝ ʥʘʩʘʞʜʝʥʠʷ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʟʝʣʝʥʳʝ ʥʘʩʘʞʜʝʥʠʷ, ʧʦʜʣʝʩʦʢ, ʜʨʝʚʦʩʪʦʡ, ʧʦʣʥʦʪʘ, ʚʦʟʨʘʩʪʥʘʷ ʩʪʨʫʢ-
ʪʫʨʘ.  
 

ANALYSIS OF BIRCH PLANTS IN SHUVAKISH FOREST PARK EKATERINBURG, SVERDLOVSK 
REGION 

Chermnykh Artem Igorevich, 

Klinov Alexey Sergeevich 
 
Abstract. In the realities of the 21st century, more and more attention must be paid to monitoring the environ-
ment, in particular forest plantations. The increased anthropogenic load on the forest parks of large cities has 
a direct negative impact on the state of these recreational areas. This work reflects the state of birch planta-
tions in the Shuvakish forest park in Yekaterinburg. The main indicators of plantings are displayed and ana-
lyzed: the predominant species, age structure, density and condition of the undergrowth. As a result of the 
study, conclusions were drawn about the work done. 
Key words. B®tula p®ndula, taxation descriptions, database, forest park, forest park, urban plantations, Yeka-
terinburg, green plantations, undergrowth, forest stand, density, age structure. 
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VI ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʣʝʩʦʧʘʨʢ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʩʝʱʘʝʤʳʭ ʠ ʧʦʧʫʣʷʨʥʳʭ ʆʆʇʊ ʚ 
ʛʦʨʦʜʝ ɽʢʘʪʝʨʠʥʙʫʨʛ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʝʛʦ ʚʳʙʦʨ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʘʥʘʣʠʟʫ ʙʝʨʝʟʦʚʳʭ 
ʥʘʩʘʞʜʝʥʠʡ. ʇʘʨʢ ʥʘʭʦʜʠʪʩʷ ʚ ɾʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʨʘʡʦʥʝ ʛʦʨʦʜʘ ɽʢʘʪʝʨʠʥʙʫʨʛ, ʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʡ 
ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʩʨʝʜʠ ʞʠʪʝʣʝʡ ʜʘʥʥʦʛʦ ʠ ʙʣʠʟʣʝʞʘʱʠʭ ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ. ɺʙʣʠʟʠ ʣʝʩʦʧʘʨʢʘ ʥʘʭʦʜʠʪʩʷ 
ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʟʦʥʘ ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʟʚʷʟʢʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʝʱʝ ʩʠʣʴʥʝʝ 
ʫʚʝʣʠʯʠʚʘʝʪ ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʜʘʥʥʫʶ ʪʝʨʨʠʪʦʨʠʶ [2, ʩ. 61]. 

ʆʩʥʦʚʥʳʤʠ ʣʝʩʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʣʝʩʦʧʘʨʢʝ ʷʚʣʷʶʪʩʷ ʉʦʩʥʘ ʦʙʳʢʥʦʚʝʥ-
ʥʘʷ (P²nus sylv®stris) ʠ ɹʝʨʝʟʘ ʧʦʚʠʩʣʘʷ (B®tula p®ndula). ɼʘʥʥʳʝ ʚʠʜʳ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʬʦʨʤʠ-
ʨʦʚʘʥʠʠ ʥʘʩʘʞʜʝʥʠʡ ʣʝʩʥʳʭ ʧʘʨʢʦʚ ʠ ʦʟʝʣʝʥʝʥʠʠ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. ɹʝʨʝʟʦʚʳʝ ʥʘʩʘʞʜʝʥʠʷ ʚ ʣʝ-
ʩʦʧʘʨʢʘʭ ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ ʠʟʫʯʝʥʳ ʩʣʘʙʦ [3, ʩ. 48]. 

ʇʦ ʣʝʩʦʨʘʩʪʠʪʝʣʴʥʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ, ʫʪʦʯʥʝʥʥʦʤʫ ɻ.ɸ. ɻʦʜʦʚʘʣʦʚʳʤ, ʠʩʩʣʝʜʫʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ 
ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʛʦʨʥʦʤ ʧʦʜʨʘʡʦʥʝ ʉʨʝʜʥʝ-ʋʨʘʣʴʩʢʦʛʦ ʪʘʝʞʥʦʛʦ ʨʘʡʦʥʘ [4, ʩ. 12]. ɺʳʙʦʨ ʤʝʩʪʘ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʣʝʩʦʧʘʨʢʘ ʩʨʝʜʠ ʞʠʪʝʣʝʡ ʙʣʠʟʣʝʞʘʱʠʭ ʨʘʡʦʥʦʚ 
ʛʦʨʦʜʘ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʙʘʟʳ ʜʘʥʥʳʭ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 729 ʚʳʜʝʣʦʚ ʐʫʚʘʢʠʰʩʢʦʛʦ ʣʝʩʦʧʘʨʢʘ ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʣʦʞʝʥʠʷ MS Excel. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʜ ʧʦ ʢʣʘʩʩʘʤ ʚʦʟʨʘʩʪʘ ʠ 
ʟʘʥʠʤʘʝʤʦʡ ʧʣʦʱʘʜʠ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1. 

 
ʋʙʚʤʡʯʙ 1 

ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʨʤʧʲʙʝʡ ʦʙʪʙʟʝʞʦʡʢ ʛ ʤʞʪʧʨʙʩʣʞ ʨʧ ʣʤʙʪʪʙʥ ʛʧʠʩʙʪʫʙ ʡ ʨʩʞʧʚʤʙʝʙʷʲʞʢ 
ʨʧʩʧʝʞ, ʜʙ 

ʈʩʞʧʚʤʙʝʙʷʲʙʸ 
ʨʧʩʧʝʙ 

ʃʤʙʪʪ ʛʧʠʩʙʪʫʙ 
1 2 3 4 5 6 7 8 9 10 11 ʁʫʧʜ 

ɹʝʨʝʟʘ 1,6 21,5 22,9 18,6 21,6 31,5 271,7 90,4 12,5 36,6 20,9 549,8 

ʀʚʘ - 9,6 - - - - - - - - - 9,6 

ʂʣʝʥ - 2,8 - - - - - - - - - 2,8 

ʃʠʩʪʚʝʥʥʠʮʘ 0,4 0,2 0,2 - - - - - - - - 0,8 

ʆʩʠʥʘ - 0,3 - - - - - - - - - 0,3 

ʉʦʩʥʘ 5,5 11,9 11,7 155,7 127,8 300,9 65,6 35,7 1,7 - - 716,5 

ʊʦʧʦʣʴ - - - 1,4 1,7 - - - - - - 3,1 

ʁʫʧʜ 7,5 46,3 34,8 175,7 151,1 332,4 337,3 126,1 14,2 36,6 20,9 1282,9 

 
ɼʣʷ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʠ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʘʥʥʳʝ ʙʳʣʠ ʦʪʦʙʨʘʞʝʥʳ 

ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤʳ (ʈʠʩ.1). 
 

 
ʉʡʪ. 1. ɼʡʪʫʧʜʩʙʥʥʙ çʉʙʪʨʩʞʝʞʤʞʦʡʞ ʨʤʧʲʙʝʡ ʦʙʪʙʟʝʞʦʡʢ ʛ ʤʞʪʧʨʙʩʣʞ ʨʧ ʣʤʙʪʪʙʥ ʛʧʠʩʙʪʫʙ ʡ 

ʨʩʞʧʚʤʙʝʙʷʲʞʢ ʨʧʩʧʝʞ, ʜʙè 
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ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ. 1 ʠ ʛʠʩʪʦʛʨʘʤʤʳ ʚʠʜʥʦ, ʯʪʦ ʩʦʩʥʘ ʠ ʙʝʨʝʟʘ ʷʚʣʷʶʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ 
ʧʦʨʦʜʘʤʠ ʚ ʐʫʚʘʢʠʰʩʢʦʤ ʣʝʩʦʧʘʨʢʝ. ɿʘʥʠʤʘʝʤʘʷ ʠʤʠ ʧʣʦʱʘʜʴ ï 716,5 (55,9%) ʛʘ ʠ 549,8 (42,9%) ʛʘ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʉʨʝʜʠ ʙʝʨʝʟʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ ʧʨʝʦʙʣʘʜʘʝʪ ʩʝʜʴʤʦʡ ʢʣʘʩʩ ʚʦʟʨʘʩʪʘ ï ʪʘʢʠʝ ʥʘʩʘʞʜʝʥʠʷ ʷʚʣʷʶʪ-
ʩʷ ʩʧʝʣʳʤʠ. ʉʨʝʜʠ ʩʦʩʥʦʚʳʭ ï ʰʝʩʪʦʡ, ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʧʝʣʳʤ. ɼʨʝʚʦʩʪʦʠ ʜʘʥʥʳʭ ʢʣʘʩʩʦʚ ʚʦʟʨʘʩʪʘ 
ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʝʢʨʝʘʮʠʦʥʥʳʭ, ʩʘʥʠʪʘʨ-
ʥʳʭ ʠ ʵʩʪʝʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʚʦʟʣʦʞʝʥʥʳʭ ʥʘ ʣʝʩʦʧʘʨʢ.   

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʧʦʣʥʦʪʘ ʥʘʩʘʞʜʝʥʠʷ (ʪʘʙʣ.2). 
 

ʋʙʚʤʡʯʙ 2 
ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʨʤʧʲʙʝʡ ʦʙʪʙʟʝʞʦʡʢ ʛ ʤʞʪʧʨʙʩʣʞ ʨʧ ʨʧʤʦʧʫʞ ʡ ʨʧʩʧʝʞ, ʜʙ 

ʈʧʩʧʝʙ 
ʈʧʤʦʧʫʙ 

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 ʁʫʧʜ 

ɹʝʨʝʟʘ 15,9 3,9 14,9 56,0 116,9 106,8 136,0 99,4 549,8 

 
ʇʦ ʜʘʥʥʳʤ, ʦʪʦʙʨʘʞʝʥʥʳʤ ʚ ʪʘʙʣ. 2 ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʫ ʙʝʨʝʟʳ ʥʘʠʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ 

ʜʨʝʚʦʩʪʦʷ ʩ ʧʦʣʥʦʪʦʡ 0.9 (136,0 ʛʘ) ʠ 0.7 (116,9 ʛʘ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 
ʜʣʷ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʉ ʪʘʢʦʡ ʧʦʣʥʦʪʦʡ ʙʝʨʝʟʦʚʳʝ ʥʘʩʘʞʜʝʥʠʷ ʣʫʯʰʝ ʚʳʧʦʣʥʷʶʪ ʟʚʫʢʦʠʟʦ-
ʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ, ʣʫʯʰʝ ʨʝʛʫʣʠʨʫʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʤʝʶʪ 
ʦʪʣʠʯʥʳʝ ʵʩʪʝʪʠʯʝʩʢʠʝ ʠ ʩʘʥʠʪʘʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɺʦ ʚʨʝʤʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʜʣʝʩʢʘ ʐʫʚʘʢʠʰʩʢʦʛʦ ʣʝ-
ʩʦʧʘʨʢʘ. ɹʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚʠʜʳ ʜʨʝʚʝʩʥʳʭ ʠ ʢʫʩʪʘʨʥʠʢʦʚʳʭ ʧʦʨʦʜ ʠ ʧʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ ʵʪʠʤʠ 
ʚʠʜʘʤʠ, ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3 

 
ʋʙʚʤʡʯʙ 3 

ʈʩʞʧʚʤʙʝʙʷʲʡʞ ʨʧʩʧʝʴ ʨʧʝʤʞʪʣʙ, ʜʙ 

ʈʧʩʧʝʴ  
ʨʧʝʤʞʪʣʙ 

ʈʩʞʧʚʤʙʝʙʷʲʡʞ ʨʧʩʧʝʴ ʦʙʪʙʟʝʞʦʡʸ 

ɺʞʩʞʠʙ ʁʛʙ ʃʤʞʦ ʄʡʪʫʛ-ʯʙ ʇʪʡʦʙ ʊʧʪʦʙ ʋʧʨʧʤʵ ʁʫʧʜ 

ʇʣʦʱ. ʙ/ ʧʦʜʣ. 214,7 9,6 - 0,8 0,3 70,9 - 296,3 

ɸʢʘʮʠʷ ʞʝʣʪʘʷ 17,0 - 1,8 - - 13,8 1,4 34,0 

ɹʦʷʨʳʰʥʠʢ 1,4 - - - - 1,0 - 2,4 

ɾʠʤʦʣʦʩʪʴ 0,9 - - - - 
 

- 0,9 

ʀʚʘ 32,2 - - - - 11,0 - 43,2 

ʃʦʭ 3,0 - - - - 
 

- 3,0 

ʄʘʣʠʥʘ 41,0 - - - - 189,8 1,7 232,5 

ʈʘʢʠʪʥʠʢ 58,3 - - - - 60,5 - 118,8 

ʈʷʙʠʥʘ 158,6 - 0,7 - - 359,8 - 519,1 

ʉʤʦʨʦʜʠʥʘ 0,8 - - - - 
 

- 0,8 

ʏʝʨʝʤʫʭʘ 3,8 - - - - 0,8 - 4,6 

ʐʠʧʦʚʥʠʢ 13,8 - - - - 7,5 - 21,3 

ʗʙʣʦʥʷ 3,8 - 0,3 - - 1,4 - 5,5 

ʁʫʧʜ 549,8 9,6 2,8 0,8 0,3 716,5 3,1 1282,9 

  
ʇʦʜʣʝʩʦʢ ʩʦʩʪʦʠʪ ʠʟ 13 ʚʠʜʦʚ ʜʨʝʚʝʩʥʳʭ ʠ ʢʫʩʪʘʨʥʠʢʦʚʳʭ ʨʘʩʪʝʥʠʡ. ɺ ʙʝʨʝʟʦʚʳʭ ʥʘʩʘʞʜʝʥʠʷʭ 

ʯʘʱʝ ʚʩʝʛʦ ʧʦʜʣʝʩʦʢ ʦʪʩʫʪʩʪʚʫʝʪ. ʊʘʢʦʶ ʦʙʩʪʘʥʦʚʢʫ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʴʰʠʤ ʚʣʘʛʦʣʶʙʠʝʤ ʙʝʨʝʟʳ, 
ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʢʦʥʢʫʨʝʥʪʦʤ ʟʘ ʚʣʘʛʫ ʠ ʩʠʣʴʥʦ ʠʩʩʫʰʘʝʪ ʧʦʯʚʫ. ɹʦʣʝʝ ʪʦʛʦ ʙʝ-
ʨʝʟʥʷʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʠʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʣʝʩʦʢ 
ʥʝ ʨʘʟʚʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʟʘʜʝʨʥʝʥʠʷ ʧʦʯʚʳ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʧʦʜʣʝʩʢʘ ʙʝʨʝʟʦʚʦʛʦ ʣʝʩʘ ʷʚʣʷʝʪʩʷ ʨʷʙʠʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ. ʊʘʢʦʝ 
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ʚʟʘʠʤʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʚʠʜʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʭʦʞʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ. ʆʙʘ ʚʠʜʘ ʧʨʝʜʧʦʯʠʪʘʶʪ ʚʣʘʞʥʳʝ, ʭʦʨʦʰʦ ʦʩʚʝʱʝʥʥʳʝ ʤʝʩʪʘ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʙʦʛʘʪʩʪʚʦʤ ʧʦʯʚʳ 
ʠ ʙʦʣʴʰʠʤ ʧʦʯʚʝʥʥʳʤ ʛʦʨʠʟʦʥʪʦʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
1. ʇʨʝʦʙʣʘʜʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʚ ʐʫʚʘʢʠʰʩʢʦʤ ʣʝʩʦʧʘʨʢʝ ʷʚʣʷʶʪʩʷ ʩʦʩʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ (Pi-

nus sylvestris) ʠ ʙʝʨʝʟʘ ʧʦʚʠʩʣʘʷ (Betula pendula). 
2. ʆʧʪʠʤʘʣʴʥʳʤʠ ʧʦʣʥʦʪʘʤʠ ʜʣʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʙʝʨʝʟʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ ʚ ʐʫʚʘʢʠʰʩʢʦʤ ʣʝ-

ʩʦʧʘʨʢʝ ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ ʷʚʣʷʶʪʩʷ 0,7-0,9 (359,7 ʛʘ). 
3. ʇʨʝʦʙʣʘʜʘʶʱʝʡ ʧʦʨʦʜʦʡ ʧʦʜʣʝʩʢʘ ʷʚʣʷʝʪʩʷ ʨʷʙʠʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ (Sorbus aucuparia). 
ʊʘʢʩʘʮʠʦʥʥʳʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʐʫʚʘʢʠʰʩʢʦʤ ʣʝʩʦʧʘʨʢʝ ʙʫʜʫʪ ʧʨʦʜʦʣʞʝʥʳ ʚ ʧʦ-

ʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪʘʭ ʜʣʷ ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʩʘʞʜʝʥʠʡ ʠ ʩʦʟʜʘʥʠʷ ʨʝ-
ʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʨʝʢʨʝʘʮʠʦʥʥʳʭ, ʩʘʥʠʪʘʨʥʳʭ ʠ ʵʩʪʝʪʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ. ʊʘʢʞʝ ʨʝʢʦʤʝʥʜʘ-
ʮʠʠ ʙʫʜʫʪ ʧʦʣʝʟʥʳ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʣʝʩʦʧʘʨʢʘ ʚ ʭʦʨʦʰʝʤ ʩʦʩʪʦʷʥʠʠ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ǧǰǰǪǤǣǭǡǟǬǧǤ ǱǭǩǰǧǶǬǭǰǱǧ 
ǠǤǬǦǭǱǯǧǟǦǭǪǟ ǡ ǰǡǤǯǴǫǟǪǺǴ ǣǭǦǟǴ Ǯǯǧ 
ǯǟǦǪǧǶǬǭǫ ǡǯǤǫǤǬǧ ǡǭǦǣǤǨǰǱǡǧǾ Ǭǟ 
LEPIDIUM SATIVUM 

ǠȄȏȄȆȇȌǿ ǡǿȊȄȏȇȞ ǰȄȏȂȄȄȁȌǿ 
ʩʪʫʜʝʥʪ 

ʌɻɸʆʋ ɺʆ çʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  
ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ.ʂʦʨʦʣʝʚʘè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʝʣʝʟʥʝʚʘ ɽʢʘʪʝʨʠʥʘ ʉʝʨʛʝʝʚʥʘ 

ʢ.ʙ.ʥ, ʜʦʮʝʥʪ 
ʌɻɸʆʋ ɺʆ çʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

 ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ.ʂʦʨʦʣʝʚʘè 
 

 
ʇʦʚʩʝʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʥʟʦʪʨʠʘʟʦʣʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʢʦʨʨʦʟʠʡʥʦʛʦ 

ʘʛʝʥʪʘ, ʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʠʥʪʝʟʘʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʢʨʘʩʠʪʝʣʝʡ ʠ 
ʬʫʥʛʠʮʠʜʦʚ, ʘ ʪʘʢʞʝ ʚ ʨʦʣʠ ʘʥʪʠʬʨʠʟʘ ʜʣʷ ʩʘʤʦʣʝʪʦʚ ʧʨʠʚʝʣʦ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʧʨʠ-

ɹʦʦʧʫʙʯʡʸ. ʀʩʩʣʝʜʦʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʠʨʪʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʙʝʥʟʦʪʨʠʘʟʦʣʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0,00001; 
0,0001ʤʛ/ʤʣ ʙʝʥʟʦʪʨʠʘʟʦʣʘ ʠʟʤʝʥʷʪʴ ʤʦʨʬʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ Lepidium sʘtivum L ʧʨʠ ʨʘʟ-
ʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ. ʉʝʤʝʥʘ Lepidium sʘtivum L ʦʢʘʟʘʣʠʩʴ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʜʘʥ-
ʥʳʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ. ɺʦʟʜʝʡʩʪʚʠʝ ʙʝʥʟʦʪʨʠʘʟʦʣʦʤ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,00001 ʤʛ/ʤʣ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʩʪʠ-
ʤʫʣʠʨʫʝʪ ʨʦʩʪ ʩʪʝʙʣʝʡ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʥʛʠʙʠʨʫʝʪ. ɹʝʥʟʦʪʨʠʘʟʦʣ ʚ ʵʪʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ ʢʦʨʥʝʡ, ʠ ʯʝʤ ʜʦʣʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʪʝʤ ʩʠʣʴʥʝʝ ʩʪʠʤʫʣʷʮʠʷ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʙʝʥʟʦʪʨʠʘʟʦʣ, ʩʪʠʤʫʣʷʮʠʷ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ, ʚʩʭʦʜʝʩʪʴ, ʜʣʠʥʘ ʢʦʨʥʝʡ, ʜʣʠʥʘ ʩʪʝʙ-
ʣʝʡ, Lepidium sʘtivum L. 
 
STUDY OF THE TOXICITY OF BENZOTRIAZOLE IN ULTRA-SMALL DOSES AT DIFFERENT EXPOSURE 

TIMES ON LEPIDIUM SATIVUM 
 

Berezina Valeria Sergeevna 
 

Scientific adviser: Selezneva Ekaterina Sergeevna 
 
Abstract. The ability of alcohol solutions of benzotriazole in concentrations of 0.00001; 0.0001mg/ml of ben-
zotriazole to change morphophysiological parameters of Lepidium sativum L at different duration of exposure 
was studied. The seeds of Lepidium sativum L were found to be insensitive to these concentrations. Exposure 
to benzotriazole at a concentration of 0.00001 mg/ml during the day stimulates the growth of stems and inhib-
its longer exposure. Benzotriazole in this concentration stimulates root growth, and the longer the effect, the 
stronger the stimulation. 
Key words: benzotriazole, stimulation, inhibition, germination, root length, stem length, Lepidium sativum L. 
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ʨʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ [1]. ɹʣʘʛʦʜʘʨʷ ʫʩʠʣʠʷʤ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʚʝʜʦʤʩʪʚ ʤʘʩʩʠʨʦʚʘʥʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ 
ʵʪʠʤ ʢʩʝʥʦʙʠʦʪʠʢʦʤ ʩʪʘʣʠ ʯʨʝʟʚʳʯʘʡʥʦ ʨʝʜʢʠʤʠ, ʦʜʥʘʢʦ ʜʘʞʝ ʚ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʜʦʟʘʭ ʙʝʥʟʦʪʨʠʘʟʦʣ, 
ʧʦʧʘʜʘʷ ʚ ʵʢʦʩʠʩʪʝʤʳ, ʚʳʟʳʚʘʝʪ ʚ ʥʠʭ ʢʘʢ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ, ʛʝʥʦʪʦʢʩʠʯʝʩʢʠʝ, ʪʘʢ ʠ 
ʧʦʟʠʪʠʚʥʳʝ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʠʜʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʥʠʟʢʠʤ ʜʦʟʘ ʙʝʥʟʦʪʨʠʘʟʦʣʘ, ʢʘʢ ʟʘ 
ʩʯʝʪ ʘʢʪʠʚʘʮʠʠ ʨʝʧʘʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʠ ʟʘ ʩʯʸʪ ʩʝʣʝʢʮʠʠ ʦʨʛʘʥʠʟʤʦʚ, ʥʝʩʫʱʠʭ ʤʫʪʘʮʠʠ ʫʩʪʦʡ-
ʯʠʚʦʩʪʠ  ʢ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʪʦʢʩʠʢʘʥʪʘʤ [2].  

ɼʣʷ ʤʥʦʛʠʭ ʠʟʚʝʩʪʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʢʩʝʥʦʙʠʦʪʠʢʦʚ, ʙʳʣ ʜʦʢʘʟʘʥ ʧʘʨʘʜʦʢʩʘʣʴʥʳʡ ʵʬʬʝʢʪ ʜʝʡ-
ʩʪʚʠʷ, ʢʦʛʜʘ ʚ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʝʱʝʩʪʚʘ ʠʥʛʠʙʠʨʦʚʘʣʠ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʠ ʤʝʪʘʙʦʣʠʟʤ ʨʘʩ-
ʪʠʪʝʣʴʥʳʭ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ, ʘ ʚ ʦʯʝʥʴ ʥʠʟʢʠʭ ï ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ, ʠʣʠ ʵʬʬʝʢʪ ʛʦʨʤʝʟʠʩʘ [3].  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʤʥʦʛʠʭ ʚʝʱʝʩʪʚ ʦʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʛʦʨʤʝʟʠʩʘ, ʦʩʪʘ-
ʶʪʩʷ ʥʝʚʳʷʩʥʝʥʥʳʤʠ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʣʠʷʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ 
ʩʚʝʨʭʥʠʟʢʠʤʠ ʜʦʟʘʤʠ ʢʩʝʥʦʙʠʦʪʠʢʘ ʥʘ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʛʦʨʤʝʟʠʩʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʧʦʩʦʙʥʦʩʪʠ ʩʧʠʨʪʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʙʝʥʟʦʪʨʠʘʟʦʣʘ ʚ ʩʚʝʨʭʥʠʟʢʠʭ 
ʜʦʟʘʭ ʚʳʟʳʚʘʪʴ ʛʦʨʤʝʟʠʩ ʫ Lepidium stivum L. 

ɹʳʣʦ ʧʦʩʪʘʚʣʝʥʦ 3 ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʢʘʞʜʦʡ ʩʝʨʠʠ ʩʝʤʝʥʘ ʢʨʝʩʩ-ʩʘʣʘʪʘ ʧʦʤʝʱʘʣʠ ʥʘ 
ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ ʚ ʯʘʰʢʫ ʇʝʪʨʠ, ʧʨʦʧʠʪʘʥʥʫʶ ʠʩʩʣʝʜʫʝʤʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʧʦ 20 ʰʪʫʢ ʚ ʢʘʞʜʦʡ. 
ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʩʪʘʚʠʣʩʷ ʢʦʥʪʨʦʣʴ ʥʘ 0,5% ʨʘʩʪʚʦʨʝ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʩʣʫʞʠʚʰʠʡ ʨʘʩ-
ʪʚʦʨʠʪʝʣʝʤ. ʆʧʳʪ ʠ ʢʦʥʪʨʦʣʴ ʩʪʘʚʠʣʠ ʚ ʪʨʝʭ ʧʦʚʪʦʨʘʭ.  

1 ʩʝʨʠʷ. ʉʝʤʝʥʘ ʚ ʪʨʝʭ ʧʦʚʪʦʨʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʨʘʱʠʚʘʣʠ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ ʥʘ ʨʘʩʪʚʦʨʘʭ ʙʝʥ-
ʟʦʪʨʠʘʟʦʣʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0,00001 ʠ 0,0001 ʤʛ/ʤʣ ʠ ʥʘ 0,5% ʨʘʩʪʚʦʨʝ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʪʝʯʝ-
ʥʠʠ 3-ʭ ʩʫʪʦʢ.  

2 ʩʝʨʠʷ. ʉʝʤʝʥʘ ʚ ʪʨʝʭ ʧʦʚʪʦʨʘʭ ʧʨʦʨʘʱʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2-ʭ ʩʫʪʦʢ ʚ ʨʘʩʪʚʦʨʘʭ ʙʝʥʟʦʪʨʠʘʟʦʣʘ ʚ 
ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0,00001 ʠ 0,0001 ʤʛ/ʤʣ, ʘ ʟʘʪʝʤ ʥʘ 1 ʩʫʪʢʠ ʧʝʨʝʥʦʩʠʣʠ ʚ ʩʨʝʜʫ, ʩʦʜʝʨʞʘʱʫʶ 0,5% ʨʘʩ-
ʪʚʦʨ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʩʝʤʝʥʘ ʚ ʪʨʝʭ ʧʦʚʪʦʨʘʭ ʧʨʦʨʘʱʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 3-
ʭ ʩʫʪʦʢ ʥʘ 0,5% ʨʘʩʪʚʦʨʝ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. 

3 ʩʝʨʠʷ. ʉʝʤʝʥʘ ʚ ʪʨʝʭ ʧʦʚʪʦʨʘʭ ʧʨʦʨʘʱʠʚʘʣʠ ʚ ʨʘʩʪʚʦʨʘʭ ʙʝʥʟʦʪʨʠʟʦʣʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 
0,00001 ʠ 0,0001 ʤʛ/ʤʣ ʚ ʪʝʯʝʥʠʝ 1 ʩʫʪʦʢ, ʟʘʪʝʤ ʝʱʝ 2-ʝ ʩʫʪʦʢ ʵʪʠ ʩʝʤʝʥʘ ʧʨʦʨʘʱʠʚʘʣʠ ʚ 0,5% ʨʘʩʪʚʦ-
ʨʝ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʩʝʤʝʥʘ ʚ ʪʨʝʭ ʧʦʚʪʦʨʘʭ ʧʨʦʨʘʱʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 3-ʭ 
ʩʫʪʦʢ ʚ 0,5% ʨʘʩʪʚʦʨʝ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ.  

ɺʩʝ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ. ɹʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʫʝ-
ʤʳʭ ʨʘʩʪʚʦʨʦʚ ʙʝʥʟʦʪʨʠʘʟʦʣʘ ʦʮʝʥʠʚʘʣʠ, ʧʦʜʩʯʠʪʳʚʘʷ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʚ ʧʨʦʮʝʥʪʘʭ, ʘ ʪʘʢʞʝ ʩʨʝʜʥʶʶ 
ʜʣʠʥʫ ʢʦʨʥʝʡ ʠ ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʩʪʝʙʣʝʡ. 

 

 
ʉʡʪ. 1. ɻʤʡʸʦʡʞ ʚʞʦʠʧʫʩʡʙʠʧʤʙ ʛ ʪʛʞʩʮʥʙʤʴʮ ʝʧʠʙʮ ʦʙ ʪʮʧʟʞʪʫʵ ʪʞʥʸʦ ʣʩʞʪʪ-ʪʙʤʙʫʙ 
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ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʞʜʫ ʦʧʳʪʦʤ ʠ ʢʦʥʪʨʦʣʝʤ, ʤʝʞʜʫ ʜʝʡʩʪʚʫʶ-
ʱʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʠ ʚʨʝʤʝʥʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 
ʘʥʘʣʠʟʘ ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ɺʠʣʢʦʢʩʦʥʘ-ʄʘʥʥʘ-ʋʠʪʥʠ [4]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʞʝ ʚ ʤʘʣʳʭ ʜʦʟʘʭ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ 
ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʠ ʚʳʟʳʚʘʪʴ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʡ ʵʬʬʝʢʪ ʜʝʡʩʪʚʠʷ. ʊʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʦʷʚʣʝʥʠʝ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʝʩʪʠʮʠʜʘʤ ʫ ʪʨʘʚ ʚ ʨʘʡʦʥʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʭ ʧʝʩʪʠʮʠʜʦʚ [3].  

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʥʘʰʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʙʝʥʟʦʪʨʠʘʟʦʣʘ ʚ ʩʚʝʨʭʤʘʣʳʭ ʜʦʟʘʭ 
ʥʘ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʢʨʝʩʩ-ʩʘʣʘʪʘ ʧʨʠ ʨʘʟʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘ ʨʠʩʫʥʢʝ 1 ʩʫʤʤʠʨʦ-
ʚʘʥʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʙʝʥʟʦʪʨʠʘʟʦʣʘ ʥʘ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦ-
ʛʦ ʘʥʘʣʠʟʘ, ʙʝʥʟʦʪʨʠʘʟʦʣ ʚ ʠʟʙʨʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʩʭʦʞʝʩʪʴ ʠ ʥʝ ʟʘʚʠʩʠʪ 
ʦʪ ʚʨʝʤʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ ʠʟʙʨʘʥʥʳʭ ʩʚʝʨʭʤʘʣʳʭ ʜʦʟ (10-4, 10-5) ʙʝʥʟʦʪʨʠʘʟʦʣʘ ʥʘ ʨʦʩʪ ʩʪʝʙʣʝʡ ʢʨʝʩʩ-
ʩʘʣʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʉʡʪ. 2. ɻʤʡʸʦʡʞ ʚʞʦʠʧʫʩʡʙʠʧʤʙ ʛ ʪʛʞʩʮʥʙʤʴʮ ʝʧʠʙʮ ʦʙ ʝʤʡʦʬ ʪʫʞʚʤʞʢ ʣʩʞʪʪ-ʪʙʤʙʫʙ 

 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʪʝʨʠʷ U (ɺʠʣʢʦʢʩʦʥʘ-ʄʘʥʥʘ-ʋʠʪʥʠ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʝʥʥʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʙʝʥʟʦʪʨʠʘʟʦʣʘ ʠʟʙʨʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʦʩʪʦʚʝʨʥʦ ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ ʩʪʝʙʣʝʡ, ʙʦʣʝʝ ʜʣʠʪʝʣʴ-
ʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ: 2-ʦʝ ʠ 3-ʦʝ ʩʫʪʦʢ ʧʨʠʚʦʜʠʪ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʨʦʩʪʘ ʩʪʝʙʣʝʡ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʣʠʷʥʠʝ ʙʝʥʟʦʪʨʠʘʟʦʣʘ ʥʘ ʜʣʠʥʫ ʢʦʨʥʝʡ, ʩʤ. ʨʠʩʫʥʦʢ 3.  
 

 
ʉʡʪ. 3. ɻʤʡʸʦʡʞ ʚʞʦʠʧʫʩʡʙʠʧʤʙ ʛ ʪʛʞʩʮʥʙʤʴʮ ʝʧʠʙʮ ʦʙ ʝʤʡʦʬ ʣʧʩʦʞʢ ʣʩʞʪʪ-ʪʙʤʙʫʙ 
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ʇʨʦʚʝʜʝʥʥʳʡ ʜʚʫʭʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣʠ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʢʦʨʥʝʡ ʢʘʢ ʧʨʦ-
ʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʙʝʥʟʦʪʨʠʘʟʦʣʦʤ, ʪʘʢ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʛʦ ʨʘʩʪʚʦʨʦʚ ʜʣʷ p<0,05. ʄʳ ʦʙʥʘ-
ʨʫʞʠʣʠ ʜʦʩʪʦʚʝʨʥʫʶ ʩʪʠʤʫʣʷʮʠʶ ʨʦʩʪʘ ʢʦʨʥʝʡ, ʫʩʠʣʠʚʘʶʱʘʷʩʷ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʠʷ: 
ʥʘʠʙʦʣʴʰʝʝ ʧʨʠ 3-ʭ ʩʫʪʢʘʭ ʚʦʟʜʝʡʩʪʚʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʷʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʝʝ ʤʦʱʥʘʷ ʩʪʠʤʫʣʷʮʠʷ 
ʩʘʤʦʡ ʥʠʟʢʦʡ ʠʟ ʜʚʫʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʥʟʦʪʨʠʘʟʦʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʩʧʠʨʪʦʚʳʤʠ 
ʨʘʩʪʚʦʨʘʤʠ ʙʝʥʟʦʪʨʠʟʦʣʘ ʚ ʠʟʙʨʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ Lepidium sativum 
L., ʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ. ɺʦʟʜʝʡʩʪʚʠʝ ʙʝʥʟʦʪʨʠʘʟʦʣʦʤ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 
10-5 ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ ʩʪʝʙʣʝʡ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʥʛʠʙʠʨʫʝʪ. ɹʝʥʟʦʪʨʠʘ-
ʟʦʣ ʚ ʵʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ ʢʦʨʥʝʡ ʠ ʯʝʤ ʜʦʣʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʪʝʤ ʩʠʣʴʥʝʝ ʩʪʠʤʫʣʷ-
ʮʠʷ.  
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ǴǟǯǟǩǱǤǯǧǰǱǧǩǟ ǟǡǟǯǧǨǬǺǴ ǯǟǦǪǧǡǭǡ 
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ǲǰǪǭǡǧǾǴ 

ǮǿȏȔȍȋȄȌȉȍ ǟȌǿȐȑǿȐȇȞ ǟȌȃȏȄȄȁȌǿ, 
ǧȁǿȌȖǿ ǩȍȌȐȑǿȌȑȇȌ ǡȇȑǿȊțȄȁȇȖ, 
ǶȇȅȄȁȐȉȇȈ ǤȂȍȏ ǣȋȇȑȏȇȄȁȇȖ 

ʤʘʛʠʩʪʨʘʥʪʳ 
ʌɻɸʆʋ ɺʆ çɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

 
ʃʶʙʦʡ ʠʟ ʠʟʚʝʩʪʥʳʭ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʧʦʩʦʙʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʪʨʘʥʩʧʦʨʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤʠ ʮʠʩʪʝʨʥʘʤʠ, ʪʨʘʥʩʧʦʨʪ 
ʘʚʪʦʮʠʩʪʝʨʥʘʤʠ ʠ ʪʨʘʥʩʧʦʨʪ ʥʝʬʪʷʥʳʤʠ ʪʘʥʢʝʨʘʤʠ) ʥʝʩʝʪ ʟʘ ʩʦʙʦʡ ʨʠʩʢ ɸʈʅ. ʇʦʩʣʝʜʩʪʚʠʷ ʪʘʢʦʛʦ ʪʠʧʘ 
ʘʚʘʨʠʡ ʧʨʠʚʦʜʷʪ ʢʘʢ ʢ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ, ʪʘʢ ʠ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʫʱʝʨʙʫ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʨʘʟʣʠʚʳ ʩʚʷ-
ʟʘʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʧʨʦʧʠʪʢʦʡ ʩʥʝʞʥʦʛʦ ʠ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʦʚ.  

ʌʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʚʦʜʷʪ ʢ ɸʈʅ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.1. 
ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ, ʢʘʢ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʪʘʢ ʠ ʚ ʣʶʙʦʝ ʜʨʫʛʦʝ ʚʨʝʤʷ ʛʦ-

ʜʘ ʤʦʞʥʦ, ʩʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʈʦʩʪʝʭʥʘʜʟʦʨʦʤ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨ-
ʛʘʥʠʟʘʮʠʦʥʥʳʝ. ʊʝʭʥʠʯʝʩʢʠʝ ï ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʝʬʝʢʪʳ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 
ï ʥʝʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠʠ [2].  

ɹʦʦʧʫʙʯʡʸ: ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʪʘʢʦʡ ʚʠʜ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ, ʢʘʢ ɸʈʅ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʠ ʚ 
ʘʨʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʠ ʠʭ ʦʩʥʦʚʥʳʝ ʚʠʜʳ, ʩʦʛʣʘʩʥʦ 
ʈʦʩʪʝʭʥʘʜʟʦʨʫ. ɺʳʷʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʚ ʟʠʤ-
ʥʠʡ ʧʝʨʠʦʜ ʠ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʙʦ-
ʥʦʚʳʭ ʟʘʛʨʘʞʜʝʥʠʡ ʧʨʠ ʨʘʟʣʠʚʘʭ ʥʝʬʪʠ ʠʣʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʘʢʚʘʪʦʨʠʷʭ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʣʠʤʘ-
ʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʚʘʨʠʡʥʳʡ ʨʘʟʣʠʚ ʥʝʬʪʠ, ʙʦʥʦʚʳʝ ʟʘʛʨʘʞʜʝʥʠʷ, ʩʢʠʤʝʨ, ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʘʷ ʟʦʥʘ, 
ʪʨʝʙʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʈʦʩʪʝʭʥʘʜʟʦʨ. 
 

CHARACTERISTICS OF ACCIDENTAL OIL SPILLS IN WINTER AND ARCTIC CONDITIONS 
 

Parkhomenko Anastasia Andreevna, 
Ivancha Konstantin Vitalievich, 

Chizhevsky Egor Dmitrievich 
 
Abstract: the paper considers the type of oil spill accidents such as ARD in winter and in Arctic conditions. 
The main causes of oil spills and their main types, according to Rostechnadzor, are given. The advantages 
and disadvantages of oil spill response in winter and in arctic conditions have been revealed. It substantiates 
irrationality of using classic booms in case of oil or oil products spills in water areas in the considered climatic 
conditions.  
Key words: oil spill, booms, skimmer, sanitary protection zone, industrial safety requirements, Rostechnadzor. 
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ʋʙʚʤʡʯʙ 1 
ʇʪʦʧʛʦʴʞ ʨʩʡʰʡʦʴ ʩʙʠʤʡʛʧʛ ʦʞʭʫʡ ʡ ʡʮ ʣʧʤʡʰʞʪʫʛʧ [1] 

ʈʩʡʰʡʦʴ ʡ ʰʡʪʤʧ ʩʙʠʤʡʛʧʛ 

ɻʡʝ ʧʨʞʩʙʯʡʡ / ʧʚʳʞʥ ʅʞʦʞʞ 7 ʫʧʦʦ 7-700 ʫʧʦʦ ɺʧʤʞʞ 700 ʫʧʦʦ ɻʪʞʜʧ 

ɻʴʜʩʬʠʣʡ 

ʇʦʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ 2817 327 30 3174 

ɹʫʥʢʝʨʦʚʢʘ 548 26 0 574 

ɼʨʫʛʠʝ ʦʧʝʨʘʮʠʠ 1177 55 1 1233 

ɹʛʙʩʡʢʦʴʞ ʪʡʫʬʙʯʡʡ 

ʉʪʦʣʢʥʦʚʝʥʠʝ 167 283 95 545 

ʇʦʩʘʜʢʘ ʥʘ ʤʝʣʴ 232 214 117 563 

ʇʦʚʨʝʞʜʝʥʠʝ ʢʦʨʧʫʩʘ 573 88 43 704 

ʇʦʞʘʨʳ ʠ ʚʟʨʳʚʳ 85 14 30 129 

ɼʨʫʛʠʝ/ʥʝʠʟʚʝʩʪʥʳʝ 2176 144 24 2344 

ɻʪʞʜʧ 7775 1151 340 9266 

 
ʊʘʢʞʝ ʦʪʜʝʣʴʥʦʡ ʢʘʪʝʛʦʨʠʝʡ ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʬʘʢʪʦʨʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 
1) ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʠʣʴʥʳʤ ʚʝʪʨʦʤ ʠ ʠʟʤʝʥʝʥʠʝʤ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ (ʫʨʘʛʘʥʳ, ʰʪʦʨʤʳ ʠ ʪ.ʧ.); 
2) ʚʳʙʨʦʩʳ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʟ ʟʘʣʝʞʝʡ ʩ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤʠ ʧʣʘʩʪʦʚʳʤʠ ʜʘʚʣʝʥʠʷʤʠ; 
3) ʜʝʬʦʨʤʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʩʢʦʛʦ ʜʥʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʟʘʣʝʞʝʡ ʥʘ ʰʝʣʴʬʝ; 
4) ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. 
ʃʠʢʚʠʜʘʮʠʷ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʠ ʘʨʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʤʝʝʪ ʢʘʢ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 
1) ʧʨʦʮʝʩʩ ʚʳʚʝʪʨʠʚʘʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ, ʙʣʘʛʦʜʘʨʷ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ; 
2) ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʢʫʯʝʩʪʠ ʥʝʬʪʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʣʦʱʘʜʴ ʨʘʟʣʠʚʦʚ; 
3) ʩʥʝʞʥʳʝ ʠ ʣʝʜʦʚʳʝ ʧʦʢʨʦʚʳ ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʦʧʘʜʘʥʠʶ ʥʝʬʪʠ ʚ ʛʨʫʥʪ ʠʣʠ ʘʢʚʘʪʦʨʠʶ; 
4) ʩʥʝʛ ï ɻ ʬʬʝʢʪʠʚʥʳʡ ʩʦʨʙʝʥʪ; 
5) ʉʉɿ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʤʝʥʴʰʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ, ʯʝʤ ʚ ʪʝʧʣʳʭ; 
ʂ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ: 
1) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʙʦʨ ʥʝʬʪʠ ʪʨʫʜʥʝʝ ʚ ʩʚʷʟʠ ʩ ʧʨʦʧʠʪʢʦʡ ʩʥʝʞʥʦʛʦ ʠ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʦʚ; 
2) ʦʙʦʨʫʜʦʚʘʥʠʝ (ʥʘʩʦʩʳ, ʥʘʩʦʩʥʳʝ ʰʣʘʥʛʠ ʩ ʨʘʩʧʳʣʷʶʱʠʤʠ ʥʘʩʘʜʢʘʤʠ ʠ ʬʦʨʩʫʥʢʠ) ʪʨʝʙʫʝʪ 

ʪʱʘʪʝʣʴʥʦʛʦ ʚʳʩʫʰʠʚʘʥʠʷ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʘ ʦʩʪʘʪʦʯʥʦʡ 
ʚʣʘʛʠ, ʟʘʤʝʨʟʘʥʠʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʩʥʠʟʠʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ; 

3) ʚ ʩʣʫʯʘʝ ɸʈʅ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ ʙʠʦʬʣʦ-
ʨʫ, ʪʘʢ ʢʘʢ ʤʠʛʨʘʮʠʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʨʝʛʠʦʥʘʭ ʩ ʫʤʝʨʝʥʥʳʤ ʠ ʪʨʦʧʠʯʝʩʢʠʤ ʢʣʠʤʘʪʦʤ ʙʳʩʪʨʝʝ; 

4) ʧʨʠ ʨʘʟʣʠʚʘʭ ʥʘ ʙʠʪʳʭ ʣʴʜʘʭ ʚʩʪʘʝʪ ʧʨʦʙʣʝʤʘ ʩʣʦʞʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʠʤʤʝʨʦʚ; 
5) ʚ ʩʣʫʯʘʝ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʥʘ ʘʢʚʘʪʦʨʠʷʭ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚʝʣʠʢʘ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʙʦʥʦʚʳʭ ʟʘʛʨʘʞʜʝʥʠʡ, ʩʢʠʤʤʝʨʦʚ ʠ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʣʝʜʷʥʳʭ 
ʤʘʩʩ; 

6) ʚʳʙʦʨ ʜʠʩʧʝʨʛʝʥʪʦʚ ʦʩʣʦʞʥʝʥ ʬʘʢʪʦʨʦʤ ʩʦʣʝʥʦʩʪʠ pH ʚʦʜʳ; 
7) ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʥʝʬʪʠ ʧʦʜ ʣʝʜ.  
ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʙʦʥʦʚʳʭ ʟʘʛʨʘʞʜʝʥʠʡ ʩ ʮʝʣʴʶ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʚ 

ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʥʘ ʘʢʚʘʪʦʨʠʷʭ ʠʤʝʝʪ ʨʷʜ ʢʨʠʪʠʯʝʩʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ: 
1) ʧʨʠ ʥʘʣʠʯʠʠ ʜʨʝʡʬʫʶʱʠʭ ʣʴʜʠʥ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʴʜʘ ʩʚʳʰʝ 30% ʙʦʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʦ-

ʣʝʟʥʳ, ʪʘʢ ʦʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʢʪʠʚʥʦʤʫ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʠ ʤʦʛʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʝʨʝʤʝ-
ʱʝʥʠʶ ʣʠʰʴ ʥʝʙʦʣʴʰʠʭ ʢʫʩʢʦʚ ʣʴʜʠʥ; 

2) ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʩʧʦʩʦʙʥʘ ʧʨʠʚʝʩʪʠ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ ʙʦʥʦʚʳʭ ʟʘʛʨʘʞʜʝ-
ʥʠʡ ʜʘʞʝ ʦʪ ʤʝʣʢʠʭ ʢʫʩʦʯʢʦʚ ʣʴʜʘ; 
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3) ʧʣʘʚʘʶʱʠʝ ʣʴʜʠʥʳ ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝ ʥʝʬʪʷʥʦʛʦ ʧʷʪʥʘ, ʯʪʦ ʚʝʜʝʪ ʟʘ ʩʦ-
ʙʦʡ ʤʝʥʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʟʣʠʚʘ ʩ ʧʦʤʦʱʴʶ ʙʦʥ; 

4) ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʙʦʥʦʚ ʠʟ ʩʚʝʨʭʧʨʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʚʝʨʭʥʠʤʠ ʠ ʥʠʞʥʠʤʠ ʨʘʩʪʷʞʢʘ-
ʤʠ.  

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʣʠʢʚʠʜʘʮʠʷ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʥʝ ʩʤʦʪʨʷ 
ʥʘ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʩʚʷʟʘʥʥʳʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʨʦʣʴʶ ʩʥʝʞʥʦʛʦ ʠ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦ-
ʚʦʚ, ʢʘʢ ʘʜʩʦʨʙʝʥʪʦʚ ʜʣʷ ʫʪʝʯʝʢ ʠ ʧʨʝʧʷʪʩʪʚʠʷ ʧʦʧʘʜʘʥʠʶ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʚ ʛʨʫʥʪ, ʛʨʫʥʪʦʚʳʝ 
ʚʦʜʳ ʠ ʘʢʚʘʪʦʨʠʠ, ʠʤʝʝʪ ʪʘʢʞʝ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʦʪʣʠ-
ʯʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ɸʈʅ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʦʪ ʣʠʢʚʠʜʘʮʠʠ ɸʈʅ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʘʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʙʳʚʘʶʪ ʩʝʟʦʥʳ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ 
ʧʨʠʨʦʜʥʦ ï ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʨʝʧʷʪʩʪʚʫʶʪ ʙʝʟʦʧʘʩʥʦʤʫ ʠʣʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʘʜʝʢ-
ʚʘʪʥʳʭ ʤʝʨ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ. ʊʘʢʘʷ ʟʘʜʝʨʞʢʘ ʨʝʘʛʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʝʨʠʦʜʳ, 
ʢʦʛʜʘ ʠʤʝʶʱʠʝʩʷ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʣʠ ʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʠʚʰʠʭʩʷ ʫʩʣʦʚʠʡ ʠʭ 
ʧʨʠʤʝʥʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʚ ʩʠʣʫ ʦʧʝʨʘʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʫʩʣʦʚʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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09.12.2022) 
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ǮǭǥǟǯǬǟǾ ǭǮǟǰǬǭǰǱǻ ǡǺǴǭǣǟ ǢǭǯǽǶǧǴ 
Ǯǟǯǭǡ ǧǦ ǯǤǦǤǯǡǲǟǯǭǡ Ǯǯǧ ǧǴ 
ȟǣǺǴǟǬǧǾǴȟ 

ǫȇȏȇȌȖȒȉ ǟȌȑȍȌ ǡȇȉȑȍȏȍȁȇȖ 
ʦʙʫʯʘʶʱʠʡʩʷ  

ʀʥʩʪʠʪʫʪ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ  
ʌɻɹʆʋ ɺʆ ɸɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 

 

 
ʆʙʱʝʠʟʚʝʩʪʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ, ʛʦʨʝʥʠʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʣʠʯʠʷ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ, ʦʢʠʩʣʠ-

ʪʝʣʷ ʠ ʠʩʪʦʯʥʠʢʘ ʟʘʞʠʛʘʥʠʷ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʢʦʥʪʝʢʩʪʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ ʟʘʚʠʩʠʪ 
ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʟʝʨʚʫʘʨʘ, ʭʘʨʘʢʪʝʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʩʪʘ 
ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʟʝʨʚʫʘʨʘ, ʘ ʪʘʢʞʝ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʜʝʨʞʠʤʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ, ʧʦʣʫʯʠʣʠ ʨʝʟʝʨʚʫʘʨʳ: 
- ʩ ʥʘʣʠʯʠʝʤ ʩʪʘʮʠʦʥʘʨʥʦʡ ʢʨʳʰʠ ʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʞʠʜʢʦʩʪʠ (1); 
- ʩʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʢʨʳʰʝʡ ʠ ʧʦʥʪʦʥʦʤ (2);  
- ʩ ʧʣʘʚʘʶʱʝʡ ʢʨʳʰʝʡ (3). 
ʇʨʦʮʝʩʩ "ʜʳʭʘʥʠʷ" ʧʨʠ ʚʳʭʦʜʝ ʛʦʨʶʯʠʭ ʧʘʨʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʥʘʨʫʞʠ ʨʝʟʝʨʚʫʘʨʦʚ, ʘ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʟʘʞʠʛʘʥʠʷ ï ʚʦʟ-
ʥʠʢʘʝʪ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʥʘ ʚʦʟʜʫʰʥʳʭ ʢʣʘʧʘʥʘʭ. ɺ ʧʦʩʣʝʜʩʪʚʠʠ, ʦʥ ʧʝʨʝʭʦʜʠʪ ʣʠʙʦ ʚ ʫʩʪʦʡʯʠʚʦʝ ʬʘ-
ʢʝʣʴʥʦʝ ʛʦʨʝʥʠʝ, ʣʠʙʦ ʚʦ ʚʟʨʳʚ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʦʙʲʸʤʝ ʨʝʟʝʨʚʫʘʨʘ. 

ɹʦʦʧʫʙʯʡʸ: ʈʝʟʝʨʚʫʘʨʥʳʡ ʧʘʨʢ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʈʦʩʩʠʠ, ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ, ʦʮʝʥʠʚʘʝʪʩʷ ʦʙʲʸʤʦʤ 
ʙʦʣʝʝ 20 ʤʠʣʣʠʦʥʦʚ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥ-
ʥʦʩʪʴ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʚʠʜʦʠʟʤʝʥʷʝʪʩʷ ʥʝ ʤʝʥʝʝ 150 ʣʝʪ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʫʘʣʴ-
ʥʳ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʭʨʘʥʝʥʠʷ, ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 
ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦ-
ʩʪʠ ʚʳʭʦʜʘ ʛʦʨʶʯʠʭ ʧʘʨʦʚ ʠʟ ʨʝʟʝʨʚʫʘʨʦʚ ʧʨʠ ʠʭ çʜʳʭʘʥʠʷʭè, ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝ-
ʥʠʷ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʪʝʨʴ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ.  
ʃʤʷhʞʛʴʞ ʪʤʧʛʙ: ʧʦʞʘʨʥʘʷ ʦʧʘʩʥʦʩʪʴ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʨʘʩʯʸʪ ʧʦʪʝʨʴ, ʤʘʣʳʝ ʜʳʭʘʥʠʷ, ʙʦʣʴʰʠʝ ʜʳ-
ʭʘʥʠʷ, ʠʩʧʘʨʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 
 
FIRE HAZARD OF THE COMBUSTIBLE VAPOUR OUTPUT FROM THE TANKS UPON "RESPIRATIONS" 
 

Mirinchuk Anton Viktorovich 
 
Abstract: The tank farm of petroleum products in Russia, in total, is estimated to have a volume of more than 
20 million cubic meters. Despite the fact that the oil refining industry in our country has been developing and 
changing for at least 150 years, the issues of ensuring fire safety of the processes of storage, processing and 
transportation of petroleum products are relevant today. This article provides an analytical review and features 
fire hazard of the of combustible vapour output from the tanks upon their "respirations", the main methods for 
determining the calculated values of loss of oil products are given. 
Key words: fire safety, fire, ignition, state fire control, ʦʙʲʝʢʪ ʟʘʱʠʪʳ, risk. 
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ʇʦʜʦʙʥʳʝ ʷʚʣʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʠ ʧʨʦʪʝʢʘʶʪ ʥʘ ʵʪʘʧʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚ-
ʢʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ.  

ʉʦʛʣʘʩʥʦ ɼʦʢʣʘʜʫ [1], ʚ 2021 ʛʦʜʫ ʧʨʦʠʟʦʰʣʦ 6 ʘʚʘʨʠʡ (ʥʘ 20% ʙʦʣʴʰʝ, ʯʝʤ ʚ 2020 ʛ). ʥʘ ʤʘʛʠ-
ʩʪʨʘʣʴʥʳʭ ʠ ʚʥʫʪʨʠ-ʧʨʦʤʳʩʣʦʚʳʭ ʥʝʬʪʝʧʨʦʚʦʜʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʩʪʨʘʜʘʣʠ 3 ʯʝʣʦʚʝʢʘ, ʘ ʤʘʪʝ-
ʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʩʦʩʪʘʚʠʣ 628,959 ʤʣʥ. ʨʫʙ. (ʧʨʠʨʦʩʪ 16,5%).  

"ʄʘʣʳʝ ʜʳʭʘʥʠʷ" ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʘʨʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʯʝʨʝʟ ʜr -
ʭʘʪʝʣʴʥʳʝ ʢʣʘʧʘʥʳ ʚ ʘʪʤʦʩʬʝʨʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʦʟʜʫʰʥʳʤʠ ʤʘʩʩʘʤʠ, ʠ ʢʘʢ 
ʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʶ ʚʟʨʳʚʦʦʧʘʩʥʦʡ ʟʦʥʳ ʚʦʢʨʫʛ ʨʝʟʝʨʚʫʘʨʘ [2]. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʚʪʦʨʦʛʦ ʪʠʧʘ (2) ʛʦʨʶʯʘʷ ʩʨʝʜʘ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʠʝ, ʢʘʢ ʚʥʫʪʨʠ, ʪʘʢ ʠ ʩʥʘʨʫʞʠ. 

"ɹʦʣʴʰʠʝ ʜʳʭʘʥʠʷ" ʧʨʦʪʝʢʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳʪʝʩʥʝʥʠʷ ʚʦʟʜʫʭʘ ʠʟ ʨʝʟʝʨʚʫʘʨʘ ʠ ʝʛʦ ʧʦʧʘʜʘʥʠʷ ʚ 
ʝʤʢʦʩʪʴ. ʅʘ çʚʜʦʭʝè ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʝʟʝʨʚʫʘʨʘ ʟʘʧʦʣʥʷʝʪʩʷ ʚʦʟʜʫʭʦʤ ʠʟ ʦʢʨʫʞʝʥʠʷ ʧʦ ʤʝʨʝ ʦʪʢʘʯʢʠ 
ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʥʘ ɸɿʉ ʠʣʠ ʥʝʬʪʝʙʘʟʝ.  

ʅʘ çʚʳʜʦʭʝè ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʘʷ ʨʝʘʢʮʠʷ ï ʨʝʩʫʨʩ ʧʦʧʘʜʘʝʪ ʚ ʩʦʩʫʜ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʪʝʩʥʝ-
ʥʠʝʤ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʙʲʝʤ ʚʳʪʝʩʥʝʥʥʦʛʦ ʛʘʟʘ ʧʨʠ ʵʪʦʤ ʧʨʠʤʝʨʥʦ ʨʘʚʝʥ 
ʦʙʲʝʤʫ ʧʦʩʪʫʧʘʶʱʝʡ ʩʫʙʩʪʘʥʮʠʠ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, 
ʠʟʤʝʥʷʝʤʳʝ ʜʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʟʘʚʠʩʷʪ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʟʝʨʚʫʘʨʘ ʠ ʯʘʩʪʦ-
ʪʳ ʧʨʦʚʦʜʠʤʳʭ ʮʠʢʣʦʚ ʟʘʣʠʚʘ-ʦʪʢʘʯʢʠ. 

ʄʝʪʦʜʠʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʪʝʨʴ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 
ɿʘʨʫʙʝʞʥʳʝ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʩʯʸʪʘ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʷʭ, ʚʳʷʚʣʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʨʠʩ.1). 
 

 
ʉʡʪ. 1. ʁʪʮʧʝʦʴʞ ʝʙʦʦʴʞ ʝʤʸ ʩʙʪʰʞʫʧʛ ʨʧʫʞʩʵ (ʡʪʨʙʩʞʦʡʢ) 

 
ɺ ʄʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʷʭ [5] ʠʟʣʦʞʝʥʳ:  
1) ʣʘʙʦʨʘʪʦʨʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʨʠ ʥʝʬʪʠ ʚʩʣʝʜʩʪʚʠʝ ʜʳ-

ʭʘʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʧʨʦʙʘʭ, ʦʪʙʠʨʘʝʤʳʭ ʜʦ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦ-
ʮʝʩʩʦʚ ʠʩʧʘʨʝʥʠʷ, ʠ ʧʦʩʣʝ;  

2) ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʨʠ ʥʝʬʪʠ ʚʩʣʝʜʩʪʚʠʝ ʜʳʭʘʥʠʡ ʚ ʟʘʚʠʩʠʤʦ-
ʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʡ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ. 

ʄʝʪʦʜʠʢʦʡ [6] ʟʘʢʨʝʧʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʚʦʜʦ-
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ʨʦʜʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʝ, ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʝʛʦ ʛʘʟʦʚʦʛʦ ʧʨʦ-
ʩʪʨʘʥʩʪʚʘ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʂ ʦʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʘʤ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʦʪ ʠʩʧʘʨʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʪʥʦʩʷʪʩʷ ʩʠʩʪʝʤʳ 
ʫʣʘʚʣʠʚʘʥʠʷ ʣʝʛʢʠʭ ʬʨʘʢʮʠʡ (ʜʘʣʝʝ ʉʋʃʌ), ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ.  

 

 
ʉʡʪ. 2. ʊʩʞʝʪʫʛʙ ʪʧʣʩʙʲʞʦʡʸ ʨʧʫʞʩʵ ʧʫ ʡʪʨʙʩʞʦʡʸ ʦʞʭʫʞʨʩʧʝʬʣʫʧʛ 

 
ʊʘʢʞʝ, ʧʦʤʠʤʦ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʥʪʦʥʳ ʠ ʧʣʘʚʘʶʱʠʝ ʢʨʳʰʠ, ʜʠʩʢʠ-

ʦʪʨʘʞʘʪʝʣʠ, ʤʠʢʨʦʰʘʨʠʢʠ, ʛʘʟʦʫʨʘʚʥʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʭʨʘʥʝʥʠʝ ʧʦʜ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʠ ʟʘ-
ʱʠʪʥʳʝ ʵʤʫʣʴʩʠʠ. 

ʇʦʜʳʪʦʞʠʚ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʦʪ ʠʩʧʘʨʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩ-
ʧʝʯʠʪʴ ʩʦʭʨʘʥʝʥʠʝ ʨʝʩʫʨʩʦʚ ʠ ʠʟʜʝʨʞʝʢ ʚ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʙʝʩʧʝʯʝ-
ʥʠʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʨʘʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ. 
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ǮǭǪǲǶǤǬǧǤ ǰǺǯǺǴ ǭǩǟǱǺǷǤǨ ǡ 
ǪǟǠǭǯǟǱǭǯǬǺǴ ǲǰǪǭǡǧǾǴ 

 
ǯǿȔȇȋȅȍȌȍȁ ǦǿȓǿȏȔȍȌ ǠȍȑȇȏȔȍȌ ȒȂȊȇ* 

ǪǿȆǿȏȄȁǿ ǭȊțȂǿ ǯȍȋǿȌȍȁȌǿ 
ʩʪʫʜʝʥʪʳ 

ʌɻɸʆʋ ɺʆ çʉʪʘʨʦʦʩʢʦʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ɸ. ʋʛʘʨʦʚʘè  
(ʬʠʣʠʘʣ) çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ çʄʀʉʠʉè, 

 ʛʦʨʦʜ ʉʪʘʨʳʡ ʆʩʢʦʣ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʊʠʤʦʬʝʝʚʘ ɸʥʥʘ ʉʪʝʬʘʥʦʚʥʘ 
ʢ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʌɻɸʆʋ ɺʆ çʉʪʘʨʦʦʩʢʦʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ɸ. ʋʛʘʨʦʚʘè 
 (ʬʠʣʠʘʣ) çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ çʄʀʉʠʉè, 

 ʛʦʨʦʜ ʉʪʘʨʳʡ ʆʩʢʦʣ 
 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʞʝʣʝʟʦʨʫʜʥʳʭ ʦʢʘʪʳʰʝʡ  ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʝʪʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʫʩʣʦʚʠʷʭ ɸʆ 
çʉʪʦʡʣʝʥʩʢʠʡ ʛʦʨʥʦʦʙʦʛʘʪʠʪʝʣʴʥʳʡ ʢʦʤʙʠʥʘʪè. ɼʣʷ ʧʦʣʫʯʝʥʠʷ  ʦʢʘʪʳʰʝʡ ʨʘʙʦʯʝʛʦ ʢʣʘʩʩʘ ʚʘʞʥʦ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʭʦʨʦʰʝʝ ʩʚʷʟʫʶʱʝʝ, ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ɸʆ  çʉɻʆʂè ʧʨʠʤʝʥʷʝʪʩʷ ʙʝʥʪʦʥʠʪ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦ-
ʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [1], ʧʦʵʪʦʤʫ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʪʦʪ ʞʝ  ʙʝʥʪʦʥʠʪ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʢʘʪʳʰʝʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʧʨʠʙʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝ-
ʥʠʷ ʚʣʘʞʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʦʢʘʪʳʰʝʡ - ʚʣʘʛʦʤʝʨ ñʕʣʚʠʟ-2ò (ʨʠʩ.1-ʘ), ʥʘʙʦʨ ʚʠʙʨʦʩʠʪ ʜʣʷ ʦʧʨʝʜʝʣʝ-
ʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʢʘʪʳʰʝʡ, ʣʘʙʦʨʘʪʦʨʥʳʡ ʦʢʦʤʢʦʚʘʪʝʣʴ (ʨʠʩ.1-ʙ), ʧʨʠʙʦʨ ʜʣʷ ʦʧʨʝ-
ʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʳʨʳʭ ʦʢʘʪʳʰʝʡ  (ʨʠʩ.1-ʚ). 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ  ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʩʳʨʳʭ ʦʢʘʪʳʰʝʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦ-
ʚʠʷʭ. ʇʦʣʫʯʝʥʳ ʦʢʘʪʳʰʠ ʠʟ ʤʘʛʥʝʪʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʨʘʟʣʠʯʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʦ-
ʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʦʥʮʝʥʪʨʘʪ, ʰʠʭʪʘ, ʩʳʨʳʝ ʦʢʘʪʳʰʠ, ʚʣʘʞʥʦʩʪʴ, ʩʚʷʟʫʶʱʠʝ ʜʦʙʘʚʢʠ, ʙʝʥʪʦʥʠʪ, 
ʧʨʦʯʥʦʩʪʴ, ʯʘʰʝʚʳʡ ʦʢʦʤʢʦʚʘʪʝʣʴ. 
 

OBTAINING RAW PELLETS IN THE LABORATORY 
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Abstract: The article discusses the technology of obtaining raw pellets in the laboratory. Pellets were obtained 
from magnetite concentrate of various granulometric composition that meet the requirements. 
Key words: concentrate, charge, raw pellets, humidity, binding additives, bentonite, strength, bowl pelletizer. 
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ʘ                                        ʙ                                ʚ                              ʛ 
ʉʡʪ. 1. ʇʚʧʩʬʝʧʛʙʦʡʞ ʝʤʸ ʨʧʤʬʰʞʦʡʸ ʧʣʙʫʴʱʞʢ ʛ ʤʙʚʧʩʙʫʧʩʡʡ: 

ʙ- ʨʩʡʚʧʩ ʝʤʸ ʧʨʩʞʝʞʤʞʦʡʸ ʛʤʙʟʦʧʪʫʡ çʖʤʛʡʠ-2è[2], ʚ- ʤʙʚʧʩʙʫʧʩʦʴʢ ʧʣʧʥʣʧʛʙʫʞʤʵ, ʛ- ʧʣʙʫʴʱʡ 
ʛ ʧʣʧʥʣʧʛʙʫʞʤʞ, ʜ- ʨʩʡʚʧʩ ʝʤʸ ʧʨʩʞʝʞʤʞʦʡʸ ʨʩʧʰʦʧʪʫʡ ʦʙ ʪʟʙʫʡʞ ʪʴʩʴʮ ʧʣʙʫʴʱʞʢ [3] 
 
ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʳʭʦʜ ʦʢʘʪʳʰʝʡ ʙʦʣʝʝ 70% ʠ ʦʢʘʪʳʰʠ, ʫ ʢʦʪʦʨʳʭ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʙʳʣʘ ʙʳ 

ʥʝ ʤʝʥʝʝ 0,8ʢʛ/ʦʢ, ʧʨʦʚʝʜʝʥʘ ʮʝʣʘʷ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩ ʨʘʟʣʠʯʥʳʤ ʜʦʙʘʚʣʝʥʠʝ ʚʦʜʳ ʚʦ ʚʨʝʤʷ 
ʦʢʦʤʢʦʚʘʥʠʷ, ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʯʝʨʝʟ ʨʘʟʥʦʝ ʚʨʝʤʷ  ʜʦʙʘʚʣʝʥʠʷ ʰʠʭʪʳ ʧʨʠ ʦʢʦʤʢʦʚʘʥʠʠ. 
ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʦʜʳ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʦʣʫʯʘʣʠʩʴ ʦʢʘʪʳʰʠ ʢʨʫʧʥʳʝ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʚʠʜ ʥʝ 
ʢʨʫʛʣʳʭ ʢʦʤʦʯʢʦʚ, ʘ ʟʘʪʝʤ ʧʝʨʝʭʦʜʠʣʠ  ʚ ʧʣʦʩʢʠʝ ʛʨʷʟʝʚʳʝ ʵʣʝʤʝʥʪʳ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʦʜʳ ʦʢʘʪʳʰʠ 
ʧʦʣʫʯʘʣʠʩʴ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʤʠ ʧʦ ʨʘʟʤʝʨʫ ʤʝʥʝʝ 8ʤʤ, ʪ.ʢ. ʧʣʦʭʦ ʧʨʦʭʦʜʠʣʦ ʥʘʢʘʪʳʚʘʥʠʝ ʰʠʭʪʳ ʥʘ ʟʘ-
ʨʦʜʳʰʠ. 

ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʘʯʘʣʴʥʦʡ  ʤʘʩʩʝ ʙʦʣʝʝ 1ʢʛ ʧʦʣʫʯʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ, 
ʧʦʵʪʦʤʫ ʧʨʠ ʤʘʩʩʝ ʨʘʚʥʦʡ 500ʛ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʨʘʙʦʪʳ ʚʩʷ ʰʠʭʪʘ ʧʨʝʚʨʘʱʘʣʘʩʴ ʚ ʟʘʨʦʜʳʰʠ. 

ɽʩʣʠ ʜʘʣʝʝ ʜʦʙʘʚʣʷʪʴ ʩʨʘʟʫ ʦʩʪʘʚʰʫʶʩʷ ʰʠʭʪʫ, ʪʦ ʦʢʘʪʳʰʠ ʧʦʣʫʯʘʣʠʩʴ ʨʘʟʥʦʢʘʣʠʙʝʨʥʳʝ ʠ 
ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʜʣʷ ʧʦʣʥʦʛʦ ʦʢʦʤʢʦʚʘʥʠʷ. ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʜʦʙʘʚʣʝʥʠʠ 
ʰʠʭʪʳ  ʠ ʨʘʟʙʨʳʟʛʠʚʘʥʠʷ ʚʦʜʳ ʩʳʨʳʝ ʦʢʘʪʳʰʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʪʨʝʙʦʚʘʥʠʷʤ . 

ʀʟ ʚʩʝʭ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 
ʧʦ ʧʦʣʫʯʝʥʠʶ ʦʢʘʪʳʰʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚʘʨʠʘʥʪ ʥʠʞʝ. 

ɼʣʷ ʦʧʳʪʘ ʙʳʣʦ ʚʟʷʪʦ  4 ʢʛ ʢʦʥʮʝʥʪʨʘʪʘ, ʥʘʯʘʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʠʣʠ ʥʘ ʚʣʘʛʦʤʝ-
ʨʝ ñʕʣʚʠʟ-2è (ʨʠʩ. 1ʘ), ɺʣʘʞʥʦʩʪʴ ʨʘʚʥʘ 7,74%. ʇʦ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʣʘʞʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ 
ʥʝ ʤʝʥʝʝ W=8,51%, ʧʦʵʪʦʤʫ ʨʘʩʩʯʠʪʘʚ, ʩʢʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʚʦʜʳ ʜʣʷ  ʥʝʦʙʭʦʜʠʤʦʡ ʚʣʘʞʥʦ-
ʩʪʠ (50ʛ) ʩʙʨʳʟʛʠʚʘʷ ʢʦʥʮʝʥʪʨʘʪ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʭʦʨʦʰʦ ʧʝʨʝʤʝʰʠʚʘʷ, ʧʦʣʫʯʠʣʠ ʥʝʦʙʭʦʜʠʤʫʶ ʚʣʘʞ-
ʥʦʩʪʴ. ɼʘʣʝʝ ʤʳ ʩʤʝʰʠʚʘʣʠ ʩ ʢʦʥʮʝʥʪʨʘʪʦʤ ʙʝʥʪʦʥʠʪ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ  0,6 % ʦʪ ʦʙ-
ʱʝʡ ʤʘʩʩʳ ʠ ʟʘʢʨʳʚʘʣʠ ʥʘ 30 ʤʠʥʫʪ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʙʝʥʪʦʥʠʪ ʥʘʯʘʣ çʨʘʙʦʪʘʪʴè. ʇʦʩʣʝ ʰʠʭʪʘ ʙʳʣʘ 
ʧʨʦʪʝʨʪʘ ʯʝʨʝʟ ʩʠʪʦ ʩ ʷʯʝʡʢʘʤʠ 1 ʤʤ. ɿʘʪʝʤ ʥʘʩʪʫʧʠʣ ʧʨʦʮʝʩʩ ʦʢʦʤʢʦʚʘʥʠʷ (ʨʠʩ. 1 ʙ). 

ʇʨʦʮʝʩʩ ʦʢʦʤʢʦʚʘʥʠʷ ʩʦʩʪʦʷʣ ʠʟ ʨʷʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ: 
1) ʅʘʯʘʣʴʥʘʷ ʟʘʛʨʫʟʢʘ ʰʠʭʪʳ  ʚ ʨʘʙʦʪʘʶʱʠʡ ʦʢʦʤʢʦʚʘʪʝʣʴ ʧʨʠʤʝʨʥʦ 500ʛ (470 ʛ); 
2) ʏʝʨʝʟ ʢʘʞʜʫʶ ʤʠʥʫʪʫ  ʨʘʟʙʨʳʟʛʠʚʘʣʠ ʧʦ 15 ʛ ʚʦʜʳ ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʰʠʭʪʫ; 
3) ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʟʘʨʦʜʳʰʝʡ ʢʦʤʦʯʢʦʚ ʯʝʨʝʟ 5 ʤʠʥʫʪ, ʧʨʦʚʦʜʠʣʠ ʦʙʨʳʟʛʠʚʘʥʠʝ ʟʘʨʦʜʳʰʝʡ 10 

ʛ ʚʦʜʳ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 400 ʛ ʰʠʭʪʳ ʜʣʷ ʥʘʢʘʪʳʚʘʥʠʷ ʥʘ ʟʘʨʦʜʳʰʠ;  
 4). ʏʝʨʝʟ 7 ʤʠʥʫʪ ʝʱʝ ʨʘʟ ʧʨʦʚʦʜʠʣʠ ʦʙʨʳʟʛʠʚʘʥʠʝ 10 ʛ ʚʦʜʳ ʠ ʜʦʙʘʚʣʷʣʠ ʝʱʝ 400 ʛ ʧʨʠʯʝʤ ʧʨʠ 

ʵʪʦʡ ʜʦʙʘʚʢʝ   ʯʝʨʝʟ 2-4 ʤʠʥʫʪʳ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʠʤʦʡ ʚʣʘʞʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʪʘ) ʦʙʨʳʟʛʠʚʘʣʠ ʚ 
ʩʨʝʜʥʝʤ ʧʦ 12ʛ ʚʦʜʳ ʥʘ ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʦʢʘʪʳʰʠ. 

 ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʠʣʘʩʴ 30 ʤʠʥʫʪ. ɺʦ ʚʨʝʤʷ ʦʢʦʤʢʦʚʘʥʠʷ ʥʘʤ ʜʣʷ ʫʚʣʘʞʥʝ-
ʥʠʷ ʧʦʥʘʜʦʙʠʣʘʩʴ 203,11 ʛ ʚʦʜʳ. ʇʦʣʫʯʠʣʠ ʛʦʪʦʚʳʭ ʩʳʨʳʭ ʦʢʘʪʳʰʝʡ, ʦʙʱʘʷ  ʤʘʩʩʘ ʢʦʪʦʨʳʭ m = 3,151 
ʢʛ. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʩʢʦʣʴʢʦ ʧʦʣʫʯʠʣʦʩʴ, ʛʦʜʥʦʛʦ ʢʣʘʩʩʘ ʦʢʘʪʳʰʝʡ ʤʳ ʧʨʦʧʫʩʪʠʣʠ ʦʢʘʪʳʰʠ ʯʝʨʝʟ 
ʩʠʪʘ (14 ʤʤ, 13 ʤʤ, 11 ʤʤ, 8 ʤʤ). ʀʪʦʛʦ: 

ʇʦʣʫʯʠʣʠ ʦʢʘʪʳʰʠ 14 ʤʤ = 0,420 ʢʛ; 
13 ʤʤ = 0,276 ʢʛ; 



26 ǰǱǲǣǤǬǶǤǰǩǧǨ ǬǟǲǶǬǺǨ ǳǭǯǲǫ 0.01 
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11 ʤʤ = 0,340 ʢʛ; 
8 ʤʤ = 2,115 ʢʛ. 

  πȟτςππȟςχφπȟστπςȟρρυσȟρυρ ̋  ̄
ʇʨʦʮʝʥʪ ʚʳʭʦʜʘ ʛʦʜʥʳʭ ʦʢʘʪʳʰʝʡ ʨʘʚʝʥ : 
                  ɺ= 3,151/4.280*100 = 73,62 % 
ʇʦʩʣʝ  ʧʦʣʫʯʝʥʠʷ ʦʢʘʪʳʰʝʡ, ʙʳʣʘ ʧʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠʭ ʧʦ ʩʞʘʪʠʶ (ʨʠʩ. 1-ʛ). ʈʝ-

ʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 
 

 
ʉʡʪ. 2. ʈʩʧʰʦʧʪʫʵ ʪʴʩʴʮ ʧʣʙʫʴʱʞʢ ʦʙ ʪʟʙʫʡʞ 

 
ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ, ʦʢʘʪʳʰʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʥʠʤ  ʧʨʝʜʧʨʠʷʪʠʝʤ. 
 

ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
 
1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʩʪʨʫʢʮʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʦʢʘʪʳʰʝʡ ʞʝʣʝʟʦʨʫʜʥʳʭ   ʉʪʦʡʣʝʥʩʢʠʡ ʦʙʦʛʘ-

ʪʠʪʝʣʴʥʳʡ ʢʦʤʙʠʥʘʪ  2020ʛ.-181 ʩ. 
2. ɸʥʘʣʠʟ ʚʣʘʞʥʦʩʪʠ çʕʣʚʠʟ-2ʉè.ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠè, ʦʙʱʝʩʪʚʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʪ-

ʚʝʪʩʪʚʝʥʥʦʩʪʴʶ ʅʇʇ çʕʣʠʟʘè 2020ʛ.- 22 ʩ. 
3. ʇʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʳʨʳʭ ʦʢʘʪʳʰʝʡ, ʉʊʀ ʅʀʊʋ çʄʀʉʠʉè, 2018ʛ.-10 ʩ. 
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ǬǟǰǱǯǭǨǩǟ ǧ ǟǬǟǪǧǦ Ǯǧǣ-ǯǤǢǲǪǾǱǭǯǟ 
ǣǯǭǠǬǭǢǭ ǮǭǯǾǣǩǟ 

ǥǿȊȇȊȍȁǿ ǟȌȌǿ ǟȊȄȉȐǿȌȃȏȍȁȌǿ 
ʘʩʩʠʩʪʝʥʪ 

ʌɻɹʆʋ ɺʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ð ʵʪʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʨʝʛʫʣʷʪʦʨ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦ-

ʛʨʘʤʤ. ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʩʪʘʥʦʚʠʪʩʷ ʩʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 
ʧʨʦʩʪʦʪʝ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʠʩʧʦʣʴʟʫ-
ʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 90% ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʚ ʧʨʦ-
ʤʳʰʣʝʥʥʦʩʪʠ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʤʝʜʣʝʥʥʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʥʠʟʢʠʡ ʧʨʦʮʝʥʪ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ 
ʠ ʤʘʣʦʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʕʪʦʪ ʢʦʥʪʨʦʣʣʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʪʥʫʶ 
ʩʚʷʟʴ, ʦʥ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʨʘʥʷʪʴ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʤʝʱʝʥʠʷ ʟʘ ʩʯʝʪ ʧʨʦʠʟʚʦʜʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʇʨʦ-
ʠʟʚʦʜʥʦʝ ʜʝʡʩʪʚʠʝ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ ʫʣʫʯʰʠʪ ʜʝʤʧʬʠʨʦʚʘʥʠʝ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘ ʩʯʝʪ ʫʩʢʦʨʝ-
ʥʠʷ ʧʝʨʝʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʣʝʛʢʠʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝ-
ʥʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʦʣʚʝʢʘ. ʄʥʦʛʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 
ʧʨʘʚʠʣʘʭ ʥʘʩʪʨʦʡʢʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʎʠʛʣʝʨ ʠ ʅʠʢʦʣʩ ʚ 1942 ʛ. ʧʨʝʜʣʦʞʠʣʠ ʤʝʪʦʜ ʫʩʪʘʥʦʚʢʠ ʧʘʨʘʤʝʪ-
ʨʦʚ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. ʍʘʛʛʣʫʥʜ ʠ ɸʩʪʨʦʤ ʚ 1955 ʛ. ʠ ʏʝʥʯʠʥʛ ʚ 1999 ʛ. ʧʨʝʜʩʪʘʚʠʣʠ ʜʨʫʛʦʡ ʤʝʪʦʜ. ʇʫʪʝʤ 

ɹʦʦʧʫʙʯʡʸ: ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʥʘʩʪʨʦʡʢʠ, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 
ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʜʨʦʙʥʦʛʦ ʧʦʨʷʜʢʘ ʚʢʣʶʯʘʝʪ ʧʘʨʘʤʝʪʨ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʧʦʨʷʜʢʘ. 
ʅʘʩʪʨʦʡʢʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʚ ʦʩʥʦʚʥʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʥʘʩʪʨʦʡʢʠ ʎʠʛʣʝʨʘ-
ʅʠʢʦʣʩʘ. ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʪʦʨʘ, ʘ ʠʤʝʥʥʦ Kp (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ), Ki (ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʩʠ-
ʣʝʥʠʝ), Kd (ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ), ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʎʠʛʣʝʨʘ ʠ ʅʠʢʦʣʩʘ. 
ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʩ ʜʨʦʙʥʳʤ ʧʦʨʷʜʢʦʤ (ʌʆʇʀɼ) ð ʵʪʦ ʦʩʦʙʳʡ ʚʠʜ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ, ʧʨʦʠʟʚʦʜʥʘʷ ʠ ʮʝʣʦ-
ʯʠʩʣʝʥʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʜʨʦʙʥʳʡ, ʘ ʥʝ ʮʝʣʦʯʠʩʣʝʥʥʳʡ ʧʦʨʷʜʦʢ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʪʨʦʣʣʝʨʘ 
ʌʆʇʀɼ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʜʚʘ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʘ ɚ (ʧʦʨʷʜʦʢ ʠʥʪʝʛʨʘʪʦʨʘ) ʠ ɛ (ʧʦʨʷʜʦʢ ʧʨʦʠʟ-
ʚʦʜʥʦʡ). ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʢʣʠʢ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʥʪʨʦʣʣʝʨʘ ʌʆʇʀɼ ʥʘʤʥʦʛʦ ʣʫʯʰʝ, 
ʯʝʤ ʫ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʪʦʡ ʞʝ ʩʠʩʪʝʤʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʇʀɼ-ʨʝʛʫʣʷʪʦʨ, ʌʆʇʀɼ-ʨʝʛʫʣʷʪʦʨ, ʤʝʪʦʜ ʎʠʛʣʝʨʘ-ʅʠʢʦʣʩʘ. 
 

TUNING AND ANALYSIS OF FRACTIONAL ORDER PID CONTROLLER 
 

Zhalilova Anna Alexandrovna  
 
Abstract. This paper presents the development of a new tuning method and performance of the fractional or-
der PID controller includes the integer order PID controller parameter. The tuning of the PID controller is most-
ly done using Zeigler and Nichols tuning method. All the parameters of the controller, namely Kp (Proportional 
gain), Ki (integral gain), Kd (derivative gain) can be determined by using Zeigler and Nichols method. Frac-
tional order PID (FOPID) is a special kind of PID controller whose derivative and integral order are fractional 
rather than integer. To design FOPID controller is to determine the two important parameters ɚ (integrator or-
der) and ɛ (derivative order).In this paper it is shown that the response and performance of FOPID controller is 
much better than integer order PID controller for the same system 
Key words: PID controller, FOPID controller, Ziegler-Nichols method. 
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ʦʙʦʙʱʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʮʝʣʳʭ ʧʦʨʷʜʢʦʚ ʦʪ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʧʦʣʷ ʜʦ ʥʝʮʝʣʳʭ ʯʠʩʝʣ ʧʦʣʫʯʘʝʪʩʷ 
ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʜʨʦʙʥʦʛʦ ʧʦʨʷʜʢʘ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʠʟʚʦʜʥʳʝ ʠ ʠʥʪʝʛʨʘʣʳ 
ʜʨʦʙʥʦʛʦ ʧʦʨʷʜʢʘ. ʕʪʘ ʛʠʙʢʦʩʪʴ ʧʦʤʦʛʘʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʙʦʣʝʝ ʥʘʜʝʞʥʫʶ ʩʠʩʪʝʤʫ. ʇʨʝʞʜʝ ʯʝʤ ʠʩʧʦʣʴ-
ʟʦʚʘʪʴ ʢʦʥʪʨʦʣʣʝʨ ʜʨʦʙʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʜʨʦʙʥʳʤ ʠʩʯʠʩʣʝ-
ʥʠʝʤ. ɺʧʝʨʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʯʠʩʣʝʥʠʷ ʚ ʜʨʦʙʥʦʝ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʃʝʡʙʥʠʮʝʤ ʠ ʃʦʧʠʪʘʣʝʤ. 
ɺʧʝʨʚʳʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, 
ʪʘʢʠʤʠ ʢʘʢ ʃʠʫʚʠʣʣʴ (1832 ʛ.), ʍʦʣʤʛʨʝʥʦʤ (1864 ʛ.) ʠ ʈʠʤʘʥʦʤ (1953 ʛ.). 

ʇʪʦʧʛʦʙʸ ʣʧʦʯʞʨʯʡʸ ʈʁɽ-ʩʞʜʬʤʸʫʧʩʙ ʝʩʧʚʦʧʜʧ ʨʧʩʸʝʣʙ 
ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
ʉʡʪ. 1. ʊʡʪʫʞʥʙ ʬʨʩʙʛʤʞʦʡʸ ʪ ʧʫʩʡʯʙʫʞʤʵʦʧʢ ʧʚʩʙʫʦʧʢ ʪʛʸʠʵʷ 

 

ʅʝʧʨʝʨʳʚʥʘʷ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ὖὍὈʧʦʣʫʯʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ ʢʘʢ 

ὅί ὑ Ὕί                                                              (1) 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʨʘʩʰʠʨʷʝʪ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʧʦʨʷʜʢʘ ʦʪ ʪʦʯʢʠ ʜʦ ʧʣʦʩʢʦʩʪʠ, ʪʝʤ 
ʩʘʤʳʤ ʜʦʙʘʚʣʷʷ ʛʠʙʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʧʦʟʚʦʣʷʷ ʥʘʤ ʙʦʣʝʝ ʪʦʯʥʦ ʫʧʨʘʚʣʷʪʴ ʥʘʰʠʤʠ 
ʨʝʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʥʦ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʣʦʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ.  

ʅʞʫʧʝ ʦʙʪʫʩʧʢʣʡ ʈʁɽ-ʩʞʜʬʤʸʫʧʩʙ ʝʩʧʚʦʧʜʧ ʨʧʩʸʝʣʙ 
ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ Kp (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ), ʢʦʥʩʪʘʥʪʫ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʯʣʝʥʘ ( Ki ), ʢʦʥʩʪʘʥ-

ʪʫ ʧʨʦʠʟʚʦʜʥʦʛʦ ʯʣʝʥʘ Kd , ʜʨʦʙʥʳʡ ʧʦʨʷʜʦʢ ʜʠʬʬʝʨʝʥʮʠʘʪʦʨʘ ɛ ʠ ʜʨʦʙʥʳʡ ʧʦʨʷʜʦʢ ʠʥʪʝʛʨʘʪʦʨʘ ɚ . 
ʄʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʢʣʘʩʩʠʯʝʩʢʦʝ ʧʨʘʚʠʣʦ ʥʘʩʪʨʦʡʢʠ ʎʠʛʣʝʨʘ-ʅʠʢʦʣʩʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ Kp ʠ Ki . ʏʪʦʙʳ 
ʧʦʣʫʯʠʪʴ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Kd, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʝʢʦʪʦʨʘʷ ʪʦʯʥʘʷ ʥʘʩʪʨʦʡʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝ-
ʪʦʜʘ ɸʩʪʨʦʤʘ-ʍʘʛʛʣʫʥʜʘ, ʦʧʠʩʘʥʥʦʛʦ ʨʘʥʝʝ. ɼʨʦʙʥʳʡ ʧʦʨʷʜʦʢ ɚ ʠ ɛ ʧʦʣʫʯʘʶʪ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦ-
ʛʦ ʟʘʧʘʩʘ ʧʦ ʬʘʟʝ. 

ʇʫʩʪʴ űpm ð ʪʨʝʙʫʝʤʳʡ ʟʘʧʘʩ ʧʦ ʬʘʟʝ, ʘ ɤcp ð ʯʘʩʪʦʪʘ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʥʘ ʢʨʠʚʦʡ ʅʘʡʢʚʠʩʪʘ 
ʜʣʷ G(s), ʧʨʠ ʢʦʪʦʨʦʡ arg(G(jɤcp)) = ī180, ʪʦʛʜʘ ʟʘʧʘʩ ʧʦ ʫʩʠʣʝʥʠʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

Ὣ  
ȿ

ὑ                                                                   (2) 

ʏʪʦʙʳ ʩʜʝʣʘʪʴ ʟʘʧʘʩ ʧʦ ʬʘʟʝ ʩʠʩʪʝʤʳ ʨʘʚʥʳʤ űpm ʠ |C(jɤcp )G( jɤcp)| =1 ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ 
ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

                                          (3) 
ɿʘʪʝʤ ʤʳ ʟʘʧʠʩʳʚʘʝʤ C(jɤcp), ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ: 

ὅὮ ὑ ὑ ÃÏÓ
“

ς
‗ ὑ ÃÏÓ

“

ς
‘ 

ὑ ÓÉÎ‗ ὑ ÓÉÎ‘                                                     (4) 

 
ʋʯʠʪʳʚʘʷ ʫʨʘʚʥʝʥʠʷ (3) ʠ (4), ʤʳ ʤʦʞʝʤ ʥʘʧʠʩʘʪʴ 

Ὢ‗ȟ‘  ὑ ὑ ÃÏÓ‗ ὑ ÃÏÓ‘ π                           (5) 

Ὢ‗ȟ‘ ὑ ÓÉÎ‗ ὑ ÓÉÎ‘ π                                (6) 
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ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ɚ ʠ Õ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ (5) ʠ (6). 

ɹʤʜʧʩʡʫʥ ʦʙʪʫʩʧʢʣʡ ╟╘ⱦ╓Ⱨ-ʩʞʜʬʤʸʫʧʩʙ  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʡʪ. 2. 
 
ʈʧʪʫʙʦʧʛʣʙ ʨʩʧʚʤʞʥʴ 
ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʇʀɼ- ʠ ʌʆʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ, ʠʤʝʝʪ ʚʠʜ 

Ὃί  
ρ

ίί σί ς
 

ʀʩʧʦʣʴʟʫʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʈʘʫʩʘ, ʯʘʩʪʦʪʘ ʧʝʨʝʭʦʜʘ ʬʘʟʳ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ɤcp 

=Ѝς , ʘ ʟʘʧʘʩ ʧʦ ʫʩʠʣʝʥʠʶ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʢʘʢ Kc = 6.  
ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʎʠʛʣʝʨʘ-ʅʠʢʦʣʩʘ. 

Kp, Ki ʠ Kd ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʦʩʪʘʚʣʷʶʪ 3,6, 1,63 ʠ 1,98. ʇʦʣʫʯʝʥʠʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʤʦʞʝʪ 
ʙʳʪʴ ʟʘʜʘʥʦ ʢʘʢ C1(s) 

 
ʀʩʧʦʣʴʟʫʷ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ɸʩʪʨʦʤʘ ʍʘʛʛʣʫʥʜʘ, ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʙʳʣʦ 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʟʘʧʘʩʘ ʧʦ ʬʘʟʝ (űpm) ʧʨʠ 40Ǔ. 
ʈʝʛʫʣʷʪʦʨ, ʧʦʣʫʯʝʥʥʳʡ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ɸʩʪʨʦʤʘ ʍʘʛʛʣʫʥʜʘ, ʠʤʝʝʪ ʚʠʜ: 

˞ ί τȢυω
ρȢυρ

ί
σȢτψί 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʟʥʘʯʝʥʠʷ Kp ʠ Ki ʠʟ ʤʝʪʦʜʘ ʎʠʛʣʝʨʘ-ʅʠʢʦʣʩʘ. ɿʥʘʯʝʥʠʝ Kd ʙr -
ʣʦ ʧʦʣʫʯʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ɸʩʪʨʦʤʘ-ʍʘʛʛʣʫʥʜʘ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʟʘʧʘʩʘ ʧʦ ʬʘʟʝ (űpm = 40Ǔ). 
ʀʩʧʦʣʴʟʫʷ ʪʦʯʥʫʶ ʥʘʩʪʨʦʡʢʫ Kd, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘʠʣʫʯʰʝʝ ʨʝʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (12) ʠ (13) 
ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʟʘʧʘʩʘ ʧʦ ʬʘʟʝ. 

ʕʪʠ ʜʚʘ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʠʥʩʪʨʫʤʝʥʪʦʚ çfsolveè ʧʘʢʝʪʘ MATLAB, ʯʪʦ-
ʙʳ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ɚ ʠ ɛ ʜʣʷ ʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ Kd ʜʣʷ ʟʘʧʘʩʘ ʧʦ ʬʘʟʝ (űpm =400). 

 

ʋʢʘʞʠʪʝ ʪʨʝʙʫʝʤʳʡ ʟʘʧʘʩ ʧʦ ʬʘʟʝ   ‰  

 

ʇʦʣʫʯʠʪʝ ὑ  ʠ  ὑ ʤʝʪʦʜʦʤ ʎʠʛʣʝʨʘ-ʅʠʢʦʣʩʘ 

 

ʋʢʘʞʠʪʝ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ὑ  ʤʝʪʦʜʦʤ ɸʩʪʨʦʤʘ 

ʍʘʛʛʣʫʥʜʘ ʜʣʷ ʫʢʘʟʘʥʥʦʛʦ   ‰  

 

ʇʦʣʫʯʠʪʝ ʟʥʘʯʝʥʠʝ ‗  ʈ ʠ  ‗ ʈ ʠ  ‗ ʈ 

 

ʉʤʦʜʝʣʠʨʫʡʪʝ ʨʝʟʫʣʴʪʘʪ ʠ ʚʳʧʦʣʥʠʪʝ ʪʦʯ-

ʥʫʶ ʥʘʩʪʨʦʡʢʫ ὑ  ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯ-

ʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʜʣʷ  ‗ ʈ ʠ  ‗ ʈ 

 

ʇʦʣʫʯʠʪʝ ʨʝʰʝʥʠʝ ʜʣʷ ‗ ʠ ʈ ʦʪ  ‗ ʈ ʠ 

 ‗ ʈ ʩ ʫʯʝʪʦʤ ʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ὑ  
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ʉʡʪ. 3. ʉʙʪʪʰʡʫʙʦʦʧʞ ʠʦʙʰʞʦʡʞ ʨʙʩʙʥʞʫʩʧʛ ʈʁɽ-ʩʞʜʬʤʸʫʧʩʙ ʝʤʸ ʠʙʝʙʦʦʧʜʧ ʠʙʨʙʪʙ  

ʨʧ ʭʙʠʞ (Ųpm) ʨʩʡ 40ǔ 
 
ʇʝʨʝʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʳ ʜʣʷ C1(s), C2(s) ʠ C3(s) ʜʣʷ ʟʘʧʘʩʘ ʧʦ ʬʘʟʝ 40Ǔ ʜʘʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 4. 
 

 
ʉʡʪ. 4. ʈʞʩʞʮʧʝʦʙʸ ʮʙʩʙʣʫʞʩʡʪʫʡʣʙ ʪʡʪʫʞʥʴ ʝʤʸ C1(s), C2(s) ʡ C3(s) ʝʤʸ ʠʙʨʙʪʙ ʨʧ ʭʙʠʞ 40ǔ 

 
ɻʴʛʧʝ 

ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʥʘʩʪʨʦʡʢʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʜʨʦʙʥʦʛʦ ʧʦʨʷʜʢʘ. ʇʨʝʜʩʪʘʚ-
ʣʝʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʜʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʎʠʛʣʝʨʘ-ʅʠʢʦʣʩʘ ʜʣʷ Kp ʠ Ki, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʪʦʜ ɸʩʪ-
ʨʦʤʘ-ʍʘʛʛʣʫʥʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Kd ʜʣʷ ʦʙʳʯʥʦʛʦ PID. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʘʨʘʤʝʪ-
ʨʳ Kp ʠ Ki ʜʣʷ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʜʨʦʙʥʦʛʦ ʧʦʨʷʜʢʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʤʝʪʦʜʫ ʎʠʛʣʝʨʘ- ʅʠʢʦʣʩʘ, ʘ 
ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ Kd , ɚ ʠ ɛ ʙʳʣʠ ʥʘʡʜʝʥʳ ʧʦ ʤʝʪʦʜʫ ɸʩʪʨʦʤʘ-ʍʘʛʛʣʫʥʜʘ. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘ-
ʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʜʨʦʙʥʦʛʦ ʧʦʨʷʜʢʘ ʠʤʝʝʪ ʣʫʯʰʫʶ ʨʝʘʢʮʠʶ, ʯʝʤ ʦʙʳʯʥʳʡ ʇʀɼ-
ʨʝʛʫʣʷʪʦʨ. ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʥʘʩʪʨʦʡʢʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʜʨʦʙʥʦʛʦ 
ʧʦʨʷʜʢʘ, ʙʝʟʫʩʣʦʚʥʦ, ʙʫʜʝʪ ʦʯʝʥʴ ʚʘʞʥʳʤ. ʈʝʛʫʣʷʪʦʨ ʌʆʇʀɼ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʜʘ-
ʞʝ ʢʦʛʜʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʧʦʨʷʜʢʘ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʠʢʘʢʦʡ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. 
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ǲǣǩ 67.017  

ǮǤǯǰǮǤǩǱǧǡǺ ǮǯǧǫǤǬǤǬǧǾ 
ǩǭǫǮǭǦǧǵǧǭǬǬǭǢǭ ǫǟǱǤǯǧǟǪǟ ǡ ǰǳǤǯǤ 
ǯǟǩǤǱǭǰǱǯǭǤǬǧǾ 

 
ǰȍȊȃǿȑȍȁ ǣȋȇȑȏȇȈ ǰȄȏȂȄȄȁȇȖ, 
ǬȍȐȉȍȁ ǣǿȌȇȇȊ ǟȌȃȏȄȄȁȇȖ 

ʩʪʫʜʝʥʪʳ 
ʌɻɹʆʋ ɺʆ çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʫʯʥʳʡ ʧʨʦʛʨʝʩʩ ʟʘʩʪʘʚʣʷʝʪ ʚʩʶ ʩʬʝʨʫ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʳʩʪʨʦ ʘʜʘʧʪʠ-

ʨʦʚʘʪʴʩʷ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʥʜʝʥʮʠʷʤ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʧʝʨʝʥʠʤʘʪʴ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʙʳ 
ʢʦʥʝʯʥʘʷ ʧʨʦʜʫʢʮʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʦʩʪʘʚʘʣʘʩʴ ʘʢʪʫʘʣʴʥʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ, ʚʩʣʝʜʩʪʚʠʝ 
ʯʝʛʦ ʦʥʦ ʤʦʛʣʦ ʦʩʪʘʚʘʪʴʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ. 

ɺ ʯʠʩʣʦ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʬʝʨʝ ʚʭʦʜʠʪ ʫʤʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʚʥʝʜ-
ʨʷʪʴ ʚ ʩʚʦʶ ʨʘʙʦʪʫ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʧʣʦʰʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ.1), ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝ-
ʩʪʚʘ ʩʣʦʝʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʭʘʨʘʢʪʝʨʦʤ 
ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʢʘʭ. 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʝʣʷʪʩʷ ʥʘ, (ʨʠʩ. 2): 
- ʤʘʪʝʨʠʘʣʳ ʩ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ; 
- ʤʘʪʝʨʠʘʣʳ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ. 
ɼʣʷ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʠʤʝʨʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʠ ʢʝʨʘʤʠʯʝ-

ʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. ɺ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦʣʦʢʥʘ ʠʟ ʨʘʟʣʠʯʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ (ʩʪʝʢʣʦ, ʫʛʣʝʨʦʜ, ʙʦʨ). 

ɹʦʦʧʫʙʯʡʸ: ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʷʚʣʷʝʪʩʷ 
ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɸʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚʦ-
ʧʨʦʩ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʝʧʨʝʛ, ʤʘʪʝʨʠʘʣ, ʧʨʝʠʤʫʱʝʩʪʚʘ, ʜʦʩʪʦʠʥʩʪʚʘ, ʥʝʜʦ-
ʩʪʘʪʢʠ. 
 

PROSPECTS FOR THE APPLICATION OF COMPOSITE MATERIAL IN THE FIELD OF ROCKET 
PRODUCTION 

 
Soldatov Dmitry Sergeevich, 

Noskov Daniil Andreevich 
 
Abstract: Of the most promising areas in mechanical engineering, the use of composite material in production 
is used. The authors of this article considered the issue of optimizing the use of a composite material, its ad-
vantages and disadvantages. 
Key words: composite material, prepreg, material, advantages, advantages, disadvantages. 
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ʉʡʪ. 1. ʊʤʧʡʪʫʙʸ ʪʫʩʬʣʫʬʩʙ ʣʧʥʨʧʠʡʯʡʧʦʦʧʜʧ ʥʙʫʞʩʡʙʤʙ 
 
ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʚʳʧʦʣʥʷʶʪ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʤʘʪʨʠʮʳ (ʘʣʶʤʠʥʠʡ, ʤʘʛʥʠʡ, ʥʠʢʝʣʴ), ʢʦʪʦʨʫʶ ʫʧʨʦʯʥʷʶʪ ʚʳʩʦʢʦʧʨʦʯʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʥʝ ʨʘʩʪʚʦʨʷʶ-
ʱʠʤʠʩʷ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʣʣʝ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ʉʡʪ. 2. ʅʙʫʞʩʡʙʤ ʥʙʫʩʡʯʴ ʝʤʸ ʃʅ 
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ɸʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʨʘʪʥʦ ʧʦʚʳʰʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʧʨʦʯʥʦʩʪʴ, ʞʘʨʦʩʪʦʡʢʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʩʬʝʨʝ ʨʘʢʝʪʦʩʪʨʦʝʥʠʷ ʥʝʤʳʩʣʝʤʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ 
ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʢʝʪʥʘʷ ʪʝʭʥʠʢʘ ʠʩʧʳʪʳʚʘ-
ʝʪ ʦʛʨʦʤʥʳʝ ʥʘʛʨʫʟʢʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʝ, ʚʠʙʨʘʮʠʷ, ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 
ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʜʠʘʮʠʠ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʪʝʭʥʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʣʘʜʳʚʘʪʴ ʤʘʪʝʨʠʘʣ, ʩʧʦʩʦʙʥʳʡ 
ʚʳʜʝʨʞʠʚʘʪʴ ʚʩʝ ʵʪʠ ʥʘʛʨʫʟʢʠ, ʩ ʯʝʤ ʦʪʣʠʯʥʦ ʩʧʨʘʚʣʷʝʪʩʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ. 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʫʩʪʫʧʘʝʪ ʧʦ ʤʥʦʞʝʩʪʚʫ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤ-
ʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʝʩ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ 10 ï 40% ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʦʯ-
ʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʦʝ ʨʘʢʝ-
ʪʦʩʪʨʦʝʥʠʝ ʠʤʝʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʩʚʦʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪʳ ʩ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ 
ʤʘʪʝʨʠʘʣʦʤ. ɺʩʣʝʜʩʪʚʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʥʠʞʘʝʪʩʷ ʤʘʩʩʘ ʠʟʜʝʣʠʷ, ʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʠʪʴ ʤʘʩʩʫ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʘʭ ʜʚʠʛʘʪʝʣʴ-
ʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʇʦʚʳʰʘʶʪʩʷ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʦʩʧʨʠʥʠʤʘʪʴ ʙʦʣʝʝ ʘʛʨʝʩ-
ʩʠʚʥʳʝ ʥʘʛʨʫʟʢʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ.  
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ǲǣǩ 374.3 

ǟǩǱǲǟǪǻǬǭǰǱǻ ǭǠǲǶǤǬǧǾ ǭǰǬǭǡǟǫ WEB-
ǯǟǦǯǟǠǭǱǩǧ ǭǠǲǶǟǽǸǧǴǰǾ ǭǰǬǭǡǬǭǨ 
ǷǩǭǪǺ 

ǴǿȈȏȍȁǿ ǫǿȏȇȞ AȌȃȏȄȄȁȌǿ 
ʩʪʫʜʝʥʪ ʙʘʢʘʣʘʚʨʠʘʪʘ 

ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ.ʅʦʩʦʚʘ, 
ʈʦʩʩʠʷ, ʛ.ʄʘʛʥʠʪʦʛʦʨʩʢ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʈʦʤʘʥʦʚʘ ʄʘʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ 

ʢ.ʧ.ʥ., ʜʦʮʝʥʪ 
ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ.ʅʦʩʦʚʘ 

 

 
ɺ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ ʥʝʫʤʦʣʠʤʦ ʨʘʩʪʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʥʝʪ-ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʦ ʜʘʥʥʳʤ ʛʣʦʙʘʣʴ-

ʥʦʛʦ ʦʪʯʝʪʘ Digital 2020 ʘʛʝʥʪʩʪʚʘ WeAreSocial ʠ Hootsuite ʦ ʛʣʦʙʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦ-
ʛʠʡ ʚ 2020 ʛʦʜʫ, ʙʦʣʝʝ 4,5 ʤʠʣʣʠʘʨʜʘ ʣʶʜʝʡ ʧʦʣʴʟʫʶʪʩʷ ʠʥʪʝʨʥʝʪʦʤ, ʘ ʘʫʜʠʪʦʨʠʷ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ 
ʧʨʝʚʳʩʠʣʘ ʦʪʤʝʪʢʫ ʚ 3,8 ʤʠʣʣʠʘʨʜʘ. 

WEB-ʨʘʟʨʘʙʦʪʢʘ- ʵʪʦ  ʨʘʙʦʪʘ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʨʘʟʨʘʙʦʪʢʦʡ WEB ʩʘʡʪʘ ʜʣʷ ʩʝʪʠ ʠʥʪʝʨʥʝʪ.  ɺʩʝ 
ʤʳ ʝʞʝʜʥʝʚʥʦ ʧʨʦʚʦʜʠʤ ʢʘʢʦʝ-ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʚ ʠʥʪʝʨʥʝʪʝ, ʢʪʦ-ʪʦ ʯʠʪʘʝʪ ʢʘʢʫʶ-ʣʠʙʦ ʠʥʬʦʨ-
ʤʘʮʠʶ ʜʣʷ ʫʯʝʙʳ, ʜʣʷ ʨʘʙʦʪʳ; ʢʪʦ-ʪʦ çʩʠʜʠʪè ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʢʪʦ-ʪʦ ʧʨʦʚʦʜʠʪ ʚʨʝʤʷ ʚ ʧʨʠʣʦʞʝ-
ʥʠʷʭ. ɺʩʝ ʵʪʦ WEB-ʨʘʟʨʘʙʦʪʢʠ.  

ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ: ʥʝʭʚʘʪʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ Web-ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʨʳʥ-
ʢʝ, ʘ ʪʘʢ ʞʝ ʧʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ Web-ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʥʘʰʠʭ ʰʢʦʣʘʭ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʙʘʟʦʚʦʛʦ ʢʫʨʩʘ 
ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʀʂʊ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ, ʌɻʆʉ, ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʦ, ʘ ʪʘʢ ʞʝ ʚʥʝʫʨʦʯ-
ʥʳʝ ʨʘʙʦʯʠʝ ʧʨʦʛʨʘʤʤʳ ʪʦʞʝ ʠʤʝʶʪ ʤʘʣʦ ʨʝʩʫʨʩʦʚ ʥʘ ʪʦ, ʯʪʦʙʳ ʫʯʠʪʴ Web-ʩʧʝʮʠʘʣʠʩʪʦʚ. ʂʘʢʠʝ ʝʩʪʴ 
ʨʝʱʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʨʘʩʩʢʘʟʘʥʦ ʚ ʩʪʘʪʴʝ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: WEB-ʨʘʟʨʘʙʦʪʢʘ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʩʧʝʮʠʘʣʠʩʪ, ʚʥʝʫʨʦʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʰʢʦʣʘ, 
ʠʥʬʦʨʤʘʪʠʢʘ, ʀʂʊ. 
 

THE RELEVANCE OF TEACHING THE BASICS OF WEB DEVELOPMENT TO PRIMARY SCHOOL 
STUDENTS 

Hairova Maria Andreevna 
 

Scientific adviser: Romanova Marina Viktorovna 
 
Abstract: This article discusses the following problems: the lack of web development specialists in the market, 
as well as the problem of obtaining web education. In our schools, within the framework of studying the basic 
course of computer science and ICT, the number of hours provided for by the Federal State Educational 
Standard is very limited, and there are also few resources in extracurricular work programs for training web 
specialists. What are the ways to solve these problems, described in the article. 
Key words: WEB development, programming, specialist, extracurricular activities, school, computer science, 
ICT. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʝʩʣʠ ʟʘʡʪʠ ʥʘ ʩʘʡʪʳ ʧʦ ʧʦʠʩʢʫ ʨʘʙʦʪʳ, ʪʘʢʠʝ ʢʘʢ çHeadHunterè, çʈʘʙʦ-
ʪʘ.ʨʫè, çʖʣʘ ʨʘʙʦʪʘè, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʯʠʩʣʝ ʧʝʨʚʳʭ ʧʨʦʬʝʩʩʠʠ ʠʟ IT- ʩʬʝʨʳ. WEB-ʜʠʟʘʡʥʝʨʳ, 
WEB-ʨʘʟʨʘʙʦʪʯʠʢʠ, WEB-ʧʨʦʛʨʘʤʤʠʩʪʳ, ʤʝʥʝʜʞʝʨ WEB-ʧʨʦʝʢʪʦʚ ʠ ʝʱʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʢʘʥ-
ʩʠʡ. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʦʧʣʘʯʠʚʘʶʪʩʷ ʦʪ 80000-200000 ʪʳʩʷʯ ʨʫʙʣʝʡ. ʅʦ ʢʘʜʨʦʚ ʩʠʣʴ-
ʥʦ ʥʝ ʭʚʘʪʘʝʪ, ʭʦʨʦʰʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʵʪʦʡ ʩʬʝʨʝ ʤʘʣʦ ʠ ʧʦʵʪʦʤʫ ʦʯʝʥʴ ʯʘʩʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʭʦʨʦ-
ʰʠʝ WEB-ʧʨʦʜʫʢʪʳ ʩʦʟʜʘʶʪʩʷ ʥʝ ʚ ʈʦʩʩʠʠ, ʘ ʟʘ ʨʫʙʝʞʦʤ. ʇʦʪʦʤʫ ʯʪʦ ʯʘʱʝ ʚʩʝʛʦ ʟʥʘʥʠʷ ʠ ʥʘʚʳʢʠ ʚ 
ʪʘʢʠʭ ʧʨʦʬʝʩʩʠʷʭ ʧʦʣʫʯʘʶʪʩʷ ʥʝ ʚ ɺʋɿʘʭ ʠ ʢʦʣʣʝʜʞʘʭ, ʘ ʥʘ ʢʫʨʩʘʭ.  ɺ ʧʦʠʩʢʦʚʠʢʝ ʝʩʣʠ ʦʩʪʘʚʠʪʴ ʟʘʧʨʦʩ 
ʥʘ ʪʝʤʫ WEB ʪʝʭʥʦʣʦʛʠʡ, ʩʨʘʟʫ ʧʦʷʚʣʷʝʪʩʷ ʨʝʢʣʘʤʘ ʢʫʨʩʘ çWEB-ʨʘʟʨʘʙʦʪʢʘ ʩ ʥʫʣʷè ʦʪ skillbox, çʆʙʫ-
ʯʝʥʠʝ WEB 3.0 ʨʘʟʨʘʙʦʪʢʝè ʦʪ gb.ru, ʢʫʨʩʳ WEB-ʨʘʟʨʘʙʦʪʢʠ ʦʪ ʗʥʜʝʢʩʘ.  ʅʦ ʚʩʝ ʵʪʠ ʢʫʨʩʳ ʥʝ ʪʘʢ ʤʘʣʦ 
ʩʪʦʷʪ, ʘ ʝʱʝ ʦʥʠ ʧʨʦʭʦʜʷʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ. ʄʳ ʚʩʝ ʣʶʜʠ ʨʘʟʥʳʝ, ʢʪʦ-ʪʦ ʤʦʞʝʪ ʪʘʢ ʫʩʚʦʠʪʴ ʤʘʪʝʨʠʘʣ, ʘ 
ʢʪʦ-ʪʦ ʥʝʪ. ʂʪʦ-ʪʦ ʠʤʝʝʪ ʜʝʥʴʛʠ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʧʣʘʪʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʘ ʢʪʦ-ʪʦ ʥʝʪ. ɿʥʘʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ 
ʧʦ Web-ʪʝʭʥʦʣʦʛʠʷʤ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʣʶʙʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 
ʨʝʩʫʨʩʦʚ ʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪ ʩʣʦʞʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʚ ʥʘʰʝ ʚʨʝʤʷ, ʧʦʪʦʤʫ ʯʪʦ ʀʥʪʝʨʥʝʪ ʷʚʣʷʝʪʩʷ ʦʛʨʦʤʥʳʤ 
ʨʳʥʢʦʤ ʠ ʥʝ ʤʝʥʝʝ ʦʛʨʦʤʥʦʡ ʨʝʢʣʘʤʥʦʡ ʘʫʜʠʪʦʨʠʝʡ. ʉʦʙʩʪʚʝʥʥʳʝ ʩʘʡʪʳ ʝʩʪʴ ʫ ʤʘʣʝʥʴʢʠʭ, ʩʨʝʜʥʠʭ, 
ʙʦʣʴʰʠʭ ʢʦʤʧʘʥʠʡ, ʫ ʢʦʨʧʦʨʘʮʠʡ ʠ ʨʘʟʣʠʯʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. ɺ ʠʥʪʝʨʥʝʪʝ ʤʦʞʥʦ ʦʪʣʠʯʥʦ ʧʨʦʜʚʠʛʘʪʴ 
ʩʚʦʠ ʨʘʟʨʘʙʦʪʢʠ. ʇʨʦʜʚʠʛʘʪʴ ʤʦʞʥʦ ʩʝʙʷ, ʢʘʢ ʩʧʝʮʠʘʣʠʩʪʘ ʠ ʢʦʤʧʘʥʠʶ, ʚ ʢʦʪʦʨʦʡ ʪʳ ʨʘʙʦʪʘʝʰʴ, ʜʣʷ 
ʨʝʘʣʠʟʘʮʠʠ ʝʝ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʥʝ ʪʦʣʴʢʦ ʫʤʝʪʴ ʧʦʣʴʟʦʚʘʪʴʩʷ ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, 
ʥʦ ʠ ʩʦʟʜʘʚʘʪʴ ʧʨʦʜʫʢʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ: ʩʘʡʪʳ, ʧʦʨ-
ʪʘʣʳ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʧʝʮʠʘʣʠʩʪʳ, ʢʦʪʦʨʳʝ ʨʘʟʙʠʨʘʶʪʩʷ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʧʦʜʦʙ-
ʥʳʝ ʧʨʦʜʫʢʪʳ ʩʪʘʥʦʚʷʪʩʷ ʦʯʝʥʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʠ ʠʤ ʤʥʦʛʦ ʧʣʘʪʷʪ. ʅʫʞʥʳ ʩʧʝʮʠʘʣʠʩʪʳ, ʦʩʚʦʠʚʰʠʝ ʦʩ-
ʥʦʚʥʳʝ Web-ʪʝʭʥʦʣʦʛʠʠ: CSS, ʍHTML, Framework, Ajax, jQuery, JavaScript, HTML5. ʀʟʫʯʝʥʠʝ ʚʦʧʨʦʩʦʚ, 
ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʟʜʘʥʠʝʤ Web-ʧʨʦʜʫʢʪʦʚ ʚ ʨʘʤʢʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʠʩʮʠʧʣʠʥ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʉʫʱʝ-
ʩʪʚʫʝʪ ʜʝʬʠʮʠʪ ʟʥʘʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʀ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩʝʡʯʘʩ, ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ 
ʟʘʢʘʟʳ ʦʪ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ çWeb ï ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶè ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʩʝ ʫʚʝʣʠʯʠ-
ʚʘʶʪʩʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʣʠʰʴ ʚ ʥʝʢʦʪʦʨʳʭ ɺʫʟʘʭ ʥʘʰʝʡ ʩʪʨʘʥʳ ʩʪʘʣʠ ʛʦʪʦʚʠʪʴ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ 
ʥʘʧʨʘʚʣʝʥʠʶ çWeb ïʜʠʟʘʡʥè.  ʇʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʨʘʟʨʘʙʦʪʢʝ çWeb-ʪʝʭʥʦʣʦʛʠʡè ʚ ʦʩʥʦʚʥʦʡ 
ʰʢʦʣʝ ʠ ɺʋɿʘʭ ʙʫʜʝʪ ʦʧʨʘʚʜʘʥʘ ʠ ʚʦʩʪʨʝʙʦʚʘʥʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. 

ɹʳʣʦ ʙʳ ʟʜʦʨʦʚʦ, ʝʩʣʠ ʙʳ ʚ ʦʩʥʦʚʥʦʡ ʰʢʦʣʝ ʨʝʙʷʪʘʤ ʜʘʚʘʣʠ ʵʪʠ ʟʥʘʥʠʷ ʠ ʥʝ ʧʨʠʭʦʜʠʣʦʩʴ ʙʳ ʠʭ 
ʧʦʣʫʯʘʪʴ ʥʘ ʢʫʨʩʘʭ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʙʘʟʦʚʦʛʦ ʢʫʨʩʘ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʀʂʊ ʢʦʣʠʯʝʩʪʚʦ 
ʯʘʩʦʚ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ, ʌɻʆʉ, ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʦ. ʀ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʟʥʘʥʠʷ ʠ ʥʘʚʳʢʠ 
ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʠʥʪʝʨʝʩʦʚ ʰʢʦʣʴʥʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʥʝʫʨʦʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ.  

ɽʩʪʴ ʜʚʘ ʚʠʜʘ ʚʥʝʫʨʦʯʥʦʡ ʨʘʙʦʪʳ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʀʂʊ: 1) ʵʪʦ ʟʘʥʷʪʠʷ ʩ ʫʯʝʥʠʢʘʤʠ, ʢʦʪʦʨʳʝ 
ʦʪʩʪʘʶʪ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʫ ʥʠʭ ʟʘʧʘʜʘʶʪ ʢʘʢʠʝ-ʪʦ ʪʝʤʳ, ʦʥʠ ʥʝ ʧʦʥʠʤʘʶʪ ʠ ʧʦʵʪʦʤʫ 
ʧʦʣʫʯʘʶʪ ʧʣʦʭʠʝ ʦʮʝʥʢʠ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʚʥʝʫʨʦʯʥʳʝ ʟʘʥʷʪʠʷ ʠʜʫʪ ʥʘ ʧʦʣʴʟʫ ʠ ʧʦʤʦʛʘʶʪ ʫʯʝʥʠʢʫ ʧʦʜ-
ʪʷʥʫʪʴ ʩʚʦʠ ʟʥʘʥʠʷ; 2) ʵʪʦ ʨʘʙʦʪʘ ʩ ʫʯʝʥʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʦʙʦʨʦʪ ʙʣʝʩʪʷʱʝ ʫʩʚʘʠʚʘʶʪ ʫʯʝʙʥʫʶ ʧʨʦ-
ʛʨʘʤʤʫ, ʠʤ ʠʥʪʝʨʝʩʥʘ ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʦʥʠ ʭʦʪʷʪ ʠʟʫʯʘʪʴ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʙʦʣʝʝ ʫʛʣʫʙʣʝʥʥʦ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʠʥʬʦʨʤʘʪʠʢʝ ʚʦʟʥʠʢʣʦ ʤʥʦʛʦ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʠʤʝʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ 
ʟʥʘʯʝʥʠʝ ʠ ʦʛʨʦʤʥʳʡ ʧʦʟʥʘʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ï ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 
ʙʝʟʦʧʘʩʥʦʩʪʴ, ʤʫʣʴʪʠʤʝʜʠʘ, ʛʠʧʝʨʪʝʢʩʪ, ʠʥʪʝʨʥʝʪ ʠ web-ʜʠʟʘʡʥ. ɺʩʝ ʵʪʦ ʫʞʝ ʥʘʰʣʦ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ, ʦʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʝʜʝʥ-
ʥʳʭ ʯʘʩʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʛʦ ʦʩʚʦʝʥʠʷ ʠʥʪʝʨʝʩʫʶʱʠʭ ʪʝʤ, ʘ ʚʥʝʫʨʦʯʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʭʦ-
ʨʦʰʠʤ ʧʦʜʩʧʦʨʴʝʤ ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʫʯʘʱʠʭʩʷ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʀʂʊ. ʅʘ ʚʥʝʫʨʦʯʥʳʭ 
ʟʘʥʷʪʠʷʭ ʜʝʪʠ ʚʳʭʦʜʷʪ ʟʘ ʪʝʩʥʳʝ ʨʘʤʢʠ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʫʯʘʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʙʠʨʘʪʴ ʨʦʜ 
ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʩʦʙʦʡ ʟʘʜʘʯʠ, ʠʩʢʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʝʰʝ-
ʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʧʨʦʝʢʪʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʠ, ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ, ʦʙʱʘʪʴʩʷ ʜʨʫʛ 
ʩ ʜʨʫʛʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʷ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʤʳ  ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ Web-ʪʝʭʥʦʣʦʛʠʠ  ʚʦʩ-
ʪʨʝʙʦʚʘʥʳ ʚ ʥʘʰʠ ʜʥʠ, ʘ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʵʪʦʡ ʩʬʝʨʝ ʥʘ ʚʝʩ ʟʦʣʦʪʘ. ʀʟʫʯʝʥʠʝ ʜʘʥʥʦʡ ʦʙʣʘʩʪʴ ʚ ʰʢʦʣʝ 
ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʫʯʘʱʠʭʩʷ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ ʰʢʦʣʴʥʠʢʦʚ. ɼʣʷ 
ʵʪʦʛʦ ʥʫʞʥʳ ʧʦʣʥʦʮʝʥʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʠ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʢʫʨʩʳ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘ ʢʦ-
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ʪʦʨʳʭ ʧʝʜʘʛʦʛʠ ʤʦʛʫʪ ʜʘʪʴ ʙʘʟʫ ʰʢʦʣʴʥʠʢʘʤ ʚ ʦʙʣʘʩʪʠ web-ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʜʛʦʪʦʚʠʪʴ ʠʭ ʜʣʷ ʜʘʣʴʥʝʡ-
ʰʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʥʘ ʧʨʦʬʠʣʴʥʳʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 
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ǮǯǧǫǤǬǤǬǧǤ ǩǭǫǮǭǦǧǱǬǭǨ ǟǯǫǟǱǲǯǺ ǡ 
ǰǱǯǭǧǱǤǪǻǰǱǡǤ  

ǩȒȆȌȄȕȍȁǿ ǤȊȄȌǿ ǡȊǿȃȇȋȇȏȍȁȌǿ, 
ʢ.ʪ.ʥ. ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ǰȉȇȀǿ ǩȇȏȇȊȊ ǧȂȍȏȄȁȇȖ, 
ǩȏǿȐȌȍȁǿ ǟȌȌǿ ǩȍȌȐȑǿȌȑȇȌȍȁȌǿ, 

ǡȊǿȐȄȌȉȍ ǟȌǿȐȑǿȐȇȞ ǩȍȌȐȑǿȌȑȇȌȍȁȌǿ 
ʩʪʫʜʝʥʪʳ 

ʌɻɹʆʋ ɺʆ çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ɸʨʤʘʪʫʨʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʘʷ ʢʦʤʧʦʟʠʪʥʘʷ (ɸʅʂ) -ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʧʨʦʜʫʢʪ, ʧʨʠʰʝʜʰʠʡ ʥʘ ʟʘʤʝʥʫ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʝ, ɸʅʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʝʞʥʠ ʠʟ ʩʪʝʢʣʷʥʥʳʡ, 
ʙʘʟʘʣʴʪʦʚʳʭ, ʫʛʣʝʨʦʜʥʳʭ ʠʣʠ ʘʨʘʤʠʜʥʳʭ ʚʦʣʦʢʦʥ, ʧʨʦʧʠʪʘʥʥʳʝ ʩʚʷʟʫʶʱʠʤ ʧʦʣʠʤʝʨʦʤ. ɺʦʣʦʢʥʘ ʩʳ-
ʨʴʷ ʩʦʝʜʠʥʷʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʦʜʠʥ ʝʜʠʥʳʡ ʩʪʝʨʞʝʥʴ, ʧʦʩʣʝ ʯʝʛʦ, ʬʦʨʤʠʨʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʨʸʙʨʘ 
ʜʣʷ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʮʝʧʣʝʥʠʷ ʩ ʙʝʪʦʥʦʤ, ʚ ʢʦʥʮʝ ʧʦʣʫʯʠʚʰʠʡʩʷ ʩʪʝʨʞʝʥʴ ʦʪʧʨʘʚʣʷʶʪ ʚ ʧʝʯʴ, ʛʜʝ 
ʦʥ ʪʚʝʨʜʝʝʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʊʝʭʥʦʣʦʛʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʦʤʧʦʟʠʪʥʦʡ ʘʨʤʘʪʫʨʳ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʚ 70-ʝ ʛʦʜʳ ʚ ʉʉʉʈ, ʩʦ-
ʚʝʪʩʢʠʡ ʩʦʶʟ ʟʘʥʠʤʘʣ ʣʠʜʠʨʫʶʱʠʝ ʤʝʩʪʦ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʦʤʧʦʟʠʪʥʦʡ ʘʨʤʘʪʫʨʳ. ʂʦʤʧʦʟʠʪʥʘʷ ʘʨʤʘ-
ʪʫʨʳ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘ ʠʤʝʥʥʦ: ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʠ ʛʨʘʞʜʘʥʩʢʦʤ 
ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʟʜʘʥʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʤʘʣʦʵʪʘʞʥʳʭ), ʯʘʱʝ ʚʩʝʛʦ, ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʝ-
ʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʚ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʚʦʟʚʝʜʝ-
ʥʠʷ ʫʢʨʝʧʣʝʥʠʡ ʦʪʢʦʩʦʚ ʜʦʨʦʛ, ʙʝʨʝʛʦʫʢʨʝʧʣʝʥʠʡ, ɸʅʂ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʫʢʨʝʧʣʝʥʠʷ ʛʨʫʥ-

ɹʦʦʧʫʙʯʡʸ: ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʘʨʤʘʪʫʨʳ ʚ 
ʧʨʦʤʳʰʣʝʥʥʦʤ ʠ ʛʨʘʞʜʘʥʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʘʨʤʘʪʫʨʳ ʚ ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ʇʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʥʘ ʦʩʥʦ-
ʚʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʢʘʢ ʜʦʩʪʦʠʥʩʪʚʘ ʢʦʤʧʦʟʠʪʥʦʡ ʘʨʤʘʪʫʨʳ, ʪʘʢ ʠ ʝʸ ʥʝʜʦʩʪʘʪʢʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʘʨʤʘʪʫʨʘ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʠʟ-
ʛʠʙʝ. 
 

APPLICATION OF COMPOSITE REINFORCEMENT IN CONSTRUCTION 
 

Kuznetsova Elena Vladimirovna, 
Skiba KirilI gorevich, 

Krasnova Anna Konstantinovna, 
Vlasenko Anastasia Konstantinovna 

 
Abstract: This article discusses the use of composite reinforcement in industrial and civil construction of vari-
ous kinds of structures, as well as the possibility of using composite reinforcement in concrete structures. The 
data analysis was carried out, on the basis of which both the advantages of composite reinforcement and its 
disadvantages were identified. 
Key words: composite reinforcement, corrosion resistance, strength, bending stress. 
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ʪʦʚʳʭ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʳ ʤʦʞʝʤ ʦʧʠʨʘʪʴʩʷ 
ʥʝ ʪʦʣʴʢʦ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʳʯʠʩʣʝʥʠʷ, ʥʦ ʠ ʥʘ ʤʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʥʦʡ ʘʨʤʘʪʫʨʳ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʩʳʨʴʷ, ʨʘʟʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʘʨʤʘʪʫ-
ʨʳ: 

-ʩʪʝʢʣʦʢʦʤʧʦʟʠʪʥʫʶ (ɸʉʂ) 
-ʙʘʟʘʣʴʪʦʢʦʤʧʦʟʠʪʥʫʶ (ɸɹʂ) 
-ʫʛʣʝʢʦʤʧʦʟʠʪʥʫʶ (ɸʋʂ) 
-ʘʨʘʤʠʜʦʢʦʤʧʦʟʠʪʥʫʶ (ɸɸʂ) 
-ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʢʦʤʧʦʟʠʪʥʫʶ (ɸʂʂ) 
ʕʪʠ ʚʠʜʳ ɸʅʂ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛ ʜʨʫʛʘ ʥʝ ʪʦʣʴʢʦ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʥʦ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʉʨʘʚʥʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʪʥʦʡ ʘʨʤʘʪʫʨʳ 
ʩ, ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʠʟ ʩʪʘʣʴʥʳʭ ʘʨʤʘʪʫʨ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʘʨʤʘʪʫʨʦʡ ɸ500ʉ ʧʨʝʜʩʪʘʚʣʝ-
ʥʦ ʚ ʪʘʙʣʠʮʝ 1. 

 
ʋʙʚʤʡʯʙ 1  

ʍʡʠʡʣʧ-ʥʞʮʙʦʡʰʞʪʣʡʞ ʪʛʧʢʪʫʛʙ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ɸʉʂ ɸɹʂ ɸʋʂ ɸɸʂ ɸʂʂ ɸ500ʉ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 800 800 1400 1400 1000 450 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ 300 300 300 300 300 450 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ɻʇʘ 50 50 130 70 100 200 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʨʝʟʝ, ʄʇʘ 150 150 350 190 190 300 

ʇʨʠʜʝʣ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ, ʄʇʘ 12 12 12 12 12 13 

ʇʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, oC 60 60 60 60 60 400 

 
ɺʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʘʨʤʘʪʫʨʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʥʘʣʦʛʠʯʥʦʡ ʩʪʘʣʴʥʦʡ, ʷʚʣʷʝʪʩʷ ʝʝ ʤʝʥʴʰʝʝ ʦʛʥʝʩʪʦʡʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘ-
ʚʦʤ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠ ʘʥʪʠʢʦʨʨʦʟʠʡʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʢʦʤʧʦʟʠʮʠʦʥʥʫʶ ʘʨʤʘʪʫʨʫ ʨʘʮʠʦʥʘʣʴʥʦ ʧʨʠʤʝʥʷʪʴ 
ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʙʲʝʢʪʦʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ 
ʘʛʨʝʩʩʠʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢ ʞʝ ʙʣʘʛʦʜʘʨʷ ʵʪʠʤ ʩʚʦʡʩʪʚʘʤ, ʬʫʥʜʘʤʝʥʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝ 
ɸʅʂ, ʤʦʛʫʪ ʙʳʪʴ ʟʘʣʦʞʝʥʳ ʥʠʞʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʚ ʨʘʡʦʥʘʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦ-
ʩʪʴʶ ʩʪʨʦʠʪʝʣʴʩʪʚʘ  

ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʤʝʪʦʜʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʦʡ ʘʨʤʘʪʫʨʳ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʝʸ ʚ ʙʝʪʦʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ɸʅʂ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʘʥʪʠʢʦʨʨʦʟʠʡʥʳʤ ʩʚʦʡʩʪʚʘʤ 
ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ. ɹʝʪʦʥʥʳʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʝʪʩʷ ɸʅʂ ʧʨʠ-
ʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʇʨʠ ʜʦʣʞʥʦʤ ʨʘʩʯʝʪʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʚ ʪʠʧʦʚʳʭ ʨʝʰʝʥʠʷʭ ʩʙʦʨʥʳʭ ʙʝ-
ʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɸʅʂ ʧʨʠ ʨʘʚʥʦʧʨʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʝ, ʥʦ ʤʦʥʪʘʞʥʳʝ ʧʝʪʣʠ ʩʙʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʩʸ ʞʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟ 
ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʳ. ɸʅʂ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʘʨʤʠʨʦʚʘʥʠʷ ʩʙʦʨʥʳʭ ʢʦʥʪʨʘʢʮʠʡ ʪʠʧʘ ʜʦʨʦʞʥʳʭ 
ʧʣʠʪ, ʢʦʪʦʨʳʝ ʚʦʩʧʨʠʥʠʤʘʶʪ ʤʥʦʛʦʢʨʘʪʥʳʝ ʥʘʛʨʫʟʢʠ, ʚʳʟʳʚʘʶʱʠʝ ʜʝʬʦʨʤʘʮʠʶ (ʠʟʛʠʙ ʠ ʨʘʩʪʷʞʝʥʠʝ). 

ʋʩʠʣʝʥʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʥʝʰʥʠʤ ʘʨʤʠʨʦʚʘʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʪʥʦʡ ʘʨʤʘʪʫ-
ʨʳ ʧʨʦʚʦʜʠʪʩʷ ʚ ʨʷʜʝ ʩʣʫʯʘʷʭ: 

- ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʚʨʝʞʜʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ, ʚʦʟʥʠʢʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʚʥʝʰʥʠʡ ʚʣʠʷʥʠʡ (ʩʠʣʦʚʳʭ, ʢʦʨʨʦʟʠʡʥʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ); 

- ʠʟʤʝʥʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ ʟʜʘʥʠʷ; 
- ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʟʜʘʥʠʷ ʠʣʠ ʩʪʨʦʝʥʠʷ; 
- ʚʥʝʩʝʥʠʝ ʢʦʨʨʝʢʪʠʨʦʚʦʢ ʚ ʢʦʥʩʪʨʫʢʮʠʶ, ʢ ʧʨʠʤʝʨʫ, ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ. 
 



40 ǰǱǲǣǤǬǶǤǰǩǧǨ ǬǟǲǶǬǺǨ ǳǭǯǲǫ 0.01 

 

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

 
ʉʡʪ. 1. ɺʞʫʧʦʦʴʞ ʪʫʩʧʡʫʞʤʵʦʴʞ ʣʧʦʪʫʩʬʣʯʡʡ ʪ ʛʧʠʥʧʟʦʧʪʫʵʷ ʡʪʨʧʤʵʠʧʛʙʦʡʸ ɹʆʃ 

 
ɺʳʚʦʜʳ. ɺ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʷʭ ʟʘʤʝʥʠʪʴ ʩʪʘʣʴʥʫʶ ʘʨʤʘʪʫʨʫ ʥʘ ʢʦʤʧʦʟʠʪʥʫʶ ʥʝ ʪʘʢ ʧʨʦ-

ʩʪʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɸʅʂ ʙʫʜʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʝʸ ʩʚʦʡʩʪʚʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʭ ʥʝʪ ʚ ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʝ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʢʘʩʘʝʪʩʷ ʝʸ ʭʠʤʠ-
ʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʘʥʪʠʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. 

ʏʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʡ ʘʨʤʘʪʫʨʳ, ʥʫʞʥʦ ʟʘʥʷʪʴʩʷ ʫʣʫʯʰʝʥʠʝʤ ʝʸ 
ʦʪʩʪʘʶʱʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʫʧʨʫʛʦʩʪʴ ʠ ʧʨʝʜʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʫʚʝʣʠʯʝʥʠʶ 
ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʥʦʡ ʘʨʤʘʪʫʨʳ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʪʠ ʠʥʥʦʚʘʮʠʠ 
ʩʜʝʨʞʠʚʘʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʥʦ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʙʫʜʫʱʝʤ ʩʤʦʛʫʪ ʨʝʰʠʪʴ 
ʵʪʦʪ ʚʦʧʨʦʩ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʉʊʆ ʅʆʉʊʈʆʁ 2.6.90-2013 ʇʨʠʤʝʥʝʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʝʪʦʥʥʳʭ ʠ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥ-

ʩʪʨʫʢʮʠʷʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʪʥʦʡ ʘʨʤʘʪʫʨʳ 
2. ʊʝʭʥʦʣʦʛʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ /ɸ.ɸ ɸʬʘʥʘʩʴʝʚ, ʅ.ʅ ɼʘʥʠʣʦʚ, ɺ.ɼ 

ʂʦʧʳʣʦʚ, ʠ ʜʨ.; ʇʦʜ ʨʝʜ. ʅ.ʅ. ɼʘʥʠʣʦʚʘ, ʆ.ʄ. ʊʝʨʝʥʪʴʝʚʘ -2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ.: -ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 
2002.-464 ʩ. 

3. ɺʘʩʠʣʴʝʚ ɺ.ɺ., ʇʨʦʪʘʩʦʚ ɺ.ɼ., ɹʦʣʦʪʠʥ ɺ.ɺ. ʠ ʜʨ., ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ. -ʄ.: ʄʘʰʠʥʦ-
ʩʪʨʦʝʥʠʝ, 1990. 

4. ʈ.ɻ. ʂʘʩʠʤʦʚ, ʊ.ʂ. ɹʝʣʦʚʘ ʀʥʥʦʚʘʮʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 
ʆʨʝʥʙʫʨʛ: ʆɻʋ 2021. 119 ʩ. 

  






































































































































































































































































































































