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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉ88 

ʉʊʋɼɽʅʊ ʀ ʅɸʋʂɸ: ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ʉʆɺʈɽʄɽʅʅʓʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ. ɺ 2 ʯ. ʏ. 1. ï ʇʝʥʟʘ: ʄʎʅʉ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè. ï 2023. ï 290 ʩ. 
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ʅʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ ʩʦʩʪʘʚʣʝʥ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʉʊʋɼɽʅʊ ʀ ʅɸʋʂɸ: ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ʉʆɺʈɽʄɽʅʅʓʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁè, ʩʦʩʪʦʷʚʰʝʡʩʷ 23 ʤʘʷ 2023 ʛ. ʚ ʛ. ʇʝʥʟʘ. ɺ ʩʙʦʨʥʠʢʝ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ, 

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

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

ʪʘʢʞʝ ʟʘ ʩʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦʙ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʝʩʫʪ ʘʚʪʦʨʳ 

ʧʫʙʣʠʢʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʦʣʥʳʝ ʪʝʢʩʪʳ ʩʪʘʪʝʡ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʨʘʟʤʝʱʝʥʳ ʚ ʅʘʫʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

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

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉʦʩʪʘʚ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

ɸʛʘʨʢʦʚʘ ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ï 

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʥʘʥʯʝʥʢʦ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʪʠʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ɹʘʙʘʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï  

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʦʷʨʩʢʠʡ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ɹʫʟʥʠ ɸʨʪʝʤʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ʕʜʫʘʨʜʦʚʠʯ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺʣʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ɻʝʪʤʘʥʩʢʘʷ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ 

ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï 

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï 

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  
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ǲǣǩ 3/ 

ǧǬǳǭǯǫǟǵǧǭǬǬǟǾ ǠǤǦǭǮǟǰǬǭǰǱǻ ǧ 
ǫǟǱǤǫǟǱǧǩǟ 

ǩȍȌȐȑǿȌȑȇȌȍȁǿ ǰȁȄȑȊǿȌǿ ǡȇȑǿȊțȄȁȌǿ*  
ǭȐȇȎȖȒȉ ǤȂȍȏ ǟȌȃȏȄȄȁȇȖ* 
ǶȄȐȑȌȍȁ ǟȏȑǞȋ ǟȌȑȍȌȍȁȇȖ 

ʩʪʫʜʝʥʪʳ 
ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠ,  

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ  
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʐʤʠʜʪ ʅʘʜʝʞʜʘ ʄʠʭʘʡʣʦʚʥʘ 
 ʢ.ʧ.ʥ., ʜʦʮʝʥʪ,  

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠ, 
 ʛ. ʅʦʚʦʩʠʙʠʨʩʢ  

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʪʘʢʦʝ ʧʦʥʷʪʠʝ, ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩ-
ʥʦʩʪʴ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʱʠʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʝʩʘʥʢʮʠʦ-
ʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʝʝ ʩʦʭʨʘʥʝʥʠʝʤ ʠ ʮʝʣʦʩʪʥʦʩʪʴʶ. ʈʝʯʴ ʠʜʝʪ ʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ ʚ ʮʝʣʦʤ, 
ʪʘʢ ʠ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʨʦʛʨʘʤʤ ʠ ʜʘʥʥʳʭ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʪʝʭʥʦʣʦʛʠʠ 
ʨʘʟʚʠʚʘʶʪʩʷ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ ʩʤʘʨʪʬʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʨʘʩʪʝʪ ʚ ʛʝʦʤʝʪʨʠ-
ʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ, ʚʦʧʨʦʩʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʚʘʞ-
ʥʳʤʠ. ʆʥʠ ʢʘʩʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʯʘʩʪʥʳʭ ʣʠʮ, ʥʦ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʢʨʫʧʥʳʭ ʢʦʨʧʦʨʘʮʠʡ ʠ 
ʦʨʛʘʥʠʟʘʮʠʡ. ɺ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ  ʤʘʪʝʤʘʪʠʢʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʚʳʩʰʘʷ ʤʘʪʝʤʘʪʠʢʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʥʘʫʢʘ, ʘʣʛʝʙʨʘ, ʢʨʠʧʪʦʛʨʘʬʠʷ. 
 

INFORMATION SECURITY IN MATHEMATICS 
 

Konstantinova Svetlana Vitalievna, 
Osipchuk Egor Andreevich, 

Chestnov Artem Antonovich 
 

Scientific adviser: Schmidt Nadezhda Mikhailovna  
 
Abstract: The article discusses and analyzes such a concept as information security, which includes a wide 
range of issues related to the protection of information from unauthorized access, its preservation and integri-
ty. We are talking about the protection of information both in general and at the level of individual systems, 
programs and data. In modern conditions, when technologies are developing very quickly, and the number of 
computer and smartphone devices is growing exponentially, information security issues are becoming more 
relevant and important. They concern not only individuals, but also government agencies, large corporations 
and organizations. It is important not only to protect your data, but also to be prepared for possible threats 
from intruders who can cause harm not only material, but also moral. Proper organization of information secu-
rity helps protect not only computer systems, but also personal data, bank accounts and other valuable re-
sources. Mathematics plays an important role in solving information security issues. 
Key words: higher mathematics, information security, science, algebra, cryptography. 
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʊʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ. ʆʥʘ ʩʚʷʟʘʥʘ ʩ ʟʘʱʠʪʦʡ ʠʥʬʦʨʤʘ-
ʮʠʠ ʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʩ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ ʢʠʙʝʨʘʪʘʢ ʠ ʜʨʫʛʠʭ ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʦʨʠʝʡ ʢʦʜʠʨʦʚʘʥʠʷ,  ʰʠʬʨʦʚʘʥʠʝʤ ʠ ʟʘʱʠʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦ ʠʤʝʝʪ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ ʤʘʪʝʤʘʪʠʢʦʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 
ʟʥʘʯʝʥʠʝ ʜʣʷ ʟʘʱʠʪʳ ʧʨʘʚ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʪʘʡʥ. ʅʘʢʦʥʝʮ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩ-
ʥʦʩʪʴ ʚʘʞʥʘ ʜʣʷ ʟʘʱʠʪʳ ʥʘʰʝʡ ʯʘʩʪʥʦʡ ʞʠʟʥʠ ʚ ʩʚʷʟʠ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʚ ʀʥʪʝʨʥʝʪʝ. 
ɺ ʮʝʣʦʤ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʟʘʱʠʪʳ ʩʦʚʨʝʤʝʥʥʦʡ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʥʘʩʝʣʝʥʠʷ ʚ ʮʝʣʦʤ. ɺ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʚʘʞʥʫʶ ʨʦʣʴ ʦʪʚʦʜʷʪ ʧʨʠʤʝʥʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʨʘʟʜʝʣʦʚ ʤʘʪʝʤʘʪʠʢʠ.  

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ï ʵʪʦ ʢʦʤʧʣʝʢʩ ʤʝʨ ʠ ʩʨʝʜʩʪʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʟʘʱʠʪʫ ʠʥʬʦʨ-
ʤʘʮʠʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺʦʧʨʦʩʳ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʥʦʚʷʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, 
ʰʠʬʨʦʚʘʥʠʝʤ ʠ ʜʝʰʠʬʨʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʟʜʝʩʴ ʙʝʟ ʤʘʪʝʤʘʪʠʢʠ ʥʝ ʦʙʦʡʪʠʩʴ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ 
ʤʝʪʦʜʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʚʦʧʨʦʩʦʚ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʰʠʙʢʠ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʪʝʯʢʝ ʢʦʥʬʠ-
ʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʥʘʨʫʰʝʥʠʶ ʧʨʘʚ ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʦʙʩʪʚʝʥʥʦʩʪʴ ʠ ʢ ʩʝʨʴʝʟʥʳʤ ʵʢʦʥʦʤʠʯʝ-
ʩʢʠʤ ʧʦʪʝʨʷʤ. ʇʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ 
ʥʘʜʝʞʥʫʶ ʟʘʱʠʪʫ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʘʣʛʦʨʠʪʤʳ 
ʠ ʬʦʨʤʫʣʳ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʨʘʟʜʝʣʳ ʤʘʪʝʤʘʪʠʢʠ. ʇʝʨʝʯʠʩʣʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ: 

1. ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʪʝʣʝʡ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ, ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

2. ʂʨʠʧʪʦʛʨʘʬʠʷ ï ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʶ-
ʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ. 

3. ʍʝʰʠʨʦʚʘʥʠʝ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʟ ʩʦʦʙʱʝʥʠʷ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ 
ʩʦʟʜʘʝʪʩʷ ʭʝ-hʢʦʜ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʜʘʥʥʳʭ. 

4. ɹʵʢʘʧ ï ʩʦʟʜʘʥʠʝ ʨʝʟʝʨʚʥʳʭ ʢʦʧʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʩʣʫʯʘʷ ʠʭ ʧʦʪʝʨʠ ʠʣʠ ʧʦʚʨʝ-
ʞʜʝʥʠʷ. 

5. ɸʩʠʤʤʝʪʨʠʯʥʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ ï ʤʝʪʦʜ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʢʣʶʯʝʡ, ʠʤʝʶʱʠʭ ʥʝ-
ʩʢʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʦʚ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʘʫʪʝʥʪʠʬʠ-
ʢʘʮʠʠ. 

6. ʉʠʤʤʝʪʨʠʯʥʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ ï ʤʝʪʦʜ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʢʣʶʯʝʡ, ʠʤʝʶʱʠʭ ʦʜʠ-
ʥʘʢʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝ-
ʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ. 

7. ʃʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʠ ʛʝʦʤʝʪʨʠʷ ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʦʙʥʘʨʫ-
ʞʝʥʠʷ ʧʘʪʪʝʨʥʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʕʪʦ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʧʨʠʣʦʞʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʝʰʝʥʠʠ 
ʚʦʧʨʦʩʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʘʞʥʦ ʪʘʢʞʝ ʟʥʘʪʴ ʦʩʥʦʚʳ ʤʘʪʝʤʘʪʠʢʠ, ʯʪʦʙʳ ʚ ʩʦʚʦʢʫʧʥʦ-
ʩʪʠ ʩ ʠʟʫʯʘʝʤʳʤʠ ʜʠʩʮʠʧʣʠʥʘʤʠ ʚ ʚʫʟʝ, ʙʫʜʫʱʠʡ ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʛ 
ʦʮʝʥʠʪʴ ʨʠʩʢʠ ʠ ʧʨʠʥʠʤʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʝʢʦʪʦʨʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʧʦʜʨʦʙʥʝʝ. 
ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  
ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ: ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ; ʘʥʘʣʠʟ 
ʨʠʩʢʦʚ ʠ ʦʮʝʥʢʘ ʧʦʩʣʝʜʩʪʚʠʡ ʚʦʟʤʦʞʥʳʭ ʩʦʙʳʪʠʡ; ʨʘʟʨʘʙʦʪʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʠ-
ʨʦʚʘʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ; ʧʨʦʚʝʨʢʘ ʢʘʯʝʩʪʚʘ ʟʘʱʠʪʥʳʭ ʤʝʨ ʠ ʦʮʝʥʢʘ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ; ʦʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥ-
ʥʳʭ; ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʠʥ-
ʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʘʥʘʣʠʟʘ  ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʂʨʠʧʪʦʛʨʘʬʠʷ ï ʵʪʦ ʥʘʫʢʘ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ ʟʘʱʠʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʰʠʬʨʦʚʘʥʠʷ. 
ʆʥʘ ʠʩʧʦʣʴʟʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʢʦʜʠʨʦʚʘʪʴ ʠ 
ʜʝʢʦʜʠʨʦʚʘʪʴ ʩʦʦʙʱʝʥʠʷ. ʐʠʬʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʪʠʪʴ ʜʘʥʥʳʝ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ 
ʠ ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʨʠʧʪʦʛʨʘʬʠʷ ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʚʢʣʶʯʘʷ 
ʩʠʤʤʝʪʨʠʯʥʦʝ ʠ ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʰʠʬʨʦʚʘʥʠʝ, ʮʠʬʨʦʚʳʝ ʧʦʜʧʠʩʠ, ʭʵʰʠʨʦʚʘʥʠʝ ʠ ʜʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʠ. 
ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʬʠʥʘʥʩʳ, ʟʜʨʘʚʦ-
ʦʭʨʘʥʝʥʠʝ, ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʝ ʫʩʣʫʛʠ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʜʨʫʛʠʝ, ʛʜʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʠ ʟʘʱʠʪʘ 
ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ.  

ɺ ʮʝʣʦʤ, ʢʨʠʧʪʦʛʨʘʬʠʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʟʘʱʠʪʝ 
ʯʘʩʪʥʦʡ ʞʠʟʥʠ ʚ ʮʠʬʨʦʚʦʤ ʤʠʨʝ. ɽʸ ʨʘʟʚʠʪʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʢʨʠʧʪʦʚʘʣʶʪ ʠ 
ʙʠʪʢʦʠʥʘ, ʘ ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʫʝʪ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʟʘ-
ʱʠʪʫ ʠʥʬʦʨʤʘʮʠʠ. 

ʍʝʰʠʨʦʚʘʥʠʝ ï ʵʪʦ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʭʦʜʥʦʛʦ ʩʦʦʙʱʝʥʠʷ (ʦʙʳʯʥʦ ʪʝʢʩʪʘ) ʬʠʢʩʠʨʦʚʘʥ-
ʥʦʡ ʜʣʠʥʳ ʚ ʫʥʠʢʘʣʴʥʫʶ ʩʪʨʦʢʫ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʭʝ-hʟʥʘʯʝʥʠʝʤ. ʍʝʰ-
ʬʫʥʢʮʠʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ, ʦʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʚ ʭʝʰ-
ʟʥʘʯʝʥʠʝ.  

ʍʝʰʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʙʘ-
ʟʳ ʜʘʥʥʳʭ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ. ɺ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʝʰʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʘʨʦʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ.  

ʄʘʪʝʤʘʪʠʢʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʪʘʢ ʢʘʢ ʭʝʰ-ʬʫʥʢʮʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʤʘʪʝʤʘ-
ʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘʭ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʭʝʰ-ʬʫʥʢʮʠʡ, ʘ ʪʘʢʞʝ ʧʦʤʦʛʘ-
ʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʭʝʰ-ʬʫʥʢʮʠʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. ʅʘʧʨʠʤʝʨ, ʘʣ-
ʛʦʨʠʪʤ RSA ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦ-
ʨʠʪʤʦʚ, ʠʩʧʦʣʴʟʫʝʪ ʟʘʧʫʪʘʥʥʳʝ ʤʘʪʨʠʮʳ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʝʨʝʜ ʝʝ ʧʝʨʝʜʘʯʝʡ. ɸʣʛʦʨʠʪʤ 
ʰʠʬʨʦʚʘʥʠʷ ʩ ʦʪʢʨʳʪʳʤ ʢʣʶʯʦʤ RSA ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʚ ʢʦʥʮʝ 70-ʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ. ɽʛʦ 
ʥʘʟʚʘʥʠʝ ʩʦʩʪʘʚʣʝʥʦ ʠʟ ʧʝʨʚʳʭ ʙʫʢʚ ʬʘʤʠʣʠʡ ʘʚʪʦʨʦʚ: ʈ.ʈʘʡʚʝʩʪʘ (R.Rivest), ɸ.ʐʘʤʠʨʘ (A.Shamir) ʠ 
ʃ.ɸʜʣʝʤʘʥʘ (L.Adleman). 

 
ɸʣʛʦʨʠʪʤ RSA 

1. ɺʳʙʠʨʘʶʪʩʷ ʜʚʘ ʧʨʦʩʪʳʭ ʯʠʩʣʘ p ʠ q. 
2. ɺʳʯʠʩʣʷʝʪʩʷ ʠʭ ʧʨʦʠʟʚʝʜʝʥʠʝ (m=p*q) 
3. ɺʳʙʠʨʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦʝ ʯʠʩʣʦ e (e<n), ʪʘʢʦʝ, ʯʪʦ ʅʆɼ(e,(p-1)(q-1))=1, ʪʦ ʝʩʪʴ e ʜʦʣʞʥʦ 

ʙʳʪʴ ʚʟʘʠʤʥʦ ʧʨʦʩʪʳʤ ʩ ʯʠʩʣʦʤ (p-1)(q-1). 
4. ʄʝʪʦʜʦʤ ɽʚʢʣʠʜʘ ʨʝʰʘʝʪʩʷ ʚ ʮʝʣʳʭ ʯʠʩʣʘʭ ʫʨʘʚʥʝʥʠʝ: e*d + (p-1)(q-1)*y=1 ʦʪʥʦʩʠʪʝʣʴʥʦ d ʠ y 
5. ɼʚʘ ʯʠʩʣʘ (e, n) ï ʧʫʙʣʠʢʫʶʪʩʷ ʢʘʢ ʦʪʢʨʳʪʳʡ ʢʣʶʯ. 
6. ʏʠʩʣʦ d ï ʟʘʢʨʳʪʳʡ ʢʣʶʯ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʯʠʪʘʪʴ ʚʩʝ ʧʦʩʣʘʥʠʷ, ʟʘʰʠʬʨʦʚʘʥʥʳʝ ʩ ʧʦʤʦ-

ʱʴʶ ʧʘʨʳ ʯʠʩʝʣ (e, n). 
 
ɸʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʟʘʜʘʯʘ ʨʘʟʣʦʞʝʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʘ ʧʨʦ-

ʩʪʳʝ ʩʦʤʥʦʞʠʪʝʣʠ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʡ. 
ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ RSA ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʬʘʢʪʘʭ ʠʟ ʪʝʦʨʠʠ ʯʠʩʝʣ: 
1. ʟʘʜʘʯʘ ʧʨʦʚʝʨʢʠ ʯʠʩʣʘ ʥʘ ʧʨʦʩʪʦʪʫ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦʡ; 
2. ʟʘʜʘʯʘ ʨʘʟʣʦʞʝʥʠʷ ʯʠʩʝʣ ʚʠʜʘ ὲ ὴϽή ( ʨ ʠ q - ʧʨʦʩʪʳʝ ʯʠʩʣʘ) ʥʘ ʤʥʦʞʠʪʝʣʠ ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʪʨʫʜʥʦʡ, ʝʩʣʠ ʤʳ ʟʥʘʝʤ ʪʦʣʴʢʦ n, ʘ ʨ ʠ q - ʙʦʣʴʰʠʝ ʯʠʩʣʘ (ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʟʘʜʘʯʘ ʬʘʢʪʦʨʠ-
ʟʘʮʠʠ) 

ɸʣʛʦʨʠʪʤ RSA ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʣʦʯʥʳʡ ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ, ʛʜʝ ʟʘʰʠʬʨʦʚʘʥʥʳʝ ʠ ʥʝʟʘ-
ʰʠʬʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʮʝʣʳʭ ʯʠʩʝʣ ʤʝʞʜʫ 0 ʠ n -1 ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ n. 



14 ǰǱǲǣǤǬǱ ǧ Ǭǟǲǩǟ 

 

ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʝʰʠʨʦʚʘʥʠʝ ï ʵʪʦ ʚʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʝʜʦ-
ʩʪʘʚʣʷʶʱʠʡ ʫʜʦʙʥʳʡ ʠ ʥʘʜʝʞʥʳʡ ʩʧʦʩʦʙ ʟʘʱʠʪʳ ʜʘʥʥʳʭ, ʠʤʝʶʱʠʡ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ ʤʘʪʝʤʘʪʠʢʦʡ.  

ɹʵʢʘʧ ï ʵʪʦ ʢʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʩ ʦʩʥʦʚʥʦʛʦ ʥʦʩʠʪʝʣʷ ʥʘ ʨʝʟʝʨʚʥʳʡ ʥʦʩʠʪʝʣʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 
ʦʙʝʩʧʝʯʠʪʴ ʩʦʭʨʘʥʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʝʸ ʧʦʪʝʨʝ, ʧʦʚʨʝʞʜʝʥʠʠ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʦʩʥʦʚ-
ʥʦʡ ʢʦʧʠʠ.  

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʙʵʢʘʧʦʚ. ʅʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʳ ʩʞʘʪʠʷ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʶʪ 
ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʙʵʢʘʧʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʥ ʤʦʞʝʪ ʧʦʤʝʩʪʠʪʴʩʷ ʥʘ ʙʦʣʝʝ ʤʘʣʝʥʴʢʠʡ ʥʦʩʠʪʝʣʴ, ʘʣʛʦ-
ʨʠʪʤʳ h ʠʬʨʦʚʘʥʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʟʘʱʠʪʳ ʙʵʢʘʧʘ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ.  

ɹʵʢʘʧʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʦʩʣʝ ʘʪʘʢ ʠʣʠ ʩʙʦʝʚ ʚ ʨʘʙʦʪʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʘ 
ʪʘʢʞʝ ʟʘʱʠʪʫ ʦʪ ʫʛʨʦʟʳ ʩʣʫʯʘʡʥʦʡ ʠʣʠ ʥʘʤʝʨʝʥʥʦʡ ʧʦʪʝʨʠ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʦʨʠʛʠʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ 
ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʙʵʢʘʧʘ. 

ʉʠʤʤʝʪʨʠʯʥʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ ʩʯʠʪʘʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʙʳʩʪʨʦʡ ʚ ʨʝʘʣʠʟʘʮʠʠ. ʇʨʠ ʝʝ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʠ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʠ ʜʝʰʠʬʨʦʚʘʥʠʷ ʩʦʦʙʱʝ-
ʥʠʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʣʫʯʘʪʝʣʴ ʠ ʦʪʧʨʘʚʠʪʝʣʴ ʜʦʣʞʥʳ ʠʤʝʪʴ ʜʦʩʪʫʧ ʢ ʵʪʦʤʫ ʢʣʶʯʫ. ʉʫʱʝʩʪʚʫʝʪ 
ʨʠʩʢ, ʯʪʦ ʢʣʶʯ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʥ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʪʘʢʠʤ ʙʝʟʦʧʘʩʥʳʤ. 

ɸʩʠʤʤʝʪʨʠʯʥʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ ʠʩʧʦʣʴʟʫʝʪ ʜʚʘ ʨʘʟʥʳʭ ʢʣʶʯʘ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʠ ʜʝʰʠʬʨʦʚʘ-
ʥʠʷ. ʕʪʠ ʢʣʶʯʠ ʥʘʟʳʚʘʶʪʩʷ ʦʪʢʨʳʪʳʤ ʠ ʟʘʢʨʳʪʳʤ. ʆʪʢʨʳʪʳʡ ʢʣʶʯ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʥʘʟʚʘʥʠʷ, ʤʦʞʝʪ 
ʙʳʪʴ ʦʪʢʨʳʪʳʤ ʜʣʷ ʣʶʙʦʛʦ, ʢʪʦ ʭʦʯʝʪ ʦʪʧʨʘʚʠʪʴ ʩʦʦʙʱʝʥʠʝ, ʥʦ ʟʘʢʨʳʪʳʡ ʢʣʶʯ ʜʦʣʞʝʥ ʙʳʪʴ ʠʟʚʝʩʪʝʥ 
ʪʦʣʴʢʦ ʧʦʣʫʯʘʪʝʣʶ. ɸʩʠʤʤʝʪʨʠʯʥʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʘ, ʯʝʤ ʩʠʤʤʝʪʨʠʯʥʘʷ, ʧʦʪʦʤʫ ʯʪʦ 
ʟʘʢʨʳʪʳʡ ʢʣʶʯ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʣʴʢʦ ʚʣʘʜʝʣʴʮʝʤ ʢʣʶʯʘ, ʠ ʥʠʢʪʦ ʜʨʫʛʦʡ ʥʝ ʤʦʞʝʪ ʝʛʦ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʦʙʦʠʭ ʤʝʪʦʜʦʚ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʠ ʩʜʝʣʘʪʴ 
ʧʨʦʮʝʩʩ ʙʝʟʦʧʘʩʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ.  

ʃʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʠ ʛʝʦʤʝʪʨʠʷ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʜʠʩʮʠʧʣʠʥʦʡ, ʥʘ ʢʦʪʦʨʦʡ 
ʦʩʥʦʚʳʚʘʝʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʦʡ ʣʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʥʘʩʪʦʣʴʢʦ ʚʘʞʥʘ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʤʘʪʨʠʮ ʠ ʚʝʢʪʦʨʦʚ. ʄʥʦʛʠʝ 
ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʨʘʙʦʪʘʶʪ ʩ ʤʘʪʨʠʮʘʤʠ ʠ ʚʝʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʰʠʬʨʦ-
ʚʘʥʠʷ, ʜʝʰʠʬʨʦʚʘʥʠʷ ʠ ʜʣʷ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. 

ʅʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤ RSA, ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ AES (Advanced Encryption Standard) ʠʩʧʦʣʴʟʫʶʪ 
ʤʘʪʨʠʯʥʳʝ ʦʧʝʨʘʮʠʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ. 

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ AES ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʥʪʝʨʥʝʪʝ, ʜʣʷ ʧʝʨʝʜʘʯʠ 
ʜʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʪʷʭ ʧʨʦʚʦʜʥʳʤ ʠ ʙʝʩʧʨʦʚʦʜʥʳʤ ʩʧʦʩʦʙʦʤ, ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʛʘʜʞʝʪʘʭ 
ʠ ʪ. ʜ., ʪʦ ʝʩʪʴ ʚʝʟʜʝ, ʛʜʝ ʥʫʞʥʦ ʢʘʯʝʩʪʚʝʥʥʦ ʰʠʬʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʟʘʪʨʘʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʫʤ 
ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʣʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʨʠʮ ʠ ʚʝʢʪʦʨʦʚ, ʢʦʪʦ-
ʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ʅʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʠʪʝʣʴ  ʤʘʪʨʠ-
ʮʳ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʝ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ, ʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʩʦʙʩʪʚʝʥ-
ʥʳʝ ʚʝʢʪʦʨʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʟʘʱʠʪʳ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʪ ʚʟʣʦʤʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʨʘ-
ʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʠ ʙʝʟ ʝʝ ʟʥʘʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʧʦʥʠʤʘʪʴ ʨʘ-
ʙʦʪʫ ʠʭ ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʤʘʪʝʤʘʪʠʢʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ, ʢʦʪʦʨʘʷ ʩʚʷʟʘ-
ʥʘ ʩ ʟʘʱʠʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺ ʩʦ-
ʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʛʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ, 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʰʥʦʩʪʠ ʣʶʙʦʛʦ ʧʨʦʝʢʪʘ ʠʣʠ ʜʝʷʪʝʣʴʥʦ-
ʩʪʠ. 
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ʄʘʪʝʤʘʪʠʢʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʤʥʦ-
ʛʠʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʝʤʘʪʠʢʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ ʚʦʧʨʦʩʦʚ 
ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʥʘʜʝʞʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-
ʮʠʠ. 
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ɹʦʦʧʫʙʯʡʸ: ʚ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʧʣʘʚʘ 
ʨʝʟʢʦ ʧʦʚʳʩʠʣʩʷ ʠʥʪʝʨʝʩ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩ-
ʩʦʚ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, 
ʥʫʞʜʘʶʱʝʛʦʩʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʧʦʣʥʦʪʳ ʦʪʚʝʯʘ-
ʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʦʪʨʝʙʥʦʩʪʷʤ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ 
ʧʨʦʛʨʘʤʤʳ, ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠ ʚʳʨʘʱʠʚʘ-
ʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʝʪʦʜ ʏʦʭʨʘʣʴʩʢʦʛʦ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 
ʧʨʦʬʠʣʷ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, python. 
 

DEVELOPMENT OF A PROGRAM FOR MODELING THE TEMPERATURE PROFILE IN THE 
CULTIVATION OF SINGLE CRYSTALS BY THE CZOCHRALSKI METHOD 

 
Chernenko Andrey Aleksandrovich 

 
Scientific adviser: Kulikova Natalia Nikolaevna 

 
Abstract: Due to the intensive development of technologies for growing single crystals from a melt, interest in 
modeling the physical phenomena underlying growth processes has sharply increased. This is especially rele-
vant for the developing industrial production of single crystals, which needs to consider a set of models that 
meet technological needs with a sufficient degree of completeness. This article describes the process of de-
veloping a program that implements an algorithm for modeling the temperature profile when growing single 
crystals by the Czochralski method. 
Key words: Czochralski method, finite difference method, temperature profile modeling, software develop-
ment, python. 
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ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʏʦ-
ʭʨʘʣʴʩʢʦʛʦ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʢ ʬʫʥʢʮʠʦʥʘʣʫ ʢʦʪʦʨʦʡ ʧʨʝʜʲʷʚʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 
ʪʨʝʙʦʚʘʥʠʷ: 

ï ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʝʪʦ-
ʜʘ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ; 

ï ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʩʦʭʨʘʥʷʪʴ ʚ ʚʠʜʝ ʬʘʡʣʦʚ ʠʟʦʙʨʘʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ, ʬʦʨʤʠʨʫ-
ʝʤʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʩʠʤʫʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʪʦʙʨʘʞʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 
ʥʘʩʪʨʦʠʪʴ ʯʝʨʝʟ GUI; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʙʦʪʫ ʧʨʠʤʝʥʷʝʤʦʛʦ ʘʣʛʦ-
ʨʠʪʤʘ; 

ï ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʚʤʝʱʘʶʱʠʡ ʚ ʩʝʙʷ ʦʪʦʙʨʘʞʝ-
ʥʠʝ ʚʩʝʭ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʬʫʥʢʮʠʡ; 

ï ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʤʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʥʦʡ, ʪ.ʝ. ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʥʝ-
ʩʢʦʣʴʢʠʭ ʩʝʤʝʡʩʪʚʘʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ Windows ʠ Linux. 

ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʫʢʘʟʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʛʨʘʤʤʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢʦ-
ʛʦ ʥʘʙʦʨʘ ʪʝʭʥʦʣʦʛʠʡ, ʢʘʢ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python, ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʙʣʠʦʪʝʢ ʜʣʷ 
ʥʘʫʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ NumPy ʠ SciPy, JIT ʢʦʤʧʠʣʷʪʦʨʘ Numba, Matplotlib ʠ ʙʠʙʣʠʦʪʝʢʠ ʛʨʘʬʠʯʝʩʢʠʭ ʠʥ-
ʪʝʨʬʝʡʩʦʚ PySimpleGUI. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʘ ʏʦʭʨʘʣʴʩʢʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ ʦʩʥʦʚʘʥʦ ʥʘ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ 
ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʩʦʚʤʝʩʪʥʦ ʩ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ɹʫʩ-
ʩʠʥʝʩʢʘ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ [1]. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 
ʨʘʟʥʦʩʪʝʡ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ, ʧʨʦʠʩ-
ʭʦʜʷʱʠʡ ʚ ʩʠʩʪʝʤʝ ʪʠʛʝʣʴ-ʨʘʩʧʣʘʚ-ʢʨʠʩʪʘʣʣ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʷʟʢʦʡ, ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ (ʨʘʩʧʣʘʚʘ) ʚ 
ʨʦʩʪʦʚʦʡ ʫʩʪʘʥʦʚʢʝ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʪʠʛʣʝʤ, ʠʩʧʦʣʴʟʫʝʤʦʡ, ʠʟ [2], ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 
ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ. 

ʈʝʘʣʠʟʘʮʠʷ ʇʆ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ Python ʚʝʨʩʠʠ 3.8 ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʦʧʠʩʘʥʥʳʭ ʚʳ-
ʰʝ, ʚʝʨʩʠʠ ʢʦʪʦʨʳʭ ʨʘʟʨʝʰʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ Poetry ʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʬʘʡʣʘʭ çpoetry.lockè ʠ çpy-
project.tomlè. 

ʇʨʦʝʢʪ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʤʦʜʫʣʝʡ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʦʙʲʝʜʠʥʝʥʳ ʚ ʧʘʢʝʪʳ çflowè ʠ 
çguiè. ɼʣʷ ʟʘʧʫʩʢʘ ʦʩʥʦʚʥʦʡ ʣʦʛʠʢʠ ʧʨʦʝʢʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʢʨʠʧʪ çmain.pyè, ʢʦʪʦʨʳʡ ʠʤʧʦʨʪʠʨʫʝʪ ʣʦʛʠ-
ʢʫ ʠʟ ʜʨʫʛʠʭ ʤʦʜʫʣʝʡ ʠ ʟʘʧʫʩʢʘʝʪ ʝʝ ʚ ʥʝʦʙʭʦʜʠʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ɺʩʷ ʣʦʛʠʢʘ ʧʘʢʝʪʘ çflowè ʪʝʤʘʪʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʦʜʫʣʝʡ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩ 
ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ constants, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʧʘʨʘʤʝʪʨʳ ʩʠʤʫʣʷʮʠʠ, ʠʩʧʦʣʴ-
ʟʫʝʤʳʝ ʧʨʠ ʧʨʦʩʯʝʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʘ ʨʘʩʧʣʘʚʘ, ʘ ʪʘʢʞʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ 
ʠʟʤʝʥʷʪʴ ʵʪʠ ʧʘʨʘʤʝʪʨʳ. 

ʄʦʜʫʣʴ derivatives ʩʦʜʝʨʞʠʪ ʬʫʥʢʮʠʠ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʚʟʷʪʠʝ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ, ʚʪʦ-
ʨʦʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʩ ʫʯʝʪʦʤ ʠʭ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ʄʦʜʫʣʴ flow ʩʦʜʝʨʞʠʪ ʚʩʶ ʣʦʛʠʢʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʨʘʩʯʝʪʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʘ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ 
ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʚ ʧʘʢʝʪʝ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʩʚʦʝʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʝʪ ʣʦʛʠʢʫ, ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʚʦ 
ʜʨʫʛʠʭ ʤʦʜʫʣʷʭ ʜʘʥʥʦʛʦ ʧʘʢʝʪʘ, ʦʧʠʩʘʥʥʫʶ ʚʳʰʝ. 

ɼʣʷ ʭʨʘʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ ʚ ʫʟʣʘʭ ʨʘʩʯʝʪʥʦʡ ʜʚʫʤʝʨʥʦʡ ʩʝʪʢʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʩʥʦʚʥʦʡ ʵʣʝʤʝʥʪ ʙʠʙʣʠʦʪʝʢʠ Numpy ï n-ʨʘʟʤʝʨʥʳʡ ʤʘʩʩʠʚ ndarray, ʦʧʠʩʘʥʥʳʡ ʚ [3]. 
ɿʘʜʘʥʥʳʝ ʤʘʩʩʠʚʳ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ ʭʨʘʥʷʪʩʷ ʚ ʢʣʘʩʩʝ FlowState, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʤʦʜʫʣʝ flow ʠ 
ʦʧʠʩʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʬʫʥʢʮʠʠ ʪʦʢʘ, ʚʠʭʨʷ, ʩʢʦʨʦʩʪʠ ʠ ʠʥʳʭ ʚ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ 
ʚʨʝʤʝʥʠ (ʨʠʩ. 1). 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʩʩ Flow, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʘ-
ʢʝʪʝ flow ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʕʡʣʝʨʘ ʠʪʝʨʘʮʠʦʥʥʦ ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʦʷʥʠʝ ʧʦʪʦʢʘ ʨʘʩʧʣʘʚʘ ʚ ʩʣʝ-
ʜʫʶʱʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 
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ʉʡʪ. 1. ɽʡʙʜʩʙʥʥʙ ʣʤʙʪʪʧʛ ʨʩʡʤʧʟʞʦʡʸ 

 
 
 

 
ʉʡʪ. 2. ʋʞʥʨʞʩʙʫʬʩʦʴʢ ʨʩʧʭʡʤʵ ʛ ʩʙʠʦʴʞ ʥʧʥʞʦʫʴ ʛʩʞʥʞʦʡ 
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ʈʝʘʣʠʟʘʮʠʷ ʛʨʘʬʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ UI ʚʳʧʦʣʥʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʩʪʨʦʝʥʥʳʭ ʚ PySimpleGUI 
ʰʘʙʣʦʥʦʚ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʄʘʢʝʪ ʠʥʪʝʨʬʝʡʩʘ ʬʦʨʤʠʨʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ ʧʨʠ ʢʘʞʜʦʤ ʟʘʧʫʩʢʝ 
ʧʨʦʛʨʘʤʤʳ, ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ.  

ʈʝʘʣʠʟʘʮʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ UI ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ ʧʨʠʤʝʥʝʥʠʝ ʩʦʙʳʪʠʡʥʦʡ ʤʦʜʝʣʠ 
ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʣʦʞʝʥʠʡ. ʆʙʤʝʥ ʩʦʦʙʱʝʥʠʷʤʠ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʦʩʫ-
ʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʚʩʪʨʦʝʥʥʳʝ ʚ ʰʘʙʣʦʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʦʥʠ ʛʝʥʝʨʠʨʫʶʪ 
ʚ ʦʪʚʝʪ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩʦʙʳʪʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʮʠʢʣʝ ʩʦʙʳʪʠʡ ï ʧʨʦ-
ʛʨʘʤʤʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪ ʩʦʦʙʱʝʥʠʷ ʠʟ ʦʯʝʨʝʜʠ, ʫʧʨʘʚʣʷʝʤʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ, 
ʠ ʧʨʦʠʟʚʦʜʠʪ ʧʝʨʝʘʜʨʝʩʘʮʠʶ ʵʪʠʭ ʩʦʙʳʪʠʡ ʠʭ ʦʙʨʘʙʦʪʯʠʢʘʤ. 

ʉʭʝʤʘ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 
ʘ) ʥʘʩʪʨʦʡʢʘ ʜʦʩʪʫʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʤ; 
ʙ) ʟʘʧʫʩʢ ʘʣʛʦʨʠʪʤʘ, ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʝʤ ʝʛʦ ʨʘʙʦʪʳ; 
ʚ) ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʛʨʘʤʤʳ, ʦʞʠʜʘʥʠʝ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ ʧʨʦ-

ʛʨʘʤʤʳ. 
ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʩʝʨʠʷ ʛʨʘʬʠʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʙʠʙʣʠʦ-

ʪʝʢʠ Matplotlib ʠ ʩʦʭʨʘʥʝʥʥʳʭ ʚ ʚʠʜʝ ʬʘʡʣʦʚ ʬʦʨʤʘʪʘ ç.pngè. ʇʨʠʤʝʨ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʠ-
ʢʦʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. 

ʆʜʥʠʤʠ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʝʛʦ ʢʨʦʩʩʧʣʘʪ-
ʬʦʨʤʝʥʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʘʣʠʯʠʝʤ ʧʦʨʪʦʚ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ Python ʥʘ ʤʥʦʞʝʩʪʚʦ ʦʧʝʨʘʮʠʦʥʥʳʭ 
ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʣʝʛʢʦʩʪʴ ʝʛʦ ʧʦʜʜʝʨʞʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ: 
ï ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠ ʚʳʨʘʱʠʚʘ-

ʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ; 
ï ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨ-

ʥʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ʏʦʭʨʘʣʴʩʢʦʛʦ, ʠ ʜʘʣʴʥʝʡʰʝʡ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ǲǣǩ 40.,1 

ǬǟǬǭǰǱǯǲǩǱǲǯǺ ǧ ǭǠǪǟǰǱǻ ǧǴ 
ǮǯǧǫǤǬǤǬǧǾ  

 ǮȄȑȏȍȁ ǤȁȂȄȌȇȈ ǰȄȏȂȄȄȁȇȖ* 
ǩȍȌǿȏȄȁǿ ǟȌǿȐȑǿȐȇȞ ǮȄȑȏȍȁȌǿ* 
ǮȄȑȏȍȁǿ ǤȁȂȄȌȇȞ ǬȇȉȍȊǿȄȁȌǿ* 
ǭȂǿȌȄȆȍȁ ǬǿȏȄȉ ǯȒȀȄȌȍȁȇȖ 

ʩʪʫʜʝʥʪʳ 
ʌɹɻʆʋ ɺʆ çʅʀʋ çʄʕʀè 

 

 
ʅʘʥʦʩʪʨʫʢʪʫʨʳ ï ʵʪʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠʟ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʦ-

ʣʝʢʫʣ ʠ ʠʤʝʶʪ ʩʪʨʦʛʦ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʠʭ ʨʘʟʤʝʨʳ ʚ ʦʜʥʦʤ, ʜʚʫʭ ʠʣʠ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʦ-
ʦʪʚʝʪʩʪʚʫʶʪ ʙʘʟʦʚʳʤ ʬʠʟʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ: ʜʣʠʥʘ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ, ʜʣʠʥʘ ʚʦʣʥʳ ʫʧʨʫʛʠʭ ʢʦ-
ʣʝʙʘʥʠʡ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʚʝʱʝʩʪʚʝ, ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʘ.  

ʊʘʢʞʝ ʵʪʦ ʤʘʪʝʨʠʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʦʪ 1 ʜʦ 100 ʥʤ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ 
ʦʜʥʦʤ ʠʟʤʝʨʝʥʠʠ.  

ʅʘ ʨʠʩʫʥʢʝ (ʈʠʩ.1.) ʧʦʢʘʟʘʥʳ, ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʭʦʞʠ ʥʘ ʩʚʦʡ-

ʩʪʚʘ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ ʠ ʪʚʝʨʜʳʭ ʪʝʣ, ʘ ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʥʘʥʦʩʪʨʫʢʪʫʨ.  
ʅʘʥʦʩʪʨʫʢʪʫʨʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʥʘ ʝʜʠʥʠʯʥʳʝ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʦʙʲʝʢʪʳ. ʂ ʝʜʠʥʠʯʥʳʤ ʥʘʥʦ-

ʩʪʨʫʢʪʫʨʘʤ ʦʪʥʦʩʷʪ: ʪʦʥʢʠʝ ʧʣʝʥʢʠ, ʥʘʥʦʥʠʪʠ, ʥʘʥʦʯʘʩʪʠʮʳ, ʥʘʥʦʢʣʘʩʪʝʨʳ. ʉʣʦʞʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦ-
ʚʘʥʥʳʝ ʦʙʲʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʩʧʦʩʦʙʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠʣʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥ-
ʥʳʭ ʝʜʠʥʠʯʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ.   

ʂ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʟ 
ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʥʘʥʦʥʠʪʝʡ ʥʘʥʦʯʘʩʪʠʮ, ʥʘʥʦʢʣʘʩʪʝʨʦʚ, ʜʝʥʜʨʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʢʣʘʩʪʝʨʳ ʤʠʢʨʦʥʥʳʭ 
ʨʘʟʤʝʨʦʚ ʠʟ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ. 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʥʷʪʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ,  ʠʭ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʠ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ. 
ʊʘʢʞʝ ʧʝʨʝʯʠʩʣʷʶʪʩʷ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʠ ʛʜʝ ʦʥʠ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʦʙʲʝʢʪʳ, ʧʘʨʘʤʝʪʨʳ 
 

NANOSTRUCTURES AND THEIR FIELD OF APPLICATION 
 

Petrov Evgeniy Sergeevich, 
Konareva Anastasia Petrovna, 
Petrova Evgeniya Nicolaevna, 
Oganezov Narek Rubenovich 

 
Abstract: The article discusses the concept of nanostructures, their main types and their features. The gen-
eral properties of nanostructures are also listed, and where they found their application. 
Key words: nanostructures, objects, parameters. 
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ʉʡʪ. 1. ʆʙʦʧʪʫʩʬʣʫʬʩʴ 

 
ʅʘʥʦʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʧʣʦʰʥʳʝ ʠ ʧʦʨʠʩʪʳʝ. ʂ ʩʧʣʦʰʥʳʤ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤ ʦʪʥʦʩʷʪ-

ʩʷ: ʥʘʥʦʯʘʩʪʠʮʳ ï ʥʘʥʦʢʨʠʩʪʘʣʣʳ, ʥʘʥʦʢʣʘʩʪʝʨʳ; ʥʘʥʦʧʣʝʥʢʠ; ʥʘʥʦʥʠʪʠ, ʥʘʥʦʚʦʣʦʢʥʘ; ʢʚʘʥʪʦʚʳʝ ʪʦʯ-
ʢʠ. ʂ ʧʦʨʠʩʪʳʤ ï ʥʘʥʦʪʨʫʙʢʠ; ʦʙʲʝʤʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ.  

 

 
ʉʡʪ. 2. ʍʧʩʥʴ ʦʙʦʧʣʩʡʪʫʙʤʤʧʛ Au ʡ Ag 

 
ʅʘ ʨʠʩʫʥʢʝ (ʨʠʩ.2) ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʟʦʣʦʪʘ Au ʠ ʩʝʨʝʙʨʘ Ag.  

ʅʘʥʦʢʨʠʩʪʘʣʣ ï ʵʪʦ ʢʨʠʩʪʘʣʣ ʩ ʦʜʥʠʤ ʣʠʥʝʡʥʳʤ ʨʘʟʤʝʨʦʤ 10-100 ʥʤ. ʅʘʥʦʢʣʘʩʪʝʨʳ ï ʘʪʦʤʥʳʝ ʠʣʠ 
ʤʦʣʝʢʫʣʷʨʥʳʝ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

 

 
ʉʡʪ. 3. ʆʙʦʧʨʤʞʦʣʙ Si 

 
ʅʘ ʨʠʩʫʥʢʝ (ʨʠʩ.3) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʥʦʧʣʝʥʢʘ ʢʨʝʤʥʠʷ (Si). ʊʘʢʠʝ ʥʘʥʦʢʨʠʩʪʘʣʣʳ ʤʦʞʥʦ: ʫʢʨʫʧ-

ʥʠʪʴ, ʟʘʩʪʘʚʠʪʴ ʠʟʤʝʥʠʪʴ ʬʦʨʤʫ, ʩʦʙʨʘʪʴ ʚ ʧʣʝʥʢʫ.  
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 4. ʃʛʙʦʫʧʛʙʸ ʫʧʰʣʙ ʛ ʠʙʲʡʫʦʧʢ ʧʚʧʤʧʰʣʞ 

 
ʅʘ ʨʠʩʫʥʢʝ (ʈʠʩ.4.) ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʚʘʥʪʦʚʘʷ ʪʦʯʢʘ ʚ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʝ ʩʝʣʝʥʠʜʘ ʢʘʜʤʠʷ. ʂʚʘʥ-

ʪʦʚʳʝ ʪʦʯʢʠ ï ɻ ʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʧʦʢʨʳʪʳʝ ʩʣʦʝʤ ʩʪʘʙʠʣʠʟʘʪʦʨʘ.   
 

 
ʉʡʪ. 5. ʆʙʦʧʫʩʬʚʣʡ 

 
ʅʘ ʨʠʩʫʥʢʝ (ʈʠʩ.5.) ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤʘ ʩʪʨʦʝʥʠʷ ʠ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ. 

ʅʘʥʦʪʨʫʙʢʠ ï ʵʪʦ ʦʜʠʥ ʠʟ ʚʠʜʦʚ  ʥʘʥʦʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʘʤʦʦʨʛʘʥʠʟʦʚʘʥʥʳʤ, ʠ ʬʦʨʤʠʨʫʝʪʩʷ  
ʠʟ ʪʨʫʙʦʢ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ.  
 

 
ʉʡʪ. 6. ʈʧʩʡʪʫʴʞ ʧʚʳʞʥʦʴʞ ʦʙʦʧʪʫʩʬʣʫʬʩʴ - ʯʞʧʤʡʫʴ 

 
ʅʘ ʨʠʩʫʥʢʝ (ʈʠʩ.6.) ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʝʦʣʠʪʳ. ʎʝʦʣʠʪ ï ʵʪʦ ʘʣʶʤʦʩʠʣʠʢʘʪ ʥʘʪʨʠʷ, ʢʦʪʦʨʳʡ ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʠʣʠʢʘʪʦʚ. ʆʥ ʩʦʩʪʦbʪ ʠʟ ʢʘʥʘʣʦʚ ʠ ʧʦʨ. ʈʘʟʤʝʨ ʧʦʨ 0,4ï3 ʥʤ. ʏʝʨʝʟ ʧʦʨʳ 
ʧʨʦʭʦʜʠʪ ʢʦʤʧʘʢʪʥʘʷ ʤʦʣʝʢʫʣʘ, ʘ ʦʙʲʝʤʥʘʷ ʤʦʣʝʢʫʣʘ ʦʩʪʘʝʪʩʷ ʚʥʫʪʨʠ.  

ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʩʪʨʫʢʪʫʨ: ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ ʥʦʚʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʳʤ ʪʝʣʦʤ 
ʩʚʦʡʩʪʚʘ  ʪʘʢʠʝ ʢʘʢ: ʦʥʠ ʩʪʦʡʢʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʣʦʭʦ ʧʨʦʚʦʜʷʪ ʪʝʧʣʦ, ʥʦ ʠʤʝʶʪ 



ǰǱǲǣǤǬǱ ǧ Ǭǟǲǩǟ 23 

 

International scientific conference | www.naukaip.ru 

ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʪʘʢʞʝ ʦʥʠ ʦʯʝʥʴ ʧʣʘʩʪʠʯʥʳ, ʥʦ ʫ ʥʠʭ ʫʤʝʥʴʰʝʥʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ; ʠʭ ʩʚʦʡʩʪʚʘ 
ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʦʚ ʩʘʤʠʭ ʯʘʩʪʠʮ; ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʞʠʚʳʤʠ ʩʠʩʪʝʤʘʤʠ.  

 ɼʘʥʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʚʩʝʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠ-
ʙʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʵʣʝʢʪʨʦʥʠʢʠ, ʪʘʢʞʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʠ ʚ ʦʙʳʯʥʦʡ  ʞʠʟʥʠ: ʛʘʜʞʝʪʳ ʠ ʢʦʤʧʴʶʪʝ-
ʨʳ, ʘʫʜʠʦ ʠ ʚʠʜʝʦ ʩʠʩʪʝʤʳ, ʚ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʝ, ʥʫ ʠ ʢʦʥʝʯʥʦ ʞʝ, ʦʥʠ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʬʝʨʘʭ 
ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ.  

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʅʘʥʦʩʪʨʫʢʪʫʨʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ].ïʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://bigenc.ru/c/nanostruktury-

e76c6c , ʩʚʦʙʦʜʥʳʡï (19.05.2023) 
2. ʌʠʟʠʢʘ ʥʘʥʦʩʪʨʫʢʪʫʨ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ].ïʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://spravochnick.ru/fizika/fizika_nanostruktur/, ʩʚʦʙʦʜʥʳʡ ï (19.05.2023) 
3.  ʅʘʥʦʩʪʨʫʢʪʫʨʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ].ïʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://old.bigenc.ru/physics/text/2247946, ʩʚʦʙʦʜʥʳʡ ï (19.05.2023) 
 

É ɽ.ʉ. ʇʝʪʨʦʚ, ɸ.ʇ. ʂʦʥʘʨʝʚʘ, ɽ.ʅ.ʇʝʪʨʦʚʘ, ʅ.ʈ. ʆʛʘʥʝʟʦʚ, 2023 
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ǲǣǩ 313,4,.5 

ǩǭǪǭǯǧǫǤǱǯ Ƥ ǧǬǰǱǯǲǫǤǬǱ ǭǠǤǰǮǤǶǤǬǧǾ 
ǩǟǶǤǰǱǡǟ Ǭǟ ǮǯǭǧǦǡǭǣǰǱǡǤ 

ǟȉȇȌȇȌ ǤȁȂȄȌȇȈ ǽȏțȄȁȇȖ 
ʘʩʧʠʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ʂʦʣʦʨʠʤʝʪʨʠʷ - ʵʪʦ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʮʚʝʪʘ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ 

ʯʝʣʦʚʝʢʘ, ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʚʦʩʧʨʠʷʪʠʷ ʮʚʝʪʘ. ɽʜʠʥʩʪʚʝʥʥʦʡ ʤʝʞ-
ʜʫʥʘʨʦʜʥʦʡ ʩʭʝʤʦʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʮʚʝʪʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʢʦʣʦʨʠʤʝʪʨʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ 
ʦʩʚʝʱʝʥʠʶ (ʄʂʆ) [1]. 

ʂʦʣʦʨʠʤʝʪʨʠʷ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
1. ɺ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʦʣʦʨʠʤʝʪʨ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʮʚʝʪʦʤ, ʧʦʤʠʤʦ ʧʨʦʚʝʨʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʢʘʯʝʩʪʚʘ ʮʝʣʣʶʣʦʟʥʦʡ ʙʫʤʘʛʠ ʠ ʠʟ-
ʤʝʨʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʝʯʘʪʥʦʡ ʢʨʘʩʢʠ. 

2. ʂʦʣʦʨʠʤʝʪʨ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʨʛʦʚʮʘʤʠ ʘʣʤʘʟʘʤʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʨʘ-
ʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ. 

3. ʉ ʧʦʤʦʱʴʶ ʢʦʣʦʨʠʤʝʪʨʦʚ ʢʦʥʪʨʦʣʠʨʫʶʪ ʢʘʯʝʩʪʚʦ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. 
ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʥʘ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʛʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ 
ʚʣʠʷʥʠʝ ʥʘ ʠʪʦʛʦʚʳʡ ʮʚʝʪ ʠʟʜʝʣʠʷ. ʊʘʢ ʞʝ ʢʦʣʦʨʠʤʝʪʨʳ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʢʨʘʩʢʠ ʜʣʷ ʜʝ-
ʪʘʣʴʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʮʚʝʪʘ ʚʦʣʦʩ ʜʦ ʦʢʨʘʰʠʚʘʥʠʷ ʠ ʧʦʩʣʝ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʢʨʘʩʢʠ. ʀʣʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 
ʮʚʝʪʘ ʦʙʨʘʟʮʘ ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʝʝ ʮʚʝʪʦʤ ʥʘ ʢʦʞʝ. 

4. ʉ ʧʨʦʙʣʝʤʦʡ ʩʨʘʚʥʝʥʠʷ ʮʚʝʪʦʚ ʩʪʘʣʢʠʚʘʶʪʩʷ ʠ ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʩʬʝʨʘ. ʇʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʜʝ-
ʪʘʣʠ ʘʚʪʦʤʦʙʠʣʷ ʧʨʦʠʟʚʦʜʷʪ ʨʘʟʥʳʝ ʧʦʩʪʘʚʱʠʢʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʧʦʢʨʘʩʢʠ, ʢʦʥ-
ʪʨʦʣʴ ʮʚʝʪʦʚʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ʊʘʢ ʞʝ ʧʨʠ ʨʝʤʦʥʪʝ ʘʚʪʦʤʦʙʠʣʝʡ ï ʧʦʢʨʘʩʢʘ ʜʝ-
ʪʘʣʝʡ ʪʨʝʙʫʝʪ ʪʦʯʥʦʛʦ ʧʦʧʘʜʘʥʠʷ ʚ ʪʦʥ, ʪʘʢ ʢʘʢ ʥʝ ʧʦʧʘʜʘʥʠʝ ʚ ʪʦʥ ʙʫʜʝʪ ʚʠʜʥʦ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ. 

5. ɺ ʤʝʜʠʮʠʥʝ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʨʠʤʝʪʨʦʚ ʧʨʦʚʦʜʷʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʦʚʠ ï ʥʘʩʳʱʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ 
ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʧʨʦʙʫ ʚ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘ-

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʣʦʨʠʤʝʪʨʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʙʦʟʨʝ-
ʚʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʠʟʤʝʨʝʥʠʷ ʮʚʝʪʘ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭʮʚʝʪʥʳʭ ʢʦʣʦʨʠʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʚ 
ʩʝʙʷ ʧʨʦʙʣʝʤʳ ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʨʦʚʝʨʢʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʢʦʣʦʨʠʤʝʪʨʠʠ. ʇʨʠʚʦʜʷʪʩʷ ʩʪʘʪʴʠ ʥʘʫʯʥʳʭ 
ʜʝʷʪʝʣʝʡ ʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʩʪʘʚʷʪ ʧʨʦʙʣʝʤʳ ʢʦʣʦʨʠʤʝʪʨʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʦʣʦʨʠʤʝʪʨʠʷ, ʢʦʣʦʨʠʤʝʪʨ, ʢʦʣʦʨʠʤʝʪʨʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʦʙʣʝʤʳ ʢʦʣʦʨʠ-
ʤʝʪʨʠʠ, ʧʦʛʨʝʰʥʦʩʪʴ ʢʦʣʦʨʠʤʝʪʨʦʚ 
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ʟʦʥʘʭ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩ ʠʭ ʧʦʤʦʱʴʶ ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʦʥʘ ʢʦʞʠ ʠ ʮʚʝʪ ʟʫʙʦʚ, ʯʪʦʙʳ ʧʦʤʦʯʴ ʜʠʘʛʥʦ-
ʩʪʠʨʦʚʘʪʴ ʢʦʞʥʳʝ ʠ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʊʘʢʞʝ, ʚ ʙʦʣʴʥʠʮʘʭ ʠʩʧʦʣʴʟʫʶʪ ʥʝʢʦʪʦʨʳʝ ʪʠʧʳ 
ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ. ʂʦʛʜʘ Hb ʙʦʛʘʪ ʢʠʩʣʦʨʦʜʦʤ, ʢʨʦʚʴ ʢʘ-
ʞʝʪʩʷ ʢʨʘʩʥʦʡ. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Hb ʚ ʢʨʦʚʠ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʭʦʨʦʰʝʛʦ ʟʜʦʨʦʚʴʷ, ʚ ʪʦ ʚʨʝʤʷ 
ʢʘʢ ʥʠʟʢʠʝ ʫʨʦʚʥʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʥʫʪʨʝʥʥʠʝ ʦʨʛʘʥʳ ʤʳʰʮ ʠ ʤʦʟʛ ʥʝ ʧʦʣʫʯʘʶʪ ʜʦʩʪʘʪʦʯ-
ʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ. 

6. ɺ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʢʦʣʦʨʠʤʝʪʨʦʚ ʩʧʝʮʠʘʣʠʩʪʳ ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ ʛʦ-
ʪʦʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ, ʠʟʤʝʨʷʶʪ ʢʦʥʩʠʩʪʝʥʮʠʠ ʧʨʦʜʫʢʪʦʚ ʧʫʪʝʤ ʧʨʦʚʝʨʢʠ ʠʭ ʬʠʨʤʝʥʥʦʛʦ ʮʚʝʪʘ, 
ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʦʥʠ ʥʝ ʠʩʧʦʨʯʝʥʳ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ ʠ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫ-
ʶʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʮʚʝʪʘ ʧʦʤʠʜʦʨʦʚ, ʩʪʝʧʝʥʠ ʦʙʞʘʨʢʠ ʢʦʬʝʡʥʳʭ ʟʝ-
ʨʝʥ, ʢʦʥʪʨʦʣʷ ʚʳʧʝʯʢʠ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ. ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʨʠʤʝʪʨʦʚ ʧʨʦʚʝʨʷʶʪ ʨʘʚʥʦʤʝʨ-
ʥʦʩʪʴ ʮʚʝʪʘ ʦʪ ʧʘʨʪʠʠ ʢ ʧʘʨʪʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ.  

7. ʂʦʣʦʨʠʤʝʪʨ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʧʫʪʝʤ ʩʢʨʠʥʠʥ-
ʛʘ ʪʘʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʘʢ ʭʣʦʨ, ʬʪʦʨʠʜ, ʮʠʘʥʠʜ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ, ʞʝʣʝʟʦ, ʤʦʣʠʙʜʝʥ ʠ 
ʛʠʜʨʘʟʠʥ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠʟʤʝʨʝʥʠʷ ʮʚʝʪʘ ʧʨʠ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʠ ʪʨʝʭʮʚʝʪʥʳʭ ʢʦʣʦʨʠʤʝʪʨʦʚ ʠ ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʙʣʝʤ ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʨʦʚʝʨʢʠ 
ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʢʦʣʦʨʠʤʝʪʨʠʠ [2].  

ʀʟʤʝʨʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ 
ʦʧʨʝʜʝʣʝʥʠʠ ʮʚʝʪʘ ʠʟʣʫʯʘʪʝʣʝʡ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʲʝʢʪʦʚ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʦʩʚʝʱʝʥʠʷ. ɿʥʘʯʠ-
ʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚʳʟʳʚʘʝʪ ʪʘʢʞʝ ʦʮʝʥʢʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝ-
ʣʝʥʠʠ ʮʚʝʪʘ. 

ʎʚʝʪ ʦʙʲʝʢʪʘ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪ-
ʨʘʞʝʥʠʷ - ʦʪʥʦʰʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʢ ʧʦʪʦʢʫ, ʦʪʨʘʞʝʥʥʦʤʫ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʠʜʝʘʣʴʥʳʤ ʦʪʨʘ-
ʞʘʶʱʠʤ ʨʘʩʩʝʠʚʘʪʝʣʝʤ, ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʦʩʚʝʱʝʥʠʠ. ʋʯʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘʠʙʦʣʝʝ ʩʣʦʞʝʥ 
ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰ-
ʥʦʩʪʝʡ.  

ʊʦʯʥʦʩʪʴ ʪʨʝʭʮʚʝʪʥʳʭ ʢʦʣʦʨʠʤʝʪʨʦʚ ʦʛʨʘʥʠʯʝʥʘ ʠʟ-ʟʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʜʝ-
ʪʝʢʪʦʨʦʚ ʬʫʥʢʮʠʷʤ ʩʦʛʣʘʩʦʚʘʥʠʷ ʮʚʝʪʦʚ ʄʂʆ ʠ ʦʥʠ ʥʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʘʙʩʦʣʶʪʥʳʭ ʠʟʤʝʨʝ-
ʥʠʡ ʮʚʝʪʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʮʚʝʪʦʚ.   

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚʘʞʥʦ ʟʥʘʪʴ ʩʫʤʤʘʨʥʫʶ ʧʦ-
ʛʨʝʰʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʚʠʩʷʱʫʶ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʥʦ ʠ ʦʪ ʫʩʣʦ-
ʚʠʡ ʠʟʤʝʨʝʥʠʷ.  

ʀʩʪʦʯʥʠʢʘʤʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʥʝʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ, ʥʝ-
ʣʠʥʝʡʥʦʩʪʴ ʜʝʪʝʢʪʦʨʘ, ʨʘʩʩʝʷʥʥʳʡ ʩʚʝʪ ʤʦʥʦʭʨʦʤʘʪʦʨʘ, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ, ʰʫʤʳ ʩʠʛʥʘʣʦʚ ʠ ʪ.ʜ.  

ʇʦʛʨʝʰʥʦʩʪʠ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʢʪʨʘ ʠʟʤʝʨʷʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɼʘʞʝ ʝʩʣʠ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʘ ʢʦʣʦʨʠʤʝʪʨʘ ʧʦʢʘʟʳʚʘʝʪ ʥʠʟʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʜʣʷ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʧʦʛʨʝʰʥʦʩʪʴ 
ʧʨʠʙʦʨʘ ʜʣʷ ʜʨʫʛʠʭ ʮʚʝʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʩʪʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ.  ʅʘʧʨʠʤʝʨ, ʦʙ-
ʨʘʟʮʳ ʥʘʩʳʱʝʥʥʳʭ ʮʚʝʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦ-
ʛʨʝʰʥʦʩʪʠ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʟʘʷʚʣʝʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘ-
ʣʠʙʨʦʚʘʥʥʳʝ ʩʪʘʥʜʘʨʪʳ ʮʚʝʪʘ [3].  

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʢʦʣʦʨʠʤʝʪʨʠʠ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʥʝʦʙ-
ʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʧʨʦʠʟʚʦʣʴʥʳʡ ʚʳʙʦʨ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʟʤʝʨʝʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʫ ʠʟ 
ʯʝʪʳʨʝʭ ʩʪʘʥʜʘʨʪʥʳʭ ʛʝʦʤʝʪʨʠʡ ʄʂʆ. ɼʣʷ ʪʘʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦ ʨʘʩʩʝʠ-
ʚʘʶʱʠʝ ʙʝʣʳʝ ʤʘʪʝʨʠʘʣʳ. ʇʦʩʢʦʣʴʢʫ ʠʜʝʘʣʴʥʦʛʦ ʦʪʨʘʞʘʶʱʝʛʦ ʨʘʩʩʝʠʚʘʪʝʣʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʢʦʵʬʬʠ-
ʮʠʝʥʪ ʷʨʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʙʩʦʣʶʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ. ʍʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʘʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʦʩʦʙʝʥʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʛʨʝʰʥʦʩʪʷʤ ʠʟʤʝʨʝʥʠʡ ʦʩʚʝʱʝʥʥʦ-
ʩʪʠ ʠ ʫʛʣʦʚ ʦʙʟʦʨʘ.  

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʧʨʦʙʣʝʤʳ ʢʦʣʦʨʠʤʝʪʨʦʚ, ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫ-
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ʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝ ʚ ʣʫʯʰʫʶ ʩʪʦʨʦʥʫ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʧʘʜʘʝʪ. 
ɺ ʩʚʷʟʠ ʩ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʤʩʷ ʧʘʨʢʦʤ ʫʩʪʨʦʡʩʪʚ, ʧʨʦʙʣʝʤʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʝʰʝʥʘ. ʆʥʘ ʧʨʠʪʷʛʠ-

ʚʘʝʪ ʢ ʩʝʙʝ ʚʥʠʤʘʥʠʝ ʠʥʩʪʠʪʫʪʦʚ, ʥʘʫʯʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʣʘʙʦʨʘʪʦʨʠʡ. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʩʪʘʨʘʶʪʩʷ ʩʜʝʣʘʪʴ 
ʫʩʪʨʦʡʩʪʚʘ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠ ʢʦʤʧʘʢʪʥʳʤʠ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. 

ɺ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʷ ʦʧʠʨʘʶʩʴ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʫʯʝʥʦʛʦ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥ-
ʩʪʠʪʫʪʘ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʁʦʰʠ ʆʥʥʦ. ɺ ʩʚʦʝʡ ʩʪʘʪʴʝ ʦʥ ʦʙʦʟʨʝʚʘʝʪ ʩʠʩʪʝʤʫ ʢʦʣʦʨʠʤʝʪʨʠʠ, 
ʮʚʝʪʦʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ Lab ʠ Luv. ʆʙʩʫʞʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʤʝʨʝʥʠʷ ʮʚʝʪʘ. ʇʦʜʥʠʤʘʝʪ ʚʦ-
ʧʨʦʩ ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʦʚʝʨʢʠ ʫʩʪʨʦʡʩʪʚ [4]. 

ʉʧʝʮʠʘʣʠʩʪʳ ʢʦʤʧʘʥʠʠ Lisun Instruments Limited ʧʦʜʥʠʤʘʶʪ ʧʨʦʙʣʝʤʳ ʢʦʣʦʨʠʤʝʪʨʠʠ. ʀʥʞʝʥʝʨʳ 
ʧʨʠʚʳʢʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʦʚ, ʯʪʦ ʥʝ ʩʧʦʩʦʙ-
ʩʪʚʫʝʪ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʨʝʥʠʶ ʮʚʝʪʘ. ʊʘʢʞʝ ʛʦʚʦʨʷʪ ʦ ʥʝʜʦʩʪʘʪʢʘʭ ʪʝʦʨʠʠ ʮʚʝʪʘ, ʦ ʩʣʦʞʥʦʩʪʠ ʩʧʝʢ-
ʪʨʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʢʘʟʘʥʠʷ ʧʨʠʙʦʨʦʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʦʜʝʣʠ ʦʜʥʦʡ 
ʢʦʤʧʘʥʠʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʣʘʩʪʠʥʳ ʙʫʜʫʪ ʨʘʟʥʳʤʠ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʘʟʥʠʮʘ ʙʫʜʝʪ 
ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʪ.ʢ. ʧʦʣʴʟʦʚʘʪʝʣʴ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʜʦʩʢʫ. ʊʘʢʞʝ 
ʧʦʜʥʠʤʘʶʪ ʧʨʦʙʣʝʤʫ ʢʘʣʠʙʨʦʚʢʠ ʫʩʪʨʦʡʩʪʚ. ʊʘʢʞʝ ʷʨʢʦʩʪʴ ʣʘʤʧʳ ʙʫʜʝʪ ʠʤʝʪʴ ʦʪʢʣʦʥʝʥʠʝ ʧʨʠ ʚʢʣʶ-
ʯʝʥʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟʤʝʨʝʥʠʷ [5]. 

ʈʦʙʝʨʪ ʍʠʰʣʝʨ ʠʟ ɹʨʘʟʠʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʩʚʝʪʘ ʛʦʚʦʨʠʪ ʦ ʥʝʨʝʰʝʥʥʳʭ ʧʨʦʙʣʝʤʘʭ ʩ ʦʧʨʝʜʝʣʝ-
ʥʠʝʤ ʩʪʝʧʝʥʠ ʙʝʣʠʟʥʳ ʦʧʪʠʯʝʩʢʠ ʦʩʚʝʪʣʝʥʥʳʭ ʠʟʜʝʣʠʡ. ʇʦʜʥʠʤʘʝʪ ʚʦʧʨʦʩ ʢʘʣʠʙʨʦʚʢʠ ʫʩʪʨʦʡʩʪʚ. ʏʘ-
ʱʝ ʚʩʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʦʪʢʘʣʠʙʨʦʚʘʥʳ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʠʣʠ ʧʨʦʮʝʩʩ ʢʘʣʠʙʨʦʚʢʠ ʥʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦ-
ʚʘʥ [6]. 

ʇ.ɼʞ. ʂʣʘʨʢ ʠʟ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʩʯʠʪʘʝʪ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʨʪʘʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʜʫʪ 
ʥʘ ʢʦʤʧʨʦʤʠʩʩ. ʇʨʠʙʦʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʫʜʫʪ ʠʤʝʪʴ ʩʬʝʨʫ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʯʝʤ ʥʘʩʪʦʣʴʥʳʡ ʘʥʘʣʦʛ, 
ʜʦʩʪʫʧʥʳʝ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʦʛʨʘʥʠʯʝʥʥʳʤʠ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʙʫʜʝʪ ʚʳʰʝ, ʘ ʢʘʯʝ-
ʩʪʚʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʞʝ [7]. 
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ǲǣǩ 32 

ǡǺǣǤǪǤǬǧǤ ǫǲǵǧǬǟ ǧǦ ǰǪǽǬǺ ǧ 
ǭǮǯǤǣǤǪǤǬǧǤ ǡ ǬǤǫ ǲǢǪǤǡǭǣǬǭǢǭ 
ǩǭǫǮǭǬǤǬǱǟ, ǦǬǟǶǤǬǧǤ ǫǲǵǧǬǭǡ 

ǪȇȎǿȑȌȇȉȍȁǿ ǟ,ǟ,* 
ǲȐǿȑȍȁǿ ǣ,ǡ, 

ʩʪʫʜʝʥʪʢʠ 2 ʢʫʨʩʘ ʧʝʜʠʘʪʨʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ  
ʂʠʨʦʚʩʢʠʡ ɻʄʋ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʎʘʧʦʢ ʇ.ʀ. 
ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʙʠʦʭʠʤʠʠ  
ʂʠʨʦʚʩʢʠʡ ɻʄʋ 
ʛ. ʂʠʨʦʚ, ʈʌ 

 

 
ɻʛʞʝʞʦʡʞ. ɺ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʩʣʶʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʞʠʜʢʦʩʪʝʡ.  
ʉʣʶʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʪʨʝʭ ʧʘʨ ʩʣʶʥʥʳʭ ʞʝʣʝʟ (ʦʢʦʣʦʫʰʥʳʭ, ʧʦʜʥʠʞʥʝʯʝʣʶʩʪʥʳʭ, 

ʧʦʜʲʷʟʳʯʥʳʭ) ʠ ʤʥʦʞʝʩʪʚʘ ʤʝʣʢʠʭ ʞʝʣʝʟ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʧʦʣʦʩʪʠ ʨʪʘ.  
ʉʦʩʪʘʚ ʩʣʶʥʳ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʝʥ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʩʣʶʥʳ: 
ʉʣʶʥʘ - ɻ ʪʦ ʚʷʟʢʘʷ, ʤʫʪʥʘʷ ʞʠʜʢʦʩʪʴ ʩ pH 6,8-7,4.  
ʉʦʩʪʘʚ ʩʣʶʥʳ: 
- ɺʦʜʘ (99,4 - 99,5%) 
- ʆʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ 
- ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ 
ʂʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʣʶʥʝ ʪʦʣʴʢʦ 0,5-0,6%. 
ɺ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʩʣʶʥʳ ʚʭʦʜʷʪ:  
ʘʤʠʥʦʢʠʩʣʦʪʳ, ʙʝʣʢʠ (ʛʣʦʙʫʣʠʥʳ ʠ ʘʣʴʙʫʤʠʥʳ), ʫʛʣʝʚʦʜʳ (ʛʘʣʘʢʪʦʟʘ ʠ ʛʣʶʢʦʟʘ), ʚʝʱʝʩʪʚʘ, ʩʦ-

ʜʝʨʞʘʱʠʝ ʚ ʩʦʩʪʘʚʝ ʘʟʦʪ (ʤʦʯʝʚʠʥʘ, ʘʤʤʠʘʢ, ʤʦʯʝʚʘʷ ʢʠʩʣʦʪʘ) 
ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʩʣʶʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ: 
ʤʘʢʨʦʵʣʝʤʝʥʪʘʤʠ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ, ʠʦʥʘʤʠ ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ, ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ-

ʤʠ, ʬʦʩʬʘʪʘʤʠ, ʬʪʦʨʠʜʘʤʠ, ʙʨʦʤʠʜʘʤʠ, ʭʣʦʨʠʜʘʤʠ, ʩʫʣʴʬʘʪʘʤʠ.  
ʄʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʚ ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 
ɸ ʪʘʢʞʝ ʚ ʩʦʩʪʘʚ ʩʣʶʥʳ ʚʭʦʜʷʪ ʩʪʝʨʦʠʜʥʳʝ ʛʦʨʤʦʥʳ ð ʵʩʪʨʦʛʝʥʳ, ʧʨʦʛʝʩʪʝʨʦʥʳ, ʘʥʜʨʦʛʝʥʳ, 

ʢʦʨʪʠʟʦʣ. 
ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʩʪʘʚʝ ʩʣʶʥʳ ʩʦʩʪʘʚʣʷʝʪ ʛʣʠʢʦʧʨʦʪʝʠʥʳ - ʤʫʮʠʥʳ.  
ʂʘʢ ʩʢʘʟʘʣʠ ʨʘʥʝʝ ʤʫʮʠʥʳ ð ʵʪʦ ʛʣʠʢʦʧʨʦʪʝʠʥʳ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʠ 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʤʫʮʠʥʘ ʠʟ ʩʣʶʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚ ʥʝʤ ʫʛʣʝʚʦʜʥʦʛʦ 
ʢʦʤʧʦʥʝʥʪʘ ʠ ʟʥʘʯʝʥʠʝ ʤʫʮʠʥʦʚ ʚ ʙʠʦʭʠʤʠʠ. 
ɼʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʦʙʣʘʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴʶ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʣʶʥʘ ʦʙʣʘʜʘʝʪ ʤʥʦʛʦʦʙʨʘʟʠʝʤ 
ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʦʥʘ ʚʳʧʦʣʥʷʝʪ ʜʣʷ ʟʜʦʨʦʚʴʷ ʧʦʣʦʩʪʠ ʨʪʘ ʠ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʉʣʶʥʘ, ʤʫʮʠʥ, ʫʛʣʝʚʦʜʳ, ʦʨʛʘʥʠʟʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ, ʩʦʩʪʘʚ. 
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ʦʙʣʘʜʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  
ɺ ʥʠʭ ʩʦʜʝʨʞʠʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ (50-70% ʤʘʩʩʳ ʤʦʣʝʢʫʣʳ), ʘ ʪʘʢ ʞʝ ʙʦʣʴʰʘʷ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʦʢʦʣʦ 100ʢɼ.  
ɺ ʤʫʮʠʥʘʭ ʩʦʜʝʨʞʘʪʩʷ ʤʥʦʛʦ ʦʩʪʘʪʢʦʚ ʪʨʠʦʥʠʥʘ, ʧʨʦʣʠʥʘ, ʩʝʨʠʥʘ, ʮʠʩʪʝʠʥʦʚʳʭ ʦʩʪʘʪʢʦʚ, ʘ ʪʘʢʞʝ 

ʫʛʣʝʚʦʜʥʳʭ ʮʝʧʝʡ ʛʝʪʝʨʦʧʦʣʠʩʘʭʘʨʠʜʦʚ.  
ʋʛʣʝʚʦʜʥʳʡ ʩʦʩʪʘʚ ʤʫʮʠʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥ 5 ʪʠʧʘʤʠ ʤʦʥʦʩʘʭʘʨʦʚ: ʬʫʢʦʟʦʡ, ʛʘʣʘʢʪʦʟʦʡ, N-

ʘʮʝʪʠʣʛʣʶʢʦʟʦʘʤʠʥʦʤ, ʩʠʘʣʦʚʦʡ ʢʠʩʣʦʪʦʡ, N-ʘʮʝʪʠʣʛʘʣʘʢʪʦʟʘʤʠʥʦʤ.  
ʄʫʮʠʥʳ ʩʣʶʥʳ ʚ ʦʩʥʦʚʥʦʤ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚʳʩʦʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʢʣʝʪʢʘʤʠ ʧʦʜʥʠʞʥʝʯʝ-

ʣʶʩʪʥʳʭ ʠ ʧʦʜʲʷʟʳʯʥʳʭ ʞʝʣʝʟ. 
ʏʞʤʵ ʩʙʚʧʫʴ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʜʝʣʝʥʠʷ ʤʫʮʠʥʘ ʠʟ ʩʣʶʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʫʛʣʝʚʦʜʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʤʫʮʠʥʘ. 
ʅʙʫʞʩʡʙʤ ʡ ʥʞʫʧʝʴ. 
ʉʞʙʣʫʡʛʴ:  
1) H2SO4 ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ. 
2) ʋʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (ʵʪʘʥʦʚʘʷ) ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ 
3) 1 % ʩʧʠʨʪʦʚʦʡ ʨʘʩʪʚʦʨ, ʪʠʤʦʣ  
4) 1 % ʨʘʩʪʚʦʨ CuSO4 
5) 10 % ʨʘʩʪʚʦʨ NaOH 
ʅʙʫʞʩʡʙʤ ʝʤʸ ʡʪʪʤʞʝʧʛʙʦʡʸ: ʩʣʶʥʘ, ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʣʦʩʢʘʥʠʷ ʨʪʘ ʚʦʜʦʡ. 
ʎʧʝ ʩʙʚʧʫʴ: ɺ ʧʨʦʙʠʨʢʫ ʥʘʙʠʨʘʝʤ 2 ʤʣ ʩʣʶʥʳ ʠ ʢʘʧʣʷʤʠ ʧʝʨʝʣʠʚʘʝʤ ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ ʢʦʥʮʝʥ-

ʪʨʠʨʦʚʘʥʥʫʶ ʦʢʦʣʦ 10-15 ʢʘʧʝʣʴ ʠ ʥʘʛʨʝʚʘʝʤ ʜʦ ʢʠʧʝʥʠʷ. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʦʩʘʜʦʢ ʤʫʮʠʥʘ 
ʠʤʝʶʱʝʛʦ ʚʠʜ ʩʛʫʩʪʢʘ. ɼʘʣʝʝ ʘʢʢʫʨʘʪʥʦ ʩʣʠʚʘʝʤ ʞʠʜʢʦʩʪʴ ʠʟ ʧʨʦʙʠʨʦʢ. ʉʛʫʩʪʦʢ ʤʫʮʠʥʘ ʩʣʝʛʢʘ ʧʦʜʩʫ-
ʰʠʚʘʝʤ ʬʠʣʴʪʨʦʚʘʥʥʦʡ ʙʫʤʘʛʦʡ. 

ɺ ʧʝʨʚʦʡ ʧʨʦʙʠʨʢʝ ʤʳ ʧʨʦʚʦʜʠʤ ʙʠʫʨʝʪʦʚʫʶ ʨʝʘʢʮʠʶ ʟʘʨʘʥʝʝ ʜʦʙʘʚʠʚ 10% NaOH (10 ʢʘʧʝʣʴ) 
ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʠʩʣʦʪʳ, ʘ ʟʘʪʝʤ ʜʦʙʘʚʣʷʝʤ ʨʘʩʪʚʦʨ CuSO4 (2 ʢʘʧʣʠ). 

ɼʘʣʝʝ ʙʝʨʝʤ ʚʪʦʨʫʶ ʧʨʦʙʠʨʢʫ ʠ ʧʨʦʚʦʜʠʤ ʨʝʘʢʮʠʶ ʄʦʣʠʰʘ. ʕʪʘ ʨʝʘʢʮʠʷ ʜʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪ-
ʩʪʚʠʝ ʫʛʣʝʚʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʙʝʣʢʝ. ɼʦʙʘʚʣʷʝʤ 10 ʢʘʧʝʣʴ 1% ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʪʠʤʦʣʘ ʠ ʧʝʨʝ-
ʤʝʰʠʚʘʝʤ. ɿʘʪʝʤ ʦʩʪʦʨʦʞʥʦ ʜʦʙʘʚʣʷʝʤ 30 ʢʘʧʝʣʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦ ʩʪʝʥʢʝ ʧʨʦ-
ʙʠʨʢʠ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʦʙʠʨʢʫ ʚʩʪʨʷʭʠʚʘʝʤ ʠ ʥʘʙʣʶʜʘʝʤ ʥʘ ʜʥʝ ʧʨʦʙʠʨʢʠ ʧʨʦʜʫʢʪ 
ʢʦʥʜʝʥʩʘʮʠʠ ʢʨʘʩʥʦʛʦ ʦʪʪʝʥʢʘ. 

ʉʞʠʬʤʵʫʙʫ: ʈʝʘʢʮʠʷ ʄʦʣʠʰʘ (ʈʠʩ 1.) ʥʘ ʚʩʝ ʫʛʣʝʚʦʜʳ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʝ 
ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʠʜʨʘʪʘʮʠʷ ʛʝʢʩʦʟ ʠ ʧʝʥʪʦʟ ʜʦ ʦʢʩʠʤʝʪʠʣʬʫʨʬʫʥʦʣʘ 
ʠ ʬʫʨʬʫʨʦʣʘ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʩ ʤʝʪʠʣʠʟʦʧʨʦʧʠʣʬʝʥʦʣʦʤ (ʪʠʤʦʣ) ʧʨʦʜʫʢʪʳ ʢʦʥʜʝʥʩʘʮʠʠ ʢʨʘʩʥʦʛʦ ʦʪʪʝʥ-
ʢʘ.  

 

 
ʉʡʪ.1. ʉʞʙʣʯʡʸ ʅʧʤʡʱʙ ʦʙ ʨʞʦʫʧʠʬ 

 
ʀʙʣʤʷʰʞʦʡʞ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʤʫʮʠʥʝ ʩʣʶʥʳ ʩʦʜʝʨʞʠʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʚʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 
ʈʦʣʴ ʤʫʮʠʥʘ: 
1) ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʩʣʶʥʳ. 
2) ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʠʮʝʣʣʷʨʥʳʡ ʩʦʩʪʘʚ ʩʣʶʥʳ. 
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3) ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʩʣʶʥʳ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʟʘʱʠʪʥʘʷ ʧʣʝʥʢʘ 
ʥʘ ʵʤʘʣʠ ʟʫʙʦʚ- ʧʝʣʣʠʢʫʣ. 

4) ʠʦʥʳ ʉʘ2+ ʠ ʅʈʆ42- ʥʝ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʝʨʝʩʳʱʝʥʥʳʝ ʨʘʩʪʚʦʨʳ, ʝʩʣʠ 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʫʮʠʥ. 

5) ʦʙʝʩʧʝʯʠʚʘʝʪʚʷʟʢʦʩʪʴ ʩʣʶʥʳ.  
6) ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʠʮʝʣʣ ʩʣʶʥ r(ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʳ ʩʣʶʥ-rʤʠʮʝʣʣʳ), ʙʣʘʛʦʜʘʨʷ  

ʩʚʷʟʳʚʘʥʠʶ ʚʦʜʳ.  
7) ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʩʤʘʟʳʚʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʣʦʩʪʠ ʨʪʘ, ʘ ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ ʦʨʛʘʥʘʭ (ʚ 

ʢʠʰʝʯʥʠʢʝ, ʩʝʤʝʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʙʨʦʥʭʘʭ, ʚʣʘʛʘʣʠʱʝ). 
8) ɺʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʣʷʨʥʳʤʠ ʛʦʣʦʚʢʘʤʠ ʣʠʧʠʜʦʚ ʤʝʤʙʨʘʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʠʟʠʩʪʦʡ 

ʧʣʝʥʢʠ, ʢʦʪʦʨʘʷ ʟʘʱʠʱʘʝʪ ʢʣʝʪʢʠ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ ʦʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ, 
ʪʝʧʣʦʚʳʭ, ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠ ʚʠʨʫʩʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

9) ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʛʨʫʧʧʳ ʤʫʮʠʥʦʚ ʩʚʷʟʳʚʘʶʪ ʢʘʣʴʮʠʡ, ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʦʪʥʫʶ 
ʫʧʘʢʦʚʢʫ ʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʦʩʘʞʜʝʥʠʶ ʩʦʣʝʡ. 
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ǲǣǩ 35 

ǧǰǮǭǪǻǦǭǡǟǬǧǤ ǫǤǱǭǣǭǡ 
ǰǤǩǡǤǬǧǯǭǡǟǬǧǾ ǡ ǧǰǰǪǤǣǭǡǟǬǧǾǴ 
ǮǰǧǴǯǭǳǧǪǻǬǺǴ ǭǯǢǟǬǧǦǫǭǡ 

ǟȌȍȐȍȁǿ ǭȉȐǿȌǿ ǧȁǿȌȍȁȌǿ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʂʫʙʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʍʘʙʣʶʢ ɺʠʢʪʦʨ ɺʠʢʪʦʨʦʚʠʯ 
ʢ. ʙ. ʥ, ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʂʫʙʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪè 
 

 
ʇʩʠʭʨʦʬʠʣʴʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʵʪʦ ʦʨʛʘʥʠʟʤʳ ʩʧʦʩʦʙʥʳʝ ʢ ʨʦʩʪʫ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘ-

ʪʫʨ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪ ʦʙʣʠʛʘʪʥʳʭ ʠ ʬʘʢʫʣʴʪʘʪʠʚʥʳʭ ʧʩʠʭʨʦʬʠʣʦʚ (ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʳʝ ʧʩʠʭʨʦ-
ʪʨʦʬʘʤʠ) [1, ʩ. 28]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʩʠʭʨʦʬʠʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʝʱʝ ʤʘ-
ʣʦ ʠʟʫʯʝʥʘ, ʦʜʥʘʢʦ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʩʦʟʜʘ-
ʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʝʢʘʨʩʪʚ ʠ ʧʦʚʳʰʝʥʠʷ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ [2, ʩ 
8]. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʠʟʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ɼʅʂ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦ-
ʨʦʛʦ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʠ ʫʩʪʘʥʦʚʠʪʴ ʪʘʢʩʦʥʦʤʠʯʝʩʢʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ.  

ɹʦʦʧʫʙʯʡʸ: ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚ-
ʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʩʠʭʨʦʬʠʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦʟʚʦ-
ʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ.    ʇʝʨʚʳʝ 
ʥʝʩʢʦʣʴʢʦ ʧʦʢʦʣʝʥʠʡ ʠʤʝʣʠ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʥʘʧʨʠʤʝʨ: ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ, 
ʠʤʝʶʪ ʥʠʟʢʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʇʦʩʣʝʜʥʝʝ ʧʦʢʦʣʝʥʠʝ ʤʝʪʦʜʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʝ-
ʰʠʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ, ʦʜʥʘʢʦ ʦʩʪʘʚʣʷʶʪ ʥʝʨʝʰʝʥʥʳʤʠ ʧʨʦʙʣʝʤʳ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʤʘʩʩʠʚʘʤʠ ʧʦʣʫ-
ʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʧʨʦʯʪʝʥʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʩʠʭʨʦʬʠʣʴʥʳʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤ, ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ, ʤʝʪʦʜ ʉʝʥʛʝʨʘ, ʤʝʪʦʜ ʀʣʣʶʤʠʥʘ, 
ʥʘʥʦʧʦʨʦʚʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ. 
 

THE USE OF SEQUENCING METHODS IN STUDIES OF PSYCHROPHILIC ORGANISMS. 
 

Anosova Oksana Ivanovna 
 

Scientific adviser: Hablyuk Viktor Viktorovich 
  
Abstract: Molecular genetic research methods are one of the most promising methods of studying psychro-
philic organisms. The use of sequencing methods makes it possible to identify microorganisms and establish 
their taxonomic affiliation. The first few generations had a number of disadvantages, for example: a long pre-
paratory stage, have low throughput. The latest generation of sequencing methods can solve these problems, 
but they leave unresolved the problems of working with large arrays of received data and reading errors 
Key words: psychrophilic microorganism, sequencing, Sanger method, Illuminating method, nanopore se-
quencing. 
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ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ɼʅʂ ð ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝ-
ʥʠʷ ʦʩʥʦʚʘʥʠʡ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ [3, ʩ. 3]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʢʦʣʝʥʠʡ ʤʝʪʦ-
ʜʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

ʂ ʧʝʨʚʦʤʫ ʧʦʢʦʣʝʥʠʶ ʤʝʪʦʜʦʚ ʦʪʥʦʩʠʪʩʷ ʤʝʪʦʜ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʉʝʥʛʝʨʘ, ʠʣʠ ʤʝʪʦʜ ʦʙʨʳʚʘ ʮʝ-
ʧʠ. ʈʝʚʦʣʶʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʌʨʝʜʝʨʠʢʦʤ ʉʵʥʛʝʨʦʤ ʠ ʝʛʦ ʢʦʣʣʝʛʘʤʠ ʪʦʣ-
ʯʦʢ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʦʪʢʨʳʣʠ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʥʝʜʦʨʦʛʦʛʦ ʠ 
ʙʳʩʪʨʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

ʇʝʨʚʘʷ ʚʘʨʠʘʮʠʷ ï ʤʝʪʦʜ ʜʠʜʝʟʦʢʩʠʪʝʨʤʠʥʘʮʠʠ ʮʝʧʠ, ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 1977 ʛ, ʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 
ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʩ ʧʦʤʝʯʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʚ 1990-ʭ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʚ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʘʟʥʦʛʦ 
ʢʦʧʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʜʥʦʮʝʧʦʯʝʯʥʳʡ ʬʨʘʛʤʝʥʪ ɼʅʂ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʘʡʤʝʨʦʚ ï ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʦʣʠ-
ʛʦʥʫʢʣʝʦʪʠʜʳ ʠʣʠ ʧʨʠʨʦʜʥʳʝ ʩʫʙʬʨʘʛʤʝʥʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʨʝʩʪʨʠʢʮʠʦʥʥʳʤʠ ʵʥʜʦʥʫʢʣʝ-
ʘʟʘʤʠ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʬʝʨʤʝʥʪʘ ï ʬʨʘʛʤʝʥʪ ʂʣʝʥʦʚʘ ɼʅʂ ʧʦʣʠʤʝʨʘʟʳ I (PolI) ʠʟ Escherichia coli.  

ʇʨʦʮʝʩʩ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʢʠ ʧʨʦʠʩʭʦʜʠʣ ʚ ʜʚʘ ʵʪʘʧʘ: ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʫʩʣʦ-
ʚʠʷʭ ʧʨʦʚʦʜʠʣʠ ʧʦʣʠʤʝʨʘʟʥʫʶ ʨʝʘʢʮʠʶ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʩʝʭ ʯʝʪʳʨʝʭ ʪʠʧʦʚ ʜʝʟʦʢʩʠʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩ-
ʬʘʪʦʚ (dNTP), ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣ ʧʦʤʝʯʝʥ, ʵʪʦ ʧʦʟʚʦʣʷʣʦ ʧʦʣʫʯʠʪʴ ʥʘ ʚʳʭʦʜʝ ʥʘʙʦʨ ʧʨʦʜʫʢʪʦʚ ʥʝ-
ʧʦʣʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʤʘʪʨʠʯʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʉʤʝʩʴ ʦʯʠʱʘʣʠ ʦʪ ʥʝʩʚʷʟʘʚʰʠʭʩʷ dNTP ʠ ʜʝʣʠʣʠ ʥʘ ʚʦ-
ʩʝʤʴ ʯʘʩʪʝʡ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʚ çʧʣʶʩè-ʩʠʩʪʝʤʝ ʧʨʦʚʦʜʠʣʠ ʯʝʪʳʨʝ ʨʝʘʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʞʜʦʛʦ 
ʠʟ ʯʝʪʳʨʝʭ ʪʠʧʦʚ ʥʫʢʣʝʦʪʠʜʦʚ, ʚ çʤʠʥʫʩè-ʩʠʩʪʝʤʝ ï ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ çʤʠ-
ʥʫʩè-ʩʠʩʪʝʤʝ ʪʝʨʤʠʥʘʮʠʷ ʧʨʦʠʩʭʦʜʠʣʘ ʧʝʨʝʜ dNTP ʜʘʥʥʦʛʦ ʪʠʧʘ, ʘ ʚ çʧʣʶʩè-ʩʠʩʪʝʤʝ ï ʧʦʩʣʝ ʥʝʛʦ. 
ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʩʝʤʴ ʦʙʨʘʟʮʦʚ ʨʘʟʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʟʘ, çʩʯʠʪʳʚʘʣʠè ʩʠʛ-
ʥʘʣ ʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝʪ 
ʙʳʪʴ ʧʨʦʜʝʣʘʥʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʄʝʪʦʜ ʵʢʦʥʦʤʠʯʝʩʢʠ ʠ ʵʬʬʝʢʪʠʚʝʥ, ʦʜʥʘʢʦ ʦʩʥʦʚʥʳʤ 
ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʰʠʙʦʢ ʩʤʝʱʝʥʠʷ ʢʘʜʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 
ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʦʰʠʙʢʘʤ ʧʨʠ ʯʪʝʥʠʠ. ʊʘʢ ʞʝ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʯʠʪʘʪʴ ʪʦʣʴʢʦ ʜʦ 500 ʧ.ʥ. [3, ʩ. 5]. 

ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ (SGS) ʠʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ (NGS) ʦʪ-
ʥʦʩʠʪʩʷ ʢ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ɼʅʂ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʝʢʚʝʥʠʨʦʚʘʪʴ 
ʙʦʣʝʝ ʜʣʠʥʥʳʝ ʥʠʪʠ ɼʅʂ. ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʧʣʠʢʘʮʠʠ ʠʣʠ ʘʤʧʣʠʬʠʢʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʦʧʫʩʢʥʫʶ 
ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʤʥʦʛʦʢʨʘʪʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʮʝʣʝʚʳʭ ʦʙʣʘʩʪʝʡ. 

ʇʣʘʪʬʦʨʤʘ ʀʣʣʶʤʠʥʘ ʠʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʫʪʝʤ ʩʠʥʪʝʟʘ ʩʪʘʣʘ ʥʦʚʳʤ ʚʠʪʢʦʤ ʚ ʭʦʜʝ ʩʝʢʚʝʥʠ-
ʨʦʚʘʥʠʷ.  ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ: ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʘ, ʛʝʥʝʨʘʮʠʷ ʢʣʘ-
ʩʪʝʨʦʚ, ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ.   

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʙʠʙʣʠʦʪʝʢʠ ʠʩʭʦʜʥʳʡ ʚʳʜʝʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʬʨʘʛʤʝʥʪʠʨʫʶʪ, ʟʘʪʝʤ ʣʠʛʠʨʫʶʪ ʩ 
ʘʜʘʧʪʝʨʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʘʤʧʣʠʬʠʮʠʨʫʶʪ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʇʎʈ ʠ ʟʘʪʝʤ ʦʯʠʱʘʶʪ. ʆʙʨʘ-
ʟʝʮ ʟʘʛʨʫʞʘʶʪ ʚ ʧʨʦʪʦʯʥʫʶ ʷʯʝʡʢʫ ʩ ʛʘʟʦʥʦʤ ʠʟ ʜʚʫʭ ʪʠʧʦʚ ʦʣʠʛʦʟʠʜʦʚ, ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʷʶʪ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʩʪʴ ʘʜʘʧʪʝʨʘ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ.  

ʂʘʞʜʳʡ ʛʠʙʨʠʜʠʟʠʨʦʚʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ɼʅʂ ʧʨʠʩʦʝʜʠʥʝʥ ʢ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʤʫ ʦʣʠʛʦʟʠʜʫ, ʠ ʬʝʨ-
ʤʝʥʪ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ ʩʦʟʜʘʝʪ ʢʦʤʧʣʝʤʝʥʪʘʨʥʫʶ ʮʝʧʴ. ɼʚʫʮʝʧʦʯʝʯʥʘʷ ʥʠʪʴ ʜʝʥʘʪʫʨʠʨʫʝʪʩʷ, ʠ ʠʩʭʦʜ-
ʥʳʡ ʰʘʙʣʦʥ ʚʳʤʳʚʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʢʦʪʦʨʳʡ ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʩʦʝʜʠʥʝʥ ʢ ʧʨʦʪʦʯ-
ʥʦʡ ʷʯʝʡʢʝ, ʦʩʪʘʝʪʩʷ. 

ʆʜʥʦʮʝʧʦʯʝʯʥʘʷ ɼʅʂ ʦʙʨʘʟʫʝʪ ʤʦʩʪʠʢ ʧʫʪʝʤ ʛʠʙʨʠʜʠʟʘʮʠʠ ʩ ʩʦʩʝʜʥʠʤ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤ ʧʨʘʡ-
ʤʝʨʦʤ ʠ ʫʜʣʠʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʤʝʨʘʟʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʮʝʧʦʯʝʯʥʦʛʦ ɼʅʂ-
ʤʦʩʪʠʢʘ. ʄʦʩʪ ʜʝʥʘʪʫʨʠʨʫʝʪʩʷ, ʠ ʢʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʶʪʩʷ ʜʚʝ ʥʠʪʠ, ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʩʦʝʜʠʥʝʥ-
ʥʳʝ ʢ ʧʨʦʪʦʯʥʦʡ ʷʯʝʡʢʝ. ʎʠʢʣ ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʦʚʪʦʨʷʝʪʩʷ ʤʥʦʛʦ ʨʘʟ.  

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʦʥʘ 
ʧʦʟʚʦʣʷʝʪ ʩʝʢʚʝʥʠʨʦʚʘʪʴ ʜʦ 96 ʦʙʨʘʟʮʦʚ ʟʘ ʮʠʢʣ ʨʘʙʦʪʳ, ʪʘʢ ʞʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʣʶʩʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʧʘʨʥʦʢʦʥʮʝʚʦʛʦ ʯʪʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ.  

ʆʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʦʩʪʘʝʪʩʷ ʢʦʨʦʪʢʠʝ ʜʣʠʥʳ ʯʪʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʟʘʜʘʯʘʭ 
ʨʘʩʰʠʬʨʦʚʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ de novo. ʆʰʠʙʢʠ ʟʘʤʝʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ 



34 ǰǱǲǣǤǬǱ ǧ Ǭǟǲǩǟ 

 

ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʬʦʥʦʚʦʛʦ ʰʫʤʘ ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ, ʩʤʝʱʝʥʠʝ ʚ ʭʦʜʝ ʤʦʩʪʠʢʦʚʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʪʘʢʞʝ ʚʥʦʩʷʪ ʠʟʚʝʩʪʥʳʝ 
ʦʛʨʘʥʠʯʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ [3, ʩ.10].  

ʅʘʥʦʧʦʨʦʚʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ð ʵʪʦ ʫʥʠʢʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦʜʠʪʴ ʧʨʷʤʦʡ 
ʘʥʘʣʠʟ ʜʣʠʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʠʣʠ ʈʅʂ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʟʤʝʥʝʥʠʠ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʤʦʤʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʯʝʨʝʟ ʙʝʣʢʦʚʳʝ ʥʘʥʦʧʦʨʳ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʠʩʪʝʤʘ Oxford Nanopore ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʙʦʨʢʠ ʛʝʥʦʤʦʚ, ʦʙʥʘʨʫʞʝʥʠʷ 
ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʪʨʘʥʩʢʨʠʧʪʦʚ, ʧʦʠʩʢʘ ʤʦʜʠʬʠʢʘʮʠʡ ʥʫʢʣʝʦʪʠʜʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʥʦʧʦʨ ʙʝʣʢʘ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʙʠʦʩʝʥʩʦʨʦʤ ʠ ʚʩʪʨʦʝʥʳ 
ʚ ʵʣʝʢʪʨʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʫʶ ʧʦʣʠʤʝʨʥʫʶ ʤʝʤʙʨʘʥʫ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʦʢʘ ʚ ʨʘʩʪʚʦʨʝ ʵʣʝʢʪʨʦʣʠʪʘ ʢ ʧʦʨʝ 
ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʦʜʥʦʮʝʧʦʯʝʯ-
ʥʳʝ ʤʦʣʝʢʫʣʳ ɼʅʂ ʠʣʠ ʈʅʂ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʥʘʥʦʧʦʨʫ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʮʠʩ-ʩʪʦʨʦʥʳ ʥʘ ʧʦ-
ʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʫʶ ʪʨʘʥʩ-ʩʪʦʨʦʥʫ [4, 4 ʩ.]. ʉʢʦʨʦʩʪʴ ʪʨʘʥʩʣʦʢʘʮʠʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʤʦʪʦʨʥʳʤ ʙʝʣ-
ʢʦʤ, ʢʦʪʦʨʳʡ ʧʨʦʜʚʠʛʘʝʪ ʤʦʣʝʢʫʣʫ ʥʫʢʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʯʝʨʝʟ ʥʘʥʦʧʦʨʫ. ɼʘʥʥʳʝ ʬʠʢʩʠʨʫʶʪʩʷ ʩ ʧʦ-
ʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ.  

ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʨʦʮʝʜʫʨʝ ʥʘʥʦʧʦʨʦʚʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʚʳʜʝʣʝʥʠʝ 
ɼʅʂ, ʦʯʠʩʪʢʘ ɼʅʂ, ʧʦʜʛʦʪʦʚʢʘ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ.  ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴ-
ʥʦʛʦ ʵʪʘʧʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʠʢʘʭ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʜʣʠʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ.  ɺ 
ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ɼʅʂ ʟʘʯʘʩʪʫʶ ʬʨʘʛʤʝʥʪʠʨʫʝʪʩʷ, ʯʪʦ ʥʝ ʧʦʟ-
ʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʘʥʦʧʦʨ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʥʘʙʦʨʳ ʜʣʷ ʚʳ-
ʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ɼʅʂ ʩ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ. 

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʙʠʙʣʠʦʪʝʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʪʦʢʦʣʳ, ʚʢʣʶʯʘʶʱʠʝ ʯʝʪʢʦʝ ʦʧʠʩʘʥʠʝ 
ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʵʪʘʧʦʚ. ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʘʥʦʧʦʨʦʚʳʤ 
ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ Oxford nanopore. 

ʉʘʤ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʧʨʠ ʧʦʤʦʱʠ ʥʘʙʦʨʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʳʤ. ɽʛʦ ʫʩʣʦʚʥʦ ʤʦʞʥʦ 
ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. 

1. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʥʮʦʚ ɼʅʂ; 
2. ʆʯʠʩʪʢʘ ɼʅʂ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ; 
3. ʃʠʛʠʨʦʚʘʥʠʝ ʩʠʢʚʝʥʩʦʚʦʛʦ ʘʜʘʧʪʝʨʘ; 
4. ʆʯʠʩʪʢʘ ɼʅʂ-ʙʠʙʣʠʦʪʝʢʠ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ. 
ʆʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʚʢʣʶʯʘʝʪ ʩʘʤʫ ʷʯʝʡʢʫ, ʩʦʜʝʨʞʘʱʫʶ ʧʦʨʳ, ʢʦ-

ʪʦʨʘʷ ʧʦʜʢʣʶʯʝʥʘ ʢ ʢʦʤʧʴʶʪʝʨʫ.  ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʘʤʦʡ ʷʯʝʡʢʠ ʢ ʨʘʙʦʪʝ ʥʝʦʙʭʦʜʠʤʳ ʧʨʦʤʳʚʦʯʥʳʝ 
ʙʫʬʝʨʳ, ʟʘʛʨʫʟʦʯʥʳʝ ʰʘʨʠʢʠ ʠ ʙʫʬʝʨ ʜʣʷ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʇʨʦʤʳʚʢʘ ʠ ʟʘʧʨʘʚʢʘ ʷʯʝʡʢʠ ʟʘʥʠʤʘʝʪ ʥʝ-
ʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʩʘʤʳʡ ʜʣʠʪʝʣʴʥʳʡ ʵʪʘʧ ï ʵʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʯʪʝʥʠʝ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʩʪʝʡ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʜʦ 72 ʯʘʩʦʚ [4, 14ʩ.].  

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʚʰʠʭʩʷ ʘʢʪʠʚʥʳʭ 
ʧʦʨ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ 
ʥʘʙʦʨʦʚ ʠ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ.  ʈʘʙʦʪʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʨʘʟʫ ʩ ʙʦʣʴʰʠʤ ʦʙʲ-
ʸʤʦʤ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʣʶʩʦʤ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʪʘʢʞʝ ʵʪʦ ʧʦʚʳʰʘʝʪ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ ʧʨʦʯʪʝʥʠʷ.  

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʥʫʢʣʝʦʪʠʜʦʚ. 
ɺ ʩʣʫʯʘʝ ʨʘʙʦʪʳ ʥʘʥʦʧʦʨʦʚʳʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ, ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʫʞʝ 
ʥʘ ʵʪʘʧʝ ʩʯʠʪʳʚʘʥʠʷ. ʇʦʣʥʘʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ EPI2ME. ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʨʫʯʥʘʷ ʢʦʨʨʝʢʮʠʷ ʨʠʜʦʚ 
ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ, ʧʦʵʪʦʤʫ ʚʳʷʚʣʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʧʨʦʯʪʝʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʦ.  

ʈʘʙʦʪʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʚ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʉʝʥʛʝʨʘ ʠ ʀʣʣʶʤʠʥʘ ʙʦʣʝʝ 
ʩʣʦʞʥʘʷ, ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: ʦʙʨʝʟʢʫ ʧʨʘʡʤʝʨʦʚ, ʚʳʨʘʚʥʠʚʘʥʠʝ ʢʦʥʮʦʚ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘ 
ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʥʦ ʚ ʵʪʠʭ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʢʚʝ-
ʥʠʨʦʚʘʥʠʷ ʠ ʨʘʙʦʪʳ ʩ ʥʠʤʠ. ʆʜʥʦʡ ʠʟ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ 
ʧʨʦʛʨʘʤʤʘ Chromas.  
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ʀʙʣʤʷʰʞʦʡʞ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ: ʤʝʪʦʜʳ ʨʘʩʰʠʬʨʦʚʢʠ ɼʅʂ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʠʟʫʯʝʥʠʷ ʧʩʠʭʨʦʬʠʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʄʝʪʦʜʳ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʩʦʚʝʨ-
ʰʝʥʩʪʚʫʶʪʩʷ, ʨʘʩʰʠʨʷʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʯʪʝʥʠʷ ʠ ʜʝʣʘʷ ʧʨʦʮʝʩʩ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ, ʯʪʦ ʧʦʟ-
ʚʦʣʠʪ ʨʝʰʠʪʴ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ.  
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
 
 

ǱǤǴǬǧǶǤǰǩǧǤ Ǭǟǲǩǧ 
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ǲǣǩ ..2 

ǡǦǟǧǫǭǣǤǨǰǱǡǧǤ ǰ ǠǟǦǟǫǧ ǣǟǬǬǺǴ ǡ 
ǧǬǳǭǯǫǟǵǧǭǬǬǭǨ ǰǧǰǱǤǫǤ 
ǧǬǡǤǬǱǟǯǧǦǟǵǧǧ ǭǠǭǯǲǣǭǡǟǬǧǾ8 
ǮǯǧǫǤǬǤǬǧǤ NMQREPCQOJ* NWRFML ǧ BH?LEM 

ǶȄȏȀȇȅȄȁ ǫǿȂȍȋȄȃ ǠǿȂǿȒȑȃȇȌȍȁȇȖ  
 ʩʪʫʜʝʥʪ  

ʌɻɹʆʋ ɺʆ çʀʥʛʫʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʘʣʴʩʘʛʦʚ ʄʫʭʘʨʙʝʢ ʍʘʩʘʥʦʚʠʯ 
 ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ  

ʌɻɹʆʋ ɺʆ çʀʥʛʫʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ 

ʠ ʢʦʥʪʨʦʣʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʨʘʥʝʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦʙ 
ʦʙʦʨʫʜʦʚʘʥʠʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʚ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʥʘ 
ʦʩʥʦʚʝ PostgreSQL, Python ʠ Django. 

ʈʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ 
ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʙʘʟ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʨʝʣʷʮʠʦʥʥʳʝ, ʜʦʢʫʤʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʠʣʠ ʛʨʘʬʦʚʳʝ ʙʘʟʳ 
ʜʘʥʥʳʭ. ʂʘʞʜʳʡ ʪʠʧ ʙʘʟʳ ʜʘʥʥʳʭ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʜʘʯ. 
ʅʘʧʨʠʤʝʨ, ʨʝʣʷʮʠʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʪʘʢʠʝ ʢʘʢ PostgreSQL, ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʭʨʘʥʝ-
ʥʠʝ ʜʘʥʥʳʭ ʠ ʧʦʜʜʝʨʞʠʚʘʶʪ SQL ʜʣʷ ʟʘʧʨʦʩʦʚ ʠ ʤʘʥʠʧʫʣʷʮʠʡ ʩ ʜʘʥʥʳʤʠ. 

ʊʠʧʳ ʙʘʟ ʜʘʥʥʳʭ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ: ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʪʠʧʦʚ 
ʙʘʟ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘ-
ʥʠʷ. ʈʝʣʷʮʠʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʪʘʢʠʝ ʢʘʢ PostgreSQL, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʛʠʙʢʦ-
ʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʧʦʜʜʝʨʞʢʝ SQL. ɼʦʢʫʤʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʪʘʢʠʝ ʢʘʢ MongoDB, ʧʦʟ-
ʚʦʣʷʶʪ ʭʨʘʥʠʪʴ ʜʘʥʥʳʝ ʚ ʬʦʨʤʘʪʝ ʜʦʢʫʤʝʥʪʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʠʙʢʦʩʪʴ ʚ ʩʪʨʫʢʪʫʨʝ ʜʘʥʥʳʭ. ɻʨʘʬʦ-

ɹʦʦʧʫʙʯʡʸ: ʩʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʠʥ-
ʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ. ʀʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ 
ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ, ʪʠʧʳ ʙʘʟ ʜʘʥʥʳʭ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʤʦʜʫʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʘʟʦʡ 
ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ PostgreSQL, Python ʠ Django. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʘʟʳ ʜʘʥʥʳʭ, 
PostgreSQL, Python, Django. 
Abstract: The article explores the interaction with databases in the equipment inventory information system at 
a university. Various approaches to implementing inventory systems, types of databases, and their application 
are examined. A sample database interaction module based on PostgreSQL, Python, and Django is present-
ed. 
Key words: information system, equipment inventory, databases, PostgreSQL, Python, Django. 
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ʚʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ Neo4j, ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ. ɺʳʙʦʨ ʢʦʥ-
ʢʨʝʪʥʦʛʦ ʪʠʧʘ ʙʘʟʳ ʜʘʥʥʳʭ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʝʢʪʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ 
ʭʨʘʥʠʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ. 

ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ: ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ 
ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ. ʆʜʥʘ 
ʠʟ ʥʠʭ - ʵʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʤʝʭʘʥʠʟʤʳ ʘʫʪʝʥʪʠʬʠʢʘ-
ʮʠʠ ʠ ʘʚʪʦʨʠʟʘʮʠʠ ʜʣʷ ʟʘʱʠʪʳ ʜʦʩʪʫʧʘ ʢ ʙʘʟʝ ʜʘʥʥʳʭ. ɽʱʝ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʴ. ʇʨʘʚʠʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʠʥʜʝʢʩʦʚ, ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʧʨʦʩʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʵʰʠʨʦʚʘʥʠʷ ʤʦ-
ʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʊʘʢʞʝ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʤʠʛʨʘʮʠʷ 
ʙʘʟʳ ʜʘʥʥʳʭ, ʪʦ ʝʩʪʴ ʠʟʤʝʥʝʥʠʝ ʝʝ ʩʪʨʫʢʪʫʨʳ ʙʝʟ ʧʦʪʝʨʠ ʜʘʥʥʳʭ. 

ɸʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ: ʇʝʨʝʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʙʘʟʳ 
ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ. ɺ ʩʣʫʯʘʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʷ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʦʙʦʨʫʜʦʚʘʥʠʠ 
(ʪʠʧ, ʤʦʜʝʣʴ, ʩʝʨʠʡʥʳʡ ʥʦʤʝʨ), ʫʯʝʪ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʠʟʤʝʥʝʥʠʡ ʩʪʘʪʫʩʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ 
ʛʝʥʝʨʘʮʠʠ ʦʪʯʝʪʦʚ ʠ ʘʥʘʣʠʪʠʢʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ: ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʧʨʠ ʨʘʟʨʘ-
ʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝ-
ʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. ʂʘʞʜʘʷ ʪʘʙʣʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʙʲʝʢʪ 
(ʥʘʧʨʠʤʝʨ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʝ) ʠ ʩʦʜʝʨʞʠʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʪʨʠʙʫʪʳ (ʥʘʧʨʠʤʝʨ, ʪʠʧ 
ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʘʪʘ ʧʝʨʝʤʝʱʝʥʠʷ). ʉʚʷʟʠ ʤʝʞʜʫ ʪʘʙʣʠʮʘʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʰʥʠʭ 
ʢʣʶʯʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ. 

ɺʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ: ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʦʡ ʩʠʩʪʝʤʳ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ: PostgreSQL, 
Python, Django ʠ Apache HTTP Server. PostgreSQL ʷʚʣʷʝʪʩʷ ʤʦʱʥʦʡ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ ʩ ʙʦʛʘ-
ʪʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʠ ʦʪʣʠʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. Python, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʜʦʙʥʳʡ 
ʠ ʚʳʨʘʟʠʪʝʣʴʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ. Django - ʵʪʦ ʧʦʧʫʣʷʨʥʳʡ ʬʨʝʡʤ-
ʚʦʨʢ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʥʘ Python, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ORM ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ 
ʜʘʥʥʳʭ. Apache HTTP Server ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʝ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʫ 
HTTP-ʟʘʧʨʦʩʦʚ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʠʥʚʝʥʪʘʨʠʟʘ-
ʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʘʟʘʤʠ 
ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʚʳʙʦʨ ʪʠʧʦʚ ʙʘʟ ʜʘʥʥʳʭ, ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʠʤʠ, ʘʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ 
ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ. ʊʘʢʞʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʙʨʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 
ʙʘʟʳ ʜʘʥʥʳʭ, ʪʘʢʠʝ ʢʘʢ PostgreSQL, Python, Django ʠ Apache HTTP Server. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ 
ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʥʘʜʝʞʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʘʥʘʣʠʟʦʤ ʪʨʝʙʦʚʘʥʠʡ ʧʦʟʚʦʣʷ-
ʝʪ ʩʦʟʜʘʪʴ ʤʦʱʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ɸ. ɸ. ʀʚʘʥʦʚ, "ʈʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʫʥʠ-

ʚʝʨʩʠʪʝʪʝ", ʞʫʨʥʘʣ "ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ", 2018. 
2. ɹ. ɺ. ʉʤʠʨʥʦʚ, "ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ", ʫʯʝʙʥʠʢ 

"ɹʘʟʳ ʜʘʥʥʳʭ", 2020. 
3. ʆʬʠʮʠʘʣʴʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ PostgreSQL, ʜʦʩʪʫʧʥʘʷ ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʚʝʙ-ʩʘʡʪʝ PostgreSQL: 

https://www.postgresql.org/docs/. 
4. ʆʬʠʮʠʘʣʴʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ Django, ʜʦʩʪʫʧʥʘʷ ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʚʝʙ-ʩʘʡʪʝ Django: 

https://docs.djangoproject.com/. 
5. ʉ. ʅ. ʇʝʪʨʦʚ, "ʈʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ ʬʨʝʡʤʚʦʨʢʘ Django", ʞʫʨʥʘʣ 

"ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ", 2019. 
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ǯǤǷǤǬǧǾ ǧ ǯǤǩǭǫǤǬǣǟǵǧǧ ǣǪǾ 
ǮǭǡǺǷǤǬǧǾ ǯǤǦǲǪǻǱǟǱǧǡǬǭǰǱǧ 
ǡǬǲǱǯǤǬǬǤǢǭ ǟǲǣǧǱǟ ǡ ǰǱǯǭǧǱǤǪǻǬǭǨ 
ǭǱǯǟǰǪǧ ǡ ǩǟǦǟǴǰǱǟǬǤ 

ǩǿȊȄȊȍȁ ǣǿȌȇȞȊ ǩǿȈȏǿȑȍȁȇȖ 
ʩʪʫʜʝʥʪ  

ʅɸʆ çʊʦʨʘʡʛʳʨʦʚ ʋʥʠʚʝʨʩʠʪʝʪè, 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʊʝʤʝʨʙʘʝʚʘ ɾʘʥʥʘ ɸʤʘʥʛʝʣʴʜʠʥʦʚʥʘ 
ʢ.ʧ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʅɸʆ çʊʦʨʘʡʛʳʨʦʚ ʋʥʠʚʝʨʩʠʪʝʪè,  
ʛ.ʇʘʚʣʦʜʘʨ 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʘʫʜʠʪʘ ʚ ʦʙʝʩʧʝʯʝ-
ʥʠʠ ʩʦʙʣʶʜʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʢʘʯʝʩʪʚʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʠʝ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʪʨʦʠ-
ʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ. ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʚʥʝʜʨʝʥʠʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦ-
ʚʘʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʘʫʜʠʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʧʨʦʜʚʠʞʝʥʠʝ ʢʫʣʴʪʫʨʳ 
ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ ʢʣʶʯʝʚʳʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ 
ʩʪʦʨʦʥ, ʪʘʢʠʭ ʢʘʢ ʨʫʢʦʚʦʜʠʪʝʣʠ ʧʨʦʝʢʪʦʚ ʠ ʛʨʫʧʧʳ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ, ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʩʦʪʨʫʜʥʠʯʝ-
ʩʪʚʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʫʜʠʪʘ. 
ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʪʘʪʴʝ ʚʳʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʚʳʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʚʥʫʪʨʝʥʥʠʭ ʘʫʜʠʪʦʚ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ. ʕʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʦʚʳʰʝʥʠʝ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʩ ʢʘʯʝʩʪʚʦʤ, ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʙʣʘʛʦʜʘʨʷ ʨʘʥʥʝʤʫ ʚʳ-
ʷʚʣʝʥʠʶ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ ʠʣʠ ʜʝʬʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʢʣʠʝʥʪʦʚ ʟʘ ʩʯʝʪ ʨʝʘ-
ʣʠʟʘʮʠʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. 
ɺ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʧʨʠʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚʥʫʪʨʝʥʥʝʛʦ ʘʫʜʠʪʘ 
ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʝʨʝʜʦʚʦʡ ʦʪʨʘʩʣʝʚʦʡ ʧʨʘʢʪʠʢʦʡ ʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. ɺ ʥʝʤ ʦʙʩʫʞʜʘʝʪʩʷ 
ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ, ʪʘʢʠʭ ʢʘʢ ISO 9001, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʥʫʪ-
ʨʝʥʥʠʭ ʘʫʜʠʪʦʚ. ʇʨʠʜʝʨʞʠʚʘʷʩʴ ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʛʫʪ ʫʩʪʘʥʦʚʠʪʴ ʥʘʜʝʞ-
ʥʳʝ ʤʝʨʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʚʦʝ ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʦʚʝʨʰʝʥʩʪʚʫ. 
ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʪʘʪʴʝ ʫʧʦʤʠʥʘʝʪʩʷ ʨʦʣʴ ʦʙʫʯʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʘʫʜʠʪʦʨʦʚ. ɺ 
ʥʝʤ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʦʛʦ, ʯʪʦʙʳ ʘʫʜʠʪʦʨʳ ʭʦʨʦʰʦ ʨʘʟʙʠʨʘʣʠʩʴ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦ-
ʮʝʩʩʘʭ, ʩʪʘʥʜʘʨʪʘʭ ʢʘʯʝʩʪʚʘ ʠ ʧʨʠʥʮʠʧʘʭ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. ʇʨʦʛʨʘʤʤʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʘʫʜʠʪʦʨʳ ʙʳʣʠ ʚ ʢʫʨʩʝ ʦʪʨʘʩʣʝʚʳʭ 
ʜʦʩʪʠʞʝʥʠʡ ʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ. 
ɺ ʮʝʣʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʝʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨ-
ʛʘʥʠʟʘʮʠʡ, ʩʪʨʝʤʷʱʠʭʩʷ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʦʠʭ ʧʨʦʮʝʩʩʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʘʫʜʠʪʘ ʚ ʩʠʩʪʝʤʝ 
ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ. ɺʥʝʜʨʷʷ ʧʨʝʜʣʦʞʝʥʥʳʝ ʩʪʨʘʪʝʛʠʠ, ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʛʫʪ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʚʳʷʚ-
ʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʧʨʦʙʣʝʤʳ ʩ ʢʘʯʝʩʪʚʦʤ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʚʳʰʘʝʪ ʠʭ ʨʝʧʫʪʘʮʠʶ, ʢʦʥʢʫʨʝʥʪʦʩʧʦ-
ʩʦʙʥʦʩʪʴ ʠ ʦʙʱʠʡ ʫʩʧʝʭ ʧʨʦʝʢʪʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɸʫʜʠʪ, ʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ, ʮʠʬʨʦʚʠʟʘʮʠʷ, ʢʦʥʪʨʦʣʴ, ʨʠʩʢʠ. 
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʖʥʨʡʩʡʰʞʪʣʡʞ ʡʪʪʤʞʝʧʛʙʦʡʸ ʨʩʧʚʤʞʥ ʡ ʩʞʱʞʦʡʢ ʛ ʧʚʤʙʪʫʡ ʙʬʝʡʫʙ. 
ʕʤʧʠʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤ ʘʫʜʠʪʘ ʠ ʠʭ ʨʝʰʝʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʙʣʝʤ ʘʫʜʠʪʘ ʠ ʠʭ ʨʝʰʝʥʠʡ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʜʘʶʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʙʣʝʤʘʭ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʘʫʜʠʪʦʨʳ, ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʰʝ-
ʥʠʡ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

ʆʜʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ɸʣʠ ʠ ʂʫʤʘʨʦʤ (2018), ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʳʷʚʣʝʥʠʝ ʧʨʦ-
ʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʘʫʜʠʪʦʨʳ ʧʨʠ ʘʫʜʠʪʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʆʙʲʝʜʠʥʝʥʥʳʭ ɸʨʘʙ-
ʩʢʠʭ ʕʤʠʨʘʪʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʫʜʠʪʦʨʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, 
ʩʚʷʟʘʥʥʳʤʠ ʩʦ ʩʣʦʞʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʢʦʥʪʨʘʢʪʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʧʦʥʠʤʘʥʠʝʤ ʩʪʘʥ-
ʜʘʨʪʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʠ ʘʫʜʠʪʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʧʨʦʝʢʪʘ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤ ʜʦʩʪʫ-
ʧʦʤ ʢ ʥʘʜʝʞʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʞʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ 
ʚʥʝʜʨʝʥʠʝ ʘʫʜʠʪʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʘʫʜʠʪʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʦʙʫʯʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʘʫʜʠʪʦʨʦʚ. 

ɼʨʫʛʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ɸʣʴ-ʍʘʣʜʠ ʠ ʜʨ. (2019), ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʧʨʦ-
ʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʘʫʜʠʪʦʨʳ ʧʨʠ ʘʫʜʠʪʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʆʤʘʥʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ 
ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʫʜʠʪʦʨʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʧʦʜʦʪ-
ʯʝʪʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʥʘʜʝʞʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 
ʩʣʦʞʥʦʩʪʴʶ ʩʪʘʥʜʘʨʪʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʠ ʘʫʜʠʪʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ, 
ʚʢʣʶʯʘʷ ʚʥʝʜʨʝʥʠʝ ʧʦʜʭʦʜʘ ʢ ʘʫʜʠʪʫ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 
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Abstract: This article highlights the importance of effective internal audit in ensuring compliance with quality 
standards and identifies common problems faced by construction organizations. The article discusses various 
approaches such as implementing standardized audit protocols, using technology to analyze data, and pro-
moting a culture of continuous improvement. The importance of engaging key stakeholders, such as project 
managers and quality assurance teams, is emphasized to strengthen collaboration and optimize audit results. 
In addition, the article highlights the key benefits associated with improving the efficiency of internal audits in 
the quality management system. These benefits include increased efficiency in identifying and resolving quali-
ty issues, lowering costs through early detection of nonconformities or defects, and increased customer satis-
faction through high quality construction projects. 
The research paper also highlights the importance of aligning the internal audit process with industry best 
practice and regulatory requirements. It discusses the implementation of quality management systems such as 
ISO 9001 as a basis for conducting internal audits. By adhering to these standards, construction organizations 
can establish robust quality control measures and demonstrate their commitment to excellence. 
In addition, the article mentions the role of training and development of internal auditors. It highlights the need 
for auditors to have a good understanding of construction processes, quality standards and risk management 
principles. Continuing professional development and certification programs are recommended to keep auditors 
up to date with industry developments and maintain a high level of competence. 
Overall, the study provides valuable information and practical advice for construction organizations seeking to 
improve the effectiveness of their internal audit processes in their quality management system. By implement-
ing the proposed strategies, organizations can proactively identify and fix quality issues, ultimately improving 
their reputation, competitiveness, and overall project success. 
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ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʘʫʜʠʪʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʦʙʫʯʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ 
ʘʫʜʠʪʦʨʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʈʘʟʘʢʦʤ ʠ ʜʨ. (2019), ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʳʷʚʣʝʥʠʝ ʧʨʦʙʣʝʤ, ʩ ʢʦ-
ʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʘʫʜʠʪʦʨʳ ʧʨʠ ʘʫʜʠʪʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʄʘʣʘʡʟʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘ-
ʣʦ, ʯʪʦ ʘʫʜʠʪʦʨʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʩʪʘʥʜʘʨʪʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ 
ʫʯʝʪʘ ʠ ʘʫʜʠʪʘ, ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʧʦʜʦʪʯʝʪʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ 
ʜʦʩʪʫʧʥʦʩʪʴʶ ʥʘʜʝʞʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ, ʚʢʣʶ-
ʯʘʷ ʚʥʝʜʨʝʥʠʝ ʧʦʜʭʦʜʘ ʢ ʘʫʜʠʪʫ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʚʳ-
ʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʘʫʜʠʪʘ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʧʨʘʢʪʠʢʠ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʚ ʩʪʨʦʠʪʝʣʴ-
ʥʦʡ ʦʪʨʘʩʣʠ. 

ɺ ʮʝʣʦʤ, ʵʪʠ ʵʤʧʠʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ 
ʘʫʜʠʪʦʨʳ ʧʨʠ ʘʫʜʠʪʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʩʣʦʞʥʦʩʪʴ ʬʠʥʘʥʩʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʦʪʩʫʪʩʪʚʠʝ 
ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʧʦʜʦʪʯʝʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʥʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʥʘʜʝʞʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʜʘʶʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʰʝʥʠʷʭ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʚ ʣʠʪʝ-
ʨʘʪʫʨʝ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʚʥʝʜʨʝʥʠʝ ʘʫʜʠʪʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʠ ʦʨʛʘ-
ʥʠʟʘʮʠʶ ʦʙʫʯʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʘʫʜʠʪʦʨʦʚ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʦʥʢʨʝʪʥʳʭ ʩʪʨʘʥʘʭ ʠ ʨʝʛʠʦʥʘʭ, ʠ ʧʦʵʪʦʤʫ 
ʚʳʷʚʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʳ ʥʝ ʢʦ ʚʩʝʤ ʢʦʥʪʝʢʩʪʘʤ. ʆʜʥʘʢʦ ʵʪʠ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷ ʩʣʫʞʘʪ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʙʣʝʤ ʘʫʜʠʪʘ ʠ ʠʭ ʨʝʰʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 
ʩʪʨʘʥʘʭ ʠ ʨʝʛʠʦʥʘʭ. 

ɼʨʫʛʦʝ ʵʤʧʠʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʄʘʜʘʥʦʤ ʠ ʜʨ. (2018), ʙʳʣʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ 
ʧʨʦʙʣʝʤʘʭ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʘʫʜʠʪʦʨʳ ʧʨʠ ʘʫʜʠʪʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʀʥʜʠʠ. ʀʩʩʣʝʜʦ-
ʚʘʥʠʝ ʚʳʷʚʠʣʦ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʢʦʥʪʨʘʢʪʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʧʦ-
ʥʠʤʘʥʠʝʤ ʩʪʘʥʜʘʨʪʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʠ ʘʫʜʠʪʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʧʨʦʝʢʪʘ ʠ ʦʛʨʘʥʠ-
ʯʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʥʘʜʝʞʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ, 
ʚʢʣʶʯʘʷ ʚʥʝʜʨʝʥʠʝ ʘʫʜʠʪʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʘʫʜʠʪʘ ʠ ʨʘʟʨʘʙʦʪʢʫ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʜʣʷ ʩʪʨʦʠ-
ʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʂʘʨʠʦʥʦ ʠ ʜʨ. (2019), ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʳʷʚʣʝʥʠʝ ʧʨʦʙʣʝʤ, ʩ ʢʦ-
ʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʘʫʜʠʪʦʨʳ ʧʨʠ ʘʫʜʠʪʝ ʧʨʦʝʢʪʦʚ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʀʥʜʦʥʝʟʠʠ. ʀʩ-
ʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʫʜʠʪʦʨʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʟʨʘʯ-
ʥʦʩʪʠ ʠ ʧʦʜʦʪʯʝʪʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʩʣʦʞʥʦʩʪʴʶ ʩʪʘʥʜʘʨʪʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʠ ʘʫʜʠʪʘ 
ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʥʘʜʝʞʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 
ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ ʚʥʝʜʨʝʥʠʝ ʧʦʜʭʦʜʘ ʢ ʘʫʜʠʪʫ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʨʘʟʨʘʙʦʪʢʫ ʩʪʘʥʜʘʨʪʥʳʭ 
ʤʝʪʦʜʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʠ ʧʨʦʚʝʜʝʥʠʝ ʪʨʝʥʠʥʛʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʟʥʘ-
ʥʠʡ ʠ ʥʘʚʳʢʦʚ ʘʫʜʠʪʦʨʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ɸʣʜʣʘʥʦʤ ʠ ʍʫʩʩʝʡʥʠ (2019), ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʳʷʚʣʝʥʠʝ ʧʨʦ-
ʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʘʫʜʠʪʦʨʳ ʧʨʠ ʘʫʜʠʪʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʉʘʫʜʦʚʩʢʦʡ ɸʨʘʚʠʠ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʫʜʠʪʦʨʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʢʦʥ-
ʪʨʘʢʪʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʧʦʥʠʤʘʥʠʝʤ ʩʪʘʥʜʘʨʪʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʠ ʘʫʜʠʪʘ ʟʘʠʥ-
ʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʧʨʦʝʢʪʘ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʥʘʜʝʞʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ ʚʥʝʜʨʝʥʠʝ ʧʦʜʭʦʜʘ ʢ ʘʫʜʠʪʫ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 
ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʘʫʜʠʪʘ ʠ ʧʨʦʚʝʜʝ-
ʥʠʝ ʦʙʫʯʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʘʫʜʠʪʦʨʦʚ. 

ɺ ʮʝʣʦʤ, ʵʪʠ ʵʤʧʠʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʘʫʜʠʪʦʨʘʤʠ 
ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ ʦʥʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʨʠ ʘʫʜʠʪʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʧʦʜʭʦʜʦʚ 
ʢ ʘʫʜʠʪʫ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 
ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʘʫʜʠʪʦʨʦʚ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʫʶʪ ʦ ʚʘʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪ-
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ʨʘʩʣʠ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʧʦʜʦʪʯʝʪʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 
ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ. 

ʆʜʥʘʢʦ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʧʦʜʭʦʜʦʚ ʢ ʘʫʜʠʪʫ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʠ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʦʩʫʱʝʩʪʚʠʤʳʤ ʜʣʷ ʚʩʝʭ ʘʫʜʠʪʦʨʦʚ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘ-
ʥʠʡ, ʦʩʦʙʝʥʥʦ ʥʝʙʦʣʴʰʠʭ ʢʦʤʧʘʥʠʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝ-
ʩʪʠ ʘʥʘʣʠʟ ʟʘʪʨʘʪ ʠ ʚʳʛʦʜ ʦʪ ʚʥʝʜʨʝʥʠʷ ʵʪʠʭ ʨʝʰʝʥʠʡ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʭ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʢʦʥʪʝʢʩʪʫ ʠ 
ʠʤʝʶʱʠʤʩʷ ʨʝʩʫʨʩʘʤ. 

ɼʨʫʛʦʝ ʵʤʧʠʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʍʘʣʠʤʦʤ ʠ ʜʨ. (2019), ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 
ʠʟʫʯʝʥʠʝ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʘʫʜʠʪʦʨʳ ʧʨʠ ʘʫʜʠʪʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʄʘʣʘʡʟʠʠ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʫʜʠʪʦʨʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʢʦʥ-
ʪʨʘʢʪʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʧʦʥʠʤʘʥʠʝʤ ʩʪʘʥʜʘʨʪʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʠ ʘʫʜʠʪʘ ʟʘʠʥ-
ʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʧʨʦʝʢʪʘ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʥʘʜʝʞʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ ʚʥʝʜʨʝʥʠʝ ʧʦʜʭʦʜʘ ʢ ʘʫʜʠʪʫ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 
ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʨʘʟʨʘʙʦʪʢʫ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʠ 
ʧʨʦʚʝʜʝʥʠʝ ʪʨʝʥʠʥʛʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʘʫʜʠʪʦʨʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ɼʘʩʦʤ ʠ ɸʭʤʘʜʦʤ (2019), ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʳʷʚʣʝʥʠʝ ʧʨʦʙʣʝʤ, 
ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʘʫʜʠʪʦʨʳ ʧʨʠ ʘʫʜʠʪʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ɹʘʥʛʣʘʜʝʰ. ʀʩʩʣʝʜʦʚʘʥʠʝ 
ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʫʜʠʪʦʨʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʜʝʞʥʦʡ ʬʠʥʘʥʩʦʚʦʡ 
ʠʥʬʦʨʤʘʮʠʠ, ʦʪʩʫʪʩʪʚʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʠ ʦʛʨʘ-
ʥʠʯʝʥʥʳʤ ʧʦʥʠʤʘʥʠʝʤ ʩʪʘʥʜʘʨʪʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʠ ʘʫʜʠʪʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʧʨʦ-
ʝʢʪʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ ʚʥʝʜʨʝʥʠʝ ʧʦʜʭʦʜʘ ʢ ʘʫʜʠʪʫ, ʦʩʥʦʚʘʥʥʦʛʦ 
ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʘʫʜʠʪʘ ʠ ʨʘʟʨʘ-
ʙʦʪʢʫ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʍʚʘʥʛʦʤ ʠ ʜʨ. (2019), ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʳʷʚʣʝʥʠʝ ʧʨʦʙʣʝʤ, ʩ ʢʦ-
ʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʘʫʜʠʪʦʨʳ ʧʨʠ ʘʫʜʠʪʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʖʞʥʦʡ ʂʦʨʝʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦ-
ʢʘʟʘʣʦ, ʯʪʦ ʘʫʜʠʪʦʨʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʢʦʥʪʨʘʢʪʦʚ ʥʘ ʩʪʨʦʠ-
ʪʝʣʴʩʪʚʦ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʥʘʜʝʞʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʧʦʥʠʤʘʥʠ-
ʝʤ ʩʪʘʥʜʘʨʪʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʠ ʘʫʜʠʪʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʧʨʦʝʢʪʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 
ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ ʚʥʝʜʨʝʥʠʝ ʧʦʜʭʦʜʘ ʢ ʘʫʜʠʪʫ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʨʘʟ-
ʨʘʙʦʪʢʫ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʠ ʧʨʦʚʝʜʝʥʠʝ ʪʨʝʥʠʥʛʦʚ 
ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʘʫʜʠʪʦʨʦʚ. 

ʕʪʠ ʵʤʧʠʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʯʝʨʢʠʚʘʶʪ ʦʙʱʠʝ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ 
ʘʫʜʠʪʦʨʳ ʧʨʠ ʘʫʜʠʪʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʠ ʨʝʛʠʦʥʘʭ. ʈʝʰʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ 
ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʝʜʳʜʫʱʝʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʧʨʦʙʣʝʤʘʤ ʘʫʜʠʪʘ ʠ 
ʨʝʰʝʥʠʷʤ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʆʜʥʘʢʦ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʵʪʠʭ ʨʝʰʝʥʠʡ ʪʨʝʙʫʝʪ ʩʦ-
ʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʘʫʜʠʪʦʨʘʤʠ, ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʧʨʦʝʢʪʘ 
ʠ ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʦʨʛʘʥʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʵʤʧʠʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ, ʜʘʶʪ 
ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʙʣʝʤʘʭ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʘʫʜʠʪʦʨʳ ʧʨʠ ʘʫʜʠʪʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦ-
ʝʢʪʦʚ, ʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʷʭ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 
ʚʘʞʥʦʩʪʠ ʧʨʠʥʷʪʠʷ ʧʦʜʭʦʜʘ ʢ ʘʫʜʠʪʫ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ 
ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʘʫʜʠʪʘ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʘʫʜʠʪʦʨʦʚ. ʆʜʥʘʢʦ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʨʝʰʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ, ʧʨʠʤʝʥʠʤʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʢʦʥʢʨʝʪ-
ʥʦʤ ʢʦʥʪʝʢʩʪʝ ʠ ʠʤʝʶʱʠʭʩʷ ʨʝʩʫʨʩʘʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ 
ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʨʝʰʝʥʠʡ ʠ ʚʳʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʙʣʝʤ ʠ ʨʝʰʝʥʠʡ ʧʨʠ ʘʫʜʠʪʝ 
ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʉʞʣʧʥʞʦʝʙʯʡʡ. 
ʉʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʚ ʂʘʟʘʭʩʪʘʥʝ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦʨʘʩʪʫʱʠʤ ʠ ʚʘʞʥʳʤ ʩʝʢʪʦʨʦʤ ʵʢʦʥʦʤʠʢʠ 

ʩʪʨʘʥʳ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʘ ʵʪʘ ʜʠʩʩʝʨʪʘʮʠʷ, ʦʪʨʘʩʣʴ ʪʘʢʞʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʨʦ-
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ʙʣʝʤʘʤʠ, ʢʦʛʜʘ ʨʝʯʴ ʟʘʭʦʜʠʪ ʦ ʧʨʘʢʪʠʢʝ ʘʫʜʠʪʘ. ʆʪ ʥʝʘʜʝʢʚʘʪʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʧʨʘʚʦʧʨʠʤʝʥʝʥʠʷ 
ʜʦ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʫʜʠʪʦʨʘʤ ʦʪʨʘʩʣʠ ʧʨʠʭʦʜʠʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʩʣʦʞʥʦʤ 
ʣʘʥʜʰʘʬʪʝ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʧʨʦʟʨʘʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʧʨʦʙʣʝʤʳ, ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 
ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʫʜʠʪʘ. ɺʥʝʜʨʷʷ ʣʫʯʰʠʝ ʧʨʘʢʪʠʢʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝ-
ʰʝʥʠʷ, ʘʫʜʠʪʦʨʳ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʧʦʜʦʪʯʝʪʥʦʩʪʠ, ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 
ʦʪʨʘʩʣʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʱʠʱʘʷ ʠʥʪʝʨʝʩʳ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʝ ʚʳʚʦʜʦʚ ʠ ʦʙʩʫʞʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ, ʚʳʜʚʠʛʘʶʪʩʷ ʩʣʝʜʫʶ-
ʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ: 

1) ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʧʨʘʚʦʧʨʠʤʝʥʝʥʠʝ: ʇʨʘʚʠʪʝʣʴʩʪʚʫ ʂʘʟʘʭʩʪʘʥʘ ʩʣʝ-
ʜʫʝʪ ʧʨʝʜʧʨʠʥʷʪʴ ʰʘʛʠ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʠ ʤʝʭʘʥʠʟʤʦʚ ʧʨʘʚʦʧʨʠʤʝ-
ʥʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʴʰʝʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʧʦʜʦʪʯʝʪʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʕʪʦ ʤʦʞʝʪ 
ʚʢʣʶʯʘʪʴ ʫʢʨʝʧʣʝʥʠʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ, ʫʞʝʩʪʦʯʝʥʠʝ ʥʘʢʘʟʘʥʠʡ ʟʘ ʥʝʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘ-
ʥʠʡ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʙʦʣʴʰʝʡ ʧʦʜʜʝʨʞʢʠ ʠ ʨʝʩʫʨʩʦʚ ʨʝʛʫʣʠʨʫʶʱʠʤ ʦʨʛʘʥʘʤ. 

2) ʋʩʠʣʝʥʠʝ ʥʘʨʘʱʠʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ: ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʫʜʠʪʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ 
ʦʪʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ ʘʫʜʠʪʦʨʘʤ ʠ ʜʨʫʛʠʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʩʪʦʨʦʥʘʤ ʩʣʝʜʫʝʪ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʥʘʨʘ-
ʱʠʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʫʯʝʙʥʳʝ ʧʨʦ-
ʛʨʘʤʤʳ, ʩʝʤʠʥʘʨʳ ʠ ʜʨʫʛʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʠʥʠʮʠʘʪʠʚʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭ-
ʥʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, ʧʨʦʜʚʠʞʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʦʙ ʵʪʠʯʝʩʢʠʭ ʠ 
ʧʨʦʟʨʘʯʥʳʭ ʧʨʘʢʪʠʢʘʭ. 

3) ʈʘʩʰʠʨʝʥʠʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʢʦʦʨʜʠʥʘʮʠʠ: ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʢʦʦʨʜʠʥʘʮʠʷ ʤʝʞʜʫ ʘʫʜʠʪʦ-
ʨʘʤʠ, ʚʣʘʜʝʣʴʮʘʤʠ ʧʨʦʝʢʪʦʚ, ʧʦʜʨʷʜʯʠʢʘʤʠ, ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʦʨʛʘʥʘʤʠ ʠ ʜʨʫʛʠʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ 
ʩʪʦʨʦʥʘʤʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʘʫʜʠʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ. 
ʏʪʦʙʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʰʠʨʝʥʠʶ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥʳ ʜʦʣʞʥʳ ʫʩʪʘʥʘʚʣʠ-
ʚʘʪʴ ʦʬʠʮʠʘʣʴʥʳʝ ʧʘʨʪʥʝʨʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʠ ʩʦʛʣʘʰʝʥʠʷ, ʦʙʤʝʥʠʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʨʝʩʫʨʩʘʤʠ ʠ 
ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʛʫʣʷʨʥʦʤ ʜʠʘʣʦʛʝ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʠ ʦʟʘʙʦʯʝʥʥʦʩʪʝʡ. 

4) ɺʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ 
ʢʘʢ ʙʣʦʢʯʝʡʥ ʠ ʘʥʘʣʠʪʠʢʘ ʜʘʥʥʳʭ, ʤʦʞʝʪ ʧʦʤʦʯʴ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʫʜʠʪʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪ-
ʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ. ɺʥʝʜʨʷʷ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ, ʘʫʜʠʪʦʨʳ ʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʫʣʫʯʰʠʪʴ 
ʢʦʤʤʫʥʠʢʘʮʠʶ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʤʝʞʜʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʧʨʦʟʨʘʯ-
ʥʦʩʪʴ ʠ ʧʦʜʦʪʯʝʪʥʦʩʪʴ ʚ ʦʪʨʘʩʣʠ. 

5) ʇʨʠʥʷʪʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʘʫʜʠʪʘ ʠ ʧʝʨʝʜʦʚʦʡ ʧʨʘʢʪʠʢʠ: ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʘʫʜʠʪʦʨʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʘʫʜʠʪʦʨʘʤ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ 
ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʘʫʜʠʪʘ ʠ ʧʝʨʝʜʦʚʦʡ ʧʨʘʢʪʠʢʠ. 
ʕʪʦ ʤʦʞʝʪ ʧʦʤʦʯʴ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʴʰʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʧʦʜʦʪʯʝʪʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳ-
ʰʝʥʠʶ ʜʦʚʝʨʠʷ ʢ ʧʨʦʮʝʩʩʘʤ ʘʫʜʠʪʘ ʩʨʝʜʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 
 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʫʜʠʪʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ 
ʂʘʟʘʭʩʪʘʥʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʤʥʦʛʦʛʨʘʥʥʦʡ ʟʘʜʘʯʝʡ. ʆʜʥʘʢʦ, ʚʥʝʜʨʷʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʠ 
ʣʫʯʰʠʝ ʧʨʘʢʪʠʢʠ, ʘʫʜʠʪʦʨʳ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʧʦʜʦʪʯʝʪʥʦʩʪʠ ʠ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʚ ʦʪʨʘʩʣʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʱʠʱʘʷ ʠʥʪʝʨʝʩʳ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 
ʈʝʢʦʤʝʥʜʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʵʪʦʡ ʜʠʩʩʝʨʪʘʮʠʠ, ʩʣʫʞʘʪ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ 
ʮʝʣʝʡ, ʠ ʝʩʪʴ ʥʘʜʝʞʜʘ, ʯʪʦ ʦʥʠ ʚʜʦʭʥʦʚʷʪ ʥʘ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʝʡʩʪʚʠʷ ʚ ʵʪʦʡ ʚʘʞʥʦʡ ʦʙ-
ʣʘʩʪʠ. 

ɹʦʣʝʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʫʜʠʪʦʨʳ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ ʩʪʘʣʢʠʚʘ-
ʶʪʩʷ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʫʜʠʪʦʚ. ʕʪʠ ʧʨʦ-
ʙʣʝʤʳ ʚʢʣʶʯʘʶʪ ʥʝʘʜʝʢʚʘʪʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʠ ʧʨʦʩʚʝʱʝʥʠʝ, ʦʪʩʫʪʩʪʚʠʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʦʙʲʝʢʪʠʚʥʦʩʪʠ, 
ʥʝʘʜʝʢʚʘʪʥʫʶ ʢʦʤʤʫʥʠʢʘʮʠʶ ʠ ʢʦʦʨʜʠʥʘʮʠʶ ʩ ʧʨʦʚʝʨʷʝʤʳʤ ʣʠʮʦʤ, ʥʝʘʜʝʢʚʘʪʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʠ 
ʦʪʩʫʪʩʪʚʠʝ ʥʘʜʣʝʞʘʱʝʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ. 



44 ǰǱǲǣǤǬǱ ǧ Ǭǟǲǩǟ 

 

ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʫʜʠʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ.  

ɺʦ-ʧʝʨʚʳʭ, ʘʫʜʠʪʦʨʳ ʜʦʣʞʥʳ ʧʨʦʡʪʠ ʥʘʜʣʝʞʘʱʫʶ ʧʦʜʛʦʪʦʚʢʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʚʦʠʭ ʥʘʚʳʢʦʚ ʠ 
ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʫʜʠʪʘ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʦʙʫʯʘʶʱʠʭ ʧʨʦʛʨʘʤʤ, ʤʘʩʪʝʨ-
ʢʣʘʩʩʦʚ ʠ ʧʨʘʢʪʠʢʫʤʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʦʤʫ ʘʫʜʠʪʫ. ʂʨʦʤʝ ʪʦʛʦ, ʘʫʜʠʪʦʨʳ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ 
ʩʚʦʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʠ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʚʦ ʚʨʝʤʷ ʘʫʜʠʪʦʚ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʦʥʠ ʜʘʶʪ ʥʝʧʨʝʜʚʟʷ-
ʪʳʝ ʠ ʩʧʨʘʚʝʜʣʠʚʳʝ ʟʘʢʣʶʯʝʥʠʷ. 

ɺʦ-ʚʪʦʨʳʭ, ʘʫʜʠʪʦʨʘʤ ʥʝʦʙʭʦʜʠʤʦ ʫʣʫʯʰʠʪʴ ʩʚʦʶ ʢʦʤʤʫʥʠʢʘʮʠʶ ʠ ʢʦʦʨʜʠʥʘʮʠʶ ʩ ʦʙʲʝʢʪʦʤ 
ʘʫʜʠʪʘ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʦʥʠ ʧʦʣʫʯʘʶʪ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʜʘʥʥʳʝ. ʕʪʦʛʦ ʤʦʞʥʦ 
ʜʦʩʪʠʯʴ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʭʦʨʦʰʠʭ ʨʘʙʦʯʠʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʘʫʜʠʪʦʨʦʤ ʠ ʦʙʲʝʢʪʦʤ ʘʫʜʠʪʘ, ʢʦʪʦ-
ʨʳʝ ʤʦʛʫʪ ʫʢʨʝʧʠʪʴ ʜʦʚʝʨʠʝ ʠ ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʘʫʜʠʪʦʨʳ ʜʦʣʞʥʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʦʥʠ ʜʦ-
ʢʫʤʝʥʪʠʨʫʶʪ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʦʥʠ ʧʦʣʫʯʘʶʪ ʚ ʧʨʦʮʝʩʩʝ ʘʫʜʠʪʘ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 
ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʙʝʣʦʚ ʠʣʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ. 

ɺ-ʪʨʝʪʴʠʭ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʫʶ ʙʘʟʫ ʩʪʨʦʠ-
ʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʫʜʠʪʦʚ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʫʪʝʤ ʚʚʝ-
ʜʝʥʠʷ ʥʦʚʳʭ ʟʘʢʦʥʦʚ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʩʪʨʦʠʪʝʣʴʥʫʶ ʦʪʨʘʩʣʴ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
ʩʦʙʣʶʜʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʘʫʜʠʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʘʚʠʪʝʣʴʩʪʚʫ ʩʣʝʜʫʝʪ ʩʦʟʜʘʪʴ ʨʝʛʫʣʠʨʫʶʱʠʡ ʦʨʛʘʥ, ʢʦ-
ʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʥʘʜʟʦʨ ʟʘ ʧʨʦʮʝʩʩʦʤ ʘʫʜʠʪʘ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʦʥ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪ-
ʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 
ʨʦʣʴ ʚ ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥʳ, ʠ ʘʫʜʠʪʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʘʫʜʠʪʦ-
ʨʳ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʚʢʣʶʯʘʷ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʧʦʜʛʦʪʦʚʢʫ, ʦʪʩʫʪʩʪʚʠʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʦʙʲʝʢʪʠʚ-
ʥʦʩʪʠ, ʥʝʘʜʝʢʚʘʪʥʫʶ ʢʦʤʤʫʥʠʢʘʮʠʶ ʠ ʢʦʦʨʜʠʥʘʮʠʶ, ʥʝʘʜʝʢʚʘʪʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʠ ʦʪʩʫʪʩʪʚʠʝ ʥʘʜʣʝ-
ʞʘʱʝʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʝʰʝ-
ʥʠʡ, ʚʢʣʶʯʘʷ ʥʘʜʣʝʞʘʱʫʶ ʧʦʜʛʦʪʦʚʢʫ ʘʫʜʠʪʦʨʦʚ, ʧʦʜʜʝʨʞʘʥʠʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʦʙʲʝʢʪʠʚʥʦʩʪʠ, ʫʣʫʯ-
ʰʝʥʠʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ, ʥʘʜʣʝʞʘʱʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦʡ 
ʙʘʟʳ. ɺʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʫʜʠʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩ-
ʣʠ ʂʘʟʘʭʩʪʘʥʘ ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʧʦʜʦʪʯʝʪʥʦʩʪʴ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʳʚʦʜʘʭ ʠ ʦʙʩʫʞʜʝʥʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʤʦʞʥʦ ʩʜʝ-
ʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʙʣʝʤʳ ʘʫʜʠʪʘ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʘʫʜʠʪʦʨʳ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʂʘʟʘʭ-
ʩʪʘʥʘ, ʩʣʦʞʥʳ ʠ ʤʥʦʛʦʛʨʘʥʥʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʙʳʣʠ ʥʘʟʚʘʥʳ ʦʪʩʫʪʩʪʚʠʝ ʥʘʜʟʦʨʘ ʩʦ ʩʪʦ-
ʨʦʥʳ ʨʝʛʫʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ, ʩʣʘʙʦʝ ʢʦʨʧʦʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʥʝʩʦʙʣʶʜʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʙʫʭʛʘʣ-
ʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʠ ʘʫʜʠʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʞʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʮʝʩʩʫ ʘʫʜʠʪʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ 
ʂʘʟʘʭʩʪʘʥʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʧʦʜʦʪʯʝʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʬʝʩʩʠ-
ʦʥʘʣʴʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʘʫʜʠʪʦʨʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʘʫʜʠʪʦʨʘʤ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝ-
ʥʷʪʴ ʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʘʫʜʠʪʫ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʡ ʦʮʝʥ-
ʢʠ ʨʠʩʢʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʣʘʥʦʚ ʘʫʜʠʪʘ, ʫʯʠʪʳʚʘʶʱʠʭ ʢʦʥʢʨʝʪʥʳʝ ʨʠʩʢʠ ʠ ʧʨʦʙʣʝʤʳ, ʩ ʢʦ-
ʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʤʧʘʥʠʠ. ɸʫʜʠʪʦʨʘʤ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʧʨʠʦʨʠʪʝʪʥʦʝ ʚʥʠ-
ʤʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʫʜʠʪʘ, ʪʘʢʠʭ ʢʘʢ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠ ʢʦʤʧʴʶ-
ʪʝʨʥʳʝ ʤʝʪʦʜʳ ʘʫʜʠʪʘ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʘʫʜʠʪʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ, ʯʪʦʙʳ ʨʝʛʫʣʠʨʫʶʱʠʝ ʦʨʛʘʥʳ ʂʘʟʘʭʩʪʘʥʘ ʫʢʨʝʧʠʣʠ ʥʦʨʤʘʪʠʚʥʦ-
ʧʨʘʚʦʚʫʶ ʙʘʟʫ, ʨʝʛʫʣʠʨʫʶʱʫʶ ʩʪʨʦʠʪʝʣʴʥʫʶ ʦʪʨʘʩʣʴ, ʦʩʦʙʝʥʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʬʠʥʘʥʩʦʚʦʡ 
ʦʪʯʝʪʥʦʩʪʠ ʠ ʘʫʜʠʪʫ. ʕʪʦ ʜʦʣʞʥʦ ʚʢʣʶʯʘʪʴ ʨʘʟʨʘʙʦʪʢʫ ʙʦʣʝʝ ʩʪʨʦʛʠʭ ʩʪʘʥʜʘʨʪʦʚ ʘʫʜʠʪʘ ʠ ʙʫʭʛʘʣʪʝʨ-
ʩʢʦʛʦ ʫʯʝʪʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʥʝʟʘʚʠʩʠʤʦʛʦ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ ʜʣʷ ʥʘʜʟʦʨʘ ʟʘ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 
ʘʫʜʠʪʦʨʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʙʣʶʜʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʘʫʜʠʪʘ ʠ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ. 

ʅʘʢʦʥʝʮ, ʩʪʨʦʠʪʝʣʴʥʳʤ ʢʦʤʧʘʥʠʷʤ ʂʘʟʘʭʩʪʘʥʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʨʘʟʚʠʪʠʝ ʩʚʦʠʭ 
ʩʠʩʪʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʠ ʩʪʨʫʢʪʫʨ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ 
ʩʪʘʥʜʘʨʪʘʤ ʘʫʜʠʪʘ ʠ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʧʦʜʦʪʯʝʪʥʦʩʪʴ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦ-
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ʩʪʠ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʫʪʝʤ ʥʘʟʥʘʯʝʥʠʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ ʦʧʳʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʥʘʜʟʦʨʘ 
ʟʘ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʴʶ ʠ ʘʫʜʠʪʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʢʦʤʧʘʥʠʠ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 
ʩʣʫʞʙʳ ʚʥʫʪʨʝʥʥʝʛʦ ʘʫʜʠʪʘ. 

ɺ ʮʝʣʦʤ, ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʫʜʠʪʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩ-
ʣʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʪʨʘʥʘʭ ʩ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʦʡ, ʪʘʢʠʭ ʢʘʢ ʂʘʟʘʭʩʪʘʥ. ʆʧʨʝʜʝʣʷʷ ʢʣʶ-
ʯʝʚʳʝ ʧʨʦʙʣʝʤʳ ʘʫʜʠʪʘ ʠ ʧʨʝʜʣʘʛʘʷ ʨʝʰʝʥʠʷ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ, ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 
ʮʝʥʥʳʡ ʨʝʩʫʨʩ ʘʫʜʠʪʦʨʘʤ, ʩʪʨʦʠʪʝʣʴʥʳʤ ʢʦʤʧʘʥʠʷʤ ʠ ʨʝʛʫʣʠʨʫʶʱʠʤ ʦʨʛʘʥʘʤ, ʩʪʨʝʤʷʱʠʤʩʷ ʧʦʚʳʩʠʪʴ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʫʜʠʪʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʂʘʟʘʭʩʪʘʥʘ. 
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ǧǰǰǪǤǣǭǡǟǬǧǤ ǯǟǦǪǧǶǬǺǴ ǱǧǮǭǡ 
ǫǭǫǤǬǱǟ ǬǟǢǯǲǥǤǬǧǾ Ǯǯǧǡǭǣǟ 
ǮǭǰǱǭǾǬǬǭǢǭ Ǳǭǩǟ ǮǯǭǩǟǱǬǭǢǭ ǰǱǟǬǟ ǡ 
ǲǰǪǭǡǧǾǴ ǬǤǰǱǟǬǵǧǭǬǟǯǬǭǨ ǯǟǠǭǱǺ 

ǢȍȏȍȃȇȗȄȌȇȌ ǣȄȌȇȐ ǡǿȐȇȊțȄȁȇȖ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʏʝʨʝʧʦʚʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʯʥʝʚ ʅʠʢʦʣʘʡ ɺʠʢʪʦʨʦʚʠʯ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʏʝʨʝʧʦʚʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

  
ʅʞʫʧʝʧʤʧʜʡʸ ʡ ʥʞʫʧʝʴ.  
ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ʪʝʦʨʝʪʠʯʝʩʢʠʝ (ʘʥʘʣʠʟ, ʩʠʥʪʝʟ, ʦʙʦʙʱʝʥʠʝ, ʧʦʩʪʨʦʝʥʠʝ ʛʠʧʦʪʝʟ); 

- ʵʤʧʠʨʠʯʝʩʢʠʝ (ʥʘʙʣʶʜʝʥʠʝ, ʪʝʩʪʠʨʦʚʘʥʠʝ); 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ (ʢʦʥʩʪʘʪʠʨʫʶʱʠʡ ʠ ʬʦʨʤʠʨʫʶʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪʳ). 
ʊʧʝʞʩʟʙʦʡʞ ʧʪʦʧʛʦʧʜʧ ʫʞʣʪʫʙ. 
ʇʨʦʢʘʪʥʳʝ ʩʪʘʥʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ, ʪʘ-

ʢʠʭ ʢʘʢ ʣʠʩʪʳ, ʧʨʦʚʦʣʦʢʘ ʠ ʧʨʦʬʠʣʠ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʘʰʠʥʳ, ʢʦʪʦʨʳʝ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʚ ʛʦʪʦʚʳʝ ʧʨʦʜʫʢʪʳ. ʇʨʠʚʦʜʳ ʧʨʦʢʘʪʥʳʭ 

ɹʦʦʧʫʙʯʡʸ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʤʝʥʪʘ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠʚʦʜʘ 
ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʥʮʠʦʥʘʨʥʦʡ ʨʘʙʦʪʳ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 
ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ, ʚʢʣʶʯʘʷ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʠʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ, ʤʦʤʝʥʪ ʪʨʝ-
ʥʠʷ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʘ ʪʘʢʞʝ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʚʦʜʘ ʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʦʢʘ-
ʪʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʨʠʚʦʜ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʧʨʦʢʘʪʥʳʡ ʩʪʘʥ, ʄʦʤʝʥʪ ʥʘʛʨʫʟʢʠ. 
 

INVESTIGATION OF VARIOUS TYPES OF THE MOMENT OF LOADING OF THE DC DRIVE OF THE 
ROLLING MILL IN CONDITIONS OF NON-STATIONARY OPERATION 

 
Gorodishenin Denis Vasilevich 

 
Scientific adviser: Kochnev Nikolay Viktorovich 

 
Annotation. In this article, the study of various types of the moment of loading of the DC drive of a rolling mill 
in non-stationary operation conditions is carried out. The article discusses the main types of load moment, in-
cluding the moment of resistance, inertia moment, friction moment and dynamic moment, as well as their rela-
tionship with the characteristics of the drive and rolling processes. 
Key words: DC drive, Rolling mill, Load moment. 
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʩʪʘʥʦʚ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʜʚʠʞʝʥʠʷ ʠ ʨʘʙʦʪʳ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ (ʨʠʩʫʥʦʢ 1). [1] 
 

 
ʉʡʪ. 1. ʈʩʧʣʙʫʦʴʢ ʪʫʙʦ 

 
ʆʙʟʦʨ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʚ ʧʨʠʚʦʜʘʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ ʧʦʤʦʞʝʪ 

ʥʘʤ ʧʦʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʭ ʨʘʙʦʪʫ. ɺʦʪ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʤʦʤʝʥʪʘ 
ʥʘʛʨʫʟʢʠ: 

ʄʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʄʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʤʘʪʝʨʠʘʣʘ ʧʨʦʢʘʪʘ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʘ. ʕʪʦʪ ʪʠʧ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʛʝʦʤʝʪʨʠʠ ʠ ʨʘʟʤʝʨʦʚ. ʄʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʘʞʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʪʨʝʙʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʘ ʠ ʦʮʝʥʢʠ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʦʜʦʣʝʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʢʘʪʘ. 

ʀʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ. ʀʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʤʘʩʩʳ ʠ ʠʥʝʨʮʠʠ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘ-
ʩʪʝʡ ʧʨʠʚʦʜʘ, ʪʘʢʠʭ ʢʘʢ ʚʘʣʢʠ, ʰʝʩʪʝʨʥʠ ʠ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʜʘʯʠ. ʆʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʤʘʩʩʦʡ, ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʝʤ ʤʘʩʩʳ ʠ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ. ʀʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʚʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʢʫ ʧʨʠʚʦʜʘ, ʝʛʦ ʦʪʢʣʠʢ 
ʥʘ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʪʨʝʙʫʝʤʫʶ ʤʦʱʥʦʩʪʴ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʠ ʟʘʤʝʜʣʝʥʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ. 

ʄʦʤʝʥʪ ʪʨʝʥʠʷ. ʄʦʤʝʥʪ ʪʨʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʩʠʣ ʪʨʝʥʠʷ ʤʝʞʜʫ ʜʚʠʞʫʱʠʤʠʩʷ ʯʘʩʪʷʤʠ ʧʨʠʚʦ-
ʜʘ, ʪʘʢʠʤʠ ʢʘʢ ʧʦʜʰʠʧʥʠʢʠ, ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʜʘʯʠ ʠ ʢʦʥʪʘʢʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦʪ ʪʠʧ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ 
ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ, ʚʳʟʳʚʘʪʴ ʠʟʥʦʩ ʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ. ʇʦʥʠʤʘʥʠʝ ʤʦʤʝʥʪʘ 
ʪʨʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʝʨʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʨʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʚʦʜʘ. 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ. ɼʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʡ ʥʘʛʨʫʟʢʠ ʠ ʜʠʥʘʤʠʯʝ-
ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʦʢʘʪʥʦʤ ʩʪʘʥʝ, ʪʘʢʠʭ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʢʘʪʘ, ʠʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ ʤʘʪʝʨʠ-
ʘʣʘ ʠ ʚʘʨʠʘʮʠʠ ʩʠʣ ʧʨʦʢʘʪʢʠ. ɼʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʪʨʝʙʫʝʪ ʦʪ ʧʨʠʚʦʜʘ ʙʳʩʪʨʦʛʦ ʠ ʪʦʯʥʦʛʦ ʨʝʘʛʠʨʦʚʘ-
ʥʠʷ ʥʘ ʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʢʘʪʢʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʘʥʘʣʠʟʝ ʪʠʧʦʚ ʤʦʤʝʥ-
ʪʘ ʥʘʛʨʫʟʢʠ ʚ ʧʨʠʚʦʜʘʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ. ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ: 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʚʦʜ. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʚʦʜ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ ʚʢʣʶʯʘʝʪ 

ʦʧʠʩʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʠ ʫʯʝʪ ʛʝʦʤʝʪʨʠʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ 
ʠʟʜʝʣʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʠʚʦʜ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʫ ʥʘʩ ʝʩʪʴ ʧʨʦʢʘʪʥʳʡ ʩʪʘʥ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʢʘʪʘ ʩʪʘʣʴʥʦʛʦ ʣʠʩʪʘ. 
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ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʦʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʧʨʦʢʘʪʳʚʘʝʤʳʡ ʣʠʩʪ ʠʤʝʝʪ ʦʜʥʦʨʦʜʥʫʶ ʪʦʣʱʠʥʫ ʠ ʧʨʷʤʦʫʛʦʣʴʥʫʶ 
ʬʦʨʤʫ.[2] 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: 
ʄʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʧʨʦʢʘʪʳʚʘʝʤʦʡ ʧʣʘʩʪʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʧʦ ʬʦʨʤʫʣʝ I = (b * 

h^3) / 12, ʛʜʝ I - ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, b - h ʠʨʠʥʘ ʧʣʘʩʪʠʥʳ, h - ʚʳʩʦʪʘ ʧʣʘʩʪʠʥʳ. 
ɺʣʠʷʥʠʝ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʧʨʠʚʦʜ: 
ʄʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʟʜʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʧʨʠʚʦʜ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ. 
ʄʦʤʝʥʪ ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʠʚʦʜ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʢʘʢ T = k * M, ʛʜʝ T - ʤʦʤʝʥʪ ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʠʚʦʜ, 

k - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʧʝʨʝʜʘʯʫ ʧʨʠʚʦʜʘ. 
ʈʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʘ: 
ʄʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ P = T * ɤ, ʛʜʝ P - ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ, T - ʤʦʤʝʥʪ 

ʥʘʛʨʫʟʢʠ, ɤ - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʘ. 
ɺ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʜʣʷ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʢʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʝʨʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʠʚʦʜ. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʝʨʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʠʚʦʜ ʚʢʣʶʯʘʝʪ ʦʧʠʩʘʥʠʝ ʤʘʩʩʳ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ ʧʨʠʚʦʜʘ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ 
ʵʪʦʪ ʧʨʦʮʝʩʩ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʠʥʝʨʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ: 
ʀʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʩʚʷʟʘʥ ʩ ʤʘʩʩʦʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʘʩʩʳ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ ʧʨʠʚʦʜʘ. 

ɼʣʷ ʧʨʦʩʪʦʡ ʩʠʩʪʝʤʳ ʩ ʦʜʥʠʤ ʚʨʘʱʘʶʱʠʤʩʷ ʵʣʝʤʝʥʪʦʤ, ʠʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ 
ʬʦʨʤʫʣʦʡ: 

J = m * r^2, 
ʛʜʝ J - ʠʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ, m - ʤʘʩʩʘ ʚʨʘʱʘʶʱʝʛʦʩʷ ʵʣʝʤʝʥʪʘ, r - ʨʘʜʠʫʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʚʨʘʱʝʥʠʷ. 
ɺʣʠʷʥʠʝ ʠʥʝʨʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʧʨʠʚʦʜ: 
ʀʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʧʨʠʚʦʜʘ ʠ ʝʛʦ ʦʪʢʣʠʢ ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʥʘʛʨʫʟʢʠ. ɹʦʣʴʰʠʡ ʠʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʠ ʟʘʤʝʜʣʝʥʠʷ 
ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ ʧʨʠʚʦʜʘ. 

ʈʘʩʯʝʪ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʜʣʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ: 
ɺ ʩʣʫʯʘʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʵʣʝʤʝʥʪʘʤʠ, ʨʘʩʯʝʪ ʠʥʝʨʮʠʦʥʥʦʛʦ ʤʦ-

ʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʤ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʢʦʥʝʯʥʦ-
ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʠʣʠ ʤʝʪʦʜʳ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʝʨʮʠʦʥ-
ʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʩʪʝʤʳ. 

ʋʧʨʘʚʣʝʥʠʝ ʠʥʝʨʮʠʦʥʥʳʤ ʤʦʤʝʥʪʦʤ: 
ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʦʤ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʠʥʝʨʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ. 

ʄʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʠʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 
ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ ʧʨʠʚʦʜʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʝʨʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʠʚʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʝʦʙʭʦ-
ʜʠʤʫʶ ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ, ʧʨʝʜʩʢʘʟʘʪʴ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʨʘ-
ʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʝʛʦ ʚʝʣʠʯʠʥʳ. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʝʛʦ ʚʝʣʠʯʠʥʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ. ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ.[3] 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ: 
ʄʦʤʝʥʪ ʪʨʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʩʠʣ ʪʨʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʜʚʠʞʫʱʠʤʠʩʷ ʯʘʩʪʷʤʠ ʧʨʠʚʦʜʘ, 

ʪʘʢʠʤʠ ʢʘʢ ʧʦʜʰʠʧʥʠʢʠ, ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʜʘʯʠ ʠ ʢʦʥʪʘʢʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦ-
ʤʝʥʪʘ ʪʨʝʥʠʷ ʤʦʞʝʪ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʪʠʧ ʪʨʝʥʠʷ (ʩʢʦʣʴʞʝʥʠʝ, ʢʘʯʝʥʠʝ), ʩʦ-
ʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʚʝʣʠʯʠʥʳ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ: 
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ʎʝʣʴ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʝʛʦ ʚʝʣʠʯʠʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ. ʅʝʢʦʪʦʨʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʚʢʣʶʯʘʶʪ: 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʥʠʞʝʥʥʦʛʦ ʪʨʝʥʠʷ: ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʤʘʟʦʯʥʦʛʦ ʤʘ-
ʪʝʨʠʘʣʘ ʩ ʭʦʨʦʰʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʥʠʞʝʥʠʷ ʪʨʝʥʠʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʤʦʤʝʥʪ ʪʨʝʥʠʷ ʚ ʧʨʠ-
ʚʦʜʝ. 

ʋʣʫʯʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪʘ: ʆʧʪʠʤʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪʘ, ʪʘʢʠʭ ʢʘʢ ʰʣʠʬʦʚʢʘ, 
ʧʦʣʠʨʦʚʢʘ ʠʣʠ ʥʘʥʝʩʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ, ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʩʠʣʳ ʪʨʝʥʠʷ ʠ ʤʦʤʝʥʪ ʪʨʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʚʦʜʘ: ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʚʦʜʘ, ʚʢʣʶʯʘʷ ʚʳ-
ʙʦʨ ʧʦʜʰʠʧʥʠʢʦʚ, ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʜʘʯʠ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ ʤʦ-
ʤʝʥʪʘ ʪʨʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʠʤʫʣʷʮʠʡ: 
ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, 

ʪʘʢʠʝ ʢʘʢ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʤʝʪʦʜʳ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʪʝʣʘ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠ-
ʨʦʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʚʦʜʘ ʠ ʦʮʝʥʠʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪ-
ʨʦʚ ʥʘ ʤʦʤʝʥʪ ʪʨʝʥʠʷ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʝʛʦ ʚʝʣʠʯʠʥʳ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ 
ʚ ʧʨʠʚʦʜʝ, ʧʦʚʳʩʠʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɼʘʣʝʝ ʩʪʦʠʪ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ (ʪʘʙʣʠʮʘ 1). 
 

ʋʙʚʤʡʯʙ 1 
ʊʩʙʛʦʞʦʡʞ ʩʙʠʤʡʰʦʴʮ ʫʡʨʧʛ ʦʙʜʩʬʠʣʡ 

ʊʠʧ ʤʦʤʝʥʪʘ 
ʥʘʛʨʫʟʢʠ 

ʆʩʦʙʝʥʥʦʩʪʠ ɺʣʠʷʥʠʝ ʥʘ ʧʨʠʚʦʜ ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʄʦʤʝʥʪ  
ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɿʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠ-
ʘʣʘ, ʝʛʦ ʛʝʦʤʝʪʨʠʠ ʠ 

ʨʘʟʤʝʨʦʚ 

ʉʦʟʜʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʧʨʠʚʦʜ ʠ 
ʪʨʝʙʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ  

ʤʦʱʥʦʩʪʠ 

ɺʘʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʢʘ-
ʪʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝ-
ʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ-

ʚʦʜʘ 

ʀʥʝʨʮʠʦʥʥʳʡ 
ʤʦʤʝʥʪ 

ʉʚʷʟʘʥ ʩ ʤʘʩʩʦʡ ʠ  
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʘʩʩʳ 
ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ  

ʧʨʠʚʦʜʘ 

ɺʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʢʫ ʧʨʠʚʦʜʘ, 
ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ  
ʤʦʱʥʦʩʪʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʠ  
ʟʘʤʝʜʣʝʥʠʷ ʚʨʘʱʘʶʱʠʭʩʷ  

ʯʘʩʪʝʡ 

ʆʧʪʠʤʠʟʘʮʠʷ ʤʘʩʩʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ  
ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ ʧʨʠʚʦʜʘ ʧʦʤʦʛʘ-
ʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘ-

ʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʄʦʤʝʥʪ ʪʨʝ-
ʥʠʷ 

ɺʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʩʠʣ ʪʨʝ-
ʥʠʷ ʤʝʞʜʫ ʜʚʠʞʫʱʠʤʠʩʷ  
ʯʘʩʪʷʤʠ ʧʨʠʚʦʜʘ 

ʄʦʞʝʪ ʩʥʠʞʘʪʴ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ, ʚʳʟʳ-

ʚʘʪʴ  
ʠʟʥʦʩ ʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ,  
ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ  
ʧʨʠʚʦʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʤʦ-
ʤʝʥʪʘ ʪʨʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ 

ɼʠʥʘʤʠʯʝʩʢʠʡ 
ʤʦʤʝʥʪ 

ɺʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʠʟʤʝʥʝ-
ʥʠʡ ʥʘʛʨʫʟʢʠ ʠ ʜʠʥʘʤʠʯʝ-
ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʦʢʘʪ-

ʥʦʤ ʩʪʘʥʝ 

ʊʨʝʙʫʝʪ ʦʪ ʧʨʠʚʦʜʘ ʙʳʩʪʨʦʛʦ 
ʠ ʪʦʯʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ  
ʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ 

ʋʧʨʘʚʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ  
ʧʦʤʦʛʘʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ  

ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ 

 
ɸʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʠʚʦʜʳ ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ʄʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʧʨʠʚʦʜʘ ʪʠʧʦʤ ʤʦʤʝʥʪʘ, ʪʨʝʙʫʶ-
ʱʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʢʘʪʘ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ 
ʧʨʦʢʘʪʘ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʚʦʜʘ. 

ʀʥʝʨʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʚʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʢʫ ʧʨʠʚʦʜʘ ʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ 
ʫʩʢʦʨʝʥʠʷ ʠ ʟʘʤʝʜʣʝʥʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ. ʆʧʪʠʤʠʟʘʮʠʷ ʤʘʩʩʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʚʦʜʘ ʩʧʦʩʦʙ-
ʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ. 
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ʄʦʤʝʥʪ ʪʨʝʥʠʷ ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʚʦʜʘ, ʚʳʟʳʚʘʪʴ ʠʟʥʦʩ ʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ. ʆʧʪʠ-
ʤʠʟʘʮʠʷ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʚʦʜʘ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ ʤʦ-
ʤʝʥʪ ʪʨʝʥʠʷ ʠ ʫʣʫʯʰʠʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.[4] 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʪʨʝʙʫʝʪ ʦʪ ʧʨʠʚʦʜʘ ʙʳʩʪʨʦʡ ʠ ʪʦʯʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ. 
ʋʧʨʘʚʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʝʩʧʝʯʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʧʨʠ-
ʚʦʜʘ. 

ɺ ʮʝʣʦʤ, ʦʧʪʠʤʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʢʘʞʜʳʤ ʪʠʧʦʤ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʬʘʢʪʦ-
ʨʘʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʚʦʜʦʚ ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʚ 
ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʥʮʠʦʥʘʨʥʦʡ ʥʘʛʨʫʟʢʠ. 

 
ɻʴʛʧʝʴ ʡ ʠʙʣʤʷʰʞʦʡʞ. 
ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʘʪʴʠ, ʧʦʩʚʷʱʝʥʥʦʡ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʠʚʦʜ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʥʮʠʦʥʘʨʥʦʡ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 
ʚʳʚʦʜʳ: 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ, ʚʢʣʶʯʘʷ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʠʥʝʨʮʠʦʥʥʳʡ 
ʤʦʤʝʥʪ, ʤʦʤʝʥʪ ʪʨʝʥʠʷ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʧʨʠ-
ʚʦʜʦʚ ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ. ʂʘʞʜʳʡ ʪʠʧ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʧʨʠʚʦʜʦʚ ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʦʧʪʠʤʠ-
ʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ ʤʘʩʩʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ-
ʚʦʜʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʤ ʤʦʤʝʥʪʦʤ, ʦʧʪʠʤʠʟʘʮʠʷ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 
ʢʦʥʪʘʢʪʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʦʥʠʤʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʦʪʘʪʴ ʦʧʪʠ-
ʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʘʤʠ ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ ʠ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ, 
ʩʥʠʞʝʥʠʷ ʠʟʥʦʩʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʢʘʪʢʠ. ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ 
ʪʠʧʘ ʤʦʤʝʥʪʘ ʠ ʧʨʠʤʝʥʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʜʦ-
ʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʤʦʜʝ-
ʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ, ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ 
ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʘʤʠ ʠ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʦʚ. 
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ǧǰǰǪǤǣǭǡǟǬǧǤ ǧ ǦǟǸǧǱǟ ǠǟǦ ǣǟǬǬǺǴ ǡ 
ǧǬǳǭǯǫǟǵǧǭǬǬǭǨ ǰǧǰǱǤǫǤ ǡǲǦǟ ǰ ǵǤǪǻǽ 
ǮǭǡǺǷǤǬǧǾ Ǥǝ ǟǡǱǭǫǟǱǧǦǟǵǧǧ 

ǩȍȗȉȇȌ ǰȄȏȂȄȈ ǡȊǿȃȇȐȊǿȁȍȁȇȖ 
ʩʪʫʜʝʥʪ 

çʄʀʈʕɸ ð ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ʇʪʦʧʛʦʙʸ ʰʙʪʫʵ 

 
ɹʦʙʤʡʠ ʨʩʞʝʥʞʫʦʧʢ ʧʚʤʙʪʫʡ 
ɺʩʝ ʫʯʘʱʠʝʩʷ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʜʦʣʞʥʳ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʡʪʠ ʨʝʛʠʩʪʨʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ 

ʫʢʘʟʘʪʴ ʬʘʤʠʣʠʶ, ʠʤʷ, ʦʪʯʝʩʪʚʦ, ʜʘʪʫ ʨʦʞʜʝʥʠʷ, ʘʜʨʝʩ ʤʝʩʪʘ ʞʠʪʝʣʴʩʪʚʘ, ʧʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ. ɺ 
ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ ʝʩʪʴ ʢʘʙʠʥʝʪʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʫʤʝʨʘʮʠʶ. ɸ ʪʘʢʞʝ ʜʦʣʞʥʦ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʦ ʨʘʩ-
ʧʠʩʘʥʠʝ, ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʦʪʩʣʝʜʠʪʴ, ʢʦʛʜʘ ʠ ʛʜʝ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʩʷ ʪʦʪ ʠʣʠ ʠʥʦʡ ʫʯʘʱʠʡʩʷ ɺʋɿʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ ʚʭʦʜʠʪ: 
Å ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʠʩʢ, ʦʙʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ; 
Å ʮʝʣʦʩʪʥʦʩʪʴ ʙʘʟʳ ʜʘʥʥʳʭ (ʪʨʝʙʦʚʘʥʠʝ ʧʦʣʥʦʪʳ ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʜʘʥʥʳʭ; 
Å ʤʥʦʛʦʢʨʘʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ; 
Å ʧʨʦʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ. 
ɺ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ ʚʭʦʜʠʪ: 
Å ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʶ; 
Å ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ; 

 
1. ʇʩʜʙʦʡʠʙʯʡʧʦʦʙʸ ʪʫʩʬʣʫʬʩʙ ɻʌʀʙ ʡ ʙʦʙʤʡʠ ʪʬʲʞʪʫʛʬʷʲʡʮ ʡʦʭʧʩʥʙʯʡʧʦʦʴʮ ʨʧʫʧʣʧʛ 
ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʧʦʣʥʦʤʦʯʠʡ ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɹʦʦʧʫʙʯʡʸ: ʚ ʢʘʞʜʦʤ ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʢʨʫʧʥʳʡ ʦʙʦʨʦʪ ʜʦʢʫʤʝʥʪʦʚ ʠ ʠʥʬʦʨʤʘʮʠʠ. ʏʪʦ-
ʙʳ ʫʧʨʦʩʪʠʪʴ ʨʘʙʦʪʫ ʩ ʵʪʠʤ ʧʦʪʦʢʦʤ ʜʘʥʥʳʭ, ʩʪʦʠʪ ʩʦʟʜʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ ʵʪʦʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ, ʢʦ-
ʪʦʨʘʷ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʚʩʶ ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʩʚʷʟʘʥʥʫʶ ʩ ʥʠʤ. ʏʪʦʙʳ ʦʙʝʟʦʧʘʩʠʪʴ ʵʪʫ ʠʥʬʦʨ-
ʤʘʮʠʶ ʦʪ ʢʨʘʞʠ ʠ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʥʫʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʨʷʜ ʤʝʨ ʧʦ ʟʘʱʠʪʝ ʠ ʰʠʬʨʦʚʘ-
ʥʠʶ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʨʘʟʛʨʘʥʠʯʝʥʠʶ ʜʦʩʪʫʧʘ. 
 
RESEARCH AND PROTECTION OF DATABASES IN THE INFORMATION SYSTEM OF THE UNIVERSITY 

IN ORDER TO GAIN ACCESS 
 

Koshkin Sergey Vladislavovich 
 
Abstract: In each educational institution there is a large circulation of documents and information. To make it 
easier to work with this data stream, it is worth creating a database of this institution, which will contain all the 
basic information associated with it. To protect this information from theft and unwanted distribution, it is nec-
essary to take a number of measures to protect and encrypt data, as well as restrict access. 
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ʉʡʪ. 1. ʇʩʜʙʦʡʠʙʯʡʧʦʦʙʸ ʪʫʩʬʣʫʬʩʙ ɻʌʀʙ 

 
ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʠʤʝʝʪ ʩʚʦʠ ʮʝʣʠ ʠ ʟʘʜʘʯʠ. ʆʥʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʳ, 
ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʠʝʨʘʨʭʠʯʝʩʢʠ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʝʜʠʥʠʮʳ.  

ɼʝʷʪʝʣʴʥʦʩʪʴ ʋʯʝʙʥʦʛʦ ʦʪʜʝʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʢʦʦʨʜʠʥʘʮʠʶ ʫʯʝʙʥʦ-ʥʘʫʯʥʳʭ ʠ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨ-
ʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʋʥʠʚʝʨʩʠʪʝʪʘ ʚ ʩʬʝʨʝ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʦʚʝʜʝʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 
ʚʩʝʡ ʫʯʝʙʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʥʘ ʢʦʥʪʨʦʣʴ, ʫʯʝʪ, ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʫ ʵʪʦʡ ʨʘʙʦʪʳ, ʠ ʚʳʨʘʙʦʪʢʫ ʨʝʢʦʤʝʥʜʘ-
ʮʠʡ ʧʦ ʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʘʝʤʳʭ 
ʢʘʜʨʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʯʝʙʥʦʛʦ ʦʪʜʝʣʘ ʩ ʜʨʫʛʠʤʠ ʦʪʜʝʣʘʤʠ, ʘ ʪʘʢʞʝ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʧʨʦʮʝʩʩʘ ʫʯʝʪʘ ʫʩʧʝʚʘʝʤʦʩʪʠ ʠ ʧʦʩʝʱʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚʫʟʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 
ʥʘ ʨʠʩʫʥʢʝ 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

ʉʡʪ. 2. ʁʦʭʧʩʥʙʯʡʧʦʦʴʞ ʨʧʫʧʣʡ ʬʰʞʚʦʧʜʧ ʠʙʛʞʝʞʦʡʸ 






















































































































































































































































































































































































































































































