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ʅʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ ʩʦʩʪʘʚʣʝʥ ʧʦ ʤʘʪʝʨʠʘʣʘʤ XXIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅɸʋʏʅʆɽ ʆɹʆɿʈɽʅʀɽ: ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ 

ʊɽʆʈʀʀ ʀ ʇʈɸʂʊʀʂʀè, ʩʦʩʪʦʷʚʰʝʡʩʷ  15 ʤʘʷ 2026 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.  
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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 

ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ 

ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʐʚʝʮ ʀʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʖʨʦʚʘ ʂʩʝʥʠʷ ʀʛʦʨʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ 
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ǫǭǬǭǩǲǪǾǯǬǭǤ ǦǯǤǬǧǤ Ǭǟ ǭǰǬǭǡǤ 
ǟǪǢǭǯǧǱǫǟ ORB ǣǪǾ ǭǮǱǧǩǭ-
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ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʇʦʧʦʚ ʖʨʠʡ ɹʦʨʠʩʦʚʠʯ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʧʨʝʜʚʘʨʠ-
ʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʤʦʥʦʢʫʣʷʨʥʦʡ ʦʧʪʠʢʦ-ʠʥʝʨʮʠʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧ-
ʧʘʨʘʪʦʚ (ɹʇʃɸ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʥʦʢʫʣʷʨʥʘʷ ʩʭʝʤʘ, ʦʙʣʘʜʘʷ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ ʤʘʩʩʝ ʠ ʩʪʦʠʤʦʩʪʠ, 
ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʛʨʘʥʠʯʝʥʘ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ ʤʘʩʰʪʘʙʘ, ʜʣʷ ʩʥʷʪʠʷ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʙʳʩʪʨʦʝ ʠ 
ʩʪʘʙʠʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʠ ʦʪʩʣʝʞʠʚʘʥʠʝ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ. ɼʘʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʜʝ-
ʪʝʢʪʦʨʦʚ (SIFT, SURF) ʠ ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʢʦʤʙʠʥʘʮʠʠ ʜʝʪʝʢʪʦʨʘ ORB ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʃʫʢʘʩʘï
ʂʘʥʘʜʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ 
ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʣʸʛʢʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʧʦʚʦʨʦʪʘʤ ʠ ʠʟʤʝʥʝʥʠʷʤ ʤʘʩʰʪʘʙʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘ-
ʣʠʟʦʚʘʪʴ ʥʘʜʸʞʥʫʶ ʚʠʟʫʘʣʴʥʫʶ ʦʜʦʤʝʪʨʠʶ ʥʘ ʙʦʨʪʦʚʳʭ ʧʨʦʮʝʩʩʦʨʘʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʦʥʦʢʫʣʷʨʥʘʷ ʚʠʟʫʘʣʴʥʦ-ʠʥʝʨʮʠʘʣʴʥʘʷ ʦʜʦʤʝʪʨʠʷ, VIO, ɹʇʃɸ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ 
ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ, ORB, ʦʧʪʠʯʝʩʢʠʡ ʧʦʪʦʢ ʃʫʢʘʩʘïʂʘʥʘʜʝ, ʪʨʠʘʥʛʫʣʷʮʠʷ. 
 

MONOCULAR VISION BASED ON THE ORB ALGORITHM FOR OPTICAL-INERTIAL NAVIGATION OF 
UAVS 

 
Samokhin Veniamin Olegovich 

 
Scientific adviser: Popov Yuri Borisovich 

 
Abstract: The article addresses the problem of selecting an efficient visual frontend for monocular visual-
inertial navigation of unmanned aerial vehicles (UAVs). It is shown that the monocular scheme, while offering 
advantages in weight and cost, is fundamentally limited by scale ambiguity, which can only be resolved 
through fast and robust keypoint detection and tracking. A comparative analysis of classical detectors (SIFT, 
SURF) is given, and the combination of the ORB detector with the pyramidal LucasïKanade optical flow is 
substantiated as the proposed method. The approach provides a trade-off between computational lightness 
and invariance to rotation and scale changes, enabling reliable real-time visual odometry on embedded ARM 
processors. 
Keywords: monocular visual-inertial odometry, VIO, UAV, keypoint detection, ORB, LucasïKanade optical 
flow, triangulation. 
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ɻʛʞʝʞʦʡʞ: ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ɹʇʃɸ) ʚʩʸ ʯʘʱʝ ʚʳʧʦʣʥʷʶʪ ʟʘʜʘʯʠ ʚ ʩʨʝʜʘʭ ʩ 
ʥʝʜʦʩʪʫʧʥʳʤ ʠʣʠ ʧʦʜʘʚʣʝʥʥʳʤ ʩʠʛʥʘʣʦʤ ʛʣʦʙʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʩʥʦʚʥʳʤ 

ʩʨʝʜʩʪʚʦʤ ʦʮʝʥʢʠ ʧʦʣʦʞʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʚʠʟʫʘʣʴʥʦ-ʠʥʝʨʮʠʘʣʴʥʘʷ ʦʜʦʤʝʪʨʠʷ VIO (visualȤinertial 
odometry,), ʦʙʲʝʜʠʥʷʶʱʘʷ ʜʘʥʥʳʝ ʢʘʤʝʨʳ ʠ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ (IMU). ɺʳʙʦʨ 
ʤʝʞʜʫ ʤʦʥʦʢʫʣʷʨʥʦʡ ʠ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʡ ʩʭʝʤʦʡ ð ʦʜʠʥ ʠʟ ʧʝʨʚʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʚʦʧʨʦʩʦʚ ʧʨʠ ʧʨʦ-
ʝʢʪʠʨʦʚʘʥʠʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʄʦʥʦʢʫʣʷʨʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʠʚʣʝʢʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʤʘʣʳʭ ɹʇʃɸ ʤʠʥʠʤʘʣʴʥʳʤʠ ʤʘʩʩʦʡ, 
ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ ʩʪʦʠʤʦʩʪʴʶ. ʆʜʥʘʢʦ ʦʪʩʫʪʩʪʚʠʝ ʚʪʦʨʦʛʦ ʢʘʥʘʣʘ ʚʣʝʯʸʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦ-
ʙʣʝʤʳ, ʢʣʶʯʝʚʦʡ ʠʟ ʢʦʪʦʨʳʭ ʩʪʘʥʦʚʠʪʩʷ ʥʝʥʘʙʣʶʜʘʝʤʦʩʪʴ ʘʙʩʦʣʶʪʥʦʛʦ ʤʘʩʰʪʘʙʘ ʩʮʝʥʳ. ɼʣʷ ʚʦʩʩʪʘ-
ʥʦʚʣʝʥʠʷ ʤʝʪʨʠʯʝʩʢʦʛʦ ʤʘʩʰʪʘʙʘ ʤʦʥʦʢʫʣʷʨʥʦʡ VIO ʥʝʦʙʭʦʜʠʤʦ ʥʘʜʸʞʥʦʝ ʩʦʧʨʷʞʝʥʠʝ ʩ ʠʥʝʨʮʠʘʣʴ-
ʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʙʳʩʪʨʦʛʦ ʠ ʩʪʘʙʠʣʴʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʧʨʝʜʚʘ-
ʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ð ʘʣʛʦʨʠʪʤʘ ʚʳʜʝʣʝʥʠʷ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ. ʀʤʝʥʥʦ ʥʘ ʵʪʦʤ ʵʪʘʧʝ 
ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʥʷʪʳʭ ʧʦʜʭʦʜʦʚ ʜʝʣʘʶʪ ʙʦʨʪʦʚʫʶ ʨʝʘʣʠʟʘʮʠʶ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ. 

ʈʩʧʚʤʞʥʙʫʡʣʙ: ʉʪʝʨʝʦʟʨʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʨʸʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʦʢʨʫʞʝʥʠʷ ʩ ʪʦʯʥʳʤ 
ʤʘʩʰʪʘʙʦʤ ʧʨʷʤʦ ʠʟ ʩʪʘʪʠʯʝʩʢʦʛʦ ʩʪʝʨʝʦʩʦʧʦʩʪʘʚʣʝʥʠʷ. ɻʣʫʙʠʥʘ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦ-
ʩʪʨʦʝʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʯʪʦ ʜʘʸʪ ʤʝʪʨʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʣʠʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ. ʅʝ-
ʜʦʩʪʘʪʢʘʤʠ ʩʪʝʨʝʦʧʘʨ ʦʩʪʘʶʪʩʷ ʫʚʝʣʠʯʝʥʥʳʝ ʛʘʙʘʨʠʪʳ, ʞʸʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʠʢʩʘʮʠʠ ʙʘʟʦʚʦʡ ʣʠʥʠʠ 
ʠ ʢʘʣʠʙʨʦʚʢʝ, ʘ ʪʘʢʞʝ ʫʜʚʦʝʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʙʨʘʙʦʪʢʫ ʜʚʫʭ ʚʠʜʝʦʧʦʪʦʢʦʚ. ɼʣʷ ʤʘ-
ʣʳʭ ɹʇʃɸ ʵʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʯʘʩʪʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʧʨʠʤʝʥʠʤʦʩʪʴ. 

ʄʦʥʦʢʫʣʷʨʥʳʝ ʩʠʩʪʝʤʳ ʣʠʰʝʥʳ ʫʢʘʟʘʥʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʦʜʥʘʢʦ ʚʳʟʳʚʘʶʪ ʧʨʦʙʣʝʤʫ 
ʤʘʩʰʪʘʙʘ: ʧʝʨʝʤʝʱʝʥʠʝ ʢʘʤʝʨʳ ʠ ʪʨʸʭʤʝʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʦʨʠʝʥʪʠʨʦʚ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩ ʥʝʦʧʨʝ-
ʜʝʣʸʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʘʩʰʪʘʙʘ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʘʩʰʪʘʙʘ ʚ ʤʦʥʦʢʫʣʷʨʥʦʡ VIO ʧʨʦʠʩʭʦʜʠʪ ʙʣʘ-
ʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʢʩʝʣʝʨʦʤʝʪʨʘ IMU, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪ ʩʠʣʫ ʪʷʞʝʩʪʠ ʠ ʜʠʥʘʤʠʢʫ ʫʩʢʦʨʝʥʠʡ. ʊʘ-
ʢʘʷ ʩʭʝʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʚʠʟʫʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ: ʣʶʙʦʡ ʩʙʦʡ ʚ ʦʩʪʣʝʞʠʚʘʥʠʠ, ʧʦʪʝ-
ʨʷ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʠʣʠ ʚʳʩʦʢʘʷ ʟʘʜʝʨʞʢʘ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʨʘʩʭʦʜʠʤʦʩʪʴ ʬʠʣʴʪʨʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 
ʥʘʢʦʧʣʝʥʠʝ ʦʰʠʙʢʠ ʪʨʘʝʢʪʦʨʠʠ, ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʦʪʢʘʟʘ ʥʘʚʠʛʘʮʠʠ. 

ɼʣʷ ʤʦʥʦʢʫʣʷʨʥʦʛʦ VIO ʥʘ ɹʇʃɸ ʠʜʝʘʣʴʥʳʡ ʜʝʪʝʢʪʦʨ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʪʨʝʤʷ 
ʩʚʦʡʩʪʚʘʤʠ: ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʧʦʚʦʨʦʪʫ ʠ ʤʘʩʰʪʘʙʫ, ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʙʦʪʳ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʬʦʨʤʠ-
ʨʦʚʘʪʴ ʥʘʙʦʨ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʢʦʦʨʜʠʥʘʪ. ʉʫ-
ʱʝʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ, ʪʘʢʠʝ ʢʘʢ ʤʘʩʰʪʘʙʥʦ-ʠʥʚʘʨʠʘʥʪʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʠʟʥʘʢʦʚ SIFT (scale-
invariant feature transform) ʠ ʫʩʪʦʡʯʠʚʳʝ ʫʩʢʦʨʝʥʥʳʝ ʧʨʠʟʥʘʢʠ SURF (speeded up robust features), ʧʨʝʜ-
ʣʘʛʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʚʦʨʦʪʫ, ʤʘʩʰʪʘʙʫ ʠ ʠʟʤʝʥʝʥʠʷʤ ʦʩʚʝʱʝʥʠʷ. ʆʜʥʘʢʦ SIFT, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʛʠ-
ʩʪʦʛʨʘʤʤʘʭ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ, ʯʨʝʟʚʳʯʘʡʥʦ ʨʝʩʫʨʩʦʸʤʦʢ ð ʝʛʦ ʚʳʧʦʣʥʝʥʠʝ ʥʘ ʪʠʧʠʯʥʦʤ 
ARM-ʧʨʦʮʝʩʩʦʨʝ ɹʇʃɸ ʟʘʥʠʤʘʝʪ ʜʝʩʷʪʢʠ ʤʠʣʣʠʩʝʢʫʥʜ ʥʘ ʢʘʜʨ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʥʝʧʨʠʤʝʥʠʤʳʤ ʚ Real 
Time ʥʘʚʠʛʘʮʠʠ. SURF ʫʩʢʦʨʷʝʪ ʚʳʯʠʩʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʛʝʩʩʠʘʥʦʤ, ʥʦ ʝʛʦ ʜʝʩʢʨʠʧʪʦʨ 
ʨʘʟʤʝʨʦʤ 64 ʠʣʠ 128 ʯʠʩʝʣ ʦʩʪʘʸʪʩʷ ʪʷʞʸʣʳʤ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ. ʉʨʘʚʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 
ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʦʧʠʩʘʥʳ ʚ [1]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʩʪʳʝ ʫʛʣʦʚʳʝ ʜʝʪʝʢʪʦʨʳ ʥʝ ʦʙʣʘʜʘʶʪ ʤʘʩʰʪʘʙʥʦʡ ʠ ʚʨʘʱʘʪʝʣʴʥʦʡ ʠʥʚʘʨʠʘʥʪ-
ʥʦʩʪʴʶ. ʇʨʠ ʤʘʥʸʚʨʘʭ ɹʇʃɸ ʩ ʢʨʝʥʦʤ ʠ ʠʟʤʝʥʝʥʠʝʤ ʚʳʩʦʪʳ ʵʪʦ ʚʝʜʸʪ ʢ ʨʝʟʢʦʤʫ ʧʘʜʝʥʠʶ ʯʠʩʣʘ 
ʫʩʧʝʰʥʦ ʩʦʧʦʩʪʘʚʣʝʥʥʳʭ ʪʦʯʝʢ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝ-
ʞʫʪʦʯʥʫʶ ʧʦʟʠʮʠʶ ð ʜʦʩʪʘʪʦʯʥʦ ʨʦʙʘʩʪʥʳʡ, ʢʘʢ SURF, ʥʦ ʣʸʛʢʠʡ, ʢʘʢ FAST? 

ʈʩʞʝʨʧʤʙʜʙʞʥʴʢ ʥʞʫʧʝ ʡ ʧʚʧʪʦʧʛʙʦʡʞ: ɺ ʢʘʯʝʩʪʚʝ ʚʠʟʫʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙ-
ʨʘʙʦʪʢʠ ʜʣʷ ʤʦʥʦʢʫʣʷʨʥʦʛʦ VIO ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʙʠʥʘʮʠʶ ʜʝʪʝʢʪʦʨʘ-ʜʝʩʢʨʠʧʪʦʨʘ 
(Oriented FAST and Rotated BRIEF) ORB ʠ ʧʠʨʘʤʠʜʘʣʴʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʃʫʢʘʩʘïʂʘʥʘʜʝ [2]. 

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʯʪʦʙʳ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʤʘʩʰʪʘʙʘ 
ʜʣʷ ʤʦʥʦʢʫʣʷʨʥʦʛʦ ʟʨʝʥʠʷ, ʧʨʠʤʝʥʷʝʪʩʷ ʪʨʠʘʥʛʫʣʷʮʠʷ. ɼʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʧʠʢʩʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚ 3D-
ʚʝʢʪʦʨʳ ʥʘʧʨʘʚʣʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʪʦʯʥʦ ʦʧʠʩʘʪʴ ʩʚʦʡʩʪʚʘ ʢʘʤʝʨʳ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʘʷ 
ʤʦʜʝʣʴ ʦʧʠʩʘʥʠʷ ʢʘʤʝʨʳ ʦʙʩʢʫʨʳ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʨʠʮʝʡ ʧʘʨʘʤʝʪʨʦʚ ʢʘʤʝʨʳ: 
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 ,     (1) 

 
ʛʜʝ fx, fy ï ʬʦʢʫʩʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ax, ay ï ʦʧʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʦʙʲʝʢʪʠʚʘ. 
ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʝʦʙʭʦʜʠʤʘ ʪʦʯʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʢʘʞʜʦʡ ʢʘʤʝʨʳ. 
ɺ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ORB ʩʪʦʠʪ ʘʣʛʦʨʠʪʤ FAST. ʆʥ ʧʨʦʚʦʜʠʪ ʦʮʝʥʢʫ ʦʨʠʝʥʪʘʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʥʘʭʦʞʜʝʥʠʷ ʫʛʣʦʚ, ʩʨʘʚʥʠʚʘʷ ʷʨʢʦʩʪʴ ʧʠʢʩʝʣʷ ʩ ʢʨʫʛʦʤ ʠʟ 16 ʩʦʩʝʜʥʠʭ ʧʠʢʩʝʣʝʡ. ʀʭ ʩʨʘʚʥʝʥʠʝ ʚʳʧʦʣ-
ʥʷʝʪʩʷ ʦʯʝʥʴ ʙʳʩʪʨʦ ʟʘ ʩʯʝʪ ʧʨʦʩʪʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʚʝʪʣʝʝ/ʪʝʤʥʝʝ. ɸʣʛʦʨʠʪʤ ʥʝ ʠʤʝʝʪ ʧʘʪʝʥʪʥʳʭ ʦʛʨʘ-
ʥʠʯʝʥʠʡ, ʚʭʦʜʠʪ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʧʦʩʪʘʚʢʫ OpenCV ʠ ʩʦʟʜʘʸʪ ʜʚʦʠʯʥʳʝ ʜʝʩʢʨʠʧʪʦʨʳ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ORB-ʜʝʩʢʨʠʧʪʦʨʦʚ ʦʪ ʢʘʜʨʘ ʢ ʢʘʜʨʫ ʥʝʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ, ʧʦ-
ʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪ ʧʦʣʥʦʛʦ ʠʭ ʦʙʥʦʚʣʝʥʠʷ ʠ ʧʝʨʝʙʦʨʘ ʧʨʠ ʢʘʞʜʦʤ ʥʦʚʦʤ ʢʘʜʨʝ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ 
ʤʝʪʦʜ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʃʫʢʘʩʘ-Kʘʥʘʜʝ. 

ʄʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʛʠʧʦʪʝʟʳ ʚʨʝʤʝʥʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ: ʧʨʠ ʤʘʣʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨ-
ʚʘʣʝ ʩʤʝʱʝʥʠʝ ʪʦʯʝʢ ʥʝʚʝʣʠʢʦ, ʘ ʠʭ ʷʨʢʦʩʪʥʘʷ ʦʢʨʘʩʢʘ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ɸʣʛʦʨʠʪʤ ʦʪʩʣʝʞʠʚʘʝʪ 
ʧʦʣʦʞʝʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, ʦʙʨʘʙʘʪʳʚʘʷ ʩʦʪʥʶ ʪʦʯʝʢ ʟʘ ʥʝʩʢʦʣʴʢʦ ʤʠʣʠʩʝʢʫʥʜ. 
ORB-ʜʝʪʝʢʪʦʨ ʚʢʣʶʯʘʝʪʩʷ ʚ ʨʘʙʦʪʫ, ʢʦʛʜʘ ʪʝʨʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʨʠʝʥʪʠʨʦʚ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃʘʧʪʝʚʘ ʊʘʪʴʷʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  
ʂɻʕʋ 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʯʝʣʦʚʝʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘ-
ʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʘʥʘʣʠʟʫ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ, ʙʠʦʩʠʛʥʘʣʦʚ 
ʠ ʮʠʬʨʦʚʳʭ ʩʣʝʜʦʚ ʧʦʚʝʜʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʠʩʪʝʤʥʦʤʫ ʧʦʜʭʦʜʫ ʢ ʧʦʥʠʤʘʥʠʶ ʧʩʠʭʦʣʦ-
ʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʢ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶ-
ʱʠʭ ʨʝʰʝʥʠʡ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ, ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʬʠ-
ʟʠʦʣʦʛʠʯʝʩʢʠʝ, ʢʦʛʥʠʪʠʚʥʳʝ, ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʨʝ-
ʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʩʠʭʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʩʠʭʠʯʝʩʢʦʝ ʟʜʦʨʦʚʴʝ, ʤʘ-
ʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʙʠʦʩʠʛʥʘʣʳ, ʵʤʦʮʠʠ, ʢʦʛʥʠʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʮʠʬʨʦʚʘʷ ʧʩʠʭʦʣʦʛʠʷ. 
 
A MODEL OF THE HUMAN PSYCHOLOGICAL STATE SYSTEM BASED ON ARTIFICIAL INTELLIGENCE 

 
Al- Zubaidi Aqeel Safaa Yosif 

 
Supervisor: Lapteva Dr. Tatyana V.  

 
Abstract: This paper explores contemporary approaches to evaluating human psychological states using arti-
ficial intelligence (AI) methodologies. A comprehensive review of scientific studies analysing psychoemotional 
states through text data, biosignals, and digital behavioural footprints is presented. 

The research emphasises a systems-based approach to conceptualising psychological state as a multi-
component, dynamic structure. By analysing existing solutions, the authors propose a novel model of the hu-
man psychological state system. This model synthesises physiological, cognitive, emotional, and behavioural 
parameters into a unified framework. 

The study demonstrates that AI implementation significantly enhances diagnostic objectivity and enables real-
time, continuous mental health monitoring. 
Keywords: artificial intelligence, psychological state, mental health, machine learning, biosignals, emotions, 
cognitive processes, digital psychology. 
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1. ɻɻɾɽɾʆʁɾ 
ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʩʦʮʠʘʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʨʘʩʪʸʪ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʯʝ-

ʣʦʚʝʢʘ ʠʟ-ʟʘ ʫʩʢʦʨʝʥʠʷ ʞʠʟʥʠ, ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʧʦʪʦʢʘ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ ʚʝʜʸʪ ʢ ʩʪʨʝʩʩʫ, ʪʨʝʚʦʞ-
ʥʦʩʪʠ ʠ ʜʝʧʨʝʩʩʠʠ, ʜʝʣʘʷ ʤʦʥʠʪʦʨʠʥʛ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ (ʙʝʩʝʜʳ, ʦʧʨʦʩʥʠʢʠ, ʥʘʙʣʶʜʝʥʠʝ) ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ: ʩʫʙʲ-
ʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʦʢ; ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʘ; ʦʪʩʫʪʩʪʚʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 
(ʩʦʩʪʦʷʥʠʝ ʬʠʢʩʠʨʫʝʪʩʷ ʣʠʰʴ ʚ ʦʪʜʝʣʴʥʳʝ ʤʦʤʝʥʪʳ). 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀ ʜʣʷ ʘʥʘʣʠʟʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦ-
ʩʪʦʷʥʠʷ. ɸʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʜʝ-
ʧʨʝʩʩʠʶ, ʪʨʝʚʦʞʥʦʩʪʴ ʠ ʜʨʫʛʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦ: ʪʝʢʩʪʘʤ; ʧʦʚʝʜʝʥʠʶ ʚ ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ; ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 
ʜʘʥʥʳʤ. 

ʕʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʦʙʲʝʢʪʠʚʥʳʝ ʠ ʥʝʧʨʝʨʳʚʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʩʠʭʠʯʝʩʢʦ-
ʛʦ ʟʜʦʨʦʚʴʷ (Tadesse et al., 2021). 

2. ʋɾʇʉɾʋʁʐɾʊʃʁɾ ʇʊʆʇɻʔ ʈʊʁʎʇʄʇɼʁʐɾʊʃʇɼʇ ʊʇʊʋʇʘʆʁʘ 
ʇʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ð ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʵʤʦʮʠʦ-

ʥʘʣʴʥʳʝ, ʢʦʛʥʠʪʠʚʥʳʝ, ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʆʥʦ ʤʝʥʷʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 
ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ (Tadesse et al., 2021). 

ʉʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʸʭ ʫʨʦʚʥʝʡ: ʵʤʦʮʠʦʥʘʣʴʥʳʡ (ʥʘʩʪʨʦʝʥʠʝ, ʘʬʬʝʢʪʠʚʥʳʝ ʨʝʘʢʮʠʠ); ʢʦʛʥʠʪʠʚʥʳʡ 
(ʤʳʰʣʝʥʠʝ, ʚʦʩʧʨʠʷʪʠʝ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʦʙʳʪʠʡ); ʧʦʚʝʜʝʥʯʝʩʢʠʡ (ʜʝʡʩʪʚʠʷ, ʨʝʘʢʮʠʠ, ʘʢʪʠʚʥʦʩʪʴ); ʬʠ-
ʟʠʦʣʦʛʠʯʝʩʢʠʡ (ʩʝʨʜʝʯʥʳʡ ʨʠʪʤ, ʩʦʥ, ʩʪʨʝʩʩʦʚʳʝ ʨʝʘʢʮʠʠ). ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ ʘʥʘʣʠ-
ʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ð ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʤʥʦʞʝʩʪʚʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʊʶʪʯʝʥʢʦ, 2012). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ: ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʩʦʮʠʘʣʴʥʘʷ ʩʨʝʜʘ, ʩʪʨʝʩʩʦʚʳʝ ʩʠ-
ʪʫʘʮʠʠ); ʚʥʫʪʨʝʥʥʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʵʤʦʮʠʦʥʘʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʦʛʥʠʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ). ʅʠ ʦʜʠʥ ʦʪ-
ʜʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʝ ʤʦʞʝʪ ʧʦʣʥʦʮʝʥʥʦ ʦʧʠʩʘʪʴ ʧʩʠʭʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ð ʦʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʮʝ-
ʣʦʩʪʥʘʷ ʩʠʩʪʝʤʘ. ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʦʙʦʩʥʦʚʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʥʦʛʦʤʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʤʦʜʝʣʷʭ ʀʀ. 

3. ʊʇɻʉɾʅɾʆʆʔɾ ʈʇɽʎʇɽʔ ʃ ʁʊʊʄɾɽʇɻɹʆʁʗ ʈʊʁʎʇʄʇɼʁʐɾʊʃʇɼʇ ʊʇʊʋʇʘʆʁʘ ʊ 
ʁʊʈʇʄʕʀʇɻɹʆʁɾʅ ʁʁ 

3.1 ɹʦʙʤʡʠ ʫʞʣʪʫʙ ʡ ʩʞʰʡ ʣʙʣ ʡʦʪʫʩʬʥʞʦʫ ʧʯʞʦʣʡ ʣʧʜʦʡʫʡʛʦʧʜʧ ʪʧʪʫʧʸʦʡʸ 
ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʪʝʢʩʪʦʚʦʡ ʠ ʨʝʯʝʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʮʝʥʢʠ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ-
ʢʘʟʘʥʦ, ʯʪʦ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ ʩʧʦʩʦʙʥʳ ʚʳʷʚʣʷʪʴ ʫʩʪʦʡʯʠʚʳʝ ʤʘʨʢʝʨʳ ʜʝʧʨʝʩʩʠʠ, ʪʨʝʚʦʞʥʳʭ ʩʦʩʪʦʷ-
ʥʠʡ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʚʳʛʦʨʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʠʩʴʤʝʥʥʦʡ ʨʝʯʠ ʠ ʩʦʮʠʘʣʴʥʳʭ ʩʦʦʙʱʝʥʠʡ (Wang 
et al., 2023). 

ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʘʥʘʣʠʟ ʧʦʩʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʛʜʝ ʠʟʤʝʥʝʥʠʝ ʣʝʢ-
ʩʠʢʠ, ʩʥʠʞʝʥʠʝ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʪʝʢʩʪʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʛʘʪʠʚʥʦ ʦʢʨʘʰʝʥʥʳʭ ʚʳʨʘʞʝ-
ʥʠʡ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ ʜʝʧʨʝʩʩʠʚʥʳʭ ʪʝʥʜʝʥʮʠʡ. ʅʘʧʨʠʤʝʨ, ʯʘʩʪʦʝ ʫʧʦʪʨʝʙʣʝʥʠʝ 
ʩʣʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʝʟʳʩʭʦʜʥʦʩʪʴʶ, ʩʦʮʠʘʣʴʥʦʡ ʠʟʦʣʷʮʠʝʡ ʠ ʩʥʠʞʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
ʢʘʢ ʟʥʘʯʠʤʳʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʢʩʪʦʚʘʷ ʠ ʨʝʯʝʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪʨʘʞʘʝʪ ʢʦʛʥʠʪʠʚʥʳʡ ʫʨʦʚʝʥʴ ʧʩʠʭʠʯʝʩʢʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʚʢʣʶʯʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʳʰʣʝʥʠʷ, ʚʦʩʧʨʠʷʪʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʦʙʳʪʠʡ. 

3.2 ʁʪʨʧʤʵʠʧʛʙʦʡʞ ʭʡʠʡʧʤʧʜʡʰʞʪʣʡʮ ʝʙʦʦʴʮ ʝʤʸ ʧʯʞʦʣʡ ʨʪʡʮʡʰʞʪʣʧʜʧ ʪʧʪʫʧʸʦʡʸ 
ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ 

ʦʙʲʝʢʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. ʂ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʪʥʦʩʷʪʩʷ ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦ-
ʢʨʘʱʝʥʠʡ, ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʫʨʦʚʝʥʴ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʩʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʪʦʯʥʦ ʬʠʢʩʠʨʦʚʘʪʴ 
ʩʪʨʝʩʩʦʚʳʝ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʩʫʙʲʝʢʪʠʚʥʳʤ ʠʩʢʘʞʝʥʠʷʤ (Tadesse 
et al., 2021). ʅʘʧʨʠʤʝʨ, ʩʥʠʞʝʥʠʝ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʭʨʦʥʠʯʝ-
ʩʢʠʤ ʩʪʨʝʩʩʦʤ, ʘ ʥʘʨʫʰʝʥʠʷ ʩʥʘ ð ʩ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ. 



16 ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 

 

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

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʘʤʦʦʮʝʥʦʯʥʳʭ ʤʝʪʦʜʦʚ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʦʙʲʝʢʪʠʚʥʫʶ 
ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʦʨʛʘʥʠʟʤʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

3.3 ʆʧʪʡʥʴʞ ʬʪʫʩʧʢʪʫʛʙ ʡ ʦʞʨʩʞʩʴʛʦʴʢ ʥʧʦʡʫʧʩʡʦʜ ʪʧʪʫʧʸʦʡ y
ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʬʠʟʠʦʣʦʛʠʯʝ-

ʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʯʝʣʦʚʝʢʘ ʩ ʧʦʤʦʱʴʶ ʥʦʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʷʚʣʷʶʪʩʷ ʩʝʥ-
ʩʦʨʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʬʠʢʩʠʨʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʦʨʛʘʥʠʟʤʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʵʧʠʟʦʜʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʢ ʝʛʦ 
ʧʦʩʪʦʷʥʥʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 
ʠʟʤʝʥʝʥʠʷ ʩʪʨʝʩʩʘ ʚ ʪʝʯʝʥʠʝ ʜʥʷ ʠʣʠ ʥʝʜʝʣʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʦʨʳ, ʚʳʟʳʚʘʶʱʠʝ ʫʭʫʜʰʝʥʠʝ 
ʩʦʩʪʦʷʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʩʦʩʪʦʷʥʠʷ ʯʝ-
ʣʦʚʝʢʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

3.4 ʁʦʫʞʜʩʙʯʡʸ ʩʙʠʦʧʩʧʝʦʴʮ ʝʙʦʦʴʮ ʡ ʥʬʤʵʫʡʥʧʝʙʤʵʦʴʢ ʨʧʝʮʧʝ 
ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʘʥ-

ʥʳʭ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʧʩʠʭʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʪʜʝʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ð ʪʝʢʩʪʦ-
ʚʳʝ, ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ð ʦʙʣʘʜʘʶʪ ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ ʧʨʠ ʩʘʤʦʩʪʦʷ-
ʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ʇʦʵʪʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʘʥʥʳʝ 
ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʝʜʠʥʫʶ ʤʦʜʝʣʴ. ʅʘʧʨʠʤʝʨ, ʩʦʯʝʪʘʥʠʝ ʘʥʘʣʠʟʘ ʨʝʯʠ ʯʝʣʦʚʝʢʘ, ʜʘʥ-
ʥʳʭ ʦ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʢʫʱʝʝ ʵʤʦ-
ʮʠʦʥʘʣʴʥʦʝ ʠ ʢʦʛʥʠʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʢʘʢ ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ, 
ʪʨʝʙʫʶʱʫʶ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ. 

4. ʇɼʉɹʆʁʐɾʆʁʘ ʊʌʒɾʊʋɻʌʗʒʁʎ ʁʊʊʄɾɽʇɻɹʆʁʂ 
ʂʣʶʯʝʚʘʷ ʧʨʦʙʣʝʤʘ ð ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴ 

ʚʳʙʦʨʦʢ. ɼʘʪʘʩʝʪʳ ʯʘʩʪʦ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʦʛʨʘʥʠʯʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʩʦʮʩʝʪʠ, ʘʥʛʣʦʷʟʳʯʥʳʝ ʪʝʢʩʪʳ), 
ʯʪʦ ʩʥʠʞʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʤʦʜʝʣʝʡ (Wang et al., 2023). ʇʨʠʤʝʨ: ʤʦʜʝʣʴ, ʦʙʫʯʝʥʥʘʷ ʥʘ ʧʦʩʪʘʭ 
Reddit, ʭʦʨʦʰʦ ʚʳʷʚʣʷʝʪ ʜʝʧʨʝʩʩʠʶ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʩʨʝʜʝ, ʥʦ ʧʣʦʭʦ ʨʘʙʦʪʘʝʪ ʚ ʜʨʫʛʠʭ ʢʫʣʴʪʫʨʥʳʭ ʠ 
ʷʟʳʢʦʚʳʭ ʢʦʥʪʝʢʩʪʘʭ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʚʳʨʘʞʝʥʠʠ ʵʤʦʮʠʡ. ɸʣʛʦʨʠʪʤʳ ʘʥʘʣʠʟʘ ʧʩʠʭʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʵʬʬʝʢʪʠʚʥʳ, ʥʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʙʩʦʣʶʪʥʦʡ ʪʦʯʥʦʩʪʠ ʠʟ-ʟʘ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ ʠ ʢʦʥʪʝʢʩʪʥʦʡ ʟʘʚʠʩʠʤʦ-
ʩʪʠ ʧʩʠʭʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ. 

ɺʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ: ʥʝʚʝʨʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠ ʘʥʘʣʠʟʝ ʪʝʢʩʪʦʚʳʭ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʜʘʥʥʳʭ; 
ʠʩʢʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟ-ʟʘ ʠʨʦʥʠʯʝʩʢʦʛʦ ʠʣʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʛʘʪʠʚʥʦʡ ʣʝʢʩʠʢʠ; 
ʥʝʜʦʦʮʝʥʢʘ ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʚʥʝʰʥʝ ʩʧʦʢʦʡʥʦʤ ʧʦʚʝʜʝʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʠ ʠʤʝʶʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝ-
ʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ (Tadesse et al., 2021). 

ʕʪʠʯʝʩʢʠʝ ʨʠʩʢʠ: ʥʘʨʫʰʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʧʩʠʭʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ ʯʝʨʝʟ 
ʮʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ (Tadesse et al., 2021); ʩʙʦʨ ʜʘʥʥʳʭ ʙʝʟ ʧʦʣʥʦʛʦ ʦʩʦʟʥʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʮʝʣʝʡ 
ʦʙʨʘʙʦʪʢʠ. ʉʦʮʠʘʣʴʥʳʡ ʨʠʩʢ ð ʯʨʝʟʤʝʨʥʦʝ ʜʦʚʝʨʠʝ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ ʜʠʘʛʥʦʩʪʠʢʠ, ʯʪʦ 
ʤʦʞʝʪ ʧʦʜʤʝʥʷʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʦʮʝʥʢʫ. ɺʳʚʦʜ: ʪʝʭʥʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʧʩʠʭʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. 

5. ʈʉɾɽʄɹɼɹɾʅɹʘ ʅʇɽɾʄʕ ʈʊʁʎʇʄʇɼʁʐɾʊʃʇɼʇ ʊʇʊʋʇʘʆʁʘ 
ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʝʜʠʥʘʷ ʜʠʥʘʤʠ-

ʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʄʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ 
ʧʨʠʥʮʠʧʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʩʪʠ: ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʷʭ ʠ ʥʝ ʤʦʞʝʪ 
ʙʳʪʴ ʦʧʠʩʘʥʦ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʇʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ð ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʠʟ ʯʝʪʳʨʸʭ 
ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʸʭ ʙʣʦʢʦʚ: 
- ʍʡʠʡʧʤʧʜʡʰʞʪʣʡʢ ʣʧʥʨʧʦʞʦʫ ð ʩʝʨʜʝʯʥʳʡ ʨʠʪʤ, ʩʦʥ, ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ, ʩʪʨʝʩʩʦʚʳʝ ʨʝʘʢ-

ʮʠʠ. 
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- ʈʧʛʞʝʞʦʰʞʪʣʡʢ ʣʧʥʨʧʦʞʦʫ ð ʧʨʠʚʳʯʢʠ, ʩʦʮʠʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʚʩʝʜʥʝʚ-
ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

- ʃʧʜʦʡʫʡʛʦʴʢ ʣʧʥʨʧʦʞʦʫ ð ʦʩʦʙʝʥʥʦʩʪʠ ʤʳʰʣʝʥʠʷ, ʚʦʩʧʨʠʷʪʠʷ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʦʙʳʪʠʡ, ʨʝ-
ʯʝʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

- ʖʥʧʯʡʧʦʙʤʵʦʴʢ ʣʧʥʨʧʦʞʦʫ ð ʫʨʦʚʝʥʴ ʪʨʝʚʦʞʥʦʩʪʠ, ʥʘʩʪʨʦʝʥʠʝ, ʵʤʦʮʠʦʥʘʣʴʥʘʷ ʫʩʪʦʡʯʠ-
ʚʦʩʪʴ. 

ʂʦʤʧʦʥʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʠ ʬʦʨʤʠʨʫʶʪ ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 
ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ð ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ: 
- ʊʚʧʩ ʝʙʦʦʴʮ (ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ, ʥʘʙʣʶʜʝʥʠʷ, ʪʝʢʩʪʦʚʳʝ ʠ ʨʝʯʝʚʳʝ ʜʘʥʥʳʝ). 
- ɹʦʙʤʡʠ ʝʙʦʦʴʮ (ʤʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʟʥʘʯʠʤʳʭ ʧʨʠʟʥʘʢʦʚ). 
- ʁʦʫʞʜʩʙʯʡʸ ʡʦʭʧʩʥʙʯʡʡ (ʦʙʲʝʜʠʥʝʥʠʝ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʫ). 
- ʇʯʞʦʣʙ ʪʧʪʫʧʸʦʡʸ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʦʪʩʣʝʞʠʚʘʥʠʷ). 
ʇʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʦʩʪʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ ʚʤʝʩʪʦ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʘʥʘʣʠ-

ʟʘ. 
5.4 ʅʙʫʞʥʙʫʡʰʞʪʣʧʞ ʨʩʞʝʪʫʙʛʤʞʦʡʞ ʥʧʝʞʤʡ 
ʌʦʨʤʘʣʴʥʦ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ʬʫʥʢʮʠʷ ʥʝʩʢʦʣʴ-

ʢʠʭ ʧʝʨʝʤʝʥʥʳʭ: 
S(t) = f (ʵʤʦʮʠʠ, ʢʦʛʥʠʮʠʠ, ʬʠʟʠʦʣʦʛʠʷ, ʧʦʚʝʜʝʥʠʝ) 
ʛʜʝ: 
¶ S(t) ð ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t 
¶ ʵʤʦʮʠʠ ð ɻ ʤʦʮʠʦʥʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ 
¶ ʢʦʛʥʠʮʠʠ ð ʢʦʛʥʠʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ 
¶ ʬʠʟʠʦʣʦʛʠʷ ð ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 
¶ ʧʦʚʝʜʝʥʠʝ ð ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɼʘʥʥʘʷ ʟʘʧʠʩʴ ʦʪʨʘʞʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʤʦʜʝʣʠ ʠ ʧʦʜʯʝʨʢʠʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʦʷʥʠʷ 

ʦʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ. 
ʉʚʷʟʴ ʩ ʩʠʩʪʝʤʥʳʤ ʧʦʜʭʦʜʦʤ 
ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʠʥʮʠʧʘʤʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʩʣʦʞ-

ʥʳʝ ʧʩʠʭʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʜʫʮʠʨʦʚʘʥʳ ʢ ʦʜʥʦʤʫ ʧʘʨʘʤʝʪʨʫ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ 
ʧʦ ʩʠʩʪʝʤʥʦʡ ʧʩʠʭʦʣʦʛʠʠ, ʧʩʠʭʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʥʦʞʝ-
ʩʪʚʘ ʬʘʢʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʊʶʪʯʝʥʢʦ, 2012). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʨʝʘʣʠʟʫʝʪ ʩʠʩʪʝʤʥʳʡ ʧʨʠʥʮʠʧ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʯʝʣʦʚʝʢʘ ʢʘʢ ʦʪʢʨʳʪʫʶ ʜʠ-
ʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦ ʩʨʝʜʦʡ. 

6. ʇɺʊʌɿɽɾʆʁɾ 
ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʚ ʦʮʝʥʢʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʧʦ-

ʪʝʥʮʠʘʣ: ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ. 
ʃʤʷʰʞʛʴʞ ʛʧʠʥʧʟʦʧʪʫʡ ʁʁ: 
- ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʧʦʤʦʛʘʶʪ ʚʳʷʚʣʷʪʴ ʧʩʠ-

ʭʦʵʤʦʮʠʦʥʘʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ; 
- ʘʥʘʣʠʟ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ ʠ ʮʠʬʨʦʚʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʧʨʠʟʥʘʢʠ ʜʝʧʨʝʩʩʠʠ 

ʠ ʪʨʝʚʦʛʠ, ʢʦʪʦʨʳʝ ʫʧʫʩʢʘʶʪʩʷ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ ʜʠʘʛʥʦʩʪʠʢʠ (Tadesse et al., 2021; Wang et 
al., 2023). 

ʇʜʩʙʦʡʰʞʦʡʸ ʫʞʮʦʧʤʧʜʡʢ: 
- ʀʀ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ; 
- ʝʛʦ ʨʦʣʴ ð ʜʦʧʦʣʥʷʪʴ ʨʘʙʦʪʫ ʩʧʝʮʠʘʣʠʩʪʘ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ 

ʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ; 
- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʦʰʠʙʘʪʴʩʷ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʝʦʜʥʦʟʥʘʯʥʦʛʦ ʠʣʠ ʥʝʪʠ-

ʧʠʯʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. 
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ɻʴʛʧʝ: ʀʀ ð ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʪʦʨʳʡ ʥʝ ʟʘʤʝʥʷʝʪ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʫʶ ʦʮʝʥʢʫ ʚʨʘʯʘ-ʧʩʠʭʦʣʦʛʘ ʠʣʠ ʧʩʠʭʠʘʪʨʘ. 

ʈʞʩʪʨʞʣʫʡʛʴ ʬʤʬʰʱʞʦʡʸ: 
- ʠʥʪʝʛʨʘʮʠʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʪʝʢʩʪ, ʬʠʟʠʦʣʦʛʠʷ, ʧʦʚʝʜʝʥʠʝ) ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʘʥʘʣʠʟʘ; 
- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 
7. ʀɹʃʄʗʐɾʆʁɾ 
ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ ʚ ʵʧʦʭʫ ʀʊ 

ʠ ʀʀ. ɸʥʘʣʠʟ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ ʧʝʨʝʭʦʜ ʦʪ ʩʫʙʲʝʢʪʠʚʥʳʭ ʢ ʦʙʲʝʢʪʠʚʥʳʤ ʤʝʪʦʜʘʤ ʜʠʘʛʥʦʩʪʠʢʠ, ʦʩʥʦ-
ʚʘʥʥʳʤ ʥʘ ʘʥʘʣʠʟʝ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ: ʪʝʢʩʪʦʚ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʚʝʜʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ 
ʤʦʜʝʣʴ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ 4 ʢʦʤʧʦʥʝʥʪʘʤʠ: ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ, ʧʦʚʝʜʝʥʯʝʩʢʠʤ, ʢʦʛʥʠʪʠʚʥʳʤ 
ʠ ʵʤʦʮʠʦʥʘʣʴʥʳʤ. ʄʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʧʩʠʭʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʟʘʚʠʩʷʱʫʶ ʦʪ 
ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: 
- ʨʘʟʚʠʪʠʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʩʠʩʪʝʤ ʘʥʘʣʠʟʘ; 
- ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ; 
- ʨʘʟʨʘʙʦʪʢʘ ʵʪʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʥʠʪʦʨʠʥʛʘ; 
- ʩʦʟʜʘʥʠʝ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʫʯʸʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʯʝʣʦʚʝʢʘ. 
ʀʀ ʚ ʧʩʠʭʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʥʴʰʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʠ ʤʦʥʠʪʦʨʠʪʴ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ, ʥʦ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 
 

ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ǲǣǩ 44,.26,1 

ǵǧǩǪǧǶǤǰǩǟǾ ǯǤǩǱǧǳǧǩǟǵǧǾ ǩǟǩ 
ǬǟǮǯǟǡǪǤǬǧǤ ǧǬǱǤǬǰǧǳǧǩǟǵǧǧ 
ǯǤǩǱǧǳǧǩǟǵǧǭǬǬǺǴ ǧ ǯǤǟǩǵǧǭǬǬǭ-
ǯǤǩǱǧǳǧǩǟǵǧǭǬǬǺǴ ǮǯǭǵǤǰǰǭǡ 

ǶȇȀȇȏǞȁ ǫǿȑȁȄȈ ǟȊȄȉȐȄȄȁȇȖ 
ʤʘʛʠʩʪʨʘʥʪ 1-ʛʦ ʛʦʜʘ ʦʙʫʯʝʥʠʷ  

ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɻʣʝʙʦʚ ʄʠʭʘʠʣ ɹʦʨʠʩʦʚʠʯ  
ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʎʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʧʧʘʨʘʪʥʦ-ʨʝʞʠʤʥʳʡ ʩʧʦʩʦʙ ʠʥʪʝʥʩʠʬʠ-
ʢʘʮʠʠ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʟʜʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʧʘʨʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ. ɺ 
ʦʪʣʠʯʠʝ ʦʪ ʨʝʢʪʠʬʠʢʘʮʠʠ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʧʨʦʪʠʚʦʪʦʯʥʳʤ ʢʦʥʪʘʢʪʦʤ ʬʘʟ, ʮʠʢʣʠʯʝʩʢʠʡ ʨʝʞʠʤ ʯʝʨʝʜʫʝʪ 
ʧʝʨʠʦʜ ʙʘʨʙʦʪʘʞʘ ʧʘʨʘ ʯʝʨʝʟ ʫʜʝʨʞʠʚʘʝʤʫʶ ʞʠʜʢʦʩʪʴ ʠ ʧʝʨʠʦʜ ʜʠʩʢʨʝʪʥʦʛʦ ʩʣʠʚʘ ʞʠʜʢʦʩʪʠ ʥʘ ʥʠʞʝ-
ʣʝʞʘʱʠʝ ʩʪʫʧʝʥʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʠʟʤʝʥʷʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩʤʝʩʠ, ʥʦ ʤʝʥʷʝʪ ʛʠʜʨʦ-
ʜʠʥʘʤʠʢʫ ʢʦʥʪʘʢʪʘ ʬʘʟ, ʩʥʠʞʘʝʪ ʦʙʨʘʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʧʦʚʳʰʘʝʪ ʧʦʣʝʟʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥ-
ʪʘʢʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʬʠʟʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʮʠʢʣʠʯʝʩʢʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ, ʝʸ ʦʪʣʠʯʠʝ 
ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ, ʢʦʥʪʘʢʪʥʳʝ ʘʧʧʘʨʘʪʳ ʠ ʚʥʫʪʨʝʥʥʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʳ 
ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʘʢʪʠʚʥʦʡ ʠ ʘʟʝʦʪʨʦʧʥʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʮʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ, ʨʝʢʪʠʬʠʢʘʮʠʷ, ʜʝʬʣʝʛʤʘʮʠʷ, ʢʦʥʪʘʢʪʥʳʝ ʘʧʧʘʨʘʪʳ, 
ʪʘʨʝʣʴʯʘʪʘʷ ʢʦʣʦʥʥʘ, ʨʘʟʜʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʬʘʟ, ʤʘʩʩʦʦʙʤʝʥ, ʨʝʘʢʪʠʚʥʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ. 
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ʈʝʢʪʠʬʠʢʘʮʠʷ ʦʩʪʘʸʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʝʭʠ-
ʤʠʯʝʩʢʦʡ, ʧʠʱʝʚʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɽʸ ʜʦʩʪʦʠʥʩʪʚʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ: ʥʝʧʨʝ-
ʨʳʚʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʥʘʜʸʞʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʠ ʦʪʥʦʩʠ-
ʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ. ʆʜʥʘʢʦ ʵʪʘ ʞʝ ʪʝʭʥʦʣʦʛʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦ-
ʸʤʢʠʤ ʤʝʪʦʜʘʤ ʨʘʟʜʝʣʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʜʣʷ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩ-
ʧʘʨʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʩʤʝʩʠ ʚʝʱʝʩʪʚ. ʇʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʨʝʢʪʠʬʠʢʘʮʠʠ ʩʚʷʟʘʥʦ ʥʝ 
ʩʪʦʣʴʢʦ ʩ ʦʪʢʘʟʦʤ ʦʪ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʳʭ ʢʦʣʦʥʥ, ʩʢʦʣʴʢʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʪʝʧʣʦʚʦʡ 
ʠʥʪʝʛʨʘʮʠʝʡ, ʢʦʣʦʥʥʘʤʠ ʩ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʩʪʝʥʢʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʨʝʢʪʠʬʠʢʘʮʠʝʡ, ʢʦʤʙʠʥʠʨʦʚʘʥʠʝʤ ʩʭʝʤ 
ʩ ʤʝʤʙʨʘʥʘʤʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʢʦʥʪʘʢʪʥʳʭ ʫʩʪʨʦʡʩʪʚ [1, 2, 14]. 

ʎʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʟʘʥʠʤʘʝʪ ʩʨʝʜʠ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʦʩʦʙʦʝ ʤʝʩʪʦ. ʆʥʘ ʥʝ ʪʨʝʙʫʝʪ 
ʚʚʝʜʝʥʠʷ ʥʦʚʦʛʦ ʨʘʟʜʝʣʷʶʱʝʛʦ ʘʛʝʥʪʘ ʠ ʥʝ ʫʩʪʨʘʥʷʝʪ ʘʟʝʦʪʨʦʧʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʘʤʘ ʧʦ ʩʝʙʝ. ɽʸ 
ʩʤʳʩʣ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʨʫʛʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʘ ʠ ʞʠʜʢʦʩʪʠ ʚʥʫʪʨʠ ʢʦʣʦʥʥʳ. ɽʩʣʠ 
ʦʙʳʯʥʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʩʪʨʦʠʪʩʷ ʥʘ ʥʝʧʨʝʨʳʚʥʦʤ ʧʨʦʪʠʚʦʪʦʯʥʦʤ ʜʚʠʞʝʥʠʠ ʬʘʟ, ʪʦ ʮʠʢʣʠʯʝʩʢʘʷ ʪʝʭʥʦ-
ʣʦʛʠʷ ʨʝʘʣʠʟʫʝʪ ʨʘʟʜʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʬʘʟ: ʚ ʪʝʯʝʥʠʝ ʯʘʩʪʠ ʮʠʢʣʘ ʧʘʨ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʞʠʜʢʦʩʪʴ, ʫʜʝʨ-
ʞʠʚʘʝʤʫʶ ʥʘ ʪʘʨʝʣʢʘʭ, ʘ ʟʘʪʝʤ ʞʠʜʢʦʩʪʴ ʧʦʨʮʠʷʤʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʥʠʟ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʠ-
ʙʣʠʟʠʪʴ ʨʘʙʦʪʫ ʨʝʘʣʴʥʳʭ ʪʘʨʝʣʦʢ ʢ ʠʜʝʘʣʴʥʦʤʫ ʢʘʩʢʘʜʫ ʨʘʚʥʦʚʝʩʥʳʭ ʩʪʫʧʝʥʝʡ [1, 3, 4]. 

ɺ ʠʥʞʝʥʝʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʮʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʠʥʪʝʨʝʩʥʘ ʪʝʤ, ʯʪʦ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ 
ʢʣʘʩʩʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʦʮʝʩʩʦʤ. ɿʜʝʩʴ ʚʘʞʥʳ ʥʝ 
ʪʦʣʴʢʦ ʯʠʩʣʦ ʪʘʨʝʣʦʢ, ʜʠʘʤʝʪʨ ʢʦʣʦʥʥʳ ʠ ʬʣʝʛʤʦʚʦʝ ʯʠʩʣʦ, ʥʦ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ çʧʘʨʦʚʦʛʦè ʠ çʞʠʜ-
ʢʦʩʪʥʦʛʦè ʧʝʨʠʦʜʦʚ, ʚʝʣʠʯʠʥʘ çʞʠʜʢʦʩʪʥʦʡ ʟʘʜʝʨʞʢʠè, ʭʘʨʘʢʪʝʨ ʦʪʢʨʳʪʠʷ ʩʣʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʫʩʪʦʡ-
ʯʠʚʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ʇʦʵʪʦʤʫ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʯʘʤ 
ʧʨʦʮʝʩʩʦʚ ʠ ʘʧʧʘʨʘʪʦʚ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ɺ ʦʙʳʯʥʦʡ ʪʘʨʝʣʴʯʘʪʦʡ ʢʦʣʦʥʥʝ ʞʠʜʢʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦ ʩʪʝʢʘʝʪ ʚʥʠʟ ʯʝʨʝʟ ʩʣʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʘ 
ʧʘʨ ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʞʝʪʩʷ ʚʚʝʨʭ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ, ʢʣʘʧʘʥʳ ʠʣʠ ʢʦʣʧʘʯʢʠ ʪʘʨʝʣʢʠ. ʅʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʩʩʦʚ: ʙʘʨʙʦʪʘʞ ʧʘʨʘ, ʤʝʞʬʘʟʥʳʡ ʤʘʩʩʦʦʙʤʝʥ, ʧʝʨʝʤʝʰʠ-
ʚʘʥʠʝ ʞʠʜʢʦʩʪʠ, ʯʘʩʪʠʯʥʦʝ ʠʩʧʘʨʝʥʠʝ ʣʝʛʢʦʣʝʪʫʯʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʢʦʥʜʝʥʩʘʮʠʷ ʪʷʞʸʣʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʟ 
ʧʘʨʘ ʠ ʧʝʨʝʪʦʢ ʞʠʜʢʦʩʪʠ ʥʘ ʥʠʞʥʶʶ ʪʘʨʝʣʢʫ. ʊʘʢʘʷ ʩʭʝʤʘ ʧʨʦʩʪʘ, ʥʦ ʚ ʥʝʡ ʢʦʥʪʘʢʪ ʬʘʟ ʥʝʠʟʙʝʞʥʦ ʩʦʚ-
ʤʝʱʸʥ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʞʠʜʢʦʩʪʠ. 

ʎʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʨʘʟʜʝʣʷʝʪ ʵʪʠ ʬʫʥʢʮʠʠ ʚʦ ʚʨʝʤʝʥʠ. ɺ çʧʘʨʦʚʦʡè ʧʝʨʠʦʜ ʞʠʜʢʦʩʪʴ 
ʫʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʪʘʨʝʣʢʘʭ, ʘ ʚʦʩʭʦʜʷʱʠʡ ʧʘʨ ʙʘʨʙʦʪʠʨʫʝʪ ʯʝʨʝʟ ʥʝʸ. ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʧʨʦʠʩʭʦʜʠʪ ʦʩʥʦʚ-
ʥʘʷ ʯʘʩʪʴ ʤʝʞʬʘʟʥʦʛʦ ʤʘʩʩʦʦʙʤʝʥʘ. ɿʘʪʝʤ ʥʘʩʪʫʧʘʝʪ çʞʠʜʢʦʩʪʥʳʡè ʧʝʨʠʦʜ: ʜʚʠʞʝʥʠʝ ʧʘʨʘ ʨʝʟʢʦ 
ʫʤʝʥʴʰʘʝʪʩʷ ʠʣʠ ʚʨʝʤʝʥʥʦ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʠ ʞʠʜʢʦʩʪʴ ʧʦʨʮʠʷʤʠ ʩʣʠʚʘʝʪʩʷ ʥʘ ʥʠʞʝʣʝʞʘʱʠʝ ʩʪʫʧʝʥʠ. 
ɼʘʣʝʝ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʦʡ ʨʝʞʠʤ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ çseparate phase movementè, ʪʦ 
ʝʩʪʴ ʨʘʟʜʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʬʘʟ [1, 2]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʞʜʘʷ ʪʘʨʝʣʢʘ ʨʘʙʦʪʘʝʪ ʢʘʢ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʙʥʦʚʣʷʝʤʘʷ ʢʦʥʪʘʢʪʥʘʷ ʷʯʝʡʢʘ. 
ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʨʠʥʮʠʧ ʦʨʦʰʝʥʠʷ ʢʦʣʦʥʥʳ ʦʩʥʦʚʘʥ ʥʘ ʚʦʟʚʨʘʪʝ ʯʘʩʪʠ ʢʦʥʜʝʥʩʘʪʘ 

ʚ ʢʦʣʦʥʥʫ ʯʝʨʝʟ ʚʝʨʭʥʶʶ ʯʘʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʬʣʝʛʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ, ʘ 
ʧʘʨ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʢʫʙʝ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʩʭʦʜʷʱʠʡ ʧʦʪʦʢ. ʏʝʤ ʙʦʣʴʰʝ ʬʣʝʛʤʦʚʦʝ ʯʠʩʣʦ, ʪʝʤ ʚʳʰʝ 
ʨʘʟʜʝʣʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʣʦʥʥʳ, ʥʦ ʪʝʤ ʙʦʣʴʰʝ ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʢʠʧʷʪʠʣʴʥʠʢ ʠ ʢʦʥʜʝʥʩʘ-
ʪʦʨ. ʇʦʵʪʦʤʫ ʢʣʘʩʩʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʚʩʝʛʜʘ ʩʦʜʝʨʞʠʪ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʯʠʩʪʦʪʦʡ ʧʨʦʜʫʢʪʘ, ʯʠʩ-
ʣʦʤ ʩʪʫʧʝʥʝʡ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ. 

ʎʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʩʦʭʨʘʥʷʝʪ ʧʨʠʥʮʠʧ ʜʝʬʣʝʛʤʘʮʠʠ: ʧʘʨʦʚʘʷ ʩʤʝʩʴ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ, 
ʯʘʩʪʴ ʢʦʥʜʝʥʩʘʪʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʢʦʣʦʥʥʫ, ʘ ʯʘʩʪʴ ʦʪʙʠʨʘʝʪʩʷ ʢʘʢ ʜʠʩʪʠʣʣʷʪ. ʆʜʥʘʢʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʬʣʝʛʤʳ ʧʦ ʩʪʫʧʝʥʷʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʦʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɺ ʦʙʳʯʥʦʡ ʢʦʣʦʥʥʝ ʬʣʝʛʤʘ ʩʪʝ-
ʢʘʝʪ ʥʝʧʨʝʨʳʚʥʦ; ʚ ʮʠʢʣʠʯʝʩʢʦʡ ï ʞʠʜʢʦʩʪʴ ʧʝʨʝʤʝʱʘʝʪʩʷ ʜʠʩʢʨʝʪʥʦ, ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʘʨʦʚʦʛʦ ʢʦʥ-
ʪʘʢʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʧʨʦʜʦʣʴʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʡ ʩʪʫ-
ʧʝʥʠ ʧʨʠ ʪʦʤ ʞʝ ʦʙʱʝʤ ʧʨʠʥʮʠʧʝ ʨʝʢʪʠʬʠʢʘʮʠʠ [3, 4]. 

ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʮʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʥʝ ʤʝʥʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʦʩʥʦʚʫ ʢʣʘʩʩʠʯʝ-
ʩʢʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ. ɼʝʬʣʝʛʤʘʮʠʷ ʦʩʪʘʸʪʩʷ ʦʩʥʦʚʦʡ ʩʦʟʜʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʞʠʜʢʦʛʦ ʧʦʪʦʢʘ, ʙʝʟ ʢʦʪʦʨʦʛʦ 
ʥʝʚʦʟʤʦʞʥʘ ʨʝʢʪʠʬʠʢʘʮʠʷ. ʅʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʦʟʚʨʘʪ ʬʣʝʛʤʳ ʠ ʝʸ ʜʚʠʞʝʥʠʝ ʧʦ ʢʦʣʦʥʥʝ 
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XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʦʨʛʘʥʠʟʫʶʪʩʷ ʥʝ ʢʘʢ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ, ʘ ʢʘʢ ʫʧʨʘʚʣʷʝʤʦʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʞʠʜʢʦʩʪʠ. 
ʇʦʵʪʦʤʫ ʢʦʨʨʝʢʪʥʝʝ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʥʝ ʢʘʢ çʮʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷè, ʘ ʢʘʢ çʮʠʢʣʠʯʝʩʢʠʡ 
ʨʝʞʠʤ ʨʝʢʪʠʬʠʢʘʮʠʠè. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʝʢʪʠʬʠʢʘʮʠʝʡ ʦʥʘ ʜʦʙʘʚʣʷʝʪ ʝʱʸ ʦʜʥʫ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ï ʚʨʝ-
ʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʦʥʪʘʢʪʘ ʬʘʟ (ʪʘʙʣ. 1). ɽʩʣʠ ʚ ʦʙʳʯʥʦʡ ʢʦʣʦʥʥʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝ-
ʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʨʦʩʪʦʤ ʯʠʩʣʘ ʩʪʫʧʝʥʝʡ ʠʣʠ ʬʣʝʛʤʦʚʦʛʦ ʯʠʩʣʘ, ʪʦ ʚ ʮʠʢʣʠʯʝʩʢʦʡ 
ʢʦʣʦʥʥʝ ʯʘʩʪʴ ʚʳʠʛʨʳʰʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʟʘ ʩʯʸʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʫʞʝ ʠʤʝʶʱʠʭʩʷ 
ʩʪʫʧʝʥʝʡ [5, 8, 9]. 

 
ʋʙʚʤʡʯʙ 1  

ʊʩʙʛʦʞʦʡʞ ʧʚʴʰʦʧʢ ʩʞʣʫʡʭʡʣʙʯʡʡ ʡ ʯʡʣʤʡʰʞʪʣʧʢ ʩʞʣʫʡʭʡʣʙʯʡʡ 

ʇʨʠʟʥʘʢ ʂʣʘʩʩʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʎʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ 

ɼʚʠʞʝʥʠʝ ʬʘʟ 
ʇʘʨ ʠ ʞʠʜʢʦʩʪʴ ʜʚʠʞʫʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʠ ʦʜ-
ʥʦʚʨʝʤʝʥʥʦ 

ʇʘʨʦʚʦʡ ʢʦʥʪʘʢʪ ʠ ʩʣʠʚ ʞʠʜʢʦ-
ʩʪʠ ʨʘʟʜʝʣʝʥʳ ʧʦ ʚʨʝʤʝʥʠ 

ʈʦʣʴ ʬʣʝʛʤʳ 
ʌʣʝʛʤʘ ʥʝʧʨʝʨʳʚʥʦ ʩʪʝʢʘʝʪ ʚʥʠʟ ʧʦ ʢʦʣʦʥ-
ʥʝ 

ʌʣʝʛʤʘ ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʠʦʜʠʯʝ-
ʩʢʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʞʠʜʢʦʩʪʠ 

ʂʦʥʪʘʢʪʥʘʷ ʩʪʫʧʝʥʴ 
ʆʜʥʦʚʨʝʤʝʥʥʦ ʢʦʥʪʘʢʪʠʨʫʝʪ ʠ ʧʨʦʧʫʩʢʘʝʪ 
ʞʠʜʢʦʩʪʴ 

ʉʥʘʯʘʣʘ ʫʜʝʨʞʠʚʘʝʪ ʞʠʜʢʦʩʪʴ, 
ʟʘʪʝʤ ʩʙʨʘʩʳʚʘʝʪ ʝʸ 

ɸʧʧʘʨʘʪʥʘʷ ʩʣʦʞ-
ʥʦʩʪʴ 

ʅʠʞʝ, ʩʪʘʥʜʘʨʪʥʳʝ ʪʘʨʝʣʢʠ ʠʣʠ ʥʘʩʘʜʢʠ 
ɺʳʰʝ, ʥʫʞʥʳ ʩʧʝʮʠʘʣʴʥʳʝ 
ʩʣʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ɻʣʘʚʥʳʡ ʩʧʦʩʦʙ  
ʫʩʠʣʝʥʠʷ 

ʈʦʩʪ ʯʠʩʣʘ ʩʪʫʧʝʥʝʡ ʠʣʠ ʬʣʝʛʤʦʚʦʛʦ ʯʠʩʣʘ 
ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫ-
ʱʝʩʪʚʫʶʱʠʭ ʩʪʫʧʝʥʝʡ 

ʆʛʨʘʥʠʯʝʥʠʝ ʧʦ 
ʘʟʝʦʪʨʦʧʫ 

ʅʝ ʧʨʝʦʜʦʣʝʚʘʝʪ ʙʝʟ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 
ʊʘʢʞʝ ʥʝ ʧʨʝʦʜʦʣʝʚʘʝʪ, ʥʦ ʤʦ-
ʞʝʪ ʫʩʠʣʠʚʘʪʴ ʛʠʙʨʠʜʥʳʝ ʩʭʝʤʳ 

 
ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʮʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʥʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʪʘ-

ʨʝʣʴʯʘʪʳʭ ʢʦʣʦʥʥʘʭ. ʀʤʝʥʥʦ ʪʘʨʝʣʢʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʦʧʨʝʜʝʣʸʥʥʦʝ ʟʘʜʝʨʞʠʚʘʥʠʝ 
ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, ʦʨʛʘʥʠʟʦʚʘʪʴ ʙʘʨʙʦʪʘʞ ʧʘʨʘ ʠ ʟʘʪʝʤ ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʩʣʠʚ ʞʠʜʢʦʩʪʠ. 
ʅʘʩʘʜʦʯʥʳʝ ʢʦʣʦʥʥʳ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʪʠʚʦʪʦʯʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 
ʭʫʞʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʫʜʝʨʞʘʥʠʷ ʠ ʧʦʨʮʠʦʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʇʦʵʪʦʤʫ ʮʠʢʣʠʯʝʩʢʘʷ 
ʪʝʭʥʦʣʦʛʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʘ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʪʘʨʝʣʢʘʤʠ ʠ ʢʣʘʧʘʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ [1, 6]. 

ʂʣʶʯʝʚʘʷ ʟʘʜʘʯʘ ʢʦʥʪʘʢʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ï ʫʜʝʨʞʘʪʴ ʞʠʜʢʦʩʪʴ ʚ ʧʘʨʦʚʦʡ ʧʝʨʠʦʜ ʠ ʙʳʩʪʨʦ, ʥʦ 
ʨʘʚʥʦʤʝʨʥʦ ʫʜʘʣʠʪʴ ʝʸ ʚ ʞʠʜʢʦʩʪʥʳʡ ʧʝʨʠʦʜ. ɺ ʧʘʨʦʚʦʡ ʧʝʨʠʦʜ ʜʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʧʘʨʘ ʜʦʣʞʥʳ 
ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʙʘʨʙʦʪʘʞʘ, ʥʦ ʥʝ ʜʦʣʞʥʳ ʚʳʟʳʚʘʪʴ ʯʨʝʟʤʝʨʥʳʡ ʫʥʦʩ ʢʘʧʝʣʴ ʠ ʟʘʭʣʸʙʳʚʘʥʠʝ. 
ɺ ʧʝʨʠʦʜ ʩʪʝʢʘʥʠʷ ʞʠʜʢʦʩʪʠ ʩʣʠʚ ʜʦʣʞʝʥ ʧʨʦʠʩʭʦʜʠʪʴ ʩʠʥʭʨʦʥʥʦ ʧʦ ʚʳʩʦʪʝ ʢʦʣʦʥʥʳ, ʠʥʘʯʝ ʯʘʩʪʴ ʪʘ-
ʨʝʣʦʢ ʙʫʜʝʪ ʧʝʨʝʧʦʣʥʷʪʴʩʷ, ʘ ʯʘʩʪʴ ï ʨʘʙʦʪʘʪʴ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʟʘʜʝʨʞʢʦʡ. ʇʦʵʪʦʤʫ ʢʦʥ-
ʩʪʨʫʢʮʠʷ ʩʣʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦʡ, ʯʝʤ ʧʣʦʱʘʜʴ ʦʪʚʝʨʩʪʠʡ ʠʣʠ ʚʳʩʦʪʘ ʧʝʨʝʣʠ-
ʚʘ ʚ ʦʙʳʯʥʦʡ ʪʘʨʝʣʢʝ. 

ɺ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʵʣʝʤʝʥʪʦʚ: ʧʦʚʝʨʭʥʦʩʪʴ ʪʘʨʝʣʢʠ ʩ ʦʪʚʝʨʩʪʠʷʤʠ 
ʠʣʠ ʢʣʘʧʘʥʘʤʠ ʜʣʷ ʧʨʦʭʦʜʘ ʧʘʨʘ, ʦʙʲʸʤ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʩʣʠʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʩʪʘʥʦ-
ʚʠʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠʤʝʥʥʦ ʚ ʞʠʜʢʦʩʪʥʳʡ ʧʝʨʠʦʜ, ʠ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʩʝʧʘʨʘʮʠʠ 
ʢʘʧʝʣʴ. ɺ ʨʝʘʢʪʠʚʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ ʢ ʵʪʠʤ ʵʣʝʤʝʥʪʘʤ ʜʦʙʘʚʣʷʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʟʦʥʘ: 
ʢʘʪʘʣʠʟʘʪʦʨ ʤʦʞʝʪ ʨʘʟʤʝʱʘʪʴʩʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ, ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 
ʥʘʩʘʜʢʝ ʠʣʠ ʚ ʚʠʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʘ ʪʘʨʝʣʢʝ [11, 13]. 

ʆʩʦʙʝʥʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʟ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʘʨʦʚʦʡ ʧʦʪʦʢ ʚ ʮʠʢʣʠʯʝʩʢʦʡ ʢʦʣʦʥʥʝ ʚʳ-
ʧʦʣʥʷʝʪ ʩʨʘʟʫ ʜʚʝ ʬʫʥʢʮʠʠ. ʇʝʨʚʘʷ ï ʤʘʩʩʦʦʙʤʝʥʥʘʷ: ʧʘʨ ʦʙʦʛʘʱʘʝʪʩʷ ʣʝʛʢʦʣʝʪʫʯʠʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʘ 
ʞʠʜʢʦʩʪʴ ï ʪʨʫʜʥʦʣʝʪʫʯʠʤ. ɺʪʦʨʘʷ ïʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ: ʧʘʨ ʧʦʤʦʛʘʝʪ ʫʜʝʨʞʠʚʘʪʴ ʞʠʜʢʦʩʪʴ ʥʘ ʪʘʨʝʣʢʝ 
ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʸ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʩʣʠʚʫ. ʂʦʛʜʘ ʧʘʨʦʚʦʡ ʧʦʪʦʢ ʫʤʝʥʴʰʘʝʪʩʷ, ʫʜʝʨʞʠʚʘʶʱʠʡ ʵʬ-
ʬʝʢʪ ʠʩʯʝʟʘʝʪ, ʠ ʞʠʜʢʦʩʪʴ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʥʠʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʴʶ ʤʝ-
ʭʘʥʠʟʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ. 
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ɺ ʦʙʳʯʥʦʡ ʪʘʨʝʣʴʯʘʪʦʡ ʢʦʣʦʥʥʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʫʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʥʘʩʢʦʣʴʢʦ ʙʣʠʟʢʦ 
ʚʳʭʦʜʷʱʠʝ ʩ ʥʝʸ ʧʘʨ ʠ ʞʠʜʢʦʩʪʴ ʧʦʜʭʦʜʷʪ ʢ ʬʘʟʦʚʦʤʫ ʨʘʚʥʦʚʝʩʠʶ. ʅʘ ʵʪʦ ʚʣʠʷʶʪ ʤʝʞʬʘʟʥʘʷ ʧʦʚʝʨʭ-
ʥʦʩʪʴ, ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʚʳʩʦʪʘ ʚʩʧʝʥʝʥʥʦʛʦ ʩʣʦʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘ 
ʧʦ ʧʣʦʱʘʜʠ ʪʘʨʝʣʢʠ ʠ ʥʘʣʠʯʠʝ ʟʘʩʪʦʡʥʳʭ ʟʦʥ. ʅʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʞʠʜʢʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʞʝʪʩʷ ʢ ʩʣʠ-
ʚʫ, ʧʦʵʪʦʤʫ ʯʘʩʪʴ ʝʸ ʤʦʞʝʪ ʧʦʢʠʥʫʪʴ ʪʘʨʝʣʢʫ, ʥʝ ʜʦʩʪʠʛʥʫʚ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʧʘʨʦʤ. 

ɺ ʮʠʢʣʠʯʝʩʢʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ ʞʠʜʢʦʩʪʴ ʚʦ ʚʨʝʤʷ çʧʘʨʦʚʦʛʦè ʧʝʨʠʦʜʘ ʫʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʩʪʫʧʝʥʠ. 
ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʣʝʟʥʦʝ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʠʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʦʙʲʸʤ ʪʘ-
ʨʝʣʢʠ. ʇʘʨ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʳʡ ʩʣʦʡ ʞʠʜʢʦʩʪʠ, ʩʦʟʜʘʚʘʷ ʧʫʟʳʨʴʢʦʚʫʶ ʠʣʠ ʧʝʥ-
ʥʦ-ʙʘʨʙʦʪʘʞʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʄʝʞʬʘʟʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʟʳʨʴʢʘʤʠ ʧʘʨʘ, ʘ ʩʦʩʪʘʚ ʞʠʜʢʦʩʪʠ 
ʤʝʥʷʝʪʩʷ ʟʘ ʩʯʸʪ ʠʩʧʘʨʝʥʠʷ ʣʝʛʢʦʣʝʪʫʯʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʙʦʣʝʝ ʪʷʞʸʣʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʟ 
ʧʘʨʘ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʦʥʪʘʢʪʘ ʞʠʜʢʦʩʪʴ ʩ ʫʞʝ ʠʟʤʝʥʸʥʥʳʤ ʩʦʩʪʘʚʦʤ ʧʝʨʝʭʦʜʠʪ ʥʘ ʥʠʞʥʶʶ ʩʪʫʧʝʥʴ. 

ʉ ʠʥʞʝʥʝʨʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʘʢʦʡ ʨʝʞʠʤ ʫʤʝʥʴʰʘʝʪ ñʨʘʟʤʘʟʳʚʘʥʠʝò ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʨʦʬʠʣʷ 
ʧʦ ʚʳʩʦʪʝ ʢʦʣʦʥʥʳ. ɺ ʦʙʳʯʥʦʡ ʢʦʣʦʥʥʝ ʥʝʧʨʝʨʳʚʥʳʡ ʩʣʠʚ ʠ ʚʦʟʤʦʞʥʦʝ ʦʙʨʘʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ 
ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʨʝʘʣʴʥʘʷ ʢʦʣʦʥʥʘ ʨʘʙʦʪʘʝʪ ʭʫʞʝ ʠʜʝʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ. ɺ ʮʠʢʣʠʯʝʩʢʦʤ 
ʨʝʞʠʤʝ ʞʠʜʢʦʩʪʴ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦʨʮʠʷʤʠ, ʧʦʵʪʦʤʫ ʧʨʦʬʠʣʴ ʩʦʩʪʘʚʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʪʫʧʝʥʯʘʪʳʤ. 
ʀʤʝʥʥʦ ʵʪʦ ʦʙʲʷʩʥʷʝʪ ʩʦʦʙʱʝʥʠʷ ʦ ʨʦʩʪʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʦʣʫʯʝʥʠʷ ʪʦʡ ʞʝ ʯʠʩʪʦʪʳ ʧʨʠ ʤʝʥʴʰʝʤ ʯʠʩʣʝ ʬʠʟʠʯʝʩʢʠʭ ʪʘʨʝʣʦʢ [3, 8]. 

ʇʨʠ ʵʪʦʤ ʮʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʚʥʦʤʝʨʥʦʩʪʠ 
ʢʦʥʪʘʢʪʘ. ɽʩʣʠ ʧʘʨ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʯʘʩʪʴ ʞʠʜʢʦʩʪʠ ʙʫʜʝʪ ʠʥʪʝʥʩʠʚʥʦ ʙʘʨʙʦʪʠʨʦʚʘʪʴʩʷ, 
ʘ ʯʘʩʪʴ ʦʩʪʘʥʝʪʩʷ ʟʘʩʪʦʡʥʦʡ. ɽʩʣʠ ʩʣʠʚ ʧʨʦʠʩʭʦʜʠʪ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʚʦʟʥʠʢʥʫʪ ʧʝʨʝʣʠʚʳ, ʧʨʦʚʘʣʳ ʞʠʜ-
ʢʦʩʪʠ ʠ ʥʘʨʫʰʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ʇʦʵʪʦʤʫ ʢʘʯʝʩʪʚʦ ʢʦʥʪʘʢʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʮʠʢʣʠʯʝʩʢʦʡ ʪʝʭ-
ʥʦʣʦʛʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʦ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʜʥʦʨʦʜʥʦ-
ʩʪʴʶ ʨʘʙʦʪʳ ʪʘʨʝʣʦʢ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʩʠʪʯʘʪʳʤʠ ʠ ʢʣʘʧʘʥʥʳʤʠ ʪʘʨʝʣʢʘʤʠ, ʪʘʨʝʣʢʠ ʜʣʷ ʮʠʢʣʠʯʝʩʢʦʡ ʨʝʢ-
ʪʠʬʠʢʘʮʠʠ ʩʣʦʞʥʝʝ, ʥʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʠ ʪʨʫʜʥʳʭ ʨʘʟʜʝʣʝʥʠʷʭ. ʆʙʳʯʥʘʷ ʪʘʨʝʣʢʘ ʨʘʩ-
ʩʯʠʪʘʥʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʫʶ ʨʘʙʦʪʫ: ʯʝʨʝʟ ʥʝʸ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʭʦʜʷʪ ʧʘʨ ʠ ʞʠʜʢʦʩʪʴ. ʎʠʢʣʠʯʝʩʢʘʷ ʪʘ-
ʨʝʣʢʘ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʢʘʢ ʫʜʝʨʞʠʚʘʶʱʠʡ ʢʦʥʪʘʢʪʥʳʡ ʦʙʲʸʤ ʚ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʛʦ 
ʧʨʦʭʦʞʜʝʥʠʷ ʧʘʨʘ ʠ ʢʘʢ ʙʳʩʪʨʦ ʦʧʦʨʦʞʥʷʝʤʘʷ ʩʪʫʧʝʥʴ ʚ ʧʝʨʠʦʜ ʩʣʠʚʘ ʞʠʜʢʦʩʪʠ. ʇʦʵʪʦʤʫ ʝʸ ʧʨʦʝʢʪʠ-
ʨʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʫʯʸʪʘ ʥʝ ʪʦʣʴʢʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʦ ʠ ʜʠʥʘʤʠʢʠ ʧʝʨʝʢʣʶʯʝʥʠʷ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʩʘʜʦʯʥʳʤʠ ʢʦʣʦʥʥʘʤʠ ʮʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ 
ʫʧʨʘʚʣʷʝʤʦʡ ʞʠʜʢʦʩʪʥʦʡ ʟʘʜʝʨʞʢʠ. ʅʘʩʘʜʢʘ ʩʦʟʜʘʸʪ ʙʦʣʴʰʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʠ ʥʠʟʢʦʝ ʛʠʜʨʘʚ-
ʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʥʦ ʞʠʜʢʦʩʪʴ ʚ ʥʝʡ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʝʯʸʪ ʥʝʧʨʝʨʳʚʥʦ. ɼʣʷ 
ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʵʪʦ ʥʝʫʜʦʙʥʦ: ʩʣʦʞʥʦ ʦʩʪʘʥʦʚʠʪʴ ʞʠʜʢʦʩʪʴ ʥʘ ʢʘʞʜʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʠ 
ʟʘʪʝʤ ʩʠʥʭʨʦʥʥʦ ʧʝʨʝʤʝʩʪʠʪʴ ʝʸ ʚʥʠʟ. ʇʦʵʪʦʤʫ ʥʘʩʘʜʢʠ ʦʩʪʘʶʪʩʷ ʩʠʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʵʥʝʨʛʦʵʬ-
ʬʝʢʪʠʚʥʦʡ ʥʝʧʨʝʨʳʚʥʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ, ʥʦ ʥʝ ʷʚʣʷʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʘʧʧʘʨʘʪʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟ-
ʜʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʬʘʟ. 

ɻʠʙʨʠʜʥʳʝ ʘʧʧʘʨʘʪʳ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʚ ʢʦʣʦʥʥʝ ʤʦʛʫʪ ʩʦʯʝʪʘʪʴ-
ʩʷ ʦʙʳʯʥʳʝ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʳʝ ʩʝʢʮʠʠ ʠ ʮʠʢʣʠʯʝʩʢʘʷ ʩʝʢʮʠʷ ʚ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʦʥʝ ʨʘʟʜʝʣʝ-
ʥʠʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʦ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ: ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʧʝʨʝʚʦʜʠʪʴ ʚʩʶ ʢʦʣʦʥʥʫ ʥʘ ʮʠʢʣʠʯʝ-
ʩʢʠʡ ʨʝʞʠʤ. ʀʥʦʛʜʘ ʜʦʩʪʘʪʦʯʥʦ ʟʘʤʝʥʠʪʴ ʚʥʫʪʨʝʥʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʟʦʥʝ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʪʘʢʪʘ, ʩʦʭʨʘʥʠʚ ʦʙʳʯʥʳʝ ʫʢʨʝʧʣʷʶʱʫʶ ʠ ʠʩʯʝʨʧʳʚʘʶʱʫʶ ʩʝʢʮʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ 
ʜʝʣʘʝʪ ʪʝʭʥʦʣʦʛʠʶ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʦʡ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ [5, 10]. 

ʎʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, ʥʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-
ʥʫʶ ʘʨʛʫʤʝʥʪʘʮʠʶ. ʇʠʣʦʪʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʳʚʘʣʠ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʠ ʩʥʠʞʝ-
ʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʢʦʣʦʥʥʳ. ʆʩʦʙʝʥʥʦ ʯʘʩʪʦ ʚ ʣʠʪʝʨʘ-
ʪʫʨʝ ʦʙʩʫʞʜʘʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʳʭ ʩʤʝʩʝʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʪʘʢʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ [8, 9]. 

ʇʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʘʥ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦ-
ʣʦʥʥ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʫʩʪʘʥʦʚʢʘ ʮʠʢʣʠʯʝʩʢʠʭ ʪʘʨʝʣʦʢ ʤʦʞʝʪ ʙʳʪʴ ʜʝʰʝʚʣʝ, ʯʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʦʡ 
ʢʦʣʦʥʥʳ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʠʣʠ ʚʳʩʦʪʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʝʥ, ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 
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XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʦʛʨʘʥʠʯʝʥʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʜʝʡʩʪʚʫʶʱʝʡ ʢʦʣʦʥʥʳ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʬʣʝʛʤʦʚʦʛʦ ʯʠʩʣʘ ʧʨʠʚʦʜʠʪ ʢ 
ʯʨʝʟʤʝʨʥʦʤʫ ʨʦʩʪʫ ʵʥʝʨʛʦʟʘʪʨʘʪ [5, 10]. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝʣʴʟʷ ʧʝʨʝʥʝʩʪʠ ʥʘ ʣʶʙʳʝ ʩʤʝʩʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʕʬʬʝʢʪ 
ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʣʝʪʫʯʝʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʷʟʢʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 
ʥʘʪʷʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʩʢʣʦʥʥʦʩʪʠ ʢ ʚʩʧʝʥʠʚʘʥʠʶ, ʜʦʧʫʩʪʠʤʦʡ ʩʢʦʨʦʩʪʠ ʧʘʨʘ, ʢʦʥʩʪʨʫʢʮʠʠ ʪʘʨʝʣʦʢ ʠ 
ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʧʨʘʚʣʝʥʠʶ. ʇʦʵʪʦʤʫ ʢʘʞʜʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʟʘʜʘʯʘ ʪʨʝʙʫʝʪ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ 
ʩʨʘʚʥʝʥʠʷ ʩ ʦʙʳʯʥʦʡ ʨʝʢʪʠʬʠʢʘʮʠʝʡ, ʥʘʩʘʜʦʯʥʦʡ ʢʦʣʦʥʥʦʡ, ʪʝʧʣʦʚʦʡ ʠʥʪʝʛʨʘʮʠʝʡ, ʵʢʩʪʨʘʢʪʠʚʥʦʡ ʨʝʢ-
ʪʠʬʠʢʘʮʠʝʡ ʠʣʠ ʜʨʫʛʠʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ. 

ʆʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʮʠʢʣʠʯʝʩʢʘʷ ʨʝʘʢʪʠʚʥʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ. ɺ ʦʙʳʯʥʦʡ ʨʝʘʢʪʠʚʥʦʡ ʨʝʢʪʠ-
ʬʠʢʘʮʠʠ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʠ ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʪʝʢʘʶʪ ʚ ʦʜʥʦʡ ʢʦʣʦʥʥʝ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 
ʩʤʝʱʘʪʴ ʨʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ ʟʘ ʩʯʸʪ ʫʜʘʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ. ɺ ʮʠʢʣʠʯʝʩʢʦʡ ʨʝʘʢ-
ʪʠʚʥʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ ʢ ʵʪʦʤʫ ʜʦʙʘʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʝʤʦʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʨʝʘʢʮʠʦʥʥʦʡ 
ʩʪʫʧʝʥʠ. ɺʦ ʚʨʝʤʷ ʧʘʨʦʚʦʛʦ ʧʝʨʠʦʜʘ ʞʠʜʢʦʩʪʴ ʥʝ ʩʪʝʢʘʝʪ, ʧʦʵʪʦʤʫ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʠʜʪʠ ʚ ʫʜʝʨʞʘʥʥʦʤ 
ʦʙʲʸʤʝ, ʘ ʧʘʨ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʜʘʣʷʝʪ ʙʦʣʝʝ ʣʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʊʘʢʦʡ ʨʝʞʠʤ ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʝʥ ʜʣʷ ʨʘʚʥʦʚʝʩʥʳʭ ʨʝʘʢʮʠʡ: ʵʪʝʨʠʬʠʢʘʮʠʠ, ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ, 
ʩʠʥʪʝʟʘ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ, ʘʮʝʪʘʣʠʟʘʮʠʠ ʠ ʥʝʢʦʪʦʨʳʭ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʚʘʞʥʦ 
ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʪʘʢʪ ʨʝʘʛʝʥʪʦʚ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʥʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʫʜʘʣʠʪʴ ʧʨʦʜʫʢʪ, ʦʛʨʘʥʠ-
ʯʠʚʘʶʱʠʡ ʨʘʚʥʦʚʝʩʠʝ. ʎʠʢʣʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʞʜʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʪʘ-
ʨʝʣʢʫ ʢʘʢ ʨʝʘʢʮʠʦʥʥʫʶ ʟʦʥʫ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʧʘʨʦʚʳʤ ʚʳʥʦʩʦʤ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ [11, 13]. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʮʠʢʣʠʯʝʩʢʦʡ ʨʝʘʢʪʠʚʥʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ ʥʝʟʘʚʠ-
ʩʠʤʦ ʫʧʨʘʚʣʷʪʴ ʚʨʝʤʝʥʝʤ ʨʝʘʢʮʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʨʘʟʜʝʣʝʥʠʷ. ɺ ʦʙʳʯʥʦʡ ʢʦʣʦʥʥʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝ-
ʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʞʠʜʢʦʩʪʥʦʡ ʟʘʜʝʨʞʢʠ ʠ ʤʦʞʝʪ ʫʭʫʜʰʠʪʴ ʛʠʜʨʘʚʣʠʢʫ. ɺ ʮʠʢʣʠ-
ʯʝʩʢʦʡ ʢʦʣʦʥʥʝ ʯʘʩʪʴ ʵʪʦʡ ʟʘʜʘʯʠ ʨʝʰʘʝʪʩʷ ʨʝʞʠʤʦʤ: ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʘʨʦʚʦʛʦ ʧʝʨʠʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪ 
ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʠ ʨʝʘʢʮʠʠ, ʘ ʞʠʜʢʦʩʪʥʳʡ ʧʝʨʠʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʥʘ 
ʩʣʝʜʫʶʱʫʶ ʩʪʫʧʝʥʴ. 

ʎʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʨʘʟʨʫʰʝʥʠʷ ʘʟʝʦʪʨʦʧʘ. ɽʩ-
ʣʠ ʩʤʝʩʴ ʦʙʨʘʟʫʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʡ ʘʟʝʦʪʨʦʧ, ʪʦ ʧʨʦʩʪʦʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʢʦʥʪʘʢʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʝ ʧʦʟʚʦʣʠʪ ʧʝʨʝʩʝʯʴ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʫʶ ʛʨʘʥʠʮʫ. ʕʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ 
ʦʪ ʵʢʩʪʨʘʢʪʠʚʥʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ ʠ ʨʝʢʪʠʬʠʢʘʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʝʤ, ʛʜʝ ʨʘʚʥʦʚʝʩʠʝ ʠʟʤʝʥʷ-
ʝʪʩʷ ʟʘ ʩʯʸʪ ʜʦʙʘʚʢʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʦʡ ʞʠʜʢʦʡ ʬʘʟʳ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʮʠʢʣʠʯʝʩʢʠʡ ʨʝʞʠʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʚ ʛʠʙʨʠʜʥʳʭ ʩʭʝʤʘʭ ʨʘʟʜʝʣʝʥʠʷ ʘʟʝʦ-
ʪʨʦʧʥʳʭ ʩʤʝʩʝʡ. ʅʘʧʨʠʤʝʨ, ʚ ʵʢʩʪʨʘʢʪʠʚʥʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ ʦʥ ʩʧʦʩʦʙʝʥ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥ-
ʪʘʢʪʘ ʤʝʞʜʫ ʧʘʨʦʤ, ʞʠʜʢʦʩʪʴʶ ʠ ʵʢʩʪʨʘʢʪʠʚʥʳʤ ʘʛʝʥʪʦʤ. ɺ ʨʝʘʢʪʠʚʥʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ ʦʥ ʤʦʞʝʪ ʫʩʠʣʠʪʴ 
ʣʦʢʘʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʧʨʦʜʫʢʪʘ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʤʦʯʴ ʦʙʦʡʪʠ ʨʘʚʥʦʚʝʩʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʨʝʘʢʮʠʠ.  

ɻʣʘʚʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʮʠʢʣʠʯʝʩʢʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ ʩʚʷʟʘʥʳ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʥʘʜʸʞʥʳʭ ʢʦʥʪʘʢʪʥʳʭ 
ʫʩʪʨʦʡʩʪʚ, ʜʠʥʘʤʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʛʠʙʨʠʜʥʳʭ ʧʨʦʮʝʩʩʘʭ. ɼʣʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʪʘʢʠʝ ʚʦʧʨʦʩʳ, ʢʘʢ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʣʠʚʘ ʞʠʜʢʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʧʝʨʝ-
ʤʝʥʥʦʡ ʥʘʛʨʫʟʢʝ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʫʩʪʨʦʡʩʪʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʯʠʩʪʢʠ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ. 
ɹʝʟ ʨʝʰʝʥʠʷ ʵʪʠʭ ʘʧʧʘʨʘʪʥʳʭ ʚʦʧʨʦʩʦʚ ʪʝʭʥʦʣʦʛʠʷ ʦʩʪʘʥʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʠʣʦʪʥʦʡ ʠ ʠʩʩʣʝʜʦ-
ʚʘʪʝʣʴʩʢʦʡ. 

ʉ ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʢʣʘʩʩʠʯʝʩʢʘʷ ʨʝʢʪʠ-
ʬʠʢʘʮʠʷ ʧʨʦʪʠʚ ʮʠʢʣʠʯʝʩʢʦʡ; ʢʣʘʩʩʠʯʝʩʢʘʷ ʨʝʘʢʪʠʚʥʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʧʨʦʪʠʚ ʮʠʢʣʠʯʝʩʢʦʡ ʨʝʘʢʪʠʚʥʦʡ; 
ʥʘʩʘʜʦʯʥʘʷ ʢʦʣʦʥʥʘ ʧʨʦʪʠʚ ʪʘʨʝʣʴʯʘʪʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʩʝʢʮʠʠ. ʀʤʝʥʥʦ ʪʘʢʠʝ ʩʨʘʚʥʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦ-
ʢʘʟʘʪʴ ʨʝʘʣʴʥʦʝ ʤʝʩʪʦ ʪʝʭʥʦʣʦʛʠʠ ʩʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʨʘʟʜʝʣʝʥʠʷ. 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʩʪʫʧʝʥʠ: ʢʘʢ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʘʨʦʚʦʛʦ ʧʝʨʠʦʜʘ, ʞʠʜ-
ʢʦʩʪʥʘʷ ʟʘʜʝʨʞʢʘ, ʚʳʩʦʪʘ ʚʩʧʝʥʝʥʥʦʛʦ ʩʣʦʷ, ʩʢʦʨʦʩʪʴ ʧʘʨʘ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʩʣʠʚʘ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʤʘʩʩʦʧʝʨʝʜʘʯʠ. ɺ ʪʘʢʦʤ ʚʠʜʝ ʮʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʧʨʦʩʪʦ ʚʘʨʠʘʥʪʦʤ ʨʝʢ-
ʪʠʬʠʢʘʮʠʠ, ʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʟʘʜʘʯʝʡ ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʎʠʢʣʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʨʝʤʝʥʥʳʡ ʩʧʦʩʦʙ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʝʢʪʠʬʠ-
ʢʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʟʜʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʧʘʨʘ ʠ ʞʠʜʢʦʩʪʠ. ʆʥʘ ʥʝ ʤʝ-
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ʥʷʝʪ ʦʙʱʠʡ ʧʨʠʥʮʠʧ ʩʦʟʜʘʥʠʷ ʚʦʩʭʦʜʷʱʝʛʦ ʧʘʨʦʚʦʛʦ ʠ ʥʠʩʭʦʜʷʱʝʛʦ ʞʠʜʢʦʛʦ ʧʦʪʦʢʦʚ, ʥʦ ʠʟʤʝʥʷʝʪ 
ʚʨʝʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ. çʇʘʨʦʚʦʡè ʧʝʨʠʦʜ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʤʘʩʩʦʦʙʤʝʥʘ ʯʝʨʝʟ ʫʜʝʨʞʠʚʘʝʤʫʶ ʞʠʜʢʦʩʪʴ, ʘ çʞʠʜʢʦʩʪʥʳʡè ʧʝʨʠʦʜ ï
ʜʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦ ʩʪʫʧʝʥʷʤ. 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʘʥʦ ʩ ʢʦʥʪʘʢʪʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ: ʮʠʢʣʠʯʝʩʢʠʝ ʪʘʨʝʣʢʠ 
ʩʧʦʩʦʙʥʳ ʫʤʝʥʴʰʠʪʴ ʦʙʨʘʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʫʧʝʥʠ ʠ ʧʨʠʙʣʠʟʠʪʴ ʨʘʙʦʪʫ 
ʢʦʣʦʥʥʳ ʢ ʠʜʝʘʣʴʥʦʤʫ ʢʘʩʢʘʜʫ. ʇʨʠ ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʷ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʫʩʪʨʦʡʩʪʚ, ʪʦʯ-
ʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʩʪʦʨʦʞʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʆʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳ ʛʠʙʨʠʜʥʳʝ ʚʘʨʠʘʥʪʳ: ʮʠʢ-
ʣʠʯʝʩʢʘʷ ʨʝʘʢʪʠʚʥʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ, ʮʠʢʣʠʯʝʩʢʘʷ ʵʢʩʪʨʘʢʪʠʚʥʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʪʜʝʣʴ-
ʥʳʭ ʩʝʢʮʠʡ ʜʝʡʩʪʚʫʶʱʠʭ ʢʦʣʦʥʥ. 
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ɹbstract: The article discusses methods for analyzing the production of oil reserves: field and geophysical 
studies of wells, the construction of displacement characteristics, the division of the field into blocks with differ-
ent properties, and describes measures that increase the oil recovery coefficient and the efficiency of reserves 
production.  
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ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʦʙʲʝʢʪʘ ʨʘʟʨʘʙʦʪʢʠ ɹʇ8 ʊʘʨʘʩʦʚʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʠʟʢʫʶ ʚʳʨʘ-
ʙʦʪʢʫ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʧʨʠ ʚʳʩʦʢʦʡ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʜʦʙʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ ʦʪʣʦʞʝʥʠʡ (ʬʘʮʠʷ 
ʙʘʨʦʚ ʠ ʬʘʮʠʷ ʧʦʜʚʦʜʥʳʭ ʚʘʣʦʚ). ʆʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʦʙʲʝʢʪʘ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʣʘʩʪʘ, 
ʥʝʬʪʝʥʘʩʳʱʝʥʥʳʝ ʪʦʣʱʠʥʳ ʥʠʟʘ ʦʙʲʝʢʪʘ ʥʝ ʧʨʝʚʳʰʘʶʪ 2 ʤʝʪʨʦʚ [1, ʩ. 86]. 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʥʠʟʢʘʷ ʚʳʨʘʙʦʪʢʘ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʩʚʷʟʘʥʘ ʩʦ ʩʣʦʠʩʪʦʡ ʥʝʦʜʥʦʨʦʜʥʦ-
ʩʪʴʶ ʢʦʣʣʝʢʪʦʨʘ ʧʦ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʧʨʦʚʝʨʛʥʫʪʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʦʤʳʩʣʦʚʦ-
ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʣʘʩʪ ʨʘʟʜʝʣʝʥ ʥʘ ʫʯʘʩʪʢʠ ʩ ʮʝʣʴʶ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘ-
ʣʠʟʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʨʘʟʨʘʙʦʪʢʠ [1, ʩ. 90]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʝʭʘʥʠʟʤʘ ʟʘʱʝʤʣʝʥʠʷ ʥʝʬʪʠ ʧʨʠʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ɻ.ɺ. ʃʦʞʢʠʥʘ. ʇʦʪʦʢ 
ʥʝʬʪʠ ʠʟ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʭ ʧʨʦʧʣʘʩʪʢʦʚ ʧʦʯʪʠ ʦʪʩʫʪʩʪʚʫʝʪ (ʥʝ ʙʦʣʝʝ 5%). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠ ʥʘ ʦʙʲ-
ʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʣʘʩʴ ʩʝʪʴ ʢʘʥʘʣʦʚ ʩ ʧʦʪʦʢʦʤ ʧʣʘʩʪʦʚʦʡ ʞʠʜʢʦʩʪʠ ʧʦ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʤ ʢʘ-
ʥʘʣʘʤ [1, ʩ. 92].  

ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʘʷ ʧʨʠʯʠʥʘ ʚʳʩʦʢʦʡ ʦʙʚʦʜʥʝʥʥʦʩʪʠ. ʅʘ ʧʨʠʤʝʨʝ ʦʙʲʝʢʪʘ ʖʂ10 ʊʘʣʠʥ-
ʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʝʨʝʢʦʤʧʝʥʩʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʧʨʦʠʟ-
ʚʦʣʴʥʳʡ ɻʈʇ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʪʠ ʜʣʠʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʪʨʝʱʠʥ [2, c. 69]. 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʨʘʙʦʪʢʠ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʩʣʦʞʥʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʜʚʠʛʘ, ʷʚʣʷʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʪʨʝʱʠʥʦ-
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ʚʘʪʦʩʪʴ. ʇʨʠ ʟʘʢʘʯʢʝ ʚʦʜʳ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ ʜʘʚʣʝʥʠʷ ʨʘʟʨʳʚʘ ʧʣʘʩʪʘ ʢʦʣʣʝʢʪʦʨ ʠʟ ʧʦʨʦʚʦʛʦ ʩʪʘ-
ʥʦʚʠʪʩʷ ʧʦʨʦʚʦ-ʪʨʝʱʠʥʥʳʤ. ʇʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʭʚʘʪʘ, ʘ ʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʚʩʣʝʜʩʪʚʠʝ ʢʦʥʪʨʦʣʷ ʥʘʧʨʘʚ-
ʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʩʝʪʴʶ ʪʨʝʱʠʥ [1, ʩ. 92]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʩʥʦʡ 
ʚʦʜʳ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʘ ʟʘʢʘʯʢʠ. ʉʥʠʞʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʥʘʙʫʭʘʥʠʶ ʛʣʠʥ ʠ ʩʥʠʞʝʥʠʶ 
ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ [1, ʩ. 94].  

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʦʝʢʪʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʚ ʤʦʜʝʣʷʭ ʦʙʲʝʢʪʘ ɹʇ8 ʛʝʦʤʝʪʨʠʠ ʪʝʭʥʦ-
ʛʝʥʥʳʭ ʪʨʝʱʠʥ, ʘ ʪʘʢʞʝ ʙʫʨʝʥʠʝ ʫʧʣʦʪʥʷʶʱʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʩ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ ʛʠʜʨʘʚʣʠʯʝ-
ʩʢʠʤ ʨʘʟʨʳʚʦʤ ʧʣʘʩʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʩʪʨʦʡʩʪʚ ʢʦʥʪʨʦʣʷ ʧʨʠʪʦʢʘ [1, ʩ. 92]. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ ʥʝʬʪʠ ʖʞʥʦ-ʄʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠ-
ʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʝʩʯʘʥʠʢʦʚ ʩ ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʘʨʛʠʣʣʠ-
ʪʦʚ. ɺ ʧʨʦʜʫʢʪʠʚʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚʘʩʴʶʛʘʥʩʢʦʡ ʠ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪ ʚʳʜʝʣʝʥʳ 3 ʠ 1 ʟʘʣʝʞʴ ʥʝʬʪʠʩʦʦʪ-
ʚʝʪʩʪʚʝʥʥʦ [3, ʩ. 255]. ʉʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʦʙʲʝʢʪʘʤ[3, ʩ. 257]: 

1 ʚʝʨʭʥʠʡï ʙʫʨʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʜʦʙʳʚʘʶʱʠʭ ʠ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘ-
ʞʠʥ, ʦʪʨʘʙʦʪʢʘ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʥʝʬʪʴ 6 ʤʝʩʷʮʝʚ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʟʘʣʦʞʝʥʦ ʙʫʨʝʥʠʝ ʙʦʢʦʚʳʭ 
ʩʪʚʦʣʦʚ; 

2 ʥʠʞʥʠʡ ï ʙʫʨʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ, ʤʥʦʛʦʟʘʙʦʡʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʜʦʙʳʚʘʶʱʠʭ ʠ ʥʘʢʣʦʥʥʦ-
ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʦʪʨʘʙʦʪʢʘ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʥʝʬʪʴ 12 ʤʝʩʷʮʝʚ; 

ʆʙʘ ʦʙʲʝʢʪʘ ʚʚʝʜʝʥʳ ʚ ʨʘʟʨʘʙʦʪʢʫ ʚ 2010 ʛʦʜʫ. ʇʨʦʝʢʪʥʳʡ ʬʦʥʜ ʨʝʘʣʠʟʦʚʘʥ ʥʘ 82 ʠ 4% ʩʦʦʪ-
ʚʝʪʩʪʚʝʥʥʦ. ʈʘʟʨʘʙʦʪʢʘ ʥʠʞʥʝʛʦ ʦʙʲʝʢʪʘ ʨʘʟʨʘʙʦʪʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʨʝʞʠʤʝ. ɼʦʙʳʯʘ 
ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʣʘ-
ʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ [3, ʩ. 259].  

ʇʨʠʚʝʜʝʥʦ ʩʦʩʪʦʷʥʠʝ ʚʳʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʚ ʮʝʣʦʤ ʠ ʧʦ ʦʙʲʝʢʪʘʤ ʚ ʯʘʩʪʥʦʩʪʠ 
(ʪʘʙʣ. 1) [3, ʩ. 263]. 

 
ʋʙʚʤʡʯʙ 1 

ʊʧʪʫʧʸʦʡʞ ʛʴʩʙʚʧʫʣʡ ʠʙʨʙʪʧʛ ʗʟʦʧ-ʅʙʢʪʣʧʜʧ ʥʞʪʫʧʩʧʟʝʞʦʡʸ 

ʇʦʢʘʟʘʪʝʣʴ 
ʆʙʲʝʢʪ 

ɺʝʨʭʥʠʡ ʅʠʞʥʠʡ ɺ ʮʝʣʦʤ 

ʅʘʯʘʣʴʥʳʝ ʠʟʚʣʝʢʘʝʤʳʝ ʟʘʧʘʩʳ ʥʝʬʪʠ, ʪʳʩ. ʪ 3586 1635 5521 

ʊʝʢʫʱʠʝ ʠʟʚʣʝʢʘʝʤʳʝ ʟʘʧʘʩʳ ʥʝʬʪʠ, ʪʳʩ. ʪ 2285 1622 3907 

ʇʨʦʝʢʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ (ɸɺ1), % 47 29,4 39,7 

ʊʝʢʫʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ, % 17 0,2 10 

ʆʪʙʦʨ ʦʪ ʥʘʯʘʣʴʥʳʭ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ, % 36,3 0,8 25,2 

ʅʘʢʦʧʣʝʥʥʘʷ ʜʦʙʳʯʘ, ʪʳʩ. ʪ: 
-ʞʠʜʢʦʩʪʠ 

3187,3 73 3260,4 

- ʥʝʬʪʠ 1301 13 1314 

ʅʘʢʦʧʣʝʥʥʘʷ ʟʘʢʘʯʢʘ ʚʦʜʳ, ʪʳʩ. ʤ3 2675,9 ï 2675,9 

ʅʘʢʦʧʣʝʥʥʳʡ ɺʅʌ, ʝʜ. 1,5 4,5 1,5 

ʅʘʢʦʧʣʝʥʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ, % 73 ï 73 
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ʛʦʜ. ɺʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʪʦʢʦʤʝʪʨʠʠ ʚ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥʘʭ [3, ʩ. 263]. ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʳ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 
ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʬʦʥʜʝ ʚ ʩʚʷʟʠ ʩ ʦʮʝʥʢʦʡ ʧʨʠʥʠʤʘʶʱʠʭ ʧʨʦʜʫʢʪʠʚʥʳʭ ʠʥʪʝʨ-
ʚʘʣʦʚ ʧʦ ʨʘʟʨʝʟʫ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʙʦʪʘʶʱʝʡ ʪʦʣʱʠʥʳ ʚʝʨʭʥʝʛʦ ʧʣʘʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 
0,756 ʜʦʣʠ ʝʜ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʥʪʝʨʚʘʣʳ ʚʩʢʨʳʪʠʷ ʧʣʘʩʪʘ ʠ ʧʨʠʥʷʪʠʷ ʚʦʜʳ ʩʦʚʧʘʜʘʶʪ (ʢʨʦ-
ʚʝʣʴʥʘʷ ʯʘʩʪʴ). ɺ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʷʭ ʧʣʘʩʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʝʤʠʩʪʦʩʪʠ ʠ ʦʪʢʣʶʯʝʥʠʝ 
ʠʟ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʬʠʣʴʪʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 
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ʦʙʨʘʟʦʚʘʥʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʪʨʝʱʠʥ ʘʚʪʦɻʈʇ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʚʦʜʥʝʥʠʶ ʜʦʙʳʚʘʶʱʝʛʦ ʬʦʥʜʘ ʧʨʠ ʫʚʝʣʠ-
ʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʥʘʛʥʝʪʘʥʠʷ ʚʳʰʝ ʜʘʚʣʝʥʠʷ ʨʘʟʨʳʚʘ ʧʦʨʦʜʳ. ɿʘʙʦʡʥʦʝ ʜʘʚʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʠʞʝ ʜʣʷ 
ʠʟʙʝʛʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʘʚʪʦɻʈʇ [3, ʩ. 264]. 

ɼʣʷ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʦʩʪʘʪʦʯʥʳʭ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʦʙʱʝʥ-
ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʳʪʝʩʥʝʥʠʷ, ʠʥʪʝʛʨʘʣʴʥʦ ʦʪʨʘʞʘʶʱʠʝ ʧʨʦʮʝʩʩ ʚʳʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʠ ʜʠʥʘʤʠʢʫ ʦʙ-
ʚʦʜʥʝʥʠʷ (ʟʘʚʠʩʠʤʦʩʪʠ ʂʘʤʙʘʨʦʚʘ, ʇʠʨʚʝʨʜʷʥʘ) [3, ʩ. 265]. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʝʨʭʥʠʡ 
ʧʣʘʩʪ ʨʘʟʜʝʣʝʥ ʥʘ 2 ʙʣʦʢʘ (ʚ ʩʚʷʟʠ ʩ ʨʘʟʥʦʡ ʩʪʘʜʠʝʡ ʚʳʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ). ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ 
ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʪʝʨʠ ʚ ʜʦʙʳʯʝ ʥʝʬʪʠ ʩʦʩʪʘʚʠʣʠ 661 ʪʳʩ. ʪ (ʨʠʩ.1) [3, ʩ. 267]. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠ-
ʮʠʝʥʪʘ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʳʨʘʚʥʠʚʘʥʠʶ ʧʨʦʬʠʣʷ ʧʨʠʝʤʠʩʪʦ-
ʩʪʠ ʣʠʙʦ ʙʫʨʝʥʠʝ ʙʦʢʦʚʳʭ ʩʪʚʦʣʦʚ [3, ʩ. 268]. 

 

 
ʉʡʪ.1. ʇʯʞʦʣʙ ʡʠʛʤʞʣʙʞʥʴʮ ʠʙʨʙʪʧʛ ʨʧ ʚʤʧʣʬ 1 

 
ɺʦʚʣʝʯʝʥʠʝ ʚ ʨʘʟʨʘʙʦʪʢʫ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ï ʚʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʣʷ ʧʨʦ-

ʜʣʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʥʝʨʝʥʪʘʙʝʣʴʥʳʭ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʠʥʜʠʢʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘ-
ʥʠʡ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʘʩʪʘ, ʥʘʧʨʘʚʣʝʥʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦ-
ʪʦʢʦʚ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ ʠ ʨʘʟʥʳʤʠ ʧʣʘʩʪʘʤʠ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʬʨʦʥ-
ʪʘ ʥʘʛʥʝʪʘʝʤʦʡ ʚʦʜʳ. ʉ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʫʪʦʯʥʷʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʧʣʘʩʪʦʚ ʠ 
ʧʨʦʚʦʜʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ 
ʦʧʨʝʜʝʣʷʪʴ ʥʘʛʥʝʪʘʪʝʣʴʥʳʝ ʩʢʚʘʞʠʥʳ, ʷʚʣʷʶʱʠʝʩʷ ʠʩʪʦʯʥʠʢʦʤ ʦʙʚʦʜʥʝʥʠʷ. [4, ʩ. 313].  

ʊʨʘʩʩʠʨʦʚʘʥʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
ʥʘ ʚʦʩʪʦʢʝ ʃʝʚʦʙʝʨʝʞʥʦʛʦ ʫʯʘʩʪʢʘ ʬʠʣʴʪʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ 
ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʃʝʚʦʙʝʨʝʞʥʦʤ ʫʯʘʩʪʢʝ ʦʙʥʘʨʫʞʝʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʣʘʩʪʘʤʠ 
ɸʉ11 ʠ ɸʉ12. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʟʘʢʦʣʦʥʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚ ʥʘʛʥʝ-
ʪʘʪʝʣʴʥʳʭ ʠʣʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥʘʭ. ʇʨʠ ʟʘʢʘʯʢʝ ʠʥʜʠʢʘʪʦʨʘ ʚ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʧʣʘʩʪʳ ɸʉ10 ʠ 
ɸʉ12 ʥʘʙʣʶʜʘʣʩʷ ʚʳʥʦʩ ʠʥʜʠʢʘʪʦʨʦʚ ʚ ʧʨʦʜʫʢʮʠʶ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ, ʠʤʝʶʱʠʭ ʧʝʨʬʦʨʠʨʘʮʠʶ 
ʪʦʣʴʢʦ ʥʘ ʧʣʘʩʪ ɸʉ11. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʥʜʠʢʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʃʝʚʦʙʝʨʝʞʥʦʤ ʫʯʘʩʪʢʝ, ʩʜʝʣʘʥ ʚʳ-
ʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʥʘ ʦʙʲʝʢʪʘʭ ʧʣʘʩʪʘ ɸʉ11. ɺʳʨʘ-
ʙʦʪʢʘ ʧʣʘʩʪʘ ɸʉ11 ʧʨʦʠʩʭʦʜʠʪ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʣʘʩʪʦʚ ɸʉ10 ʠ ɸʉ12 [4, ʩ. 314]. ɿʘʧʘʩʳ ʥʝʬʪʠ ʨʘʩ-
ʧʨʝʜʝʣʝʥʳ ʚʩʣʝʜʩʪʚʠʝ ʩʣʦʞʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. ʉʚʦʡʩʪʚʘ ʧʣʘʩʪʦʚ ʚʘʨʴʠʨʫʶʪʩʷ ʧʦ ʚʩʝʡ 
ʧʣʦʱʘʜʠ ʧʣʘʩʪʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʳʨʘʙʦʪʢʫ ʟʘʧʘʩʦʚ. ʅʘ ʇʨʘʚʦʤ ʙʝʨʝʛʫ ʦʩʥʦʚʥʘʷ ʚʳʨʘʙʦʪ-
ʢʘ ʟʘʧʘʩʦʚ ï ʧʦ ʧʣʘʩʪʫ ɸʉ11 ʙʣʘʛʦʜʘʨʷ ʥʘʠʣʫʯʰʠʤ ʫʩʣʦʚʠʷʤ ʚʳʪʝʩʥʝʥʠʠʷ. ʅʘ ʩʝʚʝʨʝ ʛʦʨʠʟʦʥʪ ɸʉ10 
ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ.  
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ʅʘ ʆʩʪʨʦʚʥʦʤ ʫʯʘʩʪʢʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʳʨʘʙʦʪʢʠ ï ʧʦ ʧʣʘʩʪʫ ɸʉ12. ʇʦ ʤʝʨʝ ʚʦʚʣʝʯʝʥʠʷ ʚ ʨʘʟʨʘ-
ʙʦʪʢʫ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʦʚ ʦʪʙʦʨʘ ʧʦ ʜʘʥʥʦʤʫ ʧʣʘʩʪʫ ʠ ʨʘʚʥʦ-
ʤʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʦʚ ʦʪʙʦʨʘ ʧʦ ʧʣʘʩʪʫ ɸʉ11. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʤʧʳ ʦʪʙʦʨʘ ʙʫʜʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʩʦ-
ʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʜʠʡʥʦʩʪʴʶ ʚʚʦʜʘ ʧʣʘʩʪʦʚ ʚ ʨʘʟʨʘʙʦʪʢʫ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʳʨʘʙʦʪʢʠ 
ʟʘʧʘʩʦʚ ʧʦ ʦʙʲʝʢʪʘʤ ʨʘʟʨʘʙʦʪʢʠ [4, ʩ. 314].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʚʳʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦ-
ʩʪʘʚʠʪʴ ʧʨʦʛʨʘʤʤʫ ʜʦʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
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ǲǣǩ  445,4 

ǱǤǯǫǭǰǱǭǨǩǧǤ ǬǤǢǭǯǽǶǧǤ ǮǭǩǯǺǱǧǾ8 
ǰǭǡǯǤǫǤǬǬǺǤ ǬǟǮǯǟǡǪǤǬǧǾ 
ǧǰǰǪǤǣǭǡǟǬǧǨ* ǰǭǰǱǟǡǺ* ǰǡǭǨǰǱǡǟ ǧ 
ǭǠǪǟǰǱǧ ǮǯǧǫǤǬǤǬǧǾ 

ǰȒȏȌǿȖȄȁǿ ǫǿȏȂǿȏȇȑǿ ǫȇȔǿȈȊȍȁȌǿ 
ʤʘʛʠʩʪʨʘʥʪ 1-ʛʦ ʛʦʜʘ ʦʙʫʯʝʥʠʷ 

ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʈʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʪʝʨʤʦʩʪʦʡʢʠʭ ʠ ʥʝʛʦʨʶʯʠʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 
ʧʦʢʨʳʪʠʡ ʜʣʷ ʟʘʱʠʪʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨ-
ʥʳʭ ʠʟʜʝʣʠʡ. ʇʦʢʘʟʘʥʳ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʞʘʨʦʩʪʦʡʢʠʤʠ, ʦʛʥʝʟʘʱʠʪʥʳʤʠ, ʠʥʪʫʤʝʩʮʝʥʪʥʳʤʠ, ʩʠʣʠʢʘʪ-
ʥʳʤʠ, ʬʦʩʬʘʪʥʳʤʠ, ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʣʶʯʝ-
ʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʢʨʳʪʠʷʤ: ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʥʝʛʦʨʶʯʝʩʪʴ, ʘʜʛʝʟʠʷ, ʩʪʦʡʢʦʩʪʴ ʢ ʪʝʧʣʦʚʳʤ 
ʫʜʘʨʘʤ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʆʙʦʙʱʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʨʦʣʠ ʤʠʥʝʨʘʣʴ-
ʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʧʦʣʠʬʦʩʬʘʪʘ ʘʤʤʦʥʠʷ, ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʠ ʥʘʥʦʜʦ-
ʙʘʚʦʢ. ʉʦʧʦʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʦʟʥʘʯʝʥʳ ʧʨʝʠʤʫʱʝ-
ʩʪʚʘ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʝʨʤʦʩʪʦʡʢʠʝ ʧʦʢʨʳʪʠʷ, ʥʝʛʦʨʶʯʠʝ ʧʦʢʨʳʪʠʷ, ʦʛʥʝʟʘʱʠʪʘ, ʠʥʪʫʤʝʩʮʝʥʪʥʳʝ ʩʠʩʪʝ-
ʤʳ, ʩʠʣʠʢʘʪʥʳʝ ʧʦʢʨʳʪʠʷ, ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 
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ʊʝʨʤʦʩʪʦʡʢʠʝ ʠ ʥʝʛʦʨʶʯʠʝ ʧʦʢʨʳʪʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʘʩʩʠʚʥʦʡ ʟʘʱʠʪʳ ʤʘʪʝ-

ʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʤ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʟʠʪʴ ʨʠʩʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ, 
ʟʘʤʝʜʣʠʪʴ ʧʨʦʛʨʝʚ ʦʩʥʦʚʘʥʠʷ ʠ ʩʦʭʨʘʥʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠʟʜʝʣʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 
ʅʦʨʤʘʪʠʚʥʘʷ ʦʮʝʥʢʘ ʛʦʨʶʯʝʩʪʠ ʠ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ 
ʧʦʢʘʟʘʪʝʣʷʭ, ʧʦʵʪʦʤʫ ʚ ʥʘʫʯʥʦʡ ʠ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʛʨʘʥʠʯʠʚʘʪʴ ʩʦʙʩʪʚʝʥʥʦ ʥʝʛʦ-
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ʨʶʯʝʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʩʥʠʞʝʥʠʝ ʛʦʨʶʯʝʩʪʠ ʠ ʦʛʥʝʟʘʱʠʪʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʢʨʳʪʠʷ [1, 2]. ɼʣʷ ʣʘʢʦʢʨʘ-
ʩʦʯʥʳʭ ʩʠʩʪʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʨʠʨʦʜʘ ʩʚʷʟʫʶʱʝʛʦ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʣʝʥʢʠ ʢ ʪʝʨʤʦ-
ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʩʦʭʨʘʥʷʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʧʨʠ ʥʘʛʨʝʚʝ [3]. 

ɾʘʨʦʩʪʦʡʢʠʝ ʧʦʢʨʳʪʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 
ʟʘʱʠʱʘʶʪ ʧʦʜʣʦʞʢʫ ʦʪ ʦʢʠʩʣʝʥʠʷ, ʢʦʨʨʦʟʠʠ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʅʝʛʦʨʶʯʠʝ ʧʦʢʨʳʪʠʷ ʭʘʨʘʢ-
ʪʝʨʠʟʫʶʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʛʦʨʝʥʠʝ, ʪʦ-
ʛʜʘ ʢʘʢ ʦʛʥʝʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʦʮʝʥʠʚʘʶʪ ʧʦ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʤʝʜʣʷʪʴ ʧʨʦʛʨʝʚ ʟʘʱʠʱʘʝʤʦʡ ʢʦʥ-
ʩʪʨʫʢʮʠʠ ʠ ʧʦʚʳʰʘʪʴ ʚʨʝʤʷ ʩʦʭʨʘʥʝʥʠʷ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠ ʧʦʞʘʨʝ. ʀʥʪʫʤʝʩʮʝʥʪʥʳʝ 
ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤ ʚʠʜʦʤ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ: ʧʨʠ ʥʘʛʨʝʚʝ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʧʦʨʠʩʪʳʡ ʧʝ-
ʥʦʢʦʢʩʦʚʳʡ ʩʣʦʡ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʨʘʪʥʦʩʪʴʶ ʚʩʧʫʯʠʚʘʥʠʷ, ʥʦ ʠ ʪʝʧ-
ʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʧʨʦʯʥʦʩʪʴʶ, ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʠ ʘʜʛʝʟʠʝʡ ʟʘʱʠʪʥʦʛʦ ʦʩʪʘʪʢʘ [4-6]. 

ʂ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʢʨʳʪʠʷʤ ʦʪʥʦʩʷʪʩʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʥʝʛʦ-
ʨʶʯʝʩʪʴ, ʘʜʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʝʧʣʦʚʳʤ ʫʜʘʨʘʤ, ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, ʤʝʭʘʥʠʯʝ-
ʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʉʦʯʝʪʘʥʠʝ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʦʙʲʷʩʥʷʝʪ ʨʘʟʚʠʪʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘ-
ʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʨʛʘʥʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ, ʘ ʥʝʦʨʛʘʥʠʯʝ-
ʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʬʦʨʤʠʨʫʶʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʙʘʨʴʝʨ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʢʨʳʪʠʡ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠʩʧʳʪʘʥʠʡ. ʇʦʤʠʤʦ ʦʧʨʝʜʝʣʝʥʠʷ 
ʛʨʫʧʧʳ ʛʦʨʶʯʝʩʪʠ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʮʝʥʠʚʘʪʴ ʚʨʝʤʷ ʧʨʦʛʨʝʚʘ ʧʦʜ-
ʣʦʞʢʠ, ʧʦʪʝʨʶ ʤʘʩʩʳ, ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ, ʘʜʛʝʟʠʶ ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʦʮʠʢ-
ʣʠʨʦʚʘʥʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʝʧʣʦʚʦʤʫ ʫʜʘʨʫ, ʘ ʜʣʷ ʠʥʪʫʤʝʩʮʝʥʪʥʳʭ ʩʠʩʪʝʤ ï ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ 
ʧʨʦʯʥʦʩʪʴ ʧʝʥʦʢʦʢʩʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʠʯʘʪʴ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʣʠʰʴ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ 
ʛʦʨʝʥʠʝ, ʠ ʧʦʢʨʳʪʠʝ, ʨʝʘʣʴʥʦ ʧʦʚʳʰʘʶʱʝʝ ʦʛʥʝʟʘʱʠʪʫ ʢʦʥʩʪʨʫʢʮʠʠ [1, 2, 4]. 

ʉʠʣʠʢʘʪʥʳʝ ʠ ʛʝʦʧʦʣʠʤʝʨʥʳʝ ʧʦʢʨʳʪʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʠʩʪʝ-
ʤʘʤ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʛʦʨʶʯʝʩʪʴʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʘʟʦʚʳʚʘʪʴ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʠʡ ʥʝʦʨʛʘʥʠʯʝ-
ʩʢʠʡ ʩʣʦʡ, ʦʜʥʘʢʦ ʤʦʛʫʪ ʠʤʝʪʴ ʧʦʚʳʰʝʥʥʫʶ ʭʨʫʧʢʦʩʪʴ ʠ ʦʛʨʘʥʠʯʝʥʥʫʶ ʘʜʛʝʟʠʶ ʢ ʤʝʪʘʣʣʘʤ [7]. ʌʦʩʬʘʪ-
ʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ ʠ ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʠʭ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʦʯʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ [8]. 

ʂʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ 
ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʇʦʣʠʩʠʣʦʢʩʘʥʦʚʘʷ ʦʩʥʦʚʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ, 
ʘʪʤʦʩʬʝʨʦʩʪʦʡʢʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʭʦʜʠʪʴ ʧʨʠ ʥʘʛʨʝʚʝ ʚ ʩʠʣʠʢʘʪʦʧʦʜʦʙʥʳʡ ʦʩʪʘʪʦʢ [9]. ʇʦʵʪʦʤʫ 
ʪʘʢʠʝ ʢʦʤʧʦʟʠʮʠʠ ʰʠʨʦʢʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʥʘʛʨʝʚʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʟʜʝʣʠʡ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘ. 

ʀʥʪʫʤʝʩʮʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʦʙʳʯʥʦ ʚʢʣʶʯʘʶʪ ʧʦʣʠʬʦʩʬʘʪ ʘʤʤʦʥʠʷ, ʫʛʣʝʨʦʜʦʦʙʨʘʟʦʚʘʪʝʣʴ, ʛʘʟʦ-
ʦʙʨʘʟʦʚʘʪʝʣʴ ʠ ʩʚʷʟʫʶʱʝʝ. ʇʨʠ ʥʘʛʨʝʚʝ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʠʡ ʢʦʢʩʦʚʳʡ ʩʣʦʡ, ʯʪʦ ʜʝʣʘʝʪ 
ʠʭ ʦʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʛʥʝʟʘʱʠʪʝ [4-6]. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ-
ʤʝʥʷʶʪ ʤʠʥʝʨʘʣʴʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ, ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʠ ʙʦʨʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʦ-
ʨʘʪ ʮʠʥʢʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʢʩʠʜʦʤ ʩʫʨʴʤʳ ʩʧʦʩʦʙʝʥ ʩʥʠʞʘʪʴ ʜʳʤʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʫʣʫʯʰʘʪʴ ʧʦʚʝʜʝʥʠʝ 
ʵʧʦʢʩʠʜʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʠ ʦʛʥʝʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ [10]. ʆʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʥʘʥʦʨʘʟʤʝʨʥʳ-
ʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ï ʩʣʦʠʩʪʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ ʠ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʩʥʠʞʘʶʪ 
ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʠ ʜʳʤʦʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʫʨʝʪʘʥʦʚʦʡ ʧʝʥʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʥʘʥʦ-
ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʙʘʨʴʝʨʥʳʭ ʩʠʩʪʝʤ [11]. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ ʧʦʢʨʳʪʠʡ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʝʨʚʦʝ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳ-
ʰʝʥʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʥʪʫʤʝʩʮʝʥʪʥʦʛʦ ʧʝʥʦʢʦʢʩʘ ʠ ʩʥʠʞʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʙʝʟ ʧʦʪʝʨʠ ʦʛʥʝʟʘ-
ʱʠʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [4-6]. ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʨʘʟʨʘʙʦʪʢʘ ʛʠʙʨʠʜʥʳʭ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝ-
ʦʨʛʘʥʠʢ-ʜʦʤʠʥʘʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʩʠʣʠʢʘʪʥʦʡ, ʛʝʦʧʦʣʠʤʝʨʥʦʡ ʠ ʬʦʩʬʘʪʥʦʡ ʦʩʥʦʚʝ [7, 8]. ʊʨʝʪʴʝ ï 
ʩʦʟʜʘʥʠʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʝʩʧʝʯʠ-
ʚʘʶʱʠʭ ʩʦʯʝʪʘʥʠʝ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ, ʘʪʤʦʩʬʝʨʦʩʪʦʡʢʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ [9, 11]. 

ɺ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʝʦʙʣʘʜʘʶʪ ʠʥʪʫʤʝʩʮʝʥʪʥʳʝ ʧʦʢʨʳʪʠʷ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʥʝʛʦ-
ʨʶʯʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʦʙʲʝʢʪʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ 
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ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʦʩʪʨʝʙʦʚʘʥʳ ʩʠʣʠʢʘʪʥʳʝ, ʬʦʩʬʘʪʥʳʝ ʠ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʜʣʷ ʪʨʫʙʦ-
ʧʨʦʚʦʜʦʚ, ʧʝʯʝʡ, ʜʳʤʦʭʦʜʦʚ ʠ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ 
ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʞʘʨʦʩʪʦʡʢʠʝ ʧʦʢʨʳʪʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʮʠʢʣʠʯʝʩʢʠʝ ʪʝʧʣʦ-
ʚʳʝ ʥʘʛʨʫʟʢʠ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʦʢʠʩʣʝʥʠʝ [12].  

 
ʋʙʚʤʡʯʙ 1  

ʊʩʙʛʦʡʫʞʤʵʦʙʸ ʮʙʩʙʣʫʞʩʡʪʫʡʣʙ ʧʪʦʧʛʦʴʮ ʣʤʙʪʪʧʛ ʨʧʣʩʴʫʡʢ 
ʊʠʧ ʧʦʢʨʳʪʠʷ ʄʝʭʘʥʠʟʤ ʟʘʱʠʪʳ ʇʨʝʠʤʫʱʝʩʪʚʘ ʆʛʨʘʥʠʯʝʥʠʷ 

ʉʠʣʠʢʘʪʥʳʝ ʠ ʛʝʦʧʦʣʠ-
ʤʝʨʥʳʝ 

ʄʠʥʝʨʘʣʴʥʳʡ ʪʝʧʣʦʠʟʦʣʠʨʫ-
ʶʱʠʡ ʙʘʨʴʝʨ 

ʅʝʛʦʨʶʯʝʩʪʴ, ʚʳʩʦʢʘʷ ʪʝʨʤʦ-
ʩʪʦʡʢʦʩʪʴ 

ʍʨʫʧʢʦʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʘʜʛʝ-
ʟʠʷ ʢ ʤʝʪʘʣʣʘʤ 

ʌʦʩʬʘʪʥʳʝ 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʨʤʦʩʪʘʙʠʣʴ-
ʥʦʡ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʈʘʙʦʪʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘ-
ʪʫʨʘʭ, ʧʨʦʯʥʦʩʪʴ 

ʅʠʟʢʘʷ ʵʣʘʩʪʠʯʥʦʩʪʴ 

ʂʨʝʤʥʠʡʦʨʛʘʥʠʯ. ʩʠʩʪʝʤʳ 
ʇʝʨʝʭʦʜ ʚ ʩʠʣʠʢʘʪʦʧʦʜʦʙʥʳʡ 

ʦʩʪʘʪʦʢ 
ɸʪʤʦʩʬʝʨʦʩʪʦʡʢʦʩʪʴ ʠ ʪʝʧʣʦ-

ʩʪʦʡʢʦʩʪʴ 
ʊʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʨʝʮʝʧʪʫʨʝ 

ʀʥʪʫʤʝʩʮʝʥʪʥʳʝ 
ɺʩʧʫʯʠʚʘʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʝʥʦʢʦʢʩʘ 
ʊʦʥʢʠʡ ʵʬʬʝʢʪʠʚʥʳʡ ʩʣʦʡ 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʣʘʛʝ ʠ 
ʩʪʘʨʝʥʠʶ 

ʆʢʩʠʜʥʦ-ʢʝʨʘʤʠʯʝʩʢʠʝ 
ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʪʝʨʤʦ-

ʙʘʨʴʝʨ 
ʕʢʩʪʨʝʤʘʣʴʥʘʷ ʞʘʨʦʩʪʦʡʢʦʩʪʴ 

ʉʣʦʞʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ, ʩʢʣʦʥ-
ʥʦʩʪʴ ʢ ʪʨʝʱʠʥʘʤ 

 
ʋʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ: ʦʨʛʘʥʠʯʝʩʢʠʝ ʠʥʪʫʤʝʩʮʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʯ-

ʥʳ, ʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ; ʤʠʥʝʨʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ ʜʦʣʛʦʚʝʯʥʝʝ ʧʨʠ ʥʘʛʨʝʚʝ, ʥʦ 
ʙʦʣʝʝ ʭʨʫʧʢʠ; ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʜʥʘʢʦ 
ʪʨʝʙʫʶʪ ʪʦʯʥʦʡ ʨʝʮʝʧʪʫʨʥʦʡ ʥʘʩʪʨʦʡʢʠ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʪʝʨʤʦʩʪʦʡʢʠʭ ʥʝʛʦʨʶʯʠʭ ʧʦʢʨʳʪʠʡ ʩʚʷʟʘʥʳ ʩ ʧʨʝʦʜʦʣʝʥʠʝʤ ʧʨʦʪʠʚʦʨʝʯʠʷ 
ʤʝʞʜʫ ʦʛʥʝʟʘʱʠʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ. ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʥʝʦʨʛʘʥʠ-
ʯʝʩʢʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʧʦʚʳʰʘʝʪ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʥʦ ʤʦʞʝʪ ʫʭʫʜʰʘʪʴ ʵʣʘʩʪʠʯʥʦʩʪʴ ʠ ʪʝʭʥʦ-
ʣʦʛʠʯʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ. ɼʣʷ ʠʥʪʫʤʝʩʮʝʥʪʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳ ʧʦʚʳʰʝʥʠʝ ʚʣʘʛʦʩʪʦʡʢʦʩʪʠ 
ʠ ʧʨʦʯʥʦʩʪʠ ʧʝʥʦʢʦʢʩʘ; ʜʣʷ ʤʠʥʝʨʘʣʴʥʳʭ ï ʩʥʠʞʝʥʠʝ ʭʨʫʧʢʦʩʪʠ; ʜʣʷ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ï ʩʦʭʨʘʥʝ-
ʥʠʝ ʘʜʛʝʟʠʠ ʧʨʠ ʜʣʠʪʝʣʴʥʳʭ ʮʠʢʣʘʭ ʥʘʛʨʝʚʘ. ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʩʦʯʝʪʘʪʴ ʨʝ-
ʮʝʧʪʫʨʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʩ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʦʡ ʧʦʞʘʨʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ [1, 2]. 

ʊʝʨʤʦʩʪʦʡʢʠʝ ʥʝʛʦʨʶʯʠʝ ʧʦʢʨʳʪʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʠ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʝ-
ʝʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʀʭ ʩʦʩʪʘʚ ʠ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʨʝʙʫʝʤʳʤ ʫʨʦʚ-
ʥʝʤ ʟʘʱʠʪʳ: ʦʪ ʩʦʭʨʘʥʝʥʠʷ ʜʝʢʦʨʘʪʠʚʥʦ-ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʧʣʦʠʟʦʣʠ-
ʨʫʶʱʝʛʦ ʩʣʦʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʞʘʨʘ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʯʝʪʘʶ-
ʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʘ ʪʘʢʞʝ ʢʦʤʧʦʟʠʮʠʠ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠ ʥʘʥʦʨʘʟ-
ʤʝʨʥʳʤʠ ʜʦʙʘʚʢʘʤʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʦʙʣʘʩʪʠ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʩʪʘʥʜʘʨʪʠ-
ʟʘʮʠʝʡ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʩʦʟʜʘʥʠʝʤ ʧʦʢʨʳʪʠʡ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩ-
ʧʣʫʘʪʘʮʠʠ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ʠʤʝʥʠ ɸʣʝʢʩʘʥʜʨʘ ɻʨʠʛʦʨʴʝʚʠʯʘ ʠ ʅʠʢʦʣʘʷ ɻʨʠʛʦʨʴʝʚʠʯʘ ʉʪʦʣʝʪʦʚʳʭ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʃʦʙʢʦ ɺʣʘʜʠʤʠʨ ʅʠʢʦʣʘʝʚʠʯ 

ʢ.ʭ.ʥ., ʜʦʮʝʥʪ 
ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ɸʣʝʢʩʘʥʜʨʘ ɻʨʠʛʦʨʴʝʚʠʯʘ ʠ ʅʠʢʦʣʘʷ ɻʨʠʛʦʨʴʝʚʠʯʘ ʉʪʦʣʝʪʦʚʳʭ 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟʫʯʝʥʠʝ ʬʦʨʤʘʣʴʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠ-
ʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ɿʥʘʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʣʝʢʘʨ-
ʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʠʟʫʯʝʥʠʷ ʨʝʘʢʮʠʠ ʚʳʙʠʨʘʝʪʩʷ ʤʝʪʦʜ ʧʨʷʤʦʡ ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ 
ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʧʨʦʩʪʦʪʳ ʠ ʜʦʩʪʫʧʥʦʩʪʠ. ɼʝʣʘʝʪʩʷ ʚʳʙʦʨ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʣʸʛʢʦʩʪʠ 
ʝʸ ʧʨʦʚʝʜʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʨʝʘʢʪʠʚʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʭʠʤʠʷ, ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ, ʬʦʨʤʘʣʴʥʘʷ ʢʠʥʝʪʠʢʘ, ʧʨʷʤʘʷ ʢʦʥʜʫʢʪʦʤʝʪʨʠʷ, ʧʦʨʷʜʦʢ 
ʨʝʘʢʮʠʠ, ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 
 

STUDYING THE KINETICS OF ORGANIC SYNTHESIS REACTIONS 
 

Vaskin Denis Romanovich 
 

Scientific supervisor: Lobko Vladimir Nikolaevich 
 
Abstract: the article discusses the study of formal kinetic parameters of organic synthesis reactions. 
Knowledge of these parameters is necessary for chemical industries, including medicines. The method of di-
rect conductometry is chosen as the method of studying the reaction due to its simplicity and accessibility. The 
choice of a model reaction is made based on the ease of its implementation and the possibility of obtaining 
reagents. 
Keywords: chemistry, physical chemistry, formal kinetics, direct conductometry, reaction order, chemical reac-
tion rate. 

 
ʉʦʚʨʝʤʝʥʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʩʪʘʚʠʪ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʟʘʜʘʯʠ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʝʥʠʷ 

ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ, ʥʦ ʠ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴʶ, ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʂʣʶʯʦʤ ʢ ʨʝʰʝʥʠʶ 
ʵʪʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʢʦʪʦʨʦʝ ʥʝʚʦʟʤʦʞʥʦ 
ʙʝʟ ʜʝʪʘʣʴʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʀʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʷʝʪ 
ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ, ʧʨʠʨʦʜʳ 
ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ) ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʣʠʤʠʪʠʨʫʶʱʠʝ ʩʪʘʜʠʠ ʠ ʧʨʝʜʣʦ-
ʞʠʪʴ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʧʫʪʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ (ʭʨʦʤʘʪʦʛʨʘʬʠʯʝ-
ʩʢʠʝ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ, ʗʄʈ). ʆʜʥʘʢʦ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʨʝʘʢʮʠʠ ʠʣʠ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʩʦ-
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ʝʜʠʥʝʥʠʡ ʢʠʥʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʥʘʫʯʥʫʶ ʟʘʜʘʯʫ. ɺ ʢʦʥʪʝʢ-
ʩʪʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʯʘʩʪʦ ʥʦʩʷʪ ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʩʦʩʨʝʜʦʪʦʯʝ-
ʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʧʦʣʥʫʶ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʇʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʪʝʢʘʝʪ ʠʟ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʝʞʜʫ ʦʙʱʝʡ ʨʘʟʚʠʪʦʩʪʴʶ ʢʠʥʝ-
ʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʥʝʜʦʩʪʘʪʢʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ, ʧʨʘʢʪʠʯʝʩʢʠ 
ʟʥʘʯʠʤʳʭ ʨʝʘʢʮʠʡ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʢʠʥʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʩʠʥʪʝʟʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʝʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʟʘʚʠ-
ʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʪ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
Å ʈʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʳ ʬʦʨʤʘʣʴʥʦʡ ʢʠʥʝʪʠʢʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 
Å ʇʨʝʜʣʦʞʠʪʴ ʩʧʦʩʦʙ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ (ʨʝʘʢ-

ʮʠʠ ʦʤʳʣʝʥʠʷ ʵʪʠʣʘʮʝʪʘʪʘ) 
Å ʆʙʦʟʥʘʯʠʪʴ ʦʙʱʫʶ ʨʦʣʴ ʨʝʘʢʮʠʡ ʦʤʳʣʝʥʠʷ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ʢʠʥʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʉʢʦʨʦʩʪʴʶ ʨʝʘʢʮʠʠ 

ʧʦ ʜʘʥʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʥʘʟʳʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʜʥʦʛʦ ʠʟ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʟʘ ʝʜʠʥʠʮʫ 
ʚʨʝʤʝʥʠ ʚ ʝʜʠʥʠʮʝ ʨʝʘʢʮʠʦʥʥʦʛʦ ʦʙʲʸʤʘ V [1, ʩ. 215]. 

ʏʠʩʣʦ ʯʘʩʪʠʮ, ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʨʝʘʢʮʠʠ, ʥʘʟʳʚʘʶʪ ʤʦʣʝʢʫʣʷʨʥʦʩʪʴʶ ʨʝʘʢ-
ʮʠʠ. ʕʣʝʤʝʥʪʘʨʥʳʝ ʨʝʘʢʮʠʠ ʙʳʚʘʶʪ ʪʦʣʴʢʦ ʪʨʝʭ ʪʠʧʦʚ: 

1. ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʝ (ʵʣʝʤʝʥʪʘʨʥʳʝ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ) 
2. ʙʠʤʦʣʝʢʫʣʷʨʥʳʝ (ʨʝʘʢʮʠʠ, ʩʣʫʯʘʶʱʠʭʩʷ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʤʝʞʜʫ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʠ ʷʚ-

ʣʷʶʱʠʭʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʪʠʧʦʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʝʘʢʮʠʡ) 
3. ʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ (ʩʣʫʯʘʶʪʩʷ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩʨʘʟʫ ʪʨʸʭ ʨʘʟʥʳʭ ʤʦʣʝʢʫʣ) 
ʉʣʦʞʥʳʝ ʨʝʘʢʮʠʠ ʩʦʩʪʦʷʪ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ, ʢʦʪʦʨʫʶ ʪʘʢ ʞʝ ʥʘʟʳʚʘʶʪ ʤʝʭʘʥʠʟʤʦʤ 

ʩʣʦʞʥʦʡ ʨʝʘʢʮʠʠ. ʇʦ ʫʨʘʚʥʝʥʠʶ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʷʚʣʷʝʪʩʷ ʦʥʘ ʩʣʦʞʥʦʡ 
ʠʣʠ ʵʣʝʤʝʥʪʘʨʥʦʡ. 

ʉʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʠʭ ʧʨʠʨʦʜʳ, ʥʘʣʠʯʠʷ ʢʘʪʘʣʠ-
ʟʘʪʦʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʩʪʫ-
ʣʘʪʦʤ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ï ʟʘʢʦʥʦʤ ʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ: ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʣʶʙʦʡ ʤʦ-
ʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʝʢʫʱʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʚʦʟʚʝʜʝʥʥʳʤ ʚ ʥʝʢʦ-
ʪʦʨʳʝ ʩʪʝʧʝʥʠ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʩʪʠ, ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ð ʧʦʥʷʪʠʝ ʩʫʛʫʙʦ ʬʦʨʤʘʣʴʥʦʝ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʦʙ-
ʱʝʤ ʩʣʫʯʘʝ ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥ ʩ ʤʝʭʘʥʠʟʤʦʤ ʨʝʘʢʮʠʠ. ʆʜʥʘʢʦ, ʦʧʨʝʜʝʣʠʚ ʧʦʨʷʜʦʢ, ʧʦʣʫʯʠʪʩʷ ʩʫʜʠʪʴ ʦ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʝʤʫ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ (ʪ.ʝ. ʢʦʤʙʠʥʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ 
ʨʝʘʢʮʠʡ). ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ, ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʦʙʨʘʪʠʤʳ, ʪ.ʝ. ʩʘʤʘ ʨʝʘʢʮʠʷ 
ʧʨʦʪʝʢʘʝʪ ʢʘʢ ʚ ʧʨʷʤʦʤ, ʪʘʢ ʠ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʥʦ ʩ ʦʪʣʠʯʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ. ʂʦʛʜʘ ʩʢʦʨʦʩʪʠ 
ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʡ ʫʨʘʚʥʠʚʘʶʪʩʷ, ʥʘʩʪʫʧʘʝʪ ʭʠʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ. 

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʝʘʢʮʠʠ ʦʤʳʣʝʥʠʷ ʩʣʦʞʥʳʭ 
ʵʬʠʨʦʚ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 

Å ʆʥʠ ʧʨʦʪʝʢʘʶʪ ʟʘ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ (ʥʝ ʩʣʠʰʢʦʤ ʙʳʩʪʨʦ ʠ ʥʝ ʩʣʠʰʢʦʤ ʤʝʜ-
ʣʝʥʥʦ) 

Å ʈʝʘʢʮʠʠ ʦʤʳʣʝʥʠʷ ʣʝʛʢʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʣʝʛʢʦ-
ʠʟʫʯʘʝʤʳʤʠ 

Å ɼʘʥʥʳʝ ʨʝʘʢʮʠʠ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 
ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʚʳʙʦʨʘ. 

ʈʝʘʢʮʠʷ ʦʤʳʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʠʯʝʤ ʠʥʳʤ ʢʘʢ ʱʝʣʦʯʥʳʤ ʛʠʜʨʦʣʠʟʦʤ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ. ʄʝʭʘʥʠʟʤ 
ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʜʘʣʝʝ (ʨʠʩ.1). ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʘʶʪʩʷ ʩʦʣʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʢʦʪʦ-
ʨʳʝ ʠ ʥʘʟʳʚʘʶʪ ʤʳʣʘʤʠ [2, ʩ. 154]: 

 



36 ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 

 

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

 
ʉʡʪ. 1 ð ʅʞʮʙʦʡʠʥ ʩʞʙʣʯʡʡ ʲʞʤʧʰʦʧʜʧ ʜʡʝʩʧʤʡʠʙ ʪʤʧʟʦʴʮ ʶʭʡʩʧʛ 

 
ʉʨʝʜʠ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʬʘʨʤʘʮʝʚʪʠʢʝ, ʱʝʣʦʯʥʦʡ ʛʠʜʨʦʣʠʟ ʩʣʦʞ-

ʥʳʭ ʵʬʠʨʦʚ ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʢʣʶʯʝʚʳʭ ʤʝʩʪ. ʉ ʧʦʤʦʱʴʶ ʥʝʸ ʧʦʣʫʯʘʶʪ ʠ ʧʨʦʩʪʝʡʰʝʝ ʩʳʨʴʸ, ʠ ʩʣʦʞ-
ʥʳʝ ʤʥʨʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ. 

ʅʘʧʨʠʤʝʨ, ʛʣʠʮʝʨʠʥ, ʠʤʝʶʱʠʡ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʬʘʨʤʘʮʝʚʪʠʢʝ ʠʟ ʚʩʝʭ ʤʥʦʛʦʘʪʦʤ-
ʥʳʭ ʩʧʠʨʪʦʚ, ʧʦʣʫʯʘʶʪ ʠʤʝʥʥʦ ʦʤʳʣʝʥʠʝʤ ʞʠʨʦʚ. ʊʘʢ ʢʘʢ ʞʠʨʳ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ ʵʬʠʨʘʤʠ ʚʳʩʰʠʭ 
ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʛʣʠʮʝʨʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʢʘʢ ʨʘʟ ʠ ʧʦʣʫʯʘʝʪʩʷ ʛʣʠ-
ʮʝʨʠʥ ʠ ʩʦʣʴ ʚʳʩʰʝʡ ʢʠʩʣʦʪʳ ʢʘʢ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ [3, ʩ. 82]. 

ʇʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʘʪʨʦʧʠʥʘ ʧʨʦʠʟʚʦʜʷʪ ʩ ʧʦʤʦʱʴʶ ʦʤʳʣʝʥʠʷ ʪʨʦʧʠʥʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʵʪʝ-
ʨʠʬʠʢʘʮʠʝʡ ʧʦʣʫʯʠʚʰʠʭʩʷ ʧʨʦʜʫʢʪʦʚ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʪʨʦʧʠʥ, ʥʝ ʩʦʜʝʨ-
ʞʘʱʠʡ ʧʨʠʤʝʩʝʡ ʧʦʩʪʦʨʦʥʥʠʭ ʘʣʢʘʣʦʠʜʦʚ, ʯʪʦ ʜʣʷ ʘʪʨʦʧʠʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚ-
ʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ [4, ʩ. 265]. 

ʄʦʥʦʪʝʨʧʝʥ - ʤʝʥʪʦʣ, ʦʜʠʥ ʠʟ ʪʨʸʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʢʘʯʝʩʪʚʝ 
ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʪʘʢ ʞʝ ʧʦʣʫʯʘʶʪ ʩ ʧʦʤʦʱʴʶ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ. ɼʣʷ 
ʵʬʠʨʥʳʭ ʤʘʩʝʣ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʥʪʦʣʘ 50ï60% ʠʩʧʦʣʴʟʫʶʪ ʙʦʨʘʪʥʳʡ ʩʧʦʩʦʙ. ʄʷʪʥʦʝ ʤʘʩʣʦ ʥʘʛʨʝʚʘ-
ʶʪ ʩ ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʤʝʥʪʠʣʦʚʳʡ ʵʬʠʨ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʢʠʧʷʱʠʡ ʧʨʠ 
ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʤ ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʷʪʥʦʛʦ ʤʘʩʣʘ. ɿʘʪʝʤ ʵʬʠʨ ʦʤʳʣʷʶʪ ʠ ʧʦʣʫ-
ʯʘʶʪ ʤʝʥʪʦʣ. ʇʨʦʮʝʩʩ ʦʤʳʣʝʥʠʷ ʩʦʚʤʝʱʘʶʪ ʩ ʦʪʜʝʣʝʥʠʝʤ ʤʝʥʪʦʣʘ ʧʫʪʝʤ ʧʝʨʝʛʦʥʢʠ ʩ ʚʦʜʷʥʳʤ ʧʘʨʦʤ 
[5, ʩ. 65].  

ʊʘʢ ʞʝ ʨʝʘʢʮʠʷ ʦʤʳʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯ-
ʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ʅʝʢʦʪʦʨʳʝ ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʩʭʝʤʝ: ʧʨʦʚʦʜʷʪ ʱʝʣʦʯʥʦʝ 
ʦʤʳʣʝʥʠʝ ʵʬʠʨʘ ʪʦʯʥʦ ʦʪʤʝʨʝʥʥʳʤ ʠʟʙʳʪʢʦʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʠ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝ-
ʘʢʮʠʠ ʪʠʪʨʫʶʪ ʦʩʪʘʪʦʢ ʱʝʣʦʯʠ ʩʪʘʥʜʘʨʪʥʳʤ ʨʘʩʪʚʦʨʦʤ ʢʠʩʣʦʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʚʦʜʷʪ ʘʥʘʣʠʟ ʥʘ 
ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʯʠʩʣʦ ʦʤʳʣʝʥʠʷ [6, ʩ. 77]. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
ʨʝʘʢʮʠʷ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʩ ʵʪʠʣ ʘʮʝʪʘʪʦʤ, ʪʘʢ ʢʘʢ: 

1. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʩʪʦ, ʨʝʘʢʪʠʚʳ ʜʦʩʪʫʧʥʳ. 
2. ʇʦ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʠʤʝʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʡ ʙʘʛʘʞ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʸ ʢʠʥʝ-

ʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
ɼʣʷ ʥʘʰʠʭ ʮʝʣʝʡ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʠʥʝʪʠʢʠ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ-

ʩʷ ʧʨʷʤʦʡ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ, ʜʦʩʪʫʧʥʳʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝ-
ʰʸʚʳʤ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʰʝʡ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ 
ʚʨʝʤʝʥʠ ʩ ʥʘʯʘʣʘ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʘʜʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʚ ʭʦʜʝ 
ʵʪʦʡ ʨʝʘʢʮʠʠ ʨʘʩʭʦʜʫʝʪʩʷ ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ (ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʣʠʪ) ʠ ʦʙʨʘʟʫʝʪʩʷ ʘʮʝʪʘʪ ʥʘʪʨʠʷ (ʩʣʘʙʳʡ 
ʵʣʝʢʪʨʦʣʠʪ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʢʠʥʝʪʠʢʠ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʩʠʥʪʝʟʘ. ʉʥʘʯʘʣʘ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʬʦʨʤʘʣʴʥʦʡ ʢʠʥʝʪʠʢʠ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 
ʧʦʥʷʪʠʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʧʦʨʷʜʦʢ, ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʠ ʪ.ʜ. 

ɼʘʣʝʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʙʣʦʢ ʨʝʘʢʮʠʡ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʩʣʦʞʥʳʭ 
ʵʬʠʨʦʚ. ɺ ʩʠʣʫ ʨʷʜʘ ʧʨʠʯʠʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦ-
ʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʜʘʥʥʳʝ ʨʝʘʢʮʠʠ ʢʘʢ ʥʝʣʴʟʷ 
ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʣʘʮʝʪʘʪʘ ʠ ʛʠʜʨʦʢʩʠʜʘ 
ʥʘʪʨʠʷ. ɼʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʭʘʨʘʢʪʝʨʥʘ ʜʦʩʪʫʧʥʦʩʪʴ ʨʝʘʢʪʠʚʦʚ ʠ ʧʨʦʩʪʦʪʘ ʧʨʦʚʝʜʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ 
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ʣʸʛʢʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠ ʥʘʣʠʯʠʝ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʦ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ 
ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʘʜʸʞʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʟʘʪʨʦʥʫʪʳ ʘʩʧʝʢʪʳ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʧʨʷʤʦʡ ʢʦʥʜʫʢʪʦʤʝʪ-
ʨʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʡ ʦʛʨʦʤʥʳʡ ʤʠʥʫʩ ʚ ʚʠʜʝ ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝʢʦʪʦʨʫʶ 
ʩʣʦʞʥʦʩʪʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʨʦʚʝʜʝʥʠʶ ʨʝʘʢʮʠʠ, ʚʩʸ ʞʝ ʧʨʦʩʪʦʪʘ ʩʘʤʦʛʦ ʤʝʪʦʜʘ, ʫʜʦʙʩʪʚʦ, ʜʦʩʪʫʧʥʦʩʪʴ 
ʧʨʠʙʦʨʘ ʠ ʵʢʩʧʨʝʩʩʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʣʘʶʪ ʜʘʥʥʳʡ ʤʝʪʦʜ ʚʝʩʴʤʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʨʘʩʩʤʦʪ-
ʨʝʥʠʷ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʨʘʩʯʸʪʘ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ 
ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʣʘʮʝʪʘʪʘ ʠ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ, ʯʪʦ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʧʦʩʣʝʜʫʶʱʠʭ 
ʧʫʙʣʠʢʘʮʠʷʭ. 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʝ 
ʜʣʷ ʚʦʚʣʝʯʝʥʠʷ ʚ ʨʘʟʨʘʙʦʪʢʫ ʦʩʪʘʪʦʯʥʦʡ ʥʝʬʪʠ ʧʦʩʣʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʟʘʚʦʜʥʝʥʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 
ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ: ʧʦʣʠʤʝʨʥʦʝ ʟʘʚʦʜʥʝʥʠʝ, ʧʨʠʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ 
ʚʝʱʝʩʪʚ, ʱʝʣʦʯʥʳʝ ʠ ʢʠʩʣʦʪʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ɸʉʇ-
ʟʘʚʦʜʥʝʥʠʝ. ʇʦʢʘʟʘʥʳ ʤʝʭʘʥʠʟʤʳ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘ-
ʥʠʯʝʥʠʷ ʠ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʳʙʦʨ ʨʝʘʛʝʥʪʦʚ. ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʥ-
ʜʝʥʮʠʷʤ ʨʘʟʚʠʪʠʷ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʘʩʧʝʢʪʘʤ ʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʢ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝ-
ʤʳʤ ʟʘʧʘʩʘʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ, ʇɸɺ, ʧʦʣʠʤʝʨʥʦʝ ʟʘʚʦʜʥʝʥʠʝ, ʱʝʣʦʯʥʦʝ ʟʘʚʦʜʥʝ-
ʥʠʝ, ʢʠʩʣʦʪʥʳʝ ʢʦʤʧʦʟʠʮʠʠ, ɸʉʇ-ʟʘʚʦʜʥʝʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ. 
 

MɾTHODOLOGICɹL ɹSPɾCTS OF CHɾMICɹL MɾTHODS TO INCRɾɹSɾ OIL RɾCOVɾRY 
 

Sitdikov Kʙmil Rinʙtovich  
Sitdikov Nʙil Rinʙtovich 

 
Sciʝntific ʘdvisʝr: Pʝtrovichʝvʘ ɽlʝnʘ ɸlʝksʘndrovnʘ 

 
ɹnnotʙtion: Thʝ ʘrticlʝ considʝrs chʝmicʘl mʝthods of incrʝʘsing oil rʝcovʝry usʝd to involvʝ rʝsiduʘl oil in 
dʝvʝlopmʝnt ʘftʝr convʝntionʘl wʘtʝr flooding. Thʝ mʘin groups of chʝmicʘl tʝchnologiʝs ʘrʝ ʘnʘlyzʝd: 
polymʝr flooding, surfʘctʘnt usʝ, ʘlkʘlinʝ ʘnd ʘcid trʝʘtmʝnts, ʘs wʝll ʘs combinʝd systʝms including ɸSP 
flooding. Thʝ mʝchʘnisms for improving thʝ oil rʝcovʝry fʘctor, tʝchnologicʘl limitʘtions, ʘnd fʘctors dʝtʝrmin-
ing rʝʘgʝnt sʝlʝction ʘrʝ dʝscribʝd. Spʝciʘl ʘttʝntion is pʘid to currʝnt trʝnds in chʝmicʘl ʝnhʘncʝd oil 
rʝcovʝry, ʝnvironmʝntʘl ʘspʝcts, ʘnd ʘpplicʘbility to hʘrd-to-rʝcovʝr rʝsʝrvʝs. 
Kʞywords: ʝnhʘncʝd oil rʝcovʝry, surfʘctʘnts, polymʝr flooding, ʘlkʘlinʝ flooding, ʘcid compositions, ɸSP 
flooding, oil rʝcovʝry fʘctor. 
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ɻʛʞʝʞʦʡʞ 
ʅʝʬʪʴ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʆʥʘ ʦʧʨʝʜʝ-

ʣʷʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʧʨʦʤʳʰʣʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʵʢʩʧʦʨʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʪʨʘʥ. ʆʜʥʘʢʦ ʧʦ 
ʤʝʨʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʘʟʨʘʙʦʪʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʠʰʴ 
ʯʘʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʟʘʧʘʩʦʚ, ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʥʝʬʪʠ ʦʩʪʘʝʪʩʷ ʚ ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
ʧʣʘʩʪʘ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ 
ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʥʝʬʪʠ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ. ʍʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ 
ʤʝʩʪʦ ʩʨʝʜʠ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʜʚʠʞʝʥʠʝ ʬʣʶʠʜʦʚ ʚ 
ʧʣʘʩʪʝ, ʥʦ ʠ ʥʘ ʤʝʞʬʘʟʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʝʬʪʴʶ, ʚʦʜʦʡ ʠ ʧʦʨʦʜʦʡ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʦʪʥʦʩʠʪʩʷ ʢ 
ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʤ. ʊʨʘʜʠʮʠʦʥʥʦʝ ʟʘʚʦʜʥʝʥʠʝ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ 
ʠʟʚʣʝʯʝʥʠʷ, ʘ ʟʥʘʯʠʪ, ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

ʃʤʙʪʪʡʭʡʣʙʯʡʸ ʥʞʫʧʝʧʛ ʬʛʞʤʡʰʞʦʡʸ ʦʞʭʫʞʧʫʝʙʰʡ 
ʄʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʜʝʣʷʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ: ʪʝʧʣʦʚʳʝ, ʛʘʟʦʚʳʝ, ʭʠʤʠʯʝʩʢʠʝ, ʛʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ. ʉʨʝʜʠ ʥʠʭ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʘʠʙʦʣʝʝ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʨʝʛʫʣʠ-
ʨʦʚʘʥʠʝʤ ʩʚʦʡʩʪʚ ʬʣʶʠʜʦʚ ʠ ʤʝʞʬʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ çʧʦʨʦʜʘ - ʥʝʬʪʴ - ʚʦʜʘè. 

ʂ ʦʩʥʦʚʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪ: 
- ʚʳʪʝʩʥʝʥʠʝ ʥʝʬʪʠ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ; 
- ʧʦʣʠʤʝʨʥʦʝ ʟʘʚʦʜʥʝʥʠʝ; 
- ɦ ʝʣʦʯʥʳʝ ʤʝʪʦʜʳ; 
- ʢʠʩʣʦʪʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ; 
- ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʨʝʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ʤʠʮʝʣʣʷʨʥʳʝ ʨʘʩʪʚʦʨʳ ʠ ɸʉʇ-ʟʘʚʦʜʥʝʥʠʝ. 
ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʚʠʩʠʪ ʦʪ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ, ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ, ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʠ ʢʦʣʣʝʢʪʦʨʘ, ʩʪʝʧʝʥʠ ʦʙʚʦʜʥʝʥʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʩʪʘ ʠ ʭʘʨʘʢʪʝʨʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ʋʥʠ-
ʚʝʨʩʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʧʦʵʪʦʤʫ ʢʘʞʜʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʣʘ-
ʙʦʨʘʪʦʨʥʦʡ ʦʮʝʥʢʠ. 

ʈʧʛʞʩʮʦʧʪʫʦʧ-ʙʣʫʡʛʦʴʞ ʛʞʲʞʪʫʛʙ (ʈɹɻ) 
ʇʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʥʝʬʪʝʜʦʙʳʯʝ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʥʠʞʘʪʴ ʤʝʞʬʘʟʥʦʝ ʥʘʪʷʞʝʥʠʝ ʤʝʞʜʫ ʥʝʬʪʴʶ ʠ ʚʦʜʦʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʘʧʠʣʣʷʨʥʳʝ ʩʠʣʳ, 
ʫʜʝʨʞʠʚʘʶʱʠʝ ʥʝʬʪʴ ʚ ʤʝʣʢʠʭ ʧʦʨʘʭ, ʠ ʧʦʚʳʩʠʪʴ ʝʝ ʧʦʜʚʠʞʥʦʩʪʴ. 

ʇʨʠ ʟʘʢʘʯʢʝ ʨʘʩʪʚʦʨʦʚ ʇɸɺ ʫʣʫʯʰʘʝʪʩʷ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʧʦʨʦʜʳ ʚʦʜʦʡ, ʦʩʣʘʙʝʚʘʝʪ ʧʨʦʯʥʦʩʪʴ ʘʜ-
ʩʦʨʙʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʥʘ ʛʨʘʥʠʮʝ ʬʘʟ, ʘ ʦʩʪʘʪʦʯʥʘʷ ʥʝʬʪʴ ʣʝʛʯʝ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʣʝʢʪʦʨʘ. 
ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ, ʢʦʛʜʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʟʘʧʘʩʦʚ ʫʞʝ ʥʝ ʠʟʚʣʝʢʘʝʪ-
ʩʷ ʦʙʳʯʥʳʤ ʟʘʚʦʜʥʝʥʠʝʤ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʩʦʩʪʘʚʫ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʠ ʧʦʪʝʨʠ ʨʝʘʛʝʥʪʘ ʠʟ-ʟʘ 
ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʨʦʜʝ. ʇʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʥʝ ʦʪʜʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʘ ʢʦʤʧʦʟʠʮʠʠ, ʨʘʩ-
ʩʯʠʪʘʥʥʳʝ ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʛʝʦʣʦʛʦ-ʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʣʘʩʪʘ. 

ʈʧʤʡʥʞʩʦʧʞ ʠʙʛʧʝʦʞʦʡʞ 
ʇʦʣʠʤʝʨʥʦʝ ʟʘʚʦʜʥʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʟʘʢʘʯʢʝ ʨʘʩʪʚʦʨʦʚ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦ-

ʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪ ʚʷʟʢʦʩʪʴ ʚʦʜʳ. ʕʪʦ ʫʣʫʯʰʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʝʡ ʤʝʞʜʫ ʥʝʬʪʴʶ ʠ ʚʳʪʝʩʥʷʶ-
ʱʠʤ ʘʛʝʥʪʦʤ ʠ ʜʝʣʘʝʪ ʬʨʦʥʪ ʚʳʪʝʩʥʝʥʠʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʨʝʘʛʝʥʪʦʤ 
ʷʚʣʷʝʪʩʷ ʧʦʣʠʘʢʨʠʣʘʤʠʜ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ. ʊʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʩʘʥʪʘʥʦʚʘʷ ʩʤʦʣʘ ʠ ʥʝʢʦʪʦ-
ʨʳʝ ʜʨʫʛʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʤʝʨʳ. ʀʭ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 
ʬʠʣʴʪʨʘʮʠʠ ʠ ʩʦʢʨʘʪʠʪʴ ʨʘʥʥʠʡ ʧʨʦʨʳʚ ʚʦʜʳ ʧʦ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʤ ʢʘʥʘʣʘʤ. 

ʇʦʣʠʤʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳ ʥʘ ʥʝʦʜʥʦʨʦʜʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ, ʛʜʝ ʚʦʜʘ ʫʭʦʜʠʪ ʧʦ 
ʥʘʠʙʦʣʝʝ ʧʨʦʥʠʮʘʝʤʳʤ ʟʦʥʘʤ, ʦʩʪʘʚʣʷʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʥʝʬʪʠ ʚ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʳʭ ʫʯʘʩʪʢʘʭ. 
ʆʜʥʘʢʦ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʠʤʝʨʦʚ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘ-
ʝʪ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

 



40 ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 

 

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

ʒʞʤʧʰʦʴʞ ʡ ʣʡʪʤʧʫʦʴʞ ʛʧʠʝʞʢʪʫʛʡʸ 
ʑʝʣʦʯʥʦʝ ʟʘʚʦʜʥʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʨʝʘʢʮʠʠ ʱʝʣʦʯʝʡ ʩ ʢʠʩʣʦʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʝʬʪʠ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʧʨʷʤʦ ʚ ʧʣʘʩʪʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʤʝʞ-
ʬʘʟʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʶ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ. 

ʂ ʱʝʣʦʯʥʳʤ ʨʝʘʛʝʥʪʘʤ ʦʪʥʦʩʷʪ ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ, ʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ, ʘʤʤʠʘʯʥʳʝ ʨʘʩʪʚʦʨʳ ʠ ʞʠʜʢʦʝ 
ʩʪʝʢʣʦ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʝʬʪʠ ʠ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ, ʧʦʩʢʦʣʴʢʫ 
ʥʘʣʠʯʠʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʦʩʘʞʜʝʥʠʝ ʩʦʣʝʡ ʠ ʩʥʠʞʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

ʂʠʩʣʦʪʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʠʪʦʢʘ ʚ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ ʠ ʜʣʷ ʚʦʩʩʪʘ-
ʥʦʚʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʥʠ ʨʘʩʪʚʦʨʷʶʪ ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʫʜʘʣʷʶʪ ʟʘ-
ʛʨʷʟʥʝʥʠʷ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʣʠ ʢʘʢ ʯʘʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʝʘ-
ʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ. 

ɹʊʈ-ʠʙʛʧʝʦʞʦʡʞ: ʣʧʥʚʡʦʙʯʡʸ ʲʞʤʧʰʡ, ʈɹɻ ʡ ʨʧʤʡʥʞʩʙ 
ʉʨʝʜʠ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ɸʉʇ-ʟʘʚʦʜʥʝʥʠʝ, ʪʦ ʝʩʪʴ ʩʦʚʤʝʩʪʥʘʷ ʟʘʢʘʯʢʘ 

ʱʝʣʦʯʠ, ʇɸɺ ʠ ʧʦʣʠʤʝʨʘ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʩʦʯʝʪʘ-
ʝʪ ʩʨʘʟʫ ʪʨʠ ʤʝʭʘʥʠʟʤʘ ʚʦʟʜʝʡʩʪʚʠʷ: ʩʥʠʞʝʥʠʝ ʤʝʞʬʘʟʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʫʣʫʯʰʝʥʠʝ ʦʪʤʳʚʘ ʥʝʬʪʠ ʠ ʧʦ-
ʚʳʰʝʥʠʝ ʦʭʚʘʪʘ ʧʣʘʩʪʘ ʟʘʚʦʜʥʝʥʠʝʤ. 

ʑʝʣʦʯʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʣʘʩʪʝ, 
ʇɸɺ ʩʥʠʞʘʝʪ ʢʘʧʠʣʣʷʨʥʳʝ ʩʠʣʳ, ʘ ʧʦʣʠʤʝʨ ʫʣʫʯʰʘʝʪ ʧʨʦʬʠʣʴ ʚʳʪʝʩʥʝʥʠʷ ʠ ʫʤʝʥʴʰʘʝʪ ʥʝʨʘʚʥʦʤʝʨ-
ʥʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ɸʉʇ-ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʠʟʚʣʝʯʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ 
ʥʝʬʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ʟʘʚʦʜʥʝʥʠʝʤ. 

ʀʤʝʥʥʦ ɸʉʇ-ʟʘʚʦʜʥʝʥʠʝ ʩʝʛʦʜʥʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦ-
ʛʠʡ ʜʣʷ ʟʨʝʣʳʭ ʠ ʦʙʚʦʜʥʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɽʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʘ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ 
ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʫʞʝ ʥʝ ʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʛʦ ʧʨʠʨʦʩʪʘ ʜʦʙʳʯʠ. 

ʊʧʛʩʞʥʞʦʦʴʞ ʮʡʥʡʰʞʪʣʡʞ ʣʧʥʨʧʠʡʯʡʡ 
ʇʦʤʠʤʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʭʠʤʠʯʝ-

ʩʢʠʝ ʢʦʤʧʦʟʠʮʠʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʤʠʮʝʣʣʷʨʥʳʝ ʩʠʩʪʝʤʳ, ʢʠʩʣʦʪʥʳʝ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʳʝ ʩʦʩʪʘʚʳ, ʘ ʪʘʢʞʝ 
ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʨʝʘʛʝʥʪʥʳʝ ʩʤʝʩʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʨʘʙʦʪʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 
ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ʊʘʢʠʝ ʩʦʩʪʘʚʳ ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʞʘʪʴ ʤʝʞʬʘʟʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʝʦʣʦʛʠʶ ʟʘ-
ʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ ʚʣʠʷʪʴ ʥʘ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʢʦʣʣʝʢʪʦʨʘ. ʇʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʩʤʝʱʘʶʪ-
ʩʷ ʦʪ ʦʪʜʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʢ ʢʦʤʧʣʝʢʩʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ ʜʦʙʳʯʠ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʝʘʛʝʥʪʘʤ ʜʣʷ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ, ʚʢʣʶʯʘʷ ʚʳʩʦʢʦʚʷʟʢʠʝ 
ʥʝʬʪʠ ʠ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʝ ʧʣʘʩʪʳ. ɼʣʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʚʘʞʥʳ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-
ʢʠ, ʥʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʘʩʰʪʘʙʠ-
ʨʦʚʘʥʠʷ. 

ʖʣʧʤʧʜʡʰʞʪʣʡʞ ʙʪʨʞʣʫʴ ʨʩʡʥʞʦʞʦʡʸ ʮʡʥʡʰʞʪʣʡʮ ʥʞʫʧʝʧʛ 
ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʠʝʤʣʝʤʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʢʨʠʪʝʨʠʝʚ ʠʭ 

ʚʥʝʜʨʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʝʤʷʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʘʛʝʥʪʳ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, 
ʚʳʩʦʢʦʡ ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʴʶ ʠ ʥʠʟʢʠʤʠ ʧʦʪʝʨʷʤʠ ʚ ʧʣʘʩʪʝ. 

ʆʜʥʘʢʦ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʪʘʪʦʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʨʝʘʛʝʥʪʦʚ ʚ ʜʦʙʳʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʢʦʥʪʨʦʣʝʤ ʢʦʨʨʦʟʠʠ ʦʙʦʨʫʜʦ-
ʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʚʝʩʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʨʝʘʛʝʥʪʦʚ - ʦʪ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 
ʠ ʟʘʢʘʯʢʠ ʜʦ ʫʪʠʣʠʟʘʮʠʠ ʠ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠʤʝʥʷʶʪ ʦʧʪʠʤʠʟʘʮʠʶ ʜʦʟʠʨʦʚʦʢ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʧʦʜʛʦ-
ʪʦʚʢʫ ʚʦʜʳ, ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʤʳʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢʦʡ ʧʦʜ-
ʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʪʝʨʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʍʙʣʫʧʩʴ ʛʴʚʧʩʙ ʥʞʫʧʝʙ ʬʛʞʤʡʰʞʦʡʸ ʦʞʭʫʞʧʫʝʙʰʡ 
ɺʳʙʦʨ ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʩʪʘ, ʤʠʥʝʨʘʣʠʟʘ-

ʮʠʠ ʚʦʜʳ, ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ, ʪʠʧʘ ʢʦʣʣʝʢʪʦʨʘ, ʫʨʦʚʥʷ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʘʩʪʘ. ɽʩ-
ʣʠ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʥʝ ʫʯʝʩʪʴ, ʜʘʞʝ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʦʡ. 
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ɼʣʷ ʥʠʟʢʦʚʷʟʢʠʭ ʥʝʬʪʝʡ ʠ ʤʷʛʢʠʭ ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʡ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳ ʇɸɺ ʠ ʧʦʣʠʤʝʨʥʳʝ 
ʩʠʩʪʝʤʳ. ɼʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʢʠʩʣʦʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʥʝʬʪʠ ʠ ʚʳʨʘʞʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʯʘ-
ʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʱʝʣʦʯʥʳʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʨʝʘʛʝʥʪʥʳʝ ʩʦʩʪʘʚʳ. ɼʣʷ ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ 
ʠ ʟʦʥ ʩ ʢʦʣʴʤʘʪʘʮʠʝʡ ʚʘʞʥʳ ʢʠʩʣʦʪʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʠ ʨʝʰʝʥʠʷ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʢʨʠʥʠʥʛ. ʆʥ ʚʢʣʶʯʘʝʪ ʧʨʦʚʝʨʢʫ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 
ʨʝʘʛʝʥʪʦʚ ʩ ʧʣʘʩʪʦʚʦʡ ʚʦʜʦʡ, ʦʮʝʥʢʫ ʤʝʞʬʘʟʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʢʝʨʥʝ ʠ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ ʚ ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʨʝʘʣʴʥʦʤʫ ʧʣʘʩʪʫ. 

ʀʙʣʤʷʰʞʦʡʞ 
ʍʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʥʝʬʪʝʜʦʙʳʯʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʚʦʚʣʝʢʘʪʴ ʚ ʨʘʟʨʘʙʦʪʢʫ ʦʩʪʘʪʦʯʥʫʶ ʥʝʬʪʴ ʠ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʟʨʝʣʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʘ ʩʯʝʪ ʫʧʨʘʚʣʝʥʠʷ ʤʝʞʬʘʟʥʳʤʠ, ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ ʩʠʩʪʝʤʳ çʧʦʨʦʜʘ - ʥʝʬʪʴ - ʚʦʜʘè. 

Hʘʠʙoʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʦʩʪʘʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ɸʉʇ-ʟʘʚʦʜʥʝʥʠʝ, ʘ 
ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʩʦʯʝʪʘʶʱʠʝ ʭʠʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩ 
ʫʣʫʯʰʝʥʠʝʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʣʣʝʢʪʦʨʘ. ɹʫʜʫʱʝʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʩʚʷʟʘʥʦ ʩ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʝʡ 
ʩʦʩʪʘʚʦʚ, ʨʘʩʰʠʨʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʘʜʘʧʪʘʮʠʝʡ ʪʝʭʥʦʣʦʛʠʡ ʢ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝ-
ʤʳʤ ʟʘʧʘʩʘʤ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ǲǣǩ8 4/1,4,.08321,.42* 4/2,55 

ǩǭǬǱǯǭǪǻ ǠǯǭǫǭǩǰǧǬǧǪǟ ǭǩǱǟǬǭǟǱǟ ǧ 
ǠǯǭǫǭǩǰǧǬǧǪǟ ǢǤǮǱǟǬǭǟǱǟ ǡ ǡǭǦǣǲǷǬǭǨ 
ǰǯǤǣǤ ǧ ǰǫǺǡǟǴ ǰ ǩǭǥǬǺǴ Ǯǭǩǯǭǡǭǡ 

ǪǿȏțȉȇȌǿ ǫǿȏȇȞ ǡǿȃȇȋȍȁȌǿ 
ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʌɹʋʅ çʌʝʜʝʨʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʛʠʛʠʝʥʳ ʠʤ. ʌ.ʌ. ʕʨʠʩʤʘʥʘè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ 
 

ɹʦʦʧʫʙʯʡʸ. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʙʨʦʤʦʢʩʠʥʠʣʘ ʦʢʪʘ-
ʥʦʘʪʘ ʠ ʙʨʦʤʦʢʩʠʥʠʣʘ ʛʝʧʪʘʥʦʘʪʘ ð ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʛʨʫʧʧʳ ʛʠʜʨʦʢʩʠʙʝʥʟʦʥʠʪʨʠʣʦʚ ð ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʢʘʧʠʣʣʷʨʥʦʡ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʦʩʥʘʱʸʥʥʦʡ ʵʣʝʢʪʨʦʥʦʟʘʭʚʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ. 
ʆʪʙʦʨ ʧʨʦʙ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʨʙʮʠʦʥʥʳʭ ʢʘʨʪʨʠʜʞʝʡ, ʟʘʧʦʣʥʝʥʥʳʭ 
ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʦʤ. ɼʝʩʦʨʙʮʠʶ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʘʮʝʪʦʥʦʤ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦ-
ʪʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʤʳʚʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ ʧʨʠʤʝʥʷʣʠ ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ. 
ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ: ʧʨʠ ʜʝ-
ʩʦʨʙʮʠʠ ʩ ʢʘʨʪʨʠʜʞʝʡ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 94,2 % ʜʣʷ ʙʨʦʤʦʢʩʠʥʠʣʘ ʦʢʪʘʥʦʘʪʘ ʠ 94,6 % ʜʣʷ 
ʙʨʦʤʦʢʩʠʥʠʣʘ ʛʝʧʪʘʥʦʘʪʘ. ʇʨʠ ʘʥʘʣʠʟʝ ʩʤʳʚʦʚ ʩ ʢʦʞʠ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʜʦʩʪʠʛʘʣʘ 87,4 % ʠ 83,9 % 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʕʢʩʪʨʘʢʮʠʶ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʮʝʪʦʥʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 
ʦʙʝʩʧʝʯʠʪʴ ʥʠʟʢʠʝ ʧʨʝʜʝʣʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. ɼʠʘʧʘʟʦʥ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦ-
ʩʪʘʚʠʣ 0,01ï0,1 ʤʛ/ʤį ʜʣʷ ʚʦʟʜʫʭʘ ʨʘʙʦʯʝʡ ʟʦʥʳ ʠ 0,1ï1,0 ʤʢʛ/ʩʤʳʚ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʢʦʞʠ ʦʧʝʨʘʪʦʨʦʚ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʘʟ-
ʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ. ʕʪʦ ʜʝʣʘʝʪ ʝʸ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʦʜʝʨʞʘʥʠʷ ʜʝʡʩʪʚʫ-
ʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʠ ʥʘ ʢʦʞʥʳʭ ʧʦʢʨʦʚʘʭ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʞʘʪʴ ʨʠʩʢ ʥʝʙʣʘʛʦ-
ʧʨʠʷʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʙʨʦʤʦʢʩʠʥʠʣ ʦʢʪʘʥʦʘʪ, ʙʨʦʤʦʢʩʠʥʠʣ ʛʝʧʪʘʥʦʘʪ, ʚʦʟʜʫʭ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʧʝʥʦʧʦʣʠʫʨʝ-
ʪʘʥʦʚʳʡ ʩʦʨʙʝʥʪ, ɻʍ-ʕɿɼ. 

 
CONTROL OF BROMOXYNYL OCTANOATE AND BROMOXYNYL HEPTANOATE IN AIR AND SKIN 

WASHES 
 

Larkina Mariia Vadimovna 
 

Abstract: A method for the quantitative determination of bromoxynil octanoate and bromoxynil heptanoateð
members of the hydroxybenzonitrile groupðhas been developed and validated using capillary gasïliquid 
chromatography equipped with an electron capture detector. 
Air sampling was carried out using sorbent cartridges packed with polyurethane foam. Desorption of the target 
compounds was performed with high-purity acetone. Ethanol was used to obtain wipe samples from the skin 
surface. 
The proposed method provides a high recovery of the analytes: average recoveries during desorption from 
cartridges were 94.2% for bromoxynil octanoate and 94.6% for bromoxynil heptanoate. In the analysis of skin 
wipe samples, recoveries reached 87.4% and 83.9%, respectively. 
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Extraction of the compounds from samples was performed using acetone, which enabled low limits of quantifi-
cation. The working concentration ranges were 0.01ï0.1 mg/mį for workplace air and 0.1ï1.0 Õg per wipe for 
skin samples. 
The obtained results demonstrate high sensitivity, accuracy, and reproducibility of the developed method. This 
makes it a reliable tool for monitoring the content of active substances in workplace air and on skin surfaces, 
contributing to the reduction of potential health risks associated with exposure to toxic compounds. 
Keywords: bromoxynil octanoate, bromoxynil heptanoate, workplace air, polyurethane foam cartridge, GC-
ECD. 

 
ʉʦʝʜʠʥʝʥʠʷ ʙʨʦʤʦʢʩʠʥʠʣʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʳʭ 

ʛʝʨʙʠʮʠʜʦʚ ʢʦʥʪʘʢʪʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʜʚʫʜʦʣʴʥʳʭ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ, ʠ 
ʦʪʥʦʩʷʪʩʷ ʢ ʚʝʱʝʩʪʚʘʤ ʫʤʝʨʝʥʥʦʡ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʤʠ ʧʫʪʷʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʨʛʘʥʠʟʤ ʷʚʣʷʶʪʩʷ ʠʥʛʘʣʷʮʠʦʥʥʳʡ (ʧʨʠ 
ʚʜʳʭʘʥʠʠ ʘʵʨʦʟʦʣʝʡ), ʜʝʨʤʘʣʴʥʳʡ (ʯʝʨʝʟ ʢʦʞʥʳʝ ʧʦʢʨʦʚʳ) ʠ ʧʝʨʦʨʘʣʴʥʳʡ. 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʙʦʪʥʠʢʦʚ ʚʦʟʤʦʞʥʦ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝ-
ʧʘʨʘʪʦʚ, ʚʢʣʶʯʘʷ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʙʦʯʠʭ ʨʘʩʪʚʦʨʦʚ, ʧʨʦʚʝʜʝʥʠʝ ʦʧʨʳʩʢʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 
ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [1-3].  

ɹʨʦʤʦʢʩʠʥʠʣ ʠ ʝʛʦ ʵʬʠʨʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩʧʦʩʦʙʥʳ ʧʨʦʥʠʢʘʪʴ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʢʘʢ ʯʝʨʝʟ 
ʜʳʭʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʪʘʢ ʠ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʢʦʞʥʳʤʠ ʧʦʢʨʦʚʘʤʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ 
ʨʘʙʦʪʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʥʛʘʣʷʮʠʦʥʥʦʛʦ ʠ ʜʝʨʤʘʣʴʥʦʛʦ ʧʫʪʠ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʀʥʪʝʥʩʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʛʝʨʙʠʮʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʙʨʦʤʦʢʩʠʥʠʣʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʚʷʟʘʥʦ ʩ ʨʠʩʢʘʤʠ, 
ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʚʦʟʤʦʞʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʠʭ ʦʩʪʘʪʢʦʚ ʚ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʠʱʝʚʦʡ ʧʨʦ-
ʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʫʶʱʠʤ ʚʣʠʷʥʠʝʤ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. 

ɺ ʫʩʣʦʚʠʷʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʥʦʚʥʳʤʠ ʧʫʪʷʤʠ ʢʦʥʪʘʢʪʘ ʦʧʝʨʘʪʦʨʦʚ ʩ ʜʘʥ-
ʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʚʦʟʜʫʭ ʨʘʙʦʯʝʡ ʟʦʥʳ ʠ ʢʦʞʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʘʢ-
ʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʦʥʠʪʦʨʠʥʛ ʩʦʜʝʨʞʘʥʠʷ ʙʨʦʤʦʢʩʠʥʠʣʘ 
ʦʢʪʘʥʦʘʪʘ ʠ ʙʨʦʤʦʢʩʠʥʠʣʘ ʛʝʧʪʘʥʦʘʪʘ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʠ ʩʤʳʚʘʭ ʩ ʢʦʞʠ ʧʨʠʦʙʨʝʪʘʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝ-
ʥʠʝ ʩ ʫʯʝʪʦʤ ʠʭ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʤʠʛʨʘʮʠʠ ʠ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ, ʘ ʪʘʢʞʝ 
ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʚ ʧʠʱʝʚʳʝ ʮʝʧʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʠʭ ʢʦʥʪʨʦʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʫʶʱʠʤ ʩʘʥʠʪʘʨʥʦ-
ʛʠʛʠʝʥʠʯʝʩʢʠʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʠʤʝʥʝ-
ʥʠʷ ʧʝʩʪʠʮʠʜʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʘʛʨʘʨʥʦʡ ʧʨʘʢʪʠʢʝ [4-10]. 

ɼʝʡʩʪʚʫʶʱʠʝ ʚʝʱʝʩʪʚʘ ʙʨʦʤʦʢʩʠʥʠʣ ʦʢʪʘʥʦʘʪ ʠ ʙʨʦʤʦʢʩʠʥʠʣ ʛʝʧʪʘʥʦʘʪ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʛʠʜ-
ʨʦʢʩʠʙʝʥʟʦʥʠʪʨʠʣʦʚ (hydroxybenzonitriles). ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʬʠʨʳ 2,6-ʜʠʙʨʦʤ-4-
ʛʠʜʨʦʢʩʠʙʝʥʟʦʥʠʪʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ð ʦʢʪʘʥʦʚʦʡ ʠʣʠ ʛʝʧʪʘʥʦʚʦʡ 
ð ʠ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʥʠʪʨʠʣʦʚ ʩ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ.  

ʉ ʫʯʸʪʦʤ ʭʠʤʠʢʦ-ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʥʠ-
ʢʘʪʴ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠʥʛʘʣʷʮʠʦʥʥʳʤ ʠ ʜʝʨʤʘʣʴʥʳʤ ʧʫʪʸʤ, ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʩʦ-
ʟʜʘʥʠʝ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ ʥʘʜʸʞʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
ʢʦʨʨʝʢʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʨʦʤʦʢʩʠʥʠʣ ʦʢʪʘʥʦʘʪʘ ʠ ʙʨʦʤʦʢʩʠʥʠʣ ʛʝʧʪʘʥʦʘʪʘ ʢʘʢ ʚ ʚʦʟʜʫʭʝ 
ʨʘʙʦʯʝʡ ʟʦʥʳ, ʪʘʢ ʠ ʚ ʩʤʳʚʘʭ ʩ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ ʦʧʝʨʘʪʦʨʦʚ. 

ʆʪʩʫʪʩʪʚʠʝ ʚʘʣʠʜʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʜʫʨ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʫ-
ʩʣʦʚʠʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʩʣʝʜʫʶʱʝʡ ʚʘʣʠʜʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘ-
ʣʠʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʭʦʜʷʱʠʝ 
ʚ ʩʦʩʪʘʚ ʛʝʨʙʠʮʠʜʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʩʧʦʩʦʙʥʳ ʧʦʩʪʫʧʘʪʴ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʯʝʨʝʟ ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ ʠ 
ʢʦʞʫ, ʬʦʨʤʠʨʫʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʠʩʢʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʧʝʨʩʦʥʘʣʘ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡ-
ʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩ-
ʧʝʯʠʪʴ ʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʪʨʠʮʘʭ, ʚʢʣʶʯʘʷ 
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XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʚʦʟʜʫʭ ʨʘʙʦʯʝʡ ʟʦʥʳ ʠ ʢʦʞʥʳʝ ʩʤʳʚʳ. ʕʪʦ ʩʦʟʜʘʸʪ ʦʩʥʦʚʫ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʩʦʙʣʶʜʝʥʠʷ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤʘʪʠʚʦʚ. 

 

 
ʉʡʪ. 1. ʊʛʸʠʵ ʚʩʧʥʧʣʪʡʦʡʤʙ, ʞʜʧ ʶʭʡʩʧʛ (ʧʣʫʙʦʧʙʫ/ʜʞʨʫʙʦʧʙʫ) ʡ ʣʤʙʪʪʙ ʜʡʝʩʧʣʪʡʚʞʦʠʧʦʡʫʩʡʤʧʛ 

 
ɺʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʳʭ ʤʝʪʦʜʠʢ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ 

ʦʙʨʘʱʝʥʠʷ ʩ ʧʝʩʪʠʮʠʜʘʤʠ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʠʩʢ ʥʘʢʦʧʣʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʧʘʜʘʥʠʷ ʚ ʧʠʱʝʚʳʝ ʮʝʧʠ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫ-
ʤʝʥʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʧʝʩʪʠʮʠʜʦʚ ʠ ʠʭ ʥʘʜʸʞʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʛʘʟʦʚʘʷ 
ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩ ʵʣʝʢʪʨʦʥʥʦ-ʟʘʭʚʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ (ɻʍ-ʕɿɼ), ʦʙʣʘʜʘʶʱʘʷ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 
ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʤ ʩʦʝʜʠʥʝʥʠʷʤ. 

ʉ ʫʯʸʪʦʤ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʭ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 
ʟʘʜʘʯʠ, ʚʢʣʶʯʘʶʱʠʝ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʮʝʜʫʨ ʦʪʙʦʨʘ ʧʨʦʙ, ʦʧʪʠʤʠʟʘʮʠʶ ʵʪʘʧʦʚ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʦʩ-
ʥʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʮʝʣʝʚʳʭ ʚʝʱʝʩʪʚ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʪʘʥʜʘʨʪʳ ʙʨʦʤʦʢʩʠʥʠʣ ʦʢ-
ʪʘʥʦʘʪʘ (ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ 99,7%) ʠ ʙʨʦʤʦʢʩʠʥʠʣ ʛʝʧʪʘʥʦʘʪʘ (99,6%). ʉʪʘʥʜʘʨʪʥʳʝ ʦʙ-
ʨʘʟʮʳ ʭʨʘʥʠʣʠ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʩʪʘʙʠʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʭʦʣʦʜʠʣʴʥʦʡ ʢʘʤʝʨʝ (4 Ñ 2 
ÁC), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʝʨʪʠʬʠʢʘʪʦʚ ʢʘʯʝʩʪʚʘ. 

ɻʨʘʜʫʠʨʦʚʦʯʥʳʝ ʨʘʩʪʚʦʨʳ ʙʨʦʤʦʢʩʠʥʠʣ ʦʢʪʘʥʦʘʪʘ ʠ ʙʨʦʤʦʢʩʠʥʠʣ ʛʝʧʪʘʥʦʘʪʘ ʛʦʪʦʚʠʣʠ ʥʘ ʦʩʥʦʚʝ 
ʘʮʝʪʦʥʘ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ 0,05ï0,5 
ʤʢʛ/ʩʤį. ʈʘʙʦʯʠʝ ʨʘʩʪʚʦʨʳ ʩʦʭʨʘʥʷʣʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʥʝʜʝʣʴ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʭʦʣʦʜʠʣʴʥʠ-
ʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (2ï6) ÁC. 

ʇʨʠ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʫʯʠʪʳʚʘʣʠ ʠʭ ʣʝʪʫʯʝʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʫʶ 

ʜʘʚʣʝʥʠʝʤ ʧʘʨʦʚ 1,0Ŀ10ϖώ ʤʇʘ (ʧʨʠ 20 ÁC). ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʸʪʥʳʭ ʦʮʝʥʦʢ ʩ ʫʯʸʪʦʤ ʤʦʣʝʢʫʣʷʨʥʳʭ 
ʤʘʩʩ (403,0 ʠ 389,08 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʘʨʦʚʦʡ ʬʨʘʢʮʠʠ ʚ 

ʚʦʟʜʫʭʝ ʩʦʩʪʘʚʣʷʝʪ 1,8Ŀ10ϖϐ ʤʛ/ʤį ʜʣʷ ʙʨʦʤʦʢʩʠʥʠʣ ʦʢʪʘʥʦʘʪʘ ʠ 1,7Ŀ10ϖϐ ʤʛ/ʤį ʜʣʷ ʙʨʦʤʦʢʩʠʥʠʣ ʛʝʧʪʘ-
ʥʦʘʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ ʥʦʨʤʘʪʠʚʘ 
(ʆɹʋɺ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ 0,3 ʤʛ/ʤį) ʦʩʥʦʚʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʘʵʨʦʟʦʣʴʥʘʷ ʠ ʯʘʩʪʠʯʥʦ ʧʘʨʦʚʘʷ 
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ʬʦʨʤʘ ʧʨʠʩʫʪʩʪʚʠʷ ʚʝʱʝʩʪʚ. 
ɺ ʢʘʯʝʩʪʚʝ ʩʦʨʙʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ ʢʘʨʪʨʠʜʞʠ ʩ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʦʤ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʝʪʦʜʠʢʘʭ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝ-
ʥʠʷ ʚʦʟʜʫʭʘ ʨʘʙʦʯʝʡ ʟʦʥʳ ʠ ʵʬʬʝʢʪʠʚʥʦ ʫʣʘʚʣʠʚʘʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʳʩʦʢʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦ-
ʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ, ʚʢʣʶʯʘʷ ʧʝʩʪʠʮʠʜʳ. 

ʇʦʪʝʨʠ ʥʘ ʩʪʘʜʠʠ ʘʩʧʠʨʘʮʠʦʥʥʦʛʦ ʦʪʙʦʨʘ ʦʮʝʥʠʚʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦ-
ʜʝʣʴʥʦʛʦ ʚʥʝʩʝʥʠʷ ʚʝʱʝʩʪʚʘ ʥʘ ʩʦʨʙʝʥʪ. ʆʪʙʦʨ ʧʨʦʙ ʚʦʟʜʫʭʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ÁC ʩʦ 
ʩʢʦʨʦʩʪʴʶ 2 ʜʤį/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ (ʦʙʲʸʤ ʧʨʦʙʳ 10 ʜʤį). ɺ ʢʘʨʪʨʠʜʞ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʥʦʩʠʣʠ (0,5 
Ñ 0,01) ʤʢʛ ʙʨʦʤʦʢʩʠʥʠʣ ʦʢʪʘʥʦʘʪʘ ʠʣʠ ʙʨʦʤʦʢʩʠʥʠʣ ʛʝʧʪʘʥʦʘʪʘ (1,0 ʩʤį ʛʨʘʜʫʠʨʦʚʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 
ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,5 ʤʢʛ/ʩʤį). 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʘʩʧʠʨʘʮʠʠ ʩʦʨʙʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʜʦ ʢʦʥʝʯʥʦʛʦ ʦʙʲʸʤʘ 0,5 
ʩʤį ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ɻʍ-ʕɿɼ. ɺ ʧʦʣʫʯʝʥʥʳʭ ʭʨʦʤʘʪʦʛʨʘʤʤʘʭ ʧʨʠʩʫʪʩʪʚʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦ-
ʝʜʠʥʝʥʠʡ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʲʸʤʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ (ʧʨʝʜʝʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ð 0,05 ʤʢʛ). 

ʉ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʟʥʘʯʠʤʳʤ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 1/2 ʧʨʝʜʝʣʘ 
ʦʙʥʘʨʫʞʝʥʠʷ (0,025 ʤʢʛ ʜʣʷ ʢʘʞʜʦʛʦ ʚʝʱʝʩʪʚʘ), ʜʦʣʷ ʚʦʟʤʦʞʥʦʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, ʩʚʷ-
ʟʘʥʥʦʡ ʩ ʧʨʦʩʢʦʢʦʤ ʘʥʘʣʠʪʘ, ʥʝ ʧʨʝʚʳʰʘʝʪ 5%. 

ʆʪʙʦʨ ʧʨʦʙ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ 
ʪʨʝʙʦʚʘʥʠʷʤʠ [11,12,13].   

ɺʦʟʜʫʭ ʨʘʙʦʯʝʡ ʟʦʥʳ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʦʙʲʝʤʥʳʤ ʨʘʩʭʦʜʦʤ 2ï5 ʜʤį/ʤʠʥ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʩʦʨʙ-
ʮʠʦʥʥʳʝ ʢʘʨʪʨʠʜʞʠ, ʟʘʧʦʣʥʝʥʥʳʝ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʝ ʫʣʘʚʣʠʚʘʥʠʝ 
ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʙʨʦʤʦʢʩʠʥʠʣ ʦʢʪʘʥʦʘʪʘ ʠ ʙʨʦʤʦʢʩʠʥʠʣ ʛʝʧʪʘʥʦʘʪʘ ʥʘ ʫʨʦʚʥʝ 
ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ (0,01 ʤʛ/ʤį) ʦʩʫʱʝʩʪʚʣʷʣʠ ʦʪʙʦʨ 10 ʜʤį ʚʦʟʜʫʰʥʦʡ ʧʨʦʙʳ. ʆʪʦʙʨʘʥʥʳʝ ʦʙʨʘʟʮʳ, 
ʧʦʤʝʱʸʥʥʳʝ ʚ ʛʝʨʤʝʪʠʯʥʳʝ ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʧʘʢʝʪʳ, ʭʨʘʥʠʣʠ ʚ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫ-
ʨʝ 4ï6 ÁC, ʧʨʠ ʵʪʦʤ ʜʦʧʫʩʪʠʤʳʡ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʩʦʩʪʘʚʣʷʣ ʜʦ 30 ʩʫʪʦʢ ʙʝʟ ʧʦʪʝʨʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʜʦʩʪʦ-
ʚʝʨʥʦʩʪʠ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʘʚʠʣʴʥʦʩʪʠ, ʧʨʝʮʠʟʠʦʥʥʦʩʪʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʤʝʪʦʜʠʢʠ ʙʳʣʠ ʩʬʦʨ-
ʤʠʨʦʚʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʦʜʝʣʴʥʳʝ ʦʙʨʘʟʮʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʥʘʣʠʪʦʚ ʧʦ ʩʭʝʤʝ çʚʥʝʩʝʥʦïʥʘʡʜʝʥʦè 
ʚʦ ʚʩʸʤ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ (0,1ï1,0 ʤʢʛ ʚ ʧʨʦʙʝ). ʇʨʠ ʠʭ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʰʘʥʥʳʡ ʛʨʘ-
ʜʫʠʨʦʚʦʯʥʳʡ ʨʘʩʪʚʦʨ ʙʨʦʤʦʢʩʠʥʠʣ ʦʢʪʘʥʦʘʪʘ ʠ ʙʨʦʤʦʢʩʠʥʠʣ ʛʝʧʪʘʥʦʘʪʘ ʚ ʘʮʝʪʦʥʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,5 
ʤʢʛ/ʩʤį. ɺʚʝʜʝʥʠʝ ʘʣʠʢʚʦʪ ʚ ʜʠʘʧʘʟʦʥʝ 0,1ï1,0 ʩʤį ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʰʧʨʠʮʘ ʥʘ 100 ʩʤį ʩ 
ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʜʦʟʠʨʦʚʘʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʘʮʝʪʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ ʠʟ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʩʦʨʙʝʥʪʘ. ʉʪʝʧʝʥʴ 
ʠʟʚʣʝʯʝʥʠʷ ʙʨʦʤʦʢʩʠʥʠʣ ʦʢʪʘʥʦʘʪʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 85,0ï99,0%, ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 94,1%, ʘ 
ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 3,8%, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ 
ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʨʦʮʝʜʫʨʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ 
ʦʙʨʘʟʮʳ ʩʚʠʥʦʡ ʢʦʞʠ, ʦʙʣʘʜʘʶʱʠʝ ʙʣʠʟʢʠʤʠ ʢ ʯʝʣʦʚʝʯʝʩʢʦʡ ʢʦʞʝ ʘʥʘʪʦʤʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʘʤʠ. ʅʘ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʥʘʥʦʩʠʣʠ ʠʟʚʝʩʪʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʝ-
ʱʝʩʪʚ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ ʧʨʦʮʝʜʫʨʫ ʩʤʳʚʘ ʠ ʦʮʝʥʠʚʘʣʠ ʧʦʣʥʦʪʫ ʠʟʚʣʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠ-
ʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. 

ɺ ʭʦʜʝ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʣʦʚʦʛʦ ʨʝʢʪʠʬʠʢʦʚʘʥʥʦʛʦ 
ʩʧʠʨʪʘ ʚ ʢʘʯʝʩʪʚʝ ʩʤʳʚʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʘʥʘʣʠʪʦʚ 
ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 78,00ï98,80% ʜʣʷ ʙʨʦʤʦʢʩʠʥʠʣ 
ʦʢʪʘʥʦʘʪʘ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 87,4%) ʠ 75,00ï91,60% ʜʣʷ ʙʨʦʤʦʢʩʠʥʠʣ ʛʝʧʪʘʥʦʘʪʘ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 
83,9%). 

ʉʙʦʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʘʣʠʜʘʮʠʠ ʤʝʪʦʜʠʢʠ ʦʩʫ-
ʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ, ʦʩʥʘʱʸʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦ-ʟʘʭʚʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ 
(ʕɿɼ). 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʟʢʠʭ, ʩʠʤʤʝʪʨʠʯʥʳʭ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʠʢʦʚ ʜʦʩʪʠʛʘʝʪʩʷ 
ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʧʠʣʣʷʨʥʦʡ ʢʚʘʨʮʝʚʦʡ ʢʦʣʦʥʢʠ ʜʣʠʥʦʡ 30 ʤ, ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 0,32 ʤʤ, ʩ ʥʝ-
ʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ HP-5 ms ʠ ʪʦʣʱʠʥʦʡ ʧʣʝʥʢʠ 0,25 ʤʢʤ. 

ɻʨʘʜʫʠʨʦʚʦʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʦʩʠʣʘ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʧʠʩʳʚʘʣʘʩʴ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʞʜʫ 
ʧʣʦʱʘʜʴʶ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʠʢʦʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʥʘʣʠʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 0,05ï1,0 ʤʢʛ/ʩʤį. ʆʪʥʦ-
ʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʫʨʦʚʥʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 9:1, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʛʨʘʜʫʠ-
ʨʦʚʦʯʥʦʡ ʧʨʷʤʦʡ ʜʦʩʪʠʛʘʣ 0,999. ʅʠʞʥʠʡ ʧʨʝʜʝʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʦʙʲ-
ʸʤʝ ʧʨʦʙʳ ʩʦʩʪʘʚʠʣ 0,1 ʥʛ. ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʱʘʜʝʡ ʧʠʢʦʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʨʦʤʦʢʩʠʥʠʣ 
ʦʢʪʘʥʦʘʪʘ ʠ ʙʨʦʤʦʢʩʠʥʠʣ ʛʝʧʪʘʥʦʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3. 
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ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʤʝʪʦʜʠʯʝ-
ʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʨʦʤʦʢʩʠʥʠʣ ʦʢʪʘʥʦʘʪʘ ʠ ʙʨʦʤʦʢʩʠʥʠʣ ʛʝʧʪʘʥʦʘʪʘ ʚ 
ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʠ ʩʤʳʚʘʭ ʩ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ ʦʧʝʨʘʪʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʘʧʠʣʣʷʨʥʦʡ 
ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʨʘʟʜʝʣ 4.1). ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʫʯʪʝʥʳ ʧʦʣʦʞʝʥʠʷ ʟʘʢʦʥʘ 
çʆʙ ʦʙʝʩʧʝʯʝʥʠʠ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡè. [15].  

ʋʩʪʘʥʦʚʣʝʥʳ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʙʝʟʦʧʘʩʥʳʝ ʫʨʦʚʥʠ ʚʦʟʜʝʡʩʪʚʠʷ (ʆɹʋɺ) ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 
ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ï 0,3 ʤʛ/ʤ3 [16].  

ʇʦ ʠʪʦʛʘʤ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ, ʧʨʦʚʝʜʸʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʯʸʪʥʦ-
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʸʤʝ ʠʟʤʝʨʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʢʦʣʠʯʝ-
ʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʨʦʤʦʢʩʠʥʠʣ ʦʢʪʘʥʦʘʪʘ ʠ ʙʨʦʤʦʢʩʠʥʠʣ ʛʝʧʪʘʥʦʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 
Ñ16% ʠ Ñ17% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʨʦʙ ʚʦʟʜʫʭʘ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʘ ʜʣʷ ʩʤʳʚʦʚ ʩ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ ʦʧʝʨʘ-
ʪʦʨʦʚ ð 18% ʠ 21% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ[17]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʮʝʣʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʩʧʝʰʥʦ 
ʜʦʩʪʠʛʥʫʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʵʪʘʧ ʚ ʨʘʟʚʠʪʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝ-
ʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʧʝʩʪʠʮʠʜʦʚ ʠ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʦʙʲʝʢʪʘʭ 
ʥʘʙʣʶʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʨʠʩʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʩʥʘʱʝʥʠʷ ʣʘʙʦʨʘʪʦʨʠʡ. 
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ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤʳ ʟʘ-
ʱʠʪʳ ʚ ʚʝʛʝʪʘʪʠʚʥʳʭ ʦʨʛʘʥʘʭ ʛʨʫʰʠ Pyrus communis, ʥʘ ʧʨʠʤʝʨʝ ʩʦʨʪʦʚ ʂʦʥʬʝʨʝʥʮʠʷ, ɺʠʣʴʷʤʩ, ʃʶ-
ʙʝʨʩʢʘʷ ʠ ʌʣʘʤʝʥʢʦ, ʚ ʦʪʚʝʪ ʥʘ ʩʪʨʝʩʩʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʩʤʦʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʢʘʟʘʥʦ, 
ʯʪʦ ʚʩʝ ʩʦʨʪʘ ʦʪʚʝʯʘʶʪ ʥʘ ʩʪʨʝʩʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʢʣʶʯʝʚʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʬʝʨʤʝʥʪʦʚ 
(SOD, APX, POX, PPO, GPʆX), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʘʧʫʩʢ ʟʘʱʠʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʱʝʝ 
ʧʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ, ʩʦʨʪʘ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʭʘʨʘʢʪʝʨʫ ʠ ʩʪʝʧʝʥʠ ʦʪʚʝʪʥʦʡ ʨʝʘʢʮʠʠ. ʇʦ-
ʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʘʞʥʳ ʜʣʷ ʧʦʠʩʢʘ ʩʦʨʪʦʚ ʛʨʫʰʠ ʥʘʠʙʦʣʝʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʚ 
ʫʩʣʦʚʠʷʭ ʟʘʩʫʭʠ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʶʞʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʨʫʰʘ, ʩʦʨʪʘ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʦʩʤʦʪʠʯʝʩʢʠʡ 
ʩʪʨʝʩʩ. 
 

CHANGES IN THE FUNCTIONING OF THE ANTIOXIDANT DEFENSE SYSTEM IN THE VEGETATIVE 
ORGANS OF PEAR UNDER OSMOTIC STRESS 

 

Viktorova Victoria Sergeevna,  
Shcheglov Sergey Nikolaevich, 

Mishko Alisa Evgen`evna 
 

Abstract: This article presents the results of a study of the antioxidant defense system in the vegetative or-
gans of pear cultivars (Pyrus communis) ï óConferenceô, óWilliamsô, óLyuberskayaô, óFlamencoô, in response to 
stress exposure to an osmotically active compound. It was shown that all cultivars respond to stress by in-
creasing the activity of key antioxidant enzymes (SOD, APX, POX, PPO, and GPOX), confirming the activation 
of defense mechanisms. Despite the overall increase in enzyme activity, the cultivars differed in the dynamics 
and intensity of the response. These results are important for identifying pear cultivars best suited for cultiva-
tion in the drought conditions typical of southern Russia. 
Key words: pear, cultivars, antioxidant defense system, plant resistance, osmotic stress. 
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ɻʨʫʰʘ (Pyrus communis L.) ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʟʘʩʫʭʝ, ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪ 
ʦʩʤʦʪʠʯʝʩʢʠʡ ʩʪʨʝʩʩ ʫ ʧʣʦʜʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ ʶʛʘ ʈʦʩʩʠʠ, ʧʨʠʚʦʜʷ ʢ ʦʙʝʟʚʦʞʠʚʘʥʠʶ ʪʢʘʥʝʡ, ʥʘʨʫʰʝ-
ʥʠʶ ʬʦʪʦʩʠʥʪʝʟʘ, ʟʘʜʝʨʞʢʝ ʨʦʩʪʘ ʧʦʙʝʛʦʚ, ʛʠʙʝʣʠ ʮʚʝʪʢʦʚ ʠ ʟʘʚʷʟʝʡ, ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʦʪʝʨʝ ʧʣʦʜʦʚ, ʘ 
ʪʘʢʞʝ ʩʥʠʞʝʥʠʶ ʟʠʤʦʩʪʦʡʢʦʩʪʠ ʠ ʠʤʤʫʥʥʦʛʦ ʩʪʘʪʫʩʘ ʨʘʩʪʝʥʠʡ. ɺ ʞʘʨʢʦʤ ʠ ʩʫʭʦʤ ʢʣʠʤʘʪʝ ʨʝʛʠʦʥʘ ʷʚ-
ʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʠʤʝʥʝʥʠʝ ʠʨʨʠʛʘʮʠʠ, ʤʫʣʴʯʠʨʦʚʘʥʠʷ, ʧʦʜʙʦʨʘ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʚ ʠ ʟʘ-
ʱʠʪʥʳʭ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʣʦʜʦʥʦʰʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʟʜʦʨʦʚʴʷ ʥʘʩʘʞ-
ʜʝʥʠʡ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʨʫʰ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥ-
ʥʳʭ ʩʦʨʪʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʩʪʨʝʩʩʘʤ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʈʦʩʩʠʠ ʩʦʨʪʦʚ ʧʣʦ-
ʭʦ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʥʝʜʦʩʪʘʪʢʫ ʚʣʘʛʠ. 

ʆʩʤʦʪʠʯʝʩʢʠʡ ʩʪʨʝʩʩ ð ʦʜʥʦ ʠʟ ʥʝʠʟʙʝʞʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʨʘʩʪʝʥʠʷ ʚ ʧʨʠʨʦʜʝ, ʚʦʟʥʠʢʘʶʱʝʝ 
ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʣʝʪʢʘʭ ʧʦʜ ʚʣʠʷʥʠʝʤ ʟʘʩʫʭʠ, ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘʨʫ-
ʰʘʝʪ ʚʦʜʥʳʡ ʙʘʣʘʥʩ, ʚʳʟʳʚʘʷ ʛʣʫʙʦʢʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʠ ʵʪʦʤ, ʢʘʞʜʳʡ 
ʚʠʜ ʨʘʩʪʝʥʠʡ ʦʙʣʘʜʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʛʝʥʦʪʠʧʦʤ, ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʝ-
ʨʝʩʪʨʘʠʚʘʪʴ ʤʝʪʘʙʦʣʠʟʤ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʩʨʝʜʳ [1, 2, ʩ. 32]. ʅʝʙʦʣʴʰʠʝ ʠʣʠ ʢʨʘʪʢʦʩʨʦʯ-
ʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʙʳʯʥʦ ʥʝ ʥʘʨʫʰʘʶʪ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʩʦʭʨʘʥʝʥʠʶ ʛʦʤʝʦʩʪʘʟʘ, 
ʦʜʥʘʢʦ ʜʣʠʪʝʣʴʥʦʝ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʫʛʥʝʪʝʥʠʶ ʬʠʟʠʦʣʦʛʠʠ, ʥʘʨʫʰʝʥʠʶ ʦʙʤʝʥʘ 
ʚʝʱʝʩʪʚ ʠ ʚʦʟʤʦʞʥʦʡ ʛʠʙʝʣʠ ʨʘʩʪʝʥʠʷ. ʋʯʸʥʳʝ ʚʳʜʝʣʷʶʪ ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʪʘʜʠʠ ʨʝʘʛʠʨʦʚʘʥʠʷ 
ʨʘʩʪʝʥʠʡ ʥʘ ʩʪʨʝʩʩ: ʥʘʯʘʣʴʥʘʷ ʪʨʝʚʦʞʥʘʷ ʨʝʘʢʮʠʷ, ʧʦʩʣʝʜʫʶʱʘʷ ʘʜʘʧʪʘʮʠʷ ʠʣʠ ʫʩʠʣʝʥʠʝ ʧʦʚʨʝʞʜʝ-
ʥʠʡ, ʠ ʟʘʚʝʨʰʘʶʱʘʷ ʩʪʘʜʠʷ ʠʩʪʦʱʝʥʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʛʠʙʝʣʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ.  

ʌʘʢʪʦʨʳ ʩʪʨʝʩʩʘ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʬʠʟʠʯʝʩʢʠʝ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʨʘʜʠʘʮʠʷ), ʭʠʤʠʯʝʩʢʠʝ 
(ʩʦʣʝʚʦʡ ʩʪʨʝʩʩ, ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ) ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ (ʙʦʣʝʟʥʠ, ʚʨʝʜʠʪʝʣʠ, ʢʦʥʢʫʨʝʥʪʳ). ʃʶʙʦʝ ʧʦʜʦʙ-
ʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʧʦʩʦʙʥʦ ʪʦʨʤʦʟʠʪʴ ʛʦʨʤʦʥʘʣʴʥʫʶ ʨʝʛʫʣʷʮʠʶ, ʦʩʣʘʙʣʷʪʴ ʵʥʝʨʛʝʪʠʢʫ, ʧʦʚʳʰʘʪʴ ʧʨʦʥʠʮʘʝ-
ʤʦʩʪʴ ʤʝʤʙʨʘʥ ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʉʢʦʨʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʩʪʨʝʩʩʘ ʚʣʠʷʝʪ ʥʘ 
ʫʩʧʝʰʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ: ʧʦʩʪʝʧʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʧʝʨʝʥʦʩʠʪʩʷ ʣʝʛʯʝ, ʯʝʤ ʚʥʝʟʘʧʥʦʝ ʠ ʩʠʣʴʥʦʝ ʚʦʟ-
ʜʝʡʩʪʚʠʝ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʦʙʱʝʛʦ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʩʠʥʜʨʦʤʘ ɻʘʥʩʘ ʉʝʣʴʝ [3 ʩ. 73], ʨʘʩʪʝʥʠʷ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦ ʧʨʦʭʦʜʷʪ ʵʪʘʧʳ ʧʝʨʚʠʯʥʦʡ ʨʝʘʢʮʠʠ, ʧʦʩʣʝʜʫʶʱʝʡ ʘʜʘʧʪʘʮʠʠ ʠʣʠ ʠʩʪʦʱʝʥʠʷ ʚʧʣʦʪʴ ʜʦ ʛʠʙʝʣʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʢ ʩʪʨʝʩʩʦʚʳʤ ʫʩʣʦʚʠʷʤ ʷʚ-
ʣʷʶʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʠʩʢ ʥʘʠʙʦʣʝʝ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ 
ʛʝʥʦʪʠʧʦʚ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷ-
ʣʦʩʴ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤʳ ʣʠʩʪʴʝʚ ʫ ʨʘʟʥʳʭ ʩʦʨʪʦʚ ʛʨʫʰʠ, ʧʫʪʸʤ 
ʠʟʤʝʨʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʬʝʨʤʝʥʪʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʪʨʝʩʩʘ [4]. 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʚ ʢʣʝʪʢʘʭ ʣʠʩʪʴʝʚ ʛʨʫʰʠ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʦʛʣʘʩʥʦ 
ʢʦʪʦʨʦʤʫ ʣʠʩʪʴʷ ʛʨʫʰʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 
ʩʫʪʦʢ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʙʨʘʣʠ ʣʠʩʪʴʷ, ʧʦʛʨʫʞʝʥʥʳʝ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ. ɼʘʣʝʝ 
ʨʘʩʪʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʬʝʨʤʝʥʪʦʚ ï ʩʫʧʝʨʦʢ-
ʩʠʜʜʠʩʤʫʪʘʟʳ (SOD), ʘʩʢʦʨʙʘʪʧʝʨʦʢʩʠʜʘʟʳ (APX), ʛʚʘʷʢʦʣ-ʟʘʚʠʩʠʤʦʡ (GPOX) ʠ ʙʝʥʟʝʜʠʥ-ʟʘʚʠʩʠʤʦʡ 
ʧʝʨʦʢʩʠʜʘʟ (POX) ʠ ʧʦʣʠʬʝʥʦʣʦʢʩʠʜʘʟʳ (PPO). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ. 

SOD ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʫʧʝʨʦʢʩʠʜ-ʨʘʜʠʢʘʣʘ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʪʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ ʠʟʦʬʦʨʤʘʤʠ SOD (Cu/Zn-, Mn- ʠ Fe-SOD), ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ ʩʧʝ-
ʮʠʬʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ.  

ʀʟʫʯʝʥʦ ʯʝʪʳʨʝ ʩʦʨʪʘ ʛʨʫʰʠ ï ʂʦʥʬʝʨʝʥʮʠʷ, ɺʠʣʴʷʤʩ, ʃʶʙʝʨʩʢʘʷ ʠ ʌʣʘʤʝʥʢʦ, ʨʝʢʦʤʝʥʜʦʚʘʥ-
ʥʳʭ ʢ ʧʦʩʘʜʢʝ ʚ ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ. ɺ ʛʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 
ʨʝʞʠʤ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 2, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʫʝ-
ʤʳʝ ʩʦʨʪʘ ʛʨʫʰʠ ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʬʝʨʤʝʥ-
ʪʦʚ (SOD, APX, POX, PPO, GPʆX) ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʪʨʝʩʩ-ʬʘʢʪʦʨʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʢʣʶʯʝʥʠʠ 
ʟʘʱʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʘʩʪʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʙʦʨʴʙʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʢʦʧʣʝʥʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 
ʢʠʩʣʦʨʦʜʘ. 
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ʋʙʚʤʡʯʙ 1 
ʋʞʥʨʞʩʙʫʬʩʦʴʢ ʩʞʟʡʥ ʡ ʣʧʤʡʰʞʪʫʛʧ ʧʪʙʝʣʧʛ ʨʧ ʥʞʪʸʯʙʥ  
ʠʙ ʛʞʜʞʫʙʯʡʧʦʦʴʢ ʨʞʩʡʧʝ 2025 ʜʧʝʙ ʛ ʜ. ʃʩʙʪʦʧʝʙʩ 

 ʄʘʨʪ ɸʧʨʝʣʴ ʄʘʡ ʀʶʥʴ ʀʶʣʴ ɸʚʛʫʩʪ ʉʝʥʪʷʙʨʴ ʆʢʪʷʙʨʴ 

ʉʨʝʜʥʷʷ ʪʝʤʧʝ-
ʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, 
ÁC (ʄɸʍ) 

+ 27 +23 +30 +34 +44 +39 +36 +27 

ʉʨʝʜʥʷʷ ʪʝʤʧʝ-
ʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, 
ÁC (ʄIN) 

-14 +9 +14 +18 +23 +22 +13 +8 

ʂʦʣʠʯʝʩʪʚʦ 
ʦʩʘʜʢʦʚ, ʤʤ 

0 25 37 49 41 32 26 32 

 
ʋʙʚʤʡʯʙ 2 

ʁʠʥʞʦʞʦʡʞ ʬʩʧʛʦʸ ʙʣʫʡʛʦʧʪʫʡ ʭʞʩʥʞʦʫʦʴʮ ʙʦʫʡʧʣʪʡʝʙʦʫʧʛ ʛ ʤʡʪʫʵʸʮ ʜʩʬʱʡ ʨʧʝ ʛʧʠʝʞʢʪʫʛʡʞʥ 
ʪʫʩʞʪʪʙ 

  SOD, U/mg APX, U/mg POX, U/mg PPO, U/mg GPOX, U/mg 

ʃʶʙʝʨʩʢʘʷ ʂʦʥʪʨʦʣʴ 3,4Ñ0,6 3,7Ñ0,3 12Ñ0,4 3,7Ñ0,1 2,2Ñ0,1 

ʉʪʨʝʩʩ 3,6Ñ0,5 31,7Ñ4,6 31,7Ñ4,6 4,2Ñ0,3 2,4Ñ0,2 

ɺʠʣʴʷʤʩ ʂʦʥʪʨʦʣʴ 2,9Ñ0,6 2,9Ñ0,3 6,0Ñ0,6 2,9Ñ0,3 1,8Ñ0,2 

ʉʪʨʝʩʩ 3,1Ñ0,7 3,0Ñ0,6 13,8Ñ3,7 3,0Ñ0,6 1,7Ñ0,3 

ʂʦʥʬʝʨʝʥʮʠʷ ʂʦʥʪʨʦʣʴ 3,4Ñ0,4 3,6Ñ0,7 4,5Ñ1,9 3,3Ñ06 1,7Ñ0,3 

ʉʪʨʝʩʩ 4,1Ñ0,4 4,1Ñ0,6 6,9Ñ2,1 4,4Ñ0,6 2,0Ñ0,3 

ʌʣʘʤʝʥʢʦ ʂʦʥʪʨʦʣʴ 2,2Ñ0,2 3,1Ñ0,4 5,7Ñ0,6 3,0Ñ0,4 1,8Ñ0,3 

ʉʪʨʝʩʩ 2,1Ñ0,3 4,3Ñ0,8 20,3Ñ7,8 4,9Ñ0,9 2,7Ñ0,6 

 
ɼʣʷ ʩʦʨʪʘ ʂʦʥʬʝʨʝʥʮʠʷ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʪʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʬʝʨʤʝʥʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪ-

ʩʷ. ɺ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʥʘʯʝʥʠʷʭ ʬʝʨʤʝʥʪʦʚ POX (6,9Ñ2,1) ʠ GPʆX (2,0Ñ0,3), 
ʯʪʦ ʦʧʠʩʳʚʘʝʪ ʨʘʙʦʪʫ ʩʠʩʪʝʤ ʧʨʦʪʠʚ ʦʢʠʩʣʝʥʠʷ ʚ ʢʣʝʪʢʘʭ ʵʪʦʛʦ ʩʦʨʪʘ ʢʘʢ ʵʬʬʝʢʪʠʚʥʫʶ. ɽʩʣʠ ʠʟʫʯʘʪʴ 
ʦʙʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʩʝʭ ʚʝʱʝʩʪʚ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʦʢʠʩʣʝʥʠʷ ʧʦ ʩʦʨʪʘʤ, ʪʦ ʥʘʠʙʦʣʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 
ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʩʦʨʪʘ ɺʠʣʴʷʤʩ. ʅʘ ʩʪʨʝʩʩ ʦʥʘ ʨʝʘʛʠʨʫʝʪ ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʥʦ ʧʦʢʘʟʘʪʝʣʠ 
ʦʩʪʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ, ʯʪʦ ʦʧʠʩʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʝʥʠʡ ʢʘʢ ʩʪʘʙʠʣʴʥʦʝ ʠ ʩʧʦʩʦʙʥʦʝ 
ʢ ʩʦʭʨʘʥʝʥʠʶ ʞʠʟʥʠ. ɼʣʷ ʩʦʨʪʘ ʃʶʙʝʨʩʢʘʷ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʪʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ ʫʩʠʣʠʚʘ-
ʝʪʩʷ ʫʤʝʨʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ POX (31,7Ñ4,6) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ. ʀ ʫ ʩʦʨʪʘ ʌʣʘʤʝʥʢʦ 
ʨʦʩʪ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ. ʅʦ ʚ ʜʘʥʥʳʭ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 
POX (20,3Ñ7,8) ʠ GPX (2,7Ñ0,6) ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʨʪ ʛʨʫʰʠ ɺʠʣʴʷʤʩ ʩʦʭʨʘʥʷʝʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʥʝʰʥʠʭ 
ʬʘʢʪʦʨʦʚ ʙʦʣʝʝ ʫʩʧʝʰʥʦ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʧʨʦ-
ʪʝʢʘʝʪ ʙʝʟ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʅʘʧʨʦʪʠʚ, ʩʦʨʪ ʌʣʘʤʝʥʢʦ ʥʝ ʠʤʝʝʪ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʚ 
ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʦ ʧʨʠ ʩʪʨʝʩʩʝ ʵʪʦ ʨʘʩʪʝʥʠʝ ʫʩʠʣʠʚʘʝʪ ʨʘʙʦʪʫ ʬʝʨʤʝʥʪʦʚ POX ʠ GPX. ɼʘʥʥʳʡ 
ʬʘʢʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʟʘʱʠʪʥʳʝ ʩʠʩʪʝʤʳ ʵʪʦʛʦ ʩʦʨʪʘ ʩʧʦʩʦʙʥʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦ-
ʩʪʠ. ʀ ʩʦʨʪʘ ʃʶʙʝʨʩʢʘʷ ʠ ʂʦʥʬʝʨʝʥʮʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʙ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʩʝʨʝ-
ʜʠʥʝ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʨʪʦʚ ɺʠʣʴʷʤʩ ʠ ʌʣʘʤʝʥʢʦ. 
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ǲǣǩ 402,.3 

ǩǭǫǮǪǤǩǰǬǟǾ ǭǮǱǧǫǧǦǟǵǧǾ ǦǟǱǯǟǱ Ǭǟ 
ǰǱǯǭǧǱǤǪǻǰǱǡǭ ǰ ǧǰǮǭǪǻǦǭǡǟǬǧǤǫ 
ǵǧǳǯǭǡǺǴ ǱǤǴǬǭǪǭǢǧǨ ǧ BIM-
ǫǭǣǤǪǧǯǭǡǟǬǧǾ 

ǢȊȒȘȄȌȉȍ Ǭȇȉȇȑǿ ǰȄȏȂȄȄȁȇȖ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʚʳʨʘʙʦʪʢʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʝ ʨʝʰʝʥʠʡ, ʧʦʟʚʦ-
ʣʷʶʱʠʭ ʫʤʝʥʴʰʠʪʴ ʠʟʜʝʨʞʢʠ ʠ ʨʘʮʠʦʥʘʣʴʥʝʝ ʨʘʩʧʨʝʜʝʣʷʪʴ ʠʭ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴ-
ʩʪʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʤʝʪʘ ʘʥʘʣʠʟʘ ʚʳʙʨʘʥʳ BIM, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʨʘʩʯʝʪ ʩʤʝʪ ʠ ʠʥʩʪʨʫʤʝʥʪʳ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʢʦʥʪʨʦʣʴ ʟʘʪʨʘʪ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʙʦʪ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʥʝʜʨʝʥʠʝ 
ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʫʪʦʯʥʝʥʠʝ ʧʨʦʮʝʜʫʨ ʩʥʘʙʞʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʨʝʩʫʨʩʦʚ. ʆʞʠʜʘʝʤʳʤ ʨʝ-
ʟʫʣʴʪʘʪʦʤ ʚʳʩʪʫʧʘʶʪ ʘʚʪʦʨʩʢʠʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʧʝʨʝʩʪʨʦʡʢʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʵʢʦ-
ʥʦʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʪʨʘʩʣʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʪʨʘʪ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, BIM, ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʤʝʪʥʦʝ ʮʝʥʦʦʙʨʘ-
ʟʦʚʘʥʠʝ, ʧʨʦʝʢʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 
 
COMPREHENSIVE OPTIMIZATION OF CONSTRUCTION COSTS USING DIGITAL TECHNOLOGIES AND 

BIM MODELING 
 

Glushchenko Nikita Sergeevich 
 
Abstract: The research objective is to develop and practically verify solutions that reduce costs and allocate 
them more efficiently in the implementation of construction projects. The subject of the analysis is BIM, auto-
mated calculation of estimates and tools that ensure cost control at all stages of work. At the same time, the 
introduction of new materials is being considered, as well as clarifying procedures for the supply and move-
ment of resources. The expected result is the author's proposals for restructuring the organization's activities, 
taking into account the economic and technological conditions of the industry. 
Keywords: cost optimization, construction, BIM, digital technologies, estimated pricing, project management, 
innovative materials 

 
ʉʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʜʝʡʩʪʚʫʝʪ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ: 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʦʣʝʝ ʙʝʨʝʞʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ, ʫʩʠʣʝ-
ʥʠʷ ʢʦʥʢʫʨʝʥʮʠʠ, ʫʜʦʨʦʞʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʫʞʝʩʪʦʯʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ 
ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʚʥʠʤʘʥʠʠ ʢ ʢʦʥʝʯʥʦʤʫ ʢʘʯʝʩʪʚʫ ʦʙʲʝʢʪʦʚ. ʊʘʢʘʷ ʩʨʝʜʘ ʜʝʣʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʧʨʝʞ-
ʥʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʩʭʝʤʳ ʠ ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʧʦʜʭʦʜʦʚ ʢ ʚʝʜʝʥʠʶ ʧʨʦʝʢʪʦʚ [1]. ɺ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ 
ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʨʘʙʦʪʢʘ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʩʥʠʞʝʥʠʷ ʠʟʜʝʨʞʝʢ ʙʝʟ ʧʦʪʝʨʠ ʨʝʟʫʣʴʪʘʪʘ, ʘ ʧʨʠ ʙʣʘ-
ʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʩ ʫʣʫʯʰʝʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʤʝʩʪʝ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʨʦʟʨʘʯʥʦ-
ʛʦ ʠ ʧʦʜʜʘʶʱʝʛʦʩʷ ʢʦʥʪʨʦʣʶ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʝʘʣʠʟʘʮʠʠ. 

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘʪʠʢʘ ʟʘʪʨʘʛʠʚʘʝʪ ʠʥʪʝʨʝʩʳ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ ʦʜʥʦʚʨʝʤʝʥʥʦ: ʠʥʚʝʩʪʦʨʦʚ, ʧʦʜ-
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ʨʷʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʫʩʪʘʥʦʚ-
ʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ [2]. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʮʠʬʨʦʚʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʧʝʨʝʰʣʘ ʦʪ ʝʜʠʥʠʯʥʳʭ ʨʝʰʝʥʠʡ ʢ ʩʠ-
ʩʪʝʤʥʦʡ ʧʨʘʢʪʠʢʝ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ, ʩʪʘʣʘ ʪʝʭʥʦʣʦʛʠʷ 
BIM. ɽʝ ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʦʭʚʘʪʳʚʘʝʪ ʥʝ ʦʪʜʝʣʴʥʳʡ ʵʪʘʧ ʨʘʙʦʪ, ʘ ʚʝʩʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ 
ʦʙʲʝʢʪʘ: ʦʪ ʟʘʤʳʩʣʘ ʠ ʧʨʦʝʢʪʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʜʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʚʦʜʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ BIM ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʫʯʘʩʪʥʠʢʠ ʧʨʦʝʢʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʥʝ ʯʝ-
ʨʝʟ ʥʘʙʦʨ ʥʝʩʚʷʟʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʘ ʥʘ ʦʩʥʦʚʝ ʦʙʱʝʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ [3]. ɺ ʥʝʡ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ 
ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʜʝʡʩʪʚʠʡ ʠ ʚʳʙʦʨʘ ʨʝʰʝʥʠʡ: ʦʙʲʝʤʳ ʤʘʪʝʨʠʘʣʦʚ, ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ, ʦʯʝʨʝʜʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʟʘʜʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʨʠʩʫʥʦʢ). 

 

 
ʉʡʪ. 1. ɻʧʠʥʧʟʦʧʪʫʡ BIM-ʫʞʮʦʧʤʧʜʡʡ 

 
ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʩʭʦʜʦʚ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʠ ʫʧʦʨʷʜʦʯʝ-

ʥʠʝ ʠʟʜʝʨʞʝʢ ʙʝʟ ʩʥʠʞʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʘ ʠ ʙʝʟ ʟʘʤʝʜʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ɺ ʩʪʨʦʠʪʝʣʴ-
ʩʪʚʝ ʪʘʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʭʚʘʪʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

ʇʝʨʚʦʝ ʠʟ ʥʠʭ ʩʚʷʟʘʥʦ ʩ ʘʥʘʣʠʟʦʤ ʩʪʨʫʢʪʫʨʳ ʟʘʪʨʘʪ ʠ ʠʭ ʜʝʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ. ʇʦʵʣʝʤʝʥʪʥʦʝ 
ʨʘʩʩʤʦʪʨʝʥʠʝ ʨʘʩʭʦʜʥʳʭ ʩʪʘʪʝʡ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʨʝʟʝʨʚʳ ʵʢʦʥʦʤʠʠ: ʠʟʙʳʪʦʯʥʳʝ ʟʘʢʫʧʢʠ, 
ʯʨʝʟʤʝʨʥʳʝ ʪʨʫʜʦʟʘʪʨʘʪʳ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ [4]. 

ɼʨʫʛʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʩʨʝʜʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʤ ʮʠʢ-
ʣʦʤ, ʚʢʣʶʯʘʷ ɸʉʋ. ʕʣʝʢʪʨʦʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʥʘʙʣʶʜʝʥʠʷ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʘʶʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠ ʦʧʝʨʘʪʠʚʥʦ ʧʝʨʝʩʤʘʪ-
ʨʠʚʘʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʦʪʢʣʦʥʝʥʠʡ. 

ʉʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʅʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʥʳʤ ʨʝ-
ʰʝʥʠʷʤ, ʤʦʜʫʣʴʥʘʷ ʩʙʦʨʢʘ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʢʨʘʱʘʶʪ ʧʦʪʨʝʙʣʝʥʠʝ ʤʘ-
ʪʝʨʠʘʣʦʚ ʠ ʫʤʝʥʴʰʘʶʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʘʭ. 

ʆʪʜʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. ʄʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶ-
ʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʠ ʠʟʤʝʨʷʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʤʝʩʪʝ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ 
ʩʧʦʩʦʙʘʤʠ ʤʦʥʪʘʞʘ ʩʧʦʩʦʙʥʳ ʩʥʠʞʘʪʴ ʙʫʜʫʱʠʝ ʟʘʪʨʘʪʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʲʝʢʪʦʚ. ʆʜ-
ʥʦʚʨʝʤʝʥʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʨʝʜʢʦ ʫʤʝʥʴʰʘʝʪ ʠ ʦʙʱʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. 

ɽʱʝ ʦʜʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʟʘʪʨʘʛʠʚʘʝʪ ʩʥʘʙʞʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ. ʇʨʠʤʝʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 
ʤʝʪʦʜʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʩʪʘʚʦʢ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʠʟʙʳ-
ʪʦʯʥʳʭ ʩʢʣʘʜʩʢʠʭ ʟʘʧʘʩʦʚ ʠ ʫʤʝʥʴʰʘʝʪ ʪʨʘʥʩʧʦʨʪʥʳʝ ʠʟʜʝʨʞʢʠ [5]. 

ɿʘʢʣʶʯʠʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʤʥʦʛʦʫʨʦʚʥʝʚʳʤ ʢʦʥʪʨʦʣʝʤ ʟʘʪʨʘʪ ʠ ʠʭ ʨʝʛʫʣʷʨʥʦʡ ʨʝʚʠ-
ʟʠʝʡ. ɺʥʫʪʨʝʥʥʠʡ ʥʝʟʘʚʠʩʠʤʳʡ ʥʘʜʟʦʨ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʝʦʙʭʦʜʠʤ ʜʣʷ 
ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʝʨʝʨʘʩʭʦʜʘ ʩʨʝʜʩʪʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʮʝʣʝʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʶʜʞʝʪʘ. 

ʉʥʠʞʝʥʠʝ ʦʰʠʙʦʢ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 
ʧʨʦʚʝʨʢʠ ʢʦʣʣʠʟʠʡ ʠ ʧʝʨʝʩʝʯʝʥʠʡ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ 

ʆʧʪʠʤʠʟʘʮʠʶ ʟʘʢʫʧʦʢ ʠ ʣʦʛʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʩʥʠʞʘʷ ʠʟʙʳʪʦʯʥʳʝ 
ʟʘʧʘʩʳ ʠ ʧʨʦʩʪʦʠ 

ʇʦʚʳʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʩʤʝʪʥʳʭ ʨʘʩʯʝʪʦʚ 

ʕʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʵʪʘʧʘʤ ʠ ʟʘʜʘʯʘʤ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ 
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ʉʥʠʞʝʥʠʝ ʠʟʜʝʨʞʝʢ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʛʨʘʞʜʘʥʩʢʠʭ ʦʙʲʝʢʪʦʚ ʜʦʩʪʠʛʘʝʪ-
ʩʷ ʥʝ ʦʪʜʝʣʴʥʳʤʠ ʤʝʨʘʤʠ, ʘ ʠʭ ʩʦʯʝʪʘʥʠʝʤ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʥʘ ʧʨʠʤʝʨʝ ʢʨʫʧʥʳʭ ʞʠʣʳʭ ʢʦʤ-
ʧʣʝʢʩʦʚ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ, ʛʜʝ ʮʝʥʘ ʦʰʠʙʦʢ ʥʘ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʟʘʢʫʧʦʢ ʚʳʩʦʢʘ. ʋ ʨʦʩ-
ʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ ʚʥʝʜʨʝʥʠʝ BIM ʩʚʷʟʳʚʘʶʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʚʦʢʫʧʥʳʭ ʟʘʪʨʘʪ 
ʥʘ 10ï15%, ʧʦʩʢʦʣʴʢʫ ʫʪʦʯʥʷʶʪʩʷ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʠ ʩʦʢʨʘʱʘʶʪʩʷ ʩʨʦʢʠ ʩʦʛʣʘʩʦʚʘʥʠʡ. ɼʦʧʦʣʥʠ-
ʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʜʘʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʚʳʧʫʩʢ ʩʤʝʪ ʠ ʧʝʨʝʚʦʜ ʪʝʥʜʝʨʥʳʭ ʧʨʦʮʝʜʫʨ ʚ ʮʠʬʨʦʚʫʶ 
ʩʨʝʜʫ, ʯʪʦ ʜʝʣʘʝʪ ʟʘʢʫʧʢʫ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʠʚʣʝʯʝʥʠʝ ʧʦʜʨʷʜʯʠʢʦʚ ʤʝʥʝʝ ʟʘʪʨʘʪʥʳʤʠ [6]. 

ɽʱʝ ʦʜʥʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʚʳʩʪʫʧʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ 
ʚ ʤʘʪʝʨʠʘʣʘʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤʘʭ [7]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʘ ʪʘʢʞʝ 
ʢʦʤʤʫʥʠʢʘʮʠʡ ʩ ʧʦʥʠʞʝʥʥʳʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʪʨʝʙʫʝʪ ʦʙʦʩʥʦʚʘʥʠʷ ʥʘ ʵʪʘʧʝ ʚʳʙʦʨʘ, ʦʜʥʘʢʦ ʥʘ 
ʜʣʠʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʘʢʦʡ ʧʦʜʭʦʜ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥ. ʆʩʥʦʚʥʘʷ ʚʳʛʦʜʘ ʬʦʨʤʠʨʫʝʪʩʷ ʫʞʝ ʚ ʧʝ-
ʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʷ, ʢʦʛʜʘ ʧʦʩʣʝʜʫʶʱʠʝ ʨʘʩʭʦʜʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʩʥʠ-
ʞʘʶʪʩʷ [8]. 

ʐʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʜʝʨʞʠ-
ʚʘʝʪʩʷ ʥʝ ʦʜʥʦʡ ʧʨʠʯʠʥʦʡ, ʘ ʠʭ ʩʦʯʝʪʘʥʠʝʤ [9]. ʋ ʨʘʙʦʪʥʠʢʦʚ ʥʝʨʝʜʢʦ ʦʪʩʫʪʩʪʚʫʶʪ ʪʨʝʙʫʝʤʳʝ ʥʘʚʳʢʠ, 
ʟʘʢʫʧʢʘ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʣʠʮʝʥʟʠʡ ʩʚʷʟʘʥʘ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʘ ʯʘʩʪʴ ʫʯʘʩʪʥʠʢʦʚ 
ʨʳʥʢʘ ʩʦʭʨʘʥʷʝʪ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʫʩʪʦʷʚʰʠʤʩʷ ʧʨʘʢʪʠʢʘʤ ʠ ʥʝ ʩʢʣʦʥʥʘ ʧʝʨʝʩʤʘʪʨʠʚʘʪʴ ʩʣʦʞʠʚʰʠʡʩʷ 
ʧʦʨʷʜʦʢ ʨʘʙʦʪʳ [10]. 

ʉʥʠʞʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʢʘʜʨʦʚ ʠ ʨʘʩ-
ʰʠʨʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʅʝʦʙʭʦʜʠʤʳ ʦʙʫʯʝʥʠʝ ʧʨʠʤʝʥʝʥʠʶ BIM, ʦʩʚʦʝʥʠʝ 
ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʩʤʝʪ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʥʦʨʤʘʪʠʚʥʳʭ ʠ ʤʝʪʦʜʠ-
ʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʢʣʶʯʝʥʠʝ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʧʨʘʢʪʠʢʫ ʩʪʨʦʠ-
ʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ. 
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ǯǟǦǯǟǠǭǱǩǟ APK-ǰǧǰǱǤǫǺ ǣǪǾ 
ǯǤǰǱǭǯǟǬǬǭǢǭ ǠǧǦǬǤǰǟ Ǭǟ ǭǰǬǭǡǤ 
ǫǭǣǤǪǧǯǭǡǟǬǧǾ ǠǧǦǬǤǰ-ǮǯǭǵǤǰǰǭǡ 

ǮȄȏȓȇȊȍȁ ǣǿȌȇȊǿ ǡǿȊȄȏțȄȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ CRM-ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʨʝʩʪʦʨʘʥ-
ʥʦʛʦ ʙʠʟʥʝʩʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʥʦʪʘʮʠʠ IDEF0 ʠ ER-ʜʠʘʛʨʘʤʤ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʘʷ ʤʦʙʠʣʴʥʦʝ 
ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʧʣʘʪʬʦʨʤʝ Android, ʚʝʙ-ʩʝʨʚʠʩ ʥʘ ASP.NET Core ʠ ʨʝʣʷʮʠʦʥʥʫʶ ʉʋɹɼ PostgreSQL. 
ʆʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʝʢʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚ-
ʣʝʥʠʷ ʟʘʢʘʟʘʤʠ, ʠʥʚʝʥʪʘʨʝʤ ʠ ʦʪʯʝʪʥʦʩʪʴʶ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʦʧʝʨʘ-
ʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: CRM-ʩʠʩʪʝʤʘ, ʨʝʩʪʦʨʘʥʥʳʡ ʙʠʟʥʝʩ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, IDEF0, ER-
ʜʠʘʛʨʘʤʤʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ HoReCa. 
 

DEVELOPMENT OF CRM SYSTEM FOR RESTAURANT BUSINESS BASED ON BUSINESS PROCESS 
MODELING 

 
Perfilov Danila Valerievich 

 
Abstract: The article examines the methodology of developing a CRM system for restaurant business enter-
prises. Modern approaches to business process modeling using IDEF0 notation and ER diagrams are ana-
lyzed. The system architecture is presented, including a mobile application on the Android platform, a web 
service on ASP.NET Core, and a relational DBMS PostgreSQL. The feasibility of using this technology stack 
for automating order management, inventory, and reporting is substantiated. The developed solution ensures 
increased operational efficiency through process formalization. 
Key words: CRM system, restaurant business, business process modeling, IDEF0, ER diagram, information 
system, HoReCa automation. 

 
ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʨʝʩʪʦʨʘʥʥʦʛʦ ʙʠʟʥʝʩʘ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥ-

ʮʠʠ ʠ ʧʦʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʩʢʦʨʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʫʯʝʪʘ 
ʟʘʢʘʟʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʙʫʤʘʞʥʳʭ ʥʦʩʠʪʝʣʷʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʰʠʙʦʢ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʩʪʘʥʦʚʠʪʩʷ 
ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ [1, ʩ. 45]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝ-
ʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (iiko, r_keeper, Presto) ʦʙʣʘʜʘʶʪ ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʠʙʢʦʩʪʴʶ 
ʥʘʩʪʨʦʡʢʠ ʧʦʜ ʩʧʝʮʠʬʠʢʫ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʝʞʝʤʝʩʷʯʥʳʭ 
ʧʣʘʪʝʞʝʡ. 

ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʘ ʥʦʪʘʮʠʷ IDEF0, ʧʦʟʚʦʣʷʶʱʘʷ ʜʝʢʦʤʧʦʟʠʨʦ-
ʚʘʪʴ ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ. ʅʘ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ A-0 ʚʳʜʝʣʝʥʘ ʬʫʥʢʮʠʷ çʋʧʨʘʚ-
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XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʣʝʥʠʝ ʨʝʩʪʦʨʘʥʦʤè, ʚʢʣʶʯʘʶʱʘʷ ʧʨʠʝʤ ʟʘʢʘʟʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʙʣʶʜ, ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʘʩʘʤʠ ʠ ʬʦʨʤʠ-
ʨʦʚʘʥʠʝ ʦʪʯʝʪʥʦʩʪʠ. ɺʭʦʜʦʤ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʟʘʢʘʟ ʢʣʠʝʥʪʘ, ʫʧʨʘʚʣʷʶʱʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʚʳʩʪʫ-
ʧʘʶʪ ʤʝʥʶ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ, ʤʝʭʘʥʠʟʤʘʤʠ ð ʦʬʠʮʠʘʥʪʳ ʠ ʧʦʚʘʨʘ, ʘ ʨʝʟʫʣʴʪʘʪʦʤ ð ʛʦʪʦʚʦʝ 
ʙʣʶʜʦ ʠ ʦʙʥʦʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʟʘʧʘʩʘʤ. ʊʘʢʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʫʟʢʠʝ ʤʝʩʪʘ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʟʘʣʦʤ ʠ ʢʫʭʥʝʡ. 

 
ʋʙʚʤʡʯʙ 1 

ʊʩʙʛʦʡʫʞʤʵʦʙʸ ʮʙʩʙʣʫʞʩʡʪʫʡʣʙ ʪʡʪʫʞʥ ʙʛʫʧʥʙʫʡʠʙʯʡʡ ʩʞʪʫʧʩʙʦʧʛ 

ʉʠʩʪʝʤʘ 
ʉʪʦʠʤʦʩʪʴ, 
ʨʫʙ./ʤʝʩ. 

ʄʦʙʠʣʴʥʦʝ  
ʧʨʠʣʦʞʝʥʠʝ 

ʊʠʧ ɹɼ 
ɻʠʙʢʦʩʪʴ 

 ʥʘʩʪʨʦʡʢʠ 

iiko 944 567 ɽʩʪʴ ʉʦʙʩʪʚʝʥʥʘʷ ʉʨʝʜʥʷʷ 

r_keeper 20 000ï50 000 ʏʘʩʪʠʯʥʦʝ ʃʦʢʘʣʴʥʘʷ ʅʠʟʢʘʷ 

Presto 10 000ï30 000 ʆʪʩʫʪʩʪʚʫʝʪ ʆʙʣʘʯʥʘʷ ɺʳʩʦʢʘʷ 

ʈʘʟʨʘʙʦʪʢʘ ʈʘʟʦʚʘʷ 938 000 ʇʦʣʥʦʮʝʥʥʦʝ PostgreSQL ʄʘʢʩʠʤʘʣʴʥʘʷ 

 
ɼʣʷ ER-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʫʱʥʦʩʪʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ: ʧʦʣʴʟʦʚʘ-

ʪʝʣʴ, ʟʘʢʘʟ, ʙʣʶʜʦ, ʧʦʟʠʮʠʷ ʟʘʢʘʟʘ, ʠʥʛʨʝʜʠʝʥʪ, ʩʦʩʪʘʚ ʙʣʶʜʘ ʠ ʩʢʣʘʜʩʢʦʡ ʦʩʪʘʪʦʢ. ʉʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ 
ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʨʝʩʪʦʨʘʥʘ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʥʝ ʪʦʣʴʢʦ ʬʘʢʪ ʦʬʦʨʤʣʝʥʠʷ ʟʘʢʘʟʘ, ʥʦ ʠ 
ʝʛʦ ʩʦʩʪʘʚ, ʦʙʨʘʙʦʪʢʫ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʩʧʠʩʘʥʠʝ ʨʝʩʫʨʩʦʚ. 

ʉʫʱʥʦʩʪʴ çʇʦʣʴʟʦʚʘʪʝʣʴè ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʨʦʣʝʡ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʬʠʢʩʘʮʠʠ ʦʪ-
ʚʝʪʩʪʚʝʥʥʳʭ ʣʠʮ. ʉʫʱʥʦʩʪʴ çɿʘʢʘʟè ʭʨʘʥʠʪ ʜʘʪʫ, ʚʨʝʤʷ, ʩʪʘʪʫʩ ʠ ʥʦʤʝʨ ʩʪʦʣʘ, ʘ ʩʫʱʥʦʩʪʴ çʇʦʟʠʮʠʷ 
ʟʘʢʘʟʘè ʩʚʷʟʳʚʘʝʪ ʟʘʢʘʟ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʙʣʶʜʘʤʠ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝ-
ʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʚʝʩʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʟʘʢʘʟʘ ʦʪ ʤʦʤʝʥʪʘ ʩʦʟʜʘʥʠʷ ʜʦ ʧʝʨʝ-
ʜʘʯʠ ʨʝʟʫʣʴʪʘʪʘ ʥʘ ʢʫʭʥʶ. 

ʉʫʱʥʦʩʪʴ çɹʣʶʜʦè ʦʧʠʩʳʚʘʝʪ ʥʘʠʤʝʥʦʚʘʥʠʝ ʧʦʟʠʮʠʠ ʤʝʥʶ, ʮʝʥʫ ʠ ʚʨʝʤʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ʉʫʱ-
ʥʦʩʪʴ çʉʦʩʪʘʚ ʙʣʶʜʘè ʩʚʷʟʳʚʘʝʪ ʙʣʶʜʦ ʩ ʠʥʛʨʝʜʠʝʥʪʘʤʠ ʠ ʬʠʢʩʠʨʫʝʪ ʠʭ ʢʦʣʠʯʝʩʪʚʦ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 
ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʧʠʩʘʥʠʝ ʟʘʧʘʩʦʚ ʠ ʢʦʥʪʨʦʣʠʨʦ-
ʚʘʪʴ ʥʘʣʠʯʠʝ ʩʳʨʴʷ ʥʘ ʩʢʣʘʜʝ. 

ʉʫʱʥʦʩʪʴ çʀʥʛʨʝʜʠʝʥʪè ʭʨʘʥʠʪ ʩʚʝʜʝʥʠʷ ʦ ʥʘʠʤʝʥʦʚʘʥʠʠ, ʝʜʠʥʠʮʝ ʠʟʤʝʨʝʥʠʷ ʠ ʪʝʢʫʱʝʤ ʢʦʣʠ-
ʯʝʩʪʚʝ. ʉʫʱʥʦʩʪʴ çʉʢʣʘʜʩʢʦʡ ʦʩʪʘʪʦʢè ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʬʘʢʪʠʯʝʩʢʦʝ ʥʘʣʠʯʠʝ ʨʝʩʫʨʩʦʚ ʠ 
ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʜʝʬʠʮʠʪ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʠ 
ʩʥʠʞʘʝʪ ʨʠʩʢ ʦʰʠʙʦʢ ʧʨʠ ʨʫʯʥʦʤ ʫʯʝʪʝ. 

ɺʭʦʜʳ: ʟʘʢʘʟ ʢʣʠʝʥʪʘ; ʋʧʨʘʚʣʝʥʠʝ: ʤʝʥʶ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ; ʄʝʭʘʥʠʟʤʳ: ʦʬʠʮʠʘʥʪʳ, ʧʦʚʘ-
ʨʘ; ɺʳʭʦʜʳ: ʛʦʪʦʚʦʝ ʙʣʶʜʦ, ʦʙʥʦʚʣʝʥʥʳʝ ʟʘʧʘʩʳ. ɼʝʢʦʤʧʦʟʠʮʠʷ ʚʳʷʚʣʷʝʪ ʢʨʠʪʠʯʝʩʢʠʝ ʫʟʢʠʝ ʤʝʩʪʘ, 
ʪʘʢʠʝ ʢʘʢ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʟʘʣʦʤ ʠ ʢʫʭʥʝʡ [2, ʩ. 12]. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ ʨʝʩʪʦʨʘʥʥʦʛʦ ʧʨʝʜʧʨʠʷ-
ʪʠʷ, ʛʜʝ ʜʘʥʥʳʝ ʜʦʣʞʥʳ ʧʝʨʝʜʘʚʘʪʴʩʷ ʙʳʩʪʨʦ ʠ ʙʝʟ ʧʦʪʝʨʴ. ʆʩʥʦʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ 
ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʧʨʠʝʤʘ ʟʘʢʘʟʦʚ, ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ, ʫʯʝʪʘ ʠʥʛʨʝʜʠʝʥʪʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʦʪʯʝʪʥʦʩʪʠ ʠ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʧʨʘʚ ʜʦʩʪʫʧʘ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʜ-
ʥʦʚʨʝʤʝʥʥʫʶ ʨʘʙʦʪʫ ʥʝʩʢʦʣʴʢʠʭ ʢʘʪʝʛʦʨʠʡ ʩʦʪʨʫʜʥʠʢʦʚ, ʚʢʣʶʯʘʷ ʦʬʠʮʠʘʥʪʦʚ, ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ, ʤʝ-
ʥʝʜʞʝʨʦʚ ʠ ʨʘʙʦʪʥʠʢʦʚ ʢʫʭʥʠ. 

ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʇʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ 
ʩʦʭʨʘʥʷʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʳʩʪʨʳʡ ʦʪʢʣʠʢ ʠʥ-
ʪʝʨʬʝʡʩʘ ʠ ʢʦʨʨʝʢʪʥʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʜʘʥʥʳʭ ʤʝʞʜʫ ʢʣʠʝʥʪʩʢʦʡ ʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʷʤʠ. ɼʣʷ ʨʝʩʪʦʨʘʥ-
ʥʦʛʦ ʙʠʟʥʝʩʘ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʯʪʦʙʳ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʳʤʠ, ʧʦ-
ʩʢʦʣʴʢʫ ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ ʦʧʦʟʜʘʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʘʤ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʥʘʨʫʰʝʥʠʶ ʧʦʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ. 

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʨʘʙʦʪʳ ʥʘ ʨʘʟʥʳʭ ʪʠʧʘʭ ʫʩʪʨʦʡʩʪʚ. ʆʬʠ-
ʮʠʘʥʪʘʤ ʥʝʦʙʭʦʜʠʤʦ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʥʝʩʝʥʠʷ ʟʘʢʘʟʦʚ, ʪʦʛʜʘ ʢʘʢ ʘʜʤʠʥʠ-
ʩʪʨʘʪʦʨʘʤ ʠ ʤʝʥʝʜʞʝʨʘʤ ʫʜʦʙʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ 
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ʩʠʩʪʝʤʫ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ ʨʝʩʪʦʨʘʥʘ ʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʦʜʥʠʤ ʨʘʙʦʯʠʤ ʤʝ-
ʩʪʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʝʜʠʥʘʷ ʢʦʜʦʚʘʷ ʙʘʟʘ ʫʧʨʦʱʘʝʪ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʘʚʪʦʨʠʟʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʛʨʘ-
ʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʦʪʜʝʣʴʥʳʤ ʬʫʥʢʮʠʷʤ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ ʥʝʩʢʦʣʴʢʠʭ 
ʩʦʪʨʫʜʥʠʢʦʚ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʮʝʥʪʨʘʣʠʟʦ-
ʚʘʥʥʦʝ ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʥʠʞʘʝʪ ʨʠʩʢ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦ-
ʩʪʫʧʘ ʠ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʫʯʝʪʘ. 

ER-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʨʝʩʪʦʨʘʥʥʦʛʦ ʫʯʝʪʘ. ʆʩʥʦʚʥʳʝ ʩʫʱʥʦʩʪʠ ʠ ʠʭ 
ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 
ʋʙʚʤʡʯʙ 2 

ʊʫʩʬʣʫʬʩʙ ʣʤʷʰʞʛʴʮ ʪʬʲʦʧʪʫʞʢ ʚʙʠʴ ʝʙʦʦʴʮ 

ʉʫʱʥʦʩʪʴ ʆʩʥʦʚʥʳʝ ʘʪʨʠʙʫʪʳ ʊʠʧ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʩʫʱʥʦʩʪʷʤʠ 

Ingredient id, name, quantity, unit M:N ʩ CompoundIngredient 

Dish id, name, preparation_time, price 1:N ʩ OrderItem 

Order id, table_number, datetime, status 1:N ʩ OrderItem 

TemporaryReserve id, ingredient_id, quantity_reserved 1:1 ʩ FilingProcedure 

 
ER-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʨʝʩʪʦʨʘʥʥʦʛʦ ʫʯʝʪʘ. ɺ ʩʦʩʪʘʚ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʚʢʣʶʯʝʥʳ ʩʫʱʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ, ʟʘʢʘʟʳ, ʧʦʟʠʮʠʠ ʟʘʢʘʟʘ, ʙʣʶʜʘ, 
ʠʥʛʨʝʜʠʝʥʪʳ, ʩʦʩʪʘʚ ʙʣʶʜ ʠ ʩʢʣʘʜʩʢʠʝ ʦʩʪʘʪʢʠ. ʊʘʢʦʝ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʥʝ 
ʪʦʣʴʢʦ ʦʬʦʨʤʣʝʥʠʝ ʟʘʢʘʟʘ, ʥʦ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʩʧʠʩʘʥʠʝ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʥʦʩʪʠ ʠʥ-
ʛʨʝʜʠʝʥʪʦʚ. 

ʉʫʱʥʦʩʪʴ Ingredient ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʩʚʝʜʝʥʠʡ ʦ ʥʘʠʤʝʥʦʚʘʥʠʠ ʠʥʛʨʝʜʠʝʥʪʘ, ʝʜʠʥʠʮʝ 
ʠʟʤʝʨʝʥʠʷ ʠ ʪʝʢʫʱʝʤ ʢʦʣʠʯʝʩʪʚʝ. ʉʫʱʥʦʩʪʴ Dish ʦʧʠʩʳʚʘʝʪ ʙʣʶʜʘ ʤʝʥʶ, ʚʢʣʶʯʘʷ ʥʘʟʚʘʥʠʝ, ʮʝʥʫ ʠ 
ʚʨʝʤʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ʉʫʱʥʦʩʪʴ Order ʬʠʢʩʠʨʫʝʪ ʥʦʤʝʨ ʩʪʦʣʘ, ʜʘʪʫ ʠ ʚʨʝʤʷ ʦʬʦʨʤʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʝ-
ʢʫʱʠʡ ʩʪʘʪʫʩ. ʉʫʱʥʦʩʪʴ TemporaryReserve ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʯʝʪʘ ʚʨʝʤʝʥʥʦ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʭ ʠʥ-
ʛʨʝʜʠʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʠʭ ʜʦ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʧʠʩʘʥʠʷ. ʉʚʷʟʠ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ ʧʦʩʪʨʦʝ-
ʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʠʩʢʣʶʯʠʪʴ ʜʫʙʣʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ 
ʙʘʟʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʉʋɹɼ ʚʳʙʨʘʥʘ PostgreSQL, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʨʘʥʟʘʢʮʠʠ ACID, ʤʝʭʘʥʠʟʤ 
MVCC ʠ ʨʘʟʚʠʪʳʝ ʩʨʝʜʩʪʚʘ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ 
ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʩʦʭʨʘʥʷʪʴ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 
ʦʬʦʨʤʣʝʥʠʠ ʟʘʢʘʟʦʚ, ʠʟʤʝʥʝʥʠʠ ʤʝʥʶ ʠ ʦʙʥʦʚʣʝʥʠʠ ʩʢʣʘʜʩʢʠʭ ʦʩʪʘʪʢʦʚ. ʇʨʠʤʝʥʝʥʠʝ PostgreSQL ʪʘʢ-
ʞʝ ʫʧʨʦʱʘʝʪ ʧʦʩʣʝʜʫʶʱʝʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʠ ʥʘʩʪʨʦʡʢʫ ʟʘʧʨʦʩʦʚ ʧʦʜ ʨʘʙʦʯʠʝ ʩʮʝʥʘʨʠʠ 
ʨʝʩʪʦʨʘʥʘ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ CRM-ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʪʨʝʭʫʨʦʚʥʝʚʫʶ ʘʨʭʠʪʝʢʪʫʨʫ. ʂʣʠʝʥʪʩʢʠʡ ʫʨʦʚʝʥʴ ʨʝʘʣʠ-
ʟʦʚʘʥ ʚ ʚʠʜʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʬʠʮʠʘʥʪʦʚ, ʛʜʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʬʫʥʢʮʠʠ QR-ʩʢʘʥʠʨʦʚʘʥʠʷ 
ʩʪʦʣʦʚ, ʩʦʟʜʘʥʠʷ ʟʘʢʘʟʦʚ ʠ ʠʭ ʧʝʨʝʜʘʯʠ ʥʘ ʢʫʭʥʶ. ʉʝʨʚʝʨʥʳʡ ʫʨʦʚʝʥʴ ʧʦʩʪʨʦʝʥ ʥʘ ASP.NET Core ʠ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʦʙʨʘʙʦʪʢʫ REST API-ʟʘʧʨʦʩʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ 
ʧʦ ʚʳʨʫʯʢʝ ʠ ʟʘʧʘʩʘʤ. ʋʨʦʚʝʥʴ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥ PostgreSQL ʩ ʠʥʜʝʢʩʘʤʠ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤʠ ʜʣʷ 
ʟʘʧʨʦʩʦʚ ʧʦ ʜʘʪʘʤ, ʩʪʘʪʫʩʘʤ ʟʘʢʘʟʦʚ ʠ ʦʧʝʨʘʮʠʷʤ ʧʦ ʩʢʣʘʜʫ. 

ʉʚʷʟʴ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʨʝʘʣʠʟʦʚʘʥʘ ʯʝʨʝʟ JSON API, ʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʩʫ-
ʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ JWT-ʪʦʢʝʥʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʜʝʣʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 
ʤʝʞʜʫ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʴʶ, ʩʝʨʚʝʨʥʦʡ ʣʦʛʠʢʦʡ ʠ ʭʨʘʥʠʣʠʱʝʤ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʫʧʨʦʱʘʝʪ ʩʦʧʨʦʚʦʞʜʝʥʠʝ 
ʩʠʩʪʝʤʳ. ʂʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʦʨʘʯʠʚʘʪʴ ʩʝʨʚʝʨʥʫʶ ʯʘʩʪʴ ʥʘ Linux-
ʩʝʨʚʝʨʘʭ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʢʦʥʢʨʝʪʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʨʝʜʝ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʪʦʪʠʧʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʢʘʬʝ ʛʦʨʦʜʘ ʉʘʤʘʨʳ. ɺ ʭʦʜʝ ʧʨʦʚʝʨʢʠ 
ʦʮʝʥʠʚʘʣʠʩʴ ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʟʘʢʘʟʦʚ, ʪʦʯʥʦ-
ʩʪʴʶ ʫʯʝʪʘ ʟʘʧʘʩʦʚ ʠ ʦʙʱʝʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʧʝʨʩʦʥʘʣ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʟʘʢʘ-
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ʟʘ ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ 28%, ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʚ ʫʯʝʪʝ ʟʘʧʘʩʦʚ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 62%, ʘ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ 
ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʳʨʦʩʣʘ ʩ 8 ʜʦ 11 ʟʘʢʘʟʦʚ ʚ ʯʘʩ ʥʘ ʦʜʥʦʛʦ ʦʬʠʮʠʘʥʪʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 
ʠ ʚʳʙʨʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʝʢʘ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʨʝʩʪʦʨʘʥʥʦʛʦ ʙʠʟʥʝʩʘ ʩʨʝʜʥʝʛʦ ʤʘʩʰʪʘʙʘ. 
ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʤʦʜʫʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘ-
ʣʘ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʩʣʫʞʙ ʜʦʩʪʘʚʢʠ. 
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ǲǣǩ 444,7,.2 

ǟǬǟǪǧǦ ǼǩǰǮǪǲǟǱǟǵǧǭǬǬǺǴ 
ǴǟǯǟǩǱǤǯǧǰǱǧǩ ǣǡǲǴǰǪǭǨǬǭǨ ǣǭǯǭǥǬǭǨ 
ǯǟǦǫǤǱǩǧ 

ǫǿȉǿȄȁǿ ǟȊȊǿ ǟȊȄȉȐǿȌȃȏȍȁȌǿ 
ʢ.ʪ.ʥ. ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ǟȃȄȊȄȄȁ ǯȒȐȊǿȌ ǠǿȉȖǿȌȍȁȇȖ, 
ǩȏǿȐȌȍȁǿ ǟȌȌǿ ǩȍȌȐȑǿȌȑȇȌȍȁȌǿ, 

ǬǿȐȄȈȉȇȌ ǟȊȄȉȐǿȌȃȏ ǡȊǿȃȇȋȇȏȍȁȇȖ 
ʩʪʫʜʝʥʪʳ 

ʌɻɹʆʋ ɺʆ çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɼʦʨʦʞʥʘʷ ʨʘʟʤʝʪʢʘ ð ʥʝʦʪʲʝʤʣʝʤʳʡ ʵʣʝʤʝʥʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʜʦʨʦʛ ʩ ʣʶʙʳʤ ʪʠʧʦʤ ʧʦ-
ʢʨʳʪʠʷ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʙʝʟʦʧʘʩʥʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʚʦʜʠʪʝʣʝʡ ð ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʩ 
ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. ʆʙʲʷʩʥʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʨʦʞʥʦʡ ʨʘʟʤʝʪʢʠ ʢʘʢ ʜʚʫʭʩʣʦʡʥʳʭ ʩʧʝʮʠʘ-
ʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʦʩʥʦʚʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʉʪʝʢʣʷʥʥʳʝ ʰʘʨʠʢʠ (ʤʠʢʨʦʩʪʝʢʣʦʰʘʨʠʢʠ); ʩʚʝʪʦʚʦʟʚʨʘʱʝʥʠʝ; ʭʦʣʦʜʥʳʡ ʧʣʘʩʪʠʢ; 
ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ; ʣʠʜʘʨ. 

 
ANALYSIS OF THE INFLUENCE OF THE STRUCTURE AND COMPOSITION OF VERTICAL ROAD 

MARKINGS ON THEIR DURABILITY AND VISIBILITY 
 

Makaeva Alla Alexandrovna, 
Adeleev Ruslan Bakchanovich, 

Krasnova Anna Konstantinovna 
Naseikin Alexander Vladimirovich 

 
Abstract: road markings, an integral element of almost all paved roads around the world, responsible for the 
safe orientation of drivers, are considered in this article from the point of view of materials. The characteristics 
of road markings as two-layer specialized industrial protective coatings, as well as their key operational pa-
rameters, are explained.  
Keywords: glass beads (microglasses); retroreflection; cold plastic; refractive index; lidar. 

 
ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʜʦʨʦʞʥʦʡ ʨʘʟʤʝʪʢʠ ʷʚʣʷʝʪʩʷ ʧʦʢʨʳʪʠʝ/ʢʨʘʩʢʘ ʩ ʥʘʥʝ-

ʩʸʥʥʳʤ ʩʚʝʨʭʫ ʩʣʦʝʤ ʩʚʝʪʦʚʦʟʚʨʘʱʘʶʱʠʭ ʰʘʨʠʢʦʚ. ʆʥʘ ʫʥʠʢʘʣʴʥʘ ʪʝʤ, ʯʪʦ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʦʚʝʨ-
ʰʝʥʥʦ ʨʘʟʥʳʭ ʩʣʦʸʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʝʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴ-
ʥʦʛʦ ʧʨʦʜʫʢʪʘ [1]. 

ɼʦʨʦʞʥʘʷ ʨʘʟʤʝʪʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʢʣʦʰʘʨʠʢʦʚ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʠ ʚʝʨ-
ʪʠʢʘʣʴʥʫʶ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʨʘʟʤʝʪʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʩʣʦʡʥʦʝ ʧʦʢʨʳʪʠʝ, ʛʜʝ ʩʣʦʡ ʢʨʘʩʢʠ ʦʙʝʩʧʝʯʠ-
ʚʘʝʪ ʜʥʝʚʥʫʶ ʚʠʜʠʤʦʩʪʴ ʟʘ ʩʯʸʪ ʮʚʝʪʘ, ʘ ʩʣʦʡ ʩʪʝʢʣʷʥʥʳʭ ʰʘʨʠʢʦʚ ʦʪʚʝʯʘʝʪ ʟʘ ʥʦʯʥʦʝ ʩʚʝʪʦʚʦʟʚʨʘ-
ʱʝʥʠʝ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʱʠʱʘʝʪ ʢʨʘʩʢʫ ʦʪ ʠʩʪʠʨʘʥʠʷ ʰʠʥʘʤʠ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʨʘʟʤʝʪʢʘ ʥʘʥʦʩʠʪʩʷ ʥʘ 
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ʦʧʦʨʳ, ʦʛʨʘʞʜʝʥʠʷ ʠ ʙʦʨʜʶʨʳ, ʠʩʧʦʣʴʟʫʷ ʯʸʨʥʦ-ʙʝʣʳʡ ʢʦʥʪʨʘʩʪ ʜʣʷ ʜʥʝʚʥʦʡ ʚʠʜʠʤʦʩʪʠ ʠ ʩʪʝʢʣʷʥʥʳʝ 
ʰʘʨʠʢʠ ï ʜʣʷ ʩʚʝʪʦʚʦʟʚʨʘʱʝʥʠʷ ʥʦʯʴʶ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʟʜʝʩʴ ʩʪʝʢʣʷʥʥʳʝ ʰʘʨʠʢʠ ʥʝ 
ʚʳʧʦʣʥʷʶʪ ʟʘʱʠʪʥʫʶ ʬʫʥʢʮʠʶ ʦʪ ʠʩʪʠʨʘʥʠʷ, ʧʦʵʪʦʤʫ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʘʟʤʝʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʤ 
ʦʙʨʘʟʦʤ ʘʜʛʝʟʠʝʡ ʢ ʦʩʥʦʚʘʥʠʶ, ʘʪʤʦʩʬʝʨʦʩʪʦʡʢʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ 
(ʥʘʧʨʠʤʝʨ, ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʝʡ). 

ɺ ʧʨʦʰʣʦʤ ʩʪʝʢʣʷʥʥʳʝ ʰʘʨʠʢʠ ʯʘʩʪʦ ʙʳʣʠ ʧʦʣʫʬʘʙʨʠʢʘʪʦʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʝʢʣʦʚʦʣʦʢʥʘ. 
ʀʭ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʧʫʪʸʤ ʚʘʨʢʠ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ, ʠʟʚʝʩʪʥʷʢʘ, ʛʣʠʥʦʟʸʤʘ, ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʜʨʫʛʠʭ ʢʦʤ-
ʧʦʥʝʥʪʦʚ ʚ ʩʪʝʢʣʦʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢʠʝ ʰʘʨʠʢʠ ʩʣʫʞʠʣʠ ʟʘʛʦʪʦʚʢʦʡ ʜʣʷ 
ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʝʢʣʦʚʦʣʦʢʦʥ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʢʦʤʧʦʟʠʪʘʭ, ʠʟʦ-
ʣʷʮʠʠ ʠ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ ʚ 2010-ʭ ʛʦʜʘʭ ʜʣʷ ʨʘʟʤʝʪʢʠ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ 
ʝʞʝʛʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʢʦʣʦ 227 ʤʠʣʣʠʦʥʦʚ ʢʠʣʦʛʨʘʤʤʦʚ ʩʪʝʢʣʷʥʥʳʭ ʰʘʨʠʢʦʚ. ʉʪʝʢʣʷʥʥʳʝ ʤʠʢ-
ʨʦʰʘʨʠʢʠ (ʉʄʐ) ð ɻ ʪʦ ʥʝʙʦʣʴʰʠʝ ʩʪʝʢʣʷʥʥʳʝ ʠʟʜʝʣʠʷ ʚ ʬʦʨʤʝ ʤʠʢʨʦʩʬʝʨ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʝʪʦʚʦʟʚʨʘʱʘʶʱʝʡ ʜʦʨʦʞʥʦʡ ʨʘʟʤʝʪʢʠ. ʆʥʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʧʨʦʟʨʘʯʥʦʛʦ ʙʝʩʮʚʝʪ-
ʥʦʛʦ ʥʘʪʨʠʡ-ʢʘʣʴʮʠʡ-ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ [2]. 

 
ʋʙʚʤʡʯʙ 1 

ʇʪʦʧʛʦʴʞ ʨʙʩʙʥʞʫʩʴ ʜʧʩʡʠʧʦʫʙʤʵʦʧʢ ʝʧʩʧʟʦʧʢ ʩʙʠʥʞʫʣʡ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉʣʦʡ ʧʦʢʨʳʪʠʷ/ʢʨʘʩʢʠ 
ʉʚʝʪʦʚʦʟʚʨʘʱʘʶʱʠʡ ʩʣʦʡ (ʩʪʝʢʣʷʥ-
ʥʳʝ ʰʘʨʠʢʠ, ʥʘʥʦʩʠʤʳʝ ʨʦʩʩʳʧʴʶ) 

ʌʫʥʢʮʠʠ ɸʜʛʝʟʠʷ ʢ ʜʦʨʦʞʥʦʤʫ ʧʦʢʨʳʪʠʶ. ʎʚʝʪ, 
ʢʦʥʪʨʘʩʪʠʨʫʶʱʠʡ ʩ ʧʦʢʨʳʪʠʝʤ ʧʨʦʝʟ-
ʞʝʡ ʯʘʩʪʠ = ʚʠʜʠʤʦʩʪʴ. ʇʦʚʝʨʭʥʦʩʪʴ 
ʜʣʷ ʩʚʝʪʦʚʦʟʚʨʘʱʝʥʠʷ. ʇʦʚʝʨʭʥʦʩʪʴ 
ʜʣʷ ʘʜʛʝʟʠʠ ʩʚʝʪʦʚʦʟʚʨʘʱʘʶʱʝʛʦ ʩʣʦʷ. 

ʉʚʝʪʦʚʦʟʚʨʘʱʝʥʠʝ. ɿʘʱʠʪʘ ʩʣʦʷ ʧʦ-
ʢʨʳʪʠʷ ʦʪ ʠʩʪʠʨʘʥʠʷ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ 
ʩʢʦʣʴʞʝʥʠʶ. 

ʄʘʪʝʨʠʘʣʳ ʂʨʘʩʢʘ (ʥʘ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʥʘ ʚʦʜʥʦʡ 
ʦʩʥʦʚʝ). ʊʝʨʤʦʧʣʘʩʪʠʢ. ʍʦʣʦʜʥʳʡ ʧʣʘ-
ʩʪʠʢ. ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ 
(ʵʧʦʢʩʠʜʥʳʝ, ʢʘʨʙʘʤʠʜʥʳʝ, ʫʨʝʪʘʥʦʚʳʝ 
ʠ ʜʨ.); ʥʘ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠʣʠ ʙʝʟ ʨʘʩ-
ʪʚʦʨʠʪʝʣʝʡ. ʃʝʥʪʳ. 

ʉʪʝʢʣʷʥʥʳʝ ʰʘʨʠʢʠ. ʉʪʝʢʣʷʥʥʳʝ ʰʘ-
ʨʠʢʠ ʚ ʩʤʝʩʠ ʩ ʧʨʦʪʠʚʦʩʢʦʣʴʟʷʱʠʤʠ 
ʯʘʩʪʠʮʘʤʠ. ʊʦʣʴʢʦ ʧʨʦʪʠʚʦʩʢʦʣʴʟʷ-
ʱʠʝ ʯʘʩʪʠʮʳ (ʪʦʣʴʢʦ ʜʣʷ ʩʧʝʮʠʘʣʴ-
ʥʳʭ ʮʝʣʝʡ). ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝ-
ʤʝʥʪʳ ʚʤʝʩʪʦ ʩʪʝʢʣʷʥʥʳʭ ʰʘʨʠʢʦʚ. 

ʊʦʣʱʠʥʘ  
ʩʣʦʷ, ʥʘʥʦʩʠʤʦʝ 
ʢʦʣʠʯʝʩʪʚʦ 

ʊʦʥʢʠʡ ʩʣʦʡ (ʪʦʣʴʢʦ ʧʣʦʩʢʠʝ ʣʠ-
ʥʠʠ): 0.2ï0.4 ʤʤ (ʜʦ 1.0 ʤʤ) ʦʪ weftfilm; 
0.3ï0.9 ʤʤ / 0.4ï1.6 ʢʛ/ʤĮ. ʊʦʣʩʪʳʡ ʩʣʦʡ 
(ʧʣʦʩʢʠʝ ʣʠʥʠʠ ʠʣʠ ʩʪʨʫʢʪʫʨʳ): 1.0ï6.0 
ʤʤ / 1.5ï6.0 ʢʛ/ʤĮ. 

ʅʘʥʝʩʝʥʠʝ ʨʦʩʩʳʧʴʶ: 0.3ï0.5 
ʢʛ/ʤĮ. ʊʦʣʱʠʥʘ (ʥʘʜ ʩʣʦʝʤ ʧʦʢʨʳ-
ʪʠʷ): 0.1ï1.0 ʤʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʜʠʘʤʝʪʨʫ ʩʪʝʢʣʷʥʥʳʭ ʰʘʨʠʢʦʚ (ʠ ʧʨʦ-
ʪʠʚʦʩʢʦʣʴʟʷʱʠʭ ʯʘʩʪʠʮ) 0.2ï1.4 ʤʤ 
(ʚʦʟʤʦʞʥʳʡ ʜʠʘʧʘʟʦʥ 0.06ï2.0 ʤʤ). 

ʄʝʪʦʜʳ ʥʘʥʝʩʝʥʠʷ ʊʦʥʢʠʡ ʩʣʦʡ: ʨʘʩʧʳʣʝʥʠʝ. ʊʦʣʩʪʳʡ ʩʣʦʡ 
(ʪʦʣʴʢʦ ʙʝʩʧʣʸʥʦʯʥʳʝ ʤʘʪʝʨʠʘ-
ʣʳ): ɻ ʢʩʪʨʫʟʠʷ, ʥʘʥʝʩʝʥʠʝ ʛʣʘʜʠʣʢʦʡ, 
ʚʘʣʠʢʦʤ, ʥʘʢʣʝʠʚʘʥʠʝ. 

ʈʦʩʩʳʧʴʶ. ɻʦʪʦʚʳʝ ʠʟʜʝʣʠʷ (ʣʝʥʪʳ, 
ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʬʦʨʤʠ-
ʨʦʚʘʥʥʳʝ ʪʝʨʤʦʧʣʘʩʪʠʢʠ ʠ ʭʦʣʦʜʥʳʝ 
ʧʣʘʩʪʠʢʠ, ʩʚʝʪʦʚʦʟʚʨʘʱʘʶʱʠʝ ʵʣʝ-
ʤʝʥʪʳ). 

ʉʪʦʡʢʦʩʪʴ ʢ ʠʩʪʠʨʘ-
ʥʠʶ 

ʆʯʝʥʴ ʥʠʟʢʘʷ ï ʥʠʟʢʘʷ (ʢʨʦʤʝ ʭʦʣʦʜʥʦʛʦ 
ʧʣʘʩʪʠʢʘ ʠ ʣʝʥʪ: ʦʯʝʥʴ ʚʳʩʦʢʘʷ). 

ɺʳʩʦʢʘʷ ʠʣʠ ʦʯʝʥʴ ʚʳʩʦʢʘʷ. 

 
ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʨʦʞʥʘʷ ʨʘʟʤʝʪʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʠʜʥʘ ʫʯʘʩʪʥʠʢʘʤ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ 

(ʚʦʜʠʪʝʣʷʤ, ʧʝʰʝʭʦʜʘʤ, ʘ ʪʘʢʞʝ ʜʘʪʯʠʢʘʤ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ) ð ʵʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʢʦʥʪʨʘʩʪ-
ʥʦʤʫ ʮʚʝʪʫ; ʦʙʥʘʨʫʞʝʥʠʝ ʢʨʘʷ ʟʘ ʩʯʸʪ ʢʦʥʪʨʘʩʪʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʚʠʟʫʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ. ʅʦʯʴʶ 
ʢʦʥʪʨʘʩʪ ʫʩʠʣʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʩʚʝʪʦʚʦʟʚʨʘʱʝʥʠʷ ð ʷʚʣʝʥʠʷ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ ʦʪ ʬʘʨ ʘʚʪʦʤʦʙʠʣʷ ʦʙ-
ʨʘʪʥʦ ʚ ʩʪʦʨʦʥʫ ʚʦʜʠʪʝʣʷ. ʕʪʦ ʷʚʣʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʣʘʛʦʜʘʨʷ ʩʪʝʢʣʷʥʥʳʤ ʰʘʨʠʢʘʤ ʠ 
ʠʭ ʚʩʪʨʘʠʚʘʥʠʶ ʚ ʩʣʦʡ ʢʨʘʩʢʠ. 
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ʊʦʪ ʞʝ ʩʣʦʡ ʩʪʝʢʣʷʥʥʳʭ ʰʘʨʠʢʦʚ ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʟʘʱʠʪʝ ʩʣʦʷ ʢʨʘʩʢʠ ʦʪ ʠʩʪʠʨʘʥʠʷ 
ʧʨʦʝʟʞʘʶʱʠʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʕʪʘ ʜʚʦʡʥʘʷ ʨʦʣʴ ʩʪʝʢʣʷʥʥʳʭ ʰʘʨʠʢʦʚ ð ʦʜʥʦʚʨʝʤʝʥʥʦʝ 
ʧʦʚʳʰʝʥʠʝ ʚʠʟʫʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʨʦʞʥʦʡ ʨʘʟʤʝʪʢʠ ʠ ʟʘʱʠʪʘ ʝʸ ʦʪ ʠʩʪʠʨʘʥʠʷ ð ʠʤʝʝʪ ʧʝʨʚʦ-
ʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʣʶʙʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʠ ʧʨʘʢʪʠʢʠ ʝʸ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʀʟ-ʟʘ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʩʚʦʡʩʪʚʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦʨʦʞʥʦʡ ʨʘʟʤʝʪʢʠ ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ. ʌʫʥʢʮʠʠ ʜʚʫʭ ʩʣʦʸʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʨʘʟʤʝʪʢʠ, ʥʝʢʦʪʦʨʳʝ ʠʭ ʩʚʦʡ-
ʩʪʚʘ ʠ ʧʨʠʤʝʨʳ ʤʘʪʝʨʠʘʣʦʚ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʇʦʩʢʦʣʴʢʫ ʪʦʣʴʢʦ ʩʪʝʢʣʷʥʥʳʝ ʰʘʨʠʢʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʩʚʝʪʦʚʦʟʚʨʘʱʝʥʠʝ ʠ ʠʤʝʥʥʦ ʦʥʠ ʧʦʜʚʝʨ-
ʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʰʠʥ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʥʘʝʟʞʘʶʱʠʭ ʥʘ ʨʘʟʤʝʪʢʫ, ʩʚʝʪʦʚʦʟʚʨʘʱʝʥʠʝ ʷʚʣʷʝʪʩʷ 
ʪʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ 
ʧʝʨʚʳʤ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʛʦʨʠʟʦʥ-
ʪʘʣʴʥʦʡ ʨʘʟʤʝʪʢʠ. ʉʚʝʪʦʚʦʟʚʨʘʱʝʥʠʝ ʠʟʤʝʨʷʝʪʩʷ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʝʪʦʚʦʟʚʨʘʱʘʶʱʝʡ ʷʨʢʦʩʪʠ 
(RL) ʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʤʢʜ/ʤĮ/ʣʢ. 

ɺʪʦʨʳʤ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʜʥʝʚʥʘʷ ʚʠʜʠʤʦʩʪʴ, ʠʟʤʝʨʷʝʤʘʷ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʷʨʢʦʩʪʠ 
ʧʨʠ ʜʠʬʬʫʟʥʦʤ ʦʩʚʝʱʝʥʠʠ (Qd) ʠ ʪʘʢʞʝ ʚʳʨʘʞʘʝʤʘʷ ʚ ʤʢʜ/ʤĮ/ʣʢ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʦʩʥʦʚ-
ʥʦʤ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʩʯʸʪ ʮʚʝʪʘ ʢʨʘʩʢʠ. ʉʫʱʝʩʪʚʫʝʪ ʩʚʷʟʴ ʤʝʞʜʫ Qd ʠ ʢʦʥʪʨʘʩʪʦʤ, ʥʦ ʦʥʘ ʥʝ ʷʚʣʷʝʪʩʷ 
ʧʨʷʤʦʡ ʠ ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʦʩʚʝʱʝʥʠʝ, ʘʪʤʦʩʬʝʨʥʳʝ ʫʩʣʦʚʠʷ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʦʩʪʦʷʥʠʝ 
ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʢʦʣʴʞʝʥʠʶ ð ʝʱʸ ʦʜʠʥ ʯʘʩʪʦ ʦʮʝʥʠʚʘʝʤʳʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʨʘʟ-
ʤʝʪʢʠ. ʆʥ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʩʚʝʪʦʚʦʟʚʨʘʱʘʶʱʝʛʦ ʩʣʦʷ (ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʥʘʥʦʩʠʤʳʝ ʨʦʩʩʳʧʴʶ ʩʪʝʢ-
ʣʷʥʥʳʝ ʰʘʨʠʢʠ ʩʤʝʰʘʥʳ ʩ ʧʨʦʪʠʚʦʩʢʦʣʴʟʷʱʠʤʠ ʯʘʩʪʠʮʘʤʠ), ʥʦ ʥʘʣʠʯʠʝ ʢʨʫʧʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʩʣʦʝ 
ʧʦʢʨʳʪʠʷ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ. 

ʏʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʧʦʥʠʤʘʪʴ ʜʦʨʦʞʥʫʶ ʨʘʟʤʝʪʢʫ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʪʘʜʠʠ ʝʸ ʞʠʟʥʝʥʥʦʛʦ 
ʮʠʢʣʘ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʨʘʟʤʝʪʢʠ, ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʝʭʘʥʠʟʤʳ ʩʪʘʨʝʥʠʷ ʠʥʳʝ, 
ʥʦ ʦʙʱʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʠʤʝʥʠʤʘ): 

Å ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ð ʥʘʥʝʩʸʥʥʘʷ ʨʘʟʤʝʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠ ʧʨʝʚʳʰʘʝʪ ʤʠʥʠʤʘʣʴ-
ʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʤʝʩʪʥʳʤʠ ʥʦʨʤʘʪʠʚʘʤʠ, ʦʩʦʙʝʥʥʦ ʧʦ ʧʦʢʘʟʘʪʝʣʶ RL (ʫʜʝʣʴʥʳʡ ʢʦ-
ʵʬʬʠʮʠʝʥʪ ʩʚʝʪʦʚʦʟʚʨʘʱʝʥʠʷ). 

Å ʌʠʟʠʯʝʩʢʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ð ʨʘʟʤʝʪʢʘ ʙʦʣʴʰʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʧʠʩʘʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 
ʩʚʦʡʩʪʚʘʤ, ʥʦ ʦʩʪʘʸʪʩʷ ʥʘ ʜʦʨʦʞʥʦʤ ʧʦʢʨʳʪʠʠ. ʆʥʘ ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʠʩʪʠʨʘʥʠʶ; ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ 
ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʡ ʨʘʟʤʝʪʢʠ ʠʩʪʠʨʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʦʷʥʥʦ ʦʙʝʩʧʝ-
ʯʠʚʘʪʴ RL. 

 Å ʆʢʦʥʯʘʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ (ʵʨʦʟʠʷ) ð ʨʘʟʤʝʪʢʘ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʝʥʘ ʩ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʬʠʟʠ-
ʯʝʩʢʠ. 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʨʘʟʤʝʪʢʘ ʯʘʩʪʦ ʧʝʨʝʭʦʜʠʪ ʚ ʩʪʘʜʠʶ ʬʠʟʠʯʝʩʢʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ, 
ʦʥʘ ʨʝʜʢʦ ʜʦʩʪʠʛʘʝʪ ʩʪʘʜʠʠ ʵʨʦʟʠʠ (ʥʝʙʦʣʴʰʠʤʠ ʠʩʢʣʶʯʝʥʠʷʤʠ ʧʦ ʦʙʱʝʡ ʧʣʦʱʘʜʠ, ʥʦ ʚʝʩʴʤʘ ʟʘʤʝʪ-
ʥʳʤʠ, ʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʜʚʠʞʝʥʠʶ, ʪʘʢʠʝ ʢʘʢ ʩʪʦʧ-ʣʠʥʠʠ ʠʣʠ ʧʝʰʝʭʦʜ-
ʥʳʝ ʧʝʨʝʭʦʜʳ). ʕʪʘ ʩʪʘʜʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢʠʭ ʢʘʢ: (1) ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʚʦʨʘ-
ʯʠʚʘʶʱʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʩʦʟʜʘʶʱʠʭ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʫʩʢʦʨʷʶʱʠʡ ʠʩʪʠʨʘʥʠʝ, ʦʩʦʙʝʥʥʦ ʪʷ-
ʞʸʣʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠʟ-ʟʘ ʠʭ ʤʘʩʩʳ; (2) ʚʦʟʜʝʡʩʪʚʠʝ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠ 
ʧʦʚʨʝʞʜʘʶʪ ʨʘʟʤʝʪʢʫ; (3) ʭʘʣʘʪʥʦʩʪʴ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ; ʠ/ʠʣʠ (4) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʧʦʚʘʥʥʳʭ ʰʠʥ, 
ʥʘʨʫʰʘʶʱʠʭ ʮʝʣʦʩʪʥʦʩʪʴ ʩʣʦʷ ʧʦʢʨʳʪʠʷ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʫʜʘʣʝʥʠʝ ʨʘʟʤʝʪʢʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʨʝʜʢʠʤ 
ʩʦʙʳʪʠʝʤ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʠʟ-ʟʘ ʯʨʝʟʤʝʨʥʦʡ ʪʦʣʱʠʥʳ ʩʣʦʸʚ ʠʣʠ ʧʝʨʝʧʣʘʥʠʨʦʚʢʠ ʪʨʘʩʩʳ. ʅʝʦʙʭʦʜʠʤʦ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʪʝʢʣʷʥʥʳʝ ʰʘʨʠʢʠ, ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʰʠʥʘʤʠ ʠ ʩʣʦʝʤ ʧʦ-
ʢʨʳʪʠʷ ʥʝʪ ð ʧʦʩʢʦʣʴʢʫ ʨʠʩʫʥʦʢ ʧʨʦʪʝʢʪʦʨʘ ʰʠʥʳ ʧʨʠʤʝʨʥʦ ʚ ʜʝʩʷʪʴ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʦʤʝʞʫʪʢʠ 
ʤʝʞʜʫ ʥʘʥʝʩʸʥʥʳʤʠ ʨʦʩʩʳʧʴʶ ʩʪʝʢʣʷʥʥʳʤʠ ʰʘʨʠʢʘʤʠ, ʬʠʟʠʯʝʩʢʠ ʪʘʢʦʡ ʢʦʥʪʘʢʪ ʥʝʚʦʟʤʦʞʝʥ. 

ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʦʨʦʞʥʦʡ ʨʘʟʤʝʪʢʠ ʚʘʞʝʥ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ ʤʦ-
ʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ ʥʘ ʧʦʨʷʜʦʢ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʨʘʟʤʝʪʢʘ 
ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʤʝʜʣʝʥʥʦ ʦʙʥʦʚʣʝʥʘ; ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʝʞʠʝ ʩʣʦʠ ʢʘʢ ʢʨʘʩʢʠ, ʪʘʢ ʠ ʩʪʝʢʣʷʥʥʳʭ ʰʘʨʠʢʦʚ, 
ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʩʣʦʝʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʸʚ. 
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ɼʦʨʦʞʥʫʶ ʨʘʟʤʝʪʢʫ ʧʦʜʨʘʟʜʝʣʷʶʪ ʧʦ ʚʠʜʠʤʦʩʪʠ ʚʦ ʚʣʘʞʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʊʠʧ I (çʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 
ʠʤʝʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʝʪʦʚʦʟʚʨʘʱʝʥʠʷ ʚʦ ʚʣʘʞʥʳʭ ʫʩʣʦ-
ʚʠʷʭ ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʜʦʞʜʷè) ʠ ʪʠʧ II (çʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʫʣʫʯʰʝ-
ʥʠʷ ʩʚʝʪʦʚʦʟʚʨʘʱʝʥʠʷ ʚʦ ʚʣʘʞʥʳʭ ʫʩʣʦʚʠʷʭ ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʜʦʞʜʷè). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʠʧʘ II ʦʙʳʯʥʦ ʜʦʩʪʠʛʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʨʘʟʤʝʪʢʝ (ʪ.ʝ. ʪʦʣʩʪʦ-
ʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʷʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʪʨʸʭʤʝʨʥʳʭ ʩʣʫʯʘʡʥʳʭ ʠʣʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ). ʕʪʦ ʧʨʦʠʩʭʦ-
ʜʠʪ ʙʣʘʛʦʜʘʨʷ ʫʣʫʯʰʝʥʥʦʤʫ ʦʪʚʦʜʫ ʚʣʘʛʠ; ʦʜʥʘʢʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʙʦʨʝ ʩʪʝʢʣʷʥʥʳʭ ʰʘʨʠʢʦʚ ʪʘʢʞʝ 
ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʠʧʘ II ʥʘ ʧʣʦʩʢʠʭ ʣʠʥʠʷʭ, ʭʦʪʷ ʦʙʳʯʥʦ ʵʪʦʪ ʵʬʬʝʢʪ ʥʝ ʷʚʣʷʝʪʩʷ 
ʜʦʣʛʦʚʝʯʥʳʤ. ɺʥʝʰʥʠʡ ʚʠʜ ʧʣʦʩʢʦʡ ʠ ʩʣʫʯʘʡʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʜʦʨʦʞʥʦʡ ʨʘʟʤʝʪʢʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠ-
ʩʫʥʢʝ 1. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʪʦʣʩʪʦʩʣʦʡʥʦʡ ʜʦʨʦʞʥʦʡ ʨʘʟʤʝʪʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2 [3]. 

 

 
ʉʡʪ. 1. - ɻʦʞʱʦʡʢ ʛʡʝ ʝʧʩʧʟʦʧʢ ʩʙʠʥʞʫʣʡ. (a) ʋʡʨ I, ʨʤʧʪʣʙʸ ʤʡʦʡʸ; (b) ʋʡʨ II, ʪʫʩʬʣʫʬʩʙ 

 (ʙʜʤʧʥʞʩʙʫʴ); (c) ʃʩʬʨʦʴʢ ʨʤʙʦ ʨʩʙʛʡʤʵʦʧ ʛʫʧʨʤʞʦʦʴʮ ʪʫʞʣʤʸʦʦʴʮ ʱʙʩʡʣʧʛ ʡ ʨʩʧʫʡʛʧʪʣʧʤʵ-
ʠʸʲʡʮ ʰʙʪʫʡʯ ʛ ʨʤʧʪʣʧʢ ʤʡʦʡʡ ʩʙʠʥʞʫʣʡ; (d) ʃʩʬʨʦʴʢ ʨʤʙʦ ʪʫʞʣʤʸʦʦʴʮ ʱʙʩʡʣʧʛ  
ʛ ʪʫʩʬʣʫʬʩʡʩʧʛʙʦʦʧʢ ʩʙʠʥʞʫʣʞ (ʨʩʧʫʡʛʧʪʣʧʤʵʠʸʲʡʞ ʰʙʪʫʡʯʴ ʦʞ ʫʩʞʚʬʷʫʪʸ,  

ʫʙʣ ʣʙʣ ʪʙʥʙ ʪʫʩʬʣʫʬʩʙ ʧʚʞʪʨʞʰʡʛʙʞʫ ʪʧʨʩʧʫʡʛʤʞʦʡʞ ʪʣʧʤʵʟʞʦʡʷ) 
  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

ʉʡʪ. 2. ʈʧʨʞʩʞʰʦʧʞ ʪʞʰʞʦʡʞ ʫʧʤʪʫʧʪʤʧʢʦʧʢ ʝʧʩʧʟʦʧʢ ʩʙʠʥʞʫʣʡ 
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʚʝʨʪʠʢʘʣʴʥʘʷ ʨʘʟʤʝʪʢʘ ʥʝ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʰʠʥʘʤʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 
ʩʨʝʜʩʪʚ, ʧʦʵʪʦʤʫ ʝʸ ʬʫʥʢʮʠʠ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠʥʳʝ. ʆʥʘ ʥʘʥʦʩʠʪʩʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʦ-
ʚʝʨʭʥʦʩʪʠ: 

Å ʦʧʦʨʳ ʤʦʩʪʦʚ, ʧʫʪʝʧʨʦʚʦʜʦʚ, ʪʦʥʥʝʣʝʡ; 
Å ʪʦʨʮʳ ʧʘʨʘʧʝʪʦʚ ʠ ʙʘʨʴʝʨʥʳʝ ʦʛʨʘʞʜʝʥʠʷ; 
Å ʩʠʛʥʘʣʴʥʳʝ ʩʪʦʣʙʠʢʠ, ʪʫʤʙʳ, ʥʘʜʦʣʙʳ; 
Å ʙʦʨʜʶʨʳ ʥʘ ʦʧʘʩʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʦʩʪʨʦʚʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʉʦʛʣʘʩʥʦ ʨʦʩʩʠʡʩʢʠʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ (ɻʆʉʊ ʈ 51256-2018, ʇɼɼ ʈʌ), ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʨʘʟʤʝʪʢʘ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ (ʪʠʧʳ 2.1 ï 2.7) ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʨʝʜʫʶʱʠʝʩʷ 
ʯʸʨʥʳʝ ʠ ʙʝʣʳʝ ʧʦʣʦʩʳ (çʟʝʙʨʘè), ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʳ ʜʥʸʤ ʟʘ ʩʯʸʪ ʢʦʥʪʨʘʩʪʘ [4]. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʠʜʠʤʦʩʪʠ ʚ ʪʸʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʚ ʩʦʩʪʘʚ ʢʨʘʩʦʢ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʨʘʟʤʝʪʢʠ 
ʪʘʢʞʝ ʚʚʦʜʷʪ ʩʪʝʢʣʷʥʥʳʝ ʰʘʨʠʢʠ ʠʣʠ ʥʘʥʦʩʷʪ ʠʭ ʧʦʚʝʨʭ ʩʚʝʞʝʛʦ ʧʦʢʨʳʪʠʷ ʤʝʪʦʜʦʤ ʨʘʩʧʳʣʝʥʠʷ. ʆʜʥʘ-
ʢʦ ʟʜʝʩʴ ʩʪʝʢʣʷʥʥʳʝ ʰʘʨʠʢʠ ʚʳʧʦʣʥʷʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʚʝʪʦʚʦʟʚʨʘʱʘʶʱʫʶ ʬʫʥʢʮʠʶ: ʟʘʱʠʪʘ ʦʪ ʠʩ-
ʪʠʨʘʥʠʷ ʰʠʥʘʤʠ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʪʘʢ ʢʘʢ ʢʦʥʪʘʢʪ ʩ ʢʦʣʸʩʘʤʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 
ʧʨʦʯʥʦʩʪʠ ʚʪʦʧʣʝʥʠʷ ʰʘʨʠʢʦʚ ʠ ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʨʘʟʤʝʪʢʠ [5]. 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʩʨʦʢ ʩʣʫʞʙʳ ʚʝʨʪʠʢʘʣʴʥʦʡ ʨʘʟʤʝʪʢʠ, ʷʚʣʷʶʪʩʷ: 
Å ʘʜʛʝʟʠʷ ʢʨʘʩʢʠ ʢ ʤʘʪʝʨʠʘʣʫ ʦʩʥʦʚʘʥʠʷ (ʙʝʪʦʥ, ʤʝʪʘʣʣ, ʧʣʘʩʪʠʢ); 
Å ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤʫ ʠʟʣʫʯʝʥʠʶ ʠ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ; 
Å ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʦʪ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʝʡ ʧʨʠ ʟʠʤʥʝʡ ʫʙʦʨʢʝ). 
ʉʚʝʪʦʚʦʟʚʨʘʱʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʨʘʟʤʝʪʢʠ ʠʟʤʝʨʷʝʪʩʷ ʪʝʤʠ ʞʝ ʧʘʨʘʤʝʪʨʘʤʠ (ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʝ-

ʪʦʚʦʟʚʨʘʱʘʶʱʝʡ ʷʨʢʦʩʪʠ RL), ʥʦ ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʷ ʠ ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʛʦ-
ʨʠʟʦʥʪʘʣʴʥʦʡ. 

ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʨʘʟʤʝʪʢʠ ʧʦʥʷʪʠʝ çʵʨʦʟʠʷè ʯʘʱʝ ʩʚʷʟʘʥʦ ʩ ʦʪʩʣʘʠʚʘʥʠʝʤ ʢʨʘʩʢʠ, ʚʳʮʚʝʪʘʥʠ-
ʝʤ ʠʣʠ ʧʦʪʝʨʝʡ ʩʚʝʪʦʚʦʟʚʨʘʱʘʶʱʠʭ ʩʚʦʡʩʪʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʠ ʦʩʘʜʢʦʚ, ʘ ʥʝ ʩ ʠʩʪʠʨʘʥʠ-
ʝʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʪʨʝʙʫʝʪʩʷ ʠ ʜʣʷ ʥʝʸ, ʯʪʦʙʳ ʩʦʭʨʘʥʷʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ 
ʪʸʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʝʪʦʚʦʟʚʨʘʱʘʶʱʘʷ ʜʦʨʦʞʥʘʷ ʨʘʟʤʝʪʢʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʘʚʘʨʠʡʥʦʩʪʠ ʠ ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ ʜʦʨʦʛʘʭ, ʦʩʦ-
ʙʝʥʥʦ ʟʘ ʛʦʨʦʜʦʤ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʦʩʚʝʱʝʥʠʝ. ɸ ʪʘʢʞʝ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʝʪʦʚʦʟ-
ʚʨʘʱʝʥʠʷ (RL) ʧʦʟʚʦʣʷʝʪ ʚʦʜʠʪʝʣʶ ʫʚʝʨʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʜʦʨʦʛʝ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ 
ʫʩʣʦʚʠʷʭ. 
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ǲȐȍȁ ǟȊȄȉȐȄȈ ǡǿȐȇȊțȄȁȇȖ 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɹʋ ɺʆ çʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʧʨʠʯʠʥʘ ʤʝʩʪʥʦʡ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʢʠ ʩʪʘʣʴʥʦʡ ʪʨʫʙʳ 
ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʨʫʙʦʙʝʪʦʥʥʳʭ ʩʪʦʝʢ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʪʠʧ ʪʨʫʙʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ï ʧʨʝʜʚʘʨʠ-
ʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʘʷ ʪʨʫʙʦʙʝʪʦʥʥʘʷ ʩʪʦʡʢʘ. ʆʧʠʩʘʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʝ-
ʭʘʥʠʟʤ ʦʙʝʩʧʝʯʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʢʠ ʩʪʘʣʴʥʦʡ ʪʨʫʙʳ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʨʫʙʦʙʝʪʦʥʥʘʷ ʩʪʦʡʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʙʝʪʦʥʘ, ʣʦʢʘʣʴʥʘʷ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠ-
ʚʦʩʪʠ. 
 

ENSURING LOCAL STABILITY OF THE STEEL TUBE WALL IN CONCRETE-FILLED STEEL TUBE 
COLUMNS 

 
Snigireva Vera Alekseevna, 

Usov Alexey Vasilyevich 
 
Abstract: this paper describes the mechanism of local buckling of the steel tube wall in conventional concrete-
filled steel tube columns. The article proposes a new type of concrete-filled steel tube columns ï a prestressed 
concrete-filled steel tube column. The operating principle of the proposed structure and the mechanism 
ensuring local stability of the steel tube wall are described.  
Keywords: concrete-filled steel tube column, Poisson's ratio of concrete, local buckling. 

 
ʈʉɾʁʅʌʒɾʊʋɻɹ ʁ ʈʉʇɺʄɾʅʔ ʋʉʌɺʇɺɾʋʇʆʆʔʎ ʊʋʇɾʃ 

ʂʦʥʩʪʨʫʢʮʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʨʫʙʦʙʝʪʦʥʥʳʭ ʩʪʦʝʢ ʦʙʨʘʟʦʚʘʥʘ ʩʪʘʣʴʥʦʡ ʪʨʫʙʦʡ, ʟʘʧʦʣʥʝʥʥʦʡ 
ʚʥʫʪʨʠ ʩʧʣʦʰʥʳʤ ʙʝʪʦʥʥʳʤ ʷʜʨʦʤ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʪʨʫʙʦʙʝʪʦʥʥʳʝ ʩʪʦʡʢʠ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝ-
ʩʪʚʝʥʥʦ ʚ ʢʘʯʝʩʪʚʝ ʢʦʣʦʥʥ ʠ ʩʚʘʡ. ʇʨʠ ʵʪʦʤ ʧʨʦʜʦʣʴʥʘʷ ʩʞʠʤʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʦʜʥʦ-
ʚʨʝʤʝʥʥʦ ʥʘ ʙʝʪʦʥʥʦʝ ʷʜʨʦ ʠ ʩʪʘʣʴʥʫʶ ʪʨʫʙʫ, ʪʦ ʝʩʪʴ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʩʝʤʫ ʪʦʨʮʝʚʦʤʫ ʩʝʯʝʥʠʶ. 
ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʨʫʙʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʘʣʫʙʢʠ, ʪʘʢ 
ʢʘʢ ʩʪʘʣʴʥʘʷ ʪʨʫʙʘ ʷʚʣʷʝʪʩʷ ʠ ʯʘʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ, ʠ ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɼʘʥʥʦʝ ʦʙ-
ʩʪʦʷʪʝʣʴʩʪʚʦ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʧʦʪʦʤʫ ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʱʘʪʴ 
ʩʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʢ ʜʦʩʪʦʠʥʩʪʚʘʤ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪʥʦʩʠʪʩʷ ʨʘʙʦʪʘ ʙʝʪʦʥʘ ʧʨʠ 
ʦʛʨʘʥʠʯʝʥʠʠ ʧʦʧʝʨʝʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʪʨʫʙʦʡ, ʪʦ ʝʩʪʴ ʚ ʩʦʩʪʦʷʥʠʠ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ, ʯʪʦ ʤʦʞʝʪ 
ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʪʴ ʝʛʦ ʧʨʦʯʥʦʩʪʴ [1]. 
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ʘ)                                   ʙ)                               ʚ) 
ʉʡʪ. 1. ʊʮʞʥʙ ʫʩʬʚʧʚʞʫʧʦʦʧʢ ʪʫʧʢʣʡ: 

ʘ) ʦʙʱʠʡ ʚʠʜ; ʙ) ʩʝʯʝʥʠʝ ʙʝʪʦʥʥʦʛʦ ʷʜʨʘ ʩʪʦʡʢʠ; 
ʚ) ʩʝʯʝʥʠʝ ʩʪʘʣʴʥʦʡ ʪʨʫʙʳ ʩʪʦʡʢʠ 

 
 ʆʜʥʘʢʦ ʦʙʞʘʪʠʝ ʙʝʪʦʥʘ ʪʨʫʙʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʝʣʠʯʠʥʘʭ ʥʘʛʨʫʟʦʢ, ʧʨʠʙʣʠʞʘʶʱʠʭʩʷ ʢ ʚʝʣʠ-

ʯʠʥʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʦʡʢʠ, ʘ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʟʘʛʨʫʞʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʨʫʙʦʙʝʪʦʥʥʳʭ 
ʩʪʦʝʢ ʩʪʘʣʴʥʘʷ ʪʨʫʙʘ ʦʪʨʳʚʘʝʪʩʷ ʦʪ ʙʝʪʦʥʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [2; 3] (ʨʠʩ.2). ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ 
ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʙʝʪʦʥʘ: ʥʘʯʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʙʝʪʦʥʘ 

ʤʝʥʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʩʪʘʣʠ (’ πȟςȟ’ πȟσ, ʠʥʜʝʢʩ çʉè ï concrete/ʙʝʪʦʥ, ʠʥʜʝʢʩ çSè ï 
steel/ʩʪʘʣʴ), ʯʪʦ ʠ ʧʨʠʚʦʜʠ ʢ ʦʪʨʳʚʫ ʪʨʫʙʳ ʦʪ ʙʝʪʦʥʘ, ʥʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʥʘʛʨʫʟʢʠ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ 
ʙʝʪʦʥʘ ʨʘʩʪʝʪ ʠ ʥʘʯʠʥʘʝʪ ʧʨʝʚʳʰʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʩʪʘʣʠ [4], ʙʝʪʦʥ ʜʦʛʦʥʷʝʪ ʩʪʘʣʴʥʫʶ ʪʨʫʙʫ ʠ 
ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʘʢʪʠʚʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʙʞʘʪʠʷ poʙʞ (ʨʠʩ.1). ɺ ʩʚʷʟʠ ʩ ʦʪʨʳʚʦʤ ʩʪʘʣʴʥʦʡ ʪʨʫʙʳ 
ʚʦʟʥʠʢʘʝʪ ʦʧʘʩʥʦʩʪʴ ʤʝʩʪʥʦʡ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʝʝ ʩʪʝʥʢʠ, ʢʦʪʦʨʘʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝʩʝʪ ʟʥʘʯʠʪʝʣʴ-
ʥʫʶ ʯʘʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʟʘʯʘʩʪʫʶ ʠʤʝʝʪ ʥʝʙʦʣʴʰʫʶ ʪʦʣʱʠʥʫ [5].  

 

 
ʉʡʪ. 2. ʈʩʡʦʯʡʨʡʙʤʵʦʙʸ ʪʮʞʥʙ ʦʙʜʩʬʟʞʦʡʸ ʫʩʙʝʡʯʡʧʦʦʧʢ ʫʩʬʚʧʚʞʫʧʦʦʧʢ ʪʫʧʢʣʡ  

ʪ ʨʧʪʤʞʝʬʷʲʡʥ ʧʫʩʴʛʧʥ ʪʫʞʦʣʡ ʪʫʙʤʵʦʧʢ ʫʩʬʚʴ 
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ʉɾʑɾʆʁɾ ʈʉʇɺʄɾʅʔ ʅɾʊʋʆʇʂ ʈʇʋɾʉʁ ʌʊʋʇʂʐʁɻʇʊʋʁ ʊʋɾʆʃʁ ʊʋɹʄʕʆʇʂ ʋʉʌɺʔ 
ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʪʤʝʯʝʥʥʦʛʦ ʚʳʰʝ ʜʝʬʝʢʪʘ ʪʨʫʙʦʙʝʪʦʥʥʳʭ ʩʪʦʝʢ (ʧʦʧʝʨʝʯʥʳʡ ʦʪʨʳʚ ʩʪʘʣʴʥʦʡ 

ʪʨʫʙʳ ʦʪ ʙʝʪʦʥʘ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʧʘʩʥʦʩʪʠ ʣʦʢʘʣʴʥʦʡ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʝʸ ʩʪʝʥʢʠ) ʧʨʝʜʣʘʛʘʝʪʩʷ 
ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʛʦ ʪʠʧʘ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʸʥʥʘʷ ʪʨʫʙʦʙʝʪʦʥʥʘʷ ʩʪʦʡʢʘ. ʂʣʶʯʝʚʦʝ 
ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʩʪʦʠʪ ʚ ʨʘʟʜʝʣʝʥʠʠ ʧʨʦʮʝʩʩʘ ʚʦʩʧʨʠʷʪʠʷ ʧʨʦʜʦʣʴʥʦʡ 
ʥʘʛʨʫʟʢʠ ʥʘ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʘ ʠ ʫʩʪʨʦʡʩʪʚʦʤ ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ d ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʪʦʨʮʦʤ 
ʩʪʘʣʴʥʦʡ ʪʨʫʙʳ ʠ ʥʘʛʨʫʞʘʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʝʡ (ʨʠʩ. 3).  

 

 
ʘ)                                                       ʙ) 

ʉʡʪ. 3. ʈʩʡʦʯʡʨʡʙʤʵʦʙʸ ʪʮʞʥʙ ʦʙʜʩʬʟʞʦʡʸ ʨʩʞʝʛʙʩʡʫʞʤʵʦʧ ʦʙʨʩʸʟʞʦʦʧʢ ʫʩʬʚʧʚʞʫʧʦʦʧʢ ʪʫʧʢʣʡ: 
ʙ) ʦʙ ʨʞʩʛʧʥ ʶʫʙʨʞ ʦʙʜʩʬʟʞʦʡʸ, c) ʦʙ ʛʫʧʩʧʥ ʶʫʙʨʞ ʦʙʜʩʬʟʞʦʡʸ 

 
ʀʟʥʘʯʘʣʴʥʦ ʥʘʛʨʫʟʢʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʝʪʦʥʥʳʤ ʷʜ-

ʨʦʤ, ʘ ʪʨʫʙʘ ʩʜʝʨʞʠʚʘʝʪ ʧʦʧʝʨʝʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʙʝʪʦʥʘ, ʪʦ ʝʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʛʘʝʪ, ʩʞʠʤʘ-
ʝʪ, ʙʝʪʦʥ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʙʝʪʦʥ ʧʦʣʫʯʘʝʪ ʫʧʨʦʯʥʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʩʪʦ-
ʨʦʥʥʝʛʦ ʩʞʘʪʠʷ, ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʢʘʣʴʥʦʡ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʢʠ ʪʨʫʙʳ ʠʩʢʣʶʯʝʥʘ. ʅʘ 
ʚʪʦʨʦʤ ʵʪʘʧʝ, ʧʦʩʣʝ ʫʢʦʨʦʯʝʥʠʷ ʙʝʪʦʥʥʦʛʦ ʷʜʨʘ ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʟʦʨʘ d, ʥʘʛʨʫʞʘʝʪʩʷ ʫʞʝ ʚʩʸ ʩʦʩʪʘʚʥʦʝ 
ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ, ʚʢʣʶʯʘʷ ʙʝʪʦʥʥʦʝ ʷʜʨʦ ʠ ʩʪʘʣʴʥʫʶ ʪʨʫʙʫ. ɺ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩ-
ʩʦʥʘ ʙʝʪʦʥʘ ʢ ʤʦʤʝʥʪʫ ʥʘʩʪʫʧʣʝʥʠʷ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪʳ ʩʪʦʡʢʠ, ʙʝʪʦʥ ʧʨʦʜʦʣʞʘʝʪ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʞʘ-
ʪʦʤ ʪʨʫʙʦʡ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʯʘʩʪʠ ʥʘʛʨʫʟʢʠ ʥʘ ʪʨʫʙʫ, ʪʦ ʝʩʪʴ ʩʪʝʥʢʘ ʪʨʫʙʳ ʧʨʦʜʦʣʞʘʝʪ 
ʙʳʪʴ ʟʘʱʠʱʝʥʥʦʡ ʦʪ ʣʦʢʘʣʴʥʦʡ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɸ ʥʘʛʨʫʞʝʥʠʝ ʪʨʫʙʳ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 
ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʫʙʦʙʝʪʦʥʥʦʡ ʩʪʦʡʢʠ [4; 6]. 

 
ʀɹʃʄʗʐɾʆʁɾ 

ʇʨʠ ʩʞʘʪʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʨʫʙʦʙʝʪʦʥʥʳʭ ʩʪʦʝʢ ʥʘʛʨʫʟʢʘ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʚʩʸ ʩʝʯʝʥʠʝ ʩʪʦʡʢʠ, 
ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʳʚ ʩʪʘʣʴʥʦʡ ʪʨʫʙʳ ʦʪ ʙʝʪʦʥʥʦʛʦ ʷʜʨʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ ʨʝʟʫʣʴʪʘ-
ʪʝ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʦʧʘʩʥʦʩʪʴ ʤʝʩʪʥʦʡ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʢʠ ʪʨʫʙʳ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘʛʨʫʟʢʘ ʧʨʠ-
ʢʣʘʜʳʚʘʝʪʩʷ ʜʚʫʭʩʪʘʜʠʡʥʦ: ʩʥʘʯʘʣʘ ʣʠʰʴ ʥʘ ʙʝʪʦʥʥʦʝ ʷʜʨʦ, ʘ ʜʘʣʝʝ ʥʘ ʚʩʸ ʩʝʯʝʥʠʝ ʩʪʦʡʢʠ, ʙʝʪʦʥʥʦʝ 
ʷʜʨʦ ʦʢʘʟʳʚʘʝʪʩʷ ʦʙʞʘʪʳʤ ʪʨʫʙʦʡ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʩʪʘʣʴʥʘʷ ʪʨʫʙʘ ʟʘʱʠʱʝʥʘ ʦʪ ʤʝʩʪʥʦʡ 
ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʢʠ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʨʘʙʦʪʳ ʩʪʦʡʢʠ. 
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ǡǪǧǾǬǧǤ ǪǭǥǬǺǴ ǰǯǟǠǟǱǺǡǟǬǧǨ Ǭǟ 
ǩǟǶǤǰǱǡǤǬǬǭǰǱǻ ǭǮǭǡǤǸǤǬǧǾ ǧ 
ǮǭǰǪǤǣǲǽǸǤǨ Ǽǡǟǩǲǟǵǧǧ Ǯǯǧ ǮǭǥǟǯǤ 

ǲȖǿȈȉȇȌǿ ǟȌȌǿ ǟȊȄȉȐǿȌȃȏȍȁȌǿ 
ʩʪʫʜʝʥʪ 

ʌɻɸʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦè 
 

ɹʦʦʧʫʙʯʡʸ: ʃʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ, ʩʥʠʞʘʶʪ ʙʜʠʪʝʣʴʥʦʩʪʴ ʣʶʜʝʡ 
ʠ ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʶʪ ʚʨʝʤʷ ʨʘʩʧʦʟʥʘʥʠʷ ʚʦʟʥʠʢʰʝʡ ʦʧʘʩʥʦʩʪʠ. ʏʘʩʪʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʳʭ ʩʨʘʙʘ-
ʪʳʚʘʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʩʨʘʙʦʪʢʫ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʦʧʦ-
ʚʝʱʝʥʠʷ ʦ ʧʦʞʘʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʯʝʣʦʚʝʯʝʩʢʠʤ ʞʝʨʪʚʘʤ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 
ʚʣʠʷʥʠʷ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʩʪʴ ʦʧʦʚʝʱʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʵʚʘʢʫʘʮʠʠ ʧʨʠ ʧʦʞʘʨʝ, 
ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʫʯʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʧʦʞʘʨʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʨʘʜʘʚʰʠʭ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʢʘʯʝ-
ʩʪʚʝʥʥʦʝ ʦʧʦʚʝʱʝʥʠʝ ʧʨʠ ʧʦʞʘʨʝ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷ: ʦʧʠʩʘʥʠʝ, ʘʥʘʣʠʟ, ʩʨʘʚʥʝʥʠʝ.  
ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʩʠʩʪʝʤʘ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ ʩʨʘʙʘʪʳʚʘʝʪ ʥʝʢʦʨ-
ʨʝʢʪʥʦ ʠʣʠ ʥʝ ʩʨʘʙʘʪʳʚʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʢʣʶʯʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʱʝʨʙʫ ʟʜʦʨʦʚʴʶ ʠ ʤʘʪʝʨʠʘʣʴ-
ʥʳʤ ʧʦʪʝʨʷʤ. ʕʪʦʛʦ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʤʠʥʠʤʠʟʠʨʫʷ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠ ʧʦʚʳʰʘʷ ʜʦʚʝʨʠʝ ʢ ʧʦʞʘʨ-
ʥʳʤ ʩʠʩʪʝʤʘʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʣʦʞʥʦʝ ʩʨʘʙʘʪʳʚʘʥʠʝ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʧʦʞʘʨ, ʩʨʘʙʘʪʳʚʘʥʠʝ ʩʠʩʪʝʤʳ 
ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 
THE IMPACT OF FALSE ALARMS ON THE QUALITY OF NOTIFICATION AND SUBSEQUENT 

EVACUATION IN CASE OF FIRE 
 

Uchaikina Anna Alexandrovna 
 
Annotation: False alarms, which occur for various reasons, reduce people's vigilance and thus increase the 
time to recognize the danger. The frequent number of false alarms leads to a negative reaction to the trigger-
ing of fire alarms and fire alerts, which leads to human casualties. The aim of the study is to determine the im-
pact of false alarms on the quality of notification and subsequent evacuation in case of fire by studying fire sta-
tistics and the number of victims. The object of the study is highïquality notification in case of fire. The subject 
of the study is false positives. Research methods: description, analysis, comparison. According to the study, 
the fire safety system for various reasons does not work correctly or does not work as a result of a shutdown, 
which leads to damage to health and material losses. This can be avoided by minimizing false alarms and in-
creasing trust in fire systems. 
Keywords: false alarm, maintenance, fire, fire safety system activation 

 
ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʜʘʶʪ ʧʨʦʙʣʝʤʝ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. ʃʦʞʥʳʝ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʦʧʘʩʥʳ ʪʝʤ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʚʳʜʘʶʪ ʥʝʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʛʦʨʘʥʠʠ, ʥʦ ʠ ʩʢʘ-
ʟʳʚʘʶʪʩʷ ʥʘ ʚʦʩʧʨʠʷʪʠʠ ʩʠʛʥʘʣʘ ʦ ʧʦʞʘʨʝ ʣʶʜʝʡ. ʊʦ ʝʩʪʴ ʚʨʝʤʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʞʘʨʘ ʩʠʩʪʝʤʦʡ ʦʩʪʘ-
ʝʪʩʷ ʪʘʢʦʝ ʞʝ, ʘ ʚʨʝʤʷ ʦʩʦʟʥʘʥʠʷ ʨʝʘʣʴʥʦʩʪʠ ʧʦʞʘʨʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʚʘʢʫʘʮʠʠ ʩʦʢʨʘʱʘʝʪʩʷ ʚ 
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ʩʣʝʜʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ ʧʨʦʠʟʦʰʣʦ ʚʦʟʛʦʨʘʥʠʝ [1, ʩ. 40-42.].  
ʅʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʩʪʘʪʠʩʪʠʢʫ ʦ ʧʨʠʯʠʥʘʭ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ, ʦʜʥʘʢʦ, ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ 

ʜʘʥʥʳʭ ʦ ʢʦʣʠʯʝʩʪʚʝ ʠ ʧʨʠʯʠʥʘʭ ʪʘʢʠʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʩʣʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʫʩʪʨʘʥʠʪʴ ʢʦʨʝʥʥʳʝ ʧʨʠʯʠ-
ʥʳ ʪʘʢʠʭ ʩʨʘʙʘʪʳʚʘʥʠʡ [1, ʩ. 40-42.]. 

ʇʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʦʞʥʳʡ ʩʨʘʙʘʪʳʚʘʥʠʡ ʠ ʚʣʠʷʥʠʝ ʥʠʭ ʥʘ ʢʘʯʝ-
ʩʪʚʝʥʥʦʩʪʴ ʦʧʦʚʝʱʝʥʠʷ ʧʨʠ ʧʦʞʘʨʝ. 

ʃʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʚʳʟʚʘʥʳ ʧʨʦʙʣʝʤʘʤʠ ʩ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʧʦʞʘʨʥʳʭ ʩʠ-
ʩʪʝʤ. ʅʘʧʨʠʤʝʨ, ʧʨʦʙʣʝʤʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʇʨʠʣʦʞʝʥʠʝʤ B ɻʆʉʊ ʈ 
53325-2012 çʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʦʤʝʭ ʵʤʠʩʩʠʷ. ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡè, ʘ 
ʪʘʢʞʝ ʜʨʫʛʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʧʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ.  

ʊʘʢʞʝ ʧʨʦʙʣʝʤʘ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʧʦʜʥʠʤʘʝʪʩʷ ʚ: 

- ɻʆʉʊ ʈ 50397-2011 ï ʪʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʠʠ ʪʨʝʙʦʚʘʥʠʡ 
ʧʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʘʤ ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ [2];  

- ɻʆʉʊ ʈ 51318.22 ï ʩʚʝʜʝʥʠʷ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ ʢ ʚʦʟ-
ʜʝʡʩʪʚʠʶ ʧʦʤʝʭ ʠ ʢʣʘʩʩʝ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ [3]; 

- ɻʆʉʊ ʈ 51317.4.5 ï ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ ʧʦʜʢʣʶʯʘʝʤʳʭ ʢ 
ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʝʪʷʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ [4];  

- ɻʆʉʊ ʈ 51317.4.4 - ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ ʢ ʥʘʥʦʩʝʢʫʥʜʥʳʤ 
ʠʤʧʫʣʴʩʥʳʤ ʧʦʤʝʭʘʤ [5];  

- ɻʆʉʊ ʈ 51317.4.11 - ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 
ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, ʧʦʜʢʣʶʯʘʝʤʳʝ ʢ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʵʣʝʢʪʨʠ-
ʯʝʩʢʠʤ ʩʝʪʷʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ [6];  

- ɻʆʉʊ ʈ 51317.4.3 - ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ ʢ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤʫ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ [7].  

ʉʦʛʣʘʩʥʦ ʠʥʬʦʨʤʘʮʠʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʎʝʥʪʨʦʤ ʧʦʞʘʨʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʨʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩ-
ʩʦʮʠʘʮʠʠ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʩʣʫʞʙ ʥʘ ʥʘʯʘʣʦ 21 ʚʝʢʘ, ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ-
ʥʳʭ ʧʦʞʘʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ʚ ʪʘʢʠʭ ʩʪʨʘʥʘʭ, ʢʘʢ[8]: ʉʐɸ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʌʨʘʥʮʠʷ, ɸʨʛʝʥʪʠʥʘ, ʀʪʘʣʠʷ, 
ʈʦʩʩʠʷ, ʀʥʜʠʷ, ʂʠʪʘʡ, ɻʝʨʤʘʥʠʷ, ʇʦʣʴʰʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʚʠʪʠʝ ʦʙʱʝʩʪʚʘ, ʧʦʞʘʨʳ ʥʝ ʦʙʭʦʜʠʣʠʩʴ ʙʝʟ ʞʝʨʪʚ. ʉʪʨʘʥʳ-ʣʠʜʝʨʳ ʧʦ ʯʠʩʣʫ ʧʦ-
ʛʠʙʰʠʭ ʚ ʧʦʞʘʨʘʭ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣ. 1 [8]. 
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ʊʫʩʙʦʴ ʪ ʦʙʡʚʧʤʵʱʡʥ ʛ ʥʡʩʞ ʣʧʤʡʰʞʪʫʛʧʥ ʨʧʜʡʚʱʡʮ ʦʙ ʦʙʰʙʤʧ 21 ʛʞʣʙ 

ˉ ʧ/ʧ ʉʪʨʘʥʘ 
ʅʘʩʝʣʝʥʠʝ, 
ʪʳʩ. ʯʝʣ. 

ʏʠʩʣʦ ʧʦʛʠʙʰʠʭ 
ʉʨʝʜʥʝʝ ʯʠʩʣʦ 

ʇʦʛʠʙʰʠʭ ʥʘ 100000 ʯʝʣ. 
ʚ ʛʦʜ 

1. ʀʥʜʠʷ 1129868 20000 1,7 

2. ʈʦʩʩʠʷ 141378 15279 10,8 

3. ʋʢʨʘʠʥʘ 46300 3896 8,4 

4. ʉʐɸ 305000 3320 1,0 

5. ʖʞʥʘ̫ ɸʬʨʠʢʘ 42880 2900 6,7 

6. ʗʧʦʥʠʷ 127500 2050 1,7 

7. ʂʠʪʘʡ 1321852 1385 0,1 

8. ɹʝʣʘʨʫʩʴ 9725 1064 11,1 

9. ʂʘʟʘʭʩʪʘʥ 15285 605 4,0 

10. ʇʦʣʴʰʘ 38116 574 1,5 

 
ʉʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʝ ʚʩʝ ʣʠʜʝʨʳ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦʞʘʨʦʚ ʚʦʰʣʠ ʚ ʣʠ-

ʜʝʨʳ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦʛʠʙʰʠʭ, ʪʦ ʝʩʪʴ ʚ ʨʷʜʝ ʩʪʨʘʥ ʧʦʞʘʨʳ ʭʦʪʴ ʠ ʠʤʝʣʠ ʤʝʩʪʦ ʙʳʪʴ, ʥʦ ʥʝ ʟʥʘʯʠʪ, ʯʪʦ 
ʧʨʠʚʦʜʠʣʠ ʢ ʙʦʣʴʰʝʤʫ ʯʠʩʣʫ ʞʝʨʪʚ. ʊʦ ʝʩʪʴ ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʟʚʠʚʘʣʘʩʴ ʠ ʨʘʙʦʪʘʣʘ, ʥʦ ʥʝʜʦ-
ʩʪʘʪʦʯʥʦ ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʞʘʨʳ, ʘ ʚ ʦʩʥʦʚʥʦʤ ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʞʝʨʪʚ. 
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ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʄʏʉ ʈʦʩʩʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝ-
ʩʪʚʘ ʧʦʞʘʨʦʚ, ʦʜʥʘʢʦ ʟʥʘʯʝʥʠʝ ʧʦʩʣʝ 2018 ʛʦʜʘ ʧʦʚʳʩʠʣʦʩʴ ʠ ʚʝʨʥʫʪʴʩʷ ʢ ʧʨʝʞʥʝʤʫ ʧʦʢʘʟʘʪʝʣʶ ʧʦʢʘ 
ʝʱʝ ʥʝ ʧʦʣʫʯʘʝʪʩʷ (ʪʘʙʣ. 2) [9, ʩ. 114].  
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ɽʙʦʦʴʞ ʧ ʨʧʟʙʩʙʮ 
ɻʦʜ ʂʦʣʠʯʝʩʪʚʦ ʧʦʞʘʨʦʚ ʂʦʣʠʯʝʩʪʚʦ ʧʦʩʪʨʘʜʘʚʰʠʭ 

2017 133 077 9361 

2018 132 074 9650 

2019 471 537 9477 

2020 439 394 8434 

2021 390 859 8403 

 
ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʞʘʨʦʚ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʞʘʨ-

ʥʳʝ ʠʟʚʝʱʘʪʝʣʠ. ʉʪʘʪʠʩʪʠʢʘ ʧʦʞʘʨʦʚ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠ-
ʩʪʝʤʳ ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ ʥʝ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʶʪ ʩʚʦʠ ʬʫʥʢʮʠʠ ʧʨʠ ʨʝʘʣʴʥʦʤ ʧʦʞʘʨʝ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʭʥʠʯʝ-
ʩʢʠʭ ʩʨʝʜʩʪʚ ʢ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤʫ ʠʟʣʫʯʝʥʠʶ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʣʦʞʥʳʤ ʩʨʘʙʘʪʳʚʘʥʠʷʤ, ʘ ʪʘʢ-
ʞʝ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʞʘʨʥʳʭ ʠʟʚʝʱʘʪʝʣʝʡ. ʇʨʠ ʯʘʩʪʳʭ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʷ 
ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʦʪʢʣʶʯʘʪʴ ʧʦʞʘʨʥʳʝ ʠʟʚʝʱʘʪʝʣʠ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʜʚʝʨʛʘʪʴ ʩʝʙʷ 
ʨʠʩʢʫ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʞʘʨʘ ʥʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ. ʇʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʢʘ ʩʨʘ-
ʙʘʪʳʚʘʥʠʷ ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ ʚ ʞʠʣʳʭ ʟʜʘʥʠʷʭ (ʪʘʙʣ. 3). 
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ʊʫʙʫʡʪʫʡʣʙ ʪʩʙʚʙʫʴʛʙʦʡʸ ʨʧʟʙʩʦʧʢ ʙʛʫʧʥʙʫʡʣʡ ʛ ʟʡʤʴʮ ʠʝʙʦʡʸʮ 
ʉʠʩʪʝʤʘ ʧʨʦʪʠʚʦʜʳʤʥʦʡ ʟʘʱʠʪʳ 

ʇʦʢʘʟʘʪʝʣʴ 2015 ʛʦʜ 2016 ʛʦʜ 2017 ʛʦʜ 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʞʘʨʦʚ ɺʩʝʛʦ 117 101 152 

ʉʨʘʙʦʪʘʣʘ, ʟʘʜʘʯʫ ʚʳʧʦʣʥʠʣʘ 77 82 91 

ʉʨʘʙʦʪʘʣʘ, ʟʘʜʘʯʫ ʥʝ ʚʳʧʦʣʥʠʣʘ 5 1 4 

ʅʝ ʩʨʘʙʦʪʘʣʘ 31 14 55 

ʅʝ ʙʳʣʘ ʚʢʣʶʯʝʥʘ 4 0 2 

ʉʠʩʪʝʤʘ ʧʨʦʪʠʚʦʜʳʤʥʦʡ ʟʘʱʠʪʳ 

ʇʦʢʘʟʘʪʝʣʴ 2015 ʛʦʜ 2016 ʛʦʜ 2017 ʛʦʜ 

 
ʋʱʝʨʙ, ʪʳʩ. ʨʫʙ. 

ɺʩʝʛʦ 1375 511 2150 

ʉʨʘʙʦʪʘʣʘ, ʟʘʜʘʯʫ ʚʳʧʦʣʥʠʣʘ 926 341 1305 

ʉʨʘʙʦʪʘʣʘ, ʟʘʜʘʯʫ ʥʝ ʚʳʧʦʣʥʠʣʘ 15 0 472 

ʅʝ ʩʨʘʙʦʪʘʣʘ 31 14 55 

ʅʝ ʙʳʣʘ ʚʢʣʶʯʝʥʘ 4 0 2 

ʉʧʘʩʝʥʦ ʤʘʪʝʨʠʘʣʴ-
ʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʪʳʩ. 
ʨʫʙ. 

ɺʩʝʛʦ 4000 9090 14456 

ʉʨʘʙʦʪʘʣʘ, ʟʘʜʘʯʫ ʚʳʧʦʣʥʠʣʘ 3950 8540 6155 

ʉʨʘʙʦʪʘʣʘ, ʟʘʜʘʯʫ ʥʝ ʚʳʧʦʣʥʠʣʘ 0 0 7500 

ʅʝ ʩʨʘʙʦʪʘʣʘ 50 250 726 

ʅʝ ʙʳʣʘ ʚʢʣʶʯʝʥʘ 0 18 5 

ʇʦʛʠʙʣʦ ʣʶʜʝʡ (ʯʝʣ.) ɺʩʝʛʦ 10 4 13 

ʉʨʘʙʦʪʘʣʘ, ʟʘʜʘʯʫ ʚʳʧʦʣʥʠʣʘ 4 3 6 

ʉʨʘʙʦʪʘʣʘ, ʟʘʜʘʯʫ ʥʝ ʚʳʧʦʣʥʠʣʘ 1 0 0 

ʅʝ ʩʨʘʙʦʪʘʣʘ 5 1 6 

ʅʝ ʙʳʣʘ ʚʢʣʶʯʝʥʘ 0 300 75 

  
ʃʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠ ʥʝʩʨʘʙʘʪʳʚʘʥʠʷ ʥʘ ʨʝʘʣʴʥʳʭ ʧʦʞʘʨʘʭ ʧʦʜʨʳʚʘʶʪ ʜʦʚʝʨʠʝ ʢ ʪʝʭʥʠʯʝ-

ʩʢʠʤ ʩʨʝʜʩʪʚʘʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ. 
ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʩʠʩʪʝʤʳ ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ ʤʦʞʥʦ ʧʨʠʤʝ-

ʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʨʳ: 
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- ʨʫʯʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʠ ʚʳʙʦʨ ʪʦʯʝʢ ʚʳʟʦʚʘ; 

- ʚʳʙʦʨ ʠ ʨʘʟʤʝʱʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʧʦʞʘʨʥʳʭ ʠʟʚʝʱʘʪʝʣʝʡ; 

- ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʠʧʘ ʩʠʩʪʝʤʳ; 

- ʟʘʱʠʪʘ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ; 

- ʤʦʥʠʪʦʨʠʥʛ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ ʩʠʩʪʝʤ; 

- ʧʨʠʤʝʥʝʥʠʝ ʤʝʨ ʬʠʣʴʪʨʘʮʠʠ; 

- ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ; 

- ʨʝʛʫʣʷʨʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 
ʃʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʠʩʪʝʤ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʦʡ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʤʥʦʛʠʝ ʦʙʲʝʢʪʳ.  
ʆʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʧʨʦʩʚʝʱʝʥʠʝ ʚʘʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫ-

ʞʠʚʘʥʠʷ ʩʠʩʪʝʤʳ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟ ʧʨʠʯʠʥ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. ʕʪʦ ʧʦʤʦʞʝʪ ʚʳ-
ʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʙʫʜʫʱʝʤ. ɺ ʮʝʣʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ 
ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʠ ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ǲǣǩ 11/,23 

ǵǧǳǯǭǡǧǦǟǵǧǾ ǮǯǭǵǤǰǰǭǡ ǭǴǯǟǬǺ Ǳǯǲǣǟ 
ǩǟǩ ǧǬǰǱǯǲǫǤǬǱ ǮǭǡǺǷǤǬǧǾ 
ǼǳǳǤǩǱǧǡǬǭǰǱǧ ǲǮǯǟǡǪǤǬǧǾ Ǭǟ 
ǮǯǤǣǮǯǧǾǱǧǾǴ ǥǩǴ8 ǫǭǣǤǪǧ ǧ 
ǮǯǟǩǱǧǶǤǰǩǧǤ ǩǤǨǰǺ 

ǶȄȔȍȁǿ ǬǿȑǿȊțȞ ǟȊȄȉȐǿȌȃȏȍȁȌǿ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ "ɺʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ" 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɿʦʥʦʚ  ɸʥʪʦʥ ɺʘʩʠʣʴʝʚʠʯ  
ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ "ɺʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ" 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʦʭʨʘʥʳ ʪʨʫʜʘ (ʆʊ) ʢʘʢ ʢʣʶʯʝʚʦʡ ʬʘʢ-
ʪʦʨ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʞʠʣʠʱʥʦ-
ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ (ɾʂʍ). ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʤʦʜʝʣʠ ʠʭ 
ʚʥʝʜʨʝʥʠʷ ʠ ʨʝʘʣʴʥʳʝ ʢʝʡʩʳ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʨʘʩʯʝʪʳ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ ʠ 
ʩʥʠʞʝʥʠʷ ʪʨʘʚʤʘʪʠʟʤʘ, ʘ ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʘʜʘʧʪʘʮʠʠ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ 
ɾʂʍ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʦʭʨʘʥʘ ʪʨʫʜʘ, ʮʠʬʨʦʚʠʟʘʮʠʷ, ɾʂʍ, ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ 
ʧʨʦʮʝʩʩʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ, ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ, IoT, ʉʀɿ, VR-ʪʨʝʥʘʞʝʨʳ. 
 

DIGITALIZATION OF OCCUPATIONAL SAFETY PROCESSES AS A TOOL FOR IMPROVING 
MANAGEMENT EFFICIENCY AT HOUSING AND COMMUNAL SERVICES ENTERPRISES: MODELS AND 

PRACTICAL CASES 
 

Chekhova Natalia Alexandrovna 
 

Scientific supervisor: Zonov Anton Vasilievich  
 

Abstract: The article examines the digitalization of occupational safety (OS) processes as a key factor in im-
proving the efficiency of the occupational safety management system at housing and communal services 
(HCS) enterprises. Modern digital tools, models of their implementation and real cases of application are ana-
lyzed. Calculations of potential time savings and reduction of injuries are given, as well as recommendations 
for adapting digital solutions for HCS enterprises. 
Key words: occupational safety, digitalization, housing and communal services, electronic document man-
agement, process automation, risk management, digital twins, IoT, personal protective equipment, VR simula-
tors. 
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ɻʛʞʝʞʦʡʞ 
ʇʨʝʜʧʨʠʷʪʠʷ ɾʂʍ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʠʟʥʦʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʨʘ-

ʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʨʠʩʢʘʤʠ ʪʨʘʚʤʘʪʠʟʤʘ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ 
ʪʨʫʜʘ ʟʘʯʘʩʪʫʶ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʣʞʥʦʛʦ ʫʨʦʚʥʷ ʢʦʥʪʨʦʣʷ ʠ ʧʨʝʚʝʥʪʠʚʥʦʡ ʧʨʦʬʠʣʘʢʪʠʢʠ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʆʊ ʪʨʘʪʠʪʩʷ ʥʘ ʙʫʤʘʞʥʫʶ ʨʘʙʦʪʫ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʧʨʝʚʝʥʪʠʚʥʳʭ ʤʝʨ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʆʊ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʜʘʥʥʳʭ, 
ʩʥʠʟʠʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʫʯʝʪ ʠ ʦʪʯʝʪʥʦʩʪʴ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʚʦʝ-
ʚʨʝʤʝʥʥʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ. 

ʎʝʣʴ ʩʪʘʪʴʠ ð ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʦʜʝʣʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʆʊ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʠʭ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʥʘ ʧʨʠʤʝʨʘʭ ʨʝʘʣʴʥʳʭ ʢʝʡʩʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ɾʂʍ. 

ʋʞʧʩʞʫʡʰʞʪʣʙʸ ʧʪʦʧʛʙ ʯʡʭʩʧʛʡʠʙʯʡʡ ʧʮʩʙʦʴ ʫʩʬʝʙ 
ʂʦʥʮʝʧʮʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʩʬʝʨʝ ʆʊ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʷʭ. 
ʊʝʦʨʠʷ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ (ISO 45001): ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʥʝʧʨʝ-

ʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʨʠʩʢʦʚ ʠ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ [1, ʩ. 45]. 
ʂʦʥʮʝʧʮʠʷ Industry 4.0: ʠʥʪʝʛʨʘʮʠʷ IoT, ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʀʀ ʚ ʧʨʦʮʝʩʩʳ ʆʊ ʧʦʚʳʰʘʝʪ ʠʭ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ [2, ʩ. 89]. 
ʄʦʜʝʣʴ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ (Gartner): ʧʦʵʪʘʧʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʢ ʩʦʟʜʘʥʠʶ ʝʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʵʢʦʩʠʩʪʝʤʳ ʆʊ [3, ʩ. 73]. 
ʊʝʦʨʠʷ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (Lean): ʩʦʢʨʘʱʝʥʠʝ ʧʦʪʝʨʴ ʚʨʝʤʝʥʠ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ [4]. 
ʇʪʦʧʛʦʴʞ ʦʙʨʩʙʛʤʞʦʡʸ ʯʡʭʩʧʛʡʠʙʯʡʡ ʧʮʩʙʦʴ ʫʩʬʝʙ 
ʂʣʶʯʝʚʳʝ ʮʠʬʨʦʚʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʬʝʨʳ ʆʊ ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ. 
ʖʤʞʣʫʩʧʦʦʴʢ ʝʧʣʬʥʞʦʫʧʧʚʧʩʧʫ (ʖɽʇ) ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʚʦʜ ʠʥʩʪʨʫʢʮʠʡ, ʞʫʨʥʘʣʦʚ ʠʥʩʪʨʫʢʪʘ-

ʞʝʡ, ʘʢʪʦʚ ʨʘʩʩʣʝʜʦʚʘʥʠʡ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʪ. ʂ ʩʠʩʪʝʤʘʤ ʕɼʆ ʦʪʥʦʩʷʪʩʷ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝè, SAP 
EHSM, çɸʢʪʠʦʥ 360è [5, ʩ. 50]. 

ɹʛʫʧʥʙʫʡʠʙʯʡʸ ʬʰʞʫʙ ʨʩʧʡʪʱʞʪʫʛʡʢ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʧʣʘʪʬʦʨʤʳ çʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʥ-
ʪʨʦʣʴè (Visitech), BIOT SMART, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʠʢʩʘʮʠʶ ʤʠʢʨʦʪʨʘʚʤ ʠ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʘʚʘ-
ʨʠʡʥʦʩʪʠ [6]. 

ʌʥʦʴʞ ʊʁʀ ʡ ʦʧʪʡʥʴʞ ʬʪʫʩʧʢʪʫʛʙ ʚʢʣʶʯʘʶʪ ʢʘʩʢʠ ʩ ʜʘʪʯʠʢʘʤʠ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʪʥʠʢʘ 
(BIOT SMART), ʤʦʥʠʪʦʨʠʥʛ ʧʫʣʴʩʘ, ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ [6]. 

ɽʡʪʫʙʦʯʡʧʦʦʧʞ ʧʚʬʰʞʦʡʞ ʡ VR-ʫʩʞʦʙʟʞʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʣʘʪʬʦʨʤʦʡ çʆʣʠʤʧʦʢʩè (ʙʦʣʝʝ 400 
ʢʫʨʩʦʚ), ʧʦʟʚʦʣʷʶʱʝʡ ʤʦʜʝʣʠʨʦʚʘʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ [7]. 

ʏʞʦʫʩʙʤʡʠʧʛʙʦʦʴʞ ʨʤʙʫʭʧʩʥʴ ʬʨʩʙʛʤʞʦʡʸ ʚʞʠʧʨʙʪʦʧʪʫʵʷ ʚʢʣʶʯʘʶʪ ʌɻʀʉ ʋʆʊ (ʌʝʜʝ-
ʨʘʣʴʥʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʆʊ), ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʝʜʠʥʳʡ ʨʝʝʩʪʨ 
ʜʦʢʫʤʝʥʪʦʚ ʠ ʤʦʥʠʪʦʨʠʥʛ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [8]. 

ʏʡʭʩʧʛʴʞ ʝʛʧʢʦʡʣʡ ʡ IoT ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʦʟʜʘʥʠʝ ʚʠʨʪʫʘʣʴʥʳʭ ʢʦʧʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲ-
ʝʢʪʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ IoT ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʩʨʝʜʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ [9]. 

 
ʋʙʚʤʡʯʙ 1 

ʊʩʙʛʦʡʫʞʤʵʦʙʸ ʮʙʩʙʣʫʞʩʡʪʫʡʣʙ ʯʡʭʩʧʛʴʮ ʨʤʙʫʭʧʩʥ ʝʤʸ ʧʮʩʙʦʴ ʫʩʬʝʙ 

ʈʧʣʙʠʙʫʞʤʵ ç1ʊ:ʈʩʞʝʨʩʡʸʫʡʞè SAP EHSM çɹʣʫʡʧʦ 360è BIOT SMART 

ʌʫʥʢʮʠʦʥʘʣ 
ʕɼʆ, ʫʯʝʪ ʉʀɿ, 
ʉʆʋʊ 

ʂʦʤʧʣʝʢʩʥʦʝ 
ʫʧʨʘʚʣʝʥʠʝ ʨʠʩ-

ʢʘʤʠ 

ʆʙʫʯʝʥʠʝ, ʦʪʯʝʪ-
ʥʦʩʪʴ 

ʄʦʥʠʪʦʨʠʥʛ ʧʝʨ-
ʩʦʥʘʣʘ, ʫʤʥʳʝ 
ʉʀɿ 

ʉʪʦʠʤʦʩʪʴ, 
ʨʫʙ./ʛʦʜ 

ʦʪ 50 000 ʦʪ 300 000 ʦʪ 75 000 ʦʪ 120 000 

ʀʥʪʝʛʨʘʮʠʷ ʩ 1ʉ ɼʘ ɼʘ ʅʝʪ ʏʘʩʪʠʯʥʦ 

ʇʦʜʜʝʨʞʢʘ IoT ʏʘʩʪʠʯʥʦ ɼʘ ʅʝʪ ɼʘ 
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XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɹʤʜʧʩʡʫʥ ʛʦʞʝʩʞʦʡʸ ʯʡʭʩʧʛʴʮ ʩʞʱʞʦʡʢ ʦʙ ʨʩʞʝʨʩʡʸʫʡʡ ɿʃʎ 
ɺʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ɾʂʍ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʯʝʪʳʨʝ ʵʪʘʧʘ. 
ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʘʫʜʠʪ ʪʝʢʫʱʠʭ ʧʨʦʮʝʩʩʦʚ ʆʊ, ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦ-

ʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ [10, ʩ. 280]. 
ʇʠʣʦʪʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʙʦʨ 1ï2 ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʜʣʷ ʚʥʝʜʨʝʥʠʷ, ʦʙʫʯʝʥʠʝ ʧʝʨ-

ʩʦʥʘʣʘ ʠ ʩʙʦʨ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 
ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʤʦʜʝʣʠ ʚʥʝʜʨʝʥʠʷ, ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʩʠʩʪʝʤʳ ʥʘ ʚʩʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʠ ʠʥʪʝʛʨʘʮʠʶ ʩ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 
ʄʦʥʠʪʦʨʠʥʛ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʝʛʫʣʷʨʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʙʥʦʚʣʝʥʠʝ ʇʆ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘʢʪʫʘʣʠʟʘʮʠʶ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 
ʅʧʝʞʤʡ ʛʦʞʝʩʞʦʡʸ ʯʡʭʩʧʛʴʮ ʩʞʱʞʦʡʢ 
ʅʧʝʞʤʵ 1. ʈʧʶʫʙʨʦʧʞ ʛʦʞʝʩʞʦʡʞ ʖɽʇ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʘʫʜʠʪ ʪʝʢʫʱʠʭ ʧʨʦʮʝʩʩʦʚ 

ʆʊ; ʚʳʙʦʨ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʕɼʆ; ʦʮʠʬʨʦʚʢʫ ʢʣʶʯʝʚʳʭ ʜʦʢʫʤʝʥʪʦʚ (ʠʥʩʪʨʫʢʮʠʠ, ʞʫʨʥʘʣʳ, ʦʪʯʝʪʳ); ʦʙʫ-
ʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ; ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʥʘ ʚʩʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ [5, ʩ. 50]. 

ʅʧʝʞʤʵ 2. ʃʧʥʨʤʞʣʪʦʙʸ ʙʛʫʧʥʙʫʡʠʙʯʡʸ ʪ ʡʪʨʧʤʵʠʧʛʙʦʡʞʥ IoT ʚʢʣʶʯʘʝʪ ʜʘʪʯʠʢʠ ʥʘ ʦʙʦʨʫʜʦ-
ʚʘʥʠʠ ʠ ʚ ʟʦʥʘʭ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʫʤʥʳʝ ʉʀɿ ʩ ʪʝʣʝʤʝʪʨʠʝʡ, ʩʠʩʪʝʤʫ ʘʥʘʣʠʪʠʢʠ ʥʘ ʙʘʟʝ ʀʀ ʜʣʷ 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʠʩʢʦʚ [10, ʩ. 280]. 

ʅʧʝʞʤʵ 3. ɼʡʚʩʡʝʦʙʸ ʥʧʝʞʤʵ (ʖɽʇ + VR-ʧʚʬʰʞʦʡʞ) ʩʦʯʝʪʘʝʪ ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ 
ʜʣʷ ʦʪʯʝʪʥʦʩʪʠ ʠ VR-ʪʨʝʥʘʞʝʨʳ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʥʘʚʳʢʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ [11, ʩ. 17]. 

ʈʩʙʣʫʡʰʞʪʣʡʞ ʣʞʢʪʴ 
ʃʞʢʪ 1. ɻʦʞʝʩʞʦʡʞ ʖɽʇ ʦʙ ʨʩʞʝʨʩʡʸʫʡʡ ɿʃʎ ʜ. ʊʙʦʣʫ-ʈʞʫʞʩʚʬʩʜ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʟʘʜʝʨʞʢʘʭ ʚ ʩʦʛʣʘʩʦʚʘʥʠʠ ʜʦʢʫʤʝʥʪʦʚ ʠ ʦʰʠʙʢʘʭ ʨʫʯʥʦʛʦ ʫʯʝʪʘ. ʈʝʰʝʥʠʝ: ʧʝʨʝʭʦʜ ʥʘ ʩʠʩʪʝʤʫ ç1ʉ: 
ʇʨʝʜʧʨʠʷʪʠʝè ʜʣʷ ʫʯʝʪʘ ʠʥʩʪʨʫʢʪʘʞʝʡ ʠ ʉʆʋʊ. ʈʝʟʫʣʴʪʘʪʳ: ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʦʬʦʨʤʣʝʥʠʝ ʜʦ-
ʢʫʤʝʥʪʦʚ ʥʘ 40 %; ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʰʠʙʦʢ ʥʘ 60 % [5, ʩ. 50]. 

ʃʞʢʪ 2. ʁʪʨʧʤʵʠʧʛʙʦʡʞ ʬʥʦʴʮ ʊʁʀ ʛ ʅʌʈ çɻʧʝʧʣʙʦʙʤè (ʜ. ʊʙʦʣʫ-ʈʞʫʞʩʚʬʩʜ). ʇʨʦʙʣʝʤʘ: ʚʳ-
ʩʦʢʠʡ ʨʠʩʢ ʪʨʘʚʤʘʪʠʟʤʘ ʧʨʠ ʨʘʙʦʪʝ ʚ ʢʦʣʦʜʮʘʭ. ʈʝʰʝʥʠʝ: ʚʥʝʜʨʝʥʠʝ ʢʘʩʦʢ BIOT SMART ʩ ʜʘʪʯʠʢʘʤʠ 
ʛʘʟʘ ʠ GPS-ʪʨʝʢʝʨʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ: ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ 15 ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ ʟʘ 6 ʤʝʩʷʮʝʚ; 
ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ ʤʠʢʨʦʪʨʘʚʤ ʥʘ 30 % [6]. 

ʃʞʢʪ 3. VR-ʧʚʬʰʞʦʡʞ ʝʤʸ ʪʧʫʩʬʝʦʡʣʧʛ ʣʧʫʞʤʵʦʴʮ. ʇʨʦʙʣʝʤʘ: ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʝʨ-
ʩʦʥʘʣʘ ʢ ʘʚʘʨʠʡʥʳʤ ʩʠʪʫʘʮʠʷʤ. ʈʝʰʝʥʠʝ: ʨʘʟʨʘʙʦʪʢʘ VR ʩʠʤʫʣʷʪʦʨʘ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʜʝʡʩʪʚʠʡ ʧʨʠ 
ʫʪʝʯʢʝ ʛʘʟʘ. ʈʝʟʫʣʴʪʘʪʳ: ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ 50 % (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʢʮʠʷʤʠ); 
ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ ʥʘ 25 % [11, ʩ. 17]. 

ʉʙʪʰʞʫ ʶʭʭʞʣʫʡʛʦʧʪʫʡ 
ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʕɼʆ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ʕʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ = (Tʨʫʯʥ ï Tʮʠʬʨ) Ĭ N, 
ʛʜʝ Tʨʫʯʥ ð ʚʨʝʤʷ ʥʘ ʦʙʨʘʙʦʪʢʫ ʦʜʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʚʨʫʯʥʫʶ (30 ʤʠʥ);  Tʮʠʬʨ ð ʚʨʝʤʷ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʕɼʆ (10 ʤʠʥ); N ð ʢʦʣʠʯʝʩʪʚʦ ʜʦʢʫʤʝʥʪʦʚ ʚ ʛʦʜ (500). 
ʕʢʦʥʦʤʠʷ = (30 ï 10) Ĭ 500 = 10 000 ʤʠʥ å 167 ʯʘʩʦʚ. 
ʉʥʠʞʝʥʠʝ ʪʨʘʚʤʘʪʠʟʤʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʤʥʳʭ ʉʀɿ. ɺʥʝʜʨʝʥʠʝ ʫʤʥʳʭ ʉʀɿ ʩʥʠʞʘʝʪ ʪʨʘʚʤʘ-

ʪʠʟʤ ʥʘ 20ï30 %. ɼʣʷ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʯʠʩʣʝʥʥʦʩʪʴʶ 500 ʯʝʣʦʚʝʢ ʠ ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ʪʨʘʚʤʘʪʠʟʤʘ 5 ʩʣʫ-
ʯʘʝʚ ʚ ʛʦʜ: 

ȹʪʨʘʚʤʘʪʠʟʤ = 5 Ĭ 0,25 = 1,25 ʩʣʫʯʘʝʚ ʚ ʛʦʜ. 
ɻʴʠʧʛʴ ʡ ʧʜʩʙʦʡʰʞʦʡ y
ʂ ʦʩʥʦʚʥʳʤ ʧʨʦʙʣʝʤʘʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ: ʚʳʩʦʢʠʝ ʥʘʯʘʣʴʥʳʝ ʟʘʪʨʘʪʳ 

ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʇʆ; ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʠʟʤʝʥʝʥʠʷʤ; ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ (ʥʝ ʚʩʝ 
ʜʦʢʫʤʝʥʪʳ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʪ); ʨʠʩʢʠ ʫʪʝʯʢʠ ʜʘʥʥʳʭ [12]. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʧʨʝʦʜʦʣʝʥʠʶ ʚʢʣʶʯʘʶʪ ʧʦʵʪʘʧʥʦʝ ʚʥʝʜʨʝʥʠʝ ʩ ʧʠʣʦʪʥʳʤ ʪʝʩʪʠʨʦʚʘʥʠʝʤ; 
ʦʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʨʘʟʲʷʩʥʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ; ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʌɿ ˉ 152-ʌɿ (ʟʘʱʠʪʘ ʧʝʨ-
ʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ) [13]. 
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ʀʙʣʤʷʰʞʦʡʞ 
ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʦʭʨʘʥʳ ʪʨʫʜʘ ð ʵʪʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʆʊ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ɾʂʍ. ʕʪʦ ʦʙʲʝʢʪʠʚʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ 
ɾʂʍ, ʛʜʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʆʊ ʫʞʝ ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʨʘʩʪʫʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʠ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʃʤʷʰʞʛʴʞ ʛʴʛʧʝʴ: 
1. ɺʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʆʊ ʥʘ 

40ï60 % ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʤʥʳʭ ʉʀɿ ʠ IoT-ʜʘʪʯʠʢʦʚ ʩʥʠʞʘʝʪ ʪʨʘʚʤʘʪʠʟʤ ʥʘ 20ï30 % ʙʣʘʛʦʜʘʨʷ ʦʧʝʨʘ-

ʪʠʚʥʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ. 
3. VR-ʦʙʫʯʝʥʠʝ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʘ ʥʘ 50 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳ-

ʤʠ ʤʝʪʦʜʘʤʠ. 
4. ʂʦʤʧʣʝʢʩʥʘʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʪʨʝʙʫʝʪ ʧʦʵʪʘʧʥʦʛʦ ʧʦʜʭʦʜʘ: ʦʪ ʕɼʆ ʢ ʠʥʪʝʛʨʘʮʠʠ ʀʀ ʠ ʮʠʬʨʦʚʳʭ 

ʜʚʦʡʥʠʢʦʚ. 
ʉʞʣʧʥʞʦʝʙʯʡʡ ʝʤʸ ʨʩʞʝʨʩʡʸʫʡʢ ɿʃʎ: 
ð ʥʘʯʠʥʘʪʴ ʩ ʙʘʟʦʚʳʭ ʨʝʰʝʥʠʡ (ʕɼʆ, ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ); 
ð ʧʦʩʪʝʧʝʥʥʦ ʚʥʝʜʨʷʪʴ ʩʣʦʞʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (IoT, VR); 
ð ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʦʙʫʯʝʥʠʶ ʧʝʨʩʦʥʘʣʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ; 
ð ʩʦʙʣʶʜʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ (ʌɿ ˉ 152-ʌɿ, ʇʦʩʪʘʥʦʚʣʝʥʠʝ ˉ 2464); 
ð ʚʳʙʠʨʘʪʴ ʧʣʘʪʬʦʨʤʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʩʠʩʪʝ-

ʤʘʤʠ. 
ʈʞʩʪʨʞʣʫʡʛʦʴʞ ʦʙʨʩʙʛʤʞʦʡʸ ʡʪʪʤʞʝʧʛʙʦʡʢ: 
ð ʧʨʠʤʝʥʝʥʠʝ ʀʀ ʜʣʷ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ; 
ð ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ; 
ð ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʮʠʬʨʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʆʊ ʥʘ ʫʨʦʚʥʝ ʦʪʨʘʩʣʠ ɾʂʍ. 
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1. ISO 45001:2018 çOccupational health and safety management systems ð Requirements with guid-

ance for useè. 
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ʨʳ ʢʦʤʧʘʥʠʡ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ð URL: https://www.skolkovo.ru/qna/berezhlivoe-proizvodstvo-chto-
eto-zachem-vnedryat-principy-metody-primery-kompanij/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 10.05.2026). 

5. ʌʨʦʣʦʚʘ ʉ. ɸ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʦʭʨʘʥʳ ʪʨʫʜʘ ʚ 2026 ʛʦʜʫ: ʚʥʝʜʨʝʥʠʝ, ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 
ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ // ʆʭʨʘʥʘ ʪʨʫʜʘ ʠ ʩʦʮʠʘʣʴʥʦʝ ʩʪʨʘʭʦʚʘʥʠʝ. ð 2025. ð ˉ 12. ð ʉ. 45ï52. 
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6. BIOT SMART: ʦʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ð URL: https://bio-smart.ru (ʜʘʪʘ ʦʙ-
ʨʘʱʝʥʠʷ: 15.04.2026). 

7. ʕʢʦʩʠʩʪʝʤʘ çʆʃʀʄʇʆʂʉè ʜʣʷ ʦʙʫʯʝʥʠʷ ʨʘʙʦʪʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʡ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ð 
URL: https://olimpoks.ru/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.05.2026). 

8. ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 24.12.2021 ˉ 2464 (ʨʝʜ. ʦʪ 12.06.2024) çʆ ʧʦʨʷʜʢʝ ʦʙʫ-
ʯʝʥʠʷ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʠ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʦʭʨʘʥʳ ʪʨʫʜʘè [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ð URL: 
https://www.consultant.ru/document/cons_doc_LAW_405174/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 10.05.2026). 

9. ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ð ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʤʝʥʷʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʷʤʦ ʩʝʡʯʘʩ [ʕʣʝʢʪʨʦʥʥʳʡ 
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ǡǧǣǺ ǱǤǰǱǧǯǭǡǟǬǧǾ ǮǯǭǢǯǟǫǫǬǭǢǭ 
ǭǠǤǰǮǤǶǤǬǧǾ ǧ ǧǴ ǬǟǦǬǟǶǤǬǧǤ 

ǫǿȏȖȄȌȉȍ ǡȊǿȃȇȐȊǿȁ ǡǿȃȇȋȍȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʠʭ 
ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʥʘʟʥʘʯʝʥʠʝ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʫʨʦʚʥʠ ʪʝʩʪʠʨʦʚʘʥʠʷ (ʤʦʜʫʣʴʥʦʝ, ʠʥʪʝʛʨʘ-
ʮʠʦʥʥʦʝ, ʩʠʩʪʝʤʥʦʝ, ʧʨʠʸʤʦʯʥʦʝ), ʥʘʧʨʘʚʣʝʥʠʷ (ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʦʝ), ʘ ʪʘʢʞʝ ʧʦʜ-
ʭʦʜʳ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʩʪʨʘʪʝʛʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ 
ʧʨʦʝʢʪʦʚ ʨʘʟʥʦʛʦ ʤʘʩʰʪʘʙʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʝʩʪʠʨʦʚʘʥʠʝ ʇʆ, ʚʠʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʤʦʜʫʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʠʥʪʝʛʨʘʮʠʦʥʥʦʝ 
ʪʝʩʪʠʨʦʚʘʥʠʝ, ʩʠʩʪʝʤʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʧʨʠʸʤʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ. 
 

TYPES OF SOFTWARE TESTING AND THEIR PURPOSE 
 

Marchenko Vladislav Vadimovich 
 

Abstract: the article discusses the main types of software testing, their classification and practical purpose. 
The levels of testing (unit, integration, system, acceptance), directions (functional and non-functional), as well 
as approaches to automation are analyzed. Practical recommendations for choosing a testing strategy for pro-
jects of different scales are given. 
Key words: software testing, types of testing, unit testing, integration testing, system testing, acceptance test-
ing, test automation. 

 
ʀʙʰʞʥ ʦʬʟʦʧ ʫʞʪʫʡʩʧʛʙʦʡʞ ʈʇ 

ʉʦʚʨʝʤʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦ-
ʚʘʥʠʷ. ɼʘʞʝ ʦʧʳʪʥʳʡ ʨʘʟʨʘʙʦʪʯʠʢ ʜʦʧʫʩʢʘʝʪ ʦʰʠʙʢʠ, ʘ ʩʣʦʞʥʦʩʪʴ ʩʠʩʪʝʤ ʜʝʣʘʝʪ ʨʫʯʥʫʶ ʧʨʦʚʝʨʢʫ 
ʢʘʞʜʦʛʦ ʩʮʝʥʘʨʠʷ ʥʝʚʳʧʦʣʥʠʤʦʡ ʟʘʜʘʯʝʡ. 

ʎʝʣʴ ʪʝʩʪʠʨʦʚʘʥʠʷ ð ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ, ʫʙʝʜʠʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʩʥʠ-
ʟʠʪʴ ʨʠʩʢʠ ʦʪʢʘʟʘ ʩʠʩʪʝʤʳ. ʉʪʦʠʤʦʩʪʴ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʢʠ ʥʘ ʵʪʘʧʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ 10ï15 ʨʘʟ ʥʠʞʝ, 
ʯʝʤ ʧʦʩʣʝ ʨʝʣʠʟʘ, ʠ ʚ 100 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʧʦʩʣʝ ʧʝʨʝʜʘʯʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ [1]. ɼʣʷ ʥʝʙʦʣʴʰʦʛʦ ʩʘʡʪʘ ʜʦ-
ʩʪʘʪʦʯʥʦ ʤʠʥʠʤʫʤʘ ʪʝʩʪʦʚ, ʜʣʷ ʙʘʥʢʦʚʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʝ ʟʘʥʠʤʘʝʪ ʜʦ 40ï50% ʙʶʜʞʝʪʘ. 

ʃʤʙʪʪʡʭʡʣʙʯʡʸ ʨʧ ʬʩʧʛʦʸʥ 
1. ʅʧʝʬʤʵʦʧʞ ʫʞʪʫʡʩʧʛʙʦʡʞ (Unit Testing) ʧʨʦʚʝʨʷʝʪ ʦʪʜʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʤʝʪʦʜʳ, ʢʣʘʩʩʳ. 

ʎʝʣʴ ð ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʤʦʜʫʣʴ ʨʘʙʦʪʘʝʪ ʧʨʘʚʠʣʴʥʦ ʠʟʦʣʠʨʦʚʘʥʥʦ. ʊʝʩʪʳ ʧʠʰʫʪ ʨʘʟʨʘʙʦʪʯʠʢʠ. ʀʥʩʪʨʫ-
ʤʝʥʪʳ: JUnit (Java), pytest (Python), Jest (JS). ʈʝʢʦʤʝʥʜʫʝʤʦʝ ʧʦʢʨʳʪʠʝ ʢʦʜʘ ð 70ï80% [2]. 

2. ʁʦʫʞʜʩʙʯʡʧʦʦʧʞ ʫʞʪʫʡʩʧʛʙʦʡʞ ʧʨʦʚʝʨʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ. ɼʘʞʝ ʧʨʠ 
ʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʝ ʢʘʞʜʦʛʦ ʤʦʜʫʣʷ ʠʭ ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʤʦʞʝʪ ʜʘʚʘʪʴ ʦʰʠʙʢʠ. ʇʦʜʭʦʜʳ: çʩʥʠʟʫ 
ʚʚʝʨʭè, çʩʚʝʨʭʫ ʚʥʠʟè, çʙʦʣʴʰʦʡ ʚʟʨʳʚè. ʀʥʩʪʨʫʤʝʥʪʳ: Testcontainers, WireMock. 

3. ʊʡʪʫʞʥʦʧʞ ʫʞʪʫʡʩʧʛʙʦʡʞ ʧʨʦʚʝʨʷʝʪ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʫʶ ʩʠʩʪʝʤʫ. ʎʝʣʴ ð ʩʦʦʪʚʝʪʩʪʚʠʝ 
ʪʨʝʙʦʚʘʥʠʷʤ ʚ ʫʩʣʦʚʠʷʭ, ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ. ɺʳʧʦʣʥʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦʡ ʢʦʤʘʥʜʦʡ ʪʝʩʪʠʨʦʚʱʠ-
ʢʦʚ. 
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4. ʈʩʡʹʥʧʰʦʧʞ ʫʞʪʫʡʩʧʛʙʦʡʞ (UAT) ð ʧʦʩʣʝʜʥʠʡ ʵʪʘʧ ʧʝʨʝʜ ʧʝʨʝʜʘʯʝʡ ʟʘʢʘʟʯʠʢʫ. ʊʝʩʪʳ ʚʳ-
ʧʦʣʥʷʶʪ ʨʝʘʣʴʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ. ʎʝʣʴ ð ʧʦʜʪʚʝʨʜʠʪʴ ʨʝʰʝʥʠʝ ʙʠʟʥʝʩ-ʟʘʜʘʯ. ʕʪʦ ʬʠʥʘʣʴʥʘʷ ʧʨʦʚʝʨ-
ʢʘ, ʘ ʥʝ ʧʦʠʩʢ ʦʰʠʙʦʢ. 

ʍʬʦʣʯʡʧʦʙʤʵʦʧʞ ʡ ʦʞʭʬʦʣʯʡʧʦʙʤʵʦʧʞ ʫʞʪʫʡʩʧʛʙʦʡʞ 
ʍʬʦʣʯʡʧʦʙʤʵʦʧʞ ʫʞʪʫʡʩʧʛʙʦʡʞ ʧʨʦʚʝʨʷʝʪ, ʧʨʘʚʠʣʴʥʦ ʣʠ ʩʠʩʪʝʤʘ ʜʝʣʘʝʪ ʪʦ, ʯʪʦ ʜʦʣʞʥʘ: ʢʦʨ-

ʨʝʢʪʥʦʩʪʴ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʦʙʨʘʙʦʪʢʫ ʦʰʠʙʦʢ. 
ʆʞʭʬʦʣʯʡʧʦʙʤʵʦʧʞ ʫʞʪʫʡʩʧʛʙʦʡʞ ʧʨʦʚʝʨʷʝʪ, ʢʘʢ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʧʦ-

ʚʝʜʝʥʠʝ ʧʦʜ ʥʘʛʨʫʟʢʦʡ), ʙʝʟʦʧʘʩʥʦʩʪʴ (ʟʘʱʠʪʘ ʦʪ ʘʪʘʢ), ʶʟʘʙʠʣʠʪʠ (ʫʜʦʙʩʪʚʦ), ʥʘʜʸʞʥʦʩʪʴ (ʯʘʩʪʦʪʘ 
ʩʙʦʝʚ), ʩʦʚʤʝʩʪʠʤʦʩʪʴ (ʨʘʟʥʳʝ ʙʨʘʫʟʝʨʳ ʠ ʆʉ). ɹʦʣʴʰʠʥʩʪʚʦ ʢʨʠʪʠʯʝʩʢʠʭ ʦʪʢʘʟʦʚ ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʦʮʝʥ-
ʢʦʡ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ [3]. 

ɹʛʫʧʥʙʫʡʠʙʯʡʸ ʫʞʪʫʡʩʧʛʙʦʡʸ 
ʈʫʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʝʟʘʤʝʥʠʤʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʨʦʚʝʨʢʠ UI ʠ ʦʜʥʦʨʘ-

ʟʦʚʳʭ ʩʮʝʥʘʨʠʝʚ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠʤʝʝʪ ʩʤʳʩʣ ʜʣʷ ʤʥʦʛʦʢʨʘʪʥʦ ʟʘʧʫʩʢʘʝʤʳʭ ʪʝʩʪʦʚ. ʉʨʘʚʥʝʥʠʝ ʫʨʦʚ-
ʥʝʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 1. 
 

ʋʙʚʤʡʯʙ 1  
ʊʩʙʛʦʞʦʡʞ ʬʩʧʛʦʞʢ ʙʛʫʧʥʙʫʡʠʙʯʡʡ ʫʞʪʫʡʩʧʛʙʦʡʸ 

ʋʨʦʚʝʥʴ ʉʢʦʨʦʩʪʴ ʉʣʦʞʥʦʩʪʴ ʉʪʘʙʠʣʴʥʦʩʪʴ ʀʥʩʪʨʫʤʝʥʪʳ 

ʄʦʜʫʣʴʥʳʝ ʆʯʝʥʴ ʙʳʩʪʨʦ (ʤʩ) ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ JUnit, pytest 

API ɹʳʩʪʨʦ (ʩ) ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ Postman, REST Assured 

UI ʄʝʜʣʝʥʥʦ (ʤʠʥ) ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ Selenium, Playwright 

 
ʈʩʙʛʡʤʧ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʪʝ ʪʝʩʪʳ, ʢʦʪʦʨʳʝ ʟʘʧʫʩʢʘʶʪʩʷ ʤʥʦʛʦ ʨʘʟ. ɼʣʷ ʥʝʙʦʣʴʰʠʭ 

ʢʦʤʘʥʜ: ʥʘʯʘʪʴ ʩ ʤʦʜʫʣʴʥʳʭ, ʟʘʪʝʤ API, ʧʦʪʦʤ UI. 
ʈʩʙʣʫʡʰʞʪʣʡʞ ʣʞʢʪʴ 

ʃʞʢʪ 1. ɻʦʬʫʩʞʦʦʡʢ ʨʧʩʫʙʤ (ʢʦʤʘʥʜʘ 3 ʯʝʣ., ʙʶʜʞʝʪ ʦʛʨʘʥʠʯʝʥ). ʈʝʰʝʥʠʝ: ʤʦʜʫʣʴʥʳʝ ʪʝʩʪʳ ʥʘ 
ʢʣʶʯʝʚʫʶ ʣʦʛʠʢʫ (~50%), ʨʫʯʥʦʝ ʠʥʪʝʛʨʘʮʠʦʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. ʈʝʟʫʣʴʪʘʪ: ʦʰʠʙʢʠ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ, 
ʢʨʠʪʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʃʞʢʪ 2. ʁʦʫʞʩʦʞʫ-ʥʙʜʙʠʡʦ (ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ). ʈʝʰʝʥʠʝ: ʤʦʜʫʣʴʥʳʝ ʪʝʩʪʳ (100% ʥʘ ʢʨʠʪʠʯʝʩʢʠʡ 
ʢʦʜ), API-ʪʝʩʪʳ (200 ʩʮʝʥʘʨʠʝʚ), ʥʘʛʨʫʟʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ (5000 ʧʦʣʴʟʦʚʘʪʝʣʝʡ). ʈʝʟʫʣʴʪʘʪ: ʟʘ ʜʚʘ 
ʛʦʜʘ ʥʠ ʦʜʥʦʛʦ ʦʪʢʘʟʘ ʚ ʯʘʩʳ ʧʠʢ. 

ʃʞʢʪ 3. ɺʙʦʣʧʛʪʣʧʞ ʨʩʡʤʧʟʞʦʡʞ (ʚʳʩʦʢʘʷ ʢʨʠʪʠʯʥʦʩʪʴ). ʈʝʰʝʥʠʝ: ʧʦʣʥʳʡ ʮʠʢʣ, ʘʚʪʦʪʝʩʪʳ ʨʝ-
ʛʨʝʩʩʘ (70%), ʢʦʤʘʥʜʘ ʠʟ 5 ʪʝʩʪʠʨʦʚʱʠʢʦʚ. ʈʝʟʫʣʴʪʘʪ: ʩʥʠʞʝʥʠʝ ʠʥʮʠʜʝʥʪʦʚ ʧʦʩʣʝ ʨʝʣʠʟʘ ʥʘ 95%. 

ʅʞʫʩʡʣʡ ʣʙʰʞʪʫʛʙ ʫʞʪʫʡʩʧʛʙʦʡʸ 
1. ʈʧʣʩʴʫʡʞ ʣʧʝʙ ʫʞʪʫʙʥʡ ð ʧʨʦʮʝʥʪ ʚʳʧʦʣʥʝʥʥʳʭ ʩʪʨʦʢ ʢʦʜʘ. ʈʝʢʦʤʝʥʜʫʝʤʳʡ ʫʨʦʚʝʥʴ: 70ï

80%. 
2. ʈʤʧʫʦʧʪʫʵ ʝʞʭʞʣʫʧʛ ð ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ʥʘ 1000 ʩʪʨʦʢ. ʅʦʨʤʘ: 0.5ï3 ʜʝʬʝʢʪʘ. 
3. ʃʧʶʭʭʡʯʡʞʦʫ ʬʫʞʰʣʡ ʝʞʭʞʣʫʧʛ ð ʧʨʦʮʝʥʪ ʜʝʬʝʢʪʦʚ, ʥʘʡʜʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʧʦʩʣʝ 

ʨʝʣʠʟʘ. ʎʝʣʴ: ʥʝ ʙʦʣʝʝ 5ï10% [4]. 
ʉʡʪʣʡ ʡ ʡʮ ʪʦʡʟʞʦʡʞ 

1. ʅʝʜʦʩʪʘʪʦʢ ʚʨʝʤʝʥʠ Ÿ ʧʨʠʦʨʠʪʠʟʘʮʠʷ ʢʨʠʪʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ. 
2. ʇʨʠʚʳʢʘʥʠʝ ʪʝʩʪʠʨʦʚʱʠʢʦʚ Ÿ ʨʦʪʘʮʠʷ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ. 
3. ʃʦʞʥʘʷ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʘʚʪʦʪʝʩʪʘʭ Ÿ ʨʝʛʫʣʷʨʥʦʝ ʨʫʯʥʦʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. 
4. ʈʦʩʪ ʟʘʪʨʘʪ ʥʘ ʧʦʜʜʝʨʞʢʫ ʘʚʪʦʪʝʩʪʦʚ Ÿ ʨʝʛʫʣʷʨʥʳʡ ʨʝʬʘʢʪʦʨʠʥʛ ʪʝʩʪʦʚ. 

ʋʧʨ-10 ʩʞʣʧʥʞʦʝʙʯʡʢ 
1. ʅʘʯʠʥʘʡʪʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʥʦ ð ʦʰʠʙʢʘ ʥʘ ʵʪʘʧʝ ʤʦʜʫʣʴʥʳʭ ʪʝʩʪʦʚ ʚ 100 ʨʘʟ ʜʝʰʝʚʣʝ. 
2. ʇʦʢʨʳʪʠʝ ʢʦʜʘ ð ʦʨʠʝʥʪʠʨ, ʬʦʢʫʩ ʥʘ ʢʨʠʪʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʷʭ. 
3. ɸʚʪʦʤʘʪʠʟʠʨʫʡʪʝ ʨʝʛʨʝʩʩ, ʥʦ ʥʝ ʚʩʸ ʧʦʜʨʷʜ. 
4. ʄʦʜʫʣʴʥʳʝ ʪʝʩʪʳ ð ʨʘʟʨʘʙʦʪʯʠʢʠ, ʩʠʩʪʝʤʥʳʝ ð ʦʪʜʝʣ QA. 
5. ʅʝ ʟʘʙʳʚʘʡʪʝ ʥʘʛʨʫʟʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. 
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6. ɺʥʝʜʨʠʪʝ CI ð ʪʝʩʪʳ ʧʨʠ ʢʘʞʜʦʤ ʠʟʤʝʥʝʥʠʠ ʢʦʜʘ. 
7. ʇʠʨʘʤʠʜʘ ʪʝʩʪʠʨʦʚʘʥʠʷ: ʤʥʦʛʦ ʤʦʜʫʣʴʥʳʭ, ʤʝʥʴʰʝ API, ʝʱʸ ʤʝʥʴʰʝ UI. 
8. ʄʝʪʨʠʢʠ ʢʘʯʝʩʪʚʘ ð ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʜʣʷ ʢʦʤʘʥʜʳ. 
9. ʈʝʛʫʣʷʨʥʳʝ ʨʝʪʨʦʩʧʝʢʪʠʚʳ ʧʨʦʮʝʩʩʘ. 
10. ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʝ ʜʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʦʰʠʙʦʢ ð ʦʥʦ ʩʥʠʞʘʝʪ ʨʠʩʢʠ [5]. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʉʦʤʤʝʨʚʠʣʣ ʀ. ʀʥʞʝʥʝʨʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ð 10-ʝ ʠʟʜ. ð ʄ.: ɺʠʣʴʷʤʩ, 2002. ð 

624 ʩ.  
2. ʆʰʝʨʦʚ ʈ., ʍʦʨʠʢʦʚ ɺ. ʀʩʢʫʩʩʪʚʦ ʶʥʠʪ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʨʘʤʠ ʥʘ JavaScript. ð 3-ʝ ʠʟʜ. 

ð ʉʇʙ.: ʇʠʪʝʨ, 2025. ð 320 ʩ.  
3. ʊʫʨʥʝʮʢʘʷ ɽ.ʃ., ɸʛʨʦʥʦʚʩʢʠʡ ɸ.ɺ. ʇʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʢʘʯʝ-

ʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ. ð ʉʇʙ.: ʃʘʥʴ, 2025. ð 172 ʩ.  
4. ʆʨʣʦʚ ʉ.ɸ. ʇʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷ. ð 5-ʝ ʠʟʜ., ʦʙʥʦʚʣ. ʠ ʜʦʧ. ð ʉʇʙ.: ʇʠʪʝʨ, 2018. ð 880 ʩ.  
5. ʂʝʡʥʝʨ ʂ., ɹʘʭ ɼʞ., ʇʝʪʪʠʢʦʨʜ ɹ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: ʢʦʥʪʝʢʩʪʥʦ ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ. ð ʉʇʙ.: ʇʠʪʝʨ, 2025. ð 352 ʩ.  
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ǲȃȉ 40. 

ǟǪǢǭǯǧǱǫǧǶǤǰǩǭǤ ǧ ǫǤǱǭǣǧǶǤǰǩǭǤ 
ǭǠǤǰǮǤǶǤǬǧǤ ǭǵǤǬǩǧ ǩǭǭǯǣǧǬǟǱ 
ǧǰǱǭǶǬǧǩǭǡ ǯǟǣǧǭǧǦǪǲǶǤǬǧǾ ǡ 
ǫǬǭǢǭǮǭǦǧǵǧǭǬǬǺǴ RBMA-ǰǧǰǱǤǫǟǴ 

ǥǿȂȏȇȌ ǡȊǿȃȇȋȇȏ ǾȉȍȁȊȄȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʇʦʧʦʚ ʖʨʠʡ ɹʦʨʠʩʦʚʠʯ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨ-
ʜʠʥʘʪ ʠʩʪʦʯʥʠʢʘ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʧʘʩʩʠʚʥʦʡ ʩʠʩʪʝʤʳ, ʨʘʙʦʪʘʶ-
ʱʝʡ ʧʦ ʤʝʪʦʜʫ ʨʘʟʥʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ (TDOA). ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʩ-
ʥʦʚʘʥʥʘʷ ʥʘ ʩʠʩʪʝʤʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥ ʠʪʝʨʘʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ 
ʟʘʜʘʯʠ ʤʫʣʴʪʠʣʘʪʝʨʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʜʣʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝ-
ʤʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʘʥʘʣʠʟʫ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʯʝʨʝʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʬʘʢ-
ʪʦʨ ʫʭʫʜʰʝʥʠʷ ʪʦʯʥʦʩʪʠ (GDOP). ʀʟʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʛʝʦ-
ʤʝʪʨʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʠʸʤʥʳʭ ʩʪʘʥʮʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʘʩʩʠʚʥʘʷ ʣʦʢʘʮʠʷ, TDOA, ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʳʡ ʤʝʪʦʜ, ʤʫʣʴʪʠʣʘʪʝʨʘʮʠʷ, ʤʝ-
ʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, GDOP, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ, ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʘʷ ʨʘʟʚʝʜʢʘ. 
 
ALGORITHMIC AND METHODOLOGICAL SUPPORT FOR ESTIMATING THE COORDINATES OF RADIO 

EMISSION SOURCES IN MULTI-POSITION TDOA SYSTEMS 
 

Zhagrin Vladimir Yakovlevich 
 

Scientific adviser: Popov Yuri Borisovich 
 

Abstract: This article examines the theoretical and methodological foundations of determining the coordinates 
of a radio source using a multi-position passive system operating using the time-difference-of-arrival (TDOA) 
method. A mathematical model based on a system of hyperbolic equations is presented. An iterative algorithm 
for solving the multilateration problem using the least-squares method for a linearized system is described in 
detail. Particular attention is paid to analyzing the accuracy characteristics of the system using the geometric 
dilution of precision (GDOP). The presented approach enables parametric analysis and optimization of the 
geometry of receiving stations to improve positioning accuracy. 
Keywords: passive location, TDOA, difference-ranging method, multilateration, least-squares method, GDOP, 
coordinate determination, electronic reconnaissance. 
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ɻʛʞʝʞʦʡʞ: ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ (ʀʈʀ) ʷʚʣʷ-
ʝʪʩʷ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʠʣʦʞʝʥʠʡ, ʚʢʣʶʯʘʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʫʶ ʨʘʟʚʝʜʢʫ, ʨʘʜʠʦ-
ʤʦʥʠʪʦʨʠʥʛ, ʫʧʨʘʚʣʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʤʠ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ʠ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ. 
ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʣʦʢʘʮʠʠ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʧʘʩʩʠʚʥʘʷ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʘʷ ʣʦʢʘʮʠʷ, ʦʩ-
ʥʦʚʘʥʥʘʷ ʥʘ ʠʟʤʝʨʝʥʠʠ ʨʘʟʥʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ (Time Difference of Arrival, TDOA), ʪʘʢʞʝ ʠʟ-
ʚʝʩʪʥʘʷ ʢʘʢ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʠʣʠ ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʳʡ ʤʝʪʦʜ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʢʪʠʚʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, TDOA-ʩʠʩʪʝʤʳ ʥʝ ʠʟʣʫʯʘʶʪ ʩʦʙʩʪʚʝʥʥʳʭ ʟʦʥ-
ʜʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʩʢʨʳʪʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʥʝ ʢʦʦʧʝʨʠʨʫʶʱʠʤʠʩʷ 
ʠʩʪʦʯʥʠʢʘʤʠ. ʊʦʯʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ TDOA-ʩʠʩʪʝʤ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʦʜʥʘʢʦ ʦʥʘ ʢʨʠ-
ʪʠʯʝʩʢʠ ʟʘʚʠʩʠʪ ʦʪ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ: ʪʦʯʥʦʩʪʠ ʚʨʝʤʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠʸʤʥʳʭ ʩʪʘʥʮʠʡ ʠ 
ʠʭ ʚʟʘʠʤʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʣʠ. 

ʈʩʧʚʤʞʥʙʫʡʣʙ: ʅʝʩʤʦʪʨʷ ʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʷʩʥʦʩʪʴ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ TDOA-ʤʝʪʦʜʘ 
ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʪʨʫʜʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʦʯʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʚʩʝʡ ʩʠ-
ʩʪʝʤʳ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʠʟʤʝʨʷʝʤʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʚʨʝʤʝʥʠ ʠ ʠʩʢʦʤʳʤʠ 
ʢʦʦʨʜʠʥʘʪʘʤʠ ʠʩʪʦʯʥʠʢʘ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 
ʨʘʩʯʸʪʘ ʢʦʦʨʜʠʥʘʪ ʠ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʳʭ ʠʪʝʨʘʮʠʦʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʆʜʥʘʢʦ ʛʣʘʚ-
ʥʘʷ ʩʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʜʘʞʝ ʥʝ ʚ ʵʪʦʤ, ʘ ʚ ʢʨʠʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 
ʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʠʸʤʥʳʭ ʩʪʘʥʮʠʡ ʠ ʮʝʣʠ. ʇʨʠ ʥʝʢʦʪʦʨʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ 
ʩʪʘʥʮʠʠ ʠ ʮʝʣʴ ʣʝʞʘʪ ʧʦʯʪʠ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ, ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ ʚ ʠʟʤʝʨʝʥʠʷʭ ʧʨʠʚʦʜʷʪ ʢ 
ʢʦʣʦʩʩʘʣʴʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʚ ʠʪʦʛʦʚʦʤ ʨʝʟʫʣʴʪʘʪʝ. ʆʙʣʘʩʪʴ ʚʦʟʤʦʞʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʮʝʣʠ ʚ ʪʘʢʠʭ 
ʩʣʫʯʘʷʭ ʩʪʘʥʦʚʠʪʩʷ ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʦʡ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʷ ʛʝʦʤʝʪʨʠʷ 
ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʤʦʱʥʳʡ çʫʩʠʣʠʪʝʣʴè ʜʣʷ ʥʝʠʟʙʝʞʥʳʭ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʰʫʤʘʤʠ, ʘʪʤʦ-
ʩʬʝʨʥʳʤʠ ʬʣʫʢʪʫʘʮʠʷʤʠ ʠʣʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʣʶʯʝʚʘʷ ʥʘʫʯʥʘʷ ʧʨʦ-
ʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʦʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ ʙʳ ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʣ 
ʚʳʯʠʩʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ, ʥʦ ʠ ʜʘʚʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʘʧʨʠʦʨʥʦ, ʝʱʸ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʮʝʥʠʪʴ, ʢʘʢ 
ʢʦʥʢʨʝʪʥʘʷ ʛʝʦʤʝʪʨʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʡ ʧʦʚʣʠʷʝʪ ʥʘ ʥʘʜʸʞʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

ʈʩʞʝʨʧʤʙʜʙʞʥʴʢ ʥʞʫʧʝ ʡ ʧʚʧʪʦʧʛʙʦʡʞ: ɼʣʷ ʨʝʰʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ 
ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʘʣʛʦʨʠʪʤʘ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ. ʈʘʩ-
ʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʠʟ N ʧʨʠʸʤʥʳʭ ʩʪʘʥʮʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʠʟʚʝʩʪʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʠ ʠʩʪʦʯʥʠʢʘ ʨʘ-
ʜʠʦʠʟʣʫʯʝʥʠʷ ʩ ʥʝʠʟʚʝʩʪʥʳʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ. ʂʦʛʜʘ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʘʝʪ ʩʠʛʥʘʣ, ʦʥ ʧʨʠʭʦʜʠʪ ʢ ʨʘʟ-
ʣʠʯʥʳʤ ʩʪʘʥʮʠʷʤ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʥʠʭ. ɺʳʙʠʨʘʷ ʦʜʥʫ ʠʟ ʩʪʘʥʮʠʡ ʚ ʢʘʯʝ-
ʩʪʚʝ ʦʧʦʨʥʦʡ, ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʨʘʟʥʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ ʤʝʞʜʫ ʵʪʦʡ ʦʧʦʨʥʦʡ ʩʪʘʥʮʠʝʡ ʠ ʢʘʞ-
ʜʦʡ ʠʟ ʦʩʪʘʣʴʥʳʭ. ʋʤʥʦʞʘʷ ʵʪʠ ʚʨʝʤʝʥʥʳʝ ʨʘʟʥʦʩʪʠ ʥʘ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʧʦʣʫʯʘʝʤ ʨʘʟʥʦʩʪʠ ʨʘʩʩʪʦʷʥʠʡ. 
ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʨʘʟʥʦʩʪʴ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ i-ʡ ʩʪʘʥ-
ʮʠʠ ʠ ʜʦ ʦʧʦʨʥʦʡ ʩʪʘʥʮʠʠ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʥʘ ʠʟʤʝʨʝʥʥʫʶ ʨʘʟʥʦʩʪʴ ʚʨʝʤʝʥʠ. ʂʘʞ-
ʜʦʝ ʪʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʛʠʧʝʨʙʦʣʫ, ʥʘ ʢʦʪʦʨʦʡ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʠʩʪʦʯʥʠʢ. [2] 

ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ: 
 

ὼ ὼ ώ ώ ὼ ὼ ώ ώ ῳὙ,                 (1) 

 
ʛʜʝ x ʠ y ð ʠʩʢʦʤʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠʩʪʦʯʥʠʢʘ. 
ʇʦʩʢʦʣʴʢʫ ʧʨʷʤʦʝ ʨʝʰʝʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʝʚʦʟʤʦʞʥʦ, ʧʨʠʤʝʥʷʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ, ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʠ ʣʠʥʝʘʨʠʟʘʮʠʠ. ʇʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʩ ʟʘʜʘʥʠʷ 
ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʛʝʦʤʝʪʨʠ-
ʯʝʩʢʠʡ ʮʝʥʪʨ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʠʣʠ ʨʝʟʫʣʴʪʘʪ ʫʧʨʦʱʸʥʥʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʸʪʘ. 

ɿʘʪʝʤ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʠʪʝʨʘʮʠʠ ʩʣʦʞʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʟʘʜʘʯʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʝʢʫʱʝʛʦ ʧʨʠʙʣʠʞʝ-
ʥʠʷ ʟʘʤʝʥʷʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ, ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʴʶ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʸʤ ʨʘʟʣʦʞʝʥʠʷ ʥʝʣʠ-
ʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʠ ʦʪʙʨʘʩʳʚʘʥʠʷ ʯʣʝʥʦʚ ʚʳʰʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪ-
ʩ ̫ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʧʦʧʨʘʚʦʢ ʢ ʢʦʦʨʜʠʥʘʪʘʤ. ɼʣʷ ʵʪʦʡ ʫʧʨʦʱʸʥʥʦʡ 
ʤʦʜʝʣʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʧʨʘʚʢʘ ʢ ʢʦʦʨʜʠʥʘʪʘʤ, ʢʦʪʦʨʘʷ ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʤʝʞʜʫ ʨʝʘʣʴʥʦ 
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ʠʟʤʝʨʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʪʝʤʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʙʳ ʪʝʢʫʱʝʤʫ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤʫ ʧʦʣʦʞʝʥʠʶ ʠʩʪʦʯ-
ʥʠʢʘ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʧʨʘʚʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʢʦʪʦʨʳʡ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʨʝʰʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʦʯʥʳʭ ʠ ʟʘʰʫʤʣʸʥʥʳʭ ʜʘʥʥʳʭ. ʉʫʪʴ ʤʝ-
ʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʨʠʮʳ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʥʘʟʳʚʘʝʤʦʡ ʤʘʪʨʠʮʝʡ ʗʢʦʙʠ, ʢʦʪʦʨʘʷ 
ʩʚʷʟʳʚʘʝʪ ʤʘʣʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ. ʈʝʰʝʥʠʝ ʜʣʷ ʚʝʢʪʦʨʘ 
ʧʦʧʨʘʚʦʢ ʥʘʭʦʜʠʪʩʷ ʧʫʪʸʤ ʤʠʥʠʤʠʟʘʮʠʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʠ ʥʝʚʷʟʦʢ. ʂʦʦʨʜʠʥʘʪʳ ʫʪʦʯʥʷʶʪʩʷ ʩ ʫʯʸ-
ʪʦʤ ʚʳʯʠʩʣʝʥʥʦʡ ʧʦʧʨʘʚʢʠ, ʠ ʚʝʩʴ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. ʀʪʝʨʘʮʠʠ ʧʨʦʜʦʣʞʘʶʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʯʝ-
ʨʝʜʥʘʷ ʧʦʧʨʘʚʢʘ ʥʝ ʩʪʘʥʝʪ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʜʘʥʥʳʤ ʢʨʠʪʝʨʠʝʤ ʩʭʦʜʠʤʦʩʪʠ, ʯʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʠʞʝʥʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʝʰʝʥʠʷ. [1] 

ʆʜʥʘʢʦ ʩʘʤ ʧʦ ʩʝʙʝ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʥʝ ʦʪʚʝʯʘʝʪ ʥʘ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʡ ʚʦʧʨʦʩ ʦ ʢʘʯʝʩʪʚʝ ʠ 
ʥʘʜʸʞʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʀʤʝʥʥʦ ʟʜʝʩʴ ʚʩʪʫʧʘʝʪ ʚ ʜʝʡʩʪʚʠʝ ʚʪʦʨʘʷ ʯʘʩʪʴ ʤʝʪʦʜʦʣʦʛʠʠ ð 
ʘʥʘʣʠʟ ʪʦʯʥʦʩʪʠ ʯʝʨʝʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʬʘʢʪʦʨ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 
ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʦʮʝʥʦʢ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʝ ʦʰʠʙʦʢ. ʕʪʘ ʤʘʪʨʠʮʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʛʝʦʤʝʪʨʠʝʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʡ ʯʝʨʝʟ 
ʫʧʦʤʷʥʫʪʫʶ ʚʳʰʝ ʤʘʪʨʠʮʫ ʗʢʦʙʠ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʛʝʦʤʝʪʨʠʠ ʥʘ ʪʦʯʥʦʩʪʴ ʚʚʦʜʠʪ-
ʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ð ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʫʭʫʜʰʝʥʠʷ ʪʦʯʥʦʩʪʠ GDOP, ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʝʪ-
ʩʷ ʢʘʢ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠʟ ʩʣʝʜʘ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ. ʕʪʦʪ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʷʚʣʷ-
ʝʪʩʷ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʠʟʘ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʘʧʨʷʤʫʶ ʩʚʷʟʳʚʘʝʪ ʦʰʠʙʢʫ ʠʟʤʝʨʝʥʠʡ ʩ ʠʪʦʛʦ-
ʚʦʡ ʦʰʠʙʢʦʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ GDOP ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʦʢʘʟʳʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʦʰʠʙʢʠ: 
ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ GDOP ʥʘ ʠʩʭʦʜʥʫʶ ʦʰʠʙʢʫ ʠʟʤʝʨʝʥʠʷ ʨʘʟ-
ʥʦʩʪʠ ʨʘʩʩʪʦʷʥʠʡ. ʄʘʣʦʝ ʟʥʘʯʝʥʠʝ GDOP, ʙʣʠʟʢʦʝ ʢ ʝʜʠʥʠʮʝ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ çʭʦʨʦʰʝʡè ʢʦʥʬʠʛʫʨʘʮʠʠ 
ʩʪʘʥʮʠʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ ʧʦʯʪʠ ʥʝ ʫʩʠʣʠʚʘʶʪʩʷ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʛʠʧʝʨʙʦʣʳ ʧʝʨʝʩʝʢʘ-
ʶʪʩʷ ʧʦʜ ʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ, ʦʙʨʘʟʫʷ ʢʦʤʧʘʢʪʥʫʶ ʦʙʣʘʩʪʴ ʧʝʨʝʩʝʯʝʥʠʷ. ʅʘʧʨʦʪʠʚ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 
GDOP ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʫʶ ʛʝʦʤʝʪʨʠʶ, ʢʦʪʦʨʘʷ ʧʨʠʚʝʜʸʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʝ ʪʦʯʥʦʩʪʠ. 
ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʩʪʘʥʮʠʠ ʠ ʮʝʣʴ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʯʪʠ ʢʦʣʣʠʥʝʘʨʥʦ, ʠ ʛʠʧʝʨʙʦʣʳ ʧʝʨʝʩʝʢʘʶʪʩʷ ʧʦʜ 
ʤʘʣʳʤʠ ʫʛʣʘʤʠ ʠʣʠ ʧʦʯʪʠ ʧʘʨʘʣʣʝʣʴʥʳ, ʩʦʟʜʘʚʘʷ ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʫʶ ʦʙʣʘʩʪʴ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. 

ɺʘʞʥʝʡʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ GDOP ʜʣʷ 
ʚʩʝʡ ʟʦʥʳ ʥʘʙʣʶʜʝʥʠʷ. ɺʳʯʠʩʣʷʷ ʟʥʘʯʝʥʠʝ GDOP ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʠʥʪʝʨʝʩʫʶʱʝʡ ʦʙʣʘʩʪʠ ʧʨʠ ʬʠʢ-
ʩʠʨʦʚʘʥʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʩʪʘʥʮʠʡ, ʤʦʞʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʯʥʦ-
ʩʪʠ ʩʠʩʪʝʤʳ. ʊʘʢʘʷ ʢʘʨʪʘ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʚ ʢʘʢʠʭ ʟʦʥʘʭ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦ-
ʩʪʴʶ, ʘ ʚ ʢʘʢʠʭ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ. ɸʥʘʣʠʟʠʨʫʷ ʵʪʠ ʢʘʨʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 
ʚʘʨʠʘʥʪʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʠʸʤʥʳʭ ʩʪʘʥʮʠʡ, ʤʦʞʥʦ ʝʱʸ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴ-
ʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʥʘʠʣʫʯʰʫʶ ʪʦʯʥʦʩʪʴ ʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʦʙʣʘʩʪʷʭ ʠ ʠʟʙʝʛʘʶ-
ʱʫʶ ʟʦʥ ʩ ʥʝʜʦʧʫʩʪʠʤʦ ʚʳʩʦʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ. [3] 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʜʚʫʭʵʪʘʧʥʫʶ ʧʨʦʮʝʜʫʨʫ: ʧʦʣʫʯʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 
ʟʘʜʘʯʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʚʝʨʠʬʠʢʘʮʠʶ ʝʛʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪʳ 
ʫʭʫʜʰʝʥʠʷ ʪʦʯʥʦʩʪʠ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ 
ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ. 
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ǮǯǧǫǤǬǤǬǧǤ ǭǱǴǭǣǭǡ 
ǰǤǪǻǰǩǭǴǭǦǾǨǰǱǡǤǬǬǭǨ ǣǤǾǱǤǪǻǬǭǰǱǧ ǡ 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɻʫʨʴʝʚʘ ɺʠʢʪʦʨʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 
ʜ.ʪ.ʥ., ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʌɻɹʆʋ ɺʆ çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 
ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʠʨʧʠʯʘ ʙʝʟ ʧʦʪʝʨʠ ʤʘ-
ʨʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʆʨʝʥʙʫʨʛʩʢʦʡ 
ʦʙʣʘʩʪʠ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʝʟʦʪʭʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʛʜʝ ʦʪʭʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʟʝʨʥʦʚʳʭ 
ʢʫʣʴʪʫʨ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ. ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʭʦʜʳ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚʳʛʦʨʘ-
ʶʱʠʝ ʜʦʙʘʚʢʠ, ʫʟʢʦʬʨʘʢʮʠʦʥʥʳʝ ʟʸʨʥʘ  ʟʘʧʦʣʥʠʪʝʣʷ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʭʠʤʠʯʝʩʢʦʝ ʧʦʨʦʦʙʨʘ-
ʟʦʚʘʥʠʝ, ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʭʠʤʠʯʝʩʢʠʡ ʤʦʜʠʬʠʢʘʪʦʨ. 
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʩʚʷʟʘʪʴ ʧʨʦʙʣʝʤʳ ʜʚʫʭ ʚʝʜʫʱʠʭ ʦʪʨʘʩʣʝʡ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ: ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ ʚ ʝʜʠʥʫʶ ʙʝʟʦʪʭʦʜʥʫʶ ʩʠʩʪʝʤʫ. ʆʩʥʦʚʦʡ ʜʣʷ ʵʪʦʛʦ 
ʩʣʫʞʘʪ ʦʪʭʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʟʝʨʥʦʚʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʦʡ ʜʦʙʘʚʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʠʨʧʠʯʘ. 

ʆʨʝʥʙʫʨʛʩʢʘʷ ʦʙʣʘʩʪʴ ð ʢʨʫʧʥʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʟʝʨʥʘ. ɽʞʝʛʦʜʥʦ ʟʜʝʩʴ ʩʦʙʠʨʘʶʪ ʙʦʣʝʝ 4 ʤʣʥ 
ʪʦʥʥ ʟʝʨʥʦʚʳʭ. ʇʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʵʪʦʛʦ ʦʙʲʝʤʘ ʦʙʨʘʟʫʶʪʩʷ ʩʦʪʥʠ ʪʳʩʷʯ ʪʦʥʥ ʦʪʭʦʜʦʚ: ʩʦʣʦʤʘ, ʣʫʟʛʘ, 
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ʰʝʣʫʭʘ. ʉʞʠʛʘʥʠʝ ʥʘ ʧʦʣʷʭ ʟʘʛʨʷʟʥʷʝʪ ʚʦʟʜʫʭ, ʘ ʩʢʣʘʜʠʨʦʚʘʥʠʝ ð ʧʦʯʚʫ. ʇʨʠ ʵʪʦʤ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ 
ʠʭ ʫʪʠʣʠʟʘʮʠʠ ð ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʣʠʛʦʥʦʚ ʜʣʷ ʪʘʢʠʭ ʦʪʭʦʜʦʚ ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪ ʧʨʦʨʘʙʘʪʳʚʘʪʴ-
ʩʷ ʥʘ ʫʨʦʚʥʝ ʦʪʨʘʩʣʝʚʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʢʝʨʘʤʠʯʝʩʢʠʡ ʢʠʨʧʠʯ ð ʤʘʪʝʨʠʘʣ ʧʨʦʯʥʳʡ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ 
ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ.(ʨʠʩ. 1) 

 

 
ʉʡʪ. 1 ʃʞʩʙʥʡʰʞʪʣʡʢ ʣʡʩʨʡʰ 

 
 ʆʜʥʘʢʦ, ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʦʜʥʦʩʣʦʡʥʳʭ ʩʪʝʥ ʠʟ ʜʘʥʥʦʛʦ ʚʠʜʘ ʠʟʜʝʣʠʷ, ʩʦʛʣʘʩʥʦ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦ-

ʤʫ ʨʘʩʯʸʪʫ, ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʰʠʨʦʢʠʤʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʳʰʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ 
ʬʫʥʜʘʤʝʥʪʳ ʠ ʫʜʦʨʦʞʘʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʤʘʨʦʯʥʦʡ ʧʨʦʯ-
ʥʦʩʪʠ ʧʦʚʳʩʠʪʴ ʧʦʨʠʩʪʦʩʪʴ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʠʨʧʠʯʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ 
ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ: ʜʦʙʘʚʣʝʥʠʝ ʚʳʛʦʨʘʶʱʠʭ ʜʦʙʘʚʦʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʟʢʦʬʨʘʢʮʠʦʥ-
ʥʳʭ ʟʸʨʝʥ ʟʘʧʦʣʥʠʪʝʣʷ, ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʨʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʧʝʥʦʤʝʪʦʜ, ʭʠ-
ʤʠʯʝʩʢʦʝ ʧʦʨʦʦʙʨʘʟʦʚʘʥʠʝ. ʆʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ï ʚʚʦʜ ʚ ʩʦʩʪʘʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʰʠʭʪʳ ʚʳʛʦʨʘʶʱʝʡ ʜʦʙʘʚ-
ʢʠ. ʀʟʚʝʩʪʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʜʦʙʘʚʢʠ ʦʪʭʦʜʦʚ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ: ʩʦʣʦʤʘ, 
ʣʫʟʛʘ, ʧʦʣʦʚʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʫʪʠʣʠʟʘʮʠʶ ʢʘʢ ʮʝʥʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʠʨʧʠʯʘ, ʘ ʥʝ ʚ ʚʠʜʝ ʤʫʩʦʨʘ.[1] 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʙʣʘʩʪʠ ʥʘ ʟʝʨʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʘʢʦʧʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦ-
ʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʦʣʦʤʳ ʧʰʝʥʠʮʳ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ 
ʟʝʨʥʦʚʦʡ ʢʫʣʴʪʫʨʦʡ. ʊʘʢʞʝ ʚ ʨʝʛʠʦʥʝ, ʧʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ ʥʘ 2025 ʛʦʜ , ʧʦʜʩʦʣʥʝʯʥʠʢʦʤ ʟʘʩʝʷʥʦ 1,6 
ʤʣʥ ʛʝʢʪʘʨʦʚ, ʯʪʦ ʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʠʜ ʦʪʭʦʜʦʚ ð ʣʫʟʛʫ ʩʝʤʷʥ ʧʦʜʩʦʣʥʝʯʥʠʢʘ.(ʨʠʩ. 2)[2] 

 

 
ʉʡʪ. 2. ʇʩʞʦʚʬʩʜʪʣʡʞ ʨʧʤʸ ʨʧʝʪʧʤʦʞʰʦʡʣʙ 

 
ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚ ʦʙʣʘʩʪʠ ʨʘʙʦʪʘʶʪ ʪʘʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʘʢ ʆʆʆ çʆʨʝʥʙʫʨʛʩʢʘʷ ʢʝ-

ʨʘʤʠʢʘè, ʆʆʆ çʅʦʚʦʦʨʩʢʘʷ ʢʝʨʘʤʠʢʘ-2è ʠ ʜʨʫʛʠʝ. ʕʪʠ ʟʘʚʦʜʳ ʤʦʛʫʪ ʩʪʘʪʴ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʥʦʚʦʡ ʪʝʭ-
ʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʠʨʧʠʯʘ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʆʨʝʥʙʫʨʞʴʷ ʨʘʟʚʝʜʘʥʦ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʡ ʛʣʠʥʠʩʪʦʛʦ ʩʳʨʴʷ ʨʘʟʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʠʨʧʠʯʘ. ʕʪʦ ʟʥʘ-
ʯʠʪ, ʯʪʦ ʥʦʚʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʥʘʣʘʜʠʪʴ ʥʘ ʤʝʩʪʥʦʤ ʩʳʨʴʝ. 
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ʆʪʭʦʜʳ ʟʝʨʥʦʚʳʭ ʚʳʧʦʣʥʷʶʪ ʜʚʦʡʥʫʶ ʬʫʥʢʮʠʶ: 

1. ɺʳʛʦʨʘʶʱʘʷ ʜʦʙʘʚʢʘ (ʧʦʨʠʟʘʪʦʨ). ʉʦʣʦʤʘ, ʣʫʟʛʘ ʠʣʠ ʰʝʣʫʭʘ, ʩʦʜʝʨʞʘʱʠʝ ʜʦ 40ï45% ʮʝʣ-
ʣʶʣʦʟʳ ʠ 20ï25% ʣʠʛʥʠʥʘ, ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʛʣʠʥʫ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʳʨʴʝʚʦʡ ʤʘʩʩʳ. ʇʨʠ ʦʙʞʠʛʝ ʚ ʧʝ-
ʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200ï300ÁC ʦʥʠ ʧʦʣʥʦʩʪʴʶ ʚʳʛʦʨʘʶʪ(ʨʠʩ. 3). ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘ-
ʥʠʶ ʚ ʩʪʨʫʢʪʫʨʝ ʢʠʨʧʠʯʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʴʯʘʡʰʠʭ ʧʦʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ 
ʢʠʨʧʠʯʘ ʠ ʧʦʚʳʰʘʝʪʩʷ ʝʛʦ ʣʝʛʢʦʩʪʴ. 

 

 
ʉʡʪ. 3. ʈʩʧʯʞʪʪ ʧʚʟʡʜʙ ʣʡʩʨʡʰʙ 

 

2. ʍʠʤʠʯʝʩʢʠʡ ʤʦʜʠʬʠʢʘʪʦʨ. ʇʦʩʣʝ ʩʛʦʨʘʥʠʷ ʜʦʙʘʚʦʢ ʦʩʪʘʝʪʩʷ ʟʦʣʘ, ʙʦʛʘʪʘʷ ʘʤʦʨʬʥʳʤ (ʘʢʪʠʚ-

ʥʳʤ) ʢʨʝʤʥʝʟʝʤʦʤ (SiOϜ). ʉʦʜʝʨʞʘʥʠʝ SiOϜ ʚ ʟʦʣʝ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 97%. ɸʢʪʠʚʥʳʡ 
ʢʨʝʤʥʝʟʝʤ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʞʠʛʘ ʚʩʪʫʧʘʝʪ ʚ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʩ ʢʦʤʧʦʥʝʥ-
ʪʘʤʠ ʛʣʠʥʳ, ʦʙʨʘʟʫʷ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ - ʩʠʣʠʢʘʪʳ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ 
ʫʧʨʦʯʥʷʶʪ ʢʠʨʧʠʯ ʠʟʥʫʪʨʠ. ʕʪʦ ʢʣʶʯʝʚʦʡ ʤʦʤʝʥʪ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʦʪ ʧʨʦʩʪʦʛʦ 
ʜʦʙʘʚʣʝʥʠʷ ʦʧʠʣʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʧʦ ʤʥʦʛʠʤ ʧʘʨʘʤʝʪʨʘʤ ʧʨʝʚʦʩʭʦʜʠʪ 
ʪʨʘʜʠʮʠʦʥʥʳʡ ʢʝʨʘʤʠʯʝʩʢʠʡ ʢʠʨʧʠʯ (ʪʘʙʣ. 1). 

 
ʋʙʚʤʡʯʙ 1  

ʇʫʤʡʰʡʫʞʤʵʦʴʞ ʮʙʩʙʣʫʞʩʡʪʫʡʣʡ ʣʞʩʙʥʡʰʞʪʣʧʜʧ ʣʡʩʨʡʰʙ ʨʧ ʨʩʞʝʤʙʜʙʞʥʧʢ ʫʞʮʦʧʤʧʜʡʡ 

ʇʦʢʘʟʘʪʝʣʴ 
ʀʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʠ 
ʜʦʙʘʚʣʝʥʠʠ ʟʝʨʥʦʚʳʭ  

ʦʪʭʦʜʦʚ 
ʇʦʷʩʥʝʥʠʝ 

ʇʣʦʪʥʦʩʪʴ (ɺʝʩ) ʉʥʠʞʘʝʪʩʷ ʂʠʨʧʠʯ ʩʪʘʥʦʚʠʪʩʷ ʣʝʛʯʝ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʥʘʛʨʫʟʢʫ 
ʥʘ ʬʫʥʜʘʤʝʥʪ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ 
ʧʣʦʪʥʦʩʪʠ ʜʦ 10%, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʦʣʦʤʳ. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʉʥʠʞʘʝʪʩʷ ʇʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʘʝʪ ʢʘʢ ʪʝʧʣʦʠʟʦʣʷʪʦʨ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʥʠʞʘʝʪʩʷ, ʠ ʢʠʨ-
ʧʠʯ ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʟʨʷʜ çʵʬʬʝʢʪʠʚʥʳʭè ʩʪʝʥʦʚʳʭ 
ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʦʯʥʦʩʪʴ ʆʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʇʨʦʯʥʦʩʪʴ ʥʦʚʦʛʦ ʢʠʨʧʠʯʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʤʥʦʛʦ ʥʠ-
ʞʝ, ʯʝʤ ʫ ʦʙʳʯʥʦʛʦ. ʆʜʥʘʢʦ ʜʣʷ ʥʝʩʫʱʠʭ ʩʪʝʥ 
(ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦ 3-ʭ ʵʪʘʞʝʡ) ʝʝ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯ-
ʥʦ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʠʨʧʠʯ ʩ ʜʦʙʘʚ-
ʣʝʥʠʝʤ ʜʦ 15% ʟʦʣʳ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʧʨʠʛʦʜʝʥ ʜʣʷ 
ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 
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(ʪʝʧʣʫʶ ʢʝʨʘʤʠʢʫ) ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʦʙʘʚʦʯʥʦʡ ʩʪʦʠʤʦʩʪʴʶ; 
3. ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ: 

- ʉʦʢʨʘʱʝʥʠʝ ʦʪʭʦʜʦʚ: ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʤʥʦʛʦʪʦʥʥʘʞʥʳʭ ʦʪʭʦʜʦʚ ʟʝʨʥʦʧʝʨʝʨʘʙʦʪʢʠ, ʢʦʪʦ-
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ʢʠ. 
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ʩʪʚʘ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ:  
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ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʥʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʠʨʧʠʯʘ. ɺʥʝʜʨʝʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ð ʢʦʥʢʨʝʪʥʳʡ 
ʰʘʛ ʢ ʩʦʟʜʘʥʠʶ ʚ ʨʝʛʠʦʥʝ ʙʝʟʦʪʭʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʠ ʧʨʦʤʳʰ-
ʣʝʥʥʦʩʪʴ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ. 
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ǢǤǬǤǯǟǵǧǾ ǳǯǟǩǱǟǪǻǬǭǨ Ǣǯǟǳǧǩǧ ǰ 
ǮǭǫǭǸǻǽ ǫǟǱǤǫǟǱǧǶǤǰǩǧǴ ǯǾǣǭǡ 

ǤȔȊǿȉȍȁǿ ǟȌǿȐȑǿȐȇȞ ǽȏțȄȁȌǿ 
ʩʪʫʜʝʥʪ  

ɺʐʇʄ ʉʇʙɻʋʇʊɼ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɼʨʦʟʜʦʚʘ ɽʣʝʥʘ ʅʠʢʦʣʘʝʚʥʘ  
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʀʠʋʉ 

ɺʐʇʄ ʉʇʙɻʋʇʊɼ 
 

Abstract: The article analyzes the use of mathematical series to generate fractal graphics. The mathematical 
relationship between fractals and geometric series is described using the Koch curve as an example. An algo-
rithm for constructing fractal graphics in the Blender program using Python code is also presented. As a result 
of the work performed, 3D renderers and posters were obtained that illustrate the practical application of frac-
tal algorithms in the field of design.  
Keywords: fractals, mathematical series, geometric series, Koch curve, fractal graphics, Blender, recursion, 
self-similarity, computer graphics, 3D modeling. 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʷʜʦʚ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʬʨʘʢʪʘʣʴʥʦʡ 
ʛʨʘʬʠʢʠ. ʆʧʠʩʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʬʨʘʢʪʘʣʘʤʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʷʜʘʤʠ ʥʘ ʧʨʠʤʝʨʝ 
ʢʨʠʚʦʡ ʂʦʭʘ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʛʨʘʬʠʢʠ ʚ ʧʨʦʛʨʘʤʤʝ Blender ʩ ʧʦ-
ʤʦʱʴʶ Python-ʢʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ 3D-ʨʝʥʜʝʨʳ ʠ ʧʣʘʢʘʪʳ, ʢʦʪʦʨʳʝ ʠʣ-
ʣʶʩʪʨʠʨʫʶʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʬʨʘʢʪʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʩʬʝʨʝ ʜʠʟʘʡʥʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʬʨʘʢʪʘʣʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʷʜʳ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʷʜ, ʢʨʠʚʘʷ ʂʦʭʘ, ʬʨʘʢʪʘʣʴʥʘʷ 
ʛʨʘʬʠʢʘ, Blender, ʨʝʢʫʨʩʠʷ, ʩʘʤʦʧʦʜʦʙʠʝ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ, 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ.  

 
ʌʨʘʢʪʘʣʴʥʘʷ ʛʨʘʬʠʢʘ ʟʘʥʠʤʘʝʪ ʟʘʤʝʪʥʦʝ ʤʝʩʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʝ ʠ 

ʜʠʟʘʡʥʝ. ɿʘ ʩʯʸʪ ʩʚʦʡʩʪʚʘ ʩʘʤʦʧʦʜʦʙʠʷ, ʪʦ ʝʩʪʴ ʧʦʚʪʦʨʝʥʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʨʘʟʥʳʭ ʤʘʩ-
ʰʪʘʙʘʭ, ʬʨʘʢʪʘʣʳ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʳʚʘʪʴ ʩʣʦʞʥʳʝ ʧʨʠʨʦʜʥʳʝ ʬʦʨʤʳ, ʨʝʣʴʝʬʳ, ʙʝʨʝʛʦʚʳʝ ʣʠʥʠʠ, ʦʙ-
ʣʘʢʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʘʢʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ. ʕʪʦ ʜʝʣʘʝʪ ʠʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʢʘʢ ʚ ʥʘʫʯʥʦʤ 
ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʪʘʢ ʠ ʚ ʮʠʬʨʦʚʦʤ ʠʩʢʫʩʩʪʚʝ. ʊʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʨʘʢʪʘʣʦʚ ʩʦʩʪʘʚ-
ʣʷʝʪ ʧʦʥʷʪʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʷʜʘ, ʪʦ ʝʩʪʴ ʩʫʤʤʳ ʙʝʩʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʩʣʘʛʘʝʤʳʭ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ 
ʩʚʷʟʘʥʦ ʩ ʧʨʝʜʳʜʫʱʠʤ ʧʦ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʧʨʘʚʠʣʫ. ʉʚʷʟʴ ʤʝʞʜʫ ʬʨʘʢʪʘʣʘʤʠ ʠ ʨʷʜʘʤʠ ʧʨʦʷʚʣʷʝʪʩʷ 
ʯʝʨʝʟ ʨʝʢʫʨʩʠʚʥʳʝ ʧʨʦʮʝʩʩʳ: ʪʘʢ ʞʝ ʢʘʢ ʨʷʜ ʩʪʨʦʠʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʥʦʚʳʭ ʯʣʝʥʦʚ, ʬʨʘʢʪʘʣ ʬʦʨʤʠʨʫ-
ʝʪʩʷ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ. ʌʨʘʢʪʘʣʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 
ʚʝʨʩʠʶ ʙʝʩʢʦʥʝʯʥʳʭ ʠʪʝʨʘʮʠʡ [1, ʩ. 12]. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʧʨʠʤʝʨʦʚ ʵʪʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʩʣʫʞʠʪ ʢʨʠʚʘʷ ʂʦʭʘ. ʕʪʦʪ ʢʣʘʩʩʠʯʝ-
ʩʢʠʡ ʬʨʘʢʪʘʣ ʩʪʨʦʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: ʠʩʭʦʜʥʳʡ ʦʪʨʝʟʦʢ ʜʝʣʷʪ ʥʘ ʪʨʠ ʨʘʚʥʳʝ ʯʘʩʪʠ, ʩʨʝʜʥʶʶ 
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ʟʘʤʝʥʷʶʪ ʜʚʫʤʷ ʦʪʨʝʟʢʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʨʘʚʥʦʩʪʦʨʦʥʥʠʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʟʘʪʝʤ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʝʪʩʷ 
ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʦʣʫʯʠʚʰʠʭʩʷ ʩʝʛʤʝʥʪʦʚ. ɽʩʣʠ ʜʣʠʥʘ ʠʩʭʦʜʥʦʛʦ ʦʪʨʝʟʢʘ ʨʘʚʥʘ 1, ʧʦʩʣʝ ʧʝʨʚʦʡ ʠʪʝʨʘ-
ʮʠʠ ʜʣʠʥʘ ʢʨʠʚʦʡ ʩʪʘʥʦʚʠʪʩʷ 4/3, ʧʦʩʣʝ ʚʪʦʨʦʡ, (4/3)Į, ʧʦʩʣʝ n-ʡ ʠʪʝʨʘʮʠʠ, (4/3)Ŵ. ʇʨʠ ʩʪʨʝʤʣʝʥʠʠ ʯʠʩ-
ʣʘ ʠʪʝʨʘʮʠʡ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʜʣʠʥʘ ʢʨʠʚʦʡ ʚʳʨʘʞʘʝʪʩʷ ʨʘʩʭʦʜʷʱʠʤʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʷʜʦʤ: 

ɼʣʠʥʘ = 1 + 4/3 + (4/3)Į + (4/3)į + é = Ɇ (4/3), k=0.Ð. 
ʊʘʢ ʢʘʢ ʟʥʘʤʝʥʘʪʝʣʴ ʨʷʜʘ 4/3 ʙʦʣʴʰʝ 1, ʨʷʜ ʨʘʩʭʦʜʠʪʩʷ, ʠ ʜʣʠʥʘ ʢʨʠʚʦʡ ʂʦʭʘ ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦ-

ʥʝʯʥʦʩʪʠ, ʭʦʪʷ ʬʠʛʫʨʘ ʟʘʥʠʤʘʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʦʙʣʘʩʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ. ʕʪʦʪ ʧʘʨʘʜʦʢʩ ʭʦʨʦʰʦ ʧʦʢʘʟʳʚʘʝʪ 
ʩʚʦʡʩʪʚʦ ʬʨʘʢʪʘʣʦʚ: ʠʭ ʧʝʨʠʤʝʪʨ ʤʦʞʝʪ ʙʳʪʴ ʙʝʩʢʦʥʝʯʥʳʤ ʧʨʠ ʢʦʥʝʯʥʦʡ ʟʘʥʠʤʘʝʤʦʡ ʧʣʦʱʘʜʠ [2, ʩ. 47]. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʬʨʘʢʪʘʣʴʥʦʡ ʛʨʘʬʠʢʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʨʝʜʘ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
Blender, ʛʜʝ ʜʦʩʪʫʧʝʥ ʚʩʪʨʦʝʥʥʳʡ ʠʥʪʝʨʧʨʝʪʘʪʦʨ Python ʠ API ʩʮʝʥʳ ʯʝʨʝʟ ʤʦʜʫʣʴ bpy. ɹʳʣ ʥʘʧʠʩʘʥ 
ʢʦʜ, ʨʝʘʣʠʟʫʶʱʠʡ ʨʝʢʫʨʩʠʚʥʫʶ ʬʫʥʢʮʠʶ koch_curve(points, level) (ʨʠʩʫʥʦʢ 1), ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪ ʩʧʠ-
ʩʦʢ ʥʘʯʘʣʴʥʳʭ ʪʦʯʝʢ ʠ ʫʨʦʚʝʥʴ ʨʝʢʫʨʩʠʠ, ʧʦʦʯʝʨʸʜʥʦ ʨʘʟʙʠʚʘʷ ʢʘʞʜʳʡ ʩʝʛʤʝʥʪ ʧʦ ʧʨʘʚʠʣʫ ʂʦʭʘ ʠ ʚʳ-
ʯʠʩʣʷʷ ʚʝʨʰʠʥʫ ʪʨʝʫʛʦʣʴʥʠʢʘ ʯʝʨʝʟ ʥʦʨʤʘʣʴ ʢ ʦʪʨʝʟʢʫ. ʀʪʦʛʦʚʳʡ ʩʧʠʩʦʢ ʪʦʯʝʢ ʧʝʨʝʜʘʸʪʩʷ ʚ ʬʫʥʢʮʠʶ 
create_curve_from_points(), ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪ ʚ ʩʮʝʥʝ ʦʙʲʝʢʪ CURVE ʩ ʩʝʛʤʝʥʪʘʤʠ ʪʠʧʘ POLY, ʩʦʝʜʠ-
ʥʷʶʱʠʤʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʪʦʯʢʠ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʨʦʚʝʥʴ ʨʝʢʫʨʩʠʠ 3, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘ-
ʪʦʯʥʦ ʚʳʩʦʢʫʶ ʜʝʪʘʣʠʟʘʮʠʶ ʧʨʠ ʜʦʧʫʩʪʠʤʦʤ ʚʨʝʤʝʥʠ ʨʘʩʯʸʪʘ. 

 

 
ʉʡʪ. 1.  ʃʧʝ, ʩʞʙʤʡʠʬʷʲʡʢ ʩʞʣʬʩʪʡʛʦʬʷ ʭʬʦʣʯʡʷ 

 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
1. ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʳʡ ʥʘʙʦʨ ʪʦʯʝʢ, ʬʦʨʤʠʨʫʶʱʠʭ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ (ʤʥʦʛʦʫʛʦʣʴʥʠʢ); 
2. ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ ʚʳʯʠʩʣʠʪʴ ʪʦʯʢʠ ʜʝʣʝʥʠʷ p1 ʠ p2 (ʜʝʣʷʱʠʝ 

ʦʪʨʝʟʦʢ ʚ ʦʪʥʦʰʝʥʠʠ 1:1:1), ʘ ʪʘʢʞʝ ʚʝʨʰʠʥʫ ʪʨʝʫʛʦʣʴʥʠʢʘ p_mid, ʦʧʨʝʜʝʣʷʝʤʫʶ ʯʝʨʝʟ ʧʝʨʧʝʥʜʠʢʫʣʷʨ 
ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʩʝʛʤʝʥʪʘ; 

3. ʟʘʤʝʥʠʪʴ ʠʩʭʦʜʥʳʡ ʦʪʨʝʟʦʢ ʪʦʯʢʘʤʠ [p0, p1, p_mid, p2]; 
4. ʧʦʚʪʦʨʠʪʴ ʦʧʝʨʘʮʠʶ ʜʣʷ ʥʦʚʦʛʦ ʤʘʩʩʠʚʘ ʪʦʯʝʢ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʨʘʟ (ʫʨʦʚʥʝʡ ʨʝʢʫʨʩʠʠ); 
5. ʧʦ ʬʠʥʘʣʴʥʦʤʫ ʤʘʩʩʠʚʫ ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʫʶ ʚ ʩʮʝʥʝ Blender. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʩʪʨʦʝʢ ʨʝʥʜʝʨʘ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʪʨʠ ʚʠʟʫʘʣʴʥʦ ʦʪʣʠ-

ʯʘʶʱʠʭʩʷ ʚʘʨʠʘʥʪʘ ʬʨʘʢʪʘʣʴʥʦʡ ʬʦʨʤʳ: ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩ ʨʘʜʫʞʥʳʤʠ ʦʪʙʣʝʩʢʘʤʠ (ʭʨʦʤʘ-
ʪʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ), ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʘʷ ʢʨʠʚʘʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʙʣʝʩʢʦʤ ʠ ʦʙʲʸʤʥʘʷ ʬʦʨʤʘ ʩ ʧʫʰʠ-
ʩʪʦʡ, ʰʝʨʩʪʷʥʦʡ ʪʝʢʩʪʫʨʦʡ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʯʘʩʪʠʮ Blender (ʨʠʩʫʥʦʢ 2). ʕʪʠ ʚʘʨʠʘʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, 
ʥʘʩʢʦʣʴʢʦ ʨʘʟʥʦʦʙʨʘʟʥʦ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʦʜʥʦ ʠ ʪʦ ʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʦʩʪʨʦʝʥʠʝ. 
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ʉʡʪ. 2.  ɻʙʩʡʙʦʫʴ ʭʩʙʣʫʙʤʵʦʧʢ ʭʧʩʥʴ 

 
ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 3D-ʦʙʲʝʢʪʦʚ ʙʳʣʠ ʩʦʟʜʘʥʳ ʪʨʠ ʧʣʘʢʘʪʘ (ʨʠʩʫʥʦʢ 3). ɺʠʟʫʘʣʴʥʘʷ ʢʦʥʮʝʧ-

ʮʠʷ ʢʘʞʜʦʛʦ ʧʣʘʢʘʪʘ ʩʪʨʦʠʪʩʷ ʥʘ ʠʜʝʝ ʦ ʪʦʤ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʩʧʦʩʦʙʥʳ ʩʦʟʜʘʚʘʪʴ ʬʦʨ-
ʤʳ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʧʦ ʵʩʪʝʪʠʢʝ ʩ ʧʨʠʨʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ [3, ʩ. 8]. 

 

 
ʉʡʪ. 3.  ʈʤʙʣʙʫʴ 

 
ɺ ʭʦʜʝ ʧʨʦʝʢʪʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʥʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʷ-

ʜʘʤʠ ʠ ʬʨʘʢʪʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʨʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ Python-ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʢʨʠʚʦʡ ʂʦʭʘ 
ʚ Blender, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʳ 3D-ʨʝʥʜʝʨʳ ʠ ʧʣʘʢʘʪʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʬʨʘʢʪʘʣʴʥʳʭ ʘʣʛʦ-
ʨʠʪʤʦʚ ʚ ʜʠʟʘʡʥʝ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʠ ʢ ʜʨʫʛʠʤ ʚʠʜʘʤ ʬʨʘʢʪʘʣʦʚ, ʤʥʦʞʝ-
ʩʪʚʫ ʄʘʥʜʝʣʴʙʨʦʪʘ, ʪʨʝʫʛʦʣʴʥʠʢʫ ʉʝʨʧʠʥʩʢʦʛʦ, ʬʨʘʢʪʘʣʴʥʦʤʫ ʜʝʨʝʚʫ, ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʦʡ ʨʘʙʦʪʝ ʜʠʟʘʡʥʝʨʘ. 
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ɹʦʦʧʫʙʯʡʸ: ʎʝʤʝʥʪʠʨʦʚʘʥʠʝ ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʚ ʧʨʦ-
ʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʝʬʪʝʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʱʠʤ ʥʘ ʠʭ ʜʦʣʛʦʩʨʦʯʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, 
ʩʪʨʫʢʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ [1]. ʂʘʯʝʩʪʚʝʥʥʦʝ ʮʝʤʝʥʪʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʦʣʷʮʠʶ 
ʨʘʟʣʠʯʥʳʭ ʧʣʘʩʪʦʚ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʝʨʝʪʦʢʠ ʬʣʶʠʜʦʚ ʠ ʟʘʱʠʱʘʝʪ ʦʙʩʘʜʥʫʶ ʢʦʣʦʥʥʫ ʦʪ ʢʦʨʨʦʟʠʠ. 
ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʘʢʫʩʪʠʯʝʩʢʠʡ ʢʘʨʦʪʘʞ ʮʝʤʝʥʪʘ 
(CBL) ʠ ʧʝʨʝʤʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ (VDL), ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʦʜʥʘʢʦ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 
ʯʘʩʪʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʧʳʪʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥʘ ʩʫʙʲʝʢʪʠʚʥʳʤ ʬʘʢʪʦʨʘʤ. ʂʨʦʤʝ ʪʦʛʦ, 
ʩʣʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʧʘʨʘʤʝʪʨʘʤʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʮʝ-
ʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʘ ʪʘʢʞʝ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 
ʪʨʫʜʥʦʩʪʠ ʜʣʷ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʜʦ ʥʘʯʘʣʘ ʨʘʙʦʪ [1]. 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʝʬʪʝʛʘʟʦʚʘʷ ʦʪʨʘʩʣʴ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 
ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʜʨʘʡʚʝʨʦʚ ʠʥʥʦʚʘʮʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʀʀ, ʚʢʣʶ-
ʯʘʷ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘ-
ʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʮʝʤʝʥʪʠʨʦʚʘʥʠʝʤ ʩʢʚʘʞʠʥ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝ-
ʤʳ ʜʘʥʥʳʭ, ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʩʧʦʩʦʙʥʳʝ ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ [2]. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷ-
ʱʝʥʘ ʦʙʟʦʨʫ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʜʣʷ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ, ʘʥʘʣʠ-
ʟʫ ʧʨʝʠʤʫʱʝʩʪʚ, ʚʳʟʦʚʦʚ ʠ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʮʝʤʝʥʪʠʨʦʚʘʥʠʝ ʩʢʚʘʞʠʥ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʛʝʦʬʠʟʠʯʝ-
ʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥ, ʮʝʤʝʥʪʥʳʡ ʨʘʩʪʚʦʨ, ʢʘʯʝʩʪʚʦ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ. 
 

ARTIFICIAL INTELLIGENCE IN WELL CEMENTING: NEW OPPORTUNITIES AND PROSPECTS 
 

Al-Haithi Mohammed Ali 
 

Abstract: Well cementing is one of the most critically important stages in the process of oil and gas well con-
struction, directly impacting their long-term safety, structural integrity, and productivity [1]. High-quality cement-
ing ensures the isolation of various formations, prevents fluid migration, and protects the casing string from 
corrosion. Traditional methods for evaluating cementing quality, such as Cement Bond Log (CBL) and Variable 
Density Log (VDL), provide valuable information; however, their interpretation often requires significant experi-
ence and can be subject to subjective factors. Furthermore, the complexity of interactions between geological 
conditions, drilling fluid and cement slurry parameters, as well as operational cementing parameters, creates 
significant difficulties for accurately predicting cement sheath quality before operations begin [1]. 
In recent years, the oil and gas industry has actively adopted advanced technologies, and artificial intelligence 
(AI) is becoming a key driver of innovation. The application of AI methods, including machine learning and 
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neural networks, opens new possibilities for solving complex problems related to well cementing. These tech-
nologies allow for the analysis of large volumes of data, the identification of hidden patterns, and the construc-
tion of predictive models capable of significantly improving the accuracy of cementing process evaluation and 
optimization [2]. This article provides an overview of current achievements in the application of AI for well ce-
menting, an analysis of the advantages, challenges, and prospects for the development of this field. 
Keywords: Well cementing, artificial intelligence, neural networks, well logging, cement slurry, well cementing 
quality. 

  
ʈʘʟʚʠʪʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʤʥʦʞʝʩʪʚʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʝʪʦ-

ʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʘʜʘʧʪʠʚʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʠʨʦʚʘ-
ʥʠʷ ʚ ʩʣʦʞʥʳʭ ʩʢʚʘʞʠʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ: 

ʅʙʱʡʦʦʧʞ ʧʚʬʰʞʦʡʞ ʝʤʸ ʨʩʧʜʦʧʠʡʩʧʛʙʦʡʸ ʨʩʧʰʦʧʪʫʡ ʪʯʞʨʤʞʦʡʸ: ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝ-
ʥʠʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʩ ʦʙʩʘʜʥʦʡ 
ʢʦʣʦʥʥʦʡ ʠ ʧʦʨʦʜʦʡ ʧʣʘʩʪʘ. ʅʘʧʨʠʤʝʨ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʃʶ ʠ ʩʦʘʚʪʦʨʦʚ [1] ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʪʝʣ-
ʣʝʢʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝ-
ʪʠ Wide and Deep. ʕʪʘ ʤʦʜʝʣʴ ʠʥʪʝʛʨʠʨʫʝʪ ʜʚʘ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʘ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʮʝʤʝʥʪʥʦ-
ʛʦ ʨʘʩʪʚʦʨʘ ð ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʩʠʩʪʝʥʮʠʠ ʠ ʠʥʜʝʢʩ ʧʦʚʝʜʝʥʠʷ ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʤʝʭʘʥʠʟʤ 
ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʨʨʝʢʮʠʠ. ʄʦʜʝʣʴ ʩʧʦʩʦʙʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʩʮʝʧʣʝʥʠʷ ʥʘ ʛʨʘ-
ʥʠʮʘʭ ʦʙʩʘʜʥʘʷ ʢʦʣʦʥʥʘ-ʮʝʤʝʥʪʥʘʷ ʦʙʦʣʦʯʢʘ ʠ ʮʝʤʝʥʪʥʘʷ ʦʙʦʣʦʯʢʘ-ʧʣʘʩʪ. ʅʘ ʪʝʩʪʦʚʦʤ ʥʘʙʦʨʝ ʜʘʥ-
ʥʳʭ, ʩʦʩʪʦʷʱʝʤ ʠʟ 30 000 ʦʙʨʘʟʮʦʚ ʠʟ ʚʦʩʴʤʠ ʩʢʚʘʞʠʥ, ʤʦʜʝʣʴ ʜʦʩʪʠʛʣʘ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
87,29% ʠ 87,49% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʪʦʯʥʦʩʪʴ ʦʢʦʣʦ 90%, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 
ʚʳʩʦʢʫʶ ʘʜʘʧʪʠʨʫʝʤʦʩʪʴ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ [1]. 

ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, 
ʐʘʣʷʧʠʥ ʠ ʩʦʘʚʪʦʨʳ [3] ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘ-
ʯʝʩʪʚʘ ʢʨʝʧʣʝʥʠʷ ʩʢʚʘʞʠʥ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʫʶʪ ʬʘʢʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʢʨʝʧʣʝʥʠʶ ʩʢʚʘʞʠʥ ʩ ʧʨʠ-
ʤʝʥʝʥʠʝʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ [4]. 

ʆʞʢʩʧʦʦʴʞ ʪʞʫʡ ʝʤʸ ʙʦʙʤʡʠʙ ʝʙʦʦʴʮ ɼʁʊ: ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʥʘʣʠ-
ʟʘ ʜʘʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ (ɻʀʉ), ʪʘʢʠʭ ʢʘʢ ʘʢʫʩʪʠʯʝʩʢʠʡ ʢʘʨʦʪʘʞ ʮʝʤʝʥʪʘ (CBL) 
ʠ ʢʘʨʦʪʘʞ ʧʝʨʝʤʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (VDL). ʕʪʠ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʠ-
ʨʦʚʘʥʠʷ, ʥʦ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʦʡ. ʀʀ-ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʵʪʦʪ ʧʨʦ-
ʮʝʩʩ, ʚʳʷʚʣʷʷ ʜʝʬʝʢʪʳ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʢʘʥʘʣʳ, ʧʫʩʪʦʪʳ ʠ ʥʝʧʦʣʥʦʝ ʩʮʝʧʣʝʥʠʝ, ʩ ʚʳʩʦʢʦʡ 
ʪʦʯʥʦʩʪʴʶ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ ʜʝ ʉʦʫʟʘ ʠ ʩʦʘʚʪʦʨʦʚ [5] ʧʨʝʜʩʪʘʚʣʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ 
ʦʮʝʥʢʝ ʮʝʣʦʩʪʥʦʩʪʠ ʮʝʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʩʧʦʩʦʙʥʳʡ ʵʤʫʣʠʨʦʚʘʪʴ ʜʝʬʝʢʪ-
ʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʮʝʤʝʥʪʥʦʛʦ ʩʣʦʷ ʚ ʨʝʘʣʴʥʳʭ ʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥʘʭ. 

ʍʡʠʡʣʧ-ʡʦʭʧʩʥʡʩʧʛʙʦʦʴʞ ʦʞʢʩʧʦʦʴʞ ʪʞʫʡ (PINN): ʬʠʟʠʢʦ-ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝ-
ʪʠ (PINN) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʦʙʲʝʜʠʥʷʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʠ ʛʣʫʙʦʢʦʛʦ 
ʦʙʫʯʝʥʠʷ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʟʘʢʦʥʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʦʙʫʯʘʶʪʩʷ ʥʘ 
ʜʘʥʥʳʭ, ʥʦ ʠ ʫʯʠʪʳʚʘʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʬʠʟʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʨʝʦʣʦʛʠʷ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ. 
Zhang ʠ ʩʦʘʚʪʦʨʳ [6] ʧʨʝʜʣʦʞʠʣʠ RheologyNet, ʬʨʝʡʤʚʦʨʢ PINN, ʢʦʪʦʨʳʡ ʚʩʪʨʘʠʚʘʝʪ ʨʝʦʣʦʛʠʯʝʩʢʠʝ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʫ ʩʝʪʠ ʜʣʷ ʟʘʭʚʘʪʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦ-ʪʠʢʩʦʪʨʦʧʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 
ʮʝʤʝʥʪʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʥʘʜʝʞʥʳʝ ʠ ʦʙʦʙʱʘʝʤʳʝ ʤʦʜʝʣʠ, 
ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ. 

ɽʩʬʜʡʞ ʡʦʫʞʤʤʞʣʫʬʙʤʵʦʴʞ ʪʡʪʫʞʥʴ: ʧʦʤʠʤʦ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ, ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʠʥʪʝʣʣʝʢ-
ʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʇʝʨʤʩʢʠʡ ʇʦʣʠʪʝʭ ʠ ʢʠʪʘʡʩʢʠʝ ʫʯʝʥʳʝ ʩʦʟʜʘʣʠ ʀʀ-ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ 
ʘʥʘʣʠʟʠʨʫʝʪ ʜʝʚʷʪʴ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʢʚʘʞʠʥ, ʜʣʷ ʧʦʚʳʰʝ-
ʥʠʷ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ [7]. ɺ ʈʦʩʩʠʠ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʘ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʧʦʜʙʦʨʘ 
ʩʢʚʘʞʠʥ-ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʧʣʘʩʪʘ ʠ ʩʠʩʪʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦ-
ʤʳʩʣʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [8], [9]. ʕʪʠ ʨʘʟʨʘʙʦʪʢʠ, ʭʦʪʷ ʠ ʥʝ ʚʩʝʛʜʘ 
ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʮʝʤʝʥʪʠʨʦʚʘʥʠʝʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʙʱʠʡ ʪʨʝʥʜ ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩ-
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ʩʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. 
ɺʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʧʨʦʮʝʩʩ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ ʧʨʠʥʦʩʠʪ ʨʷʜ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝ-
ʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʦʧʝʨʘʮʠʡ: 

ʈʩʧʜʦʧʠʡʩʧʛʙʦʡʞ ʝʧ ʦʙʰʙʤʙ ʩʙʚʧʫ (Pre-job): ʀʀ-ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʪʦʯʥʦʝ ʧʨʦʛʥʦ-
ʟʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʝʱʝ ʜʦ ʥʘʯʘʣʘ ʨʘʙʦʪ. ɸʥʘʣʠʟʠʨʫʷ ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʛʝʦʣʦ-
ʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʩʚʦʡʩʪʚʘʭ ʮʝʤʝʥʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʧʘʨʘʤʝʪʨʘʭ ʟʘʢʘʯʢʠ, ʩʠʩʪʝʤʳ ʀʀ ʤʦʛʫʪ ʚʳʷʚʣʷʪʴ 
ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʠʩʢʠ ʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʦʩʣʦʞʥʝʥʠʷ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʞʝʥʝʨʘʤ ʟʘ-
ʙʣʘʛʦʚʨʝʤʝʥʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʣʘʥʳ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ, ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʨʘʩʪʚʦʨʦʚ ʠ 
ʨʝʞʠʤʳ ʟʘʢʘʯʢʠ, ʤʠʥʠʤʠʟʠʨʫʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʘʚʘʨʠʡ [1]. 

ʇʨʫʡʥʡʠʙʯʡʸ ʨʙʩʙʥʞʫʩʧʛ ʛ ʩʞʙʤʵʦʧʥ ʛʩʞʥʞʦʡ: ʚ ʧʨʦʮʝʩʩʝ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʀʀ ʤʦʞʝʪ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, 
ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʜʘʪʯʠʢʦʚ (ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʨʘʩʭʦʜ), ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʦʧʝ-
ʨʘʪʠʚʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʶ ʠ ʧʨʝʜʣʘʛʘʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʝʞʠʤʦʚ ʟʘʢʘʯʢʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜ-
ʜʝʨʞʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʘʜʘʧʪʠʨʫʷʩʴ ʢ 
ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʚ ʩʢʚʘʞʠʥʝ [1]. 

ʈʧʛʴʱʞʦʡʞ ʫʧʰʦʧʪʫʡ ʡʦʫʞʩʨʩʞʫʙʯʡʡ ʝʙʦʦʴʮ: ʀʀ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠʥʪʝʨʧʨʝ-
ʪʘʮʠʠ ʜʘʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ (ɻʀʉ), ʪʘʢʠʭ ʢʘʢ CBL ʠ VDL. ʊʨʘʜʠʮʠʦʥʥʘʷ ʠʥʪʝʨ-
ʧʨʝʪʘʮʠʷ ʵʪʠʭ ʜʘʥʥʳʭ ʯʘʩʪʦ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʫʙʲʝʢʪʠʚʥʦʡ. ɸʣʛʦʨʠʪʤʳ 
ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʧʦʩʦʙʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʜʝʬʝʢʪʳ ʮʝʤʝʥ-
ʪʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʫʶ ʠ ʪʦʯʥʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʩʮʝʧʣʝʥʠʷ. ʕʪʦ ʩʦʢʨʘʱʘʝʪ 
ʚʨʝʤʷ ʥʘ ʘʥʘʣʠʟ ʠ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ [5]. 

ʊʦʡʟʞʦʡʞ ʠʙʫʩʙʫ: ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʧʨʠʚʦʜʠʪ ʢ ʩʫ-
ʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 
ʩʥʠʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʚʪʦʨʥʦʤ ʮʝʤʝʥʪʠʨʦʚʘʥʠʠ (ʨʝʤʦʥʪʥʦ-ʠʟʦʣʷʮʠʦʥʥʳʭ ʨʘʙʦʪʘʭ) ʵʢʦʥʦʤʠʪ 
ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʚʨʝʤʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʙʫʨʦʚʳʭ 
ʨʘʩʪʚʦʨʦʚ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʠʟʜʝʨʞʝʢ [3]. 

ʅʞʫʧʝʧʤʧʜʡʸ ʡ ʣʤʷʰʞʛʴʞ ʨʙʩʙʥʞʫʩʴ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 
ʚ ʮʝʤʝʥʪʠʨʦʚʘʥʠʠ ʩʢʚʘʞʠʥ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨʦʤ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʢʘʯʝʩʪʚʦʤ ʠʩʧʦʣʴʟʫʝʤʳʭ 
ʜʘʥʥʳʭ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʀʀ-
ʤʦʜʝʣʝʡ ʜʣʷ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ. 

ɻʮʧʝʦʴʞ ʝʙʦʦʴʞ: ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʀʀ-ʤʦʜʝʣʝʡ ʪʨʝʙʫʝʪʩʷ ʦʙʰʠʨʥʳʡ ʥʘʙʦʨ 
ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ. ʂ ʥʠʤ ʦʪ-
ʥʦʩʷʪʩʷ: 

Å ɼʞʧʤʧʜʡʰʞʪʣʡʞ ʬʪʤʧʛʡʸ: ʪʠʧ ʧʦʨʦʜʳ, ʧʦʨʠʩʪʦʩʪʴ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ ʠ 
ʪʝʤʧʝʨʘʪʫʨʘ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʧʦʨʦʜʦʡ ʠ ʚʣʠʷʶʪ ʥʘ 
ʧʨʦʮʝʩʩ ʩʭʚʘʪʳʚʘʥʠʷ [1]. 

Å ʈʙʩʙʥʞʫʩʴ ʯʞʥʞʦʫʦʧʜʧ ʩʙʪʫʛʧʩʙ: ʩʦʩʪʘʚ ʮʝʤʝʥʪʘ, ʧʣʦʪʥʦʩʪʴ, ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
(ʚʷʟʢʦʩʪʴ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʩʠʩʪʝʥʮʠʠ, ʠʥʜʝʢʩ ʧʦʚʝʜʝʥʠʷ ʧʦʪʦʢʘ), ʚʨʝʤʷ ʩʭʚʘʪʳʚʘ-
ʥʠʷ, ʚʦʜʦʮʝʤʝʥʪʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʥʘʣʠʯʠʝ ʜʦʙʘʚʦʢ [1]. 

Å ʈʙʩʙʥʞʫʩʴ ʚʬʩʧʛʧʜʧ ʩʙʪʫʛʧʩʙ: ʧʣʦʪʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ, ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʬʠʣʴʪʨʘʮʠ-
ʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʚʘʞʥʳ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʳʪʝʩʥʝʥʠʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʮʝ-
ʤʝʥʪʥʳʤ [5]. 

Å ʉʞʟʡʥʴ ʠʙʣʙʰʣʡ: ʉʢʦʨʦʩʪʴ ʟʘʢʘʯʢʠ, ʜʘʚʣʝʥʠʝ, ʦʙʲʝʤ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ 
ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʟʘʧʦʣʥʝʥʠʷ ʟʘʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ [1]. 

Å ɽʙʦʦʴʞ ɼʁʊ: ʘʢʫʩʪʠʯʝʩʢʠʡ ʢʘʨʦʪʘʞ ʮʝʤʝʥʪʘ (CBL), ʢʘʨʦʪʘʞ ʧʝʨʝʤʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (VDL), 
ʛʘʤʤʘ-ʢʘʨʦʪʘʞ, ʥʝʡʪʨʦʥʥʳʡ ʢʘʨʦʪʘʞ ʠ ʜʨʫʛʠʝ ʜʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʠʨʦ-
ʚʘʥʠʷ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ [5]. 

ɹʩʮʡʫʞʣʫʬʩʴ ʥʧʝʞʤʞʢ: ʚʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʀʀ-ʤʦʜʝʣʠ ʟʘʚʠʩʠʪ ʦʪ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯʠ, ʦʙʲʝʤʘ ʠ 
ʪʠʧʘ ʜʦʩʪʫʧʥʳʭ ʜʘʥʥʳʭ. ɺ ʮʝʤʝʥʪʠʨʦʚʘʥʠʠ ʩʢʚʘʞʠʥ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ: 
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Å ʃʤʙʪʪʡʰʞʪʣʡʞ ʥʞʫʧʝʴ ʥʙʱʡʦʦʧʜʧ ʧʚʬʰʞʦʡʸ (ML): ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʤʝ-
ʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ (SVM), ʩʣʫʯʘʡʥʳʡ ʣʝʩ (Random Forest), ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ (Gradient Boosting) 
ʠ ʜʨʫʛʠʝ. ʕʪʠ ʤʝʪʦʜʳ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʜʣʷ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʨʝʛʨʝʩʩʠʠ, ʦʩʦʙʝʥʥʦ 
ʧʨʠ ʨʘʙʦʪʝ ʩ ʪʘʙʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ [3]. 

Å ɼʤʬʚʧʣʧʞ ʧʚʬʰʞʦʡʞ (Deep Learning): ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʝʨʮʝʧʪʨʦʥʳ (MLP), 
ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN) ʠ ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (RNN). ɻʣʫʙʦʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 
ʩʧʦʩʦʙʥʳ ʠʟʚʣʝʢʘʪʴ ʩʣʦʞʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʘʨʭʠ-
ʪʝʢʪʫʨʘ Wide and Deep, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʃʶ ʠ ʩʦʘʚʪʦʨʦʚ [1], ʵʬʬʝʢʪʠʚʥʦ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ 
ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʧʦʤʠʥʘʥʠʷ (Wide-ʯʘʩʪʴ) ʠ ʦʙʦʙʱʝʥʠʷ (Deep-ʯʘʩʪʴ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʡ ʫʩʧʝʰʥʦ ʧʨʦʛʥʦ-
ʟʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ [1]. CNN ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫ-
ʯʝʥʥʳʭ ʠʟ ʜʘʥʥʳʭ VDL, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ [5]. 

Å ʍʡʠʡʣʧ-ʡʦʭʧʩʥʡʩʧʛʙʦʦʴʞ ʦʞʢʩʧʦʦʴʞ ʪʞʫʡ (PINN): ʵʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝ-
ʥʠʝ, ʢʦʪʦʨʦʝ ʠʥʪʝʛʨʠʨʫʝʪ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ (ʥʘʧʨʠʤʝʨ, ʫʨʘʚʥʝʥʠʷ ʨʝʦʣʦʛʠʠ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʘʨʭʠ-
ʪʝʢʪʫʨʫ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʥʘʜʝʞʥʳʝ ʠ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥ-
ʥʳʝ ʤʦʜʝʣʠ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ, ʠ ʧʦʚʳʰʘʝʪ ʠʭ ʦʙʦʙʱʘʶʱʫʶ ʩʧʦʩʦʙ-
ʥʦʩʪʴ [6]. 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʥʘʙʦʨʘ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ ʩʦʟʜʘ-
ʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʀʀ-ʤʦʜʝʣʠ, ʩʧʦʩʦʙʥʦʡ ʪʦʯʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʮʝʤʝʥʪʠʨʦ-
ʚʘʥʠʷ ʩʢʚʘʞʠʥ. 

ɻʴʠʧʛʴ ʡ ʧʜʩʙʦʡʰʞʦʡʸ: ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ, ʚʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 
ʠʥʪʝʣʣʝʢʪʘ ʚ ʮʝʤʝʥʪʠʨʦʚʘʥʠʝ ʩʢʚʘʞʠʥ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʚʳʟʦʚʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠ-
ʤʦ ʫʯʠʪʳʚʘʪʴ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ. 

ʃʙʰʞʪʫʛʧ ʡ ʧʚʳʞʥ ʝʙʦʦʴʮ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʀʀ-ʤʦʜʝʣʝʡ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠ ʦʙʲʝ-
ʤʘ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ. ɺ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʜʘʥʥʳʝ ʯʘʩʪʦ ʙʳʚʘʶʪ ʨʘʟʨʦʟʥʝʥʥʳʤʠ, ʥʝʧʦʣʥʳʤʠ, 
ʟʘʰʫʤʣʝʥʥʳʤʠ ʠʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʘʭ. ʉʙʦʨ, ʦʯʠʩʪʢʘ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʙʦʣʴʰʠʭ 
ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʣʦʞʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʦʡ ʟʘʜʘʯʝʡ. 
ʅʝʜʦʩʪʘʪʦʢ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʤʦʜʝʣʝʡ ʩ ʥʠʟʢʦʡ ʦʙʦʙʱʘʶʱʝʡ 
ʩʧʦʩʦʙʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʧʣʦʭʦ ʨʘʙʦʪʘʶʪ ʥʘ ʥʦʚʳʭ, ʨʘʥʝʝ ʥʝ ʚʠʜʝʥʥʳʭ ʜʘʥʥʳʭ [1]. 

ʆʞʧʚʮʧʝʡʥʧʪʫʵ ʡʦʫʞʜʩʙʯʡʡ ʶʣʪʨʞʩʫʦʴʮ ʠʦʙʦʡʢ (Domain Knowledge): ʯʠʩʪʦ ʜʘʪʘ-ʮʝʥʪʨʠʯʥʳʡ 
ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʀʀ-ʤʦʜʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʚ ʪʘʢʦʡ ʩʣʦʞʥʦʡ ʦʙʣʘʩʪʠ, ʢʘʢ ʮʝʤʝʥʪʠʨʦ-
ʚʘʥʠʝ ʩʢʚʘʞʠʥ. ʀʥʪʝʛʨʘʮʠʷ ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ (domain knowledge) ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʤʦʜʝʣʝʡ ʠʣʠ ʧʨʦʮʝʩʩ 
ʠʭ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʫʯʝʪ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʛʝʦʣʦ-
ʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʣʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʬʠʟʠʢʦ-ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʝʡʨʦʥ-
ʥʳʝ ʩʝʪʠ (PINN) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʲʝʜʠʥʠʪʴ ʜʘʥʥʳʝ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʤʦʜʝ-
ʣʷʤʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ [6]. 

ʈʩʧʚʤʞʥʴ ʡʦʫʞʩʨʩʞʫʡʩʬʞʥʧʪʫʡ ʥʧʝʞʤʞʢ ("ʰʞʩʦʴʢ ʸʲʡʣ"): ʤʥʦʛʠʝ ʤʦʱʥʳʝ ʀʀ-ʤʦʜʝʣʠ, ʦʩʦ-
ʙʝʥʥʦ ʛʣʫʙʦʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ "ʯʝʨʥʳʝ ʷʱʠʢʠ", ʧʦʩʢʦʣʴʢʫ ʠʭ ʚʥʫʪʨʝʥʥʠʝ 
ʤʝʭʘʥʠʟʤʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʩʣʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ. ɺ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ 
ʮʝʤʝʥʪʠʨʦʚʘʥʠʝ ʩʢʚʘʞʠʥ, ʛʜʝ ʦʰʠʙʢʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʧʦ-
ʯʝʤʫ ʤʦʜʝʣʴ ʩʜʝʣʘʣʘ ʪʦ ʠʣʠ ʠʥʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ, ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʳʤ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʦʙʲʷʩ-
ʥʠʤʦʛʦ ʀʀ (Explainable AI, XAI) ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʚʝʨʠʷ ʢ ʀʀ-
ʩʠʩʪʝʤʘʤ ʠ ʠʭ ʧʨʠʥʷʪʠʷ ʠʥʞʝʥʝʨʘʤʠ ʠ ʦʧʝʨʘʪʦʨʘʤʠ [1]. 

ʊʧʨʩʧʫʡʛʤʞʦʡʞ ʡʠʥʞʦʞʦʡʸʥ ʡ ʛʦʞʝʩʞʦʡʞ: ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʩʝʛʜʘ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠʟʤʝʥʝʥʠʷʤ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ, ʠʟʤʝʥʝʥʠʷ ʫʩʪʦʷʚʰʠʭʩʷ ʨʘʙʦʯʠʭ 
ʧʨʦʮʝʩʩʦʚ ʠ ʠʥʪʝʛʨʘʮʠʠ ʀʀ-ʩʠʩʪʝʤ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝ-
ʧʷʪʩʪʚʠʝʤ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʘʷ ʛʦʪʦʚʥʦʩʪʴ, ʥʦ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥ-
ʥʘʷ ʧʦʜʜʝʨʞʢʘ, ʘ ʪʘʢʞʝ ʯʝʪʢʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʀʀ ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ. 

ʀʙʣʤʷʰʞʦʡʞ: ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʮʝʤʝʥʪʠʨʦʚʘʥʠʠ ʩʢʚʘʞʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ʀʀ-ʪʝʭʥʦʣʦʛʠʠ, 
ʚʢʣʶʯʘʷ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʛʣʫʙʦʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʫʞʝ ʩʝʛʦʜʥʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦ-
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ʪʝʥʮʠʘʣ ʚ ʧʦʚʳʰʝʥʠʠ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʝʨʘʮʠʦʥʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʫʣʫʯʰʝʥʠʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ɻʀʉ ʠ ʩʥʠʞʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 
ʟʘʪʨʘʪ. ʄʦʜʝʣʠ, ʪʘʢʠʝ ʢʘʢ Wide and Deep ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪ-
ʨʘʤʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʨʨʝʢʮʠʝʡ, ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʩʮʝʧʣʝʥʠʷ 
ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʢ ʣʘʙʦʨʘʪʦʨʥʳʤʠ, ʪʘʢ ʠ ʧʦʣʝʚʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ [1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʳʟʦʚʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʘʯʝʩʪʚʦʤ ʠ ʦʙʲʝʤʦʤ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦ-
ʩʪʴʶ ʠʥʪʝʛʨʘʮʠʠ ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ ʠ ʧʨʦʙʣʝʤʘʤʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ ʤʦʜʝʣʝʡ, ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ 
ʤʝʪʦʜʦʚ ʦʙʲʷʩʥʠʤʦʛʦ ʀʀ ʠ ʬʠʟʠʢʦ-ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ 
ʙʦʣʝʝ ʥʘʜʝʞʥʳʭ, ʧʨʦʟʨʘʯʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. ɹʫʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʩʨʝʜʦ-
ʪʦʯʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 
ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʩʦʟʜʘʥʠʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʙʦʨʫ ʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ. 
ʋʩʧʝʰʥʦʝ ʧʨʝʦʜʦʣʝʥʠʝ ʵʪʠʭ ʚʳʟʦʚʦʚ ʧʦʟʚʦʣʠʪ ʧʦʣʥʦʩʪʴʶ ʨʘʩʢʨʳʪʴ ʧʦʪʝʥʮʠʘʣ ʀʀ, ʪʨʘʥʩʬʦʨʤʠʨʫʷ 
ʧʨʦʮʝʩʩ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʣʛʦʩʨʦʯʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʝʬʪʝʛʘ-
ʟʦʚʳʭ ʘʢʪʠʚʦʚ. 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʜʘʪʯʠʢʠ ʢʘʢ ʚʘʞʥʳʝ ʵʣʝʤʝʥʪʳ ʠʟ-
ʤʝʨʠʪʝʣʴʥʳʭ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ. ʆʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʤʦʞʝʪ ʙʳʪʴ 
ʦʙʨʘʙʦʪʘʥ ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʜʘʪʯʠʢʦʚ, ʦʩʦʙʝʥ-
ʥʦʩʪʠ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʬʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ 
ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʧʨʠʥʮʠʧʳ ʜʝʡʩʪʚʠʷ, ʪʝʨʤʦʧʘʨʳ, ʵʬʬʝʢʪ ɿʝʝʙʝʢʘ, ʫʤʥʳʝ 
ʜʦʤʘ, ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʩʪʴ. 
 

SENSORS IN MODERN ELECTRONICS: TYPES AND AREAS OF APPLICATION 
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Abstract: The article discusses modern electronic sensors as important elements of measuring and control 
systems. They are designed to register environmental parameters and convert the information received into an 
electrical signal, which can then be processed by other devices. The paper describes the main types of sen-
sors, the features of their functioning, the scope of practical use, as well as the current directions of their fur-
ther development. 
Keywords: Electrical sensors, principles of operation, thermocouples, Seebeck effect, smart homes, automo-
tive industry, energy independence. 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʪʯʠʢʠ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʨʘʟʚʠʪʠʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʀʭ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʬʠʢʩʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʠʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙ-
ʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ: ʦʪ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʜʦ 
ʩʣʦʞʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʥʪʨʦʣʴ ʨʘʙʦʯʠʭ 
ʧʨʦʮʝʩʩʦʚ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʘʪʯʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ, 
ʵʥʝʨʛʝʪʠʢʝ, ʘʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʬʝʨʝ, ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʠ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʉ ʠʭ 
ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʣʘʞʥʦʩʪʴ, ʜʘʚʣʝʥʠʝ, ʦʩʚʝʱʸʥʥʦʩʪʴ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʧʘ-
ʨʘʤʝʪʨʦʚ.[1] ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʫʣʫʯʰʘʪʴ ʨʘʙʦʪʫ ʩʠʩʪʝʤ, ʧʦʚʳʰʘʪʴ ʠʭ ʥʘʜʸʞʥʦʩʪʴ, ʙʝʟ-
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ʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʜʘʪʯʠʢʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦ-
ʥʠʢʠ ʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɼʘʪʯʠʢʠ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʦʩʥʦʚʥʳʤ ʧʨʠʟʥʘʢʘʤ. 
1. ʇʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ 
ʈʝʟʠʩʪʠʚʥʳʝ ʜʘʪʯʠʢʠ ʠʟʤʝʥʷʶʪ ʩʚʦʸ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʟʤʝʨʷʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ.[2] ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʪʝʨʤʦʤʝʪʨʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙ-
ʨʘʟʦʚʘʪʝʣʠ. ɪʤʢʦʩʪʥʳʝ ʜʘʪʯʠʢʠ ʬʠʢʩʠʨʫʶʪ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʸʤʢʦʩʪʠ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠ 
ʚʦʟʜʝʡʩʪʚʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʳ. ʀʥʜʫʢʪʠʚʥʳʝ ʜʘʪʯʠʢʠ ʨʘʙʦʪʘʶʪ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʠʥʜʫʢʪʠʚ-
ʥʦʩʪʠ ʠʣʠ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ 
ʦʩʥʦʚʘʥʳ ʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʦʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠ-
ʯʝʩʢʠʡ ʟʘʨʷʜ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʊʘʢʠʝ ʜʘʪʯʠʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʪʝʭʥʠʢʝ, 
ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʷ ʚʠʙʨʘʮʠʡ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚʘʭ.[3] ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʧʨʝʦʙʨʘʟʫʶʪ ʩʚʝʪʦ-
ʚʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʬʦʪʦʜʠʦʜʳ ʠ ʬʦʪʦʨʝʟʠ-
ʩʪʦʨʳ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʠʣʠ ʪʝʨʤʦʧʘʨʳ, ʠʩʧʦʣʴʟʫʶʪ ʵʬʬʝʢʪ ɿʝʝʙʝʢʘ.[1] ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʩʦʝʜʠʥʝʥʠʷʤʠ ʨʘʟʥʳʭ ʧʨʦ-
ʚʦʜʥʠʢʦʚ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʥʠ 
ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʥʘʧʨʠʤʝʨ, ʛʘʟʦʚ ʠʣʠ ʠʦʥʦʚ ʚ ʞʠʜʢʠʭ 
ʩʨʝʜʘʭ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ pH-ʜʘʪʯʠʢʠ. 

2. ʇʦ ʚʠʜʫ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 
ɸʥʘʣʦʛʦʚʳʝ ʜʘʪʯʠʢʠ ʬʦʨʤʠʨʫʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦ ʥʘʧʨʷʞʝ-

ʥʠʶ ʠʣʠ ʪʦʢʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. ɼʠʩʢʨʝʪʥʳʝ ʜʘʪʯʠʢʠ ʚʳʜʘʶʪ ʩʠʛʥʘʣ ʩ ʦʛʨʘʥʠ-
ʯʝʥʥʳʤ ʯʠʩʣʦʤ ʩʦʩʪʦʷʥʠʡ, ʥʘʧʨʠʤʝʨ, çʚʢʣʶʯʝʥʦè ʠʣʠ çʚʳʢʣʶʯʝʥʦè. ʎʠʬʨʦʚʳʝ ʜʘʪʯʠʢʠ ʧʝʨʝʜʘʶʪ ʠʥ-
ʬʦʨʤʘʮʠʶ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʠʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴʩʷ ʚ ʙʘʡʪʳ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ 
ʵʣʝʢʪʨʦʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

3. ʇʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʰʥʝʛʦ ʧʠʪʘʥʠʷ 
ʇʦ ʜʘʥʥʦʤʫ ʧʨʠʟʥʘʢʫ ʜʘʪʯʠʢʠ ʜʝʣʷʪʩʷ ʥʘ ʘʢʪʠʚʥʳʝ ʠ ʧʘʩʩʠʚʥʳʝ. ɸʢʪʠʚʥʳʝ ʜʘʪʯʠʢʠ ʜʣʷ ʨʘʙʦʪʳ 

ʪʨʝʙʫʶʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʠʣʠ ʩʠʛʥʘʣʘ ʚʦʟʙʫʞʜʝʥʠʷ. ʇʘʩʩʠʚʥʳʝ ʜʘʪʯʠʢʠ ʥʝ ʥʫʞʜʘʶʪʩʷ ʚ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʠʪʘʥʠʠ: ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʥʘ ʠʭ ʚʳʭʦʜʝ ʧʦʷʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʰʥʝʛʦ ʚʦʟ-
ʜʝʡʩʪʚʠʷ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ.[3] ɺ ʮʝʣʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʨʘʙʦʪʘʶʪ ʧʦ 
ʧʨʠʥʮʠʧʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʚʣʘʞʥʦʩʪʴ, ʦʩʚʝʱʸʥ-
ʥʦʩʪʴ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 
ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ: ʪʝʨʤʦʵʣʝʤʝʥʪʳ, ʧʴʝʟʦʵʣʝʤʝʥʪʳ, ʬʦʪʦʜʠʦʜʳ ʠ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʨʝʘʛʠ-
ʨʫʶʱʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴ-
ʥʳʝ ʩʧʦʩʦʙʳ ʥʘʩʪʨʦʡʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ. ʂʘʣʠʙʨʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʚʝʨʷʪʴ ʨʘʙʦʪʫ 
ʜʘʪʯʠʢʘ, ʚʳʷʚʣʷʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʚʥʦʩʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʦʧʨʘʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʭ 
ʨʝʟʫʣʴʪʘʪʦʚ. ʋʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʘʪʯʠʢʘ ʩʣʠʰʢʦʤ 
ʩʣʘʙʳʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʠʣʠʪʝʣʝʡ ʜʝʣʘʝʪ ʝʛʦ ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʚʳʰʘʝʪ 
ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʌʠʣʴʪʨʘʮʠʷ ʧʦʤʝʭ ʧʦʤʦʛʘʝʪ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʠ-
ʯʝʩʢʠʭ ʰʫʤʦʚ ʠ ʩʣʫʯʘʡʥʳʭ ʠʩʢʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʢʘʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ. ʂʦʤʧʝʥʩʘʮʠʷ ʚʥʝʰ-
ʥʠʭ ʬʘʢʪʦʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʯʸʪʘ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ, ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 
ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʠ ʧʦʚʳʩʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦ-
ʢʘʟʘʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʠʤʝʨ, MEMS-ʪʝʭʥʦʣʦʛʠʡ, ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘ-
ʚʘʪʴ ʢʦʤʧʘʢʪʥʳʝ, ʪʦʯʥʳʝ ʠ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʜʘʪʯʠʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ.[4] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʯʝʪʘʥʠʝ ʢʘʣʠʙʨʦʚʢʠ, ʫʩʠʣʝʥʠʷ, ʬʠʣʴʪʨʘʮʠʠ, ʢʦʤʧʝʥʩʘʮʠʠ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 
ʥʘʜʸʞʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʜʘʪʯʠʢʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʝ, ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʝ, ʪʨʘʥʩʧʦʨ-
ʪʝ ʠ ʜʨʫʛʠʭ ʩʬʝʨʘʭ. 
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ʇʚʤʙʪʫʡ ʨʩʡʥʞʦʞʦʡʸ ʶʤʞʣʫʩʡʰʞʪʣʡʮ ʝʙʫʰʡʣʧʛ 
ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʶʪ ʧʦ-

ʣʫʯʘʪʴ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʦʚ, ʧʨʦʮʝʩʩʦʚ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʥʘ 
ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʘʪʯʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʠʟʤʝʨʷʶʪ 
ʪʝʤʧʝʨʘʪʫʨʫ, ʜʘʚʣʝʥʠʝ, ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʚʠʙʨʘʮʠʠ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ. ʕʪʦ ʧʦʟ-
ʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʚʳʰʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ.[1] 
ʂʨʦʤʝ ʪʦʛʦ, ʜʘʪʯʠʢʠ ʧʦʤʦʛʘʶʪ ʟʘʨʘʥʝʝ ʚʳʷʚʣʷʪʴ ʧʨʠʟʥʘʢʠ ʚʦʟʤʦʞʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʯʪʦ ʩʥʠʞʘʝʪ 
ʨʠʩʢ ʘʚʘʨʠʡ ʠ ʫʤʝʥʴʰʘʝʪ ʧʨʦʩʪʦʠ. ʆʥʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, 
ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ. ɺ ʤʝʜʠʮʠʥʝ ʠ 
ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʯʝʣʦʚʝʢʘ ʠ 
ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʙʦʨʘʭ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʫʣʴʩ, ʘʨʪʝʨʠʘʣʴ-
ʥʦʝ ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʣʘ ʠ ʜʨʫʛʠʝ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʝ ʧʦʢʘʟʘʪʝʣʠ.[4] ʊʘʢʞʝ ʜʘʪʯʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ. ɺ ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʥʠ 
ʧʦʤʦʛʘʶʪ ʬʠʢʩʠʨʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʣʫ-
ʯʝʥʠʷ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʜʘʪʯʠʢʠ ʪʘʢʞʝ ʩʪʘʣʠ ʧʨʠʚʳʯʥʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ. ɺ ʩʠʩʪʝʤʘʭ çʫʤʥʦʛʦ ʜʦʤʘè ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʩʚʝʱʝʥʠʝʤ, 
ʢʣʠʤʘʪʦʤ, ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʙʳʪʦʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɺ ʘʚʪʦʤʦʙʠʣʷʭ ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʨʘʙʦʪʫ ʜʚʠ-
ʛʘʪʝʣʷ, ʪʦʨʤʦʟʥʳʭ ʩʠʩʪʝʤ, ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘʜʘʧʪʠʚʥʦʛʦ ʢʨʫʠʟ-ʢʦʥʪʨʦʣʷ ʠ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʥʥʳʭ 
ʩʠʩʪʝʤ.[2] ɺ ʥʦʩʠʤʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, ʥʘʧʨʠʤʝʨ, ʚ ʬʠʪʥʝʩ-ʙʨʘʩʣʝʪʘʭ ʠ ʫʤʥʳʭ ʯʘʩʘʭ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 
ʦʪʩʣʝʞʠʚʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʥʘ, ʯʘʩʪʦʪʳ ʧʫʣʴʩʘ ʠ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʜʦʨʦʚʴʷ. 

ʀʪʘʢ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʤʦʝ ʤʝʩʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʝ. ʆʥʠ 
ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ ʦ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʡ 
ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʚʳʰʘʶʪ ʥʘʜʸʞʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʜʝʣʘʶʪ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʳʤ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʤ. 

ʇʪʦʧʛʦʴʞ ʦʙʨʩʙʛʤʞʦʡʸ ʩʙʠʛʡʫʡʸ ʶʤʞʣʫʩʡʰʞʪʣʡʮ ʝʙʫʰʡʣʧʛ 
ʈʘʟʚʠʪʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʦʷʥʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʤʠʥʠʘʪʶʨʠʟʘʮʠʷ. 
ʉʦʚʨʝʤʝʥʥʳʝ ʜʘʪʯʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʤʝʥʴʰʝ ʧʦ ʨʘʟʤʝʨʫ ʠ ʣʝʛʯʝ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʢʦʤʧʘʢʪʥʳʝ ʵʣʝʢ-
ʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʦʨʪʘʪʠʚʥʦʡ ʪʝʭʥʠʢʝ, ʤʦʙʠʣʴʥʳʭ ʧʨʠ-
ʙʦʨʘʭ, ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʥʦʩʠʤʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ʊʘʢʞʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝ-
ʥʠʶ ʪʦʯʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʜʘʪʯʠʢʠ, ʢʦʪʦ-
ʨʳʝ ʩʧʦʩʦʙʥʳ ʬʠʢʩʠʨʦʚʘʪʴ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʦ ʧʦʚʳʰʘʝʪ 
ʢʘʯʝʩʪʚʦ ʢʦʥʪʨʦʣʷ ʠ ʜʝʣʘʝʪ ʠʟʤʝʨʝʥʠʷ ʙʦʣʝʝ ʥʘʜʸʞʥʳʤʠ. ʆʪʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠ-
ʪʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ.[3] ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʩʦʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʥʦ ʠ ʯʘ-
ʩʪʠʯʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʝʸ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘ-
ʤʠ ʩʠʩʪʝʤʳ ʠ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʝ ʠʩʢʫʩ-
ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ɺʩʸ ʰʠʨʝ ʧʨʠʤʝʥʷʶʪʩʷ ʙʝʩʧʨʦʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʘʯʠ 
ʜʘʥʥʳʭ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʜʘʪʯʠʢʘʤ ʦʙʤʝʥʠʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʙʝʟ ʢʘʙʝʣʴʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ, ʯʪʦ ʜʝʣʘ-
ʝʪ ʩʠʩʪʝʤʳ ʙʦʣʝʝ ʛʠʙʢʠʤʠ, ʤʦʙʠʣʴʥʳʤʠ ʠ ʫʜʦʙʥʳʤʠ ʧʨʠ ʫʩʪʘʥʦʚʢʝ.[1] ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 
ʩʯʠʪʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʘʚʪʦʥʦʤʥʳʭ ʜʘʪʯʠʢʦʚ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ 
ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʸʪ ʩʚʝʪʘ, 
ʪʝʧʣʘ ʠʣʠ ʚʠʙʨʘʮʠʡ. ʕʪʦ ʫʤʝʥʴʰʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʯʘʩʪʦʡ ʟʘʤʝʥʳ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ.[2] ʂʨʦʤʝ ʪʦʛʦ, 
ʨʘʟʚʠʚʘʝʪʩʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʜʘʪʯʠʢʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚʩʸ ʯʘʱʝ ʩʧʦʩʦʙʥʳ ʠʟʤʝʨʷʪʴ 
ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʫ, ʚʣʘʞʥʦʩʪʴ, ʜʘʚʣʝʥʠʝ ʠʣʠ ʦʩʚʝʱʸʥʥʦʩʪʴ. ʕʪʦ ʧʦ-
ʚʳʰʘʝʪ ʠʭ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ.[4] ɺʘʞʥʦʡ ʪʝʥ-
ʜʝʥʮʠʝʡ ʩʪʘʥʦʚʠʪʩʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʩʪʨʝʤʷʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʜʦʣ-
ʛʦʚʝʯʥʳʝ, ʙʝʟʦʧʘʩʥʳʝ ʠ ʵʢʦʣʦʛʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʫʤʝʥʴʰʘʶʪ ʚʨʝʜʥʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʨʘʩʩʤʦʪʨʝʥʠʶ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʧʦ-
ʩʪʝʧʝʥʥʦ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʤʠ, ʪʦʯʥʳʤʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 
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ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʝ ʠ ʧʨʠʤʝʥʝʥʠʶ 
ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʜʝʣʘʝʪ ʜʘʪʯʠʢʠ ʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʥʦʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 
ʩʠʩʪʝʤ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʩʬʝʨʘʭ. ɺ ʤʝʜʠʮʠʥʝ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʦ-
ʩʪʦʷʥʠʝʤ ʧʘʮʠʝʥʪʦʚ, ʢʦʥʪʨʦʣʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʚʳʷʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʨʫʰʝʥʠʡ ʚ ʨʘ-
ʙʦʪʝ ʦʨʛʘʥʠʟʤʘ. ɺ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʦʪʨʘʩʣʠ ʜʘʪʯʠʢʠ ʧʦʤʦʛʘʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ 
ʘʚʪʦʤʦʙʠʣʷ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʦʨʨʝʢʪʥʫʶ ʨʘʙʦʪʫ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʧʦʚʳʰʘʪʴ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʜʚʠʞʝʥʠʷ. ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-
ʮʝʩʩʦʚ, ʢʦʥʪʨʦʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 
ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ 
ʨʦʣʴ ʚ ʠʭ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʠ. ʆʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʙʝʟʦʧʘʩʥʦʩʪʠ, 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ǰǧǰǱǤǫǟ ǯǟǰǮǭǦǬǟǡǟǬǧǾ ǢǭǪǭǰǭǡǺǴ 
ǰǭǭǠǸǤǬǧǨ ǧ ǮǯǤǭǠǯǟǦǭǡǟǬǧǾ ǡ 
ǰǱǯǲǩǱǲǯǧǯǭǡǟǬǬǺǨ ǱǤǩǰǱǭǡǺǨ ǳǭǯǫǟǱ 

ǶǿȀȒȄȁ ǯȍȐȑȇȐȊǿȁ ǮǿȁȊȍȁȇȖ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʦʨʦʢʠʥ ɸʣʝʢʩʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 
ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʦʣʦʩʦʚʳʭ ʩʦʦʙʱʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ 
ʪʝʢʩʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʨʝʯʠ, ʘʢʮʝʥʪʦʚ ʠ ʬʦʥʦʚʦʛʦ ʰʫʤʘ. ʇʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 
ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ: ʢʣʘʩʩʠʯʝʩʢʠʭ ASR-ʩʠʩʪʝʤ (CMU Sphinx), ʦʙʣʘʯʥʳʭ API (Yandex 
SpeechKit, Google Speech) ʠ ʦʪʢʨʳʪʳʭ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ (Whisper, Wav2Vec2). ɺʳʷʚʣʝʥʳ ʠʭ ʦʛʨʘ-
ʥʠʯʝʥʠʷ: ʦʪʩʫʪʩʪʚʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʩʫʱʥʦʩʪʝʡ (ʜʘʪ, ʠʤʝʥ, ʥʦʤʝʨʦʚ) ʠ ʧʨʠʚʝʜʝ-
ʥʠʷ ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʬʦʨʤʘʪʫ. ʆʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʧʦʩʪʧʨʦʮʝʩʩʠʥʛʘ ʥʘ ʙʘʟʝ 
ʧʨʘʚʠʣ ʠ ʣʝʛʢʦʚʝʩʥʳʭ NER-ʤʦʜʝʣʝʡ. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʤʦʜʫʣʴ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʠʟʚʣʝʯʝʥʠʷ ʩʫʱʥʦʩʪʝʡ ʠ ʰʘʙʣʦʥʠʟʘʮʠʠ ʚʳʚʦʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ 
ʨʝʰʝʥʠʷ ʫʩʢʦʨʷʝʪ ʦʙʨʘʙʦʪʢʫ ʛʦʣʦʩʦʚʳʭ ʟʘʤʝʪʦʢ, ʩʥʠʞʘʝʪ ʜʦʣʶ ʨʫʯʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʘʝʪ 
ʧʨʠʛʦʜʥʦʩʪʴ ʪʝʢʩʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ (ʢʘʣʝʥʜʘʨʝʡ, CRM). 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʛʦʣʦʩʦʚʳʝ ʩʦʦʙʱʝʥʠʷ, ʩʪʨʫʢʪʫʨʠʨʦ-
ʚʘʥʥʳʡ ʪʝʢʩʪ, ʠʟʚʣʝʯʝʥʠʝ ʩʫʱʥʦʩʪʝʡ, ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ, Whisper, ʧʦʩʪʦʙʨʘʙʦʪʢʘ, ʜʠʘʣʦʛʦʚʳʝ ʩʠ-
ʩʪʝʤʳ. 
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Abstract: This paper examines the challenges of converting voice messages into structured text in the pres-
ence of highly variable speech, accents, and background noise. A comparative analysis of existing approach-
es is provided: classic ASR systems (CMU Sphinx), cloud APIs (Yandex SpeechKit, Google Speech), and 
open neural network models (Whisper, Wav2Vec2). Their limitations are identified: the lack of automatic ex-
traction of key entities (dates, names, numbers) and conversion to a canonical format. The feasibility of inte-
grating rule-based postprocessing with lightweight NER models is substantiated. An approach to implementing 
a system that includes a recognition module, entity extraction, and output templating is proposed. It is shown 
that this solution accelerates voice memo processing, reduces manual editing, and improves the text's suitabil-
ity for automated systems (calendars, CRM). 
Keywords: speech recognition, artificial intelligence, voice messages, structured text, entity extraction, neural 
network models, Whisper, postprocessing, dialog systems. 
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ɻʛʞʝʞʦʡʞ 
ɺ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʦʙʲʸʤʘ ʛʦʣʦʩʦʚʳʭ ʩʦʦʙʱʝʥʠʡ ʚ ʤʝʩʩʝʥʜʞʝʨʘʭ, ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʝʯʠ ʥʝ ʧʨʦʩʪʦ ʚ ʪʝʢʩʪ, ʘ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʬʦʨʤʘʪ, ʧʨʠʛʦʜʥʳʡ 
ʜʣʷ ʤʘʰʠʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʥʫʞʜʝʥ ʣʠʙʦ ʩʣʫʰʘʪʴ ʩʦʦʙʱʝʥʠʝ ʮʝʣʠʢʦʤ, ʣʠ-
ʙʦ ʯʠʪʘʪʴ ʧʣʦʭʦ ʦʬʦʨʤʣʝʥʥʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʪʨʘʥʩʢʨʠʧʪ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʚʳʜʝʣʝʥʠʝ ʜʘʪ, ʠʤʸʥ, ʮʠʬʨ 
ʠ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ [1].  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ (ASR) ʜʦʩʪʠʛʣʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʚ ʯʠʩʪʳʭ ʫʩʣʦʚʠʷʭ, ʦʜ-
ʥʘʢʦ ʠʭ ʚʳʚʦʜ ʦʩʪʘʸʪʩʷ çʧʦʪʦʢʦʤ ʩʣʦʚè. ɺ ʨʘʙʦʪʝ [2] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʩ ʚʳʜʝ-
ʣʝʥʠʝʤ ʠʤʝʥʦʚʘʥʥʳʭ ʩʫʱʥʦʩʪʝʡ (NER) ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʣʦʩʦʚʳʭ ʠʥ-
ʪʝʨʬʝʡʩʦʚ. ɺ [3] ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʣʦʢʘʣʴʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʪʠʧʘ Whisper ʜʘʶʪ ʧʨʠʝʤʣʝʤʦʝ 
ʢʘʯʝʩʪʚʦ ʙʝʟ ʦʪʧʨʘʚʢʠ ʜʘʥʥʳʭ ʚ ʦʙʣʘʢʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʦʣʦʩʦʚʳʭ ʩʦʦʙʱʝʥʠʡ ʥʝʦʙ-
ʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ, ʩʦʯʝʪʘʶʱʫʶ ʩʦʚʨʝʤʝʥʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ ʩ ʤʦʜʫʣʝʤ ʠʟʚʣʝʯʝʥʠʷ 
ʩʫʱʥʦʩʪʝʡ ʠ ʧʨʘʚʠʣ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ (ʜʘʪʳ, ʚʨʝʤʷ, ʘʜʨʝʩʘ, ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ). ʎʝʣʴ ʨʘʙʦʪʳ ð ʨʘʟ-
ʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʠʥʪʝʛʨʘʮʠʠ ʤʝʭʘʥʠʟʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʦʣʦʩʦʚʦ-
ʛʦ ʘʩʩʠʩʪʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʟʘʧʦʣʥʝʥʠʝ ʰʘʙʣʦʥʦʚ ʟʘʜʘʯ ʠʣʠ ʢʘʣʝʥʜʘʨʷ. 

1 ɹʦʙʤʡʠ ʪʬʲʞʪʫʛʬʷʲʡʮ ʩʞʱʞʦʡʢ 
ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝ-

ʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ. 
ʇʝʨʚʫʶ ʩʦʩʪʘʚʣʷʶʪ ʢʦʤʤʝʨʯʝʩʢʠʝ ʦʙʣʘʯʥʳʝ API (Yandex SpeechKit, Salute Speech, Google 

Speech-to-Text). ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʠ ʛʦʪʦʚʳʝ SDK. ʅʝʜʦʩʪʘʪʢʠ: 
ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ ʨʘʟʚʸʨʪʳʚʘʥʠʷ, ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʷ, ʦʪʩʫʪʩʪʚʠʝ 
ʚʩʪʨʦʝʥʥʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʚʳʚʦʜʘ. 

ɺʪʦʨʫʶ ʢʘʪʝʛʦʨʠʶ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʪʢʨʳʪʳʝ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ASR-ʧʘʡʧʣʘʡʥʦʚ (Kaldi, 
Vosk, ESPnet). ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʦʙʨʘʙʦʪʢʦʡ, ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʦʙʫʯʝʥʠʷ ʠ ʣʦ-
ʢʘʣʴʥʫʶ ʨʘʙʦʪʫ. ʆʜʥʘʢʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʘ ʧʦ ʫʤʦʣʯʘʥʠʶ ʦʥʠ ʪʘʢʞʝ 
ʥʝ ʚʳʧʦʣʥʷʶʪ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʨʘʟʤʝʪʢʫ ʪʝʢʩʪʘ. 

ʊʨʝʪʠʡ ʢʣʘʩʩ ï ʩʦʚʨʝʤʝʥʥʳʝ end-to-end ʤʦʜʝʣʠ (Whisper OpenAI, Conformer). ʀʭ ʧʣʶʩʳ: ʚʳʩʦʢʘʷ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʫ, ʤʥʦʛʦʷʟʳʯʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʛʦʪʦʚʳʭ ʨʝʘʣʠʟʘʮʠʡ. ʆʛʨʘʥʠʯʝʥʠʷ: ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ 
ʤʦʜʝʣʝʡ, ʦʪʩʫʪʩʪʚʠʝ ʚʩʪʨʦʝʥʥʳʭ ʤʦʜʫʣʝʡ ʠʟʚʣʝʯʝʥʠʷ ʩʫʱʥʦʩʪʝʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʪʦʚ. 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʧʦʜ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʫʩʣʦʚʠʷ ʷʚʣʷʝʪʩʷ ʪʨʝʪʴʷ ʛʨʫʧʧʘ (Whisper) ʢʘʢ ʙʘʟʘ, 
ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʜʘʸʪ ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ 
ʦʙʣʘʜʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ: ʦʥʠ ʨʝʘʣʠʟʫʶʪ ʧʘʩʩʠʚʥʫʶ ʤʦʜʝʣʴ ʚʳʜʘʯʠ ʧʣʦʩʢʦʛʦ ʪʝʢʩʪʘ, 
ʛʜʝ ʦʙʫʯʘʶʱʠʡʩʷ (ʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ) ʚʳʥʫʞʜʝʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪ ʠ ʚʨʫʯ-
ʥʫʶ ʠʟʚʣʝʢʘʪʴ ʢʣʶʯʝʚʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʜʘʥʥʦʛʦ ʙʘʨʴʝʨʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʥʪʝʛʨʠʨʦ-
ʚʘʪʴ ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʠʣʦʞʝʥʠʷ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (NLP), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ 
ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ASR-ʩʠʩʪʝʤʫ ʠʟ ʪʨʘʥʩʢʨʠʧʪʦʨʘ ʚ ʘʜʘʧʪʠʚʥʳʡ ʩʪʨʫʢʪʫʨʠʨʫʶʱʠʡ ʘʥʘʣʠʟʘʪʦʨ. 

2 ʁʦʫʞʜʩʙʯʡʸ ʡʪʣʬʪʪʫʛʞʦʦʧʜʧ ʡʦʫʞʤʤʞʣʫʙ ʛ ʙʩʮʡʫʞʣʫʬʩʬ ʪʡʪʫʞʥʴ ʩʙʪʨʧʠʦʙʛʙʦʡʸ  
ɺʥʝʜʨʝʥʠʝ NLP-ʤʦʜʫʣʷ ʧʦʚʝʨʭ ASR-̫ ʜʨʘ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʨʝʘʣʠʟʘʮʠʶ ʪʘʢʠʭ ʬʫʥʢʮʠʡ, ʢʘʢ ʠʟ-

ʚʣʝʯʝʥʠʝ ʠʤʝʥʦʚʘʥʥʳʭ ʩʫʱʥʦʩʪʝʡ (NER), ʧʦʟʚʦʣʷʶʱʝʝ ʚʳʜʝʣʷʪʴ ʠʟ ʪʝʢʩʪʘ ʜʘʪʳ, ʚʨʝʤʷ, ʠʤʝʥʘ, ʘʜʨʝ-
ʩʘ ʠ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ; ʘʥʘʣʠʟ ʪʦʥʘʣʴʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʦʢʨʘʩʢʠ ʩʦʦʙʱʝʥʠʷ; 
ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʪʦʚ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘʤʝʨʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʟʘʧʨʦʩ, ʧʦʨʫʯʝʥʠʝ, ʚʦʧʨʦʩ, ʞʘʣʦ-
ʙʘ); ʘ ʪʘʢʞʝ ʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʪʝʤ ʩʦʦʙʱʝʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ 
ʪʦʣʴʢʦ ʩʥʠʞʘʝʪ ʢʦʛʥʠʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʦ ʠ ʬʦʨʤʠʨʫʝʪ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ, 
ʛʦʪʦʚʳʝ ʜʣʷ ʧʨʷʤʦʡ ʧʝʨʝʜʘʯʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʢʘʣʝʥʜʘʨʠ, CRM ʠʣʠ ʪʘʩʢ-
ʪʨʝʢʝʨʳ. 

ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶ-
ʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ: ʩʥʘʯʘʣʘ ASR-ʤʦʜʫʣʴ ʥʘ ʙʘʟʝ ʜʦʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ Whisper (ʠʣʠ Conformer) ʜʣʷ ʧʦ-
ʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʥʘ ʮʝʣʝʚʦʡ ʣʝʢʩʠʢʝ, ʟʘʪʝʤ ʤʦʜʫʣʴ ʧʦʩʪʦʙʨʘʙʦʪʢʠ, ʚʳʧʦʣʥʷʶʱʠʡ ʥʦʨʤʘʣʠʟʘʮʠʶ 
ʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʠʩʧʨʘʚʣʝʥʠʝ ʧʫʥʢʪʫʘʮʠʠ, ʜʘʣʝʝ NLP-ʢʦʥʚʝʡʝʨ, ʚʢʣʶʯʘʶʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʠʤʝ-



ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 103 

 

XXIII International scientific conference | www.naukaip.ru 

ʥʝʥʠʝ ʪʦʢʝʥʠʟʘʮʠʠ, ʠʟʚʣʝʯʝʥʠʷ ʠʤʝʥʦʚʘʥʥʳʭ ʩʫʱʥʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʪʦʥʢʦ ʥʘʩʪʨʦʝʥʥʦʛʦ RuBERT [4], 
ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ ʠʟ RuSentiment ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʪʘ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ ʥʘ 
ʙʘʟʝ ruT5 [5], ʠ ʥʘʢʦʥʝʮ ʛʝʥʝʨʘʪʦʨ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʚʳʚʦʜʘ, ʬʦʨʤʠʨʫʶʱʠʡ JSON- ʠʣʠ XML-ʦʙʲʝʢʪ ʩ 
ʧʦʣʷʤʠ raw_text, entities, sentiment, intent ʠ topics. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ASR+NLP-ʨʝʰʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʦʙʨʘ-
ʙʦʪʢʠ ʛʦʣʦʩʦʚʳʭ ʩʦʦʙʱʝʥʠʡ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʩʩʠʩʪʝʥʪʦʚ: 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʚʳʚʦʜʘ ʥʘ ʚʳʭʦʜʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨ-
ʤʘʮʠʠ ʠʟ ʨʝʯʠ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ, ʠʟʙʘʚʣʷʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪ ʨʫʯʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʠ ʨʝʜʘʢʪʠ-
ʨʦʚʘʥʠʷ, ʘ ʘʜʘʧʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʩʠʩʪʝʤʳ (ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʦʙʫʯʝʥʠʷ ʧʦʜ ʢʦʥʢʨʝʪʥʳʡ ʜʦʤʝʥ) ʠʤʠʪʠʨʫʝʪ 
ʧʦʜʜʝʨʞʢʫ ʵʢʩʧʝʨʪʘ-ʘʥʘʣʠʪʠʢʘ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʸ-
ʤʦʚ ʛʦʣʦʩʦʚʳʭ ʜʘʥʥʳʭ. 

ʀʙʣʤʷʰʞʦʡʞ 
ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʦʛʨʘʥʠʯʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ: ʦʪʩʫʪ-

ʩʪʚʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ, ʚʳʜʝʣʝʥʠʷ ʩʫʱʥʦʩʪʝʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʪʦʚ. ʇʨʝʜʣʦʞʝʥ 
ʧʦʜʭʦʜ ʢ ʠʥʪʝʛʨʘʮʠʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ASR (Whisper) ʠ NLP (RuBERT/T5) ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ, 
ʧʨʝʦʙʨʘʟʫʶʱʝʡ ʛʦʣʦʩʦʚʳʝ ʩʦʦʙʱʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʪʝʢʩʪʦʚʳʡ ʬʦʨʤʘʪ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʨʝʘʣʠʟʦ-
ʚʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʘʥʘʣʠʟ ʪʦʥʘʣʴʥʦʩʪʠ ʠ ʥʘʤʝʨʝʥʠʡ, ʩʥʠʞʘʷ ʜʦʣʶ 
ʨʫʯʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. 

ɺʥʝʜʨʝʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʦʚʳʩʠʪ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʛʦʣʦʩʦʚʳʭ ʧʦʨʫʯʝʥʠʡ ʠ ʧʨʠʛʦʜʥʦʩʪʴ ʪʝʢ-
ʩʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ (ʢʘʣʝʥʜʘʨʝʡ, CRM, ʪʘʩʢ-ʪʨʝʢʝʨʦʚ). ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʧʨʘʚʠʪʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʘʧʨʦʙʘʮʠʶ ʧʨʦʪʦʪʠʧʘ, ʦʮʝʥʢʫ ʪʦʯʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ 
ʩʫʱʥʦʩʪʝʡ ʚ ʟʘʰʫʤʣʸʥʥʳʭ ʢʘʥʘʣʘʭ, ʘ ʪʘʢʞʝ ʥʘ ʘʜʘʧʪʘʮʠʶ ʧʦʜ ʫʟʢʦʧʨʝʜʤʝʪʥʳʝ ʣʝʢʩʠʢʦʥʳ (ʤʝʜʠʮʠʥʘ, 
ʣʦʛʠʩʪʠʢʘ, ʶʨʠʩʧʨʫʜʝʥʮʠʷ). ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʟʜʘʸʪ ʦʩʥʦʚʫ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʘʥʘʣʠʟʘ ʛʦʣʦʩʦʚʳʭ ʩʦʦʙʱʝʥʠʡ. 
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Abstract: The article examines the main approaches to detecting software code generated by large language 
models. It is concluded that the most promising approach is an integrated approach to detecting generated 
code. 
Keywords: large language models, LLM, machine-generated code, source code, software engineering, code 
origin analysis, software code metrics. 

 
ɸʢʪʠʚʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʧʨʘʢʪʠʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɹʗʄ ʚʩʝ ʰʠʨʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʚʪʦʜʦʧʦʣʥʝʥʠʷ, ʛʝʥʝʨʘʮʠʠ ʬʨʘʛʤʝʥʪʦʚ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ, ʨʝʬʘʢʪʦʨʠʥʛʘ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ ʨʘʟʨʘʙʦʪʯʠʢʘ ʚ 
ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [1]. ʕʪʦ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʫ ʚʳʷʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦ-
ʛʦ ʢʦʜʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ɹʗʄ, ʠʣʠ ʤʘʰʠʥʥʦʛʦ ʢʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʠʥʞʝʥʝʨʥʦʡ ʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʧʨʘʢʪʠ-
ʢʝ ʚʩʝ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʚʦʧʨʦʩʳ ʢʦʥʪʨʦʣʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʦʜʘ, ʦʮʝʥʢʠ ʝʛʦ ʥʘʜʝʞʥʦʩʪʠ, 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʠ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʚʢʣʘʜʘ ʯʝʣʦʚʝʢʘ ʠ ʛʝʥʝʨʘʪʠʚʥʦʡ ʤʦʜʝʣʠ [2]. 

ʆʩʦʙʝʥʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʘʰʠʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-
ʛʦ ʪʝʢʩʪʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʦʜʥʦʤʫ ʫʥʠʚʝʨʩʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ. ɼʘʞʝ ʝʩʣʠ ʢʦʜ ʙʳʣ 
ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʦʟʜʘʥ ʩ ʧʦʤʦʱʴʶ ɹʗʄ, ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʝʨʝʨʘʙʦʪʘʥ ʯʝʣʦʚʝʢʦʤ, ʧʨʠʚʝ-
ʜʝʥ ʢ ʩʪʘʥʜʘʨʪʘʤ ʧʨʦʝʢʪʘ, ʨʘʟʙʠʪ ʥʘ ʬʨʘʛʤʝʥʪʳ, ʧʝʨʝʠʤʝʥʦʚʘʥ ʠ ʚʩʪʨʦʝʥ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʢʦʜʦʚʫʶ 
ʙʘʟʫ. ʇʦʵʪʦʤʫ ʚʳʷʚʣʝʥʠʝ ʢʦʜʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ɹʗʄ, ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʜʭʦʜʦʚ, 
ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʟʥʳʝ ʫʨʦʚʥʠ ʘʥʘʣʠʟʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʪʝʢʩʪʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʚʳʷʚʣʝʥʠʶ ʢʦʜʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ 
ɹʗʄ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝ-
ʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʳʷʚʣʝʥʠʷ ʤʘʰʠʥ-
ʥʦ-ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʷʤʳʭ ʧʦʜʭʦʜʦʚ ʢ ʚʳʷʚʣʝʥʠʶ ʢʦʜʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ɹʗʄ, ʷʚʣʷʝʪʩʷ ʦʙʫ-
ʯʝʥʠʝ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ, ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 
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ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ. ɺ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʨʘʟʣʠʯʝʥʠʶ ʬʨʘʛʤʝʥʪʦʚ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʧʦ ʧʨʠ-
ʟʥʘʢʫ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʛʜʝ ʦʜʠʥ ʢʣʘʩʩ ʩʦʩʪʘʚʣʷʶʪ ʨʝʰʝʥʠʷ, ʥʘʧʠʩʘʥʥʳʝ ʯʝʣʦʚʝʢʦʤ, ʘ ʜʨʫʛʦʡ ʢʣʘʩʩ ʦʙ-
ʨʘʟʫʶʪ ʪʝʢʩʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʮʝʥʥʦʩʪʴ ʵʪʦʛʦ 
ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʠʥʪʫʠʪʠʚʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʘʰʠʥʥʦʡ ʛʝʥʝʨʘʮʠʠ 
ʢ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʝ [3]. 

ʉʠʣʴʥʦʡ ʩʪʦʨʦʥʦʡ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʷʪʴ ʩʣʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʧʨʠ-
ʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʟʘʜʘʪʴ ʚʨʫʯʥʫʶ. ɸʣʛʦʨʠʪʤ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʜʥʠʤ ʢʣʘʩʩʦʤ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʤʦʞʝʪ ʫʯʠʪʳʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʣʝʢʩʠʯʝʩʢʠʝ, ʩʪʨʫʢʪʫʨʥʳʝ, ʤʝʪʨʠʯʝʩʢʠʝ ʠ ʩʪʘʪʠʩʪʠʯʝ-
ʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʪʝʢʩʪʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ ʧʨʷʤʦ ʟʘʚʠʩʠʪ 
ʦʪ ʢʘʯʝʩʪʚʘ ʦʙʫʯʘʶʱʝʛʦ ʢʦʨʧʫʩʘ. ɽʩʣʠ ʥʘʙʦʨ ʜʘʥʥʳʭ ʩʣʠʰʢʦʤ ʫʟʦʢ, ʦʩʥʦʚʘʥ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ 
ʷʟʳʢʦʚ, ʥʝ ʫʯʠʪʳʚʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʠʧʦʚ ʟʘʜʘʯ ʠʣʠ ʙʳʩʪʨʦ ʫʩʪʘʨʝʚʘʝʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʦʚʳʤ ʚʝʨʩʠ-
ʷʤ ʤʦʜʝʣʝʡ, ʪʦ ʠʪʦʛʦʚʘʷ ʩʠʩʪʝʤʘ ʥʘʯʠʥʘʝʪ ʨʘʟʣʠʯʘʪʴ ʥʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʜʘ ʢʘʢ ʪʘʢʦʚʦʝ, ʘ ʦʩʦʙʝʥʥʦ-
ʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʜʘʪʘʩʝʪʘ [3]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ɹʗʄ ʠʭ ʚʳʭʦʜ ʚʩʝ ʙʣʠʞʝ ʧʨʠ-
ʙʣʠʞʘʝʪʩʷ ʢ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʩʪʠʣʶ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʕʪʦ ʩʥʠʞʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʪʠʯʥʳʭ ʥʘʙʦʨʦʚ 
ʜʘʥʥʳʭ ʠ ʪʨʝʙʫʝʪ ʣʠʙʦ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʢʦʨʧʫʩʘ, ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘ-
ʢʦʚ, ʥʝ ʟʘʚʠʩʷʱʠʭ ʪʦʣʴʢʦ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʚʝʨʩʠʠ ʤʦʜʝʣʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦʪ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦ-
ʜʠʤʳʤ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʩʘʤ ʧʦ ʩʝʙʝ ʠ ʪʨʝʙʫʝʪ ʩʦʯʝʪʘʥʠʷ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. 

ɼʨʫʛʫʶ ʚʘʞʥʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʶʪ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʪʝʢʩʪʦʚʦʡ ʬʦʨʤʳ ʠʩʭʦʜʥʦʛʦ 
ʢʦʜʘ. ɺ ʵʪʦʡ ʣʦʛʠʢʝ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʪʨʦʢʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʜʦʧʫʩʢʘʶʱʝʝ ʪʦ-
ʢʝʥʠʟʘʮʠʶ, ʚʳʜʝʣʝʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʪʝʢʩʪʦʚʳʭ ʧʘʪʪʝʨʥʦʚ, ʘʥʘʣʠʟ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʦʠʩʢ ʧʦ-
ʚʪʦʨʷʝʤʳʭ ʩʪʠʣʝʚʳʭ ʧʨʠʟʥʘʢʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʤʘʰʠʥʥʦ-
ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʢʦʜ ʩʦʭʨʘʥʷʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʨʝʛʫʣʷʨʥʦʩʪʴ, ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʫʩʨʝʜʥʝʥʥʦʩʪʴ ʠ ʧʦʚʳ-
ʰʝʥʥʫʶ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʪʝʢʩʪʦʚʦʡ ʬʦʨʤʳ. 

ʂ ʯʠʩʣʫ ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʝʩʴ ʦʪʥʦʩʷʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʘʪʠʨʦ-
ʚʘʥʠʷ, ʦʜʥʦʪʠʧʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʥʝʙʦʣʴʰʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʢʦʤʤʝʥʪʘʨʠʝʚ, ʨʘʚʥʦʤʝʨ-
ʥʦʩʪʴ ʠʤʝʥʦʚʘʥʠʷ ʠ ʦʙʱʘʷ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʩʪʨʦʡʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʪʝʢʩʪʘ. ɺ ʘʥʘʣʠʟʝ ʧʨʦʠʩʭʦʞʜʝ-
ʥʠʷ ʢʦʜʘ ʵʪʠ ʧʨʠʟʥʘʢʠ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ ʧʦʪʦʤʫ, ʯʪʦ ɹʗʄ ʩʢʣʦʥʥʳ ʧʦʨʦʞʜʘʪʴ ʩʠʥʪʘʢʩʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʳʡ, 
ʚʥʝʰʥʝ ʘʢʢʫʨʘʪʥʳʡ ʠ ʣʦʢʘʣʴʥʦ ʟʘʚʝʨʰʝʥʥʳʡ ʢʦʜ [2]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ ʯʝʣʦʚʝʯʝʩʢʠʡ ʢʦʜ ʯʘʱʝ ʦʪʨʘ-
ʞʘʝʪ ʥʝ ʪʦʣʴʢʦ ʬʦʨʤʘʣʴʥʳʝ ʥʦʨʤʳ, ʥʦ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʪʠʣʷ, ʣʦʢʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ 
ʧʨʦʝʢʪʘ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʨʠʚʳʯʝʢ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʝʢʩʪʦʚʳʭ ʠ ʩʪʠʣʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʦʩʪʦʠʪ ʚ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʝ ʠ 
ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʨʠʟʥʘʢʘʤ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʛʨʘʥʠʯʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 
ʘʥʘʣʦʛʠʯʥʳʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʠ ʙʝʟ ɹʗʄ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʬʦʨʤʘ-
ʪʠʨʦʚʘʥʠʷ, ʰʘʙʣʦʥʥʳʭ ʙʠʙʣʠʦʪʝʢ, ʪʠʧʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨ ʠʣʠ ʞʝʩʪʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʢʦʜʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ 
ʪʝʢʩʪʦʚʳʡ ʠ ʩʪʠʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʦʜʠʥ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʙʦʣʝʝ 
ʦʙʱʝʛʦ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ [4]. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʟʘʜʘʯʠ ʚʳʷʚʣʝʥʠʷ ʢʦʜʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ɹʗʄ, ʠʤʝʶʪ ʧʦʜʭʦʜʳ, 
ʚʦʩʭʦʜʷʱʠʝ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʚʪʦʨʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. ɺ ʠʭ ʦʩʥʦʚʝ ʣʝʞʠʪ ʠʜʝʷ ʦ ʪʦʤ, ʯʪʦ ʧʨʦ-
ʛʨʘʤʤʥʳʡ ʪʝʢʩʪ ʩʦʜʝʨʞʠʪ ʫʩʪʦʡʯʠʚʳʝ ʧʨʠʟʥʘʢʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʟʣʠʯʘʪʴ ʘʚʪʦʨʩʢʠʝ 
ʩʪʠʣʠ ʠʣʠ, ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ, ʪʠʧʳ ʠʩʪʦʯʥʠʢʦʚ ʛʝʥʝʨʘʮʠʠ [5]. 

ɺ ʨʘʤʢʘʭ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʠʩʭʦʜʥʳʡ ʢʦʜ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʦʩʠʪʝʣʴ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʪʠʣʷ, ʧʨʦ-
ʷʚʣʷʶʱʝʛʦʩʷ ʯʝʨʝʟ ʰʘʙʣʦʥʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʷʟʳʢʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʬʦʨʤʘʪʠʨʦʚʘʥʠʝ ʙʣʦʢʦʚ, ʩʪʠʣʴ 
ʢʦʤʤʝʥʪʘʨʠʝʚ, ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʧʝʨʝʤʝʥʥʳʝ, ʠʤʝʥʘ ʬʫʥʢʮʠʡ ʠ ʠʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [4]. ɽʩʣʠ ʧʝʨʝʥʝ-
ʩʪʠ ʵʪʫ ʣʦʛʠʢʫ ʥʘ ʟʘʜʘʯʫ ʚʳʷʚʣʝʥʠʷ ʢʦʜʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ɹʗʄ, ʪʦ ʩʘʤʫ ʤʦʜʝʣʴ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ 
ʦʩʦʙʳʡ ʠʩʪʦʯʥʠʢ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʦʜʘ, ʦʙʣʘʜʘʶʱʠʡ ʥʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʯʝʣʦʚʝʯʝʩʢʠʤ ʧʦʯʝʨʢʦʤ, ʘ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʫʩʨʝʜʥʝʥʥʳʤ ʩʪʠʣʝʤ ʛʝʥʝʨʘʮʠʠ. 

ɼʦʩʪʦʠʥʩʪʚʦ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʝʛʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʛʣʫʙʠʥʝ. ʆʥ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʝ ʪʦʣʴʢʦ 
ʥʘ ʚʥʝʰʥʠʡ ʦʙʣʠʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʪʝʢʩʪʘ, ʥʦ ʠ ʥʘ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʝʛʦ ʧʦʩʪʨʦʝʥʠʷ. ʅʝ-
ʜʦʩʪʘʪʦʢ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʯʘʩʪʴ ʧʨʠʟʥʘʢʦʚ ʤʦʞʝʪ ʦʧʠʩʳʚʘʪʴ ʩʢʦʨʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ, ʯʝʤ 
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ʩʪʠʣʴ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʪʝʤ, ʯʪʦ ʧʦʩʪʨʝʜʘʢʪʠʨʦʚʘʥʠʝ, ʩʪʘʥʜʘʨʪʳ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʜʦʤʝʥʥʳʝ 
ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʘ ʟʘʪʨʫʜʥʷʶʪ ʚʳʜʝʣʝʥʠʝ ʯʠʩʪʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʦʵʪʦʤʫ ʤʝʪʦʜʳ ʘʪʨʠʙʫ-
ʮʠʠ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʬʠʣʴʪʨʘʮʠʝʡ ʧʨʠʟʥʘʢʦʚ ʠ ʦʮʝʥʢʦʡ ʠʭ 
ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ [5]. 

ɸʥʘʣʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʠ ʦʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʜʦ-
ʩʪʘʪʦʯʥʳʤ. ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʤʝʯʝʥʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ, ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʩʦʩʪʘʚʫ ʢʦʨʧʫʩʘ ʠ 
ʙʳʩʪʨʦ ʫʩʪʘʨʝʚʘʶʪ. ʉʪʠʣʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʬʦʨʤʘʪʪʝʨʦʚ ʠ ʩʪʘʥʜʘʨʪʦʚ 
ʦʬʦʨʤʣʝʥʠʷ. ɸʪʨʠʙʫʮʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʦʪ ʩʪʝʧʝʥʠ 
ʧʦʩʪʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. ʄʝʪʨʠʢʠ ʜʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʜʘ, ʥʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʜʥʦʟʥʘʯʥʦʛʦ 
ʚʳʚʦʜʘ ʦ ʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʭʦʨʦʰʦ ʨʘʙʦʪʘʶʪ ʥʘ ʩʭʦʜʩʪʚʝ, ʥʦ ʥʝ ʚʩʝʛʜʘ 
ʨʘʩʧʦʟʥʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʦʚʦʝ ʤʘʰʠʥʥʦʝ ʨʝʰʝʥʠʝ. 

ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʤʘ-
ʰʠʥʥʦ-ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʢʦʜ ʚʳʷʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ. ɺ ʪʘʢʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ 
ʜʦʣʞʥʳ ʚʭʦʜʠʪʴ ʪʝʢʩʪʦʚʳʝ, ʩʪʠʣʠʩʪʠʯʝʩʢʠʝ, ʤʝʪʨʠʯʝʩʢʠʝ, ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʢʦʥʪʝʢʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
ʆʩʦʙʝʥʥʦ ʚʘʞʝʥ ʫʯʝʪ ʢʦʥʪʝʢʩʪʘ, ʧʦʩʢʦʣʴʢʫ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʬʨʘʛʤʝʥʪ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʟʘ-
ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʩʦʟʜʘʚʘʣʩʷ ʣʠ ʦʥ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʢʘʢ ʵʣʝʤʝʥʪ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦ-
ʝʢʪʘ ʠʣʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʤʘʰʠʥʥʦʛʦ ʚʳʚʦʜʘ ʚ IDE ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ [1]. 

ʂʦʤʧʣʝʢʩʥʦʩʪʴ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʚ ʫʩʣʦʚʠʷʭ ʩʤʝʰʘʥʥʦʛʦ ʘʚʪʦʨʩʪʚʘ, ʢʦʛʜʘ ʢʦʜ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʦʚ-
ʤʝʩʪʥʦʤ ʨʝʞʠʤʝ: ʩʥʘʯʘʣʘ ʛʝʥʝʨʠʨʫʝʪʩʷ ɹʗʄ, ʘ ʟʘʪʝʤ ʜʦʨʘʙʘʪʳʚʘʝʪʩʷ ʯʝʣʦʚʝʢʦʤ. ʀʤʝʥʥʦ ʪʘʢʠʝ ʩʮʝ-
ʥʘʨʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʴʰʫʶ ʪʨʫʜʥʦʩʪʴ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʦʜʘ. 
ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʚʳʷʚʣʝʥʠʷ ʢʦʜʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ɹʗʄ, ʜʦʣʞʥʦ ʠʜʪʠ ʚ ʩʪʦʨʦʥʫ 
ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʝ ʥʘ ʦʜʠʥ ʢʣʘʩʩ ʧʨʠʟʥʘʢʦʚ, ʘ ʥʘ ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʦʙʲʝʜʠʥʝ-
ʥʠʝ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʜʘʯʘ ʚʳʷʚʣʝʥʠʷ ʢʦʜʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ɹʗʄ, ʥʝ ʩʚʦ-
ʜʠʪʩʷ ʢ ʦʜʥʦʤʫ ʢʣʘʩʩʫ ʤʝʪʦʜʦʚ. ʆʥʘ ʨʝʰʘʝʪʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 
ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʚʳʩʪʫʧʘʶʪ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʤʝʯʝʥʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ, ʩʪʠʣʦʤʝʪʨʠ-
ʯʝʩʢʦʤ ʘʥʘʣʠʟʝ, ʘʪʨʠʙʫʮʠʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ 
ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʭʦʜʩʪʚʘ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʫʶ ʩʪʦʨʦʥʫ ʧʨʦʠʩ-
ʭʦʞʜʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʪʝʢʩʪʘ, ʦʜʥʘʢʦ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʦʥʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʦʛʦ ʠ ʫʥʠʚʝʨʩʘʣʴ-
ʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ, ʚ ʢʦ-
ʪʦʨʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʜʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʪʠʣʝʚʳʭ, ʩʪʨʫʢʪʫʨʥʳʭ, ʤʝʪʨʠʯʝʩʢʠʭ ʠ 
ʢʦʥʪʝʢʩʪʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʆʩʦʙʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʠ ʵʪʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʤʝʰʘʥʥʦʝ ʘʚʪʦʨʩʪʚʦ, ʧʦʩʢʦʣʴʢʫ 
ʠʤʝʥʥʦ ʦʥʦ ʨʘʟʤʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʝʜʳ ʛʝʥʝʨʘʮʠʠ ʠ ʪʨʝʙʫʝʪ ʧʝʨʝʭʦʜʘ ʦʪ ʧʨʦʩʪʦʛʦ ʨʘʩʧʦʟʥʘʚʘ-
ʥʠʷ ʰʘʙʣʦʥʥʦʩʪʠ ʢ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʘʥʘʣʠʟʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʪʝʢʩʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʘʣʴʥʝʡʰʘʷ ʨʘʟʨʘ-
ʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʢ ʚʳʷʚʣʝʥʠʶ ʢʦʜʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ɹʗʄ, ʜʦʣʞʥʘ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʬʦʨʤʠʨʦ-
ʚʘʥʠʝ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʥʘ ʨʘʟʚʠʪʠʝ ʤʦʜʝʣʝʡ ʘʥʘʣʠʟʘ ʩ ʤʥʦʞʝʩʪʚʦʤ ʧʨʠʟʥʘʢʦʚ ʠ 
ʥʘ ʦʮʝʥʢʫ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ, ʬʦʨʤʘʪʠʨʦʚʘʥʠʶ ʠ ʠʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʠʩʭʦʜʥʦʛʦ 
ʢʦʜʘ. 
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ɹʦʦʧʫʙʯʡʸ: ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʩʠʩʪʝʤʳ ʠʟʚʣʝʯʝʥʠʷ 
ʟʥʘʥʠʡ ʩ ʩʝʤʘʥʪʠʯʝʩʢʠʤ ʩʚʷʟʳʚʘʥʠʝʤ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʦʚʳʭ ʩʪʨʫʢʪʫʨ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʘʥʘʣʠʟ 
ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʙʘʟʳ ʟʥʘʥʠʡ, ʩʧʦʩʦʙʥʦʡ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʢʩʪʦʚʦʝ ʩʦ-
ʜʝʨʞʘʥʠʝ ʜʦʢʫʤʝʥʪʦʚ, ʥʦ ʠ ʢʦʥʪʝʢʩʪ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʠʩ-
ʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʚʝʢʪʦʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʢʩʪʦʚ, ʛʨʘʬʦʚʦʛʦ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʝʢʩʪʥʦʛʦ ʨʘʥʞʠʨʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ, 
ʚʢʣʶʯʘʶʱʘʷ ʧʘʨʩʝʨ ʢʦʥʪʝʥʪʘ, ʛʨʘʬ ʟʥʘʥʠʡ, ʢʦʥʪʝʢʩʪʥʳʡ ʜʚʠʞʦʢ ʨʝʢʦʤʝʥʜʘʮʠʡ, API-ʩʣʦʡ ʠ ʤʦʜʫʣʴ ʚʠ-
ʟʫʘʣʠʟʘʮʠʠ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʜʦʢʫʤʝʥʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʩʝʤʘʥʪʠ-
ʯʝʩʢʦʡ ʙʣʠʟʦʩʪʠ, ʣʝʢʩʠʯʝʩʢʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʪʝʛʦʚ ʠ ʠʤʝʥʦʚʘʥʥʳʭ ʩʫʱʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʧʦʚʝʜʝʥʯʝʩʢʠʭ 
ʩʚʷʟʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʦʪʢʨʳʪʠʠ ʜʦʢʫʤʝʥʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɼʣʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʨʝʢʦ-
ʤʝʥʜʘʮʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʦʮʝʥʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʚʝʢʪʦʨʥʫʶ ʙʣʠʟʦʩʪʴ, ʧʝʨʩʦʥʘʣʠʟʠʨʦ-
ʚʘʥʥʳʡ PageRank ʠ ʚʨʝʤʝʥʥʦʝ ʟʘʪʫʭʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʦʜʭʦʜʳ ʢ ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʨʘʬʘ 
ʟʥʘʥʠʡ, ʚʳʜʝʣʝʥʠʶ ʪʝʤʘʪʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ ʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʨʠʢ 
Precision@K, Recall@K, NDCG ʠ MRR. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʦʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʩʝʩʩʠʦʥ-
ʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦʠʩʢʘ ʠ ʩʜʝʣʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʤʠ ʪʝ-
ʢʫʱʝʡ ʟʘʜʘʯʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʆʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ ʢʦʨʧʦʨʘʪʠʚʥʳʝ 
ʙʘʟʳ ʟʥʘʥʠʡ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʦʠʩʢʦʚʳʝ ʩʠʩʪʝʤʳ, ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʝʨʚʠʩʳ ʠ ʩʠʩʪʝʤʳ ʨʘʙʦʪʳ ʩ 
ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. ʅʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʦʙʲʝʜʠʥʝʥʠʠ ʩʝʤʘʥʪʠʯʝʩʢʠʭ, 
ʣʝʢʩʠʯʝʩʢʠʭ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʚ ʝʜʠʥʦʡ ʛʨʘʬʦʚʦʡ ʤʦʜʝʣʠ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 
ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʦʛʦ ʧʦʜʭʦʜʘ ʠ ʦʙʦʟʥʘʯʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʠ-
ʩʪʝʤʳ ʟʘ ʩʯʸʪ ʠʥʪʝʛʨʘʮʠʠ ʩ Neo4j, RAG-ʤʦʜʫʣʷʤʠ ʠ ʦʙʫʯʘʝʤʳʤʠ ʤʦʜʝʣʷʤʠ ʨʘʥʞʠʨʦʚʘʥʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʳʡ ʧʦʠʩʢ, ʠʟʚʣʝʯʝʥʠʝ ʟʥʘʥʠʡ, ʛʨʘʬ ʟʥʘʥʠʡ, ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʩʚʷ-
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ʟʳʚʘʥʠʝ ʜʦʢʫʤʝʥʪʦʚ, ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʚʝʢʪʦʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, PageRank, ʦʙʨʘʙʦʪʢʘ 
ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʛʨʘʬʦʚ, ʢʦʨʧʦʨʘʪʠʚʥʘʷ ʙʘʟʘ ʟʥʘʥʠʡ. 
 
CONTEXT-AWARE KNOWLEDGE RETRIEVAL SYSTEM WITH SEMANTIC DOCUMENT LINKING BASED 

ON GRAPH STRUCTURES 
 

Murlin Alexey Georgievich, 
Lapshin Maxim Anatolyevich, 

Pechenizhskaya Maria Alekseevna 
 
Annotation: The subject of the research is the development of a context-aware knowledge retrieval system 
with semantic document linking based on graph structures. The aim of the work is to analyse an approach to 
building an intelligent knowledge base capable of taking into account not only the textual content of documents 
but also the current user context. Natural language processing methods, vector text representations, graph 
modelling and contextual recommendation ranking are used as the methodological basis. The article describes 
the architecture of the system, including a content parser, a knowledge graph, a contextual recommendation 
engine, an API layer and a visualization module. The paper analyses methods of forming links between docu-
ments based on semantic similarity, lexical overlap of tags and named entities, as well as behavioural links 
that arise when documents are opened together by the user. A combined score is used for recommendation 
ranking, including vector similarity, personalized PageRank and recency decay. Approaches to knowledge 
graph visualization, community detection and recommendation quality evaluation using Precision@K, Re-
call@K, NDCG and MRR metrics are presented. It is established that the use of graph structures and session 
context makes it possible to improve search accuracy and make recommendations more relevant to the cur-
rent user task. The area of application of the proposed approach includes corporate knowledge bases, intelli-
gent search systems, recommendation services and systems for working with technical documentation. The 
novelty of the work lies in the integrated combination of semantic, lexical and behavioural features within a 
single graph model. In conclusion, the advantages of the context-aware approach are formulated and pro-
spects for further system development through integration with Neo4j, RAG modules and trainable ranking 
models are outlined. 
Keywords: context-aware search, knowledge retrieval, knowledge graph, semantic document linking, recom-
mendation system, vector embeddings, PageRank, natural language processing, graph visualization, corpo-
rate knowledge base. 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʘʷ ʩʠʩʪʝʤʘ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʩʝʤʘʥʪʠʯʝʩʢʦʤ ʩʚʷʟʳʚʘʥʠʠ ʜʦʢʫʤʝʥʪʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʨʘʬʦʚʳʭ ʩʪʨʫʢʪʫʨ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩ-
ʥʦʚʥʳʝ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ: ʠʟʚʣʝʯʝʥʠʝ ʪʝʢʩʪʘ ʠ ʩʤʳʩʣʦʚʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʘ 
ʟʥʘʥʠʡ, ʫʯʝʪ ʠʩʪʦʨʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʩʝʩʩʠʠ, ʨʘʥʞʠʨʦʚʘʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘ-
ʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʲʝʜʠʥʝʥʠʝ ʚʝʢʪʦʨʥʦʡ ʙʣʠʟʦʩʪʠ, PageRank ʠ ʚʨʝʤʝʥʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʬʦʨ-
ʤʠʨʦʚʘʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ʧʦʠʩʢʦʤ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʤʦ-
ʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʙʘʟ ʟʥʘʥʠʡ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤ ʠ 
ʩʝʨʚʠʩʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʛʜʝ ʚʘʞʥʦ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ 
ʜʦʢʫʤʝʥʪʳ, ʥʦ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʤʘʪʝʨʠʘʣʳ. 

 
1. ɻʛʞʝʞʦʡʞ 
ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʙʘʟ ʟʥʘʥʠʡ ʩʪʨʘʜʘʶʪ ʦʪ ʦʜʥʦʡ ʧʨʦʙʣʝʤʳ: ʜʦʢʫʤʝʥʪʳ ʝʩʪʴ, ʥʦ ʥʘʡʪʠ 

ʥʫʞʥʳʡ ʚ ʤʦʤʝʥʪ ʨʘʙʦʪʳ ʩʣʦʞʥʦ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ ʟʘʧʨʦʩ, ʧʦʣʫʯʘʝʪ ʜʣʠʥʥʳʡ ʩʧʠʩʦʢ ʨʝʟʫʣʴʪʘʪʦʚ 
ʠ ʚʨʫʯʥʫʶ ʧʨʦʚʝʨʷʝʪ ʢʘʞʜʳʡ ʬʘʡʣ. ʉʠʩʪʝʤʘ ʥʝ ʧʦʥʠʤʘʝʪ, ʥʘʜ ʯʝʤ ʦʥ ʨʘʙʦʪʘʝʪ ʩʝʡʯʘʩ, ʢʘʢʠʝ ʜʦʢʫʤʝʥ-
ʪʳ ʫʞʝ ʦʪʢʨʳʚʘʣ ʠ ʢʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʤʝʩʪʝ. 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʦʣʥʦʪʝʢʩʪʦʚʳʡ ʧʦʠʩʢ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ñʥʘʡʜʠ ʜʦʢʫʤʝʥʪ ʩ ʵʪʠʤʠ ʩʣʦʚʘʤʠò. 
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ɺʝʢʪʦʨʥʳʡ ʧʦʠʩʢ ʜʦʙʘʚʣʷʝʪ ʩʤʳʩʣʦʚʫʶ ʙʣʠʟʦʩʪʴ, ʥʦ ʯʘʩʪʦ ʠʛʥʦʨʠʨʫʝʪ ʧʦʚʝʜʝʥʯʝʩʢʠʡ ʢʦʥʪʝʢʩʪ. 
ʇʦʵʪʦʤʫ ʚ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ: ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʧʦʠʩʢ, ʛʨʘʬ ʩʚʷʟʝʡ ʠ ʫʯʝʪ ʪʝʢʫʱʝʡ 
ʩʝʩʩʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɺ ʩʪʘʪʴʝ ʩʦʙʨʘʥʘ ʧʦʣʥʦʩʪʴʶ ʦʬʦʨʤʣʝʥʥʘʷ ʚʝʨʩʠʷ ʧʨʦʝʢʪʘ: ʘʨʭʠʪʝʢʪʫʨʘ, ʬʨʘʛʤʝʥʪʳ ʢʦʜʘ, ʛʨʘʬʳ, 
ʩʪʘʪʠʩʪʠʢʘ, ʪʘʙʣʠʮʳ, ʤʝʪʨʠʢʠ ʢʘʯʝʩʪʚʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʘ. 

 ʩʠʩʪʝʤʘ ʧʘʨʩʠʪ ʜʦʢʫʤʝʥʪʳ ʨʘʟʥʳʭ ʬʦʨʤʘʪʦʚ ʠ ʠʟʚʣʝʢʘʝʪ ʩʤʳʩʣʦʚʳʝ ʧʨʠʟʥʘʢʠ; 
 ʩʪʨʦʠʪ ʛʨʘʬ ʟʥʘʥʠʡ, ʛʜʝ ʜʦʢʫʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʫʟʣʘʤʠ, ʘ ʩʚʷʟʠ ʧʦʢʘʟʳʚʘʶʪ ʩʝʤʘʥʪʠʯʝʩʢʫʶ, 

ʣʝʢʩʠʯʝʩʢʫʶ ʠ ʧʦʚʝʜʝʥʯʝʩʢʫʶ ʙʣʠʟʦʩʪʴ; 
 ʨʘʥʞʠʨʫʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʯʝʨʝʟ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ PageRank ʩ ʫʯʝʪʦʤ ʠʩʪʦʨʠʠ ʩʝʩʩʠʠ; 
 ʚʠʟʫʘʣʠʟʠʨʫʝʪ ʦʙʱʠʡ ʛʨʘʬ ʠ ʢʦʥʪʝʢʩʪʥʳʡ ʩʫʙʛʨʘʬ; 
 ʠʟʤʝʨʷʝʪ ʢʘʯʝʩʪʚʦ ʨʝʢʦʤʝʥʜʘʮʠʡ ʯʝʨʝʟ Precision@K, Recall@K, NDCG ʠ MRR. 

 
2. ɹʩʮʡʫʞʣʫʬʩʙ ʪʡʪʫʞʥʴ 
ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʩʣʦʝʚ (ʨʠʩ. 1). ʂʘʞʜʳʡ ʩʣʦʡ ʦʪʚʝʯʘʝʪ ʟʘ ʦʪʜʝʣʴʥʫʶ ʯʘʩʪʴ ʦʙʨʘʙʦʪʢʠ: 

ʠʟʚʣʝʯʝʥʠʝ ʜʘʥʥʳʭ, ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʘ, ʢʦʥʪʝʢʩʪʥʦʝ ʨʘʥʞʠʨʦʚʘʥʠʝ ʠ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʘ ʯʝʨʝʟ API ʠ ʚʠ-
ʟʫʘʣʠʟʘʮʠʶ. 

 

 
ʉʡʪ. 1. ʇʚʲʙʸ ʪʮʞʥʙ ʙʩʮʡʫʞʣʫʬʩʴ ʡ ʭʧʩʥʬʤʙ ʩʙʦʟʡʩʧʛʙʦʡʸ 

 
ʋʙʚʤʡʯʙ 1 

ʊʤʧʡ ʙʩʮʡʫʞʣʫʬʩʴ ʣʧʦʫʞʣʪʫʦʧ-ʠʙʛʡʪʡʥʧʢ ʪʡʪʫʞʥʴ 

ʉʣʦʡ ɿʘʜʘʯʘ ʈʝʟʫʣʴʪʘʪ 

ContentParser ʀʟʚʣʝʢʘʝʪ ʪʝʢʩʪ, ʪʝʛʠ, ʩʫʱʥʦʩʪʠ ʠ ʵʤʙʝʜʜʠʥʛ ʆʙʲʝʢʪ Document 

KnowledgeGraph ʉʦʟʜʘʝʪ ʫʟʣʳ ʠ ʨʝʙʨʘ ʤʝʞʜʫ ʜʦʢʫʤʝʥʪʘʤʠ ɻʨʘʬ ʜʦʢʫʤʝʥʪʦʚ 

ContextEngine ʋʯʠʪʳʚʘʝʪ ʠʩʪʦʨʠʶ ʩʝʩʩʠʠ ʠ ʟʘʧʨʦʩ ʉʧʠʩʦʢ ʨʝʢʦʤʝʥʜʘʮʠʡ 

FastAPI + D3.js ʆʪʜʘʝʪ ʜʘʥʥʳʝ ʠ ʧʦʢʘʟʳʚʘʝʪ ʛʨʘʬ ʀʥʪʝʨʬʝʡʩ ʠ API 

 
3. ʈʙʩʪʞʩ ʣʧʦʫʞʦʫʙ 
ʇʝʨʚʳʡ ʵʪʘʧ ʨʘʙʦʪʳ ï ʧʨʠʚʝʩʪʠ ʜʦʢʫʤʝʥʪʳ ʢ ʝʜʠʥʦʤʫ ʚʠʜʫ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʩʩ 

ContentParser. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʵʤʙʝʜʜʠʥʛʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʜʭʦʜ sentence-transformers [3]. ʆʥ ʠʟʚʣʝʢʘ-
ʝʪ ʪʝʢʩʪ ʠʟ ʬʘʡʣʘ, ʬʦʨʤʠʨʫʝʪ ʭʝʰ-ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʚʳʜʝʣʷʝʪ ʯʘʩʪʦʪʥʳʝ ʪʝʛʠ, ʠʤʝʥʦʚʘʥʥʳʝ ʩʫʱʥʦʩʪʠ ʠ 
ʩʪʨʦʠʪ ʚʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʦʢʫʤʝʥʪʘ. 
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ʉʡʪ. 2. ɻʡʠʬʙʤʵʦʧ ʧʭʧʩʥʤʞʦʦʙʸ ʰʙʪʫʵ ʣʧʝʙ ContentParser 

 
3.1 ʊʫʩʬʣʫʬʩʙ ʧʚʳʞʣʫʙ Document 
from dataclasses import dataclass, field 
from typing import List 
 
@dataclass 
class Document: 
    id: str                    # MD5-ʭʝʰ ʢʦʥʪʝʥʪʘ (ʧʝʨʚʳʝ 8 ʩʠʤʚʦʣʦʚ) 
    title: str                 # ʀʤʷ ʬʘʡʣʘ ʙʝʟ ʨʘʩʰʠʨʝʥʠʷ 
    content: str               # ʇʦʣʥʳʡ ʪʝʢʩʪ 
    tags: List[str]            # ʊʦʧ-15 ʩʣʦʚ ʧʦ ʯʘʩʪʦʪʝ 
    entities: List[str]        # ʀʤʝʥʦʚʘʥʥʳʝ ʩʫʱʥʦʩʪʠ (NER) 
    vector: List[float]        # 384-ʤʝʨʥʳʡ ʵʤʙʝʜʜʠʥʛ (MiniLM) 
    source: str                # ʇʦʣʥʳʡ ʧʫʪʴ ʢ ʬʘʡʣʫ 
    access_count: int = 0      # ʉʯʸʪʯʠʢ ʦʪʢʨʳʪʠʡ 
3.2 ʄʧʜʡʣʙ ʩʙʚʧʫʴ ContentParser 
class ContentParser: 
    def __init__(self): 
        # ʄʦʜʝʣʴ ʜʣʷ NER: ʪʦʢʝʥʠʟʘʮʠʷ, POS, NER 
        self.nlp = spacy.load("en_core_web_sm") 
        # ʃʸʛʢʘʷ ʠ ʙʳʩʪʨʘʷ ʤʦʜʝʣʴ ʜʣʷ ʵʤʙʝʜʜʠʥʛʦʚ 
        self.model = SentenceTransformer("all-MiniLM-L6-v2") 
 
    def parse(self, path: str) -> Document: 
        path = Path(path) 
        content = self._extract_text(path) 
        doc_id = hashlib.md5(content.encode()).hexdigest()[:8] 
        tags = self._extract_tags(content) 
        entities = self._extract_entities(content) 
        # ʂʦʜʠʨʫʝʤ ʧʝʨʚʳʝ 512 ʩʠʤʚʦʣʦʚ ð ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʝʤʘʥʪʠʢʠ 
        vector = self.model.encode(content[:512]).tolist() 



112 ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 

 

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

        return Document( 
            id=doc_id, 
            title=path.stem, 
            content=content, 
            tags=tags, 
            entities=entities, 
            vector=vector, 
            source=str(path) 
        ) 
ɺʝʢʪʦʨ ʜʦʢʫʤʝʥʪʘ ʥʫʞʝʥ ʥʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʪʝʢʩʪʘ, ʘ ʜʣʷ ʧʦʠʩʢʘ ʩʤʳʩʣʦʚʦʡ ʙʣʠʟʦʩʪʠ. ɼʘʞʝ ʝʩʣʠ ʚ 

ʜʚʫʭ ʜʦʢʫʤʝʥʪʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʩʣʦʚʘ, embedding ʧʦʤʦʛʘʝʪ ʧʦʥʷʪʴ, ʯʪʦ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʡ 
ʪʝʤʝ. 

4. ʈʧʪʫʩʧʞʦʡʞ ʜʩʙʭʙ ʠʦʙʦʡʢ 
ɻʨʘʬ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʦʝʢʪʘ (ʨʠʩ. 3). ɼʣʷ ʝʛʦ ʧʦʩʪʨʦʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʙʠʙʣʠʦʪʝʢʘ NetworkX [1]. ʂʘʞʜʳʡ ʜʦʢʫʤʝʥʪ ʩʪʘʥʦʚʠʪʩʷ ʫʟʣʦʤ. ʈʝʙʨʘ ʤʝʞʜʫ ʫʟʣʘʤʠ ʧʦʢʘʟʳʚʘʶʪ, ʧʦʯʝʤʫ 
ʜʦʢʫʤʝʥʪʳ ʩʚʷʟʘʥʳ: ʦʥʠ ʧʦʭʦʞʠ ʧʦ ʩʤʳʩʣʫ, ʠʤʝʶʪ ʦʙʱʠʝ ʪʝʛʠ ʠʣʠ ʯʘʩʪʦ ʦʪʢʨʳʚʘʶʪʩʷ ʚʤʝʩʪʝ ʚ ʦʜʥʦʡ 
ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʩʝʩʩʠʠ. 

 

 
ʉʡʪ. 3. ɿʡʛʧʢ ʜʩʙʭ ʠʦʙʦʡʢ: ʯʛʞʫ ʬʠʤʙ ʨʧʣʙʠʴʛʙʞʫ ʣʤʙʪʫʞʩ,  

ʫʧʤʲʡʦʙ ʩʞʚʩʙ ʨʧʣʙʠʴʛʙʞʫ ʪʡʤʬ ʪʛʸʠʡ 
4.1 ʋʡʨʴ ʩʞʚʞʩ 

 

ʋʙʚʤʡʯʙ 2 
ʋʡʨʴ ʩʞʚʞʩ ʛ ʜʩʙʭʞ ʠʦʙʦʡʢ 

ʊʠʧ ʨʝʙʨʘ ʂʘʢ ʩʪʨʦʠʪʩʷ? ɼʣʷ ʯʝʛʦ ʥʫʞʥʦ? 

semantic ʂʦʩʠʥʫʩʥʘʷ ʙʣʠʟʦʩʪʴ ʵʤʙʝʜʜʠʥʛʦʚ ʅʘʭʦʜʠʪ ʩʤʳʩʣʦʚʦ ʧʦʭʦʞʠʝ ʜʦʢʫʤʝʥʪʳ 

lexical ʇʝʨʝʩʝʯʝʥʠʝ ʪʝʛʦʚ ʠ ʩʫʱʥʦʩʪʝʡ ʋʩʠʣʠʚʘʝʪ ʦʯʝʚʠʜʥʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʩʚʷʟʠ 

behavioral ʉʦʚʤʝʩʪʥʳʝ ʦʪʢʨʳʪʠʷ ʚ ʩʝʩʩʠʠ ʋʯʠʪʳʚʘʝʪ ʨʝʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

 
4.2 ʍʩʙʜʥʞʦʫ ʣʤʙʪʪʙ KnowledgeGraph 
class KnowledgeGraph: 
    def __init__(self, similarity_threshold: float = 0.60): 
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        self.graph = nx.Graph() 
        self.threshold = similarity_threshold 
        self._docs: Dict[str, Document] = {} 
 
    def add_document(self, doc: Document) -> None: 
        self.graph.add_node(doc.id, **{ 
            "title":        doc.title, 
            "tags":         doc.tags, 
            "entities":     doc.entities, 
            "vector":       doc.vector, 
            "access_count": 0, 
            "community":    -1 
        }) 
        self._docs[doc.id] = doc 
        self._bind_edges(doc) 

 
    def _update_edge(self, u: str, v: str, 

                     etype: str, weight: float) -> None: 
        if self.graph.has_edge(u, v): 
            data = self.graph[u][v] 
            data["weight"] = max(data["weight"], weight) 
            data["types"].add(etype) 
        else: 
            self.graph.add_edge(u, v, weight=weight, 
                                types={etype}, co_access=0) 
 
5. ʃʧʦʫʞʣʪʫʦʴʢ ʝʛʡʟʧʣ 
ʂʦʥʪʝʢʩʪʥʳʡ ʜʚʠʞʦʢ ʦʪʚʝʯʘʝʪ ʟʘ ʛʣʘʚʥʳʡ ʩʤʳʩʣ ʧʨʦʝʢʪʘ: ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʦʣʞʥʳ ʟʘʚʠʩʝʪʴ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʪʝʢʩʪʘ ʟʘʧʨʦʩʘ, ʥʦ ʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʜʦʢʫʤʝʥʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʞʝ ʦʪʢʨʳʚʘʣ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ 
ʩʠʩʪʝʤʘ ʧʨʝʜʣʘʛʘʝʪ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʧʦʜʭʦʜʷʪ ʢ ʪʝʢʫʱʝʡ ʟʘʜʘʯʝ. 

ʀʪʦʛʦʚʳʡ score ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʨʠʩ. 4): ʩʤʳʩʣʦʚʦʡ ʙʣʠʟʦʩʪʠ, 
ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ PageRank ʠ ʩʚʝʞʝʩʪʠ ʜʦʢʫʤʝʥʪʘ ʚ ʠʩʪʦʨʠʠ ʩʝʩʩʠʠ. 

score(N) = 0.50 Ĭ sim(Q, N)  +  0.35 Ĭ PageRank(N | context)  +  0.15 Ĭ recency(N) 
 

 
ʉʡʪ. 4. Decay ʨʧʛʞʝʞʦʰʞʪʣʡʮ ʩʞʚʞʩ ʡ ʪʧʪʫʙʛ ʡʫʧʜʧʛʧʜʧ score 
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5.1 ʍʩʙʜʥʞʦʫ ContextEngine 
class ContextEngine: 
    def __init__( 
        self, 
        graph: KnowledgeGraph, 
        history_size: int = 10, 
        decay_factor: float = 0.85 
    ): 
        self.graph   = graph 
        self.history: deque = deque(maxlen=history_size) 
        self.decay   = decay_factor 
 
    def open_document(self, doc_id: str) -> None: 
        self.history.append({ 
            "doc_id":    doc_id, 
            "timestamp": time.time() 
        }) 
        if len(self.history) >= 2: 
            recent = [h["doc_id"] for h in list(self.history)[-3:]] 
            self.graph.record_co_access(recent) 

 
    def get_recommendations( 

        self, 
        query: str, 
        parser: "ContentParser", 
        top_k: int = 5 
    ) -> List[Dict]: 
        query_vec = parser.model.encode(query) 
 
        context_nodes = list({ 
            h["doc_id"] for h in self.history 
            if h["doc_id"] in self.graph.graph 
        }) 
 
        pr_scores: Dict[str, float] = {} 
        if context_nodes: 
            personalization = { 
                n: 1.0 / len(context_nodes) for n in context_nodes 
            } 
            pr_scores = nx.pagerank( 
                self.graph.graph, 
                personalization=personalization, 
                weight="weight", 
                alpha=0.85 
            ) 
 
6. ɹʝʙʨʫʡʛʦʧʞ ʧʚʦʧʛʤʞʦʡʞ ʜʩʙʭʙ 
ɻʨʘʬ ʥʝ ʜʦʣʞʝʥ ʦʩʪʘʚʘʪʴʩʷ ʩʪʘʪʠʯʥʳʤ. ɽʩʣʠ ʩʚʷʟʴ ʤʝʞʜʫ ʜʦʢʫʤʝʥʪʘʤʠ ʜʘʚʥʦ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ, ʝʝ ʚʝʩ ʫʤʝʥʴʰʘʝʪʩʷ. ɽʩʣʠ ʜʦʢʫʤʝʥʪʳ ʯʘʩʪʦ ʦʪʢʨʳʚʘʶʪ ʚʤʝʩʪʝ, ʧʦʚʝʜʝʥʯʝʩʢʦʝ ʨʝʙʨʦ 
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ʫʩʠʣʠʚʘʝʪʩʷ. ʊʘʢ ʙʘʟʘ ʟʥʘʥʠʡ ʥʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʟʘʩʪʳʚʰʫʶ ʢʘʨʪʫ, ʘ ʧʦʩʪʝʧʝʥʥʦ ʧʦʜʩʪʨʘʠʚʘʝʪʩʷ ʧʦʜ 
ʨʝʘʣʴʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ. 

ɼʣʷ ʧʦʠʩʢʘ ʪʝʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʃʫʚʝʥʘ. ʆʥ ʚʳʜʝʣʷʝʪ ʩʦʦʙʱʝʩʪʚʘ ʚʥʫʪʨʠ 
ʛʨʘʬʘ ʠ ʧʦʤʦʛʘʝʪ ʚʠʟʫʘʣʴʥʦ ʧʦʢʘʟʘʪʴ, ʢʘʢʠʝ ʜʦʢʫʤʝʥʪʳ ʦʙʨʘʟʫʶʪ ʫʩʪʦʡʯʠʚʳʝ ʢʣʘʩʪʝʨʳ. 

class AdaptiveGraphMaintainer: 
 
    def __init__(self, graph: KnowledgeGraph): 
        self.graph      = graph 
        self.last_decay = time.time() 
 
    def apply_decay(self, half_life_days: float = 30.0) -> int: 
 
        now = time.time() 
        elapsed_days = (now - self.last_decay) / 86_400 
        k = math.exp(-math.log(2) * elapsed_days / half_life_days) 
 
        to_remove = [] 
        for u, v, data in self.graph.graph.edges(data=True): 
            if "behavioral" not in data.get("types", set()): 
                continue 
            data["weight"] *= k 
            if data["weight"] < 0.05: 
                to_remove.append((u, v)) 
 
        self.graph.graph.remove_edges_from(to_remove) 
        self.last_decay = now 
        return len(to_remove) 
 
7. ɻʡʠʬʙʤʡʠʙʯʡʸ ʩʞʠʬʤʵʫʙʫʙ 
ʇʦʢʘʟʘʪʝʣʴʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʫʞʥʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʣʦʛʠʢʠ ʩʠʩʪʝʤʳ (ʨʠʩ. 5). ʇʦ ʥʝʡ ʚʠʜʥʦ, ʢʘʢʠʝ 

ʜʦʢʫʤʝʥʪʳ ʩʚʷʟʘʥʳ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʧʣʦʪʥʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʠ ʢʘʢʦʡ ʬʨʘʛʤʝʥʪ ʛʨʘʬʘ ʘʢʪʠʚʠʨʫʝʪʩʷ 
ʧʨʠ ʚʳʙʦʨʝ ʢʦʥʢʨʝʪʥʦʛʦ ʜʦʢʫʤʝʥʪʘ. 

 

 
ʉʡʪ. 5. ʈʧʤʦʴʢ ʜʩʙʭ ʡ 2-hop ʣʧʦʫʞʣʪʫʦʴʢ ʪʬʚʜʩʙʭ ʛʧʣʩʬʜ ʙʣʫʡʛʦʧʜʧ ʝʧʣʬʥʞʦʫʙ 

 
7.1 D3.js ʛʡʠʬʙʤʡʠʙʯʡʸ 
const sim = d3.forceSimulation(nodes) 
    .force("link",   d3.forceLink(links).id(d => d.id).distance(120)) 
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    .force("charge", d3.forceManyBody().strength(-300)) 
    .force("center", d3.forceCenter(W / 2, H / 2)); 
 
const node = g.append("g") 
    .selectAll("circle").data(nodes).join("circle") 
    .attr("r",      d => 6 + (d.access_count || 0) * 2) 
    .attr("fill",   d => color(d.community ?? 0)) 
    .attr("stroke", "#fff").attr("stroke-width", 1.5) 
    .call(d3.drag() 
      .on("start", (e, d) => { if (!e.active) sim.alphaTarget(0.3).restart(); d.fx=d.x; d.fy=d.y; }) 
      .on("drag",  (e, d) => { d.fx=e.x; d.fy=e.y; }) 
      .on("end",   (e, d) => { if (!e.active) sim.alphaTarget(0); d.fx=null; d.fy=null; }) 
    ) 
    .on("click", async (_, d) => highlightContext(d.id)); 
 
8. API ʡ ʠʙʨʬʪʣ ʨʩʧʞʣʫʙ 
ɼʣʷ ʚʥʝʰʥʝʛʦ ʜʦʩʪʫʧʘ ʠʩʧʦʣʴʟʫʝʪʩʷ FastAPI [2]. ʆʥ ʧʨʠʥʠʤʘʝʪ ʜʦʢʫʤʝʥʪʳ ʥʘ ʠʥʜʝʢʩʘʮʠʶ, 

ʚʦʟʚʨʘʱʘʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʟʘʧʨʦʩʫ, ʬʠʢʩʠʨʫʝʪ ʦʪʢʨʳʪʠʝ ʜʦʢʫʤʝʥʪʘ ʚ ʩʝʩʩʠʠ ʠ ʦʪʜʘʝʪ ʛʨʘʬ ʜʣʷ 
ʚʠʟʫʘʣʠʟʘʮʠʠ. 

 
8.1 ʇʪʦʧʛʦʴʞ ʶʦʝʨʧʡʦʫʴ 

ʋʙʚʤʡʯʙ 3 
ʇʪʦʧʛʦʴʞ ʶʦʝʨʧʡʦʫʴ API 

ʕʥʜʧʦʠʥʪ ʄʝʪʦʜ ʅʘʟʥʘʯʝʥʠʝ 

/ingest POST ɼʦʙʘʚʠʪʴ ʜʦʢʫʤʝʥʪ ʚ ʛʨʘʬ 

/query GET ʇʦʣʫʯʠʪʴ ʢʦʥʪʝʢʩʪʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 

/context/open/{doc_id} POST ɿʘʧʠʩʘʪʴ ʦʪʢʨʳʪʠʝ ʜʦʢʫʤʝʥʪʘ 

/graph GET ɺʝʨʥʫʪʴ ʧʦʣʥʳʡ ʛʨʘʬ ʜʣʷ D3.js 

/subgraph/{doc_id} GET ɺʝʨʥʫʪʴ ʢʦʥʪʝʢʩʪʥʳʡ ʩʫʙʛʨʘʬ 

 

 
ʉʡʪ. 6. ʈʩʡʥʞʩ ʠʙʨʬʪʣʙ ʨʩʧʞʣʫʙ ʡ ʧʫʛʞʫʙ API ʛ ʫʞʩʥʡʦʙʤʞ 
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app = FastAPI(title="KnowledgeGraph API", version="1.0.0") 
 
@app.get("/query") 
async def query(q: str, top_k: int = 5): 
    """ʂʦʥʪʝʢʩʪʥʳʡ ʧʦʠʩʢ ʩ ʫʯʸʪʦʤ ʠʩʪʦʨʠʠ ʩʝʩʩʠʠ.""" 
    recs = engine.get_recommendations(q, parser, top_k) 
    return {"query": q, "recommendations": recs} 
 
@app.get("/graph") 
async def get_graph(): 
    """ʇʦʣʥʳʡ ʛʨʘʬ ʜʣʷ D3.js ʚʠʟʫʘʣʠʟʘʮʠʠ.""" 
    maintainer.apply_decay() 
    maintainer.detect_communities() 
    return JSONResponse(content=kg.to_json()) 
9. ʅʞʫʩʡʣʡ, ʨʧʣʙʠʙʫʞʤʡ ʡ ʪʫʙʫʡʪʫʡʣʙ 
ʏʪʦʙʳ ʩʪʘʪʴʷ ʙʳʣʘ ʥʝ ʪʦʣʴʢʦ ʦʧʠʩʘʪʝʣʴʥʦʡ, ʥʦ ʠ ʧʨʦʚʝʨʷʝʤʦʡ, ʚ ʧʨʦʝʢʪ ʜʦʙʘʚʣʝʥ ʙʣʦʢ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ. ʆʥ ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʢʦʥʪʝʢʩʪʥʳʡ ʛʨʘʬʦʚʳʡ ʧʦʜʭʦʜ ʣʫʯʰʝ ʙʘʟʦʚʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʦʠʩʢʘ. 
 

 
ʉʡʪ. 7. ʊʩʙʛʦʞʦʡʞ baseline-ʨʧʡʪʣʙ ʡ ʣʧʦʫʞʣʪʫʦʧʜʧ ʜʩʙʭʧʛʧʜʧ ʩʙʦʟʡʩʧʛʙʦʡʸ 

 

 
ʉʡʪ. 8. ʈʧʣʙʠʙʫʞʤʵʦʙʸ ʫʙʚʤʡʯʙ ʪʫʙʫʡʪʫʡʣʡ ʝʞʥʧ-ʜʩʙʭʙ 
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ʋʙʚʤʡʯʙ 4 
ʊʩʙʛʦʞʦʡʞ ʣʙʰʞʪʫʛʙ ʚʙʠʧʛʧʜʧ ʡ ʣʧʦʫʞʣʪʫʦʧʜʧ ʩʙʦʟʡʩʧʛʙʦʡʸ 

ʄʝʪʨʠʢʘ Baseline ʂʦʥʪʝʢʩʪʥʳʡ ʛʨʘʬ 

Precision@5 0.51 0.72 

Recall@5 0.44 0.63 

NDCG@5 0.56 0.76 

MRR 0.48 0.69 

 
ʇʦ ʜʝʤʦ-ʦʮʝʥʢʝ (ʪʘʙʣ. 4) ʚʠʜʥʦ, ʯʪʦ ʫʯʝʪ ʩʝʩʩʠʦʥʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʚʝʨʭʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ. ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʝʥ ʨʦʩʪ Precision@5: ʧʦʣʴʟʦʚʘʪʝʣʶ ʯʘʱʝ ʧʦʢʘʟʳʚʘʶʪʩʷ ʜʦʢʫʤʝʥʪʳ, 
ʢʦʪʦʨʳʝ ʨʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʢ ʪʝʢʫʱʝʡ ʟʘʜʘʯʝ. 

 
10. ʁʫʧʜʡ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʘʩʴ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʦʩʪʦ ʭʨʘʥʠʪ ʜʦʢʫʤʝʥʪʳ, ʘ ʩʚʷʟʳʚʘʝʪ ʠʭ ʚ ʞʠʚʫʶ 

ʩʝʪʴ ʟʥʘʥʠʡ. ʆʥʘ ʧʦʥʠʤʘʝʪ ʩʤʳʩʣʦʚʫʶ ʙʣʠʟʦʩʪʴ, ʫʯʠʪʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʦʢʘʟʳʚʘʝʪ 
ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ ʛʨʘʬʘ: 

 ɼʦʢʫʤʝʥʪʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʫʟʣʳ ʛʨʘʬʘ. 
 ʉʚʷʟʠ ʤʝʞʜʫ ʜʦʢʫʤʝʥʪʘʤʠ ʩʪʨʦʷʪʩʷ ʧʦ ʩʤʳʩʣʫ, ʪʝʛʘʤ, ʩʫʱʥʦʩʪʷʤ ʠ ʩʦʚʤʝʩʪʥʳʤ ʦʪʢʨʳʪʠʷʤ. 
 ʈʝʢʦʤʝʥʜʘʮʠʠ ʨʘʥʞʠʨʫʶʪʩʷ ʩ ʫʯʝʪʦʤ ʪʝʢʫʱʝʛʦ ʢʦʥʪʝʢʩʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
 ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʦʢʘʟʳʚʘʝʪ ʥʝ ʘʙʩʪʨʘʢʪʥʫʶ ʩʭʝʤʫ, ʘ ʨʝʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ. 
 ʄʝʪʨʠʢʠ ʧʦʟʚʦʣʷʶʪ ʩʨʘʚʥʠʪʴ ʢʘʯʝʩʪʚʦ ʩʠʩʪʝʤʳ ʩ ʙʘʟʦʚʳʤ ʧʦʠʩʢʦʤ. 

 
11. ʀʙʣʤʷʰʞʦʡʞ 
ʂʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʘʷ ʩʠʩʪʝʤʘ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣʢʠʚʘʶʪʩʷ 

ʙʦʣʴʰʠʝ ʙʘʟʳ ʜʦʢʫʤʝʥʪʦʚ: ʠʥʬʦʨʤʘʮʠʷ ʝʩʪʴ, ʥʦ ʩʚʷʟʠ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʘʤʠ ʩʢʨʳʪʳ. ɻʨʘʬʦʚʳʡ ʧʦʜʭʦʜ 
ʜʝʣʘʝʪ ʵʪʠ ʩʚʷʟʠ ʷʚʥʳʤʠ, ʘ ʢʦʥʪʝʢʩʪʥʳʡ ʜʚʠʞʦʢ ʧʦʤʦʛʘʝʪ ʚʳʙʨʘʪʴ ʪʦ, ʯʪʦ ʧʦʣʝʟʥʦ ʠʤʝʥʥʦ ʩʝʡʯʘʩ. 

ʊʘʢʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʤʦʞʥʦ ʨʘʩʰʠʨʷʪʴ ʜʘʣʴʰʝ: ʧʦʜʢʣʶʯʠʪʴ Neo4j ʜʣʷ ʭʨʘʥʝʥʠʷ ʛʨʘʬʘ, ʜʦʙʘʚʠʪʴ 
RAG-ʩʣʦʡ ʜʣʷ ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩʳ, ʚʥʝʜʨʠʪʴ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʙʫʯʘʪʴ ʚʝʩʘ ʨʘʥʞʠʨʦʚʘʥʠʷ ʥʘ 
ʨʝʘʣʴʥʦʡ ʠʩʪʦʨʠʠ ʧʝʨʝʭʦʜʦʚ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ǟǯǴǧǱǤǩǱǲǯǟ ǰǧǰǱǤǫǺ ǰǤǫǟǬǱǧǶǤǰǩǭǢǭ 
Ǯǭǧǰǩǟ ǧ ǩǪǟǰǰǧǳǧǩǟǵǧǧ ǧǦǭǠǯǟǥǤǬǧǨ 
ǣǪǾ ǫǭǠǧǪǻǬǭǨ ǭǮǤǯǟǵǧǭǬǬǭǨ ǰǧǰǱǤǫǺ 
?LBPMGB Ǭǟ ǠǟǦǤ ǫǲǪǻǱǧǫǭǣǟǪǻǬǺǴ 
ǫǭǣǤǪǤǨ 

ǩȍȐȑȝȉȍȁ ǧȊțȞ ǣȋȇȑȏȇȄȁȇȖ  
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʦʨʦʢʠʥ ɸʣʝʢʩʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 
ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʤʫʣʴʪʠʤʝ-
ʜʠʡʥʳʭ ʜʘʥʥʳʭ ʥʘ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʬʦʨʤʘʭ. ɸʚʪʦʨʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʨʝʰʝʥʠʡ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʳ ʦʙʱʠʝ ʥʝʜʦʩʪʘʪʢʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʞʸʩʪʢʘʷ ʢʣʘʩ-
ʩʠʬʠʢʘʮʠʷ ʦʙʲʝʢʪʦʚ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʜʘʣʝʥʥʳʭ ʩʝʨʚʝʨʦʚ. ʇʨʝʜʣʦʞʝʥʘ ʠ ʦʙʦʩʥʦʚʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Android. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 
ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʪʠʧʘ CLIP. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʩʪʝʢʫ ʨʝʘʣʠʟʘʮʠʠ. 
ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʩʨʝʜʳ LiteRT. ɼʘʥʥʘʷ ʩʨʝʜʘ ʦʙʝʩ-
ʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʧʧʘʨʘʪʥʳʤʠ ʫʩʢʦʨʠʪʝʣʷʤʠ ʫʩʪʨʦʡʩʪʚʘ ʙʝʟ ʦʙʨʘʱʝʥʠʷ ʢ ʚʥʝʰʥʠʤ ʩʝʪʷʤ. 
ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦʠʩʢ ʧʦ ʩʣʦʞʥʳʤ ʩʤʳʩʣʦʚʳʤ ʟʘʧʨʦʩʘʤ. ʉʠʩʪʝʤʘ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʦʭʨʘʥʷʝʪ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ 
ʧʦʣʴʟʦʚʘʪʝʣʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, Android, ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, CLIP, LiteRT, ʩʝʤʘʥʪʠʯʝ-
ʩʢʠʡ ʧʦʠʩʢ, ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʝ ʤʦʜʝʣʠ, ʣʦʢʘʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ. 

 
ARCHITECTURE OF AN IMAGE SEMANTIC SEARCH AND CLASSIFICATION SYSTEM FOR THE 

ANDROID MOBILE OS BASED ON MULTIMODAL MODELS 
 

Kostyukov Ilya Dmitrievich 
 

Scientific adviser: Sorokin Aleksey Aleksandrovich 
 

Abstract: This paper investigates the pressing issue of intelligent multimedia data organization on mobile plat-
forms. The authors analyze the limitations of existing solutions, identifying common drawbacks such as rigid 
object classification and heavy reliance on remote servers. A software architecture for the Android operating 
system is proposed and justified, based on the application of CLIP-type multimodal models. Particular atten-
tion is paid to the implementation technology stack. LiteRT is identified as the most effective framework, ena-
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bling interaction with on-device hardware accelerators without the need for external network access. The pro-
posed approach facilitates searches based on complex semantic queries. The system ensures high pro-
cessing speeds while maintaining user data privacy. 
Keywords: Mobile application, Android, computer vision, CLIP, LiteRT, semantic search, multimodal models, 
on-device computing. 

 
ɻʛʞʝʞʦʡʞ 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʣʘʚʠʥʦʦʙʨʘʟʥʳʤ ʨʦ-
ʩʪʦʤ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ. ɺ 2025 ʛʦʜʫ ʦʙʲʝʤ ʩʦʟʜʘʚʘʝʤʳʭ ʬʦʪʦʛʨʘʬʠʡ ʧʨʝʚʳʩʠʣ 2 ʪʨʠʣʣʠʦʥʘ ʝʜʠ-
ʥʠʮ, 94% ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ [11]. ʋʩʪʘʥʦʚʢʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʪʠ-
ʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʚ ʩʤʘʨʪʬʦʥʳ ʧʨʠʚʝʣʘ ʢ ʪʦʤʫ, ʯʪʦ ʦʙʲʝʤ ʣʠʯʥʳʭ ʤʝʜʠʘʪʝʢ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʝʛʦʜʥʷ ʩʦ-
ʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 2000 ʩʥʠʤʢʦʚ [11]. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʧʦ 
ʭʨʦʥʦʣʦʛʠʠ ʠʣʠ ʯʝʨʝʟ ʨʫʯʥʳʝ ʤʝʪʢʠ ʥʝʵʬʬʝʢʪʠʚʥʳ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʪʘʢʞʝ ʩʚʷʟʘʥʘ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʨʘʩʪʫʱʠʤ 
ʥʝʜʦʚʝʨʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʦʙʣʘʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʢʦʤʧʘʥʠʠ Cisco, 
ʦʢʦʣʦ 62% ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʳʨʘʞʘʶʪ ʩʝʨʴʝʟʥʫʶ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʪʝʤ, ʢʘʢ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʠʭ 
ʣʠʯʥʳʝ ʜʘʥʥʳʝ ʚ ʩʠʩʪʝʤʘʭ ʀʀ, ʘ 40% ʢʦʤʧʘʥʠʡ ʫʞʝ ʩʪʘʣʢʠʚʘʣʠʩʴ ʩ ʨʝʘʣʴʥʳʤʠ ʫʪʝʯʢʘʤʠ ʧʝʨʩʦʥʘʣʴ-
ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʩʝʪʝʡ [14]. ʇʝʨʝʥʦʩ ʦʙʨʘʙʦʪʢʠ ʚ ʦʙʣʘʢʦ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʝʪ 
ʨʠʩʢʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʣʠʯʥʳʤ ʤʝʜʠʘʪʝʢʘʤ, ʥʦ ʠ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʟʘʚʠʩʠʤʦʡ ʦʪ ʩʝʪʝʚʦʡ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʩʝʨʚʠʩʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʝʥ-
ʪʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦ-
ʞʝʥʠʷ ʜʣʷ ʆʉ Android. ʉʠʩʪʝʤʘ ʧʨʦʚʦʜʠʪ ʛʣʫʙʦʢʠʡ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʧʦʩʨʝʜ-
ʩʪʚʝʥʥʦ ʥʘ ʫʩʪʨʦʡʩʪʚʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʠ 
ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʦʪʦʡʪʠ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʢʘʪʝʛʦʨʠʟʘʮʠʠ ʠ ʨʝʘʣʠʟʦʚʘʪʴ 
ʩʠʩʪʝʤʫ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʧʦʠʩʢʘ ʧʦ ʩʣʦʞʥʳʤ ʩʤʳʩʣʦʚʳʤ ʟʘʧʨʦʩʘʤ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʧʦʣʥʫʶ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʩʚʦʠʭ ʜʘʥʥʳʭ, ʠʩʢʣʶʯʘʷ ʧʝʨʝʜʘʯʫ ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 
ʚʦ ʚʥʝʰʥʶʶ ʩʝʪʴ. ʇʦʤʠʤʦ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʨʠʚʘʪʥʦʩʪʠ, ʣʦʢʘʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʟ-
ʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʧʨʠʨʦʩʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: ʟʘ ʩʯʝʪ ʫʩʪʨʘʥʝʥʠʷ ʟʘʜʝʨʞʝʢ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʧʦ 
ʩʝʪʠ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʩʦʢʨʘʱʘʝʪʩʷ ʥʘ 25ï30% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʣʘʯʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. 

1    ɹʦʙʤʡʠ ʪʬʲʞʪʫʛʬʷʲʡʮ ʩʞʱʞʦʡʢ 
ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʝʛʤʝʥʪʘ ʤʦʙʠʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʤʝʜʠʘʬʘʡʣʘʤʠ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʤʦʞʥʦ ʨʘʟʜʝ-
ʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʣʦʢʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʦʙ-
ʣʘʯʥʳʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʠʩʪʝʤ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʫʶʪ ʢʣʘʩʩʠʯʝʩʢʠʝ 
ʩʚʸʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (ʜʘʣʝʝ ï CNN), ʦʙʫʯʝʥʥʳʝ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, 
ImageNet [5]). ʀʩʧʦʣʴʟʦʚʘʥʠʝ CNN ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʠʩʢ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʪʝʛʦʨʠʡ, ʟʘʣʦ-
ʞʝʥʥʳʭ ʥʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʧʦʥʠʤʘʥʠʝ ʩʣʦʞʥʳʭ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ ʠʣʠ 
ʢʦʥʪʝʢʩʪʘ ʩʮʝʥʳ.  

ʆʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʧʝʨʝʥʦʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ 
ʫʜʘʣʝʥʥʳʝ ʩʝʨʚʝʨʳ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʘʯʥʳʭ ʨʝʰʝʥʠʡ ʩʦʟʜʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʳʩʦʢʦʩʢʦ-
ʨʦʩʪʥʦʛʦ ʠʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʷ ʠ ʥʝʩʝʪ ʩʝʨʴʸʟʥʳʝ ʫʛʨʦʟʳ ʧʨʠʚʘʪʥʦʩʪʠ.  

ʉʫʱʝʩʪʚʫʶʱʠʡ ʨʘʟʨʳʚ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʣʦʢʘʣʴ-
ʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʧʝʨʝʥʝʩʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 
ʛʠʙʢʦʛʦ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʚ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʡ ʨʝʞʠʤ.  

2   ɹʩʮʡʫʞʣʫʬʩʙ ʡʦʫʞʤʤʞʣʫʬʙʤʵʦʧʢ ʪʡʪʫʞʥʴ ʦʙ ʚʙʠʞ ʥʧʝʞʤʡ CLIP 
ɺ ʦʩʥʦʚʫ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʟʘʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʨʝʘʣʠʟʦʚʘʥ-

ʥʘʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ CLIP (Contrastive Language-Image Pre-training) [12]. ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ CLIP ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʙʣʦʢʦʚ ʦʙʨʘʙʦʪʢʠ: ʦʜʠʥ ʦʪʚʝʯʘʝʪ ʟʘ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝ-
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ʥʠʡ, ʘ ʜʨʫʛʦʡ ï ʟʘ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɹʣʦʢ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʤʦʞʝʪ ʦʩʥʦʚʳ-
ʚʘʪʴʩʷ ʢʘʢ ʥʘ ʛʣʫʙʦʢʠʭ ʩʚʸʨʪʦʯʥʳʭ ʩʝʪʷʭ, ʪʘʢ ʠ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ ʪʨʘʥʩʬʦʨʤʝʨʘ (ʜʘʣʝʝ ï ViT), ʚ ʪʦ ʚʨʝʤʷ 
ʢʘʢ ʪʝʢʩʪʦʚʳʡ ʙʣʦʢ ʦʙʳʯʥʦ ʩʪʨʦʠʪʩʷ ʥʘ ʙʘʟʝ ʪʨʘʥʩʬʦʨʤʝʨʘ, ʦʙʫʯʝʥʥʦʛʦ ʧʦʥʠʤʘʪʴ ʩʪʨʫʢʪʫʨʫ ʝʩʪʝʩʪʚʝʥ-
ʥʦʛʦ ʷʟʳʢʘ. ɺʘʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʪʘʣʴʶ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʣʦʝʚ ʧʨʦʝʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʚʦʜʷʪ ʜʘʥ-
ʥʳʝ ʠʟ ʦʙʦʠʭ ʙʣʦʢʦʚ ʚ ʝʜʠʥʳʡ ʯʠʩʣʦʚʦʡ ʬʦʨʤʘʪ ʦʜʠʥʘʢʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʜʣʷ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʨʘʚ-
ʥʝʥʠʷ [2]. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ CLIP ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʝʮʠʨʦʚʘʥʠʠ ʚʠʟʫʘʣʴʥʳʭ ʠ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ ʚ ʝʜʠʥʦʝ 
ʚʝʢʪʦʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʛʜʝ ʩʝʤʘʥʪʠʯʝʩʢʠ ʙʣʠʟʢʠʝ ʦʙʲʝʢʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʩʩʪʦʷ-
ʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʉʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʨʳ ʢʦʩʠʥʫʩʥʦʛʦ ʩʭʦʜ-
ʩʪʚʘ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʥʘ ʩʚʝʨʭʙʦʣʴʰʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ ʤʦʜʝʣʴ ʫʯʠʪʩʷ ʩʙʣʠʞʘʪʴ ʚʝʢʪʦʨʳ ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʱʠʭ ʜʨʫʛ ʜʨʫʛʫ ʧʘʨ ʠ, ʥʘʧʨʦʪʠʚ, ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʜʠʩʪʘʥʮʠʶ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 
ʪʝʢʩʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ CNN ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʭʦʜʝ ʦʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʬʠʢʩʠʨʦ-
ʚʘʥʥʦʤʫ ʩʧʠʩʢʫ ʤʝʪʦʢ ʢ ʦʙʫʯʝʥʠʶ ʥʘ ʦʩʥʦʚʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ. ʊʨʘʜʠʮʠʦʥʥʳʝ CNN ʦʛʨʘʥʠʯʝʥʳ ʢʘ-
ʪʝʛʦʨʠʷʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʦʥʠ ʦʙʫʯʘʣʠʩʴ, ʠ ʪʨʝʙʫʶʪ ʠʟʤʝʥʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʩʣʝʜʥʝʛʦ ʩʣʦʷ ʠ ʜʦʦʙʫʯʝ-
ʥʠʷ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʚʳʭ ʢʣʘʩʩʦʚ. CLIP ʞʝ ʦʙʫʯʘʝʪʩʷ ʥʘ 400 ʤʠʣʣʠʦʥʘʭ ʧʘʨ ʠʟʦʙʨʘʞʝʥʠʝ-ʪʝʢʩʪ, 
ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʥʠʤʘʪʴ ʰʠʨʦʢʠʡ ʢʦʥʪʝʢʩʪ [12]. 

ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʧʦʜʭʦʜʫ CLIP ʤʦʞʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʦʥ ʥʠʢʦʛʜʘ ʥʝ ʚʠʜʝʣ 
ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, ʩʦʧʦʩʪʘʚʣʷʷ ʚʝʢʪʦʨ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʚʝʢʪʦʨʘʤʠ ʥʦʚʳʭ ʪʝʢʩʪʦʚʳʭ ʦʧʠʩʘʥʠʡ. ʂʨʦʤʝ 
ʪʦʛʦ, ʝʩʣʠ ʚ CLIP ʠʩʧʦʣʴʟʫʝʪʩʷ ViT, ʦʥ ʟʘʤʝʥʷʝʪ ʣʦʢʘʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʩʚʸʨʪʢʠ ʤʝʭʘʥʠʟʤʦʤ self-
attention, ʧʦʟʚʦʣʷʷ ʤʦʜʝʣʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʛʣʦʙʘʣʴʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩʨʘʟʫ 
ʥʘ ʚʩʝʭ ʩʣʦʷʭ, ʯʪʦ ʥʝʜʦʩʪʫʧʥʦ ʢʣʘʩʩʠʯʝʩʢʠʤ CNN. CLIP ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʩʢʘʞʝʥʠʷʤ, ʩʜʚʠʛʘʤ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʘʥʥʳʭ ʠ ʠʟʤʝʥʝʥʠʶ ʩʪʠʣʷ [12]. ʅʘ ʨʠʩʫʥʢʝ 1 
ʧʦʢʘʟʘʥʦ ʩʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʜʝʣʠ CLIP ʩ CNN ʤʦʜʝʣʴʶ ResNet101. 

 

 
ʉʡʪ. 1. ʊʩʙʛʦʞʦʡʞ ʥʧʝʞʤʞʢ CLIP ʡ CNN [12] 

 
ʆʧʠʩʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʦʜʝʣʠ CLIP ʜʝʣʘʶʪ ʝʸ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘ-

ʜʘʯ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʠʩʢʘ, ʛʜʝ ʥʝʚʦʟʤʦʞʥʦ ʟʘʨʘʥʝʝ ʧʨʝʜʫʛʘʜʘʪʴ ʪʝʤʘʪʠʢʫ ʟʘʧʨʦʩʦʚ ʧʦʣʴʟʦʚʘ-
ʪʝʣʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʣʦ ʨʝʘʣʠʟʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʠʣʦʞʝʥʠʷ, ʚ 
ʢʦʪʦʨʦʡ ʪʷʞʝʣʦʚʝʩʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʘʥʘʣʠʟʫ ʢʦʥʪʝʥʪʘ ʦʪʜʝʣʝʥʳ ʦʪ ʧʨʦʮʝʩʩʘ ʤʛʥʦʚʝʥʥʦʛʦ ʧʦʠʩʢʘ. 
ɺʳʰʝʩʢʘʟʘʥʥʳʝ ʧʨʠʥʮʠʧʳ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʧʨʦʛʨʘʤʤʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠ-
ʩʫʥʢʝ 2, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʸʭ ʤʦʜʫʣʝʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʝʪ ʟʘ ʩʚʦʡ ʵʪʘʧ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ: 

ï   ʤʦʜʫʣʴ ʬʦʥʦʚʦʡ ʠʥʜʝʢʩʘʮʠʠ ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʨʘʙʦʪʢʫ ʣʦʢʘʣʴʥʦʡ ʛʘʣʝʨʝʠ ʚ ʬʦʥʦʚʦʤ ʨʝʞʠʤʝ. ʉ 
ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʤʦʜʝʣʠ ʠʟ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟʚʣʝʢʘʝʪʩʷ ʫʥʠʢʘʣʴʥʳʡ ʚʝʢ-
ʪʦʨʥʳʡ ʧʨʠʟʥʘʢ, ʢʦʪʦʨʳʡ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʣʦʢʘʣʴʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ; 
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ï   ʤʦʜʫʣʴ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʘ ʚʳʧʦʣʥʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʢʩʪʦʚʦʛʦ ʟʘʧʨʦʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ 
ʚʝʢʪʦʨ ʧʦʠʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʦʣʫʯʘʷ ʥʘ ʚʭʦʜ ʧʨʦʠʟʚʦʣʴʥʳʡ ʪʝʢʩʪ, ʤʦʜʫʣʴ ʟʘʜʝʡʩʪʚʫʝʪ ʪʝʢʩʪʦʚʳʡ 
ʙʣʦʢ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʣʷ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʦʡ ʞʝ ʨʘʟʤʝʨʥʦʩʪʠ, ʯʪʦ ʠ 
ʚʝʢʪʦʨʳ ʠʟʦʙʨʘʞʝʥʠʡ. ɼʘʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʝʩʪʠ ʟʘʧʨʦʩ ʩ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʥʘ 
ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʷʟʳʢ ʚʝʢʪʦʨʦʚ; 

ï   ʤʦʜʫʣʴ ʚʝʢʪʦʨʥʦʛʦ ʨʘʥʞʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʷʜʨʦʤ ʩʠʩʪʝʤʳ. ʆʥ ʦʩʫʱʝʩʪʚʣʷ-
ʝʪ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʠʩʢʦʚʦʛʦ ʚʝʢʪʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʤʦʜʫʣʷ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʘ, ʩ ʙʘʟʦʡ ʚʝʢʪʦʨʥʳʭ 
ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʤʝʨʫ ʢʦʩʠʥʫʩʥʦʛʦ ʩʭʦʜʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʬʦʨ-
ʤʠʨʫʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʩʧʠʩʦʢ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʭ ʩʤʳʩʣʦʚʦʤʫ ʢʦʥʪʝʢʩʪʫ ʟʘʧʨʦʩʘ. 
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ʉʡʪ. 2. ʍʬʦʣʯʡʧʦʙʤʵʦʙʸ ʪʮʞʥʙ ʙʩʮʡʫʞʣʫʬʩʴ ʪʡʪʫʞʥʴ ʪʞʥʙʦʫʡʰʞʪʣʧʜʧ ʨʧʡʪʣʙ ʦʙ ʚʙʠʞ  

ʥʬʤʵʫʡʥʧʝʙʤʵʦʧʢ ʥʧʝʞʤʡ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʲʝʜʠʥʷʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʦʙʫʯʝ-
ʥʠʷ ʠ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʉʦʯʝʪʘʥʠʝ ʬʦʥʦʚʦʡ ʠʥʜʝʢʩʘʮʠʠ ʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʨʘʥʞʠʨʦʚʘʥʠʷ ʧʦʟʚʦ-
ʣʷʝʪ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʤʝʜʠʘʧʨʦʩʪʨʘʥʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʀʪʦʛʦʚʦʝ ʨʝ-
ʰʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʧʦʠʩʢʘ ʧʦ ʤʝʪʘʜʘʥʥʳʤ ʢ ʧʦʠʩʢʫ ʧʦ ʩʤʳʩʣʘʤ, 
ʥʦ ʠ ʩʣʝʜʫʝʪ ʩʪʘʥʜʘʨʪʘʤ ʧʨʠʚʘʪʥʦʩʪʠ, ʩʦʭʨʘʥʷʷ ʚʩʝ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚʥʫʪʨʠ ʫʩʪʨʦʡʩʪʚʘ. 

3   ʋʞʮʦʧʤʧʜʡʰʞʪʣʡʞ ʙʪʨʞʣʫʴ ʡ ʩʞʙʤʡʠʙʯʡʸ ʦʙ LiteRT 
ʂʣʶʯʝʚʦʡ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʣʦʢʘʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʦʧʝ-

ʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Android ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʨʝʜʳ ʚʳʧʦʣʥʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʥʘ 
ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʨʝʜʳ ʚʳʧʦʣʥʝʥʠʷ:  

ï   LiteRT [8] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠ-ʪʝʣʴʥʫʶ ʩʨʝʜʫ ʚʳʧʦʣ-
ʥʝʥʠʷ ʦʪ Google, ʦʬʠʮʠʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚ ʩʝʥʪʷʙʨʝ 2024 ʛʦʜʘ ʢʘʢ ʵʚʦʣʶʮʠʦʥʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ 
ʵʢʦʩʠʩʪʝʤʳ TensorFlow Lite. ɼʘʥʥʘʷ ʩʨʝʜʘ ʚʳʧʦʣʥʝʥʠʷ ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʢʘʢ ʩʪʘʥʜʘʨʪ ʜʣʷ Android-
ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʘʙʩʪʨʘʢʮʠʶ ʦʪ ʘʧʧʘʨʘʪʥʳʭ ʨʘʟʣʠʯʠʡ. ʉʨʝʜʘ ʠʩʧʦʣʴʟʫʝʪ 
ʢʦʤʧʘʢʪʥʳʡ ʬʦʨʤʘʪ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʙʠʙʣʠʦʪʝʢʝ ʩʝʨʠʘʣʠʟʘʮʠʠ FlatBuffers, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫ-
ʱʝʩʪʚʣʷʪʴ ʙʳʩʪʨʫʶ ʟʘʛʨʫʟʢʫ ʤʦʜʝʣʝʡ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʧʘʤʷʪʠ [7]. ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 
ʷʚʣʷʝʪʩʷ CompiledModel API ï ʩʦʚʨʝʤʝʥʥʳʡ ʩʪʘʥʜʘʨʪ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʤʦʜʝʣʝʡ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʯ ʤʝʞʜʫ CPU, GPU ʠ NPU [6]; 

ï   ONNX Runtime [10] ï ʵʪʦ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʘʷ ʩʨʝʜʘ ʚʳʧʦʣʥʝʥʠʷ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ 
ʦʪ Microsoft, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʝʥʦʩʠʤʦʩʪʠ ʤʦʜʝʣʝʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʛʨʘʤ-
ʤʥʦ-ʘʧʧʘʨʘʪʥʳʤʠ ʩʪʝʢʘʤʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʠʭ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ. ʇʨʦʮʝʩʩ ʚʳʧʦʣʥʝʥʠʷ ʚʢʣʶʯʘʝʪ ʤʥʦʛʦ-
ʫʨʦʚʥʝʚʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʛʨʘʬʘ: ʦʪ ʙʘʟʦʚʦʛʦ ʩʚʝʨʪʳʚʘʥʠʷ ʢʦʥʩʪʘʥʪ ʜʦ ʩʣʦʞʥʦʛʦ ʩʣʠʷʥʠʷ ʦʧʝʨʘʪʦʨʦʚ. 
ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʧʨʦʚʘʡʜʝʨʦʚ ʚʳʧʦʣʥʝʥʠʷ [1]. ɼʣʷ Android ʢʨʠʪʠʯʝʩʢʠ 
ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ NNAPI, QNN ʠ XNNPACK ʜʣʷ CPU. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʟʜʝʣʷʝʪ ʛʨʘʬ ʥʘ ʧʦʜ-
ʛʨʘʬʳ, ʨʘʩʧʨʝʜʝʣʷʷ ʠʭ ʤʝʞʜʫ ʜʦʩʪʫʧʥʳʤʠ ʧʨʦʚʘʡʜʝʨʘʤʠ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʜʝʨʞʝʢ [10]; 
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ï   ExecuTorch [4] ï ʵʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʦʪ PyTorch, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʧʨʷʤʦʛʦ 
ʵʢʩʧʦʨʪʘ ʤʦʜʝʣʝʡ PyTorch ʥʘ ʤʦʙʠʣʴʥʳʝ ʠ ʚʩʪʨʘʠʚʘʝʤʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʆʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʩʦʭʨʘʥʝ-
ʥʠʝ ʩʝʤʘʥʪʠʢʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ PyTorch ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʦʨʤʘʪʦʚ ʢʦʥʚʝʨʪʘ-
ʮʠʠ. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ ʚʳʧʦʣʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʤʘʣʳʡ ʦʙʲʝʤ ʙʠʥʘʨʥʦʛʦ 
ʬʘʡʣʘ (ʦʢʦʣʦ 50 ʂɹ), ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʛʦʜʥʳʤ ʜʘʞʝ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʥʦʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚ. 
ʉʨʝʜʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʤ ʥʘʙʦʨʝ ʦʧʝʨʘʪʦʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʠʩʧʦʣʴ-
ʟʦʚʘʪʴ ʟʥʘʢʦʤʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ PyTorch ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʤʦʜʝʣʝʡ [3]. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʭʦʜʝ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [13] ʥʘ 
ʫʩʪʨʦʡʩʪʚʝ Google Pixel 6 ʜʣʷ ʪʨʝʭ ʩʨʝʜ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ CPU. 

 
ʋʙʚʤʡʯʙ 1 

ʊʩʙʛʦʞʦʡʞ ʨʩʧʡʠʛʧʝʡʫʞʤʵʦʧʪʫʡ ʡ ʨʙʥʸʫʡ ʪʩʞʝ ʛʴʨʧʤʦʞʦʡʸ ʦʙ Android 

ʄʦʜʝʣʴ ʥʝʡʨʦʩʝʪʠ ʄʝʪʨʠʢʘ LiteRT (TFLite) ONNX Runtime Executorch 

YOLOv8n (ɿʨʝʥʠʝ) 
ɿʘʜʝʨʞʢʘ (ʤʩ) 85 83 77 

ʇʠʢʦʚʘʷ ʧʘʤʷʪʴ 
(ʄɹ) 

24.5 24.9 25.1 

Whisper-Tiny 
(ɸʫʜʠʦ) 

ɿʘʜʝʨʞʢʘ (ʤʩ) 543 397 421 

ʇʠʢʦʚʘʷ ʧʘʤʷʪʴ 
(ʄɹ) 

47.8 50.1 48.2 

DistilBERT (ʊʝʢʩʪ) 
ɿʘʜʝʨʞʢʘ (ʤʩ) 16 15 38 

ʇʠʢʦʚʘʷ ʧʘʤʷʪʴ 
(ʄɹ) 

197.6 206.7 203.2 

 
ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ONNX Runtime ʠ ExecuTorch ʧʦʢʘʟʳʚʘʶʪ 

ʤʝʥʴʰʫʶ ʟʘʜʝʨʞʢʫ ʚ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯʘʭ, ʥʦ LiteRT ʧʦʪʨʝʙʣʷʝʪ ʤʝʥʴʰʝ ʚʩʝʛʦ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚʦ 
ʚʩʝʭ ʢʘʪʝʛʦʨʠʷʭ ʪʝʩʪʦʚ. ɼʣʷ Android-ʫʩʪʨʦʡʩʪʚ ʵʢʦʥʦʤʠʷ ʧʘʤʷʪʠ ʢʨʠʪʠʯʥʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʢʨʳ-
ʪʠʷ ʧʨʠʣʦʞʝʥʠʷ ʩʠʩʪʝʤʦʡ. 

ʊʘʢʞʝ LiteRT ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʝʝ ʟʨʝʣʳʝ ʤʝʭʘʥʠʟʤʳ ʜʝʣʝʛʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʥʘ GPU ʠ NPU. 
ʆʬʠʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ Google ʜʣʷ ʫʩʪʨʦʡʩʪʚ Pixel 4 ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʧʨʠ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʠ GPU-ʜʝʣʝʛʘʪʘ: 

ï   MobileNet v1: 14.0 ʤʩ ʥʘ CPU ʧʨʦʪʠʚ 9.0 ʤʩ ʥʘ GPU; 
ï   Inception v4: 324.1 ʤʩ ʥʘ CPU ʧʨʦʪʠʚ 97.6 ʤʩ ʥʘ GPU (ʫʩʢʦʨʝʥʠʝ ʙʦʣʝʝ ʯʝʤ ʚ 3 ʨʘʟʘ) [15].  
ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, LiteRT ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ Android 

ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 
ï   LiteRT ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʘʤʳʡ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʧʠʢʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ RAM ʩʨʝʜʠ ʢʦʥʢʫʨʝʥʪʦʚ, 

ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ; 
ï   LiteRT ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʩʨʝʜʦʡ ʚʳʧʦʣʥʝʥʠʷ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʧʦʣʥʫʶ ʧʦʜʜʝʨʞʢʫ ʩʦ ʩʪʦ-

ʨʦʥʳ Google, ʚʩʪʨʦʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʚ Android Studio ʠ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʘʙʩʪʨʘʢ-
ʮʠʠ ʯʝʨʝʟ MediaPipe Tasks [9], ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʢʦʨʷʝʪ ʨʘʟʨʘʙʦʪʢʫ; 

ï   LiteRT ʥʘʧʨʷʤʫʶ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩ ʜʨʘʡʚʝʨʘʤʠ NPU Qualcomm ʠ MediaTek, ʦʙʝʩʧʝʯʠʚʘʷ 
ʥʘʠʣʫʯʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʝʟ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ. 

 
ʀʙʣʤʷʰʞʦʡʞ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʆʉ Android, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʚʠʟʫʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʩʦ-
ʧʦʩʪʘʚʣʝʥʠʷ ʪʝʢʩʪʘ ʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚʤʝʩʪʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʘʪʝʛʦʨʠʟʘʮʠʠ ʧʦʟʚʦʣʠʣʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 
ʦʨʛʘʥʠʟʘʮʠʠ ʢʨʫʧʥʳʭ ʤʝʜʠʘʪʝʢ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ CLIP ʦʙʝʩʧʝʯʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʠʩʢʘ ʧʦ ʩʣʦʞʥʳʤ ʪʝʢʩʪʦʚʳʤ ʟʘʧʨʦʩʘʤ. 
ʊʘʢʦʡ ʧʦʜʭʦʜ ʫʩʪʨʘʥʷʝʪ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ 
ʩʝʪʝʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʥʘʙʦʨʦʤ ʢʘʪʝʛʦʨʠʡ. ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ 
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ʩʨʝʜʘ LiteRT ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤ. ɼʘʥʥʘʷ ʩʨʝʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠ-
ʥʠʤʘʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʧʧʘʨʘʪʥʳʤʠ ʫʩʢʦʨʠ-
ʪʝʣʷʤʠ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʣʦʢʘʣʴʥʳʭ ʥʝʡʨʦʩʝʪʝʚʳʭ ʚʳʯʠʩ-
ʣʝʥʠʡ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʘʚʪʦʥʦʤʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ. 
ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ 
ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʙʝʟ ʜʦʩʪʫʧʘ ʢ ʚʥʝʰʥʝʡ ʩʝʪʠ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1.  Chinnaraju, A. Benchmarking cross-platform AI: Web Assembly, ONNX Runtime and TVM for Re-

al-Time Web, Mobile, and IoT Deployment / A. Chinnaraju // World Journal of Advanced Research and Re-
views. ï 2025. ï Vol. 26, ˉ 2. ï P. 1937ï1963. ï DOI: 10.30574/wjarr.2025.26.2.1832. 

2. CLIP (Contrastive Language-Image Pre-Training) [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: 
https://blog.deepschool.ru/cv/clip/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 03.04.2026). 

3.  ExecuTorch [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï
 ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: https://github.com/pytorch/executorch (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 21.04.2026). 

4. ExecuTorch Overview [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: 
https://docs.pytorch.org/executorch/stable/intro-overview.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 21.04.2026). 

5.  ImageNet [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: https://www.image-net.org/ (ʜʘʪʘ ʦʙ-
ʨʘʱʝʥʠʷ: 13.04.2026). 

6. LiteRT for Android [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: 
https://ai.google.dev/edge/litert/android (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.04.2026). 

7. LiteRT overview [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: 
https://ai.google.dev/edge/litert/overview (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.04.2026). 

8. LiteRT: The Universal Framework for On-Device AI [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 
ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: https://developers.googleblog.com/litert-the-universal-framework-for-on-device-ai/ (ʜʘ-
ʪʘ ʦʙʨʘʱʝʥʠʷ: 20.04.2026). 

9.  MediaPipe Solutions guide [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: 
https://ai.google.dev/edge/mediapipe/solutions/guide (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 27.04.2026). 

10. ONNX Runtime [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: https://onnxruntime.ai/ (ʜʘʪʘ ʦʙ-
ʨʘʱʝʥʠʷ: 21.04.2026). 

11. Photo statistics: How many photos are taken every day? [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï
 ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: https://photutorial.com/photos-statistics/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 03.04.2026). 

12.  Radford, A., Kim, J. W., Hallacy, C. [et al.]. Learning Transferable Visual Models From Natural 
Language Supervision. ï OpenAI, 2021. ï DOI: 10.48550/arXiv.2103.00020. 

13.  Tang, C. Parallax: Runtime Parallelization for Operator Fallbacks in Heterogeneous Edge Systems 
/ C. Tang, H. Dai, J. Chauhan. ï 2025. ï DOI: 10.48550/arXiv.2512.11532. 

14. ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠ ʜʦʚʝʨʝʥʥʳʝ ʩʨʝʜʳ ʠʩʧʦʣʥʝʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï
 ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: https://rubda.ru/files/abd_konfidencialnye_vychisleniya_i_doverennye_sredy_ispolneni
ya.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 03.04.2026). 

15.    ʊʝʩʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʝʡ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï
 ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: https://ai.google.dev/edge/litert/models/measurement?hl=ru#performance_benchmark
s_for_well_known_models (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 13.04.2026). 

  



ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 125 

 

XXIII International scientific conference | www.naukaip.ru 

ǲǣǩ 40. 

ǟǬǟǪǧǦ ǱǯǟǬǰǮǭǯǱǬǭǨ ǰǧǰǱǤǫǺ Ǣǭǯǭǣǟ 
ǣǲǷǟǬǠǤ ǧ ǮǲǱǧ Ǥǝ ǰǭǡǤǯǷǤǬǰǱǡǭǡǟǬǧǾ 

Ǡǿȏȍȑȍȁ ǽȌȒȐȃȅȍȌ ǢȒȊȋȒȏȍȃȍȁȇȖ 
ʢ.ʪ.ʥ., ʠ.ʦ., ʜʦʮʝʥʪ 

ǰȍȇȀȌǿȆǿȏȍȁ ǢȒȊȌǿȆǿȏ ǟȉȇȋȍȁȇȖ 
ʤʘʛʠʩʪʨ 2-ʛʦ ʢʫʨʩʘ  

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ.ʆʩʠʤʠ 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝʥʥʦʡ ʬʦʨʤʳ ʛʦʨʦʜʘ ʥʘ ʧʨʠʤʝʨʝ ɼʫʰʘʥʙʝ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 
ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ, ʭʘʨʘʢʪʝʨ ʤʦʙʠʣʴʥʦʩʪʠ ʠ ʪʦ, ʢʘʢ ʵʣʝʤʝʥʪʳ ʪʨʘʥʩ-
ʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʶʪ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʧʣʦʪʥʦʩʪʴ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ. ɺʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ 
ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ: ʚʳʪʷʥʫʪʦʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʚʜʦʣʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʩʝʡ, ʧʦʚʳʰʝʥʠʝ 
ʥʘʛʨʫʟʦʢ ʥʘ ʮʝʥʪʨʘʣʴʥʳʝ ʨʘʡʦʥʳ, ʘ ʪʘʢʞʝ ʧʦʩʪʝʧʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʣʦʢʘʣʴʥʳʭ ʮʝʥʪʨʦʚ. 
ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚʳʚʦʜʳ ʦ ʨʦʣʠ ʪʨʘʥʩʧʦʨʪʘ ʢʘʢ ʬʘʢʪʦʨʘ, ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʤʦʨʬʦʣʦʛʠʶ ʛʦʨʦʜʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʦʨʦʜʩʢʘʷ ʬʦʨʤʘ, ʪʨʘʥʩʧʦʨʪ, ʫʣʠʯʥʦ-ʜʦʨʦʞʥʘʷ ʩʝʪʴ, ʤʦʙʠʣʴʥʦʩʪʴ, ɼʫʰʘʥʙʝ, ʩʪʨʫʢ-
ʪʫʨʘ ʛʦʨʦʜʘ. 
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Annotation: this paper examines the mutual influence of transport infrastructure and the spatial form of an 
urban environment, using Dushanbe as an example. It analyzes the historical development of the urban envi-
ronment, the structure of major thoroughfares, the nature of mobility, and how elements of the transport sys-
tem determine the configuration and density of urban development. Key development trends are identified: 
elongated territorial expansion along transport axes, increasing pressure on central districts, and the gradual 
formation of new local centers. Conclusions are drawn regarding the role of transport as a factor transforming 
urban morphology. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʨʘʥʩʧʦʨʪʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʛʦʨʦʜʘʭ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʣʘʩʴ, ʯʪʦ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʨʦ-

ʩʪʦʤ ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʪʘʢ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʣʠʯʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. ʕʪʦ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠ-
ʚʦʜʠʪ ʢ ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʠ ʜʦʨʦʛ, ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʫʭʫʜʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ɺ 
ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ɼʫʰʘʥʙʝ, ʘ ʪʘʢʞʝ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʚʠʪʠʶ ʛʦʨʦʜʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ. 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʣʶʙʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʦʨʦʜʘ. ʆʪ 
ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʦʨʛʘʥʠʟʦʚʘʥʘ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ, ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʫʜʦʙʩʪʚʦ ʧʝʨʝ-
ʜʚʠʞʝʥʠʷ ʥʘʩʝʣʝʥʠʷ, ʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʙʱʠʡ ʫʨʦʚʝʥʴ 
ʢʦʤʬʦʨʪʘ ʛʦʨʦʜʩʢʦʡ ʞʠʟʥʠ. ɼʣʷ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʪʨʘʥʩʧʦʨʪ ʫʞʝ ʜʘʚʥʦ ʧʝʨʝʩʪʘʣ ʙʳʪʴ ʪʦʣʴʢʦ ʩʨʝʜʩʪʚʦʤ 
ʧʝʨʝʤʝʱʝʥʠʷ. ʉʝʡʯʘʩ ʦʥ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʘ ʠ ʢʘʯʝʩʪʚʦ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʚ 
ʮʝʣʦʤ. 



126 ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 

 

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

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ɼʫʰʘʥʙʝ ʨʘʟʚʠʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ. ʉʪʨʦʷʪʩʷ ʥʦʚʳʝ ʞʠʣʳʝ ʢʦʤʧʣʝʢʩʳ, 
ʨʘʩʰʠʨʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʨʘʡʦʥʳ ʛʦʨʦʜʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ. ɽʩʣʠ ʨʘʥʴʰʝ ʪʨʘʥʩ-
ʧʦʨʪʥʘʷ ʥʘʛʨʫʟʢʘ ʦʱʫʱʘʣʘʩʴ ʚ ʦʩʥʦʚʥʦʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ, ʪʦ ʩʝʛʦʜʥʷ ʟʘʪʦʨʳ ʤʦʞʥʦ 
ʥʘʙʣʶʜʘʪʴ ʠ ʚ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʯʘʩʳ ʧʠʢ. ʄʥʦʛʠʝ ʞʠʪʝʣʠ ʛʦʨʦʜʘ ʝʞʝʜʥʝʚʥʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 
ʧʨʦʙʣʝʤʦʡ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ ʦʩʥʦʚʥʳʤ ʤʘʛʠʩʪʨʘʣʷʤ, ʠ ʵʪʦ ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʡ 
ʠʟ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʭ ʛʦʨʦʜʩʢʠʭ ʧʨʦʙʣʝʤ. 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʯʘʩʪʴ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʬʦʨʤʠʨʦ-
ʚʘʣʘʩʴ ʝʱʸ ʚ ʫʩʣʦʚʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ. ɺ ʪʦʪ ʧʝʨʠʦʜ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦ-
ʤʦʙʠʣʝʡ ʙʳʣʦ ʥʝʩʦʧʦʩʪʘʚʠʤʦ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʧʦʵʪʦʤʫ ʥʳʥʝʰʥʷʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʥʘʛʨʫʟ-
ʢʘ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʫʣʠʮ ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʡ. ʅʝʢʦʪʦʨʳʝ ʧʝʨʝʢʨʸʩʪʢʠ ʠ ʜʦʨʦʞʥʳʝ ʫʯʘʩʪʢʠ ʫʞʝ 
ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʦʪʦʢʦʤ ʘʚʪʦʤʦʙʠʣʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʫʪʨʝʥʥʝʝ ʠ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ. ʀʟ-ʟʘ 
ʵʪʦʛʦ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʩʥʠʞʘʝʪʩʷ, ʘ ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʘʚʘʨʠʠ ʩʧʦʩʦʙʥʳ ʚʳʟʚʘʪʴ 
ʩʝʨʴʸʟʥʳʝ ʟʘʪʦʨʳ. 

ɺ ʪʨʘʥʩʧʦʨʪʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʣʷ ʘʥʘʣʠʟʘ ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʣʦʪʥʦ-
ʩʪʴʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʢʦʨʦʩʪʴʶ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ: 
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ʛʜʝ:   
Q- ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ (ʘʚʪʦ/ʯʘʩ); 
ʂ- ʧʣʦʪʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ; 
V- ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ; 
 ʉ- ʢʦʵʬʬʠʮʠʝʥʪ ʠʣʠ ʧʘʨʘʤʝʪʨ ʧʨʠʚʝʜʝʥʠʷ/ʢʦʨʨʝʢʮʠʠ. 
ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ ʫʯʘʩʪʢʝ 

ʜʦʨʦʛʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʟʘʤʝʪʥʘ 
ʥʘ ʮʝʥʪʨʘʣʴʥʳʭ ʫʣʠʮʘʭ ɼʫʰʘʥʙʝ, ʛʜʝ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʨʝʛʫʣʷʨʥʦ ʧʨʠʚʦʜʠʪ ʢ 
ʧʨʦʙʢʘʤ ʠ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʧʦʝʟʜʢʠ. 

ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʨʦʩʪʝ ʯʠʩʣʘ ʘʚʪʦʤʦʙʠʣʝʡ. ʉʫ-
ʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʠ ʩʦʩʪʦʷʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʘʚʪʦ-
ʙʫʩʥʳʭ ʠ ʪʨʦʣʣʝʡʙʫʩʥʳʭ ʤʘʨʰʨʫʪʦʚ, ʤʥʦʛʠʝ ʞʠʪʝʣʠ ʚʩʸ ʨʘʚʥʦ ʧʨʝʜʧʦʯʠʪʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʯʥʳʡ 
ʪʨʘʥʩʧʦʨʪ. ʇʨʠʯʠʥʳ ʟʜʝʩʴ ʜʦʩʪʘʪʦʯʥʦ ʧʦʥʷʪʥʳ: ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ ʜʚʠʞʝʪ-
ʩʷ ʥʝʨʝʛʫʣʷʨʥʦ, ʦʪʜʝʣʴʥʳʝ ʤʘʨʰʨʫʪʳ ʙʳʚʘʶʪ ʧʝʨʝʛʨʫʞʝʥʳ, ʘ ʫʨʦʚʝʥʴ ʢʦʤʬʦʨʪʘ ʥʝ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪ-
ʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʜʦʨʦʛʘʭ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩ-
ʪʠ, ʘ ʥʘʛʨʫʟʢʘ ʥʘ ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʠʩʪʝʤʫ ʩʪʘʥʦʚʠʪʩʷ ʝʱʸ ʚʳʰʝ. 

ɺʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʦʜʝʨʥʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘʯʠʥʘʝʪʩʷ ʠʤʝʥʥʦ ʩ ʨʘʟʚʠʪʠʷ 
ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ [1]. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʨʦʙʦʢ ʪʦʣʴʢʦ ʟʘ 
ʩʯʸʪ ʨʘʩʰʠʨʝʥʠʷ ʜʦʨʦʛ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʉʦ ʚʨʝʤʝʥʝʤ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʩʥʦʚʘ ʫʚʝʣʠ-
ʯʠʚʘʝʪʩʷ, ʠ ʪʨʘʥʩʧʦʨʪʥʘʷ ʥʘʛʨʫʟʢʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʧʨʝʞʥʝʤʫ ʫʨʦʚʥʶ. ʇʦʵʪʦʤʫ ʚʩʸ ʙʦʣʴʰʝ ʛʦʨʦʜʦʚ ʜʝ-
ʣʘʶʪ ʘʢʮʝʥʪ ʠʤʝʥʥʦ ʥʘ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʨʘʟʚʠʪʠʠ ʧʝʨʝʩʘʜʦʯʥʳʭ 
ʫʟʣʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ. 

ɺ ɼʫʰʘʥʙʝ ʦʧʨʝʜʝʣʸʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʪʦʡ ʩʬʝʨʝ ʫʞʝ ʧʨʦʠʩʭʦʜʷʪ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʚʦʜʠʣ-
ʩʷ ʨʝʤʦʥʪ ʦʪʜʝʣʴʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ, ʦʙʥʦʚʣʷʣʩʷ ʘʚʪʦʙʫʩʥʳʡ ʧʘʨʢ, ʩʪʨʦʠʣʠʩʴ ʥʦʚʳʝ ʜʦʨʦʞʥʳʝ ʫʯʘʩʪʢʠ. 
ʆʜʥʘʢʦ ʧʦʢʘ ʵʪʠ ʤʝʨʳ ʥʝ ʩʧʦʩʦʙʥʳ ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʠʪʴ ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʠʪʫʘʮʠʶ. ʈʦʩʪ ʘʚʪʦʤʦʙʠʣʠʟʘ-
ʮʠʠ ʥʘʩʝʣʝʥʠʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ, ʘ ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʝ ʚʩʝʛʜʘ 
ʫʩʧʝʚʘʝʪ ʟʘ ʵʪʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. 

ʂʨʦʤʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʪʦʨʦʚ ʩʫʱʝʩʪʚʫʝʪ ʠ ʜʨʫʛʘʷ ʧʨʦʙʣʝʤʘ ð ʫʭʫʜʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. 
ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʝʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʩʪʦʤ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦ-
ʩʬʝʨʫ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʟʘʤʝʪʥʦ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʧʣʦʪʥʳʤ ʜʚʠʞʝʥʠʝʤ, ʛʜʝ ʪʨʘʥʩʧʦʨʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘʭʦ-
ʜʠʪʩʷ ʚ ʨʝʞʠʤʝ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʠʣʠ ʦʩʪʘʥʦʚʢʠ. ɼʣʷ ɼʫʰʘʥʙʝ ʵʪʦʪ ʚʦʧʨʦʩ ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ, ʧʦ-
ʩʢʦʣʴʢʫ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ [2]. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʦʜʘʭ ʚʩʸ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʦʩʥʦ-
ʚʘʥʥʳʝ ʥʘ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʚʝʪʦʬʦʨʦʚ, 
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ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʢʘʤʝʨʳ ʥʘʙʣʶʜʝʥʠʷ ʠ ʮʠʬʨʦʚʦʡ ʘʥʘʣʠʟ ʜʦʨʦʞʥʦʡ 
ʥʘʛʨʫʟʢʠ. ʇʦʜʦʙʥʳʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʜʚʠʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʠ ʯʘ-
ʩʪʠʯʥʦ ʩʥʠʞʘʪʴ ʫʨʦʚʝʥʴ ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʠ ʜʦʨʦʛ [3]. ɼʣʷ ɼʫʰʘʥʙʝ ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʛʣʦ ʙʳ 
ʩʪʘʪʴ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʸ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʨʘʟʚʠʪʠʶ ʧʝʰʝʭʦʜʥʦʡ ʠ ʚʝʣʦʩʠʧʝʜ-
ʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʈʘʥʴʰʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʛʦʨʦʜʩʢʠʭ ʫʣʠʮ ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʜʝʣʘʣʩʷ ʠʤʝʥʥʦ ʥʘ 
ʘʚʪʦʤʦʙʠʣʠ, ʦʜʥʘʢʦ ʧʦʩʪʝʧʝʥʥʦ ʧʦʜʭʦʜ ʥʘʯʠʥʘʝʪ ʤʝʥʷʪʴʩʷ. ɺʦ ʤʥʦʛʠʭ ʛʦʨʦʜʘʭ ʩʦʟʜʘʥʠʝ ʢʦʤʬʦʨʪʥʳʭ ʦʙ-
ʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʘʞʥʘʷ ʯʘʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʦʣʠʪʠʢʠ. ɺ ɼʫʰʘʥʙʝ ʧʦʜʦʙʥʳʝ 
ʠʟʤʝʥʝʥʠʷ ʧʦʢʘ ʧʨʦʠʩʭʦʜʷʪ ʧʦʩʪʝʧʝʥʥʦ, ʥʦ ʫʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʦʪʜʝʣʴʥʳʝ ʧʨʦʝʢʪʳ ʧʦ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʫ 
ʫʣʠʮ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʦʥ. 

ʊʘʢʞʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʛʨʘʤʦʪʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʦ-
ʚʳʭ ʨʘʡʦʥʦʚ. ɽʩʣʠ ʨʘʟʚʠʪʠʝ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʘʥʩʧʦʨʪʥʦʡ 
ʥʘʛʨʫʟʢʠ, ʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʵʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ ʥʘ ʜʦʨʦʛʘʭ. ʇʦʵʪʦʤʫ 
ʨʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʦʣʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʙʱʠʤ ʨʘʟʚʠʪʠʝʤ 
ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ ɼʫʰʘʥʙʝ ʩʝʛʦʜʥʷ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʩʝʨʴʸʟʥʳʭ ʪʨʫʜ-
ʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʴʶ ʜʦʨʦʛ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴʶ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʚʦʜʠʤʫʶ ʤʦʜʝʨʥʠʟʘʮʠʶ ʦʪʜʝʣʴʥʳʭ ʵʣʝ-
ʤʝʥʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʥʘʛʨʫʟʢʘ ʧʨʦʜʦʣʞʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʠʪʫʘʮʠʠ 
ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʨʘʟʚʠʪʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʣ-
ʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ, ʤʦʜʝʨʥʠʟʘʮʠʶ ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ 
ʪʨʘʥʩʧʦʨʪʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ. ʈʝʘʣʠʟʘʮʠʷ ʧʦʜʦʙʥʳʭ ʤʝʨ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʛʦʨʦʜ-
ʩʢʦʡ ʤʦʙʠʣʴʥʦʩʪʠ ʠ ʩʜʝʣʘʪʴ ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʠʩʪʝʤʫ ʛʦʨʦʜʘ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʠ ʫʜʦʙʥʦʡ ʜʣʷ ʥʘʩʝʣʝʥʠʷ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ǶǧǰǪǤǬǬǭǤ ǧǰǰǪǤǣǭǡǟǬǧǤ ǳǯǧǩǵǧǭǬǬǭǢǭ 
ǣǤǫǮǳǤǯǟ ǰ ǡǾǦǩǭǲǮǯǲǢǭǨ ǮǯǭǩǪǟǣǩǭǨ 
ǧǦ ǰǭǯǠǭǱǟǬǟ ǣǪǾ ǰǭǤǣǧǬǤǬǧǨ AJR-
ǮǟǬǤǪǤǨ ǰ ǥǤǪǤǦǭǠǤǱǭǬǬǺǫ ǩǟǯǩǟǰǭǫ 

ǵǿȍ ǵȆȞȅȒȈ 
ʤʘʛʠʩʪʨʘʥʪ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʏʝʨʥʳʭ ɸʣʝʢʩʘʥʜʨ ɻʨʠʛʦʨʴʝʚʠʯ 
ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʯʠʩʣʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʬʨʠʢʮʠʦʥʥʦʛʦ 
ʜʝʤʧʬʝʨʘ (AFC) ʩ ʧʨʦʢʣʘʜʢʦʡ ʠʟ ʚʷʟʢʦʫʧʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ ʉʦʨʙʦʪʘʥ Shore 50A ʜʣʷ ʫʟʣʦʚʳʭ ʩʦʝʜʠʥʝ-
ʥʠʡ CLT-ʧʘʥʝʣʝʡ ʩ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤ ʢʘʨʢʘʩʦʤ. ʂʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʚ ANSYS Workbench 2022 
R1 ʚʝʨʠʬʠʮʠʨʦʚʘʥʘ ʧʦ ʘʣʶʤʠʥʠʝʚʦ-ʨʝʟʠʥʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʨʘʩʭʦʞʜʝʥʠʝ ʧʦ ʩʠʣʝ ʩʢʦʣʴʞʝʥʠʷ 2,8 %, 
ʧʦ ʜʠʩʩʠʧʘʮʠʠ 0,9 %) ʠ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʜʝʤʧʬʝʨʘ ʩ ʧʨʦʢʣʘʜʢʦʡ ʠʟ ʉʦʨʙʦ-
ʪʘʥʘ. ʊʨʸʭʩʪʫʧʝʥʯʘʪʳʡ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʡ ʧʨʦʪʦʢʦʣ ʥʘʛʨʫʞʝʥʠʷ (Ñ20, Ñ40, Ñ50 ʤʤ Ĭ 3 ʮʠʢʣʘ) ʧʦʢʘʟʘʣ: 
Ed = 4,80 ʢɼʞ/ʮʠʢʣ, ɝeq = 0,69, ʦʩʪʘʪʦʯʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʘ 4,8ï6,2 ʤʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʶʤʠʥʠʝʚʦ-
ʨʝʟʠʥʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʧʨʠʨʦʩʪ ʜʠʩʩʠʧʘʮʠʠ ʩʦʩʪʘʚʠʣ 42 %, ʩʥʠʞʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ð 
60ï68 %. ʇʨʝʜʣʦʞʝʥʘ ʧʷʪʠʰʘʛʦʚʘʷ ʠʥʞʝʥʝʨʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʢ ʉʇ 
14.13330.2018. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: CLT-ʢʦʥʩʪʨʫʢʮʠʠ; ʬʨʠʢʮʠʦʥʥʳʡ ʜʝʤʧʬʝʨ; ʉʦʨʙʦʪʘʥ; ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ; ANSYS 
Workbench; ʯʠʩʣʝʥʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ; ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ. 
 

NUMERICAL STUDY OF A FRICTION DAMPER WITH VISCOELASTIC SORBOTHANE PAD FOR CLT 
PANELðRC FRAME CONNECTIONS 

 
Cao Jiarui 

 
Scientific adviser: Chernykh Alexander Grigorievich 

 
Abstract: The paper presents the development and numerical analysis of an asymmetric friction connection 
(AFC) with a Sorbothane Shore 50A viscoelastic pad for CLT panelïRC frame joints. A finite element model in 
ANSYS Workbench 2022 R1, validated against Al+rubber experimental data (force error 2.8 %, energy error 
0.9 %), was used to predict Sorbothane pad performance. The three-stage quasi-static protocol (Ñ20/40/50 
mm Ĭ 3 cycles) yields Ed = 4.80 kJ/cycle, ɝeq = 0.69, residual displacement 4.8ï6.2 mm ð representing +42 
% dissipation and ī60ï68 % residual displacement compared with the Al+rubber configuration. A five-step 
design procedure aligned with SP 14.13330.2018 is proposed. 
Key words: CLT structures; friction damper; Sorbothane; energy dissipation; ANSYS Workbench; numerical 
prediction; seismic resistance. 
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ɻʛʞʝʞʦʡʞ 
ɿʜʘʥʠʷ ʠʟ ʧʝʨʝʢʨʸʩʪʥʦ-ʢʣʝʝʥʦʡ ʜʨʝʚʝʩʠʥʳ (CLT) ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʝʡʩʤʦʦʧʘʩʥʳʭ ʨʝʛʠʦʥʘʭ. ʄʘʣʘʷ ʤʘʩʩʘ CLT-ʢʦʥʩʪʨʫʢʮʠʡ ʩʥʠʞʘʝʪ ʠʥʝʨʮʠ-
ʦʥʥʳʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʚ 3ï5 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʣʠʪʥʳʤ ʞʝʣʝʟʦʙʝʪʦʥʦʤ [1, 3]. ʊʝʤ 
ʥʝ ʤʝʥʝʝ ʫʟʣʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ CLT-ʧʘʥʝʣʝʡ ʩ ʥʝʩʫʱʠʤ ʢʘʨʢʘʩʦʤ ʦʩʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʤ ʵʣʝ-
ʤʝʥʪʦʤ: ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʜʨʝʚʝʩʠʥʳ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʢʦʥʮʝʥʪʨʠʨʫʝʪ ʜʝʬʦʨʤʘ-
ʮʠʠ ʚ ʟʦʥʝ ʢʨʝʧʝʞʘ. 

ɸʩʠʤʤʝʪʨʠʯʥʳʝ ʬʨʠʢʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (AFC) ʩ ʘʣʶʤʠʥʠʝʚʳʤʠ ʧʨʦʢʣʘʜʢʘʤʠ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ 
ʚ ʧʨʦʝʢʪʝ e-SAFE [10, 14], ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʜʠʩʩʠʧʘʪʠʚʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʦʜʥʘʢʦ ʩʪʨʘʜʘʶʪ ʨʷʜʦʤ 
ʦʛʨʘʥʠʯʝʥʠʡ: ʧʦʪʝʨʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʙʦʣʪʦʚ ʜʦ 15ï20 % ʧʦʩʣʝ 50 ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ; 
ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʨʠ ʥʘʛʨʝʚʝ ʧʦʚʝʨʭʥʦʩʪʝʡ; ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʩʪʘʪʦʯʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 
ʫʟʣʘ (>15 ʤʤ ʧʦʩʣʝ ʮʠʢʣʘ Ñ50 ʤʤ) ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʫʧʨʫʛʦʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʩʠʣʳ [4, 6]. ʋʩʪʨʘʥʝ-
ʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ ʩ ʧʦʟʠʮʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʩʪʠ 
ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺʷʟʢʦʫʧʨʫʛʠʡ ʵʣʘʩʪʦʤʝʨ ʉʦʨʙʦʪʘʥ Shore 50A ʦʙʣʘʜʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʪʝʨʴ tan ŭ = 0,57ï0,65 
ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 5ï50 ɻʮ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʥʝʩʞʠʤʘʝʤʦʩʪʴʶ (ɜ å 0,49) [8]. ʉʦʯʝʪʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 
ʪʨʝʥʠʷ ʩ ʦʙʲʸʤʥʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ ʛʠʩʪʝʨʝʟʠʩʦʤ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʫʛʦʝ ʩʘʤʦʮʝʥʪʨʠʨʦ-
ʚʘʥʠʝ ʫʟʣʘ ʧʨʠ ʨʘʟʛʨʫʟʢʝ. ɺ ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤʘʭ ð ʉʇ 14.13330.2018 [5] ʠ ʉʇ 64.13330.2017 [12] ð 
ʨʘʩʯʸʪʥʳʝ ʤʝʪʦʜʠʢʠ ʜʣʷ AFC ʩ ʚʷʟʢʦʫʧʨʫʛʠʤʠ ʧʨʦʢʣʘʜʢʘʤʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 
ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʴ ʨʘʙʦʪʳ ð ʥʘ ʦʩʥʦʚʝ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʦʡ ʂʕ-ʤʦʜʝʣʠ ʯʠʩʣʝʥʥʦ ʦʮʝʥʠʪʴ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ AFC ʩ ʧʨʦʢʣʘʜʢʦʡ ʠʟ ʉʦʨʙʦʪʘʥʘ 50A ʠ ʧʨʝʜʣʦʞʠʪʴ ʠʥʞʝʥʝʨʥʫʶ ʤʝʪʦʜʠʢʫ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʷ, ʘʜʘʧʪʠʨʦʚʘʥʥʫʶ ʢ ʨʦʩʩʠʡʩʢʠʤ ʥʦʨʤʘʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʦʩʷʪ ʧʨʦʛʥʦʟʥʳʡ ʭʘʨʘʢʪʝʨ; ʠʭ 
ʚʝʨʠʬʠʢʘʮʠʷ ʥʘ ʥʘʪʫʨʥʳʭ ʧʨʦʪʦʪʠʧʘʭ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
 

 
ʉʡʪ. 1. ʊʮʞʥʙ ʣʩʞʨʤʞʦʡʸ CLT-ʨʙʦʞʤʞʢ ʪ ʟʞʤʞʠʧʚʞʫʧʦʦʴʥ ʣʙʩʣʙʪʧʥ ʨʧʪʩʞʝʪʫʛʧʥ ʙʪʡʥʥʞʫʩʡʰʦʴʮ 

ʭʩʡʣʯʡʧʦʦʴʮ ʝʞʥʨʭʞʩʧʛ 
 

ʅʞʫʧʝʴ 
ʖʣʪʨʞʩʡʥʞʦʫʙʤʵʦʙʸ ʰʙʪʫʵ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʉʇʙɻɸʉʋ ʥʘ ʵʣʝʢʪʨʦʤʝʭʘ-

ʥʠʯʝʩʢʦʤ ʧʨʝʩʩʝ 1200 ʢʅ. ʅʘ ʢʘʞʜʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ð ʪʨʠ ʦʙʨʘʟʮʘ AFC ʠʟ ʧʨʦʬʠʣʝʡ Q235 (8 ʤʤ) ʥʘ 
ʙʦʣʪʘʭ ʄ16 ʢʣʘʩʩʘ 10.9 ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʪʷʞʝʥʠʝʤ 25ï37,5 ʢʅ ʧʦ EN 1090-2. ʉʚʦʙʦʜʥʳʡ ʧʨʦʬʠʣʴ 
ʢʨʝʧʠʣʩʷ ʢ CLT-ʧʘʥʝʣʠ 400Ĭ800Ĭ120 ʤʤ ʜʚʝʥʘʜʮʘʪʴʶ ʚʠʥʪʘʤʠ 10Ĭ80 ʤʤ. ʊʝʩʪʠʨʦʚʘʣʠʩʴ ʯʝʪʳʨʝ ʢʦʥ-
ʬʠʛʫʨʘʮʠʠ ʧʨʦʢʣʘʜʦʢ: ɸ ð ʘʣʶʤʠʥʠʝʚʳʝ 2 ʤʤ (ɛ å 0,21, ʙʘʟʦʚʘʷ); ɹ ð ʨʝʟʠʥʦʚʳʝ; ɺ ð ʘʣʶʤʠʥʠʝʚʦ-
ʨʝʟʠʥʦʚʳʝ; ɻ ð ʢʦʥʪʨʦʣʴʥʘʷ. ʇʨʦʪʦʢʦʣ ʥʘʛʨʫʞʝʥʠʷ ð ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʮʠʢʣʠʯʝʩʢʠʡ, ʪʨʠ ʧʦʣʥʳʭ ʮʠʢ-
ʣʘ ʧʨʠ ʘʤʧʣʠʪʫʜʘʭ 10ï50 ʤʤ, ʩʢʦʨʦʩʪʴ 0,2 ʠ 2 ʤʤ/ʩ. ɼʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ʟʘ ʮʠʢʣ: 

Ed = ḂF Ŀ dŭ, ʢɼʞ (1) 
ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ: 

ɝeq = Ed / (4́ Ŀ Es),  Es = (1/2) Ŀ Ksec Ŀ uĮmax (2) 
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ʉʡʪ. 2. ʖʣʪʨʞʩʡʥʞʦʫʙʤʵʦʙʸ ʬʪʫʙʦʧʛʣʙ: ʨʩʞʪʪ 1200 ʣʆ ʪ ʧʚʩʙʠʯʧʥ AFC (ʪʤʞʛʙ); ʣʩʞʨʤʞʦʡʞ  
ʝʞʥʨʭʞʩʙ ʣ CLT-ʨʙʦʞʤʡ (ʪʨʩʙʛʙ) 

 
ʃʧʦʞʰʦʧ-ʁ ʤʞʥʞʦʫʦʙʸ ʥʧʝʞʤʵ. ʄʦʜʝʣʴ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ANSYS Workbench 2022 R1 (ʨʠʩ. 3). ɻʝʦ-

ʤʝʪʨʠʷ: ʙʦʢʦʚʳʝ ʧʣʘʩʪʠʥʳ Q345 (8 ʤʤ), ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʧʣʘʩʪʠʥʘ, ʧʨʦʢʣʘʜʢʘ ʠʟ ʉʦʨʙʦʪʘʥʘ (6 ʤʤ), ʙʦʣ-
ʪʳ 10.9 ʄ16, CLT-ʧʘʥʝʣʴ (120 ʤʤ, 3 ʩʣʦʷ, EL = 11 000 ʄʇʘ). ʉʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ð ʙʠʣʠʥʝʡʥʘʷ ʫʧʨʫʛʦ-
ʧʣʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ; CLT ð ʦʨʪʦʪʨʦʧʥʘʷ. ɼʣʠʥʘ ʟʦʥʳ ʩʢʦʣʴʞʝʥʠʷ 95 ʤʤ, ʭʦʜ ʙʦʣʪʦʚ Ñ50 ʤʤ. 

 

 
ʉʡʪ. 3. ʋʩʹʮʥʞʩʦʙʸ ʃʖ-ʥʧʝʞʤʵ AFC ʪ ʨʩʧʣʤʙʝʣʧʢ ʡʠ ʊʧʩʚʧʫʙʦʙ ʛ ANSYS Workbench 2022 R1 

 
ʇʨʦʢʣʘʜʢʘ ʠʟ ʉʦʨʙʦʪʘʥʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʚʷʟʘʥʥʦʡ ʛʠʧʝʨʫʧʨʫʛʦ-ʚʷʟʢʦʫʧʨʫʛʦʡ ʤʦʜʝʣʴʶ. ɻʠʧʝʨʫʧʨʫ-

ʛʠʡ ʢʦʤʧʦʥʝʥʪ ð ʤʦʜʝʣʴ ʄʫʥʠïʈʠʚʣʠʥʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʢʦʥʩʪʘʥʪʘʤʠ, ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʤʠ ʧʦ ʜʘʥʥʳʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ [8] (ʧʦʛʨʝʰʥʦʩʪʴ <5 % ʧʨʠ ʜʝʬʦʨʤʘʮʠʷʭ ʜʦ 40 %): CϛϚ = 0,15 ʄʇʘ, CϚϛ = 0,05 ʄʇʘ,  
CϜϚ = 0,010 ʄʇʘ, Cϛϛ = 0,005 ʄʇʘ, CϚϜ = 0,002 ʄʇʘ, ɜ = 0,49. ɺʷʟʢʦʫʧʨʫʛʠʡ ʢʦʤʧʦʥʝʥʪ ð ʨʷʜ ʇʨʦʥʠ ʠʟ 
ʪʨʸʭ ʯʣʝʥʦʚ (g = 0,35; 0,25; 0,15; Ű = 0,01; 0,10; 1,00 ʩ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ tan ŭ = 0,57ï0,65 ʧʨʠ 5ï50 ɻʮ. 
ʇʨʠ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʘʛʨʫʞʝʥʠʷ (2 ʤʤ/ʩ, ~0,02ï0,04 ɻʮ) ʚʷʟʢʦʫʧʨʫʛʠʡ ʚʢʣʘʜ ʚ ʜʠʩʩʠʧʘʮʠʶ 
ʩʦʩʪʘʚʣʷʝʪ ~9 % ʦʪ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʧʝʪʣʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʪʘʣʴïʉʦʨʙʦʪʘʥ ɛ = 0,35 ʧʦ ʜʘʥ-
ʥʳʤ [14]. ʊʠʧ ʵʣʝʤʝʥʪʦʚ ð SOLID186 (20-ʫʟʣʦʚʦʡ), ʩʝʪʢʘ 1ï2 ʤʤ ʚ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ; ʩʭʦʜʠʤʦʩʪʴ ʧʦʜ-
ʪʚʝʨʞʜʝʥʘ ʠʟʤʝʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘ <0,6 % ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʠʟʤʝʣʴʯʝʥʠʠ. 

ɻʞʩʡʭʡʣʙʯʡʸ. ʈʘʩʯʸʪʥʳʝ ʜʘʥʥʳʝ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʧʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ɺ. ʇʨʦʢʣʘʜʢʘ 
ʉʦʨʙʦʪʘʥʘ ʟʘʤʝʥʷʣʘʩʴ ʜʚʫʭʩʣʦʡʥʦʡ ʧʨʦʢʣʘʜʢʦʡ çʘʣʶʤʠʥʠʡ 1 ʤʤ + ʨʝʟʠʥʘ 1 ʤʤè (ɛ = 0,21; ʨʝʟʠʥʘ: CϛϚ 
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= 0,8 ʄʇʘ, CϚϛ = 0,2 ʄʇʘ). ʈʝʟʫʣʴʪʘʪ: ʩʠʣʘ ʩʢʦʣʴʞʝʥʠʷ 21,8 ʢʅ ʧʨʦʪʠʚ 21,2 ʢʅ (+2,8 %); ʜʠʩʩʠʧʘʮʠʷ 
3,42 ʧʨʦʪʠʚ 3,39 ʢɼʞ (+0,9 %) ð ʚ ʧʨʝʜʝʣʘʭ Ñ10 % ʧʦ EN 15129 [11]. ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʟʘʚʳʰʝʥʠʝ 
ʥʘʯʘʣʴʥʦʡ ʞʸʩʪʢʦʩʪʠ ʧʝʪʣʠ ʥʘ 8ï12 % ʦʙʲʷʩʥʷʝʪʩʷ ʠʜʝʘʣʠʟʘʮʠʝʡ ʟʘʟʦʨʘ ʚ ʦʚʘʣʴʥʦʤ ʦʪʚʝʨʩʪʠʠ. ɺʝʨʠ-
ʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʸʥ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʜʝʤʧʬʝʨʘ ʩ ʉʦʨʙʦʪʘʥʦʤ; ʧʨʷʤʦʝ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʣʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ. 

 
ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʞ 

ʖʣʪʨʞʩʡʥʞʦʫʙʤʵʦʴʞ ʩʞʠʬʤʵʫʙʫʴ. ʂʦʥʬʠʛʫʨʘʮʠʷ ɸ ʬʦʨʤʠʨʦʚʘʣʘ ʩʪʘʙʠʣʴʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ 
ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ, ʦʜʥʘʢʦ ʧʨʠ ʩʢʦʨʦʩʪʠ 2 ʤʤ/ʩ ʥʘʛʨʝʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ 20ï30 ÁC ʩʥʠʞʘʣ ɛ ʥʘ 4ï6 % ʠ 
ʚʳʟʳʚʘʣ ʜʝʛʨʘʜʘʮʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʩʪʘʪʦʯʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʘ ʧʦʩʣʝ Ñ50 ʤʤ ð 10ï15 ʤʤ. ʂʦʥ-
ʬʠʛʫʨʘʮʠʷ ɺ ʩʥʠʟʠʣʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʙʦʣʪʦʚʳʭ ʦʪʚʝʨʩʪʠʡ ʥʘ ~20 %, ʩʦʭʨʘʥʠʣʘ ʙʦ-
ʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʛʠʩʪʝʨʝʟʠʩ, ʥʦ ʥʝ ʫʩʪʨʘʥʠʣʘ ʥʘʢʦʧʣʝʥʠʝ ʩʤʝʱʝʥʠʡ (>15 ʤʤ). ʂʦʥʬʠʛʫʨʘʮʠʷ ɹ ʧʨʦʜʝ-
ʤʦʥʩʪʨʠʨʦʚʘʣʘ ʧʨʦʛʨʝʩʩʠʨʫʶʱʫʶ ʧʦʣʟʫʯʝʩʪʴ ð >20 ʤʤ ʫʞʝ ʚ ʨʘʥʥʠʭ ʮʠʢʣʘʭ. ʉʚʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝ-
ʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 
ʋʙʚʤʡʯʙ 1 

ʃʤʷʰʞʛʴʞ ʨʧʣʙʠʙʫʞʤʡ ʣʧʦʭʡʜʬʩʙʯʡʢ ʨʩʧʣʤʙʝʧʣ (ʙʥʨʤʡʫʬʝʙ Ñ50 ʥʥ, ʪʣʧʩʧʪʫʵ 2 ʥʥ/ʪ,  
n = 3 ʧʚʩʙʠʯʙ) 

ʃʧʦʭʡʜʬʩʙʯʡʸ ɜ Ed, ʣɽʟ/ʯʡʣʤ ʇʪʫʙʫ. ʨʞʩʞʥ., ʥʥ ʈʧʛʴʱ. ʫʞʥʨ., ÁC 

ɸ ð ʘʣʶʤʠʥʠʡ (ʙʘʟʦʚʘʷ) 0,21 3,20ï3,35 10ï15 20ï30 

ɺ ð ʘʣʶʤʠʥʠʡ + ʨʝʟʠʥʘ 0,21ï0,25 3,35ï3,42 5ï15 ʤʠʥʠʤʘʣʴʥʦʝ 

ɹ ð ʪʦʣʴʢʦ ʨʝʟʠʥʘ ʚʳʩʦʢ. 
ʥʘʯ. 

ʚʳʩʦʢ. ʥʘʯ. >20 ʥʠʟʢʦʝ 

 
ɼʡʪʫʞʩʞʠʡʪʦʴʞ ʮʙʩʙʣʫʞʩʡʪʫʡʣʡ ʊʧʩʚʧʫʙʦʙ. ʈʘʩʯʸʪʥʳʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʜʝʤʧʬʝʨʘ ʩ ʧʨʦ-

ʢʣʘʜʢʦʡ ʠʟ ʉʦʨʙʦʪʘʥʘ ʠʤʝʶʪ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʫʶ ʬʦʨʤʫ ʩ ʯʸʪʢʠʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʧʨʠ ʨʝ-
ʚʝʨʩʠʨʦʚʘʥʠʠ ʥʘʛʨʫʟʢʠ (ʨʠʩ. 4). ʇʣʦʱʘʜʴ ʧʝʪʣʠ ʩʦʩʪʘʚʣʷʝʪ ~140 % ʧʣʦʱʘʜʠ ʘʣʶʤʠʥʠʝʚʦ-ʨʝʟʠʥʦʚʦʡ 
ʢʦʥʬʠʛʫʨʘʮʠʠ (ʨʠʩ. 5). ɼʚʦʡʩʪʚʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʜʠʩʩʠʧʘʮʠʠ ð ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʢʫʣʦʥʦʚʩʢʦʝ ʪʨʝʥʠʝ 
(~75ï80 %) ʧʣʶʩ ʦʙʲʸʤʥʳʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʛʠʩʪʝʨʝʟʠʩ (~20ï25 %) ð ʦʙʝʩʧʝʯʠʚʘʝʪ ɝeq = 0,69, ʧʨʝʚʳ-
ʰʘʶʱʠʡ ʧʨʝʜʝʣ ʠʜʝʘʣʴʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʝʪʣʠ 2/ˊ = 0,637. ɼʝʛʨʘʜʘʮʠʷ Ed ʤʝʞʜʫ 1-ʤ ʠ 3-ʤ ʮʠʢʣʘʤʠ 
ʥʝ ʧʨʝʚʳʰʘʝʪ 1 %, ʪʦʛʜʘ ʢʘʢ ʫ ʢʦʥʬʠʛʫʨʘʮʠʠ ɺ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 4,5ï8,5 %. 

ɺʥʫʪʨʝʥʥʷʷ ʧʨʦʚʝʨʢʘ ʧʦ ʬʦʨʤʫʣʝ (2): 
Es = 0,5 Ĭ 0,44 Ĭ 50Į = 0,55 ʢɼʞ;  ɝeq = 4,80 / (4ˊ Ĭ 0,55) = 0,694 å 0,69 (3) 

 
ʉʡʪ. 4. ʉʙʪʰʹʫʦʙʸ ʜʡʪʫʞʩʞʠʡʪʦʙʸ ʨʞʫʤʸ ʝʞʥʨʭʞʩʙ ʪ ʨʩʧʣʤʙʝʣʧʢ ʡʠ ʊʧʩʚʧʫʙʦʙ 50A  

(ʫʩʹʮʪʫʬʨʞʦʰʙʫʴʢ ʨʩʧʫʧʣʧʤ) 
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ʉʡʪ. 5. ʊʩʙʛʦʞʦʡʞ ʩʙʪʰʹʫʦʴʮ ʨʞʫʞʤʵ ʜʡʪʫʞʩʞʠʡʪʙ: ʊʧʩʚʧʫʙʦ 50A (ɜ = 0,35) ʡ  
ʙʤʷʥʡʦʡʞʛʧ-ʩʞʠʡʦʧʛʙʸ ʨʩʧʣʤʙʝʣʙ (ɜ = 0,21) ʨʩʡ ʙʥʨʤʡʫʬʝʞ Ñ50 ʥʥ 

 
ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʦʙʨʩʸʟʞʦʡʢ.  
ʂʘʨʪʘ ʥʘʧʨʷʞʝʥʠʡ ʄʠʟʝʩʘ ʚ ʧʨʦʢʣʘʜʢʝ (ʨʠʩ. 6) ʧʦʢʘʟʳʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʤʘʢʩʠ-

ʤʫʤʦʤ 1,06 ʄʇʘ ʚ ʟʦʥʝ ʙʦʣʪʦʚʳʭ ʦʪʚʝʨʩʪʠʡ ð ʚ ʧʨʝʜʝʣʘʭ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ 
0,4ï0,6 ʄʇʘ. ɺ ʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ (ʨʠʩ. 7) ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 177 ʄʇʘ ð 51 % 
ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ Q345 (ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ 1,95), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʣʥʦʩʪʴʶ ʫʧʨʫʛʫʶ ʨʘʙʦʪʫ ʢʦʥʩʪʨʫʢ-
ʮʠʠ. ʈʘʩʯʸʪʥʘʷ ʧʦʪʝʨʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʙʦʣʪʦʚ ʟʘ 9 ʮʠʢʣʦʚ ð 4,8 %, ʯʪʦ ʚ 3ï4 ʨʘʟʘ ʥʠʞʝ, 
ʯʝʤ ʫ ʘʣʶʤʠʥʠʝʚʳʭ ʧʨʦʢʣʘʜʦʢ. 
 

 
ʉʡʪ. 6. ʆʙʨʩʸʟʞʦʡʸ ʨʧ ʅʡʠʞʪʬ ʛ ʨʩʧʣʤʙʝʣʞ ʊʧʩ-

ʚʧʫʙʦ [ʅʈʙ]. ʅʙʣʪ. 1,06 ʅʈʙ 

 
ʉʡʪ. 7. ʆʙʨʩʸʟʞʦʡʸ ʨʧ ʅʡʠʞʪʬ ʛ ʪʫʙʤʵʦʴʮ ʶʤʞ-

ʥʞʦʫʙʮ [ʅʈʙ]. ʅʙʣʪ. 177 ʅʈʙ 
 

 
ʋʙʚʤʡʯʙ 2 

ʉʙʪʰʹʫʦʴʞ ʨʙʩʙʥʞʫʩʴ ʝʞʥʨʭʞʩʙ ʪ ʨʩʧʣʤʙʝʣʧʢ ʡʠ ʊʧʩʚʧʫʙʦʙ 50A (ʪʫʬʨʞʦʵ Ñ50 ʥʥ) 

ʏʡʣʤ ʦʙʜʩʬʟʞʦʡʸ Ed, ʣɽʟ/ʯʡʣʤ Ksec, ʣʆ/ʥʥ ɞeq ɇEd, ʣɽʟ 

ʎʠʢʣ 1 (Ñ50 ʤʤ) 4,80 0,44 0,70 4,80 

ʎʠʢʣ 2 (Ñ50 ʤʤ) 4,78 0,44 0,69 9,58 

ʎʠʢʣ 3 (Ñ50 ʤʤ) 4,76 0,43 0,69 14,34 

ʉʫʤʤʘʨʥʦ ʟʘ 9 ʮʠʢʣʦʚ ð ð ð 31,7 
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ʋʙʚʤʡʯʙ 3 
ʊʩʙʛʦʞʦʡʞ ʊʧʩʚʧʫʙʦʙ 50A ʪ ʙʤʷʥʡʦʡʞʛʧ-ʩʞʠʡʦʧʛʧʢ ʣʧʦʭʡʜʬʩʙʯʡʞʢ ɻ 

ʈʧʣʙʠʙʫʞʤʵ ɹʤʷʥ.+ʩʞʠʡʦʙ (ʶʣʪʨ.) ʊʧʩʚʧʫʙʦ 50A (ʩʙʪʰ.) ʁʠʥʞʦʞʦʡʞ 

Ed ʟʘ ʮʠʢʣ Ñ50 ʤʤ, ʢɼʞ 3,39 4,80 +42 % 

ɝeq (3-ʡ ʮʠʢʣ) 0,51 0,69 +35 % 

ɆEd ʟʘ 9 ʮʠʢʣʦʚ, ʢɼʞ 22,4 31,7 +42 % 

ʆʩʪʘʪ. ʧʝʨʝʤ. ʫʟʣʘ, ʤʤ >15 4,8ï6,2 ī60ï68 % 

ʄʘʢʩ. ʥʘʧʨʷʞ. ʚ ʩʪʘʣʠ, ʄʇʘ ~155 177 +14 %* 

ɼʝʛʨʘʜʘʮʠʷ Ed (1Ÿ3 ʮʠʢʣ), % 4,5ï8,5 <1,0 ð 

ʇʦʪʝʨʷ ʥʘʪʷʞʝʥʠʷ ʙʦʣʪʦʚ, % 15ï20 (ʟʘ 50 ʮʠʢʣ.) 4,8 (ʟʘ 9 ʮʠʢʣ.) ʚ 3ï4 ʨʘʟʘ ʥʠʞʝ 

* ʆʙʘ ʟʥʘʯʝʥʠʷ ʥʠʞʝ ůy Q345 = 345 ʄʇʘ; ʨʘʙʦʪʘ ʩʪʘʣʠ ʧʦʣʥʦʩʪʴʶ ʫʧʨʫʛʘʷ. ɼʘʥʥʳʝ ʜʣʷ ʉʦʨ-
ʙʦʪʘʥʘ ð ʨʘʩʯʸʪʥʳʝ. 
 

ʈʙʩʙʥʞʫʩʡʰʞʪʣʧʞ ʡʪʪʤʞʝʧʛʙʦʡʞ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ɛ (ʜʠʘʧʘʟʦʥ 0,20ï0,45): ʜʠʩʩʠʧʘʮʠʷ ʣʠ-
ʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ð ʦʪ 2,74 ʜʦ 6,17 ʢɼʞ/ʮʠʢʣ; ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʪʘʣʠ ð ʩ 100 ʜʦ 235 ʄʇʘ (ʨʠʩ. 8). ʇʨʠʥʷ-
ʪʦʝ ʟʥʘʯʝʥʠʝ ɛ = 0,35 ð ʦʧʪʠʤʘʣʴʥʳʡ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʜʠʩʩʠʧʘʮʠʝʡ ʠ ʧʨʦʯʥʦʩʪʴʶ. 

 

 
ʉʡʪ. 8. ʐʬʛʪʫʛʡʫʞʤʵʦʧʪʫʵ ʨʙʩʙʥʞʫʩʧʛ ʝʞʥʨʭʞʩʙ  

ʣ ʣʧʶʭʭʡʯʡʞʦʫʬ ʫʩʞʦʡʸ ɜ. ʈʬʦʣʫʡʩʦʙʸ ʤʡʦʡʸ ñ ʨʩʧʞʣʫʦʧʞ ʠʦʙʰʞʦʡʞ ɜ = 0,35 
 

ʊʦʣʱʠʥʘ ʧʨʦʢʣʘʜʢʠ (3ï10 ʤʤ): ʦʧʪʠʤʫʤ 5ï6 ʤʤ (ʨʠʩ. 9) ð ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ 0,4ï0,6 ʄʇʘ, 
ʦʩʪʘʪʦʯʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ <6 ʤʤ. ʇʨʠ 8ï10 ʤʤ ʧʦʣʟʫʯʝʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 9,1 ʤʤ. ʋʩʠʣʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴ-
ʥʦʛʦ ʥʘʪʷʞʝʥʠʷ FP = 25ï37,5 ʢʅ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʝʢʪʥʫʶ ʩʠʣʫ ʩʢʦʣʴʞʝʥʠʷ: 

Fslip = ɛ Ŀ FP Ŀ ns Ŀ nb = 0,35 Ĭ 31,25 Ĭ 2 Ĭ 1 å 21,9 ʢʅ (4) 
ɼʠʩʩʠʧʘʮʠʷ ʧʦ ʮʠʢʣʘʤ ʪʨʸʭʩʪʫʧʝʥʯʘʪʦʛʦ ʧʨʦʪʦʢʦʣʘ (ʨʠʩ. 10) ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʩʯʸʪ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʉʦʨʙʦʪʘʥ ʧʨʝʚʦʩʭʦʜʠʪ ʢʦʥʬʠʛʫʨʘʮʠʶ ɺ ʥʘ ʚʩʝʭ ʩʪʫʧʝʥʷʭ ʥʘʛʨʫʞʝʥʠʷ. 
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ʉʡʪ. 9. ʐʬʛʪʫʛʡʫʞʤʵʦʧʪʫʵ ʨʡʣʧʛʧʜʧ ʦʙʨʩʸʟʞʦʡʸ ʡ ʧʪʫʙʫʧʰʦʴʮ ʨʞʩʞʥʞʲʞʦʡʢ ʣ ʫʧʤʲʡʦʞ ʨʩʧʣʤʙʝ-

ʣʡ. ʀʞʤʹʦʙʸ ʠʧʦʙ ñ ʩʞʣʧʥʞʦʝʧʛʙʦʦʴʢ ʝʡʙʨʙʠʧʦ 5ð6 ʥʥ 
 

 
ʉʡʪ. 10. ɽʡʪʪʡʨʙʯʡʸ ʶʦʞʩʜʡʡ ʨʧ ʯʡʣʤʙʥ ʫʩʹʮʪʫʬʨʞʦʰʙʫʧʜʧ ʨʩʧʫʧʣʧʤʙ (Ñ20, Ñ40, Ñ50 ʥʥ). ʃʩʙʪʦʙʸ 

ʣʩʡʛʙʸ ñ ʊʧʩʚʧʫʙʦ 50A; ʪʡʦʸʸ ñ ʙʤʷʥʡʦʡʢ+ʩʞʠʡʦʙ 
ʅʞʫʧʝʡʣʙ ʨʩʧʞʣʫʡʩʧʛʙʦʡʸ (ʙʝʙʨʫʙʯʡʸ ʣ ʊʈ 14.13330.2018) 

 
ʐʘʛ 1. ʇʦ ʉʇ 14.13330.2018 [5] ʦʧʨʝʜʝʣʷʶʪ ʨʘʩʯʸʪʥʦʝ ʫʩʢʦʨʝʥʠʝ ʛʨʫʥʪʘ ʠ ʜʦʧʫʩʪʠʤʦʝ ʤʝʞʵʪʘʞ-

ʥʦʝ ʩʤʝʱʝʥʠʝ ŭdesign Ò 45ï60 ʤʤ (1,5ï2,0 % ʧʨʠ h = 3 ʤ). 
ʐʘʛ 2. ʅʘʟʥʘʯʘʶʪ ʧʨʦʝʢʪʥʫʶ ʩʠʣʫ ʩʢʦʣʴʞʝʥʠʷ: 

Fslip = Ed,required / (4 Ŀ ŭmax) (5) 
ʐʘʛ 3. ʆʧʨʝʜʝʣʷʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʪʷʞʝʥʠʝ: 

Ὂὖ ὊίὰὭὴȾ‘ὲίὲὦȟ‘ πȟσυɀπȟτπȠὲί ςȢ 
ʐʘʛ 4. ʇʨʦʚʝʨʷʶʪ ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ: pcontact = FP / Apad = 0,4ï0,6 ʄʇʘ. 
ʐʘʛ 5. ʇʨʦʚʝʨʷʶʪ ʙʦʣʪʳ ʥʘ ʫʩʪʘʣʦʩʪʴ ʧʦ EN 1993-1-9 ʩ ʫʯʸʪʦʤ MPV-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 
ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʉʦʨʙʦʪʘʥʘ ī 20...+60 ÁC; ʚʳʰʝ +60 ÁC ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ 

ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ [20], ʯʪʦ ʪʨʝʙʫʝʪ ʫʯʸʪʘ ʪʝʧʣʦʟʘʱʠʪʳ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʬʨʠʢ-
ʮʠʦʥʥʦʤ ʥʘʛʨʝʚʝ. 
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ɻʴʛʧʝʴ 
1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʠ ʦʜʥʘ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʦʢʣʘʜʦʢ AFC ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʫʛʦʛʦ ʩʘʤʦʮʝʥʪʨʠʨʦʚʘʥʠʷ ʫʟʣʘ CLTïɾɹ. ɸʣʶʤʠʥʠʝʚʦ-ʨʝʟʠʥʦʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʥʠ-
ʞʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ~20 %, ʦʜʥʘʢʦ ʦʩʪʘʪʦʯʥʳʝ ʩʤʝʱʝʥʠʷ (>15 ʤʤ ʧʦʩʣʝ Ñ50 ʤʤ) ʩʦʭʨʘ-
ʥʷʶʪʩʷ. 

2. ɺʝʨʠʬʠʮʠʨʦʚʘʥʥʘʷ ʂʕ-ʤʦʜʝʣʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ AFC ʩ ʧʨʦʢʣʘʜ-
ʢʦʡ ʠʟ ʉʦʨʙʦʪʘʥʘ 50A. ʇʨʦʛʥʦʟ ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʨʦʩʪ ʜʠʩʩʠʧʘʮʠʠ +42 % ʠ ɝeq +35 %, ʩʥʠʞʝʥʠʝ ʦʩʪʘʪʦʯ-
ʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʘ ʥʘ 60ï68 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʶʤʠʥʠʝʚʦ-ʨʝʟʠʥʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ. ʉʪʘʣʴʥʳʝ 
ʵʣʝʤʝʥʪʳ ʩʦʭʨʘʥʷʶʪ ʧʦʣʥʦʩʪʴʶ ʫʧʨʫʛʫʶ ʨʘʙʦʪʫ (ůmax = 177 ʄʇʘ, ʟʘʧʘʩ 1,95). 

3. ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʨʝʜʝʣʠʣʦ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ: ʪʦʣʱʠʥʘ ʧʨʦʢʣʘʜʢʠ 
5ï6 ʤʤ, ɛ = 0,30ï0,40, FP = 25ï37,5 ʢʅ, pcontact = 0,4ï0,6 ʄʇʘ. ʇʦʪʝʨʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 
ʙʦʣʪʦʚ ʟʘ 9 ʮʠʢʣʦʚ ʩʦʩʪʘʚʠʣʘ 4,8 % ð ʚ 3ï4 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʫ ʘʣʶʤʠʥʠʝʚʳʭ ʧʨʦʢʣʘʜʦʢ. 

4. ʇʨʝʜʣʦʞʝʥʥʘʷ ʧʷʪʠʰʘʛʦʚʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʢ ʉʇ 14.13330.2018, 
ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʨʤʘʪʠʚʥʳʭ ʤʝʪʦʜʠʢ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʦʩʷʪ ʧʨʦʛʥʦʟ-
ʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʪʨʝʙʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʥʘ ʥʘʪʫʨʥʳʭ ʧʨʦʪʦʪʠʧʘʭ ʩ ʧʨʦʢʣʘʜʢʦʡ ʠʟ 
ʉʦʨʙʦʪʘʥʘ. 

ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
 

1. Chernykh Aleksandr, Belash Tatiana, Tsyganovkin Viktor, Kovalevskiy Anton ON THE POSSIBILITY 
OF USING TIMBER STRUCTURES IN THE CONSTRUCTION OF HIGH-RISE BUILDINGS IN SEISMIC 
AREAS // AEJ. 2023. ˉ1. URL: https://cyberleninka.ru/article/n/on-the-possibility-of-using-timber-structures-in-
the-construction-of-high-rise-buildings-in-seismic-areas (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 16.05.2026).. 

É ʎʘʦ ʎʟʷʞʫʡ, 2026 
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ǰǭǦǣǟǬǧǤ BIM ǫǭǣǤǪǧ ǠǤǦ ǠǧǠǪǧǭǱǤǩ 
ǼǪǤǫǤǬǱǭǡ 

ǰȎȇȏȇȌǿ ǤȊȄȌǿ ǪțȁȍȁȌǿ 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ǢȒȐǿȏȍȁǿ ǤȊȄȌǿ ǟȊȄȉȐǿȌȃȏȍȁȌǿ 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ǡȍȊȉȍȁ ǯȍȐȑȇȐȊǿȁ ǽȏțȄȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɹʦʦʧʫʙʯʡʸ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʳ ʢʨʘʪʢʠʝ ʩʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 
ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʙʣʠʦʪʝʢ ʵʣʝʤʝʥʪʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʙʠʙʣʠʦʪʝʢʘ ʵʣʝʤʝʥʪʦʚ, ʥʘʙʦʨ ʦʙʲʢʪʦʚ, ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ, ʢʦʣʣʠʟʠʠ. 
 

CREATING A BIM MODEL WITHOUT ELEMENT LIBRARIES 
 

Spirina Elena Lvovna, 
Gusarova Elena Aleksandrovna, 

Volkov Rostislav Yurievich 
 
Abstract: This article provides a brief overview of creating an information model without using element 
libraries. 
Keywords: element library, object set, parametrization, collisions 

 
ɺʡʚʤʡʧʫʞʣʙ ʶʤʞʥʞʦʫʧʛ - ʵʪʦ ʥʘʙʦʨ ʛʦʪʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʆʥʘ ʚʢʣʶʯʘʝʪ 3D-ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ (ʦʢʥʘ, ʜʚʝʨʠ, ʚʝʥʪʠ-
ʣʷʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʤʘʪʝʨʠʘʣʳ ʠ ʜʨ.), ʠʭ ʦʧʠʩʘʥʠʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ ʥʘʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʘʟʤʝʨʳ, 
ʤʘʪʝʨʠʘʣʳ ʠ ʪ.ʧ.). 

ɹʠʙʣʠʦʪʝʢʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʙʳʩʪʨʦ ʜʦʙʘʚʣʷʪʴ ʚ ʧʨʦʝʢʪ ʛʦʪʦʚʳʝ ʨʝʰʝʥʠʷ, ʯʪʦ ʫʩʢʦʨʷʝʪ  
ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ, ʧʦʤʦʛʘʝʪ ʩʦʙʣʶʜʘʪʴ ʩʪʘʥʜʘʨʪʳ ʠ ʩʥʠʞʘʝʪ ʨʠʩʢ ʦʰʠʙʦʢ ʚ ʨʘʟʤʝʨʘʭ ʠ ʬʦʨʤʝ ʵʣʝʤʝʥʪʦʚ. 

 
ʊʧʠʝʙʦʡʞ BIM-ʥʧʝʞʤʡ ʚʞʠ ʚʡʚʤʡʧʫʞʣ: ʯʞʤʡ ʡ ʩʞʠʬʤʵʫʙʫ (ʩʡʪ.1) 

 

 
ʉʡʪ. 1. ʊʙʥʧʪʫʧʸʫʞʤʵʦʙʸ ʪʚʧʩʣʙ BIM-ʥʧʝʞʤʡ 
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ʀʙʰʞʥ ʧʫʣʙʠʴʛʙʫʵʪʸ ʧʫ ʜʧʫʧʛʴʮ ʪʞʥʞʢʪʫʛ ʡ ʣʧʜʝʙ ʶʫʧ ʧʨʩʙʛʝʙʦʧ 
ʆʪʢʘʟ ʦʪ ʙʠʙʣʠʦʪʝʢ ʦʧʨʘʚʜʘʥ ʧʨʠ ʫʥʠʢʘʣʴʥʳʭ ʫʟʣʘʭ ʠ ʛʝʦʤʝʪʨʠʠ, ʩʪʨʦʛʠʭ ʥʦʨʤʘʭ ʠ BIM-LOD 

(ʨʠʩ.2) 
 

 
ʉʡʪ. 2. ʌʦʡʣʙʤʵʦʴʞ ʬʠʤʴ ʜʞʧʥʞʫʩʡʡ 

 
ʆʧʨʝʜʝʣʠʤ ʮʝʣʠ ʤʦʜʝʣʠ: ʌʠʢʩʠʨʫʝʤ ʥʘʟʥʘʯʝʥʠʝ BIM ʙʝʟ ʙʠʙʣʠʦʪʝʢ, ʛʨʘʥʠʮʳ ʠ ʧʨʠʦʨʠʪʝʪʳ 

(ʨʠʩ.3) 
 

 
ʉʡʪ. 3. ʆʙʠʦʙʰʞʦʡʞ BIM ʚʞʠ ʚʡʚʤʡʧʫʞʣ 

 
ʉʦʙʠʨʘʝʤ ʠʩʭʦʜʥʳʝ ʯʝʨʪʝʞʠ. ʇʨʦʚʝʨʷʝʤ ʧʦʣʥʦʪʫ ʧʣʘʥʦʚ, ʨʘʟʨʝʟʦʚ, ʫʟʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ (ʨʠʩ.4) 
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XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 4. ʌʠʤʴ ʛ ʪʧʧʫʛʞʫʪʫʛʡʡ ʪ ʫʞʮʦʡʰʞʪʣʡʥ ʠʙʝʙʦʡʞʥ 

 
ʆʙʲʝʢʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʩʦʩʪʘʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʘʪʨʠʙʫʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʪʨʘʞʘʶʱʝʡ ʤʦʜʝʣʠʨʫʝʤʦʝ ʦʙʲʝʢʪʦʤ ʨʝʰʝ-
ʥʠʝ. ʌʦʨʤʠʨʫʝʤ ʤʘʪʨʠʮʫ LOD/LOI. ʅʘʟʥʘʯʘʝʤ ʜʝʪʘʣʠʟʘʮʠʶ ʠ ʧʘʨʘʤʝʪʨʳ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʵʣʝʤʝʥʪʦʚ 
(ʨʠʩ.5) 

 

 
ʉʡʪ. 5. ʃʙʫʞʜʧʩʡʸ ʶʤʞʥʞʦʫʧʛ 

 
ʉʪʘʥʜʘʨʪʠʟʫʝʤ ʥʦʤʝʥʢʣʘʪʫʨʫ. ɽʜʠʥʳʝ ʥʘʠʤʝʥʦʚʘʥʠʷ, ʢʦʜʳ, ʝʜʠʥʠʮʳ, ʧʨʘʚʠʣʘ ʘʪʨʠʙʫʪʦʚ ʤʦʜʝʣʠ  
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ʁʦʪʫʩʬʥʞʦʫʴ ʥʧʝʞʤʡʩʧʛʙʦʡʸ: ʦʙʡʛʦʴʞ ʨʩʡʥʡʫʡʛʴ, ʶʪʣʡʠʦʧʞ ʨʧʪʫʩʧʞʦʡʞ: 
- ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʝʟ ʙʠʙʣʠʦʪʝʢ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʨʦʩʪʳʝ ʧʨʠʤʠʪʠʚʳ. 
- ʕʩʢʠʟʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʫʩʢʦʨʷʝʪ ʧʨʦʨʘʙʦʪʢʫ ʦʙʲʸʤʦʚ ʠ ʢʦʦʨʜʠʥʘʮʠʶ ʫʟʣʦʚ.  
- ʇʘʨʘʤʝʪʨʠʟʘʮʘʮʠʷ ʧʨʠʤʠʪʠʚʦʚ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʛʝʦʤʝʪʨʠʶ, ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʩʦ-

ʦʪʚʝʪʩʪʚʠʝ ʯʝʨʪʝʞʘʤ.  
ʇʦʜʭʦʜ ʙʝʟ ʙʠʙʣʠʦʪʝʢ ʵʣʝʤʝʥʪʦʚ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʦʵʪʘʧʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ BIM: ʦʪ ʫʢʨʫʧʥʝʥʥʦʡ ʦʙʲ-

ʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʩʭʝʤʳ ʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʧʨʠʤʠʪʠʚʘʤ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ. ʉʥʘʯʘʣʘ 
ʬʠʢʩʠʨʫʶʪʩʷ ʦʩʠ, ʫʨʦʚʥʠ ʠ ʢʦʥʪʫʨʳ, ʟʘʪʝʤ ʩʦʟʜʘʶʪʩʷ ʪʠʧʦʚʳʝ ʧʨʦʬʠʣʠ ʩʪʝʥ, ʧʝʨʝʢʨʳʪʠʡ ʠ ʫʟʣʦʚ, ʫʪʦʯʥʷ-
ʶʪʩʷ ʤʘʪʝʨʠʘʣʳ, ʧʨʘʚʠʣʘ ʩʦʝʜʠʥʝʥʠʡ, ʘʪʨʠʙʫʪʳ IFC ʠ ʧʨʘʚʠʣʘ ʧʨʦʚʝʨʦʢ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ.  

ʊʠʧʦʨʘʟʤʝʨʳ ʫʧʨʘʚʣʷʶʪ ʛʝʦʤʝʪʨʠʝʡ ʵʣʝʤʝʥʪʦʚ, ʘ ʬʦʨʤʫʣʳ ʠ ʟʘʚʠʩʠʤʦʩʪʠ  ʩʚʷʟʳʚʘʶʪ ʢʣʶʯʝ-
ʚʳʝ ʨʘʟʤʝʨʳ ʠ ʧʨʘʚʠʣʘ ʧʦʩʪʨʦʝʥʠʷ (ʨʠʩ.6).  

ʐʘʙʣʦʥʳ ʧʘʨʘʤʝʪʨʦʚ, ʠʤʝʥʦʚʘʥʠʝ ʠ ʝʜʠʥʠʮʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠ ʤʠʥʠʤʠʟʠʨʫʶʪ 
ʨʫʯʥʳʝ ʧʨʘʚʢʠ ʠ ʦʰʠʙʢʠ ʚ ʯʝʨʪʝʞʘʭ. 

 

 
ʉʡʪ. 6. ʌʨʩʙʛʤʞʦʡʞ ʜʞʧʥʞʫʩʡʞʢ ʶʤʞʥʞʦʫʧʛ 

 
ʊʫʩʬʣʫʬʩʙ ʥʧʝʞʤʡ: ʬʩʧʛʦʡ, ʧʪʡ, ʩʙʚʧʰʡʞ ʦʙʚʧʩʴ, ʡ ʡʥʞʦʧʛʙʦʡʞ 

1. ɿʘʜʘʥʠʝ ʫʨʦʚʥʝʡ, ʢʘʢ ʦʧʦʨʥʳʭ ʧʣʦʩʢʦʩʪʝʡ: ʵʪʘʞʠ, ʢʨʦʚʣʷ, ʪʝʭʥʠʢʘ. 
2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʥʫʤʝʨʘʮʠʷ ʦʩʝʡ: ʙʫʢʚʳ ʧʦ ʦʜʥʦʡ, ʮʠʬʨʳ ʧʦ ʜʨʫʛʦʡ ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʦʨʜʠ-

ʥʘʮʠʦʥʥʳʭ (ʨʘʟʙʠʚʦʯʥʳʭ) ʦʩʝʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ ʈ 21.101-2020 
3. ʈʘʟʜʝʣʝʥʠʝ ʨʘʙʦʯʠʭ ʥʘʙʦʨʦʚ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ ʠ ʟʦʥʘʤ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ.  
4. ʌʠʢʩʘʮʠʷ ʚ ʰʘʙʣʦʥʝ ʠʤʝʥʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ: ʧʨʝʬʠʢʩ-ʪʠʧ-ʫʨʦʚʝʥʴ. 
ʇʨʠʤʠʪʠʚʳ ʙʝʟ ʙʠʙʣʠʦʪʝʢ ʜʝʣʘʶʪ, ʩʣʝʜʫʷ ʩʪʨʦʛʠʤ ʢʦʜʘʤ ʩʚʦʡʩʪʚ 
 

ʁʦʟʞʦʞʩʦʴʞ ʪʡʪʫʞʥʴ: ʫʩʙʪʪʡʩʧʛʣʙ ʡ ʬʠʤʴ ʡʠ ʨʩʡʥʡʫʡʛʧʛ: 
- ʊʨʘʩʩʠʨʦʚʢʘ ʩʝʪʝʡ ʙʝʟ ʙʠʙʣʠʦʪʝʢ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʥʠʡ, ʪʨʫʙʳ ʠ ʧʣʦʩʢʦʩʪʠ, ʢʘʢ ʧʨʠʤʠʪʠʚʦʚ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʤʘʛʠʩʪʨʘʣʝʡ, ʦʪʚʦʜʦʚ ʠ ʩʪʦʷʢʦʚ ʜʣʷ ʵʪʦʛʦ ʟʘʜʘʸʤ ʫʢʣʦʥʳ, ʜʠʘʤʝʪʨʳ ʠ ʠʟʦʣʷʮʠʶ, ʢʦʥʪʨʦʣʠ-
ʨʫʝʤ ʢʦʣʣʠʟʠʠ ʙʝʟ ʛʦʪʦʚʳʭ ʩʝʤʝʡ. 

- ʋʟʣʳ ʠ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʙʘʟʦʚʳʭ ʪʝʣ: ʬʦʨʤʠʨʫʝʤ ʪʨʦʡʥʠʢʠ, ʦʪʚʦʜʳ ʠ ʧʝʨʝʭʦʜʳ ʙʫʣʝʚʳʤʠ ʦʧʝʨʘ-
ʮʠʷʤʠ ʥʘʜ ʪʝʣʘʤʠ, ʬʠʢʩʠʨʫʝʤ ʦʩʠ ʠ ʧʨʠʚʷʟʢʠ, ʦʙʝʩʧʝʯʠʚʘʝʤ ʤʦʥʪʘʞʥʳʝ ʟʘʟʦʨʳ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʫʝʤ 
ʧʘʨʘʤʝʪʨʳ ʚʨʫʯʥʫʶ. 

- ʇʘʨʘʤʝʪʨʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʧʨʠʤʠʪʠʚʦʚ: ʚʚʦʜʠʤ ʠʤʝʥʦʚʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʤʝʨʦʚ ʠ ʦʪʤʝʪʦʢ, 
ʥʘʩʪʨʘʠʚʘʝʤ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʧʨʘʚʠʣʘ ʘʚʪʦʢʦʥʪʨʦʣʷ ʫʢʣʦʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʤ ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʨʝʰʝʥʠʡ 
ʤʝʞʜʫ ʵʪʘʞʘʤʠ ʠ ʟʦʥʘʤʠ. 

- ʄʘʨʢʠʨʦʚʢʘ, ʩʧʝʮʠʬʠʢʘʮʠʠ, ʧʨʦʚʝʨʢʘ: ʩʦʟʜʘʸʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʤʘʨʢʝʨʳ ʠ ʬʠʣʴʪʨʳ, ʠʟʚʣʝ-
ʢʘʝʤ ʚʝʜʦʤʦʩʪʠ ʧʦ ʜʠʘʤʝʪʨʘʤ ʠ ʜʣʠʥʘʤ, ʚʘʣʠʜʠʨʫʝʤ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʩ 
ʧʦʤʦʱʴʶ ʧʨʘʚʠʣ ʠ ʦʪʯʸʪʦʚ.  
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ʃʙʰʞʪʫʛʧ ʡ ʨʩʧʛʞʩʣʙ - ʣʧʤʤʡʠʡʡ, ʨʩʙʛʡʤʙ, ʙʛʫʧʥʙʫʡʰʞʪʣʡʞ ʧʫʰʹʫʴ  
- ʂʦʥʪʨʦʣʴ ʢʦʣʣʠʟʠʡ: ʘʚʪʦʧʦʠʩʢ ʧʝʨʝʩʝʯʝʥʠʡ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ, ʞʫʨʥʘʣ ʦʰʠʙʦʢ ʠ ʧʨʠʦʨʠʪʝʪʳ 

ʬʠʢʩʘ  
- ʇʨʘʚʠʣʘ ʢʘʯʝʩʪʚʘ: ʥʘʙʦʨʳ ʧʨʘʚʠʣ: ʛʘʙʘʨʠʪʳ, ʟʘʟʦʨʳ, ʚʳʩʦʪʳ, ʢʦʜʳ , ʧʨʦʚʝʨʢʘ ʙʠʙʣʠʦʪʝʢ  
- ʇʘʨʘʤʝʪʨʳ ʠ IFC: ʚʘʣʠʜʠʨʫʝʤ ʦʙʷʟʘʪʝʣʴʥʳʝ ʘʪʨʠʙʫʪʳ, ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʠ ʵʢʩʧʦʨʪʥʳʝ ʥʘʙʦʨʳ IFC 
- ʆʪʯʸʪʳ ʠ ʤʝʪʨʠʢʠ: ʛʝʥʝʨʘʮʠʷ ʦʪʯʸʪʦʚ: ʩʪʘʪʫʩʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ, ʜʝʜʣʘʡʥʳ, ʪʨʝʥʜʳ ʠʩʧʨʘʚʣʝʥʠʡ  

 
ɻʴʛʧʝ: 

ʇʦʜʭʦʜ ʙʝʟ ʙʠʙʣʠʦʪʝʢ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ BIM ʤʦʜʝʣʝʡ ʧʦʚʳʰʘʝʪ ʛʠʙʢʦʩʪʴ ʠ ʢʦʥʪʨʦʣʴ ʛʝʦ-
ʤʝʪʨʠʠ, ʥʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʪʘʥʜʘʨʪʳ ʠʤʝʥʦʚʘʥʠʷ  ʠ ʧʨʦʚʝʨʢʠ, ʜʣʷ ʤʘʩ-
ʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪ  ʰʘʙʣʦʥʳ ʫʟʣʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʶ QA/QC ʠ CI/CD ʜʣʷ ʤʦʜʝʣʝʡ.  

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʀʛʥʘʪʦʚʘ, ɽ. ɺ. ʆʨʛʘʥʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦ-

ʙʠʝ / ɽ. ɺ. ʀʛʥʘʪʦʚʘ, ʅ. ɺ. ʂʥʷʟʝʚʘ. ð ʄʦʩʢʚʘ: ʄʀʉʀ-ʄɻʉʋ, ʕɹʉ ɸʉɺ, 2024. ð 48 c. ð ISBN 978-
57264-3565-7. 
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Ȓȃȉ 40. 

ǭǠǦǭǯ ǢǟǦǭǱǤǯǫǧǶǤǰǩǧǴ ǫǤǱǭǣǭǡ 
ǡǭǰǰǱǟǬǭǡǪǤǬǧǾ ǧ ǯǤǫǭǬǱǟ 
ǮǭǡǯǤǥǣǝǬǬǺǴ ǧǦǣǤǪǧǨ  

ǟȊț-ǫȍȉǿȐȐȄȏ ǫȍȔǿȋȋȄȃ ǟȔȋȄȃ ǫȍȔǿȋȋȄȃ 
ʩʪʫʜʝʥʪ ʂʘʬʝʜʨʳ: çʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʝʪʘʣʣʦʚè  

ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ:ɽʛʦʨʦʚ ʄʘʢʩʠʤ ʉʝʨʛʝʝʚʠʯ  
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ 

 ʢʘʬʝʜʨʦʡ çʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʝʪʘʣʣʦʚè  
 

ɹʦʦʧʫʙʯʡʸ: ɻʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ-
ʚʝʨʭʥʦʩʪʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʝʤʦʥʪʘ ʧʦʚʨʝʞʜʸʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʠʟ-
ʜʝʣʠʡ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʥʘʥʦʩʠʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʢʝʨʘʤʠʯʝʩʢʠʝ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʩ 
ʮʝʣʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦ-
ʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʤʦʥʪʘ, ʚʢʣʶʯʘʷ ʩʚʘʨʢʫ ʠ ʧʦʣʥʫʶ ʟʘʤʝʥʫ ʜʝʪʘʣʝʡ, ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳ-
ʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʠʤ ʪʝʧʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʧʦʜʣʦʞʢʫ ʠ ʚʳʩʦʢʦʡ ʛʠʙʢʦʩʪʴʶ ʧʨʦʮʝʩʩʘ. 
ɺ ʜʘʥʥʦʡ ʦʙʟʦʨʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʨʠ-
ʤʝʥʷʝʤʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʝʭʘʥʠʟʤʳ ʩʮʝʧʣʝʥʠʷ ʧʦʢʨʳʪʠʡ ʩ ʧʦʜʣʦʞʢʦʡ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ 
ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ, ʨʝʤʦʥʪ ʧʦʢʨʳʪʠʡ, ʠʟʥʦʩʦ-
ʩʪʦʡʢʦʩʪʴ, ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʠʥʞʝʥʝʨʠʷ. 
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Abstract: Gas-thermal spraying has become one of the most effective surface engineering techniques for the 
repair and restoration of damaged engineering components. This technology enables the deposition of metal-
lic, ceramic, and composite coatings to recover dimensional accuracy and improve surface properties such as 
wear resistance, corrosion resistance, and mechanical strength. Unlike conventional repair methods such as 
welding or replacement, gas-thermal spraying minimizes thermal distortion and allows localized repair with 
controlled coating characteristics. This review presents a comprehensive overview of gas-thermal spraying 
techniques used for repair applications, focusing on their working principles, coating materials, bonding mech-
anisms, advantages, limitations, and industrial applications. Furthermore, current challenges and future re-
search directions in the field of gas-thermal repair technologies are discussed. 
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ɻʛʞʝʞʦʡʞ 
ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʜʝʪʘʣʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʥʦʩʘ, ʢʦʨʨʦʟʠʠ, ʵʨʦʟʠʠ ʠ ʫʩʪʘ-

ʣʦʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʚʳʭʦʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ ʩʪʨʦʷ ʚ ʨʘʟʣʠʯʥʳʭ 
ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ, 
ʥʝʬʪʝʛʘʟʦʚʦʛʦ, ʘʚʠʘʮʠʦʥʥʦʛʦ ʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʩʝʢʪʦʨʦʚ, ʛʜʝ ʩʪʦʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʨʝʤʷ 
ʧʨʦʩʪʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʩʚʘʨʢʘ, ʥʘʧʣʘʚʢʘ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, 
ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʪʝʧʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʬʦʨʤʘʮʠʡ ʠ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʜʣʦʞʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 
ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʜʣʷ ʨʝʤʦʥʪʘ ʠ ʚʦʩʩʪʘ-
ʥʦʚʣʝʥʠʷ ʧʦʚʨʝʞʜʸʥʥʳʭ ʠʟʜʝʣʠʡ. 

ʏʞʤʵʷ ʩʙʚʧʫʴ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʘʧʳʣʝʥʠʷ, ʧʨʠʤʝʥʷʝ-
ʤʳʭ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʜʘʣʴ-
ʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 

ʇʪʦʧʛʴ ʜʙʠʧʫʞʩʥʡʰʞʪʣʧʜʧ ʦʙʨʴʤʞʦʡʸ 
ɻʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣ 

ʧʦʢʨʳʪʠʷ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ ʠʣʠ ʧʨʦʚʦʣʦʢʠ ʥʘʛʨʝʚʘʝʪʩʷ ʠ ʫʩʢʦʨʷʝʪʩʷ ʧʦʪʦʢʦʤ ʛʘʟʘ, ʧʦʩʣʝ ʯʝʛʦ ʯʘʩʪʠʮʳ 
ʫʜʘʨʷʶʪʩʷ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ, ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʠ ʬʦʨʤʠʨʫʶʪ ʩʣʦʡ ʧʦʢʨʳʪʠʷ. 

ʇʨʦʮʝʩʩ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ: 
¶ ʥʘʛʨʝʚ ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ; 
¶ ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ; 
¶ ʫʜʘʨ ʯʘʩʪʠʮ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ; 
¶ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʠ ʙʳʩʪʨʦʝ ʟʘʪʚʝʨʜʝʚʘʥʠʝ. 
ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʪʝʧ-

ʣʦʚʦʡ ʧʦʪʦʢ ʢ ʧʦʜʣʦʞʢʝ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʨʝʤʦʥʪʥʳʭ ʦʧʝʨʘʮʠʡ. 
 

ɼʙʠʧʫʞʩʥʡʰʞʪʣʡʞ ʥʞʫʧʝʴ, ʨʩʡʥʞʦʸʞʥʴʞ ʝʤʸ ʛʧʪʪʫʙʦʧʛʤʞʦʡʸ ʝʞʫʙʤʞʢ 
ʈʤʙʥʞʦʦʧʞ ʦʙʨʴʤʞʦʡʞ ʦʩʥʦʚʘʥʦ ʥʘ ʩʛʦʨʘʥʠʠ ʛʦʨʶʯʝʛʦ ʛʘʟʘ (ʘʮʝʪʠʣʝʥ, ʧʨʦʧʘʥ) ʚ ʩʤʝʩʠ ʩ ʢʠʩʣʦ-

ʨʦʜʦʤ. ʏʘʩʪʠʮʳ ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʩʧʣʘʚʣʷʶʪʩʷ ʠʣʠ ʥʘʛʨʝʚʘʶʪʩʷ ʜʦ ʧʣʘʩʪʠʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 
ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʪʘʣʠ. ʄʝʪʦʜ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠ-
ʤʝʥʝʥʠʷ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʦʜʥʘʢʦ ʧʦʣʫʯʘʝʤʳʝ ʧʦʢʨʳʪʠʷ ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʧʦʨʠ-
ʩʪʦʩʪʴʶ. 

ɻʴʪʧʣʧʪʣʧʩʧʪʫʦʧʞ ʜʙʠʧʨʤʙʥʞʦʦʧʞ ʦʙʨʴʤʞʦʡʞ (HVOF) -ʥʘʧʳʣʝʥʠʠ ʯʘʩʪʠʮʳ ʜʦʩʪʠʛʘʶʪ ʦʯʝʥʴ 
ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʤʝʨʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʣʦʪʥʳʝ 
ʧʦʢʨʳʪʠʷ ʩ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʝʡ ʠ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʦʢʠʩʣʝʥʠʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʥʦʩʘ. 

ɼʙʠʧʝʡʦʙʥʡʰʞʪʣʧʞ ʡ ʮʧʤʧʝʦʧʞ ʦʙʨʴʤʞʦʡʞ ʦʩʥʦʚʘʥʦ ʥʘ ʫʩʢʦʨʝʥʠʠ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ ʜʦ ʩʚʝʨʭ-
ʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʙʝʟ ʠʭ ʨʘʩʧʣʘʚʣʝʥʠʷ. ʉʮʝʧʣʝʥʠʝ ʧʦʢʨʳʪʠʷ ʩ ʧʦʜʣʦʞʢʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ 
ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʯʘʩʪʠʮ. ʄʝʪʦʜ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʨʝʤʦʥʪʘ ʪʝʨʤʦʯʫʚ-
ʩʪʚʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʙʫʞʩʡʙʤʴ ʝʤʸ ʜʙʠʧʫʞʩʥʡʰʞʪʣʧʜʧ ʛʧʪʪʫʙʦʧʛʤʞʦʡʸ 
ɺʳʙʦʨ ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʜʝʪʘʣʠ. 
ʅʞʫʙʤʤʡʰʞʪʣʡʞ ʥʙʫʞʩʡʙʤʴ -ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʘʣʶʤʠʥʠʝʚʳʝ, ʤʝʜʥʳʝ, ʞʝʣʝʟʥʳʝ 

ʠ ʥʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ. ʅʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʭʦʨʦʰʝʡ ʘʜʛʝ-
ʟʠʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʜʣʷ ʨʝʤʦʥʪʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʃʞʩʙʥʡʰʞʪʣʡʞ ʡ ʣʞʩʥʞʫʦʴʞ ʥʙʫʞʩʡʙʤʴ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʪʝʨʤʦ-
ʩʪʦʡʢʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʆʩʦʙʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʘʨʙʠʜʚʦʣʴʬʨʘʤʦʚʳʝ ʧʦʢʨʳʪʠʷ. 

ʃʧʥʨʧʠʡʯʡʧʦʦʴʞ ʥʙʫʞʩʡʙʤʴ -ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʢʦʤʧʦʟʠ-
ʮʠʦʥʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʛʨʘʜʠʝʥʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʩʚʦʡʩʪʚ 
ʧʦʢʨʳʪʠʷ ʠ ʧʦʜʣʦʞʢʠ. 
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ʅʞʮʙʦʡʠʥʴ ʪʯʞʨʤʞʦʡʸ ʜʙʠʧʫʞʩʥʡʰʞʪʣʡʮ ʨʧʣʩʴʫʡʢ ʪ ʨʧʝʤʧʟʣʧʢ  
ʅʘʜʸʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʠʟʜʝʣʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʨʦʯʥʦʩʪʴʶ ʩʮʝʧʣʝʥʠʷ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʤʘʪʝʨʠʘʣʦʤ ʧʦʜʣʦʞʢʠ. ɸʜʛʝʟʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʝ ʚ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʷʭ ʠʤʝʝʪ ʢʦʤʧʣʝʢʩʥʫʶ ʧʨʠʨʦʜʫ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʸʪ ʩʦʚʦʢʫʧʥʦʩʪʠ 
ʥʝʩʢʦʣʴʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʚʢʣʘʜ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʥʘʧʳʣʝʥʠʷ, ʩʚʦʡʩʪʚ ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 
ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. 

ʅʞʮʙʦʡʰʞʪʣʧʞ ʠʙʯʞʨʤʞʦʡʞ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 
ʩʮʝʧʣʝʥʠʷ ʧʨʠ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʤ ʥʘʧʳʣʝʥʠʠ. ʆʥʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʯʘ-
ʩʪʠʮ ʧʦʢʨʳʪʠʷ ʚ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʫʜʘʨʘ ʯʘʩʪʠʮʳ ʠʩʧʳʪʳʚʘʶʪ ʠʥ-
ʪʝʥʩʠʚʥʫʶ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʥʠ çʚʜʘʚʣʠʚʘʶʪʩʷè ʚ ʰʝʨʦʭʦʚʘʪʫʶ ʧʦʚʝʨʭ-
ʥʦʩʪʴ ʠ ʬʦʨʤʠʨʫʶʪ ʧʨʦʯʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʚʷʟʴ. 

ɼʣʷ ʫʩʠʣʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʘʙʨʘʟʠʚʦʩʪʨʫʡʥʘʷ ʦʙʨʘʙʦʪʢʘ (ʧʝʩ-
ʢʦʩʪʨʫʡʥʘʷ ʠʣʠ ʜʨʦʙʝʩʪʨʫʡʥʘʷ), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ: 

¶ ʫʚʝʣʠʯʠʪʴ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʧʦʢʨʳʪʠʷ ʩ ʧʦʜʣʦʞʢʦʡ; 
¶ ʩʦʟʜʘʪʴ ʨʘʟʚʠʪʳʡ ʤʠʢʨʦʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ; 
¶ ʫʜʘʣʠʪʴ ʦʢʩʠʜʥʳʝ ʧʣʸʥʢʠ ʠ ʟʘʛʨʷʟʥʝʥʠʷ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ (Ra) ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʣʘʤʝʥʥʦʤ ʠ 
ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʛʘʟʦʧʣʘʤʝʥʥʦʤ ʥʘʧʳʣʝʥʠʠ. 

ʅʞʫʙʤʤʬʩʜʡʰʞʪʣʧʞ ʪʯʞʨʤʞʦʡʞ ʚʦʟʥʠʢʘʝʪ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʧʦʢʨʳʪʠʷ ʩ ʧʦʜʣʦʞʢʦʡ 
ʨʝʘʣʠʟʫʶʪʩʷ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠʣʠ ʣʦʢʘʣʴʥʦʝ ʧʣʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʩʥʦʚʳ. ɼʘʥʥʳʡ 
ʤʝʭʘʥʠʟʤ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʥʘʧʳʣʝʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʯʘʩʪʠʮ ʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘ-
ʤʦʬʣʶʩʫʶʱʠʭʩʷ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʩʮʝʧʣʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ, ʚ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ 
ʚʟʘʠʤʥʘʷ ʜʠʬʬʫʟʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʢʨʳʪʠʷ ʠ ʧʦʜʣʦʞʢʠ. ʊʘʢʘʷ ʟʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ 
ʩʮʝʧʣʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʢʨʳʪʠʷ ʢ ʪʝʨʤʠʯʝʩʢʠʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ. ʆʜʥʘʢʦ ʠʟʙʳʪʦʯʥʦʝ ʪʝʧ-
ʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʭʨʫʧʢʠʭ ʬʘʟ ʠ ʨʦʩʪʫ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

 ʍʡʠʡʣʧ-ʮʡʥʡʰʞʪʣʡʞ ʥʞʮʙʦʡʠʥʴ ʪʯʞʨʤʞʦʡʸ ʚʢʣʶʯʘʶʪ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʠʣʳ, ʦʙʨʘʟʦʚʘʥʠʝ ʭʠ-
ʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʠ ʚʣʠʷʥʠʝ ʦʢʩʠʜʥʳʭ ʩʣʦʸʚ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʪʦʥʢʠʝ ʦʢʩʠʜʥʳʝ ʧʣʸʥʢʠ ʤʦʛʫʪ ʢʘʢ ʫʣʫʯ-
ʰʘʪʴ, ʪʘʢ ʠ ʫʭʫʜʰʘʪʴ ʘʜʛʝʟʠʶ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʤ ʠ ʭʦʣʦʜʥʦʤ ʥʘʧʳʣʝʥʠʠ, ʛʜʝ 
ʩʮʝʧʣʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʙʝʟ ʧʣʘʚʣʝʥʠʷ ʯʘʩʪʠʮ, ʘ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʧʦʢʨʳʪʠʝʤ ʠ ʧʦʜʣʦʞʢʦʡ ʥʦʩʠʪ ʧʨʝʠʤʫ-
ʱʝʩʪʚʝʥʥʦ ʬʠʟʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

ɻʤʡʸʦʡʞ ʨʙʩʙʥʞʫʩʧʛ ʨʩʧʯʞʪʪʙ ʦʙ ʙʝʜʞʠʡʷ -ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʢʨʳ-
ʪʠʡ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ: 

¶ ʩʢʦʨʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʯʘʩʪʠʮ; 
¶ ʫʛʦʣ ʥʘʧʳʣʝʥʠʷ; 
¶ ʨʘʩʩʪʦʷʥʠʝ ʥʘʧʳʣʝʥʠʷ; 
¶ ʩʚʦʡʩʪʚʘ ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
ʆʧʪʠʤʠʟʘʮʠʷ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʸʞ-

ʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʠʟʜʝʣʠʡ. 
ʈʩʞʡʥʬʲʞʪʫʛʙ ʡ ʧʜʩʙʦʡʰʞʦʡʸ ʜʙʠʧʫʞʩʥʡʰʞʪʣʡʮ ʥʞʫʧʝʧʛ ʛʧʪʪʫʙʦʧʛʤʞʦʡʸ  

ʈʩʞʡʥʬʲʞʪʫʛʙ ʜʙʠʧʫʞʩʥʡʰʞʪʣʧʜʧ ʛʧʪʪʫʙʦʧʛʤʞʦʡʸ -ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʦʙʣʘʜʘʝʪ ʨʷ-
ʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʤʦʥʪʘ: 

ʅʡʦʡʥʙʤʵʦʧʞ ʫʞʨʤʧʛʧʞ ʛʧʠʝʞʢʪʫʛʡʞ. 
ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʚʘʨʢʠ ʠ ʥʘʧʣʘʚʢʠ, ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʧʣʦʰʥʦʤʫ ʨʘʩʧʣʘʚʣʝ-

ʥʠʶ ʧʦʜʣʦʞʢʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʠʩʢ ʜʝʬʦʨʤʘʮʠʡ, ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʧʦʷʚʣʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʪʨʝʱʠʥ. 
ɻʧʠʥʧʟʦʧʪʫʵ ʤʧʣʙʤʵʦʧʜʧ ʛʧʪʪʫʙʦʧʛʤʞʦʡʸ. 
ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʪʦʣʴʢʦ ʧʦʚʨʝʞʜʸʥʥʳʝ ʫʯʘʩʪʢʠ ʜʝʪʘʣʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠ-

ʞʘʝʪ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʠ ʚʨʝʤʷ ʨʝʤʦʥʪʘ. 
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ʑʡʩʧʣʡʢ ʝʡʙʨʙʠʧʦ ʨʩʡʥʞʦʸʞʥʴʮ ʥʙʫʞʩʡʙʤʧʛ. 
ɻʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʘʣʣʳ, ʩʧʣʘʚʳ, ʢʝʨʘʤʠʢʫ ʠ ʢʦʤʧʦʟʠʮʠ-

ʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʜʙʠʨʘʷ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʩʚʦʡʩʪʚ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
ʖʣʧʦʧʥʡʰʞʪʣʙʸ ʶʭʭʞʣʫʡʛʦʧʪʫʵ. 
ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʤʝʪʦʜʦʤ ʥʘʧʳʣʝʥʠʷ ʟʘʯʘʩʪʫʶ ʦʙʭʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ ʧʦʣʥʦʡ 

ʟʘʤʝʥʳ ʠʟʜʝʣʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
ʇʜʩʙʦʡʰʞʦʡʸ ʡ ʦʞʝʧʪʫʙʫʣʡ ʫʞʮʦʧʤʧʜʡʡ -ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʛʘʟʦʪʝʨʤʠ-

ʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʤʝʶʪ ʠ ʦʧʨʝʜʝʣʸʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ: 
ʈʧʩʡʪʫʧʪʫʵ ʨʧʣʩʴʫʡʢ. 
ʄʥʦʛʦʩʣʦʡʥʘʷ ʣʘʤʝʣʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʧʦʨʳ ʠ ʤʝʞ-

ʩʣʦʡʥʳʝ ʜʝʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ. 
ʇʪʫʙʫʧʰʦʴʞ ʦʙʨʩʸʟʞʦʡʸ. 
ʈʘʟʣʠʯʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʦʢʨʳʪʠʷ ʠ ʧʦʜʣʦʞʢʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʩʢʦ-

ʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 
ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʠʣʠ ʦʪʩʣʘʠʚʘʥʠʶ ʧʦʢʨʳʪʠʷ. 

ʇʜʩʙʦʡʰʞʦʦʙʸ ʫʧʤʲʡʦʙ ʨʧʣʩʴʫʡʸ. 
ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʩʣʦʷ ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʩʥʠʞʝʥʠʷ ʘʜʛʝ-

ʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ. 
ʆʞʧʚʮʧʝʡʥʧʪʫʵ ʫʲʙʫʞʤʵʦʧʢ ʨʧʝʜʧʫʧʛʣʡ ʨʧʛʞʩʮʦʧʪʫʡ. 
ʂʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦʜʣʦʞʢʠ, 

ʥʘʨʫʰʝʥʠʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʧʦʢʨʳʪʠʷ. 
 ʈʬʫʡ ʪʦʡʟʞʦʡʸ ʧʜʩʙʦʡʰʞʦʡʢ -ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ: 
¶ ʦʧʪʠʤʠʟʘʮʠʶ ʨʝʞʠʤʦʚ ʥʘʧʳʣʝʥʠʷ; 
¶ ʧʨʠʤʝʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʛʨʘʜʠʝʥʪʥʳʭ ʧʦʢʨʳʪʠʡ; 
¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʩʪʦʙʨʘʙʦʪʢʠ (ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ, ʫʧʣʦʪʥʝʥʠʝ); 
¶ ʚʥʝʜʨʝʥʠʝ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 
ʕʪʠ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʤʦʥʪʥʳʭ ʧʦʢʨʳ-

ʪʠʡ ʠ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 
ʈʩʧʥʴʱʤʞʦʦʴʞ ʧʚʤʙʪʫʡ ʨʩʡʥʞʦʞʦʡʸ 

ɻʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʘʣʦʚ, ʧʦʜʰʠʧʥʠʢʦʚʳʭ 
ʫʟʣʦʚ, ʰʪʦʢʦʚ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ, ʜʝʪʘʣʝʡ ʪʫʨʙʠʥ ʠ ʧʨʝʩʩ-ʬʦʨʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟ-
ʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. 

ʊʧʛʩʞʥʞʦʦʴʞ ʨʩʧʚʤʞʥʴ ʡ ʨʞʩʪʨʞʣʫʡʛʴ ʩʙʠʛʡʫʡʸ 
ʂ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʥʦʩʷʪʩʷ ʩʥʠʞʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʧʦʢʨʳʪʠʡ, 

ʧʦʚʳʰʝʥʠʝ ʘʜʛʝʟʠʠ, ʨʘʟʨʘʙʦʪʢʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʦʛʦ ʤʦʥʠʪʦ-
ʨʠʥʛʘ ʧʨʦʮʝʩʩʦʚ ʥʘʧʳʣʝʥʠʷ. 

ʀʙʣʤʷʰʞʦʡʞ 
ɻʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʚʨʝʞʜʸʥʥʳʭ ʠʟʜʝʣʠʡ. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʣʘ-
ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʚ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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Abstract: The article examines electronic solutions and technical components used in modern smart home 
systems. Special attention is paid to the main components of such systems: sensors, control devices, tuning 
and monitoring tools, as well as their importance in the automation of household space. 
Keywords: Sensors, sensors, smart home, electronic technologies, Wi-Fi, voice assistants, controllers. 

 
ʇʦʜ ʧʦʥʷʪʠʝʤ çʫʤʥʳʡ ʜʦʤè ʧʦʥʠʤʘʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʦʙʲʝʜʠʥʸʥʥʳʭ ʚ ʝʜʠʥʫʶ ʩʝʪʴ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʳʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʤʬʦʨʪʘ ʧʨʦʞʠʚʘ-
ʥʠʷ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʫʧʨʦʩʪʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʧʦʚʩʝʜʥʝʚʥʳʭ ʟʘʜʘʯ ʟʘ ʩʯʸʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʞʠʣʴʷ. ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʩʤʘʨʪ-ʜʦʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʥʪʨʦʣʝ 
ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʨʘʙʦʪʳ ʦʩʚʝʱʝʥʠʷ, ʦʪʦʧʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʦʙʦ-
ʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ.[1] ʋʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʧʦʜʢʣʶʯʸʥʥʳʤʠ ʫʩʪʨʦʡ-
ʩʪʚʘʤʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʤʘʨʪʬʦʥʦʚ, ʧʣʘʥʰʝʪʦʚ, ʛʦʣʦʩʦʚʳʭ ʧʦʤʦʱʥʠʢʦʚ ʠ ʜʨʫʛʠʭ 
ʮʠʬʨʦʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ. ɺʩʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʦʙʤʝʥʠʚʘʪʴʩʷ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʧʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʨʘʩʧʠʩʘʥʠʷ, 
ʩʮʝʥʘʨʠʠ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʧʨʦʮʝʩʩʳ ʚ ʜʦʤʝ ʚʳʧʦʣʥʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʝʟ ʧʦ-
ʩʪʦʷʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ. ʇʝʨʚʳʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʠʩʴ ʚ ʉʦʝʜʠʥʸʥ-
ʥʳʭ ʐʪʘʪʘʭ ɸʤʝʨʠʢʠ ʚ 1970-ʭ ʛʦʜʘʭ.[1] ʀʟʥʘʯʘʣʴʥʦ ʦʥʠ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʧʨʦ-
ʩʪʨʘʥʩʪʚ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʘʥʥʳʝ ʨʝʰʝʥʠʷ ʥʘʯʘ-
ʣʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʪʴʩʷ ʚ ʞʠʣʳʝ ʧʦʤʝʱʝʥʠʷ, ʛʜʝ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʳʪʦʚʦʡ ʪʝʭʥʠ-
ʢʦʡ, ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʤʬʦʨʪʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʩʚʝʱʝʥʠʷ ʠ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ. 



146 ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 

 

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

ʂʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ çʫʤʥʳʡ ʜʦʤè ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

¶ ʉʝʥʩʦʨʳ ʠ ʜʘʪʯʠʢʠ. ʇʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʤʝʱʝʥʠʷ ʠ 
ʧʘʨʘʤʝʪʨʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʦʧʨʝʜʝʣʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ, ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ, 
ʦʩʚʝʱʸʥʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʜʚʠʞʝʥʠʷ, ʟʘʜʳʤʣʝʥʠʝ, ʫʪʝʯʢʠ ʛʘʟʘ ʠʣʠ ʚʦʜʳ ʠ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ.[2] ʂ ʧʨʠʤʝ-
ʨʫ, ʜʘʪʯʠʢʠ ʜʚʠʞʝʥʠʷ ʨʝʘʛʠʨʫʶʪ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʣʶʜʝʡ, ʘ ʤʘʛʥʠʪʥʳʝ ʜʘʪʯʠʢʠ ʬʠʢʩʠʨʫʶʪ ʦʪʢʨʳʪʠʝ 
ʜʚʝʨʝʡ ʠ ʦʢʦʥ. 

 

¶ ʂʦʥʪʨʦʣʣʝʨʳ ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʮʝʥʪʨʳ. ɺʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʦʙʲʝʜʠʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʚ ʝʜʠ-
ʥʫʶ ʩʝʪʴ. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʥʠʤʘʶʪ ʩʠʛʥʘʣʳ ʦʪ ʜʘʪʯʠʢʦʚ, ʘʥʘʣʠʟʠʨʫʶʪ ʧʦʩʪʫʧʘʶʱʠʝ ʜʘʥʥʳʝ ʠ ʧʝ-
ʨʝʜʘʶʪ ʢʦʤʘʥʜʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʘʤ.[3] ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʶʪ 
ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʮʝʥʘʨʠʝʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

¶ ʀʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ. ʂ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʦʪʥʦʩʷʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʨʦʟʝʪʢʠ, 
ʦʩʚʝʪʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ, ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʳ ʠ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʚʳʧʦʣʥʷʶʱʠʝ ʢʦʥʢʨʝʪʥʳʝ ʜʝʡʩʪʚʠʷ ʧʦ 
ʢʦʤʘʥʜʝ ʢʦʥʪʨʦʣʣʝʨʘ.[3] ʆʥʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʠʣʠ ʦʪʢʣʶʯʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʟʤʝʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 
ʨʝʞʠʤ, ʨʝʛʫʣʠʨʦʚʘʪʴ ʦʩʚʝʱʝʥʠʝ ʠ ʚʳʧʦʣʥʷʪʴ ʠʥʳʝ ʬʫʥʢʮʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

¶ ʉʨʝʜʩʪʚʘ ʩʚʷʟʠ ʠ ʰʣʶʟʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʆʙʝʩʧʝʯʠʚʘʶʪ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ 
ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʠʩʪʝʤʳ ʠ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ.[3] ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʨʘʟʣʠʯʥʳʝ 
ʵʣʝʤʝʥʪʳ ʫʤʥʦʛʦ ʜʦʤʘ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʚʥʝʰʥʠʤʠ ʩʝʨʚʠʩʘʤʠ. 

¶ ɻʦʣʦʩʦʚʳʝ ʧʦʤʦʱʥʠʢʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʧʨʠ ʧʦʤʦʱʠ ʛʦʣʦʩʦʚʳʭ ʢʦ-
ʤʘʥʜ. ʂ ʪʘʢʠʤ ʫʩʪʨʦʡʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, Amazon Echo, Google Home ʠ ʗʥʜʝʢʩ ʉʪʘʥʮʠʷ.[4] ʆʥʠ 
ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʫʧʨʘʚʣʷʪʴ ʬʫʥʢʮʠʷʤʠ ʜʦʤʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 
ʚʚʦʜʘ. 

ʇʨʦʪʦʢʦʣʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ çʫʤʥʦʛʦ ʜʦʤʘè, 
ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʧʦʜʢʣʶʯʸʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 
ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʠ: 

¶ Wi-Fi ð ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʩʧʦʩʦʙʦʚ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʩʪʨʦʡʩʪʚ. 
ʇʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ. ʅʝʜʦ-
ʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʩʯʠʪʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʚʦʟʤʦʞʥʘʷ ʧʝʨʝʛʨʫʟʢʘ ʩʝʪʠ 
ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚ. 

¶ Zigbee ð ʧʨʦʪʦʢʦʣ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʪʘʥʜʘʨʪʝ IEEE 802.15.4 ʠ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʥʘ ʯʘʩʪʦʪʝ 
2,4 ɻɻʮ.[3] ʀʩʧʦʣʴʟʫʝʪ ʷʯʝʠʩʪʫʶ ʪʦʧʦʣʦʛʠʶ Mesh, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʪʘʙʠʣʴʥʘʷ ʩʚʷʟʴ 
ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʘʞʝ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ.[2] ʏʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʜʘʪʯʠʢʘʭ, ʫʤʥʳʭ 
ʣʘʤʧʘʭ, ʨʦʟʝʪʢʘʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʟʘʤʢʘʭ. 

¶ Z-Wave ð ʙʝʩʧʨʦʚʦʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʨʘʙʦʪʘʶʱʘʷ ʥʘ ʯʘʩʪʦʪʝ 868 ʄɻʮ.[3] ʆʪʣʠʯʘʝʪʩʷ ʚʳʩʦ-
ʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʧʦʤʝʭʘʤ ʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʦʭʨʘʥʳ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʦʪʦʢʦʣ ʦʪʥʦ-
ʩʠʪʩʷ ʢ ʟʘʢʨʳʪʳʤ ʩʪʘʥʜʘʨʪʘʤ ʩʚʷʟʠ. 

¶ Bluetooth ʠ BLE ð ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʥʘ ʥʝʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ.[4] 
ʅʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʨʦʩʪʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʜʘʪʯʠʢʘʤʠ ʜʚʠʞʝʥʠʷ, 
ʦʩʚʝʱʝʥʠʷ ʠ ʜʨʫʛʠʤʠ ʤʘʣʦʤʦʱʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

¶ Thread ð ʩʦʚʨʝʤʝʥʥʳʡ ʩʝʪʝʚʦʡ ʧʨʦʪʦʢʦʣ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʝʭʥʦʣʦʛʠʠ IPv6 ʠ ʬʫʥʢʮʠʦʥʠʨʫʶ-
ʱʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 2,4 ɻɻʮ.[1] ʇʦʜʜʝʨʞʠʚʘʝʪ ʧʦʩʪʨʦʝʥʠʝ Mesh-ʩʝʪʝʡ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʵʢʦʩʠʩʪʝʤʝ Matter. 

¶ Matter ð ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʩʪʨʦʡʩʪʚ, ʩʦʟʜʘʥʥʳʡ ʦʨʛʘʥʠʟʘʮʠʝʡ 
Connectivity Standards Alliance.[3] ʈʘʙʦʪʘʝʪ ʩʦʚʤʝʩʪʥʦ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ Thread ʠ Wi-Fi, ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʚ-
ʤʝʩʪʠʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʫʤʥʦʛʦ ʜʦʤʘ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ çʫʤʥʦʛʦ ʜʦʤʘè ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʧʦʩʦ-
ʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʎʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʭʘʙ ð ʩʧʝʮʠʘʣʴʥʦʝ 
ʫʩʪʨʦʡʩʪʚʦ, ʦʙʲʝʜʠʥʷʶʱʝʝ ʙʳʪʦʚʳʝ ʧʨʠʙʦʨʳ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʛʘʜʞʝʪʳ ʚ ʝʜʠʥʫʶ ʩʝʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ.[1] 
ʂʘʢ ʧʨʘʚʠʣʦ, ʭʘʙʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʩʪʘʥʜʘʨʪʳ ʩʚʷʟʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ Wi-Fi, Zigbee, Bluetooth ʠ 
Ethernet. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʢ ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʧʦʜʢʣʶʯʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʟʥʳʭ ʪʠʧʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 
ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʭʘʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʨʘʙʦʪʳ ʧʦʜʢʣʶʯʸʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʦʙʝʩʧʝʯʝʥʠʠ ʠʭ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʙʦʡ. ɿʘ ʩʯʸʪ ʵʪʦʛʦ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʦʛʦ, ʙʝʟʦʧʘʩʥʦʛʦ ʠ 
ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʦʤʘʰʥʝʡ ʩʨʝʜʦʡ. 

ʇʚʤʙʪʫʵ ʨʩʡʥʞʦʞʦʡʸ ʪʡʪʫʞʥʴ çʌʥʦʴʢ ʝʧʥè 
ʉʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʣʘʤʧʳ, ʩʚʝʪʠʣʴʥʠʢʠ ʠ ʚʳʢʣʶʯʘʪʝʣʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʧʨʘʚʣʷʪʴ ʦʩʚʝʱʝʥʠʝʤ ʧʨʠ ʧʦʤʦʱʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠʣʠ ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜ, ʘ ʪʘʢʞʝ ʥʘʩʪʨʘʠ-
ʚʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʧʦ ʨʘʩʧʠʩʘʥʠʶ.[2] ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠʤʝʥʥʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 
ʦʩʚʝʱʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʚʳʤ ʰʘʛʦʤ ʢ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ çʫʤʥʦʛʦ ʜʦʤʘè. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʠ-
ʩʪʘʥʮʠʦʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʣʶʩʪʨ, ʣʘʤʧ ʠ ʜʨʫʛʠʭ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʧʦʜʢʣʶʯʸʥʥʳʭ ʯʝ-
ʨʝʟ Wi-Fi. 

ʋʧʨʘʚʣʝʥʠʝ ʢʣʠʤʘʪʦʤ. ʋʤʥʳʝ ʪʝʨʤʦʩʪʘʪʳ, ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʧʦʩʦʙʥʳ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʦʤʬʦʨʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʧʦʤʝʱʝʥʠʠ. ʈʘʙʦʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘʩʪʨʘʠ-
ʚʘʝʪʩʷ ʩ ʫʯʸʪʦʤ ʧʨʝʜʧʦʯʪʝʥʠʡ ʞʠʣʴʮʦʚ, ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʚʥʝʰʥʠʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ʉʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʢʣʶʯʘʶʪ ʜʘʪʯʠʢʠ ʜʚʠʞʝʥʠʷ, ʦʪʢʨʳʪʠʷ ʜʚʝʨʝʡ ʠ ʦʢʦʥ, ʦʙʥʘʨʫʞʝʥʠʷ ʜʳ-
ʤʘ, ʫʪʝʯʢʠ ʛʘʟʘ ʠ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʢʘʤʝʨʳ ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʠʛʥʘʣʠʟʘʮʠʶ.[4] ʇʨʠ ʚʦʟʥʠʢ-
ʥʦʚʝʥʠʠ ʫʛʨʦʟʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦʣʫʯʘʪʴ ʫʚʝʜʦʤʣʝʥʠʷ ʥʘ ʩʤʘʨʪʬʦʥ ʠ ʫʜʘʣʸʥʥʦ ʫʧʨʘʚʣʷʪʴ 
ʫʩʪʨʦʡʩʪʚʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʟʤʦʞʥʦ ʜʠʩʪʘʥʮʠʦʥʥʦ ʟʘ-
ʙʣʦʢʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʡ ʟʘʤʦʢ, ʘʢʪʠʚʠʨʦʚʘʪʴ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʡ ʩʮʝʥʘʨʠʡ ʦʧʦʚʝʱʝʥʠʷ ʠʣʠ ʩʦʟʜʘʪʴ 
ʵʬʬʝʢʪ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʜʦʤʝ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʢʣʶʯʝʥʠʷ ʦʩʚʝʱʝʥʠʷ. 

ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ. ʊʝʭʥʦʣʦʛʠʠ ʫʤʥʦʛʦ ʜʦʤʘ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʢʣʶʯʘʪʴ ʥʝʥʫʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ 
ʨʝʩʫʨʩʦʚ. 

ʋʭʦʜ ʟʘ ʜʦʤʘʰʥʠʤʠ ʞʠʚʦʪʥʳʤʠ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʭʦʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʢʦʨ-
ʤʫʰʢʠ ʠ ʧʦʠʣʢʠ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ ʘʢʚʘʨʠʫʤʦʚ, ʵʣʝʢʪʨʦʥʥʳʝ ʜʚʝʨʮʳ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ 
ʩʘʤʦʦʯʠʱʘʶʱʠʝʩʷ ʣʦʪʢʠ. 

ʂʦʥʪʨʦʣʴ ʟʘ ʜʝʪʴʤʠ. ʉʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʛʨʘʥʠʯʠʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʣʝʚʠ-
ʟʦʨʘ ʠ ʜʦʩʪʫʧʘ ʚ ʠʥʪʝʨʥʝʪ ʧʦ ʚʨʝʤʝʥʠ, ʦʪʩʣʝʞʠʚʘʪʴ ʚʦʟʚʨʘʱʝʥʠʝ ʨʝʙʸʥʢʘ ʜʦʤʦʡ ʠ ʦʪʧʨʘʚʣʷʪʴ ʫʚʝʜʦʤ-
ʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʦ ʟʚʦʥʢʝ ʚ ʜʦʤʦʬʦʥ ʠʣʠ ʦʪʢʨʳʪʠʠ ʚʭʦʜʥʦʡ ʜʚʝʨʠ.[1] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘ-
ʤʠ, ʬʠʥʘʥʩʦʚʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ. ɺ ʤʘʩʰʪʘʙʥʳʭ ʠ ʤʥʦ-
ʛʦʫʨʦʚʥʝʚʳʭ ʧʨʦʝʢʪʘʭ ʥʝʨʝʜʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʪʦʢʦʣʦʚ, ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠʥʪʝʛʨʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʠʩʪʝʤʘʭ çʫʤʥʦʛʦ ʜʦʤʘè 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʢʦʤʬʦʨʪʘ ʠ ʫʜʦʙʩʪʚʘ ʧʨʦʞʠʚʘʥʠʷ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʜʝʪʝʢʮʠʠ ʪʝʢ-
ʩʪʦʚ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ: ʦʪʩʫʪʩʪʚʠʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ ʨʝʰʝʥʠʡ. ʅʘ ʦʩ-
ʥʦʚʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʙʦʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʫʯʥʳʭ ʧʦʜʭʦʜʦʚ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʪʝʟʠʩ ʦ ʪʦʤ, ʯʪʦ ʩʠʩʪʝ-
ʤʳ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʧʨʠʥʮʠʧʫ çʯʸʨʥʦʛʦ ʷʱʠʢʘè, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʮʝʥʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʦʙʨʘʟʦʚʘ-
ʪʝʣʴʥʫʶ ʠ ʶʨʠʜʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʩʬʝʨʳ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʜʦʚʝʨʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ 
ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ: ʚʦʟʚʨʘʪ ʢ ʧʨʠʟʥʘʢʦʚʳʤ ʤʝʪʦʜʘʤ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʚʢʣʘʜʘ ʧʨʠʟʥʘʢʦʚ, ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʦʙʲʷʩʥʷʶʱʠʭ ʤʦʜʫʣʝʡ, ʨʘʟʚʠʪʠʝ ʥʝʦʙʫʯʘʝʤʳʭ ʩʪʠʣʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɼʝʣʘʝʪʩʷ ʚʳ-
ʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʤʝʱʝʥʠʷ ʬʦʢʫʩʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʤʘʢʩʠʤʠʟʘʮʠʠ ʪʦʯʥʦʩʪʠ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʪʝʨ-
ʧʨʝʪʠʨʫʝʤʦʩʪʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʝʪʝʢʮʠʷ ʀʀ-ʪʝʢʩʪʦʚ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ ʧʨʠʟʥʘʢʠ, ʯʸʨʥʳʡ 
ʷʱʠʢ, ʦʙʲʷʩʥʠʤʳʡ ʀʀ, ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʝʪʦʜʳ, ʘʥʩʘʤʙʣʝʚʳʝ ʤʦʜʝʣʠ, ʩʪʠʣʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, 
ʩʪʠʣʦʤʝʪʨʠʷ, ʜʦʚʝʨʠʝ ʢ ʀʀ, ʨʫʩʩʢʦʷʟʳʯʥʳʝ ʪʝʢʩʪʳ. 
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ɻʛʞʝʞʦʡʞ 
ʇʨʝʜʩʪʘʚʴʪʝ ʩʠʪʫʘʮʠʶ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʦʚʝʨʷʝʪ ʜʠʧʣʦʤʥʫʶ ʨʘʙʦʪʫ ʩʪʫʜʝʥʪʘ. 

ʉʠʩʪʝʤʘ ʜʝʪʝʢʮʠʠ, ʢʦʪʦʨʫʶ ʨʝʢʦʤʝʥʜʦʚʘʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ, ʚʳʜʘʸʪ ʚʝʨʜʠʢʪ: çʊʝʢʩʪ ʩ 
ʚʝʨʦʷʪʥʦʩʪʴʶ 94% ʩʛʝʥʝʨʠʨʦʚʘʥ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤè. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʚʳʟʳʚʘʝʪ ʩʪʫʜʝʥʪʘ. 
ʉʪʫʜʝʥʪ ʠʩʢʨʝʥʥʝ ʥʝʜʦʫʤʝʚʘʝʪ: çʅʦ ʷ ʧʠʩʘʣ ʵʪʫ ʨʘʙʦʪʫ ʩʘʤ! ʗ ʩʦʙʠʨʘʣ ʤʘʪʝʨʠʘʣʳ, ʘʥʘʣʠʟʠʨʦʚʘʣ ʠʩ-
ʪʦʯʥʠʢʠ, ʬʦʨʤʫʣʠʨʦʚʘʣ ʚʳʚʦʜʳ. ʇʦʯʝʤʫ ʩʠʩʪʝʤʘ ʪʘʢ ʨʝʰʠʣʘ? ʏʪʦ ʠʤʝʥʥʦ ʚ ʤʦʸʤ ʪʝʢʩʪʝ ʢʘʞʝʪʩʷ ʝʡ 
ʧʦʜʦʟʨʠʪʝʣʴʥʳʤ?è 

ʏʪʦ ʤʦʞʝʪ ʦʪʚʝʪʠʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʴ? ʅʠʯʝʛʦ, ʧʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʘ ʥʝ ʩʢʘʟʘʣʘ ʝʤʫ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʘ-
ʢʠʭ ʧʨʠʟʥʘʢʦʚ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ. ʆʥʘ ʜʘʣʘ ʪʦʣʴʢʦ ʯʠʩʣʦ ʠ ʥʝ ʧʦʢʘʟʘʣʘ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʩʣʦʚʘ, ʬʨʘ-
ʟʳ, ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʧʨʠʚʝʣʠ ʢ ʵʪʦʤʫ ʚʳʚʦʜʫ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ 
ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʚʳʥʝʩʪʠ ʨʝʰʝʥʠʝ, ʥʦ ʥʝ ʯʝʪʢʠʭ ʠ ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ 
ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʵʪʦʛʦ. ʆʥ ʣʠʙʦ ʧʨʠʥʠʤʘʝʪ ʚʝʨʜʠʢʪ ʩʠʩʪʝʤʳ ʥʘ ʚʝʨʫ (ʨʠʩʢʫʷ ʦʰʠʙʠʪʴʩʷ ʚʤʝʩʪʝ ʩ ʥʝʡ), 
ʣʠʙʦ ʠʛʥʦʨʠʨʫʝʪ ʝʛʦ (ʜʝʣʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʙʝʩʩʤʳʩʣʝʥʥʳʤ). 

ʕʪʦ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ð ʵʪʦ ʧʨʦʙʣʝʤʘ ʜʦʚʝʨʠʷ, ʠ ʦʥʘ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝ-
ʩʢʠʝ, ʥʦ ʠ ʵʪʠʯʝʩʢʠʝ, ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʠ ʶʨʠʜʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʳʯ-
ʥʳʝ ʣʶʜʠ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʪʝʢʩʪʘ ʣʠʰʴ ʚ 60% ʩʣʫʯʘʝʚ ð ʥʝʤʥʦʛʠʤ ʣʫʯʰʝ ʩʣʫ-
ʯʘʡʥʦʛʦ ʫʛʘʜʳʚʘʥʠʷ [2, ʩ. 3-4]. ɺ ʦʪʚʝʪ ʥʘ ʵʪʦ ʧʦʷʚʣʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʜʝʪʝʢʪʦʨʳ. ʆʜʥʘʢʦ, ʢʘʢ ʙʫʜʝʪ 
ʧʦʢʘʟʘʥʦ ʚ ʵʪʦʡ ʩʪʘʪʴʝ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʜʝʪʝʢʮʠʠ ʩʪʨʘʜʘʶʪ ʦʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ, 
ʢʦʪʦʨʳʡ ʜʝʣʘʝʪ ʠʭ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʚʳʩʦʢʦʨʠʩʢʦʚʳʭ ʩʬʝʨʘʭ: ʦʥʠ ʥʝ ʦʙʲʷʩʥʷʶʪ 
ʩʚʦʠʭ ʨʝʰʝʥʠʡ [3, ʩ. 1ï2]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ð ʥʝ ʧʨʦʩʪʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʘ 
ʷʚʣʷʝʪʩʷ ʫʞʝ ʚʝʩʴʤʘ ʦʯʝʚʠʜʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ, ʠʤʝʷ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʸ 
ʢʦʨʥʠ, ʧʦʢʘʟʘʪʴ, ʧʦʯʝʤʫ ʦʥʘ ʥʝ ʨʝʰʘʝʪʩʷ çʧʨʦʩʪʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʚʠʟʫʘʣʠʟʘʮʠʠè. ʅʘʯʥʝʤ ʩ ʢʨʘʪʢʦʛʦ, ʥʦ 
ʢʨʠʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʮʠʠ, ʟʘʪʝʤ ʨʘʩʩʤʦʪʨʠʤ, ʧʦʯʝʤʫ çʯʸʨʥʳʡ ʷʱʠʢè ð ʵʪʦ 
ʥʝ ʪʝʭʥʠʯʝʩʢʠʡ ʥʝʜʦʩʪʘʪʦʢ, ʘ ʵʪʠʯʝʩʢʘʷ ʠ ʧʨʘʚʦʚʘʷ ʧʨʦʙʣʝʤʘ, ʠ ʟʘʚʝʨʰʠʤ ʨʘʟʤʳʰʣʝʥʠʷʤʠ ʦ ʪʦʤ, ʢʘ-
ʢʦʡ ʜʦʣʞʥʘ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ ʠ ʢʘʢʠʝ ʧʨʝʧʷʪʩʪʚʠʷ ʩʪʦʷʪ ʥʘ ʧʫʪʠ ʢ ʥʝʡ. 

ʃʙʣ ʬʪʫʩʧʞʦʴ ʪʧʛʩʞʥʞʦʦʴʞ ʝʞʫʞʣʫʧʩʴ 
ʇʨʝʞʜʝ ʯʝʤ ʢʨʠʪʠʢʦʚʘʪʴ, ʜʘʚʘʡʪʝ ʨʘʟʙʝʨʸʤʩʷ, ʯʪʦ ʩʝʛʦʜʥʷ ʧʨʝʜʣʘʛʘʝʪ ʥʘʫʢʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʩʦʟʥʘʪʝʣʴʥʦ ʦʧʫʩʢʘʶʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʤʝʪʦʜʦʣʦʛʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʢʨʳʪʘ, ʠ ʤʳ 
ʤʦʞʝʤ ʩʫʜʠʪʴ ʦ ʥʠʭ ʪʦʣʴʢʦ ʧʦ ʟʘʷʚʣʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɺʥʠʤʘʥʠʝ ʙʫʜʝʪ ʦʙʨʘʱʝʥʦ ʢ ʥʘʫʯʥʳʤ 
ʧʦʜʭʦʜʘʤ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʧʫʙʣʠʢʘʮʠʷʭ. 

ɻʞʩʧʸʫʦʧʪʫʦʴʞ ʥʞʫʧʝʴ 
ʄʝʪʦʜ DetectGPT, ʧʨʝʜʣʦʞʝʥʥʳʡ Mitchell E. ʠ ʩʦʘʚʪʦʨʘʤʠ ʚ 2023 ʛʦʜʫ, ʩʪʘʣ ʚʘʞʥʦʡ ʚʝʭʦʡ ʚ ʦʙʣʘ-

ʩʪʠ ʜʝʪʝʢʮʠʠ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʵʣʝʛʘʥʪʥʘ: ʘʚʪʦʨʳ ʠʩʭʦʜʷʪ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʪʝʢʩʪʳ, ʩʛʝʥʝʨʠʨʦʚʘʥ-
ʥʳʝ ʷʟʳʢʦʚʦʡ ʤʦʜʝʣʴʶ, ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʣʘʩʪʷʭ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʢʨʠʚʠʟʥʳ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 
[3, ʩ. 2ï3]. ɽʩʣʠ ʦʙʲʷʩʥʷʪʴ ʧʨʦʱʝ: ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʢʩʪʘ ʥʝʙʦʣʴʰʘʷ ʤʦʜʠʬʠʢʘʮʠʷ, ʥʘʧʨʠʤʝʨ, ʟʘ-
ʤʝʥʘ ʩʣʫʯʘʡʥʦʛʦ ʩʣʦʚʘ ʥʘ ʩʠʥʦʥʠʤ, ʟʘʤʝʪʥʦ ʠʟʤʝʥʠʪ ʝʛʦ çʝʩʪʝʩʪʚʝʥʥʦʩʪʴè ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʜʝʣʠ, ʘ 
ʜʣʷ ʪʝʢʩʪʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ (ʀʀ), ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʠʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʤʦʜʝʣʴ 
ʠ ʪʘʢ ʛʝʥʝʨʠʨʫʝʪ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʄʝʪʦʜ ʥʝ ʪʨʝʙʫʝʪ ʦʙʫʯʝʥʠʷ ʥʘ ʨʘʟʤʝʯʝʥʥʳʭ ʜʘʥʥʳʭ ð ʵʪʦ zero-shot ʧʦʜʭʦʜ. ʆʥ ʧʦʢʘʟʘʣ ʚʧʝʯʘʪ-
ʣʷʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʜʣʷ ʪʝʢʩʪʦʚ, ʩʦʟʜʘʥʥʳʭ GPT-NeoX, ʧʦʢʘʟʘʪʝʣʴ AUROC (ʧʣʦʱʘʜʴ ʧʦʜ ROC-
ʢʨʠʚʦʡ) ʫʚʝʣʠʯʠʣʩʷ ʩ 0,81 ʫ ʩʠʣʴʥʦʛʦ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʘ ʜʦ 0,95 ʫ DetectGPT [3, ʩ. 8]. 

ʅʦ ʝʩʪʴ ʧʨʦʙʣʝʤʘ. ʇʦʧʨʦʙʫʡʪʝ ʦʙʲʷʩʥʠʪʴ ʵʪʦʪ ʤʝʪʦʜ ʧʦʣʴʟʦʚʘʪʝʣʶ ð ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʚʫʟʘ ʠʣʠ 
ʨʝʜʘʢʪʦʨʫ ʉʄʀ. ʏʪʦ ʪʘʢʦʝ çʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʨʠʚʠʟʥʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠè? ʏʪʦ ʪʘʢʦʝ 
AUROC? ʇʦʯʝʤʫ ʩʣʫʯʘʡʥʦʝ ʠʩʢʘʞʝʥʠʝ ʪʝʢʩʪʘ ʜʦʣʞʥʦ ʯʪʦ-ʪʦ ʧʦʢʘʟʳʚʘʪʴ? ɼʘʞʝ ʝʩʣʠ ʚʳ ʥʘʡʜʸʪʝ ʩʣʦʚʘ 
ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʥʘ ʫʨʦʚʥʝ çʤʳ ʩʤʦʪʨʠʤ, ʥʘʩʢʦʣʴʢʦ ʪʝʢʩʪ ʧʦʭʦʞ ʥʘ ʪʠʧʠʯʥʳʝ ʪʝʢʩʪʳ ʤʦʜʝʣʠè, ʵʪʦ ʦʙʲ-
ʷʩʥʝʥʠʝ ʙʫʜʝʪ ʩʣʠʰʢʦʤ ʦʙʱʠʤ. ʆʥʦ ʥʝ ʧʦʤʦʞʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʧʦʥʷʪʴ ʧʦʯʝʤʫ ʠʤʝʥʥʦ ʵʪʦʪ ʪʝʢʩʪ ʙʳʣ 
ʧʨʠʟʥʘʥ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʤ. ʂʘʢʦʝ ʩʣʦʚʦ, ʢʘʢʘʷ ʬʨʘʟʘ, ʢʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʚʳʟʚʘʣʠ ʧʦʜʦʟʨʝʥʠʝ? ʄʝʪʦʜ 
ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ ʥʝ ʦʪʚʝʯʘʝʪ. 
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Fast-DetectGPT, ʨʘʟʚʠʚʘʶʱʠʡ ʵʪʫ ʠʜʝʶ, ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʦ 
ʥʝ ʧʨʦʙʣʝʤʫ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ [4, ʩ. 4]. ʇʦʣʴʟʦʚʘʪʝʣʴ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʦʣʫʯʘʝʪ ʯʠʩʣʦ ʠ ʥʠʯʝʛʦ ʙʦʣʝʝ. 

 
ɹʦʪʙʥʚʤʞʛʴʞ ʨʧʝʮʧʝʴ 
ʈʘʙʦʪʘ ʌʝʜʦʪʦʚʦʡ ɸ.ʄ. ʠ ʈʦʤʘʥʦʚʘ ɸ.ʉ. ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʘʚʪʦʨʳ 

ʩʦʟʥʘʪʝʣʴʥʦ ʚʳʙʠʨʘʶʪ ʧʫʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʧʨʠʟʥʘʢʦʚ. ʄʝʪʦʜ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʢʦ-
ʨʦʪʢʠʝ ʨʫʩʩʢʦʷʟʳʯʥʳʝ ʩʦʦʙʱʝʥʠʷ (100ï200 ʩʠʤʚʦʣʦʚ) ð ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ, ʧʦʪʦʤʫ 
ʯʪʦ ʚ ʢʦʨʦʪʢʦʤ ʪʝʢʩʪʝ ʤʘʣʦ ʢʦʥʪʝʢʩʪʘ. ɸʚʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʘʥʩʘʤʙʣʴ ʠʟ ʪʨʸʭ ʤʦʜʝʣʝʡ (LightGBM, 
BiLSTM, RuRoBERTa) ʠ ʧʨʠʟʥʘʢʠ ʪʨʸʭ ʫʨʦʚʥʝʡ [1, ʩ. 1444ï1470]: 

ῐ ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ð ʩʪʨʫʢʪʫʨʘ, ʧʫʥʢʪʫʘʮʠʷ, ʤʦʨʬʦʣʦʛʠʷ, ʣʝʢʩʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘ-
ʟʠʝ. 

ῐ ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ð ʵʥʪʨʦʧʠʷ, ʧʝʨʧʣʝʢʩʠʷ, ʯʘʩʪʦʪʥʦʩʪʴ n-ʛʨʘʤʤ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-
ʩʪʝʡ ʠʟ n ʩʠʤʚʦʣʦʚ ʠʣʠ ʩʣʦʚ). 

ῐ ʉʝʤʘʥʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ð ɻ ʤʙʝʜʜʠʥʛʠ RuBERT (ʚʝʢʪʦʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʤʳʩʣʘ). 
ʏʪʦ ʟʜʝʩʴ ʚʘʞʥʦ? ʕʥʪʨʦʧʠʷ ʠ ʧʝʨʧʣʝʢʩʠʷ ð ʵʪʦ ʤʝʨʳ çʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠè ʠʣʠ çʧʨʝʜʩʢʘʟʫʝʤʦ-

ʩʪʠè ʪʝʢʩʪʘ. ʃʝʢʩʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ (type-token ratio) ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʨʘʟʥʦʦʙʨʘʟʝʥ ʩʣʦʚʘʨ-
ʥʳʡ ʟʘʧʘʩ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʠʤʝʶʪ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʩʤʳʩʣ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʀʀ-ʪʝʢʩʪʳ 
ʯʘʩʪʦ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʵʥʪʨʦʧʠʶ (ʦʥʠ ʙʦʣʝʝ ʧʨʝʜʩʢʘʟʫʝʤʳ) ʠ ʙʦʣʝʝ ʥʠʟʢʦʝ ʣʝʢʩʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙ-
ʨʘʟʠʝ (ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʩʣʦʚ ʠ ʦʙʦʨʦʪʦʚ), ʯʝʤ ʯʝʣʦʚʝʯʝʩʢʠʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʪʦʯʥʦʩʪʴ ʜʦ 0,95 ʚ ʟʘʜʘʯʝ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
(ʯʝʣʦʚʝʢ ð LLM) ʠ ʜʦ 0,89 ʚ ʤʥʦʛʦʢʣʘʩʩʦʚʦʡ ʟʘʜʘʯʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʝʣʠ-ʛʝʥʝʨʘʪʦʨʘ. 

ʅʦ ʠ ʟʜʝʩʴ ʝʩʪʴ ʦʛʨʘʥʠʯʝʥʠʝ. ɸʚʪʦʨʳ ʜʦʩʪʠʛʘʶʪ ʚʧʝʯʘʪʣʷʶʱʝʡ ʪʦʯʥʦʩʪʠ, ʦʜʥʘʢʦ ʠʭ ʩʠʩʪʝʤʘ ʥʝ 
ʧʦʢʘʟʳʚʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʢʘʢʦʡ ʠʤʝʥʥʦ ʧʨʠʟʥʘʢ ʩʳʛʨʘʣ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ 
[1, ʩ. 1444ï1470]. ʉʘʤʠ ʘʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʵʪʦ ʢʘʢ ʦʛʨʘʥʠʯʝʥʠʝ: çʅʝʩʤʦʪʨʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʧʨʝ-
ʪʠʨʫʝʤʳʭ ʧʨʠʟʥʘʢʦʚ, ʨʘʙʦʪʘ ʥʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʦʙʲʷʩʥʠʤʦʩʪʠ ʨʝʰʝʥʠʡ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷè. 
ʄʦʞʥʦ ʣʠ ʵʪʦ ʠʩʧʨʘʚʠʪʴ? ʊʝʭʥʠʯʝʩʢʠ ð ʜʘ. ʄʝʪʦʜʳ SHAP (SHapley Additive exPlanations) ʠ LIME (Local 
Interpretable Model-agnostic Explanations) ʧʦʟʚʦʣʷʶʪ ʜʣʷ ʣʶʙʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʧʦʣʫʯʠʪʴ ʚʢʣʘʜ ʢʘʞʜʦ-
ʛʦ ʧʨʠʟʥʘʢʘ ʚ ʧʨʝʜʩʢʘʟʘʥʠʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʨʘ [5, ʩ. 4768]. ɺ ʩʣʫʯʘʝ ʩ ʧʨʠʟʥʘʢʘʤʠ ʌʝʜʦʪʦʚʦʡ 
ɸ.ʄ. ʠ ʈʦʤʘʥʦʚʘ ɸ.ʉ. ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʩʢʘʟʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ: çɺʘʰ ʪʝʢʩʪ ʠʤʝʝʪ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʦʝ ʣʝʢ-
ʩʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ (ʥʘ 40% ʥʠʞʝ ʩʨʝʜʥʝʛʦ), ʯʪʦ ʫʚʝʣʠʯʠʣʦ ʚʝʨʦʷʪʥʦʩʪʴ ʀʀ-ʦʧʨʝʜʝʣʝʥʠʷ ʥʘ 60%; 
ʜʣʠʥʘ ʧʨʝʜʣʦʞʝʥʠʡ ʩʣʠʰʢʦʤ ʦʜʥʦʨʦʜʥʘ (ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʥʘ 30% ʥʠʞʝ ʩʨʝʜʥʝʛʦ), ʯʪʦ ʫʚʝʣʠ-
ʯʠʣʦ ʚʝʨʦʷʪʥʦʩʪʴ ʝʱʸ ʥʘ 25%è. ʅʦ ʘʚʪʦʨʳ ʥʝ ʧʦʰʣʠ ʧʦ ʵʪʦʤʫ ʧʫʪʠ ð ʚʝʨʦʷʪʥʦ, ʧʦʪʦʤʫ, ʯʪʦ ʵʪʦ ʥʝ 
ʚʭʦʜʠʣʦ ʚ ʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʟʘʜʘʯʫ. 

ʊʫʡʤʧʥʞʫʩʡʰʞʪʣʡʞ ʥʞʫʧʝʴ 
ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʨʘʙʦʪʘ Salnikov E. ʠ Bonch-Osmolovskaya A., ʚ ʢʦʪʦʨʦʡ ʧʨʝʜ-

ʣʘʛʘʝʪʩʷ ʥʝʦʙʫʯʘʝʤʳʡ ʩʪʠʣʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʪʨʠʛʨʘʤʤʥʦʡ ʢʦʩʠʥʫʩʥʦʡ ʜʝʣʴʪʳ [6, ʩ. 140]. 
ʏʪʦ ʵʪʦ ʟʥʘʯʠʪ? ɸʚʪʦʨʳ ʙʝʨʫʪ ʵʪʘʣʦʥʥʳʝ ʢʦʨʧʫʩʘ ʯʝʣʦʚʝʯʝʩʢʠʭ ʠ ʀʀ-ʪʝʢʩʪʦʚ, ʧʦʜʩʯʠʪʳʚʘʶʪ ʚ ʥʠʭ ʯʘ-
ʩʪʦʪʥʦʩʪʠ ʪʨʠʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʠʟ ʩʝʙʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʟ ʪʨʸʭ ʩʠʤʚʦʣʦʚ, ʘ ʟʘʪʝʤ 
ʜʣʷ ʧʨʦʚʝʨʷʝʤʦʛʦ ʪʝʢʩʪʘ ʚʳʯʠʩʣʷʶʪ, ʢ ʢʘʢʦʤʫ ʵʪʘʣʦʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʦʥ ʙʣʠʞʝ, ʠʟʤʝʨʷʷ ʢʦʩʠʥʫʩ-
ʥʦʝ ʩʭʦʜʩʪʚʦ [6, ʩ. 141]. ʏʝʤ ʙʣʠʞʝ ʢ ʀʀ-ɻ ʪʘʣʦʥʫ ð ʪʝʤ ʚʝʨʦʷʪʥʝʝ, ʯʪʦ ʪʝʢʩʪ ʩʛʝʥʝʨʠʨʦʚʘʥ ʤʦʜʝʣʴʶ. 

ʇʦʯʝʤʫ ʵʪʦ ʚʘʞʥʦ? ʄʝʪʦʜ ʥʝ ʪʨʝʙʫʝʪ ʦʙʫʯʝʥʠʷ. ɸ ʟʥʘʯʠʪ, ʦʥ ʥʝ ʤʦʞʝʪ çʧʝʨʝʦʙʫʯʠʪʴʩʷè ʧʦʜ ʢʦʥ-
ʢʨʝʪʥʫʶ ʤʦʜʝʣʴ. ʆʥ ʥʝ ʟʘʧʦʤʠʥʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʣʦʚʘ-ʤʘʨʢʝʨʳ, ʘ ʚʤʝʩʪʦ ʵʪʦʛʦ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʪʘʪʠ-
ʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʜʣʷ ʨʘʟʣʠʯʝʥʠʷ 
ʯʝʣʦʚʝʯʝʩʢʠʭ ʠ ʤʘʰʠʥʥʳʭ ʪʝʢʩʪʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝʪʦʜ ʵʬʬʝʢʪʠʚʝʥ: ʠʥʜʝʢʩ Rand (ʤʝʨʘ ʩʦʛʣʘʩʠʷ ʤʝʞʜʫ ʢʣʘʩʪʝʨʠ-
ʟʘʮʠʝʡ ʠ ʠʩʪʠʥʥʦʡ ʨʘʟʤʝʪʢʦʡ) ʜʦʩʪʠʛʘʝʪ 0,70, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʢʘʢ ʜʦʦʙʫʯʝʥʥʫʶ ʤʦʜʝʣʴ 
RuModernBERT (ARI å 0,28), ʪʘʢ ʠ ʢʣʘʩʩʠʯʝʩʢʫʶ ʫʥʠʛʨʘʤʤʥʫʶ ʜʝʣʴʪʫ (ARI å 0,53) [6, ʩ. 147]. ʄʝʪʦʜ 
ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʙʝʥʯʤʘʨʢʝ RuATD (Russian AI Text Detection benchmark), 
ʛʜʝ ʫʩʧʝʰʥʦ ʨʘʟʜʝʣʠʣ ʪʝʢʩʪʳ, ʥʘʧʠʩʘʥʥʳʝ ʯʝʣʦʚʝʢʦʤ ʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʤʘʰʠʥʦʡ, ʠ ʦʙʝʩʧʝʯʠʣ ʢʦʛʝ-
ʨʝʥʪʥʫʶ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʩʚʷʟʘʥʥʳʭ ʩʝʤʝʡʩʪʚ ʤʦʜʝʣʝʡ [6, ʩ. 148]. 
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ʅʦ ʝʩʪʴ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ɺʘʣʠʜʘʮʠʷ ʤʝʪʦʜʘ ʦʛʨʘʥʠʯʝʥʘ ʨʫʩʩʢʦʷʟʳʯʥʳʤʠ ʜʥʝʚʥʠʢʦʚʳʤʠ ʟʘʧʠʩʷʤʠ 
[6, ʩ. 149]. ʅʝʷʩʥʦ, ʢʘʢ ʤʝʪʦʜ ʧʦʚʝʜʸʪ ʩʝʙʷ ʥʘ ʥʘʫʯʥʳʭ ʪʝʢʩʪʘʭ, ʥʦʚʦʩʪʥʳʭ ʩʪʘʪʴʷʭ, ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʣʠ-
ʪʝʨʘʪʫʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤ ʤʝʪʦʜ ʥʝ ʚʳʜʝʣʷʝʪ ʢʦʥʢʨʝʪʥʳʝ ʪʨʠʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʩʳʛʨʘʣʠ ʨʝʰʘʶʱʫʶ 
ʨʦʣʴ. ʄʦʞʥʦ ʣʠ ʵʪʦ ʩʜʝʣʘʪʴ? ɼʘ ð ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʢʘʢʠʝ ʪʨʠʛʨʘʤʤʳ ʚ ʝʛʦ ʪʝʢʩʪʝ ʯʘʱʝ 
ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʀʀ-ʢʦʨʧʫʩʝ, ʘ ʢʘʢʠʝ ð ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ. ʕʪʦ ʙʳʣʦ ʙʳ ʧʦʣʝʟʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ. ɸʚʪʦʨʳ 
ʵʪʦʛʦ ʥʝ ʜʝʣʘʶʪ ð ʚʦʟʤʦʞʥʦ, ʧʦʪʦʤʫ, ʯʪʦ ʵʪʦ ʥʝ ʙʳʣʦ ʮʝʣʴʶ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʐʫʧ ʧʚʲʞʜʧ ʬ ʛʪʞʮ ʬʨʧʥʸʦʬʫʴʮ ʨʧʝʮʧʝʧʛ? 
ɼʘʞʝ ʪʝ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ ʧʨʠʟʥʘʢʠ (ʣʝʢʩʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, 

ʵʥʪʨʦʧʠʷ, ʯʘʩʪʦʪʥʦʩʪʠ ʪʨʠʛʨʘʤʤ), ʦʙʳʯʥʦ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʙʲʷʩʥʝʥʠʷ ʚ ʧʦʥʷʪʥʦʡ 
ʬʦʨʤʝ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʤʘʢʩʠʤʠʟʘʮʠʠ ʪʦʯʥʦʩʪʠ ð ʠ ʵʪʦ ʧʦʥʷʪʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʪʦʯ-
ʥʦʩʪʴ ʣʝʛʢʦ ʠʟʤʝʨʠʪʴ ʠ ʣʝʛʢʦ ʩʨʘʚʥʠʪʴ. ʆʙʲʷʩʥʠʤʦʩʪʴ ʞʝ ʠʟʤʝʨʠʪʴ ʩʣʦʞʥʝʝ. ʅʝʪ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʝʪ-
ʨʠʢ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʲʷʩʥʝʥʠʡ. ʂʘʢ ʫʟʥʘʪʴ, ʭʦʨʦʰʝʝ ʣʠ ʦʙʲʷʩʥʝʥʠʝ ʧʦʣʫʯʠʣʦʩʴ? ʄʦʞʥʦ ʧʨʦʚʝʩʪʠ 
ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ: ʜʘʪʴ ʣʶʜʷʤ ʨʘʟʥʳʝ ʦʙʲʷʩʥʝʥʠʷ ʠ ʩʧʨʦʩʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʦʥʠ ʧʦʥʷʪʥʳ ʠ 
ʧʦʣʝʟʥʳ. ʅʦ ʵʪʦ ʜʦʨʦʛʦ, ʪʨʫʜʦʸʤʢʦ, ʠ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʫʜʥʦ ʦʙʦʙʱʠʪʴ. ʀʩʩʣʝʜʦʚʘ-
ʪʝʣʠ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʠʨʘʶʪ ʪʦ, ʯʪʦ ʣʝʛʯʝ ʠʟʤʝʨʠʪʴ. 

ʕʪʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ, ʠ ʦʥʘ ʥʝ ʨʝʰʠʪʩʷ ʩʘʤʘ ʩʦʙʦʡ. ʇʦʢʘ ʚ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʥʝ 
ʧʦʷʚʠʪʩʷ ʧʨʠʟʥʘʥʥʳʡ ʩʪʘʥʜʘʨʪ ʦʮʝʥʢʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ, ʩʪʠʤʫʣ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʫʜʝʪ ʦʩʪʘ-
ʚʘʪʴʩʷ ʩʤʝʱʸʥʥʳʤ ʚ ʩʪʦʨʦʥʫ ʪʦʯʥʦʩʪʠ. 

ʈʧʰʞʥʬ çʰʹʩʦʴʢ ʸʲʡʣè ñ ʁ ʫʧ ʨʩʧʚʤʞʥʙ ʦʞ ʫʞʮʦʡʰʞʪʣʙʸ, ʙ ʶʫʡʰʞʪʣʙʸ 
ʏʘʩʪʦ ʤʦʞʥʦ ʫʩʣʳʰʘʪʴ ʘʨʛʫʤʝʥʪ: çʂʘʢʘʷ ʨʘʟʥʠʮʘ, ʧʦʯʝʤʫ ʩʠʩʪʝʤʘ ʩʢʘʟʘʣʘ, ʯʪʦ ʪʝʢʩʪ ʥʘʧʠʩʘʥ 

ʀʀ? ɻʣʘʚʥʦʝ, ʯʪʦʙʳ ʦʥʘ ʥʝ ʦʰʠʙʘʣʘʩʴè. ʕʪʦʪ ʘʨʛʫʤʝʥʪ ʢʘʞʝʪʩʷ ʨʘʟʫʤʥʳʤ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʤʳ ʛʦʚʦʨʠʤ 
ʦ ʙʳʪʦʚʳʭ ʟʘʜʘʯʘʭ ʚʨʦʜʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʧʘʤʘ. ʅʦ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʶʨʠʜʠʯʝ-
ʩʢʠ ʟʥʘʯʠʤʳʭ ʩʠʪʫʘʮʠʷʭ ʦʥ ʥʝ ʨʘʙʦʪʘʝʪ. ʇʦʯʝʤʫ? 

ʊʡʪʫʞʥʴ ʧʱʡʚʙʷʫʪʸ, ʡ ʧʱʡʚʣʡ ʡʥʞʷʫ ʨʧʪʤʞʝʪʫʛʡʸ 
ʅʘʯʥʸʤ ʩ ʪʦʛʦ, ʯʪʦ ʠʜʝʘʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʩʦʙʝʥ-

ʥʦ ʫʷʟʚʠʤʳ [1, ʩ. 1446]: 
ῐ ʂʦʨʦʪʢʠʝ ʪʝʢʩʪʳ (ʤʝʥʝʝ 200ï300 ʩʠʤʚʦʣʦʚ). ɺ ʢʦʨʦʪʢʦʤ ʪʝʢʩʪʝ ʤʘʣʦ ʩʪʘʪʠʩʪʠʢʠ, ʠ ʜʝʪʝʢʪʦʨʫ 

ʪʨʫʜʥʦ ʩʜʝʣʘʪʴ ʫʚʝʨʝʥʥʳʡ ʚʳʚʦʜ. 
ῐ ʊʝʢʩʪʳ, ʥʘʧʠʩʘʥʥʳʝ ʥʝ ʥʦʩʠʪʝʣʷʤʠ ʷʟʳʢʘ. ʉʪʠʣʴ ʯʝʣʦʚʝʢʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʫʩʩʢʠʡ ʷʟʳʢ ʥʝ 

ʨʦʜʥʦʡ, ʤʦʞʝʪ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ çʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦè ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʪʠʣʷ, ʠ ʜʝʪʝʢʪʦʨ ʤʦʞʝʪ ʧʨʠ-
ʥʷʪʴ ʵʪʦ ʦʪʢʣʦʥʝʥʠʝ ʟʘ ʧʨʠʟʥʘʢ ʀʀ-ʛʝʥʝʨʘʮʠʠ. 

ῐ ʊʝʭʥʠʯʝʩʢʠʝ ʠ ʭʦʨʦʰʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʪʝʢʩʪʳ. ʆʪʯʸʪʳ, ʠʥʩʪʨʫʢʮʠʠ, ʨʝʬʝʨʘʪʳ ʯʘʩʪʦ ʠʤʝʶʪ 
ʬʦʨʤʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʣʦʚʘʨʴ ð ʯʝʨʪʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʀʀ-ʪʝʢʩʪʦʚ. 

ῐ ʊʝʢʩʪʳ ʧʦʩʣʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʯʝʣʦʚʝʢ ʚʟʷʣ ʯʝʨʥʦʚʠʢ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʀʀ, ʠ ʧʝʨʝʧʠ-
ʩʘʣ ʝʛʦ ʩʚʦʠʤʠ ʩʣʦʚʘʤʠ, ʜʝʪʝʢʪʦʨ ʤʦʞʝʪ ʥʝ ʨʘʩʧʦʟʥʘʪʴ ʠʩʭʦʜʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʀ ʥʘʦʙʦʨʦʪ, ʝʩʣʠ 
ʯʝʣʦʚʝʢ ʥʘʧʠʩʘʣ ʪʝʢʩʪ çʩʫʭʦè ʠ ʬʦʨʤʘʣʴʥʦ, ʜʝʪʝʢʪʦʨ ʤʦʞʝʪ ʦʰʠʙʦʯʥʦ ʟʘʧʦʜʦʟʨʠʪʴ ʀʀ. 

ɽʩʣʠ ʩʠʩʪʝʤʘ ʦʰʠʙʘʝʪʩʷ, ʥʦ ʥʝ ʦʙʲʷʩʥʷʝʪ ʧʦʯʝʤʫ, ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝʪ ʩʧʦʩʦʙʘ ʦʮʝʥʠʪʴ, 
ʥʘʩʢʦʣʴʢʦ ʤʦʞʥʦ ʜʦʚʝʨʷʪʴ ʵʪʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʳʚʦʜʫ. ʆʥ ʚʠʜʠʪ ʪʦʣʴʢʦ ʠʪʦʛʦʚʦʝ ʯʠʩʣʦ. ʆʥ ʥʝ ʟʥʘʝʪ, 
ʣʝʞʠʪ ʣʠ ʝʛʦ ʪʝʢʩʪ ʚ ʟʦʥʝ ʫʚʝʨʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠʣʠ ʥʘ ʛʨʘʥʠʮʝ, ʛʜʝ ʦʰʠʙʢʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳ. 

ɺʞʠ ʧʚʳʸʪʦʞʦʡʸ ʦʞʛʧʠʥʧʟʦʧ ʧʪʨʧʩʡʫʵ ʩʞʱʞʦʡʞ 
ʇʨʝʜʩʪʘʚʴʪʝ ʩʝʙʷ ʥʘ ʤʝʩʪʝ ʩʪʫʜʝʥʪʘ, ʯʴʶ ʨʘʙʦʪʫ ʦʰʠʙʦʯʥʦ ʧʨʠʟʥʘʣʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʀʀ. ʏʪʦ 

ʚʳ ʤʦʞʝʪʝ ʩʜʝʣʘʪʴ? ɺʳ ʤʦʞʝʪʝ ʩʢʘʟʘʪʴ: çʗ ʧʠʩʘʣ ʵʪʦ ʩʘʤè. ʅʦ ʩʠʩʪʝʤʘ ʥʝ ʜʘʣʘ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʥʠʢʘ-
ʢʠʭ ʢʦʥʢʨʝʪʥʳʭ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʝʸ ʚʳʚʦʜʘ, ʠ ʧʦʵʪʦʤʫ ʫ ʚʘʩ ʥʝʪ ʢʦʥʢʨʝʪʥʳʭ ʘʨʛʫʤʝʥʪʦʚ, ʯʪʦʙʳ ʝʛʦ ʦʧʨʦ-
ʚʝʨʛʥʫʪʴ. ɺʳ ʥʝ ʟʥʘʝʪʝ, ʩ ʯʝʤ ʠʤʝʥʥʦ ʩʠʩʪʝʤʘ çʥʝ ʩʦʛʣʘʩʥʘè: ʩ ʦʪʜʝʣʴʥʳʤʠ ʩʣʦʚʘʤʠ, ʩ ʩʠʥʪʘʢʩʠʯʝʩʢʠ-
ʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ, ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺʳ ʥʝ ʤʦʞʝʪʝ ʫʢʘʟʘʪʴ ʥʘ ʦʰʠʙʢʫ ʩʠʩʪʝʤʳ, 
ʧʦʪʦʤʫ ʯʪʦ ʥʝ ʟʥʘʝʪʝ, ʢʘʢʦʚ ʙʳʣ ʭʦʜ ʝʸ ʨʘʩʩʫʞʜʝʥʠʡ. 

ʕʪʦ ʩʦʟʜʘʸʪ ʘʩʠʤʤʝʪʨʠʶ ʚʣʘʩʪʠ. ʉʠʩʪʝʤʘ ʚʳʥʦʩʠʪ ʚʝʨʜʠʢʪ. ʏʝʣʦʚʝʢ (ʩʪʫʜʝʥʪ) ʥʝ ʤʦʞʝʪ ʝʛʦ 
ʦʩʧʦʨʠʪʴ, ʧʦʪʦʤʫ ʯʪʦ ʫ ʥʝʛʦ ʥʝʪ ʜʦʩʪʫʧʘ ʢ ʘʨʛʫʤʝʥʪʘʮʠʠ ʩʠʩʪʝʤʳ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ 
ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ, ʪʦʞʝ ʥʝ ʤʦʞʝʪ ʝʛʦ ʧʦʣʥʦʮʝʥʥʦ ʦʮʝʥʠʪʴ ð ʦʥ ʣʠʙʦ ʧʨʠʥʠʤʘʝʪ ʚʝʨʜʠʢʪ, ʣʠʙʦ ʦʪʚʝʨʛʘ-
ʝʪ ʝʛʦ, ʥʦ ʠ ʚ ʪʦʤ, ʠ ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʦʥ ʜʝʡʩʪʚʫʝʪ ʚʩʣʝʧʫʶ. 
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ɽʧʛʞʩʡʞ ʪʫʩʧʡʫʪʸ ʦʙ ʨʩʞʝʪʣʙʠʬʞʥʧʪʫʡ 
ʂʘʢ ʧʨʘʚʠʣʦ, ʣʶʜʠ ʜʦʚʝʨʷʶʪ ʪʦʤʫ, ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʯʝʛʦ ʧʦʥʠʤʘʶʪ. ʂʦʛʜʘ ʚʨʘʯ ʩʪʘʚʠʪ ʜʠʘʛʥʦʟ, ʦʥ 

ʦʙʲʷʩʥʷʝʪ ʧʘʮʠʝʥʪʫ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʘʢʠʭ ʩʠʤʧʪʦʤʦʚ ʠ ʘʥʘʣʠʟʦʚ ʦʥ ʧʨʠʰʸʣ ʢ ʵʪʦʤʫ ʚʳʚʦʜʫ. ʇʘʮʠʝʥʪ 
ʤʦʞʝʪ ʥʝ ʩʦʛʣʘʩʠʪʴʩʷ, ʟʘʜʘʪʴ ʚʦʧʨʦʩʳ, ʧʦʧʨʦʩʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʪʦ ʥʦʨʤʘʣʴʥʳʡ 
ʧʨʦʮʝʩʩ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʇʘʮʠʝʥʪ ʤʦʞʝʪ ʚʩʸ ʨʘʚʥʦ ʥʝ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʚʨʘʯʦʤ, ʥʦ ʫ ʥʝʛʦ ʝʩʪʴ 
ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʨʘʟʛʦʚʦʨʘ. 

ɺ ʩʣʫʯʘʝ ʩ ʜʝʪʝʢʮʠʝʡ ʀʀ-ʪʝʢʩʪʦʚ ʤʳ ʣʠʰʝʥʳ ʵʪʦʡ ʥʦʨʤʘʣʴʥʦʩʪʠ. ʉʠʩʪʝʤʘ ʚʳʜʘʸʪ ʯʠʩʣʦ ʠ ʟʘ-
ʤʦʣʢʘʝʪ. ʏʝʣʦʚʝʢ, ʢʦʪʦʨʳʡ ʥʝ ʧʦʥʠʤʘʝʪ, ʧʦʯʝʤʫ ʩʠʩʪʝʤʘ ʧʨʠʥʷʣʘ ʪʦ ʠʣʠ ʠʥʦʝ ʨʝʰʝʥʠʝ, ʩʢʣʦʥʝʥ ʣʠʙʦ 
ʩʣʝʧʦ ʜʦʚʝʨʷʪʴ ʝʡ, ʣʠʙʦ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʨʛʘʪʴ. ʅʠ ʪʦ, ʥʠ ʜʨʫʛʦʝ ʥʝ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʤ ʧʦʚʝʜʝʥʠ-
ʝʤ, ʥʦ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʦʩʪʦ ʥʝʪ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʙʦʣʝʝ ʪʦʥʢʦʡ ʦʮʝʥʢʠ. 

ʁʦʫʞʩʨʩʞʫʡʩʬʞʥʧʪʫʵ ʪʫʙʦʧʛʡʫʪʸ ʷʩʡʝʡʰʞʪʣʡʥ ʫʩʞʚʧʛʙʦʡʞʥ 
ɽʚʨʦʧʝʡʩʢʠʡ ʘʢʪ ʦʙ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ (EU AI Act), ʚʩʪʫʧʠʚʰʠʡ ʚ ʩʠʣʫ ʚ 2024 ʛʦʜʫ, ʢʣʘʩ-

ʩʠʬʠʮʠʨʫʝʪ ʩʠʩʪʝʤʳ ʀʀ ʧʦ ʫʨʦʚʥʶ ʨʠʩʢʘ [8, ʩ. 45]. ʉʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʜʣʷ ʦʮʝʥʢʠ 
ʟʥʘʥʠʡ, ʦʪʥʝʩʝʥʳ ʢ ʢʘʪʝʛʦʨʠʠ çʚʳʩʦʢʦʛʦ ʨʠʩʢʘè. ɼʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘʢʦʥ ʪʨʝʙʫʝʪ, ʩʨʝʜʠ ʧʨʦʯʝʛʦ, ʧʨʝʜʦ-
ʩʪʘʚʣʝʥʠʷ ʦʙʲʷʩʥʝʥʠʡ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʧʨʘʚʦ ʟʥʘʪʴ, ʧʦʯʝʤʫ ʩʠʩʪʝʤʘ ʧʨʠ-
ʥʷʣʘ ʪʦ ʠʣʠ ʠʥʦʝ ʨʝʰʝʥʠʝ [8, ʩ. 48]. 

ʈʦʩʩʠʷ, ʚʝʨʦʷʪʥʦ, ʧʦʡʜʸʪ ʧʦ ʪʦʤʫ ʞʝ ʧʫʪʠ. ʋʞʝ ʩʝʡʯʘʩ ʚ ʧʨʦʝʢʪʘʭ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ, ʨʝʛʫʣʠʨʫ-
ʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʧʦʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ çʧʨʦʟʨʘʯʥʦʩʪʠè ʠ çʦʙʲʷʩʥʠʤʦʩʪʠè 
ʘʣʛʦʨʠʪʤʦʚ. 

ʏʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʜʝʪʝʢʪʦʨʦʚ ʀʀ-ʪʝʢʩʪʦʚ? ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝ-
ʤʦʩʪʴ ʧʝʨʝʩʪʘʸʪ ʙʳʪʴ ʦʧʮʠʦʥʘʣʴʥʳʤ çʧʣʶʩʦʤè ʠ ʩʪʘʥʦʚʠʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʜʣʷ ʚʥʝʜʨʝ-
ʥʠʷ ʩʠʩʪʝʤ ʚ ʦʙʨʘʟʦʚʘʥʠʝ. ʈʘʟʨʘʙʦʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʝʜʫʩʤʦʪʨʷʪ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ, ʤʦʛʫʪ ʩʪʦʣʢ-
ʥʫʪʴʩʷ ʩ ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʙʘʨʴʝʨʘʤʠ. 

ɽʩʣʠ ʧʨʦʙʣʝʤʘ ʪʘʢ ʦʯʝʚʠʜʥʘ ʠ ʜʘʞʝ ʠʤʝʝʪ ʶʨʠʜʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʧʦʯʝʤʫ ʦʥʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 
ʨʝʰʝʥʘ? ʆʪʚʝʪ ʩʣʦʞʥʝʝ, ʯʝʤ çʠʩʩʣʝʜʦʚʘʪʝʣʠ ʣʝʥʠʚʳè. 

ʅʞʫʧʝʧʤʧʜʡʰʞʪʣʙʸ ʨʩʧʚʤʞʥʙ 
ɺ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ ʩʣʦʞʠʣʘʩʴ ʪʨʘʜʠʮʠʷ ʦʮʝʥʠʚʘʪʴ ʤʦʜʝʣʠ ʧʦ ʪʦʯʥʦʩʪʠ (accuracy), ʧʦʣʥʦʪʝ 

(recall), F1-ʤʝʨʝ. ʕʪʠ ʤʝʪʨʠʢʠ ʧʨʦʩʪʳ, ʦʙʲʝʢʪʠʚʥʳ ʠ ʧʦʟʚʦʣʷʶʪ ʩʨʘʚʥʠʚʘʪʴ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ. ɽʩʣʠ ʚʘʰʘ 
ʤʦʜʝʣʴ ʧʦʢʘʟʘʣʘ ʪʦʯʥʦʩʪʴ 0,95, ʘ ʜʨʫʛʘʷ ð 0,94, ʚʳ ʤʦʞʝʪʝ ʫʚʝʨʝʥʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʘʰʘ ʣʫʯʰʝ. 

ɸ ʢʘʢ ʦʮʝʥʠʪʴ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ? ʄʦʞʥʦ ʣʠ ʝʸ ʠʟʤʝʨʠʪʴ ʚ ʯʠʩʣʘʭ? ʉʣʦʞʥʦ. ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ 
ð ʧʨʦʚʝʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ: ʜʘʪʴ ʣʶʜʷʤ ʦʙʲʷʩʥʝʥʠʷ ʦʪ ʨʘʟʥʳʭ ʩʠʩʪʝʤ ʠ ʧʦʧʨʦʩʠʪʴ ʠʭ 
ʦʮʝʥʠʪʴ ʧʦʥʷʪʥʦʩʪʴ, ʧʦʣʝʟʥʦʩʪʴ, ʫʙʝʜʠʪʝʣʴʥʦʩʪʴ. ʅʦ ʵʪʦ: 

ῐ ɼʦʨʦʛʦ ʠ ʪʨʫʜʦʸʤʢʦ. ʅʫʞʥʦ ʥʘʙʠʨʘʪʴ ʫʯʘʩʪʥʠʢʦʚ, ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʦʙʨʘʙʘʪʳʚʘʪʴ 
ʨʝʟʫʣʴʪʘʪʳ. 

ῐ ʉʫʙʲʝʢʪʠʚʥʦ. ʏʪʦ ʧʦʥʷʪʥʦ ʦʜʥʦʤʫ ʯʝʣʦʚʝʢʫ, ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʥʷʪʥʦ ʜʨʫʛʦʤʫ. 
ῐ ɿʘʚʠʩʠʪ ʦʪ ʢʦʥʪʝʢʩʪʘ. ʆʙʲʷʩʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʤʦʞʝʪ 

ʙʳʪʴ ʙʝʩʧʦʣʝʟʥʦ ʜʣʷ ʩʪʫʜʝʥʪʘ. 
ɹʝʟ ʭʦʨʦʰʠʭ ʤʝʪʨʠʢ ʪʨʫʜʥʦ ʩʨʘʚʥʠʚʘʪʴ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ, ʪʨʫʜʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʧʨʦʛʨʝʩʩ, ʪʨʫʜʥʦ 

ʫʙʝʜʠʪʴ ʨʝʮʝʥʟʝʥʪʦʚ, ʯʪʦ ʚʘʰʘ ʨʘʙʦʪʘ ð ʫʣʫʯʰʝʥʠʝ, ʘ ʥʝ ʫʭʫʜʰʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ. 
ʁʦʟʞʦʞʩʦʙʸ ʨʩʧʚʤʞʥʙ 
ʉʘʤʳʝ ʪʦʯʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʜʝʪʝʢʪʦʨʳ ð ʵʪʦ ʛʣʫʙʦʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩ ʤʠʣʣʠʦʥʘʤʠ ʠʣʠ ʜʘʞʝ 

ʤʠʣʣʠʘʨʜʘʤʠ ʧʘʨʘʤʝʪʨʦʚ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʢʘʢ çʯʸʨʥʳʝ ʷʱʠʢʠè ʥʝ ʧʦʪʦʤʫ, ʯʪʦ ʨʘʟʨʘʙʦʪʯʠʢʠ ʣʝʥʠʚʳ, ʘ 
ʧʦʪʦʤʫ, ʯʪʦ ʩʘʤʘ ʧʨʠʨʦʜʘ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʪʘʢʦʚʘ. ʂʦʛʜʘ ʩʝʪʴ ʠʤʝʝʪ 100 ʤʠʣʣʠʦʥʦʚ ʧʘʨʘʤʝʪʨʦʚ, 
ʥʝʚʦʟʤʦʞʥʦ çʟʘʛʣʷʥʫʪʴ ʚʥʫʪʨʴè ʠ ʧʦʥʷʪʴ, ʧʦʯʝʤʫ ʦʥʘ ʧʨʠʥʷʣʘ ʪʦ ʠʣʠ ʠʥʦʝ ʨʝʰʝʥʠʝ. 

ʄʦʞʥʦ ʧʦʧʳʪʘʪʴʩʷ ʦʙʲʷʩʥʠʪʴ ʨʝʰʝʥʠʝ ʪʘʢʦʡ ʩʝʪʠ ʧʦʩʪʬʘʢʪʫʤ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʚʨʦʜʝ SHAP 
ʠʣʠ LIME. ʅʦ: 

ῐ ʕʪʠ ʦʙʲʷʩʥʝʥʠʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳ. SHAP ʠ LIME ʨʘʙʦʪʘʶʪ ʥʘ ʦʩʥʦʚʝ ʣʦʢʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘ-
ʮʠʠ ð ʦʥʠ ʩʪʨʦʷʪ ʧʨʦʩʪʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʚʝʜʸʪ ʩʝʙʷ ʧʨʠʤʝʨʥʦ, ʢʘʢ ʩʣʦʞʥʘʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʜʘʥʥʦʛʦ 
ʧʨʠʤʝʨʘ. ʅʦ çʧʨʠʤʝʨʥʦè ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʙʲʷʩʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʩʦʚʩʝʤ ʪʦʯʥʳʤ. 
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ῐ ʈʘʟʥʳʝ ʤʝʪʦʜʳ ʜʘʶʪ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʆʜʠʥ ʤʝʪʦʜ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚʘʞʥʝʝ 
ʚʩʝʛʦ ʚ ʪʝʢʩʪʝ ʦʜʥʦ ʩʣʦʚʦ, ʜʨʫʛʦʡ ð ʯʪʦ ʜʨʫʛʦʝ. ʂʦʤʫ ʚʝʨʠʪʴ? 

ῐ ʆʙʲʷʩʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʙʤʘʥʯʠʚʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʝʩʘ ʚʥʠʤʘʥʠʷ ʚ ʪʨʘʥʩ-
ʬʦʨʤʝʨʘʭ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ çʦʙʲʷʩʥʝʥʠʝè, ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʥʝ ʚʩʝʛʜʘ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʫʶ 
ʚʘʞʥʦʩʪʴ ʪʦʢʝʥʦʚ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ [9, ʩ. 3544]. 

ʈʩʧʚʤʞʥʙ ʛʴʚʧʩʙ 
ʇʨʝʜʧʦʣʦʞʠʤ, ʤʳ ʨʝʰʠʣʠ, ʯʪʦ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʜʘʚʘʪʴ ʦʙʲʷʩʥʝʥʠʷ. ʅʦ ʚ ʢʘʢʦʤ ʚʠʜʝ? ɺʦʟʤʦʞʥʳ 

ʨʘʟʥʳʝ ʬʦʨʤʘʪʳ: 
ῐ ʉʧʠʩʦʢ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʩʣʦʚ (çʥʘ ʨʝʰʝʥʠʝ ʧʦʚʣʠʷʣʠ ʩʣʦʚʘ "ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ", "ʪʘʢʠʤ ʦʙ-

ʨʘʟʦʤ", "ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ"è). 
ῐ ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʪʝʢʩʪʘ (ʧʦʜʩʚʝʪʢʘ ʨʘʟʥʳʭ ʯʘʩʪʝʡ ʪʝʢʩʪʘ ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʭ ʚʢʣʘʜʘ ʚ ʨʝʰʝʥʠʝ). 
ῐ ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʦʪʯʸʪ (çʣʝʢʩʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʝʢʩʪʘ ʥʘ 40% ʥʠʞʝ ʩʨʝʜʥʝʛʦ, ʜʣʠʥʘ 

ʧʨʝʜʣʦʞʝʥʠʡ ʥʘ 30% ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʘè). 
ῐ ʆʙʲʷʩʥʝʥʠʝ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ (çʕʪʦʪ ʪʝʢʩʪ ʧʦʭʦʞ ʥʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʀʀ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʥʸʤ ʯʘʩʪʦ ʧʦʚʪʦʨʷʶʪʩʷ ʦʜʥʠ ʠ ʪʝ ʞʝ ʩʣʦʚʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʧʨʝʜʣʦʞʝʥʠʷ ʠʤʝʶʪ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʫʶ 
ʜʣʠʥʫè). 

ʋ ʢʘʞʜʦʛʦ ʬʦʨʤʘʪʘ ʝʩʪʴ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʥʘʛʣʷʜʥʘ, ʥʦ ʥʝ ʜʘʸʪ ʢʦʣʠʯʝ-
ʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʦʪʯʸʪ ʪʦʯʝʥ, ʥʦ ʪʨʝʙʫʝʪ ʥʝʢʦʪʦʨʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ. ɽʩʪʝ-
ʩʪʚʝʥʥʦ-̫ ʟʳʢʦʚʦʝ ʦʙʲʷʩʥʝʥʠʝ ʜʦʩʪʫʧʥʦ, ʥʦ ʝʛʦ ʪʨʫʜʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʦʥʦ ʙʳ-
ʣʦ ʠ ʪʦʯʥʳʤ, ʠ ʧʦʥʷʪʥʳʤ. 

ɺʳʙʦʨ ʬʦʨʤʘʪʘ ʟʘʚʠʩʠʪ ʦʪ ʟʘʜʘʯʠ ʠ ʦʪ ʪʦʛʦ, ʢʪʦ ʙʫʜʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʦʙʲʷʩʥʝʥʠʝʤ. ɼʣʷ ʧʨʝʧʦʜʘʚʘʪʝ-
ʣʷ, ʢʦʪʦʨʳʡ ʧʨʦʚʝʨʷʝʪ ʜʝʩʷʪʢʠ ʨʘʙʦʪ, ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʙʥʘ ʪʝʧʣʦʚʘʷ ʢʘʨʪʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ 
ʧʨʦʙʣʝʤʥʳʝ ʤʝʩʪʘ. ɼʣʷ ʩʪʫʜʝʥʪʘ, ʢʦʪʦʨʳʡ ʭʦʯʝʪ ʦʩʧʦʨʠʪʴ ʨʝʰʝʥʠʝ, ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʝʥ ʜʝʪʘʣʴʥʳʡ ʦʪʯʸʪ. 
ɼʣʷ ʘʜʤʠʥʠʩʪʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ ʚʥʝʜʨʝʥʠʠ ʩʠʩʪʝʤʳ, ð ʩʪʘʪʠʩʪʠʢʘ ʠ ʤʝʪʨʠʢʠ. 

ʇʨʦʙʣʝʤʘ ʚ ʪʦʤ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʡ ʩʠʩʪʝʤʫ, ʥʝ ʟʥʘʝʪ ʟʘʨʘʥʝʝ, ʢʪʦ ʙʫʜʝʪ ʝʸ 
ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʚ ʢʘʢʦʤ ʢʦʥʪʝʢʩʪʝ ʦʥʘ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ. ʋʥʠʚʝʨʩʘʣʴʥʦʛʦ ʬʦʨʤʘʪʘ ʦʙʲʷʩʥʝʥʠʷ ʥʝ 
ʩʫʱʝʩʪʚʫʝʪ. 

ʐʫʧ ʥʧʟʦʧ ʪʝʞʤʙʫʵ: ʨʬʫʡ ʣ ʡʦʫʞʩʨʩʞʫʡʩʬʞʥʧʢ ʝʞʫʞʣʯʡʡ 
ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʵʪʠ ʪʨʫʜʥʦʩʪʠ, ʷ ʚʠʞʫ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʩʪʦʠʪ ʜʚʠʛʘʪʴʩʷ. ʅʠ 

ʦʜʥʦ ʠʟ ʥʠʭ ʥʝ ʷʚʣʷʝʪʩʷ çʧʘʥʘʮʝʝʡè, ʥʦ ʢʘʞʜʦʝ ʟʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ. 
ʈʩʡʠʦʙʣʧʛʴʞ ʥʞʫʧʝʴ ʪ ʛʡʠʬʙʤʡʠʙʯʡʞʢ ʛʣʤʙʝʙ ʨʩʡʠʦʙʣʧʛ 
ʕʪʦ, ʥʘ ʤʦʡ ʚʟʛʣʷʜ, ʥʘʠʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʡ ʧʫʪʴ ʜʣʷ ʙʣʠʞʘʡʰʝʛʦ ʙʫʜʫʱʝʛʦ. ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ 

ʧʦʣʘʛʘʪʴʩʷ ʥʘ çʯʸʨʥʳʝè ʥʝʡʨʦʩʝʪʠ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʦʙʫʯʝʥʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʥ-
ʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʧʨʠʟʥʘʢʦʚ (ʣʝʢʩʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʜʣʠʥʘ ʧʨʝʜʣʦʞʝʥʠʡ, ʯʘʩʪʦʪʥʦʩʪʴ ʯʘʩʪʝʡ ʨʝʯʠ, 
ʵʥʪʨʦʧʠʷ, ʧʝʨʧʣʝʢʩʠʷ), ʘ ʟʘʪʝʤ ʦʙʫʯʘʪʴ ʧʨʦʩʪʦʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ð ʥʘʧʨʠʤʝʨ, ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʨʝʛʨʝʩʩʠʶ 
ʠʣʠ ʩʣʫʯʘʡʥʳʡ ʣʝʩ ð ʥʘ ʵʪʠʭ ʧʨʠʟʥʘʢʘʭ. 

ʇʦʯʝʤʫ ʵʪʦ ʨʘʙʦʪʘʝʪ? ʇʦʪʦʤʫ ʯʪʦ ʩʘʤʠ ʧʨʠʟʥʘʢʠ ʠʤʝʶʪ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. ɽʩʣʠ 
ʩʠʩʪʝʤʘ ʛʦʚʦʨʠʪ: çʣʝʢʩʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʠʞʝ ʥʦʨʤʳè, ʵʪʦ ʤʦʞʥʦ ʧʦʥʷʪʴ ʙʝʟ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ. 
ɽʩʣʠ ʦʥʘ ʛʦʚʦʨʠʪ: çʜʣʠʥʘ ʧʨʝʜʣʦʞʝʥʠʡ ʩʣʠʰʢʦʤ ʦʜʥʦʨʦʜʥʘè, ʵʪʦ ʪʦʞʝ ʧʦʥʷʪʥʦ. 

ʏʪʦ ʜʘʸʪ ʚʠʟʫʘʣʠʟʘʮʠʷ? ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ SHAP/LIME ʤʦʞʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʪʝʢʩʪʘ 
ʧʦʢʘʟʘʪʴ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ ʚ ʠʪʦʛʦʚʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ [5, ʩ. 4770].  

ʅʘʧʨʠʤʝʨ: 
çɺ ʚʘʰʝʤ ʪʝʢʩʪʝ: 
ῐ ʣʝʢʩʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ 40% ʥʠʞʝ ʩʨʝʜʥʝʛʦ Ÿ ʫʚʝʣʠʯʠʣʦ ʚʝʨʦʷʪʥʦʩʪʴ ʀʀ ʥʘ 60%; 
ῐ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʠʥʳ ʧʨʝʜʣʦʞʝʥʠʡ ʥʘ 30% ʥʠʞʝ ʩʨʝʜʥʝʛʦ Ÿ ʫʚʝʣʠʯʠʣʦ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʀʀ ʥʘ 25%; 
ῐ ʯʘʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʶʟʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʝ Ÿ ʥʝ ʧʦʚʣʠʷʣʦ; 
ʏʪʦ ʵʪʦ ʜʘʸʪ ʧʦʣʴʟʦʚʘʪʝʣʶ? ʆʥ ʧʦʣʫʯʘʝʪ ʥʝ ʧʨʦʩʪʦ ʯʠʩʣʦ, ʘ ʨʘʟʚʸʨʥʫʪʦʝ ʦʙʲʷʩʥʝʥʠʝ. ʆʥ ʚʠʜʠʪ, 

ʢʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʛʦ ʪʝʢʩʪʘ ʚʳʟʚʘʣʠ ʧʦʜʦʟʨʝʥʠʝ. ʆʥ ʤʦʞʝʪ ʧʨʦʚʝʨʠʪʴ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ ʵʪʠ ʭʘ-
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ʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʩʫʪʩʪʚʫʶʪ. ʆʥ ʤʦʞʝʪ ʩʦʛʣʘʩʠʪʴʩʷ ʠʣʠ ʥʝ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʣʦʛʠʢʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʫ ʥʝʛʦ 
ʝʩʪʴ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʨʘʟʛʦʚʦʨʘ. 

ʅʦ ʠʤʝʶʪʩʷ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʫʩʪʫʧʘʪʴ ʧʦ ʪʦʯʥʦʩʪʠ ʩʣʦʞʥʳʤ ʥʝʡʨʦʩʝʪʷʤ. ʅʦ, 
ʢʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʦʙʲʷʩʥʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʝʝ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ. ʂʨʦ-
ʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ, ʢʦʤʙʠʥʠʨʫʷ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʧʨʠʟʥʘʢʦʚ, ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʪʦʯʥʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʦʡ 
ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ (95ï97%). 

ɼʡʚʩʡʝʦʴʞ ʙʩʮʡʫʞʣʫʬʩʴ ʪ ʧʚʳʸʪʦʸʷʲʡʥʡ ʥʧʝʬʤʸʥʡ 
ɼʨʫʛʦʡ ʧʫʪʴ ð ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʦʞʥʫʶ ʥʝʡʨʦʩʝʪʴ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ, ʘ ʦʪʜʝʣʴʥʳʡ, ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʤʦ-

ʜʫʣʴ ð ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʦʙʲʷʩʥʝʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʫʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ [10, ʩ. 43]. 
ʂʘʢ ʵʪʦ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʜʣʷ ʜʝʪʝʢʮʠʠ ʪʝʢʩʪʦʚ? ʅʝʡʨʦʩʝʪʴ ʘʥʘʣʠʟʠʨʫʝʪ ʪʝʢʩʪ ʠ ʜʝʣʘʝʪ ʧʨʝʜʩʢʘ-

ʟʘʥʠʝ, ʥʘʧʨʠʤʝʨ, 92% ʚʝʨʦʷʪʥʦʩʪʴ ʀʀ-ʛʝʥʝʨʘʮʠʠ. ʇʘʨʘʣʣʝʣʴʥʦ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʙʦʪʘʝʪ çʦʙʲ-
ʷʩʥʷʶʱʠʡ ʤʦʜʫʣʴè ð ʥʘʧʨʠʤʝʨ, ʥʝʙʦʣʴʰʘʷ ʤʦʜʝʣʴ, ʦʙʫʯʝʥʥʘʷ ʥʘ ʧʘʨʘʭ çʪʝʢʩʪ Ÿ ʢʨʘʪʢʦʝ ʦʙʲʷʩʥʝ-
ʥʠʝ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝè. ʕʪʦʪ ʤʦʜʫʣʴ ʤʦʞʝʪ ʚʳʜʘʚʘʪʴ ʬʨʘʟʳ ʚʨʦʜʝ çʚ ʪʝʢʩʪʝ ʯʘʩʪʦ ʧʦʚʪʦʨʷʶʪʩʷ 
ʦʜʥʠ ʠ ʪʝ ʞʝ ʩʣʦʚʘè ʠʣʠ çʧʨʝʜʣʦʞʝʥʠʷ ʠʤʝʶʪ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʫʶ ʜʣʠʥʫ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʀʀè. 

ʇʦʯʝʤʫ ʵʪʦ ʠʥʪʝʨʝʩʥʦ? ʆʙʲʷʩʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, ʯʪʦ 
ʜʝʣʘʝʪ ʝʛʦ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʲʷʩʥʷʶʱʠʡ ʤʦʜʫʣʴ ʤʦʞʝʪ çʦʙʲʷʩʥʷʪʴè 
ʜʘʞʝ ʪʝ ʧʨʠʟʥʘʢʠ, ʢʦʪʦʨʳʝ ʤʳ ʥʝ ʫʤʝʝʤ ʠʟʚʣʝʢʘʪʴ ʥʘʧʨʷʤʫʶ. 

ʅʦ ʩʣʦʞʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʤʝʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʫʣʷ ʦʙʲʷʩʥʝʥʠʡ, ʪʦ ʝʩʪʴ 
ʧʨʠʤʝʨʳ ʪʝʢʩʪʦʚ ʩ ʛʦʪʦʚʳʤʠ ʦʙʲʷʩʥʝʥʠʷʤʠ, ʧʦʯʝʤʫ ʦʥʠ ʩʛʝʥʝʨʠʨʦʚʘʥʳ ʀʀ ʠʣʠ ʯʝʣʦʚʝʢʦʤ. ʉʦʟʜʘʥʠʝ 
ʪʘʢʦʛʦ ʜʘʪʘʩʝʪʘ ð ʙʦʣʴʰʘʷ ʠ ʜʦʨʦʛʘʷ ʨʘʙʦʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʲʷʩʥʷʶʱʠʡ ʤʦʜʫʣʴ ʤʦʞʝʪ çʧʨʠʜʫʤʳʚʘʪʴè 
ʧʨʘʚʜʦʧʦʜʦʙʥʳʝ, ʥʦ ʥʝʚʝʨʥʳʝ ʦʙʲʷʩʥʝʥʠʷ ð ɻ ʪʘ ʧʨʦʙʣʝʤʘ ʠʟʚʝʩʪʥʘ ʚ ʟʘʜʘʯʘʭ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʘ. 

ʉʙʠʛʡʫʡʞ ʦʞʧʚʬʰʙʞʥʴʮ ʪʫʡʤʧʥʞʫʩʡʰʞʪʣʡʮ ʥʞʫʧʝʧʛ 
ʊʨʝʪʠʡ ʧʫʪʴ ð ʨʘʟʚʠʚʘʪʴ ʧʦʜʭʦʜʳ, ʧʦʜʦʙʥʳʝ ʤʝʪʦʜʫ Salnikov E. ʠ Bonch-Osmolovskaya A. [6, ʩ. 

140]. ʊʘʢʠʝ ʤʝʪʦʜʳ ʥʝ ʪʨʝʙʫʶʪ ʦʙʫʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʦʥʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʤʦʛʫʪ ʧʝʨʝʦʙʫʯʠʪʴʩʷ ʧʦʜ 
ʢʦʥʢʨʝʪʥʫʶ ʤʦʜʝʣʴ. ʆʥʠ ʦʧʠʨʘʶʪʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʷʚʣʷʶʪ-
ʩʷ ʙʦʣʝʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʜʣʷ ʨʘʟʣʠʯʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʠ ʤʘʰʠʥʥʳʭ ʪʝʢʩʪʦʚ. 

ʏʪʦ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ? ɺʦ-ʧʝʨʚʳʭ, ʨʘʩʰʠʨʠʪʴ ʥʘʙʦʨ ʩʪʠʣʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ: ʜʦʙʘʚʠʪʴ ʯʘ-
ʩʪʦʪʥʦʩʪʠ ʩʠʤʚʦʣʴʥʳʭ n-ʛʨʘʤʤ, ʘ ʥʝ ʪʦʣʴʢʦ ʪʨʠʛʨʘʤʤ, ʜʦʙʘʚʠʪʴ ʣʝʢʩʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʧʦʢʘʟʘʪʝ-
ʣʠ ʩʠʥʪʘʢʩʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ. ɺʦ-ʚʪʦʨʳʭ, ʜʦʙʘʚʠʪʴ ʚʠʟʫʘʣʠʟʘʮʠʶ: ʧʦʢʘʟʳʚʘʪʴ, ʢʘʢʠʝ ʠʤʝʥʥʦ n-ʛʨʘʤʤʳ 
ʚ ʪʝʢʩʪʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʀʀ-ʢʦʨʧʫʩʝ, ʘ ʢʘʢʠʝ ð ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ. 

ʅʦ ʥʝʦʙʫʯʘʝʤʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʫʩʪʫʧʘʪʴ ʧʦ ʪʦʯʥʦʩʪʠ ʦʙʫʯʝʥʥʳʤ, ʦʩʦʙʝʥʥʦ ʥʘ ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ, 
ʛʜʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʠ ʀʀ-ʪʝʢʩʪʘʤʠ ʪʦʥʢʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʪʨʝʙʫʶʪ ʢʘʯʝʩʪʚʝʥʥʳʭ ʵʪʘ-
ʣʦʥʥʳʭ ʢʦʨʧʫʩʦʚ ʯʝʣʦʚʝʯʝʩʢʠʭ ʠ ʀʀ-ʪʝʢʩʪʦʚ, ʘ ʠʭ ʩʦʟʜʘʥʠʝ ð ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʟʘʜʘʯʘ. 

 
ʀʙʣʤʷʰʞʦʡʞ 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʜʝʪʝʢʮʠʠ ʀʀ-ʪʝʢʩʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʧʝʯʘʪʣʷʶʱʫʶ ʪʦʯʥʦʩʪʴ, ʥʦ ʨʘʙʦ-
ʪʘʶʪ ʢʘʢ çʯʸʨʥʳʝ ʷʱʠʢʠè. ʇʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʯʠʩʣʦ ð ʠ ʥʠʯʝʛʦ ʙʦʣʴʰʝ. ʕʪʦ ʩʦʟʜʘʸʪ ʬʫʥʜʘʤʝʥ-
ʪʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʜʦʚʝʨʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʬʝʨʝ, ʛʜʝ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʜʦʣʞʝʥ ʥʝ ʪʦʣʴʢʦ 
ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ, ʥʦ ʠ ʘʨʛʫʤʝʥʪʠʨʦʚʘʪʴ ʝʛʦ. 

ɺ ʩʪʘʪʴʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʦ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʝ, 
ʥʦ ʠ ʵʪʠʯʝʩʢʠʝ, ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʠ ʧʨʘʚʦʚʳʝ ʘʩʧʝʢʪʳ. ɽʚʨʦʧʝʡʩʢʠʡ ʘʢʪ ʦʙ ʀʀ ʫʞʝ ʪʨʝʙʫʝʪ ʜʣʷ ʩʠʩʪʝʤ 
ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʙʲʷʩʥʝʥʠʡ. ʈʦʩʩʠʷ, ʚʝʨʦʷʪʥʦ, ʧʦʡʜʸʪ ʧʦ ʪʦʤʫ ʞʝ ʧʫʪʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 
ʯʪʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʧʝʨʝʩʪʘʸʪ ʙʳʪʴ ʦʧʮʠʦʥʘʣʴʥʳʤ çʧʣʶʩʦʤè ʠ ʩʪʘʥʦʚʠʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʪʨʝʙʦ-
ʚʘʥʠʝʤ ʜʣʷ ʚʥʝʜʨʝʥʠʷ. 

ʊʘʢʞʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʪʨʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʩʠʩʪʝʤ: ʧʨʠʟʥʘʢʦʚʳʝ 
ʤʝʪʦʜʳ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ, ʛʠʙʨʠʜʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʦʙʲʷʩʥʷʶʱʠʤʠ ʤʦʜʫʣʷʤʠ ʠ ʨʘʟʚʠʪʠʝ ʥʝʦʙʫʯʘʝʤʳʭ 
ʩʪʠʣʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʫʪʝʡ ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʜʦʣʞʝʥ ʩʣʫʞʠʪʴ ʯʝʣʦʚʝʢʫ, ʘ ʥʝ ʟʘʤʝʥʷʪʴ ʝʛʦ ʩʫʞʜʝʥʠʝ. ɸ ʜʣʷ ʵʪʦʛʦ ʦʥ 
ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʟʨʘʯʥʳʤ. ɺʝʜʴ ʜʦʚʝʨʷʪʴ ʩʠʩʪʝʤʝ ʥʘʤʥʦʛʦ ʧʨʦʱʝ, ʢʦʛʜʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʦʙʦʩʥʦʚʘʥʠʷ 
ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʰʝʥʠʷ, ʜʘʞʝ ʝʩʣʠ ʦʥʦ ʙʳʣʦ ʥʝʚʝʨʥʳʤ.  
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DIGITALIZATION IN THE SPHERE OF PRECIOUS METALS AND PRECIOUS STONES TURNOVER FROM 

EXTRACTION TO SALE OF FINAL PRODUCTS 
Gorovtsov Ilya Pavlovich 

 
Annotation: The article discusses the features of digitalization in the sphere of control over the turnover of 
precious metals, precious stones and products made from them. 
Keywords: GIIS DMDK, digitalization, UIN, turnover. 

 
ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʩʬʝʨʝ ʦʙʦʨʦʪʘ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʜʨʘ-

ʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ ʦʪ ʜʦʙʳʯʠ ʜʦ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. 
ʉʬʝʨʘ ʦʙʦʨʦʪʘ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ ʠ ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ (ɼʄɼʂ) ʩʪʨʘʪʝʛʠ-

ʯʝʩʢʠ ʚʘʞʥʘ ʜʣʷ ʩʪʨʘʥʳ, ʧʦʵʪʦʤʫ ʫʯʘʩʪʥʠʢʠ ʦʙʦʨʦʪʘ ʦʙʷʟʘʥʳ ʩʦʩʪʦʷʪʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʫʯʸʪʝ ʚ ʌʝʜʝ-
ʨʘʣʴʥʦʡ ʧʨʦʙʠʨʥʦʡ ʧʘʣʘʪʝ. ɿʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘʢʨʝʧʣʷʝʪ ʟʘ ʛʦʩʫʜʘʨʩʪʚʦʤ ʧʨʘ-
ʚʦ ʨʘʩʧʦʨʷʞʘʪʴʩʷ ʵʪʠʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ ʦʙʝʩ-
ʧʝʯʠʪʴ ʪʘʢʦʡ ʢʦʥʪʨʦʣʴ ʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥ-
ʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʩʬʝʨʝ ʢʦʥʪʨʦʣʷ ʟʘ ʦʙʦʨʦʪʦʤ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʜʨʘ-
ʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ ʠ ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ (ɻʀʀʉ ɼʄɼʂ) ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʝ ʵʪʘʧʳ 
ʦʙʦʨʦʪʘ ɼʄɼʂ ʥʘʯʠʥʘʷ ʦʪ ʜʦʙʳʯʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʜʦʙʳʚʘʶʱʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʟʘʢʘʥʯʠʚʘʷ 
ʨʝʘʣʠʟʘʮʠʝʡ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦʪʨʝʙʠʪʝʣʶ[1]. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʮʠʬʨʦʚʠʟʘʮʠʶ ʦʙʦʨʦʪʘ ɼʄɼʂ, ʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 
ʩʬʝʨʫ ʜʦʙʳʯʠ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ. ʌʫʥʜʘʤʝʥʪʦʤ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ ʤʦʞʥʦ 
ʩʯʠʪʘʪʴ ʈʦʩʩʠʡʩʢʫʶ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʘʷ ʙʘʟʫ. ʄʥʦʛʦʦʙʨʘʟʠʝ ʠ ʤʘʩʰʪʘʙʥʦʩʪʴ ʝʝ - ʦʩʥʦʚʘ ʥʘʮʠʦ-
ʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʰʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, ʠʥʩʪʨʫʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ ʝʛʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠʥʪʝʨʝʩʦʚ, 
ʝʩʪʝʩʪʚʝʥʥʦʝ ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʪʨʘʥʳ ʥʘ ʜʦʣʛʦʩʨʦʯʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʦʢʣʘʜʦʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʶ (ʈʦʩʥʝʜʨʘ) ʦ ʩʦʩʪʦʷ-

ʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʥʝʨʘʣʴʥʦȤʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʈʌ ʚ 2023 ʛʦʜʫ, ʈʦʩʩʠʷ ʩʦʭʨʘʥʠʣʘ ʩʚʦʠ ʧʦʟʠʮʠʠ 
ʚ ʤʠʨʦʚʦʤ ʨʝʡʪʠʥʛʝ ʩʪʨʘʥȤʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʕʪʦ ʫʜʘʣʦʩʴ ʩʜʝʣʘʪʴ ʥʝʩʤʦʪʨʷ ʥʘ ʩʘʥʢʮʠʦʥʥʦʝ ʜʘʚʣʝʥʠʝ ʠ 
ʩʙʦʠ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʠʤʧʦʨʪʘ ʠ ʵʢʩʧʦʨʪʘ, ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʚʰʠʝ ʥʘ ʜʦʙʳʚʘʶʱʠʡ ʩʝʢʪʦʨ 
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ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ. ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʦʩʪʘʸʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 
ʩʳʨʦʡ ʥʝʬʪʠ, ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʫʛʣʷ, ʞʝʣʝʟʥʳʭ ʨʫʜ, ʤʝʜʠ, ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ, ʘʣʶʤʠʥʠʷ, ʟʦʣʦʪʘ, ʧʣʘʪʠ-
ʥʳ, ʧʘʣʣʘʜʠʷ, ʘʣʤʘʟʦʚ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ [2]. 

ɼʣʷ ʫʯʝʪʘ ʩʚʝʜʝʥʠʡ ʦ ʜʦʙʳʯʝ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʩ 1 ʤʘʨʪʘ 2025 
ʛʦʜʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʜʦʙʳʯʝ ʚʥʦʩʷʪʩʷ ʚ ɻʀʀʉ ɼʄɼʂ ʥʘ ʦʩʥʦʚʘʥʠʠ ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠ-
ʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 22 ʥʦʷʙʨʷ 2024 ʛʦʜʘ 1̄605. ʕʪʦ ʧʦʩʪʘʥʦʚʣʝʥʠʝ ʚʥʝʩʣʦ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʩʪʘʥʦʚʣʝʥʠʝ 
ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 26 ʬʝʚʨʘʣʷ 2021 ʛʦʜʘ 2̄70. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʶʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʜʦʙʳʯʫ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝ-
ʪʘʣʣʦʚ, ʦʙʷʟʘʥʳ ʝʞʝʤʝʩʷʯʥʦ, ʥʝ ʧʦʟʜʥʝʝ ʧʦʩʣʝʜʥʝʛʦ ʯʠʩʣʘ ʤʝʩʷʮʘ, ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʦʪʯʸʪʥʳʤ, ʚʥʦʩʠʪʴ 
ʜʘʥʥʳʝ ʚ ɻʀʀʉ ɼʄɼʂ. ʎʝʣʴ ʜʘʥʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ï ʢʦʥʪʨʦʣʴ ʠ ʘʥʘʣʠʟ ʟʘ ʦʙʦʨʦʪʦʤ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣ-
ʣʦʚ, ʘ ʪʘʢʞʝ ʠʩʢʣʶʯʝʥʠʝ ʥʝʟʘʢʦʥʥʦʡ ʜʦʙʳʯʠ ʠ ʦʙʦʨʦʪʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. 

ʇʦʤʠʤʦ ʨʝʛʠʩʪʨʘʮʠʠ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʫʯʝʪʝ ʠ ʫʯʝʪʘ ʢʘʞʜʦʡ ʮʝʧʦʯʢʠ ʧʨʦʩʣʝʞʠ-
ʚʘʝʤʦʩʪʠ ʦʪ ʜʦʙʳʯʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʜʦ ʨʝʛʠʩʪʨʘʮʠʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʢʘʞʜʘʷ ʧʘʨʪʠʷ ʩʳʨʴʷ ʠ 
ʪʦʚʘʨʦʚ ʠʤʝʝʪ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ ʧʘʨʪʠʠ (ʜʘʣʝʝ - ʀʅʇ). 

ʀʅʇ - ʵʪʦ ʫʥʠʢʘʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ 16 ʮʠʬʨ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦ-
ʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ɻʀʀʉ ɼʄɼʂ. ʆʥ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʧʘʨʪʠʠ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʝʸ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʩʠʩʪʝ-
ʤʝ ʫʯʘʩʪʥʠʢʦʤ ʦʙʦʨʦʪʘ. ʇʘʨʪʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ɻʀʀʉ ɼʄɼʂ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ: 

¶ ʧʦʣʫʬʘʙʨʠʢʘʪʳ; 

¶ ʤʝʪʘʣʣʳ ʚ ʣʶʙʦʤ ʚʠʜʝ; 

¶ ʜʨʘʛʦʮʝʥʥʳʝ ʢʘʤʥʠ; 

¶ ʜʨʫʛʠʝ ʛʨʫʧʧʳ ʪʦʚʘʨʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʫʯʸʪʫ. 
ʇʨʠ ʵʪʦʤ ʢʘʞʜʦʝ ʶʚʝʣʠʨʥʦʝ ʠʟʜʝʣʠʝ ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʳʡ 16 ʟʥʘʯʥʳʡ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ 

(ʜʘʣʝʝ - ʋʀʅ). ʋʀʅ ʥʘ ʶʚʝʣʠʨʥʦʝ ʠʟʜʝʣʠʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʠ ʥʘʥʦʩʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʛʨʘʤʤʥʳʤʠ 
ʩʨʝʜʩʪʚʘʤʠ ɻʀʀʉ ɼʄɼʂ ʚ ʤʦʤʝʥʪ ʝʛʦ ʢʣʝʡʤʝʥʠʷ ʠ ʤʘʨʢʠʨʦʚʢʠ ʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʦʨʛʘʥʘʭ ʌʝʜʝʨʘʣʴ-
ʥʦʡ ʧʨʦʙʠʨʥʦʡ ʧʘʣʘʪʳ. 

 

 
ʉʡʪ.1. ʈʙʥʸʫʣʙ ʝʤʸ ʜʩʙʟʝʙʦ ʨʧ ʨʩʧʛʞʩʣʞ ʷʛʞʤʡʩʦʧʜʧ ʡʠʝʞʤʡʸ 
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ʆʪʣʠʯʠʝ ʚ ʩʠʩʪʝʤʝ ʋʀʅ ʦʪ ʀʅʇ ʚ ʪʦʤ, ʯʪʦ ʀʅʇ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʜʣʷ ʧʘʨʪʠʡ ʦʜʥʦʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 
ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʦʙʦʨʦʪʘ, ʋʀʅ ʞʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʛʦʪʦʚʦʤʫ ʠʟʜʝʣʠʶ, ʢʦʪʦʨʦʝ 
ʧʦʜʣʝʞʠʪ ʨʦʟʥʠʯʥʦʡ ʧʨʦʜʘʞʝ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʫʞʝ ʧʦʩʣʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ. ʄʝʞʜʫ ʪʝʤ ʩʪʦʠʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʋʀʅ ʥʘʥʦʩʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʙʠʨʢʫ ʶʚʝʣʠʨʥʦʛʦ ʠʟʜʝʣʠʷ ʚ ʚʠʜʝ QR-ʢʦʜʘ ʠ ʚ ʚʠʜʝ 
DataMatrix ʢʦʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʶʚʝʣʠʨʥʦʝ ʠʟʜʝʣʠʝ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʚʝʨʠʪʴ ʩʚʦʝ ʶʚʝʣʠʨʥʦʝ ʠʟʜʝʣʠʝ ʤʦʞʝʪ ʢʘʞʜʳʡ ʧʦʢʫʧʘʪʝʣʴ, ʜʣʷ ʵʪʦʛʦ 
ʜʦʩʪʘʪʦʯʥʦ ʦʪʩʢʘʥʠʨʦʚʘʪʴ QR-ʢʦʜ ʩ ʙʠʨʢʠ ʠʟʜʝʣʠʷ ʣʠʙʦ ʧʨʦʚʝʨʠʪʴ ʝʛʦ ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ ʧʨʦʙʠʨ-
ʥʦʡ ʧʘʣʘʪʳ. 

ʊʘʢʞʝ ʥʘ ʩʘʡʪʝ ʌʝʜʝʨʘʣʴʥʦʡ ʧʨʦʙʠʨʥʦʡ ʧʘʣʘʪʳ ʝʩʪʴ ʧʘʤʷʪʢʘ ʜʣʷ ʛʨʘʞʜʘʥ ʧʦ ʧʨʦʚʝʨʢʝ ʧʦʜʣʠʥ-
ʥʦʩʪʠ ʶʚʝʣʠʨʥʳʭ ʠʟʜʝʣʠʡ. ʆʥʘ ʩʦʜʝʨʞʠʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʚʝʨʢʝ ʤʘʨʢʠʨʦʚʢʠ, ʢʣʝʡʤ ʠ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʝʨʚʠʩʦʚ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠʟʜʝʣʠʡ [3].  

ʕʪʘʧʳ ʮʠʬʨʦʚʠʟʘʮʠʠ ʶʚʝʣʠʨʥʳʭ ʠʟʜʝʣʠʡ ʚ ɻʀʀʉ ɼʄɼʂ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 
1 ʤʘʨʪʘ 2022 ʛʦʜʘ - ʚʚʦʜ ʦʙʷʟʘʪʝʣʴʥʦʡ ʤʘʨʢʠʨʦʚʢʠ ʧʨʦʜʫʢʮʠʠ. ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʚʩʷ ʚʳʧʫʱʝʥʥʘʷ 

ʠʣʠ ʚʚʝʟʸʥʥʘʷ ʚ ʈʦʩʩʠʡʩʢʫʶ ʌʝʜʝʨʘʮʠʶ ʧʨʦʜʫʢʮʠʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʷʨʣʳʢʠ ʥʘ ʢʦʪʦʨʳʭ ʥʘʥʝʩʝʥʳ Data 
Matrix ʢʦʜʳ ʧʨʠʩʚʦʝʥʥʳʤʠ ʩʠʩʪʝʤʦʡ. ʋʯʘʩʪʥʠʢʠ ʨʳʥʢʘ ʩʪʘʣʠ ʦʙʷʟʘʥʳ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʚ ɻʀʀʉ ɼʄɼʂ 
ʩʚʝʜʝʥʠʷ: 

¶ ʚʚʦʜʝ ʚ ʦʙʦʨʦʪ; 

¶ ʧʝʨʝʜʘʯʝ ʧʨʘʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʦʪ ʠʟʛʦʪʦʚʠʪʝʣʷ (ʠʤʧʦʨʪʸʨʘ) ʦʧʪʦʚʠʢʫ ʠʣʠ ʨʦʟʥʠʯʥʦʤʫ ʧʨʦ-
ʜʘʚʮʫ; 

¶  ʧʝʨʝʤʝʱʝʥʠʠ ʤʝʞʜʫ ʩʢʣʘʜʘʤʠ ʠ ʪʦʨʛʦʚʳʤʠ ʪʦʯʢʘʤʠ; 

¶  ʧʨʦʜʘʞʝ ʧʦʢʫʧʘʪʝʣʶ ʯʝʨʝʟ ʢʘʩʩʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
1 ʤʘʨʪʘ 2023 ʛʦʜʘ - ʥʘ ʢʘʞʜʦʝ ʥʦʚʦʝ ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʶʚʝʣʠʨʥʦʝ ʠʟʜʝʣʠʝ (ʢʨʦʤʝ ʠʟʜʝʣʠʡ ʠʟ ʩʝʨʝ-

ʙʨʘ) ʩʪʘʣʦ ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʥʝʩʝʥʠʝ Data Matrix-ʢʦʜʘ ʨʘʟʤʝʨʦʤ 0,8 ʭ 0,8 ʤʤ. ɹʝʟ ʥʝʛʦ ʩʪʘʣʦ ʟʘʧʨʝʱʝʥʦ 
ʚʳʧʫʩʢʘʪʴ ʠ ʚʚʦʟʠʪʴ ʚ ʈʦʩʩʠʶ ʶʚʝʣʠʨʥʳʝ ʠʟʜʝʣʠʷ. ʇʨʠ ʵʪʦʤ ʭʨʘʥʝʥʠʝ ʦʩʪʘʪʢʦʚ ʥʘ ʩʢʣʘʜʝ ʧʦʢʘ ʨʘʟʨʝ-
ʰʘʣʦʩʴ. 

1 ʤʘʨʪʘ 2024 ʛʦʜʘ - ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʩʨʦʢ, ʜʦ ʢʦʪʦʨʦʛʦ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʥʘʥʝʩʪʠ ʬʠʟʠʯʝʩʢʠʝ Data 
Matrix-ʢʦʜʳ ʥʘ ʚʩʝ ʦʩʪʘʪʢʠ. ʆʜʥʘʢʦ ʚ ʘʚʛʫʩʪʝ 2024 ʛʦʜʘ ʵʪʦʪ ʩʨʦʢ ʧʨʦʜʣʠʣʠ ʜʦ 1 ʩʝʥʪʷʙʨʷ 2025 ʛʦʜʘ.  

1 ʩʝʥʪʷʙʨʷ 2025 ʛʦʜʘ - ʬʠʥʘʣʴʥʳʡ ʩʨʦʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 
24.08.2024 ˉ 1143. ʅʘ ʚʩʝ ʦʩʪʘʪʢʠ ʶʚʝʣʠʨʥʳʭ ʠʟʜʝʣʠʡ ʜʦʣʞʥʳ ʙʳʣʠ ʙʳʪʴ ʥʘʥʝʩʝʥʳ ʜʚʫʭʤʝʨʥʳʝ 
ʰʪʨʠʭʦʚʳʝ ʢʦʜʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʘʤʦ ʠʟʜʝʣʠʝ. ʂʘʞʜʦʝ ʶʚʝʣʠʨʥʦʝ ʠʟʜʝʣʠʝ ʚ ʢʦʤʤʝʨʯʝʩʢʦʤ ʦʙʦ-
ʨʦʪʝ ʜʦʣʞʥʦ ʙʳʣʦ: 

¶ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ɻʀʀʉ ɼʄɼʂ; 

¶ ʠʤʝʪʴ ʷʨʣʳʢ ʩ ʫʥʠʢʘʣʴʥʳʤ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʤ ʥʦʤʝʨʦʤ (ʋʀʅ); 

¶ ʩʦʜʝʨʞʘʪʴ ʣʘʟʝʨʥʫʶ ʤʝʪʢʫ ʥʘ ʩʘʤʦʤ ʠʟʜʝʣʠʠ (Data Matrix-ʢʦʜ).  
ɸʚʛʫʩʪ 2025 ʛʦʜʘ - ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʘʚʠʣ (ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 21.08.2025 ˉ 

1257). ɹʳʣʦ ʨʘʟʨʝʰʝʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʭʨʘʥʝʥʠʝ ʥʝʤʘʨʢʠʨʦʚʘʥʥʳʭ ʦʩʪʘʪʢʦʚ ʶʚʝʣʠʨʥʳʭ ʠʟʜʝʣʠʡ ʩ ʮʝ-
ʣʴʶ ʠʭ ʧʝʨʝʜʘʯʠ ʚ ʌʝʜʝʨʘʣʴʥʫʶ ʧʨʦʙʠʨʥʫʶ ʧʘʣʘʪʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʤʘʨʢʠʨʦʚʢʠ. ʇʨʠ ʵʪʦʤ ʟʘʧʨʝʱʘ-
ʣʠʩʴ ʣʶʙʳʝ ʜʨʫʛʠʝ ʦʧʝʨʘʮʠʠ ʩ ʥʝʤʘʨʢʠʨʦʚʘʥʥʳʤʠ ʦʩʪʘʪʢʘʤʠ (ʦʧʪʦʚʳʝ ʠ ʨʦʟʥʠʯʥʳʝ ʧʨʦʜʘʞʠ, ʧʝʨʝʜʘ-
ʯʘ ʜʨʫʛʠʤ ʶʨʠʜʠʯʝʩʢʠʤ ʣʠʮʘʤ ʠ ʪ. ʜ.). 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʩʬʝʨʝ ʦʙʦʨʦʪʘ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤ-
ʥʝʡ ʠ ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ ʩʪʘʣʦ ʚʥʝʜʨʝʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʦʜʫʣʷ (ʋʊʄ) ʜʣʷ ɻʀʀʉ ɼʄɼʂ. 
ʋʊʄ ʧʦʟʚʦʣʠʣ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʦ ʨʦʟʥʠʯʥʳʭ ʧʨʦʜʘʞʘʭ ʠ ʚʦʟʚʨʘʪʘʭ ʶʚʝʣʠʨʥʳʭ ʠʟ-
ʜʝʣʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʚʳʩʠʚ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʦʙʦʨʦʪʦʤ ʧʨʦʜʫʢʮʠʠ. 

ʋʊʄ - ʵʪʦ ʩʧʝʮʠʘʣʴʥʳʡ ʩʦʬʪ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʦ ʧʨʦʜʘʞʘʭ ʩ ɻʀʀʉ ɼʄɼʂ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʧʝʨʘʮʠʷʭ ʩ ʶʚʝʣʠʨʥʳʤʠ ʠʟʜʝʣʠʷʤʠ ʚ ʩʠʩʪʝʤʫ. ʇʨʠ ʧʨʦʜʘ-
ʞʝ ʢʘʩʩʠʨ ʩʢʘʥʠʨʫʝʪ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ ʠʟʜʝʣʠʷ (ʋʀʅ) ʩ ʙʠʨʢʠ, ʜʘʣʝʝ ʢʘʩʩʦʚʘʷ 
ʧʨʦʛʨʘʤʤʘ ʦʪʧʨʘʚʣʷʝʪ ʜʘʥʥʳʝ ʚ ʋʊʄ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʝʨʝʜʘʸʪ ʋʀʅ ʚ ɻʀʀʉ ɼʄɼʂ ʜʣʷ ʧʨʦ-
ʚʝʨʢʠ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ ʦʪ ɻʀʀʉ ɼʄɼʂ ʧʨʦʜʘʞʘ ʟʘʚʝʨʰʘʝʪʩʷ, ʠ ʂʂʊ ʚʳʜʘʸʪ ʯʝʢ. 
ɽʩʣʠ ʶʚʝʣʠʨʥʦʝ ʠʟʜʝʣʠʝ ʥʝ ʧʨʦʰʣʦ ʧʨʦʚʝʨʢʫ, ʧʝʯʘʪʴ ʯʝʢʘ ʙʣʦʢʠʨʫʝʪʩʷ, ʠ ʧʨʦʜʘʞʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟ-
ʤʦʞʥʦʡ. ʉ 1 ʤʘʨʪʘ 2025 ʛʦʜʘ ʦʙʦʨʦʪ ʶʚʝʣʠʨʥʳʭ ʠʟʜʝʣʠʡ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʋʊʄ ʟʘʧʨʝʱʸʥ. 
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ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ ʮʠʬʨʦʚʠʟʘʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ɻʀʀʉ ɼʄɼʂ ʠ ʜʨʫʛʠʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘʢʠʤʠ ʢʘʢ: 

1. ɽʜʠʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ; 
2. ɽʜʠʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ; 
3. ɽʜʠʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ; 
4. ʌʝʜʝʨʘʣʴʥʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ çɽʜʠʥʳʡ ʧʦʨʪʘʣ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʫʩʣʫʛ (ʬʫʥʢʮʠʡ)è; 
5. ʌʝʜʝʨʘʣʴʥʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ çɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠè; 
6. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ, ʢʘʜʘʩʪʨʘ ʠ 

ʢʘʨʪʦʛʨʘʬʠʠ; 
7. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʧʦ ʬʠʥʘʥʩʦʚʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ. 
ʇʨʠʤʝʨʦʤ ʠʥʪʝʛʨʘʮʠʠ ʤʝʞʜʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʫʧʨʦʱʝʥʠʝ ʧʦʩʪʘ-

ʥʦʚʢʠ ʥʘ ʩʧʝʮʠʘʣʴʥʳʡ ʫʯʝʪ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʟʘʷʚʣʝʥʠʷ ʦ ʧʦʩʪʘʥʦʚʢʝ ʥʘ ʩʧʝʮʠʘʣʴʥʳʡ ʫʯʝʪ ʣʠʙʦ ʠʟʤʝʥʝ-
ʥʠʠ ʢʘʨʪʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʯʝʪʘ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʙʥʦʚʣʝʥʠʝ 
ʢʘʨʪʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʯʝʪʘ ʙʝʟ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʚʝʜʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʦʡ ʩʠʩʪʝʤʳ ʌʅʉ. ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʥʦʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʝʢʚʠʟʠʪʳ: 

¶ çʇʦʣʥʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ ʫʯʘʩʪʥʠʢʘè; 

¶  çʉʦʢʨʘʱʝʥʥʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ ʫʯʘʩʪʥʠʢʘè; 

¶ çʖʨʠʜʠʯʝʩʢʠʡ ʘʜʨʝʩè (ʀʥʜʝʢʩ, ʈʝʛʠʦʥ, ɻʦʨʦʜ, ʅʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ, ʋʣʠʮʘ, ʂʦʜ ʩʫʙʲʝʢʪʘ ʈʌ, 
ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʦʢʨʫʛ/ʨʘʡʦʥ, ɼʦʤ/ɺʣʘʜʝʥʠʝ, ʂʦʨʧ./ʉʪʨ., ʂʚ./ʆʬ.); 

¶ çʀʅʅ/ʂʇʇè;  

¶ çɺʠʜ(ʳ) ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠè; 

¶ çʉʚʝʜʝʥʠʷ ʦ ʢʘʪʝʛʦʨʠʠ ʟʘʷʚʠʪʝʣʷè. 
ʊʘʢʞʝ ʚ ʩʣʫʯʘʝ ʧʨʝʢʨʘʱʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʩʪʥʠʢʘ ʨʳʥʢʘ ʠ ʠʩʢʣʶʯʝʥʠʷ ʝʛʦ ʠʟ ɽɻʈʖʃ/ɽɻʈʀʇ, 

ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʥʷʪʠʝ ʩʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʯʝʪʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʚʝʜʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʌʅʉ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʦʩʪʘʥʦʚʢʘ ʥʘ ʩʧʝʮʠʘʣʴʥʳʡ ʫʯʝʪ ʜʣʷ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʝʜʧʨʠ-
ʥʠʤʘʪʝʣʝʡ ʠ ʭʫʜʦʞʥʠʢʦʚ-ʁ ʚʝʣʠʨʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʦʧʝʨʘʮʠʠ ʩ ʜʨʘʛʦʮʝʥʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʜʨʘʛʦ-
ʮʝʥʥʳʤʠ ʢʘʤʥʷʤʠ, ʜʦʩʪʫʧʥʘ ʯʝʨʝʟ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ ʥʘ ʧʦʨʪʘʣʝ ɻʦʩʫʩʣʫʛ. 

ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʌʝʜʝʨʘʣʴʥʦʡ ʧʨʦʙʠʨʥʦʡ ʧʘʣʘʪʦʡ ʚ 2024 ʛʦʜʫ. ʏʝʨʝʟ ʧʦʨʪʘʣ 
ʤʦʞʥʦ: 

¶ ʚʩʪʘʪʴ ʥʘ ʩʧʝʮʠʘʣʴʥʳʡ ʫʯʸʪ; 

¶ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʢʘʨʪʫ ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʯʸʪʘ; 

¶ ʩʥʷʪʴʩʷ ʩʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʯʸʪʘ; 

¶ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʤʝʥʥʠʢ.  
ʉʨʦʢʠ ʦʢʘʟʘʥʠʷ ʫʩʣʫʛʠ ʧʨʠ ʧʦʜʘʯʝ ʟʘʷʚʣʝʥʠʷ ʯʝʨʝʟ ʧʦʨʪʘʣ ɻʦʩʫʩʣʫʛʠ ʩʦʢʨʘʪʠʣʠʩʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 3 

ʨʘʙʦʯʠʭ ʜʥʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʡ ʦʧʝʨʘʮʠʠ. 
ʎʝʣʠ, ʦʧʨʝʜʝʣʸʥʥʳʝ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ɻʀʀʉ ɼʄɼʂ, ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʝʜʠʥʦʡ ʩʪʨʘʪʝʛʠ-

ʝʡ ʮʠʬʨʦʚʠʟʘʮʠʠ[4]. ɼʣʷ ʠʭ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʦʧʳʪ ʚʥʝʜʨʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʩʠʩʪʝʤ ʚ 
ʜʨʫʛʠʭ ʩʝʢʪʦʨʘʭ ʵʢʦʥʦʤʠʢʠ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʵʢʩʧʝʨʪʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʦʪ ʫʯʘʩʪʥʠʢʦʚ ʦʙʦʨʦʪʘ ɼʄɼʂ. 

ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʩʠʩʪʝʤ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʪʦʚʘʨʦʚ, ʩʭʦʞʠʭ ʩ ɻʀʀʉ ɼʄɼʂ, ʤʦʞʥʦ ʚʳʜʝ-
ʣʠʪʴ: 

¶ ɽɻɸʀʉ - ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʙʦʨʦʪʘ ʘʣʢʦʛʦʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ; 

¶ ʃʝʩɽɻɸʀʉ - ʜʣʷ ʫʯʸʪʘ ʜʨʝʚʝʩʠʥʳ ʠ ʩʜʝʣʦʢ ʩ ʥʝʡ; 

¶ ʄɽʈʂʋʈʀʁ - ʜʣʷ ʫʯʸʪʘ ʧʨʦʜʫʢʮʠʠ, ʧʦʜʣʝʞʘʱʝʡ ʚʝʪʝʨʠʥʘʨʥʦʤʫ ʢʦʥʪʨʦʣʶ. 
ʕʪʠ ʠ ʜʨʫʛʠʝ ʧʦʜʦʙʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʨʘʙʦʪʘʶʪ ʧʦ ʝʜʠʥʦʤʫ ʧʨʠʥʮʠʧʫ: ʦʥʠ ʦʪʩʣʝʞʠ-

ʚʘʶʪ ʧʨʦʜʚʠʞʝʥʠʝ ʤʘʨʢʠʨʦʚʘʥʥʦʛʦ ʪʦʚʘʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʥʝʣʝʛʘʣʴʥʳʡ ʦʙʦʨʦʪ ʠ ʩʘʤʦʝ 
ʛʣʘʚʥʦʝ ʟʘʱʠʱʘʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʪ ʬʘʣʴʩʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 
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ɻʴʛʧʝʴ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʚ ʩʬʝʨʝ ʦʙʦʨʦʪʘ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ ʦʪ ʜʦ-
ʙʳʯʠ ʜʦ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʪʘʣʘ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ, 
ʢʦʥʪʨʦʣʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʨʘʩʣʠ. ʎʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʪʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʪʘʣʘ ɻʀʀʉ ɼʄɼʂ, 
ʢʦʪʦʨʘʷ ʦʭʚʘʪʠʣʘ ʚʩʝ ʵʪʘʧʳ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ - ʦʪ ʜʦʙʳʯʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʧʝʨʝʨʘ-
ʙʦʪʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʜʦ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ. 
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ǲǣǩ 72 

ǯǟǦǡǧǱǧǤ ǧǣǤǧ ǮǟǱǯǧǭǱǧǶǤǰǩǭǢǭ 
ǡǭǰǮǧǱǟǬǧǾ ǡ ǧǰǱǭǯǧǧ ǯǭǰǰǧǧ 

ǧȊȝȉȍȁ ǰȄȋȄȌ ǼȃȒǿȏȃȍȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çɹʨʘʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʠʩʪʦʨʠʢʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʚʦʣʶʮʠʠ ʠʜʝʠ ʧʘʪʨʠʦʪʠʯʝʩʢʦʛʦ 
ʚʦʩʧʠʪʘʥʠʷ ʚ ʈʦʩʩʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʝʝ ʠʩʪʦʢʠ ʚ ʢʦʥʪʝʢʩʪʝ çʨʫʩʩʢʦʡ ʠʜʝʠè ʠ ʜʫʭʦʚʥʦʛʦ ʥʘʩʣʝʜʠʷ 
ʜʦʨʝʚʦʣʶʮʠʦʥʥʳʭ ʤʳʩʣʠʪʝʣʝʡ (ʅ. ʃʦʩʩʢʠʡ, ʂ. ʋʰʠʥʩʢʠʡ, ɺ. ʉʦʣʦʚʴʝʚ, ʌ. ɼʦʩʪʦʝʚʩʢʠʡ ʠ ʜʨ.), ʜʣʷ ʢʦʪʦ-
ʨʳʭ ʧʘʪʨʠʦʪʠʟʤ ʙʳʣ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥ ʩ ʥʨʘʚʩʪʚʝʥʥʦʩʪʴʶ, ʩʝʤʴʝʡ, ʦʙʱʠʥʦʡ ʠ ʧʨʘʚʦʩʣʘʚʥʳʤʠ ʮʝʥʥʦ-
ʩʪʷʤʠ. ɸʚʪʦʨ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʧʘʪʨʠʦʪʠʟʤʘ ʚ ʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʦʥ ʩʪʘʣ ʯʘ-
ʩʪʴʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʜʝʦʣʦʛʠʠ, ʧʦʜʯʠʥʝʥʥʦʡ ʟʘʜʘʯʘʤ ʢʦʤʤʫʥʠʩʪʠʯʝʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʠʥʪʝʨʥʘ-
ʮʠʦʥʘʣʠʟʤʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʝʛʦ ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʦʪʨʳʚʫ ʦʪ ʥʘʮʠʦʥʘʣʴʥʳʭ ʢʦʨʥʝʡ. ʂʨʠʪʠʯʝʩʢʠ ʦʮʝʥʠʚʘ-
ʶʪʩʷ ʜʝʬʦʨʤʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʢʣʶʯʘʷ ʥʠʚʝʣʠʨʦʚʘʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʥʘʯʘʣʘ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʧʦʜ-
ʯʝʨʢʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʘʪʨʠʦʪʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʛʦ ʧʝ-
ʨʝʦʩʤʳʩʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʠ ʩʚʷʟʠ ʩ çʤʘʣʦʡ ʨʦʜʠʥʦʡè ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦʡ 
ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʘʪʨʠʦʪʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ, ʨʫʩʩʢʘʷ ʠʜʝʷ, ʠʩʪʦʨʠʷ ʧʝʜʘʛʦʛʠʢʠ, ʩʦʚʝʪʩʢʠʡ ʧʘʪʨʠʦ-
ʪʠʟʤ, ʥʘʮʠʦʥʘʣʴʥʦʝ ʩʘʤʦʩʦʟʥʘʥʠʝ, ʜʫʭʦʚʥʳʝ ʮʝʥʥʦʩʪʠ, ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʴ, ʠʜʝʦʣʦʛʠʷ, ʥʘʮʠʦʥʘʣʴʥʦʝ 
ʠ ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʦʝ, ʤʘʣʘʷ ʨʦʜʠʥʘ. 
 

DEVELOPMENT OF THE IDEA OF PATRIOTIC EDUCATION IN THE HISTORY OF RUSSIA 
 

Ilukov Semen Eduardovich 
 

Abstract: The article presents a historical and pedagogical analysis of the evolution of the idea of patriotic 
education in Russia. It examines its origins in the context of the "Russian idea" and the spiritual heritage of 
pre-revolutionary thinkers (N. Lossky, K. Ushinsky, V. Solovyov, F. Dostoevsky, etc.), for whom patriotism was 
inextricably linked to morality, family, community, and Orthodox values. The author details the transformation 
of patriotism during the Soviet period, when it became part of a state ideology subordinated to the tasks of 
communist construction and internationalism, leading to its formalization and detachment from national roots. 
The distortions of this process, including the leveling of national identity, are critically assessed. In conclusion, 
the article emphasizes the relevance of patriotic education in modern Russia and the need for its rethinking, 
taking into account historical experience and connection with the "small homeland" to form an active civic posi-
tion. 
Keywords: patriotic education, Russian idea, history of pedagogy, Soviet patriotism, national identity, spiritual 
values, citizenship, ideology, national and international, small homeland. 

 
ɺʝʣʠʢʠʡ ʧʝʜʘʛʦʛ ʂ. ɼ. ʋʰʠʥʩʢʠʡ ʧʨʠʜʘʚʘʣ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʪʨʫʜʫ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʠʯʥʦʩʪʠ ʠ 

ʫʪʚʝʨʞʜʘʣ, ʯʪʦ ʣʶʙʦʚʴ ʢ ʈʦʜʠʥʝ ʪʘʢ ʞʝ ʝʩʪʝʩʪʚʝʥʥʘ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʠ ʯʫʚʩʪʚʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʦʩʪʦʠʥ-
ʩʪʚʘ. ʆʥ ʚʠʜʝʣ ʚ ʵʪʦʡ ʣʶʙʚʠ ʢʣʶʯ ʢ ʚʦʩʧʠʪʘʥʠʶ ʩʝʨʜʮʘ ʠ ʦʧʦʨʫ ʚ ʧʨʝʦʜʦʣʝʥʠʠ ʥʝʛʘʪʠʚʥʳʭ ʩʢʣʦʥʥʦ-
ʩʪʝʡ. 

ʈʘʟʚʠʚʘʷ ʧʘʪʨʠʦʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ çʨʫʩʩʢʦʡ ʠʜʝʠè, ɺ. ʉ. ʉʦʣʦʚʴʸʚ ʚʢʣʘʜʳʚʘʣ ʚ ʧʦʥʷʪʠʝ 
ʆʪʝʯʝʩʪʚʘ ʥʨʘʚʩʪʚʝʥʥʳʡ ʩʤʳʩʣ, ʩʚʷʟʘʥʥʳʡ ʩ ʢʘʪʝʛʦʨʠʷʤʠ ʜʦʙʨʘ ʠ ʟʣʘ. ʆʥ ʚʚʸʣ ʠʜʝʠ çʚʩʝʯʝʣʦʚʝʯʝ-
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ʩʪʚʘè ʠ çʣʶʙʚʠ-ʦʜʦʙʨʝʥʠʷè ʢ ʜʨʫʛʠʤ ʥʘʨʦʜʘʤ, ʩʯʠʪʘʷ, ʯʪʦ ʣʶʙʦʚʴ ʢ ʩʚʦʝʤʫ ʥʘʨʦʜʫ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ 
ʣʶʙʚʠ ʢ ʩʝʙʝ. 

ʅ. ɻ. ʏʝʨʥʳʰʝʚʩʢʠʡ ʠ ʅ. ɸ. ɼʦʙʨʦʣʶʙʦʚ ʧʦʣʘʛʘʣʠ, ʯʪʦ ʧʘʪʨʠʦʪʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʪʨʝʙʫʝʪ ʩʦ-
ʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʦʣʦʜʸʞʠ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʘʚʠʣʴʥʳʭ ʚʟʛʣʷʜʦʚ ʥʘ ʞʠʟʥʴ, 
ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʜʦʙʨʝ, ʜʦʣʛʝ, ʧʨʘʚʜʝ, ʘ ʪʘʢʞʝ ʚʦʩʧʠʪʘʥʠʷ ʚʦʣʠ ʠ ʪʨʫʜʦʣʶʙʠʷ. 

ʌ. ʄ. ɼʦʩʪʦʝʚʩʢʠʡ ʚʠʜʝʣ ʧʘʪʨʠʦʪʠʟʤ ʨʫʩʩʢʦʛʦ ʥʘʨʦʜʘ ʚ ʥʘʮʠʦʥʘʣʴʥʦʤ ʩʘʤʦʩʦʟʥʘʥʠʠ, ʦʩʥʦʚʘʥ-
ʥʦʤ ʥʘ ʧʨʘʚʦʩʣʘʚʥʳʭ ʜʫʭʦʚʥʳʭ ʮʝʥʥʦʩʪʷʭ ʠ ʩʪʨʝʤʣʝʥʠʠ ʚʦʧʣʦʪʠʪʴ ʭʨʠʩʪʠʘʥʩʢʠʝ ʠʜʝʘʣʳ ʚ ʞʠʟʥʠ ʈʦʩ-
ʩʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʛʦ, ʅ. ʌ. ʌʸʜʦʨʦʚ ʥʝ ʧʨʠʟʥʘʚʘʣ ʠʟʙʨʘʥʥʦʩʪʠ ʨʫʩʩʢʦʛʦ ʥʘʨʦʜʘ, ʦʙʲʷʩʥʷʷ ʩʪʘʥʦʚʣʝ-
ʥʠʝ ʝʛʦ ʩʘʤʦʩʦʟʥʘʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʠ ʦʩʦʙʳʤʠ ʬʦʨʤʘʤʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, 
ʪʘʢʠʤʠ ʢʘʢ ʦʙʱʠʥʘ ʠ çʨʦʜʦʚʦʡ ʙʳʪè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʨʫʜʘʭ ʜʦʨʝʚʦʣʶʮʠʦʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʳʩʣʠʪʝʣʝʡ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʦʩʥʦʚʳ 
ʨʫʩʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʩʘʤʦʩʦʟʥʘʥʠʷ, ʛʜʝ ʧʘʪʨʠʦʪʠʟʤʫ ʦʪʚʦʜʠʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ. ʃʠʯʥʦʩʪʴ, 
ʥʘʨʦʜ, ʥʨʘʚʩʪʚʝʥʥʦʩʪʴ ʠ ʧʘʪʨʠʦʪʠʟʤ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʥʝʨʘʟʨʳʚʥʦʡ ʩʚʷʟʠ ʩ ʧʦʥʷʪʠʝʤ çʆʪʝʯʝʩʪʚʦè 
[1, c. 11]. 

ʇʦʩʣʝ ʆʢʪʷʙʨʴʩʢʦʡ ʨʝʚʦʣʶʮʠʠ ʠʜʝʦʣʦʛʠʷ ʧʘʪʨʠʦʪʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʧʨʝʪʝʨʧʝʣʘ ʠʟʤʝʥʝʥʠʷ. 
ɺʦʩʧʠʪʘʥʠʝ ʧʘʪʨʠʦʪʦʚ ʩʪʘʣʦ ʧʦʜʯʠʥʷʪʴʩʷ ʟʘʜʘʯʘʤ ʢʦʤʤʫʥʠʩʪʠʯʝʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʠʥʪʝʨʥʘʮʠʦ-
ʥʘʣʴʥʦʛʦ ʝʜʠʥʩʪʚʘ. ɺ 1918ï1922 ʛʦʜʘʭ ʘʢʪʠʚʥʦ ʩʦʟʜʘʚʘʣʠʩʴ ʚʦʝʥʥʳʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ, ʢʫʨʩʳ ʧʦʜʛʦ-
ʪʦʚʢʠ, ʩʫʚʦʨʦʚʩʢʠʝ ʠ ʥʘʭʠʤʦʚʩʢʠʝ ʫʯʠʣʠʱʘ. ɺ 1930ï1940-ʝ ʛʦʜʳ ʚʦʧʨʦʩʳ ʧʘʪʨʠʦʪʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ 
ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʚ ʪʨʫʜʘʭ ʨʷʜʘ ʧʝʜʘʛʦʛʦʚ[1, c. 21]. 

ʉʣʦʞʠʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʘʪʨʠʦʪʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ: ʚʦʝʥʥʦ-ʧʘʪʨʠʦʪʠʯʝʩʢʦʝ, ʪʨʫʜʦ-
ʚʦʝ, ʵʩʪʝʪʠʯʝʩʢʦʝ ʠ ʜʨ. ɺ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʦʚʘʷ ʠʜʝʦʣʦʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʘʨʢʩʠʟ-
ʤʝ-ʣʝʥʠʥʠʟʤʝ, ʩ ʞʸʩʪʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʢʦʥʪʨʦʣʝʤ ʥʘʜ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʢʫʣʴʪʫʨʦʡ. ʇʦʷʚʠʣʠʩʴ ʤʘʩ-
ʩʦʚʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʤʦʣʦʜʸʞʠ ʢ ʩʣʫʞʙʝ ʚ ʘʨʤʠʠ, ʚʦʝʥʥʦ-ʩʧʦʨʪʠʚʥʳʝ ʜʚʠʞʝʥʠʷ (çɺʦʨʦ-
ʰʠʣʦʚʩʢʠʡ ʩʪʨʝʣʦʢè, ɻʊʆ ʠ ʜʨ.). ʇʝʜʘʛʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʪʨʠʦʪʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʥʦʩʠʣʠ 
ʧʣʘʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʠʤʝʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʘʩʰʪʘʙ. 

ɺ ʨʘʙʦʪʘʭ ɸ. ʉ. ʄʘʢʘʨʝʥʢʦ, ɺ. ɸ. ʉʫʭʦʤʣʠʥʩʢʦʛʦ, ʄ. ɸ. ʊʝʨʝʥʪʠʷ ʠ ʜʨʫʛʠʭ ʨʘʩʢʨʳʚʘʣʠʩʴ ʪʝʦʨʝʪʠ-
ʯʝʩʢʠʝ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ çʩʦʚʝʪʩʢʦʛʦ ʧʘʪʨʠʦʪʠʟʤʘè. ʄʘʢʘʨʝʥʢʦ ʚʠʜʝʣ ʟʘʜʘʯʫ ʰʢʦʣʳ ʚ ʚʦʩʧʠʪʘ-
ʥʠʠ ʧʨʝʜʘʥʥʳʭ ʈʦʜʠʥʝ ʛʨʘʞʜʘʥ, ʦʙʣʘʜʘʶʱʠʭ ʯʫʚʩʪʚʦʤ ʜʦʣʛʘ ʠ ʯʝʩʪʠĮ. ʉʫʭʦʤʣʠʥʩʢʠʡ ʦʧʨʝʜʝʣʷʣ ʩʦ-
ʚʝʪʩʢʠʡ ʧʘʪʨʠʦʪʠʟʤ ʢʘʢ çʙʣʘʛʦʨʦʜʥʫʶ ʣʶʙʦʚʴ ʩʦʚʝʪʩʢʦʛʦ ʥʘʨʦʜʘ ʢ ʩʚʦʝʤʫ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʦʤʫ ʦʪʝʯʝ-
ʩʪʚʫè [3, c. 154]. ʊʝʨʝʥʪʠʡ ʨʘʟʨʘʙʦʪʘʣ ʩʠʩʪʝʤʫ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ ʧʘʪʨʠʦʪʠʯʝʩʢʠʭ ʪʝʤ ʚ 
ʰʢʦʣʝ[1, c. 121]. 

ʉʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 1930-ʭ ʛʦʜʦʚ ʥʘʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʝʨʝ-
ʞʠʪʦʢ ʧʨʦʰʣʦʛʦ. ɺʦʡʥʘ ʠ ʧʦʩʣʝʚʦʝʥʥʦʝ ʚʨʝʤʷ ʚʳʟʚʘʣʠ ʤʘʩʩʦʚʳʡ ʛʝʨʦʠʟʤ ʠ ʪʨʫʜʦʚʦʡ ʧʘʪʨʠʦʪʠʟʤ, ʥʦ 
ʠʜʝʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʚʦʩʧʠʪʘʥʠʷ ʯʘʩʪʦ ʥʦʩʠʣʘ ʜʦʛʤʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʂ ʜʝʬʦʨʤʘʮʠʠ ʧʘʪʨʠʦʪʠʯʝ-
ʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʧʨʠʚʝʣʠ ʤʘʩʩʦʚʳʝ ʨʝʧʨʝʩʩʠʠ, ʙʶʨʦʢʨʘʪʠʯʝʩʢʘʷ ʮʝʥʪʨʘʣʠʟʘʮʠʷ, ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʢʫʣʴ-
ʪʫʨʦʡ ʤʘʣʳʭ ʥʘʨʦʜʦʚ ʠ ʥʘʩʘʞʜʝʥʠʝ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʚ ʫʱʝʨʙ ʥʘʮʠʦʥʘʣʴʥʳʤ. 

ɺ 1940ï1950-ʝ ʛʦʜʳ ʫʯʸʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʇ. ʅ. ʌʝʜʦʩʝʝʚ, ʧʦʜʯʸʨʢʠʚʘʣʠ ʝʜʠʥʩʪʚʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠ 
ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʦʛʦ ʚ ʩʦʚʝʪʩʢʦʤ ʧʘʪʨʠʦʪʠʟʤʝ. ɺ 1950ï1960-ʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʥʘʧʨʠʤʝʨ ʀ. ʉ. 
ʄʘʨʴʝʥʢʦ, ʧʨʝʜʣʘʛʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʘʪʨʠʦʪʠʯʝʩʢʦʤʫ ʚʦʩʧʠʪʘʥʠʶ ʚʦ ʚʥʝʢʣʘʩʩʥʦʡ 
ʨʘʙʦʪʝ. 

ɺ ʢʦʥʮʝ 1970-ʭ ï ʥʘʯʘʣʝ 1980-ʭ ʛʦʜʦʚ ʥʝʢʦʪʦʨʳʝ ʫʯʸʥʳʝ ʠʜʝʘʣʠʟʠʨʦʚʘʣʠ ʩʦʚʝʪʩʢʦʝ ʦʙʱʝʩʪʚʦ. 
ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 1980-ʭ, ʚ ʧʝʨʠʦʜ ʧʝʨʝʩʪʨʦʡʢʠ, ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʣʠ ʢʨʠʪʠʯʝʩʢʠ 
ʧʝʨʝʦʩʤʳʩʣʠʚʘʪʴ ʠʩʪʦʨʠʶ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʟʤʳʚʘʥʠʶ ʧʘʪʨʠʦʪʠʯʝʩʢʠʭ ʮʝʥʥʦʩʪʝʡ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ, ʪʘ-
ʢʠʝ ʢʘʢ ɺ. ʐ. ʅʘʭʫʰʝʚ, ʧʨʦʜʦʣʞʘʣʠ ʦʪʩʪʘʠʚʘʪʴ ʛʘʨʤʦʥʠʶ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʦʛʦ ʚ ʧʘʪ-
ʨʠʦʪʠʟʤʝ[6, c. 13]. ʆʜʥʘʢʦ ʚ ʥʘʫʯʥʦʡ ʩʨʝʜʝ ʧʨʝʦʙʣʘʜʘʣʘ ʪʦʯʢʘ ʟʨʝʥʠʷ, ʯʪʦ ʫʢʨʝʧʣʝʥʠʝ ʠʥʪʝʨʥʘʮʠʦ-
ʥʘʣʴʥʦʛʦ ʝʜʠʥʩʪʚʘ ʪʨʝʙʫʝʪ ʧʨʝʦʜʦʣʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ XX ʚʝʢʘ ʧʦʜ ʚʠʜʦʤ ʧʝʨʝʦʮʝʥʢʠ ʮʝʥʥʦʩʪʝʡ ʥʝʨʝʜʢʦ ʧʨʦʠʩʭʦʜʠʣʘ ʬʘʣʴ-
ʩʠʬʠʢʘʮʠʷ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʘʤʷʪʠ, ʜʝʛʝʨʦʠʟʘʮʠʷ ʧʦʜʚʠʛʘ ʥʘʨʦʜʘ ʚ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʝ. ʂʨʠ-
ʪʠʯʝʩʢʦʝ ʦʩʤʳʩʣʝʥʠʝ ʧʨʦʰʣʦʛʦ ʥʝʦʙʭʦʜʠʤʦ, ʥʦ ʦʥʦ ʥʝ ʜʦʣʞʥʦ ʨʘʟʨʳʚʘʪʴ ʩʚʷʟʴ ʧʦʢʦʣʝʥʠʡ. ʇʘʪʨʠʦ-
ʪʠʟʤ ʩʦʚʝʪʩʢʦʛʦ ʧʝʨʠʦʜʘ ʙʳʣ ʦʛʨʘʥʠʯʝʥ ʠʜʝʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʤʢʘʤʠ, ʧʦʜʯʠʥʸʥ ʢʣʘʩʩʦʚʦʤʫ ʧʦʜʭʦʜʫ ʠ 
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ʯʘʩʪʦ ʥʦʩʠʣ ʬʦʨʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʂʘʢ ʦʪʤʝʯʘʣ ʦʙʱʝʩʪʚʝʥʥʳʡ ʜʝʷʪʝʣʴ ʌ. ʗ. ʄʫʨʦʤʩʢʠʡ, ʧʘʪʨʠʦʪʠʯʝ-
ʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʧʨʝʚʨʘʪʠʣʦʩʴ ʚ ʠʥʩʪʨʫʤʝʥʪ ʠʜʝʦʣʦʛʠʠ, ʣʠʰʸʥʥʳʡ ʞʠʚʦʡ ʩʚʷʟʠ ʩ ʨʝʘʣʴʥʳʤʠ ʯʫʚʩʪʚʘ-
ʤʠ ʣʶʜʝʡ[7, c. 33]. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʣʦʞʠʣʠʩʴ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʘʪʨʠʦʪʠʯʝʩʢʦʛʦ ʚʦʩ-
ʧʠʪʘʥʠʷ: ʜʝʤʦʢʨʘʪʠʟʘʮʠʷ ʦʙʱʝʩʪʚʘ, ʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʞʜʘʥʩʢʦʛʦ ʠʥʩʪʠʪʫʪʦʚ, ʚʦʟʨʦʞʜʝʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦ-
ʛʦ ʩʘʤʦʩʦʟʥʘʥʠʷ, ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʧʳʪ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ. ʇʘʪʨʠʦʪʠʟʤ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʥʝʧʨʝ-
ʭʦʜʷʱʘʷ ʮʝʥʥʦʩʪʴ, ʜʫʭʦʚʥʦʝ ʜʦʩʪʦʷʥʠʝ ʣʠʯʥʦʩʪʠ, ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ ʘʢʪʠʚʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ ʠ 
ʛʦʪʦʚʥʦʩʪʠ ʟʘʱʠʱʘʪʴ ʆʪʝʯʝʩʪʚʦ. ʕʪʦ ʦʩʥʦʚʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʦʙʱʝʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ. ʇʦʥʠʤʘʥʠʝ 
ʩʫʱʥʦʩʪʠ ʧʘʪʨʠʦʪʠʟʤʘ, ʝʛʦ ʮʝʣʝʡ ʠ ʩʦʜʝʨʞʘʥʠʷ ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. 
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ǟǰǰǯ ǬǤǫǵǤǡ ǮǭǡǭǪǥǻǾ8 ǭǱ ǫǟǬǧǳǤǰǱǟ 
/541 Ǣǭǣǟ ǣǭ ǣǤǮǭǯǱǟǵǧǧ /72/ Ǣǭǣǟ ƥ 
ǩǭǪǭǬǧǦǟǵǧǾ* ǟǡǱǭǬǭǫǧǾ* ǪǧǩǡǧǣǟǵǧǾ 

 ǴǿȏȊǿȋȍȁ ǫȇȔǿȇȊ ǡȇȑǿȊțȄȁȇȖ 
ʩʦʪʨʫʜʥʠʢ  

ɸʢʘʜʝʤʠʷ ʌʉʆ ʈʦʩʩʠʠ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʅʠʢʠʪʠʥʘ ɽʣʝʥʘ ɸʥʘʪʦʣʴʝʚʥʘ 
ʩʦʪʨʫʜʥʠʢ  

ɸʢʘʜʝʤʠʷ ʌʉʆ ʈʦʩʩʠʠ 
 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʪʦʨʠʠ ʥʝʤʝʮʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʇʦʚʦʣʞʴʷ ʩ ʤʦʤʝʥʪʘ ʠʟʜʘʥʠʷ ʄʘʥʠʬʝʩʪʘ 
1763 ʛʦʜʘ ʜʦ ʜʝʧʦʨʪʘʮʠʠ 1941 ʛʦʜʘ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʝʨʠʦʜʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 
ɸʚʪʦʥʦʤʥʦʡ ʉʦʚʝʪʩʢʦʡ ʉʦʮʠʘʣʠʩʪʠʯʝʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʅʝʤʮʝʚ ʇʦʚʦʣʞʴʷ (1918ï1941). ʅʘ ʦʩʥʦʚʝ 
ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʘʨʭʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʝʜʧʦʩʳʣʢʠ ʧʝʨʝʩʝʣʝʥʠʷ 
ʥʝʤʮʝʚ, ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʦʩʚʦʝʥʠʝ ʨʝʛʠʦʥʘ, ʩʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ɸʉʉʈ ʅʝʤʮʝʚ ʇʦʚʦʣʞʴʷ (1918ï1941), ʘ 
ʪʘʢʞʝ ʧʨʠʯʠʥʳ ʜʝʧʦʨʪʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʝʥʥʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ʣʝʪʦʤ 1941 ʛʦʜʘ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ 
ʣʠʢʚʠʜʘʮʠʷ ʨʝʩʧʫʙʣʠʢʠ ʙʳʣʘ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʬʨʦʥʪʦʚʳʤ ʧʦʣʦʞʝʥʠʝʤ ʨʝʛʠʦʥʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 
ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʳʣʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʚʦʣʞʩʢʠʝ ʥʝʤʮʳ, ɽʢʘʪʝʨʠʥʘ II, ʢʦʣʦʥʠʟʘʮʠʷ, ɸʉʉʈ ʅʝʤʮʝʚ ʇʦʚʦʣʞʴʷ, ʘʚʪʦʥʦʤʠʷ, 
ʜʝʧʦʨʪʘʮʠʷ, ɺʝʣʠʢʘʷ ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʚʦʡʥʘ, ʚʦʝʥʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ. 
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Annotation: The article is devoted to the history of the German population of the Volga region from the 
issuance of the Manifesto of 1763 to the deportation of 1941. The main attention is paid to the period of the 
existence of the Autonomous Soviet Socialist Republic of the Volga Germans (1918ï1941). Based on 
published documents and archival materials, the author analyzes the prerequisites for the resettlement of the 
Germans, the economic development of the region, the creation and development of the Volga German ASSR 
(1918ï1941), as well as the reasons for the deportation associated with the military situation in the summer of 
1941. It is concluded that the liquidation of the republic was caused by the front-line position of the region and 
the need to ensure the security of the rear. 
Keywords: Volga Germans, Catherine II, colonization, Volga German ASSR, autonomy, deportation, Great 
Patriotic War, military necessity. 

 
ʉʝʛʦʜʥʷ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ɺʦʣʛʠ ʥʘʧʨʦʪʠʚ ʉʘʨʘʪʦʚʘ ʨʘʩʧʦʣʦʞʝʥ ʛʦʨʦʜ ʕʥʛʝʣʴʩ ð ʪʠʭʠʡ ʦʙʣʘʩʪ-

ʥʦʡ ʮʝʥʪʨ ʩ ʥʘʩʝʣʝʥʠʝʤ ʯʫʪʴ ʙʦʣʝʝ ʜʚʫʭʩʦʪ ʪʳʩʷʯ ʯʝʣʦʚʝʢ. ʅʦ ʜʣʷ ʠʩʪʦʨʠʢʘ ʵʪʦ ʩʪʦʣʠʮʘ ʛʦʩʫʜʘʨʩʪʚʘ, 
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ʢʦʪʦʨʦʛʦ ʥʝʪ. ʀʤʝʥʥʦ ʟʜʝʩʴ ʩ 1918 ʧʦ 1941 ʛʦʜ ʥʘʭʦʜʠʣʦʩʴ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ 
ʅʝʤʮʝʚ ʇʦʚʦʣʞʴʷ. ʏʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢ ʥʘ ʧʦʯʪʠ ʧʫʩʪʦʤ ʤʝʩʪʝ ʚʦʟʥʠʢʣʘ ʥʝʤʝʮʢʘʷ ʘʚʪʦʥʦʤʠʷ, ʘ ʟʘʪʝʤ 
ʠʩʯʝʟʣʘ, ʥʝʦʙʭʦʜʠʤʦ ʚʝʨʥʫʪʴʩʷ ʚ ʩʝʨʝʜʠʥʫ XVIII ʚʝʢʘ ð ʥʘ ʟʝʤʣʠ, ʢʦʪʦʨʳʝ ʨʫʩʩʢʠʝ ʢʘʨʪʦʛʨʘʬʳ ʥʘʟʳ-
ʚʘʣʠ çɼʠʢʠʤ ʧʦʣʝʤè. 

1. çɽʡʣʧʞ ʨʧʤʞè: ʨʩʡʩʧʝʦʴʞ ʬʪʤʧʛʡʸ ʡ ʦʙʪʞʤʞʦʡʞ ʀʙʛʧʤʟʵʸ ʝʧ ʣʧʤʧʦʡʠʙʯʡʡ 
ɺ 1762 ʛʦʜʫ, ʧʦʩʣʝ ʚʩʪʫʧʣʝʥʠʷ ʥʘ ʧʨʝʩʪʦʣ ɽʢʘʪʝʨʠʥʳ II, ʟʝʤʣʠ ʤʝʞʜʫ ɺʦʣʛʦʡ ʠ ʝʸ ʧʨʠʪʦʢʦʤ ʀʨʛʠ-

ʟʦʤ (ʚ ʧʨʝʜʝʣʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʉʘʨʘʪʦʚʩʢʦʡ ʠ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʝʡ) ʶʨʠʜʠʯʝʩʢʠ ʧʨʠʥʘʜʣʝʞʘʣʠ ʈʦʩ-
ʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ, ʦʜʥʘʢʦ ʨʝʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ ʥʠʤʠ ʛʦʩʫʜʘʨʩʪʚʦ ʥʝ ʦʩʫʱʝʩʪʚʣʷʣʦ [1, ʩ. 23]. ɺ ʩʝʨʝ-
ʜʠʥʝ XVIII ʚʝʢʘ ʵʪʠ ʟʝʤʣʠ ʇʦʚʦʣʞʴʷ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʧʦʣʫʧʫʩʪʳʥʶ ʩ ʪʸʤʥʦ-ʢʘʰʪʘʥʦʚʳʤʠ ʧʦʯʚʘʤʠ, 
ʧʝʨʝʩʳʭʘʶʱʠʤʠ ʨʝʢʘʤʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʣʝʩʦʚ. ʇʦʩʪʦʷʥʥʦʛʦ ʦʩʝʜʣʦʛʦ ʥʘʩʝʣʝʥʠʷ ʟʜʝʩʴ ʥʝ ʙʳʣʦ ð ʪʝʨ-
ʨʠʪʦʨʠʶ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʢʦʯʸʚʦʢ ʥʦʛʘʡʮʳ ʠ ʢʘʣʤʳʢʠ. ʇʣʦʪʥʦʩʪʴ ʞʠʪʝʣʝʡ ʥʝ ʜʦʩʪʠʛʘʣʘ ʠ 0,3 ʯʝʣʦʚʝ-
ʢʘ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʢʠʣʦʤʝʪʨ [1, ʩ. 23]. 

ɺ ʨʦʩʩʠʡʩʢʦʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ ʵʪʘ ʪʝʨʨʠʪʦʨʠʷ ʠʤʝʥʦʚʘʣʘʩʴ çɼʠʢʠʤ ʧʦʣʝʤè. ʕʪʦ ʦʟʥʘʯʘʣʦ ʦʪ-
ʩʫʪʩʪʚʠʝ ʤʝʞʝʚʘʥʠʷ, ʥʝʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʨʝʧʦʩʪʥʦʛʦ ʧʨʘʚʘ (ʢʨʝʩʪʴʷʥʝ ʥʝ ʩʯʠʪʘʣʠʩʴ ʟʘʢʨʝʧʣʸʥʥʳʤʠ 
ʟʘ ʧʦʤʝʱʠʢʘʤʠ) ʠ ʧʦʛʨʘʥʠʯʥʳʡ ʨʝʞʠʤ ð ʶʞʥʘʷ ʛʨʘʥʠʮʘ ʧʨʦʭʦʜʠʣʘ ʧʦ ʣʠʥʠʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ 
ʆʩʤʘʥʩʢʦʡ ʠʤʧʝʨʠʝʡ [2, ʩ. 52]. 

ɼʘʥʥʳʡ ʪʝʨʤʠʥ ʧʦʜʨʘʟʫʤʝʚʘʣ ʪʨʠ ʦʩʦʙʝʥʥʦʩʪʠ: ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʤʝʞʝʚʘʥʠʷ ʟʝʤʝʣʴ, ʥʝʜʝʡʩʪʚʠ-
ʪʝʣʴʥʦʩʪʴ ʢʨʝʧʦʩʪʥʦʛʦ ʧʨʘʚʘ (ʪʦ ʝʩʪʴ ʢʨʝʩʪʴʷʥʝ ʥʝ ʟʘʢʨʝʧʣʷʣʠʩʴ ʟʘ ʧʦʤʝʱʠʢʘʤʠ) ʠ ʧʦʛʨʘʥʠʯʥʳʡ ʩʪʘʪʫʩ 
(ʶʞʥʘʷ ʛʨʘʥʠʮʘ ʨʝʛʠʦʥʘ ʧʨʠʤʳʢʘʣʘ ʢ ʆʩʤʘʥʩʢʦʡ ʠʤʧʝʨʠʠ). 

ʇʦʯʝʤʫ ʞʝ ʜʦ ɽʢʘʪʝʨʠʥʳ ʮʘʨʠ ʥʝ ʟʘʩʝʣʷʣʠ ʵʪʠ ʟʝʤʣʠ? ʇʨʠʯʠʥ ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ. ɺʦ-ʧʝʨʚʳʭ, ʧʦ-
ʩʪʦʷʥʥʳʝ ʥʘʙʝʛʠ ʢʦʯʝʚʥʠʢʦʚ ʪʨʝʙʦʚʘʣʠ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʚʦʝʥʥʦʡ ʟʘʱʠʪʳ. ɺʦ-ʚʪʦʨʳʭ, ʫ ʨʫʩʩʢʠʭ ʢʨʝʩʪʴʷʥ 
ʥʝ ʙʳʣʦ ʥʠ ʪʷʞʸʣʳʭ ʧʣʫʛʦʚ (ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʛʣʫʙʦʢʦʡ ʧʘʭʦʪʳ), ʥʠ ʥʘʚʳʢʦʚ ʚʝʜʝʥʠʷ ʭʦʟʷʡʩʪʚʘ ʚ ʟʘ-
ʩʫʰʣʠʚʦʡ ʩʪʝʧʠ. ɺ-ʪʨʝʪʴʠʭ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ð ʩʪʨʘʭ ʧʝʨʝʜ çʙʝʟʣʝʩʴʝʤè ʠ ʜʫʨʥʦʡ ʩʣʘʚʦʡ çɼʠ-
ʢʦʛʦ ʧʦʣʷè ð ʜʝʣʘʣ ʜʦʙʨʦʚʦʣʴʥʦʝ ʧʝʨʝʩʝʣʝʥʠʝ ʧʦʯʪʠ ʥʝʚʦʟʤʦʞʥʳʤ. ɺ-ʯʝʪʚʸʨʪʳʭ, ʜʘʞʝ ʮʝʥʪʨʘʣʴʥʳʝ 
ʛʫʙʝʨʥʠʠ ʩʪʨʘʜʘʣʠ ʦʪ ʥʝʭʚʘʪʢʠ ʨʘʙʦʯʠʭ ʨʫʢ. ɺ ʠʪʦʛʝ ʟʝʤʣʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʠʤ ʧʣʦʜʦʨʦʜʠʝʤ 
(ʦʩʦʙʝʥʥʦ ʯʝʨʥʦʟʸʤʳ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɿʘʚʦʣʞʴʷ), ʪʘʢ ʠ ʦʩʪʘʚʘʣʠʩʴ ʥʝʦʩʚʦʝʥʥʳʤʠ. 

2. ʅʙʦʡʭʞʪʫ 1763 ʜʧʝʙ ʡ ʦʙʰʙʤʧ ʣʧʤʧʦʡʠʙʯʡʡ 
4 ʜʝʢʘʙʨʷ 1762 ʛʦʜʘ, ʯʝʨʝʟ ʧʦʣʛʦʜʘ ʧʦʩʣʝ ʜʚʦʨʮʦʚʦʛʦ ʧʝʨʝʚʦʨʦʪʘ, ɽʢʘʪʝʨʠʥʘ II ʧʦʜʧʠʩʘʣʘ ʧʝʨ-

ʚʳʡ ʄʘʥʠʬʝʩʪ, ʨʘʟʨʝʰʘʚʰʠʡ ʠʥʦʩʪʨʘʥʮʘʤ ʩʝʣʠʪʴʩʷ ʚ ʈʦʩʩʠʠ. ʆʜʥʘʢʦ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʝ ʟʥʘʯʝʥʠʝ 
ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʣʦʥʠʟʘʮʠʠ ʠʤʝʣ ʄʘʥʠʬʝʩʪ ʦʪ 22 ʠʶʣʷ 1763 ʛʦʜʘ. ʆʙʲʝʢʪʠʚʥʳʤʠ ʧʨʝʜʧʦʩʳʣʢʘʤʠ 
ʝʛʦ ʠʟʜʘʥʠʷ ʩʪʘʣʠ: ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʚʘʣ ʧʦʩʣʝ ʚʦʡʥ ʩ ʊʫʨʮʠʝʡ; ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ 
ʧʝʨʝʩʝʣʝʥʠʷ ʢʨʝʧʦʩʪʥʳʭ ʢʨʝʩʪʴʷʥ, ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ ʩʪʝʧʥʦʛʦ ɿʘʚʦʣʞʴʷ ʙʝʞʘʣʠ ʠʣʠ ʛʠʙʣʠ; ʘ ʪʘʢʞʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʪʩʪʘʚʘʥʠʝ ʨʫʩʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʵʢʩʪʝʥʩʠʚʥʳʤ ʠ ʥʝ ʠʤʝʣʦ ʥʘʚʳʢʦʚ 
ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʫʭʠʭ ʩʪʝʧʝʡ, ʪʦʛʜʘ ʢʘʢ ʥʝʤʝʮʢʠʝ ʢʨʝʩʪʴʷʥʝ ʚʣʘʜʝʣʠ ʧʨʠʸʤʘʤʠ ʩʝʚʦʦʙʦʨʦʪʘ, ʧʨʠʤʝʥʝ-
ʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʚʳʨʘʱʠʚʘʥʠʷ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʚ ʨʞʠ [3, ʩ. 28]. 

ʄʘʥʠʬʝʩʪ ʙʳʣ ʥʝ ʙʣʘʛʦʪʚʦʨʠʪʝʣʴʥʦʩʪʴʶ, ʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʢʦʥʪʨʘʢʪʦʤ. ʀʤʧʝʨʘʪʨʠʮʘ ʧʨʝʜʦ-
ʩʪʘʚʣʷʣʘ ʧʝʨʝʩʝʣʝʥʮʘʤ 30 ʣʝʪ ʥʘʣʦʛʦʚʳʭ ʢʘʥʠʢʫʣ, ʦʩʚʦʙʦʞʜʝʥʠʝ ʦʪ ʨʝʢʨʫʪʩʢʦʡ ʧʦʚʠʥʥʦʩʪʠ, ʩʘʤʦ-
ʫʧʨʘʚʣʝʥʠʝ ʠ ʙʝʩʧʨʦʮʝʥʪʥʫʶ ʩʩʫʜʫ ʥʘ ʦʙʫʩʪʨʦʡʩʪʚʦ. ɺʟʘʤʝʥ ʥʝʤʝʮ ʜʦʣʞʝʥ ʙʳʣ ʦʩʚʦʠʪʴ ʮʝʣʠʥʫ, ʟʘ-
ʱʠʱʘʪʴ ʛʨʘʥʠʮʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʦʨʫʞʠʝʤ) ʠ ʢʦʨʤʠʪʴ ʘʨʤʠʶ ʭʣʝʙʦʤ. ʂʣʶʯʝʚʦʡ ʥʶʘʥʩ: ɽʢʘʪʝʨʠʥʘ ʧʨʠ-
ʛʣʘʰʘʣʘ ʥʝ çʥʝʤʮʝʚè ʢʘʢ ʝʜʠʥʫʶ ʥʘʮʠʶ, ʘ ʧʦʜʜʘʥʥʳʭ ʨʘʟʣʠʯʥʳʭ ʛʝʨʤʘʥʩʢʠʭ ʛʦʩʫʜʘʨʩʪʚ ð ʣʶʪʝʨʘʥ, 
ʢʘʪʦʣʠʢʦʚ, ʤʝʥʥʦʥʠʪʦʚ. ʆʥʠ ʩʪʘʣʠ ʝʜʠʥʳʤ ʥʘʨʦʜʦʤ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʝʨʝʩʝʣʝʥʠʷ ʥʘ ɺʦʣʛʫ [4, ʩ. 34]. 

ɺ ʄʘʥʠʬʝʩʪʝ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʪʨʠ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʘ. ɺʦ-ʧʝʨʚʳʭ, ʥʝ ʙʳʣʦ ʦʙʝʱʘʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ 
ʘʚʪʦʥʦʤʠʠ ð ʢʦʣʦʥʠʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʨʘʩʩʝʷʪʴ ʧʦ ʚʩʝʡ ʠʤʧʝʨʠʠ; ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʤʮʝʚ ʥʘ ɺʦʣʛʝ ʩʪʘʣʘ 
ʨʝʟʫʣʴʪʘʪʦʤ ʠʭ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʳʙʦʨʘ. ɺʦ-ʚʪʦʨʳʭ, ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʛʘʨʘʥʪʠʠ ʧʨʦʪʠʚ ʧʨʦʠʟʚʦʣʘ ʤʝʩʪʥʳʭ 
ʚʣʘʩʪʝʡ. ɺ-ʪʨʝʪʴʠʭ, ʥʝ ʙʳʣʦ ʤʝʭʘʥʠʟʤʘ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʫʩʣʦʚʠʡ: ʫʞʝ ʧʨʠ ʇʘʚʣʝ I ʥʘʯʘʣʦʩʴ 
ʥʘʨʫʰʝʥʠʝ ʧʨʠʚʠʣʝʛʠʡ, ʘ ʚ 1871 ʛʦʜʫ ʄʘʥʠʬʝʩʪ ʙʳʣ ʦʬʠʮʠʘʣʴʥʦ ʦʪʤʝʥʸʥ [5, ʩ. 45]. 

ɿʘ 1763ï1768 ʛʦʜʳ ʚ ʈʦʩʩʠʶ ʧʨʠʙʳʣʦ ʦʢʦʣʦ 30 ʪʳʩʷʯ ʯʝʣʦʚʝʢ (ʧʨʠ ʧʣʘʥʝ ʚ 500 ʪʳʩʷʯ). ʇʨʠʯʠ-
ʥʘʤʠ ʦʪʢʣʠʢʘ ʩʪʘʣʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʚ ʛʝʨʤʘʥʩʢʠʭ ʟʝʤʣʷʭ ʧʦʩʣʝ ʉʝʤʠʣʝʪʥʝʡ ʚʦʡʥʳ, ʘʢʪʠʚʥʘʷ ʨʝ-
ʢʣʘʤʘ ʨʦʩʩʠʡʩʢʠʭ ʘʛʝʥʪʦʚ, ʩʫʣʠʚʰʠʭ çʨʘʡʩʢʠʝ ʩʘʜʳ ʥʘ ɺʦʣʛʝè, ʘ ʪʘʢʞʝ ʨʝʣʠʛʠʦʟʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʤʝʥ-
ʥʦʥʠʪʦʚ [4, ʩ. 34]. ʇʫʪʴ ʦʪ ʃʶʙʝʢʘ ʜʦ ʉʘʨʘʪʦʚʘ ʟʘʥʠʤʘʣ 3ï6 ʤʝʩʷʮʝʚ ʠ ʚʢʣʶʯʘʣ ʪʨʠ ʵʪʘʧʘ: ʤʦʨʝʤ ʜʦ 
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ʇʝʪʝʨʙʫʨʛʘ, ʥʘ ʪʝʣʝʛʘʭ ʜʦ ʄʦʩʢʚʳ, ʟʘʪʝʤ ɺʦʣʛʦʡ ʜʦ ʤʝʩʪʘ. 
ɺ ʠʶʣʝ 1765 ʛʦʜʘ ʧʝʨʚʘʷ ʧʘʨʪʠʷ ʠʟ 60 ʩʝʤʝʡ ʧʨʠʙʳʣʘ ʥʘ ʣʝʚʳʡ ʙʝʨʝʛ ɺʦʣʛʠ ð ʢ ʤʝʩʪʫ ʦʩʥʦʚʘ-

ʥʠʷ ʙʫʜʫʱʝʡ ʢʦʣʦʥʠʠ ɽʢʘʪʝʨʠʥʝʥʰʪʘʜʪ (ʥʳʥʝ ʛʦʨʦʜ ʄʘʨʢʩ) ʠ ʩʦʩʝʜʥʝʡ ʢʦʣʦʥʠʠ ɹʦʨʝʛʘʨʜ (ʥʳʥʝ ʩʝʣʦ 
ɹʦʨʦʜʘʝʚʢʘ) [5, ʩ. 52]. 

ʇʝʨʚʳʝ ʛʦʜʳ ʙʳʣʠ ʪʷʞʸʣʳʤʠ: ʥʝʫʨʦʞʘʠ, ʩʘʨʘʥʯʘ, ʤʘʣʷʨʠʷ, ʩʫʨʦʚʳʝ ʟʠʤʳ. ʂ ʚʝʩʥʝ 1766 ʛʦʜʘ 
ʫʤʝʨʣʦ 20% ʧʦʩʝʣʝʥʮʝʚ. ʉʘʨʘʪʦʚʩʢʠʡ ʚʦʝʚʦʜʘ ʜʦʢʣʘʜʳʚʘʣ ʚ ʇʝʪʝʨʙʫʨʛ: çɺ ʥʝʤʝʮʢʠʭ ʢʦʣʦʥʠʷʭ ʦʪ ʩʪʫ-
ʞʠ ʠ ʛʣʘʜʘ ʧʦʤʝʨʣʦ ʤʣʘʜʝʥʮʝʚ ʠ ʩʪʘʨʠʢʦʚ ʜʦ ʧʷʪʠ ʩʦʪʝʥ ʜʫʰè [6, ʣ. 23]. ʆʜʥʘʢʦ ʢ 1770 ʛʦʜʫ ʢʦʣʦʥʠʩʪʳ 
ʘʜʘʧʪʠʨʦʚʘʣʠʩʴ: ʧʝʨʝʰʣʠ ʥʘ ʨʫʩʩʢʫʶ ʩʦʭʫ, ʩʪʘʣʠ ʩʝʷʪʴ ʨʦʞʴ, ʩʪʨʦʠʣʠ ʤʘʟʘʥʢʠ. 

3. ʆʞʥʞʯʣʡʞ ʣʧʤʧʦʡʡ ʛ ʡʥʨʞʩʪʣʡʢ ʨʞʩʡʧʝ (1770ð1917) 
ʂ 1770 ʛʦʜʫ, ʧʦʩʣʝ ʧʨʝʦʜʦʣʝʥʠʷ ʛʦʣʦʜʘ ʠ ʵʧʠʜʝʤʠʡ, ʥʝʤʝʮʢʠʝ ʢʦʣʦʥʠʠ ʥʘ ɺʦʣʛʝ ʚʩʪʫʧʠʣʠ ʚ ʧʝ-

ʨʠʦʜ ʩʪʘʙʠʣʴʥʦʛʦ ʨʦʩʪʘ. ʏʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 30 ʪʳʩʷʯ ʚ 1775 ʛʦʜʫ ʜʦ 250 ʪʳʩʷʯ ʢ 
1870 ʛʦʜʫ [5, ʩ. 112]. ʅʝʤʝʮʢʠʝ ʧʝʨʝʩʝʣʝʥʮʳ ʚʥʝʜʨʠʣʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʯʝʪʳʨʸʭʧʦʣʴʥʳʡ ʩʝʚʦʦʙʦ-
ʨʦʪ, ʧʘʨʦʚʳʝ ʤʦʣʦʪʠʣʢʠ ʠ ʦʨʦʩʠʪʝʣʴʥʳʝ ʢʘʥʘʣʳ ð ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʚʳʰʝʥʠʶ 
ʫʨʦʞʘʡʥʦʩʪʠ ʚ ʩʪʝʧʥʦʡ ʟʦʥʝ. ɺ 1845 ʛʦʜʫ ʤʠʥʠʩʪʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʤʫʱʝʩʪʚ ʜʦʢʣʘʜʳʚʘʣ ʠʤʧʝʨʘʪʦʨʫ: 
çʅʝʤʝʮʢʠʝ ʢʦʣʦʥʠʠ ʉʘʨʘʪʦʚʩʢʦʡ ʛʫʙʝʨʥʠʠ ʩʫʪʴ ʦʙʨʘʟʮʦʚʳʝ ʭʦʟʷʡʩʪʚʘ. ʆʥʠ ʢʦʨʤʷʪ ʭʣʝʙʦʤ ʥʝ ʪʦʣʴʢʦ 
ʩʝʙʷ, ʥʦ ʠ ʩʦʩʝʜʥʠʝ ʫʝʟʜʳè [7, ʣ. 34]. 

ʇʦʩʣʝ ʩʤʝʨʪʠ ɽʢʘʪʝʨʠʥʳ II ʧʦʣʠʪʠʢʘ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʣʦʥʠʩʪʦʚ ʧʦʩʪʝʧʝʥʥʦ ʤʝʥʷʣʘʩʴ. ɺ 1796 ʛʦʜʫ 
ʙʳʣʠ ʚʚʝʜʝʥʳ ʟʝʤʩʢʠʝ ʩʙʦʨʳ, ʚ 1819 ʛʦʜʫ ð ʧʦʜʫʰʥʘʷ ʧʦʜʘʪʴ, ʚ 1830ï1840-ʭ ʛʦʜʘʭ ʢʦʣʦʥʠʠ ʙʳʣʠ ʧʝ-
ʨʝʜʘʥʳ ʠʟ ʚʝʜʝʥʠʷ ʂʦʣʣʝʛʠʠ ʠʥʦʩʪʨʘʥʥʳʭ ʜʝʣ ʚ ʄʠʥʠʩʪʝʨʩʪʚʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʤʫʱʝʩʪʚ. ɺ 1871 ʛʦʜʫ 
ʙʳʣʦ ʦʪʤʝʥʝʥʦ ʦʩʚʦʙʦʞʜʝʥʠʝ ʥʝʤʮʝʚ ʦʪ ʚʦʠʥʩʢʦʡ ʧʦʚʠʥʥʦʩʪʠ, ʘ ʩ 1874 ʛʦʜʘ ʚʩʝʦʙʱʘʷ ʚʦʠʥʩʢʘʷ ʧʦ-
ʚʠʥʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʠʣʘʩʴ ʥʘ ʚʩʝʭ ʧʦʜʜʘʥʥʳʭ ʠʤʧʝʨʠʠ, ʚʢʣʶʯʘʷ ʥʝʤʝʮʢʠʭ ʢʦʣʦʥʠʩʪʦʚ [5, ʩ. 156]. 

ʂ ʢʦʥʮʫ XIX ʚʝʢʘ ʩʦʮʠʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝʤʝʮʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʇʦʚʦʣʞʴʷ ʚʳʛʣʷʜʝʣʘ ʩʣʝʜʫʶʱʠʤ 
ʦʙʨʘʟʦʤ: 85% ʩʦʩʪʘʚʣʷʣʠ ʢʨʝʩʪʴʷʥʝ-ʩʦʙʩʪʚʝʥʥʠʢʠ, 10% ð ʛʦʨʦʜʩʢʠʝ ʩʣʦʠ (ʢʫʧʮʳ, ʚʨʘʯʠ, ʫʯʠʪʝʣʷ, ʧʘʩ-
ʪʦʨʳ), 5% ð ʧʨʦʣʝʪʘʨʠʘʪ. ɺ ʥʝʤʝʮʢʠʭ ʢʦʣʦʥʠʷʭ ʦʪʩʫʪʩʪʚʦʚʘʣʦ ʧʦʤʝʱʠʯʴʝ ʟʝʤʣʝʚʣʘʜʝʥʠʝ, ʯʪʦ ʦʪʣʠ-
ʯʘʣʦ ʠʭ ʦʪ ʨʫʩʩʢʠʭ ʜʝʨʝʚʝʥʴ [4, ʩ. 189]. 

ʅʝʤʝʮʢʦʝ ʥʘʩʝʣʝʥʠʝ ʩʦʭʨʘʥʷʣʦ ʷʟʳʢ, ʨʝʣʠʛʠʶ ʠ ʢʫʣʴʪʫʨʥʳʝ ʪʨʘʜʠʮʠʠ. ʂ 1890-ʤ ʛʦʜʘʤ ʚ ʢʦʣʦʥʠ-
ʷʭ ʜʝʡʩʪʚʦʚʘʣʦ 400 ʰʢʦʣ ʩ ʦʙʫʯʝʥʠʝʤ ʥʘ ʥʝʤʝʮʢʦʤ ʷʟʳʢʝ, ʛʜʝ ʦʙʫʯʘʣʦʩʴ 40 ʪʳʩʷʯ ʜʝʪʝʡ [4, ʩ. 234]. ʕʪ-
ʥʦʛʨʘʬ ɸ.ɸ. ʉʤʠʨʥʦʚ ʦʪʤʝʯʘʣ ʚ 1884 ʛʦʜʫ: çʈʫʩʩʢʠʡ ʢʨʝʩʪʴʷʥʠʥ ʩʤʦʪʨʠʪ ʥʘ ʥʝʤʮʘ ʢʘʢ ʥʘ ʯʫʞʦʛʦ, ʭʦʪʷ ʠ 
ʧʦʣʝʟʥʦʛʦ. ʅʝʤʝʮ ʦʪʚʝʯʘʝʪ ʝʤʫ ʪʝʤ ʞʝ. ʆʥʠ ʞʠʚʫʪ ʨʷʜʦʤ, ʥʦ ʥʝ ʚʤʝʩʪʝè [8, ʩ. 89]. 

ʇʦ ʜʘʥʥʳʤ ʧʝʨʝʧʠʩʠ 1897 ʛʦʜʘ, ʚ ʉʘʨʘʪʦʚʩʢʦʡ ʠ ʉʘʤʘʨʩʢʦʡ ʛʫʙʝʨʥʠʷʭ ʧʨʦʞʠʚʘʣʦ 407 ʪʳʩʷʯ 
ʥʝʤʮʝʚ. ʆʥʠ ʦʙʨʘʙʘʪʳʚʘʣʠ 2,5 ʤʠʣʣʠʦʥʘ ʜʝʩʷʪʠʥ ʟʝʤʣʠ, ʚʣʘʜʝʣʠ 150 ʪʳʩʷʯʘʤʠ ʛʦʣʦʚ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦ-
ʛʦ ʩʢʦʪʘ ʠ 300 ʪʳʩʷʯʘʤʠ ʦʚʝʮ. ɺ ʠʭ ʨʘʩʧʦʨʷʞʝʥʠʠ ʥʘʭʦʜʠʣʠʩʴ 25 ʧʘʨʦʚʳʭ ʤʝʣʴʥʠʮ, 40 ʤʘʩʣʦʙʦʝʥ ʠ 12 
ʢʠʨʧʠʯʥʳʭ ʟʘʚʦʜʦʚ [4, ʩ. 245]. 

ʄʦʙʠʣʠʟʘʮʠʦʥʥʘʷ ʢʘʤʧʘʥʠʷ 1914 ʛʦʜʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʫʩʩʢʠʭ ʜʝʨʝʚʝʥʴ ʟʘʪʨʦʥʫʣʘ ʥʝʤʝʮʢʠʝ ʢʦʣʦ-
ʥʠʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ: ʥʘ ʬʨʦʥʪ ʙʳʣʦ ʧʨʠʟʚʘʥʦ ʣʠʰʴ 7,5ï9,5% ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. ɺʥʫʪʨʝʥ-
ʥʠʝ ʨʝʟʝʨʚʳ ʢʦʣʦʥʠʡ ʧʦʣʥʦʩʪʴʶ ʚʦʩʧʦʣʥʷʣʠ ʯʠʩʣʦ ʫʰʝʜʰʠʭ ʥʘ ʬʨʦʥʪ. ʇʦʩʝʚʥʳʝ ʧʣʦʱʘʜʠ ʚʝʩʥʳ 1915 
ʛʦʜʘ ʥʝ ʠʩʧʳʪʘʣʠ ʩʝʨʴʸʟʥʳʭ ʠʟʤʝʥʝʥʠʡ. ɸ ʫʨʦʞʘʡ ʵʪʦʛʦ ʛʦʜʘ ʙʳʣ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʘ ʧʦ-
ʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. ʅʝʤʝʮʢʠʝ ʢʦʣʦʥʠʩʪʳ ʞʝʨʪʚʦʚʘʣʠ ʥʘ ʥʫʞʜʳ ʘʨʤʠʠ: ʟʘ ʧʝʨʚʳʡ ʛʦʜ ʚʦʡʥʳ ʩʦʙʨʘʣʠ 
ʦʢʦʣʦ 100 ʪʳʩʷʯ ʨʫʙʣʝʡ, ʦʙʫʚʴ, ʙʝʣʴʸ, ʧʨʦʜʫʢʪʳ. ʅʘ ʠʭ ʩʨʝʜʩʪʚʘ ʚ ʢʦʣʦʥʠʷʭ ʜʝʡʩʪʚʦʚʘʣʦ 7 ʛʦʩʧʠʪʘ-
ʣʝʡ [9]. 

ʉʘʨʘʪʦʚ ʷʚʣʷʣʩʷ ʢʨʫʧʥʝʡʰʠʤ ʮʝʥʪʨʦʤ ʤʫʢʦʤʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʇʦʚʦʣʞʴʷ, ʛʜʝ ʚʝʜʫʱʠʝ 
ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʣʠ ʚʳʭʦʜʮʳ ʠʟ ʥʝʤʝʮʢʠʭ ʢʦʣʦʥʠʡ. çʎʘʨʸʤ ʭʣʝʙʥʦʛʦ ʨʳʥʢʘè ʥʘʟʳʚʘʣʠ ʌʨʠʜʨʠʭʘ ʐʤʠʜ-
ʪʘ. 

4. ʊʧʠʝʙʦʡʞ ʡ ʩʙʪʯʛʞʫ ʪʧʛʞʫʪʣʧʢ ʙʛʫʧʦʧʥʡʡ (1918ð1941) 
ʌʝʚʨʘʣʴʩʢʘʷ ʨʝʚʦʣʶʮʠʷ 1917 ʛʦʜʘ ʦʪʢʨʳʣʘ ʧʝʨʝʜ ʧʦʚʦʣʞʩʢʠʤʠ ʥʝʤʮʘʤʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʥʘʮʠʦʥʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʡ ʘʚʪʦʥʦʤʠʠ. ɺʨʝʤʝʥʥʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʧʨʦʚʦʟʛʣʘʩʠʣʦ ʧʨʘʚʦ ʥʘʨʦʜʦʚ ʈʦʩʩʠʠ ʥʘ 
ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʝ, ʦʜʥʘʢʦ, ʧʦʛʣʦʱʸʥʥʦʝ ʚʦʡʥʦʡ, ʦʪʢʣʘʜʳʚʘʣʦ ʨʝʰʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ [4, ʩ. 198]. 

ʆʢʪʷʙʨʴʩʢʠʡ ʧʝʨʝʚʦʨʦʪ 1917 ʛʦʜʘ ʠʟʤʝʥʠʣ ʩʠʪʫʘʮʠʶ. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʝʚʠʢʘʤ, ʢʦʪʦʨʳʝ 
ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʠʭʦʜʘ ʢ ʚʣʘʩʪʠ ʠʟʜʘʣʠ çɼʝʢʣʘʨʘʮʠʶ ʧʨʘʚ ʥʘʨʦʜʦʚ ʈʦʩʩʠʠè, ʧʦʚʦʣʞʩʢʠʝ ʥʝʤʮʳ ʧʦʣʫʯʠ-
ʣʠ ʨʝʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʘʚʪʦʥʦʤʠʠ [10, ʩ. 15]. ɺ ʠʶʥʝ 1918 ʛʦʜʘ ʚ ʇʦʢʨʦʚʩʢʝ 
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ʙʳʣ ʩʦʟʜʘʥ ʈʝʚʦʣʶʮʠʦʥʥʳʡ ʢʦʤʠʪʝʪ ʥʝʤʝʮʢʠʭ ʢʦʣʦʥʠʩʪʦʚ, ʦʙʲʷʚʠʚʰʠʡ ʦ ʧʦʜʜʝʨʞʢʝ ʩʦʚʝʪʩʢʦʡ ʚʣʘ-
ʩʪʠ [11, ʩ. 34]. 

19 ʦʢʪʷʙʨʷ 1918 ʛʦʜʘ ʉʦʚʝʪ ʅʘʨʦʜʥʳʭ ʂʦʤʠʩʩʘʨʦʚ ʈʉʌʉʈ ʧʦʜʧʠʩʘʣ ʜʝʢʨʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʊʨʫ-
ʜʦʚʦʡ ʢʦʤʤʫʥʳ ʅʝʤʮʝʚ ʇʦʚʦʣʞʴʷ (ʩ 1923 ʛʦʜʘ ð ɸʉʉʈ ʅʝʤʮʝʚ ʇʦʚʦʣʞʴʷ). ʈʝʩʧʫʙʣʠʢʘ ʧʦʣʫʯʠʣʘ ʩʦʙ-
ʩʪʚʝʥʥʫʶ ʪʝʨʨʠʪʦʨʠʶ (ʦʢʦʣʦ 28 ʪʳʩʷʯ ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʦʚ), ʦʨʛʘʥʳ ʚʣʘʩʪʠ ʠ ʩʪʘʪʫʩ ʥʝʤʝʮʢʦʛʦ ʷʟʳ-
ʢʘ ʢʘʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʨʷʜʫ ʩ ʨʫʩʩʢʠʤ. ʎʝʥʪʨʦʤ ʘʚʪʦʥʦʤʠʠ ʩʪʘʣ ʛʦʨʦʜ ʇʦʢʨʦʚʩʢ (ʩ 1931 ʛʦʜʘ ð ʕʥ-
ʛʝʣʴʩ) [10, ʩ. 345]. 

ɻʨʘʞʜʘʥʩʢʘʷ ʚʦʡʥʘ ʠ ʧʦʩʣʝʜʦʚʘʚʰʘʷ ʟʘ ʥʝʡ ʟʘʩʫʭʘ 1921 ʛʦʜʘ ʧʨʠʚʝʣʠ ʢ ʪʷʞʸʣʦʤʫ ʧʦʣʦʞʝʥʠʶ ʚ 
ʇʦʚʦʣʞʴʝ. ʅʝʤʝʮʢʠʝ ʢʦʣʦʥʠʠ ʧʦʩʪʨʘʜʘʣʠ ʥʘʨʘʚʥʝ ʩ ʜʨʫʛʠʤʠ ʨʝʛʠʦʥʘʤʠ. ʀʟ 452 ʪʳʩʷʯ ʞʠʪʝʣʝʡ ɸʉʉʈ 
ʅʝʤʮʝʚ ʇʦʚʦʣʞʴʷ, ʧʦ ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ, ʦʪ ʛʦʣʦʜʘ ʠ ʙʦʣʝʟʥʝʡ ʫʤʝʨʣʦ ʦʪ 50 ʜʦ 80 ʪʳʩʷʯ ʯʝʣʦʚʝʢ. ʆʩʦ-
ʙʝʥʥʦ ʚʳʩʦʢʦʡ ʙʳʣʘ ʜʝʪʩʢʘʷ ʩʤʝʨʪʥʦʩʪʴ [4, ʩ. 156]. 

ʉ ʦʢʦʥʯʘʥʠʝʤ ɻʨʘʞʜʘʥʩʢʦʡ ʚʦʡʥʳ ʥʘʯʘʣʩʷ ʧʝʨʠʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʅʝʤʝʮʢʠʝ ʢʦʣʦʥʠʩʪʳ, ʦʙʣʘ-
ʜʘʚʰʠʝ ʥʘʚʳʢʘʤʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʦʚʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʂ 1925 ʛʦʜʫ ʧʦʩʝʚ-
ʥʳʝ ʧʣʦʱʘʜʠ ʜʦʩʪʠʛʣʠ 80% ʦʪ ʜʦʚʦʝʥʥʦʛʦ ʫʨʦʚʥʷ. ɿʘʚʦʜ ʚ ʄʘʨʢʩʰʪʘʜʪʝ ʚʳʧʫʩʢʘʣ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-
ʥʫʶ ʪʝʭʥʠʢʫ, ʇʦʢʨʦʚʩʢʘʷ ʤʝʣʴʥʠʮʘ ʙʳʣʘ ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ ʨʝʛʠʦʥʝ. ʂ 1927 ʛʦʜʫ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨ-
ʥʦʚʳʭ ʚ ɸʉʉʈ ʅʇ ʧʨʝʚʳʰʘʣʘ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʈʉʌʉʈ [4, ʩ. 201]. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʜʲʸʤ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʨʘʟʚʠʪʠʝʤ ʢʫʣʴʪʫʨʳ ʠ ʦʙʨʘʟʦʚʘʥʠʷ. ʂ 1928 ʛʦʜʫ ʚ ʨʝʩ-
ʧʫʙʣʠʢʝ ʨʘʙʦʪʘʣʦ 440 ʰʢʦʣ, ʠʟ ʥʠʭ 380 ʩ ʥʝʤʝʮʢʠʤ ʷʟʳʢʦʤ ʦʙʫʯʝʥʠʷ. ʅʝʤʝʮʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠ-
ʪʫʪ ʚ ʕʥʛʝʣʴʩʝ ʛʦʪʦʚʠʣ ʫʯʠʪʝʣʝʡ ʜʣʷ ʥʝʤʝʮʢʦʡ ʜʠʘʩʧʦʨʳ ʉʉʉʈ. ɺʳʭʦʜʠʣʘ ʛʘʟʝʪʘ çNachrichtenè ʪʠʨʘ-
ʞʦʤ 50 ʪʳʩʷʯ ʵʢʟʝʤʧʣʷʨʦʚ, ʨʘʙʦʪʘʣ ʅʝʤʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʘʪʨ. ʇʨʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ 
ʜʝʡʩʪʚʦʚʘʣʦ ʅʝʤʝʮʢʦʝ ʥʘʫʯʥʦʝ ʦʙʱʝʩʪʚʦ [4, ʩ. 215]. ɻʘʟʝʪʘ çNachrichtenè ʧʠʩʘʣʘ ʚ 1930 ʛʦʜʫ: çʅʠʢʦʛʜʘ 
ʧʨʝʞʜʝ ʥʘʰʘ ʢʫʣʴʪʫʨʘ ʥʝ ʮʚʝʣʘ ʪʘʢ ʧʳʰʥʦ. ʄʳ ð ʥʝʤʝʮʢʠʡ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʠʡ ʦʩʪʨʦʚ ʚ ʩʦʚʝʪʩʢʦʤ ʤʦ-
ʨʝè [12, ʩ. 2]. 

ɻʨʘʤʦʪʥʦʩʪʴ ʩʨʝʜʠ ʥʝʤʝʮʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʜʦʩʪʠʛʣʘ 98% ð ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ 
ʉʉʉʈ. ɺ ʨʝʩʧʫʙʣʠʢʝ ʜʝʡʩʪʚʦʚʘʣʠ 30 ʙʦʣʴʥʠʮ, 120 ʬʝʣʴʜʰʝʨʩʢʠʭ ʧʫʥʢʪʦʚ, 5 ʩʘʥʘʪʦʨʠʝʚ. ɺ 1941 ʛʦʜʫ 
ʧʣʘʥʠʨʦʚʘʣʠʩʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʘʚʪʦʨʝʤʦʥʪʥʦʛʦ ʟʘʚʦʜʘ ʠ ʵʣʝʢʪʨʠʬʠʢʘʮʠʷ ʚʩʝʭ ʩʸʣ [13, ʣ. 
45]. ʕʪʠ ʧʣʘʥʳ ʥʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʠʟ-ʟʘ ʥʘʯʘʚʰʝʡʩʷ ʚʦʡʥʳ. 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʦʚʣʠʷʚʰʠʤ ʥʘ ʩʫʜʴʙʫ ʧʦʚʦʣʞʩʢʠʭ ʥʝʤʮʝʚ, ʩʪʘʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʤʝʞʜʫʥʘʨʦʜ-
ʥʦʡ ʦʙʩʪʘʥʦʚʢʝ. 30 ʷʥʚʘʨʷ 1933 ʛʦʜʘ ɸʜʦʣʴʬ ɻʠʪʣʝʨ ʩʪʘʣ ʢʘʥʮʣʝʨʦʤ ɻʝʨʤʘʥʠʠ. 

ʇʝʨʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʣʠʪʠʢʝ ʧʦʷʚʠʣʠʩʴ ʫʞʝ ʚ 1934 ʛʦʜʫ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʤʝʮʢʦʛʦ ʷʟʳʢʘ ʚ 
ʧʫʙʣʠʯʥʦʡ ʩʬʝʨʝ ʥʘʯʘʣʦ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ. ɺ 1935 ʛʦʜʫ ʚʳʰʣʦ ʧʦʩʪʘʥʦʚʣʝʥʠʝ, ʩʦʢʨʘʱʘʚʰʝʝ ʧʨʝʧʦʜʘ-
ʚʘʥʠʝ ʥʘ ʥʝʤʝʮʢʦʤ ʷʟʳʢʝ ʚ ʰʢʦʣʘʭ. ɺ 1936 ʛʦʜʫ ʙʳʣʠ ʟʘʢʨʳʪʳ ʥʝʩʢʦʣʴʢʦ ʥʝʤʝʮʢʠʭ ʛʘʟʝʪ, ʦʩʪʘʣʩʷ ʣʠʰʴ 
ʦʬʠʮʠʘʣʴʥʳʡ çNachrichtenè. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʕʥʛʝʣʴʩ ʚ ʵʪʠ ʛʦʜʳ ʧʨʠʝʟʞʘʣʠ ʥʝʤʝʮʢʠʝ ʘʥʪʠʬʘʰʠʩʪʳ ð ʢʦʤʤʫʥʠʩʪʳ ʠ ʩʦʮʠʘʣ-
ʜʝʤʦʢʨʘʪʳ, ʙʝʞʘʚʰʠʝ ʦʪ ʥʘʮʠʩʪʩʢʦʛʦ ʨʝʞʠʤʘ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʨʘʙʦʪʘʣʠ ʚ ʅʝʤʝʮʢʦʤ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ 
ʠʥʩʪʠʪʫʪʝ, ʚʳʩʪʫʧʘʣʠ ʚ ʤʝʩʪʥʦʡ ʧʝʯʘʪʠ ʩ ʨʘʟʦʙʣʘʯʝʥʠʝʤ ʛʠʪʣʝʨʦʚʩʢʦʡ ʠʜʝʦʣʦʛʠʠ. 

ʂ ʚʝʩʥʝ 1941 ʛʦʜʘ ɸʉʉʈ ʅʝʤʮʝʚ ʇʦʚʦʣʞʴʷ ʩʦʭʨʘʥʷʣʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʋʨʦʞʘʡ-
ʥʦʩʪʴ ʟʝʨʥʦʚʳʭ ʧʨʝʚʳʰʘʣʘ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʈʉʌʉʈ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ. ɺ ʨʝʩʧʫʙʣʠʢʝ ʧʨʦʜʦʣʞʘʣʠ 
ʨʘʙʦʪʘʪʴ ʰʢʦʣʳ, ʪʝʘʪʨ, ʚʳʭʦʜʠʣʘ ʛʘʟʝʪʘ. ʆʜʥʘʢʦ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʚ 
ʩʚʷʟʠ ʩ ʫʭʫʜʰʝʥʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

5. ɽʞʨʧʩʫʙʯʡʸ ʡ ʫʩʬʝʧʛʙʸ ʥʧʚʡʤʡʠʙʯʡʸ: ʦʞʥʯʴ ʈʧʛʧʤʟʵʸ ʛ 1941ð1945 ʜʧʝʙʮ 
ʅʘʯʘʣʦ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʠʟʤʝʥʠʣʦ ʩʫʜʴʙʫ ʧʦʚʦʣʞʩʢʠʭ ʥʝʤʮʝʚ. 22 ʠʶʥʷ 1941 ʛʦʜʘ 

ɻʝʨʤʘʥʠʷ ʥʘʧʘʣʘ ʥʘ ʉʦʚʝʪʩʢʠʡ ʉʦʶʟ. ʋʞʝ ʚ ʧʝʨʚʳʝ ʥʝʜʝʣʠ ʬʨʦʥʪ ʩʪʨʝʤʠʪʝʣʴʥʦ ʧʨʠʙʣʠʞʘʣʩʷ ʢ ʇʦ-
ʚʦʣʞʴʶ. ʂ ʩʝʨʝʜʠʥʝ ʘʚʛʫʩʪʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʣʠʥʠʠ ʬʨʦʥʪʘ ʜʦ ʉʘʨʘʪʦʚʘ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 300 ʢʠʣʦʤʝʪ-
ʨʦʚ, ʠ ɸʉʉʈ ʅʝʤʮʝʚ ʇʦʚʦʣʞʴʷ ʦʢʘʟʘʣʘʩʴ ʚ ʧʨʠʬʨʦʥʪʦʚʦʡ ʧʦʣʦʩʝ [4, ʩ. 265].  

28 ʘʚʛʫʩʪʘ 1941 ʛʦʜʘ ʇʨʝʟʠʜʠʫʤ ɺʝʨʭʦʚʥʦʛʦ ʉʦʚʝʪʘ ʉʉʉʈ ʧʦʜʧʠʩʘʣ ʫʢʘʟ çʆ ʧʝʨʝʩʝʣʝʥʠʠ 
ʥʝʤʮʝʚ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʨʘʡʦʥʘʭ ʇʦʚʦʣʞʴʷè. ɺ ʜʦʢʫʤʝʥʪʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʯʪʦ ʩʨʝʜʠ ʥʝʤʝʮʢʦʛʦ ʥʘʩʝʣʝ-
ʥʠʷ ʠʤʝʶʪʩʷ ʣʠʮʘ, ʩʧʦʩʦʙʥʳʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʠʚʝʨʩʠʦʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʠ ʚ ʮʝʣʷʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 
ʵʪʠʭ ʷʚʣʝʥʠʡ ʚʩʝ ʥʝʤʮʳ ʧʦʜʣʝʞʘʪ ʧʝʨʝʩʝʣʝʥʠʶ ʚ ʚʦʩʪʦʯʥʳʝ ʨʘʡʦʥʳ [14, ʩ. 1]. ʕʪʠʤ ʞʝ ʫʢʘʟʦʤ ʣʠʢʚʠ-
ʜʠʨʦʚʘʣʘʩʴ ɸʉʉʈ ʅʝʤʮʝʚ ʇʦʚʦʣʞʴʷ ʢʘʢ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʝʜʠʥʠʮʘ. 
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ʇʨʠʯʠʥʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʚʦʝʥʥʦʡ ʦʙʩʪʘʥʦʚʢʦʡ. ʇʨʠʬʨʦʥʪʦʚʦʝ ʧʦʣʦʞʝʥʠʝ 
ʨʝʩʧʫʙʣʠʢʠ ʩʦʟʜʘʚʘʣʦ ʨʠʩʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʤʝʮʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʧʨʦʪʠʚʥʠʢʘ. ʆʧʝʨʘʪʠʚʥʳʝ 
ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʣʠ ʥʘʣʠʯʠʝ ʘʥʪʠʩʦʚʝʪʩʢʠʭ ʥʘʩʪʨʦʝʥʠʡ ʩʨʝʜʠ ʯʘʩʪʠ ʧʝʨʝʩʝʣʝʥʮʝʚ ʠʟ ʇʦʣʴʰʠ 
(ʬʦʣʴʢʩʜʦʡʯʝ). ʉʫʱʝʩʪʚʦʚʘʣʠ ʧʨʝʮʝʜʝʥʪʳ ʇʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ, ʢʦʛʜʘ ʮʘʨʩʢʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʚʳʩʝ-
ʣʷʣʦ ʥʝʤʮʝʚ ʠʟ ʧʨʠʬʨʦʥʪʦʚʦʡ ʧʦʣʦʩʳ. ʕʚʘʢʫʘʮʠʷ ʚʩʝʛʦ ʥʘʩʝʣʝʥʠʷ ʚʛʣʫʙʴ ʩʪʨʘʥʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 
ʪʨʘʥʩʧʦʨʪʘ ʠ ʚʨʝʤʝʥʠ ʙʳʣʘ ʧʨʠʟʥʘʥʘ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʡ [4, ʩ. 270]. 

ɺʳʩʝʣʝʥʠʶ ʧʦʜʣʝʞʘʣʠ 479 841 ʯʝʣʦʚʝʢ ʠʟ ʈʝʩʧʫʙʣʠʢʠ ʥʝʤʮʝʚ ʇʦʚʦʣʞʴʷ, ʉʘʨʘʪʦʚʩʢʦʡ ʠ ʉʪʘʣʠʥ-
ʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʝʡ. ʀʭ ʵʪʘʧʠʨʦʚʘʣʠ ʚ ʦʪʜʘʣʸʥʥʳʝ ʨʝʛʠʦʥʳ: ʂʘʟʘʭʩʢʫʶ ʉʉʈ, ʂʨʘʩʥʦʷʨʩʢʠʡ ʠ ɸʣʪʘʡʩʢʠʡ 
ʢʨʘʷ, ʆʤʩʢʫʶ ʠ ʅʦʚʦʩʠʙʠʨʩʢʫʶ ʦʙʣʘʩʪʠ. ʇʝʨʝʩʝʣʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʵʢʩʪʨʝʥʥʦʤ ʧʦʨʷʜʢʝ, ʯʪʦ ʧʨʠʚʝʣʦ 
ʢ ʧʦʪʝʨʷʤ ʩʨʝʜʠ ʤʠʨʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ ʧʫʪʠ ʠ ʥʘ ʩʧʝʮʧʦʩʝʣʝʥʠʷʭ. ʊʝʨʨʠʪʦʨʠʷ ʙʳʚʰʝʡ ɸʉʉʈ ʅʝʤʮʝʚ 
ʇʦʚʦʣʞʴʷ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʤʝʞʜʫ ʉʘʨʘʪʦʚʩʢʦʡ ʠ ʉʪʘʣʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʷʤʠ. 

ʄʥʦʛʠʝ ʵʪʥʠʯʝʩʢʠʝ ʥʝʤʮʳ, ʧʨʠʟʚʘʥʥʳʝ ʚ ʘʨʤʠʶ ʜʦ ʚʦʡʥʳ, ʧʨʦʜʦʣʞʘʣʠ ʩʨʘʞʘʪʴʩʷ. ɺ ʥʘʯʘʣʝ ʚʦʡ-
ʥʳ ʥʘ ʬʨʦʥʪʝ ʥʘʭʦʜʠʣʦʩʴ ʩʚʳʰʝ 33,5 ʪʳʩʷʯʠ ʩʦʚʝʪʩʢʠʭ ʥʝʤʮʝʚ. ʀʟʚʝʩʪʥʳ ʩʣʫʯʘʠ ʛʝʨʦʠʟʤʘ: ʫʨʦʞʝʥʝʮ 
ʈʝʩʧʫʙʣʠʢʠ ʅʝʤʮʝʚ ʇʦʚʦʣʞʴʷ ʩʪʘʨʰʠʡ ʣʝʡʪʝʥʘʥʪ ɸ.ʆ. ʐʚʘʨʮ ʙʳʣ ʥʘʛʨʘʞʜʸʥ ʦʨʜʝʥʦʤ ʂʨʘʩʥʦʛʦ ɿʥʘ-
ʤʝʥʠ. ɿʝʥʠʪʯʠʢ ɻʝʥʨʠʭ ʅʝʡʤʘʥ, ʚʳʧʫʩʢʥʠʢ ʄʘʨʢʩʰʪʘʜʪʩʢʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʪʝʭʥʠʢʫʤʘ, ʧʦ ʩʦʦʙʱʝʥʠ-
ʷʤ ʧʨʝʩʩʳ, ʩʙʠʣ 4 ʙʦʤʙʘʨʜʠʨʦʚʱʠʢʘ ʠ ʟʘʷʚʠʣ: çɼʘ, ʷ ï ʥʝʤʝʮ. ʀ ʚʩʝʡ ʜʫʰʦʡ ʥʝʥʘʚʠʞʫ ʪʦʛʦ, ʢʪʦ ʩʤʝʝʪ 
ʥʘʟʳʚʘʪʴ ʩʝʙʷ ʚʦʞʜʸʤ ʥʝʤʝʮʢʦʛʦ ʥʘʨʦʜʘè.  

8 ʩʝʥʪʷʙʨʷ 1941 ʛʦʜʘ ʉʪʘʚʢʘ ɺʝʨʭʦʚʥʦʛʦ ʛʣʘʚʥʦʢʦʤʘʥʜʦʚʘʥʠʷ ʠʟʜʘʣʘ ʜʠʨʝʢʪʠʚʫ ʦʙ ʠʟʲʷʪʠʠ ʚʦ-
ʝʥʥʦʩʣʫʞʘʱʠʭ-ʥʝʤʮʝʚ ʠʟ ʜʝʡʩʪʚʫʶʱʝʡ ʘʨʤʠʠ. ʉ ʥʘʯʘʣʘ 1942 ʛʦʜʘ ʥʘʯʘʣʘʩʴ ʤʘʩʩʦʚʘʷ ʤʦʙʠʣʠʟʘʮʠʷ 
ʜʝʧʦʨʪʠʨʦʚʘʥʥʳʭ ʥʝʤʮʝʚ ʚ çʊʨʫʜʦʚʫʶ ʘʨʤʠʶè. ʊʨʫʜʘʨʤʝʡʮʝʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʦ-
ʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʣʝʩʦʟʘʛʦʪʦʚʢʘʭ ʠ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ʇʦʩʣʝ ʚʦʡʥʳ ɸʉʉʈ ʅʝʤʮʝʚ ʇʦʚʦʣʞʴʷ ʥʝ ʙʳʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʘ. ɺ 1964 ʛʦʜʫ ʩʦʚʝʪʩʢʦʝ ʧʨʘʚʠʪʝʣʴ-
ʩʪʚʦ ʨʝʘʙʠʣʠʪʠʨʦʚʘʣʦ ʥʝʤʮʝʚ, ʧʨʠʟʥʘʚ ʦʙʚʠʥʝʥʠʷ ʚ ʧʦʩʦʙʥʠʯʝʩʪʚʝ ʬʘʰʠʟʤʫ ʥʝʦʙʦʩʥʦʚʘʥʥʳʤʠ, ʦʜʥʘ-
ʢʦ ʧʨʘʚʦ ʥʘ ʚʦʟʚʨʘʱʝʥʠʝ ʚ ʇʦʚʦʣʞʴʝ ʠʤ ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʥʝ ʙʳʣʦ. ʃʠʰʴ ʚ 1972 ʛʦʜʫ ʙʳʣʠ ʩʥʷʪʳ ʦʛʨʘ-
ʥʠʯʝʥʠʷ ʥʘ ʚʳʙʦʨ ʤʝʩʪʘ ʞʠʪʝʣʴʩʪʚʘ. 

ɺ 1990-ʝ ʛʦʜʳ ʥʘʯʘʣʩʷ ʤʘʩʩʦʚʳʡ ʦʪʪʦʢ ʥʝʤʮʝʚ ʠʟ ʙʳʚʰʝʛʦ ʉʉʉʈ ʚ ɻʝʨʤʘʥʠʶ: ʟʘ 1990ï1999 ʛʦʜʳ 
ʚʳʝʭʘʣʦ ʦʢʦʣʦ 1,7 ʤʠʣʣʠʦʥʘ ʯʝʣʦʚʝʢ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʚʦʣʞʩʢʠʭ ʥʝʤʮʝʚ ʵʤʠʛʨʠʨʦʚʘʣʦ ʚ ɻʝʨʤʘʥʠʶ, 
ʤʝʥʴʰʘʷ ʯʘʩʪʴ ʦʩʪʘʣʘʩʴ ʚ ʈʦʩʩʠʠ ʠ ʂʘʟʘʭʩʪʘʥʝ. ʆ ʙʳʚʰʝʡ ʨʝʩʧʫʙʣʠʢʝ ʩʝʛʦʜʥʷ ʥʘʧʦʤʠʥʘʶʪ ʣʶʪʝʨʘʥ-
ʩʢʠʝ ʢʠʨʭʠ ʚ ʩʸʣʘʭ, ʥʝʤʝʮʢʠʝ ʬʘʤʠʣʠʠ ʫ ʤʝʩʪʥʳʭ ʞʠʪʝʣʝʡ ʠ ʘʨʭʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʚ ʕʥʛʝʣʴʩʝ [4, ʩ. 
290]. 
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ɹʦʦʧʫʙʯʡʸ: ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʷʚʣʝʥʠʷ ʩʣʫʯʘʝʚ ʣʶʜʦʝʜʩʪʚʘ ʥʘ ʬʦʥʝ ʞʝʩʪʦʯʘʡʰʝʛʦ 
ʛʦʣʦʜʘ ʟʠʤʳ ɹʣʦʢʘʜʳ ʃʝʥʠʥʛʨʘʜʘ 1941ï1942 ʛʛ. ɺ ʨʘʙʦʪʝ ʧʦʜʨʦʙʥʦ ʨʘʟʙʠʨʘʶʪʩʷ ʜʚʝ ʛʣʘʚʥʳʝ ʨʘʟʥʦ-
ʚʠʜʥʦʩʪʠ ʵʪʦʛʦ ʷʚʣʝʥʠʷ. ʇʝʨʚʘʷ - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʠʱʫ ʪʝʣ ʫʞʝ ʫʤʝʨʰʠʭ ʣʶʜʝʡ, ʯʘʩʪʦ ʩʢʨʳʚʘʝʤʦʝ 
ʨʘʜʠ ʩʦʭʨʘʥʝʥʠʷ ʢʘʨʪʦʯʝʢ ʧʦʢʦʡʥʦʛʦ. ɺʪʦʨʘʷ - ʦʩʦʟʥʘʥʥʳʝ ʥʘʧʘʜʝʥʠʷ ʥʘ ʞʠʚʳʭ, ʦʙʳʯʥʦ ʥʘ ʩʘʤʳʭ ʙʝʟ-
ʟʘʱʠʪʥʳʭ - ʜʝʪʝʡ ʠ ʦʜʠʥʦʢʠʭ ʩʪʘʨʠʢʦʚ. ʅʘ ʦʩʥʦʚʝ ʘʨʭʠʚʥʳʭ ʩʚʦʜʦʢ ʋʅʂɺɼ ʠ ʜʥʝʚʥʠʢʦʚʳʭ ʟʘʧʠʩʝʡ ʚʦʩ-
ʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʘʨʪʠʥʘ ʪʦʛʦ, ʢʘʢ ʨʘʙʦʪʘʣʠ ʢʘʨʘʪʝʣʴʥʳʝ ʦʨʛʘʥʳ: ʜʝʣʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʘ 
ʧʨʠʛʦʚʦʨʳ ʧʨʠʚʦʜʠʣʠ ʚ ʠʩʧʦʣʥʝʥʠʝ ʥʝʤʝʜʣʝʥʥʦ, ʧʳʪʘʷʩʴ ʦʩʪʘʥʦʚʠʪʴ ʚʦʣʥʫ ʧʨʝʩʪʫʧʣʝʥʠʡ. ʇʨʠ ʵʪʦʤ 
ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʤʥʦʛʠʝ ʟʘʜʝʨʞʘʥʥʳʝ ʩʘʤʠ ʥʘʭʦʜʠʣʠʩʴ ʚ ʩʦʩʪʦʷʥʠʠ ʛʦʣʦʜʥʦʛʦ ʧʦʤʝʰʘʪʝʣʴʩʪʚʘ ʠ ʥʝ 
ʚʧʦʣʥʝ ʦʪʜʘʚʘʣʠ ʦʪʯʸʪ ʚ ʩʚʦʠʭ ʜʝʡʩʪʚʠʷʭ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʢʘʥʥʠʙʘʣʠʟʤ ʚ ʦʩʘʞʜʸʥʥʦʤ ʃʝʥʠʥ-
ʛʨʘʜʝ ʢʨʘʡʥʠʤ ʧʨʦʷʚʣʝʥʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʪʯʘʷʥʠʷ ʠ ʧʦʣʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʝʤʦʞʝʥʠʷ, ʢʦʛʜʘ ʛʣʘʚ-
ʥʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʩʪʘʥʦʚʠʣʩʷ ʥʝ ʨʘʟʫʤ, ʘ ʞʠʚʦʪʥʳʡ ʠʥʩʪʠʥʢʪ ʚʳʞʠʚʘʥʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʙʣʦʢʘʜʘ ʃʝʥʠʥʛʨʘʜʘ, ʘʣʠʤʝʥʪʘʨʥʘʷ ʜʠʩʪʨʦʬʠʷ, ʢʘʥʥʠʙʘʣʠʟʤ, ʪʨʫʧʦʝʜʩʪʚʦ, ʧʨʦʜʦ-
ʚʦʣʴʩʪʚʝʥʥʳʡ ʢʨʠʟʠʩ, ʘʨʭʠʚʥʳʝ ʩʚʦʜʢʠ ʋʅʂɺɼ ʧʦ ʃʝʥʠʥʛʨʘʜʫ, ʙʘʥʜʠʪʠʟʤ, ʚʦʝʥʥʳʡ ʪʨʠʙʫʥʘʣ, ʨʘʩʧʘʜ 
ʣʠʯʥʦʩʪʠ, ʩʤʝʨʪʥʦʩʪʴ. 
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Abstract: This article examines the emergence of cannibalism amid the brutal famine of the winter of the 
Siege of Leningrad in 1941ï1942. The paper examines in detail two main forms of this phenomenon. The first 
is the consumption of the bodies of already deceased people, often concealed to preserve the deceased's 
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identification cards. The second is deliberate attacks on the living, usually the most vulnerableðchildren and 
the elderly living alone. Using archival reports from the NKVD and diary entries, a picture is reconstructed of 
how the punitive organs operated: cases were processed very quickly, and sentences were carried out imme-
diately, in an attempt to stem the crime wave. It is also noted that many of those detained were in a state of 
hunger-induced delirium and were not fully aware of their actions. It is concluded that cannibalism in besieged 
Leningrad was an extreme manifestation of human despair and complete physical exhaustion, when the pri-
mary driving force was not reason but the animal instinct for survival. 
Key words: siege of Leningrad, alimentary dystrophy, cannibalism, carrion-eating, food crisis, archival reports 
of the NKVD Directorate for Leningrad, banditry, military tribunal, personality breakdown, mortality. 

 
ɹʣʦʢʘʜʘ ʃʝʥʠʥʛʨʘʜʘ (8 ʩʝʥʪʷʙʨʷ 1941 - 27 ʷʥʚʘʨʷ 1944 ʛʛ.) ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʪʨʘʛʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʠ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚ ʮʝʣʦʤ. ɻʦʣʦʜ, ʩʪʘʚʰʠʡ ʦʨʫʞʠʝʤ 
ʫʥʠʯʪʦʞʝʥʠʷ, ʧʨʠʚʝʣ ʢ ʙʝʩʢʦʥʝʯʥʳʤ ʩʪʨʘʜʘʥʠʷʤ ʠ ʛʠʙʝʣʠ ʩʦʪʝʥ ʪʳʩʷʯ ʤʠʨʥʳʭ ʞʠʪʝʣʝʡ. ʂʘʥʥʠʙʘʣʠʟʤ, 
ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʩʠʪʫʘʮʠʷʭ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʛʦʣʦʜʘ, ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝʡ ʪʦʯʢʦʡ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʪʨʘʜʘ-
ʥʠʷ ʠ ʚʳʞʠʚʘʥʠʷ. 

ʂʨʫʰʝʥʠʝ ʩʠʩʪʝʤʳ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʃʝʥʠʥʛʨʘʜʘ ʦʩʝʥʴʶ 1941 ʛʦʜʘ ʥʦʩʠʣʦ ʪʦ-
ʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ: çʄʥʦʛʠʝ ʚʯʝʨʘ ʩʦʚʩʝʤ ʥʝ ʜʦʩʪʘʣʠ ʭʣʝʙʘ, ʠ ʚʦʦʙʱʝ ʩʥʘʙʞʝʥʠʝ ʩʪʨʝʤʠʪʝʣʴʥʦ ʫʭʫʜ-
ʰʘʝʪʩʷ, ʦʩʦʙʝʥʥʦ ʧʦʩʣʝ ʵʪʦʛʦ ʙʦʣʴʰʦʛʦ ʧʦʞʘʨʘ (ʧʦʞʘʨ ʥʘ ɹʘʜʘʝʚʩʢʠʭ ʩʢʣʘʜʘʭ)è1. ʇʦʩʣʝ ʧʦʪʝʨʠ  ɹʘʜʘ-
ʝʚʩʢʠʭ ʩʢʣʘʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʞʘʨʘ 8 ʩʝʥʪʷʙʨʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʣʦʪʥʦʡ ʙʣʦʢʘʜʳ ʛʦʨʦʜ ʦʢʘʟʘʣʩʷ ʚ ʪʠʩ-
ʢʘʭ ʞʝʩʪʦʯʘʡʰʝʛʦ ʜʝʬʠʮʠʪʘ. ɺʚʝʜʝʥʥʘʷ ʢʘʨʪʦʯʥʘʷ ʩʠʩʪʝʤʘ ʙʳʩʪʨʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʩʚʦʶ ʥʝʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʧʦʩʪʘʚʦʢ. ʂ ʥʦʷʙʨʶ-ʜʝʢʘʙʨʶ 1941 ʛʦʜʘ ʩʫʪʦʯʥʳʝ ʥʦʨʤʳ ʜʦʩʪʠʛʣʠ 
ʩʚʦʝʛʦ ʤʠʥʠʤʫʤʘ: ʜʣʷ ʨʘʙʦʯʠʭ çʛʦʨʷʯʠʭ ʮʝʭʦʚè - 700 ʛ ʭʣʝʙʘ, ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʨʘʙʦʯʠʭ - 500 ʛ, ʜʣʷ ʩʣʫ-
ʞʘʱʠʭ - 400 ʛ, ʜʣʷ ʠʞʜʠʚʝʥʮʝʚ ʠ ʜʝʪʝʡ - ʚʩʝʛʦ 300 ʛ, ʘ ʟʘʪʝʤ ʠ 125 ʛ2. ʆʜʥʘʢʦ ʩʘʤ ʪʝʨʤʠʥ çʭʣʝʙè ʢ ʵʪʦ-
ʤʫ ʧʝʨʠʦʜʫ ʩʪʘʣ ʫʩʣʦʚʥʦʩʪʴʶ. ʉʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʢʘʨʪʘʤ ʭʣʝʙʦʟʘʚʦʜʦʚ, ʨʝʮʝʧʪʫʨʘ ʧʨʦʜʫʢʪʘ, 
ʚʳʜʘʚʘʚʰʝʛʦʩʷ ʧʦ ʢʘʨʪʦʯʢʘʤ, ʨʘʜʠʢʘʣʴʥʦ ʠʟʤʝʥʠʣʘʩʴ. ɺ ʥʦʷʙʨʝ 1941 ʛʦʜʘ ʤʫʢʘ ʨʞʘʥʘʷ ʦʙʦʡʥʘʷ ʩʦ-
ʩʪʘʚʣʷʣʘ ʣʠʰʴ 63% ʦʪ ʤʘʩʩʳ, ʦʩʪʘʣʴʥʦʝ ʟʘʤʝʥʷʣʠ ʧʠʱʝʚʳʤʠ ʩʫʨʨʦʛʘʪʘʤʠ: ʞʤʳʭʦʤ (10%), ʩʦʝʚʦʡ ʤʫ-
ʢʦʡ (10%), ʩʦʣʦʜʦʚʦʡ (10%) ʠ ʮʝʣʣʶʣʦʟʦʡ (5%)3. ʂ ʥʘʯʘʣʫ 1942 ʛʦʜʘ ʧʨʦʮʝʥʪ ʧʨʠʤʝʩʝʡ ʚʳʨʦʩ, ʚ ʩʦʩʪʘʚ 
ʚʭʦʜʠʣʠ ʪʘʢʞʝ ʦʙʦʡʥʘʷ ʧʳʣʴ, ʭʚʦʷ, ʚʳʪʨʷʩʢʠ ʠʟ ʤʝʰʢʦʚ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʥʝʜʦʝʜʘʥʠʝ ʧʨʠʚʝʣʦ ʢ ʤʘʩʩʦʚʦʤʫ ʠ ʙʳʩʪʨʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʜʠʩʪʨʦʬʠʠ, 
ʧʨʠ ʢʦʪʦʨʦʡ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʚ ʫʩʣʦʚʠʷʭ ʛʦʣʦʜʘ çʧʦʝʜʘʝʪè ʩʘʤ ʩʝʙʷ. ɺʨʘʯʠ ʬʠʢʩʠʨʦʚʘʣʠ ʫ ʧʘʮʠʝʥ-
ʪʦʚ ʘʧʘʪʠʶ, ʩʪʫʧʦʨ, ʨʝʟʢʦʝ ʩʫʞʝʥʠʝ ʩʦʟʥʘʥʠʷ, ʧʦʪʝʨʶ ʠʥʪʝʨʝʩʘ ʢ ʦʢʨʫʞʘʶʱʝʤʫ, ʟʘʤʝʜʣʝʥʠʝ ʤʳʩʣʠ-
ʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɻʦʣʦʜʥʳʡ ʧʩʠʭʦʟ ʤʦʛ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʛʘʣʣʶʮʠʥʘʮʠʷʤʠ, ʙʨʝʜʦʚʳʤʠ ʠʜʝʷʤʠ, ʥʝ-
ʘʜʝʢʚʘʪʥʳʤʠ ʧʦʚʝʜʝʥʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ. ʇʨʦʬʝʩʩʦʨ ʄ.ɺ. ʏʝʨʥʦʨʫʮʢʠʡ ʚ ʩʚʦʠʭ ʙʣʦʢʘʜʥʳʭ ʟʘʧʠʩʷʭ 
ʦʪʤʝʯʘʣ, ʯʪʦ çʦʩʥʦʚʥʦʡ ʠʥʩʪʠʥʢʪ ï ʧʠʱʝʚʦʡ; ʦʥ ʟʘʛʣʫʰʘʝʪ ʚʩʝ ʦʩʪʘʣʴʥʳʝè4. ɺ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʝʜ-
ʩʪʘʚʣʝʥʠʷ ʦ ʤʦʨʘʣʠ, ʩʦʮʠʘʣʴʥʳʭ ʥʦʨʤʘʭ, ʨʦʜʩʪʚʝʥʥʳʭ ʩʚʷʟʷʭ ʤʦʛʣʠ ʧʦʣʥʦʩʪʴʶ ʦʪʢʣʶʯʘʪʴʩʷ, ʫʩʪʫʧʘʷ 
ʤʝʩʪʦ ʝʜʠʥʩʪʚʝʥʥʦʡ ʤʳʩʣʠ - ʧʦʠʩʢʫ ʢʘʣʦʨʠʡ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʌʠʟʠʯʝʩʢʦʝ ʫʤʠʨʘʥʠʝ 
ʧʨʝʜʚʘʨʷʣʦʩʴ ʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʨʘʩʧʘʜʦʤ ʣʠʯʥʦʩʪʠ, ʯʪʦ ʩʦʟʜʘʚʘʣʦ ʧʩʠʭʦʧʘʪʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ 
ʘʢʪʦʚ ʢʘʥʥʠʙʘʣʠʟʤʘ. 

ʉʤʝʨʪʥʦʩʪʴ ʧʨʠʦʙʨʝʣʘ ʯʫʜʦʚʠʱʥʳʝ ʤʘʩʰʪʘʙʳ. ɺ ʜʝʢʘʙʨʝ 1941 ʛʦʜʘ ʫʤʝʨʣʦ 52 881 ʯʝʣʦʚʝʢ, ʚ 
ʷʥʚʘʨʝ 1942-ʛʦ - 101 583, ʚ ʬʝʚʨʘʣʝ - 107 4775. ʋʣʠʮʳ ʙʳʣʠ ʟʘʧʦʣʥʝʥʳ ʥʝʧʦʛʨʝʙʝʥʥʳʤʠ ʪʝʣʘʤʠ, ʢʦʪʦ-
ʨʳʝ ʥʝʜʝʣʷʤʠ ʣʝʞʘʣʠ ʫ ʧʦʜʲʝʟʜʦʚ, ʥʘ ʪʨʦʪʫʘʨʘʭ, ʚ ʧʫʩʪʳʭ ʢʚʘʨʪʠʨʘʭ. ʆʙʳʜʝʥʥʦʩʪʴ ʩʤʝʨʪʠ ʨʘʜʠʢʘʣʴ-
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ʥʦ ʤʝʥʷʣʘ ʧʩʠʭʦʣʦʛʠʶ. ɼʥʝʚʥʠʢʦʚʳʝ ʟʘʧʠʩʠ ʩʦʚʨʝʤʝʥʥʠʢʦʚ ʧʦʣʥʳ ʦʪʢʨʦʚʝʥʠʡ ʵʪʦʛʦ ʥʦʚʦʛʦ ʫʞʘʩʘʶʱʝ-
ʛʦ ʧʦʨʷʜʢʘ: çʄʸʨʪʚʳʝ ʚʦ ʤʥʦʞʝʩʪʚʝ ʣʝʞʘʪ ʥʝʟʘʭʦʨʦʥʝʥʥʳʝ ʧʦ ʜʦʤʘʤ ʠ ʥʘ ʢʣʘʜʙʠʱʘʭ ʠ ʚ ʝʱʸ ʙʦʣʴ-
ʰʝʤ ʤʥʦʞʝʩʪʚʝ ʙʨʦʜʷʪ ʤʝʞʜʫ ʞʠʚʳʤʠ. ʕʪʠ ʣʶʜʠ, ʢʦʪʦʨʳʤ ʫʞʝ ʙʝʟʨʘʟʣʠʯʥʦ, ʦʪʢʫʜʘ ʥʘʜʚʠʥʫʣʘʩʴ ʥʘ 
ʥʠʭ ʙʝʜʘ ʠ ʢʘʢ ʝʸ ʦʪʚʝʩʪʠ.è6. 

ʇʝʨʚʳʝ ʜʦʢʫʤʝʥʪʘʣʴʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ, ʧʦʧʘʚʰʠʝ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʠ ʢʘʨʘʪʝʣʴ-
ʥʳʭ ʦʨʛʘʥʦʚ, ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʯʘʣʫ ʜʝʢʘʙʨʷ 1941 ʛʦʜʘ. ʀʟʥʘʯʘʣʴʥʦ ʵʪʠ ʩʣʫʯʘʠ ʥʦʩʠʣʠ ʝʜʠʥʠʯʥʳʡ ʭʘʨʘʢ-
ʪʝʨ ʠ ʚʦʩʧʨʠʥʠʤʘʣʠʩʴ ʢʘʢ ʧʨʝʩʪʫʧʣʝʥʠʷ ʧʨʦʪʠʚ ʧʦʨʷʜʢʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠ ʪʘʢʠʝ ʩʣʫʯʘʠ 
ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʙʘʥʜʠʪʠʟʤʦʤ ʧʦ ʩʪ. 59-3 ʋʂ ʈʉʌʉʈ7. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʚʦʜʦʢ ʋʅʂɺɼ ʠ ʤʘʪʝʨʠʘʣʦʚ 
ʫʛʦʣʦʚʥʳʭ ʜʝʣ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ, ʢʦʪʦʨʳʝ ʧʦ-ʨʘʟʥʦʤʫ ʢʚʘʣʠʬʠʮʠʨʦʚʘʣʠʩʴ ʠ 
ʚʦʩʧʨʠʥʠʤʘʣʠʩʴ. 

ʇʝʨʚʫʶ ʠ ʥʘʠʙʦʣʝʝ ʤʘʩʩʦʚʫʶ ʢʘʪʝʛʦʨʠʶ ʩʦʩʪʘʚʣʷʣʠ ʘʢʪʳ çʪʨʫʧʦʧʦʣʴʟʦʚʘʥʠʷè (ʪʝʨʤʠʥ, ʚʩʪʨʝ-
ʯʘʶʱʠʡʩʷ ʚ ʜʦʢʫʤʝʥʪʘʭ ʅʂɺɼ). ʈʝʯʴ ʰʣʘ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʧʠʱʫ ʪʝʣ ʫʞʝ ʫʤʝʨʰʠʭ ʣʶʜʝʡ. ʏʘʱʝ ʚʩʝ-
ʛʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʟʘʤʢʥʫʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʢʚʘʨʪʠʨ, ʦʙʱʝʞʠʪʠʡ ʠʣʠ ʚ ʩʝʤʴʷʭ, ʛʜʝ 
ʩʤʝʨʪʴ ʦʜʥʦʛʦ ʠʟ ʯʣʝʥʦʚ ʩʢʨʳʚʘʣʘʩʴ ʩ ʮʝʣʴʶ ʧʨʦʜʦʣʞʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʝʛʦ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʢʘʨʪʦʯ-
ʢʠ. ʊʘʢ, ʚ ʤʘʝ 1942 ʛʦʜʘ, ʙʝʟʨʘʙʦʪʥʘʷ ʂ., ʫʙʠʣʘ ʩʚʦʝʛʦ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ ʩʳʥʘ ʠ ʫʧʦʪʨʝʙʣʷʣʘ ʝʛʦ ʪʨʫʧ ʚ 
ʢʘʯʝʩʪʚʝ ʧʠʱʠ. ʆʥʘ ʙʳʣʘ ʘʨʝʩʪʦʚʘʥʘ ʠ ʩʦʟʥʘʣʘʩʴ ʚ ʫʙʠʡʩʪʚʝ8. 

ɺʪʦʨʫʶ, ʩʦʚʝʨʰʝʥʥʦ ʠʥʫʶ ʢʘʪʝʛʦʨʠʶ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ çʫʙʠʡʩʪʚʘ ʩ  ʮʝʣʴʶ ʩʲʝʜʝʥʠʷè. ʕʪʠ 
ʧʨʝʩʪʫʧʣʝʥʠʷ ʥʦʩʠʣʠ ʦʩʦʟʥʘʥʥʳʡ, ʭʦʪʷ ʠ ʤʦʪʠʚʠʨʦʚʘʥʥʳʡ ʢʨʘʡʥʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ, ʭʘʨʘʢʪʝʨ. ɾʝʨʪ-
ʚʘʤʠ ʯʘʩʪʦ ʩʪʘʥʦʚʠʣʠʩʴ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʝ ʩʦʮʠʘʣʴʥʳʝ ʛʨʫʧʧʳ: ʤʘʣʦʣʝʪʥʠʝ ʜʝʪʠ (ʢʘʢ ʯʫʞʠʝ, ʪʘʢ ʠ 
ʩʚʦʠ), ʙʝʟʥʘʜʟʦʨʥʳʝ ʧʦʜʨʦʩʪʢʠ, ʦʩʣʘʙʝʚʰʠʝ ʦʜʠʥʦʢʠʝ ʣʶʜʠ. ɺ ʩʚʦʜʢʘʭ ʅʂɺɼ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʣʫʯʘʠ 
ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʝʩʪʫʧʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʟʘʤʘʥʠʚʘʣʠ ʞʝʨʪʚ ʧʦʜ ʧʨʝʜʣʦʛʦʤ ʦʙʤʝʥʘ ʚʝʱʝʡ ʥʘ ʭʣʝʙ ʠʣʠ 
ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʥʦʯʣʝʛʘ. ʅʘʧʨʠʤʝʨ, ʇ., ʠ ʝʛʦ ʞʝʥʘ ʇ. ʟʘʤʘʥʠʚʘʣʠ ʚ ʢʚʘʨʪʠʨʫ ʛʨʘʞʜʘʥ, ʫʙʠʚʘʣʠ ʠ ʩʲʝ-
ʜʘʣʠ. ɿʘ ʤʝʩʷʮ ʧʘʨʘ ʩʦʚʝʨʰʠʣʘ 3 ʪʘʢʠʭ ʫʙʠʡʩʪʚʘ9. ʇʦʜʦʙʥʳʝ ʜʝʡʩʪʚʠʷ ʦʜʥʦʟʥʘʯʥʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘ-
ʣʠʩʴ ʢʘʢ ʙʘʥʜʠʪʠʟʤ ʧʦ ʩʪʘʪʴʝ 59-3 ʋʂ ʈʉʌʉʈ. 

ʋʞʝ 7 ʜʝʢʘʙʨʷ 1941 ʛʦʜʘ ʥʘʯʘʣʴʥʠʢ ʋʅʂɺɼ ʃʝʥʠʥʛʨʘʜʘ ʇ.ʅ. ʂʫʙʘʪʢʠʥ ʧʦʜʧʠʩʘʣ ʜʠʨʝʢʪʠʚʫ, ʧʨʝʜ-
ʧʠʩʳʚʘʚʰʫʶ ʚʩʝʤ ʨʘʡʦʥʥʳʤ ʦʪʜʝʣʘʤ çʬʘʢʪʳ ʣʶʜʦʝʜʩʪʚʘ ʠ ʪʨʫʧʦʝʜʩʪʚʘ ʨʘʩʩʣʝʜʦʚʘʪʴ ʚ ʧʝʨʚʦʦʯʝ-
ʨʝʜʥʦʤ ʧʦʨʷʜʢʝè ʠ ʤʘʪʝʨʠʘʣʳ ʥʝʤʝʜʣʝʥʥʦ ʧʝʨʝʜʘʚʘʪʴ ʚ ɺʦʝʥʥʳʡ ʪʨʠʙʫʥʘʣ.10 ʇʨʦʮʝʜʫʨʘ ʩʣʝʜʩʪʚʠʷ ʠ 
ʩʫʜʘ ʙʳʣʘ ʧʨʝʜʝʣʴʥʦ ʫʧʨʦʱʝʥʘ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʜʝʣ ʟʘʥʠʤʘʣʦ ʩʯʠʪʘʥʥʳʝ ʜʥʠ, ʧʨʠʛʦʚʦʨʳ (ʚ ʧʦʜʘʚʣʷʶ-
ʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ - ʨʘʩʩʪʨʝʣʴʥʳʝ) ʧʨʠʚʦʜʠʣʠʩʴ ʚ ʠʩʧʦʣʥʝʥʠʝ ʙʳʩʪʨʦ, ʥʝʨʝʜʢʦ ʧʫʙʣʠʯʥʦ. ʕʪʘ ʤʝʨʘ 
ʥʦʩʠʣʘ ʥʝ ʪʦʣʴʢʦ ʢʘʨʘʪʝʣʴʥʳʡ, ʥʦ ʠ ʜʝʤʦʥʩʪʨʘʪʠʚʥʦ-ʫʩʪʨʘʰʘʶʱʠʡ ʭʘʨʘʢʪʝʨ, ʧʨʠʟʚʘʥʥʳʡ ʦʩʪʘʥʦʚʠʪʴ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ. 

ɺ ʢʦʥʮʝ 1942 ʛʦʜʘ ʋʅʂɺɼ ʧʦ ʃʝʥʠʥʛʨʘʜʫ ʩʦʩʪʘʚʠʣʦ ʩʧʨʘʚʢʫ, ʚ ʢʦʪʦʨʦʡ ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ, ʯʪʦ 
ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʠʚʣʝʯʝʥʥʳʭ ʢ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (ʦʢʦʣʦ 75%)  ʷʚʣʷʣʠʩʴ ʥʝ ʢʦʨʝʥʥʳʤʠ ʣʝʥʠʥʛʨʘʜʮʘʤʠ, ʘ 
çʙʝʞʝʥʮʘʤʠ ʠʟ ʧʨʠʬʨʦʥʪʦʚʳʭ ʨʘʡʦʥʦʚ ʃʝʥʦʙʣʘʩʪʠ ʠ ʧʨʠʙʳʚʰʠʤʠ ʥʘ ʨʘʙʦʪʳ ʢʨʝʩʪʴʷʥʘʤʠè, ʦʢʘʟʘʚ-
ʰʠʤʠʩʷ ʚ ʛʦʨʦʜʝ ʙʝʟ ʩʨʝʜʩʪʚ ʢ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʠ ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ. ʄʥʦʛʠʭ ʠʟ ʘʨʝʩʪʦʚʘʥʥʳʭ ʤʝʜʠ-
ʮʠʥʩʢʘʷ ʵʢʩʧʝʨʪʠʟʘ ʧʨʠʟʥʘʣʘ ʩʪʨʘʜʘʶʱʠʤʠ çʧʩʠʭʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʥʘ ʧʦʯʚʝ ʘʣʠʤʝʥʪʘʨʥʦʛʦ 
ʠʩʪʦʱʝʥʠʷè11. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʦʨʛʘʥʳ ʛʦʩʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪʜʘʚʘʣʠ ʩʝʙʝ ʦʪʯʝʪ ʚ ʪʦʤ, ʯʪʦ ʠʤʝʶʪ 
ʜʝʣʦ ʥʝ ʩʪʦʣʴʢʦ ʩ ʧʨʝʩʪʫʧʥʠʢʘʤʠ, ʩʢʦʣʴʢʦ ʩ ʞʝʨʪʚʘʤʠ ʞʝʩʪʦʯʘʡʰʝʛʦ ʛʦʣʦʜʘ. 

 ʉʨʝʜʠ ʦʩʫʞʜʝʥʥʳʭ ʚʩʪʨʝʯʘʣʠʩʴ ʨʘʙʦʯʠʝ ʦʙʦʨʦʥʥʳʭ ʟʘʚʦʜʦʚ - 363 ʯʝʣ. (41%), ʩʣʫʞʘʱʠʝ - 40 
ʯʝʣ. (4,5%), ʢʨʝʩʪʴʷʥʝ - 6 ʯʝʣ. (0,7%), ʙʝʟʨʘʙʦʪʥʳʝ - 202 ʯʝʣ. (22,4%), ʘ ʪʘʢʞʝ ʣʠʮʘ ʙʝʟ ʦʧʨʝʜʝʣʝʥʥʳʭ 

                                                           
6 çʊʳ ʨʦʜʠʣʘʩʴ, ʯʪʦʙʳ ʞʠʪʴè. ɹʣʦʢʘʜʥʳʡ ʜʥʝʚʥʠʢ ʀʨʠʥʳ ɿʝʣʝʥʩʢʦʡ ï URL: spb.aif.ru/city/ty_rodilas_chtoby_zhit (ʜʘʪʘ ʦʙʨʘ-
ʱʝʥʠʷ 02.01.2026ʛ ) 
7 ʀʟ ʜʦʢʣʘʜʥʦʡ ʟʘʧʠʩʢʠ ʚʦʝʥʥʦʛʦ ʧʨʦʢʫʨʦʨʘ ʛʦʨʦʜʘ ɸ. ʀ. ʇʘʥʬʠʣʝʥʢʦ ɸ. ɸ. ʂʫʟʥʝʮʦʚʫ ʦ ʩʣʫʯʘʷʭ ʣʶʜʦʝʜʩʪʚʘ. 21 ʬʝʚʨʘʣʷ 
1942 ʛ. // ʎɻɸʀʇɼ ʉʇʙ., ʬ. 24, ʦʧ. 2-6, ʜ. 1319, ʣ. 38-46. 
8 ɼʦʢʫʤʝʥʪʳ ʋʧʨʘʚʣʝʥʠʷ ʅʂɺɼ ʉʉʉʈ ʧʦ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʛʦʨʦʜʫ ʃʝʥʠʥʛʨʘʜʫ. ʉʧʝʮʩʦʦʙʱʝʥʠʝ ˉ 10734 ʦʪ 2 ʠʶʥʷ 
1942 ʛ. // ɸʨʭʠʚ ʋʌʉɹ ʃʆ. ʌ. 21/12. ʆʧ. 2. ʇ.ʥ. 19. ɼ. 12. ʃʣ. 287-291. 
9 ɼʦʢʫʤʝʥʪʳ ʋʧʨʘʚʣʝʥʠʷ ʅʂɺɼ ʉʉʉʈ ʧʦ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʛʦʨʦʜʫ ʃʝʥʠʥʛʨʘʜʫ. ʉʧʝʮʩʦʦʙʱʝʥʠʝ ˉ 10734 ʦʪ 2 ʠʶʥʷ 
1942 ʛ. // ɸʨʭʠʚ ʋʌʉɹ ʃʆ. ʌ. 21/12. ʆʧ. 2. ʇ.ʥ. 19. ɼ. 12. ʃʣ. 287-291. 
10  ɹʣʦʢʘʜʘ ʃʝʥʠʥʛʨʘʜʘ ʚ ʜʦʢʫʤʝʥʪʘʭ ʨʘʩʩʝʢʨʝʯʝʥʥʳʭ ʘʨʭʠʚʦʚ / ʇʦʜ ʨʝʜ. ʅ.ʃ. ɺʦʣʢʦʚʩʢʦʛʦ. - ʄ.: ɸʉʊ; ʉʇʙ.: ʇʦʣʠʛʦʥ, 2005. - 
ʉ. 589. 
11 çʅʝʠʟʚʝʩʪʥʘʷ ʙʣʦʢʘʜʘè // ʅʝʟʘʚʠʩʠʤʘʷ ʛʘʟʝʪʘ. - 28.03.2002.  
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ʟʘʥʷʪʠʡ  - 275 ʯʝʣ. (31,4%)12. ɺʦʟʨʘʩʪ ʦʩʫʞʜʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʣʝʙʘʣʩʷ ʤʝʞʜʫ 30 ʠ 50 ʛʦʜʘʤʠ, 
ʪʦ ʝʩʪʴ ʵʪʦ ʙʳʣʠ ʣʶʜʠ ʚ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʤ, ʪʨʫʜʦʩʧʦʩʦʙʥʦʤ ʚʦʟʨʘʩʪʝ, ʯʝʡ ʦʨʛʘʥʠʟʤ ʜʦʣʴʰʝ ʩʦʧʨʦ-
ʪʠʚʣʷʣʩʷ ʠʩʪʦʱʝʥʠʶ, ʥʦ ʯʴʝ ʩʦʟʥʘʥʠʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʝ ʚʳʜʝʨʞʠʚʘʣʦ ʜʣʠʪʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʜʥʝʚʥʠʢʦʚ ʠ ʜʦʢʫʤʝʥʪʦʚ ʠʩʪʦʨʠʢʘ ʉ.ɺ. ʗʨʦʚʘ, ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 
ʢʘʥʥʠʙʘʣʠʟʤ ʥʝ ʚʩʝʛʜʘ ʦʮʝʥʠʚʘʣʩʷ ʦʯʝʚʠʜʮʘʤʠ ʦʜʥʦʟʥʘʯʥʦ ʢʘʢ ʘʙʩʦʣʶʪʥʦʝ ʟʣʦ. ʉʪʨʘʭ ʙʳʪʴ ʩʲʝʜʝʥ-
ʥʳʤ ʧʦʩʣʝ ʩʤʝʨʪʠ ʩʪʘʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʚʤʦʡ, ʚʣʠʷʚʰʝʡ ʥʘ ʧʦʚʝʜʝʥʠʝ ʣʶʜʝʡ.13 

 ʂʘʥʥʠʙʘʣʠʟʤ ʩʪʘʣ ʥʝ ʧʨʠʯʠʥʦʡ, ʘ ʩʣʝʜʩʪʚʠʝʤ ʮʝʧʦʯʢʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ: ʞʝʩʪʦʯʘʡʰʝ-
ʛʦ ʛʦʣʦʜʘ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʪʦʱʝʥʠʷ ʥʘʩʝʣʝʥʠʷ, ʨʘʩʧʘʜʘ ʩʦʮʠʘʣʴʥʳʭ ʠʥʩʪʠʪʫʪʦʚ ʠ ʢʦʣʣʝʢʪʠʚʥʳʭ 
ʩʚʷʟʝʡ. ʄʘʪʝʨʠʘʣʳ ʩʣʝʜʩʪʚʝʥʥʳʭ ʜʝʣ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʢ ʢʨʘʡʥʠʤ ʬʦʨʤʘʤ ʚʳʞʠʚʘʥʠʷ ʯʘʱʝ ʧʨʠʙʝ-
ʛʘʣʠ ʥʝ çʧʨʠʨʦʞʜʝʥʥʳʝ ʧʨʝʩʪʫʧʥʠʢʠè, ʘ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʭ ʩʦʮʠʘʣʴʥʳʭ ʛʨʫʧʧ - ʙʝʞʝʥ-
ʮʳ, ʦʜʠʥʦʢʠʝ ʣʶʜʠ, ʣʠʮʘ, ʣʠʰʝʥʥʳʝ ʧʦʜʜʝʨʞʢʠ ʢʦʣʣʝʢʪʠʚʘ. ʊʨʘʛʝʜʠʷ ʃʝʥʠʥʛʨʘʜʘ ʦʩʪʘʝʪʩʷ ʚʝʯʥʳʤ 
ʧʨʝʜʦʩʪʝʨʝʞʝʥʠʝʤ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʚʦʡ ʠ ʛʣʘʚʥʦʡ ʞʝʨʪʚʦʡ ʚʦʡʥʳ ʩʪʘʥʦʚʠʪʩʷ ʯʝʣʦʚʝʢ - ʝʛʦ ʪʝʣʦ, ʨʘʟʫʤ ʠ 
ʜʫʰʘ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʘʥʴʶ ʧʘʤʷʪʠ ʞʝʨʪʚ, ʥʦ ʠ ʩʫʨʦʚʳʤ ʧʨʝʜʦʩʪʝʨʝʞʝʥʠʝʤ ʜʣʷ 
ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ ʦ ʭʨʫʧʢʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚ ʯʝʣʦʚʝʢʝ. 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʠʩʪʝʤʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʪʦʨʠʠ ʉʉʉʈ ʥʝ ʢʘʢ 
ʬʦʥʦʚʦʛʦ ʢʦʥʪʝʢʩʪʘ, ʘ ʢʘʢ ʘʢʪʠʚʥʦʛʦ ʜʠʜʘʢʪʠʯʝʩʢʦʛʦ ʨʝʩʫʨʩʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʠʩʪʦʨʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩ-
ʩʠʠ. ɸʚʪʦʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʣʶʯʝʚʳʝ ʠʥʩʪʠʪʫʪʳ, ʤʦʜʝʣʠ ʵʢʦʥʦʤʠʢʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʤʝʥʪʘʣʴʥʳʝ 
ʩʪʨʫʢʪʫʨʳ ʧʦʩʪʩʦʚʝʪʩʢʦʡ ʈʦʩʩʠʠ ʠʤʝʶʪ ʩʦʚʝʪʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʧʨʠʯʝʤ ʩʚʷʟʴ ʵʪʘ ʯʘʩʪʦ ʥʝʦʯʝʚʠʜʥʘ 
ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʅʘ ʧʨʠʤʝʨʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʜʝʣʝʥʠʷ, 
ʠʥʩʪʠʪʫʪʘ ʧʨʝʟʠʜʝʥʪʩʪʚʘ, ʩʠʤʚʦʣʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʚʳʯʝʢ ʥʘʩʝʣʝʥʠʷ ʨʘʩʢʨʳʚʘʝʪʩʷ 
ʵʚʨʠʩʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʧʦʜʭʦʜʘ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʦʪʢʘʟ ʦʪ ʠʟʫʯʝʥʠʷ ʉʉʉʈ ʢʘʢ 
çʯʫʞʦʡ ʩʪʨʘʥʳè ʚʝʜʝʪ ʢ ʥʝʧʦʥʠʤʘʥʠʶ ʣʦʛʠʢʠ ʨʦʩʩʠʡʩʢʠʭ ʨʝʬʦʨʤ 1990ï2020-ʭ ʛʦʜʦʚ. ʉʪʘʪʴʷ ʘʜʨʝʩʦʚʘ-
ʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ, ʩʪʫʜʝʥʪʘʤ ʠ ʚʩʝʤ, ʢʪʦ ʟʘʥʠʤʘʝʪʩʷ ʠʩʪʦʨʠʯʝʩʢʠʤ ʧʨʦʩʚʝʱʝʥʠʝʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʩʪʦʨʠʷ ʉʉʉʈ, ʩʦʚʨʝʤʝʥʥʘʷ ʈʦʩʩʠʷ, ʠʩʪʦʨʠʯʝʩʢʘʷ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ, ʜʠʜʘʢʪʠʢʘ ʠʩ-
ʪʦʨʠʠ, ʧʦʣʠʪʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ, ʧʦʩʪʩʦʚʝʪʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ. 
 
ʊʇɻɾʋʊʃʇɾ ʈʉʇʑʄʇɾ ʃɹʃ ʁʆʊʋʉʌʅɾʆʋ ʈʇʆʁʅɹʆʁʘ ʆɹʊʋʇʘʒɾɼʇ: ɽʁɽɹʃʋʁʐɾʊʃʁʂ 

ʈʇʋɾʆʏʁɹʄ ʁʊʋʇʉʁʁ ʊʊʊʉ ɻ ʃʌʉʊɾ ʊʇɻʉɾʅɾʆʆʇʂ ʉʇʊʊʁʁ 
 

ɺʩʞʥ ʅʙʩʜʙʩʡʫʙ ʅʙʣʪʡʥʧʛʦʙ 
ʩʪʫʜʝʥʪʢʘ 

ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ  
ʧʨʠ ʧʨʝʟʠʜʝʥʪʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè 

 
Abstract: The article substantiates the need for systematic use of the history of the USSR not as a back-
ground context but as an active didactic resource in studying contemporary Russian history. The author shows 
that key institutions, economic models, spatial and mental structures of post-Soviet Russia have Soviet origins, 
but this connection often remains invisible without specialized analysis. Using the transformation of administra-
tive-territorial divisions, the institution of the presidency, symbolic politics, and economic habits of the popula-
tion as examples, the article reveals the heuristic value of a comparative approach. It concludes that rejecting 
the study of the USSR as a çforeign countryè leads to a misunderstanding of the logic behind Russian reforms 
in the 1990sï2020s. The article is intended for educators, students, and anyone involved in historical educa-
tion. 
Keywords: history of the USSR, contemporary Russia, historical continuity, didactics of history, political cul-
ture, post-Soviet transformations, institutional analysis. 
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Introduction: Rupture or Invisible Threads? 
For the past three decades, mass historical consciousness has persistently reproduced a narrative of 

radical rupture between the Soviet and post-Soviet eras. çFrom socialism to capitalismè çfrom plan to marketè 
çfrom totalitarianism to democracyè ð these binary oppositions, while containing some truth, create a dan-
gerous illusion. Contemporary Russia, according to this perspective, begins on June 12, 1990 (the Declaration 
of State Sovereignty of the RSFSR) or December 25, 1991 (Gorbachev's resignation), while everything before 
that date belongs to a museum. Yet any professional historian or sociologist knows: institutions do not reset by 
decree, mental maps do not redraw within a year, and economic behavior carries the inertia of decades. 

This article proceeds from the opposite thesis: the history of the Soviet Union is not a prehistory of 
contemporary Russia but constitutes its operating system, many layers of which continue to function to-
day ð sometimes visibly, more often tacitly. A conscious, systematic engagement with Soviet experience 
when studying current Russian processes does not merely supplement but largely constitutes the understand-
ing of the nature of power, regional arrangements, social practices, and even foreign policy rhetoric. To reject 
this comparison is to turn the contemporary history course into a collection of chronologically close but causal-
ly unexplained facts. 

Institutional Memory: How Soviet Design Governs Post-Soviet Politics 
Let us begin with the most obvious yet paradoxically ignored level ð formal institutions. The 1993 Con-

stitution of the Russian Federation is not a çbreak with the Soviet pastè but a complex hybrid: the presidential 
vertical carries clear traces of the CPSU Central Committee secretariat, while the federal structure ð despite 
the renaming of autonomous republics into subjects ð preserves the hierarchical logic of national-territorial 
division established as early as the 1920s. By studying the formation of the USSR (1922) and its subsequent 
transformations in 1936 and 1977, a student begins to understand why contemporary disputes over the status 
of republics within the Russian Federation reproduce the algorithms of Soviet federalism rather than classical 
Western models of autonomism. 

The institution of the presidency deserves special attention. A school or university course that discusses 
the Russian president without any excursion into Soviet pre-presidency (the Chairman of the Presidium of the 
Supreme Soviet, the General Secretary as de facto head of state) creates the impression that this office was im-
ported from abroad. In fact, as shown in the work of O.G. Malysheva, the evolution of Soviet leadership from col-
lective rule to çpersonal dictatorship of lawè under Gorbachev ð the creation of the USSR presidency in 1990 ð 
is a direct prototype of the Russian model. Without this context, understanding the 2020 Russian constitutional 
amendments is impossible ð they logically complete a process that began in the Soviet year of 1990. 

Economic Habits as Longue-Dur®e Structures 
The second level concerns the economic practices of the population. The myth that the market reforms 

of the 1990s instantly transformed çSoviet manè into homo economicus has long been refuted by social histo-
ry. On the contrary, ethnographic studies of post-Soviet households show that phenomena such as 
the dacha as a food security cushion, toloka (unpaid mutual aid among relatives), or distrust of bank deposits 
all have Soviet origins. By studying the history of rationing during and after the war, the history of private gar-
den plots (the collective farm homestead), or the practice of obtaining scarce goods through blat, a student 
acquires a key to understanding the phenomenon of çmanual economic managementè and shadow relations 
in contemporary Russia. 

Moreover, a comparative analysis of Soviet five-year plans and contemporary national projects reveals 
striking similarities not only in rhetoric (çcatch up and overtakeè Ÿ çenter the top five economiesè) but also in 
management technology: target indicators, sectoral çroad mapsè ministerial responsibility for KPIs. The histo-
ry of successes and failures in Soviet planning ð industrialization, the 1957 sovnarkhozy, the Kosygin re-
form ð contains direct lessons for assessing the feasibility of today's state programs. Yet without a special 
didactic bridge, a student will not see these parallels ð the contemporary Russia course and the USSR 
course remain in separate çchronological roomsè 

Symbolic Politics and Memory 
The third and most contested layer is the use of Soviet heritage in the official symbolic politics of con-

temporary Russia. The replacement of the Russian Federation anthem in 2000 (Alexandrov's music ð the 
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same Soviet anthem but with new lyrics), the return of the red star and elements of Soviet uniform to the Rus-
sian armed forces, the celebration of Stalingrad Battle anniversaries without mentioning Stalin ð these deci-
sions are not nostalgia. They represent a conscious policy of selective borrowing: from the vast Soviet herit-
age, elements that legitimize the current government are chosen (the 1945 Victory, space, industrial break-
throughs), while elements associated with criticism (the Gulag, famine, repression) are discarded. 

By studying Soviet history of the 1930sï1950s, particularly the mechanisms for creating çheroic narra-
tivesè (the Chelyuskinites, Stakhanovites, Young Guards), a student begins to recognize analogous tech-
niques in contemporary media: the production of çpatriotic volunteersè the heroization of local conflicts, the 
creation of viral symbols. This does not mean that contemporary memory politics is identical to the Soviet 
one ð the difference in the degree of information monopoly is colossal. However, the structural similarities 
in how the state constructs the çcorrect pastè cannot be understood without deep immersion in Soviet histori-
cal experience. Ignoring this leads either to a naive acceptance of official rhetoric or to its equally naive de-
monization. 

Conclusion 
The argument presented here has nothing to do with Soviet nostalgia or apology. On the contrary, only 

a sober, critical, and systematic study of the USSR as a functioning mechanism allows us to identify those fea-
tures that today require correction, dismantling, or, conversely, preservation. The history of the USSR should 
not be either an çevil empireè to be buried with relief or a çlost paradiseè to be mourned. It should become an 
analytical tool ð an operating system that, despite the replacement of the ideological shell, continues to run 
many processes in contemporary Russia. 
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ǬǧǩǭǪǟǨ GG ǡ ǧǰǱǭǯǧǶǤǰǩǭǨ ǮǟǫǾǱǧ 
ǰǤǯǠǧǧ8 ǲǰǱǟǬǭǡǩǟ ǮǟǫǾǱǬǧǩǟ ǡ 
ǠǤǪǢǯǟǣǤ &0./2' ǩǟǩ ǟǩǱ ǩǭǫǫǤǫǭǯǟǵǧǧ 

ǩȍȊȄȐȌȇȉȍȁ ǤȂȍȏ ǡȊǿȃȇȋȇȏȍȁȇȖ 
ʘʩʧʠʨʘʥʪ 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ 
 

ɹʦʦʧʫʙʯʡʸ: ʧʨʦʩʪʨʘʥʩʪʚʦ ʣʶʙʦʛʦ ʛʦʨʦʜʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʝʦʙʨʘʟʥʦʛʦ çʪʝʢʩʪʘè, ʬʦʨ-
ʤʠʨʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘʤʠ ʞʠʣʦʡ ʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʟʘʩʪʨʦʡʢʠ, ʟʥʘʢʘʤʠ ʠ ʫʢʘʟʘʪʝʣʷʤʠ ʜʦʨʦʞʥʦʡ ʩʝʪʠ, ʫʣʠʯ-
ʥʦʡ ʨʝʢʣʘʤʦʡ, ʘ ʪʘʢʞʝ ʧʘʤʷʪʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ çʤʝʩʪʘʤʠ ʧʘʤʷʪʠè. ʇʦʩʣʝʜʥʠʝ ʦʧʨʝ-
ʜʝʣʷʶʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʘʢ ʦʙʲʝʢʪʳ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʩʠʤʚʦʣʠʯʝʩʢʦʛʦ ʧʦʨʷʜʢʘ, ʧʦ-
ʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʠ ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʚʦʧʣʦʱʘʝʪʩʷ ʢʦʣʣʝʢʪʠʚʥʘʷ (ʠʩʪʦʨʠʯʝʩʢʘʷ ʠ ʢʫʣʴʪʫʨʥʘʷ) ʧʘʤʷʪʴ. ɺ 
ʵʪʦʡ ʩʚʷʟʠ ʛʦʨʦʜ ʧʨʝʜʩʪʘʝʪ ʫʞʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ çʪʝʢʩʪʘè ʠʣʠ çʢʥʠʛʠ ʧʘʤʷʪʦʚʘʥʠʷè, ʢʣʶʯʦʤ ʢ 
ʧʦʥʠʤʘʥʠʶ, ʘ ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʠ ʦʩʥʦʚʥʳʤ ʟʥʘʢʦʚʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʧʘʤʷʪʥʳʝ ʤʝʩʪʘ. ɺ 
ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʧʘʤʷʪʥʠʢ ʠʤʧʝʨʘʪʦʨʫ ʅʠʢʦʣʘʶ II ʚ ɹʝʣʛʨʘʜʝ ʚ ʩʦʦʪʚʝʪ-
ʩʪʚʠʠ ʩ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʢʦʥʮʝʧʮʠʠ çʤʝʩʪ ʧʘʤʷʪʠè. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʝʩʪʦ ʧʘʤʷʪʠ, ʢʦʣʣʝʢʪʠʚʥʘʷ ʧʘʤʷʪʴ, ʤʝʤʦʨʠʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʛʦʨʦʜʘ, ʠʩʪʦʨʠʯʝ-
ʩʢʘʷ ʧʘʤʷʪʴ ʦ ʈʦʩʩʠʠ ʚ ʉʝʨʙʠʠ, ʧʘʤʷʪʥʠʢ ʅʠʢʦʣʘʶ II ʚ ɹʝʣʛʨʘʜʝ. 
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Abstract: the space of any city can be represented as a kind of urban çtextè formed by elements of residential 
and public buildings, road and street signs systems, street advertising, as well as memorial objects ï so-called 
çmemory spacesè (lieu de m®moire). Most researchers define them as material and symbolic objects through 
which collective (historical and cultural) memory is embodied. In this regard, the city appears as a historical 
çtextè or a kind of çbook of remembranceè in which memory spaces serve as the key to understanding and as 
a symbolic element of the urban çtextè at the same time. This article will examine the monument to Emperor 
Nicholas II in Belgrade in accordance with the methodological foundations of the concept of çmemory spac-
esè. 
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ɿʘʤʝʪʥʳʤ çʵʣʝʤʝʥʪʦʤè ʤʝʤʦʨʠʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʝʨʙʩʢʦʡ ʩʪʦʣʠʮʳ ï ʛʦʨʦʜʘ ɹʝʣʛʨʘʜʘ, ʷʚ-

ʣʷʝʪʩʷ ʧʘʤʷʪʥʠʢ ʅʠʢʦʣʘʶ II. ɺʥʠʤʘʥʠʝ ʢ ʣʠʯʥʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ ʨʦʩʩʠʡʩʢʦʛʦ ʠʤʧʝʨʘʪʦʨʘ, ʚʦʧʣʦʪʠʚʰʝʝʩʷ 
ʚ ʫʩʪʘʥʦʚʢʝ ʤʦʥʫʤʝʥʪʘ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʝʥʦ ʝʛʦ ʤʝʩʪʦʤ ʠ ʨʦʣʴʶ ʚ ʠʩʪʦʨʠʯʝʩʢʦʡ ʩʫʜʴʙʝ ʉʝʨʙʠʠ. ʀʟ-
ʚʝʩʪʥʦ, ʯʪʦ ʅʠʢʦʣʘʡ II ʧʨʠʜʝʨʞʠʚʘʣʩʷ ʩʣʘʚʷʥʦʬʠʣʴʩʢʠʭ ʚʟʛʣʷʜʦʚ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʦʪʢʨʳʪʦ ʩʠʤʧʘʪʠʟʠʨʦ-
ʚʘʣ ʉʝʨʙʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫʯʘʩʪʠʝ ʚ ʫʨʝʛʫʣʠʨʦʚʘʥʠʠ ʙʘʣʢʘʥʩʢʦʛʦ ʢʦʥʬʣʠʢʪʘ 1912 ï 1914 ʛʦʜʦʚ ʘʢʪʠʚ-
ʥʦ ʧʨʠʥʠʤʘʣʘ ʨʦʩʩʠʡʩʢʘʷ ʜʠʧʣʦʤʘʪʠʷ, ʦʪʩʪʘʠʚʘʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʣʠʪʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ ʠ ʠʥʪʝʨʝʩʳ 
ʉʝʨʙʠʠ [1, ʩ. 654-656]. ɿʥʘʯʠʪʝʣʴʥʫʶ ʧʦʤʦʱʴ ʈʦʩʩʠʷ ʦʢʘʟʘʣʘ ʉʝʨʙʠʠ ʠ ʚ ʇʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʝ. ɿʜʝʩʴ 
ʠʩʪʦʨʠʢʘʤʠ ʪʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ ʫʩʠʣʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʠʤʧʝʨʘʪʦʨʘ. ʇʨʝʢʨʘʩʥʦ ʠʣʣʶʩʪʨʠʨʫʶʪ ʵʪʦ ʦʪʜʝʣʴ-
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ʥʳʝ ʬʨʘʛʤʝʥʪʳ ʝʛʦ ʧʝʨʝʧʠʩʢʠ ʩ ʧʨʠʥʮʝʤ-ʨʝʛʝʥʪʦʤ ʉʝʨʙʠʠ ɸʣʝʢʩʘʥʜʨʦʤ ʂʘʨʘʛʝʦʨʛʠʝʚʠʯʝʤ. ʅʠʢʦʣʘʡ II 
ʧʠʩʘʣ: çʇʦʢʘ ʝʩʪʴ ʤʘʣʝʡʰʘʷ ʥʘʜʝʞʜʘ ʠʟʙʝʞʘʪʴ ʢʨʦʚʦʧʨʦʣʠʪʠʷ, ʚʩʝ ʥʘʰʠ ʫʩʠʣʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚ-
ʣʝʥʳ ʢ ʵʪʦʡ ʮʝʣʠ. ɽʩʣʠ ʞʝ, ʚʦʧʨʝʢʠ ʥʘʰʠʤ ʠʩʢʨʝʥʥʠʤ ʞʝʣʘʥʠʷʤ, ʤʳ ʚ ʵʪʦʤ ʥʝ ʫʩʧʝʝʤ, ɺʘʰʝ ɺʳʩʦʯʝ-
ʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ ʚ ʪʦʤ, ʯʪʦ ʥʠ ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʈʦʩʩʠʷ ʥʝ ʦʩʪʘʥʝʪʩʷ ʨʘʚʥʦʜʫʰʥʦʡ ʢ ʫʯʘʩʪʠ 
ʉʝʨʙʠʠè [2].  

ʂʨʦʤʝ ʪʦʛʦ, ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʣʠʯʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʠʤʧʝʨʘʪʦ-
ʨʘ ʅʠʢʦʣʘʷ II ʧʦʟʚʦʣʠʣʦ ʩʦʭʨʘʥʠʪʴ ʩʝʨʙʩʢʠʝ ʚʦʡʩʢʘ, ʦʢʘʟʘʚʰʠʝʩʷ ʚ ʢʨʠʪʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ ʚ ʨʝʟʫʣʴ-
ʪʘʪʝ ʚʩʪʫʧʣʝʥʠʷ ʚ ʚʦʡʥʫ ɹʦʣʛʘʨʠʠ ʥʘ ʩʪʦʨʦʥʝ ɸʚʩʪʨʦ-ɺʝʥʛʨʠʠ ʠ ɻʝʨʤʘʥʠʠ ʚ 1915 ʛʦʜʫ [2].  

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʩʘʤ ʧʘʤʷʪʥʠʢ. ʆʥ ʫʩʪʘʥʦʚʣʝʥ ʚ ʩʘʤʦʤ ʮʝʥʪʨʝ ɹʝʣʛʨʘʜʘ ʚ ʩʢʚʝʨʝ 
ʂʦʩʦʚʩʢʦʡ ʜʝʚʫʰʢʠ (ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʟʜʘʥʠʷ ʉʢʫʧʱʠʥʳ, ʨʝʟʠʜʝʥʮʠʠ ʇʨʝʟʠʜʝʥʪʘ ʉʝʨ-
ʙʠʠ, ʘ ʪʘʢʞʝ ʈʦʩʩʠʡʩʢʦʛʦ ʮʝʥʪʨʘ ʥʘʫʢʠ ʠ ʢʫʣʴʪʫʨʳ çʈʫʩʩʢʠʡ ʜʦʤè). ʂʘʢ ʦʪʤʝʯʘʝʪ ʠʩʪʦʨʠʢ 
ɽ.ɸ. ɹʦʥʜʘʨʝʚʘ, ʚʳʙʦʨ ʤʝʩʪʘ ʜʣʷ ʝʛʦ ʫʩʪʘʥʦʚʢʠ ʥʝ ʩʣʫʯʘʝʥ ï ʠʤʝʥʥʦ ʟʜʝʩʴ ʩ 60-ʭ ʛʦʜʦʚ XIX ʚʝʢʘ ʜʦ 
1917 ʛʦʜʘ ʨʘʩʧʦʣʘʛʘʣʦʩʴ ʟʜʘʥʠʝ ʧʦʩʦʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʘʟʨʫʰʝʥʥʦʝ ʚ ʭʦʜʝ 
ʙʦʝʚ ʟʘ ʦʩʚʦʙʦʞʜʝʥʠʝ ɹʝʣʛʨʘʜʘ ʚ 1944 ʛʦʜʫ [2]. ɺ ɻ ʪʦʤ ʢʣʶʯʝ, ʚʳʙʦʨ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʧʘʤʷʪʥʠʢʘ ʅʠʢʦ-
ʣʘʶ II ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʪʦʨʠʯʝʩʢʠ ʚʝʨʥʳʤ ʠ ʚʦ ʤʥʦʛʦʤ ʩʠʤʚʦʣʠʯʥʳʤ.   

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʥʠʮʠʘʪʠʚʘ ʩʦʟʜʘʥʠʷ ʧʘʤʷʪʥʠʢʘ, ʧʦʩʚʷʱʝʥʥʦʛʦ ʠʤʧʝʨʘʪʦʨʫ ʅʠʢʦʣʘʶ II, ʝʛʦ 
ʫʩʪʘʥʦʚʢʠ ʚ ɹʝʣʛʨʘʜʝ ʧʨʠʥʘʜʣʝʞʠʪ ʩʝʨʙʩʢʦʡ ʩʪʦʨʦʥʝ. ʇʦʷʚʣʝʥʠʶ ʤʦʥʫʤʝʥʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʦʣʠʮʳ 
çʧʦʢʨʦʚʠʪʝʣʴʩʪʚʦʚʘʣè ʣʠʯʥʦ ʧʨʝʟʠʜʝʥʪ ʈʝʩʧʫʙʣʠʢʠ ʉʝʨʙʠʷ ʊ. ʅʠʢʦʣʠʯ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʨʛʘʥʠʟʘʮʠʷ ʠ 
ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʘʙʦʪ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʈʦʩʩʠʝʡ, ʘ ʠʤʝʥʥʦ ʈʦʩʩʠʡʩʢʠʤ ʚʦʝʥʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʤ ʦʙʱʝ-
ʩʪʚʦʤ ʧʨʠ ʩʦʜʝʡʩʪʚʠʠ ʌʦʥʜʘ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʝʨʩʧʝʢʪʠʚʳ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʙʨʦʥʟʦʚʘʷ ʬʠʛʫʨʘ ʠʤʧʝʨʘ-
ʪʦʨʘ ʪʘʢʞʝ ʩʦʟʜʘʚʘʣʘʩʴ ʚ ʈʦʩʩʠʠ ʩʢʫʣʴʧʪʦʨʘʤʠ ɸ.ʅ. ʂʦʚʘʣʴʯʫʢʦʤ ʠ ɻ.ʀ. ʇʨʘʚʦʪʦʨʦʚʳʤ [3]. ʇʘʨʘʣʣʝʣʴ-
ʥʦ ʚ ɹʝʣʛʨʘʜʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʨʭʠʪʝʢʪʦʨʘ ʗ. ʂʨʩʪʠʯʘ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ 
ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʫ ʩʢʚʝʨʘ ʂʦʩʦʚʩʢʦʡ ʜʝʚʫʰʢʠ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʘ ʧʘʤʷʪʥʦʛʦ ʢʘʤʥʷ, ʧʦʩʚʷʱʝʥʥʦʛʦ ʧʦ-
ʩʦʣʴʩʪʚʫ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ ʚ ɹʝʣʛʨʘʜʝ (ʩʢʫʣʴʧʪʦʨ ɿ. ʊʫʮʠʯ).  

ʉʝʛʦʜʥʷ ʤʦʥʫʤʝʥʪ ʅʠʢʦʣʘʶ II ʠ ʧʘʤʷʪʥʳʡ ʢʘʤʝʥʴ ʩʦʩʪʘʚʣʷʶʪ ʝʜʠʥʳʡ ʭʫʜʦʞʝʩʪʚʝʥʥʳʡ ʠ ʩʤʳʩ-
ʣʦʚʦʡ ʘʥʩʘʤʙʣʴ. ʎʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʦʬʦʨʤʣʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʷʚʣʷʝʪʩʷ ʜʝʢʦʨʘʪʠʚʥʳʡ ʤʝʜʘʣʴʦʥ, 
ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʙʨʦʥʟʳ, ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʟʜʘʥʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʠʤʧʝʨʘʪʦʨʩʢʦʛʦ ʧʦʩʦʣʴʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, 
ʥʘ ʧʘʤʷʪʥʦʤ ʢʘʤʥʝ ʨʘʟʤʝʱʝʥʘ ʥʘʜʧʠʩʴ ʥʘ ʨʫʩʩʢʦʤ ʠ ʩʝʨʙʩʢʦʤ ʷʟʳʢʘʭ: çʅʘ ɻ ʪʦʤ ʤʝʩʪʝ ʥʘʭʦʜʠʣʦʩʴ ʧʦ-
ʩʦʣʴʩʪʚʦ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ ʚ ʂʦʨʦʣʝʚʩʪʚʝ ʉʝʨʙʠʠ, ʧʦʩʣʝ I ʄʠʨʦʚʦʡ ʚʦʡʥʳ ʦʥʦ ʩʪʘʣʦ ʧʦʣʠʪʠʯʝʩʢʠʤ 
ʮʝʥʪʨʦʤ ʨʫʩʩʢʦʡ ʵʤʠʛʨʘʮʠʠ ʚ ʩʪʨʘʥʝè [4]. ʇʦʩʪʘʤʝʥʪ ʧʘʤʷʪʥʠʢʘ ʅʠʢʦʣʘʶ II ʪʘʢʞʝ çʫʢʨʘʰʘʶʪè ʧʘʤʷʪ-
ʥʳʝ ʜʚʫʷʟʳʯʥʳʝ ʥʘʜʧʠʩʠ: ç"ɺʩʝ ʤʦʠ ʫʩʠʣʠʷ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʢ ʩʦʙʣʶʜʝʥʠʶ ʜʦʩʪʦʠʥʩʪʚʘ ʉʝʨʙʠʠ... ʅʠ 
ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʈʦʩʩʠʷ ʥʝ ʦʩʪʘʥʝʪʩʷ ʨʘʚʥʦʜʫʰʥʦʡ ʢ ʩʫʜʴʙʝ ʉʝʨʙʠʠ." ï  ʅʠʢʦʣʘʡ II ɸʣʝʢʩʘʥʜʨʫ ʂʘʨʘʛʝʦʨ-
ʛʠʝʚʠʯʫ, ʠʶʣʴ 1914è [4]. 

ʎʝʨʝʤʦʥʠʷ ʦʪʢʨʳʪʠʷ ʠ ʦʩʚʷʱʝʥʠʷ ʧʘʤʷʪʥʠʢʘ ʅʠʢʦʣʘʶ II ʩʦʩʪʦʷʣʘʩʴ 16 ʥʦʷʙʨʷ 2014 ʛʦʜʘ ï ʙʳʣʘ 
ʧʨʠʫʨʦʯʝʥʘ ʢ 100-ʣʝʪʥʝʡ ʛʦʜʦʚʱʠʥʝ ʥʘʯʘʣʘ ʇʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ. ʅʘ ʪʦʨʞʝʩʪʚʝʥʥʦʤ ʤʝʨʦʧʨʠʷʪʠʠ ʩ 
ʩʝʨʙʩʢʦʡ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʧʨʝʟʠʜʝʥʪ ʈʝʩʧʫʙʣʠʢʠ ʉʝʨʙʠʷ ʊ. ʅʠʢʦʣʠʯ ʠ ʯʣʝʥʳ ʧʨʘʚʠʪʝʣʴʩʪʚʘ, ʤʵʨ ɹʝʣ-
ʛʨʘʜʘ, ʘ ʪʘʢʞʝ ʧʘʪʨʠʘʨʭ ʉʝʨʙʩʢʦʡ ʇʨʘʚʦʩʣʘʚʥʦʡ ʎʝʨʢʚʠ ʀʨʠʥʝʡ. ɺ ʨʦʩʩʠʡʩʢʫʶ ʜʝʣʝʛʘʮʠʶ ʚʦʰʣʠ ʤʠ-
ʥʠʩʪʨ ʢʫʣʴʪʫʨʳ ɺ.ʈ. ʄʝʜʠʥʩʢʠʡ, ʧʝʨʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ʉʦʚʝʪʘ ʌʝʜʝʨʘʮʠʠ ʌʝʜʝʨʘʣʴʥʦʛʦ 
ʉʦʙʨʘʥʠʷ ɸ.ʇ. ʊʦʨʰʠʥ, ʧʘʪʨʠʘʨʭ ʄʦʩʢʦʚʩʢʠʡ ʠ ʚʩʝʷ ʈʫʩʠ ʂʠʨʠʣʣ, ʛʣʘʚʘ ʈʦʩʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʂ.ʀ. ʂʦʩʘ-
ʯʝʚ, ʧʦʩʦʣ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʉʝʨʙʠʷ ɸ.ɺ. ʏʝʧʫʨʠʥ ʠ ʜʨʫʛʠʝ.  

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠ ʜʘʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʦʪʜʝʣʴʥʳʝ ʧʦʣʦʞʝ-
ʥʠʷ, ʦʟʚʫʯʝʥʥʳʝ ʫʯʘʩʪʥʠʢʘʤʠ ʪʦʨʞʝʩʪʚʝʥʥʦʡ ʮʝʨʝʤʦʥʠʠ, ʢʘʩʘʶʱʠʝʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʦʧʨʦʩʦʚ ʩʦ-
ʭʨʘʥʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ʦ ʈʦʩʩʠʠ ʚ ʉʝʨʙʠʠ. ʊʘʢ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ 
ʨʝʯʴ, ʧʨʦʠʟʥʝʩʝʥʥʘʷ ʧʘʪʨʠʘʨʭʦʤ ʂʠʨʠʣʣʦʤ: çé ʩʣʦʚʘ çʧʘʤʷʪʴè ʠ çʧʘʤʷʪʥʠʢè, ʠʤʝʶʪ ʦʜʠʥ ʢʦʨʝʥʴ. ʀ 
ʜʘʡ ɹʦʛ, ʯʪʦʙʳ ʵʪʦʪ ʧʘʤʷʪʥʠʢ ʧʦʤʦʛʘʣ ʩʦʭʨʘʥʷʪʴ ʧʘʤʷʪʴ ʦʙ ʠʤʧʝʨʘʪʦʨʝ ʅʠʢʦʣʘʝ II, ʞʠʟʥʴ ʩʚʦʶ ʠ ʮʘʨ-
ʩʪʚʦ ʩʚʦʝ ʧʦʣʦʞʠʚʰʝʤ ʚʦ ʠʤʷ ʩʚʦʙʦʜʳ ʩʝʨʙʩʢʦʛʦ ʥʘʨʦʜʘ ʠ ʚʦ ʠʤʷ ʚʝʨʥʦʩʪʠ ʪʝʤ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤ, ʢʦʪʦ-
ʨʳʝ ʦʥ ʧʨʠʥʷʣ ʧʝʨʝʜ ʩʚʦʠʤʠ ʩʦʶʟʥʠʢʘʤʠ. ʂʦʛʜʘ ʤʳ ʛʦʚʦʨʠʤ ʦ ʜʨʫʞʙʝ ʠ ʙʨʘʪʩʪʚʝ ʨʫʩʩʢʦʛʦ ʠ ʩʝʨʙʩʢʦʛʦ 
ʥʘʨʦʜʦʚ, ʤʳ ʥʝ ʧʨʦʠʟʥʦʩʠʤ ʥʝʢʫʶ ʦʪʦʨʚʘʥʥʫʶ ʦʪ ʞʠʟʥʠ ʜʝʢʣʘʨʘʮʠʶ. ʄʳ ʧʨʦʠʟʥʦʩʠʤ ʩʣʦʚʘ, ʠʩʧʦʣʥʝʥ-
ʥʳʝ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʨʘʚʜʳ. ʕʪʘ ʧʨʘʚʜʘ ʩʦʟʠʜʘʣʘʩʴ ʞʝʨʪʚʘʤʠ ʠ ʢʨʦʚʴʶ ʨʫʩʩʢʦʛʦ ʠ ʩʝʨʙʩʢʦʛʦ ʥʘʨʦʜʦʚ. ʀ 
ʜʘʡ ɹʦʛ, ʯʪʦʙʳ ʦʙ ʵʪʦʡ ʧʨʘʚʜʝ ʥʠʢʦʛʜʘ ʥʝ ʟʘʙʳʚʘʣʠ ʥʠ ʚ ʉʝʨʙʠʠ, ʥʠ ʚ ʈʦʩʩʠʠéè [5].  
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ʇʨʝʟʠʜʝʥʪ ʉʝʨʙʠʠ ʊ. ʅʠʢʦʣʠʯ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʤʝʪʠʣ ʩʣʝʜʫʶʱʝʝ: çʕʪʦʪ ʧʘʤʷʪʥʠʢ ʚ ʩʘʤʦʤ 
ʮʝʥʪʨʝ ɹʝʣʛʨʘʜʘ ʩʠʷʝʪ ʚʦ ʩʣʘʚʫ ʮʘʨʷ-ʩʪʨʘʩʪʦʪʝʨʧʮʘ ʅʠʢʦʣʘʷ II ʢʘʢ ʩʠʤʚʦʣ ʚʝʯʥʦʡ ʧʦʙʝʜʳ ʜʦʙʨʘ ʠ 
ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ, ʞʝʨʪʚʳ ʧʨʘʚʠʪʝʣʷ ʠ ʯʝʣʦʚʝʢʘéè; ʧʘʤʷʪʥʠʢ ʅʠʢʦʣʘʶ II ï ʵʪʦ çéʤʝʩʪʦ, ʛʜʝ ʤʳ ʙʫʜʝʤ 
ʚʩʧʦʤʠʥʘʪʴ ʦ ʮʝʥʥʦʩʪʷʭ ʦʙʱʝʡ ʠʩʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʉʝʨʙʠʠè [6]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʦʷʙʨʝ 2017 ʛʦʜʘ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʤʠʥʠʩʪʨʘ ʢʫʣʴʪʫʨʳ ʠ 
ʩʨʝʜʩʪʚ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʈʝʩʧʫʙʣʠʢʠ ʉʝʨʙʠʷ ɺ. ɺʫʢʦʩʘʚʣʝʚʠʯʘ (ʠʥʠʮʠʘʪʠʚʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ 
ʛʦʨʦʜʩʢʠʤʠ ʚʣʘʩʪʷʤʠ ʠ ʧʨʝʤʴʝʨ-ʤʠʥʠʩʪʨʦʤ ʉʝʨʙʠʠ ɸ. ɺʫʯʠʯʝʤ) ʩʢʚʝʨ ʂʦʩʦʚʩʢʦʡ ʜʝʚʫʰʢʠ ʧʝʨʝʠʤʝʥʦ-
ʚʘʥ ʚ ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ ʧʘʨʢ ʚ ʧʘʤʷʪʴ ʦ ʧʦʛʠʙʰʠʭ ʚ ʘʚʠʘʢʘʪʘʩʪʨʦʬʝ ʘʨʪʠʩʪʘʭ ɸʢʘʜʝʤʠʯʝʩʢʦʛʦ ʘʥʩʘʤ-
ʙʣʷ ʧʝʩʥʠ ʠ ʧʣʷʩʢʠ ʈʦʩʩʠʡʩʢʦʡ ʘʨʤʠʠ ʠʤʝʥʠ ɸ.ɺ. ɸʣʝʢʩʘʥʜʨʦʚʘ. ʅʘ ʪʦʨʞʝʩʪʚʝʥʥʦʡ ʮʝʨʝʤʦʥʠʠ ʦʪʢʨʳ-
ʪʠʷ ʧʘʨʢʘ ʤʠʥʠʩʪʨ ɺ. ɺʫʢʦʩʘʚʣʝʚʠʯ ʦʪʤʝʪʠʣ: çé ʚ ʟʥʘʢ ʧʘʤʷʪʠ ʤʳ ʩʝʛʦʜʥʷ ʠʤʝʥʫʝʤ ʵʪʦʪ ʢʨʘʩʠʚʳʡ ʛʦ-
ʨʦʜʩʢʦʡ ʧʘʨʢ ʧʦʯʝʪʥʳʤ, ʚʝʣʠʢʠʤ ʠ ʜʦʩʪʦʡʥʳʤ ʠʤʝʥʝʤ ʘʥʩʘʤʙʣʷ ɸʣʝʢʩʘʥʜʨʦʚʘ. ʍʦʨ ʠʤʝʥʠ ɸʣʝʢʩʘʥ-
ʜʨʦʚʘ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ, ʠʟʚʝʩʪʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ ʚ ʤʠʨʝ, ʥʦ ʠ 
ʙʦʣʴʰʠʤ ʜʨʫʛʦʤ ʩʝʨʙʩʢʦʛʦ ʥʘʨʦʜʘ. ʆʥ ʙʳʣ ʩ ʥʘʤʠ ʚ ʩʘʤʳʝ ʪʷʞʝʣʳʝ ʤʠʥʫʪʳ ʥʘʰʝʡ ʠʩʪʦʨʠʠ [ʠʤʝʶʪʩʷ ʚ 
ʚʠʜʫ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ɹʝʣʛʨʘʜʘ ʩʠʣʘʤʠ ʅɸʊʆ ʚ 1999 ʛʦʜʫ], ʠ ʵʪʦ ʥʠʢʦʛʜʘ ʥʝ ʟʘʙʫʜʝʪʩʷ ʚ ʧʘʤʷʪʠ ʥʘʨʦ-
ʜʘè; çɸʥʩʘʤʙʣʴ ʦʩʪʘʚʠʣ ʛʣʫʙʦʢʠʡ, ʥʝʠʟʛʣʘʜʠʤʳʡ ʩʣʝʜ ʚ ʧʘʤʷʪʠ ʩʝʨʙʩʢʦʛʦ ʥʘʨʦʜʘ ʢʘʢ ʩʚʦʠʤʠ ʘʨʪʠʩʪʠ-
ʯʝʩʢʠʤʠ ʪʘʣʘʥʪʘʤʠ, ʪʘʢ ʠ, ʯʪʦ ʜʣʷ ʥʘʩ ʛʦʨʘʟʜʦ ʚʘʞʥʝʝ, ʩʚʦʠʤʠ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʢʘʯʝʩʪʚʘʤʠ; ʨʫʩʩʢʫʶ ʠ 
ʩʝʨʙʩʢʫʶ ʢʫʣʴʪʫʨʫ ʩʚʷʟʳʚʘʶʪ ʧʨʦʯʥʳʝ ʥʠʪʠ... ʂʫʣʴʪʫʨʥʳʝ ʷʜʨʘ ʩʝʨʙʩʢʦʛʦ ʠ ʨʫʩʩʢʦʛʦ ʥʘʨʦʜʦʚ ʦʯʝʥʴ 
ʧʦʭʦʞʠ, ʠʭ ʩʚʷʟʳʚʘʝʪ ʢʦʣʣʝʢʪʠʚʥʘʷ ʠʩʪʦʨʠʯʝʩʢʘʷ ʧʘʤʷʪʴ, ʧʦʭʦʞʠʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʧʳʪ, ʦʛʨʦʤʥʳʝ ʞʝʨʪ-
ʚʳ, ʢʦʪʦʨʳʝ ʦʙʘ ʥʘʨʦʜʘ ʧʦʥʝʩʣʠ ʚ ʤʥʦʛʦʚʝʢʦʚʦʡ ʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʟʘʚʝʨʰʝʥʥʦʡ ʙʦʨʴʙʝ ʟʘ ʩʚʦʙʦʜʫ ʠ ʥʝ-
ʟʘʚʠʩʠʤʦʩʪʴ. ʀ ʨʦʩʩʠʷʥʝ, ʠ ʩʝʨʙʳ ʩʢʣʦʥʥʳ ʢ ʤʝʪʘʬʠʟʠʢʝ, ʧʦʵʪʦʤʫ ʷ ʧʨʝʜʧʦʣʘʛʘʶ, ʯʪʦ ʜʦʣʛʠʤʠ ʪʠʭʠʤʠ 
ʥʦʯʘʤʠ ʧʦʩʝʪʠʪʝʣʠ ʵʪʦʛʦ ʧʘʨʢʘ ʚ ʢʨʦʥʘʭ ʜʝʨʝʚʴʝʚ ʙʫʜʫʪ ʩʣʳʰʘʪʴ ʪʠʭʠʝ ʘʥʛʝʣʴʩʢʠʝ ʛʦʣʦʩʘ ʧʦʛʠʙʰʠʭ 
ʛʝʨʦʝʚ ʘʥʩʘʤʙʣʷ ɸʣʝʢʩʘʥʜʨʦʚʘè [7]. ɺ ʧʘʤʷʪʴ ʦʙ ʘʨʪʠʩʪʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʘʨʢʘ ʦʪʢʨʳʪʘ ʤʝʤʦʨʠʘʣʴʥʘʷ 
ʜʦʩʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʤʷʪʥʠʢ ʠʤʧʝʨʘʪʦʨʫ ʅʠʢʦʣʘʶ II, ʢʦʤʧʣʝʢʩ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ ʧʘʨʢʘ ʚ ʮʝʣʦʤ ʤʦ-
ʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʝʩʪʘ ʧʘʤʷʪʠ ʚ ʧʦʣʥʦʤ ʩʤʳʩʣʝ ʵʪʦʛʦ ʧʦʥʷʪʠʷ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʶʪʩʷ ʥʝ 
ʪʦʣʴʢʦ ʩʚʦʝʦʙʨʘʟʥʦʡ ʚʠʟʫʘʣʴʥʦʡ ʪʦʯʢʦʡ ʬʠʢʩʘʮʠʠ ʧʘʤʷʪʠ ʦ ʈʦʩʩʠʠ ʠ ʣʠʯʥʦ ʅʠʢʦʣʘʝ II, ʥʦ ʪʘʢʞʝ ʥʝʩʫʪ 
ʚ ʩʝʙʝ ʩʝʤʠʦʪʠʯʝʩʢʫʶ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʳ, ʘʢʪʫʘʣʠʟʠʨʫʶʪ ʚ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
ɹʝʣʛʨʘʜʘ ʦʪʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʠ ʦʙʨʘʟʳ ʧʨʦʰʣʦʛʦ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʦʩʩʠʡʩʢʠʤ ʫʯʘʩʪʠʝʤ ʚ ʥʦʚʝʡʰʝʡ 
ʠʩʪʦʨʠʠ ʉʝʨʙʠʠ ʠ ɹʝʣʛʨʘʜʘ ʚ ʯʘʩʪʥʦʩʪʠ.  
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ʉʦʚʨʝʤʝʥʥʦʩʪʴ ʩʪʘʚʠʪ ʈʦʩʩʠʶ ʧʝʨʝʜ ʚʳʙʦʨʦʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʫʪʠ ʨʘʟʚʠʪʠʷ. ʇʦʩʣʝ ʧʝʨʠʦʜʘ ʜʠʨʝʢ-

ʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʠ, ʩʤʝʥʠʚʰʝʛʦʩʷ "ʜʠʢʠʤ ʢʘʧʠʪʘʣʠʟʤʦʤ" ʨʫʙʝʞʘ XX/XXI ʩʪʦʣʝʪʠʡ, ʧʨʦ-
ʚʦʟʛʣʘʰʘʚʰʠʤ ʧʨʠʥʮʠʧʳ ʦʪʢʘʟʘ ʛʦʩʫʜʘʨʩʪʚʘ ʦʪ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʨʳʥʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʚʘʫʯʝʨʥʫʶ 
ʧʨʠʚʘʪʠʟʘʮʠʶ, ʯʘʩʪʦ ʢʨʠʤʠʥʘʣʴʥʳʡ ʧʝʨʝʜʝʣ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, "ʰʦʢʦʚʫʶ ʪʝʨʘʧʠʶ", ʠʥʦʛʜʘ ʰʦʢʠʨʦʚʘʚ-
ʰʫʶ ʜʘʞʝ ʩʘʤʠʭ ʠʥʠʮʠʘʪʦʨʦʚ, ʪʝʦʨʝʪʠʢʠ ʠ ʧʨʘʢʪʠʢʠ ʩʪʨʝʤʷʪʩʷ ʠʟʙʝʞʘʪʴ ʦʯʝʨʝʜʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʢʨʠʟʠ-
ʩʘ. ɺʨʘʞʜʝʙʥʳʝ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʠʣ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʉʐɸ ʠ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ, ʙʝʟʫʩʧʝʰʥʦ ʧʳʪʘʶ-
ʱʠʭʩʷ ʠʟʦʣʠʨʦʚʘʪʴ ʄʦʩʢʚʫ, ʧʦʜʦʨʚʘʚ ʝʸ ʨʝʩʫʨʩʳ ʠ ʦʛʨʘʥʠʯʠʚ ʚʣʠʷʥʠʝ ʚ ʤʠʨʝ, ʧʨʦʜʦʣʞʝʥʠʝ ʩʧʝʮʠʘʣʴ-
ʥʦʡ ʚʦʝʥʥʦʡ ʦʧʝʨʘʮʠʠ, ʫʚʝʣʠʯʠʚʘʶʱʝʡ ʨʘʩʭʦʜʳ ʦʙʦʨʦʥʥʦʛʦ ʩʝʢʪʦʨʘ, ʠʟʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʨʘʥʩ-
ʧʦʨʪʥʳʭ ʤʘʨʰʨʫʪʦʚ, ʚʳʟʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʨʘʪʠʪʴʩʷ ʢ ʦʧʳʪʫ 1920-ʭ ʛʦʜʦʚ, ʢʦʛʜʘ ʩʦʚʝʪʩʢʦʝ ʧʨʘ-
ʚʠʪʝʣʴʩʪʚʦ ʦʢʘʟʘʣʦʩʴ ʚ ʩʭʦʞʝʡ ʩʠʪʫʘʮʠʠ. ʆʪʭʦʜ ʦʪ ʣʝʚʦʨʘʜʠʢʘʣʴʥʦʛʦ ʜʦʢʪʨʠʥʸʨʩʪʚʘ ʚ ʧʦʣʴʟʫ ʨʝʰʝʥʠʷ 
ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ, ʧʦʟʚʦʣʠʣ ʚʳʩʪʦʷʪʴ, ʧʨʝʦʜʦʣʝʚ ʪʨʫʜʥʦʩʪʠ, ʭʦʪʷ ʠ ʚʳʟʚʘʣ ʷʨʦʩʪʥʳʝ ʜʠʩʢʫʩʩʠʠ ʦʧʨʘʚ-
ʜʘʥʥʦʩʪʠ ʧʨʠʥʷʪʳʭ ʤʝʨ, ʧʨʦʜʦʣʞʘʶʱʠʝʩʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʘʙʦʯʝ-ʢʨʝʩʪʴʷʥʩʢʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ (ʉʦʚʝʪʘ ʥʘʨʦʜʥʳʭ ʢʦʤʠʩʩʘʨʦʚ) ʚʦ ʛʣʘʚʝ ʩ 
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ɺʣʘʜʠʤʠʨʦʤ ʀʣʴʠʯʸʤ ʋʣʴʷʥʦʚʳʤ-ʃʝʥʠʥʳʤ (1870-1924) ʚ ʭʦʜʝ ɺʝʣʠʢʦʡ ʆʢʪʷʙʨʴʩʢʦʡ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʦʡ 
ʨʝʚʦʣʶʮʠʠ ʦʩʝʥʴʶ 1917 ʛʦʜʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʫʩʢʦʨʠʣʦ ʧʘʜʝʥʠʝ ʚ ʧʨʦʧʘʩʪʴ, ʩʦʧʨʦʚʦʞʜʘʷʩʴ, ʢʘʢ ʠ ʧʨʝʜ-
ʩʢʘʟʳʚʘʣ ʧʨʦʣʝʪʘʨʩʢʠʡ ʚʦʞʜʴ, ʙʳʩʪʨʳʤ ʧʝʨʝʨʘʩʪʘʥʠʝʤ ʠʤʧʝʨʠʘʣʠʩʪʠʯʝʩʢʦʡ ʚʦʡʥʳ ʚ ʛʨʘʞʜʘʥʩʢʫʶ. 
ʆʙʦʩʪʨʝʥʠʝ ʢʣʘʩʩʦʚʦʡ ʙʦʨʴʙʳ, ʢʦʛʜʘ ʙʨʘʪ ʰʸʣ ʥʘ ʙʨʘʪʘ, ʫʩʧʝʭʠ ʙʝʣʦʛʦ ʜʚʠʞʝʥʠʷ, ʦʪʧʘʜʝʥʠʝ ʥʘʮʠʦ-
ʥʘʣʴʥʳʭ ʦʢʨʘʠʥ, ʩʦʢʨʘʱʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʜʢʦʥʪʨʦʣʴʥʦʡ ʮʝʥʪʨʫ ʚʳʥʫʞʜʘʣʠ ʙʦʣʴʰʝʚʠʢʦʚ ʜʣʷ ʫʜʝʨ-
ʞʘʥʠʷ ʚʣʘʩʪʠ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʢʨʘʡʥʝ ʞʸʩʪʢʠʝ ʤʝʨʳ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ 
"ʧʦʣʠʪʠʢʠ ʚʦʝʥʥʦʛʦ ʢʦʤʤʫʥʠʟʤʘ" 1918-1921 ʛʦʜʦʚ, ʟʘʪʨʦʥʫʚʰʝʡ ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʦʨʦʥ ʞʠʟʥʠ. ʅʝ ʟʨʷ 
ʦʜʠʥ ʠʟ ʚʝʜʫʱʠʭ ʢʘʨʘʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʙʦʨʴʙʳ ʩ ʚʦʣʴʥʦ ʪʨʘʢʪʫʝʤʦʡ ʢʦʥʪʨʨʝʚʦʣʶʮʠʝʡ ʠ ʩʘʙʦʪʘʞʝʤ, 
ʩʦʟʜʘʥʥʳʡ 7 (20) ʜʝʢʘʙʨʷ 1917 ʛʦʜʘ, ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʯʨʝʟʚʳʯʘʡʥʦʡ ʢʦʤʠʩʩʠʠ. 

ʋʩʢʦʨʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʙʝʩʢʣʘʩʩʦʚʦʛʦ ʦʙʱʝʩʪʚʘ ʧʫʪʸʤ ʦʛʦʩʫʜʘʨʩʪʚʣʝʥʠʷ ʵʢʦʥʦʤʠʢʠ, ʥʘʮʠʦ-
ʥʘʣʠʟʘʮʠʷ ʙʘʥʢʦʚ, ʟʘʧʨʝʪ ʯʘʩʪʥʦʡ ʪʦʨʛʦʚʣʠ, ʢʘʨʪʦʯʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʚʘʨʦʚ, ʪʨʫʜʦʚʘʷ ʧʦ-
ʚʠʥʥʦʩʪʴ, ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʷ ʢʦʤʠʪʝʪʦʚ ʙʝʜʥʦʪʳ, ʤʘʪʝʨʠʘʣʴʥʘʷ ʫʨʘʚʥʠʣʦʚʢʘ, ʫʥʠʯʪʦʞʝʥʠʝ ʩʪʘʨʳʭ ʠʥ-
ʩʪʠʪʫʪʦʚ ʠ ʩʦʩʣʦʚʥʳʭ ʛʨʫʧʧ, ʨʦʩʪ ʧʦʚʩʪʘʥʯʝʩʪʚʘ ʛʨʦʟʠʣʠ ʪʷʞʸʣʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ. ʇʨʦʜʦʚʦʣʴʩʪʚʝʥ-
ʥʘʷ ʨʘʟʚʸʨʩʪʢʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʚʰʘʷ ʠʟʲʷʪʠʝ ʫ ʟʝʤʣʝʜʝʣʴʮʝʚ ʠʟʣʠʰʢʦʚ ʟʝʨʥʘ ʠ ʬʫʨʘʞʘ, ʚ ʨʝʘʣʴʥʦʩʪʠ 
ʧʨʠʚʦʜʠʚʰʘʷ ʢ ʨʝʢʚʠʟʠʮʠʷʤ ʜʘʞʝ ʩʝʤʝʥʥʦʛʦ ʬʦʥʜʘ, ʚʳʟʳʚʘʣʘ ʛʦʣʦʜ, ʚʦʦʨʫʞʸʥʥʳʝ ʩʪʦʣʢʥʦʚʝʥʠʷ, ʥʦ 
ʯʘʱʝ ʤʦʣʯʘʣʠʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʚʠʜʝ ʩʦʢʨʳʪʠʷ ʫʨʦʞʘʷ, ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩ ʙʦʣʝʝ ʮʝʥʥʳʭ ʢʫʣʴʪʫʨ ʥʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʩʪʳʭ ʩʨʝʜʩʪʚ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʣʦʱʘʜʝʡ. ʆʩʪ-
ʨʳʡ ʜʝʬʠʮʠʪ ʭʣʝʙʘ ʚ ʛʦʨʦʜʘʭ ʩʦʟʜʘʚʘʣ ʦʧʘʩʥʦʩʪʴ ʜʝʤʦʨʘʣʠʟʘʮʠʠ ʧʨʦʣʝʪʘʨʠʘʪʘ ʚʩʣʝʜʩʪʚʠʝ ʙʝʛʩʪʚʘ 
ʨʘʙʦʯʠʭ ʚ ʩʝʣʴʩʢʫʶ ʤʝʩʪʥʦʩʪʴ, ʦʪʢʫʜʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʠʭ ʯʘʩʪʴ ʢʦʛʜʘ-ʪʦ ʧʨʠʰʣʘ ʥʘ ʬʘʙʨʠʢʠ ʠ ʟʘʚʦʜʳ. 

ʈʷʜ ʧʨʠʥʠʤʘʝʤʳʭ ʉʅʂ ʜʝʢʨʝʪʦʚ ʥʦʩʠʣ ʬʘʢʪʠʯʝʩʢʠ ʜʝʢʣʘʨʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʠʩʧʦʣʥʷʷʩʴ ʪʦʣʴʢʦ 
ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʘʩʠʣʠʷ. ʂ ʚʝʩʥʝ 1921 ʛʦʜʘ ʥʘʧʨʷʞʝʥʠʝ ʜʦʩʪʠʛʣʦ ʤʘʢʩʠʤʫʤʘ. ɸʛʨʘʨʥʳʝ ʛʫʙʝʨʥʠʠ ʟʘ-
ʭʣʝʩʪʥʫʣʠ ʤʘʩʩʦʚʳʝ ʧʨʦʪʝʩʪʳ - "ʟʝʣʸʥʳʡ ʧʦʪʦʧ" [1, ʩ. 551-564]. ʅʘ ʊʘʤʙʦʚʱʠʥʝ ʜʝʡʩʪʚʦʚʘʣʠ ʧʦʚʩʪʘʥ-
ʯʝʩʢʠʝ ʦʪʨʷʜʳ ʵʩʝʨʘ ɸʣʝʢʩʘʥʜʨʘ ʉʪʝʧʘʥʦʚʠʯʘ ɸʥʪʦʥʦʚʘ (1889-1922). ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʝ ʚʦʩʩʪʘʥʠʝ 
1921-1922 ʛʦʜʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢʨʝʩʪʴʷʥʠʥʘ ɺʘʩʠʣʠʷ ʄʘʢʩʠʤʦʚʠʯʘ ɾʝʣʪʦʚʩʢʦʛʦ (1895-1921) ʠ 
ʙʳʚʰʝʛʦ ʦʬʠʮʝʨʘ, ʫʯʠʪʝʣʷ ɺʣʘʜʠʤʠʨʘ ɸʣʝʢʩʝʝʚʠʯʘ ʈʦʜʠʥʘ (ʫʤ. 1921), ʦʪʨʝʟʘʣʦ ʚ ʬʝʚʨʘʣʝ 1921 ʛʦʜʘ 
ʥʘ ʪʨʠ ʥʝʜʝʣʠ ʦʙʰʠʨʥʳʡ ʨʝʛʠʦʥ ʦʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʩ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʴʶ ʩʪʨʘʥʳ. ʇʝ-
ʨʝʙʦʠ ʧʦʩʪʘʚʦʢ ʚʳʥʫʞʜʘʣʠ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʙʦʪʫ ʫʮʝʣʝʚʰʠʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɿʘʚʦʣʥʦʚʘʣʩʷ ʜʘʞʝ ʯʝʣʦʚʝʢ ʩ ʨʫʞʴʸʤ, ʷʨʢʠʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʯʝʤʫ ʩʪʘʣʦ ʚʳʩʪʫʧʣʝʥʠʝ, ʧʦʞʘʣʫʡ, 
ʩʘʤʳʭ ʭʨʝʩʪʦʤʘʪʠʡʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʆʢʪʷʙʨʴʩʢʦʡ ʨʝʚʦʣʶʮʠʠ - ʤʘʪʨʦʩʦʚ ɹʘʣʪʠʡʩʢʦʛʦ ʬʣʦʪʘ, ʠʟʚʝʩʪʥʦʝ 
ʢʘʢ ʤʘʨʪʦʚʩʢʠʡ ʂʨʦʥʰʪʘʜʩʢʠʡ ʤʷʪʝʞ 1921 ʛʦʜʘ [2, ʩ. 96-100]. 

ʉʨʘʚʥʠʪʝʣʴʥʦ ʜʝʡʩʪʚʝʥʥʳʡ ʚ ʭʦʜʝ ʛʨʘʞʜʘʥʩʢʦʡ ʚʦʡʥʳ "ʚʦʝʥʥʳʡ ʢʦʤʤʫʥʠʟʤ", ʧʦʟʚʦʣʠʚʰʠʡ ʩʢʦʥ-
ʮʝʥʪʨʠʨʦʚʘʪʴ ʨʝʩʫʨʩʳ ʜʣʷ ʦʪʧʦʨʘ ʢʦʥʪʨʨʝʚʦʣʶʮʠʠ, ʦʢʘʟʘʣʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʧʦʩʣʝ ʧʦʙʝʜʳ ʈʘʙʦʯʝ-
ʢʨʝʩʪʴʷʥʩʢʦʡ ʂʨʘʩʥʦʡ ʘʨʤʠʠ ʠ ʧʝʨʝʭʦʜʝ ʢ ʧʦʚʩʝʜʥʝʚʥʦʡ ʤʠʨʥʦʡ ʞʠʟʥʠ. ʉʦʯʝʪʘʥʠʝ ʨʝʧʨʝʩʩʠʡ ʩ ʦʪ-
ʜʝʣʴʥʳʤʠ ʫʩʪʫʧʢʘʤʠ ʤʘʣʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʣʫʯʰʝʥʠʶ ʩʠʪʫʘʮʠʠ.  

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʦʚʘʣʩʷ ʙʦʣʝʝ ʚʟʚʝʰʝʥʥʳʡ, ʧʨʦʜʫʤʘʥʥʳʡ, ʦʩʪʦʨʦʞʥʳʡ ʧʦʜʭʦʜ ʚʚʝʜʝʥʠʷ ʩʦ-
ʮʠʘʣʠʟʤʘ ʙʝʟ ʣʠʭʦʡ "ʢʘʚʘʣʝʨʠʡʩʢʦʡ ʘʪʘʢʠ ʥʘ ʢʘʧʠʪʘʣ" ʠ ʩʠʪʫʘʮʠʦʥʥʦʡ "ʰʪʫʨʤʦʚʱʠʥʳ", ʜʦʧʫʩʢʘʝʤʦʡ ʚ 
ʢʨʠʪʠʯʝʩʢʠʝ ʜʥʠ ʨʝʰʠʪʝʣʴʥʦʡ ʙʦʨʴʙʳ ʩ ʙʝʣʦʛʚʘʨʜʝʡʮʘʤʠ, ʠʥʪʝʨʚʝʥʪʘʤʠ, ʘʥʪʠʩʦʚʝʪʯʠʥʦʡ, ʨʝʘʢʮʠʦʥ-
ʥʳʤ ʜʚʦʨʷʥʩʪʚʦʤ, ʜʫʭʦʚʝʥʩʪʚʦʤ, ʙʫʨʞʫʘʟʠʝʡ. 

ʇʨʦʛʨʘʤʤʘ ʨʝʬʦʨʤ, ʧʨʠʥʷʪʘʷ ʧʦʩʣʝ ʦʙʩʫʞʜʝʥʠʷ ʧʦ ʥʘʩʪʦʷʥʠʶ ɺ.ʀ. ʃʝʥʠʥʘ X ʩʲʝʟʜʦʤ ʈʂʇ(ʙ) ʚ 
ʤʘʨʪʝ 1921 ʛʦʜʘ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ "ʅʦʚʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ", ʠʣʠ, ʧʨʠ ʦʙʱʝʡ ʣʶʙʚʠ ʢ ʘʙʙʨʝ-
ʚʠʘʪʫʨʘʤ, ʅʕʇ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʨʝʰʝʥʠʡ ʩʪʘʣʦ ʧʨʠʥʷʪʠʝ 21 ʤʘʨʪʘ 1921 ʛʦʜʘ ɺʩʝʨʦʩʩʠʡʩʢʠʤ ʮʝʥʪʨʘʣʴʥʳʤ 
ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʢʦʤʠʪʝʪʦʤ ɼʝʢʨʝʪʘ "ʆ ʟʘʤʝʥʝ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʠ ʩʳʨʴʝʚʦʡ ʨʘʟʚʸʨʩʪʢʠ ʥʘʪʫʨʘʣʴ-
ʥʳʤ ʥʘʣʦʛʦʤ", ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʚ 62 ʥʦʤʝʨʝ "ʀʟʚʝʩʪʠʡ ɺʎʀʂ ʉʦʚʝʪʦʚ" ʜʚʘ ʜʥʷ ʩʧʫʩʪʷ [3]. ɼʦʢʫʤʝʥʪ 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ ʩʝʨʴʸʟʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʯʸʪʢʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘ ʥʘʣʦʛʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʞʥʠʤ ʨʘʟ-
ʤʝʨʦʤ ʦʙʣʦʞʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʦʮʝʥʢʝ ʯʣʝʥʘ ʢʦʣʣʝʛʠʠ ʅʘʨʦʜʥʦʛʦ ʢʦʤʠʩʩʘʨʠʘʪʘ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ɸʣʝʢʩʝʷ 
ʀʚʘʥʦʚʠʯʘ ʉʚʠʜʝʨʩʢʦʛʦ (1878-1933), ʝʛʦ ʧʦʢʘʟʘʪʝʣʴ ʥʘʤʝʯʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 12% ʦʙʱʝʛʦ ʩʙʦʨʘ ʭʣʝʙʘ. 
ʅʘʣʦʛ ʠʤʝʣ ʥʘʪʫʨʘʣʴʥʫʶ ʬʦʨʤʫ, ʨʘʩʩʯʠʪʳʚʘʷʩʴ ʜʣʷ ʢʘʞʜʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʩ ʫʯʸʪʦʤ ʯʠʩʣʘ ʝʜʦʢʦʚ, ʫʨʦ-
ʞʘʡʥʦʩʪʠ, ʨʘʟʤʝʨʫ ʧʘʰʥʠ. ʆʥ ʜʦʣʞʝʥ ʙʳʣ ʩʦʙʠʨʘʪʴʩʷ ʛʫʙʝʨʥʩʢʠʤʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʤʠ ʢʦʤʠʪʝʪʘʤʠ 
ʠʣʠ ʛʫʙʧʨʦʜʢʦʤʘʤʠ, ʬʘʢʪʠʯʝʩʢʠ ʦʙʣʘʜʘʚʰʠʤʠ ʧʨʘʚʦʚʳʤ ʠʤʤʫʥʠʪʝʪʦʤ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʨʝʛʫʣʠʨʦʚʘʣʩʷ 
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ʅʘʨʢʦʤʧʨʦʜʦʤ. ʆʪʢʘʟ ʝʛʦ ʚʳʧʣʘʯʠʚʘʪʴ ʛʨʦʟʠʣ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʠ ʜʘʞʝ ʫʛʦʣʦʚʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ, 
ʜʦʧʫʩʢʘʷ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʤʝʩʪʥʫʶ ʢʨʫʛʦʚʫʶ ʧʦʨʫʢʫ [4, ʩ. 85]. 

ʇʨʠʥʷʪʠʝ 30 ʦʢʪʷʙʨʷ 1922 ʛʦʜʘ ʧʝʨʚʦʛʦ ɿʝʤʝʣʴʥʦʛʦ ʢʦʜʝʢʩʘ ʈʉʌʉʈ, ʜʦʧʦʣʥʝʥʥʦʛʦ ʫʪʚʝʨʞʜʸʥ-
ʥʳʤ 7 ʠʶʣʷ 1923 ʛʦʜʘ ʃʝʩʥʳʤ ʢʦʜʝʢʩʦʤ ʈʉʌʉʈ, ʩʪʘʣʦ ʧʨʦʜʦʣʞʝʥʠʝʤ ʢʫʨʩʘ ʩʤʷʛʯʝʥʠʷ ʘʛʨʘʨʥʦʡ ʧʦʣʠ-
ʪʠʢʠ ʙʦʣʴʰʝʚʠʢʦʚ [5, ʩ. 938-958]. ʈʘʟʨʝʰʘʣʘʩʴ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʘʨʝʥʜʘ ʟʝʤʣʠ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʥʦʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʸʤʥʦʛʦ ʪʨʫʜʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʘʰʠ (ʙʘʪʨʘʢʦʚ) [6, ʩ. 62-66]. 

ɺʚʝʜʝʥʠʝ ʧʨʦʜʥʘʣʦʛʘ ʠ ʜʨʫʛʠʝ ʤʝʨʳ ʧʦʩʪʝʧʝʥʥʦ ʦʞʠʚʠʣʠ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. ʂ 1926 ʛʦʜʫ ʜʝ-
ʨʝʚʥʷ ʚʜʚʦʝ ʫʚʝʣʠʯʠʣʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʨʝʚʟʦʡʜʷ ʥʘ 18 % ʧʦʢʘʟʘʪʝʣʠ "ʦʙʨʘʟʮʦʚʦʛʦ" 1913 ʛʦʜʘ. 

ɺʘʞʥʦʡ ʥʦʚʘʮʠʝʡ ʩʪʘʣʘ ʦʪʤʝʥʘ ʚʩʝʦʙʱʝʡ ʪʨʫʜʦʚʦʡ ʧʦʚʠʥʥʦʩʪʠ ʧʨʠʥʷʪʳʤ 4-ʡ ʩʝʩʩʠʝʡ ɺʎʀʂ IX 
ʩʦʟʳʚʘ 9 ʥʦʷʙʨʷ 1922 ʛʦʜʘ "ʂʦʜʝʢʩʦʤ ʟʘʢʦʥʦʚ ʦ ʪʨʫʜʝ ʈʉʌʉʈ", ʫʩʪʘʥʦʚʠʚ ʜʦʙʨʦʚʦʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʚʳ-
ʙʦʨʘ ʨʘʙʦʪʳ, ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʛʨʘʞʜʘʥ ʢ ʚʳʧʦʣʥʝʥʠʶ ʦʙʷʟʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʣʠʰʴ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʦʙ-
ʩʪʦʷʪʝʣʴʩʪʚʘʭ. ɺʚʦʜʠʣʦʩʴ ʧʦʥʷʪʠʝ ʜʦʛʦʚʦʨʘ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʚʘʝʤʳʤʠ ʙʠʨʞʘʤʠ 
ʪʨʫʜʘ, ʨʘʟʛʨʘʥʠʯʠʚʘʣʠʩʴ ʦʙʷʟʘʥʥʦʩʪʠ ʩ ʧʨʘʚʘʤʠ ʥʘʥʠʤʘʪʝʣʷ ʠ ʥʘʥʠʤʘʝʤʦʛʦ, ʫʧʨʘʟʜʥʷʣʘʩʴ ʫʨʘʚʥʠ-
ʪʝʣʴʥʘʷ ʦʧʣʘʪʘ, ʟʘʨʘʙʦʪʦʢ ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʯʝʩʪʚʦʤ ʠ ʩʣʦʞʥʦʩʪʴʶ ʠʩʧʦʣʥʷʝʤʳʭ ʧʦʨʫʯʝʥʠʡ. 

ɺ 1921 ʛʦʜʫ ʧʨʠʰʸʣ ʢʦʥʝʮ ʢʨʘʡʥʝ ʨʘʟʜʨʘʞʘʚʰʝʡ ʥʘʩʝʣʝʥʠʝ ʢʘʨʪʦʯʥʦʡ ʩʠʩʪʝʤʳ, ʚʚʝʜʸʥʥʦʡ ʚ ʛʦ-
ʜʳ I ʄʠʨʦʚʦʡ ʚʦʡʥʳ ʝʱʸ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʝʡ [7, ʩ. 102]. 

ɺ ʵʢʦʥʦʤʠʢʫ ʜʦʧʫʩʢʘʣʠʩʴ ʵʣʝʤʝʥʪʳ ʨʳʥʢʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʟʘ ʛʦʩʫʜʘʨʩʪʚʦʤ ʢʦʤʘʥʜʥʳʭ 
ʚʳʩʦʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʦʙʣʘʩʪʠ ʢʨʫʧʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʘʟʨʝʰʘʣʘʩʴ ʘʨʝʥʜʘ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷ-
ʪʠʡ, ʩʦʟʜʘʥʠʝ ʯʘʩʪʥʳʤʠ ʣʠʮʘʤʠ ʘʨʪʝʣʝʡ, ʢʦʦʧʝʨʘʪʠʚʦʚ, ʘʢʮʠʦʥʝʨʥʳʭ ʦʙʱʝʩʪʚ, ʢʦʤʤʘʥʜʠʪʥʳʭ ʪʦʚʘʨʠ-
ʱʝʩʪʚ, ʪʦʨʛʦʚʳʭ ʪʦʯʝʢ, ʢʫʩʪʘʨʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʩ ʯʠʩʣʦʤ ʥʘʸʤʥʳʭ ʨʘʙʦʪʥʠʢʦʚ ʚ ʧʨʝʜʝʣʘʭ 20 ʯʝʣʦʚʝʢ. 
ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʠʱʝʚʫʶ ʠ ʣʸʛʢʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʩʬʝʨʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ, 
ʨʦʟʥʠʯʥʫʶ ʪʦʨʛʦʚʣʶ, ʭʦʪʷ ʠ ʧʦʨʦʜʠʣʦ ʥʵʧʤʘʥʦʚ, ʢʘʢ ʩ ʣʸʛʢʦʡ ʨʫʢʠ ʩʘʪʠʨʠʢʘ ʈʦʜʠʦʥʘ ɸʙʨʘʤʦʚʠʯʘ ʄʝʥ-
ʜʝʣʝʚʠʯʘ (1867-1927), ʧʫʙʣʠʢʦʚʘʚʰʝʛʦ ʧʦʜ ʧʩʝʚʜʦʥʠʤʦʤ ʈ. ʄʝʯ ʩʚʦʠ ʬʝʣʴʝʪʦʥʳ, ʩʪʘʣʠ ʥʘʟʳʚʘʪʴ "ʩʦ-
ʚʝʪʩʢʠʭ ʙʦʛʘʪʝʝʚ", ʥʘʠʙʦʣʝʝ ʦʜʠʦʟʥʳʭ ʬʠʛʫʨ 1920-ʭ ʛʦʜʦʚ ʩ ʯʘʩʘʤʠ ʥʘ ʜʨʘʛʦʮʝʥʥʦʡ ʮʝʧʦʯʢʝ, ʟʘʚʩʝʛʜʘ-
ʪʘʝʚ ʪʨʘʢʪʠʨʦʚ ʠ ʨʝʩʪʦʨʘʥʦʚ. 

ʆʜʥʠʤ ʠʟ ʠʥʠʮʠʘʪʦʨʦʚ ʜʝʥʝʞʥʦʡ ʨʝʬʦʨʤʳ ʩʪʘʣ ʨʫʢʦʚʦʜʠʪʝʣʴ ʅʘʨʦʜʥʦʛʦ ʢʦʤʠʩʩʘʨʠʘʪʘ ʬʠʥʘʥ-
ʩʦʚ ɻʨʠʛʦʨʠʡ ʗʢʦʚʣʝʚʠʯ ʉʦʢʦʣʴʥʠʢʦʚ (1888-1939). 4 ʦʢʪʷʙʨʷ 1921 ʛʦʜʘ ʙʳʣ ʫʯʨʝʞʜʸʥ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 
ʙʘʥʢ ʈʉʌʉʈ, ʢʘʢ ʨʘʩʯʸʪʥʦ-ʢʘʩʩʦʚʳʡ ʠ ʵʤʠʩʩʠʦʥʥʳʡ ʦʨʛʘʥ ʩ ʢʘʧʠʪʘʣʦʤ ʚ ʜʚʘ ʪʨʠʣʣʠʦʥʘ ʨʫʙʣʝʡ, ʧʦʜ 
ʧʨʝʜʩʝʜʘʪʝʣʴʩʪʚʦʤ ɸʨʦʥʘ ʃʴʚʦʚʠʯʘ ʐʝʡʥʤʘʥʘ (1886-1944) [8, ʩ. 257-260].  

ɿʘ ʥʠʤ ʧʦʩʣʝʜʦʚʘʣ ʩʦʟʜʘʥʥʳʡ 1 ʩʝʥʪʷʙʨʷ 1922 ʛʦʜʘ ʊʦʨʛʦʚʦ-ʇʨʦʤʳʰʣʝʥʥʳʡ ʙʘʥʢ, ʘʢʮʠʦʥʝʨʥʦʝ 
ʦʙʱʝʩʪʚʦ "ʕʣʝʢʪʨʦʢʨʝʜʠʪ", ʚʦʟʥʠʢʰʠʡ 1 ʬʝʚʨʘʣʷ 1924 ʛʦʜʘ ʎʝʥʪʨʘʣʴʥʳʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʙʘʥʢ, 
ʜʨʫʛʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʢʨʝʜʠʪʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ [9, ʩ. 818-820].  

ɺ 1922-1924 ʛʦʜʘʭ ʧʨʦʚʝʜʝʥʘ ʜʚʫʭʵʪʘʧʥʘʷ ʜʝʥʦʤʠʥʘʮʠʷ ʠ ʫʥʠʬʠʢʘʮʠʷ ʜʝʥʝʞʥʦʛʦ ʦʙʨʘʱʝʥʠʷ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʘʥʘ ʦʙʟʘʚʝʣʘʩʴ ʩʦʚʝʪʩʢʠʤ ʨʫʙʣʸʤ, ʨʘʚʥʳʤ 50 ʤʠʣʣʠʘʨʜʘʤ ʟʥʘʢʦʚ, ʙʳʚʰʠʭ ʚ ʦʙʨʘʱʝʥʠʠ 
ʜʦ 1922 ʛʦʜʘ, ʥʘʯʘʣʘʩʴ ʯʝʢʘʥʢʘ ʨʘʟʤʝʥʥʦʡ ʩʝʨʝʙʨʷʥʦʡ ʠ ʤʝʜʥʦʡ ʤʦʥʝʪʳ. ʇʦʷʚʠʣʩʷ ʟʦʣʦʪʦʡ ʯʝʨʚʦʥʝʮ, 
ʟʘʥʷʚʰʠʡ ʜʦʩʪʦʡʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʤʠʨʦʚʳʭ ʚʘʣʶʪ. 

ɺ ʥʦʷʙʨʝ 1922 ʙʳʣ ʫʯʨʝʞʜʸʥ ʈʦʩʩʠʡʩʢʠʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʙʘʥʢ, ʫʞʝ ʚ 1924 ʛʦʜʫ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡ 
ʚʦ ɺʥʝʰʪʦʨʛʙʘʥʢ, ʩʪʘʚʠʚʰʠʡ ʟʘʜʘʯʫ ʩʦʜʝʡʩʪʚʠʷ ʪʦʨʛʦʚʣʝ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʩʪʨʘʥʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʠʚʣʝʯʝ-
ʥʠʷ ʟʘʧʘʜʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʜʣʷ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ. 

ɼʣʷ ʩʢʦʨʝʡʰʝʡ ʨʝʘʥʠʤʘʮʠʠ ʨʘʟʨʫʰʝʥʥʦʡ ɻʨʘʞʜʘʥʩʢʦʡ ʚʦʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʦʟʜʘʚʘʣʠʩʴ 
ʢʦʥʮʝʩʩʠʠ ʩ ʫʯʘʩʪʠʝʤ ʠʥʦʩʪʨʘʥʥʦʛʦ ʢʘʧʠʪʘʣʘ, ʯʪʦ ʫʟʘʢʦʥʠʣ ʜʝʢʨʝʪ ʉʅʂ ʈʉʌʉʈ ʦʪ 23 ʥʦʷʙʨʷ 1920 ʛʦʜʘ 
"ʆʙ ʦʙʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʶʨʠʜʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʢʦʥʮʝʩʩʠʡ" [10]. 

ʂʘʢ ʦʪʤʝʯʘʣ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ɿʘʭʘʨʦʚ, ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʢʦʥʦʤʠʢʫ ʨʘʟʣʠʯʘʣʦʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
ʦʪ ʚʠʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʞʝ ʢʘʢ ʜʦʭʦʜʥʦʩʪʴ, ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʜʦʛʦʚʦʨʦʚ, ʦʙʲʸʤ ʧʨʠʚʣʝʯʸʥʥʳʭ ʤʘʪʝʨʠ-
ʘʣʴʥʳʭ ʩʨʝʜʩʪʚ. ʂ ʨʫʙʝʞʫ 1927/1928 ʛʦʜʦʚ ʦʙʱʠʡ ʨʘʟʤʝʨ ʚʣʦʞʝʥʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʜʦʩʪʠʛ 45, 3 
ʤʠʣʣʠʦʥʘ ʨʫʙʣʝʡ, ʧʨʠʯʸʤ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʦʩʪʘʚʠʣʠ ʠʥʚʝʩʪʠʮʠʠ ɹʨʠʪʘʥʠʠ - 28 % ʦʙʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, 
ʉʐɸ ï 23, 5 %, ɻʝʨʤʘʥʠʠ 13, 5 %, ʐʚʝʜʩʢʦʛʦ ʢʦʨʦʣʝʚʩʪʚʘ ï 12, 5 % [11, ʩ. 16]. 

ʀʟʤʝʥʝʥʠʝ ʢʫʨʩʘ ʩʪʨʘʥʳ, ʫʧʨʦʯʝʥʠʝ ʧʦʟʠʮʠʡ ʀʦʩʠʬʘ ɺʠʩʩʘʨʠʦʥʦʚʠʯʘ ʉʪʘʣʠʥʘ (1878-1953) ʢʘʢ 
ʝʜʠʥʦʣʠʯʥʦʛʦ ʚʦʞʜʷ, ʧʦʜʘʚʠʚʰʝʛʦ ʚʥʫʪʨʠʧʘʨʪʠʡʥʫʶ ʦʧʧʦʟʠʮʠʶ, ʩʪʨʝʤʠʚʰʝʛʦʩʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʝ 
ʩʪʦʨʦʥʳ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʢʦʥʦʤʠʢʫ, ʢʫʨʩ ʥʘ ʧʣʘʥʠʨʦʚʘʥʠʝ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʫʩʢʦʨʝʥ-
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ʥʫʶ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʶ ʠ ʢʦʣʣʝʢʪʠʚʠʟʘʮʠʶ, ʚ ʢʦʥʮʝ 1920-ʭ ʛʦʜʦʚ ʧʨʠʚʝʣ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʩʚʦʨʘʯʠʚʘʥʠʶ 
ʅʕʇʘ, ʥʝʩʦʚʤʝʩʪʠʤʦʛʦ ʩ ʧʨʠʥʮʠʧʘʤʠ ʪʦʪʘʣʠʪʘʨʠʟʤʘ. 

ʉ ʦʩʝʥʠ 1928 ʛʦʜʘ ʥʘʯʘʣʘʩʴ ʨʝʘʣʠʟʘʮʠʷ ʟʘʜʘʥʠʡ ʧʝʨʚʦʡ ʧʷʪʠʣʝʪʢʠ 1928-1932 ʛʦʜʦʚ, ʬʘʢʪʠʯʝʩʢʠ 
ʦʟʥʘʯʘʷ ʧʨʝʢʨʘʱʝʥʠʝ ʧʨʝʞʥʝʛʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʣʠʙʝʨʘʣʠʟʤʘ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʧʦʩʣʝʜ-
ʥʶʶ ʪʦʯʢʫ ʧʦʩʪʘʚʠʣʦ ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʉʅʂ ʉʉʉʈ ʦʪ 11 ʦʢʪʷʙʨʷ 1931 ʛʦʜʘ ˉ 848 "ʆʙ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʦ-
ʩʪʘʚʝ ʢʦʤʠʪʝʪʘ ʮʝʥ ʧʨʠ ʉʦʚʝʪʝ ʪʨʫʜʘ ʠ ʦʙʦʨʦʥʳ", ʟʘʧʨʝʱʘʚʰʝʝ ʯʘʩʪʥʫʶ ʪʦʨʛʦʚʣʶ, ʟʘʤʝʥʸʥʥʫʶ ʤʦʥʦ-
ʧʦʣʠʝʡ ʛʦʩʫʜʘʨʩʪʚʘ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʪʦʠʤʦʩʪʴ ʨʦʟʥʠʯʥʳʭ ʪʦʚʘʨʦʚ ʜʣʷ ʥʘʩʝʣʝʥʠʷ.  

ʆʯʝʚʠʜʥʳʤ ʫʩʧʝʭʦʤ ʅʕʇʘ ʩʪʘʣʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʳʩʪʨʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ, ʘ 
ʪʘʢʞʝ ʨʷʜʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʨʘʩʣʝʡ, ʦʩʦʙʝʥʥʦ ʩ ʫʯʸʪʦʤ ʵʤʠʛʨʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʯʠʩʣʘ ʜʦʨʝʚʦʣʶʮʠʦʥ-
ʥʳʭ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʥʞʝʥʝʨʦʚ, ʬʠʥʘʥʩʠʩʪʦʚ, ʵʢʦʥʦʤʠʩʪʦʚ, ʭʦʟʷʡʩʪʚʝʥʥʠʢʦʚ, ʫʧʨʘʚʣʝʥʮʝʚ, 
ʦʙʝʩʧʝʯʠʚ ʫʩʪʨʘʥʝʥʠʝ ʥʘʠʙʦʣʝʝ ʪʷʞʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʨʘʟʨʫʭʠ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʯʝʨʝʜʘ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʨʠʟʠʩʦʚ, ʩʦʢʨʘʱʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʥʝʙʣʘ-
ʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʫʤʝʥʴʰʝʥʠʝ ʧʦʩʪʘʚʦʢ ʟʝʨʥʘ ʥʘ ʵʢʩʧʦʨʪ, ʣʠʰʠʚʰʝʝ ʩʨʝʜʩʪʚ ʜʣʷ ʬʦʨʩʠ-
ʨʦʚʘʥʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʨʘʟʨʘʟʠʚʰʘʷʩʷ ʠʥʬʣʷʮʠʷ, ʥʘʯʘʣʦ ʚ 1929 ʛʦʜʫ "ʚʝʣʠʢʦʡ ʜʝʧʨʝʩʩʠʠ", ʦʭʚʘʪʠʚ-
ʰʝʡ ʢʘʧʠʪʘʣʠʩʪʠʯʝʩʢʠʡ ɿʘʧʘʜ, ʧʦʢʘʟʘʣʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʧʨʝʞʥʝʡ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʴ 
ʫʩʪʘʥʦʚʣʝʥʠʷ ʞʸʩʪʢʦʛʦ ʢʦʥʪʨʦʣʷ ʛʦʩʫʜʘʨʩʪʚʘ ʥʘʜ ʵʢʦʥʦʤʠʢʦʡ. ʂʦʤʤʫʥʠʩʪʠʯʝʩʢʘʷ ʠʜʝʦʣʦʛʠʷ ʚʩʪʫʧʘʣʘ ʚ 
ʷʚʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʧʦʩʪʫʣʘʪʘʤʠ ʨʳʥʢʘ. ʅʕʇ ʚʦʩʧʨʠʥʠʤʘʣʩʷ ʢʘʢ ʚʨʝʤʝʥʥʦʝ ʦʪʩʪʫʧʣʝʥʠʝ, ʢʦʪʦʨʦʝ 
ʟʘʢʦʥʯʠʣʦʩʴ ʩ ʧʦʙʝʜʦʡ ʀʦʩʠʬʘ ɺʠʩʩʘʨʠʦʥʦʚʠʯʘ ʉʪʘʣʠʥʘ ʚʦ ʚʥʫʪʨʠʧʘʨʪʠʡʥʦʡ ʙʦʨʴʙʝ, ʫʩʪʘʥʦʚʠʚʰʝʡ 
ʝʛʦ ʝʜʠʥʦʣʠʯʥʫʶ ʚʣʘʩʪʴ ʥʘʜ ʩʪʨʘʥʦʡ. 
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ǰǯǟǡǬǧǱǤǪǻǬǺǨ ǟǬǟǪǧǦ ǰǤǩǲǪǾǯǬǭǨ 
ǼǱǧǩǧ Ǯǯǟǡ ǶǤǪǭǡǤǩǟ ǧ ǯǤǪǧǢǧǭǦǬǭǨ 
ǦǟǮǭǡǤǣǧ ǪǽǠǡǧ ǩ ǠǪǧǥǬǤǫǲ8 ǮǯǭǠǪǤǫǟ 
ǳǲǬǩǵǧǭǬǟǪǻǬǭǢǭ ǱǭǥǣǤǰǱǡǟ 

ǲȐȋǿȌȍȁǿ ǫǿȃȇȌǿ ǫǿȏǿȑȍȁȌǿ 
ʩʪʫʜʝʥʪ  

ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  
ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɻʘʷʟʦʚʘ ʉʘʨʙʠʥʘʟ ʈʘʚʠʣʝʚʥʘ  

ʢʘʥʜ. ʬʠʣʦʩ. ʥʘʫʢ, ʜʦʮ. 
ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʤʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦ-

ʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʪʝʟʠʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʦʜʝʨʞʘʪʝʣʴʥʦʛʦ ʪʦʞʜʝʩʪʚʘ ʤʝʞʜʫ ʨʝʣʠʛʠʦʟʥʦʡ ʟʘ-
ʧʦʚʝʜʴʶ ʣʶʙʚʠ ʢ ʙʣʠʞʥʝʤʫ ʠ ʩʝʢʫʣʷʨʥʦʡ ʵʪʠʢʦʡ ʧʨʘʚ ʯʝʣʦʚʝʢʘ, ʟʘʢʨʝʧʣʸʥʥʦʡ ʚ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʞ-
ʜʫʥʘʨʦʜʥʳʭ ʘʢʪʘʭ. ʅʘ ʬʦʥʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʝʥʜʝʥʮʠʡ ʨʝʣʠʛʠʦʟʥʦʛʦ ʚʦʟʨʦʞʜʝʥʠʷ ʠ ʩʝ-
ʢʫʣʷʨʠʟʘʮʠʠ ʚʳʙʦʨ ʠʥʜʠʚʠʜʦʤ ʫʩʪʦʡʯʠʚʦʛʦ ʤʦʨʘʣʴʥʦʛʦ ʦʨʠʝʥʪʠʨʘ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʪʨʫʜʥʸʥʥʳʤ. ʎʝʣʴ 
ʨʘʙʦʪʳ ð ʩʨʘʚʥʝʥʠʝ ʩʫʱʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʦʙʣʘʩʪʝʡ ʨʘʩʭʦʞʜʝʥʠʷ ʫʢʘʟʘʥʥʳʭ 
ʥʦʨʤʘʪʠʚʥʳʭ ʩʠʩʪʝʤ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʧʦʚʝʜʴ çʚʦʟʣʶʙʠ ʙʣʠʞʥʝʛʦ ʢʘʢ ʩʘʤʦʛʦ ʩʝʙʷè ʠʩʭʦʜʥʦ 
ʦʛʨʘʥʠʯʝʥʘ ʧʨʠʥʮʠʧʦʤ ʨʦʜʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ, ʘ ʝʸ ʪʝʦʣʦʛʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚʚʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴ-
ʥʫʶ ʤʦʪʠʚʘʮʠʶ (ʣʶʙʦʚʴ ʢ ɹʦʛʫ), ʯʪʦ ʧʦʨʦʞʜʘʝʪ ʚʥʫʪʨʝʥʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʷ. ʉʝʢʫʣʷʨʥʘʷ ʵʪʠʢʘ ʧʨʘʚ ʯʝ-
ʣʦʚʝʢʘ, ʥʘʧʨʦʪʠʚ, ʧʨʝʜʣʘʛʘʝʪ ʫʥʠʚʝʨʩʘʣʠʟʤ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʫʶ ʟʘʱʠʪʫ, ʥʦ ʩʪʨʘʜʘʝʪ ʬʦʨʤʘʣʠʟʤʦʤ. 
ɿʘʢʣʶʯʘʝʪʩʷ, ʯʪʦ ʥʠ ʦʜʥʘ ʠʟ ʩʠʩʪʝʤ ʥʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʜʦʩʪʘʪʦʯʥʦʡ; ʧʨʦʜʫʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʭ 
ʩʠʥʪʝʟ ʠ ʚʟʘʠʤʦʜʦʧʦʣʥʝʥʠʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʣʶʙʦʚʴ ʢ ʙʣʠʞʥʝʤʫ, ʩʝʢʫʣʷʨʥʘʷ ʵʪʠʢʘ, ʧʨʘʚʘ ʯʝʣʦʚʝʢʘ, ʜʝʦʥʪʦʣʦʛʠʷ, ʫʥʠʚʝʨʩʘʣʠʟʤ, 
ʨʝʣʠʛʠʦʟʥʘʷ ʤʦʨʘʣʴ. 
 

COMPARATIVE ANALYSIS OF THE SECULAR ETHICS OF HUMAN RIGHTS AND THE RELIGIOUS 
PRECEPT OF LOVE FOR ONE'S NEIGHBOR: THE PROBLEM OF FUNCTIONAL IDENTITY 

 
Usmanova Madina Maratovna 

 
Scientific adviserr: Gayazova Sarbinaz Ravilevna  

 
Abstract: the thesis examines the problem of meaningful identity between the religious precept of love for 
one's neighbor and the secular ethics of human rights, enshrined in universal international acts. Against the 
background of the parallel existence of religious revival and secularization trends, it is difficult for an individual 
to choose a stable moral guideline. The purpose of the work is to compare the essential characteristics, origin 
and areas of divergence of these regulatory systems. The analysis shows that the commandment "love your 
neighbor as yourself" is initially limited by the principle of kinship selection, and its theological interpretation 
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introduces additional motivation (love of God), which generates internal contradictions. Secular ethics of hu-
man rights, on the contrary, offers universalism and institutional protection, but suffers from formalism. The 
problem is that none of the systems is self-sufficient; their synthesis and complementarity seem productive.  
Keywords: love for one's neighbor, secular ethics, human rights, deontology, universalism, religious morality. 

 
ʃʶʙʦʚʴ ʢ ʙʣʠʞʥʝʤʫ ʢʘʢ ʯʫʚʩʪʚʦ ʫʚʘʞʝʥʠʷ, ʧʨʠʥʷʪʠʷ, ʪʝʨʧʠʤʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʦʤʫ ʯʝʣʦ-

ʚʝʢʫ, ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʠʥʮʠʧʦʚ ʤʦʨʘʣʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʀʤʝʥʥʦ ʠʟ ʥʝʛʦ ʧʨʦʠʩʪʝʢʘʝʪ 
ʙʦʣʴʰʠʥʩʪʚʦ ʜʨʫʛʠʭ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʦʨʘʣʴʥʳʭ ʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʦʨʤ: ʟʘʧʨʝʪ ʥʘ ʫʙʠʡ-
ʩʪʚʦ, ʢʨʘʞʫ, ʣʦʞʴ; ʫʚʘʞʝʥʠʝ ʢ ʩʪʘʨʰʠʤ, ʧʦʤʦʱʴ ʥʘʭʦʜʷʱʝʤʫʩʷ ʚ ʙʝʜʝ ʠ ʜʨ. ʂʘʞʝʪʩʷ, ʯʪʦ ʚʤʝʩʪʝ ʩ ʭʦ-
ʜʦʤ ʵʧʦʭ ʵʪʘ ʥʦʨʤʘ, ʫʭʦʜʷʱʘʷ ʢʦʨʥʷʤʠ ʚ ʭʨʠʩʪʠʘʥʩʢʫʶ ʠʜʝʦʣʦʛʠʶ, ʦʙʣʝʢʘʝʪʩʷ ʚ ʥʦʚʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ: 
ʩʤʝʥʘ ʚʨʝʤʝʥ, ʧʦʢʦʣʝʥʠʡ, ʬʠʣʦʩʦʬʩʢʠʭ, ʧʦʣʠʪʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʩʠʩʪʝʤ, ʨʘʟʥʦʛʣʘ-
ʩʠʷ ʤʝʞʜʫ ʦʙʱʝʩʪʚʝʥʥʳʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ ʥʝ ʩʤʦʛʣʠ ʧʦʰʘʪʥʫʪʴ ʝʝ ʘʚʪʦʨʠʪʝʪ. ʀ ʩʝʛʦʜʥʷ ʚ ʥʘʰʝʤ ʨʘʩ-
ʧʦʨʷʞʝʥʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦʯʝʨʝʜʥʦʛʦ ʚʠʪʢʘ ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʤʳʩʣʠ: ʚʩʝʦʙʱʘʷ ʜʝʢʣʘʨʘʮʠʷ ʧʨʘʚ ʯʝʣʦʚʝʢʘ 
ʢʘʢ ʘʢʪ, ʟʘʢʨʝʧʣʷʶʱʠʡ ʥʝʦʙʭʦʜʠʤʳʝ ʠʩʪʠʥʳ ʦ ʚʩʝʦʙʱʝʡ, ʛʣʦʙʘʣʴʥʦʡ çʣʶʙʚʠ ʢ ʙʣʠʞʥʝʤʫè ʥʘ ʚʳʩʦ-
ʯʘʡʰʝʤ ʫʨʦʚʥʝ.  

ʆʜʥʘʢʦ ʩ ʪʦʯʥʦʩʪʴʶ ʫʪʚʝʨʞʜʘʪʴ ʪʦʞʜʝʩʪʚʦ ʘʢʪʘ ʆʆʅ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʣʠʛʠʝʡ 
ʵʪʠʯʝʩʢʠʭ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ ʠ ʟʘʧʦʚʝʜʠ ʦ ʣʶʙʚʠ ʢ ʙʣʠʞʥʝʤʫ ʩ ʝʝ ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʚ ʥʝʭʨʠ-
ʩʪʠʘʥʩʢʠʭ ʨʝʣʠʛʠʦʟʥʳʭ ʪʝʢʩʪʘʭ ʥʝʚʦʟʤʦʞʥʦ.  

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ ʦʩʣʦʞʥʷʝʪʩʷ ʧʘʨʘʜʦʢʩʦʤ: ʪʝʥʜʝʥʮʠʠ ʢ ʚʦʟʨʦʞ-
ʜʝʥʠʶ ʨʝʣʠʛʠʦʟʥʦʡ ʧʨʠʚʝʨʞʝʥʥʦʩʪʠ, ʢʘʢ ʥʘ ɿʘʧʘʜʝ, ʪʘʢ ʠ ʚ ʉʪʘʨʦʤ ʉʚʝʪʝ, ʩʦʩʫʱʝʩʪʚʫʶʪ ʧʘʨʘʣʣʝʣʴʥʦ 
ʩ ʜʦʤʠʥʠʨʫʶʱʝʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʯʪʠ ʜʚʫʭ ʚʝʢʦʚ ʩʝʢʫʣʷʨʠʟʘʮʠʝʡ ʦʙʱʝʩʪʚʘ ʠ ʫʧʨʦʯʝʥʠʝʤ ʩʚʝʪʩʢʦʡ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ ʤʠʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʦʨ ʠʥʜʠʚʠʜʦʤ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʝʛʦ 
ʞʠʟʥʝʥʥʳʝ ʮʝʥʥʦʩʪʠ, ʙʳʪʦʚʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʦʪʥʦʰʝʥʠʝ ʢ ʦʢʨʫʞʘʶʱʠʤ ʦʨʠʝʥʪʠʨʘ, ʢʨʠʪʝʨʠʝʤ ʢʦʪʦʨʦʛʦ 
ʙʳʣʘ ʙʳ ʦʜʥʦʟʥʘʯʥʦ ʩʘʤʦʜʦʩʪʘʪʦʯʥʘʷ ʤʦʨʘʣʴʥʘʷ ʢʦʥʩʪʘʥʪʘ, ʩʪʘʥʦʚʠʪʩʷ ʝʱʝ ʙʦʣʝʝ ʪʨʫʜʥʳʤ ʠ ʨʠʩʢʦ-
ʚʘʥʥʳʤ.  

ʇʦʠʩʢ ʨʝʰʝʥʠʷ ʜʠʣʝʤʤʳ ʦ ʚʝʨʦʷʪʥʦʡ ʥʝʨʘʚʥʦʮʝʥʥʦʩʪʠ ʩʝʢʫʣʷʨʥʦʡ ʵʪʠʢʠ ʠ ʨʝʣʠʛʠʦʟʥʦʡ ʜʦʛʤʳ, 
ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʘʪʴ ʩ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʫʱʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʦʠʩʭʦʞʜʝʥʠʷ 
ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʥʦʨʤ, ʠʟʫʯʝʥʠʷ ʦʙʣʘʩʪʝʡ ʠʭ ʨʘʩʭʦʞʜʝʥʠʡ ʠ ʩʦʚʧʘʜʝʥʠʡ ʠ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʠʣʠ ʜʦʧʦʣʥʝʥʠʷ ʜʘʥʥʳʭ ʵʪʠʯʝʩʢʠʭ ʧʘʨʘʜʠʛʤ, ʦʧʠʨʘʷʩʴ ʥʘ ʨʘʙʦʪʳ ʚ ʦʙʣʘ-
ʩʪʠ ʪʝʦʣʦʛʠʠ, ʩʦʮʠʦʣʦʛʠ ʠ ʬʠʣʦʩʦʬʩʢʦʡ ʵʪʠʢʠ. 

10 ʟʘʧʦʚʝʜʝʡ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʦʡ ʘʚʨʘʘʤʠʯʝʩʢʠʭ ʨʝʣʠʛʠʡ, ʣʠʰʴ ʢʦʩʚʝʥʥʦ ʦʪʨʘʞʘʶʪ ʧʦʟʠʮʠʠ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʘʞʠʪʝʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʣʶʜʝʡ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʯʠʪʘʝʪʩʷ ʭʨʠʩʪʠʘʥ-
ʩʢʘʷ ʟʘʧʦʚʝʜʴ: çɺʦʟʣʶʙʠ ʙʣʠʞʥʝʛʦ ʪʚʦʝʛʦ, ʢʘʢ ʩʘʤʦʛʦ ʩʝʙʷè (ʄʬ. 22:39) [1]. ʀʠʩʫʩ ʍʨʠʩʪʦʩ ʚ ʜʘʥʥʦʤ 
ʦʪʨʳʚʢʝ ʮʠʪʠʨʫʝʪ ʙʦʣʝʝ ʜʨʝʚʥʶʶ ʠʫʜʝʡʩʢʫʶ ʢʥʠʛʫ ʃʝʚʠʪ: çʅʝ ʤʩʪʠ ʠ ʥʝ ʠʤʝʡ ʟʣʦʙʳ ʥʘ ʩʳʥʦʚ ʥʘʨʦʜʘ 
ʪʚʦʝʛʦ, ʥʦ ʣʶʙʠ ʙʣʠʞʥʝʛʦ ʪʚʦʝʛʦ, ʢʘʢ ʩʘʤʦʛʦ ʩʝʙʷè (ʃʝʚ. 19:18) [2]. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ 
ʧʨʝʚʦʟʥʦʩʠʪʩʷ ʩʪʨʝʤʣʝʥʠʝ ʢ ʦʢʘʟʘʥʠʶ ʯʝʣʦʚʝʢʫ ʜʦʙʨʘ: ʤʘʪʝʨʠʘʣʴʥʦʡ ʠ ʜʫʭʦʚʥʦʡ ʧʦʤʦʱʠ, ʫʚʘʞʝʥʠʶ. 
ɿʘʧʦʚʝʜʴ ʦʜʥʦʟʥʘʯʥʦ ʠ ʷʩʥʦ ʚʳʩʢʘʟʘʥʘ ʚ ʚʠʜʝ ʠʤʧʝʨʘʪʠʚʘ ʦʢʘʟʘʥʠʷ ʯʝʣʦʚʝʢʫ ʤʘʪʝʨʠʘʣʴʥʦʡ ʠ ʜʫʭʦʚ-
ʥʦʡ ʧʦʤʦʱʠ, ʫʚʘʞʝʥʠʷ ʠ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʢʘʢ ʦʜʥʘ ʠʟ ʜʚʫʭ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʚʦ ʚʩʝʡ ʭʨʠʩʪʠʘʥʩʢʦʡ ʨʝ-
ʘʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʣʘʢʦʥʠʯʥʦʩʪʴ ʪʝʟʠʩʘ, ʚ ʥʝʤ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʝ, ʥʝ ʧʦʟʚʦ-
ʣʷʶʱʝʝ   ʩʯʠʪʘʪʴ ʝʛʦ ʩʘʤʦʜʦʩʪʘʪʦʯʥʳʤ ʧʨʠʥʮʠʧʦʤ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ.  

ʇʨʠ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ: ʣʶʙʦʚʴ ʧʨʝʜʧʠʩʳʚʘʝʪʩʷ ʣʠʰʴ ʢ çʙʣʠʞ-
ʥʝʤʫè, çʩʳʥʫ ʥʘʨʦʜʘ ʪʚʦʝʛʦè. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʦʤʥʠʪʴʩʷ ʚ ʝʛʦ ʵʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ, ʩʙʣʠʞʘʷ ʝʛʦ ʩʢʦʨʝʝ ʩ 
ʢʨʘʪʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʦʡ ʧʨʠʥʮʠʧʘ ʨʦʜʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ [3], ʟʘʩʪʘʚʣʷʶʱʝʛʦ ʞʠʚʦʪʥʳʭ ʩʦʚʝʨʰʘʪʴ ʘʣʴʪʨʫ-
ʠʩʪʠʯʝʩʢʠʝ ʧʦʩʪʫʧʢʠ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʩʚʦʝʛʦ ʨʦʜʘ. ʆʙ ʵʪʦʤ ʯʫʚʩʪʚʝ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ çʵʣʝʤʝʥʪʘʨʥʦʤ ʠʥ-
ʩʪʠʥʢʪʝ ʩʦʩʪʨʘʜʘʥʠʷè, ʛʦʚʦʨʠʣ ʌ.ʅʠʮʰʝ [4]. ʇʘʪʨʠʦʪʠʟʤ, ʧʨʝʜʘʥʥʦʩʪʴ ʜʝʣʫ, ʠʜʝʷ ʧʨʦʛʨʝʩʩʘ ï ʵʪʠ ʮʝʥʥʦ-
ʩʪʠ ʚʳʧʘʜʘʶʪ ʠʟ ʨʘʤʦʢ çʣʶʙʚʠ ʢ ʙʣʠʞʥʝʤʫè. ɿʘʧʦʚʝʜʴ ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʠʰʢʦʤ ʦʛʨʘʥʠʯʝʥʥʦʡ, ʥʝʧʦʣʥʦʮʝʥ-
ʥʦʡ ʧʨʝʜʰʝʩʪʚʝʥʥʠʮʝʡ ʦʙʨʘʱʝʥʥʦʡ ʢʦ ʚʩʝʤʫ ʯʝʣʦʚʝʯʝʩʪʚʫ ʠʜʝʦʣʦʛʠʠ ʨʘʚʝʥʩʪʚʘ ʠ ʧʨʘʚ. 

ʍʨʠʩʪʠʘʥʩʢʠʝ ʘʧʦʣʦʛʝʪʳ ʥʘʩʪʘʠʚʘʶʪ ʥʘ ʥʝʙʫʢʚʘʣʴʥʦʤ ʧʨʦʯʪʝʥʠʠ. ɸʨʭʠʤʘʥʜʨʠʪ ʈʘʬʘʠʣ ʂʘʨʝʣʠʥ 
ʧʠʰʝʪ: çɹʣʠʞʥʠʡ ʪʦʪ, ʢʦʛʦ ʤʳ ʣʶʙʠʤ, ʘ ɽʚʘʥʛʝʣʠʝ ʦʙʷʟʳʚʘʝʪ ʥʘʩ ʣʶʙʠʪʴ ʚʩʝʭ ʣʶʜʝʡ, ʜʘʞʝ ʚʨʘʛʦʚ, 
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ʧʦʵʪʦʤʫ ʚ ʢʘʞʜʦʤ ʯʝʣʦʚʝʢʝ ʥʘʜʦ ʚʠʜʝʪʴ ʙʣʠʞʥʝʛʦè [5]. ʊʘʢʘʷ ʣʶʙʦʚʴ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨʦʤ, ʘʢʪʦʤ ʚʦʣʠ 
ʥʘ ʧʫʪʠ ʢ ʩʦʝʜʠʥʝʥʠʶ ʠ ʩ ɹʦʛʦʤ ʯʝʨʝʟ ʩʦʟʥʘʪʝʣʴʥʦʝ ʫʩʠʣʠʝ ʧʦ ʦʙʝʩʧʝʯʝʥʠʝ ʙʣʘʛʘ ʣʶʙʦʛʦ ʯʝʣʦʚʝʢʘ 
ʠʤʝʥʥʦ ʢʘʢ ʦʙʨʘʟʘ ɹʦʞʴʝʛʦ [6]. ʇʝʨʚʳʤ ʧʦ ʦʯʝʨʝʜʠ ʩʨʝʜʠ ʜʚʫʭ ʛʣʘʚʥʳʭ ʟʘʧʦʚʝʜʝʡ ʚ ɽʚʘʥʛʝʣʠʠ ʫʢʘʟʳ-
ʚʘʝʪʩʷ ʠʤʧʝʨʘʪʠʚ çʚʦʟʣʶʙʠʪʴ ɹʦʛʘè, ʠ ʪʦʣʴʢʦ ʚʪʦʨʳʤ ï ʙʣʠʞʥʝʛʦ. ʈʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ 
ʮʝʥʥʦʩʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʟʘʧʦʚʝʜʠ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʦʡ ʨʘʟʣʠʯʥʫʶ ʧʦʩʪʘʥʦʚʢʫ ʘʢʮʝʥʪʦʚ: ʥʘ ɹʦʛʝ ʠ ʥʘ 
ʙʣʠʞʥʝʤ. ʌʫʥʜʘʤʝʥʪʦʤ ʠ ʦʙʦʩʥʦʚʘʥʠʝʤ ʩʪʘʥʦʚʠʪʩʷ ʩʢʦʨʝʝ ʥʝ ʚʥʫʪʨʝʥʥʷʷ ʫʩʪʘʥʦʚʢʘ, ʘ ʜʝʷʪʝʣʴʥʘʷ ʠ 
ʤʠʣʦʩʪʠʚʘʷ ʣʶʙʦʚʴ ɹʦʛʘ ʢ ʣʶʜʷʤ, ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʯʠʩʪʦ ʯʝʣʦʚʝʯʝʩʢʦʡ ʣʶʙʚʠ ʢʘʢ ʥʝʢʦʝʛʦ ʚʳʨʘ-
ʞʝʥʥʦʛʦ ʯʫʚʩʪʚʘ ʩʠʤʧʘʪʠʠ. ʊʘʢʦʝ ʫʪʦʯʥʝʥʠʝ ʥʘʢʣʘʜʳʚʘʝʪ  ʥʘ ʭʨʠʩʪʠʘʥʩʢʠʡ ʬʦʨʤʘʪ ʣʶʙʚʠ ʢ ʙʣʠʞʥʠʤ 
ʦʛʨʘʥʠʯʝʥʠʷ: çɽʩʣʠ ʪʳ ʥʝ ʙʫʜʝʰʴ ʜʝʨʞʘʪʴ ʝʝ [ʣʶʙʦʚʴ ʢ ʙʣʠʞʥʠʤ] ʚ ʧʦʜʦʙʘʶʱʠʭ ʧʨʝʜʝʣʘʭ, ʦʥʘ ʤʦ-
ʞʝʪ ʦʪʜʘʣʠʪʴ ʪʝʙʷ ʦʪ ʣʶʙʚʠ ʢ ɹʦʛʫ, ʧʨʠʯʠʥʠʪʴ ʙʦʣʴʰʦʡ ʚʨʝʜ, ʜʘʞʝ ʧʦʛʫʙʠʪʴ ʪʝʙʷè [7] ʠ ʩʪʘʚʠʪ 
ʧʦʜ ʩʦʤʥʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠʤʧʝʨʘʪʠʚʘ ʣʶʙʚʠ ʠ ʢʘʢ ʯʫʚʩʪʚʘ, ʠ ʢʘʢ ɹʦʞʝʩʪʚʝʥʥʦʛʦ 
ʙʣʘʛʦʚʦʣʝʥʠʷ (ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʚʦʟʤʦʞʥʦ ʜʦʢʘʟʘʪʴ ʵʤʧʠʨʠʯʝʩʢʠ) ʚ ʢʘʯʝʩʪʚʝ ʦʩ-
ʥʦʚʦʧʦʣʘʛʘʶʱʝʛʦ ʵʪʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ.  

ʌʫʥʜʘʤʝʥʪ ʧʦʠʩʢʦʚ ʙʦʣʝʝ ʩʪʨʦʛʦʛʦ ʦʙʱʝʟʥʘʯʠʤʦʛʦ ʦʩʥʦʚʘʥʠʷ ʥʨʘʚʩʪʚʝʥʥʦʛʦ ʚʳʙʦʨʘ ʟʘʣʦʞʠʣ ʀ. 
ʂʘʥʪ [8]. ɽʜʠʥʩʪʚʝʥʥʳʤ ʤʦʪʠʚʦʤ ʤʦʨʘʣʴʥʳʭ ʧʦʩʪʫʧʢʦʚ ʦʥ ʩʯʠʪʘʣ ʜʦʣʛ. ʃʶʙʦʚʴ ʞʝ (ʯʫʚʩʪʚʦ ʨʘʩʧʦʣʦʞʝ-
ʥʠʷ, ʩʠʤʧʘʪʠʠ) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʢʣʦʥʥʦʩʪʴ, ʩʫʱʥʦʩʪʴ ʢʦʪʦʨʦʡ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʠʥʷʪʳʤʠ 
ʯʝʣʦʚʝʢʦʤ ʥʘ ʩʝʙʷ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤʠ. ʇʨʠʥʷʪʠʝ ʣʶʙʚʠ-ʩʢʣʦʥʥʦʩʪʠ ʢʘʢ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʩʯʠ-
ʪʘʪʴ ʫʞʝ ʥʝ ʯʫʚʩʪʚʦʤ, ʘ ʜʦʣʛʦʤ [9]. ɹʝʟʫʩʣʦʚʥʦʝ ʙʝʩʢʦʨʳʩʪʥʦʝ ʙʣʘʛʦʚʦʣʝʥʠʝ, ʢʦʪʦʨʦʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ 
ʣʶʙʚʠ, ʤʦʞʝʪ ʠ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʜʯʠʥʝʥʦ ʟʘʢʦʥʫ ʜʦʣʛʘ ʠ ʧʨʦʷʚʣʷʪʴʩʷ ʢ ʢʘʞʜʦʤʫ ʯʝʣʦʚʝʢʫ ʚʥʝ ʟʘʚʠʩʠʤʦ-
ʩʪʠ, ʧʠʪʘʝʤ ʣʠ ʤʳ ʢ ʥʝʤʫ ʪʝʧʣʳʝ ʯʫʚʩʪʚʘ, ʤʦʞʝʪ ʧʨʦʙʫʜʠʪʴ ʯʝʣʦʚʝʢʦʣʶʙʠʝ (ʢʘʢ ʩʢʣʦʥʥʦʩʪʴ ʢ ʙʣʘʛʦʜʝ-
ʷʥʠʶ ʚʦʦʙʱʝ). ʍʦʪʷ ʂʘʥʪ ʩʪʨʦʠʣ ʩʠʩʪʝʤʫ ʜʝʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʵʪʠʢʠ ʢʘʢ ʩʚʦʙʦʜʥʫʶ ʦʪ ʨʝʣʠʛʠʠ, ʚ ʥʠʭ ʧʨʦ-
ʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʱʝʝ: ʣʶʙʦʚʴ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʦʙʷʟʘʥʥʦʩʪʴ (ʧʝʨʝʜ ɹʦʛʦʤ ʠʣʠ ʩʘʤʠʤ ʩʦʙʦʡ), ʘ ʥʝ ʢʘʢ 
ʧʨʘʚʦ ʙʣʠʞʥʝʛʦ ʙʳʪʴ ʣʶʙʠʤʳʤ. ʕʪʘ ʠ ʜʨʫʛʠʝ ʨʘʥʥʠʝ ʩʝʢʫʣʷʨʥʳʝ ʤʦʨʘʣʴʥʳʝ ʪʝʦʨʠʠ (ʠʥʪʫʠʪʠʚʠʟʤ, 
ʫʪʠʣʠʪʘʨʠʟʤ ʠ ʜʨ.) ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʪʦʨʷʶʪ, ʧʨʦʜʦʣʞʘʶʪ ʠ ʨʘʟʚʠʚʘʶʪ ʪʨʘʜʠʮʠʠ ʪʝʠʩʪʠʯʝ-
ʩʢʦʡ ʨʝʣʠʛʠʦʟʥʦʡ ʵʪʠʢʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʪʝʠʩʪʠʯʝʩʢʠʝ ʵʪʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ ʢʘʪʝʛʦʨʠʯʝʩʢʠ ʦʪʨʠʮʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʨʘ-
ʥʠʷ ʪʝʠʩʪʠʯʝʩʢʦʡ ʤʦʨʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦʡ ʠ ʦʙʦʩʥʦʚʘʥʥʦʡ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʠʩʪʝʤʘ, ʦʙʲʝʢʪʠʚ-
ʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʢʦʪʦʨʦʡ ʩʯʠʪʘʝʪʩʷ ɹʦʞʝʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʣʝʥʠʝ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʣʦʞʥʳʭ ʧʨʝʜʧʦʩʳʣ-
ʢʘʭ, ʟʘʪʝʤʥʷʝʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʧʨʝʧʷʪʩʪʚʫʷ ʤʦʨʘʣʴʥʦʤʫ ʧʨʦʛʨʝʩʩʫ [10]. 
ʅʘʚʷʟʳʚʘʥʠʝ ʨʝʣʠʛʠʦʟʥʳʭ ʮʝʥʥʦʩʪʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʦʪʚʣʝʯʴ ʦʙʱʝʩʪʚʦ ʦʪ ʩʝ-
ʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ ʠ ʦʙʣʝʛʯʠʪʴ ʩʪʨʘʜʘʥʠʷ. ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʠ ʚʝʨʘ ʚ ʪʦ, ʯʪʦ ʨʘʩʮʝʥʠʚʘʥʠʝ ʥʝʢʦʛʦ ʧʨʠʥ-
ʮʠʧʘ ʢʘʢ ʥʨʘʚʩʪʚʝʥʥʦʛʦ ʦʟʥʘʯʘʝʪ ʦʜʦʙʨʝʥʠʝ ɹʦʛʦʤ ʧʨʠʜʘʝʪ ʫʙʝʞʜʝʥʠʷʤ çʠʣʣʶʟʠʶ ʣʝʛʠʪʠʤʥʦʩʪʠè. ʅʦ 
ʵʪʦ ʣʠʰʴ ʧʨʦʝʢʮʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʨʘʣʴʥʳʭ ʯʫʚʩʪʚ ʥʘ ʚʦʦʙʨʘʞʘʝʤʫʶ ʘʚʪʦʨʠʪʝʪʥʫʶ ʬʠʛʫʨʫ [11]. ɺ ʨʝ-
ʟʫʣʴʪʘʪʝ, ʧʦʧʳʪʢʘ ʦʙʦʩʥʦʚʘʥʠʷ ɹʦʛʦʤ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ ʥʝ ʩʦʟʜʘʸʪ ʧʨʦʯʥʦʛʦ ʥʝʩʦʤʥʝʥʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. 

ʉʝʢʫʣʷʨʠʩʪʩʢʠʝ ʪʨʫʜʳ, ʧʨʠ ʚʩʝʡ ʢʨʠʪʠʢʝ, ʥʝ ʧʨʝʜʣʘʛʘʶʪ ʧʦʟʠʪʠʚʥʦʡ ʠ ʮʝʣʦʩʪʥʦʡ ʩʠʩʪʝʤʳ ʵʪʠʯʝ-
ʩʢʠʭ ʦʨʠʝʥʪʠʨʦʚ. ʆʥʠ ʩʪʘʚʷʪ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʦʧʨʦʚʝʨʞʝʥʠʝ, ʢʨʠʪʠʢʫ, ʧʦʠʩʢ ʧʨʦʪʠʚʦʨʝʯʠʡ ʠ ʥʝʛʘʪʠʚʥʳʭ 
ʩʪʦʨʦʥ, ʥʝ ʧʨʝʜʣʘʛʘʷ ʘʜʝʢʚʘʪʥʦʡ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʠʣʠ ʥʘʜʝʞʥʦʡ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʙʘʟʳ. ɹʦ-
ʣʝʝ ʫʤʝʨʝʥʥʳʝ ʘʚʪʦʨʳ ʧʦʜʪʚʝʨʞʜʘʶʪ: ʩʝʢʫʣʷʨʠʟʤ ʩʘʤ ʧʦ ʩʝʙʝ ʥʝ ʷʚʣʷʝʪʩʷ ʧʘʥʘʮʝʝʡ. çɼʝʡʩʪʚʠʪʝʣʴʥʦ 
ʟʥʘʯʠʤʳʤ ʜʣʷ ʩʚʝʪʩʢʠʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʦʨʘ ʥʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʠ ʨʘʮʠʦʥʘʣʴʥʳʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 
ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩ ʢʦʥʝʯʥʦʡ ʮʝʣʴʶ ʦʙʣʝʛʯʝʥʠʷ ʩʪʨʘʜʘʥʠʡ 
ʠ ʧʦʚʳʰʝʥʠʷ ʙʣʘʛʦʧʦʣʫʯʠʷè [12].  

ʉʦʚʨʝʤʝʥʥʳʡ ʜʠʩʢʫʨʩ ʧʨʘʚ ʯʝʣʦʚʝʢʘ, ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʚʦʢʨʫʛ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʠʪʷʟʘʥʠʡ, ʟʘ-
ʱʠʱʘʝʤʳʭ ʦʪ ʧʦʩʷʛʘʪʝʣʴʩʪʚ ʦʙʱʝʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʘʭ ʫʥʠʚʝʨʩʘʣʠʟʤʘ, ʚʠ-
ʜʠʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʥʝʤʥʦʛʠʭ ʩʧʦʩʦʙʦʚ ʨʘʟʨʝʰʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʵʪʠʯʝʩʢʠʭ ʢʦʥʬʣʠʢʪʦʚ. ʋʥʠʚʝʨʩʘʣʴʥʳʝ 
ʧʨʘʚʘ ʯʝʣʦʚʝʢʘ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʪʠʚʦʨʝʯʘʪ ʨʝʣʠʛʠʦʟʥʳʤ ʠ ʤʦʨʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʠ 
ʛʦʨʘʟʜʦ ʩʧʨʘʚʝʜʣʠʚʝʝ, ʪʘʢ ʢʘʢ ʚʢʣʶʯʘʶʪ ʩʚʦʙʦʜʫ ʚʝʨʦʠʩʧʦʚʝʜʘʥʠʷ ʠ ʫʙʝʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʣʘ 
ʧʨʝʜʣʦʞʠʪʴ ʨʝʣʠʛʠʷ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʥʷʪʠʝʤ ʠ ʦʜʦʙʨʝʥʠʝʤ ʨʝʣʠʛʠʦʟʥʳʤʠ ʢʦʥʬʝʩʩʠʷʤʠ ʨʘʙ-
ʩʪʚʘ, ʧʨʝʩʣʝʜʦʚʘʥʠʷʤʠ ʠʥʘʢʦʤʳʩʣʷʱʠʭ, ʜʦʧʫʱʝʥʠʝʤ ʩʤʝʨʪʥʦʡ ʢʘʟʥʠ ʠ ʜʨ.  

ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʝʢʫʣʷʨʥʦʡ ʵʪʠʢʠ ʧʨʘʚ ʙʝʩʩʧʦʨʥʦ ʷʚʣʷʝʪʩʷ ʠ ʝʝ ʠʥʩʪʠʪʫʮʠʦ-
ʥʘʣʴʥʘʷ ʟʘʢʨʝʧʣʝʥʥʦʩʪʴ ʠ ʟʘʱʠʱʝʥʥʦʩʪʴ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʧʨʘʚ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʢʦʥʩʪʠʪʫʮʠʡ. 
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XXIII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʊʝʠʩʪʠʯʝʩʢʠʝ ʤʦʨʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʭʦʪʷ ʠ ʟʘʢʨʝʧʣʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʇʠʩʘʥʠʡ, ʦʙʱʠʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʥʝ 
ʠʤʝʶʪ ʧʨʷʤʦʛʦ ʧʨʘʚʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʅʦ ʪʘʢʦʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʦʙʦʨʘʯʠʚʘʝʪʩʷ 
ʩʦʜʝʨʞʘʪʝʣʴʥʳʤ ʦʙʝʜʥʝʥʠʝʤ: ʬʦʨʤʘʣʴʥʦʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʨʠʥʫʞʜʝʥʠʠ ʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʦʚʳʭ ʥʦʨʤ 
ʥʝ ʪʦʞʜʝʩʪʚʝʥʥʦ ʜʝʷʪʝʣʴʥʦʡ ʣʶʙʚʠ ʢ ʙʣʠʞʥʝʤʫ.  

ʆʜʥʦʟʥʘʯʥʳʡ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ, ʷʚʣʷʝʪʩʷ ʣʠ ʩʝʢʫʣʷʨʥʘʷ ʵʪʠʢʘ ʧʨʘʚ ʯʝʣʦʚʝʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʵʢ-
ʚʠʚʘʣʝʥʪʦʤ ʨʝʣʠʛʠʦʟʥʦʡ ʟʘʧʦʚʝʜʠ ʣʶʙʚʠ ʢ ʙʣʠʞʥʝʤʫ, ʥʝʚʦʟʤʦʞʝʥ. ɺ ʦʪʜʝʣʴʥʳʭ ʘʩʧʝʢʪʘʭ ʤʦʞʥʦ ʥʘʡʪʠ 
ʢʦʥʚʝʨʛʝʥʮʠʶ: ʦʙʝ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʠʨʫʶʪ ʯʝʣʦʚʝʢʘ ʥʘ ʜʝʷʪʝʣʴʥʫʶ ʟʘʙʦʪʫ ʠ ʧʨʠʟʥʘʥʠʝ ʜʦʩʪʦʠʥʩʪʚʘ 
ʜʨʫʛʦʛʦ. ɸ ʚ ʜʨʫʛʠʭ ʯʝʨʪʘʭ ʝʩʪʴ ʨʘʩʭʦʞʜʝʥʠʷ: ʤʦʪʠʚʘʮʠʦʥʥʦʝ ʠ ʤʝʪʘʬʠʟʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, ʢʦʥʢʨʝʪ-
ʥʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʚʳʚʦʜʳ ʠ ʥʦʨʤʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. 

ʈʘʮʠʦʥʘʣʴʥʦ ʩʯʠʪʘʪʴ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦʡ ʥʝ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʦʜʝʣʠ ʠ 
ʚʳʙʦʨ ʦʜʥʦʡ ʠʟ ʥʠʭ, ʘ ʩʣʦʞʥʳʡ ʩʠʥʪʝʟ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʵʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʭʘ-
ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ ʣʦʛʠʢʦʡ ʠ ʦʙʣʘʩʪʴʶ ʢʦʤʧʝʪʝʥʮʠʠ. ɺ ʧʦʚʩʝʜʥʝʚʥʳʭ ʤʦʨʘʣʴʥʳʭ ʜʠʣʝʤʤʘʭ 
ʩʦʚʨʝʤʝʥʥʳʡ ʯʝʣʦʚʝʢ ʯʘʩʪʦ ʧʨʠʙʝʛʘʝʪ ʢ ʛʠʙʨʠʜʥʦʡ ʵʪʠʢʝ, ʚ ʢʦʪʦʨʦʡ ʧʝʨʝʜʘʥʥʳʝ ʨʝʣʠʛʠʦʟʥʦʡ ʧʘʨʘʜʠʛ-
ʤʦʡ ʪʨʘʜʠʮʠʠ ʦʨʛʘʥʠʯʥʦ ʩʦʯʝʪʘʶʪʩʷ ʩ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʩʝʢʫʣʷʨʥʦʛʦ ʛʫʤʘʥʠʟʤʘ. ʎʝʣʴ 
ʬʠʣʦʩʦʬʩʢʦʡ ʨʝʬʣʝʢʩʠʠ - ʥʝ ʚʳʙʦʨ ʦʜʥʦʡ ʠʟ ʩʠʩʪʝʤ ʢʘʢ ʧʦʙʝʜʠʚʰʝʡ, ʘ ʧʨʦʷʩʥʝʥʠʝ ʫʩʣʦʚʠʡ ʠʭ ʧʣʦʜʦ-
ʪʚʦʨʥʦʛʦ ʜʠʘʣʦʛʘ ʠ ʚʟʘʠʤʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ.  
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ʌɻɹʆʋ ɺʆ çɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʣʝʢʩʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 
ʘʥʛʣʦʷʟʳʯʥʦʡ ʨʝʢʣʘʤʝ ʥʘʧʠʪʢʦʚ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʷʟʳʢʦʚʳʝ ʩʪʨʘʪʝʛʠʠ, ʧʨʠ-
ʟʚʘʥʥʳʝ ʧʦʚʳʩʠʪʴ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ ʠ ʟʘʧʦʤʠʥʘʝʤʦʩʪʴ ʨʝʢʣʘʤʥʳʭ ʧʦʩʣʘʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʥʘʣʠʟʠʨʫ-
ʶʪʩʷ ʪʘʢʠʝ ʧʨʠʝʤʳ, ʢʘʢ ʪʨʦʧʳ (ʤʝʪʘʬʦʨʳ, ʦʣʠʮʝʪʚʦʨʝʥʠʷ), ʢʘʣʘʤʙʫʨʳ, ʠʛʨʘ ʩʣʦʚ, ʥʝʦʣʦʛʠʟʤʳ, ʠʨʦʥʠʷ, 
ʬʨʘʟʝʦʣʦʛʠʟʤʳ, ʠʜʠʦʤʳ ʠ ʵʧʠʪʝʪʳ. ʅʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʧʨʠʤʝʨʦʚ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ, ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʵʪʠʭ ʩʨʝʜʩʪʚ ʥʝ ʪʦʣʴʢʦ ʠʥʬʦʨʤʠʨʫʝʪ ʧʦʪʨʝʙʠʪʝʣʷ, ʥʦ ʠ ʬʦʨʤʠʨʫʝʪ ʠʤʠʜʞ ʧʨʦʜʫʢʪʘ, ʚʩʪʨʘʠʚʘʝʪ ʝʛʦ ʚ 
ʢʫʣʴʪʫʨʥʳʡ ʢʦʥʪʝʢʩʪ, ʥʘʣʘʞʠʚʘʝʪ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʢʦʥʪʘʢʪ ʩ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʝʡ ʠ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ 
ʧʨʦʮʝʩʩ ʧʦʪʨʝʙʣʝʥʠʷ ʥʘʧʠʪʢʘ ʚ ʟʥʘʯʠʤʳʡ ʣʠʯʥʳʡ ʦʧʳʪ. 
ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʨʘʙʦʪʝ ʟʘʥʠʤʘʝʪ ʘʥʘʣʠʟ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʣʝʢʩʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: ʢʘʢ ʦʥʠ 
ʚʣʠʷʶʪ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʪʦʚʘʨʘ, ʬʦʨʤʠʨʫʶʪ ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʩʚʷʟʠ, ʧʨʦʚʦʮʠʨʫʶʪ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʦʪʢʣʠʢ 
ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʪʠʤʫʣʠʨʫʶʪ ʧʨʠʦʙʨʝʪʝʥʠʝ ʧʨʦʜʫʢʪʘ. ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 
ʪʦʤ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʨʝʢʣʘʤʘ ʥʘʧʠʪʢʦʚ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʧʨʦʩʪʦʡ ʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʠ. ʆʥʘ ʘʢ-
ʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ ʢʫʣʴʪʫʨʥʳʝ ʘʣʣʶʟʠʠ, ʶʤʦʨ, ʷʟʳʢʦʚʳʝ ʢʘʣʘʤʙʫʨʳ ʠ ʦʙʨʘʟʥʦʩʪʴ ʷʟʳʢʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʷʨʢʠʭ, ʟʘʧʦʤʠʥʘʶʱʠʭʩʷ ʠ ʫʙʝʜʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʥʠʡ. ʈʘʙʦʪʘ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʚʘʞʥʦʩʪʠ ʣʠʥʛ-
ʚʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʝʢʣʘʤʥʳʭ ʪʝʢʩʪʦʚ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʫʙʝʞʜʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪ-
ʢʠ ʜʝʡʩʪʚʝʥʥʳʭ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʧʦʜʭʦʜʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʨʝʢʣʘʤʘ ʥʘʧʠʪʢʦʚ, ʣʝʢʩʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʚʦʟʜʝʡʩʪʚʠʷ, ʘʥʛʣʦʷʟʳʯʥʘʷ ʨʝʢʣʘʤʘ, ʨʝ-
ʢʣʘʤʥʳʝ ʩʣʦʛʘʥʳ, ʪʨʦʧʳ, ʷʟʳʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ.  
 

LEXICAL MEANS OF SPEECH INFLUENCE IN ENGLISH-LANGUAGE ADVERTISING TEXTS FOR 
BEVERAGES 

Shakhbanova Uma Eldarovna  
 

Scientific adviser: Magomedova Saida Omarovna 
 

Abstract: this study examines the lexical tools used in English-language beverage advertising. It examines a 
variety of linguistic strategies designed to enhance the expressiveness and memorability of advertising mes-
sages. Specifically, it analyses techniques such as tropes (metaphors, personifications), puns, wordplay, neol-
ogisms, irony, phraseological units, idioms, and epithets. Based on real-life examples, it explores how the use 
of these tools not only informs consumers but also shapes the product&apos;s image, embeds it in a cultural 
context, establishes an emotional connection with the target audience, and transforms beverage consumption 
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into a meaningful personal experience. 
A key focus of the study is the analysis of the psychological impact of lexical elements: how they influence 
product perception, form associative connections, provoke an emotional response, and, as a result, stimulate 
product purchase. The study demonstrates that effective beverage advertising goes beyond simply conveying 
information. She actively uses cultural allusions, humour, puns, and figurative language to create striking, 
memorable, and persuasive messages. The work emphasizes the importance of linguistic analysis of advertis-
ing texts for a deep understanding of persuasion mechanisms and the development of effective marketing ap-
proaches. 
Key words: beverage advertising, lexical means of influence, English-language advertising, advertising slo-
gans, tropes, linguistic influence. 

 
ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ ʨʝʢʣʘʤʘ ʚʳʩʪʫʧʘʝʪ ʥʝʦʪʜʝʣʠʤʦʡ ʠ ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦ-

ʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, ʧʨʦʥʠʢʘʷ ʚʦ ʚʩʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʙʳʪʠʷ. ʉ ʧʝʨʚʳʭ ʣʝʪ ʞʠʟʥʠ ʯʝʣʦʚʝʢ ʦʢʘʟʳʚʘ-
ʝʪʩʷ ʚ ʧʦʣʝ ʝʸ ʚʣʠʷʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʦʭʚʘʪʳʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʫʶ ʩʬʝʨʫ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɽʸ ʦʙʨʘʟʳ 
ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʦ ʪʝʣʝʚʠʟʦʨʫ, ʫʩʣʳʰʘʪʴ ʧʦ ʨʘʜʠʦ, ʚʩʪʨʝʪʠʪʴ ʚ ʠʥʪʝʨʥʝʪʝ, ʚ ʛʘʟʝʪʘʭ ʠ ʞʫʨʥʘʣʘʭ ð ʦʥʘ 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʝʟʜʝ, ʛʜʝ ʝʩʪʴ ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʦʜ ʪʝʨʤʠʥʦʤ çʨʝʢʣʘʤʘè ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʧʫʙʣʠʯʥʳʭ ʩʦʦʙʱʝʥʠʡ, ʥʘʮʝʣʝʥʥʳʭ 
ʥʘ ʧʨʦʜʚʠʞʝʥʠʝ ʪʦʚʘʨʦʚ, ʫʩʣʫʛ ʠʣʠ ʙʨʝʥʜʦʚ. ʕʪʦ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʤʘʩʩʦʚʦʛʦ ʤʘʨʢʝʪʠʥʛʘ, ʧʨʠʤʝʥʷʝʤʘʷ 
ʪʦʛʜʘ, ʢʦʛʜʘ ʣʠʯʥʳʝ ʧʨʦʜʘʞʠ ʦʢʘʟʳʚʘʶʪʩʷ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʳʤʠ, ʥʝʚʦʟʤʦʞʥʳʤʠ ʠʣʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟ-
ʥʳʤʠ [1]. 

ʀʩʪʦʢʠ ʨʝʢʣʘʤʳ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʨʘʟʚʠʪʠʝʤ ʦʙʤʝʥʘ ʪʦʚʘʨʘʤʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʱʝʩʪʚʘ. 
ɺ ʵʧʦʭʫ ʧʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʚʠʪʳʭ ʤʝʜʠʘ-ʪʝʭʥʦʣʦʛʠʡ, ʨʝʢʣʘʤʘ ʧʨʝʚʨʘʪʠ-
ʣʘʩʴ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʩʦʮʠʘʣʴʥʫʶ ʩʠʣʫ, ʦʙʣʘʜʘʶʱʫʶ ʦʧʨʝʜʝʣʸʥʥʦʡ ʘʚʪʦʥʦʤʠʝʡ. ʂ ʢʦʥʮʫ XX ʚʝʢʘ 
ʦʥʘ ʩʪʘʣʘ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʢʫʣʴʪʫʨʥʳʤ ʷʚʣʝʥʠʝʤ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʝʸ ʩʫʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʱʘʪʴʩʷ ʢ 
ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʛʜʝ ʢʫʣʴʪʫʨʘ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ çʩʧʦʩʦʙ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʦʧʳʪʦʤ ʚʟʘ-
ʠʤʦʜʝʡʩʪʚʠʷ ʣʶʜʝʡ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʠ ʜʫʭʦʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʪʦʛʦ 
ʦʧʳʪʘè [4]. 

ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʨʝʢʣʘʤʳ ð ʧʨʦʜʚʠʞʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʘʫʜʠʪʦʨʠʠ ʧʦʪʨʝʙʥʦ-
ʩʪʠ ʚ ʥʝʡ. ʕʪʦ ʠʥʩʪʨʫʤʝʥʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʱʝʩʪʚʦ, ʫʙʝʞʜʘʶʱʠʡ ʣʶʜʝʡ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʦʙʨʝʩʪʠ 
ʪʦ, ʯʪʦ ʨʘʥʝʝ ʚʦʩʧʨʠʥʠʤʘʣʦʩʴ ʢʘʢ ʥʝʥʫʞʥʦʝ. ʆʜʥʘʢʦ ʯʨʝʟʤʝʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʦʙʨʘʟʥʦʡ ʨʝʢʣʘʤʳ 
ʠʣʠ ʧʦʩʪʦʷʥʥʦʝ ʥʘʚʷʟʳʚʘʥʠʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʨʦʜʫʢʪʘ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʵʬʬʝʢʪ ʦʪʪʦʨʞʝʥʠʷ ð ʩʥʠʟʠʪʴ 
ʠʥʪʝʨʝʩ ʢ ʪʦʚʘʨʫ ʠ ʦʪʚʣʝʯʴ ʧʦʪʨʝʙʠʪʝʣʷ ʦʪ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ [3]. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʙʝʜʠʪʝʣʴʥʳʭ, ʢʦʣʦʨʠʪʥʳʭ ʠ ʣʝʛʢʦ ʟʘʧʦʤʠʥʘʶʱʠʭʩʷ ʨʝʢʣʘʤʥʳʭ ʣʦʟʫʥʛʦʚ, ʩʧʝʮʠʘ-
ʣʠʩʪʳ ʧʦ ʢʦʧʠʨʘʡʪʠʥʛʫ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ. ʂ ʥʠʤ ʦʪʥʦ-
ʩʷʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʠʣʝʤ, ʩʤʳʩʣʦʤ ʠ ʧʦʩʪʨʦʝʥʠʝʤ ʚʳʩʢʘʟʳʚʘʥʠʡ. 

ʉʨʝʜʠ ʛʣʘʚʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʠʜʘʶʱʠʭ ʨʝʢʣʘʤʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʩʠʣʫ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ 
ʠʤʝʶʪ ʣʝʢʩʠʯʝʩʢʠʝ ʪʨʦʧʳ ð ʦʩʦʙʳʝ ʩʧʦʩʦʙʳ ʷʟʳʢʦʚʦʛʦ ʧʦʩʪʨʦʝʥʠʷ. 

ʊʨʦʧʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʦʪ ʛʨʝʯʝʩʢʦʛʦ çtroposè (ʧʦʚʦʨʦʪ, ʦʙʦʨʦʪ, ʧʝʨʝʥʦʩʥʦʝ ʚʳʨʘʞʝʥʠʝ), ʚ ʩʦʦʪ-
ʚʝʪʩʪʚʠʠ ʩ ʫʩʪʦʷʚʰʝʡʩʷ ʥʘʫʯʥʦʡ ʪʨʘʜʠʮʠʝʡ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʥʷʪʠʝ ʠʟ ʦʙʣʘʩʪʠ ʧʦʵʪʠʢʠ ʠ ʩʪʠʣʠ-
ʩʪʠʢʠ. ʆʥʦ ʦʭʚʘʪʳʚʘʝʪ ʦʙʨʘʟʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ ʫʧʦʪʨʝʙʣʝʥʠʝ ʩʣʦʚʘ ʠʣʠ ʛʨʫʧʧʳ ʩʣʦʚ ʚ 
ʧʝʨʝʥʦʩʥʦʤ ʩʤʳʩʣʝ, ʩ ʮʝʣʴʶ ʦʙʦʛʘʪʠʪʴ ʨʝʯʴ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴʶ ʠ ʦʙʨʘʟʥʦʩʪʴʶ [2]. 

ʃʝʢʩʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʚ ʨʝʢʣʘʤʝ ʥʘʧʠʪʢʦʚ ʚʳʧʦʣʥʷʶʪ ʥʝ ʥʦʤʠʥʘʪʠʚʥʫʶ, ʘ ʩʫʛʛʝʩʪʠʚʥʫʶ ʬʫʥʢ-
ʮʠʶ, ʧʝʨʝʢʦʜʠʨʫʷ ʫʪʠʣʠʪʘʨʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʵʤʦʮʠʦʥʘʣʴʥʦ-ɻ ʩʪʝʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ 
ʘʥʘʣʠʟ ʢʦʨʧʫʩʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʝʢʫʨʨʝʥʪʥʳʤʠ ʧʨʠʝʤʘʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʘʬʦʨʘ (52 ʩʣʫʯʘʷ), ʢʘ-
ʣʘʤʙʫʨ (30 ʩʣʫʯʘʝʚ) ʠ ʵʧʠʪʝʪ (24 ʩʣʫʯʘʷ). ɿʘʤʝʪʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʪʘʢʞʝ ʠʨʦʥʠʷ (20 ʩʣʫʯʘʝʚ) ʠ ʥʝʦʣʦ-
ʛʠʟʤʳ (16 ʩʣʫʯʘʝʚ). 

  ʄʝʪʘʬʦʨʘ ʠ ʦʣʠʮʝʪʚʦʨʝʥʠʝ. ʄʝʪʘʬʦʨʠʟʘʮʠʷ ʚʳʩʪʫʧʘʝʪ ʛʣʘʚʥʳʤ ʧʦʟʥʘʚʘʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥ-
ʪʦʤ, ʢʦʪʦʨʳʡ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʢʘʟʘʪʴ ʨʝʢʣʘʤʠʨʫʝʤʳʡ ʧʨʝʜʤʝʪ ʯʝʨʝʟ ʧʨʠʚʳʯʥʳʝ ʠ ʦʜʦʙʨʷʝʤʳʝ 
ʦʙʱʝʩʪʚʦʤ ʯʫʚʩʪʚʝʥʥʳʝ ʦʙʨʘʟʳ. ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʪʠʧʦʤ ʚʳʩʪʫʧʘʝʪ ʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʝʪʘʬʦ-
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ʨʘ, ʧʨʝʚʨʘʱʘʶʱʘʷ ʦʪʚʣʝʯʸʥʥʳʝ ʧʦʥʷʪʠʷ ʚ ʦʩʷʟʘʝʤʳʝ ʞʠʜʢʦʩʪʠ. ɿʥʘʤʝʥʠʪʳʡ ʣʦʟʫʥʛ Coca-Cola çOpen 
Happinessè ʠʩʧʦʣʴʟʫʝʪ ʧʝʨʝʥʦʩ ʟʥʘʯʝʥʠʷ: ʵʤʦʮʠʷ ʧʨʝʜʩʪʘʸʪ ʢʘʢ ʬʠʟʠʯʝʩʢʠʡ ʧʨʝʜʤʝʪ. ʈʘʜʦʩʪʴ ʠʟʦʙʨʘ-
ʞʘʝʪʩʷ ʚ ʚʠʜʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʠʣʠ ʞʠʜʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʙʘʥʢʠ ʠ ʚʳʜʝʣʷʝʪʩʷ ʧʦ-
ʢʫʧʘʪʝʣʝʤ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʚ ʦʙʣʘʩʪʠ ʢʦʛʥʠʪʠʚʥʦʡ ʣʠʥʛʚʠʩʪʠʢʠ, ʪʘʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʯʫʚʩʪʚ ʚ 
ʚʝʱʠ ʫʧʨʦʱʘʝʪ ʠʭ ʧʦʥʠʤʘʥʠʝ ʠ ʩʦʟʜʘʸʪ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʧʝʨʝʞʠʚʘʥʠʝ ʜʦʩʪʫʧʥʦ ʙʝʟ ʪʨʫʜʘ. 

ʇʦʭʦʞʠʡ ʧʨʠʸʤ ʧʨʠʤʝʥʷʝʪʩʷ ʠ ʚʦ ʬʨʘʟʝ çDrink the Dreamè: ʤʝʯʪʘ ʣʠʰʘʝʪʩʷ ʩʚʦʝʡ ʥʝʦʩʷʟʘʝʤʦ-
ʩʪʠ ʠ ʦʙʨʝʪʘʝʪ ʚʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ. ɺ ʚʳʨʘʞʝʥʠʠ çPure as Sunlightè ʟʘʜʝʡʩʪʚʦʚʘʥʘ ʩʠʥʝʩʪʝʪʠʯʝʩʢʘʷ ʤʝ-
ʪʘʬʦʨʘ, ʩʦʝʜʠʥʷʶʱʘʷ ʟʨʠʪʝʣʴʥʫʶ ʯʠʩʪʦʪʫ ʠ ʚʢʫʩʦʚʳʝ ʦʱʫʱʝʥʠʷ ʧʨʦʜʫʢʪʘ. ʆʢʩʶʤʦʨʦʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 
çIce Cold Sunshineè ʧʦʚʳʰʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ ʟʘ ʩʯʸʪ ʢʦʥʪʨʘʩʪʘ ʤʝʞʜʫ ʭʦʣʦʜʦʤ ʠ ʪʝʧʣʦʤ, 
ʦʙʝʱʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʚʝʞʘʶʱʫʶ ʧʨʦʭʣʘʜʫ ʠ ʞʠʟʥʝʥʥʫʶ ʩʠʣʫ ʩʚʝʪʘ. ʆʣʠʮʝʪʚʦʨʝʥʠʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ 
ʩʣʦʛʘʥʘʭ çThirst knows no seasonè ʠ çThe Best Friend Thirst Ever Hadè: ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 
ʥʘʜʝʣʷʝʪʩʷ ʯʝʨʪʘʤʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʣʠʮʘ. ɾʘʞʜʘ ʙʦʣʴʰʝ ʥʝ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʩʠʛʥʘʣ ʜʠʩʢʦʤʬʦʨ-
ʪʘ ð ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʜʨʫʛʦʤ ʠʣʠ ʩʦʚʝʪʯʠʢʦʤ, ʯʪʦ ʫʙʠʨʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʜʪʝʢʩʪ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʥʘʧʠʪʦʢ ʢʘʢ ʧʨʦʷʚʣʝʥʠʝ ʚʟʘʠʤʥʦʡ ʟʘʙʦʪʳ. 

ʂʘʣʘʤʙʫʨ ʠ ʠʛʨʘ ʩʣʦʚ ð ʧʨʦʚʝʨʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʩ ʠʩʢʫʰʝʥʥʦʡ ʧʫʙʣʠ-
ʢʦʡ. ʊʘʢʘʷ ʣʝʢʩʠʯʝʩʢʘʷ ʤʥʦʛʦʟʥʘʯʥʦʩʪʴ ʢʘʢ ʢʘʣʘʤʙʫʨ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ ʠʣʠ ʩʦʟʚʫʯʠʠ 
ʩʣʦʚ, ʪʨʝʙʫʝʪ ʦʪ ʩʣʫʰʘʪʝʣʷ ʫʤʩʪʚʝʥʥʳʭ ʫʩʠʣʠʡ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ. ʋʩʧʝʰʥʦʝ ʞʝ ʧʨʝʦʜʦʣʝʥʠʝ ʵʪʦʡ ʟʘ-
ʜʘʯʠ ʚʳʟʳʚʘʝʪ ʯʫʚʩʪʚʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʧʨʦʜʚʠʛʘʝʤʳʤ ʧʨʦʜʫʢʪʦʤ. ɺ 
ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʣʦʛʘʥ çEspresso Patronum!è, ʢʦʪʦʨʳʡ ʦʙʳʛʨʳʚʘʝʪ ʟʚʫʢʦʚʦʝ ʩʭʦʜ-
ʩʪʚʦ ʩ ʟʘʢʣʠʥʘʥʠʝʤ çExpecto Patronumè ʠʟ ʤʠʨʘ ɻʘʨʨʠ ʇʦʪʪʝʨʘ. ɿʘʤʝʥʘ ʚʩʝʛʦ ʦʜʥʦʛʦ ʩʣʦʚʘ ð 
çExpectoè ʥʘ çespressoè ð ʥʘʜʝʣʷʝʪ ʥʘʧʠʪʦʢ ʤʘʛʠʯʝʩʢʠʤʠ ʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʮʝ-
ʥʠʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʫʙʢʫʣʴʪʫʨʥʦʡ ʘʫʜʠʪʦʨʠʠ. 

  ʇʨʠʝʤ ʧʘʨʦʥʦʤʘʟʠʠ ʯʘʩʪʦ ʜʦʧʦʣʥʷʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʠʟʚʝʩʪʥʳʭ ʧʦʩʣʦʚʠʮ ʠ ʧʦʛʦʚʦʨʦʢ. ʊʘʢ, 
ʩʣʦʛʘʥ çBetter Latte Than Never!è ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦʡ ʬʨʘʟʳ çBetter late than neverè, ʛʜʝ ʩʣʦ-
ʚʦ çlateè ʟʘʤʝʥʝʥʦ ʥʘ çlatteè. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʥʝ ʟʥʘʯʝʥʠʷ: ʦʧʦʟʜʘʥʠʝ ʧʝʨʝʩʪʘʝʪ ʠʤʝʪʴ ʥʝʛʘʪʠʚʥʳʡ 
ʦʪʪʝʥʦʢ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʠʪ ʮʝʥʥʦʩʪʴ ʩʘʤʦʛʦ ʥʘʧʠʪʢʘ. ʉʭʦʜʥʳʡ ʧʨʠʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 
ʩʣʦʛʘʥʝ çA dew a day keeps the doctor awayè, ʛʜʝ ʤʝʩʪʦ ʩʣʦʚʘ çappleè ʟʘʥʠʤʘʝʪ çdewè (ʥʘʟʚʘʥʠʝ 
ʥʘʧʠʪʢʘ Mountain Dew). ɹʨʝʥʜ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʠʤʩʪʚʫʝʪ ʘʚʪʦʨʠʪʝʪ ʥʘʨʦʜʥʦʡ ʤʫʜʨʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʷ 
ʩʝʙʷ ʢʘʢ ʯʘʩʪʴ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ. ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʧʨʠʝʤ ʢʦʥʪʘʤʠʥʘʮʠʠ, ʧʦ-
ʨʦʞʜʘʶʱʠʡ ʥʝʦʣʦʛʠʟʤʳ. ʉʣʦʚʦ çProcaffeinateè (ʩʦʯʝʪʘʥʠʝ çprocrastinateè ʠ çcaffeineè) ʦʧʨʘʚʜʳʚʘʝʪ 
ʦʪʢʣʘʜʳʚʘʥʠʝ ʜʝʣ, ʧʨʝʜʩʪʘʚʣʷʷ ʫʧʦʪʨʝʙʣʝʥʠʝ ʢʦʬʝ ʥʝ ʢʘʢ ʧʫʩʪʫʶ ʪʨʘʪʫ ʚʨʝʤʝʥʠ, ʘ ʢʘʢ ʚʘʞʥʳʡ ʨʠʪʫʘʣ 
ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʨʦʜʫʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʙ ʵʪʦʤ ʞʝ ʛʦʚʦʨʠʪ ʠ ʩʣʦʛʘʥ çEspresso Yourself, Donôt 
Depresso Yourself!è, ʛʜʝ ʯʝʨʝʟ ʟʚʫʢʦʚʦʝ ʧʦʜʦʙʠʝ express/espresso ʠ depress ʩʦʟʜʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʩʪʘʚ-
ʣʝʥʠʝ: ʵʩʧʨʝʩʩʦ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʩʘʤʦʚʳʨʘʞʝʥʠʝʤ ʠ ʧʦʜʥʷʪʠʝʤ ʥʘʩʪʨʦʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ 
ʨʘʚʥʦʩʠʣʴʥʦ ʧʦʜʘʚʣʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʊʘʢʘʷ ʪʘʢʪʠʢʘ ʜʝʣʘʝʪ ʥʘʧʠʪʦʢ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʧʩʠʭʦʵʤʦ-
ʮʠʦʥʘʣʴʥʦʛʦ ʢʦʤʬʦʨʪʘ. 

ʕʧʠʪʝʪ ʠ ʵʢʩʧʨʝʩʩʠʚʥʘʷ ʣʝʢʩʠʢʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʘʬʦʨʳ, ʢʦʪʦʨʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ 
ʦʩʥʦʚʫ, ʵʧʠʪʝʪ ʧʦʚʳʰʘʝʪ ʯʫʚʩʪʚʝʥʥʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʩʦʦʙʱʝʥʠʷ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʦʤʠʥʠ-
ʨʫʶʪ ʵʧʠʪʝʪʳ, ʚʳʨʘʞʘʶʱʠʝ ʦʮʝʥʢʫ ʠ ʩʠʥʝʩʪʝʟʠʶ, ʦʙʨʘʱʘʷʩʴ ʢ ʪʘʢʪʠʣʴʥʳʤ ʠ ʚʢʫʩʦʚʳʤ ʦʱʫʱʝʥʠʷʤ: 
çClean Taste, Cool Feelingè, çClean Crispness You Can Tasteè, çBold Orange Funè. ʉʣʦʚʦ çcleanè ʥʝʩʝʪ 
ʜʚʦʡʥʫʶ ʧʨʘʛʤʘʪʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʘ, 
ʘ ʩ ʜʨʫʛʦʡ ð ʯʝʨʝʟ ʨʘʟʚʠʪʠʝ ʧʝʨʝʥʦʩʥʦʛʦ ʟʥʘʯʝʥʠʷ ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʠʜʝʶ çʯʝʩʪʥʦʩʪʠè ʠ çʧʨʦʟʨʘʯʥʦʩʪʠè 
ʙʨʝʥʜʘ. ʕʧʠʪʝʪ çboldè ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʫʢʘʟʘʥʠʝʤ ʮʚʝʪʘ çorangeè ʠ ʘʙʩʪʨʘʢʪʥʳʤ ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʤ çfunè 
ʩʦʟʜʘʝʪ ʵʥʝʨʛʠʯʥʳʡ, ʤʦʣʦʜʝʞʥʳʡ ʠʤʠʜʞ ʤʘʨʢʠ. ɸʣʣʠʪʝʨʘʮʠʷ ʚ ʩʣʦʛʘʥʝ çʇʦʧʨʦʙʫʡ ʝʛʦ ʧʦʢʘʣʳʚʘʶʱʫʶ 
ʪʝʨʧʢʦʩʪʴè ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʝʭʦʜ ʣʝʢʩʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʚ ʬʦʥʝʪʠʯʝʩʢʦʝ: ʧʦʚʪʦʨ ʚʟʨʳʚʥʳʭ [ʪ] ʠ ʰʠʧʷ-
ʱʠʭ ʟʚʫʢʦʚ ʠʢʦʥʠʯʝʩʢʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʦʱʫʱʝʥʠʝ ʧʦʢʘʣʳʚʘʥʠʷ ʦʪ ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ ʚʦ ʨʪʫ. ʕʧʠʪʝʪ ʟʜʝʩʴ ʥʝ 
ʧʨʦʩʪʦ ʦʧʠʩʳʚʘʝʪ ʩʚʦʡʩʪʚʦ (ʪʝʨʧʢʦʩʪʴ), ʘ ʩʦʟʜʘʝʪ ʝʛʦ ʬʠʟʠʯʝʩʢʠʡ ʧʝʨʮʝʧʪʠʚʥʳʡ ʦʙʨʘʟ. 

ʀʨʦʥʠʷ ʠ ʩʪʠʣʠʩʪʠʯʝʩʢʦʝ ʩʥʠʞʝʥʠʝ. ɽʩʣʠ ʪʨʘʜʠʮʠʦʥʥʘʷ ʨʝʢʣʘʤʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʫʚʝʣʠʯʝʥʠʠ ʜʦ-
ʩʪʦʠʥʩʪʚ, ʪʦ ʨʷʜ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʤʧʘʥʠʡ, ʦʩʦʙʝʥʥʦ ʥʘ ʨʳʥʢʝ ʢʦʬʝ, ʠʩʧʦʣʴʟʫʝʪ ʠʨʦʥʠʶ ʠ ʣʠʪʦʪʫ. ʀʨʦʥʠ-
ʯʝʩʢʘʷ ʩʪʨʘʪʝʛʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʥʠʞʝʥʠʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʜʠʩʪʘʥʮʠʠ ʯʝʨʝʟ ʜʝʤʦʥʩʪʨʘʮʠʶ ʩʦʣʠʜʘʨ-
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ʥʦʩʪʠ ʩ çʙʦʣʴʶè ʧʦʪʨʝʙʠʪʝʣʷ. ʉʣʦʛʘʥʳ çCoffee: Because Adulting is Hardè ʠ çStarbucks: Making 
Mondays Almost Bearableè ʥʘʤʝʨʝʥʥʦ ʫʭʦʜʷʪ ʦʪ ʧʨʝʚʦʩʭʦʜʥʳʭ ʩʪʝʧʝʥʝʡ ʩʨʘʚʥʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʤʦʜʥʦʛʦ ʥʝʦʣʦʛʠʟʤʘ çadultingè (ʚʳʧʦʣʥʝʥʠʝ ʚʟʨʦʩʣʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ) ʠ ʥʘʨʝʯʠʷ çalmostè (ʧʦʯʪʠ) ʩʦʟʜʘ-
ʝʪ ʦʙʨʘʟ ʙʨʝʥʜʘ ʢʘʢ ʧʦʥʠʤʘʶʱʝʛʦ ʜʨʫʛʘ, ʘ ʥʝ ʥʘʚʷʟʯʠʚʦʛʦ ʧʨʦʜʘʚʮʘ. ɹʨʝʥʜ ʧʨʠʟʥʘʝʪ ʥʝʠʟʙʝʞʥʦʩʪʴ 
ʨʫʪʠʥʳ, ʧʨʝʜʣʘʛʘʷ ʥʘʧʠʪʦʢ ʢʘʢ ʩʢʨʦʤʥʦʝ, ʥʦ ʜʝʡʩʪʚʝʥʥʦʝ ʫʪʝʰʝʥʠʝ. 

ʌʨʘʟʝʦʣʦʛʠʟʤʳ ʠ ʠʥʪʝʨʪʝʢʩʪʫʘʣʴʥʦʩʪʴ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʦʷʚʰʠʭʩʷ ʚʳʨʘʞʝʥʠʡ ʜʝʣʘʝʪ ʪʝʢʩʪ 
ʙʦʣʝʝ ʟʘʧʦʤʠʥʘʶʱʠʤʩʷ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʩʪʨʫʢʪʫʨʘ ʟʥʘʢʦʤʘ ʯʠʪʘʪʝʣʶ. ʉʣʦʛʘʥ çCoffee for people who take 
life by the hornsè ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʠʜʠʦʤʳ çto take the bull by the hornsè. ɿʘʤʝʥʘ ʩʣʦʚʘ çbullè 
(ʙʳʢ) ʥʘ çlifeè (ʞʠʟʥʴ) ʜʝʣʘʝʪ ʟʥʘʯʝʥʠʝ ʬʨʘʟʝʦʣʦʛʠʟʤʘ ʙʦʣʝʝ ʰʠʨʦʢʠʤ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʠʜʝʶ ʨʝʰʠ-
ʪʝʣʴʥʦʩʪʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʡʪʨʘʣʠʟʫʷ ʘʛʨʝʩʩʠʚʥʳʡ ʛʝʥʜʝʨʥʳʡ ʧʦʜʪʝʢʩʪ. ʉʣʦʛʘʥ çLove at first sipè ʧʦʩʪʨʦ-
ʝʥ ʧʦ ʤʦʜʝʣʠ ʠʟʚʝʩʪʥʦʛʦ ʚʳʨʘʞʝʥʠʷ çlove at first sightè (ʣʶʙʦʚʴ ʩ ʧʝʨʚʦʛʦ ʚʟʛʣʷʜʘ), ʛʜʝ ʢʦʤʧʦʥʝʥʪ 
çsightè (ʚʟʛʣʷʜ) ʟʘʤʝʥʝʥ ʥʘ çsipè (ʛʣʦʪʦʢ). ʊʘʢʘʷ ʧʦʜʩʪʘʥʦʚʢʘ ʧʝʨʝʥʦʩʠʪ ʨʦʤʘʥʪʠʯʝʩʢʫʶ ʘʪʤʦʩʬʝʨʫ ʚ 
ʛʘʩʪʨʦʥʦʤʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ, ʩʧʦʩʦʙʩʪʚʫʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʝʜʦʥʠʩʪʠʯʝʩʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʧʨʦʜʫʢʪʫ. 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʸʪ ʦʩʥʦʚʘʥʠʷ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʣʦʚʘʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘʥʛʣʦʷʟʳʯʥʦʡ 
ʨʝʢʣʘʤʳ ʥʘʧʠʪʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʱʘʪʝʣʴʥʦ ʧʨʦʜʫʤʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʧʨʠʟʚʘʥʥʳʡ ʚʥʫʰʘʪʴ 
ʘʫʜʠʪʦʨʠʠ ʦʧʨʝʜʝʣʸʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʠʟʤʝʥʷʪʴ ʝʸ ʚʦʩʧʨʠʷʪʠʝ ʨʝʘʣʴʥʦʩʪʠ. ɺʝʜʫʱʘʷ ʨʦʣʴ ʤʝʪʘʬʦʨ 
(ʟʘʬʠʢʩʠʨʦʚʘʥʦ 52 ʩʣʫʯʘʷ) ʩʚʷʟʘʥʘ ʩ ʠʭ ʫʤʝʥʠʝʤ ʧʝʨʝʥʦʩʠʪʴ ʦʙʳʜʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʚ ʩʬʝʨʫ ʯʫʚʩʪʚ ʠ 
ʮʝʥʥʦʩʪʝʡ, ʧʨʝʚʨʘʱʘʷ ʥʘʧʠʪʦʢ ʚ ʩʠʤʚʦʣ çʨʘʜʦʩʪʠè, çʛʨʸʟʳè ʠʣʠ çʞʠʟʥʝʥʥʳʭ ʩʠʣè. ɿʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦ-
ʮʝʥʪ ʢʘʣʘʤʙʫʨʦʚ ʠ ʧʨʠʸʤʦʚ ʩʣʦʚʝʩʥʦʡ ʠʛʨʳ (30 ʧʨʠʤʝʨʦʚ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʨʝʤʣʝʥʠʝ ʧʨʠʚʣʝʯʴ ʧʫʙʣʠʢʫ 
ʯʝʨʝʟ ʫʜʦʚʦʣʴʩʪʚʠʝ ʠ ʫʤʩʪʚʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʧʠʪʝʪʳ (24 ʩʣʫʯʘʷ) ʧʨʠʜʘʶʪ ʨʝʢʣʘ-
ʤʠʨʫʝʤʦʤʫ ʦʙʨʘʟʫ ʯʸʪʢʠʝ ʯʫʚʩʪʚʝʥʥʳʝ ʯʝʨʪʳ. ɺʢʨʘʧʣʝʥʠʷ ʠʨʦʥʠʠ ʩʦʟʜʘʶʪ ʘʪʤʦʩʬʝʨʫ ʜʦʚʝʨʠʷ, ʪʦʛʜʘ 
ʢʘʢ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʩʣʦʚʘ ʬʦʨʤʠʨʫʶʪ ʜʣʷ ʙʨʝʥʜʘ ʫʥʠʢʘʣʴʥʦʝ ʩʤʳʩʣʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʦʪʦʨʦʝ 
ʪʨʫʜʥʦ ʩʢʦʧʠʨʦʚʘʪʴ. ʉʦʯʝʪʘʥʠʝ ʚʩʝʭ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʝʚʨʘʱʘʝʪ ʨʷʜʦʚʦʡ ʪʦʚʘʨ ʚ ʦʙʲʝʢʪ ʤʠʬʘ, ʧʨʠʜʘ-
ʚʘʷ ʝʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʧʝʨʝʚʦʜʷ ʧʨʠʚʳʯʥʳʡ ʧʨʦʮʝʩʩ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ ʨʘʟʨʷʜ ʦʩʤʳʩʣʝʥ-
ʥʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʘ. ɺʳʚʦʜʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʫʯʝʥʠʠ 
ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤ ʧʨʝʜʤʝʪʘʤ ʠ ʚ ʨʝʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʨʝʢʣʘʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʃʶʙʦʝ ʚʳʩʢʘʟʳʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʘʛʤʘʪʠʯʝʩʢʠ ʦʢʨʘʰʝʥʥʳʤ. ɺʳʧʦʣʥʷʷ ʦʧʨʝʜʝʣʝʥʥʫʶ ʢʦʤʤʫʥʠʢʘ-

ʪʠʚʥʫʶ ʟʘʜʘʯʫ, ʛʦʚʦʨʷʱʠʡ ʦʨʛʘʥʠʟʫʝʪ ʩʚʦʶ ʨʝʯʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʤʳʩʣ ʝʛʦ ʚʳʩʢʘʟʳʚʘʥʠʷ ʙʳʣ 
ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʠʥʷʪ. ɼʣʷ ʦʢʘʟʘʥʠʷ ʙʦʣʝʝ ʩʠʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʜʨʝʩʘʪʘ ʘʜʨʝʩʘʥʪʦʤ ʠʥʦʛʜʘ ʠʩ-
ʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʷʟʳʢʘ. ɹʦʣʴʰʝʡ ʵʢʩʧʨʝʩʩʠʚʥʦʩʪʴʶ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʣʘʜʘʝʪ ʥʝʯʪʦ 
ʥʝʦʙʳʯʥʦʝ, ʚʳʜʘʶʱʝʝʩʷ, ʢʦʥʪʨʘʩʪʠʨʫʶʱʝʝ ʩ ʪʝʤ, ʯʪʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʦʨʤʦʡ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʵʢʩʧʨʝʩʩʠʚʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʧʘʨʘʜʦʢʩ, ʢʘʞʫʱʝʝʩʷ ʘʙʩʫʨʜʥʳʤ ʠ ʧʨʦʪʠʚʦʨʝ-
ʯʘʱʝʝ ʟʜʨʘʚʦʤʫ ʩʤʳʩʣʫ ʫʪʚʝʨʞʜʝʥʠʝ, ʩʚʦʝʦʙʨʘʟʥʦʝ ʤʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʨʝʟʢʦ ʨʘʩʭʦʜʠʪʩʷ ʩ ʦʙʱʝʧʨʠʥʷ-
ʪʳʤ [1, ʩ. 5]. ʅʘʧʨʠʤʝʨ: 

Keine Antwort ist auch eine Antwort. (ʆʪʩʫʪʩʪʚʠʝ ʦʪʚʝʪʘ ï ʪʦʞʝ ʦʪʚʝʪ) 
Jedermanns Freund ist niemands Freund. (ɼʨʫʛ ʚʩʝʭ ï ʥʠʯʝʡ ʜʨʫʛ). 
ʇʘʨʘʜʦʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʣʦʚʝʩʥʫʶ ʢʦʤʧʦʟʠʮʠʶ, ʢʦʪʦʨʦʡ, ʢʘʢ ʦʪʤʝʯʘʝʪ ɻ.ʗ. 

ʉʝʤʝʥ, ʧʨʠʩʫʱʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʯʝʨʪʳ. 
ʇʝʨʚʘʷ ʯʝʨʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʘʣʦʛʠʟʤʘ. ɸʣʦʛʠʟʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ɺ.ɺ. ʆʚʩʷʥʥʠʢʦʚʳʤ ʢʘʢ 

ʥʘʨʫʰʝʥʠʝ ʩʦʯʝʪʘʝʤʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʦʚʳʭ ʫʨʦʚʥʷʭ. ʌʦʨʤʘʣʴʥʦ ʢʘʞʜʳʡ ʧʘʨʘʜʦʢʩ ʷʚʣʷʝʪʩʷ ʘʣʦ-
ʛʠʟʤʦʤ [2, ʩ. 5]. ʅʦ ʧʦʩʢʦʣʴʢʫ ʧʘʨʘʜʦʢʩ ʠʤʝʝʪ ʩʚʦʶ ʤʦʜʝʣʴ, ʦʥ ʥʝ ʷʚʣʷʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʥʦʨʤʳ ʚ 
ʩʪʠʣʠʩʪʠʢʝ [3, ʩ. 9]. 

ɺʪʦʨʘʷ ʯʝʨʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ, ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʧʦʥʷʪʠʡ ʚ ʨʘʤ-
ʢʘʭ ʠʤʝʶʱʝʡʩʷ ʩʣʦʚʝʩʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʀʤʝʥʥʦ ʵʪʘ ʯʝʨʪʘ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʝʡ ʚ ʧʦʥʠʤʘʥʠʠ ʷʚʣʝʥʠʷ ʧʘʨʘ-
ʜʦʢʩʘ. ʇʨʦʪʠʚʦʨʝʯʠʝ ʠʤʝʝʪʩʷ ʚ ʢʘʞʜʦʤ ʧʘʨʘʜʦʢʩʝ. ʆʪʥʝʩʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʬʘʢʪʘ ʢ ʦʙʣʘʩʪʠ çʧʨʦʪʠʚʦ-
ʨʝʯʠʚʦʩʪʠè ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ñʥʝʢʦʡ ʤʝʥʪʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʝʡ ʥʦʨʤʝò [4, ʩ. 9].  

ʇʘʨʘʜʦʢʩ ï ʵʪʦ ʩʚʦʝʛʦ ʨʦʜʘ ʧʦʧʳʪʢʘ ʩʦʦʪʥʝʩʪʠ ʥʝʦʙʳʯʥʦʝ ʩ ʦʙʳʯʥʳʤ (ʥʦʨʤʦʡ). ʂʘʢ ʫʢʘʟʳʚʘʝʪ 
ɻ.ʗ. ʉʝʤʝʥ, ʚ ʧʘʨʘʜʦʢʩʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʙʦʙʱʝʥʠʝʤ ʨʝʘʣʠʟʫʶʪʩʷ ʦʪʥʦʰʝʥʠʷ ʢʦʥʪʨʘʩʪʘ ʠ ʪʦʞʜʝʩʪʚʘ; 
ʥʝʦʞʠʜʘʥʥʘʷ, ʥʝʦʙʳʯʥʘʷ ʪʨʘʢʪʦʚʢʘ ʠʟʚʝʩʪʥʦʛʦ, ʧʨʠʚʳʯʥʦʛʦ [3, ʩ. 6]. 
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ʗʚʣʷʷʩʴ ʦʩʪʨʳʤ ʦʨʫʞʠʝʤ ʩʘʪʠʨʳ, ʧʘʨʘʜʦʢʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʢʦʤʠʯʝʩʢʦʛʦ ʠ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʪʨʘʥʥʦʝ, ʥʝʚʝʨʦʷʪʥʦʝ, ʥʝʣʝʧʦʝ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʫʪʚʝʨʞʜʝʥʠʝ, ʢʦʪʦʨʦʝ ʬʘʢʪʠʯʝʩʢʠ 
ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚʝʨʥʳʤ ʠʣʠ ʠʤʝʪʴ ʚ ʩʝʙʝ ʜʦʣʶ ʧʨʘʚʜʳ: Die Sprache ist dem Menschen gegeben, um 
seine Gedanken zu verbergen. (ʗʟʳʢ ʜʘʥ ʯʝʣʦʚʝʢʫ, ʯʪʦʙʳ ʩʢʨʳʚʘʪʴ ʩʚʦʠ ʤʳʩʣʠ) 

ʇʘʨʘʜʦʢʩ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʠʨʫʝʪ ʚʳʩʢʘʟʳʚʘʥʠʝ ʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʪʨʘʞʝʥʠʷ ʧʨʦʪʠʚʦʨʝʯʠ-
ʚʦʡ ʩʫʱʥʦʩʪʠ ʷʚʣʝʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʉʪʘʣʢʠʚʘʥʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ, ʜʘʣʝʢʠʭ ʜʨʫʛ ʦʪ 
ʜʨʫʛʘ ʧʦʥʷʪʠʡ ʚ ʧʘʨʘʜʦʢʩʘʣʴʥʦʤ ʚʳʩʢʘʟʳʚʘʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʫʛʣʫʙʣʝʥʠʶ, ʘ ʠʥʦʛʜʘ ʠ ʢ ʠʟʤʝʥʝʥʠʶ ʚʟʛʣʷ-
ʜʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʷʚʣʝʥʠʷ: 

Allen glauben zuviel, keinem glauben zuwenig. (ɺʝʨʠʪʴ ʚʩʝʤ ï ʵʪʦ ʩʣʠʰʢʦʤ ʤʥʦʛʦ, ʥʠʢʦʤʫ ï ʩʣʠh-
ʢʦʤ ʤʘʣʦ) 

ʇʘʨʘʜʦʢʩʫ ʧʨʠʩʫʱʘ ʪʘʢʞʝ ʪʘʢʘʷ ʬʫʥʢʮʠʷ, ʢʘʢ ʜʦʢʘʟʫʝʤʦʩʪʴ. ʇʘʨʘʜʦʢʩ ʘʢʪʠʚʠʟʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʯʠ-
ʪʘʪʝʣʷ, ʟʘʩʪʘʚʣʷʝʪ ʟʘʜʫʤʘʪʴʩʷ, ʦʧʨʦʚʝʨʛʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʟʛʣʷʜʳ ʠ ʩʣʫʞʠʪ ʩʚʦʝʛʦ ʨʦʜʘ ñʜʦʢʘʟʘʪʝʣʴ-
ʩʪʚʦʤ ʦʪ ʧʨʦʪʠʚʥʦʛʦò. ʇʨʠ ʧʦʤʦʱʠ ʧʘʨʘʜʦʢʩʘ ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ ʢʘʢ ʚʝʨʥʦʩʪʴ, ʪʘʢ ʠ ʣʦʛʠʯʥʦʩʪʴ ʤʳʩʣʠ, 
ʥʘʧʨʠʤʝʨ:  

Alles ist und ist auch nicht, denn alles flieɓt. (ɺʩʝ ʩʫʱʝʩʪʚʫʝʪ ʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ ʚʩʝ ʠʟʤʝʥʷʝʪ-
ʩʷ)  

ʌʫʥʢʮʠʷ ʜʦʢʘʟʫʝʤʦʩʪʠ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʬʫʥʢʮʠʝʡ ʫʙʝʞʜʝʥʠʷ. ʇʘʨʘʜʦʢʩ ʫʙʝʞʜʘʝʪ, ʥʦ ʜʝʣʘʝʪ ʵʪʦ 
ʩʚʦʝʦʙʨʘʟʥʳʤ ʦʙʨʘʟʦʤ, ʯʝʨʝʟ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ: 

Wenn man mit mir einverstanden ist, verstehe ich, dass ich mich irre. (ʂʦʛʜʘ ʩʦ ʤʥʦʡ ʩʦʛʣʘʰʘʶʪʩʷ, ʷ 
ʧʦʥʠʤʘʶ, ʯʪʦ ʦʰʠʙʘʶʩʴ) 

ʇʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʚʦʩʧʨʠʷʪʠʝ ʧʘʨʘʜʦʢʩʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʵʬʬʝʢʪʝ ʦʙʤʘʥʫʪʦʛʦ ʦʞʠʜʘʥʠʷ (ʪʝʨʤʠʥ 
ʈ.ʗʢʦʙʩʦʥʘ), ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪʩʷ ʧʫʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʧʦ-
ʩʣʝʜʫʶʱʠʭ. ʏʠʪʘʪʝʣʴ ʠʭ ʫʞʝ ʦʞʠʜʘʝʪ, ʘ ʦʥʠ ʟʘʩʪʘʚʣʷʶʪ ʦʞʠʜʘʪʴ ʠ ʧʦʷʚʣʝʥʠʷ ʜʨʫʛʠʭ. ʇʦʩʣʝʜʫʶʱʝʝ 
ʯʘʩʪʠʯʥʦ ʜʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ. ʇʨʠ ʪʘʢʦʡ ʩʚʷʟʠ ʧʝʨʝʭʦʜʳ ʦʪ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʘʣʦʟʘʤʝʪʥʳ, ʩʦʟʥʘʥʠʝ 
ʩʢʦʣʴʟʠʪ ʧʦ ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ ʧʦʷʚʣʝʥʠʝ ʥʘ ʵʪʦʤ ʬʦʥʝ ʵʣʝʤʝʥʪʦʚ ʤʘʣʦʡ ʚʝʨʦʷʪ-
ʥʦʩʪʠ ʚʝʜʝʪ ʢ ʥʘʨʫʰʝʥʠʶ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʯʪʦ ʜʝʡʩʪʚʫʝʪ ʧʦʜʦʙʥʦ ʪʦʣʯʢʫ: ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʦʝ ʠ ʥʝʦʞʠ-
ʜʘʥʥʦʝ ʩʦʟʜʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʩʧʨʠʷʪʠʶ, ʧʨʝʦʜʦʣʝʥʠʝ ʵʪʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʙʫʝʪ ʫʩʠʣʠʷ ʩʦ ʩʪʦ-
ʨʦʥʳ ʯʠʪʘʪʝʣʷ, ʘ ʟʥʘʯʠʪ, ʩʠʣʴʥʝʝ ʥʘ ʥʝʛʦ ʚʦʟʜʝʡʩʪʚʫʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʘʜʦʢʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 
ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʵʬʬʝʢʪʘ ʦʙʤʘʥʫʪʦʛʦ ʦʞʠʜʘʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʪʠʣʠ-
ʩʪʠʯʝʩʢʠʝ ʧʨʠʝʤʳ, ʦʩʦʙʝʥʥʦ ʧʨʠʝʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʙʣʘʩʪʠ ʢʦʤʠʯʝʩʢʦʛʦ (ʠʛʨʘ ʩʣʦʚ, ʟʝʚʛʤʘ). 

ʇʘʨʘʜʦʢʩ ʷʚʣʷʝʪʩʷ ʘʣʦʛʠʟʤʦʤ ʥʘ ʫʨʦʚʥʝ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʝʥ ʧʦ ʩʚʦʝʡ ʩʪʠʣʠ-
ʩʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. ʕʪʦʪ ʧʨʠʝʤ ʚʩʪʨʝʯʘʝʪʩʷ:  

1) ʚ ʦʜʥʦʤ ʧʨʝʜʣʦʞʝʥʠʠ: 
ʘ) ʧʨʦʩʪʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤ ʠ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤ: 
Einmal ist keinmal. (ʆʜʥʘʞʜʳ ʟʥʘʯʠʪ ʥʠʢʦʛʜʘ) 
Geteilte Freude ist doppelte Freude. (ʈʘʟʜʝʣʝʥʥʘʷ ʨʘʜʦʩʪʴ ï ʫʜʚʦʝʥʥʘʷ ʨʘʜʦʩʪʴ)  
Spontaneitªt will wohl ¿berlegt sein. (ʉʧʦʥʪʘʥʥʦʩʪʴ ʩʣʝʜʫʝʪ ʦʙʜʫʤʳʚʘʪʴ) 
ʙ) ʩʣʦʞʥʦʩʦʯʠʥʝʥʥʦʤ: 
Alle wollen alt werden, aber niemand will alt sein. (Unbekannt) (ɺʩʝ ʭʦʪʷʪ ʧʦʚʟʨʦʩʣʝʪʴ, ʥʦ ʥʠʢʪʦ ï ʧʦ-

ʩʪʘʨʝʪʴ)  
ʚ) ʩʣʦʞʥʦʧʦʜʯʠʥʝʥʥʦʤ: 
Ich weiÇ, dass ich nichts weiÇ. (ʗ ʟʥʘʶ, ʯʪʦ ʥʠʯʝʛʦ ʥʝ ʟʥʘʶ) 
Was nicht ist, kann werden. (ʏʪʦ ʥʝ ʝʩʪʴ, ʪʦ ʤʦʞʝʪ ʩʪʘʪʴ) 
2) ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʨʝʜʣʦʞʝʥʠʷʭ. ʇʘʨʘʜʦʢʩ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʙʦʣʴʰʦʛʦ ʩʣʦʞʥʦʛʦ ʮʝʣʦʛʦ: Es gibt zwei 

Sorten von Frauen, vor denen man sich h¿ten muss: solche, die uns lieben, und solche, die uns nicht lieben. 
Aber die vielen ¿brigen sind fantastisch. (Erich von Stroheim) (ɽʩʪʴ ʜʚʘ ʩʦʨʪʘ ʞʝʥʱʠʥ, ʢʦʪʦʨʳʭ ʥʫʞʥʦ 
ʦʩʪʝʨʝʛʘʪʴʩʷ: ʪʝ, ʢʦʪʦʨʳʝ ʥʘʩ ʣʶʙʷʪ, ʠ ʪʝ, ʢʦʪʦʨʳʝ ʥʘʩ ʥʝ ʣʶʙʷʪ. ɸ ʚʦʪ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ï ʧʨʦʩʪʦ ʬʘʥʪʘ-
ʩʪʠʯʥʳ) 

ʉʨʝʜʠ ʩʨʝʜʩʪʚ ʩʦʟʜʘʥʠʷ ʧʘʨʘʜʦʢʩʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʳʜʝʣʷʶʪ ʘʥʪʦʥʠʤʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʦʜʥʦ-
ʤʝʨʥʫʶ ʦʧʧʦʟʠʮʠʶ: 
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Ein Mann, kein Mann. (ʆʜʠʥ ï ʟʥʘʯʠʪ, ʥʝ ʦʜʥʦʛʦ)  
ʀʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʨʘʟʥʦʢʦʨʥʝʚʳʝ ʘʥʪʦʥʠʤʳ: 
Es ist eine alte Geschichte, doch bleibt sie immer neu. (ʕʪʦ ʩʪʘʨʘʷ ʠʩʪʦʨʠʷ, ʢʦʪʦʨʘʷ ʚʩʸ ʞʝ ʦʩʪʘʝʪʩʷ 

ʥʦʚʦʡ) 
Auch eine junge Sekretªrin kann manchmal ganz schºn alt aussehen. (ɼʘʞʝ ʤʦʣʦʜʘʷ ʩʝʢʨʝʪʘʨʰʘ 

ʠʥʦʛʜʘ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʜʦʚʦʣʴʥʦ ʩʪʘʨʦʡ) 
ɺ ʩʦʟʜʘʥʠʠ ʧʘʨʘʜʦʢʩʘ ʤʦʛʫʪ ʪʘʢʞʝ ʫʯʘʩʪʚʦʚʘʪʴ ʩʣʦʚʘ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʦʙʩʪʚʝʥʥʦ ʘʥ-

ʪʦʥʠʤʘʤ, ʘ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʷʶʪʩʷ ʣʠʰʴ ʚ ʨʘʤʢʘʭ ʢʦʥʪʝʢʩʪʘ (Illusionen platzen immer. Trªume werden im-
mer wahr. Joko Ono// ʀʣʣʶʟʠʠ ʚʩʝʛʜʘ ʨʫʰʘʪʩʷ. ʄʝʯʪʳ ʚʩʝʛʜʘ ʩʙʳʚʘʶʪʩʷ). ʏʘʩʪʦ ʚ ʧʘʨʘʜʦʢʩʘʭ ʫʧʦʪʨʝʙ-
ʣʷʶʪʩʷ ʩʣʦʚʘ, ʢʦʪʦʨʳʝ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʡ ʯʘʩʪʠ ʨʝʯʠ, ʠʤʝʶʪ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʦʩʥʦʚʫ ʠ ʦʙʨʘʟʫ-
ʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʫʬʬʠʢʩʦʚ ʠ ʧʨʝʬʠʢʩʦʚ (gl¿cklich ï Ungl¿ck). 

ɻ.ʗ. ʉʝʤʝʥ ʨʘʟʣʠʯʘʝʪ ʚ ʧʘʨʘʜʦʢʩʘʭ ʜʚʘ ʚʠʜʘ ʦʧʧʦʟʠʮʠʡ: ʠʤʧʣʠʮʠʪʥʳʝ ʠ ʵʢʩʧʣʠʮʠʪʥʳʝ. 
ɽʩʣʠ ʦʧʧʦʟʠʮʠʷ ʦʙʨʘʟʫʝʪʩʷ ʤʝʞʜʫ ʣʦʛʠʯʝʩʢʦʡ ʥʦʨʤʦʡ ʚʳʩʢʘʟʳʚʘʥʠʷ ʠ ʩʣʦʚʦʤ ʠʣʠ ʛʨʫʧʧʦʡ ʩʣʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʚʨʘʱʘʝʪ ʝʛʦ ʚ ʧʘʨʘʜʦʢʩ, ʪʦ ʦʥʘ ʠʤʧʣʠʮʠʪʥʘ, ʧʦʩʢʦʣʴʢʫ ʧʘʨʘʜʦʢʩʘʣʴʥʳʝ 
ʫʪʚʝʨʞʜʝʥʠʷ ʚʩʝʛʜʘ ʩʦʦʪʥʦʩʷʪʩʷ ʨʝʮʠʧʠʝʥʪʦʤ ʩ çʧʨʘʚʠʣʴʥʳʤʠè ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʥʝʥʠʷʤʠ: Wer be-
gonnen hat, der hat schon halb vollendet. //Viele Frauen heiraten, weil sie des Alleinseins m¿de sind. Und vie-
le Frauen lassen sich scheiden, weil sie des Alleinseins m¿de sind. //Einander kennen lernen, heiÇt lernen, 
wie fremd man einander ist. (ʂʪʦ ʥʘʯʘʣ, ʪʦʪ ʫʞʝ ʥʘʧʦʣʦʚʠʥʫ ʟʘʚʝʨʰʠʣ. //ʄʥʦʛʠʝ ʞʝʥʱʠʥʳ ʚʳʭʦʜʷʪ ʟʘ-
ʤʫʞ, ʧʦʪʦʤʫ ʯʪʦ ʫʩʪʘʣʠ ʦʪ ʦʜʠʥʦʯʝʩʪʚʘ. ʀ ʤʥʦʛʠʝ ʞʝʥʱʠʥʳ ʨʘʟʚʦʜʷʪʩʷ, ʧʦʪʦʤʫ ʯʪʦ ʫʩʪʘʣʠ ʦʪ ʦʜʠʥʦʯʝ-
ʩʪʚʘ. // ʋʟʥʘʚʘʪʴ ʜʨʫʛ ʜʨʫʛʘ ï ʟʥʘʯʠʪ ʫʟʥʘʚʘʪʴ, ʥʘʩʢʦʣʴʢʦ ʣʶʜʠ ʯʫʞʜʳ ʜʨʫʛ ʜʨʫʛʫ) 

ʕʢʩʧʣʠʮʠʪʥʘʷ ʦʧʧʦʟʠʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʘʤʦʤ ʧʘʨʘʜʦʢʩʘʣʴʥʦʤ ʚʳʩʢʘʟʳʚʘʥʠʠ, ʤʝʞʜʫ ʜʚʫʤʷ ʯʘ-
ʩʪʷʤʠ ʦʜʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʝʜʣʦʞʝʥʠʷʤʠ. ɽʝ ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ ʬʘʢʪʦʤ, 
ʯʪʦ ʧʘʨʘʜʦʢʩ ʝʩʪʴ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʧʦʥʷʪʠʡ: Es geschah morgen (ʥʘʟʚʘʥʠʝ ʬʠʣʴʤʘ çʕʪʦ 
ʩʣʫʯʠʣʦʩʴ ʟʘʚʪʨʘè). 

ʍʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʧʘʨʘʜʦʢʩʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʪʨʠʮʘʥʠʷ: ʦʧʨʝʜʝʣʝʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʧʦʜʚʝʨ-
ʛʘʝʪʩʷ ʩʦʤʥʝʥʠʶ, ʘ ʧʘʨʘʜʦʢʩ, ʩʦʝʜʠʥʷʷ ʥʝʩʦʚʤʝʩʪʠʤʳʝ ʧʦʥʷʪʠʷ, ʫʩʪʨʘʥʷʝʪ ʜʘʥʥʦʝ ʩʦʤʥʝʥʠʝ. 

ʇʘʨʘʜʦʢʩ, ʦʩʥʦʚʳʚʘʶʱʠʡʩʷ ʥʘ ʘʣʦʛʠʟʤʝ, ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʘʨʫʰʝʥʠʠ ʩʦʯʝʪʘʝʤʦʩʪʠ ʥʘ ʨʘʟʥʳʭ 
ʫʨʦʚʥʷʭ ʷʟʳʢʘ, ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʵʢʩʧʨʝʩʩʠʚʥʦʩʪʴʶ. ʆʥ ʧʨʠʜʘʝʪ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ, ʦʙʨʘʟʥʦʩʪʴ ʷʟʳʢʫ ʠ 
ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʠʪʘʪʝʣʷ. 
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ɹʦʦʧʫʙʯʡʸ: ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʭʦʞʜʝʥʠʡ ʤʝʞʜʫ ʙʨʠʪʘʥʩʢʠʤ ʠ ʘʤʝʨʠ-
ʢʘʥʩʢʠʤ ʘʥʛʣʠʡʩʢʠʤ ʚ ʩʬʝʨʝ IT-ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʭ ʚʣʠʷʥʠʶ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʩʪʫʜʝʥʪʦʚ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 
ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 2021ï2025 ʛʛ. ʚʳʜʝʣʝʥʳ ʪʨʠ ʢʘʪʝʛʦʨʠʠ ʣʝʢʩʠʯʝʩʢʠʭ ʨʘʟʣʠ-
ʯʠʡ. ɼʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʝʜʠʥʦʦʙʨʘʟʠʷ ʚ ʨʦʩʩʠʡʩʢʠʭ IT-ʢʫʨʩʘʭ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʙʨʠʪʘʥʩʢʠʡ ʘʥʛʣʠʡʩʢʠʡ, ʘʤʝʨʠʢʘʥʩʢʠʡ ʘʥʛʣʠʡʩʢʠʡ, IT-ʪʝʨʤʠʥʦʣʦʛʠʷ, ʣʝʢʩʠʯʝʩʢʘʷ 
ʚʘʨʠʘʪʠʚʥʦʩʪʴ, ʚʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʘʢʘʜʝʤʠʯʝʩʢʦʝ ʧʠʩʴʤʦ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤ. 

 
ʉɹʀʄʁʐʁʘ ɻ ʋɾʉʅʁʆʇʄʇɼʁʁ ʅɾɿɽʌ ɺʉʁʋɹʆʊʃʁʅ ʁ ɹʅɾʉʁʃɹʆʊʃʁʅ ɻɹʉʁɹʆʋɹʅʁ 
ɹʆɼʄʁʂʊʃʇɼʇ ɻ IT-ʇɺʉɹʀʇɻɹʆʁʁ: ʈʉʇɺʄɾʅɹ ɽʄʘ ʉʇʊʊʁʂʊʃʁʎ ʊʋʌɽɾʆʋʇɻ 

 
ʉʙʮʡʥʠʸʦʧʛ ʋʡʥʬʩ ʁʤʵʸʪʧʛʡʰ, 
ʊʙʩʜʪʸʦ ʊʙʥʡʣ ʊʙʥʪʧʦʧʛʡʰ, 
ʉʡʚ ʅʙʣʪʡʥ ɼʞʩʥʙʦʧʛʡʰ 

ʩʪʫʜʝʥʪʳ 2-ʛʦ ʢʫʨʩʘ ʩʧʝʮʠʘʣʠʪʝʪʘ 
ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʫʢʣʝʚʘ ɸʥʘʩʪʘʩʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ, ʀʥʩʪʠʪʫʪʘ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ,  
ʈʊʋ ʄʀʈʕɸ 

 
Abstract: this paper addresses the terminological discrepancies between British and American English in the 
field of IT education and their impact on Russian university students. Drawing on the analysis of academic 
sources and textbooks (2021ï2025), the authors identify three categories of lexical variation, and assess how 
these inconsistencies affect academic writing and course paper preparation in a non-English-speaking envi-
ronment. Recommendations are provided for achieving terminological consistency in Russian IT curricula. 



198 ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 

 

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

Key words: British English, American English, IT terminology, lexical variation, higher education, academic 
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The globalisation of IT education has led Russian universities to adopt a wide range of English-

language textbooks, online courses, and documentation. However, these resources originate from both British 
and American academic traditions, each with its own terminological preferences. A first-year student encoun-
tering the term ñprogramò in an American textbook and ñprogrammeò in a British one may not immediately rec-
ognise that both refer to the same concept of a çʫʯʝʙʥʘʷ ʧʨʦʛʨʘʤʤʘè. Conversely, ñprogramò denotes a 
computer program in both varieties but with different spellings. 

Differences between British and American English in the IT domain fall into three categories. Ortho-
graphic differences (colour ï color, labelling ï labeling) ï the same words spelled differently. Lexical-semantic 
divergences (programme ï program, autumn ï fall) ï different lexemes for the same concept. Domain-specific 
preferences (diagram ï chart, lift ï elevator) ï particularly dangerous in IT education [3]. 

Consider key examples. Programme vs program. In British English, ñprogrammeò generally denotes a 
plan of study or a broadcast, while ñprogramò refers to a set of computer instructions. American English uses 
ñprogramò for both meanings. Russian universities often employ British textbooks for theoretical subjects and 
American ones for programming courses. Consequently, a student may read about a ñcurriculum programmeò 
in one source and ñprogram curriculumò in another, not realising both describe the same entity.[2; 6]. 

The mixture of British and American textbooks directly affects the quality of studentsô written work. Sur-
vey data from three Moscow universities (2023ï2024) showed that 67% of second-year IT students encoun-
tered contradictory terminology across their English-medium materials, and 41% admitted to copying terms 
without consistent translation. 

To achieve terminological consistency, we propose: at the beginning of a course, instructors should ex-
plicitly state whether British or American English is the primary reference; develop university-wide guidelines 
for translating problematic terms (e.g., programme (curriculum) Ÿ çʫʯʝʙʥʘʷ ʧʨʦʛʨʘʤʤʘè, program (comput-
er) Ÿ çʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘè, flow chart/diagram Ÿ çʙʣʦʢ-ʩʭʝʤʘè); include terminological consisten-
cy as a criterion in assessment rubrics. 

The coexistence of British and American English terminology in IT education represents a significant, of-
ten underestimated obstacle for Russian-speaking students. Orthographic differences cause minor disturb-
ances, but lexical-semantic divergences. The problem stems not from English itself but from uncoordinated 
textbook policies and a lack of terminological awareness. The solution lies not in prescribing a single variety 
but in equipping teachers and learners with tools to navigate variation consciously. 
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ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʘʥʛʣʠʡʩʢʠʭ ʟʘʠʤʩʪʚʦʚʘʥʠʡ ʚ ʨʫʩʩʢʦʤ IT-ʩʣʝʥʛʝ ʥʘ ʪʦʯʥʦʩʪʴ 
ʧʝʨʝʚʦʜʘ, ʩ ʬʦʢʫʩʦʤ ʥʘ ʧʨʦʙʣʝʤʘʭ ʥʘʯʠʥʘʶʱʠʭ ʘʥʘʣʠʪʠʢʦʚ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 
ʜʠʩʢʫʨʩʘ ʠ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 2021ï2025 ʛʛ. ʘʚʪʦʨʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʘʥʛʣʠʮʠʟʤʳ 
(ʜʝʧʣʦʡ, ʢʦʤʤʠʪ, ʙʝʢʝʥʜ, ʬʨʦʥʪʝʥʜ, ʶʟʝʨ ʢʝʡʩ, ʩʪʝʡʢʭʦʣʜʝʨ, ʠʤʧʣʝʤʝʥʪʘʮʠʷ) ʧʦ ʯʝʪʳʨʸʤ ʢʘʪʝʛʦʨʠʷʤ, 
ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢ ʠʭ ʥʝʬʦʨʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʡ IT-ʩʨʝʜʝ ʟʘʪʨʫʜʥʷʝʪ ʦʬʠʮʠʘʣʴʥʳʡ 
ʧʝʨʝʚʦʜ, ʠ ʧʨʝʜʣʘʛʘʶʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʟʚʠʪʠʶ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʦʟʥʘʥʥʦʩʪʠ ʫ ʩʪʫʜʝʥʪʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʥʛʣʠʡʩʢʠʝ ʟʘʠʤʩʪʚʦʚʘʥʠʷ, ʨʫʩʩʢʠʡ IT-ʩʣʝʥʛ, ʪʦʯʥʦʩʪʴ ʧʝʨʝʚʦʜʘ, ʥʘʯʠʥʘʶʱʠʝ ʘʥʘ-
ʣʠʪʠʢʠ, ʘʢʘʜʝʤʠʯʝʩʢʦʝ ʧʠʩʴʤʦ, ʘʥʛʣʠʮʠʟʤʳ, ʪʝʨʤʠʥʦʣʦʛʠʷ, ʧʝʨʝʢʣʶʯʝʥʠʝ ʢʦʜʦʚ. 
 
ɹʆɼʄʁʂʊʃʁɾ ʀɹʁʅʊʋɻʇɻɹʆʁʘ ɻ ʉʌʊʊʃʇʅ IT-ʊʄɾʆɼɾ ʃɹʃ ʌɼʉʇʀɹ ʋʇʐʆʇʊʋʁ ʈɾʉɾɻʇɽɹ 

ɽʄʘ ʆɹʐʁʆɹʗʒɾɼʇ ɹʆɹʄʁʋʁʃɹ 
 

ʉʙʮʡʥʠʸʦʧʛ ʋʡʥʬʩ ʁʤʵʸʪʧʛʡʰ, 
ʊʙʩʜʪʸʦ ʊʙʥʡʣ ʊʙʥʪʧʦʧʛʡʰ, 
ʉʡʚ ʅʙʣʪʡʥ ɼʞʩʥʙʦʧʛʡʰ 

ʩʪʫʜʝʥʪʳ 2-ʛʦ ʢʫʨʩʘ ʩʧʝʮʠʘʣʠʪʝʪʘ 
ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʦʩʢʚʘ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʫʢʣʝʚʘ ɸʥʘʩʪʘʩʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ, ʀʥʩʪʠʪʫʪʘ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ,  
ʈʊʋ ʄʀʈʕɸ 

 
Abstract: this paper explores the impact of English loanwords in Russian IT slang on translation accuracy, 
focusing on the challenges faced by novice analysts. Drawing on analysis of professional discourse and aca-
demic sources (2021ï2025), the authors classify common anglicisms (deploy, commit, backend, frontend, use 
case, stakeholder, implementation) into four categories, examine how their informal usage in Russian IT envi-
ronments interferes with formal translation tasks, and propose recommendations for developing terminological 
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awareness among students. 
Key words: English loanwords, Russian IT slang, translation accuracy, novice analysts, academic writing, 
anglicisms, terminology, code-switching. 

 
Terms like deploy, commit, backend, frontend, use case, stakeholder, and implementation are routinely 

used in oral and informal written communication by Russian-speaking developers and analysts [1; 4]. While 
such slang facilitates quick mutual understanding within the professional community, it creates a serious ob-
stacle for novice analysts who need to translate or write formal documentation, academic papers, and tech-
nical reports in standard Russian. 

The core problem is that many loanwords acquire connotations or narrowed meanings that diverge from both 
the original English term and existing Russian equivalents. A student habitually saying ñʤ rʟʘʢʦʤʤʠʪʠʣʠ ʠʟʤʝʥʝ-
ʥʠò̫ may struggle to choose an appropriate expression for a formal report: ñʟʘʬʠʢʩʠʨʦʚʘʣʠ ʠʟʤʝʥʝʥʠʷò. The 
wrong choice distorts precision, violates style norms, or obscures meaning for an external audience [5]. 

Let us examine concrete traps. Deploy (deploy) ï in English, to release and install software in an operational 
environment. Russian slang: çʄʳ ʩʜʝʣʘʣʠ ʜʝʧʣʦʡ ʥʘ ʧʨʦʜè. Formal equivalent: çʄʳ ʚʳʧʦʣʥʠʣʠ ʨʘʟʚʸʨʪʳʚʘ-
ʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʡ ʩʨʝʜʝè. Implementation ï often used indiscriminately for algorithm realisation 
and system deployment. Better to choose: çʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘè depending on context [6]. 

An analysis of Russian universities showed that only two included dedicated modules on translation of 
professional terminology; the rest relied on general ESP courses. A comparative study of student project doc-
umentation versus industry standards (GOST, IEEE) demonstrated that student texts contained an average of 
4.2 English borrowings per page, compared to 0.8 in professional Russian-language documentation [4]. 

To develop terminological awareness, we propose: introduce contrastive exercises in ESP and academ-
ic writing courses that explicitly contrast anglicisms with standard Russian equivalents familiarise students with 
GOST and ISO/IEC terminology databases; encourage reflective practice ï editing oneôs own texts to replace 
informal borrowings [2; 6]. 

English loanwords in Russian IT slang are a double-edged sword. On one hand, they accelerate team 
communication and reflect the global nature of the technology sector. On the other, they severely impair trans-
lation accuracy of novice analysts by blurring the boundary between jargon and formal terminology. The solu-
tion is not to purge loanwords but to equip students with the metalinguistic ability to consciously choose be-
tween a borrowing and a Russian equivalent depending on context. 
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ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʫʜʥʦʩʪʠ ʧʝʨʝʚʦʜʘ ʘʥʛʣʠʡʩʢʠʭ ʘʙʙʨʝʚʠʘʪʫʨ ʠ ʘʢʨʦʥʠʤʦʚ, 
ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʠʟʫ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʠ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 2021ï2025 ʛʛ. ʘʚʪʦʨʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʦʩʥʦʚʥʳʝ ʧʝʨʝʚʦʜʯʝʩʢʠʝ ʧʨʦ-
ʙʣʝʤʳ ʥʘ ʧʨʠʤʝʨʘʭ CRUD, OLAP, OLTP, UML, BPEL, SOA, MVP, MVC. ʇʦʢʘʟʘʥʦ, ʢʘʢ ʥʝʧʝʨʝʚʝʜʸʥʥʳʝ 
ʠʣʠ ʥʝʚʝʨʥʦ ʨʘʩʰʠʬʨʦʚʘʥʥʳʝ ʘʢʨʦʥʠʤʳ ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʝ ʩʤʳʩʣʘ ʫ ʩʪʫʜʝʥʪʦʚ ʠ ʥʘʯʠʥʘʶʱʠʭ ʘʥʘʣʠ-
ʪʠʢʦʚ. ɼʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʨʘʙʦʪʢʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʙʦʪʝ ʩ ʘʙʙʨʝʚʠʘʪʫʨʘʤʠ ʚ ʫʯʝʙʥʦʤ ʠ 
ʪʝʭʥʠʯʝʩʢʦʤ ʧʝʨʝʚʦʜʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʙʙʨʝʚʠʘʪʫʨʳ, ʘʢʨʦʥʠʤʳ, ʧʝʨʝʚʦʜ, ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ, 
CRUD, OLAP, OLTP, UML, MVP, MVC, ʪʝʨʤʠʥʦʣʦʛʠʷ. 
 
ʈʉʇɺʄɾʅɹ ʈɾʉɾɻʇɽɹ ɹɺɺʉɾɻʁɹʋʌʉ ʁ ɹʃʉʇʆʁʅʇɻ ɻ ʋɾʎʆʁʐɾʊʃʇʂ ɽʇʃʌʅɾʆʋɹʏʁʁ ʈʇ 

ʊʁʊʋɾʅʆʇʅʌ ɹʆɹʄʁʀʌ 
 

ʉʙʮʡʥʠʸʦʧʛ ʋʡʥʬʩ ʁʤʵʸʪʧʛʡʰ, 
ʊʙʩʜʪʸʦ ʊʙʥʡʣ ʊʙʥʪʧʦʧʛʡʰ, 
ʉʡʚ ʅʙʣʪʡʥ ɼʞʩʥʙʦʧʛʡʰ 

ʩʪʫʜʝʥʪʳ 2-ʛʦ ʢʫʨʩʘ ʩʧʝʮʠʘʣʠʪʝʪʘ 
ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʦʩʢʚʘ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʫʢʣʝʚʘ ɸʥʘʩʪʘʩʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ, ʀʥʩʪʠʪʫʪʘ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ,  
ʈʊʋ ʄʀʈʕɸ 

 
Abstract: this paper addresses the challenges of translating English abbreviations and acronyms found in 
technical documentation on system analysis. Drawing on a review of academic and professional sources 
(2021ï2025), the authors classify main translation problems using examples such as CRUD, OLAP, OLTP, 
UML, BPEL, SOA, MVP, and MVC. The study reveals how untranslated or incorrectly deciphered acronyms 
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cause loss of meaning for students and junior analysts. Recommendations are proposed for developing a sys-
tematic approach to abbreviation handling in academic and technical translation. 
Key words: abbreviations, acronyms, translation, system analysis, technical documentation, CRUD, OLAP, 
OLTP, UML, MVP, MVC, terminology. 

 
Technical documentation on system analysis is densely populated with English abbreviations and acro-

nyms. Terms like CRUD, OLAP, OLTP, UML, BPEL, SOA, MVP, and MVC are standard, yet their handling in 
Russian-language texts remains inconsistent. For a student of system analysis, this creates a twofold problem: 
the conceptual content may stay opaque, and when writing or translating documentation, the absence of sta-
ble conventions leads to terminological chaos [1; 5]. 

We can group translation difficulties into several types. The first type is untranslated, unexplained acro-
nyms inserted as Latin script (CRUD, UML, SOA, BPEL). Students memorise letter combinations but fail to 
connect them with the underlying concept. The second type is acoustically or semantically similar acronyms 
that are easily confused: OLAP (online analytical processing) vs OLTP (online transaction processing). The 
third type is polysemous abbreviations, e.g. MVP stands for Model-View-Presenter (UI pattern) or Minimum 
Viable Product (product management). The fourth type includes abbreviations with inconsistent Russian coun-
terparts: OLAP has two variants (çʦʧʝʨʘʪʠʚʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘè and çʠʥʪʝʨʘʢʪʠʚʥʘʷ ʘʥʘʣʠʪʠ-
ʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘè), and SOA appears as çʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷè or çʩʝʨʚʠʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷè 
ʘʨʭʠʪʝʢʪʫʨʘ [4]. 

Let us consider key examples. CRUD (Create, Read, Update, Delete) denotes four basic data opera-
tions. A frequent mistake is using the acronym without expansion, e.g. ñCRUD-ʦʧʝʨʘʮʠʠò. Correct practice: at 
first mention, give the full Russian expansion ï çʙʘʟʦʚʳʝ ʦʧʝʨʘʮʠʠ ʩʦʟʜʘʥʠʷ, ʯʪʝʥʠʷ, ʦʙʥʦʚʣʝʥʠʷ ʠ ʫʜʘ-
ʣʝʥʠʷ ʜʘʥʥʳʭ (CRUD)è. OLAP vs OLTP: the former is for multidimensional analysis, the latter for operational 
transactions. Students may write ñOLAP-ʪʨʘʥʟʘʢʮʠʠò or ñOLTP-ʘʥʘʣʠʪʠʢʘò. SOA (Service-Oriented Architec-
ture) has varying translations; the recommended variant is çʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ (SOA)è. 
MVP is a classic case of polysemy: in UI contexts it is Model-View-Presenter, in product management ï Mini-
mum Viable Product. First mention must explicitly state which concept is meant. 

Inaccurate handling of abbreviations directly affects student work quality. A review of graduation papers 
in business informatics (2023ï2024) found that 58% introduced abbreviations without any expansion, and 32% 
contained erroneous or contextually wrong expansions [5; 6]. About 40% of papers used the same acronym 
inconsistently. Such errors reduce analytical rigour and, if transferred to professional practice, may lead to 
costly miscommunication [3]. 

To mitigate these problems, we propose the following steps: introduce a rule that every abbreviation 
must be spelled out at first mention; use authoritative terminological standards (GOST, ISO/IEC); encourage 
critical comparison of sources [6]. 
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ǯǤǮǯǤǦǤǬǱǟǵǧǾ ǡǭǤǬǬǺǴ ǮǤǯǤǡǭǯǭǱǭǡ ǡ 
Ǳǲǯǵǧǧ ǡ ǰǭǡǤǱǰǩǭǨ ǮǯǤǰǰǤ &Ǭǟ 
ǫǟǱǤǯǧǟǪǤ ǢǟǦǤǱ Ǯǯǟǡǣǟ ǧ ǧǦǡǤǰǱǧǾ' 

ǳǿȑȚȔȍȁǿ ǟȊȇȐȞ ǫȒȌȇȏȍȁȌǿ 
ʤʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ  

 ʌɻɸʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʁʳʣʤʘʟ ʕʣʴʚʠʨʘ ʈʘʬʠʣʦʚʥʘ 
ʢʘʥʜ. ʬʠʣ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʘʣʪʘʠʩʪʠʢʠ, ʪʶʨʢʩʢʠʭ ʠ ʮʝʥʪʨʘʣʴʥʦ ʘʟʠʘʪʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  

 ʌɻɸʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʚʦʝʥʥʳʭ ʧʝʨʝʚʦʨʦʪʦʚ ʚ ʊʫʨʮʠʠ ʚ 
ʩʦʚʝʪʩʢʦʡ ʧʨʝʩʩʝ ʥʘ ʤʘʪʝʨʠʘʣʝ ʛʘʟʝʪ ʇʨʘʚʜʘ ʠ ʀʟʚʝʩʪʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʭʚʘʪʳʚʘʝʪ ʩʦʙʳʪʠʷ 1960, 
1971 ʠ 1980 ʛʦʜʦʚ ʠ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʳʷʚʣʝʥʠʝ ʜʠʩʢʫʨʩʠʚʥʳʭ ʠ ʷʟʳʢʦʚʳʭ ʩʪʨʘʪʝʛʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 
ʦʧʠʩʘʥʠʷ ʚʦʝʥʥʦʡ ʚʣʘʩʪʠ ʠ ʧʦʣʠʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʊʫʨʮʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʥʘʣʠʟʫ 
ʣʝʢʩʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʪʦʥʘʣʴʥʦʩʪʠ ʧʫʙʣʠʢʘʮʠʡ ʠ ʠʜʝʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʪʝʢʩʪʦʚ. ɺ ʨʘʙʦʪʝ 
ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʧʦʣʠʪʠʯʝʩʢʦʛʦ ʢʫʨʩʘ ʉʉʉʈ ʥʘ ʭʘʨʘʢʪʝʨ ʦʩʚʝʱʝʥʠʷ ʪʫʨʝʮʢʠʭ 
ʧʦʣʠʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙ-
ʨʘʟʘ ʚʦʝʥʥʦʡ ʚʣʘʩʪʠ ʊʫʨʮʠʠ ʚ ʩʦʚʝʪʩʢʦʤ ʤʝʜʠʘʜʠʩʢʫʨʩʝ ʠ ʦʧʨʝʜʝʣʠʪʴ ʨʦʣʴ ʧʨʝʩʩʳ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ 
ʧʦʣʠʪʠʯʝʩʢʦʡ ʨʝʧʨʝʟʝʥʪʘʮʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʊʫʨʮʠʷ, ʚʦʝʥʥʳʝ ʧʝʨʝʚʦʨʦʪʳ, ʩʦʚʝʪʩʢʘʷ ʧʨʝʩʩʘ, ʜʠʩʢʫʨʩ-ʘʥʘʣʠʟ, ʤʝʜʠʘʜʠʩʢʫʨʩ, ʨʝ-
ʧʨʝʟʝʥʪʘʮʠʷ ʚʣʘʩʪʠ, ʧʦʣʠʪʠʯʝʩʢʠʡ ʜʠʩʢʫʨʩ, ʠʜʝʦʣʦʛʠʷ, ʉʄʀ. 

 
REPRESENTATION OF MILITARY COUPS IN TURKEY IN THE SOVIET PRESS (BASED ON THE 

NEWSPAPERS òPRAVDAó AND òIZVESTIAó) 
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Abstract: This paper examines the features of the representation of military coups in Turkey in the Soviet 
press based on materials from the newspapers Pravda and Izvestia. The study covers the events of 1960, 
1971, and 1980 and aims to identify discursive and linguistic strategies used to describe military power and 
political changes in Turkey. Special attention is paid to the analysis of lexical means, the tone of publications, 
and the ideological orientation of the texts. The study also considers the influence of the USSRôs foreign policy 
on the nature of media coverage of Turkish political events. The results of the research make it possible to 
reveal the features of constructing the image of military power in Turkey within Soviet media discourse and to 
determine the role of the press as an instrument of political representation. 
Keywords: Turkey, military coups, Soviet press, discourse analysis, media discourse, representation of pow-
er, political discourse, ideology, mass media. 
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ɺʦʝʥʥʳʝ ʧʝʨʝʚʦʨʦʪʳ 1960, 1971 ʠ 1980 ʛʛ. ʩʪʘʣʠ ʦʜʥʠʤʠ ʠʟ ʢʣʶʯʝʚʳʭ ʩʦʙʳʪʠʡ ʧʦʣʠʪʠʯʝʩʢʦʡ ʠʩ-
ʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʫʨʮʠʷ XX ʚʝʢʘ. ɺʦʝʥʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ 
ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʠʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩʪʨʘʥʳ, ʥʦ ʠ ʥʘ ʝʸ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʠʤʠʜʞ, ʜʠʧʣʦʤʘʪʠʯʝʩʢʠʝ 
ʦʪʥʦʰʝʥʠʷ ʠ ʚʦʩʧʨʠʷʪʠʝ ʊʫʨʮʠʠ ʟʘ ʨʫʙʝʞʦʤ. ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʠʩʭʦ-
ʜʷʱʠʭ ʩʦʙʳʪʠʷʭ ʠʛʨʘʣʠ ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʪʨʘʞʘʚʰʠʝ ʦʬʠʮʠʘʣʴʥʫʶ ʧʦʟʠʮʠʶ ʛʦʩʫ-
ʜʘʨʩʪʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʠʜʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʫʨʩʘ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʩʦʚʝʪʩʢʘʷ ʧʨʝʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦ-
ʙʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʧʫʙʣʠʢʘʮʠʠ ʛʘʟʝʪ ʇʨʘʚʜʘ ʠ ʀʟʚʝʩʪʠʷ ʷʚʣʷʣʠʩʴ ʚʘʞʥʳʤ 
ʠʥʩʪʨʫʤʝʥʪʦʤ ʪʨʘʥʩʣʷʮʠʠ ʚʥʝʰʥʝʧʦʣʠʪʠʯʝʩʢʦʡ ʧʦʚʝʩʪʢʠ ʉʉʉʈ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʟʨʘʩʪʘʶʱʠʤ ʠʥʪʝʨʝʩʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʣʦʣʦʛʠʯʝ-
ʩʢʦʡ ʥʘʫʢʠ ʢ ʧʨʦʙʣʝʤʘʤ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʤʝʜʠʘʜʠʩʢʫʨʩʘ, ʤʝʭʘʥʠʟʤʘʤ ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʚʣʘʩʪʠ ʠ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʶ ʷʟʳʢʘ ʉʄʀ ʩ ʠʜʝʦʣʦʛʠʝʡ ʛʦʩʫʜʘʨʩʪʚʘ. ɸʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ ʩʦʚʝʪʩʢʦʡ ʧʨʝʩʩʳ ʦ ʪʫʨʝʮʢʠʭ ʚʦ-
ʝʥʥʳʭ ʧʝʨʝʚʦʨʦʪʘʭ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʷʟʳʢʦʚʳʝ ʠ ʜʠʩʢʫʨʩʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʬʦʨ-
ʤʠʨʦʚʘʣʩʷ ʦʙʨʘʟ ʚʦʝʥʥʦʡ ʚʣʘʩʪʠ ʊʫʨʮʠʠ ʚ ʩʦʚʝʪʩʢʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩ-
ʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʦʚʝʪʩʢʦʛʦ ʛʘʟʝʪʥʦʛʦ ʜʠʩ-
ʢʫʨʩʘ ʚ ʫʩʣʦʚʠʷʭ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʦʣʠʪʠʯʝʩʢʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʝʨʠʦʜʘ ʭʦʣʦʜʥʦʡ ʚʦʡʥʳ.  

ʈʝʩʧʫʙʣʠʢʘ ʊʫʨʮʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʤʠʨʘ, ʘ ʩʦʙʳʪʠʷ 1960, 1971 
ʠ 1980 ʛʛ. ʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʧʣʦʤʘʪʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʩʪʨʘʥʳ. ʕʪʠ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦ-
ʨʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʦʩʚʝʱʝʥʠʶ ʩʦʙʳʪʠʡ 27 ʤʘʷ, 12 ʤʘʨʪʘ ʠ 12 ʩʝʥʪʷʙʨʷ ʠ ʚ ʠʥʦʩʪʨʘʥʥʦʡ ʧʨʝʩʩʝ. ʇʝʨ-
ʚʳʝ ʠʟʚʝʩʪʠʷ ʦ ʚʦʝʥʥʦʡ ʠʥʪʝʨʚʝʥʮʠʠ 1960 ʛ. ʚ ʩʦʚʝʪʩʢʦʡ ʧʝʯʘʪʠ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ 28 ʤʘʷ. ɺ ʩʪʘʪʴʝ 
ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʇʦʣʦʞʝʥʠʝ ʚ ʊʫʨʮʠʠè, ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʬʨʘʥʮʫʟʩʢʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʘʛʝʥʪʩʪʚʦ, ʛʘʟʝʪʘ 
ʀʟʚʝʩʪʠʷ ʩʦʦʙʱʠʣʘ ʦ ʪʦʤ, ʯʪʦ ʩʫʭʦʧʫʪʥʳʝ, ʚʦʝʥʥʦ-ʤʦʨʩʢʠʝ ʠ ʚʦʝʥʥʦ-ʚʦʟʜʫʰʥʳʝ ʩʠʣʳ ʚʟʷʣʠ ʥʘ ʩʝʙʷ 
ʫʧʨʘʚʣʝʥʠʝ ʩʪʨʘʥʦʡ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʠ ʙʝʩʧʨʠʩʪʨʘʩʪʥʳʭ ʚʳʙʦʨʦʚ [1, c. 4]. ʋʞʝ ʥʘ ʫʨʦʚʥʝ 
ʬʦʨʤʫʣʠʨʦʚʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʦʮʝʥʢʠ ʩʦʙʳʪʠʷ: ʚʦʝʥʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʦʙʦʟʥʘʯʘʝʪʩʷ 
ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʶ çʚʟʷʣʠ ʥʘ ʩʝʙʷ ʫʧʨʘʚʣʝʥʠʝè, ʢʦʪʦʨʘʷ ʩʤʷʛʯʘʝʪ ʩʝʤʘʥʪʠʢʫ ʧʝʨʝʚʦʨʦʪʘ ʠ ʧʝʨʝʚʦʜʠʪ 
ʝʛʦ ʚ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦ-ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʨʝʛʠʩʪʨ. ʊɸʉʉ (ʊʝʣʝʛʨʘʬʥʦʝ ʘʛʝʥʪʩʪʚʦ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ) 
28 ʤʘʷ ʦʧʫʙʣʠʢʦʚʘʣʦ ʪʝʣʝʛʨʘʤʤʫ, ʦʪʧʨʘʚʣʝʥʥʫʶ ʣʦʥʜʦʥʩʢʠʤ ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʤ ʛʘʟʝʪʳ The New York 
Times, ʛʜʝ ʛʦʚʦʨʠʣʦʩʴ, ʯʪʦ ʜʘʥʥʳʡ ʧʝʨʝʚʦʨʦʪ ʥʝ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʧʨʦʪʠʚ ʩʦʶʟʥʠʢʦʚ ʊʫʨʮʠʠ [2, c. 179]. ɺ 
ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʣʶʯʝʚʳʤ ʷʚʣʷʝʪʩʷ ʘʢʮʝʥʪ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʫʛʨʦʟʳ ʜʣʷ 
ʚʥʝʰʥʝʧʦʣʠʪʠʯʝʩʢʠʭ ʧʘʨʪʥʸʨʦʚ, ʯʪʦ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʩʥʠʞʝʥʠʷ ʢʦʥʬʣʠʢʪʥʦʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʥʝʡʪʨʘʣʴʥʦ-ʧʨʠʝʤʣʝʤʦʛʦ ʦʙʨʘʟʘ ʩʦʙʳʪʠʡ ʚ ʨʘʤʢʘʭ ʭʦʣʦʜʥʦʡ ʚʦʡʥʳ. ɻʘʟʝʪʘ ʀʟʚʝʩʪʠʷ ʧʦʜ ʟʘʛʦʣʦʚʢʦʤ 
çɸʥʢʘʨʘ, ʊʦʢʠʦ, ʉʝʫʣè ʩʦʦʙʱʠʣʘ, ʯʪʦ 140 ʙʳʚʰʠʭ ʜʝʧʫʪʘʪʦʚ ɼʝʤʦʢʨʘʪʠʯʝʩʢʦʡ ʧʘʨʪʠʠ, ʚʳʩʦʢʦʧʦʩʪʘʚ-
ʣʝʥʥʳʝ ʯʠʥʦʚʥʠʢʠ ʩʚʝʨʛʥʫʪʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʠ ʚʦʝʥʥʦʩʣʫʞʘʱʠʝ ʙʳʣʠ ʦʪʧʨʘʚʣʝʥʳ ʩʘʤʦʣʝʪʦʤ ʠʟ 
ʉʪʘʤʙʫʣʘ ʚ ʗʩʩʳʘʜʫ, ʘ 12 ʣʠʜʝʨʦʚ ʙʳʚʰʝʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʩʪʨʘʞʝʡ ʚ ʟʜʘʥʠʠ ʚʦʝʥʥʦʛʦ 
ʫʯʠʣʠʱʘ ʚ ɸʥʢʘʨʝ [3, c. 4]. ɿʜʝʩʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʪʨʘʪʝʛʠʷ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʡ ʜʝʪʘʣʠʟʘʮʠʠ, ʧʨʠ ʢʦʪʦ-
ʨʦʡ ʧʝʨʝʯʠʩʣʝʥʠʝ ʫʯʘʩʪʥʠʢʦʚ ʠ ʪʦʯʥʦʝ ʫʢʘʟʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʩʦʟʜʘʶʪ ʵʬʬʝʢʪ ʜʦʢʫʤʝʥʪʘʣʴʥʦʡ ʜʦʩʪʦ-
ʚʝʨʥʦʩʪʠ ʠ ʫʩʠʣʠʚʘʶʪ ʣʝʛʠʪʠʤʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʜʝʡʩʪʚʠʡ ʚʦʝʥʥʦʡ ʚʣʘʩʪʠ. ɺ ʪʦʪ ʞʝ ʜʝʥʴ ʛʘʟʝʪʘ ʇʨʘʚʜʘ 
ʧʦʜ ʟʘʛʦʣʦʚʢʦʤ çʇʦʣʦʞʝʥʠʝ ʚ ʊʫʨʮʠʠè ʦʧʫʙʣʠʢʦʚʘʣʘ ʟʘʷʚʣʝʥʠʝ ʧʨʝʟʠʜʝʥʪʘ ʩʦʟʜʘʥʥʦʡ ʂʦʥʩʪʠʪʫʮʠʦʥ-
ʥʦʡ ʢʦʤʠʩʩʠʠ, ʨʝʢʪʦʨʘ ʉʪʘʤʙʫʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʉʘʜʠʢʘ ʊʘʤʠʨʘ, ʚ ʢʦʪʦʨʦʤ ʫʪʚʝʨʞʜʘʣʦʩʴ, ʯʪʦ ʧʨʘ-
ʚʠʪʝʣʴʩʪʚʦ ʄʝʥʜʝʨʝʩʘ ʦʪʦʰʣʦ ʦʪ ʨʘʚʝʥʩʪʚʘ ʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ, ʩʢʣʦʥʷʣʦʩʴ ʢ ʩʘʥʢʮʠʷʤ ʚ ʩʚʦʠʭ ʠʥʪʝʨʝ-
ʩʘʭ ʠ ʧʨʠʥʠʤʘʣʦ ʥʝʢʦʥʩʪʠʪʫʮʠʦʥʥʳʝ ʟʘʢʦʥʳ [1, c. 6]. ɺ ʜʘʥʥʦʤ ʬʨʘʛʤʝʥʪʝ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʘ ʨʝʧʨʝʟʝʥ-
ʪʘʮʠʷ ʧʨʝʜʳʜʫʱʝʡ ʚʣʘʩʪʠ ʯʝʨʝʟ ʥʝʛʘʪʠʚʥʦ-ʦʮʝʥʦʯʥʫʶ ʣʝʢʩʠʢʫ (çʦʪʦʰʣʦè, çʩʢʣʦʥʷʣʦʩʴè, çʥʝʢʦʥʩʪʠʪʫ-
ʮʠʦʥʥʳʝè), ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʦʧʨʘʚʜʘʪʝʣʴʥʫʶ ʤʦʜʝʣʴ ʚʦʝʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʠ ʢʦʥʩʪʨʫʠʨʫʝʪ ʦʙʨʘʟ 
ʢʨʠʟʠʩʘ ʣʝʛʠʪʠʤʥʦʩʪʠ ʧʨʝʞʥʝʛʦ ʨʝʞʠʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʝʢʩʪʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝ çʩʠʣʴʥʦʛʦ ʜʘʚ-
ʣʝʥʠʷ ʥʘ ʧʨʦʬʝʩʩʦʨʦʚ, ʩʪʫʜʝʥʪʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʠʟʚʝʩʪʥʳʭ ʪʫʨʝʮʢʠʭ ʤʳʩʣʠʪʝʣʝʡè, ʯʪʦ ʨʘʩʰʠʨʷʝʪ 
ʨʘʤʢʫ ʢʦʥʬʣʠʢʪʘ ʜʦ ʫʨʦʚʥʷ ʦʙʱʝʩʪʚʝʥʥʦ-ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʬʝʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʸʪʩʷ ʜʠʩʢʫʨʩ 
ʩʠʩʪʝʤʥʦʛʦ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ, ʚ ʢʦʪʦʨʦʤ ʚʦʝʥʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʠʤʧʣʠʮʠʪʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ 
ʨʝʘʢʮʠʷ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ. ɺ ʛʘʟʝʪʝ ʇʨʘʚʜʘ ʦʪ 3 ʠʶʥʷ 1960 ʛ. ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʢʦʣʦʥʢʘ 
ʅʘʟʘʨʦʚʘ çʉʦʚʝʪʩʢʠʡ ʉʦʶʟ ʠ ʊʫʨʮʠʷ ʤʦʛʫʪ ʞʠʪʴ ʚ ʜʨʫʞʙʝè, ʚ ʢʦʪʦʨʦʡ ʧʦʜʯʝʨʢʠʚʘʣʦʩʴ, ʯʪʦ ʜʠʧʣʦʤʘʪʠ-
ʯʝʩʢʠʤ ʦʪʥʦʰʝʥʠʷʤ ʤʝʞʜʫ ʉʉʉʈ ʠ ʊʫʨʮʠʝʡ ʫʞʝ 40 ʣʝʪ [5, c. 24]. ɼʘʥʥʳʡ ʪʝʢʩʪ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ 
ʚʥʝʰʥʝʧʦʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʜʠʩʢʫʨʩʘ, ʩʤʝʱʘʷ ʚʥʠʤʘʥʠʝ ʩ ʩʘʤʦʛʦ ʧʝʨʝʚʦʨʦʪʘ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ 
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ʜʚʫʩʪʦʨʦʥʥʠʭ ʦʪʥʦʰʝʥʠʡ. ɸʚʪʦʨ, ʠʥʪʝʨʧʨʝʪʠʨʫʷ ʠʩʪʦʨʠʯʝʩʢʠʝ ʬʠʛʫʨʳ ʃʝʥʠʥʘ ʠ ɸʪʘʪʶʨʢʘ ʢʘʢ ʩʠʤʚʦʣʠ-
ʯʝʩʢʠʝ ʦʩʥʦʚʘʥʠʷ ʜʨʫʞʙʳ ʜʚʫʭ ʩʪʨʘʥ, ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʸʤ ʠʩʪʦʨʠʯʝʩʢʦʡ ʣʝʛʠʪʠʤʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʦ-
ʚʨʝʤʝʥʥʘʷ ʧʦʣʠʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʯʝʨʝʟ ʘʧʝʣʣʷʮʠʶ ʢ çʪʨʘʜʠʮʠʠè ʠ çʠʩʪʦʨʠʯʝʩʢʦʡ ʧʨʝ-
ʝʤʩʪʚʝʥʥʦʩʪʠè. ʆʜʥʦʚʨʝʤʝʥʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʠʜʝʦʣʦʛʠʯʝʩʢʘʷ ʦʧʧʦʟʠʮʠʷ ʤʝʞʜʫ çʩʚʝʨʛʥʫʪʳʤ ʧʨʘʚʠ-
ʪʝʣʴʩʪʚʦʤè ʠ çʥʦʚʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤè, ʛʜʝ ʧʝʨʚʦʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʫʭʫʜʰʝʥʠʝʤ ʦʪʥʦʰʝʥʠʡ ʩ ʉʉʉʈ, ʘ ʚʪʦ-
ʨʦʝ ð ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʊʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 31 ʤʘʷ ʉʉʉʈ ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʟʥʘʣ 
ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʊʫʨʝʮʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʛʝʥʝʨʘʣʘ ɼʞʝʤʘʣʷ ɻʶʨʩʝʣʷ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 
ʧʨʘʛʤʘʪʠʯʝʩʢʫʶ ʜʠʧʣʦʤʘʪʠʯʝʩʢʫʶ ʩʪʨʘʪʝʛʠʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʠʟʥʘʥʠʷ ʥʦʚʦʡ ʚʣʘʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʘʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ ʇʨʘʚʜʳ ʠ ʀʟʚʝʩʪʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʚʝʪʩʢʠʡ ʤʝʜʠʘʜʠʩʢʫʨʩ ʥʝ ʪʦʣʴʢʦ ʬʠʢʩʠʨʦ-
ʚʘʣ ʩʦʙʳʪʠʷ, ʥʦ ʠ ʘʢʪʠʚʥʦ ʠʭ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣ, ʚʳʩʪʨʘʠʚʘʷ ʩʠʩʪʝʤʫ ʦʮʝʥʦʢ ʯʝʨʝʟ ʣʝʢʩʠʯʝʩʢʠʝ ʠ ʢʦʤ-
ʧʦʟʠʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ. ɺ ʮʝʣʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʦʚʝʪʩʢʘʷ 
ʧʨʝʩʩʘ ʢʦʥʩʪʨʫʠʨʦʚʘʣʘ ʦʙʨʘʟ ʪʫʨʝʮʢʠʭ ʩʦʙʳʪʠʡ ʚ ʨʘʤʢʘʭ ʠʜʝʦʣʦʛʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʤʦʜʝʣʠ, ʚ ʢʦ-
ʪʦʨʦʡ ʚʦʝʥʥʘʷ ʚʣʘʩʪʴ ʨʝʧʨʝʟʝʥʪʠʨʦʚʘʣʘʩʴ ʢʘʢ ʬʘʢʪʦʨ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʘ ʧʦʣʠʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʩʦʙʳʪʠʡ 
ʙʳʣʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʚʥʝʰʥʝʧʦʣʠʪʠʯʝʩʢʠʤʠ ʠʥʪʝʨʝʩʘʤʠ ʉʉʉʈ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʜʜʝʨʞʘʥʠʷ ʜʠ-
ʧʣʦʤʘʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ. 

ɺʦʝʥʥʳʡ ʤʝʤʦʨʘʥʜʫʤ 12 ʤʘʨʪʘ ʩʪʘʣ ʩʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʩʦʙʳʪʠʝʤ, ʟʘʪʨʦʥʫʚʰʠʤ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 
ʥʝ ʪʦʣʴʢʦ ʪʫʨʝʮʢʫʶ ʧʨʝʩʩʫ, ʥʦ ʠ ʠʥʦʩʪʨʘʥʥʳʝ ʉʄʀ. ɻʘʟʝʪʳ ʇʨʘʚʜʘ ʠ ʀʟʚʝʩʪʠʷ ʩʦʦʙʱʠʣʠ ʦ ʨʘʟʚʠʪʠʠ 
ʩʦʙʳʪʠʡ 14 ʤʘʨʪʘ ʧʦʜ ʦʜʠʥʘʢʦʚʳʤʠ ʟʘʛʦʣʦʚʢʘʤʠ ï çʇʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʡ ʢʨʠʟʠʩ ʚ ʊʫʨʮʠʠè [6, c. 4; 7, ʩ. 
4], ʛʜʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʧʨʝʤʴʝʨ-ʤʠʥʠʩʪʨ ʊʫʨʮʠʠ ʉʫʣʝʡʤʘʥ ɼʝʤʠʨʝʣʴ ʠ ʯʣʝʥʳ ʝʛʦ ʢʘʙʠʥʝʪʘ ʧʦʜʘʣʠ ʚ 
ʦʪʩʪʘʚʢʫ 12 ʤʘʨʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʠʥʘ çʢʨʠʟʠʩè ʚʤʝʩʪʦ ʧʨʷʤʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ ʚʦʝʥʥʦʛʦ ʧʝʨʝʚʦʨʦ-
ʪʘ ʧʝʨʝʚʝʣʦ ʚʥʠʤʘʥʠʝ ʩ ʩʠʣʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʥʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʫʶ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ. 17 
ʤʘʨʪʘ ʚ ʛʘʟʝʪʝ ʇʨʘʚʜʘ ʧʦʷʚʠʣʘʩʴ ʧʫʙʣʠʢʘʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʧʦʜʯʝʨʢʠʚʘʣʦʩʴ, ʯʪʦ ʧʨʝʟʠʜʝʥʪ ɼʞʝʚʜʝʪ ʉʫ-
ʥʘʡ ʧʨʠʟʳʚʘʝʪ ʥʘʮʠʶ ʧʦʜʜʝʨʞʘʪʴ ʜʝʡʩʪʚʠʷ ʘʨʤʠʠ ʠ ʧʨʠʟʥʘʝʪ ʣʝʛʠʪʠʤʥʦʩʪʴ ʤʝʤʦʨʘʥʜʫʤʘ [8, c. 1]. 
ɿʜʝʩʴ ʚʦʝʥʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʧʦʣʫʯʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʯʝʨʝʟ ʘʚʪʦʨʠʪʝʪ ʚʳʩʰʝʛʦ ʛʦʩʫ-
ʜʘʨʩʪʚʝʥʥʦʛʦ ʣʠʮʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʤʫ ʟʘʢʨʝʧʣʝʥʠʶ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦ-
ʩʪʨʘʥʩʪʚʝ. 18 ʤʘʨʪʘ ʘʥʘʣʦʛʠʯʥʳʡ ʤʘʪʝʨʠʘʣ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʠ ʚ ʛʘʟʝʪʝ ʀʟʚʝʩʪʠʷ [9, c. 4], ʯʪʦ ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʦʙʳʪʠʷ ʚ ʩʦʚʝʪʩʢʦʡ ʧʨʝʩʩʝ ʠ ʫʥʠʬʠʢʘʮʠʠ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʦʡ ʧʦʚʝʩʪʢʠ. ɺ ʩʪʘʪʴʝ ʦʪ 18 ʤʘʨʪʘ ʇʨʘʚʜʘ ʦʙʨʘʱʘʣʘʩʴ ʢ ɼʦʛʦʚʦʨʫ ʦ ʜʨʫʞʙʝ ʠ ʙʨʘʪʩʪʚʝ ʤʝʞʜʫ 
ʈʉʌʉʈ ʠ ʊʫʨʝʮʢʦʡ ʈʝʩʧʫʙʣʠʢʦʡ 1921 ʛʦʜʘ, ʧʦʜʯʝʨʢʠʚʘʷ ʧʨʠʥʮʠʧʳ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ 
ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʥʝʚʤʝʰʘʪʝʣʴʩʪʚʘ [10, c. 4]. ɼʘʥʥʘʷ ʠʩʪʦʨʠʢʦ-ʧʨʘʚʦʚʘʷ ʦʪʩʳʣʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʠʥ-
ʩʪʨʫʤʝʥʪ ʢʦʥʪʝʢʩʪʫʘʣʠʟʘʮʠʠ ʪʝʢʫʱʠʭ ʩʦʙʳʪʠʡ ʚ ʫʩʪʦʡʯʠʚʦʡ ʜʠʧʣʦʤʘʪʠʯʝʩʢʦʡ ʨʘʤʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʧʨʝʜʩʪʘʚʠʪʴ ʧʦʣʠʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʢʘʢ ʥʝ ʥʘʨʫʰʘʶʱʠʝ ʙʘʟʦʚʳʭ ʦʩʥʦʚ ʜʚʫʩʪʦʨʦʥʥʠʭ ʦʪʥʦʰʝʥʠʡ. 
ʊʝʤ ʩʘʤʳʤ ʬʦʨʤʠʨʫʝʪʩʷ ʠʤʧʣʠʮʠʪʥʘʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʧʨʠʟʥʘʥʠʝ ʥʦʚʦʡ ʧʦʣʠʪʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠ ʩʦ-
ʭʨʘʥʝʥʠʝ ʚʥʝʰʥʝʧʦʣʠʪʠʯʝʩʢʦʡ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʤʝʥʘ ʚʣʘʩʪʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʩʤʦʪʨʫ 
ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʛʦʩʫʜʘʨʩʪʚʘʤʠ. ʀʟʚʝʩʪʠʷ 19 ʤʘʨʪʘ ʦʧʫʙʣʠʢʦʚʘʣʠ ʤʘʪʝʨʠʘʣ çʇʦʣʦ-
ʞʝʥʠʝ ʚ ʊʫʨʮʠʠè, ʚ ʢʦʪʦʨʦʤ ʧʨʠʚʦʜʠʣʠʩʴ ʧʦʟʠʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʪʠʯʝʩʢʠʭ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʩʭʦ-
ʜʷʱʝʛʦ [11, c. 4]. ʊʘʢʘʷ ʧʦʜʘʯʘ ʨʘʩʰʠʨʷʝʪ ʩʧʝʢʪʨ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʥʝʥʠʡ, ʦʜʥʘʢʦ ʩʦʭʨʘʥʷʝʪ ʦʧʠʩʘ-
ʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʙʝʟ ʚʳʨʘʞʝʥʥʦʡ ʘʚʪʦʨʩʢʦʡ ʦʮʝʥʢʠ. 22 ʤʘʨʪʘ ʚ ʛʘʟʝʪʝ ʇʨʘʚʜʘ ʩʦʦʙʱʘʣʦʩʴ ʦ ʧʨʠʟʳʚʝ 
ʧʨʝʟʠʜʝʥʪʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʘʣʠʮʠʦʥʥʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ [12, 
c. 1]. ɼʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʧʨʦʜʦʣʞʘʝʪ ʣʠʥʠʶ ʥʘ ʨʝʧʨʝʟʝʥʪʘʮʠʶ ʧʨʦʮʝʩʩʘ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝ-
ʥʠʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. 2 ʘʧʨʝʣʷ ʇʨʘʚʜʘ ʦʧʫʙʣʠʢʦʚʘʣʘ ʩʦʦʙʱʝʥʠʝ ʦ ʧʦʟʜʨʘʚʠʪʝʣʴʥʦʡ ʪʝʣʝʛʨʘʤʤʝ ɸ. ʅ. 
ʂʦʩʳʛʠʥʘ ʚ ʘʜʨʝʩ ʧʨʝʤʴʝʨ-ʤʠʥʠʩʪʨʘ ʊʫʨʮʠʠ ʅ. ʕʨʠʤa [13, c. 7], ʯʪʦ ʦʪʨʘʞʘʝʪ ʦʬʠʮʠʘʣʴʥʦʝ ʟʘʢʨʝʧʣʝ-
ʥʠʝ ʜʠʧʣʦʤʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʦʚʳʤ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ ʠ ʦʧʝʨʘʪʠʚʥʦʝ ʚʳʩʪʨʘʠʚʘʥʠʝ ʢʦʥʪʘʢ-
ʪʦʚ ʥʘ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. ɺ ʮʝʣʦʤ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʚʝʪʩʢʘʷ ʧʨʝʩʩʘ ʚʳ-
ʩʪʨʘʠʚʘʣʘ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʩʦʙʳʪʠʡ ʚ ʣʦʛʠʢʝ ʫʧʨʘʚʣʷʝʤʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʥʠʤʘʥʠʝ ʩʤʝ-
ʱʘʝʪʩʷ ʩ ʩʘʤʦʛʦ ʬʘʢʪʘ ʚʦʝʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʥʘ ʧʨʦʮʝʩʩʳ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʠʥʩʪʠʪʫʮʠ-
ʦʥʘʣʴʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʥʦʚʦʡ ʚʣʘʩʪʠ. ʇʦʜʦʙʥʘʷ ʩʪʨʘʪʝʛʠʷ ʧʦʟʚʦʣʷʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʙʝʛʘʪʴ ʧʨʷʤʳʭ 
ʦʮʝʥʦʯʥʳʭ ʚʳʩʢʘʟʳʚʘʥʠʡ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʥʝʰʥʝʧʦʣʠʪʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʫʶ ʪʨʘʢʪʦʚʢʫ ʩʦʙʳʪʠʡ. 

ʇʝʨʝʚʦʨʦʪ 12 ʩʝʥʪʷʙʨʷ 1980 ʛ., ʚʦʟʛʣʘʚʣʷʝʤʳʡ ʥʘʯʘʣʴʥʠʢʦʤ ɻʝʥʝʨʘʣʴʥʦʛʦ ʰʪʘʙʘ ʂʝʥʘʥʦʤ ʕʚʨʝ-
ʥʦʤ, ʩʪʘʣ ʩʘʤʳʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʚʦʝʥʥʳʤ ʨʝʞʠʤʦʤ ʚ ʠʩʪʦʨʠʠ ʊʫʨʮʠʠ, ʘ ʧʨʠʥʷʪʘʷ ʧʦʩʣʝ ʥʝʛʦ ʂʦʥ-
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ʩʪʠʪʫʮʠʷ 1982 ʛ. ʧʨʦʜʦʣʞʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʋʞʝ ʚ ʜʝʥʴ ʩʦʙʳʪʠʡ ʛʘʟʝʪʘ ʀʟʚʝʩʪʠʷ 
ʦʧʫʙʣʠʢʦʚʘʣʘ ʤʘʪʝʨʠʘʣ çʇʦʣʦʞʝʥʠʝ ʚ ʩʪʨʘʥʝè, ʚ ʢʦʪʦʨʦʤ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ çɸʥʢʘʨʘ ʚʩʪʨʝʪʠʣʘ ʫʪʨʦ ʧʫ-
ʩʪʳʥʥʳʤʠ ʫʣʠʮʘʤʠè, ʘ ʪʘʥʢʠ ʠ ʙʨʦʥʝʤʘʰʠʥʳ ʧʝʨʝʢʨʳʣʠ ʦʩʥʦʚʥʳʝ ʤʘʛʠʩʪʨʘʣʠ, ʧʨʠ ʵʪʦʤ ʚʦʦʨʫʞʸʥʥʳʝ 
ʩʠʣʳ ʚʟʷʣʠ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʠʪʫʘʮʠʝʡ [14, c. 4]. ɺ ʜʘʥʥʦʤ ʦʧʠʩʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʬʘʢʪʦʛʨʘ-
ʬʠʯʥʦʩʪʠ ʠ ʚʠʟʫʘʣʴʥʦʡ ʜʨʘʤʘʪʠʟʘʮʠʠ, ʩʦʟʜʘʶʱʝʝ ʵʬʬʝʢʪ çʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʢʨʠʟʠʩʘè, ʛʜʝ ʚʦʝʥʥʦʝ 
ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʜʝʡʩʪʚʠʝ. 13 ʩʝʥʪʷʙʨʷ ʚ ʛʘʟʝʪʝ ʇʨʘʚʜʘ ʚʳʰʣʘ ʩʪʘ-
ʪʴʷ çʇʝʨʝʚʦʨʦʪ ʚ ʊʫʨʮʠʠè, ʚ ʢʦʪʦʨʦʡ ʩʦʦʙʱʘʣʦʩʴ ʦ ʧʝʨʝʭʦʜʝ ʚʣʘʩʪʠ ʢ ʚʦʦʨʫʞʸʥʥʳʤ ʩʠʣʘʤ ʚʦ ʛʣʘʚʝ ʩ 
ʂʝʥʘʥʦʤ ʕʚʨʝʥʦʤ ʠ ʨʦʩʧʫʩʢʝ ʧʘʨʣʘʤʝʥʪʘ ʠ ʧʨʘʚʠʪʝʣʴʩʪʚʘ [15, c. 5]. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʬʦʨ-
ʤʫʣʠʨʦʚʢʝ ʦ ʚʦʟʤʦʞʥʦʤ ʦʩʚʦʙʦʞʜʝʥʠʠ ʜʝʧʫʪʘʪʦʚ ʧʦʩʣʝ çʧʨʦʷʩʥʝʥʠʷ ʩʠʪʫʘʮʠʠè, ʯʪʦ ʩʥʠʞʘʝʪ ʢʦʥ-
ʬʣʠʢʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʧʠʩʘʥʠʷ ʠ ʚʚʦʜʠʪ ʵʣʝʤʝʥʪ ʚʨʝʤʝʥʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʜʠʩ-
ʢʫʨʩʘ ʧʝʨʝʭʦʜʥʳʭ ʧʦʣʠʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. ɺ ʪʦʪ ʞʝ ʜʝʥʴ ʀʟʚʝʩʪʠʷ ʩʦʦʙʱʠʣʠ ʦ ʨʘʜʠʦʦʙʨʘʱʝʥʠʠ ʂʝʥʘ-
ʥʘ ʕʚʨʝʥʘ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʟʘʷʚʠʣ ʦ ʩʢʦʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʘʞʜʘʥʩʢʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʠ ʚʨʝʤʝʥʥʦʤ ʭʘ-
ʨʘʢʪʝʨʝ ʚʦʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [16, c. 4]. ʇʦʜʦʙʥʳʝ ʟʘʷʚʣʝʥʠʷ ʚ ʤʝʜʠʘʪʝʢʩʪʝ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʣʝʛʠ-
ʪʠʤʘʮʠʠ ʚʦʝʥʥʦʡ ʚʣʘʩʪʠ ʯʝʨʝʟ ʦʙʝʱʘʥʠʝ ʚʦʟʚʨʘʪʘ ʢ ʛʨʘʞʜʘʥʩʢʠʤ ʠʥʩʪʠʪʫʪʘʤ, ʬʦʨʤʠʨʫʷ ʥʘʨʨʘʪʠʚ 
çʚʨʝʤʝʥʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷè. 15 ʩʝʥʪʷʙʨʷ ʇʨʘʚʜʘ ʧʦʜʯʝʨʢʥʫʣʘ, ʯʪʦ ʕʚʨʝʥ çʚʟʷʣ ʥʘ ʩʝʙʷ ʚʩʝ ʧʦʣʥʦʤʦʯʠʷ 
ʛʣʘʚʳ ʛʦʩʫʜʘʨʩʪʚʘè, ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʢʮʝʥʪʠʨʫʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʩʧʦʢʦʡʩʪʚʠʝ ʚ ʩʪʨʘʥʝ [17, c. 5]. ɿʜʝʩʴ 
ʧʨʦʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʷ ʥʦʨʤʘʣʠʟʘʮʠʠ: ʚʦʝʥʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ʬʘʢʪʦʨ ʧʦʜʜʝʨʞʘʥʠʷ 
ʧʦʨʷʜʢʘ, ʘ ʥʝ ʠʩʪʦʯʥʠʢ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʚ ʧʫʙʣʠʢʘʮʠʷʭ ʬʠʢʩʠʨʦʚʘʣʦʩʴ, ʯʪʦ 
ʚʥʝʰʥʝʧʦʣʠʪʠʯʝʩʢʘʷ ʣʠʥʠʷ ʥʦʚʦʡ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʳ ʄ. ʂ. ɸʪʘʪʶʨʢʘ ð çʤʠʨ ʚ 
ʩʪʨʘʥʝ, ʤʠʨ ʚʦ ʚʩʸʤ ʤʠʨʝè, ʘ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠ ʩʦʮʠʘʣʴʥʘʷ ʞʠʟʥʴ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʬʫʥʢ-
ʮʠʦʥʠʨʦʚʘʥʠʶ [18, c. 5; 19, c. 4]. ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʪʘʢʠʭ ʬʦʨʤʫʣʠʨʦʚʦʢ ʚ ʦʙʝʠʭ ʛʘʟʝʪʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 
ʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʜʠʩʢʫʨʩʠʚʥʳʭ ʰʘʙʣʦʥʦʚ ʠ ʠʭ ʠʜʝʦʣʦʛʠʯʝʩʢʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ.17 ʩʝʥʪʷʙʨʷ ʇʨʘʚʜʘ 
ʧʨʠʚʝʣʘ ʚʳʩʢʘʟʳʚʘʥʠʷ ʕʚʨʝʥʘ ʦ ʟʥʘʯʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʡ ʩ ʩʦʩʝʜʥʠʤʠ ʛʦʩʫʜʘʨʩʪʚʘʤʠ ʠ ʦʩʦʙʦʤ ʚʥʠʤʘ-
ʥʠʠ ʢ ʉʦʚʝʪʩʢʦʤʫ ʉʦʶʟʫ [20, c. 5]. ɼʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʚʥʝʰʥʝʧʦʣʠʪʠʯʝʩʢʦʛʦ ʧʦʟʠ-
ʮʠʦʥʠʨʦʚʘʥʠʷ, ʫʩʠʣʠʚʘʷ ʧʦʟʠʪʠʚʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʥʦʚʦʡ ʚʣʘʩʪʠ ʯʝʨʝʟ ʝʸ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʥʘ 
ʉʉʉʈ. ɺʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʂʝʥʘʥ ʕʚʨʝʥ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚʦʝʥʥʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦʩʣʝ-
ʜʦʚʘʪʝʣʴʥʦ ʤʘʨʢʠʨʫʶʪʩʷ ʪʠʪʫʣʘʤʠ ð çʛʝʥʝʨʘʣè, çʛʣʘʚʘ ʉʦʚʝʪʘ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè, çʧʨʝʟʠ-
ʜʝʥʪ ʠ ʛʣʘʚʘ ʛʦʩʫʜʘʨʩʪʚʘè [20, c. 5; 21, c. 5]. ʇʦʜʦʙʥʘʷ ʥʦʤʠʥʘʮʠʦʥʥʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥ-
ʩʪʠʪʫʮʠʦʥʘʣʠʟʘʮʠʠ ʬʠʛʫʨʳ ʚʦʝʥʥʦʛʦ ʣʠʜʝʨʘ ʠ ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʩʠʤʚʦʣʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʚ ʤʝʜʠʘʜʠʩʢʫʨ-
ʩʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʠʢʘʪʦʚ ʪʠʧʘ çʚʟʷʣ ʥʘ ʩʝʙʷ ʧʦʣʥʦʤʦʯʠʷè, çʘʨʤʠʷ 
ʢʦʥʪʨʦʣʠʨʫʝʪ ʘʜʤʠʥʠʩʪʨʘʮʠʶè, çʙʫʜʝʪ ʩʦʟʜʘʥʦ ʛʨʘʞʜʘʥʩʢʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦè ʬʦʨʤʠʨʫʝʪ ʣʠʥʝʡʥʳʡ 
ʥʘʨʨʘʪʠʚ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʝʨʝʭʦʜʘ ʚʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʚʦʝʥʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʨʘ-
ʮʠʦʥʘʣʴʥʳʡ ʠ ʥʝʦʙʭʦʜʠʤʳʡ ʰʘʛ. ʃʝʢʩʠʢʦ-ʜʠʩʢʫʨʩʠʚʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʝ ʛʘʟʝʪʳ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦ ʠʟʙʝʛʘʶʪ ʩʝʥʩʘʮʠʦʥʥʦʩʪʠ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʦʮʝʥʢʠ, ʦʪʜʘʚʘʷ ʧʨʝʜʧʦʯʪʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʤ ʠ ʧʨʦ-
ʪʦʢʦʣʴʥʳʤ ʬʦʨʤʫʣʠʨʦʚʢʘʤ. ʏʘʩʪʦʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʜʠʥʠʮ çʩʧʦʢʦʡʩʪʚʠʝè, çʥʦʨʤʘʣʠʟʘʮʠʷè, çʧʦʩʣʝ 
ʧʝʨʝʚʦʨʦʪʘè ʢʦʥʩʪʨʫʠʨʫʝʪ ʦʙʨʘʟ ʙʳʩʪʨʦ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡʩʷ ʩʠʪʫʘʮʠʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʦʩʧʨʠʷʪʠʝ ʢʦʥ-
ʬʣʠʢʪʘ ʚ ʤʘʩʩʦʚʦʤ ʩʦʟʥʘʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʝʪʩʢʠʡ ʤʝʜʠʘʜʠʩʢʫʨʩ ʨʝʧʨʝʟʝʥʪʠʨʫʝʪ ʩʦʙʳʪʠʷ 12 
ʩʝʥʪʷʙʨʷ 1980 ʛ. ʚ ʣʦʛʠʢʝ ʠʜʝʦʣʦʛʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ: ʚʦʝʥʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʧʨʝʜ-
ʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʠ ʚʨʝʤʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʨʷʜʢʘ. ʆʪ-
ʩʫʪʩʪʚʠʝ ʥʝʛʘʪʠʚʥʦʡ ʦʮʝʥʢʠ ʠ ʘʢʮʝʥʪ ʥʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʪʨʘʞʘʶʪ ʚʥʝʰʥʝʧʦʣʠʪʠʯʝ-
ʩʢʫʶ ʧʨʘʛʤʘʪʠʢʫ ʉʉʉʈ ʠ ʩʪʨʝʤʣʝʥʠʝ ʩʦʭʨʘʥʠʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʬʦʥ ʩʦʚʝʪʩʢʦ-ʪʫʨʝʮʢʠʭ ʦʪʥʦʰʝʥʠʡ, ʚ 
ʪʦʤ ʯʠʩʣʝ ʯʝʨʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʨʤʫʣʳ çʙʝʩʢʨʦʚʥʳʡ ʧʝʨʝʚʦʨʦʪè [22, c. 5]. 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ ʩʦʚʝʪʩʢʦʡ ʧʨʝʩʩʳ, ʧʦʩʚʷʱʸʥʥʳʭ ʚʦʝʥʥʳʤ ʧʝʨʝʚʦʨʦʪʘʤ ʚ ʊʫʨ-
ʮʠʠ 1960, 1971 ʠ 1980 ʛʛ., ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʚʦʝʥʥʦʡ ʚʣʘʩʪʠ ʚ ʛʘʟʝ-
ʪʘʭ çʇʨʘʚʜʘè ʠ çʀʟʚʝʩʪʠʷè. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʚʝʱʝʥʠʝ ʜʘʥʥʳʭ ʩʦʙʳʪʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝ-
ʩʪʚʝʥʥʦ ʥʝʡʪʨʘʣʴʥʦʡ ʠʣʠ ʩʜʝʨʞʘʥʥʦ-ʧʦʟʠʪʠʚʥʦʡ ʪʦʥʘʣʴʥʦʩʪʴʶ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʜʝʤʦʥʩʪʨʘʮʠʶ 
ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ɸʥʘʣʠʟ ʷʟʳʢʦʚʳʭ ʩʨʝʜʩʪʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʪʝʢʩʪʘʭ 
ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʝʢʩʝʤʳ ʩ ʩʝʤʘʥʪʠʢʦʡ ʧʦʨʷʜʢʘ, ʩʧʦʢʦʡʩʪʚʠʷ ʠ ʣʝʛʠʪʠʤʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʳʝ 
ʬʦʨʤʫʣʳ, ʧʦʜʯʝʨʢʠʚʘʶʱʠʝ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʦʝʥʥʦʡ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʩʪʠʪʫʪʦʚ. ʆʩʦ-
ʙʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʘʢʮʝʥʪ ʥʘ ʦʬʠʮʠʘʣʴʥʳʭ ʟʘʷʚʣʝʥʠʷʭ, ʜʝʡʩʪʚʠʷʭ ʣʠʜʝʨʦʚ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢ-
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ʪʫʨ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʨʘʟʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʠ ʫʧʨʘʚʣʷʝʤʦʡ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣʦ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʧʦʣʠʪʠʯʝʩʢʦʛʦ ʢʫʨʩʘ ʉʉʉʈ ʥʘ ʭʘʨʘʢʪʝʨ ʦʩʚʝ-

ʱʝʥʠʷ ʪʫʨʝʮʢʠʭ ʩʦʙʳʪʠʡ. ʇʫʙʣʠʢʘʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʦʭʨʘʥʝʥʠʶ ʜʠʧʣʦʤʘʪʠʯʝʩʢʦʛʦ ʙʘ-
ʣʘʥʩʘ ʠ ʧʦʜʜʝʨʞʘʥʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʦʙʨʘʟʘ ʜʚʫʩʪʦʨʦʥʥʠʭ ʦʪʥʦʰʝʥʠʡ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʣʝʢ-
ʩʠʢʠ ʠ ʦʙʱʝʡ ʪʦʥʘʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʝʪʩʢʘʷ ʧʨʝʩʩʘ ʚʳʩʪʫʧʘʣʘ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʠʩ-
ʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʧʦʣʠʪʠʯʝʩʢʦʡ ʨʝʧʨʝʟʝʥʪʘʮʠʠ, ʬʦʨʤʠʨʫʶʱʠʡ ʦʧʨʝʜʝʣʸʥʥʦʝ 
ʚʦʩʧʨʠʷʪʠʝ ʚʦʝʥʥʦʡ ʚʣʘʩʪʠ ʊʫʨʮʠʠ ʚ ʤʝʜʠʘʜʠʩʢʫʨʩʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘ-
ʥʳ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʤʝʜʠʘʜʠʩʢʫʨʩʘ ʠ ʤʝʭʘʥʠʟʤʦʚ ʠʜʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡ-
ʩʪʚʠʷ ʚ ʉʄʀ. 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʧʝʨʝʚʦʜʯʝʩʢʦʡ ʵʢʚʠʚʘ-
ʣʝʥʪʥʦʩʪʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʟʙʝʢʩʢʠʤ ʠ ʘʥʛʣʠʡʩʢʠʤ ʭʫʜʦʞʝʩʪʚʝʥʥʳʤ ʪʝʢʩʪʘʤ. ʅʘ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʡ 
ʬʦʨʤʘʣʴʥʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʪʝʢʩʪʫʘʣʴʥʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʠ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʛʦ ʧʝ-
ʨʝʚʦʜʘ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʝʨʝʜʘʯʝ ʢʫʣʴʪʫʨʥʦ ʤʘʨʢʠʨʦʚʘʥ-
ʥʳʭ ʷʟʳʢʦʚʳʭ ʝʜʠʥʠʮ ï ʧʨʝʞʜʝ ʚʩʝʛʦ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʦʨʦʪʦʚ ʠ ʩʠʩʪʝʤʳ ʨʝʯʝʚʦʛʦ ʵʪʠʢʝʪʘ ï ʤʝʞʜʫ 
ʜʚʫʤʷ ʩʪʨʫʢʪʫʨʥʦ ʠ ʢʫʣʴʪʫʨʥʦ ʜʠʩʪʘʥʪʥʳʤʠ ʷʟʳʢʘʤʠ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʦʪʚʦʜʠʪʩʷ ʪʨʸʭʫʨʦʚʥʝʚʦʡ ʢʣʘʩʩʠ-
ʬʠʢʘʮʠʠ ʧʦʣʥʦʡ, ʯʘʩʪʠʯʥʦʡ ʠ ʥʫʣʝʚʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʫ ʦʮʝʥʢʠ ʧʝʨʝʚʦʜʯʝʩʢʠʭ ʨʝʰʝ-
ʥʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʝʨʝʚʦʜʯʝʩʢʘʷ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ, ʭʫʜʦʞʝʩʪʚʝʥʥʳʡ ʧʝʨʝʚʦʜ, ʫʟʙʝʢʩʢʠʡ ʠ ʘʥʛʣʠʡʩʢʠʡ 
ʷʟʳʢʠ, ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ, ʪʝʦʨʠʷ ʧʝʨʝʚʦʜʘ. 
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ɸʥʜʠʞʘʥʩʢʠʡ ʬʠʣʠʘʣ ʊʫʨʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
 
Abstract: The article examines the theoretical and applied dimensions of translation equivalence in the con-
text of Uzbek and English literary works. Drawing on the frameworks of formal and dynamic equivalence, tex-
tual equivalence, and communicative translation, the study traces the specific challenges that arise when cul-
turally embedded linguistic units ï in particular phraseological expressions and honorific registers ï are trans-
ferred between two structurally and culturally distant languages. Special attention is paid to the tripartite classi-
fication of full, partial, and zero equivalence as an analytical instrument for assessing translation outcomes. 
Keywords: translation equivalence, Uzbek-English literary translation, phraseological units, dynamic equiva-
lence, culturally specific vocabulary, translation theory. 

 
The challenge of translation equivalence occupies a central position in contemporary translation studies, 

provoking debate that extends well beyond technical questions of word-for-word correspondence. Between 
Uzbek and English ï two languages separated not only by structural distance but by deeply divergent cultural 
histories, narrative traditions, and figurative repertoires ï equivalence takes on particular sharpness as an ana-
lytical and practical problem. Literary translation between these languages cannot proceed through mechani-
cal substitution; it requires the kind of informed interpretive judgment that draws on cultural, lexicographic, and 
historical knowledge in a sustained and coordinated way. 

Modern translation theory has moved significantly from the assumption that equivalence is a binary 



ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 209 

 

XXIII International scientific conference | www.naukaip.ru 

condition ï either present or absent ï toward a more nuanced understanding of it as a relational and context-
dependent category. Eugene Nida and Charles Taber's foundational distinction between formal and dynamic 
equivalence [2, p. 22] shifted attention from surface-level linguistic mirroring toward the effect produced in the 
target-language reader. A formally equivalent rendering of the Uzbek expression koԑzga ilinmoq ï literally 'to 
be caught by the eye' ï fails to carry the nuance of social recognition the phrase implies in its original context; 
a dynamically equivalent rendering seeks a functionally comparable English idiom, even at the cost of literal 
correspondence. This principle has proven generative not only in religious translation, where Nida's analytical 
work originated, but in literary translation of Uzbek prose and poetry, where figurative meaning is woven into 
the very texture of the source text. 

Mona Baker's typology of equivalence levels ï ranging from word and phrase equivalence through 
grammatical and textual levels to pragmatic equivalence [4, p. 10ï11] ï brings the problem down to operation-
al categories applicable as a diagnostic framework by working translators. At the word level, Uzbek literary 
vocabulary contains large numbers of items with no single-word English counterpart, particularly those encod-
ing social relations, agricultural life, and pre-Soviet Central Asian culture. The term qoԐishni, for instance, oc-
cupies a semantic field that the English word 'neighbour' only partially covers, since it implies regular social 
obligation and proximity-based mutual care that Anglo-American usage does not systematically encode. At the 
pragmatic level, honorifics and register distinctions in Uzbek ï where the choice between siz and sen carries 
significant social weight ï force translators to find compensatory strategies in English, where the second per-
son has collapsed into the single form 'you'.  

The problem of cultural untranslatability, which cuts across all typological levels, is most visible in the 
translation of phraseological units. Uzbek literary prose, particularly in the works of 20th-century writers such as 
Oᾷtkir Hoshimov and Said Ahmad, is saturated with idioms whose meaning is recoverable only through familiarity 
with cultural practices, historical events, and shared community memory. The expression yuragi yorilmoq ï 
whose literal meaning is 'to have one's heart split' ï functions in Uzbek as a conventional marker of intense grief, 
but a translator who renders it simply as 'heartbreak' loses the visceral physical imagery the Uzbek idiom carries. 
Accurate assessment of what is at stake in such a transfer requires the kind of historical and cultural background 
about phraseological origins that Kasimov identifies as foundational in his analysis of the historical-etymological 
component within the structure of linguacultural reference works [1, p. 58ï59]: without systematic documentation 
of the historical substrate from which a phraseological unit emerged, it becomes methodologically difficult to de-
termine what range of equivalence relations is realistically available to the translator. 

Peter Newmark's dual framework of semantic and communicative translation [5, p. 39ï40] maps pro-
ductively onto the Uzbek-English literary translation situation. Semantic translation, which prioritizes the au-
thor's exact contextual meaning and may produce an unfamiliar effect in the target language, is appropriate 
when the foreign origin of the text constitutes part of its cultural value ï when readers are expected to encoun-
ter Uzbek literary culture as genuinely other. Communicative translation, which prioritizes the target reader's 
comprehension, is preferable when accessibility and narrative engagement take precedence. Translators of 
Qahhor's short stories have generally inclined toward communicative strategies at the level of idiom and meta-
phor, domesticating figurative language that would otherwise require extensive footnoting, while retaining se-
mantic fidelity at the level of plot and character psychology.  

Lawrence Venuti's argument about foreignization and domestication [6, p. 20] adds a further dimension 
to this analytical picture. For Venuti, the persistent Anglo-American preference for fluent, domesticating trans-
lations erases the foreign origin of source texts and reinforces cultural asymmetry in favor of the dominant lan-
guage. Viewed from this perspective, a translator of Uzbek literature who systematically replaces Uzbek cul-
tural referents with English equivalents is not achieving equivalence but performing an act of cultural smooth-
ing ï making the unfamiliar invisible. A foreignizing strategy ï retaining Uzbek terms with contextual glossing, 
preserving syntactic patterns that feel unfamiliar in English ï acknowledges the irreducible otherness of the 
source culture and opens the reader to a genuine encounter with a different literary world. In practice, pub-
lished English translations of Uzbek prose occupy a range of positions along this axis: translations produced 
for academic readerships tend toward foreignization, while those aimed at general audiences domesticate 
quite aggressively, particularly at the level of culturally specific vocabulary and figurative language. 
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The implications of this analytical account extend into translation pedagogy and the development of 
specialized lexicographic resources. A translator working with Uzbek literary sources requires access to histor-
ical, etymological, and cultural information about phraseological units that monolingual Uzbek dictionaries do 
not systematically provide and that general bilingual dictionaries cover only superficially. Kasimov's methodo-
logical analysis of the historical-etymological parameter in the structure of a linguacultural phraseological dic-
tionary [1, p. 60] points toward the kind of specialized reference instrument that would genuinely serve the 
needs of translators, researchers, and advanced learners working across the Uzbek-English language pair. A 
lexicographic resource that integrates etymological history with linguacultural commentary and contextual ex-
amples of usage would equip translators to make better-informed decisions at precisely the level where equiv-
alence is most difficult to achieve ï the level of culturally embedded idiomatic meaning ï and would contribute 
to raising the overall quality of literary translation between these two languages. 
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ʢ. ʬʠʣ. ʥ., ʜʦʮʝʥʪ  

ʌɻɹʆʋ ɺʆ çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʘʟʦʚʳʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ 
ʪʦʧʦʩʠʩʪʝʤʳ ʚ ʨʘʤʢʘʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʢʨʘʝʚʝʜʝʥʠʷ. ʉʝʤʘʥʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʦʤʧʦʥʝʥʪ-
ʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʩʝʤʘʥʪʠʢʠ ʪʦʧʦʥʦʤʠʥʘʮʠʡ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʦʛʥʠʪʠʚʥʦʛʦ ʠ ʧʨʘʛʤʘʪʠʯʝʩʢʦʛʦ ʤʘʢ-
ʨʦʢʦʤʧʦʥʝʥʪʦʚ ʟʥʘʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʝʜʠʥʠʮ. ʉʠʩʪʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʳʡ ʘʩʧʝʢʪ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 
ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʪʦʧʦʥʦʤʠʥʘʮʠʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ.   
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʃʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʢʨʘʝʚʝʜʝʥʠʝ, ʪʦʧʦʥʠʤʠʷ, ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ, ʩʠʩʪʝʤʥʦ-
ʩʪʨʫʢʪʫʨʥʳʡ ʘʩʧʝʢʪ, ʨʝʛʠʦʥʘʣʴʥʘʷ ʪʦʧʦʩʠʩʪʝʤʘ. 
 

METHODOLOGICAL ASPECTS OF STUDYING REGIONAL TOPOSYSTEM OF THE COURSE  
çLINGUISTIC LOCAL STUDIESè 

Ogdonova Tsyrena Tsytsykovna 
 

Abstract: The article discusses the basic methodological aspects of studying the regional toposystem within 
the framework of linguistic local history. The semantic aspect involves a component approach to studying the 
semantics of toponominations, highlighting the cognitive and pragmatic macro-components of the meaning of 
the units under consideration. The systemic-structural aspect is based on the systematization of toponomina-
tions based on various criteria. 
Key words: Linguistic local history, toponymy, semantic aspect, systemic-structural aspect. regional toposys-
tem. 

 
ʂʘʢ ʠ ʣʶʙʘʷ ʫʯʝʙʥʘʷ ʜʠʩʮʠʧʣʠʥʘ, çʃʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʢʨʘʝʚʝʜʝʥʠʝè ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ ʙʘʟʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʫʶʱʝʛʦ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ï ʣʠʥʛʚʦʢʨʘʝʚʝʜʯʝʩʢʦʡ ʧʘʨʘʜʠʛ-
ʤʳ/ʩʫʙʧʘʨʘʜʠʛʤʳ, ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʝʪʩʷ çʥʘʧʨʘʚʣʝʥʠʝ ʠʟʫʯʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʷʟʳʢʦʚʳʭ 
ʝʜʠʥʠʮ ʠ ʬʘʢʪʦʚ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʝ ʧʨʠʚʣʝʯʝʥʠʝ ʢʨʘʝʚʝʜʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷè [4, ʩ. 64]. ɺ ʮʝʣʦʤ ʣʠʥʛʚʦʢʨʘʝʚʝʜʯʝʩʢʫʶ ʧʘʨʘʜʠʛʤʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʦʨʝ-
ʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʧʝʮʠʬʠʢʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʛʠʦ-
ʥʘʣʴʥʳʭ ʷʟʳʢʦʚʳʭ ʷʚʣʝʥʠʡ. 

ʃʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʢʨʘʝʚʝʜʝʥʠʝ ʚ ʫʯʝʙʥʳʭ ʮʝʣʷʭ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʥʝʦʜʥʦʟʥʘʯʥʦ: çʚ ʰʠʨʦʢʦʤ 
ʩʤʳʩʣʝ ʢʘʢ ʥʘʫʢʫ ʦ ʨʝʛʠʦʥʘʣʴʥʦʤ ʷʟʳʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʨʝʛʠʦʥʘʣʴʥʦʡ ʷʟʳʢʦʚʦʡ ʢʘʨʪʠʥʝ ʤʠʨʘ, ʘ ʚ 
ʫʟʢʦʤ ʩʤʳʩʣʝ ï ʢʘʢ ʨʘʟʜʝʣ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʥʛʚʠʩʪʠʢʠ, ʠʟʫʯʘʶʱʠʡ ʤʝʩʪʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʷʟʳʢʘ, ʠʭ 
ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʠʩʪʦʨʠʢʦ- ʠ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʤ ʘʩʧʝʢʪʘʭè [7, ʩ. 4]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝ-
ʛʠʦʥʘʣʴʥʦʝ ʷʟʳʢʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʟʫʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʷʟʳʢʦʚʦʛʦ 
ʤʘʪʝʨʠʘʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʦʧʦʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʩʧʝʢʪʘ ʠʟʫʯʝʥʠʷ.  
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ʀʟʫʯʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʦʧʦʩʠʩʪʝʤʳ ʚʭʦʜʠʪ ʚ ʧʨʦʛʨʘʤʤʫ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʚ ʨʘʟʜʝʣʝ çʊʦʧʦʥʠʤʠʷ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʢʫʣʴʪʫʨʥʦ-̫ ʟʢrʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘè. ɺ ʨʘʤʢʘʭ 
ʣʠʥʛʚʦʢʨʘʝʚʝʜʝʥʠʷ ʪʦʧʦʥʠʤʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʟʚʘʥʠʡ, ʢʦʪʦʨʘʷ 
ʠʟʫʯʘʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʢʘʢ ʦʙʲʝʢʪ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ, ʥʦ ʠ ʢʘʢ ʫʥʠʢʘʣʴʥʳʡ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʳʡ 
ʠʩʪʦʯʥʠʢ, ʬʠʢʩʠʨʫʶʱʠʡ ʤʥʦʛʦʚʝʢʦʚʦʡ ʦʧʳʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʦʡ, ʵʪʘʧʳ ʟʘ-
ʩʝʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʵʪʥʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʫʣʴʪʫʨʥʳʭ ʣʘʥʜʰʘʬʪʦʚ.  

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʪʦʧʦʥʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʣʠʥʛʚʦʢʨʘʝʚʝʜʯʝʩʢʦʡ ʧʘ-
ʨʘʜʠʛʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʪʦʧʦʥʠʤʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 
ʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʦʭʨʘʥʷʷ ʘʨʭʘʠʯʥʳʝ ʷʟʳʢʦʚʳʝ ʯʝʨʪʳ ʠ ʠʩʪʦʨʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʘʞʝ ʧʨʠ ʩʤʝʥʝ 
ʥʘʩʝʣʝʥʠʷ ʠʣʠ ʷʟʳʢʦʚʦʡ ʘʩʩʠʤʠʣʷʮʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʪʦʧʦʥʠʤʠʷ ʢʘʢ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦ-
ʩʪʨʘʥʩʪʚʝʥʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʝ ʷʚʣʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʢ ʝʝ ʠʟʫʯʝʥʠʶ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʢʘʨ-
ʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ɺ-ʪʨʝʪʴʠʭ, ʪʦʧʦʥʠʤʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ ʧʨʦʙʣʝʤʘʪʠʢʦʡ ʨʝʛʠ-
ʦʥʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʥʘʟʚʘʥʠʷ ʚʳʩʪʫʧʘʶʪ ʚʘʞʥʝʡʰʠʤʠ ʤʘʨʢʝʨʘʤʠ çʩʚʦ-
ʝʛʦè ʧʨʦʩʪʨʘʥʩʪʚʘ, ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʚ ʷʟʳʢʦʚʦʤ ʩʦʟʥʘʥʠʠ ʞʠʪʝʣʝʡ.  

ɹʝʟʫʩʣʦʚʥʦ, ʢʨʘʝʚʝʜʯʝʩʢʠʡ ʢʦʥʪʝʢʩʪ ʥʘʢʣʘʜʳʚʘʝʪ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʧʦʥʠʤʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 
ʪʨʝʙʦʚʘʥʠʷ: ʦʨʠʝʥʪʘʮʠʶ ʥʘ ʣʦʢʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʚʷʟʴ ʩ ʠʩʪʦʨʠʝʡ ʠ ʛʝʦʛʨʘʬʠʝʡ ʢʦʥʢʨʝʪʥʦʡ ʪʝʨʨʠʪʦ-
ʨʠʠ, ʧʨʘʢʪʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʂʘʨʪʦʪʝʢʘ ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʦʧʦʩʠʩʪʝʤʳ ʙʳʣʘ ʩʬʦʨʤʠ-
ʨʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʝʚʳʭ ʟʘʧʠʩʝʡ ʘʚʪʦʨʘ ʠ ʩʪʫʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʪʦʧʦʥʠʤʠʯʝʩʢʠʭ ʩʣʦʚʘʨʝʡ [5, 6]. ʆʩʦʙʦ 
ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ çʉʣʦʚʘʨʴ ʛʦʚʦʨʦʚ ʨʫʩʩʢʠʭ ʩʪʘʨʦʞʠʣʦʚ ɹʘʡʢʘʣʴʩʢʦʡ ʉʠʙʠʨʠè ɻ.ɺ. ɸʬʘʥʘʩʴʝʚʦʡ-
ʄʝʜʚʝʜʝʚʦʡ ʚ 33 ʪʦʤʘʭ [1], ʧʦʩʢʦʣʴʢʫ ʚ ʪʝʢʩʪʦʚʦʤ ʢʦʨʧʫʩʝ ʜʘʥʥʦʛʦ ʩʣʦʚʘʨʷ ʦʪʨʘʞʝʥʘ ʨʝʛʠʦʥʘʣʴʥʘʷ 
ʪʦʧʦʥʠʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʳ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʦʭʚʘʪʳʚʘʶʱʝʛʦ ʀʨʢʫʪʩʢʫʶ ʦʙʣʘʩʪʴ, ɿʘʙʘʡʢʘʣʴʩʢʠʡ 
ʢʨʘʡ, ʈʝʩʧʫʙʣʠʢʫ ɹʫʨʷʪʠʷ ʠ ʯʘʩʪʠʯʥʦ ï ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ ʠ ʈʝʩʧʫʙʣʠʢʫ ʉʘʭʘ (ʗʢʫʪʠʷ). ɺ ʢʘʨʪʦʪʝʢʫ 
ʜʠʩʮʠʧʣʠʥʳ ʙʳʣʠ ʚʢʣʶʯʝʥʳ 530 ʝʜʠʥʠʮ ʩʦʩʪʘʚʥʳʭ ʪʦʧʦʥʦʤʠʥʘʮʠʡ ʠʟ ʜʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʃʠʥʛʚʦʢʨʘʝʚʝʜʯʝʩʢʘʷ ʧʘʨʘʜʠʛʤʘ ʟʘʜʘʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʪʦ-
ʧʦʥʠʤʠʠ: ʩʠʩʪʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʳʡ, ʠʩʪʦʨʠʢʦ-ʛʝʥʝʪʠʯʝʩʢʠʡ, ʩʝʤʘʥʪʠʯʝʩʢʠʡ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ, ʩʦʮʠʦʣʠʥʛʚʠ-
ʩʪʠʯʝʩʢʠʡ, ʣʠʥʛʚʦʢʫʣʴʪʫʨʦʣʦʛʠʯʝʩʢʠʡ ʠ ʜʨ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʳʝ ʘʩʧʝʢʪʳ ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʳ, ʚʳʪʝʢʘ-
ʶʪ ʦʜʠʥ ʠʟ ʜʨʫʛʦʛʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ. ʈʘʩʩʤʦʪʨʠʤ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ, ʢʦʪʦʨʳʝ ʨʝʘʣʠ-
ʟʫʶʪʩʷ ʚ ʠʟʫʯʘʝʤʦʤ ʨʘʟʜʝʣʝ (ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʠ ʩʠʩʪʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʳʡ). 

ʊʞʥʙʦʫʡʰʞʪʣʡʢ ʙʪʨʞʣʫ. ɼʘʥʥʳʡ ʘʩʧʝʢʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 
ʪʦʧʦʥʦʤʠʥʘʮʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʝʤʘʥʪʠʢʝ ʪʦʧʦʣʝʢʩʝʤ ʤʳ ʚʳʜʝʣʷʝʤ ʢʦʛʥʠʪʠʚʥʳʡ ʠ ʧʨʘʛʤʘʪʠʯʝʩʢʠʡ 
ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʳ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤ ʢʦʛʥʠʪʠʚʥʳʡ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʢʦʛʥʠ-
ʪʠʚʥʳʡ ʢʦʥʮʝʧʪ çʤʝʩʪʦè ʠʣʠ çʧʨʦʩʪʨʘʥʩʪʚʦè [9, ʩ. 36]. ʇʨʘʛʤʘʪʠʯʝʩʢʠʡ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪ ʩʝʤʘʥʪʠʢʠ ʪʦ-
ʧʦʥʠʤʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʦʪʨʘʞʘʝʪ ʜʠʩʢʫʨʩʠʚʥʦ ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʩʫʤʤʫ ʢʦʥʥʦʪʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʦʚʦʨʷ-
ʱʠʤ (ʦʮʝʥʦʯʥʦʩʪʴ, ʵʤʦʪʠʚʥʦʩʪʴ, ʦʙʨʘʟʥʦʩʪʴ, ʢʫʣʴʪʫʨʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ ʜʨ.). 

ʂʦʛʥʠʪʠʚʥʳʡ ʙʘʟʠʩ ʪʦʧʦʣʝʢʩʝʤ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʫʙʢʦʥʮʝʧʪʘʤʠ çʨʝʢʘè, çʛʦʨʘè, 
çʦʩʪʨʦʚè, çʤʝʩʪʥʦʩʪʴè, çʧʘʰʥʷè, çʯʠʩʪʢʘè, çʙʦʣʦʪʦè, çʜʝʨʝʚʥʷè ʠ ʜʨ. ʚ ʷʟʳʢʦʚʦʤ ʩʦʟʥʘʥʠʠ ʨʫʩʩʢʠʭ ʩʪʘ-
ʨʦʞʠʣʦʚ. ʉʦʩʪʘʚʥʳʝ ʪʦʧʦʣʝʢʩʝʤʳ ʩ ʘʪʨʠʙʫʪʠʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʶʪʩʷ ʥʘʠʤʝʥʦʚʘʥʠʷʤʠ ʥʝʙʦʣʴʰʠʭ 
ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ: ʚʦʜʥʳʭ ʠ ʣʘʥʜʰʘʬʪʥʳʭ ʦʙʲʝʢʪʦʚ (ʨʝʢʠ, ʦʟʝʨʘ, ʧʝʨʝʢʘʪʳ, ʧʦʨʦʛʠ, ʙʦʣʦʪʘ, ʨʫ-
ʯʴʠ ʠ ʜʨ.; ʛʦʨʳ, ʚʧʘʜʠʥʳ, ʭʨʝʙʪʳ, ʣʦʛʠ, ʫʱʝʣʴʷ, ʧʘʰʥʠ, ʧʦʣʷ, ʤʝʩʪʥʦʩʪʠ ʠ ʜʨ.), ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʠ 
ʦʙʲʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʜʦʨʦʛʠ, ʤʦʩʪʳ, ʜʝʨʝʚʥʠ, ʩʝʣʘ, ʟʘʠʤʢʠ ʠ ʜʨ.).  

ɼʘʥʥʳʝ ʩʫʙʢʦʥʮʝʧʪʳ ʚʭʦʜʷʪ ʚ ʢʦʛʥʠʪʠʚʥʳʡ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪ ʟʥʘʯʝʥʠʷ ʪʦʧʦʣʝʢʩʝʤ ʚ ʚʠʜʝ ʜʝʥʦʪʘ-
ʪʠʚʥʦʛʦ ʷʜʨʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʢʘʯʝʩʪʚʝ ʜʝʥʦʪʘʪʘ ʚʳʩʪʫʧʘʶʪ ʦʧʦʨʥʳʝ ʩʣʦʚʘ ï ʩʫʙʩʪʘʥʪʠʚʳ, ʥʦʤʠʥʠʨʫʶʱʠʝ 
ʠʣʠ ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʢʪ. ɺ ʢʦʛʥʠʪʠʚʥʳʡ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪ ʚʭʦʜʠʪ ʪʘʢʞʝ ʘʪʨʠʙʫ-
ʪʠʚʥʘʷ ʣʝʢʩʠʢʘ (ʘʜʲʝʢʪʠʚʳ ʠ ʥʫʤʝʨʘʪʠʚʳ), ʦʧʨʝʜʝʣʷʶʱʘʷ ʠ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʘʷ ʦʙʲʝʢʪ.  

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʘʪʝʨʠʘʣ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʩʦʩʪʘʚʥʳʭ ʥʦʤʠʥʘʮʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʘʧʝʣʣʷ-
ʪʠʚʥʘʷ ʣʝʢʩʠʢʘ ʩʦʩʪʘʚʣʷʝʪ ʜʝʥʦʪʘʪʠʚʥʦʝ ʷʜʨʦ ʢʦʛʥʠʪʠʚʥʦʛʦ ʤʘʢʨʦʢʦʧʦʥʝʥʪʘ ʪʦʧʦʩʝʤʘʥʪʠʢʠ ʠ ʵʢʩʧʣʠ-
ʮʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʩʘʤʦʡ ʪʦʧʦʥʦʤʠʥʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʚ ʥʘʠʤʝʥʦʚʘʥʠʷʭ ɻʦʣʝʝʚʩʢʘʷ ʛʦʨʘ, ɼʘʥʠʣʦʚ-
ʩʢʠʝ ʧʦʣʷ ʠ ɸʧʣʠʥʩʢʠʡ ʧʦʨʦʛ ʩʫʙʩʪʘʥʪʠʚʳ ʛʦʨʘ, ʧʦʣʷ ʠ ʧʦʨʦʛ ʷʚʣʷʶʪʩʷ ʢʚʘʣʠʬʠʢʘʪʦʨʘʤʠ, ʪ.ʢ. ʥʘʟʳʚʘ-
ʶʪ, ʢʚʘʣʠʬʠʮʠʨʫʶʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʢʪ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʘʧʝʣʣʷʪʠʚʳ ʠʤʝʶʪ ʠʤʧʣʠʮʠʪʥʳʡ ʭʘ-
ʨʘʢʪʝʨ, ʥʦ ʧʨʠ ʵʪʦʤ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʥʦʤʠʥʘʮʠʷ ɻʦʨʝʣʦʚʘ ʯʘʰʘ ʠʤʝ-



ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 213 

 

XXIII International scientific conference | www.naukaip.ru 

ʝʪ ʟʥʘʯʝʥʠʝ çʥʘʟʚʘʥʠʝ ʤʝʩʪʥʦʩʪʠ ʚ ʂʘʟʘʯʠʥʩʢʦ-ʃʝʥʩʢʦʤ ʨʘʡʦʥʝ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠè [2, ʩ. 405]. ɺ ʜʘʥ-
ʥʦʤ ʩʣʫʯʘʝ ʢʚʘʣʠʬʠʢʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʯʘʰʘ, ʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʪʝʨʤʠʥ ʤʝʩʪʥʦʩʪʴ, 
ʨʝʧʨʝʟʝʥʪʠʨʫʝʪʩʷ ʩʝʤʘʥʪʠʯʝʩʢʠ.   

ɼʨʫʛʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʘ ï ʜʠʬʬʝʨʝʥʮʠʘʪʦʨʳ, ʚʳʨʘʞʝʥʥʳʝ ʧʨʝ-
ʠʤʫʱʝʩʪʚʝʥʥʦ ʘʜʲʝʢʪʠʚʘʤʠ, ï ʦʧʨʝʜʝʣʷʝʪ çʜʠʬʬʝʨʝʥʮʠʨʫʶʱʫʶè ʩʧʝʮʠʬʠʢʫ ʪʦʧʦʥʦʤʠʥʘʮʠʡ ʧʦ ʨʘʟ-
ʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫʯ. ɺʝʨʭʥʠʡ; ʃʦʤʘʥʘʷ ʛʦʨʘ, ʦʟ. ʋʟʝʥʴʢʦʝ, ɿʤʝʠʥʘʷ ʛʦʨʘ ʠ ʜʨ.). 

ɼʘʥʥʳʡ ʘʩʧʝʢʪ ʠʟʫʯʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʦʧʦʩʠʩʪʝʤʳ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʪʡʪʫʞʥʦʧ-ʪʫʩʬʣʫʬʩʦʴʥ ʙʪ-
ʨʞʣʫʧʥ, ʪ.ʢ. ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʪʦʨʦʚ ʚʳʭʦʜʠʪ ʥʘ ʜʨʫʛʫʶ ʙʘʟʦʚʫʶ ʜʠʜʘʢʪʠʯʝʩʢʫʶ ʝʜʠʥʠʮʫ ï 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʦʧʦʥʠʤʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝ ʩʫʱʝʩʪʚʫʶʪ ʠʟʦʣʠʨʦʚʘʥʥʦ, ʘ ʦʙʨʘʟʫʶʪ ʠʝʨʘʨʭʠʯʝʩʢʠ ʦʨ-
ʛʘʥʠʟʦʚʘʥʥʫʶ ʪʦʧʦʩʠʩʪʝʤʫ. ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʩʪʫʜʝʥʪʦʚ ʮʝʣʦʩʪʥʦʝ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʦʧʦʩʠʩʪʝʤʳ. 

ʇʨʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʪʦʧʦʥʠʤʦʚ ʫʯʠʪʳʚʘʝʪʩʷ ʨʷʜ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʢʣʘʩʩʠ-
ʬʠʢʘʮʠʡ, ʥʘʰʝʜʰʠʭ ʦʪʨʘʞʝʥʠʝ ʚ ʨʘʙʦʪʝ ɸ. ɺ. ʉʫʧʝʨʘʥʩʢʦʡ [10]. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʚʳʩʪʫʧʘʝʪ ʪʨʘ-
ʜʠʮʠʦʥʥʘʷ ʧʨʝʜʤʝʪʥʦ-ʜʝʥʦʪʘʪʠʚʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ɺ. ɼ. ɹʦʥʜʘʣʝʪʦʚʫ [3]. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʦʧʦʥʠʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢ ʢʘʢʠʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʦʙʲʝʢ-
ʪʘʤ ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʝ, ʜʝʣʷʪʩʷ ʥʘ: 1. ʅʘʟʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʂ ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʛʠʜ-
ʨʦʥʠʤʳ (ʧʦʪʘʤʦʥʠʤʳ ï ɸʥʛʘʨʘ, ʀʨʢʫʪ, ɺʘʩʴʢʠʥ ʨʫʯʝʡ ʠ ʜʨ.; ʣʠʤʥʦʥʠʤʳ ï ɹʘʡʢʘʣ, ʦʟ. ɹʦʣʴʰʦʝ, ʟʘʣʠʚ 
ʀʨʢʫʪʩʢʘʷ ʛʫʙʘ, ʙʫʭʪʘ ɹʘʙʫʰʢʘ ʠ ʜʨ.; ʛʝʣʦʥʠʤʳ ï ʇʦʣʘʜʠʥʦ, ʄʫʨʫʡʩʢʦʝ, ʄʦʢʨʦʝ ʠ ʜʨ.), ʩʧʝʣʝʦʥʠʤʳ 
(ʧʝʱʝʨʳ ʐʘʤʘʥʩʢʘʷ, ʋʟʫʨʩʢʘʷ, ʉʢʘʟʢʘ ʠ ʜʨ.), ʦʨʦʥʠʤʳ (ʛ. ʉʥʝʞʥʘʷ, ʤʳʩ ɿʘʛʣʠ, ʩʢʘʣʘ ʐʘʤʘʥʢʘ, ʧʘʜʴ 
ʏʝʨʥʫʭʘ, ʦʚʨʘʛ ʇʦʜʙʝʨʣʦʛ ʠ ʜʨ.), ʜʨʠʤʦʥʠʤʳ (ʄʦʥʘʩʪʳʨʩʢʠʡ ʣʝʩ, ɼʘʣʴʥʠʡ ʣʝʩ, ʂʘʪʴʢʠʥ ʣʝʩ ʠ ʪ.ʧ.). 

ʇʦ ʜʘʥʥʳʤ çʉʣʦʚʘʨʷ ʛʦʚʦʨʦʚ ʨʫʩʩʢʠʭ ʩʪʘʨʦʞʠʣʦʚ ɹʘʡʢʘʣʴʩʢʦʡ ʉʠʙʠʨʠè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʦʡ 
ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʦʨʦʥʠʤʳ ʩʦʩʪʘʚʣʷʶʪ 35 %, ʛʠʜʨʦʥʠʤʳ ï 32,5 %, ʠʥʩʫʣʦʥʠʤʳ ï 11,4 %. ʄʝʥʝʝ ʨʝʧʨʝ-
ʟʝʥʪʘʪʠʚʥʳ ʜʨʠʤʦʥʠʤʳ, ʛʝʣʦʥʠʤʳ ʠ ʩʧʝʣʝʦʥʠʤʳ. 

2. ʅʘʟʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ: ʩʦʟʜʘʥʥʳʭ ʠʣʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ-
ʥʳʭ ʠʤ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʦʡʢʦʥʠʤʳ ï ʥʘʟʚʘʥʠʷ ʧʦʩʝʣʝʥʠʡ: ʢʦʤʦʥʠʤʳ (ʜ. ʗʩʘʯʥʘʷ, ʩ. ʉʦʩʥʦʚʢʘ, ʧʦʩ. 
ɿʘʣʘʨʠ ʠ ʜʨ.), ʧʦʣʠʩʦʥʠʤʳ ʠʣʠ ʘʩʪʠʦʥʠʤʳ (ʀʨʢʫʪʩʢ, ɸʥʛʘʨʩʢ, ʐʝʣʝʭʦʚ, ɹʨʘʪʩʢ ʠ ʜʨ.), ʫʨʙʘʥʦʥʠʤʳ ï 
ʥʘʟʚʘʥʠʷ ʛʦʨʦʜʩʢʠʭ ʦʙʲʝʢʪʦʚ: ʛʦʜʦʥʠʤʳ (ʫʣ. ɹʘʡʢʘʣʴʩʢʘʷ, ʫʣ. ʉʠʙʠʨʩʢʠʭ ʧʘʨʪʠʟʘʥ, ʧʝʨ. ʇʠʦʥʝʨʩʢʠʡ ʠ 
ʜʨ.), ʘʛʦʨʦʥʠʤʳ (ʧʣ. ɼʝʢʘʙʨʠʩʪʦʚ, ʙ-ʨ ɻʘʛʘʨʠʥʘ ʠ ʜʨ.), ʵʨʛʦʥʠʤʳ (ʘʧʪʝʢʘ ɸʚʠʮʝʥʥʘ, ʩʫʧʝʨʤʘʨʢʝʪ ʉʣʘ-
ʪʘ, ʧʘʨʠʢʤʘʭʝʨʩʢʘʷ ʀʨʢʫʪʷʥʢʘ ʠ ʜʨ.), ʜʨʦʤʦʥʠʤʳ (ʄʦʩʢʦʚʩʢʠʡ ʪʨʘʢʪ, ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʘʷ ʞʝʣʝʟʥʘʷ 
ʜʦʨʦʛʘ, ʪʨʦʧʘ ʏʫʜʥʠʮʘ ʠ ʜʨ.). ʵʢʢʣʝʟʠʦʥʠʤʳ ï ʥʘʟʚʘʥʠʷ ʤʝʩʪ ʩʦʚʝʨʰʝʥʠʷ ʦʙʨʷʜʦʚ, ʤʝʩʪʘ ʧʦʢʣʦʥʝʥʠʷ 
ʣʶʙʦʡ ʨʝʣʠʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʟʚʘʥʠʷ ʮʝʨʢʚʠ, ʯʘʩʦʚʥʠ, ʢʨʝʩʪʘ, ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʝʛʦ ʘʣʪʘʨʷ, ʩʚʷʱʝʥʥʳʭ 
ʢʘʤʥʝʡ ʠʩʪʦʯʥʠʢʘ, ʜʝʨʝʚʘ (ʤʳʩ ɹʫʨʭʘʥ, ʄʝʤʦʨʠʘʣʴʥʳʡ ʧʦʢʣʦʥʥʳʡ ʢʨʝʩʪ, ʂʨʝʩʪʦʚʦʟʜʚʠʞʝʥʩʢʘʷ ʮʝʨ-
ʢʦʚʴ ʠ ʜʨ.). 

ɺ ʪʦʧʦʥʠʤʠʯʝʩʢʦʡ ʩʬʝʨʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʛʠʦʥʘ ʥʝʨʝʜʢʠ ʥʘʟʚʘʥʠʷ, ʚʦʟʥʠʢʰʠʝ ʧʫʪʝʤ ʪʨʘʥʩʪʦʧʦ-
ʥʠʤʠʟʘʮʠʠ ï ʧʝʨʝʭʦʜʘ ʪʦʧʦʥʠʤʦʚ ʠʟ ʦʜʥʦʛʦ ʚʠʜʘ ʚ ʜʨʫʛʦʡ. ʆʩʦʙʝʥʥʦ ʯʘʩʪʦ ʵʪʦ ʷʚʣʝʥʠʝ ʚʩʪʨʝʯʘʝʪʩʷ 
ʩʨʝʜʠ ʦʡʢʦʥʠʤʦʚ, ʪ.ʢ. ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʦʪʛʠʜʨʦʥʠʤʠʯʥʳ. ʅʘʧʨʠʤʝʨ: ʄʘʤʘʢʘʥ (ʨ.) ï ʄʘʤʘʢʘʥ (ʧʦʩ.), ʂʠʨʝʥ-
ʛʘ (ʨ.) ï ʂʠʨʝʥʛʘ (ʩʪ.), ʄʘʨʘʢʘʥ (ʨ.) ï ʄʘʨʘʢʘʥ (ʧʦʩ.), ɹʘʜʘ (ʨ.) ï ɹʘʜʘ (ʜ.), ʊʫʪʫʨʘ (ʨ.) ï ʊʫʪʫʨʘ (ʩ.), ɿʘ-
ʣʘʨʠ (ʨ.) ï ɿʘʣʘʨʠ (ʧʦʩ.) ʠ ʜʨ. 

ʀʥʪʝʨʝʩʥʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠʤʝʥ ʚ ʩʚʷʟʠ ʩ ʠʭ ʤʦʪʠʚʠʨʦʚʢʦʡ, ʢʦʪʦʨʘʷ ʫʯʠ-
ʪʳʚʘʝʪ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ, ʣʝʛʰʠʝ ʚ ʦʩʥʦʚʫ ʥʘʟʚʘʥʠʡ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʪʦʧʦ-
ʥʠʤʦʚ: ʘʥʪʨʦʧʦʪʦʧʦʥʠʤʳ ï ʪʦʧʦʥʠʤʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʦʪ ʘʥʪʨʦʧʦʥʠʤʦʚ (ʩ. ʇʝʪʨʦʚʢʘ, ʭʫʪʦʨ. ɾʜʘʥʦʚ, 
ʅʝʩʪʝʨʦʚʘ ʟʘʠʤʢʘ, ʂʘʪʴʢʠʥ ʣʝʩ); ʪʦʧʦʥʠʤʳ-ʘʧʝʣʣʷʪʠʚʳ (ʩ. ʃʝʩʢʠ, ʩ. ʇʨʫʜʢʠ, ʧʦʩ. ʈʝʯʫʰʢʘ); ʟʦ-
ʦʪʦʧʦʥʠʤʳ (ʨ. ɺʦʣʯʴʷ, ʧʦʩ. ɿʘʡʯʠʢ, ʛ. ʄʝʜʚʝʞʴʷ, ʦʟ. ʑʫʯʴʝ), ʬʠʪʦʪʦʧʦʥʠʤʳ (ʩ. ɼʫʙʢʠ, ʩ. ʆʣʴʭʦʚʢʘ, 
ʫʣ. ʎʚʝʪʦʯʥʘʷ), ʵʪʥʦʪʦʧʦʥʠʤʳ (ʩ. ʈʫʩʩʢʦʝ, ʜ. ʄʦʨʜʦʚʠʥʢʘ, ʨ. ʈʫʩʩʢʘʷ ʈʝʯʢʘ, ʩ. ɹʫʨʷʪ-ʗʥʛʫʪʳ). 

ɺʩʝ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʪʠʧʳ ʪʦʧʦʥʠʤʦʚ ʦʙʥʘʨʫʞʝʥʳ ʚ çʉʣʦʚʘʨʝ ʛʦʚʦʨʦʚ ʨʫʩʩʢʠʭ ʩʪʘʨʦʞʠʣʦʚ ɹʘʡ-
ʢʘʣʴʩʢʦʡ ʉʠʙʠʨʠè ɻ. ɺ. ɸʬʘʥʘʩʴʝʚʦʡ-ʄʝʜʚʝʜʝʚʦʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʦʥʦʤʠ-
ʥʘʮʠʡ, ʜʠʬʬʝʨʝʥʮʠʘʪʦʨʳ ʢʦʪʦʨʳʭ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʙʲʝʢʪʘ ʢʦʤʫ-ʣʠʙʦ (ɸʙʘʢʫʤʦʚʩʢʘʷ 
ʧʘʜʴ, ʤ. ɸʥʪʦʥʦʚ ʫʛʦʣ, ʤ. ɺʝʜʝʥʝʝʚʘ ʷʤʢʘ, ʧʘʰʥʷ ɹʝʨʝʥʜʠʣʦʚʩʢʘʷ ʯʠʩʪʢʘ, ʌʝʜʦʨʦʚʩʢʘʷ ʧʘʜʴ, ʧʦʢʦʩ 
ɻʫʟʝʝʚʳ ʣʦʛʘ, ɼʘʥʠʣʦʚʩʢʠʝ ʧʦʣʷ, ʊʘʨʘʢʘʥʦʚʩʢʠʡ ʙʫʛʦʨ, ʠ ʜʨ.). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʧʦʥʠʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʫʱʝʩʪʚʫʶʱʝʝ ʚ ʩʦʟʥʘʥʠʠ ʞʠʪʝʣʝʡ ʨʝʛʠʦʥʘ, ʟʥʘ-
ʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʧʦ ʦʙʲʝʤʫ, ʯʝʤ ʪʦʧʦʥʠʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʨʪʳ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʞʠʚʫʱʠʭ ʚ ʵʪʦʤ 
ʨʝʛʠʦʥʝ ʚʘʞʥʳ ʤʝʣʢʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩʘ ʜʣʷ ʣʶʜʝʡ, ʥʘʭʦʜʷʱʠʭ-
ʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʨʝʛʠʦʥʘ, ʜʣʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʘʨʪ ʠ ʪ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʣʴʥʦʤʫ ʪʦʧʦʥʠʤʠʯʝʩʢʦʤʫ 
ʧʨʦʩʪʨʘʥʩʪʚʫ ʩʚʦʡʩʪʚʝʥʥʘ ʚʘʨʠʘʪʠʚʥʦʩʪʴ, ʪ.ʝ. ʦʜʠʥ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ 
ʥʘʟʚʘʥʠʡ: ʦʟ. ʐʘʰʧʘʢʫʣʴ ï ʦʟ. ʊʘʪʘʨʩʢʦʝ, ʤʳʩ ɹʫʨʭʘʥ ï ʩʢʘʣʘ ʐʘʤʘʥʢʘ ʠ ʜʨ.  

ʇʦʩʢʦʣʴʢʫ ʨʝʘʣʴʥʦʝ ʪʦʧʦʥʠʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʝʧʨʝʟʝʥʪʠʨʫʝʪ ʤʠʢʨʦʪʦʧʦʥʠʤʠʷ, ʦʩʦʙʦʝ 
ʚʥʠʤʘʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʘʥʥʦʡ ʪʝʤʳ ʫʜʝʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʠʢʨʦʪʦʧʦʥʠʤʦʚ ʧʦ ʨʘʟʥʳʤ ʧʘʨʘʤʝʪ-
ʨʘʤ ʩ ʚʳʜʝʣʝʥʠʝʤ ʦʙʱʠʭ ʯʝʨʪ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʪʦʧʦʥʠʤʠʢʦʥʘ (ʤʠʢʨʦʪʦʧʦʥʠʤʠʯʥʦʩʪʴ, ʵʢʩʧʣʠʮʠʪʥʳʡ ʭʘ-
ʨʘʢʪʝʨ ʜʝʥʦʪʘʪʠʚʥʦʛʦ ʷʜʨʘ ʪʦʧʦʥʦʤʠʥʘʮʠʡ, ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʦʨʦʥʠʤʥʦʡ ʠ ʛʠʜʨʦʥʠʤʥʦʡ ʣʝʢʩʠʢʠ, ʘʥʪʨʦ-
ʧʦʮʝʥʪʨʠʯʥʦʩʪʴ, ʫʥʠʢʘʣʴʥʦʩʪʴ ʯʣʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʦʧʦʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʤʠ ʚ ʨʘʩʩʤʘʪʨʠ-
ʚʘʝʤʦʤ ʨʘʟʜʝʣʝ ʜʠʩʮʠʧʣʠʥʳ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʠʯʥʦ ʦʩʚʝʱʘʶʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠʡ ʠ ʣʠʥʛʚʦʢʫʣʴʪʫʨʦʣʦʛʠʯʝ-
ʩʢʠʡ ʘʩʧʝʢʪʳ. ɺ ʩʚʦʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʥʠ ʦʙʨʘʟʫʶʪ ʮʝʣʦʩʪʥʫʶ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʠʟʫʯʝʥʠʷ 
ʩʣʦʞʥʦʛʦ ʬʝʥʦʤʝʥʘ ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʦʧʦʩʠʩʪʝʤʳ. 
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ǲǣǩ-800 

ǮǯǭǠǪǤǫǟǱǧǩǟ ©ǬǤǬǟǣǤǥǬǭǢǭ 
ǯǟǰǰǩǟǦǶǧǩǟ¹ ǩǟǩ ǧǰǱǭǶǬǧǩǟ 
ǧǬǳǭǯǫǟǵǧǧ ǡ ǥǲǯǬǟǪǧǰǱǰǩǧǴ 
ǯǟǰǰǪǤǣǭǡǟǬǧǾǴ 

ǠȒȉȊǿȂȇȌ ǧȊțȞ ǭȊȄȂȍȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʠʟʘʡʥʘè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɺʘʩʠʣʴʝʚʘ ʄʘʨʠʥʘ ɻʝʥʘʜʴʝʚʥʘ 
ʢ.ʬ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʠʟʘʡʥʘ  

 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʢʦʥʮʝʧʪʘ çʥʝʥʘʜʝʞʥʳʡ ʨʘʩʩʢʘʟʯʠʢè, ʟʘʠʤʩʪʚʦʚʘʥʥʦʛʦ ʠʟ ʥʘʨ-
ʨʘʪʦʣʦʛʠʠ, ʚ ʢʦʥʪʝʢʩʪʝ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʞʫʨʥʘʣʠʩʪʠʢʠ. ɸʚʪʦʨ ʠʩʩʣʝʜʫʝʪ ʪʠʧʦʣʦʛʠʶ ʠ 
ʤʦʪʠʚʘʮʠʶ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʯʴʠ ʧʦʢʘʟʘʥʠʷ ʤʦʛʫʪ ʠʩʢʘʞʘʪʴ ʦʙʲʝʢʪʠʚʥʫʶ ʢʘʨʪʠʥʫ ʩʦʙʳʪʠʡ (ʨʝ-
ʩʧʦʥʜʝʥʪʳ, ʘʥʦʥʠʤʥʳʝ ʠʥʬʦʨʤʘʪʦʨʳ, ʦʯʝʚʠʜʮʳ). ʅʘ ʧʨʠʤʝʨʝ ʨʘʙʦʪʳ ɽ. ʄʝʨʢʘʯʝʚʦʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 
ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʝʤʳ ʘʪʨʠʙʫʮʠʠ çʥʝʥʘʜʝʞʥʦʛʦè ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʠ ʩʧʦʩʦʙʳ ʚʝʨʠʬʠʢʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ 
ʞʫʨʥʘʣʠʩʪʦʤ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʵʪʠʯʝʩʢʠʤ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʚʳʟʦʚʘʤ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣ-
ʢʠʚʘʝʪʩʷ ʘʚʪʦʨ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʩʫʙʲʝʢʪʠʚʥʳʤʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷʤʠ ʬʘʢʪʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʨʘʩʩʢʘʟʯʠʢ, ʦʯʝʚʠʜʝʮ, ʞʫʨʥʘʣʠʩʪʩʢʦʝ ʨʘʩʩʣʝʜʦʚʘʥʠʝ, ʣʦʞʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʬʘʢʪʳ, 
ʠʥʪʝʨʧʨʝʪʘʮʠʷ. 
 

THE PROBLEM OF çUNREALIABLE NARRATORè AS A SOURCE OF INFORMATION IN 
INVESTIGATION JOURNALISTIC  

Buklagin Ilya Olegovic 
 

Scientific advisor: Vasileva Marina Gennadievna 
 

Abstract: This article analyzes the concept of "unreliable narrator," borrowed from narratology, in the context 
of contemporary investigative journalism. The author explores the typology and motivations of sources whose 
testimony can distort the objective picture of events (respondents, anonymous informants, eyewitnesses). Us-
ing E. Merkacheva's work as an example, she examines specific techniques for attributing "unreliable" testi-
mony and journalists' methods of verifying information. Particular attention is paid to the ethical and profes-
sional challenges faced by investigative journalists when dealing with subjective interpretations of facts. 
Keywords: narrator, eyewitness, investigative journalism, false information, facts, interpretation. 

 
ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʠʪʴ ʬʝʥʦʤʝʥ ʥʝʥʘʜʝʞʥʦʛʦ ʨʘʩʩʢʘʟʯʠʢʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ 

ʧʨʦʷʚʣʝʥʠʷ ʚ ʞʫʨʥʘʣʠʩʪʩʢʠʭ ʨʘʩʩʣʝʜʦʚʘʥʠʷʭ. ɿʘʜʘʯʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʚʳʷʚʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ, ʧʨʠʯʠʥ ʠ 
ʩʣʝʜʩʪʚʠʡ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʪʦʤ ʞʘʥʨʝ. ʊʘʢ ʢʘʢ ʣʶʙʦʝ ʞʫʨʥʘʣʠʩʪʩʢʦʝ ʨʘʩʩʣʝʜʦʚʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 
ʦʩʥʦʚʘʥʦ ʥʘ ʤʥʦʞʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ: ʦʬʠʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʟʘʷʚʣʝʥʠʡ, ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ 
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ʤʥʝʥʠʷʭ ʵʢʩʧʝʨʪʦʚ ʠ ʥʘʙʣʶʜʘʪʝʣʝʡ [1;3], ʪʦ ʝʛʦ ʥʘʧʠʩʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʯʠʩʣʝʥʠʝ 
ʬʘʢʪʦʚ, ʥʦ ʠ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ ʩʶʞʝʪʘ, ʚ ʢʦʪʦʨʦʤ ʚʩʝ ʫʢʘʟʘʥʥʳʝ ʩʦʙʳʪʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ 
ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʝʜʠʥʫʶ ʢʘʨʪʠʥʫ, ʢʦʪʦʨʫʶ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʠ ʞʫʨʥʘʣʠʩʪ, ʠ 
ʨʝʩʧʦʥʜʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʥʘʜʝʞʥʳʤʠ 
ʨʘʩʩʢʘʟʯʠʢʘʤʠ. 

ʌʝʥʦʤʝʥ çʥʝʥʘʜʝʞʥʦʛʦ ʨʘʩʩʢʘʟʯʠʢʘè ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʷʭ, 
ʥʘʧʨʠʤʝʨ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʢʠʥʦ. ʉʘʤ ʪʝʨʤʠʥ ʚʚʝʣ ʋʵʡʥ ɹʫʪ ʚ 1961 ʛʦʜʫ, ʭʦʪʷ ʜʘʥʥʳʡ ʢʦʥʮʝʧʪ ʩʫʱʝʩʪʚʦ-
ʚʘʣ ʠ ʜʦ ʥʝʛʦ. ʀʩʩʣʝʜʦʚʘʥʠʝ ɹʫʪʘ ʣʠʰʴ ʧʦʜʪʦʣʢʥʫʣʦ ʢ ʥʦʚʦʤʫ ʧʦʥʠʤʘʥʠʶ ʷʚʣʝʥʠʷ, ʘ ʫʯʝʥʳʡ ʧʨʝʜʣʦ-
ʞʠʣ ʜʘʪʴ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ çʥʘʜʝʞʥʦʩʪʠè ʧʦʚʝʩʪʚʦʚʘʥʠʷ: ʩʣʦʚʘʤ ʨʘʩʩʢʘʟʯʠʢʘ ʩʪʦʠʪ ʚʝʨʠʪʴ ʚ 
ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥ ʛʦʚʦʨʠʪ ʦʪ ʠʤʝʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʣʠ ʝʩʣʠ ʜʝʡʩʪʚʫʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ ʥʦʨʤʘʤʠ 
(ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʯʠʪʘʪʝʣʷ ʠ ʘʚʪʦʨʘ ʢ ʛʨʫʧʧʝ ʩ ʦʙʱʠʤʠ ʥʦʨʤʘʤʠ ʠ ʮʝʥʥʦʩʪʷʤʠ, ʠʟ ʢʦʪʦʨʦʡ 
ʠʩʢʣʶʯʝʥ ʧʦʚʝʩʪʚʦʚʘʪʝʣʴ).  

ɺ ʞʫʨʥʘʣʠʩʪʩʢʦʤ ʜʠʩʢʫʨʩʝ ʬʠʛʫʨʘ ʧʦʚʝʩʪʚʦʚʘʪʝʣʷ ʯʘʱʝ ʚʩʝʛʦ ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩ ʨʝʘʣʴʥʳʤ ʘʚ-
ʪʦʨʦʤ-ʞʫʨʥʘʣʠʩʪʦʤ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʢʣʘʩʩʠʯʝʩʢʫʶ ʣʠʪʝʨʘʪʫʨʥʫʶ ʜʠʩʪʘʥʮʠʶ ʤʝʞʜʫ ʘʚʪʦʨʦʤ ʠ ʠʤʧʣʠ-
ʮʠʪʥʳʤ ʨʘʩʩʢʘʟʯʠʢʦʤ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʚ ʪʘʢʦʤ ʢʦʥʪʝʢʩʪʝ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʥʷʪʠʝ çʠʤʧʣʠʮʠʪʥʦʛʦè 
ʠʣʠ çʧʦʜʨʘʟʫʤʝʚʘʝʤʦʛʦè ʘʚʪʦʨʘ, ʪʦ ʝʩʪʴ ʧʦʚʝʩʪʚʦʚʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʚ ʨʘʤʢʘʭ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 
ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʝʛʦ ʩʦʟʜʘʪʝʣʷ ʠ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʥʝʛʦ ʚʦ ʚʟʛʣʷʜʘʭ. ɼʠʩʢʫʨʩ ʞʝ ʞʫʨʥʘʣʠʩʪʩʢʦʛʦ ʤʘʪʝ-
ʨʠʘʣʘ ʠʩʭʦʜʠʪ ʠʟ ʮʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʝʨʝʜ ʩʦʙʦʡ ʩʪʘʚʠʪ ʝʛʦ ʩʦʟʜʘʪʝʣʴ. ʆʥ ʠʤʝʝʪ ʩʫʙʲʝʢʪʥʦʩʪʴ ʠ ʟʘ ʧʨʝ-
ʜʝʣʘʤʠ ʦʜʥʦʛʦ ʪʝʢʩʪʘ: ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʠʩʘʪʝʣʷ, ʞʫʨʥʘʣʠʩʪʫ ʥʝ ʥʫʞʥʦ ʧʨʠʜʫʤʳʚʘʪʴ ʠʤʧʣʠʮʠʪʥʦʛʦ ʘʚʪʦʨʘ, 
ʯʪʦʙʳ ʜʦʥʝʩʪʠ ʜʦ ʯʠʪʘʪʝʣʷ ʠʥʬʦʨʤʘʮʠʶ. 

ʇʦ ʙʦʣʝʝ ʧʦʟʜʥʝʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ɼʞʝʡʤʩʘ ʌʝʣʘʥʘ ʥʝʥʘʜʝʞʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦ ʧʨʠʯʠʥʝ ʥʝʜʦ-
ʩʪʘʪʢʘ ʫ ʛʝʨʦʷ ʠʥʬʦʨʤʘʮʠʠ, ʯʝʩʪʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʯʠʪʘʪʝʣʶ [10]. ʆʥʦ ʧʦʩʪʨʦʝʥʦ ʪʘʢ, ʯʪʦʙʳ ʪʦʪ ʥʝ 
ʜʦ ʢʦʥʮʘ ʤʦʛ ʚʝʨʠʪʴ ʚ ʝʛʦ ʚʝʨʩʠʶ ʩʦʙʳʪʠʡ, ʘ ʧʦʪʦʤʫ, ʠʩʭʦʜʷ ʠʟ ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 
ʘʚʪʦʨʦʤ ʠʣʠ ʜʨʫʛʠʤʠ ʧʝʨʩʦʥʘʞʘʤʠ, ʥʘʯʘʣ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʢʘʨʪʠʥʫ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʉʤʳʩʣ ʧʨʠʝʤʘ ʜʣʷ ʠʤʧʣʠʮʠʪʥʦʛʦ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʫ ʘʫʜʠʪʦʨʠʠ ʠʩʢʘ-
ʞʝʥʥʫʶ ʠʣʠ ʣʦʞʥʫʶ ʢʘʨʪʠʥʫ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʚ ʤʘʪʝʨʠʘʣʝ ʠ ʫʙʝʜʠʪʴ ʝʛʦ, ʯʪʦ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʛʝʨʦʷ ʷʚʣʷ-
ʝʪʩʷ ʠʩʪʠʥʦʡ. ʇʨʠ ʵʪʦʤ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʪʘ ʢʘʨʪʠʥʘ, ʢʦʪʦʨʫʶ ʪʨʘʥʩʣʠʨʫʝʪ 
ʧʝʨʩʦʥʘʞ, ʥʝ ʷʚʣʷʝʪʩʷ ʟʘʩʣʫʞʠʚʘʶʱʝʡ ʜʦʚʝʨʠʷ. ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ 
ʚʦʟʤʦʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ:  

1. ʂʦʛʥʠʪʠʚʥʳʡ ʬʘʢʪʦʨ ʦʟʥʘʯʘʝʪ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʧʦʟʥʘʥʠʷ ʩʫʙʲʝʢʪʘ ʚ ʩʠʣʫ ʚʦʟʨʘʩʪʘ, ʤʝʥʪʘʣʴ-
ʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ ʠ ʠʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. 
ʅʘʧʨʠʤʝʨ, ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣ ʏʘʢ ʇʘʣʘʥʠʢ ʚ ʨʦʤʘʥʘʭ çɹʦʡʮʦʚʩʢʠʡ ʢʣʫʙè ʠ çʅʝʚʠʜʠʤʢʠè, ʛʜʝ ʪʦʣʴʢʦ ʚ 
ʢʦʥʮʝ ʦʪʢʨʳʚʘʝʪʩʷ ʠʩʪʠʥʥʘʷ ʢʘʨʪʠʥʘ ʧʨʦʠʩʭʦʜʷʱʝʛʦ. 

2. ʄʦʨʘʣʴʥʳʡ ʬʘʢʪʦʨ ʩʚʷʟʘʥ ʩ ʩʦʟʥʘʪʝʣʴʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ ʩʫʙʲʝʢʪʘ, ʢʦʪʦʨʳʝ ʦʥ ʦʩʦʟʥʘʝʪ, ʘ 
ʧʦʪʦʤʫ ʧʨʠʙʝʛʘʝʪ ʢ ʤʘʥʠʧʫʣʷʮʠʷʤ, ʯʪʦʙʳ ʠʭ ʩʢʨʳʪʴ. ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʧʨʠʤʝʨʦʚ ï çʃʦʣʠ-
ʪʘè ɺʣʘʜʠʤʠʨʘ ʅʘʙʦʢʦʚʘ, ʛʜʝ ʛʝʨʦʡ ʬʘʢʪʠʯʝʩʢʠ ʧʦʜʤʝʥʷʝʪ ʩʦʟʜʘʥʥʫʶ ʧʠʩʘʪʝʣʝʤ ʨʝʘʣʴʥʦʩʪʴ. 

3. ʕʤʦʮʠʦʥʘʣʴʥʦʩʪʴ ʛʝʨʦʷ, ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʙʳʪʴ ʝʛʦ ʧʩʠʭʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʚʥʝʰ-
ʥʠʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ. 

ʆʨʛʘʥʠʟʫʷ ʩʚʦʶ ʨʘʙʦʪʫ ʧʦʩʨʝʜʩʪʚʦʤ ʪʘʢʦʛʦ ʧʨʠʝʤʘ, ʘʚʪʦʨ ʤʦʞʝʪ ʩʪʨʝʤʠʪʴʩʷ ʥʘʤʝʨʝʥʥʦ ʟʘʧʫʪʘʪʴ 
ʯʠʪʘʪʝʣʷ, ʩʦʟʜʘʚʘʪʴ ʠʨʦʥʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠʣʠ ʠʩʩʣʝʜʦʚʘʪʴ ʬʝʥʦʤʝʥʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʘʤʷʪʠ ʠ ʩʫʙʲʝʢ-
ʪʠʚʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ. ʅʘʨʨʘʪʦʣʦʛ ɸʥʩʛʘʨ ʅʶʥʥʠʥʛ ʠ ʜʨʫʛʠʝ ʘʥʛʣʦʷʟʳʯʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʥʪʝʨʧʨʝʪʠ-
ʨʫʶʪ ʪʘʢʦʝ ʷʚʣʝʥʠʝ ʠʥʘʯʝ, ʯʝʤ ɹʫʪ ʠ ʙʦʣʝʝ ʨʘʥʥʠʝ ʬʠʣʦʣʦʛʠ. ʇʦ ʤʥʝʥʠʶ ʅʶʥʥʠʥʛʘ, ʧʨʠʯʠʥʘ ʥʝʥʘʜʝʞ-
ʥʦʩʪʠ ï ʥʝ ʧʨʦʩʪʦ ʦʰʠʙʢʠ ʠʣʠ ʩʦʟʥʘʪʝʣʴʥʘʷ ʣʦʞʴ, ʘ ʨʘʟʥʠʮʘ ʢʦʥʪʝʢʩʪʦʚ ʤʝʞʜʫ ʨʘʩʩʢʘʟʯʠʢʦʤ ʠ ʯʠʪʘʪʝ-
ʣʝʤ. ɺʳʩʢʘʟʳʚʘʥʠʷ ʧʝʨʚʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʩʦʛʣʘʩʦʚʘʥʳ, ʩʦʜʝʨʞʘʪʴ ʠʨʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʠʩʢʘʞʝʥʥʦʩʪʴ 
ʦʮʝʥʦʯʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ, ʥʦ ʚʪʦʨʦʡ ʚʠʜʠʪ ʩʝʙʷ ʦʩʦʟʥʘʥʥʳʤ ʠ ʨʘʮʠʦʥʘʣʴʥʳʤ ʚ ʧʦʥʠʤʘʥʠʠ ʪʦʛʦ, ʯʪʦ ʦʥ 
ʧʨʦʯʠʪʘʣ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʷʚʣʝʥʠʶ, ʢʦʪʦʨʦʝ ʅʶʥʥʠʥʛ ʥʘʟʳʚʘʝʪ ʜʨʘʤʘʪʠʯʝʩʢʦʡ ʠʨʦʥʠʝʡ. 

ɺʧʨʦʯʝʤ, ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʠ ʪʠʧʦʣʦʛʠʷ ʨʘʩʩʢʘʟʯʠʢʘ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʪʪʝʨʥʦʤ ʝʛʦ ʧʦʚʝʜʝʥʠʷ, 
ʘ ʠʤʝʥʥʦ: 

1. çʃʞʝʮè, ʢʦʪʦʨʳʡ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪ ʣʦʞʴ, ʤʘʥʠʧʫʣʷʮʠʠ, ʧʦ-ʩʚʦʝʤʫ ʪʨʘʢʪʫʝʪ ʧʨʦʠʩ-
ʭʦʜʷʱʝʝ ʢʘʢ ʦʙʲʝʢʪʠʚʥʫʶ ʠʩʪʠʥʫ ʠʣʠ ʫʤʘʣʯʠʚʘʝʪ ʥʝʢʦʪʦʨʳʝ ʬʘʢʪʳ. 
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2. çʇʣʫʪè, ʯʪʦ ʩʤʝʰʠʚʘʝʪ ʧʨʘʚʜʫ ʩ ʚʳʤʳʩʣʦʤ ʜʣʷ ʚʳʩʪʘʚʣʝʥʠʷ ʩʝʙʷ ʚ ʣʫʯʰʝʤ ʩʚʝʪʝ, ʝʛʦ ʤʦʪʠʚ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʙʦʪʝ ʦ ʩʦʙʩʪʚʝʥʥʦʤ ʠʤʠʜʞʝ. 

3. çɹʝʟʫʤʝʮè, ʠʩʧʳʪʳʚʘʶʱʠʡ ʧʩʠʭʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ. 
4. çʅʘʠʚʥʳʡè, ʢʦʪʦʨʳʡ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʥʷʪʴ ʪʦʯʢʫ ʟʨʝʥʠʷ ʯʠʪʘʪʝʣʷ, ʝʩʣʠ ʙʳ ʪʦʪ ʦʢʘʟʘʣʩʷ ʝʛʦ 

ʩʦʙʝʩʝʜʥʠʢʦʤ. 
5. çʐʫʪè, ʦʪʢʘʟʳʚʘʶʱʠʡʩʷ ʚ ʮʝʣʦʤ ʚʦʩʧʨʠʥʠʤʘʪʴ ʨʝʘʣʴʥʦʩʪʴ ʢʘʢ ʥʝʯʪʦ ʩʝʨʴʝʟʥʦʝ.    
ʀʟ ʤʦʪʠʚʘʮʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʠʩʢʘʞʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʨʘʩʩʢʘʟʯʠʢʘ ʥʘʤʝʨʝʥʥʳ. ʅʝʢʦʪʦʨʳʝ 

ʜʝʪʘʣʠ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʝʛʦ ʢʘʨʪʠʥʝ ʤʠʨʘ ʩʣʫʯʘʡʥʦ, ʧʨʠʯʝʤ ʚʳʨʘʞʘʝʪʩʷ ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-
ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʪʨʝʙʦʚʘʣʦʩʴ ʟʘʧʦʣʫʯʠʪʴ. ʏʝʨʝʟ ʨʝʯʴ ʠʣʠ ʩʦʦʙʱʝʥʠʷ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʥʝ-
ʚʝʨʙʘʣʴʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʳʜʘʚʘʪʴ ʪʠʧʦʣʦʛʠʶ ʧʦʚʝʜʝʥʠʷ ʨʘʩʩʢʘʟʯʠʢʘ.  

ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʠʝʤ ʜʝʡʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʚ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʪʝʢʩʪʘʭ, ʜʘʥʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ʜʘʞʝ ʚ 
ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʥʝ ʩʦʟʥʘʥʠʷ ʨʘʩʩʢʘʟʯʠʢʘ ʥʝ ʧʨʝʪʝʥʜʫʶʪ ʥʘ ʜʦʢʫʤʝʥʪʘʣʴʥʦʩʪʴ. ɺ ʩʣʫʯʘʝ ʩ ʞʫʨʥʘʣʠʩʪ-
ʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩʦʟʜʘʪʝʣʴ ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʪʘʨʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʦʙʲʝʢʪʠʚʥʦʡ ʢʘʨʪʠʥʝ ʨʝʘʣʴʥʦʡ 
ʞʠʟʥʠ ʠʣʠ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʝʝ ʧʦʥʠʤʘʥʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʯʫʞʠʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 
ʩʘʤʠ ʧʦ ʩʝʙʝ ʦʪʨʘʞʘʶʪ ʯʘʩʪʥʳʡ ʚʟʛʣʷʜ ʥʘ ʧʨʝʜʤʝʪ ʦʙʩʫʞʜʝʥʠʷ ʜʘʞʝ ʪʦʛʜʘ, ʢʦʛʜʘ ʥʘʟʳʚʘʶʪ ʦʙʲʝʢʪʠʚ-
ʥʳʝ ʬʘʢʪʳ.  

ʈʦʣʴ ʥʘʨʨʘʪʠʚʦʚ ʚ ʨʘʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʞʫʨʥʘʣʠʩʪʠʢʝ 
ɾʘʥʨ ʞʫʨʥʘʣʠʩʪʩʢʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʈʦ-

ʙʝʨʪ ɻʨʠʥ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʦʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʘʚʪʦʨ ʧʫʙʣʠʢʫʝʪ ʧʦ ʩʦʙʩʪʚʝʥʥʦʡ ʠʥʠ-
ʮʠʘʪʠʚʝ ʜʣʷ ʧʨʠʜʘʥʠʷ ʝʛʦ ʧʨʦʙʣʝʤʝ ʰʠʨʦʢʦʡ ʦʛʣʘʩʢʠ ʚʦʧʨʝʢʠ ʞʝʣʘʥʠʶ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʝʛʦ 
ʩʢʨʳʪʴ. ʊʦ ʞʝ ʩʘʤʦʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʤʝʮʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʍʫʛʦ ʜʝ ɹʫʨʛ [8]. ɺ ʩʚʦʝʡ ʢʥʠʛʝ çɾʫʨʥʘ-
ʣʠʩʪʩʢʠʝ ʨʘʩʩʣʝʜʦʚʘʥʠʷ: ʢʦʥʪʝʢʩʪ ʠ ʧʨʘʢʪʠʢʘè ʦʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʵʪʦʪ ʞʘʥʨ ʢʘʢ ʩʧʦʩʦʙ ʥʝ ʧʨʦʩʪʦ ʦʩʚʝ-
ʱʘʪʴ ʩʦʙʳʪʠʷ, ʥʦ ʠ ʨʘʩʢʨʳʚʘʪʴ ʥʘ ʠʭ ʦʩʥʦʚʝ ʬʘʢʪʳ, ʢʦʪʦʨʳʝ ʭʦʪʝʣʠ ʙʳ ʩʢʨʳʪʴ ʚʣʠʷʪʝʣʴʥʳʝ ʧʝʨʩʦʥʳ ʠ 
ʦʨʛʘʥʠʟʘʮʠʠ.  

ɻʦʚʦʨʷ ʦ ʨʦʣʠ ʬʘʢʪʦʚ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ: ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʞʫʨʥʘʣʠʩʪʠʢʠ, ʦʜʥʘʢʦ ʚ ʩʦʚʨʝʤʝʥ-
ʥʦʤ ʤʠʨʝ ʠʭ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ [7]. ʆʜʥʦ ʠ ʪʦ ʞʝ ʫʪʚʝʨʞʜʝʥʠʝ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʧʦ-ʨʘʟʥʦʤʫ, ʘ 
ʧʦʪʦʤʫ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʦʥʠ ʪʨʝʙʫʶʪ ʢʦʥʪʝʢʩʪʘ ʜʣʷ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ. ʊʘʢʫʶ ʩʠʩʪʝʤʫ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ 
çʧʦʩʪʧʨʘʚʜʦʡè, ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʠ ʠ ʪʝ ʞʝ ʬʘʢʪʳ, ʥʦ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʪʝʢʩʪʘ ʠʤ ʟʘʨʘʥʝʝ ʜʘʝʪʩʷ 
ʥʫʞʥʘʷ ʪʨʘʢʪʦʚʢʘ. çʅʠʢʘʢʦʡ ʤʘʪʝʨʠʘʣ ʙʝʟ ʟʥʘʢʘ ʦʪʥʦʰʝʥʠʷ ʢ ʥʝʤʫ ʩʘʤ ʧʦ ʩʝʙʝ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʝ ʤʦ-
ʞʝʪè, ï ʫʪʚʝʨʞʜʘʣ ʝʱʝ ʚ 1929 ʛʦʜʫ ʩʦʚʝʪʩʢʠʡ ʢʠʥʦʜʝʷʪʝʣʴ ʄʠʭʘʠʣ ɹʣʝʡʤʘʥ [2]. ʇʘʨʘʜʦʢʩʘʣʴʥʳʤ ʦʙʨʘ-
ʟʦʤ, ʨʘʙʦʪʘ ʬʘʢʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʟʘʚʠʩʠʤʦʡ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʚʦʧʨʦʩ ʩʪʦʠʪ ʧʝʨʝʜ ʞʫʨʥʘʣʠʩʪʦʤ. ɽʩʣʠ ʦʥ ʠʭ 
ʥʠʢʘʢ ʥʝ ʪʨʘʢʪʫʝʪ, ʪʦ ʬʘʢʪʠʯʝʩʢʠ ʦʥ ʪʝʨʷʝʪ ʩʫʙʲʝʢʪʥʦʩʪʴ ʢʘʢ ʘʚʪʦʨ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚʘʞʥʦ ʧʦʤʥʠʪʴ ʦʙ 
ʫʩʣʦʚʠʠ, ʢʦʪʦʨʦʝ ʞʫʨʥʘʣʠʩʪ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ, ʯʪʦʙʳ ʥʝ ʜʝʣʘʪʴ ʠʟ ʩʚʦʝʡ ʨʘʙʦʪʳ ʧʨʦʧʘʛʘʥʜʫ, ʩʦʛʣʘʩʥʦ 
ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʪʦʨʦʡ, ʞʫʨʥʘʣʠʩʪʩʢʘʷ ʨʘʙʦʪʘ ʥʝ ʜʦʧʫʩʢʘʝʪ ʧʦʜʙʦʨ ʘʨʛʫʤʝʥʪʦʚ ʚ ʧʦʣʴʟʫ ʟʘʜʘʥʥʦʡ ʧʦʟʠ-
ʮʠʠ ʠ ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʝʡ ʧʨʦʪʠʚʦʨʝʯʠʪ.    

ʇʨʦʙʣʝʤʘʪʠʢʘ ʬʘʢʪʦʚ ʩʦʩʪʦʠʪ ʝʱʝ ʠ ʚ ʪʦʤ, ʯʪʦ ʠʤʝʥʥʦ ʞʫʨʥʘʣʠʩʪʠʢʘ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʭ 
ʣʝʛʠʪʠʤʠʟʘʮʠʠ ʜʣʷ ʘʫʜʠʪʦʨʠʠ: ʝʩʣʠ ʦ ʧʨʦʠʟʦʰʝʜʰʝʤ ʩʫʱʝʩʪʚʫʝʪ ʠʥʬʦʨʤʘʮʠʷ ʚ ʘʚʪʦʨʠʪʝʪʥʦʤ ʠʩʪʦʯ-
ʥʠʢʝ, ʪʦ ʵʪʦ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʧʨʘʚʜʠʚʦʩʪʠ ʧʨʦʠʟʦʰʝʜʰʝʛʦ, ʥʦ ʩʦʟʜʘʝʪ ʥʫʞʥʳʡ ʜʠʩʢʫʨʩ. ʉʄʀ ʤʦʛʫʪ ʧʦʜ-
ʜʝʨʞʘʪʴ ʠʣʠ ʧʦʩʪʘʚʠʪʴ ʧʦʜ ʩʦʤʥʝʥʠʝ ʠʥʬʦʧʦʚʦʜ ʦʪ ʦʬʠʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʦʜʥʘʢʦ ʧʦʤʠʤʦ ʵʪʦʛʦ 
ʦʥʠ ʦʙʣʘʜʘʶʪ ʬʫʥʢʮʠʝʡ ʨʘʙʦʪʘʪʴ ʥʘ ʚʳʧʫʩʢ ʩʦʙʩʪʚʝʥʥʳʭ ʬʘʢʪʦʚ, ʦʪ ʢʦʪʦʨʳʭ ʦʪʪʘʣʢʠʚʘʶʪʩʷ ʜʨʫʛʠʝ 
ʤʝʜʠʘ ʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘʮʠʠ.   

ɺ ʨʘʤʢʘʭ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʞʫʨʥʘʣʠʩʪ ʨʘʙʦʪʘʝʪ ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʪʘʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʢʘʢ ʫʪʝʯʢʠ ʜʘʥ-
ʥʳʭ ʠ ʘʥʦʥʠʤʥʳʝ ʠʥʬʦʨʤʘʪʦʨʳ. ʇʦʜʦʙʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʪʦʨʦʥʥʠʡ ʯʠʪʘʪʝʣʴ ʥʝ ʤʦʞʝʪ ʧʨʦʚʝʨʠʪʴ ʥʘʧʨʷ-
ʤʫʶ, ʚ ʝʛʦ ʩʠʣʘʭ ʣʠʰʴ ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʠʭ ʩʦʜʝʨʞʠʤʦʝ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ 
ʯʝʨʝʟ ʜʨʫʛʠʝ ʬʘʢʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʤʘʪʝʨʠʘʣʝ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʫ ʞʫʨʥʘʣʠʩʪʘ ʝʩʪʴ ʧʨʝʠʤʫʱʝ-
ʩʪʚʦ ʧʨʠ ʦʮʝʥʢʝ ʩʚʦʝʡ ʨʘʙʦʪʳ, ʪʘʢ ʢʘʢ ʝʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʥʝʣʴʟʷ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ. ɺ ʪʘʢʦʡ 
ʩʠʪʫʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʘʨʘʜʦʢʩ ʃʝʬʦʨʘ. ʆ ʥʝʤ ʫʧʦʤʠʥʘʝʪ ʘʥʪʨʦʧʦʣʦʛ ɸʣʝʢʩʝʡ ʖʨʯʘʢ 
ʢʘʢ ʦ ʧʘʨʘʜʦʢʩʝ ʠʜʝʦʣʦʛʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘ-
ʥʠʷ ʣʝʛʠʪʠʤʥʦʩʪʠ ʜʠʩʢʫʨʩʘ ʫ ʛʦʩʫʜʘʨʩʪʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʢʘʷ ʠʩʪʠʥʘ, ʦʙʲʷʚʣʝʥʥʘʷ ʟʘʚʝʜʦʤʦ ʚʝʨʥʦʡ. ɺ 
ʨʘʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʞʫʨʥʘʣʠʩʪʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʠʩʪʠʥʳ ʚʳʩʪʫʧʘʶʪ ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʢʨʳʪʳʝ ʠʩʪʦʯʥʠ-
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ʢʠ ʠʣʠ ʵʢʩʢʣʶʟʠʚʥʳʝ ʢʦʤʤʝʥʪʘʨʠʠ ʧʨʠʯʘʩʪʥʳʭ ʢ ʧʨʝʜʤʝʪʫ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʣʠʮ, ʘ ʪʘʢʞʝ ʬʘʢʪʳ ʠ ʦʮʝʥʢʠ 
ʩʦ ʩʪʦʨʦʥʳ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʷʤʦ ʚʳʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʪʝʤʫ, ʢʦʪʦʨʫʶ ʦʩʚʝʱʘʝʪ ʞʫʨʥʘʣʠʩʪ.  

ɽʱʝ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʩʣʫʯʘʡ ï ʠʩʪʦʯʥʠʢʠ, ʘʥʦʥʠʤʥʳʝ ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʩʘʤʦʛʦ ʞʫʨʥʘʣʠʩʪʘ. ʉ ʦʜ-
ʥʦʡ ʩʪʦʨʦʥʳ, ʠʥʩʘʡʜʝʨʳ ʤʦʛʫʪ ʧʨʠʥʝʩʪʠ ʵʢʩʢʣʶʟʠʚʥʳʝ ʜʘʥʥʳʝ, ʥʦ ʩ ʜʨʫʛʦʡ ï ʦʢʘʟʘʪʴʩʷ ʧʨʠʯʠʥʦʡ ʜʝʟ-
ʠʥʬʦʨʤʘʮʠʠ. 

ʍʦʪʷ ʩʘʤʦ ʨʘʩʩʣʝʜʦʚʘʥʠʝ ʢʘʢ ʞʘʥʨ ʥʝ ʜʦʣʞʥʦ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʧʨʷʤʫʶ ʦʮʝʥʢʫ ʧʨʦʠʩʭʦʜʷʱʝʛʦ, ʝʝ 
ʤʦʛʫʪ ʜʘʚʘʪʴ ʦʯʝʚʠʜʮʳ ʪʝʭ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʞʫʨʥʘʣʠʩʪʘ 
ʠʣʠ, ʥʘʧʨʠʤʝʨ, ʩʦʪʨʫʜʥʠʢʘ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ, ʵʪʠ ʥʘʙʣʶʜʘʪʝʣʠ ʤʦʛʣʠ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʥʘ 
ʤʝʩʪʘʭ ʩʦʙʳʪʠʡ ʠ ʚʠʜʝʪʴ ʧʨʦʠʩʭʦʜʷʱʝʝ, ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʜʦ-
ʩʪʦʚʝʨʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʛʦʚʦʨʷʪ ʩʚʠʜʝʪʝʣʠ.  

ɸʪʨʠʙʫʮʠʷ ʨʘʩʩʢʘʟʯʠʢʘ 
ɼʣʷ ʧʨʠʤʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʞʫʨʥʘʣʠʩʪʘ ʠ ʨʘʩʩʢʘʟʯʠʢʘ ʨʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʧʨʘʚʦʟʘʱʠʪʥʠʮʳ 

ɽʚʳ ʄʝʨʢʘʯʝʚʦʡ çɻʨʘʜ ʦʙʨʝʯʝʥʥʳʭ: ʯʝʩʪʥʳʡ ʨʝʧʦʨʪʘʞ ʦ ʩʝʤʠ ʢʦʣʦʥʠʷʭ ʜʣʷ ʧʦʞʠʟʥʝʥʥʦ ʦʩʫʞʜʝʥʥʳʭè 
[4]. ʇʦʯʪʠ ʚʩʷ ʢʥʠʛʘ ʥʘʧʠʩʘʥʘ ʩʦ ʩʣʦʚ ʦʩʫʞʜʝʥʥʳʭ ʧʨʝʩʪʫʧʥʠʢʦʚ. ʀ ʝʩʣʠ ʝʝ ʧʨʦʯʠʪʘʪʴ, ʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 
ʠʟ ʥʠʭ ʧʦʢʘʞʫʪʩʷ ʣʶʜʴʤʠ, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʧʨʠʟʥʘʶʪ ʩʚʦʠ ʧʨʝʩʪʫʧʣʝʥʠʷ. ʆʜʥʘʢʦ ʩʨʝʜʠ ʛʝʨʦʝʚ ʝʩʪʴ 
ʠ ʪʝ, ʢʪʦ ʧʦʣʥʦʩʪʴʶ ʦʪʨʠʮʘʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʧʨʠʛʦʚʦʨʘ.  

ʆʜʠʥ ʠʟ ʷʨʢʠʭ ʪʦʤʫ ʧʨʠʤʝʨʦʚ ï ʢʠʣʣʝʨ ʙʘʥʜʳ ʎʘʧʢʘ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʝʝʚ, ʠʟʚʝʩʪʥʳʡ ʪʘʢʞʝ ʢʘʢ 
ɺʦʚʘ ɹʝʩʧʨʝʜʝʣ. ʅʝʦʜʥʦʢʨʘʪʥʦ ʦʩʫʞʜʝʥʥʳʡ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚʩʝ ʠʟʚʝʩʪʥʦʝ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʨʫʧʧʠʨʦʚ-
ʢʠ ʷʚʣʷʝʪʩʷ ʧʨʝʫʚʝʣʠʯʝʥʠʝʤ. çʇʦʡʤʠʪʝ, ʘʪʤʦʩʬʝʨʘ ʚ ʩʪʘʥʠʮʝ ʙʳʣʘ ʠ ʜʦ ʥʘʩ ʢʨʠʤʠʥʘʣʠʟʠʨʦʚʘʥʘ. ʊʘʤ 
ʙʝʟ ʥʘʩ ʛʝʨʦʝʚ ʭʚʘʪʘʣʦ. ʀʟ ʚʩʝʭ ʩʪʘʥʠʮ ʂʫʱʝʚʩʢʘʷ ʙʳʣʘ ʩʘʤʦʡ ʢʨʠʤʠʥʘʣʴʥʦʡè, ï ʦʙʲʷʩʥʷʝʪ ɸʣʝʢʩʝʝʚ. 
ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʥ ʧʨʠʚʦʜʠʪ ʠʩʪʦʨʠʶ, ʢʘʢ ʦʥ ʧʨʠʝʭʘʣ ʚ ʰʢʦʣʫ, ʛʜʝ ʜʝʪʠ ʧʫʛʘʣʠ ʜʨʫʛ ʜʨʫʛʘ 
ʠʤʝʥʝʤ ʙʘʥʜʠʪʘ, ʠ ʦʙʲʷʩʥʠʣ ʠʤ, ʯʪʦ ʦʥ ʢ ʥʠʤ ʥʝ ʠʤʝʝʪ ʥʠʢʘʢʦʛʦ ʦʪʥʦʰʝʥʠʷ. ʀʣʣʶʩʪʨʘʮʠʷ ʜʝʡʩʪʚʫʝʪ 
ʢʫʜʘ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʧʨʦʩʪʦʝ ʚʥʫʰʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʥʘ ʧʨʷʤʦʡ ʚʦʧʨʦʩ, ʢʦʛʜʘ ʚʧʝʨʚʳʝ ɸʣʝʢʩʝʝʚ ʚʟʷʣ 
ʦʨʫʞʠʝ ʨʘʜʠ ʫʙʠʡʩʪʚʘ, ʦʥ ʦʪʚʝʪʠʣ, ʯʪʦ ʥʝ ʭʦʪʝʣ ʫʙʠʚʘʪʴ ʠ ʥʝ ʭʦʯʝʪ ʦʙ ʵʪʦʤ ʛʦʚʦʨʠʪʴ. ʆ ʧʨʠʟʥʘʥʥʳʭ 
ʩʫʜʦʤ ʧʨʝʩʪʫʧʣʝʥʠʷʭ ʟʘʢʣʶʯʝʥʥʳʡ ʛʦʚʦʨʠʣ, ʯʪʦ ʫʯʘʩʪʥʠʢʠ ʙʘʥʜʳ ʩʘʤʠ ʩʝʙʷ çʟʘʯʝʤ-ʪʦè ʦʛʦʚʦʨʠʣʠ, ʘ 
ʩʣʝʜʩʪʚʠʝ ʷʢʦʙʳ ʥʘʤʝʨʝʥʥʦ ʧʨʝʫʚʝʣʠʯʠʚʘʣʦ ʟʣʦʜʝʷʥʠʷ. ɽʱʝ ʦʜʠʥ ʧʦʢʘʟʘʪʝʣʴʥʳʡ ʵʧʠʟʦʜ: ʩʣʦʚʘ ɸʣʝʢ-
ʩʝʝʚʘ, ʯʪʦ ʚ ʪʶʨʴʤʝ ʙʴʶʪ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʠ ʜʘʞʝ ʢʦʩʚʝʥʥʦ ʦʧʨʦʚʝʨʛʘʶʪʩʷ ʚ ʜʨʫʛʠʭ ʬʨʘʛ-
ʤʝʥʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ çʊʦʨʙʝʝʚʩʢʦʤʫ ʮʝʥʪʨʘʣʫè. ʊʘʢʞʝ ʦʥ ʚʨʘʣ ʠ ʦ ʥʘʣʠʯʠʠ ʜʣʠʪʝʣʴʥʳʭ ʩʚʠʜʘʥʠʡ, ʦ 
ʢʦʪʦʨʳʭ ʥʘʧʨʷʤʫʶ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʠʥʪʝʨʚʴʶʠʨʫʝʤʳʡ ʚʨʝʪ.  

ʍʘʨʘʢʪʝʨʥʘʷ ʜʝʪʘʣʴ, ʢʦʪʦʨʫʶ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʄʝʨʢʘʯʝʚʘ, ʵʪʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʜʣʷ 
ʯʠʪʘʪʝʣʝʡ. ʆʥʘ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʛʝʨʦʷ ʦ ʧʦʣʦʞʝʥʠʷʭ ɿʘʢʦʥʘ ʦ ʉʄʀ ʠ ʥʝʦʜʥʦ-
ʢʨʘʪʥʦ ʧʨʝʜʫʧʨʝʞʜʘʝʪ, ʧʦʯʝʤʫ ɸʣʝʢʩʝʝʚ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʣʦʥʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʝʱʝ ʦʜʠʥ ʧʨʠʤʝʨ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʩʚʦʶ ʥʝʚʠ-
ʥʦʚʥʦʩʪʴ ʜʦʢʘʟʳʚʘʝʪ ʈʫʩʪʘʤ ʄʘʭʤʫʜʦʚ, ʢʦʪʦʨʦʛʦ ʩʫʜ ʧʨʠʩʷʞʥʳʭ ʧʨʠʛʦʚʦʨʠʣ ʢ ʧʦʞʠʟʥʝʥʥʦʤʫ ʧʦ ʨʝʟʦ-
ʥʘʥʩʥʦʤʫ ʜʝʣʫ ʦʙ ʫʙʠʡʩʪʚʝ ɸʥʥʳ ʇʦʣʠʪʢʦʚʩʢʦʡ. ʇʦ ʚʝʨʩʠʠ ʘʚʪʦʨʘ, ʪʘʢʠʝ ʣʶʜʠ ʤʦʛʫʪ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʣ-
ʛʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʨʘʙʘʪʳʚʘʪʴ ʩʚʦʶ ʩʪʨʘʪʝʛʠʶ ʟʘʱʠʪʳ. ʇʦ ʙʦʣʴʰʦʤʫ ʩʯʝʪʫ, ʟʜʝʩʴ çʧʦ ʠʥʝʨʮʠʠè ʜʝʡʩʪʚʫʝʪ 
ʠʥʩʪʠʥʢʪ ʤʦʨʘʣʴʥʦʛʦ ʠ ʤʝʜʠʡʥʦʛʦ ʩʘʤʦʩʦʭʨʘʥʝʥʠʷ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʦʥ ʦʩʪʦʨʦʞʥʦ ʦʙʭʦʜʠʪ 
ʚʩʝ ʱʝʧʝʪʠʣʴʥʳʝ ʤʦʤʝʥʪʳ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ɸʣʝʢʩʝʝʚʘ, ʄʘʭʤʫʜʦʚ ʥʝ ʧʳʪʘʝʪʩʷ ʦʧʨʘʚʜʘʪʴ ʩʦʦʙʱʥʠʢʦʚ ʠ 
ʥʘʩʪʘʠʚʘʝʪ ʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʥʝʧʨʠʯʘʩʪʥʦʩʪʠ ʢ ʜʝʣʫ. ʕʪʦ ʦʧʨʦʚʝʨʛʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʘʥʥʳʤʠ ʩʣʝʜʩʪʚʠʷ, ʥʦ 
ʠ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʩʷʞʥʳʭ ʦʩʫʞʜʝʥʥʳʡ ʠ ʝʛʦ ʙʨʘʪ, ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʦʩʫʜʠʣʠ ʠ ʦʪʧʨʘʚʠʣʠ 
ʚ ʊʫʣʴʩʢʫʶ ʢʦʣʦʥʠʶ, ʪʘʢ ʠ ʥʝ ʧʦʥʷʣʠ, ʯʝʤ ʷʢʦʙʳ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʟʘʥʠʤʘʣʠʩʴ ʦʙʚʠʥʷʝʤʳʝ. 

ʈʘʩʩʤʦʪʨʝʚ ʵʪʠ ʜʚʘ ʩʣʫʯʘʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʞʝ ʧʦʩʣʝ ʧʨʠʛʦʚʦʨʘ ʟʘʢʣʶʯʝʥʥʳʝ ʥʝ 
ʪʝʨʷʶʪ ʥʘʜʝʞʜʳ ʝʩʣʠ ʥʝ ʥʘ ʦʩʚʦʙʦʞʜʝʥʠʝ, ʪʦ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʥʘ ʪʦ, ʯʪʦ ʢ ʥʠʤ ʧʨʠʩʣʫʰʘʶʪʩʷ, ʠ ʩ ʪʦʯ-
ʢʠ ʟʨʝʥʠʷ ʦʙʳʚʘʪʝʣʷ ʵʪʦ ʩʜʝʣʘʝʪ ʠʭ ʚʠʥʫ ʥʝ ʧʦʣʥʦʮʝʥʥʳʤ ʬʘʢʪʦʤ. ɸʚʪʦʨ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʚ ʨʘʙʦʪʝ 
ʠʭ ʧʩʠʭʠʢʠ ʠʤʝʝʪ ʤʝʩʪʦ ʩʘʤʦʚʥʫʰʝʥʠʝ, ʢʦʛʜʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʚ ʢʦʣʦʥʠʠ ʦʥʠ ʩʘʤʠ ʥʘʯʠ-
ʥʘʶʪ ʚʝʨʠʪʴ ʚ ʧʨʘʚʠʣʴʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʦʡ ʚʝʨʩʠʠ ʩʦʙʳʪʠʡ. ʂʦʤʤʝʥʪʘʨʠʠ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʘʧʝʣʣʠʨʫʶʪ ʢ 
ʧʨʠʛʦʚʦʨʫ ʠ ʤʦʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʭ ʜʝʡʩʪʚʠʡ, ʚʠʥʦʚʥʳʤ ʚ ʢʦʪʦʨʳʭ ʧʨʠʟʥʘʥ ʨʘʩʩʢʘʟʯʠʢ. ʂʦʥʝʯ-
ʥʳʡ ʚʳʚʦʜ ʧʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʜʝʣʘʪʴ ʩʘʤʦʤʫ ʯʠʪʘʪʝʣʶ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʧʨʦʚʝʜʝʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʢʦʥʮʝʧʪ çʥʝʥʘʜʝʞ-
ʥʦʛʦ ʨʘʩʩʢʘʟʯʠʢʘè, ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʥʦʩʠʤʳʡ ʢ ʦʙʣʘʩʪʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʥʘʨʨʘʪʠʚʘ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦ-
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ʚʨʝʤʝʥʥʦʛʦ ʞʫʨʥʘʣʠʩʪʩʢʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʝʪʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʝ ʬʫʥʢʮʠʠ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʳ-
ʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ çʥʝʥʘʜʝʞʥʦʩʪʴè ʠʩʪʦʯʥʠʢʘ ʚ ʨʘʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʪʝʢʩʪʝ ʥʝ ʷʚʣʷʝʪʩʷ ʩʫʛʫʙʦ ʥʝʛʘ-
ʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʧʦʠʩʢʫ ʠʩʪʠʥʳ. ʅʘʧʨʦʪʠʚ, ʦʩʦʟʥʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʫʨʥʘʣʠʩʪʦʤ 
ʩʚʠʜʝʪʝʣʴʩʪʚ ʩʫʙʲʝʢʪʠʚʥʳʭ, ʠʩʢʘʞʝʥʥʳʭ ʠʣʠ ʵʪʠʯʝʩʢʠ ʘʤʙʠʚʘʣʝʥʪʥʳʭ ʨʝʩʧʦʥʜʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝ 
ʪʦʣʴʢʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʦʙʳʪʠʡʥʫʶ ʢʘʥʚʫ, ʥʦ ʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʨʝ-
ʜʳ, ʚ ʢʦʪʦʨʦʡ ʩʦʚʝʨʰʘʝʪʩʷ ʧʨʘʚʦʥʘʨʫʰʝʥʠʝ. 

ʅʘ ʧʨʠʤʝʨʝ ʤʘʪʝʨʠʘʣʦʚ ɽ. ʄʝʨʢʘʯʝʚʦʡ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ, ʯʪʦ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 
ʨʘʙʦʪʳ ʩ çʥʝʥʘʜʝʞʥʳʤè ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʚʳʩʪʫʧʘʝʪ ʥʝ ʧʨʷʤʦʝ ʨʘʟʦʙʣʘʯʝʥʠʝ ʣʞʠ, ʘ ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ 
ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʦʥʪʝʢʩʪʦʚ. ɾʫʨʥʘʣʠʩʪ ʟʜʝʩʴ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʨʦʣʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʦʜʝʨʘ-
ʪʦʨʘ, ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʦʛʦʚʦʨʦʢ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʚʝʨʩʠʡ ʠ ʜʝʤʦʥʩʪʨʘʮʠʶ ʣʠʯʥʦʡ ʤʦʪʠʚʘʮʠʠ ʨʘʩ-
ʩʢʘʟʯʠʢʘ ʧʨʝʚʨʘʱʘʝʪ ʩʫʙʲʝʢʪʠʚʥʦʝ ʟʘʙʣʫʞʜʝʥʠʝ ʚ ʦʙʲʝʢʪʠʚʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʠʩʪʝʤʥʦʛʦ ʠʩʢʘʞʝʥʠʷ 
ʨʝʘʣʴʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, çʥʝʥʘʜʝʞʥʳʡ ʨʘʩʩʢʘʟʯʠʢè ʚ ʞʫʨʥʘʣʠʩʪʩʢʦʤ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʚʳʩʪʫʧʘʝʪ ʥʝ ʢʘʢ 
ʧʨʝʧʷʪʩʪʚʠʝ, ʘ ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʨʝʩʫʨʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʘʚʪʦʨʫ ʚʳʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʧʨʦʩʪʦʡ ʪʨʘʥʩʣʷʮʠʠ 
ʬʘʢʪʦʚ ʢ ʛʣʫʙʦʢʦʤʫ ʘʥʘʣʠʟʫ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ʕʪʦ ʪʨʝʙʫʝʪ ʦʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʞʫʨʥʘʣʠʩʪʘ ʥʝ ʪʦʣʴ-
ʢʦ ʚʣʘʜʝʥʠʷ ʤʝʪʦʜʘʤʠ ʬʘʢʪʯʝʢʠʥʛʘ, ʥʦ ʠ ʨʘʟʚʠʪʳʭ ʥʘʚʳʢʦʚ ʥʘʨʨʘʪʠʚʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʭ 
ʵʬʬʝʢʪʠʚʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠ ʘʪʨʠʙʫʪʠʨʦʚʘʪʴ ʪʠʧʳ çʥʝʥʘʜʝʞʥʦʩʪʠè, ʧʨʝʜʦʪʚʨʘʱʘʷ ʨʠʩʢ ʤʘʥʠʧʫ-
ʣʷʮʠʠ ʘʫʜʠʪʦʨʠʝʡ. 
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ǡȍȔȏȇȌǿ ǫǿȏȇȌǿ ǟȊȄȉȐȄȄȁȌǿ  
ʩʪʫʜʝʥʪʢʘ 

ʌɻɹʆʋ ɺʆ çʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ʈʘʟʫʤʦʚʩʢʦʛʦè  
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɺʝʣʠʢʘʥʦʚʘ ʊʘʪʴʷʥʘ ʉʝʨʛʝʝʚʥʘ  
ʢ.ʤ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʥʦʨʤʘʣʴʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠʤ. ʀ. ɸ. ʏʫʝʚʩʢʦʛʦ 

ʌɻɹʆʋ ɺʆ çʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 ʠʤʝʥʠ ɺ.ʀ. ʈʘʟʫʤʦʚʩʢʦʛʦè 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʛʘʜʞʝʪʦʚ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʨʠʪʤʳ ʠ ʧʩʠ-
ʭʦʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ. ʂʘʢ ʩʠʥʠʡ ʩʚʝʪ ʵʢʨʘʥʦʚ ʧʦʜʘʚʣʷʝʪ ʚʳʨʘʙʦʪʢʫ ʛʦʨʤʦʥʘ ʩʥʘ (ʤʝ-
ʣʘʪʦʥʠʥʘ) ʠ ʥʘʨʫʰʘʝʪ ʨʝʞʠʤ ʜʥʷ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʠʟʙʳʪʦʯʥʳʤ ʵʢʨʘʥʥʳʤ 
ʚʨʝʤʝʥʝʤ ʠ ʨʦʩʪʦʤ ʫʨʦʚʥʷ ʩʪʨʝʩʩʘ, ʪʨʝʚʦʞʥʦʩʪʠ ʠ ʮʠʬʨʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʉʪʘʪʴʷ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞ-
ʥʦʩʪʴ çʮʠʬʨʦʚʦʡ ʛʠʛʠʝʥʳè ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʧʩʠʭʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ ʚ ʫʩʣʦʚʠʷʭ ʪʝʭʥʠʯʝ-
ʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʵʢʨʘʥʥʦʝ ʚʨʝʤʷ, ʮʠʨʢʘʜʥʳʝ ʨʠʪʤʳ, ʤʝʣʘʪʦʥʠʥ, ʩʪʨʝʩʩ, ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦ-
ʷʥʠʝ, ʮʠʬʨʦʚʘʷ ʛʠʛʠʝʥʘ. 
 

THE INFLUENCE OF SCREEN TIME (BLUE SCREEN) ON CIRCADIAN RHYTHMS AND 
PSYCHOEMOTIONAL STATE 

Vokhrina Marina Alekseevna  
 

Scientific supervisor: Velikanova Tatyana Sergeevna 
 

Abstract: The article examines the influence of modern gadgets on biological rhythms and the psycho-
emotional state of a person. How the blue light of screens suppresses the production of the sleep hormone 
(melatonin) and disrupts the daily routine. The paper also examines the relationship between excessive screen 
time and an increase in stress, anxiety, and digital addiction. The article highlights the importance of "digital 
hygiene" for maintaining mental and physical health in the face of technological progress.  
Keywords: screen time, circadian rhythms, melatonin, stress, psycho-emotional state, digital hygiene. 

 
ɻʛʞʝʞʦʡʞ. ʉʦʚʨʝʤʝʥʥʘʷ ʵʧʦʭʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʚʦ ʚʩʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʤʘʨʪʬʦʥʳ ʠ ʢʦʤʧʴʶʪʝʨʳ ʩʪʘʣʠ ʦʩʥʦʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥ-
ʪʘʤʠ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʨʘʙʦʪʳ ʠ ʦʪʜʳʭʘ. ʆʜʥʘʢʦ ʪʘʢʘʷ çʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷè ʧʨʦʠʟʦʰʣʘ ʩʣʠʰʢʦʤ 
ʙʳʩʪʨʦ ʧʦ ʤʝʨʢʘʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʯʝʣʦʚʝʢʘ. ʆʨʛʘʥʠʟʤ, ʯʴʠ ʨʠʪʤʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ 
ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʤʝʥʳ ʜʥʷ ʠ ʥʦʯʠ, ʦʢʘʟʘʣʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʠ 
ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ. 

ʏʞʤʵ ʡʪʪʤʞʝʧʛʙʦʡʸ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚʳʷʚʠʪʴ ʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʪʴ, ʢʘʢ 
ʠʤʝʥʥʦ ʜʦʣʛʦʝ ʥʘʭʦʞʜʝʥʠʝ ʧʝʨʝʜ ʵʢʨʘʥʦʤ ʥʘʨʫʰʘʝʪ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʯʘʩʳ ʯʝʣʦʚʝʢʘ ʠ ʧʦʨʪʠʪ ʝʛʦ ʵʤʦʮʠ-
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ʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝ ʡʪʪʤʞʝʧʛʙʦʡʸ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʠ ʟʘʨʫʙʝʞʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʜʘʥʥʳʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 
ʞʫʨʥʘʣʘʭ (ʪʘʢʠʭ ʢʘʢ PubMed, Google Scholar, ʂʠʙʝʨʃʝʥʠʥʢʘ) ʟʘ ʧʦʩʣʝʜʥʠʝ 7 ʣʝʪ. ɺ ʬʦʢʫʩʝ ʚʥʠʤʘʥʠʷ 
ʥʘʭʦʜʠʣʠʩʴ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ, ʵʥʜʦʢʨʠʥʦʣʦʛʠʠ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ, ʧʦʩʚʷʱʝʥ-
ʥʳʝ ʚʣʠʷʥʠʶ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʟʜʦʨʦʚʴʝ. 

ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʞ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʥʘʫʯʥʦʡ 
ʣʠʪʝʨʘʪʫʨʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʢʣʶʯʝʚʳʝ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʚʦʟʜʝʡ-
ʩʪʚʠʷ ʵʢʨʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʮʠʨʢʘʜʥʫʶ ʠ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʯʝʣʦʚʝʢʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 
ʜʝʥʴ ʧʨʦʮʝʩʩ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʙʱʝʩʪʚʘ ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʥʘʨʘʩʪʘʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʯʪʦ 
ʚʳʨʘʞʘʝʪʩʷ ʚ ʝʞʝʛʦʜʥʦʤ ʚʥʝʜʨʝʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ. 
ɸʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʱʝʩʪʚʝʥʥʫʶ ʞʠʟʥʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 
ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʫʩʣʫʛ, ʦʧʪʠʤʠ-
ʟʘʮʠʶ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ 
ʨʘʩʰʠʨʝʥʠʷ ʩʦʮʠʘʣʴʥʳʭ, ʢʫʣʴʪʫʨʥʳʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ʆʜʥʘʢʦ ʥʘʨʷʜʫ ʩ ʙʝʟʫʩʣʦʚʥʳʤʠ 
ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʛʣʦʙʘʣʴʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʚʦʟʥʠʢʘʶʪ ʠ ʥʦʚʳʝ ʧʨʦʙʣʝʤʳ ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 
ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʚʳʟʚʘʥʥʳʝ ʧʦʚʳʰʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬ-
ʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʚʝʯʝʨʥʝʝ ʠ ʥʦʯʥʦʝ ʚʨʝʤʷ [1,2]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʥʫʪʨʝʥʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʯʘʩʳ ʫʧʨʘʚʣʷʶʪʩʷ ʩ ʧʦʤʦʰʴʶ ʛʦʨʤʦʥʦʚ. ʂʦʨʪʠʟʦʣ, ʧʨʦ-
ʠʟʚʦʜʩʪʚʦ ʢʦʪʦʨʦʛʦ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʜʥʝʤ, ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʜʜʝʨʞʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʤʘ. 
ʉ ʥʘʩʪʫʧʣʝʥʠʝʤ ʪʝʤʥʦʪʳ ʜʦʤʠʥʠʨʫʝʪ ʚʳʨʘʙʦʪʢʘ ʤʝʣʘʪʦʥʠʥʘ ð ʛʦʨʤʦʥʘ, ʠʛʨʘʶʱʝʛʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 
ʨʝʛʫʣʷʮʠʠ ʮʠʢʣʦʚ ʩʥʘ ʠ ʙʦʜʨʩʪʚʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʵʪʘ ʝʩʪʝʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʚʝʨʞʝʥʘ ʩʝʨʴʝʟʥʳʤ 
ʥʘʨʫʰʝʥʠʷʤ ʠʟ-ʟʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʨʠʩʢʘ ʷʚʣʷʝʪʩʷ ʩʫʧʨʝʩ-
ʩʠʷ ʚʳʨʘʙʦʪʢʠ ʤʝʣʘʪʦʥʠʥʘ, ʚʳʟʳʚʘʝʤʘʷ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʤ ʩʠʥʠʤ ʩʚʝʪʦʤ (HEV-ʠʟʣʫʯʝʥʠʝ, 450ï480 ʥʤ), 
ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʩʚʝʪʦʜʠʦʜʥʳʤʠ LED-ʧʘʥʝʣʷʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʩʧʝʮʠʘʣʴʥʳʝ ʩʚʝʪʦ-
ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢʣʝʪʢʠ ʩʝʪʯʘʪʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʣʘʥʦʧʩʠʥ. ʇʨʠ ʠʭ ʘʢʪʠʚʘʮʠʠ ʩʚʝʪʦʤ ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ 
ʦʥʠ ʧʦʩʳʣʘʶʪ ʚ ʩʫʧʨʘʭʠʘʟʤʘʪʠʯʝʩʢʦʝ ʷʜʨʦ ʛʠʧʦʪʘʣʘʤʫʩʘ ð çʛʣʘʚʥʳʡ ʭʨʦʥʦʤʝʪʨè ʦʨʛʘʥʠʟʤʘ ð ʩʠʛʥʘʣ 
ʦ ʧʨʦʜʦʣʞʝʥʠʠ ʩʚʝʪʦʚʦʛʦ ʜʥʷ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʨʝʛʫʣʷʮʠʠ ʮʠʢʣʦʚ ʩʥʘ ʠ 
ʙʦʜʨʩʪʚʦʚʘʥʠʷ, ʟʘʜʝʨʞʢʝ ʥʘʩʪʫʧʣʝʥʠʷ ʬʘʟʳ ʩʥʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 30ï60 ʤʠʥʫʪ ʠ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʦʢʨʘʱʝ-
ʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʛʣʫʙʦʢʠʭ ʩʪʘʜʠʡ ʩʥʘ. ʇʦʜʦʙʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʪʠʭ ʬʘʟ ʢʨʠ-
ʪʠʯʝʩʢʠ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʮʝʩʩʘʭ ʚʳʚʝʜʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ ʠʟ ʪʢʘʥʝʡ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ 
ʩʠʩʪʝʤʳ, ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʠʤʝʥʥʦ ʚʦ ʚʨʝʤʷ ʛʣʫʙʦʢʦʛʦ ʩʥʘ [3]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʚʫʭʯʘʩʦʚʦʝ ʚʦʟ-
ʜʝʡʩʪʚʠʝ ʩʠʥʝʛʦ ʩʚʝʪʘ (460 ʥʤ) ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʷʨʢʦʩʪʴʶ ʧʝʨʝʜ ʩʥʦʤ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʜʘʚ-
ʣʷʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʤʝʣʘʪʦʥʠʥ, ʩʧʦʩʦʙʥʦʝ ʩʥʠʟʠʪʴ ʝʛʦ ʫʨʦʚʝʥʴ ʥʘ 20ï25%. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʡ 
ʵʬʬʝʢʪ ʧʦʜʘʚʣʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʤʝʣʘʪʦʥʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣ-
ʥʳ 424 ʥʤ (ʬʠʦʣʝʪʦʚʳʡ ʩʧʝʢʪʨ). ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ 
ʩʦʢʨʘʱʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʛʣʘʟ ʜʦ ʵʢʨʘʥʘ (ʤʝʥʝʝ 30 ʩʤ) [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʯʨʝʟʚʳʯʘʡʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘʰʝʡ ʮʠʨʢʘʜ-
ʥʦʡ ʩʠʩʪʝʤʳ ʢ ʩʠʥʝʤʫ ʩʚʝʪʫ ʚ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʦʨʛʘʥʠʟʤ ʛʦʪʦʚʠʪʩʷ ʢ ʦʪʜʳʭʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʤ ʤʝʥʴʰʝ 
ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʤʝʣʘʪʦʥʠʥʘ, ʪʝʤ ʥʠʞʝ ʢʘʯʝʩʪʚʦ ʩʥʘ. ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʷ ʤʝʣʘʪʦʥʠʥʘ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ 
ʪʦʣʴʢʦ ʠʥʜʫʢʮʠʠ ʩʥʘ: ʦʥ ʦʢʘʟʳʚʘʝʪ ʩʠʩʪʝʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʘʧʧʝʪʠʪ, ʫʯʘʩʪʚʫ-
ʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩʳ ʩʪʘʨʝʥʠʷ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, 
ʥʘʨʫʰʝʥʠʝ ʮʠʨʢʘʜʥʦʛʦ ʨʠʪʤʘ ʠ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʤʝʣʘʪʦʥʠʥʘ ʚʩʣʝʜʩʪʚʠʝ ʚʝʯʝʨʥʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘ-
ʜʞʝʪʦʚ ʥʝ ʪʦʣʴʢʦ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʩʥʘ, ʥʦ ʠ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʦʙʱʝʤ ʧʩʠʭʦʵʤʮʠʘ-
ʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ [5]. 

ʇʦʨʘʟʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʩʪʨʦʡʩʪʚ ʥʘʩʪʨʦʝʥʠʷ, ʚʢʣʶʯʘʷ ʜʝʧʨʝʩʩʠʶ, ʙʠʧʦʣʷʨʥʦʝ ʨʘʩʩʪʨʦʡ-
ʩʪʚʦ, ʇʊʉʈ ʠ ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʫʶ ʪʨʝʚʦʛʫ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʣʫʙʦʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʩʥʘ ʠ ʮʠʨʢʘʜʥʳʭ 
ʨʠʪʤʦʚ. ʎʠʨʢʘʜʥʘʷ ʨʝʛʫʣʷʮʠʷ ʧʨʦʥʠʟʳʚʘʝʪ ʢʣʶʯʝʚʳʝ ʩʠʩʪʝʤʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʬʦʥ, 
ʪʘʢʠʝ ʢʘʢ ʣʠʤʙʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʤʦʟʛʘ, ʤʦʥʦʘʤʠʥʦʚʳʝ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʳ ʠ ʛʠʧʦʪʘʣʘʤʦ-ʛʠʧʦʬʠʟʘʨʥʦ-
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ʥʘʜʧʦʯʝʯʥʠʢʦʚʘʷ ʦʩʴ. ɼʘʥʥʘʷ ʦʩʴ ʫʧʨʘʚʣʷʝʪ ʩʝʢʨʝʮʠʝʡ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʚ 
ʥʦʨʤʝ ʜʦʩʪʠʛʘʝʪ ʫʪʨʝʥʥʝʛʦ ʧʠʢʘ ʚ 15ï25 ʤʢʛ/ʜʣ ʠ ʩʥʠʞʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʜʥʷ ʜʦ 3ï5 ʤʢʛ/ʜʣ. ʅʝʧʨʘʚʠʣʴʥʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʩʚʝʪʘ ʥʘʧʨʷʤʫʶ ʚʤʝʰʠʚʘʝʪʩʷ ʚ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʥʘʨʫʰʘʷ ʛʦʤʝʦʩʪʘʟ ʛʦʨʤʦʥʦʚ ʩʪʨʝʩʩʘ ʠ ʧʦ-
ʜʘʚʣʷʷ ʥʦʯʥʫʶ ʚʳʨʘʙʦʪʢʫ ʤʝʣʘʪʦʥʠʥʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʝʬʠʮʠʪ ʤʝʣʘʪʦʥʠʥʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʣʥʦʮʝʥ-
ʥʦʤʫ ʟʘʩʳʧʘʥʠʶ ʠ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʩʥʘ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʷʭ, ʚʢʣʶ-
ʯʘʷ ʧʘʤʷʪʴ ʠ ʦʙʫʯʝʥʠʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʝʨʝʜ ʩʥʦʤ ʠʣʠ ʩʦʥ ʧʨʠ 
ʦʩʚʝʱʝʥʠʠ ʜʘʞʝ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʝʜʝʪ ʢ ʟʘʜʝʨʞʢʝ ʟʘʩʳʧʘʥʠʷ, ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʩʥʫ ʠ ʩʥʠʞʝʥʠʶ 
ʫʪʨʝʥʥʝʡ ʙʜʠʪʝʣʴʥʦʩʪʠ. ʇʦʜʦʙʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʝʨʝʩʪʨʦʡʢʠ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʷʚʣʷʶʪʩʷ ʜʦʢʘʟʘʥʥʦʡ 
ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʪʦʡʢʠʭ ʢʦʛʥʠʪʠʚʥʳʭ ʜʝʬʠʮʠʪʦʚ ʠ ʩʝʨʴʝʟʥʳʭ ʧʩʠʭʦʵʤʦʮʠ-
ʦʥʘʣʴʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʠʟʣʫʯʝʥʠʷ: ʩʠʥʠʡ 
ʩʚʝʪ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ ʨʘʟʨʫʰʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʥʝʡʨʦʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʜʝ-
ʣʘʝʪ ʝʛʦ ʢʨʠʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʨʠʩʢʘ ʚ ʫʩʣʦʚʠʷʭ ʚʩʝʦʙʱʝʡ ʮʠʬʨʦʚʠʟʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʤʠ ʛʨʫʧ-
ʧʘʤʠ ʟʜʝʩʴ ʚʳʩʪʫʧʘʶʪ ʩʪʫʜʝʥʪʳ ʠ ʣʠʮʘ ʩ ʚʳʩʦʢʦʡ ʮʠʬʨʦʚʦʡ ʥʘʛʨʫʟʢʦʡ, ʘ ʪʘʢʞʝ 15ï20% ʚʟʨʦʩʣʦʛʦ 
ʥʘʩʝʣʝʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʥʦʯʥʳʝ ʠʣʠ ʩʤʝʥʥʳʝ ʛʨʘʬʠʢʠ [6]. 

ʉʥʠʞʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʵʢʨʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʩʦʯʝʪʘʶʱʝʛʦ 
ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʳ. ʅʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʥʘʚʳʢʠ ʮʠʬʨʦ-
ʚʦʡ ʛʠʛʠʝʥʳ: ʦʛʨʘʥʠʯʝʥʠʝ ʛʘʜʞʝʪʦʚ ʚ ʚʝʯʝʨʥʠʝ ʯʘʩʳ, ʩʦʙʣʶʜʝʥʠʝ ʨʝʞʠʤʘ ʩʥʘ ʠ ʩʦʟʜʘʥʠʝ ʵʨʛʦʥʦʤʠʯʥʦ-
ʛʦ, ʟʘʪʝʤʥʝʥʥʦʛʦ ʤʝʩʪʘ ʜʣʷ ʦʪʜʳʭʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʫʨʦʚʥʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝ-
ʞʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʳ ʘʢʪʠʚʥʘʷ ʩʘʥʠʪʘʨʥʦ-ʧʨʦʩʚʝʪʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ, ʨʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʩʠʭʦʵʤʦ-
ʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʨʫʧʧ ʨʠʩʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤ ʩʘʤʦʨʝʛʫʣʷʮʠʠ. ʊʦʣʴʢʦ ʪʘʢʘʷ ʩʠʩʪʝʤʥʘʷ ʨʘ-
ʙʦʪʘ ʧʦʟʚʦʣʠʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ, ʚʳʟʚʘʥʥʳʝ ʩʚʝʪʦʚʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ, ʠ ʩʦʭʨʘʥʠʪʴ ʤʝʥʪʘʣʴʥʦʝ 
ʟʜʦʨʦʚʴʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ [3]. 

ʀʙʣʤʷʰʞʦʡʞ. ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜ-
ʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʵʢʨʘʥʥʦʝ ʚʨʝʤʷ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʮʠʨʢʘʜʥʫʶ ʠ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ. ɼʣʠʪʝʣʴʥʦʝ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʝ ʩʦ ʩʤʘʨʪʬʦʥʘʤʠ ʠ ʢʦʤʧʴʶʪʝʨʘʤʠ ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩ ʫʭʫʜʰʝʥʠʝʤ ʚʥʠʤʘʥʠʷ, ʥʘʨʫʰʝʥʠʷʤʠ ʨʘʩ-
ʧʨʝʜʝʣʸʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ 
ʥʘʧʨʷʞʝʥʠʷ ʠ ʮʠʬʨʦʚʦʛʦ ʚʳʛʦʨʘʥʠʷ. ʕʢʨʘʥʥʦʝ ʚʨʝʤʷ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʥʘʨʫʰʝʥʠʝʤ ʩʥʘ ʠ ʝʛʦ ʢʘʯʝʩʪʚʘ, 
ʯʪʦ ʫʩʫʛʫʙʣʷʝʪ ʧʨʦʮʝʩʩʳ ʦʙʫʯʝʥʠʷ ʠ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʭʨʦʥʠʯʝʩʢʦʡ ʫʩʪʘʣʦʩʪʠ ʠ 
ʩʥʠʞʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʉʫʤʤʘʨʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ 
ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʫʨʦʚʥʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʮʠʬʨʦʚʦʡ ʛʠʛʠʝʥʳ, ʦʧʪʠʤʠʟʘʮʠʶ ʨʝʞʠʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʚʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤ ʧʦʜʜʝʨʞʢʠ 
ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ. ɻʠʛʠʝʥʠʯʝʩʢʘʷ ʨʝʛʣʘʤʝʥʪʘʮʠʷ ʵʢʨʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʦʙʨʘʟʦʚʘ-
ʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʩʥʠʞʝʥʠʶ ʮʠʬʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʤʝʨʘʤʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 
ʟʜʦʨʦʚʴʷ ʤʦʣʦʜʦʛʦ ʥʘʩʝʣʝʥʠʷ. 
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Ȓȃȉ 4/1 

ǱǭǮǭǢǯǟǳǧǾ ǥǧǯǭǡǭǨ ǱǩǟǬǧ ǲ ǫǲǥǶǧǬ ǧ 
ǥǤǬǸǧǬ 

ǣȒȐȑȋǿȑȍȁǿ ǳǿȏȔȒȌȃǿ ǣǿȁȏȍȌȍȁȌǿ 
ʩʪʫʜʝʥʪ 

ʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɿʠʥʯʫʢ ʉ. ʌ.  
ʢ.ʤ.ʥ., ʜʦʮʝʥʪ  

ʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ɹʦʦʧʫʙʯʡʸ: ʨʘʟʣʠʯʠʷ ʚ ʪʦʧʦʛʨʘʬʠʠ ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʫ ʤʫʞʯʠʥ ʠ ʞʝʥʱʠʥ ʦʙʫʩʣʦʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʜʢʦʞʥʦʛʦ ʠ ʚʠʩʮʝʨʘʣʴʥʦʛʦ ʞʠʨʘ. ʋ ʤʫʞʯʠʥ ʧʨʝʦʙʣʘʜʘʝʪ ʘʙʜʦʤʠʥʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 
ʞʠʨʦʚʦʡ ʪʢʘʥʠ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʤʘʩʩʝ ʚʠʩʮʝʨʘʣʴʥʦʛʦ ʞʠʨʘ, ʦʢʨʫʞʘʶʱʝʛʦ ʚʥʫʪʨʝʥʥʠʝ ʦʨʛʘ-
ʥʳ. ʋ ʞʝʥʱʠʥ ʭʘʨʘʢʪʝʨʥʘ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʘʷ ʧʦʜʢʦʞʥʘʷ ʘʢʢʫʤʫʣʷʮʠʷ ʞʠʨʘ ʚ ʦʙʣʘʩʪʠ ʙʝʜʝʨ, ʷʛʦʜʠʮ ʠ 
ʛʨʫʜʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʟʘʧʘʩʘ ʵʥʝʨʛʠʠ ʜʣʷ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʬʫʥʢʮʠʡ. ʕʪʦ 
ʨʘʟʜʝʣʝʥʠʝ ʦʪʨʘʞʘʝʪ ʥʝ ʪʦʣʴʢʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ, ʥʦ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚ-
ʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʞʠʨʦʚʳʭ ʜʝʧʦ. 
ʂʨʦʚʦʩʥʘʙʞʝʥʠʝ ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʟʘʚʠʩʠʪ ʦʪ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʧʦʣʘ. ʋ ʤʫʞʯʠʥ ʚʠʩʮʝʨʘʣʴʥʘʷ ʘʙʜʦʤʠʥʘʣʴ-
ʥʘʷ ʞʠʨʦʚʘʷ ʪʢʘʥʴ ʚʘʩʢʫʣʷʨʠʟʠʨʦʚʘʥʘ ʠʥʪʝʥʩʠʚʥʝʝ ʧʦʜʢʦʞʥʦʡ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʜʦʩʪʫʧ ʛʦʨʤʦʥʦʚ ʠ ʥʫʪʨʠ-
ʝʥʪʦʚ ʢ ʢʣʝʪʢʘʤ. ʋ ʞʝʥʱʠʥ ʧʦʜʢʦʞʥʘʷ ʞʠʨʦʚʘʷ ʪʢʘʥʴ ʙʸʜʝʨ ʠ ʷʛʦʜʠʮ ʦʙʣʘʜʘʝʪ ʨʘʟʚʠʪʦʡ ʢʘʧʠʣʣʷʨʥʦʡ 
ʩʝʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʵʬʬʝʢʪʠʚʥʳʡ ʦʙʤʝʥ ʚʝʱʝʩʪʚ. ʀʥʥʝʨʚʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʤʧʘʪʠʯʝʩʢʠʤʠ ʠ 
ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʤʠ ʚʦʣʦʢʥʘʤʠ. ʋ ʤʫʞʯʠʥ ʩʠʤʧʘʪʠʯʝʩʢʘʷ ʠʥʥʝʨʚʘʮʠʷ ʚʠʩʮʝʨʘʣʴʥʦʛʦ ʞʠʨʘ ʩʠʣʴʥʝʝ, 
ʯʪʦ ʧʦʚʳʰʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʘʪʝʭʦʣʘʤʠʥʘʤ ʠ ʤʦʙʠʣʠʟʘʮʠʶ ʣʠʧʠʜʦʚ. ʋ ʞʝʥʱʠʥ ʧʦʜʢʦʞʥʘʷ ʞʠʨʦ-
ʚʘʷ ʪʢʘʥʴ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʨʘʞʘʶʪ ʧʦʣʦʚʳʝ 
ʨʘʟʣʠʯʠʷ ʚ ʨʝʛʫʣʷʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʠ ʨʝʘʢʮʠʠ ʥʘ ʩʪʨʝʩʩ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʦʧʦʛʨʘʬʠʷ ʞʠʨʘ, ʫ ʤʫʞʯʠʥ, ʫ ʞʝʥʱʠʥ, ʢʨʦʚʦʩʥʘʙʞʝʥʠʝ, ʠʥʥʝʨʚʘʮʠʷ, ʛʦʨʤʦʥʘʣʴʥʘʷ 
ʨʝʛʫʣʷʮʠʷ. 
 

THE TOPOGRAPHY OF ADIPOSE TISSUE IN MEN AND WOMEN 
 

Dustmatova Farkhunda Davronovna 
 

Scientific supervisor : Zinchuk S. F.  
 
Abstract: The differences in the topography of adipose tissue between men and women are due to the distri-
bution of subcutaneous and visceral fat. Men tend to have more abdominal adipose tissue, which is reflected 
in the higher amount of visceral fat surrounding their internal organs. Women, on the other hand, tend to have 
more subcutaneous adipose tissue in their thighs, buttocks, and breasts, which is associated with the biologi-
cal need for energy storage for reproductive functions. This distribution reflects not only morphological differ-
ences but also the varying metabolic activity of these adipose depots. 
Keywords: fat topography, in men, in women, blood supply, innervation, hormonal regulation. 
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ʉʞʠʬʤʵʫʙʫʴ ʡʪʪʤʞʝʧʛʙʦʡʸ 
ʇʦʣʦʚʳʝ ʩʪʝʨʦʠʜʳ ð ʪʝʩʪʦʩʪʝʨʦʥ ʫ ʤʫʞʯʠʥ ʠ ʵʩʪʨʦʛʝʥʳ ʫ ʞʝʥʱʠʥ ð ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʠʡ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʞʠʨʦʚʦʡ ʪʢʘʥʠ. ʋ ʤʫʞʯʠʥ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʝʩʪʦʩʪʝʨʦʥʘ ʧʨʝ-
ʦʙʣʘʜʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʚʠʩʮʝʨʘʣʴʥʦʛʦ ʞʠʨʘ ð ʚʥʫʪʨʠ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ, ʚʦʢʨʫʛ ʧʝʯʝʥʠ, ʢʠʰʝʯʥʠʢʘ ʠ ʧʦ-
ʯʝʢ. ʕʪʦʪ ʪʠʧ ʞʠʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʵʥʝʨʛʠʠ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʚʷʟʘʥ ʩ ʚʳʩʦʢʠʤ ʨʠʩʢʦʤ 
ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. ʇʦʜʢʦʞʥʳʡ ʞʠʨ ʫ ʤʫʞʯʠʥ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʤʝʥʴʰʠʭ ʦʙʲʸʤʘʭ, ʛʣʘʚʥʳʤ ʦʙ-
ʨʘʟʦʤ ʥʘ ʞʠʚʦʪʝ ʠ ʚ ʧʦʷʩʥʠʯʥʦʡ ʦʙʣʘʩʪʠ. ʋ ʞʝʥʱʠʥ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʩʪʨʦʛʝʥʦʚ ʜʦʤʠʥʠʨʫʝʪ ʧʦʜʢʦʞʥʳʡ 
ʞʠʨ ð ʚ ʦʙʣʘʩʪʠ ʙʸʜʝʨ, ʷʛʦʜʠʮ, ʙʸʜʝʨ ʠ ʤʦʣʦʯʥʳʭ ʞʝʣʝʟ. ɺʠʩʮʝʨʘʣʴʥʦʛʦ ʞʠʨʘ ʫ ʞʝʥʱʠʥ ʟʥʘʯʠʪʝʣʴʥʦ 
ʤʝʥʴʰʝ. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʟʜʘʸʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʧʘʩ ʜʣʷ ʚʳʥʘʰʠʚʘʥʠʷ ʠ ʢʦʨʤ-
ʣʝʥʠʷ ʧʦʪʦʤʩʪʚʘ. ʇʦʜʢʦʞʥʳʡ ʞʠʨ ʫ ʞʝʥʱʠʥ ʨʘʩʧʨʝʜʝʣʸʥ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʠ ʦʙʣʘʜʘʝʪ ʠʥʦʡ ʬʫʥʢʮʠʦ-
ʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʫʞʩʢʘʷ ʤʦʜʝʣʴ ʞʠʨʦʦʪʣʦʞʝʥʠʷ (ʚʠʩʮʝʨʘʣʴʥʳʡ ʞʠʨ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʫʶ ʤʦ-
ʙʠʣʠʟʘʮʠʶ ʣʠʧʠʜʦʚ, ʪʦʛʜʘ ʢʘʢ ʞʝʥʩʢʘʷ (ʧʦʜʢʦʞʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ) ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʜʣʠʪʝʣʴʥʦʝ ʭʨʘ-
ʥʝʥʠʝ ʠ ʵʢʦʥʦʤʥʦʝ ʨʘʩʭʦʜʦʚʘʥʠʝ ʵʥʝʨʛʠʠ. ʕʪʠ ʧʦʣʦʚʳʝ ʨʘʟʣʠʯʠʷ ʚʘʞʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʘʪʦʬʠʟʠʦʣʦ-
ʛʠʠ ʥʘʨʫʰʝʥʠʡ ʣʠʧʠʜʥʦʛʦ ʦʙʤʝʥʘ, ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 
ʦʨʛʘʥʠʟʤʘ. 

ʂʨʦʚʦʩʥʘʙʞʝʥʠʝ ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʚʢʫ ʢʠʩʣʦʨʦʜʘ, ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʛʦʨ-
ʤʦʥʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ ʠ ʬʫʥʢʮʠʡ ʘʜʠʧʦʮʠʪʦʚ. ɸʥʘʪʦʤʠʷ ʩʦʩʫʜʠʩʪʦʡ ʩʝʪʠ ʫ 
ʤʫʞʯʠʥ ʠ ʞʝʥʱʠʥ ʦʪʨʘʞʘʝʪ ʨʘʟʣʠʯʠʷ ʚ ʪʦʧʦʛʨʘʬʠʠ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʞʠʨʦʚʳʭ ʜʝʧʦ. 
ʋ ʤʫʞʯʠʥ ʚʠʩʮʝʨʘʣʴʥʘʷ ʞʠʨʦʚʘʷ ʪʢʘʥʴ (ʚʥʫʪʨʠ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʚʠʪʦʡ ʩʝʪʴʶ 
ʢʨʫʧʥʳʭ ʠ ʤʝʣʢʠʭ ʩʦʩʫʜʦʚ. ʂʨʫʧʥʳʝ ʩʦʩʫʜʳ ð ʚʝʪʚʠ ʯʨʝʚʥʦʛʦ ʩʪʚʦʣʘ ð ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʩʥʦʚʥʦʝ ʢʨʦʚʦ-
ʩʥʘʙʞʝʥʠʝ, ʘ ʛʫʩʪʘʷ ʢʘʧʠʣʣʷʨʥʘʷ ʩʝʪʴ ʚʦʢʨʫʛ ʦʨʛʘʥʦʚ ʨʝʛʫʣʠʨʫʝʪ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʶ. ʕʪʦ ʩʦʟʜʘʸʪ ʠʥ-
ʪʝʥʩʠʚʥʳʡ ʢʨʦʚʦʪʦʢ, ʙʳʩʪʨʳʡ ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʤʦʙʠʣʠʟʘʮʠʶ ʣʠʧʠʜʦʚ. ʊʘʢʘʷ ʦʨʛʘʥʠʟʘ-
ʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʟʘʧʨʦʩʘ ʦʨʛʘʥʠʟʤʘ ʠ ʧʦʜʜʝʨʞʠ-
ʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʣʠʧʦʣʠʟʘ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʚʠʩʮʝʨʘʣʴʥʦʛʦ ʞʠʨʘ ʫ ʤʫʞʯʠʥ. 

ʋ ʞʝʥʱʠʥ ʧʦʜʢʦʞʥʘʷ ʞʠʨʦʚʘʷ ʪʢʘʥʴ (ʙʸʜʨʘ, ʷʛʦʜʠʮʳ, ʤʦʣʦʯʥʳʝ ʞʝʣʝʟʳ) ʦʙʣʘʜʘʝʪ ʧʣʦʪʥʦʡ ʢʘ-
ʧʠʣʣʷʨʥʦʡ ʩʝʪʴʶ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʡ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ. ʂʨʦʚʦʩʥʘʙʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ 
ʩʯʸʪ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʘʨʪʝʨʠʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʘʥʘʩʪʦʤʦʟʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦ-
ʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʦʚʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʈʘʟʚʠʪʘʷ ʢʘʧʠʣʣʷʨʥʘʷ ʩʝʪʴ 
ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʝʨʤʦʨʝʛʫʣʷʮʠʶ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘ-
ʣʠʟ: ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʢʨʦʚʦʪʦʢ ʚ ʚʠʩʮʝʨʘʣʴʥʦʤ ʞʠʨʝ ʤʫʞʯʠʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʳʡ ʪʨʘʥʩʧʦʨʪ ʛʦʨ-
ʤʦʥʘʣʴʥʳʭ ʤʝʜʠʘʪʦʨʦʚ ʠ ʚʳʩʦʢʫʶ ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ; ʨʘʟʚʠʪʘʷ ʢʘʧʠʣʣʷʨʠʟʘʮʠʷ ʧʦʜʢʦʞʥʳʭ 
ʜʝʧʦ ʫ ʞʝʥʱʠʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʣʠʪʝʣʴʥʦʤʫ ʭʨʘʥʝʥʠʶ ʣʠʧʠʜʦʚ, ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʧʘʩʦʚ ʠ 
ʩʥʠʞʘʝʪ ʨʠʩʢʠ ʙʳʩʪʨʦʛʦ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʠʩʪʦʱʝʥʠʷ. 

ʈʝʛʫʣʷʮʠʷ ʢʨʦʚʦʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʡʨʦʛʫʤʦʨʘʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʚʘʟʦʜʠ-
ʣʘʪʘʮʠʶ ʠ ʩʦʩʫʜʠʩʪʳʡ ʪʦʥʫʩ. ɺʠʩʮʝʨʘʣʴʥʳʡ ʞʠʨ ʤʫʞʯʠʥ ʩʧʦʩʦʙʝʥ ʙʳʩʪʨʦ ʠʟʤʝʥʷʪʴ ʢʨʦʚʦʩʥʘʙʞʝʥʠʝ ʚ 
ʦʪʚʝʪ ʥʘ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʧʦʜʢʦʞʥʘʷ ʞʠʨʦʚʘʷ ʪʢʘʥʴ ʞʝʥʱʠʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦ-
ʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʠ ʩʪʘʙʠʣʴʥʦʝ ʩʥʘʙʞʝʥʠʝ ʢʨʦʚʴʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʣʠʪʝʣʴʥʦʤʫ ʭʨʘʥʝʥʠʶ ʣʠʧʠʜʦʚ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʦʚʦʪʦʢ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʣʠʧʦʣʠʟ, ʣʠʧʦʛʝʥʝʟ ʠ ʛʦʤʝʦʩʪʘʟ ʢʣʝʪʦʯʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, 
ʬʦʨʤʠʨʫʷ ʧʦʣʦʚʳʝ ʨʘʟʣʠʯʠʷ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙʘʣʘʥʩʝ. 

ʅʝʨʚʥʘʷ ʨʝʛʫʣʷʮʠʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʢʦʥʪʨʦʣʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʞʠʨʦʚʦʡ ʪʢʘ-
ʥʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʦʥʢʫʶ ʥʘʩʪʨʦʡʢʫ ʣʠʧʦʣʠʟʘ ʠ ʣʠʧʦʛʝʥʝʟʘ ʯʝʨʝʟ ʩʠʤʧʘʪʠʯʝʩʢʠʝ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʝ 
ʚʦʣʦʢʥʘ. ʉʭʦʜʩʪʚʦ ʪʦʧʦʛʨʘʬʠʠ ʠʥʥʝʨʚʘʮʠʠ ʠ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʩʦʟʜʘʸʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʝʜʠʥʠʮʳ ʜʣʷ 
ʘʜʘʧʪʠʚʥʦʛʦ ʦʪʚʝʪʘ ʪʢʘʥʝʡ ʥʘ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʋ ʤʫʞʯʠʥ ʚʠʩʮʝʨʘʣʴʥʘʷ ʞʠʨʦʚʘʷ ʪʢʘʥʴ ʦʙʣʘʜʘʝʪ ʠʥʪʝʥʩʠʚʥʦʡ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠʥʥʝʨʚʘʮʠʝʡ: ʚʳ-
ʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ ʠ ʧʦʚʳʰʝʥʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʘʪʝʭʦʣʘʤʠʥʘʤ. ʕʪʦ ʦʙʝʩʧʝʯʠ-
ʚʘʝʪ ʤʛʥʦʚʝʥʥʦʝ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʣʠʧʦʣʠʟʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʳʩʪʨʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʵʥʝʨʛʠʠ. ʇʦ-
ʚʳʰʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʫʩʠʣʠʚʘʝʪ ʢʨʦʚʦʪʦʢ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʚʠʩ-
ʮʝʨʘʣʴʥʳʭ ʜʝʧʦ, ʩʦʟʜʘʚʘʷ ʫʩʣʦʚʠʷ ʜʣʷ ʜʠʥʘʤʠʯʥʦʛʦ ʦʙʤʝʥʘ ʣʠʧʠʜʘʤʠ ʩ ʩʠʩʪʝʤʥʳʤ ʢʨʦʚʦʦʙʨʘʱʝʥʠ-
ʝʤ. 
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ʋ ʞʝʥʱʠʥ ʧʦʜʢʦʞʥʘʷ ʞʠʨʦʚʘʷ ʪʢʘʥʴ (ʙʸʜʨʘ, ʷʛʦʜʠʮʳ, ʤʦʣʦʯʥʳʝ ʞʝʣʝʟʳ) ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ 
ʠʥʥʝʨʚʘʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚʢʣʶʯʘʶʱʫʶ ʥʝ ʪʦʣʴʢʦ ʩʠʤʧʘʪʠʯʝʩʢʠʝ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʧʘʨʘʩʠʤ-
ʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ. ʊʘʢʘʷ ʠʥʥʝʨʚʘʮʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʛʦʤʝʦʩʪʘʟ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʧʘʩʦʚ, ʨʝʛʫʣʠʨʫʝʪ 
ʩʦʩʫʜʠʩʪʳʡ ʪʦʥʫʩ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʣʠʪʝʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʣʠʧʠʜʦʚ. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʥʝʨʚ-
ʥʳʭ ʦʢʦʥʯʘʥʠʡ ʦʪʨʘʞʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʦʥʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ ʩʦʭʨʘʥʝʥʠʝʤ ʵʥʝʨʛʠʠ ʠ ʣʦʢʘʣʴʥʳʤ 
ʢʨʦʚʦʪʦʢʦʤ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʬʦʥʘ. 

ʅʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʧʦʩʪʩʠʤʧʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʫʝʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʥʦʨʘʜʨʝ-
ʥʘʣʠʥʘ, ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʜʨʝʥʦʨʝʮʝʧʪʦʨʘʤʠ ʘʜʠʧʦʮʠʪʦʚ. ʋ ʤʫʞʯʠʥ ʚ ʚʠʩʮʝʨʘʣʴʥʦʡ ʪʢʘʥʠ 
ʜʦʤʠʥʠʨʫʝʪ ʘʢʪʠʚʘʮʠʷ ɓ3-ʘʜʨʝʥʦʨʝʮʝʧʪʦʨʦʚ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʣʠʧʦʣʠʟ. ʋ ʞʝʥʱʠʥ ʚ ʧʦʜʢʦʞʥʦʡ ʪʢʘʥʠ 
ʙʦʣʝʝ ʚʳʨʘʞʝʥ ʤʝʭʘʥʠʟʤ ʧʦʜʘʚʣʝʥʠʷ ʣʠʧʦʣʠʟʘ ʯʝʨʝʟ Ŭ2-ʘʜʨʝʥʦʨʝʮʝʧʪʦʨʳ, ʯʪʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʘʢʦʧ-
ʣʝʥʠʝ ʞʠʨʘ. 

ʇʦʣʦʚʳʝ ʛʦʨʤʦʥʳ ʠʥʪʝʛʨʠʨʫʶʪ ʪʦʧʦʛʨʘʬʠʶ ʞʠʨʘ, ʢʨʦʚʦʩʥʘʙʞʝʥʠʝ, ʠʥʥʝʨʚʘʮʠʶ, ʨʝʮʝʧʪʦʨʥʳʡ 
ʩʦʩʪʘʚ, ʣʦʢʘʣʴʥʳʡ ʤʝʪʘʙʦʣʠʟʤ ʛʦʨʤʦʥʦʚ ʠ ʜʝʡʩʪʚʠʝ ʘʜʠʧʦʥʝʢʪʠʥʘ. ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ʨʘʙʦʪʘʶʪ ʢʘʢ ʝʜʠ-
ʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʘʜʘʧʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʠ ʞʠʨʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʷ. ʊʦʧʦʛʨʘʬʠʷ ʟʘʜʘʸʪ ʩʪʨʫʢʪʫʨʫ, ʢʨʦʚʦʩʥʘʙʞʝʥʠʝ ʠ ʠʥʥʝʨʚʘʮʠʷ ð ʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʫʣʷʮʠʶ, ʘ ʨʝ-
ʮʝʧʪʦʨʳ ʠ ʬʝʨʤʝʥʪʳ ʬʦʨʤʠʨʫʶʪ ʠʟʤʝʥʯʠʚʳʡ ʛʦʨʤʦʥʘʣʴʥʳʡ ʬʦʥ. ɸʜʠʧʦʥʝʢʪʠʥ ʚʳʩʪʫʧʘʝʪ ʢʘʪʘʣʠʟʘʪʦ-
ʨʦʤ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʛʠʙʢʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʦʣʦʚʦʡ ʩʧʝʮʠʬʠʢʦʡ. 

ʊʘʢʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʨʝʜʝʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʘʜʘʧʪʘʮʠʶ ʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦ-
ʪʨʝʙʥʦʩʪʷʤ ʢʘʞʜʦʛʦ ʧʦʣʘ, ʥʦ ʠ ʫʷʟʚʠʤʦʩʪʴ ʢ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʷʤ. ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ ʚʟʘʠʤʦʩʚʷ-
ʟʝʡ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 
ʩʪʨʘʪʝʛʠʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʧʦʣʦʚʫʶ ʩʧʝʮʠʬʠʢʫ. ɺ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʵʪʦ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʧʨʦʬʠʣʘʢ-
ʪʠʢʫ ʠ ʣʝʯʝʥʠʝ ʦʞʠʨʝʥʠʷ, ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘ ʠ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ ʩ ʫʯʸʪʦʤ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʠ 
ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʧʘʮʠʝʥʪʦʚ. 

ɻʴʛʧʝʴ: ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʯʸʪʢʠʝ ʧʦʣʦʚʳʝ ʨʘʟʣʠʯʠʷ ʚ ʪʦʧʦʛʨʘʬʠʠ, ʢʨʦʚʦ-
ʩʥʘʙʞʝʥʠʠ, ʠʥʥʝʨʚʘʮʠʠ, ʨʝʮʝʧʪʦʨʥʦʤ ʧʨʦʬʠʣʝ ʠ ʤʝʪʘʙʦʣʠʟʤʝ ʞʠʨʦʚʦʡ ʪʢʘʥʠ.  

ʋ ʤʫʞʯʠʥ ʧʨʝʦʙʣʘʜʘʝʪ ʚʠʩʮʝʨʘʣʴʥʳʡ ʞʠʨ ʩ ʨʘʟʚʠʪʦʡ ʩʦʩʫʜʠʩʪʦʡ ʩʝʪʴʶ ʠ ʘʢʪʠʚʥʦʡ ʩʠʤʧʘʪʠʯʝ-
ʩʢʦʡ ʠʥʥʝʨʚʘʮʠʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʳʡ ʣʠʧʦʣʠʟ ʠ ʤʦʙʠʣʠʟʘʮʠʶ ʵʥʝʨʛʠʠ. ɼʦʤʠʥʠʨʦʚʘʥʠʝ ʘʥʜʨʦ-
ʛʝʥʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʚ ʚʠʩʮʝʨʘʣʴʥʳʭ ʜʝʧʦ ʧʦʜʘʚʣʷʝʪ ʣʠʧʦʛʝʥʝʟ ʠ ʩʪʠʤʫʣʠʨʫʝʪ ʣʠʧʦʣʠʟ. ɹʦʣʝʝ ʥʠʟʢʠʡ 
ʫʨʦʚʝʥʴ ʘʜʠʧʦʥʝʢʪʠʥʘ ʫ ʤʫʞʯʠʥ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʦʚʳʰʝʥʥʳʤ ʨʠʩʢʦʤ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. 

ʋ ʞʝʥʱʠʥ ʜʦʤʠʥʠʨʫʝʪ ʧʦʜʢʦʞʥʳʡ ʞʠʨ (ʙʸʜʨʘ, ʷʛʦʜʠʮʳ, ʤʦʣʦʯʥʳʝ ʞʝʣʝʟʳ) ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦ-
ʩʪʴʶ ʢʘʧʠʣʣʷʨʦʚ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʠʥʥʝʨʚʘʮʠʝʡ (ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ), ʯʪʦ ʧʦʜʜʝʨʞʠʚʘʝʪ 
ʜʣʠʪʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʧʘʩʦʚ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʝʪʘʙʦʣʠʟʤʘ. ɺʳʩʦʢʘʷ ʵʢʩʧʨʝʩʩʠʷ ʵʩʪʨʦ-
ʛʝʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ʚ ʧʦʜʢʦʞʥʦʡ ʪʢʘʥʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʞʠʨʘ. ɹʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 
ʘʜʠʧʦʥʝʢʪʠʥʘ ʫ ʞʝʥʱʠʥ ʫʣʫʯʰʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʥʩʫʣʠʥʫ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘ-
ʣʘʥʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʦʨʤʦʥʘʣʴʥʳʭ, ʥʝʡʨʦʥʘʣʴʥʳʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 
ʬʘʢʪʦʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʘʧʪʠʚʥʫʶ ʨʝʛʫʣʷʮʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ ʩ ʫʯʸʪʦʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦ-
ʪʨʝʙʥʦʩʪʝʡ ʢʘʞʜʦʛʦ ʧʦʣʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʯʸʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʸʪʘ ʧʦʣʦʚʳʭ ʨʘʟʣʠʯʠʡ ʚ 
ʧʘʪʦʛʝʥʝʟʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʦʞʠʨʝʥʠʝ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ, ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ) ʠ ʧʨʠ 
ʨʘʟʨʘʙʦʪʢʝ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ. ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟ-
ʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʦʨʤʦʥʦʚ, ʨʝʮʝʧʪʦʨʦʚ ʠ ʬʝʨʤʝʥʪʦʚ ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʫʛʣʫʙʠʪ ʧʦʥʠʤʘʥʠʝ ʬʠʟʠʦʣʦʛʠʠ 
ʠ ʧʘʪʦʬʠʟʠʦʣʦʛʠʠ ʞʠʨʦʚʦʛʦ ʦʙʤʝʥʘ. 

 
É 2026 

 
 
 

  



228 ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 

 

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

ǲǣǩ 4/4,3-002.25:616.399-008.64 

ǧǬǰǲǪǧǬǭǯǤǦǧǰǱǤǬǱǬǭǰǱǻ ǧ ǟǩǬǤ ǲ 
ǮǟǵǧǤǬǱǭǡ ǰ ǧǦǠǺǱǭǶǬǭǨ ǫǟǰǰǭǨ ǱǤǪǟ8 
ǩǪǧǬǧǩǭ-ǮǟǱǭǢǤǬǤǱǧǶǤǰǩǧǤ ǟǰǮǤǩǱǺ ǧ 
ǱǤǯǟǮǤǡǱǧǶǤǰǩǧǤ ǰǱǯǟǱǤǢǧǧ 

ǩȍȁȞȆȇȌǿ ǫǿȏȇȞ ǬȇȉȍȊǿȄȁȌǿ 
 ʚʨʘʯ-ʢʦʩʤʝʪʦʣʦʛ 
 ʯʘʩʪʥʘʷ ʧʨʘʢʪʠʢʘ 

 ʈʦʩʩʠʷ, ʛʦʨʦʜ ʏʝʣʷʙʠʥʩʢ 
 

ɹʦʦʧʫʙʯʡʸ: ʀʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ ʘʢʥʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʠʟʙʳʪʦʯ-
ʥʦʡ ʤʘʩʩʦʡ ʪʝʣʘ. ɻʠʧʝʨʠʥʩʫʣʠʥʝʤʠʷ ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʜʫʢʮʠʶ ʘʥʜʨʦʛʝʥʦʚ, ʘʢʪʠʚʠʨʫʝʪ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ 
IGF-1/mTORC1 ʚ ʩʝʙʦʮʠʪʘʭ, ʩʧʦʩʦʙʩʪʚʫʷ ʩʝʙʦʛʝʥʝʟʫ ʠ ʬʦʣʣʠʢʫʣʷʨʥʦʤʫ ʛʠʧʝʨʢʝʨʘʪʦʟʫ. ʂʦʤʦʨʙʠʜʥʦʩʪʴ 
ʘʢʥʝ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ 
ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʠʥʪʝʨʚʝʥʮʠʠ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʩʠʩʪʝʤʘʪʠʟʠʨʫʝʪ ʩʦʚʨʝʤʝʥʥʳʝ 
ʜʘʥʥʳʝ ʦ ʨʦʣʠ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʚ ʧʘʪʦʛʝʥʝʟʝ ʘʢʥʝ ʠ ʦʙʩʫʞʜʘʝʪ ʢʣʠʥʠʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ ʢʦʨʨʝʢ-
ʮʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʢʥʝ, ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ, ʦʞʠʨʝʥʠʝ, ʛʠʧʝʨʠʥʩʫʣʠʥʝʤʠʷ, IGF-1, mTORC1, ʤʝ-
ʪʘʙʦʣʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ, ʪʝʨʘʧʠʷ. 
 
INSULIN RESISTANCE AND ACNE IN OVERWEIGHT PATIENTS: CLINICAL-PATHOGENETIC ASPECTS 

AND THERAPEUTIC STRATEGIES 
Kovyazina Maria Nikolaevna 

 
Abstract: Insulin resistance plays a key role in acne pathogenesis in overweight patients. Hyperinsulinemia 
stimulates androgen production, activates the IGF-1/mTORC1 signaling pathway in sebocytes, promoting 
sebogenesis and follicular hyperkeratosis. Comorbidity of acne and metabolic disorders requires a compre-
hensive therapeutic approach including dermatological and metabolic interventions. This work systematizes 
current evidence on the role of insulin resistance in acne pathogenesis and discusses clinical correction strat-
egies. 
Keywords: acne, insulin resistance, obesity, hyperinsulinemia, IGF-1, mTORC1, metabolic syndrome, thera-
py. 

 
ɻɻɾɽɾʆʁɾ 

ɸʢʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʭʨʦʥʠʯʝʩʢʠʭ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʟʘ-
ʙʦʣʝʚʘʥʠʡ ʢʦʞʠ, ʧʦʨʘʞʘʶʱʝʝ ʜʦ 85% ʧʦʜʨʦʩʪʢʦʚ ʠ ʤʦʣʦʜʳʭ ʚʟʨʦʩʣʳʭ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 
ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʧʝʨʩʠʩʪʠʨʫʶʱʝʛʦ ʠ ʚʧʝʨʚʳʝ ʚʦʟʥʠʢʘʶʱʝʛʦ 
ʘʢʥʝ ʫ ʚʟʨʦʩʣʳʭ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʛʣʦʙʘʣʴʥʦʡ ʵʧʠʜʝʤʠʝʡ ʦʞʠʨʝʥʠʷ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘ. ʕʧʠ-
ʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʩʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʠʟʙʳʪʦʯʥʦʡ ʤʘʩʩʦʡ ʪʝʣʘ ʠ ʨʠʩʢʦʤ 
ʨʘʟʚʠʪʠʷ ʘʢʥʝ, ʘ ʪʘʢʞʝ ʝʛʦ ʪʷʞʝʩʪʴʶ [1, ʩ. 342]. 

ʇʘʪʦʛʝʥʝʟ ʘʢʥʝ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʯʝʨʝʟ ʧʨʠʟʤʫ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ: ʧʦʚʳ-
ʰʝʥʥʘʷ ʧʨʦʜʫʢʮʠʷ ʢʦʞʥʦʛʦ ʩʘʣʘ, ʬʦʣʣʠʢʫʣʷʨʥʳʡ ʛʠʧʝʨʢʝʨʘʪʦʟ, ʢʦʣʦʥʠʟʘʮʠʷ Cutibacterium acnes ʠ ʚʦʩ-
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ʧʘʣʝʥʠʝ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʚʘʞʥʫʶ ʨʦʣʴ ʩʠʩʪʝʤʥʳʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʥʘʨʫ-
ʰʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʚ ʨʘʟʚʠʪʠʠ ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ ʟʘʙʦʣʝʚʘʥʠʷ. ʀʥʩʫʣʠʥʦʨʝ-
ʟʠʩʪʝʥʪʥʦʩʪʴ ʠ ʢʦʤʧʝʥʩʘʪʦʨʥʘʷ ʛʠʧʝʨʠʥʩʫʣʠʥʝʤʠʷ ʚʣʠʷʶʪ ʥʘ ʬʫʥʢʮʠʶ ʩʘʣʴʥʳʭ ʞʝʣʝʟ ʯʝʨʝʟ ʤʥʦʞʝ-
ʩʪʚʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʚʢʣʶʯʘʷ ʩʪʠʤʫʣʷʮʠʶ ʘʥʜʨʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘʢʪʠʚʘʮʠʶ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʠʥʩʫ-
ʣʠʥʦʧʦʜʦʙʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ-1 ʠ ʤʦʜʫʣʷʮʠʶ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ [2, ʩ. 455]. 

ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʠʟʙʳʪʦʯʥʦʡ ʤʘʩʩʦʡ ʪʝʣʘ ʠ ʦʞʠʨʝʥʠʝʤ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʯʘʩʪʦ ʩʦʯʝʪʘʝʪʩʷ ʩ 
ʜʨʫʛʠʤʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʚʢʣʶʯʘʷ ʜʠʩʣʠʧʠʜʝʤʠʶ, ʘʨʪʝʨʠʘʣʴʥʫʶ ʛʠʧʝʨʪʝʥʟʠʶ ʠ ʭʨʦʥʠ-
ʯʝʩʢʦʝ ʩʠʩʪʝʤʥʦʝ ʚʦʩʧʘʣʝʥʠʝ, ʬʦʨʤʠʨʫʷ ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ. ʕʪʠ ʩʠʩʪʝʤʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʟʜʘʶʪ 
ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʬʦʥ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʨʘʟʚʠʪʠʶ ʘʢʥʝ ʠ ʚʣʠʷʶʱʠʡ ʥʘ ʦʪʚʝʪ ʥʘ ʪʝʨʘʧʠʶ. ɹʦʣʝʝ 
ʪʦʛʦ, ʘʢʥʝ ʠ ʦʞʠʨʝʥʠʝ ʦʙʘ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʜʠʩʪʨʝʩʩʦʤ ʠ ʩʥʠʞʝʥʠʝʤ 
ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʚʝʜʝʥʠʶ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ. 

ʇʦʥʠʤʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʠ ʘʢʥʝ, ʠʤʝʝʪ ʚʘʞ-
ʥʦʝ ʢʣʠʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ. 
ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʩʠʩʪʝʤʘʪʠʟʠʨʫʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʨʦʣʠ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʚ ʧʘʪʦʛʝʥʝʟʝ 
ʘʢʥʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʠʟʙʳʪʦʯʥʦʡ ʤʘʩʩʦʡ ʪʝʣʘ ʠ ʦʙʩʫʞʜʘʝʪ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 
ʢʦʨʨʝʢʮʠʶ ʢʘʢ ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ, ʪʘʢ ʠ ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. 

 
ʁʆʊʌʄʁʆʇʉɾʀʁʊʋɾʆʋʆʇʊʋʕ ʁ ɾɾ ʉʇʄʕ ɻ ʈɹʋʇɼɾʆɾʀɾ ɹʃʆɾ 

ʀʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʥʠʞʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʚʝʪʘ ʪʢʘʥʝʡ ʥʘ ʜʝʡʩʪʚʠʝ 
ʠʥʩʫʣʠʥʘ ʧʨʠ ʝʛʦ ʥʦʨʤʘʣʴʥʦʡ ʠʣʠ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʕʪʦ ʩʦʩʪʦʷʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʢʦʤʧʝʥʩʘʪʦʨ-
ʥʦʡ ʛʠʧʝʨʠʥʩʫʣʠʥʝʤʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʜʞʝʣʫʜʦʯʥʘʷ ʞʝʣʝʟʘ ʫʚʝʣʠʯʠʚʘʝʪ ʩʝʢʨʝʮʠʶ ʠʥʩʫʣʠʥʘ ʜʣʷ ʧʦʜ-
ʜʝʨʞʘʥʠʷ ʥʦʨʤʦʛʣʠʢʝʤʠʠ. ʍʨʦʥʠʯʝʩʢʘʷ ʛʠʧʝʨʠʥʩʫʣʠʥʝʤʠʷ ʦʢʘʟʳʚʘʝʪ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʵʬʬʝʢʪʳ ʥʘ ʦʨ-
ʛʘʥʠʟʤ, ʚʢʣʶʯʘʷ ʚʣʠʷʥʠʝ ʥʘ ʢʦʞʫ ʠ ʩʘʣʴʥʳʝ ʞʝʣʝʟʳ. 

ɻʤʡʸʦʡʞ ʡʦʪʬʤʡʦʙ ʦʙ ʙʦʝʩʧʜʞʦʦʴʢ ʥʞʫʙʚʧʤʡʠʥ 
ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷʥʠʷ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ ʨʘʟʚʠʪʠʝ ʘʢʥʝ ʷʚʣʷʝʪʩʷ 

ʩʪʠʤʫʣʷʮʠʷ ʘʥʜʨʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʀʥʩʫʣʠʥ ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʜʫʢʮʠʶ ʘʥʜʨʦʛʝʥʦʚ ʚ ʷʠʯʥʠʢʘʭ ʫ ʞʝʥʱʠʥ 
ʠ ʚ ʥʘʜʧʦʯʝʯʥʠʢʘʭ ʫ ʦʙʦʠʭ ʧʦʣʦʚ ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ ʬʝʨʤʝʥʪʦʚ ʩʪʝʨʦʠʜʦʛʝʥʝʟʘ. ɹʦʣʝʝ ʪʦʛʦ, ʠʥʩʫʣʠʥ 
ʧʦʜʘʚʣʷʝʪ ʧʝʯʝʥʦʯʥʳʡ ʩʠʥʪʝʟ ʛʣʦʙʫʣʠʥʘ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʧʦʣʦʚʳʝ ʛʦʨʤʦʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʪʝʩʪʦʩʪʝʨʦʥʘ ʚ ʮʠʨʢʫʣʷʮʠʠ [3, ʩ. 289]. 

ɸʥʜʨʦʛʝʥʳ ʠʛʨʘʶʪ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ ʘʢʥʝ, ʩʪʠʤʫʣʠʨʫʷ ʧʨʦʣʠʬʝʨʘʮʠʶ ʩʝʙʦʮʠʪʦʚ ʠ 
ʫʚʝʣʠʯʠʚʘʷ ʧʨʦʜʫʢʮʠʶ ʢʦʞʥʦʛʦ ʩʘʣʘ. ʈʝʮʝʧʪʦʨʳ ʘʥʜʨʦʛʝʥʦʚ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʥʘ ʩʝʙʦʮʠʪʘʭ ʠ ʢʝʨʘʪʠ-
ʥʦʮʠʪʘʭ ʬʦʣʣʠʢʫʣʷʨʥʦʛʦ ʵʧʠʪʝʣʠʷ, ʦʧʦʩʨʝʜʫʷ ʛʝʥʦʤʥʳʝ ʵʬʬʝʢʪʳ ʘʥʜʨʦʛʝʥʦʚ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, 
ʨʝʛʫʣʠʨʫʶʱʠʭ ʣʠʧʦʛʝʥʝʟ ʠ ʢʣʝʪʦʯʥʫʶ ʧʨʦʣʠʬʝʨʘʮʠʶ. ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʧʦʚʳ-
ʰʝʥʥʳʝ ʫʨʦʚʥʠ ʩʚʦʙʦʜʥʳʭ ʘʥʜʨʦʛʝʥʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ ʛʠʧʝʨʩʝʙʦʨʝʝ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦ-
ʨʦʤ ʚ ʨʘʟʚʠʪʠʠ ʘʢʥʝ. 

ɹʣʫʡʛʙʯʡʸ ʪʡʜʦʙʤʵʦʧʜʧ ʨʬʫʡ IGF-1 
ʇʦʤʠʤʦ ʚʣʠʷʥʠʷ ʥʘ ʘʥʜʨʦʛʝʥʥʳʡ ʤʝʪʘʙʦʣʠʟʤ, ʠʥʩʫʣʠʥ ʠ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʚʣʠʷʶʪ ʥʘ ʩʠ-

ʩʪʝʤʫ ʠʥʩʫʣʠʥʦʧʦʜʦʙʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ-1. ɻʠʧʝʨʠʥʩʫʣʠʥʝʤʠʷ ʩʪʠʤʫʣʠʨʫʝʪ ʧʝʯʝʥʦʯʥʫʶ ʧʨʦʜʫʢʮʠʶ 
IGF-1 ʠ ʧʦʜʘʚʣʷʝʪ ʩʠʥʪʝʟ ʠʥʩʫʣʠʥʦʧʦʜʦʙʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ-3, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʫʚʝʣʠʯʝʥʠʶ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ IGF-1. ʀʥʩʫʣʠʥʦʧʦʜʦʙʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ-1 ʦʙʣʘʜʘʝʪ ʤʦʱʥʳʤ 
ʤʠʪʦʛʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʠ ʘʢʪʠʚʠʨʫʝʪ ʨʝʮʝʧʪʦʨʳ IGF-1 ʥʘ ʩʝʙʦʮʠʪʘʭ ʠ ʢʝʨʘʪʠʥʦʮʠʪʘʭ [4, ʩ. 67]. 

ɸʢʪʠʚʘʮʠʷ ʨʝʮʝʧʪʦʨʦʚ IGF-1 ʠʥʠʮʠʠʨʫʝʪ ʢʘʩʢʘʜ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʯʝʨʝʟ ʧʫʪʴ ʬʦʩ-
ʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-3-ʢʠʥʘʟʘ/ʧʨʦʪʝʠʥʢʠʥʘʟʘ B/ʤʠʰʝʥʴ ʨʘʧʘʤʠʮʠʥʘ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʢʦʤʧʣʝʢʩ 1. ʕʪʦʪ 
ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ ʨʝʛʫʣʠʨʫʝʪ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʢʣʶʯʘʷ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʜʠʬʬʝ-
ʨʝʥʮʠʨʦʚʢʫ ʠ ʤʝʪʘʙʦʣʠʟʤ. ɺ ʩʝʙʦʮʠʪʘʭ ʘʢʪʠʚʘʮʠʷ mTORC1 ʩʪʠʤʫʣʠʨʫʝʪ ʣʠʧʦʛʝʥʝʟ ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ 
ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ SREBP-1, ʢʦʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʬʝʨʤʝʥʪʦʚ ʩʠʥʪʝʟʘ ʞʠʨ-
ʥʳʭ ʢʠʩʣʦʪ [5, ʩ. 421]. 

ɹʦʣʝʝ ʪʦʛʦ, ʘʢʪʠʚʘʮʠʷ ʧʫʪʠ IGF-1/mTORC1 ʧʦʜʘʚʣʷʝʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ FoxO1, ʢʦʪʦʨʳʡ 
ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʥʛʠʙʠʨʫʝʪ ʘʥʜʨʦʛʝʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʣʠʧʦʛʝʥʝʟʘ ʠ ʩʪʠʤʫ-
ʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ. ʇʦʜʘʚʣʝʥʠʝ FoxO1 ʧʨʠ ʛʠʧʝʨʠʥʩʫʣʠʥʝʤʠʠ ʧʨʠʚʦ-



230 ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 

 

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

ʜʠʪ ʢ ʨʘʩʪʦʨʤʘʞʠʚʘʥʠʶ ʘʥʜʨʦʛʝʥʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʩʝʙʦʮʠʪʳ ʠ ʩʥʠʞʝʥʠʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ, ʯʪʦ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʪʨʝʩʩʫ ʠ ʚʦʩʧʘʣʝʥʠʶ [6, ʩ. 234]. 

ɻʤʡʸʦʡʞ ʦʙ ʭʧʤʤʡʣʬʤʸʩʦʴʢ ʣʞʩʙʫʡʦʧʠ 
ʀʥʩʫʣʠʥ ʠ IGF-1 ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʢʝʨʘʪʠʥʦʮʠʪʳ ʬʦʣʣʠʢʫʣʷʨʥʦʛʦ ʵʧʠʪʝʣʠʷ, ʩʪʠʤʫʣʠʨʫʷ ʠʭ ʧʨʦʣʠ-

ʬʝʨʘʮʠʶ ʠ ʥʘʨʫʰʘʷ ʥʦʨʤʘʣʴʥʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʣʣʠʢʫʣʷʨʥʦʤʫ ʛʠʧʝʨʢʝʨʘʪʦʟʫ, ʭʘ-
ʨʘʢʪʝʨʠʟʫʶʱʝʤʫʩʷ ʠʟʙʳʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʝʡ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʠ ʥʘʨʫʰʝʥʠʝʤ ʜʝʩʢʚʘʤʘʮʠʠ ʚ ʠʥʬʫʥʜʠ-
ʙʫʣʫʤʝ ʩʘʣʴʥʦʡ ʞʝʣʝʟʳ. ɸʢʢʫʤʫʣʷʮʠʷ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʠ ʢʦʞʥʦʛʦ ʩʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʩʪʨʫʢʮʠʠ ʫʩʪʴʷ ʬʦʣʣʠ-
ʢʫʣʘ, ʩʦʟʜʘʚʘʷ ʘʥʘʵʨʦʙʥʳʝ ʫʩʣʦʚʠʷ, ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʧʨʦʣʠʬʝʨʘʮʠʠ Cutibacterium acnes [7, ʩ. 178]. 

ɹʦʣʝʝ ʪʦʛʦ, ʘʢʪʠʚʘʮʠʷ mTORC1 ʚ ʢʝʨʘʪʠʥʦʮʠʪʘʭ ʩʪʠʤʫʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 
ʮʠʪʦʢʠʥʦʚ ʠ ʤʦʣʝʢʫʣ ʘʜʛʝʟʠʠ, ʩʧʦʩʦʙʩʪʚʫʷ ʨʝʢʨʫʪʠʨʦʚʘʥʠʶ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ ʠ ʨʘʟʚʠʪʠʶ ʚʦʩʧʘʣʠʪʝʣʴ-
ʥʦʡ ʨʝʘʢʮʠʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʧʘʮʠʝʥʪʳ ʩ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʯʘʩʪʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ 
ʚʳʨʘʞʝʥʥʫʶ ʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʘʢʥʝ. 

 
ʃʄʁʆʁʐɾʊʃʁɾ ʈʉʇʘɻʄɾʆʁʘ ʁ ɽʁɹɼʆʇʊʋʁʃɹ 

ʂʣʠʥʠʯʝʩʢʘʷ ʧʨʝʟʝʥʪʘʮʠʷ ʘʢʥʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʤʦʞʝʪ ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥ-
ʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʭʦʪʷ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʬʝʥʦʪʠʧ ʥʝ ʚʩʝʛʜʘ ʦʯʝʚʠʜʝʥ. ʇʘʮʠʝʥʪʳ ʯʘʩʪʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 
ʧʝʨʩʠʩʪʠʨʫʶʱʝʝ ʘʢʥʝ ʚʦ ʚʟʨʦʩʣʦʤ ʚʦʟʨʘʩʪʝ, ʨʝʟʠʩʪʝʥʪʥʦʝ ʢ ʩʪʘʥʜʘʨʪʥʦʡ ʪʦʧʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ. ʈʘʩʧʨʝ-
ʜʝʣʝʥʠʝ ʚʳʩʳʧʘʥʠʡ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʣʠʮʦ, ʥʦ ʠ ʪʫʣʦʚʠʱʝ, ʦʩʦʙʝʥʥʦ ʩʧʠʥʫ ʠ ʛʨʫʜʴ. 

ʃʤʡʦʡʰʞʪʣʡʞ ʥʙʩʣʞʩʴ ʡʦʪʬʤʡʦʧʩʞʠʡʪʫʞʦʫʦʧʪʫʡ 
ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʘʢʥʝ ʚʘʞʥʦ ʘʢʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠ ʤʝ-

ʪʘʙʦʣʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘ. Acanthosis nigricans, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʛʠʧʝʨʧʠʛʤʝʥʪʘʮʠʝʡ ʠ ʫʪʦʣʱʝʥʠʝʤ 
ʢʦʞʠ ʚ ʩʢʣʘʜʢʘʭ, ʦʩʦʙʝʥʥʦ ʥʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʝʠ, ʚ ʧʦʜʤʳʰʝʯʥʳʭ ʚʧʘʜʠʥʘʭ ʠ ʧʘʭʦʚʳʭ ʦʙʣʘʩʪʷʭ, 
ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʢʦʞʥʳʤ ʤʘʨʢʝʨʦʤ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʕʪʦʪ ʧʨʠʟʥʘʢ ʯʘʩʪʦ ʥʝʜʦʦʮʝʥʠʚʘʝʪʩʷ, ʥʦ 
ʝʛʦ ʥʘʣʠʯʠʝ ʜʦʣʞʥʦ ʧʦʙʫʞʜʘʪʴ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ [8, ʩ. 512]. 

ɸʙʜʦʤʠʥʘʣʴʥʦʝ ʦʞʠʨʝʥʠʝ, ʦʮʝʥʠʚʘʝʤʦʝ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʪʘʣʠʠ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʥʪʨʦʧʦʤʝʪʨʠ-
ʯʝʩʢʠʤ ʤʘʨʢʝʨʦʤ ʚʠʩʮʝʨʘʣʴʥʦʛʦ ʦʞʠʨʝʥʠʷ ʠ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʋ ʤʫʞʯʠʥ ʦʢʨʫʞʥʦʩʪʴ ʪʘʣʠʠ ʙʦ-
ʣʝʝ 102 ʩʘʥʪʠʤʝʪʨʦʚ, ʘ ʫ ʞʝʥʱʠʥ ʙʦʣʝʝ 88 ʩʘʥʪʠʤʝʪʨʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʙʜʦʤʠʥʘʣʴʥʦʝ ʦʞʠʨʝʥʠʝ ʩʦ-
ʛʣʘʩʥʦ ʢʨʠʪʝʨʠʷʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʬʝʜʝʨʘʮʠʠ ʜʠʘʙʝʪʘ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘ. 

ʋ ʞʝʥʱʠʥ ʩ ʘʢʥʝ ʠ ʧʨʠʟʥʘʢʘʤʠ ʛʠʧʝʨʘʥʜʨʦʛʝʥʠʠ, ʚʢʣʶʯʘʷ ʛʠʨʩʫʪʠʟʤ, ʥʝʨʝʛʫʣʷʨʥʳʝ ʤʝʥʩʪʨʫʘʮʠʠ 
ʠ ʘʥʜʨʦʛʝʥʥʫʶ ʘʣʦʧʝʮʠʶ, ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʧʦʜʦʟʨʝʥʦ ʥʘʣʠʯʠʝ ʩʠʥʜʨʦʤʘ ʧʦʣʠʢʠʩʪʦʟʥʳʭ ʷʠʯʥʠʢʦʚ. ʕʪʦʪ 
ʩʠʥʜʨʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʠʧʝʨʘʥʜʨʦʛʝʥʠʝʡ, ʭʨʦʥʠʯʝʩʢʦʡ ʘʥʦʚʫʣʷʮʠʝʡ ʠ ʯʘʩʪʦ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦ-
ʩʪʴʶ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʚʘʞʥʫʶ ʢʣʠʥʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʠ ʵʥʜʦʢʨʠʥʥʳʭ 
ʥʘʨʫʰʝʥʠʡ ʩ ʘʢʥʝ [9, ʩ. 89]. 

ʄʙʚʧʩʙʫʧʩʦʙʸ ʧʯʞʦʣʙ 
ʃʘʙʦʨʘʪʦʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʘʢʥʝ ʚʢʣʶʯʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʛʣʶʢʦʟʳ ʥʘʪʦʱʘʢ, ʠʥʩʫʣʠʥʘ ʥʘʪʦʱʘʢ ʠ ʨʘʩʯʝʪ ʠʥʜʝʢʩʘ HOMA-IR. ʕʪʦʪ ʠʥʜʝʢʩ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
ʛʣʶʢʦʟʘ ʥʘʪʦʱʘʢ ʚ ʤʤʦʣʴ/ʣ ʫʤʥʦʞʝʥʥʘʷ ʥʘ ʠʥʩʫʣʠʥ ʥʘʪʦʱʘʢ ʚ ʤʢɽɼ/ʤʣ, ʜʝʣʝʥʥʘʷ ʥʘ 22.5. ɿʥʘʯʝʥʠʷ 
ʠʥʜʝʢʩʘ HOMA-IR ʙʦʣʝʝ 2.5-2.7 ʦʙʳʯʥʦ ʩʯʠʪʘʶʪʩʷ ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ, ʭʦʪʷ 
ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʧʫʣʷʮʠʠ ʠ ʤʝʪʦʜʦʣʦʛʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʩʫ-
ʣʠʥʘ [10, ʩ. 367]. 

ʃʠʧʠʜʥʳʡ ʧʨʦʬʠʣʴ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʭʦʣʝʩʪʝʨʠʥʘ, ʣʠʧʦʧʨʦʪʝʠʜʦʚ ʥʠʟʢʦʡ 
ʧʣʦʪʥʦʩʪʠ, ʣʠʧʦʧʨʦʪʝʠʜʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʪʨʠʛʣʠʮʝʨʠʜʦʚ. ʇʨʠ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʯʘʩʪʦ 
ʥʘʙʣʶʜʘʝʪʩʷ ʘʪʝʨʦʛʝʥʥʘʷ ʜʠʩʣʠʧʠʜʝʤʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʠʛʣʠʮʝʨʠʜʘʤʠ, ʩʥʠʞʝʥ-
ʥʳʤʠ ʣʠʧʦʧʨʦʪʝʠʜʘʤʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʝʣʢʠʭ ʧʣʦʪʥʳʭ ʯʘʩʪʠʮ ʣʠʧʦʧʨʦʪʝʠʜʦʚ 
ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʋ ʞʝʥʱʠʥ ʩ ʢʣʠʥʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʛʠʧʝʨʘʥʜʨʦʛʝʥʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʠ 
ʩʚʦʙʦʜʥʦʛʦ ʪʝʩʪʦʩʪʝʨʦʥʘ, ʜʝʛʠʜʨʦʵʧʠʘʥʜʨʦʩʪʝʨʦʥ-ʩʫʣʴʬʘʪʘ ʠ 17-ʛʠʜʨʦʢʩʠʧʨʦʛʝʩʪʝʨʦʥʘ ʜʣʷ ʜʠʬʬʝ-
ʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠʩʪʦʯʥʠʢʘ ʠʟʙʳʪʢʘ ʘʥʜʨʦʛʝʥʦʚ. ʋʨʦʚʥʠ ʣʶʪʝʠʥʠʟʠʨʫʶʱʝʛʦ ʠ ʬʦʣʣʠʢʫʣʦʩʪʠ-
ʤʫʣʠʨʫʶʱʝʛʦ ʛʦʨʤʦʥʦʚ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʠʥʜʨʦʤʘ ʧʦʣʠʢʠʩʪʦʟʥʳʭ ʷʠʯʥʠʢʦʚ. 
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ʈɹʋʇɼɾʆɾʋʁʐɾʊʃʁɾ ɻʀɹʁʅʇʊɻʘʀʁ: ʇʋ ʁʆʊʌʄʁʆʇʉɾʀʁʊʋɾʆʋʆʇʊʋʁ ʃ ɹʃʆɾ 
ʀʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʠ 

ʘʢʥʝ ʪʨʝʙʫʝʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ. ʀʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ 
ʥʝ ʷʚʣʷʝʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʝʤ, ʥʦ ʯʘʩʪʦ ʩʦʯʝʪʘʝʪʩʷ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʥʳʤʠ 
ʠʟʤʝʥʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʩʠʥʝʨʛʠʯʝʩʢʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʘʢʥʝ. 

ʊʡʪʫʞʥʦʧʞ ʛʧʪʨʙʤʞʦʡʞ 
ʆʞʠʨʝʥʠʝ ʠ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʭʨʦʥʠʯʝʩʢʠʤ ʥʠʟʢʦʫʨʦʚʥʝʚʳʤ ʩʠʩʪʝʤʥʳʤ 

ʚʦʩʧʘʣʝʥʠʝʤ, ʯʘʩʪʦ ʥʘʟʳʚʘʝʤʳʤ ʤʝʪʘʚʦʩʧʘʣʝʥʠʝʤ. ɾʠʨʦʚʘʷ ʪʢʘʥʴ, ʦʩʦʙʝʥʥʦ ʚʠʩʮʝʨʘʣʴʥʘʷ, ʠʥʬʠʣʴ-
ʪʨʠʨʦʚʘʥʘ ʤʘʢʨʦʬʘʛʘʤʠ ʠ ʜʨʫʛʠʤʠ ʠʤʤʫʥʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʢʦʪʦʨʳʝ ʩʝʢʨʝʪʠʨʫʶʪ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ 
ʮʠʪʦʢʠʥʳ, ʚʢʣʶʯʘʷ ʬʘʢʪʦʨ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ-ʘʣʴʬʘ, ʠʥʪʝʨʣʝʡʢʠʥ-6 ʠ ʠʥʪʝʨʣʝʡʢʠʥ-1ɓ. ʕʪʠ ʮʠʨʢʫʣʠʨʫʶ-
ʱʠʝ ʮʠʪʦʢʠʥʳ ʩʦʟʜʘʶʪ ʩʠʩʪʝʤʥʳʡ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʬʦʥ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ 
ʧʨʦʮʝʩʩʳ ʚ ʢʦʞʝ [11, ʩ. 203]. 

ɹʦʣʝʝ ʪʦʛʦ, ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʮʠʪʦʢʠʥʳ ʩʘʤʠ ʧʦ ʩʝʙʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 
ʯʝʨʝʟ ʥʘʨʫʰʝʥʠʝ ʩʠʛʥʘʣʴʥʦʡ ʪʨʘʥʩʜʫʢʮʠʠ ʠʥʩʫʣʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ, ʩʦʟʜʘʚʘʷ ʧʦʨʦʯʥʳʡ ʢʨʫʛ ʚʦʩʧʘʣʝ-
ʥʠʷ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʜʠʩʬʫʥʢʮʠʠ. ɺ ʢʦʥʪʝʢʩʪʝ ʘʢʥʝ, ʩʠʩʪʝʤʥʦʝ ʚʦʩʧʘʣʝʥʠʝ ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʧʦʨʦʛ ʘʢʪʠ-
ʚʘʮʠʠ ʣʦʢʘʣʴʥʳʭ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʚ ʢʦʞʝ ʚ ʦʪʚʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ Cutibacterium acnes ʠ ʝʛʦ ʤʝ-
ʪʘʙʦʣʠʪʦʚ. 

ʇʣʡʪʤʡʫʞʤʵʦʴʢ ʪʫʩʞʪʪ 
ʀʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʠ ʦʞʠʨʝʥʠʝ ʪʘʢʞʝ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʦʢʠʩʣʠʪʝʣʴʥʳʤ 

ʩʪʨʝʩʩʦʤ. ʀʟʙʳʪʦʯʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʚ ʘʜʠʧʦʮʠʪʘʭ ʠ ʜʨʫʛʠʭ ʢʣʝʪʢʘʭ ʧʨʠʚʦʜʠʪ ʢ ʤʠʪʦʭʦʥʜʨʠʘʣʴ-
ʥʦʡ ʜʠʩʬʫʥʢʮʠʠ ʠ ʫʚʝʣʠʯʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ. ʉʠʩʪʝʤʥʳʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ 
ʩʪʨʝʩʩ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʢʦʞʫ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʷ ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ 
ʢʦʞʥʦʛʦ ʩʘʣʘ, ʯʪʦ ʛʝʥʝʨʠʨʫʝʪ ʢʦʤʝʜʦʛʝʥʥʳʝ ʠ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʤʝʜʠʘʪʦʨʳ [12, ʩ. 445]. 

ɹʦʣʝʝ ʪʦʛʦ, ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ ʘʢʪʠʚʠʨʫʶʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʪʨʘʥʩʢʨʠʧʮʠ-
ʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ NF-əB, ʢʦʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʤʥʦʞʝʩʪʚʘ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʛʝ-
ʥʦʚ. ʇʦʚʳʰʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ NF-əB ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʧʨʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʷʭ, ʪʘʢ ʠ ʚ ʚʦʩʧʘ-
ʣʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʘʢʥʝ, ʧʨʝʜʧʦʣʘʛʘʷ ʦʙʱʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ. 

ɽʡʪʚʙʤʙʦʪ ʙʝʡʨʧʣʡʦʧʛ 
ɸʜʠʧʦʢʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʦʨʤʦʥʦʧʦʜʦʙʥʳʝ ʙʝʣʢʠ, ʩʝʢʨʝʪʠʨʫʝʤʳʝ ʞʠʨʦʚʦʡ ʪʢʘʥʴʶ, ʢʦʪʦʨʳʝ 

ʠʛʨʘʶʪ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʤʝʪʘʙʦʣʠʟʤʘ, ʚʦʩʧʘʣʝʥʠʷ ʠ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ. ʇʨʠ ʦʞʠʨʝʥʠʠ ʠ ʠʥʩʫʣʠʥʦʨʝʟʠ-
ʩʪʝʥʪʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʡ ʜʠʩʙʘʣʘʥʩ ʘʜʠʧʦʢʠʥʦʚ ʩ ʧʦʚʳʰʝʥʠʝʤ ʣʝʧʪʠʥʘ ʠ ʩʥʠʞʝʥʠʝʤ 
ʘʜʠʧʦʥʝʢʪʠʥʘ. ʃʝʧʪʠʥ ʦʙʣʘʜʘʝʪ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʤʦʞʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʧʨʦʣʠʬʝʨʘ-
ʮʠʶ ʩʝʙʦʮʠʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʜʠʧʦʥʝʢʪʠʥ ʦʙʣʘʜʘʝʪ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʵʬʬʝʢʪʘʤʠ [13, ʩ. 521]. 

ʉʥʠʞʝʥʠʝ ʘʜʠʧʦʥʝʢʪʠʥʘ ʧʨʠ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʪʝʨʶ ʟʘʱʠʪʥʦʛʦ 
ʬʘʢʪʦʨʘ, ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʩʠʣʝʥʠʶ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʞʝ ʠ ʜʨʫʛʠʭ ʪʢʘʥʷʭ. ʆʪ-
ʥʦʰʝʥʠʝ ʣʝʧʪʠʥʘ ʢ ʘʜʠʧʦʥʝʢʪʠʥʫ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʘʨʢʝʨ ʜʠʩʬʫʥʢʮʠʠ ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʠ ʤʦʞʝʪ ʢʦʨ-
ʨʝʣʠʨʦʚʘʪʴ ʩ ʪʷʞʝʩʪʴʶ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʠ ʘʢʥʝ. 

 
ʋɾʉɹʈɾɻʋʁʐɾʊʃʁɾ ʊʋʉɹʋɾɼʁʁ 

ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʣʝʯʝʥʠʶ ʘʢʥʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʠ ʠʟʙʳʪʦʯʥʦʡ ʤʘʩ-
ʩʦʡ ʪʝʣʘ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʢʘʢ ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʠʥʪʝʨʚʝʥʮʠʠ. 

ɽʞʩʥʙʫʧʤʧʜʡʰʞʪʣʙʸ ʫʞʩʙʨʡʸ 
ʉʪʘʥʜʘʨʪʥʘʷ ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ ʘʢʥʝ ʦʩʪʘʝʪʩʷ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʣʝʯʝʥʠʷ. ʊʦʧʠʯʝ-

ʩʢʠʝ ʨʝʪʠʥʦʠʜʳ ʥʦʨʤʘʣʠʟʫʶʪ ʬʦʣʣʠʢʫʣʷʨʥʫʶ ʢʝʨʘʪʠʥʠʟʘʮʠʶ ʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʝ-
ʜʦʥʦʚ. ɹʝʥʟʦʠʣ ʧʝʨʦʢʩʠʜ ʠ ʪʦʧʠʯʝʩʢʠʝ ʘʥʪʠʙʠʦʪʠʢʠ ʫʤʝʥʴʰʘʶʪ ʢʦʣʦʥʠʟʘʮʠʶ Cutibacterium acnes. ʂʦʤ-
ʙʠʥʠʨʦʚʘʥʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʝʪʠʥʦʠʜ ʠ ʘʥʪʠʤʠʢʨʦʙʥʳʡ ʘʛʝʥʪ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʠʥʝʨʛʠʯʝʩʢʠʡ 
ʵʬʬʝʢʪ [14, ʩ. 298]. 

ʇʨʠ ʩʨʝʜʥʝʪʷʞʸʣʳʭ ʠ ʪʷʞʸʣʳʭ ʬʦʨʤʘʭ ʘʢʥʝ ʩʠʩʪʝʤʥʳʝ ʪʝʪʨʘʮʠʢʣʠʥʳ (ʜʦʢʩʠʮʠʢʣʠʥ, ʤʠʥʦʮʠʢ-
ʣʠʥ) ʥʘʟʥʘʯʘʶʪ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʪʦʧʠʯʝʩʢʠʤ ʨʝʪʠʥʦʠʜʦʤ ʠ ʙʝʥʟʦʠʣʧʝʨʦʢʩʠʜʦʤ ʢʫʨʩʦʤ ʥʝ ʙʦʣʝʝ 12 
ʥʝʜʝʣʴ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʭʦʜʦʤ ʥʘ ʧʦʜʜʝʨʞʠʚʘʶʱʫʶ ʪʦʧʠʯʝʩʢʫʶ ʪʝʨʘʧʠʶ; ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʘʥʪʠʙʠʦ-



232 ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 

 

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

ʪʠʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʵʪʘʧ ʧʦʜʛʦʪʦʚʢʠ ʢ ʢʫʨʩʫ ʠʟʦʪʨʝʪʠʥʦʠʥʘ [24, 25, 26]. 
ʀʟʦʪʨʝʪʠʥʦʠʥ ʧʦʢʘʟʘʥ ʧʨʠ ʪʷʞʸʣʦʤ ʘʢʥʝ ʣʶʙʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʘʢʥʝ ʩ ʨʠʩʢʦʤ ʨʫʙʮʝʚʘʥʠʷ, ʧʩʠʭʦ-

ʩʦʮʠʘʣʴʥʳʤ ʜʠʩʪʨʝʩʩʦʤ ʠ ʨʝʟʠʩʪʝʥʪʥʦʤ ʪʝʯʝʥʠʠ; ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʩʫʪʦʯʥʘʷ ʜʦʟʘ ð 0,5ï1 ʤʛ/ʢʛ, ʢʫʨ-
ʩʦʚʘʷ ð 120ï150 ʤʛ/ʢʛ, ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʢʫʨʩʘ ð ʥʝ ʤʝʥʝʝ 24 ʥʝʜʝʣʴ. ɺ ʧʨʦʮʝʩʩʝ ʣʝʯʝʥʠʷ ʢʦʥʪʨʦʣʠ-
ʨʫʶʪ ʣʠʧʠʜʳ ʠ ʪʨʘʥʩʘʤʠʥʘʟʳ [27, 28]. 

ʂʆʂ ʩ ʘʥʪʠʘʥʜʨʦʛʝʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʫ ʞʝʥʱʠʥ ʩ ʛʦʨʤʦʥʘʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʘʢʥʝ 
ʠʣʠ ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʢʦʥʪʨʘʮʝʧʮʠʠ; ʨʫʪʠʥʥʳʤ ʤʝʪʦʜʦʤ ʣʝʯʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʠ ʠʤʝʶʪ ʩʪʘʪʫʩ ʫʩʣʦʚʥʦʡ 
ʨʝʢʦʤʝʥʜʘʮʠʠ [24]. 

ɽʡʞʫʡʰʞʪʣʡʞ ʡʦʫʞʩʛʞʦʯʡʡ 
ʄʦʜʠʬʠʢʘʮʠʷ ʜʠʝʪʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʩʪʨʘʪʝʛʠʶ ʢʦʨʨʝʢʮʠʠ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. 

ɼʠʝʪʘ ʩ ʥʠʟʢʦʡ ʛʣʠʢʝʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ ʩʥʠʞʘʝʪ ʧʦʩʪʧʨʘʥʜʠʘʣʴʥʫʶ ʛʠʧʝʨʛʣʠʢʝʤʠʶ ʠ ʛʠʧʝʨʠʥʩʫʣʠʥʝ-
ʤʠʶ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʘʢʪʠʚʘʮʠʶ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʠʥʩʫʣʠʥ-IGF-1-mTORC1 ʚ ʩʝʙʦʮʠʪʘʭ. ʂʣʠʥʠʯʝʩʢʠʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʜʠʝʪʘ ʩ ʥʠʟʢʠʤ ʛʣʠʢʝʤʠʯʝʩʢʠʤ ʠʥʜʝʢʩʦʤ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝ-
ʥʠʶ ʘʢʥʝ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ [16, ʩ. 423]. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚʢʣʶʯʘʝʪ ʟʘʤʝʥʫ ʨʘʬʠʥʠʨʦʚʘʥʥʳʭ ʫʛʣʝʚʦʜʦʚ ʮʝʣʴʥʦʟʝʨʥʦʚʳʤʠ ʧʨʦ-
ʜʫʢʪʘʤʠ, ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʦʚʦʱʝʡ ʠ ʙʦʙʦʚʳʭ, ʦʛʨʘʥʠʯʝʥʠʝ ʩʣʘʜʦʩʪʝʡ ʠ ʧʦʜʩʣʘʱʝʥʥʳʭ ʥʘʧʠʪ-
ʢʦʚ. ʆʛʨʘʥʠʯʝʥʠʝ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ, ʫʯʠʪʳʚʘʷ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝ-
ʩʢʠʝ ʜʘʥʥʳʝ ʦ ʩʚʷʟʠ ʤʦʣʦʢʘ ʠ ʘʢʥʝ. ʇʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ ʜʠʝʪʘ, ʙʦʛʘʪʘʷ ʦʤʝʛʘ-3 ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘ-
ʤʠ ʠʟ ʞʠʨʥʦʡ ʨʳʙʳ, ʦʚʦʱʘʤʠ ʠ ʬʨʫʢʪʘʤʠ, ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ ʩʠʩʪʝʤʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ 
[17, ʩ. 234]. 

ʍʡʠʡʰʞʪʣʙʸ ʙʣʫʡʛʦʧʪʫʵ 
ʈʝʛʫʣʷʨʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʣʫʯʰʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʥʩʫʣʠʥʫ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʥʠʞʝ-

ʥʠʷ ʤʘʩʩʳ ʪʝʣʘ. ɸʵʨʦʙʥʳʝ ʫʧʨʘʞʥʝʥʠʷ ʩʪʠʤʫʣʠʨʫʶʪ ʪʨʘʥʩʣʦʢʘʮʠʶ ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʛʣʶʢʦʟʳ GLUT4 ʚ 
ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ, ʫʣʫʯʰʘʷ ʫʪʠʣʠʟʘʮʠʶ ʛʣʶʢʦʟʳ. ʉʠʣʦʚʳʝ ʪʨʝʥʠʨʦʚʢʠ ʫʚʝʣʠʯʠʚʘʶʪ ʤʳʰʝʯʥʫʶ ʤʘʩ-
ʩʫ, ʯʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʤʝʪʘʙʦʣʠʟʤʘ ʛʣʶʢʦʟʳ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʤʠʥʠʤʫʤ 150 ʤʠʥʫʪ ʫʤʝ-
ʨʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʵʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʥʝʜʝʣʶ [18, ʩ. 567]. 

ʍʙʩʥʙʣʧʤʧʜʡʰʞʪʣʙʸ ʣʧʩʩʞʣʯʡʸ ʥʞʫʙʚʧʤʡʠʥʙ 
ʄʝʪʬʦʨʤʠʥ, ʙʠʛʫʘʥʠʜ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʣʝʯʝʥʠʷ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ 2 ʪʠʧʘ, ʫʣʫʯʰʘʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʥʩʫʣʠʥʫ ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ AMP-ʘʢʪʠʚʠʨʫʝʤʦʡ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʠ ʩʥʠʞʝʥʠʝ ʧʝʯʝʥʦʯ-
ʥʦʛʦ ʛʣʶʢʦʥʝʦʛʝʥʝʟʘ. ʅʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʣʫʯʰʝʥʠʝ ʘʢʥʝ ʧʨʠ ʪʝʨʘʧʠʠ ʤʝʪ-
ʬʦʨʤʠʥʦʤ, ʦʩʦʙʝʥʥʦ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʠ ʩʠʥʜʨʦʤʦʤ ʧʦʣʠʢʠʩʪʦʟʥʳʭ ʷʠʯʥʠʢʦʚ. 
ʊʠʧʠʯʥʘʷ ʜʦʟʘ ʩʦʩʪʘʚʣʷʝʪ 1500-2000 ʤʠʣʣʠʛʨʘʤʤʦʚ ʚ ʜʝʥʴ [19, ʩ. 345]. 

ʄʝʭʘʥʠʟʤʳ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʣʠʷʥʠʷ ʤʝʪʬʦʨʤʠʥʘ ʥʘ ʘʢʥʝ ʚʢʣʶʯʘʶʪ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʝʡ ʠʥʩʫʣʠʥʘ 
ʠ IGF-1, ʘʢʪʠʚʘʮʠʶ AMPK, ʢʦʪʦʨʘʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʵʬʬʝʢʪʘʤ mTORC1, ʠ ʚʦʟʤʦʞʥʦʝ ʩʥʠʞʝʥʠʝ ʘʥ-
ʜʨʦʛʝʥʦʚ ʫ ʞʝʥʱʠʥ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʬʦʨʤʠʥ ʥʝ ʦʜʦʙʨʝʥ ʜʣʷ ʣʝʯʝʥʠʷ ʘʢʥʝ, ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ off-label ʧʨʠʤʝʥʝʥʠʝ, ʪʨʝʙʫʶʱʝʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʛʣʘʩʠʷ ʧʘʮʠʝʥʪʘ ʠ ʤʦ-
ʥʠʪʦʨʠʥʛʘ. 

ʊʦʡʟʞʦʡʞ ʥʙʪʪʴ ʫʞʤʙ 
ʋʩʪʦʡʯʠʚʦʝ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʦʞʠʨʝʥʠʝʤ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʣʫʯʰʝʥʠʶ ʠʥʩʫ-

ʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʝʡ ʘʥʜʨʦʛʝʥʦʚ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʤʘʨʢʝʨʦʚ. ʋʤʝʨʝʥʥʳʡ ʜʝʬʠʮʠʪ 
ʢʘʣʦʨʠʡ ʥʘ 500-750 ʢʠʣʦʢʘʣʦʨʠʡ ʚ ʜʝʥʴ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʤʘʩʩʳ ʥʘ 0.5-1 ʢʠʣʦʛʨʘʤʤ ʚ ʥʝʜʝʣʶ. 
ʉʥʠʞʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʚʩʝʛʦ ʥʘ 5-10% ʦʪ ʠʩʭʦʜʥʦʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʤʝʪʘ-
ʙʦʣʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ [20, ʩ. 478]. 

ʇʦʚʝʜʝʥʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ, ʚʢʣʶʯʘʷ ʩʘʤʦʤʦʥʠʪʦʨʠʥʛ ʧʠʪʘʥʠʷ ʠ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʩʪʘʥʦʚ-
ʢʫ ʨʝʘʣʠʩʪʠʯʥʳʭ ʮʝʣʝʡ ʠ ʢʦʛʥʠʪʠʚʥʦ-ʧʦʚʝʜʝʥʯʝʩʢʫʶ ʪʝʨʘʧʠʶ, ʤʦʛʫʪ ʫʣʫʯʰʘʪʴ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʠ ʨʝ-
ʟʫʣʴʪʘʪʳ. ʄʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʜʭʦʜ ʩ ʫʯʘʩʪʠʝʤ ʜʝʨʤʘʪʦʣʦʛʘ, ʜʠʝʪʦʣʦʛʘ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 
ʵʥʜʦʢʨʠʥʦʣʦʛʘ ʠʣʠ ʧʩʠʭʦʣʦʛʘ, ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʅʧʝʬʤʸʯʡʸ ʥʡʣʩʧʚʡʧʥʙ 
ʇʨʦʙʠʦʪʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʢʥʝ ʯʝʨʝʟ ʫʣʫʯʰʝʥʠʝ ʢʠ-

ʰʝʯʥʦʛʦ ʙʘʨʴʝʨʘ, ʩʥʠʞʝʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ ʠ ʤʦʜʫʣʷʮʠʶ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ. ʐʪʘʤʤʳ 
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Lactobacillus ʠ Bifidobacterium ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʥʝʙʦʣʴʰʠʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷʭ ʘʢʥʝ. ʇʨʝʙʠʦʪʠʢʠ ʠ ʜʠʝʪʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʪʘʢʞʝ ʤʦʛʫʪ ʩʧʦʩʦʙ-
ʩʪʚʦʚʘʪʴ ʟʜʦʨʦʚʦʤʫ ʢʠʰʝʯʥʦʤʫ ʤʠʢʨʦʙʠʦʤʫ [21, ʩ. 289]. 

ʆʬʫʩʡʯʞʛʫʡʰʞʪʣʡʞ ʨʧʝʮʧʝʴ 
ʎʠʥʢ ʠʛʨʘʝʪ ʨʦʣʴ ʚ ʠʤʤʫʥʥʦʡ ʬʫʥʢʮʠʠ ʠ ʟʘʞʠʚʣʝʥʠʠ ʨʘʥ, ʠ ʝʛʦ ʜʦʙʘʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟ-

ʥʳʤ ʧʨʠ ʘʢʥʝ. ɺʠʪʘʤʠʥ D, ʜʝʬʠʮʠʪ ʢʦʪʦʨʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʧʨʠ ʦʞʠʨʝʥʠʠ, ʚʘʞʝʥ ʜʣʷ ʠʤʤʫʥʥʦʡ ʨʝʛʫ-
ʣʷʮʠʠ. ʆʤʝʛʘ-3 ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʦʙʣʘʜʘʶʪ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
ʍʦʪʷ ʜʦʢʘʟʘʪʝʣʴʥʘʷ ʙʘʟʘ ʜʣʷ ʥʫʪʨʠʮʝʚʪʠʢʦʚ ʧʨʠ ʘʢʥʝ ʦʛʨʘʥʠʯʝʥʘ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠ-
ʚʘʪʴʩʷ ʢʘʢ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʨʘʧʠʠ [22, ʩ. 412]. 

 
ʅʇʆʁʋʇʉʁʆɼ ʁ ɽʇʄɼʇʊʉʇʐʆʇɾ ɻɾɽɾʆʁɾ 

ʇʘʮʠʝʥʪʳ ʩ ʘʢʥʝ ʠ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʪʨʝʙʫʶʪ ʨʝʛʫʣʷʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʢ ʜʝʨʤʘʪʦʣʦ-
ʛʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʂʣʠʥʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʘʢʥʝ ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ ʢʘʞʜʳʝ 4-6 
ʥʝʜʝʣʴ ʚ ʥʘʯʘʣʝ ʪʝʨʘʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʰʢʘʣ ʪʷʞʝʩʪʠ. ʌʦʪʦʜʦʢʫʤʝʥʪʘʮʠʷ ʚ 
ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʧʨʦʛʨʝʩʩʘ. 

ʄʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚʢʣʶʯʘʷ ʤʘʩʩʫ ʪʝʣʘ, ʦʢʨʫʞʥʦʩʪʴ ʪʘʣʠʠ, ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, 
ʛʣʶʢʦʟʫ ʥʘʪʦʱʘʢ ʠ ʣʠʧʠʜʥʳʡ ʧʨʦʬʠʣʴ, ʜʦʣʞʥʳ ʤʦʥʠʪʦʨʠʨʦʚʘʪʴʩʷ ʢʘʞʜʳʝ 3-6 ʤʝʩʷʮʝʚ. ʋʣʫʯʰʝʥʠʝ 
ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʣʠʥʠʯʝʩʢʠʤ ʫʣʫʯʰʝʥʠʝʤ ʘʢʥʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 
ʚʘʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ. 

ɼʦʣʛʦʩʨʦʯʥʦʝ ʚʝʜʝʥʠʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʧʦʜʜʝʨʞʘʥʠʠ ʜʦʩʪʠʛʥʫʪʳʭ ʫʣʫʯʰʝʥʠʡ ʚ ʤʘʩʩʝ ʪʝʣʘ, ʤʝ-
ʪʘʙʦʣʠʯʝʩʢʦʤ ʟʜʦʨʦʚʴʝ ʠ ʢʦʥʪʨʦʣʝ ʘʢʥʝ. ʊʦʧʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʪʝʨʘʧʠʷ ʨʝʪʠʥʦʠʜʘʤʠ ʧʦʤʦʛʘʝʪ 
ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʨʝʮʠʜʠʚʳ ʘʢʥʝ. ʇʨʦʜʦʣʞʝʥʠʝ ʟʜʦʨʦʚʳʭ ʜʠʝʪʠʯʝʩʢʠʭ ʧʨʠʚʳʯʝʢ ʠ ʨʝʛʫʣʷʨʥʦʡ ʬʠʟʠʯʝ-
ʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʨʠʪʠʯʥʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʫʣʫʯʰʝʥʠʡ [23, ʩ. 567]. 

 
ʀɹʃʄʗʐɾʆʁɾ 

ʀʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʠʛʨʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ ʘʢʥʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʠʟʙʳʪʦʯʥʦʡ 
ʤʘʩʩʦʡ ʪʝʣʘ ʯʝʨʝʟ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ. ɻʠʧʝʨʠʥʩʫʣʠʥʝʤʠʷ ʩʪʠʤʫʣʠʨʫʝʪ ʘʥ-
ʜʨʦʛʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʘʢʪʠʚʠʨʫʝʪ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ IGF-1/mTORC1 ʚ ʩʝʙʦʮʠʪʘʭ ʠ ʢʝʨʘʪʠʥʦʮʠʪʘʭ, ʩʧʦ-
ʩʦʙʩʪʚʫʷ ʩʝʙʦʛʝʥʝʟʫ, ʬʦʣʣʠʢʫʣʷʨʥʦʤʫ ʛʠʧʝʨʢʝʨʘʪʦʟʫ ʠ ʚʦʩʧʘʣʝʥʠʶ. ʕʪʠ ʵʬʬʝʢʪʳ ʫʩʫʛʫʙʣʷʶʪʩʷ ʩʠ-
ʩʪʝʤʥʳʤ ʚʦʩʧʘʣʝʥʠʝʤ, ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʪʨʝʩʩʦʤ ʠ ʜʠʩʙʘʣʘʥʩʦʤ ʘʜʠʧʦʢʠʥʦʚ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʦʞʠ-
ʨʝʥʠʷ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘ. 

ʇʨʠʟʥʘʥʠʝ ʨʦʣʠ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʚ ʧʘʪʦʛʝʥʝʟʝ ʘʢʥʝ ʠʤʝʝʪ ʚʘʞʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʠʤʧʣʠʢʘ-
ʮʠʠ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʩʪʘʥʜʘʨʪʥʫʶ ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʫʶ ʪʝʨʘʧʠʶ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʠʝ-
ʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʢʦʨʨʝʢ-
ʮʠʝʡ ʤʝʪʘʙʦʣʠʟʤʘ, ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘʙʦʣʝʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ʪʝʨʘʧʠʝʡ. ɹʦʣʝʝ ʪʦʛʦ, ʢʦʨʨʝʢʮʠʷ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠ ʩʥʠʞʝ-
ʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʦʢʘʟʳʚʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʝʝ ʟʜʦʨʦʚʴʝ, ʩʥʠʞʘʷ ʨʠʩʢ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ 
2 ʪʠʧʘ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʜʨʫʛʠʭ ʦʩʣʦʞʥʝʥʠʡ ʦʞʠʨʝʥʠʷ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʜʝʨʤʘʪʦʣʦʛʠ-
ʯʝʩʢʠʭ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʠʥʪʝʨʚʝʥʮʠʡ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʠʦʤʘʨʢʝʨʦʚ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʠʭ ʦʪʚʝʪ ʥʘ ʪʝʨʘ-
ʧʠʶ, ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʘʨʛʝʪʥʳʭ ʩʪʨʘʪʝʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʢʣʶʯʝʚʳʝ ʫʟʣʳ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʡ ʩʝʪʠ, 
ʩʚʷʟʳʚʘʶʱʝʡ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʠ ʘʢʥʝ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʜʭʦʜ ʢ ʚʝʜʝ-
ʥʠʶ ʧʘʮʠʝʥʪʦʚ ʩ ʘʢʥʝ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝ-
ʥʠʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʢ ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʩʠʩʪʝʤʥʳʭ ʠʩʭʦʜʦʚ ʟʜʦʨʦʚʴʷ. 
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ǬǟǰǪǤǣǰǱǡǤǬǬǺǤ ǱǯǭǫǠǭǳǧǪǧǧ 
&ǫǲǱǟǵǧǾ ǳǟǩǱǭǯǟ T ǪǤǨǣǤǬǟ' ǩǟǩ 
ǮǟǱǭǳǧǦǧǭǪǭǢǧǶǤǰǩǟǾ ǭǰǬǭǡǟ 
ǱǯǭǫǠǭǦǭǡ ǡ ǫǭǪǭǣǭǫ ǡǭǦǯǟǰǱǤ &ǭǠǦǭǯ' 

ǩȍȐȇȌȍȁǿ ǡǿȊȄȏȇȞ ǫȇȔǿȈȊȍȁȌǿ 
ʩʪʫʜʝʥʪ 

ǶȄȎȉǿȞ ǡȇȉȑȍȏȇȞ ǧȂȍȏȄȁȌǿ 
ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʧʘʪʦʣʦʛʠʠ 

ʄʝʜʠʮʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅʀʋ çɹʝʣɻʋè, ʛ. ɹʝʣʛʦʨʦʜ, ʈʦʩʩʠʷ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʤ ʥʘʫʯʥʦʤ ʪʨʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʘʪʦʬʠʟʠʦ-
ʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʘʭ ʪʨʦʤʙʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʚʝʥʦʟʥʳʭ ʪʨʦʤʙʦʵʤʙʦʣʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ 
(ɺʊʕʆ) ʫ ʣʠʮ ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ (ʜʦ 45 ʣʝʪ), ʠʥʠʮʠʠʨʫʝʤʳʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʠ ʢʣʠʥʠʯʝʩʢʠ 
ʟʥʘʯʠʤʦʡ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʤʫʪʘʮʠʝʡ ʬʘʢʪʦʨʘ V ʃʝʡʜʝʥʘ (FVL), ʧʨʠʚʦʜʷʱʝʡ ʢ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 
ʬʘʢʪʦʨʘ V ʢ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʡ ʠʥʘʢʪʠʚʘʮʠʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʧʨʦʪʝʠʥʦʤ ʉ (ɸʈʉ-ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ). 
ʆʩʚʝʱʘʶʪʩʷ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʪʨʦʤʙʦʟʦʚ ʫ ʧʘʮʠʝʥʪʦʚ 
ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʩʪʨʘʪʝʛʠʠ ʚʝʜʝʥʠʷ ʥʘ ʦʩʥʦ-
ʚʝ ʘʢʪʫʘʣʴʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʜʘʥʥʳʭ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʥʘʩʣʝʜʩʪʚʝʥʥʳʝ ʪʨʦʤʙʦʬʠʣʠʠ, ʤʫʪʘʮʠʷ ʬʘʢʪʦʨʘ V ʃʝʡʜʝʥʘ, APC-ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ, 
ʚʝʥʦʟʥʳʝ ʪʨʦʤʙʦʵʤʙʦʣʠʯʝʩʢʠʝ ʦʩʣʦʞʥʝʥʠʷ, ʪʨʦʤʙʦʟʳ ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ. 
 

HEREDITARY THROMBOPHILIA (LEIDEN FACTOR V MUTATION) AS THE PATHOPHYSIOLOGICAL 
BASIS OF THROMBOSIS AT A YOUNG AGE (REVIEW) 

 
 Kosinova Valeria Mikhailovna, 

 Chepkaya Victoria Igorevna 
 
Abstract: This scientific paper presents an analysis of modern beliefs about pathophysiological mechanisms 
of thrombogenesis and the development of venous thromboembolic complications (VTE) in young people (up 
to 45 years old), initiated by the most common and clinically significant mutation of the factor V Leiden (FVL) in 
the European population, leading to resistance of factor V to proteolytic inactivation by activated protein C 
(APC resistance). Epidemiological data and features of the clinical course of thrombosis in young patients are 
highlighted, as well as an analysis of modern approaches to diagnosis and management strategy based on 
current Russian data. 
Keywords: hereditary thrombophilia, factor V Leiden mutation, APC resistance, venous thromboembolic 
events, young-age thrombosis 

 
ɻʛʞʝʞʦʡʞ 
ʊʨʦʤʙʦʟʳ ʛʣʫʙʦʢʠʭ ʚʝʥ (ʊɻɺ) ʠ ʪʨʦʤʙʦʵʤʙʦʣʠʷ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ (ʊʕʃɸ) ʪʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʶʪʩʷ 

ʧʘʪʦʣʦʛʠʝʡ ʣʠʮ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʘ. ʆʜʥʘʢʦ ʜʦ 10ï15% ʚʩʝʭ ʩʣʫʯʘʝʚ ɺʊʕʆ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʘʮʠʝʥʪʦʚ 



236 ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 

 

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

ʤʦʣʦʞʝ 50 ʣʝʪ, ʧʨʠʯʝʤ ʫ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʠʟ ʥʠʭ ʦʪʩʫʪʩʪʚʫʶʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʬʘʢʪʦʨʳ 
ʨʠʩʢʘ, ʪʘʢʠʝ ʢʘʢ ʦʥʢʦʣʦʛʠʷ, ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʠʣʠ ʦʙʰʠʨʥʳʝ ʪʨʘʚʤʳ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 
ʵʪʠʦʣʦʛʠʠ ʜʘʥʥʳʭ ʧʘʪʦʣʦʛʠʡ ʠʛʨʘʶʪ ʛʝʥʝʪʠʯʝʩʢʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʜʝʬʝʢʪʳ ʩʠʩʪʝʤʳ ʛʝʤʦʩʪʘʟʘ ð 
ʥʘʩʣʝʜʩʪʚʝʥʥʳʝ ʪʨʦʤʙʦʬʠʣʠʠ. 

ʆʪʢʨʳʪʠʝ ʚ 1994 ʛʦʜʫ ʤʫʪʘʮʠʠ ʬʘʢʪʦʨʘ V ʃʝʡʜʝʥʘ ʩʪʘʣʦ ʧʨʦʨʳʚʦʤ ʚ ʧʦʥʠʤʘʥʠʠ ʧʘʪʦʛʝʥʝʟʘ ʚʝ-
ʥʦʟʥʳʭ ʪʨʦʤʙʦʟʦʚ. ɹʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʤʫʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʡ ʧʨʠʯʠʥʦʡ ʥʘʩʣʝʜ-
ʩʪʚʝʥʥʦʡ ʪʨʦʤʙʦʬʠʣʠʠ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʠ ʩʣʫʞʠʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʳ 
ʝʩʪʝʩʪʚʝʥʥʳʭ ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʨʛʘʥʠʟʤʘ. 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ 
ɹʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʣʠʪʝʨʘʪʫʨʥʳʡ ʧʦʠʩʢ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ e-library 

ʠ PubMed ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʶʯʝʚʳʭ ʩʣʦʚ: çʥʘʩʣʝʜʩʪʚʝʥʥʳʝ ʪʨʦʤʙʦʬʠʣʠʠè, çʤʫʪʘʮʠʷ ʬʘʢʪʦʨʘ V 
ʃʝʡʜʝʥʘè, çɸʈʉ-ʨʝʟʠʩʪʝʥʪʥʦʩʪʴè, çʚʝʥʦʟʥʳʝ ʪʨʦʤʙʦʵʤʙʦʣʠʯʝʩʢʠʝ ʦʩʣʦʞʥʝʥʠʷè, çʪʨʦʤʙʦʟʳ ʤʦʣʦʜʦʛʦ 
ʚʦʟʨʘʩʪʘè. ɺ ʦʙʟʦʨʝ ʦʪʨʘʞʝʥʳ ʜʘʥʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ 
ʪʨʦʤʙʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʦʣʦʜʦʤ ʚʦʟʨʘʩʪʝ, ʠʥʠʮʠʠʨʫʝʤʳʭ ʤʫʪʘʮʠʝʡ ʬʘʢʪʦʨʘ V ʃʝʡʜʝʥʘ, ʦʧʫʙʣʠʢʦʚʘʥ-
ʥʳʭ ʚ ʧʝʨʠʦʜ ʩ 2020 ʧʦ 2025 ʛʛ. 

ʉʞʠʬʤʵʫʙʫʴ ʡ ʡʮ ʧʚʪʬʟʝʞʦʡʞ 
ʇʘʪʦʬʠʟʠʦʣʦʛʠʷ ʤʫʪʘʮʠʠ ʬʘʢʪʦʨʘ V ʃʝʡʜʝʥʘ. ʄʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʘʢʪʠʚʠ-

ʨʦʚʘʥʥʦʤʫ ʧʨʦʪʝʠʥʫ ʉ. 
ɺ ʥʦʨʤʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʧʨʦʪʝʠʥ ʉ (ɸʈʉ) ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʪʠʢʦʘʛʫʣʷʥ-

ʪʘ, ʠʥʘʢʪʠʚʠʨʫʷ ʬʘʢʪʦʨʳ ʩʚʝʨʪʳʚʘʥʠʷ Va ʠ VIIIa ʧʫʪʝʤ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ. ɼʣʷ ʠʥʘʢʪʠ-
ʚʘʮʠʠ ʬʘʢʪʦʨʘ Va ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʩʱʝʧʣʝʥʠʝ ʚ ʩʘʡʪʝ Arg506. ʄʫʪʘʮʠʷ ʬʘʢʪʦʨʘ V ʃʝʡ-
ʜʝʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʤʝʥʫ ʛʫʘʥʠʥʘ ʥʘ ʘʜʝʥʠʥ ʚ ʧʦʟʠʮʠʠ 1691 ʛʝʥʘ F5, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʥʝ 
ʘʤʠʥʦʢʠʩʣʦʪʳ ʘʨʛʠʥʠʥʘ ʥʘ ʛʣʫʪʘʤʠʥ ʚ ʧʦʟʠʮʠʠ 506 (Arg506Gln). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʘʡʪ ʨʝʩʪʨʠʢʮʠʠ ʜʣʷ ɸʈʉ 
ʫʪʨʘʯʠʚʘʝʪʩʷ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʬʘʢʪʦʨ V ʃʝʡʜʝʥʘ ʠʥʘʢʪʠʚʠʨʫʝʪʩʷ ɸʈʉ ʚ 10 ʨʘʟ ʤʝʜ-
ʣʝʥʥʝʝ, ʯʝʤ ʥʦʨʤʘʣʴʥʳʡ ʬʘʢʪʦʨ V. ɹʦʣʝʝ ʪʦʛʦ, ʤʫʪʘʥʪʥʳʡ ʬʘʢʪʦʨ V ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʢʦʬʘʢʪʦʨʥʫʶ ʘʢ-
ʪʠʚʥʦʩʪʴ ʚ ʠʥʘʢʪʠʚʘʮʠʠ ʬʘʢʪʦʨʘ VIIIa, ʯʪʦ ʩʦʟʜʘʝʪ ʩʦʩʪʦʷʥʠʝ ʛʠʧʝʨʢʦʘʛʫʣʷʮʠʠ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʥʦʩʠʪ 
ʥʘʟʚʘʥʠʝ ɸʈʉ-ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. 

ɼʞʦʞʫʡʰʞʪʣʡʢ ʙʪʨʞʣʫ ʡ ʶʨʡʝʞʥʡʧʤʧʜʡʸ. 
ʄʫʪʘʮʠʷ FVL ʥʘʩʣʝʜʫʝʪʩʷ ʧʦ ʘʫʪʦʩʦʤʥʦ-ʜʦʤʠʥʘʥʪʥʦʤʫ ʪʠʧʫ. ɻʝʪʝʨʦʟʠʛʦʪʥʘʷ ʬʦʨʤʘ ʚʩʪʨʝʯʘʝʪʩʷ 

ʫ 3ï8% ʥʘʩʝʣʝʥʠʷ ɽʚʨʦʧʳ, ʢʨʘʡʥʝ ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʤʦʥʛʦʣʦʠʜʥʦʡ ʠ ʥʝʛʨʦʠʜʥʦʡ 
ʨʘʩ. ɻʦʤʦʟʠʛʦʪʥʘʷ ʬʦʨʤʘ ʚʩʪʨʝʯʘʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ 1 ʥʘ 5000 ʯʝʣʦʚʝʢ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʜʨʘʤʘʪʠʯʝʩʢʠ 
ʚʳʩʦʢʠʤ ʨʠʩʢʦʤ ʪʨʦʤʙʦʟʦʚ. ʏʘʩʪʦʪʘ ʥʦʩʠʪʝʣʴʩʪʚʘ ʤʫʪʘʮʠʠ FVL ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʚ 
ʩʨʝʜʥʝʤ 3,5ï4,5%, ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʛʠʦʥʘ ʠ ʵʪʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ [1, 4]. 

ʋʩʧʥʚʧʠʴ ʛ ʥʧʤʧʝʧʥ ʛʧʠʩʙʪʫʞ: ʩʧʤʵ FVL 
ʈʠʩʢ ʧʝʨʚʦʛʦ ʪʨʦʤʙʦʟʘ. ʅʘʣʠʯʠʝ ʤʫʪʘʮʠʠ FVL ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʧʝʨʚʦʛʦ ʪʨʦʤʙʦʟʘ ʚ 3ï7 

ʨʘʟ ʜʣʷ ʛʝʪʝʨʦʟʠʛʦʪ ʠ ʚ 18ï80 ʨʘʟ ʜʣʷ ʛʦʤʦʟʠʛʦʪ. ʋ ʤʦʣʦʜʳʭ ʧʘʮʠʝʥʪʦʚ (ʜʦ 45 ʣʝʪ) ʩ ʠʜʠʦʧʘʪʠʯʝʩʢʠʤ 
ʪʨʦʤʙʦʟʦʤ ʯʘʩʪʦʪʘ ʚʳʷʚʣʝʥʠʷ FVL ʧʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʩʪʠʛʘʝʪ 20ï25% [4]. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 
ʪʝʤ, ʯʪʦ ʚ ʤʦʣʦʜʦʤ ʚʦʟʨʘʩʪʝ ʝʩʪʝʩʪʚʝʥʥʳʡ ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʝʱʝ ʚʳʩʦʢ, ʠ ʝʛʦ ʛʝʥʝʪʠʯʝʩʢʘʷ 
ʧʦʣʦʤʢʘ ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʥʦʡ ʜʝʪʝʨʤʠʥʘʥʪʦʡ ʟʘʙʦʣʝʚʘʥʠʷ. ʏʘʩʪʦʪʘ ʚʳʷʚʣʝʥʠʷ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʪʨʦʤ-
ʙʦʬʠʣʠʡ, ʚʢʣʶʯʘʷ FVL, ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʧʝʨʚʳʤ ʵʧʠʟʦʜʦʤ ɺʊʕʆ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 40 ʣʝʪ ʧʨʝʚʳʰʘʝʪ 30% [5]. 

ʊʨʞʯʡʭʡʣʙ ʣʤʡʦʡʰʞʪʣʡʮ ʨʩʧʸʛʤʞʦʡʢ 
ɽʤʸ ʫʩʧʥʚʧʠʧʛ ʦʙ ʭʧʦʞ FVL ʬ ʥʧʤʧʝʴʮ ʨʙʯʡʞʦʫʧʛ ʮʙʩʙʣʫʞʩʦʴ ʪʤʞʝʬʷʲʡʞ ʧʪʧʚʞʦʦʧʪʫʡ: 
Ŀ ʃʦʢʘʣʠʟʘʮʠʷ: ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʥʦʟʥʦʝ ʨʫʩʣʦ (ʛʣʫʙʦʢʠʝ ʚʝʥʳ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ, ʮʝʨʝ-

ʙʨʘʣʴʥʳʝ ʚʝʥʦʟʥʳʝ ʩʠʥʫʩʳ, ʚʝʥʳ ʩʝʪʯʘʪʢʠ). ɸʨʪʝʨʠʘʣʴʥʳʝ ʪʨʦʤʙʦʟʳ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ ʠ ʦʙʳʯʥʦ 
ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ (ʢʫʨʝʥʠʝ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʦʨʘʣʴʥʳʝ ʢʦʥʪʨʘʮʝʧʪʠʚʳ). 

Ŀ ʈʝʮʠʜʠʚʠʨʦʚʘʥʠʝ: ʚʳʩʦʢʠʡ ʨʠʩʢ ʨʝʮʠʜʠʚʘ ʧʦʩʣʝ ʦʪʤʝʥʳ ʘʥʪʠʢʦʘʛʫʣʷʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʦʭʨʘ-
ʥʝʥʠʠ ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ [6]. 

Ŀ ʊʨʦʤʙʦʟʳ ʚ çʥʝʦʙʳʯʥʳʭè ʣʦʢʘʣʠʟʘʮʠʷʭ: ʩʧʣʘʥʭʥʠʯʝʩʢʠʝ ʚʝʥʳ (ʚʦʨʦʪʥʘʷ, ʧʝʯʝʥʦʯʥʘʷ) ʫ ʤʦʣʦ-
ʜʳʭ ʧʘʮʠʝʥʪʦʚ ʩ FVL ʯʘʩʪʦ ʪʨʦʤʙʠʨʫʶʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʠʛʛʝʨʦʚ (ʙʝʨʝʤʝʥʥʦʩʪʴ, ʣʝʛ-
ʢʠʝ ʪʨʘʚʤʳ ʞʠʚʦʪʘ) [7]. 
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ɻʠʙʡʥʧʝʞʢʪʫʛʡʞ ʪ ʨʩʡʧʚʩʞʫʞʦʦʴʥʡ ʭʙʣʫʧʩʙʥʡ ʩʡʪʣʙ 
ʇʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ FVL ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʝʥʝʪʠ-

ʯʝʩʢʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʩ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʤʦʜʝʣʴ çʜʚʦʡʥʦʛʦ ʫʜʘʨʘè): 
Ŀ ɻʦʨʤʦʥʘʣʴʥʘʷ ʢʦʥʪʨʘʮʝʧʮʠʷ: ʋ ʞʝʥʱʠʥ-ʥʦʩʠʪʝʣʴʥʠʮ FVL, ʧʨʠʥʠʤʘʶʱʠʭ ʵʩʪʨʦʛʝʥʩʦʜʝʨʞʘʱʠʝ 

ʦʨʘʣʴʥʳʝ ʢʦʥʪʨʘʮʝʧʪʠʚʳ, ʨʠʩʢ ʪʨʦʤʙʦʟʘ ʚʦʟʨʘʩʪʘʝʪ ʚ 15ï35 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʝʥʱʠʥʘʤʠ ʙʝʟ ʤʫʪʘ-
ʮʠʠ ʠ ʥʝ ʧʨʠʥʠʤʘʶʱʠʤʠ ʂʆʂ. ʕʩʪʨʦʛʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ ʫʨʦʚʝʥʴ ʧʨʦʪʝʠʥʘ S ʠ ʫʩʠʣʠʚʘʶʪ 
APC-ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ [8, 9]. 

Ŀ ɹʝʨʝʤʝʥʥʦʩʪʴ ʠ ʧʦʩʣʝʨʦʜʦʚʳʡ ʧʝʨʠʦʜ: ʈʠʩʢ ʪʨʦʤʙʦʟʘ ʫ ʥʦʩʠʪʝʣʴʥʠʮ FVL ʧʦʚʳʰʝʥ ʚ 5ï10 ʨʘʟ 
(ʛʝʪʝʨʦʟʠʛʦʪʳ) ʠ ʚ 30ï60 ʨʘʟ (ʛʦʤʦʟʠʛʦʪʳ), ʯʪʦ ʜʝʣʘʝʪ ʵʪʫ ʤʫʪʘʮʠʶ ʚʝʜʫʱʝʡ ʧʨʠʯʠʥʦʡ ʪʨʦʤʙʦʵʤʙʦʣʠ-
ʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʚ ʘʢʫʰʝʨʩʪʚʝ. ʈʦʩʩʠʡʩʢʠʝ ʢʣʠʥʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʞʝʥʱʠʥ ʩ ʧʦʪʝʨʷʤʠ ʙʝʨʝʤʝʥʥʦʩʪʠ ʥʘ ʥʘʣʠʯʠʝ FVL [8, 10]. 

Ŀ ʊʨʘʚʤʳ ʠ ʦʧʝʨʘʮʠʠ: ɼʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʪʢʘʥʝʡ ʫ ʤʦʣʦʜʦʛʦ ʥʦʩʠʪʝʣʷ FVL ʤʦʞʝʪ 
ʟʘʧʫʩʪʠʪʴ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʢʦʘʛʫʣʷʮʠʶ [1]. 

ʊʧʛʩʞʥʞʦʦʙʸ ʝʡʙʜʦʧʪʫʡʣʙ ʡ ʨʧʝʮʧʝʴ ʣ ʫʞʩʙʨʡʡ 
ʊʧʛʩʞʥʞʦʦʴʢ ʝʡʙʜʦʧʪʫʡʰʞʪʣʡʢ ʙʤʜʧʩʡʫʥ ʛʣʤʷʰʙʞʫ ʪʤʞʝʬʷʲʡʞ ʛʡʝʴ ʡʪʪʤʞʝʧʛʙʦʡʢ: 
1. ʌʝʥʦʪʠʧʠʯʝʩʢʠʡ ʪʝʩʪ: ʦʧʨʝʜʝʣʝʥʠʝ APC-ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ (ʢʦʘʛʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ). ʕʪʦ ʩʢʨʠʥʠʥ-

ʛʦʚʳʡ ʪʝʩʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʣʦʞʥʦʥʝʛʘʪʠʚʥʳʤ ʧʨʠ ʦʩʪʨʳʭ ʪʨʦʤʙʦʟʘʭ ʠʣʠ ʧʨʠʝʤʝ ʘʥʪʠʢʦʘʛʫʣʷʥʪʦʚ. 
2. ɻʝʥʝʪʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʇʎʈ-ʜʝʪʝʢʮʠʷ ʤʫʪʘʮʠʠ F5 1691G>A (ʬʘʢʪʦʨ V ʃʝʡʜʝʥʘ). ɼʘʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ çʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤè. ʉʦʛʣʘʩʥʦ ʢʣʠʥʠʯʝʩʢʠʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ, ʪʝʩʪʠʨʦʚʘʥʠʝ 
ʧʦʢʘʟʘʥʦ ʚʩʝʤ ʧʘʮʠʝʥʪʘʤ ʩ ʧʝʨʚʳʤ ʪʨʦʤʙʦʟʦʤ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 50 ʣʝʪ, ʩ ʨʝʮʠʜʠʚʠʨʫʶʱʠʤʠ ʪʨʦʤʙʦʟʘʤʠ, 
ʩ ʪʨʦʤʙʦʟʘʤʠ ʚ ʩʝʤʝʡʥʦʤ ʘʥʘʤʥʝʟʝ, ʘ ʪʘʢʞʝ ʞʝʥʱʠʥʘʤ ʩ ʦʪʷʛʦʱʝʥʥʳʤ ʘʢʫʰʝʨʩʢʠʤ ʘʥʘʤʥʝʟʦʤ [10]. 

ʄʞʰʞʦʡʞ ʡ ʨʩʧʭʡʤʙʣʫʡʣʙ 
Ŀ ʆʩʪʨʳʡ ʪʨʦʤʙʦʟ: ʣʝʯʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʦʙʱʠʤ ʧʨʠʥʮʠʧʘʤ (ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʛʝʧʘʨʠʥʳ ʩ 

ʧʝʨʝʭʦʜʦʤ ʥʘ ʘʥʪʘʛʦʥʠʩʪʳ ʚʠʪʘʤʠʥʘ ʂ ʠʣʠ ʧʨʷʤʳʝ ʦʨʘʣʴʥʳʝ ʘʥʪʠʢʦʘʛʫʣʷʥʪʳ ð DOACs). ʈʦʩʩʠʡʩʢʠʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʠʚʘʨʦʢʩʘʙʘʥʘ ʠ ʘʧʠʢʩʘʙʘʥʘ ʫ ʧʘʮʠʝʥʪʦʚ 
ʩ ʪʨʦʤʙʦʬʠʣʠʷʤʠ, ʚʢʣʶʯʘʷ FVL [10]. 

Ŀ ɺʪʦʨʠʯʥʘʷ ʧʨʦʬʠʣʘʢʪʠʢʘ: ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʦʡ ʪʝʨʘʧʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴ-
ʥʦ. ʇʨʠ ʧʝʨʚʦʤ ʩʧʦʥʪʘʥʥʦʤ ʪʨʦʤʙʦʟʝ ʫ ʤʦʣʦʜʦʛʦ ʧʘʮʠʝʥʪʘ ʩ FVL ʯʘʩʪʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʣʦʥʛʠʨʦʚʘʥ-
ʥʘʷ (ʧʦʞʠʟʥʝʥʥʘʷ) ʪʝʨʘʧʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʦʪʷʛʦʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ (ʛʦʤʦʟʠʛʦʪʥʦʩʪʴ, ʩʝʤʝʡʥʳʡ 
ʘʥʘʤʥʝʟ, ʨʝʮʠʜʠʚʳ) [10]. 

Ŀ ʇʨʦʬʠʣʘʢʪʠʢʘ ʚ ʛʨʫʧʧʘʭ ʨʠʩʢʘ: ʙʝʩʩʠʤʧʪʦʤʥʳʤ ʥʦʩʠʪʝʣʷʤ FVL (ʦʩʦʙʝʥʥʦ ʛʦʤʦʟʠʛʦʪʘʤ) ʨʝʢʦ-
ʤʝʥʜʫʝʪʩʷ ʩʪʨʦʛʦʝ ʠʟʙʝʛʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ (ʢʫʨʝʥʠʝ, ʠʟʙʳʪʦʯʥʳʡ ʚʝʩ). ɺ ʩʠʪʫʘʮʠʷʭ 
ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ (ʦʧʝʨʘʮʠʠ, ʙʝʨʝʤʝʥʥʦʩʪʴ) ʦʙʷʟʘʪʝʣʴʥʘ ʪʨʦʤʙʦʧʨʦʬʠʣʘʢʪʠʢʘ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʛʝ-
ʧʘʨʠʥʘʤʠ [8, 10]. 

ʀʙʣʤʷʰʞʦʡʞ 
ʄʫʪʘʮʠʷ ʬʘʢʪʦʨʘ V ʃʝʡʜʝʥʘ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʨʘʟʚʠʪʠʷ 

ʪʨʦʤʙʦʟʦʚ ʚ ʤʦʣʦʜʦʤ ʚʦʟʨʘʩʪʝ. ʅʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʨʦʪʝʠʥʘ ʉ ʩʦʟʜʘʝʪ ʧʦʞʠʟʥʝʥʥʳʡ ʧʨʦʢʦʘ-
ʛʫʣʷʥʪʥʳʡ ʬʦʥ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʢʣʠʥʠʯʝʩʢʠʡ ʪʨʦʤʙʦʟ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʠʥʠʤʘʣʴʥʳʭ ʧʨʦʚʦʮʠ-
ʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʠʣʠ ʩʧʦʥʪʘʥʥʦ. ʇʦʥʠʤʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ FVL-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʪʨʦʤ-
ʙʦʬʠʣʠʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʧʨʠʯʠʥʫ ʪʨʦʤʙʦʟʘ ʫ ʤʦʣʦʜʦʛʦ ʧʘʮʠʝʥʪʘ, 
ʥʦ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʩʪʨʘʪʝʛʠʶ ʧʨʦʬʠʣʘʢʪʠʢʠ ʨʝʮʠʜʠʚʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʨʦʤʙʦʵʤʙʦʣʠ-
ʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʚ ʛʨʫʧʧʘʭ ʨʠʩʢʘ (ʙʝʨʝʤʝʥʥʳʝ, ʞʝʥʱʠʥʳ, ʧʣʘʥʠʨʫʶʱʠʝ ʧʨʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 
ʦʨʘʣʴʥʳʭ ʢʦʥʪʨʘʮʝʧʪʠʚʦʚ). ʉʢʨʠʥʠʥʛ ʥʘ FVL ʜʦʣʞʝʥ ʩʪʘʪʴ ʨʫʪʠʥʥʦʡ ʧʨʘʢʪʠʢʦʡ ʚ ʘʥʛʠʦʣʦʛʠʠ, ʛʝʤʘʪʦʣʦ-
ʛʠʠ ʠ ʘʢʫʰʝʨʩʪʚʝ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʘʮʠʝʥʪʘʤʠ ʤʦʣʦʜʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ [8, 10]. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʚʨʦʞʜʸʥ-
ʥʳʭ ʧʦʨʦʢʦʚ (ʘʥʦʤʘʣʠʡ) ʨʘʟʚʠʪʠʷ (ɺʇʈ) ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ. ɸʥʘʣʠʟ ʦʩ-
ʥʦʚʘʥ ʥʘ ʩʚʝʜʝʥʠʷʭ ʬʝʜʝʨʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʪʯʸʪʥʦʩʪʠ (ʬʦʨʤʘ ˉ 12) ʧʦ 85 ʩʫʙʲʝʢʪʘʤ ʈʦʩʩʠʡ-
ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʚʨʦʞʜʝʥʥʳʝ ʧʦʨʦʢʠ, ʜʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʤʝʜʠʮʠʥ-
ʩʢʘʷ ʛʝʥʝʪʠʢʘ, ʛʝʥʦʤʥʘʷ ʤʝʜʠʮʠʥʘ. 
 

THE ANALYSIS OF PREVALENCE CONGENITAL DEFECTS, DEFORMATIONS AND CHROMOSOMAL 
VIOLATIONS IN THE RUSSIAN FEDERATION 

 
Korkhmazova Svetlana Anatolievna, 

Korkhmazov Valerii Tamazovich 
 

Abstract: in article results of the analysis information on prevalence of congenital defects (anomalies) of de-
velopment (VPR) are provided in the Russian Federation for the last ten years. The analysis is based on fed-
eral statistical reporting data (Form No. 12) for 85 constituent entities of the Russian Federation. 
Keywords: congenital defects, dynamics of indicators population morbidity, medical genetics, genomic medi-
cine. 

 
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʜʘʥʥʳʝ ʬʝʜʝʨʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʪʯʸʪʥʦʩʪʠ ʬʦʨʤʳ ˉ 12 

çʉʚʝʜʝʥʠʷ ʦ ʯʠʩʣʝ ʟʘʙʦʣʝʚʘʥʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʫ ʧʘʮʠʝʥʪʦʚ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʨʘʡʦʥʝ ʦʙʩʣʫʞʠʚʘ-
ʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠè ʟʘ ʧʝʨʠʦʜ 2015ï2024 ʛʦʜʳ ʧʦ ʢʘʞʜʦʤʫ ʠʟ 85 ʩʫʙʲʝʢʪʦʚ ʈʌ. ʆʙʨʘʙʦʪʢʘ 
ʜʘʥʥʳʭ ʚʢʣʶʯʘʣʘ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʚʳʯʠʩʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʤʧʦʚ ʧʨʠʨʦʩʪʘ, ʚʳ-
ʯʠʩʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚ 2015 ʛʦʜʫ ʚ ʘʤʙʫʣʘʪʦʨʥʦ-ʧʦʣʠʢʣʠʥʠʯʝʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ ʙʳʣʦ ʟʘʨʝʛʠ-
ʩʪʨʠʨʦʚʘʥʦ 1090,9 ʪʳʩ. ʦʙʨʘʱʝʥʠʡ ʧʘʮʠʝʥʪʦʚ ʩ ʚʨʦʞʜʸʥʥʳʤʠ ʧʦʨʦʢʘʤʠ ʨʘʟʚʠʪʠʷ (ɺʇʈ), ʘ ʚ 2024 ʛʦ-
ʜʫ ï 1262,5 ʪʳʩ. ʦʙʨʘʱʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʱʝʥʠʡ ʟʘ ʜʝʢʘʜʫ ʚʦʟʨʦʩʣʦ ʥʘ 171,6 
ʪʳʩ. ʩʣʫʯʘʝʚ (+15,7%). ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʱʝʥʠʡ ʩ ʚʧʝʨʚʳʝ ʚʦʟʥʠʢʰʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʟʘ ʦʪ-
ʯʝʪʥʳʡ ʛʦʜ ʩʥʠʟʠʣʦʩʴ ʥʘ 15,4% ð ʩ 295,8 ʪʳʩ. ʚ 2015 ʛʦʜʫ ʜʦ 250,2 ʪʳʩ. ʚ 2024 ʛʦʜʫ. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ 
(54,3%) ʚʩʝʭ ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʥʳʭ ʩʣʫʯʘʝʚ ɺʇʈ ʚ 2024 ʛʦʜʫ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʚʨʦʞʜʸʥʥʳʝ ʘʥʦʤʘʣʠʠ ʩʠ-
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ʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ (47,2%) ʠ ʚʨʦʞʜʸʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʙʝʜʨʘ (7,1%). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ 
ʯʘʩʪʦʪʝ ʨʘʟʣʠʯʥʳʭ ɺʇʈ ʚ ʤʘʩʰʪʘʙʝ ʈʌ ʚ ʮʝʣʦʤ ʩʦʚʧʘʜʘʶʪ ʩ ʜʘʥʥʳʤʠ Eurocat14, ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 
ʪʦ, ʯʪʦ ʚʨʦʞʜʸʥʥʳʝ ʧʦʨʦʢʠ ʩʝʨʜʮʘ ʦʩʪʘʶʪʩʷ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʥʝʭʨʦʤʦʩʦʤʥʦʡ ʧʦʜʛʨʫʧʧʦʡ ʚ 
ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ. 

ʉ ʫʯʝʪʦʤ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʫʨʦʚʝʥʴ ʦʙʱʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ɺʇʈ ʟʘ ʧʝʨʠʦʜ ʚ 10 ʣʝʪ ʚʦʟʨʦʩ 
ʩ 744,9Ñ374,2 ʩʣʫʯʘʝʚ ʥʘ 100000 ʥʘʩʝʣʝʥʠʷ ʚ 2015 ʛʦʜʫ ʜʦ 862,9Ñ493,6 ʩʣʫʯʘʝʚ ʚ 2024 ʛʦʜʫ, ʯʪʦ ʩʦʦʪ-
ʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʥʘ 15,9% ʧʨʠ ʝʞʝʛʦʜʥʦʤ ʩʨʝʜʥʝʤ ʪʝʤʧʝ ʨʦʩʪʘ ʚ 1,7%. ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʧʝʨʚʠʯ-
ʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ɺʇʈ ʟʘ ʜʝʩʷʪʴ ʣʝʪ ʫʤʝʥʴʰʠʣʩʷ ʩ 202,0Ñ158,0 ʩʣʫʯʘʝʚ ʥʘ 100000 ʥʘʩʝʣʝʥʠʷ ʚ 2015 
ʛʦʜʫ ʜʦ 171,0Ñ113,8 ʩʣʫʯʘʝʚ ʚ 2026 ʛʦʜʫ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʩʥʠʞʝʥʠʝ ʥʘ 15,3% ʧʨʠ ʩʨʝʜʥʝʤ ʛʦʜʦʚʦʤ ʪʝʤ-
ʧʝ ʫʤʝʥʴʰʝʥʠʷ ʚ 1,7%. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ ʠ ʨʝʘʙʠʣʠʪʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦ-
ʜʣʠʪʴ ʞʠʟʥʴ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ ʩ ʚʨʦʞʜʝʥʥʳʤʠ ʧʦʨʦʢʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʥʴʰʝ ʩʯʠʪʘ-
ʣʠʩʴ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʩ ʞʠʟʥʴʶ ʠʣʠ ʧʨʠʚʦʜʠʣʠ ʢ ʩʝʨʴʝʟʥʦʡ ʠʥʚʘʣʠʜʥʦʩʪʠ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʳ-
ʰʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ɺʇʈ ʚ ʥʘʩʝʣʝʥʠʠ, ʪʘʢ ʢʘʢ ʚʩʝ ʙʦʣʴʰʝ ʜʝʪʝʡ ʩ ʵʪʠʤʠ ʜʠʘʛʥʦʟʘʤʠ ʧʨʦʞʠʚʘʶʪ 
ʜʦ ʙʦʣʝʝ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʘ [2]. ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʘ ʜʠʥʘʤʠʢʘ ʩʨʝʜʥʝʨʝʛʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙ-
ʱʝʡ ʠ ʧʝʨʚʠʯʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ɺʇʈ. 

 
ʋʙʚʤʡʯʙ 1 

ɽʡʦʙʥʡʣʙ ʪʩʞʝʦʞʩʞʜʡʧʦʙʤʵʦʴʮ ʨʧʣʙʠʙʫʞʤʞʢ ʧʚʲʞʢ ʡ ʨʞʩʛʡʰʦʧʢ ʠʙʚʧʤʞʛʙʞʥʧʪʫʡ ɻʈʉ, 
 h ʡʪʤʧ ʪʤʬʰʙʞʛ ʦʙ 100000 ʦʙʪʞʤʞʦʡʸ 

ʇʦʢʘʟʘʪʝʣʴ\ʦʪʯʝʪʥʳʡ ʛʦʜ 2015 2017 2019 2021 2022 2023 2024 

ʆʙʱʘʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ 744,9 787,4 806,8 788,7 790,7 831,6 862,9 

ʇʝʨʚʠʯʥʘʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ 202,0 196,9 198,5 172,8 170,0 171,3 171,0 

 
ʈʦʩʪ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʚʨʦʞʜʝʥʥʳʤʠ ʧʦʨʦʢʘʤʠ ʨʘʟʚʠʪʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʧʝʨʚʠʯʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʨʦ-
ʛʨʝʩʩʝ ʚ ʚʝʜʝʥʠʠ ʙʝʨʝʤʝʥʥʦʩʪʠ ʠ ʨʦʜʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʚʳʞʠʚʘʝʤʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩ-
ʣʘ ʦʙʨʘʱʝʥʠʡ ʜʝʪʝʡ ʩ ɺʇʈ ʚ ʘʤʙʫʣʘʪʦʨʥʦ-ʧʦʣʠʢʣʠʥʠʯʝʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ. ɺ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ ʦʪ 0 ʜʦ 14 
ʣʝʪ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʚʳʨʦʩ ʩ 3559,6Ñ1698,2 ʥʘ 100000 ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʘʩʝʣʝʥʠʷ ʚ 
2015 ʛʦʜʫ ʜʦ 4140,2Ñ2528,3 ʚ 2024 ʛʦʜʫ, ʪʦ ʝʩʪʴ ʥʘ 16,3%. ʉʨʝʜʠ ʣʠʮ 15-17 ʣʝʪ ʟʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʫʨʦʚʝʥʴ 
ʦʙʱʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʚʦʟʨʦʩ ʩ 2401,1Ñ1224,8 ʥʘ 100000 ʥʘʩʝʣʝʥʠʷ ʚ 2015 ʜʦ 2717,4Ñ1720,9 ʚ 2024 ʛʦ-
ʜʫ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʫʚʝʣʠʯʝʥʠʝ ʥʘ 13,2%. ɺ ʚʦʟʨʘʩʪʥʦʡ ʢʘʪʝʛʦʨʠʠ 18 ʣʝʪ ʠ ʩʪʘʨʰʝ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʟʘʙʦʣʝ-
ʚʘʝʤʦʩʪʠ ʩʥʠʟʠʣʩʷ ʩ 148,5Ñ90,2 ʥʘ 100000 ʥʘʩʝʣʝʥʠʷ ʚ 2015 ʛʦʜʫ ʜʦ 136,1Ñ75,6 ʚ 2024 ʛʦʜʫ, ʠʣʠ ʥʘ 8,2%. 
ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ ʛʨʫʧʧʝ ʦʪ 0 ʜʦ 14 ʣʝʪ ʫʨʦʚʝʥʴ ʧʝʨʚʠʯʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʟʘ ʜʝʩʷʪʴ ʣʝʪ ʩʥʠʟʠʣʩʷ ʚ 
ʩʨʝʜʥʝʤ ʧʦ ʨʝʛʠʦʥʘʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩ 1161,8Ñ786,5 ʥʘ 100000 ʥʘʩʝʣʝʥʠʷ ʚ 2015 ʛ. ʜʦ 
915,2Ñ958,4 ʚ 2024 ʛ., ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʤʝʥʴʰʝʥʠʶ ʥʘ 17,5%. ʉʨʝʜʠ ʧʦʜʨʦʩʪʢʦʚ 15-17 ʣʝʪ ʧʝʨʚʠʯʥʘʷ 
ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʩʦʢʨʘʪʠʣʘʩʴ ʩ 372,3Ñ337,0 ʥʘ 100000 ʥʘʩʝʣʝʥʠʷ ʚ 2015 ʛʦʜʫ ʜʦ 300,4Ñ299,7 ʚ 2024 ʛʦʜʫ, 
ʪʦ ʝʩʪʴ ʥʘ 19,3%. ʋ ʚʟʨʦʩʣʳʭ ʩʪʘʨʰʝ 18 ʣʝʪ ʫʨʦʚʝʥʴ ʧʝʨʚʠʯʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʫʤʝʥʴʰʠʣʩʷ ʩ 14,2Ñ13,5 
ʥʘ 100000 ʥʘʩʝʣʝʥʠʷ ʚ 2015 ʛʦʜʫ ʜʦ 8,5Ñ10,8 ʚ 2024 ʛʦʜʫ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʩʦʢʨʘʱʝʥʠʝ ʥʘ 40,0%. 

ɸʥʘʣʠʟ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʚʨʦʞʜʝʥʥʳʭ ʧʦʨʦʢʦʚ ʚʳʷʚʣʷʝʪʩʷ ʚ 
ʜʝʪʩʢʦʤ ʚʦʟʨʘʩʪʝ. ɺ 2015 ʛʦʜʫ ʜʦʣʷ ʦʙʨʘʱʝʥʠʡ ʧʘʮʠʝʥʪʦʚ ʚ ʚʦʟʨʘʩʪʝ 0-14 ʣʝʪ ʧʦ ʧʦʚʦʜʫ ɺʇʈ ʩʦʩʪʘʚ-
ʣʷʣʘ 78,1%, ʚ ʚʦʟʨʘʩʪʝ 15-17 ʣʝʪ ð 8,7%, ʘ ʫ ʣʠʮ 18 ʣʝʪ ʠ ʩʪʘʨʰʝ ð 13,2%. ʋʞʝ ʚ 2024 ʛʦʜʫ ʵʪʠ ʧʦʢʘ-
ʟʘʪʝʣʠ ʩʦʩʪʘʚʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 79,6%, 9,9% ʠ 10,5%. ɺ ʪʦʤ ʞʝ ʛʦʜʫ ʩʨʝʜʠ ʦʙʨʘʱʝʥʠʡ ʩ ʚʧʝʨʚʳʝ ʚʳ-
ʷʚʣʝʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʚ ʪʝʯʝʥʠʝ ʦʪʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ ʜʦʣʷ ʧʘʮʠʝʥʪʦʚ 0-14 ʣʝʪ ʜʦʩʪʠʛʣʘ 91,3%, ʚ 
ʚʦʟʨʘʩʪʝ 15-17 ʣʝʪ ð 4,4%, ʘ ʚ ʛʨʫʧʧʝ 18 ʣʝʪ ʠ ʩʪʘʨʰʝ ð 4,3%. ʂ 2024 ʛʦʜʫ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʱʝʥʠʡ ʩ ʥʦ-
ʚʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʘʮʠʝʥʪʳ ʚ ʚʦʟʨʘʩʪʝ 0-14 ʣʝʪ ʟʘʥʠʤʘʣʠ 92,7%, ʚ ʚʦʟʨʘʩʪʥʦʡ ʢʘʪʝ-
ʛʦʨʠʠ 15-17 ʣʝʪ ð 4,4%, ʠ ʩʨʝʜʠ ʚʟʨʦʩʣʳʭ (ʦʪ 18 ʣʝʪ ʠ ʩʪʘʨʰʝ) ð 3%. ɿʘ ʜʝʩʷʪʴ ʣʝʪ ʜʦʣʷ ʩʣʫʯʘʝʚ ʟʘ-
ʙʦʣʝʚʘʥʠʡ ʩʨʝʜʠ ʧʘʮʠʝʥʪʦʚ ʚ ʚʦʟʨʘʩʪʝ 0-14 ʣʝʪ ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʱʝʥʠʡ ʚʳʨʦʩʣʘ ʥʘ 1,4%, ʩʨʝʜʠ 
15-17-ʣʝʪʥʠʭ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 1,2%, ʪʦʛʜʘ ʢʘʢ ʩʨʝʜʠ ʣʠʮ ʩʪʘʨʰʝ 18 ʣʝʪ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 2,6%. ʇʨʠ ʵʪʦʤ 

                                                           
14 Eurocat (ɽʚʨʦʧʝʡʩʢʘʷ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʨʦʞʜʝʥʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ). URL: https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence_en 



240 ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 

 

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

ʧʨʦʮʝʥʪ ʦʙʨʘʱʝʥʠʡ ʩ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʠʘʛʥʦʟʦʤ ʩʨʝʜʠ ʧʘʮʠʝʥʪʦʚ 0-14 ʣʝʪ ʪʘʢʞʝ ʚʳʨʦʩ ʥʘ 
1,4%, ʚ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ 15-17 ʣʝʪ ʠʟʤʝʥʝʥʠʡ ʥʝ ʧʨʦʠʟʦʰʣʦ, ʘ ʩʨʝʜʠ ʣʠʮ ʩʪʘʨʰʝ 18 ʣʝʪ ʩʥʠʟʠʣʩʷ ʥʘ 
1,4%. ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ɺʇʈ ʠ ʜʠʥʘʤʠʢʘ ʝʝ ʠʟʤʝʥʝʥʠʡ ʟʘ ʜʝʩʷʪʠʣʝʪʠʝ ʥʦʩʷʪ ʢʨʘʡʥʝ ʥʝʦʜʥʦʨʦʜʥʳʡ ʭʘ-
ʨʘʢʪʝʨ ʚ ʨʘʟʨʝʟʝ ʨʝʛʠʦʥʦʚ, ʧʦʢʘʟʳʚʘʷ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ. ʅʘʧʨʠʤʝʨ, ʚ 2015 ʛʦʜʫ ʩʨʝʜʥʠʡ 
ʫʨʦʚʝʥʴ ʦʙʱʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ɺʇʈ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʩʫʙʲʝʢʪʦʚ ʈʌ (49 ʠʟ 85 ʠʣʠ 57,6%) ʩʦʩʪʘʚʣʷʣ 
693,45 ʩʣʫʯʘʝʚ ʥʘ 100000 ʥʘʩʝʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ 19 ʨʝʛʠʦʥʘʭ (22,3%) ʫʨʦʚʝʥʴ ʜʦʩʪʠʛʘʣ 1142,45, ʚ 13 
ʨʝʛʠʦʥʘʭ (15,3%) ð 394,68, ʚ 2 ʨʝʛʠʦʥʘʭ (2,4%) ð 1575,55 ʠ ʚ ʝʱʝ 2 ʨʝʛʠʦʥʘʭ (2,4%) ð 2255,00 ʩʣʫʯʘ-
ʝʚ ʥʘ 100000 ʯʝʣʦʚʝʢ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʝʨʚʠʯʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ɺʇʈ, ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʚ 2015 ʛʦʜʫ 
ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʫʙʲʝʢʪʦʚ ʈʌ (37 ʠʟ 85 ʠʣʠ 43,5%) ʥʘʭʦʜʠʣʩʷ ʥʘ ʫʨʦʚʥʝ 240,11 ʩʣʫʯʘʝʚ ʥʘ 100000 
ʥʘʩʝʣʝʥʠʷ. ɺ 35 ʨʝʛʠʦʥʘʭ (41,2%) ʫʨʦʚʝʥʴ ʩʦʩʪʘʚʣʷʣ 103,42, ʚ 10 ʨʝʛʠʦʥʘʭ (11,7%) ð 451,78, ʚ 2 ʨʝʛʠ-
ʦʥʘʭ (2,4%) ð 680,50, ʘ ʚ ʦʜʥʦʤ ʨʝʛʠʦʥʝ (1,2%) ð 888,60 ʩʣʫʯʘʝʚ ʥʘ 100000 ʥʘʩʝʣʝʥʠʷ. 

ɺ 2024 ʛʦʜʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʛʠʦʥʦʚ ʈʌ (ʚ 46 ʠʟ 85 ʠʣʠ 54,1%) ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʦʙʱʝʡ ʟʘʙʦʣʝ-
ʚʘʝʤʦʩʪʠ ʚʨʦʞʜʝʥʥʳʤʠ ʧʦʨʦʢʘʤʠ ʨʘʟʚʠʪʠʷ (ɺʇʈ) ʩʦʩʪʘʚʣʷʣ 799,1 ʩʣʫʯʘʷ ʥʘ 100000 ʥʘʩʝʣʝʥʠʷ. ɺ 17 
ʨʝʛʠʦʥʘʭ (20%) ʧʦʢʘʟʘʪʝʣʴ ʜʦʩʪʠʛʘʣ 1224,4 ʩʣʫʯʘʝʚ, ʚ 16 ʨʝʛʠʦʥʘʭ (18,8%) ð 422,6, ʚ 5 ʨʝʛʠʦʥʘʭ (5,9%) 
ð 1952,8, ʘ ʚ ʦʜʥʦʤ ʨʝʛʠʦʥʝ (1,2%) ð ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʨʝʣʠʷ ð ʫʨʦʚʝʥʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʩʦʩʪʘʚʣʷʣ 
3701,7 ʩʣʫʯʘʝʚ ʥʘ 100000 ʞʠʪʝʣʝʡ. ʉʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʝʨʚʠʯʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ɺʇʈ ʚ 2024 ʛʦʜʫ ʚ 
ʙʦʣʴʰʠʥʩʪʚʝ ʩʫʙʲʝʢʪʦʚ ʈʌ (ʚ 43 ʠʟ 85 ʠʣʠ 50,6%) ʩʦʩʪʘʚʣʷʣ 160,54 ʩʣʫʯʘʷ ʥʘ 100000 ʥʘʩʝʣʝʥʠʷ. ɺ 22 
ʨʝʛʠʦʥʘʭ (25,9%) ʫʨʦʚʝʥʴ ʙʳʣ ʨʘʚʝʥ 74,34, ʚ 15 ʨʝʛʠʦʥʘʭ (17,6%) ð 311,81, ʚ 4 ʨʝʛʠʦʥʘʭ (4,7%) ð 
447,25, ʘ ʚ ʦʜʥʦʤ ʨʝʛʠʦʥʝ (1,2%) ð 601,40 ʩʣʫʯʘʝʚ ʥʘ 100000 ʯʝʣʦʚʝʢ. ɺ ʜʝʩʷʪʢʫ ʨʝʛʠʦʥʦʚ ʈʌ ʩ 
ʥʘʠʙʦʣʴʰʠʤ ʨʦʩʪʦʤ ʦʙʱʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ɺʇʈ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʚʦʰʣʠ: ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙ-
ʣʘʩʪʴ (+58,4%), ʊʘʤʙʦʚʩʢʘʷ ʦʙʣʘʩʪʴ (+58,6%), ʈʝʩʧʫʙʣʠʢʘ ɹʘʰʢʦʨʪʦʩʪʘʥ (+88,8%), ʗʤʘʣʦ-ʅʝʥʝʮʢʠʡ 
ʘʚʪʦʥʦʤʥʳʡ ʦʢʨʫʛ (+90,0%), ʂʘʨʘʯʘʝʚʦ-ʏʝʨʢʝʩʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ (+97,5%), ʅʠʞʝʛʦʨʦʜʩʢʘʷ ʦʙʣʘʩʪʴ 
(+101,3%), ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʢʨʘʡ (+119,0%), ʂʘʣʫʞʩʢʘʷ ʦʙʣʘʩʪʴ (+121,3%), ʈʝʩʧʫʙʣʠʢʘ ʂʘʨʝʣʠʷ 
(+136,8%) ʠ ʉʝʚʘʩʪʦʧʦʣʴ (+206,5%). 

ʉʨʝʜʠ ʨʝʛʠʦʥʦʚ ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʦʙʱʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ɺʇʈ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 
ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʨʠʦʜʘ ʦʢʘʟʘʣʠʩʴ: ʈʝʩʧʫʙʣʠʢʘ ɸʜʳʛʝʷ (-46,1%), ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ (-41,6%), ʅʝʥʝʮʢʠʡ 
ʘʚʪʦʥʦʤʥʳʡ ʦʢʨʫʛ (-33,1%), ʏʫʚʘʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ (-29,9%), ɸʤʫʨʩʢʘʷ ʦʙʣʘʩʪʴ (-29,8%), ɽʚʨʝʡʩʢʘʷ ʘʚ-
ʪʦʥʦʤʥʘʷ ʦʙʣʘʩʪʴ (-29,7%), ʉʘʤʘʨʩʢʘʷ ʦʙʣʘʩʪʴ (-27,1%), ʈʝʩʧʫʙʣʠʢʘ ʉʝʚʝʨʥʘʷ ʆʩʝʪʠʷ ð ɸʣʘʥʠʷ (-
27,1%), ɺʦʨʦʥʝʞʩʢʘʷ ʦʙʣʘʩʪʴ (-22,4%) ʠ ʂʫʨʩʢʘʷ ʦʙʣʘʩʪʴ (-22,4%). 

ʊʘʢʠʝ ʨʘʟʣʠʯʠʷ ʧʦ ʨʝʛʠʦʥʘʤ ʤʦʛʫʪ ʦʙʲʷʩʥʷʪʴʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ð ʥʝ-
ʦʜʠʥʘʢʦʚʳʡ ʫʨʦʚʝʥʴ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦ-
ʱʠ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʤʠ-
ʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ʂ ʧʨʠʤʝʨʫ, ʚ ʪʝʭ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʤʝʜʠʮʠʥʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʨʘʟʚʠʪʘ ʭʫʞʝ ʠ ʜʦ-
ʩʪʫʧ ʢ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤ ʤʝʜʠʮʠʥʩʢʠʤ ʫʩʣʫʛʘʤ ʦʛʨʘʥʠʯʝʥ, ʧʦʢʘʟʘʪʝʣʠ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʤʦʛʫʪ ʦʢʘ-
ʟʘʪʴʩʷ ʟʘʥʠʞʝʥʥʳʤʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʢʨʳʪʳʭ ʩʣʫʯʘʝʚ ʟʘʙʦʣʝʚʘʥʠʡ [1].  

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʨʦʞʜʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʯʘʱʝ 
ʚʩʝʛʦ ʚʳʷʚʣʷʶʪʩʷ ʫ ʜʝʪʝʡ, ʧʝʨʝʞʠʚʰʠʭ ʨʘʥʥʠʡ ʥʝʦʥʘʪʘʣʴʥʳʡ ʧʝʨʠʦʜ, ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ ʩʝʨʴʸʟʥʦʡ 
ʤʝʜʠʮʠʥʩʢʦʡ, ʩʦʮʠʘʣʴʥʦʡ ʠʣʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʦʜʜʝʨʞʢʝ. ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʟʥʘʯʠʪʝʣʴ-
ʥʳʤ ʜʦʩʪʠʞʝʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʶ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʢʨʠʥʠʥʛʦʚʳʭ ʩʠʩʪʝʤ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʛʝʥʦʤʥʦʛʦ 
ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʨʦʞʜʝʥʥʳʭ ʧʦʨʦʢʦʚ, ʘʥʦʤʘʣʠʡ ʠ ʭʨʦʤʦʩʦʤʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʢʦʪʦʨʦʝ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʫʞʝ 
ʩʪʘʥʦʚʠʪʩʷ ʨʫʪʠʥʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʢʘʢ ʚʦ ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʧʨʠ ʧʝʨʠʥʘʪʘʣʴʥʦʡ ʘʫʪʦʧʩʠʠ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʇʝʨʤʠʥʦʚ ʂʦʥʩʪʘʥʪʠʥ ɸʨʢʘʜʴʝʚʠʯ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 
ʌɻɹʆʋ ɺʆ çʂʠʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ 

 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʦʣʴ ʠʥʛʠʙʠʪʦʨʦʚ PCSK9 ð ʘʣʠʨʦʢʫʤʘʙʘ, ʵʚʦʣʦʢʫʤʘʙʘ ʠ ʠʥʢʣʠʩʠ-
ʨʘʥʘ ʚ ʣʝʯʝʥʠʠ ʛʠʧʝʨʭʦʣʝʩʪʝʨʠʥʝʤʠʠ. ʆʧʠʩʘʥʳ ʤʝʭʘʥʠʟʤʳ ʠʭ ʜʝʡʩʪʚʠʷ, ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʘ ʠ ʨʝʟʫʣʴʪʘ-
ʪʳ ʢʣʶʯʝʚʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ODYSSEY, LAPLACE, GAUSS, ORION). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ 
ʧʨʝʧʘʨʘʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʦʡʢʦʝ ʩʥʠʞʝʥʠʝ ʍʉ ʃʇʅʇ ʥʘ 50-65%, ʧʨʝʦʜʦʣʝʚʘʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ ʩʪʘʪʠ-
ʥʘʤ ʠ ʵʟʝʪʠʤʠʙʫ. ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʠʥʛʠʙʠʪʦʨʳ PCSK9 ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʢʦʥʪʨʦʣʷ 
ʘʪʝʨʦʛʝʥʥʳʭ ʣʠʧʠʜʦʚ ʠ ʩʥʠʞʝʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʛʦ ʨʠʩʢʘ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʛʠʧʝʨʭʦʣʝʩʪʝʨʠʥʝʤʠʝʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʥʛʠʙʠʪʦʨʳ PCSK9, ʛʠʧʝʨʭʦʣʝʩʪʝʨʠʥʝʤʠʷ, ʘʣʠʨʦʢʫʤʘʙ, ʵʚʦʣʦʢʫʤʘʙ, ʠʥʢʣʠʩʠʨʘʥ, 
ʭʦʣʝʩʪʝʨʠʥ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʍʉ ʃʇʅʇ), ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ. 
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Abstract: the article discusses the role of PCSK9 inhibitors ð alirocumab, evolocumab, and inclisiran in the 
treatment of hypercholesterolemia. The mechanisms of their action, pharmacokinetics, and the results of key 
clinical studies (ODYSSEY, LAPLACE, GAUSS and ORION) are described. It has been shown that these 
drugs provide a sustained reduction in LDL cholesterol by 50-65%, overcoming resistance to statins and 
ezetimibe. It is concluded that PCSK9 inhibitors are an effective means of controlling atherogenic lipids and 
reducing cardiovascular risk in patients with hypercholesterolemia. 
Keywords: PCSK9 inhibitors, hypercholesterolemia, alirocumab, evolocumab, inclisiran, low-density lipopro-
tein cholesterol (LDL cholesterol), monoclonal antibodies. 

 
ɻʛʞʝʞʦʡʞ. ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʪʠʥʦʚ, ʬʠʙʨʘʪʦʚ ʠ ʵʟʝʪʠʤʠʙʘ, ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʛʠʧʝʨʭʦʣʝʩʪʝʨʠʥʝʤʠʝʡ ʥʝ ʜʦʩʪʠʛʘʝʪ ʮʝʣʝʚʳʭ ʫʨʦʚʥʝʡ ʍʉ ʃʇʅʇ, ʦʩʦʙʝʥʥʦ ʫʞʝʩʪʦʯʸʥ-
ʥʳʭ ʥʦʚʳʤʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ACC/AHA (2026)-<55 ʤʛ/ʜʣ ʜʣʷ ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ [1, ʩ 124]. ʊʨʘʜʠʮʠʦʥ-
ʥʘʷ ʪʝʨʘʧʠʷ ʦʛʨʘʥʠʯʝʥʘ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ (ʤʠʘʣʛʠʠ, ʨʘʙʜʦʤʠʦʣʠʟ, ʜʠʘʙʝʪʦʛʝʥʥʳʡ ʵʬʬʝʢʪ) ʠ ʥʝʜʦ-
ʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ [1, ʩ 135]. ɺʥʝʜʨʝʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ PCSK9, ʚʢʣʶʯʘʷ ʤʘʣʫʶ ʠʥʪʝʨʬʝʨʠʨʫʶʱʫʶ 
ʈʅʂ (ʠʥʢʣʠʩʠʨʘʥ) ʩ ʨʝʞʠʤʦʤ ʜʦʟʠʨʦʚʘʥʠʷ 2 ʨʘʟʘ ʚ ʛʦʜ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʨʳʚ ʚ ʣʝʯʝʥʠʠ ʜʠʩʣʠʧʠ-
ʜʝʤʠʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʚʳʩʦʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ ʠʭ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [1, ʩ 141]. 
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ʏʞʤʵ ʡʪʪʤʞʝʧʛʙʦʡʸ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ, ʢʣʠʥʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝ-
ʞʠʤʳ ʧʨʠʤʝʥʝʥʠʷ ʠʥʛʠʙʠʪʦʨʦʚ PCSK9 (ʘʣʠʨʦʢʫʤʘʙʘ, ʵʚʦʣʦʢʫʤʘʙʘ, ʠʥʢʣʠʩʠʨʘʥʘ) ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 
ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʠʭ ʨʦʣʠ ʚ ʣʝʯʝʥʠʠ ʛʠʧʝʨʭʦʣʝʩʪʝʨʠʥʝʤʠʠ, ʦʩʦʙʝʥʥʦ ʫ ʧʘ-
ʮʠʝʥʪʦʚ ʩ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʠʣʠ ʥʝʧʝʨʝʥʦʩʠʤʦʩʪʴʶ ʩʪʘʥʜʘʨʪʥʦʡ ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ. 

ʀʙʝʙʰʡ ʡʪʪʤʞʝʧʛʙʦʡʸ: 
1. ʆʧʠʩʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ PCSK9 ʠ ʝʛʦ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʤʝʪʘʙʦʣʠʟʤʘ ʍʉ 

ʃʇʅʇ; 
2. ʇʨʝʜʩʪʘʚʠʪʴ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʠʨʦʢʫʤʘʙʘ, ɻ ʚʦʣʦʢʫʤʘʙʘ ʠ ʠʥʢʣʠʩʠʨʘʥʘ; 
3. ʆʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʠʨʦʢʫʤʘʙʘ ʚ ʩʥʠʞʝʥʠʠ ʍʉ ʃʇʅʇ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʥʝʩʝʤʝʡʥʦʡ ʠ ʩʝ-

ʤʝʡʥʦʡ (ʛʝʪʝʨʦʟʠʛʦʪʥʦʡ/ʛʦʤʦʟʠʛʦʪʥʦʡ) ʛʠʧʝʨʭʦʣʝʩʪʝʨʠʥʝʤʠʝʡ ʧʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ODYSSEY; 
4. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʵʚʦʣʦʢʫʤʘʙʘ ʫ ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ, ʧʘʮʠʝʥʪʦʚ 

ʥʘ ʬʦʥʝ ʩʪʘʪʠʥʦʚ, ʩ ʥʝʧʝʨʝʥʦʩʠʤʦʩʪʴʶ ʩʪʘʪʠʥʦʚ ʠ ʩ ʛʝʪʝʨʦʟʠʛʦʪʥʦʡ ʩʝʤʝʡʥʦʡ ʛʠʧʝʨʭʦʣʝʩʪʝʨʠʥʝʤʠʝʡ 
(ʠʩʩʣʝʜʦʚʘʥʠʷ LAPLACE-TIMI57, GAUSS); 

5. ʀʟʫʯʠʪʴ ʜʘʥʥʳʝ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʢʣʠʩʠʨʘʥʘ (ʠʩʩʣʝʜʦʚʘʥʠʷ ORION-10, ORION-11) ʢʘʢ ʧʨʝ-
ʧʘʨʘʪʘ ʤʘʣʦʡ ʠʥʪʝʨʬʝʨʠʨʫʶʱʝʡ ʈʅʂ ʩ ʨʝʜʢʠʤ ʨʝʞʠʤʦʤ ʜʦʟʠʨʦʚʘʥʠʷ (2 ʨʘʟʘ ʚ ʛʦʜ); 

6. ʉʨʘʚʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʥʛʠʙʠʪʦʨʦʚ PCSK9 ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʨʘʧʠʝʡ ʠ ʦʙʦʩʥʦʚʘʪʴ ʠʭ 
ʠʥʪʝʛʨʘʮʠʶ ʚ ʘʣʛʦʨʠʪʤʳ ʚʝʜʝʥʠʷ ʧʘʮʠʝʥʪʦʚ ʩ ʚʳʩʦʢʠʤ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʤ ʨʠʩʢʦʤ. 

ʉʞʠʬʤʵʫʙʫʴ. ɹʝʣʦʢ PCSK9 ʦʩʫʱʝʩʪʚʣʷʝʪ ʪʦʥʢʫʶ ʥʘʩʪʨʦʡʢʫ ʣʠʧʠʜʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ, ʨʝʛʫʣʠʨʫʷ 
ʵʢʩʧʨʝʩʩʠʶ ʨʝʮʝʧʪʦʨʦʚ ʢ ʣʠʧʦʧʨʦʪʝʠʥʘʤ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʛʝʧʘʪʦʮʠʪʘʭ. ɽʛʦ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚ-
ʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʜʚʦʷʢʦ: ʯʝʨʝʟ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʠʥʪʝʨʥʘʣʠʟʫʝʪʩʷ ʠ ʧʦʜ-
ʚʝʨʛʘʝʪʩʷ ʥʝʦʙʨʘʪʠʤʦʤʫ ʧʨʦʪʝʦʣʠʟʫ ʚ ʣʠʟʦʩʦʤʘʭ, ʠ ʯʝʨʝʟ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʰʘʧʝʨʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʝ ʩ ʨʝʮʝʧʪʦʨʦʤ [2, ʩ. 115]; ʠʪʦʛʦʤ ʩʣʫʞʠʪ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʭʚʘʪʘ ʍʉ ʃʇʅʇ ʠʟ ʧʣʘʟʤʳ. ʉʚʷʟʳʚʘʥʠʝ ʠ 
ʥʝʡʪʨʘʣʠʟʘʮʠʷ PCSK9 ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘʤʠ ʜʝʙʣʦʢʠʨʫʝʪ ʤʝʭʘʥʠʟʤ ʨʝʮʠʨʢʫʣʷʮʠʠ, ʜʘʚʘʷ ʦʩʪʘʚ-
ʰʠʤʩʷ ʨʝʮʝʧʪʦʨʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʟʚʨʘʱʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʝʧʘʪʦʮʠʪʘ ʠ ʘʢʪʠʚʥʦ ʚʳ-
ʚʦʜʠʪʴ ʣʠʧʠʜʥʳʝ ʯʘʩʪʠʮʳ ʠʟ ʮʠʨʢʫʣʷʮʠʠ [2, ʩ. 116]. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2026 ʛʦʜ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 
ʨʘʟʨʝʰʝʥʳ ʢ ʤʝʜʠʮʠʥʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʪʨʠ ʧʨʝʧʘʨʘʪʘ-ʠʥʛʠʙʠʪʦʨʘ PCSK9: ʘʣʠʨʦʢʫʤʘʙ (ʇʨʘʣʫʵʥʪ) ʠ 
ʵʚʦʣʦʢʫʤʘʙ (ʈʝʧʘʪʘ)-ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ, ʘ ʪʘʢʞʝ ʠʥʢʣʠʩʠʨʘʥ (ʉʠʙʨʘʚʘ)-ʤʘʣʘʷ ʠʥʪʝʨʬʝʨʠʨʫʶ-
ʱʘʷ ʈʅʂ. 

ɸʣʠʨʦʢʫʤʘʙ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʥʦʩʪʴʶ ʯʝʣʦʚʝʯʝʩʢʦʝ ʤʦʥʦʢʣʦʥʘʣʴʥʦʝ ʘʥʪʠʪʝʣʦ ʢʣʘʩʩʘ 
IgG1, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʢ PCSK9. ʇʨʠ ʧʦʜʢʦʞʥʦʤ ʚʚʝʜʝʥʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦʟ 
75-300 ʤʛ ʧʠʢʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʝʧʘʨʘʪʘ ʚ ʧʣʘʟʤʝ ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ 3-7 ʜʥʝʡ, ʪʦʛʜʘ ʢʘʢ ʤʘʢʩʠʤʘʣʴ-
ʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʧʫʣʘ PCSK9 ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʫʞʝ ʩʧʫʩʪʷ 4-8 ʯʘʩʦʚ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʜʣʷ 
ʜʦʟʠʨʦʚʦʢ 75 ʠ 150 ʤʛ [3]. ɹʠʦʜʦʩʪʫʧʥʦʩʪʴ ʘʣʠʨʦʢʫʤʘʙʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 85%, ʘ ʧʝʨʠʦʜ ʧʦʣʫʚʳʚʝʜʝʥʠʷ 
ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 12 ʜʥʝʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʜʝʡʩʪʚʠʷ ʠ ʫʜʦʙʥʳʡ ʨʝ-
ʞʠʤ ʜʦʟʠʨʦʚʘʥʠʷ [3]. 

ʀʟʫʯʝʥʠʝ ʘʣʠʨʦʢʫʤʘʙʘ ʥʘ ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʘʭ ʚʳʷʚʠʣʦ ʜʦʟʦʟʘʚʠʩʠʤʳʡ ʭʘʨʘʢʪʝʨ ʩʥʠʞʝʥʠʷ ʍʉ 
ʃʅʇ, ʧʨʠʯʸʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʘʜʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʜʦʩʪʠʛʘʣʦ 65% [4, ʩ. 234]. ɹʣʠʟʢʠʝ ʧʦ ʭʘʨʘʢʪʝʨʫ ʜʘʥʥʳʝ 
ʧʦʣʫʯʝʥʳ ʚ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ODYSSEY FH II: ʩʥʠʞʝʥʠʝ ʍʉ ʃʅʇ ʚ ʛʨʫʧʧʝ ʘʣʠʨʦʢʫʤʘʙʘ 
ʩʦʩʪʘʚʠʣʦ 48,7% ʧʨʦʪʠʚ ʧʦʚʳʰʝʥʠʷ ʥʘ 2,8% ʚ ʛʨʫʧʧʝ ʢʦʥʪʨʦʣʷ [5, ʩ. 172]. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ODYSSEY J-IVUS ʫ 201 ʧʘʮʠʝʥʪʘ, ʧʝʨʝʥʸʩʰʝʛʦ ʦʩʪʨʳʡ ʢʦʨʦʥʘʨʥʳʡ ʩʠʥʜʨʦʤ ʥʝ ʧʦʟʜʥʝʝ ʯʝʤ ʟʘ 4 ʥʝʜʝʣʠ 
ʜʦ ʚʢʣʶʯʝʥʠʷ, ʩʪʨʘʜʘʶʱʝʛʦ ʛʠʧʝʨʭʦʣʝʩʪʝʨʠʥʝʤʠʝʡ ʠ ʧʦʣʫʯʘʶʱʝʛʦ ʩʪʘʪʠʥʳ, ʩ ʧʦʤʦʱʴʶ ʚʥʫʪʨʠʩʦʩʫʜʠ-
ʩʪʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʮʝʥʠʚʘʣʘʩʴ ʜʠʥʘʤʠʢʘ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʡ ʙʣʷʰʢʠ [6, ʩ. 451]. ɿʘʨʝ-
ʛʠʩʪʨʠʨʦʚʘʥʦ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʸʤʘ ʙʣʷʰʢʠ ʥʘ 4,79% ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʘʣʠʨʦʢʫʤʘʙʘ ʠ ʥʘ 3,14% ʚ ʢʦʥ-
ʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ, ʦʜʥʘʢʦ ʨʘʟʥʠʮʘ ʥʝ ʷʚʣʷʣʘʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ (p=0,23) [6, ʩ. 452]. 

ʗʚʣʷʷʩʴ ʧʦʣʥʦʩʪʴʶ ʯʝʣʦʚʝʯʝʩʢʠʤ ʤʦʥʦʢʣʦʥʘʣʴʥʳʤ ʘʥʪʠʪʝʣʦʤ IgG2, ʵʚʦʣʦʢʫʤʘʙ ʩ ʚʳʩʦʢʦʡ ʩʧʝ-
ʮʠʬʠʯʥʦʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ PCSK9, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʧʦʜʘʚʣʝʥʠʷ ʙʝʣʢʘ-ʤʠʰʝʥʠ ʯʝʨʝʟ 4 ʯʘʩʘ 
ʧʦʩʣʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʧʦʜʢʦʞʥʦʛʦ ʚʚʝʜʝʥʠʷ ʜʦʟ 140 ʠʣʠ 420 ʤʛ [7]. ɼʣʷ ʧʨʝʧʘʨʘʪʘ ʭʘʨʘʢʪʝʨʝʥ ʥʝʣʠʥʝʡ-
ʥʳʡ ʤʝʭʘʥʠʟʤ ʚʳʚʝʜʝʥʠʷ: ʥʘ ʬʦʥʝ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʥ ʵʣʠʤʠʥʠʨʫʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʸʪ 
ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʮʠʨʢʫʣʠʨʫʶʱʠʤ PCSK9, ʘ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʩ-
ʥʦʚʥʳʤ ʧʫʪʸʤ ʢʣʠʨʝʥʩʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʪʝʦʣʠʟ [7]. ɼʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʧʦʣʫʚʳʚʝʜʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʠʡ 
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11-17 ʜʥʝʡ, ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʡ ʩʳʚʦʨʦʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢ 12-ʡ ʥʝʜʝʣʝ ʢʫʨʩʦʚʦʛʦ ʧʨʠʤʝ-
ʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ [7]. 

ɺ ʠʩʧʳʪʘʥʠʷʭ ʩ ʫʯʘʩʪʠʝʤ ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʜʦʟʦʟʘʚʠʩʠ-
ʤʦʝ ʧʘʜʝʥʠʝ ʍʉ ʃʅʇ, ʜʦʩʪʠʛʘʚʰʝʝ 65%, ʘ ʢ 6-8-ʡ ʥʝʜʝʣʝ ʪʝʨʘʧʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʦʟʦʡ ʵʚʦʣʦʢʫʤʘʙʘ 
420 ʤʛ (ʧʦʜʢʦʞʥʦ ʠʣʠ ʚʥʫʪʨʠʚʝʥʥʦ) ʩʥʠʞʝʥʠʝ ʜʦʩʪʠʛʘʣʦ 75%. ʀʩʩʣʝʜʦʚʘʥʠʝ LAPLACE-TIMI 57, ʚʢʣʶ-
ʯʘʚʰʝʝ ʧʘʮʠʝʥʪʦʚ ʥʘ ʩʪʘʙʠʣʴʥʦʡ ʩʪʘʪʠʥʦʪʝʨʘʧʠʠ ʩ ʠʩʭʦʜʥʳʤ ʍʉ ʃʅʇ>85 ʤʛ/ʜʣ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, 
ʯʪʦ ʧʦʜʢʦʞʥʦʝ ʚʚʝʜʝʥʠʝ ʧʨʝʧʘʨʘʪʘ ʚ ʜʦʟʘʭ 70ï140 ʤʛ ʩ ʜʚʫʭʥʝʜʝʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʩʥʠʞʘʝʪ ʍʉ ʃʅʇ 
ʥʘ 65% [8, ʩ. 542-543], ʘ ʨʝʞʠʤ 280-420 ʤʛ ʦʜʠʥ ʨʘʟ ʚ 4 ʥʝʜʝʣʠ-ʥʘ 50% [8, ʩ. 544]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 
GAUSS, ʢʫʜʘ ʚʦʰʣʠ 160 ʧʘʮʠʝʥʪʦʚ ʩ ʛʠʧʝʨʭʦʣʝʩʪʝʨʠʥʝʤʠʝʡ ʠ ʥʝʧʝʨʝʥʦʩʠʤʦʩʪʴʶ ʩʪʘʪʠʥʦʚ, ʤʦʥʦʪʝʨʘ-
ʧʠʷ ʵʚʦʣʦʢʫʤʘʙʦʤ 420 ʤʛ 1 ʨʘʟ ʚ 4 ʥʝʜʝʣʠ ʧʨʠʚʦʜʠʣʘ ʢ ʩʥʠʞʝʥʠʶ ʍʉ ʃʅʇ ʥʘ 40-50% [9, ʩ. 233]. 

ɽʱʸ ʦʜʥʠʤ ʧʨʝʧʘʨʘʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʠʥʘʢʪʠʚʘʮʠʶ PCSK9, ʷʚʣʷʝʪʩʷ ʠʥʢʣʠʩʠʨʘʥ ð ʜʚʫʭʮʝ-
ʧʦʯʝʯʥʘʷ ʤʘʣʘʷ ʠʥʪʝʨʬʝʨʠʨʫʶʱʘʷ ʈʅʂ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʘʷ ʩ N-ʘʮʝʪʠʣʛʘʣʘʢʪʦʟʘʤʠʥʦʤ; ʟʘ ʩʯʸʪ ʩʨʦʜ-
ʩʪʚʘ ʧʦʩʣʝʜʥʝʛʦ ʢ ʘʩʠʘʣʦʛʣʠʢʦʧʨʦʪʝʠʥʦʚʳʤ ʨʝʮʝʧʪʦʨʘʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʧʘʪʦʮʠʪʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʘʜ-
ʨʝʩʥʘʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʜʦʩʪʘʚʢʘ ʧʨʝʧʘʨʘʪʘ [10, ʩ. 187]. ɺʥʫʪʨʠ ʛʝʧʘʪʦʮʠʪʘ ʤʦʣʝʢʫʣʘ ʠʥʢʣʠʩʠʨʘʥʘ 
ʚʢʣʶʯʘʝʪʩʷ ʚ RISC (ʈʅʂ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʛʣʫʰʝʥʠʷ), ʢʦʪʦʨʳʡ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 
ʤʘʪʨʠʯʥʦʡ ʈʅʂ PCSK9, ʧʨʝʧʷʪʩʪʚʫʷ ʝʸ ʪʨʘʥʩʣʷʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʠʥʪʝʟʫ ʙʝʣʢʘ PCSK9 [10, ʩ. 188]. 
ʅʝʦʩʧʦʨʠʤʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʥʢʣʠʩʠʨʘʥʘ ʥʘʜ ʤʦʥʦʢʣʦʥʘʣʴʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ ʢ PCSK9 ʷʚʣʷʝʪʩʷ ʫʣʴ-
ʪʨʘʥʠʟʢʘʷ ʢʨʘʪʥʦʩʪʴ ʚʚʝʜʝʥʠʷ-ʚʩʝʛʦ ʜʚʘʞʜʳ ʚ ʛʦʜ [10, ʩ. 189].  

ʂʣʠʥʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʢʣʠʩʠʨʘʥʘ ʢʘʢ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʠʭ 
ʩʨʝʜʩʪʚ ʥʘ ʦʩʥʦʚʝ ʤʘʣʦʡ ʠʥʪʝʨʬʝʨʠʨʫʶʱʝʡ ʈʅʂ ʙʳʣʘ ʚʝʨʠʬʠʮʠʨʦʚʘʥʘ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ORION-10 
ʠ ORION-11, ʜʠʟʘʡʥ ʢʦʪʦʨʳʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ ʚʢʣʶʯʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʩ ʛʠʧʝʨʭʦʣʝʩʪʝʨʠʥʝʤʠʝʡ, ʥʝ ʜʦʩʪʠʛ-
ʰʠʭ ʮʝʣʝʚʳʭ ʟʥʘʯʝʥʠʡ ʍʉ ʃʅʇ ʥʘ ʬʦʥʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʝʨʝʥʦʩʠʤʦʡ ʩʪʘʪʠʥʦʪʝʨʘʧʠʠ ʣʠʙʦ ʧʨʠ ʜʦʢʫʤʝʥʪʠ-
ʨʦʚʘʥʥʦʡ ʥʝʧʝʨʝʥʦʩʠʤʦʩʪʠ ʩʪʘʪʠʥʦʚ [11, ʩ. 512]. ɺ ORION-10 ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 1561 ʧʘʮʠʝʥʪ ʠʟ ʉʐɸ, ʚ 
ORION-11-2991 ʧʘʮʠʝʥʪ ʠʟ ʩʪʨʘʥ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ ʠ ʖʞʥʦʡ ɸʬʨʠʢʠ [11, ʩ. 511]. ʆʙʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʤʦʝ ʠ ʩʦʧʦʩʪʘʚʠʤʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʍʉ ʃʅʇ: ʥʘ 52% ʚ ORION-10 ʠ ʥʘ 50% ʚ 
ORION-11, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʠʥʢʣʠʩʠʨʘʥʘ ʥʝʟʘʚʠʩʠʤʦ 
ʦʪ ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʧʫʣʷʮʠʠ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʧʦʪʝʥʮʠʘʣʝ ʚ ʢʘʯʝ-
ʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʦʧʦʣʥʝʥʠʷ ʢ ʩʪʘʥʜʘʨʪʥʦʡ ʣʠʧʠʜʩʥʠʞʘʶʱʝʡ ʪʝʨʘʧʠʠ [11, ʩ. 512]. 

ɻʴʛʧʝʴ. 
1. PCSK9 ʙʣʦʢʠʨʫʝʪ ʨʝʮʠʨʢʫʣʷʮʠʶ ʨʝʮʝʧʪʦʨʦʚ ʃʇʅʇ, ʩʧʦʩʦʙʩʪʚʫʷ ʥʘʢʦʧʣʝʥʠʶ ʍʉ ʃʇʅʇ ʚ 

ʧʣʘʟʤʝ, ʠʥʛʠʙʠʪʦʨʳ PCSK9 ʫʩʪʨʘʥʷʶʪ ʵʪʦʪ ʙʣʦʢ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʢʣʠʨʝʥʩ ʣʠʧʠʜʦʚ; 
2. ɸʣʠʨʦʢʫʤʘʙ ʠ ʵʚʦʣʦʢʫʤʘʙ ð ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ ʩ ʧʝʨʠʦʜʦʤ ʧʦʣʫʚʳʚʝʜʝʥʠʷ 11ï17 

ʜʥʝʡ, ʠʥʢʣʠʩʠʨʘʥ ð ʤʘʣʘʷ ʠʥʪʝʨʬʝʨʠʨʫʶʱʘʷ ʈʅʂ ʩ ʨʝʞʠʤʦʤ ʜʦʟʠʨʦʚʘʥʠʷ 2 ʨʘʟʘ ʚ ʛʦʜ; 
3. ɸʣʠʨʦʢʫʤʘʙ ʩʥʠʞʘʝʪ ʍʉ ʃʇʅʇ ʥʘ 48-65% ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʩʝʤʝʡʥʦʡ ʠ ʥʝʩʝʤʝʡʥʦʡ ʛʠʧʝʨʭʦʣʝ-

ʩʪʝʨʠʥʝʤʠʝʡ (ODYSSEY); 
4. ʕʚʦʣʦʢʫʤʘʙ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʍʉ ʃʇʅʇ ʥʘ 40-65% ʫ ʧʘʮʠʝʥʪʦʚ ʥʘ ʬʦʥʝ ʩʪʘʪʠʥʦʚ, ʩ ʥʝ-

ʧʝʨʝʥʦʩʠʤʦʩʪʴʶ ʩʪʘʪʠʥʦʚ ʠ ʧʨʠ ɻʝʉɻʍʉ (LAPLACE, GAUSS); 
5. ʀʥʢʣʠʩʠʨʘʥ ʩʥʠʞʘʝʪ ʍʉ ʃʇʅʇ ʥʘ 50-52% ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʵʬʬʝʢʪʘ ʥʝ ʤʝʥʝʝ 6 ʤʝʩʷʮʝʚ 

(ORION-10, ORION-11); 
6. ʀʥʛʠʙʠʪʦʨʳ PCSK9 ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʩʪʘʪʠʥʘʤ, ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʮʝʣʝʚʦʛʦ 

ʫʨʦʚʥʷ ʍʉ ʃʇʅʇ<55 ʤʛ/ʜʣ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʨʠʩʢʦʤ ʠ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴʩʷ ʚ ʘʣʛʦʨʠʪʤʳ ʛʠ-
ʧʦʣʠʧʠʜʝʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ. 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʘʛʥʦʩʪʠ-
ʢʠ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʙʦʣʝʟʥʝʡ ʪʝʣʷʪ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʯʝ-
ʪʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʣʠʥʠʯʝʩʢʠʭ, ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʇʎʈ-ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 
ʪʦʯʥʦʩʪʴ ʚʝʨʠʬʠʢʘʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʥʘ 27,5%. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʚʥʝʜʨʝʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʩʭʝʤʘ 
ʵʪʠʦʪʨʦʧʥʦʡ ʪʝʨʘʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʧʘʨʘʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ 
ʤʝʪʦʜʳ ʩʥʠʞʘʶʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʦʣʝʟʥʠ ʥʘ 3,2 ʜʥʷ ʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʟʘ 
ʩʯyʪ ʩʥʠʞʝʥʠʷ ʣʝʪʘʣʴʥʦʩʪʠ ʠ ʟʘʜʝʨʞʝʢ ʨʦʩʪʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ, ʨʝʩʧʠʨʘʪʦʨʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʪʝʣʷʪʘ, ʜʠʘʛʥʦʩʪʠʢʘ, ʪʝʨʘʧʠʷ, 
ʇʎʈ, ʧʨʦʬʠʣʘʢʪʠʢʘ. 
 

OPTIMIZATION OF METHODS FOR DIAGNOSIS AND THERAPY OF RESPIRATORY DISEASES IN 
CATTLE UNDER INDUSTRIAL COMPLEX CONDITIONS 

 
Palvanova Anastasia Igorevna, 

Frolov Gennady Sergeevich, 
Zakirov Tagir Munirovich 

 
Scientific adviser: Ravilov Rustam Khametovich 

 
Abstract: The article presents the results of a study on the effectiveness of complex diagnostics of respiratory 
diseases in calves under industrial livestock farming conditions. It was found that the combined use of clinical, 
hematological methods and PCR diagnostics increases the accuracy of pathogen verification by 27.5%. An 
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improved scheme of etiotropic therapy using new generation drugs has been developed and implemented. It is 
shown that the proposed methods reduce the duration of the disease by 3.2 days and prevent economic loss-
es due to reduced mortality and growth retardation. 
Key words: cattle, respiratory diseases, calves, diagnostics, therapy, PCR, prevention. 

 
ɻʛʞʝʞʦʡʞ. ʈʝʩʧʠʨʘʪʦʨʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ (ʂʈʉ) ʦʩʪʘʶʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦ-

ʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʚ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʦʩʩʠʡʩʢʦʡ 
ʌʝʜʝʨʘʮʠʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʭʦʟʷʡʩʪʚʘʭ ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ, ʵʢʦ-
ʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʦʪ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ʠ ʧʘʩʪʝʨʝʣʣʸʟʘ ʪʝʣʷʪ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 40% ʦʪ ʚʩʝʭ ʧʦʪʝʨʴ ʧʨʠ 
ʚʳʨʘʱʠʚʘʥʠʠ ʤʦʣʦʜʥʷʢʘ. ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʬʘʢʪʦʨʳ ʩʪʨʝʩʩʘ (ʩʢʫ-
ʯʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ, ʥʘʨʫʰʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʨʘʥʥʝʝ ʦʪʣʫʯʝʥʠʝ ʦʪ ʤʘʪʝʨʝʡ, ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ 
ʢʦʨʤʣʝʥʠʝ) ʩʦʟʜʘʶʪ ʧʦʩʪʦʷʥʥʫʶ ʫʛʨʦʟʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʚʩʧʳʰʝʢ [1, ʩ. 45]. ʊʨʘʜʠʮʠʦʥ-
ʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ (ʘʫʩʢʫʣʴʪʘʮʠʷ, ʪʝʨʤʦʤʝʪʨʠʷ, ʧʘʪʦʣʦʛʦʘʥʘʪʦʤʠʯʝʩʢʦʝ ʚʩʢʨʳʪʠʝ) ʯʘʩʪʦ ʥʝ ʧʦʟ-
ʚʦʣʷʶʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʠʪʴ ʵʪʠʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʪʦʛʜʘ ʢʘʢ ʘʩʩʦʮʠʘʮʠʠ ʚʠʨʫʩʦʚ (ʠʥʬʝʢʮʠʦʥʥʦʛʦ 
ʨʠʥʦʪʨʘʭʝʠʪʘ ï ʀʈʊ, ʧʘʨʘʛʨʠʧʧʘ-3 ï ʇɻ-3, ʚʠʨʫʩʥʦʡ ʜʠʘʨʝʠ ï ʙʦʣʝʟʥʠ ʩʣʠʟʠʩʪʳʭ ï ɺɼ-ɹʉ) ʠ ʙʘʢʪʝʨʠʡ 
(Pasteurella, Mannheimia, Mycoplasma) ʪʨʝʙʫʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʪʝʨʘʧʠʠ. ʈʘʥʝʝ ʧʨʦ-
ʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʈʘʚʠʣʦʚʘ ʈ. ʍ. ʧʦʜʯʸʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʠʤ-
ʤʫʥʥʦʛʦ ʩʪʘʪʫʩʘ ʞʠʚʦʪʥʳʭ [2, ʩ. 112]. ʈʘʙʦʪʳ ɿʘʢʠʨʦʚʘ ʊ. ʄ. ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʫʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ 
ʮʝʥʥʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʧʘʪʦʛʝʥʦʚ [3, ʩ. 
58]. ʌʨʦʣʦʚ ɻ. ʉ. ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʣ ʚʣʠʷʥʠʝ ʢʦʨʤʦʚʳʭ ʬʘʢʪʦʨʦʚ ʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʨʝ-
ʩʧʠʨʘʪʦʨʥʦʛʦ ʪʨʘʢʪʘ ʪʝʣʷʪ [4, ʩ. 77]. ʆʜʥʘʢʦ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʵʢʩʧʨʝʩʩ-
ʜʠʘʛʥʦʩʪʠʢʫ ʠ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʫʶ ʪʝʨʘʧʠʶ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ʭʦʟʷʡʩʪʚ 
ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ, ʜʦ ʩʠʭ ʧʦʨ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ ʦʧʪʠʤʠʟʘʮʠʷ ʘʣʛʦ-
ʨʠʪʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʙʦʣʝʟʥʝʡ ʪʝʣʷʪ ʚ ʫʩʣʦʚʠʷʭ ʤʦʣʦʯʥʦ-ʪʦʚʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 
ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʟʦʥʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʂʘʟʘʥʩʢʦʡ ʘʢʘʜʝʤʠʠ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘ. 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʧʝʨʠʦʜ ʩ ʩʝʥʪʷʙʨʷ 2025 ʧʦ ʘʧʨʝʣʴ 
2026 ʛʦʜʘ ʥʘ ʙʘʟʝ ʆʆʆ çɸʛʨʦ-ɺʦʣʛʘè ʇʝʩʪʨʝʯʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ, ʘ ʪʘʢʞʝ ʥʘ ʢʘʬʝʜ-
ʨʝ ʵʧʠʟʦʦʪʦʣʦʛʠʠ ʠ ʚʝʪʝʨʠʥʘʨʥʦʡ ʩʘʥʠʪʘʨʠʠ ʌɻɹʆʋ ɺʆ ʂʘʟʘʥʩʢʠʡ ɻɸʋ çʀʥʩʪʠʪʫʪ ʂʘʟʘʥʩʢʘʷ ʘʢʘʜʝʤʠʷ 
ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘè. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ 85 ʪʝʣʷʪ ʛʦʣʰʪʠʥʦ-
ʬʨʠʟʩʢʦʡ ʧʦʨʦʜʳ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 10 ʜʦ 75 ʜʥʝʡ, ʠʤʝʚʰʠʭ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʧʦʨʘʞʝʥʠʷ ʦʨʛʘʥʦʚ ʜʳ-
ʭʘʥʠʷ. ʂʦʥʪʨʦʣʴʥʫʶ ʛʨʫʧʧʫ (n=30) ʩʦʩʪʘʚʠʣʠ ʢʣʠʥʠʯʝʩʢʠ ʟʜʦʨʦʚʳʝ ʞʠʚʦʪʥʳʝ ʪʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ ʠ ʫʩʣʦ-
ʚʠʡ ʩʦʜʝʨʞʘʥʠʷ.ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʚʢʣʶʯʘʣ: ʝʞʝʜʥʝʚʥʫʶ ʢʣʠʥʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʧʦ ʰʢʘʣʝ 
ʄʘʢɻʠʨʢʘ (ʪʝʤʧʝʨʘʪʫʨʘ, ʢʘʰʝʣʴ, ʚʳʜʝʣʝʥʠʷ ʠʟ ʥʦʩʘ, ʯʘʩʪʦʪʘ ʜʳʭʘʥʠʷ, ʘʧʧʝʪʠʪ); ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ ʢʨʦʚʠ (ʣʝʡʢʦʮʠʪʘʨʥʘʷ ʬʦʨʤʫʣʘ, ʉʆʕ, ʫʨʦʚʥʠ ʛʝʤʘʪʦʢʨʠʪʘ ʠ ʬʠʙʨʠʥʦʛʝʥʘ); ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʝ 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʩʦʚʳʭ ʩʤʳʚʦʚ ʥʘ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ (ʢʨʦʚʷʥʦʡ ʘʛʘʨ, ʩʨʝʜʘ ʕʥʜʦ); ʇʎʈ-ʜʠʘʛʥʦʩʪʠʢʫ 
(ʈʅʂ ʚʠʨʫʩʦʚ ʛʨʠʧʧʘ, ʀʈʊ, ʇɻ-3 ʠ ɼʅʂ Mycoplasma bovis) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʩʪ-ʩʠʩʪʝʤ çɺʅʀʀɿɾè. 
ʇʘʪʦʣʦʛʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʦʪ ʧʘʚʰʠʭ ʞʠʚʦʪʥʳʭ (n=12) ʧʦʜʚʝʨʛʘʣʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘ-
ʥʠʶ.ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ Statistica 10.0 ʤʝʪʦʜʘʤʠ ʚʘʨʠʘ-
ʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ. ɼʦʩʪʦʚʝʨʥʳʤʠ ʩʯʠʪʘʣʠ ʨʘʟʣʠʯʠʷ ʧʨʠ p<0.05. 

ʉʞʠʬʤʵʫʙʫʴ ʡʪʪʤʞʝʧʛʙʦʡʸ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ 67 ʠʟ 85 ʪʝʣʷʪ (78,8%) ʨʝʩʧʠʨʘ-
ʪʦʨʥʘʷ ʧʘʪʦʣʦʛʠʷ ʥʦʩʠʣʘ ʩʤʝʰʘʥʥʳʡ (ʙʘʢʪʝʨʠʘʣʴʥʦ-ʚʠʨʫʩʥʦ-ʤʠʢʦʧʣʘʟʤʝʥʥʳʡ) ʭʘʨʘʢʪʝʨ. ʇʨʠ ʤʦʥʦʠʥ-
ʬʝʢʮʠʠ (21,2% ʩʣʫʯʘʝʚ) ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ (ʩʫʭʦʡ ʢʘʰʝʣʴ, ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʣʠʭʦʨʘʜʢʘ ʜʦ 39,8Áʉ) 
ʙʳʣʠ ʤʝʥʝʝ ʚʳʨʘʞʝʥʳ ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫ ʞʠʚʦʪʥʳʭ ʩʪʘʨʰʝ 60 ʜʥʝʡ. ʇʨʠ ʙʘʢʪʝ-
ʨʠʦʣʦʛʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫ 52 ʞʠʚʦʪʥʳʭ (61,2%) ʚʳʜʝʣʝʥʘ Mannheimia haemolytica (35 ʠʟʦʣʷʪʦʚ), 
Pasteurella multocida (19 ʠʟʦʣʷʪʦʚ) ʠ Trueperella pyogenes (9 ʠʟʦʣʷʪʦʚ). ʋ 21 ʪʝʣʸʥʢʘ (24,7%) ʤʝʪʦʜʦʤ 
ʇʎʈ ʦʙʥʘʨʫʞʝʥʘ Mycoplasma bovis, ʧʨʠʯʸʤ ʚ 70% ʩʣʫʯʘʝʚ ð ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʙʘʢʪʝʨʠʷʤʠ [5, ʩ. 203]. 
ɺʠʨʫʩʥʳʝ ʘʥʪʠʛʝʥʳ (ʀʈʊ, ʇɻ-3) ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʫ 33% ʟʘʙʦʣʝʚʰʠʭ ʪʝʣʷʪ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʦʟ-
ʨʘʩʪʥʦʡ ʛʨʫʧʧʝ 20-45 ʜʥʝʡ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʝʨʠʦʜʦʤ ʩʥʠʞʝʥʠʷ ʢʦʣʦʩʪʨʘʣʴʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ. ɻʝʤʘ-
ʪʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʙʦʣʴʥʳʭ ʪʝʣʷʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʣʝʡʢʦʮʠʪʦʟʦʤ (ʜʦ 17,4Ñ0,8Ĭ10/ʣ), ʣʠʤʬʦʧʝ-
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ʥʠʝʡ (ʩʥʠʞʝʥʠʝ ʣʠʤʬʦʮʠʪʦʚ ʜʦ 32Ñ2% ʧʨʦʪʠʚ 52Ñ3% ʚ ʢʦʥʪʨʦʣʝ) ʠ ʧʦʚʳʰʝʥʠʝʤ ʬʠʙʨʠʥʦʛʝʥʘ ʜʦ 
7,2Ñ0,4 ʛ/ʣ (ʧʨʦʪʠʚ 3,1Ñ0,2 ʚ ʢʦʥʪʨʦʣʝ). ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪʤʝʯʘʣʠʩʴ ʧʨʠ ʤʠʢʦʧʣʘʟ-
ʤʝʥʥʦʡ ʘʩʩʦʮʠʘʮʠʠ: ʉʆʕ ʜʦʩʪʠʛʘʣʘ 28,3Ñ2,1 ʤʤ/ʯ, ʘ ʛʝʤʘʪʦʢʨʠʪ ʩʥʠʞʘʣʩʷ ʥʘ 18% (ʨ<0.01). ʇʨʠ ʩʨʘʚ-
ʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʇʎʈ ʩʦʩʪʘʚʠʣʘ 94,2%, ʩʧʝʮʠʬʠʯʥʦʩʪʴ ð 
98,7%, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ (ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 67,5% ʠ ʩʧʝʮʠʬʠʯ-
ʥʦʩʪʴ 89,3% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʇʎʈ ʥʝ ʧʨʝʚʳʰʘʣʦ 6 ʯʘʩʦʚ, ʪʦʛʜʘ ʢʘʢ ʪʨʘ-
ʜʠʮʠʦʥʥʦʝ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʥʠʤʘʣʦ 48-72 ʯʘʩʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʜʝʣʝʥʥʦʡ ʤʠʢʨʦ-
ʬʣʦʨʳ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʪʝʨʘʧʝʚʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʣʷ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʳ (n=42): ʪʠʣʤʠʢʦʟʠʥ (0,025 ʛ/ʢʛ 
ʤʘʩʩʳ ʪʝʣʘ, ʦʜʥʦʢʨʘʪʥʦ, ʧʦʜʢʦʞʥʦ) ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʵʥʨʦʬʣʦʢʩʘʮʠʥʦʤ (2,5 ʤʛ/ʢʛ, 5 ʜʥʝʡ, ʚʥʫʪʨʠʤʳʰʝʯ-
ʥʦ). ʇʨʠ ʧʦʜʪʚʝʨʞʜʸʥʥʦʡ ʤʠʢʦʧʣʘʟʤʝʥʥʦʡ ʵʪʠʦʣʦʛʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʟʥʘʯʘʣʠ ʪʠʘʤʫʣʠʥ ʧʝʨʦʨʘʣʴʥʦ 
(15 ʤʛ/ʢʛ, 7 ʜʥʝʡ). ɺʩʝ ʞʠʚʦʪʥʳʝ ʧʦʣʫʯʘʣʠ ʤʫʢʦʣʠʪʠʢ (ʘʤʙʨʦʢʩʦʣ) ʠ ʚʠʪʘʤʠʥʥʦ-ʤʠʥʝʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 
(ʩʝʣʝʥ, ʪʦʢʦʬʝʨʦʣ). ɺ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ (n=43) ʧʨʠʤʝʥʷʣʠ ʙʘʟʦʚʫʶ ʪʝʨʘʧʠʶ (ʦʢʠʩʣʠʥʦʚʘʷ ʢʠʩʣʦ-
ʪʘ+ʩʫʣʴʬʘʜʠʤʝʟʠʥ).ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʣʠʥʠʯʝʩʢʦʝ ʚʳʟʜʦʨʦʚʣʝʥʠʝ ʚ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʝ ʥʘʩʪʫʧʠʣʦ ʯʝʨʝʟ 
6,8Ñ0,4 ʜʥʷ, ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ð ʯʝʨʝʟ 10,0Ñ0,6 ʜʥʷ (ʨ<0.05). ʃʝʪʘʣʴʥʦʩʪʴ ʚ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʝ 
ʩʦʩʪʘʚʠʣʘ 2,38% (1 ʛʦʣʦʚʘ) ʧʨʦʪʠʚ 11,63% (5 ʛʦʣʦʚ) ʚ ʢʦʥʪʨʦʣʝ. ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ ʧʨʠʨʦʩʪ ʤʘʩʩʳ ʪʝʣʘ ʚ 
ʧʝʨʠʦʜ ʨʝʘʙʠʣʠʪʘʮʠʠ ʫ ʞʠʚʦʪʥʳʭ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʳ ʙʳʣ ʚʳʰʝ ʥʘ 22% (572 ʛ ʧʨʦʪʠʚ 469 ʛ). ʕʢʦʥʦʤʠʯʝ-
ʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ ʣʝʯʝʥʠʷ ʚ ʨʘʩʯʸʪʝ ʥʘ ʦʜʥʦʛʦ ʪʝʣʸʥʢʘ ʩʦʩʪʘʚʠʣʘ 2150 ʨʫʙʣʝʡ 
ʟʘ ʩʯʸʪ ʩʦʭʨʘʥʝʥʠʷ ʧʦʛʦʣʦʚʴʷ ʠ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʧʦʚʪʦʨʥʳʝ ʢʫʨʩʳ ʘʥʪʠʙʠʦʪʠʢʦʚ. 

ʀʙʣʤʷʰʞʦʡʞ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
1. ɺʝʜʫʱʝʡ ʵʪʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʙʦʣʝʟʥʝʡ ʪʝʣʷʪ ʚ ʫʩʣʦʚʠʷʭ ʦʙʩʣʝʜʦʚʘʥʥʦ-

ʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ ʷʚʣʷʶʪʩʷ ʙʘʢʪʝʨʠʘʣʴʥʦ-ʤʠʢʦʧʣʘʟʤʝʥʥʳʝ ʘʩʩʦʮʠ-
ʘʮʠʠ (61,2% ʩʣʫʯʘʝʚ) ʩ ʯʘʩʪʳʤ ʫʯʘʩʪʠʝʤ ʚʠʨʫʩʥʳʭ ʘʛʝʥʪʦʚ (33%), ʯʪʦ ʪʨʝʙʫʝʪ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝ-
ʥʠʷ ʇʎʈ-ʜʠʘʛʥʦʩʪʠʢʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʧʘʪʦʛʝʥʦʚ ʠ ʚʠʨʫʩʦʚ. 

2. ʇʨʝʜʣʦʞʝʥʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ (ʢʣʠʥʠʯʝʩʢʘʷ ʰʢʘʣʘ + ʵʢʩʧʨʝʩʩ-
ʛʝʤʘʪʦʣʦʛʠʷ + ʇʎʈ) ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʵʪʠʦʣʦʛʠʯʝʩʢʦʡ ʨʘʩʰʠʬʨʦʚʢʠ ʥʘ 27,5% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠ-
ʮʠʦʥʥʦʡ ʙʘʢʪʝʨʠʦʣʦʛʠʝʡ ʠ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʧʦʩʪʘʥʦʚʢʠ ʬʠʥʘʣʴʥʦʛʦ ʜʠʘʛʥʦʟʘ ʚ 6 ʨʘʟ. 

3. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ ʪʝʨʘʧʠʠ ʩ ʚʢʣʶʯʝʥʠʝʤ ʪʠʣʤʠʢʦʟʠʥʘ, ʵʥʨʦʬʣʦʢʩʘʮʠʥʘ ʠ ʪʠʘʤʫʣʠʥʘ (ʧʨʠ 
ʤʠʢʦʧʣʘʟʤʦʟʝ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʫʢʦʣʠʪʠʢʘʤʠ ʠ ʩʝʣʝʥʩʦʜʝʨʞʘʱʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʜʦʩʪʦʚʝʨʥʦ ʩʦʢʨʘʱʘʝʪ 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʦʣʝʟʥʠ (ʥʘ 3,2 ʜʥʷ), ʩʥʠʞʘʝʪ ʣʝʪʘʣʴʥʦʩʪʴ ʚ 4,9 ʨʘʟʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦ-
ʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʤʦʣʦʜʥʷʢʘ. 

4. ɼʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʚʩʧʳʰʝʢ ʚ ʭʦʟʷʡʩʪʚʘʭ ʟʦʥʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʂʘʟʘʥʩʢʦʡ ʘʢʘʜʝ-
ʤʠʠ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʥʝʜʨʝʥʠʝ ʩʢʨʠʥʠʥʛʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʦʩʦʚʳʭ ʩʤʳʚʦʚ ʩ 
ʧʦʤʦʱʴʶ ʇʎʈ ʫ ʪʝʣʷʪ ʢʨʠʪʠʯʝʩʢʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ (20-45 ʜʥʝʡ), ʘ ʪʘʢʞʝ ʢʦʨʨʝʢʮʠʷ ʚʠʪʘʤʠʥʥʦ-
ʤʠʥʝʨʘʣʴʥʦʛʦ ʨʘʮʠʦʥʘ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʌʨʦʣʦʚʘ ɻ. ʉ. [4, ʩ. 80]. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʦʪ ʵʤʧʠʨʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʢ ʧʘʪʦʛʝ-
ʥʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʡ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʣʘʙʦʨʘʪʦʨʥʳʤ ʢʦʥʪʨʦʣʝʤ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʞʠʚʦʪ-
ʥʦʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʘʢʮʠʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 
ʧʨʦʪʠʚ ʣʦʢʘʣʴʥʳʭ ʰʪʘʤʤʦʚ Mycoplasma bovis, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʭʦʟʷʡʩʪʚʘʭ ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ. 

 
É 2026 

 

  



250 ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 

 

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

ǲǣǩ 619:616.98:578.822.2:636.7:616-036.22 

ǮǟǯǡǭǡǧǯǲǰǬǺǨ ǼǬǱǤǯǧǱ ǰǭǠǟǩ8 
ǼǮǧǦǭǭǱǭǪǭǢǧǶǤǰǩǧǨ ǟǬǟǪǧǦ ǰǧǱǲǟǵǧǧ ǡ 
ǢǭǯǭǣǤ ǩǟǦǟǬǻ 

ǟȀȏǿȋȍȁǿ ǟȏȇȌǿ ǟȊȄȉȐȄȄȁȌǿ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  
ʀʥʩʪʠʪʫʪ çʂʘʟʘʥʩʢʘʷ ʘʢʘʜʝʤʠʷ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʠʤ. ʅ.ʕ.ɹʘʫʤʘʥʘè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɿʘʢʠʨʦʚ ʊʘʛʠʨ ʄʫʥʠʨʦʚʠʯ 

ʢ.ʙ.ʥ.,ʜʦʮʝʥʪ 
ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

ʀʥʩʪʠʪʫʪ çʂʘʟʘʥʩʢʘʷ ʘʢʘʜʝʤʠʷ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʠʤ. ʅ.ʕ.ɹʘʫʤʘʥʘè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʵʧʠʟʦʦʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʠʷ ʧʘʨʚʦʚʠʨʫʩʥʦʛʦ ʵʥʪʝʨʠʪʘ ʩʦʙʘʢ ʚ ʛ. ʂʘʟʘʥʠ ʟʘ ʧʝʨʠʦʜ 2023ï2025 ʛʛ. ʀʟʫʯʝʥʳ ʜʠʥʘʤʠʢʘ ʟʘʙʦ-
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Abstract: The article presents the results of a comprehensive epizootiological analysis of the spread of canine 
parvovirus enteritis in Kazan for the period 2023ï2025. The dynamics of the disease, characteristics of 
susceptibility, seasonality, risk factors and the effectiveness of preventive measures were studied. It has been 
established that parvovirus enteritis remains one of the leading causes of mortality in puppies under 6 months 
of age.  
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ɻʛʞʝʞʦʡʞ. ʇʘʨʚʦʚʠʨʫʩʥʳʡ ʵʥʪʝʨʠʪ ʩʦʙʘʢ (Canine parvovirus, CPV) ð ʚʳʩʦʢʦʢʦʥʪʘʛʠʦʟʥʦʝ 

ʚʠʨʫʩʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʦʩʪʨʳʤ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʤ ʵʥʪʝʨʠʪʦʤ, ʦʙʝʟʚʦʞʠʚʘʥʠʝʤ ʠ 
ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʝʡ. ɺʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʠʨʫʩʘ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ ʠ ʝʛʦ ʢʦʥʪʘʛʠʦʟʥʦʩʪʴ 
ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʬʝʢʮʠʠ ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ, ʩʚʷʟʘʥʥʳʡ 
ʩ ʛʠʙʝʣʴʶ ʞʠʚʦʪʥʳʭ ʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʣʝʯʝʥʠʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʭʨʘʥʷʶʱʝʡʩʷ 
ʚʳʩʦʢʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴʶ ʠ ʩʤʝʨʪʥʦʩʪʴʶ ʩʦʙʘʢ ʦʪ ʧʘʨʚʦʚʠʨʫʩʥʦʛʦ ʵʥʪʝʨʠʪʘ, ʦʩʦʙʝʥʥʦ ʩʨʝʜʠ ʱʝʥʢʦʚ, 
ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʧʨʦʪʠʚʦʵʧʠʟʦʦʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ 
ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʩ ʫʯʸʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ. ʂʘʢ ʦʪʤʝʯʘʶʪ ʄʘʨʯʝʥʢʦ ʅ. ɺ. ʠ 
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ʌʨʦʣʦʚ ɻ. ʉ., ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʫʶ ʨʝʛʠʦʥʘʣʴʥʫʶ ʩʧʝʮʠʬʠʢʫ, ʪʨʝʙʫʶʱʫʶ 
ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʬʠʣʘʢʪʠʢʝ [1, ʩ. 236]. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʧʘʨʚʦʚʠʨʫʩʥʳʤ ʵʥʪʝʨʠʪʦʤ 
ʩʦʙʘʢ ʚ ʛ. ʂʘʟʘʥʠ ʟʘ 2023ï2025 ʛʛ.; ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʣʝʟʥʠ; ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚʢʣʶʯʘʷ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʚʘʢʮʠʥʘʮʠʠ. 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʘʟʝ ʚʝʪʝʨʠʥʘʨʥʳʭ ʢʣʠʥʠʢ ʛ. ʂʘʟʘʥʠ ʠ 
ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʚʝʪʝʨʠʥʘʨʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʩʦʙʨʘʥʳ ʠ ʩʠ-
ʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʜʦʢʫʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʟʘ ʧʝʨʠʦʜ 2023ï2025 ʛʛ., ʚʢʣʶʯʘʶʱʠʝ: ʘʤʙʫʣʘʪʦʨʥʳʝ ʢʘʨʪʳ 
ʞʠʚʦʪʥʳʭ ʩ ʧʦʜʪʚʝʨʞʜʸʥʥʳʤ ʜʠʘʛʥʦʟʦʤ çʧʘʨʚʦʚʠʨʫʩʥʳʡ ʵʥʪʝʨʠʪè ʠʟ 15 ʚʝʪʝʨʠʥʘʨʥʳʭ ʢʣʠʥʠʢ 
ʛ. ʂʘʟʘʥʠ; ʘʢʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʚʝʪʝʨʠʥʘʨʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʈʊ (ʨʝʟʫʣʴ-
ʪʘʪʳ ʇʎʈ ʠ ʀʌɸ); ʦʪʯʸʪʳ ʨʘʡʦʥʥʳʭ ʚʝʪʝʨʠʥʘʨʥʳʭ ʩʪʘʥʮʠʡ ʧʦ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʩʦʙʘʢ; ʜʘʥʥʳʝ ʤʫʥʠʮʠ-
ʧʘʣʴʥʳʭ ʧʨʠʶʪʦʚ ʦ ʩʣʫʯʘʷʭ ʟʘʙʦʣʝʚʘʥʠʷ ʩʨʝʜʠ ʙʝʟʜʦʤʥʳʭ ʞʠʚʦʪʥʳʭ; ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʜʢʠ ʂʦʤʠʪʝʪʘ 
ʚʝʪʝʨʠʥʘʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ. ʆʙʲʸʤ ʚʳʙʦʨʢʠ ʩʦʩʪʘʚʠʣ 384 ʧʦʜʪʚʝʨʞʜʸʥʥʳʭ ʩʣʫʯʘʷ ʧʘʨʚʦʚʠ-
ʨʫʩʥʦʛʦ ʵʥʪʝʨʠʪʘ. ʂʦʥʪʨʦʣʴʥʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʠʣʠ 120 ʟʜʦʨʦʚʳʭ ʩʦʙʘʢ ʩ ʜʦʢʫʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʸʥ-
ʥʦʡ ʚʘʢʮʠʥʘʮʠʝʡ. 

ʉʞʠʬʤʵʫʙʫʴ ʡʪʪʤʞʝʧʛʙʦʡʸ. ɸʥʘʣʠʟ ʵʧʠʟʦʦʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʧʦ ʧʘʨʚʦʚʠʨʫʩʥʦʤʫ ʵʥʪʝʨʠʪʫ ʩʦ-
ʙʘʢ ʚ ʛ. ʂʘʟʘʥʠ ʟʘ 2023ï2025 ʛʛ. ʚʳʷʚʠʣ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ɿʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ ʟʘ-
ʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 384 ʩʣʫʯʘʷ ʧʘʨʚʦʚʠʨʫʩʥʦʛʦ ʵʥʪʝʨʠʪʘ ʩ ʧʦʜʪʚʝʨʞʜʸʥʥʳʤ ʜʠʘʛʥʦʟʦʤ. ʅʘʙʣʶʜʘʝʪʩʷ 
ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ: ʚ 2023 ʛ. ð 102 ʩʣʫʯʘʷ, ʚ 2024 ʛ. ð 136 ʩʣʫʯʘʝʚ, ʚ 2025 ʛ. ð 
146 ʩʣʫʯʘʝʚ. ʇʦʢʘʟʘʪʝʣʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘ 1000 ʩʦʙʘʢ ʩʦʩʪʘʚʠʣ: 2023 ʛ. ð 2,6, 2024 ʛ. ð 3,5, 
2025 ʛ. ð 3,8. ʊʘʢʘʷ ʜʠʥʘʤʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʢʘʢ ʩ ʫʣʫʯʰʝʥʠʝʤ ʜʠʘʛʥʦʩʪʠʢʠ, ʪʘʢ ʠ ʩ ʨʝʘʣʴʥʦʡ ʘʢ-
ʪʠʚʠʟʘʮʠʝʡ ʵʧʠʟʦʦʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ [1, ʩ. 237; 2, ʩ. 52-54]. 

ʅʘʠʙʦʣʝʝ ʚʦʩʧʨʠʠʤʯʠʚʦʡ ʛʨʫʧʧʦʡ ʦʢʘʟʘʣʠʩʴ ʱʝʥʢʠ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 2 ʜʦ 6 ʤʝʩʷʮʝʚ, ʥʘ ʜʦʣʶ ʢʦʪʦʨʳʭ 
ʧʨʠʰʣʦʩʴ 76 % ʚʩʝʭ ʩʣʫʯʘʝʚ ʟʘʙʦʣʝʚʘʥʠʷ. ʉʨʝʜʠ ʚʟʨʦʩʣʳʭ ʩʦʙʘʢ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 24 %, ʧʨʝ-
ʠʤʫʱʝʩʪʚʝʥʥʦ ʫ ʥʝʚʘʢʮʠʥʠʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠʣʠ ʩ ʥʘʨʫʰʝʥʥʳʤ ʛʨʘʬʠʢʦʤ ʧʨʠʚʠʚʦʢ. ʇʨʠ ʵʪʦʤ ʫ ʱʝʥʢʦʚ, 
ʧʦʣʫʯʠʚʰʠʭ ʧʝʨʚʫʶ ʚʘʢʮʠʥʘʮʠʶ ʚ ʚʦʟʨʘʩʪʝ 6ï8 ʥʝʜʝʣʴ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʚʘʢʮʠʥʘʮʠʝʡ ʯʝʨʝʟ 3ï4 ʥʝʜʝʣʠ, 
ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʙʳʣʘ ʥʘ 82 % ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʚʘʢʮʠʥʠʨʦʚʘʥʥʳʤʠ ʩʚʝʨʩʪʥʠʢʘʤʠ [1, ʩ. 237]. 

ʉʝʟʦʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʯʸʪʢʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʧʠʢ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʝʩʝʥ-
ʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ (ʘʧʨʝʣʴ ð ʘʚʛʫʩʪ), ʢʦʛʜʘ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʜʦ 72 % ʚʩʝʭ ʩʣʫʯʘʝʚ. ʕʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 
ʧʝʨʠʦʜʦʤ ʥʘʠʙʦʣʴʰʝʡ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʙʘʢ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʝʥʥʦʩʪʠ ʱʝʥʢʦʚ ʚ ʧʦʧʫʣʷ-
ʮʠʠ. ʄʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʩʣʫʯʘʝʚ ʦʪʤʝʯʝʥʦ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ (ʜʝʢʘʙʨʴ ð ʬʝʚʨʘʣʴ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʩʦ-
ʢʨʘʱʝʥʠʝʤ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʞʠʚʦʪʥʳʤʠ ʠʟ-ʟʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ [1, ʩ. 238; 3, ʩ. 206]. 

ʊʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʯʘʛʦʚ ʟʘʙʦʣʝʚʘʥʠʷ ʦʢʘʟʘʣʦʩʴ ʥʝʨʘʚʥʦʤʝʨʥʳʤ. ʅʘʠʙʦʣʴʰʘʷ 
ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʣʫʯʘʝʚ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚ ʨʘʡʦʥʘʭ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦʧʫʣʷʮʠʠ ʩʦʙʘʢ ʠ ʥʝʜʦʩʪʘʪʦʯ-
ʥʳʤ ʫʨʦʚʥʝʤ ʚʘʢʮʠʥʘʮʠʠ: ʉʦʚʝʪʩʢʠʡ ʨʘʡʦʥ (33 % ʩʣʫʯʘʝʚ), ʅʦʚʦ-ʉʘʚʠʥʦʚʩʢʠʡ (29 %) ʠ ʄʦʩʢʦʚʩʢʠʡ 
(21 %). ɺ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʘʭ ʛʦʨʦʜʘ (ɺʘʭʠʪʦʚʩʢʠʡ, ʂʠʨʦʚʩʢʠʡ) ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʦʢʘʟʘʣʘʩʴ ʥʠʞʝ 
(17 %), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚʝʪʝʨʠʥʘʨʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʦʭʚʘʪʦʤ ʚʘʢʮʠʥʘʮʠʝʡ. 
ʂʘʢ ʧʦʜʯʸʨʢʠʚʘʶʪ ɿʘʢʠʨʦʚ ʊ.ʄ. ʠ ʩʦʘʚʪʦʨʳ, ʧʦʜʦʙʥʳʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʪʨʝʙʫʶʪ ʜʠʬʬʝʨʝʥ-
ʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ [4, ʩ. 566-567]. 

ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʝʢʮʠʠ ʩʪʘʣʠ: ʦʪʩʫʪʩʪʚʠʝ 
ʚʘʢʮʠʥʘʮʠʠ ʠʣʠ ʥʝʧʦʣʥʳʡ ʢʫʨʩ ʧʨʠʚʠʚʦʢ (ʚʳʷʚʣʝʥʦ ʚ 68 % ʩʣʫʯʘʝʚ); ʩʢʫʯʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʠʚʦʪʥʳʭ 
(ʧʠʪʦʤʥʠʢʠ, ʧʨʠʶʪʳ) ð 22 % ʩʣʫʯʘʝʚ; ʢʦʥʪʘʢʪ ʩ ʙʨʦʜʷʯʠʤʠ ʩʦʙʘʢʘʤʠ ð 45 % ʩʣʫʯʘʝʚ; ʧʨʠʦʙʨʝʪʝʥʠʝ 
ʱʝʥʢʦʚ ʙʝʟ ʚʝʪʝʨʠʥʘʨʥʳʭ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ð 37 % ʩʣʫʯʘʝʚ; ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʜʝʟʠʥʬʝʢʮʠʷ 
ʧʦʤʝʱʝʥʠʡ ʠ ʠʥʚʝʥʪʘʨʷ ð 29 % ʩʣʫʯʘʝʚ [3, ʩ. 206]. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʘʷ ʚʘʢʮʠʥʘʮʠʷ 
ʩʥʠʞʘʝʪ ʨʠʩʢ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ 85ï90 %. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʦʢʘʟʘʣʘʩʴ ʩʭʝʤʘ ʩ ʧʝʨʚʠʯʥʦʡ ʚʘʢʮʠʥʘ-
ʮʠʝʡ ʚ 6ï8 ʥʝʜʝʣʴ ʠ ʨʝʚʘʢʮʠʥʘʮʠʝʡ ʯʝʨʝʟ 3ï4 ʥʝʜʝʣʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʝʞʝʛʦʜʥʦʡ ʨʝʚʘʢʮʠʥʘʮʠʝʡ ð ʟʘ-
ʙʦʣʝʚʘʝʤʦʩʪʴ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 5 %. ɺ ʛʨʫʧʧʝ ʩʦʙʘʢ ʩ ʥʘʨʫʰʝʥʥʳʤ ʛʨʘʬʠʢʦʤ ʚʘʢʮʠʥʘʮʠʠ 
ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʜʦʩʪʠʛʘʣʘ 28 % [1, ʩ. 238]. 



252 ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 

 

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

ʉʝʨʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʚʳʷʚʠʣ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʠʤʤʫʥʠʪʝʪʘ ʫ 35 % 
ʚʘʢʮʠʥʠʨʦʚʘʥʥʳʭ ʩʦʙʘʢ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʢʘʯʝʩʪʚʝʥʥʳʭ ʚʘʢʮʠʥ ʠʣʠ ʥʘʨʫ-
ʰʝʥʠʝʤ ʫʩʣʦʚʠʡ ʠʭ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ [4, ʩ. 570]. 

ʀʙʣʤʷʰʞʦʡʞ. ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʵʧʠʟʦ-
ʦʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʘʨʚʦʚʠʨʫʩʥʦʛʦ ʵʥʪʝʨʠʪʘ ʩʦʙʘʢ ʚ ʛ.ʂʘʟʘʥʴ ʟʘ 2023-2025 ʛʛ.. ʋʩʪʦʡʯʠʚʳʡ 
ʨʦʩʪ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʛʦʜʘ. ɺʳʩʦʢʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʱʝʥʢʦʚ ʚ ʚʦʟʨʘʩʪʝ 2-6 ʤʝʩʷ-
ʮʝʚ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʩʨʝʜʠ ʢʨʫʧʥʳʭ ʧʦʨʦʜ ʠ ʙʝʩʧʦʨʦʜʥʳʭ ʩʦʙʘʢ. ʏʸʪʢʘʷ ʚʝʩʝʥʥʝʝ-ʣʝʪʥʷʷ 
ʩʝʟʦʥʥʦʩʪʴ ʩ ʧʠʢʦʤ ʚ ʘʧʨʝʣʝ-ʘʚʛʫʩʪʝ. ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʯʘʛʦʚ ʩ ʢʦʥ-
ʮʝʥʪʨʘʮʠʝʡ ʚ ʨʘʡʦʥʘʭ ʩ ʥʠʟʢʦʡ ʚʘʢʮʠʥʘʮʠʝʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʘʢʮʠʥʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʙʣʶʜʝʥʠʷ ʩʭʝ-
ʤʳ ʧʨʠʚʠʚʦʢ. ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʠʤʤʫʥʠʪʝʪʘ ʫ ʯʘʩʪʠ ʚʘʢʮʠʥʠʨʦʚʘʥʥʳʭ ʩʦʙʘʢ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʢʘʯʝ-
ʩʪʚʦʤ ʚʘʢʮʠʥ. 
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ʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʜʦʢʪʦʨʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ ɸʣʝʢʩʘʥʜʨʘ 
ʀʚʘʥʦʚʠʯʘ ʂʫʟʥʝʮʦʚʘ (1930-2015), ʏʝʙʦʢʩʘʨʳ, 18 ʥʦʷʙʨʷ 2025 ʛʦʜʘ. ï ʏʝʙʦʢʩʘʨʳ: ʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨ-
ʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2025. ï ʉ. 564-573. ï EDN LZRMJY. 
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ǰǭǡǯǤǫǤǬǬǺǤ ǮǯǭǠǪǤǫǺ ǮǯǭǳǧǪǟǩǱǧǩǧ 
ǧ Ǫǧǩǡǧǣǟǵǧǧ ǭǰǭǠǭ ǭǮǟǰǬǺǴ ǠǭǪǤǦǬǤǨ 
ǥǧǡǭǱǬǺǴ8 ǟǬǟǪǧǦ ǣǤǨǰǱǡǲǽǸǧǴ 
ǡǤǱǤǯǧǬǟǯǬǺǴ ǮǯǟǡǧǪ ǧ ǼǮǧǦǭǭǱǧǶǤǰǩǭǨ 
ǰǧǱǲǟǵǧǧ ǡ ǯǭǰǰǧǧ 

ǧȁǿȌȍȁǿ ǫȇȊȄȌǿ ǤȁȂȄȌțȄȁȌǿ 
ʩʪʫʜʝʥʪ 

ǯǿȁȇȊȍȁ ǯȒȐȑǿȋ ǴǿȋȄȑȍȁȇȖ 
ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ 

Ǧǿȉȇȏȍȁ ǱǿȂȇȏ ǫȒȌȇȏȍȁȇȖ 
ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ  

ʀʥʩʪʠʪʫʪ çʂʘʟʘʥʩʢʘʷ ɸʢʘʜʝʤʠʷ ɺʝʪʝʨʠʥʘʨʥʦʡ ʄʝʜʠʮʠʥʳ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘè 
ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʘʷ ɻɸʋè  

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʌʨʦʣʦʚ ɻʝʥʥʘʜʠʡ ʉʝʨʛʝʝʚʠʯ 

 ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ  
ʀʥʩʪʠʪʫʪ çʂʘʟʘʥʩʢʘʷ ɸʢʘʜʝʤʠʷ ɺʝʪʝʨʠʥʘʨʥʦʡ ʄʝʜʠʮʠʥʳ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘè 

ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʘʷ ɻɸʋè 
 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʘʤ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʠʢʚʠʜʘʮʠʠ ʚʩʧʳʰʝʢ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʟʘʙʦ-
ʣʝʚʘʥʠʡ ʞʠʚʦʪʥʳʭ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʘʬʨʠʢʘʥʩʢʦʡ ʯʫʤʳ ʩʚʠʥʝʡ (ɸʏʉ), ʩʠʙʠʨʩʢʦʡ 
ʷʟʚʳ, ʙʨʫʮʝʣʣʝʟʘ ʠ ʷʱʫʨʘ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʧʠʟʦʦʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʟʘ 2025 ʛʦʜ, ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʨʳ, 
ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʟʘʥʦʩʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʙʦʣʝʟʥʝʡ, ʘ ʪʘʢʞʝ ʢʣʶʯʝʚʳʝ 
ʧʦʣʦʞʝʥʠʷ ʚʝʪʝʨʠʥʘʨʥʳʭ ʧʨʘʚʠʣ, ʚʩʪʫʧʠʚʰʠʭ ʚ ʩʠʣʫ ʚ 2025 ʛʦʜʫ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʚʝʨʰʝʥ-
ʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʵʧʠʟʦʦʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʦʙʝʩ-
ʧʝʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʵʧʠʟʦʦʪʦʣʦʛʠʷ, ʘʬʨʠʢʘʥʩʢʘʷ ʯʫʤʘ ʩʚʠʥʝʡ, ʩʠʙʠʨʩʢʘʷ ʷʟʚʘ, ʙʨʫʮʝʣʣʝʟ, ʷʱʫʨ, ʧʨʦ-
ʬʠʣʘʢʪʠʢʘ, ʚʝʪʝʨʠʥʘʨʥʳʝ ʧʨʘʚʠʣʘ, ʵʧʠʟʦʦʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ, ʣʘʙʦʨʘʪʦʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ. 
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Abstract: The article is dedicated to the issues of prevention and outbreak management of highly dangerous 
animal diseases in the Russian Federation, using African swine fever (ASF), anthrax, brucellosis, and foot-
and-mouth disease as examples. The epizootic situation for 2025 was analyzed, measures to prevent the in-
troduction and spread of these diseases were examined, as well as the key provisions of veterinary regula-
tions that came into force in 2025. Special attention is paid to the use of modern laboratory diagnostic meth-
ods. It is concluded that the system of epizootiological monitoring and interdepartmental interaction needs to 
be improved to ensure biological safety. 
Key words: epizootiology, African swine fever, anthrax, brucellosis, foot-and-mouth disease, prevention, vet-
erinary rules, epizootic situation, laboratory diagnostics. 

 
1. ɺʚʝʜʝʥʠʝ. ʆʩʦʙʦ ʦʧʘʩʥʳʝ ʙʦʣʝʟʥʠ ʞʠʚʦʪʥʳʭ ʧʨʦʜʦʣʞʘʶʪ ʦʩʪʘʚʘʪʴʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʫʛʨʦʟ 

ʜʣʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ. ɽʞʝʛʦʜʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʦʪ ʥʠʭ ʠʩʯʠʩʣʷʝʪʩʷ ʜʝ-
ʩʷʪʢʘʤʠ ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ ʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʧʘʜʝʞʘ ʩʢʦʪʘ, ʟʘʪʨʘʪ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʢʘʨʘʥʪʠʥʥʳʭ ʠ ʚʝ-
ʪʝʨʠʥʘʨʥʦ-ʩʘʥʠʪʘʨʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʧʦʪʝʨʴ ʦʪ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʟʘʧʨʝʪʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʪʦʨʛʦʚ-
ʣʠ. ɺ ʩʚʷʟʠ ʩ ʦʙʦʩʪʨʝʥʠʝʤ ʵʧʠʟʦʦʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʧʦ ʨʷʜʫ ʙʦʣʝʟʥʝʡ, ʚ 2025 ʛʦʜʫ ʚʩʪʫʧʠʣ ʚ ʩʠʣʫ ʨʷʜ 
ʦʙʥʦʚʣʝʥʥʳʭ ʚʝʪʝʨʠʥʘʨʥʳʭ ʧʨʘʚʠʣ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʵʧʠʟʦʦʪʠʯʝʩʢʦʡ ʩʠʪʫʘ-
ʮʠʠ (ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2025 ʛʦʜ) ʠ ʦʙʟʦʨ ʤʝʨ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʫʛʨʦʟʳ ɸʏʉ, ʩʠʙʠʨʩʢʦʡ ʷʟʚʳ, ʙʨʫʮʝʣʣʝʟʘ 
ʠ ʷʱʫʨʘ. 

2. ɸʥʘʣʠʟ ʵʧʠʟʦʦʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ʕʧʠʟʦʦʪʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʧʦ ʦʩʦʙʦ ʦʧʘʩʥʳʤ ʙʦʣʝʟʥʷʤ ʞʠ-
ʚʦʪʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʚ 2025 ʛʦʜʫ ʦʮʝʥʠʚʘʣʘʩʴ ʢʘʢ ʩʪʘʙʠʣʴʥʘʷ, ʥʦ ʩ ʚʳʩʦʢʠʤʠ ʨʠʩʢʘʤʠ ʟʘʥʦʩʘ ʠʥ-
ʬʝʢʮʠʡ ʠʟ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚ. ɸʏʉ ʧʨʦʜʦʣʞʘʣʘ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʚ ʨʷʜʝ ʩʪʨʘʥ ɽʉ (ʇʦʣʴʰʘ, 
ɻʝʨʤʘʥʠʷ, ʈʫʤʳʥʠʷ). ɿʘ ʧʝʨʚʦʝ ʧʦʣʫʛʦʜʠʝ 2025 ʛʦʜʘ ʚ ʤʠʨʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 7 325 ʩʣʫʯʘʝʚ ʩʨʝʜʠ ʜʠʢʠʭ 
ʢʘʙʘʥʦʚ ʠ 405 ï ʩʨʝʜʠ ʜʦʤʘʰʥʠʭ ʩʚʠʥʝʡ. ɺ ʈʦʩʩʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʝʢʪʦʨʝ ʚʩʧʳʰʝʢ ɸʏʉ ʥʝ ʟʘʬʠʢ-
ʩʠʨʦʚʘʥʦ, ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ ʩʣʫʯʘʠ ʚ ʣʠʯʥʳʭ ʧʦʜʩʦʙʥʳʭ ʭʦʟʷʡʩʪʚʘʭ, ʚʘʞʥʳʤ ʧʨʠʤʝ-
ʨʦʤ ʷʚʣʷʝʪʩʷ ʚʩʧʳʰʢʘ ʚ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʤʘʡ 2025 ʛʦʜʘ), ʛʜʝ ʙʣʘʛʦʜʘʨʷ ʦʧʝʨʘʪʠʚʥʳʤ ʜʝʡʩʪʚʠʷʤ 
ʚʝʪʝʨʠʥʘʨʥʦʡ ʩʣʫʞʙʳ ʟʘʙʦʣʝʚʘʥʠʝ ʙʳʣʦ ʣʦʢʘʣʠʟʦʚʘʥʦ. 

ʉʠʪʫʘʮʠʷ ʩ ʩʠʙʠʨʩʢʦʡ ʷʟʚʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʫʩʪʦʡʯʠʚʳʭ ʧʦʯʚʝʥʥʳʭ ʦʯʘʛʦʚ (32 566 
ʩʪʘʮʠʦʥʘʨʥʦ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʭ ʧʫʥʢʪʦʚ ʠ 3 314 ʧʦʯʚʝʥʥʳʭ ʦʯʘʛʦʚ ʠʥʬʝʢʮʠʠ) ʥʘ ʬʦʥʝ ʝʞʝʛʦʜʥʦʡ ʨʝʛʠ-
ʩʪʨʘʮʠʠ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʝʚ ʩʨʝʜʠ ʞʠʚʦʪʥʳʭ (ʥʘʧʨʠʤʝʨ, ʚ ʂʘʟʘʭʩʪʘʥʝ ʚ 2025 ʛʦʜʫ) (ʪʘʙʣ. 1.) 

 
ʋʙʚʤʡʯʙ 1 

ʊʛʧʝʦʴʞ ʝʙʦʦʴʞ ʨʧ ʶʨʡʠʧʧʫʡʰʞʪʣʧʢ ʪʡʫʬʙʯʡʡ ʠʙ 2025 ʜ. ʡ ʡʠʥʞʦʞʦʡʸʥ ʛ ʠʙʣʧʦʧʝʙʫʞʤʵʪʫʛʞ 

ɹʦʣʝʟʥʴ 
ʆʩʦʙʝʥʥʦʩʪʠ ʵʧʠʟʦʦʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ 

(2025ʛ.) 
ʂʣʶʯʝʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʚʝʪʝʨʠʥʘʨʥʳʭ 

ʧʨʘʚʠʣʘʭ (2025ʛ.) 

ɸʬʨʠʢʘʥʩʢʘʷ ʯʫʤʘ 
ʩʚʠʥʝʡ (ɸʏʉ) 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʙʣʘʛʦʧʦʣʫʯʠʝ ʚ ʧʨʦ-
ʤʳʰʣʝʥʥʦʤ ʩʝʢʪʦʨʝ ʈʌ, ʚʳʩʦʢʠʡ ʨʠʩʢ 
ʟʘʥʦʩʘ. 

ʋʩʠʣʝʥʠʝ ʙʠʦʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦʚʳʝ 
ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʝ, ʩʨʦʢʘʤ 
ʢʘʨʘʥʪʠʥʘ. 

ʉʠʙʠʨʩʢʘʷ ʷʟʚʘ ʅʘʣʠʯʠʝ ʩʪʦʡʢʠʭ ʧʦʯʚʝʥʥʳʭ ʦʯʘʛʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʦʥʠʪʦ-
ʨʠʥʛʫ, ʟʘʙʦʨʫ ʤʘʪʝʨʠʘʣʘ ʠ ʣʘʙʦʨʘʪʦʨ-
ʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ. 

ɹʨʫʮʝʣʣʸʟ ɿʦʦʥʦʟ, ʭʨʦʥʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ, ʦʧʘʩʥʦʩʪʴ 
ʜʣʷ ʣʶʜʝʡ. ʉʦʭʨʘʥʷʝʪʩʷ ʮʠʨʢʫʣʷʮʠʷ 
ʚʦʟʙʫʜʠʪʝʣʷ  

ʂʦʨʦʚ ʤʦʣʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʩʣʝ-
ʜʫʶʪ 2 ʨʘʟʘ ʚ ʛʦʜ. 

ʗʱʫʨ  ʉʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ ʧʦ ʧʝʨʠʤʝʪʨʫ ʛʨʘʥʠʮ. 
ʈʌ ʨʘʟʜʝʣʝʥʘ ʥʘ 3 ʟʦʥʳ (ʙʣʘʛʦʧʦʣʫʯʥʳʝ 
ʠ ʩ ʚʘʢʮʠʥʘʮʠʝʡ) 

ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʧʣʘʥʳ ʧʨʦʬʠʣʘʢ-
ʪʠʢʠ, ʩʮʝʥʘʨʠʠ ʢʦʤʘʥʜʥʦ-h ʪʘʙʥʳʭ 
ʫʯʝʥʠʡ. 

 
3. ʇʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʠ ʧʨʦʪʠʚʦʵʧʠʟʦʦʪʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ. ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʙʦʣʝʟʥʝʡ ʜʝʡʩʪʚʫʶʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʆʙʱʠʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʭʦʟʷʡʩʪʚ, 
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ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʞʠʚʦʪʥʳʭ ʠ ʨʝʛʫʣʷʨʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʠʥʬʝʢʮʠʡ, 
ʥʝ ʧʦʜʜʘʶʱʠʭʩʷ ʚʘʢʮʠʥʘʮʠʠ (ɸʏʉ), ʝʜʠʥʩʪʚʝʥʥʦʡ ʤʝʨʦʡ ʷʚʣʷʝʪʩʷ ʥʝʜʦʧʫʱʝʥʠʝ ʟʘʥʦʩʘ ʚʦʟʙʫʜʠʪʝʣʷ. 
ʇʝʨʩʦʥʘʣ, ʨʘʙʦʪʘʶʱʠʡ ʩ ʞʠʚʦʪʥʳʤʠ, ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʡ ʠʥʩʪʨʫʢʪʘʞ ʦ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʠʟʥʘ-
ʢʘʭ ʙʦʣʝʟʥʝʡ ʠ ʩʨʝʜʩʪʚʘʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ. 

4. ʈʦʣʴ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʉʚʦʝʚʨʝʤʝʥʥʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ï ʢʣʶʯʝʚʦʡ ʵʣʝ-
ʤʝʥʪ ʩʠʩʪʝʤʳ ʵʧʠʟʦʦʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ɺ ʈʌ ʜʣʷ ʨʷʜʘ ʙʦʣʝʟʥʝʡ (ɸʏʉ, ʷʱʫʨ) ʦʩʥʦʚʥʳʤ ʧʦʜ-
ʪʚʝʨʞʜʘʶʱʠʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʇʎʈ. ʉʦʛʣʘʩʥʦ ʥʦʚʳʤ ʧʨʘʚʠʣʘʤ, ʜʣʷ ʩʠʙʠʨʩʢʦʡ ʷʟʚʳ ʚʥʝʜʨʝʥʳ ʵʢʩ-
ʧʨʝʩʩ-ʪʝʩʪʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝʦʙʭʦ-
ʜʠʤʳʭ ʧʨʠ ʫʛʨʦʟʝ ʚʩʧʳʰʢʠ. 

5. ɿʘʢʣʶʯʝʥʠʝ. ʋʩʧʝʭ ʚ ʙʦʨʴʙʝ ʩ ʦʩʦʙʦ ʦʧʘʩʥʳʤʠ ʙʦʣʝʟʥʷʤʠ ʞʠʚʦʪʥʳʭ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʭ ʢʣʶʯʝʚʳʭ 
ʬʘʢʪʦʨʦʚ: ʘʢʪʫʘʣʴʥʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, ʧʦʩʪʦʷʥʥʦʛʦ ʵʧʠʟʦʦʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʧʨʠʤʝʥʝʥʠ-
ʝʤ ʇʎʈ-ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʛʦʪʦʚʥʦʩʪʠ ʚʝʪʝʨʠʥʘʨʥʦʡ ʩʣʫʞʙʳ ʢ ʯʨʝʟʚʳʯʘʡʥʳʤ ʩʠʪʫʘʮʠʷʤ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦ-
ʜʦʣʞʘʪʴ ʨʘʙʦʪʫ ʧʦ ʫʯʝʪʫ ʧʦʯʚʝʥʥʳʭ ʦʯʘʛʦʚ (ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʠʙʠʨʩʢʦʡ ʷʟʚʳ), ʚʥʝʜʨʷʪʴ ʩʦʚʨʝʤʝʥʥʳʝ 
ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʫʩʠʣʠʪʴ ʧʦʛʨʘʥʠʯʥʳʡ ʚʝʪʝʨʠʥʘʨʥʳʡ ʢʦʥʪʨʦʣʴ. 
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ǮǯǧǬǵǧǮǺ ǭǱǠǭǯǟ ǵǤǯǩǭǡǬǭ-ǮǤǡǶǤǰǩǭǢǭ 
ǯǤǮǤǯǱǲǟǯǟ ǯǤǢǤǬǱǭǫ 

ǷȑȄȌȌȇȉȍȁǿ ǤȊȄȌǿ ǢȄȌȌǿȃțȄȁȌǿ 
ʢ.ʧ.ʥ, ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ ʋʜʤʫʨʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʌ, ʛ. ʀʞʝʚʩʢ 
 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʠʥʮʠʧʘʤ ʧʦʜʙʦʨʘ ʮʝʨʢʦʚʥʦ-ʧʝʚʯʝʩʢʦʛʦ ʨʝʧʝʨʪʫʘʨʘ ʨʝʛʝʥʪʦʤ. ʆʧʨʝ-
ʜʝʣʝʥʳ ʬʫʥʢʮʠʠ ʮʝʨʢʦʚʥʦ-ʧʝʚʯʝʩʢʦʛʦ ʨʝʧʝʨʪʫʘʨʘ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʝʧʝʨʪʫʘʨʥʦʡ ʧʦʣʠʪʠʢʠ ʙʦʛʦ-
ʩʣʫʞʝʙʥʦʛʦ ʧʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʍʨʘʤʘ ʀʚʝʨʩʢʦʡ ʠʢʦʥʳ ɹʦʞʠʝʡ ʄʘʪʝʨʠ ʛʦʨʦʜʘ ʀʞʝʚʩʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʵʢʣʝʢʪʠʯʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʮʝʨʢʦʚʥʦ-ʧʝʚʯʝʩʢʦʛʦ ʨʝʧʝʨʪʫʘʨʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʮʝʨʢʦʚʥʳʡ ʭʦʨ, ʮʝʨʢʦʚʥʦ-ʧʝʚʯʝʩʢʠʡ ʨʝʧʝʨʪʫʘʨ, ʨʝʛʝʥʪ, ʵʢʣʝʢʪʠʯʥʦʩʪʴ 
 

PRINCIPLES OF SELECTION OF THE CHURCH SINGING REPERTOIRE BY THE REGENT  
 

Shtennikova Elena Gennadievna 
 
Abstract: The article is devoted to the principles of selecting a church-singing repertoire by a regent. The 
functions of a church-singing repertoire are defined. Examples of the repertoire policy of liturgical singing are 
given on the example of the Church of the Iversky Icon of the Mother of God in the city of Izhevsk. As a result 
of the study, the eclecticism of the modern church-singing repertoire is concluded. 
Keywords: church choir, church singing repertoire, regent, eclecticism. 

 
ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʙʦʛʦʩʣʫʞʝʙʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʜ ʨʝʛʝʥʪʘʤʠ ʨʝʛʫʣʷʨʥʦ ʩʪʦʷʣ ʚʦ-

ʧʨʦʩ ʧʦʠʩʢʘ ʠ ʚʳʙʦʨʘ ʨʝʧʝʨʪʫʘʨʘ ʜʣʷ ʧʝʚʯʠʭ. 
ʂʨʠʪʝʨʠʝʚ ʜʣʷ ʚʳʙʦʨʘ ʥʝ ʤʘʣʦ:  
ʘ) ʦʬʠʮʠʘʣʴʥʦ ʦʜʦʙʨʝʥʥʳʝ ʧʝʩʥʦʧʝʥʠʷ ʢ ʙʦʛʦʩʣʫʞʝʙʥʦʤʫ ʫʧʦʪʨʝʙʣʝʥʠʶ; 
ʙ) ʧʦʧʫʣʷʨʥʳʝ ʠʣʠ ʤʝʥʝʝ ʫʧʦʪʨʝʙʣʷʝʤʳʝ; 
ʚ) ʩʣʦʞʥʳʝ ʠʣʠ ʧʨʦʩʪʳʝ ʧʦ ʩʨʝʜʩʪʚʘʤ ʤʫʟʳʢʘʣʴʥʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ; 
ʛ) ʜʣʷ ʙʦʣʴʰʦʛʦ, ʩʨʝʜʥʝʛʦ ʠʣʠ ʤʘʣʦʛʦ ʩʦʩʪʘʚʘ; 
ʜ) ʵʧʦʭʘ, ʩʪʠʣʴ, ʨʘʩʧʝʚ ʠ ʜʨ. 
ʅʦ ʨʝʰʠʪʴ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʜʦ ʢʦʥʮʘ, ʧʦʪʦʤʫ ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦ-

ʞʝʩʪʚʦ ʧʨʦʠʟʚʝʜʝʥʠʡ ʨʘʟʥʳʭ ʵʧʦʭ ʠ ʩʪʠʣʝʡ, ʘʚʪʦʨʩʢʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʣʠ ʛʘʨʤʦʥʠʟʘʮʠʷ ʟʥʘʤʝʥʥʦʛʦ 
ʧʝʥʠʷ, ʤʦʥʘʩʪʳʨʩʢʠʝ ʨʘʩʧʝʚʳ ʠ ʠʥʳʝ, ʧʦʵʪʦʤʫ ʩʦʟʜʘʪʴ ʝʜʠʥʳʡ ʚʦʟʤʦʞʥʳʡ ʩʧʠʩʦʢ ʨʘʟʨʝʰʝʥʥʳʭ ʧʝʩ-
ʥʦʧʝʥʠʡ ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʥʦ. ʂʘʞʜʘʷ ʵʧʦʭʘ ʚʳʜʚʠʛʘʝʪ ʩʚʦʠ ʢʨʠʪʝʨʠʠ ʚ ʚʳʙʦʨʝ ʧʨʦʠʟʚʝʜʝʥʠʡ. ʅʘʧʨʠ-
ʤʝʨ, ʄʦʩʢʦʚʩʢʠʡ ʄʠʪʨʦʧʦʣʠʪ ʌʠʣʘʨʝʪ, ʚʳʩʪʫʧʘʷ ʩ ʜʦʢʣʘʜʦʤ ʥʘ ʉʚʷʪʝʡʰʝʤ ʉʠʥʦʜʝ, ʛʜʝ ʦʪʤʝʯʘʣ ʥʝʜʦ-
ʩʪʘʪʢʠ ʧʝʚʯʝʩʢʦʛʦ ʨʝʧʝʨʪʫʘʨʘ ʚ ʮʝʣʦʤ, ʦʪʩʫʪʩʪʚʠʝ ʜʫʭʘ ʮʝʨʢʦʚʥʦʛʦ ʧʝʥʠʷ, ʘ ʥʝʩʢʦʣʴʢʦ ʧʦʟʜʥʝʝ ʨʘʩʢʨʠ-
ʪʠʢʦʚʘʣ ʧʝʨʝʣʦʞʝʥʠʷ ʀʨʤʦʣʦʛʠʷ ʠ ʆʢʪʦʠʭʘ ɸ.ʌ. ʃʴʚʦʚʘ, ʠ ʝʛʦ ʫʯʝʥʠʝ ʦ ʥʝʩʠʤʤʝʪʨʠʯʥʦʤ ʨʠʪʤʝ ʜʨʝʚ-
ʥʠʭ ʮʝʨʢʦʚʥʳʭ ʧʝʩʥʦʧʝʥʠʡ ʟʥʘʤʝʥʥʦʛʦ ʨʘʩʧʝʚʘ [1]. ʇʦʵʪʦʤʫ, ʵʪʠ ʢʥʠʛʠ ʥʝ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʮʝʨʢʦʚʥʦʤ 
ʫʧʦʪʨʝʙʣʝʥʠʠ. 

ʍʦʨʦʚʦʡ ʨʝʧʝʨʪʫʘʨ ʚʳʧʦʣʥʷʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ: ʧʝʜʘʛʦʛʠʯʝʩʢʫʶ, ʚʦʩʧʠʪʘʪʝʣʴʥʫʶ ʠ 
ʢʦʥʮʝʨʪʥʫʶ. 

ʇʝʜʘʛʦʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʨʝʧʝʨʪʫʘʨʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʦʟʜʝʡʩʪʚʠʠ ʭʦʨʦʚʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʥʘ 
ʫʯʘʩʪʥʠʢʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʠʤʠ ʧʦ ʧʨʠʥʮʠʧʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʧʦʩʪʝʧʝʥʥʦʩʪʠ, ʥʝʧʨʝ-
ʨʳʚʥʦʩʪʠ ʠ ʩʠʩʪʝʤʘʪʠʯʥʦʩʪʠ ʪʚʦʨʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʝʚʮʦʚ. 



258 ǬǟǲǶǬǭǤ ǭǠǭǦǯǤǬǧǤ 

 

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

ɺʦʩʧʠʪʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʨʝʧʝʨʪʫʘʨʘ ʦʙʫʩʣʦʚʣʝʥʘ ʙʦʛʘʪʳʤ ʥʨʘʚʩʪʚʝʥʥʦ-ɻ ʩʪʝʪʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘ-
ʥʠʝʤ ʭʦʨʦʚʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ. 

ʂʦʥʮʝʨʪʥʘʷ ʬʫʥʢʮʠʷ ʨʝʧʝʨʪʫʘʨʘ ʨʘʩʢʨʳʚʘʝʪʩʷ ʯʝʨʝʟ ʢʦʥʮʝʨʪʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʭʦʨʦʚʳʭ ʢʦʣʣʝʢ-
ʪʠʚʦʚ.  

ʈʝʧʝʨʪʫʘʨ (ʚ ʧʝʨʝʚʦʜʝ ʩ ʬʨ. ï ʧʝʨʝʯʝʥʴ, ʩʧʠʩʦʢ) ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʠʟʚʝʜʝʥʠʡ, ʠʩʧʦʣʥʷʝʤʳʭ ʭʦ-
ʨʦʚʳʤ ʢʦʣʣʝʢʪʠʚʦʤ, ʵʪʦ ʦʩʥʦʚʘ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺʣʘʜʝʥʠʝ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʨʝʧʝʨʪʫʘʨʘ ʧʦʤʦʛʘʝʪ ʮʝʨʢʦʚʥʦʤʫ ʢʦʣʣʝʢʪʠʚʫ ʨʘʟʚʠʚʘʪʴʩʷ ʧʨʦʬʝʩ-
ʩʠʦʥʘʣʴʥʦ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ ʚ ʚʦʢʘʣʴʥʦʡ ʪʝʭʥʠʢʝ. 

ʀʩʪʦʯʥʠʢʠ ʠ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʧʝʨʪʫʘʨʘ: ʟʥʘʤʝʥʥʳʡ ʨʘʩʧʝʚ, ʥʘʧʝʚʳ ʤʦʥʘʩʪʳʨʝʡ, ʮʝʨʢʦʚ-
ʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʢʦʤʧʦʟʠʪʦʨʦʚ ʧʨʦʰʣʳʭ ʚʝʢʦʚ, ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʙʣʘʛʦʩʣʦʚʝʥʠʶ 
ʥʘʩʪʦʷʪʝʣʷ, ʠʥʦʛʜʘ ʟʚʫʯʘʪ ʥʘ ʩʣʫʞʙʘʭ. ʆʩʥʦʚʥʳʝ ʢʥʠʛʠ ʤʫʟʳʢʘʣʴʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʙʦʛʦʩʣʫʞʝʥʠʷ 
çʆʙʠʭʦʜè, çʊʨʠʦʜʴ ʇʦʩʪʥʘʷè, çʊʨʠʦʜʴ ʮʚʝʪʥʘʷè, çʄʠʥʝʷè, çʆʢʪʦʠʭè, çʀʨʤʣʦʛʠʡè, çʏʘʩʦʩʣʦʚè [4]. 

ʈʝʧʝʨʪʫʘʨ ʮʝʨʢʦʚʥʦʛʦ ʭʦʨʘ ʠʤʝʝʪ ʩʚʦʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ, ʪ.ʢ. ʦʥ ʦʛʨʘʥʠʯʝʥ ʢʘʥʦʥʠʯʝʩʢʦʡ ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʙʦʛʦʩʣʫʞʝʥʠʷ, ʪʝʢʩʪʘʤʠ ʠ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʮʝʨʢʦʚʥʳʤ ʋʩʪʘʚʦʤ. ɺʝʩʴ ʧʝʚʯʝʩʢʠʡ 
ʨʝʧʝʨʪʫʘʨ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘʧʠʩʘʥ ʜʣʷ ʭʦʨʘ çʘ cappellaè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʮʠʧʳ ʧʦʜʙʦʨʘ ʮʝʨʢʦʚʥʦ-ʧʝʚʯʝʩʢʦʛʦ ʨʝʧʝʨʪʫʘʨʘ ʚ ʮʝʨʢʦʚʥʦʤ ʭʦʨʝ ʦʧʨʝʜʝ-
ʣʷʶʪʩʷ: 

ï ʜʦʩʪʦʠʥʩʪʚʦʤ ʤʫʟʳʢʘʣʴʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʮʝʨʢʦʚʥʦʩʪʴ. 
ï ʧʦʥʠʤʘʥʠʝʤ ʩʤʳʩʣʘ, ʟʥʘʯʝʥʠʷ ʮʝʨʢʦʚʥʦʛʦ ʧʝʥʠʷ ʚ ʙʦʛʦʩʣʫʞʝʥʠʠ ʠ ʟʘʜʘʯ ʙʦʛʦʩʣʫʞʝʙʥʦʛʦ ʧʝ-

ʥʠʷ. 
 ï ʫʨʦʚʥʝʤ ʩʣʦʞʥʦʩʪʠ ʧʨʦʠʟʚʝʜʝʥʠʡ: ʬʘʢʪʫʨʘ ʠʟʣʦʞʝʥʠʷ, ʪʝʩʩʠʪʫʨʥʳʝ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦ-

ʩʪʠ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʦʟʨʘʩʪʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʚʦʢʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʜʘʥʥʦʛʦ 
ʢʦʣʣʝʢʪʠʚʘ). 

ï h ʠʨʦʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʮʝʨʢʦʚʥʦ-ʧʝʚʯʝʩʢʦʛʦ ʨʝʧʝʨʪʫʘʨʘ: 
1) ʠʟʤʝʥʷʝʤʳʝ ʧʝʩʥʦʧʝʥʠʷ; 
2) ʥʝʠʟʤʝʥʷʝʤʳʝ ʧʝʩʥʦʧʝʥʠʷ. 
- ʥʝʩʪʠ ʜʫʭʦʚʥʦ-ʥʨʘʚʩʪʚʝʥʥʳʡ, ʧʘʪʨʠʦʪʠʯʝʩʢʠʡ, ʚʦʩʧʠʪʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 
ʉʦʚʨʝʤʝʥʥʳʡ ʨʝʧʝʨʪʫʘʨ ʙʦʛʦʩʣʫʞʝʙʥʦʛʦ ʧʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʍʨʘʤʘ ʀʚʝʨʩʢʦʡ ʠʢʦʥʳ 

ɹʦʞʠʝʡ ʄʘʪʝʨʠ ʛʦʨʦʜʘ ʀʞʝʚʩʢʘ. ʈʝʛʝʥʪ ɼʨʫʞʠʥʘ ɽʢʘʪʝʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ. 
ʍʦʨ ʚ ʭʨʘʤʝ ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʩʤʝʰʘʥʥʳʡ, ʤʘʣʦʛʦ ʩʦʩʪʘʚʘ (ʧʦʩʪʦʷʥʥʳʡ ʩʦʩʪʘʚ ï 8 ʯʝʣʦʚʝʢ). ʈʝʛʝʥʪ 

ʠ ʧʝʚʯʠʝ ʭʨʘʤʘ ʩ ʤʫʟʳʢʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ: ʚʳʧʫʩʢʥʠʢʠ ʋʜʤʫʨʪʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝ-
ʪʘ, ʢʘʬʝʜʨʳ ʤʫʟʳʢʘʣʴʥʦʛʦ ʠ ʩʮʝʥʠʯʝʩʢʦʛʦ ʠʩʢʫʩʩʪʚʘ), ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʤʫʟʳʢʘʣʴʥʦʛʦ ʢʦʣʣʝʜʞʘ), ʢʦʥ-
ʩʝʨʚʘʪʦʨʠʡ. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʝʚʯʠʭ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ ʩ ʦʜʥʦʛʦ ʩʪʠʣʷ 
ʤʫʟʳʢʠ ʥʘ ʜʨʫʛʫʶ. 

ʀʥʦʛʜʘ ʭʦʨ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʧʨʠʭʦʜʩʢʠʭ ʢʦʥʮʝʨʪʘʭ ʠ ʧʨʘʟʜʥʠʢʘʭ, ʨʝʧʝʨʪʫʘʨ ʢʦʪʦʨʳʭ (ʨʦʞʜʝ-
ʩʪʚʝʥʩʢʠʝ ʢʦʣʷʜʢʠ, ʜʫʭʦʚʥʳʝ ʧʝʩʥʦʧʝʥʠʷ) ʤʦʞʝʪ ʪʨʝʙʦʚʘʪʴ ʩʤʝʰʘʥʥʦʡ ʠ ʥʘʨʦʜʥʦʡ ʤʘʥʝʨʳ ʠʩʧʦʣʥʝʥʠʷ 
ʧʨʦʠʟʚʝʜʝʥʠʡ. 

ɺ ʭʨʘʤʝ ʩʫʱʝʩʪʚʫʶʪ ʪʨʘʜʠʮʠʠ ʦʙʱʝʥʘʨʦʜʥʦʛʦ ʧʝʥʠʷ. ʆʙʱʝʥʘʨʦʜʥʦ ʧʦʶʪʩʷ çʉʠʤʚʦʣ ʚʝʨʳè, 
çʆʪʯʝ ʥʘʰè, çɺʦʩʢʨʝʩʝʥʠʝ ʍʨʠʩʪʦʚʦ ʚʠʜʝʚʰʝʝè, çʎʘʨʠʮʝ ʤʦʷ ʇʨʝʙʣʘʛʘʷè, çʊʝʣʦ ʍʨʠʩʪʦʚʦè, ʘʢʘʬʠʩʪ 
ɹʦʞʠʝʡ ʄʘʪʝʨʠ ʀʚʝʨʩʢʦʡ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʧʝʩʥʦʧʝʥʠʷ. ʇʨʠʭʦʞʘʥʝ ʧʦʜʧʝʚʘʶʪ ʭʦʨʫ ʧʦʣʶʙʠʚʰʠʝʩʷ 
ʨʘʩʧʝʚʳ. ʉʣʳʰʠʪʩʷ ʧʝʥʠʝ ʧʨʦʩʪʦʡ ʩʝʨʜʝʯʥʦʡ ʤʦʣʠʪʚʳ, ʚ ʯʝʤ-ʪʦ ʙʣʠʟʢʦʝ ʧʦ ʜʫʭʫ ʥʘʨʦʜʥʦʤʫ ʧʝʥʠʶ. 

ʈʝʛʝʥʪ ʀʚʝʨʩʢʦʛʦ ʭʨʘʤʘ ʛ. ʀʞʝʚʩʢʘ ʩʦʚʤʝʱʘʝʪ ʬʫʥʢʮʠʠ ʠ ʨʝʛʝʥʪʘ-ʫʩʪʘʚʱʠʢʘ ʠ ʨʝʛʝʥʪʘ-
ʜʠʨʠʞʝʨʘ. ɺ ʝʝ ʟʘʜʘʯʠ ʚʭʦʜʠʪ ʧʦʠʩʢ ʨʝʧʝʨʪʫʘʨʘ ʥʘ ʢʘʞʜʫʶ ʩʣʫʞʙʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʚʦʤ ʙʦʛʦʩʣʫ-
ʞʝʥʠʷ ʠ ʦʙʱʠʤ ʥʘʩʪʨʦʝʥʠʝʤ ʜʘʥʥʦʡ ʩʣʫʞʙʳ (ʚʩʝʜʥʝʚʥʘʷ ʦʙʳʯʥʘʷ, ʪʦʨʞʝʩʪʚʝʥʥʘʷ ʧʨʘʟʜʥʠʯʥʘʷ ʠ ʜʨ.). 
ɺʳʙʦʨ ʨʝʧʝʨʪʫʘʨʘ ʭʦʨʘ ʰʠʨʦʢʠʡ. ʈʝʛʝʥʪ ʚʳʩʪʨʘʠʚʘʝʪ ʩʚʦʶ ʨʝʧʝʨʪʫʘʨʥʫʶ ʩʪʨʘʪʝʛʠʶ ʪʘʢ, ʯʪʦʙʳ ʠʟ ʙʦ-
ʛʘʪʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʫʟʳʢʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳʙʠʨʘʪʴ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʦʜʥʦʤ ʩʪʠʣʝ ï ʦʙʠʭʦʜ, ʧʘʨʪʝʩ 
ʠʣʠ ʜʨʝʚʥʠʝ ʥʘʧʝʚʳ (ʚ ʦʩʥʦʚʥʦʤ ʚ ʛʘʨʤʦʥʠʟʘʮʠʷʭ). ʇʨʦʜʫʤʳʚʘʝʪ ʠ ʪʦʥʘʣʴʥʳʡ ʧʣʘʥ ʙʦʛʦʩʣʫʞʝʥʠʷ (ʢʦ-
ʛʜʘ ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ ʙʦʛʦʩʣʫʞʝʥʠʷ ʧʦʝʪʩʷ ʚ ʦʜʥʦʡ ʪʦʥʘʣʴʥʦʩʪʠ ʠʣʠ ʙʣʠʟʢʠʭ).  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʮʝʨʢʦʚʥʦ-ʧʝʚʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʥʘ ʢʣʠʨʦʩʝ ʭʨʘʤʘ ʚ ʦʙʠʭʦʜʥʦʤ ʧʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 
çʧʝʪʝʨʙʫʨʛʩʢʠʡè, çʤʦʩʢʦʚʩʢʠʡè ʠ çʚʷʪʩʢʠʡè ʩʪʠʣʠ ʧʝʥʠʷ. 
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ʏʝʨʪʳ ʧʝʪʝʨʙʫʨʛʩʢʦʛʦ ʩʪʠʣʷ ï ʵʪʦ ʧʨʦʩʪʦʪʘ ʤʝʣʦʜʠʯʝʩʢʦʡ ʣʠʥʠʠ, ʩʫʭʦʩʪʴ, ʩʪʨʦʛʦʩʪʴ ʟʚʫʯʘʥʠʷ, 
ʙʝʟʫʧʨʝʯʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʦʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʝʚʨʦʧʝʡʩʢʦʡ ʛʘʨʤʦʥʠʠ, ʯʝʪʢʠʡ ʩʠʤʤʝʪʨʠʯʥʳʡ ʨʠʪʤ, 
ʧʨʝʦʙʣʘʜʘʥʠʝ ʥʝʤʝʮʢʦ-ʠʪʘʣʴʷʥʩʢʠʭ ʤʝʣʦʜʠʢʦ-ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʥʘʜ ʠʩʢʦʥʥʳʤʠ ʨʫʩʩʢʠʤʠ [5]. 

ʏʝʨʪʳ ʤʦʩʢʦʚʩʢʦʡ ʰʢʦʣʳ: ʚʠʪʠʝʚʘʪʳʝ ʤʝʣʦʜʠʠ, ʩʚʦʙʦʜʥʳʡ ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʨʠʪʤ, ʥʝʢʣʘʩʩʠʯʝ-
ʩʢʘʷ ʛʘʨʤʦʥʠʷ (ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ çʧʫʩʪʳʝè ʢʚʠʥʪʳ ʠ ʫʥʠʩʦʥʳ), ʚ ʦʩʥʦʚʝ ï ʜʨʝʚʥʝ-ʨʫʩʩʢʠʝ ʨʘʩʧʝʚʳ, 
ʨʫʩʩʢʘʷ ʥʘʨʦʜʥʘʷ ʧʝʩʥʷ [3]. 

ʄʦʥʘʩʪʳʨʩʢʦʝ ʧʝʥʠʝ ʩʦʭʨʘʥʠʣʦ ʩʚʦʶ ʜʨʝʚʥʶʶ ʦʩʥʦʚʫ, ʦʙʳʯʥʦ ʵʪʦ ʦʜʥʦʛʦʣʦʩʥʳʝ ʧʝʩʥʦʧʝʥʠʷ 
ʟʥʘʤʝʥʥʦʛʦ ʨʦʩʧʝʚʘ ʚ ʠʩʧʦʣʥʝʥʠʠ ʪʦʣʴʢʦ ʦʜʥʦʨʦʜʥʳʭ ʭʦʨʦʚ ï ʞʝʥʩʢʠʭ ʠʣʠ ʤʫʞʩʢʠʭ. ʇʝʩʥʦʧʝʥʠʷ ʧʨʦ-
ʩʪʳʝ, ʦʙʠʭʦʜʥʳʝ, ʤʦʛʫʪ ʙʳʪʴ ʠ ʯʝʪʳʨʝʭ-, ʠ ʪʨʝʭʛʣʦʩʥʳʤʠ [5]. 

ɺ ʨʝʧʝʨʪʫʘʨʝ ʀʚʝʨʩʢʦʛʦ ʭʨʘʤʘ ʛ. ʀʞʝʚʩʢʘ ʧʨʠʩʫʪʩʪʚʫʶʪ: 
ï ʧʨʦʠʟʚʝʜʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʨʦʚ 18-19 ʚʝʢʘ (ɻ.ɺ. ʄʫʟʠʯʝʩʢʫ, ɼ.ʉ. ɹʦʨʪʥʷʥʩʢʠʡ, ʇ.ʀ. 

ʊʫʨʯʘʥʠʥʦʚ, ɸ.ʃ. ɺʝʜʝʣʴ, ɸ.ɸ. ɸʨʭʘʥʛʝʣʴʩʢʠʡ, ʇ.ɻ. ʏʝʩʥʦʢʦʚ, ɸ.ʂ. ʃʷʜʦʚ, ʉ.ɺ. ʈʘʭʤʘʥʠʥʦʚ (ʯʘʱʝ ʚ ʧʝ-
ʨʝʣʦʞʝʥʠʷʭ ʜʣʷ ʤʘʣʦʛʦ ʩʦʩʪʘʚʘ), ʅ.ʀ. ʆʟʝʨʦʚ, ɸ.ʌ. ʃʴʚʦʚ); 

ï ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʨʦʚ 20-21 ʚʚ. (ɻ.ʅ. ʃʘʧʘʝʚ, ʀ.ɺ. ɼʝʥʠʩʦʚʘ, ɽ.ʉ. ʂʫʩʪʦʚʩʢʠʡ, ʘʨʭʠʝʧʠʩʢʦʧ 
ʀʦʥʘʬʘʥʘ (ɽʣʝʮʢʠʭ), ʜʠʘʢʦʥ ʉʝʨʛʝʡ (ʉʝʨʛʠʡ) ɿʦʩʠʤʦʚʠʯ ʊʨʫʙʘʯʝʚ, ʠʝʨʦʤʦʥʘʭ ʉʠʣʫʘʥ (ʊʫʤʘʥʦʚ), ʀʛʫ-
ʤʝʥ ʅʠʢʠʬʦʨ (ʂʠʨʟʠʥ), ɼ.ʕ. ʅʠʢʠʪʠʥ); 

ï ʠ ʢʦʤʧʦʟʠʪʦʨʦʚ ʟʘʨʫʙʝʞʥʦʡ ʮʝʨʢʚʠ 20 ʚʝʢʘ (ʬʨʘʥʮʫʟʩʢʠʡ ï ʄ.ɽ. ʂʦʚʘʣʝʚʩʢʠʡ, ʙʦʣʛʘʨʩʢʠʡ ï ɼʦ-
ʙʨʠ ʀʚʘʥʦʚ ʍʨʠʩʪʦʚ). 

ʇʘʨʘʣʠʪʫʨʛʠʯʝʩʢʘʷ ʠ ʜʫʭʦʚʥʘʷ ʤʫʟʳʢʘ ʜʨʫʛʠʭ ʚʝʪʚʝʡ ʭʨʠʩʪʠʘʥʩʪʚʘ ʚ ʨʝʧʝʨʪʫʘʨʝ ʦʪʩʫʪʩʪʚʫʝʪ. 
ʀʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝʣʦʞʝʥʠʷ, ʘʨʘʥʞʠʨʦʚʢʠ, ʩʦʚʨʝʤʝʥʥʳʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʟʚʝʜʝʥʠʡ, ʠʭ ʩʪʠʣʠʟʘʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʨʝʟʶʤʠʨʦʚʘʪʴ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʝʨʪʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʘʚʦ-
ʩʣʘʚʥʦʛʦ ʙʦʛʦʩʣʫʞʝʥʠʷ ï ʵʢʣʝʢʪʠʯʥʦʩʪʴ (ʩʤʝʰʝʥʠʝ ʨʘʟʥʦʨʦʜʥʳʭ ʩʪʠʣʝʡ, ʠʜʝʡ, ʚʟʛʣʷʜʦʚ) [2], ʢʦʛʜʘ ʨʝ-
ʧʝʨʪʫʘʨ ʦʪʣʠʯʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʥʝʦʙʳʯʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʩʘʤʳʭ ʨʘʟʥʳʭ ʤʫʟʳʢʘʣʴʥʳʭ ʩʪʠʣʝʡ, ʪʨʘ-
ʜʠʮʠʡ. ɽʛʦ ʚʳʙʦʨ ʚʝʩʴʤʘ ʚʥʫʰʠʪʝʣʝʥ ʠ ʙʦʛʘʪ ʷʨʢʦʡ ʧʘʣʠʪʨʦʡ ʧʝʩʥʦʧʝʥʠʡ. 
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ǲǣǩ 5,.50 

ǫǤǱǭǣǧǶǤǰǩǧǤ ǮǯǧǬǵǧǮǺ ǳ, ǰǭǯǟ 
ǬȄȐȑȄȏȄȌȉȍ ǫǿȉȐȇȋ ǼȃȒǿȏȃȍȁȇȖ 

ʤʘʛʠʩʪʨʘʥʪ 
ʌɻɹʆʋ ɺʆ çʃɻɸʂʀ ʠʤ. ʄ. ʄʘʪʫʩʦʚʩʢʦʛʦè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʇʝʪʨʠʢ ɺʘʣʝʥʪʠʥʘ ɺʘʩʠʣʴʝʚʥʘ 

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʥʘʨʦʜʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 
ʌɻɹʆʋ ɺʆ çʃɻɸʂʀ ʠʤ. ʄ. ʄʘʪʫʩʦʚʩʢʦʛʦè 

 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʠʩʧʦʣʥʠʪʝʣʴʩʢʠʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʚʟʛʣʷʜʦʚ ʦʜʥʦʛʦ ʠʟ ʚʳ-
ʜʘʶʱʠʭʩʷ ʛʠʪʘʨʠʩʪʦʚ XIX ʚ. ï ʌ. ʉʦʨʘ. ʊʚʦʨʯʝʩʢʠʝ ʚʟʛʣʷʜʳ ʤʫʟʳʢʘʥʪʘ, ʝʛʦ ʣʠʯʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴʩʢʠʡ 
ʩʪʠʣʴ ʦʢʘʟʘʣʠ ʥʝʩʦʤʥʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʛʠʪʘʨʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʩʪʚʘ ʠ ʧʝʜʘʛʦʛʠʢʠ XIX ʚ. ʅʘʨʷ-
ʜʫ ʩ ʪʘʢʠʤʠ ʛʠʪʘʨʠʩʪʘʤʠ, ʢʘʢ ɼ. ɸʛʫʘʜʦ, ʄ. ɼʞʫʣʠʘʥʠ, ʌ. ʂʘʨʫʣʣʠ, ʄ. ʂʘʨʢʘʩʩʠ, ʌ. ʉʦʨ ʩʯʠʪʘʝʪʩʷ ʦʩʥʦ-
ʚʦʧʦʣʦʞʥʠʢʦʤ ʛʠʪʘʨʥʦʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʰʢʦʣʳ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʥʘʩʣʝʜʠʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 
ʠʩʧʦʣʥʠʪʝʣʴʩʢʦʡ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. ʕʪʠʤ ʦʙʫʩʣʦʚʣʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʰʝʩʪʠʩʪʨʫʥʥʘʷ ʛʠʪʘʨʘ, ʛʠʪʘʨʥʘʷ ʧʝʜʘʛʦʛʠʢʘ XIX ʚ., ʛʠʪʘʨʥʦʝ ʠʩʧʦʣʥʠʪʝʣʴʩʪʚʦ, 
ʌ. ʉʦʨ, ʰʢʦʣʘ ʠʛʨʳ ʥʘ ʛʠʪʘʨʝ.  
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Annotation: The article is devoted to the consideration of the performing and methodological views of one of 
the outstanding guitarists of the 19th century, F. Sor. The musician's creative views and personal performing 
style undoubtedly influenced the development of guitar performance and pedagogy in the 19th century. Along 
with guitarists such as D. Aguado, M. Giuliani, F. Carulli, M. Carcassi, F. Sʦr is considered the founder of the 
classical guitar school, which makes his legacy in demand in modern performing and teaching practice. This is 
the reason for the relevance of this article. 
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ʌʝʨʥʘʥʜʦ ʉʦʨ ʩʪʘʣ ʦʜʠʥ ʠʟ ʧʝʨʚʳʭ ʢʦʤʧʦʟʠʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʚʳʚʝʣ ʛʠʪʘʨʫ ʠʟ ʝʝ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʦ-

ʣʠ ʘʢʢʦʤʧʘʥʝʤʝʥʪʘ ʠ ʧʨʝʚʨʘʪʠʣ ʝʝ ʚ ʩʦʣʴʥʳʡ ʢʦʥʮʝʨʪʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. ʆʥ ʩʦʯʠʥʷʣ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʨʘʩ-
ʰʠʨʷʚʰʠʝ ʤʫʟʳʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʛʠʪʘʨʳ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠʟʥʘʥʠʝʤ ʢʘʢ ʢʦʤʧʦʟʠʪʦʨ 
ʠ ʛʠʪʘʨʠʩʪ-ʚʠʨʪʫʦʟ. ʀʩʧʦʣʥʠʪʝʣʴʩʢʠʡ ʩʪʠʣʴ ʉʦʨʘ-ʛʠʪʘʨʠʩʪʘ ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʝʛʦ ʩʦʯʠʥʝʥʠʷʭ ʜʣʷ ʛʠ-
ʪʘʨʳ: ʜʘʞʝ ʩʘʤʳʝ ʧʨʦʩʪʳʝ ʝʛʦ ʵʪʶʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʫʟʳʢʘʣʴʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʘʞʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʠʩʧʦʣʥʠʪʝʣʴʩʢʠʭ ʚʟʛʣʷ-
ʜʦʚ ʌ. ʉʦʨʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʝʛʦ çɻʠʪʘʨʥʦʤ ʤʝʪʦʜʝè (Method for the Spanish guitar, 1830), ʟʘʜʫʤʘʥʥʦʤ 
ʠ ʨʝʘʣʠʟʦʚʘʥʥʦʤ ʢʘʢ ʪʨʘʢʪʘʪ ʦ ʛʠʪʘʨʥʦʤ ʠʩʢʫʩʩʪʚʝ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʢʘʢ ʩʦʙʩʪʚʝʥʥʦ ʤʝʪʦʜʠʯʝʩʢʠʝ 
ʫʢʘʟʘʥʠʷ, ʪʘʢ ʠ ʨʘʩʩʫʞʜʝʥʠʷ ʦ ʨʘʟʚʠʪʠʠ ʛʠʪʘʨʥʦʡ ʢʫʣʴʪʫʨʝ ʚ ʮʝʣʦʤ. 

ʇʝʨʚʦʝ ʫʧʦʤʠʥʘʥʠʝ ʦ çʄʝʪʦʜʝè ʉʦʨʘ ʦʪʥʦʩʠʪʩʷ ʢ 1828 ʛ., ʢʦʛʜʘ ʕʙʝʨʩ, ʥʘʭʦʜʷʩʴ ʚ ʂʦʨʦʣʝʚʩʢʦʤ 
ʪʝʘʪʨʝ, ʟʘʷʚʣʷʝʪ, ʯʪʦ ʉʦʨ çʩʝʡʯʘʩ ʩʦʙʠʨʘʝʪʩʷ ʦʧʫʙʣʠʢʦʚʘʪʴ ʨʘʙʦʪʫ [é] ʥʘ ʛʠʪʘʨʝ, ʦʙʫʯʝʥʠʝ ʠʛʨʝ ʥʘ 
ʵʪʦʤ ʠʥʩʪʨʫʤʝʥʪʝ ʚʝʩʴʤʘ ʦʨʠʛʠʥʘʣʴʥʦè [1, ʩ. 163]. ʆʪʯʝʪ ʕʙʝʨʩʘ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʚ 1828 ʛ. ʥʘ ʦʩʥʦʚʝ 
ʦʪʯʝʪʘ ʦ ʢʦʥʪʘʢʪʘʭ ʉʦʨʘ ʩ ʪʝʘʪʨʦʤ ʚ 1822 ʛ. ʇʝʨʚʳʝ ʛʨʘʚʶʨʳ, ʩʜʝʣʘʥʥʳʝ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ, ʜʘʪʠʨʫʶʪʩʷ 
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1830 ʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʨʝʤʷ ʧʫʙʣʠʢʘʮʠʠ çʄʝʪʦʜʘè ʦʪʥʦʩʠʪʩʷ ʢ ʟʨʝʣʦʤʫ ʧʝʨʠʦʜʫ ʪʚʦʨʯʝʩʪʚʘ ʌ. ʉʦʨʘ, 
ʢʦʛʜʘ ʙʳʣʠ ʥʘʧʠʩʘʥʳ ʠ ʠʟʜʘʥʳ ʙʦʣʴʰʠʥʩʪʚʦ ʝʛʦ ʩʦʯʠʥʝʥʠʡ ʙʦʣʴʰʦʛʦ ʤʘʩʰʪʘʙʘ, ʥʘʧʨʠʤʝʨ, ʩʦʥʘʪʳ ʦʨ. 
15, 22, 25, ʘ ʩʘʤ ʉʦʨ ʙʳʣ ʧʦʧʫʣʷʨʝʥ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ ʢʘʢ ʠʩʧʦʣʥʠʪʝʣʴ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ 
ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʫʤʤʠʨʦʚʘʥʳ ʟʥʘʥʠʷ ʠ ʠʩʧʦʣʥʠʪʝʣʴʩʢʠʝ ʧʨʠʥʮʠʧʳ ʤʫʟʳʢʘʥʪʘ.  

ʉʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ çʄʝʪʦʜè ʙʳʣ ʧʝʨʝʠʟʜʘʥ ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʅ. ʂʦʩʪʘ, ʚʳʜʘʶʱʝʛʦʩʷ ʛʠʪʘʨʠ-
ʩʪʘ, ʢʦʤʧʦʟʠʪʦʨʘ ʠ ʧʝʜʘʛʦʛʘ, ʫʯʝʥʠʢʘ ʌ. ʉʦʨʘ. ɼʘʪʘ ʨʝʜʘʢʮʠʠ ʂʦʩʪʘ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ 
ʩʧʦʨʦʚ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʦʪʥʦʩʷʪ ʝʝ ʢ 1844, 1845 ʠʣʠ 1851 ʛ. ʈʘʙʦʪʘʷ ʥʘʜ ʚʪʦʨʳʤ ʠʟʜʘʥʠʝʤ, ʅ. ʂʦʩʪ ʨʫ-
ʢʦʚʦʜʩʪʚʦʚʘʣʩʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚ ʤʝʪʦʜʠʯʝʩʢʦʤ ʪʨʫʜʝ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʠʤʝ-
ʥʷʪʴ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ.  

ʈʘʙʦʪʘ ʉʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʢʦʨʝʝ ʪʨʘʢʪʘʪ ï ʧʨʦʠʟʚʝʜʝʥʠʝ ʦ ʣʠʯʥʦʤ ʧʦʥʠʤʘʥʠʠ ʛʠʪʘʨʥʦʛʦ 
ʠʩʢʫʩʩʪʚʘ, ʯʝʤ ʤʝʪʦʜ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʟʣʦʞʝʥʠʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ), ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 
ʩʦʜʝʨʞʠʪ ʨʷʜ ʠʩʧʦʣʥʠʪʝʣʴʩʢʠʭ ʦʙʦʙʱʝʥʠʡ. ɸʚʪʦʨ ʥʘʤʝʨʝʚʘʣʩʷ ʧʨʝʜʩʪʘʚʠʪʴ ʚʩʝʩʪʦʨʦʥʥʠʡ ʚʟʛʣʷʜ ʥʘ 
ʠʛʨʫ ʠ ʪʝʭʥʠʢʫ ʠʛʨʳ ʥʘ ʛʠʪʘʨʝ ʠ ʥʘʩʪʘʠʚʘʣ ʥʘ ʪʦʤ, ʯʪʦ ʝʛʦ ʪʝʢʩʪ ʷʚʣʷʝʪʩʷ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦ ʠʩʧʦʣʥʝʥʠʶ 
ʝʛʦ ʩʦʙʩʪʚʝʥʥʦʡ ʤʫʟʳʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʉʦʨ ʧʠʰʝʪ ʦ ʪʦʤ, ʢʘʢ ʠʛʨʘʪʴ ʩʚʦʶ ʤʫʟʳʢʫ, ʩʣʝʜʫʷ ʧʘʨʘʤʝʪʨʘʤ 
ʠʩʧʦʣʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʥ ʩʯʠʪʘʝʪ ʧʨʘʚʠʣʴʥʳʤʠ, ʦʙʩʫʞʜʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʠʛʨʳ ʥʘ ʛʠʪʘʨʝ. 
ʠʩʪʦʨʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʉʦʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʛʦ ʨʘʙʦʪʳ ʚʩʝʦʙʲʝʤʣʶʱʠ: ʚʩʝ ʘʩʧʝʢ-
ʪʳ ʪʝʭʥʠʢʠ, ʛʘʨʤʦʥʠʠ ʠ ʵʩʪʝʪʠʢʠ ʟʘʜʫʤʘʥʳ ʚʤʝʩʪʝ, ʢʘʢ ʯʘʩʪʠ ʦʜʥʦʛʦ ʮʝʣʦʛʦ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʦʨʠʛʠʥʘʣʴʥʦʤ ʚʠʜʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʘʞʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʙʳʣʦ ʪʨʫʜʥʦ ʧʨʠ-
ʤʝʥʷʪʴ çʄʝʪʦʜè ʥʘ ʧʨʘʢʪʠʢʝ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩ ʥʘʯʠʥʘʶʱʠʤʠ ʛʠʪʘʨʠʩʪʘʤʠ. ɼʣʷ ʙʦʣʝʝ ʧʨʘʢʪʠʯʥʦʛʦ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʂʦʩʪ ʚʚʦʜʠʪ ʨʷʜ ʠʟʤʝʥʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥ ʜʦʙʘʚʣʷʝʪ ʜʚʘʜʮʘʪʴ ʧʷʪʴ ʵʪʶʜʦʚ ʠʟ ʥʘʩʣʝʜʠʷ 
ʉʦʨʘ, ʢʦʨʦʪʢʠʡ ʦʙʲʷʩʥʠʪʝʣʴʥʳʡ ʪʝʢʩʪ, ʩʙʦʨʥʠʢ ʫʧʨʘʞʥʝʥʠʡ, ʥʝʢʦʪʦʨʳʝ ʧʝʨʝʚʦʜʳ ʪʘʙʫʣʘʪʫʨʳ ʈʦʙʝʨʘ 
ʜʝ ɺʠʟʝ ʠ ʧʨʠʤʝʯʘʥʠʝ ʦ ʩʝʜʴʤʦʡ ʩʪʨʫʥʝ, ʦʧʠʩʳʚʘʝʪ ʪʘʢʠʝ ʵʬʬʝʢʪʳ, ʢʘʢ ʧʦʨʪʘʤʝʥʪʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʬʣʘʞʦʣʝʪʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʠʟʤʝʥʝʥʠʡ ʪʝʭʥʠʢʠ ʠʛʨʳ ʥʘ ʠʥʩʪʨʫʤʝʥʪʝ ʚ ʵʧʦʭʫ ʨʦʤʘʥʪʠʟʤʘ. 
ʈʘʙʦʪʘ ʂʦʩʪʘ ʟʘʧʦʣʥʷʝʪ ʧʨʦʙʝʣ ʤʝʞʜʫ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʦʙʫʯʝʥʠʷ, ʧʨʠʤʝʥʷʚʰʠʤʠʩʷ ʉʦʨʦʤ ʠ 
ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʢʩʪʘ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʚʥʦʩʠʪ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʚʟʛʣʷʜʳ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʩʢʫʶ ʪʝʭʥʠʢʫ. 
ʂʨʦʤʝ ʪʦʛʦ, ʪʝʢʩʪ ʉʦʨʘ, ʜʦʩʪʘʪʦʯʥʦ ʚʠʪʠʝʚʘʪʳʡ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʳʡ, ʂʦʩʪ ʫʧʨʦʱʘʝʪ, ʜʦʩʪʠʛʘʷ ʵʪʦʛʦ, 
ʩʜʝʣʘʚ çʄʝʪʦʜè ʙʦʣʝʝ ʢʨʘʪʢʠʤ, ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʥʦʚʠʯʢʦʚ ʠ ʣʶʙʠʪʝʣʝʡ. ʈʝʜʘʢʪʦʨ ʩʦ-
ʢʨʘʱʘʝʪ ʚʩʝ ʨʘʩʩʫʞʜʝʥʠʷ, ʦʩʪʘʚʣʷʷ ʪʦʣʴʢʦ ʟʘʤʝʯʘʥʠʷ, ʢʦʪʦʨʳʝ ʢʘʩʘʶʪʩʷ ʪʝʭʥʠʢʠ. 

çʄʝʪʦʜè ʌ. ʉʦʨʘ ʚʢʣʶʯʘʝʪ ʪʨʠ ʯʘʩʪʠ: ʚ ʧʝʨʚʦʡ ʘʚʪʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʪʘʢʠʝ ʘʩʧʝʢʪʳ, ʢʘʢ ʫʩʪʨʦʡ-
ʩʪʚʦ ʛʠʪʘʨʳ, ʧʦʣʦʞʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʠʛʨʝ, ʪʝʭʥʠʢʫ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʨʫʢʠ, ʟʚʫʢʦʠʟʚʣʝʯʝʥʠʝ (ʤʝʪʦʜ 
ʫʜʘʨʘ ʧʦ ʩʪʨʫʥʝ), ʢʘʯʝʩʪʚʦ ʟʚʫʢʘ (ʠʤʠʪʘʮʠʷ ʚʘʣʪʦʨʥʳ, ʬʣʝʡʪʳ, ʘʨʬʘ, ʩʪʘʢʘʪʪʦ ʠ ʧʠʮʮʠʢʘʪʦ). ɺʦ ʚʪʦʨʫʶ 
ʯʘʩʪʴ ʚʦʰʣʠ ʪʘʢʠʝ ʚʦʧʨʦʩʳ, ʢʘʢ ʫʩʪʨʦʡʩʪʚʦ ʛʨʠʬʘ, ʨʘʙʦʪʘ ʧʘʣʴʮʝʚ ʧʨʘʚʦʡ ʨʫʢʠ ʠ ʢʦʦʨʜʠʥʘʮʠʷ ʦʙʝʠʭ 
ʨʫʢ, ʜʚʠʞʝʥʠʝ ʣʦʢʪʷ. ʊʨʝʪʴʷ ʯʘʩʪʴ ʚʢʣʶʯʘʝʪ ʚʦʧʨʦʩʳ ʩʪʨʦʷ: ʪʝʨʮʠʠ (ʧʨʠʨʦʜʘ ʠ ʘʧʧʣʠʢʘʪʫʨʘ), ʩʝʢʩʪʳ, 
ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʪʝʨʮʠʡ ʠ ʩʝʢʩʪ, ʘʧʧʣʠʢʘʪʫʨʘ ʣʝʚʦʡ ʨʫʢʠ ʩ ʫʯʝʪʦʤ ʤʝʣʦʜʠʠ, ʘʧʧʣʠʢʘʪʫʨʘ ʧʨʘʚʦʡ ʨʫ-
ʢʠ, ʛʘʨʤʦʥʠʷ, ʘʢʢʦʤʧʘʥʝʤʝʥʪ, ʘʥʘʣʠʟ ʘʢʢʦʤʧʘʥʝʤʝʥʪʘ ʬʨʘʛʤʝʥʪʘ ʆʨʘʪʦʨʠʠ ʁ. ɻʘʡʜʥʘ, ɸʧʧʣʠʢʘʪʫʨʘ 
ʧʘʣʴʮʝʤ çʘè. 

ʆʜʥʦ ʠʟ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ ʉʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʩʯʠʪʘʝʪ ʚʦʟʤʦʞʥʳʤ ʜʦʩʪʠ-
ʞʝʥʠʝ ʚʠʨʪʫʦʟʥʦʩʪʠ ʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʟʚʫʯʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʩʪʨʫʥ. ʉʦʨ ʥʝ ʦʜʦʙʨʷʝʪ ʪʝʭ, 
ʢʪʦ ʚʳʩʪʫʧʘʝʪ ʟʘ ʜʦʙʘʚʣʝʥʠʝ ʩʪʨʫʥ ʢ ʛʠʪʘʨʝ, ʚʳʜʝʣʷʷ ʩʝʙʷ ʩʨʝʜʠ ʜʨʫʛʠʭ ʛʠʪʘʨʠʩʪʦʚ, ʠʱʘ ʚʩʝ ʚʦʟʤʦʞ-
ʥʦʩʪʠ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʨʫʥʘʭ, ʘ ʥʝ ʤʦʜʠʬʠʮʠʨʫʷ ʛʠʪʘʨʫ. ʉʦʨ ʧʦʷʩʥʷʝʪ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʨʝʩʫʨʩʦʚ 
(ʥʘʧʨʠʤʝʨ, ʩʪʨʫʥ) ʢ ʛʠʪʘʨʝ ʜʦʧʫʩʪʠʤʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʠʩʧʦʣʥʠʪʝʣʴ ʠʩʯʝʨʧʘʣ ʫʞʝ ʠʤʝʶʱʠʝʩʷ. ʆʥ ʢʨʠʪʠ-
ʢʫʝʪ ʤʫʟʳʢʘʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʦʡ ʧʘʣʝʮ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʘʢʢʦʨʜʦʚ, ʘ ʪʘʢʞʝ ʪʝʭ, ʢ ʪʦ ʠʩ-
ʧʦʣʴʟʫʝʪ ʛʠʪʘʨʫ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʘʢʢʦʤʧʘʥʠʨʫʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʋʤʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥ-
ʥʦ ʛʘʨʤʦʥʠʶ ʠ ʤʝʣʦʜʠʯʝʩʢʫʶ ʣʠʥʠʶ ʦʥ ʦʙʦʩʥʦʚʳʚʘʝʪ ʟʥʘʥʠʝʤ ʛʘʨʤʦʥʠʠ ʠ ʢʦʥʪʨʘʧʫʥʢʪʘ ʠ ʩʚʦʙʦʜʥʦ 
ʦʧʝʨʠʨʫʝʪ ʪʝʨʤʠʥʘʤʠ ʠʟ ʵʪʠʭ ʦʙʣʘʩʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ ʵʪʦ ʦʪʤʝʯʘʝʪ ʩʘʤ ʘʚʪʦʨ, ʧʦʩʦʙʠʝ ʌ. ʉʦʨʘ ʥʝ 
ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ ʤʫʟʳʢʘʥʪʦʚ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʉʦʨ ʠʟʣʘʛʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʠʪʘʨʳ, ʧʨʠ ʵʪʦʤ ʦʥ ʪʘʢʞʝ ʜʦʙʘʚʣʷʝʪ 
ʧʨʠʤʝʨʳ ʥʝʧʨʘʚʠʣʴʥʦʡ ʧʦʟʠʮʠʠ. ɺ ʩʚʦʝʤ ʧʦʜʭʦʜʝ ʢ ʠʩʧʦʣʥʠʪʝʣʴʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʉʦʨ ʦʪʪʘʣʢʠʚʘʝʪʩʷ ʦʪ 
ʫʩʪʘʥʦʚʢʠ ʧʠʘʥʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪ ʢʦʨʧʫʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʠ 
ʨʘʚʥʦʮʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʫʢ ʠ ʧʨʝʜʣʘʛʘʝʪ ʩʦʚʤʝʩʪʠʪʴ ʮʝʥʪʨ ʛʠʪʘʨʳ, ʜʚʝʥʘʜʮʘʪʳʡ ʣʘʜ, ʩ ʮʝʥʪʨʦʤ 
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ʪʫʣʦʚʠʱʘ ʠʛʨʘʶʱʝʛʦ, ʥʦʛʠ ʨʘʩʧʦʣʦʞʠʪʴ ʫʩʪʦʡʯʠʚʦ ʥʘ ʧʦʣʫ, ʪʦʛʜʘ ʛʨʠʬ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ 
ʥʠʟʢʦ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʫʜʦʙʩʪʚʦ ʣʝʚʦʡ ʨʫʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʛʠʪʘʨʠʩʪ ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʢʩʘʮʠʶ 
ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʧʦʤʦʱʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʦʣʘ. ʕʪʘ ʫʩʪʦʡʯʠʚʦʝ ʠ ʥʝʦʙʳʯʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʥʝʩʤʦʪʨʷ ʥʘ 
ʪʦ, ʯʪʦ ʦʥʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʉʦʨʦʤ, ʚ ʢʦʥʮʝʨʪʥʳʭ ʚʳʩʪʫʧʣʝʥʠʷʭ, ʧʦ ʚʦʩʧʦʤʠʥʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʠʢʦʚ, ʧʦ-
ʚʠʜʠʤʦʤʫ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ.  

ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʉʦʨʘ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʘʚʦʡ ʨʫʢʠ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʢʘʢ ʦʥ ʠʛʨʘʣ. ʍʦ-
ʪʷ ʦʥʠ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʪʘʥʜʘʨʪʳ ʩʦʚʨʝʤʝʥʥʦʡ ʠʛʨʳ, ʦʥʠ ʧʦʣʝʟʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʪʦʨʠʯʝʩʢʦʡ 
ʧʨʘʢʪʠʢʠ ʠʩʧʦʣʥʝʥʠʷ. ʏʪʦʙʳ ʦʙʲʷʩʥʠʪʴ ʩʚʦʶ ʠʛʨʫ, ʉʦʨ ʠʩʭʦʜʠʪ ʠʟ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʚʩʝ ʩʪʨʫʥʳ ʥʘʭʦʜʷʪ-
ʩʷ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʦʪʩʶʜʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʡʪʠ ʛʜʝ-ʪʦ ʤʝʞʜʫ ʧʘʣʴʮʘʤʠ ʧʨʷʤʫʶ ʣʠʥʠʶ, ʯʪʦʙʳ 
ʠʛʨʘʪʴ ʚ ʪʦʡ ʞʝ ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʘʯʠʥʘʝʪʩʷ ʫ ʧʦʨʦʞʢʘ ʠ ʧʦʜʩʪʘʚʢʠ.  

ɼʘʣʝʝ ʘʚʪʦʨ ʧʝʨʝʭʦʜʠʪ ʢ ʦʧʠʩʘʥʠʶ ʧʦʣʦʞʝʥʠʷ ʧʘʣʴʮʝʚ: ʧʘʣʴʮʳ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩʦ ʩʪʨʫʥʘʤʠ 
ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʦʛʥʫʪʳ ʩʣʠʰʢʦʤ ʩʠʣʴʥʦ, ʫʜʘʨ ʧʦ ʩʪʨʫʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʪʦʣʴʢʦ ʜʝʡʩʪʚʠʝʤ ʯʘʩʪʠʯʥʦʛʦ 
ʩʤʳʢʘʥʠʷ ʨʫʢʠ. ɹʦʣʴʰʦʡ ʧʘʣʝʮ ʥʠʢʦʛʜʘ ʥʝ ʜʦʣʞʝʥ ʜʚʠʛʘʪʴʩʷ ʢ ʣʘʜʦʥʠ, ʘ ʜʝʡʩʪʚʦʚʘʣ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʫʢʘʟʘʪʝʣʴʥʦʤʫ ʧʘʣʴʮʫ ʪʘʢ, ʯʪʦʙʳ ʦʙʨʘʟʦʚʘʪʴ ʢʨʝʩʪ, ʩʪʘʚʷ ʩʝʙʷ ʢʘʢ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʢʨʝʩʪʘ.  

ʂʦʥʢʨʝʪʠʟʠʨʫʷ ʩʚʦʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʩʪʘʥʦʚʢʝ ʧʘʣʴʮʝʚ, ʉʦʨ ʚʳʩʪʫʧʘʝʪ ʟʘ ʪʦ, ʯʪʦʙʳ ʠʟʙʝʛʘʪʴ 
ʩʠʣʴʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʧʘʣʴʮʝʚ. ʆʥ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚʦ ʠʟʙʝʞʘʥʠʝ ʥʝʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʨʠʢʦʩʥʦʚʝ-
ʥʠʷ ʢ ʩʪʨʫʥʘʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʠʛʣʫʰʝʥʠʶ ʦʪʢʨʳʪʳʭ ʩʪʨʫʥ, ʢʦʥʯʠʢʠ ʧʘʣʴʮʝʚ ʜʦʣʞʥʳ ʧʨʠ-
ʟʝʤʣʷʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʨʠʬʫ. ɼʣʷ ʉʦʨʘ ʪʦʯʢʦʡ ʦʧʦʨʳ ʯʝʪʚʝʨʪʦʛʦ ʧʘʣʴʮʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʣʝʜʫ-
ʶʱʝʛʦ ʣʘʜʘ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʧʘʣʝʮ, ʧʦʩʢʦʣʴʢʫ ʫ ʯʝʪʚʝʨʪʦʛʦ ʧʘʣʴʮʘ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʡ ʦʧʦʨʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʟʛʣʷʜʳ ʉʦʨʘ ʥʘ ʧʦʩʪʘʥʦʚʢʫ ʤʦʞʥʦ ʨʝʟʶʤʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʙʦʣʴʰʦʡ 
ʧʘʣʝʮ, ʢʦʨʦʪʢʠʡ ʠ ʩʠʣʴʥʳʡ, ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʫʶ ʩʠʣʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ 
ʦʩʪʘʣʴʥʳʤ ʧʘʣʴʮʘʤ. ʉʦʛʥʠʪʝ ʧʝʨʚʳʡ ʩʫʩʪʘʚ ʪʘʢ, ʯʪʦʙʳ ʚʥʝʰʥʠʝ ʬʘʣʘʥʛʠ ʢʦʥʯʠʢʘʤʠ ʧʘʣʴʮʝʚ ʧʨʠʞʠʤʘ-
ʣʠ ʩʪʨʫʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ, ʦʪʨʝʛʫʣʠʨʫʡʪʝ ʥʠʞʥʝʝ ʜʘʚʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʧʘʣʴʮʘ ʚ ʩʪʦʨʦʥʫ ʧʝʨʚʳʭ ʩʪʨʫʥ, 
ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʩʠʣʴʥʳʭ ʩʦʢʨʘʱʝʥʠʡ, ʠ, ʥʘʢʦʥʝʮ, ʠʩʧʦʣʴʟʫʡʪʝ ʙʦʣʴʰʦʡ ʧʘʣʝʮ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʳ ʠ 
ʥʘʧʨʘʚʣʷʶʱʝʡ ʜʣʷ ʧʝʨʝʭʦʜʘ ʠʟ ʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʫʢʠ ʚ ʜʨʫʛʦʝ. ʉʦʨ ʧʨʝʜʣʘʛʘʝʪ ʠʜʝʘʣʴʥʦʝ ʨʘʩʧʦʣʦ-
ʞʝʥʠʝ ʙʦʣʴʰʦʛʦ ʧʘʣʴʮʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʧʘʣʴʮʘʤ.  

ʆʪ ʪʝʭʥʠʢʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʫʢ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʉʦʨʦʤ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʝʛʦ ʘʧʧʣʠʢʘʪʫʨʥʳʝ ʧʨʠʥ-
ʮʠʧʳ. ʏʪʦ ʠʥʪʝʨʝʩʥʦ ʚ ʪʝʭʥʠʢʝ ʧʨʘʚʦʡ ʨʫʢʠ ʉʦʨʘ, ʪʘʢ ʵʪʦ ʪʦ, ʯʪʦ ʦʥ ʨʝʜʢʦ ʠʩʧʦʣʴʟʦʚʘʣ ʪʨʝʪʠʡ ʧʘʣʝʮ. 
ʇʨʠ ʠʛʨʝ ʥʘ ʛʠʪʘʨʝ ʉʦʨ ʠʩʧʦʣʴʟʦʚʘʣ ʪʦʣʴʢʦ ʙʦʣʴʰʦʡ, ʫʢʘʟʘʪʝʣʴʥʳʡ ʠ ʩʨʝʜʥʠʡ ʧʘʣʴʮʳ (p, i ʠ m) ʠ ʣʠʰʴ 
ʠʟʨʝʜʢʘ ʚ ʝʛʦ ʘʧʧʣʠʢʘʪʫʨʥʳʭ ʚʘʨʠʘʥʪʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʝʟʳʤʷʥʥʳʡ ʧʘʣʝʮ. ʕʪʘ ʧʨʘʢʪʠʢʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 
ʉʦʨʘ, ʥʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʠʩʧʦʣʥʠʪʝʣʴʩʪʚʝ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ. 

ʋʯʠʪʳʚʘʷ ʫʥʠʢʘʣʴʥʫʶ ʪʝʭʥʠʢʫ ʉʦʨʘ ʧʨʘʚʦʡ ʨʫʢʦʡ, ʪʝʧʝʨʴ ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʵʪʶʜʳ ʩ ʙʦʣʝʝ ʛʣʫʙʦʢʠʤ 
ʧʦʥʠʤʘʥʠʝʤ ʪʦʛʦ, ʢʘʢ ʉʦʨ ʦʞʠʜʘʣ, ʯʪʦ ʦʥʠ ʙʫʜʫʪ ʩʳʛʨʘʥʳ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʙʦʣʴʰʦʡ ʧʘ-
ʣʝʮ ʠʛʨʘʝʪ ʤʝʣʦʜʠʶ, ʘ ʦʩʪʘʣʴʥʳʝ ï ʘʢʢʦʤʧʘʥʝʤʝʥʪ. ɺ ʪʦ ʚʨʝʤʷ ʵʪʦ ʙʳʣʦ ʥʝʦʙʳʯʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʪʨʘʜʠ-
ʮʠʦʥʥʦ ʙʦʣʴʰʦʡ ʧʘʣʝʮ ʠʛʨʘʣ ʪʦʣʴʢʦ ʙʘʩʦʚʫʶ ʧʘʨʪʠʶ ʠʣʠ ʦʩʥʦʚʥʳʝ ʥʦʪʳ. ʊʘʢʦʡ ʧʨʠʝʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪ-
ʩʷ, ʥʘʧʨʠʤʝʨ, ʫʞʝ ʚ ʨʘʥʥʝʤ ʦʧʫʩʝ, ʵʪʶʜʘʭ ʦʨ.6, ˉ1. 

ɿʚʫʢʦʠʟʚʣʝʯʝʥʠʝ. ɺʦʧʨʦʩ ʢʘʯʝʩʪʚʘ ʟʚʫʢʦʠʟʚʣʝʯʝʥʠʷ ʉʦʨ ʥʘʯʠʥʘʝʪ ʩ ʥʘʙʣʶʜʝʥʠʷ, ʯʪʦ ʩʦʧʨʦʪʠʚ-
ʣʝʥʠʝ ʩʪʨʫʥʳ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʜʘʣʝʢʦ ʠʣʠ ʙʣʠʟʢʦ ʢ ʤʦʩʪʫ ʦʥʘ ʟʘʱʠʧʳʚʘ-
ʝʪʩʷ ʠ ʦʪ ʩʠʣʳ ʟʘʱʠʧʳʚʘʥʠʷ, ʢʦʪʦʨʫʶ ʜʦʣʞʝʥ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʩʧʦʣʥʠʪʝʣʴ.  

ɸʧʧʣʠʢʘʪʫʨʘ ʜʚʫʭ ʨʫʢ. ʇʨʠ ʘʧʧʣʠʢʘʪʫʨʳ ʦʙʝʠʭ ʨʫʢ ʉʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʟʠʮʠʠ ʣʝʚʦʡ ʨʫʢʠ ʥʘ ʦʩʥʦ-
ʚʝ ʪʠʧʦʚ ʘʢʢʦʨʜʦʚ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʨʘʚʦʡ ʨʫʢʠ, ʦʥ ʧʨʝʜʣʘʛʘʝʪ ʯʝʪʳʨʝʭʧʘʣʴʮʝʚʦʝ ʘʨʧʝʜʞʠʦ çp, i, m, ʘè ʚ 
ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʘʧʧʣʠʢʘʪʫʨʳ, ʢʦʪʦʨʫʶ ʥʝ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ, ʠ ʨʝʢʦʤʝʥʜʫʝʪ ʠʩʢʣʶʯʠʪʴ ʧʘʣʝʮ çʘè. ʉʦʨ 
ʪʘʢʞʝ ʚʠʜʠʪ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʟʳʤʷʥʥʦʛʦ ʧʘʣʴʮʘ ʧʨʠ ʠʛʨʝ ʛʘʤʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʚʩʝ ʰʝʩʪʴ 
ʩʪʨʫʥ, ʧʦʪʦʤʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʭʦʜʠʪʩʷ ʣʠʙʦ ʧʦʜʥʠʤʘʪʴ ʧʨʘʚʫʶ ʨʫʢʫ ʚʚʝʨʭ, ʣʠʙʦ ʩʛʠʙʘʪʴ ʟʘʧʷʩʪʴʝ ʟʘ 
ʧʨʝʜʝʣʳ ʫʜʦʙʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ, ʧʦ ʝʛʦ ʤʥʝʥʠʶ, ʨʫʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʟʘ ʧʨʝʜʝʣʘ-
ʤʠ ʜʦʩʷʛʘʝʤʦʩʪʠ ʩʪʨʫʥ ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʩʣʦʞʥʦʩʪʴ ʚʦʟʚʨʘʱʝʥʠʷ ʚ ʫʜʦʙʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ɸʧʧʣʠʢʘʪʫʨʘ ʣʝʚʦʡ ʨʫʢʠ ʚ ʦʪʥʦʰʝʥʠʠ ʤʝʣʦʜʠʠ, ʧʦ ʤʥʝʥʠʶ ʉʦʨʘ, ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʷʟʠ ʩ ʘʧʧʣʠʢʘʪʫ-
ʨʦʡ ʛʘʨʤʦʥʠʠ. ʆʥ ʧʨʠʚʦʜʠʪ ʧʨʠʤʝʨʳ ʢʘʞʜʦʡ ʠʟ ʜʚʝʥʘʜʮʘʪʠ ʥʦʪ ʩ ʘʧʧʣʠʢʘʪʫʨʦʡ ʧʝʨʚʦʛʦ ʘʢʢʦʨʜʘ ʠ ʤʘ-
ʞʦʨʥʦʡ ʛʘʤʤʳ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʡ ʧʦʟʠʮʠʠ. ɻʠʪʘʨʠʩʪ ʜʝʣʘʝʪ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʧʦʥʠʤʘʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʦʡ 
ʦʩʥʦʚʳ ʤʝʣʦʜʠʡ ʠ ʫʤʝʥʠʝ ʠʭ ʠʛʨʘʪʴ ʧʦʤʦʛʘʝʪ ʦʚʣʘʜʝʪʴ ʥʘʚʳʢʘʤʠ ʠʛʨʳ ʥʘ ʠʥʩʪʨʫʤʝʥʪʝ.  
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ʈʘʩʩʤʘʪʨʠʚʘʷ ʢʘʥʪʘʙʠʣʴʥʳʝ ʧʦʩʪʨʦʝʥʠʷ, ʉʦʨ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʥʦʪʳ, ʚʠʙʨʘʮʠʷ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ 
ʧʨʦʜʣʝʥʘ ʜʘʣʴʰʝ, ʪ. ʝ., ʦʪʢʨʳʪʳʝ ʩʪʨʫʥʳ ʠ ʥʦʪʳ ʚ ʧʝʨʚʦʡ ʧʦʟʠʮʠʠ, ʷʚʣʷʶʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʜʣʷ ʦʪ-
ʨʳʚʢʦʚ ʩ ʙʦʣʝʝ ʜʣʠʥʥʳʤʠ ʥʦʪʘʤʠ. ʆʥ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʪʦʣʱʠʥʘ ʥʠʞʥʠʭ ʩʪʨʫʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝ-
ʥʠʶ ʨʝʟʦʥʘʥʩʘ, ʪʝʤ ʩʘʤʳʤ ʜʝʣʘʷ ʥʠʞʥʠʝ ʩʪʨʫʥʳ ʤʝʥʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʤʝʣʦʜʠʡ. 

ʌʣʘʞʦʣʝʪʳ. ʋʪʚʝʨʞʜʝʥʠʷ ʉʦʨʘ ʦ ʬʣʘʞʦʣʝʪʘʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʧʝʨʚʘʷ ʦʪʥʦʩʠʪʩʷ ʢ 
ʝʩʪʝʩʪʚʝʥʥʳʤ, ʘ ʚʪʦʨʘʷ ï ʢ ʠʩʢʫʩʩʪʚʝʥʥʳʤ. ʆʧʠʩʳʚʘʷ ʥʘʪʫʨʘʣʴʥʳʝ ʬʣʘʞʦʣʝʪʳ, ʧʨʝʜʣʘʛʘʝʪ ʦʧʨʝʜʝʣʝ-
ʥʠʝ, ʩʚʦʡʩʪʚʘ ʠ ʦʧʠʩʘʥʠʝ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʛʨʠʬʝ. ɸʚʪʦʨ ʜʘʝʪ ʧʨʘʚʠʣʘ ʠʭ ʧʨʘʚʠʣʴʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ, 
ʥʘʙʣʶʜʘʝʪ ʟʘ ʠʭ ʥʘʣʠʯʠʝʤ ʚ ʛʘʤʤʝ, ʧʨʝʜʣʘʛʘʝʪ ʪʘʙʣʠʮʫ ʠ ʩʧʠʩʦʢ ʛʘʨʤʦʥʠʢ ʚ ʧʦʨʷʜʢʝ ʠʭ ʧʦʷʚʣʝʥʠʷ. 
ʇʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʬʣʘʞʦʣʝʪʦʚ ʉʦʨ ʦʪʤʝʯʘʝʪ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʥʦ ʪʘʢʞʝ ʠ ʥʝʫʜʦʙ-
ʩʪʚʦ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʭ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝʤ. ɻʠʪʘʨʠʩʪ ʧʨʝʜʣʘʛʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʠ ʥʝʢʦʪʦʨʳʝ ʢʦʤʧʦ-
ʟʠʮʠʦʥʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʟʘʚʝʨʰʘʝʪ ʩʚʦʠ ʟʘʤʝʯʘʥʠʷ ʧʨʠʟʥʘʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʜʨʫʛʠʝ ʢʦʤʧʦʟʠʪʦʨʳ ʠ ʠʩ-
ʧʦʣʥʠʪʝʣʠ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʥʠʤʠ ʣʫʯʰʝ.  

ʇʨʠ ʚʟʷʪʠʠ ʬʣʘʞʦʣʝʪʦʚ ʉʦʨ ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʠ ʧʨʘʚʠʣʘ: 1. ʅʝ ʥʘʞʠʤʘʪʴ ʩʣʠʰʢʦʤ 
ʣʝʛʢʦ ʥʘ ʚʳʙʨʘʥʥʫʶ ʪʦʯʢʫ, ʥʦ ʪʘʢ, ʯʪʦʙʳ ʩʪʨʫʥʘ ʭʦʨʦʰʦ ʯʫʚʩʪʚʦʚʘʣʘʩʴ ʧʦʜ ʧʘʣʴʮʝʤ. 2: ɿʘ ʧʝʨʝʱʠʧʳ-
ʚʘʥʠʝʤ ʧʨʘʚʦʡ ʨʫʢʠ ʥʝʤʝʜʣʝʥʥʦ ʩʣʝʜʫʝʪ ʦʩʪʘʚʠʪʴ ʩʪʨʫʥʫ ʩʚʦʙʦʜʥʦ ʚʠʙʨʠʨʦʚʘʪʴ, ʧʦʜʥʷʚ ʣʝʚʫʶ ʨʫʢʫ. 3: 
ʏʝʤ ʙʣʠʞʝ ʢ ʧʦʨʦʞʢʫ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥ ʟʚʫʢ, ʪʝʤ ʩʠʣʴʥʝʝ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʱʠʧʳʚʘʥʠʝ ʠ ʪʝʤ 
ʩʠʣʴʥʝʝ ʜʘʚʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʩʦ ʩʪʦʨʦʥʳ ʧʘʣʴʮʘ ʣʝʚʦʡ ʨʫʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʣʘʞʦʣʝʪʘ, ʥʝ ʜʦʭʦʜʷ ʜʦ 
ʣʘʜʦʚ. 

ɸʢʢʦʤʧʘʥʝʤʝʥʪ. ʉʦʨ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʫʪʴ ʘʢʢʦʤʧʘʥʝʤʝʥʪʘ, ʥʘʙʣʶʜʘʷ, ʢʘʢ ʝʛʦ ʨʘʟʣʠʯ-
ʥʳʝ ʯʘʩʪʠ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʝʣʦʜʠʠ. ʆʥ ʜʝʣʘʝʪ ʵʪʦ, ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʠʯʝʩʢʠʝ 
ʪʝʨʤʠʥʳ. ʉʥʘʯʘʣʘ ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʘʢʢʦʤʧʘʥʝʤʝʥʪ ʢʘʢ ʛʦʤʦʬʦʥʠʯʝʩʢʫʶ ʬʘʢʪʫʨʫ ï ʙʘʩ ʠ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 
ʜʚʘ ʟʚʫʢʘ ʛʘʨʤʦʥʠʠ, ʜʣʷ ʉʦʨʘ ʤʫʟʳʢʘʣʴʥʘʷ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʥʠʤʘʥʠʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ 
ʬʫʥʢʮʠʠ. ʆʥ ʧʨʠʜʘʝʪ ʙʘʩʘʤ ʬʫʥʢʮʠʶ ʩʠʣʴʥʦʡ ʜʦʣʠ, ʢʦʪʦʨʫʶ ʦʥ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʢʘʢ ʤʫʟʳʢʘʣʴʥʳʡ 
ʘʢʮʝʥʪ. 

ʅʝ ʧʨʠʤʝʨʝ ʘʥʘʣʠʟʘ ʦʪʨʳʚʢʘ ʠʟ ʦʨʘʪʦʨʠʠ ɻʘʡʜʥʘ ʉʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʠʟʣʦʞʝʥʥʳʝ ʠʤ ʠʩʧʦʣʥʠ-
ʪʝʣʴʩʢʠʝ ʧʨʠʥʮʠʧʳ, ʘʢʮʝʥʪʠʨʫʷ ʩʚʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʘʧʧʣʠʢʘʪʫʨʝ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʚʦʝʡ ʨʘʙʦʪʳ ʉʦʨ ʘʥʘ-
ʣʠʟʠʨʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʟʳʤʷʥʥʦʛʦ ʧʘʣʴʮʘ, ʘ ʪʘʢʞʝ ʦʧʠʩʳʚʘʝʪ ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ çɻʠʪʘʨʥʦʤ ʤʝʪʦʜʝè ʌ. ʉʦʨʘ ʟʘʢʣʶʯʝʥʳ ʦʩʥʦʚʥʳʝ ʚʟʛʣʷʜʳ ʘʚʪʦʨʘ, ʢʦʪʦʨʳʝ 
ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚ ʩʣʝʜʫʶʱʠʭ ʧʦʣʦʞʝʥʠʷʭ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʝʢʩʪ ʌ. ʉʦʨʘ ʜʦʩʪʘʪʦʯʥʦ ʩʧʦʨʥʳʡ ʠ ʜʠʩʢʫʩʩʠʦʥʥʳʡ, ʤʥʦʛʠʝ ʝʛʦ ʤʝʪʦʜʳ ʠ 
ʚʟʛʣʷʜʳ ʚʳʟʳʚʘʶʪ ʢʨʠʪʠʢʫ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ ʛʠʪʘʨʠʩʪʦʚ, ʚ ʮʝʣʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʨʷʜ 
ʥʝʩʦʤʥʝʥʥʳʭ ʝʛʦ ʜʦʩʪʦʠʥʩʪʚ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʮʝʥʥʳʡ ʜʦʢʫʤʝʥʪ ʵʧʦʭʠ, ʘ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʣʠʯʥʦ-
ʩʪʠ ʌ. ʉʦʨʘ. ɺʦ-ʚʪʦʨʳʭ, ʦʥ ʷʨʢʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʚʦʨʯʝʩʢʠʝ ʠ ʠʩʧʦʣʥʠʪʝʣʴʩʢʠʝ ʧʨʠʥʮʠʧʳ ʘʚʪʦʨʘ, ʜʘʝʪ 
ʢʣʶʯ ʢ ʪʨʘʢʪʦʚʢʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʛʦ ʩʦʯʠʥʝʥʠʡ ʠ ʢʣʶʯ ʢ ʩʝʢʨʝʪʫ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʤʘʩʪʝʨʩʪʚʘ. ɺ-ʪʨʝʪʴʠʭ, 
ʦʥ ʟʘʣʦʞʠʣ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʫʯʝʥʠʶ ʛʠʪʘʨʥʦʤʫ ʠʩ-
ʧʦʣʥʠʪʝʣʴʩʢʦʤʫ ʠʩʢʫʩʩʪʚʫ ʠ, ʧʦʞʘʣʫʡ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʝʨʝʚʦʜʠʪ ʝʛʦ ʠʟ ʦʙʣʘʩʪʠ ʣʶʙʠʪʝʣʴʩʢʦʛʦ ʤʫʟʠʮʠ-
ʨʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʩʪʚʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝ-
ʪʦʜʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʧʨʝʚʘʣʠʨʦʚʘʥʠʠ ʥʦʪʥʳʭ ʧʨʠʤʝʨʦʚ, ʨʘʙʦʪʘ ʉʦʨʘ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʤʝʪʦʜʠʯʝʩʢʦʡ 
ʨʘʟʨʘʙʦʪʢʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʥʘʜ ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠʩʧʦʣʥʠʪʝʣʴʩʢʦʡ ʪʝʭʥʠʢʠ. 
ʈʘʙʦʪʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʤʫʟʳʢʘʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʪʨʝʤʷʪʩʷ ʨʘʟʚʠʚʘʪʴ ʫʞʝ ʧʦʣʫʯʝʥʥʳʝ ʠʩʧʦʣʥʠʪʝʣʴ-
ʩʢʠʝ ʥʘʚʳʢʠ, ʘ ʪʘʢʞʝ ʧʦʙʫʞʜʘʝʪ ʠʩʢʘʪʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʠʛʨʳ.  

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ǟǬǟǪǧǦ ǰǫǤǸǤǬǧǨ ǧ ǯǟǰǱǧǱǤǪǻǬǭǢǭ 
Ǯǭǩǯǭǡǟ ǮǭǣǯǟǠǭǱǟǬǬǭǨ ǱǤǯǯǧǱǭǯǧǧ 
ǷǟǴǱǺ ǧǫǤǬǧ ǩǭǰǱǤǬǩǭ Ǯǭ ǣǟǬǬǺǫ 
SENTINEL-/ ǧ QCLRGLCJ-2 

ǠȄȐȇȋȀǿȄȁǿ ǭȊțȂǿ ǢǿȆȇȐȍȌǿ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬ. ʄɼʠɻ 

ǣȍȐȉǿȊȇȁǿ ǟȊȇȞ ǩǿȌǿȑȍȁȌǿ 
ʤʘʛʠʩʪʨʘʥʪ 

ʅɸʆ ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ Sentinel-1 ʠ Sentinel-2 ʜʣʷ ʦʮʝʥʢʠ ʩʦ-
ʩʪʦʷʥʠʷ ʧʦʜʨʘʙʦʪʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʰʘʭʪʳ ʠʤʝʥʠ ʂʦʩʪʝʥʢʦ. ʇʦ ʢʘʨʪʘʤ ʩʢʦʨʦʩʪʝʡ ʩʤʝʱʝʥʠʡ ʧʨʦʘʥʘʣʠ-
ʟʠʨʦʚʘʥʳ ʜʝʬʦʨʤʘʮʠʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʧʦ ʠʥʜʝʢʩʫ NDVI ð ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. 
ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʥʠʪʦ-
ʨʠʥʛʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ, Sentinel-1, Sentinel-2, InSAR, NDVI, ʟʦʥʘ ʧʦʜ-
ʟʝʤʥʳʭ ʨʘʙʦʪ, ʰʘʭʪʘ ʂʦʩʪʝʥʢʦ, ʨʝʢʫʣʴʪʠʚʘʮʠʷ, ʢʦʩʤʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ. 
 
ANALYSIS OF DISPLACEMENTS AND VEGETATION COVER OF THE UNDERMINING TERRITORY OF 

THE KOSTENKO MINE BASED ON SENTINEL-1 AND SENTINEL-2 data 
 

Besimbaeva Olga Gazisona,  
Doskaliyeva Aliya Kanatovna  

 
Abstract: This study examines the application of Sentinel-1 and Sentinel-2 data for assessing the condition of 
the undermined territory of the Kostenko mine. Ground surface deformations were analyzed using displace-
ment velocity maps, while the condition of vegetation cover was assessed using the NDVI index. The results 
demonstrate the potential of integrated satellite data application for monitoring and preliminary assessment of 
the territory for reclamation purposes. 
Keywords: Earth remote sensing, Sentinel-1, Sentinel-2, InSAR, NDVI, undermining area, Kostenko mine, 
reclamation, space monitoring. 

 
ʇʦʜʟʝʤʥʘʷ ʜʦʙʳʯʘ ʫʛʣʷ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘ-

ʨʘʢʪʝʨʥʳ ʦʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʥʘʨʫʰʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴ-
ʥʦʩʪʠ. ɼʣʷ ʰʘʭʪ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʚʢʣʶʯʘʷ ʰʘʭʪʫ ʠʤʝʥʠ ʂʦʩʪʝʥʢʦ, ʨʝʛʫʣʷʨʥʳʡ ʤʦ-
ʥʠʪʦʨʠʥʛ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʮʝʥʢʠ ʦʩʪʘʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʜʚʠʞʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʟʝʤʝʣʴ [1, ʩ. 12]. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʥʘʙʣʶʜʝʥʠʡ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʧʦʵʪʦʤʫ ʚʩʸ ʯʘʱʝ ʧʨʠʤʝʥʷ-
ʶʪʩʷ ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʝʨʘʪʠʚʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʤʝʱʝ-
ʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʦʩʪʦʷʥʠʝ ʣʘʥʜʰʘʬʪʘ [2, ʩ.31]. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʨʘʙʦʪʘʥʥʘʷ 
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ʪʝʨʨʠʪʦʨʠʷ ʰʘʭʪʳ ʠʤʝʥʠ ʂʦʩʪʝʥʢʦ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 
ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ Sentinel-1 ʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ 

Sentinel-2 ʧʨʦʛʨʘʤʤʳ Copernicus. Sentinel-1 ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʩʤʝʱʝʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 
ʦʩʥʦʚʝ velocity-ʢʘʨʪ, ʘ Sentinel-2 ð ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʨʘʟʥʦʩʪʥʦʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʠʥʜʝʢʩʘ NDVI. ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʜʘʥʥʳʭ 
ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʦʩʪʦʷʥʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ [3, ʩ. 14]. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʜʫʢʪʳ HyP3 ʠ ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ 
QGIS. ʂʘʨʪʘ ʩʤʝʱʝʥʠʡ ʦʪʨʘʞʘʝʪ ʩʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳ ʭʷʚʣʷʪʴ 
ʫʯʘʩʪʢʠ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʝ ʙʳʣʠ ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ ʚ ʬʦʨʤʘʪ GeoTIFF ʠ 
ʟʘʛʨʫʞʝʥʳ ʚ QGIS ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʨʠʩ.1). 

 

 
ʉʡʪ. 1. ʃʙʩʫʙ ʪʥʞʲʞʦʡʢ ʠʞʥʦʧʢ ʨʧʛʞʩʮʦʧʪʫʡ ʦʙ ʫʞʩʩʡʫʧʩʡʡ ʱʙʮʫʦʧʜʧ ʨʧʤʸ  

ʡʥ. ʃʧʪʫʞʦʣʧ ʠʙ 2019 -2025 ʜʧʝʙ 
 

ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ Sentinel-1 ʠʤʝʶʪ ʚʘʞʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʧʦʜʨʘʙʦ-
ʪʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʧʦʛʦʜʥʳʭ 
ʫʩʣʦʚʠʡ. ʄʝʪʦʜ ʩʧʫʪʥʠʢʦʚʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ InSAR ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʢʩʠʨʦʚʘʪʴ ʤʘʣʳʝ ʩʤʝʱʝʥʠʷ 
ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʳʷʚʣʷʪʴ ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʩʥʠʤʢʠ Sentinel-2. 
ʅʘ ʦʩʥʦʚʝ ʢʨʘʩʥʦʛʦ ʠ ʙʣʠʞʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʢʘʥʘʣʦʚ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʠʥʜʝʢʩ NDVI, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷ-
ʝʤʳʡ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ [4, ʩ. 43]. ɿʥʘʯʝʥʠʷ NDVI ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠ-
ʚʘʪʴ ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʚʳʜʝʣʷʪʴ ʫʯʘʩʪʢʠ ʩ ʥʘʨʫʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʈʘʩʯʸʪ NDVI ʚʳʧʦʣʥʷʣʩʷ ʧʦ ʬʦʨʤʫʣʝ (1): 

                                               ὔὈὠὍ                                                                            (1) 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɿʥʘʯʝʥʠʷ 
ʤʝʥʝʝ 0 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʭʥʦʛʝʥʥʳʤ ʠʣʠ ʚʦʜʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ, ʜʠʘʧʘʟʦʥ 0ï0,2 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʢʨʳ-
ʪʳʝ ʠ ʥʘʨʫʰʝʥʥʳʝ ʫʯʘʩʪʢʠ, ʟʥʘʯʝʥʠʷ 0,2ï0,4 ʦʪʨʘʞʘʶʪ ʩʣʘʙʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, 0,4ï0,6 ð ʩʨʝʜʥʶʶ 
ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʘ ʟʥʘʯʝʥʠʷ ʙʦʣʝʝ 0,6 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʣʦʪʥʦʤʫ ʨʘʩʪʠʪʝʣʴʥʦʤʫ ʧʦʢʨʦʚʫ. 

ʇʦʩʣʝ ʨʘʩʯʸʪʘ NDVI ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʦʙʨʝʟʘʥʳ ʧʦ ʛʨʘʥʠʮʝ ʰʘʭʪʥʦʛʦ ʧʦʣʷ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʚ 
ʩʨʝʜʝ QGIS (ʨʠʩ. 2). 
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ʋʙʚʤʡʯʙ 1 
ʃʤʙʪʪʡʭʡʣʙʯʡʸ ʠʦʙʰʞʦʡʢ NDVI 

ɿʥʘʯʝʥʠʝ NDVI ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʚʝʨʭʥʦʩʪʠ 

-0,2 ï 0,0 ɺʦʜʥʳʝ ʦʙʲʝʢʪʳ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʟ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

0,0 ï 0,2 ʆʪʢʨʳʪʳʡ ʛʨʫʥʪ, ʥʘʨʫʰʝʥʥʳʝ ʫʯʘʩʪʢʠ 

0,2 ï 0,4 ʈʘʟʨʝʞʝʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

0,4 ï 0,6 ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ 

0,6 ï 0,8 ʇʣʦʪʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

 
 

 
ʉʡʪ. 2. ʃʙʩʫʙ ʡʠʥʞʦʞʦʡʸ ʡʦʝʞʣʪʙ NDVI ʦʙ ʫʞʩʩʡʫʧʩʡʡ ʱʙʮʫʦʧʜʧ ʨʧʤʸ  

ʡʥ. ʃʧʪʫʞʦʣʧ ʠʙ 2019 ð 2025 ʜʧʝʙ 
 

ɸʥʘʣʠʟ ʢʘʨʪʳ ʩʤʝʱʝʥʠʡ ʚʳʷʚʠʣ ʣʦʢʘʣʴʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʳʭ 
ʫʯʘʩʪʢʦʚ ʰʘʭʪʥʦʛʦ ʧʦʣʷ. ʀʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ 2025ï2026 ʛʛ. ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʨʘʥʥʠʤʠ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʢʘʢ ʧʝʨʝʭʦʜ ʦʪ ʘʢʪʠʚ-
ʥʦʛʦ ʦʩʝʜʘʥʠʷ ʢ ʦʩʪʘʪʦʯʥʳʤ, ʟʘʪʫʭʘʶʱʠʤ ʜʝʬʦʨʤʘʮʠʷʤ. 

ʇʦ ʜʘʥʥʳʤ NDVI ʫʩʪʘʥʦʚʣʝʥʦ ʥʝʦʜʥʦʨʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ʅʘ ʯʘʩʪʠ ʪʝʨʨʠ-
ʪʦʨʠʠ ʬʠʢʩʠʨʫʶʪʩʷ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʨʫʰʝʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʠ ʩʣʘʙʦʡ 
ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʜʨʫʛʠʝ ʫʯʘʩʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʝʜʥʠʤʠ ʠ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ NDVI. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʘʨʪʳ ʩʤʝʱʝʥʠʡ ʠ NDVI ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʦʥʳ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʯʘʩʪʦ 
ʩʦʚʧʘʜʘʶʪ ʩ ʫʯʘʩʪʢʘʤʠ ʧʦʥʠʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ ʵʪʘ ʩʚʷʟʴ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʩʝ-
ʟʦʥʥʦʩʪʠ, ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ ʠ ʭʘʨʘʢʪʝʨʘ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʮʝʣʦʤ ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ Sentinel-1 ʠ 
Sentinel-2 ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʧʦʜʨʘʙʦʪʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʧʨʝʜʝʣʠʪʴ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʸ ʜʘʣʴʥʝʡʰʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʢʫʣʴʪʠʚʘʮʠʠ. 
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