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ʅʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ ʩʦʩʪʘʚʣʝʥ ʧʦ ʤʘʪʝʨʠʘʣʘʤ XIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-
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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉʦʩʪʘʚ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

ɸʛʘʨʢʦʚʘ ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ï 

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʥʘʥʯʝʥʢʦ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʪʠʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ɹʘʙʘʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï  

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʦʷʨʩʢʠʡ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ɹʫʟʥʠ ɸʨʪʝʤʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ʕʜʫʘʨʜʦʚʠʯ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺʣʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ɻʝʪʤʘʥʩʢʘʷ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ 

ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï 

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï 

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʐʚʝʮ ʀʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ ï  
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ǬǟǬǭǱǤǴǬǭǪǭǢǧǧ ǣǪǾ ǮǭǡǺǷǤǬǧǾ 
ǰǤǨǰǫǭǰǱǭǨǩǭǰǱǧ ǦǣǟǬǧǨ8 ǫǟǱǤǯǧǟǪǺ* 
ǱǤǴǬǭǪǭǢǧǧ ǧ ǮǤǯǰǮǤǩǱǧǡǺ ǮǯǧǫǤǬǤǬǧǾ 

ǯȚȅȍȁ ǰȑȄȎǿȌ ǡȊǿȃȇȋȇȏȍȁȇȖ 
ʩʪʫʜʝʥʪ 

ɻʆʋ ɺʆ ʄʆ çɻʉɻʋè, ʛ. ʂʦʣʦʤʥʘ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɼʫʙʠʮʢʘʷ ʃʘʨʠʩʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 
ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ ʠ ʭʠʤʠʠ  

ɻʆʋ ɺʆ ʄʆ çɻʉɻʋè ʛ. ʂʦʣʦʤʥʘ 
 

 
ʅʘʚʝʨʥʦʝ, ʢʘʞʜʳʡ ʝʱʝ ʚ ʨʘʥʥʝʤ ʚʦʟʨʘʩʪʝ ʥʝ ʟʘʜʫʤʳʚʘʣʩʷ, ʢʘʢ ʟʜʘʥʠʷ, ʘ ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʥʝʙʦ-

ʩʢʨʸʙʳ ʩʪʦʷʪ ʩʝʙʝ, ʠ ʠʭ çʥʝ ʩʜʫʚʘʝʪ ʚʝʪʨʦʤè. ʉʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʨʠʭʦʜʠʪ ʦʩʦʟʥʘʥʠʝ, ʥʘʩʢʦʣʴʢʦ 
ʫʷʟʚʠʤʳ ʟʜʘʥʠʷ ʧʝʨʝʜ ʩʠʣʘʤʠ ʧʨʠʨʦʜʳ, ʦʩʦʙʝʥʥʦ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʘʭ. ɿʝʤʣʝʪʨʷʩʝʥʠʷ 
ʫʥʦʩʷʪ ʞʠʟʥʠ, ʨʘʟʨʫʰʘʶʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʥʘʥʦʩʷʪ ʦʛʨʦʤʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʢʦʥʪʝʢʩʪʝ 
ʧʦʚʳʰʝʥʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩ-
ʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ, ʚʢʣʶʯʘʶʱʠʝ ʤʦʜʠʬʠʢʘʮʠʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʥʦ-
ʯʘʩʪʠʮʘʤʠ, ʩʦʟʜʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʧʦʢʨʳʪʠʡ ʠ ʚʥʝʜʨʝʥʠʝ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʥʘʥʦʫʨʦʚʥʝ 
ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʠʥʪʝʛʨʘʮʠʠ ʟʥʘʥʠʡ ʦ 
ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʭ ʚ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ ʵʣʝʢʪʠʚʥʳʭ 
ʢʫʨʩʦʚ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʢʘʢ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʬʠʣʷ, ʪʘʢ ʠ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʢʣʘʩʩʦʚ, ʩ ʮʝʣʴʶ 
ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʥʘʫʢʠ ʠ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: nanotechnology, nanoparticles, building materials, nanocomposites, nanosensors. 
 

NANOTECHNOLOGY FOR IMPROVING SEISMIC RESISTANCE OF BUILDINGS: MATERIALS, 
TECHNOLOGIES AND APPLICATION PROSPECTS 

 
Ryzhov Stepan Vladimirovich 

 
Scientific advirser: Dubitskaya Larisa Vladimirovna 

 
Abstract: a comprehensive analysis of the use of nanotechnology in the context of increasing the seismic re-
sistance of construction projects is considered. Promising areas of research and development are considered, 
including the modification of traditional building materials with nanoparticles, the creation of functional nano-
coatings and the introduction of sensor systems at the nanolevel for monitoring the state of structures. Particu-
lar attention is paid to the issues of integrating knowledge about nanotechnology into the educational process, 
and approaches are proposed for developing elective courses for schoolchildren, both general and for engi-
neering classes, with the aim of popularizing science and training future specialists in the field of earthquake-
resistant construction. 
Keywords: nanotechnology, nanoparticles, nanomaterials, super strength, nanosensors. 
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ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʷʚ-
ʣ̫ ʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʢʨʘʡʥʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. ʅʦ ʚʦʪ ʠ ʟʜʝʩʴ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʪʨʫʜʥʦʩʪʠ, ʚʝʜʴ ʚ ʩʦʚʨʝ-
ʤʝʥʥʦʡ ʰʢʦʣʝ ʥʝʪ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟʫʯʝʥʠʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʪʘʢʦʤ ʫʨʦʚʥʝ. 
ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʘʢʪʠʢʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦ-
ʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ, ʥʦ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʦʥʠʤʘʪʴ, ʧʨʠʤʝʥʷʪʴ ʠ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʢʨʘʡʥʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʟʥʘʥʠʡ ʦ ʥʘʥʦ-
ʪʝʭʥʦʣʦʛʠʷʭ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʥʘʯʠʥʘʷ ʩʦ ʰʢʦʣʴʥʦʡ ʩʢʘʤʴʠ. 

 ʉʪʦʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʝʡʯʘʩ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʫ ʫʯʝʥʠʢʦʚ ʠ ʠʭ ʨʦʜʠʪʝʣʝʡ ʟʘʚʦʝʚʘʣʠ ʠʥʞʝ-
ʥʝʨʥʳʝ ʢʣʘʩʩʳ. ʆʥʠ ʩʦʟʜʘʶʪʩʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ ʠʥʞʝʥʝʨʦʚ, ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʪʝʭʥʦʣʦʛʦʚ ʠ ʜʨʫ-
ʛʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʥʘʫʢʝ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ 
ʩʝʡʩʤʦʩʪʦʡʢʦʤʫ ʩʪʨʦʠʪʝʣʴʩʪʚʫ, ʪʘʢʠʝ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʙʝʪʦʥʘ, ʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 
ʠ ʩʠʩʪʝʤ ʚʠʙʨʦʠʟʦʣʷʮʠʠ, ï ʵʪʦ ʦʙʣʘʩʪʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʟʘʥʠʤʘʶʱʘʷʩʷ ʩʦʟʜʘʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʠʤʝʶʱʠʭ ʨʘʟʤʝʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 100 ʥʘʥʦʤʝʪʨʦʚ (ʥʤ). ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 
ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 
ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʙʝʪʦʥ, ʩʪʘʣʴ, ʢʠʨʧʠʯ ʠ ʧʦʣʠʤʝʨʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʦʙʘʚʣʝʥʠʝ ʥʘʥʦ-
ʯʘʩʪʠʮ ʚ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʠʭ ʧʨʦʯʥʦʩʪʴ, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʩʠ-
ʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʜʘʝʪ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʨʘʟʨʫʰʝʥʠʷ. ʅʘ 
ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʩʝʡ-
ʩʤʦʩʪʦʡʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ: ʥʘʥʦʢʦʤʧʦʟʠʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʤʘʪʝʨʠʘʣʳ, ʚ ʢʦʪʦʨʳʭ ʦʜʠʥ ʠʣʠ 
ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʦʚ ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʚ ʥʘʥʦʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʙʝʪʦʥ, ʩʪʘʣʴ ʠ ʧʦ-
ʣʠʤʝʨʳ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʶʪʩʷ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦ-
ʪʨʫʙʢʠ (ʋʅʊ), ʛʨʘʬʝʥ, ʥʘʥʦʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ (SiO2), ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ (TiO2) ʠ ʥʘʥʦʛʣʠʥʳ. ɼʦ-
ʙʘʚʣʝʥʠʝ ʋʅʊ ʚ ʙʝʪʦʥ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʝʛʦ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʠ ʨʘʩʪʷʞʝʥʠʝ, ʘ ʪʘʢʞʝ 
ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ. ɻʨʘʬʝʥ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʛʠʙʢʦʩʪʴʶ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 
ʘʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ. ʅʘ-
ʥʦʯʘʩʪʠʮʳ SiO2 ʠ TiO2 ʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʧʣʦʪʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʙʝʪʦʥʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʝʛʦ ʫʩʪʦʡ-
ʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ. ʉʣʝʜʫʶʱʠʝ ʚʠʜ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ï ʥʘʥʦʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʳʝ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʦʥʢʠʝ ʧʣʝʥʢʠ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʫʣʫʯ-
ʰʝʥʠʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘʥʦʧʦʢʨʳʪʠʷ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʱʠʪʫ ʦʪ ʢʦʨʨʦʟʠʠ, ʧʦ-
ʚʳʰʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʫʣʫʯʰʘʪʴ ʘʜʛʝʟʠʶ ʤʝʞʜʫ ʩʣʦʷʤʠ 
ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʩʝʡʩʤʦʩʪʦʡʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʘʥʦʧʦʢʨʳʪʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʟʘʱʠʪʳ ʩʪʘʣʴ-
ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪ ʢʦʨʨʦʟʠʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ. 
ʂʨʦʤʝ ʪʦʛʦ, ʥʘʥʦʧʦʢʨʳʪʠʷ ʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʩʮʝʧʣʝʥʠʝ ʤʝʞʜʫ ʩʪʘʣʴʶ ʠ ʙʝʪʦʥʦʤ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ 
ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘʥʦʩʝʥʩʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʠʟʤʝʨʷʪʴ ʨʘʟʣʠʯʥʳʝ 
ʧʘʨʘʤʝʪʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ 
ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʘʥʦʩʝʥʩʦʨʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʡ, ʥʘʧʨʷ-
ʞʝʥʠʡ, ʚʠʙʨʘʮʠʡ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ. ʀʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʥʘʥʦʩʝʥʩʦʨʦʚ, ʤʦʞʝʪ ʙʳʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʝʥʠʷ ʟʜʘʥʠʷ ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 
ʥʘʥʦʩʝʥʩʦʨʦʚ, ʚʢʣʶʯʘʷ ʧʴʝʟʦʨʝʟʠʩʪʠʚʥʳʝ ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʋʅʊ, ʝʤʢʦʩʪʥʳʝ ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʛʨʘ-
ʬʝʥʘ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ. ʉʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝʩʷ ʤʘʪʝʨʠʘʣʳ - ʦʜʥʠʤ ʠʟ 
ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 
ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩʧʦʩʦʙʥʳ ʩʘʤʦʩʪʦʷ-
ʪʝʣʴʥʦ ʟʘʣʝʯʠʚʘʪʴ ʪʨʝʱʠʥʳ ʠ ʧʦʚʨʝʞʜʝʥʠʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʢʦʥʩʪʨʫʢʮʠʡ. 
ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʠʩʧʦʣɹ -
ʟʦʚʘʥʠʝ ʙʘʢʪʝʨʠʡ, ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʥʘʥʦʯʘʩʪʠʮ. ʅʘʧʨʠʤʝʨ, ʚ ʙʝʪʦʥ ʤʦʛʫʪ ʙʳʪʴ ʜʦʙʘʚ-
ʣʝʥʳ ʙʘʢʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʪʨʝʱʠʥ ʘʢʪʠʚʠʨʫʶʪʩʷ ʠ ʚʳʜʝʣʷʶʪ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ, ʢʦʪʦʨʳʡ 
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ʟʘʧʦʣʥʷʝʪ ʪʨʝʱʠʥʳ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʂʘʢ ʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚ 
ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ? 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʠ-
ʧʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʢʣʶʯʘʷ, ʢ ʧʨʠʤʝʨʫ, ʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ: ʤʦʜʠʬʠʢʘʮʠʷ ʙʝʪʦʥʘ ʩ ʧʦ-
ʤʦʱʴʶ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʝʛʦ ʧʨʦʯʥʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʢ ʪʨʝʱʠʥʘʤ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʅʘ-
ʥʦʯʘʩʪʠʮʳ ʤʦʛʫʪ ʟʘʧʦʣʥʷʪʴ ʧʦʨʳ ʚ ʙʝʪʦʥʝ, ʫʤʝʥʴʰʘʷ ʝʛʦ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʧʦʚʳʰʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 
ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʙʘʚʣʝʥʠʝ ʋʅʊ ʚ ʙʝʪʦʥ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʝʛʦ 
ʜʝʤʧʬʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦ ʚʨʝʤʷ ʟʝʤʣʝ-
ʪʨʷʩʝʥʠʷ. ɺ ʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʥʘʥʦʧʦʢʨʳʪʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʫʶ ʟʘʱʠʪʫ ʩʪʘʣʴʥʳʭ ʢʦʥ-
ʩʪʨʫʢʮʠʡ ʦʪ ʢʦʨʨʦʟʠʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʤʦʨʩʢʦʛʦ ʢʣʠʤʘʪʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʪʤʦʩʬʝʨʳ. 
ʂʨʦʤʝ ʪʦʛʦ, ʥʘʥʦʧʦʢʨʳʪʠʷ ʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʩʮʝʧʣʝʥʠʝ ʤʝʞʜʫ ʩʪʘʣʴʶ ʠ ʙʝʪʦʥʦʤ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ 
ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʤʦʜʠʬʠʢʘʮʠʶ ʢʠʨʧʠʯʘ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʯʘʩʪʠʮ ʤʦʞʝʪ 
ʧʦʚʳʩʠʪʴ ʝʛʦ ʧʨʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʟʨʫʰʝʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʥʦʧʦʢʨʳʪʠʷ ʤʦʛʫʪ ʟʘʱʠʪʠʪʴ ʢʠʨ-
ʧʠʯ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʣʘʛʠ ʠ ʤʦʨʦʟʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢ-
ʮʠʷʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʠ ʙʠʦʩʪʦʡʢʦʩʪʠ ʜʝʨʝʚʷʥʥʳʭ 
ʢʦʥʩʪʨʫʢʮʠʡ. ʅʘʥʦʧʦʢʨʳʪʠʷ ʤʦʛʫʪ ʟʘʱʠʪʠʪʴ ʜʝʨʝʚʦ ʦʪ ʚʦʟʛʦʨʘʥʠʷ ʠ ʛʥʠʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʙʦʣʝʝ ʧʨʠ-
ʛʦʜʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʡʩʤʦʦʧʘʩʥʳʭ ʨʝʛʠʦʥʘʭ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 
ʠ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʜʦʩʪʠʛʥʫʪʳʝ ʙʣʘʛʦʜʘʨʷ ʧʨʠ-
ʤʝʥʝʥʠʶ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʤʦʛʫʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʟʘʪʨʘʪʳ. ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʫʩʠʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ ʪʘʢʦʚʳ: ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 
ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʫʩʠʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ ʚ ʩʝʡʩʤʦʦʧʘʩʥʳʭ ʨʝʛʠʦ-
ʥʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʩʠʣʝʥʠʷ ʙʝʪʦʥʥʳʭ ʠ ʢʠʨʧʠʯʥʳʭ ʩʪʝʥ, ʘ 
ʪʘʢʞʝ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʪʨʝʱʠʥ ʠ ʧʦʚʨʝʞʜʝʥʠʡ. ʅʘʥʦʧʦʢʨʳʪʠʷ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʦʪ ʢʦʨʨʦʟʠʠ ʠ 
ʫʣʫʯʰʠʪʴ ʘʜʛʝʟʠʶ ʤʝʞʜʫ ʩʣʦʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘʥʦʩʝʥʩʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥ-
ʛʘ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʚʳʷʚʣʝʥʠʷ ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʨʝʤʦʥʪʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʜʣʷ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʟʥʘʥʠʡ ʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʭ ʠ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 
ʚ ʦʙʣʘʩʪʠ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʚʥʝʜʨʷʪʴ ʵʣʝʢʪʠʚʥʳʝ ʢʫʨʩʳ ʜʣʷ 
ʰʢʦʣʴʥʠʢʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʧʦʜʛʦʪʦʚʢʠ ʠ ʠʥʪʝʨʝʩʳ. ɺ ʥʘʰʝʡ ʩʪʘʪʴʝ ʧʦʜʨʦʙʥʦ 
ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʩʪʦʠʣʦ ʙʳ ʚʢʣʶʯʠʪʴ ʚ ʰʢʦʣʴʥʫʶ ʧʨʦ-
ʛʨʘʤʤʫ. ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ ʠ 
ʩʦʦʨʫʞʝʥʠʡ. ʄʦʜʠʬʠʢʘʮʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʩʦʟʜʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 
ʥʘʥʦʧʦʢʨʳʪʠʡ ʠ ʚʥʝʜʨʝʥʠʝ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʥʘʥʦʫʨʦʚʥʝ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚ-
ʥʳʭ ʨʝʛʠʦʥʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʳʟʦʚʳ, ʤʳ ʫʚʝʨʝʥʳ, ʯʪʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʪ ʠʛʨʘʪʴ ʚʩʝ 
ʙʦʣʝʝ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʙʫʜʫʱʝʛʦ. ʅʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ 
ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 
ʩʦʟʜʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ.  
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ǯǟǰǶǤǱ ǧ ǭǵǤǬǩǟ ǮǭǱǤǯǻ ǫǭǸǬǭǰǱǧ 
ǪǟǦǤǯǬǭǢǭ ǧǦǪǲǶǤǬǧǾ ǡ ǟǱǫǭǰǳǤǯǤ ǣǪǾ 
ǪǟǦǤǯǬǭǢǭ ǢǟǦǭǟǬǟǪǧǦǟǱǭǯǟ 

 
Ǣȍȏȍȃȉȍ ǫǿȏȂǿȏȇȑǿ ǟȊȄȉȐǿȌȃȏȍȁȌǿ 

ʫʯʘʱʘʷʩʷ 11 ʢʣʘʩʩʘ, 
ɻʋʆ çʉʨʝʜʥʝʡ ʰʢʦʣʳ ˉ2 ʛ.ʉʣʦʥʠʤʘè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɽʩʤʘʥ ɼʘʥʠʠʣ ʖʨʴʝʚʠʯ  
ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʠ çʃʘʟʝʨʥʳʡ ʪʝʭʥʦʣʦʛʠʠè  

ʋʆ ʅʘʮʠʦʥʘʣʴʥʳʡ ʜʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ  
 

 
ʌʰʞʫ ʨʧʫʞʩʵ ʛ ʙʫʥʧʪʭʞʩʞ 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʚ ʘʪʤʦʩʬʝʨʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʪʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʧʨʝʜʝ-
ʣʷʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ: ʧʦʛʣʦʱʝʥʠʝʤ (ʘʧ), ʤʦʣʝʢʫʣʷʨʥʳʤ ʨʘʩʩʝʷʥʠʝʤ (ʘʤ) ʠ 
ʘʵʨʦʟʦʣʴʥʳʤ ʨʘʩʩʝʷʥʠʝʤ (ʘp). ʇʦʣʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʦʧʨʝʜʝʣʠʪʩʷ ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘ-
ʞʝʥʠʝʤ: 

 
ʘ = ́̐ - ́  ̍+́ .̑ 

 
́̑ = 0,1-0,2 ʢʤ^ī1 - ʚ ʦʢʥʘʭ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ. 

 

ɹʦʦʧʫʙʯʡʸ: ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʘʥʘʣʠʟʫ ʦʩʣʘʙʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 
ʠʟʣʫʯʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ. ʆʩʥʦʚʥʦʡ ʬʦʢʫʩ ʩʪʘʪʴʠ ï ʦʮʝʥʢʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʧʨʦ-
ʭʦʞʜʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʨʝʜʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʩʧʝ-
ʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʣʘʟʝʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʣʘʟʝʨʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ, ʣʘʟʝʨʥʳʡ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ, ʤʦʱʥʦʩʪʴ ʟʘʩʚʝʪʢʠ, ʨʘʩʩʝʷʥʠʝ 
ʩʚʝʪʘ, ʬʦʥʦʚʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ. 
 

CALCULATION AND ESTIMATION OF LASER RADIATION POWER LOSS IN THE ATMOSPHERE FOR 
LASER GAS ANALYZER 

 
Gorodko Margarita Alexandrovna 

 
Scientific adviser: Yesman Daniil Yurievich  

 
Abstract: The article is devoted to the study and analysis of attenuation of optical power of laser radiation in 
the atmosphere. The main focus of the article is the estimation of energy losses of laser radiation when travel-
ing a certain distance in the medium. The results of the study may be useful for specialists in the field of laser 
sensing and detection.  
Keywords: laser sensing, laser gas analyzer, illumination power, light scattering, background illumination. 
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ʋʙʚʤʡʯʙ 1  
ʈʧʣʙʠʙʫʞʤʵ ʥʧʤʞʣʬʤʸʩʦʧʜʧ ʩʙʪʪʞʸʦʡʸ ʛ ʠʙʛʡʪʡʥʧʪʫʡ ʧʫ ʝʤʡʦʴ ʛʧʤʦʴ ʡʠʤʬʰʞʦʡʸ 

 
 

 
 
ʛʜʝ Vʤ ï ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʜʘʣʴʥʦʩʪʴ ʚʠʜʠʤʦʩʪʠ, q = 0,585, q = 1/3 ʧʨʠ Vʤ = 10 ʢʤ; q = 1,3 ʧʨʠ 

Vʤ > 10 ʢʤ. 
ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʜʘʣʴʥʦʩʪʴ ʚʠʜʠʤʦʩʪʠ ï ʵʪʦ ʧʨʝʜʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʚ ʜʥʝʚʥʦʝ 

ʚʨʝʤʷ ʚʠʜʝʥ ʯʝʨʥʳʡ ʧʨʝʜʤʝʪ ʥʘ ʬʦʥʝ ʥʝʙʘ, ʝʩʣʠ ʫʛʣʦʚʳʝ ʨʘʟʤʝʨʳ ʧʨʝʜʤʝʪʘ ʥʝ ʤʝʥʴʰʝ 15 ʜʶʡʤ. 
ʇʚʩʙʫʦʧʞ ʩʙʪʪʞʸʦʡʞ ʛ ʙʫʥʧʪʭʞʩʞ 

ʆʙʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ ð ʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚʦʣʥ, ʯʘʩʪʠʮ 
ʠʣʠ ʩʠʛʥʘʣʦʚ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ ʝʩʪʴ ʚ ʩʪʦʨʦʥʫ ʠʩʪʦʯʥʠʢʘ. 

ɺʝʣʠʯʠʥʘ b ʩʚʷʟʘʥʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʪʝʨʴ ʥʘ ʨʘʩʩʝʷʥʠʝ. ɼʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʘʩʩʝʷʥʠʷ b = 
0,12 ʘʤ. B ʩʣʫʯʘʝ ʘʵʨʦʟʦʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ b = (0,02 - 0,03) ʘʨ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʧʦʪʝʨʴ ʥʘ, ʤʦʣʝʢʫʣʷʨʥʦʝ ʨʘʩʩʝʷʥʠʝ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʨ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʮʝʥʦʢ ʩʣʝʜʫʝʪ ʧʦʣʴʟʦ-
ʚʘʪʴʩʷ ʟʥʘʯʝʥʠʝʤ b = 0,04 ap. 

 

 
ʉʡʪ. 1. ʉʙʪʪʞʸʦʡʞ ʪʛʞʫʙ ʨʩʡ ʨʧʨʙʝʙʦʡʡ ʦʙ ʦʞʧʝʦʧʩʧʝʦʧʪʫʵ 

 
 ʆʙʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʠʞʝ: 
 

Pop ḙ 0,4 * Eʧʨ * Ű1 * Ű2 * 
̐̑

 * c * ɓ *Ὀ , 

 
ʛʜʝ ʩ - ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ (ʜʣʷ ʚʦʟʜʫʭʘ ʩ=3 10^9 ʤ/ʩ); ɽʧʨ ï ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ɽʧʨ=5 

ʤɺʪ); Ű1-ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (Ű1=50ʤʩ); Ű2-ʧʨʦʧʫʩʢʘʥʠʝ ʧʨʠʝʤʥʦʡ ʦʧʪʠʢʠ 
(90%); ɓ - ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ɓ=0,005498639 ʤ^-1); L - ʜʘʣʴʥʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ 
ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠʟʣʫʯʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (L=25ʤ); Dʧʨ - ʜʠʘʤʝʪʨ ʦʧʪʠʢʠ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ (40 

ʤʤ); ‌ - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ; T1 ʠ T2 - ʧʨʦʧʫʩʢʘʥʠʝ ʦʧʪʠʢʠ ʧʝʨʝʜʘʶʱʝʛʦ ʠ ʧʨʠʝʤʥʦʛʦ ʢʘʥʘʣʘ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 
 

ɓ=(aʧ+ʘʨ)*b. 
 
ʇʦʜʩʪʘʚʠʚ ʚ ʬʦʨʤʫʣʫ ʟʥʘʯʝʥʠʷ an, ʬp ʠ b ʙʳʣ ʧʦʣʫʯʝʥ ʨʝʟʫʣʴʪʘʪ: Pop = 3,37^-7 ɺʪ. 
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ʅʧʲʦʧʪʫʵ ʠʙʪʛʞʫʣʡ ʭʧʫʧʨʩʡʞʥʦʡʣʙ ʭʧʦʧʛʴʥ ʡʠʤʬʰʞʦʡʞʥ: 
 

ὖl ϽὈ̐ Ͻ̑— ϽὄϽЎ‗Ͻ†ϽὩ Ͻl , 

 
ʛʜʝ ὄ  ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ ʬʦʥʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʠʟʤʝ-

ʨʠʪʝʣʷ ʤʝʪʘʥʘ, [ɺʪ/(̍ ϽʩʨϽ̎ )̍]; Ὀ̐ ̑ ʜʠʘʤʝʪʨ ʦʧʪʠʢʠ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ, 0,04 ʤ; —  ʣʠʥʝʡʥʳʡ ʫʛʦʣ 

ʧʦʣʷ ʟʨʝʥʠʷ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ, 0,00624998 ʨʘʜ; Ў‗  ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʧʨʠ-
ʝʤʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʣʘʟʝʨʥʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʤʝʪʘʥʘ ʩ ʫʯʝʪʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʬʠʣʴʪʨʘ ʠ ʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ, 10 ʥʤ; †  ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʦʧʪʠ-
ʢʠ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ; Ŭ  ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ, 0,137465976 ʢʤ^-1; ὒl   
ʜʘʣʴʥʦʩʪʴ ʜʦ ʦʙʲʝʢʪʦʚ, ʨʘʩʩʝʷʥʠʝ ʥʘ ʢʦʪʦʨʳʭ ʩʦʟʜʘʝʪ ʬʦʥʦʚʫʶ ʟʘʩʚʝʪʢʫ, 25 ʤ. 

ɺ ʭʦʜʝ ʚʳʯʠʩʣʝʥʠʡ ʷʨʢʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 
 

Bɚ=0,007002817 ɺʪ/(ʤ2*ʥʤ*ʩʨ), 
Be=0,070028175 ɺʪ/(ʤ2*ʩʨ), 

ὖl ςȟτςρτχɺʪ. 
 

ʊʨʞʣʫʩ ʨʤʧʫʦʧʪʫʡ ʶʦʞʩʜʞʫʡʰʞʪʣʧʢ ʸʩʣʧʪʫʡ ʭʧʦʙ 
ʉʧʝʢʪʨ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ (ʠʣʠ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʷʨʢʦʩʪʠ) ʦʧʠʩʳʚʘʝʪ, ʢʘʢ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʜʣʠʥʘʤ ʚʦʣʥ. ʕʪʦʪ ʧʘʨʘ-
ʤʝʪʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʚʢʣʶʯʘʷ ʣʘʟʝʨʳ, ʠʟʣʫʯʝʥʠʝ ʟʚʝʟʜ, ʪʝʧ-
ʣʦʚʳʝ ʠʩʪʦʯʥʠʢʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

ʕʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʝʣʘ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʥʘʧʨʘʚʣʝ-
ʥʠʠ. ʉʧʝʢʪʨ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ (ʨʠʩ. 2). 

 

 
ʉʡʪ. 2. ʊʨʞʣʫʩ ʪʧʤʦʞʰʦʧʜʧ ʡʠʤʬʰʞʦʡʸ 

 
ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: 
 

, 
 
ʛʜʝ ” πȟω ̒̃̆̇̉̊ ̒̎̆̄Ȣ 
 

ὄ ̎̍=0,063 ˏ Ͻ̓̍ Ͻ̎ ̍ Ͻ̒ .̑ 

 



16 ǠǭǪǻǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǩǭǬǳǤǯǤǬǵǧǾ 

 

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

ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: 
 

E ɚ=1650ʥʤ = 0,22 ɺʪ ʤ-2 ʥʤ-1 . 
 

ʍʧʦʧʛʙʸ ʧʪʛʞʲʞʦʦʧʪʫʵ 
ʄʦʱʥʦʩʪʴ ʟʘʩʚʝʪʢʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʬʦʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ: 

 

ὖl ϽὈ̐ Ͻ̑— ϽὄϽЎ‗Ͻ†ϽὩ Ͻl  = 2,42147-̂9 ʃʢ. 

 

ʛʜʝ  ὄ  ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ ʬʦʥʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʠʟ-

ʤʝʨʠʪʝʣʷ ʤʝʪʘʥʘ, [ɺʪ/(̍ Ͻ ʩʨ Ͻ̎ )̍]; Ὀ̐  ̑  ʜʠʘʤʝʪʨ ʦʧʪʠʢʠ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ, [ʤ]; —  ʣʠʥʝʡʥʳʡ 

ʫʛʦʣ ʧʦʣʷ ʟʨʝʥʠʷ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ, [ʨʘʜʠʘʥ]; Ў‗  ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʧʨʠʝʤ-
ʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʣʘʟʝʨʥʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʤʝʪʘʥʘ ʩ ʫʯʝʪʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʬʠʣʴʪʨʘ ʠ ʩʧʝʢʪʨʘʣʴ-

ʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ, [ʤ]; †  ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʦʧʪʠʢʠ ʧʨʠʝʤ-
ʥʦʡ ʩʠʩʪʝʤʳ; Ŭ  ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ; ὒl  ī ʜʘʣʴʥʦʩʪʴ ʜʦ ʦʙʲʝʢʪʦʚ, ʨʘʩ-
ʩʝʷʥʠʝ ʥʘ ʢʦʪʦʨʳʭ ʩʦʟʜʘʝʪ ʬʦʥʦʚʫʶ ʟʘʩʚʝʪʢʫ, [ʤ]. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʯʠʪʳʚʘʣʠʩʴ ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-
ʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʙʦʨʘ ʠ ʚʳʧʦʣ-
ʥʷʝʤʦʡ ʟʘʜʘʯʠ ʪʘʢʞʝ ʥʫʞʥʦ ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴ ʨʘʩʭʦʜʠʤʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ 
ʩʚʝʪʦʬʠʣʴʨʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ  ʦʧʪʠʢʠ ʠ ʪ.ʜ. 
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ʪʨʦʩʢʦʧʠʷ. ʄʀʌʀ ʄʦʩʢʚʘ. ï 2022. ˉ131. ï ʉ. 116-122.  
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ǲǣǩ 31 

ǟǬǟǪǧǦ Ǯǧ- ǧ Ǯǧǣ-ǯǤǢǲǪǾǱǭǯǭǡ Ǯǭ 
ǮǯǾǫǺǫ ǩǯǧǱǤǯǧǾǫ ǩǟǶǤǰǱǡǟ Ǯǭ 
ǮǤǯǤǴǭǣǬǺǫ ǮǯǭǵǤǰǰǟǫ ǡ ǰǧǰǱǤǫǟǴ 
ǲǮǯǟǡǪǤǬǧǾ ǫǤǱǭǣǭǫ ǟǩǲǪǻǷǧǬǟ 

ǩȄȌȅȄȀǿȄȁǿ ǟȋȇȌǿ ǟȋǿȌȃȍȐȍȁȌǿ 
ʩʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʥʪ ʢʘʬ. ʇʄʀ 

ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  
ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ-ʂɸʀè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɽʤʘʣʝʪʜʠʥʦʚʘ ʃʠʣʠʷ ʖʥʝʨʦʚʥʘ 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬ. ʇʄʀ 
ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ-ʂɸʀè 
 

 
ʇʀ (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʡ) ʠ ʇʀɼ (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ) ʨʝʛʫʣʷʪʦʨʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʪʠʧʘʤʠ ʨʝʛʫʣʷʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʘʚʪʦʤʘʪʠ-
ʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ.  

 

ɹʦʦʧʫʙʯʡʸ: ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʥʘʣʠʟ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʭ (ʇʀ) ʠ ʧʨʦʧʦʨ-
ʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ (ʇʀɼ) ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʷʤʳʭ ʢʨʠʪʝʨʠʝʚ 
ʢʘʯʝʩʪʚʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʤʝʪʦʜʦʤ ɸʢʫʣʴʰʠʥʘ. ʄʝʪʦʜʦ-
ʣʦʛʠʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ ɸʢʫʣʴʰʠʥʳʤ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦ-
ʚʠʷʭ, ʫʯʠʪʳʚʘʷ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʇʀ-ʨʝʛʫʣʷʪʦʨ, ʇʀɼ-ʨʝʛʫʣʷʪʦʨ, ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ, ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʝ-
ʛʫʣʠʨʦʚʘʥʠʷ, ʬʘʟʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʌʏʍ), ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɸʏʍ), ʤʝ-
ʪʦʜ ɸʢʫʣʴʰʠʥʘ. 
 
ANALYSIS OF PI AND PID CONTROLLERS BASED ON DIRECT QUALITY CRITERIA FOR TRANSIENT 

PROCESSES IN CONTROL SYSTEMS USING THE AKULSHIN METHOD 
 

Kenzhebaeva Amina Amandosovna 
 

Scientific adviser: Emaletdinova Liliya Yunerovna  
 
Abstract: This paper presents an analysis of Proportional-Integral (PI) and Proportional-Integral-Derivative 
(PID) controllers using direct quality criteria based on transient processes in control systems, employing the 
Akulshin method. The methodology proposed by Akulshin allows for the evaluation of the controllers' effective-
ness under various conditions, taking into account the dynamic characteristics of the systems. 
Key words: PI controller, PID controller, transfer function, automatic control system, phase-frequency charac-
teristic (PFC), amplitude-frequency characteristic (AFC), Akulshin method. 



18 ǠǭǪǻǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǩǭǬǳǤǯǤǬǵǧǾ 

 

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

ʈʘʩʩʤʦʪʨʠʤ ʜʣʷ ʫʯʘʩʪʢʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʩʭʦʜʘ ʛʘʟʘ ʜʚʘ ʪʠʧʦʚʳʭ ʨʝʛʫʣʷʪʦʨʘ ʇʀ ʠ ʇʀɼ. ʆʙʱʠʡ 
ʚʠʜ ʧʦʜʢʣʶʯʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ ʢ ʦʙʲʝʢʪʫ ʠʟʦʙʨʘʞʝʥ ʥʠʞʝ (ʨʠʩ. 1). ʅʘ ʩʭʝʤʝ Wʨ3 ï ʧʝʨʝʜʘʪʦʯʥʘʷ 

ʬʫʥʢʮʠʷ ʨʝʛʫʣʷʪʦʨʘ, Wʦʙ3 ï ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʦʙʲʝʢʪʘ, ʭ ï ʟʘʜʘʥʠʝ, y ï ʫʧʨʘʚʣʝʥʠʝ, u ï 
ʦʪʢʣʦʥʝʥʠʝ, f ï ʚʦʟʤʫʱʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

 

 
ʉʡʪ. 1. ʈʧʝʣʤʷʰʞʦʡʞ ʩʞʜʬʤʸʫʧʩʙ ʣ ʧʚʳʞʣʫʬ 

 
ʇʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʡ (ʇʀ) ʨʝʛʫʣʷʪʦʨ ʠʤʝʝʪ ʬʦʨʤʫʣʫ: 

ut=KpĀet+
1

Tʠ
etdt
t

0

 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʠ ʧʝʨʝʭʦʜʥʘʷ ʬʫʥʢʮʠʷ: 

Wʨ=K1+
K0

s

K1s+K0

s
     ht Kp+

t

Tʠ
 

ʇʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ï ʠʥʪʝʛʨʘʣʴʥʦ - ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ (ʇʀɼ) ʨʝʛʫʣʷʪʦʨ ʠʤʝʝʪ ʬʦʨʤʫʣʫ: 

ut=KpĀet+
1

Tʠ
etdt
t

0

 +TɼĀ
det

dt
 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʠ ʧʝʨʝʭʦʜʥʘʷ ʬʫʥʢʮʠʷ: 

Wʨ=Kp+
1

Tʠ Ā s
+TɼĀs=

1+KpĀ Tʠ Ā s+Tʠ Ā Tɼ Ā s
2

Tʠ Ā s
      

ht=Kp+
t

Tʠ
TɼĀŭ(t); t Ó 0 

ɺ ʟʘʤʢʥʫʪʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ɸʉʈ) ʩʦʜʝʨʞʘʱʠʭ ʟʘʧʘʟʜʳʚʘʥʠʝ ʜʣʷ ʨʘʩ-
ʯʝʪʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʯʘʩʪʦʪʥʳʝ ʤʝʪʦʜʳ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʚʳʯʠʩʣʝʥʠʷ 
ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ɸʢʫʣʴʰʠʥʘ [1]. 

ʄʝʪʦʜ ɸʢʫʣʴʰʠʥʘ ï ʵʪʦ ʧʨʠʙʣʠʞʸʥʥʳʡ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʥ ʙʘʟʠʨʫʝʪʩʷ 
ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʤʝʩʪʦ ʚʭʦʜʥʦʛʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʨʠʩ. 2) ï ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʚʦʣʥʳ, ʜʝʡ-
ʩʪʚʫʶʱʝʡ ʙʝʩʢʦʥʝʯʥʦ ʜʦʣʛʦ (ʨʠʩ. 3) [2].  

 

 
ʉʡʪ. 2. ʊʣʙʰʣʧʧʚʩʙʠʦʧʞ ʛʧʠʝʞʢʪʫʛʡʞ 
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ʉʡʪ. 3. ʉʞʙʣʯʡʸ ɹʊʉ ʦʙ ʨʧʪʤʞʝʧʛʙʫʞʤʵʦʧʪʫʵ ʡʥʨʬʤʵʪʧʛ ʨʧ ʣʙʦʙʤʬ ʠʙʝʙʦʡʸ 

 
ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʝʨʠʦʜ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʚʦʣʥʳ ʊ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʣʝʜʫʶ-

ʱʝʤʫ ʫʩʣʦʚʠʶ: 
˟
˟̈ ́,̐ ʛʜʝ Tʟʘʧ ï ʚʨʝʤʷ ʧʦʣʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʠʩʪʝʤʝ. ʕʪʦ ʟʥʘ-

ʯʠʪ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t = 0 ʨʝʘʢʮʠʷ ɸʉʈ ʥʘ ʧʨʝʜʳʜʫʱʠʡ ʠʤʧʫʣʴʩ ʧʦʣʥʦʩʪʴʶ ʟʘʪʫʭʘʝʪ 
(ʨʠʩ. 3). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 0 ʚ ʩʠʩʪʝʤʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʫʣʝʚʳʝ ʥʘʯʘʣʴʥʳʝ 
ʫʩʣʦʚʠʷ [2].  

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʷ ɸʉʈ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʚʦʣʥʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʯʝʨʝʜʫʶʱʠʭʩʷ ʧʦ ʟʥʘʢʫ ʠ ʩʜʚʠʥʫʪʳʭ ʧʦ ʚʨʝʤʝʥʠ ʥʘ 
˟
 ʧʝʨʝʭʦʜʥʳʭ. ʇʦʵʪʦʤʫ ʜʣʷ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ 0 Ò 

t Ò 
˟
 ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

y(t) = h(t) Ā x0(t),   

ʛʜʝ 0 Ò t Ò   
˟
 , h(t) ï ʧʝʨʝʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 0 Ò t Ò 
˟
  ʨʝʘʢʮʠʷ ɸʉʈ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʚʦʣʥʫ ʷʚʣʷʝʪʩʷ 

ʝʝ ʢʨʠʚʦʡ ʨʘʟʛʦʥʘ, ʪʦ ʝʩʪʴ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʘʢʮʠʝʡ ʥʘ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩ ʘʤʧʣʠʪʫʜʦʡ x0. 
ʈʘʟʣʦʞʠʚ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʚʦʣʥʫ ʚ ʨʷʜ ʌʫʨʴʝ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʷʜ, ʩʦʜʝʨʞʘʱʠʡ ʥʝʯʝʪʥʳʝ ʛʘʨʤʦ-

ʥʠʢʠ: 
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, 
ʛʜʝ ʭ0 ï ʘʤʧʣʠʪʫʜʘ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; űɤ ï ʬʘʟʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʌʏʍ); Aɤ ï 

ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɸʏʍ); k ï ʯʠʩʣʦ ʛʘʨʤʦʥʠʢ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʚʦʣʥʳ; w0 ï ʯʘʩʪʦʪʘ 
ʢʦʣʝʙʘʥʠʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʚʦʣʥʳ. 

ʇʨʠ ɸʏʍ ʟʘʤʢʥʫʪʦʡ ɸʉʈ ʧʦ ʟʘʜʘʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ Aʟɤ ʠʤʝʝʪ ʨʝʟʦʥʘʥʩʥʳʡ ʧʠʢ (ʨʠʩ. 4). 
ɸʏʍ ʥʘ ʨʠʩʫʥʢʝ 4 ʠʤʝʝʪ ʩʭʦʜʩʪʚʦ ʩ ɸʏʍ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʟʚʝʥʘ. ʉʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʠ ʧʝʨʝʭʦʜ-

ʥʳʡ ʧʨʦʮʝʩʩ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʙʫʜʝʪ ʙʣʠʟʦʢ ʢ ʧʨʦʮʝʩʩʫ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʟʚʝʥʝ (ʨʠʩ. 5).  
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ʉʡʪ. 4. ɹʐʎ ʠʙʥʣʦʬʫʧʢ ɹʊʉ ʨʧ ʠʙʝʙʷʲʞʥʬ ʛʧʠʝʞʢʪʫʛʡʷ 

 

 
ʉʡʪ. 5. ʈʞʩʞʮʧʝʦʴʢ ʨʩʧʯʞʪʪ ʛ ʠʙʥʣʦʬʫʧʢ ɹʊʉ 

ʪ ʝʧʥʡʦʡʩʬʷʲʡʥʡ ʣʧʥʨʤʞʣʪʦʧ-ʪʧʨʩʸʟʞʦʦʴʥʡ ʣʧʩʦʸʥʡ 
 
ʇʨʠ ɸʏʍ ʟʘʤʢʥʫʪʦʡ ɸʉʈ ʧʦ ʢʘʥʘʣʫ ʟʘʜʘʥʠʷ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʘʷ ʬʫʥʢʮʠʷ ʯʘʩʪʦʪʳ (ʨʠʩ. 6). 
 

 
ʉʡʪ. 6. ɹʐʎ ʠʙʥʣʦʬʫʧʢ ɹʊʉ ʪ ʝʧʥʡʦʡʩʬʷʲʡʥʡ ʝʞʢʪʫʛʡʫʞʤʵʦʴʥʡ ʣʧʩʦʸʥʡ 

 
ʄʝʪʦʜʦʤ ɸʢʫʣʴʰʠʥʘ ʚʳʯʠʩʣʷʶʪʩʷ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩ ʧʦ ʟʘʜʘʥʠʶ ʠ ʧʦ ʚʦʟʤʫʱʝʥʠʶ ʜʣʷ ʇʀ-

ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʭ = 1, f = ȹʭ = 8 ʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ Ŭ = 0,15, Ŭ = 0,3, Ŭ = 0,5 [3].  
ʇʘʨʘʤʝʪʨ Ŭ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʝʛʦ ʚʳʙʠʨʘʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

0,15 ʜʦ 0,6. ʉʘʤʠ ʟʥʘʯʝʥʠʷ Ŭ ʷʚʣʷʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʠ ʟʘʚʠʩʷʪ ʦʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ. 
ʋʚʝʣʠʯʝʥʠʝ Ŭ ʚʝʜʝʪ ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦ ʚʦʟʤʫʱʝʥʠʶ, ʥʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝ-
ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʧʦ ʟʘʜʘʥʠʶ [3].  

ʉ ʧʦʤʦʱʴʶ ʧʝʨʝʭʦʜʥʳʭ ʢʨʠʚʳʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʷʤʳʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʠ ʟʘʢʦʥ ʨʝʛʫʣʠʨʦ-
ʚʘʥʠʷ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʩʣʝ-
ʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ:  

- ʉʪʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʝʫʩʪ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʣʷ ʦʙʦʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʧʦ ʟʘʜʘʥʠʶ ʠ ʧʦ ʚʦʟʤʫ-
ʱʝʥʠʶ ʝʫʩʪ = 0; 
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- ʉʪʝʧʝʥʴ ʟʘʪʫʭʘʥʠʷ y:  ʕ ρ
ˍ

ˍ
; 

- ʇʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ s ʥʘʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʮʝʩʩʘ ʧʦ ʟʘʜʘʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʪʘʢ ʢʘʢ 

ʧʦ ʚʦʟʤʫʱʝʥʠʶ hʫʩʪ = 0: ů = 
ɸ1

ʫʫʩʪ 
Ā100Ϸ; 

- ɺʨʝʤʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʊʨ: ʫt-ʫ
ʫʩʪ
(t)Òæ, tÓTp; 

æ = 5% Ā ̔̔̒ ̓ï ʜʣʷ ʧʨʦʮʝʩʩʘ ʧʦ ʟʘʜʘʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ; 

æ = 5% Ā ̔̍́̋ ̒ï ʜʣʷ ʧʨʦʮʝʩʩʘ ʧʦ ʟʘʜʘʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. 
ɺʩʝ ʨʘʩʯʝʪʘ ʜʣʷ ʇʀ- ʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʩʭʦʜʘ ʛʘʟʘ ʧʦ ʧʨʷʤʳʤ 

ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʚʥʝʩʝʤ ʚ ʪʘʙʣʠʮʫ 1. 
         

ʋʙʚʤʡʯʙ 1 
ʉʙʪʰʞʫʴ ʝʤʸ ʈʁ- ʡ ʈʁɽ-ʩʞʜʬʤʸʫʧʩʧʛ ʝʤʸ ʪʡʪʫʞʥʴ ʩʞʜʬʤʡʩʧʛʙʦʡʸ ʩʙʪʮʧʝʙ ʜʙʠʙ ʨʧ ʨʩʸʥʴʥ 

ʣʩʡʫʞʩʡʸʥ ʣʙʰʞʪʫʛʙ 

 ʈʁ-ʩʞʜʬʤʸʫʧʩ ʈʁɽ-ʩʞʜʬʤʸʫʧʩ ʨʩʡ 
ŭ = 0,15 

ʈʁɽ-ʩʞʜʬʤʸʫʧʩ ʨʩʡ ŭ 
= 0,3 

ʈʁɽ-ʩʞʜʬʤʸʫʧʩ ʨʩʡ 
ŭ = 0,5 

ʮ F ʮ f ʮ f ʮ f 

ɹ1 0,2 3,75 0,22 3,1 0,36 2,7 0,54 2,6 

ɹ3 0,01 0,3 0,02 0,3 0,04 0,15 0,02 0,05 

ɤ 0,95 0,95 0,91 0,9 0,89 0,94 0,96 0,98 

ʋʩ 23 30 17 36 13,5 19 13 6,5 

Ű 20 - 22 - 36 - 54 - 

ʞʬʪʫ 0 0 0 0 0 0 0 0 

 
ɸʥʘʣʠʟʠʨʫʷ ʧʨʷʤʳʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʣʫʯʰʝʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʩ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ. ʆʥ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ 22%, ʦʙʣʘʜʘʝʪ 
ʦʧʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʟʘʪʫʭʘʥʠʷ 0,91 ʧʦ ʟʘʜʘʥʠʶ ʠ 0,9 ʧʦ ʚʦʟʤʫʱʝʥʠʶ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴ-
ʰʠʤ ʚʨʝʤʝʥʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 17 ʤʠʥ (ʧʦ ʟʘʜʘʥʠʶ), 36 ʤʠʥ (ʧʦ ʚʦʟʤʫʱʝʥʠʶ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʇʀ-
ʨʝʛʫʣʷʪʦʨʦʤ. ɼʣʷ ʥʘʰʝʡ ɸʉʈ ʚʳʙʠʨʘʝʤ ʇʀɼ-ʟʘʢʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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UNDERSTANDING THE PHYSICAL PRINCIPLES 
BEHIND MEDICAL EQUIPMENT 
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Introduction 
Physicsðthe foundational science of nature and its phenomenaðserves as a cornerstone of scientific 

inquiry. It spans from the subatomic scale to the grand structures of the universe, offering profound insights 
into the fundamental workings of matter and energy. Through experimental validation and theoretical model-
ing, physics enables us to understand the structure and behavior of the universe. 

Beyond theoretical insights, physics has practical applications that significantly impact everyday life, 
particularly in the field of medicine. From revolutionary discoveries to the creation of life-saving diagnostic and 

ɹʦʦʧʫʙʯʡʸ. ʌʠʟʠʢʘ ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʪʦʤʥʦʛʦ ʠ ʷʜʝʨʥʦʛʦ 
ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʛʠʨʦʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ, ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʱʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦ-
ʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ ʪʚʝʨʜʳʭ ʪʝʣ. ʕʪʠ ʧʨʦʨʳ-
ʚʳ ʥʘʧʨʷʤʫʶ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʩʦʟʜʘʥʠʶ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ ʪʝʨʘ-
ʧʝʚʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʝʣʠ ʨʝʚʦʣʶʮʠʶ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ. ʉʦʚʨʝʤʝʥʥʳʡ ʧʨʦ-
ʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʙʳ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʚʢʣʘʜʘ ʬʠʟʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʥʚʝʩʪʠʮʠʶ ʚ ʟʜʦʨʦʚʴʝ 
ʯʝʣʦʚʝʢʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ, ʨʘʜʠʦʠʤʤʫʥʥʳʡ ʘʥʘʣʠʟ, ʄʈʊ, ʂʊ, ʇʕʊ. 
 

ʈʇʆʁʅɹʆʁɾ ʍʁʀʁʐɾʊʃʁʎ ʈʉʁʆʏʁʈʇɻ, ʄɾɿɹʒʁʎ ɻ ʇʊʆʇɻɾ ʅɾɽʁʏʁʆʊʃʇɼʇ 
ʇɺʇʉʌɽʇɻɹʆʁʘ 
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Abstract. The field of physics encompasses a vast domain of scientific knowledge. Fundamental research on 
atomic and nuclear radiation, as well as gyromagnetic phenomena, has given rise to powerful techniques for 
studying molecular structures and solid-state lattices. These breakthroughs have directly contributed to the 
invention and advancement of modern diagnostic and therapeutic tools that have revolutionized medical prac-
tice. Todayôs progress in medical research would be nearly impossible without the contributions of physics. 
Therefore, funding in physics research is, in effect, an investment in human health. 
Keywords: radioactivity, crystallography, radioimmunoassay, MRI, CT, PET. 
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therapeutic instruments, physics continues to drive technological innovation that benefits healthcare and socie-
ty at large [1]. 

This paper underscores the indispensable role of physics in medical science, highlighting how its princi-
ples form the backbone of modern healthcare technology. 

Objectives of the Review 
The main objectives of this review are: 
1. To explore the fundamental principles of physics that underpin modern medical technologies and 

practices. 
2. To examine the application of physics-based techniques in medical diagnosis, treatment, and re-

searchðincluding imaging modalities (e.g., X-rays, MRI, CT), radiation therapy, and laser surgery. 
3. To highlight advancements in medical physics and their impact on patient care and clinical out-

comes. 
4. To provide a comprehensive overview of interdisciplinary collaboration between physics and medi-

cine. 
5. To identify current challenges and future directions in the application of physics in medicine [2]. 
Applications of Physics in Medical Science 
1. Molecular-Level Understanding of the Human Body 
Physics plays a pivotal role in elucidating the molecular mechanisms underlying biological processes. 

Techniques such as X-ray crystallography and particle accelerators allow for high-precision determination 
of molecular structures, especially proteins [3]. For example, proteins, which are the building blocks of life, car-
ry out essential functions such as enzymatic catalysis and structural support. Understanding their 3D struc-
tures enables the design of targeted pharmaceuticalsðfor instance, in combating viruses like HIV. In addition, 
physics-driven insights into molecular motors, such as those responsible for muscle contraction or nerve sig-
nal transmission, have facilitated the development of medical devices like ECG and EEG machines. 

Overall, physics bridges molecular biology and clinical application, paving the way for more effective 
treatments and a deeper understanding of disease mechanisms [4]. 

2. Diagnostic Technologies 
Physics has transformed diagnostic medicine through non-invasive imaging technologies. Major mile-

stones include [5]: 
X-rays and CT Scans 
Discovered by Wilhelm Rºntgen in 1895, X-rays revealed internal structures by differentiating tissue 

densities. This was later enhanced by Computed Tomography (CT), developed in the 1970s, which uses 
computer algorithms to generate 3D images from multiple X-ray angles. 

Magnetic Resonance Imaging (MRI) 
MRI uses strong magnetic fields and radiofrequency pulses to generate detailed images of soft tissues. It 

is invaluable in detecting neurological disorders and musculoskeletal injuries, and it avoids ionizing radiation [6]. 
Positron Emission Tomography (PET) & Functional MRI (fMRI) 
PET tracks metabolic processes by detecting gamma rays emitted during positron-electron annihilation. 

It provides real-time insights into brain function and disorders like addiction. fMRI, meanwhile, maps brain ac-
tivity by measuring changes in blood flow, linking behavior to neural activity. 

Radioimmunoassay 
Pioneered by Rosalyn Yalow and Solomon Berson, this technique uses radioactive isotopes to detect 

hormones at very low concentrationsðrevolutionizing the diagnosis of endocrine and metabolic disorders. 
Ultrasound and Microscopy 
Ultrasound imaging uses high-frequency sound waves to visualize organs, especially in obstetrics. 

Techniques like Phase-Contrast Microscopy, developed by Frits Zernike, have also allowed detailed views of 
living cells. 

These diagnostic advances enable early detection, real-time monitoring, and more effective treatment of 
diseases. 
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3.  Physics in Therapy 
Radiotherapy 
One of the most impactful applications of nuclear physics is radiation therapy for cancer. It utilizes 

gamma rays or particle beams to destroy cancer cells while sparing surrounding healthy tissue. Isotopes like 
Cobalt-60 are widely used in external beam therapy [7]. 

Laser Therapy 
In addition to radiotherapy, the invention of the laser in 1960 by Theodore Maiman ushered in a new era 

of medical treatment and precision surgery. Lasers emit focused beams of intense light that can selectively 
vaporize or coagulate tissues with remarkable accuracy. 

Since the invention of the laser by Theodore Maiman in 1960, laser-based surgeries have gained popu-
larity for their precision and minimal invasiveness. Applications include [8,9]: 

¶ Ophthalmology (e.g., LASIK for vision correction), 
¶ Oncology (e.g., tumor ablation), 
¶ Urology (e.g., kidney stone fragmentation), 
¶ Dermatology (e.g., skin lesion removal). 
Lasers are also vital in diagnostics (e.g., laser scanning microscopy) and endoscopic surgery. 
Material Science in Reconstructive Surgery 
Physics-driven materials such as biocompatible polymers and silicon-based compounds have revo-

lutionized prosthetics, implants, and dental restoration, offering better durability and integration with body tis-
sues. 

Results 
This review demonstrates that physics-based innovation has significantly impacted both the diagnosis 

and treatment of disease. Technologies like MRI, PET, and radiotherapy are deeply rooted in concepts from 
nuclear, quantum, and atomic physics. Furthermore, emerging fields like medical nanophysics, biophoton-
ics, and computational physics are shaping the future of personalized medicine and real-time diagnostics. 

Recommendations: 
1. Promote interdisciplinary collaboration among physicists, engineers, and medical professionals. 
2. Enhance physics education in medical curricula to improve understanding of medical devices. 
3. Support research in emerging areas such as nanophysics and quantum medicine. 
4. Invest in technology infrastructure, especially in developing healthcare systems. 
5. Establish rigorous safety protocols for radiation-based therapies. 
6. Engage in public outreach to foster trust in physics-based medical advancements. 
Conclusion 
Physics is indispensable in modern medicine. From imaging technologies and radiation therapy to molecu-

lar biology and nanomedicine, it provides the tools and theoretical frameworks that underpin diagnosis, treat-
ment, and prevention. As medical challenges become more complex, the integration of physics will continue to 
enable transformative healthcare solutions that enhance patient outcomes and redefine clinical practice. 
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ǲǣǩ 7 

ǡǪǧǾǬǧǤ ǟǬǟǠǭǪǧǱǧǶǤǰǩǧǴ ǰǱǤǯǭǧǣǭǡ Ǭǟ 
ǦǣǭǯǭǡǻǤ ǰǮǭǯǱǰǱǫǤǬǟ 

ǩȍȌȄȁ ǡȇȑǿȊȇȈ ǟȊȄȉȐǿȌȃȏȍȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʅʠʢʦʣʘʝʚ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ʏʪʦ ʪʘʢʦʝ ʘʥʘʙʦʣʠʢʠ ʠ ʢʘʢ ʦʥʠ ʨʘʙʦʪʘʶʪ? 
ɸʥʘʙʦʣʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ï ʵʪʦ ʚʝʱʝʩʪʚʘ, ʫʩʢʦʨʷʶʱʠʝ ʨʦʩʪ ʠ ʨʝʛʝʥʝʨʘʮʠʶ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʥʘ 

ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ.  ʀʭ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʜʘʣʝʢʦ ʟʘ ʧʨʝʜʝʣʳ ʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤʳ: ʦʥʠ ʚʣʠ-
ʷʶʪ ʥʘ ʦʙʤʝʥ ʚʝʱʝʩʪʚ, ʛʦʨʤʦʥʘʣʴʥʳʡ ʙʘʣʘʥʩ ʠ ʜʘʞʝ ʨʘʙʦʪʫ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ.  ʇʦ ʩʫʪʠ, ʵʪʦ 
ʤʦʱʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʤʥʦʞʝʩʪʚʘ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ. [1, ʩ. 12] 

ʆʩʦʙʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʶʪ ʘʥʘʙʦʣʠʯʝʩʢʠʝ ʩʪʝʨʦʠʜʥʳʝ ʧʨʝʧʘʨʘʪʳ (ɸʉʇ), ʠʣʠ ʘʥʜʨʦʛʝʥʥʳʝ ʘʥʘ-
ʙʦʣʠʯʝʩʢʠʝ ʩʪʝʨʦʠʜʳ (ɸɸʉ).  ʆʥʠ ʠʤʠʪʠʨʫʶʪ ʜʝʡʩʪʚʠʝ ʛʣʘʚʥʳʭ ʤʫʞʩʢʠʭ ʧʦʣʦʚʳʭ ʛʦʨʤʦʥʦʚ ï ʪʝʩʪʦʩʪʝ-
ʨʦʥʘ ʠ ʜʠʛʠʜʨʦʪʝʩʪʦʩʪʝʨʦʥʘ, ʫʩʠʣʠʚʘʷ ʠʭ ʘʥʘʙʦʣʠʯʝʩʢʦʝ (ʤʳʰʝʯʥʦ-ʫʚʝʣʠʯʠʚʘʶʱʝʝ) ʜʝʡʩʪʚʠʝ. 

ɸʥʘʙʦʣʠʢʠ: ʥʝ ʪʦʣʴʢʦ ʜʦʧʠʥʛ, ʥʦ ʠ ʣʝʢʘʨʩʪʚʦ? 
ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʝʢʦʪʦʨʳʝ ɸʉʇ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʜʣʷ ʣʝʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ɹʦʦʧʫʙʯʡʸ: ʘʥʘʙʦʣʠʢʠ ʚ ʩʧʦʨʪʝ: ʪʦʥʢʘʷ ʛʨʘʥʴ ʤʝʞʜʫ ʜʦʩʪʠʞʝʥʠʝʤ ʮʝʣʠ ʠ ʨʠʩʢʦʤ ʜʣʷ ʟʜʦʨʦʚʴʷ. ʇʦʚʳ-
ʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ï ʚʝʯʥʘʷ ʤʝʯʪʘ ʣʶʙʦʛʦ ʩʧʦʨʪʩʤʝʥʘ.  ɺ ʧʦʛʦʥʝ ʟʘ ʨʝ-
ʟʫʣʴʪʘʪʦʤ ʤʥʦʛʠʝ ʦʙʨʘʱʘʶʪʩʷ ʢ ʘʥʘʙʦʣʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʘʤ, ʚʝʱʝʩʪʚʘʤ, ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʙʠʦʩʠʥʪʝʪʠ-
ʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʦʨʛʘʥʠʟʤʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʩʠʥʪʝʟ ʙʝʣʢʘ. ʆʜʥʘʢʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ 
ʫʙʝʞʜʝʥʠʝ ʚ ʙʝʟʦʛʦʚʦʨʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʥʘʙʦʣʠʢʦʚ ʯʘʩʪʦ ʟʘʪʤʝʚʘʝʪ ʨʝʘʣʴʥʳʝ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ 
ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ.  ʕʪʘ ʩʪʘʪʴʷ ʧʨʠʟʚʘʥʘ ʧʨʦʣʠʪʴ ʩʚʝʪ ʥʘ ʵʪʫ ʩʣʦʞʥʫʶ ʪʝʤʫ, ʨʘʩʩʤʦʪʨʝʚ ʢʘʢ ʧʦʣʦʞʠ-
ʪʝʣʴʥʳʝ, ʪʘʢ ʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʘʙʦʣʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ 
ʚ ʩʧʦʨʪʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɸʥʘʙʦʣʠʟʘʪʦʨʳ, ʩʪʝʨʦʠʜʳ, ʩʧʦʨʪ, ʟʜʦʨʦʚʴʝ, ʬʠʟʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʤʳʰʝʯʥʘʷ ʤʘʩʩʘ. 
 

THE EFFECT OF ANABOLIC STEROIDS ON ATHLETE'S HEALTH 
 

Konev Vitaly Alexandrovich 
 

Scientific supervisor: Nikolayev Vladimir Alexandrovich 
 
Abstract: Anabolics in sports: a fine line between achieving goals and taking risks to health. Improving the 
effectiveness of the training process is an eternal dream of any athlete. In pursuit of results, many turn to ana-
bolic drugs, substances that stimulate biosynthetic processes in the body, primarily protein synthesis. Howev-
er, the widespread belief in the unconditional effectiveness of anabolic steroids often overshadows the real 
risks associated with their use. This article aims to shed light on this complex topic by examining both the posi-
tive and, most importantly, the negative aspects of using anabolic drugs in sports. 
Keywords: Analyzers, steroids, sports, health, physical activity, muscle mass. 
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ʥʘʧʨʠʤʝʨ, ʧʨʠ ʟʘʜʝʨʞʢʝ ʧʦʣʦʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʢʘʭʝʢʩʠʠ (ʩʠʣʴʥʦʤ ʠʩʪʦʱʝʥʠʠ) ʠʣʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʘʭ ʤʳ-
ʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ.  ʆʜʥʘʢʦ ʜʦʟʠʨʦʚʢʠ ʠ ʨʝʞʠʤʳ ʧʨʠʤʝʥʝʥʠʷ ʚ ʣʝʯʝʙʥʳʭ ʮʝʣʷʭ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫʶʪ-
ʩʷ ʚʨʘʯʘʤʠ ʠ ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʝʭ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʙʝʛʘʶʪ ʩʧʦʨʪʩʤʝʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʧʦʨ-
ʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺʠʜʳ ʘʥʘʙʦʣʠʢʦʚ ʠ ʩʧʦʩʦʙʳ ʧʨʠʤʝʥʝʥʠʷ: 
ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʥʘʙʦʣʠʯʝʩʢʠʭ ʩʪʝʨʦʠʜʦʚ ʧʦ ʩʧʦʩʦʙʫ ʧʨʠʤʝʥʝʥʠʷ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʘ: ʦʨʘʣʴʥʳʝ 

(ʪʘʙʣʝʪʢʠ, ʢʘʧʩʫʣʳ) ʠ ʠʥʲʝʢʮʠʦʥʥʳʝ (ʠʥʲʝʢʮʠʠ). ʆʜʥʘʢʦ ʚ ʩʧʦʨʪʠʚʥʦʡ ʧʨʘʢʪʠʢʝ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ ʜʝ-
ʪʘʣʴʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤ ʵʬʬʝʢʪʝ: 

ɼʣʷ ʥʘʨʘʱʠʚʘʥʠʷ ʤʳʰʝʯʥʦʡ ʤʘʩʩʳ (ʙʫʣʜʠʥʛ): ʧʨʝʧʘʨʘʪʳ ʩ ʚʳʨʘʞʝʥʥʳʤ ʘʥʘʙʦʣʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. 
ɼʣʷ "ʩʫʰʢʠ" (ʨʝʣʴʝʬ): ʧʨʝʧʘʨʘʪʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʩʞʠʛʘʥʠʶ ʞʠʨʘ ʠ ʧʨʦʷʚʣʝʥʠʶ ʤʳʰʝʯʥʦʛʦ ʨʝ-

ʣʴʝʬʘ. ʏʘʩʪʦ ʩʦʯʝʪʘʶʪʩʷ ʩ ʜʠʝʪʦʡ ʠ ʠʥʪʝʥʩʠʚʥʳʤʠ ʢʘʨʜʠʦʥʘʛʨʫʟʢʘʤʠ. 
ʀʥʩʫʣʠʥʦʧʦʜʦʙʥʳʝ: ʧʦʚʳʰʘʶʪ ʫʩʚʦʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʦ ʦʙʣʘʜʘʶʪ  ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʦʧʘʩʥʳʤ  ʧʦʙʦʯʥʳʤ ʜʝʡʩʪʚʠʝʤ. 
ɼʨʫʛʠʝ ʚʠʜʳ: ʤʥʦʞʝʩʪʚʦ ʧʨʝʧʘʨʘʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʘʥʘʙʦʣʠʯʝʩʢʠʭ ʠ ʘʥʜʨʦʛʝʥʥʳʭ 

ʩʚʦʡʩʪʚ. 
ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʵʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʝʩʴʤʘ ʫʩʣʦʚʥʘ, ʠ  ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ ʟʘʚʠʩʠʪ ʦʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ, ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʨʝʞʠʤʘ, ʧʠʪʘʥʠʷ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 
ʇʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ ʠ ʨʠʩʢʠ: 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʙʦʣʠʯʝʩʢʠʭ ʩʪʝʨʦʠʜʦʚ ʙʝʟ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʜʟʦʨʘ ʩʦʧʨʷʞʝʥʦ ʩ ʩʝʨʴʝʟʥʳʤʠ 

ʨʠʩʢʘʤʠ.  ʇʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʟʘʪʨʘʛʠʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ: 
ʉʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʘʷ ʩʠʩʪʝʤʘ: ʧʦʚʳʰʝʥʠʝ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʫʚʝʣʠʯʝʥʠʝ ʨʠʩʢʘ ʠʥʬʘʨʢʪʘ 

ʤʠʦʢʘʨʜʘ ʠ ʠʥʩʫʣʴʪʘ. 
ʇʝʯʝʥʴ: ʪʦʢʩʠʯʝʩʢʦʝ ʧʦʨʘʞʝʥʠʝ ʧʝʯʝʥʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʨʠʝʤʝ ʦʨʘʣʴʥʳʭ ʩʪʝʨʦʠʜʦʚ. 
ʕʥʜʦʢʨʠʥʥʘʷ ʩʠʩʪʝʤʘ: ʩʥʠʞʝʥʠʝ ʚʳʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʩʪʦʩʪʝʨʦʥʘ, ʛʠʥʝʢʦʤʘʩʪʠʷ (ʫʚʝʣʠʯʝ-

ʥʠʝ ʤʦʣʦʯʥʳʭ ʞʝʣʝʟ ʫ ʤʫʞʯʠʥ), ʙʝʩʧʣʦʜʠʝ. 
ʇʩʠʭʠʢʘ: ʘʛʨʝʩʩʠʚʥʦʩʪʴ, ʜʝʧʨʝʩʩʠʷ, ʠʟʤʝʥʝʥʠʷ ʥʘʩʪʨʦʝʥʠʷ. 
ɼʨʫʛʠʝ: ʘʢʥʝ, ʚʳʧʘʜʝʥʠʝ ʚʦʣʦʩ, ʥʘʨʫʰʝʥʠʷ ʩʥʘ, ʛʠʧʝʨʪʨʦʬʠʷ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. 
ɸʥʘʙʦʣʠʢʠ ï ʤʦʱʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ.  

ʆʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʩʪʨʦʛʦ ʦʙʦʩʥʦʚʘʥʦ ʤʝʜʠʮʠʥʩʢʠʤʠ ʧʦʢʘʟʘʥʠʷʤʠ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ-
ʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ.  ʉʘʤʦʣʝʯʝʥʠʝ ʢʨʘʡʥʝ ʦʧʘʩʥʦ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʦʙʨʘʪʠʤʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ 
ʟʜʦʨʦʚʴʷ.  ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ ʦ ʧʨʠʝʤʝ ʘʥʘʙʦʣʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʚʟʚʝʩʠʪʴ ʚʩʝ "ʟʘ" ʠ "ʧʨʦ-
ʪʠʚ", ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʢʦʥʩʫʣʴʪʠʨʦʚʘʚʰʠʩʴ ʩ ʚʨʘʯʦʤ ʠ ʪʨʝʥʝʨʦʤ.  ʇʦʤʥʠʪʝ, ʟʜʦʨʦʚʴʝ ï ʵʪʦ ʩʘʤʦʝ ʮʝʥ-
ʥʦʝ,  ʯʪʦ ʫ ʚʘʩ ʝʩʪʴ. ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʘʥʘʙʦʣʠʯʝʩʢʠʭ ʩʪʝʨʦʠʜʦʚ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ 
ʩʧʦʨʪʩʤʝʥʘʤʠ, ʪʘʢ ʠ ʦʙʳʯʥʳʤʠ ʣʶʜʴʤʠ, ʩʪʨʝʤʷʱʠʤʠʩʷ ʫʣʫʯʰʠʪʴ ʩʚʦʶ ʬʠʟʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʤʦʞʥʦ ʚʳ-
ʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʝʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʤʠ.ʕʪʠ ʩʨʝʜʩʪʚʘ ʦʪʣʠʯʘʶʪʩʷ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʧʫʣʷʨ-
ʥʳʤʠ ʩʨʝʜʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. [2, ʩ. 79] 

 ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. ʇʝʨʚʳʤ ʚ ʥʘʰʝʤ ʩʧʠʩʢʝ ʷʚʣʷʝʪʩʷ ɸʥʘʚʘʨ. ʕʪʦ ʩʨʝʜ-
ʩʪʚʦ ʩʦʜʝʨʞʠʪ ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʦʢʩʘʥʜʨʦʣʦʥ, ʢʦʪʦʨʳʡ ʚʳʧʫʩʢʘʝʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ. 
ʂʘʞʜʘʷ ʫʧʘʢʦʚʢʘ ʩʦʜʝʨʞʠʪ 30 ʪʘʙʣʝʪʦʢ, ʠ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʠʤʝʝʪ ʜʦʟʠʨʦʚʢʫ ʚ 5 ʤʛ. ɸʥʘʚʘʨ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ 
ʂʠʪʘʝ ʠʟʚʝʩʪʥʦʡ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʝʡ çʍʫʙʝʡ ʍʫʘʥʛʰʠè. ʕʪʦʪ ʧʨʝʧʘʨʘʪ ʩʣʘʚʠʪʩʷ ʩʚʦʠʤ ʚʳ-
ʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʘʥʜʨʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʙʝʟʦʧʘʩ-
ʥʳʭ ʘʥʘʙʦʣʠʢʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ. ʉʣʝʜʫʶʱʠʡ ʧʨʝʧʘʨʘʪ, ɹʦʥʘʚʘʨ, ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʦʢʩʘʥʜʨʦʣʦʥ, 
ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʘʥʘʣʦʛʦʤ ɸʥʘʚʘʨʘ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ɹʦʥʘʚʘʨ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ 
ʘʥʜʨʦʛʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ. ʕʪʦʪ ʧʨʝʧʘʨʘʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʊʘʠʣʘʥʜʝ ʢʦʤʧʘʥʠʝʡ çɹʦʜʠ ʈʝʩʝʘʨʯè, ʢʦʪʦʨʘʷ 
ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʧʦʨʪʠʚʥʦʛʦ ʧʠʪʘʥʠʷ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɹʦ-
ʥʘʚʘʨ ʚʳʧʫʩʢʘʝʪʩʷ ʚ ʫʧʘʢʦʚʢʘʭ ʧʦ 50 ʪʘʙʣʝʪʦʢ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ 2,5 ʤʛ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ. 
ʕʪʦ ʜʝʣʘʝʪ ʝʛʦ ʫʜʦʙʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʤʦʞʥʦ ʣʝʛʢʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʜʦʟʠʨʦʚʢʫ. ʊʨʝʪʠʡ ʧʨʝ-
ʧʘʨʘʪ ʚ ʥʘʰʝʤ ʩʧʠʩʢʝ ð ɸʥʘʧʦʣʦʥ. ɽʛʦ ʘʢʪʠʚʥʳʤ ʚʝʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʦʢʩʠʤʝʪʦʣʦʥ, ʢʦʪʦʨʳʡ ʠʟʚʝʩʪʝʥ 
ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ɸʥʘʧʦʣʦʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʨʫʧʥʦʡ ʪʫʨʝʮʢʦʡ ʢʦʤʧʘʥʠʝʡ çAbdi Ibrahimè ʠ 
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ʚʳʧʫʩʢʘʝʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ 50 ʤʛ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʋʧʘʢʦʚʢʘ ʚʢʣʶ-
ʯʘʝʪ 20 ʪʘʙʣʝʪʦʢ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʫʜʦʙʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɸʥʘʧʦʣʦʥ ʯʘʩʪʦ ʚʳʙʠʨʘʶʪ ʪʝ, ʢʪʦ ʩʪʨʝ-
ʤʠʪʩʷ ʢ ʙʳʩʪʨʦʤʫ ʥʘʙʦʨʫ ʤʳʰʝʯʥʦʡ ʤʘʩʩʳ, ʦʜʥʘʢʦ ʩʪʦʠʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʧʨʝʧʘ-
ʨʘʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʥʠʤʘʪʝʣʴʥʦ ʩʣʝʜʠʪʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʟʜʦʨʦʚʴʷ, ʪʘʢ ʢʘʢ ʦʥ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʨʷʜ ʧʦʙʦʯ-
ʥʳʭ ʵʬʬʝʢʪʦʚ. ʏʝʪʚʝʨʪʳʤ ʧʨʝʧʘʨʘʪʦʤ, ʢʦʪʦʨʳʡ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʷʚʣʷʝʪʩʷ ɸʥʜʨʘʢʩʦʥ. ʕʪʦ ʩʨʝʜʩʪʚʦ 
ʩʪʘʣʦ ʧʦʧʫʣʷʨʥʳʤ ʩʨʝʜʠ ʥʘʯʠʥʘʶʱʠʭ ʙʦʜʠʙʠʣʜʝʨʦʚ. ɺ ʝʛʦ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʪʝʩʪʦʩʪʝʨʦʥ ʠ undecanoate, 
ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʥʘʙʦʨʘ ʤʳʰʝʯʥʦʡ ʤʘʩʩʳ ʠ ʫʣʫʯʰʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʨʘʙʦ-
ʪʦʩʧʦʩʦʙʥʦʩʪʠ. ɸʥʜʨʘʢʩʦʥ ʚʳʧʫʩʢʘʝʪʩʷ ʚ ʚʠʜʝ ʢʘʧʩʫʣ ʜʣʷ ʠʥʲʝʢʮʠʡ, ʚ ʫʧʘʢʦʚʢʝ ʧʦ 30 ʰʪʫʢ, ʩ ʜʦʟʠʨʦʚ-
ʢʦʡ 40 ʤʛ ʢʘʞʜʘʷ. ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʵʪʦʛʦ ʧʨʝʧʘʨʘʪʘ ð ʧʘʢʠʩʪʘʥʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʚʭʦʜʷʱʝʝ ʚ ʢʨʫʧʥʫʶ 
ʤʠʨʦʚʫʶ ʩʝʪʴ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ çOrganonè. ɸʥʜʨʘʢʩʦʥ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝ-
ʣʝʡ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʜʥʘʢʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʜʨʫʛʠʤʠ 
ʘʥʘʙʦʣʠʢʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʦʩʪʦʨʦʞʥʦʩʪʴ ʠ ʩʣʝʜʠʪʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʦʨʛʘʥʠʟʤʘ. [3, ʩ. 86] 

 ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʢʫʨʩʘ ʘʥʘʙʦʣʠʢʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʢʦʥʩʫʣʴʪʠʨʦʚʘʪʴʩʷ ʩ ʚʨʘʯʦʤ ʠʣʠ 
ʩʧʝʮʠʘʣʠʩʪʦʤ ʚ ʦʙʣʘʩʪʠ ʩʧʦʨʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ. ʕʪʦ ʧʦʤʦʞʝʪ ʠʟʙʝʞʘʪʴ ʥʝʧʨʠʷʪʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʠ ʚʳ-
ʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʧʨʝʧʘʨʘʪ ʩ ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ ʠ ʮʝʣʝʡ, ʢʦ-
ʪʦʨʳʝ ʩʪʘʚʠʪ ʧʝʨʝʜ ʩʦʙʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ. ʊʘʢʞʝ ʩʪʦʠʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʘʥʘʙʦʣʠʯʝʩʢʠʝ ʩʪʝʨʦʠʜʳ ʥʝ ʷʚʣʷ-
ʶʪʩʷ ʧʘʥʘʮʝʝʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʧʦʨʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʥʠ ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ ʥʘʙʦʨʝ ʤʳʰʝʯʥʦʡ ʤʘʩʩʳ 
ʠ ʫʣʫʯʰʝʥʠʠ ʬʠʟʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʥʦ ʙʝʟ ʜʦʣʞʥʦʡ ʪʨʝʥʠʨʦʚʢʠ ʠ ʧʨʘʚʠʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʠʭ ʵʬʬʝʢʪ ʙʫʜʝʪ 
ʤʠʥʠʤʘʣʴʥʳʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʘʞʥʦ ʩʦʯʝʪʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʙʦ-
ʣʠʢʦʚ ʩ ʨʝʛʫʣʷʨʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʨʘʮʠʦʥʦʤ ʧʠʪʘʥʠʷ. ɺ ʟʘʢʣʶʯʝʥʠʝ, 
ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ɸʥʘʚʘʨ, ɹʦʥʘʚʘʨ, ɸʥʘʧʦʣʦʥ, ɸʥʜʨʘʢʩʦʥ ʠ ɼʝʢʘ ɼʫʨʘʙʦʣʠʥ ð ʵʪʦ ʧʨʝʧʘʨʘʪʳ, ʢʦʪʦ-
ʨʳʝ ʧʦʣʴʟʫʶʪʩʷ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʩʨʝʜʠ ʩʧʦʨʪʩʤʝʥʦʚ ʠ ʣʶʜʝʡ, ʩʪʨʝʤʷʱʠʭʩʷ ʫʣʫʯʰʠʪʴ ʩʚʦʶ ʬʠʟʠʯʝʩʢʫʶ 
ʬʦʨʤʫ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʦʧʨʝ-
ʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʤʝʜʠʮʠʥʩʢʠʡ ʧʨʝʧʘʨʘʪ, ʦʥʠ ʪʨʝʙʫʶʪ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ 
ʧʦʜʭʦʜʘ ʠ ʚʥʠʤʘʪʝʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʩʚʦʝʤʫ ʟʜʦʨʦʚʴʶ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʠ ʦʜʥʘ ʠʟ ʩʫʱʝʩʪʚʫʶ-
ʱʠʭ ʧʨʦʛʨʘʤʤ ʥʝ ʧʨʠʚʝʣʘ ʢ ʫʩʧʝʰʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʠ ʙʝʟʦʧʘʩʥʳʝ ʧʨʝʧʘʨʘʪʳ ʜʣʷ ʩʪʠʤʫʣʷʮʠʠ ʪʝʣʘ ʠ 
ʫʤʘ ʧʦʢʘ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ. ʂʨʦʤʝ ʘʥʜʨʦʛʝʥʥʳʭ ʵʬʬʝʢʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʫʣʫʯʰʝʥ-
ʥʳʭè ʩʪʠʤʫʣʷʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʨʦʚʦʢ ʚʳʷʚʠʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʠʩʢʠ ʜʣʷ ʟʜʦʨʦʚʴʷ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʠʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʢʨʦʚʝʥʦʩʥʫʶ ʩʠʩʪʝʤʫ. ɼʦʣʛʦʩʨʦʯʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʘʥʘʙʦʣʠʯʝʩʢʠʭ ʩʪʝʨʦʠʜʦʚ ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʵʨʠʪʨʦʮʠʪʦʚ, ʪʘʢ ʠ ʠʭ ʨʘʟʤʝʨ. ʀʤʝʥʥʦ ʵʪʦ ʠʭ ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ 
ʙʝʟʦʰʠʙʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʧʦʨʪʩʤʝʥʦʚ, ʜʘʞʝ ʧʨʠ 
ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʚʩʝʭ ʩʣʝʜʦʚ ʧʨʝʧʘʨʘʪʦʚ ʚ ʤʦʯʝ ʠ ʦʙʱʝʤ ʘʥʘʣʠʟʝ ʢʨʦʚʠ. ʅʦ ʧʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʵʨʠʪ-
ʨʦʮʠʪʳ çʩ ʛʦʣʦʚʦʡ ʚʳʜʘʶʪè ʯʝʣʦʚʝʢʘ, ʦʥʠ ʝʛʦ ʝʱʝ ʠ ʫʙʠʚʘʶʪ. ʇʦʪʦʤʫ ʯʪʦ ʠʤʝʥʥʦ ʜʘʥʥʳʡ ʧʦʙʦʯʥʳʡ 
ʵʬʬʝʢʪ ʠ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ ʠʥʬʘʨʢʪʦʚ ʠ ʜʨʫʛʠʭ ʧʘʪʦʣʦʛʠʡ ʚ ʨʘʙʦʪʝ ʩʝʨʜʮʘ. [4, ʩ. 107] 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʚʠʜʳ ʘʥʘʙʦʣʠʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʪʠʤʫʣʷʪʦʨʘ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ, 
ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝ ʜʘʶʪ ʥʝʦʙʭʦʜʠʤʳʭ ʩʧʦʨʪʩʤʝʥʘʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʠ ʫʞ ʪʝʤ ʙʦʣʝʝ ʙʝʩʧʦʣʝʟʥʳ ʧʨʠ ʟʘʥʷ-
ʪʠʷʭ ʙʦʜʠʙʠʣʜʠʥʛʦʤ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʞʠʨʦʩʞʠʛʘʪʝʣʷ ʜʣʷ ʞʝʣʘʶʱʠʭ ʧʦʭʫʜʝʪʴ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʠ ʘʥʘʙʦʣʠʯʝʩʢʠʭ ʩʪʝʨʦʠʜʦʚ ʢʘʪʝʛʦʨʠʯʝʩʢʠ ʥʝʣʴʟʷ ʨʝʟʢʦ ʧʨʝʢʨʘʱʘʪʴ ʠʭ ʧʨʠʝʤ. ɽʩʣʠ ʧʦʜʦʙʥʦʝ 
ʩʣʫʯʠʪʩʷ, ʪʦ ʤʳʰʮʳ ʢʘʢ ʙʳ ʩʜʫʚʘʶʪʩʷ, ʢʦʞʘ ʥʘʯʠʥʘʝʪ ʚʠʩʝʪʴ, ʯʪʦ ʚʳʛʣʷʜʠʪ ʚʝʩʴʤʘ ʥʝʧʨʠʚʣʝʢʘʪʝʣʴʥʦ. 
ɺʝʨʥʫʪʴ ʙʳʣʦʡ ʨʝʣʴʝʬ ʦʢʘʟʳʚʘʝʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʦ, ʜʘʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝ ʪʝʭ ʞʝ ʘʥʘʙʦʣʠʯʝʩʢʠʭ 
ʧʨʝʧʘʨʘʪʦʚ. ɺ ʠʪʦʛʝ ʚ ʦʨʛʘʥʠʟʤʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʡ ʛʦʨʤʦʥʘʣʴʥʳʡ ʚʩʧʣʝʩʢ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʧʨʦʚʦʮʠ-
ʨʦʚʘʪʴ ʧʝʯʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʚʨʦʜʝ: 1. ʆʥʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʪʦʣʦʛʠʡ; 2. ʇʨʠʩʪʫʧʦʚ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ; 
3. ʇʝʯʝʥʦʯʥʳʭ ʣʠʙʦ ʧʦʯʝʯʥʳʭ ʧʘʪʦʣʦʛʠʡ; 4. ʀʤʧʦʪʝʥʮʠʠ ʫ ʤʫʞʯʠʥ ʠ ʧʨʝʢʨʘʱʝʥʠʷ ʤʝʩʷʯʥʳʭ ʫ ʞʝʥʱʠʥ, 
ʯʪʦ ʦʙʦʠʤ ʧʦʣʘʤ ʛʨʦʟʠʪ ʥʝʦʙʨʘʪʠʤʳʤ ʙʝʩʧʣʦʜʠʝʤ; 5. ʇʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʦʷʚʣʷ-
ʶʱʝʡʩʷ ʥʝʨʚʦʟʥʦʩʪʴʶ, ʨʘʟʜʨʘʞʠʪʝʣʴʥʦʩʪʴʶ ʠ ʜʝʧʨʝʩʩʠʝʡ;  
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ǟǬǟǪǧǦ ǰǱǟǱǧǰǱǧǶǤǰǩǧǴ ǣǟǬǬǺǴ Ǯǭ 
ǦǟǠǭǪǤǡǟǤǫǭǰǱǧ ǪǾǫǠǪǧǭǦǭǫ ǰǯǤǣǧ 
ǬǟǰǤǪǤǬǧǾ ǯǭǰǰǧǨǰǩǭǨ ǳǤǣǤǯǟǵǧǧ ǰ 
0.0/ Ǯǭ 0.01 Ǣǭǣ 

ǩȏǿȁȖȄȌȉȍ ǟȌȌǿ ǰȄȏȂȄȄȁȌǿ 
ʩʪʫʜʝʥʪʢʘ 1 ʢʫʨʩʘ ʧʝʜʠʘʪʨʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʌɻɹʆʋ ɺʆ çɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ  
ʫʥʠʚʝʨʩʠʪʝʪè ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʛ. ɺʦʣʛʦʛʨʘʜ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʝʤʠʢʠʥ ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ 
ʢ.ʛ.ʥ., ʜʦʮʝʥʪ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʙʠʦʣʦʛʠʠ, 
ʌɻɹʆʋ ɺʆ çɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪè ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ,  
ʛ. ɺʦʣʛʦʛʨʘʜ 

 

 
ɻʛʞʝʞʦʡʞ. ʃʷʤʙʣʠʦʟ ï ʟʘʙʦʣʝʚʘʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʣʷʤʙʣʠʝʡ (Lamblia intestinalis), ʧʨʦʩʪʝʡʰʠʤ ʞʛʫʪʠ-

ʢʦʚʳʤ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʘʨʘʟʠʪʦʤ ʯʝʣʦʚʝʢʘ ʠ ʩʦʙʘʢ [1]. ʉʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʜʚʫʭ ʞʠʟʥʝʥʥʳʭ ʬʦʨʤ: ʪʨʦ-
ʬʦʟʦʠʪ (ʚʝʛʝʪʘʪʠʚʥʘʷ ʬʦʨʤʘ) ʠ ʮʠʩʪʘ (ʧʦʢʦʷʱʘʷʩʷ ʬʦʨʤʘ). ʇʘʨʘʟʠʪ ʚ ʬʦʨʤʝ ʪʨʦʬʦʟʦʠʪʘ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ 

ɹʦʦʧʫʙʯʡʸ: ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʣʷʤʙʣʠʦʟʦʤ ʩʨʝʜʠ ʥʘʩʝ-
ʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩ 2021 ʧʦ 2023 ʛʦʜ. ʉʦʩʪʘʚ ʛʨʫʧʧ ʙʳʣ ʨʘʟʥʦʦʙʨʘʟʝʥ, ʚ ʥʝʛʦ ʚʭʦʜʠʣʠ ʥʝ 
ʪʦʣʴʢʦ ʜʝʪʠ ʠ ʧʦʜʨʦʩʪʢʠ, ʥʦ ʠ ʚʟʨʦʩʣʳʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʩʥʠʣʦʩʴ ʩʣʝʜʫʶʱʝʝ: ʯʠʩʣʦ 
ʩʣʫʯʘʝʚ ʠ ʧʦʢʘʟʘʪʝʣʴ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʟʘʙʦʣʝʚʘʥʠʷ ʫʚʝʣʠʯʠʣʦʩʴ ʟʘ ʧʝʨʠʦʜ 2021-2023 ʛʛ., ʯʪʦ ʛʦʚʦʨʠʪ ʦ 
ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʫʨʦʚʥʝ ʧʨʦʬʠʣʘʢʪʠʢʝ ʣʷʤʙʣʠʦʟʘ ʩʨʝʜʠ ʚʟʨʦʩʣʳʭ ʠ ʦʩʦʙʝʥʥʦ ʩʨʝʜʠ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʣʷʤʙʣʠʦʟ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ, ʜʝʪʠ, ʚʟʨʦʩʣʳʝ, ʩʪʘʪʠʩʪʠʢʘ. 
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Abstract: a statistical analysis of data on the incidence of giardiasis among the population of the Russian 
Federation from 2021 to 2023 was carried out. The groups were diverse, including not only children and teen-
agers, but also adults. According to the results of the study, it turned out that the number of cases and the in-
cidence rate of the disease increased over the period 2021-2023, which indicates an insufficient level of pre-
vention of giardiasis among adults and especially among children and adolescents. 
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XIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʦʩʥʦʚʥʦʤ ʚ ʪʦʥʢʦʤ ʢʠʰʝʯʥʠʢʝ, ʘ ʠʤʝʥʥʦ, ʚ 12-ʧʝʨʩʪʥʦʡ ʢʠʰʢʝ. ʃʷʤʙʣʠʦʟ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʥʪʘʛʠʦʟʥʳʤ ʧʨʦʪʦ-
ʟʦʦʟʘʤ. ʀʤ ʤʦʞʥʦ ʟʘʨʘʟʠʪʴʩʷ ʯʝʨʝʟ ʛʨʷʟʥʳʝ ʨʫʢʠ, ʚʦʜʫ ʠ ʧʠʱʫ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʮʠʩʪʳ ʣʷʤʙʣʠʡ [2]. 

ʇʦʧʘʚ ʚ ɾʂʊ, ʮʠʩʪʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʩʦʢʦʚ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʠʟ 
ʩʚʦʝʡ ʦʙʦʣʦʯʢʠ ʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʪʨʦʬʦʟʦʠʪʳ, ʢʦʪʦʨʳʡ ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʢ ʵʧʠʪʝʣʠʘʣʴʥʳʤ ʢʣʝʪʢʘʤ ʢʠ-
ʰʝʯʥʠʢʘ ʩ ʧʦʤʦʱʴʶ ʧʨʠʩʘʩʳʚʘʪʝʣʴʥʦʛʦ (ʘʜʛʝʟʠʚʥʦʛʦ) ʜʠʩʢʘ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʠʥʘʝʪʩʷ ʠʭ ʧʠʪʘʥʠʝ ʠ ʨʘʟ-
ʤʥʦʞʝʥʠʝ ʙʠʥʘʨʥʳʤ ʜʝʣʝʥʠʝʤ. ɼʘʣʝʝ ʚ ʥʠʞʥʠʭ ʦʪʜʝʣʘʭ ʢʠʰʝʯʥʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʠʥʮʠʩʪʠʨʦʚʘʥʠʝ, ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʮʠʩʪʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʚʤʝʩʪʝ ʩ ʬʝʢʘʣʠʷʤʠ ʚʳʭʦʜʷʪ ʠʟ ʦʨʛʘʥʠʟʤʘ ʭʦʟʷʠʥʘ ʠ 
ʤʦʛʫʪ ʜʦʣʛʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʷʪʴ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʦʬʦʟʦʠʪʦʚ, ʧʦʛʠʙʘʶʱʠʭ ʩʨʘʟʫ, ʧʦʧʘʚ 
ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ [3]. 

ʏʞʤʵ ʩʙʚʧʫʴ: ʠʟʫʯʝʥʠʝ ʩʪʝʧʝʥʠ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʣʷʤʙʣʠʦʟʦʤ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ ʟʘ 2021-
2023 ʛʛ. ʉʦʩʪʘʚʣʝʥʠʝ ʦʙʱʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʦʬʠʣʘʢʪʠʢʝ ʣʷʤʙʣʠʦʟʘ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ. 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ: ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʣʷʤʙʣʠʦʟʦʤ 
ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘ ʧʝʨʠʦʜ ʩ 2021 ʧʦ 2023 ʛʦʜ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʚʟʷʪʳ 2 
ʚʦʟʨʘʩʪʥʳʝ ʛʨʫʧʧʳ: 1) ʚʟʨʦʩʣʳʝ; 2) ʜʝʪʠ ʠ ʧʦʜʨʦʩʪʢʠ ʜʦ 17 ʣʝʪ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʯʠʩ-
ʣʝʥʥʳʝ ʜʘʥʥʳʝ ʙʦʣʴʥʳʭ ʣʷʤʙʣʠʦʟʦʤ, ʥʦ ʠ ʧʦʢʘʟʘʪʝʣʠ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʨʘʟʥʳʭ ʛʨʫʧʧ ʧʦ ʈʦʩʩʠʠ ʥʘ 100 
ʪʳʩ. ʥʘʩʝʣʝʥʠʷ. 

ʉʞʠʬʤʵʫʙʫʴ ʡʪʪʤʞʝʧʛʙʦʡʸ: ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʟʘ 2021 ʛʦʜ ʙʳʣʦ ʟʘ-
ʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 18427 ʩʣʫʯʘʝʚ; ʟʘ 2022 ï 18651; ʟʘ 2023 ï 23278 (ʨʠʩ.1). 

 

 
ʉʡʪ.1. ʇʚʲʞʞ ʰʡʪʤʧ ʪʤʬʰʙʞʛ ʠʙʚʧʤʞʛʙʞʥʧʪʫʡ ʤʸʥʚʤʡʧʠʧʥ ʪʩʞʝʡ ʦʙʪʞʤʞʦʡʸ ʉʍ  

ʠʙ ʨʞʩʡʧʝ 2021-2023 ʜʜ. 
 

 
ʉʡʪ. 2. ʊʫʙʫʡʪʫʡʣʙ ʠʙʚʧʤʞʛʙʞʥʧʪʫʡ ʤʸʥʚʤʡʧʠʧʥ ʪʩʞʝʡ ʝʞʫʞʢ ʡ ʨʧʝʩʧʪʫʣʧʛ ʝʧ 17 ʤʞʫ  

ʡ ʛʠʩʧʪʤʴʮ ʉʧʪʪʡʡ ʠʙ 2021-2023 ʜʜ. 
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ʉʨʝʜʠ ʚʳʷʚʣʝʥʥʳʭ ʟʘ 2021 ʛʦʜ ʩʣʫʯʘʝʚ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʣʷʤʙʣʠʦʟʦʤ: 12293 ʩʣʫʯʘʝʚ ʧʨʠʭʦʜʠʪʩʷ 
ʥʘ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ ʜʦ 17 ʣʝʪ, ʘ 6134 ï ʥʘ ʚʟʨʦʩʣʳʭ; 

ɿʘ 2022 ʛʦʜ: 13208 ʩʣʫʯʘʝʚ ï ʜʝʪʠ ʠ ʧʦʜʨʦʩʪʢʠ ʜʦ 17 ʣʝʪ, 5443 ï ʚʟʨʦʩʣʳʝ; 
ɿʘ 2023 ʛʦʜ: 13955 ʩʣʫʯʘʝʚ ï ʜʝʪʠ ʠ ʧʦʜʨʦʩʪʢʠ ʜʦ 17 ʣʝʪ, 9323 ï ʚʟʨʦʩʣʳʝ (ʨʠʩ.2) 
ʊʘʢʞʝ ʫʯʠʪʳʚʘʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʣʷʤʙʣʠʦʟʦʤ ʧʦ ʈʦʩʩʠʠ ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ: 

ʟʘ 2021 ʛʦʜ ï 12,52 ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ; ʟʘ 2022 ʛʦʜ ï 12,79 ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ; ʟʘ 2023 ʛʦʜ ï 
15,87 ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ (ʨʠʩ.3) 

 

 
ʉʡʪ. 3. ʈʧʣʙʠʙʫʞʤʡ ʠʙʚʧʤʞʛʙʞʥʧʪʫʡ ʤʸʥʚʤʡʧʠʧʥ ʪʩʞʝʡ ʦʙʪʞʤʞʦʡʸ ʉʧʪʪʡʡ ʠʙ 2021-2023 ʜʜ. 

 
ʀʙʣʤʷʰʞʦʡʞ: ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʟʘ ʧʝʨʠʦʜ 2021-2023 ʛʛ. ʦʙʱʝʝ ʯʠʩ-

ʣʦ ʩʣʫʯʘʝʚ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʣʷʤʙʣʠʦʟʦʤ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʝʫʢʣʦʥʥʦ ʧʦʚʳʰʘ-
ʝʪʩʷ (2021 ï 18427 ʩʣʫʯʘʝʚ; 2022 ï 18651 ʩʣʫʯʘʝʚ, 2023 ï 23278 ʩʣʫʯʘʝʚ). ʏʪʦ ʢʘʩʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʥʦʩʪʠ ʟʘʙʦʣʝʚʘʥʠʷ ʩʨʝʜʠ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ, ʪʦ ʯʘʱʝ ʚʩʝʛʦ ʩʪʨʘʜʘʶʪ ʜʝʪʠ ʠ ʧʦʜʨʦʩʪʢʠ, ʨʝʞʝ ï 
ʚʟʨʦʩʣʳʝ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʢʘʢ ʩʨʝʜʠ ʜʝʪʝʡ ʠ 
ʧʦʜʨʦʩʪʢʦʚ, ʪʘʢ ʠ ʩʨʝʜʠ ʚʟʨʦʩʣʳʭ (ʦʜʥʘʢʦ ʫ ʚʟʨʦʩʣʳʭ ʩʥʘʯʘʣʘ ʠʜʝʪ ʫʤʝʥʴʰʝʥʠʝ ʙʦʣʴʥʳʭ ʣʷʤʙʣʠʦʟʦʤ 
ʥʘ 691 ʩʣʫʯʘʡ, ʘ ʧʦʪʦʤ ʨʝʟʢʠʡ ʨʦʩʪ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ (ʥʘ 3880 ʩʣʫʯʘʝʚ ʠʣʠ ʚ 1,71 ʨʘʟ)) (2021: ʜʝʪʠ ʠ 
ʧʦʜʨʦʩʪʢʠ ï 12293; 2022: ʜʝʪʠ ʠ ʧʦʜʨʦʩʪʢʠ - 13208; 2023: ʜʝʪʠ ʠ ʧʦʜʨʦʩʪʢʠ ï 13955); (2021: ʚʟʨʦʩʣʳʝ ï 
6134, 2022: - ʚʟʨʦʩʣʳʝ ï 5443; 2023: ʚʟʨʦʩʣʳʝ ï 9323). ʊʦ ʞʝ ʩʘʤʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʟʘ-
ʙʦʣʝʚʘʝʤʦʩʪʠ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ ʟʘ 2021-2023 ʛʛ. (2021: 12,52 ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ; 2022: 12,79 
ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ; 2023: 15,87 ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ).  

ʇʦʜʦʙʥʦʝ ʛʦʚʦʨʠʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʬʠʣʘʢʪʠʢʝ ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʚʦʟʨʘʩʪ-
ʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ, ʦʩʦʙʝʥʥʦ ʩʨʝʜʠ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ ʜʦ 17 ʣʝʪ 

ʇʚʲʡʢ ʪʨʡʪʧʣ ʩʞʣʧʥʞʦʝʙʯʡʡ ʨʧ ʨʩʧʭʡʤʙʣʫʡʣʞ ʠʙʚʧʤʞʛʙʞʥʧʪʫʡ ʤʸʥʚʤʡʧʠʧʥ ʪʩʞʝʡ ʦʙʪʞ-
ʤʞʦʡʸ ʉʧʪʪʡʡ: 

1) ʆʙʷʟʘʪʝʣʴʥʦʝ ʤʳʪʴʝ ʨʫʢ ʧʦʩʣʝ ʧʦʩʝʱʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʤʝʩʪ ʠ ʢʦʥʪʘʢʪʘ ʩ ʟʘʛʨʷʟʥʸʥʥʳʤʠ 
ʧʨʝʜʤʝʪʘʤʠ ʠ ʦʙʲʝʢʪʘʤʠ 

2) ɺʳʷʚʣʝʥʠʝ ʠ ʣʝʯʝʥʠʝ ʙʦʣʴʥʳʭ ʣʷʤʙʣʠʦʟʦʤ 
3) ʋʥʠʯʪʦʞʝʥʠʝ ʥʘʩʝʢʦʤʳʭ (ʤʫʭ, ʞʫʢʦʚ ʠ ʪʘʨʘʢʘʥʦʚ), ʧʝʨʝʥʦʩʷʱʠʭ ʥʘ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ ʮʠʩʪ 

ʣʷʤʙʣʠʡ 
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ǲǣǩ 619:578 

ǫǤǪǩǧǤ ǫǪǤǩǭǮǧǱǟǽǸǧǤ ǰǟǣǭǡǭ-
ǣǟǶǬǺǴ ǲǶǟǰǱǩǭǡ Ǣ, ǩǯǟǰǬǭǾǯǰǩǟ 

ǫȇȔȄȄȁǿ ǩȏȇȐȑȇȌǿ ǟȊȄȉȐȄȄȁȌǿ*  
ǩȍȆȊȍȁǿ ǟȏȇȌǿ ǟȊȄȉȐȄȄȁȌǿ, 

ʤʘʛʠʩʪʨʘʥʪʳ 

ǰȍȉȍȊȍȁǿ ǡȇȉȑȍȏȇȞ ǢȄȌȏȇȔȍȁȌǿ 
ʩʪʫʜʝʥʪ  

ʌɻɸʆʋ ɺʆ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɻʚʠʥʠʘʰʚʠʣʠ ʄʘʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ  
ʢ.ʙ.ʥ., ʜʦʮʝʥʪ 

ʌɻɸʆʋ ɺʆ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 

ɻʛʞʝʞʦʡʞ. ʉʦʚʨʝʤʝʥʥʳʝ ʛʦʨʦʜʘ ʧʦʛʣʦʱʘʶʪ ʦʢʨʫʞʘʶʱʠʡ ʣʘʥʜʰʘʬʪ ʚʤʝʩʪʝ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ 
ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʞʝʪ ʩʦʟʜʘ-
ʚʘʪʴ ʘʥʪʨʦʧʫʨʛʠʯʝʩʢʠʝ ʦʯʘʛʠ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʣʢʠʝ ʤʣʝʢʦ-
ʧʠʪʘʶʱʠʝ ʤʦʛʫʪ ʧʝʨʝʥʦʩʠʪʴ ʵʢʪʦʧʘʨʘʟʠʪʦʚ ʠʟ ʝʩʪʝʩʪʚʝʥʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ, ʚ ʛʦʨʦʜʘ, ʚʢʣʶʯʘʷ ʞʠʣʳʝ 
ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʦʩʪʨʦʡʢʠ. 

ɹʦʦʧʫʙʯʡʸ: ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʳ ʠʟʫʯʝʥʠʶ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʦʦʙʱʝʩʪʚ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 
ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʘʜʦʚʦ-ʜʘʯʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʛʦʨʦʜʝ ʂʨʘʩʥʦʷʨʩʢ. ʋʩʪʘʥʦʚʣʝʥ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ, ʚʳʷʚʣʝʥʘ 
ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚ ʠ ʧʦʧʫʣʷʮʠʡ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʩʦʩʪʘʚ ʵʢʪʦʧʘʨʘʟʠʪʦʚ. ɸʥʘʣʠʟ ʜʦʤʠʥʘʥʪʥʳʭ ʚʠʜʦʚ 
ʥʘ ʥʘʣʠʯʠʝ ʵʢʪʦʧʘʨʘʟʠʪʦʚ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʦʙʱʠʭ ʜʣʷ ʚʠʜʦʚ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʙʣʦʭ Cerʘtophyl-
lus penicilliger, C. Rectʘngulʘtur, ʘ ʪʘʢʞʝ ʠʢʩʦʜʦʚʳʭ ʢʣʝʱʝʡ Ixodes persulcʘtus ʠ Dermʘcentor nutal, ʢʦʪʦ-
ʨʳʝ ʷʚʣʷʶʪʩʷ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʪʫʣʷʨʝʤʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʝʣʢʠʝ ʤʣʝʢʦʧʠʪʘʶʱʠʝ, ʧʦʧʫʣʷʮʠʷ, ʜʘʯʥʦ-ʩʘʜʦʚʳʝ ʫʯʘʩʪʢʠ, ʛʨʳʟʫʥʳ, ʤʳʰʴ ʧʦʣʝ-
ʚʘʷ, ʦʙʳʢʥʦʚʝʥʥʘʷ ʧʦʣʝʚʢʘ, ʵʢʪʦʧʘʨʘʟʠʪʳ.  
 

SMALL MAMMALS IN SUBURBAN AREAS OF KRASNOYARSK 
 

Mikheeva Kristina Alekseevna, 
 Kozlova Arina Alekseevna, 

Sokolova Victoria Genrichovna 
 

Scientific supervisor: Gviniashvili Marina Mikhailovna  
 
Abstract:  research is devoted to the study of the species composition of small mammal communities on the 
territory of horticultural plots in the city of Krasnoyarsk. The species composition was established, the structure 
of communities and populations was revealed, and the composition of ectoparasites was analyzed. The analy-
sis of dominant species for the presence of ectoparasites showed the presence of fleas Ceratophyllus penicil-
liger, C. Rectangulatur, as well as Ixodes ticks Ixodes persulcatus and Dermacentor nutal, which are carriers 
of tularemia, common to small mammal species. 
Keywords: small mammals, population, garden plots, rodents, field mouse, common vole, ectoparasites. 
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ʉʘʜʦʚʦ-ʜʘʯʥʳʝ ʫʯʘʩʪʢʠ, ʢʘʢ ʦʜʥʘ ʠʟ ʬʦʨʤ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʪʝʩʥʳʡ ʢʦʥʪʘʢʪ ʯʝ-
ʣʦʚʝʢʘ ʩ ʧʨʠʨʦʜʦʡ. ʊʘʢʠʝ ʪʝʨʨʠʪʦʨʠʠ ʯʘʩʪʦ ʧʦʩʝʱʘʶʪʩʷ ʠʣʠ ʩʣʫʞʘʪ ʧʦʩʪʦʷʥʥʳʤ ʤʝʩʪʦʦʙʠʪʘʥʠʝʤ ʤʥʦ-
ʛʠʭ ʚʠʜʦʚ ʥʘʩʝʢʦʤʦʷʜʥʳʭ, ʛʨʳʟʫʥʦʚ ʠ ʟʘʡʮʝʦʙʨʘʟʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʠʟ ʢʣʘʩʩʘ ʄʣʝʢʦʧʠʪʘʶʱʠʭ, ʷʚ-
ʣʷʶʱʠʭʩʷ ʜʦʢʘʟʘʥʥʳʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ.  

ɺʧʝʨʚʳʝ ʜʣʷ ʢʨʫʧʥʦʛʦ ʛʦʨʦʜʘ ʂʨʘʩʥʦʷʨʩʢʘ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʩʘ-
ʜʦʚʦ-ʜʘʯʥʳʭ ʫʯʘʩʪʢʦʚ. ʋʩʪʘʥʦʚʣʝʥ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ, ʚʳʷʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚ ʠ ʧʦʧʫʣʷʮʠʡ, ʧʨʦ-
ʘʥʘʣʠʟʠʨʦʚʘʥ ʩʦʩʪʘʚ ʵʢʪʦʧʘʨʘʟʠʪʦʚ. 

ʏʞʤʵ ʡʪʪʤʞʝʧʛʙʦʡʸ - ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʩʦʦʙʱʝʩʪʚ ʠ ʧʦʧʫʣʷʮʠʡ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʚ 
ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʜʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʘʨʘʟʠʪʦ-ʭʦʟʷʠʥʥʳʤ 
ʦʪʥʦʰʝʥʠʷʤ ʜʦʤʠʥʘʥʪʥʳʭ ʚʠʜʦʚ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʘ ʠʟʫʯʘʝʤʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʢʨʦʚʦʩʦʩʫʱʠʤʠ 
ʯʣʝʥʠʩʪʦʥʦʛʠʤʠ.   

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ. ʉʙʦʨ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʝʜʝʥ ʚ ʚʝʩʝʥʥʠʡ (ʤʘʡ) ʠ ʣʝʪʥʠʡ (ʘʚʛʫʩʪ) ʧʝʨʠʦʜʳ. 
ɼʣʷ ʫʯʸʪʘ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʟʦʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩ ʧʦʤʦʱʴʶ ʣʦʚʫ-
ʰʝʢ (ʧʣʘʰʝʢ) ɻʝʨʦ, ʢʦʥʫʩʦʚ ʚ ʟʘʙʦʨʯʠʢʘʭ ʠʟ ʣʠʥʦʣʝʫʤʘ ʠ ʢʘʥʘʚʦʢ ʩ ʢʦʥʫʩʘʤʠ [9, ʩʪʨ. 55; 10, ʩ. 47]. ɿʘ ʚʝʩʴ 
ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʨʘʙʦʪʘʥʦ ʙʦʣʝʝ 12000 ʣʦʚʫʰʢʦ-ʩʫʪʦʢ ʠ 750 ʢʦʥʫʩʦ-ʩʫʪʦʢ, ʦʪʣʦʚʣʝʥ 581 ʟʚʝʨʝʢ. 

ɺʩʝʛʦ ʟʘ ʧʝʨʠʦʜ ʩ 2021-2024 ʛʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʯʘʩʪʢʘ (ʣʝʩ) ʠ ʜʚʫʭ ʦʧʳʪʥʳʭ ʫʯʘʩʪ-
ʢʦʚ (ʉʅʊ - çɺʝʪʝʨʘʥ, ʉʅʊ - çʇʦʣʷʥʘ)  ʛʜʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 15 ʚʠʜʦʚ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʨʘʟʥʳʭ 
ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ: Sorex ʘrʘneus Linnʘeus, 1758, Sorex minutus Linnʘeus, 1766, Sorex tundrensis 
Merriʘm, 1900, ɸpodemus ʘgrʘrius Pʘllʘs, 1771,  ɸpodemus peninsulae Thomas, 1907, Mus musculus 
Linnʘeus, 1758,  Rʘttus norvegicus Berkenhout, 1769, Microtus ʘrvʘlis Pʘllʘs, 1778, Microtus gregʘlis Pʘllʘs, 
1779, Microtus oeconomus Pʘllʘs, 1776,  Microtus ʘgrestis Linnʘeus, 1761,  Clethrionomys rufocʘnus 
Sundevʘll, 1846,  Clethrionomys rutilus Pʘllʘs, 1779,  ɸrvicolʘ ʘmphibius Linnʘeus,  1758, Sicistʘ betulinʘ 
Pʘllʘs 1779. 

ʀʩʩʣʝʜʫʝʤʳʝ ʫʯʘʩʪʢʠ ʚʳʙʠʨʘʣʠʩʴ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʠʥʮʠʧʫ: ʂʦʥʪʨʦʣʴʥʳʡ ʫʯʘʩʪʦʢ ï ʣʝʩʥʘʷ 
ʯʘʩʪʴ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʟʘʢʘʟʥʠʢʘ, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʛʨʘʝʪ ʨʦʣʴ ʤʦʜʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʩ ʭʘʨʘʢʪʝʨ-
ʥʳʤ ʚʠʜʦʚʳʤ ʩʦʩʪʘʚʦʤ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʝ. ʃʝʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʩʥʦʚʳʤʠ 
(Punus sylvestris) ʠ ʙʝʨʝʟʦʚʳʤʠ (Betula pendula) ʬʦʨʤʘʮʠʷʤʠ, ʠʥʦʛʜʘ ʩ ʧʨʠʤʝʩʴʶ Abies sibirica, Populus 
tremula, Larix sibirica.  

ʂʦʨʝʥʥʦʡ ʪʠʧ ʣʝʩʘ ï ʧʦʜʪʘʝʞʥʘʷ ʠ ʪʘʝʞʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʦʩʥʷ-
ʢʘʤʠ ʠ ʣʠʩʪʚʝʥʥʠʯʥʠʢʘʤʠ ʩ ʨʘʟʚʠʪʳʤ ʪʨʘʚʷʥʠʩʪʳʤ ʧʦʢʨʦʚʦʤ ʥʘ ʶʞʥʳʭ ʩʢʣʦʥʘʭ ʠ ʩʦʦʩʥʷʢʘʤʠ ʩ ʧʨʠʤʝ-
ʩʴʶ ʪʝʤʥʦʭʚʦʡʥʳʭ ʧʦʨʦʜ ï ʝʣʠ, ʢʝʜʨʘ ʠ ʧʠʭʪʳ, ʢʨʫʧʥʦʪʨʘʚʥʦ-ʦʩʦʯʢʦʚʳʤʠ, ʨʘʟʥʦʪʨʘʚʥʦ-
ʧʘʧʦʨʦʪʥʠʢʦʚʳʤʠ, ʟʝʣʝʥʦʤʦʰʥʳʤʠ ï ʥʘ ʩʢʣʦʥʘʭ ʩʝʚʝʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʝʩʪʝʩʪʚʝʥ-
ʥʦʡ ʩʤʝʥʳ ʧʦʨʦʜ ʧʝʨʝʭʦʜʠʣʠ ʚ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʝ, ʚ ʦʩʥʦʚʥʦʤ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʙʝʨʝʟʳ [1, ʩ. 242].  

ʉʨʝʜʠ ʣʫʛʦʚʳʭ ʦʙʳʯʥʳ ʬʦʨʤʘʮʠʠ ʨʘʟʥʦʪʨʘʚʥʦ-ʟʣʘʢʦʚʳʭ (Stipa pennata + Achnatherus sibiricum + 
Poa transbaicalica + Helictotrichon desertorum + heteroherbae), ʨʘʟʥʦʪʨʘʚʥʳʭ (Pulsatilla patens, P turczani-
novii, Veronica uncana, Gypsohila patrinu ʠ ʜʨ.) ʢʠʟʠʣʴʥʠʢʦʚʦ-ʪʘʚʦʣʦʛʦʚʳʭ (Spiraea media + Cotoneaster 
melanocarpus) ʢʫʩʪʘʨʥʠʢʦʚʳʭ ʣʫʛʦʚʳʭ ʩʪʝʧʝʡ. 

 ʆʧʳʪʥʳʝ ʫʯʘʩʪʢʠ ï ʵʪʦ ʜʘʯʥʦ-ʩʘʜʦʚʳʝ ʦʙʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʉʅʊ çɺʝʪʝʨʘʥè (ʚ ʯʝʨʪʝ ʛʦʨʦ-
ʜʘ ʂʨʘʩʥʦʷʨʩʢ) ʠ ʉʅʊ çʇʦʣʷʥʘè (ɽʤʝʣʴʷʥʦʚʩʢʠʡ ʨʘʡʦʥ). 

ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʝʨʝʟʥʷʢʦʤ ʩ ʩʦʩʥʦʡ ʠ ʨʘʟʥʦʪʨʘʚʥʦ-ʦʩʦʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. 
ʋʯʘʩʪʦʢ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʚʳʨʦʚʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʤʳʢʘʝʪ ʢ ʜʘʯʥʳʤ ʫʯʘʩʪʢʘʤ ʠ ʧʦʜʚʝʨʞʝʥ ʩʠʣʴʥʦʡ 
ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʝ. ʇʦʜʣʝʩʦʢ ʢʘʢ ʷʨʫʩ ʥʝ ʚʳʨʘʞʝʥ, ʧʨʝʜʩʪʘʚʣʝʥ ʦʪʜʝʣʴʥʳʤʠ ʵʢʟʝʤʧʣʷʨʘʤʠ Rosa 
acicularis, Padus avium, Swida alba ʠ ʜʨ. ɺ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʚʳʜʝʣʷʶʪʩʷ  2 ʧʦʜʲʷʨʫʩʘ: 
ʧʝʨʚʳʡ (ʚʳʩʦʪʘ 50ï70 ʩʤ) ʩʦʩʪʦʠʪ ʠʟ Vicia unijuga, Calamagrostis arundinacea, Cimicifuga foetida L., Ge-
ranium  sylvaticum; ʚʪʦʨʦʡ (ʚʳʩʦʪʘ 15ï25 ʩʤ) ï ʠʟ Lathyrus  humilis, Carexmacroura ʠ ʜʨ.  

ʉʪʨʫʢʪʫʨʘ ʬʠʪʦʮʝʥʦʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʘʷ. ɺʳʜʝʣʷʝʪʩʷ ʜʚʝ ʤʠʢʨʦʘʩʩʦʮʠʘʮʠʠ: 1) ʨʘʟʥʦ-
ʪʨʘʚʥʦ-ʟʣʘʢʦʚʘʷ. 3ʘʥʠʤʘʝʪ 10 % ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ ʚ ʚʠʜʝ ʫʟʢʦʡ ʧʦʣʦʩʳ ʚʜʦʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 
ʧʦʣʝʡ;  

2) ʨʘʟʥʦʪʨʘʚʥʦ-ʦʩʦʢʦʚʘʷ. ɿʘʥʠʤʘʝʪ 90 % ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ. ʄʦʭʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʳʡ ʷʨʫʩ ʧʨʝʜʩʪʘʚ-
ʣʝʥ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʧʷʪʝʥ Pleuroziums chreberi (Brid.) Mitt. ʩ ʧʨʦʝʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ ʥʝ ʙʦʣʝʝ 3 %. 
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ʀʩʩʣʝʜʫʝʤʳʝ ʥʘʤʠ ʫʯʘʩʪʢʠ ʦʪʤʝʯʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
ʉʡʪ. 1. ʁʪʪʤʞʝʬʞʥʴʞ ʬʰʙʪʫʣʡ 

 
ɼʣʷ ʦʮʝʥʢʠ Ŭ-ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʜʝʢʩʳ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ: ʠʥʜʝʢʩ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʐʝʥʥʦʥʘ, ʠʥʜʝʢʩ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʉʠʤʧʩʦʥʘ, ʠʥʜʝʢʩ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʄʘʨʛʘʣʝʬʘ ʠ 
ʠʥʜʝʢʩ ʚʳʨʘʚʥʝʥʥʦʩʪʠ ʇʠʝʣʦʫ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʩʭʦʜʩʪʚʘ ʪʝʨʨʠʪʦʨʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴ-
ʟʦʚʘʣʠ ʠʥʜʝʢʩ ʏʝʢʘʥʦʚʩʢʦʛʦ-ʉʲʝʨʝʥʩʝʥʘ [7, ʩʪʨ. 218].  ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ-
ʤʝʥʷʣʠ ʧʠʢʪʦʛʨʘʬʠʢʠ. 

ʀʥʬʦʨʤʘʮʠʶ ʦʙ ʵʢʪʦʧʘʨʘʟʠʪʘʭ ʠ ʚʠʜʘʭ-ʧʝʨʝʥʦʩʯʠʢʘʭ ʠʟʫʯʘʣʠ ʧʦ ʪʨʫʜʘʤ ʉʝʥʦʪʨʫʩʦʚʦʡ ʄ.ʄ. [9, 
ʩʪʨ. 55; 10, ʩʪʨ. 127], ʀʛʦʣʢʠʥʘ ʅ.ʀ. [2, ʩʪʨ. 79], ʂʠʨʠʣʣʦʚʦʡ ʅ.ʖ [3, ʩʪʨ. 481] ʠ ʇʝʪʫʭʦʚʘ ɺ.ɸ. [5 ʩʪʨ.218; 
6, ʩʪʨ.20]. 

ʉʞʠʬʤʵʫʙʫʴ ʡ ʡʮ ʧʚʪʬʟʝʞʦʡʞ. ʅʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 
ʥʘʛʨʫʟʢʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʦʪ 7 ʜʦ 15 ʚʠʜʦʚ (ʪʘʙʣ. 1). 

ʅʘʟʚʘʥʠʷ ʚʠʜʦʚ ʧʨʠʚʝʜʝʥʳ ʧʦ ʇʘʚʣʠʥʦʚʫ ʀ.ʗ. [4, ʩʪʨ. 89] ʊʝʨʨʠʪʦʨʠʶ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʯʘʩʪʢʘ (ʣʝʩ) 
ʥʘʩʝʣʷʣʠ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʚʠʜʳ. ɻʨʫʧʧʫ ʜʦʤʠʥʠʨʫʶʱʠʭ ʚʠʜʦʚ ʩʦʩʪʘʚʠʣʠ ʢʨʘʩʥʘʷ ʧʦʣʝʚʢʘ 
(Clethrionomys rutilus) ʠ ʢʨʘʩʥʦ-ʩʝʨʘʷ ʧʦʣʝʚʢʘ (Clethrionomys rufocʘnus). ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʦʧʳʪʥʳʭ ʫʯʘʩʪ-
ʢʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʤʝʥʴʰʝʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʜʦʤʠʥʠʨʫʶʱʘʷ ʛʨʫʧʧʘ ʚʠʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ: 
ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʦʣʸʚʢʦʡ (Microtus ʘrvʘlis) ʠ ʧʦʣʝʚʦʡ ʤʳʰʴʶ (ɸpodemus ʘgrʘrius), ʥʦ ʢʨʦʤʝ ʵʪʦʛʦ ʨʝʛʠ-
ʩʪʨʠʨʫʝʪʩʷ ʙʦʣʴʰʘʷ ʜʦʣʷ ʩʠʥʘʥʪʨʦʧʥʦʛʦ ʚʠʜʘ: ʩʝʨʦʡ ʢʨʳʩʳ. 

ɻʨʫʧʧʳ ʜʦʤʠʥʠʨʫʶʱʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʫʯʘʩʪʢʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʙʠʪʘʪʝʣʷʤ 
ʧʨʠʨʦʜʥʳʭ ʮʝʥʦʟʦʚ ʠ ʠʭ ʘʥʘʣʦʛʦʚ ʚ ʯʝʨʪʝ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʧʦ ʂʫʯʝʨʫʢ ɺ.ɺ. (1988) [8, ʩʪʨ. 15] ʚ 
ʦʧʳʪʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦʤʠʥʠʨʫʶʱʠʝ ʚʠʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʠʥʘʥʪʨʦʧʠʠ. 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʥʝʥʠʝ ʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦ ʟʘʢʦʥʦʤʝʨʥʦʤ ʨʦʩʪʝ ʫʨʦʚʥʷ ʫʨʙʘʥʠʟʘʮʠʠ ʠ 
ʯʠʩʣʝʥʥʦʩʪʠ ʩʠʥʘʥʪʨʦʧʥʳʭ ʚʠʜʦʚ ʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

 ʌʠʛʫʨʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʢʦʥʪʨʦʣʴʥʳʝ ʠ ʦʧʳʪʥʳʝ ʫʯʘʩʪʢʠ (ʨʠʩ. 2), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʝʝ ʚʳʩʦ-
ʢʠʭ ʟʥʘʯʝʥʠʷʭ ʠʥʜʝʢʩʦʚ ʨʘʟʥʦʦʙʨʘʟʠʷ ʐʝʥʥʦʥʘ ʠ ʉʠʤʧʩʦʥʘ, ʠ ʤʝʥʴʰʝʤ ʟʥʘʯʝʥʠʠ ʠʟ ʚʳʨʘʚʥʝʥʥʦʩʪʠ. 

ʉʦʦʙʱʝʩʪʚʘ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚʢʣʶʯʘʣʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʜʦʤʠʥʠʨʫʶʱʠʭ ʚʠʜʦʚ, ʦʙʣʘʜʘʣʠ ʩʣʘʙʦʡ ʚʳʨʘʚʥʝʥʥʦʩʪʴʶ ʠ ʠʤʝʣʠ ʥʠʟʢʦʝ ʦʙʠʣʠʝ. ʅʘ ʦʧʳʪʥʳʭ ʫʯʘʩʪʢʘʭ 
ʩʦʦʙʱʝʩʪʚʘ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʙʳʣʠ ʙʦʣʝʝ ʚʳʨʦʚʥʝʥʥʳʤʠ, ʯʝʤ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʫʯʘʩʪʢʝ ʠ ʵʪʦ ʥʘ 
ʥʘʰ ʚʟʛʣʷʜ, ʷʚʣʷʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʥʘ ʦʧʳʪʥʳʭ ʫʯʘʩʪʢʘʭ ʚʜʚʦʝ ʤʝʥʴʰʝ, 
ʯʝʤ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʜʦʤʠʥʘʥʪʥʳʭ ʬʦʥʦʚʳʭ ʚʠʜʦʚ ʦʜʠʥʘʢʦʚʦ (ʨʠʩ. 3).  
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ʆʙʦʟʥʘʯʝʥʠʷ: 

1- ˴ͦͤͭͪͦ͡Έͤ·͚ ό͔ͫ͡ύ 

2- ˻ͨ·ͭͤ·͚ ό˿˹́-ˤ͔͔ͭͪ͊ͤύ 

3- ˻ͨ·ͭͤ·͚ ό˿˹́-˽ͦ͡Ύͤ͊ύ 1 
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ʋʙʚʤʡʯʙ 1  
ʉʞʠʬʤʵʫʙʫʴ ʧʫʤʧʛʙ ʥʞʤʣʡʮ ʥʤʞʣʧʨʡʫʙʷʲʡʮ ʦʙ ʫʞʩʩʡʫʧʩʡʡ 
ʜʧʩʧʝʙ ʃʩʙʪʦʧʸʩʪʣʙ ʛ ʨʞʩʡʧʝ ʨʩʧʛʞʝʞʦʡʸ ʡʪʪʤʞʝʧʛʙʦʡʢ 

ʆʙʡʥʞʦʧʛʙʦʡʞ ɻʪʞʜʧ 
ʃʧʦʫʩʧʤʵ 

ʇʨʴʫʦʴʢ ʬʰʙʪʫʧʣ 

ˊ 1 ˊ 2 

ʑʫ. % ʑʫ. % ʑʫ. % 

ʆʙʳʢʥʦʚʝʥʥʘʷ ʙʫʨʦʟʫʙʢʘ Sorex 
ʘrʘneus Linnʘeus, 1758 

33 30 9,49 0 0,00 3 1,97 

ʄʘʣʘʷ ʙʫʨʦʟʫʙʢʘ Sorex minutus 
Linnʘeus, 1766 

15 15 4,75 0 0,00 0 0,00 

ʊʫʥʜʨʷʥʥʘʷ ʙʫʨʦʟʫʙʢʘ Sorex 
tundrensis Merriʘm, 1900 

9 8 2,53 0 0,00 1 0,66 

ʇʦʣʝʚʘʷ ʤʳʰʴ ɸpodemus ʘgrʘrius 
Pʘllʘs, 1771 

117 15 4,75 48 42,48 54 35,53 

ʃʝʩʥʘʷ ʤʳʰʴ ɸpodemus peninsulae 
Thomas, 1907 

20 20 6,33 0 0,00 0 0,00 

ɼʦʤʦʚʘʷ ʤʳʰʴ Mus musculus 
Linnʘeus, 1758 

4 4 1,27 0 0,00 0 0,00 

ʉʝʨʘʷ ʢʨʳʩʘ Rʘttus norvegicus Ber-
kenhout, 1769 

18 2 0,63 10 8,85 6 3,95 

ʆʙʳʢʥʦʚʝʥʥʘʷ ʧʦʣʸʚʢʘ Microtus 
ʘrvʘlis Pʘllʘs, 1778 

78 12 3,80 30 26,5 36 23,68 

ʋʟʢʦʯʝʨʝʧʥʘʷ ʧʦʣʝʚʢʘ Microtus 
gregʘlis Pʘllʘs, 1779 

38 12 3,80 5 4,42 21 13,82 

ʇʦʣʝʚʢʘ-ɻ ʢʦʥʦʤʢʘ Microtus 
oeconomus Pʘllʘs, 1776 

49 23 7,28 12 10,62 14 9,21 

ʊʝʤʥʘʷ ʧʦʣʝʚʢʘ Microtus ʘgrestis 
Linnʘeus, 1761 

26 26 8,23 0 0,00 0 0,00 

ʂʨʘʩʥʦ-ʩʝʨʘʷ ʧʦʣʝʚʢʘ 
Clethrionomys rufocʘnus Sundevʘll, 
1846 

64 64 20,25 0 0,00 0 0,00 

ʂʨʘʩʥʘʷ ʧʦʣʝʚʢʘ Clethrionomys 
rutilus Pʘllʘs, 1779 

58 58 18,35 0 0,00 0 0,00 

ɺʦʜʷʥʘʷ ʧʦʣʝʚʢʘ ɸrvicolʘ ʘmphibius 
Linnʘeus, 1758 

35 10 3,16 8 7,08 17 11,18 

ʃʝʩʥʘʷ ʤʳʰʦʚʢʘ Sicistʘ betulinʘ 
Pʘllʘs, 1779 

17 17 5,38 0 0,00 0 0,00 

ʃʦʚʫʰʢʦ-ʩʫʪʦʢ 11000 3500 100 4000 100 3500 100 

ʂʦʥʫʩʦ-ʩʫʪʦʢ 750 300 - 150 - 300 - 

ʆʪʣʦʚʣʝʥʦ ʚʩʝʛʦ 581 316 - 113 - 152 - 

 
ʅʘ ʢʦʥʪʨʦʣʴʥʦʤ ʫʯʘʩʪʢʝ (ʣʝʩ) ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ ʜʦʤʠʥʠʨʫʶʪ ʜʚʘ ʚʠʜʘ: ʢʨʘʩʥʘʷ ʠ ʢʨʘʩʥʦ-

ʩʝʨʘʷ ʧʦʣʝʚʢʠ, ʪʘʢ ʞʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʣʝʚʦʢ ʠ ʙʫʨʦʟʫ-
ʙʦʢ (ʨʠʩ. 3). 

ʅʘ ʦʧʳʪʥʳʭ ʫʯʘʩʪʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥ ʙʦʣʝʝ ʙʝʜʥʦʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʥʦ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ 
ʧʦʣʝʚʦʡ ʤʳʰʠ ʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʦʣʝʚʢʠ, ʢʨʦʤʝ ʵʪʦʛʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʙʦʣʴʰʘʷ ʜʦʣʷ ʩʝʨʦʡ ʢʨʳʩʳ ʠ 
ʚʦʜʷʥʦʡ ʧʦʣʝʚʢʠ, ʜʘʥʥʘʷ ʛʨʫʧʧʘ ʧʦʧʫʣʷʮʠʡ ʥʝʩʝʪ ʚ ʩʝʙʝ ʙʦʣʴʰʫʶ ʜʦʣʶ ʩʠʥʘʥʪʨʦʧʥʳʭ ʚʠʜʦʚ ʧʦ ʩʨʘʚ-
ʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʫʯʘʩʪʢʦʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʧʳʪʥʳʭ ʫʯʘʩʪʢʦʚ ʚʙʣʠʟʠ ʩʘʜʦʚʳʭ 
ʫʯʘʩʪʢʦʚ ʠ ʜʘʯʥʳʭ ʜʦʤʦʚ. 
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ʅʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʵʢʪʦʧʘʨʘʟʠʪʦʚ, ʦʙʠʪʘʶʱʠʭ ʥʘ ʤʘʩʩʦʚʳʭ ʚʠʜʘʭ ʠ ʚʠʜʘʭ-
ʜʦʤʠʥʘʥʪʘʭ (ʪʘʙʣ. 2). 
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ʇʚʴʣʦʧʛʞʦʦʙʸ ʨʧʤʞʛʣʙ 

ɺʤʧʮʡ ɼʙʥʙʠʧʛʴʞ ʣʤʞʲʡ ʁʣʪʧʝʧʛʴʞ ʣʤʞʲʡ 

Cerʘtophyllus penicilliger Cyrtolʘelʘps mucronʘtus  
 

Ixodes persulcʘtus 
Dermʘcentor pictus 

C. rectʘngulʘtus Eulʘelʘps stʘbulʘris 

Ctenophthʘlmus ʘssimilis Hʘemolʘelʘps glʘsgowi 

 Lʘelʘps hilʘris 

 Hi. isʘbellinus 

 Mʘcrocheles decolorʘtus 

 Poecilochirus necrophori 

ʈʧʤʞʛʙʸ ʥʴʱʵ 

ɺʤʧʮʡ ɼʙʥʙʠʧʛʴʞ ʣʤʞʲʡ  

Cerʘtophyllus penicilliger Eulʘelʘps stʘbulʘris 

C. rectʘngulʘtus Hʘemogʘmʘsus ʘmbulʘns 

C. turbidus Hg. nidi 

Ctenophthʘlmus ʘssimilis Hʘemolʘelʘps glʘsgowi 

Prontopsyllʘ elʘtʘ L. pʘvlovskyi 

Hystrichopsyllʘ tʘlpʘe Hi. isʘbellinus 

Neopsyllʘ ʘcʘnthinʘ  

ʃʩʙʪʦʙʸ ʨʧʤʞʛʣʙ 

ɺʤʧʮʡ ɼʙʥʙʠʧʛʴʞ ʣʤʞʲʡ 

I.apronophorus 
 

Amalaraeus penicilliger Haemogamasus ambulans 

Amphipsylla rossica Laelaps clethrionomydis 

Paleopsylla soricis Haemogamasus nidi 

Megabothris turbidus Haemogamasus hirsutosimilis 

 Eulaelaps stabularis 

 ʃʩʙʪʦʧ-ʪʞʩʙʸ ʨʧʤʞʛʣʙ 

ɺʤʧʮʡ ɼʙʥʙʠʧʛʴʞ ʣʤʞʲʡ Ixodes persulcʘtus 
Dermʘcentor nutal Leptopsylla ostsibirica Hirstionyssus isabellinus 

Amphipsylla sibirica Laelaps pavtovsryt 

Catallagia dacenkoi Laelaps clethrionomydis 

C. rectʘngulʘtus Haemogamasus ambulans 

Cerʘtophyllus penicilliger  

 
ʅʘʠʙʦʣʝʝ ʤʘʩʩʦʚʳʤʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʵʢʪʦʧʘʨʘʟʠʪʘʤʠ ʷʚʣʷʶʪʩʷ ʙʣʦʭʠ (Cerʘtophyllus peni-

cilliger, C. Rectʘngulʘtur) ʠ ʛʘʤʘʟʦʚʳʝ ʢʣʝʱʠ (Hʘemogʘmʘsus ʘmbulʘns ʠ Laelaps clethrionomydis). ʂʨʦʤʝ 
ʵʪʦʛʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʫʞʥʦ ʫʜʝʣʠʪʴ ʠʢʩʦʜʦʚʳʤ ʢʣʝʱʘʤ (Ixodes persulcʘtus ʠ  Dermʘcentor nutal), ʢʦ-
ʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʪʫʣʷʨʝʤʠʠ, ʢʣʝʱʝʚʦʛʦ ʵʥʮʝʬʘʣʠʪʘ ʠ ʣʝʧʪʦʩʧʠʨʦʟʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 
ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ, ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʪʫʣʷʨʝʤʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠ 
ʛʘʤʘʟʦʚʳʝ ʢʣʝʱʠ ʚ ʥʘʰʝʡ ʪʘʙʣʠʮʝ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʠʜʘʤʠ Haemogamasus ambulans, Hirstionyssus 
isabellinus, Hi. Isʘbellinus, Hg. Nidi, Eulʘelʘps stʘbulʘris, Lʘelʘps hilʘris. 

ʀʙʣʤʷʰʞʦʡʞ. ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʥʘ ʩʘʜʦʚʦ-ʜʘʯʥʳʭ ʫʯʘʩʪʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥ 8 ʚʠʜʘʤʠ ʤʝʣʢʠʭ ʤʣʝʢʦ-
ʧʠʪʘʶʱʠʭ ï ʵʪʦ 40% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚʠʜʦʚ, ʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʝʥʥʳ ʜʣʷ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. ʆʩʥʦʚʫ ʩʦ-
ʦʙʱʝʩʪʚ ʩʦʩʪʘʚʣʷʶʪ ʜʚʘ ʚʠʜʘ ï ʧʦʣʝʚʘʷ ʤʳʰʴ ʠ ʧʦʣʝʚʢʘ ʦʙʳʢʥʦʚʝʥʥʘʷ. ɺ ʩʦʦʙʱʝʩʪʚʘʭ ʤʝʣʢʠʭ ʤʣʝʢʦ-
ʧʠʪʘʶʱʠʭ ʩʘʜʦʚʦʜʩʪʚ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʧʨʝʦʙʣʘʜʘʥʠʶ ʩʠʥʘʥʪʨʦʧʥʳʭ ʚʠʜʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʝʱʝ ʦ 
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ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʦʙʱʝʩʪʚ ʩ ʨʦʩʪʦʤ ʫʨʙʘʥʠʟʘʮʠʠ. 
ʉʘʜʦʚʦ-ʜʘʯʥʳʝ ʫʯʘʩʪʢʠ ï ʪʝʨʨʠʪʦʨʠʠ ʩ ʚʳʩʦʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʯʝʣʦʚʝʢʘ ʠ ʜʦʤʘʰʥʝʛʦ ʩʢʦʪʘ ʩ 

ʛʨʳʟʫʥʘʤʠ ʠ ʥʘʩʝʢʦʤʦʷʜʥʳʤʠ ʤʣʝʢʦʧʠʪʘʶʱʠʤʠ. ʆʙʦʙʱʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʵʢʪʦʧʘʨʘʟʠʪʘʤ, ʧʦʜ-
ʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʦʙʱʝʚʠʜʦʚʳʭ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʵʢʪʦʧʘʨʘʟʠʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʝ-
ʨʝʥʦʩʯʠʢʘʤʠ ʦʧʘʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʪʝʤ ʩʘʤʳʤ ʟʘʨʘʞʘʪʴ ʜʦʤʘʰʥʠʡ ʩʢʦʪ ʠ ʯʝʣʦʚʝʢʘ. ʅʘʠʙʦʣʝʝ ʤʘʩʩʦ-
ʚʳʤʠ ʷʚʣʷʣʠʩʴ 4 ʚʠʜʘ ʵʢʪʦʧʘʨʘʟʠʪʦʚ: ʢʣʝʱʠ Ixodes persulcʘtus, Eulʘelʘps stʘbulʘris, Haemogamasus 
ambulans, ʙʣʦʭʠ Cerʘtophyllus penicilliger.  

ʅʝʣʴʟʷ ʥʝ ʫʧʦʤʷʥʫʪʴ ʦ ʨʦʣʠ ʚʦʜʷʥʦʡ ʧʦʣʝʚʢʠ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʪʫʣʷʨʝʤʠʠ, ʧʦʩʢʦʣʴʢʫ ʚʦʜʥʘʷ 
ʵʢʦʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʮʠʨʢʫʣʷʮʠʠ ʠ ʩʦʭʨʘʥʝʥʠʠ ʪʫʣʷʨʝʤʠʡʥʦʛʦ ʤʠʢʨʦʙʘ. ʏʝʤ 
ʙʦʣʴʰʝ ʚʠʜʦʚ ʚ ʧʘʨʘʟʠʪʘʨʥʦʡ ʩʠʩʪʝʤʝ, ʪʝʤ ʦʥʘ ʫʩʪʦʡʯʠʚʝʝ, ʠ ʠʤʝʝʪ ʙʦʣʴʰʝ ʧʨʝʜʧʦʩʳʣʦʢ ʜʣʷ ʘʢʪʠʚʠ-
ʟʘʮʠʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʘʢʪʦʨʘʭ ʩʨʝʜʳ, ʚʳʰʝ ʠ ʠʭ ʵʧʠʟʦʦʪʠʯʝʩʢʘʷ ʨʦʣʴ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʧʨʦʜʦʣʞʝʥʳ, ʦʭʚʘʪ ʪʝʨʨʠʪʦʨʠʠ ʫʚʝʣʠʯʝʥ. 
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ǯǟǦǯǟǠǭǱǩǟ ǮǯǭǣǲǩǱǟ ǯǭǠǭǱǧǦǧǯǭǡǟǬǟǾ 
ǩǭǪǭǬǩǟ ǰ ǵǤǪǻǽ ǩǭǫǮǪǤǩǰǬǭǢǭ 
ǱǤǰǱǧǯǭǡǟǬǧǾ 

ǠȒȔȑȄȄȁ ǡȊǿȃȇȐȊǿȁ ǣȋȇȑȏȇȄȁȇȖ 
ʫʯʘʱʠʡʩʷ 10 ʢʣʘʩʩʘ  

ɻʠʤʥʘʟʠʷ | ʌɻɹʆʋ ɺʆ çʆɻʋ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘè 
ʚ ʛ. ʄʮʝʥʩʢʝ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʘʭʦʚʳʭ ɸʣʣʘ ɸʣʝʢʩʝʝʚʥʘ, 

ʫʯʠʪʝʣʴ ʠʥʬʦʨʤʘʪʠʢʠ 
ɻʠʤʥʘʟʠʷ | ʌɻɹʆʋ ɺʆ çʆɻʋ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘè 

ʚ ʛ.ʄʮʝʥʩʢʝ 
 

 
ʈʘʟʚʠʪʠʝ ʩʘʤʦʠʥʠʮʠʘʪʠʚ ʫʯʘʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʚ ʰʢʦʣʝ ʟʘʢʣʘʜʳʚʘʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʠ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʤʝʪ ʠʥʬʦʨʤʘʪʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ, ʢʘʢ ʩ ʧʦʟʠʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 
ʟʥʘʯʠʤʦʩʪʠ ʝʛʦ ʧʨʠ ʚʳʙʦʨʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʬʝʩʩʠʡ, ʪʘʢ ʠ ʩ ʧʦʟʠʮʠʠ ʠʥʪʝʨʝʩʘ ʦʙʫʯʘʶʱʠʭʩʷ ʩ ʪʦʯ-
ʢʠ ʟʨʝʥʠʷ ʨʘʩʰʠʨʝʥʠʷ ʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʥʘʮʝʣʝʥʦ ʥʝ ʧʨʦʩʪʦ ʥʘ ʧʝʨʝʜʘʯʫ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʥʦ 
ʠ, ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ, ʥʘ ʨʘʟʚʠʪʠʝ ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ ʫʯʝʥʠʢʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʤʝʥʠʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 
ʦʙʥʦʚʣʷʪʴ ʪʝ ʟʥʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʧʝʰʥʫʶ ʩʘʤʦʨʝʘʣʠʟʘʮʠʶ ʚ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
ɺ ʩʚʷʟʠ ʩ ɻ ʪʠʤ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʪʚʦʨʯʝʩʢʠʭ ʠʥʠʮʠʘʪʠʚ ʫʯʘʱʠʭʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʠʟ ʟʥʘʥʠʡ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʧʨʝʧʦʜʘʚʘʥʠʷ [1]. 

ʀʥʬʦʨʤʘʪʠʢʘ ï ʵʪʦ ʤʝʪʘʧʨʝʜʤʝʪ, ʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʣʶʙʘʷ ʜʨʫʛʘʷ ʫʯʝʙʥʘʷ ʜʠʩʮʠʧʣʠʥʘ, 

ɹʦʦʧʫʙʯʡʸ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʦʙʦʩʥʦʚʘʥʘ ʟʥʘʯʠʤʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʠʥʠʮʠʘʪʠʚ ʫʯʘʱʠʭʩʷ 
ʩʨʝʜʥʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʥʘ ʫʨʦʢʘʭ ʠʥʬʦʨʤʘʪʠʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʢʦ-
ʣʦʥʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʚʥʠʤʘʥʠʷ ʫʯʝʥʠʢʦʚ ʥʘ ʫʨʦʢʝ ʠʥʬʦʨʤʘʪʠʢʠ ʢ ʪʝʤʝ ñʄʦʜʝʣʠ-
ʨʦʚʘʥʠʝò. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʥʬʦʨʤʘʪʠʢʘ, ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʢʦʥʪʨʦʣʴ ʟʥʘʥʠʡ, ʨʘʟʨʘʙʦʪʢʘ ʨʦʙʦʪʘ ʢʦʣʦʥʢʠ. 
 
PRODUCT DEVELOPMENT ROBATIZED COLUMN FOR THE PURPOSE OF COMPREHENSIVE TESTING 

 
Bukhteev Vladislav Dmitrievich 

 
Scientific supervisor: Makhov Alla Alekseevna 

 
Abstract:  This article substantiates the importance and relevance of the development of initiatives of second-
ary school students in computer science lessons. The development of a robotic column designed to attract the 
attention of students in a computer science lesson to the topic of ñModelingò is presented. 
Keywords: computer science, learning process, knowledge control, column robot development. 
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ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʨʘʟʥʳʭ ʪʠʧʦʚ ʫʨʦʢʦʚ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʠ-
ʩʪʝʤʥʦ - ʜʝʷʪʝʣʴʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʨʛʘʥʠʯʥʦ ʩʦʯʝʪʘʪʴ ʚ ʩʝʙʝ ʩʧʦʩʦʙʳ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦ-
ʩʪʠ, ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʟʘʜʘʥʠʷ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʪ ʢ ʨʘʟʚʠʪʠʶ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ ʥʘʚʳ-
ʢʦʚ, ʯʪʦ ʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʩʪʝʧʝʥʥʦ ʦʪ ʫʨʦʢʘ ʢ ʫʨʦʢʫ ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʨʘʟʚʠʪʠʶ ʨʝʙʝʥʢʘ ʢʘʢ ʣʠʯ-
ʥʦʩʪʠ. 

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥʠʷ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩ ʫʯʝ-
ʥʠʢʘ. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʜʫʢʪʘ ʧʦʤʦʞʝʪ ʧʨʠʚʣʝʯʴ ʚʥʠʤʘʥʠʝ ʫʯʘʱʠʭʩʷ.   

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʨʠʚʣʝʯʝʥʠʷ ʚʥʠʤʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʋʯʘʱʠʝʩʷ 
ʣʝʛʯʝ ʚʢʣʶʯʘʶʪʩʷ ʚ ʫʯʝʙʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʢʦʛʜʘ ʧʝʨʝʜ ʥʠʤʠ ð ʷʨʢʠʝ, ʧʦʥʷʪʥʳʝ ʠ ʣʦʛʠʯʝʩʢʠ ʩʪʨʫʢʪʫ-
ʨʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʳ.  

ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʧʨʦʙʝʣʳ ʚ ʟʥʘʥʠʷʭ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʦʙʩʫʞʜʝ-
ʥʠʷ ʠ ʘʥʘʣʠʟʘ ʠʤʝʶʱʠʭʩʷ ʟʥʘʥʠʡ ʠ ʚʳʟʳʚʘʝʪ ʞʝʣʘʥʠʝ ʧʦʧʦʣʥʠʪʴ ʥʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ ʙʘʛʘʞ ʟʥʘʥʠʡ . 

ɸʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʟʜʘʥ ʨʦʙʦʪ ʢʦʣʦʥʢʘ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʜʝʣʴ ʨʦʙʦʪʘ ʥʘ ʧʣʘʪ-
ʬʦʨʤʝ ʠʟʚʝʩʪʥʳʭ ʦʙʦʣʦʯʝʢò Arduino ñ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʝʭʘʥʠʟʤʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥ-
ʩʪʨʫʢʪʦʨʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʘʪʘʪʴ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʣʘʪ-
ʬʦʨʤʳ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʘʫʜʠʦ ʬʘʡʣʦʚ.  

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʫʪʴ ʩʦʟʜʘʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʢʦʣʦʥʢʠ. 
ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʣʘʪʬʦʨʤʳ ʥʘ ʙʘʟʝ Bluetootʨ 

1) ɼʚʘ 3-ʜʶʡʤʦʚʳʭ 4-ʦʤʥʳʭ 15-ʚʘʪʪʥʳʭ ʩʘʙʚʫʬʝʨʘ -2 
2) ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʘʫʜʠʦʤʦʜʫʣʴ Bluetooth -1 
3) ʄʦʜʫʣʴ ʘʫʜʠʦʫʩʠʣʠʪʝʣʷ ʢʣʘʩʩʘ D - 1 
4) ʄʦʜʫʣʴ ESP8266-12E (ʧʣʘʪʘ Node MCU ʥʝ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ) ð 1 
5) ʃʠʪʠʝʚʳʝ ʙʘʪʘʨʝʠ 18650 - 6 
6) ɿʘʨʷʜʥʦʝ ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʃʠʪʠʝʚʦʡ ʙʘʪʘʨʝʠ 3S 2P ʠ ʄʦʜʫʣʴ ʟʘʱʠʪʳ- 1 
7) ʊʫʤʙʣʝʨ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ - 1 
8) ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʜʦʤʢʨʘʪ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ - 1 
9) ɸʜʘʧʪʝʨ ʧʠʪʘʥʠʷ 12 ɺ (ʜʣʷ ʟʘʨʷʜʢʠ) 
10) ɻʦʨʷʯʠʡ ʢʣʝʡ, ʉʫʧʝʨʢʣʝʡ ʠ ʧʨʦʚʦʜʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 
ʇʨʦʝʢʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʙʣʠʦʪʝʢʠ ESP32-A2DP ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʫʜʠʦʜʘʥʥʳʭ ʩ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʦʜʜʝʨʞʢʦʡ Bluetooth. ʇʦʣʫʯʝʥʥʳʝ ʘʫʜʠʦʜʘʥʥʳʝ ʟʘʪʝʤ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʠʡ ʎɸʇ 
ESP32 ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʬʝʡʩʘ I2S. ʀʥʪʝʨʬʝʡʩ I2S ʥʘʩʪʨʦʝʥ ʥʘ ʨʘʙʦʪʫ ʚ ʛʣʘʚʥʦʤ ʨʝʞʠʤʝ, ʨʝʞʠʤʝ ʧʝ-
ʨʝʜʘʯʠ ʠ ʚʩʪʨʦʝʥʥʦʤ ʨʝʞʠʤʝ ʎɸʇ. ɿʘʪʝʤ ʘʫʜʠʦʜʘʥʥʳʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʯʝʨʝʟ ʜʠʥʘʤʠʢ, ʧʦʜʢʣʶʯʸʥ-
ʥʳʡ ʢ ʎɸʇ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʎɸʇ ESP32 ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʨʦʚʝʥʴ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 
ʦʛʨʘʥʠʯʝʥ 1,1 ɺ. ʇʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʥʝʰʥʠʡ ʫʩʠʣʠʪʝʣʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʚʳ-
ʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦ ʞʝʣʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ. ʊʘʢʞʝ ʚʘʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʘʫʜʠʦʜʘʥʥʳʝ ʠʤʝʶʪ ʧʨʘ-
ʚʠʣʴʥʳʡ ʬʦʨʤʘʪ ʠ ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʠʩʢʘʞʝʥʠʡ ʠʣʠ ʰʫʤʦʚ ʚʦ ʚʨʝʤʷ ʚʦʩʧʨʦʠʟ-
ʚʝʜʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʣʠʪʠʝʚʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʜʣʷ ʧʠʪʘʥʠʷ ʩʭʝʤʳ, ʥʘʤ ʥʫʞʥʦ ʩʣʝʜʠʪʴ ʟʘ 
ʧʨʦʮʝʩʩʦʤ ʟʘʨʷʜʢʠ ʠ ʨʘʟʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʠʥʘʯʝ ʩʨʦʢ ʠʭ ʩʣʫʞʙʳ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʩʷ. ʀʤʝʥʥʦ 
ʧʦʵʪʦʤʫ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʥʧʝʬʤʵ BMS 10A 3s, 2P. ʕʪʦʪ ʤʦʜʫʣʴ BMS ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʚʠʣʴʥʫʶ ʟʘʨʷʜʢʫ 
ʘʢʢʫʤʫʣʷʪʦʨʘ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʝʛʦ ʯʨʝʟʤʝʨʥʫʶ ʨʘʟʨʷʜʢʫ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʤʦʜʫʣʴ BMS ʟʘʱʠʱʘʝʪ ʘʢ-
ʢʫʤʫʣʷʪʦʨ ʦʪ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ ʧʝʨʝʛʨʫʟʢʠ. 

ʉʣʝʜʫʶʱʠʤ ʚ ʩʧʠʩʢʝ ʷʚʣʷʝʪʩʷ ʩʘʤ ʥʧʝʬʤʵ ʙʬʝʡʧʨʩʡʞʥʦʡʣʙ Bluetooth. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʥʘʟʚʘ-
ʥʠʷ, ʵʪʘ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʘʫʜʠʦʧʨʠʝʤʥʠʢʦʤ Bluetooth, ʠ ʤʳ ʧʦʜʢʣʶʯʘʝʤ ʚʳʭʦʜ ʘʫʜʠʦʧʨʠʝʤʥʠʢʘ 
Bluetooth ʢ ʚʭʦʜʫ ʤʦʜʫʣʷ ʘʫʜʠʦʫʩʠʣʠʪʝʣʷ. 

ɺʳʭʦʜ ʤʦʜʫʣʷ Bluetooth-ʙʬʝʡʧʨʩʡʹʥʦʡʣʙ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʜʚʫʤʷ ʨʝʟʠʩʪʦʨʘʤʠ ʧʦ 10 ʢʆʤ ʠ ʧʦ-
ʩʪʫʧʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ MCP6001T ʩ ʥʠʟʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʢʦʪʦʨʳʡ ʫʩʠ-
ʣʠʚʘʝʪ ʩʠʛʥʘʣ ʠ ʢʦʤʧʝʥʩʠʨʫʝʪ ʠʩʪʦʯʥʠʢ ʟʚʫʢʘ. ɹʝʟ ʢʦʤʧʝʥʩʘʮʠʠ ʫʩʠʣʠʚʘʣʘʩʴ ʙʳ ʪʦʣʴʢʦ ʦʜʥʘ ʯʘʩʪʴ ʩʠ-
ʥʫʩʦʠʜʳ, ʯʪʦ ʧʨʠʚʝʣʦ ʙʳ ʢ ʥʝʞʝʣʘʪʝʣʴʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ. ʇʦʩʢʦʣʴʢʫ ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ ʧʦʪʨʝʙʣʷ-
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ʝʪ ʦʯʝʥʴ ʤʘʣʦ ʵʥʝʨʛʠʠ, ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʜʣʷ ʝʛʦ ʧʠʪʘʥʠʷ ʚʳʚʦʜ GPIO ʤʦʜʫʣʷ ESP.ʊʝʧʝʨʴ ʫ ʥʘʩ ʝʩʪʴ ʤʦ-
ʜʫʣʴ ESP8266. ɼʣʷ ʧʠʪʘʥʠʷ ʤʦʜʫʣʷ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʩʪʘʙʠʣʠʟʘʪʦʨ AMS117 ʥʘ 3,3 ɺ. ʂʘʢ ʪʦʣʴʢʦ ʩʭʝʤʘ 
ʙʣrʘ ʛʦʪʦʚʘ, ʷ ʥʘʯʘʣ ʩʦʙʠʨʘʪʴ ʩʭʝʤʫ ESP ʥʘ ʤʘʢʝʪʥʦʡ ʧʣʘʪʝ, ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʵʪʦʛʦ 
ʧʨʦʝʢʪʘ. 

ʈʩʡʥʞʰʙʦʡʞ: ʝʩʣʠ ʚʳ ʩʦʙʠʨʘʝʪʝ ʩʭʝʤʫ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʧʨʦ-
ʝʢʪʘ ʥʝ ʧʦʜʦʡʜʫʪ ʧʣʘʪʳ Node MCU ʣʶʙʦʡ ʚʝʨʩʠʠ. ɺʘʤ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʫʣʴ ESP8266-12E ʙʝʟ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʘ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʚʳʚʦʜ RX, ʠ ʝʛʦ ʥʝʣʴʟʷ ʠʟʤʝ-
ʥʠʪʴ, ʪʘʢ ʢʘʢ Colorchord ʠʩʧʦʣʴʟʫʝʪ ʦʧʝʨʘʮʠʠ I2S ʚʥʫʪʨʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʚʦʜ ɸʎʇ ʥʘ ʧʣʘʪʝ Node MCU 
ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʜʝʣʠʪʝʣʶ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʨʪʠʪʴ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʇʨʦʮʝʩʩ ʪʝʩʪʠʨʦʚʘʥʠʷ 
ʉʥʘʯʘʣʘ ʷ ʧʨʦʪʝʩʪʠʨʦʚʘʣ ʤʦʜʫʣʴ BMS, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʦʥ ʨʘʙʦʪʘʝʪ ʥʦʨʤʘʣʴʥʦ. ɼʣʷ ʵʪʦʛʦ ʷ 

ʟʘʢʦʨʦʪʠʣ ʜʚʝ ʚʳʭʦʜʥʳʝ ʢʣʝʤʤʳ ʠ ʧʨʦʚʝʨʠʣ, ʨʘʙʦʪʘʝʪ ʣʠ ʟʘʱʠʪʘ ʦʪ ʧʝʨʝʛʨʫʟʢʠ ʧʦ ʪʦʢʫ. ɿʘʪʝʤ ʷ ʧʦʜ-
ʢʣʶʯʠʣ ʧʦʥʠʞʘʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ LM2576 ʠ ʫʩʪʘʥʦʚʠʣ ʥʘ ʝʛʦ ʚʳʭʦʜʝ ʥʘʧʨʷʞʝʥʠʝ 5 ɺ. ʇʦʩʣʝ ʵʪʦʛʦ 
ʷ ʧʨʠʧʘʷʣ ʤʦʜʫʣʴ Bluetooth ʠ ʤʦʜʫʣʴ ʫʩʠʣʠʪʝʣʷ ʟʚʫʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʣ ʠʭ.  

ʅʘ ʵʪʦʤ ʤʳ ʟʘʚʝʨʰʘʝʤ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ Bluetooth ʧʣʘʪʬʦʨʤʳ ʠ ʧʝʨʝʭʦʜʠʤ ʢ ʩʦʟʜʘʥʠʶ ʤʦʜʝʣʠ 
ʨʦʙʦʪʘ. 

1) ʉʦʟʜʘʸʤ ʜʠʟʘʡʥ ʨʦʙʦʪʘ  
2) ʉʦʟʜʘʸʤ ʤʦʜʝʣʴ ʨʦʙʦʪʘ 
3) ɺʦʧʣʦʱʘʝʤ ʧʦʣʥʦʮʝʥʥʳʡ ʢʘʨʢʘʩ ʨʦʙʦʪʘ 
ʇʦʤʝʱʘʝʤ Bluetooth ʧʣʘʪʬʦʨʤʫ ʚ ʢʦʨʧʫʩ ʨʦʙʦʪʘ ʠ ʦʪʧʨʘʚʣʷʝʤ ʝʛʦ ʥʘ ʧʦʤʦʱʴ ʫʯʝʥʠʢʘʤ ʠ ʫʯʠʪʝ-

ʣʷʤ!   
 

ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
 
1.  çʇʨʦʛʨʘʤʤʠʨʫʝʤ Arduinoè, ʉʘʡʤʦʥ ʄʦʥʢ.  
2. çʀʟʫʯʘʝʤ Arduino. ʀʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʣʰʝʙʩʪʚʘè, ɼʞʝʨʝʤʠ ɹʣʫʤ. 
3. çʀʟʫʯʘʝʤ Arduino. 65 ʧʨʦʝʢʪʦʚ ʩʚʦʠʤʠ ʨʫʢʘʤʠè, ɼʞʦʥ ɹʦʢʩʝʣʣ, ʧʝʨʝʚʦʜ: ɸ. ʂʠʩʝʣʸʚ 
4. çʂʦʨʧʫʩʠʨʦʚʘʥʠʝ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ. ʊʝʭʥʦʣʦʛʠʠ, ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʦʨʫʜʦʚʘʥʠʝè, 

ɸ. ʀ. ɹʝʣʦʫʩ. 
5. Wikipedia, Pinterest, Arduino.cc, Arduino IDE, Alexgyver.ru 
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ǲǣǩ 3.0*3.2 

ǭǮǟǰǬǭǰǱǧ ǧ ǯǧǰǩǧ ǫǲǬǧǵǧǮǟǪǻǬǭǢǭ 
ǭǠǯǟǦǭǡǟǬǧǾ Ǭǟ ǮǯǧǫǤǯǤ 
ǩǟǬǱǤǫǧǯǭǡǰǩǭǢǭ ǫǲǬǧǵǧǮǟǪǻǬǭǢǭ 
ǯǟǨǭǬǟ ǡǭǯǭǬǤǥǰǩǭǨ ǭǠǪǟǰǱǧ 

ǠȄȃȏȇȌǿ ǤȊȇȆǿȁȄȑǿ ǡȇȉȑȍȏȍȁȌǿ 
ʩʪʫʜʝʥʪ ʛʨ. ʤʀʀʊɹ-241  

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɺɻʊʋ)è 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʊʘʪʴʷʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ʆʚʯʠʥʥʠʢʦʚʘ 
ʜʦʮʝʥʪ, ʢ.ʙ.ʥ., ʩʪ. ʥʘʫʯ. ʩʦʪʨʫʜʥʠʢ  

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɺɻʊʋ)è 
 

 

ɹʦʦʧʫʙʯʡʸ: ʂʘʥʪʝʤʠʨʦʚʩʢʠʡ ʤʫʥʠʮʠʧʘʣʴʥʳʡ ʨʘʡʦʥ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʨʝʛʠʦʥʳ ʈʦʩ-
ʩʠʠ, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʧʘʩʥʦʩʪʷʤʠ ʠ ʨʠʩʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʝʛʦ ʩʦ-
ʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʠ ʙʣʘʛʦʩʦʩʪʦʷʥʠʝ ʥʘʩʝʣʝʥʠʷ.  ʂʘʥʪʝʤʠʨʦʚʩʢʠʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ 
ʶʛʝ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʠ ʩʘʤʳʤ ʫʜʘʣʝʥʥʳʤ (279 ʢʤ) ʦʪ ʦʙʣʘʩʪ-
ʥʦʛʦ ʮʝʥʪʨʘ ʤʫʥʠʮʠʧʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ. ʇʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʨʘʟ-
ʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʶʪʩʷ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ, 
ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʨʠʨʦʜʥʳʝ ʧʦʞʘʨʳ. 
 ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʧʘʩʥʦʩʪʠ ʠ ʨʠʩʢʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʂʘʥʪʝʤʠʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ, ʘ 
ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʢʘʨʪʳ ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ ʩʦʩʪʘʚʣʷʝʪʩʷ ʜʠʘʛʨʘʤʤʘ ʧʨʦʛʥʦʟʥʳʭ ʨʠʩʢʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʯʨʝʟʚʳʯʘʡʥʘʷ ʩʠʪʫʘʮʠʷ, ʯʨʝʟʚʳʯʘʡʥʘʷ ʩʠʪʫʘʮʠʷ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʯʨʝʟʚʳʯʘʡ-
ʥʘʷ ʩʠʪʫʘʮʠʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʯʨʝʟʚʳʯʘʡʥʘʷ ʩʠʪʫʘʮʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʛʠʜʨʦʣʦʛʠʷ, 
ʨʝʣʴʝʬ. 
 
DANGERS AND RISKS OF A MUNICIPAL FORMATION ON THE EXAMPLE OF THE KANTEMIROVSKY 

MUNICIPAL DISTRICT OF THE VORONEZH REGION 
 

Bedrina E.V.  
 

Scientific adviser: Ovchinnikova T.V.  
 
Abstract: The Kantemirovsky Municipal District of the Voronezh Region, like other regions of Russia, faces 
various dangers and risks that can negatively affect its socio-economic development and the well-being of the 
population. Kantemirovsky district is located in the south of the Voronezh Region and is one of the largest and 
most remote municipalities (279 km) from the regional center. The causes of emergency situations of various 
types in this area are geophysical natural phenomena, geological, meteorological, hydrological, hydrogeologi-
cal and natural fires. This article examines the hazards and risks specific to the Kantemirovsky district, as well 
as analyzes the maps on the basis of which a forecast risk diagram is compiled. 
Keywords: emergency, natural emergency, man-made emergency, man-made emergency. 
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ʂʘʥʪʝʤʠʨʦʚʩʢʠʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʶʛʝ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 
ʢʨʫʧʥʳʭ ʠ ʩʘʤʳʤ ʫʜʘʣʝʥʥʳʤ (279 ʢʤ) ʦʪ ʦʙʣʘʩʪʥʦʛʦ ʮʝʥʪʨʘ ʤʫʥʠʮʠʧʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ. 

ʂʘʥʪʝʤʠʨʦʚʩʢʠʡ ʤʫʥʠʮʠʧʘʣʴʥʳʡ ʨʘʡʦʥ ʛʨʘʥʠʯʠʪ ʥʘ ʩʝʚʝʨʝ ʩ ʈʦʩʩʦʰʘʥʩʢʠʤ ʨʘʡʦʥʦʤ, ʥʘ ʚʦʩʪʦ-
ʢʝ ï ʩ ɹʦʛʫʯʘʨʩʢʠʤ ʨʘʡʦʥʦʤ. ʇʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 2 348 ʤ2.  

ʂʣʠʤʘʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʧʣʳʤ ʣʝʪʦʤ ʠ ʫʤʝʨʝʥʥʦ-
ʭʦʣʦʜʥʦʡ ʟʠʤʦʡ. 

ʀʶʣʴ ʩʯʠʪʘʝʪʩʷ ʩʘʤʳʤ ʞʘʨʢʠʤ ʤʝʩʷʮʝʤ ʚ ʛʦʜʫ, ʷʥʚʘʨʴ ï ʩʘʤʳʤ ʭʦʣʦʜʥʳʤ. ʉʘʤʘʷ ʥʠʟʢʘʷ ʪʝʤʧʝ-
ʨʘʪʫʨʘ ʩʯʠʪʘʝʪʩʷ ï 37ʦ, ʘ ʚʳʩʦʢʘʷ ʩʦʩʪʘʚʣʷʝʪ 40,5ʦ.  

ɺ ʥʘʯʘʣʝ ʜʝʢʘʙʨʷ ʦʙʨʘʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ. ʆʥ ʜʝʨʞʠʪʩʷ 125 ʜʥʝʡ ʠ ʨʘʩʧʨʝʜʝʣʷ-
ʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʉʨʝʜʥʷʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʩʥʝʛʘ ʥʘ ʦʪʢʨʳʪʳʭ ʧʦʣʷʭ ʩʦʩʪʘʚʣʷʝʪ 78 ʩʤ. ʇʦ 3 
ʜʥʷ ʩ ʦʪʪʝʧʝʣʴʶ ʚ ʩʨʝʜʥʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘ ʷʥʚʘʨʴ ʠ ʬʝʚʨʘʣʴ. ɺʝʣʠʯʠʥʫ ʚʝʩʝʥʥʝʛʦ ʩʪʦʢʘ, ʛʠʜʨʦʣʦʛʠ-
ʯʝʩʢʠʡ ʨʝʞʠʤ ʨʝʢ, ʨʫʯʴʸʚ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʙʘʣʦʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʘʧʘʩʘʤʠ ʚʣʘʛʠ ʚ ʩʥʝʞʥʦʤ ʧʦʢʨʦʚʝ, 
ʧʨʦʤʝʨʟʘʥʠʝʤ ʧʦʯʚʳ ʠ ʝʸ ʫʚʣʘʞʥʝʥʠʷ ʩ ʦʩʝʥʠ.  

ʂ ʥʘʯʘʣʫ ʤʘʨʪʘ ʦʙʨʘʟʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʚʣʘʛʠ ʚ ʩʥʝʞʥʦʤ ʧʦʢʨʦʚʝ. ʉʥʝʛ ʥʘʯʠʥʘʝʪ ʪʘʷʪʴ ʚ 
ʢʦʥʮʝ ʤʘʨʪʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʪʘʷʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʝʛʠʦʥʘ. ʉʥʝʛ ʪʘʝʪ ʤʝʜʣʝʥʥʝʝ ʚ 
ʪʘʢʠʭ ʤʝʩʪʘʭ, ʛʜʝ ʝʩʪʴ ʧʦʥʠʞʝʥʠʝ ʨʝʣʴʝʬʘ, ʚ ʟʘʱʠʱʸʥʥʳʭ ʤʝʩʪʘʭ ʠ ʣʝʩʘʭ.  ɺ ʩʝʨʝʜʠʥʝ ʘʧʨʝʣʷ ʜʥʸʤ 
ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʨʝʚʳʰʘʝʪ +5Á , ʘ ʚ ʢʦʥʮʝ ʤʝʩʷʮʘ +10Á. ʇʝʨʠʦʜʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ʚʳʰʝ 
10Á ʜʣʠʪʩʷ 152 ʜʥʷ.  

ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʳ ʩ  ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 
ʆʩʘʜʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʩʪʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ, ʜʘʞʝ ʣʝʪʦʤ ʩʦʩʪʘʚʣʷʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ. ɺ ʩʨʝʜʥʝʤ 
ʟʘ ʛʦʜ ʚʳʧʘʜʘʝʪ 696 ʤʤ ʦʩʘʜʢʦʚ, ʠʟ ʥʠʭ 69% ʚʳʧʘʜʘʶʪ ʚ ʚʠʜʝ ʜʦʞʜʷ, ʦʩʪʘʣʴʥʳʝ ʚ ʚʠʜʝ ʩʥʝʛʘ. ʆʩʘʜʢʠ 
ʚʳʧʘʜʘʶʪ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʢʘʢ ʚ ʪʝʯʝʥʠʝ ʩʝʟʦʥʦʚ ʦʜʥʦʛʦ ʛʦʜʘ, ʪʘʢ ʠ ʚ ʨʘʟʥʳʝ ʛʦʜʳ.  

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʂʘʥʪʝʤʠʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʦʩʘʜʦʯʥʳʭ ʦʪ-
ʣʦʞʝʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʢʦʤʝʥʥʦʫʛʦʣʴʥʳʝ, ʤʝʣʦʚʳʝ ʠ ʧʘʣʝʦʛʝʥʦʚʳʝ ʩʣʦʠ. ʕʪʠ ʦʪʣʦʞʝʥʠʷ 
ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʬʦʥʝ ʜʦʢʝʤʙʨʠʡʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʦʙʨʘʟʫʶʱʠʭ ʬʫʥʜʘʤʝʥʪ ʨʝʛʠʦʥʘ. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ ʤʦʱʥʘʷ ʤʝʣʦ-ʫʛʦʣʴʥʘʷ ʪʦʣʱʘ ʚʝʨʭ-
ʥʝ-ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ʅʘ ʚʦʜʦʨʘʟʜʝʣʘʭ ʤʝʣʦ-ʫʛʦʣʴʥʳʝ ʧʦʨʦʜʳ ʧʦʢʨʳʪʳ ʩʣʦʷʤʠ ʧʝʩʢʘ ʠ ʛʥʝʡʩʘ, ʯʪʦ 
ʧʨʠʜʘʸʪ ʤʝʩʪʥʦʡ ʛʝʦʣʦʛʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ. 

ʊʝʨʨʠʪʦʨʠʷ ʨʘʡʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʟʚʳʰʝʥʥʫʶ ʨʘʚʥʠʥʫ, ʩʠʣʴʥʦ ʠʟʨʝʟʘʥʥʫʶ ʨʝʯʥʳʤʠ ʜʦ-
ʣʠʥʘʤʠ, ʙʘʣʢʘʤʠ ʠ ʦʚʨʘʛʘʤʠ, ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʝʸ ʭʘʨʘʢʪʝʨʥʳʡ ʨʝʣʴʝʬ. ʅʘʠʚʳʩʰʘʷ ʪʦʯʢʘ ʜʦʩʪʠʛʘʝʪ 234 
ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʩʦʪ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 159-200 ʤʝʪʨʦʚ. 
ʈʝʯʥʳʝ ʜʦʣʠʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʠʞʝ ʦʪʤʝʪʢʠ 150 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. 

ʆʩʥʦʚʥʳʤʠ ʬʦʨʤʘʤʠ ʨʝʣʴʝʬʘ ʷʚʣʷʶʪʩʷ ʨʝʯʥʳʝ ʜʦʣʠʥʳ, ʙʘʣʢʠ ʠ ʦʚʨʘʛʠ, ʘ ʪʘʢʞʝ ʩʢʣʦʥʳ ʵʪʠʭ 
ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʧʣʦʩʢʠʝ ʚʦʜʦʨʘʟʜʝʣʴʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʊʘʢʦʡ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʣʘʥʜʰʘʬʪ ʧʨʠʜʘʸʪ ʨʘʡʦ-
ʥʫ ʫʥʠʢʘʣʴʥʳʡ ʧʨʠʨʦʜʥʳʡ ʦʙʣʠʢ.[4] 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʩʝʪʴ ʂʘʥʪʝʤʠʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʝʢʠ, ʦʟʸʨʘ, ʙʦʣʦʪʘ, ʠ ʨʫʯʴʠ, ʩʦ-
ʟʜʘʚʘʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʕʪʦʪ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ɼʦʥ ʠ ʦʭʚʘʪʳ-
ʚʘʝʪ ʪʘʢʠʝ ʚʦʜʥʳʝ ʘʨʪʝʨʠʠ, ʢʘʢ ɹʝʣʘʷ, ɹʦʛʫʯʘʨʢʘ, ʂʘʥʪʝʤʠʨʦʚʢʘ, ʃʝʚʘʷ ɹʦʛʫʯʘʨʢʘ, ʉʪʫʜʝʥʪʢʘ ʠ ʌʸʜʦ-
ʨʦʚʢʘ (ʨʠʩ. 1). 

ʆʙʱʘʷ ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʨʝʢ ʠ ʨʫʯʴʸʚ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʩʦʩʪʘʚʣʷʝʪ 326 ʢʠʣʦʤʝʪʨʦʚ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠ-
ʪʝʣʴʥʳʤʠ ʚʦʜʥʳʤʠ ʧʦʪʦʢʘʤʠ ʷʚʣʷʶʪʩʷ ʨʝʢʠ ɹʝʣʘʷ ʠ ɹʦʛʫʯʘʨʢʘ. 

ʈʝʢʘ ɹʝʣʘʷ ʧʨʦʪʝʢʘʝʪ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ ʠ ʦʪʣʠʯʘʝʪʩʷ ʚʳʨʦʚʥʝʥʥʳʤ ʨʫʩʣʦʤ, ʢʦʪʦ-
ʨʦʝ ʦʙʠʣʴʥʦ ʟʘʨʦʩʣʦ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ʐʠʨʠʥʘ ʝʸ ʧʦʡʤʳ ʜʦʩʪʠʛʘʝʪ 500 ʤʝʪʨʦʚ. ʇʨʠʪʦʢʦʤ ʵʪʦʡ ʨʝʢʠ 
ʷʚʣʷʝʪʩʷ ʉʫʭʦʥʘ - ʥʝʙʦʣʴʰʘʷ ʨʝʢʘ ʩ ʫʟʢʦʡ ʧʦʡʤʦʡ. 

ʎʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʨʘʡʦʥʘ ʧʝʨʝʩʝʢʘʝʪ ʨʝʢʘ ɹʦʛʫʯʘʨʢʘ, ʠʤʝʶʱʘʷ ʪʨʠ ʧʨʠʪʦʢʘ. ʄʝʣʢʠʝ ʨʝʢʠ ʚ 
ʵʪʦʤ ʨʘʡʦʥʝ ʯʘʩʪʦ ʙʳʚʘʶʪ ʤʝʣʢʦʚʦʜʥʳʤʠ ʠ ʤʦʛʫʪ ʧʝʨʝʩʳʭʘʪʴ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʯʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʠʟ-
ʤʝʥʯʠʚʦʩʪʴ ʤʝʩʪʥʦʡ ʛʠʜʨʦʣʦʛʠʠ. ʊʘʢʞʝ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʚʠʣʠʩʪʳʤ ʨʫʩʣʦʤ. ʀʤ ʧʨʠʩʫʱʘ ʫʟʢʘʷ 
ʧʦʡʤʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʦʩʦʙʝʥʥʦ ʫʷʟʚʠʤʳʤ ʢ ʠʟʤʝʥʝʥʠʷʤ ʫʨʦʚʥʷ ʚʦʜʳ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ.[2] 
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ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʡʦʥʘ ʧʨʦʭʦʜʠʪ ʜʚʫʭʧʫʪʥʘʷ ʵʣʝʢʪʨʦʬʠʮʠʨʦʚʘʥʥʘʷ ʞʝʣʝʟʥʘʷ 
ʜʦʨʦʛʘ ʥʘ ʫʯʘʩʪʢʝ çɾʫʨʘʚʢʘ-ʄʠʣʣʝʨʦʚʦè, ʘ ʪʘʢʞʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʤʘʛʠʩʪʨʘʣʴ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʞʝʣʝʟ-
ʥʦʡ ʜʦʨʦʛʠ çʄʦʩʢʚʘ-ʈʦʩʪʦʚè. ʕʪʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʘʨʪʝʨʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʘʞʥʳʝ ʩʚʷʟʠ ʢʘʢ ʚʥʫʪʨʠ ʨʝʛʠ-
ʦʥʘ, ʪʘʢ ʠ ʩ ʜʨʫʛʠʤʠ ʯʘʩʪʷʤʠ ʩʪʨʘʥʳ. 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʘʚʪʦʜʦʨʦʛʠ, ʪʘʢʠʝ ʢʘʢ ɺʦʨʦʥʝʞ-ʃʫʛʘʥʩʢ ʠ ʬʝʜʝʨʘʣʴʥʘʷ ʜʦʨʦʛʘ ʄ4-
ɼʦʥ (ʨʠʩ. 2), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʚʪʦʤʦʙʠʣʴʥʦʝ ʩʦʦʙʱʝʥʠʝ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʵʢʦʥʦʤʠʢʠ 
ʨʝʛʠʦʥʘ.[2] 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ, ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ, ʰʦʩʩʝ, ʛʨʫʥʪʦʚʳʝ ʜʦʨʦʛʠ, ʧʦʣʝʚʳʝ ʜʦ-
ʨʦʛʠ. ɺ ʪʘʙʣʠʮʝ 1 ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʭ ʧʨʦʪʷʞʸʥʥʦʩʪʴ. 

 
ʋʙʚʤʡʯʙ 1  

ʈʬʫʡ ʪʧʧʚʲʞʦʡʸ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʮʚʝʪ ʇʨʦʪʷʞʸʥʥʦʩʪʴ (ʢʤ) 

ɾʝʣʝʟʥʘʷ ʜʦʨʦʛʘ ʦʨʘʥʞʝʚʳʡ 30,4 

ɸʚʪʦʤʘʛʠʩʪʨʘʣʠ ʢʨʘʩʥʳʡ 76 

ʐʦʩʩʝ ʞʸʣʪʳʡ 79,4 

ɻʨʫʥʪʦʚʳʝ ʜʦʨʦʛʠ ʟʝʣʸʥʳʡ 282,2 

ʇʦʣʝʚʳʝ ʜʦʨʦʛʠ ʩʠʥʠʡ 147,4 

 
 
ʂʘʥʪʝʤʠʨʦʚʩʢʠʡ ʨʘʡʦʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 16 ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʜʥʦ ʛʦ-

ʨʦʜʩʢʦʝ ʧʦʩʝʣʝʥʠʝ - ʂʘʥʪʝʤʠʨʦʚʢʘ, ʠ 15 ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ. ɺ ʦʙʱʝʤ ʩʣʦʞʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦ-
ʥʘ ʨʘʩʧʦʣʦʞʝʥʦ 60 ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2024 ʛʦʜ, ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʂʘʥʪʝʤʠ-
ʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 30 647 ʯʝʣʦʚʝʢ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʜʝʤʦʛʨʘʬʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʠ ʩʦʮʠʘʣʴʥʦ-
ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘ (ʨʠʩ. 3). 

 

 
ʉʡʪ. 3. ʆʙʪʞʤʹʦʦʴʞ ʨʬʦʣʫʴ 
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ʋʙʚʤʡʯʙ 2  
ʈʤʧʲʙʝʡ ʩʙʪʨʩʧʪʫʩʙʦʞʦʡʸ ʫʞʮʦʧʜʞʦʦʴʮ, ʙʦʫʩʧʨʧʜʞʦʦʴʮ ʡ ʨʩʡʩʧʝʦʴʮ ʦʙʜʩʬʠʧʣ  

ʦʙ ʫʞʩʩʡʫʧʩʡʡ ʃʙʦʫʞʥʡʩʧʛʪʣʧʜʧ ʩʙʢʧʦʙ 

 ̄ ʅʘʛʨʫʟʢʘ, % S,% Sʦʙʱ 
1 ʉʣʘʙʳʝ ʵʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 23,02  

 
 
 
 
 
 

166,05 

2 ʉʨʝʜʥʠʝ ʵʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 36,53 

3 ʉʠʣʴʥʳʝ ʵʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 21,81 

4 ʉʣʘʙʳʝ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ 29,14 

5 ʉʨʝʜʥʠʝ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ  28,33 

6 ʉʠʣʴʥʳʝ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ 7,03 

7 ʉʣʘʙʳʝ ʥʘʚʦʜʥʝʥʠʷ 0,75 

8 ʉʨʝʜʥʠʝ ʥʘʚʦʜʥʝʥʠʷ 2, 14 

9 ʉʠʣʴʥʳʝ ʥʘʚʦʜʥʝʥʠʷ 0 

10 ʉʣʘʙʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 3, 35 

11 ʉʨʝʜʥʷʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 10, 34 

12 ʉʠʣʴʥʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 0,80 

13 ʉʣʘʙʘʷ ʪʝʭʥʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 0 

14 ʉʨʝʜʥʷʷ ʪʝʭʥʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 0,94 

15 ʉʠʣʴʥʘʷ ʪʝʭʥʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 1,87 

 
ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʫʶ ʯʘʩʪʴ ʟʘʥʠʤʘʝʪ ʢʘʞʜʳʡ ʧʨʦʮʝʩʩ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ (1) 

ʜʘʥʥʳʤʠ ʠʟ ʪʘʙʣ.2 [3]: 

                                    ˢ
̝̐̌̏́̅̚ ̃ Ϸ

̏̂̉̊̚ Ϸ
                                                                       (1) 

 
 

ʋʙʚʤʡʯʙ 3  
ʈʩʧʜʦʧʠʦʴʞ ʩʡʪʣʡ 

 ̄ ʅʘʛʨʫʟʢʘ, % R (ʨʠʩʢ) 

1 ʉʣʘʙʳʝ ʵʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 0,14 

2 ʉʨʝʜʥʠʝ ʵʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 0,22 

3 ʉʠʣʴʥʳʝ ʵʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 0,13 

4 ʉʣʘʙʳʝ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ 0,18 

5 ʉʨʝʜʥʠʝ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ 0,17 

6 ʉʠʣʴʥʳʝ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ 0,04 

7 ʉʣʘʙʳʝ ʥʘʚʦʜʥʝʥʠʷ 0,005 

8 ʉʨʝʜʥʠʝ ʥʘʚʦʜʥʝʥʠʷ 0, 013 

9 ʉʠʣʴʥʳʝ ʥʘʚʦʜʥʝʥʠʷ 0 

10 ʉʣʘʙʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 0,02 

11 ʉʨʝʜʥʷʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 0,06 

12 ʉʠʣʴʥʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 0,005 

13 ʉʣʘʙʘʷ ʪʝʭʥʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 0 

14 ʉʨʝʜʥʷʷ ʪʝʭʥʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 0,006 

15 ʉʠʣʴʥʘʷ ʪʝʭʥʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 0,01 

 
ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʸʪʦʚ ʩʪʝʧʝʥʠ ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʏʉ ʧʨʠʨʦʜʥʦʛʦ, ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦ-

ʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦʣʫʯʝʥʘ ʜʠʘʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʏʉ ʨʘʟ-
ʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʥʪʝʤʠʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ.5). ʅʘʠʙʦʣʝʝ ʚʝ-
ʨʦʷʪʥʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʏʉ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʧʨʠʯʠʥʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʣʘʙʳʝ ʠ ʩʠʣʴʥʳʝ 
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ʵʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʩʣʘʙʳʝ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ. ʊʘʢʞʝ ʥʝʤʘʣʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʏʉ 
ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʝʩʸʪ ʧʨʦʮʝʩʩ ʩʨʝʜʥʷʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʙʦʣʴʰʠʤ 
ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ. ʏʉ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʝʨʦʷʪʥʳ ʩ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʴʶ. 
 

 
ʉʡʪ. 5. ɽʡʙʜʩʙʥʥʙ ʨʩʧʜʦʧʠʦʴʮ ʩʡʪʣʧʛ 

 
 

ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
 
1. ɸʪʣʘʩ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ; 
2. ʀʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʘʩʧʦʨʪ ʂʘʥʪʝʤʠʨʦʚʩʢʦʛʦ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ, ɺʦʨʦʥʝʞ 2018. 
3. ʆʚʯʠʥʥʠʢʦʚʘ ʊ.ɺ. ʐʘʛʠ ʨʝʰʝʥʠʷ ʢʦʥʮʝʧʮʠʠ çɹʝʟʦʧʘʩʥʳʡ ʨʝʛʠʦʥè: ʤʦʥʦʛʨʘʬʠʷ / ʆʚʯʠʥʥʠʢʦ-

ʚʘ ʊ.ɺ., ʂʫʧʨʠʝʥʢʦ ʇ.ʉ.,ʉʤʦʣʴʷʥʠʥʦʚ ɺ.ʄ., ʂʦʰʝʣʴ ɸ.ʅ., ɿʘʙʘʨʦʚʩʢʠʡ ʉ.ʄ., ɼʘʡʥʝʢʘ ɸ.ɺ. ï ɺʦʨʦʥʝʞ: 
ʀʟʜʘʪʝʣʴʩʪʚʦ çʎʠʬʨʦʚʘʷ ʧʦʣʠʛʨʘʬʠʷè, 2018 ï 334 ʩ. 

4. ʆʧʘʩʥʳʝ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʵʢʟʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʚʯʠʥʥʠʢʦʚʘ ʊ.ɺ., ʂʫʧʨʠʝʥʢʦ 
ʇ.ʉ., ʌʝʜʷʥʠʥ ɺ.ʀ. ʛ. ɺʦʨʦʥʝʞ 2011 ʛ. 
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ɹʦʦʧʫʙʯʡʸ: ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ Telegram-ʙʦʪʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ ʩ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʚʢʣʶʯʘʷ ʤʦʜʝʣʴ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ NLLB 
ʠ ʛʝʥʝʨʘʪʠʚʥʫʶ ʤʦʜʝʣʴ GPT-4. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʙʦʪʘ: ʧʝʨʝʚʦʜ ʪʝʢʩʪʘ, ʛʝʥʝʨʘʮʠʷ ʪʝʤʘʪʠʯʝʩʢʠʭ ʩʧʠʩ-
ʢʦʚ ʩʣʦʚ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʪʝʩʪʳ ʠ ʧʦʜʙʦʨ ʩʠʥʦʥʠʤʦʚ/ʘʥʪʦʥʠʤʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝ-
ʣʝʥʦ ʘʜʘʧʪʠʚʥʦʩʪʠ ʦʙʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʫʨʦʚʥʝ ʧʦʣʴʟʦʚʘʪʝʣʷ (CEFR) ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ 
ʩʚʷʟʠ. ʆʧʠʩʘʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ, ʪʘʢʠʝ ʢʘʢ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ ʠ ʧʦʜʜʝʨʞʢʘ ʨʝʜʢʠʭ ʷʟʳ-
ʢʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʤʘʰʠʥʥʳʡ ʧʝʨʝʚʦʜ, ʠʟʫʯʝʥʠʝ ʷʟʳʢʦʚ, Telegram-ʙʦʪ, GPT-
4, NLLB, ʘʜʘʧʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ, ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʪʝʩʪʳ, CEFR, ʩʠʥʦʥʠʤʳ, ʘʥʪʦʥʠʤʳ. 
 
DEVELOPMENT OF AN INTERACTIVE TELEGRAM BOT FOR LEARNING FOREIGN LANGUAGES WITH 

MODERN LANGUAGE MODELS 
 

Ananchenko Igor Viktorovich, 
Kovalev Sergey Andreevich 

 
Abstract: the article discusses the development of a Telegram bot for foreign language learning, utilizing ad-
vanced artificial intelligence technologies, including the NLLB machine translation model and the GPT-4 gen-
erative model. The bot's key features include text translation, generation of thematic word lists, interactive 
grammar tests, and synonym/antonym suggestions. Special attention is given to adaptive learning based on 
the user's proficiency level (CEFR) and diagnostic feedback. The paper also outlines future development pro-
spects, such as speech recognition and support for low-resource languages. 
Keywords: artificial intelligence, machine translation, language learning, Telegram bot, GPT-4, NLLB, adap-
tive learning, grammar tests, CEFR, synonyms, antonyms. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʠ ʚʩʸ ʘʢʪʠʚʥʝʝ ʚʥʝʜʨʷʶʪʩʷ ʚ ʩʬʝʨʫ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʧʨʦ-
ʮʝʩʩ ʠʟʫʯʝʥʠʷ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ [1]. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʣʠ ʯʘʪ-ʙʦʪʳ, 
ʢʦʪʦʨʳʝ ʧʝʨʩʦʥʘʣʠʟʠʨʫʶʪ ʦʙʫʯʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʛʥʦʚʝʥʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʠ ʤʦʪʠʚʠʨʫʶʪ ʧʦʣʴʟʦ-
ʚʘʪʝʣʝʡ ʥʘ ʨʝʛʫʣʷʨʥʳʝ ʟʘʥʷʪʠʷ. ʕʪʠ ʙʦʪʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʮʝʥʠʤʳʤʠ ʧʦʤʦʱʥʠʢʘʤʠ ʚ ʦʩʚʦʝʥʠʠ ʠʥʦ-
ʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʠʪʴʩʷ ʚ ʣʶʙʦʝ ʚʨʝʤʷ, ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʠ ʚ ʫʜʦʙʥʦʤ ʪʝʤ-
ʧʝ [2]. ʀʥʪʝʛʨʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʮʠʬʨʦʚʠ-
ʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘ-
ʟʦʤ, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠ ʟʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʦʙʥʦʛʦ Telegram-ʙʦʪʘ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʬʫʥʢʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʇʆ, ʢʦʪʦʨʳʝ 
ʜʦʣʞʥʳ ʩʜʝʣʘʪʴ ʦʙʫʯʝʥʠʝ ʫʜʦʙʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ. ɺ ʩʣʫʯʘʝ ʩ Telegram-ʙʦʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʥʦ-
ʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʩʣʝʜʫʶʱʠʝ: 

1. ʈʞʩʞʛʧʝ ʫʞʣʪʫʙ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʷʟʳʢʘʤʠ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʣʠ ʙʳʩʪʨʦ ʧʦʥʷʪʴ ʩʤʳʩʣ 
ʪʝʢʩʪʘ ʥʘ ʜʨʫʛʦʤ ʷʟʳʢʝ. 

2. ɼʞʦʞʩʙʯʡʸ ʪʨʡʪʣʙ ʪʤʧʛ ʧʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʤʝ, ʩ ʧʝʨʝʚʦʜʦʤ, ʪʨʘʥʩʢʨʠʧʮʠʝʡ ʠ ʵʤʦʜʟʠ, ʯʪʦ-
ʙʳ ʧʦʤʦʯʴ ʟʘʧʦʤʥʠʪʴ ʥʦʚʳʝ ʩʣʦʚʘ ʠ ʧʦʥʷʪʴ, ʢʘʢ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ. 

3. ɼʩʙʥʥʙʫʡʰʞʪʣʡʞ ʫʞʪʫʴ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʧʨʦʚʝʨʷʶʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʦʪʚʝʪʦʚ, ʥʦ ʠ ʦʙʲʷʩ-
ʥʷʶʪ ʧʨʘʚʠʣʘ, ʧʦʤʦʛʘʷ ʣʫʯʰʝ ʫʩʚʘʠʚʘʪʴ ʛʨʘʤʤʘʪʠʢʫ. 

4. ʈʧʝʚʧʩ ʪʡʦʧʦʡʥʧʛ ʡ ʙʦʫʧʦʡʥʧʛ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʣʠ ʨʘʩʰʠʨʠʪʴ ʩʣʦʚʘʨʥʳʡ ʟʘʧʘʩ 
ʠ ʥʘʫʯʠʪʴʩʷ ʨʘʟʣʠʯʘʪʴ ʪʦʥʢʦʩʪʠ ʟʥʘʯʝʥʠʡ ʩʣʦʚ. 

ɼʣʷ ʬʫʥʢʮʠʠ ʧʝʨʝʚʦʜʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ NLLB (No Language Left Behind) ʦʪ Meta AI, ʢʦʪʦʨʘʷ 
ʧʦʢʘʟʘʣʘ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʦʙʨʘʙʦʪʢʝ ʤʥʦʞʝʩʪʚʘ ʷʟʳʢʦʚʳʭ ʧʘʨ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʠʩ-
ʩʣʝʜʦʚʘʥʠʠ Meta AI [3], ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠ ʧʦ ʪʦʯʥʦʩʪʠ ʧʝʨʝʚʦʜʘ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʪʨʘʥʩʬʦʨʤʝʨʘ ʩ 54,5 ʤʠʣʣʠʘʨʜʘʤʠ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʥʘʰʝʤ ʙʦʪʝ 
ʨʝʘʣʠʟʦʚʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʘʜʘʧʪʝʨ ʜʣʷ ʨʘʙʦʪʳ ʩ NLLB, ʢʦʪʦʨʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ ʦʧʪʠʤʘʣʴ-
ʥʳʡ ʨʘʟʤʝʨ ʤʦʜʝʣʠ (ʦʪ distilled 600M ʜʦ 3,3B ʧʘʨʘʤʝʪʨʦʚ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʦʞʥʦʩʪʠ ʪʝʢʩʪʘ ʠ ʪʨʝʙʦ-
ʚʘʥʠʡ ʢ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. 

ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ, ʩʦʯʝʪʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʠ 
GPT-4 ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʤʧ-
ʪʦʚ, ʢʦʪʦʨʳʝ ʘʜʘʧʪʠʨʫʶʪʩʷ ʧʦʜ ʚʳʙʨʘʥʥʳʡ ʷʟʳʢ ʠ ʫʨʦʚʝʥʴ ʩʣʦʞʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʧʠʩʢʘ 
ʩʣʦʚ ʙʦʪ ʫʯʠʪʳʚʘʝʪ ʯʘʩʪʦʪʥʦʩʪʴ ʣʝʢʩʠʢʠ, ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʧʦ ʤʝʨʝ ʧʨʦʛʨʝʩʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʪʝʩʪʳ ʠʩʧʦʣʴʟʫʶʪ ʪʨʝʭʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ ʩʣʦʞʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʫʶ 
ʥʘ ʆʙʱʝʝʚʨʦʧʝʡʩʢʠʭ ʢʦʤʧʝʪʝʥʮʠʷʭ ʚʣʘʜʝʥʠʷ ʠʥʦʩʪʨʘʥʥʳʤ ʷʟʳʢʦʤ (CEFR). ʂʘʞʜʳʡ ʪʝʩʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 
ʛʝʥʝʨʠʨʫʝʪʩʷ ʩ ʫʯʝʪʦʤ ʚʳʷʚʣʝʥʥʳʭ ʩʣʘʙʳʭ ʤʝʩʪ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɸʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʦʰʠʙʦʢ 
ʚʢʣʶʯʘʝʪ ʵʣʝʤʝʥʪʳ ʤʝʪʦʜʠʢʠ ʕʣʣʠʩʘ [4], ʪʘʢʠʝ ʢʘʢ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʩ ʦʙʲʷʩʥʝʥʠʝʤ ʧʨʘ-
ʚʠʣ. ʆʜʥʘʢʦ ʩʠʩʪʝʤʘ ʥʝ ʨʝʘʣʠʟʫʝʪ ʧʦʣʥʳʡ ʮʠʢʣ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
(ʥʘʧʨʠʤʝʨ, ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʪʠʧʦʚ ʦʰʠʙʦʢ ʠ ʘʜʘʧʪʠʚʥʳʡ ʧʦʚʪʦʨ ʧʨʦʙʣʝʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ).  

ʉʠʩʪʝʤʘ ʧʦʜʙʦʨʘ ʩʠʥʦʥʠʤʦʚ ʠ ʘʥʪʦʥʠʤʦʚ ʨʝʘʣʠʟʦʚʘʥʘ ʯʝʨʝʟ ʛʝʥʝʨʘʮʠʶ ʦʪʚʝʪʦʚ GPT-4 ʧʦ ʩʪʨʦ-
ʛʦʤʫ ʰʘʙʣʦʥʫ. ʆʩʥʦʚʥʘʷ ʣʦʛʠʢʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʬʫʥʢʮʠʠ generate_synonyms(), ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪ ʩʪʨʫʢ-
ʪʫʨʠʨʦʚʘʥʥʳʡ ʧʨʦʤʧʪ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʠʣʠ ʨʫʩʩʢʦʤ ʷʟʳʢʝ, ʪʨʝʙʫʷ ʦʪ GPT-4 ʯʝʪʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʢʥʠʞ-
ʥʳʝ ʩʠʥʦʥʠʤʳ, ʨʘʟʛʦʚʦʨʥʳʝ ʚʘʨʠʘʥʪʳ ʠ ʘʥʪʦʥʠʤʳ.  

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ ʚʢʣʶʯʘʶʪ ʚʥʝʜʨʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ, ʯʪʦ 
ʧʦʟʚʦʣʠʪ ʦʪʨʘʙʘʪʳʚʘʪʴ ʧʨʦʠʟʥʦʰʝʥʠʝ, ʠ ʠʥʪʝʛʨʘʮʠʶ ʩʠʩʪʝʤʳ ʘʜʘʧʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʙʠʨʘʪʴ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʦʛʨʝʩʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʣʘʥʠ-
ʨʫʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʷʟʳʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʨʪʫʛʘʣʴʩʢʠʡ (ʙʨʘʟʠʣʴʩʢʠʡ), ʢʠʪʘʡʩʢʠʡ 
(ʫʧʨʦʱʸʥʥʳʡ, ʂʅʈ) ʠ ʘʨʘʙʩʢʠʡ, ʩ ʫʯʝʪʦʤ ʠʭ ʫʥʠʢʘʣʴʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɼʣʷ ʨʝʜʢʠʭ ʠ 
ʤʘʣʦʨʝʩʫʨʩʥʳʭ ʷʟʳʢʦʚ ʙʫʜʝʪ ʧʨʠʤʝʥʝʥ ʧʦʜʭʦʜ transfer learning ʥʘ ʙʘʟʝ ʤʦʜʝʣʠ NLLB, ʯʪʦ ʧʦʟʚʦʣʠʪ ʜʦ-
ʩʪʠʯʴ ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʝʨʝʚʦʜʘ ʜʘʞʝ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʚʭʦʜʠʪ ʚʥʝʜʨʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʧʦʟʥʘʚʘ-
ʥʠʷ ʨʝʯʠ (ASR), ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʦʪʨʘʙʘʪʳʚʘʪʴ ʧʨʦʠʟʥʦʰʝʥʠʝ, ʧʦʣʫʯʘʷ ʤʦʤʝʥʪʘʣʴʥʫʶ 
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ʦʮʝʥʢʫ ʪʦʯʥʦʩʪʠ ʘʨʪʠʢʫʣʷʮʠʠ ʠ ʠʥʪʦʥʘʮʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʣʘʥʠʨʫʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʩʠʥʪʝʟʘ ʨʝʯʠ (TTS) 
ʜʣʷ ʦʟʚʫʯʠʚʘʥʠʷ ʠʟʫʯʘʝʤʳʭ ʩʣʦʚ ʠ ʬʨʘʟ ʩ ʫʯʝʪʦʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʢʮʝʥʪʦʚ.  

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ telegram-ʙʦʪʘ ʜʣʷ ʧʝʨʝʚʦʜʘ ʪʝʢʩʪʘ ʩ ʥʦʨʚʝʞʩʢʦʛʦ ʥʘ 
ʬʨʘʥʮʫʟʩʢʠʡ (ʨʠʩ. 1). 

 

 
ʉʡʪ. 1. ʈʩʡʥʞʩ ʡʪʨʧʤʵʠʧʛʙʦʡʸ ʩʙʠʩʙʚʧʫʙʦʦʧʜʧ ʫʞʤʞʜʩʙʥ-ʚʧʫʙ  

(ʭʬʦʣʯʡʸ ʨʞʩʞʛʧʝʙ ʥʞʟʝʬ ʸʠʴʣʙʥʡ) 
 
ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ telegram-ʙʦʪʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʠʥʦʥʠʤʦʚ ʠ ʘʥʪʦʥʠʤʦʚ ʥʘ 

ʧʨʠʤʝʨʝ ʥʦʨʚʝʞʩʢʦʛʦ ʩʣʦʚʘ ñYtterligereò (ʨʠʩ. 2). 
 

 
ʉʡʪ. 2. ʈʩʡʥʞʩ ʡʪʨʧʤʵʠʧʛʙʦʡʸ ʩʙʠʩʙʚʧʫʙʦʦʧʜʧ ʫʞʤʞʜʩʙʥ-ʚʧʫʙ 

 (ʭʬʦʣʯʡʸ ʨʧʝʚʧʩʙ ʪʡʦʧʦʡʥʧʛ ʡ ʙʦʫʧʦʡʥʧʛ) 



ǠǭǪǻǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǩǭǬǳǤǯǤǬǵǧǾ 55 

 

XIII International scientific conference | www.naukaip.ru 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ Telegram-ʙʦʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 
ʵʬʬʝʢʪʠʚʥʦʝ ʩʦʯʝʪʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ NLLB ʠ ʛʝʥʝ-
ʨʘʪʠʚʥʳʝ ʀʀ-ʩʠʩʪʝʤʳ (GPT-4), ʩ ʧʨʦʚʝʨʝʥʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʦʙʫʯʝʥʠʷ. ɹʦʪ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʝʨʩʦʥʘʣʠ-
ʟʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʣʝʢʩʠʢʠ, ʛʨʘʤʤʘʪʠʢʠ ʠ ʧʝʨʝʚʦʜʘ, ʘʜʘʧʪʠʨʫʷʩʴ ʢ ʫʨʦʚʥʶ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ 
ʦʙʝʩʧʝʯʠʚʘʷ ʤʛʥʦʚʝʥʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʚʢʣʶʯʘʶʪ ʨʘʩʰʠʨʝʥʠʝ ʷʟʳʢʦʚʦʡ ʧʦʜ-
ʜʝʨʞʢʠ, ʚʥʝʜʨʝʥʠʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʩʜʝʣʘʝʪ ʙʦʪ ʝʱʸ ʙʦʣʝʝ ʫʥʠʚʝʨ-
ʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʮʠʬʨʦʚʦʤ ʦʙʨʘʟʦʚʘʥʠʠ. ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʢʦʜʦʤ ʤʦʞʥʦ ʧʝʨʝʡʜʷ ʧʦ ʩʩʳʣʢʝ: 
https://github.com/Cringe-programmer/HelpWithForeignLanguages_bot/blob/main/bot.zip 
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ǲǣǩ ..2,71%/2 

ǰǧǰǱǤǫǟ ǣǤǱǤǩǱǧǯǭǡǟǬǧǾ ǰǧǢǬǟǪǭǡ ǠǮǪǟ 
Ǭǟ ǭǰǬǭǡǤ ǰǮǤǩǱǯǭǢǯǟǫǫ ǧ YOLO ǡ 
ǯǤǟǪǻǬǭǫ ǡǯǤǫǤǬǧ 

ǰȑȄȕȉȍ ǡǿȃȇȋ ǽȏțȄȁȇȖ* 
  ǴǿȏȉȄȁȇȖ ǟȌȑȍȌ ǮǿȁȊȍȁȇȖ 

  ʤʘʛʠʩʪʨʘʥʪʳ 
ʋʆ çɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠè 

   
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɹʦʙʨʦʚʘ ʅʘʪʘʣʴʷ ʃʝʦʥʠʜʦʚʥʘ 

 ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 
  ʋʆ çɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠè 

 

 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ɹʇʃɸ) ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ, ʤʦʥʠʪʦʨʠʥʛʝ, ʣʦʛʠʩʪʠʢʝ ʠ ʚʦʝʥʥʳʭ ʟʘʜʘʯʘʭ, ʦʜʥʘʢʦ ʠʭ ʜʦʩʪʫʧʥʦʩʪʴ ʪʘʢʞʝ ʦʪʢʨʳʣʘ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʜʣʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʦʭʨʘʥʷʝʤʳʝ ʟʦʥʳ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʰʧʠʦʥʘʞʘ ʠ ʜʨʫʛʠʭ 
ʟʣʦʫʤʳʰʣʝʥʥʳʭ ʜʝʡʩʪʚʠʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ɹʇʃɸ ʚʢʣʶʯʘʶʪ ʚʠʟʫʘʣʴʥʳʝ ʩʠ-
ʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ, ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ ʠ ʩʨʝʜʩʪʚʘ ʘʥʘʣʠʟʘ ʨʘʜʠʦʯʘ-
ʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ (RF). ʆʜʥʘʢʦ ʚʠʟʫʘʣʴʥʳʝ ʠ ʘʢʫʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʟʘʚʠʩʷʪ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʣʠʥʠʠ 
ʦʙʟʦʨʘ ʠ ʫʨʦʚʥʷ ʰʫʤʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʜʘʨʳ ʟʘʯʘʩʪʫʶ ʛʨʦʤʦʟʜʢʠ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʥʘ-
ʣʠʟ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ: ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʤʝʨ-
ʯʝʩʢʠʭ ʠ ʩʘʤʦʜʝʣʴʥʳʭ ɹʇʃɸ ʠʩʧʦʣʴʟʫʶʪ ʨʘʜʠʦʫʧʨʘʚʣʝʥʠʝ ʠʣʠ Wi-Fi/FPV-ʩʚʷʟʴ, ʯʪʦ ʦʩʪʘʚʣʷʝʪ ʭʘʨʘʢ-
ʪʝʨʥʳʡ ʩʣʝʜ ʚ ʩʧʝʢʪʨʝ. 

ɹʦʦʧʫʙʯʡʸ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ɹʇʃɸ ʥʘ ʦʩ-
ʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʜʠʦʩʧʝʢʪʨʦʛʨʘʤʤ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 
YOLOv5. ʉʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʨʘʜʠʦʧʨʠʝʤʥʠʢ ʜʣʷ ʟʘʭʚʘʪʘ ʩʠʛʥʘʣʘ ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʧʨʝ-
ʦʙʨʘʟʫʝʪ ʝʛʦ ʚ ʩʧʝʢʪʨʦʛʨʘʤʤʫ ʠ ʧʝʨʝʜʘʝʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʩʪʨʘʠʚʘʝʤʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ 
NVIDIA Jetson, ʛʜʝ ʚʳʧʦʣʥʷʝʪʩʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ. YOLOv5, ɹʇʃɸ, Jetson, ʨʘʜʠʦʩʠʛʥʘʣ, ʩʧʝʢʪʨʦʛʨʘʤʤʘ. 
 

SPECTROGRAM AND YOLO BASED REAL-TIME UAV SIGNAL DETECTION SYSTEM 
 

Stetsko Vadim Yurievich, 
Kharkevich Anton Pavlovich      

                                                             
Scientific adviser: Bobrova Natalya Leonidovna 

 
Abstract. This paper proposes a UAV control signal detection system based on real-time radio spectrogram 
analysis using the YOLOv5 convolutional neural network. The system uses a radio receiver to capture a signal 
in the radio frequency range, converts it into a spectrogram, and transmits it for processing to the NVIDIA Jet-
son embedded computing module, where detection is performed. 
Keywords. YOLOv5, UAV, Jetson, radio signal, spectrogram. 
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ʉʧʝʢʪʨʦʛʨʘʤʤʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʚʠʟʫʘʣʠʟʘʮʠʶ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʚʦ ʚʨʝʤʝʥʠ, 
ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʡ ʬʦʨʤʦʡ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝ-
ʥʠʷ. ʈʘʙʦʪʳ [1, 2] ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʤʝʥʝʥʠʝ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (CNN) ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
ʪʠʧʦʚ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʦʛʨʘʤʤʘʭ, ʚʢʣʶʯʘʷ Wi-Fi ʠ LTE. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʝʡ object 
detection, ʪʘʢʠʭ ʢʘʢ YOLO, ʜʣʷ ʪʦʯʝʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʘʢʪʠʚʥʳʭ RF-ʩʠʛʥʘʣʦʚ ʥʘ ʩʧʝʢʪʨʦʛʨʘʤʤʘʭ ʧʦʢʘ 
ʠʟʫʯʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ YOLO ʜʣʷ 
ʜʝʪʝʢʮʠʠ ʚʩʧʣʝʩʢʦʚ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʘʜʠʦʩʧʝʢʪʨʦʛʨʘʤʤʘʭ, ʥʦ ʦʥʠ ʥʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʘʙʦʪʫ ʚ ʨʝʘʣʴ-
ʥʦʤ ʚʨʝʤʝʥʠ ʠʣʠ ʠʥʪʝʛʨʘʮʠʶ ʩ ʚʩʪʨʘʠʚʘʝʤʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ɹʩʮʡʫʞʣʫʬʩʙ ʪʡʪʫʞʥʴ. ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ɹʇʃɸ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʠʜʝʦʩʠʛʥʘʣʫ, ʢʦʪʦʨʳʡ 
ɹʇʃɸ ʧʝʨʝʜʘʝʪ ʩ ʙʦʨʪʘ ʥʘ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʦʡ ʪʠʧ ʩʠʛʥʘʣʘ ʚʳʙʨʘʥ ʠʟ-ʟʘ ʝʛʦ ʧʝʨʠʦʜʠʯʥʦʩʪʠ (ʦʥ 
ʪʦʯʥʦ ʧʦʧʘʜʘʝʪ ʚ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 8ʤʩ) ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ (ʧʦʯʪʠ ʥʝʧʨʝʨʳʚʥʳʡ ʠ ʧʦʩʪʦʷʥʥʳʡ). 

ɿʘʭʚʘʪ ʚʠʜʝʦʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 
(ʰʠʨʠʥʘ ʦʜʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 122.88 ʄɻʮ). 

 
ʋʙʚʤʡʯʙ 1 

ʉʙʚʧʰʡʢ ʰʙʪʫʧʫʦʴʢ ʝʡʙʨʙʠʧʦ 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ, ʄɻʮ ɺʩʪʨʝʯʘʝʤʳʝ ɹʇʃɸ 

2437.0 DJI, Autel, WiFi 

4986.5 FPV 

5086.5 FPV 

5186.5 FPV, Autel, WiFi 

5286.5 FPV, Autel, WiFi 

5386.5 FPV 

5486.5 FPV 

5586.5 FPV 

5686.5 FPV 

5786.5 DJI, Autel, FPV, WiFi 

5886.5 DJI, Autel, FPV, WiFi 

5986.5 FPV 

6086.5 FPV, WiFi 

 
ʀʟ ʟʘʭʚʘʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ SDR ʧʨʠʝʤʥʠʢʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʢʦʣʦ 20ʤʩ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʧʝʢʪʨ ʚ 

ʇʃʀʉ ʠ ʧʦ TCP ʧʝʨʝʜʘʝʪʩʷ ʚ ʤʠʥʠ-ʢʦʤʧʴʶʪʝʨ NVIDIA Jetson AGX Orin. 
 

 
ʉʡʪ. 1. NVIDIA Jetson AGX Orin 
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ʅʘ Jetson ʚ Docker-ʢʦʥʪʝʡʥʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ: ʥʦʨʤʘʣʠʟʘʮʠʷ, ʧʨʝ-
ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʢʘʨʪʠʥʢʫ ʨʘʟʤʝʨʘ 640ʭ640, ʦʙʥʘʨʫʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ YOLOv5 
[3], ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʜʘʯʘ ʝʜʠʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʧʨʦʪʦʢʦʣʫ gRPC ʢʦʥʝʯʥʦʤʫ ʢʣʠʝʥʪʫ. 

ɼʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʤʦʙʠʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʈʘʟʜʝ-
ʣʝʥʠʝ ʥʘ ʤʦʜʫʣʠ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʧʦʜ ʨʘʟʥʳʝ ʩʮʝʥʘʨʠʠ (ʩʤʝʥʘ ʜʠʘʧʘʟʦʥʘ, ʟʘʤʝʥʘ ʤʦ-
ʜʝʣʠ, ʠʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ). ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ Docker-ʢʦʥʪʝʡʥʝʨʘ 
ʫʧʨʦʱʘʝʪ ʨʘʟʚʸʨʪʳʚʘʥʠʝ ʥʘ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ʉʞʙʤʡʠʙʯʡʸ ʪʡʪʫʞʥʴ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʘʢʪʥʦʛʦ ʚʳʯʠʩ-
ʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʩʪʫʧʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʠ-
ʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʢʣʶʯʝʚʳʭ ʵʣʝ-
ʤʝʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ NVIDIA Jetson Nano, ʢʦʪʦʨʳʡ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʥʬʝʨʝʥʩʘ ʤʦʜʝʣʠ YOLOv5 ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CUDA ʠ cuDNN. ɹʣʘʛʦʜʘʨʷ ʧʦʜʜʝʨʞʢʝ GPU-ʫʩʢʦʨʝʥʠʷ, ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʦʙʨʘʙʘʪʳ-
ʚʘʪʴ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ, ʚʩʷ ʩʠʩʪʝʤʘ ʩʦʙʨʘʥʘ ʚ Docker-ʢʦʥʪʝʡʥʝʨʝ. 
ʂʦʥʪʝʡʥʝʨ ʤʦʞʥʦ ʟʘʧʫʩʢʘʪʴ ʥʘ ʣʶʙʳʭ Jetson-ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ JetPack SDK ʠ ʧʦʜʜʝʨʞʢʦʡ 
ʘʧʧʘʨʘʪʥʦʛʦ ʫʩʢʦʨʝʥʠʷ.  

ʄʦʜʝʣʴ YOLOv5 ʦʙʫʯʘʝʪʩʷ ʟʘʨʘʥʝʝ ʥʘ ʨʘʟʤʝʯʝʥʥʳʭ ʩʧʝʢʪʨʦʛʨʘʤʤʘʭ ʩ ʤʝʪʢʘʤʠ, ʫʢʘʟʳʚʘʶʱʠʤʠ 
ʥʘ ʘʢʪʠʚʥʦʩʪʴ ɹʇʃɸ. ʇʨʠʤʝʨ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʉʡʪ. 2. ʊʨʞʣʫʩʧʜʩʙʥʥʙ ʪ ʪʡʜʦʙʤʙ ɺʈʄɹ Autel 

 
ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ gRPC (ʩʝʨ-

ʚʝʨ ʨʝʘʣʠʟʦʚʘʥ ʥʘ Python ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ Jetson). 
ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ð ʵʪʦ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ (ʥʘʧʨʠʤʝʨ, PyQt ʠʣʠ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ), 

ʦʪʦʙʨʘʞʘʶʱʝʝ: 
- ɺʨʝʤʝʥʥʫʶ ʰʢʘʣʫ ʩʦʙʳʪʠʡ; 
- ʉʧʝʢʪʨʦʛʨʘʤʤʫ ʩ ʚʳʜʝʣʝʥʥʳʤ ʬʨʘʛʤʝʥʪʦʤ; 
- ʀʥʜʠʢʘʪʦʨʳ ʦʙʥʘʨʫʞʝʥʠʷ ɹʇʃɸ. 
ʇʨʠ ʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 10 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʳ (ʟʘʚʠʩʠʪ ʦʪ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʧʨʠʝʤʥʠʢʘ ʢ Jetson). 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʘʚʪʦʥʦʤʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢ ʰʫʤʘʤ, ʧʦʜʜʝʨʞʢʫ ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺʩʸ ʵʪʦ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 
ʧʨʠʤʝʥʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʦʭʨʘʥʳ ʧʝʨʠʤʝʪʨʘ, ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʟʘʱʠʪʳ ʢʨʠʪʠʯʝ-
ʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʖʣʪʨʞʩʡʥʞʦʫʴ ʡ ʩʞʠʬʤʵʫʙʫʴ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʠ ʧʨʦʚʝ-
ʜʝʥʳ ʢʘʢ ʣʘʙʦʨʘʪʦʨʥʳʝ, ʪʘʢ ʠ ʧʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ. ʎʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ð ʧʨʦʚʝʨʠʪʴ ʪʦʯʥʦʩʪʴ ʜʝʪʝʢ-
ʮʠʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʣʦʞʥʳʤ ʩʨʘʙʘʪʳʚʘʥʠʷʤ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʩʪʘʙʠʣʴʥʦ ʠʩʧʨʘʚʥʦ ʙʝʟ ʣʦʞʥʳʭ 
ʩʨʘʙʘʪʳʚʘʥʠʡ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ FPV-ʜʨʦʥʘ ʩʦʩʪʘʚʠʣʘ 6300 ʤʝʪʨʦʚ. 



ǠǭǪǻǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǩǭǬǳǤǯǤǬǵǧǾ 59 
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ɺ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʷʞʝʣʦʡ ʨʘʜʠʦ ʦʙʩʪʘʥʦʚʢʝ ʠʥʦʛʜʘ ʧʦʷʚʣʷʶʪʩʷ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ, 
ʢʦʪʦʨʳʝ ʠʩʧʨʘʚʣʷʶʪʩʷ ʘʢʢʫʤʫʣʷʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʪʷʞʝʣʳʭ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

 

 
ʉʡʪ. 3. ʈʩʡʥʞʩ ʩʙʪʨʧʠʦʙʛʙʦʡʸ WiFi ʡ DJI Mavic 3 

 
ɺʩʝ ʦʙʫʯʝʥʥʳʝ ɹʇʃɸ ʢʦʨʨʝʢʪʥʦ ʨʘʩʧʦʟʥʘʶʪʩʷ. 
ʇʨʠʤʝʨ ʩʦʙʨʘʥʥʦʛʦ ʤʘʢʝʪʘ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. 
 

 
ʉʡʪ. 4. ʅʙʣʞʫ ʪʡʪʫʞʥʴ ʛ ʝʧʥʙʱʦʡʮ ʬʪʤʧʛʡʸʮ 
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ʀʙʣʤʷʰʞʦʡʞ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʜʠʦ-
ʫʧʨʘʚʣʷʝʤʳʭ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʛʨʘʤʤ ʨʘʜʠʦʩʠʛ-
ʥʘʣʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ YOLOv5. ʉʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 
ʨʘʙʦʪʘʝʪ ʥʘ ʢʦʤʧʘʢʪʥʦʡ ʚʩʪʨʘʠʚʘʝʤʦʡ ʧʣʘʪʬʦʨʤʝ NVIDIA Jetson ʠ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʨʠ 
ʥʠʟʢʦʡ ʟʘʜʝʨʞʢʝ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʤʝʪʦʜʳ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʢʦʤʧʴʶʪʝʨʥʦʛʦ 
ʟʨʝʥʠʷ ʠ ʥʝʡʨʦʩʝʪʝʚʦʡ ʜʝʪʝʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʳʜʝʣʷʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʧʘʪʪʝʨʥʳ ʚʠʜʝʦ-
ʩʠʛʥʘʣʘ ɹʇʃɸ ʚ ʰʫʤʦʚʦʡ ʨʘʜʠʦ ʦʙʩʪʘʥʦʚʢʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʢʪʨʦʛʨʘʤʤ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʘ ʜʣʷ ʤʦʜʝ-
ʣʠ object detection ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ ʘʢʪʠʚʥʦʩʪʠ, ʥʦ ʠ 
ʣʦʢʘʣʠʟʦʚʘʪʴ ʝʸ ʚʦ ʚʨʝʤʝʥʠ ʠ ʯʘʩʪʦʪʝ, ʯʪʦ ʜʘʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʘʥʘʣʠʟʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʝʸ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʜʠʦʠʥʪʝʨʬʝʨʝʥʮʠʠ.  
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ǯǟǦǯǟǠǭǱǩǟ ǡǺǰǭǩǭǡǭǪǻǱǬǭǢǭ ǫǭǸǬǭǢǭ 
ǩǪǽǶǟ ǰǭ ǡǰǱǯǭǤǬǬǺǫǧ ǰǧǰǱǤǫǟǫǧ 
ǦǟǸǧǱǺ 

ǰȑȄȎǿȌȍȁ ǰȄȏȂȄȈ ǟȌȃȏȄȄȁȇȖ 
ʘʩʧʠʨʘʥʪ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ çʄʀʕʊè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʨʫʧʢʠʥʘ ʊʘʪʴʷʥʘ ʖʨʴʝʚʥʘ 
ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ çʄʀʕʊè 
 

ɹʦʦʧʫʙʯʡʸ: ʩʦʚʨʝʤʝʥʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʨʘʟʚʠʚʘʝʪʩʷ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ. ʇʦʩʪʦʷʥʥʦ ʨʘʩʪʫʪ ʪʨʝʙʦʚʘʥʠʷ 
ʢ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, ʪʦʢʫ ʧʦʪʨʝʙʣʝʥʠʷ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ. ɼʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ 
ʨʘʩʪʫʪ ʢʦ ʚʩʝʤ ʪʠʧʘʤ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʠʣʦʚʳʤ, ʪʘʢʠʤ ʢʘʢ ʤʦʱʥʳʡ ʢʣʶʯ. 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʣʦʚʦʡ ʢʣʶʯ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʟʘʱʠʪʳ ʦʪ ʧʨʝʚʳʰʝʥʠʷ ʪʝʤ-
ʧʝʨʘʪʫʨʳ, ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʊʘʢʞʝ ʦʥ ʠʤʝʝʪ ʟʘʱʠʪʫ ʦʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʟʘʪʚʦʨʫ. ʂʣʶ-
ʯʝʚʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʩʭʝʤʳ ʷʚʣʷʶʪʩʷ: 

¶ ʅʠʟʢʦʝ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʦʢ-ʠʩʪʦʢ - Rds(on) 

¶ ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ 

¶ ɺʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʦ 70ɺ 

¶ ʇʨʦʢʘʯʠʚʘʝʤʳʡ ʪʦʢ ʜʦ 3ɸ 

¶ ʋʧʨʘʚʣʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 5ɺ 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʀʄʉ, ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʦʢ-ʠʩʪʦʢ, ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʟʘʜʝʨʞʢʘ, ʚʨʝʤʷ 
ʩʧʘʜʘ, ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ. 
 

DEVELOPMENT OF A HIGH-VOLTAGE POWER KEY WITH BUILT-IN PROTECTION SYSTEMS 
 

Stepanov Sergey Andreevich 
 

Scientific adviser: Krupkina Tatyana Yuryevna 
 
Abstract: Modern electronics are developing rapidly. Requirements for speed, current consumption, and du-
rability of integrated circuits are constantly growing. These requirements are growing for all types of integrated 
circuits, including power ones, such as a power key. This paper presents a power key with built-in protection 
systems against excess temperature and input voltage. It also has protection against static voltage on the 
gate. The key features of this integrated circuit are: 
Å Low active resistance drain-source - Rds(on) 
Å Speed 
Å Input voltage up to 70V 
Å Pumped current up to 3A 
Å Control voltage 5V 
Keywords: Iʉ, active drain-source resistance, voltage drop, delay, fall time, rise time. 
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XIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 1. ʊʫʩʬʣʫʬʩʦʙʸ ʪʮʞʥʙ ʣʤʷʰʙ 

 
ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʣʶʯʘ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʢʣʶʯʝʚʳʝ ʙʣʦʢʠ ʩʭʝʤʳ. 
ʅʠʞʝ, ʥʘ ʨʠʩʫʥʢʝ 2, ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʘʥʥʦʛʦ ʢʣʶʯʘ, ʢʦʪʦʨʘʷ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʦʢʘʟʳʚʘʝʪ ʩʪʨʫʢʪʫʨʫ ʚʥʫʪʨʝʥʥʠʭ ʙʣʦʢʦʚ. 
 

 
ʉʡʪ. 2. ʈʩʡʦʯʡʨʡʙʤʵʦʙʸ ʶʤʞʣʫʩʡʰʞʪʣʙʸ ʪʮʞʥʙ ʣʤʷʰʙ 

 
ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤ ʟʘʱʠʪʳ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ, ʙʣʦʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʱʠʪʳ ʠ ʙʣʦʢʘ ʟʘʱʠʪʳ ʦʪ ʧʨʝʚʳʰʝʥʠʷ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 
ʀʩʪʦʯʥʠʢ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʬʦʨʤʠʨʫʝʪ ʪʝʨʤʦʥʝʟʘʚʠʩʠʤʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʫʝʪ 

ʪʦʢʠ ʩʤʝʱʝʥʠʷ ʜʣʷ ʜʨʫʛʠʭ ʙʣʦʢʦʚ. 
ɹʣʦʢʠ ʟʘʱʠʪʳ ʧʦʩʪʨʦʝʥʳ ʥʘ ʩʨʘʚʥʝʥʠʝ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʥʘʧʨʷʞʝʥʠʷ (ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ) ʩ ʦʧʦʨʥʳʤ. 
ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʩʪʦʯʥʠʢʘ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ. ʂʨʘʩʥʳʤ ʚʳʜʝʣʝʥʘ ʯʘʩʪʴ ʩʭʝʤʳ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʩʪʘʨʪ. ʂʨʘʩʥʳʤ ʚʳʜʝʣʝʥʦ ʷʜʨʦ ʠʩʪʦʯʥʠʢʘ ʦʧʦʨ-
ʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʅʠʞʝ, ʥʘ ʨʠʩʫʥʢʝ 5, ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʪ ʧʨʝʚʳʰʝʥʠʷ ʚʭʦʜʥʦ-
ʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠʥʮʠʧ ʝʝ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥ ʥʘ ʩʨʘʚʥʝʥʠʠ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʨʝ-
ʟʠʩʪʠʚʥʦʤ ʜʝʣʠʪʝʣʝ, ʢʦʪʦʨʳʡ ʦʪʩʣʝʞʠʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʀ ʚ ʩʣʫʯʘʝ ʝʛʦ ʧʨʝʚʳʰʝ-
ʥʠʷ, ʢʦʤʧʘʨʘʪʦʨ ʧʦʜʥʠʤʘʝʪ ʬʣʘʛ, ʢʦʪʦʨʳʡ ʦʪʢʣʶʯʘʝʪ ʢʣʶʯ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʝ 
ʦʧʫʩʪʠʪʩʷ ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ. 
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ʉʡʪ. 3. ʊʮʞʥʙ ʦʡʠʣʧʛʧʤʵʫʦʧʢ ʰʙʪʫʡ ʪʡʪʫʞʥʴ ʠʙʲʡʫʴ 
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ʉʡʪ. 5. ʈʩʡʦʯʡʨʡʙʤʵʦʙʸ ʶʤʞʣʫʩʡʰʞʪʣʙʸ ʪʮʞʥʙ ʪʡʪʫʞʥʴ ʠʙʲʡʫʴ ʧʫ ʨʩʞʛʴʱʞʦʡʸ ʛʮʧʝʦʧʜʧ 

ʦʙʨʩʟʞʦʡʸ 
 

 
ʉʡʪ. 6. ʈʩʡʦʯʡʨʡʙʤʵʦʙʸ ʶʤʞʣʫʩʡʰʞʪʣʙʸ ʪʮʞʥʙ ʣʧʥʨʙʩʙʫʧʩʙ 
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ʉʡʪ. 7. ʈʩʡʦʯʡʨʡʙʤʵʦʙʸ ʶʤʞʣʫʩʡʰʞʪʣʙʸ ʪʮʞʥʙ ʪʡʪʫʞʥʴ ʠʙʲʡʫʴ ʧʫ ʨʩʞʛʴʱʞʦʡʸ  

ʫʞʥʨʞʩʙʫʬʩʴ 
 
ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʪ ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʭʝʤʳ ʷʚʣʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʙʠʧʦʣʷʨʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ 
ʚ ʜʠʦʜʥʦʤ ʚʢʣʶʯʝʥʠʠ. ɿʘ ʩʯʝʪ V2I ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʤʳ ʬʦʨʤʠʨʫʝʤ ʪʦʢ, ʢʦʪʦʨʳʡ ʧʦʜʘʝʤ ʥʘ ʥʘʰʠ ʯʫʚ-
ʩʪʚʠʪʝʣʴʥʳʝ ʙʠʧʦʣʷʨʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʧʦʣʫʯʘʝʤ ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʩʦʛʣʘʩʥʦ ʪʝʤʧʝʨʘ-
ʪʫʨʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʙʠʧʦʣʷʨʦʚ. ɼʘʣʝʝ ʵʪʦ ʥʘʧʨʷʞʝʥʠʝ ʤʳ ʩʨʘʚʥʠʚʘʝʤ ʩ ʦʧʦʨʥʳʤ ʠ ʚ ʩʣʫʯʘʝ ʧʨʝ-
ʚʳʰʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʥʠʤʘʝʪʩʷ ʬʣʘʛ, ʢʦʪʦʨʳʡ ʦʪʢʣʶʯʘʝʪ ʩʭʝʤʫ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 
ʦʥʘ ʥʝ ʦʩʪʳʥʝʪ ʜʦʩʪʘʪʦʯʥʦ.  

 

 
ʉʡʪ. 8. ʈʩʡʦʯʡʨʡʙʤʵʦʙʸ ʶʤʞʣʫʩʡʰʞʪʣʙʸ ʪʮʞʥʙ ʣʧʦʛʞʩʫʞʩʙ ʡʠ ʦʙʨʩʸʟʞʦʡʸ ʛ ʫʧʣ 
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XIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 9. ɼʩʙʭʡʣ ʩʙʚʧʫʴ ʣʤʷʰʙ ʛʧ ʛʩʞʥʞʦʡ 

 
ʅʘ ʨʠʩʫʥʢʝ 9 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʨʘʙʦʪʳ ʢʣʶʯʘ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʠ ʚʳʢʣʶʯʝʥʠʠ ʝʛʦ ʧʦ ʟʘʪʚʦʨʫ.  
ɸ ʥʘ ʨʠʩʫʥʢʝ 10 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʪ ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫ-

ʨʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʳʢʣʶʯʝʥʠʷ ʨʘʚʥʘ 170ᴈ, ʘ ʦʩʪʳʪʴ ʩʭʝʤʘ ʜʦʣʞʥʘ ʜʦ 155ᴈ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʛʠʩʪʝʨʝ-
ʟʠʩ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʠʣ 15ᴈ. 

 

 
ʉʡʪ. 10. ɼʩʙʭʡʣ ʩʙʚʧʫʴ ʣʤʷʰʙ ʧʫ ʫʞʥʨʞʩʙʫʬʩʴ 

 
ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʢʣʶʯʘ. ɿʘʪʚʦʨ 

ʫʧʨʘʚʣʷʣʩʷ ʥʘʧʨʷʞʝʥʠʝʤ ʚ 5ɺ. 
ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʘʷ ʩʭʝʤʘ ʠʤʝʝʪ ʭʦʨʦʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʢʣʶʯʘ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʨʷʜʢʘ 73ʤʆʤ, ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʩ 
ʙʦʣʴʰʠʤʠ ʪʦʢʘʤʠ ʠ ʚʳʩʦʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʘ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʫʚʝʣʠʯʘʪ ʩʨʦʢ ʩʣʫʞʙʳ ʜʘʥʥʦʡ ʀʄʉ. 
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ʋʙʚʤʡʯʙ 1 
ʈʙʩʙʥʞʫʩʴ ʣʤʷʰʙ ʠʙʫʛʧʩ ʬʨʩʙʛʤʸʞʫʪʸ 5ɻ 

ʇʘʨʘʤʝʪʨ ʆʙʦʟʥʘʯʝʥʠʝ 
ɽʜ. 
ʠʟʤ. 

ʤʠʥ. ʥʦʤ. ʤʘʢʩ. 

ʊʦʢ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦ ʟʘʪʚʦʨʫ icc_G ʤʢɸ 10,83 23,08 57,53 

ɺʝʣʠʯʠʥʘ ʪʦʢʘ ʯʝʨʝʟ ʢʣʶʯ ʚ ʦʪʢʨʳʪʦʤ  
ʩʦʩʪʦʷʥʠʠ 

iload_ON ɸ 2,977 2,989 2,995 

ɺʝʣʠʯʠʥʘ ʪʦʢʘ ʯʝʨʝʟ ʢʣʶʯ ʚ ʚʳʢʣʶʯʝʥʦʤ 
ʩʦʩʪʦʷʥʠʠ 

iload_OFF ʤɸ 0,012 0,022 32,64 

ɺʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ* tr ʤʢʩ 0,697 1,09 2,699 

ɺʨʝʤʷ ʩʧʘʜʘ* tf ʤʢʩ 0,359 0,725 2,722 

ɿʘʜʝʨʞʢʘ ʚʢʣʶʯʝʥʠʷ* td(ON) ʤʢʩ 3,618 4,074 17,81 

ɿʘʜʝʨʞʢʘ ʚʳʢʣʶʯʝʥʠʷ* td(OFF) ʤʢʩ 2,039 2,576 4,021 

ʇʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʣʶʯʝ V(D)-V(S) ʤɺ 107,1 219 454,2 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʢʣʶʯʘ ʚ ʦʪʢʨʳʪʦʤ  
ʩʦʩʪʦʷʥʠʠ 

Rds(on) ʤʆʤ 35,7 73 151,4 

ʇʦʨʦʛ ʚʳʢʣʶʯʝʥʠʷ ʪʝʨʤʦʰʘʪʜʘʫʥʘ th_high ᴈ 164,7 169,3 178,5 

ʇʦʨʦʛ ʚʢʣʶʯʝʥʠʷ ʪʝʨʤʦʰʘʪʜʘʫʥʘ th_low ᴈ 150,9 155,5 164,7 

ɻʠʪʝʨʝʟʠʩ ʪʝʨʤʦʰʘʪʜʘʫʥʘ hyst ᴈ 9,24 13,8 13,8 

* - ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʩʠʛʥʘʣʘ ʚʢʣʶʯʝʥʠʷ 1ʤʢʩ, ʧʠʪʘʥʠʝ = 60ɺ, ʪʦʢ ʥʘʛʨʫʟʢʠ 3ɸ 
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ǲǣǩ 401.31 

ǢǧǠǩǧǤ ǼǪǤǩǱǯǭǮǤǯǤǣǟǶǧ ǮǤǯǤǫǤǬǬǭǢǭ 
Ǳǭǩǟ 

ǯȄȏȇȔ ǟȊȄȉȐǿȌȃȏ ǡǿȃȇȋȍȁȇȖ* 
ǯȄȃțȉȇȌ ǡȞȖȄȐȊǿȁ ǡȊǿȃȇȋȇȏȍȁȇȖ* 
ǮȍȎǿȃȇȌ Ǭȇȉȇȑǿ ǡȊǿȃȇȋȇȏȍȁȇȖ 

ʩʪʫʜʝʥʪʳ 
ʌɻɸʆʋ ɺʆ çʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

 
ɻʠʙʢʠʝ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʠʣʠ FACTS (Flexible Alternating Current Transmission 

Systems), ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʧʦʪʦʢʦʤ ʵʣʝʢ-
ʪʨʦʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (ɺʊʉ). FACTS ʧʨʝʜ-
ʥʘʟʥʘʯʝʥʳ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦ-
ʩʥʘʙʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. 

FACTS ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʵʣʝʢʪʨʦ-
ʵʥʝʨʛʠʠ ʯʝʨʝʟ ʜʣʠʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʢʪʨʦʧʦʜʩʪʘʥʮʠʷʤʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 
ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʥʘ ʜʣʠʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, 
ʠʟ-ʟʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʧʨʦʚʦʜʘʭ ʠ ʧʨʦʙʣʝʤ ʩ ʥʘʧʨʷʞʝʥʠʝʤ. 

FACTS ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʩʠʥʭʨʦʥʥʳʝ ʢʦʤʧʝʥʩʘʪʦʨʳ, ʩʪʘʪʠʯʝ-
ʩʢʠʝ ʢʦʤʧʝʥʩʘʪʦʨʳ, ʩʪʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʪʦʢʘ, ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ 
ʠ ʜʨʫʛʠʝ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ, ʪʘʢʠʭ ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ, ʪʦʢ ʠ ʨʝʘʢʪʠʚ-

ɹʦʦʧʫʙʯʡʸ: FACTS ð ʛʠʙʢʠʝ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ð ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 
ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 
ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʩʠʥʭʨʦʥʥʳʝ ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʢʦʤʧʝʥʩʘʪʦʨʳ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʪʦʢʘ ʠ 
ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ. FACTS ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʫʶ ʨʝʘʢʮʠʶ ʥʘ ʠʟʤʝʥʝʥʠʷ 
ʧʦʪʨʝʙʣʝʥʠʷ, ʩʪʘʙʠʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʥʘʜʝʞʥʫʶ ʧʝʨʝʜʘʯʫ ʵʥʝʨʛʠʠ, ʫʚʝʣʠʯʝʥʠʝ ʝʤʢʦʩʪʠ ʩʝʪʠ, ʫʩʪʦʡʯʠ-
ʚʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɻʠʙʢʠʝ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʢʦʤʧʝʥʩʘʪʦʨ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʵʣʝʢʪʨʦ-
ʧʝʨʝʜʘʯʘ, ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ. 
 

FLEXIBLE ALTERNATING CURRENT TRANSMISSION SYSTEM 
 

Rerikh Alexander Vadimovich, 
Redkin Vyacheslav Vladimirovich, 

Popadin Nikita Vladimirovich 
 
Annotation: FACTS ð Flexible Alternating Current Transmission Systems, is a technological solution for con-
trolling the flow of electricity, increasing efficiency, improving the quality and stability of power transmission. 
They include synchronous and static compensators, current converters, and reactive power control devices. 
FACTS provides a fast response to changes in consumption, stable voltage, reliable energy transmission, in-
creased network capacity, system stability and efficient operation of alternative sources. 
Keywords: Flexible Alternating Current Transmission Systems, compensator, electric power, power transmis-
sion, alternating current. 



ǠǭǪǻǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǩǭǬǳǤǯǤǬǵǧǾ 69 

 

XIII International scientific conference | www.naukaip.ru 

ʥʘʷ ʤʦʱʥʦʩʪʴ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ. 
ʆʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ FACTS - ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, FACTS ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ 
ʧʦʪʨʝʙʣʝʥʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʥʘʜʝʞʥʫʶ ʧʝʨʝʜʘʯʫ 
ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʝ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 
ʨʘʩʭʦʜʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʄʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʝʤʢʦʩʪʠ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʧʦ-
ʣʝʟʥʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʜʘʪʴ ʵʥʝʨʛʠʶ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʛʜʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 
ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʦʛʫʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 

ʊʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 
ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʠ. ʋʧʨʘʚʣʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʪʦʢʦʤ ʧʦʟ-
ʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʩʙʦʠ ʚ ʩʠʩʪʝʤʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʛʨʫʟʢʘʤʠ ʠ ʜʨʫʛʠʤʠ ʧʨʦʙʣʝʤʘʤʠ. ʇʦʤʦʛʫʪ 
ʫʣʫʯʰʠʪʴ ʨʘʙʦʪʫ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʪʘʢʠʭ ʢʘʢ ʚʝʪʨʷʥʳʝ ʠ ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥ-
ʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʫʧʨʘʚʣʝʥʠʶ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, FACTS ʧʦʤʦʛʘʶʪ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʵʥʝʨʛʠʠ, ʧʨʦʠʟʚʦʜʠʤʦʡ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ. 
ʗʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʧʦʚʳ-
ʩʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʫʧʨʘʚʣʷʪʴ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠ 
ʫʣʫʯʰʠʪʴ ʨʘʙʦʪʫ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. FACTS ʩʦʩʪʦʷʪ ʠʟ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ 
ʢʘʢ ʩʠʥʭʨʦʥʥʳʝ ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʢʦʤʧʝʥʩʘʪʦʨʳ, ʩʪʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʪʦʢʘ ʠ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝ-
ʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʧʘʨʘʤʝʪʨʳ ʩʝʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʩʠ-
ʩʪʝʤʳ ʧʝʨʝʜʘʯʠ. 

ʇʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʪʨʝʙʣʝʥʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦ-
ʣʝʝ ʩʪʘʙʠʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʥʘʜʝʞʥʫʶ ʧʝʨʝʜʘʯʫ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʝ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦ-
ʩʥʘʙʞʝʥʠʷ ʠ ʩʥʠʞʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. FACTS ʪʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴʩʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʝʤʢʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʨʘʙʦʪʳ ʘʣʴ-
ʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ɺ ʮʝʣʦʤ, ʛʠʙʢʠʝ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (FACTS) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʦʝ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦ-
ʵʥʝʨʛʠʠ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠ-
ʩʪʝʤʳ. FACTS ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʜʦ ʵʥʝʨʛʦʩʠ-
ʩʪʝʤ ʛʦʨʦʜʦʚ ʠ ʩʪʨʘʥ. ʂʨʦʤʝ ʪʦʛʦ, ʛʠʙʢʠʝ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (FACTS) ʤʦʛʫʪ ʧʦʤʦʯʴ 
ʩʦʢʨʘʪʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʠ ʠʟʙʝʞʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ 
ʣʠʥʠʡ, ʯʪʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ FACTS ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʝʩʢʠʡ ʢʦʤʧʝʥʩʘʪʦʨ (STATCOM), 
ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʤʦʱʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʢʣʶʯʠ ʜʣʷ ʙʳʩʪʨʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʠʩʪʝ-
ʤʝ. STATCOM ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʣʠʥʠʷʭ ʧʝʨʝʜʘʯʠ ʠ 
ʧʦʜʜʝʨʞʘʥʠʷ ʥʘʜʝʞʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ ʩʠʩʪʝʤʝ. 

ɺʘʞʥʳʡ ʪʠʧ FACTS - ʵʪʦ ʩʪʘʪʠʯʝʩʢʠʡ ʩʠʥʭʨʦʥʥʳʡ ʢʦʤʧʝʥʩʘʪʦʨ (STATCOM), ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ 
ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʝʤ ʚ ʩʠʩʪʝʤʝ. 
STATCOM ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʝʤʢʦʩʪʠ ʩʝʪʠ ʠ ʫʣʫʯʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦ-
ʩʥʘʙʞʝʥʠʷ.  

FACTS ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʘʢʠʤʠ 
ʢʘʢ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʫʩʪʨʦʡʩʪʚʘ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. ʕʪʦ ʤʦʞʝʪ 
ʧʦʤʦʯʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʝ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ. 

ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʛʠʙʢʠʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (FACTS) ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙ-
ʥʦʩʪʴ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʕʪʦ ʜʝʣʘʝʪ FACTS ʠʜʝʘʣʴʥʳʤ 
ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʘʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʄʦʛʫʪ ʧʦʤʦʯʴ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʫʤʝʥʴʰʠʪʴ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ 



70 ǠǭǪǻǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǩǭǬǳǤǯǤǬǵǧǾ 

 

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

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ, ʫʤʝʥʴʰʝʥʠʷ 
ʧʦʪʝʨʴ ʠ ʫʚʝʣʠʯʝʥʠʷ ʝʤʢʦʩʪʠ ʩʝʪʠ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ FACTS ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʢʦ-
ʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ STATCOM ʥʘ ʢʣʶʯʝʚʳʭ ʫʟʣʘʭ ʩʝʪʠ. STATCOM 
ʤʦʞʝʪ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʥʘʧʨʷʞʝʥʠʠ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʩʠʩʪʝʤʝ, ʯʪʦ 
ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʝʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ FACTS ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ 
ʵʥʝʨʛʦʘʢʢʫʤʫʣʷʪʦʨʳ ʠ ʩʤʘʨʪ-ʩʝʪʠ, ʯʪʦ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʅʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ FACTS ʚʢʣʶʯʘʶʪ ʫʩʪʘʥʦʚʢʫ SVC ʚ ʂʠʪʘʝ ʜʣʷ 
ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʧʨʠʤʝʥʝʥʠʝ STATCOM ʚ ʀʥʜʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦ-
ʧʠʪʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ DVR ʚ ʉʐɸ ʜʣʷ ʢʦʤ-
ʧʝʥʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʧʝʨʝʙʦʝʚ ʚ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʠ. 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʧʨʠʤʝʥʝʥʠʷ FACTS ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʤ ʤʦʱʥʦʩʪʠ ʚ ʩʝʪʠ. ʕʪʦ ʤʦʞʝʪ 
ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʫʩʪʨʦʡʩʪʚ ʪʠʧʘ Flexible AC Transmission System (FACTS) ʥʘ ʣʠʥʠʠ ʧʝ-
ʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. FACTS ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦʪʦʢ ʤʦʱʥʦʩʪʠ ʥʘ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʠ ʩʥʠʟʠʪʴ ʧʝ-
ʨʝʛʨʫʟʢʫ ʩʝʪʠ, ʯʪʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʝʤʢʦʩʪʴ ʩʝʪʠ ʠ ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʅʘʢʦʥʝʮ, 
FACTS ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʘʢʠʤʠ ʢʘʢ 
ʤʠʢʨʦʛʨʠʜʳ. ʋʩʪʘʥʦʚʢʘ FACTS ʥʘ ʢʣʶʯʝʚʳʭ ʫʟʣʘʭ ʤʠʢʨʦʛʨʠʜʘ ʤʦʞʝʪ ʧʦʤʦʯʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʝʨʝʜʘʯʫ 
ʵʥʝʨʛʠʠ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʆʜʥʘʢʦ, ʧʨʠʤʝʥʝʥʠʝ FACTS ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 
ʥʝʢʦʪʦʨʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠ ʧʨʦʙʣʝʤʘʤʠ. ʅʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʢʘ FACTS ʤʦʞʝʪ ʪʨʝʙʦʚʘʪʴ ʙʦʣʴʰʠʭ ʠʥ-
ʚʝʩʪʠʮʠʡ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʧʨʠʤʝʥʝʥʠʝ FACTS ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʤʝʭ ʠ ʵʣʝʢʪʨʦ-
ʤʘʛʥʠʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ FACTS ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʟʥʘʯʠʪʝʣʴʥʦ 
ʧʨʝʚʦʩʭʦʜʷʪ ʚʦʟʤʦʞʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʨʦʙʣʝʤʳ. ɹʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦ-
ʪʝ ʥʘʜ ʫʣʫʯʰʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ FACTS, ʵʪʠ ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʜʦ-
ʩʪʫʧʥʳʤʠ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʚʠʪʠʝ FACTS ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʥʝʨʛʝ-
ʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʦʚʳʰʝʥʠʷ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʟʤʦʞʥʳʤ ʥʝʧʦʣʘʜʢʘʤ ʠ ʘʚʘʨʠʷʤ [1, ʩ. 3-4]. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ FACTS, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʫʥʠʢʘʣʴʥʳʝ ʦʩʦ-
ʙʝʥʥʦʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ FACTS ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

1. SVC (Static Var Compensator) - ʩʪʘʪʠʯʝʩʢʠʡ ʢʦʤʧʝʥʩʘʪʦʨ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝ-
ʤʳʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʝʤ ʚ ʩʠʩʪʝʤʝ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

2. STATCOM (Static Synchronous Compensator) - ʩʪʘʪʠʯʝʩʢʠʡ ʩʠʥʭʨʦʥʥʳʡ ʢʦʤʧʝʥʩʘʪʦʨ, ʠʩʧʦʣʴ-
ʟʫʝʤʳʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ ʚ ʩʠʩʪʝʤʝ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

3. TCSC (Thyristor Controlled Series Compensator) - ʪʠʨʠʩʪʦʨʥʳʡ ʩʝʨʠʡʥʳʡ ʢʦʤʧʝʥʩʘʪʦʨ, ʠʩ-
ʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʤʦʱʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʠ ʧʦʚʳʰʝʥʠʷ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

4. UPFC (Unified Power Flow Controller) - ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ, ʠʩ-
ʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʧʦʪʦʢʦʤ ʤʦʱʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝʠ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ. 

5. DVR (Dynamic Voltage Restorer) - ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ 
ʙʳʩʪʨʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʠʟʤʝʥʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʠ ʧʦʚʳʰʝʥʠʷ ʝʝ ʥʘʜʝʞʥʦʩʪʠ. 

6. SSSC (Static Synchronous Series Compensator) - ʩʪʘʪʠʯʝʩʢʠʡ ʩʠʥʭʨʦʥʥʳʡ ʩʝʨʠʡʥʳʡ ʢʦʤʧʝʥ-
ʩʘʪʦʨ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʤʦʱʥʦʩʪʠ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʂʘʞʜʳʡ ʪʠʧ FACTS ʠʤʝʝʪ ʩʚʦʠ ʫʥʠʢʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʠ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠ-
ʧʘ ʟʘʚʠʩʠʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʝʝ ʧʦʪʨʝʙʥʦʩʪʝʡ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ FACTS, ʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʪʝʩʪʠʨʫʶʪ-
ʩʷ, ʥʘʧʨʠʤʝʨ, MMC (Modular Multilevel Converter) ʠ HVDC (High Voltage Direct Current) FACTS, ʢʦʪʦʨʳʝ 
ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶ-
ʯʘʷ ʵʥʝʨʛʝʪʠʢʫ, ʪʨʘʥʩʧʦʨʪ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʜʨʫʛʠʝ. 
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ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ FACTS ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 
ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʥʘʧʨʷ-
ʞʝʥʠʝ, ʪʦʢ ʠ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ. ʕʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠ ʫʤʝʥʴʰʠʪʴ 
ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ FACTS ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 
ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʚʦʟʤʦʞʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 
ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʠ ʪʦʯʥʦʤʫ ʨʝʘʛʠʨʦʚʘʥʠʶ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ, ʯʪʦ ʧʦʚʳʰʘʝʪ 
ʝʝ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʆʜʥʘʢʦ, ʢʘʢ ʠ ʣʶʙʘʷ ʜʨʫʛʘʷ ʪʝʭʥʦʣʦʛʠʷ, FACTS ʠʤʝʝʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʚʢʣʶʯʘʷ 
ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ, ʩʣʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʠʧʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ 
FACTS. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʟʥʘʯʠʤʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʷ FACTS ʚʩʝ ʝʱʝ ʤʦʞʝʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʥʝʢʦʪʦʨʳʤʠ 
ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʚ ʙʫʜʫʱʝʤ. ʅʘʧʨʠʤʝʨ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ FACTS ʤʦʛʫʪ ʙʳʪʴ ʜʦʚʦʣʴʥʦ ʜʦʨʦʛʠʤʠ ʚ 
ʫʩʪʘʥʦʚʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʘʭ. ʂʨʦʤʝ ʪʦ-
ʛʦ, ʥʝʢʦʪʦʨʳʝ ʩʪʨʘʥʳ ʤʦʛʫʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 
ʠʥʪʝʛʨʘʮʠʠ FACTS ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʝʭʥʦʣʦʛʠʷ FACTS ʚʩʝ ʝʱʝ ʠʤʝʝʪ ʦʛʨʦʤʥʳʡ ʧʦ-
ʪʝʥʮʠʘʣ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ ʧʦʪʨʝʙ-
ʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʧʨʦʜʦʣʞʘʪʴ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʯʪʦʙʳ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʫʣʫʯʰʠʪʴ ʬʫʥʢʮʠʦʥʘʣɹ-
ʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ FACTS. 

ɺ ʠʪʦʛʝ, ʪʝʭʥʦʣʦʛʠʷ ʛʠʙʢʠʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (FACTS) ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫ-
ʤʝʥʪʦʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʴʶ ʠ ʥʘʧʨʷʞʝʥʠʝʤ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʝʪʷʭ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʝʪʠ, ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʷ FACTS ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 
ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ, ʪʦʢ ʠ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʩʪʨʦ ʨʝʘ-
ʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʝʪʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʠʭ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʡ ʨʘʙʦʪʳ 
ʩʠʩʪʝʤʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ FACTS ʫʞʝ ʥʘʰʣʘ ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʠ, ʦʥʘ 
ʚʩʝ ʝʱʝ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 
ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʫʝʤʦʩʪʴ ʠ ʩʦʮʠʘʣʴʥʦ-
ʧʦʣʠʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʠ ʚʳʙʦʨʝ ʠ ʧʨʠʤʝʥʝʥʠʠ FACTS. 

ɹʫʜʫʱʝʝ ʪʝʭʥʦʣʦʛʠʠ FACTS ʟʘʚʠʩʠʪ ʦʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʘ 
ʪʘʢʞʝ ʦʪ ʪʦʛʦ, ʢʘʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ ʠ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ 
ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤ. 
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ǭǯǢǟǬǧǦǟǵǧǾ ǮǯǧǫǤǬǤǬǧǾ ǰǧǪ ǧ ǰǯǤǣǰǱǡ 
ǢǟǯǬǧǦǭǬǟ ǣǪǾ ǱǲǷǤǬǧǾ Ǯǭǥǟǯǭǡ ǧ 
ǮǯǭǡǤǣǤǬǧǾ ǟǡǟǯǧǨǬǭ-ǰǮǟǰǟǱǤǪǻǬǺǴ 
ǯǟǠǭǱ 

ǟȔȋǿȃȒȊȇȌ ǯȒȐȊǿȌ ǯǿȁȇȊțȄȁȇȖ 
ʩʪʫʜʝʥʪ  

ʌɻɹʆʋ ɺʆ çʊʦʣʴʷʪʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ʊʘʢ, ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʝʭ ʫʯʘʩʪʚʫʶʱʠʭ ʩʣʫʞʙ ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʚʢʣʶʯʘʷ ʧʦʞʘʨ-

ʥʳʝ, ʤʝʜʠʮʠʥʩʢʠʝ ʠ ʩʧʘʩʘʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʕʬʬʝʢʪʠʚʥʘʷ ʩʚʷʟʴ ʠ ʯʝʪʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʦʣʝʡ ʧʨʠ 
ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʰʘʥʩʳ ʥʘ ʙʳʩʪʨʦʝ ʠ ʫʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʦʝ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʪʨʝʥʠʨʦ-
ʚʦʢ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʛʦʪʦʚʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʥʦ ʠ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʥʝʜʦ-
ʩʪʘʪʢʠ ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʘʭ ʜʝʡʩʪʚʠʡ. ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʠʩʪʝʤʳ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʜʨʦʥʦʚ ʜʣʷ ʦʮʝʥʢʠ ʩʠʪʫʘʮʠʠ ʩ ʚʳʩʦʪʳ, ʩʪʘʥʝʪ 
ʚʘʞʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ [6]. 

ɹʦʦʧʫʙʯʡʸ. ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʩʠʣ ʠ ʩʨʝʜʩʪʚ ʛʘʨʥʠʟʦʥʘ ʜʣʷ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ 
ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʦʙʲʝʢʪʘʭ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʩʦʚʨʝ-
ʤʝʥʥʦʛʦ ʦʩʥʘʱʝʥʠʷ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʦʙʲ-
ʝʢʪʘ - ʦʪ ʘʚʪʦʟʘʧʨʘʚʦʯʥʳʭ ʩʪʘʥʮʠʡ ʜʦ ʢʨʫʧʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ. ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʢʘʢ ʧʨʝʜʚʘ-
ʨʠʪʝʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʪʘʢ ʠ ʥʘʣʠʯʠʝ ʘʢʪʫʘʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʯʨʝʟʚʳʯʘʡ-
ʥʳʝ ʩʠʪʫʘʮʠʠ. 
(ɸʊʆ) ï ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ, ʪʨʝʙʫʶʱʘʷ ʯʝʪʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʩʣʘʞʝʥʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʨʘʟʣʠʯʥʳʭ ʩʣʫʞʙ. 
ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʧʦʜʛʦʪʦʚʢʫ, ʨʝʘʛʠʨʦʚʘʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʛʘʨʥʠʟʦʥ, ʪʫʰʝʥʠʝ ʧʦʞʘʨʦʚ, ʦʧʝʨʘʪʠʚʥʳʡ ʜʦʩʪʫʧ, 
ʩʚʷʟʴ, ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ.  
 

ORGANIZATION OF THE USE OF GARRISON FORCES AND MEANS TO EXTINGUISH FIRES AND 
CARRY OUT EMERGENCY RESCUE OPERATIONS 

 
Akhmadulin Ruslan Ravilevich 

 
Abstract. The organization of the use of garrison forces and means to extinguish fires and carry out emergen-
cy rescue operations at motor transport facilities requires an integrated approach and modern equipment. First 
of all, it is necessary to take into account the unique features of each facility - from gas stations to large logis-
tics centers. This implies both pre-planning and the availability of relevant emergency response strategies. 
(ATO) is a complex task that requires clear coordination and coherence of the actions of various services. It 
includes planning, preparation, response, and follow-up. 
Keywords: emergency rescue operations, garrison, fire fighting, operational access, communication, algo-
rithm of actions. 
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ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʚʥʝʜʨʠʪʴ ʝʜʠʥʳʡ ʧʨʦʪʦʢʦʣ ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʣ ʙʳ ʩʧʝʮʠ-
ʬʠʢʫ ʢʘʞʜʦʡ ʩʣʫʞʙʳ ʠ ʦʙʝʩʧʝʯʠʚʘʣ ʙʳ ʠʭ ʩʣʘʞʝʥʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʠʩʪʝʤʳ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʨʚʠʩʦʚ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 
ʫʧʨʦʩʪʠʪʴ ʢʦʦʨʜʠʥʘʮʠʶ ʫʩʠʣʠʡ ʠ ʦʙʝʩʧʝʯʠʪʴ ʦʧʝʨʘʪʠʚʥʳʡ ʜʦʩʪʫʧ ʢ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʨʝʛʫʣʷʨʥʳʝ ʪʨʝʥʠ-
ʨʦʚʢʠ ʠ ʩʠʤʫʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʢʘʞʜʦʡ ʩʣʫʞʙʝ ʦʪʪʦʯʠʪʴ ʩʚʦʠ ʥʘʚʳʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʫʩʣʦʚʠ-
ʷʭ, ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ. ʕʪʠ ʤʝʨʦʧʨʠʷʪʠʷ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴ ʩʮʝʥʘʨʠʠ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʨʘʟʣʠʯ-
ʥʳʝ ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ, ʪʝʤ ʩʘʤʳʤ ʦʙʦʩʪʨʷʷ ʛʦʪʦʚʥʦʩʪʴ ʢ ʦʧʝʨʘʪʠʚʥʳʤ ʨʝʘʢʮʠʷʤ ʠ ʤʠʥʠʤʠʟʠʨʫʷ 
ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ. ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʯʝʪʢʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘ-
ʣʘ ʙʳ ʥʝʚʠʜʠʤʳʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʤʘʨʰʨʫʪʳ ʤʝʞʜʫ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʮʝʩʩʘ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚʥʝʜʨʝʥʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʪ ʎʝʥʪʨʘʣʴʥʦʤʫ ʢʦʤʘʥʜʦʚʘʥʠʶ ʠʤʝʪʴ ʜʦ-
ʩʪʫʧ ʢ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʷ-
ʪʠʷ ʨʝʰʝʥʠʡ. ɺʘʞʥʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʫʪʝʯʝʢ ʠʥ-
ʬʦʨʤʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʶ ʜʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʧʦʟʚʦʣʠʪ 
ʩʦʟʜʘʪʴ ʛʘʨʤʦʥʠʯʥʫʶ ʵʢʦʩʠʩʪʝʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʧʦʩʦʙʥʫʶ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʳʟʦʚʳ ʩʦ-
ʚʨʝʤʝʥʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʥʘʩʝʣʝʥʠʷ [8]. 

ɹʦʣʝʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʦʙʣʘʯʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʤʦʞʝʪ ʚ ʧʨʦʛʥʦ-
ʟʠʨʦʚʘʥʠʠ ʠ ʘʥʘʣʠʟʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪ ʧʨʦʮʝʩʩ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʢʨʠʟʠʩ-
ʥʳʝ ʩʠʪʫʘʮʠʠ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʯʘʩʪʥʳʤʠ IT-ʢʦʤʧʘʥʠʷʤʠ ʩʪʘʥʝʪ ʚʘʞʥʳʤ ʰʘʛʦʤ ʢ ʨʝ-
ʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʫʶ ʟʘʱʠʪʫ ʠʥʬʦʨʤʘʮʠʠ. ʆʙʷʟʘʪʝʣʴ-
ʥʳʤ ʫʩʣʦʚʠʝʤ ʙʫʜʝʪ ʩʦʟʜʘʥʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪ 
ʫʨʦʚʝʥʴ ʢʠʙʝʨʟʘʱʠʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʥʪʝʛʨʘʮʠʷ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʬʦʨʤʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʵʬʬʝʢ-
ʪʠʚʥʫʶ, ʥʦ ʠ ʙʝʟʦʧʘʩʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʩʧʦʩʦʙʥʫʶ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʠ 
ʪʨʝʙʦʚʘʥʠʷʤ ʦʙʱʝʩʪʚʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ ʥʘʣʘʞʠʚʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʤʝʥʘ ʦʧʳʪʦʤ ʤʝʞʜʫ ʩʣʫʞʙʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ 
ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʩʣʘʙʳʝ ʤʝʩʪʘ ʚ ʩʠʩʪʝʤʝ ʨʝʘʛʠʨʦʚʘʥʠʷ. ʊʘʢʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ 
ʩʦʟʜʘʩʪ ʦʩʥʦʚʫ ʜʣʷ ʥʘʜʝʞʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʚ ʵʢʩʪʨʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ ʠ ʟʘʱʠʪʠʪ 
ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʝ ʛʨʘʞʜʘʥ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʮʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʠʥʬʦʨʤʘ-
ʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʧʝʨʘʪʠʚʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠ ʢʦʦʨʜʠʥʘʮʠʶ ʜʝʡʩʪʚʠʡ. ʈʝʛʫ-
ʣʷʨʥʳʝ ʪʨʝʥʠʨʦʚʢʠ ʠ ʫʯʝʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʣʫʞʙʘʤʠ, ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 
ʬʦʨʤʠʨʦʚʘʥʠʶ ʝʜʠʥʦʡ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʛʦʪʦʚʥʦʩʪʠ ʢ ʚʦʟʤʦʞʥʳʤ ʯʨʝʟʚʳ-
ʯʘʡʥʳʤ ʩʠʪʫʘʮʠʷʤ.  

ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠʛʨʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʦʩ-
ʥʦʚʘʥʥʳʭ ʥʘ ʣʫʯʰʠʭ ʧʨʘʢʪʠʢʘʭ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʨʰʨʫʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 
ɺʘʞʥʦ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʚʘʪʴ ʚʳʧʦʣʥʝʥʥʳʝ ʜʝʡʩʪʚʠʷ, 
ʚʳʷʚʣʷʪʴ ʥʝʜʦʯʝʪʳ ʠ ʫʣʫʯʰʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʛʣʘʤʝʥʪʳ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠ-
ʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʦʙʱʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚʢʣʶʯʘʷ ʠʥʩʧʝʢʮʠʠ ʠ ʦʮʝʥʢʫ ʨʠʩʢʦʚ, ʧʦʤʦʞʝʪ 
ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʠʪʫʘʮʠʡ, ʪʨʝʙʫʶʱʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. ʉʦʚʤʝʩʪʥʳʝ ʫʩʠʣʠʷ ʚʩʝʭ ʟʘʠʥʪʝ-
ʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ, ʦʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʜʦ ʯʘʩʪʥʳʭ ʚʣʘʜʝʣʴʮʝʚ, ʩʦʟʜʘʜʫʪ ʙʝʟʦʧʘʩʥʫʶ ʵʢʩ-
ʧʣʫʘʪʘʮʠʦʥʥʫʶ ʩʨʝʜʫ ʠ ʦʙʝʩʧʝʯʘʪ ʟʘʱʠʪʫ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ [9]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʤʦʥʠ-
ʪʦʨʠʥʛʘ ʩʠʪʫʘʮʠʠ ʠ ʦʮʝʥʢʠ ʫʱʝʨʙʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. ʊʝʭʥʦʣʦ-
ʛʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʪʫʰʝʥʠʷ, 
ʪʘʢʠʝ ʢʘʢ ʠʥʝʨʪʥʳʝ ʦʛʥʝʛʘʩʷʱʠʝ ʩʦʩʪʘʚʳ, ʧʦʟʚʦʣʷʶʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʫʱʝʨʙ ʠ ʩʦʭʨʘʥʠʪʴ ʞʠʟʥʴ ʣʶʜʝʡ. 

ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ, ʩʦʝʜʠʥʷʷ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʠ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʩʧʦʩʦʙ-
ʩʪʚʫʶʪ ʩʢʦʨʝʡʰʝʤʫ ʨʝʘʛʠʨʦʚʘʥʠʶ ʥʘ ʩʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ. ʇʘʨʘʣʣʝʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʝʰʝʥʠʷ 
ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʣʦʛʠʩʪʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʚ 
ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʩʪʘʭ.  



74 ǠǭǪǻǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǩǭǬǳǤǯǤǬǵǧǾ 
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ʂ ʪʦʤʫ ʞʝ, ʚʦʚʣʝʯʝʥʠʝ ʤʝʩʪʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʚʦʧʨʦʩʳ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘ-
ʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʘʤʧʘʥʠʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʢʫʣʴʪʫʨʳ ʧʨʝʜʦ-
ʩʪʦʨʦʞʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʮʠʷ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʥʘʩʝʣʝʥʠʷ ʬʦʨʤʠ-
ʨʫʶʪ ʥʦʚʫʶ ʧʘʨʘʜʠʛʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʟʘʱʠʪʝ ʢʘʢ ʧʨʠʨʦʜʳ, ʪʘʢ ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʠʟ-
ʥʝʡ. 

ʆʙʫʯʝʥʠʝ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʛʘʨʥʠʟʦʥʘ ʥʘʚʳʢʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʘʚʘʨʠʡʥʦ-
ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ - ʢʣʶʯʝʚʳʝ 
ʘʩʧʝʢʪʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʛʦʪʦʚʥʦʩʪʠ ʢ ʣʠʢʚʠʜʘʮʠʠ ʧʦʞʘʨʦʚ ʠ ʧʨʦʚʝʜʝʥʠʶ ʩʧʘʩʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʥʘ 
ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʦʙʲʝʢʪʘʭ. 

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʫʯʝʥʠʡ, 
ʚʢʣʶʯʘʶʱʠʭ ʩʠʤʫʣʷʮʠʶ ʨʘʟʣʠʯʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʊʘʢʠʝ ʫʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʦʪʨʘʙʦ-
ʪʘʪʴ ʘʣʛʦʨʠʪʤʳ ʜʝʡʩʪʚʠʡ, ʥʦ ʠ ʫʣʫʯʰʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ, ʟʘʜʝʡ-
ʩʪʚʦʚʘʥʥʳʤʠ ʚ ʩʧʘʩʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʷʭ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʜʨʦʥʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʠʪʫʘʮʠʠ ʠ ʤʦʙʠʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʚʷ-
ʟʠ, ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ. ɺʚʝʜʝʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʠ ʪʝʭʥʠʢʠ 
ʚ ʦʙʫʯʝʥʠʝ ʧʦʞʘʨʥʳʭ ʠ ʩʧʘʩʘʪʝʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʙʳʩʪʨʳʝ ʠ ʙʝʟʦʧʘʩʥʳʝ ʜʝʡʩʪʚʠʷ ʚ ʫʩʣʦʚʠʷʭ 
ʩʪʨʝʩʩʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ 
ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʵʢʩʪʨʝʥʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʠʥʪʝʛʨʘʮʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ ʩʦʟʜʘʸʪ ʙʦʣʝʝ ʛʦʪʦʚʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ 
ʢʦʤʘʥʜʫ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ. 
 

ʀʙʣʤʷʰʞʦʡʞ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʚʥʝʜʨʠʪʴ ʝʜʠʥʳʡ ʧʨʦʪʦʢʦʣ ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʣ 

ʙʳ ʩʧʝʮʠʬʠʢʫ ʢʘʞʜʦʡ ʩʣʫʞʙʳ ʠ ʦʙʝʩʧʝʯʠʚʘʣ ʙʳ ʠʭ ʩʣʘʞʝʥʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ. ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘ-
ʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʨʝʛʫʣʷʨʥʳʝ ʪʨʝʥʠʨʦʚʢʠ ʠ ʩʠʤʫʣʷʮʠʠ, ʢʦʪʦ-
ʨʳʝ ʧʦʟʚʦʣʷʪ ʢʘʞʜʦʡ ʩʣʫʞʙʝ ʦʪʪʦʯʠʪʴ ʩʚʦʠ ʥʘʚʳʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʫʩʣʦʚʠʷʭ, ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝ-
ʘʣʴʥʳʤ. ʕʪʠ ʤʝʨʦʧʨʠʷʪʠʷ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴ ʩʮʝʥʘʨʠʠ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫ-
ʘʮʠʠ, ʪʝʤ ʩʘʤʳʤ ʦʙʦʩʪʨʷʷ ʛʦʪʦʚʥʦʩʪʴ ʢ ʦʧʝʨʘʪʠʚʥʳʤ ʨʝʘʢʮʠʷʤ ʠ ʤʠʥʠʤʠʟʠʨʫʷ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ. ʂʣʶ-
ʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʯʝʪʢʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʣʘ ʙʳ ʥʝʚʠʜʠʤʳʝ ʢʦʤ-
ʤʫʥʠʢʘʮʠʦʥʥʳʝ ʤʘʨʰʨʫʪʳ ʤʝʞʜʫ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʮʝʩʩʘ.  
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ʩʪʫʜʝʥʪʳ 
ʌɻɸʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦè 

 

 
ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʩʝʛʦʜʥʷ ʠʤʝʝʪ ʦʯʝʥʴ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʠ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟ-

ʚʠʚʘʪʴʩʷ ʙʣʘʛʦʜʘʨʷ ʦʪʢʨʳʪʠʷʤ ʚ ʥʘʫʢʝ, ʨʦʩʪʫ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ. 
ʅʝʦʪʲʝʤʣʝʤʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʥʝʩʢʦʣʴʢʠʭ ʩʪʦʣʝʪʠʡ ʩʪʘʣʦ 

ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʦʙʲʝʢʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʬʝʜʝʨʘʣʴʥʦʛʦ 
ʟʥʘʯʝʥʠʷ ʚ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ (ʛ. ʄʦʩʢʚʘ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ʠ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʵʥʝʨʛʦʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʧʦ ʚʳʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 
ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʥʝʩʯʘʩʪʥʳʤ ʩʣʫʯʘʷʤ ʠ ʘʚʘʨʠʷʤ ʥʘ ʦʙʲʝʢʪʘʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 
ʚ ʈʦʩʩʠʠ ʧʦ ʬʝʜʝʨʘʣʴʥʳʤ ʦʢʨʫʛʘʤ ʠ ʪʝʨʨʠʪʦʨʠʷʤ ʫʧʨʘʚʣʝʥʠʷ ʈʦʩʪʝʭʥʘʜʟʦʨʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʚʘʨʠʠ 
ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʄʦʩʢʚʳ ʠ ʚʳʜʝʣʷʶʪʩʷ ʧʨʠʯʠʥʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 
ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʩʦʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʕʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ, ʵʥʝʛʦʜʦʩʪʘʪʦʯʥʦʩʪʴ, ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ, ʘʚʘʨʠʠ. 
 

THE PROBLEM OF ENSURING SAFE, SUSTAINABLE FUNCTIONING OF THE ENERGY SECTOR OF 
FEDERAL SIGNIFICANCE 

 
Kurmyshov Vadim Yuryevich, 

Petukhova Marina Alekseevna, 
Mironov Artem Konstantinovich  

 
Abstract: The paper examines the main federal energy facilities in the largest cities of Russia (Moscow and 
St. Petersburg) and their energy characteristics. Their energy sufficiency and balance in electricity generation 
are determined. 
An analysis is made of statistics on accidents and emergencies at energy facilities in Russia by federal dis-
tricts and territories of Rostekhnadzor management. Accidents at power plants in St. Petersburg and Moscow 
are considered and the reasons for their occurrence are highlighted. 
Based on the results obtained, a list of measures to increase the safe and sustainable functioning of the feder-
al energy sector has been compiled. 
Keywords: Power plants, electrical installations, energy sufficiency, accidents, emergencies. 
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ʚʥʝʜʨʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚʦ ʚʩʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʦʪ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʫʣʠʮʘʭ, 
ʜʦʤʘʰʥʝʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʢʚʘʨʪʠʨʘʭ ʠ ʨʘʙʦʪʳ ʙʳʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʩʪʘʥʢʦʚ, ʤʦʪʦʨʦʚ ʠ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. 

ʎʝʥʪʨʘʤʠ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʷʚʣʷʶʪʩʷ ʩʪʦʣʠʮʳ ʠ ʛʦʨʦʜʘ-ʤʠʣʣʠʦʥʥʠʢʠ ʚ ʨʘʟ-
ʣʠʯʥʳʭ ʩʪʨʘʥʘʭ. ɺ ʈʦʩʩʠʠ ʪʘʢʠʤʠ ʛʦʨʦʜʘʤʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʷʚʣʷʶʪʩʷ ʄʦʩʢʚʘ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ. ɼʣʷ 
ʪʘʢʠʭ ʛʦʨʦʜʦʚ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʩʪʘʙʠʣʴʥʘʷ ʚʳʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʝʜʴ ʩʪʦʠʪ 
ʪʦʣʴʢʦ ʥʘ ʧʘʨʫ ʯʘʩʦʚ ʦʩʪʘʚʠʪʴ ʪʘʢʠʝ ʛʦʨʦʜʘ ʙʝʟ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʢʘʢ ʵʪʦ ʧʦʚʣʝʯʝʪ ʢʦʣʦʩʩʘʣʴʥʳʝ ʤʘʪʝ-
ʨʠʘʣʴʥʳʝ ʫʙʳʪʢʠ. ʀʟ-ʟʘ ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʙʦʣʴʰʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʵʣʝ-
ʤʝʥʪʳ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʦʙʦ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʬʫʥʢ-
ʮʠʦʥʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʆʩʥʦʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ ʚ ʩʬʝʨʝ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʬʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 26 ʤʘʨʪʘ 2003 ʛ. ˉ 
35 çʆʙ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝè [1]. ʂ ʦʙʲʝʢʪʘʤ ʵʢʦʥʦʤʠʢʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤ ʛʦʨʦʜʘʤ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘ-
ʯʝʥʠʷ ʪʝ ʠʣʠ ʠʥʳʝ ʫʩʣʫʛʠ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ 
ʵʪʠʭ ʦʙʲʝʢʪʦʚ, ʥʦ ʜʘʞʝ ʧʨʠ ʫʞʝʩʪʦʯʝʥʥʦʤ ʢʦʥʪʨʦʣʝ ʟʘ ʥʠʤʠ ʥʝ ʦʙʭʦʜʠʪʩʷ ʙʝʟ ʘʚʘʨʠʡ ʠ ʞʝʨʪʚ. ʇʦ ʜʘʥ-
ʥʳʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʥʝʨʛʝʪʠʢʠ ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ (ʅʉ) ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ ʟʘ 2023 
ʛʦʜ ʩʦʩʪʘʚʠʣʦ 44 (46 ʧʦʛʠʙʰʠʭ), ʚ ʪʦʤ ʯʠʩʣʝ 3 ʛʨʫʧʧʦʚʳʭ ʅʉ. ʅʘʠʙʦʣʴʰʠʝ ʧʨʦʮʝʥʪʳ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝ-
ʩʪʚʘ ʘʚʘʨʠʡ ʠ ʢʦʣʠʯʝʩʪʚʘ ʅʉ ʟʘ 2023 ʛʦʜ ʧʨʠʰʣʠʩʴ ʥʘ ʎʝʥʪʨʘʣʴʥʳʡ ʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ 
ʦʢʨʫʛ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʯʪʦ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʨʘʙʦʪʳ. 

1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʄʦʩʢʚʳ. 
1.1 ʕʣʝʢʪʨʦʩʪʘʥʮʠʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. 
ʇʦ ʜʘʥʥʳʤ ʥʘ 2021 ʛʦʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʦʩʴ 15 ʪʝʧʣʦʚʳʭ ʵʣʝʢ-

ʪʨʦʩʪʘʥʮʠʡ (ʕʉ) ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 4532,8 ʄɺʪ, 12 ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘ-
ʣʝʡ (ʊʕʎ) ʛʦʨʦʜʘ, ʘ 3 ï ʕʉ, ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʢ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ɺ 2020 ʛʦʜʫ ʦʥʠ ʧʨʦʠʟ-
ʚʝʣʠ 20063 ʤʣʥ ʢɺʪĀʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺʩʝ ʕʉ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʧʨʠʨʦʜʥʳʡ ʛʘʟ. ʇʨʠʚʝ-
ʜʝʤ ʪʘʙʣʠʮʫ ʩ ʧʦʢʘʟʘʥʠʷʤʠ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ 2020 ʛʦʜ ʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʤʦʱʥʦʩʪʴʶ ʕʉ (ʪʘʙʣ.1). 

 
ʋʙʚʤʡʯʙ 1 

ʊʨʡʪʧʣ ʖʊ ʊʙʦʣʫ-ʈʞʫʞʩʚʬʩʜʙ ʡ ʡʮ ʶʦʞʩʜʞʫʡʰʞʪʣʡʞ ʮʙʩʙʣʫʞʩʡʪʫʡʣʡ 

ʆʙʠʛʙʦʡʞ ʖʊ 
ɻʴʩʙʚʧʫʣʙ ʶʤʞʣʫʩʧʶʦʞʩʜʡʡ ʠʙ 

2020 ʜ, ʥʤʦ ʣɻʫāʰ 
ʌʪʫʙʦʧʛʤʞʦʦʙʸ ʶʤʞʣʫʩʡʰʞʪʣʙʸ 

ʥʧʲʦʧʪʫʵ, ʅɻʫ 

ʎʝʥʪʨʘʣʴʥʘʷ ʊʕʎ 447,9 
ʕʉ-1 ï 100 
ʕʉ-2 - 23 

ʇʨʘʚʦʙʝʨʝʞʥʘʷ ʊʕʎ 2797,9 643 

ɺʘʩʠʣʝʦʩʪʨʦʚʩʢʘʷ ʊʕʎ 620 135 

ʇʝʨʚʦʤʘʡʩʢʘʷ ʊʕʎ 1838,9 360 

ɸʚʪʦʚʩʢʘʷ ʊʕʎ 949,9 279 

ɺʳʙʦʨʛʩʢʘʷ ʊʕʎ 761,5 250,5 

ʖʞʥʘʷ ʊʕʎ 3896,7 1207 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʘʷ ʊʕʎ 4866,7 900 

ʖʛʦ-ɿʘʧʘʜʥʘʷ ʊʕʎ 2856,4 460 

ʅʦʚʦʢʦʣʧʠʥʩʢʘʷ ʊʕʎ 768,3 104,3 

ʊʕʎ ɻʂʆ 90 24,9 

ʊʕʎ ʎʂʊʀ 64 18 

ʖʊ ʨʩʞʝʨʩʡʸʫʡʢ, ʨʧʝʣʤʷʰʞʦʦʴʮ ʣ ʶʦʞʩʜʧʪʡʪʫʞʥʞ ʜʧʩʧʝʙ 

ɻʊ ʊʕʉ ʟʘʚʦʜʘ çɹʘʣʪʠʢʘ-ʉʘʥʢʪ-
ʇʝʪʝʨʙʫʨʛè 

58,7 7,1 

ʕʉ ʢʦʪʝʣʴʥʦʡ çʇʨʠʤʦʨʩʢʘʷè 23,1 7 

ʕʉ ʢʦʪʝʣʴʥʦʡ çʇʘʨʥʘʩ-4è 23,3 14 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘ 2020 ʛʦʜ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʩʦʩʪʘʚʠʣʦ 
23831 ʤʣʥ ʢɺʪĀʯ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ - 3831 ʄɺʪ. ɼʘʥʥʳʝ ʟʘ 2020 ʛʦʜ ʩʪʘʚʷʪ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʚ 
ʯʠʩʣʦ ʛʦʨʦʜʦʚ ʩ ʵʥʝʨʛʦʜʝʬʠʮʠʪʦʤ ʧʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʵʥʝʨʛʦʠʟʙʳʪʦʯʥʳʤ ʧʦ ʤʦʱʥʦʩʪʠ. 

ʅʘʠʙʦʣʝʝ ʤʦʱʥʦʡ ʩʪʘʥʮʠʝʡ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʷʚʣʷʝʪʩʷ ʖʞʥʘʷ ʊʕʎ, ʥʘ ʥʝʝ ʧʨʠʭʦʜʠʪʩʷ ʦʛʨʦʤ-
ʥʘʷ ʜʦʣʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʄʦʩʢʦʚʩʢʦʛʦ, ʅʝʚʩʢʦʛʦ ʠ ʌʨʫʥʟʝʥʩʢʦʛʦ ʨʘʡʦʥʦʚ. ʅʦ ʟʘ 2020 ʛʦʜ ʥʘʠʙʦʣʴ-
ʰʠʡ ʦʙʲʝʤ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠʰʝʣʩʷ ʥʘ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʫʶ ʊʕʎ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ 
ʧʦ ʤʦʱʥʦʩʪʠ ʚ ʛʦʨʦʜʝ. 

1.2 ʕʣʝʢʪʨʦʩʪʘʥʮʠʠ ʄʦʩʢʚʳ. 
ʇʦ ʜʘʥʥʳʤ ʥʘ 2021 ʛʦʜ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʩʢʚʳ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʘʩʴ 41 ʕʉ ʩ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ ʚ 

10865 ʄɺʪ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ 3 ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, 32 ʊʕʎ (16 ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʦ-
ʮʝʥʪʨʘʤʠ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ), 3 ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʭ ʟʘʚʦʜʘ ʩ ʧʦʧʫʪʥʦʡ ʚʳʨʘʙʦʪʢʦʡ ʵʥʝʨʛʠʠ, 2 
ʕʉ ʥʘ ʙʠʦʛʘʟʝ ʠ ʦʜʠʥ ʧʥʝʚʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʥʳʡ ʵʥʝʨʛʦʙʣʦʢ. ɿʘ 2019 ʛʦʜ ʠʤʠ ʙʳʣʦ ʚʳʨʘʙʦʪʘʥʦ 
52599 ʤʣʥ ʢɺʪĀʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʇʨʠʚʝʜʝʤ ʪʘʙʣʠʮʫ ʩ ʧʦʢʘʟʘʥʠʷʤʠ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ 2019 ʛʦʜ ʜʣʷ ʊʕʎ, ʘ ʜʣʷ ʛʠʜʨʦ-
ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ɻʕʉ) ï ʩʨʝʜʥʝʛʦʜʦʚʦʡ, ʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʴʶ ʕʉ. ɼʣʷ ʪʝʧʣʦʚʦʡ 
ʵʥʝʨʛʦʩʪʘʥʮʠʠ (ʊʕʉ) çʄʝʞʜʫʥʘʨʦʜʥʘʷè, ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ɻʊʕʉ) çʊʝʨʸʰʢʦʚʦè, ɻʊʕʉ 
çʂʦʣʦʤʝʥʩʢʦʝè, ɻʊʕʉ çɺʥʫʢʦʚʦè, ʊʕʎ ʄʕʀ ʜʘʥʥʳʝ ʧʦ ʵʥʝʨʛʦʚʳʨʘʙʦʪʢʝ ʥʝ ʧʨʠʚʦʜʷʪʩʷ, ʧʦʵʪʦʤʫ ʧʨʝ-
ʥʝʙʨʝʞʝʤ ʠʤʠ, ʠʩʭʦʜʷ ʠʟ ʤʘʣʦʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʤʘʣʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʥʝʨʛʝ-
ʪʠʢʫ ʛʦʨʦʜʘ (ʪʘʙʣ.2). 

 
ʋʙʚʤʡʯʙ 2 

ʊʨʡʪʧʣ ʖʊ ʅʧʪʣʛʴ ʡ ʡʮ ʶʦʞʩʜʞʫʡʰʞʪʣʡʞ ʮʙʩʙʣʫʞʩʡʪʫʡʣʡ 

ʆʙʠʛʙʦʡʞ ʖʊ 
ʊʩʞʝʦʞʜʧʝʧʛʙʸ ʛʴʩʙʚʧʫʣʙ ʶʤʞʣ-

ʫʩʧʶʦʞʩʜʡʡ, ʥʤʦ ʣɻʫāʰ 
ʌʪʫʙʦʧʛʤʞʦʦʙʸ ʶʤʞʣʫʩʡʰʞʪʣʙʸ 

ʥʧʲʦʧʪʫʵ, ʅɻʫ 

ʉʭʦʜʥʝʥʩʢʘʷ ɻʕʉ 31 29 

ʂʘʨʘʤʳʰʝʚʩʢʘʷ ɻʕʉ 9,8 3,52 

ʇʝʨʝʨʚʠʥʩʢʘʷ ɻʕʉ 9,5 3,52 

- 
ɻʴʩʙʚʧʫʣʙ ʶʤʞʣʫʩʧʶʦʞʩʜʡʡ ʠʙ 

2019 ʜ, ʥʤʦ ʣɻʫāʰ 
- 

ɻʕʉ-1 ʠʤ. ʇ. ɻ. ʉʤʠʜʦʚʠʯʘ 183 76 

ʊʕʎ-8 1930 580 

ʊʕʎ-9 988 274,9 

ʊʕʎ-11 ʠʤ. ʄ. ʗ. ʋʬʘʝʚʘ 1644 330 

ʊʕʎ-12 2843 611,6 

ʊʕʎ-16 3643 651 

ʊʕʎ-16 5692 1110 

ʊʕʎ-21 7954 1765 

ʊʕʎ-23 7313 1420 

ʊʕʎ-25 6705 1370 

ʊʕʎ-26 9890 1840,9 

ʊʕʉ çʄʝʞʜʫʥʘʨʦʜʥʘʷè - 236 

ɻʊʕʉ çʊʝʨʸʰʢʦʚʦè - 170 

ɻʊʕʉ çʂʦʣʦʤʝʥʩʢʦʝè - 136 

ɻʊʕʉ çɺʥʫʢʦʚʦè - 90 

ʊʕʎ ʄʕʀ - 6 

 
ɼʣʷ ʄʦʩʢʚʳ ʚ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ 2019 ʛʦʜʫ ʩʦʩʪʘʚʠʣʦ 52598 ʤʣʥ ʢɺʪĀʯ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ - 8531 ʄɺʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄʦʩʢʚʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʨʝʛʠʦʥʘʤ ʧʦ ʵʣʝʢʪʨʦʵʥʝʨ-
ʛʠʠ ʠ ʵʥʝʨʛʦʠʟʙʳʪʦʯʥʳʤ ʧʦ ʤʦʱʥʦʩʪʠ. 
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ʇʦʩʪʨʦʠʤ ʛʨʘʬʠʢ, ʛʜʝ ʥʘʛʣʷʜʥʦ ʦʪʦʙʨʘʟʠʤ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʘʟʥʠʮʫ ʧʦ ʵʥʝʨʛʦʚʳʨʘʙʦʪʢʝ ʚ ʉʘʥʢʪ-
ʇʝʪʝʨʙʫʨʛʝ ʠ ʄʦʩʢʚʝ (ʨʠʩ. 1). 

 

 
ʉʡʪ. 1. ʖʦʞʩʜʞʫʡʰʞʪʣʙʸ ʛʴʩʙʚʧʫʣʙ ʨʧ ʡʪʮʧʝʦʴʥ ʝʙʦʦʴʥ ʛ ʅʧʪʣʛʞ ʡ ʊʙʦʣʫ-ʈʞʫʞʩʚʬʩʜʞ 
 
ʉʨʝʜʥʷʷ ʵʥʝʨʛʦʚʳʨʘʙʦʪʢʘ ʚ ʄʦʩʢʚʝ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʠ ʦ 

ʢʨʘʪʥʦ ʙʦʣʴʰʝʡ ʥʘʛʨʫʟʢʝ ʥʘ ʩʬʝʨʫ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʄʦʩʢʚʝ ʫʜʘʝʪʩʷ ʦʩʪʘʚʘʪʴʩʷ ʵʥʝʨʛʦ-
ʜʦʩʪʘʪʦʯʥʳʤ ʛʦʨʦʜʦʤ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʯʠʩʣʘ ʨʝʛʠʦʥʦʚ, ʫʚʝʣʠʯʠʚʰʠʭ ʧʨʦʠʟʚʦʜ-
ʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʦʜʝʬʠʮʠʪʥʳʭ ʨʝʛʠʦʥʦʚ ʚ ʦʪʯʝʪʥʦʤ ʧʝʨʠʦʜʝ ʚʳʨʦʩʣʦ ʚ 2020 ʛʦ-
ʜʫ. 

2. ʉʪʘʪʠʩʪʠʢʘ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʠ ʘʚʘʨʠʡ ʥʘ ʦʙʲʝʢʪʘʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʠ. 
2.1 ʉʪʘʪʠʩʪʠʢʘ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. 
ʈʘʩʩʤʦʪʨʠʤ ʜʘʥʥʳʝ ʧʦ ʅʉ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ ʥʘ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ, ʦʨʛʘʥʠʟʘʮʠʡ, ʧʦʜʢʦʥ-

ʪʨʦʣʴʥʳʭ ʦʨʛʘʥʘʤ ʈʦʩʪʝʭʥʘʜʟʦʨʘ, ʟʘ ʧʝʨʠʦʜ 2017 ï 2023 ʛʛ [2]. ʋʧʨʘʚʣʝʥʠʝ ʈʦʩʪʝʭʥʘʜʟʦʨʘ ʨʘʟʜʝʣʷʝʪ-
ʩʷ ʥʘ 22 ʧʦʜʥʘʜʟʦʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ: ʄʝʞʨʝʛʠʦʥʘʣʴʥʘʷ/ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ, ʎʝʥʪʨʘʣʴʥʘʷ, ɺʝʨʭʥʝ-ɼʦʥʩʢʘʷ, 
ʇʨʠʦʢʩʢʘʷ, ʉʝʚʝʨʦ-ɿʘʧʘʜʥʘʷ, ʇʝʯʦʨʩʢʘʷ, ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʘʷ, ʅʠʞʥʝ-ɺʦʣʞʩʢʘʷ, ʂʘʚʢʘʟʩʢʘʷ, ɿʘʧʘʜʥʦ-
ʋʨʘʣʴʩʢʘʷ, ʇʨʠʚʦʣʞʩʢʘʷ, ʉʨʝʜʥʝ-ʇʦʚʦʣʞʩʢʘʷ, ɺʦʣʞʩʢʦ-ʆʢʩʢʘʷ, ʉʝʚʝʨʦ-ʋʨʘʣʴʩʢʘʷ, ʋʨʘʣʴʩʢʘʷ, ʉʠʙʠʨ-
ʩʢʘʷ, ɿʘʙʘʡʢʘʣʴʩʢʘʷ, ɽʥʠʩʝʡʩʢʘʷ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʘʷ, ʉʘʭʘʣʠʥʩʢʘʷ, ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ, ʃʝʥʩʢʘʷ. ʇʨʠʚʝ-
ʜʝʤ ʩʫʤʤʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʅʉ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ ʧʦ ʪʝʨʨʠʪʦʨʠʷʤ ʫʧʨʘʚʣʝʥʠʷ ʈʦʩʪʝʭʥʘʜʟʦ-
ʨʘ, ʜʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʝʞʝʛʦʜʥʳʤʠ ʦʪʯʝʪʘʤʠ ʈʦʩʪʝʭʥʘʜʟʦʨʘ ʧʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʅʉ ʩʦ ʩʤʝʨʪʝʣʴ-
ʥʳʤʠ ʩʣʫʯʘʷʤʠ (ʨʠʩ.2). 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʅʉ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʎʝʥʪʨʘʣʴʥʦʝ ʠ ʉʝʚʝʨʦ-
ɿʘʧʘʜʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʈʦʩʪʝʭʥʘʜʟʦʨʘ (39 ʠ 28 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʙʦʣʴʰʦʡ ʘʚʘʨʠʡ-
ʥʦʩʪʠ ʚ ʵʪʠʭ ʨʝʛʠʦʥʘʭ ʠʣʠ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ ʚ ʥʠʭ. 
ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʜʦʢʫʤʝʥʪʳ ʩ ʘʥʘʣʠʟʦʤ ʧʨʠʯʠʥ ʘʚʘʨʠʡ ʥʘ ʕʋ, ʧʦʜʢʦʥʪʨʦʣʴʥʳʭ ʦʨʛʘʥʘʤ ʈʦ-
ʩʪʝʭʥʘʜʟʦʨʘ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʛʦʜʘ. 
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ʉʡʪ. 2. ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʦʞʪʰʙʪʫʦʴʮ ʪʤʬʰʙʞʛ ʨʧ ʫʞʩʩʡʫʧʩʡʙʤʵʦʴʥ ʬʨʩʙʛʤʞʦʡʸʥ  

ʉʧʪʫʞʮʦʙʝʠʧʩʙ ʠʙ 2017ð2023 ʜʜ 
 
2.2 ɸʥʘʣʠʟ ʧʨʠʯʠʥ ʘʚʘʨʠʡ ʥʘ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ. 
ɺʩʝʛʦ ʈʦʩʪʝʭʥʘʜʟʦʨ ʧʨʝʜʩʪʘʚʠʣ 3 ʜʦʢʫʤʝʥʪʘ, ʧʦʩʚʷʱʝʥʥʳʭ ʘʥʘʣʠʟʫ ʧʨʠʯʠʥ ʘʚʘʨʠʡ ʥʘ ʕʋ, ʧʦʜ-

ʢʦʥʪʨʦʣʴʥʳʭ ʠʭ ʦʨʛʘʥʘʤ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʦʢʫʤʝʥʪʳ ʩʦ ʩʪʘʪʠʩʪʠʢʦʡ ʟʘ 2018, 2019 ʠ 2021 ʛʦʜʘ [3]. 
ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʚʘʨʠʡ ʧʦ ʬʝʜʝʨʘʣʴʥʳʤ ʦʢʨʫʛʘʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʘʚʘ-
ʨʠʡ ʟʘ 2017 ʠ 2020 ʛʦʜ ʦʧʨʝʜʝʣʠʤ ʠʟ ʛʨʘʬʠʢʦʚ ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʧʨʝʜʳʜʫʱʠʤ ʛʦʜʦʤ ʧʦ ʜʦʢʫ-
ʤʝʥʪʘʤ ʟʘ 2018 ʠ 2021 ʛʦʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ.3). 

 

 
ʉʡʪ. 3. ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʙʛʙʩʡʢ, ʨʩʧʡʠʧʱʞʝʱʡʮ ʨʩʡ ʶʣʪʨʤʬʙʫʙʯʡʡ ʖʊ,  
ʶʤʞʣʫʩʡʰʞʪʣʡʮ ʪʞʫʞʢ, ʫʞʨʤʧʛʴʮ ʬʪʫʙʦʧʛʧʣ ʡ ʪʞʫʞʢ ʠʙ 2017-2021 ʜʜ 
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ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ ʟʘ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʧʨʠʰʣʦʩʴ ʥʘ ʉʠʙʠʨʩʢʠʡ ʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ 
ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʅʉ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʨʠʩʫʥʢʘ 2 ʥʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʣʠʯʝ-
ʩʪʚʦʤ ʘʚʘʨʠʡ ʚ ʵʪʠʭ ʦʢʨʫʛʘʭ, ʘ ʩʢʦʨʝʝ ʠʤʝʝʪ ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘ 2018, 2019, 2021 ʛʦʜʳ ʥʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʘʚʘʨʠʡ ʧʨʦʠʩʭʦʜʠʣ ʧʦ ʧʨʠ-
ʯʠʥʝ ʩʥʠʞʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤ, ʚʳʟʚʘʥʥʦʛʦ ʦʪʢʣʶʯʝʥʠʝʤ ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ɺʪʦʨʦʡ ʧʦ ʯʘʩʪʦʪʝ ʧʨʠʯʠʥʦʡ ʟʘ 2018 ʛʦʜ ʷʚʣʷʣʦʩʴ ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʡ ʘʚʪʦʤʘʪʠʢʠ, ʚ 
ʪʦʤ ʯʠʩʣʝ ʧʦ ʦʰʠʙʦʯʥʳʤ ʜʝʡʩʪʚʠʷʤ ʧʝʨʩʦʥʘʣʘ. ɿʘ 2019 ʠ 2021 ʞʝ ʛʦʜʳ ʥʘ ʚʪʦʨʦʡ ʧʦ ʯʘʩʪʦʪʝ ʧʨʠʯʠʥʦʡ 
ʷʚʣʷʣʦʩʴ ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʩʨʝʜʩʪʚ ʩʚʷʟʠ, ʧʨʠʚʦʜʠʚʰʝʝ ʢ ʥʘʨʫʰʝʥʠʶ ʨʘʙʦʪʳ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʠ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʨʠʩ. 4-6). 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʘʚʘʨʠʷʤ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪ-
ʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʨʘʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʯʠʥ ʘʚʘʨʠʡ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ [4]. 

 

 
ʉʡʪ. 4. ʈʩʡʰʡʦʴ ʙʛʙʩʡʢ ʣʤʙʪʪʡʭʡʯʡʩʬʞʥʴʮ ʨʧ ʨʩʡʠʦʙʣʙʥ ʠʙ 2018 ʜʧʝ 

 
 

 
ʉʡʪ. 2. ʈʩʡʰʡʦʴ ʙʛʙʩʡʢ ʣʤʙʪʪʡʭʡʯʡʩʬʞʥʴʮ ʨʧ ʨʩʡʠʦʙʣʙʥ ʠʙ 2019 ʜʧʝ 
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ʉʡʪ. 3. ʈʩʡʰʡʦʴ ʙʛʙʩʡʢ ʣʤʙʪʪʡʭʡʯʡʩʬʞʥʴʮ ʨʧ ʨʩʡʠʦʙʣʙʥ ʠʙ 2021 ʜʧʝ 

 
3. ɸʚʘʨʠʠ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʄʦʩʢʚʝ. 
3.1 ɸʚʘʨʠʠ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. 
ɸʚʘʨʠʷ ʥʘ ʧʦʜʩʪʘʥʮʠʠ çɺʦʩʪʦʯʥʘʷè ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ (2010 ʛ). 
ɸʚʘʨʠʷ ʧʨʦʠʟʦʰʣʘ 20 ʘʚʛʫʩʪʘ 2010 ʛʦʜʘ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʥʘ ʧʦʜʩʪʘʥʮʠʠ çɺʦʩʪʦʯʥʘʷè ʥʘʧʨʷ-

ʞʝʥʠʝʤ 330 ʢɺ, ʦʙʝʩʪʦʯʝʥʦ ʙʳʣʦ 40% ʛʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʨʘʡʦʥʳ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʭʦʜʝ ʘʚʘʨʠʠ 
ʧʨʦʠʟʦʰʣʘ ʦʩʪʘʥʦʚʢʘ ʜʚʠʞʝʥʠʷ 1-ʡ ʣʠʥʠʠ ʤʝʪʨʦʧʦʣʠʪʝʥʘ, ʦʩʪʘʥʦʚʠʣʠʩʴ ʧʦʝʟʜʘ, ʚʦʩʝʤʴ ʨʘʡʦʥʦʚ ʛʦʨʦ-
ʜʘ ʦʩʪʘʣʠʩʴ ʙʝʟ ʩʚʝʪʘ. ʆʪʢʣʶʯʠʣʘʩʴ ʧʦʜʘʯʘ ʚʦʜʳ, ʚ ʭʦʜʝ ʦʙʝʩʪʦʯʠʚʘʥʠʷ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʩʪʘʥʮʠʡ.  

ɸʚʘʨʠʷ ʧʨʦʠʟʦʰʣʘ ʧʦ ʧʨʠʯʠʥʝ ʣʦʞʥʦʡ ʨʘʙʦʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʟʘʱʠʪʥʳʭ ʰʠʥ (ɼɿʐ-330), ʢʦ-
ʪʦʨʘʷ ʧʨʦʠʟʦʰʣʘ ʧʦ ʧʨʠʯʠʥʝ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʘʙʝʣʷ ʥʘʣʦʞʝʥʠʝʤ ʬʘʟʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 
0,23 ʢɺ ʥʘ ʰʠʥʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʛʣʘʚʥʦʛʦ ʱʠʪʘ ʫʧʨʘʚʣʝʥʠʷ ʇʉ 330 ʢɺ. 

ɸʚʘʨʠʷ ʥʘ ʧʦʜʩʪʘʥʮʠʠ ʇʉ-220 ʢɺ çʈʫʯʴʠè. ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ. ɺʩʝʚʦʣʦʞʩʢʠʡ ʨʘʡʦʥ. (2021 ʛ). 
24 ʠʶʥʷ 2021 ʛ. ʘʚʘʨʠʷ ʧʨʦʠʟʦʰʣʘ ʠʟ-ʟʘ ʨʘʟʨʫʰʝʥʠʷ ʚʳʢʣʶʯʘʪʝʣʷ ʥʘ ʧʦʜʩʪʘʥʮʠʠ ʇʉ-220 ʢɺ çʈʫ-

ʯʴʠè. ʀʟ-ʟʘ ʘʥʦʤʘʣʴʥʦʡ ʞʘʨʳ ʧʨʦʠʟʦʰʝʣ ʚʟʨʳʚ ʤʘʩʣʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʦʰʸʣ 
ʧʦʞʘʨ. ʊʝʭʥʠʯʝʩʢʦʡ ʧʨʠʯʠʥʦʡ ʷʚʠʣʦʩʴ ʥʘʨʫʰʝʥʠʝ ʠʟʦʣʷʮʠʠ ʚ ʮʝʧʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʦʜʩʪʘʥʮʠʠ. ʇʨʠ-
ʯʠʥʦʡ ʪʦʤʫ ʩʪʘʣʦ ʥʝ ʧʨʦʚʝʜʝʥʠʝ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʨʦʢʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ɺ ʭʦʜʝ ʘʚʘʨʠʠ ʧʨʦʠʟʦʰʣʦ ʦʪʢʣʶʯʝʥʠʝ ʩʚʝʪʘ ʚ ʨʘʡʦʥʘʭ ʄʫʨʠʥʦ ʠ ʅʦʚʦʡ ʆʭʪʳ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʦ-
ʠʟʦʰʣʘ ʦʩʪʘʥʦʚʢʘ ʵʥʝʨʛʦʪʨʘʥʩʧʦʨʪʘ (ʪʨʦʣʣʝʡʙʫʩʦʚ, ʪʨʘʤʚʘʝʚ ʠ ʤʝʪʨʦ). 

ʇʨʠʯʠʥʦʡ ʢʨʫʧʥʳʭ ʘʚʘʨʠʡ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʟʘʯʘʩʪʫʶ ʷʚʣʷʝʪʩʷ ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʠ ʧʦʜ-
ʪʚʝʨʞʜʘʝʪʩʷ ʩʪʘʪʠʩʪʠʢʦʡ. 

3.2 ɸʚʘʨʠʠ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʚ ʄʦʩʢʚʝ. 
ɸʚʘʨʠʷ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʚ ʄʦʩʢʚʝ (2005). 
ʂʦʥʝʯʥʦ ʞʝ, ʥʘʠʙʦʣʝʝ ʧʝʯʘʣʴʥʦ ʠʟʚʝʩʪʥʦʡ ʘʚʘʨʠʝʡ ʥʘ ʵʣʝʢʪʨʦʩʝʪʷʭ ʚ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʘʚʘʨʠʷ ʚ 

ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʄʦʩʢʚʳ 25 ʤʘʷ ʚ 2005 ʛ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʠ ʙʳʣʠ ʦʙʝʩʪʦʯʝʥʳ ʨʘʡʦʥʳ ʄʦʩʢʚʳ, ʇʦʜ-
ʤʦʩʢʦʚʴʷ, ʨʘʡʦʥʳ ʊʫʣʴʩʢʦʡ, ʈʷʟʘʥʩʢʦʡ ʠ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɸʚʘʨʠʷ ʥʘʯʘʣʘʩʴ ʥʘ ʧʦʜʩʪʘʥʮʠʠ ˉ510 çʏʘʛʠʥʦè ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʚ 500 ʢɺ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʘʚʘ-
ʨʠʠ ʚʥʦʚʴ ʩʪʘʣʦ ʩʪʘʨʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʄʦʩʢʚʘ ʷʚʣʷʣʘʩʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʛʦʨʦʜʦʤ ʧʦʩʣʝ 
ʨʘʟʚʘʣʘ ʉʉʉʈ, ʛʜʝ ʥʝ ʧʦʷʚʣʷʣʘʩʴ ʉɸʆʅ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʦʜʦʣʞʘʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʪʘʨʘʷ ʪʦʧʦʣʦʛʠʷ 
ʵʥʝʨʛʦʩʝʪʝʡ. ʄʘʩʣʷʥʳʝ ʠ ʚʦʟʜʫʰʥʳʝ ʚʳʢʣʶʯʘʪʝʣʠ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʦʪʢʣʶʯʘʣʠ ʚʩʶ ʮʝʧʦʯʢʫ 
ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʨʠ ʂɿ. ɺ ʜʨʫʛʠʭ ʞʝ ʨʝʛʠʦʥʘʭ ʫʞʝ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʉɸʆʅ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʪʚʨʘʱʘʣʘ 
ʵʬʬʝʢʪ çʜʦʤʠʥʦè, ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʪʦʢʦʚ ʂɿ. 
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ʉʫʱʝʩʪʚʝʥʥʳʤ ʠ ʜʦʚʦʣʴʥʦ ʯʘʩʪʳʤ ʠ ʚ ʜʨʫʛʠʭ ʘʚʘʨʠʷʭ ʥʘ ʕʉ ʚʳʩʪʫʧʠʣʘ ʞʘʨʘ. ɺ ʪʝʧʣʦʝ ʚʨʝʤʷ 
ʛʦʜʘ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʛʦʨʦʜʘʭ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ ʧʫʪʝʤ ʥʘʛʨʝ-
ʚʘ ʤʘʩʣʘ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ. 

23 ʤʘʷ 2005 ʛʦʜʘ ʥʘ ʧʦʜʩʪʘʥʮʠʠ ʥʘʯʘʣʦʩʴ ʚʦʟʛʦʨʘʥʠʝ ʥʘ ʦʜʥʦʤ ʠʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʧʦʞʘʨ ʙʳʣ 
ʣʠʢʚʠʜʠʨʦʚʘʥ, ʘ ʧʠʪʘʥʠʝ ʛʦʨʦʜʘ ʧʝʨʝʙʨʦʰʝʥʦ ʥʘ ʜʨʫʛʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʧʨʦ-
ʠʟʦʰʣʦ ʚʦʟʛʦʨʘʥʠʝ ʜʨʫʛʠʭ ʯʝʪʳʨʝʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʀʟ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘʯʘʣʦ ʚʳʪʝʢʘʪʴ 
ʤʘʩʣʦ ʠ ʟʘʛʦʨʝʣʘʩʴ ʪʨʘʚʘ. ʇʦʟʞʝ ʧʨʦʛʨʝʤʝʣ ʚʟʨʳʚ ʠ ʚʩʝ ʵʥʝʨʛʦʢʦʣʴʮʦ ʙʳʣʦ ʦʙʝʩʪʦʯʝʥʦ. 

ɹʳʣ ʦʙʝʩʪʦʯʝʥ ʤʦʩʢʦʚʩʢʠʡ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜ, ʠʟ-ʟʘ ʯʝʛʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʝʢʨʘ-
ʪʠʣʘʩʴ ʦʪʢʘʯʢʘ ʛʘʟʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʥʝʬʪʝʦʙʨʘʙʦʪʢʝ. ʇʦʟʞʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʟʘʚʦʜʘ ʙʳʣʦ ʚʦʟ-
ʦʙʥʦʚʣʝʥʦ ʧʫʪʝʤ ʧʦʜʢʣʶʯʝʥʠʷ ʧʦ ʩʭʝʤʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. 

25 ʤʘʷ ʠʟ-ʟʘ ʢʘʩʢʘʜʥʦʛʦ ʵʬʬʝʢʪʘ ʦʪʢʣʶʯʠʣʘʩʴ ʧʦʜʩʪʘʥʮʠʷ 500 ʢɺ ʇʉ-214 çʆʯʘʢʦʚʦè, ʠʟ-ʟʘ ʘʚʘ-
ʨʠʡʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʙʳʣʠ ʦʙʝʩʪʦʯʝʥʳ ʚʦʟʜʫʰʥʳʝ ʣʠʥʠʠ ɺʃ-220 ʢɺ, ʧʦʟʞʝ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ ʧʦʪʨʝʙʣʝ-
ʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʧʨʦʠʟʦʰʣʦ ʦʪʢʣʶʯʝʥʠʝ ʝʱʝ ʯʝʪʳʨʝʭ ʧʦʜʩʪʘʥʮʠʡ 500 ʢɺ: çʅʦ-
ʛʠʥʩʢè, çʇʘʭʨʘè, çʂʘʣʫʞʩʢʘʷè, çʄʠʭʘʡʣʦʚʩʢʘʷè. ʉ ʧʦʥʠʞʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʚʳʰʣʠ ʠʟ ʩʪʨʦʷ ʝʱʝ ʧʷʪʴ 
ʕʉ ʊʕʎ. 34 ʨʘʡʦʥʘ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʦʙʝʩʪʦʯʝʥʳ. ɺ ʊʫʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʦʩʪʘʥʦʚʠʣʩʷ ʵʣʝʢʪʨʦ-
ʪʨʘʥʩʧʦʨʪ ʠ ʧʨʦʧʘʣʘ ʩʚʷʟʴ. ɺ ʪʦʥʥʝʣʷʭ ʤʝʪʨʦ ʩʪʦʣʠʮʳ ʙʳʣʦ ʟʘʙʣʦʢʠʨʦʚʘʥʦ ʜʚʠʞʝʥʠʝ 43 ʵʣʝʢʪʨʦʧʦʝʟ-
ʜʦʚ. ʆʩʪʘʥʦʚʠʣʠʩʴ 6 ʣʠʥʠʡ ʤʝʪʨʦ. ɺʦʩʩʪʘʥʦʚʠʪʴ ʧʦʜʘʯʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʫʜʘʣʦʩʴ ʣʠʰʴ 26 ʤʘʷ. 

ʆʮʝʥʢʘ ʫʱʝʨʙʘ ʚ ʭʦʜʝ ʘʚʘʨʠʠ ʙʳʣʘ ʦʮʝʥʝʥʘ ʚ 1,708 ʤʣʨʜ ʨʫʙʣʝʡ ʧʦ ʄʦʩʢʚʝ, ʧʦ ʄʦʩʢʦʚʩʢʦʡ ʦʙ-
ʣʘʩʪʠ ï 503,94 ʤʣʥ ʨʫʙʣʝʡ. ʊʫʣʴʩʢʘʷ ʦʙʣʘʩʪʴ ʧʦʩʪʨʘʜʘʣʘ ʥʘ 436,8 ʤʣʥ ʨʫʙʣʝʡ. 

ʇʦ ʧʨʦʠʩʰʝʩʪʚʠʠ ʘʚʘʨʠʠ ʥʘʯʘʣʘʩʴ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʦʜʩʪʘʥʮʠʠ çʏʘʛʠʥʦè, ʟʘʚʝʨʰʝʥʘ ʦʥʘ ʙʳʣʘ ʚ 
2009-ʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʦʠʟʦʰʣʦ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʜʩʪʘʥʮʠʡ çʆʯʘʢʦʚʦè, çɿʘʧʘʜʥʘʷè ʠ çɹʝʩʢʫʜʥʠ-
ʢʦʚʦè. ɼʘʥʥʘʷ ʘʚʘʨʠʷ ʧʨʠʥʝʩʣʘ ʙʦʣʴʰʦʡ ʫʨʦʢ, ʜʠʩʧʝʪʯʝʨʩʢʠʝ ʩʣʫʞʙʳ ʩʪʘʣʠ ʙʦʣʝʝ ʛʨʘʤʦʪʥʦ ʢʦʦʨʜʠʥʠ-
ʨʦʚʘʪʴ ʩʚʦʶ ʨʘʙʦʪʫ. ɸ ʚʦʟʥʠʢʘʚʰʠʝ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʜʨʫʛʠʝ ʘʚʘʨʠʠ ʣʠʰʠʣʠʩʴ ʵʬʬʝʢʪʘ çʜʦʤʠʥʦè, ʧʫʪʝʤ 
ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʭʝʤʳ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɼʘʥʥʘʷ ʘʚʘʨʠʷ ʩʪʘʣʘ ʪʦʣʯʢʦʤ ʢ ʚʥʝʩʝʥʠʶ ʠʟʤʝʥʝʥʠʡ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʌ ʚ ʩʬʝʨʝ ʵʥʝʨ-
ʛʦʩʥʘʙʞʝʥʠʷ [5]. 

3. ʇʨʝʜʣʦʞʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʥʝʨ-
ʛʝʪʠʯʝʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʢʠ ʅʉ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ ʠ ʧʨʠʯʠʥ ʘʚʘʨʠʡ ʥʘ ʕʋ ʥʝʦʙʭʦ-
ʜʠʤʦ ʧʨʝʜʣʦʞʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʅʉ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʠ ʉʝʚʝʨʦ-
ɿʘʧʘʜʥʦʤ ʦʢʨʫʛʝ, ʠ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʚʘʨʠʡ ʥʘ ʕʋ ʧʦ ʪʝʨʨʠʪʦʨʠʷʤ, ʧʦʜʢʦʥʪʨʦʣʴʥʳʤ ʦʨʛʘ-
ʥʘʤ ʈʦʩʪʝʭʥʘʜʟʦʨʘ. 

ʇʦʩʢʦʣʴʢʫ ʢʦʣʠʯʝʩʪʚʦ ʅʉ ʧʦ ʨʝʛʠʦʥʘʤ ʥʝ ʩʚʷʟʘʥʦ ʥʘʧʨʷʤʫʶ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʘʚʘʨʠʡ, ʪʦ ʜʦʣʞʥʳ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʦʙʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʅʉ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʥʠʞʝʥʠʶ ʩʤʝʨʪʝʣʴʥʳʭ ʅʉ ʥʘ ʕʋ: 
1. ʅʝʦʙʭʦʜʠʤʦ ʫʩʠʣʠʪʴ ʥʘʜʟʦʨ ʟʘ ʧʨʦʚʝʜʝʥʠʝʤ ʟʘʥʷʪʠʡ ʠ ʠʥʩʪʨʫʢʪʘʞʝʡ ʧʦ ʆʊ ʚ ʩʬʝʨʝ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʝʪʠʢʠ. 
2. ʅʝʦʙʭʦʜʠʤ ʢʦʥʪʨʦʣʴ ʟʘ ʧʨʦʚʝʨʢʦʡ ʟʥʘʥʠʡ ʅʇɸ ʧʦ ʆʊ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʕʋ. ʅʝ ʜʦʧʫʩʢʘʪʴ ʧʝʨ-

ʩʦʥʘʣ, ʥʝ ʧʨʦʰʝʜʰʠʡ ʧʨʦʚʝʨʢʫ ʟʥʘʥʠʡ, ʢ ʨʘʙʦʪʘʤ ʩ ʕʋ. 
3. ʋʩʠʣʠʪʴ ʢʦʥʪʨʦʣʴ ʟʘ ʤʝʨʦʧʨʠʷʪʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. 
4. ʇʦʚʳʩʠʪʴ ʯʘʩʪʦʪʫ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ, ʦʙʥʦʚʣʝʥʠʶ ʠ ʟʘʤʝʥʝ ʵʥʝʨʛʦʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʥʘʜʟʦʨʘ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʨʘʙʦʪʳ ʵʥʝʨʛʦʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ. 
5. ʅʝ ʜʦʧʫʩʢʘʪʴ ʧʨʦʠʟʚʝʜʝʥʠʝ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʨʘʙʦʪ ʙʝʟ ʩʨʝʜʩʪʚ ʵʣʝʢʪʨʦʟʘʱʠʪʳ. 
6. ʅʝ ʜʦʧʫʩʢʘʪʴ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʟʘʤʝʥʫ ʠ ʫʩʪʘʥʦʚʢʫ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʩʠʣʴʥʳʭ ʦʩʘʜʢʘʭ, 

ʧʣʦʭʦʡ ʚʠʜʠʤʦʩʪʠ, ʩʠʣʴʥʦʤ ʩʦʣʥʮʝʧʝʢʝ ʥʘ ʦʪʢʨʳʪʳʭ ʧʣʦʱʘʜʢʘʭ. 
7. ʆʙʝʩʧʝʯʠʪʴ ʧʦʨʷʜʦʢ ʚʳʜʘʯʠ, ʧʨʠʤʝʥʝʥʠʷ, ʭʨʘʥʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʉʀɿ, ʧʨʦʚʦʜʠʪʴ ʜʥʠ ʆʊ ʜʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʟʥʘʯʠʤʦʩʪʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʉʀɿ. 
ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʦʙʲʝʢʪʘʭ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʣʦʩʴ ʫʩʪʘʨʝʚʰʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʩʨʝʜʩʪʚ ʩʚʷʟʠ, ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʘʚʘʨʠʡʥʦʩʪʠ ʙʫʜʫʪ ʧʨʝʜ-
ʣʦʞʝʥʳ ʠʩʭʦʜʷ ʠʟ ʵʪʠʭ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ. 
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XIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʥʠʞʝʥʠʶ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʕʋ: 
1. ʅʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ ʦʨʛʘʥʠʟʘʮʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ, ʨʝʤʦʥʪʫ ʠ ʟʘʤʝʥʝ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. 
2. ʋʩʠʣʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʜʠʩʧʝʪʯʝʨʩʢʦʡ ʩʚʷʟʠ ʠ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʘʚʘʨʠʡʥʳʭ ʠ ʨʝʟʝʨʚʥʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ ʧʠʪʘʥʠʷ ʠ ʩʥʘʙʞʝʥʠʷ. 
3. ʇʦʚʳʰʝʥʠʝ ʪʨʫʜʦʚʦʡ ʢʫʣʴʪʫʨʳ ʠ ʠʩʢʣʶʯʝʥʠʝ ʩʘʤʦʚʦʣʴʥʠʯʝʩʪʚʘ, ʥʝʩʦʙʣʶʜʝʥʠʷ ʩʨʦʢʦʚ ʚʳ-

ʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʧʨʠʛʦʜʥʦʛʦ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
 

ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
 
1. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 26 ʤʘʨʪʘ 2003 ʛ. ˉ 35 çʆʙ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝè. / ʉʦʙʨʘʥʠʝ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
2. çʀʥʬʦʨʤʘʮʠʷ ʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʭʦʜʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʦʜʢʦʥʪʨʦʣʴʥʳʭ ʦʨʛʘʥʘʤ ʈʦʩʪʝʭʥʘʜʟʦʨʘ, ʚ 2023 ʛʦʜʫè / ʜʦʢʫ-
ʤʝʥʪʳ ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

3. çɸʥʘʣʠʟ ʧʨʠʯʠʥ ʘʚʘʨʠʡ ʥʘ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ, ʧʦʜʢʦʥʪʨʦʣʴʥʳʭ ʦʨʛʘʥʘʤ ʈʦʩʪʝʭʥʘʜʟʦʨʘ ʟʘ 
2018, 2019, 2021 ʛʦʜè / ʜʦʢʫʤʝʥʪʳ ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

4. ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 28 ʦʢʪʷʙʨʷ 2009 ʛ. ˉ 846 çʆʙ 
ʫʪʚʝʨʞʜʝʥʠʠ ʧʨʘʚʠʣ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʯʠʥ ʘʚʘʨʠʡ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝè. / ʉʦʙʨʘʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴ-
ʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

5. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 23 ʥʦʷʙʨʷ 2009 ʛ. ˉ 261 çʆʙ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʠ ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨ-
ʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʦʩʩʠʡʩʢʦʡ 
ʌʝʜʝʨʘʮʠʠè. / ʉʦʙʨʘʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

  



ǠǭǪǻǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǩǭǬǳǤǯǤǬǵǧǾ 85 

 

XIII International scientific conference | www.naukaip.ru 

ǲǣǩ 40/,7 

ǮǭǡǺǷǤǬǧǤ ǱǭǶǬǭǰǱǧ ǭǠǯǟǠǭǱǩǧ 
ǭǱǡǤǯǰǱǧǨ ǡ ǮǟǩǤǱǟǴ ǧǦ ǯǟǦǬǺǴ 
ǫǟǱǤǯǧǟǪǭǡ 

ǤȋȄȊțȞȌȍȁǿ ǟȌǿȐȑǿȐȇȞ ǟȊȄȉȐǿȌȃȏȍȁȌǿ, 
ʤʘʛʠʩʪʨʘʥʪ 

ǤȊǿȄȁǿ ǬǿȑǿȊțȞ ǩȍȌȐȑǿȌȑȇȌȍȁȌǿ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻʆʋ ɺʆ çɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷè  
 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʘʚʠʘʩʪʨʦʝʥʠʠ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʠʟʜʝʣʠʷ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦ-

ʜʷʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʣʦʞʥʳʝ ʜʝʪʘʣʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʠʟ ʠʭ ʨʘʟ-
ʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʡ ʚ ʩʙʦʨʝ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʘʨʢʘʩʦʤ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʦʤʧʦʟʠʪʦʚ ̫ ʚʣʷʝʪʩʷ ʩʦʚʤʝʱʝʥʠʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʦʪʦʚʦʛʦ 
ʠʟʜʝʣʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʅʘʧʨʠʤʝʨ, ʥʘ 
ʧʨʦʮʝʩʩʳ ʩʚʝʨʣʝʥʠʷ ʠ ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 65% 
ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ [1]. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ɸʆ çʋʣʘʥ-ʋʜʵʥʩʢʦʤ ʘʚʠʘʮʠʦʥʥʦʤ ʟʘʚʦʜʝè ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʬʰʦʨʥʳʡ ʚʝʨ-
ʪʦʣʝʪ ʠʣʠ ʚʝʨʪʦʣʝʪ, ʩʦʟʜʘʥʥʳʡ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʦʨʩʢʠʭ ʙʫʨʦʚʳʭ ʧʣʘʪʬʦʨʤ. ɼʘʥʥʳʡ 
ʚʝʨʪʦʣʝʪ ʠʤʝʝʪ ʫʩʠʣʝʥʥʳʡ ʬʶʟʝʣʷʞ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʧʘʥʝʣʝʡ (ʈʠʩ. 1).  

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʩʚʝʨʣʝʥʠʷ ʙʦʣʴʰʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʦʪʚʝʨʩʪʠʡ ʚ ʧʘʢʝʪʝ ʠʟ ʜʶʨʘʣʝʚʦʛʦ ʢʘʨʢʘʩʘ ʬʶʟʝʣʷʞʘ ʩ ʧʘʥʝʣʷʤʠ ʠʟ ʧʨʝ-
ʧʨʝʛʘ ɸʉʄ 102-ʉ200ʊ ʠ ʩʣʦʝʤ ʛʝʨʤʝʪʠʢʘ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʙʳʩʪʨʦʤ 
ʠʟʥʦʩʝ ʩʚʝʨʣ, ʥʠʟʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʚʦʜʝ ʦʩʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʜʝʣʘʤʠʥʘʮʠʠ 
ʤʘʪʝʨʠʘʣʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʥʩʪʨʫʤʝʥʪʘ, ʨʝʰʠʪʴ ʢʦʪʦʨʫʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪ-
ʨʠʠ ʩʚʝʨʣʘ, ʧʨʠʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʧʦʜʙʦʨʘ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʢʝʪʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʚʝʨʣʦ, ʢʦʤʧʦʟʠʪ, ʨʝʞʠʤʳ, ʦʙʨʘʙʦʪʢʘ, ʧʦʢʨʳʪʠʝ, ʠʟʥʦʩ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ. 
 

INCREASING THE ACCURACY OF PROCESSING HOLES IN PACKAGES MADE OF DIFFERENT 
MATERIALS 

 
Emelyanova Anastasia Aleksandrovna 

Elayeva Natalya Konstantinovna 
 
Abstract: This article examines the problem of increasing the accuracy of drilling a large number of prelimi-
nary holes in a package of a duralumin fuselage frame with panels made of ASM 102-C200T prepreg and a 
layer of sealant between the structural elements, which consists of rapid wear of drills, low roughness of the 
machined surface, drift of the tool axis, delamination of the material at the input and output of the tool, which is 
proposed to be solved by changing the geometry of the drill, using a surface coating and selecting cutting 
modes for a specific package. 
Keywords: drill, composite, modes, processing, coating, wear, roughness. 
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ʉʡʪ. 1. ɺʧʣʧʛʙʸ ʨʙʦʞʤʵ ʭʷʠʞʤʸʟʙ ʡʠ ʣʧʥʨʧʠʡʫʙ 

 
ɺ ʩʙʦʨʦʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʩʚʝʨ-

ʣʝʥʠʝ ʦʪʚʝʨʩʪʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʫʯʥʳʭ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʜʨʝʣʝʡ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦ ʯʠʩʣʫ ʦʙʦʨʦʪʦʚ (600, 
1200, 2500 ʠ 3600 ʦʙ/ʤʠʥ). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʫʯʥʦʡ ʜʨʝʣʠ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʤʘʣʦʧʨʦʠʟʚʦʜʠʪʝʣʝʥ ʩ ʚʦʟ-
ʤʦʞʥʦ ʥʝʩʪʘʙʠʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ.  ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 
ʩʚʝʨʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʚʝʨʩʪʠʡ ʜʣʷ ʩʙʦʨʢʠ ʢʦʤʧʦʟʠʪʥʳʭ ʧʘʥʝʣʝʡ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʘʨʢʘ-
ʩʦʤ ʬʶʟʝʣʷʞʘ ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʙʳʩʪʨʦʤ ʠʟʥʦʩʝ ʩʚʝʨʣ (ʠʟʥʦʩ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʠ ʫʤʝʥʴʰʝʥʠʝ ʜʠʘʤʝʪ-
ʨʘ), ʥʠʟʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʚʦʜʝ ʦʩʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʜʝʣʘʤʠʥʘʮʠʠ ʤʘʪʝʨʠʘ-
ʣʘ (ʨʘʩʩʣʦʝʥʠʠ ʠʣʠ ʯʘʩʪʠʯʥʦʤ ʚʳʨʳʚʘʥʠʠ ʩʣʦʸʚ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʠʟʜʝʣʠʡ ʠʟ ʧʦʣʠʤʝʨʥʳʭ 
ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ) ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʥʩʪʨʫʤʝʥʪʘ (ʈʠʩ. 2). 

 

 
ʉʡʪ. 2. ʍʙʣʫʧʩʴ, ʛʤʡʸʷʲʡʞ ʦʙ ʫʧʰʦʧʪʫʵ ʧʫʛʞʩʪʫʡʸ 
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 ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ, ʧʨʠʤʝʥʠʚ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʣʝʜʫʶʱʠʭ ʜʝʡʩʪʚʠʡ: ʠʟʤʝʥʝʥʠʝʤ 
ʛʝʦʤʝʪʨʠʠ ʩʚʝʨʣʘ ʩ ʧʦʜʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʳʭ ʫʛʣʦʚ, ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʥʩʪʨʫʤʝʥʪʘ 
ʠ ʧʦʜʙʦʨʦʤ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʧʘʢʝʪʘ.  

ʊʘʢ ʢʘʢ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʚʝʨʩʪʠʡ ʧʨʠ ʩʙʦʨʢʝ ʙʦʢʦʚʳʭ ʧʘʥʝʣʝʡ ʩ ʢʘʨʢʘʩʦʤ ʬʶʟʝʣʷʞʘ ʷʚ-
ʣʷʶʪʩʷ ʦʪʚʝʨʩʪʠʷ 5ʅ9 ʧʦʜ ʢʨʝʧʝʞ ʧʦʪʘʡʥʳʭ ʙʦʣʪʦʚ, (ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: ʩʚʝʨʣʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʦʪʚʝʨʩʪʠʡ 4,1 ʤʤ, 4,5 ʤʤ; ʟʝʥʢʝʨʦʚʘʥʠʝ ʦʪʚʝʨʩʪʠʡ ʢʦʤʧʣʝʢ-
ʪʦʤ ʟʝʥʢʝʨʦʚ 4,7ʅ10 - 4,9ʅ10 ʤʤ; ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʦʪʚʝʨʩʪʠʡ ʨʘʟʚʝʨʪʢʦʡ 5ʅ9 ʤʤ), ʟʘ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ, ʠʟ-ʟʘ ʥʘʠʙʦʣʴʰʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ, ʚʳʙʠʨʘʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ 4,1 ʤʤ, 

4,5 ʤʤ ʩ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ Ra2,5 ʚ ʧʘʢʝʪʝ ʠʟ ʤʘʪʝʨʠʘʣʦʚ: ʧʨʝʧʨʝʛ ɸʉʄ 102-ʉ200ʊ S =4 ʤʤ, ʛʝʨʤʝʪʠʢ 
ɺʀʊʕʌ-1ʅʊ S =1 ʤʤ, ɼ16ʊ S =3 ʤʤ. 

ʇʨʝʧʨʝʛ ɸʉʄ 102-ʉ200ʊ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʨʤʠʨʫʶʱʠʡ ʥʘʧʦʣʥʠʪʝʣʴ ʠʟ ʫʛʣʝʨʦʜʥʦʡ ʪʢʘʥʠ ʩ 
ʨʘʚʥʦʤʝʨʥʦ ʥʘʥʝʩʝʥʥʳʤ ʩʣʦʝʤ ʩʚʷʟʫʶʱʝʛʦ, ʛʜʝ ʉ ï ʦʙʦʟʥʘʯʝʥʠʝ ʘʨʤʠʨʫʶʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ʦʩʥʦʚʝ 
ʫʛʣʝʚʦʣʦʢʥʘ; 102 ï ʵʧʦʢʩʠʜʥʦʝ ʩʚʷʟʫʶʱʝʝ ʤʘʨʢʠ ɸʉʄ 102; 200 -  ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʘʨʤʠʨʫʶ-
ʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʛ/ʤ2; ʊ ï ʦʙʦʟʥʘʯʝʥʠʝ ʩʘʨʞʝʚʦʛʦ ʪʠʧʘ ʧʝʨʝʧʣʝʪʝʥʠʷ ʘʨʤʠʨʫʶʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ (ʪʠʧ 
ʧʝʨʝʧʣʝʪʝʥʠʷ ʫʛʣʝʚʦʣʦʢʥʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʠʪʠ ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʩʦ ʩʤʝʱʝʥʠʝʤ, ʦʙʨʘʟʫʷ ʜʠʘʛʦʥʘʣʴʥʳʡ 
ʫʟʦʨ). ʅʝʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʫʧʨʫʛʦ-ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ: ʪʦʣʱʠʥʘ ʤʦʥʦʩʣʦʷ 0,2 ʤʤ; ʧʣʦʪʥʦʩʪʴ 
1,54 ʛ/ʩʤ3; ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʥʝ ʤʝʥʝʝ 700 ʄʇʘ; ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʥʝ 
ʤʝʥʝʝ 65 ɻʧʘ; ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʤʝʞʩʣʦʡʥʦʤ ʩʜʚʠʛʝ ʥʝ ʤʝʥʝʝ 65 ʄʇʘ.  

ʅʘ  ʘʚʠʘʮʠʦʥʥʦʤ ʟʘʚʦʜʝ ʧʨʠʤʝʥʷʶʪʩʷ ʩʚʝʨʣʘ ʩʣʝʜʫʶʱʠʭ ʤʘʨʦʢ ʤʘʪʝʨʠʘʣʘ: ʈ18 (ʈʠʩ. 3, ʘ) ʈʦʩ-
ʩʠʷ; ɺʂ8 (ʈʠʩ. 3, ʙ) ʈʦʩʩʠʷ ʠ WU25PD (ʈʠʩ.3, ʚ) ʉʐɸ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʜʘʥʥʳʭ 
ʩʚʝʨʣ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʜʦ ʧʝʨʚʦʡ ʧʝʨʝʪʦʯʢʠ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 600 ʦʙ/ʤʠʥ. ʈʝʟʫʣʴʪʘ-
ʪʳ ʩʣʝʜʫʶʱʠʝ: ʩʚʝʨʣʦ çʘè ʦʙʨʘʙʦʪʘʣʦ 6 ʦʪʚʝʨʩʪʠʡ; ʩʚʝʨʣʦ çʙè ʦʙʨʘʙʦʪʘʣʦ 15 ʦʪʚʝʨʩʪʠʡ; ʩʚʝʨʣʦ çʚè 
ʦʙʨʘʙʦʪʘʣʦ 30 ʦʪʚʝʨʩʪʠʡ. ʀʟ ʯʝʛʦ ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʤʘʨʦʢ ʤʘʪʝʨʠʘʣʘ 
ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʩʪʦʡʢʦʩʪʴ ʧʨʠʤʝʥʷʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

 

 
ʉʡʪ. 3. ʊʛʞʩʤʙ, ʨʩʡʥʞʦʸʞʥʴʞ ʛ ʨʩʧʡʠʛʧʝʪʫʛʞ 
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ʂʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʦʪʚʝʨʩʪʠʡ ʧʦ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʤʝʥʴʰʝʡ ʜʝʣʘʤʠʥʘʮʠʠ ʪʘʢ ʞʝ ʣʫʯʰʝ ʧʦʢʘʟʘ-
ʣʦ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʣʘ çʚè (ʈʠʩ. 4). 

 

 
ʉʡʪ. 4. ʃʙʰʞʪʫʛʧ ʧʚʩʙʚʧʫʣʡ ʧʫʛʞʩʪʫʡʢ ʪ ʡʠʦʙʦʧʰʦʧʢ (ʪʤʞʛʙ) ʡ ʤʡʯʞʛʧʢ (ʪʨʩʙʛʙ) ʪʫʧʩʧʦʴ 
 
ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʩʣʦʝʥʠʷ ʥʘ ʚʭʦʜʝ ʦʪʚʝʨʩʪʠʷ ʨʝʢʦʤʝʥʜʫʶʪ ʩʚʝʨʣʘ ʩ ʫʛʣʦʤ ʧʨʠ ʚʝʨʰʠʥʝ 135Á 

ʩ ʜʚʦʡʥʦʡ ʟʘʪʦʯʢʦʡ, ʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʧʨʦʧʨʝʟʘ ʚʦʣʦʢʦʥ ï ʩʚʝʨʣʘ ʩ ʦʩʪʨʳʤʠ ʢʨʦʤʢʘʤʠ ʥʘ ʧʝʨʠʬʝʨʠʠ 
(ʈʠʩ. 5) [1]. ʉʚʝʨʣʝʥʠʝ ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʝʟʘʥʠʷ 100-200 ʤ/ʤʠʥ ʧʨʠ ʥʠʟʢʠʭ ʚʝʣʠ-
ʯʠʥʘʭ ʧʦʜʘʯʠ ʚ ʜʠʘʧʘʟʦʥʝ 0,02-0,1 ʤʤ/ʦʙ. ʅʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʩʚʝʨʣʘ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʨʘʩʩʣʘʠʚʘʥʠʷ 
ʩʥʠʞʘʶʪ ʫʩʠʣʠʝ ʠ ʚʝʣʠʯʠʥʫ ʧʦʜʘʯʠ ʥʘ ʦʙʦʨʦʪ. 

 

 
ʉʡʪ. 5. ʊʛʞʩʤʧ ʪ ʝʛʧʢʦʧʢ ʠʙʫʧʰʣʧʢ (ʘ) ʡ ʪ ʨʧʝʩʞʠʦʴʥʡ ʣʩʧʥʣʙʥʡ (ʙ) 

 
ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʩʫʱʝʩʪʚʠʤ ʧʦʜʙʦʨ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʢʨʳʪʠʡ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʩʚʝʨʣ ʜʣʷ 

ʝʱʝ ʙʦʣʴʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʠʟʥʦʩʘ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ ʧʦʢʨʳʪʠʷ: TiN, 
TiAlN, Si-O-C-N [2 ʩ. 34]. 

ɺ (ʪʘʙʣʠʮʝ 1) ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʳʙʨʘʥʥʳʭ ʧʦʢʨʳ-
ʪʠʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ: ʅʨ ï ʥʘʥʦʪʚʝʨʜʦʩʪʴ ɻʇʘ, ɽ* - ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ɻʧʘ, ʅʨ/ɽ* - 
ʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʷ ʢ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʨʘʟʨʫʰʝʥʠʷ (ʠʥʜʝʢʩ ʧʣʘʩʪʠʯʥʦʩʪʠ), ʅʨ3/ɽ*2 ï ʩʦʧʨʦʪʠʚʣʝ-
ʥʠʝ ʧʣʘʩʪʠʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, Wʝ ï ʜʦʣʷ ʨʘʙʦʪʳ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʫʧʨʫʛʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ) %. ʀʩ-
ʭʦʜʷ ʠʟ ʟʥʘʯʝʥʠʡ ʚ ʪʘʙʣʠʮʝ 1 ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʩʠʩʪʝʤʳ Si-O-C-N ʠʤʝʝʪ ʧʨʠʤʝʨʥʦ ʚ 1,5-2 
ʨʘʟʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʨʘʟʨʫʰʝʥʠʷ, ʚ 1,2-3 ʨʘʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʨʳʪʠʷʤʠ TiN ʠ TiAlN. 
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ʋʙʚʤʡʯʙ 1  
ʍʡʠʡʣʧ-ʥʞʮʙʦʡʰʞʪʣʡʞ ʪʛʧʢʪʫʛʙ ʨʧʣʩʴʫʡʢ 

 
 
ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1, ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʠʟʚʝʩʪʠ ʦʧʳʪʥʳʝ ʨʘʙʦʪʳ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʩʚʝʨʣ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʧʦʜʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜ-
ʭʦʜʷʱʝʛʦ ʪʠʧʘ ʧʦʢʨʳʪʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʪʘ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ɸ. ɽ. ʈʘʩʢʫʪʠʥ, ɸ. ɺ. ʍʨʫʣʴʢʦʚ, ʈ. ʀ. ɻʠʨʰ ï çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘʥʦʦʙʨʘʙʦʪʢʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʢʦʥʩʪʨʫʢʮʠʡè. ï 2018. 
2. ʇ. ɸ. ʊʦʧʦʣʷʥʩʢʠʡ, ʉ. ɸ. ɽʨʤʘʢʦʚ, ʅ. ɸ. ʉʦʩʥʠʥ, ɸ. ʇ. ʊʦʧʦʣʷʥʩʢʠʡ ï çʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʩʚʦʡʩʪʚ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʩʚʝʨʣè. ï 2013. 
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ǲǣǩ 3.0*3.2 

ǭǮǟǰǬǭǰǱǧ ǧ ǯǧǰǩǧ ǫǲǬǧǵǧǮǟǪǻǬǭǢǭ 
ǭǠǯǟǦǭǡǟǬǧǾ Ǭǟ ǮǯǧǫǤǯǤ ǠǭǠǯǭǡǰǩǭǢǭ 
ǫǲǬǧǵǧǮǟǪǻǬǭǢǭ ǯǟǨǭǬǟ ǡǭǯǭǬǤǥǰǩǭǨ 
ǭǠǪǟǰǱǧ 

ǠȄȃȏȇȌǿ ǤȉǿȑȄȏȇȌǿ ǡȇȉȑȍȏȍȁȌǿ  
ʩʪʫʜʝʥʪ ʛʨ. ʤʀʀʊɹ-241  

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɺɻʊʋ)è 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʆʚʯʠʥʥʠʢʦʚʘ ʊʘʪʴʷʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ  
ʜʦʮʝʥʪ, ʢ.ʙ.ʥ., ʩʪ. ʥʘʫʯ. ʩʦʪʨʫʜʥʠʢ  

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɺɻʊʋ)è 
 

 
  

ɹʦʦʧʫʙʯʡʸ: ɹʦʙʨʦʚʩʢʠʡ ʤʫʥʠʮʠʧʘʣʴʥʳʡ ʨʘʡʦʥ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ 
ʨʝʢʠ ɹʠʪʶʛ (ʧʨʠʪʦʢ ɼʦʥʘ). ʊʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʘʝʪ ʨʘʡʦʥʫ ʥʝʩʢʦʣʴʢʦ ʧʨʝʠʤʫʱʝʩʪʚ: ʫʜʦʙʥʳʡ ʜʦʩʪʫʧ ʢ 
ʚʦʜʥʳʤ ʧʫʪʷʤ ʠ ʪʨʘʥʩʧʦʨʪʥʳʤ ʤʘʨʰʨʫʪʘʤ; ʥʘʣʠʯʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ; ʦʢʨʫʞʝʥʠʝ ʫʥʠʢʘʣʴʥʳʤʠ 
ʧʨʠʨʦʜʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ. ʅʦ ʥʝ ʩʤʦʪʨʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ, ʠʩʪʦʯʥʠʢʦʤ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫ-
ʘʮʠʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʦʧʘʩʥʦʝ ʧʨʠʨʦʜʥʦʝ ʷʚʣʝʥʠʝ, ʘʚʘʨʠʷ ʠʣʠ ʦʧʘʩʥʦʝ ʪʝʭʥʦʛʝʥʥʦʝ ʧʨʦʠʩʰʝʩʪʚʠʝ, ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʟʦʰʣʘ ʠʣʠ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʯʨʝʟʚʳʯʘʡʥʘʷ ʩʠʪʫʘʮʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʯʨʝʟʚʳʯʘʡʥʘʷ ʩʠʪʫʘʮʠʷ, ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʴ, ʨʝʣʴʝʬ, ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ 
ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 
 

DANGERS AND RISKS OF A MUNICIPALITY ON THE EXAMPLE OF THE BOBROVSKY MUNICIPAL 
DISTRICT OF THE VORONEZH 

 
Bedrina E.V.  

 
Scientific adviser: Ovchinnikova T.V. 

 
Abstract: Bobrovsky municipal District of the Voronezh Region is located on the right bank of the Bityug River 
(a tributary of the Don). This location gives the area several advantages: convenient access to waterways and 
transport routes; availability of natural resources; surrounded by unique natural landscapes. But despite the 
positive aspects, the source of an emergency situation may be a dangerous natural phenomenon, an accident 
or a dangerous man-made event, as a result of which an emergency has occurred or may occur.  
Keywords: emergency, hydrographic network, relief, natural emergencies, anthropogenic emergencies. 
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ɺ ʩʘʤʦʤ ʮʝʥʪʨʝ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʠʣʩʷ ʥʘʠʙʦʣʝʝ ʩʪʘʨʝʡʰʠʡ ʛʦʨʦʜ ï ɻ ʪʦ ɹʦʙʨʦʚ. 
ɺʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ɹʦʙʨʦʚʩʢʠʡ ʨʘʡʦʥ ʛʨʘʥʠʯʠʪ ʩ ʜʨʫʛʠʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʪʘʢʠʤʠ ʢʘʢ ʂʘʰʠʨ-

ʩʢʠʤ, ʇʘʥʠʥʩʢʠʤ, ɸʥʥʠʥʩʢʠʤ, ʊʘʣʦʚʩʢʠʤ, ɹʫʪʫʨʣʠʥʦʚʩʢʠʤ, ʇʘʚʣʦʚʩʢʠʤ, ʃʠʩʢʠʥʩʢʠʤ ʨʘʡʦʥʘʤʠ. 
137 ʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ʚʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ɹʦʙʨʦʚʩʢʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʧʦʩʝʣʝʥʠʷ. 
ʈʝʣʴʝʬ ɹʦʙʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʩʝʜʥʠʭ ʨʘʡʦʥʦʚ, ʪ. ʝ. ʩʦʩʪʦʠʪ ʠʟ 

ʥʠʟʤʝʥʥʳʭ ʨʘʚʥʠʥ, ʢʦʪʦʨʳʤ ʩʚʦʡʩʪʚʝʥʥʳ ʘʙʩʦʣʶʪʥʳʝ ʚʳʩʦʪʳ ʥʝ ʙʦʣʝʝ 200 ʤʝʪʨʦʚ. ɺʳʩʦʢʠʤʠ 
ʥʘʜʧʦʡʤʝʥʥʳʤʠ ʪʝʨʨʘʩʘʤʠ ʨʝʢʠ ɹʠʪʶʛ, ʦʙʨʘʟʦʚʘʥʘ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʨʘʡʦʥʘ. ʇʨʘʚʳʡ ʙʝʨʝʛ ʨʝʢʠ ɹʠʪʶʛ 
ʟʘʥʷʪ ʢʨʫʧʥʳʤʠ ʢʦʨʝʥʥʳʤʠ ʩʢʣʦʥʘʤʠ. ʖʛ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʝʥ ʪʝʤ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʩʝʚʝʨʥʳʭ ʩʢʣʦʥʘʭ 
ʂʘʣʘʯʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ. [4] 

ʇʣʦʱʘʜʴ ʨʘʡʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 2 233,05 ʢʤ2, ʯʪʦ ʟʘʥʠʤʘʝʪ 4,4% ʦʪ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ɺʦʨʦʥʝʞʩʢʦʡ 
ʦʙʣʘʩʪʠ. 

ʂʣʠʤʘʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʦʙʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʫʤʝʨʝʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʩ ʞʘʨʢʠʤ ʠ ʩʫʭʠʤ ʣʝʪʦʤ ʠ 
ʫʤʝʨʝʥʥʦ ʭʦʣʦʜʥʦʡ ʟʠʤʦʡ ʩ ʫʩʪʦʡʯʠʚʳʤ ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ ʠ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʩʝ-
ʟʦʥʘʤʠ. 

ɻʦʜʦʚʦʡ ʧʨʠʪʦʢ ʩʫʤʤʘʨʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 90 ʢʢʘʣ/ʩʤĮ. 
ʉʫʤʤʳ ʩʨʝʜʥʠʭ ʩʫʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʡ ʚʝʛʝʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʢʦʣʝʙʣʶʪʩʷ ʚ ʧʨʝ-

ʜʝʣʘʭ 24-28Áʉ. ʉʫʤʤʘ ʦʩʘʜʢʦʚ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʝʪ 230-310 ʤʤ. 
ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʜʥʦʨʦʜʥʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʛʦʩʧʦʜʩʪʚʫʶʱʝʡ ʚʦʟ-

ʜʫʰʥʦʡ ʤʘʩʩʳ. [2] 
ʊʝʨʨʠʪʦʨʠʷ ɹʦʙʨʦʚʩʢʦʛʦ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʥʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʠʩʧʘʨʷʝʤʦʩʪʴʶ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ. ɻʦʜʦʚʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʥʘ ʪʝʨ-
ʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 550 ʤʤ. 

ʈʝʣʴʝʬ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʠʟʤʝʥʥʫʶ ʨʘʚʥʠʥʫ, ʛʜʝ ʚʳʩʦʪʳ ʥʝ ʧʨʝ-
ʚʳʰʘʶʪ 200 ʤʝʪʨʦʚ. ʕʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʙʦʣʴʰʠʥʩʪʚʫ ʩʦʩʝʜʥʠʭ ʨʝʛʠʦʥʦʚ. ʇʨʘʚʳʡ ʙʝʨʝʛ ʨʝʢʠ ɹʠʪʶʛ ʩʦ-
ʩʪʦʠʪ ʠʟ ʚʳʩʦʢʠʭ ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ, ʘ ʥʘ ʧʨʘʚʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʨʝʥʥʳʝ ʩʢʣʦʥʳ.  
ʖʞʥʘʷ ʯʘʩʪʴ ʨʘʡʦʥʘ ʚʦʟʚʳʰʘʝʪʩʷ ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʝʚʝʨʥʳʭ ʩʢʣʦʥʘʭ ʂʘʣʘʯʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ. 

ʇʦʣʦʛʦ-ʫʚʘʣʠʩʪʳʝ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʨʘʚʥʠʥʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʬʦʨʤʘʤʠ ʨʝʣʴʝʬʘ ʨʘʡʦʥʘ. 
ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʧʦʢʨʦʚʥʳʭ ʣʝʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʦʚ, ʧʦʢʨʳʪʳʝ ʩʫʛʣʠʥʠʩʪʦʡ ʤʦʨʝʥʦʡ ʠ ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ 
ʧʝʨʠʦʜ ɼʦʥʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ. ʕʪʠ ʨʘʚʥʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʟʘʧʘʜʠʥ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʩʪʝʧʥʳʝ 
ʙʣʶʜʮʘ, ʢʦʪʦʨʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʚʳʥʦʩʘ ʚʦʜʳ ʦʪ ʩʥʝʛʘ ʠ ʜʦʞʜʷ. ʅʘ ʶʛʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦ-
ʛʦ ʨʘʡʦʥʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʫʚʘʣʠʩʪʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʳʝ ʨʘʚʥʠʥʳ. ɻʫʩʪʦʪʘ ʨʘʩʯʣʝʥʝʥʠʷ ʪʝʨʨʠ-
ʪʦʨʠʠ ʟʜʝʩʴ ʚʳʰʝ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʚʳʭʦʜʦʚ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʛʦ ʤʝʣʘ. ʈʝʯʥʳʝ ʜʦ-
ʣʠʥʳ ɹʠʪʶʛʘ ʠ ʀʢʦʨʮʘ ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʳʤʠ ʬʦʨʤʘʤʠ ʨʝʣʴʝʬʘ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʟʨʝʣʦʩʪʴʶ, ʤʘʣʝʥʴʢʠʤ 
ʚʳʨʝʟʦʤ, ʘʩʠʤʤʝʪʨʠʝʡ ʩʢʣʦʥʦʚ ʠ ʢʨʫʧʥʦʡ ʰʠʨʠʥʦʡ. [2] [3] 

ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʫʶ ʩʝʪʴ ɹʦʙʨʦʚʩʢʦʛʦ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, 
ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʙʘʩʩʝʡʥʫ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʝʢʠ ɼʦʥ. 

ʅʘ ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘʭʦʜʷʪʩʷ ʙʦʣʦʪʘ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ 1,7% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ. ʇʨʫʜʳ 
ʩʦʩʪʘʚʣʷʶʪ 0,3%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʚʦʜʦʸʤʳ, ʚʢʣʶʯʘʷ ʨʫʯʴʠ, ʨʝʢʠ ʠ ʦʟʝʨʘ, ʟʘʥʠʤʘʶʪ 1,0%. 

ʈʝʢʠ ɹʠʪʶʛ, ʄʝʯʝʪʴ, ʀʢʦʨʝʮ, ɹʝʨʝʟʦʚʢʘ, ʉʤʳʯʦʢ, ʉʫʭʘʷ ɹʝʨʝʟʦʚʢʘ, ɹʘʣʢʘ ɹʝʨʝʟʦʚʢʘ, ʃʦʛ ʃʝʚʳʡ, 
ʃʦʛ ʂʨʫʰʠʥʦʚ ʧʨʦʪʝʢʘʶʪ ʚ ʧʨʝʜʝʣʘʭ ɹʦʙʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ (ʨʠʩ. 1).[2] 

ɸʚʠʘʧʝʨʝʚʦʟʢʠ ʧʨʦʠʩʭʦʜʷʪ ʯʝʨʝʟ ʘʵʨʦʧʦʨʪ ʦʙʣʘʩʪʥʦʛʦ ʮʝʥʪʨʘ, ʪʘʢ ʢʘʢ ʚ ɹʦʙʨʦʚʩʢʦʤ ʨʘʡʦʥʝ ʥʝʪ 
ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʥʘʩʪʦʷʱʠʝ ʚʨʝʤʷ ʘʵʨʦʧʦʨʪʦʚ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʡʦʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʫʯʘʩʪʦʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʤʘʛʠʩʪʨʘʣʠ, 
ʢʦʪʦʨʳʡ ʪʷʥʝʪʩʷ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ, ʩʚʷʟʳʚʘʷ ʇʦʚʦʣʞʴʝ ʩ ʋʢʨʘʠʥʦʡ. 

ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʢʦʥʦʤʠʢʠ ʨʘʡʦʥʘ. ʌʝʜʝʨʘʣʴʥʳʝ, ʨʝʛʠ-
ʦʥʘʣʴʥʳʝ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ï ɻ ʪʦ ʪʝ ʘʚʪʦʜʦʨʦʛʠ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ɹʦʙʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ. (ʨʠʩ.2) [2] 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʘʚʪʦʜʦʨʦʛ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 586,3 ʢʤ (ʪʘʙʣ.1). 
ɺ ʩʦʩʪʘʚ ʨʘʡʦʥʘ ʚʭʦʜʷʪ 19 ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʛʦʨʦʜʩʢʦʝ ʧʦʩʝʣʝʥʠʝ ɹʦʙʨʦʚ ʠ 18 ʩʝʣʴ-

ʩʢʠʭ ʧʦʩʝʣʝʥʠʡ), 56 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. ʏʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ɹʦʙʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʥʘ 2024 ʛʦʜ ð 48 
562 ʯʝʣʦʚʝʢʘ (ʨʠʩ 3). 
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ʉʡʪ. 1. ɼʡʝʩʧʜʩʙʭʡʸ 

 
ʋʙʚʤʡʯʙ 1 

ɽʧʩʧʟʦʙʸ ʪʞʫʵ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʎʚʝʪ ʇʨʦʪʷʞʸʥʥʦʩʪʴ (ʢʤ) 

ɾʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʂʨʘʩʥʳʡ 27,8 

ɸʚʪʦʤʘʛʠʩʪʨʘʣʠ ʆʨʘʥʞʝʚʳʡ 63,4 

ʐʦʩʩʝ ɾʝʣʪʳʡ 127,2 

ɻʨʫʥʪʦʚʳʝ ʜʦʨʦʛʠ ɿʝʣʝʥʳʡ 162,4 

ʇʦʣʝʚʳʝ ʜʦʨʦʛʠ ɻʦʣʫʙʦʡ 111,8 
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ʉʡʪ. 2. ɽʧʩʧʟʦʙʸ ʪʞʫʵ 
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ʉʡʪ. 3. ʆʙʪʞʤʞʦʦʴʞ ʨʬʦʣʫʴ 

 
ʋʙʚʤʡʯʙ 2 

ʈʩʧʜʦʧʠʦʴʞ ʩʡʪʣʡ ʡ ʨʤʧʲʙʝʡ ʩʙʪʨʩʧʪʫʩʙʦʞʦʡʸ ʫʞʮʦʧʜʞʦʦʴʮ, ʙʦʫʩʧʨʧʜʞʦʦʴʮ ʡ ʨʩʡʩʧʝʦʴʮ 
ʦʙʜʩʬʠʧʣ ʦʙ ʫʞʩʩʡʫʧʩʡʡ ɺʧʚʩʧʛʪʣʧʜʧ ʥʬʦʡʯʡʨʙʤʵʦʧʜʧ ʩʙʢʧʦʙ ɻʧʩʧʦʞʟʪʣʧʢ ʧʚʤʙʪʫʡ 

 ʅʘʛʨʫʟʢʘ ʇʣʦʱʘʜʴ ʚ % ʆʙʱʠʡ % R (ʨʠʩʢ) 

x1 ʩʣʘʙʳʝ ʵʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 63,59  
 
 
 
 
 

240,17 

0,26 

x2 ʩʨʝʜʥʠʝ ʵʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 27,04 0,11 

x3 ʩʠʣʴʥʳʝ ʵʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 4,8 0,02 

x4 ʩʣʘʙʳʝ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ 81,05 0,34 

x5 ʩʨʝʜʥʠʝ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ 21,64 0,09 

x6 ʩʠʣʴʥʳʝ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ 2,47 0,01 

x7 ʩʣʘʙʳʝ ʥʘʚʦʜʥʝʥʠʷ 12,54 0,05 

x8 ʩʨʝʜʥʠʝ ʥʘʚʦʜʥʝʥʠʷ 2,15 0,01 

x9 ʩʠʣʴʥʦʝ ʥʘʚʦʜʥʝʥʠʷ 0,72 0,002 

x10 ʩʣʘʙʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 3,94 0,02 

x11 ʩʨʝʜʥʷʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 12,18 0,05 

x12 ʩʠʣʴʥʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 1,25 0,01 

x13 ʩʣʘʙʘʷ ʪʝʭʥʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 0 0 

x14 ʩʨʝʜʥʷʷ ʪʝʭʥʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 3,76 0,02 

x15 ʩʠʣʴʥʘʷ ʪʝʭʥʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 3,04 0,01 



ǠǭǪǻǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǩǭǬǳǤǯǤǬǵǧǾ 95 

 

XIII International scientific conference | www.naukaip.ru 

ʀʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʝ (1) ʠ ʜʘʥʥʳʝ ʠʟ ʪʘʙʣ.2 ʧʦʤʦʛʫʪ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʫʶ ʯʘʩʪʴ ʟʘʥʠʤʘʝʪ ʢʘʞ-
ʜʳʡ ʧʨʦʮʝʩʩ: 

                                      ὼ  
Ͻ̐ ̝̌̏́̅̚ ̃ Ϸ

̏̂̉̊̚ Ϸ
                                                                  (1) 

 

 
ʉʡʪ. 4. ɽʡʙʜʩʙʥʥʙ ʨʩʧʜʦʧʠʦʴʮ ʩʡʪʣʧʛ 

 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʙʳʣʦ ʧʦʣʫʯʝʥʘ ʜʠʘʛʨʘʤʤʘ ʧʨʦʛʥʦʟʥʳʭ ʨʠʩʢʦʚ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʏʉ ʨʘʟ-

ʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʘʡʦʥʝ. ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 
ʦ ʪʦʤ, ʯʪʦ ʚʦʟʤʦʞʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʏʉ ʧʨʠʨʦʜʥʦʛʦ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. çʉʨʝʜʥʷʷ ʠ ʩʣʘʙʘʷ 
ʵʨʦʟʠʷè ʠ çʉʨʝʜʥʠʝ ʠ ʩʣʘʙʳʝ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷè, ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʘʤʠ ʏʉ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʘ 
çʉʨʝʜʥʷʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘè - ʏʉ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʏʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ ʪʝʭʥʦʛʝʥ-
ʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʝʨʦʷʪʥʳ ʩ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʴʶ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ɸʪʣʘʩ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ. 
2. ʀʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʘʩʧʦʨʪ ɹʦʙʨʦʚʩʢʦʛʦ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ, ɺʦʨʦʥʝʞ 2018. 
3. ʆʧʘʩʥʳʝ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʵʢʟʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʚʯʠʥʥʠʢʦʚʘ ʊ.ɺ., ʂʫʧʨʠʝʥʢʦ 

ʇ.ʉ., ʌʝʜʷʥʠʥ ɺ.ʀ. ʛ. ɺʦʨʦʥʝʞ 2001 ʛ. 
4. ʇʦʯʚʳ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ. ɸʜʠʨʠʭʠʥ ʇ.ɻ ɺɻʋ, ʛ. ɺʦʨʦʥʝʞ, 2000 ʛ. 
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ͫ͊͋͊͡Ύ ͔ͭͻ͎͔ͤͦͤͤ͊Ύ ͎ͤ͊ͪͯ͊͘͟ ͔ͫͪ͒ͤΎΎ ͔ͭͻ͎͔ͤͦͤͤ͊Ύ ͎ͤ͊ͪͯ͊͘͟ ͙ͫ͡Έͤ͊Ύ ͔ͭͻ͎͔ͤͦͤͤ͊Ύ ͎ͤ͊ͪͯ͊͘͟ 
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ǲǣǩ 40/,5-40.,1 

ǮǭǪǲǶǤǬǧǤ ǩǭǫǮǭǦǧǵǧǭǬǬǺǴ 
ǫǟǱǤǯǧǟǪǭǡ ǰǧǰǱǤǫǺ ALƤPB 
ǮǭǰǯǤǣǰǱǡǭǫ ǳǯǧǩǵǧǭǬǬǭǨ ǭǠǯǟǠǭǱǩǧ 

ǰȋȇȏȌȍȁ ǡȊǿȃȇȋȇȏ ǟȌǿȑȍȊțȄȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʆʚʯʠʥʥʠʢʦʚ ɺʠʢʪʦʨ ɺʘʩʠʣʴʝʚʠʯ 
ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʌɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ. ʆʧʠʩʘʥʳ ʵʬʬʝʢʪʳ ʤʠʛʨʘʮʠʠ ʪʷʞʝʣʳʭ ʣʝʛʢʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʇɸʉ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 
ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʶʱʠʝ ʩʢʦʨʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʠʬʬʫʟʠʠ, ʧʦʟʚʦʣʷʶʪ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʚʦʟʤʦʞ-
ʥʦʩʪʠ ʵʬʬʝʢʪʘ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʥʘ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʚʘʨʢʠ, ʥʦ 
ʪʘʢʞʝ ʢʘʢ ʥʘ ʦʩʥʦʚʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʣʘʚʦʚ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪʦʚ 
ʚ ʤʘʩʩʠʚʥʳʭ ʦʙʨʘʟʮʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʘʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦ-
ʢʦʡ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ. ʉʪʨʫʢʪʫʨʘ ʪʘʢʠʭ ʯʘ-
ʩʪʠʮ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘʛʨʝʚʘ ʠ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 
ʚʦʟʤʦʞʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʚʫʭ ʤʝʭʘʥʠʟʤʦʚ ʤʠʛʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ï ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʠ ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʧʦ 
ʇɸʉ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʧʨʠ ʢʘʞʜʦʤ ʦʙʦʨʦʪʝ ʠʥʩʪʨʫʤʝʥʪʘ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʚ ʢʦʤʧʦʟʠ-
ʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʩ 5 ʜʦ 44% ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩ 0,28 ʜʦ 0,13. ʆʩʥʦʚʥʦʝ 
ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʠʩʪʝʤʳ AlïPb ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 
ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ 0ï30 ʤʘʩʩ. %. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʬʨʠʢʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʥʝʩʤʝʰʠʚʘʶʱʠʝʩʷ ʢʦʤʧʦʥʝʥ-
ʪʳ, ʧʦʣʦʩʳ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ, ʩʠʩʪʝʤʘ AlïPb, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. 
 

PRODUCTION OF COMPOSITE MATERIALS OF THE AL-Pb SYSTEM BY FRICTION MACHINING 
 

Smirnov Vladimir Anatolievich 
 

Scientific supervisor; Ovchinnikov Viktor Vasilievich 
 
Annotation. The effects of migration of heavy low-melting components through the PAS at speeds much 
higher than the rates of traditional diffusion allow us to take a fresh look at the possibilities of the effect of fric-
tion stir welding not only as an effective welding method, but also as the basis of an alternative technology for 
the production of alloys of immiscible components in massive samples. It was established that the temperature 
in the mixing zone was high enough for intensive formation of solid solutions and intermetallic phases. The 
structure of such particles was formed under the influence of heating and intense plastic deformation under the 
conditions of the possible implementation of two mechanisms of component migration ï diffusion and migra-
tion along the PAS, reproduced at each rotation of the instrument. An increase in the lead content of the com-
posite material from 5 to 44% led to a decrease in the coefficient of friction from 0.28 to 0.13. The main reduc-
tion in the coefficient of friction of the AlïPb system composite material is achieved in the lead content range 
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ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪʦʚ (ʅʂ) ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʠʟʫʯʝʥ ʩʦʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 
ʚ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ, ʦʜʥʘʢʦ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʤʘʩʩʠʚʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʅʂ 
ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʧʦ ʩʝʡ ʜʝʥʴ. 

ʂ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʘʙʦʪʘʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʝ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ 
ʧʨʠʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳʭ ʧʦʪʦʢʦʚ ʵʥʨʛʠʠ (ʂʇʕ) ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ. ʂ ʥʠʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʦʞʥʦ 
ʦʪʥʝʩʪʠ ʧʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʦʚ, ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ, ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʥʦʛʦ ʠ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʚʦʟʜʝʡ-
ʩʪʚʠʷ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʣʝʛʠʨʦʚʘʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʤʥʳʭ 
ʠʟʜʝʣʠʡ ʤʳ ʘʨʩʩʤʘʪʨʠʚʘʝʤ ʤʝʪʦʜ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʉʊʇ). 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʥʘ ʙʘʟʝ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤ AlïPb, AlïSn ʠ ʨʦʣʴ ʩ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʧʦʣʦʩ 
ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʩʢʦʣʴʞʝʥʠʷ (ʇɸʉ). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʙʘʟʝ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤ Alï
Pb, AlïSn ʩ ʧʦʤʦʱʴʶ ʬʨʠʢʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥ-
ʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1 [1, 2]. ʇʨʦʮʝʩʩ ʚʚʝʜʝʥʠʷ ʩʚʠʥʮʘ ʚ ʘʣʶʤʠʥʠʡ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʩʠʩʪʝʤʳ AlïPb ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʜʚʘ ʵʪʘʧʘ: ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʭʦʜʦʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʙʝʟ 
ʩʪʝʨʞʥʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʢʨʳʪʠʝ ʧʘʟʘ, ʘ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ï ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦ ʩʪʝʨʞʥʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪ-
ʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

 
ʘ                                                           ʙ 

ʉʡʪ. 1. ʊʮʞʥʙ ʨʧʤʬʰʞʦʡʸ ʣʧʥʨʧʠʡʯʡʧʦʦʧʜʧ ʥʙʫʞʩʡʙʤʙ ʪʡʪʫʞʥʴ AlðPb ʪ ʨʧʥʧʲʵʷ ʪʛʙʩʣʡ ʫʩʞʦʡʞʥ 
ʪ ʨʞʩʞʥʞʱʡʛʙʦʡʞʥ: ʘ ï ʟʘʢʨʳʪʠʝ ʧʘʟʘ ʩʦ ʩʚʠʥʮʦʚʳʤ ʧʦʨʦʰʢʦʤ; ʙ ï ʧʨʦʭʦʜ ʠʥʩʪʨʫʤʝʥʪʦʤ  

ʩʦ ʩʪʝʨʞʥʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 
1 ï ʧʣʘʩʪʠʥʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 1565ʯʅ2; 2 ï ʧʘʟ ʩ ʧʦʨʦʰʢʦʤ ʩʚʠʥʮʘ; 3 ï ʨʘʙʦʯʠʡ ʠʥʩʪʨʫʤʝʥʪ ʙʝʟ 

ʩʪʝʨʞʥʷ; 4 ï ʟʘʢʨʳʚʘʶʱʠʡ ʧʘʟ ʰʦʚ; 5 ï ʠʥʩʪʨʫʤʝʥʪ ʩʦ ʩʪʝʨʞʥʝʤ; 6 ï h ʦʚ, ʩʦʩʪʦʷʱʠʡ ʠʟ  
ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʠʩʪʝʤʳ AlïPb; N ï ʦʩʝʚʦʝ ʫʩʠʣʠʝ ʥʘ ʨʘʙʦʯʠʡ ʠʥʩʪʨʫʤʝʥʪ; ɤ ï ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 
 
ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʘʩʪʠʥʳ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 1565ʯʅ2 ʨʘʟʤʝʨʘʤʠ 

200Ĭ100Ĭ6 ʤʤ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʰʠʨʠʥʘ ʩʚʘʨʥʦʛʦ ʰʚʘ ʟʘʚʠʩʝʣʘ ʦʪ ʨʘʟʤʝʨʘ ʟʘʧʣʝʯʠʢʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 
ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ɺʩʝ ʩʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 
ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʦʚʘʣʠ ʜʣʷ ʣʠʩʪʦʚ ʪʦʣʱʠʥʦʡ 6,0 ʤʤ ʰʦʚ ʰʠʨʠʥʦʡ ~16 ʤʤ. ʈʝʞʠʤʳ 
ʩʚʘʨʢʠ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

of 0ï30 wt. %. 
Keywords: friction machining, composite material, immiscible components, adiabatic shear bands, AlïPb sys-
tem, coefficient of friction. 
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ʋʙʚʤʡʯʙ 1 
ʉʞʟʡʥʴ ʪʛʙʩʣʡ ʫʩʞʦʡʞʥ ʪ ʨʞʩʞʥʞʱʡʛʙʦʡʞʥ ʤʡʪʫʧʛ ʪʨʤʙʛʙ 1565ʰʆ2 (ʆ116) 

ʇʦʣʫʬʘʙʨʠʢʘʪ 

ʏʘʩʪʦʪʘ 
ʚʨʘʱʝʥʠʷ 
ʠʥʩʪʨʫʤʝʥʪʘ, 
ʦʙ/ʤʠʥ 

ʉʢʦʨʦʩʪʴ 
ʩʚʘʨʢʠ, 
ʤʤ/ʤʠʥ 

ʋʛʦʣ ʥʘʢʣʦʥʘ 
ʠʥʩʪʨʫʤʝʥʪʘ ʚ 
ʧʣʦʩʢʦʩʪʠ ʩʪʳʢʘ 
(ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 
ʩʪʨʝʣʢʠ), ʛʨʘʜ 

ʋʩʠʣʠʝ ʧʨʠʞʘʪʠʷ 
ʙʫʨʪʠʢʘ ʠʥʩʪʨʫʤʝʥʪʘ 
ʢ ʧʦʚʝʨʭʥʦʩʪʠ 
ʜʝʪʘʣʝʡ, ʢʅ 

ʃʠʩʪ, ʪʦʣʱʠʥʦʡ 6 ʤʤ 550ï900 125ï300 3 1,5ï1,8 

 
ʉʚʘʨʢʫ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʥʘ 

ʙʘʟʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ ʩ ʏʇʋ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʥʘʱʝʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʦʤ ʚʝʨʪʠʢʘʣʴʥʦ-
ʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʬʨʝʟʝʨʥʦʡ ʛʦʣʦʚʢʠ. ɼʣʷ ʩʚʘʨʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʩʪʨʫʤʝʥʪ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʙʳʩʪʨʦ-
ʨʝʞʫʱʝʡ ʩʪʘʣʠ, ʩʦ ʰʪʠʬʪʦʤ ʢʦʥʫʩʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʠ ʚʠʥʪʦʚʦʡ ʣʠʥʠʝʡ. 

ɼʣʠʥʫ ʥʘʢʦʥʝʯʥʠʢʘ ʠʥʩʪʨʫʤʝʥʪʘ ʚʳʙʠʨʘʣʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʘ ʙʳʣʘ ʥʘ 0,1ï0,15 ʤʤ ʤʝʥʴ-
ʰʝ ʪʦʣʱʠʥʳ ʩʚʘʨʠʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ. ʉʚʘʨʢʫ ʚʳʧʦʣʥʷʣʠ ʫʛʣʦʤ ʚʧʝʨʝʜ ʧʨʠ ʥʘʢʣʦʥʝ ʠʥʩʪʨʫʤʝʥʪʘ ʦʪʥʦ-
ʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʥʘ 2é3Á. ʉ ʧʦʤʦʱʴʶ ʩʫʧʧʦʨʪʘ ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʚʘʣʫ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 
ʠʥʩʪʨʫʤʝʥʪ ʧʝʨʝʤʝʱʘʣʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʥʝʦʙʭʦʜʠʤʦʝ 
ʟʘʛʣʫʙʣʝʥʠʝ ʝʛʦ ʨʘʙʦʯʠʭ ʯʘʩʪʝʡ ʚ ʩʚʘʨʠʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ, ʠ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʘ 
ʦʩʝʚʦʛʦ ʫʩʠʣʠʷ ʝʛʦ ʧʨʠʞʘʪʠʷ ʢ ʩʦʝʜʠʥʷʝʤʳʤ ʜʝʪʘʣʷʤ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ. ʉʚʘʨʠʚʘʝʤʳʝ ʣʠʩʪʳ ʥʘʜʝʞʥʦ 
ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʥʘ ʩʪʘʣʴʥʦʡ ʧʦʜʢʣʘʜʢʝ ʧʦʜʚʠʞʥʦʛʦ ʩʪʦʣʘ. 

ʆʙʨʘʟʮʳ ʜʣʷ ʦʧʪʠʯʝʩʢʦʡ ʤʝʪʘʣʣʦʛʨʘʬʠʠ ʠ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʨʝʟʘʣʠʩʴ ʪʘʢʠʤ ʦʙ-
ʨʘʟʦʤ, ʯʪʦʙʳ ʠʩʩʣʝʜʫʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘʧʨʘʚʣʝʥʠʶ ʩʚʘʨʢʠ. ʄʝʪʘʣʣʦʛʨʘʬʠ-
ʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ Olympus GX-61. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʂʄ ʘʣʶʤʠʥʠʡ-ʩʚʠʥʝʮ ʠ ʘʣʶʤʠʥʠʡ-ʦʣʦʚʦ ʧʨʠʤʝʥʷʣʠ ʠʥʫʶ ʩʭʝʤʫ ʉʊʇ (ʨʠʩ. 2). 
ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʢʦʨʦʩʪʝʡ ʩʚʘʨʢʠ ʧʨʠʥʷʣʠ ʨʘʚʥʳʤʠ 700ï900 ʦʙ/ʤʠʥ 
ʠ 125ï200 ʤʤ/ʤʠʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 3 ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ï 
ʢʨʫʧʥʦʡ, ʚ ʚʠʜʝ ʢʦʥʪʫʨʘ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʙʦʣʝʝ ʜʠʩʧʝʨʩʥʦʡ ï ʚʥʫʪʨʠʟʝʨʝʥʥʦʡ. ʇʝʨʚʘʷ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʪʝʯʝʥʠʷ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʟʘ ʨʘʙʦʯʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʦʪʪʝʩʥʝʥʠʷ 
ʙʦʣʝʝ ʪʫʛʦʧʣʘʚʢʠʤʠ ʟʝʨʥʘ ʘʣʶʤʠʥʠʷ ʞʠʜʢʦʛʦ ʩʚʠʥʮʘ ʥʘ ʛʨʘʥʠʮʳ ʟʝʨʝʥ, ʛʜʝ ʦʥ ʟʘʪʝʤ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 
ʚʠʜʝ ʧʨʦʩʣʦʝʢ. ɺʪʦʨʘʷ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʤʠʛʨʘʮʠʠ ʩʚʠʥʮʘ ʧʦ ʇɸʉ, ʦʙʨʘʟʫʶ-
ʱʠʤʩʷ ʥʝʧʨʝʨʳʚʥʦ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
ʉʡʪ. 2. ʊʮʞʥʙ ʧʪʬʲʞʪʫʛʤʞʦʡʸ ʶʣʪʨʞʩʡʥʞʦʫʙ ʨʧ ʨʧʤʬʰʞʦʡʷ ʃʅ ʙʤʷʥʡʦʡʢðʪʛʡʦʞʯ ʡ  

ʙʤʷʥʡʦʡʢðʧʤʧʛʧ ʨʬʫʞʥ ʊʋʈ: 1 ï ʧʣʘʩʪʠʥʘ ʠʟ ʩʧʣʘʚʘ 1565ʯʅ2; 2 ï ʩʪʦʣʙʠʢ ʠʟ ʣʝʛʢʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʣʘ 
(ʦʣʦʚʦ, ʩʚʠʥʝʮ) ʜʠʘʤʝʪʨʦʤ 4 ʤʤ; 3 ï ʨʘʙʦʯʠʡ ʠʥʩʪʨʫʤʝʥʪ; 4 ï ʟʦʥʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

 (ʰʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ); 5 ï ʧʦʜʢʣʘʜʢʘ 
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ʉʡʪ. 3. ʅʡʣʩʧʪʫʩʬʣʫʬʩʙ ʣʧʥʨʧʠʡʯʡʧʦʦʧʜʧ ʥʙʫʞʩʡʙʤʙ (ʃʈ) AlðPb, ʨʧʤʬʰʞʦʦʧʜʧ 

 ʪ ʨʧʥʧʲʵʷ ʪʛʙʩʣʡ ʫʩʞʦʡʞʥ ʪ ʨʞʩʞʥʞʱʡʛʙʦʡʞʥ 
 
ɿʘ ʩʯʝʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʰʠʨʠʥʳ ʠ ʛʣʫʙʠʥʳ ʧʘʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʠ-

ʩʪʝʤʳ AlïPb ʩ ʤʘʩʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʠʥʮʘ ʚ ʧʨʝʜʝʣʘʭ 0ï44 ʤʘʩʩ. %. 
ʀʩʧʳʪʘʥʠʷ ʥʘ ʪʨʝʥʠʝ ʠ ʠʟʥʘʰʠʚʘʥʠʝ ʫʧʨʦʯʥʝʥʥʳʭ ʩʣʦʝʚ ʥʘ ʧʦʨʰʥʝʚʦʤ ʪʨʠʙʦʤʝʪʨʝ SRV ʩ ʚʨʘ-

ʱʘʪʝʣʴʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʦʡ ʧʦ ʩʭʝʤʝ ʪʨʝʥʠʷ ʰʘʨïʧʣʦʩʢʦʩʪʴ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝ-
ʙʦʚʘʥʠʷʤʠ ɸSʊʄ G133-02. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʤʘʪʝ-
ʨʠʘʣʝ ʩ 5 ʜʦ 44% ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩ 0,28 ʜʦ 0,13 (ʨʠʩʫʥʦʢ 4).  

 

 
ʉʡʪ. 4. ɻʤʡʸʦʡʞ ʪʧʝʞʩʟʙʦʡʸ ʪʛʡʦʯʙ ʛ ʣʧʥʨʧʠʡʯʡʧʦʦʧʥ ʥʙʫʞʩʡʙʤʞ AlðPb  

ʦʙ ʣʧʶʭʭʡʯʡʞʦʫ ʫʩʞʦʡʸ (ʚʞʠ ʪʥʙʠʣʡ) 
 
ʇʨʦʚʝʣʠ ʪʘʢʞʝ ʦʮʝʥʢʫ ʦʙʲʝʤʥʦʛʦ ʠʟʥʦʩʘ ʥʘ ʜʚʫʭʲʷʜʝʨʥʦʤ ʢʦʥʬʦʢʘʣʴʥʦʤ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝ-

ʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ Leica ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʨʘʟʮʦʤ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 1565ʯʅ2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ 
ʧʫʪʠ ʩʫʭʦʛʦ ʪʨʝʥʠʷ 1765 ʤ ʠʟʥʦʰʝʥʥʳʡ ʦʙʲʝʤ ʩʧʣʘʚʘ 1565ʯʅ2 ʩʦʩʪʘʚʠʣ 0,96 ʤʤ3, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 
ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʠʩʪʝʤʳ AlïPb ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʠʥʮʘ 25 % ʤʘʩʩ. ʪʦʣʴʢʦ 0,43 ʤʤ3. 
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ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 
ʉʊʇ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʢʦʤʧʦʟʠʮʠʦʥ-
ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʜʦʧʫʩʢʘʝʪʩʷ 
ʩʘʤʦʝ ʨʘʟʥʦʦʙʨʘʟʥʦʝ ʩʦʯʝʪʘʥʠʷ ʩʦʝʜʠʥʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢ, ʚʤʝʩʪʦ ʣʫʥʦʢ, ʩʦʜʝʨʞʘʱʠʭ ʣʝʛʢʦʧʣʘʚ-
ʢʠʡ ʢʦʤʧʦʥʝʥʪ, ʤʦʞʥʦ ʨʘʟʤʝʱʘʪʴ ʥʘʚʝʩʢʠ ʥʘʥʦʧʦʨʦʰʢʦʚ. ʉʦʯʝʪʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʠʘʤʘʛʥʠʪʥʫʶ ʠʣʠ 
ʧʘʨʘʤʘʛʥʠʪʥʫʶ ʤʘʪʨʠʮʫ ʩ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʧʦʨʦʰʢʦʤ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʧʦʣʫʯʘʪʴ ʧʦʩʪʦʷʥ-
ʥʳʝ ʤʘʛʥʠʪʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʝʨʝʯʝʥʴ ʧʦʜʦʙʥʳʭ ʩʦʯʝʪʘʥʠʡ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟ-
ʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ. 

ɼʠʩʧʝʨʩʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʉʊʇ ʤʦʞʥʦ ʮʝʣʝ-
ʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʪʴ (ʫʚʝʣʠʯʠʚʘʪʴ) ʧʫʪʝʤ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪ-
ʢʦʡ. ʀʥʠʮʠʘʮʠʶ ʇɸʉ ʠʤʧʫʣʴʩʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʟʦʥʫ ʢʦʥʪʘʢʪʘ ʨʘʟʥʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʤʳ ʥʘʙʣʶʜʘ-
ʣʠ ʥʝ ʨʘʟ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ: 
ï ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʙʘʟʝ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʬʨʠʢʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ).  
ï ʈʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʠʩʪʝʤʳ AlïPb ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʚʠʥʮʘ ʚ ʜʠʘʧʘʟʦʥʝ 0ï44 ʤʘʩʩ. %. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʦʤʧʦʟʠʮʠ-
ʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʠʩʪʝʤʳ AlïPb ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ 0ï30 ʤʘʩ. %. ʅʘʠʙʦʣʝʝ 
ʨʘʮʠʦʥʘʣʴʥʳʤ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʤʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʚ ʤʘʪʝʨʠʘʣʝ ʥʘ ʫʨʦʚʥʝ 15ï30 ʤʘʩ. %. 

ï ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʫʪʠ ʩʫʭʦʛʦ ʪʨʝʥʠʷ 1765 ʤ ʠʟʥʦʰʝʥʥʳʡ ʦʙʲʝʤ ʩʧʣʘʚʘ 1565ʯʅ2 ʩʦʩʪʘʚʠʣ 
0,96 ʤʤ3, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʠʩʪʝʤʳ AlïPb ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʠʥʮʘ 25 
ʤʘʩʩ.% ʪʦʣʴʢʦ 0,43 ʤʤ3, ʪ.ʝ. ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʦʚʳʩʠʣʘʩʴ ʙʦʣʝʝ, ʯʝʤ ʚ 2 ʨʘʟʘ. 

ʈʘʟʚʠʪʠʝ ʦʙʩʫʞʜʘʚʰʝʡʩʷ ʚʳʰʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʂʄ ʩʧʝʮʠʘʣʴʥʦʛʦ 
ʥʘʟʥʘʯʝʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʚʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ï ʨʘʩʰʠʨʝʥʠʝ ʥʦʤʝʥʢʣʘʪʫʨʳ ʥʦʚʳʭ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʂʄ ʠʩʧʦʣʴʟʫʷ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʉʊʇ ʠ ʫʪʦʯʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ 
ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʫʞʜʘʶʪʩʷ ʠ ʤʝʭʘʥʠʟʤ, ʠ ʢʠʥʝʪʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʇɸʉ ʠ ʠʭ ʨʦʣʠ ʚ 
ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʇʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ RU ˉ2828266 ʦʪ 20.12.2023. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʠʟ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ. 
/ ʆʚʯʠʥʥʠʢʦʚ ɺ.ɺ., ʐʣʷʧʠʥ ɸ.ɼ., ʂʫʨʙʘʪʦʚʘ ʀ.ɸ. ʃʫʢʴʷʥʝʥʢʦ ɽ.ɺ. ʋʯʝʚʘʪʢʠʥʘ ʅ.ɺ. ʗʢʫʪʠʥʘ ʉ.ɺ. ʆʧʫʙʣʠ-
ʢʦʚʘʥʦ: 08.10.2024 ɹʶʣ. ˉ 28. 

2. ʆʚʯʠʥʥʠʢʦʚ ɺ.ɺ., ɼʨʠʮ ɸ.ʄ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠ-
ʝʤ ʩʦʝʜʠʥʝʥʠʡ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ AlïMg // ʅʘʫʢʦʸʤʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 
2019. ˉ3. ʉ. 7ï19. 
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ǬǤǰǶǟǰǱǬǺǤ ǰǪǲǶǟǧ ǡ ǰǱǯǭǧǱǤǪǻǬǭǨ 
ǭǱǯǟǰǪǧ ǧ ǰǮǭǰǭǠǺ ǧǴ ǮǯǤǣǭǱǡǯǟǸǤǬǧǾ 

ǱȍȊȄȂȄȌȍȁǿ ǫȄȏȒȄȏȑ ǟȔȋȄȑȍȁȌǿ  
ʤʘʛʠʩʪʨʘʥʪ  

çɸʣʤʘʪʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʥʝʨʛʝʪʠʢʠ ʠ ʩʚʷʟʠ ʠʤʝʥʠ ɻʫʤʘʨʙʝʢʘ ɼʘʫʢʝʝʚʘè 
 

 
ɻʛʞʝʞʦʡʞ 
ʉʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʦʜʥʘʢʦ ʦʩʪʘʸʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘ-

ʤʳʭ ʪʨʘʚʤʦʦʧʘʩʥʳʭ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʪʨʫʜʘ ʠ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ ʈʂ, ʟʥʘ-
ʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʝʞʝʛʦʜʥʦ  ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ. ʆʩʥʦʚʥʳ-
ʤʠ ʧʨʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʠʟʢʠʡ ʫʨʦ-
ʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʨʘʙʦʪʥʠʢʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʥʦʡ ʦʮʝʥʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ. 

ɺ ʫʩʣʦʚʠʷʭ ʚʥʝʜʨʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ (ʚ ʯʘʩʪʥʦʩʪʠ ISO 45001) 
ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʝʨʝʭʦʜ ʢ ʨʠʩʢ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʭʨʘʥʳ ʪʨʫʜʘ. ʕʪʦ ʪʨʝ-
ʙʫʝʪ ʦʪ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʘʚʣʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʚʢʣʶʯʘʷ ʦʙʫʯʝʥʠʝ ʧʝʨ-
ʩʦʥʘʣʘ, ʤʦʜʝʨʥʠʟʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʨʠʯʠʥ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʦʙʦʩʥʦʚʘ-
ʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 
ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʭʨʘʥʳ ʪʨʫʜʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪ-
ʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ. 

ʇʪʦʧʛʦʴʞ ʨʩʡʰʡʦʴ ʦʞʪʰʙʪʫʦʴʮ ʪʤʬʰʙʞʛ 
ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ɽ.ʖ. ʃʶʙʝʮʢʦʛʦ, ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ ʚʢʣʶʯʘʶʪ: [1] 
¶ ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʘʚʠʣ ʦʭʨʘʥʳ ʪʨʫʜʘ; 
¶ ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʨʘʙʦʪʥʠʢʦʚ; 
¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʠʩʧʨʘʚʥʦʛʦ ʠʣʠ ʫʩʪʘʨʝʚʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 
¶ ʆʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩ-
ʣʠ ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 
ʚʳʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ ʨʠʩʢʘ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʩʠʩʪʝʤʳ ʦʭʨʘ-
ʥʳ ʪʨʫʜʘ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʢʘʭ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʦʭʨʘʥʘ ʪʨʫʜʘ, ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ, ʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝ, ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ, ʧʨʦʬʠʣʘʢʪʠʢʘ ʪʨʘʚʤʘʪʠʟʤʘ, ʪʝʭʥʠʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
 

ACCIDENTS IN THE CONSTRUCTION INDUSTRY AND WAYS TO PREVENT THEM 
 

Tolegenova Meruyert Akhmetovna 
 
Abstract: The article examines the main causes of accidents in the construction industry and suggests 
effective methods to prevent them. Statistical data are analyzed, key risk factors are identified, and 
recommendations are developed to improve the occupational safety system at construction sites. 
Keywords: occupational safety, accidents, construction industry, industrial safety, risk management, injury 
prevention, safety technology. 



102 ǠǭǪǻǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǩǭǬǳǤǯǤǬǵǧǾ 

 

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

ʊʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʚʢʣʶʯʘʷ ʫʩʪʘʣʦʩʪʴ ʠ ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʴ, ʠʛʨʘʝʪ 
ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʇʪʦʧʛʦʴʞ ʨʩʡʰʡʦʴ ʦʞʪʰʙʪʫʦʴʮ ʪʤʬʰʙʞʛ ʛ ʪʫʩʧʡʫʞʤʵʦʧʢ ʧʫʩʙʪʤʡ ʉʞʪʨʬʚʤʡʣʡ ʃʙʠʙʮʪʫʙʦ 
ʉʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʂʦʤʠʪʝʪʘ ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦ-
ʤʠʢʠ ʈʂ, ʚ 2023 ʛʦʜʫ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 2670 ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴ-
ʥʦʩʪʴʶ, ʠʟ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʠʰʣʘʩʴ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʡ ʩʝʢʪʦʨ . ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ 
ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚʢʣʶʯʘʶʪ: [2] 

1. ʆʞʬʝʧʛʤʞʫʛʧʩʡʫʞʤʵʦʙʸ ʧʩʜʙʦʡʠʙʯʡʸ ʨʩʧʡʠʛʧʝʪʫʛʙ 
ʅʘʠʙʦʣʝʝ ʯʘʩʪʦʡ ʧʨʠʯʠʥʦʡ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʷʚʣʷʝʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦ ʜʘʥʥʳʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʪʨʫʜʘ ʠ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ ʈʂ, ʚ 
2022 ʛʦʜʫ ʦʢʦʣʦ 36% ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʥʝʜʦʩʪʘʪʢʘʤʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ . 

2. ɼʩʬʚʙʸ ʦʞʧʪʫʧʩʧʟʦʧʪʫʵ ʩʙʚʧʫʦʡʣʧʛ 
ʇʨʠʤʝʨʥʦ 31% ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʧʨʦʠʟʦʰʣʠ ʠʟ-ʟʘ ʛʨʫʙʦʡ ʥʝʦʩʪʦʨʦʞʥʦʩʪʠ ʩʘʤʠʭ ʨʘʙʦʪʥʠʢʦʚ, 

ʚʢʣʶʯʘʷ ʥʝʩʦʙʣʶʜʝʥʠʝ ʠʥʩʪʨʫʢʮʠʡ ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʩʨʝʜʩʪʚʘʤʠ ʠʥʜʠʚʠʜʫ-
ʘʣʴʥʦʡ ʟʘʱʠʪʳ . 

3. ʆʙʩʬʱʞʦʡʞ ʨʩʙʛʡʤ ʧʮʩʙʦʴ ʫʩʬʝʙ 
ʅʘʨʫʰʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʦʭʨʘʥʳ ʪʨʫʜʘ, ʪʘʢʠʝ ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʠʥʩʪʨʫʢʪʘʞʝʡ ʠ ʥʝʩʦ-

ʙʣʶʜʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 7,6% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ . 
4. ʆʞʝʧʪʫʙʫʧʰʦʧʞ ʧʚʬʰʞʦʡʞ ʡ ʡʦʭʧʩʥʡʩʧʛʙʦʡʞ ʨʞʩʪʧʦʙʤʙ 
ʆʪʩʫʪʩʪʚʠʝ ʜʦʣʞʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʙʦʪʥʠʢʦʚ ʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʘʭ ʠ ʤʝʨʘʭ 

ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. ɺ 2022 ʛʦʜʫ ʙʳʣʦ ʚʳʷʚ-
ʣʝʥʦ 56 ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ ʦʙʫʯʝʥʠʝ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ . 

5. ʋʞʮʦʡʰʞʪʣʡʞ ʦʞʡʪʨʩʙʛʦʧʪʫʡ ʡ ʡʠʦʧʱʞʦʦʧʪʫʵ ʧʚʧʩʬʝʧʛʙʦʡʸ 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʘʨʝʚʰʝʛʦ ʠʣʠ ʥʝʠʩʧʨʘʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʢʘʭ. ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠ ʦʪʩʫʪʩʪʚʠʝ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʩʣʫ-
ʞʠʚʘʥʠʷ ʪʝʭʥʠʢʠ ʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʨʠʩʢʘ. 

6. ʊʞʠʧʦʦʴʞ ʡ ʣʤʡʥʙʫʡʰʞʪʣʡʞ ʬʪʤʧʛʡʸ 
ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ, ʚʢʣʶʯʘʷ ʨʝʟʢʠʝ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪ-

ʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʫʚʝʣʠʯʠʚʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʩʚʷ-
ʟʘʥʥʳʭ ʩ ʧʘʜʝʥʠʷʤʠ ʠ ʦʙʤʦʨʦʞʝʥʠʷʤʠ. [5] 

7. ʆʞʝʧʪʫʙʫʧʰʦʴʢ ʣʧʦʫʩʧʤʵ ʪʧ ʪʫʧʩʧʦʴ ʩʬʣʧʛʧʝʪʫʛʙ 
ʆʪʩʫʪʩʪʚʠʝ ʜʦʣʞʥʦʛʦ ʥʘʜʟʦʨʘ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʘʚʠʣ ʦʭʨʘʥʳ ʪʨʫʜʘ ʩʦ ʩʪʦʨʦʥʳ ʨʫ-

ʢʦʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. ʌʦʨʤʘʣʴʥʳʡ 
ʧʦʜʭʦʜ ʢ ʚʦʧʨʦʩʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʥʘʨʫʰʝʥʠʷ ʫʩʫʛʫʙʣʷʶʪ ʩʠʪʫʘʮʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ 
ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʨ, ʚʢʣʶʯʘʷ ʫʣʫʯʰʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫ-
ʜʘ, ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʥʦʚʣʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʩʠʣʝʥʠʝ ʢʦʥ-
ʪʨʦʣʷ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʥʦʨʤ ʦʭʨʘʥʳ ʪʨʫʜʘ. 

ʊʨʧʪʧʚʴ ʨʩʞʝʧʫʛʩʙʲʞʦʡʸ ʦʞʪʰʙʪʫʦʴʮ ʪʤʬʰʙʞʛ 
ɼʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʪʨʘʚʤʘʪʠʟʤʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ 

ʤʝʨ (ʪʘʙʣ. 1): [2] 
ʊʨʧʪʧʚʴ ʨʩʞʝʧʫʛʩʙʲʞʦʡʸ ʦʞʪʰʙʪʫʦʴʮ ʪʤʬʰʙʞʛ ʛ ʪʫʩʧʡʫʞʤʵʦʧʢ ʧʫʩʙʪʤʡ ʉʃ 
ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ ʪʨʝʙʫʝʪ ʥʝ ʩʪʦʣʴʢʦ 

ʛʣʦʙʘʣʴʥʳʭ ʨʝʬʦʨʤ, ʩʢʦʣʴʢʦ ʨʝʘʣʴʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʧʨʦʩʪʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʤʝʨ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʪʝ-
ʢʫʱʠʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʘʥʠʷʭ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠ 
ʧʨʘʢʪʠʯʥʳʝ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʫʞʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʣʠ ʤʦʛʫʪ 
ʙʳʪʴ ʣʝʛʢʦ ʨʝʘʣʠʟʦʚʘʥʳ. [4] 
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ʋʙʚʤʡʯʙ 1 
ʃʧʥʨʤʞʣʪʦʴʞ ʥʞʩʴ ʨʧ ʨʩʞʝʧʫʛʩʙʲʞʦʡʷ ʦʞʪʰʙʪʫʦʴʮ ʪʤʬʰʙʞʛ 

ʂʦʤʧʣʝʢʩʥʘʷ ʤʝʨʘ ʂʦʤʧʦʥʝʥʪʳ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʨʳ 

ʆʙʫʯʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʈʝʛʫʣʷʨʥʳʝ ʪʨʝʥʠʥʛʠ ʠ ʠʥʩʪʨʫʢʪʘʞʠ ʧʦ ʪʝʭʥʠʢʝ 
ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʦʙʦʪʠʟʘʮʠʠ ʜʣʷ 
ʚʳʧʦʣʥʝʥʠʷ ʦʧʘʩʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʣʠʷʥʠʝ 
ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ  

ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤ ʧʦ  
ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 
ʦʧʘʩʥʦʩʪʝʡ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ. 

ʉʪʨʦʛʠʡ ʢʦʥʪʨʦʣʴ ʠ ʘʫʜʠʪ ʇʨʦʚʝʜʝʥʠʝ ʨʝʛʫʣʷʨʥʳʭ ʧʨʦʚʝʨʦʢ ʩʦʩʪʦʷʥʠʷ  
ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʙʣʶʜʝʥʠʷ ʥʦʨʤ ʦʭʨʘʥʳ ʪʨʫʜʘ. 

 
1. ɾʟʞʝʦʞʛʦʴʞ ʣʧʩʧʫʣʡʞ ʡʦʪʫʩʬʣʫʙʟʡ (ʨʸʫʡʥʡʦʬʫʣʡ) 
ɺʦ ʤʥʦʛʠʭ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʷʭ ʚʥʝʜʨʷʝʪʩʷ ʧʨʘʢʪʠʢʘ ʢʦʨʦʪʢʠʭ ʫʪʨʝʥʥʠʭ ʠʥ-

ʩʪʨʫʢʪʘʞʝʡ, ʛʜʝ ʧʨʦʨʘʙ ʥʘʧʦʤʠʥʘʝʪ ʨʘʙʦʪʥʠʢʘʤ ʦ ʪʝʢʫʱʠʭ ʨʠʩʢʘʭ ʠ ʧʨʘʚʠʣʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʦ ʟʘʥʠ-
ʤʘʝʪ 5ï7 ʤʠʥʫʪ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʯʠʩʣʦ ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʘ 20ï30% ʧʦ ʜʘʥʥʳʤ ʚʥʫʪʨʝʥʥʠʭ ʘʫʜʠʪʦʚ. 

2. ʆʙʠʦʙʰʞʦʡʞ ʧʫʛʞʫʪʫʛʞʦʦʴʮ ʠʙ ʚʞʠʧʨʙʪʦʧʪʫʵ ʦʙ ʣʙʟʝʧʥ ʬʰʙʪʫʣʞ 
ʈʝʘʣʴʥʘʷ ʧʨʘʢʪʠʢʘ ð ʥʘʟʥʘʯʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʦʧʳʪʥʳʭ ʨʘʙʦʯʠʭ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʢʦʥʪʨʦʣʴ ʧʨʠʤʝ-

ʥʝʥʠʷ ʉʀɿ (ʢʘʩʢʠ, ʩʪʨʘʭʦʚʢʠ, ʦʙʫʚʴ) ʠ ʩʦʙʣʶʜʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʘʚʠʣ. ʕʪʦ ʥʝ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʜʦʣʞ-
ʥʦʩʪʝʡ, ʥʦ ʧʦʚʳʰʘʝʪ ʜʠʩʮʠʧʣʠʥʫ. 

3. ʈʩʧʪʫʧʢ ʛʡʠʬʙʤʵʦʴʢ ʣʧʦʫʩʧʤʵ 
ʅʘ ʦʙʲʝʢʪʘʭ ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʮʚʝʪʥʳʝ ʪʘʙʣʠʯʢʠ ʠ ʩʭʝʤʳ ʩ ʫʢʘʟʘʥʠʝʤ ʦʧʘʩʥʳʭ ʟʦʥ, ʤʘʨʰʨʫʪʦʚ 

ʵʚʘʢʫʘʮʠʠ, ʤʝʩʪ ʭʨʘʥʝʥʠʷ ʉʀɿ ʠ ʘʧʪʝʯʝʢ. ʊʘʢʦʡ çʥʘʛʣʷʜʥʳʡ ʤʝʪʦʜè ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʧʨʠ ʧʨʠʚʣʝʯʝ-
ʥʠʠ ʩʝʟʦʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʨʘʙʦʯʠʭ, ʧʣʦʭʦ ʦʨʠʝʥʪʠʨʫʶʱʠʭʩʷ ʚ ʥʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

4. ʈʩʙʣʫʡʣʙ ʨʧʧʲʩʞʦʡʸ ʠʙ ʚʞʠʧʨʙʪʦʧʞ ʨʧʛʞʝʞʦʡʞ 
ʅʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʟʘʩʪʨʦʡʱʠʢʦʚ (ʥʘʧʨʠʤʝʨ, BI Group) ʚʥʝʜʨʠʣʠ ʩʠʩʪʝʤʫ ʤʦʪʠʚʘ-

ʮʠʠ: ʟʘ ʩʦʙʣʶʜʝʥʠʝ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ ʦʭʨʘʥʳ ʪʨʫʜʘ ʙʝʟ ʥʘʨʫʰʝʥʠʡ ʟʘ ʤʝʩʷʮ ð ʧʦʦʱʨʝʥʠʝ ʚ ʚʠʜʝ ʧʨʝ-
ʤʠʠ ʠʣʠ ʜʘʞʝ ʩʝʨʪʠʬʠʢʘʪʘ ʥʘ ʦʙʝʜ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʨʘʙʦʪʥʠʢʦʚ. 

5. ʉʞʜʬʤʸʩʦʴʞ ʨʩʧʛʞʩʣʡ ʚʞʠ ʱʫʩʙʭʧʛ 
ɺ ʫʩʣʦʚʠʷʭ ʈʂ ʘʢʪʫʘʣʴʥʘ ʤʦʜʝʣʴ çʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʘʫʜʠʪʘè ð ʢʦʛʜʘ ʠʥʞʝʥʝʨ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ 

ʧʨʦʚʦʜʠʪ ʚʥʝʧʣʘʥʦʚʳʝ ʧʨʦʚʝʨʢʠ, ʥʝ ʰʪʨʘʬʫʝʪ, ʘ ʧʦʢʘʟʳʚʘʝʪ ʦʰʠʙʢʠ ʠ ʦʙʲʷʩʥʷʝʪ, ʢʘʢ ʠʭ ʠʟʙʝʞʘʪʴ. 
ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʪʴ ʨʘʙʦʯʫʶ ʢʫʣʴʪʫʨʫ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʥʝ ʩʪʨʘʭ. 

6. ʇʚʬʰʞʦʡʞ ʥʙʪʫʞʩʧʛ ʡ ʨʩʧʩʙʚʧʛ, ʙ ʦʞ ʫʧʤʵʣʧ ʩʙʚʧʰʡʮ 
ʏʘʩʪʦ ʧʨʦʨʘʙʳ ʚ ʈʂ ʧʨʦʭʦʜʷʪ ʢʫʨʩʳ ʬʦʨʤʘʣʴʥʦ. ʆʜʥʘʢʦ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʪʨʝʥʠʥʛʦʚ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʙʘʟʝ ʎʇʇ ð ʮʝʥʪʨʦʚ ʧʨʠʢʣʘʜʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ) ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʠʭ ʨʝʘʣʴʥʫʶ ʦʩʚʝ-
ʜʦʤʣʸʥʥʦʩʪʴ ʦ ʤʝʪʦʜʘʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. 

7. ʈʩʧʪʫʙʸ ʪʡʪʫʞʥʙ ʧʚʩʙʫʦʧʢ ʪʛʸʠʡ 
ɺʥʝʜʨʝʥʠʝ ʷʱʠʢʘ ʧʨʝʜʣʦʞʝʥʠʡ ʠʣʠ ʯʘʪ-ʛʨʫʧʧʳ ʚ ʤʝʩʩʝʥʜʞʝʨʝ, ʢʫʜʘ ʨʘʙʦʯʠʝ ʤʦʛʫʪ ʩʦʦʙʱʘʪʴ ʦ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʧʘʩʥʦʩʪʷʭ ʠʣʠ ʥʘʨʫʰʝʥʠʷʭ ð ʧʨʦʩʪʦʡ ʠ ʨʘʙʦʪʘʶʱʠʡ ʤʝʭʘʥʠʟʤ. ɽʛʦ ʧʨʠʤʝʥʷʶʪ ʥʘ 
ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʢʘʟʘ. [3] 

8. ʊʞʠʧʦʦʙʸ ʙʝʙʨʫʙʯʡʸ ʬʪʤʧʛʡʢ ʫʩʬʝʙ 
ʆʩʦʙʝʥʥʦ ʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ ʈʂ ʚʘʞʥʳ ʦʙʦʛʨʝʚʘʝʤʳʝ ʙʳʪʦʚʢʠ, ʫʢʨʳʪʠʷ ʦʪ ʚʝʪʨʘ, ʛʦʨʷʯʠʡ 

ʯʘʡ ð ʧʨʦʩʪʳʝ ʤʝʨʳ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʚʥʠʤʘʪʝʣʴʥʦʩʪʴ ʨʘʙʦʯʠʭ 
ʟʠʤʦʡ. [6] 

ʕʪʠ ʤʝʨʳ ʥʝ ʪʨʝʙʫʶʪ ʢʨʫʧʥʳʭ ʠʥʚʝʩʪʠʮʠʡ, ʥʦ ʜʘʶʪ ʨʝʘʣʴʥʳʡ ʵʬʬʝʢʪ. ʀʭ ʤʦʞʥʦ ʚʥʝʜʨʠʪʴ ʫʞʝ 
ʟʘʚʪʨʘ ð ʦʩʦʙʝʥʥʦ ʚ ʤʘʣʦʤ ʠ ʩʨʝʜʥʝʤ ʩʪʨʦʠʪʝʣʴʥʦʤ ʙʠʟʥʝʩʝ, ʛʜʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʨʝʩʫʨʩʳ ʦʛʨʘʥʠ-
ʯʝʥʳ. 
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ʀʙʣʤʷʰʞʦʡʞ 
ʅʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʦʠʩʭʦʜʷʪ ʯʘʩʪʦ ʠ 

ʠʤʝʶʪ ʩʝʨʴʸʟʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ð ʥʘʨʫʰʝʥʠʝ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʝʜʦʩʪʘʪʦʢ 
ʦʙʫʯʝʥʠʷ, ʩʣʘʙʳʡ ʢʦʥʪʨʦʣʴ ʠ ʫʩʪʘʨʝʚʰʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʇʨʠ ʵʪʦʤ ʫʞʝ ʩʝʛʦʜʥʷ ʚʦʟʤʦʞʥʦ ʩʥʠʟʠʪʴ ʪʨʘʚʤʘʪʠʟʤ ʩ ʧʦʤʦʱʴʶ ʜʦʩʪʫʧʥʳʭ ʤʝʨ: ʝʞʝʜʥʝʚʥʳʭ ʠʥ-
ʩʪʨʫʢʪʘʞʝʡ, ʧʨʦʩʪʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʥʘʟʥʘʯʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʧʦʦʱʨʝʥʠʷ ʟʘ 
ʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʠ ʨʝʛʫʣʷʨʥʳʭ ʧʨʦʚʝʨʦʢ ʙʝʟ ʰʪʨʘʬʦʚ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʣʝʞʠʪ ʥʝ ʪʦʣʴʢʦ ʚ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʥʦ ʠ ʚ ʠʟʤʝʥʝʥʠʠ ʧʦʜʭʦʜʘ ʢ ʦʭʨʘʥʝ 
ʪʨʫʜʘ: ʤʝʥʴʰʝ ʬʦʨʤʘʣʴʥʦʩʪʠ ð ʙʦʣʴʰʝ ʨʝʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʦʙʫʯʝʥʠʷ. ʊʘʢʠʝ ʤʝʨʳ ʦʩʦʙʝʥʥʦ ʘʢʪʫ-
ʘʣʴʥʳ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʟʚʝʥʘ ʚ ʈʂ. 
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ǯǟǦǯǟǠǭǱǩǟ ǫǤǯǭǮǯǧǾǱǧǨ Ǯǭ 
ǭǠǤǰǮǤǶǤǬǧǽ ǮǭǥǟǯǬǭǨ ǠǤǦǭǮǟǰǬǭǰǱǧ 
ǥǧǪǭǢǭ ǦǣǟǬǧǾ 

 ǮȄȑȒȔȍȁǿ ǫǿȏȇȌǿ ǟȊȄȉȐȄȄȁȌǿ* 
ǩȒȏȋȚȗȍȁ ǡǿȃȇ ǽȏțȄȁȇȖ* 

ǫȇȏȍȌȍȁ ǟȏȑȄȋ ǩȍȌȐȑǿȌȑȇȌȍȁȇȖ 
ʩʪʫʜʝʥʪʳ 

ʌɻɸʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦè 
 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʥʦʛʦʵʪʘʞʥʳʭ 

ʞʠʣʳʭ ʟʜʘʥʠʡ, ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ ʟʜʘʥʠʷ ʚʳʩʦʪʦʡ ʙʦʣʝʝ 10 ʵʪʘʞʝʡ [1]. ɺ ʨʷʜʝ 
ʩʣʫʯʘʝʚ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʶʜʝʡ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʞʘʨʦʚ ʚ ʪʘʢʠʭ ʟʜʘʥʠʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. 

ʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʠ ʠ ʟʜʦʨʦ-
ʚʴʷ ʣʶʜʝʡ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʥʦʩʪʠ ʠʤʫʱʝʩʪʚʘ. ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʞʠʣʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʛʜʝ ʩʦʩʨʝʜʦʪʦ-
ʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ, ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʣʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʈʘʩʩʤʦʪʨʝʥʳ 
ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʣʫʯ-

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʣʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʫʜʝʣʷʷ 
ʚʥʠʤʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚ-
ʥʳʝ ʵʣʝʤʝʥʪʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʆʙʝʩʧʝʯʝʥʠʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦ-
ʛʦ ʧʦʜʭʦʜʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʛʨʘʤʦʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʶ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʩʘʤʠʭ ʞʠʣʴʮʦʚ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʩʦʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʤʝʨʦ-
ʧʨʠʷʪʠʡ ʧʦ ʫʩʠʣʝʥʠʶ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʘʚʠʣ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʇʦʞʘʨ, ʞʠʣʦʡ ʢʦʤʧʣʝʢʩ, ʵʚʘʢʫʘʮʠʷ, ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʥʩʪʨʫʢ-
ʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʦʙʫʯʝʥʠʝ, ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ. 
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Abstract: The article analyzes the state of fire safety of a residential complex, paying attention to the design 
features of multi-storey buildings and their operation. The main elements affecting security are considered. 
Ensuring fire safety requires an integrated approach that combines competent design, operation, the use of 
modern technologies and the active participation of residents themselves. Based on the results obtained, a list 
of measures has been compiled to strengthen control over compliance with fire safety regulations. 
Keywords: Fire, residential complex, evacuation, spatial planning solutions, constructive solutions, training, 
information. 
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ʰʝʥʠʶ ʩʠʪʫʘʮʠʠ. 
ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʞʠʣʳʝ ʟʜʘʥʠʷ ʟʘʥʠʤʘʶʪ ʦʜʥʦ ʠʟ ʧʝʨʚʳʭ ʤʝʩʪ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʧʦʞʘʨʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʥʫʶ ʧʨʠʯʠʥʫ ʝʞʝʛʦʜʥʦʡ ʩʤʝʨʪʥʦʩʪʠ. ʆʢʦʣʦ 90 % ʚʩʝʭ ʞʝʨʪʚ ʦʪ 
ʧʦʞʘʨʦʚ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʥʥʦ ʥʘ ʞʠʣʴʝ (ʨʠʩ. 1) [2]. 

 

 
ʉʡʪ. 1. ʃʧʤʡʰʞʪʫʛʧ ʨʧʜʡʚʱʡʮ ʛ ʨʧʟʙʩʙʮ ʛ 2023 ʜʧʝʬ ʨʧ ʛʡʝʙʥ ʧʚʳʞʣʫʧʛ 

 
ʇʦʞʘʨʳ ʚ ʞʠʣʳʭ ʢʦʤʧʣʝʢʩʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʛʨʦʟʫ ʜʣʷ ʣʶʜʝʡ, ʩʦʦʨʫʞʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʮʝʥʥʦʩʪʝʡ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ, ʘ ʪʘʢʞʝ ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʣʘʤʝʥʠ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʛʠʙʰʠʭ ʧʦ ʦʩʥʦʚʥʳʤ ʧʨʠʯʠʥʘʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʧʦʞʘʨʦʚ ʚ 2023 ʛʦʜʫ (ʨʠʩ.2). 

 

 
ʉʡʪ. 2. ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʨʧʜʡʚʱʡʮ ʨʧ ʧʪʦʧʛʦʴʥ ʨʩʡʰʡʦʙʥ ʛʧʠʦʡʣʦʧʛʞʦʡʸ ʨʧʟʙʩʧʛ 

 
ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ ï ʥʝʦʩʪʦʨʦʞʥʦʝ ʦʙʨʘʱʝʥʠʝ ʩ ʦʛʥʝʤ. ʆʢʦʣʦ 50% ʧʨʠʯʠʥ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ ʠʤʝʥʥʦ ʪʘʢʘʷ. ɼʨʫʛʘʷ ʧʨʠʯʠʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ ï ʅʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ 
ʫʩʪʨʦʡʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʢʦʣʦ 30%. 

ʊʘʢʞʝ, ʢʫʭʦʥʥʘʷ ʟʦʥʘ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʛʦʨʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʩʨʝʜʝ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ 
ʥʝʡ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʜʚʝʜʝʥʠʝʤ ʛʘʟʘ, ʥʘʣʠʯʠʝʤ ʙʳʪʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʩʦʢʠʤʠ ʪʝʤʧʝ-
ʨʘʪʫʨʘʤʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʫʭʦʥʥʦʡ ʟʦʥʝ ʩʢʘʧʣʠʚʘʝʪʩʷ ʧʳʣʴ ʠ ʞʠʨ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʦʩʧʣʘʤʝʥʷʝ-
ʤʦʡ ʩʤʝʩʴʶ.  

ɾʠʣʳʝ ʢʦʤʥʘʪʳ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʧʦʞʘʨʥʳʝ ʦʧʘʩʥʦʩʪʠ: ʥʝʠʩʧʨʘʚʥʳʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʜʦʤʘ, 
ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʦʛʨʝʚʘʪʝʣʝʡ ʚʙʣʠʟʠ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʠʣʠ ʥʝʧʨʘ-
ʚʠʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʟʘʩʳʧʘʥʠʝ ʚʦ ʚʨʝʤʷ ʢʫʨʝʥʠʷ ʠ ʩʚʝʯʠ, ʦʩʪʘʚʣʝʥʥʳʝ ʙʝʟ 
ʧʨʠʩʤʦʪʨʘ. 
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ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʧʦʞʘʨʥʫʶ ʥʘʛʨʫʟʢʫ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʪʘʞʥʦʩʪʴ ʦʙʲʝʢʪʘ. ʕʪʦ ʟʘʤʝʜʣʷʝʪ ʵʚʘ-
ʢʫʘʮʠʶ ʩ ʚʝʨʭʥʠʭ ʵʪʘʞʝʡ, ʟʘʪʨʫʜʥʷʝʪ ʜʦʩʪʫʧ ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ ʢ ʧʦʩʪʨʘʜʘʚʰʠʤ ʠ ʠʩʪʦʯʥʠʢʘʤ ʦʛʥʷ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʜʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʙʠʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʦʨʠʜʦʨʦʚ ʠ 
ʚʳʙʠʨʘʪʴ ʥʫʞʥʳʝ ʪʠʧʳ ʣʝʩʪʥʠʯʥʳʭ ʧʣʦʱʘʜʦʢ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʠ ʙʳʩʪʨʦʡ ʵʚʘʢʫʘʮʠʠ. ʊʘʢ-
ʞʝ, ʜʦʣʞʥʳ ʙʳʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʜʦʨʦʞʥʳʝ ʧʦʜʲʝʟʜʳ ʜʣʷ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ.  

ʊʘʢʠʝ ʦʙʲʝʢʪʳ, ʢʘʢ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʝ ʜʦʤʘ ʜʦʣʞʥʳ ʠʤʝʪʴ ʪʘʢʦʝ ʠʩʧʦʣʥʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ 
ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʣʠ ʙʳ ʩʚʦʝʚʨʝʤʝʥʥʫʶ, ʙʳʩʪʨʫʶ ʠ ʙʝʟʦʧʘʩʥʫʶ 
ʵʚʘʢʫʘʮʠʶ ʣʶʜʝʡ ʠʟ ʟʜʘʥʠʷ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ.  

ʅʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʞʠʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ [3]. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ:  

ī ʇʨʘʚʠʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʟʜʘʥʠʡ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʫʧ ʧʦ-
ʞʘʨʥʦʡ ʪʝʭʥʠʢʠ.  

ī ʕʚʘʢʫʘʮʠʦʥʥʳʝ ʚʳʭʦʜʳ ï ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʭʦʜʦʚ, ʢʦ-
ʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʦʙʦʜʥʳ ʦʪ ʧʨʝʧʷʪʩʪʚʠʡ.  

ī ʉʠʩʪʝʤʳ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʩʠʛʥʘʣʠʟʘ-
ʮʠʠ ʠ ʦʧʦʚʝʱʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʥʘ ʚʩʝʭ ʵʪʘʞʘʭ [4]. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʧʦʞʘʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʞʠʣʳʭ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʦʚ ʚʳʧʦʣ-
ʥʷʪʴ ʪʨʝʙʦʚʘʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʩʥʠʟʠʪʴ ʧʨʷʤʦʡ ʫʱʝʨʙ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦ-
ʛʠʙʰʠʭ ʧʨʠ ʧʦʞʘʨʝ. ʅʦ ʜʘʞʝ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪ-
ʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ, ʪʘʢ ʢʘʢ ʣʶʜʠ ʥʝ ʩʦʙʣʶʜʘʶʪ ʥʘʜʣʝʞʘʱʠʝ ʧʨʘʚʠʣʘ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ: 
1. ʀʥʬʦʨʤʠʨʦʚʘʥʠʝ ʞʠʣʴʮʦʚ ï ʨʘʟʤʝʱʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦ ʧʨʘʚʠʣʘʭ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʦʙʱʠʭ ʟʦʥʘʭ, ʪʘʢʠʭ ʢʘʢ ʭʦʣʣʳ ʠ ʣʠʬʪʦʚʳʝ ʧʣʦʱʘʜʢʠ. ɿʘʯʘʩʪʫʶ ʦʪʩʫʪʩʪʚʫʶʪ ʧʣʘʥʳ ʵʚʘ-
ʢʫʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʟʜʘʥʠʷʭ ʩʪʘʨʦʡ ʧʦʩʪʨʦʡʢʠ. ʅʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʫʧʨʘʚʣʷʶʱʘʷ ʢʦʤʧʘʥʠʷ ʨʘʟʤʝʱʘʣʘ 
ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʤʝʩʪʘʭ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. 

2. ʆʙʫʯʝʥʠʝ ʞʠʣʴʮʦʚ ï ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʙʫʯʝʥʠʝ ʞʠʣʴʮʦʚ ʧʨʘʚʠʣʘʤ ʧʦʚʝʜʝʥʠʷ ʚ ʩʣʫʯʘʝ ʧʦʞʘʨʘ, 
ʘ ʪʘʢʞʝ ʧʨʘʚʠʣʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʛʥʝʪʫʰʠʪʝʣʝʡ ʠ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʧʦʞʘʨʦʪʫʰʝʥʠʷ.  

ɾʠʣʳʝ ʟʜʘʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʵʪʘʞʥʦʩʪʠ ʦʩʥʘʱʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ 
ʟʘʱʠʪʳ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʘʭ ʠ ʠʭ ʪʫʰʝʥʠʷ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 
ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʩʣʫʯʘʝ ʧʦʞʘʨʘ ʞʠʪʝʣʠ ʟʜʘʥʠʡ ʜʦʣʞʥʳ ʟʥʘʪʴ ʠʭ ʥʘʟʥʘʯʝʥʠʝ, ʧʦʨʷʜʦʢ ʧʨʠʤʝʥʝʥʠʷ ʠ 
ʤʝʩʪʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʚʢʣʶʯʝʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʫʯʝʥʠʷ ʧʦ ʵʚʘʢʫʘʮʠʠ ʞʠʣʴʮʦʚ ʚ ʩʣʫʯʘʝ ʧʦʞʘʨʘ, ʯʪʦʙʳ ʢʘʞʜʳʡ ʟʥʘʣ ʩʚʦʠ 
ʜʝʡʩʪʚʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʙʫʯʝʥʠʝ ʥʝ ʧʨʦʚʦʜʠʪʩʷ, ʣʠʙʦ ʦʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʙʦʯʝʝ ʠʣʠ 
ʫʯʝʙʥʦʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʙʦʣʴʰʠʥʩʪʚʦ ʞʠʣʴʮʦʚ ʦʪʩʫʪʩʪʚʫʶʪ ʜʦʤʘ. 

3. ʋʩʪʘʥʦʚʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʚʥʝʜʨʷʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠ-
ʯʝʩʢʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʦʟʛʦʨʘʥʠʝ.  

ʉʪʝʧʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʞʘʨʘ ʚ ʟʜʘʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʬʘʢʪʦʨʘʤʠ: ʧʦʞʘ-
ʨʦʤ, ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʜʘʥʠʷ. ʎʝʣʴ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʞʠʣʦʤ ʟʜʘ-
ʥʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʧʦʞʘʨʘ, ʩʚʝʜʝʥʠʠ ʢ ʤʠʥʠʤʫʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ ʠ ʜʳʤʘ, ʘ 
ʪʘʢʞʝ ʩʦʟʜʘʥʠʶ ʫʩʣʦʚʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʠʩʪʝʤʘʤ ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ ʚʳʧʦʣʥʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ, ʙʝʟ-
ʦʪʢʘʟʥʫʶ ʨʘʙʦʪʫ. ʀʤʝʥʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ, ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 
ʧʨʘʚʠʣʴʥʦʩʪʴ ʠʭ ʚʳʙʦʨʘ, ʫʩʪʘʥʦʚʢʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʦʞʝʪ ʧʦʤʦʯʴ ʨʝʰʠʪʴ ʚʦ-
ʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʞʠʣʳʭ ʢʦʤʧʣʝʢʩʘʭ [5]. 

ɼʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʞʘʨʥʦʡ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʚ ʞʠʣʳʭ ʟʜʘʥʠʷʭ. ɺʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦʤʦʞʝʪ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʧʦʞʘʨʦʚ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʨʘʜʘʚʰʠʭ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʚʣʝʯʴ ʢʦʤʧʘʥʠʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ 
ʟʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʦʤʝʱʝʥʠʡ, ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ, ʥʦ ʚʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩ-
ʥʦʩʪʴ ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʧʘʥʠʡ, ʥʦ ʠ ʩʘʤʠʭ ʞʠʣʴʮʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 
ʙʳʪʴ ʦʩʚʝʜʦʤʣʝʥʳ ʠ ʛʦʪʦʚʳ ʢ ʜʝʡʩʪʚʠʷʤ ʚ ʵʢʩʪʨʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ. 
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ǰǱǯǲǩǱǲǯǟ ǧǰǮǭǪǻǦǭǡǟǬǧǾ ǴǤǷǧǯǭǡǟǬǧǾ 
ǡ ǱǤǴǬǭǪǭǢǧǧ ǠǪǭǩǶǤǨǬǟ ǡ ǳǧǬǟǬǰǭǡǭǨ 
ǰǳǤǯǤ 

ǳǿȆȚȊȅǿȌȍȁ ǯǿȁȇȊț ǯȇȓȔǿȑȍȁȇȖ 
ʩʪʫʜʝʥʪ 

ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ɸʤʘʥʞʦʣʦʚʘ 
 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ: ɾʝʥʠʩʢʫʣʴ ɾʘʥʪʘʩʦʚʘ ɿʝʡʥʝʰʦʚʥʘ, 
ʉʳʟʜʳʢʧʘʝʚʘ ɸʡʛʫʣʴ ʈʘʤʘʟʘʥʦʚʥʘ 

ʧʨʦʬʝʩʩʦʨʳ ʢʘʬʝʜʨʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ɸʤʘʥʞʦʣʦʚʘ 

 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʝʰʠʨʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥʘ 
ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʝ ʂʘʟʘʭʩʪʘʥʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʢʨʠʧʪʦ-
ʛʨʘʬʠʯʝʩʢʦʛʦ ʭʝʰʠʨʦʚʘʥʠʷ, ʘʨʭʠʪʝʢʪʫʨʘ ʙʣʦʢʯʝʡʥ-ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʄʝʨʢʣʝ-ʜʝʨʝʚʴʷ ʠ ʘʣʛʦʨʠʪʤʳ 
Proof-of-Work ʠ Proof-of-Stake. ɺʳʷʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʭʝʰʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʦʙʝʩʧʝʯʝʥʠʝ ʮʝʣʦʩʪ-
ʥʦʩʪʠ ʜʘʥʥʳʭ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʪʨʘʥʟʘʢʮʠʡ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʯʝʨʝʟ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʳ. ʆʪʜʝʣʴʥʦʝ 
ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʵʥʝʨʛʦʸʤʢʦʩʪʴʶ ʠ ʩʢʦʨʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʪʨʘʥʟʘʢʮʠʡ, ʘ 
ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʢʘʤ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʨʠʤʝ-
ʥʝʥʠʶ ʭʝʰʠʨʦʚʘʥʠʷ ʚ ʬʠʥʘʥʩʦʚʳʭ ʧʣʘʪʬʦʨʤʘʭ ʂʘʟʘʭʩʪʘʥʘ. ʈʘʙʦʪʘ ʠʤʝʝʪ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʠ ʧʨʘʢʪʠʯʝ-
ʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʬʠʥʪʝʭ-ʨʝʰʝʥʠʡ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ 
ʩʪʨʫʢʪʫʨʘʤʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʙʣʦʢʯʝʡʥ, ʭʝʰʠʨʦʚʘʥʠʝ, ʬʠʥʘʥʩʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʨʠʧʪʦʛʨʘʬʠʷ, ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʳ, 
Proof-of-Work, Proof-of-Stake, ʂʘʟʘʭʩʪʘʥ. 
 

THE STRUCTURE OF THE USE OF HASHING IN BLOCKHAIN TECHNOLOGY IN THE FINANCIAL 
SECTOR 

Fazylzhanov Ravil Rifkhatovich 
 

Scientific advisers: Zheniskul Zhantasova Zeyneshovna, 
Syzdykpaeva Aigul Ramazanovna 

 
Abstract: The article examines the structure of the use of hashing in blockchain technology in relation to the 
financial sector of Kazakhstan. The theoretical foundations of cryptographic hashing, the architecture of block-
chain systems, including Merkle trees and Proof-of-Work and Proof-of-Stake algorithms are analyzed. The 
advantages of hashing have been identified, such as ensuring data integrity, transaction transparency, and 
process automation through smart contracts. Special attention is paid to the limitations associated with energy 
consumption and transaction processing speed, as well as the disadvantages of legal regulation. Recommen-
dations on the effective use of hashing in Kazakhstan's financial platforms are presented. The work has theo-
retical and practical significance and can be used by fintech solution developers and government agencies. 
Keywords: blockchain, hashing, financial technologies, cryptography, smart contracts, Proof-of-Work, Proof-
of-Stake, Kazakhstan. 
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ɻʛʞʝʞʦʡʞ 
ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʳ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʚʦʧʨʦʩʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʦʧʝʨʘʮʠʡ. ɺʩʸ ʙʦʣʴʰʝ ʬʠʥʘʥʩʦʚʳʭ ʦʨʛʘʥʠʟʘ-
ʮʠʡ ʧʝʨʝʭʦʜʷʪ ʥʘ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʫʷʟʚʠʤʳʤʠ ʢ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʘʪʘʢ ʠ ʤʘʭʠʥʘ-
ʮʠʡ. ʆʜʥʦʡ ʠʟ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʟʚʘʥʥʳʭ ʨʝʰʘʪʴ ʵʪʠ ʟʘʜʘʯʠ, ʷʚʣʷʝʪʩʷ ʙʣʦʢʯʝʡʥ. ɽʛʦ ʢʣʶʯʝ-
ʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚʳʩʪʫʧʘʝʪ ʤʝʭʘʥʠʟʤ ʭʝʰʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʟʘʱʠʪʫ ʜʘʥʥʳʭ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠ-
ʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʠʤʝʥʝʥʠʷ ʭʝ-
ʰʠʨʦʚʘʥʠʷ ʚ ʙʣʦʢʯʝʡʥ-ʩʠʩʪʝʤʘʭ ʠ ʚʳʷʚʣʝʥʠʷ ʝʛʦ ʟʥʘʯʝʥʠʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʬʠʥʘʥʩʦʚʳʭ 
ʪʨʘʥʟʘʢʮʠʡ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʛʜʝ ʪʨʘʥʟʘʢʮʠʠ ʧʨʦʭʦʜʷʪ ʩ ʥʝʚʝʨʦʷʪʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʘ ʦʙʲʸʤʳ ʜʘʥʥʳʭ 
ʨʘʩʪʫʪ, ʩʪʘʥʦʚʠʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʳʤ ʧʦʥʠʤʘʪʴ, ʢʘʢ ʠʤʝʥʥʦ ʨʘʙʦʪʘʝʪ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ, ʢʘʢʠʝ ʫ ʥʝʸ ʧʨʝʠʤʫ-
ʱʝʩʪʚʘ, ʛʜʝ ʝʸ ʩʣʘʙʳʝ ʤʝʩʪʘ ʠ ʢʘʢ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʙʣʦʢʯʝʡʥʘ ʚ ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʝ. ʇʨʝʜʤʝʪʦʤ ð 
ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʭʝʰʠʨʦʚʘʥʠʷ ʚ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʷʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʬʠʥʘʥʩʦʚʳʭ 
ʦʧʝʨʘʮʠʷʭ. 

ʎʝʣʴ ʨʘʙʦʪʳ ð ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʧʨʠʤʝʥʝʥʠʷ ʭʝʰʠʨʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥʘ ʠ 
ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʸʞʥʦʩʪʠ ʬʠʥʘʥʩʦʚʳʭ ʦʧʝʨʘʮʠʡ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
Å ʀʟʫʯʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʭʝʰʠʨʦʚʘʥʠʷ ʠ ʝʛʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ; 
Å ʈʘʩʩʤʦʪʨʝʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʙʣʦʢʯʝʡʥ-ʩʠʩʪʝʤ ʠ ʦʧʨʝʜʝʣʠʪʴ ʨʦʣʴ ʭʝʰ-ʬʫʥʢʮʠʡ; 
Å ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʝʰʠʨʦʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʬʠʥʘʥʩʦʚʳʭ ʧʣʘʪʬʦʨʤ (Bitcoin, 

Ethereum ʠ ʜʨ.); 
Å ʆʮʝʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʭʝʰʠʨʦʚʘʥʠʷ ʚ ʬʠʥʘʥʩʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ; 
Å ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʭʝʰʠʨʦʚʘʥʠʷ. 
1. ʋʞʧʩʞʫʡʰʞʪʣʡʞ ʧʪʦʧʛʴ ʫʞʮʦʧʤʧʜʡʡ ʚʤʧʣʰʞʢʦ ʡ ʮʞʱʡʩʧʛʙʦʡʸ 
ɹʣʦʢʯʝʡʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʧʨʝʜʝʣʸʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʡ ʠʥʬʦʨʤʘʮʠʷ ʟʘʧʠʩʳʚʘʝʪ-

ʩʷ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʧʦʤʦʱʴʶ ʭʝʰʝʡ. ʂʘʞʜʳʡ ʥʦʚʳʡ ʙʣʦʢ 
ʩʦʜʝʨʞʠʪ ʭʝʰ ʧʨʝʜʳʜʫʱʝʛʦ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʟʘʱʠʱʸʥʥʦʩʪʴ ʚʩʝʡ ʮʝʧʠ [1]. ʊʘʢʘʷ ʩʪʨʫʢ-
ʪʫʨʘ ʩʦʟʜʘʸʪ ʵʬʬʝʢʪ çʮʝʧʦʯʢʠ ʩ ʟʘʤʢʦʤè: ʝʩʣʠ ʠʟʤʝʥʠʪʴ ʭʦʪʷ ʙʳ ʦʜʠʥ ʙʣʦʢ, ʧʨʠʜʸʪʩʷ ʧʝʨʝʩʯʠʪʘʪʴ ʭʝ-
ʰʠ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ, ʯʪʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. 

ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʜʘʥʥʳʝ ʚ ʙʣʦʢʘʭ ʥʝ ʧʦʜʜʘʶʪʩʷ ʤʦʜʠ-
ʬʠʢʘʮʠʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʚʩʝʡ ʮʝʧʦʯʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʪʝʭʥʦʣʦʛʠʶ ʢʨʘʡʥʝ ʥʘʜʸʞʥʦʡ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴ-
ʥʦ ʜʣʷ ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʳ, ʛʜʝ ʜʘʞʝ ʤʘʣʝʡʰʠʝ ʦʰʠʙʢʠ ʠʣʠ ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠ-
ʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ. 

ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʝ ʭʝʰʠʨʦʚʘʥʠʝ ð ʵʪʦ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʪʨʦʢʫ ʬʠʢʩʠʨʦ-
ʚʘʥʥʦʡ ʜʣʠʥʳ, ʢʦʪʦʨʘʷ ʫʥʠʢʘʣʴʥʦ ʦʪʨʘʞʘʝʪ ʩʦʜʝʨʞʠʤʦʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʍʝʰ-ʬʫʥʢʮʠʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 
ʩʚʦʡʩʪʚ: ʦʜʥʦʩʪʦʨʦʥʥʦʩʪʴʶ (ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠʟ ʭʝʰʘ), ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 
ʢʦʣʣʠʟʠʷʤ (ʤʘʣʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʩʦʚʧʘʜʝʥʠʡ) ʠ ʥʝʠʟʤʝʥʥʦʩʪʴʶ ʧʨʠ ʤʘʣʝʡʰʠʭ ʠʟʤʝʥʝʥʠʷʭ ʚʦ ʚʭʦʜʥʳʭ 
ʜʘʥʥʳʭ [5]. ʕʪʠ ʩʚʦʡʩʪʚʘ ʜʝʣʘʶʪ ʠʭ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʚ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ. ʂʨʦʤʝ 
ʪʦʛʦ, ʭʝʰʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʮʝʧʦʯʝʢ ʙʣʦʢʦʚ, ʥʦ ʠ ʚ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʘʭ ʢʨʠʧ-
ʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʪʦʢʦʣʦʚ, ʥʘʧʨʠʤʝʨ, ʚ ʮʠʬʨʦʚʳʭ ʧʦʜʧʠʩʷʭ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

2. ʊʫʩʬʣʫʬʩʙ ʮʞʱʡʩʧʛʙʦʡʸ ʛ ʚʤʧʣʰʞʢʦ-ʪʡʪʫʞʥʙʮ 
ʍʝʰʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʜʘʥʥʳʭ. ɹʣʦʢ ʚʢʣʶʯʘʝʪ ʟʘʛʦʣʦʚʦʢ 

ʩ ʭʝʰʝʤ ʧʨʝʜʳʜʫʱʝʛʦ ʙʣʦʢʘ, ʤʝʪʢʫ ʚʨʝʤʝʥʠ, nonce, ʘ ʪʘʢʞʝ ʢʦʨʝʥʴ ʄʝʨʢʣʝ-ʜʝʨʝʚʘ ð ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜ-
ʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʭʝʰʝʡ ʚʩʝʭ ʪʨʘʥʟʘʢʮʠʡ ʙʣʦʢʘ [5]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ 
ʪʦʣʴʢʦ ʩʦʭʨʘʥʷʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʝʨʷʪʴ ʝʸ ʧʦʜʣʠʥʥʦʩʪʴ. 

ʄʝʨʢʣʝ-ʜʝʨʝʚʴʷ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʦʙʲʸʤ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʝʨʠʬʠʢʘ-
ʮʠʠ ʪʨʘʥʟʘʢʮʠʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʙʣʦʢʯʝʡʥ-ʩʠʩʪʝʤ [6]. ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʡ 
ʩʪʨʫʢʪʫʨʳ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʦʜʥʦʡ ʪʨʘʥʟʘʢʮʠʠ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚʝʩʴ ʤʘʩʩʠʚ ʜʘʥ-
ʥʳʭ ð ʜʦʩʪʘʪʦʯʥʦ ʥʝʩʢʦʣʴʢʠʭ ʭʝʰʝʡ ʚ ʮʝʧʦʯʢʝ. 
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ʇʦʧʫʣʷʨʥʳʝ ʢʨʠʧʪʦʚʘʣʶʪʳ, ʪʘʢʠʝ ʢʘʢ Bitcoin ʠ Ethereum, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʭʝʰ-ʬʫʥʢʮʠʠ SHA-
256 ʠ Keccak ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [1]; [4]. ʅʘʧʨʠʤʝʨ, ʚ Bitcoin ʭʝʰʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʪʨʘʥʟʘʢ-
ʮʠʡ, ʙʣʦʢʦʚ ʠ ʧʨʠ ʧʨʦʮʝʩʩʝ ʤʘʡʥʠʥʛʘ, ʛʜʝ ʤʘʡʥʝʨʳ ʠʱʫʪ ʧʨʘʚʠʣʴʥʳʡ nonce, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ 
ʙʣʦʢ ʩ ʥʫʞʥʳʤ ʭʝʰʝʤ. ʕʪʦ ʥʘʟʳʚʘʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʨʘʙʦʪʳ (Proof-of-Work), ʠ ʦʥʦ ʷʚʣʷʝʪʩʷ ʚʘʞ-
ʥʳʤ ʵʣʝʤʝʥʪʦʤ ʟʘʱʠʪʳ ʩʝʪʠ. ɺ Ethereum, ʧʦʤʠʤʦ Keccak, ʚʥʝʜʨʷʶʪʩʷ ʥʦʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʪʘʢʠʝ ʢʘʢ 
Proof-of-Stake, ʛʜʝ ʨʦʣʴ ʭʝʰʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʦʩʪʘʸʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʘʣʠʜʥʦʩʪʠ 
ʙʣʦʢʦʚ. 

3. ʈʩʡʥʞʦʞʦʡʞ ʮʞʱʡʩʧʛʙʦʡʸ ʛ ʭʡʦʙʦʪʧʛʧʢ ʪʭʞʩʞ 
ɺ ʬʠʥʘʥʩʦʚʦʤ ʩʝʢʪʦʨʝ ʂʘʟʘʭʩʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʙʣʦʢʯʝʡʥ ʩ ʭʝʰʠʨʦʚʘʥʠʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦ-

ʚʳʰʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʥʘʜʸʞʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʪʨʘʥʟʘʢʮʠʡ. ʂʘʢ ʦʪʤʝʯʘʶʪ ɿʝʡʥʝʣʴʛʘʙʜʠʥ ɸ.ɹ. ʠ ɸʭ-
ʤʝʪʙʝʢ ɽ.ɽ., ʭʝʰ-ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʢʨʠʧʪʦʚʘʣʶʪ-
ʥʳʭ ʧʣʘʪʬʦʨʤʘʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʝʨʠʬʠʢʘʮʠʶ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ [1]. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʤʛʥʦʚʝʥʥʦ ʧʨʦʚʝʨʷʪʴ 
ʧʦʜʣʠʥʥʦʩʪʴ ʜʘʥʥʳʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʪʘʢʠʭ ʩʬʝʨʘʭ, ʢʘʢ ʦʥʣʘʡʥ-ʧʣʘʪʝʞʠ, ʪʨʘʥʩʛʨʘʥʠʯʥʳʝ ʧʝʨʝ-
ʚʦʜʳ, ʫʯʸʪ ʬʠʥʘʥʩʦʚʳʭ ʘʢʪʠʚʦʚ. 

ʄʘʨʛʘʮʢʘʷ ʀ. ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʙʣʦʢʯʝʡʥʘ ʥʘ ʬʦʥʜʦʚʦʤ ʨʳʥʢʝ ʂʘʟʘʭʩʪʘʥʘ ʠ ʧʦʜʯʸʨʢʠ-
ʚʘʝʪ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʠʩʢ ʤʦʰʝʥʥʠʯʝʩʪʚʘ ʠ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʜʦʚʝʨʠʷ ʢ 
ʬʠʥʘʥʩʦʚʳʤ ʠʥʩʪʠʪʫʪʘʤ [2]. ʕʪʦ ʚʦʟʤʦʞʥʦ ʠʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʭʝʰʠʨʦʚʘʥʠʶ, ʢʦʪʦʨʦʝ ʜʝʣʘʝʪ ʧʦʜʜʝʣʢʫ 
ʜʘʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦʡ. ʀʥʚʝʩʪʦʨʳ ʠ ʫʯʘʩʪʥʠʢʠ ʨʳʥʢʘ ʧʦʣʫʯʘʶʪ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʛʘʨʘʥ-
ʪʠʨʫʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʦʧʝʨʘʮʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠʚʣʝʯʝʥʠʶ ʢʘʧʠʪʘʣʘ ʠ ʫʢʨʝʧʣʝʥʠʶ ʨʳʥʢʘ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ɸʭʤʝʪʙʝʢʘ ɽ. ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʚʘʣʶʪ ʠ ʙʣʦʢʯʝʡʥ-
ʨʝʰʝʥʠʡ ʚ ʫʧʨʘʚʣʝʥʠʝ ʬʠʥʘʥʩʦʚʳʤʠ ʘʢʪʠʚʘʤʠ, ʛʜʝ ʭʝʰʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʸʞʥʫʶ ʟʘʱʠʪʫ ʠʥ-
ʬʦʨʤʘʮʠʠ ʠ ʧʦʜʜʝʨʞʢʫ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ [5]. ʉʤʘʨʪ-ʢʦʥʪʨʘʢʪʳ, ʨʝʘʣʠʟʫʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ʭʝʰʝʡ, ʘʚʪʦʤʘ-
ʪʠʯʝʩʢʠ ʠʩʧʦʣʥʷʶʪʩʷ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢ-
ʪʦʨ ʚ ʩʜʝʣʢʘʭ [8]. ʅʘʧʨʠʤʝʨ, ʚ ʩʠʩʪʝʤʝ ʠʧʦʪʝʯʥʦʛʦ ʢʨʝʜʠʪʦʚʘʥʠʷ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʨʦ-
ʛʨʘʤʤʠʨʦʚʘʥ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʩʧʦʣʥʝʥʠʝ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʡ, 
ʯʪʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʠ ʟʘʜʝʨʞʝʢ. 

4. ʈʩʞʡʥʬʲʞʪʫʛʙ ʡ ʧʜʩʙʦʡʰʞʦʡʸ ʮʞʱʡʩʧʛʙʦʡʸ ʛ ʭʡʦʙʦʪʧʛʴʮ ʫʞʮʦʧʤʧʜʡʸʮ 
ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ ʭʝʰʠʨʦʚʘʥʠʷ ʚ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʷʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 
Å ʥʘʜʸʞʥʫʶ ʟʘʱʠʪʫ ʦʪ ʧʦʜʜʝʣʦʢ ʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ; 
Å ʦʙʝʩʧʝʯʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ; 
Å ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʩʝʭ ʦʧʝʨʘʮʠʡ; 
Å ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʯʝʨʝʟ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʳ [3]; [6]; [10]. 
ʕʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʝʣʘʶʪ ʪʝʭʥʦʣʦʛʠʶ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʥʝ ʪʦʣʴʢʦ ʚ ʢʨʠʧʪʦʚʘʣʶʪʘʭ, ʥʦ ʠ ʚ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʭ ʩʝʨʚʠʩʘʭ, ʵʣʝʢʪʨʦʥʥʦʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʝ, ʩʠʩʪʝʤʘʭ ʛʦʣʦʩʦʚʘʥʠʷ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʬʝʨʘʭ. 
ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʯʪʦ ʭʝʰʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʦʚʝʨʠʝ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ 
ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʥʝʟʥʘʢʦʤʳ ʠʣʠ ʜʘʞʝ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʢʦʥʢʫʨʝʥʮʠʠ. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʊʦʣʢʘʯʝʚʘ ɸ. ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʚʳʩʦʢʘʷ ʵʥʝʨʛʦ-
ʸʤʢʦʩʪʴ ʭʝʰʠʨʦʚʘʥʠʷ (ʦʩʦʙʝʥʥʦ ʚ ʩʠʩʪʝʤʘʭ ʪʠʧʘ Proof-of-Work), ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 
ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʩʪʨʘʥʘʭ ʉʅɻ ʩʦʟʜʘʶʪ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʙʣʦʢʯʝʡʥ-
ʩʠʩʪʝʤ [4]. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʧʨʦʙʣʝʤʫ ʩʢʦʨʦʩʪʠ: ʢʣʘʩʩʠʯʝʩʢʠʝ ʙʣʦʢʯʝʡʥʳ, ʥʘʧʨʠʤʝʨ 
Bitcoin, ʩʧʦʩʦʙʥʳ ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʪʨʘʥʟʘʢʮʠʡ ʚ ʩʝʢʫʥʜʫ, ʯʪʦ ʩʪʘʥʦʚʠʪʩʷ ʫʟʢʠʤ ʤʝ-
ʩʪʦʤ ʧʨʠ ʧʦʧʳʪʢʘʭ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ [7]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦʧʨʦʩʳ ʧʨʠʚʘʪʥʦʩʪʠ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʘʱʠʱʸʥ-
ʥʦʩʪʴ ʜʘʥʥʳʭ, ʧʫʙʣʠʯʥʳʝ ʙʣʦʢʯʝʡʥʳ ʟʘʯʘʩʪʫʶ ʧʦʟʚʦʣʷʶʪ ʚʠʜʝʪʴ ʚʩʝ ʦʧʝʨʘʮʠʠ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʧʦʜʭʦʜʠʪ 
ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʝʢʪʦʚ. 

5. ʋʞʧʩʞʫʡʰʞʪʣʙʸ ʡ ʨʩʙʣʫʡʰʞʪʣʙʸ ʠʦʙʰʡʥʧʪʫʵ 
ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʩʪʨʫʢʪʫʨʳ ʭʝʰʠʨʦʚʘʥʠʷ ʢʘʢ ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʠ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʝʟ 
ʧʦʥʠʤʘʥʠʷ ʭʝʰʠʨʦʚʘʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʥʦʮʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʙʣʦʢʯʝʡʥʘ. ʇʨʘʢʪʠʯʝʩʢʘʷ 
ʟʥʘʯʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚʳʚʦʜʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʝʟʦʧʘʩʥʳʭ ʬʠʥʘʥ-



112 ǠǭǪǻǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǩǭǬǳǤǯǤǬǵǧǾ 

 

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

ʩʦʚʳʭ ʧʣʘʪʬʦʨʤ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʙʘʥʢʦʚʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʮʠʬʨʦʚʳʭ ʙʠʨʞ, ʵʣʝʢʪʨʦʥʥʳʭ 
ʥʦʪʘʨʠʘʪʦʚ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʝʨʚʠʩʦʚ [10]. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʨʘ-
ʙʦʪʘʶʱʠʤ ʚ ʩʬʝʨʝ ʬʠʥʪʝʭʘ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʪʦʨʘʤ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʤ ʥʦʨʤʘʪʠʚʥʳʝ ʘʢʪʳ ʜʣʷ ʮʠʬʨʦʚʦʡ 
ʵʢʦʥʦʤʠʢʠ. ʕʪʦ ʜʝʣʘʝʪ ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʳʤ ʢʘʢ ʩ ʥʘʫʯʥʦʡ, ʪʘʢ ʠ ʩ ʧʨʠʢʣʘʜʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

6. ʆʧʛʡʠʦʙ ʡ ʬʦʡʣʙʤʵʦʧʪʫʵ ʡʪʪʤʞʝʧʛʙʦʡʸ 
ʅʦʚʠʟʥʘ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʢʮʝʥʪʝ ʥʘ ʩʪʨʫʢʪʫʨʝ ʠ ʩʧʝʮʠʬʠʢʝ ʭʝʰʠʨʦʚʘʥʠʷ 

ʠʤʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʬʠʥʘʥʩʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʦʙʱʸʥʥʳʭ ʟʘʨʫʙʝʞʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʩʠʩʪʝʤʘʪʠʟʠʨʫʝʪ ʤʝʩʪʥʳʡ ʦʧʳʪ, ʫʯʠʪʳʚʘʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʫʶ 
ʩʨʝʜʫ, ʦʩʦʙʝʥʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ ʠ ʨʝʘʣʴʥʫʶ ʧʨʘʢʪʠʢʫ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢ-
ʯʝʡʥ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʬʠʥʪʝʭ-
ʧʣʘʪʬʦʨʤ ʠ ʩʠʩʪʝʤ ʮʠʬʨʦʚʳʭ ʧʣʘʪʝʞʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʘʜʘʧʪʘʮʠʷ ʭʝʰ-ʬʫʥʢʮʠʡ ʧʦʜ ʣʦʢʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʢʘ ʛʠʙʨʠʜʥʳʭ 
ʩʠʩʪʝʤ ʠʣʠ ʠʥʪʝʛʨʘʮʠʷ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ. 
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ǵǧǳǯǭǡǭǨ ǮǭǯǱǟǪ ǣǭǮǭǪǬǧǱǤǪǻǬǭǢǭ 
ǭǠǯǟǦǭǡǟǬǧǾ ǡ ǰǳǤǯǤ ǧǬǩǪǽǦǧǧ 
©ǩǲǯǰǺǧǬǩǪǽǦǧǧ,ǯǳ¹ 

ǠȍȀǿȏȚȉȇȌǿ ǟȌǿȐȑǿȐȇȞ ǭȊȄȂȍȁȌǿ 
ʦʙʫʯʘʶʱʘʷʩʷ 1 ʢʫʨʩʘ  

ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ 09.03.03 ʇʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘ 
ɻʫʤʘʥʠʪʘʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ (ʬʠʣʠʘʣ)  
ʌɻɸʆʋ ɺʆ çʂʌʋ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦè ʚ ʛ. ʗʣʪʝ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɻʘʣʣʠʥʠ ʅʘʜʝʞʜʘ ʀʛʦʨʝʚʥʘ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ 
ɻʫʤʘʥʠʪʘʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ (ʬʠʣʠʘʣ)  
ʌɻɸʆʋ ɺʆ çʂʌʋ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦè ʚ ʛ. ʗʣʪʝ 

 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʠʷ ʠ ʨʝʘʣʠʟʘʮʠʷ ʧʦʨʪʘʣʘ çʂʫʨʩʳʀʥʢʣʶʟʠʠ.ʈʌè, ʧʨʝʜʥʘ-
ʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʜʘʛʦʛʦʚ, ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʫʯʘʩʪʥʠʢʦʚ ʦʙʨʘ-
ʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʦʙʣʘʩʪʠ ʠʥʢʣʶʟʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦ-
ʜʫʣʠ ʧʣʘʪʬʦʨʤʳ, ʚʢʣʶʯʘʷ ʢʘʪʘʣʦʛ ʢʫʨʩʦʚ, ʩʠʩʪʝʤʫ ʘʜʘʧʪʠʚʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʩʨʝʜʩʪʚʘ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʷ ʫʯʠʪʝʣʷ, ʨʦʜʠʪʝʣʷ ʠ ʩʧʝʮʠʘʣʠʩʪʘ, ʘ ʪʘʢʞʝ ʠʥʩʪʨʫʤʝʥʪʳ ʘʥʘʣʠʪʠʢʠ ʫʯʝʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʈʘʩʩʤʦʪ-
ʨʝʥʳ ʤʝʪʦʜʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʘʚʪʦʨʩʢʠʭ ʤʝʪʦʜʠʢ ʦʙʫʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʥʘʚʳʢʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʢʣʶʟʠʚʥʦʡ ʩʨʝʜʳ ʠ ʧʦʜʜʝʨʞʢʠ ʦʙʫʯʘʶʱʠʭʩʷ ʩ ʆɺɿ. ʆʙʦʩʥʦʚʘʥʘ ʨʦʣʴ ʧʦʨʪʘʣʘ 
ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʨʘʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʧʨʦʜʚʠʞʝʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʚ ʠʥʢʣʶʟʠʚʥʦʡ ʧʝʜʘʛʦʛʠʢʝ 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʮʠʬʨʦʚʦʡ ʧʦʨʪʘʣ, ʠʥʢʣʶʟʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʘʜʘʧ-
ʪʠʚʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʫʯʝʥʠʝ. 
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Abstract: This paper presents the concept and implementation of the digital portal çKursyInkluzii.RFè de-
signed to enhance the professional development of teachers, support specialists and educational stakeholders 
in the field of inclusive education. The main functional modules of the platform are described, including a 
course catalog, adaptive testing system, communication tools for teachers, parents, and specialists, as well as 
learning analytics features. The methods for developing and integrating original teaching methodologies fo-
cused on creating an inclusive environment and supporting learners with special needs are examined. The 
role of the portal in ensuring equal access to supplementary education and promoting digital technologies in 
inclusive pedagogy is substantiated. 
Keywords: digital portal, inclusive education, supplementary education, adaptive testing, e-learning. 
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XIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɺ ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʘ ʢ ʮʠʬʨʦʚʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʦʨʛʘʥʠ-
ʟʘʮʠʷ ʠʥʢʣʶʟʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʨʘʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ. 
ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʫʨʩʦʚ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 
ʢʘʯʝʩʪʚʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʝʜʘʛʦʛʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʦʙʫʯʘʶʱʠʤʠʩʷ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 
ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʜʦʨʦʚʴʷ. ʇʦʨʪʘʣ çʂʫʨʩʳʀʥʢʣʶʟʠʠ.ʈʌè ʩʦʟʜʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʯʘʤʠ ʛʦʩʫʜʘʨ-
ʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʠʥʢʣʶʟʠʚʥʳʭ ʧʨʘʢʪʠʢ, ʦʪʨʘʞʸʥʥʳʤʠ ʚ ʥʦʨʤʘ-
ʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʠ ʧʦʩʣʘʥʠʷʭ ʨʫʢʦʚʦʜʩʪʚʘ ʩʪʨʘʥʳ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʦʨʪʘʣʘ çʂʫʨʩʳʀʥʢʣʶʟʠʠ.ʈʌè ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʦʞʝʥʠʷʤʠ ʬʝʜʝʨʘʣʴʥʳ-
ʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (ʧʨʠʢʘʟ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʦʪ 
17 ʥʦʷʙʨʷ 2021 ʛ. ˉ 1705). ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʩʚʝʱʝʥʠʷ ʈʦʩʩʠʠ ʧʦ ʨʘʟʚʠʪʠʶ 
ʠʥʢʣʶʟʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʧʨʠʢʘʟ ʄʠʥʧʨʦʩʚʝʱʝʥʠʷ ʦʪ 15 ʬʝʚʨʘʣʷ 2023 ʛ. ˉ 42) ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʢʦʥʪʝʥʪʘ 
ʢʫʨʩʦʚ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʫʯʪʝʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʋʢʘ-
ʟʦʤ ʦʪ 21 ʠʶʣʷ 2020 ʛ. ˉ 474 çʆ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʷʭ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 
ʛʦʜʘè. ɼʦ ʚʥʝʜʨʝʥʠʷ ʝʜʠʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʨʦʟʥʝʥʥʦ: ʨʝʛʠʩʪʨʘ-
ʮʠʷ ʫʯʘʩʪʥʠʢʦʚ ʯʝʨʝʟ Google Forms, ʨʫʯʥʘʷ ʟʘʛʨʫʟʢʘ ʩʣʫʰʘʪʝʣʝʡ ʚ LMS Moodle ʂʌʋ, ʧʨʦʭʦʞʜʝʥʠʝ ʢʫʨʩʦʚ ʠ 
ʜʣʠʪʝʣʴʥʦʝ ʦʞʠʜʘʥʠʝ ʚʳʜʘʯʠ ʩʝʨʪʠʬʠʢʘʪʦʚ. ʇʝʨʝʭʦʜ ʥʘ ʝʜʠʥʳʡ ʚʝʙ-ʩʝʨʚʠʩ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʘʜʤʠ-
ʥʠʩʪʨʘʪʠʚʥʳʝ ʟʘʜʝʨʞʢʠ, ʦʙʝʩʧʝʯʠʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʚʳʜʘʯʫ ʵʣʝʢʪʨʦʥʥʳʭ ʩʝʨʪʠʬʠʢʘʪʦʚ ʠ ʧʦʚʳʩʠʪʴ ʜʦʩʪʫʧ-
ʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʧʝʜʘʛʦʛʦʚ ʚ ʩʬʝʨʝ ʠʥʢʣʶʟʠʠ. 

ʇʦʨʪʘʣ çʂʫʨʩʳʀʥʢʣʶʟʠʠ.ʈʌè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʫʣʴʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶ-
ʱʠʝ ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʇʝʨʚʳʡ ʢʦʤʧʦʥʝʥʪ ʢʘʪʘʣʦʛ ʪʝʤʘʪʠʯʝʩʢʠʭ ʢʫʨʩʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩ ʫʯʸʪʦʤ 
ʪʨʝʙʦʚʘʥʠʡ ʌɻʆʉ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ɺʆɿ. ʂʘʞʜʳʡ ʢʫʨʩ ʩʥʘʙʞʸʥ ʧʦʜʨʦʙʥʳʤ ʦʧʠʩʘʥʠʝʤ, ʫʯʝʙʥʳʤ ʧʣʘʥʦʤ ʠ 
ʤʫʣʴʪʠʤʝʜʠʡʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɺʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʥʘ 
ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʦʙʫʯʝʥʠʷ ʚʳʷʚʣʷʪʴ ʧʨʦʙʝʣʳ ʚ ʟʥʘʥʠʷʭ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 
ʤʘʨʰʨʫʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʥʪʝʥʪʘ. ʊʨʝʪʠʡ ʢʦʤʧʦʥʝʥʪ ʦʪʚʝʯʘʝʪ ʟʘ ʘʥʘʣʠʪʠʢʫ ʫʯʝʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʦʙʠʨʘʷ 
ʜʘʥʥʳʝ ʦ ʧʨʦʛʨʝʩʩʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʛʝʥʝʨʠʨʫʷ ʦʪʯʸʪʳ ʜʣʷ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. 

ʇʦʨʪʘʣ çʂʫʨʩʳʀʥʢʣʶʟʠʠ.ʈʌè ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʙʘʟʝ ASP .NET Core ʧʨʝʜʣʘʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʨʝ-
ʛʠʩʪʨʘʮʠʠ ʯʝʨʝʟ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʯʪʫ ʠʣʠ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ: ʧʦʩʣʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʣʠʯʥʦ-
ʩʪʠ ʚ ʣʠʯʥʦʤ ʢʘʙʠʥʝʪʝ ʧʦʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧ ʢ ʢʘʪʘʣʦʛʫ ʢʫʨʩʦʚ, ʛʜʝ ʤʦʞʥʦ ʦʩʪʘʚʠʪʴ ʟʘʷʚʢʫ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ 
ʧʨʦʛʨʘʤʤʳ. ʅʘ ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʟʘ ʧʨʦʚʝʨʢʫ ʢʦʨʨʝʢʪʥʦʩʪʠ ʟʘʛʨʫʞʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʦʢʫʤʝʥʪʦʚ ʦʪʚʝ-
ʯʘʝʪ ʤʦʜʝʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʦʧʝʨʘʪʠʚʥʦ ʦʮʝʥʠʚʘʝʪ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ-
ʩʪʠ ʟʘʧʨʘʰʠʚʘʝʪ ʫʪʦʯʥʷʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʩʣʫʰʘʪʝʣʴ ʠʤʝʝʪ ʥʝʦʙʭʦʜʠ-
ʤʳʝ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʫʯʘʩʪʠʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʫʨʩʘʭ, ʘ ʧʨʦʮʝʩʩ ʧʨʠʸʤʘ ʦʩʪʘʸʪʩʷ 
ʧʨʦʟʨʘʯʥʳʤ ʠ ʥʘʜʸʞʥʳʤ. 

ɺ ʨʘʙʦʪʝ ɹʝʨʝʩʥʝʚʘ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. ɸʚʪʦʨ ʦʧʠʩʳʚʘʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʥʘʯʘʣʘ ʚʳʧʦʣ-
ʥʷʝʪʩʷ ʩʝʛʤʝʥʪʘʮʠʷ ʩʪʨʘʥʠʮʳ ʠ ʚʳʜʝʣʝʥʠʝ ʦʙʣʘʩʪʝʡ ʩ ʪʝʢʩʪʦʤ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ 
ʬʠʣʴʪʨʘʮʠʠ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʘ ʟʘʪʝʤ ʧʨʠʤʝʥʷʝʪʩʷ OCR-ʤʦʜʫʣʴ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʩʦ 
ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʩʝʪʴʶ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʦʧʝʯʘʪʦʢ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 
ʫʜʝʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʝ ʥʠʟʢʦʢʦʥʪʨʘʩʪʥʳʭ ʠ ʯʘʩʪʠʯʥʦ ʧʦʚʨʝʞʜʸʥʥʳʭ ʫʯʘʩʪʢʦʚ ʩʢʘʥʘ, ʛʜʝ ʩʪʘʥʜʘʨʪʥʳʝ 
OCR-ʙʠʙʣʠʦʪʝʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʥʘʜʸʞʥʦʩʪʴ. ɹʝʨʝʩʥʝʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 
ʩʚʝʨʪʦʯʥʳʭ ʩʝʪʝʡ ʥʘ ʵʪʘʧʝ ʧʦʩʪ-ʦʙʨʘʙʦʪʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ (ʪʦʯʥʦʩʪʴ 
ʜʦ 93 %) ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʪʝʢʩʪʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʦʙʫʯʝʥʥʳʭ ʰʘʙʣʦʥʦʚ ʵʣʝʤʝʥʪʦʚ 
ʜʦʢʫʤʝʥʪʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʨʪʘʣ çʂʫʨʩʳʀʥʢʣʶʟʠʠ.ʈʌè ʥʘ ʙʘʟʝ ASP .NET Core ʫʩʧʝʰʥʦ 
ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʩʬʝʨʝ ʠʥʢʣʶʟʠʠ, 
ʦʙʲʝʜʠʥʷʷ ʵʪʘʧʳ ʨʝʛʠʩʪʨʘʮʠʠ, ʧʨʠʸʤʘ ʟʘʷʚʦʢ, ʧʨʦʭʦʞʜʝʥʠʷ ʢʫʨʩʦʚ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʚʳʜʘʯʠ ʩʝʨʪʠʬʠ-
ʢʘʪʦʚ. ɽʛʦ ʤʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʚʳʩʪʨʦʝʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʝʜʝʨʘʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʠ ʥʘʮʠ-
ʦʥʘʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʧʨʦʮʝʜʫʨ, ʥʦ ʠ 
ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʟʘʜʝʨʞʢʠ, ʨʘʥʝʝ ʚʦʟʥʠʢʘʚʰʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʦʟ-
ʥʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ (Google Forms ʠ Moodle). ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳ-
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ʩʦʢʠʡ ʫʨʦʚʝʥʴ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʩ-
ʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʫʯʝʥʠʷ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʣʘʪʬʦʨʤʳ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ: ʠʥʪʝʛʨʘʮʠʶ 
ʘʣʛʦʨʠʪʤʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʟʘʛʨʫʞʘʝʤʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʚʥʝʜ-
ʨʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʨʝʘʣʠʟʘʮʠʶ 
ʤʝʭʘʥʠʟʤʦʚ ʘʜʘʧʪʠʚʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʊʘʢʠʝ ʫʣʫʯʰʝʥʠʷ ʧʦʟʚʦʣʷʪ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʨʫʯʥʦʝ ʫʯʘ-
ʩʪʠʝ ʤʦʜʝʨʘʪʦʨʘ, ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ ʜʦ ʜʦʣʝʡ ʩʝʢʫʥʜʳ ʠ ʦʙʝʩʧʝʯʠʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴ-
ʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ʠʥʩʪʨʫʤʝʥʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʜʘʛʦʛʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʠʥ-
ʢʣʶʟʠʚʥʦʡ ʩʨʝʜʝ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʇʨʠʢʘʟ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʩʚʝʱʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 15 ʬʝʚʨʘʣʷ 2023 ʛ. ˉ 42 çʆʙ 

ʫʪʚʝʨʞʜʝʥʠʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʠʥʢʣʶʟʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷè. 
2. ʇʨʠʢʘʟ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʦʪ 17 ʥʦʷʙʨʷ 2021 ʛ. ˉ 1705 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷè. 
3. ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʦʪ 21 ʠʶʣʷ 2020 ʛ. ˉ 474 çʆ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʷʭ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘè. 
4. ɹʫʨʝʥʠʥʘ, ʉ. ʖ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʝʡʩ-ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʩ 

ʧʨʦʙʣʝʤʘʤʠ ʦʨʛʘʥʦʚ ʩʣʫʭʘ ʠ ʧʦ ʧʨʦʙʣʝʤʘʤ ʣʠʮ ʩ ʥʘʨʫʰʝʥʠʝʤ ʦʨʛʘʥʦʚ ʩʣʫʭʘ / ʉ. ʖ. ɹʫʨʝʥʠʥʘ // ʉʦʮʠ-
ʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʯʝʣʦʚʝʢʘ: ʧʫʪʠ ʨʝʰʝʥʠʷ (ʧʘʤʷʪʠ ʧʨʦʬʝʩ-
ʩʦʨʘ ɸ.ʇ. ʆʨʣʦʚʦʡ) : ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ. ï ɺʠʪʝʙʩʢ : ɺʠʪʝʙʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 
ʇ.ʄ. ʄʘʰʝʨʦʚʘ, 2024. ï ʉ. 23-31. ï EDN ZQQOCS. 

5. ɹʝʨʝʩʥʝʚ, ɼ. ɺ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ / ɼ. ɺ. ɹʝʨʝʩʥʝʚ // ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ, ʢʦʤʤʝʨʯʝ-
ʩʢʠʭ, ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʧʨʠʣʦʞʝʥʠʷʭ : ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʤʠʥʘʨʘ ʩʪʫʜʝʥ-
ʪʦʚ ʢʘʬʝʜʨʳ "ʀʥʞʝʥʝʨʥʦʡ ʢʠʙʝʨʥʝʪʠʢʠ", ʄʦʩʢʚʘ, 30ï31 ʤʘʷ 2024 ʛʦʜʘ. ï ʄʦʩʢʚʘ: ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩ-
ʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ "ʄʀʉʀʉ", 2024. ï ʉ. 23-29. ï EDN XIDCPH. 
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ǲǣǩ 4/2,62 

ǮǯǭǠǪǤǫǺ ǭǠǤǰǮǤǶǤǬǧǾ ǮǭǥǟǯǬǭǨ 
ǠǤǦǭǮǟǰǬǭǰǱǧ ǭǳǧǰǬǭǢǭ ǮǭǫǤǸǤǬǧǾ ǡ 
ǧǰǱǭǯǧǶǤǰǩǭǫ ǦǣǟǬǧǧ 

ǰȇȋȍȌȍȁǿ ǫǿȏȇȌǿ ǟȊȄȉȐǿȌȃȏȍȁȌǿ, 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ 

ǰȍȊȍȁțȄȁȐȉȇȈ ǟȏȑȒȏ ǟȌǿȑȍȊțȄȁȇȖ 
ʩʪʫʜʝʥʪ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 
 

 
ɻʛʞʝʞʦʡʞ 

ʀʩʪʦʨʠʯʝʩʢʠʝ ʟʜʘʥʠʷ, ʦʙʣʘʜʘʷ ʚʳʩʦʢʦʡ ʢʫʣʴʪʫʨʥʦʡ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʮʝʥʥʦʩʪʴʶ, ʯʘʩʪʦ ʨʝʢʦʥʩʪʨʫ-
ʠʨʫʶʪʩʷ ʧʦʜ ʩʦʚʨʝʤʝʥʥʳʝ ʥʫʞʜʳ, ʚʢʣʶʯʘʷ ʨʘʟʤʝʱʝʥʠʝ ʦʬʠʩʥʳʭ ʧʦʤʝʱʝʥʠʡ. ʆʜʥʘʢʦ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʷ 
ʩʦʧʨʷʞʝʥʘ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʨʠʩʢʘʤʠ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʟ-ʟʘ:   

- ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʧʝʨʝʧʣʘʥʠʨʦʚʢʫ ʠ ʫʩʪʘʥʦʚʢʫ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ (ʩʪ. 47.3 ʌɿ ˉ 73 "ʆʙ ʦʙʲʝʢʪʘʭ 
ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ") [1];   

- ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʨʶʯʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʜʝʨʝʚʷʥʥʳʝ ʧʝʨʝʢʨʳʪʠʷ, ʜʝʢʦʨʘʪʠʚʥʳʝ 
ʵʣʝʤʝʥʪʳ);   

- ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʩʪʘʨʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʚʨʝʤʝʥʥʳʤ ʥʦʨʤʘʪʠʚʘʤ (ʉʇ 1.13130.2020).   
ʀʩʭʦʜʷ ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʄʏʉ ʈʦʩʩʠʠ [2], ʚ ʩʨʝʜʥʝʤ ʧʦ ʩʪʨʘʥʝ ʧʨʦʠʩʭʦʜʠʪ ʪʨʠ ʧʦʞʘʨʘ ʚ 

ʦʬʠʩʘʭ ʝʞʝʜʥʝʚʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʢʘʞʜʳʡ ʤʝʩʷʮ ʛʠʙʥʝʪ 1 ʯʝʣʦʚʝʢ (ʪʘʙʣ. 1). 
 
 

ɹʦʦʧʫʙʯʡʸ: cʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʧʨʦʙʣʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʬʠʩʥʳʭ ʧʦʤʝ-
ʱʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʜʘʥʠʷʭ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʥʦ-
ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ, ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʠ ʧʫʪʠ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩ-
ʢʦʚ. ʇʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʘʜʘʧʪʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʫʯʝʪʦʤ 
ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʦʭʨʘʥʝʥʠʶ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ.   
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʠʩʪʦʨʠʯʝʩʢʦʝ ʟʜʘʥʠʝ, ʦʬʠʩʥʦʝ ʧʦʤʝʱʝʥʠʝ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ, 
ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʩʠʩʪʝʤʳ.   
 

PROBLEMS OF ENSURING FIRE SAFETY OF OFFICE PREMISES IN A HISTORIC BUILDING 
 

Solovevsky Artur Anatolyevich, 
Simonova Marina Alexandrovna 

 
Annotation: The article is devoted to the analysis of the problems of ensuring fire safety of office premises 
located in historical buildings. The features of architectural and planning solutions, limitations in the moderni-
zation of engineering systems and ways to minimize risks are considered. Recommendations on the adapta-
tion of modern fire-fighting technologies are proposed, considering the requirements for the preservation of 
cultural heritage sites.   
Keywords: fire safety, historical building, office space, reconstruction, fire protection systems. 
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ʋʙʚʤʡʯʙ 1  
ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʠʦʙʰʞʦʡʢ ʨʧʣʙʠʙʫʞʤʞʢ ʧʚʪʫʙʦʧʛʣʡ ʪ ʨʧʟʙʩʙʥʡ, ʨʧ ʣʤʙʪʪʬ ʭʬʦʣʯʡʧʦʙʤʵʦʧʢ 

ʨʧʟʙʩʦʧʢ ʧʨʙʪʦʧʪʫʡ ʧʚʳʞʣʫʙ - ʍ4.3 (ʧʭʡʪʴ) [3] 

ɻʦʜ 
ʂʦʣ-ʚʦ ʧʦʞʘʨʦʚ, 

ʝʜ. 
ʇʦʛʠʙʣʦ ʣʶʜʝʡ, 

ʯʝʣ. 
ʊʨʘʚʤʠʨʦʚʘʥʦ 
ʣʶʜʝʡ, ʯʝʣ. 

ʇʨʷʤʦʡ ʫʱʝʨʙ, 
ʤʣʥ ʨʫʙ. 

2023 873 13 32 557610 

2022 951 20 41 131,40 

2021 832 8 30 98,58 

2020 851 5 18 145,61 

2019 938 10 21 100,94 

 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʨʝʜʣʦʞʠʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʠʩʪʦʨʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʟʜʘʥʠʷ.   
1. ʇʪʦʧʛʦʴʞ ʨʩʧʚʤʞʥʴ ʨʧʟʙʩʦʧʢ ʚʞʠʧʨʙʪʦʧʪʫʡ 

1.1. ɹʩʮʡʫʞʣʫʬʩʦʧ-ʨʤʙʦʡʩʧʛʧʰʦʴʞ ʧʜʩʙʦʡʰʞʦʡʸ 
ʀʩʪʦʨʠʯʝʩʢʠʝ ʟʜʘʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʝ ʚ XIX ï ʥʘʯʘʣʝ XX ʚʝʢʘ, ʯʘʩʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥ-

ʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʵʚʘʢʫʘʮʠʠ ʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʝ. ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʚʢʣʶʯʘʶʪ:   
- ʋʟʢʠʝ ʵʚʘʢʫʘʮʠʦʥʥʳʝ ʧʫʪʠ: ʉʦʛʣʘʩʥʦ ʧ. 4.4.1 ʉʇ 1.13130.2020 [4], ʰʠʨʠʥʘ ʢʦʨʠʜʦʨʦʚ ʥʘ ʧʫʪʷʭ 

ʵʚʘʢʫʘʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 1,2 ʤ. ɺ ʩʪʘʨʳʭ ʟʜʘʥʠʷʭ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʚʩʝʛʦ 0,7ï
1,0 ʤ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʙʳʩʪʨʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʝ.   

- ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʭʦʜʦʚ: ʇ. 4.2.7 ʉʇ 1.13130.2020 ʪʨʝʙʫʝʪ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʵʚʘʢʫʘʮʠ-
ʦʥʥʳʭ ʚʳʭʦʜʦʚ ʩ ʢʘʞʜʦʛʦ ʵʪʘʞʘ, ʝʩʣʠ ʯʠʩʣʝʥʥʦʩʪʴ ʣʶʜʝʡ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ 50 ʠ ʙʦʣʝʝ 
ʯʝʣʦʚʝʢ. ɺ ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʡʢʘʭ ʚʪʦʨʦʡ ʚʳʭʦʜ ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʠʣʠ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴ-
ʥʦʤ ʨʘʩʩʪʦʷʥʠʠ.   

- ɺʳʩʦʢʠʝ ʘʪʨʠʫʤʳ ʠ ʦʪʢʨʳʪʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ: ɹʦʣʴʰʠʝ ʟʘʣʳ ʩ ʜʝʨʝʚʷʥʥʳʤʠ ʧʝʨʝʢʨʳʪʠʷʤʠ ʩʧʦ-
ʩʦʙʩʪʚʫʶʪ ʙʳʩʪʨʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʦʛʥʷ ʠ ʜʳʤʘ.   

1.2. ʇʜʩʙʦʡʰʞʦʡʸ ʦʙ ʥʧʝʞʩʦʡʠʙʯʡʷ ʡʦʟʞʦʞʩʦʴʮ ʪʡʪʫʞʥ   
ʋʩʪʘʥʦʚʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʩʠʩʪʝʤ ʚ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʜʘʥʠʷʭ ʦʩʣʦʞʥʷʝʪʩʷ ʩʣʝʜʫʶ-

ʱʠʤʠ ʬʘʢʪʦʨʘʤʠ:   
- ɿʘʧʨʝʪ ʥʘ ʥʘʨʫʰʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ: ʉʦʛʣʘʩʥʦ ʩʪ. 47.3 ʌɿ ˉ 73, ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʥʝʩʫʱʠʭ ʩʪʝʥ, 

ʬʘʩʘʜʦʚ ʠ ʠʥʪʝʨʴʝʨʦʚ ʪʨʝʙʫʶʪ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʦʨʛʘʥʘʤʠ ʦʭʨʘʥʳ ʧʘʤʷʪʥʠʢʦʚ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʢʣʘʜ-
ʢʫ ʢʘʙʝʣʝʡ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ.   

- ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʵʣʝʢʪʨʦʩʝʪʝʡ: ʉʪʘʨʘʷ ʧʨʦʚʦʜʢʘ ʯʘʩʪʦ ʥʝ ʚʳʜʝʨʞʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʦʪ ʩʠʩʪʝʤ ʘʚ-
ʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ (ɸʇʉ) ʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ (ʇʋʕ 7.1) [5].   

- ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʠʟʫʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ: ɼʘʪʯʠʢʠ, ʠʟʚʝʱʘʪʝʣʠ ʠ ʦʛʥʝʪʫʰʠʪʝʣʠ ʜʦʣʞʥʳ ʫʩʪʘ-
ʥʘʚʣʠʚʘʪʴʩʷ ʪʘʢ, ʯʪʦʙʳ ʥʝ ʥʘʨʫʰʘʪʴ ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʙʣʠʢ ʧʦʤʝʱʝʥʠʡ.   

1.3. ʈʧʟʙʩʦʙʸ ʧʨʙʪʦʧʪʫʵ ʪʫʩʧʡʫʞʤʵʦʴʮ ʥʙʫʞʩʡʙʤʧʛ   
ʄʥʦʛʠʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʟʜʘʥʠʷ ʩʦʜʝʨʞʘʪ ʛʦʨʶʯʠʝ ʵʣʝʤʝʥʪʳ:   
- ɼʝʨʝʚʷʥʥʳʝ ʧʝʨʝʢʨʳʪʠʷ ʠ ʦʪʜʝʣʢʘ: ʇʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʤʘʪʝʨʠʘʣʳ ʢʣʘʩʩʘ 

ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʥʝ ʥʠʞʝ ʂʄ2 (ʫʤʝʨʝʥʥʦʛʦʨʶʯʠʝ). ʆʜʥʘʢʦ ʟʘʤʝʥʘ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʝʨʝʚʷʥʥʳʭ ʧʘʥʝ-
ʣʝʡ ʠʣʠ ʧʘʨʢʝʪʘ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ.   

- ɼʝʢʦʨʘʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ: ʃʝʧʥʠʥʘ, ʪʢʘʥʝʚʳʝ ʦʙʦʠ ʠ ʜʨʫʛʠʝ ʜʝʪʘʣʠ ʠʥʪʝʨʴʝʨʘ ʫʚʝʣʠʯʠʚʘʶʪ ʧʦ-
ʞʘʨʥʫʶ ʥʘʛʨʫʟʢʫ.   

2. ɻʧʠʥʧʟʦʴʞ ʨʬʫʡ ʩʞʱʞʦʡʸ 
2.1. ɹʝʙʨʫʡʛʦʴʞ ʨʩʧʫʡʛʧʨʧʟʙʩʦʴʞ ʪʡʪʫʞʥʴ   
ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʟʜʘʥʠʷ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ:   
- ʊʦʥʢʦʨʘʩʧʳʣʷʝʤʳʝ ʩʠʩʪʝʤʳ ʧʦʞʘʨʦʪʫʰʝʥʠʷ (ʊʈɺ) 1 ʢʣʘʩʩ: 90% ʢʘʧʝʣʴ ʤʝʥʴʰʝ 200 ʤʠʢʨʦʥ.[6] 
- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʷʥʳʭ ʩʠʩʪʝʤ ʚ ʧʦʤʝʱʝʥʠʷʭ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʧʝʨʝʢʨʳʪʠʷ.    
ɹʝʩʧʨʦʚʦʜʥʳʝ ʩʠʩʪʝʤʳ ʩʠʛʥʘʣʠʟʘʮʠʠ:   
- ɼʘʪʯʠʢʠ ʜʳʤʘ ʩ ʨʘʜʠʦʢʘʥʘʣʴʥʦʡ ʩʚʷʟʴʶ ʧʦʟʚʦʣʷʶʪ ʠʟʙʝʞʘʪʴ ʧʨʦʢʣʘʜʢʠ ʢʘʙʝʣʝʡ.   
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- ʃʦʢʘʣʴʥʳʝ ʛʘʟʦʚʳʝ ʫʩʪʘʥʦʚʢʠ: ʇʨʠʤʝʥʷʶʪʩʷ ʚ ʩʝʨʚʝʨʥʳʭ ʠ ʘʨʭʠʚʘʭ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ 
ʥʝʜʦʧʫʩʪʠʤʦ.   

2.2. ʈʙʪʪʡʛʦʙʸ ʧʜʦʞʠʙʲʡʫʙ   
ʆʛʥʝʟʘʱʠʪʥʳʝ ʩʦʩʪʘʚʳ ʜʣʷ ʜʝʨʝʚʘ:   
- ʇʨʦʧʠʪʢʠ ʪʠʧʘ "ʅʝʦʤʠʜ 450" ʧʦʚʳʰʘʶʪ ʦʛʥʝʩʪʦʡʢʦʩʪʴ ʜʦ 120 ʤʠʥʫʪ.   
- ɼʝʢʦʨʘʪʠʚʥʳʝ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʧʝʨʝʛʦʨʦʜʢʠ:   
-ʂʦʥʩʪʨʫʢʮʠʠ ʠʟ ʛʠʧʩʦʢʘʨʪʦʥʘ ʩ ʦʪʜʝʣʢʦʡ "ʧʦʜ ʩʪʘʨʠʥʫ" (ʢʣʘʩʩ ʦʛʥʝʩʪʦʡʢʦʩʪʠ EI 45).   
- ʆʛʥʝʩʪʦʡʢʦʝ ʦʩʪʝʢʣʝʥʠʝ: ʟʘʤʝʥʘ ʦʙʳʯʥʳʭ ʩʪʝʢʦʣ ʥʘ ʤʥʦʛʦʩʣʦʡʥʳʝ ʩ ʬʝʨʨʦʩʠʣʠʢʘʪʥʳʤ ʥʘʧʦʣ-

ʥʝʥʠʝʤ.   
2.3. ʇʩʜʙʦʡʠʙʯʡʧʦʦʴʞ ʥʞʩʴ   
ʉʧʝʮʠʘʣʴʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʵʚʘʢʫʘʮʠʠ:   
- ʋʯʝʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʜʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʝʨʥʳʭ ʣʝʩʪʥʠʮ, ʥʝ ʫʢʘʟʘʥʥʳʭ ʚ ʦʨʠʛʠ-

ʥʘʣʴʥʳʭ ʧʣʘʥʘʭ).   
- ʊʨʝʥʠʨʦʚʢʠ ʧʝʨʩʦʥʘʣʘ: ʧʨʦʚʝʜʝʥʠʝ ʫʯʝʥʠʡ ʢʘʞʜʳʝ 6 ʤʝʩʷʮʝʚ.   

 
 
 

ʀʙʣʤʷʰʞʦʡʞ 
ʆʙʝʩʧʝʯʝʥʠʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʜʘʥʠʷʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʜ ʦʬʠʩʥʳʝ ʧʦ-

ʤʝʱʝʥʠʷ, ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʩʦʯʝʪʘʶʱʝʛʦ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʩ ʙʝʨʝʞ-
ʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʢ ʢʫʣʴʪʫʨʥʦʤʫ ʥʘʩʣʝʜʠʶ.   

ʂʣʶʯʝʚʳʝ ʚʳʚʦʜʳ:   
1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ:   
- ʇʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ (ʙʝʩʧʨʦʚʦʜʥʳʝ ʜʘʪʯʠʢʠ, ʣʦʢʘʣʴʥʳʝ ʛʘʟʦʚʳʝ ʫʩʪʘʥʦʚʢʠ) ʧʦʟʚʦ-

ʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ.   
- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʦʛʥʝʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʨʦʧʠʪʢʠ, ʜʝʢʦʨʘʪʠʚʥʳʝ ʧʝʨʝʛʦʨʦʜʢʠ) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ.   
2. ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ:   
- ʅʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨ-

ʥʦʛʦ ʥʘʩʣʝʜʠʷ (ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʉʇ ʠ ɻʆʉʊ).   
- ɺʘʞʥʘ ʢʦʦʨʜʠʥʘʮʠʷ ʤʝʞʜʫ ʄʏʉ ʠ ʦʨʛʘʥʘʤʠ ʦʭʨʘʥʳ ʧʘʤʷʪʥʠʢʦʚ ʧʨʠ ʩʦʛʣʘʩʦʚʘʥʠʠ ʧʨʦʝʢʪʦʚ ʨʝ-

ʢʦʥʩʪʨʫʢʮʠʠ.   
3. ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʳ:   
- ʆʙʷʟʘʪʝʣʴʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʣʘʥʦʚ ʵʚʘʢʫʘʮʠʠ ʩ ʫʯʝʪʦʤ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ.   
- ʈʝʛʫʣʷʨʥʦʝ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ (ʥʝ ʨʝʞʝ 2 ʨʘʟ ʚ ʛʦʜ) ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʘʤ.   
4. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ:   
- ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʟʜʘʥʠʝ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʌʦʥʜ ʩʦʭʨʘʥʝ-

ʥʠʷ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ).   
- ɺʦʟʤʦʞʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʥʘʣʦʛʦʚʳʭ ʣʴʛʦʪ ʧʨʝʜʧʨʠʷʪʠʷʤ, ʚʥʝʜʨʷʶʱʠʤ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.   
 
ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ:   
- ʉʦʟʜʘʥʠʝ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʳʭ ʨʘʙʦʯʠʭ ʛʨʫʧʧ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʜʘ-

ʥʠʡ.   
- ʈʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʪʦʨʠ-

ʯʝʩʢʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ.   
ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʨ ʧʦʟʚʦʣʠʪ ʥʘʡʪʠ ʙʘʣʘʥʩ ʤʝʞʜʫ ʩʦʭʨʘʥʝʥʠʝʤ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝ-

ʜʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʶʜʝʡ. 
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ʘʩʧʠʨʘʥʪʳ 
ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʄʘʨʪʳʰʢʠʥ ɸʣʝʢʩʝʡ ʀʚʘʥʦʚʠʯ 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 
ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

 
ʉ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʚʩʝ ʙʦʣʴʰʝ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʚʦʝʡ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʆʜʥʠʤ ʠʟ 
ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ DNS ʩʝʨʚʝʨ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʝʦʙʨʘʟʦʚʘ-
ʥʠʝ ʜʦʤʝʥʥʳʭ ʠʤʝʥ ʚ IP-ʘʜʨʝʩʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʩʝʪʠ [1, 2].  

ɺ ʮʝʣʦʤ DNS ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠʥʪʝʨʥʝʪʘ, ʙʝʟ ʢʦʪʦʨʦʡ ʦʥ ʙʳ ʙʳʣ ʥʝ ʦʙ-
ʨʘʟʫʝʤʳʤ [3, 4]. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ DNS ʚʢʣʶʯʘʶʪ: 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ DNS-ʩʝʨʚʝʨʦʚ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʩʝʪʝʚʦʡ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʝ DNS-ʧʘʢʝʪʘ ʠ 
ʤʝʪʦʜʘʤ ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʣʦʚʢʦʚ ʠ ʬʣʘʛʦʚ ʥʘ ʫʨʦʚʥʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʘʪʴʠ ʜʝʣʘʶʪʩʷ 
ʚʳʚʦʜʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʀʥʪʝʨʥʝʪ, DNS, ʧʘʢʝʪ ʜʘʥʥʳʭ, ʩʦʦʙʱʝʥʠʝ, ʧʨʦʛʨʘʤʤʘ, ʩʝʪʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ. 
 

DNS SERVER AS A NODE OF THE INTERNET INFRASTRUCTURE: BASIC FUNCTIONS AND 
PRINCIPLES OF OPERATION 

 
Kazachenko Viktor Dmitrievich, 

Popovnin Denis Pavlovich, 
Khanbekov Ilnur Rifatovich 

 
Scientific adviser: Martyshkin Alexey Ivanovich 

 
Abstract: The article considers the role of DNS-servers in ensuring sustainable operation of network infra-
structure in the digital economy. Particular attention is paid to the structure of DNS packet and methods of 
processing headers and flags at the level of programme code. The article concludes with the main results and 
conclusions. 
Keywords: Internet, DNS, data packet, message, programme, network connection. 
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ǒ ʇʝʨʝʚʦʜ ʩʣʦʞʥʦʛʦ ʠʤʝʥʠ ʩʘʡʪʘ ʠʣʠ ʢʦʤʧʴʶʪʝʨʘ ʚ IP-ʘʜʨʝʩ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʜʣʷ 
ʩʦʝʜʠʥʝʥʠʷ ʩ ʵʪʠʤ ʦʙʲʝʢʪʦʤ; 

ǒ ʉʦʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʦʤʝʥʝ (ʠʤʷ, ʢʣʘʩʩ, ʪʠʧ ZONE); 
ǒ ʀʩʧʦʣʥʝʥʠʝ ʠʥʩʪʨʫʢʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʜʦʤʝʥʘ; 
ǒ ɸʫʪʝʥʪʠʬʠʢʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʚʳʜʘʚʰʝʛʦ ʟʘʧʨʦʩ; 
ǒ ɻʨʫʧʧʫ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʙʦʪʢʦʡ ʟʦʥ; 
ǒ ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʨʘʟʤʝʪʢʘ MX, NSFW ʠ ʪ. ʜ., ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦ-

ʚʠʪʴ ʧʦʣʠʪʠʢʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʠ ʬʠʣʴʪʨʘʮʠʠ ʠʥʪʝʨʥʝʪ-ʢʦʥʪʝʥʪʘ. 
ʂʘʞʜʳʡ ʟʘʧʨʦʩ ʢ DNS ʩʝʨʚʝʨʫ ʠʤʝʝʪ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
ʉʡʪ. 1. ʊʫʩʬʣʫʬʩʙ ʨʙʣʞʫʙ DNS 

 
ʉʪʨʫʢʪʫʨʘ ʟʘʛʦʣʦʚʢʘ (Header) DNS ʧʘʢʝʪʘ ʟʘʥʠʤʘʝʪ 4 ʙʘʡʪʘ. ʆʧʠʩʘʥʠʝ ʟʘʛʦʣʦʚʢʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʪʘʙʣʠʮʝ 1. 
 

ʋʙʚʤʡʯʙ 1 
ʊʫʩʬʣʫʬʩʙ ʠʙʜʧʤʧʛʣʙ DNS 

ʈʧʤʞ ʉʙʠʥʞʩ (ʚʡʫ) ʇʨʡʪʙʦʡʞ 

ID 16 ʋʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʪʨʘʥʟʘʢʮʠʠ. ʋʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʘʢʝʪ  
ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʝʩʩʠʠ ʟʘʧʨʦʩʦʚ-ʦʪʚʝʪʦʚ. 

Flags 16 ʌʣʘʛʠ ʟʘʛʦʣʦʚʢʘ 

QDCOUNT 16 ʂʦʣʠʯʝʩʪʚʦ ʟʘʧʠʩʝʡ ʚ ʩʝʢʮʠʠ Question 

ANCOUNT 16 ʂʦʣʠʯʝʩʪʚʦ ʟʘʧʠʩʝʡ ʚ ʩʝʢʮʠʠ Answer 

NSCOUNT 16 ʂʦʣʠʯʝʩʪʚʦ ʟʘʧʠʩʝʡ ʚ ʩʝʢʮʠʠ Authoritative 

ARCOUNT 16 ʂʦʣʠʯʝʩʪʚʦ ʟʘʧʠʩʝʡ ʚ ʩʝʢʮʠʠ Additional 

 
ʌʣʘʛʠ ʚ ʟʘʛʦʣʦʚʢʝ DNS ʧʘʢʝʪʘ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʝ ʟʘʧʨʦʩʘ/ʦʪʚʝʪʘ, ʥʘʣʠʯʠʠ ʦʰʠʙʦʢ ʠ 

ʪ.ʜ. ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʙʠʪʦʚʳʭ ʧʦʣʝʡ. ɺʩʝʛʦ ʚ ʟʘʛʦʣʦʚʢʝ DNS ʧʘʢʝʪʘ ʝʩʪʴ 16 ʙʠʪ ʬʣʘʛʦʚ, ʢʦʪʦʨʳʝ 
ʨʘʟʜʝʣʝʥʳ ʥʘ 3 ʛʨʫʧʧʳ: 

1) ɹʠʪʳ ʟʘʧʨʦʩʘ (Query): 
- QR (Query/Response) ï 1 ʙʠʪ, ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʩʦʦʙʱʝʥʠʷ: 0 ï ʟʘʧʨʦʩ, 1 ï ʦʪʚʝʪ. 
- Opcode ï 4 ʙʠʪʘ, ʦʧʨʝʜʝʣʷʶʪ ʪʠʧ ʟʘʧʨʦʩʘ: 0 ï ʩʪʘʥʜʘʨʪʥʳʡ ʟʘʧʨʦʩ, 1 ï ʟʘʧʨʦʩ ʦʙʨʘʪʥʦʛʦ ʧʦʠʩ-

ʢʘ, 2 ï ʟʘʧʨʦʩ ʩʝʨʚʝʨʘ ʩʪʘʪʠʩʪʠʢʠ, 3 ï ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʦ, 4 ï ʟʘʧʨʦʩ ʢ ʩʝʨʚʝʨʫ ʩʧʠʩʢʘ ʟʦʥ, 5 ï ʟʘʧʨʦʩ ʦʙ-
ʥʦʚʣʝʥʠʷ ʟʦʥʳ, 6-15 ï ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʦ. 

- AA (Authoritative Answer) ï 1 ʙʠʪ, ʦʧʨʝʜʝʣʷʝʪ, ʷʚʣʷʝʪʩʷ ʣʠ ʦʪʚʝʪ ʘʚʪʦʨʠʪʝʪʥʳʤ: 0 ï ʥʝʪ, 1 ï ʜʘ. 
- TC (Truncated) ï 1 ʙʠʪ, ʦʧʨʝʜʝʣʷʝʪ, ʙʳʣ ʣʠ ʦʪʚʝʪ ʫʩʝʯʝʥ: 0 ï ʥʝʪ, 1 ï ʜʘ. 
- RD (Recursion Desired) ï 1 ʙʠʪ, ʦʧʨʝʜʝʣʷʝʪ, ʥʫʞʥʦ ʣʠ ʟʘʧʨʘʰʠʚʘʪʴ ʨʝʢʫʨʩʠʚʥʳʡ ʦʪʚʝʪ: 0 ï ʥʝʪ, 1 ï ʜʘ. 
- RA (Recursion Available) ï 1 ʙʠʪ, ʦʧʨʝʜʝʣʷʝʪ, ʤʦʞʝʪ ʣʠ ʩʝʨʚʝʨ ʧʨʝʜʦʩʪʘʚʠʪʴ ʨʝʢʫʨʩʠʚʥʳʡ ʦʪʚʝʪ: 

0 ï ʥʝʪ, 1 ï ʜʘ. 
- Z ï 3 ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʭ ʙʠʪʘ, ʚʩʝʛʜʘ ʨʘʚʥʳ 0. 
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- RCODE (Response Code) ï 4 ʙʠʪʘ, ʦʧʨʝʜʝʣʷʶʪ ʢʦʜ ʦʪʚʝʪʘ: 0 ï ʥʝʪ ʦʰʠʙʦʢ, 1 ï ʦʰʠʙʢʘ ʬʦʨʤʘʪʘ 
ʟʘʧʨʦʩʘ, 2 ï ʧʨʦʙʣʝʤʳ ʥʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ, 3 ï ʜʦʤʝʥ ʥʝ ʥʘʡʜʝʥ, 4 ï ʟʘʧʨʦʩ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ, 5 ï 
ʦʪʢʘʟ ʚ ʦʙʨʘʙʦʪʢʝ ʟʘʧʨʦʩʘ, 6-15 ï ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʦ. 

2) ɹʠʪʳ ʦʪʚʝʪʘ (Answer): 
- QDCOUNT (Question Count) ï 16 ʙʠʪ, ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʦʧʨʦʩʦʚ ʚ ʟʘʧʨʦʩʝ. 
- ANCOUNT (Answer Count) ï 16 ʙʠʪ, ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʠʩʝʡ ʦʪʚʝʪʦʚ. 
- NSCOUNT (Name Server Count) ï 16 ʙʠʪ, ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʠʩʝʡ ʩʝʨʚʝʨʦʚ ʠʤʝʥ. 
- ARCOUNT (Additional Record Count) ï 16 ʙʠʪ, ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʧʠʩʝʡ. 
3) ɹʠʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (Additional): 
- OPT ï ʦʧʮʠʦʥʘʣʴʥʳʡ RR ʪʠʧ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘ-

ʧʨʦʩʝ/ʦʪʚʝʪʝ. 
ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʬʣʘʛʠ ʠʟ ʟʘʛʦʣʦʚʢʘ DNS ʧʘʢʝʪʘ, ʥʫʞʥʦ ʧʨʦʯʠʪʘʪʴ 2 ʙʘʡʪʘ, ʥʘʯʠʥʘʷ ʩ 

ʪʨʝʪʴʝʛʦ ʙʘʡʪʘ ʧʘʢʝʪʘ (ʧʦʩʣʝ ʧʦʣʷ ID). ɿʘʪʝʤ ʜʣʷ ʢʘʞʜʦʛʦ ʙʠʪʘ ʬʣʘʛʦʚ ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʦʙʠʪʦʚʫʶ 
ʦʧʝʨʘʮʠʶ AND ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʝʤ ʤʘʩʢʠ. ʅʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʟʥʘʯʝʥʠʝ ʙʠʪʘ AA 
(Authoritative Answer), ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʦʧʝʨʘʮʠʶ AND ʩ ʤʘʩʢʦʡ 0x0400. ɽʩʣʠ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʦʪʣʠʯʝʥ 
ʦʪ ʥʫʣʷ, ʪʦ ʙʠʪ AA ʫʩʪʘʥʦʚʣʝʥ ʚ ʝʜʠʥʠʮʫ. ʄʘʩʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʙʠʪʘ ʬʣʘʛʦʚ: 

ǒ QR: 0x8000 
ǒ Opcode: 0x7800 
ǒ AA: 0x0400 
ǒ TC: 0x0200 
ǒ RD: 0x0100 
ǒ RA: 0x0080 
ǒ Z: 0x0070 
ǒ RCODE: 0x000F 
ʇʨʠʤʝʨ ʧʦʣʫʯʝʥʠʷ ʬʣʘʛʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Rust: 
... 
let flags = u16::from_be_bytes([data[2], data[3]]); 
 
let qr = (flags & 0x8000) >> 15; 
let rd = (flags & 0x0100) >> 8; 
ɻʴʛʧʝ. DNS-ʩʝʨʚʝʨʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʠʥʪʝʨʥʝʪʘ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʤʝʥ ʚ IP-ʘʜʨʝʩʘ ʠ ʧʦʜʜʝʨʞʢʫ ʩʝʪʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʥʠʤʘʥʠʝ ʩʪʨʫʢʪʫʨʳ DNS-ʧʘʢʝʪʘ ʠ 
ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʙʦʪʢʠ ʬʣʘʛʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ, ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʦʚʳʰʝʥʠʷ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʪʝʚʳʭ ʩʠʩʪʝʤ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʄʘʨʪʳʰʢʠʥ ɸʣʝʢʩʝʡ ʀʚʘʥʦʚʠʯ 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 
ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʦʚ ʠʟ ʩʦʮʠʘʣʴ-
ʥʳʭ ʩʝʪʝʡ ʩ ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʨʪʨʝʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ 
ʧʦʜʭʦʜʳ ʢ ʘʥʘʣʠʟʫ ʪʦʥʘʣʴʥʦʩʪʠ: rule-based, ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʛʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ. ʆʩʦʙʦʝ 
ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ rule-based ʧʦʜʭʦʜʫ, ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʨʫʩʩʢʦʷʟʳʯ-
ʥʳʤ ʪʝʢʩʪʘʤ. ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʠ ʚʳʷʚʣʝʥʳ ʪʨʫʜʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 
ʥʝʭʚʘʪʢʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʣʝʢʩʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʨʝʰʝʥʠʡ ʧʦ ʘʥʘʣʠʟʫ ʠʥʪʦʥʘʮʠʡ ʪʝʢʩʪʘ ʤʦʞʝʪ 
ʙʳʪʴ ʧʦʣʝʟʥʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʬʝʨʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʯʘʱʠʭʩʷ, ʘ ʪʘʢʞʝ ʚ 
ʤʘʨʢʝʪʠʥʛʝ, ʩʦʮʠʦʣʦʛʠʠ ʠ ʧʩʠʭʦʣʦʛʠʠ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʘʪʴʠ ʜʝʣʘʶʪʩʷ ʚʳʚʦʜʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʥʘʣʠʟ ʪʝʢʩʪʘ, ʣʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ, 
ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ, ʪʦʥʘʣʴʥʦʩʪʴ. 
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Abstract: The article deals with the urgent problem of analysing the tone of texts from social networks in order 
to build a psychological portrait of the user. Existing approaches to tonality analysis are presented: rule-based, 
machine learning methods and hybrid models. Particular attention is paid to the rule-based approach, its ca-
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XIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʫʶ ʩʝʛʦʜʥʷ ʨʝʰʘʶʪ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ 
ʘʥʘʣʠʟʘ ʧʦʩʪʦʚ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. ɸʥʘʣʠʟ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ, ʢʘʢʫʶ ʠʥʪʦʥʘʮʠʦʥ-
ʥʫʶ ʦʢʨʘʰʝʥʥʦʩʪʴ ʠʤʝʝʪ ʪʦʪ ʠʣʠ ʠʥʦʡ ʧʦʩʪ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ï ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ 
[1, 2, 3]. ʇʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʪʴ ʨʘʙʦʯʠʡ ʧʨʦʪʦʪʠʧ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʘʥʘʣʠʟʘ ʠ ʧʦʩʪʨʦʝʥʠʷ ʧʩʠʭʦʣʦʛʠʯʝ-
ʩʢʦʛʦ ʧʦʨʪʨʝʪʘ ʯʝʣʦʚʝʢʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʝʡ ʪʝʢʩʪʦʚ ʠʟ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. ɺʝʙ-
ʧʨʠʣʦʞʝʥʠʷ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʩʝʨʚʝʨʥʦʡ ʠ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ 
ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʦʩʪʨʦʝʥʥʳʡ ʦʪʯʝʪ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʝʡ ʪʝʢʩʪʦʚ ʧʦʩʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʉʚʦʝ 
ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʞʝʪ ʥʘʡʪʠ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ï ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 
ʥʝʛʘʪʠʚʥʦʛʦ ʠ ʧʦʟʠʪʠʚʥʦʛʦ ʥʘʩʪʨʦʝʥʠʷ ʫʯʘʱʠʭʩʷ ʰʢʦʣ, ʢʦʣʣʝʜʞʝʡ, ʚʫʟʦʚ ʠ ʪ.ʜ. ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ ʦʙʫ-
ʩʣʦʚʣʝʥʘ ʧʨʝʜʤʝʪʦʤ, ʮʝʣʴʶ ʠ ʟʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʅʘʯʠʥʘʷ ʨʘʟʨʘʙʦʪʢʫ ʣʶʙʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʥʘʯʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ 
ʦʙʟʦʨ ʠʤʝʶʱʠʭʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʨʝʰʝʥʠʡ. ɺ ʥʘʯʘʣʝ ʩʪʦʠʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʠ 
ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʝʜʧʦʩʳʣʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʩʪʨʦʝʥʠʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦ-
ʛʦ ʧʦʨʪʨʝʪʘ ʯʝʣʦʚʝʢʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʝʡ ʪʝʢʩʪʦʚ ʠʟ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. ʊʘʢʞʝ ʧʨʦʠʟʚʦ-
ʜʠʪʩʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ.  

ʇʦ ʜʘʥʥʳʤ ʩʪʘʪʠʩʪʠʢʠ ʩʘʡʪʘ çʀʥʢʣʠʝʥʪè ʥʘ ʘʧʨʝʣʴ 2025 ʛʦʜʘ ʘʫʜʠʪʦʨʠʷ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥ-
ʪʘʢʪʝè ʩʦʩʪʘʚʣʷʝʪ 94 ʤʣʥ ʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʤʝʩʷʮ. ɺʳʩʦʢʘʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʘʥʘʣʠʟʘ 
ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ çɺʂʦʥʪʘʢʪʝè.   

ɸʥʘʣʠʟ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʦʚ ʤʦʞʝʪ ʧʦʤʦʯʴ ʧʦʥʷʪʴ, ʢʘʢʠʝ ʵʤʦʮʠʠ ʠ ʥʘʩʪʨʦʝʥʠʷ ʚʳʨʘʞʘʶʪ ʧʦʣʴʟʦ-
ʚʘʪʝʣʠ ʚ ʩʚʦʠʭ ʧʦʩʪʘʭ, ʘ ʪʘʢʞʝ ʢʘʢ ʦʥʠ ʚʦʩʧʨʠʥʠʤʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʙʳʪʠʷ ʠ ʷʚʣʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʤ 
ʤʠʨʝ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʜʣʷ ʘʥʘʣʠʪʠʢʦʚ, ʤʘʨʢʝʪʦʣʦʛʦʚ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʧʦʥʷʪʴ 
ʥʘʩʪʨʦʝʥʠʷ ʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʦʚ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚʳʷʚʠʪʴ ʥʝʛʘʪʠʚʥʳʝ ʠ ʧʦʟʠʪʠʚʥʳʝ ʪʨʝʥʜʳ 
ʚ ʦʙʱʝʩʪʚʝ, ʥʘʧʨʠʤʝʨ, ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʩʪʨʝʩʩʘ ʠʣʠ ʠʥʪʝʨʝʩ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʝʤʘʤ. ʕʪʦ ʤʦʞʝʪ 
ʙʳʪʴ ʧʦʣʝʟʥʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 
ʧʦʜ ʠʟʤʝʥʷʶʱʠʝʩʷ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʥʘʩʪʨʦʝʥʠʷ ʩʚʦʠʭ ʢʣʠʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʦʚ ʧʦʩʪʦʚ ʠʟ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ɺʂʦʥʪʘʢʪʝ ʠʤʝʝʪ ʙʦʣʴ-
ʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʥʘʣʠʟ ʧʦʩʪʦʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ ʪʦʥʘʣʴ-
ʥʦʩʪʝʡ ʪʝʢʩʪʦʚ. ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʫʜʝʪ 
ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʘʥʘʣʠʟʘ ʧʦʩʪʦʚ ʠʟ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. 

ʉʝʛʦʜʥʷ ʠʟʚʝʩʪʥʳ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʚ ʘʥʘʣʠʟʝ ʪʦʥʘʣʴʥʦʩʪʝʡ ʪʝʢʩʪʦʚ [4, 5, 6, 7]: 

- ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ ï rule-based; 

- ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ; 

- ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ ï ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʜʚʘ ʧʨʝʜʳʜʫʱʠʭ ʧʦʜʭʦʜʘ. 
ʇʦʜʨʦʙʥʝʝ ʨʘʩʩʤʦʪʨʠʤ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ (rule-based), ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪ ʧʨʘ-

ʚʠʣʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʟʘʜʘʥʥʳʝ ʚʨʫʯʥʫʶ, ʠ ʵʤʦʮʠʦʥʘʣʴʥʦ ʨʘʟʤʝʯʝʥʥʳʝ ʩʣʦʚʘʨʠ. ʆʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥ-
ʥʦʛʦ ʷʟʳʢʘ ʥʘ ʦʩʥʦʚʝ rule-based ï ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, ʦʩʥʦʚʘʥ-
ʥʳʡ ʥʘ ʟʘʜʘʥʠʠ ʥʘʙʦʨʘ ʧʨʘʚʠʣ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʠ ʣʝʢʩʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʷʟʳʢʘ. 
ʕʪʦʪ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʥʘʙʦʨʘ ʧʨʘʚʠʣ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʷʟʳʢʘ, ʘ ʪʘʢʞʝ 
ʩʧʦʩʦʙʳ ʝʛʦ ʘʥʘʣʠʟʘ. ʕʪʠ ʧʨʘʚʠʣʘ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʚʨʫʯʥʫʶ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʚʣʝʯʝʥʳ ʠʟ 
ʙʦʣʴʰʠʭ ʢʦʨʧʫʩʦʚ ʪʝʢʩʪʦʚ. 

Rule-based ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʘ, ʪʘʢʠʭ ʢʘʢ 
ʠʟʚʣʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʢʩʪʦʚ, ʘʥʘʣʠʟ ʪʦʥʘʣʴʥʦʩʪʠ ʠ ʪ.ʜ. ʆʜʥʘʢʦ, ʵʪʦʪ ʧʦʜʭʦʜ ʠʤʝʝʪ 
ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʢʦʨʨʝʢʪʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʬʦʨʤʳ ʷʟʳʢʘ ʠ 
ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ ʠ ʫʩʠʣʠʡ ʥʘ ʩʦʟʜʘʥʠʝ ʧʨʘʚʠʣ. ʊʝʤ ʥʝ ʤʝʥʝʝ, rule-based ʧʦʜʭʦʜ 
ʚʩʝ ʝʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʷʜʝ ʧʨʠʣʦʞʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩʳ, ʤʘ-
ʰʠʥʥʳʡ ʧʝʨʝʚʦʜ ʠ ʜʨʫʛʠʝ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʨʦʮʝʩʩʦʤ ʦʙʨʘʙʦʪʢʠ ʪʝʢ-
ʩʪʘ. ʇʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ ʠʤʝʝʪ ʨʷʜ ʤʠʥʫʩʦʚ, ʦʜʠʥ ʠʟ ʥʠʭ ï ʧʣʦʭʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʦʙʱʝʥʠʷ. ʂʨʦʤʝ 
ʪʦʛʦ, ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ rule-based ʢʨʘʡʥʝ ʪʨʫʜʦʸʤʢʠ ʚ ʩʦʟʜʘʥʠʠ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʥʝʪ ʜʦʩʪʫʧʘ ʢ ʧʦʜʭʦ-
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ʜʷʱʝʤʫ ʩʣʦʚʘʨʶ ʥʘʩʪʨʦʝʥʠʡ. ʅʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʢʨʘʡʥʝ ʤʘʣʦ ʠʩʪʦʯʥʠʢʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʬʝʨʝ ʘʥʘʣʠʟʘ 
ʪʦʥʘʣʴʥʦʩʪʝʡ ʪʝʢʩʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ ʜʣʷ ʨʫʩʩʢʦʷʟʳʯʥʳʭ ʪʝʢʩʪʦʚ 
ʝʱʝ ʙʦʣʝʝ ʪʨʫʜʦʝʤʢʦʡ. 

ɻʴʛʧʝ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ ʚʳʩʦʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯ ʘʥʘʣʠʟʘ 
ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʦʚ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. ʈʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 
ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʨʪʨʝʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʝʛʦ ʧʦʩʪʦʚ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè 
ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʩʧʦʩʦʙʥʳʤ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ. ʅʝʩʤʦʪʨʷ 
ʥʘ ʦʛʨʘʥʠʯʝʥʠʷ rule-based ʧʦʜʭʦʜʘ, ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 
ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʤʝʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 
ʧʨʦʝʢʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʙʦʣʝʝ ʛʠʙʢʠʭ ʠ ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʪʘʢʠʭ ʢʘʢ ʛʠʙʨʠʜʥʳʝ ʠ 
ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ, ʯʪʦ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʩʦʟʜʘʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. 
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ǩǯǺǫ 

ǪȒȆǿȌȍȁ ǣǿȌȇȊǿ ǡȊǿȃȇȋȇȏȍȁȇȖ 
ʦʙʫʯʘʶʱʠʡʩʷ 3 ʢʫʨʩʘ  

ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ 09.03.03 ʇʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘ 
ɻʫʤʘʥʠʪʘʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ (ʬʠʣʠʘʣ)  
ʌɻɸʆʋ ɺʆ çʂʌʋ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦè ʚ ʛ. ʗʣʪʝ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɻʘʣʣʠʥʠ ʅʘʜʝʞʜʘ ʀʛʦʨʝʚʥʘ,  

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ 
ɻʫʤʘʥʠʪʘʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ (ʬʠʣʠʘʣ)  
ʌɻɸʆʋ ɺʆ çʂʌʋ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦè ʚ ʛ. ʗʣʪʝ 

 

 
ɺʠʥʦʛʨʘʜʘʨʩʪʚʦ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʨʳʤ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʵʢʩʧʦʨʪʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʙʣʘʛʦʜʘʨʷ ʫʥʠ-

ʢʘʣʴʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʆʜʥʘʢʦ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʧʦʛʦʜʥʳʝ ʷʚʣʝʥʠʷ, ʪʘ-
ʢʠʝ ʢʘʢ ʟʘʩʫʭʘ ʠ ʧʦʟʜʥʠʝ ʟʘʤʦʨʦʟʢʠ, ʩʝʨʴʸʟʥʦ ʚʣʠʷʶʪ ʥʘ ʦʙʲʸʤ ʠ ʢʘʯʝʩʪʚʦ ʫʨʦʞʘʷ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝ-
ʪʦʜʳ ʘʛʨʦʤʦʥʠʪʦʨʠʥʛʘ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʤʥʦʛʦʤʝʨʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ 
ʧʨʦʘʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʘʛʨʦʪʝʭʥʦʣʦʛʠʷʤʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʟʨʘʩʪʘʶʱʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʠʩʧʦʣʴ-

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʮʠʬʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ 
ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʠʥʦʛʨʘʜʥʠʢʦʚ ʂʨʳʤʘ ʩ ʧʦʤʦʱʴʶ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ ʠ 
ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʠ ʤʝʪʦʜʳ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʳʭ ʜʘʥ-
ʥʳʭ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʠʩʢʦʚ ʟʘʩʫʭʠ ʠ ʟʘʤʦʨʦʟʢʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʘʧʨʦʙʘʮʠʠ ʥʘ ʦʧʳʪʥʳʭ 
ʫʯʘʩʪʢʘʭ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʱʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ ʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʮʠʬʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ, ʤʠʢʨʦʢʣʠʤʘʪ, ʚʠʥʦʛʨʘʜʥʠʢʠ, ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʵʢʦ-
ʣʦʛʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʈʝʩʧʫʙʣʠʢʘ ʂʨʳʤ. 
 

DIGITAL PLATFORM FOR MONITORING AND FORECASTING THE MICROCLIMATE IN THE VINE-
GROWING REGIONS OF THE REPUBLIC OF CRIMEA 

 
Luzanov Danila Vladimirovich 

 
Scientific adviser: Gallini Nadezhda Igorevna 

 
Abstract: This paper presents the digital platform designed to collect, process, and analyze microclimate data 
from Crimean vineyards using distributed sensor networks and neural network algorithms. The system archi-
tecture, data preprocessing methods, and a forecasting model for drought and frost risks are described. Field 
trials demonstrated reductions in water consumption and increases in yield. 
Keywords: digital platform; microclimate; vineyards; neural network algorithms; Republic of Crimea. 
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ʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʜʥʘʢʦ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ, ʘʜʘʧʪʠʨʦ-
ʚʘʥʥʦʝ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ ʢʨʳʤʩʢʠʭ ʚʠʥʦʛʨʘʜʥʠʢʦʚ, ʚʥʝʜʨʝʥʦ ʣʠʰʴ ʯʘʩʪʠʯʥʦ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚ-
ʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʣʘʪʬʦʨʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʘʛʨʦʥʦʤʘʤ ʧʦʣʫʯʘʪʴ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦ-
ʷʥʠʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʠʩʢʠ, ʯʪʦ ʧʦʤʦʞʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʚʦʜʳ ʠ ʧʦʚʳʩʠʪʴ ʵʢʦ-
ʣʦʛʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ. ʇʣʘʪʬʦʨʤʘ ʜʦʩʪʫʧʥʘ ʧʦ ʘʜʨʝʩʫ https://gpayalta.ru/VSC/. ʅʘ 
ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ QR-ʢʦʜ ʜʣʷ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ ʢ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʝ. 

 

 
ʉʡʪ. 1. QR-ʣʧʝ ʦʙ ʯʡʭʩʧʛʬʷ ʨʤʙʫʭʧʩʥʬ 

 
ʇʨʦʝʢʪ çɺʠʥʦʉʬʝʨʘʂʨʳʤʘè ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʀʥʪʝʨʥʝʪʘ 

ʚʝʱʝʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʚʢʣʶʯʘʷ ʪʝʤʧʝʨʘʪʫ-
ʨʫ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ, ʫʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ. ʉʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʯʝ-
ʨʝʟ ʩʝʪʴ LoRaWAN ʧʦʩʪʫʧʘʶʪ ʚ ʦʙʣʘʯʥʳʡ ʩʝʨʚʠʩ, ʛʜʝ ʚʳʧʦʣʥʷʝʪʩʷ ʠʭ ʦʯʠʩʪʢʘ, ʥʦʨʤʘʣʠʟʘʮʠʷ ʠ ʘʛʨʝʛʘ-
ʮʠʷ. ɺ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʥʦʛʦ ʤʦʜʫʣʷ ʣʝʞʠʪ ʛʠʙʨʠʜʥʘʷ ʥʝʡʨʦʩʝʪʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʚʢʣʶʯʘʶʱʘʷ LSTM-ʩʝʪʴ 
ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʚʝʨʪʦʯʥʫʶ ʩʝʪʴ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ ʫʧʨʘʚʣʝʥʠʶ ʚʠʥʦʛʨʘʜ-
ʥʠʢʘʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʦʩʪʘʶʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ, ʥʦ ʪʨʝʙʫʶʪ ʤʦ-
ʜʝʨʥʠʟʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ɼʦʣʙʥʷ ʠ ʄʘʡʙʦʨʦʜʠʥ ʦʙʩʫʞʜʘʶʪ ʚʦʧʨʦʩʳ ʟʘʢʣʘʜʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʠʥʦ-
ʛʨʘʜʥʠʢʦʚ ʠ ʫʭʦʜʘ ʟʘ ʥʠʤʠ, ʧʦʜʯʸʨʢʠʚʘʷ ʚʘʞʥʦʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʧʦʣʠʚʘ, ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ 
ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʦʩʤʦʪʨʘ ʨʘʩʪʝʥʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʦʩʪʘ (ɼʦʣʙʥʷ ʠ ʄʘʡʙʦʨʦʜʠʥ, 2023) 
[1]. ʀʭ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʠʩʭʦʜʥʳʝ ʧʨʦʮʝʜʫʨʳ ʚʝʜʝʥʠʷ ʚʠʥʦʛʨʘʜʥʠʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʂʨʳʤʘ ʠ 
ʦʙʦʩʥʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʯʘʩʪʠ ʦʧʝʨʘʮʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʷ 
ʪʦʯʥʦʩʪʠ ʘʛʨʦʨʝʰʝʥʠʡ. 

ʅʘʫʯʥʳʡ ʚʢʣʘʜ ʚ ʪʝʦʨʠʶ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʠʥʦʛʨʘʜʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ ʊʫʧʠʢʦʚʦʡ, ʛʜʝ ʧʦ-
ʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʘʛʨʦʮʝʥʦʟʘʭ ʠ ʥʦʨʤʠʨʦʚʘʥʠʝ ʢʣʶʯʝ-
ʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʨʘʟʥʳʭ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ (ʊʫʧʠʢʦʚʘ, 2024) [2]. ʕʪʦ ʠʩʩʣʝʜʦʚʘ-
ʥʠʝ ʩʦʜʝʨʞʠʪ ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʢʨʠʪʠʯʝʩʢʠʭ ʛʨʘʥʠʮ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʯʪʦ 
ʩʪʘʣʦ ʦʩʥʦʚʦʡ ʜʣʷ ʚʳʙʦʨʘ ʜʠʘʧʘʟʦʥʦʚ ʢʦʥʪʨʦʣʷ ʚ ʥʘʰʝʡ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ ʠ ʥʘʩʪʨʦʡʢʠ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝ-
ʥʠʡ ʜʣʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʘ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʷʚʣʝʥʠʡ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʘʨʭʠʪʝʢʪʫʨʳ 
ʥʝʡʨʦʩʝʪʝʡ ʠ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. ʐʝʩʪʦʧʘʣʦʚ ʚ ʩʚʦʝʡ ʤʦʥʦʛʨʘʬʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦ-
ʨʠʪʤʳ ʧʦʜʩʪʨʦʡʢʠ ʚʝʩʦʚ ʧʨʠ ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʩʝʪʝʡ ʠ ʧʨʠʭʦʜʠʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʘʜʘʧʪʠʚʥʳʝ ʤʝʪʦʜʳ ʛʨʘ-
ʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʦʨʤʳ ʛʨʘʜʠʝʥʪʘ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʩʭʦʜʠʤʦʩʪʠ ʙʝʟ ʧʝʨʝ-
ʦʙʫʯʝʥʠʷ (ʐʝʩʪʦʧʘʣʦʚ, 2021). ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʣʝʛ ʚ ʦʩʥʦʚʫ ʥʘʰʝʡ ʨʝʘʣʠʟʘʮʠʠ LSTM-ʤʦʜʝʣʠ ʜʣʷ ʘʥʘ-
ʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [3]. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʦʣʠʚʘ ʚʠʥʦʛʨʘʜʥʠʢʦʚ ʧʨʠʚʦʜʷʪʩʷ ʚ ɻʦʩʫ-
ʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ, ʚʳʧʦʣʥʝʥʥʦʡ ɹʘʣʘʢʘʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ. ɺ ʩʚʠʜʝʪʝʣʴʩʪʚʝ 

 ̄2023669987 ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʩʨʦʢʦʚ ʧʦʣʠʚʘ ʚʠʥʦʛʨʘʜʥʠʢʦʚ ʥʘ ʢʘʧʝʣʴʥʦʤ ʦʨʦʰʝ-
ʥʠʠ ʩ ʫʯʸʪʦʤ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʦʪ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʜʘʪʯʠʢʦʚ (ɹʘʣʘʢʘʡ ʠ ʜʨ., 2023). ʇʦ-
ʜʦʙʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫ-
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128 ǠǭǪǻǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǩǭǬǳǤǯǤǬǵǧǾ 

 

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

ʣʝʡ, ʠ ʝʸ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʦʨʠʝʥʪʠʨʦʤ ʧʨʠ ʦʮʝʥʢʝ ʵʢʦʥʦʤʠʠ 
ʚʦʜʳ ʚ ʥʘʰʠʭ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ [4]. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʫʯʸʪ ʬʘʢʪʦʨʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʧʦʜʢʦʨʤʢʠ. ɹʘʙʠʯʝʚ ʠ ɹʘʙʝʥʢʦ ʠʩ-
ʩʣʝʜʫʶʪ ʚʣʠʷʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʨʦʩʪ ʤʦʣʦʜʳʭ ʧʣʘʥʪʘʮʠʡ ʚʠʥʦʛʨʘʜʥʠʢʦʚ ʧʨʠ ʢʘʧʝʣʴʥʦʤ 
ʦʨʦʰʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤ (ɹʘʙʠʯʝʚ ʠ ɹʘʙʝʥʢʦ, 2024) [5]. ʀʭ ʚʳʚʦʜʳ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʪʦʯʥʦʛʦ ʜʦʟʠʨʦʚʘʥʠʷ ʧʦʜʢʦʨʤʦʢ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʯʚʝʥʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʥʦʚʷʪʩʷ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ çʋʤʥʳʝ ʚʠʥʦ-
ʛʨʘʜʥʠʢʠè ʠ ʠʥʪʝʛʨʘʮʠʠ ʚ ʥʝʸ ʤʦʜʫʣʝʡ ʨʘʩʯʸʪʘ ʥʦʨʤ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ. ɼʣʷ ʧʨʦʝʢʪʘ çɺʠʥʦʉʬʝʨʘ-
ʂʨʳʤʘè ʪʘʢʞʝ ʧʦʜʘʥʘ ʟʘʷʚʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ. 

ʆʙʦʙʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʩʪʦʯʥʠʢʦʚ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʦʙʲʝʜʠʥʷʶʪ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ, ʤʠʢʨʦʢʣʠʤʘʪʦʣʦʛʠʶ ʠ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩ-
ʥʳʭ ʨʝʰʝʥʠʡ. ɺʧʝʨʚʳʝ ʚ ʫʩʣʦʚʠʷʭ ʢʨʳʤʩʢʦʛʦ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ ʧʨʝʜʣʦʞʝʥʦ ʩʦʯʝʪʘʥʠʝ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ ʠ 
ʛʠʙʨʠʜʥʳʭ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ, ʩʧʦʩʦʙʥʦʝ ʦʙʝʩʧʝʯʠʪʴ ʢʨʫʛʣʦʩʫʪʦʯʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢ-
ʨʦʢʣʠʤʘʪʘ, ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʣʠʚʫ ʠ ʧʦʜʢʦʨʤʢʝ ʨʘʩʪʝʥʠʡ. 
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ǪǧǱǻǤǡǟǾ ǮǯǤǰǰ-ǳǭǯǫǟ ǩǪǟǰǰǧǶǤǰǩǭǨ 
ǩǭǬǰǱǯǲǩǵǧǧ8 ǭǮǧǰǟǬǧǤ ǧ ǮǯǧǬǵǧǮ 
ǯǟǠǭǱǺ  

ǩȏȚȊȍȁ ǟ,ǡ,  
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
ʛ. ʊʘʤʙʦʚ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

 

 
ʆʙʠʦʙʰʞʦʡʞ 
ʇʨʝʩʩ-ʬʦʨʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʷ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠʟ ʪʝʨʤʦ-

ʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʟʜʝʣʠʝ ʬʦʨʤʫʝʪʩʷ ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲʸʤʝ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʨʘʙʦʯʠʤʠ ʧʦʚʝʨʭʥʦ-
ʩʪʤ̫ʠ ʤʘʪʨʠʮʳ ʠ ʧʫʘʥʩʦʥʦʚ. 

 
ʃʧʦʪʫʩʬʣʯʡʸ ʨʩʞʪʪ-ʭʧʩʥʴ 
ʇʨʝʩʩ-ʬʦʨʤʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʣʝ-

ʤʝʥʪʳ: 
¶ ʅʙʫʩʡʯʙ ð ʦʩʥʦʚʥʘʷ ʬʦʨʤʦʦʙʨʘʟʫʶʱʘʷ ʯʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʣʦʩʪʠ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʝ ʚʥʝʰʥʠʝ ʢʦʥʪʫʨʳ ʠʟʜʝʣʠʷ. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʣʫʬʦʨʤʝ. 
¶ ʈʬʙʦʪʧʦ ʛʞʩʮʦʡʢ ð ʦʙʨʘʟʫʝʪ ʚʥʫʪʨʝʥʥʠʝ ʵʣʝʤʝʥʪʳ ʠʟʜʝʣʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʞʠʤʘʥʠʝ ʤʘ-

ʪʝʨʠʘʣʘ ʢ ʤʘʪʨʠʮʝ ʧʨʠ ʚʧʨʳʩʢʝ. ʋʩʪʘʥʦʚʣʝʥ ʥʘ ʧʦʜʚʠʞʥʦʡ ʧʣʠʪʝ ʧʨʝʩʩ-ʬʦʨʤʳ. 
¶ ʈʬʙʦʪʧʦ ʦʡʟʦʡʢ ð ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ ʠʟʜʝʣʠʷ ʩʥʠʟʫ, ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʪʦʣ-

ʢʘʪʝʣʷ ʧʨʠ ʨʘʩʢʨʳʪʠʠ ʬʦʨʤʳ. 
¶ ʊʡʪʫʞʥʙ ʩʙʠʳʹʥʙ ð ʬʦʨʤʘ ʨʘʩʢʨʳʚʘʝʪʩʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ 

ʮʝʥʪʨ ʠʟʜʝʣʠʷ (ʧʦ ʣʠʥʠʠ ʨʘʟʲʝʤʘ). ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʙʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʠʟʜʝʣʠʷ ʠ ʫʧʨʦʱʘʝʪ ʪʝʭʥʦ-
ʣʦʛʠʶ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

¶ ʆʙʨʩʙʛʤʸʷʲʡʞ ʶʤʞʥʞʦʫʴ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ) ð ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʦʩʥʦʩʪʴ ʧʨʠ ʩʤʳʢʘʥʠʠ ʧʦ-
ʣʦʚʠʥʦʢ ʬʦʨʤʳ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʝʨʝʢʦʩʳ. 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʣʠʪʴʝʚʦʡ ʧʨʝʩʩ-ʬʦʨʤʳ, ʚʳʧʦʣʥʝʥʥʦʡ ʧʦ 
ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝ-
ʪʦʜʦʤ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʫʟʣʳ ʧʨʝʩʩ-ʬʦʨʤʳ: ʤʘʪʨʠʮʘ, ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ 
ʧʫʘʥʩʦʥʳ, ʣʠʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ, ʥʘʧʨʘʚʣʷʶʱʠʝ ʠ ʩʠʩʪʝʤʘ ʨʘʟʲʸʤʘ. ʇʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 
ʬʦʨʤʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʬʦʨʤʦʚʘʥʠʷ ʠ ʫʜʦʙʩʪʚʦ ʠʟ-
ʚʣʝʯʝʥʠʷ ʠʟʜʝʣʠʷ. ʋʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʘʤ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʨʘʚ-
ʥʦʤʝʨʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠʟʜʝʣʠʷ. ʇʨʠʚʝʜʸʥ ʚʳʚʦʜ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʬʦʨʤʳ ʚ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʨʝʩʩ-ʬʦʨʤʘ; ʣʠʪʴʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ; ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ; ʤʘʪʨʠʮʘ; ʧʫʘʥ-
ʩʦʥ; ʣʠʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ; ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ. 
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¶ ʄʡʫʦʡʣʧʛʙʸ ʪʡʪʫʞʥʙ ð ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʧʦʣʦʩʪʠ. ɺ ʙʘʟʦʚʦʡ 
ʚʝʨʩʠʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʮʝʥʪʨʘʣʴʥʳʡ ʠʣʠ ʙʦʢʦʚʦʡ ʣʠʪʥʠʢ. 

ʇʨʠ ʟʘʢʨʳʪʠʠ ʬʦʨʤʳ ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʧʫʘʥʩʦʥ ʚʭʦʜʷʪ ʚ ʤʘʪʨʠʮʫ, ʬʦʨʤʠʨʫʷ ʠʟʜʝʣʠʝ. 
ʇʦʩʣʝ ʚʧʨʳʩʢʘ ʠ ʦʭʣʘʞʜʝʥʠʷ, ʚʝʨʭʥʠʡ ʧʫʘʥʩʦʥ ʦʪʚʦʜʠʪʩʷ, ʟʘʪʝʤ ʥʠʞʥʠʡ ð ʠ ʠʟʜʝʣʠʝ ʠʟʚʣʝʢʘʝʪ-

ʩʷ. 
  
ʈʩʡʦʯʡʨ ʩʙʚʧʫʴ 
1. ʇʨʠ ʩʤʳʢʘʥʠʠ ʬʦʨʤʳ ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʧʫʘʥʩʦʥ ʚʭʦʜʷʪ ʚ ʧʦʣʦʩʪʴ ʤʘʪʨʠʮʳ, ʬʦʨʤʠʨʫʷ ʥʝ-

ʦʙʭʦʜʠʤʳʡ ʦʙʲʸʤ ʠʟʜʝʣʠʷ. 
2. ɺ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʝʨʤʦʧʣʘʩʪ ʧʦʜʘʸʪʩʷ ʯʝʨʝʟ ʣʠʪʥʠʢʦʚʫʶ ʩʠʩʪʝʤʫ ʧʦʜ ʚʳʩʦʢʠʤ 

ʜʘʚʣʝʥʠʝʤ. 
3. ʇʦʩʣʝ ʦʩʪʳʚʘʥʠʷ ʤʘʪʝʨʠʘʣ ʟʘʪʚʝʨʜʝʚʘʝʪ, ʧʨʠʥʠʤʘʷ ʬʦʨʤʫ ʠʟʜʝʣʠʷ. 
4. ʌʦʨʤʘ ʨʘʩʢʨʳʚʘʝʪʩʷ ð ʩʥʘʯʘʣʘ ʦʪʭʦʜʠʪ ʚʝʨʭʥʠʡ ʧʫʘʥʩʦʥ, ʟʘʪʝʤ ʠʟʚʣʝʢʘʝʪʩʷ ʠʟʜʝʣʠʝ, ʚʦʟ-

ʤʦʞʥʦ, ʩ ʧʦʤʦʱʴʶ ʥʠʞʥʝʛʦ ʪʦʣʢʘʪʝʣʷ. 
 
ʇʪʧʚʞʦʦʧʪʫʡ ʣʧʦʪʫʩʬʣʯʡʡ. 
¶ ʂʦʤʧʦʥʦʚʢʘ ʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʜʝʣʠʝ ʙʝʟ ʧʦʜʥʫʪʨʝʥʠʡ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʝʸ ʠʟʚʣʝʯʝ-

ʥʠʝ. 
¶ ɼʝʪʘʣʠ ʬʦʨʤʳ ʨʘʟʨʘʙʦʪʘʥʳ ʩ ʫʯʸʪʦʤ ʞʸʩʪʢʦʩʪʠ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. 
¶ ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʚʥʦ-

ʤʝʨʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʠʟʜʝʣʠʷ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʮʠʢʣʘ. 
 

 
ʉʡʪ. 1. ʊʚʧʩʧʰʦʴʢ ʰʞʩʫʞʟ ʤʡʫʵʞʛʧʢ ʨʩʞʪʪ-ʭʧʩʥʴ 

 
¶ ʏʝʨʪʸʞ ʩʦʜʝʨʞʠʪ ʛʡʝʙ ɹðɹ ʡ ɺðɺ, ʘ ʪʘʢʞʝ ʨʩʧʭʡʤʵʦʴʞ ʩʙʠʩʞʠʴ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʚʥʫʪ-

ʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ ʬʦʨʤʳ. 
¶ ɺʠʜʥʦ ʫʩʡ ʧʪʦʧʛʦʴʮ ʶʤʞʥʞʦʫʙ: 
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1. ɺʝʨʭʥʠʡ ʧʫʘʥʩʦʥ. 
2. ʄʘʪʨʠʮʘ. 
3. ʅʠʞʥʠʡ ʧʫʘʥʩʦʥ. 
¶ ʌʦʨʤʘ ʠʙʣʩʴʛʙʞʫʪʸ ʛʞʩʫʡʣʙʤʵʦʧ, ʠ ʡʠʝʞʤʡʞ ʭʧʩʥʬʞʫʪʸ ʥʞʟʝʬ ʨʬʙʦʪʧʦʙʥʡ ʡ ʥʙʫʩʡʯʞʢ. 
ʋʢʘʟʘʥʳ ʩʙʠʥʞʩʴ ʨʩʧʭʡʤʸ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʦʪʥʦʩʷʪʩʷ ʢ ʬʦʨʤʫʝʤʦʡ ʜʝʪʘʣʠ. 
 
ʀʙʣʤʷʰʞʦʡʞ 
ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʩʩ-ʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ, ʪʝʭʥʦʣʦʛʠʯʥʦʡ ʠ ʧʨʠʛʦʜʥʦʡ 

ʜʣʷ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʘʩʪʠʢʦʚʳʭ ʠʟʜʝʣʠʡ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʇʨʝʩʩ-ʬʦʨʤʘ ʦʙʝʩ-
ʧʝʯʠʚʘʝʪ ʥʘʜʸʞʥʫʶ ʨʘʙʦʪʫ, ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʪʣʠʚʢʠ ʠ ʧʨʦʩʪʦʡ ʧʨʦʮʝʩʩ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ɻʝʨʘʩʠʤʦʚ ɸ.ʅ., ʉʤʠʨʥʦʚ ʀ.ʇ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʝʩʩ-ʬʦʨʤ. ð ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 2012. 

ð 256 ʩ. 
2. ɻʆʉʊ 25007ï2014. ʌʦʨʤʳ ʣʠʪʴʝʚʳʝ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ð ɺʚʝʜ. 2015-07-01. 

ð ʄ.: ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ, 2015. 
3. ʏʝʨʥʷʝʚ ɺ.ɸ. ʃʠʪʴʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʣʘʩʪʠʢʦʚ. ð ʉʇʙ.: ʇʦʣʠʪʝʭʥʠʢʘ, 2011. ð 312 ʩ. 
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1973. 
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ǲǣǩ 33-77 

ǭǮǱǧǫǧǦǟǵǧǾ ǪǭǢǧǰǱǧǶǤǰǩǧǴ 
ǫǟǯǷǯǲǱǭǡ A ǧǰǮǭǪǻǦǭǡǟǬǧǤǫ ǫǤǱǭǣǭǡ 
ǢǤǬǤǱǧǶǤǰǩǧǴ ǟǪǢǭǯǧǱǫǭǡ 

ǰȇȃȄȊțȌȇȉȍȁ ǟȊȄȉȐǿȌȃȏ ǟȌȃȏȄȄȁȇȖ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʘʣʠʥʘ ɸʣʠʷ ɹʘʭʪʘʛʘʣʠʝʚʥʘ ï ʢ.ʵ.ʥ., ʜʦʮʝʥʪ 
ʌɻɹʆʋ ɺʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʢʫʨʴʝʨʩʢʠʭ ʤʘʨʰʨʫʪʦʚ 
ʜʣʷ ʜʦʩʪʘʚʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʛʨʫʟʦʚ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʛʦ ʪʨʘʬʠʢʘ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ð ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʫʤʤʘʨʥʳʡ ʧʨʦʙʝʛ ʘʚʪʦʧʘʨʢʘ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʨʘʟʥʠʮʳ ʜʣʠʥ ʤʘʨʰʨʫʪʦʚ ʥʝ ʙʦʣʝʝ 5 
ʢʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʚʥʠʚʘʪʴ ʥʘʛʨʫʟʢʫ ʤʝʞʜʫ ʚʦʜʠʪʝʣʷʤʠ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʪʘʙʠʣʴʥʦʝ ʚʨʝʤʷ ʜʦʩʪʘʚ-
ʢʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʚʘʨʠʘʮʠʠ ʟʘʜʘʯʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʢʦʤʤʠʚʦʷʞʸʨʘ ʧʨʝʜʣʦʞʝʥ ʛʝʥʝ-
ʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʩ ʘʜʘʧʪʠʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʫʪʘʮʠʡ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ʫʧʦʨʷʜʦʯʠ-
ʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʤ ʙʘʣʘʥʩʠʨʦʚʢʫ. ʇʨʦʚʝʜʝʥʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʠʩʧʳʪʘʥʠʝ ʥʘ ʜʝʩʷʪʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ 
ʜʚʫʭ ʨʝʘʣʴʥʳʭ ʠʥʩʪʘʥʩʘʭ (ʜʦ 120 ʪʦʯʝʢ), ʛʜʝ ʤʝʪʦʜ ʩʦʧʦʩʪʘʚʣʷʣʩʷ ʩ ʞʘʜʥʳʤ ʧʦʩʪʨʦʝʥʠʝʤ ʠ ʵʚʨʠʩʪʠʢʦʡ 
ClarkeïWright. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʩʦʢʨʘʱʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʧʨʦʙʝʛʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 6 %, 
ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʠʥ ʤʘʨʰʨʫʪʦʚ ð ʥʝ ʙʦʣʝʝ 4,2 ʢʤ ʧʨʠ ʚʨʝʤʝʥʠ ʨʘʩʯʸʪʘ ʜʦ 60 ʩ. ʈʘʟʨʘʙʦ-
ʪʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʛʦʜʝʥ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʤʝʜʠʮʠʥʩʢʦʡ ʣʦʛʠʩʪʠʢʠ ʠ ʤʦʞʝʪ 
ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʩ ʫʯʸʪʦʤ ʜʠʥʘʤʠʯʥʦʛʦ ʩʧʨʦʩʘ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʦʢʦʥ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʤʘʨʰʨʫʪʳ, ʦʧʪʠʤʠʟʘʮʠʷ, ʵʚʦʣʶʮʠʦʥʥʳʝ ʘʣ-
ʛʦʨʠʪʤʳ, ʙʘʣʘʥʩʠʨʦʚʢʘ ʤʘʨʰʨʫʪʦʚ. 
 

OPTIMIZATION OF LOGISTIC ROUTES USING GENETIC ALGORITHM METHODS 
 

Sidelnikov Alexander Andreevich 
 

Scientific adviser: Malina Aliya Bakhtagalievna 
 
Abstract: This study tackles the construction of balanced courier routes for the delivery of temperature-
sensitive consignments in urban traffic conditions. The goal is to minimize the fleetôs total mileage while keep-
ing the difference between individual route lengths within 5 km, thereby leveling driver workload and ensuring 
consistent delivery times. To solve the formulated variant of the capacitated vehicle-routing problem, we pro-
pose a genetic algorithm featuring an adaptive mutation probability and a modified order-based operator that 
explicitly enforces route balance. Computational experiments on ten synthetic and two real-world instances (up 
to 120 stops) benchmarked the method against a greedy heuristic and the ClarkeïWright savings algorithm. 
Results show an average 6 % reduction in total mileage, with the maximum deviation among route lengths not 
exceeding 4.2 km, and computation times under 60 s. The approach is ready for integration into medical-
logistics information systems and may be extended to handle dynamic demand and stochastic time windows. 
Keywords: genetic algorithm; logistic routing; optimization; evolutionary algorithms; route balancing. 
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ʊʝʨʨʠʪʦʨʠʘʣʴʥʦ-ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʩʝʪʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʩʚʦʠ ʫʩʣʫʛʠ ʚ ʨʘʤʢʘʭ 
ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʛʦʨʦʜʦʚ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʣʦʛʠ-
ʩʪʠʯʝʩʢʠʭ ʤʘʨʰʨʫʪʦʚ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʵʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʦʤʧʘʥʠʷʭ, ʢʦʪʦʨʳʝ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʛʨʫʟʳ, 
ʪʨʝʙʫʶʱʠʝ ʦʩʦʙʳʝ ʫʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ ʠʣʠ ʙʠʦʤʘʪʝʨʠʘ-
ʣʳ. ʏʝʤ ʜʦʣʴʰʝ ʛʨʫʟ ʥʘʭʦʜʠʪʩʷ ʚ ʧʫʪʠ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʧʦʩʪʨʘʜʘʪʴ. ɼʘʥʥʫʶ 
ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʟʘʜʘʯʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (VRP). ɼʣʷ ʝʸ ʨʝʰʝʥʠʷ ʚ ʨʘʤ-
ʢʘʭ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʦʧʪʠʤʠʟʘʮʠʷ ʤʘʨʰʨʫʪʦʚ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝ-
ʪʦʜʦʚ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʤʳ ʧʦʩʪʘʚʠʣʠ ʧʦʩʪʨʦʝʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʤʘʨʰʨʫʪʘ 
ʯʝʪʳʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʢʫʨʴʝʨʦʚ ʤʝʞʜʫ ʪʨʠʜʮʘʪʴʶ ʪʦʯʢʘʤʠ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʠʤʠʪʠʨʫʶʱʝʡ ʛʦʨʦʜ. ʊʨʘʝʢʪʦ-
ʨʠʷ ʜʚʠʞʝʥʠʷ ʢʫʨʴʝʨʦʚ ï ʢʦʣʴʮʝʚʘʷ. ʅʘʯʘʣʦ ʠ ʢʦʥʝʮ ʠʭ ʤʘʨʰʨʫʪʘ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʡ ʪʦʯʢʝ. ʇʦ ʪʘʢʦʤʫ 
ʤʘʨʰʨʫʪʫ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʤʝʱʘʶʪʩʷ ʢʫʨʴʝʨʳ, ʦʙʩʣʫʞʠʚʘʶʱʠʝ ʣʘʙʦʨʘʪʦʨʠʠ. ʄʘʨʰʨʫʪʳ ʩʯʠʪʘʶʪʩʷ ʦʧ-
ʪʠʤʠʟʠʨʦʚʘʥʥʳʤʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʤʘʢʩʠʤʫʤ ʥʘ 5 ʢʠʣʦʤʝʪʨʦʚ. ʊʘʢʦʝ 
ʫʩʣʦʚʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʦʚ ʢʫʨʴʝʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝ-
ʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʠ ʦʧʪʠʤʠʟʘ-
ʮʠʶ ʤʘʨʰʨʫʪʦʚ ʜʣʷ ʯʝʪʳʨʝʭ ʢʫʨʴʝʨʦʚ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ 30 ʧʫʥʢʪʦʚ ʟʘʙʦʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʣʦʩʢʦ-
ʩʪʠ, ʤʦʜʝʣʠʨʫʶʱʝʡ ʛʦʨʦʜʩʢʦʡ ʣʘʥʜʰʘʬʪ. ʂʫʨʴʝʨʳ ʩʪʘʨʪʫʶʪ ʠ ʟʘʚʝʨʰʘʶʪ ʩʚʦʡ ʤʘʨʰʨʫʪ ʚ ʝʜʠʥʦʡ ʪʦʯ-
ʢʝ ð ʮʝʥʪʨʘʣʴʥʦʤ ʦʬʠʩʝ, ʢʦʪʦʨʳʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʣʫʞʠʪ ʛʣʘʚʥʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʜʣʷ ʩʙʦʨʘ ʙʠʦʤʘʪʝʨʠ-
ʘʣʦʚ. ɺʳʙʨʘʥʥʘʷ ʩʭʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʢʫʨʴʝʨʦʚ ʠʤʝʝʪ ʢʦʣʴʮʝʚʦʡ ʭʘʨʘʢʪʝʨ, ʦʙʫʩʣʦʚ-
ʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʩʙʦʨʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. 

ʆʧʪʠʤʘʣʴʥʦʩʪʴ ʤʘʨʰʨʫʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʜʣʠʥʝ ʤʘʨʰʨʫʪʦʚ ʤʝʞʜʫ ʣʶ-
ʙʳʤʠ ʜʚʫʤʷ ʢʫʨʴʝʨʘʤʠ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 5 ʢʠʣʦʤʝʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʘʚʪʦʤʦ-
ʙʠʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʨʝʜʣʦ-
ʞʝʥʥʳʡ ʤʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 
ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʡ ʜʦʩʪʘʚʢʠ. 

ʇʫʩʪʴ ὖ ὴȟȣȟὴ ð ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ ʟʘʙʦʨʘ, Ὠὥȟὦ ð ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ. ʅʝʦʙ-

ʭʦʜʠʤʦ ʨʘʟʙʠʪʴ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʥʘ ʯʝʪʳʨʝ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Ὑ Ὧ ρȟςȟσȟτ 
ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦʨʷʜʦʢ ʠʭ ʦʙʭʦʜʘ, ʤʠʥʠʤʠʟʠʨʦʚʘʚ ʬʫʥʢʮʠʦʥʘʣ. 

ὐ  ὒὙ  l ÍÁØπȟȿὒὙ  ὒ ȿ υ 

ɻʜʝ ὒὙ  ï ʜʣʠʥʘ ʤʘʨʰʨʫʪʘ k-ʛʦ ʢʫʨʴʝʨʘ (ʦʬʠʩ Ÿ ὙŸ ʦʬʠʩ) 

ὒ  В ὒὙ  ï ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʤʘʨʰʨʫʪʘ ʚʩʝʭ ʯʝʪʳʨʝʭ ʢʫʨʴʝʨʦʚ 

l = 100 ï ʢʦʵʬʬʠʮʠʝʥʪ ʰʪʨʘʬʘ ʟʘ ʨʘʟʙʘʣʘʥʩʠʨʦʚʢʫ ʩʚʳʰʝ 5 ʢʤ. 
ʍʨʦʤʦʩʦʤʘ ʩʦʩʪʦʠʪ ʠʟ 33 ʛʝʥʦʚ: ʧʝʨʚʳʝ 30 ð ʧʝʨʝʩʪʘʥʦʚʢʘ ʠʥʜʝʢʩʦʚ ʪʦʯʝʢ 0..290..290..29; ʧʦ-

ʩʣʝʜʥʠʝ 3 ð ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʝ ʧʦʟʠʮʠʠ ʨʘʟʙʠʝʥʠʷ, ʟʘʜʘʶʱʠʝ ʛʨʘʥʠʮʳ ʤʘʨʰʨʫʪʦʚ. 
ʆʧʝʨʘʪʦʨʳ: 
ʉʢʨʝʱʠʚʘʥʠʝ: PMX ʜʣʷ ʧʝʨʝʩʪʘʥʦʚʦʯʥʦʡ ʯʘʩʪʠ + ʦʙʤʝʥ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ. 
ʄʫʪʘʮʠʷ: ʩʣʫʯʘʡʥʘʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ʧʦʜʩʧʠʩʢʘ ʠ ʠʟʤʝʥʝʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ. 
ʆʪʙʦʨ: ʪʫʨʥʠʨ t=3. 
ʇʘʨʘʤʝʪʨʳ: 
ʇʦʧʫʣʷʮʠʷ ὔ σππ; ʧʦʢʦʣʝʥʠʷ ὔ ςππ; ὴ πȢχ; ὴ πȢς. 

ʇʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʪʝʩʪʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ὔ , ὔ  ʠ ʧʦʨʦʛʘ ʨʘʟʙʘʣʘʥʩʠʨʦʚʢʠ (10 Ÿ 5 ʢʤ). ʉʥʠ-

ʞʝʥʠʝ ʧʦʨʦʛʘ ʫʩʠʣʠʣʦ ʙʘʣʘʥʩʠʨʦʚʢʫ, ʫʚʝʣʠʯʠʚ ʩʫʤʤʘʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʥʘ å 2 %, ʥʦ ʩʦʢʨʘʪʠʣʦ ʤʘʢʩʠ-
ʤʘʣʴʥʳʡ ʧʨʦʙʝʛ ʥʘ ʢʫʨʴʝʨʘ ʥʘ å 8 %. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʦʢʦʣʝʥʠʡ ʜʦ 1000 ʩʥʠʟʠʣʦ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ 
ʥʘ å 6 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʡ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʤʘʨʰʨʫʪʳ ʧʨʠ ʙʘʟʦʚʳʭ ʥʘʩʪʨʦʡʢʘʭ, ʥʘ ʨʠʩ. 2 ð ʧʨʠ ʫʚʝʣʠʯʝʥʥʦʤ ʯʠʩʣʝ ʧʦʢʦ-
ʣʝʥʠʡ. ʎʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʤʘʨʰʨʫʪʳ ʢʫʨʴʝʨʦʚ, ʮʠʬʨʘʤʠ ð ʧʦʨʷʜʦʢ ʧʦʩʝʱʝʥʠʷ. 
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ʉʡʪ. 1. ʊʮʞʥʙ ʥʙʩʱʩʬʫʧʛ ʣʬʩʵʞʩʧʛ ʨʩʡ ʚʙʠʧʛʴʮ ʦʙʪʫʩʧʢʣʙʮ 

 

 
ʉʡʪ. 2. ʊʮʞʥʙ ʥʙʩʱʩʬʫʧʛ ʣʬʩʵʞʩʧʛ ʨʩʡ ʬʛʞʤʡʰʞʦʦʧʥ ʣʧʤʡʰʞʪʫʛʞ ʨʧʣʧʤʞʦʡʢ 

 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ɻɸ ʩʧʦʩʦʙʝʥ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ VRP ʩʨʝʜʥʠʭ ʨʘʟʤʝ-

ʨʦʚ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʙʘʣʘʥʩʠʨʦʚʢʠ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʦʪʥʦʩʷʪʩʷ ʩʪʦʭʘ-
ʩʪʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʶʥʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʛʘʨʘʥʪʠʠ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʘ. 
ʇʝʨʩʧʝʢʪʠʚʳ ʫʣʫʯʰʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʛʠʙʨʠʜʠʟʘʮʠʝʡ ɻɸ ʩ ʣʦʢʘʣʴʥʳʤ ʧʦʠʩʢʦʤ (2-opt) ʠ ʧʘʨʘʣʣʝʣʴʥʦʡ 
ʵʚʦʣʶʮʠʝʡ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʣʴʮʝʚʳʭ ʤʘʨʰʨʫʪʦʚ ʢʫʨʴʝʨʦʚ, ʦʩ-
ʥʦʚʘʥʥʳʡ ʥʘ ʛʝʥʝʪʠʯʝʩʢʦʤ ʘʣʛʦʨʠʪʤʝ ʩ ʫʯʸʪʦʤ ʰʪʨʘʬʘ ʟʘ ʨʘʟʙʘʣʘʥʩʠʨʦʚʢʫ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ 
ʩʥʠʞʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʧʨʦʙʝʛʘ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʦʛʨʘʥʠʯʝʥʠʷ 5 ʢʤ ʥʘ ʨʘʟʣʠʯʠʝ ʜʣʠʥ ʤʘʨʰʨʫʪʦʚ. ʈʝ-
ʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʣʦʛʠʩʪʠʢʝ ʠ ʜʨʫʛʠʭ ʩʬʝʨʘʭ, ʛʜʝ ʪʨʝʙʫʶʪʩʷ ʞʸʩʪʢʠʝ 
ʚʨʝʤʝʥʥʳʝ ʦʢʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʥʪʨʦʣʴ. 
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ǲǣǩ ..2,.3/ 

ǯǤǩǭǫǤǬǣǟǵǧǧ ǮǭǰǱǯǭǤǬǧǾ 
ǠǤǦǭǮǟǰǬǭǰǱǧ ǡ ǧǬǳǭǯǫǟǵǧǭǬǬǭǨ 
ǰǧǰǱǤǫǤ 

ǦȁȞȂȇȌ ǧȁǿȌ ǫǿȏȉȍȁȇȖ* 
ʩʪʫʜʝʥʪ 3 ʢʫʨʩʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤè 

ǾȉȍȁȊȄȁǿ ǡǿȊȄȏȇȞ ǣȋȇȑȏȇȄȁȌǿ 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ çɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠè, 

ʀʂɹ ʈʊʋ ʄʀʈʕɸ 
 

 
ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʧʨʦʩʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚʳʭʦ-

ʜʷʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʫʶ ʠ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 
ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘʜʘʧʪʠʚʥʦʡ ʢ ʘʢʪʫʘʣʴʥʳʤ ʫʛʨʦʟʘʤ 
ʫʷʟʚʠʤʦʩʪʷʤ. ʕʪʦ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʥʦ ʠ ʚʳʩʪʨʘʠʚʘʥʠʷ ʧʨʦʜʫ-
ʤʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʘʱʠʪʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʚʢʣʶʯʘʶʪ 
ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʝʢʪʦʨʦʚ ʘʪʘʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦ-
ʚʘʪʴ ʨʝʘʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ. ʀʥʪʝʛʨʘʮʠʷ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʦʧʝʨʘʪʠʚʥʦʝ ʚʳʷʚʣʝʥʠʝ ʠʥʮʠʜʝʥʪʦʚ ʜʘʞʝ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʀʊ-ʩʨʝʜʘʭ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʤʠ ʘʩʧʝʢʪʘʤʠ ʬʫʥʢʮʠʦ-
ʥʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʠ ʩʦʮʠʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ. ɺ ʩʦʚʨʝ-
ʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʮʠʬʨʦʚʳʝ ʘʢʪʠʚʳ ʩʪʘʥʦʚʷʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʧʨʘʚʦʚʳʭ ʮʝʥʥʦʩʪʝʡ, 
ʯʪʦ ʜʝʣʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʋʛʨʦʟʳ 
ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʘ ʩʧʦʩʦʙʥʳ ʚʳʟʚʘʪʴ ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʢʨʠʪʠʯʝʩʢʠʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨ, ʥʘʨʫʰʠʪʴ ʧʨʘʚʘ 
ʛʨʘʞʜʘʥ ʥʘ ʥʝʧʨʠʢʦʩʥʦʚʝʥʥʦʩʪʴ ʯʘʩʪʥʦʡ ʞʠʟʥʠ, ʧʦʚʣʠʷʪʴ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʜʘʞʝ ʩʧʨʦ-
ʚʦʮʠʨʦʚʘʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʥʬʣʠʢʪʳ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʟʘʱʠʪʳ ʀʉ ʜʦʣʞʝʥ 
ʙʳʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʳʚʝʨʝʥʥʳʤ ʠ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʟʥʘ-
ʥʠʡ, ʧʨʘʚʦʚʳʭ ʥʦʨʤ ʠ ʵʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ. 

 

ɹʦʦʧʫʙʯʡʸ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ ʧʦʜʭʦʜʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ 
ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʧʨʝʜʣʦʞʝʥʳ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʟʘ-
ʱʠʪʫ ʜʘʥʥʳʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ, 
ʪʘʢʠʭ ʢʘʢ ʌʉʊʕʂ ʈʦʩʩʠʠ ʠ ʌʉɹ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʟʘʱʠʪʳ ʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ 
ʀʉ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʩʝʨʪʠʬʠʢʘ-
ʮʠʷ, ʌʉʊʕʂ ʈʦʩʩʠʠ, ʌʉɹ  ʈʦʩʩʠʠ, ʢʨʠʪʠʯʝʩʢʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʂʀʀ). 
 

RECOMMENDATIONS FOR BUILDING SECURITY IN AN INFORMATION SYSTEM 
 

Zvyagin Ivan Markovich, 
Yakovleva Valeria Dmitrievna 
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ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʟʘ-
ʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʈʌ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʧʨʘʚʦʚʦʡ ʘʥʘʣʠʟ, 
ʚʳʷʚʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ ʠ ʦʮʝʥʢʘ ʨʠʩʢʦʚ, ʩ ʫʯʸʪʦʤ ʩʧʝʮʠʬʠʢʠ ʢʦʥʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 
ʩʠʩʪʝʤʳ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ, 
ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʙʝʟ ʠʭ ʨʘʩʰʠʬʨʦʚʢʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʦʙʣʘʯʥʳʭ ʩʨʝʜ. 
ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʚʠʪʠʝ ʢʚʘʥʪʦʚʦ-ʫʩʪʦʡʯʠʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʦ-
ʛʨʝʩʩʘ ʚ ʦʙʣʘʩʪʠ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

ʉʨʝʜʠ ʢʣʶʯʝʚʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʠʥ-
ʬʦʨʤʘʮʠʠ ʚ ʈʌ, ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

- ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ˉ 149-ʌɿ ʦʪ 27 ʠʶʣʷ 2006 ʛ., ʟʘʢʨʝʧʣʷʶʱʠʡ ʧʨʘʚʦʚʳʝ ʧʨʠʥʮʠʧʳ ʫʧʨʘʚʣʝ-
ʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ, ʚʢʣʶʯʘʷ ʝʸ ʟʘʱʠʪʫ. 

- ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ˉ 187-ʌɿ ʦʪ 26 ʠʶʣʷ 2017 ʛ., ʨʝʛʫʣʠʨʫʶʱʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʟʘʱʠʪʫ 
ʦʙʲʝʢʪʦʚ ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʂʀʀ), ʚʢʣʶʯʘʷ ʧʦʨʷʜʦʢ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʥ-
ʮʠʜʝʥʪʳ ʠ ʢʦʦʨʜʠʥʘʮʠʶ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʢʠʙʝ-
ʨʘʪʘʢ (ɻʦʩʩʦʧʢʘ). 

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʘʟʦʚʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ 
ʦʩʥʦʚʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ:  

 
ʋʙʚʤʡʯʙ 1 

ʇʪʦʧʛʦʴʞ ʦʧʩʥʙʫʡʛʦʴʞ ʙʣʫʴ ʛ ʪʭʞʩʞ ʡʦʭʧʩʥʙʯʡʧʦʦʧʢ ʚʞʠʧʨʙʪʦʧʪʫʡ ʉʍ 

ɼʦʢʫʤʝʥʪ ɼʘʪʘ ʉʦʜʝʨʞʘʥʠʝ ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʌɿ  ˉ 149-ʌɿ 27.07.2006 ʆʧʠʩʘʥʠʝ ʦʩʥʦʚ ʦʙʨʘʱʝʥʠʷ ʩ 
ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʝʸ ʟʘʱʠʪʳ. 

ʋʩʪʘʥʘʚʣʠʚʘʝʪ ʨʘʤʢʠ ʨʘʙʦʪʳ ʩ 
ʜʘʥʥʳʤʠ ʨʘʟʥʳʭ ʢʘʪʝʛʦʨʠʡ. 

ʌɿ ˉ 187-ʌɿ 26.07.2017 ʆʧʠʩʘʥʠʝ ʤʝʨ ʧʦ ʟʘʱʠʪʝ ʂʀʀ ʠ 
ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʠʶ ʥʘ  
ʠʥʮʠʜʝʥʪʳ. 

ʂʣʶʯʝʚʦʡ ʘʢʪ ʜʣʷ ʩʫʙʲʝʢʪʥʦʡ ʂʀʀ 
ʠ ʢʨʠʪʠʯʝʩʢʦʡ ʀʉ. 
 

 
ʂʨʦʤʝ ʟʘʢʦʥʦʚ, ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʨʝʛʫʣʠʨʫʶʱʠʝ ʦʨʛʘʥʳ. ʂʣʶʯʝʚʳʤʠ ʦʨʛʘʥʘʤʠ ʚ ʵʪʦʡ ʩʬʝʨʝ 

ʷʚʣʷʶʪʩʷ ʌʝʜʝʨʘʣʴʥʘʷ ʩʣʫʞʙʘ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʌʉɹ) ʠ ʌʝʜʝʨʘʣʴʥʘʷ ʩʣʫʞʙʘ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʠ ʵʢʩʧʦʨʪ-
ʥʦʤʫ ʢʦʥʪʨʦʣʶ (ʌʉʊʕʂ) ʈʦʩʩʠʠ. ʌʉɹ ʦʧʨʝʜʝʣʷʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʙʦʪʝ ʩ ʟʘʩʝʢʨʝʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 
ʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʝ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʩʝʨʪʠʬʠʢʘʮʠʠ ʉɿʀ. ʌʉʊʕʂ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʨʘ-
ʙʘʪʳʚʘʝʪ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʦʙʷʟʘʪʝʣʴʥʳʝ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 
ʠ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

 
ʋʙʚʤʡʯʙ 2 

ʉʞʜʬʤʡʩʬʷʲʡʞ ʧʩʜʙʦʴ ʛ ʪʭʞʩʞ ʡʦʭʧʩʥʙʯʡʧʦʦʧʢ ʚʞʠʧʨʙʪʦʧʪʫʡ ʉʍ 

ʆʨʛʘʥ ʇʨʘʚʦʚʘʷ ʦʩʥʦʚʘ ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʂʦʤʤʝʥʪʘʨʠʠ 

ʌʉɹ ʈʦʩʩʠʠ ɿʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʈʌ ɿʘʱʠʪʘ ʛʦʩʪʘʡʥʳ,  
ʢʨʠʧʪʦʛʨʘʬʠʷ,  
ʩʝʨʪʠʬʠʢʘʮʠʷ. 

ʈʘʙʦʪʘʝʪ ʩʦʚʤʝʩʪʥʦ ʩ ʌʉʊʕʂ 
ʜʣʷ ʂʀʀ ʠ ʟʘʱʠʱʸʥʥʳʭ ʀʉ. 

ʌʉʊʕʂ  
ʈʦʩʩʠʠ 

ɿʘʢʦʥ ʦ ʟʘʱʠʪʝ  
ʠʥʬʦʨʤʘʮʠʠ 

ʈʘʟʨʘʙʦʪʢʘ ʪʨʝʙʦʚʘʥʠʡ ʠ 
ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʀʉ ʠ ʂʀʀ. 

ɺʳʧʫʩʢʘʝʪ ʧʨʠʢʘʟʳ ʠ ʤʝʪʦʜʠʢʠ ʧʦ 
ʦʮʝʥʢʝ ʠ ʢʦʥʪʨʦʣʶ ʟʘʱʠʪʳ. 

 
ʆʙʷʟʘʪʝʣʴʥʳʝ ʫʩʣʦʚʠʝʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʀʉ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. ʉʦʛʣʘʩʥʦ ʇʨʠʢʘʟʫ ʌʉʊʕʂ ˉ 55 ʦʪ 3 ʘʧʨʝʣʷ 2018 ʛ., ʩʨʝʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʀʉ, 
ʧʦʜʣʝʞʘʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʨʪʠʬʠʢʘʮʠʠ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʪʘʥʜʘʨ-
ʪʘʤ. 

ʆʮʝʥʢʘ ʟʘʱʠʱʸʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ ʚʳʷʚʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ ʠ ʘʥʘʣʠʟ ʨʠʩʢʦʚ. ʄʝ-
ʪʦʜʠʢʘ, ʫʪʚʝʨʞʜʝʥʥʘʷ ʌʉʊʕʂ 5 ʬʝʚʨʘʣʷ 2021 ʛʦʜʘ, ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʠ ʚʳʨʘʙʦ-
ʪʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʤʝʨʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. ʇʨʠ ʥʘʣʠʯʠʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʙʷʟʘʪʝʣʴʥʳʤ ʩʪʘ-
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ʥʦʚʠʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʢʘʟʘ ʌʉʊʕʂ ʠ ʌʉɹ ˉ 416/430 ʦʪ 31 ʜʝʢʘʙʨʷ 2010 
ʛʦʜʘ, ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʚʝʜʦʤʩʪʚ ʧʨʠ ʦʮʝʥʢʝ ʠ ʩʦʛʣʘʩʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ. 

ʆʩʦʙʳʡ ʘʢʮʝʥʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʜʝʣʘʥ ʥʘ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʃʶ-
ʙʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʯʘʩʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʪʨʝʙʦʚʘʥʠʡ, ʦʧʨʝʜʝʣʸʥʥʳʭ 
ʇʨʠʢʘʟʦʤ ʌʉʊʕʂ ˉ 21 ʦʪ 18 ʬʝʚʨʘʣʷ 2013 ʛʦʜʘ. ʅʝʩʦʙʣʶʜʝʥʠʝ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʢʘʢ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ, 
ʪʘʢ ʠ ʫʛʦʣʦʚʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʀɹ-ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʥʦ ʠ ʦʨʛʘʥʠ-
ʟʘʮʠʦʥʥʳʝ ʧʨʦʮʝʜʫʨʳ. ʉʨʝʜʠ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ: 

1. ʈʝʛʫʣʷʨʥʳʡ ʘʫʜʠʪ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʤʦʥʠʪʦʨʠʥʛ ʫʛʨʦʟ; 
2. ʇʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʜʦʚʝʨʠʷ ʯʝʨʝʟ ʩʝʨʪʠʬʠʢʘʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ; 
3. ʆʙʝʩʧʝʯʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʘʜʘʧʪʘʮʠʠ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪ-

ʨʝʥʥʝʡ ʩʨʝʜʳ 
ʉʠʩʪʝʤʘ ʟʘʱʠʪʳ ʜʦʣʞʥʘ ʦʭʚʘʪʳʚʘʪʴ ʚʩʝ ʫʨʦʚʥʠ: ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʜʦ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʮʠʜʝʥʪʘʤʠ. ʊʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡ-
ʯʠʚʦʩʪʴ ʀʉ ʢ ʚʦʟʤʦʞʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ɺ ʠʪʦʛʝ, ʵʬʬʝʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʦʨʤʘʪʠʚʥʳʭ 
ʪʨʝʙʦʚʘʥʠʡ, ʩʝʨʪʠʬʠʢʘʮʠʠ, ʘʥʘʣʠʟʘ ʫʛʨʦʟ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ. ɺʥʠʤʘʥʠʝ ʢ ʢʘʞʜʦʤʫ ʠʟ ʵʪʠʭ ʘʩʧʝʢ-
ʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʸʞʥʫʶ ʟʘʱʠʪʫ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʀʉ 
ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ. 
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ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʜʝʪʘʣʝʡ ʧʨʠʙʦʨʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʜʢʦ ʦʙʭʦʜʠʪʴʩʷ ʙʝʟ ʧʨʠ-

ʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 
ʧʨʦʠʟʚʦʜʩʪʚʘʭ: ʝʜʠʥʠʯʥʦʝ; ʩʝʨʠʡʥʦʝ; ʤʘʩʩʦʚʦʝ. 

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ) ʧʦʟʚʦʣʷʝʪ ʠʥʞʝʥʝʨʫ-ʢʦʥʩʪʨʫʢʪʦʨʫ ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʢʨʫʛ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ʉʠʩʪʝʤʘ ʂʆʄʇɸʉ-3D ̫ ʚʣʷʝʪʩʷ ʙʘʟʦʚʦʡ ʉAD-
ʩʠʩʪʝʤʦʡ. [1] 

ʂʆʄʇɸʉ-3D ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: ʨʘʩʯʸʪʥʳʝ ʟʘʜʘʯʠ; ʤʦʜʝ-
ʣʠʨʦʚʘʥʠʝ; ʨʘʟʨʘʙʦʪʢʘ ʯʝʨʪʝʞʝʡ; ʩʦʟʜʘʥʠʝ ʨʝʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʧʨʠʙʦʨʦʚ ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʚ ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ-3D ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʨʘʙʦʪʢʠ ʩʙʦʨʦʯʥʦʡ ʝʜʠʥʠʮʳ ʤʦʜʝʣʠ 

ɹʦʦʧʫʙʯʡʸ: ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʧʨʠ-
ʙʦʨʦʚ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʜʝʪʘʣʴ. ɺ ʩʪʘʪʴʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʤʘʪ-
ʨʠʚʘʶʪʩʷ ʩʪʘʜʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʶʬʪʦʚʳʙʠʨʘʶʱʝʛʦ ʢʦʣʝʩʘ: ʧʨʦʝʢʪʥʳʡ ʨʘʩʯʝʪ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝ-
ʪʘʣʝʡ; ʩʦʟʜʘʥʠʝ ʩʙʦʨʦʯʥʦʡ ʝʜʠʥʠʮʳ ʚ ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ-3D. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʂʆʄʇɸʉ-3D, ʢʦʥʩʪʨʫʢʪʦʨ, ʣʶʬʪʦʚʳʙʠʨʘʶʱʝʝ ʢʦʣʝʩʦ, ʤʸʨʪʚʳʡ ʭʦʜ, ʨʝʚʝʨʩʠʚʥʘʷ 
ʧʝʨʝʜʘʯʘ, ʜʝʪʘʣʴ, ʤʦʜʝʣʴ, ʩʙʦʨʦʯʥʘʷ ʝʜʠʥʠʮʘ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʧʨʠʙʦʨʦʩʪʨʝʥʠʝ, ʨʘʩʯʸʪ, 3D-ʧʝʯʘʪʴ. 
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Abstract: Computer modeling is used in the design of machine parts and devices. Computer models allow you 
to visualize a part. The article consistently examines the stages of modeling a backlash-selecting wheel: de-
sign calculation; modeling of parts; creation of an assembly unit in the COMPASS-3D system. 
Keywords: COMPASS-3D, constructor, backlash-picking wheel, dead stroke, reverse gear, part, model, as-
sembly unit, mechanical engineering, instrumentation, calculation, 3D printing. 
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çʃʶʬʪʦʚʳʙʠʨʘʶʱʝʝ ʢʦʣʝʩʦè. ʇʝʨʚʳʡ ʵʪʘʧ ïʧʨʦʝʢʪʥʳʡ ʨʘʩʯʸʪ ʛʝʦʤʝʪʨʠʠ ʜʝʪʘʣʝʡ. ɺʪʦʨʦʡ ʵʪʘʧ ï ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʝ ʜʝʪʘʣʝʡ ʩʙʦʨʦʯʥʦʡ ʝʜʠʥʠʮʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʩʙʦʨʦʯʥʦʡ 
ʦʧʝʨʘʮʠʠ. 

ɺ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯʘʭ ʚʩʝʛʜʘ ʠʤʝʝʪʩʷ ʙʦʢʦʚʦʡ ʟʘʟʦʨ nj  ʤʝʞʜʫ ʩʦʧʨʷʞʝʥʥʳʤʠ ʟʫʙʴʷʤʠ ʢʦʣʸʩ, 

ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ (ʤʸʨʪʚʳʡ ʭʦʜ) ʚ ʨʝʚʝʨʩʠʚʥʳʭ ʧʝʨʝʜʘʯʘʭ. [2] 
ʄʸʨʪʚʳʡ ʭʦʜ ï ʵʪʦ ʣʶʬʪʦʚʘʷ ʧʦʛʨʝʰʥʦʩʪʴ, ʪ.ʝ. ʩʚʦʙʦʜʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʝʜʫʱʝʛʦ ʟʚʝʥʘ ʧʨʠ ʥʝ-

ʧʦʜʚʠʞʥʦʤ ʚʝʜʦʤʦʤ ʟʚʝʥʝ ʚ ʤʦʤʝʥʪ ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ. ʈʝʚʝʨʩʠʚʥʦʝ ʜʚʠʞʝʥʠʝ ï ʚʦʟʤʦʞʥʦʩʪʴ 
ʜʝʪʘʣʠ ʜʚʠʛʘʪʴʩʷ ʚ ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʄʸʨʪʚʳʡ ʭʦʜ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʘʣʠʯʠʷ ʟʘ-
ʟʦʨʦʚ (ʣʶʬʪʦʚ) ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʭ ʤʝʭʘʥʠʟʤʘ ʠ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʝʛʦ ʜʝʪʘʣʝʡ (ʫʧʨʫʛʠʡ ʤʸʨʪ-
ʚʳʡ ʭʦʜ). ʆʥ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠʙʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ 
ʥʘʛʨʫʟʦʢ, ʧʦʷʚʣʝʥʠʶ ʚʠʙʨʘʮʠʡ ʠ ʰʫʤʘ. [3] 

ʃʶʬʪʦʚʳʙʠʨʘʶʱʝʝ ʢʦʣʝʩʦ ï ʫʩʪʨʦʡʩʪʚʦ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʤʝʭʘʥʠʢʝ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʟʘʟʦʨʦʚ 
(çʣʶʬʪʦʚè) ʤʝʞʜʫ ʜʝʪʘʣʷʤʠ ʤʝʭʘʥʠʟʤʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʣʶʬʪʦʚʳʙʠʨʘʶʱʝʛʦ ʢʦʣʝʩʘ ʤʦʞʥʦ 
ʩʥʠʟʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʤʸʨʪʚʦʛʦ ʭʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʨʝʜʫʢʪʦʨʘʭ. ʂʦʥʩʪʨʫʢʮʠʷ 
ʣʶʬʪʦʚʳʙʠʨʘʶʱʝʛʦ ʢʦʣʝʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʯʝʨʪʝʞʝ (ʨʠʩ. 1). 

 

 
ʉʡʪ. 3. ʐʞʩʫʞʟ ʤʷʭʫʧʛʴʚʡʩʙʷʲʞʜʧ ʣʧʤʞʪʙ 

 
ʅʘ ʨʘʟʨʝʟʝ (ʨʠʩ. 1) ʧʦʢʘʟʘʥʳ ʜʝʪʘʣʠ ʩʙʦʨʦʯʥʦʡ ʝʜʠʥʠʮʳ. ʇʦʟʠʮʠʷ 1 ï ʦʩʥʦʚʥʦʝ ʢʦʣʝʩʦ, ʥʘ ʩʪʫ-

ʧʠʮʫ ʢʦʪʦʨʦʛʦ ʧʦʩʘʞʝʥʦ ʣʶʬʪʦʚʳʙʠʨʘʶʱʝʝ ʢʦʣʝʩʦ ʧʦʟʠʮʠʷ 2, ʩʧʦʩʦʙʥʦʝ ʩʚʦʙʦʜʥʦ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʥʘ 
ʩʪʫʧʠʮʝ. ʇʦʟʠʮʠʷ 3 ï ʧʨʫʞʠʥʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʥʝʙʦʣʴʰʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʞʘʪʠʷ. ʇʨʫ-
ʞʠʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʠʣʠʝ ʧʨʠʞʠʤʘ ʟʫʙʴʝʚ ʢʦʣʝʩ ʜʨʫʛ ʢ ʜʨʫʛʫ. ɺʠʥʪʳ ʧʦʟʠʮʠʷ 4 ʧʦʟʚʦʣʷ-
ʶʪ ʠʟʤʝʥʷʪʴ ʩʠʣʫ ʜʘʚʣʝʥʠʷ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʧʦʜʚʠʞʥʫʶ ʚʪʫʣʢʫ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʣʠʯʠʥʫ ʚʳ-
ʙʠʨʘʝʤʦʛʦ ʣʶʬʪʘ. 

ʈʘʩʯʸʪ ʧʨʫʞʠʥʳ ʨʘʩʪʷʞʝʥʠʷ ï ʦʧʨʝʜʝʣʷʝʪ ʨʘʙʦʯʝʝ ʫʩʠʣʠʝ ʧʨʫʞʠʥʳ (ʬʦʨʤʫʣʘ 1). 
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   (1) 

ʛʜʝ: 

ʄʢʨ=0,3355 ʅʤ ï ʤʦʤʝʥʪ ʥʘʛʨʫʟʢʠ; 38A=  ʤʤ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ ʜʦ ʩʨʝʜʥʝʡ 

ʣʠʥʠʠ ʧʨʫʞʠʥʳ; 10L=  ʤʤ ï ʜʣʠʥʘ ʧʨʫʞʠʥʳ; 4n=  ï ʯʠʩʣʦ ʟʫʙʴʝʚ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʤʝ-

ʱʝʥʠʝ; 200z=  ï ʯʠʩʣʦ ʟʫʙʴʝʚ ʩʦʩʪʘʚʥʦʛʦ ʢʦʣʝʩʘ. 
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ɼʘʣʝʝ ʧʨʫʞʠʥʫ ʨʘʩʩʯʠʪʳʚʘʶʪ, ʠʩʧʦʣʴʟʫʷ ʩʭʝʤʫ (ʨʠʩ. 2). 
 

 
ʉʡʪ. 4. ʊʮʞʥʙ ʩʙʚʧʫʴ ʨʩʬʟʡʦʴ ʤʷʭʫʧʛʴʚʡʩʙʷʲʞʜʧ ʣʧʤʞʪʙ 

 
ʈʘʩʯʸʪ ʧʨʦʚʦʜʷʪ ʧʦ ʬʦʨʤʫʣʝ (2). 

  ( 2 ) 
ɾʸʩʪʢʦʩʪʴ ʧʨʫʞʠʥʳ ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (ʬʦʨʤʫʣʘ 3): 

           ( 3 ) 
ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʘʩʯʸʪʘʤ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 13771-86 ʚʳʙʠʨʘʝʤ ʧʨʫʞʠʥʫ 134, 

. [4] 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʜʝʪʘʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝ-
ʤʳ. 

ʉ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ-3D ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʩʪʨʦʠʪʴ 
ʰʝʩʪʝʨʥʶ ʩ ʟʘʜʘʥʥʳʤʠ ʛʝʦʤʝʪʨʠʝʡ ʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ çɼʝʪʘʣʴè ʚ ʛʣʘʚʥʦʤ ʤʝʥʶ 
ʧʨʦʛʨʘʤʤʳ ʂʆʄʇɸʉ-3D. 

ɼʘʣʝʝ ʚʳʟʚʘʪʴ ʢʦʤʘʥʜʫ ʇʨʠʣʦʞʝʥʠʷ ï ʄʝʭʘʥʠʢʘ ï ɺʘʣʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ 3D ï ʄʝʭʘʥʠ-
ʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ ï ʐʝʩʪʝʨʥʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʩ ʚʥʝʰʥʠʤʠ ʟʫʙʴʷʤʠ (ʨʠʩ. 3). 

 

 
ʉʡʪ. 5. ʈʩʡʤʧʟʞʦʡʞ çɻʙʤʴ ʡ ʥʞʮʙʦʡʰʞʪʣʡʞ ʨʞʩʞʝʙʰʡ 3Dè 

 
ɺʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʥʦʧʢʦʡ çʈʘʩʯʸʪè. ɺ ʦʢʥʝ çɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʩʯʸʪè ʠʟʤʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ, ʘ 

ʪʘʢʞʝ ʚʳʙʨʘʪʴ ʤʦʜʫʣʴ ʟʘʮʝʧʣʝʥʠʷ, ʥʘʞʘʚ ʥʘ ʟʥʘʯʦʢ ʢʥʠʞʢʠ (ʨʠʩ. 4). 
 



142 ǠǭǪǻǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǩǭǬǳǤǯǤǬǵǧǾ 

 

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

 
ʉʡʪ. 6. ʁʪʨʧʤʵʠʧʛʙʦʡʞ ʨʩʡʤʧʟʞʦʡʸ çʃʧʥʨʤʞʣʪ ʨʩʧʜʩʙʥʥ GEARSè 

 
ʇʨʦʝʢʪʠʨʫʝʤʦʡ ʜʝʪʘʣʴʶ ʷʚʣʷʝʪʩʷ ʣʶʬʪʦʚʳʙʠʨʘʶʱʝʝ ʢʦʣʝʩʦ ʜʣʷ ʧʨʠʙʦʨʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ɻʆʉʊ 9587-81 ʥʘ ʤʝʣʢʦʤʦʜʫʣʴʥʳʝ ʧʝʨʝʜʘʯʠ (ʨʠʩ. 5). [5] 
 

 
ʉʡʪ. 7. ʅʞʤʣʧʥʧʝʬʤʵʦʴʞ ʨʞʩʞʝʙʰʡ ʪ ʣʧʦʫʬʩʧʥ ʨʧ ɼʇʊʋ 9587-81 

 
ɺʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ. ɺʳʧʦʣʥʠʪʴ ʨʘʩʯʸʪ. ʇʨʦʚʝʨʠʪʴ ʢʘʯʝʩʪʚʦ ʟʘʮʝʧʣʝʥʠʷ ʠ ʢʨʠʪʝ-

ʨʠʠ. 
ʅʘʞʘʪʴ ʢʥʦʧʢʫ çɿʘʢʦʥʯʠʪʴ ʨʘʩʯʸʪè. ɼʘʣʝʝ ʢʥʦʧʢʘ çʉʤʝʥʠʪʴ ʵʣʝʤʝʥʪè. ʇʦʩʣʝ ʪʘʙʣʠʮʳ ʧʘʨʘʤʝʪ-

ʨʦʚ ʚ ʤʝʥʶ çʌʘʩʢʘè ʥʘʞʘʪʴ ʢʥʦʧʢʫ çɹʝʟ ʬʘʩʢʠè. 
ʇʨʦʢʨʫʪʠʪʴ ʜʝʨʝʚʦ ʜʦ çʇʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝè ʠ ʚʳʙʨʘʪʴ ʧʣʦʩʢʦʩʪʴ ZX ʢʣʠʢʦʤ ʥʘ ʟʝʣʸʥʫʶ ʧʣʦʩ-

ʢʦʩʪʴ ʚ ʦʢʥʝ ʧʦʩʪʨʦʝʥʠʷ ʜʝʪʘʣʠ (ʨʠʩ. 6). 
 

 
ʉʡʪ. 8. ɼʞʧʥʞʫʩʡʰʞʪʣʡʢ ʩʙʪʰʹʫ ʛ ʃʇʅʈɹʊ-3D 

 
ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʘʝʪʩʷ ʟʘʛʦʪʦʚʢʘ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʣʶʬʪʦʚʳʙʠʨʘʶʱʝʛʦ 

ʢʦʣʝʩʘ. 
ɼʘʣʝʝ ʥʘʞʘʪʴ ʥʘ ʧʣʦʩʢʦʩʪʴ ZX, ʥʘʞʘʪʴ ʥʘ çʉʦʟʜʘʪʴ ʵʩʢʠʟè. ʉʦʟʜʘʪʴ ʦʢʨʫʞʥʦʩʪʴ ʢʦʤʘʥʜʦʡ 

çʆʢʨʫʞʥʦʩʪʴè ʚ ʙʣʦʢʝ çɻʝʦʤʝʪʨʠʷè, ʜʘʣʝʝ ï ʥʘʞʘʪʴ ʚ ʥʘʯʘʣʦ XOY ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʵʩʢʠʟʘ (ʨʠʩ. 7). 




























































































































































































































































































